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n p o q e c c o B  H a  K a p b e p a x o ,  ~ o ~ o p b ~ i i  CJIYXHT 6a30ji AJIH nocnegymqero 
H 3 p e H H H  K Y P C a  ((T~XHOJIOI'HR H KOMIIJIeKCHaH M e X a H H 3 a 4 H H  OTKpbITbIX 

r O p H M X  pa60~)). 
H a c ~ o c r q H H  y s e 6 ~ ~ ~  I IpeACTaBnHeT T p y g  KOJIJIeKTHBa aBTOpOB - 

npenogasa~eneii A ~ e n p o n e ~ p o ~ c ~ o r o  H C s e p n n o ~ c ~ o r o  r o p H a r x  HH- 

CTHTYTOB. 

I I p e ~ ~ c n o ~ ~ e ,  p a s ~ e n ~  n ~ ~ b ~ i i  m rnec~oB H a n H c a H H  npo@. M. I?. HOBO- 
XHJIOBhlM; IIPO@. B. C. XOXPHKOBMM COBMeCTHO C KaH,Q. TeXH. H a y K  
r. n. Mon~ycosbI~ ,  JI. A. COPOKHHPM, n. T. ~ ~ P ~ H ~ H K O B ~ I M ,  

A. T. I D e a e c ~ o ~  - paagen n e p s ~ i i ,  rnasa IX H X T p e T b e r o  pas~ena.  
rnasa XV rn $ 4 r n a m  XVII s e T s e p T o r o  pasnena; npo@. 0. k3. Kyse- 
p H s n M  - pa3gen ~ ~ o p o i i  ( r n a ~ a  VIII  H $ 3  r n a m  IX B T o p o r o  pa3~ena 
HaIIHCaHbI COBMeCTHO C KaHA.  TeXH. H a y K  K). 0. XOA~KOBCKHM); 
~ o q .  I?. A. I I ~ ~ ~ K H H H M  - rnasa XVIIP s e T s e p T o r o  pasgena; ~ o q .  
B. r. C~JIRHHHHM - r J I a B a  XII,  XI11 H XVII ¶ e T B e p T O r O  p a 3 A e J r a :  
np0@. I;. H. T ~ P T ~ K O B C K M M  - XIV, XVI ¶eTBepTOrO pa3geJIa; KaHA. 

T e x H .  H a y K  B. C. ~ C K H H N M  - r n a B a  XI  T p e T b e r o  paagena M KaHA. T e x H .  
H a y K  r. K. AKYTHHMM - $ 3  r n a m  IX, $ 1 3  rnam X,  5 6 r n a m  XI  
T p e T b e r o  pasgena, $ 7 H $ 8  r n a m  XI11 n e T s e p T o r o  pa3gena. 

ABTOPM 6 n a r o g a p ~ h 1  COTPYgHHKaM K a @ e g p  OTKpbITbIX I 'OPHNX pa6o.r 
,lJI?EI H CI'B 3a c6op H 06pa60~xy n e p s w H n x  M a T e p u a n o B ,  a T a K x e  

3a IIOMOmb, OKa3aHHyIO HMH I I P H  O @ O P M J ~ ~ H H H  PYKOIIHCH. 

ABTOPH IIPmHOCHT ~ J I ~ ~ O A ~ P H O C T ~ ~ &  ¶n . -KOpp .  AH CCCP, 
np0@. B. B. P H ( ~ B C K O M Y  H KOJIJIeKTHBY PYKOBOAHYO~~[ HM Ka@e@hl,  
a T a K H t e  ~ O K T .  T e x H .  H a y K ,  npo@. A. EI. A p c e H T b e B y  3a n o n e s n ~ e  
COBeTbI, ,lJaHHMe mMH I I p H  p e q e H 3 H p O B a H H H  PYKOIIHCH. 

Bce KPHTH¶eCKHe 3aM€'¶aHHH H I I O X e j I a H H H  IIO COgePH(aHHH) A ~ H H O ~ ~  

K H H r H  aBTOPbI IIPHMYT C ~ J I ~ I ' O A ~ P H O C T ~ I ~ .  

OFbEICTbI H YCJIOBHR OTICPMTMX FOPHbIX PAEOT 

5 1. CYI~HOCTL ~i ~ a 3 ~ a q e ~ u e  r o p H M x  pa3pabo~ox 

, l J o G b ~ n a  nOJIe3HbIX HCKOnaeMbIX ti3 H e A p  3eMJIH OCYmeCTBJIHeTCH 

ABYMH C I I O C O ~ ~ M H  - OTKPbIThlM H IIOA3eMHbIM, a CO g H a  BOgOeMOB H MO- 

peii - IIOABOAHhIM. n p e 0 6 ~ 1 a ~ a I o q ~ ~  HBJIHeTCH O T K ~ ~ I T ~ I ~ ~ [  C I I O C O ~ ,  
IlOCpegCTBOM KOTOPOI'O A O ~ M B ~ ~ T C H  6onee 75% PYA, OKOJIO 100% IfpH- 
POAHMX CTPOtiTeJIbHhIX MaTepHaJIOB H HePYAHbIX IIOJIe3HbIX HCKOIIaeMbIX. 

OmKpbZmbZe pa3pa6om~u OCymeCTBJIHIoTCH HellOCpeACTBeHHO C ~ ~ M H O G  
IIOBepXHOCTH H BKnIo¶aIOT ABa  B H g a  p a 6 o ~  - B C K p bI H Id e 
H C O ~ C T B ~ H H O  g o 6 b 1 q ~ b 1 e .  

B c K p h l r n ~ M e  pa60~b1 n p e ~ ~ a 3 ~ a s e ~ b 1  AJIR 0 6 e c n e ¶ e ~ ~ ~  g o c T y n a  
K n O n e 3 H O M y  HCKOIIaeMOMy H C03AaHHH Y C J I O B H ~ ~  AJIR eI'0 6e30nac~oii 
~ 0 6 ~ s ~ .  ~ T H  p a 6 o ~ a  3aKJIIo¶aIoTCH B YAaJIeHHH UyCThIX IIOpOA, B M e m a -  
m q ~ x  none3~0e H c K o n a e M o e .  

B p e 3 y J I b T a T e  n p O H 3 B O ~ C T B a  BCKPhIIIIHbIX H A O ~ H ¶ H H X  p a 6 o ~  o6pa- 
3 y e T C H  K a p b e p,  IlOA KOTOPhIM IIOHHMaeTCH KOMlIJIeKC OTKPMTbIX 
r O P H M X  B M ~ ~ ~ O T O K .  O T K ~ h l T h l e  I 'OpHhIe B M P ~ ~ O T K H  IIPHMMKaIOT HeItO- 

CpeACTBeHHO K ~ ~ M H O G  IIOBepXHOCTti.  

B c K p M r n ~ M e  H ~ O ~ M ¶ H M ~  p a 6 o ~ ~  lIpOH3BOAHTCH H a  MeCTOPOXAeHHH 
COBMeCTHO, HO C HeKOTOPbIM O l l e P e X e H H e M  BCKPbImHbIX p a 6 0 ~  BO B p e -  
MeHH M IIPOCTPaHCTBe. Ha PHC. 1 n o K a 3 a ~ b I  CXeMbI pa3BHTHH O T K P H T O ~ ~  

p a 3 p a 6 0 ~ K M  M ~ C T O ~ O X ~ ~ H H ~  C IlOJIOI'HMH H KpYTbIMH IIJIaCTaMH. KOHTYP 
OTKPLITMX p a 3 p a 6 0 ~ 0 ~  H e n p e p M B H o  n e p e M e q a e T c s ,  s a ~ m ~ a ~  n o n o x e H g H ,  

I I O K ~ ~ ~ H H H ~  H a  nonepewmx c e s e H m a x .  
I l o d a e n t u b z e  pa3pa6om~u, B o T n m n m e  OT OTKPHTHX, O c y m e c T B n H I o T c H  

IIOA ~ ~ M H O G  IIOBepXHOCTbIo H CBH3aHM C H e f i  n0,IJSeMHbIMH I'OPHbIMH 

B H ~ ~ ~ O T K ~ M H  - IIIaXTHbIMH CTBOJIaMH, K B e p m J I a I ' a M H  H T. A. n o g 3 e ~ H M e  
p a 3 p a 6 0 ~ ~ ~  COCTOHT B OCHOBHOM H 3  ABYX BHAOB p a 6 o ~  - I I p O B e g e H H H  

H KpeIIJIeHHH IlOAI'OTOBmTeJIbHbIX B H P ~ ~ O T O K  H C O ~ C T B ~ H H O  A O ~ H ~ H M X  

p a 6 o ~ .  Ha PHC. 2 n O K a 3 a H a  CXeMa p a 3 B H T H H  I I O A ~ ~ M H O ~  p a 3 p a 6 0 ~ ~ ~  
M~CTOPOH(A€'HH~~[. 

~ O A I ' O T O B H T ~ J I ~ H M ~  B M ~ ~ ~ O T K H  I I p e g H a 3 H a ¶ e H b I  AJIH 0 6 e ~ l l e ¶ e H H H  

AOCTylla  K nOJIe3HOMy HCKOnaeMOMy H CO3AaHHH Y C J I O B H ~ ~  AJIH eI'0 



I 
6 e 3 0 n a c ~ o f  ~ 0 6 b 1 9 ~ ~ .  n0 B M P ~ ~ O T K ~ M  IlPOH3BOAHTCR TPaHCIIOpTEfpOBaHHe 1 
R O ~ P T O ~ O  ~ O J I ~ ~ H O ~ O  H c I ; o n a e M o r o ,  A o c T a B K a  nmneii n T. a., a T a x w e  
O C y ~ e C T B J I H e T C R  BeHTHJIRI(HII nOA3eMHhIX FOPHhIX BPP~~OTOK.  n o f i 3 e M -  
m e  r o p H n e  B h I p a 6 0 ~ K H  npn s ~ a w i ~ e n b a o i i  ,qq,me ( H ~ C K O J I ~ K O  c o T e a  

Pnc. i. Cxera paasama 
OTKP~ITOB paapa60~rcu iue- 

mopoxc~eank: 
a - nonorae nnacm; 
6 - spyme nnam; 2 - 
nonomeme ropmx pa60lr 
Ha Hanano rona; s - TO 
x e ,  Ha HoHeq rona; 3 - 

rpaHnqa Hapbepa 

H $(aH;C! TbICR9 M ~ T P O B )  IIMeIOT H e 3 H a P H T e J I b H h I e  P a 3 M e P b I  I I O l I e p e q H O r O  
c e q e H m  - B P c o T a  n m H p m a  nx o6ars~o B n p e R e J r a x  2-3 A. Y a c ~ b  
nO,iJ3eMHPX ~ h I p a 6 0 ~ 0 ~  ( ~ a n 1 l T a J I b ~ h l e  FOPHhIB B ~ ~ P ~ ~ O T K E I  - CTBOJIP, 
K s e p r n n a r H  H AP.) n p o B o A m  AO H a s a n a  A O ~ H ~ H F J X  pabo~,  a Apyryro 

Pnc. 2 .  Cxenra paasn- 
T a s  no~3em~oB paapa- 
6 0 1 ~ ~  mecTopomennn: 
a - VOnbHOI'O; 6 - 
pyworo; I - maon; 
8 - HaepmJlar; 3 - 

UITPeK 

¶ a C T b  - O?l,HOBPehleHHO C R O ~ ~ I V H ~ I M E ~  p a 6 0 ' r a h m ,  HO C H e K O T O P P M  O n e -  
PeirceHMeM BO B p e M e H H  H l IpOCTpaHCTBe .  

I I ~ H  n o ~ 3 e ~ ~ o 5  p a 3 p a 6 0 ~ H e  (B o T n w m e  OT o~xpar~oii)  H e  ~ p e 6 y e ~ c s  
3Ha9MTeJIbHOI'O YAaJIeHHR BMeIII ,aIoqHX n O p O A ,  HO H ~ O ~ X O R H M M  K p e n J I e -  

H H e  I'OPHhIX B ~ I ~ ~ ~ O T O E ; ,  IIOCTORHHHe BeHTMJIR4EIR H OCBeIII$HHe. 

O ~ n m ~ ~ e n b ~ n e  I I P H ~ H ~ K H .  OTKP~ITPX r o p m x  p a 6 0 T  cneAymmne. 
1. Ao6~.ra  nOJIe3HhIX HCKOnaeMhIX M O w e T  IIPOH3BOAHTbCR TOJIbKO 

nocne y A a n e H n R  nyc~arx n o p o A ,  ~ ~ e ~ q a r o ~ q ~ x  none3~oe H c K o n a e M o e .  
0 6 a e ~  y A a n a e M a r x  nycmx n o p o p ,  ( B C K P U ~ H )  0 6 ~ 9 ~ 0  B 3-5 pa3 H 6onee 
n p e B o c x o g H T  0 6 5 e M  ,406hI~ae~oro nonesnoro H c x o n a e M o r o .  I l o a ~ o ~ y  
o c H o B H a r e  s a ~ p a ~ u  npn OTKPHTOM cnoc06e p a 3 p a 6 0 ~ ~ ~ 1  same B c e r o  
CBR3aHhl  C BCKPHIIIHbIMH p a 6 0 T a M H .  

2. Y , q a n e ~ ~ e  nycmx nopoA n ~ o 6 ~ s a  none3~oro J t c K o n a e M o r o  npons- 
BOARTCH B OCHOBHOM 3 K C K a B a T O P H P M  C I ~ O C O ~ O M ,  p e l r c e  - rH,LQlOMeXWFI- 

3 a ~ H O H H H M ,  ~ ~ M J I ~ P O ~ H O - T P ~ H C ~ T H ~ I M H  MalIIUHaMH H I U H ~ K O ~ Y P O -  
B M M n  M a m H H a M H .  n p H  3KCKaBaTOpHOM cnoc06e I 'OpHaR M a C C a ,  
p a 3 p h I X J r e H H a R  ~ Y P O B ~ P ~ I B H ~ I M H  p a 6 0 ~ a M E f ,  r p Y 3 H T C R  3 K C K a B a T O P a M n  
B T P a H C I I O P T H P e  CPeACTBa m BbIBO3HTCR H 3  K a p b e p a  H a  JIOBepXHOCTb. 

IIpn r ~ ~ p o ~ e x a ~ n 3 a q ~ n  r o p H a R  M a c c a  p a 3 w s a e ~ c ~  c ~ p y e P  BOW, 
s a 6 p a c ~ ~ a e ~ o 2  H 3  MOHHTOPa UO.4 AaBJIeHHeM OKOJIO 12  am, H C I IOMOqbIO 
3eMJIeCOCOB T p a H C n O p T H p y e T C R  B GMeCM C ~ 0 ~ 0 %  IIO T P Y ~ ~ M  H a  
JlOBepXHOCTb. 

~ K C K ~ B ~ T O ~ H ~ I ~ ~  cnoco6 MOlrcHO I I p H M e H R T b  AJIH p a 3 p a 6 0 T K H  IIOpOR 
zro6oii K p e n o c T u ,  r n ~ p o ~ e x a a n q e c ~ ~ i i  - T O J I ~ K O  AJIR M H r K H x  n 
PbIXJIbIX. 

3. P a 3 M e p h I  O T K p P T h I X  r O P H M X  B ~ I P ~ ~ O T O K  JIO BCeM E a I I p a B J I e H H R M  
3 H a 9 H T e J I b H M  H IIO3BOJIRH)T I I P H M e H R T b  MOIllHOe O ~ O P Y A O B ~ H H ~  C 60JIb-- 
PIIHMH n a p a M e T p a M H  H 3 n a s ~ ~ e n b ~ h 1 e  aapcr~ar BB. 

~ O ~ H O T ~ ~ H C ~ O ~ T H O ~  0 6 0 p y a o ~ a ~ ~ e ,  I IpHMeHReMOe I I p H  O T K P H T O ~  

p a 3 p a 6 0 T K e  M ~ C T O P O X A ~ H H ~ ,  OTJIHPaeTCR 3HaYHTeJIbHbIMH p a 3 M e p a M Y r  
H B E J C O K O ~  npOFl3BOaFlTeJIbHOCTbIo. BYPOBM~ p a 6 0 T P  BefiyTCR CTaHKaMH 
K ~ H ~ T H O - y ~ a p ~ o r o ,  ~ p a ~ q a ~ e x b ~ o r o ,  n H e B M o y A a p a o r o ,  m a p o m e s H o r o  
1% O r H e R O r O  6 y p e H H R .  ~ ~ a ~ e ~ p  C K B B X H H  110-300 ant, HX I ' J I ~ ~ H H ~  

15-30 a, sec s a p a ~ a  BB B cmaxme OT 100 ~o 400-500 n2 H 6onee. 
AJIR B P e M K H  H IIOI'pY3KH ~ O P H O ~  MaCCJd IIPEIMeHRIOTCR OAHOKOBIIIO- 

DbIe  H MHO~OKOBDlOBbIe 3KCKaBaTOPH.  Han6onee p a C n p O C T p a H e H H  OAHO- 
KOBLnOBhIe 3 K C K a B a T O P P  H a  I?YCeHH¶EOM XORY C eMKOCTbI0 K O B m a  4-8 .u3 
H s e c o M  100-500 m. ILInpo~o H c n o n b a y m T c R  BparnaG~u H a  m a r a m r n e M  
X O A y  I3 MHOrOIFOBDIOBhIe 3KCKaBaTOphI .  ' * 

n e p e ~ 0 3 K a  ~ O P H O ~  MaCCbI sap€! OCyqeCTBJr I I eTCR )KeJIe3HOAOPOmHbIM'  

T p a H C n O p T O M  I U H p 0 ~ 0 2  KOJIeH C ~ J I ~ K T P H ~ ~ c K o ~ T  T R ~ O ~ ,  B A y M I l K a p a X  rPY- 
3OnOA'heMHOCTbM 60-180 T ,  aBTOCaMOCBaJIaMH rPY3OIIOA'beMHOCTbEO 10- 
100 T ,  a T a K X e  J IeHT09HHMH K O H B ~ ~ ~ ~ P ~ M H .  I I ~ H  O T K P ~ I T O ~ ~  p a 3 p a 6 0 T K e  

Y: n p H M e H R I o T  bynbgosepar, K o n e c n u e  c K p e n e p a r ,  o T s a n b H M e  nnyrm H 

apyroe M o r q H o e  0 6 o p y ~ o s a ~ n e .  

I I p e ~ ~ y q e c ~ s a  o T K p a r T o r o  cnoco6a p a 3 p a 6 0 ~ ~ ~  no c p a m e H m m  

C nOA3eMHbIM COCTORT B CJIe,lJYIomeM: x 

6onee BbICOKaR ~ ~ ~ o I S ~ C H O C T ~  T P Y a a  H JIy¶IIIHe IlpOH3BOACTBeHHhIe 
y C n O B H R ;  



C p a ~ n e ~ ~ l e  s ~ o n o ~ ~ n e c ~ v n r  no~a3a~eaeii  (no ronam) 
OTKPblTOrO II IIOJ(3eMHOrO C L I O C O ~ O B  J(06b1~ki YrnR 

~ P O H ~ B O A H T ~ J I ~ H O C T ~  TPYAa pa604ero no 
a ~ c n n y a ~ a q ~ a  Ha YronbHhIx paspesax, 
ml.ue:sy . . . . . . . . . . . . . . 

POCT nPOB3BOAHTeJIbHOCTH TPYAa, % . . 
C ~ ~ B H H T ~ J I ~ H M  IIPOH3BOAHTeJIbHOCTb 

TpyAa aa yronbHhrx paspesax, % . . 
C ~ ~ B H H T ~ J I ~ H ~ R  C ~ ~ ~ C T O I I ~ ~ O C T ~  1 m YrnR 

Ha paapeaax, % . . . . . . . . . . 

JIY¶IIIHe 3KOHOkIHPeCKHe n o K a 3 a ~ e J I H :  IIPOH3BOAHTeJIbHOCTb TPYAa 

H a  K a p b e p a x  B 4-7 pa3 m m e ,  a c e 6 e c ~ o ~ ~ o c ~ b  4 m y r m  B 2-4 pasa 
H p x e ,  s e M  H a  m a x T a x  ( T ~ ~ J I .  2); 

60~1ee BbICOKHe TeMIthI pOCTa npOH3BOAHTeJIbHOCTH TPYAa H CHHlfCeHHH 
C ~ ~ ~ C T O H M O C T H  pa60~;  

CPOKH CTPOHTeJIbCTBa K a p b e p O B  MeHbIUe CPOKOB 'CTpOHTeJIbCTBa 

IIIaXT p a B ~ 0 f  I I P O H ~ B O ~ C T B ~ ? H H O ~ ~  MO4HOCTH; YAeJIbHhIe KaIlHTaJIbHbIe 

3 a T p a T b I  H a  CTpOHTeJIbCTBO K a P b e p O B  B 2-2,5 pa3a MeHbIIIe ,  ¶eM H a  
CTPOHTeJIbCTBO m a X T ;  

n p H  OTKP~ITOB p a a p a 6 o ~ ~ e  nerse IIPOH~BOAHTCH p a a n e ~ ~ b ~ a t i  ~ o 6 ~ s a  
pa3J IH9HbIX COpTOB PYA, BCJIeACTBHe ¶ e r O  MeHbIIIe  I lOTePH H p a 3 y 6 0 ) ~ ~ -  
B a H H e  DOJIe3HOrO BCKOIIaeMOrO; 

n p H  O T K P ~ I T O ~  p a 3 p a 6 0 ~ ~ e  M ~ C T O ~ O I K ~ ~ H H ~  J I e r ¶ e  YBeJIHsHTb n p H  

H ~ O ~ X O A H M O C T H  llpOH3BOAHTeJIbHOCTb IIPeAIIPHRTHH. 

JIysmme ~ K O H O M H ~ ~ C K H ~  I I O K ~ ~ ~ T ~ J I H  IIPH O T K P F T O ~ ~  p a 3 p a 6 o ~ ~ e  
O~'~RCHIIH)TCII  TeM, ¶TO B K a p b e p a X ,  6 J I a r o A a p H  HX 3HasHTeJIbHbIM pas- 
M e p a M  IIpHMeHReTCH 6onee MOIQHaR H IIPOH3BOAHTeJIbHaH TeXHHKa.  

H ~ A O C T ~ T K H  OTKpbITOrO cnoco6a p a 3 p a 6 0 ~ ~ ~ :  
HeKOZOpaH 3aBHCHMOCTb OT KJIHMaTIi¶eCKHX ~ C J I O B H H ,  KOTOpaR IIPO- 

HBJIReTCII ~ a ~ 6 0 ~ 1 e e  CHJIbHO B YCJIOBHRX ~ ~ I I O J I I I P ~ R  H K p a f ~ e r 0  I o r a  
CTPaHbI;  

H ~ O ~ X O ~ H M O C T ~  6 0 n b m ~ x  nnoqaAef AJIR p a 3 M e W e H H R  OTBaJIOB ny- 
CTbIX IIOpOA ( H ~ A O C T ~ T O K  C B O ~ O H H ~ I X  IlJI0wa~ef HJIH HX BbICOKaH w H -  
HOCTb B OTAeJIbHMX CJIYgaHX O r p a H H ¶ H B a e T  I lpHMeHeHHe O T K P ~ I T O ~ ~  

p a 3 p a 6 0 ~ ~ ~ ) ;  
H ~ o ~ x o J ( Y I M O C T ~  BJIOlfCeHHR 60JIbIUHx KallI iTaJIbHbIX 3 a T P a T  B KOPOT- 

Tunbz a i e c m o p o w a e ~ u i i ,  pa3pa6amasaexux o m l c p a m w  cnoco6om. 
OTKP~ITHM C ~ O C O ~ O M  ~ ~ L I ~ ~ ~ ~ T M B ~ I ~ T C R  M e c T o p o x A e H m  I I O J I ~ ~ H H X  HCKO- 

n a e M M x  ~11o6o i i  (POPMP B p a 3 ~ 0 0 6 p a 3 ~ h l X  IIPHPOAHMX YCJIOBHRX HX 

3a.TeraHHH. B KalfCAOM OTAeJIbHOM C J I y ¶ a e  ~ b I 6 0 ~  OTKPhITOrO cnoco6a 
p a 3 p a 6 0 ~ ~ ~  O ~ O C E O B ~ I B ~ ~ T C H  B03MO)KHOCTbIO IIOJIYgeHHH 60~1ee BbICOKHX 

TeXHHKO-3HOHO&IEI¶eCKHX I IoKa3?TeJ Ie f i  IIO CpaBHeHHIo  C IIOA3eMHbIM. 
YCJIOBHR 3aiIeI 'aHHfl  M ~ C T O P O E C ~ ~ H H ~  K a K  I I P H  O T K ~ ~ I T O ~ ,  TaK H I I P H  

r r o f i 3 e ~ ~ o i i  AoGuse o~a3nsa1o~  s n m H n e  H a  B P ~ O P  T e x H o n o r m  m M e x a -  

HII3aQHH I'OPBbIX p a 6 0 T ,  a TaKHce H a  o64ne TeXHYIKO-3KOHOMWeCKHB 

~ O K ~ ~ ~ T ~ J I H .  

H ~ C M O T ~ H  H a  6 0 J I b m O e  p a 3 ~ 0 0 6 p a 3 ~ e  IIpHpOAHbIX Y C J I O B H ~ ~  3 a J I e r a H H R  
a i e c ~ o p o ? x ~ e ~ ~ i i ,  p a 3 p a 6 a ~ b I B a e ~ b 1 ~  OTKPHTHM C I I O C O ~ O M ,  B c e  OHB M o r y T  

G M T ~  p a 3 ~ e n e n b 1  H a  xapamepme T m n H  no ~ a ~ 6 o n e e  o T n H s H T e n b H m a  
a r o p ( P o n o r ~ s e c ~ ~ ~ ~  n p ~ 3 ~ a ~ a ~ .  

1. no I#OpMe MeCTOPOHcAeHHR: 

IIJIaCTOBhle YI3H ~ J I H F K H ~  K HHM ( ~ J I a ~ T 0 0 6 p a 3 ~ b I e  3 a J I e x H ) ,  BhITflHyThIe 
I l p e H M y q e C T B e H H O  IIO AByM HaI IpaBJIeHHHM I I p H  OTHOCHTeJIbHQ ~f360J Ib I I I0% 

~ I O ~ H O C T H  (PLIC. 3, a, 6, z ,  8, e, 4; 
p a 3 s ~ ~ b 1 e  6onee H n H  M e H e e  oAvrHaKoBo BO B c e x  H a n p a s n e H m c I x ;  

I; HHM MOlfCHO OTHeCTH MaCCHBHbIe 3aJIe?KH, DITOKH, r H e 3 A a  H T. n. . 
(PIX. 3, A, A); 

pa3BHTbIe  ( B b I T l f ~ y T h I e )  IIpeHMyIQeCTBeHHO B OAHOM HaI tpaBJIeHHH - 
c ~ o j r 6 0 0 6 p a 3 ~ b 1 e  ( ~ H c .  3, K); 

H M e I o q M e  n p o M e x y T o w b I e  M e Z A y  ~ K ~ ~ ~ H H U M H  s M m e  H n e p e x o A H n e  

(POPM~I:  JIHH3hI (PHC. 3, 8), HCHJIH, CeHJIOBYIAHbIe 3aJIeXYI,  BCeB03MOHCHbIe 

cK.laAKH H n e p e r ~ 6 b 1 ;  H a n p n M e p ,  n e p e r ~ 6 b 1  c K n a A o K  M O I ~ H M X  y r o J I b H b I x  
njIaCTOB ( ~ H c .  3, U) I4 IIP.; 

BeCbMa CJIOXHbIe IIO/ YCJIOBHHM 3 a J I e r a H H R  MeCTOPOXfEAeHHR: PYA- 
HbIe - C O C T O R ~ I I e  H 3  60JIbIIIor0 ¶HCJIa r H e 3 A  OTHOCHTeJIbHO H ~ ~ O J I ~ I I I H X  

p a 3 h I e p O B ,  YrOJIbHbIe - C O C T O R ~ H e  YI3 CHJIbHO TeKTOHHUeCKYI H a P y -  

I I I ~ H H o ~  CBHTbI IIJIaCTOB pa3JIFf¶~of MOaHOCTH (PYIC. 3, H). 
COOTB~TCTB~HHO (POpMe aanesef YCTaHaBJIHBaBTCR H ( P O P M ~  K a p b e p -  

H ~ I X  nonef, n p H s e M  ~an6onbmee snncr~zie~npn aToM o ~ a s b ~ s a e ~  p a a ~ e p  
3a.TelfCH IIO JlpOCTHpaHHIo.  npYI p a 3 p a 6 0 T K e  rOpH3OHTaJIbHhIX YIJIH ~ J I H S -  

KIIX K HHM no ~ C I I O B H H M  S ~ J I ~ ~ ~ H H H  n n a c T o B  H I I J I ~ C T O O ~ P ~ ~ H ~ I X  3 a n e H c e H  

c o r p a ~ n s e ~ ~ o i i  n n o l q a A b I o ,  p a c n o n o w e H H b I x  H e n o c p e A c T s e H H o  H a  

IlOBepXHOCTH If313 I I ~ H K ~ ~ I T ~ I x  HaHOCaMH H ~ ~ H ~ ¶ H T ~ J I ~ H o H  MOIqHOCTH 

(a rec~opoxpe~~rcr  oraeynopmsx mnn, $OCI#OPHTOB, H ~ B ~ C T H H K O B  H T. A.), 
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@ 0 p M a  K a p b e p a  B I I J IaHe  IIOPTH C O B n a A a e T  C KOHTYPaMH MeCTOPOHCAeHHR 
(PHC. 3, a). 

l l n a c ~ o ~ a e  H n n  I I J I ~ C T O O ~ ~ ~ ~ H ~ I ~  M e c T o p o x n e H H n ,  H M e m q H e  3 ~ a -  
s H T e J r b H o e  n J r o q a A H o e  p a c n p o c T p a H e H H e ,  n p e n o n p e A e n c I I o T  H c o o T s e T -  

CTBYIOIlQW @OPMY K a p b e P H O r O  IIOJIR, C B03MOXHOCTbH) pa3BHTHII  pa60.r 

IIO pa3JIHPHbIM HaIIPaBJIeHEIHM (PEIC. 3, 6).  TO M a p I ' a H q e B H e ,  6ybo- 
Y r O J I b H H e  H APYI'He MeCTOPOHCneHHR OCaAOPHOrO IIPOHCXOlfCAeHHII, ¶aCTO 

0 ~ p a 6 a ~ a ~ a e M b I e  HeCKOJIbKHMH K a p b e p a M H .  
~ P H  p a 3 p a 6 0 ~ K e  I 'OpH3OHTaJIbHHX M ~ C T O ~ O W ~ ~ H E I ~  60JIbIUoii[ AJIHHbI 

HJIH M ~ C T O P O W ~ ~ H H ~ ~ [ ,  3 a J I e r a H ) p X  HeI 'OPH30HTaJIbHO (PHC. 3, 2 - X ) ,  
K a p b e p H a e  n o m  HMeIoT B P T I I H ~ T ~ H )  I$Iop~y c p a m e p a ~ ~  no n p o c T H p a -  

HHH) B HeCKOJIbKO pa3 6 0 J I b m e ,  ¶OM BKPeCT IIPOCTHpaHHR. @ ~ O H T  p a 6 0 ~  
H a  y c T y n a x  B T a m x  c a y q a f l x  O ~ P P H O  p a c n o n a r a e T c a  no n p o c T n p a H n m  

aanemi H n p o A B H r a e T c n  napannenmo. 

npli OTHOCIlTeJIbHO KOPOTKHX MaCCHBHbIX 3 a J I e W a X  (PHC. 3, 4, w), 
a T a K X e  ~ T O H O O ~ ~ ~ ~ H ~ I X ,  Y X O n I I q H X  H a  ~ J I Y ~ H H Y  (PHC. 3, K), K a p b e p  

I O ~ ~ I P H O  HMeeT OKPYI'JIYH) HJIH OBaJIbHYH) I$IOPMY H 3HaPHTeJIbHYIO rJIY- ' ~ H H Y .  @POHT p a 6 0 ~  M O X e T  Pa3BHBaTbCII  B Pa3HbIX HaIIPaBJIeHHIIX.  

2. IIo IIOJIOHCeHHH) 3aJIeHCH OTHOCHTeJIbHO B ~ M H ( Y ~ ~ [  IIOBePXHOCTH: 
; MaCCHB IIOJIe3HOI'O HCKOIIaeMOI'O PaCIIOJIOWeH H a  IIOBePXHOCTH HJIH 

IIOKPbIT HaHOCaMH ~e60J Ibm0i? i  MOWHOCTH (PHC. 3, a); 
M e c T o p o x n e H H c I  ~ J I Y ~ H H H O ~ O  T m a ,  p a c n o n o w e H H a e  ~ H ~ P H ~ I ~ H O  

HEIWe r0CIIOACTBYH)WeI'O YPOBHII IIOBePXHOCTH (PHC. 3, 6-X, A, ~ 1 ) ;  

MeCTOPOWneHHII H a r O P H O r O  THIIB, PaCIIOJIOWeHHbIe H a  B03BbIIIIeH- 
HOCTH HJIH CKJIOHB ropa,  T. e. s ame  r o c n o n c T B y m q e r o  YPOBHII a e ~ ~ o i ? i  
nOBepXHOCTH; 

M ~ C T O P O W A ~ H H R  BHCOTHO-~JIY~HHHOI'O THIIa  ( C M ~ I I I ~ H H H ~ ) ,  P a C T W H O  
J I o w e H H a e  B rope EIJIH r o p H o M  CKJIOHB (PHC. 3, K, a). Pa& 

3 o yrny nanenm a a n e w ~ .  IIo yrny H a K J r o H a  K ~ O P H ~ O H T Y  ~ ~ J I B X H  
I I O J I ~ ~ H O ~ O  n c K o n a e M o r o  ~ ~ ~ ~ ~ J I I I I O T C I I  H a :  

\ rOpH3OHTaJIbHbIe HJIH c J I ~ ~ o H ~ K J I o H H ~ I ~  (IIoJIo~H~?) - A 0  8-10' 
(PHC. 23, a-8); I I P H  3THX YCJIOBHIIX H e  T ~ ~ ~ Y B T C I I  p a 3 H O C a  ( B H ~ M K H )  
nopon newasero 6 0 ~ a  H BOBMOHCHO p a a M e q e H H e  B C K P ~ I ~ H ~ I X  I I O P O ~  
B B H ~ ~ ~ O T ~ H H O M  IIPOCTPaHCTBe ( B H Y T ~ ~ H H ~ ~  O T B ~ J I O O ~ ~ ~ ~ O B ~ H H B ~  

HaKJIOHHbIe - OT 8-10 A 0  25-30"; I I p H  TliJ.COM IIOJIOXeHHH 3 a J I e X H  
OGPPHO H e  ~ p e 6 y e ~ c ~  s a e m a  nopon co c T o p o H a  nexaqero 6 o ~ a ,  HO 
B TO HCe BPeMR HeBO3MOHCHO p a 3 M e W e H H e  IIYCTbIX I IOPOn B B ~ I P ~ ~ O T ~ H H O M  

IIpOCTpaHCTBe ( ~ H c .  3, %); 
K p y T a e  - 60~1ee 25-30", p a 3 p a 6 a T b I ~ a e ~ ~ e  c p a a H o c o M  B c e x  GOPTOB 

pa no M e p e  ~ ~ J I Y ~ J I ~ H H I I  p a 6 0 ~  ( p ~ c .  3, e, K, n). 
4 IIo MOWHOCTH ~ ~ J I ~ H C H  (PHC. 4): Kau 
BeCbMa MaJIoi?i MOqHOCTH (A0 2-3 a), n p E I  K O T O ~ O ~ ? ~  BbIeMKa 3 a J I e X h  

0 6 b I ¶ ~ h l ~ l i  OAHOKOB~OBbIMH K a P b e P H b I M H  3KCKaBaTOPaMH H ~ ~ I $ I I $ I ~ K T H B H ~  
I1 n 0 3 T O M y  H ~ O ~ X O A H M O  IIPHMeHIITb 3KCKaBaTOPbI  C KOBIIIOM eMKOCTbH) 

0,s -2,o a', CTPYI'H, 6 ~ J I b A 0 3 e p b I  H A P Y r H e  BbIeMOPHbIe C p e n c T B a ;  
)a~~oi?i MOWHOCTEI (no 10-20 a), n p ~  K O T O P O ~ ~  m e m a  I I O J I ~ ~ H O ~ O  

I r c K o n a e M o r o  IIPOHBBOAHTCII OAHHM YCTYIIOM, e c m ' p a a n e n e ~ ~ e  H a  ABa  



H 60~1bmee ¶HCJIO YCTYIIOB H e  AHKTYeTCR CT OeHHeM ~ ~ J I ~ K I z .  IIJIH pas- 
n a m e M  B K a s e c T B e  n o n e 3 H o r o  a c K o n a e M o r & p H  a a x n o a a o l n  n l i p y T o 3 1  

I I a R e H H H  K MaJIOMOWHMM OTHOCRT 3aJ IeXH C I ' o P H ~ o H T ~ J I ~ H o ~ ~  MOJI(HOCTbF0 
25-50 n t  (75 a), T O r A a  BCKpbITHe  O¶ept?AHOrO I'OPEI3OHTa B03M03KHO 

T O J I ~ K O  nocne IIOJIHO~ BbIeMKH I I O J I ~ ~ H O ~ O  n c K o n a e M o r o  H a  B b I m e n e m a q e M  

l"OPH30HTe;  

c p e n ~ e 5  MOWHOCTH (20-30 at), n p H  ~ o ~ o p o i i  3 a n e ~ b  o ~ p a 6 a ~ ~ -  
B a e T C R  HByMR YCTYIIaMH HJIH IIOAYCTYIIaMH$ I I P H  HaKJIOHHOM H KpYTOhl  
I I a H e H H H  BCKPbITHe OPBPeAHOI'O I 'OpH3OHTa B 0 3 M O X H O  l I P H  H ~ ~ ~ K O H P ~ H H O ~ ~  

BbIeMKe  I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  H a  B ~ I I I I ~ J I ~ X ~ I ~ ~ M  y c T y n e  no Aamolry 
IIpo@HJIIO U p H  MO4HOCTEi OT 50 KO 100 W (150 At); 

MOWHbIB (60~1ee 30 nt) ,  B P e M K a  K O T O P P X  IIPOH3BOAHTCR TI)eMR H 60nee 
YCTYIIaMH HJIH IIORYCTYIIaMH; l I P H  HaKJIOHHOM H KPYTOM I I a A e E H H  BhIeh IKy  
3 a J I e X H  H ~ O ~ X O A H M O  BeCTH OAHOBpeMeHHO H a  HeCKOJIbKHX Y C T y n a X  

I I p H  I ' O P H ~ O H T ~ J I ~ H O ~  MO4HOCTH 6osee 100-150 nt.  

5. no c ~ p o e ~ n m  ~ ~ J I ~ X H :  - 
I I p O C T P e  3 a J I e Z H  C OAHOpOAHbIId CTpOeHHeM 6e3 CyI4eCTBeHHhIX IIpO- 

C J I O ~ ~ K O B  H B K J I H ) P ~ H E ~ ~ ~ ;  B H e M K a  IIOJIeBHOI'O HCKOIIaeMOI'Q MOHCeT BeCTIlCb 

BaJIOBbIM CIIOCO~OM; 

cnomme 3 a ~ 1 e m ~ ,  conepzawme H a p R A y  c K o H R m q H o H a n M t i  nones- 
HbIMH HCKOIIaeMbIMH HeKOHAH4HOHHbIe  C O p T a ,  a T a K X e  I I~ocJIoGKH IIJIEI 

BKJIH)PeHHR IIyCTbIX IIOpOA C W T K O  B b I p a K e H H b I M H  KOHTaKTaMH;  B 3TOhl 
C J I P a e  H ~ O ~ X O A H M ~  p a 3 A e J I b H a R  ( c ~ J I ~ K T H B H ~ R )  BbIeMKa  KOH@fqHOHHOrO 

H HeKOHJJHqHOHHOI'O IIOJIe3HOI'O EiCKOIIaeMOI'O H IIYCTbIX IIOPOR; 

p a c c p e A o T o s e H H H e  a a x e ~ ~ ,  t i M e m m H e  cnoxmoe c T p o e H m e ,  npa KOTO- 

POM K O H A H q H O H H P e  H HeKOHHH4HOHHbIe  C O P T a  lIOJIe3HOI'O HCKOIIaeMOrO 
H n y c T b I e  n o p o ~ b ~  p a c n p e A e n e H a r  B M a c c n s e  6e3 o n p e ~ e n e ~ ~ o 5  ~ ~ K O H O -  

MePHOCTH H PBTKO BMPaHCeHHbIX KOHTIKTOB; p a 3 A e J I b H a R  BhIeMKa  COPTOB 
l lOJ Ie3HOrO HCKOIIa0MOrO H IIYCTbIX IIOPOA OCYEf,eCTB.XReTCSI fia OCHOBe 

' ~ T ~ ~ T B J I ~ H o H  ~ K C ~ J I ~ ~ T ~ ~ H O H H O ~ ~  p a 3 B e A K H .  

Bce 3 T H  @ ~ K T O ~ H  OKa3bIBaIoT  pemaI04ee BJIHRHHe H a  O P r a H H 3 a U H H )  

p a 6 o ~ ,  TeXHHKY, TeXHOJIOI'HIO, a T a K Z e  H a  B83MOHCHOCTb I1 qenecoo6pa3- 
HOCTb B e A e H H R  OTKPbIThIX I 'OPHbIX pa6o~.  

Knuatamuuec~ue yc~zoeu~ o m x p t a m t a x  zopnm pa6om. C y w e c ~ ~ e ~ ~ o e  
BJIHRHHe H a  TeXHOJIOrHH) O T K P P T H X  I O P H h I X  p a 6 0 ~  O K a 3 P B a H ) T  KJIHMBTEI- 

¶eCKHe  YCJIOBHR. ~ O P T H  A B e  T p e T H  T e p p H T O p H H  C O B ~ T C K O ~ O  C O H ) ~ ~  38- 

HHIUaIOT O ~ J I ~ C T H  C CYPOBbIM KJIHMaTOM - I I P O A O J I H C H T ~ J I ~ H O ~ ~  BHMOP 

H C H e K H h I M H  3aHOCaMH. 

C H ~ X H P ~  3a~ocbI B a T p y ~ H R I o T  p a 6 o ~ y  T p a H C I I O p T a ,  C H e r  C I I O C O ~ C T B ~ ~ T  

I I p H M e p 3 a H t i F O  I ' opHof i  M B C C ~ I ~ K  KY3OBaM H RBJIReTCR IIPEI¶HHO~ 0 ~ 0 J I 3 H e f l  
OTBBJIOB, O C O ~ ~ H H O  B B e C e H H e e  B p e M R .  

B 3anoJIflpbe IIpOAOJIXHTeJIbHOCTb CHeZHOI'O I IepILOHa AOCTHraeT  

290-300 A H ~ G  B I'OAy; MaKCHMaJIbHaR l lPOAOJIZHTe.?bHOCTb MeTeJIII 
A O C T H r a e T  CeMH CYTOK. 

B T e P e H H e  3 H M P  B HeKOTOPbIX p a f i 0 H a x  n p 0 A O J I Z H T e ; I b H O e  B p e S l R  

E e p x n T c R  T e M n e p a T y p a  H H z e  -50" C. IIPH ~ a ~ o f i  T e M n e p a T y p e  M e T a m  

CTaHOBHTCR XPYIIXHM, ¶TO RBJIReTCR IIPEIPHHO~~ PaCTbIX IIOJIObIOK 3KCKa-  

B a T O p O B  H ~ Y P O B H X  CTaHKOB H a  K a p b e p a X .  C H j r b ~ b I e  B e T p b I ,  K p O l I e  
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rge t - a b c o ~ ~ m ~ ~ o e  a ~ a n e ~ ~ e  T e M n e p a T y p H  ~ o a n y x a ,  "C; 
v - C K O ~ O C T ~  B e T p a ,  n t l c e z .  

~ ~ C T K O C T ~  IIOI'OAP BJIHReT H a  TeXHOJIOrHH) I ' O P H P X  p a 6 0 ~  H l IpOH3-  

BOHHTeJIbHOCTb O ~ O P Y A O B ~ H E I E ~ .  B HeKOTOPbIX paf i0~ax ( H ~ I I ~ H M ~ ~ ,  
B H O P H J I ~ C K ~ )  B p e M R  CO c p e ~ ~ 6 f i  KeCTKOCTbH) I I O r O A P  60~1ee 40 Bannos 
3a 3HMY COCTaBJIReT OKOJIO 13% K a J I e H A a p H O r O  B p e M e E H ,  OT 20 A 0  40 6an- 
JIOB - 60~1ee 74%; I t p H  3TOM B p e M R  YlpOCTOeB H a  K a p b e p a X  COCTaBJIReT 

OKOJIO 40% pa6o~ero  B p e M e H H  3a 3EIMY. 

R J I R  K a p b e p O B ,  HaXOAREf,HXCR B CypOBbIX KJIkiMaTHseCKHX YCJIOBHRX, 
YCTaHaBJIHBaeTCR YMeHbDIeHHOB PHCJIO p a 6 o s ~ x  ~ ~ e f l  B r O H y  ( ~ a  H e -  

K O T O p P X  K a p b e p a X  A 0  240 ~ H e f i ) ,  C C O K p a I 4 e H H e M  pa6osero AHR H a  
OTKPPTOM ~ 0 3 ~ ~ x 0  HJIH o 6 o r p e ~ o ~  sepea o n p e ~ e n e ~ ~ ~ i i  n p o x l e x y -  

TOK B p e M e H H .  

H ~ ~ J I ~ ~ o I I ~ H R T H H M  KJIHMaTIlseCKHM YCJIOBHRM OTHOCHTCR T a K X e  

T y M a H ,  B M B H B ~ ~ W E ~ ~ ~  n p e K p a q e H H e  p a 6 0 ~  B K a p b e p a x .  Han6onee s a c T o  

OH 6 h 1 ~ a e ~  B IIPHMOPCKHX H BhICOKOrOPHbIX p a f o ~ a x .  T~XHOJIO~HR OT- 
KPbITbIX I 'OPHhlX p a 6 o ~  O C O ~ ~ H H O  OCJIOlKHReTCR I I P H  CO¶eTaHHH Y K a -  

3 a H H b I X  BhlIIIe @ ~ K T O P O B .  

AJIR C J I O X H P X  IIO KJIElMaTH¶eCKHM @ ~ K T O P ~ M  P I ~ ~ O H O B  KOHCTPYK4IIR 

0 6 0 p y ~ o ~ a ~ ~ ~  H a n I I a p a T y p b I  A O J I X H a  6bI~b C T O ~ K O ~ ~  I I P H  HHBKHX Tehl- 
I I e p a T y p a X ;  r e p ~ e ~ ~ m ~ o f i ;  YCTOGPHBO~~ I I P H  CHJIbHbIX B e T p a X  H o6ne~e-  
HeHHH;  ~ B T O H O M H O ~ ~ ;  XOPOIIIO BHAHMOG B T y M a H e ,  I I p H  MeTeJIH Fi I I o J I R ~ H o ~ ~  

HO4bH);  H ~ A ~ X H O ~  B pa6o~e  I I P H  I IOHHKeHHOM AaBJIeHHH H 60~1bmoP 
BJIalKHOCTH. 

~ U ~ P O Z ~ O ~ O Z U ~ ~ C ~ E U ~  yCAO6UR O K a 3 b I B a I o T  C y 4 e C T B e H H O e  BJIHRHHe H a  

B e H e H H e  OTKPbITbIX r O P H H X  pa6o.r. n p H  I I e p e C e P e H H H  K a P b e P H b I M  IIOJIeM 
BOAOHOCHbIX rOPH3OHTOB PaCTO H ~ O ~ X O A H M O  C O O P Y K a T b  C I I e q H a J I b H b I e  

A p e H a K H b I e  ~ C T ~ O ~ ~ C T B ~ ,  a I I P H  CHJIbHO O ~ B O A H ~ H H ~ I X  H C J I ~ ~ H X  IIOPOAaX 
H ~ O J I ~ J I I H X  I I p B T O K a X  BOAH (AO 10 nt3  H 60~1ee H a  1 m A O ~ P ~ H ) ,  K a K  

npasmno, T P ~ ~ Y I O T C R  C n e q H a n b H b I e  M e p M  no y K p e n J I e H H m  GOPTOB r o p w x  
I 

B H ~ ~ ~ O T O K .  
O ~ B O A H ~ H H O C T ~  R a P b e p O B  H m a X T  X a p a K T e p H 3 y e T C R  K O ~ @ @ U ~ U ~ ~ ~ O X  

@ o ~ o o 6 u ~ b n o c m u ,  OItpeAeJIReMbIM KOJIElPeCTBOM O T K ~ ¶ ~ H H O ~ ~  B O A P ,  I IPH- 

x o ~ ~ ~ q e i i c c r  H a  I m ~ 0 6 ~ ~ o r o  none3~oro  m c K o n a e M o r o .  B e n H s H ~ a  k,,, 
B Iiapbepax H ~ M ~ H R ~ T C R  OT 0 , l  AO 10-15 m31m, H a  p q e  m a x T  OH AOCTII- 

r a e ~  20-30 w3/m. --;a. 2- 

I 
~ I H e l r p o ~ ~ c  ; I ) ~ D C K ~ ~ ~  2 3 a ~ a 3  1 9 9 7  I 17 I 

ropflbil'i M H : , T M T ~ T  I 



BHflbI H ICAPECTBO IIOJIE3HMX HCKOIIAEMbIX 
H CBOMCTBA BCXPbIIIIHbIX IIOPOA 

n o  XHMH¶eCKOMy COCTaBy  H HCIrOJIb30BaHHIO P a 3 J I W a I O T  TpFl r p y I r I I M  

~ O J I ~ ~ H H X  n c K o n a e M b I x :  
1. M c ~ a a n ~ s e c ~ n e  n o n e 3 ~ ~ e  n c ~ o n a e ~ m e  (p y ~ b ~ ) :  

P y A H  ¶ e p H h l X  MeTaJIJIOB - X e J I e 3 0 ,  M a p r a H e q ,  XpOM,  THTIH,, B a H a -  
~ I l f i ,  HEIKeJIb, K O ~ ~ J I ~ T ,  ~ 0 J I b @ p a M ,  M O J I H ~ A ~ I E  H T. A.; 

PYAbI  q B e T H P X  MeTaJrJIOB - MeAb,  C B H R e q ,  q H H K ,  BJIIOMHHHH, OJIOBO, 
HI IXeJ Ib ,  P T Y T b ,  C Y P b M a  H T. D.; 

p y ~ a r  6.?aropo~~arx M e T a n n o B  - BOJIOTO, cepe6po H n a a T m H a ;  
P y A b l  PaAHOaKTHBHhlX a J I eMeHT0B - Y p a H  Fi TOPHE; 
P y A h I  PeAKFlX,  JIeI'KHX EI PaCGeRHHhTX 3JIeMeHTOB - ~HPKOHHB,  

T a m a n ,  H H O ~ H ~ ~ . ,  ~ ~ P H J I J I H ~ ,  nrn~nB, qesmiir, r e p ~ a ~ m i l ,  ~aanurf, c ~ a ~ ~ r n i i r ,  
~ a ~ h r n P ,  r a @ H H i i  H T. A. 

2. Y e ~ e ~ a n n n s e c ~ ~ e  n o n e s ~ a e  H c r c o n a e M a e :  
CTpOHTeJ IbHMe MaTepF ia J Ib I  - r p a H H T b l ,  r~eficbl, H3BeCTHfIKH,  r J IHHbl ,  

n e C O K ,  I ' P ~ B H G ,  q e M e H T H O e  C M p b e  H T. D.; 
C b I p b e  AJIR M ~ T ~ J I J I ~ ~ I ' H ~ ~ c K o G  IrpOMbILUJIeHHOCTH - H3BeCTHRKH, DO- 

JIOMHT, [PJIIOOPHT, r p a [ P H ~ ,  M a r H e 3 H T ,  O r H e Y I I O p H h I e  rJIEEJd H KaOJIHHbI, 
@ o p ~ o ~ o s ~ ~ e  M a T e p H a n H  H T. D.; 

I l H A y C T p H a J I b H O e  C h l p b e  - ac6ec~,  T a J I b K ,  6 a p H ~ ,  CJIIODhl, I I o J I ~ B o ~  
m n a T  H n e r M a T H T ,  I I ~ ~ ~ O ~ J I ~ K T ~ H P ~ C K O ~  H onmsecxoe cmpbe, an~a3b1, 
KOPYHA H BhICOKOrJIHH03eMHCTJde M a T e p H a J I H ;  

C b I p b e  AJIR XHMHP~CKOG IIPOMbIIIIJIeHHOCTM - @OC@OPHTM, aria- 

TI IT~I ,  cepa a n n p m T ,  M a r m b m c ,  60p, H c K o I r a e M a T e  COJIH, M e n  H T. A. 
3. T p y l I I r a  I 'OpM¶HX ~ O J I e 3 ~ H X  HCKOnaeMJdX:  KaMeHHbI f l  H 6ypbI6 

~'rozb, ropmme C J I ~ H ~ I J ,  TOP@, ~ e @ ~ b  EI npnpo,qmre ra3b1. M c ~ o n a e ~ h ~ e  
rOpIO¶HO IIBJIRIOTCR H e  TOJIbKO M H H e p a J I b H b I M  TOIIJIHBOM, H O  EI C h I p b e M  
AJIX I tOJIy¶eHHfl  pa3J IWIEhTX XHMHPeCKHX IIPOAYKTOB. 

I I o n e a ~ ~ e  m c K o n a e M H e  ~ ~ O T ~ ~ ~ J I R I O T C R  J I H ~ O  B CHPOM snne, JIHGO 
nocne HX n e p e p a 6 0 ~ ~ ~ 1 ,  eCJIIf OHH DO CBOHM K a P e C T B a M  He l lPHeMJIeMhI  

A.TIR HeIIOCpeACTBeHHOI'O HCIIOJIb30BaHHR. 

f l a~ecmoo  nomanozo uc~onaexozo - BTO C O B O K ~ ~ H O C T ~  CBOGCTB, onpe- 
) J e J l H I O ~ H X  C T e I r e H b  IIPHI'OAHOCTH H B K O H O M H P ~ C K O ~  ~ ~ J I ~ C O O ~ P ~ ~ H O C T H  
, I I C ~ O J I ~ ~ O B ~ H H H  nonea~oro  n c K o I r a e M o r o  B H a p o m o M  xosa i i c~~e ,  a T a K w e  

T e x H o n o r F i r o  ero ~ o 6 m n  H n e p e p a 6 0 ~ ~ ~ .  
P a 3 J I H ¶ H h I e  B E A H  MHH6paJIbHOI'O C b l p b R  B 3aBHCHMOCTH OT ~ p e 6 o ~ a -  

~ 1 1 5 ,  IrPeA'bfIBJIfIeMbIX K H E M  ~ P O M N l l I J I e H H O C T b I O ,  X a p a K T e p H 3 y I O T C R  

~ ~ ~ H P M H  I I O K ~ ~ ~ T ~ J I I I M H  K a q e c T B a .  
ECaqec~~o none3~oro H c K o n a e M o r o  o n p e D e n R e T  c n e ~ y r o q ~ e  o c H o B H m e  

c ~ o f i c ~ s a :  x ~ ~ r ~ n e c x r n H  H ~ m ~ e p a ~ r o r m n e c ~ ~ f  c o c T a B ,  + n s ~ ~ o - ~ e x a ~ m -  

r ¶BCKHe C B O ~ C T B ~  (yDeJIbIXbIfI,  o 6 a e ~ m I  H ~achIn110fi BeC,  KyCKOBaTOCTb,  
' KpeI IOCTb ,  BR3KOCTb,  IIOPHCTOCTb, Y C T O H ~ H B O C T ~ ,  B n a X H O C T b ,  BODO- 

U p O H H q a e M O C T b  H DP.), CTPYKTyPHhTe  H TeKCTYPHMe O C O ~ ~ H H O C T H  CTPO- 
BHHR, TeXHOJIOrH¶eCKHe C B O ~ C T B ~ ,  OI IPeDeJ IReMbIe  C I I O C O ~ H O C T ~ H )  IIOJIe3- 
HOrO HCKOIraeMOrO K pa3J IH¶RbIM BHDaM O ~ ~ ~ ~ O T K H ,  H T. A. 

806h1¶a H HCI IOJ Ib30BaHHe  IIOJIeBHMX HCKOIIaeMbIX B B a p O A H O M  ~ 0 3 R f i -  
CTBe OI'paHEmHBaIOTCR OnpeDeJ IeHHbIMH T ~ ~ ~ O B ~ H H H M H  K H X  C B O ~ C T B ~ M ,  
KOTOPbIe  YCTaHaBJIBBaH)TCR B @ I o ~ M ~  KOHHHQH%, TeXHEmeCKHX Y C J I O B L I ~  

H I 'OCYDaPCTBeHHbIX CTaHDapTOB H a  KaPeCTBO. 
OCHOBHHM n o ~ a 3 a ~ e n e ~  KOHAH~HE H a  pynnoe no~1e3~oe H c x o n a e M o e  

SXBJIfIeTCR MHHHMaJIbHO DOIIYCTHMOe IIpOMPILIJIeHHOe C O D e p H t a H H e  nOJIe3- 
E b I X  KOMnOHeHTOB B D O ~ H T O M  C b I p b e ,  I l p H  KOTOpOM B a T p a T b I  D O  ~o6b1ne 

4 . E n e p e p a 6 0 ~ ~ e  C M P b R  H e  nPf?BMlIIaIOT VeHHOCTH H3BJIeKaeMbIX H a  H e r 0  

UOJIe3KblX KOMIIOHeHTOB. 
n o K a 3 a ~ e J I F i  K O H A H ~ H ~  B CTaHDapTOB H e  IIOCTORHHM, a 3 a B B C R T  OT 

. Y P O B H R  T e X H H K H  H TeXHOJIOI'HH D O ~ P P H  H nepepa60~~n  nOJZe3HbIX HCKO- 

(I  
n a e M M X ,  ~ O T ~ ~ ~ H O C T H  HapODHOI'O X O ~ R ~ C T B ~  B DaHHOM B H D e  C P p b R ,  

- , aKOHOMHKH p a f t 0 H a .  ~ T H  IIOKa3aTeJIEI  I I ePHODHPeCKH n e p e C M a T p B B a W T C R  
Ea OCHOBe TeXHHKO-3KOHOMHHeCKHX PaC¶eTOB.  

2. K a s e c ~ ~ o  n o ~ ~ e ~ ~ o r o  H c K o n a e M o r o ,  y c T a H o B n e H H o e  B YCJIOBEIRX ero 
\, e C T e C T B e H H O r 0  3 a J I e r a H H R ,  H3MeBt l eTCR I I P H  er0 p a 3 p a 6 0 ~ K e  3a C P e T  

8 a C O p e H H R  I I Y C T O ~ ~  I I o p 0 ~ 0 f i  HJIH ~ ~ D H M M H  COpTaMH pyD (IIPH B8PMBaHHEi ,  
n O r p y 3 K e ,  T ~ ~ H c I I o ~ T H ~ o B ~ H ~ ~ H ) ,  a T a K X e  U p H  CKJIaDHPOBaHHH,  YCpeD- 

c E e H H H  H nepepa60~~e .  ~ I M L ~ T  MeCTO TaK?Ke  H eCTeCTBBHHOe X 3 M e H e H H e  * 
K a ¶ e C T B a  IIOJIe3HOI'O HCKOItaeMOI'O B p e 3 Y J I b T a T e  B O ~ D ~ % C T B H R  ~ T M O C ~ ~ P -  

H M X  H KJIHMaTHPeCKHX [P~KTOPOB ( B H B ~ T P H B ~ H H ~ ,  p a 3 M e J I b ¶ e H H e  Il OKMC- 
, J r e H H e  yrneii. H K o m e D a H H b I x  pyg H a  cxnanax H pa6on~x  n ~ ~ o q a ~ ~ a x ) .  

Pa3~bIt  Ka¶l?CTBeHEblB I IOKR3aTeJIH H X a p a K T e p  P a C I I p e D e J I e H H R  
U O J I e 3 H P X  H C K O n a e M H X  B K O H T Y P a X  K a p b e p a  O K a 3 H B a I O T  BJ IHRHHe H a  

, . TeXHOJIOI'HH), OPraHH3a- IO  H BKOHOMHKY F O P H O r O  IIPOH3BODCTBa. Tex- 
HOJIOrHK B e A e H H R  r O p H h I X  p a 6 o ~  H T E D  M e X a H H 3 a q H H  O T ~ O % K H ,  BbIeMKII ,  

n e p B M e 4 e H H R  H CKJIaAHPOBaHHR IIOJIe3EOI'O EiCKOIIaeMOrO YCTaHaBJIH-  
BaIOTCR C YPeTOM KOJIElPeCTBa H K a P e C T B a  er0 OTDeJrbHbIX COPTOB, a T a K H t e  

, r o p H o r e o n o r n s e c K F i x  Y C J I O B H ~ ~ ~  3 a n e r a ~ ~ ~ .  
M C K ~ C C T B ~ H H O ~  H B M ~ H ~ H H ~  K a q e c T s a  nones~oro  H c K o n a e M o r o ,  06- 

yCJIOBJIeHEOe T ~ X H O J I O I ' H ~ ~  er0 A O ~ M P H  H O ~ ~ ~ ~ O T K H ,  B P R D e  C J I p a e B  

H o x e T  6 ~ ~ b  IIOJI~SHHM H X e n a T e n b H u M  - K o r g a  n o ~ a 3 a ~ e ~ 1 ~  K a s e c T s a  
' PIBMeHfIIOTCR B 3 a p a H e e  H a M e s e H H O M  H a I t p a B J I e H H H  H B COOTBeTCTBHH 

C T P ~ ~ O B ~ H H R M H  IIPOHSBODCTBa ( Y C P ~ A H ~ H H ~ ,  0 6 0 r a I q e ~ E I e  Ei T. D.). 
B sagany r o p ~ s ~ a - ~ e x ~ o a o r a  no p e r y n n p o s a H n m  K a s e c m a  nonea- 

E O r O  HCKOnaBMOrO O ~ ~ I P H O  BXODHT IIOJ(AePXaHHl3 PaBHOMePHOCTH Ka-  
¶eCTBa T O B ~ ~ H O G  np0)JyKqHFi ( I I ~ T ~ M  C H H X e E H R  P ~ ~ Y ~ O ? K E I B ~ H E I R  -' EI I I O T e P b ,  C ~ J I ~ K T H B H O ~  BbIeMKH, Y C ~ ~ D H ~ H H R ) .  

~ P B C T B O  IIOJId3HOI'O HCKOIIaeMOrO OIIpeABJIRKJT B I I e P H O R  reOJIOrEI- 
s e c ~ o f l  p a 3 B e A K H  H H e I I P e P b I B H O  B I I p O q e C C e  3KCI I J IYaTaqHH onpo6o~a- 
H H e M  H a  BCeM IIYTH OT 3 a 6 0 ~  DO I I O T ~ ~ ~ H T ~ J ~ R  (3a608, B a r o H ,  CKJIaD,  
AC@, BWOH MHC). Te~ymaB KOHTPOJI~  K a P e c T B a  CJIYXHT DJIR p e r y J r H -  

* p o s a H m  K a P e c T B a  B npoqecce ~ ~ O H ~ B O D C T B ~ ,  Dnrr n p a ~ ~ n b n o i 3  onnam 



x e ~ t e 3 ~ W  pydbl RBJIRIOTCR I I ePBHPHbIM HCXOAHbIM C b I P b e M  AJIn IIPOH3- 

B o A c T s a  s y r y H a ,  c T a n n  m ~ e n e s a ;  OKOJIO 1 % pya H C I I O J I ~ ~ Y ~ T C R  B XHMH- 
¶ ~ C K O ~  IIPOMbIIIIJIeHHOCTH B K a P e C T B e  C b I p b R  AJIR KpaCOK.  

OCHOBHH~ I I O K ~ ~ ~ T ~ J I E I  K a g e c T B a  H C ~ J I ~ ~ H H X  PYA: c o A e p x a H H e  B pyge 
xeneaa, cepar, @oc@opa, OCHOBHOCT~ H K y c K o B a T o c T b  p y ~ b ~ .  

no C o A e p X a H H I O  wenesa p y ~ n  ~ ~ ~ H ~ J I R I O T C R  H a  6 o r a ~ ~ e  H 6 e ~ ~ b I e .  

E o r a ~ n e  H e  ~ p e G y m ~  O ~ O ~ ~ I ~ ~ H H R ,  6 e g ~ b I e  n o A s e p r a I o T c R  0 6 o r a q e ~ ~ m .  
I I p o ~ ~ m n e ~ ~ n e  THUH ~ e n e s ~ ~ x  pya c o A e p x a T  OT 25 go 70% ~ e n e s a .  
0 6 h 1 s ~ n e  npegenn c o A e p m a H m R  zenesa B M a r H e T m T o s b I x  pynax 30- 
60 % , THTaHOMarHeTHTOBbIX 14-45 % , I'eMaTHTOBbIX H MaPTHTOBbIX 

54-58 % , 6ypnx x e n e s ~ ~ ~ a x  25-55%, CFiAepxtToBbIx pyaax 30-35 %. 
O ~ ~ I ¶ H O  AJIR UJ IaBKH IIpHMeHRIOT X e J I e 3 H b I e  P y A b I ,  I IpOIIIeAIIIHe o6pa- 
~ O T K Y  ( O ~ H C H ~ ,  a r ~ ~ o ~ e p a q ~ ~ o  , ~ ~ H K ~ T H ~ O B ~ H H ~ ) ,  H n H  Apo6ne~b1e COPTH- 

P O B a H H h I e  P y A b I ,  a T a K X C  KyCKOBbIe K O H n e H T p a T b I  H 6 p ~ ~ e ~ n  H 3  MeJIKHX 
@pa~qFifi K O H q e H T p a T a .  

M H H H M ~ ~ ~ H O ~  COAepHCaHHe X e J I e 3 a  B UOHrOTOBJIeHHhIX AJIR I I J I aBKm 

P y A a X  H K O H q e H T p a T a X  YCTaHOBJIeHO B I I p e A e J I a X :  FeMaTHTO-MarHeTHTO- 

BhIX 56-60 % , MarHeTHTOBbIX 56-58 % , 6ypk.I~ X e J I e 3 H R K a X  45-50 % , 
X e n e 3 H C T H X  K B a p q H T a X  50-64%, C H A e p H T a X  33-35 % . 

~ P H  YMeHbIUeHHH C O A e P X a H H R  w e n e 3 a  B KPeMHe3eMHCTbIX P Y A a X  

H a  1 % I IPOH3BOAHTeJIbHOCTb ,I(oM~HHo~~[ I I e ¶ H  C H H X a e T C R  H a  4-5%, 
a PaCXOA KOKCa yBeJ IH¶HBaeTCR H a  2,7 %. 

Cepa &i ~ O C @ O ~  RBJIRIOTCR B P e R H H M H  IIPHMeCRMH. C o A e p X a ~ H e  C e p b I  

B P Y A a X  AJIR H ~ I I O C ~ ~ ~ C T B ~ H H O ~ ~  IIJIaBKH AOJIXHO 6 b I ~ b  H e  60nee 0,2- 
0,3%, AJIR a r n o ~ e p a q ~ ~  - AO 3%. 

C o ~ e p x a ~ ~ e  @oc@opa B ~ ~ C C ~ M ~ ~ O B C K H X  pynax H e  AOJIXHO upe- 
BbI I I I aTb  0,03 % , B MaPTeHOBCKHX - 0,15 % ; I I p H  TOMaCOBCKOM I I P O 4 e C C e  

I IJ raBKH C O A e p X a H H e  @ o c @ o ~ ~  AOIIyCKaeTCR A 0  0,8-1,2 % . 
~ ~ O I I Y C T H M ~ R  B J I a X H O C T b  B 3aBHCHMOCTH OT C O P T a  P Y A b I  COCTaBJIReT 

5-35 % , p a a ~ e p ~  KYCKOB 5-150 mAc, c o A e p x a H m e  M e n o m  H e  60~1ee 
10-30 %. 

H a J r m s m e  OCHOBHOCTH B pyge ( c o ~ e p x a ~ ~ e  CaO H MgO) xapawe- 
I)H3YIOT 3KOHOMHPHOCTb IIJIaBKH. PYAM C O C H O B H O ~  I I Y C T O ~ ~ [  1 1 0 ~ 0 ~ 0 6  
( c a ~ o n n a ~ ~ o i i ) ,  ~ ~ M ~ H R I O I ~ H ~  @JIIOC, ~ a ~ 6 o n e e  ~ K O H O M ~ H ~ I  AJIR n n a B K n .  

Mapzanqeebze pydbz H C I I O J I ~ ~ ~ I O T C R  B ~ e p ~ o j i  H q ~ e ~ ~ o i i .  M e T a n n y p r H n  

I I p I i  BhIIIJIaBKe p a 3 J I H P H b I X  COPTOB Y I ? J I ~ P o A H c T o ~ ~  CTaJIH, .  HeKOTOPbIX 

n f a p o K  c n e q n a n b ~ o f  c T a n n ,  c n e q r i a n b H b I x  ~ B ~ T H ~ I X  C n n a B o B ,  a T a K m e  

AJIR P R A a  A p Y r H X  qeJIefi. 
OCHOBHHM u o ~ a 3 a ~ e n e ~  K a P e c T B a  M a p r a H q e B n x  pyg A n R  M e T a J r n y p -  

I?H¶eCKIlX qeJIefi R B n R e T C R  E X  X H M H ¶ ~ C K H G  COCTaB. 

H a ~ 6 o n b m e c  n p o M b I m n e H H o e  s ~ a s e ~ ~ e  HMeIoT  OKHCHbIe pyAhI? CO- 

cioaqrie ~3 p q a  p y a H n x  M m e p a n o B  M a p r a H q a  H coAepxaqme 19-40% 
RIn, 4-596 SiO,, 0,1-0,3% P, 5-24% CaO. 
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B M e T a J r J r y p r m s e c K H x  M a p r a H q e m x  pygax c o A e p m n T c R  s ~ a s ~ ~ e n b -  
H o e  K o n H s e c T B o  meneaa; o64ee c o A e p m a H n e  0 6 0 ~ ~  MeTaJrJroB B pyAax, 
H e  ~pe6yIOIUJix O ~ O ~ ~ L ~ ~ H H R ,  AOJIXHO COCTaBJrRTb 40-50%. 

~ O C ~ ~ ~ ~ C T B ~ H H ~ I X  CTaHAapTOB H a  M a p r a H q e B b I C  PYAbI HeT.  Tpe6osa- 
HUH K HHM OIIPeAeJIRIOTCR TeXHH¶eCKHMH YCJIOBHRMH I IPHMeHHTeJ IbHO 

I; K a X A O M y  MeCTOPOXAeHHIO.  
T p e 6 o ~ a ~ ~ ~  K @ F ~ ~ H K o - M ~ x ~ H H ¶ ~ c K H M  C B O ~ C T B ~ M  PYA OIIpeAeJIRIOTCR 

T e ~ ~ 0 J I 0 I ' l i e f i  n p O q e C C a  IIJIaBKH. AJIR A O M ~ H H O ~ ~  IIJIaBKH X e J I a T e J I b H O  

I IMeTb  PyAy B IIpO¶HbIX K y C K a X  p a 3 M e p O M  40-100 XJlc, P H X J I b I e  PyRhI 
H K o H q e H T p a T b I  n p e s p a a a I o T  B a r n o M e p a m .  

Mednw p y d ~  H C I I O J I ~ ~ ~ I ~ T C R  B q ~ e ~ ~ o i i  M e T a n n y p r m H  B K a s e c T s e  

C b I p b R  RJIR I IPOH3BOACTBa ¶ U C T O ~  MPAH H ee CIIJIaBOB. OCHOBHH~ IIOKI-  

~ ~ T ~ J I H  K a s e c T s a  MeAHbIx  pya: c o A e p x a H H e  MeAH, ~ n ~ e p a a o r n ~ e c ~ ~ i i  
COCTaB, K p e n O C T b ,  ~ ~ ~ H ~ J I o M ~ T ~ H ¶ ~ c K H ~  COCTaB ( K Y C K O B ~ T O C T ~ )  E 060- 
FaTHMOCTb. ~ p 0 ~ b I l l I J I e ~ H b I e  THIIbl MeAHhIX PYA pa3J IH¶a IOTCR IIO H X  

B e 4 e C T B e H H O M y  COCTaBy;  T H n b I  PYA pa3AeJIRIOTCR H a  C O p T a  C. JTeTOM 

HX Ka¶eCTIK!HHhIX O T J I H ¶ H ~ ~ ,  B J I H R I O q H X  H a  TeXHOJIOrHH) n e p e p a 6 0 ~ ~ ~ .  
Py~ar  C C O A e p X a H H e M  MeAH 6onee 2 %  Ha3bIBaIOT ~ O ~ ~ T M M H ;  PYAhl  CpeA- 

H e r o  K a s e c T s a  c o A e p m a T  MeRH 6onee 1 %, 6 e ~ H b I e  - 0,7-1% H B e c b M a  

6 e n a ~ e  - M e H e e  0,7 %. C p e A H  n p 0 M b I m J I e H H H X  THnOB MeAHbIX py,U. 
BbIAeJIRIOTCR T a K X e  $ o J I H M ~ T ~ J I J I B ¶ ~ c K H ~  PYAbI, B KOTOPbIX IIPHCYTCTBYIOT 

COBMeCTHO CYJI~@IIAH CBEIH4a,  4 H H K a  H M e a n ;  MeAHO-HHKeJIeBH0 

C O A e p X a T  H a p R A y  C MeAbIO HHKeJ Ib ,  ¶TO IIOBbIDIaeT H X  4eHHOCTb.  

B COB~TCKOM C01o3e IIepB&i¶HaR M e A b  BHIIJIaBJIReTCR H 3  CYJI~@HAHHX 

PYA. B CBR3H C H€!O~XO~HMOCT~H) Y B R 3 b I B a T b  H I I J I a H H P O B a T b  pa6o~y 
r O P H O r 0 ,  0 6 0 r a ~ l i ~ e J I b H 0 r 0  H MeTaJIJIypI 'H¶eCKOl'O IIPOH3BOACTB K K a ¶ e C T B y  

PyAbI B OTHOIIIeHHEI C O A e P X a H H R  MeAH H Apyl 'HX KOMIIOHeHTOB IIpeA'b- 
RBJIRIOTCR X e C T K U e  T ~ ~ ~ o B ~ H H R .  

Ce~rtl#.~eble U ~Ul&KOGble nPONbLlu&?fiHW p y d b ~  B I I p H p O A e  BCTpePaIOTCR 

O ~ M ¶ H O  COBMeCTHO H Ha3bIBaIOTCR II 0 JI H M e T a JIbX El ¶ e C K H M .In. 

B HX COCTaB BXOHRT T a K X e  cepe6p0, M e A b ,  OJIOBO, K O ~ ~ J I ~ T ,  K ~ A M H ~ ~ ,  
30JIOTO H A P Y r H e  3JIeMeHThI. 

O ~ ~ H X  T p e 6 0 ~ a ~ H f i  K K a ¶ e C T B y  CBHH40BO-I&HHKOBbIX H IIOJIHMeTaJI- 

JIH¶eCKHX pya, ~ n p a k e ~ ~ n x  B BHA0 ~ O C T O B  HJIH TeXHH¶€!CKHX YCJIOBHB, 
H e  CyID,eCTByeT. Py~br  K a X H O r O  MeCTOPOXHeHHR HCCJIeAYIOTCR AJIR 

S.CTaHOBJIeHHR HX XEiMH'ZeCKOrO H MHHepaJ IOrH¶eCKOrO COCTaBa El C B O ~ C T B  

O ~ O ~ ~ T H M O C T H .  

no U p H 3 H a K y  OTCYTCTBHR HJIH HaJ IH¶HR OKHCJIeHHbIX M H H e P a J I O B  

I O q I f e  TeXHOJIOI'EI¶eCKHe C O p T a  PYA: CBHHqOBbIe ,  qHHKOBbI.5, CBHHnOBO- 

4 H H K O B H e ,  MeAHO-CBHH40BO-~HHKOBbIe, OJIOBRHHO-CBHR40BO-4HHKOBhIe, 
MH~U~HKOBO-CBHH~OBO-~HHKOBH~. no xapawepy p y g H o r o  a r p e r a T a  

paamisam p y g ~  n n o T H H e  H B K p a n n e H H M e .  

E O ~ ~ T M M H  C¶HTaIOT pYAbI  C C O A e p X a H H e M  C B H H q a  6onee 4% HJIFS 

C C Y M M I P H H M  CORepircaHHehf  C B H H q a  H q H H K a  OT 4 A 0  7 % ;  ~ ~ A H M M H  - 
C C O f l e p X a H H e M  CBHHQa 1,')-2 % HJIH CYMMaPHhlM C O A e P X a H H e M  C B H H q a  

II IJHHKa H e  HHHCe 4%. 
2 1 



C o ~ e p X a ~ H e  C B H H q a  H U H H K a  B IIOJIHMeTaJIJIHPeCKMX P Y A a X  AOJIXHO b 

G H T ~  H f  H H X e  3% = p H  OTHOIIIeHHH C B H H q a  K 4 H H K Y  OT 1 : 1,s A 0  1 : 2; 
OHH c o A e p x c a T  r n a ~ ~ e i i m n e  M m e p a n a r :  r a n e H H T  H c+anepm~, a T a K x e  

XaJ IbKOIIHPHT,  I I H P H T  H AP. 
B IIOJIHMeTaJIJIH4eCKHX P Y A a X ,  K p O M e  C B H H q a  H q H H K a ,  npOMbII t IJ IeE-  

HMMH KOMIIOHeHTaMH MOI'YT 6 a r ~ b  M e A b  Pi OJIOBO. ~ o ~ ~ T H ~ I M E I  KOMnOHeH- 

T a M H  CBBBI(OB0-qHHKOBbIX PYA HBJIRIoTCH cepe6p0, BOJIOTO, K ~ A M H ~ ,  

r e p ~ a s ~ f i ,  ~ a m a f ,  H H A H ~  H T. A. 
A n m a u ~ u e o w  p y d b 2 .  OCHOBHHM BHAOM aJIH)MHHHeBOl"O CbIPbH,  HC- 

I IOJIb3YeMOrO ICPOMbIIZIJIeHHOCTbH), RBJIHIOTCR ~ O K C H T M ;  M e H b I I I e e  3 H a ¶ e -  

H H e  HMeIOT E ~ ~ @ ~ J I H H o B ~ I ~  H aJIYHHTOBbIe PYAP. BOKCHT CJIYXHT HCXOAHMM 

C M P b e M  IIOJIYgeHHR r J I H H 0 3 e M a ,  H 3  KOTOPOrO BJIeKTPOMeTaJIJIYPrH- 

W C K H M  I I y T e M  H3BJIeKaeTCR ~JIWMHHHG. 

OCHOBHM~ I I O K ~ ~ ~ T ~ J I H  K a q e c T B a  a n m m H H e B H x  PYA: conepxanne 
A1 ,03, KOTOpOe AOJIHCHO 6bI~b B ~ O K C H T I X  H e  M e H e e  28 %I ; O r P a H H ¶ e H H O e  

c o A e p x a H m e  B p e A H P x  n p ~ ~ e c e G  ( x p e m e s e ~ a .  K a n b q x i T a ,  ~ o n o ~ m ~ a  , 
C H A e p H T a ,  H H p H T a  H ~ p . ) ;  B J I a X H O C T b  KyCKOBaTOCTb ( ~ e  6onee 
500 a n t ) .  P e r J r a ~ e ~ ~ n p y e ~ c c r  T a r m e  cogepxame cepH, y r J r e K H c n o T a r ,  

OKHCH K ~ ~ I ~ ~ H I I  H # o c $ I o ~ ~ .  EOKCHTP, HCIIOJIb3Y0MhIe B IIPOH3BOACTBe 

Q r H e y I I O p O B ,  AOJIXHbI  COAepHEaTb H e  M e H W  46% AI20, AJIR 06ecnese~~11 
BPCOKOG T e M n e p a T y p m  n n a B a e H H f i .  

H c ~ o n a e a b z e  y z ~ u .  Y r n ~  H C I I O J I ~ ~ ~ I O T C H  B K a q e c T B e  s ~ e p r e ~ ~ n e c ~ o r o  
TOlIJIHBa (OKOJIO 70%), TeXHOJIOrH¶eCKOrO Fi XHMH¶eCKOrO C b I P b H  

(B IIPOH3BOACTBe KOKCa ,  IIOJIYKOKCB, ra3a H CHHTeTH¶eCKHX IIPOAYKTOB). 

T p e G o s a ~ ~ ~  IIpOMhllllJIeHHOCTH K K a ¶ e C T B y  yI'JIec OIIpeAeJIHMTCH 

HX XHMFiPeCKHM COCTaBOM H TeXHOJIOrE40CKHMH CBOGCTB~MH COOTBeT- *\ 
CTBeHHO O~JI ; ICTH HCIIOJIb30BaHHH. 

OCHOBHPMH n O K a 3 a T e J I H M H ,  XapaKTePH3YH)lI (HMH KaPeCTBO yrJIe6, 
RBJIRIOTCR: ~ J I ~ M ~ H T ~ P H P G  c o c T a B  y r m  ( c o ~ e p x c a ~ ~ e  yrnepona, KMCJIO- 

P O A a  H a30~a),  30J IbHOCTb ,  BJ IaNHOCTb,  BbIXOA J IeTYgHX BeIQeCTB IIPEI 

a a r p e s a H n z  (6e3 rope~ns) ,  c o A e p w a H H e  cepar, T e n J r o T B o p H a a  cnoco6- 
HOCTb,  ClIeKaeMOCTb YrJ IH ,  BhIXOA IIPOAYKTOB IIOJIYKOKCOBaHHR, y ~ e J I b H b 1 5  

BeC H IIJIaBKOCTb 3 O J I P .  a 

K a s e c ~ B o  yrneti o n p e A e n c I e T c r r  HX I I ~ O M ~ ~ J I ~ H H O ~ ~  ~ n a c c ~ + ~ ~ a q z i e j i  a 

%i I I O T ~ ~ ~ H T ~ J I ~ C K H M H  CTaHAaPTaMH.  B OCHOBY AeJIeHHH yI'JIel? H a  TeX- 

HOJIOrH¶eCKHe M a p K H  H rpYIIIIhl I IOJ IOXBHP:  AJIH KaMeHHbIX y r J 1 e G  - 
BbIXOA JIeTYPHX BelI(eCTB H CJleKaeMOCTb; AJIR a H T P a q H T O B  M IIOJIyaIXTpa-  

q H T O B  - BbIXOA J I e T Y H X  BelB,eCTB H TeIIJIOTBOPHaR CIIOCOGHOCT~; AJIH 

6 y p ~ x  yrne2 - c o ~ e p m a ~ ~ e  snarn. r; 
M a p ~ a  YI'JIH YCTaHaBJ lHBaeTCH AJIH K a X A O r O  YrOJIbHOI'O I I J I aCTa ,  

I I p H  ~ H ~ ¶ H T C ? J I ~ H O ~  H3MeH9HBOCTH Y r n H  - AncI  OTAeJIbHhIX er0 y¶aCTKOB. 

E A H H ~ H  K J I ~ c c H ~ H K ~ ~ H H  yrnef AJIH BCeX YrOJrbHbIX ~ ~ c c € ? ~ ? H o B  
CCCP H e  p a 3 p a 6 o ~ a ~ a .  Y r J I H  OAHOEMeHHbIX M a p O K  p a 3 H h I X  6acced~os 
Pa3J IHr IaMTCR IIO CBOHM $ I H ~ H K O - X H M E I ~ ~ C K H M  CBO~?CTBBM. Ha M a p K H  

yrnef y c T a H o s n e H s I  c T a H A a p T H .  C y q e c ~ ~ y e ~  T a m x e  ~ n a c c ~ + m a q m  
yrnefi no senmme KYCKOB. Yronb, ~ 0 6 b I B a e ~ b I C  OTKP~ITHM C ~ O C O ~ O M ,  

H e  A O J I X e H  COgepHCaTb  K y C K H  p a 3 M e p O M  60~1ee 300 &a. 
AJIH yl'JIe6, HCIIOJIb3YeMbIX B Ka¶eCTBe  TOIIJIkIBa, YCTaHaBJIHBaIOTCR 

B I I O T P ~ ~ I I T ~ J I ~ C K H X  c T a H A a p T a x  cneaymqne n o ~ a s a ~ e n n  K a s e c T s a :  

30J lbHOCTb ,  C O A e P X a H E I e  B J I a r H ,  M H H e P a J I b H h I X  n p H ~ e c e 6 ,  C e p b I ,  MeJIO¶m 

nocne r p o x o s e H n c I ,  p a s ~ e p  KYCKOB B O T A e n b H b I x  K n a c c a x ,  T Q p M m e c K a s  

C T O ~ K O C T ~  ( ~ e ~ n e p a ~ y p a  n n a s n e ~ ~ n ) ,  B ~ I X O A  n e T y w x x ,  M e x a m q e c K a n  

I IP09HOCTb.  

C ~ e n e H b  O~OI '~THMOCTM yl'JIef B ~ H ~ ¶ H T ~ J I ~ H o G  M e p e  OIIpef ieJIHeTCR 

HX 30JIbHOCTbH) - X a p a H T e p O M  MIIHepaJ IbHbIX BKJIH)¶~?HH~~[ H B03MOHC- 

HOCTbH) HX OTAeJIeHHH OT YrOJIbHOrO B e q e C T B a .  ~ o J I Y ~ ~ H H ~  IIPOPHhTX, 

s n a r o y c ~ o P s ~ l ~ ~ x  H xopomo croparoqnx G P H K ~ T O B  O n p e g e n H e T c s x  KOR- 
KPeTHhIMH I IOKa3aTeJ IRMH K a ¶ e C T B a  n O P T H  KaXAOI 'O B H A a  YrJIH.  

r o p l o t c u e  CAalLl4bZ.  TO ~ H T Y M H H O ~ H ~ I ~  IIOPOAhl H a  I'JIIIHMCTO~~, M e p r e -  

J I I I C T O ~  HJIH H ~ B ~ C T H I I K O B O ~  OCHOBe, HCl lOJ Ib3yeMbI0  B OCHOBHOM B K a -  

¶ t C T B e  C b I P b R  AJIR X H M I I P ~ C K O ~  IIPOMbIIDJIeHHOCTH H TOIIJIEIBa; I IpH-  

MeHHIoTCH H K a K  C T P O L I T ~ J I ~ H ~ I ~ ~  M a T e p H a J I .  C J I ~ H ~ ~ B ~ R  3OJIib 

&ICI IOnb3yeTCH B IIPOH3BOACTBe q e M e H T a ,  K H p I I H ¶ a ,  HCKyCCTBeHHOI'@ 

KaMHH. 
Hepyanoe c a z p b e  d ~ c s  .wen~ypzuwcxoi i  n p o i n b z w w o c m u .  

1. M a r ~ e 3 H ~  (MgCO,) I IpHMeHReTCH B OCHOBHOM AJIH IIOJIYPeHHEE 

o r A e y n o p r r a r x  M a T e p n a n o s ,  M e T a n n H s e c K o r o  M a r H m  H M ~ ~ H ~ ~ J X ~ J I ~ H P X  
qeMeHTOB.  B HaCTOHlI(e€! B p e M H  H e T  TeXHH¶eCKHX Y C J I O B H ~  H a  ~ b I p 0 5  
MaPHe3HT.  O q e H K a  er0 K a P e C T B a  IIPOH3BOAHTCR ¶ O p e 3  Ka¶eCTBO T O B ~ ~ H O %  

E A H H ~ I ~  ~ p e 6 o s a H H H  K HCXOAHOMY c b ~ p b ~ )  M e T a n n y p r H P e c K o r o  AOJIO- 

h m T a  c n e A y r o q H e :  conepmanme MgO AOJIXHO 6ar~b H e  M e H e e  17-19%; 
SiO, - H e  60~1ee 3,5-6%, AI20, + Fe,O, + hfnO - H e  6onee 4- 
5%,  pas~epar  KYCKOB AJIH 0 6 x ~ r a  AOJIXHH 6b1~b 30-250 ain, AJIX 
n o p o r o B  M a p T e H o B c K m x  neseG 5-30 a m ,  AJIH s a n p a ~ ~ ~  neqefi 2-30 ax, 

B p e ~ e H ~ b I e  TeXHHPeCKHe  YCJIOBHH H a  cbIp0B AOJIOMHT, K a K  H a  C b I p b E  

AJIR H 3 B n e P e H M H  M a r H H H ,  BKJIW9aH)T C J I e A y I O q H e  T ~ ~ ~ O B ~ E H R :  C O A e p X a H H e  



MgO A o n K H o  6 n ~ b  H e  M e n e e  19,5%; SiO, + Al,O, + Fe,O, + + MnO, - H e  6onee 2,5% ; Na ,03 + K ,O - H e  6onee 0,2 % ; K p y n -  
a o c ~ b  KYCKOB 20-300 mat. 

K n o n o M H T a M ,  K a K  + n l o c y m ~ ~ ~  M a T e p H a n a M ,  n p e A a n s n H m T c R  

cnenymmae ~ p e 6 o s a ~ n ~ :  c o A e p x a H H e  MgO A o n K H o  6 b 1 ~ b  B npeflenax 
17-19 % ; SiO, - H e  6onee 6 %; Fe,O, + MnO - H e  6onee 5%; qenonn 
( p a s ~ e p o ~  M e n e e  25 m a )  - H e  6onee 8%; c e p M  H cploccplopa - orpamr- 
W H O ;  BpeMeHHOe COIIpOTHBJIeHHe CKaTHIO - H e  HHHEe 300 I E ~ / C Y ~ .  

C n e q ~ a n b ~ n x  YcJIoBEI~~ H a  R o n o M H T n ,  u r c n o n b a y e ~ b ~ e  B K a q e c T s e  
OI'HeJ'DOpHbIX ~ 3 f l e J I H k  B q B e T H 0 G  MeTaJIJIypI'HH EI n p O H 3 B O ~ C T B e  IIOPT- 

J IaHAqeMeHTa H HBBeCTH, HeT. 
~ . ~ ~ B ~ C T H H K H  B BHAe KYCKOB Y I I O T ~ ~ ~ J I H I O T C R  B KaPeCTBe OCHOBHOI'O 

@nmca B ~ e p ~ o f i  M e T a n n y p r n H ,  a T a K K e  B K a s e c T B e  +nmca H n H  T e x H o -  

J r o r n s e c K o r o  c a p b ~  IIPH n n a B K e  p y ~  qsemarx M e T a n n o B .  l l p ~ ~ e ~ e ~ ~ e  
T e X  HJIH HHMX H3BeCTHRKOB IIO HX XHMHPeCKOMY COCTaBY H &IH3HK0- 
M e x a H H s e c K H M  C B O ~ ~ C T B ~ M  o n p e g e n n e T c n  ~ e x ~ o n o r ~ e i i  npoqecca H T p e -  
~ O B ~ H H R M E ~  K K a P e C T B y  IIOJIy¶aeMOrO n p O n y K T a .  

M ~ T ~ J I J I ~ ~ ~ ' H ¶ ~ c K H G  H3BeCTHRK HOJIKeH CO,I(epKaTb MaKCHMaJIbHOe 
KOJIHPeCTBO CaCO,, MHHHMaJIbHOe - HHePTHhIX H BPBHHbIX BeQeCTB,  

o 6 n a ~ a ~ b  AOCT~TO¶HOG np0PHOCTLIO H a  C K a T H e  H HCTHpaHHe,  T a K  KaK 
OH B AoMeHHNx negax n o A s e p r a e T c R  6 o n b m o ~ y  A a s n e n H m  s~menexarqei i  
M a c c a  m H x T b I  npE s n c o ~ o f  T e M n e p a T y p e .  Ann 0 6 e c n e . r e ~ ~ ~  H a H n y n m r I x  
y c n o ~ ~ f i  n p o T e K a n H R  npoqecca I U J I ~ K O O ~ ~ ~ ~ O B ~ E H R  p a a ~ e p  KYCKOB 

AOJIKeH COCTaBJIRTb 15-200 M. 
M e x a H H . r e c ~ ~  6onee n p o n H a e  H3BeCTHHKH p I O T  M e H b m e  OTXOAOB 

H MeJIOPH I IPH H O ~ ~ I P ~ ,  n O r p y 3 K e  H p a 3 I ' p y 3 K e ,  TpaHCnOpTHpOBaHHII ,  
~ J P O ~ J I ~ H H H  l I  COPTHPOBKB. 

4. o I ' ~ e J T l 0 p H b I e  rJIHHbI Ei  KaOJIHHH. OCHOBHHMH C B O ~ ~ [ C T B ~ M H  rJ IHH,  
OIIpeAeJIRIOLI(HMH HX IIPHrOAHOCTb AJIH IIpOH3BOACTBa OrHeyI IOpOB,  HB- 
JIRIOTCR XHMH¶€!CKH~~[, M H H ~ P ~ J I o I ' H ¶ ~ c K H ~  H ~ P ~ H Y J I O M ~ T P H P ~ C K H ~ ~ [  CO- 

cTaBbI ,  a OCHOBHUM T ~ ~ ~ O B ~ H H ~ M ,  n p e A a a s n a e M b I M  K o r H e y n o p H n M  
TYrODJIaBKHM FJIHHBM, RBJIHeTCR HX T e M I I e p a T y p a  IlJIaBJIeHHR, KOTOpaH 
H e  AOJIKHa 6 ~ ~ b  H H K e  1580' C. 

OCHOBHO~ Ka¶eCTBO rJIHH - HX OrHBYIIOpHOCTb, OKlpeA€?JIR€?MaR TeMIIe- 
pa~ypofi n n a s n e H m ,  B ~ B H C H T  OT M H H e p a n o r n P e c K o r o  c o c T a s a  (cogepma- 
AHH I ' J I E I H O ~ ~ M ~ ,  ~ p e ~ ~ e s e ~ a ,  ~ e n e s a ,  THTaHa,  H ~ B ~ C T H ,  Wenom H np.). 

OCHOBH~R MaCCa ~ 0 6 b 1 s a e ~ b 1 x  O r H e y n O p H b I X  I'JIHH H KaOJIHHOB 
FICnOJIb3yeTCH B nPOH3BOACTBe OI'HeYnOPHbIX H ~ A ~ J I H G  HJIR @ Y T ~ P O B K & I  

n e s H M x  y c T a H o B o K  B P ~ ~ H O G  M e T a n n y p r H E i .  
5. K B a p q I i ~ h I  E i  K B a p q e u b I e  JleC¶aHHKH npHMeHRIOTCR B n p O H 3 B O ~ C T B e  

o r H e y n o p o B  Ann n o n y s e H H R  A m a c a ,  06na~amrqero C B O ~ C T B O M  B a A e p -  
x n s a T b  T e M n e p a T y p y  H a r p e s a  ~o 1650' C H n c n o n b a y e ~ o r o  A n H  cply~e- 
P O ~ K H  I I e P e G  pa3JIHPHOI'O H a 3 H a 9 e H H R .  

061qecoma~ax CTaHAapTOB H TeXHH¶eCKHX ~ p e 6 0 ~ a ~ ~ i j [  H a  CbIPbe  
AJIR npOH3BOJ(CTBa AHHaCOBbIX OrHeYIIOPOB HeT. T e x H E I ~ e c ~ m e  T P ~ ~ O B ~ H ~ T ~  
yCTaHaBJIHBaIOTCR RJIH KaKAOI'O MeCTOPOHCAeHHR B OTAeJIbHOCTII. 

c ~ # ? p ~ t a H J ! I e  SiO, B HCXOAHOM KBapqeBOM C b I p b e  AOJIKHO 6 b 1 ~ b  
H e  M e E t e  97-98 %, I IPH HCIIOJIb3OBaHHH KBaPqHTOB EI IleC¶aHHKOB B Ka- 

n e c T s e  cplnmco~ - H e  MeHee  90-95%. B p e ~ ~ o f i  n p H M e c b m  R s n R e T c s  

rXIIH03eM. 
C m p o u m e ~ b n b L e  Y a m e p u a n b l .  E C T ~ C T B ~ H H H ~  KaMeHHhle MaTepHaJIbI  

MOI'YT IIpHMeHRTbCR B BHAe H3AeJIHfi, HMeIOqHX IIPaBHJIbHYH) reOMeTpH- 
.recKyIO @OPMY H o61qee H a 3 B a H H e  m T P H O r 0  KaMHR ( C T ~ H O B H ~ ,  O ~ J I H ~ O -  

BOPHbIe H ~ O P T O B H ~  KaMHH, 6 p y c ¶ a ~ ~ a ,  IIJIHTKa H AP.), a T a K K e  H e n p a -  
BEIJI~HYIO +OPMY B BHAe KYCKOB IIpHpOAHOrO 0 6 p a 3 0 B a ~ H R .  

M a s e p m e ~ ~ a e  FI ~ e ~ a ~ o p + ~ . r e c ~ ~ e  nopogar n p H M e H m o T c R  Ann KOH- 

CTPYKTHBHHX Pac~efi 3 ~ a ~ H f i ,  MOHYMeHTaJIbHbIX C O O P Y K ~ H H ~ ~ ,  HeKOpa-  
THBHO?~ O ~ J I E I ~ O B K E I ,  BHyTpeHHHX OTAeJIOK, IIIMRTHHKOB, HOPOKHbIX 

THG H T p o T y a p O B ,  AJIR n o J I y P e H H R  6 y ~ a  H q e 6 ~ ~ .  
ocagowslx nopon ~ a ~ 6 o r s m e e  p a c n p o c T p a H e e a e  s c T p o H T e n a c T s e  

HMeIOT H3BeCTHRKH: B BEIAe ~ ~ T O B O ~ O  KaMHR, IIJIHT H $C~COHHHX J (e~aJ Ie f i ,  

r q e 6 ~ ~  ur a a n o n ~ ~ ~ e n ~   TOHO HOB. 
OCHOBHMMH IIOKa3aTeJIRMH KaPeCTBa HBBeCTHRKOB, B 3aBHCHMOCTH 

OT KOTOpbIX OHH HaXOART IIpHMeHeHHe B H a P O m O M  X O ~ R % C T B ~ ,  RBJIRIOTCR: 

XIIMHP~CKH% H M H H ~ ~ ~ J I o I ' H ¶ ~ c K H G  COCTaB; C T p y K T y p a  H T e K C T y p a ;  
~ H ~ J Z K O - M ~ X ~ H H P ~ C K H ~  C B O G C T B ~  (IIPOPHOCT~ H TBePAOCTb, BO,I(OHaCbI- 

llJ,aeMOCTb EI IIOPHCTOCTb, M O P O ~ O C T O ~ K O C T ~ ,  065emb1f1 BeC, pa3MRI'Pa-  
~ M O C T ~ ) ;  TeXHOJIOI'H¶eCKHe C B O ~ ~ C T B ~  ( + J I I O C Y ~ M O C T ~ ,  06pa6a~b1sa- 
ehIOCTb, KYCKOBaTOCTb, B R K Y ~ H ~ ' c B o G c T B ~ ,  T P ~ ~ E I H O B ~ T O C T ~ ) .  

? T P H I ' 0 ~ H 0 ~ ~ b  H3BeCTHRKa K a K  CTpOHTeJIbHOrO KaMHR OIIPeAeJIReTCfI 
TaKnMt i  ero J I O K ~ ~ ~ T ~ J I R M H ,  K a K  npeAen n p o s n o c T H  H a  c x a T H e ,  BOAO- 

nOrJ IOWeHHe,  M O P O B O C T O ~ ~ [ K O C T ~ ,  TpeWHHOBaTOCTb H T. A. B 3aBHCHMOCTH 
OT H a 3 H a P e H H R  H HCIIOJIb30BaHHR K H3BeCTHRKaM IIpe,lJ,'bHBJIRIOTCR COOT- 
BeTCTBYIOWHe TeXHHPeCKHe T P ~ ~ O B ~ H H R .  M3 H3BeCTHRKOB I I O J I p a I O T  

T a K K e  pa3JIH'THbIe BRKJ'IlJ,He MaTepHaJIbI ,  OCHOBHbIMH H 3  KOTOPbIX RB- 
JIHIOTCR CTPOHTeJIbHbIe HaBeCTH H I I O P T J I a ~ q e M e H T b I .  

O q e ~ ~ a  KaPeCTBa H3BeCTHRKOB AJIH H3rOTOBJIeHHR H3BeCTH SIPOH3- 

BOAHTCR IIO COHePKaHHIO I'JIHHHCTbIX B e q e C T B  H MBO, HaJIHPHIO BKJIIO- 
PeHHf i ,  KyCKOBaTOCTH H IIPOlfHOCTH IIOPOHbI, CTPYKTYPe H TeKCType .  

~ ~ ~ o H ~ T H ~ I M  CbIpbeM AJIR IIpOH3BOACTBa IIOpTJIaHJ(qeMeHTa C J I y K a T  
H ~ B ~ C T H R K H ,  M e n ,  M e p r e n b ,  M p a M o p  H T. A., a T a K z e  r n m H H c T n e  MaTe- 

PHaJIbI .  Y T B ~ ~ K ~ € ? H H ~ I x  CTaHAapTOB H TeXHH¶eCKHX Y C J I O B H ~ ~  H a  qeMeHT- 
H o e  C b I p b e  B HaCTOIIWee BPeMR HeT. n o ~ a 3 a ~ e J I H  K H3BeCTHRKaM YCTa- 
HaBJIHBaIOTCR HCXOAR H a  IIpaKTHPeCKEiX ~pe6osa~mii .  Ann Ka- 
PeCTBa H3BeCTHRKa, K a K  CbIPbH HJIR q e M e H T a ,  B a K H O e  3 H a P e B H e  HMeIOT 

IIOKaaaTeJIH IIPOPHOCTH H Pa3MaJIbIBaHHR. M ~ B ~ C T H H K  HCIIOJIb3YeTCR 
H BO MHOI'HX APYI'HX OTpaCJIRX IIpOMbIIUJIeHHOCTH. 

B IIpOH3BOACTBe C T ~ O H T ~ J I ~ H O ~ ~  H3BeCTH ~ a ~ 6 o n e e  BaHcHhIM BHAOM 
CbIpbR RBJIReTCR HOJIOMHT, K Ka¶eCTBY KOTOPOI'O T a K K e  IIpeA'bRBJIReTCR 
P R A  ~ p e 6 0 ~ a H H f f .  )C AOJIOMHTaM, HCnOJIb3yeMbIM B Ka¶eCTBe CTpOHTeJIb- 

HOI'O KIMHR,  IIpeA'bRBJIRIOTCR T e  Ke T ~ ~ ~ O B ~ H H R ,  ¶TO H K lZ3BeCTHRKaM. 

AOJIOMHTM B HeKOTOPhlX CJIYgaRX O ~ J I ~ H ~ I O T  6onee BbICOKHMH CpaB- 

HeHHIO C H3BeCTHRKaMH C B O ~ C T B ~ M H  CTPOHTeJIbHbIX MaTepHaJIOB. 
K f 3 a p y u m b ~  U 7ZeC'lalcUIEU. T p e 6 o ~ a ~ ~ ~  K KaPeCTBy KBaPqHTOB H neC-  

PaHHKOB OIIPeAeJIRIOTCR O ~ J I ~ C T ~ I O  HX HCIIOJIb30BaHHR, KOTOPaR, B CBOH) 
O ¶ e p e A b ,  3aBHCHT OT (PH~HKO-XHMHP~CKHX O C O ~ ~ H H O C T ~ ~ ~ [  OCHOBHOI'O 
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SOMIIOHeHTa  - K B a P q a .  I C B ~ P ~ H T ~ I  0TJIHP;IH)TCH B~ICOKOB IIPOPHOCTbIO 
OrHey l IOpHOCTbIo .  neC¶aELHKIX OTJIH¶aH)TCR MeHbUei?  IIJIOTHOCTbH) 

%i q O P H O C T b H )  H IIPeACTaBJIRH)T ~ 0 6 0 6  IIPOAYKTbI P a 3 P Y U e H H R  MaPMaTH-  

n e c K H x  K s a p q e c o n e p m a q m x  nopon, n o A s e p r m n x c s  y n n o T H e H m m  H qe- 
M e H T a q H E .  

I C B ~ P ~ H T H  HCIIOJIb3YH)TCH B BHAe I l I T y s R O r O  K a M H R  AJIR OTBeTCTBeH- 
X b I X  K O H C T P Y K ~ ( H ~ ~  ( I I O A @ ~ P M ~ H H ~ I X  K ~ M H ~ G  AJIR MOCTOB; HBPYXHO~~ 
O ~ J I H ~ O B K H ,  @ Y H A ~ M ~ H T O B  I I o B ~ I I ~ I ~ H H o ~  CTO$KOCTH H T. A.). 

D ~ C ~ E U  U z ~ u ~ u ~ .  Ha~Gonbmee 3 H a ¶ e H H e  B IlpOMbIUIJIeHHOCTH HMeIoT  
K B a p q e B b l e  n e C K H .  ~ P H P O A H ~ I ~  IIeCKH OTJIHPaIOTCII p a 3 ~ 0 0 6 p a 3 H b 1 h f  
l 'paHyJIOMeTpH'4ecKHM COCTaBOM, I I p H ¶ e M  IIeCKH C OAHOPOAHbIM COCTaBOM 

s e p e ~  B c T p e q a I o T c R  p e A K o .  ICanec~~o  n e c K o B  o n p e A e x c I e T c a  rpaayno- 
MeTPHPBCKHM, XHMHPeCKHM H MHRePaJIOI 'HPeCKHM COCTBBOM, BOAOIIPO- 

a H q a e M o c T b m ,  @ o p ~ o f  H x a p a K T e p o M  n o s e p x H o c T n  s e p e ~ ,  o r H e y n o p -  
HOCTbh3 H AP .  

O K o J I o  80% B c e r o  K o x H n e c T s a  ~ 0 6 b I B a e ~ 0 r 0  n e c K a  mcno~1b3ye~c~  
B IIPOMbIIUJIeHHOM, r p a X A a H C K O M  H AOPOXHOM CTPOHTeJIbCTBe. TpeGosa- 
H H K  K K a ¶ e C T B y  UeCKOB MaCCOBOI'O H a 3 H a ¶ e H H I I  OTJIH¶aH)TCR ~ e H b l I I e f  
XeCTKOCTbH) B OTHOlIIeHHH PHCTOThl H XHMHPeCKOrO C B O ~ ~ C T B ~  IIO C p a B H e -  
RHH) C I I eCKaMH Y 3 K O r 0  CIIeqHaJIbHOI'O H a 3 H a s e H H R  (HJIR IIPOH3BOACTBa 
CTeKJIa ,  B K ~ P ~ M H P ~ C K O ~ ~  IIPOMbIIIIJIeHHOCTH H AP.). 

~ J Z U H ~ Z  COCTaBJlHIoT 75% OT MaCCbI BCeX OCaAOPEbIX 0 6 p a 3 0 ~ a ~ ~ f .  
OHH 0 6 p a 3 y ~ ) ~  c B O A O ~  n n a c T m P H o e  TecTo .  llocae O~XHI-a r n a H a r  npx- 
0 6 p e ~ a I o ~  TBePAOCTb KaMHH.  ~ o K ~ ~ ~ T ~ J I H  K a ¶ e C T B a  FJIHH: X H M H ~ ~ C K H ~ ~ ,  
M H H ~ ~ ~ J I o I ' H P ~ c K H ~ ~  H r p a H y J I ~ ~ e ~ p H ¶ e c K H f i  COCTaB ( 0 J l p e ~ e J I R h 3 ~ H f i  
LIJIaCTWHbIt? H C B H 3 b I B a h 3 4 H e  C B O ~ ~ C T B ~  ~JIEIH), @H~HKO-M~?x~HH¶~?cKH~? 

c ~ o f c ~ s a ,  O r H e y I I O p H O C T b ,  a J (C0p6qH0HHbIe  C B O ~ ~ C T B ~  H T. A. X H M H P ~ C K H ~  
ki M H H ~ ~ ~ J I o ~ H ¶ ~ C K H ~ ~  COCTaB r J I H H  OTJIH¶aeTCR 6 0 J I b m H ~  KOJIHseCTBeH- 
HbIM H KaPeCTBeHEbIM HeIIOCTORHCTBOM H CJI0)fCHOCTbH). T P ~ ~ O B ~ H H I I  
K K a q e c T B y  r m H m c T o r o  c b ~ p b ~  O n p e g e a R m T c R  ero ~ a s ~ a n e ~ ~ e ~ .  

P a 3 p a 6 0 ~ K a  BCKPbIIIIHhlX IIOPOA B YCJIOBHIIX K a X A O r O  KOHKpeTHOrO 

K a p b e p a  RBJIRel'CR B H H Y H C A ~ H H O ~  H ' ~ O B T O M Y  ee CTPeMRTCH BbIIIOJIHHTb 
B MHHHMaJIbHO B 0 3 M O X H O M  o 6 a e ~ e  H C MHHHMaJIbHbIMH 3 a T p a T a M H  

CpeACTB,  6e3 IIpeA'bRBJIeHHH K I IOpOAaM K ~ K H X - a H 6 0  ~ p e 6 0 B a H H g  no 
K a P e C T B y .  O A H ~ K O  HeKOTOpbIe  IIOpOAbI, H a l I p H M e p  FJ IHHH,  IIBCKH, E 3 B e -  
CTHRKH, MeJI H A P Y r H e ,  PaCTO CO0TBeTCTBYH)T no K a P e C T B y  OAHOHMeHHbIM 
BHAaM IIOJIe3HbIX HCKOJIaeMbIX. B TaKHX CJIY'TaRX CTpeMHTCR pa3pa6a~hl- 
B a T b  MeCTOpOXAeHHe  KOMIIJIeKCHO, C IIOIIYTHO~~ ~ o 6 b I s e f i  BCeX HJIH P a C T H  
ZIOJIe3HbIX HCKOnaeMbIX,  B 3aBHCHMOCTH OT H X  U O T ~ ~ ~ H O C T H  H Cl IpOCa  
%a HHX. n p H  OTCYTCTBHH I I o T P ~ ~ H T ~ J I ~ ~ ~  CTPeMHTCR, IIO BO3MOXHOCTII 

Be3 J(On0JIHIXTeJIbHbIX 3 a T p a T ,  CKJIaAHpOBaTb nOJIe3HbIe  BHAbI BCKphIm-  
H b I X  IIOPOA B He3aBHCHMbIe  OTBaJIhl C qeJIbH) H X  HCI IOJ Ib30BaHHR B 6 y ~ y -  
q e M .  ICpen~ne B c K p a r I u H n e  nopogar, a TaKHce necm H r p a ~ n f  na ~ c ~ g a r m -  
HbIX I lOpOA O ¶ e H b  PaCTO HCIIOJIb3YH)T AJIR H Y X A  CaMHX n p e J ( n p H R ~ H 5  
B K a P e c T B e  C T p o H T e n b H a r x  H AOPOXHHX M a T e p m a n o B .  

@ H ~ H K O - M ~ X ~ H H ¶ ~ C K H ~  c ~ o i i c ~ s a  r o p H u x  IIOPOA O n p e A e n t I m T  ~b160p 
H CI IOCO~M H X  BbIeMKH. Bce I'OpEbIe n O p O A b I  K a K  BCKpbII l IHbIe ,  T a K  H no- 

. J I e3HbIe  HCKOIIaeMhIe  DO TPYAHOCTH H X  p a 3 p a 6 0 ~ ~ ~  AeJIRTCR 
H a  Penape rpynnar. 

I. PbIxJIbIe ti MRI'KHe, J I e r K O  OTAeJIReMbIe OT q e J I H K a  MeXaHHPeCKHM 
HJIH r H A p a B n H ¶ e C K H M  cnoco6o~ 6e3 IIpe,L(BapHTeJIbHOrO A P O ~ J I ~ H H X  
( ~ ~ c T H T ~ J I ~ H ~ R  3eMJIR ,  TOP@, M R r K H e  CYFJIHHKH, I t e C K E ,  C y l l e C H ,  
r p a ~ ~ f i  H AP.). 

11. C ~ ~ A H ~ ~ J I O T H M ~  H n J I O T H H e ,  AOBOJIbHO TPYAHO OTAeJIReMhIe OT qe- 
n m a  n p ~  M e x a a m P e c K o M  cnoco6e B H e M x m ;  npm r m ~ p a ~ n ~ n e c ~ o f i  pa3- 
p a 6 0 ~ K e  H ~ O ~ X O ~ ~ M O  n p e A B a p H T e n b H 0 e  p b I x n e H H e  ( ~ R X e n h T e  m H H b I ,  

CYrJIHHKH, J I ~ c c  H AP.). 
I I I. n o n y c ~ a n b ~ ~ e ,  o T a e n R e M H e  OT qenma M e x a H n n e c K n M  C ~ O C O ~ O M  

C 6 0 J I b m H ~  TpYAOM; AJIH 0 6 ~ 1 e r s e ~ t i ~  H X  B H e M K H  0 6 ~ 9 ~ 0  ICPHMeHRIOT 
I I p e A B a p H T e J I b H O e  P b I X J I e E H e  ( ~ J I H H H C T H ~  C J I a H q H ,  M e n ,  M e p r e J I b ,  rHI IC ,  
K a M e R R a R  COJIb, M e p 3 J I h I e  n O p O A h I  n e p B b I X  A B y X  rpylIlI, K a ~ e H H b ~ f i  
yronb H ~ p . ) .  

IV. C ~ a a a ~ ~ e  nopoAN. IC 3~0f i  rpynne OTHOCRTCII B c e  T B e p A u e  
OCaAOPHbIe ,  H3BepHceHHbIe  H M ~ T ~ M O P @ H ¶ ~ C K H ~  I I O P O H P ,  H e  noma- 
IoIQlTeCR OTAeJIeHFiH) OT MaCCHBa  683 I I p e A B a p H T e J I b H O r O  PhIXJ IeHHR.  

K rpynII€! I OTHOCHTCH BCe  I IOpOAbI C K O ~ @ @ H ~ H ~ H T O M  KPeIlOCTH 
no IJ IKaJ Ie  np0@. M. M. ~ ~ O T O ~ ~ R K O H O B ~  A 0  0,6-0,s; KO 11 - OT 0,8 
A 0  1,5; K 111 - OT 1,5 A 0  4; K IV - BCe  IIOpOAbI KpenOCTbH)  OT 5 
H B H m e  l. H a ~ 6 o ~ r e e  p a c n p o c T p a n e H b I  r o p H a r e  nopoAbI IV rpynnar, 
a BMeCTe C 111 rpyIIII0f OHH COCTaBJIRIoT ~ O J I ~ ~ H H C T B O  r O P H h I X  IIOPOA. 

OAHHM ~3 B a w m x  C B O ~ ~ C T B  p a 3 p a 6 a ~ ~ s a e m x  r o p H a r x  nopoA HB- 
n R e T c R  y B e n m n e a m e  HX o 6 a e ~ a  npn nepexone 1x3 M a c c m s a  B pa3parxne~- 
H o e  C o c T o R H n e .    TO y B e n m e H m e  o 6 a e ~ a  x a p a ~ ~ e p a s y e ~ c ~  IEO~@@U~U~)G 
mON pUapbCX&?HUR. 3 H a P e H H R  K O B @ @ H ~ H ~ H T O B  P a 3 P b I X J I e H H R  AJIR P a 3 H h l X  
IIOpOA B e C b M a  p a 3 J I H P F i H  H 3aBHCRT OT E X  CTPYKTYPbI ,  O ~ ~ ~ M H O I ' O  B e C a ,  
cnoco6a p a 3 p y m e a ~ ~ ,  @ p a ~ q m o ~ ~ o r o  c o c T a s a  p a 3 p y m e ~ ~ o f i  n o p o g b I ,  
B p e M e H H  I I p e 6 h I ~ a ~ H f l  B p a 3 p h I X J I e H H O M  COCTOHBHH (BBHAY C ~ O C O ~ H O C T H  

p a 3 p b I x J I e ~ H o f  I IOpOAhI H a B a T b  y C a A K y )  H A p y r H X  @BKTOPOB. 
H p a f i ~ ~ e  ~ H ~ P ~ H H R  K O ~ @ @ H ~ H ~ H T ~  ~ ~ ~ ~ H X J I ~ H H R :  nep~oaananb~arfi: 

,qnR n e c K a  - 1,05-1,1, A ~ R  C K a n b H m x  K P ~ ~ H O K ~ C K O B P X  nopog (npn 
KOJIWECTBe  KYCKOB p a 3 M e p O M  1,5-1,7 X - A 0  40 %) - 1,6-1,8; OCTa- 
~ 0 ¶ H h T f i  COOTBeTCTBeHHO 1 ,Q1-1,05 H 1,4-1,6. 

A p y r H ~  B a X H b I M  TeXHHPeCKHM C B O ~ ~ C T B O M  IIOPOA RBJIHeTCR l I O K a 3 a -  
T e J I b  K ~ ~ T K O B ~ ~ M ~ H H O ~ ~  H A o J I ~ o C ~ O ¶ H O I ?  YCTO~¶HBOCTH I IOPOAHHX YCTY- 
n O B ,  X ~ P ~ K T ~ P H ~ Y I ~ I Q H ~ ~ C I I  Y r J I a M H  OTKOCa Y C T y n O B  B p a 6 o n e ~  
H ~ e p a 6 o ~ e ~  COCTOHHHH. 



TJIABA I11 

OCHOBHbIE IIOJIOIKEHEIR OTKPbITbIX I'OPHbIX PA3PABOTOK 

3 1. 3nemen~1.1 xagaega H o c n o B n a I e  r o g n o T e x H m s e c x H e  noamnn 

flapbepont (B X O ~ H ~ ~ C T B ~ H H O M  ~ H ~ ¶ ~ H M H )  H a 3 b I B a I o T  F O p H O e  IIpea- 
n p m s T n e ,  o c y q e c T s J r c I I o w e e  O T K P N T ~ I ~  pa3pa60~1iy M e c T o p o x A e H m ,  

a B TeXHHseCKOM 3 H a P e H H H  - 3 T 0  COBOKYIIHOCTb OTKPbIThIX r O P H h I X  

B ~ I ~ ~ ~ O T O K ,  C J I Y K a q H X  AJIR p a 3 p a 6 0 ~ ~ ~  MeCTOPOXAeHHEI.  Y I ' o J I b ~ h l e  

K a p b e p h I  0 6 ~ 9 ~ 0  H a 3 h I B a I o T  p U 3 P e 3 U X U .  

M ~ c T o ~ o K A ~ H H ~  HJIH er0 ¶ a C T b ,  OTBOAHMaR AJIR p a 3 p a 6 0 ~ ~ ~  K a p b -  

e p O M ,  H a 3 b I B a e T C R  lcUpbepFLb2.W no&?& HJIH no&?% p U 3 p e 3 U .  nJI0wa~b 
H a p b e p H O r O  IIOJIR O ~ M P H O  COCTaBJIReT OT 0,5 THC.  A 0  3-4 THC.  2U. 

I - Kapbepaoe none; 2 - 
oTBam; 9 - o 6 0 r a m m a ~ a ~  
Qa6p1i~a; 4 - nponmnoqw- 
Ha; 5 - KapbepHas cTaHqmn; 
6 - rpaauga aeMenbHoro 

owona 

-.-- 

Y ¶ ~ C T O K  3 e M H 0 g  I lOBepXHOCTH,  3 a ~ Z i ~ a e ~ H 8  F O P H H M  IIPeAIIPMRTEIeM,  

~ a s b ~ s a e ~ c s  a e m e n b n m  omeoaom. Ha PHC. 5 n o ~ a 3 a ~ a  c x e M a  pacnono- 
~ K ~ H H R  OCHOBHHX O ~ ~ ~ K T O B  K a p b e p a .  I I n o w a p  s e ~ e n b ~ o r o  o T B o A a  

O ~ ~ I P H O  BO M H o r o  pa3 n p e s M m a e T  nnoqanb K a p a e p H o r o  nona m H a  K p y n -  

H b I X  K a p b e p a X  A O C T H r a e T  HeCKOJIbKHX ThICRP I 'eKTapOB.  

M ~ C T O ~ O H ~ A ~ H H ~ ?  n p H  O T K P ~ I T O ~ ~  p a 3 p a 6 0 ~ ~ e  AeJ IRT  H a  r O P H 3 0 H T a J I b -  

3hIe HJIH H a K J I O H H P e  CJIOH, K O T O p P &  O T ~ ~ ~ ~ T ~ I B ~ I O T  C O n e p e K e H H e h I  

BepXHHMEl  CJIORMH H H K H H X .  ~ O O T O M Y  6opma K a p b e p a ,  T. e. er0 6 o ~ o ~ b 1 e  
I IOBepXHOCTH,  H M e I o T  C T Y I I e H ¶ a T p  HJIH YCTYIIHYIO $JOPMY. Ha pHC.  6 
n o ~ a 3 a ~ n  a n e M e H m  K a p a e p a  npn o ~ p a 6 o ~ ~ e  KPYTMX H nonormx 
nJ IaCTOB.  

Y a c ~ b  T O J I I ~ H  r o p m x  nopon B K a p b e p e ,  H M e I o w a R  pa6osy10 hosepx- 
HOCTb  B $ J o ~ M ~  C T y n e H H  H p a 3 p a 6 a ~ h l B a e ~ a R  CaMOCTORTeJIbHbIMEI CpeA-  

CTBaMH B P e M K H ,  I I O r P Y 3 K H  H T p a H C n O p T a ,  H a s b I B a e T C H  y C m y n 0 n t .  Y a c ~ b  
Y C T y n a  no er0 BbICOTe, O T ~ ~ ~ ~ T J J B ~ ~ M ~ H  CaMOCTORTeJIbHhIMH CpeACTBaMM 

BbIeMKH, HO O ~ C J I Y K ~ E H B ~ ~ M ~ R  TPaHCl lOPTOM,  0 6 1 q n ~  AJIR B C e r O  Y C T y I I a ,  

~asarsae~ccr noaycmynom. 
P a s n ~ s a m ~  p a 6 o s ~ e  H ~ e p a 6 o s ~ e  y c T y n a .  Ha p a 6 o s ~ x  

nPOH3BOAHTCR B h I e M K a  nYCTbIX I IOPOA HJIH ~ o 6 ~ s a  IIOJIe3HOI'O 

entoro. Ha pmc. 7 I I O K ~ ~ ~ H ~ I  a n e M e H T H  y c T y n a .  
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I 1Y Y~TYII  EIMeeT HHKHIOH) H BePXHIOH) I I J I O q a A K H ,  OTKOC H GPOBKEI. 
I O ~ ~ E O C O X  Y C m y n U  (8) H a 3 b I B a e T C R  H a K J I O H H a R  n O B e p X H O C T b ,  OrpaHH¶EI -  

B a I o q a R  Y C T F  CO CTOpOl%hI B ~ I ~ ~ ~ O T ~ H H O ~ O  n p O C T p a H C T B a .  YI'oJI H a -  

KJIOHa OTKOCa Y C T y I I a  (a) K I ' O P H ~ O H T ~ J I ~ H O ~  IIJIOCKOCTIl H a 3 h I B a e T C R  

yznom omrcoca ycmyna. J I H H ~ H  n e p e c e s e H m  o T K o c a  y c T y n a  c ero sepx~erUI 
H H H H F H ~ ~ ~  I I J I O q I A K a M H  H a 3 b I B a I o T C H  COOTBeTCTBeHHO 8 e p x ~ i i  (2) H H U W -  

wii (a) 6p08rcamu. 
B b I c o ~ a  y c T y n a  o 6 n s ~ o  o r p a H n s n s a e T c H  no ycnosnsm 6 e 3 o n a c ~ o f i  

pa60~b1 H 3 a B H C H T  OT P a 3 M e P O B  3 K C K a B a T O P O B  H $ J H ~ H K O - M ~ X ~ H H ~ ~ C K E I X  

CBOHCTB IIOPOA. Ha 6 0 J I b m H ~ c ~ B e  K a p b e p O B  BbICOTa Y C T y n a  COCTaBJIReT 

10-15 nt, AOCTHI'aR H H O r A a  20-40 nt. Yr0JI OTKOCa pa6osnx YCTyIIOB 

0 6 ~ 9 ~ 0  COCTaBJIReT 65-80'. Yr0JI OTKOCa H ~ P ~ ~ O ¶ H X  Y C T y n O B  AOJIlKeH 

0 6 e C n e ¶ H ~ b  AOJII 'OBpeMeHHyIO Y C T O H ~ H B O C T ~  YCTYIza H O ~ ~ I ' I H O  COCTa- 

B J I R e T  45-60". 
F O ~ H ~ O H T ~ J I ~ H M ~  n o s e p x H o c T H  pa6osero y c T y n a ,  o r p a H m s H s a m m m e  

ero no B H c o T e ,  H a s m a I o T  n u ~ ~ i i  (6) H sepxwii (a) m z o q a a l ~ a m u  (CM. 
pmc. 7). Ecna H a  n n o m a A K e  p a c n o J r a r a e T c R  0 6 0 p y ~ o s a ~ n e ,  n p e ~ ~ a 3 ~ a -  

, ¶eHHOe  AJIR p a 3 p a 6 0 ~ ~ ~  (6yposb1e C T a H K H ,  a K C K a B a T O p H ,  T p a H C I I O P T H H e  
I CpeACTBa  H T. A.), TO O H a  H a 3 h I B a e T C R  pa6owii ~ A o ~ u ~ K o ~ .  ~ H P H H ~  

pa6os.x nnowanos o6h1s~o c o c T a s n a e T  40-70 m. Ecnn nnoqaaaa 
O C T a e T c n  GBO~OAHOP, T o  ee H a 3 h I B a I o T  wpa6owir. 

I Y c ~ y n  06h1s~o p a 3 p a 6 a ~ ~ ~ a e ~ c ~  n o c n e ~ o ~ a ~ e n b a n ~ ~  napannenb- 
, HHMM IIOJIOC~MM - saxoarcarnu, mmpn~oti  10-20 m H H H O ~ A ~  60~1ee. 
I Topeq 3aXOAKEI (e) H a 3 b I B a e T C R  3a6oem. 

H ~ ~ o C ~ ~ A C T B ~ H H O  B 3a606 OCylI(eCTBJIReTCR BhIeMKa  I IOpOAbI  HJIH 

nonesaoro H c K o n a e M o r o ,  B p e s y n b ~ a ~ e  sero n p o H c x o A m T  n e p e M e q e H m e  

sagos m o ~ p a 6 a ~ b 1 s a e ~ c s  a a x o ~ ~ a .  
Y ~ c T ~  BaXOAKH, 110 ee AJIHHe,  H M e I o w a R  C ~ M O C T O R T ~ J I ~ H H ~  3a606 

H p a ' J p a 6 a ~ h I ~ a e ~ a R  CaMOCTORTeJIbHhIMH CpeACTBaMH 0 ~ 6 0 f i I C a ~ t i  H BhI- 

' ~ M K R ,  H a a m i a e T c n  6norcom. 
F P a ' J ~ e n e F f ~ ~ e  3aXOAKM H a  GJIOKH A e J I a e T  B 0 3 M O K H h I M  O T P ~ ~ O T K Y  YCTYIIa  

I 
HeCKOJIbKHMH ~ ~ ~ O R M H  H YCTaHOBKY H a  OAHOM YCTYIIe HeCKOJIbKHX 

0 K C K a B a T O p O B  ( O ~ M ~ H O  H e  6onee 2-3). 
Y a c ~ b  3 a X O A K H  IIO ee AJ IHHe ,  nOArOTOBJIeHHaR AJIR p a 3 p a 6 0 ~ K H ,  

1 E a a a r B a e T c r r .  @ponmom pa6om ycmyna. I I o n r o ~ o ~ ~ a  $ J p o ~ ~ a  p a 6 o ~  3a- 
KJIIo¶aeTCR B OCHOBHOM B IIOABOAe TpaHCI IOpTHbIX IIy~efi H JIHHHB 3JIeK-  

J . T p O n e p e A a ¶ .  0 6 ~ 9 ~ 0  B O ~ H O B , ~ ~ M ~ H H O ~  pa6o~e  HaXOAEITCR HeCKOJlbKO 

y c ~ y n o ~ .  Eo~osrde n o s e p x H o c T H ,  o r p a m f s H s a I o w H e  K a p b e p  H ero BM- 
f? 

, P ~ ~ O T ~ H H O ~  n p O C T p a H C T B 0 ,  H a 3 b I B a I O T  6 o p m a n u l .  ?Capbepa. ECJIH H a  6 0 ~ ~ ~  
H a p b e p a  BeAYTCR I 'OpHbIe pa60~b1, TO OH H a 3 h I B a e T C R  pa6ouw 6 o p m o ~ .  
B p e s y n b ~ a ~ e  r o p H a r x  p a 6 0 ~  pa6os~i i  6 0 p ~  K a p b e p a  n e p e M e q a e T c R ,  

,"" I I P H ~ J I H W ~ E I C ~  K IIpOMelKYTO¶HhIM HJIH K KOHe¶HhIM K O H T Y p a M  ( I ' P ~ H E I ~ ~ M )  

,* tapbepa. 
 bop^ K a p b e p a  HJIH er0 OTAeJIbHhIe  P a C T K H  (CM. PHC.  6), KOHTYpbI  

F HOTOPhIX COBI IaAaIoT  C KOHePHhIMEI KOHTYPaMH K a p b e p a ,  H a 3 h I -  

Q a m T c n  I* r xepa6ouuntu. Ha n e p a b o l r e ~  6 o p ~ y  K a p b e p a  r opnm 
1 jg960~h1 H e  IIPOH3BOAEITCS3, HO MOrYT PaCIIOJIaI 'aTbCEI T p a H C n O p T H b I e  

1 . G(besg61. 
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Y c T y I I b I ,  COCTaBJIHIolqHe ~epa6osnii  6 0 p ~  K a p b e p a ,  H ~ ~ ~ I B ~ I O T C H  
wpa6ouumu. OHH Pa3AeJIEIIOTCH lIJIOlI(8AKaMH: TpaHCIIOPTHblMH, fipen- 
OXPaEHTeJIbHbIMM, a T ~ K W ~  nJ IOIQaAKaMH OnHCTKH. 

Tpancnopm~bzs n~ozqa8~u c n y x a T  RJIH pacnonoxemxa T p a H c n o p T m x  
ny~eg ,  KOTOPbIM OCY4eCTBJIHeTCI I  r P Y 3 0 T P a H C I I O P T H a H  CBH3b  M e x A Y  
~ & ~ O ¶ E M H  n J I 0 4 a A K a M H  B K a p b e p e  &i IIOBepXHOCTbIO. ~ H P H H ~  T p a H C -  

I UOpTRhIX I I J I O 4 a A O K  COCTaBJIHeT 10-15 a. 
Dpe8oxpanumenbnble n~ozqa8~u n p e s ~ a s ~ a s e ~ b ~  AJIH n o s a r n e H I I H  

: ~ C T O ~ ¶ M B O C T ~ ~  6 o p ~ a  H AJIH 3 a A e p W H B a H M H  KYCKOB IIOPOAbI, o6pyma- 
, m q H X C F I  IIPEI BbIBeTPklBaHMH YCTYlIOB. UX D l H P H H a  COCTaBJIHeT 3-5 nt. 

D~oqa8xu ouucmm -  TO pacmnpomme (no 7-10 in) npegoxpam- 
T e a t E h I o  n n o r q a ~ ~ ~ ,  K o T o p H e  O c T a B n n m T  nepes 3-4 y c T y n a  H H a  KOTO- 

[ P Y X  b y J I b ~ o a e p a ~ ~ ,  H ~ ~ O J I ~ I I I M M H  3 K C K a B a T O p a M H ,  I I O r p y 3 P H K a M H  H aBTO- 
pRMOCBaJIaMM IIPOFf8BOAHTCH I I e p I O A H P e C K a R  O¶HCTKa 6 o p ~ a  OT 
Ownamrqef ca noponn. 

no M e p 0  O T P ~ ~ O T K M  YCTYUOB pa6on~G 6 0 p ~  CTaHOBMTCH ~ e p a 6 o n n h . 1 ,  
a padosno UJIOlqaAKH CTaHOnRTCH I lpeAOXpaHHTeJ IbHbIMH HXEl nnorqan- 
Kana OYHCTI(H, 

0 

t A 

mar 6.3nenaenmw sapbepa npu oTpa6019e 
1-2 - ~ e p x ~ a B  K O R T ~ P  ~apbepa; 3-4 - ~ ~ f i  KO-. SaQW r - ~ e p a d o ~ ~ e  yclynu; 8 - pa609ae Y C T Y ~ ~ I ;  9 - BePxRnS *  OPT Kapbepa; 1-5 a 2-8 - nepa6o-e 6op~a  xapbepa; 
nnoqag~a; 18 - a p a ~ c n o p ~ m e  moqama; 14 - sparmrea; Q - B; 10 - OTKOC yc~yna; I1 - s a x o m ;  12 - npenoxpammmbme 

~apaepa no newasmy ; Y, a Y~ - coo~se~cmemio y r n ~  o ~ ~ o c a  aepa6orero 6op~a 



Yron MeHEAY JIHHHefi ,  CO~AHHRH)II&!G ~ P O B K Y  B e p X H e r O  Y C T y U a  

C ~ P O B K O &  H H X H e r O  Y C T y U a ,  a I 'OPI130HTaJIbH) H a 3 b I B a e T C R  YZAOA OmIEOCa 
pa6ouezo HJIH nepa6owzo 6opma Rapbepa. 

yr0JI OTKOCa pa6osero 6 o p ~ a  o 6 m ~ o  COCTaBJIReT 7-15', ~ e p a 6 o -  
sero 35-45". 

@ o p ~ a  xapbepa (B n n a ~ e )  6 n s a e ~  0 6 u s ~ o  6nma~oH K osanb~oii ,  
AJIEIHa K a P b e p O B  OT 0,5-1,0 80 3-5 h X  B H H O r A a  6onbme, I l I m p H H a  - 
AO 2-4 m. 

I'ny6m~a COBpeMeHHbIX K a p b e p O B  - OT H e C K O n b K H X  AeCRTKOB MeTPOB 

A 0  300-400 a. B I I p O e K T a X  H I I epCneKTHBHbIX T€?XHEiKO-3KOHOMH¶f?CKHX 
p a C ¶ e T a x  KOHeYHaR r n y 6 a ~ a  K a p b e p O B  AOCTEII'aeT 700-900 a. 

Pwc. 7 .  3nemenr1.1 ycryna 
(cnnom~ofi  crpe.moi4 no- 
Kaaano Haupamerne n e w -  
aeqeHua pOHTa p a 6 0 ~ ;  
llYHKTWPHO% - HlilIPaMe- 
nwe noABaramia sa6oa): 

1,  2, 8 - 3aXOlXKIX 

I 
V = SnHK + 2 pH: ctg y,, + -$ HO, ctg y,, , 

rae S ,  - nnoqanb A H a  R a p b e p a ,  n; 
H, - rny6m~a K a p b e p a ,  n; 
p - n e p n M e T p  m a ,  n; 

yep - ~ C ~ ~ A H ~ H H M H  yron OTKOCa ~ O ~ T O B ,  zpad. 
TIPOCTP~HCTBO, o6pa3ymqeec~ uocne na sxene~m~ no~~eanoro n c ~ o -  

n a e n f o r o  B p e 3 y n b ~ a ~ e  O~HCTHBX p a 6 o ~ ,  ~ a s b ~ s a e ~ c s  s w p a 6 o m a ~ m n  
npocmpancmom (CM. pnc. 6 ,  6). 

Hachrnb nyc~arx n o p o ~ ,  y a a n R e M b I x  npn p a 3 p a 6 0 ~ ~ e ' & e c ~ o p o ~ A e ~ ~ ~ ,  
H a 3 b I B a e T C R  nopod~az~ ,  Om8aAOnt. 

O T B ~ ~ M  MOrYT PaCI IOJ Ia raTbCIL  B B M P ~ ~ O T ~ H H O M  I IPOCTPaHCTBe  HJ IB  

¶awe H a  IIOBePXHOCTH B H e  KOHTYPa  K a p b e p a .  B D e p B O M  CJIy¶ae  H X  Ea3bI- 
B a l o T  6 n y m p e n ~ u . w ~  (CM. pmc. 6 ,  6), BO BTOPOM - 6 W U H U n U .  

C~enenb H BHA ~exa11113aqn~ O n p e A e n n m T  ae  T O J I ~ K O  3 ~ 0 ~ 0 m s e c ~ m e  

K a p b e p a ,  er0 IlPOH3BOACTBeHHYH) MOIQHOCTb, cn0~06  BCKpbI- 

CFI T p Y A  pa€io¶nx, IIOBbIIJIaeTCR eI'0 I I P O M ~ B O ~ H T ~ J I ~ H O C T ~ ,  

EI a a ~ p a ~ b ~  H a  ~06b19y I m none3~oro H c K o n a e M o r o  z i  B c n e a -  

3 T O r 0  IIOBbIIUaeTCR 3KOHOMHrIHOCTb OTKPHTOI'O cnoc06a AO~H¶I I ,  

Co~epmenc~~osanme ~ e x a ~ m a a q ~ m  n p o n c x o A m T  no npmqmny OT npo- 
ro K C J I O ~ H O M Y ,  OT ~ e x a ~ ~ a a q ~ l m  OTAeJIbHMX onepaqnii K ~ e x a ~ ~ s a -  t B c e r o  T e x H o n o r m e c K o r o  npoqecca. C o u e ~ a ~ ~ l e  M ~ X ~ H H ~ M O B  M ~a~ 

qum, o c y q e c T s n a m q x x  ~ e x a ~ ~ s a q ~ ~ r o  n p o m 3 ~ o ~ c ~ ~ e ~ ~ o r o  npoqecca 
OT Hasana zi  go K o H q a ,  n p e A c T a B n n e T  co6oii c x e M y  ~ e x a ~ ~ s a q m m .  B H a -  
-&ToRqet: B p e M R  H a  OTKPbIThTX I'OPHMX pa60~ax OCYUI,eCTBJIReTCR E o n -  

"Jbzercc~afi aexaNuaaqufi, T. e. noman ~ e x a ~ m a a q m ~  H e  T o n b K o  O C H O B H ~ I X  

Onepaqmrii, HO BCIIOMOI'aTeJIbHbIX p a 6 0 T .  OCHOBH~H Y e p T a  K O M n n e K c H 0 6  
Y B X a H H 3 a q H H  3aKJIH)PaeTCFI B TOM, 9 T O  KO.?lIYeCTBO, M O a H O C T b  Ei pa6osme 

, p a a ~ e p ~  M a r u m  B C M e x n M x  onepaqmx T e x n o n o r m s e c K o r o  npoqecca 
HaXOARTCR B P a q H O H a J I b H b I X  COqeTaHMRX. 

B ~ ~ H M O C B H ~ ~ ,  PaqEIOHaJIbHOe CO¶eTaHEle MekKAy CM6XHMMR MaIIIH- 

E a M H  B T ~ X H O J I O ~ H ~ C C K O ~ ~  CXeMe K O M I I J I ~ K C H O ~  M e X a H H 3 a q l l I I  YCTafIaBJIII- 

B a m T  no p a 3 ~ e p a ~  M a m a u ,  nx n r o r q ~ o c ~ l r ,  a Taw1i .e  no CTOHMOCTHMM 

H aKOHOMHUeCKHM XtlPaICTePHCTHKaM. C X ~ M M  K O M U J I ~ K C H O ~  M e X a H E l s a q H H  

Onp0AeJIJIK)TCH: C ~ O C O ~ O M  l30AeHMR I'OPHbIX p a 6 0 T ;  Kpel lOCTbH) D O p o A ;  

M ~ C X U T ~ ~ O M  I'OpHkJX pa60~;  YCJIOBHHMH 3 a J I e ' r a H H R  M e C T O p O X i ~ e H M R .  

O C H O R H ~ I ~  c n o c o G b l  BeABHEIH I'OPHbIX pa60.r: ~ K C K ~ B ~ T O P H ~ I ~ ,  r H A p a -  

H, CJleAOBaTeJIbHO, BHA M e X a H H 3 a q H H .  T ~ K ,  B K P e l l K H X  n O p O A a X  H ~ O ~ X O -  
H E M 0  I t P H M e H e H H e  ~ Y P O B ~ P M B H O F O  P P X J I e H M R ,  B PMXJIMX B03MOSfEAO 

a a C n O J I b 3 Q B a H H e  M O q H b I X  H 3KOHOMEZ9HbIX MaIUHH IIOTOYHOI'O A ~ ~ C T B W  - 
P O T 0  HbIX 3KCKaBaTOPOB EI K O R B ~ ~ ~ ~ H O ~ O  T p a H C n O p T a  H T. A. 

' d a c m r a ~  pa6or onpeaennel npempe scero M o q H o c T b  $1 p a 3 M e p M  

Itcmoab3ye~oro O ~ O ~ ~ A O B ~ H H R .  T a K ,  na K a p b e p a x  a n a n n ~ e a b ~ o f  ~ o q -  
.: ~ C T H  c ~ ~ I X J I M M H  u o p o R a M x  AJIR B C K P H ~ ~ I ~ I X  p a 6 o T  qenecoo6pa3~0 

0 J I b a O B a T b  M O q H b I e  apa rna i~ar  H J I ~  o ~ ~ a ~ 1 o o 6 p a 3 0 ~ a ~ e ~ 1 ~ ~  a H a  He-  k b m R X  K a p b e p a X  6onee 3KOHOMI19HO I l P H M e H R T b  ~ ~ M J I ~ P o ~ H o - T ~ ~ H c -  ; iOpraue M a m a H s l  H xonecme expanepH. 
YO~OBHR 3 a n e r a ~ n ~  xi n p e l f c n e  B c e r o  yron naneami, M O ~ H O C T ~  H rxy- 

n n a c T a  o n p e A m n m T  B O ~ M O X H O C T ~  pa 
H H H X  OTBaJIOB H TeM CaMbIM ~b160p CXeMbI 

Y C J I O B H ~ ,  a T a K Z e  Y¶HTMBaR H A P Y r H e  @ ~ K T O ~ M ,  

I 
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B03YO?HHOCTb BeCTH p a 6 o ~ y  H a  MeHbrUHX P a n H y C a X  ( 1 2 ~ 5 0 % ) .  OCHOBHHMH 
BEiAaMH a B T O T P a H C I I O P T a  RBJIRIoTCR aBTOCaMOCBaJIbI H T R r a ¶ H  6 HOJIY- 
nprlqena~n H I I p E i q e n a M H .  O T ~ ¶ ~ C T B ~ H H H M H  3 a B O n a M H  B b I n y C K a I o T c a  

I i a p b e p H M e  a e T o c a M o c B a n H  rpy3ononae~~oc~b1o  7, 12, 27 H 40 T. 
Ann y c n e m H o r 0  n p H M e H e H H R  ~ B T O M O ~ H J I ~ H O I ? ~  T p a H C n O p T a  ~eo6xo-  

AEibIbI XOpOUIHe  A O p O r H .  Ha Y C T y n a X  B K a p b e p e  I IPHMeHRIoTCR npoc~efi- 
m r I e  r p y H T o B b I e  noporn, y n y q m e H H b I e  H ~.qe6e~ow1b1e m T O J I ~ K O  n p ~  cna- 
6 6 1 ~  F p Y H T a X  - Ei3 C ~ O P H O ~ O  ~ e J I e 3 0 6 e ~ o H a .  ~ ~ O C T O I I H H ~ I ~  a B T O R O P O r H  
nprr 6 0 n b 1 ~ 0 h I  rpy30060po~e - ~ ~ T O H H M ~ .  CKOPOCT~ n B n x e H H R  aBTO- 

CaMOCBaJIOB COCTaBJIHeT: H a  YCTYIlHbIX n p O e 3 n a X  - B C p e g H e M  
oxono 10 KM. Y, H a  r n a B H H x  noporax - 18-25 m l u .  

Ha K a p b e p a X  n p H M e H H I o T C H  J I eHTOsHbIe  K O H B ~ ~ ~ P ~ I  I IpOH3BOnHTeJ Ib -  

HOCTbIo OT 300 A 0  1000 m3/'4,  a B OTAeJIbHbIX C J I y ¶ a R X  A 0  10 000 a3/'4. 
1ZI1ipma ~ o ~ ~ e i i e p ~ o i i  J I ~ H T M  OT 900 no 2000 &a, c ~ o p o c ~ b  ee A B E i x e H H R  

OT 2 no 5 a31cex. 
I C o ~ ~ e i i e p ~ ~ e  n e H T b I  3 a r p y x a r o ~ c ~  sepea BOPOHKH - 6 y ~ ~ e p a  c UH- 

TaTeJ IRMH,  npeAOXpaHRIoJ .qHMH J I e H T y  OT Y n a p O B  I I P H  3 a r P Y 3 K e .  
flpeEiMyJ.q€!c~~a K O H B ~ ~ ~ ~ H O ~ O  T p a H C l l O p T a :  H e n p e p h I B H O C T b  T p a H C -  

n o p T a ,  BOBMOHEHOCT~ n e p e M e r q e H m  M a T e p H a n a  non y r n o M  no 18'. 
P a a ~ e J . q e ~ k i e  n y c T b I x  nopon B omanax I I ~ ~ ~ I B ~ ~ T C R  omeanoo6paaosa- 

n u e n t .  O H 0  0CYJ.qeCTBJIReTCR C IlOMOlI(bI0 OTBaJIbHhIX 3 R C K a B a T O P O B ,  

OTBaJIbHbIX n J I y r O B ,  6 y J I b ~ 0 3 e p 0 ~  H npyI 'OI'0 O ~ O P Y ~ O B ~ H E I R .  

f l e p e ~ e q e ~ H e  I IOpOAbI  BO B H Y T P e H H H e  OTBaJIbI I I P H  r O P H 3 0 H T a J I b H O M  
H HOJIOI'OM 3 a J I e r a H E i H  nJ I aCTa  MOHCeT OCYlI(eCTBJIIITbCJ3 HeIIOCpeACTBeHHO 

' 

BCHphIrUHbIM 3 K C K a B a T O P O M  C YnJIHHeHHbIM p a 6 0 s ~ ~  O ~ O P Y ~ O B ~ H Y ~ ~ M .  

B 3TOM cnysae T p a H C n O p T H p O B a H H e  H o ~ ~ a ~ o o 6 p a 3 0 ~ a ~ ~ e  K a K  CaMO- 

CTORTeJIbHbIe  IIpOI(eCCbI OTCYTCTBYIOT. 
I C p 0 M e  OCHOBHMX IIpOH3BOACTBeHHbIX I IPOqeCCOB H a  K a p b e p e  BbIIIOJI- 

H R ~ T C F I  s c n o a o ~ a m e ~ b n b ~ e  pa6o~h1: s a s ~ c ~ ~ a  B c K p b I T o r o  ~ O J I ~ ~ H O ~ O  HCKO- 

n a e M o r o ,  p a 3 ~ e n ~ a  T y n H R O B  H T. A. 
f l onea~oe  E i c K o n a e M o e ,  o T r p y x a e M o e  1x3 K a p b e p a  I I O T ~ ~ ~ H T ~ J I R M ,  

AOJIXHO IIO CBOHM Ka¶eCTBeHHbIM I I O K a 3 a T e J I R M  COOTBeTCTBOBaTb YCTa- 
HOBJIeHHbIM AJIR H e r 0  T ~ ~ ~ O B ~ H M R M .  yr0JIb HJIH P y A a ,  no6b1~ae~b1e B 3a- 
6oxx, H e  B c e r A a  O T B e s a I o T  3THM T P ~ ~ O B ~ H E I R M ,  I IO3TOMy H ~ O ~ X O ~ H M O  

HX 060raqe1r~e, a B H e K o T o p n x  c n y s a R x  C o p T H p o B K a  HJIH y c p e n H e H H e .  

Bce l l epeYEiCJ IeHHbIe  B b I m e  npOH3BOACTBeHHbIe  I I p O q e C C b I  HaXOARTCR 
BO B3aHMOCBR3H H B COBOKYIIHOCTH COCTaBJIRIoT edu~y l0  ~ X l t O A O Z U W ? C ~ y l o  

cxeay npouasodcmsa o m x p b z m a z x  z o p n b r x  pa6om. 3 ~ a s e ~ n e  o T A e n b H H x  
IIPOEI3BOACTBeHHbIX I IpOqeCCOB H3MeHHeTCH B 3aBHCHMOCTH OT rOPHOTeX-  

H H s e C K H X  y c J I 0 ~ E i f i  M e C T O P O X n e H H R .  
B n p a K T E i K e  O T K P ~ I T M X  p a 6 o ~  H a m 6 0 ~ 1 b m e e  p a c n p o c T p a H e m e  nony- 

snnn c n e A y I o m a e  T e x H o a o r m e c K a e  c x e M b r  a K c s a s a T o p H o r o  cnoco6a: 
1. O A H O K O B ~ O B ~ I B  3 K C K a B a T O p  - ~ e J I e 3 ~ 0 ~ 0 p 0 ~ c l X b I f i  T p a H C l l O p T  - 

n n y x ~ ~ B  HJIH ~ K C K ~ B ~ T O P H ~ I ~  OTBaJI.  
2. OAHOKOBIUOB~I~~. 3 K C K a B a T O P  - ~ B T O M O ~ H J I ~ H ~ I ~  T p a H C n O P T  - 

6 y J I b ~ 0 3 e p H h I 8  O T B a n .  
3. O A H O K O B I I I O B M ~  3 K C K a B a T O P  - ~ Y H K ~ P - I I H T ~ T ~ J I ~  - K O H B ~ ~ ~ ~ P -  

HhIfi  T P a H C l l O P T  - K O H B ~ ~ ? P H M ~  OTBaJI. 

4. O p p o ~ o ~ m o ~ b ~ B  a K C K a B a T O P  - ~ Y H K ~ P - C M ~ C H T B J I ~  - FHAPOTPIHC-  

U O p T  - I'HApOOTBaJI. 
5. MHOI 'OKOBIUOBH~ DKCKaBaTOP - ? K ~ J I ~ ~ H o A o P o ? K H ~ I ~ ~  T p a H C I I O P T  - 

a6se~qep~nf i  OTBaJI.  
6. P o ~ o p ~ b ~ i i  ~ K C K ~ B ~ T O P '  - K O H C O J I ~ H ~ I ~ ~  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I ~ .  

7. O~HOKOBIIIOB+I~ 3 K C K a B a T O p  - a B T O T p a H C n O p T ,  X e J I e 3 H O A O p O X -  
~ b I f i  T p a H C n O p T  - nJIy?K~bIfi  HJIH ~ K C K ~ B ~ T O ~ H M ~  OTBaJI.  

8. O ~ H O K O B D I O B ~ I ~ ~  a K C K a B a T O p  - a B T O T p a H C I I O p T  - A ~ O ~ H J I K ~  - 
~ 0 ~ B e f i e p ~ h I f i  IlOA'beM. 

OCHOBHH~ T e x H o n o r a q e c K n e  c x e M b I  rnApasnurecsoro cnoco6a. 
1. ~ H ~ P O M O H H T O P  - 3eMJIeCOC - I 'HAPOTPaHCnOPT - O C B e T n e H H e  

B O n b I  - BOAOIIPOBOq. 

2. ~ ~ M C H ~ ~ H A  - r H A p O T p a H C l l O p T  - THApOOTBaJ I  - OCBeTJl0HHe 
B O A P  - BOAOIIPOBOA. 

I 

Bc~pumue  % e c m o p o m d e n u x  - I I p O B e A e H H e  B H P ~ ~ O T O K ,  O T K P P B I -  

I o q H X  AOCTYII OT HOBePXHOCTH 30MJIH  K MBCTOPOXCA~HYIIo H O ~ ~ C I I B ¶ H B ~ -  
IoJ.qHX ? ? p y 3 0 T p a H C I I O p T H y I o  C B R 3 b  M B K A Y  P ~ ~ O P B M H  TOPHBOHTaME 
B K a P b e P e  H I I P H e M H P M H  IIJ'HKTaMH H a  IIOBBPXHOCTEI. M ~ C T O P O ? K A ~ H E ~ R  
o 6 n n ~ o  B C K p P B a I o T C a  C IIOMOII(bl0 K II H T a JI b H bI X ~ p a ~ m e f i ,  
o T K p b z s a I o q m x  A o c T y n  K n n a c T y  nonea~oro  m c K o n a e M o r o ,  H p a 3 p e 3 - 
E b~ x ~ p a ~ m e 8 ,  n o A r o T a s n n s a r o q m x  none K a p b e p a  K BCKPMIIIH~IM 
Zi AO~PPBPM p a 6 0 ~ a ~ .  E J I a r o f l a p R  KaI IHTaJ IbHbIM T p a H m e R M  C O 3 A a e T C a  
BOSMOHCHOCTb O P I ' a H H 3 a q H H  TPaHCI IOPTHPOBaHHEI  BCKPbIIIIHbIX I IOPOA 
El Y r J I R  C r O P H 3 0 H T O B  p a 3 p a 6 0 ~ ~ ~  K a p b e p H O r O  IIOJIR H a  n O B e p X H O C T b  
B OTBaJIhI  BJIH CKJIaAbI H H a  0 6 0 r a ~ E f ~ e J I b ~ b I ~  i j a 6 p r n ~ ~ .  EJIaroflap~ P83- 
pf33HbIM T p a H m e R M  C O 3 A a e T C a  ~ ~ O H T  p a 6 0 ~  H a  , I J O ~ ~ I ~ H ~ I X  Zi BCKPPI I IHbIX  
y c T y n a x .  

I C a n ~ ~ a n b ~ a ~  T p a H m e a  n p e A c T a a n a e T  co608 ~ a ~ a ~ o o 6 p a 3 ~ y I o  OT- 

KPbITYIo  r O P H Y I o  B ~ I P ~ ~ O T K Y  T p a I I e q H e B H A H O r O  Ce¶eHHR C OIIPeAeJIeHHbIM 
IIpOAOJIbHbIM n p 0 4 H J I e ~ .  

I C a n ~ ~ a n b ~ a a  T p a H m e a ,  pacnonoxemaa BHYTPH K a p b e p a  H a  ero 
~ O P T Y ,  Ha3b IBaeTCEI  cwado& H H M e e T  TOJIbKO OAHH 6 0 ~ ~ .  

~ ~ o ~ o J I E C ~ H H ~ M  K a n H T a J I b H h I X  ~ p a ~ m e f i  H a  K a X A O M  YCTYIIB RBJIEIIoTCEI 
pa3pe3~b1e T p a H m e H .  I C a n ~ ~ a n b ~ ~ e  T p a H m e t i  n p o B o A R T c a  c o n p e A e n e H -  
HhIM YKJIOHOM, a p a 3 p e 3 H H e  - r O P H 3 0 H T a J I b H O  HJIH C ~ e 6 0 J I b m H M  YKJIO- 
HOM, O ~ ~ C I I ~ ¶ H B ~ H ) I I ( H M  CTOK BOA. 

~ ~ O X O ~ K ~  T p a H I I I e H  IIPOHSBOAHTCH P a 3 J I H 9 H b I M H  CpeACTBaMH,  H O  
s a q e  B c e r o  c n o ~ o q b m  a K c K a s a T o p a .  

Ha PHC.  8 l l O K a 3 a H O  p a 3 B H T H e  r O p H b I X  p a 6 o ~  H a  I 'OPH30HTe ,  HMe- 
I o q e M  O T M e T K y  -15 %. B ~ a s a n e  C I IOBepXHOCTH H a  ~ J I Y ~ H H Y  15 % I IPO-  
XOAHTCH H a K J I O H H a H  K B n H T a J I b H a H  T p a H m e R  1, K O T O P a R  H a  l"OPH30HTB 

I IpOAOJI?KaeTCa  B B H A e  r o p F f 3 0 ~ ~ a J I b ~ o f i  pa3pe3~0fi T p a H m e H  2 
(PHC. 8, a).  3 a ~ e M  pa3pe3~aa T p a H I I I e a  npOBOAHTCH B O ~ ~ ~ T H O M  H a l l p a -  

BJIeHHH ( ~ H c .  8, 6), 4 0 p M H p y a   OPT K a p b e p a  H a  AaHHOM r O P H 3 0 H T 8  



(PHC. 8, 6, 6, 2). E ~ K  BHAHO H 3  pHC.  8, I I p H  O T ~ ~ ~ O T K ~  YCTYIIa  Ka I IHTaJ Ib -  
H a n  T p a H m e R  n p e B p a Q a e T c s  B c a e 3 ~  3 (pnc. 8, E) ( 1  - Anma cae3~a).  
. YKJIOHM KaIIEiTaJIbHbIX T P ~ H I I I ~ ~  H C'be3AOB 3 a B H C R T  OT BYIAa T p a H C -  

n O p T a  H C0CTaBJIRH)T H a  HceJIe3HOAOPOHCHOM T p a H C I I O P T e  I I P H  I I B P O B O ~ ~  
T R r 0  25O/,,, I I P H  B J I ~ K T P O B O ~ H O ~ ~  40°/,,, I I p H  ~ B T O M O ~ H J I ~ H O M  T p a H C I I O p T e  

80-100°/00, a I I p H  K O H B ~ ~ ~ ~ H O M  T p a H C I I O p T e  ,JJO 18'. B 3aBHCHMOCTn  
OT mcna,  P a c n o n o x e H H n  ~pa~mei i r ,  EX ~ O P M P  (B I I J I ~ H ~ )  H Apyrnx 
@BKTOPOB p a 3 J I W a I o T  HeCKOJIbKO C I I O C O ~ O B  BCKPMTYIR. ~ P E I  ~e60nbmofi 

r n y 6 n ~ e  a a n e r a H m R  M e m o -  
pOHc,JJeHEie BCKpbIBaeTCR 
O ~ ~ I P H O  HaKJIOHHhlMH T p a H -  

I I I eRMH,  PaCIIOJIOHEeHHbIMH 
3a KOETYPOM K a p b e p a  (CM. 

6 PHC. 6,6). r~1y60~vre ~ a p b e -  
phl Pawe BCKpbIBaH)TCR BHYT- 

p e H H H M H  T p a H I I I e R M H  (c'be3- 
A ~ M H ) ,  p a C n O J I o H c e H H ~ M ~  

BHYTPH K a p b e p a  H a  ero 
6 6 o p ~ a x  (CM. p ~ c .  6,a). COOT- 

' BeTCTBeHHO 4 0 p ~ e  T p a C C h l  

T ~ ~ H I I I ~ H  C'be3AbI ~ ~ I B ~ I O T  
CI IHPaJ IbHbIMH,  I IeTJIeBbIMH H 
TynHKOBbIMH.  

n p ~  r o p n c T o M  penbe+e 
AJIR B C K P ~ T H H  K a p b e P O B  HC- 
I I O J I b 3 y I o T  H H O r A a  IIOAaeM- 
HbI0 BPPI~OTKYI - PY,JJO- 

CIIYCKYI H IIITOJIbHH. 
l l o ~  cucmemoii o m E p a z -  

moii pa3pa6om~u M e c T o p o -  

Pya. 8. Cxema p a a 8 n ~ ~ R  F O ~ H M X  ~ 8 6 0 ~  Ha ymyne HcAeHYIR I IOHHMaeTCII  T e X a o -  

JIorvrsec~nCi IIOPRAOK H ~ 8 a -  
HMOCBR3b  B e A e H H R  IIOArOTOBHTeJIbHbIX,  BCKPhlIIIHbIX YI ~ O ~ ~ I P H M X  p a 6 0 ~  
B K a p b e p e .  

CHCT~MM p a 3 p a 6 0 ~ ~ H  o 6 ~ w o  pa*anumam~cn no cnoco6y n e p e M e W e H v r n  

BCKpbIII IH H AeJIRTCR H a  I'PJ'lIIIhl: ~ ~ C T P ~ H C I I O P T H ~ I ~ ,  TPaHCIIOPTHO- 
OTBaJIbHhle ,  T p a H C I I O p T H h l e  H K O M ~ H H H P O B ~ H H ~ I ~ .  

n p ~  ~ ~ c T ~ ~ E ~ c I I o ~ T H ~ I x  H TpaHCIIOpTHO-OTBaJIbHbIX CYICTeMaX pas- 
~ ~ ~ O T K H  I IYCTaR I I O p O A a  HenOCpeACTBeHHO 3 K C K a B a T O p a M H  I I e p e M e Q a e T C R  
BO B H Y T P e H H H e  OTBaJIbI ,  P a C I I 0 J I a r a H ) Q H e C R  B B M P ~ ~ O T ~ H H O M  IIPOCTPBH- 
CTBe. O C H O B H ~ I ~  rOpHOIIOArOTOBYITeJIbHbIe pa60~bI B BTOM CJIJ'¶ae 8 a K a H -  

¶HBaIoTCR K H a P a J I y  AO~PPHPX p a 6 0 ~ ,  T a K  K a K  MeCTOpOHcAeHHe 0~pa6a- 
* ~ ~ a e ~ c n  cpasy H a  BCH) MOQHOCT~.  ~ T Y I  C H C T ~ M ~ I  p a 3 p a 6 0 ~ ~ ~  ~an60~1ee 
IIpOCTbI  H BKOHOMHPHhI, H O  I IPHMeHRIo TCR TOJIbKO n p H  H ~ ~ J I ~ ~ o K o M  

I 'OpH30HTaJ IbHOM H IIOJIOI'OM 3 a J I e r a H H H  IIJIaCTOB. 
n p H  T p a H C I I O p T H b I X  CHCTeMaX p a 3 p a 6 0 ~ ~ F f  I I O p O A a  BhlBO3HTCR H a  

BHeI I IHHe  HJ IH  (p0Hce )  B H y T p e H H H e  OTBaJIhl .  ~ O ~ H O I I O A ~ O T O B H T ~ J I ~ H H ~  

pa60~hl I I P H  BTOM 06hl¶H0 OCYWeCTBJIRIoTCR B TePeHYIe B C W O  B p e M e E H  

I PasnnnaIo~ cneAyIoQvre a T a m  O T K ~ M T O ~ ~  p a a p a 6 0 ~ ~ ~  M e c T o p o x A e -  

HHR:  I IOArOTOBKa  I IOBePXHOCTH, OCYIIIeHHe MeCTOPOHEAeHHII H OI'paHEAeHHe 
ero OT BOAbI, I 'OPEOKaI IHTaJ IbHbIe  pa60~bI B II@PHOA CTpOHTeJ IbCTBa  K a p b -  

€?pa, I I pOBeAeHEie  I IOArOTOBHTeJIbHbIX B H ~ ~ ~ O T O K ,  BCKPbIII IHbIe  H A O ~ H P -  
H h l e  pa60~bI. 

lIodzomo6~a noeepxnocmu n t e c m o p o m d e n u a  a a K n m s a e T c n  B ~ n p y 6 ~ e  
neca ~i K o p q e B K e  I I H ~ C ~ ,  O T B O A ~  p e K  H p y s b e B  3a npenem K a p b e p H o r o  

1 IIOJIII, OCYIIIeHHH 03ep H ~ O J I O T ,  CHOC0 3,JJa~Fifi H c o o p y ~ ~ e ~ v r i i ,  I I e p e H O C K e  

A O p O r  Ei B y,JJaJIeHHEi ApyI 'MX eCTeCTBeHHbIX H HCKyCCTBeHHbIX I I p e n R T -  
C T B H ~ ~ ,  3aTPYJ( f lR IOQHX HJIH H e  AOI IYCKaIOQHX BeAeHYIe OTKPbITbIX r O P H b I X  

pa60~ .  
Ocyzuenue mecmopoxcdenm, T. e. y A a n e H H e  B o n n  H a  H e r o  H o K p y x a -  

~ o ~ v r x  ero nopon, c o 3 ~ a e ~  60~1ee H a A e x H M e  ycnosm AJIR B e A e H m  r o p m x  
pa6o.r. H a c h l Q e ~ ~ b I e  ~ 0 ~ 0 f i  IIOPOAbI ,  6y,JJJ'¶H O ~ H ~ X B H M ,  TBPIIIOT YCTOG- 
PHBOCTb  B 0TKOCaX;PTO IIBJIIIeTCR C e p b e 3 H b I M  IIpeIIIITCTBYIeM AJIR B e A e H H I I  

OTKpbITbIX p a 6 0 ~ .   TO CHHHEaeT IIPOEi3BOAHTeJIbHOCTb TPY,JJa p a 6 0 ~ x ,  
I I p e I I R T C T B y e T  n p H M e H e H H I o  MOQHOI'O 0 6 0 p y ~ o ~ a ~ E i I I  ti C I I O C O ~ C T B ~ ~ T  

0 6 p a 3 0 ~ a ~ ~ I o  ono~13~eB H - o ~ B ~ J I o B .  
. B o ~ a  B K a P b e P  I I O C T y n a e T  H 3  BOAOHOCHMX I'OPM3OHTOB MeCTOPOWAe- 

HHR, a TaKHce  npvr AoxAe ( ~ H B H ~ B ~ H )  H npvr T a R H n n  c H e r a  ( ~ ~ B O A K O B ~ R ) .  
n 0 c ~ y I I a H ) Q e e  B K a P b e P  KOJIH¶eCTBO BOAbI H a M 0 P R e T C R  OT HeCKOJIbKEIX 
K Y ~ O M ~ T P O B  A 0  HeCKOJIbKEIX COTeH,  a EIHOrAa ti TbICRq K Y ~ O M ~ T P O B  B P I C ,  ' 

O~BOAHBHHOCT~ MeCTOPOHEAeHHR a a B H C H T  OT MHOI'HX ~ ~ K T O P O B ,  
OCHOBH~IMH 1x3 KOTOP~IX RBJIRIOTCR ~ J I Y ~ E ~ H ~  K a p b e p a  vr rnnporeonorn- 
P e C K H e  YCJIOBYIII 3a J I e r aHYI I I  MeCTOPOHEAeHHII. 

P ~ ~ J I W I ~ I ~ T  CJIe,JJyIoQHe BHAbI  OCYIIIeHHII: OCYIIIBHHB IIOBBPXHOCTH 
K a p b e p H O I ' O  IIOJIII; OI'PaHEAeHHR K a p b e p a  OT I IOBepXHOCTHbIX BOA; IIPBA- 
B a p H T e J I b H O e  H T e K y Q e e  OCyI I I eHHe  MeCTOPOHEAeHHR. 

OCJ'III~HH~ HaHOCOB H OTBOA BOAbI C I IOBePXHOCTH MeCTOPOWCAeHHR 
0 6 ~ 9 ~ 0  OCYQeCTBJIRIoTCII  C* I IOMOQbIO CBTH OCYIIIHTeJIbHbIX M APeHaHEHbIX 

H a H a B .  
O r p a H c ~ e H H e  K a p b e p a  OT I IOBepXHOCTHbIX BOA (JIYIBH~B~Ix,  I IaBOAKOBbIX 

Ei I I P O H H K a I O q H X  H 3  COCeAHHX B O A O ~ M O B )  I IPOH3BOAvTCR C I IOMOQbIO 
H a r O P H b I X  K a H a B ,  KOTOPhl0  I IPOBOARTCR n O  B C e M y  I I e p H M e T p y  K a p b B p a  
HJIH CO CTOPOHbI B O ~ B M I I I ~ H H O $  P a C T H  K a P b e P H O r O  UOJIR. 

I T p e n ~ a p n ~ e n b ~ o e  o c y m e H H e  M ~ C T O P O ) ~ E A ~ H H ~ ~  IIPOBOAHTCII AO H a . r a n a  
p a 3 p a 6 0 ~ ~ H  H I I p e A H a 3 H a P e H O  AJIR IIOHHHEeHHR YPOBHR IIOA3eMHbIX BOA 

YI OCYIIIeHHR YPaCTKOB,  KOTOPbIe  IIOAJIeWCaT p a 3 p a 6 0 ~ ~ e  -B I I e p B y I o  O P e p B A b .  



T e ~ y q e e  H n H  a K c n n y a T a q H o m o e  ocymemie o c y q e c T s n R e T c R  OAEO- 
B p e M e H H O  C p a 3 p a 6 o ~ ~ o i i  MeCTOPOlKAeHHR H COCTOHT B CEICTeMaTH~eCKOhI 

YAaJ IeHHH B O A P  H 3  p a 3 p a 6 a ~ h I B a e ~ h I x  y9aCTKOB.  
Yaane~ne  BOAH, noc~ynamqeii B K a p b e p ,  O c y q e c T B n R e T c n  c no- 

M O q b I O  O T K P P T O r O  HJIM IIOA3eMHOrO BOAOOTJIHBa. B I IepBOM C J l y W l e  BOAa 
c o 6 ~ p a e ~ c ~  B BOAOC~OPBEIK H OTKa¶HBaeTCH HaCOCaMH H a  I IOBePXHOCTb,  
BO BTOPOM - B o A a  sepea c n e q u a n b H n e  C K B a z H H b I  n o c T y n a e T  B c n c T e M y  
n O A 3 e M H P X  f i p e H a X H P X  B H ~ ~ ~ O T O K  H IIO CTBOJIY A ~ ~ H ~ H ( H O ~  II IaXTbI  
nOAHHMaeTCR H a  I IOBepXHOCTb.  D e p B P f t  cnoco6 0 6 ~ 9 ~ 0  I IPHMeHReTCR 
npa H ~ ~ O J I ~ I I I O M  n p n T o K e  BOAP B K a p b e p  (no 100 nt3/u). 

Y A ~ J I ~ H H ~  IIOA3eMHbIX BOA IIPOH3BOAHTCR C I I O M O q b I O  I J I Y ~ O K ~ I X  

CKBaHiHH (AO 150 nt) ~ J I Y ~ H H H P M H  HaCOCaMH HJIYI ¶epe3 CHCTeMY IIOA- , 

3eMHbIX B M ~ ~ ~ O T O K ,  COCTORTYIO H 3  BOAOOTJIHBHPX CTBOJIOB DITpeKOB 
H ~ ~ ~ H B H H X  HJIH CKB03HhIX (PHJI~TPOB. 

I ' o p ~ o ~ a n ~ ~ a n b l r n e  pa6o~b1 B nepvrog c T p o l r T e J r b c T s a  K a p b g p a  BKJIIO- 

s a m T  n p o s e A e H H e  K a n n T a n b H M x  H p a 3 p e 3 ~ ~ x  ~pa~mei i r ,  a T a K z e  ynane- 
H H e  HeKOTOpOrO o 6 a e ~ a  BCKPbImHbIX IIOPOA RJlR CO3AaHHR BCKPbITbIX 
~ ~ I I ~ C O B  I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  nepeA caaseii K a p b e p a  B a K c n n y a T a q v r w .  

n p 0 B e ~ e ~ H e  IIOArOTOBHTeJIbHbIX B M P ~ ~ O T O K  B I I eP I IOA 3KCIIJIYaTaqYIH 
K a p b e p a ,  H ~ O ~ X O A H M O  npn y r n y 6 n e ~ ~ ~  K a p b e p a ,  T. e. npn nepexoae 
r O p H P X  p a 6 o ~  H a  HOBbIe  I'OPHBOHTbI. ~ O A ~ O T O B K ~  H I I X e J I e X a q e r O  r O p H -  
3 0 H T a  0 6 ~ - 0  COCTOET B IIpOBeAeHYIH K ~ ~ H T ~ J I ~ H o ~  T p a H I I I e H  (c'be3~a) 
H a  3TOT F O p H 3 0 H T  H B n p O X O A K e  pa3pe3~02 T p a H r p e I I  H a  HeM. ~ T H  p a 6 o . r ~  
MMeIoT MeCTO TOJIbHO U P H  K P y T O M  H HaKJIOHHOM I I a A e H H I i  IIJIaCTOB, K O r A a  
ropnme pa60~h1 n o c T e n e H H o ,  cnomn o n y c K a m T c a  AO ~ o ~ e s ~ o i i  rny6mb1 
xapbepa. l l p ~  ~ O ~ H ~ O H T ~ J I ~ H O M  aaneran~n  n n H  n o J r o r o M  n a A e H a n  nna- 
CTOB H ~ A O ~ H O C T H  B IIPOBeAeHMH IIOAI'OTOBHTeJIbHPX B M P I ~ O T O K  0 6 m ~ o  
H e T ,  T a K  K a K  M e C T O p O X A e H H e  O T ~ ~ ~ ~ T M B ~ ~ T C H  C p a 3 y  H a  BCIO MOmHOCTb.  

B c ~ p a m ~ ~ e  p a 6 o ~ a  CnyHCaT Aria y g a n e H m s  n y c T b I x  nopog, B M e W a -  
mqnx nonea~oe E i c K o n a e M o e ,  B p e 3 y n b ~ a ~ e  sero 06ecnesnsae~cs AOCTYII 

K HBMy.  
flo6ars~hze pa6o~b1 n p e ~ ~ a 3 ~ a s e ~ ~  Aria E I ~ B J I ~ ~ ~ H H H  n o n e a H o r o  

HCKOIIaeMOrO H RBJIRIOTCR IIOCJIeAHHM a T a n O M  D P H  O T K P H T O ~ ~ ~  p a 3 p a 6 0 ~ ~ e  
M ~ C T O ~ O H C A ~ H H ~ ~ .  

~ O A I ' O T O B K ~  JIOBepXHOCTH, p a 6 ~ ~ h I  no OCyDIeHEIO,  r O p H O K a n H T a J I b -  
H b I e ,  I IOArOTOBHTeJIbHbIe  H B C R P h I m H b I e  pa6o~h1 Ha¶HHaIOTCR B nOCJI0AO- 
B a T e n b H O M  I I O p R A K e ,  a 3 9 T e M  BeAYTCR I I a p a J I J I e J I b H O ,  H O  C B3aHMHMM 
O n e p e H C e H H e M  B JIPOCTpaHCTBe:  JlOArOTOBKa IIOBePXHOCTH H O C y m e H H e  
MeCTOpOXAeHHR OnepeXCaIOT B C K p b I D I H P e  p a 6 0 ~ ~ ,  K O T O p P e  D p e A l U e -  
CTBYIOT A O ~ ~ I ~ H H M  p a 6 0 ~ a ~ .  

~ o c J I € ! A o B ~ T ~ ? J I ~ H ~ c T ~  pa3BLITIiR I ' O P H P X  p a 6 o ~  B K a p b e p e  A n R  rOp11- 
B o H T a n b H r a x  H KPYTMX ~ J I ~ C T O B  n o ~ a 3 a ~ a  H a  p ~ c .  9. 

IIPH ~ O ~ H ~ O H T ~ J Z ~ H O M  3a~1era~nn n n a c T o B  (PHC. 9, a) masane c no- 
BepXHOCTH A0 KpOBJIH I I J I aCTa  IIpOXOAHTCR HaKJIOHHaK K a n H T a J I b H a R  
T p a H l n e R  1. 3 a ~ e M  npOXOAHTCH p a 3 p e a H a R  T p a H D I e R  2, OAEH  OPT KOTO- 
p0ijr  3 Pa3HOCHTCR, O C B O ~ O % A ~ R  I I J I O q a A K Y ,  EUHPHHa K O T O ~ O ~  A O J I X H a  
06€!cIIe¶Xi~b p a 3 M e q e H H e  O ~ O P ~ A O B ~ H H R ,  BO3MOHCHOCTb IIPOXOAKH pas- 
pe3~06  T p a H t U e H  no 8 a J l e X H  H C 0 3 A a H H e  B AOCTaTOgHOM 06'be~e r O T O B P X  



K B H e M K e  3a I I aCOB IIOJIe3HOrO HCKOIIaeMOI'O. ~ o c J I ~  IIPOXOAKH BTOPOG 
K ~ I I H T ~ J I ~ H o ~  T p a H U I e H  4 ,  KOTOPaR OIIYCKaeTCR H a  I IOPBY 3 a J I e X H ,  I IpO-  

xonmca p a 3 p e 3 ~ a ~  T p a H m e R  5 no sasexm. B p e 3 y a b ~ a ~ e  BTHX p a 6 o ~  
CO3AaeTCR J ( O C T ~ T O ¶ H H ~  @POHT IIO BCKPbII l Ie  H ~o6b1ne IIOJIe3HOrO HCKO- 
n a e M o r o  H H ~ O ~ X O A L T M ~ I ~  B c K p m M e  ero s a n a c b ~ ,  PTO I I O ~ B O J I R ~ T  cnam 
K a p b e p  B ~ K C I I J I ~ ~ T ~ ~ H I O .  r o p ~ b ~ e  pa60Th1, o c y q e c T s n c I e M b I e  no 3 ~ 0 r o  
MOMeHTa,  RBJIRIOTCR I 'OPHOKaIIHTaJIbHhIMH, LZX 0 6 a e ~  Ol IpeAeJ IReTCR K a K  
C y M M a  O ~ ' ~ ~ M O B  KaIIHTaJIbHbIX H p a 3 p e 3 H M X  T p a ~ m e g  ( 1 , 2 , 4 , 5 ,  PHC.  9 ,  a) 
I1 0 6 5 e M a  K ~ I I H T ~ J I ~ H O ~  BCKPbIUIH (3, PHC. 9,  a). 

n p H  K p y T O M  I I a A e H H H  IIJIaCTa IIOCJIeAOBaTeJIbHOCTb BbIIIOJIHeHHR 
I'OPHOKaIIHTaJIbHbIX H rOPHOIIOArOTOBHTeJIbHbIX p a 6 0 ~  aHaJI0I 'HTIHa 

(PEIC. 9, 6). O ~ H ~ K O  s a C T 0  AJIR I I e p e x O A a  r O p H b I X  pa60.r H a  H H X H H ~  
I 'OPH3OHT H ~ O ~ X O A H M  p a 3 H O C  H e  OAHOI'O, a 0 6 0 ~ ~  ~ O P T O B  K B X A O ~ ~  pas- 
pe3~0fi  TpaRJIIeH. K p o ~ e  TOI'O, I I P H  r O P H 3 0 H T a J I b H O M  I I a A e H H H  IIJIaCTOB 
rOPHOIIOArOTOBHTeJ IbHHe  p a 6 o . r ~  3 a K a H s H B a I o T C R  B I I epHOA CTPOHTeJIb- 
cma ,  a n p ~  KPYTOM OHH H ~ O ~ X O A E I M ~ I  B T e P e H H e  B c e r o  nepnona 
a K c m y a T a q m .  

no OpI'aHH3aqHOHH0-3KOHOMH¶eCKHM I I P H 3 H a K a M  B P e M R ,  B T e ¶ e H H e  
KOTOPOI'O O C y q e C T B J I R e T C R  p a 3 p a 6 o ~ ~ a  MeCTOpO?KAeHHR, AeJIHTCR H a  

I IepHOAbI:  CTPOHTeJIbCTBa K a p b e p a  - OT H a P a J I a  r O P H b I X  p a 6 o ~  A 0  BBOAa 
K a p b e p a  B a K c n n y a T a q m ,  o c B o e H m  - OT H a s a n a  a K c m y a T a q m i  AO go- 
C T H X e H H R  I I P O ~ K T H O ~  I I P O H ~ B O A C T B ~ H H O ~ ~  MOqHOCTH,  3 a T Y X a H H R  HJIH 
A O P ~ ~ O T K H .  

Bce I'OpHbIe pa60~b1 CTPOHTeJIbHOrO I I e p H O H a  Ha3bIBaIOT K U n U m a A b -  

H b C U .  OHH @HH~HCHPYI~TCR H KOHTPOJIHPYIOTCR C T P O ~ % ~ ~ H K ~ M H  B COOT- 
BeTCTBHEl C Y T B ~ P H C A ~ H H O ~  C M ~ T O G  KaIILZTaJIbHbIX 3 a T p a T ,  K O T O p a R  RB- 

JIReTCR 9aCTbH)  I I p O e K T a  A a H H O r O  IIpe~IIpLZRT,HR.  

P a 3 p a 6 0 ~ K a  MeCTOPOXAeHHR OTKPbITbIM C I I O C O ~ O M  A O J I x H a  H e  TOJIbKO 

0 6 e ~ I I e s H T b  ~o6b1ny O n p e A e J I e H H o r o  o 6 a e ~ a  ~ O J I ~ ~ H O I - o  H c K o n a e M o r o  

3aAaHHOI 'O K a s e C T B a  H B yCTaHOBJIeHI4bIe  CpOKH,  H O  I I p H  3TOM AOJIECeH 
6 b I ~ b  AOCTHrHYT M ~ K c H M ~ J I ~ H ~ I ~  ~ K O H O M H P ~ C K H ~  B@@€?KT, K O T O P ~ I ~  

3 a K J I I o P a e T C R  B I IOJ IyPeHHH M ~ K C H M ~ J I ~ H O ~  I I P H ~ ~ I J I H  HaPOAHJdM ~ 0 3 R 6 -  
CTBOM I I P H  YCJIOBHH BbIIIOJIHeHHR IIJIaHOBOrO 3 a A a H H R .  

M a ~ c H M a J I b ~ a f f  I I p a 6 b I J I b  OT p a 3 p a 6 0 ~ ~ ~  MeCTOPOFKneHHR MOHCeT 6b1~b 
n o n y s e H a ,  e c m  r o p H o e  npennpnmne 6yf l eT  n o c T p o e H o  ~ ~ I C T P O ,  c H a n -  

M e H b m H M H  3 a T p a T a M H ,  3 K C I I J I y a T a q H R  er0 ~ Y A ~ T  OCyIgeCTBJIRTbCR 6e3- 
OIIaCHO, HHTBHCHBHO, a K a s e C T B O  A O ~ ~ I T O ~ O  IIOJIe3HOrO HCKOIIaeMOrO 
6yf le~  YAOBJIeTBOPRTb T P ~ ~ O B ~ H H R M .  

3 ~ a s e ~ H e  3KOHOMHKH, H ~ O ~ X O A H M O C T ~  T m a T e J I b H O r O  3KOHOMH9eCKOI'O 
O ~ O # H O B ~ H H H  KaHCJ(OI'0 TeXHH¶eCKOrO P e I U e H H R  C KaXf(HbIM rOAOM 

YCHJIHBaIOTCR. K P O M ~  I I e p e X O A a  H a p O A H O r O  X O ~ R G C T B ~  H a  HOBYH) CH- 
C T e M y  I I J I a E H p O B a H H R  H 3KOHOMHPeCKOrO CTHMyJIHpOBaHHR,  I I P H  K O T O P O ~  

p 0 3 K O  YCHJIHJIOCb 3 H a P e H H e  T a K H X  3KOHOMH9eCKHX K ~ T ~ I ' O ~ H ~ T ,  K a K  q e H a ,  

I I P H ~ H J I ~ ,  ~ ~ H T ~ ~ ~ J I ~ H O C T ~ ,  B 0 3 p a C T a I O q e e  3 H a s e F H e  aKOHOMHKH I I P H  
OTKPPTOG pa3pa60~xe O ~ % X C H I I ~ T C R  CJIeAYIOqHMH I IpHPHHaMH.  P ~ ~ B H T H ~  

A O ~ H P H  PYA, KaMeHHOrO Y r J I R  H MHOI'EIX HePYHHbIX HCKOIIaeMbIX H n e T  
I 210 I IYTH MaCCOBOI'O CTpOHTeJIbCTBa KaPbePOB-I 'HraHTOB.  CTPORII(H~CR 

E n p o e K T n p y e M t a e  x e n e s o p y ~ ~ b ~ e ,  ~ C ~ ~ C T O B H ~ ,  M e A H o p y A H H e  H yronb- 
"Fse K a p b e p u  . i a cTO 6 y n y ~  H M e T b  KOHePHYIO r n y 6 n ~ y  60~1ee 500-900 m,  '' ~ p O H 3 B O A C T B e H H y I O  MODJ,HOCTb OT 20-30 MJIH. A 0  100-150 MJIH. m 

~ O P H O ~ ~  MaCCbI B I'OA. B A a J I b ~ e f i m e M  HOJIR K P y I I H b I X  K a P b e P O B  (C I'OAO- 
s M M m  0 6 a e ~ a ~ n  no ~ o 6 ~ n e  nones~oro H c K o n a e M o r o  60~1ee 5 MnH.  m, 
a BCKpbIIIIHbIX IIOPOA CBhIIIIe 5 MJIR. m3) B 0 3 P a C T e T  A 0  32% I t 0  ~06bI¶e 
IIOJIe3HbIX HCKOIIaeMbIX H A 0  78% IIO BbIeMKe  BCKPbImHMX IIOPOA. 

C T ~ O E I T ~ J I ~ C T B O  MOqHOI 'O I ' O P H O O ~ O I ' ~ T H T ~ J I ~ H O ~ O  K O M ~ H H B T ~  110- 

~ p e 6 y e ~  BJIOHCeHHR OKOJIO 100-200 MJIH. P Y ~ . ,  a 3 a T p a T h I  H a  BbIeMKY 

r o p ~ o f  MaCCbI H 3  K a p b e p a  3a B e C b  CpOK p a 3 p a 6 0 ~ ~ ~  MeCTOpOXf(AeHHR 

c o c T a s n ~  6onee 0,5-1 MJIPH. py6. IIO~TOMY B c e  60~1ee B a m H o e  s ~ a s e ~ ~ e  
I I p H 0 6 p e ~ a H ) ~  I I p O e K T H p O B a H H e  H CTpOHTeJIbCTBO K a p b e p O B  H a  OCHOBe 

OIITHMaJIbHbIX peme~nii, T q a T e J I b H a R  3KOEOMHPeCKaR O q e H K a  JIPOeKTH- 

P y e M b I x  O ~ ~ ~ K T O B ,  ~ 6 1 6 0 ~  ~ a ~ 6 0 ~ 1 e e  3KOEOMH9HHX p e I U e ~ H f f  IIOCJIe 
AeTajTbHOI'O 3KOHOMH9eCKOI'O a H a J I H 3 a .  P e a J I H 3 a q H R  3KOHOMHPeCKH 

O ~ O C H O B ~ H H M X  pel~[e~Fifi I I P H  CTPOHTeJIbCTBe K a p b e p a  60~1bmof M O q -  
BOCTH II03BOJIHT C3KOHOMHTb MHJIJIHOHbI py6neG, p e 3 K O  IIOBbICHTb 

aKOHOMHW3CKyH) ~ @ @ ~ K T H B H O C T ~  K ~ I I H T ~ J I o B J I o H C ~ H H G  H IIOJIYgHTb 

AeCRTKH MHJIJILZOHOB py6~1ef aKOHOMHH H a  3KCIIJIYaTaqHOHHHX 
B a T p a T a X  J I P H  p a 3 p a 6 0 ~ ~ e  TOJIbKO OAHOI'O MeCTOPOHCAeHHR. B ~ X H ~ I M H  
~ ~ K T o ~ ~ M H  RBJIRIoTCR yBeJIHPHBaIoIlJ,HeCR K O H q e H T p a q H R  H HHTeHCHB- 
E O C T b  I'OPHbIX p a 6 o ~ ,  MaCCOBOe I I ~ L Z M ~ H ~ H H ~  60nee M O q H b I X  H C O B e p m e H -  

H M X  H BMeCTe C TeM 60nee AOpOrOCTORII(HX I'OPHbIX H TPaHCIIOPTHbIX 

M a m H H .  T ~ K ,  C T O H M O C T ~  K a p b e p H o r o  a B T o c a M o c B a n a  60~1bmoii rpy30- 
IIOA'beMHOCTH COCTaBJIReT 30-40 ThIC. P Y ~ . ,  a C B e p X M O q H O r O  p O T O p H O r 0  

@ K C K a B a T O p a  C KOMIIJIeKCOM K O H B ~ B ~ ~ O B  - HeCKOJIbKO MHJIJIHOEOB PY- 
6nefi. 9 ~ 0 6 ~  A O ~ H T ~ C R  M ~ K C H M ~ J I ~ H O B  OTAaPH OT MaIUHH H ~aEi60JIee 
@K~HOMH¶HO H X  HCI IOJ Ib30BaTb ,  U O T ~ ~ ~ ~ ~ T C R  OIITEIManbHOe I I J I aHHpOBa-  
g H 0 ,  P e T K a R  O p r a H H 3 a q H R  p a 6 o ~  H a  OCHOBe H a y P H H X  MeTOAOB. 

C T ~ I I ~ H ~  ~ K O H O M H P ~ C K O ~ ~  ~ @ @ ~ K T E I B H O C T H  OTKPHTbIX r O P H b I X  p a 6 0 ~  
~ r a p a ~ ~ e p ~ a y e ~ c ~  ~ e ~ r r n q m ~ o G  T ~ X H H K O - ~ K O H O M H P ~ C K H X  ~ ~ o ~ a a a ~ e n e i i ,  
H OCHOBHHM H 3  KOTOPbIX OTHOCRTCR: I I P H ~ M J I ~ ,  ~ ~ H T ~ ~ ~ J I ~ H o c T ~ ,  K O ~ @ -  

~ H ~ H ~ H T  BCKPbIIUH, C ~ ~ ~ C T O H M O C T ~ ,  YAeJ IbHhIe  KaI IHTaJ IbHbIe  3 a T p a T b I ,  
nPOH3BOAHTeJIbHOCTb T P Y A a  T p y A R q H X C R ,  I IpOH3BOAHTeJIbHOCTb OCHOB- 

E O r O  r O p H O T P a H C I I O P T H O r 0  O ~ O P Y A O B ~ H H R ,  KaqeCTBO T O B ~ P H O ~  I IpOAYKqHH.  
~ K O H O M H P ~ C K H ~  I IOKa3aTeJ IH  OTKPbITbIX p a 3 p a 6 0 ~ 0 ~  X a p a K T e p H 3 Y I o T C R  

P ~ J ~ H ¶ H H O ~  KaI IHTaJ IbHbIX 3 a T p a T  H a  CTPOIlTeJIbCTBO K a p b e p a ,  B ~ J I H P H H o ~  

@ K C I I J I ~ ~ T ~ ~ H O H H ~ I X  ( T ~ K Y ~ H X )  3 a T p a T ,  H ~ O ~ X O A H M ~ I X  AJIR H O P M ~ J I ~ H O ~  

B R c n n y a T a q m ~  K a p b e p a  (AJIR B m o m e H H R  A O ~ H P H ~ I X  H B C K P H ~ H ~ I X  

a60~) ,  H B ~ J I H P H H O ~ ~  AOXOAOB, I I 0 C T Y I I a H ) q H X  B p e 3 y J I b T a T e  p e a J I H 3 a q H H  
O ~ P B ~ ~ M O ~ O  IIOJIe3HOrO HCKOIIaeMOI'O. 

IIOA npu6maro B 0 6 m e ~  cnysae n o H n M a e T c R  p a 3 ~ ~ q a  M e x n y  peam- 
y e ~ 0 f  4eHHOCTbIO T O B ~ P H O ~ ~  I I p O A y K q H H  H 3 a T p a T a M H  H a  ee IIPOH3- 

P e ~ r n a Q n b ~ o c m b  -  TO O T H o m e H H e  IIPH~HJIH, I I O J I Y ~ ~ H H O ~  npen- 
P E r r T n e M  B T e s e H H e  rona, K o6qefi B e n E i n H H e  c p e A c T B  (OCHOBHHX H 



O ~ O P O T H H X  @OHAOB), HaXOnRqHXCII  B paCIIOpHHCeHHH AaHHOrO np0AIIpH- 
RTHII. P ~ H T ~ ~ ~ J I ~ H o c T ~  ~oJI~II IHHcTB~ HOPMaJIbHO A ~ G C T B Y I O ~ H X  rOPHbIX 

I I ~ ~ A I I ~ H R T E I ~ ~  HaXOAHTCR B IIpeAeJIaX 5-20 %. 
Koa@@uy Ut?~.m 6ClEpbZULU - OTHOIIIeHHe KOJIH¶eCTBa IIYCTbIX IIOPOA, 

yAanneMMx npn p a 3 p a 6 0 ~ ~ e ,  K KonHsecTBy ~ 0 6 1 a ~ a e ~ o r o  npn  TOM 
IIOJIe3HOI'O HCKOIIaeMOrO. Pa3JIEI¶aH)T C P ~ ~ A H H ~ ~ ,  K O H T Y P H ~ I ~ ~ ,  T € ! K Y ~ H ~ ~ ,  

rpa~Hn~bIf i  H ApyrH0 K O ~ @ @ H ~ H ~ H T H  BCKPbIIIIH. C P e A H H fi K 0 3 @ - 
@ M q H e H T B C K p hl EI H - 3T0 OTHOEIeHHe BCerO 06'be~a BCKpbIluH 

B KoHType Kapbepa KO BceMy o 6 a e ~ y  none3~oro HcKonaeMoro B Tex z e  . ' 

KOHTYPIX; OH O ~ ~ I ¶ H O  H0 IIPeBhlIIIaeT 4-5, p0HFe 8-10 a3/x3. p a - 
H H P H hI fi ,  HJIH aKOHOMH¶eCKH IIPeneJIbHO AOIIYCTIIMP~~, KO~@@H~H€?HT ' 

BCKPbIIIIH COCTaBJIHeT 5-10, HHOrAa AOCTHraH 14-16 .W3/.W3. 
Ce6ecmouxocmb -  TO s a ~ p a ~ ~ ,  npHxoAcIqHecR Ha I m A O ~ ~ I T O ~ O  

none3~oro HcKonaeMoro ( ~ o ~ a p ~ o f i  n p o n y ~ q m )  H cKnaAHsalolqmecR 
H3 3aTpaT C O ~ C T B ~ H H O  H a  ~ 0 6 ~ 9 ~  H H a  BCKPbIIIIY: 

rAe C, - c e 6 e c ~ o ~ ~ o c ~ b  1 m noneaHoro ncKonaeMoro, py6.; 
C, - a a ~ p a ~ b ~  H a  1 m g o 6 n s ~  nonea~oro  HcKonaeMoro (6e3 a a ~ p a ~  

Ha B C K ~ ~ I I I I ~ ) ,  py6.; 
k - K O ~ @ @ H ~ E ~ ~ H T  BCKPbIIIIH, .W3/m; 

C, - s a ~ p a ~ b ~  H a  1 x3 BCKP~IIIIH, py6. . 
n o n ~ a ~  c e 6 e c ~ o ~ ~ o c ~ b  I m nonea~oro  HcKonaeMoro O T K P H T ~ I ~ I  

cnoco60~ K O J I ~ ~ J I ~ T C R  OT 0,5-1,o no 3-4 py6/m H 6onee. 
3 a ~ p a ~ b 1  Ha ~06b1sy I m nonea~oro  EzcKonaeMoro C, 0 6 n s ~ o  coma- 

B J I R ~ T  0,5-1,2 py6., a s a ~ p a ~ b ~  Ha  1 x3 B C K P ~ I ~ H  - OT 0,l-0,2 
no 0,8-1,O py6. B o61q~x aKcnnyaTaqHoHHbIx a a ~ p a ~ a x  a a ~ p a ~ a r  Ha 
~ c ~ p b ~ m y  06b1s~0 n p e o 6 ~ 1 a ~ a m ~ ,  cocTasnscI sacTo 50-70% H 6onee. 
~ T H M  O ~ ~ R C H R ~ T C I I  OTJIH¶HTeJIbHaR O C O ~ ~ H H O C T ~  O T K P ~ I T O ~ ~  pa3pa60~KH - 
60~1bmoe s~aseane  BCKPHIIIH~IX pa6o.r. 

Bce 3 ~ c n n y a ~ a q ~ o ~ ~ a r e  a a ~ p a ~ b ~  p a 3 n e n ~ m ~ c ~  cooTseTcTseHHo 
no onepaqnm TexHonorHsecKoro npoqecca: 6 y p e ~ ~ e ,  ssparsa~ne,  
3KCKaBaqHR, TpaHCIIOPTHPOBaHHe, O T B ~ J I O O ~ ~ ~ ~ O B ~ H H ~  H T. A. Ha~60~1b-  
maR AOJIR s a ~ p a ~  naAaeT H a  ~ p a ~ c n o p ~  (35-50%), a Taxme Ha  3KCKa- 

BaqHIO (15-25%). B KpeIIKHX JIOpOnaX 60~1bmofi y~eJIb~hlfi BeC HMeIOT 

TaKze 6 y p o s a p n ~ ~ n e  pa60~b1 (15-25%), a B Marmx noponax - 
O T B ~ J I O O ~ ~ ~ ~ O B ~ H H ~  (15-20 %). 

3 a ~ p a ~ b 1  H a  xawnniir npoqecc BKnrosamT, B CBOH) osepenb, cneny- 
m q ~ e  anemHTsc a a ~ p a ~ :  a a p a 6 o ~ ~ y r o  nnaTy, onnaTy a n e ~ ~ p o a ~ e p r n ~ ,  
MaTBPHaJIOB, PeMOHTa, OT¶HCJIeHHR Ha aMOPTH3aqHI0, IIJIaTy 3a 

060pyjqo~aHHe H T. A. 
c~aJIFlTaJIbHhI0 3aTpaThl Ha CTPOHTeJIbCTBO KaPbePOB ~060~1bmofi 

MOI@IOCTEI B IIPOCTbIX YCJIOBHHX 3KCIIJIyaTaI(HH COCTaBJIHloT HeCKOJIbKO 

jl0CRTKOB HJIH COT0H ThICH¶ py6~1efi, a H a  CTPOHTeJIbCTBO KPYIIHbIX I'OPHO- 
o ~ o ~ ~ T H T ~ J I ~ H H x  K O M ~ H H ~ T O B  - ReCRTKH H COTHH MHJIJIHOHOB py6~1ef. 
KanH~aJIbHhIt3 8aTpaTbI MOrYT BKJIanbIBaTbCR He TOJIbKO B IIePHOn CTPO- 
HTeJIbCTBa, HO H B IIBPHOA 3KCIIJIyaTaqHH AJIR YBeJIHPeHHR IIpOH8BOn- 

AJIR ~ K O H O M H ~ ~ C K O ~ ~  0qeHKH y ~ 0 6 ~ 0 f i  @OPMO$ H3MepeHliR HBJIRH)TCR 

yAeJIbHhI0 KanHTaJIbHhIe 3aTpaTN, T. e. OTHOUIeHHe KaIlHTa.rIbHbIX BaTpaT 
K ~ ~ P O H ~ B O A C T B ~ H H O ~ ~  MOWHOCTH IIPeAIIPHRTHR. n0JIb3yR~b B~JIH¶HHo~~ 
YneJIbHhIX KaIlHTaJIbHbIX 3aTpaT, MOHFHO ~ P E Z ~ J I E I ) K ~ H H O  OIlpeAe.TBTb 

rne K - KanHTanbHne s a ~ p a ~ b ~  Ha CTpomTenbcTBo Hapbepa, MJIH. py6.; 
I7 - rOAOBaR IlPOH3BOACTBeHHaH MOWHOCTb Hapbepa, MJIH. m; 
d - ynenbme KanlzTanbHne s a ~ p a ~ b ~  Ha I m I I ~ O H ~ B O ~ C T B ~ H H O ~ ~  

MOWHOCTH (B CpeAHeM OHH COCTaB.rIRH)T RJIR YrOJIbHbIX H PYAHbIX 

KapbepOB 14-20 py6/m), py6. 
B~HFHPM I I O K ~ ~ ~ T ~ J I ~ M  tIBntIeTcH CPOK OKynaeMocTm IianHTanbHMx 

3aTpaT, K O T O ~ H ~ ~ [  06b19~0 He AOJIHCeH IIpeBHIIIaTb 7-10 JIeT. 

~ P O H ~ B O ~ H T ~ J I ~ H O C T ~  TPYAa TpyAHWHXCR XapaKTepH3yeT TpyAO- 
eMKOCTb H YPOBeHb MeXaHH3aqHH O T K P ~ I T M X  rOPHbIX p a 6 o ~ .  npt i  3TOM 
BaHEHbIM HBJIReTCH He TOJILKO YPOBeHb IlPOH3BO~HTeJIbHOCT1I TPYAa, 
HO TaKHFe TeMIIbI ee POCTa.  TaK, eCJIH B 1950 r. IlPOH3BOAHTeJIbHOCTb 

-. -TpyAa pa6osero Ha yronbHHx Kapbepax cocTaBnRna 96,3 mlxecsy, ' 
TO B 1966 r. oHa y z e  cocTasnna 249,5 mlxecfiy. ~ ~ O H ~ B O A H T ~ J I ~ H O C T ~  

Tpyna pa6osero Ha  PYAHHX Kapbepax ysennsnnacb 3a nocnemme 10- 
15 neT 6onee s e M  B 2 pasa H cocTasnReT 50-75 m r o p ~ o f i  MaccM H a  

OAHOrO pa6osero B CMeHy. Cpen~He TeMnbI POCTa  npOH3BOAllTeJIbHOCTH 
TpyAa Ha Kapbepax 3a nocnenme 20 neT KOJI~~J I IOTCR B npenenax 5- 
d0% B ron. 

n0Ka3aTeJIH IIPOH3BOAlzTeJIbHOCTH rOPHOTpaHCnOPTHOI'0 O~OPY$(O-  
BBHHR XaPaKTePH3YH)T er0 MOWHOCTb H CTeIIeHb HCIIOJIb30BaHHR. 0~11 ,  
T a K  HE0 K a K  H nPOH3BOAHTeJIbHOCTb TPYAa, CHCTeMaTH¶eCKH J'JIY9IUaH)TCR 
B pe3yJIbTaTe TeXHH¶eCKOrO IIpOrpeCCa. 



P A 3 A E J l  B T O P O I ?  

TEXHOJIOI'IIR 6YPOB3PblBHblX PABOT HA KAPbEPAX 

PJlABA I V  

TEXHOJIOFHYECKHE TPEBOBAHHR K BYPOB3PbIBHbIM 
PABOTAM 

H p H  JIOarOTOBKe I'OPHbIX IIOPOA K BbIeMKe C HCIIOJIb30BaHHt;M 3 H e p -  
r H H  B3PbIBa H ~ O ~ X O A H M O  O ~ ~ C I I ~ ~ H B ~ T ~ :  T ~ ~ ~ ~ € J M Y I O  C T e n e H b  HHTeHCHB- 
HOCTH H PaBHOMePHOCTH A P O ~ J I ~ H H R  B ~ O P B ~ H H O G  I ' O P H O ~  MaCCbI; OnTH- 
MaJIbHyH, i # o p ~ y  tI p a 3 M e p b I  0 ~ 6 ~ ~ 0 2  ropaoii MaCCht, YAOBJIeTBOPR- 
IOmYH) 6 e 3 0 1 1 a c ~ b 1 ~  YCJIOBHHM pa6o . r~  CpeACTB IIOI'pY3KH; IIOJIHOTY 
I I P O ~ ~ ~ O T K H  IIOAOIUBbI YCTYIIa 6e3 OCTaBJIeEHII nOPOrOB,  3BTPYAERIOQHX 
p a 6 o ~ y  3KCKaBaTOpa  N ~pe6y101qcx 3HanHTeJIbHbIX PaCXOqOB CpeACTB 

H BpeMeHH H a  HX JIHKBHAaqHIO; COXpaHeHHe O T H O C H T ~ J I ~ H O ~  MOHOJIHT- 
HOCTH MaCCHBa IIYTeM O C J I ~ ~ J I ~ H H I I  A ~ G C T B H R  B 3TOM H a n p a B J I e H H H  B 3 p b I B a  
K p a f i H e r 0  K MaCCHBY P I I A a  3aPRAOB; MHHHMaJIbHOe C~~?ICMH¶€!CKO~ ~ e i i -  
CTBHe B3pbIBa  H a  MaCCHB, a CJIeAOBaTeJIbHO, H O K p y X a I O I q H e  K a p b e p  
T e x H H n e c K H e  EI r p a x n a H c K H e  ~ A ~ H H I I ,  a T a K x e  C o o p y x e H H t I ;  co3na~ne 
B 3a6oe ~ p e 6 y e ~ o r o  sanaca pa3parxne~~oro M a T e p H a n a ,  A o c T a T o n H o r o  

AJIH 6 e c n e p e 6 o B ~ o ~  p a 6 o ~ b 1  3KCKaBaTOPOB; BHCOKYIO 3KOHOMHPHOCTb 
H ~ C ~ O ~ ~ C H O C T ~ , ~ ~ ~ O T .  

HYCICH IIOPOHbI M a K C H M a J I b H b I X A p a 3 M e p 0 ~  AOJI>KHbI C B O ~ O A H O  IIOMe- 
WaTbCH B KOBI[Ie 3 K C K a B a T O p a ,  nPOXOAHTb ¶ O p e 3  IIpHeMHOe OTBepCTHe 

6ynrcepa ~ p o o ' r r n ~ a  H T. a. H a n 6 0 n b m ~ i i  J ~ H H ~ G H H ~ ~  p a ~ ~ e p  K ~ C K O B  
IIOPOAbI B 3aBIICITMOCTH OT eMKOCTH KOBIlIa 3KCKaBaTOPa  OIIPeAeJIIIIOT 

no i#op~yne  

r A e  E - e M K o c T b  K o B m a  a K c K a s a T o p a ,  m3. 
HYCKH, n p e B b I m a r o q H e  yxa3a~~b1ii  p a s ~ e p ,  H ~ ~ I ~ B ~ I O T C F L  ~eza6apum- 

HMinU H IIOABepl'aIOTCII BTOPHPHOMY A P O ~ J I ~ H E I I O .  
no YCJIOBHIIM 6eaonac~oc~&i pa6o . r~  3KCKaBaTOpa  BbICOTa H a B a J I a  

r o p ~ o i i  M a c c b I  H e  R o n x H a  n p e m m a T b  ~am6onbmy10 BHCOTY ero nepna- 

46 

rAe R,. , - P a A H y C  ¶ e p n a H k i R  3 K C K a B a T O p a  H a  r O p H 3 0 H T e  YCTBHOBKH, in;  
R, - p a A n y c  p a a r p y s ~ ~  a K c K a B a T o p a ,  s; 

C - PaCCTOREHe OT H H H E H ~ ~  KPOMKEI p a 3 B a J I a  IlOpOAbI A 0  OCH 
1 norpyaonaoro n y ~ ~  ( ~ e  M e H e e  3 in) ,  in. 

Ha c o s p e M e H H M x  K a p b e p a x  nprx B M c o T e  y c T y n a  15-17 i n  ~ 6 o n e e  
B a o p s a H H y m  nopony norpyxam 3a ,qsa npoxoaa a ~ c ~ a ~ a ~ o p a .  Ha 
pnc. 10 n o ~ a 3 a ~ a  c x e M a  K o n p e A e J r e H H r o  p a 3 ~ e p o ~  pa3~ana  n o p o q b I  

I 
PHO. 10. Cxeaa K onpe- 
neaeuwm paaMepos pas- 
sana noponbl OT aspbrsa 
npu y6op~e aa use aa- 

XOnKW 

r A e  U - n p e ~ e J I b ~ b I B  Y r O n  IIOBOpOTa 3KCKaBaTOpa  OT OCEl er0 XOAa 
B CTOpOHy CpeACTB T p a H C n O p T a  ( 0 6 ~ 9 ~ 0  U = 45' H sin U = 
= 0,7). 

~ H P H H ~  p a 3 B a J I a ,  y6npac~oro 3a ABa IIpOXOAa 3 K C K a B a T O p a ,  Ee 
A O J I Z H a  J I p e B I a m a T b  

B" = 2B' = 3,4R,. ,, i n ,  (IV94) 

~ O J I H O T ~  n p o p a 6 0 ~ ~ ~  IIOpOUIBbI Y C T y n a  3aBHCHT OT PI IAa  @BKTO~)OB,  

OCHOBHbIMH H a  KOTOPbIX IIBJIIIIOTCII: BeJIHPHHa COIIPOTHBJIeHHH MaCClIBa 
no JIHHHH IIOAOmBbI YCTYIIa; THII BB; H a n H n H e  nepe6ypa CKBaXkiHId 
E B e n n s n H a  sapcr~a BB B HeM; M e c T o n o x o x s e a H e  T O ~ K H  H H I T ~ ~ Y I P O B ~ E H E I  
yAJIHHeHHOr0 3 a p ~ A a ;  p a C n O J I O K e H H e  y,L(JIHFleHHbIX 3apI IAOB BB QTHO- 
CHTeJIbHO IIJIOCKOCTH 3a6011 H OpHeElTHPOBKa TpeIqFfH OTROCHTeRbHO 
paCI lpOCTpaEeHHII  @ ~ O H T ~  B3pbIBa .  



OIITHM~JI~H~IM COWTaHHeM IIepe¶HCJIeHHhIX BbIIIIe @BKTOPOB AOCTH- 

r a e T c R  n o n H a R  n p o p a 6 0 ~ ~ a  I IoAomBbI  y C T y n a .  B T a K o M  3a6oe H e  T O J I ~ K O  

yBeJIH¶HBaeTCR IlpOH3BOAHTeJIbHOCTb p a 6 o ~ b 1  a K C K a B a T O p a ,  HO H CHH- 

X a e T c R  s a c T o T a  IIOJIOMKH Y ~ J I O B  M e x a H H a M a  sepnamw H x o A o B o r o  

~ e x a ~ ~ s ~ a .  O T C ~ T C T B H ~  n o p o r o B  B 38608 s I c c K a s a T o p a  H e  H a p y m a e T  

pHTMH9HOCTH p a 6 0 ~ ~  IIO I I0 I ' py3Kel  T p a H C n O p T H p O B a H H I o  I ' opHof i  MaCCbI, 

a T a K x e  H 0 6 y p ~ ~ a ~ r n l 0  o s e p e A H o r o  y s a c T K a  A n R  pHxnexm nopon 
B3PbIBOM. 

n p H  HeKOTOPhIX YCJIOBHRX B3PbIBaHHR,  H a I I P H M e P  3Ha¶HTeJIbHbIX 

COIIPOTHBJIeHIiRX IIO IIOAOIIlBe, 3 a H H X e H H b I e  HHTePBaJ IM B p e M e H H  3a- 
MeAJIeHHR I I p H  KOpOTKO3aMeAJIeHHOM B3PbIBaHHH (IC3B), B 3 p b I B a H H e  

H a  ~ e y 6 p a ~ ~ y H )  H 3  3 a 6 0 ~  rOPHYH) MaCCy,  I IpHMeHeHHe IIOpRAHbIX CXeM 

B3PbIBaHHR 12 T. A.,  BbI3bIBaH)T 3Ha9MTeJIbHbIe HaPYII IeHHR B TbIJIY Mac-  

cma ,  ~ a a b ~ ~ a e ~ b ~ e  ~ ~ K O A ~ Y U .  H a n ~ w f e  ~ ~ K O J I O B  o ~ a 3 ~ ~ a e ~  o ~ p ~ q a ~ e n b -  

H o e  BJIHRHHe H a  n O C J I e A y I o m e e  6ype~me CKBBHEHH, HX COXpaHHOCTb 

no a a p ~ w a n n i  H K a q e c T B o  ,I(PO~JI~HEZII H a p y m e H H o r o  a a ~ o n a ~ ~  M a c c n s a .  

Hapymenn~H 3aKOJIaMH YCTyII I IpeACTaBJIReT OIIaCHOCTb Ann p a 6 o ~ ~  
O~OPYAOBBHHR IIO O~YPHBBHHIO H a  YCTYIIe H 3 K C K a B a q H H  B 3a6oe. 
n p H B e A e H H R  TaKOrO YCTyIIa  B 6e3011ac~oe COCTORHHe H ~ O ~ X O A H M O  IIPO- 

BeAeHHe 6 0 ~ 1 b m o r o  0 6 ' b e ~ a  p a 6 o ~  no JIHKBHAaqHH ~ ~ B H C ~ H E I ~ ~ .  ~ P ~ K T H K ~  

IIOIia3bIBaeT,  ¶TO IIPOH3BOAHTeJIbHOCTb ~ Y P ~ H H R  I I e p B O r O  K 6 p o ~ ~ e  
y c T y n a  p R A a  c K s a w m n  c n E i x a e T c R  no C p a B H e n H m  c 6 y p e ~ ~ e ~  nocne- 
AYIoQHX PRAOB H a  15-30%, O C O ~ ~ H H O  B y C T y n e ,  HapyIUeHHOM 3a- 
KOJIBMH. 

COKpaLL(eHHR BpeMeHII  IIpOCTOR, BbI3bIBaeMOrO H ~ O ~ X O A H M O C T ~ H )  

YAaJIeHMR H 3  K a p b e p a  p a 6 o s ~ x  H BbIB03a  O ~ O P Y A O B ~ H E I R  H a  6 e 3 0 n a c ~ b 1 e  

PaCCTORHHR BO B p e M R  IIOAI'OTOBKH K B3PbIBY H B3PhIBaHHH,  H a  K a p b e p a X  

CTPeMRTCR YBeJIHqHBaTb M ~ C I I I T ~ ~ ~ I  B3PbIBOB. B p e 3 y J I b T a T e  3a OAHH 

I IpHeM B3PbIBaH)T AeCRTKEI, a ¶aCTO H COTHH TOHH BB. ~ O ~ T O M Y  3Ha¶H- 

TeJIbHO B03pOC C ~ ~ ~ C M H P ~ C K E I ~ ~  B @ @ ~ K T  IIpOMbIIUJIeHHbIX BBPbIBOB, BpeAHO 

BJIHRIOmHX H a  COXpaHHOCTb 3 ~ a ~ E I f i  H C O O P Y H E ~ H H ~ ~ ,  HaXOARIII,HXCR 

H a  ~ e 6 o n b m ~ x  P a c c T o R H m x  OT K a p b e p a .  k Z 3 y s e ~ ~ e ~  n y ~ e i j r  C H H x e - .  

HacI  c e f i c ~ ~ s e c ~ o r o  s++e~c~a  OT n p o M H m n e H n o r o  B ~ P ~ I B ~  B H P ~ ~ O T ~ H H  

HeKOTOpbIe H H X e H e p H b I e  C I I O C O ~ ~ I  ABeAeHEfR B3PbIBHbIX p a 6 o ~ ,  n p H  

KOTOPbIX YMeHbILIaeTCR C ~ ~ ~ C M I ~ ¶ ~ C K O ~  A ~ ~ ~ C T B H ~  B3PbIBa  683 YMeHb- 

meHEIR eI'0 I V I ~ C I I I T ~ ~ O B .  

fi TaKHM C I I O C O ~ ~ M  OTHOCRTCR: YMeHbmeHMe A H a M e T p a  3aPRAOB BB, 
I I P ~ B H J I ~ H ~ I ~ ~  I I O A ~ O P  H H T e p B a J I a  B p e M e H H  3aMeAJIeHHR U p H  IC3B1 PaC-  

IIOJIOlKeHHe 3 a p R A O B  H B H ~ O P  H a I I p a B J I e H H R  O T ~ O ~ ~ K L I  C y¶eTOM 4a~eJIa 
HaIIpaBJIeHHOCTH CHJIbI C € ! ~ ~ M H ¶ ~ C K E I X  K O J I ~ ~ ~ H H ~ ~ ,  I IpHMeHeHHe I I p H  

0 ~ 6 0 f i K e  HaKJIOHHbIX CKBaXHHHhIX 3aPRAOB BB H AP.  
AJIR C O ~ A ~ H H R  B 38608 H C O ~ X O ~ E I M O ~ O  aanaca no,qro~o~nennoiir 

K F B b I e M K e  I ' O P H O ~ ~  MaCCbI, O ~ ~ C I I ~ ¶ H B ~ I O Q ~ ~ O  6ecnepe60ii~ym p a 6 o ~ y  
no ~ o 6 b 1 s e ,  na1~6ojree s a c T o  IIpHMeHHlOT ~ J I O K O B O ~  0 6 y p ~ ~ a n n e  H B3PbIBa-  

H H e  YCTynOB. n p H  3TOM 3KCKaBaTOPHbIe ~ ~ O K H  IIO AJIHHe pa36n~a10~ 
H a  TPH y q a c T K a  ( p ~ c .  11). Ha y s a c T K e  I BeAeTcR n o r p y a ~ a  p a 3 p b 1 x n e n -  

~ 0 i i  IIOPOAbI, Y¶aCTOK I I  HBJIHeTCR pe3ePBHbIM,  a y¶aCTOK III  0 6 y p ~ -  
BaeTCR C BepXHeI'O I 'OpH30HTa H IIOArOTaBJIHBaeTCR K MaCCOBOMY B 3 P P B Y .  
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PHC. i i .  A m m e  6noxa ma VacTKu 

c o 3 ~ a ~ a ~  H a  y p o B H e  n o A o l r r s b I  K o T e n ,  K y A a  n o M e u a I o T  ycnnen~niir 
a a p ~ ~  BB. 

B ~ P P B H ~ I ~  CKBaXHHbI  B 3aBHCHMOCTH OT TeKCTYPbI O T ~ E I B ~ ~ M O I ' O  
MaCCHBa H ~ac111~a6a IIpeAIIpHHTHR ~ Y P H T  AHaMeTpOM 100-300 dtdt .  

Ha~6onee  p a c n p o c ~ p a ~ e ~ ~ b ~ i i  A H a M e T p  c K s a x m  200-250 %in. B no- 
AaBJIRIomeM ~ O J I ~ I I I H H C T B ~  CJIyYaeB CKBaXHHbI  ~ Y P R T C R  BePTHKaJIbHO. 

3 ~ a s ~ ~ e n b ~ o  pexe HX pacnonaram H a K n o H H o ,  IIOA y r n o M  K BepTsxKanH 

15-25". ~ o ~ H ~ o H T ~ J I ~ H o ~  PaCI IOJIOXeHHe CKBaHEHH IIPHMeHReTCR BeCbMa 

p e n K O  H TOJIbKO n p H  OTHOCHTeJIbHO J l e r K O  ~ Y P H M H X  IIOpOAaX B CBRBH 

6 OTCYTCTBHeM CpeACTB AJIR IlPOH3BOAHTeJIbHOI'O 6 y p e ~ ~ ~  B I 'OpH30H- 

T ~ J I ~ H O M  H a n p a s n e m m .  

r n y 6 ~ ~ a  BepTEiKaJIbHbIX M HaKJIOHHhIX CKBaHEEiH IIPeAOIIPeAeJIIIeTCR 

BHCOTOH y c T y n a ,  a n o c n e A H R R ,  K a K  y ~ a 3 ~ ~ a n o c b  B b I m e ,  ~ b 1 6 ~ p a e ~ c ~  

133 Y C J I O B H ~ ~  6e3onac~oii p a 6 o . r ~  norpy3os~oro  0 6 0 p y ~ o ~ a ~ H R .  B CBRaH 

c ~ T H M  my6m~a c m a x E i H  H a  K a p b e p a x  H ~ M ~ H H ~ T C R  OT 14 AO 30 a. IIPH 
o ~ 6 0 i i ~ e  CABOeHHbIMEl YCTYIIaMH m y 6 m ~ a  CKBaHEHHbI IIPHHHMaeTCR P a B -  

HOG C,I(BO~HHO~~ BbICOTe YCTYIIa nJIIOC nepe6yp, I IpHMepHO P ~ B H H ~  0,3 
JIHHHH COIIPOTMBJIeHHR IIO IIOAOIUBe (JICn). 

Ann BTOPHsHbIX B3PbIBHbIX p a 6 o ~  B OCHOBHOM HCIIOJIb3YIOT 3 a P R A h I  

B I I I I IYP~X,  n p 0 6 y p e ~ ~ h 1 x  B r~1b16ax n o p o ~ ~  H a  1/2-2/3 HX T O J I I ~ H H ~ I .  

U p H  aTOM YCTbe JIIIIypOB ~ ~ I I O J I H R ~ T C R  n ~ 6 0  HH~PTHOG 3a6ofi~oiir, nu60 
SaJ IHBaeTCR B O A O ~ ~ .  B IIOCJIeAHeM CJIy¶ae npHMeHII IoT  ~ o ~ o y c ~ o i i r s ~ ~ o ~  BB 
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TEXHOJIOFHR, MEXAHH3AII,HH H OPFAHM3AII,HH 
EYPEHHR B3PbIBHbIX CKBAXHH 

Bypoemmu p a 6 o m a n t u  Ha3bIBaIOTCR pa60~b1 no IIpOBeAeHHIO HCKyC- 

C,TBeHHbIX IIJZJIHHAPWBCKHX yrny6ne~mH (IIoJIoc~efi) B MaCCHBe ( I I I I IypoB 
H C K B ~ W H H )  C IIOMOqbIO ~ Y P O B M X  MaIIIHH. 

m n y p 0 m  Ha3bIBaIOT HCKyCCTBeHHOe 4EzJIHHAPaPeCKOe yrJIy6JIe~~e 
B I 'o~HoP IIOpOAe AHaMeTpOM A 0  75 ntnt  H m y 6 ~ ~ o P  A 0  5 nt. 

C X ~ ~ X U M Z  - HCKyCCTBeHHOe ~ H J I H H A p H P e C K O e  y r n y 6 ~ 1 e ~ ~ e  Al la -  

MeTPOM 60nee 75 ax I I p H  r n y 6 ~ ~ e  A 0  5 nt  IT ~11o6oro A H a M e T p a  n p H  
r n y 6 ~ ~ e  60~1bme 5 nt. 

OCHOBHO~ ~ a 3 ~ a q e ~ m e  IIIIIYPOB H c K B a x H H  - p a 3 ~ e q e ~ ~ e  B H m x  

3 a P R A O B  BB Ann p a 3 p y m e ~ ~ ~  r o p H b I x  IIOPOA. Bce cnoco6b1 6 y p e ~ m ~  
O ~ ~ ~ A H H R I O T  B Ase r p y n n M :  M e x a H H n e c K o e  6 y p e ~ ~ e  c I I O M O ~ ~ H )  IIOPOAO- 
paapymam~q~x  H H c T p y M e H T o B  H H e M e x a H H P e c K o e  G y p e ~ ~ e ,  npn KOTOPOM 

p a 3 p y U I e H H e  IIOpOAbI BbI3bIBaeTCR RBJIeHHRMH ~ J I ~ K T P O ' # I ~ ~ E I ¶ ~ C K O ~ O  IIO- 

p R A K a  ( H a r p e B ,  ~ J I ~ K T ~ H P ~ C K H ~ ~  p a 3 p R A ,  y J I b T p a 3 B y K O B b I e  BOJIHbI, B3PbIBbI 
c n e q E a n b a M x  ~ ~ P R A O B  H T. A.). 

ITo xapamepy pa6o . r~  pa6o.rero o p r a H a  M a u m H b I  H 11opo~opa3pyua- 
IOII(er0 HHCTPYMeHTa BbIAeJIRIOT YeTbIpe  cnoco6a MeXaHHPeCKOrO 6ype- 
HHR: y ~ a p ~ o - ~ O B O P O T H O ~  ( y ~ a p ~ o e ) ,  B p a q a T e n b H o e  6 y p e ~ ~ e  p e 3 a ~ m e ~ ,  
Y A a p H O - B p a q a T e J I b H O e ,  B p a w a T e J I b H O - Y A a p H W .  

B K a p b e p a x  p a c n p o c T p a H e H b 1  nepsbIe TPH cnoc06a 6 y p e ~ ~ ~ .  Y ~ T -  
B e p T b I g  cnoco6 IIpHMeHReTCR n p H  6 y p e ~ m ~  I I I n y p O B  IIO nOpOAaM c p e ~ ~ e f i  
KpenOCTH H KPeIIKmM IIOpOAaM B IIOA3eMHhIX YCJIOBHRX. 

M 3  HeMeXaHmYeCKHX C ~ O C O ~ O B  6 y p e ~ l l ~  IIPaKTHYeCKOe 3 ~ a ~ e H I l e  

m e e T  ~ e p ~ m u e c ~ m i i  cnoco6. ITpur~enen~e AJIR IIPOXOAKH c K B a x m  

3 H e p r H H  B 3 P b I B a ,  rHAPaBJIHYeCKOr0  I1 3JIeKTPOrHAPaBJIHPeCKOrO 3 $ # @ ~ ~ a ,  
3XeKTpOMarHKTHblX H YJIbTpa3BYKOBbIX K O J I ~ ~ ~ H R & ,  IIJIa3MhI H T. A., 

XOTR H FIBJIReTCR IlePCIIeKTHBHbIM, HO ewe HaXOAHTCR B CTaAHH HCCJIe- 
AOB~FIHG H ~ c n b I T a ~ n i i .  0 6 n a c ~ b  npMMeHeHHR T o r 0  HJIH HHOrO C I I O C O ~ ~  

6 y p e H H ~  o n p e A e j I R e T c R  ' # ~ ~ H K O - M ~ X ~ H ~ Y ~ C K ~ M H  C B O ~ ~ C T B ~ M H  r o p H u x  

nopon: B p a q a T e m H o e  6 y p e ~ ~ e  p e 3 a ~ ~ e ~  - B nopogax K p e n o c T b I o  

M e H e e  6; YAapHO-Bpa lqaTeJ IbHOe - B n O p O A a X  K p e n O C T b l o  10-18; I I IapO-  
IIIe'IHOe 6ype~me - B noponax KpenOCTbIO 6-14; yAapH0-IIOBOpOTHO0 

( y ~ a p ~ o - K ~ H ~ T H O ~ )  - B noponax K p e n o c T b m  10-18; T e p M H n e c K o e  ( o r ~ e -  
~ o e )  6 y p e ~ ~ e  - B nopogax s ~ c m e i i  c T e n e H H  K p e n o c T E i .  

I- 

B p a q a ~ e n b n o e  6 y p e ~ a e  B nopoaax K p e n o c T b I o  M e H e e  6 ocyqe- 
(T~'BJI~~TcII 6 Y P ~ ~ b I ~ a  C T ~ H K ~ M H  C ~ ~ ~ I J O B O ~ K  OPOHKOG H JIIH~KOBOG m T a H -  
r0f. ~ T H M H  CTaHKaMH MOWHO 6ypm~b CKBamHHbI  AHaMeTPOM 125- 

C Y ~ H O C T ~  B p a q a T e J I b H O I ' O  ~ Y P ~ H H R  3aKJI I09aeTCR B TOM, YTO 6ypo~oG 
C H a p R A  H 3  I I I T a H r  IlIHeKOBOI'O THIIa  C pe340~0fi K O P O H K O ~ ~ ,  ~ ~ A J ' ¶ H  I IpH-  

m a T  K 3a6010 C K B a x H H M  3a c P e T  B e c a  mama ,  n o n Y g a e T  s p a q e m e  OT 

B p a W a T e J I R  CTaHKa.  Pe3qhI KOPOHKH I I P H  B p a I q e H H H  IIPOH3BOART B 38608 
CKBaHCHHbI C p e 3 a H H e  IIOpOAhl, KOTOPaR B BHAe MeXOYH HeI IpepbIBHO YAa- 

JIReTCR H 3  CKBaWHHbI CIIHPaJIbHbIMH BHTKaMIl JIITaHr.  YHCJIO O ~ O P O T O B  
6ypo~oro  C H a p R A a  COCTaBJIReT O ~ ~ I ~ H O  200-300 B MHHyTY n P H  OCeBOM 

AaBJIeHHH A 0  400 KT. ~ P H  B p a l q a T e J I b H O M  6 y p e ~ ~ ~  C K B a H H H  H a  JTOJIb- 
HbIX K a p b e p a X  B H a C T O R q e e  BPeMR IIPHMeHRIOT HeKOTOpbIe M a P K H  CaMO- 

XOAHbIX CTaHKOB, TeXHHYeCKaR X a p a K T e p H C T H K a  KOTOphIX n p H -  

B e A e H a  B T ~ ~ J I .  3. 
T a 6 n ~ r q a  3 

Temnnec~aa Xap&lKTepHCTHKa CTaHKOB B p a l q a T ~ b H O r O  ~ U H ~ K O B O ~ O  6 y p e ~ ~ a  * 

Mapaa CTaHKOB 
IIoKaaaTenH 

IIEC-ii0 (ECH-HO 1 CBB-1 I C B 6 3  

A ~ i a ~ e r p  casamaa, w . . . . . . . . .  
. . . . . . . . .  J 'ny6n~a 6ype~n~1 ,  at 

O c e ~ o e  AasneHne ( s e c  spaqaTena c snen- 
. . . . . . . . .  ~ p o a s n r a ~ e a e ~ ) ,  KT 

'~HCXO 0 6 0 ~ 0 ~ 0 ~  6yposoro EIHCTpYMeATa 
B MHEyTy . . . . . . . . . . . . . .  

. . . . . . . . .  A n a M e ~ p  IIITaHr, &.ll 

. . . . . . . . . . .  A ~ u H ~  IIITaHr, dL 
. . . . . . . .  H a n p a ~ n e ~ ~ e  6 y p e ~ m  

. . . . . . . . .  Cnoco6  IIepeABEmeHHH 
R ~ O Q H O C T ~  a n e K T p o a s a r a T e n n  Ann 6ype- 

HUB, R B r n  . . . . . . . . . . . . . .  
b l o ~ ~ a o c ~ b  aneKTpoas I r r a renn  nepeasnme- 

HUH CTaHKa EI IIOH'beJIa UHCTpyMNTa, 
. . . . . . . . . . . . . . . .  s r n  

. . . . . . . . . . . .  3 r Bec CTaHKa, nl 

CornacHo rOCT 13748-68 c i msaprr 1970 r.  B H O B ~  Bhlnycaaeme cTalIaa aToro Tana 
HhlelOT Mapay CBP B 3aBEICHMOCTH OT MOlqHOCTM K RuaMeTpa 6ypenx.m - CBP-12 5 K CEP-160. 

Ha pHC. 12 J lOKa3aHhI  CTaHKH B p a q a T e J I b H O r O  6 y p e H H R .  

C T ~ H O K  BCH-110 npHMeHReTCR AJIR 6 y p e ~ ~ ~  BePTHKaJIbHbIX H H a -  
KJIOHHhIX B 3 P P B H b I X  CKBaH(HH IIO YrJIH) H MRrKHM IIOPOABM KPelIOCTbIo 
2-4. Bce MeXaHH3MbI CTaHKa CMOHTHpOBaHhI H a  P a M e ,  ABHraTeJ Ib  IIOA- 

BBIIIeH Pepe3 ~ J I O K  H a  K a H a T e ,  H BMeCTe C PeAYKTOPOM CKOJIb3HT IIO H a -  

I I p a B J I R I O q H M  T ~ Y ~ ¶ ~ T H M  C T O ~ K ~ M .  AJIR IIBPeABEl)fCeHH% CTaHOK 
HMB0T MeXaHH3M m a r a H H R .  C T ~ H O K  CBB-2 I I p e A H a a H a n e H  n n %  6 y p e ~ m  
BBPTHKaJIbHhIX H HaKJIOHHhIX CKBaXtHH B IIOpOAaX KPeIIOCTbIO A 0  2-6 
BKJIIOPHTeJIbHO, a TaKHte  AJIR ~ Y P ~ H H R  IIO YFJIIO. Bce MeXaHH3Mhl CMOH- 

THpOBaHhI H a  P a M e ,  KOTOpaR TPeMR TOPKaMH OIIHPaeXCR H a  r y c e ~ ~ n a h I 5  

XOA. B p a m a ~ e ~ r b  C G Y P O B ~ I M  CTaBOM I I e p e M e w a e T C R  no T P Y ~ P ~ T H M  



HaIlpaBJIHIoIQMM BHH3 I IOn  CO~CTBBHHNM BeCOM, a B B e p X  n e f i e ~ ~ o i i .  C T ~ H -  
KOM YIIpaBJIRH)T C I lYJ IbTa ,  paCJlOJIOWeHHOr0 B K ~ ~ H H B .  np0~3~0AEl~eJIb-  
HOCTb CTaHKOB BPaIE(aTeJIbHOI'0 IIIHeKOBOrO 6 y p e ~ H R  H a  OTneSIbHbIX 

YrOJIbHbIX IIPenIIpHRTEIRX COB~TCKOI'O C O H ) ~ ~  IIpHBeJI,eHa B ~ a 6 n .  4. 
AJIH B w a P r n  1x3 c K s a x n H a r  B h I 6 y p e H ~ o f i  n o p o A M ,  a T a K w e  n e p e A a s H  

tOCeBOI'O YCHJIHR KOpOHKe H K p Y T R q e r O  MOMeHTa IlpHMeHRJOTCR IIIHeKOBbIe 

m T a H r m ,  n p e g c T a B n a I o q z e  ~ p y 6 y  ~ B ~ M ~ T ~ O M : ~ ~ ~ H J I H  76 mm c n p n s a p e H -  
HOG 110 H a p y W ~ o f  CTOpOH0 c n ~ l p a J I b ~ 0 i i  ~oJ IoCO%.  H s ~ o c o c ~ o i i r ~ o c ~ b  
I l ITaHr  3aBHCHT OT ~ ~ ~ ~ ~ H B H O C T H  6 y p ~ ~ 0 f i  I lOPOnbI H EIBMeHReTCR OT 700 8 
I I P H  6 y p e ~ n n  IIO n e c ¶ a H m K a M  no 3000 Jt n p H  ~ Y P ~ H H H  IIO H3BeCTHRKaM 
IT I'nFfHHCTbIM CJIaHqaM.  mar C n H p a J I H  I I I T a H r  s b 1 6 ~ p a m ~  B ~ ~ B H C E I M O C T H  

OT C B O ~ C T B  6 y p ~ ~ o i i  n o p o n b ~  H CKOPOCTEI B p a q e H n R  npn ~ Y P ~ H E I E I .  ~ P H  
~ Y ~ ~ H H H  BH3KHX EI BJ IaXHbIX IIOPOA IIpX3MeHRH)T I I ITaHrH C Y M e H b m e H H H M  
m a r o M  cnnpann m H e K a ,  T. e. 

Ann C y x H x  H KPeIIKEiX IIOPOA 4 e ~ 1 e c 0 0 6 p a 3 ~ ~  m T a H r H  C HOPMaJIbHbIM 
maI'OM HaBHBKH CIlHPaJIEI: 

h=(0,86- l,O)D, 

rne h - mar cnupam; 
D - n n a M e T p  m H e K a .  
Tame n a p a M e T p n  mara c n H -  

pann m H e K a  n c x n m s a m T  3arn~b1- 
~ O B ~ I B ~ H E ~ ~  I I ITaHr ,  ¶eM IIOBbI- 

IlIaeTCH IlPOH3BOAMTeJIbHOCTb 6 ~ -  
PeHHH.  AJIR C O e ~ I l H e H H R  OTneJIb- 
HHX m H e K o B P x  m T a H r  B KOJIOBHY 

K a w n a H  m T a H r a  c o6enx CTOPOH 
c ~ a 6 w e H a  ~ e ~ a n i n s e c ~ o i i  BcTaB- 
K O ~ ,  KOTOPbIe B B a p e H b I  B KOHqbI 
T P Y ~ M  IIPO~OPHHMH IIIBaMH. C On- 

HOrO K O H 4 a  I I ITaHrH BCTaBKa 

m e e T  B u c T y n ,  a c npyroro - 
yrny6ne~ne.  B B ~ ~ ~ H H ~ M  B b I C T y n a  

o n ~ o i i  m T a H r H  B y m y 6 n e ~ ~ e  ~ p y -  
roii o c y w e c T s n n e T c n  H a p a q n s a -  
m e  6yp0~0r0  c T a s a .  3 a ~ a r ~ a ~ n e  
COennHeHPrR IlPOEl3BOnEiTCR BaJIEI- 
ICOM, IIIllJIEZHTYeMbIM OT BbIJIane-  

HEIR. C O ~ A E Z H ~ H E I ~  rJIaAKHM 3aM-  
KOM H e  o6nanae~ H ~ O ~ X O ~ H M O ~  
XeCTKOCTbH). ~ O ~ T O M Y  B JlOCXen- 

H e e  B p e M R  JIPHMeHRIoTCR JJITaHrEl 
C 3aMKOM B B H n e  p e 3 b 6 0 ~ b I ~ ~  COe- 
J ( E I H ~ H E I ~ .  

E y p o B b I e  ICOPOHKH HMeIOT ABe, 

pewe TPH nonacm H XBOCTOBHK 
AJIR COenElHeHEiR CO IUTaHraMH.  
J I o I I ~ C T H  KOPOHOIC a P M H P Y I o T  

~ Y ~ K ~ M H  T B e p n O r O  C n J I a B a  BH-8 
MJIH HallJIaBJIRH)T ClIJIaBOM p0J IHT 

T-3, n p e g c T a s n R I o m m i  co6oP 
n n ~ o G  ~ a p 6 ~ n  ~ o n b 4 p a ~ a .  BTOT 
C n n a B  EiMeeT 60nbmym na~oco-  
C T O ~ K O C T ~ ,  Bb lneP lKHBa0T 60~1b- 

Y n a p H b I e  H a r P Y 3 K E I  H H e  T B  
p s e T  CBOHX C B O ~ C T B  n p ~  B ~ I C O K O ~ ~  
T e M n e p a T y p e .  H o p o ~ ~ m ,  a p M H p o -  

B a H H H e  IIJIaCTHHKaMH MeTaJIJIO- 

K e p a M m e c K o r o  cnaasa BE-8 11nH 
BE-8B, 06nana1o~ n o s a r m e ~ ~ o i i  

qa~enb~oro ,  Bypernu8 C T O ~ K O C T ~ I ~ ,  HO TpYAOeMKH B 113- 

6 - CBB-2 I'OTOBJIeHHH H B BOCCTaHOBneHBH. 
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C p e n H R R  npOE3BOWI%Tb-  c p e ~ . ~ f I R  npOU3BOn&lTeJlb- 
HOCTb CTmKOB,  & / M y  HOCTb CTBBKOB, M I  M Y  

T p W l W ,  KOM6EIia- T p e c m ,  K O M ~ U A B -  
Tbl TbI 

nopona~ nopoqa~ 

1 
Kopxmyronb 28,8 33,4 9epe~xonyrosb 83,2 81.3 

Baxpyme~yronb 38,9 119.1 Kya6accyronb 26.8 4 4,7 
BoJFI~HcK~~oJI~ 70,4 92.2 AHrpeHyI'onb 64,7 55,3 
Pairnnxayronb 147,O 166.0 Caxasmyronb 18.6 35,8 

Haparawayronb 60,O 

B 3TOM OTHOIIIeHHH CTaJIbHbIe KaJIeHbIe KOPOHKH, BbIKOBaHHbIe 83 PeC- 

c o p ~ o i i  c T a n a ,  y xo~oparx p e x y q H e  K ~ O M K H  H a n n a B n e m a  C n n a B o M  T H n a  

PeJIHT,  60~1ee IIpOCTM H JIYPIIIe BOCCTaHaBJIHBaIOTCR. Ha PHC. 13 IIOKa- 

3a~ar  KOPOHKH, 1 1 p e ~ ~ a 3 ~ a q e ~ ~ a r e  AJIR 6 y p e ~ ~ ~  IIO yrnm. 
K O ~ O H K ~  C JIHTbIM KOPIIYCOM H 3  C T a J I H 3 5 J I  H apMHpOBaHHbIMH PeXy- 

lIf,HMH KpOMKaME CIIJIaBOM PeJIHT T-33 IIpOCTa B EZ3I'OTOBJIeHHH H HMeeT 
HH3KYIO CTOHMOCTL. CTO~~KOCTL JIHTMX KOPOHOK 3 ~ 0 f i  KOHCTpYKQEZki I I P H  

8-20 3aTO¶KaX AOCTHI'aeT I I p H  ~ Y ~ ~ H H H  IIO YI'JIIO 3500 nt CKBaXHH.  

H ~ A O C T ~ T O K  TaKHX KOPOHOK - KPOIUeHHe CJIOR HaIIJIaBKH H EIHTeHCHB- 
H B I ~ ~  H3HOC IIO H a p y X H O M Y  AHaMeTpY. 

AJIR ~ Y P ~ H H R  C K B a X H H  IIO IIOPOAaM IIPHMeHRIOT KOPOHKH, o6naaa- 
IOll lpe 60~1ee B ~ I C O K O ~ ~  H ~ H O C O C T O ~ K O C T ~ I O .  3 ~ 0  AOCTHraeTCR a p M H p O B a -  

HHeM JIe3BHR KOPOHKH IIJIaCTHHKaMH TBepAOrO CIIJIaBa. X O p O I I I E e  pe- 
3YJIbTaThI AOCTHI'HYThI I I P H  ~ Y ~ ~ H H H  ~ 0 ~ 0 ~ ~ 0 6  KOHCTpYKqHH ~ H I I P O -  
YrJIeMaIIIa  (PHC. 14), ~ ~ M H ~ O B ~ H H O ~  IIJIaCTHHKaMH TBepAOI'O CUJIaBa 

T-53. H~J(OCT~TOK KOPOHKH - BbICOKaR CTOHMOCTb H H ~ ~ ~ B H o M ~ ~ H ~ I %  
H3HOC. 

A J I R  YBeJIH¶eHHR YAeJIbHOrO AaBJIeHHR JIe3BHR KOPOHKH H a  IIOPOfiY 

H J I H K B H A a ~ H H  HepaBHOMepHOI'O M3HOCa p e ? K y q e f i  KPOMKH C03AaHbI 

- - 

f 

TnnHhI. HaHOCbI, MIIFKHe CJIaHI(bI . . . . 
rJIEEECThI0 H IIeCPaHBCTbIe CJIaHlJhI . . . 
CnaHqnr c npocnokca~n necnmma . . . 
IIecnamnxn, ~ ~ B ~ C T H J T K H  cpemelt xpeno- 

CTq . . . . . . . . . . . . . . . . . 
Hpe~ncae necnaxmn n EIBB~CTHRHA . . . 

KOPOEKH C IIPePhlBHCTbIM JIe3BHeM (PHC. 15), KOTOPbIe HMeIOT B TOpqt? 

OTBePCTHR AJIR YCTaHOBKH B T p e 6 y e ~ o e  IIOJIOXeHHe H 3aKpeIIJIeHHR 
B HHX I I P H  IIOMOIU,H ~ O ~ I T O B  CTaHAaPTHbIX P e X Y q H X  ~ Y ~ K O B ,  IIPHtdeHH- 

eMbIX BO B P Y ~ O B H X  MaIIIHHaX H KOM- 

6aH~ax .  K O ~ O H K ~  BOCCTaHaBJlH- a 
BaeTCR 3 a ~ e H 0 6  H3HOIIIeHHbIX pe3- 
~ O B .  CP~AHIIII C T O ~ ~ K O C T ~  m T a H r  

EILKOPOHOK I I P H  6ypeHEIH IIOPOA pas- 
J I H P H O ~  K p e n o c T n  n p m e A e H a  B 

T ~ ~ J I .  5. 
~ P H  IIpOeKTHpOBaHHH r n y 6 n ~ a  

CKBBWHH H a  YCTYlIe H HX 6 y p e ~ ~ n  
mHeKOBbIM CIIOCO~OM H ~ O ~ X O ~ ~ H M O  

V H T b I B a T b  OAHy BamHYIO TeXHOJIOI'EZ- 
PeCKyIO O C O ~ ~ H H O C T ~  AaHHOI'O CIIO- 

co6a. I L I ~ e x o s a ~  m T a H r a  B B e p T n -  
K ~ J I ~ H o G  HJIH H ~ K J I O H H O ~  C K B a X H H e  
H e  0 6 e c n e s ~ s a e ~  IIOJIHYIO B M A a g y  B ~ I -  

6 y p e H ~ o g  IIOpOAbI. q a c ~ b  CKBaWHHbI 

(1,o-1,s nt) I I p H  OKOHPaHHH 6ype- 
HHR H n o A a e M e  6 y p o B O I ' o  c T a s a  3aca- 
n a e T c a .  ~ O E I T O M ~  m y 6 ~ ~ y  CKBaHCHH 

PUC. 13. CXCMH KOPOHOK HPR 
6ypenun no YTIIIID: 

a - a p M w p o s a r r H a R  H a n n a B -  
1tof4 pexcyqax KPOMOK pmn- 

TOM; 6 - n H T B R  

4. 

f .  
CJIeAyeT IIpOeKTHpOBaTb H a  1,o-1,5 d6 6oxbme ~ p e 6 y e ~ o f i  IlO YCJIOBEiRM 

B3PbIBaHHR. 

' Y M ~ H ~ I I I H T ~  BbICOTY C T O J I ~ I  OCbIIIaBIIIerOCR B C K B I X H H Y  I I I T ~ I G ~  
. MOXHO I IyTeM XOJIOCTOI'O B p a q e H E i H  6yp0~0r0  CTaBa  B Te¶eHHe 4-6 d6UH 
' 

H a  UOBbIIIIeHHbIX O ~ O P O T ~ X  IIepeA IIOJ(%eMOM er0 E3 CKBaXHHbI. 



rAe v - C K O P O C T ~  6 y p e ~ m R  1 nc c K s a Z n H a r  (npm 6 y p e ~ ~ ~ 1 :  HO necqa- 
H H K ~  - 2,5; 6 y p o ~ y  yrnm - 2; a p r m n n T y  - 0,8-1,4; K p e n -  

KOMy 6 y p o ~ y  KaMeHHOMy YI'JIRM - 0,65; I'JIHHHCTHM CJIaH- 

q a M  - 0,2 nclncun) .  

T ~ X H H ¶ ~ C K ~ R  CKOPOCTb 6 y p e ~ H R  C K B a Z H H  CTaHKaMH B p a q a T e J I b H O r O  
6 y p e ~ H R  C I IpHMeHeHHeM KOPOHOK, a P M H P O B a H H H X  TBePAhlM CIIJIIBOM, 

o n p e A e n r r e T c R  no @ o p ~ y n e  
c hnok v=- , CW/WUH, 

ko 
(V92) 

rAe h - y r n y 6 ~ a  CKBaXHHbI  3a OAHH 0 6 0 ~ 0 ~  KOPOHKH C PHCJIOM pe3- 
QOB k O ,  ckt; - , 

k o  - ¶HCJIO p e 3 4 0 B ,  H ~ O ~ X O A H M ~ I X  AJIR P a 3 p Y I U e H H R  IIOPOAIrI IIO 
B c e M y  ceqeHur ro  3 a60~ ;  
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k - $ a ~ ~ n n e c ~ o e  mcno p e a q o B  B K o p o H K e ;  

no - PHCJIO O ~ O P O T O B  KOPOHKH B MHHYTY. 

YHC. 15. KopoHKa O Upe- 
pnrsao~am M .  r e s s ~ e v  'C. CB@OXAA~ KO=- 

e B. A. Ka~anona: 
a - n cranny CBB-2; 
6 - H CTaHHy BC-ii0/25, 
I - nopnyc nopoma; 
2 - XBOcrOBRX; 3 - 

scrasaofl ay8on 





rae j - y c K o p e H H e  B a A e H m  6 y p o B o r o  caapnaa B c K s a a n H y  (B GpeHHeM 
OH0 PaBHO 6,O M/CelE2), M/CelE2; 

G - sec 6yp0~0r0  c H a p H n a ,  l ~ z ;  
h - EbICOTa IIOn'beMa 6 y p 0 ~ 0 r 0  C H a p R n a  H a A  3 a 6 0 e ~  CKBaHEEiHbI, M; 

n - m c n o  y R a p o B  6yp0~0r0  c H a p c r A a  B MHHYTY; 

d - AEiaMeTp CKBaHEHHbI, CM; 
U - YAeJIbHaH p a 6 0 T a  ~ Y P ~ H E Z H ,  lErM/CM3. 
~ K c I I J I ~ ~ T ~ ~ H O H H ~ H  IIpOH3BOAHTeJIbHOCTb 6yp0~0r0  CTaHKa B CMeHy 

o n p e A e n s e T c s  no @ o p ~ y n e  

I'Ae T - npOAOJrlIiHTeJIbHOCTb pa6o~eii  CMeHbI, U; 

k, - K O ~ @ @ H ~ H ~ H T  EICIIOJIb30BaHHR BpeMeHH CMeHbI H a  P E Z C T O ~  pa- 
6 0 T e  ~ Y ~ ~ H E Z F I  (k,, = 0,60-0,80); 

V - CKOPOCTb PHCTOrO BpeMeHH ~ Y P ~ H H R ,  &/u. 
Y A ~ J I ~ H ~ R  p a 6 o ~ a  6 y p e ~ H f f  * U RJIR HOJIOTa 3 ~ 6 H J I b H 0 6  @OPMM C yr- 

JIOM IIPEiOCTPeHHH 100-120°: AJIH PbIXJIbIX Ei MRrKEIX IIOPOA - 5-8; 
n o p o ~  cpen~ei i  H H H m e  cpe~11e6 K p e n o c m  - 8-17; nopon s b r n r e  c p e ~ ~ e i i  
KpeIIOCTH EI AOBOJIbHO KPeIIKHX - 17-31; K p e n K H X  H OPeHb K p e n K H X  - 
31-60; n O p O A  EICKJIIOPHTeJIbHO KPeIIKBX H ~ p e n P a 6 I I I H x  - 60- 
100 ~ r 4 ~ ~ 3 .  

~ ~ ~ K T E ~ ~ C K H  CMeHHaH IIpOH3BOAHTeJIbHOCTb CTaHKOB YHapHO-KaHaT- 
H o r o  6 y p e ~ n ~  H a  K a p b e p a x  npn sece 6 y p o B o r o  c H a p H A a  1200-1300 KZ 

( R N ~ M ~ T ~  AOJIOTa 230 MM) B MHrKHX BR3KHX IIOPOnaX H IIOPOAaX CpeA- 
H ~ H  KpenOCTH (f = 5-6) COCTaBJIHeT 22-52 M ,  B K p e n K H X  IIOpOAaX 

KpeIIOCTbIO 6-15-7-12 M,  B OPeHb K p e n K H X  IIOpOAaX KpenOCTbH,  

15-16-2,5-3,5 a. 
YEICJIO ~ Y P O B M X  CTaHKOB, I I O T P ~ ~ H ~ ~ X  AJIR O ~ ~ C I I ~ P ~ H H R  H O ~ M ~ J I ~ H O ~  

pa60~h1 s ~ c ~ a s a ~ o p a  H a  ynacme, y c T y n e  H n n  K a p b e p e ,  B q e n o M  coma- 
BJIHeT 

kQ N = -  
npm ' 

rAe Q - I I ~ O E I ~ B O ~ H T ~ J I ~ H O C T ~  ysac~fla. y c T y n a  HnEi K a p b e p a  B CYTKH, a3; 
k - K O ~ @ @ B ~ E I ~ ? H T ,  Y P H T ~ I B ~ I O ~ H ~  H ~ o ~ X O H H M ~ I %  p e 3 e p B  CTaHKOB 

( O ~ M P H O  k = 1,2-1,25); 
n - PHCJIO CMeH pa60~b1 CTaHKOB B T e P e H H e  CYTOK; 

p - IIPOH3BOAHTeJIbHOCTb G Y P O B O ~ O  CTaHKa B CMeHy,  M; 
772. - BhIXOA I ' O P H O ~  MaCCbI C 1 M CKBaHEHHbI IIPEI B3PbIBHhlX pa60~ax  

B qenme, as. 
H e ~ o c T a ~ ~ n  y A a p H o - ~ a H a ~ H o r o  6 y p e ~ H s :  B03MOHiHOCTb ~ ~ P € ! H H F F  

TBJIbKO BePTHKaJIbHbIX CKBaHEHH; HH3KaH nPOH3BOAHTeJIbHOCTb TPYni t  

~ o ~ H o ~ ~ ~ o P H x ;  H ~ O ~ X O ~ X M O C T ~  C H ~ ~ H E ~ H H H  CTaHKOB ~ 0 ~ 0 6 ;  3aBHCH- 
MOCTb IIPOH3BOAHTeJIbHOCTH 6 y p e ~ H H  OT KJIEIMaTHPeCKHX YcJIoBH~.  

Y A ~ ~ H O - K ~ H ~ T H O ~  6 y p e H H e  MOpaJIbHO YCTaPeJIO H HHTeHCHBHO 3aMe- 

HHeTCR 60~1ee IIPOI'PeCCHBHbIM - B p a q a T e J I b H b I M ,  IIIapOme¶HbIM, Y n a p E O -  

BpaJI(aTeJIbHb1M H OrHeBbIM C I I O C O ~ ~ M H .  

J L l p n ~ e ~ n e ~ ~ e  ~ J I H  B c n o M o r a T e n b H b I x  qene6 H a  K a p b e p a x  nep@opa- 
TOpM J Ie rKOrO THIIa (py¶HbIe )  ~ ~ I B ~ I O T  C H O P M ~ J I ~ H O ~ ~  ¶ ~ C T O T O ~  Y n a p O B  

(a0 2000) Ei BbICOKO¶aCTOTHhIe C ¶HCJIOM Y n a P O B  CBhIIIIe 2000 B MHHYTY. 

B ~ ~ C O K O P ~ C T O T H ~ I ~  I I ~ P @ O ~ ~ T O P ~ I  O ~ ~ C I I ~ ¶ H B ~ I O T  YBeJIEi¶eHHe CKOPOCTH 
~ Y P ~ H H R  ~ o B ~ I I I I ~ H H ~ R  PaCTOTa YAaPOB, I I P H  COXPaHeHHH pa60~b1 YAapa 
B I IpeAeJIaX 5 K ~ J ) Z ,  AOCTHI'aeTCR 38 C¶eT YMeHbIIIeHHR X O n a  IIOPIIIHR, 

y s e m s e H H R  ero n n a M e T p a  M nosbI r r reHHR pacxona c x a T o r o  ~ o a ~ y x a .  
T ~ x H H P ~ c K ~ R  x a p a K T e p E i c T m a  H e K o T o p a r x  p y s ~ a r x  nep@opa~opoa 

n p H s e n e H a  B T ~ ~ J I .  6. 

Bec nep@opa~opa, EZ . . . 
~ J I H H ~ ,  J6.W . . . . . . . . 
~ E ~ M ~ T P  IIOPIIIHH, && . . . 
XOR nopmm, .xnt . . . . . 
Pa60~a ynapa npn 5 arnnt, 

EmJ6 . . . . . . . . . . 
YHCJIO ynapoB B MHHYTY 
K p y ~ m n i i  MOMeHT (MBKCH- 

M ~ J I ~ E J ~ ) ,  ICr.C& . . . . 
Pacxon Boanyxa, n t 3 l i n u ~ ~  

HOBOPHbIe CpenCTBa,  0 6 e c n e s ~ ~ a 1 0 ~ q ~ e  ~ H C T ~ H ~ H O H H O ~  y n p a ~ J I e ~ H e . -  

B K a q e C T B e  6 y p o ~ o r o  HHCTPYMeHTa IIPHMeHRIOT 6yp.1 H 3  IIYCTOT~JIO% 

H H C T P Y M ~ H T ~ J I ~ H O &  CTaJIH IIIeCTHrpaHHOI'O Ce¶eHHR AHaMeTpOM 22 
ki 25 ntM. K O ~ O H K ~  6ypa a p M H p O B a H a  MeTaJIJIOKepaMH¶eCKHM TBepAhIM 

CIIJIaBOM M a p K H  BE-10 HJfH BK-15. 
B IIOCJIeAHee BpeMR q e J I b H h I e  ~ Y P M  8aMeHRIOT COCTaBHbIMH CO C'beM- 

~ 0 f i  KOPOHKO~?. 3 ~ 0  I103BOJIReT HaI'OTOBJIRTb KOPOHKH H a  CIIeqHaJIH3H- 

BnaHBaHEIR TBepHbIX CIIJIaBOB H a  3aBOAe,  KOPOHKH IIOJIY9aIOTCEI BHaPH- 
TeJIbHO I I o B ~ I I I I ~ H H o ~  CTOHKOCTH I IPH Y M ~ H ~ I I I ~ H H o J ?  CTOHMOCTH. C w a T b I f i  

B o a n y x  K n e p @ o p a ~ o p a ~  B K a p b e p e  n o c T y n a e T  HB q e H T p a n b H n r x  KOM- 
JlpeCCOpHhlX YCTaHOBOK HJIH IIePeABHHEHbIX KOMIIPeCCOpOB C aJIeKTpH- 

¶eCKHM ABHI'aTeJIeM HJIH HBHI'aTeJIeM BHYTpeHHeI'O CI'OpaHHR. 



B a T b  3TOT IlPOU,eCC 6 y p e ~ ~ c 1  K a K  y A a p H b I f .  C T ~ H K H  l Z I a P O I I I e ¶ ~ O r O  6ipe- 
HEIR B H a C T O R q e e  B p e M R  RBJIRIoTCcI ~an6onee  paCI IpOCTpaHeHHbIMH 

H a  OTKP~ITHX p a 3 p a 6 0 ~ ~ a x .  OHM I I P ~ A H ~ ~ H ~ P ~ H P  AJIR n p o x o g ~ n  sep- 
TEIKaJIbHhIX, a B HeKOTOPhIX KOHCTPYKqElRX H HaKJIOHHhIX B3pbIBHhIX 

CKBaXiHH B K P e l l K H X  H c p e ~ H e 6  KpeUOCTM 

nopogax (f OT 6-14 go 16). M o q ~ h I e  ma- 
POLUesIIhIe  C T a H K a ,  c n o c o 6 a h ~ e  6 y p ~ ~ b  CKBa-  

W H H H  AEIaMeTPOM A 0  320 .Ma, 06ecnesn- 
B a I o T  ROCTaTOPHYIO TeXIIMIiO-3KOHOMHqeC- 

HYIo  ~ $ $ ~ K T H B H O C T ~  B I IOpOAaX KpeI lOCTbIo  

no 18. Ha pnc. 19 n o ~ a 3 a ~ a  c x e M a  yc~poii-  
c T s a  uapomemoro  g o n o T a .  

Ha IIOBepXHOCTH KOHYCOB I U a p O I I I e K  

H M e e r C H  HeCKOJIbKO p n L O B  ( B ~ H ~ O B )  3 y 6 q 0 ~ ,  
y A a p a M M  K O T O P ~ I X  o 3 a 6 0 i i  C K B a l - l i H ~ b l  [ocy- 

3 W e c T s n c r e T c c I  pa3py111e~ne n o p o n M  npa spa- 
W e H H H  gOJIOTa,  npEI?KaTOrO K 3a6010 C 
cmnoti 14-17 T. 

4 Ecnn 3y6qh1 BbInOJIHeHbI  3aOAHO C ma- 
6 ~ o I I I K o ~ ,  TO AOJIOTO H a 3 b I B a I o T  3 y b ¶ a ~ h I M .  

a o n o ~ a  C BIlpeCCOBaHHblMH HJIM BIIaf iH-  

8 5 
HbIMEl 3 y 6 q a ~ ~  H 3  TBepAOI'O C n J I a B a  Ha3bI -  

B a I o T  LUTbIpeBbIMH. &!pBhIe UPHMeHHIoTCH 

pnc. 19. Cxe~a y c ~ p ~ e c ~ ~ a  ma- B noponax c p e ~ ~ e i i  ~rcpenoc~n, M n r K H x  mnn 
pomeworo gono~a TBeDDbIX. a BTODhIe B K D e n K H X .  H a  ¶TO 

L , .  . 
I - ~rfnnmb; 2 - nam;  3 - 
KORCOnbEMe OCM (uanaa); 4 - y~a3h1~ae.r n o c n e g H c I c I  6 y ~ ~ a  B M a p K e  R o n o T a  

ponaxoBue KH: 6 - IItaDMKOBbIe OnopH; OUODH: -'Iapom- 7 - M, C MJIH T (UO H J I ~ C C M $ H K ~ ~ H M  H~@TIIIIEI- 

~ a i a s   an^ riona~a ~ o i n ~ i n r i  Boa- KOB). 
ayxa; 8 - sy6qar 

m ~ b I p e B b I e  AOJIOTa B 3aBETCHMOCTEl OT 

KpeIIOCXH M BII3KOCTH IIOpOA HMeIoT pa6o- 
¶yIo IIOBepXHOCTb 3 ~ 6 q 0 ~  B BHAe  KJIHlTa HJIH I I o J I Y c $ ~ P ~ I .  ~ T H  ROJIOTa 

HMeiQT COOTBeTCTBeHHO B H H g e I i C e  T3 H IC MJIM OK. 
AJIR 6 y p e ~ ~ 1 ~  IIOPOR,  I I e P e M e ; f E a I o q H X C R  110 KpeIIOCTH, BMIIYCKaIOTCH 

1) RJIR ~ Y ~ ~ H H R  TOJIbKO BePTHKaJ IbHbIX CKBaXCHH C ~ ~ C I I O J I O X ~ H M ~ M  

6 y p 0 ~ 0 r 0  ~ C T ~ O ~ C T B ~  H Ma¶ThT B q e H ~ p a J L b ~ 0 G  ¶aCTM C T a H K a  

(PHC. 20, a); 
2) Ann 6 y p e ~ m  TOJIbKO BePTHKaJ IbHbIX C K B a X H H  C P a C n O J I O X e H H e M  

6yf,onor0 Y C T ~ O ~ ~ C T R ~  R Ma¶TbI B nepefl~e$ ¶aCTH C T a H K a  ( ~ H c .  20, 6); 

Pnc. 20. KoHc~pyxqna DIBpOIUeYHblX ~ Y P O B M X  CTBHKOB B aBBHCWMOCTU 
OT pacnonomeHHn 6ypo~brx r a w  

3) RJIcI 6 y p e H H I I  BepTHKaJ IbHbIX H HaKJIOHHbIX CKBasIEHH C 'pat- 
I IOJ IOXeHHeM 6 y p o ~ o r o  ~ C T ~ O ~ C T B ~  EI Ma¶TbI  B I I e p e A H e %  ¶aCTH C T a H K a  

(PEC. 20, 6 ) ;  

4) RJIR ~ Y P ~ H E I R  BePTElKaJIbHbIX H HaKJIOHRhTX C K B a Z I l H  B IIJIOCKOCTH, 

n e p n e ~ n n x y j r ~ p ~ o i i  n p o ~ o n a ~ o i i  ocn c T a H K a ,  c p a c n o n o s e H n e M  6ypo- 
( B O r O  ~ C T ~ O ~ C T B ~  B MaPTfd C ~ O K Y  C T a H K a  ( ~ H c .  20, 2). 



C T ~ H K H  I I ~ P B O ~  r P Y I I I I b I  HMeIOT 3 ~ a ¶ H ~ e J I b ~ b I i j [  I ; O ~ @ @ H ~ E Z ~ H T  (0,s) 
HCIIOJIb30BaHEZH B e C a  H a  OCeBOe YCHJIMe. H ~ A O C T ~ T K M  3THX CTBHKOB: 

H e B 0 3 M O X H O C T b  ~ Y P E Z T ~  HaKJIOHHbIe C K B a X H H h I ;  TPYAHOCTh ~ ~ ~ Y P H B ~ H E I E I  \ 

CKBaHCElH EZ H ~ ~ ~ I ~ A ~ H H H  3a Y A a n e H H e M  G Y ~ O B O H  M e n o q H  113 CKBaHCHHH, 

T a K  K a K  YCTbe  CKBaHCHHbI HaXOAHTCH MeHCfCAY r y C e H H 4 a M H  C T a H K a  H n0A 
~ ~ H T ~ ~ J I ~ H o G  er0 9aCTbIO.  ~ H ~ O K O ~  P a C I I p O C T p a H e H H e  HMeIOT CTaHKH 

B T O P O ~  r P Y I I I I b I ,  XOTH K O ~ @ @ H ~ H ~ H T  MCIIOJIb30BaHHH EZX C O ~ C T B ~ H H O ~ O  
1 

seca Anrr o c e B o r o  YCHJIHH HeBbIcoIC (0,53-0,66) H OHM H e  I I ~ c n o c 0 6 J I e ~ b I  

AJIH 6 y p e ~ n c 1  HaKnOHHbIX C K B a X H H .  C T ~ H K H  ~ p e T b e i j [  P p y I I I I b I  npn Gype- 
HI lH  HaKJIOHHbIX CKBa?I;HH HMeIOT eIIJ,e M ~ H ~ I I I H ~ ~  K O ~ @ @ E Z ~ H ~ H T  HCIIOJIb- 

3OBaHMH B e C a ,  ¶ e M  CTaHKH BTOPOG I'PYIIIIbI, C H H X ~ I O ~ H ~ ~ C I I  I I P H  YBeJIH- 

¶ e H H t i  Y r J I a  H a K n O H a  CKBaHCHH H ~ ~ B E I c R I I ( H ~ ~  OT K O ~ ~ @ E I ~ H ~ H T ~  T p e H I l H  

AOMKpaTOB 0 HO¶By .  

O G w ~ l f i  BEZA COBpeMeHHOrO C T a H K a  IUapOIIle¶HOI'O - 6 y p e ~ H c 1  EAm-250 
~ ~ o ~ a s a ~  H a  pnc. 21. 

C 1970 r. AJIH 6 y p e ~ ~ c 1  BepTHKaJ IbHbIX B3pbIBHbIX C K B a X H H  H a  K a p b -  

Tanopamrep~ a o6nac~b npnnreaeanrr mapomesaMx CTaHKoB 

napaMeTpL.1 

CEIII-160 C p e n ~ ~ e  H ~ O B O J I ~ H O  
~ p e n ~ ~ i e  . . . . . . . IV, I11 6-10 145; 161 24 20 

C E I I  200 CpeRHHe, A O B O J I ~ H O  Kpen- 
m e  H xpen~me . . . . IV; 111; 6-12 190; 214 32 40 

I1 
CEIII-250 AOBOJI~HO ~ p e n ~ ~ e ,  

KpenKEie H o w H b  Kpen- 
K H ~  . . . . . . . . . 111; I1  8-14 243; 269 32 60 

CEII-320 Kpen~ne, oseHp KpenKHe 
I1 B BblCUIeH CTeneHH 
~ p e n ~ n e  a6pa3m~~h1e 111; 11; 10-18 295; 320 40 110 

I - hrc. 21. IUapornewislk 6ypo~ok c ~ f m o ~  EAIU-250: 
1 - xonoaaa YacTb; 2 - POTOP c npuaonoM; J - Mama; 4 - nnnneynamu- 
saloqee YCTPOBCTBO; 5 - runpoxoMHpaT; 6 - ~a6una  ynpasnenaa; 7 - Ha- 

6una nna ~o~npeccopoa 

m a p o J I I e ¶ H o e  6 y p e ~ n e  AJIH COBpeMeHHbIX K a p b e p O B  C KpeI IKHMH 
. ~ P O E Z ~ B O ~ H T ~ J I ~ H O C T ~  LUapOIlIe¶HOI'O 6 y p e ~ E I c 1  3aBMCHT OT OCHOBHbIX 

p y a a m  II n o p o A a M n  ~an6onee  n e p c n e K T H B a o .  no AaHHbIM I'EI~POM~III- p e K H M H b I X  I I a p a M e T p O B :  OCeBOrO A a B J I e H E H ,  CKOPOCTH B P a I Q e H H R  I I P H  MH- 

TeHCHBEOM YAaJIeHmM IIpOAyKTOB 6 y p e ~ ~ c 1  M 3  3 a 6 0 ~  C K B a X H H M .  MccJIe- 
0 6 0 r a r q e ~ ~ c 1 ,  K 1970 r. 11p06ype~o c K B a x H H  Ha  K a p b e p a x :  mapomes- 
HbIMH CTaHKaMH THI Ia  CEm - OKOJIO 65%; CTaHKaMH B p a q a T e J I b H O r O  

AOBaHMRMH TeXHOJIOI'EZ9eCKHX PeWIIMOB 6ype~ncr B p a 3 n M q H b I X  YCJIO- 

6 y p e ~ n H  T n n a  CBP -21 % ; C T a H K a m  y ~ a p ~ o - ~ p a ~ q a ~ e ~ ~ b ~ o r o  6ype- BHHX y c T a H o s n e H o ,  ¶TO c y s e n m s e H m e M  o c e B o r o  Y C H ~ H  II CKOPOCTH 
ppaIQeFIHR 6ypo~oro  MHCTpyMeHTa  AOCTMraeTCR 3Ha¶MTeJ IbHOe  IIOBbIIlIeHMe 



CKOpOCTIf 6 y p e H H H .  O A H ~ K O  n p H  3TOM IIPOHCXOHEIT E Z H T ~ H ~ P B H ~ I ~  

E~BHOC m a p o m e s H b I x  AOJIOT. Y B ~ J I I ~ ~ H H ~ M  B 2-3 pasa pacxona ~ o a ~ y x a  
aa n p O A y B K y  C K B a x a i H M  0 6 e c n e m ~ a e ~ c ~  n o B H m e H E i e  CKOPOCTH mapo- 
m e s H o r o  6 y p e ~ ~ ~  B 1,8-2 pasa. 

C YBeJ IHseHMeM OCeBOrO YCHJIHH H ~ ~ J I H ) ~ ~ ~ T c ~ I  n p O I I O P 4 B O H a J I b H O e  

n O B b I u I e H H e  CKOPOCTH 6 y p e ~ ~ ~ .  ~ P H  3TOM HHTeHCHBHOCTb n p m p O c T a  

CKOPOCTM 6 y p e H M H  YBeJIHYHBaeTCH C POCTOM CKOPOCTH BPaIQ3HHt I  AOJIOTa 

H p a C X O A a  RO3JJyXa  H a  I I p O A y B K y .  Ha PHC. 22 n O K a 3 a H a  3aBEtCIIMOCTb 

m a p o m e Y H O r 0  6 y p e H H c I  OT H3MeHeHHH P e K H M H b I X  I I a p a M e T p O B .  

u3 n P H B e A e H H b I X  3 K C n e p H M e H -  

28 , ~ a J r b H b I x  ~ ~ B H C M M O C T ~ ~  BHAHa B 3 a -  

HMOCBH3b Pe;IEHMIIbIX I I a p a M e T p O B  

24 n P H  mx BJIHHHHM ~a C I E O P O C T ~  Gype- 
< 
X /' HHH. P ~ K o M ~ H A ~ ~ T c H  C YBeJ IHneHHeM 

r c p e n o c T H  6 y p ~ ~ o i i  ~ O P O A M  PHCJIO 

O ~ O P O T O B  IIIaPOIIIKEl J'MeHbIIIaTb, a 
o c e B o e  y c m n H e  ( d l c a )  A H a M e T p a  ~ o -  
JIOTa yBeJ IHPHBaTb .  Ha PHC.  23 IIPEI- 

s e n e m  p e I c o M e H A y e M M e  oceme y c ~ -  
I J I H ~  H CWPOCTH B p a m e H E z H  n p H  

m a p o r n e s H o M  6 y p e H a H  n o p o ~  p a 3 -  

J I H P H O ~ ~  K p e n o c T m .  

P a 3 p a 6 0 T a ~  p ~ g  ~ + + ~ R T H B H H X  

n y ~ e f i  camxennrr msaoca mapo- 
I I I ePHHX AOJIOT I l p M  YBeJ IHseHHbIX 

" " '* o c e B o M  ycnnna a c x o p o c r H  spawe- 
uceBDP Ju6~e"ue' HHH 6ypo~01-0 craaa. O C H O B H ~ M ~  ns 

mic. 22. 3 a s u c r ~ ~ o c ~ b  cliopoc~u mapomeq- 
6ypeHUR oT U3MeHeHWR pexnnrnm HHX IIBJIHEOTCH: C M a 3 K a  O n O p  mapo- 

napame~po~: I I IeK M3 C I l e q H a J I b H O  BMOHTMPOBIH- 
1 ,  2, 3 - npx c~opocTIf BpaueHxn nonoTa 
CooTseTcTeeHHo 50, 100 tf 150 061mun R M X  J I Y ~ P J ~ K ~ T O P H ~ I X  MaCJIeHOK, 
(cnnoru~oi3 nu~uei4 noHaaaH pacxon ~0nk.1, 
paBmB 10  a a / m u n ,  I I ~ H H T ~ ~ H O B  - YJIYgmeHHe a3POAHHaM'f*n maPo- 

30 M . ~ I M . U H )  mes~brx  ~ o n o ~  H 0 6 e c n e s e ~ ~ e  go- 
CTaTOPHOrO KOJIHseCTBa  B O 3 g y X a  AJIH 

n p o g Y B K H .  B H e A p e H H e  3THX M ~ ~ o I I P E ~ ~ I T M ~  O ~ ~ C I ~ ~ P H B ~ ~ T  OIITHMaJIbHOe 

PHCJIo O ~ O P O T O B  H H C T p y M e H T a  B MI lHYTy  (150-200). 
~ P O ¶ H O C T ~  I'OPHbIX I lOPOA H a  CBGiTHe I l P H  H a r p e B a H H H  YMekIbIUaeTCR 

B 2-4 pasa 3a c s e T  BOBHHKHOB~HHH B HHX O n p e A e n e H H H x  ~ a n p c I ~ e n ~ 1 9 .  

B n o c J r e A H e e  s p e m  a T o  n o n o w e H n e  n c n o ~ ~ b s y e ~ c n  K a K  ~ + + ~ K T H B H O ~  

CpeACTBO H H T ~ H c H ~ I I ; c ~ ~ H H  l l P 0 4 e C C a  P a 3 P Y I l l e H H R  I l P Q  6 y p e ~ ~ m .  ~ ~ O X O -  
AHT HCIIbITaHElH HHCTPYMeHTH C TepMOMeXaHFiPeCKHM U p m H I p I I O M  paspy- 
m e H a c I  nopon, n p e n c T a s n c I I o m H e  ~ 0 6 0 6  A B y x m a p o m e s H o e  g o a o ~ o ,  COB- 

MeQeHHOe C K ~ P O C H H O - B ~ ~ A Y I Z I H O ~ ~  I ' opeJ IKof i .  I?HCTPYM~HT OXJlaHc- 

A a e T C H  B O A O ~ .  
T e p ~ o m a p o m e s ~ o e  6 y p e ~ ~ e  B n e p m A o T H T a x  B r p a H m a x  ( n p ~  IIPOYHX 

p a B H a x  ~ C J I O B M H X )  YBeJ IHPHBaeT  CKOpOCTb 6 y p e ~ M c r  B 1,5-2 pa3a no C p a B -  

H e H H I o  C 0 6 b I q ~ b I ~  I I IaPOIIIePHbIM 6 y p e H H e ~ .  C Y B e J I H s e H K e M  O c e B o r o  ycn- 
XHH H c ~ o p o c ~ ~  spameman pa6osero o p r a H a  c ~ o p o c ~ b  T e p M o M e x a H m s e -  

more 6 y p e ~ H ~  no~aa iae~cs i  60~1ee H H T e H c H B H o ,  YeM M e x a H H P e c K o r o .  

o 6 e c n e r ~ i a e ~ c n  nonasefi ~03ny.a 0 g.',o ,~,Z,2!,,,, L!,616-:8 
B I C O J I E Z ~ ~ C T B ~  15 - 18 m3/xuu. /103ppuq~~r/lm Npenocm nopu6' f 
C M ~ H H ~ R  s ~ c n ~ ~ y a ~ a q ~ o n ~ a f l  npo- 
YI3BOAHTeJIbHOCTb C T a H K a  m a p O m e Y -  PUC. 23. Pe~oMenuye~b~e ocesare ycnnnfl U cKopocTn sparsenun npu mapomemoa 6ype- 
H O r O  ~ Y ~ ~ H H R  MOHEeT ODpeAeJIHTbCH HAM nopou paanrrmoii ~ p e n o c ~ a  
no + o p ~ y n e  

60T lanu p = ------- M I c ~ ~ ~ Y ,  
~ c K B  

Fne tn - B ~ ~ M H  H a  OAHH n e p e x B a T  npa c n y c K e  H n H  n o A a e M e  m T a H r H ,  
sun;  

& - B p e M c I  HaBHHPMBaHHH ( O T B E I H ~ H B ~ H E Z R )  I I ITaHPH HJIH AOJIOTB, 

sun; 



I ,  - x o ~  m n H H A e m ,  w; 
1, - AJIHHa D I T a H r H ,  At; 
t ,  - B p e M R  p a 3 6 y p ~ n a ~ ~ ~  K O H y C a  CKBalKHHbI I I P H  U e p e X O A B  Ha 6y- 

peme HOBHM AOJIOTOM, MUU.  
C y¶eTOM 3THX + ~ K T O P O D  @0p~yJIa (V,8) AJIII OIIpeAeJIeHHII C M ~ H H O G  

IIpOH3BOAHTeJIbHOCTH I I I a P O m e ¶ H b I X  CTaHKOB H M e e T  BITE 

Y ~ a p ~ o - s p a q a ~ e n b ~ o e  6 y p e ~ ~ e  c r t a a m i n  H a  xapbepax IIPOH~BO- 
AMTCR CI IeqHaJ IbHhIMH ~ Y P O B H M H  CTaHKaMH C IIOl'PymHhIMH IIHeBMO- 

YAaPHHKaMM.   TOT C I I O C O ~  IIPOXOAKH C K B a X H H  I IPHMeHHM AJIR 6 y p e ~ ~ ~  
B K P e I I K H X  H B e C b M a  K p e I I K H X  I IOpOAaX KpelIOCTbH) 10-18. ~ H ~ B M O -  

Y A a p H H K  c a a 6 w a e ~ c ~  ~ p e x I l 0 p 0 ~  HJIH K P ~ C T O O ~ P ~ ~ H O G  ~ ~ M H P O B ~ H H O ~ %  
TBePAbIM CUJIaBOM K O P O H K O ~ ~  C OAHOAOJIOT¶aTbIM O I I e p e m a H ) I 4 H M  JIe3- 

BMeM. BO B P e M R  ~ Y P ~ H H R  OH HaXOAHTCR y 3a6011 CKBaWHHbI  H HaHOCHT 

E e p H o A H q e c K H e  yAapH no X B O C T O B H K ~  K O ~ O H H H ,  a c a M  B M e c T e  c KOPOH- 

~ o f i  H e n p e p m n o  B p a q a e T c R  sepes K O J I O H H ~  m a n r  OT B p a w a T e n c r  6y- 
POBOI'O C T a R K a ,  YCTaHOBJIeHHOI'O H a  IIOBePXHOCTH y YCTbR CKBaWHHhI.  

B H a c T o R q e e  B p e m  H a  K a p b e p a x  C o s e ~ c ~ o r o  C o m a  npz iMeHcIeTcc I  

HeCKOJIbKO K O H C T P Y K ~ M ~ ~  ~ Y P O B ~ I X  CTaHKOB 3 T O r 0  THI Ia  ( T ~ ~ J I .  8). 

M a p ~ a  c.ranna 
IIonaaaTenm 

uYpan-61n I C E Y - i l i  / CEMH-I / I531 I r y p a n - 6 4 1  

a a a ~ e ~ p  KOPOHKH, *a . . 155 ' 105-125 105-125 105 155 
l ' n y 6 n ~ a  6 y p e ~ ~ r i ,  m . . . 16-22 24 24 24 32 
Hanpasne~ne  6 y p e n a n  K ro- 

PHBOHTY, 2paa . . . . . 90-65 104-14 90-20 90-45 90-60 
Cnoco6 n e p e ~ e r q e ~ n r r  . . . Fycue~w- F y c e ~ w ~ d  Konec- r y c e ~ n -  

H- xnn RMG s n ~ i i  
~ o n e c ~ n i i  

Tnn m e ~ ~ o y g a p n a ~ a  . . . M-150 q; MH-3 M-1900Y R M-32K 
M-32 

3 ~ e p r n ~  ynapa, K ~ X  . . . 12 9.2 7,5 7,5 14 
YHCJIO YAapOB B MHHYTY 2200 1650 1750 1750 1800 
f l ~ a ~ e ~ p  r u ~ a ~ r ,  mm . . . 89 89 89 89 114 
P a c x o g  c m a T o r o  ~ o a g y x a  

npn p= 5 amu, nt3/muu . . . 4.8 4,5 4.2 6 
~ H C ~ O  O ~ O ~ O T O B  B MnHYTY 75 60 41 

4'2 
60 60 

Bec c ~ a ~ x a ,  m . . . . . . 21 5 3,3 1.2 20 

1 B ~ a 6 n .  9 I I p H B e A e H H  T H I I O p a 3 M e p b I  H 0 6 3 1 a c ~ b  I I p H M e H e H H R  CTaHKOB 

I y A a p H 0 - B p a 4 a T e J I b H O l ' O  ~ Y ~ ~ H H F I  C IIOI'PyXCHbIMH I IHeBMOyAaPHHKaMH.  

I OCHOBHH~ I I p e H M y q e C T B a  YAapHO-BpaI I ( aTenbHOI '0  cnoco6a 6ype- 
HHR:  BbICOKaR IIPOH3BOAHTeXbHOCTb;  BOBMOlKHOCTb IIPOXOAMTb HaKJIOH- 

H b I e  CKBaTKHHhI; OTCyTCTBHe H ~ O ~ X O A E I M O C T H  B IIOABO3Ke TRXCeJlOI'O HH- 

C T p y M e H T a  H B C H ~ ~ W ~ H H M  B O A O ~ ;  ~aJIbIii K O H C T ~ ~ K T H B H ~ I ~ ~  BeC CTaHKOB 

- IIO CpaBHeHHH,  C IIIaPOIIIeYHhIMH 38 C¶eT yMeHbIUeHEiR OCeROI'O YCHJIHff 
1 

ki T. A. 
HpEZ J'AapHO-BpaqaTeJIbHOM cnoco6e 6 y p e ~ ~ ~  CO¶eTaIoTCH 3JIeMeHTbI  ( s p a q a T e n m o r o  H ynapnoro cnoco6oa. I Iopo~opaapymamq~G mcrpy- 

h1eHT HaXOAHTCR IIOA OAHOBPeMeHHhIM ~ ~ ~ G c T B H € ? M  CTaTH¶eCKOI'O OCeBOI'O 

AaBJreHHR,  $L.pHlrrHMalOlqeI'O 6yp0~0fi  HHCTPyMeHT K 3a60m H 3 a r J I y 6 -  

J r c r m q e r o  B sa60fi peayqym K ~ O M K Y  p e s q o ~ ,  spaqamqero  YCHJIHEI, 

sb13~sa1oqero c K o n  nopoGH snepem 3arny6ne~~b1x p e a q o ~ ,  H A m a M H -  

W C K H X  H a r P y 3 0 K ,  II€?PIIOAH¶e ;KH C 6 0 J I b ~ ~ o f i  ' Z ~ C T O T O ~  B O ~ A € ? % C T B Y H ) ~ E I X  

H a  6 ~ ~ 0 ~ 0 6  HaKOHe¶HHK.  

H H ~ H H ~ ~  I t p e A e J I  P a q H O H a J I b H O r O  I I p H M e H e H H R  J'AapHO-BpaWaTeJlb- 

H o r o  C I I O C O ~ ~  6 y p e ~ ~ 1 1  o r p a ~ n s e ~  n o p o A a M H  K p e n o c T b m  6-8, a B e p x -  

HHG - I IOPOAaMH KpeI IOCTbW 20. 
B I IOpOAaX KpeIIOCTblO 9-11 H 14-16 CTaHKH Y A a p H O - B p a q a T e J I b -  

I 
HOI'O A ~ ~ C T B E I R  IIOKa3hlBaK)T COOTBeTCTBeHHO B 3-9 HJIH 2-7 pa3 6onee 
BbICOKylO CKOPOCTb 6 y p e ~ ~ 1 1 ,  9 e M  CTaHKH YAaPIIO-IIOBOPOTHOI'O A ~ ~ C T B H E I .  

T ~ K ,  H a  MHOI'HX I'OPHGIX I IPeAJ lPHRTHRX C O B ~ T C K O ~ O  C0H)3a C T a H K a M E  

yAapH0-BPaII(aTeJIbHOl'0 A ~ ~ C T B E I R  I I P H  P a 3 H O M  KOHCTPYKTEIBHOM HCIIOJI- 

HeHEIH H Pa3JIHUHOM BbInOJIHeHHH OTAeJIbHbIX y3JIOB A O C T H r 8 y T a  BMCOKaH 

B @ ~ $ ~ K T H B H O C T ~  O T ~ O ~ ~ K M ,  a T a K m e  C H H m e H a  o6qaa CTOHMOCTb A O ~ ~ I ¶ E  
BAHHHqbI  I IOJIe3HOrO HCKOUaeMOI'O IIO CpaBHeHHH)  C YAaPHO-KaEIaTHbIM 

cnoco6o~ ~ Y ~ ~ H E Z R .   TO 06ec11ese~o 38 C¶eT 6onee HHTeHCHBHOrO II P a B -  

X O ~ e p H O I ' O  A ~ o ~ J I ~ H H ~ I  I I p H  0 ~ 6 0 f i ~ e  H a  K a p b e p a x  K O M ~ H H ~ T O B  Q A I I ~ T H T ) ) ,  

& - K e a ~ a a r a ~  EZ ~ p .  
Ha K a p b e p a X  M ~ ~ H M T o I ' o ~ c K o I ' o  K O M ~ H H ~ T ~  CTaHKOM YAapHO-BPaIU,a- 

T0JIbHOI'O A ~ ~ ~ C T B N R  I I P H  A I i a M e T P e  C K B a m H H H  150 XM AOCTHrHyTO ItOBbI- 

DI0HH0 IIPOH3BOAHTeJIbHOCTH 0 ~ 6 0 % ~ ~  B IIOPOAaX KpeIIOCTbH) 14-16 



I I p H M e p H O  B 3 pa3a no CpaBHeHHIO C YAapHO-KaHaTHbIM,  C YYeTOM pa3- B YrJIOBbIX ¶aCTRX 3 a 6 0 ~  CKBamHHbI .  B p e 3 y J I b T a T e  P a A H a J I b H b I e  BCTaBKH 
H H q M  B A H a M e T p a X  CKBaWHHbI.  H3HaIUHBaH)TCR 3Ha¶HTeJ IbHO M e H b m e .  

Ha I'paHHTHbIX K a p b e p a X  Y K ~ . C C P  CTaHKH ~ Y P ~ J I - 6 1 ) )  H ( ( Y ~ ~ J I - 6 4 %  ~ ~ ~ C J I ~ K T H B H ~ I M  AJIR ~ Y P ~ H E I R  C K B a W H H  AHaMeTpOM 150 J6.M HBJItIeTCII 
IIPH K P ~ H O C T H  ~ O P O A ~ I  9-16 O ~ ~ C I I ~ ¶ H B ~ H ) T  C P ~ A H ~ H )  ~ e x a ~ n n e c ~ y m  K O M ~ H H H P O B ~ H H ~ I ~  C U O C O ~ ,  CO~AHHRH)UI,H~~ p a 6 o ~ y  n o r p y E C H o r 0  n H e B M 0 -  
c K 0 p O C ~ b  6 y p e ~ ~ 1 1  OKOJIO 6 .M/U. 3 T H  CTaHKH I I p H  6 y p e ~ ~ ~  B M ~ C C H B ~ X  y A a p H H K a  H m a p o I I I K n .  M e x a H H 3 ~  AJIR K O M ~ E I H H ~ O B ~ H H O ~ O  6 y p e ~ ~ 1 ~  
K ~ ~ ~ H O ~ J I O ¶ H O ~ O  CTpOeHHR IIO3BOJIRH)T H M e T b  CpaBHHTeJ IbHO r y c ~ b ~ e  p a 3 p a 6 0 ~ a ~  HM. A. A. CKO¶HHCKO~O COBMeCTHO C BHHHBT. 
CeTKH PaCIIOJIOWeHHR C K B a W H H  H OCYmeCTBJIFITb Pa3J IHYHbIe  CXeMbI H ~ H  HCIIbITaTeJIbHOM 6 y p e ~ ~ ~  H a  ~ ~ ~ ¶ C K O M  K a p b e p e  B ~ K ~ J I ~ c K o ~ o  
KOpOTKO3aMeAJIeHHOI'O B 3 P b I B a H H H ,  YYHTbIBaH TeKCTYPHbIe  O C O ~ ~ H H O C T H  P y A O y I I p a B J I e H H R  K O M ~ H H H P O B ~ H H H ~  C I I O C O ~  6 y p e ~ ~ ~  I I O K a 3 a J I  CYMMaP- 
nopoAbI. B 3THX YCJIOBEIHX Y A ~ P H O - B P ~ ~ ~ T ~ J I ~ H ~ I ~ ?  cnoco6 6 y p e ~ ~ ~  HYH) OT ABYX C I I O C O ~ O B  CKOPOCTb ~ Y ~ ~ H H R ,  0 6 e c n e ~ ~ n  B 3-4 pa3a 
60~1ee ~ @ ( P ~ K T H B ~ H ,  ¶ e ~  m a p o m e s ~ b ~ H ,  T ~ K  K ~ K  U O K ~  ~e C O ~ A ~ H ~ I  AOCTa- 66~1bmy10 H ~ H O C O C T O ~ ~ K O C T ~  YnaPHOI 'O HHCTPYMeHTa  H B 2 pa3a - LUapO- 
T o q a o  npomsle a a a ~ o c o c ~ o t ~ a e  m a p o m e s a M e  A o n o T a  M a n s l x  A a a M e T -  I m e s H o r o .  
P O B  (150 .M.M H ~ e ~ b l l ~ e ) .  H O M ~ H H H P O B ~ H H ~ I ~  y ~ a p ~ ~ - m a p ~ I U e ¶ ~ b I ~  6 y p o ~ o i  HHCTPYMeHT II03- 

H ~ H  YAapHO-BpaJIl ,aTeJIbHOM cnoco6e 6 y p e ~ m c 1  K p e n K H X  IIOpOA 34- BOJIReT 6 y p H ~ b  CKBaWHHbI  AHaMeTPOM 150 .M.M CO CKOPOCTbH) 7,O- 
( P ~ K T H B H O C T ~  P ~ ~ P ~ I U ~ H H I I  O ~ P ~ A ~ J I R ~ T C R  3 ~ e p r ~ e i i  ynapa. C T ~ T H ¶ ~ C K ~ R  8,5 fi/U no K B a p q H T a M  H 20-22 .M/u UO C H A e p H T a M  H AOJIOMHTaM; CKOPOCTb 
H a r p y 3 K a  AOJIHcHa 6 b I ~ b  A O C T ~ T O ~ H O ~  AJIR Y A e p W a E H H  J Ie3BHR ~ Y P O B O ~ O  6 y p e ~ ~ ~  B 7-9 pa3 B b I m e ,  ¶eM npn y A a p H 0 - K a H a T H O M  cnoco6e1 B 3- 
H a K O H e s H H K a  B MOMeHT Y A a p a  D p I l W a T b I M  K 3a6om C K B ~ H C H H H  H c o s ~ a -  5 pa3 BbIIIIe,  ¶ e M  I I p H  YAapHO-BpaIQaTeJ IbHOM,  H B 2 pa3a BbIII Ie ,  YeM I J p H  
m m H M  B a I I p R m e H H O e  COCTORHHe B I IOpOAe.  O I I T H M ~ J I ~ H ~ I M  CPHTaeTCR ~ ~ P o ~ ~ Y H o M .  

o c e B o e  ycnme o K o n o  250-350 K T .  

B ~ o p b ~ a s  B a W H b I M  PeECHMHbIM I I a p a M e T p O M  J I p H  3TOM cnoc06e 6 y p e ~ ~ a  $ 5. O ~ H ~ B O ~  ( T ~ ~ M H ~ ~ c K O ~ )  bype~ue C K B ~ X ~ H  

RBJIReTCH CKOPOCTb B p a q e F U i J 3  6yp0~0i i  KOPOHKH,  B3aHMOCBII3aHHaR H p H  MeXaHHseCKOM cnoco6e 6 y p e H H R  CKBaWHH B K P e l l K H X  H B e C b M a  

C ¶HCJIOM Y A a p O B ,  AHaMeTpOM 6 y p 0 ~ 0 6  KOPOHKH H KPeIIOCTbKI 110po~k.1. K p e n K H X  a 6 p a 3 H ~ H H ~  r O P H b I X  I IOPOAaX I I O P O A O P ~ ~ P Y I I I ~ H ) I ~ H ~  HHCTPY- 
B noponax ~ p e n ~ ~ x  H ~ e c b ~ a  K ~ ~ I I K H X  (f = 14-18) n p ~  ~ ~ i a ~ e ~ p e  M ~ H T  ~ ~ T Y I I J I I I ~ T C R ,  B p e 3 y n b ~ a ~ e  sero c ~ ~ i x a e ~ c c r  C K O ~ O C T ~  6 y p e ~ ~ c r  

KOpOHKH 105 .Ma H ¶HCJIe Y A a P O B  1900 B MHHYTY ¶HCJIO O ~ O P O T O B  COCTaB- 

I 
H nOBbI I l I aeTCR CTOHMOCTb ~ Y P O B ~ I X  pa6o.r. C T ~ ~ M J I ~ H H ~  nOBbICHTb  34- 

J I R ~ T  25-40 B MHHYTY; B I I O P O A ~ X  c p e ~ ~ e f i  K P ~ ~ O C T ~  (f - 10-12) - ( P ~ K T H B H O C T ~  6 y p e H H R  B TaKHX I IOpOAaX IIpHBeJIO K CO3AaHHH) CTaHKOB 
40-60 EI B noponax H H X ~  C P ~ A H ~ ~  K P ~ ~ O C T H  (f = 8-10) - 60-90. TePMHYeCKOI'O 6 y p e a ~ ~ .  
C POCTOM A H a M e T p a  KOPOHKH CKOPOCTb B p a m e H H f I  AOJIWHa YMeHb- C Y I ~ H O C T ~  TePMH¶eCKOrO cnoco6a JIpOXOAKH CKBBWMH COCTOHT B pa3- 
JIIaTbCH,  a y B e J I H ¶ e H H e  ¶HCJIa  Y A a p O B  I I H e B M O y A a p H H K a  nO3BOJIIIeT no- PYI I I eHHH r O P H b I X  IIOPOA C IIOMOmbH) BbICOKOTeMIIepaTYPHhIX M O q H b I X  

B ~ I C H T ~  C K O P O C T ~  B p a m e H H R  KOPOHKH. ra30sb1x c ~ p y H ,  n o n y s a e M b I x  OT c n e q H a n b H o r o  ~ e p ~ 0 6 y p a  c P ~ ~ K T H B H O ~  
Y ~ ~ ~ E O - B ~ ~ J ~ ~ T ~ J I ~ F I ~ I H  cnoco6 6 y p e ~ ~ ~  C I IOrPYWHhIMH IIHeBMO- ropen~oi i .  H3 T ~ K O ~  I'OpeJIKH ra30~b1e C T p y H  CO C B ~ ~ X ~ B ~ K O B O ~ ~  CKOpO- 

Y A a P H H K a M H  H M e e T  OAHH C Y I U , ~ C T B ~ H H ~ I ~ I  HeAOCTaTOK: I I P H  6 y p e ~ n ~  HHC- CTbH) (AO I800 .M/ceK) HCTeKaIOT H a  3a6oii C K B a X H H b I ,  HMeR BbICOICYH) TeM- 
XOARJIl,ZiX O ~ B O ~ H € ! H H ~ I X  C K B a m H H  p e 3 K O  CHHHcaIoTCR I IOKa3aTeJ IH  pa6o~b1 nepa~ypy  (no 2200' C). B ~ O P ~ J I K Y  ~ O A ~ ~ T C R  C M ~ C ~  K H c J I O P O A ~  c K ~ P O -  
c y s e n H n e H n e M  ~ J I Y ~ H H ~ I  6 y p e ~ ~ ~  6onee 12-15 .M. CHHOM. r o p e m a  oxnam~ae~ccr  ~ o ~ o i i ,  K O T O ~ ~ R ,  npespama~cb B nap, 

H o K ~ ~ ~ T ~ J I H  pa6o~ka HeCKOJIbKO YJIYYIIIaIOTCR C YBeJIHYeHHeM KOJIH- BMeCTe C I I p O A y K T a M H  r O p e H H I I  BMHOCHT H a  I IOBepXHOCTb H 3  CKBaECHHbI , 
¶eCTBa  ET AaBJIeHHR CECaTOrO B O 3 n y X a ,  n O A a B a e R l O r 0  B CKBaHcHHY AJIR IIPOAYKTbI p a 3 P Y I I I e H H R  IIOPOAbI. 

6 y p e ~ ~ r r  H YAaJ IeHHR 6yp0~0i i  MeJIp¶H BMeCTe C noc~yna~omef H 3  CTeHOK C T ~ H O K  TepMH¶eCKOrO 6 y p e ~ ~ c 1  ( ~ H c .  24) KOHCTPYKqHH ~ H I I P O -  
CKBaHcHHM BOAOG. ~ O I I ~ I T K H  CO3AaHHH C I I e q H a J I b H O r O  I I H e B M O y n a p H H K a  

I P y A M a J I I a  ( ~ ~ P E I B O P O W C K E I ~ ?  6acceH~) CMOHTHpOBaH H a  r y c e F I l f ¶ H ~ i i  Te-  
AJIH 6 y p e ~ ~ ~  B O ~ B O A H ~ H H H X  YCJIOBHHX I IOKa  H e  Y B e H s a J I H C b  YCIIeXOM. f i e ~ c ~ e .  BHYTPH K ~ P K ~ C ~  Y C T ~ H O B J I ~ H M  M ~ X ~ H H ~ M ~ I  ~ o A % ~ M ~ - o ~ Y c K ~ -  

B cnysae ~ ~ H M ~ H ~ H H R  y ~ a p ~ o - ~ p a q a ~ e z b ~ o r o  cnoco6a 6 y p e ~ ~ ~  cne- HHR m ~ a ~ r n ,  H ~ C O C H M ~  a r p e r a ~ b ~ ,  n y m ~  y n p a ~ n e ~ ~ s .  
AYeT Y s H T b I B a T b  BeJIEI¶HHY IIPOXOAKH H a  OAHY 3 a T 0 9 K Y .  ~ P E I  HCIIOJlb30-  T p e x c o n n o ~ a c ~  r O p e n K a  K O H C T ~ Y K ~ H H  ~ H I I P O P Y R M ~ ~ L I ~  (PHC. 25) 
B a H H H  AJIR 6 y p e ~ ~ r r  Ct i J IbHO3aTynJ IeHHbIX KOPOHOK IIPOHCXOAHT B b I K P a -  H M e e T  T p H  BbIXOAHbIX OTBePCTHR COneJ I  10, a T a K W e  MeJIKHe OTBePCTHH 
m H s a H E z e  J I ~ ~ B H G  T B e p A o r o  cnnasa. TTOBTOMY n p ~  6 y p e ~ ~ ~  B n o p o ~ a x  AJIR BORN 7.  OH^ n p ~  n o ~ o m  ~ H J I H H A P ~ ~ ~ C K O ~ O  n e p e x o ~ ~ ~ ~ a  a3 ~ e -  
KpenOCTbH)  12-14 PeKOMeHAyeTCR H H T e p B a J I  I IpOXOAKH H a  OAHy 'daTO¶Ky p E C a ~ e H ) m e f  CTaJIH COeAHHHeTCH C 6yp0~0fi  IJlTaHI'ofi  1, C A ~ J I ~ H H O ~  H 3  
I I P I I H H M a T b  P a B H b I M  4,o-4,5 .M. T O J I C T O C T ~ H H O ~ ~  ~ ~ J I ~ H o T R H Y T o ~ ~  T P Y ~ M .  BHYTPH I I I T a H r H  p a 3 M e Q e H b I  

Y B ~ J I H ~ H T ~  I ~ ~ H O C O C T O ~ K O C T ~  KOPOPOK Y A a p H O - B p a q a T e J I b H O I ' O  CnO- TPY~OIIPOBOAM AJIR IIOABOAa K r O p e J I K e  KHCJIOpOAa 8 H K e p O C H H a  9. 
co6a 6 y p e ~ ~ ~  B03MOWHO I I p H M e H e H H e M  T a K  H a 3 b I B a e M b I X  IIOACeKaH)JIl,HX B K ~ M ~ P Y  C ~ O P ~ H H R  3, H M ~ I ~ ~ Y H )  F P Y I L I ~ B ~ A H Y H )  (POPMY, C M ~ C ~  pat- 
J I ~ ~ B H H  B K O p O H K e ,  YTO J I e r K O  OCYqeCTBHMO B K O p O H K a X  K P ~ C T O B O ~ ¶  ~ H J I ~ H H O ~ O  K ~ ~ O C H H ~  c r a 3 0 0 6 p a 3 ~ k . 1 ~  K ~ C ~ O P O A O M  I I O C T Y I I ~ ~ T  ¶epe3 
(POPMM. IIPHM~HIIR n I c o p o m c e  n o n c e K a r o q n e  J I ~ ~ B E I H ,  c o s n a A a m q E i e  ,Qpopcy~~y 2 ~ E C ~ K T O P H O ~ O  T ~ B .  H a ~ e p a  r o p e n ~ ~  pacnonowe~a B 

C OKPY3hHOCTbH) 6 y p e ~ ~ ~ 3 ,  AOCTElraIoT XOPOILI~G Pa3PYILIaeMOCTH IIOpOAbI , q e X n e  5 ,  BHH3Y HMeeTCII AHHIlJ,e 4 C ~ ~ I I I M ~ K O M  6. 
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B npoqecce 6 y p e ~ H R  ropema BMecTe co m ~ a ~ r o i i  H a x o A m c x t  B He- 

I IpepbIBHOM BO3BpaTHO-BpaqaTeJ IbHOM COCTORHHH, BCJIeACTBHe Y e r O  

o r H e H H H e  r a 3 o ~ b 1 e  CTPYEI, ~ b 1 6 p a c ~ ~ a e ~ b 1 e  co C B ~ P X ~ B Y K O B O ~ ~  CKOPOCT~H)  

¶0pe3 COIIJIO 10, BCTpe¶aIoT  IIOCJIeAOBaTeJIbHO HOBbIe Y¶aCTKH 3a60t1. 

s e m y e K .  IIpx M ~ J I O ~  CKOPOCTH * 
IIOBOpa¶HBaHEIR HJIH IIoJIHoG OCTaHOBKe I'OpeJIKEI I IOpOAa B 3a6oe HEFIH- 

H a e T  OIIJIaBJIRTbCR EI 6 y p e H E I e  3aMeAJIReTCR. 

K ~ c n o p o ~ ,  KePOCHH EI BOAa IIOCTyIIaloT H 3  COOTBeTCTBYlOqHX pe3ep- 
B y a p O B  IIO OTAeJIbHbIM T ~ ~ ~ O I I P O B O A ~ M .  P e 3 e p ~ y a p 0 ~  AJIR KEICJIOpOAa 

MOrYT CJIYlfCHTb PeqHIIEIeHTbI - 6 a ~ a p e H  CTaHAaPTHbIX HJIH CIIeqHaJIbHbIX 

KHCJIOPOAHbIX ~ ~ J I J I o H o B ,  CMOHTHPOBaHHbIX H a  ABYXOCHbIX a B T 0 I I p H q e -  

nax, o ~ ~ c I I ~ ¶ E I B ~ K I ~ ~ x  p a 6 o ~ y  m a m a  B TeYeHHe A B ~ X  cMeH. 

T ~ ~ M E I ¶ ~ c K o ~  6ypeme C K B a X H H  O C O ~ ~ H H O  ~ @ @ ~ K T H B H O  B IIOpOAaX, 

H M e H ) q H X  KpeMHHCTOe OCHOBaHHe H H E I S K E I ~ ~  K O ~ @ @ H ~ H ~ H T  TeIIJIOIIe- 

peaam. I I p t i ~ e ~ e ~ n e  A a H H o r o  c11oco6a ~ a ~ 6 o n e e  ~ @ @ ~ K T E I B H O  B o ¶ e H b  

KpeIIKHX EI ~ ~ P ~ ~ H B H H X  IIOpOAaX, B KOTOpbIX MOI'YT IIPHMeHRTbCII TOJIbKO 

CTaHKH YAaPHO-KaHaTHOI'O 6 y p e ~ ~ ~ 1 ,  HO OHH flaH)T BeCbMa HH3KYIO IIPO- 

EI3BOAHTeJlbHOCTb. 

Ha p R A e  K a p b e p O B  C O B ~ T C K O ~ O  C01o3a IIpHMeHcIIoT 6 y p o ~ ~ e  CTaHKH 

o r H e B o r o  6 y p e ~ ~ c 1  CEO-160/20 (CEO-2) EI CEO-4, n p e ~ ~ a a ~ a ~ e ~ ~ b ~ e  A n R  

6 y p e ~ ~ c r  BepTEIKaJIbHbIX B3pbIBHbIX CKBaWEIH K a K  B CYXHX, T a K  EI B 0 6 ~ 0 ~ -  
HeHHbIX KpeI IKHX IIOPOAaX. I I ~ H M ~ H ~ H H ~  AaHHbIX CTaHKOB I I03BOJIRer~  

P a C m E I p H T b  CKBaXHHbI  A 0  AEIaMeTpa 500-600 %At B JIH)60B HX YaCTH. 

B 6 y p o ~ o ~  CTaHKe CEO-160120 (CEO-2) OKHcJIHTeneM RBJIReTCR KHCAOpOA, 

a B CTaHKe CEO-4 - C W ~ T N ~  B03AYX. ~ T H  CTaqKH CaMOXOAHbIe. OCHOBHO~ 
0 6 0 p y ~ o ~ a H ~ e  CTaHKa CMOHTHpOBaHO B KYBOBe, YCTaHOBJIeHHOM H a  I'yCe- 

~ ~ 9 ~ 0 6  TeJIeWKe.  P~KHMH p a 6 0 ~ b I  CTaHKOB aBTOMaTH3EIPOBaHbI - HMe- 

eTCR CHCTeMa aBTOMaTH¶eCKOrO I I O R q e P X a H H R  OIITHMaJIbHOrO PaCCTORHHR 

OT I 'OpeJIKH A 0  3a60t1 CKBaWHHhI H peI'YJIHpOBaHEIH COOTHOllIeHHtI pa6o- 
¶HX KOMIIOHeHTOB. Ka6ma AJIR M a m H H H C T a  H MallIHHHOe OTAeJIeHHe YTeII- 

XeHHNe.  

T e x H n s e c ~ a r r  XapaKTepHCTEIKa  CTaHKOB OrHeBOrO ~ Y P ~ H M R  IIPHBe- 

A e H a  B T ~ ~ J I .  10. 

T e x ~ H ' l e c ~ a f l  XapaKTepHCTHKa CTaHKOB OI'HBBOI'O 6 y p e ~ n f l  * 
I 

AIIal\le~p CKBamIIHbI, .lt.+l . . . . . . . . . . . . . . .  
I 'ny6H~a G y p e a n ~ ,  a . . . . . . . . . . . . . . . .  
A r n a ~ e ~ p  K o ~ n a  (pacmnpeam), .w* . . . . . . . . . .  
CROPOCTL 6ype~n1-1 no nopogaw KpenocTLm 17-20, .w/u 
C ~ o p o c ~ r ,  paCUIHpeHEUl CKBaXMH, . W / U  . . . . . . . . .  
PaCloJI pa6osnx KOllIIOHeHTOB: 

. . . . . . . . . .  Kepocnaa anm C O ~ R P K ~ ,  ~ 2 / u  
Kncnopojqa, M . W ~ / U  . . . . . . . . . . . . . . .  
c ; ~ < a ~ o r o  ~ o s ~ y x a ,  H . . X ~ / U  . . . . . . . . . . . .  
~ e x ~ ~ s e c ~ o i i  B O R ~ I ,  .113/~ . . . . . . . . . . . .  

Y c ~ a a o s n e a ~ a ~  nlomaocTb a n e ~ r p o ~ s n r a ~ e n e : i ,  xsm: 
B n e ~ a e e  s p e m  . . . . . . . . . . . . . . . .  
B 3 ~ ~ a e e  B P ~ M H  . . . . . . . . . . . . . . . .  

CKOPOCTL n e p e g ~ ~ m e a H ~  m a m a ,  K.W/U . . . . . . . .  
Bec C TaHKa ( C  3aIIaCHhIMII gaCTRMIl II IIHCTPYMC'HTO\~), fn 



CT~HOIE CEO-20 OTJIEI¶aeTCR OT nep~o i i  MOAeJIH y B e J I H r e H H 0 f  rJIy- 
6 ~ ~ 0 j l  6 y p e ~ ~ a  (AO 20 At) ,  B03MOXUIOCTbH) pa6o~b1 r 0 p e J I K H  H a  # B ~ X  

p e X n M a x :  HOpMaJIbHOM,  I I p H  KOTOPOM O ~ ~ C I I ~ U H B ~ ~ T C I I  A H a M e T p  6 y p e ~ ~ c 1  

180-200 xx, ~i + o p c ~ p o ~ a ~ ~ o ~  - A n n  0 6 p a 3 0 s a ~ ~ s  y s e J r m s e H H o r o  

J!-HaMeTpa (A0 400-500 xi%). ~ O ~ T O M Y  C YBBJIH¶eHHeM IIPOH3BOAHTeJIb- 

HOCTH C T a H K a  CEO-2 no CPaBHeHHH)  C I I ~ P B O ~ ~  MOHeJIbH) PaCXOA KMCJIO- 

P O A a  IIOBbICllJICR A 0  350 dt3/lc n p E I  HOpMaJIbHOM P e X H M e  H A 0  500 f ix3 /%-  

I I p H  @ O ~ C H ~ O B ~ H H O M .  

C M ~ H H ~ R  IIpOEI3BOAMT~JILHOCTb CTBHKOB TepMHYeCKOI'O 6 y p e ~ ~ ~  H a  

H a p b e p a x  I C p ~ ~ o p o x c ~ o r o  6accefi~a H E a ~ a n b c ~ o r o  M e c T o p o x q e H m  

B I IOPOAaX KpeIIOCTbIO 14-16 H 14-18 H O C T H r a e T  30-35 &, 9 T O  B 5-7 

C p e ~ ~ e s a c o ~ a r r  C K O P O C T ~  G Y P ~ H I I R ,  nt 

& l a ~ e ~ p  CKBalrrHHhl, a n t  . . , . . . . 
C p e ~ ~ m l  p a c x o n  noMnoaeHToB TonrruBa: 

Knc r ropona ,  rtnt3111 . . . . . . . . 
KePOCHHa, ~ 2 1 ' 4  . . . . . . . . . 

B a ~ p a ~ h l  TOUJIHBa Ha 1 nt CKBaHfHHhl: 
K m r r o p o n a ,  ~ . w 3  . . . . . . . . . 
KepocEHa ,  K 2  . . . . . . . . . . 

~ P O I I ~ B O A H T ~ J I ~ H O C T ~  G y p e ~ l l ~ ,  nt/Cntt'tLy 

I T p o x o n ~ a  cKsamnHar  Ha o p y  ropewy,  nt 

P~cxoJJ KOMnOHC!HTOB TOnJ IHBa  H a .  1 C K B a X H H b l  I I P H  H O P M ~ J I ~ H O ~  

OPl'aHH3aqEIH er0 AOCTaBKEI COCTaBnReT:  KMCJIOpOHa 50-70 fi.X3, K e p O -  

CMHa 15-20 K2. 

O n ~ m ~ a n b ~ o e  y n p a B n e m e  n p o q e c c o M  6 y p e ~ H R  c y r e T o M  KOHCTPYK- 
TMBHMX o r p a ~ ~ q e ~ ~ f i ,  a T a I c x e  r o p H o r e o n o r H s e c I c H x  H T e x H o J r o r H r e c I c H x  

J 'CAOBH~~ p a 6 0 T b I  6 y p o ~ o r o  O ~ O P Y A O B ~ H M R  OCYqeCTBHMO TOJIbKO C IIO- 

MOlI(bI0 aBT0MaTHrIeCKH.Y CHCTeM YI IPaBJ IeHHR,  yCTaHaBJIHBaH3IQHX OII- 

THMaJIbHYIo B3aHMOCBR3b  I I a p a M e T p O B  P e X M M a  H HOCTOBepHbIe  KPHTePHEi  

npoqecca 6 y p e ~ m .  H a ~ 6 o n e e  COBepIIIeHHbIM B H a C T O R q e e  B p e M R  C¶H- 

TaeTCR KPI.IT€?PH~ MaICCHMYMa IlPOH3BOAHTeJIbHOCTH 6 y p e H E I R  n P H  MHHH- 

MaJIbHbIX 3 a T p a T a X  H a  6 y p e H E I e  1 dt CKBaXEIHbI .  BBEIAY 3HaPHTeJIbHOI 'O 

1 Fga. 
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OTJIH¶HR @ E I ~ E I K O - M ~ X ~ H L I Y ~ C K E I X  npoqecco~,  ~ ~ O M C X O A R ~ H X  B C K B a m E i H a x  

I I p H  p a 3 H b l X  cnoco6ax ~ Y ~ ~ H E I R ,  OnTHMaJIbHbIe  3aKOHhI  YlIpaBJIeHHEI 

6 y f l y ~  p a 3 J I H q H b I M H .  A J I R  IIOJIY¶eHHH 3TEIX 3aKOHOB H ~ O ~ X O A H M O  RCHOe 

n p e A c T a s J r e m e  o BJIHRHHH H a  p e x m  6 y p e ~ n c 1  M e x a H H s e c K n x  m A p y r H x  

n e p e X 0 A H b I X  IIpOI(eCCOB, BOBHHKaIOqHX B C K B a X H H e ,  a T a K l K e  0 H a A e X -  

HbIX CpeACTBaX d o p a  A O C T O B ~ ~ H O ~  T ~ K Y ~ ~ G  H F f @ o p ~ a q M H  EZ3 3 a 6 0 ~  
( ~ ~ T ¶ H K O B  OCeBMX p B J I e H H f i ,  CKOPOCTH B p a q e H E I R ,  H3HOCa 6ypo~oro  
HHCTPYMeHTa  IE T. A.) .  n p H  3T0M o 6 p a 6 o ~ ~ a  ~ o J I ~ ¶ ~ H H o ~  m ~ # I o p ~ a q M ~  

H @ O P M E I P O B ~ H H ~  YI IPaBJ IRH34HX B O ~ A ~ G C T B H G  MOrYT IIPOHBBOAEITbCFI 

C I I O M O q b H )  CIIeqEIaJIEI3MPOBaHHbIX BhI9HCJIHTeJIbHMX Y C T P O ~ ~ C T B .  

B H a c T o R I q e e  B p e M R  p a 3 p a 6 0 ~ a ~ h 1  CHCTeMbI aBTOMaTH¶eCKOrO Y n p a B -  

JIeHHR ~ Y P O B M M H  CTaHKaMEI B p a q a T e J I b H O r O  A ~ ~ C T B H I I ,  TaIC IiaIC I I p O q e C C  

~ Y P ~ H E I F I  H e I I p e p b I B e H  Ei J I e r I i O  IIOAAaeTCR aBTOMaTH3aqFiEI .  AJIR APYI'HX 

cnoco60~ 6 y p e ~ n ~  p a 3 p a 6 o ~ a ~ ~  OTAeJIbHMe y ~ ~ p o i i c ~ s a  H npn6opar, 
B b I n o J I H n I o q t i e  @yHKI(HM T e J I e H 3 M e p e H m R  l3 ~ B T O M ~ T E ~ ¶ ~ C K O ~ ~  3aWHTbI .  

OCHOBH~IM ~ p e 6 o s a ~ H e ~  n p H  CO3AaHHH CHCT0M aBTOMaTEI¶eCKOI'O Y I I p a B -  

J I eHHR n p O I p C C O M  6 y p e ~ I I R  ,C HCI IOJ Ib30BaHHeM CTaHKOB BpaJlJ ,aTeJrbHOrO 

6 y p e ~ m  6 ~ n o  n o A A e p l K a H E I e  H ~ ~ O ~ X O A H M O ~  EIX CKOpOCTH. ~ C C J I ~ ~ O B ~ H E I F I  

I IOKa3bIBaK)Tl  ¶TO OCHOBH~IMH n a p a M e T p a M m  B p a q a T e n b H o r o  6 y p e ~ ~ n ,  
BJIEIcIIo~ZIMEZ H a  CKOpOCTb IIpOXOAKH B3PbIBHbIX C K B a X H H ,  RBJIRIOTCEI 

KOHCTpYKqHR H TMII 6ypo~oro  HHCTPYMeHTa ,  OCeBOe YCHJIHe H a  H e r o ,  

~ H C J I O  O ~ O ~ O T O B  H cnoc06 y A a n e H n R  6 y p o ~ o f  M e n o s m .  

n o ~ ~ y s e ~ ~ i e  M ~ K C H M ~ J I ~ H O ~ ~  CKOPOCTH ~ Y ~ ~ H Y I R  M O X e T  6bI~b o6ec11e- 
¶ e H o  c ~ O M O ~ ~ H )  a B T o h f a T m ¶ e c I i o r o  p e r y n H p o B a a H t I  oce~ofi  ~ a r p y a ~ n  
II CKOpOCTH Bpa l I ( eHHR 6ypo~oro C T a B a  n p E I  ~ @ @ ~ K T H B H O M  H IIOJIHOM 

y A a q e H M I I  I33 C K B a X H H h l  IIPOAYKTOB 6 y p e ~ m ~ .  CKOPOCT~ BpalI(aTeJIb- 

H o r o  6 y p e ~ ~ ~  p e 3 a ~ m e ~  c y s e n a s e H H e M  sncna O ~ O ~ O T O B  KOPOHKH no- 
B H m a e T c R  no o n p e A e n e H H o r o  npenena. IIocne A o c T n x e H H R  3 ~ 0 r o  npenena 
CKOpOCTb 6 y p e ~ ~ c 1  YMeHbI I I aeTCR,  I I p H ¶ e M  3 H a s e H E I e  IIpeAeJIbHOI'O (1CpH- 

~ n . r e c ~ o r 0 )  YHCJIa O ~ O P O T O B  KOPOHKH I I P H  IIOBbIIUeHMH O C ~ B O ~  H a r p Y 3 K H  

y s e m s m a e T c a .  

Ana n o n y s e H M n  ~ a ~ c l r ~ a J I b H o f i  CKOPOCTH 6 y p e H I . i ~  B 3TOM cny¶ae 
q e n e c o o 6 p a 3 ~ 0  DpEIMeHIITb 3KCTpeMYM-peI ' y J IRT0p l  C IIOMOlI(bH) KOTOPOrO 

H ~ M ~ H R ~ T C R  H s a n o ~ r n ~ a e ~ c ~  s ~ a s e ~ n e  CKOPOCTH n o ~ a s ~  A o n o T a .  

B HaCTORKQee B p e M R  n p e A J I O X e H  3 K C T p e M Y M - p e r y J I R T O p  IIO MEIHH- 

MaJIbHbIM YAeJIbHbIM 3 H e p r 0 3 a T p a T a M  D p H  B p a q a T e J I b H O M  6ype~mnr 
p e 3 a H H c M .  

B ~ e ~ p e H r n e  m a p o m e s H o r o  cnoco6a 6 y p e ~ E I R  H a  K a p b e p a x  n o s ~ o -  
JIHJIO H a K O n H T b  OIIbIT B O l l p e A e J I e H H H  OnTHMaJIbHbIX pelKEIMOB 6 y p e ~ ~ ~ .  
 TOT o n M T ,  a T a I c m e  n p o M b I m n e H H b I e  a K c n e p H M e H T M  ~ O K ~ ~ ~ I B ~ I O T ,  ¶TO 
C K O P O C T ~  G Y ~ ~ H H R  n o B b I m a e T c R  n p ~  Y B e n m e H r n H  O c e B o r o  YCHJIHR; 

B 0 3 p a C T a e T  T a K X e  I tpOXOAKa C K B a X H H h l  H a  OAHO AOJIOTO. O H H ~ K O  U p H  

a T 0 M  ~ H C T P O  BblXOART E13 CTPOR 0nOpJ-d I U a p O I U e K ;  I l O B M m e H H B  CKOPOCTH 

BpaII(eHEIJ3 AOJIOTa YBeJIHVHBaeT CKOpOCTb 6 y p e ~ n a ,  HO OAHOBpeMeHHO 

nPHBOf lHT H IE Pe3KOMY CHHXeHHH)  C T O ~ O C T E I  3 ~ 6 4 0 ~ .   TO y K a 3 b I B a B T  

H a  TO, ¶TO p e r y n m p o B a H n e  o c e B o r o  YCHJIHII H C K o p o c T m  B p a q e H M n  

AOJIOTa no M ~ K C H M ~ J I ~ H O ~ ~  CKOPOCTH H e  06ecnem~ HaMJIYgIlIEIX TeXHMKO- 

aKOHOMH¶eCKHX 110Ka3a~eJ Ie i i  6 y p e ~ H R .  ~ O ~ T O M Y  I I P E  a B T O M a T H 3 a q H H  

77 



I I IapOIIIesHbIX G Y P O B ~ I X  CTaHKOB OIITHMaJIbHhIM CYHTaeTCR P e X H M  6 ~ -  
P e H H R ,  0 6 e c n e s ~ ~ a r n q ~ i i  BbICOKYH) ( M ~ K c H M ~ J I ~ H Y H ) )  IIpOH3BOAHTeJIbHQCTb I 

n p H  MHHHMaJIbHbIX 3 a T P a T a X  H a  6 y p e ~ ~ e  1 nt CKBBXHHH.   TO MY KPHTe- 

P H I 0  COOTBeTCTBYlOT MHHHMaJIbHaR YAeJIbHaR 3HeprOeMKOCTb Pa3PYIUeHHII ,  

M H H H M ~ J I ~ H H $  H3HOC AOJIOTa H BbIXOA ~ a n 6 o n e e  KPYIIHbIX @paKl(HG 

6 y p o ~ o f  M e n o w .  

B CHCTeMaX aBTOMaTH¶eCKOrO peI 'yJIHpOBaEHII  (CAP) O C ~ B O $  HaI 'PY3KH 

H CKOPOCTH RPalU,eHHR 6yp0~0r0  CTaBa y K a 3 a ~ ~ b I f i  KPI IT~PH$ HCIIOJIb- 

3YeTCII KOCBeHHO. C K O P O C T ~  B p a q e H H R  H OCeBaR H a r p y 3 K a  CTaHKOB 

mapomesnoro 6 y p e ~ ~ ~  perynmpymcs B c n c T e M a x  H a  o c H o s a H m i l  a n p H -  

OpHbIX C B ~ A ~ H H ~ ~ [  06 OIITHMaJIbHOM P e X H M e  ~ Y P ~ H H R ,  IIOJIY¶eHHhIX B pe- 
3 y n b ~ a ~ e  n p o B e A e H H R  H o 6 p a 6 0 ~ ~ ~  6 0 ~ 1 b m o r o  YHcJIa OIIHTOB IIO 6 y p e ~ ~ m  
nOpOA ~ ~ ~ J I H ¶ H O $  KpeIIOCTH. 

CKOPOCT~ BpaIIJeHHII AOJIOTa p e r y J I H p y e T C H  aBTOMaTHYeCKH B 3aBHCH- 

MOCTH OT CKOPOCTH ~ Y P ~ H H I I ,  KOTOpaR, B CBOH) O ¶ e p e A b ,  I I p H  I I O C T O R H H O ~  

O C ~ B O $  H a r p y 3 K e ,  O,lJH03Ha¶HO 3aBHCHT P T  @ H ~ H K O - M ~ X ~ H E I ~ I ~ C K ~ ~ X  C B O ~ ~ C T B  

IIOPOAH. n p H  3TOM COOTHOIlIeHHR M e X A Y  CKOPOCTIIMH ~ Y P ~ H E I R  H B p a -  

WeHHII ~ 6 1 6 p a ~ h 1  HCXOAII H 3  KpHTepHII  M ~ ~ H H M ~ J I ~ H o ~ ~  CTOHMOCTII 6ype- 
RHII. O c e ~ a ~  ~ a r p y s ~ a  p e r y n H p y e T c s i  n p R M o  n p o n o p q I l o H a n m o  K p e -  

IIOCTH ~ Y P H M O ~ ~  IIOPOAhl, K a K  3 T 0  CJIeAyeT H 3  OCHOBHOI'O TeXHkIKO-3KO- 

HOMHYeCKOI'O KPHTePHR. CAP O C ~ B O G  H a r P Y 3 K H  H CKOPOCTH BpaIQeHHH 

IIO3BOJIReT P e r y J I H p O B a T b  B IIIHPOKHX I IpeAeJIaX CKOpOCTb BPall@HHR 

OT 30 no 300 06intu~ H o c e B y I o  ~ a r p y 3 ~ y  OT 0 AO I8 T. 
Ha PHC. 26 n o ~ a s a n a  c H c T e M a  a B T o M a T H Y e c K o r o  p e r y J r H p o B a H w i  

C 
CKOPOCTH BpaK(eHHR 6ypo~oro  CTaBa CBm-200. ~ P M B O A  BpaIQeHHR 

n a T p o H a  o c y q e c T s n e H  no cHcTeMe r e ~ e p a ~ o p - ~ ~ ~ r a ~ e n b  c a n e K T p o M a -  

IIIHHHHM YCHJIHTeJIeM 3MY.  T a x o r e ~ e p a ~ o p  TI' IIPHBOAHTCR BO BpaIIJ,e- 

H H e  I ' H A ~ o T ~ ~ ~ H H K o ~ ,  Y C T ~ H O B J I ~ H H O ~ ~  B c J I H B H o ~ ~  MarHCTpaJIH I'HApO- 
UHJIHHAPa I IOAasH 6yp0~0r0  CTaBa.  

'Ha PHC. 27 n o ~ a 3 a ~ a  c x e M a  r H A p o n o A a s n  A o n o T a  CTaHKa CBm-200. 
C K O ~ O C T ~  BpaWeHHEI I ' H , L ( ~ o T Y ~ ~ H H K H  IIPOIIOPqHOHaJIbHa CKOPOCTH 6ype- 
HHII. X a p a ~ ~ e p ~ c ~ m ~ a  T a x o r e H e p a T o p a  Tl' ~ b 1 6 p a ~ a  c TaKmM p a c s e T o M ,  

9 ~ 0 6 ~  I I p H  6ype~mm IIOpOA p a 3 J I F i ¶ ~ o $  KpeIIOCTH O ~ ~ C I I ~ ¶ H T ~  YCTaHOB- 

JIeHHe C K O ~ O C T ~ ~  BpaIQeHHII ,  HCXOAII H 3  K p H T e p H R  M H H H M ~ J I ~ H O ~  CTO- 

HMOCTH 6 y p e ~ m ~ .  
B CHCTeMe I IpeAyCMOTpeHa B03MOXHOCTb PyVHOrO EI a B T O M a T H P e G  

K o r o  p e r y m p o B a H H s i  CKOPOCTE A s x r a T e m  A (CM. pmc. 26). IIpn p y s ~ o ~  
YIIpaBJIeHHH CKOpOCTb B p a q e H H R  H3MeHIIeTCII C IIOMOqbH) P e r y J I H P Y -  

e M O r 0  COIIpOTHBJIeHHR R4 B q e I I H  

O ~ M O T K H  O y I f  3JIeKTpOMaIIIHE- 

HOrO YCHJIHTeJIR 3 M Y .  
O ~ M O T K ~  O y I  CJIYXEIT AJIEI 

CO3AaHHR X ~ C T K O G  OTPHqaTeJIb-  

HOG o 6 p a ~ ~ o i  CBR3EI DO HBIIPII- 

X e H H m  B 0 6 0 ~ ~  p e m m M a x .   OH^ 
BKJIIOqeHa B A M a l O H a J I b  TaXOMeT- 

p H s e c I c o r o  M o c T a ,  06pa30saa~oro 
COIIPOTHBJIeHHIIMH R H R 
O ~ M O T K O ~ ~  AOIIOJIHHTeJIbHbIX IIO- 

JIIoCOB O z n a  H RKOpeM ABHI'a- 

M O ~ ~ H )  pene P A ,  K a T y m r c a  KO- 

TOPOrO H~ c x e M e  He n o ~ a s a ~ a .  PHC.  27. C x e ~ a  F U R P O n O R a ~  ROnOTa CTaAKa 
CEIU-200 

~ P E I  BKJIH)¶eHHH 3 T O r 0  peae oT- 1 - ~ ~ P O T Y P ~ H H H ~ ;  2 - THnpOApOCCeJIb; I H 
K n I o s a e T c R  COIIpOTHBJIeHHe R, I I  - r n n p o q ~ n ~ ~ n p ~  

p y s H o r o  p e r y m p o B a H H r r  CKO- 

pOCTH B p a W e H H H  ABHraTeJIR A H O ~ M O T K ~  OYII 3 M Y  IIOAKJIIosaeTCE 

K A a T m K y  CKOPOCTH 6 y p e ~ ~ ~ 1 ,  KOTOPHM CJIYXHT T a x o r e H e p a T o p  Tr .  
O ~ M O T K ~  O y I V  06ecnesm~ae~ MHHHMaJIbHYH) CKOpOCTb B p a q e H H R  6y- 
pOBOr0  HHCTpYMeHTa I I p H  CKOPOCTH 6 y p e H m R  P ~ B H O ~ ~  HYJIIO, a O ~ M O T K ~  

O Y I I I  CJIYXHT B O ~ O H X  pemmax AJIR C T ~ ~ H J I H ~ ~ ~ H H  npoqecca H ocyqe- 
CTBJIReTXeCTKYIO OTpHqaTeJIbHYH) O ~ P ~ T H Y H )  CBII3b IIO HaI IPI IXeHHH)  3MY.  

,lJ,eGc~~me p a c c ~ a ~ p ~ ~ a e ~ o f i  CAP CKOPOCTH B p a q e x H r r  6ypo~oro  
CTaBa COCTOHT B CJIeAYJOqeM. n p H  H3MeHeHHH CKOpOCTEI 6ype~mn H3Me- 

HHeTCR CKOpOCTb BpaIU,eHHR I ' H , ~ J ~ o T ~ ~ ~ H H K H  (CM. PHC. 27), a CJIeAOBa- 

T e n m o ,  EI H a n p r r x e H m e  T a x o r e H e p a T o p a  TI', K o T o p o e  n o A a e T c R  H a  06- 
MOTKY 3JIeKTpOMamHHHOrO YCHJIHTeJIII 3 M Y  O y I I  (CM. PHC. 26). Y B ~ -  
JIH¶eHHe HJIH y M e H b m e H H e  TOKa B O ~ M O T K ~  O y I I  B h l 3 H B a e T  I I p O n O p ~ H -  

OHaJIbHOe E13MeHeHHe HaI IpRXeHHEI  H a  IIKOpe 3 M Y ,  T. e. B O ~ ~ Y X A ~ H H I I  
r e H e p a T o p a  r, B p e 3 y a b ~ a ~ e  sero H ~ M ~ H I I ~ T C I I  H a n p n m e H H e  H a  A B n r a -  

T e n e  A. T ~ K M M  0 6 p a 3 0 ~ ,  y B e n m s e H m e  m n H  y M e H b m e H m e  CKOPOCTH 6 y p e ~ ~ 1 1  
IIPHBOAHT K TaKOMY Xe H3MeHeHHH) CKOPOCTH BpaqeHEIEI  6yp0~0r0  
c T a s a .  O ~ M O T K ~  OYI a ~ ~ e ~ ~ p o ~ a r n n ~ ~ o r o  y c m n m T e n n  3 M Y  B K n I o s e H a  

BCTpesHO C O ~ M O T K ~ M H  O y I I  H 3aMbIKaeT CAP, OCYLU,eCTBJIEIEI XeCTKYIo 

OTpHqaTeJ IbHYIo  0 6 p a ~ ~ y r o  CBR3b IIO HaI IPHXeHHH)  I 'eHepaTOpa.  
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P ~ B ~ ~ c H ~ o B ~ H H ~  ABHI'aTeJIR 4 IIPOH3BOAHTCR C I IOMOqbIO PeBepCH- 

pymqeB qenonm B q e n H  O ~ M O T K H  OYII.  Peae POD CJIY~~EHT-AJIR 

KOHTPOJIH o 6 p b 1 ~ a  ItOJIR ABHI'aTeJIR 4. 
py¶HOI'O pe I ' y J IHpOBaHHR O C ~ B O ~ ~  HaI 'PY3KH CJIYKHT rHAPOAPOC- 

CeJ Ib ,  Y C T E ~ H O B J I ~ H H ~ I ~ ~  H a  C J I M B H O ~ ~  MarHCTpaJ IH MeXaHH3Ma IIOAa¶H. 

n p H  aBTOMaTH¶eCKOM P e r y J I H p O B a H H H  O C ~ B O ~  H a r P Y 3 K H  I'HAPOAPOCCeJIL 

YCTaHaBJIHBaeTCR MamFlHHCTOM B OIIpeAeJIeHHOe IIOJIOlfEeHHe. B CJIHBHYH) 

MaI 'HCTpaJIb M e X a E H 3 M a  n O A a ¶ H  6 y ~ e ~  BBeAeHO COnpOTHBJIeHIle  HCTe- 

YeHHH) WHAKOCTH. 

O C ~ B ~ H  H a I ' p y 3 K a  OnpeAeJ IReTCR Pa3HOCTbH) AaBJIeHHH B' H ~ I I O P H O ~ ~  

H CJIHBHOH IIOJIOCTHX 4HJIHHAPOB MeXaHH3Ma IIOAa¶H (CM. PHC. 27), 
I IpH¶eM B H ~ I I O P H O ~ ~  IIOJIOCTH AaBJIeHHe 6 y ~ e ~  nOCTORHHbIM H PaBHbIM 

AaBJIeHHH) B I'HApOCHCTeMe. BO B p e M R  6ype~nrr CKOPOCTb IlOAa¶H O n p e -  

AeJIReTCR COnpOTHBJIReMOCTbH) ~ Y P H M O ~ ~  IIOPOAbI. Y ~ M  M R r Y e  I tOpOAa,  

TeM 6 0 ~ 1 b m e  AaBJIeHHe H a  CJIHBe, TeM M e H b m e  AaBJIeHHe H a  3a60f, H H a -  

0 6 0 ~ 0 ~ .  O A H ~ K O  T a K o e  C a M o p e r y J I H p o B a R H e  O C ~ B O G  RaI 'PY3KH H e  M O X W  

IIPOHCXOAHTb B IIIHPOKHX I IpeAeJ Iax  H3MeHeHHR KpeItOCTH ~ Y P H M M X  
IIOpOA. ~ O ~ T O M Y  I I P H  3Ha9HTeJIbHbIX H3MeHeHHRX KpeIIOCTH H ~ O ~ X O A M M O  

M e E H T b  YCTaBKY I'HAPOAPOCCeJIR B C J I H B H O ~ ~  MarHCTPaJ IH.  

H ~ H M ~ H ~ H H ~  CAP CKOPOCTH B p a l Q e H H R  6 y p 0 ~ 0 r 0  CTaBa  H O C ~ B O ~ ~  

HaI 'PY3KH C CHCT~MOG aBTOMaTH3aqHH I I e p e X B a T a  IUTaHI'IX 3aiICHMHhIM 

IIaTPOHOM II03BOJIReT aBTOMaTH3HpOBaTb  IIPOqeCC GYP~HE.IR CKBaWHHhl 

H a  BeJIHsHHY IIOAaPH, COOTBeTCTBYH)It(YIO AJIHHe OAHOH IlITaHI'H. 

B CBR3H C c ~ P H G H ~ I M  H3I'OTOBJIeHHeM THPHCTOPOB IIOHBHJIaCb B03-  

MOXHOCTb HCIIOJIb30BaTb H O B ~ G I I I H ~  AOCTHKeHHR TeXYHKH AJIH CO3AaHHH 

HaAeWHOI'O, KOMnaKTHOI'O H IIPOCTOI'O B O ~ C J I Y W H B ~ H H H  3JIeKTPOIIPH- 

BOAa AJIR B p a l Q e H H R  6 y p o ~ o r o  CTaBa .  B H a C T O H q e e  B p e M R  CAP CKOPOCTH 

B p a Q e H H R  6 y p o ~ o r o  C T a B a  C KPeMHHeBhIMH YnPaBJIReMhIMEI IIOJIYIIPOBOA- 

HHKOBHMH BbIIIPRMHTeJIRMH T H n a  BKAY-100 p a 3 p a 6 0 ~ a ~ a  H Y C n e m H O  

n p O m J I a  HCllbITaHHR. AJIR OIIepaTHBHOI'O TeXHOJIOI'H¶eCKOI'O KOHTPOJIR 

3a 6 y p e ~ H e ~  H K B ~ J I H @ H ~ H ~ O B ~ H H O M  PYKOBOACTBe 3THM ItPOqeCCOM 

n p H  6 0 n b m o ~  n a p K e  p a 3 6 p o c a ~ ~ h 1 x  H a  ~ H ~ ¶ H T ~ J I ~ Y O ~ ~ [  n J I O m a A H  6 ~ -  
POBbIX CTaHKOB qe~1ec006pa3~0 I IpHMeHeHHe TeJIeKOHTpOJIH H T e J I e y n p a B -  

JIeIInFI. 

H a n m ~ e  c p e A c T B  c6opa, nepeAaw, , n p H e M a  H c o c p e A o T o s e H H R  

H E @ O ~ M ~ ~ E I H  0 n p O q e C C a X  6 y p e ~ ~ r r  B OAROM IIYHKTe IIO3BOJIHeT: OCY- 

q e C T B J I R T b  H e I I p e p h I ~ ~ b I f i  KOHTPOJIb H PYKOBOACTBO IIpOqeCCOM ~ Y ~ ~ H E I R ,  

YMeHbIUaTb  IIPOCTOH H Hel lPOH3BOAHTeJIbHble  n O T e p H  B p e M e H H ,  yJIy¶- 
m a T b  Ka¶eCTBO 6 y p e ~ ~ r r  H ,  B KOHe¶HOM C¶eTe,  YMeHbI l IaTb  er0 CTOH- 

MOCTb. P a 3 p a 6 0 ~ ~ a  aIlnEipEiTypbI  AHCTaHqHOHHOI'O KOHTPOJIH Ii AHCIIeT- 

¶epCKOI'O Y n p a B J I e H H R  BeAeTCR B HaI IpaBJIeHHH CO3AaHHR CXebI H Y C T P O ~ C T B  

H ~ A ~ ? K H o P  ABYCTOPOHH~G CBH3H AHCIIeT¶epa  CO BCeMH YYaCTICaMH, H a  

K O y P b I X  IIPOH3BOAHTCR G y p e ~ ~ e ,  Fl YCTPOGCTB AHCTaHqHOHHOrO KOHT- 

POJIR Fl YIIPaBJIeHHR IIPOqeCCOM 6 y p e ~ ~ ~ .  
AJIR YIIPOlI(eHHR 3 a A a ¶ H  O ~ ~ I ¶ H O  B ~ I ~ H P ~ ~ T C R  OAHH I I a p a M e T p  - 

n O A a ¶ a  6 y p o ~ o r o  HHCTPyMeHTa  H a  3a60f, CBeAeHHR 0 KOTOPOM H e n p e -  

P ~ I B H O  a B T o M a T m e c K n  n e p e A a m T c R  H a  ~ ~ c n e ~ n e p c ~ ~ l f i  IIYHKT, rge pe- 
r H c T p n p y m T c R  H a  n y n b T e  A H c n e T s e p a .  AJIR nepeAam a ~ @ o p ~ a q ~ ~  

0 BeJIHPFlHe ItOAEi¶H MOI'YT HCIIOJIb30BaTbCH IIPOBOAHhIe KaHaJIbI  CBR3H 

ur p a A n o K a H a n b I .  

B n o c n e A H e M  cnynae a n e ~ ~ p ~ ~ e c ~ ~ e  c H r n a m  o B e n H n H H e  n o n a s H  

n p e o 6 p a 3 0 ~ b 1 ~ a m ~ c ~  n e p e A a I o q H M  YCTPO~~CTBOM B paAHocHrHaJ Ih I  H IID- 
CbIJIaIOTCR B 3 4 ) ~ ~ .  

I I ~ H ~ M H ~ H  a n n a p a T y p a  H a  n y n b T e  A H c n e T n e p a  I IPOH~BOAHT o 6 p a ~ ~ o e  
n p e o 6 p a 3 o ~ a ~ ~ e  PaAHOCHrHaJIOB B 3JIeKTpEi¶eCKHe, KOTOPbIe II0CTYIMH)T 

H a  p e r H c T p H p y m q u e  n p ~ 6 o p h 1 .  

3 a p e r H ~ ~ p H p 0 ~ a ~ ~ h I e  H3MeHeHHR BO B p e M e H H  H IIpOCTpaHCTBe DO- 

Aa¶H 6 y p o ~ o r o  FlYCTpyMeHTa II03BOJIHH)T ,L(HCIIeT¶ePY HJIH PyKOBO,L(HTeJIH) 

p a 6 o ~  nOJIY¶HTb H C 9 e P n b I B a H ) q e e  I IpeACTaBJIeHHe 0 COCTORHHH p a 6 o ~  
DO ~ Y ~ ~ H H H )  CKBaWHH,  0 ~ J I Y ~ H H B  CKBaWEIH, CKOPOCTH ~ ~ P ~ H H R  H a  JIH)- 

6 0 ~  H H T e p B a J I e  no rny6~11e CKBaWHHbI, IIPOCTORX, X a p a K T e p e  ~ Y P H M H X  
IIOpOA, H a p a q H B a H H H  HHCTPYMeHTa H T. A.,  ¶TO A a e T  B03MOiKHOCTb OCY- 

QeCTBJIHTb Ha3HaYeHHbIe  OIITHMaJIbHbIe PeWHMbI  6 y p e ~ H R .  

TJlABA VI  

TEXHOJIOFHR EI MEXAHH3AqHB IIPOEI3BOaCTBA 
B3PMBHbIX PABOT CICBAXEIHHMMH 3APRaAMH 

C Y I ~ H O C T ~  MeTOAa CKBaHFHHHhIX 3aPR,L(OB 3aKJIH)PaeTCR B TOM, ¶TO 

phIXJIeHHe I'OPHhIX IIOPOA OCYmeCTBJIHeTCR B3PhIBOM C e p H H  YAJIHHeHHbIX 

3 a p R A O B  BB, pa3MeIQeHHhIX B BepTHKaJIbHbIX CKBaWHHaX.  

I I o ~ a ~ n ~ m r i & i  o 6 a e ~  n o p o A M  H a  K a p b e p a x  p a 3 p y m a e ~ c ~  CKBamH- 

H a M H  AHaMeTpOM 200-250 ax. A a ~ ~ b I i i  MeTOA 0 ~ 6 0 6 ~ ~  I 'OPHHX IlOpOA 

n p F l  OTKP~ITOP p a 3 p a 6 0 ~ ~ e  M ~ C T O P O H F A ~ H H P  B H ~ C T O R ~ H G  IIepHOA RB- 

JIHeTCR IIpeHMyIU,eCTBeHHhIM H BCe 6 o n b m e  I tpHMeHReTCH AJIR o6pa3o~a- 
HHR KOTJIOBaHOB H ~ p a ~ I I I 0 f i  I IPH CTPOFlTeJIbCTBe KeJ Ie3HbIX Fl aBTOMO- 

~ H J I ~ H H X  AOpOr .  

B CBR3H C YBeJIHqeHHeM MOIQHOCTH K O B m a  3 K C K a B a T O p a  Fl A p y r H X  

BHAOB rOPHOTPaHCIIOPTHOI'0 O ~ O P ~ A O B ~ H H R  H ~ ~ J I I O A ~ ~ T C R  C T p e M n e H H e  

K YBeJIHYeHHH) A H a M e T p a  CKBaWHH. HO I I P H  H ~ O ~ X O A Y I M O C T H  MeJIKOrO 

A P O ~ J I ~ H H R  IIOpOAbI, O C O ~ ~ H H O  I I P H  KPYIIHO~JIOPHOM CTpOeHHH MaCCHBa, 

n p H M e H R I o T  CKBaKHHhI  YMeHbIIIeHHOrO A H a M e T p a  (100-150 xx). Bep- 
THKaJIbHbIe C K B a K H H h l ,  a KOI'Aa IIO3BOJIReT KOHCTPYKqFlR C T a H K a ,  TO H 

HaKJIOHHhIe, AHaMeTpOM 200-250 ~ Y P R T  IlIapOlIIe.tHbIMH CTaHKaMH 

T H n a  CBIU. 
B B e c b M a  K p e n K H x  c o A e p w a q H x  mapq  nopoaax ( ~ a n p ~ ~ e p ,  K ~ J I ~ ~ H -  

CThIe K B a P q H T h I  ~ P H B O P O K C K O ~ O  6acceii~a) I tpHMeHRIoT CTaHKH OI'He- 

BOrO 6 y p e ~ H R  THDa CEO, KOTOPhIMH MOlfEHO ~ Y P H T ~  CKBalfEHHhI AHaMeTpOM 

go  350-400 xw. 
C K B ~ K H H M  MaJIhIX AHaMeTpOB (110-150 ax) 6 y p a ~  CTaHKaMH 

YAapHO-BpallJ,aTeJIbHOI'O Ref CTBHR ( T H I I ~  CEY), KOTOPHMII T a K K e  683 
o c o 6 ~ x  TeXHOJIOI'H¶eCKHX ~ ~ T P Y H H ~ H H ~ ~  MOKHO 6 y p H ~ b  &I HaKJIOHHbIe 



rae Vl E2 V 2  - CKOpOCTEl 6 y p e H H H  COOTBeTCTBeHHO I I P H  R H a M e T p a X  6ype- 
ama dl H d,; 

n - n o ~ a 3 a ~ e n b  cTeneHEi ,  H ~ M ~ H H I O ~ H ~ ~ C H  OT 1 go 2,s B 3a- 
BHCHMOCTH OT C B O ~ C T B  nopo~ar ,  p t x m M a  6 y p e H ~ 1 1  H me- 
n e H H  s a T y n n e H m  H H c T p y M e H T a .  

B J I ~ R H H ~  q H a M e T p a  CKBaWHH H a  ~ @ $ ~ K T H B H O C T ~  6 y p e H ~ H  O ~ H ' X H O  

O q e H H B a e T C R  no BbIXOAY ~ O ~ H O B  MaCCbI C 1 jlC I I P O ~ Y P ~ H H O ~  C K B a X H H b I  

X I  o 6 a e M y  MaCCHBa,  06ype~Eoro M~IIIKHOP B e R H H H q Y  BpeMeHH.  T ~ K  K a K  

s a p ~ g ~  BB B M a c c m s e  p a c ~ o x a r a m ~  no I I P R M O Y ~ O J I ~ H O ~ ~  c e T K e ,  

TO c Y M e H b I u e H i i e M  A H a M e T p a  sapaga B n pa3 n p ~  T e x  x e  n a p a M e T p a x  

P a c n o x o x e H H f i  ~ ~ P I I A O B ,  B a r p a m e n H a r x  B ~ Y H K ~ H H  R t i a M e T p a  sapaaa , 
U J I O q a A b  MaCCHBa,  IIPHXOAHlt(aHCH H a  3 a p R A 1  YMeHbIIIHTCR B n2 pas. 
C J I ~ ~ O B ~ T ~ J I ~ H O ,  q T 0 6 b I  HMeTb  IIpq YMeHbIIIeEROM A H a M e T p e  C I i B a X H H b I  

T y -  W e  CMeHHYIo IIpOH3BOAHTeJIbHOCTb 110 0 6 y p e ~ ~ o f i  r 0 p H 0 6  MaCCe,  

K o T o p a R  O ~ ~ C I I ~ ~ H B ~ ~ T C E I  IIPH 6 6 ~ 1 b m e ~  A n a M e T p e ,  ~ e o 6 x o ~ ~ r ~ o  ysem-  
YIlTb CKOpOCTb 6 y p e n m H  YMeHbJIIeHHbIM AHaMeTPOM B n"a3 (72 - OTHO- 

merrme 66nbmero A n a h z e T p a  H ~ e ~ b m e ~ y ) .  
C o s p e ~ e ~ ~ h ~ e  c p e A c T s a  6 y p e ~ n f i  c K B a x m  H a  H a p b e p a x  H e  o6ecne- 

9HBaH)T BbIILI0YKa3aHHOrO YCJIOBHR H l l03TOMY CTOHMOCTb O ~ Y P E I B ~ H H H  

e R H H m q H  r o p H o r o  M a c c m B a  n o s a r m a e T c a  c y M e H b m e H H e M  ,qmaMeTpa  

, C K B a X H H .  ~ T U M  ~ ~ T B R C H I I ~ T C F I  T e H A e H q H H  P H R a  K a p b e p O B  6 0 J I b m 0 6  IIPOH3- 

B O ~ ~ C T B ~ H H O G  MOqHOCTH YBeJ I I l ¶HBaTb  A H a M e T p  CKBBXHH,  XOTH KaYeCTBO 

A p o 6 n e ~ ~ R  n p H  B 3 p b I B a H H H  B 3TOM C J I y ¶ a e  6 e 3  yBeJ IH¶eHHH YAeJIbHOrO 

a a p R A a  BB y x y A m a e T c R .  B ~ ~ B H C H M O C T H  OT s b 1 6 p a ~ a o r o  A m a M e T p a  

C K B a H I l E b I  OIIpegeJIf leTCH B e J I H 9 H E a  COIIpOTHBJIeHHR IIO IIOAOLLlBe (Cnn), 
T. e. p a C C T O H a H e  OT R H H E H ~ ~ ~ ~  ~ P O B K H  YCTYIIa A 0  OCH CKBaXCkEIH, KOTOPOe 

M o x i e T  n p e o n o n e T b  3 a p a ~ .  l l a p a ~ e ~ p n  pacnonoxeam saps no^ B M a c -  

82 

CHBe B3aHMOCBfI3aHbI1 Jl03TOMY BeJIH'XHHa Cnn 3aBHCHT OT CBOBCTB 
I I O p O ~ H  ( O ~ ~ ~ M H O ~ O  B e C a ,  XpyI lKOCTH H T ~ ~ ~ H H O B ~ T O C T H ) ,  c n o f i c ~ ~  BB 
B 3 a P R A e  ( X ~ ~ ~ K T ~ ~ H C T H K H  BB, IIJIOTHOCTH 3 a P E I X a H H I I  CKBaNEIHbI,  

AJIHH~I a a p ~ ~ a ,  seca a a p ~ ~ a  B B .  n p t i x o A a q e r o c F i  H a  e a E i H n q y  Rnmaar 
C K B ~ X H H H ) ,  OT CXeMhI PaCI IOJIOXeHHH n IIOCJIeAOBaTeJIbHOCTEr R3PhIBaHHH 

3 a p H R O B ,  PaCCTOHHMH M e w a y  C I i B a X H H a M H ,  KOJEZPeCTBa B3pbIBaeMbIX 

PRAOB CKBBXHH,  BeJIHPEIHbI nepe6ypa. Bce 3TM ( P ~ K T O P M  pa3JIEIPHbIMII 

a B T o p a M n  BBOAHTCH B P a c q e T H b I e  (Pop- 
MyJIbI ,  B KOTOpbIX YrIHTbIBaeTCH CO- 

BOKyIIHOe BJIElHHMe HX H a  ~b160p Cnn. 
Ha~6oaee  p a C I I p O C T p a H e H E H M H  HB- 

JIRIOTCH @oPMYJIH, COCTaBJIeHHbIe H a  

OCHOBe MaKCHMaSIbHO BO3MOXROI'O 

H C I I O J I ~ ~ O B ~ H ~ H  s n 6 y p e ~ a o r o  o 6 a e ~ a  
C K R ~ ~ E I H M  RJIR p a 3 ~ e q e ~ n ~  s a p ~ ~ a  
BB. M a H c n ~ a J I b ~ b I i i r  3 a p ~ ~ ,  ~o~opari i r  
MOXHO P a 3 M e C T H T b  B C-KBaWHHe HCXOAR 

143 ee 4a1 i~nsec~oro  R n a M e T p a ,  n.xoT- 

HOCTM BB, BeJIH?lHHbI 3a60G~n H nepe- 
bypa, o r r p e a e n a e T c c r  no 4 o p ~ y n e  

nd2 .Q==10- 
4 

AtH, K 2  (V1,2) 
HJIM 

Q - 7 , 8 5 d 2  n t ~ ,  E2, (VI ,3) PUO. 28. napWeTpb1 PacnonoweHnfi 
BePTBKaJIbHbIX CliDl3H(UH 

rAe d - A H a M e T p  CHBaXHHhI ,  d&; 
A - IIJIOTHOCTb BB. ~ 2 J d ~ t ~ ;  

2 - 1 ~ 0 3 4 4 l l q H e ~ T  3aIIOJIBeHHR CKBaXEIHhI BB. 
3 a p H ~ ,  K O T O P H ~ ~  ~ 3 0 6 ~ 0 ~ ~ ~ 1 0  P a 3 M e C T H T b  B C K B a X I I H e  (PHC. 28) 

EICXORR E23 B 3 p H B a e M O r O  o 6 a e ~ a  IlOPORbl  H ~ ~ K T M P ~ C K O I ' O  YAeJIbHOrO 

aapcr~a BB, o n p e A e x R e T c s  m 3  ~ ~ B H C H M O C T H  



lsaP + lneP -- l3a6 
II 

a = m w ,  
a Tawse ~ ~ M ~ H I I B  

l",, = PW 
IT 

Zsa6 -- ZW, 

IIPHBOAHT B b I p a ~ e H 1 I . e  (VI ,5) K K B a A p a T H O M y  YpaBHeHEIH,  OTHOCEI- 

T e n b H o  w,  p e m a c I  K o T o p o e  n0nysae.r. ( P I O ~ M Y J I Y  AJIR O n p e A e n e H m  

cnil 

FA€! g - BMeCTHMOCTb BB B CKBaiKHHe,  %?/a; 
Z - K O ~ ( P I ( P I H ~ H ~ H T  ~ ~ ~ o G K H ,  P ~ B H ~ I G  0,75; 
p - K O ~ ( P I ~ Y I ~ H ~ E T  nepegypa, P ~ B H ~ I H  0,l-0,3; 
q - yneJIb~bIH 3 a p R A  BB, KZ/X~. 

n p H  B3PbIBaHHEI C J I ~ ~ O T P ~ ~ Q H H O B ~ T ~ I X  MaCCHBOB, flame H ~ B ~ I C O K O ~ ~  

IIpO¶HOCTIf,  BbIXOA KPYIIHbIX H ~ I ' ~ ~ ~ P Y I T O B  6y,L(e~ 6 6 n b m n ~ ,  a B I IOAOmBe 

O ~ ~ ~ ~ Y I O T C I I  IIOPOI'll.  TO I I o T p e 6 y e T  YMeHbIUeHHR cnn DO CpaBHeHMH) 

C ~ ~ c ¶ ~ T H o G .  HaoGopo~, I I p H  B 3 P b l B a H H H  CYIJIbHO T p e q M H O B a T b I X  M a c -  

CMBOB 3 H a P e H H e  W MOWeT 6 b I ~ b  YBeJIEI¶eHO IIO CpaBHeHEIH) C PaCUeTHbIM, 

T a K  K a K  T a K H e  MaCCHBbI JIeI'KO p a 3 p y m a H ) T C R  I t p H  He3Ha¶HTeJ IbHOM 

COTpRCeHHEI OT B 3 P b I B a .  

AJIR OPHeHTHPOBO¶HbIX paC¶eTOB W MOWHO I IOJ Ib30BaTbCR (PIOPMY- 
JI08 (VI,6) HJIEl (VI,7). O K O H ¶ ~ T ~ J I ~ H O ~  3 H a P e H H e  W, T a K  i K e  K a K  H Q, 
YCTaHaBJIiTBaeTCR DO p e 3 y J I b T a T a M  OnbITHbIX B3pbIBOB.  Ha I I p a K T H K e  

Cnn, BbIpa;KeHHOe B R H a M e T p a X  CKBaWEIHbI, HaXOAHTCR B I I P e A e J I a X  

nocne o n p e A e n e H n r r  C n l l  no OAHOH ~3 n p H B e A e H H b I x  (PIOPMYJI ero 
3 H a s e H H e  I I~oB€?~R~?TcR H 3  YCJIOBHR 6 e 3 0 n a c ~ o r o  ~ Y P ~ H H R  CIEBaNHH 

I I e p B O r O  P R A a  

r Heo6xo~mlo c o 6 ~ 1 1 o g e ~ ~ e  w6 G w. E c n ~  3 ~ o  ycnosne ae s b ~ ~ e p x a ~ o ,  

TO H ~ O ~ X O A H M O  Y B e J I H g E T b  A H a M e T P  CKBaWHH HJIH I I e p e f i T H  pa HaKJIOH- 

H b I e  CKBaiKHHbI,  B pe3YJIbTaTe  ¶eI'O 3 H a ¶ e H H 0  H ctg U p e 3 1 < 0  YMeHbIUHTCCI 

HJIH I l p e B p a T H T C R  B H Y J I b  (a - YI'OJI OTKOCa Y C T y I I a ,  zpad; H - BMCOTa 

y c T y n a ,  a; c - p a c c T o a H M e  OT s e p x ~ e i i  GPOBKH AO I I e p B o r o  p ~ f i  CKBa- 

X K H ,  IIO ~ P ~ B E I J I ~ M  ~ ~ ~ O D ~ C H O C T H  C 2 3 a). 

I/I3 ~ b I p a % e H H l " J  (VI,6) H (VI,8) MOmHO OI IPeAeJ IHTb  A H a M e T p  n e p B O r 0  

p R A a  CIcBa>KMH, I I p e O A O J I e B a I O ~ M X  Cnn RO YCJIOBHH) ~ ~ ~ O ~ I ~ C H O C T H  6ype- 
H H R  W6, IIO (POPMYJI~  

Y n e n b ~ ~ G  3 a p c 1 ~  BB o n p e A e n c I e T c c I  H a  ocirose OII~ITHMX B ~ P ~ I B O B  
B I I p O q e C C e  BeAeHHR p a 6 0 ~ .  ~ H ~ ¶ ~ H H H  YAeJIbHOI'O 3 a p ~ ~ a  BB M O X H O  , 
I IPHHElMaTb IIO AaHBbIM,  I IPHBeAeHHbIM B T ~ ~ J I .  12. 

T a 6 n m q a  12 

K ~ T ~ ~ O P K R  K ~ ~ ~ ~ ~ , " , " , "  Ynenbnbri 3apRQ. BB, a ~ / & ~  HpenOcTH n o p o w  no 
IIopoabI "OpoQbr m ~ a n e  npoa. 

EHBuP M. M. npo- npu p ~ x -  
(I9 6 0  r . )  TOnbnHOHOBa "P" Bb16~oce  J I e H I f m  

n e c o ~  . . . . . . . . . . 
r f eco~  n n o ~ a ~ i i  am snam- 

HbI5 . . . . . . . . . . 
C y r n a ~ o ~  , ~rrm.en~b . . . . 
K p e n ~ a e  r n m n  . . . . . 
necc . . . . . . . . . . . 
Men . . . . . . . . . . . 
rnnc . . . . . . . . . . . 
~ ~ B ~ C T H R K  pa~ylIIer~bI% . . 
O n o ~ a ,  Meprenb . . . . . . 
Ty+a TpelqIlHOBaTHe, UJIOT- 

nan Tnmenan newsa . . . 
H o n r n o ~ e p a ~  n 6 p e ~ n n ~  na 

HBBeCTKOBOhl qeMeHT0 . . 
n e c n a ~ n ~  Ha ~ . ? ~ H H C T O M  qe- 

hleHT0, CJIaHeq ~JIHHHCTH%, 
H3BeCTHnK, Meprenb . . . 

A O J I O D ~ T ,  H3BeCTEIIH1 MarHe- 
3QT, neCPaHHK H a  H3BeCT- 
Koaoht qee\reHTe . . . . . 

~ ~ B ~ C T H H K ,  IleCnaHHK . . . 
~ P ~ H H T ,  rpaHOflHOpaT . . . 
Baaanb~, a ~ n e 3 n ~  . . . . . 
R~apqElT . . . . . . . . . 
noptjupn~ . . . . . . . . 

IV-v  
V-VI 
IV-v  

V-VI 

VI-VII 

VII -VII I  
VI I 

VII-X 
IX-XI 

X 
X 

V I I I  
V I I I  

I V  
IV-I11 
IV-I 

IIpx o ~ 6 o B ~ e  noponar 3apm BB H a  ypome noAomsn p a 6 o ~ a e ~  B 6onee 
TPYAHbIX YCJIOBHRX. AJIH l f 3 6 e W a ~ Y I C I  O ~ P ~ ~ O B ~ H Y I E I  B 3TOM MeCTe  IIOPOI'OB 

I 
3 a p R A  BB B B H X H ~ ~ ~  P a C T H  C K B a X H E b I  YCHJIHBBWT, ¶TO AOCTHI'aeTCR: 
6 y p e ~ H e ~  CKBaWEIHbI H H W e  IlO,L(OILIBbI YCTYIIa; P a C I U H P e H H e M  H H W H ~ E  

¶aCTYI C K B a m H H b I  B3PbIBHbIM, TePMHPeCKHM HJIH M e X a H W e C K H M  C D O C O ~ O M  
AJIR p a 3 M e W e a H H  3 a p c 1 ~ a  BB 66~1bmeH BeJIHqHHbI;  I IPHMeHeHHeM B HE=- 

~ e f i  P a C T H  C E i B a X H a  BB C 60~1ee B~ICOKOP y ~ e J I b ~ 0 f i  aaepr~ef i  B3PbIBa .  



r n y 6 u ~ a  nepe6ypa paCC¶HTbIBaeTCH UO @ o ~ M ~ J I ~ M ,  A a I o q H M  3 H a s e -  

mie B npenenax (0,l-0,3) w,  T. e. 0,8-3,O in.  

Y ~ e n m e ~ n e  nepe6ypa o ~ a 3 b 1 ~ a e ~  o T p H q a T e n b H o e  B n H m n e  H a  pe- 
3YJIbTaT BeAeHEiH pa6o~ :  YXyAUlaeT ~ p o 6 ~ 1 e ~ m e  ILOpOAH UO TOG, I IPHPHHe , 
4TO 3HaYHTeJIbHaR P a C T b  3 a p H A a  BB CKBaWHHhl pa3MetQaeTCH B nepe6ype, 
a BepXHRH ¶aCTb YCTyUa H e  n O A B e p r a e T C H  ~@I&?KTBBHOMY A€?~~CTBHH)  

B3pbIBa  H IIJIOXO A P O ~ E I T C R ;  s p e 3 M e p H O  p a 3 p Y I I I a e T  BePXHlOH) I I J IOqaAKY 

paCIIOJIOWeHHor0 H E X e  YCTyIIa ,  ¶TO YCJIOWHHeT 6 y p e ~ ~ e  CKBamHH; 

ZpHBOAHT K YMeHbmeHHH) BbIXOAa r 0 p ~ 0 f i  MaCCH C 1 in  CKBaXiHHbI H YBe- 

JI&~HUH, y A e J I b ~ ~ I ' ~  pacxona BB. 
Hanusue B MaCCHBe, O C O ~ ~ H H O  H a  YpOBHe noAOluBbI y C T y n a ,  W T K O  

BHPaKeRHOI 'O I 'OpH30HTaJIbHO~O HaUJIaCTOBaRHH 0 6 ~ 1 e r s a e ~  p a 6 o ~ y  3a- 
P R A a  BB B ~ H x s i e i i  s a C T H  CKBaWHHhl, H 

B BTHX YCJIOBHRX nepe6ypa HeT. IIepe6ypa 
T a K w e  HeT,  ecnm n o A c T m a m q m e  ILOpOAbI 

HMeH)T He3HaPHTeJIbRYH) IIPOPHOCTb H 

~ p e 6 y e ~ c s  p a 3 ~ e n b l r a c r  BbIeMKa. B  TOM 
C J I y s a e  CKBaXHHbI  ~ Y P E I T C R  H a  rny6m~y  
M e H b m y H , ,  ¶eM BbICOTa YCTyIIa. 

~ J I E Z H ~  sa6oH~m B c K s a m m H a x  BH- 

6npae~cn,  HCxOAR H 3  Y C J I O B ~ I ~ ~  CO3AaHHH 

PaBHOMepHOrO COUpOTHBJIeHIlH A~GCTBHKJ 

B3PhlBa  BO BCeX HaIIPaBJIeHHHX H IIpeA- 
o T s p a q e H n R  onacnoro p a s n e ~ a  KYCKOB. 

Pnc. 29. Pacnonomenne Halcnonnbrx 
O ~ ~ I ~ H O  AJIHHa 3 a 6 o i i ~ ~  OnpeAeJIReTCR 

C K B B l K H H  no @ O P M Y J I ~  

. a e T a  KYCKOB. 

I t p r n ~ e ~ e ~ r n e  H a K n o H H H x  c K B a x m H  mMeeT n p e H M y q e c T s a  nepen sep- 
THKaJIbHhlMH H HHOrAa RBJIReTCR eAHHCTBeHHhIM C I I O C O ~ O M  IIpeOAOJIeHHfI 

BO3HHKaH)4HX TeXHOJIOrHPeCKHX T ~ ~ A H O C T ~ ~ ~ .  H ~ K J I o H H H ~  CKBaHHHhl  

MoWHO 6 y p H ~ b  n p H  J I H I ~ O M  yrne o T K o c a  H n p a K T H s e c K H  n p H  nro6oii 
BbICOTe YCTyna .  Ha PHC. 29 n O K a 3 a H O  paCII0J IOXeHHe HaKJIOHHhlX CKBa- 

X H H .  H a n 6 o f i e e  IIIHPOKO IIpHMeHRIOTCH HaKJIOHHHe CKBaWHHbI AHa- 

MeTPOM 100-150 ant, KOTOpbIe ~ Y P R T  DaPaJIJIeJIbHO O T I C O C ~  YCTYIIa. 

* B 3TOM cnygae JIHC o A m H a I c o s a  no ~ c e f i  B H c o T e  y c T y n a  II c o c T a s J r c r e T  

rAe a - yron o T K o c a  y c T y n a ,  p a ~ ~ ~ i i  yray H a I i n o H a  C K s a x E i H  K r o p H -  

BOHTY, zpad. 

rAe 1, - AJIHHa CKBaXHHhl  A 0  IIOAOIIIBH Y C T y n a ,  nt. 
a n r n ~ a  3 a 6 o i i ~ ~  OIIpeAeJIReTCR C y¶eTOM H 3 6 e ~ a ~ H f 1  ~ b 1 6 p o c a  UOpOAbI 

BBepX 
W 

lsa6 = gina ' (v1,12) 

P ~ c ¶ ~ T  OCHOBHbIX I I a p a M e T p O B  BeJIH¶HHbI H PaCIIOJIOWeHHH BIKJIOH- 

HHX CKBIWHH OCHOBhIBaeTCH H a  TeX Xe I IpHHqHIIaX,  ¶TO H AJrR B e p -  

TIiKaJIbHbIX CKBIXHH'. 

B COB~TCIEOM C0I03e HaKJIOHHbIe CICBaWHHbI IlPHMeHHIOT H a  K a p b e p a X  

~ e 6 o ~ r b m o i i  I I P O H ~ B O A C T B ~ H H O ~ ~  MOQHOCTH, a T a K m e  H a  K a p b e p a x  3 ~ a -  
Y H T ~ J I L H O ~ ~  MO4HOCTH AJIR BCIIOMOI'aTeJIbHbIX p a 6 o ~  ( n o ~ 6 y p ~ ~ a ~ ~ e  

. s a ~ ~ m e ~ ~ o i i  noAomm, a a o ~ ~ o c ~ a  6 0 ~ ~ 0 ~  H T. A.). 
HeAOCTaTKaM IIPHMeHeHHfl HaKJIORHHX CKBaWHH OTHOCHTCH TPYA- 

HoCTb GX ~ ~ P H W ~ H H I I .  n o p o m ~ 0 0 6 p a 3 ~ h l ~ ~  BB, n o T e p H  CKBaWHH H3-38 

BbIBaJIOB KYCKOB I IOPOA~I  H 3  CTeHOK CKBaWHHbI. npYI 3TOM YCJIOlKHHeTCH 

¶HCTKa CKBalfFItH 6 y p 0 ~ h l ~  CTaHKOM. 

I t e p ~ o o s e p e ~ ~ ~ ~ ~  a a ~ a s a ~ n  AJIH ~ a j r b ~ e i i ~ n e r o  BHeApeHHcr O T ~ O ~ ~ K H  

IIOJIe3HOrO HCKOIIaeMOrO C IIOMOtQbH) KaKJIOHHhIX C K B a K H H  CJIeAyeT 

c s H T a T b :  y c o s e p m e H c T B o n a a H e  6 y p o ~ h 1 x  CTaHKoB mapomePBoro Gype~mcr 
H 6yp0~0r0  HHCTpYMeHTa; OCBOeHme C I I O C O ~ O B  6 y p e ~ n ~  HaKJIOHHbIX 

B3PbIBHhlX CKBaWHH AHaMeTPOM 150-250 inin H 60~1ee. 

O T K ~ ~ I T ~ I ~ ~  cnoc06 BeAeHnt I  r o p H N x  p a 6 o ~  B c e r A a  c o n p o B o x c A a e T c c r  

BHUOJIHeHHeM P R A a  BCItOMOraTeJIbHbIX p a 6 o ~ ,  H a I I p H M e p  I ~ ~ O X O ~ K O ~  

BOAOOTJIHBHHX H HarOPHhIX K a H a B  pa3JIYI¶HOrO THUa H H a 3 H a P e H H f I ,  

~ p a ~ m e i i  H T. A. r o p ~ a ~  M a c c a ,  BbIHyTaH n p ~  YIX n p o x o A K e ,  s a c T o  HB- 

JIHeTCR nyc~oti  II0p0~06 H MOWeT 6h l~b  CKJIaAHPOBaHa H a  6 o p ~ a x  3THX 

B H P ~ ~ O T O K .  B C I I O M O ~ ~ T ~ J I ~ H ~ I ~  pa6o~b1 06ars~o AOJIKHbI 6 b I ~ b  IIpOBeAeHbI 

B KOpOTKHe CpOKYI. H p H  3TOM ~am6onee IIpHMeHHM BeCbMa ~ @ @ ~ K T H B H ~ I G  

cnoco6 - B3PbIB H a  B H ~ P O C ,  K O T O P M ~  IlPOH3BOAYIT H e  TOJIbICO pas- 
pymelrme r o p H M x  IIOPOA H a  OTAenbHMe K ~ C K H ,  HO H n e p e ~ e q e ~ ~ e  HX 

¶aCTH¶HO HJIH IIOJIHOCTbH) B OIIpeAeJIeHHOM HaI IpaBJIeHHH 3a IIpeJJeJIhl 

aanamoro n p o @ ~ n f i .  B p e 3 y n b ~ a ~ e  3 ~ 0 r o  0 6 p a 3 y m ~ c ~  BbIeMKH paanms- 
HOrO H a 3 H a P e H H R .  AJIH 0 6 p a 3 0 ~ a ~ H I I  BbIeMOK H ~ ~ H ~ ~ Y I T ~ J I ~ B o ~  ray6m~h1, 
npOXOAHMHX B MHrKHX I 'pyHTaX (I'JIHHH, CYI'JIHHKH), 3 a p R A h l  BB pas- 
MeWaIOT B BepTHKaJIbHbIX H HaKJIOHHbIX C K B a X H R a X .  B ~ I ~ M K H  Y3KOI'O* 

IQ~O@EIJIII. MOrYT 6 b I ~ b  0 6 p a 3 0 ~ a ~ h l  B3PbIBaRYIeM BepTHKaJIbHhlX CKBaWHH- 

87' 



HHX 3 a p c 1 ~ 0 ~ .  Ha p ~ c .  30 n o ~ a 3 a ~ a  c x e M a  p a c n o n o w e H H c I  B e p T E i K a m H b I x  

CKBalfEkiHHhIX 3apcIAOB.  

CJIenye~ p a 3 n ~ q a ~ b  sn6poc ~ ~ y c ~ o p o ~ ~ u r i i  ( o ~ ~ I ¶ H & ) ,  O C Y I ~ ~ C T B J I E I -  

a ~ b I f i  B 3 P b I B a H H e M  OAHOrO HJIEI BeCKOJIbKHX 3 a p I I A O B  BB, 3aJIOlfEeHHbIX 

BAOJIb OCH I I P O ~ K T E I P Y ~ M O ~ ~  BbIeMKH. OCROBH~R MaCCa  IlOPOAbI ~b16pa- 
C b I B a e T c f i  H a  06e CTOPOHH. H a l l p a ~ J I e H ~ b I f i  ( O A H O C T O ~ O H H H ~ ~ )  B H ~ P O C  

~ C Y q e C T B J I c I e T C H  B3pbIBOM H e  M e H e e  ABYX 3aPcIAOB. y T o r 0  P H A a  3apc IAOB,  

S C O T O P M ~ ~  ~a1160~1ee y A a n e H  OT CTOPOHH H a n p a B n e H n f i  B ~ I G P O C ~ ,  n o K a -  

3 a T e J I b  , L ( ~ ~ C T B H I I  B 3 P J d B a  A O J I X e H  6b1~b H a  0,5 60JIbUIe I IOKa3aTeJ I t I  aefi- 
CTBI1R 3apc IAOB ApyrOI 'O  Pc IAa .  

AJIH DOJIy¶eHHcI OAHOCTOpOHHerO ~b16poca IIOpOAhI C U p e I I M y q e C T B e H -  

HbIM B H ~ P O C O M  70-80 % H a  OAHY CTOPOHY C J I e A y e T  I I p H M e H H T b  HaKJIOH- 

H u e  C K B a S H H H b I e  3 a p c I A h l  (PHC. 31, a). B DJIOTHhIX TPYAHOB3PbIBaeMhIX 

I ' p y H T a X  HaKJIOHHbIe CKBalfEHHHbIe 3aPc IAbI  KOM~HHMPYIOT CO BCTPe9HJdMH 

IIOAKOJIbHbIMEi 3 a P R A a M H  YMeHbIIIeHHOI'O A H a M e T p a  ( ~ H c .  31, 6) AJIcI 

0 6 e c n e s e ~ m c 1  I I ~ w K T H o ~ ~  r n y 6 M H b I  BhIeMKH M IIOBbIIIIeHHcI H a I t p a B J I e H -  

HOCTki ~b16poca UOpOAhI A 0  90%. 
A H ~ M € ! T ~ N  BCTPeYHbIX CKBalfEHH B C J I y ¶ a e  D P H M e H e H K I I  3aPc IAOB 

IIOAKOJIa B 2,1 pa3a M e H b I U e  A k i a M e T p a  OCEOBHHX CKBalfCHH H ~ Y P R T C F I  
H a  TaKOM lfEe PaCCTOcIHFiH APYr OT APYra H IIOA TeM lfEe YI'JIOM, 

9 T O  I1 OCTaJIbHbIe .  

A n c ~  n O J I y 9 e H H c I  BhIeMOK JIIHPOKOrO IIPO@HJIR IIPkiMeHcIeTCcI K O M ~ H -  

.HaqMcI  ki3 OAHOI'O P H A a  B e p T H K a J I b H b I X  H A B y X  PEIAOB HaKJIOHHbIX CKBa- 

XI1E ( ~ H c .  31, 8). B C J I y ¶ a e  DpHMeHeHHcI  B e p T H K a J I b B b I X  CKBalfEHHHbIX 

3apc IAOB p a C ¶ e T  D a p a M e T p O B  DPOH3BOAHTCH I13 y ~ J I 0 ~ k i f i  MHHHMaJIbHO 

~ o I I ~ c T H M o ~ ~  BeJ IH4HHbI  A H a M e T P a  3 a p R A a  BB. H n s e  I I p H B e A e H b I  MHHH- 

4 a J I b H b I e  AkiaMLTPJd 3aPc IAOB BB (B 33) B P a 3 J I H P H b I X  r p y F f T a X  AJIII 

I t o n y s e H M c I  BbIeMKH I ' J I Y ~ H H O ~ ~  3 3. 

B n a m ~ h l i i  CyrJlIlHOK . . . . . . . . . . . . . . . . .  50-80 
B R B H ~ R  FJIEIHa, B J I ~ ) K I I ~ I %  B I I B K K ~ ~  CYrJIIlHOK . . . . . .  80-100 
~ ~ C C O B U J ( H ~ I ~  FPYHTbI Fi Z ~ C C  . . . . . . . . . . . . .  100-130 
Cynecb . . . . . . . . . . . . . . . . . . . . . .  130-160 

Bec 3 a p c 1 ~ a  PaCCYHTbIBaIoT IIO @ O P M Y J I ~  



B e p ~ H K a J I b ~ b 1 e  CKBalrCHHbI B3PEJBaIoT MI'HOBeHHO C IIOMOqbIO AeTO- 

H H p y I O p e r O  I I I H y p a  3JIeKTpOAeTOHaTOpaMH MrHOBeHHOrO A ~ G c T B H ~ ~ .  n p 1 1  

HaKJIOHHbIX CKBalrCHHaX yI'OJI HaKJIOHa npHHHMaIoT B 3aBHCHMOCTH OT 

v r ~ p ~ ~ a r  BNeMKH B npeAenax 45-55'. 
~ J I H H Y  CKBaXHRhI  L OIIpeAeJIHIOT IIO @ 0 p M y J I e  

rae a - yron H a K n o H a  c m a w m ,  zpaa. 
P ~ C C T O R R H ~  A OT OCH I I P O ~ K T H ~ ~ ~ M O ~  BbIeMKH A 0  YCTbH CKBaXLZH 

A n H  3 a p l 1 ~ 0 ~  ~ b 1 6 p o c a  o n p e A e n m o T  no @ o p ~ y n e  

B OCTaJIbHOM IIOpRAOK P a C Y e T a  I t a p a M e T p O B  HaKJIOHHhIX CKBalrCHH 

T ~ K O G  me, ¶TO H AJIH BePTHKaJIbHbIX CKBBXHH. 

~ H ~ O I E O ~  PaCIIpOCTpaHeHHe B3PhIBOB H a  B M ~ P O C  O ~ ' ~ R C R R ~ T C R  PRAOM 

IIPIICYWMX 3TOMY MeTOAy npeHMyII.r,eCTB: B3PbIBaHHe IIOPOA JIIo60fl K p e -  

IIOCTH, 0 6 p a 3 0 ~ a ~ ~ e  BbIeMOK ~ H ~ P H T ~ J I ~ H O ~  ~ J I Y ~ H H M  H T. A. Heno- 
CTBTKH: H ~ O ~ X O A H M O C T ~  HHOI'Aa BeCbMa 3Ha¶HTeJlbHOI'O yBeJIH¶eHHR 

pacxoga BB. 
C I E B ~ ~ ~ C H H H ~ I ~  3 a P H A h l  B M ~ P O C ~  MOrYT H ~ G T H  IIIHpOKOe IIPHMeHeHEle 

B HeCKaJIbHbIX IIOPOAaX, KOrAa  ~ p e 6 y e ~ c R  nOJ ly¶HTb 6onee K P y T h I e  OT- 

IEOCbI BhIeMOK. 

~ ~ o M ~ I I I I J I ~ H H ~ I ~  BB no YCJIOBHRM IIPHMeHeHHR p a 3 ~ e n e ~ b 1  H a  He- 

n p e A o x p a H H T e n b H b I e  n n p e A o x p a H n T e n b H b I e .  Ha O T K P ~ I T ~ I X  p a 3 p a 6 o ~ ~ a x  
nPHMeHHIoTCR TOJIbKO HeIIpeAOXpaHHTeJIbHbIe BB. 

n e p e ¶ e ~ b  BI3, peK0MeHAyeMhIX K DpHMeReHHIo H a  OTKphIThIX rOpHbIX 

pa6o~ax  (no C O C T O H H ~ ~  H a  1 H H s a p H  1968 r.), H HX x a p a r c T e p l r c T E i m  

npHBeAeHhI  B ~ a 6 n .  13 H 14. 
H a ~ 6 o n b m e e  p a c n p o c T p a H e m e  H a  K a p b e p a x  n o n y s H m  a M M H a m o -  

CeJIHTpeHHbIe BB. M e ~ b r n e  DPHMeHRIoTCR HElTPOCOl?AHHeHHR. ~ O P O X ~  

UpHMeHHIOT I I p H  ~ 0 6 b I ~ e  IIITy¶HOrO KaMHH ( A ~ I M R M ~ ~  I I O ~ O X )  H AJIR PbIXJIe- 

HHR MaCCHBOB ( 6 e 3 ~ h I M ~ h l G ) .  

Cocmas u ocnosnbze csoiicmsa BB, nau6onee pacnpocmpauennbzx 
na Eapbepax 

Ammouumw - CMeCb ~ M M H ~ ¶ H O G  CeJIHTpbI C XHMH¶eCKHMH B3PbIB- 

'jaThIMX CO0AHHeHHHMH, OTHOCRWHMMCR K rpynne HHTPOIIPOH3BOAHhIX 

a p o M a T H s e c K o r o  p H A a .  H a a ~ a ~ e ~ ~ e  n o c n e A H H x  - ynysmeme BOCIIPLZHM- 

PHBOCTH ~ M M M ~ ¶ H O ~ ~ [  CeJIHTPhl K AeTOHaqHH H IIOBhILUeHHe pa60~0cnoc06- 
HOCTH BB. B K a s e C T B e  B ~ ~ ~ I B Y ~ T o I %  A O ~ ~ B K H  B aMMOHHTbI BXOAElT TPOTHn. 

AMMOHFIT~I 6e30nac~h1 B 0 6 p a ~ e ~ H M ,  MaJIO'iyBCTBHTeJIbHhI K TpeHEiIO 

H ygapy, c TPYAOM 3 a r o p a m ~ c ~  OT OTKpbIToro  n.rlaMeHx H C ~ O K O ~ ~ H O  

Haacc I'pynna H a u M e H o s a H u e  RB 

1. Bfi TOJlbKO AJIH OT- 
KpbITbIX ~ 8 6 0 ~  

A .  r p a ~ y n a p o s a ~ n b ~ e  BB 
RJIR C Y X U X  CKBamHH H 
KOTJIOB 

A .  I I p e c c o s a n ~ ~ e  BB Anrr 
pa6o.r no KpenKmr nopo- 
Aah1 

B. IIa~ponaposannue no- 
porrmn, ne cogepwaqne 
H H T ~ O B @ H ~ O B  

B .  I I a ~ p o n ~ p o s a ~ ~ b I e  no- 
pornKa, conepmalqne HEIT- 
P O ~ ~ H P M  

* BB, n o n y r r l e ~ ~ b ~ e  K n o c T o n m H o M y  n p u M e H e H m ,  no y T p a T H s r n u e  K HaCTORnleMy upeace-  
EU CBOe npemnee a H a s e H u e  B C B R ~ U  c BbInycKoM H O B ~ I X  BB, 6onee c o s e p r u e n H b r x  naf l  n p u M e -  
ReHUfl B T e X  Hie  YCJIOBURX. 

** BB, nOnyrr leHHble  K nPOMbIIIIJIeHHbIM UCIlbITaHUFIM. 
h 
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LlMMOHHTbI. E n a r o ~ a p a  ~0p0mef i  CbIUyYeCTH, ~ a n o i i  CJIeH<HBaeMOCTH 

H F I e 3 ~ a ¶ I l ~ e J I b ~ o f i  YYBCTBHTeJIbHOCTH K MeXaHHPeCKHM B O ~ A ~ ~ ~ C T B E I H M  

I I p O q e C C  3 a P H H < a H H H  C K B a W H H  3 e P H O r P a H Y J I H T a M H  J I e r K O  MeXaHH3H-  

p y e T C H  I I p H M e H e H H e M  3aPI IAHhIX a I ' p e r a T 0 B .  

3 e p H 0 I ' p a ~ y J I H ~  80120 IIpHMeHHeTCH AJIH 3 a p H X a H H H  C y X H X  C K B a Z H H ,  

a 3 e p H O r p a H y J I H T h I 5 0 / 5 0  H 30170 - O ~ B O ~ H ~ H H M X  C K B B X H H  H a  OTKpbITbIX 

pabo~ax .  npm s a c a r n ~ ~  B ~ o a y  OHM TOHYT, o 6 p a a y ~  npm  TOM c M e c b  

3 e p e ~  TpOTHJIa ,  l 'paHyJr ~ M M H ~ ¶ H o H  CeJ IHTph l  H BOAHOI'O p a C T B O p a  aM- 

~&ia¶aoH CeJIHTpbI .  
B n o c J r e A H e e  B p e m  H ~ ~ ~ J I E I  B M n y c K a T b  m T u e  a M M H a s H o c e n H T p e n -  

HbIe  BB - a M M o T o n b I  TCA-12 H TCA-40, KOTOphIe  XOPOIIIO 3 a p e ~ o ~ e ~ -  
AOBaJIH c e 6 ~  H a  n p a K T H K e .  B HX COCTaB BXORHT TPOTHJI, a M M H a ¶ H a H  

c e J r m T p a  11 ~ J I N ) M H H H ~ B ~ I ~  IIOPOIIIOK. B B ~ A ~ H H ~  B CMeCb he6onbmoro 
KOJIHYeCTBa BOAbI I I03BOJIHeT CHH3HTb T e M I I e p a T y p y  I IJ IaBJIeHHR aMMHa¶-  

CeJIHTphI  H I IPOH3BOAHTb ee CMeuIHRaHHe  C TpOTHJIOM H aJIIOMHRH- 

eBbIM U O P O ~ K O M  B p a c n n a B a e H H o M  COCTOHHHH. 
B M C O K ~ R  IIJIOTHOCTb OTJIHBOK H 3  I IJIaBJIeHbIX ~ ~ e ~ e f i  ~ M M H ~ ¶ H O ~ ~  

C e J I m T p a  C TPOTHJIOM H aJIIOMEIHEIeM IIO3BOJIHeT IIOJIYgEiTb BbICOKYIO 

I ~ J I O T H O C T ~  ~ ~ ~ H X ~ H H H ,  60~1bmym K O H q e H T P a q H I O  3 ~ e p r ~ ~  B H x  o 6 a e ~ e .  
C n n a ~ h I  TCA T p y A H O  PaCTBOpEIMbI B B o n e ,  IIO3TOMY EIX MOlfGXO n p H -  

M e H R T b  B O ~ B O A H ~ H H M X  YCJIOBHRX. ~ Y ~ L U H C ?  p e 3 y J I b T a T h I  I IOJIy¶aIOT 

R cnyqae I I p H M e H e H H H  CIIJlaBa TCA B BHAe cbInyseii CMeCH KYCKOB aMMO- 

TOJIa C r p a H y J I H p O B a H H b 1 M  TPOTElJIOM HJIH aJII0MOTOJIOM. B ~ r n q H m p o ~ a ~ H e  

a a p ~ ~ o ~  BB ~3 TCA OCylI(eCTBJIHeTCH C I I O M O q b I O  IIPOMelIEYTOPHhIX 

AeTOHaTOpOB 113 IUaIIIeK I IpeCCOBaHHOrO TpOTHJIa .  
H U ~ ~ O C O ~ ~ U H R F L U R  a P O M a T H 4 e C K O r O  P R A a  H C n O J I b 3 y I o T c a  K a K  COCTaB- 

H b I e  4 a C T I I  I I P H  H3I'OTOBJIeHMH IIPOMbIlLIJIeHHhIX aMMHaYHOCeJIHTpeH- 

HHX BB 11 K a K  CaMOCTOHTeJIbHbIe BB AJIH O T K P H T ~ I X  p a 6 0 ~ .  n p e g c ~ a -  
BHTeJIH BB T H n a  H H T P O C O ~ A H H ~ H H ~  - TPEIHHTPOTOJIYOJI, TeTPHJI ,  reKCO- 

r e H  EI T ~ H .  B H a c T o m q e e  B p e M H  I I p n M e H H m T  TPHHIITPOTOJIYOJI, r e K c o r e H  

H HX C n n a B M .  

T~HHHTPOTOJIYOJI  (TPOTHJI, ToJI) HBJIHeTCII OAHHM H 3  CaMhIX P a C I I p O -  

C T p a H e E H b I X  BB T H n a  XHMHYeCKHX C O ~ # I H ~ H H ~ T .  OH I IpeRCTaBJIHeT  

co6ofi n o p o I l I o K  CBeTJIO-WeJITOrO q B e T a ,  r 0 p b ~ H f i  H a  BKYC, IIOA A ~ ~ ~ C T B H ~ M  
c o n H e s H o r o  c B e T a  n p H ~ m ~ a I O l q ~ f i ^ 6 y p y I O  O K p a C K y .  T ~ O T H ~  ~ O Y T H  H e  

paCTB0pnh.r  R B o n e ,  K YAapY H TpeHHIO MaJI09YBCTBHTeJIeH. ~ P H  TeMIIe- 

p a T y p e  80' C T p o T m n  c n o ~ o i i ~ o  n n a B m c H ,  B c n M x H s a e T  n p ~  T e M n e p a T y p e  

270-300" C. I l p ~  ~ ~ I C T P O M  H a r p e B a H m H  a a r o p a e ~ c ~  H c r o p a e T  H a  OT- 

KpbITOM B O 3 A y X e  C ~ O I E O H H O  B ~ O J I ~ U I H X  KOJIHPeCTBaX; B 3BMKHYTOM 

n p o c T p a H c T c e  r o p e H n e  n e p e x o A H T  B O  R ~ P H R .  Ha OTKPHTHX pa6o~ax  
TPOTHJI np I ib IeHf l eTcH K a K  CaMOCTOHTeJIbHOe BB. OH 0 6 n a ~ a e ~  ~ o J I ~ L U H M  

O T p H q a T e J I b H b I M  KHCJIOPOAHHM ~ ~ J I ~ H C O M ,  I I03TOMY o6pa3ye~ MHOI'O 

-+IAOBHTO~~ OKIICH yrnepoaa. Tpomn B H n y c K a r n T  B s e m y i i s a ~ o ~ ,  r p a H y -  

J IHpOBaHHOhl ,  I IPeCCOBaHHOM H DJIaBJIeHOM BHAe. 

~ o p o r u ~ o o 6 p a 3 ~ b 1 f i  H IIpeccosa~~bIfi TPOTHJI AeTOHHPYeT OT KaII-  

CIOJIH-AeTOHaTOpa. Aria A e T O H a q H H  I ' p a H y J I H p O B a H H O r O  H ICJIaBJIeHOI'O 

TpOTHJIa  H ~ O ~ X O A H M O  I IpEIMeEeRHe  I I p O M e ~ y T O Y H O r O  A e T O H a T O p a  H 3  

1 1 o p o m ~ o o 6 p a 3 ~ o r o  H n t l  n p e c c o R a H H o r o  T p o T m n a .  
I I 

a a p s m a E H R  O ~ B O A H ~ H H H X  C K B a X H H  I IpHMeHReTCI I  r p a H y n H p 0 -  

B ~ H H M ~ ~  T p O T H n  (I'P~HYJIoToJI), C B O ~ O A H O  ~ 0 ~ y 4 H f i  B B o n e .  

A n m ~ o ~ o n  n p e A c T a B n n e T  co6of r p a ~ y n k i p o ~ a ~ ~ h I &  c n n a B  T p o r a n a  

C aJIIOMHHHeBbIM IIOPOIIIKOM. AJIIOMOTOJI XOPOIIIO AeTOBHPYeT B B o n e ,  

! H M e e T  BbICOKylo IIJIOTHOCTb l 'paHyn (1.6 2/cJ t3) .  ~ ~ H M ~ H R ~ T C R  I I p H  B3pbI -  

f B a H H H  O ~ B O ~ L E H H X  C K B a X H H  B K p e I I K H X  I IOpOAaX.  AJIR H H H ~ M H P O B ~ E H H  

~ p e 6 y e ~  I I p O M e W y T O ¶ H O ~ O  A e T O H a T O p a  B BHAe  I I ~ ~ C C O B ~ E I H O ~  T P O T H J I O B O ~ ~  

mamm. 
~ P H  B 3 p b I B e  TpOTHJIa  HJIH aJIIOMOTOna B O ~ B O A U ~ H H H X  C K B a W H H a x  

B O a H a H  C p e A a  A ~ ~ C T B Y C T  K a K  ((BHYTpeHHRRO O ~ O J I O P K ~ ,  I IOBbIIUaeT A a B n e -  

H H e  B 3 P H B a  C BbIAeJIeHEleM AOIIOJIHHTeJIbHOrO KOJIHYeCTBa T e I I n a .  Bna- 
r o A a p H  BTOMY B 3 P M B  r p a H y J I H p o B a H H O r 0  TPOTHJIa  H n H  BJIIOMOTOJIa 60nee 

f a + @ e K ~ n s e H  B O ~ B O ~ R ~ H H ~ I X  C K R a X H H a X .  ~ @ @ ~ K T Z ~ A H O C T ~  B 3 p b I B a  elqe 
' bonee ~ o s p a c ~ a e ~ ,  c c n ~  r p a H y n b I  T p o T H n a  HJIH a n m M o T o n a  o K p y x e H 6 1  

H e  ~ o ~ o f i ,  a HaCbItQeHHbIM BOAHhIM PaCTBOpOM a ~ ~ H a ¶ f l ~ i i [  CenHTphI .  

BoBolcano~~lcmae BB OTJIHsaIOTCH OT A p y r H X  THIIOR IIPOMMlIIJIeH- 
+ 

H ~ I X  BB TeM, ¶TO C O A e p W a T  B Ka¶eCTB€ I I J I ~ c T H @ H K ~ T o ~ ~  BOAHMe r e n ~ .  
B 3aBHCHMOCTH OT C O A e P X a H H R  BOAHOI'O reJIII 3TH BB MOrYT H M e T b  

KOHCHCTeHqHlO OT J I ~ I ' K o I I o ~ B H W H O ~ ~  JI~IOJ~&'~~CII A 0  B ~ I C O K O B R ~ K O ~  TeCTO- 

o6paszrofi MaCCbI. I / I ~ B ~ C T H M  BB C C O A e p X a H H e M  BOAHOI'O rens OT 5 
no 20%. B COCTaB BOAOHaIIOJrHeRHhIX BB O ~ ~ I ~ H O  BXOART a M M E i a P H a R  

cenmpa H T P O T H ~  HJIH Apyrae M O Q H N ~  BB, a B psne c n y s a e B  a n m ~ ~ ~ ~ i i ,  
H H T p a T b I  K a J I b q H R  Ei HaTPHI I .  

-fl BOAOElanOJIHeHHMM BB OTEOCIITCR a K B a H H T b I  ( n n a c ~ H ¶ ~ h I e  BB), 

I 11peAHa3Ha¶eHHhIe  AJIH 3 8 P I I W a H H R  IUIIYPOB H CKBaWHH B IIOA3eMHhIX 

B H ~ ~ ~ O T K ~ X ,  H aKBaTOJIbI  (JIblotQHecII BB) AJIR aapIIHCaHkIII  C K B a a H H  

H a  OTKpbITbIX pa6o~ax.  ~ J I O T H O C T ~  BOAOHaIIOJIHeElHMX BB c o c T a -  

BJIHeT 1,4-1,55 2/cJt3. 

no c~0ef i  C T P Y K T Y p e  H COCTaBY BB, I I p H M e H R e M H e  B B O A O H a n o n -  

HeHHOM COCTOIIHHH, AeJIRT H a  T p H  I'pYIIIIhI: 
I I ' pa~yJ IE lpo~a~~hI f i  TPOTHJI H CIIJIaBbI er0 C A P Y r H M H  H e  PaCTBOPH-  ' MbIMH B BOAe KOMIIOHeHTaMH; 

aMMHaPHOCeJ IHTPeHHhle  JIbIOII(HeCII CMeCH, H3rOTOBJIeHHHe  H a  K p Y n H o -  

AHCIIepCHbIX KOMUOHeHTaX ( ~ K B ~ T o J I  65135 H r P a H Y J I R T  70130); 
B o A o H a n o n H e H H b I e  BB ( a ~ ~ ~ a n ~ o c e n ~ ~ p e ~ ~ ~ e  m a c T H w m e  CO- 

CTaBhI  - ~ K B ~ H H T M ) .  
B O ~ ~ Y X J ( ~ H E I R  A e T O H a q H H  BOAOHaIIOJIHeHHOrO BB T P ~ ~ Y ~ T C R  

$ AeTOHHTOB ElJIH CKaJIbHMX aMMOHHTOB. B O ~ O H ~ I I O ~ H ~ H H H M H  BB M O ~ ~ E H O  

3 a p f l X a T b  K a K  C y X H e ,  T a K  H O ~ B O A H ~ H H H ~  CKBaWHHbI.  

AKB~HHTM H3rOTOBJIIIIOTCII B 3aBOACKHX YCJIOBHIIX, a a K B a T O n b 1  - 
B 3aBOACKHX YCaOBHHX B BHAe C y X O r O  n o n y @ a 6 p ~ ~ a ~ a ,  H a n o n H R e M o r o  

BOAOG HeIIOCPeACTBeHHO H a  MeCTe I I p H M e H e H H R  B CTaUHOHaDHHX VCTa- ., - - - -  
HOBKaX IIO BOAOCOBMeII(eHHI0 HJIH B CaMOXOAHhIX C M ~ C H T ~ J I ~ H O - ~ ~ P I I A H ~ I X  

a r p e r a T a x .  



3J I eKTpOAeTOHaTOphI  MI'HOBeHHOI'O , KOpOTK03aMeAJIeHHOI 'O H 3aMeAJIeH-  
HOI'O A ~ ~ C T B H ~ .  ( T ~ ~ J I .  15-18). 

T a G n ~ q a  15 
X a p a ~ ~ e p n c ~ n ~ a  orHenpoBoAHoro mnypa 

m 
a i Q P 
P m El i% 
El 8 8 a 
2 a 
i ?lB 

a0 
# a  

OIIIA A c @ ~ ~ T ~ T H -  4.8-5,8 10 1,O-0.86 3 BOROH~OJIH- Bnamoi i  
POBaHHarE pyroqan H cyx0fi 

MBCTHKB, 
onyAperraan 

TaJIbKOM 
O u A A  A~oi i i~of i  5,o-6.0 10 1,o-0,86 4 TO me * O ~ B O R H ~ H -  

~ C @ ~ J I ~ T B -  ~ 0 i r  , 
p o ~ a n m i i  s n a m o i i  

H CYXO~? 
OIUn I I n a c ~ m a ~ -  5,O-6,O 10 1.0-0,86 3 H ~ ~ C T H K ~ T -  To me 

~ h r i i  nan nfacca 

A ~ H A O T ~ T P H J I O B ~ I ~  M 8 A  A n r o m n i i  0.2 - 0,1 1.0 
~ ~ ~ M ~ ~ ~ T ~ T H o T ~ T ~ H ~ o B ~  M 8B B y ~ a r a  - 0.5 - 

M e ~ b  - - 
1 ,o 

To me, 8M 0,5 
CTaJlb HnU - - 

1.0 
o N! 8C 0,5 1 ,o 

" C O B ~ ~ M ~ H H H ~  B3PhIBhI  H a  K a p b e p a X  BbIlIOJIHEIIoTCCI B OCHOBHOM I I P H  
MHOI'OPCIAHOM PaCII0JIO)fEeHHH 3ap I IAOB.  n o J I y ¶ e ~ H e  X O p O m H X  PeayJIb- 
TaTOB I I P H  T a K H X  B3PbIB;IHHIIX 6bIJI0 6~ H e B 0 3 M O X H O  683 I I P H M e H e H H R  
K O ~ O T K O ~ ~ M ~ A J I ~ H H O ~ O  B ~ ~ H B ~ H H R .  Ham6onee IIPOCT~IM C I I O C O ~ O M  npn 
3TOM HBJIIIeTCII I I p H M e H e H H e  3 J I e K T p O ~ e T O H a T O p O B  K O p O T K O 3 a M e ~ ~ e H H O I ' O  

Cneqnanbahrii 
C KpeIIJIeHHeM 06- 
mnmoir no nna- 

C T H K ~ T H O ~  n p o 6 ~ e  
To me 

" 1  & 
P - 
0 Q 

0, HPaMeTP, a 

AN-A 4,8-5,8 50 12,O 6500 3 

CHbIMH HHTII- 

AN-B 4,8-5,8 50 12,5 6500 3 

AIII-B 5,5-6,1 50 13,O 6500 3 

~ ~ ~ ~ ~ c T B H I I .  O A H ~ K O  H e  H a  BCeX npeAnpF i I ITF ic IX  6 e 3 0 1 1 a C ~ 0  I I p H M e H R T b  

a J I 0 K T p O B 3 p b I B a E H e ,  T a K  K a K  H e K O T O p b I e  I IOpOAbI  H P Y A H  IIPOBOART 
a J I 0 K ~ p H ¶ e c ~ E i f i  TOK, H I I p H  y T e ¶ K e  T O K a  H 3  ~ J I ~ K T P O O ~ O P Y A O B ~ H H E I  B M a c -  

CHB0 I IOpOA HMeIoTCEI ~ J I Y X A ~ I Q I ~ H ~  TOKH, I lO BeJIH¶HHB cnoc06~bIe nOAO- 

P B a T b  BJ IeKTpOAeTOHaTOp .  
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B T a K H X  YCJIOBHRX KOPOTK03aMeAJIeHHOe B 3 P b I B a H H e  OCYU(eCTBJIRI0T 

A ~ T O H ~ ~ H O H H ~ I M H  PeJIe IC3,4m ( ~ H c .  32), YCTaHaBJ IHBaeMbIMH H~'~JIIIHEIEI 

Ae.rompymmero m H y p a  H ~ ~ M ~ A J I F I ~ I ~ H M H  nepenasy A e T o H a q H E i  K OT- 

AeJIbHbIM 3 a p R A a M  HJIH r p y I I I I a M  H a  10, 20, 35 H 50 atCeK. M O ~ H O  CO3AaTb  

p a 3 J I W I H b I e  A p y r H e  HHTepBaJ Ib I  ~ ~ M ~ A J I ~ H H G  C O P e T a R H e M  Y K a 3 a H H b I X  

H H T e p B a l I O B  U p H  nOCJIeAOBaTeJIbHOM COeAHHeHHH T p e 6 y e ~ b I x  IC3,4III. 

i i 
Pnc. 32. Y C T D O ~ T B O  nmDoTexHm~ecKoFo aaMennnTenn neToHnpyloulero msma: 

c J I e ~ y e T  H M e T b  B BHAY, YTO A e T O H a q H O H H O e  pen0 IC3n'LI.l-58 OAHO- 

C T O p O H H e r O  ~ ~ ~ ~ c T B H R ,  H er0 YCTaHOBKa  A O J I X H a  O C y 4 e C T B J I R T b C R  C yPe- 
TOM H a U P a B J I e H H R  I I p O T e K a H H R  A e T O H a q H H  B AeTOHHpyIoUI,eM I I I H y p e  

( K ~ K  y ~ a 3 a ~ o  c ~ p e J I K o i i  H a  r ~ n b s e  IC3,4LLI-58). Pene IC3,4W-62-2 ABY- 

c T o p o H H e r o  A ~ ~ ~ C T B H R .   TO pene, XOTR ero C T O H M O C T ~  H B m I I e ,  r a p a H -  

T H p y e T  OT B O ~ M O X H O G  O I U H ~ K E I  U P H  M O H T a K e  CeTH H B03MOlfEHOrO ( (OTKa3ab  

U p H  B 3 P b I B a H H H  O A H O ~ ~ [  HJIH I'PYnIIhI C K B a X H H .  

T ~ ~ ~ o B ~ H H H ,  U p e A a R B J I R e M b I e  K B3pbIBHbIM p a 6 0 ~ a ~  B OTHOIIIeHHH 

A P O ~ J I ~ H H R  I I O J I ~ ~ H O ~ O  H c K o n a e M o r o ,  O ~ Y C J I O B J I ~ H H ~ I B  ~ e x ~ o n o r ~ e i i  ero 
HCI lOJ Ib30BaHHH,  HeOAHHaKOBbI .  T a K ,  n p H  jqo6b1se K e J I e 3 H C T b I X  K B a p q H -  

T P B ,  KOTOphIe  AOJIlfEHhI 6b1~b B ~ a J l b H e f i I I I e ~  H 3 M e J I b W H b I  U P H  0 6 0 r a u ( e ~ n ~ ,  
n e p e H 3 M e J I b u e H H 6  r 0 p ~ 0 f i  MaCCbI U P H  UePBH¶HOM B 3 P b I B a H H H  RBJ lReTCR 

UOJIOlfEHTeJIbHbKM @ ~ K T O P O M .  T ~ K K ~  AOUyCKaeTCR U e p e H 3 M e J I b P e H H e  M e p -  

r e n H  HJIH H3BeCTHRKa .  ~ P E I  ~ o 6 6 1 ~ e  H3BeCTI IRKa ,  HCIlOJIb3YeMOI'O B K a -  

s e c T s e  @ n m c o ~  n p H  n n a B K e  x e n e 3 ~ b r x  pya, n e p e ~ 3 ~ e n b s e ~ ~ e  B ~ P M B O M  

HeAOIIYCTHMO. ~ ~ ~ C T B O  B 3 P h I B a  O q e H H B a e T C R  r P a H Y J I O M e T P H P e C K H M  

COCTaBOM B C ~ G  ~ O P H O G  MaCCbI HJIH TOJIbKO BbIXOAOM ~ a ~ 6 0 ~ 1 e e  ~ p p E l 0 f i  
~ e r a 6 a p ~ ~ ~ o i i  @ ~ ~ K ~ H E I .  O q e ~ K a  B 3 P b I B a  UO U e P B O M y  C I I O C O ~ Y  T p e 6 y e T  

TPYAOeMKHX 3 a M e p O B ,  I I p H M e H e H H e  KOTOpbIX H e  B C e r A a  M O K e T  6 b I ~ b  

O U p a B A a H O .  IIO~TOMY H a  I'OpHbIX I IPeAI IpHHTHRX Pawe UOJIb3YH)TCH 

C U O C O ~ O M  O q e H K H  B 3 p b I B a  YPeTOM BbIXOAa ~ e r a 6 a p ~ ~ ~ b 1 x  KYCKOB C YCTa- 

H o s n e H H e M :  npoqema mxona  ~ e r a 6 a p ~ ~ o ~  no o 6 a e ~ y ;  r p a H y n o M e T p n -  

s e c K o r o  c o c T a s a  ~ e r a 6 a p ~ ~ ~ o i i  @ p a K q H H ;  c p e A H e r o  o 6 a e ~ a  ~ e r a 6 a p ~ ~ -  
H o r o  K y c x a .  

Ha n p e A n p H m m x ,  rne M e n m e  @ p a ~ q m  I I O J I ~ ~ H O ~ O  H c K o u a e M o r o  

HeUpHI 'OAHbI  AJIR HX ~aJIb~eGlner0  HCIIOJIb3OBaHHH, K a P e C T B O  B 3 P b I B a  
o q e H H s a e T c R  T a H m e  no npoqemy OTXOAOB M e n o u n .  

0 6 a e ~  ~ e r a 6 a p H ~ a  B n p o q e H T a x  OT o64ero o 6 a e ~ a  O T ~ H T O ~ ~  r o p ~ o i i  
h f a c c b I  o n p e A e n R e T c R  no B h I p a m e H H m  

. . 
N - UHF 

HI- -- - 
"c p 

, wm/a3,  (VI ,22) 

rAe vHr - O T H O C H T ~ J I ~ H ~ I ~  0 6 a e ~  ~ e r a 6 a p ~ ~ a  B r o p ~ o f i  M a C C e ,  %; 
u,, - ~ ~ C O J I I ~ T H ~ I ~  o 6 a e ~  ~ e r a 6 a p ~ ~ a ,  at3; 
vc, - c p e n ~ ~ i i  o 6 a e ~  ~ e r a 6 a p ~ ~ ~ o r o  K y c K a ,  at3; 

n - YHCJIO H ~ ~ ~ ~ ~ P E I T H ~ I X  KYCKOB B O T ~ M T O ~ ~  r o p ~ o f i  M a c c e ;  

U - o 6 a e ~  O T ~ E I T O ~ ~  FOPHOG MaCCbI, at3; ' 
N,,  - PHCJIO ~ e r a 6 a p H T ~ b I x  KYCKOB H a  I a3 n o p o ~ ~ ,  u ~ r n l a t ~ .  

Oqema  c T e n e H H  A p 0 6 J I e H H H  M a c c m a  B ~ I X O A O M  ~ e r a 6 a p n ~ a  c n H m K o M  

YCJIOBHa,  T a K  K a K  p a 3 M e p  AOIIYCTHMOI'O MaKCHMaJIbHOrO K y C K a  H a  pas- 
J IHsHbIX  I I p e A I I P H R T H R X  MOlfEeT 6 ~ ~ b  p a 3 H b I M  H YCTaHaBJ IHBaeTCR B 38- 

BHCHMOCTH OT I I a p a M e T p O B  rOpHOTpaHCI IOpTHOI '0  0 6 o p y ~ o ~ a ~ ~ ~  HJIH 

H a  OCHOBe BCeCTOPOHHerO TeXHHKO-3KOHOMHqeCKOrO a H a J I H 3 a  AJIR KOH- 

K p e T H b I x  YCJIOBHG. k l 3 ~ e ~ e ~ m e  A o n y c T H M o r o  pamepa K y c K a  B TYHJIH 

H H Y ~  CTOPOHY IIPHBOAHT K H ~ M ~ H ~ H H H )  npoqema sarxoga ~ e r a c a p ~ ~ a ,  
XOTR C T e n e H b  ~ ~ ~ A P O ~ J I ~ H H O C T H  r O P H O r O  MaCCHBa  OCTaJ IaCb  683 H3Me-  

, H ~ H H R .  IIo 3 ~ 0 f i  n p H s m e  H a  n p e A n p m T m x  a ~ a n ~ 3  ~ @ @ ~ K T H B H O C T H  

IIPOH3BOACTBeHHbIX I IPOqeCCOB B 3aBHCHMOCTH OT BbIXOAa ~ e r a 6 a p ~ ~ a  
B ~ O P H O ~ ~  MaCCe  COUPOBO%AaH)T y K a 3 a H H e M  KOHKPeTHOrO p a 3 M e p a  AOIIy-  

CTHMOrO MaKCHMaJIbHOrO K y C K a .  

, 4 n ~  6onee T r q a T e m H o r o  y c T a H o B n e H m  c T e n e H H  g p o 6 n e ~ ~ ~  r o p H o r o  

M a C C H B a ,  ¶TO H ~ O ~ X O A I I M O  I I P H  HCCJIeAOBaTeJIbCKElX p a 6 0 T a x ,  K p H T e p H e M  

O q e H K H  M O X e T  CJIYlfEHTb: 

cpepmii p a a l l r e p  K y c K a ,  o n p e g e n e ~ ~ ~ i i  no @ o p ~ y n a ~  c p e ~ ~ e ~ 3 ~ e -  
LPeBl3Or0 ,  CPeAHeKOJIH¶eCTBeHHOr0  HJIH A P Y r H M ,  COOTBeTCTBYH)U(HM 

o n p e A e n e H H o M y  n p m q H n y  n o A c s e T a ;  



BeJIH'ZHHa BHOBb 06pa30BaHH0fi nOBePXHOCTH HJIH B3MeEWHe YgeJIb- 
eo f  nosepxrrocTzi npogyKToB v a s v ~ m e ~ n ~ :  

rAe dcp. - C P C ! R H ~ K O J I H ¶ ~ C T B ~ H R ~ ~  pa3Mep KyCKa, C n t ;  
dx - c p e n ~ ~ 6  p a a ~ e p  KYCKOB ~ a n ~ o f i  @ p a ~ q n a ,  cm; 
nx - YBCJIO KYCKOB A ~ H H O ~  @paKqHH; 

Z n  - o6rqee sacno K ~ C K O B ,  nonyneHaoe npa  A ~ O ~ J I ~ R K I X ;  
dCp. . - c p e ~ ~ e ~ 3 s e r n e a a ~ ~ f  p a s ~ e p  KycKa, c a ;  

qx - C Y M M ~ P H H ~  BeC KYCKOB A ~ H H O ~ ~  @paKqm~, 772; 
Zq - n o n a ~ i  aec 0~6arof i  r o p ~ o i t  Maccsr, m. 

r p a a y n o ~ e r p a ~ e c ~ ~ l  comas O T ~ H T O ~ ~  ropaofi Maccra Hna ee aera6a- 
pa rao t  Q p a a q a ~  svpaxaercn na6o no ~ v x o n y  oTgenbanx xn,accos, 
nu60 no cyMMe anxona @ p a ~ q a i r  HHme a n a  svme naaaoro Knacca, YTQ 

6onee y ~ o 6 ~ o .  
IIpa OTKPHTOM cnoco6e go6hrm r p a e y n o ~ e ~ p a n e c ~ l r f i  cocraa ropao t  

MaCCbI MO?KBT OIIPeAeJIRTbCR: COPT~IPOBKO~~ Bcefi HnH x a p a ~ ~ e p ~ o f i  ¶aCTH 
O T ~ H T O ~  r 0 p ~ 0 6  MaCCsl ( C U O C O ~  BeCbMa TpynOeMOK, E O  nalr6onee ~ O C T O -  

eepea); n n n e i i ~ v r  Hna n a ~ e f i ~ o - n e p e x p e c ~ ~ n ~  a a ~ e p e a a e ~  scex 
KYCKOB, nemaqmx Ha noBepxHocTa HaBana r o p ~ o i  Maccn (npa aToM 
npeAnonaraeTcs, ¶TO pacnpegeneHae no @ P ~ K ~ H R M  OguHaKoBo B J I D ~ O M  
r o p r n 3 0 a ~ a n b ~ o ~  ceneHma ~ a ~ a n a ) .  - 

CoAepma~ne ~ a x g o f i  Gpa~qa i i  npa a a ~ e p a x  no noBepxHocTH aasana 
I 'o~HoP MaCCbI OnpeAeJIReTCR H3 BbIPaWeHHR 

rae 2 L, - cyimapaan n n m a  a a ~ e p o s  @ p a ~ q ~ a  paaMepoM x, c u ;  
Z L - cynrMapaan gnaHa a a ~ e p n e ~ n x  yqacTKoe paasana, c u .  + 

IIpa n a a e i i ~ o - n e p e x p e c ~ ~ o ~  ( n n a a n ~ e ~ p a n e c a o ~ )  MeTone npoqear- 
Hoe coAepmnHae K~WROB @ p a ~ q a ~  OnpegenReTcR KaK oTRorneaae CYM- 
~ a p e o f i  nnorqafla, s a ~ a ~ a e ~ o l  aycKaMa a ~ o 6  @ p a ~ q a a ,  K o64efi aaa- 
J I H B H P Y ~ M O ~  IIJIOIQaAH: 

f rn"  

n n a n ~ ~ e ~ p i i s e ~ ~ r m ~  cnoco6o~,  T. e. sa~epakia  @ o ~ o r p a @ m x  p a s ~ a n a  
r o p ~ o f  Maccn, BanonHeHHbIx B onpeAeneaHoM ~ a c m ~ a 6 e  nojq npRMHM 
nna KOCHM yrmoM K Hasany. T ~ K  KaK 6onee onepaTasamni cnoco6a~m 
OIJeHKH KaYeCTBa A ~ O ~ J I ~ H H R  MaCCHBOB B3PhIBOM Ha IIPOIIBBOACTBe RB- 

nmTclr c n o c o 6 ~  onpep,eneHnR npoqema T O J I ~ K O  ~ e r a 6 a p a ~ ~ o f i  @pa~qmn 
EI ee rpaHynoMeTpasecRoro cocTana, TO ~a1160~1ee sacTo npmMeHmoT: 
I I o ~ T ~ E H B  0 6 ~ e p  Hera6apFITHhzx KYCKOB , OTJIOWeHHhIX 3KCKaBaTOpOM 
B np0qeCCe IIOrpY3KH rop~oi? MaCCbI; JIH~efiHhlfi ElJIH I I J I ~ H F ~ M ~ T ~ H ¶ ~ c K H ~ ~  

s a ~ e p  ~ e r a 6 a p n ~ ~ a x  KYCKOB, nemaqax Ha noBepxHocTa HaBana ropH0fi 
MaCCM. A ~ H H ~ N ?  cnoco6n H COnyTCTByDqHe FiM paC¶eTbI aHaJIOrH¶HbI 
cnoco6a~  no onpegenemno rpaHynoMeTpmsecKoro cocTaBa ~ceiir ropaofi 
Maccn ( @ o ~ o n n a ~ m ~ e ~ p m n e c m e  H ~ M ~ P ~ H H R  O T ~ P O I U ~ H H O ~ O  ~ e r a 6 a p a ~ a  
n snpeaeneHHe suxoga ~ e r a 6 a p n ~ a  no pacxoay cpeAcTB B ~ P M B ~ H ~ R  

HnH BB Ha BTOPH'XHOe ~p06ne~Zie) .  
Bonee TouHve p e s y n b ~ a ~ n  06ecnesasa1o~ saMepH ~ e r a 6 a p ~ ~ ~ h 1 x  

KYCKOB I I O  IIOBepXHOCTH HaBana I ' o ~ H o ~  MaCCbI. I I O A C Y ~ T  BbIIIOJrHHeTCR 
no @op~ysre 

N,,. , = (VI,27) 

rgeN,,., - s ~ c n o  ~ e r a 6 a p ~ ~ ~ ~ x  KycKo~ Ha I in3 nopogh~; 
?7, - YHCJIO ~ ~ @ E I K C H P O B ~ H H M X  Hera6ap~T~bIx KYCKOB Ha IIJIOIU,aAH 

s a ~ e p a  S. 
0 6 e c n e ~ e ~ n e  ~pe6yeMofi CTeneHH A ~ o ~ J I ~ H H R  MaCCHBa IIPH IIepBHPHOM 

B3PbIBaHHH rOPHOrO MaCCFiBa MOWHO OCyIQeCTBFfTb IIPEiMeHeHHeM KOM- 

IIJIeKCa cnoco60~, IIOBbImaIoqHX ~ @ @ ~ K T H B H O C T ~  MCUOJIb30BaHBR 3Hep- 
rnn  BB. H a s e c ~ ~ ~ e  cnoco6a 6onee nonHoro a c n o n b s o s a ~ a ~  npm apo- 
6 n e ~ n ~  Maccmsa 3EepI'HH BB MOXHO 06 'be~Fi~H~b  B TpH rpynnhr. 

1. Cnoco6v TexHonorHsecKoro xapawepa: ~ ~ o r o p k g ~ o e  KOPOTKO- 

3aMeAJIeHEOe B3PhIBaHHe1 B3PPBaHHe HaKJIOEHhIMH YgJlHHeHHhIMH 3apR- 
AaMH BB, IIpHMeHeHHe YCTYIIOB IIOBHUI~HHOG BbICOTbI, B3pbIBaHlXe Ha 
EaBaJI H I IOA EaBaJIOM I'OPHO~ MaCCbI. 

2. CUOCO~H,  OCHOBaHHHe Ha PaqHOHanbHOM HCIIOJIb30BaHHH TeKCTYPbI 
r0pHoro MaCCFfBa, KOTOPaR yPHTbIBaeTCR DpH ~b16ope CXeM O T ~ O ~ K I I ,  
EanpaBJIeHHR pa3BHTHR @ ~ O H T ~  B3PhIBa OTHOCHTeJIbHO paCIIOJIOWeHHR 
O C H O B H O ~ ~  CacTeMhI TpeqnH, sn60pa gmaMeTpa 3 a p a ~ a  a T. A. 

3. CnocoGv, OCHOBaHHhIe Ha FiCIIOJIb30BaHHH 3aKOHOB Pa3BHTHR 
npoqecca p a 3 p y m e ~ ~ ~  XPYIIKHX cpeg B~PHBOM, 3 ~ a ~ ~ e  H yPeT KOTOPPX 

llO3BOJIReT s n 6 ~ p a ~ b  ~ a a 6 o n e e  ~ @ @ ~ K T H B H M ~ ~  THII BB, KOHCTPYKYHH) 
aapsAa, napaMeTpH pacnonomeHm ~ ~ P R A O B ,  HmepBan BpeMeHH sa- 
MeAJIeEHR, YCJIOBlXH HHHqHHPOBaHHR EI. T. A. 

I 5 5. Aonyc~nmb~ii pasmep n e r a 6 a p a ~ ~ o 1 - o  ~ y c ~ a  M paqno~ananarr 

I IlHTeHCMBHOCTb BBPbIBHOl'O A P O ~ J I ~ H H R  MaCCHBa 



y s e n m m a e T c R ,  T a K  K a K  c POCTOM p a 3 ~ e p o ~  O T ~ H B ~ ~ M O ~ O  y s a c T K a  

nOBbI I I l a eTCR ¶HCJIO H ~ O ~ H O ~ O A H O C T ~ ~ ~ .  Y ~ e ~ b I I l e H ~ l f 2  a6conm~ab1x pas- 
M e p O R  0 ~ 6 ~ n a e ~ o r o  MaCCHBa  n p ~ 6 n ~ m a e ~  ero K MOHOJIHTY. 

H a m s ~ e  T p e q H H  H a  I I y T H  P a C I I p O C T p a H e H H R  B O n H  H a I l p R H F e H H H  CHH- 

x a e T  HX 3 n e p r e ~ ~ q e c ~ ~ e  n a p a M e T p M .  I IOBTOM~ IIPH p a B H M x  OTHOCHTeJIb- 

HHX D a p a M e T p a x  p a c n o n o m e H H c I  ~ ~ P F I A O B ,  B b I p a x e H H b I x  B A H a M e T p a x  

s a p ~ ~ a ,  n a A e H H e  m H T e H c H B H o c T H  BOJIH ~ a n p ~ m e ~ ~ f i  y n o s e p x H o c T I r  

O ~ H ~ H F ~ H H R  ~ Y A ~ T  60~1ee 3Ha9HTeJ IbHbIM n p H  3 a p q a x  BB ~ ~ J I ~ I I I H X  

A H a M e T p O B .  P ~ c I I o J I o x ~ H H ~ I ~ ~  y n O B e p X H O C T H  O ~ H ~ X ~ H H H  o 6 a e ~  n O p O A b I  

6 y ~ e ~  I IOABep l r t eH  A ~ ~ ~ C T B E I K )  BOJIH H ~ ~ P F I H F ~ H H ~ ~  H ~ A O C T ~ T O ¶ H O ~ ~  BeJIH- 
¶HHbI  H IIOBTOMY P a 3 P Y I I I H T C R  TOJIbKO IIO eCTeCTBeHHbIM T P e q H H a M .  

H a x o ~ ~ q a c ~ c ~  6 ~ 1 ~ 1 r c e  K 3 a p R A y  BB ¶ a C T b  MaCCHBa  noA ~ e f i c ~ ~ l l e ~  BOJIH , 
H a I I p R ~ ~ e H t i f i  6onee B ~ I c o K o ~ ~  HHTeHCHBHOCTH ~ Y A ~ T  P a 3 p Y I I I a T b C R  C ApO-  

~ J I ~ H H ~ M  O T ~ ~ J I ~ H O C T ~ ~ ~ .  3 T y  ¶ a C T b  MaCCHBa  I l p H H R T O  H a 3 b I B a T b  30~0c 

PezyJtupyencozo a p o 6 ~ t e n u ~ ,  a n e p ~ @ e p ~ i i ~ y m  ¶ a c T b ,  p a 3 p y m a m 1 q y m c c l  

no eCTeCTBeHHbIM T p e q H H a M ,  - 3 0 ~ 0 6  HepeZyJtUpyeXOZO a p o 6 ~ t e n u ~ .  
Pa3~epbI 3 0 H  H H X  COOTHOIIIeHHe, K P O M e  I I a p a M e T p O B  3 a p H A a ,  3 a B H C R T  

OT C B O ~ ~ C T B  I lOpOAbI  H BB. B 3aBHCHMOCTH OT PaCCTOHHHH MeHFAY T p e q H -  

H a M H  B MaCCHBe  I I p H  OAHHaKOBbIX I I a p a M e T p a X  B3PbIBHbIX p a 6 0 ~  H ycno- 
BHRX B 3 P b I B a H H R  p e 3 Y J r b T a T  ~ Y A ~ T  HeOAHHaKOBbIM.  

np t i  I l p O e K T H p O B a H H H  r O P H b I X  n p t ? ~ n p ~ R ~ H f i  H ~ O ~ X O ~ ~ E I M O  Y¶HTbIBaTb  

B 3 a H M O C B R 3 b  M e X A y  AOIIyCTHMbIM p a 3 M e p O M  K y C K a ,  ~ Y P O B ~ P ~ I B H ~ + M H  

p a 6 0 ~ a ~ ~  H MOqHOCTbK)  r O P H O T P a H C I I O ] l T H O ~ O  O ~ O P Y A O B ~ H H R .  T a ~ y r o  
C B R 3 b  B C e r A a  M O X H O  YCTaHOBHTb  IIO O X H A a e M O M y  r p a H y J I O M e T p H ¶ e C K O M y  

C O C T a B y  r 0 p ~ 0 f i  MaCCbI ,  I I p e A 0 l I p e ) I e J I c I e M O M ~  TPeLl@HOBaTOCTbIO MaCCHBa .  

npti MaJIbIX AOIIYCTHMbIX p a 3 M e p a X  K y C K a  H 3 H a 9 H T e J I b H b I X  PaCCTO- 

R H H R X  MeHFAY eCTeCTBeHHbIMH TpeIII,HHaMH O C m e C T B H T b  B 3 P b I B  C P a B H O -  

M e p H b I M  H HHTeHCHBHbIM ~ p o 6 ~ 1 e ~ ~ e w  MaCCHBa  B e C b M a  TPYAHO,  O C O ~ ~ H H O  

npn ~ O J I ~ L U H X  I ? O H ~ ~ H T P H P O B ~ H H ~ I X  a a p R A a x  BB. B n o ~ o 6 ~ 6 1 x  YCJIOBHHX 

y s e n H s e H H e M  y A e n b H o r o  3 a p R A a  am M O J ~ H O C T H  BB T I o c T H r a e T c R  CHH- 

x e m e  o 6 a e ~ a  ~ e r a 6 a p ~ ~ ~ o f i  @ p a ~ q H H ,  O A H a x o  s ~ c n o  KYCKOB B e a H H u q e  

o 6 a e ~ a  ~ e r a 6 a p ~ ~ a  H e  y M e H b m a e T c R  H name n l o m e T  I I O B ~ I C H T ~ C H ,  ¶TO 

B b I 3 0 B e T  POCT PaCXOAOB H a  BTOPH¶HOe  ~ p o 6 ~ 1 e ~ ~ e .  
~ P O M ~ ~ Z T T . ~ T P H H H M  B3PbIBOM AOJIHFHa O ~ B C ~ ~ ¶ M B ~ T ~ C R  T a K a R  HHTeHCHB- 

H O C T ~  H P B R H O M ~ P H O C T ~  A P O ~ J ~ ~ H H R  M a C C H B a ,  I I P H  K O T O ~ O ~  3 a T p a T b l  

H a  e A H H H 4 Y  npOAyKqI4k4  IIO B C e M y  KOMIIJIeKCy ~ [ 0 6 b 1 ¶ ~  H I [ePBH¶HOMY 

~ e x a H H ¶ e c K O M y  ~ p o 6 ~ 1 e ~ ~ r o  661.11~ 661 MHHHMaJIbHbIMH. B 0 6 ~ q e ~  B H A e  

4 e n e c o o 6 p a 3 ~ o ~ ~ b  H H T ~ H C H @ H K ~ ~ H H  B3PbIBHOrO A P O ~ J I ~ H H H  38 C P e T  

H 3 M e H e H H R  TeXHOJIOI'HH ~ Y P O R ~ ~ M B H ~ I X  p a 6 0 ~  MOlfEeT 6 b 1 ~ b  B b I p a H F e H a  

3aBHCHMOCTbIO 

r A e  2,3 -- C p e A C T B a ,  C3KOHOMJIeHHbIe  OT IIOBbIIIIeHHR IIPOH3BOAHTeJIb-  

HOCTH I I O r P Y 3 K H ,  T p a H C I I O p T a  H A P O ~ H J I ~ H ~ I X  O T A ~ J I ~ H H ~ ~  , 

@ a 6 p ~ ~ ,  C O K p a ~ e H H R  IIpOCTOeB MaI I IHH B P e M O H T e  H YMeHb-  

n r eHt i c I  p a c x o A o B  H a  a a ~ e ~ y  H~HOCHBIIIHXCR ae~anef i ,  p y 6 i ' ~ ~ ;  

rat? AC,, AC, - H 3 M e H e H H e  3 a T p a T  H a  B T O p a n R O e  ~ p o 6 n e ~ ~ e  I l p H  H3Me-  
H e H H H  AOIIYCTHMOrO p a 3 M e p a  KYCKOB, py6/M3; 

AC,, AC4 - H ~ M ~ H ~ H H ~  3 a T p a T  H a  n o r p y s ~ y  H T p a H C I I O p T  B CBH3EI 
C H 3 M e H e H H e M  MOWHOCTH O ~ O ~ Y ~ O B ~ H H H  H er0 I I p O H a -  

BOAHTelIbHOCTH, p y 6 / ~ ~ ;  
AC5 - H ~ M ~ H ~ H H ~  a a T p a T  H a  M e x a H H s e C K O e  j q p o 6 n e ~ ~ e  B CBH3H 

c Y C T ~ H O B K O ~ ~  6onee M O W H O ~ ~  A P O ~ H J I K H ,  p y 6 / ~ ~ .  
ECJIH n e B a t I  n a c n  B M p a x e H H c I  (VI,29) M e H b m e  e p H n q M ,  TO qeneco- 

o 6 p a 3 ~ o  Y B e J I H s H T b  A O I I Y C T H M ~ I ~  p a 3 M e P  K y C K a ,  H H ~ O ~ O ~ O T .  B CJ I JTae  

nepexona H a  n o T o n H y m  T e x n o n o r n m  H a  K a p b e p a x ,  p a 3 p a 6 a ~ b I B a I O I q H X  

c K a n b H b I e  n o p o A b I ,  p a q H o H a n b H a H  c T e n e H b  ~ p o 6 n e ~ n ~  o n p e A e n c I e T c R  

a H a n o r m H o .  

Y B ~ J I H ~ ~ H H ~  name B HeCKOJIbKO pa3 CTOHMOCTH ~ Y P O B ~ P ~ I B H ~ I X  p a 6 0 ~  
AJIH n O J I y ¶ e H H H  HHTeHCHBHO pa3jqp06~1e~~ofi r 0 p ~ 0 6  MaCCbI O K a 3 b I B a e T C R  

~ e n e c o o 6 p a 3 ~ b 1 ~  6 n a r o ~ a p ~  6 0 n b m o ~ y  aKOHOMFi¶eCKOMy ~ @ @ ~ K T Y ,  IIOJIY- 

n a m q e M y c s  B p e s y n b ~ a ~ e  B ~ I C O K O ~ ~ O H ~ B O ~ H T ~ J I ~ H O ~ ~  p a 6 o ~ n  06opyjqosa- 
R H H  HeI Ipepb IBHOI 'O  A ~ ~ ? C T B H H  H H3'bHTHH I I p O q e C C a  nepsan~o i i  CTaAHH 

M e x a H H s e c K o r o  ~ p o 6 n e ~ ~ s  H a  @ a 6 p ~ ~ e .  

I Ha~6onee  B a x H b I M H  ~ ~ a p a ~ e ~ p a ~ r n  y A n H H e H H o r o  a a p ~ r r a  BB HB- 

3HK)TCR er0 A H a M e T p  H YRJIHHeHHOCTb,  I I P e A C T a B J I R m q a H  ~060f i  OTHOIIIe- 

m e  AJIHHP s a p ~ a a  K ero A u a M e T p  y. OCHOBHH~ n a p a M e T p H  pacnonome- 
H H H  3 a P H A O B  - JIHHHH H a H M e H b I I I e r O  COIIpOTHBJIeHHH (JIHC) 
61 P a C C T O H H H e  MeHFAY 3 a p H A a M H  B P H A y .  

B n u ~ n u e  a u a ~ e m p a  3 a p ~ a a .  M e m ~ y  A H a M e T p o M  a a p c I A a  BB a napa- 
M e T p a M n  ero p a c n o n o m e H H c I  HMeeTcc I  n p c I M a c I  ~ ~ B H C H M O C T ~ .  I Ipeo~one- 
3 a e M a c l  B3PbIBOM JIHC H3MeHReTCH I I P O I I O P q H O H a J I b H O  AHaMeTPJ' 3 a p H A a  

~ ~ B H O ~  YAJIHHeHHOCTH. O A H ~ K O  C T e I l e H b  ~ p o 6 n e ~ m s  M a C C H B a  I I p H  3TOM 

H e  OCTaeTCR I I O C T O H H H O ~ ~ ,  a Y X y A E I a e T C H  C y B e J I H ¶ e H R e M  A M a M e T p a  CKBa-  

I X H H b I .  C YMeHbI I I eHHeM A E l a M e T p a  3 a p H A a  60~1ee HHTeHCHBHO C O K p a -  



Q a e T c R  p a A H y c  30Hb1 TOHKOro H ~ M ~ J I ~ ~ ~ H L I B  B o K p y r  H e r o  H c H H X a m c R  

DoTepm 3 ~ e p r ~ ~  B 6JIHXHefi  K 3 a p ~ ~ y  3 o ~ e ,  a e M  n o B M m a e T c R  K .  11. A. 
p a 6 0 ~ b 1  B3PbIBa. B CKaJIbHMX TPewHHOBaTMX MaCCHBaX H3MeHeHHe 

AHaMeTpa 3 a p R A a  BM3bIBaeT H3MeHeHHe ~ ~ c o J I I O T H M X  3 E I a a e ~ H f i  JIHC 
H PaCCTORHHH MeXAY 3aPHAaMH.  TO IIPHBOAHT K H3MeHeHHIO ¶HCJIa 

T p e q H H  B O T ~ I I B ~ ~ M O ~ ~  3aPHAOM PaCTm MaCCHBa. ~ O ~ T O M Y  0 ~ 6 0 f i K a  3 a p R -  

AaMm M a n o r o  A n a M e T p a  06ecnean~ 6onee B~ICOIEYIO paBHoMcpHocTh pac- 
npeAeJreHnR ~ a n p ~ x c e ~ ~ f i  B M a c c n s e  KaK B ceaeHmm, n e p n e H A a K y n R p H o M  

OCH a a p ~ ~ a ,  TaK H B n a p a n n e n b H o M  c e a e H H H ,  I IOCKOJI~KY IIPH H ~ H ~ M ~ H -  

HOM y g e n b H o M  3 a p R A e  BB H o r H o c n T e n b H M x  n a p a M e T p a x  p a c n o n o z e H n r r  

3 a p H A a  YMeHbmeHHe AHaMeTpa IIOBbIIIIaeT YAJIHHeHHOCTb. 

C YMelIbIIIeHHeM AHaMeTPa 3apRAOB y n y a m e H H e  Ka¶eCTBa A P O ~ J I ~ H H R  

~ a H 6 o J I e e  CyqeCTBeHHO npORBJIReTCR B MaCCZIBaX K P Y I I H O ~ J I O P H O ~ O  

CTpOeHHR C OTAeJIbHOCTRMH pa3MepOM 1 & If 6onee. B MaCCHBaX, pas- 
~ H T ~ I X  TpeUJHHaMH H a  OTAeJIbHOCTH pa3MepOM 0,3-0,5 &, yMeHbIIIeHHe 

AmaMeTpa s a p R A a  c 200 no 100 iuiu n p a K T H a e c m  H e  n o s a r m a e T  K a a e c T B o  

~ p o 6 n e H H R .  B IIOpOAaX, PaCWIeHeHHbIX r y C ~ 0 f i  CeTblo TpernHH (XeJIe-  

3HCThIe KBaPqHTbI K ~ H B O ~ O X C K O ~ O  GacceH~a), YBeJIHaeHHe AHaMeTpa 

3 a p R A a  IIPHBO~HT K Y J I Y ~ I U ~ H H I O  K a a e c T B a  ~ 3 p a r s a .  B ~ T X O A  n o B M m e H H o r o  

o 6 a e ~ a  MeJIOaH B 3TOM C J I y a a e  H e  RBJIReTCR OTpHqaTeJIbHMM RBJIeHHeM, 

TaK KaK nepen 0 6 0 r a ~ q e ~ ~ e ~  K s a p q m  n o n B e p r a e T c R  nHTeHcHsHoMy 

r n 3 ~ e n b a e ~ m 1 0  H a  @ a 6 p ~ ~ e .  
~ ~ H M ~ H ~ H H C ?  3apRAOB YMeHblneHHhIX AHaMeTpOR - OAHH I13 CI IOCO~OB 

IIOJIyaeHHR PaBHOMepHO H HHTeHCHBHO p a 3 ~ p 0 6 n e ~ ~ o f i  I 'OPHO~~ MaCCbI, 

o c o 6 e ~ ~ o  n p ~  g o 6 b I a e  U O J I ~ ~ H ~ I X  HcKonaeMMx ~ p y n ~ o 6 n o a ~ o r o  c n o m e H m s  

H K o r A a  n e p e m 3 ~ e n b s e a ~ e  HX H e  A o n y c K a e T c n  no T e x H o n o r n a e c K m M  

c o o 6 p a ~ e ~ ~ ~ ~ .  ~ ~ H M ~ H ~ E I H ~  IIpH 3TOM 3aPRAOB YMeHbmeHHOrO AHa- 

M e T p a  - e ~ a ~ c ~ s e ~ ~ u f i  n y T b  K 06ecneae~~1o 6onee s M c o K o r o  K a a e c T B a  

r 0 p ~ 0 f  MaCCbI, I Io~BoJIRIOII (H~~ IIPMMeHRTb MCiIIIHHhl HeIIpepbIBHOrO ~ e f -  
CTBHR. 

~ o B M I U ~ ~ T C R  ~ @ @ ~ K T H B H O C T ~  A P O ~ J I ~ H H R  3aPHAaMH YMeHbIUeHHOrO 

AHaMeTpa H IIPH 0 ~ 6 0 f i K e  CIIapeHHbIMH H IIJIOCKHMH B nOUepe¶HOM Ce¶e- 

HHkI 3apRAaMH. T a K ,  H a  K a p b e p a X  H o ~ H J I ~ C K O ~ O  K O M ~ H H ~ T ~  o ~ 6 0 i i ~ a  
I I ~ P H o c ~ J I H X ~ H H ~ I M H  3apHAaMH, p aCnOJrOXeHHbIMH H a  p aCCTORHHH 3 - 
5 AHaMeTpOB OAHH OT APYrOrO, 06ecnea~na YBeJIHaeHHe BMXOAa r 0 p H 0 f i  

MaCCbI C 1 & CKBaXHHbl H a  25-30% H AaXe 40% no CpaBHeHHlO C 0 6 ~ 9 -  
HMM C I I O C O ~ O M  B3PbIBaHHR qHJIHHAPHPeCKHMH 3apRAaMH IIpH P ~ B H O ~  

CTeIleHH g p o 6 n e H H R  H HeCKOJIbKO YMeHbmeHHOM YAeJIbHOM 3apHAe BB. 
C O ~ A ~ H H ~ I ~  B HOPHJI~CK~ AJIR IIPOXOAKH CIIapeHHMX CKBBXHH $(Ha- 

MeTPOM 155 &A AByXIllUHHAeJIbHMe ~ Y P O B M ~  CTaHKH IIHeBMOyAapHOrO 

6 y p e H H R  HE C-5 0 6 e c n e a ~ n ~  IIPOH3BOAHTeJIbHOCTb IIO 0 6 y p e ~ ~ o f  P O P H O ~ ~  

M a c g e ,  p a B H y m  36,2 TMC. fi31~ecxy, npm s H x o A e  r o p ~ o i  M a c c a  25,5 W ~ / M  

CKBaXHHbI H CTOHMOCTH O ~ Y P I Z B ~ H E ~ R  0,29 p y 6 / ~ 3  B IlOpOAaX K p e -  

I IOCT~IO 16-18. 
B3pbIBaHHe 3aPRAOB B CKBaXHHaX IIJIOCKOI'O IlOIIePe4HOrO CeaeHMR, 

I I p 0 6 y p e ~ ~ b I x  CTaHKOM THIIa CEO CO ~ I I e q H a J I b ~ 0 f i  ~ o P ~ J I K o ~ ~ ,  H a  K a p b -  

e p a X  HICI'OKa 06ecnea~no YBenHaeHHe BbIXOAa r 0 p H 0 f i  MaCCbI Gonee 
HHTeHCHBHOrO g p 0 6 ~ 1 e ~ H ~  6 8 3  nepeH3MeJIb¶eHHH. 
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Bnunnue napavempos pacnonoxenun sapdoe. OCHOBHO~ n a p a M e T p  - 
B e n t r a m a  JIHC 06yc~1osnrn~ae~ c o n p o T m s n e H H e  M a c c m s a  K q e @ o p ~ a q ~ ~  
n p a 3 p y m e ~ ~ 1 0 .  3 ~ c n e p ~ ~ e n ~ b 1  H a  M o A e n R x  m B rOPHMX M a c c m B a x  IIOA- 

TBepAHJIH 0 6 p a ~ ~ y 1 0  3aBHCEIMOCTb HETeHCHBHOCTH ~ p 0 6 J l e H H R  OT BeJIH- 

VHHM JIHC. I I p m a ~ ~ a  - y s e n m a e H m e  y A e n b H o r o  sapma H a ~ e p r n n  BB 
H a  e p H H q y  pasp y m a e ~ o r o  o 6 a e ~ a  IIOPOAM. C ~ e n e ~ b  p a 3 p y m e ~ ~ o c ~ m  

6 ~ ~ a e ~  ~ a K c H ~ a J I b H 0 f i  y 3 a p R A a ,  M OHa YBeJIHaHBaeTCH C YAaJIeHHeM 

K DJIOCKOCTM. O ~ H ~ X ~ H H R .  

Y OTKOCa YCTyIra H a  PaCCTORHHH 5-10 AMaMeTPOB 3 a p R A a  ~ a 6 ~ 1 m -  
AaeTCH H H T ~ H C H @ H K ~ ~ H R  $ ( P O ~ J [ ~ H H R ,  BM3BaHHaR A ~ ~ C T B H ~ M  O T P B X ~ H H O ~ ~  

OT IIJIOCKOCTH 3 a 6 0 ~  BOJIHM H ~ I I P R F ~ H M ~ ~ .  B p e 3 y J I b T a T e  B ~ ~ E Z M O A ~ ~ ~ C T B E I R  

~ a l I p R X e H H f i  OT AByX OAHOBpeMeHHO B3pMBaeMMX COCeAHHX 3apRAOB, 

9TO HMeeT MeCTO IIpH nm60fi CXeMe KOpOTKO3ah#egJ[eHHOrO B3PMBaHHR, 

0 6 p a 3 y m ~ c s  o 6 n a c ~ H  CO 3HaaHTeJIbHO IIOHHXeHHbIMH HaIIPRXeHHRMH, 

RBJIRIO4MMEICR MeCTaMEI ReyAOBJIeTBOPHTeJIbHOrO A P O ~ J I ~ H H R  H BbI- 

K a a e c T s a :  

JIHC n e p B o r o  p R A a  3apXAOB OAHHaKOBa IIO ~ c e f i  BbICOTe YCTyna ,  

¶TO c 0 3 ~ a e ~  6onee p a B H o M e p H o e  c o n p o T m n e H n e  M a c c m s a  pa3pyme~mm 
H 06ecneazi~ae~ 60~1ee p a B H o M e p H o e  ~ p o 6 n e ~ ~ e ;  

H ~ K J I o H H M ~ ~  y$(JIHEIeHHhIfi 3 a p R A  n p H  B3PbIBe IIpHIIOAHHMaeT o ~ 6 a ~ a -  
e M y m  s a c T b  MaccHBa,  B p e ~ y n b ~ a ~ e  aero p a s p y m e ~ ~ e  KaK no ~ O K O B O ~  

IIOBepXHOCTH YCTyna ,  TaK H IIO IIO$(OIIIBe IIPOHCXORHT B $ 0 ~ ~ 8  OTPMBB, 

HMeIOEQerO 6onee HHaKJ'm 3HepI'OeMICOCTb, PeM CABHI'. 

~ P H  PaCIIOJIOXeHHH YAnHHeHHbIX aapRAOB nOR YI'JIOM 15-25" K Bep-  

THKaJIH BCerAa $(OCTMI'aIOTCH HHTeHCHBHOe ~po6ne~rne  H IzOnHaR IIpO- 

p a 6 o ~ ~ a  IIOAOlUBEJ y c T y n a  $(O OTMeTKH, H a  K O T O ~ O ~ ~  HaXOAHTCH 3 a 6 o f i  

H ~ K J I o H H o ~ ~  CKBBXHHH. ~ O ~ T O M Y  BeJIH4HHa nepe6ypa I I p H  aTOM YMeHb- 

m a e T c R  AO 0,6-0,8 &, a e M  c o K p a q a e T c n  y n e n b ~ ~ i i  0 6 ~ ~  6 y p e ~ m ~ .  ~ 

~ H ~ o K o € ?  BHeApeHHe HaKJIOHHOrO paCnOJIOXeHHR YAJIHHeHHMX 3 a p R -  

nOB OCJIOXHReTCR TPYnHOCTbIO 6 y p e ~ H R  HaKJIOHEbIX CKBBXHH, 0 ~ 0 6 8 ~ ~ 0  
IIIaPOIUePHbIMH CTBHKBMH. B HaKJIOHHbIX CKBaXHHaX VaCTO npOFlCXO~HT 

OCbInaHHe CTeHOK, O C O ~ ~ H H O  B paf i0~e YCTbR CKBaXHHM. 
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5 7. P e r y n l l p o ~ a ~ ~ e  KYCKOBaTOCTU ~ O P H O ~ ~  MaCCbI YBeJ IHYeHl lep  a a p ~ ~ a .  ~ O ~ T O M Y  3 a P R A b I  H r A a H H T a  - BB C ~aJI0fi  ~ ~ H ~ ~ H T H O C T ~ I O  - 
anep ru~  BB H nosarlue~uear ~++~KTIIBHOCTEI ee ~ i c n o n a 3 o s a ~ ~ c l  o t j e c n e ~ ~ ~ a ~ ~  nysmee ~ a s e c ~ ~ o  A ~ O ~ J I ~ H H R ,  s e ~  s a p s ~ b r  113 BHCOKO- 

YBeJ IHPeHHe 3 H e p r H H  BB B n p a K T H P e C K H X  YCJIOBHIIX n p H  B ~ P M B H O ~ ~  

0 ~ 6 0 f i K e  AOCTHraeTCR IIOBbIlueHHeM YAeJIbHOrO 3 a p ~ ~ a  BB. A ~ R  3 ~ 0 r o  
BXRIOT 3 a p R A a M H  BB C BbICOKHMH YAeJIbHbIMH 3HePreTH¶eCKHMEI X a p a K -  

YA~IHHRIOT KOJIOHKY s a p ~ ~ a  HIM, e c n ~   TO ~ e n p ~ i e ~ n e ~ o  no YCJIOBHRM 
TepHCTHKaMH, ¶TO c H n w a e T  p a c x o A M  H a  6 y p e ~ ~ e .  Y a c ~ o  a ~ y  a a ~ a q y  ~ ~ ? ~ O I I ~ C H O C T M ,  C r y q a I O T  C e T K y  paCIIOJIOWeHHR CKBaWHH. ~ K C ~ ~ ~ H M ~ H -  nOJIOwHTeJIbH0 P e m a I O T  npHMeHeHI1eM K O M ~ H H H P O B ~ H H P X  3 a p R n O B :  

TaJIbHO YCTBHOBSI~HO, ¶TO YBeJIHPeHHe y A e J I b H O r 0  3 a p R p a  BB BJIHHeT c 6onbm0fi yy~eJ IbH0f i  3 H e p r H e 6  B H H ~ K H ~ ~  PaCTH CKBaHCMHbI, rAe C o n P o -  
H a  H H T ~ H C H ' $ H K ~ ~ H I O  K a q e C T B a  R P O ~ J I ~ H H R  3 a p R A a M H  60nbm0r0 naa- 

THBJIeHHe MaCCHBa p a 3 p y l l I e H H I O  6onee 3 H a 4 H T e J I b H 0 ,  H MaJI0 f i  Y A ~ J I ~ H O ~ ~  
b l e ~ p a  H ~ e ~ e e  ~ H ~ P H T ~ J I ~ H O  n p ~  3 a p ~ ~ a x  M ~ J I ~ I X  A H ~ M ~ T ~ O B .  a ~ e p r ~ e i i  - B ~ e p x ~ e f i  PaCTH.  

~ P H  OAHOPRAHOM P a c n o n o w e H H M  ~ ~ P R A O B  B Y C T Y ~ H O M  38608 H ~ ~ J I H ) -  
~ H ~ P H T ~ J I ~ H O ~  n e p e p a o n p e ~ e n e ~ ~ e  3 ~ e p r ~ n  ~ a p ~ ~ a  a a p ~ ~ a  AOCTH- 

AaeTCR HeKOTOpOe npeAeJIbHOf? 3HaYeHHe YAeJIbHOrO 3 a p R A a  BB, 3aBHCR- 
r a e T C R  pacCpeAOTO¶eHHeM KOJIOHKH BB H a  0 T ~ e n b ~ b I e  ¶ a c T n  ~ Y T ~ M  q e e  OT I I ~ P ~ M ~ T P O B  3 a p ~ ~ a ,  C B O ~ ~ C T B  ~ O P O A  H T H D ~  BB. n o ~ b ~ m e ~ ~ i e  
OCTaBJIeHMR MeHcAy HHMH BO3AYIUHbIX IIPOMeHCYTKOB. ~ T H M  A O C T H ~ ~ ~ T C R :  

aTOrO IIpeAeJIa  H e  Y j I y P l u a e T  KaPeCTBO A P O ~ J I ~ H H R ,  a BbI3bIBaeT YCHJI~H-  
p a B H O M e p H O e  PaCI IpeAeJ IeHHe BB IIO MaCCHBY B B ~ P T H K ~ J I ~ H O M  ~ e ¶ e -  H ~ I G  paasan ropaoii M a c c b I .  

M H O ~ O ~ R A H O ~  B 3 P H B a H H e  6~1aro~ap11 IIPHMeHeHHH) CXeM, 06ecne~11- 
B a H ) q H X  C O y ~ a p e H H e  I'OPHbIX MBCC, H HCIIOJIb30BaHMIO I ' O P H O ~ ~  MaCCbI 

OT B ~ P H B ~  n e p B o r o  p m a  a a p c I A o B  B K a P e c T s e  no,qnopaofi c T e H K n  II03- 

BOJIReT ~ '$ ' $~KTEIBHO HCIIOJIb30BaTb AJIR A P O ~ J I ~ H E I R  YBeJIHPeHHbIe YfleJIb- y ~ e ~ b m e ~ ~ e  ~ b r x o ~ a  I I ~ ~ ~ H ~ M ~ J I ~ P ~ H H O I ' O  n p O A y K T a  H Y B ~ J I H ~ ~ H E ~ ~  
H I J ~  ~ ~ P R A H .  B ~ T N X  YCJIOBHRX Y B ~ J I H Y ~ I I H ~ M  Y A ~ J I ~ H O ~ O  3 a p ~ ~ a  BB AO- 

3 H e p r H H  BB H a  6onee HHTeHCHBHOe ~ p 0 6 n e ~ H e  9 a C T H  MaCCHBa,  y A a J I e H -  
CTHraeTCR BeChMa HHTeHCHBHOe A p o 6 n e ~ ~ e  MaCCHBa CO 3HaPHTeJIbHbIM HOG OT sapma. BbIXOAOM MejlKHX '$paKqHfI ,  O C O ~ ~ H H O  B XPYIIKHX IIOPOAaX C H ~ B H C O K O ~ ~  

Y n y s m e ~ ~ ~ ,  K a s e c T s a  A P O ~ J I ~ H E I R  T a K w e  C I I O C O ~ C T B Y ~ T  ~ H T ~ P @ ~ P ~ H -  
K p e n o c T b m -  T ~ K ,  H a  ~ Y P O B C K O M  K a p b e p e  I I p H  0 ~ 6 0 i i ~ e  H3BeCTHRKOB 

q I R  BOjIH H ~ ~ P ~ ~ H c ~ H H ~ ,  nOpOlHAeHHbIX B MaCCHBe O T A ~ J I ~ H M M E I  ~ ~ C T F I M R  K p e n o c ~ b m  6-8 y s e n H n e H H e  y A e n b H o r o  3 a p R A a  BB c 0,52 no 1,03 Kz/W3 

B H ~ B ~ J I O  n o s b I m e H H e  B H x o A a  M e n o m  (-0,l AW) ~o 56% 0 6 ~ ~ ~ 0  0 6 % ~ ~ ~  

O T ~ H T O ~ ~  r 0 p H 0 f i  MaCCbI, ~ O ~ T O M Y  I I O B H T L I ~ H H ~ I ~ ~  PaCXOA BB, oco6eHHo 
H HaBeCTHRKOB Ao~6acca I I p O B e p e H a  B O ~ M O H C H O C T ~  3 a ~ e H H  3 a 6 0 t i ~ k l  n p ~  3 a p ~ ~ a x  ~ O ~ I ~ L U H X  A H ~ M ~ T P O B ,  A O J I W ~ H  O ~ ~ ~ ~ ~ J I R T ~ C R  ~a OCHOBe 
B CKBaWHIIe  H ~ ~ O J I ~ I U E I M  ( ( 3 a n ~ p a m q n M ) )  3aPRAOM BB B ~ C O M  5-15 X2,  

a H a j I M 3 a  CTOHMOCTH I ' O T O B O ~ ~  IIPOAYKqHH C Y¶eTOM BHXOAa MeJIO¶H. 
yCTaHaBJIHBaeMhIM ~a C e p e A t i H e  B b 1 C o ~ b I  I IpOeKTHOrO c ~ o n 6 a  3a6oii~a. 

~ P ~ K T H K ~  I I O K ~ ~ ~ I B ~ ~ T ,  ¶TO c ~ B ~ J I H Y ~ H H ~ M  ~ ~ C O J I I ~ T H ~ I X  B H ~ P ~ H H ~ ~  
~ P H  R3PbIBaHHH C IIOMOqbIO A e T O H H p y I O q e r O  m H y p a  3TOT 3 a p R ~  B3pbI -  

n a p a M e T p O B  CeTKH PaCn0JIO)KeHEiR 3aPRAOB AJIR COXPaHeHHR ~ O C T O I I H H O ~ ~  
RaeTCR n e p B h I M  EZ AOCTaTOPHO ~ '$ '$~KTHBHO Y A ~ P H C H B ~ ~ T  ~ P O A Y K T ~ I  B a P b I B a  

K P Y ~ H O C T H  A P O ~ S I ~ H E I H  MaCCHBa H ~ O ~ X O A H M O  y B e J I H 4 H B a T b  y n e n b H b I e  
~ ~ ~ R A L I  BB. 3 ~ o  H ~ O ~ X O A M M O  y s H T a r s a T b  n p N  nepexn~e  H a  y s e n n s e H H H e  

AHaMeTpbI  CKBBXHH. 

BJIHRHBP ~ H ~ P ~ ~ T E I ¶ ~ c I ( o ~ ~  XaPaKTePHCTHKH 3ap~Aa BB H a  KaPeCTBO 

R ~ O ~ J I ~ H H R  0 ~ 6 ~ s a e ~ o r o  M a c c m a  B~BMCEZT OT A n a M e T p a  a a p n ~ a  11 c ~ o f i c ~ s  
110poA M ~ C C H B ~ .  E c n ~  3 a P R A b I  HMeIOT OTHOCHTeJIbHO ~ O J I ~ I T I H ~  AHaMeTpbI ,  

TO ~ P H M ~ H ~ H H ~  BB C BbICOKHMH 3HePl"eTHPeCKHMH XapaKTePHCTHKaMH 
p a c x O A  ~ Y ~ ~ I I H R .  

( ~ P H ~ ~ H T H O C T ~  H ~ ~ ~ O T O C ~ O C O ~ H O C T ~ )  H e  B c e r A a  BJIHReT H a  06qYm Ha n e p e ~ o s b ~ x  ~ a p b e p a x  n p o s e p e ~  p f f ~  C I I O C O ~ O B  ~OB~IIJI~HEIR c T e -  
I I H T ~ H C E I ' $ E I K ~ ~ H I O  A ~ O ~ J I ~ H H R .   TO O ~ % R C H R ~ T C H  Y B ~ J I H P ~ H H ~ M  H e p a B H O -  

H ~ H H  A ~ O ~ J I ~ H H R  rOPHbIX IIOPOA n p H  IIt?pBH¶HOM R3PbIBaHEIH aa C ¶ ~ T  6onee MepHocTEi  A P O ~ J I ~ R E I R  3a CPeT n e p e ~ 3 ~ e n b s e ~ ~ ~  IIOpOAbI B ~ J I H ~ H  3 a p ~ ~ a  
3 ' $ ' $ e ~ ~ ~ ~ ~ ~ r ~  HCnOJKb30BaHHR I I O J I ~ ~ H O ~ ~  3 H e P r n n  B 3 P u B a .  K TaKHM 11 HeAOCTaTO¶HbIM A ~ O ~ J ~ ~ H H ~ M  YAaJIeHHbIX OT 3 a p R A a  W a C T K O B .  n 0 3 T O M y  
C n ~ ~ 0 6 a ~  OTHOCRTCR B 3 p b I B a H H e  H a  ~ e y 6 p a ~ H y 1 0  B 3a6oe r o P H Y m  M a c c Y  

B 3THX J'cJIOBHRX 6onee ~ ' $ ' $ ~ K T H B H ~ I  rpy6oA~cnepc~b1e BB c p e f l H e G  
, OT npeAHAyIIJer0 B 3 p b I B a  EZJIH IIOA HaBaJIOM nopoAbI ( R ~ P M B ~ H E I ~  B 4 a a -  

hIOqROCTH C P ~ C I I I M P ~ H H O ~ ~  30~0f i  X I I M H Y ~ C K O ~ ~  P e a K q H H  B , ~ ~ T O H ~ ~ H O H K O ~ ~  
~ a T O f i > )  c p e ~ e ) ,  Y B ~ J ~ H ~ ~ H H ~  BHCOTH Y C T Y U ~  H C B R ~ ~ H H O ~  C 3THM npn- 

B o n d .  B ~ ~ M R  A ~ ~ ~ C T B H R  B 3 P b I B a  H a  MaCCHB H PaBHOMepHOCTb P a C n p e -  
MeHeHI le  BHYTpHCKBa)KHHHOI'O aaMeAJIeHHR,  H H H ~ H H P O B ~ H H ~  YAJIEZU~H- AeJ?eHHfl B HeM H ~ ~ P R W ~ H H ~  I I p H  3TOM YBeJIHYHBaIOTCR, PTO ~ P H B O A H T  
H H X  a a p R A O B  BB CO CTOpOHbI 3 a 6 0 ~  CKBa)KEIHH H ~ ~ B ~ c T o ~ O H H ~ ~ ,  H c n o J I b -  6onee P a B H O M e p H O M y  H HHTeHCHBHOMy A P O ~ J I ~ H H H ) .  
a o s a H H e  n p ~  o ~ 6 0 i i ~ e  TeKCTypEhTX O C O ~ ~ H H O C T ~ ~  MaCCHBa. T ~ H  K a K  I P a 6 o ~ a ~ H  BrA HM. A. A. CKO¶HHCKO~O n o ~ a s a ~ o ,  ¶TO K P H T ~ P H ~ M  
P a C T b  3 H e p r H H  ~ 3 p b 1 ~ a  IIPH 0 ~ 6 0 t i ~ e  B ( ( 3 a w a T o G 0  C p e ~ e  3 a T p a n H B a e T c R  

~ ' $ ' $ ~ K T H B H O C T ~  A ~ ~ ~ C T B H R  B 3 P b I B a  RBJIReTCH BeJIHPHHa o6qe I  3 H e p r H I l  ~a ¶ ~ C T H ¶ H O ~  n e p e ~ e q e ~ ~ i e  noflnop~ofi C T ~ H K I I  H 0 6 p a s o s a ~ ~ e  M ~ C T  



p n c I  p a 3 ~ e m ; e H H R  BHOBb O T ~ H B ~ ~ M O ~ ~  IIOPOAbI, TO ~ g e J I b H b 1 6  3 a p q  BB 
I I p H  3TOM AOJTWeH 6b1~b yBenH¶eH.  

y J I p m e ~ H e  Ka¶eCTBa A ~ O ~ J I ~ H H H  n p H  B3PbIBaHHH H a  H ~ Y ~ P ~ H H Y I O  
r o p H y m  M a c c y  n o n y g e H o  B nopogax ~ e s b r c o ~ o f i  K F e n o c T n ,  a T a K m e  
B KPeIIKHX, HO BeCbMa TPeJlJHHOBaThTX H XpyIIKHX IIOpOAaX. R MOHOnHT- 

HbIX, KPenKHX H O C O ~ ~ H H O  BR3KHX nOpOAaX,  a TaKlrce B IIOpOAaX KpyIlHO- 
6 n o s ~ o i i  TeICCTYPbI IIpHMeHeHHe B3pbIBaHI.fR H a  H ~ Y ~ P ~ H H Y I Q  rOPHYH) 

MaCCy e 4 e  HeAOCTaT04HO H 3 p e H O .  
Cnoco6 0 ~ 6 0 6 ~ ~  MaCCHBa IIOA TIpeAEapHTeJIbHO ~ ~ ~ A P O ~ J I ~ H H ~ I M  

CJIOeM IIOpOAbI IIpeACTaBnReT Pa3HOBHp,HOCTb B3PbIBaHHR B ( ( ~ ~ H c ~ T o ~ B  

CpeAe.  n p H  3TOM HaA O T ~ H B ~ ~ M M M  MaCCHBOM OCTaRJIReTCR OT DPeAbIAY- 
qe r0  TOPH3OHTa HaBaJI  IIOPOAbI T O J I ~ E I H O ~ ~  0,7--0,8~. B y p e H H e  B3PbIB- 

HbIX CKBalrcHH BeAeTCR ¶epe3 3TOT cJIoG, ¶TO OCJIOlrcHReT 6 y p e ~ ~ e .  
Y B ~ J I H ¶ ~ H H ~  BpeMeHH A ~ ~ C T B H R  B3PbIBa H a  MaCCHB IIyTeM YAJIHEeHHR 

3apnAa AOCTHraeTCR npHMeI3eHHeM I I o B ~ I ~ ~ ~ H H o ~  BbICOTbI YCTyna.  Bna- 
I'OAapR yBeJIH¶eHHW YCTynOB 0 6 b 1 ¶ ~ 0 6  BbICOThI B 2-3 pa3a 3Ha¶HT0JIbHO 

YMeHbmaeTCR BpeMR H a  IIOAI'OTOBHTeJIbHLIe O n e p a q H H  I IpH ~ Y P ~ H H H ,  
CHHXaeTCR OTHOCHTeJIbHaR BeJIH¶HHa nepe6ypa.  TO BbI3HBaeT IIOBbIIIIe- 

HHe BbIXOAa I ' o ~ H o ~  MaCCbI C 1 J4 CKBaWHHbI. 
Ha K a p b e p a x  ~ O K O B  H p ~ ~ o p o l r c c ~ o r o  6acceii~a x o p o l r r ~ f i  s @ @ e ~ ~  

OT B ~ P ~ I B ~ H H I I  B ~ I C O K H X  YCTYIIOB n o n Y g e H  B p e 3 y n b ~ a ~ e ' c o s e ~ a ~ ~ ~  more 
cnoco6a B K O M ~ H H ~ ~ H H  C0 B3pbIBaHkieM H a  H ~ Y ~ ~ ~ H H Y I O  TOPHYH) MaCCy. 

3a~epb1 no o n p e A e n e H n I o  r p a H y n o M e T p H s e c K o r o  c o c T a B a  npti B ~ P E J B ~ H H H  

YCTynaMH 06ns~oiir BbICOTbI (15 A) H YBeJIH4eHHbIMH A 0  30 J4 IIOKa3aJIH, 
¶TO n p H  06w~oi i r  BbICOTe Y C T y n a  B I ' o ~ H o ~  MaCCe HMeeTCR OKOJIO 15% 
KYCKOB p a 3 ~ e p o ~  B n o n e p e s H m e  60nee 400 ~ 4 ~ 4 ,  B TO BpeMR K a K  B cny- 
¶ae IIpHMeHeHHR BbICOKHX YCTYIIOB RbIXOA @ P ~ K ~ E I E I  Pa3MePOM f 400 J4.M 

CHHHCaeTCR A 0  5 % , a H a  KLJrOKe - A 0  1 %. 
A a J I b H e ' f i m e e  COBepmeHCTBOBaHHe ~ Y P O B ~ P H B H ~ I X  p a 6 o ~  B KPEIBO- 

p o l r c c a o M  H f l o H e q K 0 ~  6acceii~ax npmeno K n p o B e p K e  ~ e i i c ~ s ~ i ~  3a- 
P R A a  BB npIl BHyTpHCKBalrcHHHOM KOpOTHO3aMeAJIeHHOM B 3pbIBaHHH, 
¶TO O C O ~ ~ H H O  BalrcHO I IpH BbICOKHX CABOeHHbTX YCTYIIaX. B ~ ~ M B ~ H H ~  
C BHYTPHCKBalrcHHHbIM 3aMeAJIeHHeM 3aKJIIo¶aeTCR B TOM, ¶TO 3 a P R A  

60JIbHl0fi AJIHHbI pa3AeJIReTCR npOMelrcyKOM H 3  I I O P O ~ ~ H O &  MeJIO¶H H a  
ABa HJIH 6onee 3aPRAOB. B e n n ¶ H ~ a  IIppMelrcyTKa IIpHHMMaeTCR ~ ~ B H O G  
6,o-1,s J4. K a l r c n a ~  ¶aCTb 3 a p f i A a  HMeeT c B 0 f i  ~ O ~ B H K  C 3JIeKTpOAeTOHa- 
TOPOM THIIa 3flH3. ~ H T ~ ~ B ~ J I  BpeMeHH 3aMeAJIeHHR 15-25 JfCelE. 

~ o c J I ~ ~ ~ o B ~ T ~ J I ~ H o c T ~  B3PbIBaHHR - CBePXY BHH3. 

~ @ @ ~ K T H B H ~ I M  CIIOCO~OM IIOBbIllIeHHR KaPeCTBa A P O ~ J I ~ H H H  IIPEI B3PbI- 

BaHHH, O C O ~ ~ H H O  AJIR I I ~ o ~ ~ G o T K H  IlOqOIIIBbI y c T y n a  0 6 b I n ~ 0 6  BbICOTbI, 
RBJIReTCR HHHlI,HHPOBaHHe 3aPRAOB BB CO CTOPOHH 3 a 6 0 ~  CKBalrcHHbI. 

Ha P R A e  FpaHHTHLTX K a p b e p O B  Y K ~ .  CCP ( H O B O - ~ O ~ T ~ B C K H ~ ~ ,  P ~ I -  
6anbcx~5,  h l a n ~ ~ c ~ z i f i ,  ~ H H H ~ ~ B H ¶ H  H T. A.), rge IIpHMeHRloT o 6 p a ~ ~ o e  
CO WOPOHbI 3 a 6 0 ~  CKBalrcHHbI HHHqHHpOBaHHe, B c e r g a  H ~ ~ J I I O ~ ~ ~ T C H  

HAeaJIbHaR n p o p a 6 0 ~ ~ a  IIO,I(OIUBH y c T y n a  n p H  COKpa4eHHOM H a  30- 
50% nepe6ype. Ha cnpa i r  o ~ ~ a 3 a  ~ a p b ~ ~ s y l o  c e T b  g y 6 n ~ p y m ~ ,  a B T O P O ~  

~ O ~ B H K  C 3 A K 3  n o M e m a e T C R  B 3apr rA co CTOPOH~I Y C T ~ R  CKBalrcHHbI. 
~ I H H I ( H ~ P O B ~ H H ~  YAJIHHeHHhlX 3aPRAOB CO CTOPOHbI 3 a 6 0 ~  CKBaHCHH 

110 

~ o ~ o T K o ~ ~ M ~ ~ J I ~ H H o ~  B3PbIBaHHe - 3 T 0  H ~ H ~ O J I ~ ~  ~ @ @ ~ K T H B H H ~ ~  

cnoco6 ItOBbIUleHHR K .  n. A. pa6o~b1 B3PblBa ,  H ~ y ~ e f i  H a  PaBHOMePROe 

g p 0 6 n e ~ ~ e .  B H ~ A ~ ~ ? H H ~  H a  OTKpbITbIX p a 3 p a 6 0 ~ x a x  KOpOTKOsaMeAneH- 
HOrO B3PbIBaHHR IIO3BOJIHJIO 3 a  C¶eT U e p e X O n a  H a  MHOrOpRAHOe PaC- 

IIOJIOHceHHe 3apRAOB yBeJIH¶HTb M ~ C J I I T ~ ~ H  B3PbIBOB. B pe3yJLbTaTe  
B 6 pa3 H Gonee COKpaTHJIOCb BpeMR IIpOCTOeB n p e ~ I I p k 1 ~ ~ ~ 6  H a  IIOA- 
I'OTOBKY H IIPOH3BOACTBO B3PbIBa.  3 a  C¶eT yJIy¶IIIeHHR Ka¶eCTBa B 3 p H B a  

n p H  MHOrOPRAHOM KOPOTK03aMeAXeHHOM B3PbIBaEHH IIOBbImeHa JIpOH3- 
BOAHTeJIbHOCTb CPeACTB IIOrPY3KH H a  25-30%, TpaHCIIOpTa H a  15- 
30%, ~ p o 6 ~ n o ~  n e p B H s n o r o  ~ p o 6 n e ~ ~ ~  H a  20-35%. 

Bs 6onbmoro n H c n a  cpeAcTB ~ J I R  o c y m e c T R n e a m n  K o p o T K o a a M e g n e H -  
HOrO B 3PbIBaHHR PaCIIFOCTPaBeHHe HMeIoT CJleAJ'Io~HO: 

1) c n e q H a n b H a r e  3 n e K T p o g e T o H a T o p H  K o p o T K o s a M e A n e H H o r o  B 3 p H B a -  
HHR C Pa3JIBPHbIMH HHTepBaJIaMH saMejJJIeHHH, BbIllOJrHReMOrO IIHPO- 

TeXHH¶eCKHM 3aMeAJIHTeJIeM; 
2) n a p o T e x H H s e c K o e  pene Ann s a n r e ~ n e ~ ~ ~  B ~ P ~ I B H O ~ ~  BOJIHH, pac- 

I I ~ o c T ~ ~ H R I ~ ~ ~ ~ ~ c R  IIO J(eT0HHpyIoWeMy IUHYPY. 

I I p n ~ q ~ l n ,  H a  KOTOPOM o c H o B a H o  s a ~ e ~ n e ~ n e  g e ~ o ~ ~ p y ~ o q e r o  m K y p a ,  
T E ~ K o ~ ~  W e ,  KaK H B 3JIeKTPOAeTOHaTOpaX, - I I H P O T ~ X H H P ~ C K R ~ .  OCHOB- 
HhJM @ ~ K T O P O M ,  OIIPeAeJIRIo4HM ~ @ @ ~ K T H B H O C T ~  KOPOTK03aMeAJIeHHOrO 
B3FbIBaHHR, RBJIReTCR HHTePRaJI  BpeMeHH 3aMeflJIeHHR, a TaKlrce IIOCne- 
AOBaTeJIbHOCTb B3PbIBaHHR OTAeJIbHbIX 3apRAOB BB HJIH HX c e p H 8 .  

O I I T H M ~ J I ~ H ~ I ~  PeJIIeHHR B M ~ H ~ ~ I O T C R  C WeTOM C B O ~ ~ C T B  rOPHbIX IIOPOA 

H n a p a M e T p o B  CeTKH PaCIIOJIOXeHHR 3aPRAOB BR . 
P ~ c ¶ ~ T H o ~  OIIpeneJIeHHe o I I T H M ~ J I ~ H o ~ ~  BeJIHPHHbI HHTepBaJIa  BpeMeHH 

3aWIeAJIeHBR IIPOH3BOAHTCR B COOTBeTCTBHH C TOG HJIH HHOB I ' H I I o T ~ ~ o ~ ~ ,  
o n ~ c ~ s a m q e f i  @aansec~ym C ~ ~ H O C T ~  p a 3 p y m e ~ a ~  n p H  K O P O T K O ~ ~ M ~ A -  

JIeHHOM B3PbIBaHHH. 
E c n ~  p e C T b ,  ¶TO B3PbIBOM I I P e A w Y m H X  3aPRAOB BB yBenH¶HBa0TCR 

HanpRlrceHHe B qacm M a c o m a ,  paspymaeworo n o c J I e g y m q H M n  3 a p ~ -  
AaMH, TO B 3 P P B  3apRAOB BB BTOPOH OPepeAm j J o n m e H  I I p 0 H 3 0 f i ~ H  B MO- 
MBHT M ~ K C H M ~ J I ~ H O ~ ~  BeJlH¶HWI H a I I ~ R l r c e ~ H f i  OT 3aPRAOB IIep~ofi OPePeAH. 

O ~ T H M ~ J I ~ H O ~  BpeMR ~ E ~ M ~ ~ J I ~ H H R ~ B  3TOM CJIy¶ae OIIpeflt?JIReTCR 

to,= kw, ~ I c ~ R ,  

l',L(e k = 3-5 - K O ~ @ @ H ~ X ~ H T ,  ~ 9 E i ~ b I ~ a I o I Q k l f i  C B O ~ ~ C T B ~  IIOPOA (AJIR 
K p e n m x  nopog l r p m m M a e T c R  M e H b m e e  a ~ a n e ~ n e ) ;  

w - JIHC, A. 
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O ~ M T  I I O K ~ ~ ~ J I ,  VTO 60- 
nee n p a s H n b H o  n p H  o n p e , q e -  

n e H m  t ,  H tg  H C X O A H T ~  ~ i 3  

0 6 p a 3 0 B ~ H ~ f l  I IPH3MbI  BbI- 

6poca,Ha p ~ c .  33 n o ~ a s a ~ a  
c x e M a  A ~ R  o n p e A e n e n M a  

B p e M e H H  ~pezq~11006pasosa- 
HHFI. 

B ~ ~ M H  t ,  I I p e A C T a B n R e T  

co6oii AJIHTeJIbHOCTb CTaAHH 

T ~ ~ U ~ H H O ~ ~ P ~ ~ O B ~ H H R  B 
PIIC.  33. Cxema nnu onpeArneHau spemenn ~ p e q a ~ o o 6 -  MaCCHBe AO Hagana CMeme- paaosaHau 

H H R  IIPH3Mb1,  O K O H T Y P ~ H H O ~ ~  

T p e z q H H a M H  

- YrOJI  P a C K P b I T H I I  I IPH3MbI  B M ~ P O C ~  ( 0 6 ~ 9 ~ 0  A 0  90°), zpad; 
kt - 3 K ~ I I e p H ~ e ~ T a n b ~ b I f i  K O ~ $ $ E I ~ E ~ ~ H T ,  p a B H b I f i  8 10-5-1 . m4; 

y - 0 6 a e ~ ~ a r i i  sec s3pbIsae~oii IIopoAbI, nz/c,u3; 
d - A H a M e T p  CKBaHCHHHOrO 3 a p R A a ,  CM. 

~ P ~ K T H K O $  ~ b I p a 6 0 ~ a ~ b I  H a H 6 0 J I e e  ~ $ $ ~ K T H B H ~ I ~  CXeMbI OAHOPRqHOrO 

KOpOTKO3aMeAJIeHHOrO B 3 p b I B a H H R .  Ha p H C .  34 I I O K a 3 a H h I  CXeMbI UOCJIe- 

AOBaTC!.nbHOCTH KO~OTKO3aMf3AlIeHHOI 'O B 3 P h I B a H H I I  CKBaHCHRHbIX 3 a P R A O B  

xopoTKoaareRnenHoro sapar- " 

BaHkIU CKBaH(HHH6LX aapUAOB 5fl 
n u n  O J I H ~ ~ U R H O M  H X  uacnono- X 



FisBeCTHRKOB A0~6acca.  ~ P H  B 3 p b I B a H H H  K P ~ I I H O ~ J I O P H ~ I X  r p a H H T H b I X  M a c -  

CHBOB xopomme p e s y n b ~ a ~ b ~  n o n y s e H M  B cnysae n p n n f e H e H m R  c x e M ,  
I I O K a 3 a H H b I X  H a  PMC. 35, 6 ,  2, a. 

a 50% 0 3550350 355035 0 35 B MeJIKOTpelI (HH0BaTbIX I I O p O A a X  

IIpHDfeHRlOT T a K W e  P a A H a J I b H b I B  1 1 I 1 1 I 1 1 I 1 1 I CXeMhI,  KOl?J(a C K B a W H H H  PaCI IOJ Ia -  

r a I o T C R  no K O H q e H T P H s e C K H M  OK- 

PYWHOCTRM (PHC. 35, e). 
m C X ~ M M  c n p o ~ o n b ~ b ~ ~  H nonepes- 
6' HbIM B ~ Y ~ O M  HMeWT P I I A  HeAOCTaT- " KOB, I I p H C y q F l X  IIOpRJ(RbIM CXeMaM.  . " = = = ~ ~ . = -  . - . . . . . . . .3f15 B ~ a n y  c o x p a q e n ~ n  ~a 30-40% 

A-A - 
/ I1 / 

Pao. 3 5 .  Cxemm KopoTKoamenneHnoro MHO- PUG. 38. C x e ~ a  paononoxema u noanenosaTenb- 
ropannoro sapmsanua Ha O T K ~ H T ~ I X  paapa- H O C T ~  M H O ~ O P ~ # ~ O F O  ~ a p b l ~ a ~ a a  npu npoxonKe 

~ O T K ~ X :  ~paHmeii 

n p ~ l  P a A a a J I b H b I X  C X e M a X  B 3 p b I B a H H R  y M e H b I I l 2 e T C R  I I I H P H H a  p a 3 B a J I a  

r o p ~ o i i  M a c c H ,  K a I c  H IIPH ~ p y 6 0 n h ~ x  C x e M a x .  O A H ~ K O  p a p a n b H M e  c x e M H  

H e  MMeIOT T e X  C e P b e 3 H b I X  RBAOCTITKOB IIO yBeJ IH¶eHHlO .paCXOJ(a BB 
H o 6 n e ~ a  6 y p e ~ H ~ .  

Ha~6onee  c n o x H a  o p r a ~ ~ 3 a q n ~  6 y p 0 ~ 3 p h ~ ~ ~ b 1 x  pa6o.r npm n p o x o A K e  

~ p a ~ m e f .  T a K ,  I I p H  MrHOBeHHOM cnoc06e B 3 p b I B a H H R  IIPOH3BOAHTeJIb-  

HOCTb  T p Y A a  H H 3 K a ,  a CTOHMOCTb H 3 B J I e W H H R  e A H H m q b I  I IOJ Ie3HOrO HCKO- 

I I a e M O r O  BbICOKa.  n p H ¶ H ~ a  3 T O r 0  - CTeCHeHHOCTb Y C J I O B H ~  pa60~bI 
n o r p y s o s H o r o  H T p a H c n o p T n o r o  0 6 0 p y ~ o ~ a ~ n a ,  a T a x w e  M a J r b I e  M a c -  

m~a6bI B3PbIBOB.  

Ha pmc. 36 n o ~ a 3 a ~ a  c x e M a  p a c n o n o W e H m  m n o c J r e A o s a T e n b H o c T b  

MHOI'OPRAHOI'O B 3 P b I B a H H R  I I P H  I IPOXOAKe ~paFlIIIe6. 
n p F f ~ e ~ e ~ H e  MHOI'OPRAHOI'O KOpOTKO3aMeAJIeHHOI 'O B 3 P b I B a H H R  C B P Y -  

6 0 ~ 0 8  C X ~ M O ~  IIOCJIeAOBaTeJIbHOCTEl B 3 P b I B a H H R  H PaCIIOJIOHEeHHeM ~ p y 6 a  
1IO OCm T p a H I I I e H  0 6 e c n e s ~ s a e ~  OAHOBpeMeHHOe  P b l X J I e H H e  MaCCHBa  no 
~ c e 8  Anme T p a H m e H  HJIH H a  ~ H ~ ~ H T ~ J I ~ H O ~  ee sacm.  Enaroqap~  yxpyn- 
HeHHlO M ~ c I I I T ~ ~ ~  B 3 P b I B a  YCTPaHRlOTCR IIPOCTOH I I P H  n O r p y 3 O ¶ H O -  

TPaHCl IOPTHbIX  OI Iepa l JHRX H AOCTHralOTCR BbICOKHe TeXHHKO-3KOHOMH- 

s ecme  n o ~ a 3 a ~ e n n .  T ~ K ,  H a  K a p b e p a x  & J I ~ C O B M X  H ~ B ~ C T H R K O B  B Aoa- 
6acce C Kpe I IOCTbIO  10-12 I I p H M e H e H H e  B P Y ~ O B ~ I X  CXeM MHOI'OPRAHOI'O 

KOpOTKO3aMeAJIeHHOrO B 3 P b I B a H H R  I I P H  I l pOXOAKe  T ~ ~ H I I I ~ ~  06ecnes~no 
y 6 e J I W I e H H e  BbIXOAa I ' o ~ H o ~  MaCCbI C 1 ,U C K B a W H H b I  C 60-78 A 0  84- 
96 ,U3 I I pM OAHOBPeMeHHOM CHHHWHHH BbIXOAa ~ e I ' a 6 a p H ~ a  OT 12  A 0  3%. 
YfleJIb~bIfi 3 a p R A  I I p H  3TOM YBeJ IHsHJ ICR H a  7%. 3 a  CYeT COKpalI (eHMR 

1IpOCTOeB CpeACTB I I O r P Y 3 K H  I I P H  B 3 P b I B a X  yBeJIli¶eHHbIX M ~ C ~ T ~ ~ O B  

H JIJWIUeI'O K a s e C T B a  A p o 6 n e ~ ~ R  I IPOH3BOAHTeJIbHOCTb 3 K C K a B a T O P O B  

y ~ e n ~ s ~ ~ r a c b  H a  30-50 % . 
Ha K a p b e p a x  I C p ~ ~ o p o ~ ~ c ~ o r o  6acce6~a npoxoma T p a H r n e m  F a -  

CTKaMH AJIHHOG 1IO 5 0 0 , ~  C I IpEfh l eHeHHeM ~ ~ ~ 6 0 ~ 0 6  CXeMbI KOPOTKO- 

3aMeAJIeHHOI'O B 3 p b I B a H H R  H BBOAOM AJIR IIOI'PY3KH HeCKOJIbKHX 3 K C K a -  

s a T o p o B  H a  P ~ ~ J I H ~ H ~ I X  y q a c T K a x  0 6 e c n e s m ~ r a  c o K p a n r e H m e  B p e M e a H  

n o A r o T o B K v r  r o p r n 3 o ~ ~ a  60~1ce s e M  B 2 paaa. 

$ 9. Texnonor~rz n opra~m3aqn11 pa6o.r npm a a p f i x a ~ n ~  c K B a x m  

Ilepen a a p ~ w a ~ ~ e ~  K a w A a n  c K s a H c o H a  goaxma 6b1~b T L q a T e n b H o  

oqmqeaa OT 6 y p o ~ o r o  m n a M a ,  K Y C O ~ K O B  IIOPOAM, IIOCTOPOHHHX n p e A M e -  

TOB H T. A. CKBBXHHY IIO ~ 0 3 %  r ~ 1 y 6 ~ ~ e  I l p O B e p R l O T  ~ ~ ~ J I O H O M .   TO 
AeJ IaeTCR AJIR yCTaHOBJIeHHR T O ¶ H O ~  ee I ' J I Y ~ H H ~ I  H T q a T e J I b H O C T H  0¶H-  

CTKH. B o ~ p y r  C K B a x t i r m  B pagmyce H e  M e n e e  0,7 nr, n o s e p x H o c T b  A o n w H a  

6b1~b o¶HlI(eHa OT O ~ J I O M K O B  n O p o A b I  H M y c o p a .  E c n ~  c K B a W H H a  n p o m e ~ a  
B H~YCTO&IIB~IX OCbIIIalOlI(HXCR I IOPOAaX,  TO ee Y C T b e  3 a K p e I I J I I I I o T  

M ~ T ~ J I J I H ¶ ~ c K o ~  06ca~no8  ~py60i i ,  K O T O P a R  Il0 B03MOWHOCTH AOJIWHB 

6b1~b H ~ B J I ~ P ~ H ~  nocne O K o m a H E i R  3 a p r r m a H m n .  

H a K a ~ y n e  IIpOH3BOJ(CTBa MaCCOBOrO B 3 P b I B a  H a s a J I b H H K  ~YPOBFIP~IB-  

HbIX  p a 6 0 ~  A e J I a e T  3 a R B K Y  H a  B q a P Y  BM H a  C B O e B p e M e H H ~ I O  noAary 
H ~ O ~ X O ~ H M O ~ O  T p a H C I I O p T a .  BB, H ~ O ~ X O ~ H M O ~  AJIR MaCCOBOrO B 3 P b I B a ,  

IIOABO3RT K M e C T y  3 a P R W a H H R  H a  WeJ Ie3HOAOPOWHbIX ~ J I ~ T @ o ~ M ~ x  

( B ~ ~ o H ~ x )  HJIH H a  a B T O M a m H H a X  OAHOBpeMeHHO mJIH O T A e n b H H M M  nap- 
THRMH C T a K H M  p a C ¶ e T O M ,  9 ~ 0 6 ~  pa60~b1 no 3 a P R W a H H I o  C K B a W H H  H e  

n p e K p a q a J I H c b .  A O C T ~ B K ~  BB H e ~ O C p e A C T B e H H O  K C K B a W H H a M  I I p O H 3 -  

BOAHTCR B COOTBeTCTBHH C p a C ¶ e T H b I M  3 a p R A O M .  K C K B a W m H a M  T a K W e  
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KOHTPOJIb 3 8  IIpOqeCCOM 3 a P R A K H  IlPOMePOM r n y 6 ~ ~ b 1  P~cI IoJ IoW~?HHR 

s a p ~ ~ a  BB B C K B a m H H e .  IIpm p a c c p e A o T o s e H H o M  s a p ~ ~ e  H a  o n p e A e n e H -  

~ 0 f i  r n y 6 ~ ~ e  KOJIOHKY BB paCCpeAOTO¶HBaIoT H H ~ P T H O ~ ~  3a60fi~oii HJIE 

C03AaHHeM BO3AylIIHOI'O I I p O M e W y T K a .  C03AaHHH B03AYLUHbIX np0- 
MeWYTKOB MeWAY ¶aCTRMH 3 a p R A a  HCIIOJIb3YIoT I IPeABaPHTeJIbHO 38- 

r o T o B n e H m e  n p ~ c n o c o 6 n e ~ n ~  ~3 ABYX # a ~ e p ~ ~ x  AHCKOB c A H a M e T p o M ,  

H a  5-10 .W.M MeHblJlHM A H a M e T p a  CKBaWHH. AHCKH I I P E I ~ H B ~ I ~ T C R  K TOP- 

q a M  p e f i ~ ~ .  AJIHH~ p e f i ~ ~  P a B H a  AJIHHe BO3AyLUHOrO I I p O M e W y T K a .  

B # a ~ e p H h T x  AHCKaX HMeIoTCR OTBePCTHR AJIR IIPOIIYCKa AeTOHHPY- 

I o m e r O  I J I H y p a  HJIH 3neKTpOIIpOBOAOB. 

Eoaee I ~ ~ o c T o ~ ~ ,  HO M e H e e  ~ 0 s ~ b I f i  C I I O C O ~  CO3AaHHH B03AYmHOI'O 

I I p O M e K y T K a  - 3 a K y I I O p K a  CKBaWHHbI H a  ~ p e 6 y e M o f i  r n y 6 ~ ~ e  6y~arof i  
H 3  MeLUKOB AJIR BB. I I p o 6 ~ y ,  CAeJIaHHYKl H 3  G y ~ a r H ,  JIerKHMH TOJIsKaMH 

KBMHR, I IPHBR3aHHOrO K B e p e B K e ,  I IpOTaJlKHBaIoT H a  H ~ O ~ X O J I H M ~ H ,  19JIy- 

6 H H y  H 6onee CHJIbHbIM TOJFIKOM PaCKJIHHHBaIoT B CKBaWHHe.  

Hpki 3 a P R K a H H H  CKBaWHH IIaTPOHHPOBaHHbIM BB A H a M e T p  n a T p O H O B  

AOJIKeH 6bI~b H a  25-20% MeHblJ l e  A H a M e T p a  CKBaWHHbI. B CKBBWHHY 

n a T p o H b I  o n y c a a I o T  H a  m n a r a T e  c n o ~ o ~ q b ~ o  c n e q H a n b H o r o  ~ p m ~ a .  
AJIR 3 ~ 0 r o  B T o p q e  n a T p o H a  A e n a I o T  n e T n I o  ~3 m n a r a T a  HJIH IIPOBOJIOKH. 

Bec n a ~ p o ~ a - 6 o e ~ n ~ a  A o n w e H  ~ E J T ~  H e  6onee 6 KZ.  n o p o m ~ o o 6 p a 3 ~ o e  
H I ' paHyJIHpOBaHHOe BB 3aCbIIIaIoT B C K B a W H H y  sepe3 BOPOHKy HJIH 

C U O M O q b I o  ~ I I e q H a J I b ~ o f i  3 a p R ~ ~ 0 f i  MaIIIHHbI. C K B ~ ~ I E H H H ~ I ~ ~  3 a P R A  

C H a p R W a e T C R  OAHHM ~ 1 ~ 3 6 0  ABYMH ~ O ~ B E I K ~ M H .  B C J I y g a e  I IpHMeHeHHR . 
paCC,peAOTO¶eHHbIX 3aPRAOB B K a W ~ 0 f i  er0 u a C T H  H€?O~XOJ(HMO p a 3 M e q a T b  

no OAHOMY ~ ~ T P O H Y - ~ O ~ B H K Y .  

Bce I IepesHCJIeHHhIe  BbIIIIe p a 6 o ~ b 1  no IIpOH3BOACTBY MaCCOBOrO 

B 3 P b I B a  AOJIWHbI 6bI~b YBH3aHbI MeWAY ~060fi BO BpeMeHH.  3 T O r 0  

K a m A o M y  M a c c o B o M y  BBPMBY n p e A m e c T B y e T  c o c T a s n e H n e  opra~maa- 
q H o H H o r o  K a n e H A a p H o r o  nnaaa, B ~ o ~ o p b ~ f i  BXOAHT r p a # n ~  o p r a ~ m 3 a ~ p ~  
H IIOCJIeAOBaTeJIbHOCTH BbIIIOJlHeHHR OTAeJlbHbIX 011epaqHfi H a  P a C T K e  

B ~ P ~ I B ~ .  I I e p e x o ~  K y s e n n s e H m I o  M a c n I ~ a 6 0 ~  BBPMBOB, 06ecnes~sa- 
IoWHX ~ e 0 6 ~ 0 ~ H ~ b I f i  O ~ Z ~ M  ~ O P H O ~ ~  MaCCbI AJIR 6ecnepe6oB~ofi p a 6 0 ~ b 1  

MOIQHOI'O I'OpHOTpaHCIIOpTHOI'O 0 6 0 p y ~ o ~ a ~ m n ,  BbI3bIBaeT TPYAHOCTH 

B O P r a H H 3 a q H H  p a 6 0 ~ .  B C O B ~ ~ M ~ H H O ~  I I p a K T H K e  BeQeHHII OTKPbITbIX 

rOPHbIX p a 6 0 ~  HCCJIeAyeTCR B03MOWHOCTb IIPHMeHeHHR AJIII Y n p a B J I e H H R  

3ae~mpurec~oe  e3pmanue -  TO B ~ P J J B ~ H H ~  c I I O M O ~ ~ I ~  ~J IBKTPO-  
JeTOHaTOpOB; 3TOT C I I O C O ~  IIpHMeHHM AJIR J I I ~ ~ ~ I X  MeTOAOB H YCJIOBH% 

UpOH3BOACTBa B3PbIBHhIX P ~ ~ O T ,  3a HCKJIIoseHHeM y¶aCTKOB, OIIaCHbIX 

no 6 n y ~ ~ a 1 o q n ~  TOKaM, KOTOPbIe CIIOCO~HM BbI3BaTb  B3PbIB 3JIeKTPO- 

A e r o H a T o p a .  

~ J I ~ K T ~ H ~ ~ c K o M ~  B3pbIBaHHIo  I I p H C y m  p R A  p a 6 0 ~ ,  OTJIH¶aIoIqHX 

3TOT C I I O C O ~  OT A P Y r H X .  HEM MOKHO OTHeCTH: I IPOBePKY 3JIeKTPO- 

AeTOHaTOpOB IIO COnpOTHBJIeHHIo; H3I'OTOBJIeHHe I I ~ T P O H O B - ~ O ~ B H K O B ;  

p a C ¶ e T  H MOHTaHE CeTH; I IPOBePKY e0 HCnpaBHOCTH H IIpHCOeAHHeHHe 

MaI'HCTpaJIbHbIX IIPOBOAOB K HCTO¶HHKY TOKa.  

C O B ~ ~ M ~ H H H ~  3JIeKTpOAeTOHaTOphI BbIIIyCKaIoT T p e X  TMIIOB: MrHOBeH- 

HOrO,  3aMeAJIeHHOI'O H KOpOTK03aMeAJIeHHOI'O A ~ ~ C T B H I I ;  3JIeKTPOAeTOHa- 

TOPbI KOPOTK03aMeJIJIeHHOI'O A ~ ~ ~ C T B H R  BbIIIYCKaIoTCR C ~OJILLUHM AHaI Ia -  

 OHO OM a a ~ e ~ n e ~ ~ f i  H ~ ~ ~ O T ~ B J I H B ~ I ~ T C R  c HHXPOMOBHMH M o c T m a M H  

HaKaJIHBaHHR.  O ~ ~ H M H  X a p a K T e p H C T H K a M H  AJIII 3JIeKTPOAeTOHaTOPOB 

RBJIIIIoTCR: MaKCHMaJIbHO 6 e 3 o n a c ~ b 1 f i  TOK, MMIIYJIbC BOCJlJIaMeHeHHH 

13 B p e M R  C ~ ~ ~ ~ T ~ I B ~ H H I I .  

Bce 3JIeKTpOAeTOHaTOpbI IlepeA ~ b I ~ a ¶ e f i  HX AJIE B3PhIBaHHR AOJIWHbI. 

6b I~b  l I p O B e p e H h I  H a  HCnpaBHOCTb MOCTHKa HaKaJIHBaHHII  no COIlpO- 

THBJIeHEIIo. 

~ ~ o B o J ( ~  3JIeKTpOAeTOHaTOpOB, nOCJIe I I p O B e p K H  HX COIIpOTHBJIeHHR 

B CIIeqHaJIbHOM I I O M e q e H H H  H a  CKJIaAe. AOJIWHhI 6 h 1 ~ b  3aMKHYTbI H a -  

KOPOTKO H B TaKOM IIOJIOWeHHH AOJIWHbI HaXOAIlTbCR A 0  MOMeHTa n p H -  

COeAHHeHHR HX K YYaCTKOBhIM HJIH MarHCTpaJ IbHbIM IIpOBOAaM, KOTOPbIe 

I I p H  MOHTaWe CeTH AOJIWHbI 6bI~b 3aMKHYTbI. P ~ c ¶ ~ T  3JIeKTPOB3I)bIBHbIX 

ce~ef i  CBOAFiTCR K OIIpeAeJIeHklIo COIIpOTHBJIeHHR K a K  ~ c e f i  CeTH, T a K  

H OTAenbHbIx  ee ~ e ~ ~ e f i ,  a T a K w e  K o n p e A e n e H m I o  T o K a ,  n p o x o ~ ~ ~ q e r o .  
B CeTH sepe3 K a W ~ b I f i  3JIeKTpOAeTOHaTOp R OTAeJIbHOCTH. 

~ [ P H  3J IeKTPFIeCKOM cnoc06e B3PbIBaHHH BO3MOWHO I I p H M e H e H H e  

RCeX H3BeCTHbIX CI IOCO~OB 3JIeKTpHPeCKHX C O ~ A M H ~ H H W  AJIR COeAHHeHHR 

a n e K T p o A e T o n a T o p o B  B q e n b :  n o c n e A o s a T e n b n o r o ,  napaanenbnoro, na- 
' 

PaJIJIeJIbHO-DOCJIeAOBaTeJIbHOrO H nOCJIeAOBRTenbH0-UapaJIJIeJIbHOm. 
C O I I ~ O T H B J I ~ H H ~  3JIeKTPOB3PbIBHbIX ~ e ~ e f i  C 3JIeKTPOAeTOHaTOPaMFl 

PaCCsHTbIBaIoT no # o p ~ y J I a ~ :  
n o c n e A o s a T e n b H o e  c o e A n H e H m e  

RoBU = Lh,rM -I- LCrC -:- NrSil, 0%; (VI,35) 



rAe - o6qee c o n p o T r n B J r e m e  B ~ P ~ I B H O ~ ~  c e T n ,  OM; 

L, - o6qa11 AJIHHa MarMCTpaJ IbHbIX IIPOBOAOB, At; 

LC - o64a11 AJIHHa COeAHHHTeJIbHbIX npOBOJ(OJl,  .M; 

L: - C y M M a p H a R  AJIHHa COeAHHMTeJIbHbIX IIpOBOqOB B ~ a x ~ o i i  
rpynne, M; 

N - o6~qee ¶HCJIO 3JIeKTPOAeTOHaTOPOB; 

N' - CyMMapEIOe  ¶HCJIO 3JIeKTPOfleTOHaTOPOB B K ~ W A O ~  I'pyIIlle; 
7, H rM - COIIpOTHBJIeHHe 1 M COOTBeTCTBeHHO COeAMHMTt?JIbHOI'O Fl M a -  

I 'HCTpaJrbHOrO I IpOBORa ,  OM; 

r,, - c o n p o T H s n e H M e  s n e K T p o n e T o H a T o p a ,  OM; 

K - ¶MCJIO I I a p a J I J I e J I b H O  COeAHHeHHbIX I 'pyII I I  npOBOL(0B. 

0 6 q a ~  CMJIa T O K a  BO B ~ P H B H O ~  CeTH I)aCC¶HTbIBaeTCII no 4 0 p ~ y J I B  

T A e  - 0 6 4 a ~  CMJIa TOKa  BO B B ~ H B H O G  CeTH,  a; 
I , ,  - CMJIa T O K a ,  I IPOXOAEI~BI 'O  ¶epe3 3JIeKTpOAeTOHElTOp, a; 
U - H a n p m c e H n e  H c T o m m x a  T o K a ,  B. 

C H J I a  TOKa , I I p M X O A f I ~ a R C R  H a  3J I eKTpOAeTOHaTOp,  AOJIHcHa 6 b I ~ b  

H e  M e a b r u e  r a p a H ~ m i i H b I x  3 ~ a s e ~ n P :  

1 a - n p H  OJ(H0BpeMeHHOM B3PbIBaHMM IIOCTORHHbIM TOKOM A 0  100 
3 J I e K T p O ~ e T O H a T O p O B ;  

1,3 a - n p H  OJJ,HOBPeMeHHOM B 3 P b I B a H H H  IIOCTORHHMM TOKOM A 0  300 
3JIeKTpOAeTOHaTOpOB; 

2,5 U - I I p M  B ~ P ~ I B ~ H H H  I I e p e M e H H b I M  TOKOM. 

He p a 3 p e I I I a e T C R  B ORHOG ~ 3 p b I ~ ~ o i i  CeTM I I P H M e H t I T b  3JIeKTPOAeTO- 

H a T O p b I  C p a 3 H b I M H  XaPaKTePMCTHKaMH.  

M ~ I E c H M ~ J I ~ H o ~  ¶HCJIO 3JIeKTPOAeTOHaTOPOB, KOTOPOe MOXHO B 3 0 p B a T b  

OT ce~e i i  n o c T o R H a o r o  M n e p e M e H a o r o  T o K a  npx n o c ~ e ~ o ~ a ~ e ~ b a o - n a p a n -  
JIeJIbHOM COeAHHeHHH B CeTM, pFlCC¶HTbIBaIoT no @ o p ~ y J I e  

~ ~ T P O H ~ - ~ O ~ B H ~ E I  C 3J I eKTPOAeTOHaTOPaMH pa3MeIQaH)TCR B B ~ ~ x H ~ G  
¶aCTH 3 a p H A a .  E c m  CIEBaHcMHa O C H a q a e T C R  OAHHM I I ~ T P O H O M - ~ O ~ B H K O M ,  

TO OH AOJI)fCeH CHaPI IHcaTbCR ABYMR 3J IeKTPOAeTOHaTOPaMH.  

P a c n o J I ~ H c e ~ H e  ~ ~ T ~ O H O B - ~ O ~ B H K O B  I I p H  3JIeKTPHUeCKOM B 3 P b I B a H H H  

B ~ e p x a e i i  ¶aCTM CKBaHcMHbI H e  JIy¶II IHfi  B a p M a H T  C TO¶KH 3 p e E H E I  BJIM- 

R H H R  MeCTa  MHHIJHHPOBaElHfl 3 a p ~ ~ a  BB H a  K a s e C T B O  A p 0 6 J I e ~ M r r  r o p ~ o i i  
MaCChI M I I P O P ~ ~ O T I E Y  IIOAOIIIBhI. B BBBHCMMOCTM OT reOXOFH¶eCKHX 

M rOpHOTeXHH¶eCKHX YCJIOBM~ OIITHMaJIbHOe B p e M R  3aMeAJIeHHH M e W A Y  

B 3 P b I B a H H e M  COCeAHMX 3 a P R A O B  HJIM r P Y I t I I  BB COCTaBJIReT OT 8 
~o 250 mcex. O ~ n a ~ o  c x e A y e T  c m T a T b ,  ¶TO ¶mcno c ~ y n e ~ e i i  M , q r n a n a s o H  

3a~ t? f l J I e~F i I ?  n O K a  H e  Y,gOBJIeTBOpReT BCeM 3 a I I P O C a M  I IPaKTHKH.  

H e p e ~  Ha¶aJ IOM YKJIaAKM I I ~ T P O H O B - ~ O ~ B H K O B  B 3 a P I I A b I  BCB J I H q a ,  

H e  C B R 3 a H H h I e  C IIPOH3BOACTBOM B3PbIBElNX p a 6 0 ~ ,  A0JI)fCEbI B ~ I ~ ~ T H  H 3  ripe- 
AeJIOB O ~ ~ C H O ~  3OHbI. ~ P H  3TOM 3 a I I p e q a e T C R  H M e T b  3JIeKTPOAeTOHaTOPbI  

H a  MeCTe 3aPRHcaHMII  A 0  MOMeHTa YKJIaAKH I I B T P O H O B - ~ O ~ B H K O B  B 3aPIIAbI. 
~ ~ o R o J ( ~  3J I eKTpOAeTOHaTOpOB I IPHKPeI I J IRIoTCR K I I ~ T P O H ~ M - ~ O € ! B M K ~ M  
TaKHM 0 6 p a 3 0 ~ ,  9 ~ 0 6 ~  B C J I y ¶ a e  MX H a T I I W e H H I I  YCMJIHe H e  MOrJIO nepe- 
A a B a T b C R  3JIeKTpOJ(eTOHaTOpaM. BO B p e M I I  3al IOJIHeHHcI  ¶aCTH CKBaWHHbI  

3 a 6 0 e ¶ ~ b I b 1  M a T e p H a J I O M  CJIeAIIT, 9 ~ 0 6 ~  B b I X O A R q H e  M3 U ~ T P O H O B - ~ O ~ B M -  
KOB 3J IeKTPOIIpOBOAa MMeJIH c n a 6 ~ ~ y  H H e  6bIJIH HaTRHYTbI.  

~ o c J I ~  OKOH¶aHHR 3 a p a H c a H H c r  M 3 a 6 o i i ~ ~  BCeX 3 a P R A O B  BB H a s M -  

H a e T C R  M O H T a X  ~ J I ~ K T P o B ~ ~ ~ I B H o ~ ~  CeTM. Bce 3J IeKTpOyCTaHOBKH,  K a G e n ~  

m ~ o s ~ y r n ~ ~ e  n p o B o A a  B npeAenax o n a c ~ o f  BOHM K M o M e H T y  H a U a n a  

M O H T a W a  AOJIlfFHbI 6b I~b  06ec~oqe~b1. P a 6 0 ~ y  no MOBTaHcy  3J I eKTPOB3pbIB-  

HOG CeTH BeRYT B T ~ K O ~  IIOCJIeAOBaTeJIbHOCTH, Y T O ~ M  C e T b  6 ~ n a  no- 
CTORHHO 3aMKElyTa .  ~ ~ O B O A ~  AJIH CCTH I I p e A B a p H T e J I b H O  n p 0 B e p R I o T  

H a  IIPOBOAHMOCTb M IJeJIOCTHOCTb H30JIIIIJHH. Y P ~ C T K O B ~ I ~ ,  COeAHHMTeJIb- 

E b I e  H M a r H C T p a J I b H b I e  n p 0 B O R a  ~ p e 6 y e ~ o f  AJIHHbI ~ ~ ~ J I ~ ~ o B ~ ~ M € ! H H o  
3aI 'OTaBJIHBaIoT H CBepTbIBaIoT  B ~ Y X T M .  Ha 6 y x ~ a x  K p e l l R T C R  ~ E I P K H  
c y ~ a 3 a ~ ~ e ~  A n m H a I ,  c e u e H m  M C o n p o T H B n e H H f i  IIPOBOAOB. B ~ a q a n e  
K XOHIJeBbIM IIPOBOAaM IIPHCOeAHHIIIoT Y¶aCTKOBbIe H COeAHHHTeJIbHbIe  

n p O B O A a ,  a 3 a T e M  y¶ElCTKOBbIe n p H C O e A H H R I o T  K MaI 'HCTPaJIbHbIM IIPO- 

BOAaM. n p M  MOHTaHce ~ J I ~ K T P O B ~ P ~ I B H O ~  CeTH COeRHHeHHII  IIPOBOAOB 

AOJIWHbI T q a T e J I b H O  H 3 0 J I H P O B a T b C R  H ~ O J I R I J H O H H O ~ ~  J I ~ H T o ~  MJIM Cne-  

IJHaJIbEbIMH 3aHcMMaMH-KOHTaKTaMM. 

A J I R  I I P O B e P K H  MCIIPaBHOCTM ~ J I ~ K T P O B ~ P ~ I B H O ~  CeTM M OIIpeAeJIeHMR 

ee COnpOTEIBJIeHHII I IpMMeHRIoT Cne I JHaJ IbEyH,  KOETpOJIbHO-H3MepMTenb-  

HYH) a I I n a p a T y p y :  OMMeTPbI ,  J I H H ~ ~ H ~ I ~  B3PbIBHbIe  MOCTMKM, B 3 P b I B H b I e  

m c n m a T e n m  H T. A. ~ T M  I I P H ~ O P H  AJIH 6e3011ac~oro s a ~ e p a  A O J I ~ H M  

I I p O n y C K a T b  ¶epe3 3J IeKTpOAeTOHaTOpbI  TOK C M J I O ~ ~  H e  6onee 0,05 a. 
~ J I ~ K T P O B ~ P ~ I B H ~ R  C e T b  C¶HTaeTCR H C I I ~ ~ B B O ~ ,  eCJIM I $ ~ K T H P ~ C K O ~  

c o n p o T m s n e H H e  ee H e  6onee s e M  H a  10% o T m s a e T c R  OT pacsemoro. 
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' ~ J I ~ K T ~ o A ~ T o H ~ T o ~ ~ I  B3PbIBa IOT B3PbIBHbIMH M a I U H H K a M H  OT c ~ T ~ P  U e p e -  

MeHHOrO 12 IIOCTOHHHOrO T O K a ,  a TaKHEe OT A p y I ' H X  HCT09HHKOB. AOCTOHH- 
CTBa  3 J I e K T p H 9 e C K O r O  cnoc06a B3PbIBaHHH:  OTHOCHTeJIbHaH ~ ~ ~ O I I ~ C H O C T ~ ;  

BO3MOHEHOCTb I I P O B e P K H  CeTH IIepeA B3pbIBOM; O C Y q e C T B J I e H H e  J I I O ~ O G  
G X e M b I  H IIOCJIeAOBaTeJIbHOCTH A e T O H a q H H  C e p H H  3 a p H A O B .  H ~ A O C T ~ T K M :  
CJIOlKHOCTb MOHTa lKa  CeTH;  OIIaCHOCTb I I p e K A e B p e M e H H O r O  B 3 p b I B a  'OT 

~J I~XCA~IOI I (HX TOKOB; 6onee BbICOKaH K B ~ J I H ~ H K ~ ~ H R  B3PbIBHHKOB H BbI- 

COKaH YeTKOCTb n p H  BbInOJ IReHHH pa6o~ .  

B 3 p h I ~ a H H e  A e T O H H p y I O D p i M  II IHYPOM (Am) MOXCeT HCIIOJIb30BaTbCR 

n p H  BCeX B H A a X  p a 6 0 ~  H a  3 e ~ H 0 6  UOBePXHOCTH.   TOT C I I O C O ~  U p H M e -  

HHeTCf l  AJIR M r H O B e H H O r O  H K O p O T K O 3 a M e A J I e H H O ~ O  B 3 p J d B a H H R  C e p H H  

3 a p H A O B  BB. ~ P H H ~ H I I  B 3 P b I B a H H R  A e T O H H P Y I O ~ H M  II IHYPOM OCHOBaH 

H a  TOM, ¶TO 3 a P H A h I  I I O P O I I I K O O ~ P ~ ~ B ~ I X  BB 6 e 3 0 ~ K a 3 ~ 0  AeTORHPYIOT 

OT BBeAeHHH B H H X  OTPe3KOB I I I H y p a  6e3 K ~ u c I O J I ~ ~ - A ~ T O H ~ T O ~ O B .  n p H  

I IOArOTOBKe B3PbIBOB A ~ T o H H P ~ I O I Q H ~  I I IHYP p a 3 p e 3 a I O T  H a  KYCKH ~pe6ye- 
M O ~  AJIHabI A 0  B B e A e H H H  er0 B 3 a p R A  HJIH I I ~ T P O H - 6 0 6 3 ~ ~ ~ .  ~ o c J I ~  BBeAeHHR 

m H y p a  B U ~ T P O H - G O ~ B H K  HJIH a a p ~ ~  BB p e 3 a ~ b  mayp s a n p e q a e ~ c ~ .  
B ~ P M B H ~ R  C e T b  O ~ ~ I W ~ O  COCTOHT H 3  O T p e 3 K O B  AeTOHHPYIOlIJ$rO I I I H y p a ,  

n p o n y q e ~ a b ~ x  sepea  sap^^^. I C O H ~ H  O T P ~ ~ K O B  m H y p a  BHBOAHT H a  

n O B e p X H O C T b  H IIPHCOeAHHHIOT K M a r H C T P a J I b H O M Y  IIIHYPy. Taxoe COeAH- 

H e m e  A e T o m p y m q e r o  m H y p a  BO B ~ ~ ~ I B H O ~  c e T n  H ~ ~ M B ~ ~ T C H  napauem,- 
KbZat H I IpHMbHReTCH U P H  3 H a ¶ H ~ e J I b H 0 6  I IpOTHlKeHHOCTH H PaCTHHYTOM 

I $ ~ o H T ~  B3PbIBHbIX p a 6 0 ~ .  O H 0  H HBJIHeTCH OCHOBHbIM BHAOM COeAHHeHHR 

H a  OTKPHTMX pa6o~ax.  
~ P H  B 3 P b I B a X  CKBaHCHHHbIX 3 a P H A O B  U ~ T P O H - ~ O ~ B E I K  H3rOTOBJIRIOT 

~ 1 ~ 1 6 0  H 3  HeCKOJIbKHX IIBTPOHOB, I I p H M e H R e M h I X  I I p H  I I I I IypOBOM MeTOAe 

B 3 p b I B a H H R ,  o ~ B H ~ ~ I B ~ H H ~ M  B O K P Y r  H E X  B HeCKOJIbKO H H T ~ ~  AeTOHHPY- 

loqero maypa, J I H ~ O  ~3 m a m e K  n p e c c o B a H H o r o  T p o T H n a .  I I~TPOHN- 
~ O ~ B H K H  H3rOTOBJIHIOT HeIIOCPeACTBeHHO Y MeCTa  3 a P H K a H H R .  

~ ~ ~ T o H H ~ ~ I O I ~ H ~  I I I H y p b I  B b I n y C K a e M b I X  M a p O K  HeAOCTaTO¶HbI IIO C B O ~ G  
H H H ~ H H P Y I O ~ ~ ~ ~ [  CIIOCO~HOCTH AJIR B 3 P b I B a H H H  ~ P Y ~ O A H C I I ~ ~ C H M X  H BOAO- 

H a n o n H e H m a x  BB; OHH T a K m e  rre B ~ P ~ I B ~ I O T  r p a a y n ~ p o n a a ~ b ~ i j r  semy- 
H p o ~ a a ~ h I f i  H n J I a ~ n e H h I 6  TPOTHJI. AJIR a ~ o i i  q e m  n p H M e a m o . r  marnmi 
IIpeCCOBaHHOI'O TPOTHJIa  HJIH CKaJIbHOI'O aMMOHHTa .  

n p H  B 3 p b I B a H H H  AeTOHHpyIOIQHM II IHYPOM ~ ~ ~ O I I ~ C H O C T ~  B e A e H H t I  

p a 6 o ~  ~ p e 6 y e ~  HCKJIiQPHTeJIbHOrO B R H M a H H H  K MOHTalKY B ~ P H B H O ~  CeTH 

1.1 K a ¶ e C T B y  3 a P F I l K a H H R  C K B a K H H .  m H y p  H p H  n p 0 K J I a A K e  H e  AOJIXCeH 
1 . 1 3 ~ ~ 1 6 a ~ b ~ R  IIOA OCTPbIM YrJIOM, H M e T b  n e p e r ~ 6 0 ~  H T. A. EcJIH I I IHYP 

He, m e e T  n n a c ~ ~ a c c o ~ o f  O ~ O J I O ~ K H ,  TO IIPH T e M n e p a T y p e  o K p y w a m q e r o  

~ o a ~ y x a  +30° C H B a r m e ,  BO ~ 3 6 e l ~ a ~ ~ e  i J j n e r ~ a ~ ~ s a q ~ m  m H y p a  pac- 
nJIaBJIHIOmHMCII  B er0 ~ H A P O H ~ O J I R ~ H O H H O ~  060~1os~e  I I ~ ~ ~ ~ M H O M ,  er0 
p a 3 J I H q H b I M H  C I I O C O ~ ~ M ~  YKphIBa IOT OT COJIHe¶HHX JIysef (Gy~aroii ,  
AOCKaMH H T. A.). C O ~ J I I O A ~ H H ~  a T H X  M ~ P O I I P E I R T H ~  O ~ ~ C I I ~ ¶ H B ~ ~ T  683- 
O T K ~ ~ H Y I O  p a 6 o ~ y  A e T o H H p y m q e r o  m H y p a .  
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O T P ~ ~ K E I  AeTOHHPyIOIQerO  I I I H y p a  COeAHHRIOTCR MeIHAY co6oii B H a -  

; Kn.aAKy H n H  B H a K p y T K y  ( p ~ c .  37) H a  Anme H e  M e H e e  15 cat. C ~ p e n n e ~ m e  
OCyIQeCTBJIReTCH H ~ O J I H ~ B O H H O ~  J I ~ R T o ~ ,  T ~ C ~ M O ~  HJIH I I I I l a r aTOM.  ~ I H o ~ A ~  

r CBH3bIBaIOT I I IHYpbI  MOPCKHM Y3JIOM. 

n p H  B 3 p H B a H H H  A e T O H H p Y I O ~ H M  II IHYPOM aMMHa9HO-CeJ IHTPeH-  

i HbIX BB BbIBOA J I I O n e 6 ,  H e  CBH3aHRhIX C B 3 p H B H h I M H  P ~ ~ O T ~ M H ,  H 3  OIIBC- 

HOG 3 0 H H  OCYIQeCTBJIHeTCR U e p e A  HaYaJ IOM I IPHCOeAHHeHHR O T B ~ T B J ~ ~ H B ~  

I I I H y p a  K M ~ ~ H c T ~ ~ J I ~ H o ~  JIHHHH, K O T O p a H  I IpOKJIaAbIBaeTCH B A B e  HHTKIl  

5 C I I ~ O T H B O ~ O J I O ~ K H O ~ ~  CTO- 

I ~ O H H  OT 3 a 6 0 ~  n O c J I e  0 x 0 ~ -  a - / 
I 2 

n p H  KOpOTKO3aMeAJIeH-  

H o e  cnoc06e B 3 P h I B a H H e  38- 

M e A n n T e m  ~3 o A H o r o  HJIH 

HeCKOJIbI iHX PeJIe IC3flm PHC. 37. C O ~ A H H ~ H H ~  ~ e ~ o n w p y m ~ e ~ o  maypa: 
yCTaHaBJIHBaH)TCH H a  K a M -  a - B"aKnanHy; 6 - BHaKPYTKY; I - maraT; 2 - 

MarAcTpanb ReToHnpymaero maypa; 3 - OTpeaoK Re- 
AYIO C K B a m H H Y  - .  HJIH r p y I I I I y  ~ o ~ u p y m ~ e r o  maypa H aapmy BB (c~penxot  n o ~ a a a a o  

HanpasneHwe n e r o ~ a q u o ~ ~ o t  B O ~ H ~ I )  

' 
H 3  AeTOHHpYIOIQerO  I I I H y p a  

I I p H  ~ o J I ~ I I I H x  B 3 p H B a X  IIPOH3BOAHTCR H e  M e H e e  YeM ABYMH 3JIeKTPO- 

A e T O H a T O P a M H  HJIH 3 a K H r a T e J I b H H M H  T P Y ~ K ~ M H .  

T ~ X H H ~ ~ C K E ~ M  IIpeHMYIQeCTBOM C I I O C O ~ ~  B 3 p b I B a R H H  AeTOHHpYIOIQHM 

II IHYPOM HBJIHeTCH: M e H b I l I a H  O n a C H O C T b  BbIIIOJIAeHHH p a 6 o ~  IIO 3 a p R -  
: IHaHHIO,  O C O ~ ~ H H O  I I p H  HaJ IHVHH ~ J I Y K A ~ I O I Q H X  TOKOB ~ H ~ ~ H T I ~ J I ~ H O ~ ~  CHJIhI ' 

n p H  J I H K B H A a q H H  OTKa3OB;  I IpOCTOTa BbIIIOJIHeHHH p a 6 o ~ .  H ~ A O C T ~ T K H  
B 3 P b I B a H H H  AeTOHHPYIOIQHM IIIHYPOM: HeB03MOlKHOCTb KOHTPOJIH H C n p a B -  ' 
HOCTH CeTH IIepeA B3pbIBOM; BbICOKaR CTOHMOCTb I I I H y p a  EI H e B 0 3 M O X -  

/ H O C T ~  (6e3 C n e q H a n b H o r o  n p a c n o c o 6 n e ~ n ~ )  n o c n e A o B a T e n b H o r o  ~ 3 p ~ ~ a -  
i HrnR 3 a p R A O B  BB B o ~ ~ o i j r  H ~ o i i  me rpynne. T P ~ A H O C T ~  H OnaCHOCTb ,  
' COIIpOBOlKAaIOQHe  I I p O q e C C  J IHKBHAaqHH ((OTKa3aH I I P H  3 J I e K T P H 9 e C K O M  

1 B 3 p b I B a H H H 1  RBJIIIIOTCR I IPH~HHO~? I I p H M e H e H H R  AeTORHpyIOLQerO  I U H y p a  

B YCJIOBHRX, H e  o n a c H m x  no H a n H m w  ~ J I ~ ~ K A ~ I O I Q H X  TOKOB ( H a -  

U p H M e p ,  K a p b e p H  @JI IOCOB~IX H3ReCTRHKOB Y K p a H H h l  H HpbI~a) .  

Ha c o B p e M e H H H x  K a p b e p a x  no ~o6b1se I I O J I ~ ~ H H X  E i c K o n a e M n x  w a n -  
H O r O  THI Ia  Y P O B e H b  M e X a H H 3 a q H H  T a K H X  p a 6 0 ~ ,  K a K  I I 0 r p y 3 K a l  T p a H C -  

I I O p T H p O B a H H e  H ApyI'EZe, B e C b M a  BHCOK. O A H ~ K O  B 3 p H B H b I e  pa6o~b1 
B ~ o J I ~ I I I H H c T B ~  C J I y 9 a e B  ewe BHIIOJIHRIOTCH H e M e X a H H 3 H p O B a H H b I M  CIIO- 

C O ~ O M .  Peme~me 3 ~ 0 r o  B o n p o c a  o c o 6 e ~ ~ o  B a m H o  B C B H ~ H  C I I e p e x o A O M  

K a p b e p O B  H a  MHOrOPRAHOe  KOpOTK03aMeAJIeHHOe  B 3 P b I B a H H e l  IIOBBOJIHB- 

UIee p e 3 K O  y B e J I H 9 H T b  M ~ c I I I T ~ ~ H  B 3 p H B O B .  B C J I y ¶ a e  H ~ O ~ X O A H M O C T ~  
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HOXOM A n R  I I e p e M e q e H H R  3a6oes~oro M a T e p n a n a  K c K s a x H H e  H ABYMR 

qHSIHHAPHPeCKHMH K O K Y X a M H ,  HMeIOIqHMH IIO 06pa3ym1qeii ~ H J I G H A ~ ~  

O K H a  JIIHPHHOG 100 YAt H m a P H H P H O  PaCIIOJIOKeHHhIMH H a  I I O A ' ~ ~ M H O &  
p a M e .  B ~ y ~ p m  KOKYXOB n o M e I q e a b I  m H e K m .  

T ~ ~ H c I I o ~ T H o - ~ ~ ~ ~ ~ ~ ~ I o I ~ H ~  o p r a H  B K n m s a e T c R  nocne ~ a e s ~ a  arpe- 
r a T a  H a  C K B ~ K H H Y .  3 a 6 0 e s ~ ~ i i .  M a T e p H a n  nepes o K H a  B K o m y x e  3axsa~b1- 
B a e T C R  I l IHeKOM, T P a H C I I O P T H P Y e T C R  H 3 a C b I I I a e T C R  B C K B a X H H Y .  

H ~ A O C T ~ T O K  M a m H H  B T O p O r O  THI Ia :  OIIaCHOCTb I I O B P e K A e H H R  AeTORH- 

p y I o I q H X  m H y p O B ,  H A Y 4 H X  OT 3 a p R A a  H 3  C K B a K H H H ,  IIO3TOMY O H H  

B e  HaXOAHT DlHpOKOI'O I I P H M e H e H H R  H a  OTePeCTBeHHbIX K a p b e p a X .  

~ O A ~ O T O B K ~  H O p I ' a H H 3 a q H R  p a 6 o ~  AJIR OCytU,eCTBJIeHHR MaCCOBOI'O 
B 3 p h I B a  IIPOBOARTCR B EeCKOJIbKO BTBIIOB, OAHHM H 3  KOTOPMX RBJIReTCK 

COCTaBJIeHHe TeXHH¶eCKOrO I I p O e K T a .  B COCTaBJIeHHH TeXHHW3CKOrO 
H p o e K T a  I I p n H H M a e T  y s a c T m e  r e o n o r o - ~ a p ~ m e t i ~ e p c ~ a ~  cnym6a. 
H a ~ e s a e ~ b I f i  K B 3 P b I B Y  ~ J I O K  BbIKOIIHPOBbIBaeTCR C o64ero n n a H a  ropabIx 

I p a 6 o ~  H a  K a p b e p e ,  HaHOCRTCR B e P X H H e  H H H K H H e  OTMeTKH y c T y n a ,  

y K a 3 b I B a I o T C R  K a T e r O p H H  IIOpOA no ~ Y P H M Q C T H  H IIO B3pbIBaeMOCTH,  
r P a H H 4 h I  H IIpeAeJIH AOIIYCTHMhIX BeJ IHPHH OAHOBPeMeHHO B 3 p h I B a e M b I X  

I BB. Ha 3TOT Ke I I J I a H  RaHOCRTCR B 3 P b I B H b I e  C K B a K H H b I  C I I a p a M e T p a M ~ ,  

I IpHHRTbIMH AJIR AaHHbIX ycno~nfi ,  a T a K K e  I I a p a M e T p H  CeTKH C K B a K H H  
. H B e J I H P H H a  nepe6ypa. no C K B a K H H a M  IIepBOI 'O H I I o c J I e A y I o I q H x  PRHOB,  

I 
a ElrJOrAa H IIO OTAeJIbHbIM C K B a K H H a M ,  B 3aBHCHMOCTH OT rOpHOI'eOJI0I 'H- 
s e c K n x  ycno~mfi, r e o n o r o - ~ a p ~ m e G ~ e p c ~ o i i  c n y ~ 6 o H  c o c T a s n R I o T c R  

I 
D ~ O @ H J I H ,  H a  KOTOpbIX YKa3bIBa IOTCR I'eOJIOI'HPeCKFIe O C O ~ ~ H H O C T H  y C T y I I a ,  
MOIqHOCTH OTAeJIbHbIX IIJIaCTOB, C J I a r a I o I q H X  YCTyI Ih I ,  H a J I H ¶ H e  

BOAM B C K B a K H H a X .  
Ha OCHOBaHHH 3THX A a H H b I X  H a P a J I b H H K O M  ~ Y P O B ~ P ~ I B H H X  p a 6 o ~  

IIpOH3BOAHTCR ~b160p THIIa ,  BB, P a C P e T  3 a p R A O B  AJIR ~ a ~ ~ o f i  C K B a K H E b I ,  

o6qero KOJIHPeCTBa BB, B ~ I ~ O P  ~ ~ ~ E I O H ~ J I ~ H O ~ ~  KOElCTpYKqHH B a P H A O B ,  
BeJIH¶HHbI nepe6ypo~,  H a H e C e H H e  B 3 P b I B a e M b I X  3 0 H ,  O P H e H T H P O B O P H O e  

B p e M R  H a  0 6 y p ~ ~ a ~ ~ e  B 3 p b I B a e M O r Q  6 n o ~ a .  P ~ c P ~ T  3 a p R A O B  I IpOH3-  

BOAHTCR IIO @OPMYJIBM, H 3 T H  A a H H b I e  3aHOCRTCR B T ~ X H H P ~ C K H ~ ?  I I a C I I O p T  

H a  p a 3 0 ~ b I f  B3ph IB .  
O C H O B H ~ I ~  P a C P e T H h I e  I I a p a M e T p b I :  U ( ~ ~ C C T O H H H ~  M e K A y  C K B a K H -  

H ~ M H ) ,  W (JIHC) H H ( B M C O T ~  YCTYII~) I I p H H H M a I o T C R  C I I J I a H a  B 3 P b I B a .  

B ~ J ~ H ~ H H Y  3 a p R A O B  BB PaCCPHTbIBaIOT IIO o 6 a e ~ y  ~ 3 p h I ~ a e ~ o i i  IIO- 
p o A b I  V ,  I I P H X O ~ F I I ~ ~ ~ C R  H a  OAHY C K B a K H H Y ,  Y A ~ J I ~ H H ~  3 a p R A  BB q 
I I p H H H M a e T C R  B 3aBHCHMOCTH OT @ H ~ H K O - M ~ X ~ H H P ~ C K ~ X  CBOHCTB B 3 P b I B a -  

e w x  nopoa H a  o c H o s a a m n  @ a ~ ~ ~ s e c ~ o r o  pacxoga BB 3a ~ n m ~ e n b ~ a i i  
nepxog p a 6 0 ~ ~  A a H H o r o  K a p b e p a .  

H a s a n b ~ n ~  6 y p 0 ~ 3 p b I ~ ~ b I ~  p a 6 o ~  HJIH H a s a J I b H H K  CMeHbI COBMeCTHO 

C M a p K m e 6 ~ e p 0 ~  H TeXHHPeCKHM PYKOBOAHTeJIeM K a p b e p a  I I e p e H O C R T  
C K B a K n H b I  c m a H a  B H a T y p y  C o r n a c H o  p a 3 ~ e p a ~  H a  nnaae. M ~ C T O  
6ygyqefi C K B a x n H b I  O T M e P a e T c H  K O J I ~ I ~ K O M  c y ~ a 3 a ~ m e ~  H a  H e M  H o M e p a  

~ a p ~ m e i ~ e p  A e n a e T  n o B T o p H y m  caemy,  s a ~ e p ~ e ~  @ a ~ ~ m e c ~ ~ e  pac- 
CTOCIHHR M e K a y  C K B a K H H a M H ,  COIIPOTHBJIeHHe IIO IIOAODlB6 YCTYIIa  

H ~ J I Y ~ H H Y  C K B a K H H h I .  B C J I y P a e  HeCOOTBeTCTBHR @ ~ K T H ¶ ~ C K H X  AaHHbIX 
I IPOeKTHbIM IIPOH3BOAHTCR I I e p e p a C P e T  BeJ IHPHHbI  3 a P R A O B  B C K B a K H H a X .  
OCHOBHHM AOKYMeHTOM MaCCOBOrO B 3 P b I B a ,  A a I o Q H M  I I p a B O  H a  er0 
IIPOH3BOACTB0,  RBJIReTCH AHCII03HqHJ3,  K O T O p a R  BKJIIo¶aeT:  KaJ IbKY-  

C X e M y  @ ~ K T H ¶ ~ C K H X  OTMeTOK F a C T K a  B 3 P b I B a  H B 3 P b I B H H X  C K B a K H H  

c HX HCTHHHMMH H o M e p a M H ,  r e o n o r n s e c K H M H  p a 3 p e 3 a ~ ~  H y ~ a 3 a ~ ~ e ~  
K a T e r O p H H  IIOpOA IIO ~YPEIMOCTEI H B3PbIBaeMOCTH,  a T a K K e  CXeMJ' B3PbIB-  
HOG CeTH H PaCCTaHOBKH 3 a ~ e ~ J I e ~ H f i ;  IIOJIHYIO r e O J I 0 I ' H P e C K y I o  H I'HApO- 

I ' eOJ IOrHPeCKyIo  X a p a K T e p H C T H K y  y ¶ a C T K a  B 3 P b I B a ;  I I aCI IOPT  I I a p a M e T p O B  

B ~ P H B ~  H ero T ~ X H H K O - ~ K O H O M H ' ~ ~ C K H ~  I I O K ~ ~ ~ T ~ J I H ;  nepeqenb M e p o -  

I I ~ H H T H ~  IIO ~ ~ ~ O I I ~ C H O C T H  IIPOHSBOACTBZI B 3 P b I B a  C y K a 3 a H H e M  OTBeT- 
CTBeHHbIx  J I H ~ ,  O n p e A e n e H H t I  rpamq H y s a c T K o B  O q e m e H H t I ,  B p e M e H m  
B 3 P M B a ,  THI Ia  CHrHaJ IOB H B p e M e H H  H X  IIOAa¶H,  M ~ P O I I P H C I T H ~  IIO 0 6 ~ a -  
P Y X e H H I o  H J IHKBHAaqHH ((OTKa3OB)) H Hp. 

~ c I I o J I H H T ~ J I ~ H ~ R  A O K Y M e H T a q H R  MaCCOBOrO B 3 P h I B a  B 0 6 ~ 3 a ~ e J I b H 0 ~  

I I O p R A K e  C B e p R e T C R  C n p o e ~ ~ n o f i  H y T B t p K A a e T C R  r J I aBHbIM H H K e H e p O M  
ICPeAIIPHRTHR.  

C B O A H ~ I ~  A a H H h I e  0 MaCCOBOM B 3 P h I B e  I I P H B e A e H b I  B @ O P M ~  fi 1. 

A a ~ a  B ~ P ~ I B ~  ~OPEIBOHT ~ a p ~ n r e 5 a e p c ~ ~ e  oca 
-- 

m BeJIHWHa 

aapspa, ~cz 
u 

- - - - - - - - - - - - - - 
f 2  3 4 5  6 7 8 9 10 i t  1 2  1 3  f/t  f 5  1 6  -- 

I I  I I I I I I I I I  I I I I 
I I o c J I ~  MaCCOBOI'O B 3 p b I B a  I IPOH3BOART I 'OPH30HTaJ IbHYIo  C a e M K y ,  

COCTaBJIRIoT I I p o @ H J I H  B ~ O P B ~ H H O ~  r o p ~ o f i  MaCCbI H 1IO H H M  OIIpeAeJIRIOT 

@ ~ K T H P ~ C K H ~ ~ [  o 6 a e ~  O T ~ H T O H  MaCCM. % T ~ M  3 T H  A a H H b I e  KOppeKTHpYIOTCR 
B IIpOI@CCe OTI 'PY3KH ~ O P H O ~  MaCCbI H IIOCJIe O K O H P ~ T ~ J I ~ H O ~  Y ~ O P K H  

IIOBTOPHhIM M ~ ~ K I ~ I ~ ~ ~ ~ ~ c K H M  3 a M e p O M .  
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I 'JABA V I I  

TEXHOJIOI'HII PABOT TIPH B3PbIBAHHH KAMEPHbIMB 
3APIIAAMLI 

R a ~ e p H b I e  3 a P R A h l  B H a C T O R W e e  B p e M R  IIPHMeHRIOT AJIH B 3 P M B a H H R  
H a  B M ~ P O C  I I P H  IIPOXOAICe ~paBIIIefi, K a H a B ,  a T a K X e  CTpOHTeJIbCTBe 

KOTJIOBaHOB H BbIeMOK Pa3JIH¶HOI'O H a 3 H a ¶ e H H R .  B COOTBeTCTByH)lIJ,HX 
r o p H o r e o n o r E i g e c K E i X  YCJIOBHRX K a M e p H b I e  3 a p R A b I  n p H M e H m o T  AJIH 

B 3 P y B a H H R  H a  C ~ P O C  IIYCTbIX IIOPOA, I IOKPbIBaIQQHX IIOJIe3HOe EICKOlla- 

e M o e ,  c n o M e i q e H H e M  HX H a  RHO K a p b e p a  H n H  B e c T e c T s e H m e  Y ~ J I Y ~ J ~ ~ H E I R  
3a n p e A e f i b I  a a n e r a ~ ~ ~  none3~oro a c ~ o n a e ~ b r o .  

AJIR p b I x n e H H R  I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  n p ~  ero ~o6b1ue K a M e p H n e  
3 a p R A b I  I IPHMeHRIOT P e g K O  H TOJIbKO I I P H  B e C b M a  T P e Q H H O B a T O M  MaCCHBe,  

O s e H b  K p e i l K O M  T P Y ~ B O ~ Y P E I M O M  IIOJIe3HOM HCKOIIaeMOM ( H ~ I I P I I M ~ ~ ,  
I ' paHHTM ECJI~COBCKO~O K a p b e p a  B P O B ~ H C K O ~ ~  06nac~n) HJIH K p e n K H X  
H B TO we B p e M R  X p y I I K H X  P y A a X ,  cnoco6~arx HHTeHCHBHO A P O ~ H T ~ C R  

o n o s B y  K a p b e p a  n p H  n a n e a H H .  
& ~ e p H h I e  3 a P R A b I ,  B e C  KOTOpMX COCTaBJIReT AeCRTKH TOHH H Gonee, 

n o M e l q a l o T  B cneqnanbabre B M ~ ~ ~ O T K H - K ~ M ~ ~ ~ I ,  p a s ~ e p ~  ~ o ~ o p a r x  
o n p e A e n R I o T c R  B ~ J I H ¶ H H o ~  3 a p ~ ~ a  BB. K a ~ e p b I  B ~ O J I ~ J I I H H C T B ~  c n y n a e B  
HMeIoT T- HJIH r-06pa3~yH) @OPMY, 9 ~ 0 6 ~  3 a T p Y m H T b  B H ~ P O C  r a 3 0 ~  
H MaKCHMaJIbRO HCI IOJ Ib30BaTb  3 H e p r ~ m  BB. Ann pa3MelIJ,eRHR K a M e p E n x  
3 a p R A O B  B r O P H O M  MaCCHBe I IPOXOART IIIyp@bI HJIH IIITOJIbBH, H 3  KOTOPMX 

3 a T e M  IIPOBOART K a M e p b I .  

B C J I y ¶ a e  I I p H T O K a  BOAM r O P H 3 0 B T a J I b H b I e  B ~ I P ~ ~ O T K E I  IIPOBOART 

C YKJIOHOM 0,03-0,06, a AJIR CTOKa ee BAOJIb CTeHOK YCTPaHBalQT K a -  

H a B K H .  AJIR c6poca BOAM J I I y p @  AOJIlfCeH 3 a K a H u H B a T b C R  ~ Y M I I @ O M ,  
I I e p e K p b I T b I M  I IpOuHbIM A e p e B R H H M M  HBCTHJIOM. 

I Inorqa~b c e s e H n R  AJIR JIIYP@OB A o n x n a  6b1~b H e  M e H e e  1 n t 2  B c s e T y ,  

a IUTOJIbHH H e  M e H e e  1 ,2  Jt2 ( B M C O T ~  JIITOJIbHH 1,5 n t ,  J I IHpHHa  0,8 nt).  
Bb160p THIIa  B b I p a 6 0 ~ K H  3aBHCHT OT r O p R O r e O J I O r H s e C K H X  Y C J I O B H ~ ,  

~ p e 6 y e ~ 0 6  ~ J I Y ~ H H ~ I  I I O M e q e H H R  s a p ~ ~ a  BB, y ~ o 6 c ~ s a  noAxoAa I IPH 
IIpOXOAKe H OI IpeAeJ IReTCR T ~ X H H K O - ~ K O H O M H ¶ ~ C K O ~ ~  ~ ~ J I ~ c o o ~ ~ ~ ~ H o c T ~ H ) .  

U p H  r n y 6 ~ ~ e  pa3MeI l ( eHHR 3 a p R A O B  A 0  8 n t  B Ka¶eCTBe  IIOAI'OTOBHTeJIbHMX 
~ n p a 6 0 ~ o ~  I IpHMeRRIOT J I Iyp@bI ,  a I I p H  r n y 6 n ~ e  8 n t  H 6onee - IUTOJIbHH. 

~ o ~ o I I I B ~  K a M e p  AOJIlKHa 6 b I ~ b  PaCIlOJIOlfCeHa H a  Y p O B H e  IIOJ(0JIIBbI Y C T y l l a .  
r n H p H I I a  p a 3 B a J I a  IIOpOAbI IIOCJIe B 3 P b I B a  COCTaBJIReT 1,6-2,0, a BMCOTa 
0,7-0,8 B ~ I C O T ~ I  y c T y n a .  

Bec K a M e p E b I X  3 a p R A O B  I I P H  B 3 p b I B e  Ha  pb IXJ IeHHe  OIIpeAeJIRIoT 
no @ o p ~ y n e  

Q = qpV3 -- qpwHa, (vII,1) 
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- - r  \ . ,  
rAe w - JIHC, a; 

e - r i o 3 & & ~ u a e H ~  O T H O C H T ~ J I ~ H O E  ~ ~ ~ O T O C I I O C O ~ H O C T H  BB; ..a . 
1 V - K O ~ @ @ E I ~ E ~ ~ H T  3 a H t H M a  (I ,0-1;3); 

m - K O ~ @ @ H ~ E I ~ H T  C ~ J I H X ~ H H R  3 a P R A O B  (0,8-1,4). 
0 6 z e ~  3 a p R A H b I X  K a M e p  p a c c s H T b I s a e T c R  c F e T O M  o 6 n e ~ a  BB H T a p b I ,  

! n n o T E o c r a  BB H o 6 z e ~ a  K p e n e m a o r o ,  a T a x m e  H s o n H p y l o q e r o  M a r e -  
pmana no @ o p ~ y n e  

Q VK=- A ko, a3, (v11,3) 

r A e  V,  - 0 6 ~ 1 3 ~  3 a p R g H 0 ~  KaMCpbI  ( B s e p H e ) ,  .M3; 
k, - K O ~ @ I $ H ~ H ~ H T  y g e T a  @ a ~ ~ m s e c ~ o r o  o 6 z e ~ a  K p e n e x H o r o  MaTe-  

p H a n a ,  ~ a o n a q r n ~  H T a p N ,  P ~ B H H B  1,1-1,8; 
Q - sec n o M e t q e H E o r o  B K a M e p y  3 a p ~ ~ a  BB, m; 
A - IIJIOTHOCTb BB, m/.M3. 

Ka~epEbIe 3 a p c 1 ~ ~  pacnonarawr B O A H O ~  IIJIOCKOCTH B OAHB, p a  
I r n H  H e c K o n b K o  PRAOB. Eonbmoe s ~ a s e ~ ~ e , n p n   TOM EiMeeT M e c T o p a c -  

I IOJIOWeHHe 3 a p R A a ,  T a K  K a K  OT H e r 0  3aBEICEIT p e 3 Y J I b T a T  B 3 P b I B a .  JIHC 
A o n x H a  Y a x o A H T b c R  B npepenax 0,5-0,7 a n c o m  y c T y n a  (wlH = 0,5- 
0,7). U p H  MHOrOpRAHOM PaCI IOJ IOXeHHH K a M e p  3a JIHC I I p H H H M a I o T  

paCCTORHHe Me?HAy J I apaJ I J I e J IbHbIMH B ~ I P ~ ~ o T K ~ M H .  P~CCTOIIHH~ M e Z A Y  
3 a p R H a M H  COCTaBJIReT OT 0,8 A 0  1,4 JIHC B aaBHCI'lMOCTH OT C B O ~ C T B  

1 n o p o A M  H ~ p e 6 y e ~ o r o  A p 0 6 J I e H H R .  
P~CCTORHEI~ Me?KRy P R A a M H  I I p H  AByXpRAHOM paCIIOJI03fEeHHH 3 a p R A O B  

I IpHHHMaeTCR P a B H b I M  fiHC BTOpOrO p R A a .  O T H O I I I ~ H H ~  wIH H m = U / W  

I BO BTOPOM P R A Y  I IpHHHMaeTCR TaKHM me, ¶TO H B I IepBOM. 
n p H  pa3J IHuHhTX JIHC R B y X  CMeWBbIX 3 a p R A O B  OAHOrO P R A a  P a C -  

c T o a H m e  M e x n y  BHMH O n p e A e n R e T c H  no @ o p ~ y n e  

I B3pb~eanue nu ebz6poc -  TO T a K o e  paspymerrne r o p H M x  IIOPOA, 
1 I I p H  KOTOPOM IIOPOAhI Be TOJIbKO A P O ~ H T C H  H a  OTAeJIbHhle  KYCKH, HO 

H IIepeMeIl(aH)TCR ( B ~ I ~ P ~ c ~ I B ~ I O T C R )  ¶aCTHPHO HJIH IIOJIHOCTbH) B OI Ipe -  

AeJIeEHOM H a I I p a B J I e R H H  3a I IpeAeJ Ib I  3a~aEEofi r p a H H q b I .  
B a p b I s a ~ t i e  H a  B M ~ P O C  OCyIl(eCTBJIRIoT I l p H M e R e H H e M  C ~ J I H ~ ~ H H M X  

3 a p R A O B  BB, cnoco6ab1x n p O H 3 B e C T H  HHTeHCHBHOe ~e i t c~s rne  H a  l " o p ~ b I 6  



rAe q - y g e J I b H b I G  3 a P R g  BB, IEz/at3. 

n p H  3TOM n I I P H H H M a e T C R  OT 2 A 0  3, T a K  K a K  TOJIbKO J I P H  TaKOhI  
ero s ~ a s e ~ ~ ~  g o c T H r a e T c a  rny6naa BbIeMKH, p a B H a R  r ~ 1 y 6 ~ ~ e  sanoxe- 
H H R  3 a p R g a .  P ~ ~ J I H ¶ ~ I O T  B3phIBhI :  C gBYCTOPORHHM B M ~ P O C O M ,  C OAHO- 

C T O ~ O B B H M  ( H ~ I I ~ ~ B J I ~ H H ~ I M )  B P ~ P O C O M  H B 3 p b I B b I  R a  C ~ P O C .  

. m o p ~ y n a  (VII,5) cnpasenmsa T O J I ~ K O  IIPH r n y 6 ~ ~ e  ~ ~ J I O ~ ~ H H R  

s a p ~ g a  BB no 25 at. l l p ~  60~1bmeCi r jry6n~e B ~ O P M Y J I ~  BBOAHTCR no- 
n p a B K a  r. M. IIOKPOBCKO~O 

- 
A = ~ K ,  25 (VII16) 

T O r A a  

Q = qw3A (0,4 f 0,6n3). (vII,7) 

,L(B~CTOPOHHIIG B H ~ P O C  M O X e T  OCYIQeCTBJIRTbCR OAHHM, ABYMR HJIII 
EeCKOJIbKHMI l  P R A a M H  3aPR,IJOB BB, 3 a K J I a n b I B a e M b I X  BAOj rb  OCEi n p o e H -  
T H P Y ~ M O C ~  BbIeMKH. Ha~6ojree npOCT,Ei 3KOHOhfHYeH O A H O P R A H ~ I ~ ~  C I I O C O ~  

p a c n o j r o x e H t i c I  B ~ P R A O B  (PHC. 40). 
3a pacsemym JIHC n p t i H H M a m T  p a c c T o R H H e  OT q e H T p a  s a p ~ ~ a  

A 0  0 6 E a x e ~ ~ o C i  IIOBepXHOCTEi no HOpMaJ I H .  BH~HMYH) rxy6my P BO- 
POHKH (PHC. 41) B nopogax I-IV K a T e r o p H H  K p e n o c T E i  no rrrxane EHBnP 
n p ~  J I D ~ M X  I I O K ~ ~ ~ T ~ J I R X  ~b16poca m B noponax V-XVI K a ~ e r o p ~ x G  
no TOG x e  m K a n e  npti I I O K ~ ~ ~ T ~ J I R X  sb16poca n OT 1,25 no 2 o I I p e g e a c r I o T  

P = 0,33w (2n - I), at. 

rAe R ,  - p a g H y c  c 4 e p ~  C m a T H n ,  K O T O ~ M G  O n p e R e n ~ e T c n  no npn- 
~ J I H X ~ H R O ~  @ o p ~ y J I e  

R~ = 0,62 VQu, a*, (v11,10) 

rge Q - sennmrta sapma, KZ; 
U - K O ~ ~ ~ H J J H ~ H T  IIpOIIOpJJHOHaJIbHOCTH, ~ ~ H T ~ I B ~ I o I Q E ~  CBO& 

CTBa  I IOpOg .  3 E a ¶ e H H R  K O ~ ~ @ H J J H ~ E T ~  U B P a 3 J I H ¶ H h l X  B S P P B I -  
e M M x  cpegax n p n s e A e H b I  mme. 

Cxanb~b~e nopop  . . . . . . . . . . . . . . . . 10 
~ P P T  c p e ~ e %  UJIOTHOCTH . . . . . . . . . . . . 150 
rnma . . . . . . . . . . . . . . . . . . . . . 250 

x= 5nw, at. (VII , la) 

P ~ C C T O R H H ~  M e X A y  3 a p R A a M M  U B 3aBHCHMOCTH OT BeJIH¶HHhl  IIOKB- 
8 a T e J I R  sb16poca TZ p e K O M e H g y e T C , R  O n p e A e J I R T b  IIO # o p ~ y J I e  

a = 0,5w (n -t i), at. (VII,i3) 

AJIR 3 l p R g O B  YCHJIeHHOrO ~b16poca OTHOCHTeJIbHOe PaCCTORHHe  Me- 

S a p R g a M H  m = U/W B 3aBHCHMOCTH OT I I P H E H M a e M O r O  I I O K a 3 a T e J I R  
8 ~ 6 p o c a  n peKOMeHf iyeTCR I I P H H H M a T  b: 



cmyroqero s a p ~ ~ a  sb16poca. n p ~  MEOrOpRAEOM pacnonoHceHmR a a p a ~ o ~  
mnpaxa BbIeMKn nosepxy orrpenenseTcn no @ o p ~ y n e  

L , = b ( m - - l ) , a .  (VII, 15) 

npEI OAHOCTOpOHHeM HaJIpaBJIeHEOM sb16poce (pFlc. 42) OCHOBHaR 
Macca noponaz (no 80%) ~b16pac~sae~cr r  Ha  6 0 p ~  BMeMKn m m  xapaepa, 
EI n n a n ~ ~ e i i m e ~  HcKnrosaeTcrr ~ e o 6 x o ~ ~ ~ o c ~ b  ee y 6 o p ~ ~  npm p a 3 n ~ ~ m n  
@ ~ O H T ~  pa60~ .  H a n p a s n e ~ ~ o c ~ b  ~ b 1 6 p a c h ~ ~ a e ~ o f i  IIpH B3pblBe ItOpOAhI 

,qocTaraeTclr npaueHeRneM rre afeHee ~ s y x  p m o ~  B~PRHOB.  

Pnc. 42. CxeMa oRnoeTopoHliero Hanpamemoro sa16poca: 
I - nonearroe HcxonaeMoe; 2 - nycTaR nopona 

~ P H  IIpOeIiTHPOIlaHHH 3 a ~ a ~ ~ 0 5  BbIeMKH COOTBeTCTBYH)U(erO IIPO@MBH 

r p a @ ~ ~ e c ~ n  onpeAencImT sacno PIIAOB, paccToRHne Mewny HMMH, noKa- 
8aTeJIb A ~ ~ C T B E H  B3PbIBa IIyTeM IIOCTpOeHkUl T ~ O ~ ~ T M ¶ ~ C K O ~  BOPOHKII 

C TaKVrM paCPeTOM, 9 ~ 0 6 ~  ee pa3MepbI 110 BO3MOHCSOCTH COOTBeTCTBOBaJIII 

p a a ~ e p a ~  B HaType. 
n0Ka3aTeJIb J ( ~ ~ C T B H R  B3PbIBa IIPkI OflHOCTOPOHHeM ( H ~ I I ~ ~ B J I ~ H H O M )  

s ~ 6 p o c e  pRAa BapRnoB, II~oTHB~IIoJIo?XHO~O HaIIpaBneBEIH) nh16poca, 

IIpHHHMaeTCR Ha 0,5 60nbme, 9 e M  IIOKa3aTBJIH , E , ~ ~ c T B E ~ R  B3phIBa 3apRAOB 

B APYrHX PRAaX. 
AJIR AOCTHHCeHHfi xopomeii EaIIpaBJIeHHOCTn s b 1 6 p a c ~ ~ a e ~ o i i  IIOpOAbI 

B HYWHOM HaIIpaBJIeHHH nPHMeHIIH)T pa3HOBpehfeHHOe B3pbIBaHIIe PRAOB 
3apRAOB C 3aMeAJreHHeM He MeHee 2 C e K  B3pUBa BapRAOB nOCZeJ(y- 

rorqero paAa. 
' +  P~CCTOHHM~ MeXCAy PRAaMH 3aPRAOB BB IIPH pa3HOBpeMeHHOM B3PbI- 

BaHHEi ~b16apam~ C T a K H M  YCJIOBHeM, 9 ~ 0 6 ~  aHC KaWAOrO PHna 3apR- 

AOB, B3PbIBaeMOI'O C 3aMe,I(JIeHIIeM, 6b1na nepIIeHAHKyJIRpFIa IIOBepXnOCTH, 

06pa3ye~oii B ~ P H B O M  SapHAoB npeAbIAYLqero p m a  H H a  15-20% Menbme 

~ ~ ~ I I ~ ~ J I ~ H E I R  a a p ~ ~ o n .  
Bspblsa~Eie H a  c6p0c RBJIReTCR ¶aCTHbIM CJIygaeM B3pbIBa C HaIIpa- 

BJIeHHhIM B H ~ P O C O M .  
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~ P H H ~ H I I H ~ J I ~ H ~ R  CXeMa B3PbIBa H a  C ~ P O C  IIOKa3aHa H a  PHC. 43. 
IIpn pa60l.a~ Ha c6poc sapans pacnonaram B ORHH HJIH Ass pana napan- 
EeJIbHO JIHHEIH 3 a 6 0 ~ .  OTJIWH~ BTOrO cnoc06a OT A P Y H X  COCTOHT B TOM, 

¶TO 3aPELAbI pa60~aH)T IIPH HBYX OTKPbITblX IIJIOCKOCTRX. OII~ITH~IM lIYTeM 
~ C T ~ H O B J I ~ H O ,  9 T O  ~ $ $ ~ K T E B H O ~  &~%CTBE[B B3PbIBa IIPH OAEOPR~HOM 

PaCIIOJIOHteHHH 3apRAOB MOXeT 6b1~b AOCTMrHYTO IIpH YAaJIeHHH HX 
OT 3 a 6 0 ~  H a  PaCCTORHHe 1,l- 1,2 aHC. napaMe~pbI 3aPRAOB BB H a x  
pacnonoxeme onpeHenRroT no TeM xse @ o p ~ y n a ~ ,  ¶TO m r r p ~  B ~ P M B ~ H E I F I  
H a  sabpoc. 

Pac. 4 3 ,  Cxena pacnoronrenna aapwoa npa sapuse na c6poc nopoRbr: 
1 - MaCCEB nOnmeH 6hI~b ~ O R P ~ ~ O T ~ H ;  2 - IIllHHB OTPbIBa 

BapbIsa~He Ha B M ~ ~ O C  H C ~ P O C  KaMePHhIMH 3apRflaMEi IIpeACTaBJIReT 

6on~myro CJIOmHOCTb. ~ I ) E I M ~ H ~ H H ~  60nbmoro KOJIH9eCTBa BR (Ff~orga 
A0 HeCKOJIbKHX COTeH EI TbICHg TOHH) T P ~ ~ Y ~ T  TrQaTeJIbHOrO H YMeJIOrO 

I noqxona x opranaaaqan Bcea p a ~ o r .  B ~ W H H M  npu aroM RenneTcs npa- 
B H J I ~ H ~ I ~ ~  ~ ~ 6 0 p  napaMeTpoB KaMep EI EIX pacnono;KeHm B ropHoM 

( mccnse, a Taxme slr6op Tma BB. O q a m  na O ~ H O B H M X  HpaTeprres 
D@@~KTE~BHOCTH k3PbIBHhIX pa60T RBJIReTCH IlpaBHJIbHOe OnpeAeJre- 
EX0 yAeJIbHOI'0 3apRAa BB. 

CYU&~CTB~HH~IM IIPEi B3PMBBX KaMeI)HbIMH 3apRAaMM H a  B ~ I ~ P O C  
B c6p0C RBJIReTCR OpraHVr3aqFiR CJIYX~FJ TeXHHKII ~ ~ ~ ~ ~ I ~ c H o c T H ,  CBO- 
a#IqRfICR B OCHOBHOM K npegoTBpaqeHRro IIpewAespeueHHblx B ~ P M B O B ,  
YoTnnoBJIeHrm rpaHaq onacsoti ~ O H H  no p a s n e ~ y  KYCKOD n o p o ~ b ~ ,  ygeTy 



O A H ~ K O  P a A H y C  0 I I a c H 0 f i  3OHbI H e  AOJIXBH YCTaHaBJIHBaTbCR MeHblJIB 

200 .M AJIR nm~ef i  H 100 .M Ann O ~ O P Y A O B ~ R H R .  P a n a y c b ~   OH, o n a c H q  
IIO ABHCTBHKJ C B ~ ~ C M H P ~ C K H X  BOJIH R, Ei ~ 0 3 ~ y l J I H 0 f i  Y A ~ P H O ~ ~  BOJIHar RB, 
o n p e A e n R r o T c R  no 4 o p ~ y n a ~ :  

(VII, 18) 

l'Ae kc - K O ~ @ @ E I ~ H ~ H T  IfPOlIOPqHOHaJIbEOCTH, B I B H C R ~ H ~ ~  OT CBOHCTB 
~ 3 p b I ~ a e ~ o f i  c p e w  ; 

f (n) - @ Y H K ~ H I I  I IOKa3aTeJ IR  #?~~CTBHH B3PbIBa ;  
Q - BeC OAHOBpeMeHHO B3PbIBaeMbIX 3aPRAOB,  RZ; 

kB - K O ~ @ @ H ~ H ~ H T  IIPOJlOPqHOHaJIbHOCTH (0,5-10). 
T i a 6 ~ 1 ~ r i a  19 

Koa++Hqnea~ nepegann ce i i crd~sec~~x  ~ o n e 6 a ~ ~ i i  B nopogax paannsahlx rpynn 

B e n w m a  rtoaa- 
r P Y n m  X a p a ~ ~ e p  s spb l saemo~ cpenbl a a q a e ~ ~ a  kc  

I Cna6~e BOAOHaChIqeHHhTe IlOpO~hI ( I I~HBYH,  TOP- 20-15 
(PRHHK) 

I I n0p0nhI cpe~Hf3G KpelIOCTH 10-5 
I11 Kpem~ie c ~ a m m e  IIOPOAM 3-1,5 

P ~ C C T O R H Z T ~ ,  OIIpeAeJIReMOB IIO @0p~yJIe  (V11,20), M O X e T  6 b I ~ b  YMeHb- 
m e H 0  D 2 pass, eCJIH 0 6 n e ~ ~  HaXOABTCR 38 J I p e I ' p a A ~ f i  HJIH JIIOAEl M O r y T  

YKpbITbCR B 6 n H ~ ~ a ~ a x ,  J I H ~ O  3 T 0  PaCCTORHHe AOJIXIIO 6 b I ~ b  YBeJIHPeHO 
B 2 pass, eCJIH B3PbIB IIPOH3BOAHTCR B ~ 3 ~ 0 f i  AOJIHHe HJIH YmeJIbe. 

E J I H H A ~ X H  YCTPaHBaKlT H 3  PaCIIOJIOKeHHhIX KpeCT-HaKpeCT 6 p e ~ e ~  
C TaKHM Xe HIKITOM.  P~CCTORHH~ HX OT B 3 P b I B a  OIIpeAeJIReTCII IIO @OP- 
M y n e  

i' r6 = 373 1/c. (vII,21) 

H p 0 q e C C  3 a P R m a H H R  K a M e p  HaYHHaeTCR TOJIbKO IIOCJIe OKOHYaHHR 

RCeX IIPOXOAPeCKHX p a 6 o ~ .  ~ P O H ~ B O ~ C T B ~ H H M ~  O I I e p a q H H  IIO 3 a P R W a E H I O  
K a M e p  M O r y T  OCYllJ,eCTBJIRTbCR IIOCJIeAOBaTeJIbHO HJIH IIaPaJIJIeJIbHO. 

E ~ J I H  BOBMOXHO, TO npZTMeHRH)T IIapaJIJIeJIbHYIO C X e M y  p a 6 o ~ ,  I l p H  KOTO- 

p0fi AOCTHI'aeTCR 60~1bma~  IIPOH3BOAHTeJIbHOCTb. 
P a s 6 ~ ~ ~ a  MeCT PaCIIOJIOXeHHR 3aPRAOB BbIIIOJIHReTCR mHCTPYMeH- 

~ a J I b ~ 0 6  C ' b e ~ K ~ f i .  O ~ ~ I P H O  IIPHMeHRIOT ~ O ~ O I J I K O O ~ ~ ~ ~ H J J ~  BB, pas- 
M e m a e M a r e  B K a M e p e  B H e p a c n a K o B a H H o M  BHAe HJIH H a c r m b m .  l l e p e ~  
3 a p R X a H H e M  B M P ~ ~ O T K H  H K a M e p b I  I IpOBepRIoTCR PyKOBOAHTeJIeM p a 6 o ~ ,  
KOTOPMM H H a 3 H a Y a e T C R  CPOK IIPOH3BOACTBa B3PbIBa.  E a ~ e p b I  3 a p R X a I o T  

IIO P a H e e  p a 3 p a 6 0 ~ a ~ H o ~ y  PyKOBOAHTeJIeM B3PbIBa  I ' pa@nKy.  n J I 0 m a g b  
B a p b I B a  p a 3 6 ~ ~ a e ~ c c r  H a  Y9aCTKH. Ha 3TH YgaCTKH Ha3HaPaH)TCR OTBeT- 
CTBeHHbIe JIElqa H 3  PHCJIa  HHmeHePHO-TeXHHPeCKHX P ~ ~ O T H H K O B .  Pa6o~h1 
TI0 IIOAI'OTOBK0 ZT 3aPRXEiHHH) Y ~ ~ 3 h I ~ a I O ~ ~ ~  M e X A y  COGOH C PaCPeTOM 
OAHOBpeMeHHOrO HX OKOHPaHHR. 

Boane K a x n o r o  myp@a HJIH IIITOJI~HH YCTaHaBJIHBaIOTCR T ~ ~ J I H P K H  

c y ~ a 3 a ~ ~ e ~  H o M e p a  H B e c a  s a p ~ ~ a  no K a m A o M y  COPTY BB B oTAeJIbHocTH 
H AaeTCR CXeMa PaCIIOJIOXeHHR 3 a p R A a  H I ~ ~ T I ) O H O D - ~ O ~ B H K O R .  B K a M e p -  

HLIe 3am~bI  B 3aBHCHMOCTH OT HX BeJIWXHHbI BBOAHT OT ABYX A 0  BOCbMEi 
U ~ T P O H O B - ~ O ~ B H K O B ,  IlOJIOBZTHa H 3  KOTOPMX H a  ~y6~1Hpy101qej i  ~ 3 p b I ~ H 0 f i  

CeTH. B ~ ~ o T o B J I R I O T C R  OHH H a  MeCTe p a 6 o ~  B C n e q H a J I b H O  O ~ O P Y ~ ~ O B ~ H H O M  

n o M e m e H H H ,  H a x o A R q e M c R  H e  6 ~ 1 ~ m e  50 .M OT ~ e c ~ a  a a p ~ ~ a ~ n ~ .  B K a -  

no OKOHPaHHZT 3 a P R W a H H R  CKBaXU3H IIPOH3BOART I IPOBePKY COIIPO*- 
BJIeHHR, JIIOAH YAaJIRIOTCR H a  6e3011ac~oe PaCCTORHHe OT B ~ ~ H B H O ~  CBTH. 
CJIeflye~ 0 6 p a ~ H ~ b  BHHMaHHe H a  I l p e A O X p a H e H H e  IIpOBOAOB HJIH AeTOHII- 

pywmero m H y p a  OT n o s p e m n e H m R  B ~ e c ~ a x  B H x o A a  HX ~3 K a M e p H .  
P ~ K O M ~ H A ~ ~ T C R  I I O M e q a T b  I lpOBOAa HJIH IUHYP B TOJICTbIe pe3ZTHOBbIe 
T P Y ~ K H .  

n 0 C J I e  3 a P R K a H H R  H I IPOBepKH CeTH K a M e p y  3 a K p b I B a I o T  WHTOM 

H 3  AOCOK, a I lOABOARqEe  ~ b I p a 6 0 ~ K H  3aKJIaAbIBaH)T M ~ J I K o ~  noponofi, 
0 6 p a 3 0 ~ a ~ m e f i c ~  I IPH IIPOXOAKe 3THX B M P ~ ~ O T O K .  n 0 C J I e  OKOHPaHHR 
a a 6 o i i ~ ~  BTOPHPHO IIPOBePRIOT HCIIPaBHOCTb ~ 3 p b I ~ H 0 f i  CeTH. 3 a ~ e ~ ' ~  
UOCJIe IIOAaYH CO0TBeTCTBYH)mHX CHI'HaJIOB IIPOH3BOART B3PbIB. 

E a ~ e p ~ b I e  3 a P R A b I  B3PbIBaH)T TOJIbKO B AHeBHOe B P e M R ,  P T O ~ ~  MOXHO 
6b1no OCMOTPeTb Pe3YJIbTaTbI  er0 A 0  HaCTyllJIeHHR TeMHOTM. J I I I K B H A ~ -  
q H R  ((OTKI3OB)) ReCbMa CJIOmHa H nPOH3BOAHTCR no C n e q H a J I b ~ o f i  HH- 
CTPYKqHH. n 0 C J I e  OKOHPRHHR JIHKBHAaqHH ((OTICBBOB)) COCTqBJIReTCR 

BKT 0 BO3MOXHOCTH 6e3011ac~oro BCAeHHR p a 6 o ~  H a  AaHHOM YPaCTKe.  



3 a P R X a H H R  I I03BOJIReT  H C I I O J I b 3 0 B a T b  POCCbIIIHbIe  BB. o n H E t ~ H 3 I I p e -  

E I M m e C T B  3 a P R X a H H R  POCChIIIHJJMH BB EIBJIReTCR B03MOXCHOCTb ~ e x a -  
H H ~ H P O B ~ H H O ~ ~  j[OCTaBKH H X  K 3a6010 IIO M R r K H M  IIOJIH3THJleHOBbIM 

I I I J I a H r a M  A H a M e T p O M  30-50 && C IIOMOIQbIO C l I e q H a J I b H b I X  3 a P R n H b I X  
YCTaHOBOK. 

YCT~HOBKH AJIR TPaHCI IOPTHPOBaHEiR  BB B 3aDHCHMOCTH OT cnoco6a 
n o n y s e H H R  P ~ ~ H O C T E I  ~ a s n e ~ n f i  n o n p a 3 n e n ~ m ~ c ~  H a  B c a c b I s a m q H e  

EI H a r H e T a T e n b H b I e .  Bonee q e ~ r e c o o 6 p a 3 ~ b 1  npa: s a p ~ x c a ~ m ~  K a M e p  H a -  
rHBTaTeJ IbHhI0  YCTaHOBKH, KOTOPhIe  IIO KOHCTPYKI(HEI 3 a I ' P Y 3 0 P H h I X  

Pac. 44. C x e ~ a  goaapyrolqeh ycTaHosKa nnsi nogasn BB npa MexaminecKom 
aapsiacarlwn 

Y C T P O ~ ~ C T B  6 h t ~ a I O ~  C BHHTOBhlMH (ITIH~KOBMMH), C K a M e P H b I M H  (ITIJIIO30- 
BMMH) Ei C ~ ~ P ~ ~ ~ H H M M H  IIHTaTeJIRMEl. 

B IIpOH3BOnCTBeHHbIX YCJIOBHRX HCIIbITaHO II IHeKOBOe A 0 8 H P Y I O 4 e 0  
Y C T P O ~ ~ C T B O  B c o s e T a H E i m  c n ~ y x ~ a ~ e p ~ o f i  M~IIIHHOH C-164. Ha pac. 44 
1 1 o K a 3 a n a  c x e M a  ~ o s ~ p y m q e i i  y c T a H o B K m  ~ J I R  n o n a s E i  BB npm M e x a m -  

s e c K o M  a a p R w a H a : H .  
B ITIJI IOBOBY~ K a M e p y  1 sepes BOPOHKY 2 3 a r p y w a e T c R  BB; ~3 IIIJIIO- 

sonoii K a M e p b I  BB n e p e n j 7 c ~ a e ~ c ~  B pa6osym K a M e p y  3, a a T e M  K n a n a H  4 
a a K p b I B a e T C R  H B K a M e P y  B I I y C K a e T C R  ~Xa~bI f i  B 0 3 n Y X .  OT R B H r a T e J I R  5 
sepea nepenasy 6 n p m B o n H T c R  BO B p a q e H n e  ~ ( 0 3 I i p ~ 1 0 1 q ~ f i  KOHYC 7, 
H M ~ I O I Q H G  P a n H a J I b H O  P a C I I O J I O X e H H h l e  K a M e p b I ;  C BaJIOM K O H y C a  B p a -  

KQ&TCR BOpOIIIHTeJIb  8. B MOMeHT ~ H K C B P O B ~ H ~ ~ H  K ~ P M ~ H ~  ~ 0 3 a ~ 0 p a  np0- 
TBB B L I x o n H o r o  K o H y c a  9 CTPYR c x a T o r o  ~ o s n y x a n o n a e ~  BB B m n a H r ,  
no KOTOPOMY O H 0  Y X B  B O  B3BeII IeHHOM COCTORHHH H a I l p a B J I R e T C R  K M e C T y  

Y K J I a n K H .  B MOMeHT O C B O ~ O X ~ ~ H H E I  pa6oseii K a M e p b I  OT BB H 3  l I l J I I O 3 0 ~ 0 f i  

K a M e p b I  n e p e n y c K a e T c R  H o s a a  I I O P ~ H R  BB rn T. A. 

n p H  T p a H C I I O P T H P O B a H H H  IIO I U J I a H r a M  A m a M e T p O M  38 && p a 3 M e p  
3 e p e H  BB H e  nOJ IXeEI  I IpeBbI IT IaTb  5-10 &&. ~ P O H ~ B O ~ H T ~ J I ~ H O C T ~  

3 a p ~ ~ ~ o r o  a r p e r a T a  p a c T e T  c y E e n m s e H m e M  sa:cna O ~ O P O T O B  ~ 0 3 ~ p y -  
m q e r o  K O H y C a  E 3aBHCmT OT T m n a  BB ( T ~ ~ J I .  20). 

3 a n n c ~ ~ o c ~ b  n p o a s ~ o ~ u ~ e a ~ b ~ o c ~ ~  sapsnnoro arperaTa OT wcna 
0 6 0 ~ 0 ~ 0 ~  ~03aTOpa 

- 

¶HCJIO Cpennaa nponaaonn- 
O ~ O ~ O T O B  TeJIbHOCTb YCTBHOBHV 
nO3HpyH)- P ~ C X O R  B O ~ R Y X ~  

I - I ~ H M ~ H O B ~ H H ~  BB mere Iia f m ynomeH- 
Hyca Horo BB,  &ta 1521 r .wa J C X ~ H Y  
MMHYTY 

AMMOHEIT 6 . . . . . . . . ' 30 150-160 1100 6 6  
CMecb aMM0HEiTa N 6 C rpaHy- 

~ R P O B ~ H H O ~  c e n ~ ~ p o f i  (1 : 1) 30 150-160 1522 9,1 
r p a ~ y n n p o s a ~ ~ a n  c e n ~ ~ p a  . . 30 150-160 1600-1700 10,2 
3epaorpa~ynn~  80120 . . . . . 30 150-160 1800 10,8 

A a ~ n e R  a n n a p a T y p a  6b1~1a n p H M e H e H a  npm ~ ~ P R X ~ H H H  K a M e p  H a  
AOJIOMEiTOBOM H H3BeCTHRKOBOM K a p b e p a X  K a p b e p O y I I p a B J I 0 H H R  H ~ B -  
AOJIOMEIT, a T a K X e  H a  P ~ ~ ~ H T C K O M  m3BeCTHRKOBOM K a p b e p e .  npFi a a p R -  

X a H E I H  K a M e p  H a  P ~ ~ ~ H T C K O M  K a p b e p e  HCI IOJ Ib30BaJ IH  CMeCb  aMMOHHTB 
N2 6 a: ~ M M H ~ ¶ H O ~ ~  C e J l H T p b I  B P a B H O M  COOTHOI11eHHH. ,&IHH~ IIOJlH3THJIe- 
H O B ~ I X  m n a H r o B  C o c T a B m e T  150 .M, m 3  K O T O P ~ I X  105 .M pacnonaranmcb 
IIOR YrJIOM 4 5 O  El & & - DO T O P H 3 0 H T a J I H .  M ~ ~ H c T ~ ~ J I ~  H M e J I a  IUeCTb  
KOJIeH non YI'JIOM I IOBOpOTa  A 0  90'. B ~ I C O T ~  IIOn!beMa IIO R e p T m K a J I H  

53 .M, pacxon ~o3nyxa npm  TOM c o c . T a B m n  OT 5 no 5,6 ,usl,uun, pa6osee 
A a B J I e H H e  B O 3 A y X a  B A O 3 a T O p e  OT 2,5 A 0  3 U m U .  n p H  3 a P R X a H H H  K a M e p  

H a  R p y r H x  K a p b e p a x  B K a n e c T B e  BB H c n o n b s o s a n H  r p a H y J r m p o s a H H y m  
CeJ I I iTp  y H 3epHOI'paHJ'JImT 80120. ~ P O H ~ B O ~ H T ~ J I ~ H O C T ~  T P Y A a  pa6oser0 
I I p M  M e X a H H 3 H P O B a H H O M  3 a P R X a H H H  no C p a B H e H m I O  C ~ Y ' X H O ~ I  y ~ J I a ~ ~ 0 f i  
BB B K a M e p b I  n p m s e n e H a  B T ~ ~ J I .  21. 

T a 6 n ~ q a  21 

Cpenneme~nas n p o n 3 ~ o n n ~ e n b ~ o c ~ b  
~ p y n a  pa6osero maHun, n p ~  cnocodax 152 saps- Ysenmenne npo- 

U3BOLlETenbHOCTH 
Kapbep ~ p y n a  pa6oser0, 

MexaHnsuposan- 
PY4HOM pa3 I HOM 

~ B ~ C T H R K O B ~ I ~  . . . . . . . . 250 3044 12 
A O ~ O M E I T O B ~ I ~  . . . . . . . . 750 5832 7,7 



P a c s e ~  w e s M a T l r r e c K o r o  T p a H c n o p r a  B O C H ~ B H O M  CBOAHTCR K p a m e T y  
I 'HflpaBJIH¶eCKHX C O I ~ P O T H B J I ~ H H ~  T P Y ~ O I I P O B O ~ O B .  

t l c x o ~ ~  ~3 cneqi~+mxm YCJIOBI I~~ ,  3 a 6 0 e ¶ H b I t i  M a T e p H a n  M o m e T  A o c T a -  
BJIRTbCR aBTOTPaHCIIOPTOM (C p y s ~ o t i  norpy3~oH), C IIOMOrgbH) 
K O H B ~ ~ ~ ~ ~ O B  H T. A.  

M ~ X ~ H M ~ H ~ O B ~ H H ~ H  3a6oti~a IIpII B 3 p b I B a H H H  K a M e P H b I M H  3 a p R A a M Z l  
T p e 6 y e T  6 0 J I b I I I 0 6  OCTOPOXHOCTH, T a K  K a K  I I p K  HeBHHMaTeJ IbHOM 3 a p R -  

X a H H H  MOlfCHO J I e r K O  I IOBpeAMTb B3PbIBHyH)  C e T b .  

B ~ P ~ I B H ~ I ~  pa6o~b1 B K n I o n a m T  C n e A y m q r i e  onepaqmz: n p o s e p K a  

K a M e p ;  A o c T a B K a  BB 3a6oes~oro  M a T e p H a n a ;  3 a p R x a H m e  K a M e p  H 3a- 
~ Y T O B K ~  B ~ I P ~ ~ O T O K ;  MOHTalfC B ~ P H B H O ~ ~  CeTM; I IOArOTOBKa 6e3011ac~b1x 
MeCT AJIR YKPbITFlR JIIo~efi; BbIBO3 O ~ O P Y A O B ~ H E I I I  Ei OTBOA JIIORefi B 683- 
o n a c H b I e  M e c T a ;  nonasa c m r H a n o B  nepeg H nocne B ~ P ~ I B ~ ;  OCMOTP IIOCJIB 

Z I ~ T K ~ H  H B 3 a H M O y B R 3 a H H a R  IIOCJIeAOBaTeJIbHOCTb I IpOH3BOACTBa 
OCHOBHMX onepaqmti B T e x H o x o r H n e c K o M  K o M n n e K c e  B M e c T e  c y ~ e n o i i  
~ ~ C C T ~ H ~ B K O ~  JIIOAefi I IO3BOJIReT I I p a B H J I b H O  O P I ' a H H 3 0 B a T b  pa60~y.  
ICpo~e  0 6 4 ~ ~  IIpasmn 6e3onac~oc~m, K B M n o n H e H M m  onepaq~f i  B ~ P ~ I B ~  

MeTOAOM K a M e p H b I X  3aplI,ltOB IIpeA'bRBJIlIIoTCfI AOlIOJIHHTeJIbHbIe  ~pe6osa-  
HEIR, O ~ Y C J I O B J I ~ H H H ~  O C O ~ ~ H H O C T R M H  3 T O r 0  cnoc06a. n p H  B3pbIBaHHE1 
K a M e P H b I M H  3 a p R A a M H  OT YCTbR IIIYP$OB HJIH IIITOJIeH H a  PaCCTORHHFl  

H e  M e H e e  3 nt A O J I ~ ~ C H ~ I  6b1~b y c T p o e n b I  n n o q a A K m  Anrr p a 3 ~ e 1 q e ~ m  BR, 
n p e n ~ a 3 ~ a s e ~ w 1 x  K 3 a p ~ w a ~ r i m .  

B K a M e p a X  I I p H  H X  3aPRX<aHEiH H e  AOJIWHO 6b1Tb 3JIeKTPOIIPOBOAKH, 
a O C B e l q a T b C R  OHH AOJIlKHbI H 3  I I P I I M b I K a m q H X  B M P ~ ~ O T O K .  PaapeIIIae~c~ 
O C B e l q a T b  B ~ I P ~ ~ O T K H  OT C e T H  HanpRlfCeHFXeM 220 6 TOJIbKO A 0  B H e C e H H R  

B H m x  ~ ~ T ~ O H O B - ~ O ~ B H K O B  c a n e K T p o n e T o H a T o p a M a .  I I e p e ~  B n e c e H m e M  
~ ~ T ~ O H O B - ~ O ~ B ~ ~ K O B  B K a h i e p b I  3 J I eKTpOI IpOBOAKa  A O J I X H a  6 b 1 ~ b  Y A a J I e H a  

113 BCeX B M P ~ ~ O T O K ,  IIOCJle ¶ e r O  H X  O C B e q a I o T  BKKYMYJIRTOPHbIMB 
JIaMIIaMII .  

3 a n p e w a e ~ c ~  T a K x e  n p H  B ~ P I I W ~ H E I H  K a M e p  C B O ~ O A H O ~  6poca~me 
( c 6 p a c ~ s a ~ ~ e )  BB . 

n p H  M ~ X ~ H E ~ ~ H P O B ~ H H O ~ ~  YKJIaAKe 3 a p R A O B  BB E K a M e p b I  AJIR 6e3- 
OIIaCHOCTH p a 6 0 ~  0 T  p a 3 P R A O B  CTaTH4eCKOI'O a J I e K T p H ¶ e C T B a  H ~ O ~ X O A E I M O :  

n p m M e H m b  ~ O J I H ~ T I I ~ ~ H O B ~ I ~  m n a H r H ;  E ~ ~ ~ ~ M J I R T ~  3 a p ~ ~ ~ b 1 t i  a r p e r a T  

$1 T P a H C I I O P T H P Y I O q Y I o  M a r H C T p a J I b ;  O p O I I I a T b  B 0 ~ 0 f i  C T e H K a  K a M e p b l  

nepen H a s a n o M  3 a p R w a m z R ;  y c T a H a s n m s a T b  B ~m+r$y3ope M e T a J r n H -  

¶ e C K y I o  3 a 3 e M J I e H H y K I  C e T K y ,  K O T O p a R  A O J I W H I  C H M M a T b  3 a p R A b I  C IIO- 
~ o d a  BB, B b I x o n R w e r o  ti3 ~ O J I H ~ T H J I ~ H O B O ~ O  m x a H r a .  

n p 0 B e p K a  ~ J I ~ K T P o B ~ ~ ~ I B H o ~ ~  CeT t i  110 COI IpOTHBJIeHHm A O J I W H a  I IpOH3-  
BOnHTbCR K a K  IIO O K O H P a H H H  3 a p R X a H M R .  T a K  M 110 O K O H s a H H H  3 a 6 0 f i K H .  

P a a p e m a e ~ c ~  P y K o B o A m T e x m  pa6o.r , q e n a T b  OCMOTP nocne ~ 3 p b 1 ~ a  
H e  p a H e e  s e M  sepes 30 Mun; J rmKsmAaqEiR  O T K ~ ~ ~ B I I I H X  B ~ P R A O B  n o n x H a  
I IPOH3BOAHTbCR IIO ~ I I e q H a J I b ~ o f i  EZHCTPYKqHII. 

APOEJIEHHE HEI'AEAPHTA B XAPbEPE 

C o ~ e p x a ~ n e  BO s a o p s a ~ ~ o i i  r o p ~ o i  M a c c e  H ~ ? I ' ~ ~ ~ ~ I ? T H ~ I x  KYCKOB 

~ p e 6 y e ~  H e  TOJIbKO 3 H a 9 H T e J I b H b I X  3 a T p a T , B p e M e H H  Ii C p e n C T B  H a  AORG'Ae- 

H H e  H X  A 0  KOHAHqHOHHOrO p a 3 M e p a ,  HO H RBJIReTCR UPeI IRTCTBmeM AJIR 
A O C T H X e H H R  B H C O K O ~ ~  I IPOH3BOnHTeJIbHOCTH IIOrPY30PHO-TPaHCnOPTHOrO 
- ~ ~ O P Y ~ ~ O B ~ H E Z R .  ~ O B T O M Y  C O B p e M e H H b I e  C I I O C O ~ H  p a 3 ~ e n ~ H  ~ e r a 6 a p ~ ~ a  
AOJCWHbI o 6 ~ 1 a ~ a ~ b  B b I ~ o K o f i  3KOHOMWHOCTbIO l4 OIIepaTHBHOCTbIO.  ~ P I I -  
MeHr reMbIe  B H a c T o m q e e  B p e m  cnoc06b1 P ~ ~ A ~ J I K H  ~ e r a 6 a p n ~ a  MOWHO 

x n a c c ~ + H q ~ p o s a ~ b  CJ reAymIqHM o6pa30~:  npo6ne~ne ~era6apur~a  M e x a -  
HHVeCKHMH CpegCTBaMEI;  g p o 6 ~ r e ~ n e  E I e r a 6 a p H T a  3 a p R A a M H  B I r m y p a X ;  

~ p o 6 n e H m e  ~ e r a 6 a p n ~ a  H a K n a g H m m  s a p ~ ~ a ~ n ;  a n e ~ ~ p o + ~ a ~ s e c ~ m e  
c n o c o 6 ~  p a 3 p y m e ~ ~ ~  ~ e r a 6 a p ~ ~ a .  

Bb160p T o r 0  H n H  H H O r O  cnoc06a H a  K a P b e P a X  O ~ Y C J I O B J I H B ~ ~ T C X  

@ H ~ H K O - M ~ X ~ H H ¶ ~ C K H M E  C B O ~ ~ C T B I M H  IIOPOA li TeXHOJIOI'ElPeCKHMH OCO- 
~ ~ H H O C T H M E I  p a 3 p a f j o T K H .  

Ha H e K o T o p b I x  K a p b e p a x  nonysnnn p a c n p o c T p a H e H n e  M e x a H H s e c K n e  

cnoco6~  p a 3 p y 1 1 1 e ~ ~ ~  ~ e r a 6 a p ~ ~ a  n a A a m I q n M  r p y 3 0 ~  H c n o ~ o q b m  
r a n p o K n m H a .  I/Icnonbaosame ~ H ~ P ~ H H  nanamqero rpyaa c n o c o 6 c ~ ~ y e ~  
y M e H b I I I e H H I o  TpYAOeMKOCTH, C H H X e H H H )  3 a T p a T  H I IOBbI l l I eHHm 6esonac- 
HOCTH p a 6 0 ~  B K a p b e p e .  A p 0 6 ~ r e ~ ~ e  ~ e r a 6 a p ~ ~ a  OCYqeCTBJIReTCR M a c -  
CIXBHO~~ ~ O J I B ~ H K O ~ ~ ,  H ~ I ' O T O B J I ~ H H O ~  H 3  J I ~ I ' H ~ o B ~ H H o ~ ~  CTaJIH. Bb160p 
@ O ~ M M  H B e C a  I'PY3a 3aBHCHT OT Kpe I IOCTH H P a 3 M e P O B  I IOf l J I eXaIqMX 

& p o 6 n e ~ ~ m  KYCKOB IIOPOAM. Ha K a p b e p a x  C T p o n T e n b H w x  M a T e p m a s I o B  
B e c  rpysa KOJI~~JI~?TCR B n p e A e n a x  0,3-4,5 m. 

I Ionomm~enb~me pe3ynb~a~b1 A ~ O ~ J I ~ H H R  H e r a 6 a p ~ T a  n a n a r o I q n 3 f  

I 'PY3OM AOCTHrHYTH H a  ~ O J I O T H I I H O ~ ~ B O ~ C K O M  H H ~ P ~ J I ~ c K o M  K a p b e p a X .  
C T ~ J I ~ H ~ R  6 0 n s a ~ ~ a  BeCOM 1,7 m H3I'OTOBJIRJraCb H 3  BOCbMHI'PaHHOI'O 

c T a n b H o r o  6 n y ~ c a ,  B s epx~ef i  sacm KOTOpOI'O n p o c s e p n n s a J r o c b  none- 
p e ¶ H O e  C K B 0 3 H O e  O T B e P C T H e  A H a M e T p O M  90 &&. B o J I B ~ H K ~  nOABeI I IHBa-  
n a C b  K 3 K C K a B a T O P Y  3-505, O ~ O P Y A O B ~ H H O M Y  C T ~ ~ J I O ~ ~  apamafi~a. T ~ O C  
a H a M e T p O M  22 ntnt COeAHHRJICR C I ' pY30M C I I e q H a J I b H b I M  I I I aPHHPHO-  
B e p T J I I o X H H M  K p e n J I e H M e M ,  YCTpaHRH)QHM BO3MOWHOCTb I I e p e T H p a H H R  

rpoca. 
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Pnc. 44. Cxema nauecnoro 6ym6oiinoro 06op3;~o~anarr 

~ ~ O H ~ B O ~ H T ~ J I ~ H O C T ~  YCTaHOBKH 110 H P O ~ J I ~ H E I I O  ~ e r a 6 a p H ~ a  U a A a -  
E o q H M  r P Y 3 O M  HJICI IIOPOA KpeIIOCTbH) 8 COCTaBJIRJIa OKOJIO 160 nC3/~ .Me~&f ,  
¶HCJIO Y A a p O B  A 0  p a 3 p y m e H H C I  B 3aBHCHMOCTH OT 0 6 5 e ~ a  6 n o ~ a  H n p O ¶ -  
HOCTH I I O A C T E I J I ~ I O ~ ~ ~  IIOAOIUBH K O J I ~ ~ ~ J I O C ~  OT 1 HO 12. ~ ~ J I u T ~ J I ~ H o c T ~  

Ana H ~ o ~ J I ~ H H R  @JIIOCOBNX a 3 B e C T H R K O B  6 ~ n o  EI3I'OTOBJIeHO E1 HCnbI-  
T a H O  JIerKOC'beMHOe 3 K C K a B a T O P H O e  O ~ O P Y ~ O B ~ H E ~ .  O ~ O P Y ~ O B ~ H H ~  
( ~ H c .  45) COCTOHT El3 a J I e K T P O M a r H H T a  M-42 C KOJIbqeBbIM IIOJIIOCOM 1, 
K P O H I ~ I T ~ % H ~  2, H a C a A K H  3 EI ~ a 6 0 p a  CTaJIbHhTX U I a p O B - r p y 3 0 B .  AJIR 
C B I I a E  H a C a A K H  C KPOHIIIT~~~HOM CJIYHCHT 0C.b 4,  K ~ O H ~ T ~ ~ H  C 3JIeKTPO- 
MarHHTOM,  XOMYT 5 H C T ~ ~ H J I Y I ~ ~ T O P  6. H a c a A ~ a  H c I I o n b a o B a J I a c b  C H a -  

BeCHOrO a K G K a B a T O p H O r 0  0 6 0 p y ~ o ~ a ~ ~ ~  - c ~ p e 6 ~ a  R n R  O¶HCTKH AYMn- 
K a p O B .  ~ H T ~ H H ~  K 3JIeKTPOMaI 'HHTy I IOAaeTCR OT B O ~ ~ ~ A M T ~ J I C I  rp, 
C H C T ~ M ~ I  a K c K a B a T o p a  3Hr-4 sepea n y c K a T e n L .  

IIpn ~ p o 6 n e H H H  ~ e r a 6 a p ~ ~ a  ~ J I ~ K T P O M ~ ~ H H T  ~ O H B O A R T  K n e x a q e M y  
8 aaBoe IIIapy-rpy3y, IIOAHEiMaIoT er0 H a  H ~ O ~ X O A H M Y I O  BhICOTY H CHR- 
T H e M  H a I I P R Z e H H R  B C e T E  3 J I e K T p O M a r H H T a  C ~ ~ ~ C M B ~ I ~ T  H a  p a 3 p y I I I a e M b I k  

i40 

KYCOK. ~ P H  C p e A H e M  o6'be~e ~ e r a 6 a p H ~ a  1,95 &3 IIpOH3BOflBTeJIbHOCTb 

0 6 0 p y n o ~ a ~ ~ ~  n p H  A P O ~ J I ~ H E I H  ABYX-, T p e X -  H IDITEITOHHhIM m a p O M  
COCTaBJIReT COOTBeTCTBeEHO 71,8; 89,5 EI 11 2 &'/u. 

M e T o A  ~ ~ ~ A ~ J I K H  ~ e r a 6 a p n ~ a  n a A a w q n M  r p y s o ~ ,  K p o M e  n o a M m e R a a  
6e30nac~oc~n pa60~,  H M e e T  cnenymqne U p e H M y q e c T s a :  n o 3 s o n ~ e ~  
3 a M e H H T b  OAHHM ¶eJIOBeKOM 8-10 p a 6 o n ~ x ,  3aHfIThIX H a  6 y p e ~ H H  
H B3pLIBaHHH;  HCKJIH)¶aeT IIPOCTOH KaPbe I )HOl 'O  O ~ O ~ ~ ~ O B ~ H H C I  BBHAY 
OTC~TCTBHII  B~PLIBHHX pa6o.r no p a 3 a e n ~ e  ~ e r a 6 a p n ~ a ;  60~1ee BKOHOMH- 
nen no cpamenxm c MeToAaMEi r u r r y p o s b ~ x  H R a K n a w M x  a a p n n o B .  

P e a J I b H o G  RBJIReTCR I I epCI IeKTHBa  M e X a H H 3 H P O B a T b  I I P O q e C C  B T O P W -  

H O P 0  p p o 6 ~ 1 e ~ H ~  C I IOMO4bH)  Y n a P H M X  M ~ I I I H H - ~ Y T O ~ O ~ B .  
I ' r n n p o p y ~ ~ a m e ~  AJIR J ( P o ~ J I ~ H H R  p y ~ b ~  c p e ~ ~ e i i  H m m e  cpeg~e i i  

K p e I I O c T H  PeKOMeHAyeTCCI I lPHMeHIITL  J I e r H H e  I tHeBMaTHPeCKHe  MOJIOTKH, 

a A n n  ~ p o 6 ~ 1 e ~ H c 1  ~ e r a 6 a p ~ ~ m x  K ~ C K O B  K p e m H x  pya n p e A n o x e H  
6 ~ ~ 0 6 0 8  En-2, n p e ~ c ~ a ~ n ~ H ) I q a f I  co608 ~ H ~ B M ~ T H ¶ ~ C R H ~  MOJIOTOK 

I I o B ~ I I U ~ H H O ~ ~  MOqHOCTB.  Bec MaIIIHHbI OKOJIO 130 tcz, 3 B e P T H R  eAHAYIP- 
H o r o  yAapa 50 KT&. C n o ~ o q b m  6 ~ ~ 0 6 0 ~  MOECHO p a 3 p y m a ~ b  6 1 1 0 ~ ~  
p a 3 n f e p o ~  600 x 800 x 600 uu. 

I C a p a r a ~ ~ n a c ~ ~ i ~  n o n m e x n m e c x H M  HHCTHTYTOM n p o B e g e H b I  ncm-  
TaEIEiR 60~1ee M O ~ H O ~  YCTaHOBKH, 06na~aIoqeii 3 H e p r H e f I  eAHHH¶HHX 

y A a p o B  ~o 500 n r u  n p H  90 y A a p a x  B MHHYTY. B o T n m a e  OT 
6 ~ ~ 0 6 0 ~ 1  En-2, D p H B O a  YCTaHOBKH rH,?@a~JIH¶ecK~ifi. ~ c I I o J I H H T ~ J I ~ H M ~ T  

o p r a H  n o a s e m H s a e T c n  H a  c T p e n y  6 y n b f i o 3 e p a  H c I I O M O ~ ~ I O  r n A p o H o M K p a -  
TOB MOHCeT IIOAHUMaTbCR H a  BHCOTY A 0  180 CAG. n e p e ~  H a n a J I O M  p a 6 0 ~ N  

a c r t o n a u ~ e n b ~ a r i i  o p r a H  BO B ~ B ~ A ~ H H O M  n o n o x e H E i H  n p m m I M a e T  H e -  
r a 6 a p ~ ~  KOECYXOM K IIO¶Be H IIOCJIe B K J I m P e H H R  I'HAPOCHCT0MhI I I p O B 3 -  

BOHHT paapymeme. 
Y C T ~ H O B K ~  MaIlIHHbI  H a  rYCeHH¶HOM XOAY O ~ ~ C I I C ¶ H B ~ ~ T  eg XOpOIlIJ'Io 

M a H e B p e H H O c T b  H C p a B H R T e J I b H O  BHCOKYH) nPOH3BOAEITeJIbHOCTb, HOCTH- 

raH)qyH) 400 m / ~ A e % ~ .  M a m ~ ~ a  MOWeT I IPHMeHRTbCR H a  OTKPbITbIX 
H IIOA3eMHbIIi p a 3 p a 6 0 ~ ~ a x ,  a TiLIEHCe AJIR CI IeqHaJ IbHbIX p a 6 o ~ ,  C B R 3 a H  
HbIX C p a 3 p y I U e H H e M  O T H ~ J I ~ H O C T ~ ~  I 'OpHHX IIOpOA H H C K y C C T B e H ~ X  

h IaTepHaJ IOB.  
B 3apy6em~ol  n p a K T H K e  H a  OJIOBREHLIX P y f l H H K a X  A J I ~ T B H ~ ~ P ~  

(rAP) B K a q e c T B e  6~~06011 n p H M e H R n H  c n e q ~ a n b ~ b I 8  THXOXOAHHZ~ 
n ~ e ~ ~ a m s e c ~ m f i  M o n o T o K  c a~eprmeii yAapa no 40 KT&. M o n o ~ o ~  ycra- 
H a B n H B a n H  H a  ~ p e x ~ o n e c ~ o i i  T e n e x m e  m K p e n m n  K h l a H H n y J r f l T o p y .  
 TO H a e T  B03MOHCHOCTb YCTaHaBJIHBaTb  er0 B H Y Z H O M  IIOJIOZBHEH. 
P e 3 y n b T a T H  H c I I I J T ~ H H ~  6 ~ ~ 0 6 0 ~ 1  nOKaaaJ IEI  I IpMHqElnHaJlbHYH) B 0 3 M O X -  

HOCTb I I P H M e H e H H R  er0 B YCJIOBHRX P y A H E K a .  
H y s H & i ~ m a x ~ o c ~ p o e ~  p a a p a 6 0 ~ a ~  cnoco6 p a 3 p y m e ~ ~ ~  c I I O M O ~ ~ H )  

rHApOKJIHHa .  H J I H H O B O ~  H c I I o J I H H T ~ J I ~ H N ~  OpI ' aH  COCTOHT E13 K J I E H 8  
E l  rHAPaBJIH¶OCKOI'O H O M K P a T a ,  I IPBACTaBJIRIO4HX OHHO q e J I O e .  ~~KJXIAHOP 
KJIHH FIMeeT BeIIOABHHCHyH) q e K y  H OAHOCTOPOHHHE KJIHH,  E IBJ ICI IO~H~CCI  
IIpO,I(OJIXeHHeM ILlTOKa rH,I(paBJIHseCKOl'O A O M K p a T a .  B p a 3 p y I I I a  a M o M  

6 ~ 1 o ~ e  n p o 6 y p ~ s a r o ~  mnyp AHaMeTpOM 52 &&, B K O T O ~ I J ~ ~  BCTaBJIRIOT 

3aKJIaAHJ'IO ¶ a C T b  KJIEIHI,  H 3 a T e M  P P H b I M  HaCOCOM IIOAaIOT MaCJIO B pa- 
6 0 4 ~ ~ )  nOJIOCTb UHJIHHAPa  r E A p O f l O M H p a T a .  n p H  I I e p e M e q B H H H  I lOpI l IHR 
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B ~ ~ ~ I B H o ~  ~ p 0 6 J I e ~ H e  H ~ I ' ~ ~ ~ ~ H T H P x  ~ J I O K O B  MeTOAOM LUIIYPOBhlX 

a a p c I A o B  ~ a H 6 o n e e  p a c n p o c T p a H e H o  H a  K a p  bepax C o ~ e ~ c ~ o r o  Coma. 
P a 3 p y I I I e ~ H e  ~ e r a 6 a p H T a  IIpOH3BOAFiTCR B 3 P P B a H H e M  3aptIAOB B MeJIIiHX 

mnypax, r s y 6 ~ ~ a  K O T O ~ M X  C o c T a B m e T  1/a-l/3 T O J I ~ H H P  ~ e r a 6 a p ~ ~ ~ o r o  
K y C K a .  3 a p R ~  0 6 ~ 1 ~ 0  8 a H H M a e T  OT 'I4 A 0  '/a AJIHHbI I I I I IYpa ,  a OCTIB- 

m a R c R  P a C T b  aanoJ IHReTCR aa6oii~oii. mIIyphI ~ Y ~ R T  AHaMeTpOM 25- 
36 &&, O ~ ~ C I I ~ P H B ~ I ~ I ~ H M  HOPMaJIbHYIO AeTOHaI(HH) BB tr BPCOKYH) 

CKOpOCTb 6 y p e ~ H R .  

B 3aBHCEIMOCTH OT p a 3 M e P O B  H ~ O P M P  6 J I o K a  HaMeHHeTCR PHCJIO 
mIIYPOB,  HO, He3aBHCHMO OT BTOrO? H X  B3PbIBaIOT OAHOBpeMeHHO. Han- 
6onee 6e30nacm~ H O ~ ~ ~ I I P B H H T ~ I M  CIIOCO~OM B8PbIBaHHR RBJIReTCR 

3 J I e K ~ p H P e c K ~ l f i -  O A H ~ K O  eqe A 0  H a C T O R q e r O  B p e M e H H  H a  HeKOTOPhIX 

H a p b e p a x  AJIR B3PbIBaHHR IIPHMeHHIOTCR 3 a K H r a T 8 J I b H P e  T P Y ~ K H  H 3  

O~HeIIpOBOAHOl'O I I I H y p a .  - 
B~JIFFIHH~ 8 a p R A a ,  H ~ O ~ X O A H M O ~ O  AJIH P a 3 p Y I I I e H H R  H ~ F ~ ~ ~ ~ H T H O ~ O  

6 n o K a ,  O ~ M P H O  OIIPBABJIRBTCR IIO ~ O P M Y J I B  i 
rAe q - p a c s e ~ ~ ~ f i  y n e n b ~ ~ f i  3 a p R A  BB, xz/nc3; 

v - o 6 n e ~  H ~ ~ ~ ~ ~ ~ H T H o I ' o  ~ J I O K ~ ,  ma. 
y~eJIb~bIfi PaCXOA BB n p H  ml IypOBOM MeTOAe B HeCKOJIbKO pa3 H H X e ,  

W3M l I p H  MeTOAe HaKJIaAHbIX 3apRAOB,  H 8aKOHOMePHO CHHKaeTCR C y B e -  

JIHPeHHeM o6ne~a  IIOpOAHOI'O 6 s o ~ a .  
B T ~ ~ J I .  22 n p H B e A 0 H  C P ~ A H H ~  ~ ~ e i b ~ b I f i  8 a p R A  BB (no HOPMaM 

~ O I O ~ B ~ ~ P B I I ~ O M ~ )  I I p H  MeTOAaX BTOPHPHOrO B 3 P P B a H H R  IIIIIYPOBPMH 

Ei HaKJIaAHhTMH 38PRAaMH B IIOPOAaX ~ ~ ~ J I H P H o G  KpenOCTH C P e T O M  

H3MeHeHHR CPBAHHX p a 3 M e P O B  KyCKa.  

n p ~  BTOPHPHOM BaPbIBaHHH 3 a P R A h l  BB H ~ O ~ X O A H M O  A03HPOBaTb,  

T a K  K a K  I I e p e p a C X O A  BB COlIpOBOKAaeTCfl YBeJIHPeHHbIM pa,QHyCOM 
p a a n e T a  OCKOJIKOB H H e H y x m M  n e p e n a M e n b q e H m e M  noponta. IC HeAocTaT- 

X a M  ILIIIypOBOrO MeTOAa B JIepByIo O P e p e A b  CJIeAyeT OTHeCTH 3HaPHTeJIb-  
HYIO CTPYAOeMKOCTb, AOBOJIbHO BPCOKYH) CTOHMOCTb, H ~ O ~ X O A H M O C T ~  

YRaJIeHHR JIIOAefi H O ~ O P Y A O B ~ E H R  H 8  o I I ~ c H o ~ ~  80HbI,  Pa f lHyC K O T O P O ~  
IIpHHHMaeTCR H e  MeH00 200 &. 

Y M ~ H ~ I I I H T ~  PaAHYC p a 3 J I e T a  OCKOJIKOB A 0  30-35 & nO3BOJIHeT 
r ~ p O B 3 p M B a H H e .  C ~ ~ H O C T ~  rHAPOB3PBBHOrO cnoc06a A P O ~ J I ~ H H H  He-  

ra6apn~a 3 a K n I o s a e T c a  B c n e A y r o q e M .  I l a ~ p o ~  BB B r z q p o ~ a o n ~ q n o ~ ~ o f i  
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VII-VIII . . . . . . . . 
IX-X . . . . . . . . . 
XI-x~ri . . . . . . . . . 
XIV-XVI . . . . . . . . 

Yne~lh~bll l  sapan BB, x z / m 8 ,  npa cpennei wmHe pegpa, 

0,5 1 0,7 1 0,s 1 0'7 

38pRUbI B mnypax I naxnaume sapsnu 
I I I 

O ~ O J I O P K ~  HJIH HeCKOJIbKO HHT 

B I U I I f l ,  H ~ I I O J I H ~ H H ~ I G  BOAOH. 
6 P ~ b  M e H b m e  AMaMeTpa  I I I I I y p a  

AJIR lIOJIy¶eHMcI PaAHaJIbHOrO 
aaaopa, pamoro 0,2-0,3 pa- 
A H y c a  sapma. 

~ P H  B3PbIBe  3 a p c I A a  KpOMe 
H e n O C p e ~ C T B e H H O ~ O  A ~ H C T B H H  

IIPOAYKTOB B3PbIBa  H a  CTeHKH 

IIIJlypa C m e C T B e H H a c I  p O J I b  

n p n H w n e a H T  ynap~oH B o n H e ,  

06pasym~qeiics B HCHAKOCTH 
I I p H  B3PbIBe.  ~ O C K O J I ~ K Y  CKH-  

MaeMOCTb BOAbI HeBeJIEIKa, OHa 
CO CpaBHHTeJIbHO MaJIbIMEi 110- 

T e p a M a  n e p e A a e T  cpene mep- 
r H I o  B 3 p b I B a  B BHAe Y a a P H b I X  
BOJIH I1 TeM CaMbIM YCHJIHBaeT 

paapymamqee ~ e i i c ~ ~ ~ e  sapn- 
na. n a ~ J I e ~ K 4 e  H a  4 p o ~ ~ e  yAap- 

'OK AeTOHHp YIOIIJerO 

n p ~  3TOM AHaMeTp 

P K C .  4 6 .  CxeMa paononoHtennx rnupoaapqa B no- 
poqnom 6 n o ~ e :  

a - aapan, unnqnupyemd neronupylomu~ mEy- 
P O M ;  6 - 3apRII, n n u q m i p y e ~ ~ f i  anempoaerona- 
TOPOM' 1 - KaUClonb-AeTOHaTOP; 2 - ?Jel"THUPYH)- 

&yp; s - Bona; 4 - aapau BB; 5 - enm- 
TpOUeTOHFlTOP 

pa 3pYIIIaIoTCcI n p a K T m e c K H  B c e  

r O p R a r 0  I lOpOnhI,  He3aBHCHMO OT HX ~ H ~ H K O - M ~ X ~ H H P ~ C K H X  CBOHCTB, 3~0' 
II0,QTBepXAaeTCR I IpHMepaMH IIpHMeHeHHcI rHApOB3PhIBaHHH B IIPOMPIII- 

n e H H n x  M a c I I I ~ a 6 a x  H a  P~~JIHPHEJX K a p b e p a x .  l l p n ~ e ~ e ~ ~ e  A a H H o r o  cno- 
co6a B3pbIBaHHR H a  K a p b e p a X  HOPHJI~CKO~O KOM~HHITI  n O K a 3 8 J I 0 ,  ¶TO 

B 3TOM C J I V a e  HeT H~O~XOJ(HMOCTH B OCTaHOBKe p a 6 o ~  Fi YAaJIeHHH pa6o- 
¶ax ~3 K a p b e p a .  M a ~ c n ~ a n b m i i  pannyc p a a n e T a  KYCKOB HB r r p e B a m a n  

30-35 &, pacxon RB CHHBHJICR B 12 pa31 n p H M e ~ e ~ H e  rHJ(POB3PbIBa- 

HHR B YCJIOBHHX C O K O J I O B C K O - C ~ P ~ ~ ~ C K O ~ O  rO&I IIOnTBepAHJIO er0 



ypa. C x e ~ a  p a c n o n o x e H m s  r~ijqpo3aps~a B n o p o A H o M  6 n o ~ e  n o ~ a 3 a ~ a  
PHC. 46. ~ ~ T P O H H  H3I'OTOBJIfIJIHCb B I I ~ T P O H H P O B O ¶ H O ~  M ~ C T ~ P C K O ~ ~  

saAa B ~ P ~ I B P ~ T ~ I X  M a T e p H a n o B .  BennsEt~a p a A ~ y c a  , p a s n e T a  npn 
) u B a H m  mnypa, ~ O J I H O C T ~ I O  ~ ~ ~ O J I H ~ H H O ~ O  BOAOG, 6~1na B 3-4 pasa 
HbUe, ¶eM n p E I  O ~ H ¶ H O M  C I I O C O ~ ~  B3PbIBaHEIR. ~ICTO¶HMKO&I p a 3 J I e T a  

RfInacb B o p o H K a  sb16poca y Y C T ~ R  mnypa, r n y 6 ~ ~ a  ~ o ~ o p o i i  COcTa- 

KJIa 8-10 CN. OCHOBH~R HCe ¶aCTb 6 J I 0 K a  pa3pyma~1acb H a  KpYIIHbIe 

(BRbHOCTH, KOTOPbIe OCTaBaJIHCb H a  MeCTe HJIH CABEZraJILICb H a  H e 3 H a -  

r e n b a o e  p a c c T o m m e .  IIpn CEIHHCeHHH YPOBHR B O A ~ I  B mnype H a  10- 
CAC P a a J I e T  OCKOJIKOB IIpaKTH¶eCKH OTCyTCTBOBaJl. 

r a y 6 ~ ~ a  mnypa, jqocTaTo.rHaR AJIR p a 3 p y m e ~ m ~  6 n o K a  M C O ~ J I I O ~ ~ ~ H E I B  

iI0BEfi 6e3pa3ne~~oro B3PbIBaHHII ,  COCTaBJIRJIa IIPHMePHO BbICOTbI 
r a d a p ~ ~ ~ o r o  q n o ~ a  H, e c n H  H 235-40 cnc. IIpn B a c o T e  6 n o ~ a  H G 
80 CAC ~b160p ~ J I Y ~ H H H  mnypa 0 6 y c n o ~ n ~ ~ a e ~ c f i  cobnmfie~me~ MIIHH- 

JIbEOI'O YPOBHR BOAH h, T. e. r n y 6 H ~ a  mnypa 6 y n e ~  H a 3 1 2 h .  
B o 6 q e ~  C J I p a e  AOIIYCTHMH~ M H H H M ~ J I ~ H ~ I ~ ~  J'POBeHb BOHhI B L u I I y p e  

H(R0 o n p e A e J I H T b  IIO 4 0 p ~ y J I e  

B k - ~ o a 4 4 r n q n e ~ ~  ~ ~ ~ O I I ~ C H O C T I I  ( k  = 1,B-2,22); 
R - ~ ~ ~ O T O C ~ O C O ~ H O C T ~  BB no ~ ~ J I J I H c T H ¶ ~ c K o M ~  MaHTHHKy, KZA'Z; 

Q - sec a a p ~ ~ a ,  2; 
y - yfleJIbHhlf i  BeC IIOPOAbI, Z / C M ~ ;  - YrOJI BHYTPeHHerO T p e H H I i  IIOPOA, zpad. 

aOCTOJ3HHe OT 3 a p B H a  A 0  ~ O K O B H X  I I O B ~ P X H O C T ~ ? ~ ~  ~ J I O K ~  I\.IO?XeT 6 b 1 ~ b  8 
lXOBMaRbHbIM - I?,,, EI MHHHMaJIbHbIM - M H H H M ~ J I ~ H o ~  P a C -  

O ~ E H B  O n p e R e J r R e T  B e n I z s m y  sapnjqa, a T a K m e  c T e n e H b  A p o 6 n e ~ ~ ~  
;IlaJIbHOCTb p a 3 J I e T a .  B H a n p a B J I e H H H  I?,,, JQ06JIeHHR 6 n o ~ a  H e  nponc- 
IAIT, ~ a x c ~ n r a n b m i i  pamep B H O B ~  0 6 p a 3 0 ~ a H ~ b r x  K ~ C K O B  11 a ~ o i i  3 o H e  

OTBBTCTBYBT BeJIHrIHHe I,,,. ~ O ~ T O M Y  AJIR HOPMaJIbHOI'O A P O ~ J I ~ H R R  

IOXa n e o 6 x o ~ $ ~ o ,  n~o6bI I,,, H e  n p e s b I m a J r o  0,8-0,9 a ~ a . r e ~ ~ i f i  pas- 
Ips nPHHIlTOI'0 H a  K a p b e p e  KOHAHqEfOHHOI'O K y C K a  

aa C'leT CO'JAaHHff PaAHaJIbHOI'O 3 a 3 O p a  MeHCAy 3apRAOM H CTeHKablH 

nnIa yMeHbUIaIOTCR 3 a T p a T h I  3 H e P P H H  B2pbIBa  B 3 0 H e  II.rIaCTH¶eCKEIX 

~ O P M B ~ E ~ ~  H nOBhlIlIaeTCR K O ~ @ ~ $ H ~ H ~ H T  HCIIOJIb30BaHEIB ee H a  ApO- 

f@mre. 01IbITbI B3PbIBaHHR 3aPRHOB RHaMeTpOM 30, 25, 20 M 18 &A, 

: ~ n y p a x  'AEaMeTpOM 36 M, I IOKa3aJIH,  ¶TO ~ a ~ 6 o n e e  ~ @ ~ ~ K T E I B H M M  

R B n f i e T c f i  HEzaMeTp a a p q a  25 ncnc, a B e J r n s H H a  p a A m a n b H o r o  aaaopa - 
0,3 p a p y c a  a a p ~ ~ a .  

Y A ~ J I ~ H ~ I ~ ~  PaCXOA BB 3aKOHOMepHO CHHH<aeTCR C yBeJIHPeHMeM 

p a 3 ~ e p o ~  B3pbIBaeMOrO 6 n o ~ a .  T a K ,  Ans H e r a 6 a p H ~ o ~  0 6 ' b e ~ o ~  0,3- 
0,5 M3 C ~ ~ A H H ~  y ~ e J I b H h 1 f i  PaCXOA aMMOHHTa N2 6 COCTaBHJI 30 8/nc3 

Ei AOCTHraJI M L I H H M ~ J I ~ H O ~  BeJIHPEfHhI 20 2/.US I I p H  06 'be~e  ~ J I O K O B  

c m m e  1,s nc3. 
k I c c n e ~ o ~ a ~ I I B ~ m  peKOMeHJ(yIoTCJ3 3Ha¶eHHR YAeJIbHOrO 3 a p R A a  He- 

KOTOPbIX THIIOB BB n p H  rHApOB3PbIBaHHH Pa3JIEIPHlJX r O P H H X  

nOpOR ( ~ a 6 n .  23). 
T a 6 n u q a  23 

P e ~ o m e ~ ~ o n a ~ ~ ~ e  snanerurrr ynenmoro saprrna 
BB nprr ru~po~3ph1sa~11.n 

ropnaa  nopona 

Ynenbmlf aapan BB, 
z /m8  

UeTOHIIT 
TPoTm 15-A 

Memod uacwnuwx u a p y x n b z x  3apadoe H a  K a p b e p a x  IIPH A P O ~ J I ~ H E I M  
~ e I ' a 6 a p ~ ~ a  IIPHMeHfIIOT P e g K O  H3-3a  BbICOKOI'O y A e J I b H O r 0  paCXOAa BB 
YI 0 6 p a 3 o ~ a ~ m ~  npIl B3PbIBe  M O I Q H O ~ ~  ~ 0 3 ~ y I l I H 0 f i  Y A ~ P H O ~ ~  BOJIHhl, KOTO- 

p a H  MOHCeT HaHeCTH IIOBpeHcAeHIXfI UpOMJdUIJIeHHbIM 3AaHEfRM H COOPYHCe- 

HHBM, PaCIIOJIOWeHHbIM H a  H e 6 0 J I b l l I 0 ~  PaCCTOBHHM OT K a p b e p a .  O A H ~ K O  
H a  HeKOTOphIX IIpeAIIpHHTHRX 3TOT MeTOA IIpHMeHReTCR 6 x a r o ~ a p s  
C B O ~ ~  IIpOCTOTe. 

T e x ~ o n o r H ~  IIpOH3BOflCTBa p a 6 0 ~  I I p H  MeTOAe HaCbIIIHhlX HBPYHCHHX 

3aPRAOB COCTOHT B CJIeAYIOIQeM. BB, B Ka¶eCTBe KOTOpOrO HCIIOJIb3yIOT 

n o p o 1 1 1 ~ o o 6 p a ~ ~ b 1 i i  aMMOHHT, n o M e I q a m T  CHaPYmEI (06h19~0 B yrny6ne- 
HMH) G n o ~ a ,  n o A s e p r a e M o r o  ~po6ne~rnm.  3apm pacnonaram B s q e  
T o H K o r o  CJIOR T O J I Q H H O ~  2-2,5 cnc, H B H e r o  BBOART 3 a m H r a T e n b H y m  

T P Y ~ K Y  YIJIH 3 J I e K T p O ~ e T O H a T O p .  ~ o c J I ~  3 T O r 0  3 a p R A  UpHKpbIBaIOT aentneB, 
I x e c x o M  HJIYI r n n ~ o i i ,  M a T e p n a n  3a60G~n c n e r K a  YIIJIOTHRIOT H 11~0x3- 
BOART B3pbIBaHIIe.  

M ~ T O A  HaPyFKHblX HaCbIIIHbIX 3aPRAOB IIPEIMeHRIOT AJIR p a 3 p y m e H M R  

IIOpOAElhIX 6 ~ 0 ~ 0 ~  OTHOCHTeJIbHO H ~ ~ O J I ~ I I I E I X  P a 3 M e P O B  (a0 1 nc3). E0JIee 
K p y n H b I e  OTAeJIbHOCTH A P O ~ E I T ~  aTHM C ~ O C O ~ O M  H e q e J I e ~ 0 0 6 p a 3 ~ 0 .  

Memod 6p unemupoeanua~x u a ~ n a d u b u  sapsdoe. Ann ~po6~1ea l l s  
H ~ I ' ~ ~ ~ ~ H T o B  IIpHMeHRIOT ~ ~ H K ~ T H P O B ~ H H M ~  3 a p R A H .  BB JlaTpOHYI- 

p y e T c R  B nJ rocKHe H KpyrJIbIe ,  O ~ O J I O ~ K R  ma n x a c T M a c c M  U R T ~  p a 3 ~ e p o ~ .  



3 a p F I ~ b l  YCTaHaBJIlIBaIoT H a  IIOBepXHOCTb H e r a 6 a p H ~ a ,  IIOAJIeHEaqWo 

~ ~ o ~ J I ~ H M I O ,  H B3PbIBaH)T O~HPHHMH KanCWJIRMH-AeTOHaTOpaMH HJIH 

3JIeKTDOlreTOHaTODaMM. T ~ K ,  B CmA HaKJIanHbIMM 3apRAaMH p a 3 p y m a H ) T  
n e r a 6 a p M ~ b 1  o 6 a e ~ o ~  6onee 15 ~ 4 ~ .  
Bec 3 a p R n a  AOCTHraeT 2-3 KZ. 80- 
CTOMHCTBa 3TOr0  MeTOAa: ~e60JIb1110ii 
pa3JIeT IIpOAyKTOB A P O ~ J I ~ H E I H  ( A 0  50 W )  , 
HeT H ~ O ~ X O ~ H M O C T H  B 6 y p e ~ ~ n  mny- 
POB. 

Memoa ~y~4y~ulmuanux nanzaanbzx 
3apaBoa. Apo6n&ne ~ e r a 6 a p ~ ~ o ~  Kper r -  
KHX I'OPHbIX IIOPOA KYMYJIRTHBHbIMH . 
HaKJIaAHbIMH 3apRAaMH OCHOBaHO HZ? 

HCIIOJIb30BaHHH KJ'MJ'JIRTHBHOI'O 3@- 
@ e K ~ a .   TOT B @ @ ~ K T  CBR3aH C CyWeCT- 

BeHHbIM YIIJIOTHeHHeM IIPOAYKTOB AeTO- 
H a q n n ,  POCTOM B HHX AasneHHEi,  a 
TaKXfEe CO 3 ~ a 9 H T e J f b H b I M  YBeJIWeHMeM 

IIJIOTHOCTH 3HePl'HH K a K  B IIPOAJWTaX 

AeTOHaqHH, TaK H B B03HHKaH)IIJ,HX I I P H  

B3PbIBe YAaPHbIX BOJIHaX. ~ P H M ~ H R R  
CneqHaJIbHbIe  3aPRAbI C B ~ I ~ M K o B ,  MOX- 
HO IIO.JlY¶MTb CTOJIKROBeHae BOJIH, IIPM- 

BeAeHHhlX B ABHHEeHHe BBPPBOM. 
f l p H  HCTe¶eHHH ¶epe3 IIOBepXHOCTb 

BbIeMKH IlPOAYKTbI AeTOHaqHH ~ Y ~ Y T  
OTKJIOHRTbCR OT I I ~ P B O H ~ ¶ ~ J I ~ H O ~ ~  T p a -  
eKTOPHEl TaK , ¶TO MaKCHMYM ~ ~ ~ ~ C T B I I R  

6yRe~ ~ a n p a s n e ~ m e .  n 0 . r ~ ~  nep- 
IIeBAHKYJIRpHOe 3~0 f i  n0BepXHOCTM. 
R p e 3 y n b ~ a ~ e  n p e n o M n e H H R  IIPOAYKTOB 

AeTOHaqHM 6yAe~ o 6 p a 3 o ~ a ~  HX ICOTOK, 

C X O A F I J ~ H B ~ R  B A O ~  OCH KYMYJIRTHBHOB 
BMeMscH H 06~1a~aroqmfi n o ~ ~ m e a ~ o i i  
~JIOTHOCTLH) H CKOPOCT~H).  CKOPOCT~ 
KYMYJIRTMBHO~~ CTPYH AJIR 3aPRAOB H 8  
B ~ I C O K O ~ P E I ~ ~ H T H E J X  BB AOCTHraeT 
1 2 000-1 5 000 A~ICPK. 

Ha K ~ M Y J I F I T M B R H ~ ~  3 @ @ e K ~  B3PbIBa 
OKa3bIBaIOT BJIMRHHe CJIeAyIOIIJ,ae @aK-  

CTORHEle; MOWHOCTb HaPaJIbHOrO HMIIyJIbCa IIpM MHHqHHPOBaHHH OCHOB- 

nor0 sapma; AvfaMeTp 3 a p ~ ~ a .  E n n a ~ n e  AHahxeTpa sapma H a  napa- 
MeTpbI BOPOHKH B a p b I s a ,  o 6 a e ~  H e y n p y r n x  ~ e @ o p ~ a q n f i  m y ~ e n b ~ b ~ i i  

pacxon RB n p e A c T a s n e H b I  r p a @ n ~ a ~ ~ ,  n o K a a a H H b I M n  H a  pac. 47. 

A H a M e T p ,  r n y 6 ~ ~ a  H o 6 a e ~  BOPOHKH YBeJIH9HBaH)TCII C UOBMIJIeHHeM 

.$(HaMeTpa 3 a p R A a ,  a y J ( e J I b ~ M f i  PaCXOA YMeHbIUaeTCR. AJIR IIOJIy¶eHHR 
K Y M Y J I R T H B H O ~ ~  CTPYH B03MOlf(HO 6 0 ~ 1 b m e H  MOWHOCTH IIOBePXHOCTb 

BhIeMKH IIOKpbIBaIOT M e ~ a j r ~ r M ¶ e ~ K ~ f i  O ~ J I M ~ O B K O H .  J I y g m M e  pe3yJIbTaTM 

A a I o T  3apRAbI C MeAHbIMH o ~ J I M ~ o B K ~ M H .  B O ~ H H K ~ H ) ~ H B  IIPH B3PbIBB 
K y M y n R T H B H o r o  s a p ~ ~ a  H a n p s x e H m R  s H a s a T e J r b H o  n p e B M m a I o T  npenen 
IIPOPHOCTH H a  C Z a T H e  B YCJIOBHRX BCeCTOPOHHerO HaI'PYHEeHFiR. ~ ~ O ~ T O M Y  

noA KYMYJIRTHBHO~~ O ~ J I B ~ O B K O ~ ~  p a 3 p y m e H M e  CpeAbI ItpOHCXOART 3a CYeT 

n a ~ a m q e i i  B o J r H a  c x a T m ,  c 0 6 p a 3 0 ~ a H H e M  O ~ J I ~ C T H  n J r a c T m s e c K H x  

J(e@opMaqMH. fl0 M e p e  YAaJIeHHR OT qeHI!pa B3pbIBa ItpOHCXOAHT MH- 
TeHCHBHOe 3 a T y X a H H e  Ita#lIOII[efi BOJIHbI H B I I P R H C ~ ~ H H ~ ~  A 0  BeJIM¶MH, 

~ e ~ b m n x  n p e A e J r a  n p o n H o c T H  H a  c m a T n e .  O A H ~ K O  p a 3 p y m e ~ ~ e  npo- 
J(0JIHEaeTCR 3a C¶eT A ~ ~ ~ C T B M R  K ~ c ~ T ~ J I ~ H o ~ ~ ,  C O C T ~ B J I R I O ~ ~ ~ ~  KOMllOHeHThl 
H a I I p f I X e ~ F i f i ,  ¶TO IIPHBOAHT K Pa3BHTHH) PaAHaJIbRhIX TPeWHH,  O ~ Y C J I O -  

BJIeHHJJX M e ~ b I I I e f i  COIIpOTHBJIReMOCThH) IIOpOAhI A ~ ~ ~ c T B M I O  PaCTRrHBa-  

H)WMX H a r P Y 3 0 K .  

Bonee ~ @ @ ~ K T H B H ~ I M H  RBJIRmTCR KYMYJIRTMBHbIe 3aPRflbI C BbIeMKahlM 
K O H H P ~ C K O ~ ~  ( y r 0 J I  PaCTBOpa KOHyCa 60 H 90") H I I o J ~ ~ c @ ~ ~ M ~ ~ c K o $  

4 0 ~ ~ .  
Ha JI~HHHO~OPCKOM, ~~IPRHOBCKOM H ~ x c e 3 K a 3 r a ~ c ~ o h f  K a p b e p a x  

ILPHMeHRIoT KYMYJIRTHBHbIe 3aPRAbI 3Kfl-50, 3Kn-100 H 3Kfl-200 
BeCOM COOTBeTCTBeHHO 60, 115 M 250 2. Ha pMC. 48 n o K a a a H  ~ ~ o c K M ~  

KYMYJIIITHBHM~~ 3 a p R n  3Kn-200.  TO 3 a p R A  C ~ E I K O H H ¶ ~ C K O ~ ~  Ei UOJIYC@?- 
~ H ¶ ~ C K O $  K ~ M ~ J I ~ I T H B H O ~  B M ~ M K O ~  M C O ~ J I M ~ O B K O ~  T O P q a  3 a p R A a  CTaJIb- 

HOG I I J I ~ C T H H O ~ ~ .  

B 3 a p y 6 e x ~ o f i  IIpaKTHKe B IIOCJIeAHHe r0AbI JIPHMeHRItJTCII KYMYJIR- 
THBHbIe 3aPRAbI,  HMeH)qHe CTaJIbHYIO HJIH aJIH)MHHMeBYH) HaPYHEHYH) 
0 6 o n o s ~ y  H MeAHyH) O ~ J I H ~ O B K Y  K ~ M Y J I R T M B H O ~ ~  IIOJIOCTH. B e p m M ~ a  

 TOG IIOJIOCTM OKpyI'JIeHa, a KpMBH3Ha 6 0 ~ 0 ~  IIOCTeneHHO YMeHbIUaeTCR. 

B HPB m n p o K o e  p a c n p o c T p a H e H H e  noJIygMJrH KyMynRTrnBHHe 

3apRAhl  C ~ ~ J I ~ ~ J I ~ H B ~ M  KOHHP~CKOB M ~ M J I M H A P O - K O H H ¶ ~ C K O ~  

GOPM~I .  
Memoa sodonano~nennbzz nawdnbzz  aapslaoa. Ecnn H e B o 3 M o x H o  

OPI 'aHH30BaTb 6 y p 0 ~ b I e  p a 6 0 ~ b 1 ,  TO ~ a ~ 6 0 ~ r e e  npHeMJreM enoco6 H I P Y X -  

5bIX 3aPRAOB, IIOMeWeHHbIX HeIIOCpeACTBeHHO B B o n y ,  KOTOPaR HIXO- 
AHTCR B C I I ~ ~ H ~ J I ~ H O ~  I I O J I H ~ T M J I ~ H O B O ~ ~  ( H ~ M  H 3  n p y r O r O  BOnOHeIIpOHM- 

q a e M o r o  ~ a ~ e p ~ a n a )  o 6 0 ~ 1 o s ~ e  mnH noA ~ e i i .  EIcxog~ ~3 n p m H q m a  
C o o T B e T c T B m  X a p a m e p H c T m e c K o r o  n M n e A a H q a  BB ( n p o ~ s s e ~ e ~ m  CKO- 

POCTH AeTOHaqHH BB H a  er0 ~ J I O T H O C T ~ )  ~ K Y C T H P ~ C K O ~  HEeCTKOCTH 

o~pyxamqef i  c p e A b I  AOJIWHO I I P O H C X O ~ H T ~  n e p e p a c n p e n e J r e H n e  a H e p r H m  
B3pbIB¶aTOrO pa3JIOHEeHHR BB MeHEAy BOJIHaMM H I ? ~ L ! O O ~ ~ ~ ~ H ~ I M H  IIpO- 

AyKTaMH B ~ P ~ I B ~ ,  T. e. r o p ~ o l  nopone 6 y ~ e ~  n e p e n a s a T b c R  6 o n b m e e  
KOJIMPeCTBO BIlePrHH, TaK K a K  aKyCTm4eCKaR 3KeCTKOCTb BOAbI IIO¶TEI 
B 3500 pas 6onbme a ~ y c ~ ~ . ~ e c ~ o f i  HEecTKocTm ~ 0 3 ~ y x a .  O n p e ~ e ~ ~ e ~ a o e  
3 H a ¶ e I M e  HMeeT TaKHEe OTPaWeHHaR OT IIOBePXHOCTH 3 K p a H a  (BOAM) 

B o n H a ,  K o T o p a R  6 y ~ e T  y s e n H s H s a T b  o64ee panpymenae ~ e r a 6 a p ~ ~ o ~ .  
U p M  3TOM CyWeC,TBeHHO CHHmaeTCEi paCXOA RB H a  1 .u"aspyma- 
e ~ o f i  nopoAbI .  



C x e ~ a  H a p g w H o r o  H a K n a A H o r o  a apwa  c ~ H A P O ~ K P ~ H O M  no,pa- 
a a ~ a  H a  PHC. 49. 

T~XHOJIO~HII HCIIOJIHeHHR AaHHOI'O cnoco6a p a 3 p y I I l e H H R  ~ e r a 6 a p H ~ o . ~  

IIpaKTHPeCKH H e  OTnH¶aeTCR OT HCIIOJlHeHHR cnoc06a 0 6 b I 9 ~ b I ~  H a P Y W -  

HbIX 3aPRAOB. BM~CTO O ~ K J I ~ A K H  3apRAOB BB nJIaCTH¶HbIMH HJIH CbIIIY- 
9HhIH MaTepHaJIaMH IIPLlMeHRIoTCR I'H,?@aBJIH¶C?CKHe 0 6 0 ~ 1 0 4 ~ ~ 1 .  ( ~ K P ~ H M ) .  

Pac.48. nnoc~uir ~ y i v y n n m ~ ~ ~ ~ i i  a a p q  3Kn-200: PUC. 49. C k e ~ a  WapyXHOFO naxnaguoro aa- 
1 - O C H O B H O ~  sapan BB; 2 - I I ~ o M ~ H ( ~ T o s H E J ~  p m a  o PrlApOaHpaHOM: 
neT0HaTOp; 8 - KyMyJIIITEBHaB BbIeMKa; 4 - 1 - BBPblBYaTOe BeDleCTBO; 2 - UHEqUaTOP; 
MeTanJrusecnaa odnnqoswa K ~ M ~ ~ R T I Z B H O ~  9 - nonuamne~o~mZt memogex ( ~ U I I ~ O P K -  
BbIeMnu; 5 - TopqoBaa nnacTuHa; 6 - Kopnyc  pa^): 4 - n o p o ~ ~ ~ i  6 n o ~  ( ~ e r a 6 a p a ~ ) ;  5 - 

aapaxa or~enpoaon~bl2f m ~ y p  

l l p ~  M a K c m a n b H o M  B e c e  3 a p R A a  1200 z pa3ne.r o c x o n x o B  H e  n p e s M m a e T  

20-25 nt, T. e. cnoco6 R B n R e l C R  CpaBHHTeJIbHO ~ ~ ~ O I I ~ C H H M ,  ¶TO o6ec- 
n c s m s a e T  H e n p e p u B H o c T b  p a 6 o ~  H a  nnoqann B p a A H y c e  6onee 50- 
60 .&t OT MeCTa B3PhIBHblX pa6o.r H A a e T  B03MOlfEHOCTb 3Ha¶HTeJI%HO yJIJ'¶- 

I I I B T ~  o61qy10 o p r a ~ ~ 3 a q ~ 1 0  ~ p y g a .  

A p o 6 n e ~ ~ e  H e r a 6 a p H T a  B3pbIBHhTM C I I O C O ~ O M  3aHHMaeT A 0  20% 
BpeMeHFi ECWO IIPOH3BOACTBeHHOI'O npdqecca H CBR3aHO C UOBbIIIIeHHblMm 

T ~ ~ ~ o B ~ H H R M H  H p a B H J I  ~ ~ ~ o I I ~ c H o c T F ~ .  ~ O ~ T O M ~  HsbICKaHHe HOBbIX MeTO- 

BOB p a 3 p p e ~ m ~  ~ e r a 6 a p ~ ~ a  n p o n c x o n H T  no Y c T p a H e n H I o  Y K ~ ~ ~ H H M X  
HeAOCTaTKOB B3PbIBHOI'O cnoc06a. 

ETonma~mnazii cnoco6 p a 3 p y u e n u ~  moxantu satco~oii u npo,uau~nennoii 
liacmomw s a ~ n ~ o ~ a e ~ c ~  B TOM, ¶TO IIPRMHM KoHTaKToM K pa3py1uae~oii 
rropoge n o n a e T c s  a n e K T p H s e c K o e  H a n p R m e H H e  o n p e ~ e n e ~ ~ o i i  PacToThI .  

B p e s y n b ~ a ~ e  c 6onbmeii CKOPOCT~H)  n p o m c x o A R T  W e r x b m e H H e  anempm- 
qec"kI'0 COnpOTHRXeHHR JIOpOflhl H CHJI~HHB HaI 'peB ee M e X A y  KOHTBK- 

TaMH,  C O I I P O B O ~ ~ E A ~ ~ M ~ I ~  BO3HHKHOBeHHeM TBIIJIOBOI'O I I P O ~ O R .  
IIM. A. A. CKOPHH~KOI'O CO3AaHa JIOJIyJIpOMhIIIIJIeHHaR YCTaHOBKa AJIR 

BbICOK04aCTOTHO~O I IPO~OR,  KOTOPaR HCIIbITbIBaJIaCb I IPH P a 3 A e J I K e  KYC- 

KOB lfEeJIeBHbIX Pyg; MOIqHOCTb YCTaIIOBKH COCTaBJIRJIa 60 Mm. P~~PYILIEZ-  
JIHCb ~ J I O K H  BeCOM 0,5-10,o m; IIPOMaBOAHTeJIbHOCTb YCTaHOBKH 15 m/%- 

HUH TeIIJIOBOI'O 11p060R- ~ O ~ T O M Y  3a CPeT IIOABOAa K JIOBepXHOCTH 6 ~ 1 o ~ a  
AB yx pacnonowexnsix PRAOM 3 n e K T p o a o B  B nopoae o6p a 3 y e ~ c ~  ccTeM- 
n e p a ~ y p m i i  KJIHH)), K O T O ~ H ~ ~  c c s A a e T  pa3pyrnamq~e H a n p R w e H m R  

U IIPHBOAHT K PaCTPeCKHBaHHIO IIOPOAM. K a 9 e C T B e  3JIeKTPOAOB HCIIOJIb- 

33IoT I ' ~ ~ + ~ T o B H ~  C T e P X H H  AHaMeTPOM A 0  35 nt& H AJIHHO% 750 &&. 
Pa6oqee HaIIpRlfEeHHe 60-150 8. P ~ C C T O R H H ~  M e X A y  3JIeKTpOAaMH 30- 
100 nt,u. I I p e n ~  y q e c ~ ~ a  H H ~ I C O ~ ~ C T O T -  

HLIX YCTaHOBOK no CPaBHeHHIO C BbI- 

COK04aCTOTHbIMH: IIpOCTOTa , 6eaonac- 
HOCTb, T ~ ~ H C I I O P T ~ ~ ~ J I ~ H O C T L  H 3KOHO- 

MlIsHOCTb p a 6 0 ~ b I .  

Pac. 50. Cxema pa3pymeHurr noponba ToaaMn npo- Puc. 5 1 .  Cxema paapymenan nera6apn~e 
Mblmne~~ok YacToTbI: M ~ T O ~ O M  ane~~porunpa~nusec~oro  a@- 

I - a n e ~ ~ p o ~ ~ ;  2 - ~paHc@opma~op; 3 - nopona c p e ~ ~ a :  
I - mnyp B ~ e r a 6 a p ~ i ~ e ;  2 ,  3 - nonmcar 
PaaPBnHUKa; 4 - YUJIOTHSlTeJIbHOe YCT- 

POBCTBO 

P a 3 p y u e ~ u e  zopnbzx nopod nnacmurra,uu ~ondencamopa l. H p H  noAas6 
K IIJIaCTHHaM KOHAeHCaTOPa TOHa ¶ ~ C T O T O %  0,5-50 M2v FI H a n p R X e H H e M  

6-14 xs B nopone n p o n c x o a ~ ~  M ~ C T H H ~ ~  ee p a a o r p e B  m p a 3 p y m e ~ ~ e  
BCJIeACTBHe B03HHKHOBeHHR TePMHPeCKHX H a I l p R l f ~ e ~ H %  H a  IIOBePXHOCTE€ 

r.~b16b1. X a p a ~ ~ e p ~ o ,  ¶TO neme pa3pymaro~cn o6pa3qa n e c o M  6ones 
20 xz. C y s e n m q e H H e M  K p e n o c T a  r ropog~  ~ + @ ~ H T M B H O C T E ,  ee p a 3 p y m e H H R '  

y B e n w m s a e T c R .  

Pa3pyuenr~e r~eza6apuma cnoco6onc sne~mponoi9ozpesa. Ann pa3pyme- 
HIIR ~ e I ' a 6 a p H T a  MeTOAOM BHyTpeHHeI 'O 3JIeKTpOnOAOI'peBa k I p I ' H p t 3 ~ -  

MeToM CxoHcTpyEIpOBaH a n e ~ ~ p o ~ a r p e ~ a ~ e n b  c ~ e ~ r r e p a ~ y p o i i  nosepx- 
HOCTH 1200-1300' C. P a 6 o m ~  o p r a H o M  H a r p e s a T e n R  c n y w a T  p a '  

I E ~ P ~ O P Y H A O B H X  CTePWHR AJIFIHo~~ 320 Ant H AHaMeTpOM 12 nth. n p F F  

p a 6 o ~ e  c a n e K T p o H a r p e s a T e n e M  B 6 n o ~ e  n p o 6 y p a ~ a e ~ c R  mnyp p a -  
nreTpoM 42 n t ~  H A ~ H H O ~  280 ,uw. a n e ~ ~ p o ~ a r p e ~ a ~ e n b  noare~qae~cm 
B IUIIYP B IIOAKJIIoPaeTCR K 3JIeKTPOCeTH HaI IpRWeHHeM 220 8. HpIi 3TOM 

MeTOAe ~ $ $ ~ K T H B H O  p a 3 p y m a I o T C R  KYCKH nOPOfibl 06 'beMoM A 0  0,5 nt3. 

 TOT C I I O C O ~  p a a p a 6 0 ~ a ~  B HI'A HM. A.  A. CKOUHHCKO~O. 



BMEMKA FOPHbIX IIOPOA KOJIECHMMH CKPEIIEPAMH 
H EYJIbA03EPAMH 

K o n e c H b I e  c K p e n e p b 1  B cqene c T p a K T o p o M  n p e ~ ~ a 3 ~ a - s e ~ b 1  A n H  
' 

I I o c J I o ~ ~ H o ~ ~  C ~ ~ B K H  IIOPOA~I,  n e p e M e n ( e H H H  H y K n a A K H  ee B oman. Ha 
pmc. 52 n o ~ a 3 a ~  npmqenaoii c K p e n e p  A-498. Ha O T K P H T ~ I X  r o p H M x  
p a 6 0 ~ a x  K o J ~ e c H b I e  c K p e n e p a  n c n o n ~ s y ~ o ~  A n n  a a m c T K r r  K p o s n x i  n n a c T a ,  

B ~ ~ M R  p a 3 p y I I I e H H R  I I p H  3TOM COCTaBJlReT 4-8 A U H ;  P a c x O A  ~ J I ~ K T ~ o -  

~ H ~ P I ' H H  1 n6m.u H a  1 nopow.  
E0nee nepCneKTHBHbIM CJIeAyeT CPHTaTb  I I P ~ ~ J I o H E ~ H H ~ I ~ ~  lirA 

HM. A. A. CKOPHHCKOI'O MeTOA IIOBepXHOCTHOI'O 3 ~ e K T p O n O A O ~ p e B a .  

a n e ~ ~ p o ~ a r p e s a ~ e m  COCTOHT ~3 m e c T H  K ~ P ~ O P Y H J I O B M X  c ~ e p x ~ e 8 ,  
K o T o p b I e  C o e n n H n m T c R  M e w a y  co6oH n o c n e A o s a T e n b H o .  T e ~ n e p a ~ y p a  
n o B e p x H o c T H  3 n e K T p o H a r p e s a T e J r R  1200-1300" C. AJIR 3 ~ 0 r o  MeToAa  

6ypo~b1e pa60~bI ~e H Y W H ~ I ,  T a K  K a K  n p ~ 6 0 p  n o M e m a e T c R  H e n o c p e n -  
C T s e H H o  H a  ~ e r a 6 a p ~ ~ .  

3nenmpozu13pasnuuecnuii cnoco6 p a s p y m e H n P -  H e I ' a 6 a p H T a  o c H o s a H  
H a  HCIIOJIb30BaHHH 3d j@eKTa ,  B03HHKaIOmeI 'O B HCHAKOCTH B p e 3 Y J I b T a T e  

BbICOKOBOnbTHOI'O HMIIYJIbCHOI'O p a 3 p R A a .  ~ P H  n O A a ¶ e  BbICOKOI'O H a n p H -  
HEeHHR H a  p a 3 M e m e H H b I e  B B o n e  KOHTaKThl IIPOHCXOABT npo6ofi Me%- 

s n e K T p o n H o r o  n p o M e w y T K a  c 0 6 p a 3 0 ~ a ~ ~ e ~  r a s o B o r o  K a H a n a  B M e c r e  
I IPO~OR.  ~ P I I   TOM A a B n e H H e  B K a H a n e  B ~ ~ B H C H M O C T H  OT n a p a M e T p o B  

Pa3PRnHOI 'O  KOHTYPa  nOCTHI'aeT 6600-15 000 UmU. E c n ~  T B e p A b l e  
M a T e p n a n u  p a c n o n o w e H u  B H ~ I I O C ~ ~ ~ ~ C T B ~ H H O ~ ~  ~J IHBOCTH OT m c K p o B o r o  

K a H a n a ,  TO OHH 6 y n y ~  p a 3 p y r n a ~ b c ~ .  . 
AJIR A P O ~ J I ~ H E I R  ~ e r a 6 a p ~ ~ a  B 6 n o ~ e  6 y p ~ ~  IlIIIYp Ei ~ ~ U O J I H R ~ T  

B O A O ~ ~ ,  a 3 a T e M  B H e r 0  OUyCKaIoT pa3PEIAHHK C D ~ ~ H ~ J I ~ H O ~  KOHCTPYKQIIII. 

Ha pnc. 51 n o ~ a 3 a ~ a  c x e M a  p a 3 p y m e ~ ~ ~  H e r a 6 a p H T a  MeTonoM 3JIeKTpO- 
I 'HAPaBJIH¶eCKOrO 3djdjeKTa.  AJIR IIOBbIIlI0HHR 3@@eKTa ~ ~ ~ ~ C T B H R  p a 3 p f l A a  
YCTbe I I I n y p a  I ' ePMeTH3HpyeTCR.  nona¶ef H a  KOHTaKTbI H a I I P R X e H I I R  

OKOJIO 70-80 n6 MOHFHO p a 3 P Y I U H T b  6 x 0 ~ ~  0 6 ~ ~ 0 ~  A 0  1,2 -46'. Pa3pJ'- 
IIIeHHe H a C T y n a e T  IIOCJIe 5-20 HMnyJIbCOB. no ~ ~ ~ ~ ~ ~ K T H B H O C T H  A ~ H H H ~ ~  
MeTOJI YCTyUaeT B3PbIBHOMY p a 3 p y I I I e H H I o  H MeTOnaM BbICOKOsaCTOTHOI'O 

p a s p y m e H H R .  

1 1 

': IIOHIZHFeHHR BbICOTbI B C K ~ ~ I I I I H ~ I X  YCTYIIOB, nPOXOAKIl BbIe3AHbIX T p a H -  
,. mfi, a T a K X t e  Anf I  BbIIIOJIHeHHR OCHOBHbIX BCKPbImHbIX pa6o.r H a  K a p b -  

epax. K o n e c H b I e  c K p e n e p M  n p n M e H m o T  H npn C o o p y w e H H H  K a I I a n o B ,  
" CTpOnTeJIbCTBe A O p O r  Ei B03BeAeHHH ~ a c b 1 n e G .  0 6 ~ 9 ~ 0  KOJIeCHbIe C K p e -  

D e p b I  I IpI lMeHRIoT n p H  p a 3 p a 6 0 ~ ~ e  MRrKHX H PbIXJIbIX IIOPOq,  HI? ~pe6y-  
I o m H X  IIpeABapHTeJIbHOI 'O PbIXJIeHHfI ~ Y P O B ~ P H B H ~ I M E I  P ~ ~ O T ~ M H  H TpaHC-  
IIOpTElpOBaHHR H a  PaCCTOHHEle A 0  1,s nA. 

B c ~ o M o I ' ~ T ~ J I ~ H ~ I M  0 6 0 p y A o ~ a ~ H e ~  I t p H  pa6o~e KOneCHbIX C K p e n e p o B  
C J I y X a T  TpaKTOpbI-TOnKa¶H H PbIXJIMTeJIH. TP~KTOP-TOJIK~P IIPHMeHReTCR 
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n p H  p a 6 0 ~ e  MOQHPX K o n e c H a x  c K p e n e p o B  B n J r o T H u x  noponax, xorga 
TRI'OBOe YCHJIHe OCHOBHOrO T p a K T O p a - T R r a ¶ a  HeAOCTaTO¶HO. T p a K ~ o p -  

T o m a s  06cnyrnn~ae~  H a  M e c T e  3 a r p y 3 K H  3-4 c K p e n e p a .  Paxnm~enn 
n p H M e H r r I o T  Anrr n p e A s a p H T e n b H o r o  P b I x n e H H r r  nopon. Wcnonbso~a~ne  
p b r x n ~ ~ e n e i i  H ~onxaqefi y n y g m a e T  ycnomrr s K c n x y a T a q m  c K p e n e p o B ,  

y B e J I H ¶ R B a e T  CPOK HX p a 6 0 ~ ~  be3 P e M O H T a  H H a  15-2096 IIOBMIUaeT 
I IPOH3BOnHTeJIbHOCTb.  C ~ p e I I e p h I  BbInyCKaIOT C KOBIUaMLl eMKOCThl0 

OT 2,25 a0 15 ,U3. O H H  MOI'YT 6b1~b I I p H q e I I H H M H  HJIH CaMOXOAHbIMII. 

P a s n ~ s a m ~  6onbmoe PHCJIO T H ~ O B  c K p e n e p o B ,  o T n m n a I o n p x c n  no 
KOHCTPYKqHH OTneJIbHbIX YBJIOB. HO 4 0 p ~ e  KOBIUa  OHH ~ ~ I B ~ I O T  TeJIP-  

c K o n H s e c K H e  H rpeiii$ep~a~e. I Io  cnoco6y p a 3 r p y 3 ~ m  KOBIUa - co c ~ o -  
6 0 ~ ~ 0 6  B M ~ P Y ~ K O ~  TIOPOAM O I I p O K H ~ b I B a H H e M  KOBIIIa  B I I e p e A  HJIH H a 3 a S ;  

C I I ~ H H ~ ~ H T ~ J I ~ H o ~  pa3rpy3~0fi IIOPOnbI  BbITaJ IKHBaHBeM ee 3anHelf1 

c ~ e ~ ~ o i i  K o B m a  snepen; c n o n y n p H ~ y n ~ ~ e n b ~ o f  p a 3 r p y 3 ~ 0 i i  IIOPOXB 

Tun T R r a s a  . . . . . EienA3-  MoA3- 1 5298 1 546 
MOIIJHOCT~ T n r  a s a ,  

.a. c .  . . . . . . . 205 
E M K O C T ~  KOBIIIB, At3:  

r e o ~ e ~ p w e c ~ a ~  10 
c ((rnanxo5)) . . 13 

IlImpa~a a a x s a ~ a  Koa- 
ma, wnt . . . . . . 2720 

rny6aaa p e a a ~ m ,  .w.u 300 
T o n l q n ~ a  oTcbmaeMo- 

ro cnorr, wiu . . . - 

Bec, KZ: 
cxpenepa . . . 8600 12000 16550 6600 7000 
c K p e n e p a  c TR- 

r a n o b r  . . . 17 000 20 000 30 550 18 000 - I ! 
Y n p a ~ n e H n e  . . . . . 

Hoe 
~ P E I H Y ~ H T ~ J I ~ H ~ I ~ ~  

r r r g p a n ~ ~ ~ r i e c ~ o e  K ~ H ~ T -  r a ~ p a s n ~ r i e c ~ o e  

Cnoco6 pa3TPY3KH . . 

OTJIH¶aIoU(HXCR B ~ I C O K O ~ ~  M a H e B p e H H O C T b I o ,  60~1bmoii CKOPOCTbK) ( A 0  40- 
45 E&/~L) ,  60~1ee ~ ~ 3 ~ 0 6  CTOHMOCTbIO T p a H C I I O p T H p O B a H H R  (B 1,s- 
2 pass), ¶ e M  rYCCHH¶HMe MaIUHHbI. &raronaprr BMCOKHM CKOPOCTRM 

fi M a H e B p O B M M  Ka¶eCTBaM CaMOXOAHbIe C K p e I l e p b I  C KOBmOM eMKOCTbI0  

10-15 ,U3 MOrYT P a q H O H a J I b H O  HCIIOJIb30BaTbCR I t p H  AJIHHe TPaHCIIOpTEI- 

] lOBaHHR A 0  3 E#. 

R n o c n e n H m e  r o n M  B 3 a p y 6 e ) f ( ~ M x  c T p a H a x  nonysnnn p a c n p o c T p a -  

IIeHFfe ~ M C T P O X O A H H ~  OAHOOCHJiR CKpeTIepbI  C KOBIIIOM eMKOCTbI0  

ho 32 nt3. P a 6 o ~ a m ~  T a m e  c K p e n e p M  co CKOPOCT~IO 55-60 x~ntlu; pac- 
CTORHHe T P a H C n O P T H P O B a H F i R  A 0  4 K.M. 

Pa6o~a  K o J I e c H o r o  c K p e n e p a  s a ~ n ~ o s a e ~ c r r  B c n e n y I o n t e M .  npm non- 
xoae c K p e n e p a  K M e c T y  cpesmi noponH n e p e n H m  ero s a c n o ~ ~ a  nag- 
HI lMaeTCR C I IOMOwbIO K a H a T H O r O  HJIH lWAPaBJIHPeCKOI '0  YI IPaBJ IeHHR,  

a KOBIU O n y c K a e T c R .  npm ~ a n b ~ e t i m e ~  A s H X e H m n  c K p e n e p a  ero HOHC 

B p e s a e T c r r  B n o p o ~ y ,  c p e a a e T  ee, n e M  IIPOH~BOAEIT 3 a n o n H e H H e  KoBr r r a .  

T o n r q ~ ~ a  C p e s a e M O r O  CJIOR 3aBHCHT OT ~ H ~ H K O - M ~ ? X ~ H H ¶ ~ C K F ~ X  C B O ~ ~ C T B  

IIOPOnhI  Ei COCTaBJIReT OT 0,1 A 0  0,3 M. R0rna KOBIII HaIIOJIHBTCR nopo~oii ,  
er0 UOAHHMalOT H 3 a K p b I B a I o T  ~ ~ C J I O H K O ~ ,  H B 3TOM IIOJIOBCeHHH nOPO$(Y 

TpaHCIIOPTHPYIOT H a  OTBaJI K MeCTy  p a 3 r P Y 3 K H .  

Ha OTBaJ Ie  KOBIU O n y C K a I O T ,  3aCJ IOHKy IIOAHHMaIoT H H a ¶ H E a I O T  

I l epeMel I ( aTb  IIO KOBIIIy  BanHIOIO CTeHKY, K O T O p a R ,  n B H r a R C b  BAOJIb  

K O B m a  K I I e p e J ( ~ e f i  er0 ¶aCTH,  BMTaJ IKHBaeT  H 3  KOBII ta  IIOPOfiY EI TeM 

c a M b I M  p a 3 r p y x a e ~  K o s m  cxpenepa. I C a K  T O J I ~ K O  K o B m  6 y ~ e ~  n o n H o c T h m  

O C B O ~ O X A ~ H  OT IIOPOJ(bI, B r 0  IIOAHHMaIOT, 3aAHIOIO CTeHKY IIepeABHraIOl '  

R E i c x o n H o e  (no pa3rp Y ~ K E )  r r o n o x e H n e  EI O n y c K a m T  r r e p e A H m m  a a c n o ~ ~ y .  
nocne 3 ~ 0 r o  c K p e n e p  n e p e M e q a e T c s  K M e c T y  p a 3 p a 6 0 ~ ~ ~  IIOPOAM, 
T I  q I l K J I  pa6o~b1 IIOBTOpReTCR.  

~ P O H ~ B O $ ( H T ~ J I ~ H O C T ~  KOJIeCHOrO CKpeIIep&l 3aBHCHT OT I I P H H R T O ~  

CXeMbI A B H X C H H R ,  KOTOPYH) B M ~ H P ~ H ) T  H 3  YCJIOBHR 0 6 e c n e ¶ e ~ H R  H a m -  

lleHblIlf?I'O PaCCTORHHR X O n a  H MmHHMaJIbHO B0aMO)fCHOrO 9 H C J I a  IIOIIOPO- 

TOB 11 n o n 5 e M o B  rpyxerroro c K p e n e p a .  Ha o T K p a T a r x  p a 6 o ~ a x  ~am6onee 
IIPHeMJIeMbIMH CXeMaMH p a 6 0 l . M  KOJIeCHbIX C K p e l I e p O B  BRJIRIOTCR ((BbI- 

T R H y T O e  KOJlbqOB H ((BOCbMePKaH. 

n p H  ABHXCeHHH 110 C X e M e  ((BPTRHYTOI'O KOJ lbqa ) )  (PHC. 53) C K p e U e p ,  

~ a 6 p a ~  nopony B aa6oe, masane n e p e M e q a e T  ee H a  oman no K P H B O ~  
({BMTRHYTOFO KOJIbqaH,  a 3 a T e M  H a  ~ ~ R M O J I H H ~ ~ H O M  y ¶ a C T K e ,  PaCIIOJIO- 

m e H H o M  napanzenmo ~ P O H T Y  p a 3 p a 6 a ~ a s a e ~ o r o  P a c T K a ,  B a 1 r p y x a e - r .  

nocne pa3rpy3~n  c K p e n e p  ~ o s ~ p a ~ q a e ~ c ~  B 3 a 6 o f  3a noponofi, a a ~ b ~ ~ a a  

npzr  TOM K O J I ~ ~ O .  IIPH 3 ~ 0 2  c x e M e  , q s n x e H n r r  c-rspenepa cosepmamr 
IIOBOpOTbI B OAHY H T y  W e  CTOPOHY, ¶TO I I p H  3Ha9EITeJIbHbIX 0 6 5 e M a x  

p a 6 o ~  UpHBOAHT K I I p e X ( p 3 B p e M e H H O M y  H HCPaBHOMepHOMY l l3HOCY XOAO- 

BOG ¶aCTH. BO ~ 3 6 e x a ~ ~ e  9 T O r 0  IIPH p a 6 0 ~ e  no ((BbITRHYTOMY KOJIbqy) )  

H ~ O ~ X O ~ H M O  lIepHOAHPf?CKH H 3 M e H R T b  H a I I p a B J I e H H e  n B m X e H H H  C K p e n e -  

POB.  3 ~ a  C X e M a  ABHHceHHR C K p e l I e p a  M O X e T  I IPHMeHRTbCR I l p H  BO3BeAe-  

Hmlz r r a c b r m  ms npnneramqmx ~ O K O B ~ I X  p e a e p ~ o ~ ,  a T a K x e  n p H  r r p o x o n r t e  

TpaHlJIeH H p a s p a 6 o ~ K e  M ~ c T o ~ o ) ~ c $ ( ~ H B ~ ~ ,  IIOSBOJIRlOQHX O C r n e C T B J I H T b  

n o n e p e s H y I o  BOBICY I I O P O ~ H  n c K n a p p o B a H a e  ee H a  6 0 p ~ y  n a p a n n e J I b H o  
~ P O H T Y  p a 6 0 ~ .  



, ~ P E I  ABHWeHHH CKpenepa Q B O C ~ M ~ ~ K O ~ ) )  (PHC. 54) CKpeIIep nOg,?e 
pa3rpY3KH Ha OTBaJIe If HaIIpaBJIReTCR B 3a6ofi I ,  ~ ~ c I I o J I o W ~ H H ~ I ~  
napannenmo omany If. 3 a n o n ~ n ~  Kosm n o p o ~ o f ,  cripenep nepe- 

A-A - 

Puc. 5 3 .  Cxema Aewwenwn nonecnoro cxpenepa no cceblTaAyTOMy 
KOlIbqy>> : 

1 - ~ a 6 o p  rpynTa; 2 - ysacToH c~pe11epnoB emenorta; 3 - oman 
B C K P ~ I U I H ~ T X  nopon; 4 - paarpya~a 

.I Puc. 5 4 .  Cxema neuwenua cnpenepa asocb~epnoii>>: 
1 - MecTo 8anoaHexnn; 2 -.xapbep; 3 - olean; 4 - Memo paarpys~m 

TpaHIJIeH, KOl'Aa HMeeTCR BO3MOWHOCTh I I O I I ~ P ~ ¶ H O ~  B03KH IIOpO~W 
a CKnanHpOBaHHR ee Ha 6 0 p ~ y  napaJInenbHo @ P O H T ~  pa6o.r. 

Payuona~bnble napawempw mernonozultecnux cxew pa6oma rconecnwx 
cnpenepos. n o  OCHOBH~IM I I O I C ~ ~ ~ T ~ J I R M  pa6o~b1 cKpenepbI B onpenenen- 

HbIX YCJIOBIIRX 3Ha9HTBJIbHO IIpeBOCXOART BKCKaBaTOPbI, p a 6 0 ~ a m q ~ e  
C IIorpy3~08 B TpaHCnOpTHhIe CpenCTBa. npH aTOM ~ @ @ ~ K T H B H O C T ~  

p a 6 o ~ a  cKpenepoB AononmTenbno MoNeT 6hI~b  noBxmeHa ycTaHoBne- 
HHeM PaqHOHaJIbHbIX lIapaMeTpOB TeXHOJIOrH¶eCKHX CXeM B CJrpae HX 

npHMeHeHIIR: OIITHMaJIbHbTX YKJIOEOB BbIe3AOB Ha OTBaJIhT; BbIeBAEtEtIX 
TpaHIJleg H P~CCTORHH~? MeWAY HHMH; IIapaMeTpOB OTBanOB H T. A. h e -  
BHAHO, OnTHManbnMu napaMeTpaMn ~ex~onornsecxof i  cxeMbI p a 6 o . r ~  
CKpenepa MOWHO C9HTaTb TaKHe, IIPH KOTOPWX IIPOH3BO~HTeJIbHOCTb 
cKpenepa 6 y ~ e ~  ~ a ~ 6 o n b m e i i ,  a pacxona Ha pa3pa60~xy 1 m3 BCKP~IIW 
( B K J I I ~ ~ ~ R  nepeB03KY H YKJIaAKY nOPOAbI B O T B ~ ~ )  H 3aTpaThI Ha IIpOXOAKy 
TpaHmei? 6 ~ ~ 3 7 ~  HaHMeHbIUHMH (CM. PFiC. 53). 

3 ~ c n n y a ~ a ~ n o ~ ~ a ~  ~ ~ O H ~ B O A H T ~ J I ~ H O C T ~  KoJrecHoro cxpenepa onpe- 
AenReTCR I I O  @ 0 p ~ y n e  

Ek" 
QP = 60 - kMc, JU$/U, 

Tukp 
(I'll) 

rAe E - reoMeTpnsecKaR eMxocTb KoBma cxpenepa, m3; 
k,, - K O ~ @ @ H ~ H ~ H T  HBIIOJIHBHER KOBma CKpeIIepa ( 0 6 ~ 9 ~ 0  0,7- 

1.23); 

. ,, 
kIrc - KO~$@&(H~HT HCIIOJIb3OBaHHR CMeHHOrO BpeMeHH, KOTOPWB 

IIPH ABYXCMeHHOM PeWHMe MOXCHO IIPHRHMaTb PaBHhIM 0,85, 
a npEi TPeXCMeHHOM - 0,7; 

T, - npononmnTenmocTb nonHoro q m n a  (pefica) cxpenepa, 
mun, 

T4 =T3 + T P + T p  + T n l  *ufi1 (Ixl2) 
rat? T,, T,, Tp, Tn - npOAOJIWHTeJrbHOCTb COOTBeTCTBeHHO 3arPY3KEI 

Kosma cxpenepa (1 -1,5 mun); rpy30~0ro  xona 
cKpenepa; pa3rpy3xm Kosma cKpenepa (0,5- 
1,O mun); nopoaHnxoBoro xona capenepa, wulc. 

B p e ~ f l  pa6osero qHKna 3aBHCHl OT naJIbHOCTH TPaHCIIOPTHPOBaHHR, 
CKOpOCTIf ABHWeHaR Li YKJIOHa BbIe3n~b1X ~ p a ~ m e 6 .  

Onmuwanbnaii ymon eae38u~x mpanuceii u s%esdos na omean. I Ipa  : n3Meaealta yxnoea r p a ~ m e i i  an= eaesjqos a a  oman coorseTcrseenos 
H3MeHRH)TCB HX AJIHHa E CKOPOCTb ABaWeHFiR CKpenepa (KOTOPIR O ~ ~ ~ T H O  

nponopquroHanbaa BeJmsHHe y ~ n o a a ) ,  a cnegosaTenLHo, H s p e m  ABH- 
WeHm cKpenepa no TpaHmee mna ~ a e s ~ y  Ha oman. O s e ~ ~ n ~ o ,  onm- 
MaJIhHhIM YKJIOHOM TpaHmeH 6 y ~ e ~  T ~ K O ~ ,  npH KOTOPOM BPeMR ABHXeHHFI 
cKpenepa no Tpanmee Ha B W C O T ~  1 w 6yneT MmHmManbmM, T. e. 



Pac¶e~bI IIOKaaMBaIoT,  ¶TO HJIR COKPal4eHHR IIPOAOJIWHTenbHOCTII 
ABHWeHHtI  H a  1 M BbICOTbI H, CJIeAOBaTeJIbHO, AJIR AOCTHXeHHH ~ a H 6 0 J I b -  

mefi IIPOH3BOAHTeJIbHOCTH C K p e I I e p a  ~ e o 6 x o ~ I i ~ o  I lPHHHMaTb YKJIOH 

T p a H I U e H  H B'be3Aa H a  OTBaJI MaKCHMaJIbHO AOlIyCTHMbIM IIO TRI 'OBO~ 
XapaKTepHCTHHe T R r a ¶ a .  

Onnluwanbn~e napancempw clcpenepnozo omsaAa. P a c n o x o w e ~ ~ e  OT- 
BaJIOB G ~ r ~ z e  K 3a6010 H n p H A a H n e  HM QOPMH, 06ecneu~~ar01qeii Ham- 

~60~1bmym eMHOCTb, ~ ~ ' ~ H C H E I I ~ T C I I  CTpeMJJeHneM K C O K p a ~ e H H r O  P a C -  

CTORHHII TPaHCIIOPTHPOBaHHR H ,  CJIeAOBaTeJIbHO, IIOBbImeHIIH) 
~ P O H ~ B O A H T ~ J I ~ H O C T H  cxpenepmx a r p e r a T o B .  

K o n p e A e J r a e M b I M  n a p a M e T p a M  omana OTHOCIITCII: c p e A H R a  mn- 
p H H a  B, H BbICOTa Ho (CM. PHC. 53), KOTOPbIe AOJIXHbI YAOBJIeTBOpHTb 

T ~ ~ ~ O B ~ H H H ,  n o J r H o r o  p a 3 ~ e q e ~ ~ a  o 6 n e ~ a  n o p o A M  c y s a c T K a  c~penepnoii  
BneMxEi  H a  1 w ero AJIHHM. A J I H H ~  o T s a n a  o n p e A e a n e T c a  ~ n ~ ~ o i i  c K p e -  
B e p H o r 0  ysacma. 

B n p o A o J r m H T e n b H o c T b  n o n H o r o  q m n a  p a 6 o ~ a  c K p e n e p  a BXOAHT 

B p e M a  ero ~ n e 3 ~ a  na oman H ,qBHmeHHa IIO H e M y ,  a ~ n c r ~ o ~ q e e c a  # y ~ ~ q m e i i  
.COOTBeTCTBeHHO BbICOTM H C p e ~ ~ t ? g  IIIHPHHhI OTBaJIa. 

B a c o ~ a  H m H p t i H a  C K p e n e p H o r o  o T s a J r a  o n p e A e n R I o T c a  no Qop- 
MVJIaM: 

H H B - COOTBeTCTBeHHO r n y 6 ~ ~ a  , H  IUHpHHa CKpeI IepHOrO Nsa- 
CTKa,  M ;  

k, - x o a 4 Q ~ q n e a ~  p a 3 p b 1 x n e ~ u r a  nopoAb1 B o T s a n e ;  

Vo -CKOpOCTb ABHXeHHEI C K p e I I e p a  IIO BbIeMKe n OT- 
B a J I y .  &/Celc. 

O ~ ~ o r n e ~ t i e  m H p m H b I  c K p e n e p a o r o  omana K ero BbIcoTe  6 y ~ e ~  

H n c ~  C p e A H H x  ~ C J I O B H H  IIPHMeHeHHH K O n e C n M x  C K p e n e p O B  Bo/Ho = 
= 20-25. 

Onmuwanbnoe paccmomue ~ temdy  s~e3dnuncu mpanzcLeRwztu. H p H  

BCKpbImHhTX pa6o~ax  C IIpHMeHeHHeM KOJIeCHbIX CKpeI IepOB H TpaHC-  

I lOpTHpOBaHIlH IIOpOAbI H a  BHeIIIHHe OTBaJIM BeCbMa Ba?KHbIM IIBJIHeTCII 
QI IpeAeJIeHHe OIITHMaJIbHOrO PaCCTOCIHHR M e W A y  Bble3AHhIMH T p a E m e R M I l .  

Y B ~ J I ~ ~ ~ H H ~  PaCCTOCIHHH M e W A y  BhIe3AHbIMH TpaHIUeHMH Y M e H b m a e T  

~ H C J I O  ~panmej i  a, c n e A o s a T e J r b H o ,  a a T p a T b I  H a  HX n p o x o ~ ~ y ,  HO ysenn- 
¶HBaeT IIpOAOJIWHTeJIbHOCTb pa6osero lJ,EKJIa, ¶eM CHHWaeTCH n p O H 3 -  

B o A n T e n b H o c T b  c K p e n e p n o r o  a r p e r a T a .  O r r ~ n ~ a n a ~ o e  p a c c T o a H H e  M e m A y  
BbIe3AHbIMH TpaHUIeRMH,  I IPH KOTOPOM AOCTHI'aeTCII HaHMeHbIIIaR CTO- 

SXMOCTb 1 ,US BCKPbIIJIH C F e T O M  a a T p a T ,  CBH3aHHhIX C IIPOXOHKOG BMe3A- 

a h T x  ~paamei i ,  o n p e A e n a e T c c I  no 4 o p ~ y ~ r e  

l'Ae T - IIPOAOJIWHTeJIbHOCTb CMeHbI, U ;  

V - o 6 ' b e ~  ~ ~ e 3 f i ~ o i i  T p a H m e n ,  ,u3; 
S - C ~ ~ ~ C T O H M O C T ~  BbIeMKH 1 ,U3 IIOPOAhI n p H  npOXOAKe T p a H -  

men, py6.; 
C,. - C T O H M O C T ~  M ~ ~ H H O - C M ~ H ~ I  C K p e n e p H o r o  a r p e r a T a ,  py6. 

H3 (~OPMYJIM (IX,7) BHAHO, ¶TO OIITHMaJIbHOe PaCCTORHHe MeWAY 
BbIe3AaMH BO3paCTaeT C IIOBbImeHHeM 3 a T p a T  H a  IIpOXOAKy TpaHII IeH,  

eMKOCTH C K p e I I e p a  H CKOPOCTH er0 HBHWeEHR IIO BMeMKe H OTBaJIy,  

a yMeHbIIIaeTccr  -npm y B e n H . r e H m  c e s e H m a  B H e M K n  H CToEiMocTm Ma-  

UIHHO-CMeHbI CKpeIIepHOI'O aI'peI'aTa. n p H  CTOHMOCTH MamEIHO-CMeHbI 

C K p e I I e ~ H O I ' O  a r p e I ' a T a  46-70 py6. ( C O O T B ~ T C T B ~ H H O  IIPHeMKOCTH KOBIIIa 
C K p e I I e p a  10 H 15 w3) H IIIHPHHe BhIeMKH 100-120 & OIiTHMaJIb13Oe 

PaCCTOHHHe MeHcAy T p a H m e R M H  I I p H  MOLqHOCTR HaHOCOB 35-40 ,U COCTa- 
BJrHeT 500-600 a .  

C p a ~ ~ n ~ e n b ~ ~ e  pacsem ~ O K ~ ~ ~ I B ~ I O T ,  ¶TO n p H M e R e H m e  G~ICTPO- 
XOAHMX CKPeIIePOB C KOBIUOM eMKOCTblO 10-15 Jt3 q e ~ r e c 0 0 6 p a 3 ~ 0  
I I p H  MOIIJ,HOCTH RaEOCOB A 0  40 a. HPH r n y 6 ~ H e  p a 6 o ~  60~1ee 40 a, BCJIeA- 

CTBHe pe3KOI'O J7BeJIH¶eHHR AJIEEbI TpaECIIOpTHpOBaHHH H CHHWeHHH 
UPOE13BOAHTeJIbHOCTH CKpel lepOB,  ~ a ~ 6 o x e e  BhIrOAHa 3KCKaBaTOpBaH 
U O r p y 3 K a  C HCUOJIb3OBaBHeM TpaHCIIOPTHbIX CPeACTB. 

H c c J I ~ ~ ~ o B ~ F I H R M H  M r f l  M H ~ H C T ~ ~ C T B ~  ¶ e p ~ o g  MeTaJIJIypI'HH CCCP 
YCTaHOBJIeHO, 9TO UpHMeHeHHe TpaKTOpEO-CKpenepHOrO 0 6 0 p y ~ o ~ a ~ m r r  
IIO CPaBReHHIO C OAHOKOBIlIOBJdMH 3KCKaBaTOPaMH B KOMUJIeKCe C aBTO- 

c a M o c s a J r a M H  npn p a a p a 6 0 ~ ~ e  O p c ~ o - X a ~ r m n o ~ c ~ o i i  r p y n n M  xe~1e30- 
PYAHbIX M ~ c T o P o W ~ ~ B H ~ ~ [  CO ~ p e q ~ e i i  MOLqHOCTbIO BCKPbIIIIH 15 a IIOBHCHT 

IIPOH3BOAHTeJIbROCTb TPYAa H a  40 % H CBH3HT C ~ ~ ~ C T O H M O C T ~  C ~ I P O ~ ~ [  PYHM 
H a  30%. 

]6yJIbJ(03ep IIpeACTaBJIHeT co6oii I ' y ~ e ~ H 4 H b I i i  TPaKTOP HJIH cneqm- 
a n b ~ h I H  ~0JIec~hIi i  T a r a s ,  O ~ O ~ ~ A O B ~ H H H ~  RaBeCabIM pa60411~ 06opy~0-  
BaHHeM B B q e  a e M e x a  H n m  OTBana .  E Y J I ~ A O ~ ~ P M  H a  K a p b e p a x  npm- 
MeHHIOT JJJIII 3a¶HCTKH KPOBJIH IIJIaCTa I I P H  p a 3 p a 6 0 ~ K e  IIJIaCTOBbIX 
M ~ C T O ~ O W A ~ H H ~ ~ ;  UJIaHHPoBKH pa60wix I I J IOqaAOK;  Y C T P O ~ C T B ~  HacbIneii 
AJIR ?K€?JIe3HOAOPO?KHhIX IIy~efi; n o ~ r p e 6 a ~ ~ a  B ~ O ~ B ~ E H O ~ ~  I ' o ~ H o ~  MaCCbI; 

Y ~ O P K H  IIOPOAbI, OCT~BIIIL~%CII IIOCJIe rHHpOMeXaHH3aqHH;  IIOHHWeHHH 

BbICOTbI BCKPbIIUhbIX YCTYIIOB; IIPeABaPHTBJIbHOrO PbIXJIeHHR IIJIOTHMX 
UOpOA, pa3pa6a~bI~ae~bIx I'HAPOMOHHTOpaMH; BaJIKH JIeCa; KOpueBKH 
~ ~ ~ e i i ;  y 6 0 p ~ ~  ~ a ~ ~ e i i ;  P a c m i c T K t i  c H e r a  H T. A. 

B y n b ~ 0 3 e p b I  IIOApa3AeJIHIoT H a  HeIIOBOpOTHhIe H YHHBepCaJIbHbIt?. 
y EeUOBOpOTHbIX 6yJIbA03ep0~ JItMeX, Y K ~ ~ I I J I ~ R H ~ I ~  UePIIeHAHKYJIRPHO 

I I ~ o A o J I ~ H o ~ ~  OCH T p a K T O p a ,  MOWHO UOABEiMaTb H OIIYCKaTb TOJIbKO B B e p -  
T I ~ K ~ J I ~ H O ~  UJIOCKOCTH; Y YHHBePCaJIbEbIX - MOZKEO H3MeHRTb UOJIO- 
X e H H L  JIeMeXa H 6  TOJIbKO B B ~ P T E I K ~ J I ~ E L o ~ ~  IIJIOCKOCrH, HO H B I'OPH3OH- 

~ a n b ~ o i i .  I T o ~ o p o m b ~ i i  6 y n b ~ o 3 e p  M o m e T  n e p e M e q a T b  cpeaae~arii r p y m  
B CTOpOHy OT HaI IpaBJIeHHf l  CBOerO HBHX<eHHII, ¶TO 3r[a¶HTeJIbHO PaC-  
m H p u e T  06nac~b ero n p H M e H e H H n .  





0 6 0 p y n o ~ a ~ b  TpaKTOP ~ ~ J I ~ ~ O ~ B P O M ,  ¶TO UOBBOnReT COBMeCTXTb O n e p a -  
qan T p a a c n o p T H p o s a H u n  n pnxnenan. Ha pac. 55 n o x a s a H  pnxna- 
TeJIb a-652 H a  TpaKTOpe a3T-250 C 6 y n b p o 3 e p o u  a-572. 

B HaCTORwee BpeMR OTe4€?CTBeHHMhl413aBO~aMH C e p ~ g H 0  BMIIyCKaIoTCR 

H e c x o n b K o  T a n o s  ~ o n ~ l n x  p a x n n ~ e n e l ,  0 6 o p y n o ~ a ~ ~ s 1 x  6ynsno3epara. 

A B T O M ~ T E I ~ ~ ~ E I E I  p a 6 0 ~ s l  IIJIaREipOBOUHslX MaIIlYIH IIOKa HaXOnHTCR 

ewe B s a ~ a n b ~ o i i  C T a n a a ;  B H a c T o n m  B p e M n  ewe H e  o n p e i ( e n e e M  OCHOB- 

nsle e a n p a a n e H a n ,  rpaaaqn n xapamep a ~ ~ o ~ a ~ a a a q a a ,  a T a m x e  
CpenCTBa HX 0CyweCTBneHBR.  P ~ ~ ~ ~ ~ o T B H H P ~  O T n e n b H P e  CpenCTBa 
aBTOMaTM3aqnEI, BHenpReMMe B KOHCTPYX4BRX CepHfiH0 BbInyCKaeMPX 

MamJJH, XapaKTEpH3yIoT C O B ~ ~ M ~ H H U %  3 T a n  H IIepCIIeKTaBU Pa3BHTHR 
a ~ o t  o T p a c n a .  B H e n p e H a e  asToMaTaKrr  nax~yt rcn  coo6pame~anue 
T ~ X H H ¶ ~ G K O ~  R ~ O ~ X O ~ H M O C T H ,  3 ~ 0 ~ 0 r a ¶ e c ~ o B  ~ @ @ ~ K T H B H O C T E I  H OCO- 

6 e ~ ~ o  ~pe6osaaanma n o B s l m e H m  K a s e c T B a  p a 6 o ~ .  Bo B c e x  cnysanx, 
mma npenenn paasman an. a c n o n ~ a o ~ a n a n  ramaa ,  a TaKHie K a s e c T e o  
B M I I o J I H R ~ M o ~  YIMM p a 6 o ~ n  06ycno~nean BOBMOXHOCTHMH 4eJrOBeKa,  
aBTOMaTH3auMR YIIPaBJIeHHR CTaHOBETCH ~an6onee  ~ @ @ ~ K T H B H U M  CIIO- 

MaDItlB BCe BO3paCTaIo4HX CKOpOCTfIX, TaK KaK TepReTCR KOHTpOJIb 

3a KaseCTBOM n J I a H H p y e ~ 0 g  nOBepxHOcTH H H e  06ec11e¶~sae~cn ~eo6xo-  
A n M a n  s a c T o T a  y n p a s n e H a H  p a 6 0 9 E I ~ ~  O p r a a a M n  M a m a H b I  ~ 3 - 3 a  orpana- 
¶eEHOCTE @ H ~ H ¶ ~ C K H X  BO~MOH(EOCT~%.  

C I I ~ ~ H ~ J I ~ H ~ I M H  E ~ ~ J I I ~ ~ ~ ~ H H R M H  yCTaHOBJIeE0, ¶TO P y g H O e  ynpasne- 
E H e  ~ Y J I ~ A O ~ ~ P O M  ,If,-535 B T e s e H H e  pa6osefi CMeHbI ~ p e 6 y e ~  OT MamH- 
H n c T a  B m I o m e H H t I  no 13 000 n e p e ~ n l o s e ~ ~ P  p M s a r o B  y n p a B n e a m ,  
a c K p e n e p o M  ,If,-541 - go 6000. E c a ~  ysecm, ¶TO H a  K a X n o e  nepexnm- 
¶eHHt? ~ p e 6 y e T C R  YCHJIHe B 15-20 KT, TO CTaHOBHTCR RCHHM, IIOPeMy 
pe3KO CEHXaIoTCff IIPOEI3BOnHTeJIbHOCTb TPYAa H Ka¶eCTBO B ~ I I I o J I E R ~ M o ~  

p a 6 0 ~ M ,  o c o 6 e ~ ~ o  K KOHqy CMeHbI. 

X a p a K ~ e p E o i i  O C O ~ ~ H H O C T ~ I ~  pa60~b1 IIJIaRHpOBO¶HhIX MaIIIHH RB- 
JI%€TCII T a K X e  H TO, ¶TO MalUHHHCT AOJIXeH BCe BpeMR OCTaBaTbCR. B Ma- 
m H H e  HJIH ~ 6 2 ~ 3 ~  Bee, TaK KaK OH BbIIlOJIHHeT pRA ~ I l e p a q H g ,  B H X O A J I ~ H X  

3a I IpeAenbI  HenOCpe~CTBeHHOrO YIIpaBneHHR ( B H ~ O P  MeCTa B 3 8 6 0 0  
H T. II.). k i 3 m e ~ ~ e  pa60~h1 n n a H n p o B o . r H a r x  M a m m  no~aaano ,  ¶TO 
B 6 0 n b m m C ~ B e  CJIysaeB AJIH HX aBTOMaTH3alJHH qenecoo6pasno IIPE- 
MeRRTb AHCKPeTHhIe ( ~ H @ P o B ~ I ~ )  aJIeKTPOHBP8 CHCTeMbI H CTPOHTb aIIIIa- 
P a T y p y  H a  OCHOBe nOJIyIIpOBOARHKOBHX aneMeHTOB, p a 6 0 ~ a m q ~ x  B pe- 
XHMB ((Aa - HOT,, ¶eM AOCTHramTCR HaABXBOCTb, 60~1bm~f i  CPOK 
c n y ~ 6 b 1 ,  ~ e s ~ a ¶ ~ ~ e n b a a r e  ra6ap~~b1, M a n o e  I ~ O T ~ ~ ~ J I ~ H H ~  aaeprm 
EI IIPOCThIe HCTO¶HHKH IIHTIHHII. ECJIH R e  YAaeTCR CKOECTpyHpOBaTb 
a n n a p a T y p y  n o n H o c T b m  aa AHcKpeTHarx a n e M e H T a x ,  TO n p e n n o s T e H n e  

OTAaeTCR ypaBEOBeIIIeHHbIM MOCTOBbIM CXeMaM, MaJIO¶YBCTBHTeJIbHhIM 

K K O B ~ ~ ~ H H E I M  TeMIIePaTYPbI YI B a n P I I X e H H D  HCTOPEYIKOB IIHTIHHR. 
C Y ~ ~ C T B ~ H B O ~  IIOBbIlUeHHe HaReXHOCTH AOCTHI'aeTCR B CJIYPae IIPEM0- 
HeHHEI ~ ~ C K O H T ~ K T H H X  3JIeMeHTOB, O C O ~ ~ H B O  B AaT¶HKaX. ~ T H  I I P H B q H I I P  

IIoJIOXeEbI B OCEOBY C03AaHHR PHAa CHCTeM H n p ~ 6 0 p o ~ ,  IlpaKTEVIeCKH 

IIpHMeEHeMbIX B IIPOMPIIIJIBHEOCTH. 
B H a C T O f I 4 e e  BpeMR paapa6o~aa1.1 aBTOMaTH¶eCKHe ~ C T ~ O ~ ~ C T B ~  

AJIfI JCIIpaBJIeHHH IIJIaEHpOBO¶EslMH MaIIIHRaMH C IIPHMeHeHHeM CPeACTB 

rHAPOaBTOMaTHKH. 

Cucmema asmomamuwcxozo p e z y d u p o r 3 a n u R  nazpyanu aauzamem (mod- 
~ U n b Z  c m p y x ~ u )  6 y d b a o s e p o s  U cxpenepos, C X ~ M ~  aBTOMaTH3aqHkI 6ynb- 
nO8epOB a-535 H CKpenepOB a-541 pa3pa60~a~a  X ~ P ~ K O B C K H M  IBTO- 

M O ~ H J I ~ H O - ~ o ~ o X H ~ I M  HECTHTYTOM H OCEOBaHa H a  I IPHEqHUe BBTOMaTH- 
~ ~ C K O G  C T ~ ~ H J I H ~ ~ ~ H H  ( B H P ~ B H E I B ~ H H H )  I I P H B ~ ~ ~ H H O ~ ~  K ABHraTeJIIo 
HaI'PY3KH B 3aBHCHMOCTEI OT CHJI COIIPOTYIBn0HHR ¶ePnaHHH). C T ~ ~ H J I H -  
3 a q H R  AOCTHI'aeTCEI H3MeHeHHeM TOJIqHHbI C p e 3 a e ~ 0 6  CTPYXKH IIO M o p e  
HaIIOJIHeHHR p a 6 o l r e r o  O p r a E a  I I o ~ o ~ o G .  MepoP H a r P Y 3 K H  ABHraTeJIR. 
CJIYXHT YrJIOBaR CKOPOCTb er0 BaJIa.  B CHCTeMy BXOnHT DRlI MeXaHBBMOR- 



YI'JIOBYIO CKOPOCTb O B IIPOIIOP~HOHaJIbHOe BHXOAHOe HaIIPR1KeBEb U. 
C I IOMO~J~IO AennTentI Hanpcrweancr D qenb perynnposaam Ha ysacTKe 
i ) j o p ~ ~ p o s a a n ~  cHrHana pacnneaaeTccr rra Ase BeTBH, ynpasnxmrqxe 
BeaaBHCUMO nOA'bOMOM H OIIyCKaEHeM pabonero OpraLa. 3a~aIO~Efg 
BJIeMeHT 33 BbIpa6aThlBae~ ~Ta6HJIbHhl6 ~ J I ~ K T P H P ~ C K H ~ ~ [  CHrBan U6, 
COOTB~TCTB~IO~JHB IlpHHRTOMY 6 a 3 0 ~ 0 ~ y  3HaPeBEIIO Y ~ J I O B O ~ ~  CKOPOCTH O. 

n p E  . B ~ O ~ X O ~ H M O C T H  OH0 MOHCeT H3MeHRTbCR C IIOMOIQbIO 3JIeMeHTa 
a a c ~ p o t ~ ~  3H. C~raanar,  nocTynamqxe OT Y 3  n 33, a n r e b p a ~ n e c ~ ~  
CKJIaAbIBaIOTCII B 3JIeMeHTe CpaBHeHHR 3C. ~ o J I ) ' ¶ ~ H H ~ R  pS3HOCTb JIpeA- 
cTasnReT co6ofi nepsasa~i i  ynpasnc~mqmfi cEirHan, y c ~ ~ n z i s a e ~ n i i  s a ~ e ~  

B MEOrOKaCKaAHhlX nOJryIIpOBO~HKOBJdX YCHJIHTGJIRX y g  - JI'P. Ha 
BbIXOAe YCEIJIHTeJlR HaIIPRXCeHHL? OIIpeAeJIeHHOI'O 3EaKa AOCTaTO¶BO, 
P T O ~ H  BKJII04HTb BCIIOJIHHTeJIbHOe PeJIe P. 

M ~ n ~ n H H ~ e n b ~ b I f i  MeXaHH3M NM1 - ABHraTeJIb nOCTORHHOr0 
ToKa c CEICT~MOB KoHqeBux ~ h ~ ~ n r n n a ~ e n e f i  nepeMerqaeT (c ~ O M O ~ ~ I O  

npeo6pa3o~a~en11 BpaJlJ,aTeJlbHOrO ABHHteHHR Dl) 3OJIOTHHK rHApaBJIH- 
secKoro pacnpeAenHTens B nonoweme, cooTseTcTBymqee nocTynHB- 
meMy ctrrHany AU. AJIR nepeMenJeHHa pa6oscro opraRa M a n r H a u  P O  
( B O ~  6ynb~031pk3, KoBm c~penepa) ,  u 3 ~ e ~ i ~ 1 0 q e r o  ~ o n q m y  c p e a a e ~ o t  
CTPYSKH h, CJIYXHT nopm~eB0fi CepBOMOTOp NM,, UITOK KOTOPOrO 
ZecTKo C B I I ~ ~ H  c p a 6 0 n ~ ~  oprauoM M a m H H m  310 H ~ M ~ H ~ H H ~  onpLAenReT 
BenE¶HEy IIpHpaqeEHH HarPY3KH AM, I I P M B ~ ~ ~ E H O ~ ~ [  K ABHraTeJIIO 
(066eK~y perynapoBaRHR 0) nepe3 CHJIOB~IO rpaHcMHccHl0 g2. Anrebpa- 
HsecKoe cnozeHHe nptipaqemn ~ a r p y s ~ z i  c ee HaqanaaHM 3 n a n e ~ ~ e ~  
oupeAenReT BXOAH~IO BenHnnHy ~ a r p y 3 ~ n  M,, AncI 06!beK~a perynHpo- 
BaEHR 0. Uenb p0ryJIHpOBaHHR Rarpy3KH TaKEiM 0 6 p a 3 0 ~  3aMMKaeTCR. 

P03ynb~a~hl  H C ~ ~ I T ~ B ; H ~  MaIIIHH, O ~ O P ~ A O B ~ H H H X  PaCCMOTpeEHHMH 
CAP, n o ~ a 3 a n ~ ,  PTO ~ B T O M ~ T H ~ ~ ~ H R  npoqecca sepnaHaR o 6 e c n e n ~ ~ a e ~  

yBeJIE¶eHHe ~ K C ~ J I ~ ~ T ~ ~ H O H H O ~ ~  npOki3BOAETeJIbHOCTH CKpeIlepOB A-541 
Ha  12-17%, a 6 y ~ 1 b ~ 0 3 e p 0 ~  A-535 H a  14-22%. 

Asmoncamuwc~a~ crna6lutuaaqu~ noaoxenus pa6ouux opzanos nxa- 
H.UPOf3OrlHblX fiUULUI1.. B CYnJeCTBYIOqHX KOHCTPYK4HRX a B ~ o r p e g ~ e p 0 ~  
YrOJI  HaKJrOEa OTBaJIa YCTaRaBJrBBaeTCR BPY¶HYIO C IIOMOWbIO B H B T O B O ~  
nepeAasH.   TOT yron a e  H ~ M ~ H R ~ T C R  B npoqecce ~ c e i i  pa60~ar, ¶TO npu- 
BOAHT K AOJIOJIHHTeJIbHhIM 3aTpaTaM BpeMeHM H a  LlepeyCTaHOBKy OTBaJIa 
~ B T o I ' ~ ~ ~ A ~ ~ o B  H Ha 60nbmoe KOJIH¶eCTBO OTAe~OPHhlX HX npOXOAOB, 

H ~ O ~ X O A H M H X  ,L(JIR 3a¶HCTKH I I J I ~ K E I P Y ~ M O ~ ~  IIOBePXHOCTH. ~ P O E ~ B O ~ H -  
TBJI6HOCTb MamHH IIPH 3TOM CYqeCTBeHHO CHHXaeTCR. 

B H B H C ~ p o i i . ~ o p ~ a r n e ~  npeAnoxceaa annapaTypa ~ n r r  aBToabaTM- 

nec~oi i  C T ~ ~ H J I H ~ ~ ~ H H  yrnoBoro nonoxeHm pa6osero opraHa 3 e ~ n e -  
~ o ~ ~ ~ o - u ~ ~ R H ~ o B o ¶ H ~ I x  MamHH, KOTOPYIO IIPHMeHBIOT AJIH C T ~ ~ H J I E -  

aa4m yrna nonepesaoro HaKnoEa oTsana a ~ ~ o r p e f i ~ e p a  A-395. 3 ~ o  
Y C T P O ~ C T B O  n03BOJIIIeT H3MeHRTb YrOn HaKJIOHa OTBaJra  HenOCpeACTBeKHO 
Ha K ~ ~ H H ~ I  MaIIIHEHCTa, a TaKlKe aBTOMaTH¶eCKH nO~eplKHBaTb R ~ H E H ~  
yron B npoqecce nnaHHpoBKH. 

B COCTaB anllapaTypIJ BXOAHT I I O T ~ H ~ I ~ O M ~ T P E I P ~ C K E ~ ~ T  M~RTRHKOBH~. 
AaTnHK yrnoeoro nonomeam pa6osero opraEa, yc~nn~enb~o-npeo6pa-  

80~a~eJ Ib~hI f i  peJIeg~hl6 6 a o ~  EICnOJIEIHTeJIbEOe ~ C T ~ O ~ C T B O ,  YnpaBJIR- 
mrqee npHBogoM noBopoTa pa6onero opraHa B nonepewof nnocKocTn. 
,&~T¶HK YCTWaBJrHBaeTCH Ea p a 6 o s e ~  OpraHe H npeACTaBXReT COGOH 
MafITHHK B M ~ C J I I I H O ~ ~  BaHEe. M~RTBEIK COeAEIHeH C IIOABHlKHbIM KOHTaK- 
TOM LIOTeHqHOMETpa, K O T O P ~ I ~ ~  BKJIIOPeH B MOCTOBYIO CXeMy BMeCTe C 38- 
AaIOtQEfM nOTeEqHOMeTpOM, paCnOJrOiKeERHM B p e J I e f i ~ 0 ~  6 n o ~ e .  Hanprr- 
MeRHe B AHaroHanH MocTa nponopqHosanLH0 OTKnOHeHHm KOpnyCa 
AaTPHKa OT 3aAaHROI'O DO O T H O D I e ~ H ~  K rOPH30HTY YrJIOBOrO IIOJIOXOEHR. 

PeJIehhlg GJIOK YCTaHOBJIeH B ~ a 6 m e  MaIIIHHHCTa. ~ E I T B H M ~  IIIIIa- 
PaTJ'phl OCYqeCTBlIReTCR OT aKKyMyJIRTOpa MaIlIHHhl. BHYTPH pene6~0r0  
6noxa pacnonoxea 3a~amrqmii noTeHqmoMeTp m nepeKnIonaTenb cc3a- 
~py6neaanfi)) c Ha6opoM c o n p o ~ ~ s n e ~ ~ i i  H pene, ycnnnsamqnx cnrHan 
H 0 6 e c n e n ~ ~ a 1 0 q ~ x  p a 6 o ~ y  yc~pof ic~sa  B sagaamsx npenenax. Hcnon- 

1 IIH!lVJIbHOe' ~ C T ~ O ~ C T B O  B COOTBeTCTBHH C KOMaHAaMH peJIeh0r0 6 n o ~ a  
a o a a e i i c ~ ~ y e ~  c IIOMOW~IO ~ J I ~ K T P O M ~ ~ B E I T O B  HenocpencTeeaHo Ha IIITOKH 

, xnanaHoB pacnpeAenmTenR rmponpnBoAa pa6onero opraaa. 
n a a a a ~  annapaTypa 0 6 e c n e ¶ ~ ~ a e ~  BO npem pa6o~hl C T ~ ~ H J I H ~ ~ ~ H H )  

na nonepesaoro HaKnoEa c TOPHOCT~IO k15' B Hanane pa6o~hl. nocne 
c4 npOXOAOB T0480CTb YBeJIBPHBaeTCB A0 5-1'. f lHana30~ YCTaHOBKP 
~ ~ E H H ~ H ~ Y ~ M ~ I X  yrnoB H a  s a ~ a ~ s n ~ e  penetaoro b n o ~ a  coma- 
8 W T  *5". 



paCUOJIOHEeHHOM B K ~ ~ H H I ?  M a m H H H C T a .  Y C T ~ H O B K ~  IIpOH3BOgHTCH ,.MaIUH- 

HHCTOM ~ p y s ~ y w  H e p e n  H a u a n o M  pa6o~b1 n o B o p o T o M  p o T o p a  OTHOCH- 

T e X b H O  C T a T O p a  (PHC. 57, 0). C ~ J I ~ C H H - ~ ~ T ¶ H K ,  C T a T O p  KOTOpOI'O HEeCTKO 
s a ~ p e n n e ~  H a  p a b o s e ~  o p r a H e ,  a p o ~ o p  - H a  mapmpe M a m H H K a ,  

O C T a I o ~ e I ' O C H  BCe  B p e M H  B B e P T H K a J I b H O M  IIOJIOHEeHHH, CJIYHEHT AJIH 

o u p e A e n e H H R  a a ~ ~ m s e c ~ o r o  yrna s a K n o H a  omana rpefgepa (a$). B e n H -  
s H H a  yrna p a c x o x A e a m c I  M e m a y  OCHMH p o T o p a  H c T a T o p a  c e J r b c m H a -  
A a T s H K a  C p a B H H B a e T C R  C YrJIOM Ha CeJ IbCHHe-CeneKTOpe .  O ~ M O T K H  CTa-  
TOPOB O ~ O H X  CeJIbCHHOB B K J I I o ¶ e H P  I IOCJIeAOBaTeJIbHO (PHC. 57, 6). n p H  
H e p a B e H C T B e  YrJ IOB a, H a$ B O ~ M O T K ~  P O T O p a  C e J I b C H H a - A a T s H K a  UO- 

RBJIReTCR 3. A. C., K O T O p a H  HBJIHeTCR C H r E a J I O M  pElCCOI'JIaCOBaHHR - 

PAC. 57. CxePa C ~ Z ~ C U H H O ~ ~  CUCTePbI: 
a - nonomeHue poropon cenbcu~a-cenenropa CC u cenbcuaa-aarvm~a CA npu 
paBeacrBe aaaamoro H @ ~ K T M ~ ~ C K O ~ O  yrnoB HaKnoHa orsana rpeiknepa; 6 - 
CXeMa COelInHeHUH CeJIbCMHOB; 1 - POTOPbl CeJIbCUHOB; 2 - CTaTOPbI CeJIbCU- 

HOB; 3 - MBHTHUH CfXbCUHa-aaT%Ka 

HHR M a m m H u  AO Tex HOP, u o K a  a a ~ ~ ~ s e c ~ ~ i i  y r ~ i H a K n o H a  a$ o ~ ~ a n a  
r p e f ~ e p a  H e  c T a H e T  pasen s a g a ~ ~ o ~ y  yrny a,. B ~ a n b ~ e f i m e ~    TO 
PaBeHCTBO IIOAAepHEHBaeTCH a B T 0 M a T H s e C K H .  

B O ~ O H X  CHCTeMaX M a m H H H C T  H M e e T  B03MOHEHOCTb O U e P a T H B H O  BMe- 
ISlaTbCR B p a 6 o ~ y  aBTOMaTHKH,  H 3 M e H H T b  YrOJ I  H a K J I O H a  O T B a J I a  I ' p e f A e p a  

B p y s H y I o .  B I I epBOM C J I p a e  - H 3 M e H e H H e M  YCTaBKH H a  p e J I e f ~ 0 ~  Gno~e ,  
B O  BTOPOM - H 3 M e H e H H e M  IIOJIOHEeHHR P O T O p a  C e n b C H H a - C e n e K T O p a .  

1 A e m o ~ a m u u e c ~ o e  6bzdep~u8anue 3adannozo npodonbnozo ymona dna 
m p a n w i i  C nOfiOqblo C6em06OZO AyUa HBJIHeTCH 0 6 ~ 3 a ~ e J I b ~ b I ~  YCJIOBHeM 

n p H  p b I T b e  K a H a J I O B  H T ~ ~ H I J I € ! ~  ~ ~ M J I ~ ~ O ~ H O - I I ~ ~ H H ~ O B O ~ H ~ I M H  MBIUH- 
E a M H .   TOT YKJIOH H ~ O ~ X O A H M O  BbIAePHEHBaTb He3aBHCHMO OT M a K p O -  

& U O J I H ~ H H ~  K O T O ~ M X  H ~ B O ~ M O H E H O  O ~ ~ C I I ~ ~ H T ~  H H  I I ~ H M ~ H ~ H H ~ M  UPO- 
CTbIX CpeACTB O p H e H T H P O B a H H H  MaIUHH ( K O U H P H ~ I ~  TPOC), H H  T e M  6onee 
IIPH PYPBOM Y U p a B J I e H H H .  B H a C T O H q e e  B p e M H  B H u u 3 e ~ ~ a n r e ~  pa3- 
p a b o ~ a ~ a  CHCTetda  C I I p H M e H e H H e M  upm6opa nYJI-3. O C O ~ ~ H H O C T ~ I ~  
a ~ o f  C H C T ~ M H  R B n t I e T c R  y A e p x a H H e  nonoxeEm pa6osero opraHa Ma-  
IITHHbI B ~ ~ B B o c H I ' H ~ J I ~ H o ~ ~  3 0 H e  MOfiYJIHPOBaHHOI'O CBeTOBOrO JIysa, 

RaI IpaBJ IeEHOI 'O  U O g  T ~ ~ ~ Y ~ M M M  YI'JIOM IIPOAOJIbHOrO YKJIOHa gHa T p a H -  
m 0 H .  Ha PHC.  58 n o K a 3 a ~ a  ~ J I O K - C X ~ M ~  CHCTeMbI a B T O M a T H 3 a q H H .  

3 a g a ~ s ~ ~  y I t n o H a  COCTOHT ~3 n p o x e K T o p a  H 11peo6paao~a~e~1~  
HaIIpHHEeHHH. ~ P O H E ~ K T O P  CJIYHCHT g J I R  1 1 p e o 6 p a a o ~ a ~ ~ ~  CBeTOBOrO 
UOTOKa B J I p ,  M O ~ Y J I H P O B ~ H H ~ I ~ ~  IIO ABYM PaCTOTaM.  MO~YJIHUHH O C y q e -  

CTBJIHeTCR I I p e p b I B a E l H e M  JIpa B p a q a I o q H M C H  AHCKOM, HMeIOQHM A B a  
P R g a  C I I e q H a J I b H b I X  O T B ~ ~ C T H ~ ~ .  O ~ H H  P R A  tdOgYJIHPY0T IIOTOK ¶ ~ C T O T O ~ ~  
900 2l4, a B T O P O ~ ~  - 1500 2l4. @ 0 ~ 0 n p H e M H o e  Y C T ~ O ~ ~ C T B O  U p e g C T a B J I H e T  
co6ofi K O p n y C  C ~ ~ ' ~ ~ K T H B O M ,  B @ 0 K a n b H 0 f i  UJIOCKOCTH KOTOPOI'O U O M e q e H  

#OTOEIOA. YCTPOGCTBO YCTaHaBJ IHBaeTCH H a  p a 6 o s e ~  OpI 'aHe MaIUHHbI .  

Put. 58. laor-cxerda cucrerdbt asronramaaqrlu: 
I - 6 n o ~  nnraaua; P - aanaTwa ynnoHa (npm6op ~aseae~ma);  8 - npa- 
eMHoe ~CT~OBCTBO; 4 - anmTpoHHoe ~ C T ~ O ~ C T B O ;  5 - nynbr ynpamenan 

3 a A a s e f i  3JIeKTPOHHOI'O Y C T P O ~ C T B ~  HBJIHeTCH YCHJIeRHe  I IOCTYUI-  
EOwEIX C I # O T O I I P H ~ M H H K ~  CHrHaJ IOB H p a 3 A e J I e H H H  H X  IIO K a H a J I a M  ¶aCTOT 

MOAYJIHqHH. P ~ ~ H o ~ E ~ c T o T H ~ I ~  C H r H a J I b I  C p a B H H B a I o T C H  M e l K A y  ~060fi. 
B p e 3 y J I b T a T e  C 3 J I eKTPOHHOrO Y C T P O ~ ~ C T B ~  BbIXOAMT CElrHaJI  11peo6~1aga- 
m ~ e f i  ¶aCTOTbI.  TOT CElrHaJI  I IOAaeTCR Ha  IIYJIbT Y I I p a B J I e H H H ,  B KOTOPOY 

08 BbIIIOJIHReT C J I e g y I o q H e  I#yJlKqHH: HH~#OPMHPY~T BOgHTeJ IR  0 IIOJIO- 
mennu n p H e M H o r o  Y C T P O ~ ~ C T B ~ ,  a c n e A o s a T e n m o ,  H pa6osero o p r a H a  
OTgOCHTeJIbHO ~ ~ B H o c H ~ E L ~ J I ~ H o ~  3 0 H b I ;  BKJIIO¶aeT BbIXOgHOe PeJIe, no- 
Aamrqee H a n p c I x e a H e  Ha  a n e K T p o M a r a H m  r H g p a B n H s e c K o r o  ~ O J I O T H H K ~ .  

~ H T ~ B H ~  3JIeKTPOHHOI'O Y C T P O ~ ~ C T B B ,  I I Y J I b T a  Y I I P a B J I e H H H  H a J I e K T p 0 -  
Y a r n H T o B  r m g p a s n H s e c K o r o  ~ O J I O T H H K ~  o c y q e c T s n H e T c a  OT C0TH 

YarnnBar. 
C H C T ~ M ~  aBTOMaTH¶eCKOrO BbIAepHEHBaHHR U p O g O J I b H O r O  YKJIOHa  

p l 6 o ~ a t ~  c n e g y I o q H M  06pa30~.  Bo B p e M H  pa6o~b1 M a m m a b I  u p H e M H o e  
~ O T P O ~ C T B O ,  C B H ~ ~ H H O ~  c p a ~ o f  pa6osero o p r a H a ,  ~ O J I H E H O  pacnona- 
F&TbCR B 30He CBeTOBOrO JIysa, HaIIpaBJIHeMOI 'O 3 a A a T s M K O M  YKJIOHa.  
&H O n T H ¶ e C K a H  OCb  I I P M e M H H K a  6 y A e ~  BaXOAHTbCH B P E ~ B H o c H I ' H ~ J I ~ H o ~  
m, n o T o p a H  y c T a H a s n m s a e T c c I  UOA y r n o M  T ~ ~ ~ Y ~ M O I ' O  npononbaoro 
-8a ma K a n a n a ,  TO s b ~ x o g ~ o G  ccHrHan c nynma y n p a s n e H m  6 y g e ~  
~ ~ Q T B O B B T ~ .  ECJIH OIITEIgeCKaH OCb  I I p H e M H H K a  HaXOgHTCH Hag 

P O A  ~ ~ B H o c H I ' H ~ J I ~ H o ~ ~  3 0 ~ 0 f i ,  TO C I IYJ IbTa  Y U P a B J I e H H H  IIOCTYIIHT 



¶TO RJIH H H a  K a a a n a  n p e B H m e H H e  o ~ ~ o i i r  oTMeTKm aaR ApyroP H a  pac- 
CTORHHH 10 B ~ O J I ~ ~ I I H R C T B ~  C J I y ¶ a e B  COCTaBJIReT B e  6onee 1-3 Cat; 
n p H  BTOM ¶€?TKO B b I H e p W H B a e T C R  3 a ~ a H H h l f i  YI'OJI. 

~ K C I I J I ~ ~ T ~ ~ H O H H ~ I ~  HCIIbITaHHII I IOKa3aJ IH ,  ¶TO CHCTeMa aBTOMaTH- 

secxoro y n p a s a e H m  y c ~ o f i s ~ ~ o  p a 6 0 T a e T  H a  p a c c T o m H t i  AO 700 m. 
OCEOBH~IM BeAOCTaTKOM 3 ~ 0 2  CEICTeMJd t IBJIReTCR H ~ O ~ X O A H M O C T ~  nepe- 
CTaHOBKH CBeTOBOrQ r e H e p a T O p a  qepP.3 - K a w A b I e  500-700 m, ¶TO ~ p e 6 y e ~  

aBTOMaTH¶eCKHe  ~ C T ~ O ~ ~ C T B ~ ,  OCyIqeCTBJIeHEhIe  CpeACTBaMH 06aemoro 
I ' H ~ p O I I p H B 0 , Q a .  ~ P H M ~ P O M  T a K O r O  Y C T P O ~ C T B ~  RBJIReTCR I ' H A P ~ B J I H ¶ ~ C K H ~ ~  
perynmop npoqecca K o n a H m c I ,  p a 3 p a 6 0 ~ a a ~ h l i i  B CH~HPCKOM a B T o M o -  

~ H J I ~ H O - ~ O P O X H O M  EMCTHTYTe AJIR IIHeBMOKOJIeCHhlX ~ Y J I ~ A O ~ ~ P O B  Ba 
Base T p a K T O p a  ~ & ? J I a p y C b ) ) .  n p H H q H I I  A ~ ~ ~ C T B H I I  P e r y J I R T O p a  OCHOBaE 

Ea C p a B E e H H H  IIpOH3BOAHTeJIbHOCTH A B y X  0 6 a e ~ ~ ~ x  EIaCOCOB, J lpHBOA 

~ o ~ o p a r x  o c y 4 e c T s n a e T c n  OT C H J I O B O ~ ~  qenn M a m i i s m .  Ha p ~ c .  60 n o K a -  

a a a  c x e M a  peryzmopa. 

AOnOJIHHTeJIbHhlX 3 a T p a T  Bp€?MeEH.,flJIII Y C T p a H e H H R  3 T O r 0  HeAOCTaTKa  8 

6arna co3~aaa cneqnanmaa K O R C T P Y K ~ H R  AJIR Y c T a a o B n e a H R  npnemoro d Hacoc 1 H M e e T  nOCTORHEOe ¶HCJIO O ~ O P O T O B  H O ~ ~ C I I ~ ¶ H B ~ ~ T  IIOCTORH- 

~ C T ~ O ~ ~ C T B ~  H a  MaI I IHI i e ,  ¶TO AaJIO B03MOXHOCTb OCYIQeCTBHTb YI IpaBJ IeHHe  

' 
ByD I IpOH3BOAHTeJIbHOCTb 17,. Hacoc 3 MOHCeT H M e T b  I I e P e M e H H O e  ¶HCJIO 

~ B T O M ~ T R ¶ ~ C K O ~  CRCTeMH I I P H  YCTaHOBKe CBeTOBOrO I ' e H e p a T O p a  BIIepeAEi  
0 6 0 ~ 0 ~ 0 ~  ~ 3 - 3 a  6 y ~ c o ~ a a ~ a  B e A y q H X  KOJIeC H M O N e T  3 a 6 H p a ~ b  BCe  

MI I I IHHH.  T a ~ o e  p a C I I 0 J I O w e H H e  II03BOJIReT,  HCIIOJIb3YR R B a  CBeTOBhlX 
~ a c n o ,  n o R a B a e M o e  H a c o c o M  I, T O J I ~ K O  n p ~  ~ C J I O B H H ,  K o r A a  ero npona- 

r e H e p a T O p a ,  I IPOH3BOAHTb Y I I p a B J I e H H e  6e3 OCTaHOBKH MaIUHHhI,  T a K  K a K  
n 0 ~ H T e J I b H O C T b  n2 6 y ~ e ~  H e  M e H b I I I e  IIPOH3BOAHTtJIbHOC'IEI Dl. HPEI 

B I I ePHOA p a 6 o ~ ~  OAHOI'O H 3  3 a A a T P H K O B  B T O P O ~ ~  IIePeHOCHTCR Ha HOBOe , ~ l n r n e ~ ~ ~  wcna O ~ O ~ O T O B  Hacoca 3, T. e. npn y s e J r n s e H H t i  6 y ~ c o ~ a a ~ c 1 ,  

MeCTO, YCTaRaBJIHBaeTCR H H a C T p a H B a e T C R .  K p o ~ e  T o r 0  , paCnOJIOECeBHe 
I ~OTPOPCTBO 2, B O ~ A ~ ~ ~ ~ C T B ~ I O I Q ~ ~  H a  BOJIOTHHK pacnpenenmena, ~ O C T Y -  

B a A a r n n K a  B n e p e A H  M a m w  y n p o q a t T  npoqecc ero H ~ C T P O ~ ~ K H ,  IIPH 
CHI'HaJI OT Pa3HOCTH I I P O E I ~ B O A E I T ~ J I ~ H O C T ~ ~ ~  EaCOCOB: 

 TOM H e T  E ~ O ~ X O A H M O C T E  B E ~ ~ J I I O A ~ B H H  38 3 a A a T 9 H K O M  YKJIOHa B IIPO- 
JL t Q=&-11, .  

qecce pa6o~h1. 
Tuapaenuuecauri pezynsmop semepoiin~x mauun. K p o ~ e  a n e ~ ~ p o a -  I T o P H o e  KoJ IH¶ecTBo  ~ H A K O C T H  B ~ I ~ E L B ~ ~ T  n e p e l l r e q e r r n e  n o p r u H s  

H H X  aBTOMaTHPeCKHX CHCTeM H Y G T P O ~ ~ C T B  AJIR a B T O M a T H 3 a q H H  pa6o~hI 
3 e ~ J I e p o b h l x  H I IJ IaBHPOBO¶EhlX MaIIIHEl p a 3 p a 6 0 ~ a a h l  H n p H M e H R I o T C R  a8HOCTH I I ~ o H ~ B o ~ H T ~ J I ~ E ~ o c T ~ ~  EaCOCOB I IOPI I I eHb  B 0 3 B P a I Q a B T C R  

166 aqanb~oe I I O J I O ~ K ~ H H ~ .  



Ha PHC. 61 n o ~ a ~ a ~ a  cxeMa noAKJrmseEna aBToMaTmecKoro pgry- 
JIRTOpa K I'HAPOnpHBOAY 6yJIbfloaepa. 

I l o ~ ~ n ~ o s e ~ n e  perynmopa B CHCTEMY rnAponpHBoAa 6ynb~03epa 
. 06e~IIt?¶HBaeT IIOCTORHHOe COIIPOTHBJIeHHe KOIIaElHH) H3MeHBHHeM nOJI0- 

HCeElHR peHCy~ei?i KPOMKH OTBaJIa 2 IIO BhICOTe. 

~ P E  yBeJIH¶eHEH ~ ~ K C O B ~ H H ~ ~  ABHI'aTenII CBHme OIITHMaJIbHOrO 
cHrHan OT perynmopa nocTynaeT B cne~rzanf qnnnagp oAHocTopoaaero 
nei ic~sm 3, nopmeHb KoToporo nepeMeqaeT ~OJIOTBHK pacnpegenn- 
Tencr 4. BTHM 06ecnes~~ae~c11  nonasa Mama B IIITOKOBYH) IIOJIOCT~ CHJIO- 

R O r O  qKJImApa, H OTBan IIOAHHMaeTCR. ~ P H  aTOM IIepeMelI(aeTCR E CJIe- 
AII I~EH qnnmgp, KOTOPH~?~ YcTaEaBnmaeT BOJIOTHHK B a e i i ~ p a n b ~ o e  
nonoweme. T ~ K H M  o 6 p a a o ~  oman noAHmaeTca AO Tex nop, noxa Be 
06ecnes~~ae~ccr  onTnMaJrbgoe 6 y ~ c o s a ~ ~ e .  I l p ~  yaieabrneJrm 6yxco- 

, saancr nponaBo,qnTLJrbaocTb Bacoca 5 ~ o s p a c ~ a e ~  H AasneHHe nonnopa 
WHAKOCTH B CJIeAIIqeM qHJIHHApe CHHKaeTCfI, IIPYXHHa 9 ¶epea phl¶ar 10 
Ilf3PeMeqae.r 5OJIOTHHK BHHa, OTKPMBaII IIYTb MaCJIY OT HaCOCa 8 B BepX- 
RH)H) IIOJIOCTb CHJIOBOI'O 4HJIHHApa 2,  K OTBaJI 3arny6nxe~c11. ,U,JIII pery- 
JIHpOBaElHH oIITEM~JI~Eo~?~ BeJIWHHhI ~YKCOBIHEIII H 0TKJIH)PeHHII pa60~h1 
PeryJIXTOpa IIpH PeBepCHpOBaHHH XOAa TpaKTOpa yCTaEOBneH ApOC- 
cenb 22, c noMorqbm KoToporo CncTeMy MOXHO nepesecm H a  p p a o e  
ynpasneme. 

~ O A  BoaJ(ef C T B H ~ M  TRrH ( ~ a  PHC. 61 He y ~ a 3 a ~ 0 )  Ha pbI¶ar 20 3OJIOT- 
HKK nepeMeqaeTca H oman noAHnMaeTca HJIH ~ ~ ~ J I Y ~ J I I I ~ T C I I .  rIpx 
peBepCHpOBaHHH XOAa T p a K T O p a ,  eCnE ApOCCeJIb 11 HaXOAHTCfI B IIOJIO- 1 
XeEEH E(3aKphITO)). MaCJIO EaCOCOM 5 IIOAaeTCII B HaCOC 7. Tax K a K  npK I 
3aAHeM XOAe TpaKTOpa 6y~cosa~n11 EeT, IIPOK3BOAHTeJIbHOCTb HaCOCa 5 
MaKCHMaJIbHa, H ~ ~ ~ I T O K  HCHAKOCTH IIOCTYIIaeT B ~JIe,l(t~tQHij[ qHJIHElAP, I 

OTBan IIO~HMaeTCII H YAePHCHBaeTCII B BepXHeM IIOJIOXeHHH; H3JIHElHRFI 
XqKOCTb CJIHBaeTCII ¶epL3 KJIaIIaE 6. Ecnn HCe ApOCCenb HaXOAHTCII 
B IIOJIOXeEHH ((OTKPhITOD, TO OTBaJI IIOAHHMaeTCII C IIOMOabIO PygEOrO 

ynpaBnenns H YAepmxsaeTcR. 
k i c n a ~ a ~ n e  perynsTopa npH pa6o~e 6ynb~o3epa 11oxa3an0, ¶TO . 

UaMeHeaHe ~ ~ K C O B ~ H H I I  ~ ~ n r a ~ e n e i i  OT 19 no 100% npHBoAnT K CoomeT- 
CTBJ'KlIIl,eMy H3MeEeEHH) OTHOCHTeJlbHOrO IIOJlOXeHHII ~LHCyqef KPOMKE 
OTBaJIa; IIpE yBeJIH¶eHHH 6 y ~ c o ~ a a ~ 1 1  OTBaJI JIOAHFfMaeTCII, IIpH CHE- 
XBBHH - OnycxaercII. 

Hna JIyPmeI'O HCUOJIb30BaHEII B p a 3 ~ 0 0 6 p a 3 ~ h I ~  I'OPHOTeXElKPeCKElX 
YCJIOBHIIX OTKPHTPX p a 6 0 ~  OABOKOB~OBhKe  3KCKaBaTOphI BhIUyCKaIoT 
B pa3JIE'XHOM KOECTPYKTHBEOM HCIIOJIHeHHH. B 3aBHCHMOCTH OT E83Ha- 
¶eEESI H KOHCTpYKTHBEhIX O C O ~ ~ H E O C T ~ ~ ? ~  OAHOKOBllIOBhIe 3KCKaBaTOPhI 
AenIIT H a  ¶eThIpe THna: C - o ~ I Q ~ c T ~ o H T ~ J I ~ E ~ I ~  3KCKaBaTOPhI; K - 
KapbepHHe; B - BcKpamsare ~ K C K ~ B ~ T O P H  H III - maramqne Apar- 
~ r a P a ~ .  

C ~ p o ~ ~ e n b E h I e  3KCKaBaTOpbI (THII C) HM€H)T ae6onbmy1o eMKOCTb 
HOBJIIa (0,5-2 iU3), yHEBepCaJIbHOe pa6osee 0 6 0 p y ~ o s a a ~ e ;  ~H3enbEIbIfi 
am ~ ~ 3 e n b - 3 ~ 1 e ~ ~ p ~ s e c ~ H i i  IIPHBOA H saw0 ~ ~ B M O K O ~ ~ C H P ~ ~  XOA. 
GnII IIOI'PY3KH TIIMeJIbIX CKaJIbRhIX IIOPOA OEFI HeAOCTaTOPEO IIPO'IHH, 
HO 6naro~apa 60~1bmoii MaHeBpeHHOCTH HaXOHIIT IIpHMeHeHHe IIpH pa3- 
~ 0 J I b ~ 0 5  BhIBMKe MEIrKHX M a n O M O W h I X  IInaCTOB Ha KapbepaX ~e6oabmoii 
UPOH8BOAHTeJIbEOCTH H BClIOMOraTeJIbHhIX pa60~ax. 

KapbepEhle 3KCKaBaTOphl (THII K) HMeIoT MOQHOe pa6osee 060py~o- 
BaBHe B BHAe IIpIIM0fi M ~ X ~ E H ¶ ~ C K O ~ ? ~  JIOIIaThI C KOBIIIOM BMKOCTbH) OT 2 
80 12-15 JC3. H ~ K B O A  3KCKaBaTOpOB ~ J I ~ K T P H ¶ ~ C K H ~ ~ [ ,  ME~O~OMOTOPEH~, 
XOA I ' Y C ~ E H P H ~ I ~ .  ~ K C K ~ B ~ T O P H  llpeAHa3RaPeEbI AnII JlOrPY3KH CKanbHhIX 
mmenax n o p o ~  H pya B TpaHcnopmrae cocyAa, PacnonozeHmae Ha 
YpOBHe CTOIIElHII 3KCKaBaTOpa. Ha PHC. 62 IIOKa3aE 3KCKaBaTOp 3TOr0 
m a  (3W-8M) B sa6oe. 

B c ~ p m m ~ e  3KCKaBaTOphI ( T H ~  B) HMeIoT YAlIHEeHHhIe pa3MephI 
p16orlero 060pjqo~art~c1,  BhInonHeahoro B BHAe npI I~05  ~exaannec~o i i  
1018TY. EMKOCT~ KOBma HaMeHReTCII B mHpOKHX UpeReJIaX - OT 4 
80 100 xa E 6onee. ~ K C K ~ B ~ T O ~ ~ I  C BMXOCTbH) KOBma 5-15 iU3 IIpHMeHfIIoT 

norpyaKH nopoAH B TpaHcnopTaare cocy~u ,  pacnonowemme m m e  
V p 8 I I R  CTOIIHHII 3xcxa~a~opa .  

)fr pac. 63 nortasaa s ~ c ~ a ~ a ~ o p  3Br-6 Ha  norpys~e nopoaar B TpaHo- 
COCyA. ~ K C K ~ B ~ T O ~ ~ I  C 6onbmeg eMKOCTbH) KOBma HCIIOJIb3YH)T 

BaJlKH IlOpOAhI B B H P ~ ~ O T ~ H H O ~  IIpOCTpaECTBO. 
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Pnc. 6 4 .  P a 6 o s ~ e  napaweTpm ~exatrmvec~ofi  nonaTu: 
I - aona paarpyam; 11 -aona sepnanan 

¶ e p l l a H H R  Ha  r O P H 3 0 H T e  YCTaHOBKEl 3 K C K a B a T O p a  R,. ,, p a A H y C  ¶ e p I I a H H R  

I I P H  R ~ H ~ O J I ~ I I I C ~  BbICOTe ¶ e p I l a H H R  Rp. 
B b I c o ~ a  ¶ e p I I a H H R  - B e p T H K a J I b H O 0  PaCCTORHHe OT r O P H 3 0 H T a  yCTa-  

HOBKH 3 K C K a B a T O p a  A 0  peXylQ3fi KPOMKH KOBIIIa  I I P H  W P I I a H H H ;  H I H -  

6 0 ~ 1 b m a ~  BbICOTa ¶ e p I I a H H R  HPmax COOTBeTCTBYeT MaKCHMaJIbHO IIOAHRTOG 
~ ~ K O R T H .  P ~ ~ J I H P ~ I O T  T a K X e  BbICOTY ¶ e p I I a H H R  I I P H  MaKCHMaJIbROM 

pa~nyce s e p n a ~ n ~  H,. W 
P~AHYC p a a r p y 3 K H  Rp - I 'OpHaOHTaJIbHOe paCCTORHHe OT OCH B p a  

I 4 e H H R  I I J I ~ T @ o P M ~ I  3 K C K a B a T O p a  A 0  C e p e A H H b I  KOBIIIa I I P H  p a 3 r p y 3 K e ;  
H a H 6 0 J I b m ~ i i  p a A H y C  p a 3 r p Y 3 K H  Rpma, COOTBeTCTBYeT I 'OPH30HTaJIbHOMY 

IIOJIOXeHHIO MaKCHMaJIbHO BEJABEEIYTo~~[ PYKOHTH. 
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B ~ C O T ~  p a 3 r P Y 3 K H  Hp - B e p T H K a J I b H O e  PaCCTORHHe OT r O p H 3 0 H T a  
YCTaHaBKEi 3 K C K a B a T O p a  A 0  H H K H ~ ~ ~  KPOMKH OTKPbITOrO A B H q a  KOBllIa ;  

H ~ H ~ O + ~ I I I ~ R  BbICOTa p a 3 r P Y 3 K H  HPmax COOTBeTCTBYeT MaKCHMaJIbHO 

~IOAHII~OMY KOBIIIY. 
P ~ ~ H ~ C  B p a q e H H R  3 a ~ ~ e 6  ¶aCTH K y 3 O B a  3 K C K a B a T O p a  - R,. 
I'ny6ma ¶epIIa l&HH HqY - B e p T H K a J I b H O e  PaCCTORHHe OT I 'OPH30HTa 

yCTaHOBKH 3 K C K a B a T O p a  A 0  P e X y q H X  KPOMOK 3 ~ 6 b e ~  KOBIIIa I I P H  ¶ep- 
I I a E H H  H H X e  I 'OPH30HTa  YCTaROBKH. 

3 0 H a  p a 3 r P Y 3 K H  - ¶ a C T b  B ~ I ~ ~ ~ o T ~ H H o I ' o  IIPOCTPaElCTBa H a A  TpaHC- 

IIOpTHbIMH IIYTRMH, OI 'paHHPeHHaEI MaKCHMaJIbHbIM H MHHHMaJIbHbIM 

P a A H y C a M H  pa3I 'PY3KEI 3 K C K a B a T O P a .  
1 30Ha ¶ e p I I a H H R  - ¶ a C T b  3 a 6 0 ~ ,  KOTOPYH) MO)KeT O T P ~ ~ O T ~ T ~  3KCKa-  

B a T O p  C OAHOI'O I IOJ IOXeHHR,  H 3 M e H R R  paAHYCbI  ¶ e p I I a E H R  OT MHHEIMaJIb- 
B O r O  A0 MaKCHMaJIbHOI'O. 

q e ~ ~ p  T m x e c T n  3 a 6 0 ~  o n p e g e n R e T c R  c p e j q ~ e ~ 3 ~ e m e ~ ~ ~ ~  y r n o M  

IIOBOpOTa PI H P a A H y C O M  ¶ e p I I a H H R  3 K C K a B a T O p a  I I P H  BbIeMKe  3 a 6 0 ~ .  
OT p a 6 o s ~ x  p a 3 M e p O B  3 K C K a B a T O p O B  3 a B H C R T  B03MOXHOCTb I IPH-  

MBHBHHR H X  B KORKp3THbIX YCJIOBHRX, CXeMbI pa60~b1, O ¶ e p T a H H R  H IIapa- 
M e T p b I  3a6oe~.  M e x a H ~ ¶ e c K E Z e  JIOlIaTbI  H a  I 'yCeHH¶EOM XOAy M O r Y T  nepe- 
A B H r a T b C %  CO CKOPOCTbH) 0,9-3,5 M / U .  B ~ J I H ¶ H H ~  I I p e O ~ O J I e B a e M O ~ O  

n o A z e M a  p a 3 n ~ s ~ a .  nermx ~ K C K ~ B ~ T O P O B  (THII C) n o A z e M  AOCTH- 

r a e T  22", a AJIR ~ K C K ~ B ~ T O P O B  B e c o M  60nee 100 m oa H e  n p e s b I m a e T  

3-7". n p ~  I I e p e A B H X e H H H  3 K C K a B a T O p  T q a T e J I b H O  B b I p a B H H B a e T  I IOBepX- 
HOCTb YCTYI la ,  H H O r A a  AJIR 3TOI'O HCIIOJIb3YIOT 6 ~ ~ 1 b ~ 0 3 e p b I .  POBH~R 
n O B e p X H O C T b  Y C T y l l a  I I03BOJIReT P a B H O M e p H O  p a C I I p e A e J I R T b  H a r P Y 3 K Y  
OT B e C a  3 K C K a B a T O p a  H H 3 6 e X a ~ b  IIOJIOMKH XOAOBbIX T e J I e X e K .  L 



n p e g c T a s n n e T  o n a c a o c T b  gnn a n c x a s a T o p a .  Ha p ~ c .  65 noxaaaak cxerti 
3 a 6 0 ~  n p H  B b I c o T e  y c T y I I a  6onee Hqmax. ~ ~ H H H M ~ J ~ ~ R ~ H  B a c o T a ,  aa6oa 
AonwEa 0 6 e c n e n ~ ~ a ~ b  n o J m o e  s a n o n H e H n e  K o s m a  3a o ~ a o  segnaane. 
B M R r K H X  n 0 p O A a X  3 T 0  YCJIOBHe BbIIIOJIHHeTCH I I P H  BbICOTe 3a60~1, P a B -  

H O ~  2/3 BHCOTH P a C I I O J I O X e H H R  HaIIOPHOI'O M e X a H H 3 M a .  

n o r p y 3 ~ a  n O p O A M  MOXCBT IIPOH3BOAHTbCR B )fEeJIe3~0~0~0)fCBht~, LIBTO- 

~ 0 6 E I J I b ~ h l f i  HJIH K ~ H ~ e i i [ e p H E J f i  TPBHCIIOPT. OT B H A a  T p a H C I l O p T a  3 a B H C R T  

n o n o w e H v r e  a K c K a B a T o p a  B 3a6oe H m E I p H H a  ~ ~ X O ~ K E I .  

PHC. 65. Cxema a a 6 0 ~  npH smcoTe yoTyna donee Hq 
I - soaa soamorrtaoro 06ppe~si11 

Ilpn norpyme n o p o A M  B wenea~ogopox~ari i  T p a H c n o p T  a ~ c ~ a ~ a ~ o p  
pacnonaram H a  p a c c T o s H n H  (0,8-0,9) RPmax OT OCEI n y T n  H ~a pac- 
CTORHEIEI (0,7-0,8) Rqmax OT 3a6011. U ~ P B O ~  YCJIOBHe H ~ O ~ X O A H M O  A n R  

TOPO, 9 ~ 0 6 ~  T p a H C I I O p T B P e  COCYAbI 0 6 ~ 3 a ~ e J I b A 0  HaXOAHJIHCb B 3 0 H e  

p a 3 r p y 3 K ~  (pEIc. 66). B ~ o p o e  ycnosae I I03BOJIReT  YBeJIH¶HTb YCHJIHR 

peaanm 3a c n e T  y M e a b m e H H R  paAayca u e p n a H m :  M I i ~ H ~ a n b H o e  pac- 
CTORHHe 3 K C K a B a T O p a  OT 3a6011 ~ ~ 6 ~ p a e ~ c ~  Fi3 YCJIOBE~~ ~ ~ ~ O I I ~ C H O C T ~  

H BO3MO)fCHOCTU O T P ~ ~ O T K H  ~ ~ ? K 3 3 e f i  ~ P O B K H .  y ~ o 6 a a s  O T ~ ~ ~ O T K ~  ~ H ) f E H e f i  

~ P O B K H  3a60t1 B03MO)fCHa I I p H  HaJIHPHEI C B O ~ O ~ H O ~ O  PaCCTORBHR MelfEAY 

P y C e H H q a M H  H HaBaJ IOM He M e H e e  1,s AJIHHM K O B m a .  H p H  60nee ~ J I H ~ K O M  

paCIIOJIOXteHHH AJIR B b I p a B H H B a H H R  IIOAOIIIBbI 3 a 6 0 ~  H ~ O ~ X O A H M ~ I  IIepe- 
A B H X K H  a K C K a B a T O p a .  ~ H P H H ~  3 a 6 0 ~  I I P H  H(eJIe3EOAOPOlXHOM TPaHC-  

I l O p T e  I IpHHHMaeTCR ~ a ~ 6 0 ~ 1 b m e f i ,  9~0661 YBeJ IHPHTb  C'beM I IOPOAN Ha 1 
w e ~ ~ e s ~ o ~ o p o w ~ o r o  nym. 

Ha~6onbmaa mnprnna 3a6oa o r p a H n s H s a e T c c I  p a A H y c o M  n e p n a E H f f  
a K c x a s a T o p a  H a  y p o B H e  CTOIIHEIR. P~CCTOIIHH~ OT OCH I I e p e M e m e H E i R  

~ K C K ~ B ~ T O ~ ~  no o T K o c a  y c T y n a  H e  MoHteT  n p e B M m a T b  pannyca nepnama 
Ea Y p O B H e  CTORHHR R,. ,, H H a P e  Y IIOAOmBhI y C T y l I a  6 y n e ~  OCTaBaTbCR 

I IOpOAa .  ~ O B T O M ~  l I l H p H H a  B B Y T P ~ H H ~ %  PaCTEi 3 a 6 0 ~  (OT OCH 3 K C K a B a T O p a  

A 0   HOBO^^ H t i ~ t ~ e f i  KPOMKH) I IpHHEiMaeTCH P ~ B H O ~ ~  P a A H y C Y  ¶ e p I I a H H H  

H a  Y p O B H e  CTOaHHR. 

~ ~ e m a e i i  sacm 3a6os (OT o c ~  a K c K a s a T o p a  go c~apoii  HE=- 
3 a 6 0 ~ )  AOJIWHa O ~ ~ C I I ~ ¶ E B ~ T ~  BO3MOH(BOCTb IIOJIBOI'O 3 a X B a T a  

KOBIIIOM.  TO AOCTHl'aeTCR TOJIbKO T O r A a ,  K O r A a  YrOJI  I IOBOpOTa 

B CTOPOAY B ~ I ~ ~ ~ O T ~ H H O ~ O  I IPOCTpaHCTBa  Ee I I p e B b l l U a e T  45". 
n p H  sepnaHm nopoga o T o A B H r a e T c R  KOBIIIOM. 

I IOpOAaX IUBPEIHY B H ~ ~ H ~ S  ¶aCTEl 3 a 6 0 ~  l I P m H M a H ) T  

R,. ,. I / ~ C X O ~ ~ H  I13 3THX Y C J I O B H ~ ~  IlIHpYIHa 3aXOAKH 

a n p H  HFeJIe3HO~OPO)fEEOM T p a H C I I O p T e  P a B B a  (1,5-1,6) R,. ,. 

~ O J I O H C B H H B  3 K C K a B a T O p a  OTHOCHTeJIbHO TpaHCIIOpTHbIX COCyAOB I3 DIE- 
P E l B a  3 a X O A K H  OKa3bIBaH)T BJIEiRHHe H a  C ~ ~ A H H ~  YI'OJI I IOBOpOTa 3KCKa-  

B a T O p a  ti, CJIeAOBaTeJIbPlO, IIpOAOJIX?dTeJIbHOCTb I(HKJla.  o ~ p a 6 0 ~ K a  

~ m y ~ p e a ~ e f  nacw 3a60t1 HB H a  n o n H u e  E a p a M e T p b I  a K c K a s a T o p a  n p H -  

6 a n w a e ~  y e H T p  THXeCTEI 3 a 6 0 ~  K TpaHCl IOpTHbIM COCYAaM H COKpaIL(aeT 

% , c p e ~ ~ E I f t  YrOJ I  I IOBOpOTa a K C K a B a T O p a  (CM. PHC. 64). ~ O B T O M Y  YGTaHOBKa 

B X C K a B a T O p a  B sa6oe BJIEIHeT H a  H3HOC MeXaHH3MOB EI B ~ H ~ ¶ H T ~ J I ~ H O ~ ~  
CTe l I eHH Ha er0 IIpOH3BOAHTeJIbHOCTb. n p H  I I O r p y 3 K e  B aBTOCaMOCBaJIbI 

, (PHC. 67) MeCTO H X  paCI IOJ I0 lKeHHH B b I 6 E i p a H ) ~  TaKHEe HCXOAR H 3  ~pe6o-  
B a H H R  O ~ R ~ ~ T ~ J I ~ H O ~ O  H a X O W A e R H R  B 3 0 H e  P a 3 r P Y 3 K H  K O B N a  (CM. 
PEG.  64). A B T O ~ ~ M O C B ~ J I H  MOrYT p a C I I O J I a r a T b C I I  H e  TOJIbKO C ~ O K Y ,  

Eb T a K l X e  n O 3 a A E  3 K C K a B a T O p a .  ~ P H  E ~ B T O M O ~ H L I ~ H O M  T P a H C I I O P T e  AJIR 

~ G T ~ O ~ ~ C T B ~  A O p O r  HCIIOJIb3YeTCR ~ a r p a 6 o ~ a a ~ o e  IIpOCTpaHCTBO C ~ O K Y  

0 K C K a B a T O p a  HJIH I I 0 3 a A H  H e r o .  n e p e ~ 0 C  H ~ C T P O ~ ~ [ C T B O  3a602~b1x AOPOI' 

ae ~ p e 6 y 1 o ~  6onbmnx a a T p a T ,  H c n e M  nopoAa c 1 nc 3a60~  c y q e c T B e a a o r o  

~ J I H F I ~ H R  H a  C ~ ~ ~ C T O E I M O C T ~  BbIeMOPHO-IIOrPY30¶HHX p a 6 o ~  He OXa3bI-  

BaeT .  H O ~ T O M ~  I D H P H H a  3aXOAKH B P ~ H P ~ ~ T C B  HCXOAH H 3  pa6onmx I I a p a -  

W T P O B  H O p I ' a H H 3 a q H H  p a 6 o ~  H a  YCTyI Ie .  HJIR C O K p a q e H H H  CpeAHeI 'O 

YrJSa  I IOBOpOTa  3 K C K a B a T O p a  EICIIOJIbBYEOT CXeMbI pa6o~b1 B Y3KHX 3a- 
XOAKaX (0,7-1,o) Rq. ,  E AByCT0pOHHH)H) I I O r p y a K y  aBTOCaMOCBaJlOB. 

~ P H  K O B B ~ ~ ~ P H O M  T p a H C l l O P T e  I IOpOAa  r p y 3 H T C H  ¶epe3 6 y ~ ~ e p  
n x T a T e n b ,  6 ~ 1 a r o ~ a p ~  n e M y  0 6 e c n e . r ~ s a e ~ c ~  a e n p e p m s z a f i  H 6 e 3 y ~ a p ~ a a  
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T p a H m e H  IIPH 110rpy3~e IIOPOA~I R e  Aonxaa n p e s M r n a T b  M a x c H M a n b H y m  

BbICOTY PepIIaHHII.  ~ H P H R Y  TpaHIIIeEI IIO A H y  B ~ I ~ H P ~ I O T  IIO YCJIOBHIO 
6 e 3 0 n a c ~ o r o  p a 3 M e Q e H H I I  3KCKaBaTOpa EI TpaECIIOPTHbIX COCYAOB. 

OCEOBHO~I  O C O ~ ~ E H O C T ~ I O  pa6ol.a k e x a ~ E I ¶ e c K o f i  n o n a T h I  B TPaH- 

l I l e k l 0 ~  3a6oe RBJlIIeTCII CRFlHEeHlTe ee IIPOH3BOHHTeJIbHOCTH IIO CpaBRe-  
HHIo C pa6o~of i  B ~OKOBIJX 3a6011x.  TO RBJIHeTCH CJIeACTBHeM 6 0 n b m ~ x  
n p o c T o e B  B O x H A a H H n  0 6 ~ e a a  r p y x e H M x  COCYAOB B a  nopoxnzie, a T a K x e  

y s e n n . r e H m  c p e A H e r o  yrna n o B o p o T a  a ~ c ~ a s a ~ o p a  npx norpya~e.  
~ P H  pa6o~e 3KCKaBaTOpa B nOpOAaX C H ~ A O C T ~ T O ¶ E O ~ ~  H ~ C Y T ~ ~ P  cnoco6- 
HOCTbIo C O ~ J I H ) ~ ~ H H ~  IIPOeKTBbIX OTMeTOK IIOAOIIIBM YCTyIIa EI IIepeABEIHEKa 
3KCKaBaTOpa 3HaPHTeJIbHO OCJIOHEHIIIOTCR. 

Y ~ ~ s e p c a n b ~ ~ ~  H ~ a ~ 6 o n e e  p a c n p o c T p a H e H a m i  n r e p o n p m T H e M ,  
IIOBBOJIRIOQEIM YMeHbIIIHTb YAeJIbHOe AaBJIeHHe 3KCKaBaTOpa H a  r p y E T ,  

RBJIReTCR YCTPO~~CTBO HaCTHJIa H 3  A e p e B a  H n H  MeTaJIJrH¶eCKHX QHTOB. 

H a c ~ ~ n  YKJIaAbIBaeTCII lIOIIepeK K ~ H E A O ~  I'YCeHHqbZ, a WHTbI IIepeHOCIITCR 
H YKJIaAbIBaIOTCR 3KCKaBaTOPOM C IIOMOWLD KaHaTOB. ~ P H  p a 6 0 ~ e  B CnO- 

C O ~ H U X  K HaJIHIIaEHIO IIOpOAaX 3Ha¶HTeJIbHO YXYAIIIaeTcR pa3rpy3~a 
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xosma: Hna O ~ H C T K H  ero H~OBXOAHMO I I ~ O B O A H T ~  cneqnanbmxe M e p o -  

, UpHcITER, O C O ~ ~ H H O  = p H  p a 6 o ~ e  n p H  IIOHHXeHHbIX T e M I I e p a T y p a X  
(no~orpes,  M e x a a a s e c K y I o  OWCTKY H T. n.). 

B 
i, $ 3. G e ~ h l  pa60~b1 EI I I a p a M e T p h l  3 a 6 0 ~  npmoii 

mexa~nsec~oii n o n a T b r  B cxanbnbIx nopoxax i* _ I Pa6o~a M e X a H w e C K H X  JIOnaT B CKaJIbHbIX IlOpOAaX HMeeT CJIeJJyIOQHe 

* O C O ~ ~ H H O C T H :  & IlOpOAhI IlpeABapHTeJIbHO p a a p H X J l a I o T C R  ~ Y P O B ~ P H B H ~ T M H  pa6o- 
TaMYI; 

B03HHKaH)T 3HaPHTeJIbWIe  

ynapme ~ a r p y 3 ~ ~  H a  pa60me Q 

oprawr a ~ c ~ a s a ~ o p a ;  I 
B IIJIOXO B3OPBaHHOM 38608 * 

8aTpyAHaeTCR YCTPO~~CTBO POB- 
.EPX n n o W a A o K  Ann pacnono- * I *  

XCeHHII aKCKaBaTOpa,  BCJIeACTBHe 4 
nero n o s s n a m T c a  H e p a s a o M e p -  
EhIe H a r P Y 3 K H  H a  XOAOBPe 

~ C T ~ O ~ ~ C T B ~ ,  WCTO IIpZfBOARQHe 

K HX H3JIOMY; 
HeOAHHaKOBaR BbICOTa 3a6oa i.yk&7 rA 1 

(paasana) B upenenax O A H O ~ ~  / 

aaxoAKH.  
npti p a 6 o ~ e  B CKaJIbHPX DO- 

C RP Ru 

poAax 6onbmoe 3 H a s e H H e  HMeeT 
H a s e c T B o  pHxnenns. Men~opaa- 

6 

~ ~ O ~ J I ~ H E I ~ &  nopona BKCKaBH- I 

pyeTCi3 6e3 3 a ~ p y ~ H e H Y I f i ,  TaK -* T A  k 

HaW KOBm 3aIIOJIHIIeTCR H a  He- 
6 o n b m o ~  p a c m e ,  Pepnaeae ' * + * ' " " I 
MOHcEO I I p ~ ~ 3 ~ ~ A ~ ~ b  T O J I C T O ~ ~  4 C 
e ~ p y x ~ o f i ,  a CHlIJ'¶eCTb MaTe- 

P H ~ J I ~  0 6 e c n e y ~ ~ a e ~  ~PCTPY* m c .  68. Qopau paasma noponu nocne Bapblea 
E nonnym p a s r p y 3 ~ y  xosma. 
l[IpH p a 6 o ~ e  B nJIOX0 B30PBaH- 

HOM 38600  ( H ~ ~ ~ B H O M ~ ~ H O ~  gpo6ne~ne, y ~ e n a s e ~ ~ b ~ t i  p a 3 M e p  K y -  

CWOB, H e I ' a 6 a p H ~ H b I e  K O M ~ H )  3HaPHTeJIbHO B03PaCTaIOT Harpy3KYI  Ha 
0 6 0 p y ~ o ~ a ~ n e ,  npHBOAflQHe K H3HOCY H IIOJIOMKaM er0. HJIR H ~ ~ ~ H C ~ H H ~ I  
a eap~f i  n p H  I I o r p y s K e  IIOpOAhI B 3a6oe H ~ O ~ X O A H M O  C E H m a T b  CKOpOCTb 

W p I I a H H f l ,  ¶TO YBeJIWHBaeT AJIHTeJIbHOCTb qHKJIa  3KCKaBaTOpa. He- 
r a 6 a p ~ ~ a r  p a c n o n a r a I O T  y IIOAOmBbI YCTyIIa AJIR BTOPHPHOI'O APO~JIBHHEI.  
B n c o ~ y  y c T y n a  B c K a n b w r x  xopomo ~ ~ ~ P H X J I ~ H H H X  nopoAax no npa- 
BHJIaM T ~ X H H ¶ ~ C K O ~ ~  3KCIIJIYaTaqHH pa3peIUaeTCR HMeTb A 0  1,5H,. 

m o p ~ a  H p a a M e p u  pa3sana s a B n c a T  OT C B O ~ C T B  n o p o ~  H n a p a M e T p o B  

~ Y P O B ~ P ~ I B H P X  p a 6 o ~ .  Moxcno BHAenEITb TPH THIIFlPHPe (POPMH p a 3 B a n a ,  
KOTOpbIe n O K a a a H n  H a  PHC. 68. 





K O H B ~ ~ ~  YCTaHaBJIHBaIoT H a  IIO¶Be 3a60~  IIO3aAEl 3KCKaBaTOpa .  Ha- n e H -  
T O ¶ H M ~ ~  K O H B ~ ~ ~ ~ P  nOI 'PY3Ka IIOpOAbI IIPOH3BOAHTCR ' X e p e 3  6 y ~ ~ e p -  
n H T a T e n b .  l l o  M e p e  O T P ~ ~ O T K H  3 a 6 0 ~  n e p e M e q a e T c s  G y ~ ~ e p - n n ~ a ~ e ~ ~ b  
H YAJIHHReTCR J I ~ H T o ~ H J J ~ ~  ~ 0 ~ ~ e f i e p .  0 6 ~ 9 ~ 0  HCIIOJIb3YIOT ABe CXeMbI 
p a 6 0 ~ b 1  3 K C K a B a T O p a  I I p U  I I O r p y 3 K e  H a  JIeHTO¶HbIe ~ 0 H ~ e f i e p b 1 .  

l lpn n e p ~ o f  c x e M e  (pnc. 71) S K c K a B a T o p ,  ~ o ~ o p b ~ f i  n e p e M e q a e T c R  
no A y r e ,  I'PY3HT rOPHYIO MaCCY B ~ Y H K ~ P ,  Y C T ~ H O B J I ~ H H M ~ ~  HeIIOCpeA- 

CTBeHHO H a A  ~ 0 H ~ e f i e p ~ o f i  J I ~ H T o ~  ~ H P H H ~  IIOJIOCbI, B M H H M ~ ~ M O H  
3KCKaBaTOPOM IIO 3 ~ 0 f i  CXeMe,  COCTaBJIReT (1,s-1,7) (Rp + Rq. y ) .  He- 
A o c T a T o K  3~05  c x e M M  3 a K n m n a e T c R  B s a c m x  n e p e M e q e H m x  n pamopo- 
T a x  a 2 c ~ a ~ a ~ o p a .  

n p ~  B T O P O ~ ~  CXeMe I I O r P Y 3 K a  lIPOH3BOAHTCR B ~ ~ H K ~ P - I I ~ T ~ T ~ J I ~ ,  
O ~ O ~ Y ~ O B ~ H H M ~  pa3rpy30¶~0ii KOHCOJIF ,~ .  B n a r o ~ a p R  BTOMY y s e n H -  
¶ n B a m T C R  m H p H H a  3 a 6 0 ~  H mar I I e p e A B n m K H  6 y H ~ e p a .  m m p ~ ~ a  3 a 6 0 ~  
B 3TOM CJIJTae M O X e T  AOCTHraTb 

I'Ae 1, -- AJIHHa KOHCOJIH 6 y ~ ~ e p a ,  a. 
B ~ H K ~ P - I I H T ~ T ~ J I ~  M O X e T  6 b I ~ b  CaMOXOAHbIM HJIH IIePeHOCHbIM. BM- 

W T Y  YCTYIIa B YrOJIbHbIX 3 a 6 0 ~ x  p a 3 p e l l l a e T C R  yBeJ IH¶HBaTb  A 0  30 A, 

a npn c n e q m a n b H o M  c o r n a c o B a H m  c o p r a H a M H  r o c r o p ~ e x ~ a ~ 3 o p a  - 
A 0  40 At. B 3TYIX CJIJTaRX H ~ O ~ X O A H M O  ~ Y P E ~ T ~  HaKJIOHHbIe CKBaXHHbI.  
l l p ~  pa60~e  M e x a H n n e c K m x  n o n a T  B ~ p a ~ m e f i ~ ~ x  3a6o~x  n a p a M e T p H  
~ p a ~ l l l e f i  BP~HPIIOTCR HCXOAR YI3 TeX Xe YCJIOBHG, ¶TO H I IPH p a 6 o ~ e  
B MRI'KYIX IIOpOAaX. OTJImHTeJIbHbIM O C O ~ ~ H H O C T R M  A O ~ ~ B J I H ~ T C H  

H ~ O ~ X O A H M O C T ~  YBeJIH¶HBaTb IlIElPHHy T p a H m e H  no A H y  AJIR p a 3 M e q e R H R  

B ~ ~ p b I l n ~ b I e  MeXaHEl¶eCKHe J I O I I a p J  C KOBmaMH eMKOCTbIo A 0  15 w3 
IlpOHaBOART I I O r p y 3 K y  IIOpOAbI B TpaHCIIOpTHbIe COCYAbI, p a C n O J i O X e H H b I 0  
BbIIUe YPOBHR CTORHHR 3 K C K a B a T O p a .  B~PXHRR nOI 'PY3Ka  mHPOKO n p H -  

MeHReTCR I IPH IIPOXOAKe T ~ ~ H I I I ~ H  II O T ~ ~ ~ O T K ~  HEIXHHX YCTYllOB K a p b -  
epa, H a  IIO'XBy KOTOPMX 3 a T p y A H e H a  YKJIaAKa TPaHCIIOPTHbIX IIy~efi. 
B n a r o ~ a p ~  ~ e p x ~ e f i  norpyme y n y s m a e T c R  H c n o n b s o s a H H e  ropao- 
TpaHCIIOpTHOI'O O ~ O P Y A O B ~ H E I R  IIO CPaBHeHHH) C pa6o~oii  B TYIIHKOBbIX 

3a6o~x .  
O A H ~ K O  B e P X H R R  I I O r P Y 3 K a  YI.MeeT H HeAOCTaTKEI. Ha OAHOM EI TOM X0 

~ g p b e p 0  H I I p H  O A H H ~ K O B O H  eMKOCTH K O B m a  IIPOYI3BOAHTeJIbHOCTb MeXa-  
HH¶eCKHX JIOIIaT C ~ e p x H e H  norpy3~0B H a  20-30% H H X e  lIPOH3BOAYI- 

TeJIbHOCTH MeXaHHPeCKYIX JIOIIaT HOPMaJIbHOrO HCIIOJIHeHEIR, a CTOHMOCTb 

a K c K a s a q H H  npm s e p x ~ e i  norpyme B 1,3-1,5 paaa m m e .  l l p ~ s n ~ o f i  
C H H X e H H R  nPOHaBOAHTeJIbHOCTH 3KCKaBaTOPOB I I P H  ~ e p x H e 6  l IOI 'py3Ke 

RBJIReTCR YBeJIp'XeHHe IIPOAOJIH(HTeJIbH0CTH pEl60¶eI'0 q H K J I a  H a  25- 

50%. ~ P O ~ O J I ) K H T ~ J I ~ H O C T ~  q H K J I a  yBeJIII¶HBaeTCR 38 C¶eT 3 a T p a T  B p e -  

MeHH H a  TOPHYIO YCTaHOBKY KOBll la  H a A  TPaHCnOPTHbIM COCYAOM. 
Y ~ e n n n e ~ ~ e  C T O H M O C T ~  ~ K C K ~ B ~ ~ H H  1 w3 npn ~ e p x ~ 0 6  norpyme - 

a T 0  CJIeACTBHe y M 0 H b m e H n R  npOnaBOAnTeJ IbHOCTn a K C K a B a T O p a ,  YBeJIn-  
W3HHe er0 CTOHMOCTH, a T a K H l e  n0~bIIJle~~bIfi PaCXOA 3 J l e K T P 0 3 H e P r H H  

H MaTepHaJIOB.  ~ O ~ T O M Y  B e P X H R R  I I O r p y 3 K a  OnpaBAhIBaeTC% TOJIbKO 

B T e x  C n p a R x ,  K o r A a  n o s b I m a e T c R  BKOHOMWHOCT~ pa6o~b1 K a p h e p a  

B qeJIOM HJIH AOCTElraeTCR H ~ O ~ X O A H M ~ H  HHTeHCmBHOCTb O T P ~ ~ O T K I I  

MeCTOPOHcAeHHJ3. 
P a 3 M e p b I  3a6os npn B ~ ~ x H ~ H  IIOl'pyaKe YCTaHaBJIHBaIOTCR B 3aBYI- 

CHMOCTH OT pa60mx I I a p a M e T p O B  3KCKaBaTOpOB H Y C T O ~ H B O C T H  YCTyIIa .  f l  

Ha PHC. 72 n o ~ a 3 a ~ a  c x e M a  3 a 6 0 ~  ~ c ~ p b ~ m ~ o i i  n o n a T P  n p ~  norpy3~e  
I I O p O m .  6onee nOJIHOI'0 HCnOJIb3OBaHHR n a p a M e T p O B  3 K C K a B a T O p a  

GTP0MRTCs H M e T b  H ~ H ~ o J I ~ I I Q T O  BbICOTY YCTJ'IIa, XOTR O H a  OI'PaHHIPFl- 
B a e T C s  M ~ K C H M ~ J I ~ H O ~  B~ICOTOH H PaAHYCOM P a 3 r P Y 3 K H  3KCKaBaTOPa .  
Han6onbmas BbICOTa 3a6os H H 3  YCJIOBHR HCIIOJIb30BaHHII MaKCHMaJIb- 

E O ~  BPCOTbl  p a 3 r P Y a K H  Hpma, OIIpeAeJIReTCR IIO I$OPMYJIB 

R, -- p a p y c  p a a r p y s ~ ~  n p H  ~ a ~ c n ~ a s b ~ o i i  BPCOTB p a a r p y a K n ,  a; 
P a A H Y C  ¶epI IaHH% H a  Y p O B H e  CTORHHR, A; 

i - I U H p H H a  n y T H ,  .Mi 
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a - yron omoca ycTyna, zpaa; 
C, - 6e30nac~oe paccToRHHe OT OCH ny~e; no s e p x ~ e l  EPOBKM 

YCT yna, nc. 
T ~ K E I M  06pa30~,  AOnyCTHMaR BbICOTa YCTyna gna A ~ H H O ~  MOAenM 

3KCKaBaTOPa aaBHCHT OT yrna U, BenHnHHa KOTOpOrO OnpeAenReTCR 
Y C T O ~ H B O C T ~ H )  IIOPOA. Z I ~ M  6onsme yron OTKOCa, TeM 6onbmeii MOWeT 
6b1~b IIpHHRTa BbICOTa 3a60~ .  ~ O ~ T O M Y  BbICOTa 3a6011 B Y C T O ~ H B ~ I X  

IIOpOAaX MOWeT 6PTb IIPHHRTa 60~bmefi, TaK KaK OHa OrpaHWIHBaeTCR 
nepBbIM ycnoBxeM, T. e. HPmax. B MeHee Y C T O ~ H B ~ I X  nopojqax s ~ c o ~ a '  
ycTyna orpaHMnxmaeTcs paAHycoM p a 3 r p y 3 ~ ~ .  

HaH6onbma~ BbICOTa YCTyna npH yrne OTKOCa, PaBHOM 70°, COCTI- 
BJIHeT AJIR 3KCKaBaTOPOB: 3Br-4ki - 12 &; 3Br-6 - 18 nc H AJIR 
3 ~ r - 1 5  - 24 &. 

~ ~ H P H H ~  3 a 6 0 ~  IIPH B B P X H ~ ~ ~  IIOrPY3Ke OIIp0AeJIReTCII TaK HEe, KaK 
npH m m ~ e i i  norpyaKe. IIpn pa6o~e  BcKpbImHbIx nonaT B TYIIHKOBOM 

aa6oe nonepemoe ceneHne TpaHmeH P ~ B H C H T  OT pa6on~x  p a 3 ~ e p o ~  
aKCKaBaTOPOB H @ H ~ H K o - M ~ X ~ H H ¶ ~ C K H X  C B O ~ C T B  IIOPOA. Ha PHC. 73 

. noKaaaHa cxeMa p a 6 0 ~ P  ~ c ~ p ~ r n a o i i  nonaTn B ~ p a ~ m e s ~ o ~  aa6oe. 
H ~ H M ~ H ~ I I I ~ R  IUHPHHa TpaHmep nOEM3y AOnWHa 06ecne¶H~b 6ea- 

onacHoe p a s ~ e q e ~ ~ e  aKcKasaTopa B 3a6oe TpaHmen H CocTaBnReT: 
Ans aKcKasaTopa 3Br-4kI - 15-16 nc; 3Br-6 - 20-22 nc. 

H a ~ 6 o n b m a ~  IUMpHHa TpaHlIIeH nOHH3Y OIIpeAeJIReTCII HCXOAR H 3  3Ha- 
¶eHHH PaAHyCa ¶epnaHHR 3KCKaBaTOpa Ha YpOBHe CTORHHR 

H P - e  a ;  (X,7) 

Hs(R, -R , . , -C) tga ,  (X,8) 

rge hB - BMcoTa BaroHa M penbco- 
BOrO nyTH, A ;  

e, - 3a30p MeWAyKY30BOM M KOB- 

B ~ C T O & H B ~ I X  CKaJIbHbIX IIOPOAaX 
( ~ o r n a  a > 70") r n y 6 ~ ~ a  TpaHmem 
OrpaHHPHBaeTCR M ~ K c H M ~ J I ~ H o ~ ~  BHCO- 

! . Ha~Gonee nacTo BCKpMmHHe Me- 

CTB0HEO B B b I p a 6 0 ~ a ~ ~ o e  npOCTpaH- naTsl npn nepesawe nopousl B 
TicHlrOe ~ ~ O O T ~ ~ A O ~ O  

CTBO (PHC. 74). IIpn aToM nnacT no- 

PHC. 75. Cxema ~pmcnopmoll 6epbl  

T ~ C B  KaK Ha Kposne, TaK M Ha nonse nnacTa. IIpn paaMeqeHHm 
aqaii Ha Kposne nnacTa TpaHcnopTHas 6epMa I,, pacmnpseTca 
IUHPHH~ ee MoxceT G H T ~  onpeneneHa no @ o p ~ y n e  

l , ,>a+ 6=6, + a 8 +  6, nc, ( x 9 )  
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6, = h (ctg a, - ctg a), a. (x,10) 0,5C, -f- 1 = C,. 
Ecnn T e x H o n o r a n e c K a R  c x e M a  n p e A y c M a T p a B a e T  R o s B p a q e H n e  

1 ( ~ ~ 1 3 )  
~c~parnzro i i  nonam no K p o n n e  y c T y n a  K H a n a n y  4 p o ~ ~ a  XOnOCThIM 4 B 3aBHCHMOCTH OT IIOJIOXeHHX 3KCKaBaTOPa  B IUHPHHbI 3aXOAKB 

XOAOM, TO m H p H H a  T p a H -  I 
c n o p ~ ~ o i i  n o n o c b I  A o n x H a  
6 b 1 ~ b  n p o ~ e p e ~ a  no mn- a-:0,5C,+ 1<DPsa+1,7R,.  ,, a. 

p H H e  xona a n c K a s a T o p a ,  T. e. 
. . 

M ~ X ~ H E P ~ C K O ~ ~  nOnllTbI  BM- 

6 E i p a e ~ c R  T a K ,  n ~ o 6 b 1  o6e- 
c n e n n s a n o c b  p a a M e q e m e  

B C ~ $  irOpOAhI B ~ h 1 p a 6 0 ~ a ~ -  
HOM IIpOCTpaHCTBe. Ecnn 
3KCKaBaTOp PaCnOJIOHcHTb 
6nnwe K KPOMKB HEIHCHerO 
y c T y n a ,  TO y a e n n s H s a e T c a  

Pac. 76. Cxearw K onpeaenemurn IIIUpUHbI aaxoRm AanbHOcTb nepeMeqeHHR 
epeeaaKe noponw 

nOpOAbI B B M ~ ~ ~ O T ~ H H O ~  

UpOCTpaHCTBO. ki, H ~ O ~ O P O T ,  , n p H  Y A a n e H H H  a K C K a B a T O p a  OT KPoMHH 

HHHCHerO YCTYIIa YMeHbmaeTCR AaJlbHOCTb n e p e M e q e H H R  n O p  OAU, Barco~a Y C T y n a  YCTaHaBnHBaeTCR HCXOAR H a  YCJIOBH% ~ ~ ~ O I I ~ C H O C T ~ P  
HO n 0 R B n R e T C R  BOBMOXHOCTL Y B e J I w H T b  m H P H H Y  3aXOAKH. Ha P n C .  76 a P a a M e q e - R  IIOpOAhI B B M ~ ~ ~ O T ~ H H O M  np0CTpaHCTBe.  no YCJIOBHRM 

u o ~ a 3 a ~ a  c x e ~ a  K onpejqene~nm ~ H P H H H  BIXOAKH. 6 e a o n a c ~ o c ~ ~  B M X ~ K H X  nopo~ax  B M C O T ~  yc~yna  ~e ~ o n x ~ a  npesarma~b 
P ~ C C T O R H H ~  OT ~ P O B K H  H H x H e r O  YCTYIIa A 0  OCH 3KCKaBaTOpa  O n p e -  H B H ~ O J I ~ ~ Y H )  BbICOTY P e p I I a H H R  BKCKaBaTOpa.  B XOpOmO BaOpBaHHhIX. 

C K a n b H a r X  n O p O A a X  BbICOTa YCTyIIa  MOWeT 6 h 1 ~ b  YBeHHPeHa A 0  1,5Hqmax. 
Ha PHC. 77 n o r t a s a a a  c x e M a  K p a c n e T y  n a p a M e T p o B  3a60~ ~c~parmaofk 
n o n a T b I  n p H  n e p e s a n K e  n o p o A M .  

P ~ C C T O R H H ~  OT OCH 3KCKaBaTOpa  A 0  H H W H ~ ~ ~  KPOMKH IIOPOAHOrO 0 6 ~ 3 a ~ 8 n b ~ b I ~  YCJIOBHeM pa6o . r~  3KCKaBaTOpa  npEi n e p e M e q 0 H H m  
Y C T Y I I ~  1 H ~ M ~ H ~ ~ T C X  B npe~enax ,  O ~ P ~ A ~ ~ R ~ M ~ I X  B ~ I P ~ X ~ H H ~ M  B C K p H m E  B B ~ I ~ ~ ~ O T ~ H H O ~  IIPOCTPaHCTBO RBJIReTCR PaBeHCTRO 

RK+C-HKctga<  I &Rq. ,, 
I'Re RK - P a A H y C  B p a q e H H R  K y a O B a ,  &; 

H, - n p o c s e T  n o A  n o ~ o p o ~ ~ o i i  n n a ~ * o p ~ o l ,  f i ;  

C - 6 e 3 0 n a c ~ h 1 i j r  sasop MeFfCAy 3 a 6 0 e ~  E KY3OBOM 3KCKaBaTOPa ,  f i ;  

r a - yron o T K o c a  B c K p b I m H o r o  y c T y n a ,  zpaa. 
UHPHH~ SBXOAKH a K C K a B a T O p a  I i3MeHaeTCB B ~ H ~ ~ H T ~ J I ~ H ~ I X  ripe- n p ~  E ~ B ~ C T H O %  MOflenH aKCKaBaTOpa  MaKCHManbHYIO BbICOTY YCTYIIa, 

A e n a X .  E c n ~  n O p O A a  IlOJlHOCTbH, p a 3 M e q a e T C R  B B H ~ ~ ~ O T ~ H H O M  n P O -  
CTpaHCTBe,  TO MaKCHMaJIbHaR IUI ipHHa 3 8 X O n K n  COCTaBJIXeT (1,5- 
1,7) R, ,. Ecnki H(C! n O p O A a  H e  p a 3 M e ~ 3 B T C R  B HeM, TO m H P H H Y  3aXOAKH 
YMeHbmaIoT.  
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rne H ,  - BbIcoTa  p a a r p y 3 ~ ~ ,  m. 
- B p e n K H x  c n y s a R x  npn M a n o M o n q H M x  n n a c T a x  H ~ O J I ~ I I I H X  papycax  
p a 3 r p y 3 K H  a K c K a B a T O p a  M O I ~ H O C T ~  BCKpbImHOrO y c T y n a  O r p a H H n H s a e T c R  
B ~ I C O T O ~  p a 3 r p y 3 K E  3KCKaBaTOpa .  

5 5. O C O ~ ~ ~ H O C T H  p a 6 0 ~ b 1  OnHOKOBUIOBbIX 3KCKaBaTOpOB 

B Cn0)KHbIX a a 6 0 ~ x  

~ P O C T ~ I ~  3 a 6 0 ~  IIPeACTaBJIeHbI OAHOPOAHOG I I Y C T O ~  I I O P O A O ~ ~  HJIH 
OPHHM THIIOM, an60 COPTOM I I O J I ~ ~ H O ~ O  H c K o n a e M o r o .  B CJIOHCHOM 38608 
M O K e T  BCTpe¶aTbCR HeCKOJIbKO THLIOB HJIH COPTOB ~ O P H O ~  M a C C h 3 . 0 6 ~ 1 ~ 0  

a B CJIOHCFLMX 3 a 6 0 ~ x  110ne3- 
H o e  H c K o n a e M o e  n e p e M e -  

x a e T c R  c n p o c n o i i ~ a ~ ~  ny- 
CTO% IIOPOAH. 

V V V V V  C T ~ I I ~ H ~  CJIOHCHOCTH 3a- - - - - - - - - 6 0 ~  MOHCeT 6 H ~ b  O n p e A e -  

n e H a :  M O ~ H O C T ~ I O  p y A H o r o  

HJIH IIOPOAHOI'O BKJIEo9eHHR ; 
WCJIOM ~ ~ O C J I O ~ ~ K O B  nOJIe3-  

HOrO HCKOIIaeMOI'O HJIH IIY- 
C T O ~ ~  IIOPOnhl;  ( $ 0 ~ ~ 0 5  H 

H n n  n o p o A H a r x  ~ ~ n m s e ~ ~ i i ;  
KOJIHSeCTBOM THIlOB EJIH 

COPTOB none3~0ro HCKOIlae- 

PHC. 78. OCHoBHb1e THlIbl C~OXHIJX 3 a 6 o e ~  M O ~ O  B aa6oe, ~ p e 6 y m q ~ x  
p a s ~ e n b ~ o r o  H a s n e P e H n ~ .  

YCJIOBHO H 3  BCerO p a 3 ~ 0 0 6 p a 3 ~ ~  MOHFHO BbIneJIHTb P e T b I p e  T H n a  
CJIOHCHbIX 3a60e~ (PIC. 78): 

no BbICOTe 3 a 6 0 ~  H ~ ~ J I I O A ~ ~ T C R  ABa CJIOR PYAHbIX P ~ ~ H O B E I ~ H O C T ~ ~  
(THIIOB HJIH COPTOB) HJIH TOJIbKO OAHH c J I o ~ ~  PYAbI H OAHH c J I o ~  UOpOAbI; 

 TO ~an60nee  n p o c T a n  C T p y K T y p a  c n o i K H o r o  3 a60~ ,  H npn p a 3 p a 6 0 ~ ~ e  ero 
O ~ ~ C I I ~ P H B ~ ~ T C R  I I O ~ T H  nomoe E I ~ B J I ~ ~ ~ H H ~  pya= n p H  H ~ ~ H ~ ~ H T ~ J I ~ H O M  
~ ~ ~ ~ ~ O H C H B ~ H H H  (pnc. 78, a); 

3a60ii MHOrOKPaTHO IIepeMeHCaeTCR CJIORMH PYA H LIOpOA ~ e 6 o n b m o f i  

M O ~ H O C T H  (no 5 m) r o p H a o H T a n b H o r o  H n H  c n a 6 0 ~ a ~ n o ~ ~ o r o  n w e H n R ;  

, B T ~ K H X  3 a 6 0 ~ x  n o T e p H  H p a 3 ~ 6 o H C H B a H ~ e  TeM anme, n e M  same nepe- 
MeHFaeMOCTb IIpOCJIOeB (PHC. 78, 6);  

3a6oii s a c T o  n e p e M e H c a e T c a  n p o c n o a M H  p y ~  H nopon B e p T H K a n b H o r o  

HJIH KPYTOHaKJIOHHOrO IIaAeHHR; I I O A O ~ H ~ I ~  CJIOHCHbIe 3 a 6 0 ~  B C T ~ ~ ¶ ~ I O T C R  

H a  AJITMH-TOIIK~HCKOM , Kapa -T~~CKOM,  K ~ ~ P ~ K T H H C K O M  K a p b e p a x  

(PHC. 78, 8 ) ;  

B 3 a 6 o ~ x  p a a n ~ n ~ b ~ e  THnbI  HJIH c o p T a  pyn H r r o p o ~  r r p e A c T a s n e H M  

T e n a M H  ~ e n p a s ~ n b ~ o l  H n H  r ~ e 3 ~ 0 0 6 p a 3 ~ 0 i i  ( P O P M ~ I  ( ~ a n p ~ ~ e p ,  I C a n b -  

M ~ K ~ I ~ C K H ~ ~  H P R A  XeJIe30PYAHbIX K a P b e P O B  YpaJIa) ( ~ H c .  78, 2). 
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C ~ J I ~ K T H B H ~ R  p a 3 p a 6 0 ~ ~ a  CJIOHCHbIX 3a60e~ IIOBhlIUaeT Ka9eCTBO 

~ 0 6 h 1 ~ a e ~ o r o  I I O J I ~ ~ H O I ' O  H c K o n a e M o r o ,  06ec11en~sae~ ~ a ~ 6 o n e e  I I o n H o e  

HaBJIe¶eHHe er0 H 3  HeAP I I p H  M e H b m e M  ~ ~ ~ ~ ~ O H F H B ~ H H H ,  YMeHbJJIaeT 

aaTpaTaT H a  o b o r a ~ e ~ ~ e  H n H  M e T a n a y p r u s e c K y I o  n n a a l c y .  O A H ~ K O  npn 
C ~ J I ~ K T H B H O %  BbIeMKe YCJIOXHRIOTCR ~ Y P O B ~ P ~ I B H ~ I ~  H 3KCKaBaTOPHhIe 

p a 6 o ~ b 1 ,  CHHXaeTCR IIPOH3BOAHTeJIbHOCTb TPY@ H IIOBbIIIIaeTCR ce6e- 
CTOHMOCTb A O ~ ~ I P H .  ~ O ~ T O M ~  H ~ O ~ X O A H M O C T ~  C ~ J I ~ K T H B H O ~ ~  p a a p a 6 0 ~ ~ ~  
3a60e~ n o A T s e p x A a e T c R  T ~ X H H K O - ~ K O H O M ~ ~ C K E M E  p a c s e T a M H .  Boa- 
M O H C H O C T ~  me C ~ J I ~ K T H B H O ~ ~  p a 3 p a 6 0 ~ ~ ~  o n p e A e n s e T c R  CJIOHCHOCT~H) 

aa6oen, T P ~ ~ O B ~ H H R M H  K llOJIe3HOMY HCKOIIaeMOMY, THIIOM I'OPHOTPaHC- 

n O p T H O r 0  O ~ O ~ ~ A O B ~ H H J ~ ,  nJ IaHFlp0BaHHeM I'OPHHX p a 6 o ~ ,  YpOBHeM 

OPI ' aHH3aqHH IIPOH3BOACTBa H T.  A.  
p a 3 ~ e J I b ~ a R  BbIeMKa IIJIaCTOB CJIOHCHOI'O CTPOeHHR JIerKO O C y q e -  

CTBJIJXeTCR n p H  MOIQHOCTH l"OPH30HTaJIbHhlX HJIH IIOJIOrHX CJIOBB 6onbme 
2 A. Ha IIpeAIIpHRTHRX H C e J I e 3 0 p y ~ H 0 6  H ~ B ~ T H O ~  MeTaJIJIypI'HH MHHH- 

M a n b H a a  M O ~ H O C T ~  p a 3 ~ e n b ~ o  ~ s s n e ~ a e ~ o r o  p y A H o r o  B K n I o s e H H n  

I IpHHRTa p a B H 0 5  2 A, H a  ~ ~ ~ T H T o - ( $ o c ( $ o ~ H T o B ~ ~ x  H P R A e  H e p y n H M X  

M~CTOPO)I (A~HH% - 5 M ,  H a  YrOJIbHHX p a 3 p e 3 a X  - 1 m. ~ ~ H M ~ H ~ H E I ~ M  

OKCKaBaTOpOB 3Kr-4 B page C J I m a e B  YAaBaJIOCb PaaAeJIbHO H3BJIeKaTb 

I nnacm M O ~ H O C T L I O  AO 0,5 m. 
: M e T o p b I  C ~ J I ~ K T H B H O %  ~ K C K ~ B ~ T O P H O %  p a 3 p a 6 0 ~ ~ ~  CJIOHFHhlX 38608~ 

MOHCHO p a 3 ~ e n ~ ~ b  H a  i ~ p o c ~ y m  H CJIOXHYIO rpynrm. 
npocrna~ CeneKTHBHaR p a 3 p a 6 0 ~ ~ a  3aKJIIO9aeTCR B 0 6 0 ~ 0 6 n e ~ ~ 0 5  

!. 
BbI0MKe H I I O r P Y 3 K e  pa3JIHSHbIX THIIOB H COPTOB PYA IIO AJIHHe Y C T y n a  I 

6e3 cOPTHPOBKH HX B ~ t ? p ~ F i ~ a J I b H 0 i i  IIJIOCKOCTH. I 

C a o x ~ a R  CeJIeKTHBHaR p a 3 p a 6 0 ~ ~ a  BKJIIo¶aeT B e C b  ~ o ~ n n e k c  cne- I 
I 

, T H M  YCTyIIOM. 

Me~on  Y3KHX 3aXOAOK 3aKJIX)PaeTCR B p a 3 n e n e ~ H u  3a6oa no IJlHPHHe 

H a  ABe-TPH 0 6 0 c o 6 n e ~ ~ b 1 e  3aXOnKH I I P H  I I O C J I ~ ~ O B ~ T ~ J I ~ H O ~  H X  O T ~ ~ ~ O T K ~ .  

Ha PHC. 79 I I O K a 3 a H a  CXeMa l l p 0 ~ ~ 0 f i  C ~ J I ~ K T H B H O ~  a K C K a B a q H H  YaKHMH : MXOAKaMH. M H H H M ~ J I ~ H ~ R  DIElpHHa nep~oi i  3aXOAKH n p H  XeJIe3HO-  

,: #OPO?KHOM TpaHCIIOpTe  YCTaHaBJIHBaeTCH HCXOAR H 3  YCJIOBHR 6eaonac- I 
PaCCTORHHR MeHCRY 3KCKaBaTOPOM H BarOHaMH - (0,6-0,8) Rq. y. 

U O r p y a K e  B aBTOTpaHCnOpT MHHHMaJIbHaH UIHpHHa l l e p B 0 5  aaXOAKH 

O n p ~ 0 n J i e T C J i  D I H P H H o ~ ~  CJIOR, IIOAJIeHCaQerO BhleMKe.   TOT MOTOR 

WDBIIIEO n p B M e H R I o T ,  eCJIH p a 3 J I H s H b I e  THIIhI HJIH COPTa PYA npOCTH- 

plr)TO% UO ~ ~ € 5 5  AJIHHe B 3 0 P B a H H O r O  ~ J I O K ~  (HBIIPHMBP, X e J I e 3 0 p y A H b I e  

lapbepar: Ypana , AJITHH-Toma~a). t 
M ~ T O A  HOPMaJIbHbIX 3aXOAOK IIPHMeHRIOT, t?CJIH MOQHOCTb IIpOCJIOeB 

IlOlEOJIJieT BbIAeJIRTb 3aXOAKH H O P M ~ J I ~ H O %  ILIHPHHbI (A0 1,5RqaY). 
HI PHC. 80 I I O K a 3 a H a  CXeMa C ~ J I ~ K T H B H O %  3KCKaBaqHH HOPMaJIbHbIMH 

BaXOAKaMH. 

M ~ T O A  ~b16opon~oii IIOl'pY3KH 3 a K J I I o n a e T c R  B TOM, ¶TO DO I#POHTY 
~ , l o p l a H H 0 r O  6nona aacxasamp sb16apae~ pypbIe ysacmm, a a a ~ e ~  
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Pwc. 88. Cxema o r p a 6 o n u l  a a 6 o s  npw p a a ~ e n b n o t i  snrenlce 

n o ~ o 6 p a ~ b  eMKOCTb KOBUIa. C H H X ~ H H ~  @ O R ~ B O A H T ~ J I ~ H O C T H  3 K C K a B a T O p a  

.C KOBIIIOM ~ e H b I U e i j [  eMKOCTH M O X e T  6 h I ~ b  KOMlIeHCHPOBaHO IIOBhIJXeHIIeM 

K a P e C T B a  o ~ I ' p y X a e ~ 0 6  P y A M  H YMeHbIIIeHHeM I I O T e p b  H P ~ ~ Y ~ O X H B ~ H E I R .  
B c e c ~ o p o a ~ ~ i j r  y.IeT r o p H o r e o n o r m e c m x  y c n o ~ ~ i i  ~ ~ J I ~ P ~ H H R ,  npa- 

B H J k H h l f i  B P ~ O P  BbIeMOPHbIX H TPaHCIIOPTHhTX CPeACTR, a T a K X e  n 0 ~ 6 0 p  
COOTBeTCTByIoqHX MeTOAOB p a a p a 6 0 ~ ~ ~  0 6 e c n e s ~ ~ a m ~  H 3 B J I e s e H H e  n0JI$sa 
HOrO HCKOIIaeMOrO C M ~ H c ~ M ~ J I ~ H o ~ ~  ~ K O H O M H P ~ C K O ~ ~  B@@BKTHBHOCT~H). 

EMKOCTL x o B m a ,  nt3 . . . . . . . . . . . . .  
Anma c ~ p e n a r ,  nt . . . . . . . . . . . . . .  
Han6ommas n a r c o ~ a  paa rpyaxur ,  nt . . . . .  
H a ~ 6 o m u r i i  pannyc, nt: . . . . . . . . . . . . . .  pasrpyaxur . . . . . . . . . . . . . . .  ¶epIIaHEiR 
HaaBon~mas rny6ur~a qepna~aa ,  nt . . . . .  . . . . . . . .  P ~ A E ~ C  BpWeHFifl XyaOBa, nt . . . . . . . . . . . . . .  mnpma xoAa ,  nt . . . . . . . . . . . . . . . . . . .  Bec, rn 
Y n e n b ~ o e  AasneHure n n a  Ha  rpyET,  ~ T J c n t z  . . . . . . . .  npeo~oneaae~ni i  F n o a ,  zpaa 
T e x H m e c ~ a s  npOAOZ?KETeJIbHOCTb qHR3Ia, ceE 

C K a n b H P X  XIOpOA. B OTAenbHbIX CJIy.IaRX I I p H  eMKOCTH KOBIIIa 4-6 .M3 

E X  IIPHMt?HRH)T AJIR I I O r P y 3 K H  I I O P O A P  B T p a H C I I O P T W I e  COCyAP.  T e x ~ o -  
a n o r w e c ~ ~ e  n a p a ~ e ~ p b ~  H ~ K O T O P ~ X  ~ p a r n a i i ~ o ~  n p ~ s e g e ~ b ~  B T ~ ~ J I .  29. 

OCHOBHPM TOXHOJIO- 

' r n s e c K n M  n a p a M e T p a M  npar- 
nafi HOR OTHOCRTCR: p a 6 0 s ~ e  
n a p a M e T p b I ,  B e c ,  r a 6 a p ~ ~ ~  
H n p e o ~ o n e s a e ~ b ~ i j r  YKJIOH. 
OCEOBHM~ p a 6 o s ~ e  napa- 
MeTpbI:  P a n H y C b I  ¶ e p I I a H H R  
H p a 3 r P Y 3 K H ,  BbICOTa II 
r n y 6 ~ ~ a  ¶ e p I I a H H R ,  B P -  

' 
COTa p a 3 r p y 3 K R .  Ha ~ H c .  85 
n o ~ a 3 a ~ h 1  pa6osne napa- 
M e T p n  nparnaf aa. 

Y ~ p a r n a i i ~ o ~  pa3n11- 
s a m T  paAnyc sepnannn 6e3 PAC. 8 5 .  P a 6 o w e  napaareTpbl n p a m a h a  
sa6poca KOBIIIa Rp H C 38- 
6 ~ 0 ~ 0 ~  R,. B e n H s H a a  sa6poca 3aBHCEZT OT BeCa  KOBILII, AJIHHhT 

H yrna H a K n o a a  cTpeJ Ih I ,  a T a K x e  OT O n P T a  MaUIHHHCTa. n p H  sa6poce 
n o ~ a e ~ ~ ~ i i  K a H a T  OTKJIOHReTCR OT BePTHKaJIH H a  YrOJI  15-20'. Aam- 

. H O C T ~  3a6poca AOCTHraeT AJIHHbI C T p Q n P .  CX~MFJ pa6o~b1 ~ p a m a f i ~ 0 . B  

C 3a6poco~ KOBIIIa HCnOJIb3yIoT  I l p H  IIpOXOAKe T P ~ H I J I ~ ~ ~  6onbmoro C e s e -  

HER, o q H c T K e  y c T y n a  I I O J I ~ ~ H O ~ O  H c K o n a e M g r o  OT n p ~ n ~ n m e i j r  noponbI 
IIp ntlPeBaJIKt? ee B ~ n p a 6 0 ~ a ~ a o e  n p O C T p a H C T B 0  H ApyI'HX BhIeMOsHHX 
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pa6o~ax B cnoxHnx ycnoBnHx. Ysenwe~ne  panmyca sepnaHnH pa cseT 
sa6poca Kosma name mcnonb3ye~c~ y ~ p a r n a i i a o ~  c 6onamoii ~ M K O C T ~ H )  
KOBma. B aT0M CJlJ"¶ae AaJIbHOCTb aa6poca AOCTHraeT 12-15 &. r n y 6 n ~ a  
'XepnaHHII H, - BepTHKaJIbHOe PaCCTORHFie OT I'OPH30HTa YCTaHOBHH 
~ p a r n a i i ~ a  go m a  p a a p a 6 a ~ ~ s a e ~ o i i  B ~ I ~ ~ ~ O T K M .  

M ~ K C H M ~ J ~ ~ H ~ H  BbICOTa pa3rPY3KH Hp,,, 3aBHCFfT OT AJIHHbI CTPeJlbI 

II yrna ee HaKJIOHa. O6b1n~b1ii HaKnOH CTpeJIbI COCTaBnReT 20-35". 
B 6 o n b r n n ~ c ~ ~ e  cnysaeB ~ p a r n a i i ~ ~  mMeIoT maramqmii x o ~ ,  pexe - 
ryce~nn~ar i i .  I I p e o ~ o n e s a e ~ ~ i i  ymoH AocTFiraeT 7-12'. Ynenb~oe 
AaBneHEe H a  rPYHT HeBbICOKOe EI PaBHO 1-2 I E ~ / c & ' .  

K o ~ m  ~ p a r n a i i ~ a  BHeApReTCH B aa606 IIOA ~ ~ ~ C T B H ~ M  C O ~ C T B ~ H H O ~ O  
BeCa. ~ O ~ T O M ~  ~parJIa6HbI npHM0HHIoT IIpEl p a 3 p a 6 0 ~ ~ e  MRrKFfX IIOPOA; 

npn p a 3 p a 6 0 ~ ~ e  nOJIyCKaJIbHbIX Fi CKaJIbHbIX DOpOA OHH AOJfWHhI 6bITb 

xopomo pa3pb1xne~n. O A H ~ K O  Aaze npn BTHX ~ C J I O B H R X  pa6o~a  Apar- 
J I ~ ~ H o B  B CKaJIbHbIX I lOpOAaX M ~ J I o ~ $ $ ~ K T H B H ~  H3-3a IIJIOXOI'O HBIIOJI- 

HeHFiR KOBlIta M 6b1c~poro H3HOCa er0. 
Aparnaii~bI IIIHPOKO IIPHMeHRXOT IIPM p a 3 p a 6 0 ~ ~ e  YI'OJIbHbIX, Xen030- 

PY,I(HHX' II POCCbIItHbIX M ~ C T O P O X A ~ H H ~ ~ .  E~J fb l l I~e  06ne~b1 p a 6 o ~  BbI- 
nOJIHHIoTCR ~ p a r n a f ~ a ~ l i  Ha CTpOEITeJIbCTBe KaHaJIOB, AOpOr  
H ~ H A P O C O O ~ ~ W ~ H H ~ ~ .  

@ o p ~ a  M pamepa  3 a 6 0 ~  gparnaii~a B OCHOBHOM O ~ ~ ~ A ~ J I R I O T C I I  

ero pa60sm~n napaMeTpaMn. 3a6oii ~ p a r n a i i ~ a  o6b1n~o pacnonaram 
C TOpqa YCTyDa A TOJIbHO 
B PeAKElX CJry¶aRX - C OT- 

Koca. IIpo$Hnb 3 a 6 0 ~  npar- 
JIa6Ha KPHBoJIHH~~~H~IB, 

C O O T B ~ T C T B Y H ) ~ H ~  TpaeK- 
TOPAH KOBIUa C r n6~0B 
K ~ H ~ T H O ~ ~  CBH3bIo. P ~ c ¶ ~ T -  

HbIfi YI'OJI OTKOCa aa6os 
gparnaii~a cocTasnReT He 
6onee 40-60". Ha pnc. 86 
n o ~ a 3 a ~ a  cxeMa K onpene- 
neHmm napaMeTpoB aa6os 
Aparnaii~a npn nepesanxe 
IIOPOAbI. 

BbIcoTy aa6orr npn HHW- 
HeM sepnaHnn ycTaHasnn- 
samT no r n y 6 n ~ e  sepna- 

F HHR, YPHThIBaEI, ¶TO Apar- 
Puc. 86. CxeMa K oupeaeneuam napfudeTpos an6013 npar- 

a a h a  npn nepesan~e nopo~nr ' q a i i ~  ~a K P O B ~ ~  Y C T Y U ~  
A JIWeH HaXOAHTbCR aa 

I I ~ H ~ M O ~ ~  0 6 p y m e m ~ .  ~ P H  BePXHeM PepIIa 9, FfFl BbICOTa YCTyna H e  
AOJIWHa npeBbImaTb 0,8 BbICOTbI pa3rPY3KH, P T O ~ ~ I  HCKJIH)PHTb 3aAe- 

s ame  Kosma 3a ycTyn npn noBopoTax ~ p a r n a i i ~ a .  

m ~ l p F i ~ y  3 a 6 o ~  AparJIaHHa O ~ ~ I ~ H O  npHHMMaIoT C TaKFiM paCneToM, 
n~o6b1 IIPE ¶ePIIaHEIEl YrJIbI pa3BOpOTa 3KCKaBaTOpa B KLWAYH) CTOPOHY 

OT ocm o, M o, He npesnmann 45": 

A = R, (sin wl $ sin w,), nc. (x,19) 
Han6onee nacTo nparna i i~n  npnMeHRmT n p ~  p a 3 p a 6 0 ~ ~ e  ropm3oH- 

TanbHbIx m nonormx aanexeii Ans ~ e n o c p e ~ c ~ s e ~ ~ o P  nepesanm BCKpnm- 
HbIX nopoA B B H P ~ ~ O T ~ H H O ~  IIpOCTpaHCTBO. Tame TeXHOJIOrweCKFie 
CXeMbI HMeIoT PcIA AOCTOBHCTB, T a K  K a K  ~parJIa6HbI MOrYT p a 6 0 ~ a ~ b  
K a K  C HMWHBM, T a K  M C BePXHHM ¶epnaHFfeM; MMeIoT 60nbmmii PaAFiyC 
nepnaHticI m pa3rpy3~m; AonycKaIoT ycTaHoBKy Ha csemeoTcnnaHHnx 
OTBaJIaX; MOI'YT IIOOPepeAHO HClIOJIb3OBaTbCH Anff BCKpbIlIIHbIX H A O ~ M P -  

H ~ I X  p a 6 o ~ .  
Ha PMC. 87 I I O K ~ ~ ~ H ~ I  cxeMM pacnonoHceHmcI ,qparnaH~a Ha ycTyne 

npn nepesanKe ~ O P O A H .  

A p a r n a i i ~  MoWeT PacnonaraTbcR: H a  KpoBne nnacTa - H ycTyn 
O T ~ ~ ~ ~ T H B ~ ~ T C ~ I  TOJIbKO BePXHHM ¶epnaHAeM; H a  I I ~ O M ~ W ~ T O ¶ H O ~  nJI0- 

qaAKe BCKPbIIIlHOrO YCTYLla - 2i YCTYn O T ~ ~ ~ ~ T H B ~ ~ T C ~ I  HHSHHM M BepX- 
HFiM nepnaHneM; H a  Kposne BcKpbImHoro ycTyna - B y c ~ y n  o~pa6a~h1- 

BaeTCR TOJIbKO HASHEM ¶epIIaHmeM; H a  BpeMeHHOM OTBaJIe. BO BCeX 
BTHX CXeMaX OrpaHEIPABaIo~EiM $ ~ K T O P O M  HBJIffeTCR paAHyC pa3rpy3KM. 

~ O ~ T O M Y  AJIR yBenH¶eHHcI MOlI(H0CTM BCKPbIlItEI, O T P ~ ~ ~ T H B ~ ~ M O ~  ,I(par- 
JI~~?HoM, er0 H ~ O ~ X O A I I M O  paCIIOJIaraTb 6nmxe K B ~ I P ~ ~ O T ~ H H O M ~  npo- 
CTPaHCTBY. 

OTHOCF~T~JI~H~IO XapaKTepMCTFiKy paCnOJIOWeHHR AparJIaiiHa MOWHO 

nony¶tiTb, eCnH PaAHyC pa3rPY3KEl YCJIOBHO pa3,l(eJIEiTb H a  ABe 
¶aCTH R; - nepeKpmaIoqyIo 3a6oii~oe npocTpaHcTBo; R; - nepeKpn- 
BaIoIQyIo OTBaJIbHOe IIpOCTpaHCTBO. T ~ K H M  0 6 p a 3 0 ~ ,  ¶eM 6onbme Benm- 
¶AHa R i ,  TeM 6 n m ~ e  ,I(parJIa6~ PaCnOJIOWeH K B ~ I P ~ ~ O T ~ H H O M Y  IIPO- 

CTpaHCTBY. 
IIepsacI cxeMa ( p ~ c .  87, a) m e e T  MMHtiManbHoe s ~ a n e ~ m e  R; n Ma- 

Kc~ManbHOe 3Ha¶eHHe Ri IIPM L = 0,5Cx: 

Rim,, = 0,5Cx + a +ha, nc; (X,20) 

IIpm a ~ o i i  cxeMe 06ecnemsae~cn p a 3 ~ e q e ~ n e  B C K P ~ I ~ H  B sb1pa60~a~-  
HOM IIpOCTpaHCTBe npFi ~am6onee IIIHPOKHX 3aXOAKaX, HaJIwHH C B O ~ O A -  
HbIX IIOJIOC n, MeWAY HHWHHMH ~ P O B K B M H  A O ~ ~ I P H O ~ O  H OTBaJIbHOrO 

YCTynOB. B n c o ~ a  YCTyna He  AOJfXHa IIpeBhIIIIaTb 0,8Hp. no YCJIOBHH) 
pa3MeIQeHHcI BCKPbIIIIH B B H P ~ ~ O T ~ H H O M  IIPOCTpaHCTBe BHCOTa YCTYIIa 

MOmeT FfMeTb BeJImPHHy 

M ~ K c H M ~ J I ~ H ~ R  BbICOTa OTBaJIa H, CKnaJbIBaeTCcI H3 BbICOThI pas- 
rpy3KH Hp Ef MOIQHOCTH A O ~ ~ N H O ~ O  YCTYIIa h. HO T a K  K a K  OrpaHm¶M- 



C 

PEG. 87. CxeMsr paortonome ApWnafiHa Ha yoTyne npa nepesamce iopoAM 

R p = 0 , 5 C x + a + h , + 1 7 , + H o c t g $ ,  a, (X,23) 
. O T K y A a  

Ho = (R, - 0,5Cx - a - h, -17,) tg $, a. (X,24) 

C x e ~ a  c B e p x H H M  P e P n a H H e M  qenecoo6pa3na npn e M K o c T H  K O B L U ~ ~ ~  
y ~ p a r n a i i ~ o ~  H e  M e H e e  6-10 us. B n p o T H B H o M  cnygae ~e6onb111oii 
nec K o s m a  H e  0 6 e c n e n ~ s a e ~  xopomee H a n o n H e n H e  ero nopo~oii .  

B~opacr C x e M a  ( ~ H c .  87, 6) no CpaBHeHElIO C n e p B 0 f i  nO3BOJIHeT  Apar- 
n a i i ~ y  o ~ p a 6 a ~ ~ s a ~ b  ~ c ~ p u m n o i i  YCTYII C 60nbmeii B ~ I C O T O ~ ~ .  O A H ~ K O  
I I P H  BTOG CXeMe  YMeHbI I I aeTCH R;, ¶TO IIPHBOAHT K C O K P a W e H H I O  BMKOCTH 

B H y T p e H H e r o  o T B a n a .  B b I c o ~ a  B e p x H e r o  n o A y c T y n a  H e  A o n w H a  npe- 
BbI I I I aTb  0,8Hp. P a 3 ~ e n e ~ H e  BCKPbIIIIH H a  IIOflYCTYIIhI MOWeT 6 h I ~ b  nPOE13- 

BeAeHO B COOTBeTCTBHR C ~ O T P ~ ~ H O C T I I M E I  C ~ J I ~ K T H B H O ~  p a 3 p a 6 0 ~ ~ ~  
Y C T y n a  HJIH YKJIaAKH IIOPOAhl  B OTBaJIhI.  

Hncr 3 ~ 0 i i  C x e M h I  
'I 

h i  
: i' Ho = (R, -17, - h, - a  -Hi- 0,5Cx - C) tg $, M. (X,26) 

HJIH YBeJ IHPeHHH BbICOTbI BCKPbIIIIHOI'O Y C T Y n a ,  KOTOP~IB M O X H O  
0 ~ p a 6 0 ~ a T b  no 3 ~ 0 6  CXeMe,  H ~ O ~ X O A H M O  YMeHbI I IHTb  I I IHPHHY 3aXOAKH,  
C O K p a T H T b  H n H  J IHKBHJ(Hp0BaTb  C B O ~ O A H ~ I O  nonocy 17,. B O ~ M O X H ~ R  

L M O q H O C T b  BCKPbIIIIH 3aBHCHT T a K X e  OT BbICOT IIOACTYIIOB H ' H  Hb. 
n p ~  T p e T b e i i  CXeMe  (PHC. 87, 8) EICKJIIOYaeTCH M ~ J I O ~ @ @ ~ K T H B H O ~  

B e p x H e e  sepname. O A H ~ K O  semisma R; C T a H o B m c E i  ~ a ~ ~ e ~ b n r e i i ,  
I I03TOMY eMKOCTb  BHYTPeHHeI'O O T B a J l a  C O K p a l q a e T C H  A 0  M H H H M ~ J I ~ H O ~  
BeJIEIPHHhI. 

, H ~ H  BTOG c x e ~ u  



a 6 MOIQHOCT~ . O T ~ ~ ~ ~ T ~ I B ~ ~ M O B  

3 ~ 0 f i  c x e M e  MOXHO 

3MeHeHHeM BhICOTbI 
Ei IIOJIOXeHHR BpeMeHHOrO OTBaJIa,  

3 a T a K W 0  IItHPEHhI C B O ~ O A H O ~ ~  IIO- 

= p H  pa6o~e A ~ ~ ~ J I ~ B H o B  C no- 
rpy3~0fi  IIOPOAhI H a  TpaHCIIOPT IIIH- 

PHHY 3aXOAKH MOXHO OIIpeAeJIIITb 

lI0 CJIeAyIoIQHM 4 0 p ~ y J I a ~ :  
I IPH WeJIe3HOAOPOHCHOM TPaHC- 

IIOpTe,  KOrAa  T P ~ ~ ~ ~ T C R  MaKCH- 

MaJIbHO B03MOXHaR I l lHpHHa 3a- 
XOAKH C qeJIbK) COKPaIQeHHII PHCJIa 

Pwc. 98. CXe~bl K onpenenennm napaMeTpoB 
aa6oa nparnaBna npa norpyape nopow: A ;- R, + Rp - C - hT, a, (X,31) 
1 - OCb xoAa nparnafiria; 2 - ocb Htenes- 
HOAOpOHtHOrO nym; 3 - O C b  ~ B T O M O ~ H ~ ~ H O ~ ~  rAe C - PaCCTORHEie OT ~ e p x ~ e i i  

noporn 
~ P O B K H  YCTYIIa A 0  OCH We-  

~ ~ e a ~ o ~ o p o ~ ~ o r o  nym,  n; 
k, - r0pH30HTaJ lbHOe IIpOJlOWeHHe YCTYIIa, a; 
n p H  ~ B T O M O ~ H J I ~ H O M  TpaHCIIOpTe (pHc .  88, 6) 

PAe 6) - YrOJI IIOBOpOTa 3KCKaBaTOpa  OT OCH B ~epa6osym CTOPOHY 
(30-45"), zpad. 

C M ~ H H O ~  BpeMH 3KCKaBaTOpa  pa3AeJIIIeTCR H a  pa6onee H IIpOCTOII. 

B pa6osee BpeMR 3KCKaBaTOpa  BXOART 3 a T P a T h I  BpeMeHH H a  no- 
I'pY3KY IIOPOAhI, H a  CMeHy r p y W e H b l x  TPaHCJIOPTHbIX CpeACTB I IOrpY3KH,  

a T a K m e  H a  p e r J r a M e H T m p o s a H H o e  o x H A a H m e  T p a H c n o p T a .  

~ P O C T O H  3IiCKaBaTOROB B Te¶eHHe CMeHhI AeJIRT H a  ~ e H 3 6 e W ~ h I e  

H Y c T p a H n M H e .  IC n e p B w  OTHOWT a a ~ e p x ~ ~  H n e p e p H s M  B pa6o~e, 
, o ~ ~ c J I o B X ~ H H ~ I ~  T ~ X H O J I O ~ H ~ ~ C K E I M  IIPOqeCCOM HJIH KOHCTPYKTHBHMMH 

O C O ~ ~ H H O C T H M H  3KCKaBaTOpa ,  a T a K W e  BCnOMOraTeJIbEhIMH p a 6 0 ~ a ~ H .  

H e ~ a 6 e ~ ~ b 1 e  npOCTOH BKJIIoUaIoT T a K W e  3 a T p a T h l  BpeMeHH H a  n p H e M  

H CAaPY CMeHbI, H a  PeMOHT H CMa3KY 3 K C K a B a T O p a ,  H a  O¶HCTKY KOBIIIa 

H T. II. IC YCTPaHHMhIM OTHOCIITCII IIPOCTOH, BbI3BaHHbIe OpI'aHH3aJlJl0~- 

HbIMtr I IPHPHHIMH: OWHAaHHe TpaHCl lOpTa  CBepX HOPMaTHBHOrO BpeMeHH,  

a s a p m  H a  n y ~ s x ,  nepe60~  c n o ~ a s e f  a ~ ~ e ~ ~ p o ~ ~ ~ e p r ~ n ,  asapm H a  3KcKa- 
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s a T o p e  H T. II. ~ T H  IIPOCTOH I I p H  xopometi o p r a ~ ~ 3 a q ~ ~  pa60~h1 M o r y T  

COBeplueHHO OTCYTCTBOBaTb HJIH 6 h I ~ b  CBeAeHhI A 0  MHHHMyMa. 

l ? o p ~ o r e o n o r m ¶ e c ~ ~ e  H T e x H o n o r m s e c K H e  ycnosmn p a 6 o ~ b 1  a K c K a s a -  

T o p a ,  a T a K W e  YpOBeHb O p r a H H 3 a q H H  IIPOH3BOACTBa X a p a K T e p H 3 y I o T C R  

K O ~ @ ~ # H ~ H ~ H T O M  HCIIOJIb30BaHHEI CMeHHOrO B p e M e H H  3KCKaBaTOpa  H a  

¶ H C T O ~  pa6o~e (k,,): 

rJ(e t - CMeHHOe BpeMII,  11; 

t,.,- IlpOAOJIXHTeJIbHOCTb p a 6 o ~ b 1  3KCKaBaTOpa  TOJIbKO H a  IIO- 

rpyme, u. 
~ H ~ ¶ ~ H E I H  ~ 0 3 4 4 H q H e H ~ E l  k,, B 3aBIICnMOCTH OT ~ c J I o B H ~  p a 6 0 ~ b I  

a K c I i a s a T o p a  n p H s e A e H H  HHXL. 

P a c I I p e ~ e J l e ~ H e  CyTO¶HOI'O BpeMeHII  3aBlICMT B OCHOBHOM OT npogon- 
WHTeJIbHOCTH CMeHhI H ¶HCJIa pa60¶mx CMeH B CYTKM. n p n  7-~-¶~coBoG 
CMeHe MOWeT 6 b I ~ b  IIPHHIITa TpeXCMeHHaR HJIM ABYCMeHHaII p a 6 o ~ a  
B CYTKH. O ~ ~ I P H O  AJIR MOIQHOrO H A O p O r O C T O R ~ e r O  O ~ O P Y A O B ~ H H R  npn- 
HHMBIOT TPeXCMeHHYIo p a 6 o ~ y ,  ¶TO llO3BOJIEIeT IIOBhICHTb CYTOUHYH) 

npOH3BOAHTeJIbHOCTb 3KCKaBaTOpa  H YMeHbIUIlTb C ~ ~ ~ C T O H M O C T ~  BhIeMKH 

1 x3 IIOpOAhI 38 CPeT aMOPTH3aqHOHHbIX O T U H C J I ~ H H ~ ~ .  ~ O A O B O ~  BpeMR 

3KCKaBaTOpa  p a c n p e A e n n e T c R  H a  pa6osee s p e m  H n p o c T o n  ma-aa npa3~-  
HHKOB H BhIXOAHhIX ~ ~ e 6 ,  IIPOI13BOACTBa KElIIHTaJIbHOI'O, CpeAHeI'O E Te- 

Kylqel 'O PeMOHTOB, H3-38  HeIIOI'OAhI H T. n. 
BHAM EI IIPOAOJIWHTeJIbHOCTb PeMOHTOB 3KCKaBaTOPOB PerJIaMeH- 

THPYIoTCII ClIeqHaJIbHhIMH HOPMaTEIBaMH. I C ~ I I H T E ~ J I ~ H ~ I ~ ~  PeMOHT 

IIPOH3BOAHTCR ¶epe3 4 r O A a  H IlpOAOJIWHTeJIbHOCTb eI'0 COCTaBJIReT 

20-70 A H e f ,  C ~ ~ A H H ~  PeMOHT - ¶€!pea 2 r0Aa H IIPOAOJIWHTeJIbHOCTb er0 
COCTaBJIReT 10-50 ~ H e f i ,  I 'OAOBO~~ PeMOHT IIPOH3BOAHTCEI eWeI'OAH0 

H IIPOAOJIWHTeJIbHOCTb er0 7-40 ~ H e f i ,  TeKyIQHe PeMOHThl IIPOH3BOAIITCR 

eHCeMeCRPH0 H IIPOAOJIWHTeJIbHOCTb HX 2-6 ~ ~ e f i .  
~ ~ o A o J I X H T ~ J I ~ H O C T ~  PeMOHTa OIIpeAeJIReTCR B 3aBHCHMOCTH OT CO- 

CTORHHR XI MOAeJIH aKCKaBaTOpa ,  a T a K W e  COCTOIIHHR P ~ M O H T H O ~ ~  6a3b1, 

H a n n m i I I  a a n a c ~ h ~ x  y a n o ~  m qac~eii. Z I e p e ~ o ~ a ~ ~ e  p e M o n T o B :  B nep- 
~ b I f i  rOA - ~ O A O B O ~ ~  PeMOHT, BO B T O P O ~ ~  I'Og - C ~ ~ A H M ~ ,  B T P ~ T H ~  I'OA - 
I ' o ~ o B o ~ ,  B P ~ T B ~ P T M ~ ~  - ~ a l I H ~ a J I b ~ h l 6 .  T ~ K H M  06pa30~,  P ~ M O H T H H ~ ~  

qHKJI COCTaBJIReT 4 r O A a ,  a CpeAHIIEI IIpOAOJIXHTeJIbHOCTb IIpOCTOeB 

3a OAHH roA 63 gas. 
E c n ~  y ¶ e C T b  IIPOCTOH 3KCKaBaTOPOB B IIpa3AHHKH, BhIXOAHhIe AHH 

H BO B p e M H  I IeperOHOB B HOBhIe 3a6011, To  sHCJIo  pa6oqnx AHefi B r o J ( y  

COCTaBXReT OT 160 A 0  220. 
~ H C J I O  pa60mx AH& B r O A y  H a  OAHH c I I H c o P H ~ I ~  3KCKaBaTOP 3aBHCHT 

OT KJIHMaTHPeCKHX Y C J I O B H ~ ~ ,  MOAeJIH 3KCKaBaTOpa ,  COCTORHHH P ~ M O H T H O ~ ~  



I F a n a ~ a n b ~ ~ e ,  cpennae, r o n o s b I e  II TeKy- 
lI(He peMOHThI . . . . . . . . . . . . 

~IPOCTOH no p a 3 n a s ~ b 1 ~  npmmav . . . 
Bcero pa6on11x IIpII E I e I I p e p b 1 ~ ~ 0 6  

pa6o~eir Henene  a ~ p y r n o r o ~ o ~ o i i  pa- 
6 o ~ e  . . . . . . . . . . . . . . . . 

I 7 p o u 3 e o 8 u m e i z b ~ o c r n b ~ )  a l ~ c l ~ a s a m o p a  ~ a s ~ n a e ~ c ~  ero ~ m p a 6 0 ~ x a  
aa e A H H m q y  B p e M e H m .   OH^ o n p e A e n a e T c a  no 06'be~y r o p ~ o l  M a c c b I  

B IIJIOTHOM TeJ Ie  HJIH IIO B e C Y  r 0 p ~ 0 f i  MaCCbI n H 3 M e p R e T C R  3a OAHH ¶aC ,  

CYTKH, c M e H y ,  M e c R q  H ron (n3/u, mlv, x3/xecq  H T. A.). 
~ P O H ~ B O A H T ~ J I ~ H O C T ~  3 K C K a B a T O p a  paCC¶HTbIBaIOT: AJIR O U p e A e J I e H H H  

H O p M  B H P ~ ~ O T K H ;  ~ ~ 0 6 ~ 0 ~ ~ ~ 0 ~ 0  I I a p K a  3KCKaBaTOPOB;  C P a B H e H H R  pas- 
JIHPHbIX K O H C T P Y K ~ H ~ ~  3KCKaBaTOPOB MeHKAY C O ~ O ~ ;  YCTaHOBJIeHMR 

COCTORHIlR O ~ O P Y J J O B ~ H E I H ,  CTeIIeHK O p r a H H 3 a q H H  p a 6 o ~  I I y T e M  C p a B K e K H R  

p a c P e ~ H 0 f i  H @ ~ K T H ¶ ~ C K O ~ ~  lIPOH3BOAHTeJIbHOCTH. 

Pasn lnam~ rogo~ym B H P ~ ~ O T K Y  H a  cnrnco~~hrii H pa6o~mE 3 K c K a ~ a -  

TOP.  B CI~HCO¶HH~~[  COCTaB I I a p I i a  BKJIIoPaIoTCH 3KCKaBaTOPbI ,  3 a K R T b I e  

H e  TOJIbKO H a  OCHOBHbIX BbIeMOPHO-I IOrPY30PHhIX P L ~ O T ~ X ,  HO II  H a  

p a s n n n ~ b ~ x  B c n o M o r a T e J r b n b I x  onepaqmx (norpys~e  H a  c K n a A a x ,  c ~ p o -  
HTeJIbCTBe C O O P Y ~ ~ E ~ H H ~ ~ ,  I I P O X O n K e  K a H a B  EI KaHaJ IOB H T. A.). B CIIHCOP- 

H ~ I G  COCTaB BKJIIO4aH)TCR TaKifCe 3KCKaBaTOPbI ,  H a X O A R q H e C R  B PeMOHTe.  

~ P O H ~ B O A H T ~ J I ~ H O C T ~  H a  C I I H C O P H ~ I ~  3 K C K a B a T O P  A a e T  HCPepnhTBa-  

m q e e  n p e n c T a B n e H m e  06 o p r a ~ ~ 3 a q m k  p a 6 o ~ ,  K a s e c T B e  O ~ C J I ~ H ~ H B ~ H H R ,  
K B ~ J I H @ H K ~ ~ I ~ H  MaIIIHHHCTOB H II03BOdlReT YCTaHOBEITb HCI IOJ Ib30BaHHe  

B c e r o  3 K c K a s a T o p H o r . o  n a p K a  B ~ ~ J I O M  Ha\  K a p b e p e .  3a H C X O A H Y ~  npoms- 
BOnEiTeJIbHOCTb 3 K C K a B a T O p a  I I p H H H M a e T C  P a C O B a R ,  T a K  K a K ,  3 H a R  e e  4 BeJIHTIHHy H PHCJIO ¶aCOB pa6o~b1 B C M e H y  \H CYTKH, J I e rKO OI IPeAeJ IHTb  

CMeHHYH), CYT04HYH) H I'OAOBYH) PPOH3BOAHTeJIbHOCTH 3 K C K a B a T O p a .  

P a s m ¶ a m ~  T e o p e T m s e c K y m ,  T e x H n n e c K y m  II a ~ c n n y a ~ a q ~ o ~ ~ y ~ ,  
l l  OH3BORHTeJIbHOCTH 3 K C K a B a T O P a .  ' T e o p e ~ m e c ~ a n  npOH3BOAHTeJ IbHOCTb  3 K C K a B a T O p a  no y P a T b I B a e T  

TOJIbKO KOHCTPYKTIlBHbIe er0 A a H H b I e  H OIIpeAeJIReTCR IIO 40p~yJIe  

17, = 60 En, n3/u, (x,34) 

rAe t,. - T e o p e T m e c K a a  n p o A o n x H T e n b H o c T b  q m n a ,  cex. 
T ~ o ~ ~ T H ¶ € ! c K ~ R  IIpOAOJIXHTeJIbHOCTb q H K J I a  OI IpeAeJ IReTCR p a C ¶ e T -  

HbIM I I y T e M ,  HCXOAR H 3  KOHCTPYKTHBHbIX AaHHbIX 3 K C K a B a T O p a ,  I I p H  

BbICOTe 3 a 6 0 ~ ,  P ~ B H O ~  BbICOTe P a C n O J I O K e H H R  H a I l O p H O r O  B a J I a ,  YrJIe 

n o B o p o T a  $ = 90" H p a 3 r p y 3 ~ e  n o p o A M  B oman. T e o p e ~ m s e c ~ a ~  npo- 
AOJIXUfTeJIbHOCTb q H K J I a  y K a 3 b I B a e T C H  B I I aCI IOPTe  3 K C K a B a T O p a .  

T e x ~ H P e c K a s  npOH3BOAHTeJIbHOCTb y ¶ H T b I B a e T  YCJIOBHR pa60~h1 3KC- 

K a B a T O p a  B 38608 H RBJIReTCR MaKCHMaJIbHO B O ~ M O X H O ~ ~  AJIR A ~ H H O ~ ~  
MOneJIH I I p H  ~ e l l p e p b 1 ~ ~ 0 z  pa6o~e  B KOHKpeTHhlX YCJIOBHSIX.  OH^ RB- 

JIReTCR HCXOAHOP AJIH O U p e A e J I e H H R  ~ K C ~ J I ~ ~ T ~ ~ E I O H H O ~  llpOH3BOAH- 

TeJIbHOCTH 3 K C K a B a T O p a .  

T ~ X H H ¶ ~ C K ~ R  I I P O H 3 B O ~ H T e J I b H O C T b  3 K C K a B a T O p a  OI IpeAeJ IReTCH 

no @ o p ~ y n e  

!j '* l'Ae k,, - ~ 0 3 @ @ l l q H e ~ ~  HaI tOJ IHeHHR KOBIJIa 3 K C K a B a T O P a ;  '1 k, - K O ~ @ @ H ~ H ~ H T  P a 3 P b I X J I e H H R  J lOpOAbI B KOBIJIe 3 K C K a B a T O p a ;  
t, - TeXHH¶eCKaR IIpOnOJIXCHTeJIbHOCTb q H K J I a ,  T. e. IIPOAOJI3KH- 

TeJIbHOCTb q H K J I a  B AaHHbIX YCJIOBHRX, CeK. 
Y.! K O ~ ~ @ E I ~ E I ~ H T ~ I  p a 3 P b I X J I e H H R  UOPOAbI B KOBJIIe 3 K C K a B a T O P a  npm- 
6 s e A e , H a  H H m e .  

~ H C T M ~ ~  n e c o K  H r p a s ~ i i  . . . . . . . . . . . . . . . . 1,1-1,2 
C ~ ~ U E H C T ~ I ~ ~  U c y I I e ~ ¶ a ~ b I f i  rPYHT . . . . . . . . . . . 1.2-1,25 
rams H nnoTHaK rnnqa c r a n b ~ o i i  . . . . . . . . . . . 1,3-1,4 
I @ ~ ~ H H C T N ~ ~  r P W T  . . . . . . . . . . . . . . . . . . 1,4-1.45 
B a a y a n a ~ ~ e  pesnne O T n o x e E m  . . . . . . . . . . . . 1,4-1.6 
r J I n ~ H c T h I i r  cnaneq HJIH r m 6 0 ~ a ~  IIOpOAa, ~ 0 6 b I B a e ~ a R  

6e3 B3pMBHNX pa60T . . . . . . . . . . . . . . . . . 1.4-1.6 
C ~ a n ~ c ~ h I f i  rPYHT B 3aBHCHMOCTH OT KpeIIOCTEI . . . . . 1.8-2.5 

H O ~ @ @ H ~ E I ~ H T H  HaIIOJIHeHHR KOBIUa I IpITBeAeHbI  B T ~ ~ J I .  31. 
T e x ~ ~ ~ s e c ~ a ~  npOAOJIKHTeJ IbHOCTb  q H K J a  IIO C p a B H e H H I o  C TeOpeTEI- 

~ ~ C I E O ~  I l p H  p a 3 r p y 3 K e  H e B R 3 K H X  IIOpOA B B a r O H b I  H O P M ~ J I ~ H O $  eMKOCTH 

YBeJIH'XIiBaeTCR n p H M e p H 0  H a  6-12%. B BR3KHX r P Y H T a X  nPOAOJI3KH- 

TeJIbHOCTb q H K J I a  YBeJ IHPHBaeTCR I I p H M e p H O  B 2 pa3a. C P ~ A H R R  IIpO- 

ROJIXHTeJIbHOCTb qXXKJIa l I p H  pa6o~e  3 K C K a B a T O p a  3Kr-4,6 COCTaBJIReT 

25-34 cex, ~ p a r J I a i i H a  311I-14175 - 50-70 ceK. T e x ~ m s e c K a H  n p o ~ s -  
' B O W T e J I b H O C T b  3 K C K a B a T O p a ,  K a K  MaKCHMaJIbHO B03MO)KHaR,  CJIYlKHT 

K p H T e p H e M  AJIR OU,eHICEI. pa60~bI 3 K C K a B a T O p a  B AaHHbIX YCJIOBHRX. 



n p ~ l l l e p .  P a c C ¶ H T a T b  IIPOH3BOAHTeJIbHOCTb O,I(HOKOBIUOBOPO 3KCKaBaTOpa  R n S  
Y C J I O B E K ~  3KCKaBaTOP 3Kr-4,6 C KOBIUOM eMKOCTbH) 4,6 ma, T e X H H s e C K a R  nPOAOn)KH- 
TeJIbHOCTb q B K J I a  t = 25 CeE,  X O ~ @ @ H ~ H ~ H T  HaIIOJIHeHIlR XOBIlIa kH = 0 , 8 ,  XOB@@H- 
q l l e H T  Pa3PhIXJIeHHR nOPORhI B H O B m e  3 H C K a s a ~ o p a  kp = 1,4, K O ~ @ @ H ~ H ~ H T  H C n o n b -  

rononaR 
E N K O C T ~  IIp083BO- 

Xapbep, paspea 31 ic~aaa~op  ~ o s m a ,  Y C ~ O E U R  pa60~b1 PTeJrb- 
,U a HOCTb, 

TbIC. a= 
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M a K c H M a n b ~ b I e  r 0 A O B b I e  I IpOH3BOAHTenbHOCTH 3KCKaBaT@pOB H a  

k a p b e p a x  3 H a 9 H T e J I b H O  BMIIIe CpeAHHX.  T a K ,  H a H 6 0 J I b I I I a H  I'OAOBaH 
IIpoH3BOAHTeJIbHOCTb 3 K C K a B a T O p a  3Kr-4 IIO T p e C T y  Baxpyme~yrona  
npu n o r p y 3 ~ e  n o p o A b I  B a e n e a ~ o ~ o p o w ~ b ~ i i  T p a a c n o p T  c o c T a s n n a  

1800 TMC. at3, n p H  norpyaxe y r m  H a  ~ o a s e i i e p  - 1600 THC. m, npa 
B b I r p y 3 K e  IIOpOAbI B OTBaJI  - 2600 TbIC. At3. 

~ P O H ~ B O ~ E I T ~ J I ~ H O C T ~  3KCKaBaTOPOB H a  K a p b e p a X  IIO CPaBHeHHH)  
c 1950 r. ysenmmracb B 2,5-3 paaa, s ~ o  O ~ ~ H C H I I ~ T C R  H e  T O J I ~ K O  IIPH- 

M e H e m e n T  60~1ee M O I ~ H ~ I X  M a m H H ,  HO T a K x e  Y n y s m e H H e M  o p r a ~ ~ 3 a q ~ m  
pa6o.r H a  K a p b e p a x .  

Ha IIPOH3BOAHTeJIbHOCTb 3KCKaBaTOPOB O K a 3 b I B a e T  BJIHHHHe 60~1bll10e 
¶HcJIO @ ~ K T o ~ o B ,  K O T O P H e  MOHEHO P a 3 A e n l l T b  H a  KOHCTPYKTHBHbIe,  

r O p H O r e O n O r H ¶ e C K H e  H OPraHH3aqHOHHO-TeXHHgeCKHe. 
K KOHCT~YKTHBHMM n a p a M e T p a M  a K c K a s a T o p a  OTHOCHTCH: p a a ~ e p  

pa6osero O ~ O P Y A O B ~ H E I F I ,  MOIqHOCTb A B H T ~ T ~ J I ~ ~ ? ,  p a 6 o s ~ e  CKOpOCTH, 

KElHeMaTH1leCKHe CXeMhI, eMKOCTb KOBIIIa,  er0 @ O P M ~  H T. A. 

~ O H C T P Y K T H B H ~ ~ ~  I I a p a M e T p b I  O ~ ~ I ¶ H O  H e  H3MeHHIOTCH HeIlOCpeJ(- 

c T s e a H o  H a  xapbepe. M c ~ c n m s e ~ ~ e ~  R B n R e T c f i  H a B e c K a  ~ o ~ n r e j i  p a m ~ s -  
H0f i  eMKOCTH I I p H  p a 6 o ~ e  HeKOTOPbIX M O A ~ J I ~ ~  3 K C K a B a T O p a  B p a 3 H b I X  

YCJIOBHRX. 

K r o p H o r e o n o r H Y e c K n M  + a ~ ~ o p a ~  OTHOCHTCH: n p o K I H o c T b  nopon, 
K a s e C T B O  p a 3 p L I X n e H H I I  H ee O ~ B O A H ~ H H O C T ~  H T. A. 9 e M  M H r W  I IOpOAa  

lI J I y s I I I e  O H a  p a 3 p b I X J I e H a ,  TeM MeHbI I I e  B p e h l e H H  T p e 6 y e ~ C S I  A n H  3aIIOJr- 

HeHHII  KOBIIla I I p H  ¶ e p I l a H H H  H ,  CJIeAOBaTeJIbHO,  BbIILIe I lPOH3BOAHTeJIb-  

HOCTL 3 K C K a B a T O p a .  O ~ B O A H ~ H H O C T ~  IIOPOA 3aTPYAHIIeT  I I e p e A B H w e H H e  

s ~ c ~ a s a ~ o p a  H ~ H  Apyroro s q a  T p a H c n o p T a ;  B 3 H M H e e  s p e m  o H a  cnoco6- 
c T B y e T  H ~ M ~ P ~ ~ H H I O  IIOPOA~I H a  K O B ~  H K o p n y c  a K c H a s a T o p a  H CHH- 

W a e T  er0 IIPOH3BOAHTeJIbHOCTb.  ~ ~ T P Y A H I I ~ T C F I  3a I IOXHeHHe  KOBUIa 

H p e 3 K O  yBeJ IH¶HBaeTCR B p e M H  P a 3 I ' P Y 3 H H  I I p H  p a 6 o ~ e  3 K C K a B a T O p a  

B HEHPHMX r n m a x .  Y B ~ J I H ~ H B ~ ~ T C H  B p e M H  q e p n a H H H  n p H  n o r p y 3 ~ e  
KPYIIHMX KYCKOB B C K a J I b H b I S  I lQPOAaX,  a T a K W e  YXYAIIIaeTCH H a I I O n -  

H e m e  K o m a  3a c s e T  0 6 p a 3 0 s a ~ ~ 1 1  n y c T 0 . r .  ~ H ~ ~ H T ~ Z ~ H O  Y b i e H b m a e T c R  I 
I IPOH3BOAHTeJIbHOCTb 3 K C K a B a T O p a  I I p H  C ~ ~ ~ K T M B H O ~ ~  I l O r p y 3 K e  3a C s e T  i 
3 a T p a T  B p e M e H H  H a  B ~ I ~ O P I ~ J ?  I IOJIe3HOrO HCKOnaeMOrO.  

@ H ~ H K O - M ~ X ~ H H Y ~ C I E E ~ ~  C B ? ~ ~ C T B ~  IIOPOA BJIHHIOT H a  IIIJOH3BOAHTeJIb- 
I 

H O C T ~  a ~ c ~ a ~ a ~ o p a  aa pa3~arx K O ~ @ + H ~ H ~ H T O B  P ~ ~ ~ H X S I ~ H E I H  

H HaIIOJIHeHHH KOBIIIB. T OTMeTHTb,  YTO K O ~ + @ E Z ~ H ~ H T  HaIIOJIHe-  I 

HHX KOBIIIa 3aBHCHT H e  @ H ~ E I H O - M ~ X ~ H H ~ ~ C K H X  CBO&CTB IIOPOAhI. 
, Ha B e J I H s H H y  er0 O K a 3 b I B a I O r s J I H H H H e  + o p ~ a  H eMKOCTb KOBILIa, KBaJIH-  

( 
@ H K ~ ~ H R  MaIUHHHCTa,  K a s e C T B O  PbIXJ IeHHH H A p .  I 

OpraHn3aqHOHHO-TeXHH¶eCKHM + ~ K T O P O M  OTHOCHTCII: p a 3 M e p L I  i 
3a6011, BHA T p a H c n o p T a ,  o p r a ~ ~ a a q l i ~  p a 6 o ~  H a  y c T y n e  H B K a p b e p e ,  I 
~ s a n n + n ~ a q a n  M a m m l n c T a  a ~ c x a s a ~ o p a  H T. p. IIpn ~e60nb111ofi B M c o r e  

3 a 6 0 ~  AJIH 3a I IOJ rHeHHH KOBIIIa 3 K C K a B a T O p a  T p e 6 y e ~ c H  IIPOH3BOAHTb 

ABa-TpH s e p I I a H H I I .  ~ O ~ T O M ~  MHHHMaJIbHaH BbICOTa Y C T y n a  A O J I X H a  6 ~ ~ b  I 
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H e  M e H e e  B n c o T M  p a c n o n o l r i e H H s  H a n o p H o r 0  sana. ~ H ~ ~ H T ~ J I ~ H ~ H  B u c o T a  

y C T y n a  I lOBbI IuaeT  OIIaCHOCTb pa60~h1 H 3 - 3 a  BOSMOECHOCTH BHe3a I IHhIX 

06pymeamfi. O c ~ o p o x ~ a a  pa6o~a ,  ~ o n o n ~ ~ ~ e n b ~ ~ i ?  OCMOTP H ~a6JIEone- 
I H H e  3a 3 a 6 o e ~  B 3THX YCJIOBHHX YMeHbIIIaIOT B p e M H  ¶ H C T O ~  p a 6 0 T h I  H a  

I IOI 'pY3Ke.  OT IIIHpHHbI 3a6011 3aBHCHT lIpOJ(OJIHEHTeSlbH0CTb I IOBOPOTa 

a ~ c ~ a ~ a ~ o p a ,  K o T o p a c I  3 a x n M a e T  60-70% B p e M e m  B c e r o  pa6osero 
V H K n a .  HOBTOMY Y M e H b m e H H e  A 0  H3BeCTHOrO I I p e A e J I a  JJJHpHHhI 3a6os 
c H E i m a e T  c p e ~ ~ n i i  yron n o B o p o T a  a ~ c ~ a s a ~ o p a .  Y ~ e ~ b ~ u e ~ n e  ero H a  

y r O J I  15" I IO3BOnHeT YBeJIHPMTb I lpOH3BOnHTeJIbHOCTb 3 K C K a B a T O p a  

I I p H M e p H O  H a  10%. O A H ~ K O  K YMeHbIUeHHH) IUHpHHbI  3 a 6 0 ~  q e J r e C 0 -  

o6pa3~o  n p ~ 6 e r a ~ b  n p ~  n o r p y a ~ e  nopoAH B a B T o T p a H c n o p T .  IIpn xe- 
n e 3 ~ o n o p o w ~ o ~  T p a H c n o p T e  Anc I  y s e n H s e H H H  ruara n e p e y K n a A K E i  ny~ef i  
li n o B m u e H n H  c s e M a  ~ O P O A P  c 1 a n y ~ ~  IU~XPHHY 3a6ot1 ~ a 3 ~ a q a r n ~  

0 6 ~ 9 ~ 0  MaKCHMaJIbHO B O ~ M O X H O ~ ~ .  

n p ~ ~ e p .  ~ ~ o ~ o X ~ J X T ~ J I ~ H O C T ~  q H K X a  3 K C K a B a T O p a  3aBEICHT B ~ H ~ ~ I ~ T ~ J I ~ H O %  
M e p e  OT K B ~ J I H @ H K ~ ~ I ~ E ~  MalIlHHIlCTa. JIysrnme MalIlHHIlCThI 3KCKaBaTOpa ,  COBMeWaR 
O T R e J I b a a e  O n e p a q H E i  q H K n a  Ei c06nwga~ q e ~ l e c 0 0 6 p a 3 ~ y w  IIOCJIeAOBaTeXbHOCTb 
B p a 3 p a 6 o ~ ~ e  3 a 6 0 ~ ,  yBeJIH¶HBaIoT n p O H 3 B O ~ T e J I b H O C T b  3 K C K a B a T O p a  3a C W T  CHEI- 
HteHHR U p O R O n ~ H T e J I b H O C T H  q E K J I a .  K p o ~ e  TOrO, I I epeAOBNe MaIUBHRCTbI 38 CqeT 

'. XOpOlIN?rO 3 H a H H R  3KCKaBaTOpa ,  CBOeBpeMeHEOrO peMOHTa I T  ~ o 6 p o c o ~ e c ~ ~ o r o  
YXORa 3a HIlM 3HaVHTeJIbHO COKPkUWIOT IIPOCTOH Il YBeJIHqEIBaWT BM@OTKY H a  
3KCKaBaTOp.  T a K ,  IIpIl I t O r p y B K e  IIOpOAN 3KCKaBaTOPOM 3Kr-4,6 B AYMJIKaPN H a  
xapbepe K O M ~ H H ~ T ~  Ypazac6ec~ n p o A o n m u T e J r b H o c T b  q m n a  y n e p e A o B o r o  MarnH- 
m c T a  c o c T a a n n a  27,1 cez ,  y Apyrnx M a m n H n c T o B  o H a  C o c T a B n m I a  OT 29,3 
~o 38,O cez.* 

~ ~ o H ~ B o A H T ~ J I ~ H o %  p a 6 o ~ e  3KCKaBaTOpOB C J I O C O ~ C T B ~ ~ T  CJIeAyIOWee. 
1. kl3yse~me M e x a H H u e c K o r o  n a n e K T p H s e c x o r o  O ~ O ~ ~ A O B ~ H I ~ R ,  c ~ o e ~ p e ~ e ~ ~ a r i i  

P ~ M O H T  m s ~ c ~ a s a ~ o p a ,  c o ~ e p m a ~ r ~ e  ero B ~ i c n p a ~ ~ o c ~ m  R s m c ~ o ~ e .  
2. f l p a B m X b ~ a R  YCTaHOBKa 3 K C K a B a T O p a  B 3a6oe OTHOCHTeXbHO I I y H K T a  pas- 

l'PY3KH. 
3. O c ~ o e ~ ~ r e  o n T m M a n b H s I x  p e x x M o B  pa6om a ~ c ~ a s a ~ o p a  R n p H M e H e m e  

qenecoo6pas~ax n p H e M o B  sepnamn H pa3rpy3~m. 
4. C o ~ ~ e q e ~ ~ i e  onepaq~rt  pa6osero q m K J r a ,  B H n o J r a e H z i e  B c n o M o r a T e J r b H n x  ' p a 6 o ~  B I l epHOA OH(HAaHIlR IIOPOWHHX COCTaBOB RJIH aBTOCaMOCBaJIOB. 
5. C~poroe  c o 6 ~ m f i e ~ 1 l e  n p a ~ n n  ~ e x ~ ~ l u e c ~ o i i  3 ~ c n n y a ~ a q E  (nT3) AJIR 

~ J I e K T p O M e X a H H q e c K o r o  o 6 0 p y ~ o ~ a ~ 1 1 ~  II n p a ~ I l X  6esonac~oc~1l J IpH 3KCKaBaTOPHNX 
, pa6o~ax. 

OT opraarraaqnx p a 6 o ~  H a  y c T y n e  11 B q e J r o M  H a  K a p b e p e  ~ ~ B H C H T  m c n o ~ b 3 o ~ a ~ ~ e  
' 

CMeHHOrO H rOAOBOrO BPeMeHR.  PYKOBO~HT~JIE~ ygaCTKOB H CMeH AOJImHbI T W a T e n b H O  

i HBy ' IaTb  YCXOBEIR pa6om, U p e A B a p E T e J I b E o  I I J IaHI lpoBaTb  II YBR3bIBaTb BCe BCIIOMO- 
r a T e n a H a e  pa6o~u.    TO c n o c o 6 c ~ B y e ~  y s e n s s e H m o  s ~ p a 6 0 ~ ~ m  a K c K a s a T o p a  H a  100- 
150 TMC. m3 B ran. 

BHA T p a H C I I O P T a  - OAHH I13 B ~ X H ~ ~ ? I I I H X  @ ~ I E T O P O B ,  O I I p e ~ e S I H I O ~ E I X  

1 ,  DPOH3BOAHTeJIbHOCTb OAHOKOBIIIOBMX 3KCKaBaTOpOB H O K a 3 b I B a I O ~ E l X  
BJlHHHHe H e  TOJIbKO H a  I I P O ~ O J I X H T e J I b H O C T b  q H K S I a  3 K C K a B a T O p a ,  H O  

R H a  ero ~ c n o n b a o ~ a ~ m e  BO B p e M e H H .  IIpn ~ K C K ~ B ~ T O P H O J ~  norpya~e  
B CpeACTBa  T p a H C I I O p T a  ~ O ~ B I X X H O ~  COCTaB A O J I X e H  G ~ I T ~  IIPO¶HbIM, 

9 ~ 0 6 ~  B M A e p X H B a T b  YJKiPbI KYCKOB IIOpOAbI. C x e ~ a  p a 3 B H T H t I  ny~ef i  
ma y c T y n e  H B K a p b e p e  AOJIiIiHa o G e c n e s ~ ~ a ~ b  M H H E i M a n b H o e  B p e m  

06ue~a  r p y X e H h I X  COCTaBOB II0pOlI;HHMH. n p ~  COOTHOIIIeHHH eMKOCTH 

ttp 1 6  
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K y 3 O B a  TPaHCI IOPTHOrO COCYAa H eMKOCTH KOBUIa 3 K C K a B a T O p a  
M e H b I I I e  3-4 yBeJIM¶MBaeTCR AJIHTeJIbHOCTb p a 3 r P Y 3 K M  KOBUIa "'38 C¶eT 

6onee ~ l I ( a ~ e J I b H 0 g  YCTaHOBKM er0 IIOA KY3OBOM. ~ P H  I I O r P Y 3 K e  H a  JIeH- 
T O ¶ H H ~  K o ~ ~ e i i e p  e M K 0 C T b  3a60B~b1x ~ Y H K ~ P O B  MOlfCeT CHMlfCaTbCR 
no 1 , ~ - X P ~ T H O ~  e M x o c T H  K o B m a  a x c x a s a T o p a .  B  TOM cnygae npa pa60l.e 
6 y ~ K e p  BCe B p e M R  HaXOAMTCR TlOA HaBaJIOM YrJIR,  ¶eM C O K p a w a e T C H  
B p e M H  H a  TlI(aTeJIbHyIO YCTaHOBKY KOBLIIa l l p H  p a 3 r p y 3 K e .  B J I H R H H ~  
BHAa  T p a H C l l O p T a  H a  HCllOJIb3OBaHMe 3 K C K a B a T O p a  BO B p e M e H H  X a p a K T e -  

p H 3 y e T C H  K O ~ @ @ H ~ H ~ H T O M  BJIMRHMR T p a H C I I O p T a  k,,, O D p e ~ e J I R e M O r O  
no @ o p ~ y n e  

r,qe tnor - BpeMcI  n o r p y ~ ~ ~  c o c T a B a  HJIH a B T o c a M o c B a n a ,  xu%; 
to6 - B p e M B  0 6 M e H a  I'pylfCeHOI'O COCTaBa H a  I I o ~ o X H H ~ ,  XUFL. 

~ P M  ~ B T O M O ~ H ~ ~ H O M  H K O H B ~ ~ ~ P H O M  T p a H C I l O p T e  3TOT K O ~ @ @ H ~ H ~ H T  
~ J I H ~ O K  K e A H H I l q e ;  U p H  lfCeJIt?3HOJI,OpOXHOM T p a H C U O p T e  OH COCTaBJIReT 
0,5-0,7. y ~ e t f b U l e ~ l l e  B p e M e H H  0 6 ~ e ~ a  AOCTHraeTCH 38 C¶eT  I I P H ~ J I H K ~ -  

H H H  O ~ M ~ H H O ~ O  I I Y H K T a ,  YJIy9ILteHHR COCTOBHHR TpaEICUOPTHhIX n y ~ e g  
H TlPaBmJIbHOrO CO¶eTaHMH KOJIH¶eCTBa TPaHCI IOPTHOrO ?i I I O r P Y 3 0 ¶ H O r O  

0 6 o p y f i o s a ~ ~ ~ .  
~%~!I~cTBo p a 3 p h I X J I e H M H  IIOpOAhI 3aBMCMT H e  TOJIbKO OT @ H ~ H K o -  

MeXaHH¶eCKHX CBOGCTB IIOPOAhI, HO H OT cnoc06a BeAeHHR H O p r a H H 3 a q H E I  
~ Y P O B ~ P M B H H X  pa6o.r. 0 4 e H K a  K a ¶ e C T B a  B 3 p b I B a  IIPOH3BOAHTCH IIO @ 0 p M e  

H a s a n a ,  KPYIIHOCTM M a T e p H a n a  H c T e n e H E i  ~ p 0 6 ~ r e H H r r  ~ t i m ~ e f i  s a c T H  
3 a 6 0 ~ .  K p y n ~ o c ~ b  OTAeJIbHHX KYCKOB TlOPOAbI A O J I X H a  HOI lYCKaTb  
npoxoxgemxe mx nepes K o s m  3 K c K a B a T o p a  HJIH sepes n p H e M H o e  o T s e p -  
CTHe 6 y ~ K e p a .    TO MY YCIIOBMIo Yp,OBJIeTBOpHK)T KYCKH C J I H H ~ ~ ~ H H M H  

p a m e p a ~ n  a, o n p e A e m e M u e  no @ o p ~ y n e  

rAe E - e M K 0 C T b  K O B m a ,  m3; 
b - M e H b I I I a R  CTOpOHa  l I P H e M H O r 0  OTBePCTLlR 6 y ~ K e p a  IlJIli 

gp06mn~a,  m. 
O C O ~ ~ H H O  >KeCTKEe YCJIOBHR npeA'bRBJIRIOTCR K KPYIIHOCTEI KYCKOB 

none3~0ro  m c K o n a e M o r o ,  n o c T y n a I o r q e r 0  H a  A P O ~ B J I K Y  O ~ O ~ ~ T E I T ~ J I ~ H H X  

@ a 6 p a ~ ;  M e H e e  X e C T K M e  YCJIOBEZR - K I I Y C T O ~ ~  n O p O A e ,  O T ~ ~ ~ B J I R ~ M O ~ ?  
r B OTBaJIbI. ~ P H  6 0 J I b m 0 ~  B B X O A e  H e r a 6 a p H ~ o ~  3aTPYAHReTCR ¶ e p n a H I l e ,  

3 a T p a ¶ H B a e T C B  AOIIOJIHHTeJIbHOe B p e M R  H a  pa36op~y  3 a 6 0 ~  H CKJIaAHpO- 
s a m e  ~ e r a G a p n ~ o ~ ,  y x y A m a e T c R  H a 3 o n H e H n e  K o s m a .  T ~ K H M  0 6 p a 3 0 ~ ,  
IIPOH3BOAMTeJIbHOCTb 3 K C K a B a T O P a  3aBMCLlT OT p a 3 ~ 0 0 6 p a 3 H H ~  @ ~ K T O P O B ,  

M 3 y ¶ e H H e  M a H a J I M 3  KOTOPHX IIO3BOJIRT BbIRBIITb p e 3 e p B b I  Fi I IYTH no- 
BbIIIIeHHH IIPOH3BOAMTeJIbHOCTH 3KCKaBaTOPOB.  

O C H O B H ~ I ~  IIpOH3BOACTBeHHbIe IIPOI(eCCbI l l P H  BCKPbIlLIHHX H A O ~ M ¶ H H X  

pa6o~ax H a  K a p b e p e  HaXOAHTCH BO B3aHMOCBB3H H COCTElBJIRIoT enHFIbI& 
T ~ x H o J I o I ' H ¶ ~ c K H ~ ~  I IpOqeCC.  3 H a ¶ e H H e  B aKOHOMElKe OTHeJIbHbIX IIPOEI3- 
BOACTBeHHhIX I IpOqeCCOB EI3MeHHeTCR B 3aBHCHMOCTH OT I'OPHOTeXHH- 
¶eCKHX H KJIHMaTH¶eCKEIX ~ c J I o B E I ~ ~ .  T ~ K ,  npIl p a 3 p a 6 0 ~ K e  CKaJ IbHMX 
I l O p O n  p e 3 K O  yBeJIH¶HBaIoTCR 3 a T p a T h l  H a  6ype~me H B 3 P b I B a H H e .  

B ~ H C ~ ¶ E I T ~ J I ~ H O ~ ~  CTeIleHEl 3 a T p a T h I  H a  B H e M O ¶ H O - n O r P y 3 0 ¶ H H e  pa6o . r~  
3 a B H C R T  OT K a ¶ e C T B a  p a 6 0 ~ 1 . 4  C M e X H b I X  I I P 0 4 e C C O B  ( U O A ~ O T O B K ~  I 'OPHO~~ 

MaCCH H TP~HCTIOPT).  H ~ ~ A O B J I ~ T B O P H T ~ J I ~ H O  I IpOBeAeHHMe ~ ~ P O B ~ P ~ I B -  
H H e  pa6o~h1 p e 3 K O  yBeJ IH¶HBaIoT  P a C X O A  3JIeKTpO3HepI 'HH,  M a T e p H a J I O B  
H CHHHCBWT l lpOH3BOAHTeJIbHOCTb 3KCKaBaTOPOB.  ~ J I o x ~ H  O p I ' a H l i 3 a q H f l  
TpaHCnOpTHhKX pa6o.r y B e J I H ¶ H B a e T  IIpOCTOEI 3KCKaBaTOPOB H C H E I X a e T  
nx B M P ~ ~ O T K Y .  Tax, H a  K a p b e p a x  K O M ~ E ~ H ~ T ~  Ypanac6ec~ H ~ ~ J I I ~ A ~ H H R  

I IOKa3aJ IH ,  9 T O  Y OAHOrO H T o r 0  Xe K B ~ J I H @ H ~ E I P O B ~ H H O ~ O  MaKtFfHHCTa 
n p H  p a 6 o ~ e  B IIJIOXO B 3 0 P B a H H O M  38608 IIpOH3BOAHTeJIbHOCTb T P Y A a  

CHH3HJIaCb  H a  26%, YCHJIHH B K a H a T a X  nOBMCHJIHCb H a  17 %, y ~ e J f h H h I 8  
PaCXOA 3 J I e X T P 0 3 H e P r E I H  YBeJ IWMJICR H a  10%, a KOJIHgeCTBO I lePeKJIIO-  
W ~ H H ~  KOMaHAOKOHTpOJIJIepa  yB€!JIH¶HJIOCb Ha 16-55% *. B C p e A H e M  

y jqensa~l  sec B H ~ M O ~ H O - n o r p y a o ~ ~ ~ s l r  p a 6 o ~  B C ~ ~ ~ C T O H M O C T F ~  1 
r 0 p ~ 0 6  M a c c h l  COCTaBJIneT OT 15 P O  70%. HaaBonbmnfi yfleJIbHblJ? B e C  
B s r e M o s a o - n o r p y s o s ~ s l e  p a 6 0 ~ ~  H M e m  npa nepeeame ~ n m $ r  nopog 
B B M ~ ~ ~ O T ~ H H O ~  IIpOCTpaHCTBO. 

C ~ ~ ~ C T O H M O C T ~  3 K C K a B a q H H  1 a3 ~ O P H O ~ ~  MaCCM OI IPeAeJ IHeTCB CTO- 

BMOCTbIo MaIIIBHO-CMeHH. C T O ~ M O C T ~  MaIUXHO-CMeEbI a K C K a B a T O P a ,  
B CBOIO osepeAb, R s n R e T c c I  ~enas~lrrofi n e p e ~ e ~ ~ o f i ,  aa~ncmqefi OT pe- 
N H M a  pa6o~H,  @ H ~ M K O - M ~ X ~ H H ¶ ~ C K H X  C B O ~ ~ C T B  TlOPOAhI EI KJIHMaTLlgeCKHX 

9,7 % . 
P a 3 ~ e p  3apa60~~0f i  I I I I aTb l  3aBHCHT OT T ~ P H @ H O ~ ~  CTaBKH Ei ¶HCSla 

06cny~a~arorqero nepcoeana. T ~ K ,  p ~ e ~ ~ o f i  c ~ e ~ ~ s r l i  a a p a 6 o ~ o ~  o6cny- 
xcnsalorqero nepcoaana no a x c K a s a T o p a M  c o c T a s n R e T :  3IEI'-8 - 
23.18 p ~ 6 . ,  3BI'-6 - 27,16 py6., 3BI'-15 - 45,18 py6., 3LII-14/75 - 



CTOHMOCT~ 3 J I e K T P 0 3 H e P r H H  Ha MaIJIHHO-CMeHy B 3aBMCEIMOCTH OT MO- 

n e n H  a r c c K a s a T o p a  H ~ M ~ H R ~ T C H  OT 12 no 160 py6. 1 I p ~  norpy3~e'-nopo~br 
3KCKaBaTOPOM 3 m - 4 , 6  y,I@JIb~hlg PaCXOA 3 J I e K T p O 3 H e p r E I H  COCTaBnReT 

0,2-0,25 ~sm-vim.  
Ha OCHOBe I lpaKTH¶eCKHX AaHHbIX CTOlraaOCTb peMOHTOB 3KCKaBaTOpOB 

B I I p O q e H T a X  OT l l e p ~ ~ H a ¶ a J I b H ~ f i  CTOHMOCTM COCTaBJIReT: K a I I H T a Z b -  

m e  - 30-6096, c p e n H a e  - 15-40 %, ronosne - 6-10 %. 
CTOHMOCT~ M a T e p H a J I O B  ( K ~ H ~ T M ,  C M a 3 K a ,  O ~ T E I P  H UP.) COCTaBJIReT 

OKOJIO 50-70 % p a s ~ e p a  3 a p a 6 0 ~ ~ o i i  n n a T n .  

B qeJIOM CTOHMOCTb MaUIHHO-CMeHM 3KCKaBaTOPOB K o J I ~ ~ J I ~ T c R :  
3~r-4,6 - oT 95 no 100 py6., 31~r-8 - oT 140 no 150 p y ~ . ,  3~r-6 - 
OT 190 no 205 py6., 3Br-15 - OT 300 no 340 py6., 3LU-14/75 - OT 390 
no 400 pv6. 

C ~ ~ ~ C ~ O H M O C T ~  BbIeMKH 0 n O r p y 3 K H  1 n3 noponsl 3KCKaBaTO- 

p a M n  3Kr-4,6 H 3W-8 E I ~ M ~ E R ~ T C R  OT 4,6 no 7 K o n . ,  a a e c K a s a T o p a  
3Br-6 O E a  COCTaBJIHeT OKOXO 12 KOII. C ~ ~ ~ C T O M M O C T ~  BhIeMKH II IIOI'PY3KH 

I I o P o n b I  H e  OCTaeTCR IIOCTORHHO~~. ~ O A  BJIHRHEIGM TeXHHPeCKOrO HpO-  
rpecca o H a  e w e r o n H o  y M e H b m a e T c c r  B C p e A H e M  no K a p b e p a M  H a  2-4%. . 

Ha B n e m e  n n o r p y s ~ e  noponn B H a c T o R q e e  B p e M R  ~ c n o n b a y ~ o ~  
BHCOKOIIpOH3BOflHTeJIbHHe MaUIHHbI. O ~ H ~ K O  BLdIIOJIHeHEIe OCHOBHOI'O 

U p O q e C C a  COUpOBOX/JaeTCR 6 o n b m ~ ~  KOJlM¶eCTBOM BClIOMOraTeJIbHhIX 

p a 6 o ~ ,  O ~ M ¶ H O  IIJIOXO MeXaHH3HPOBaHHbIX.  ~ O P T O W  BCIIOMOraTeJIbHbIe  
p a 6 o . r ~  T p e 6 y I O ~  3Ha¶HTeJ rbHOrO s H c J I a  p a 6 o s ~ x .  AJIR BbIIIOJIHeHHR HX 

,B E i a c T o m q e e  s p e m  H a  K a p b e p a x  ~ ~ A ~ J I ? K H B ~ ~ T C R  no 50% B c e x  pa6ounx, 
3 a H R T b I X  H a  B H e M K e  EI I I O r P Y a K e  IIOPOAM. 

IF. BCUOMOraTenbHbIM OTROCRT: pa60~b1 UO C O A e p X a H H I O  H e I I O C p e s -  
CTBeHHO pa6oqero MeCTa  (o6op~a y c T y n a ,  O¶HCTKa HieJIe3HOAOpOlrcHMX 

, n y ~ e f  OT n p o c b ~ n a s l n e i i r c c ~  noponrs, n e p e H o c K a  K ~ ~ ~ J I R  B c n e n  3a ~ K C K ~ -  

B a T o p o M ,  o s H c T K a  ~ o ~ m e l  H K o p n y c a  a ~ c ~ a ~ a ~ o p a  OT aa~eparnefi H H a -  

J I H u D I ~ ~  II0~0nht); pa60~b1, H ~ O ~ X O A E ~ M H ~  AX% BbIIIOJIHeHHR IIOCJIeAYIOE(HX 

IIPOH3BOHCTBeHBbIX IIPOqeCCOB ( B M P ~ B H H B ~ H H ~  H I I J l aHHPOBKa  TpaCCbI ,  
s a s ~ c ~ ~ a  KPOBJIH nnac~a) ;  p a 6 0 T ~  no n o m e p x a H H r o  0 6 o p y ~ o ~ a ~ ~ ~  
B TeXHEiUeCKM HCIIPaBHOM COCTOHHHH ( A O C T ~ B K ~  C M a 3 0 9 H b I X  M a T e p H a J I O B  
H 3a I I aCHbIX ¶ ~ c T ~ G ,  T e K y m H e  PeMOHTbI 3KCKaBaTOPOB,  AOCTaBKa 3KCKa-  
BaTOpOB H a  3aB0&2 HJIH K MeCTaM IIPOH3BOACTBa K a I I H T a J I b R H X  H CPeAHIIX 

P~MOHTOB) .  

060pia ycrynoe OT x a ~ ~ c e f  n p o ~ 3 ~ o n o T c n  ~pylraym ropnopa6o- 
qEIMH, O~~CII€!¶~HHHMII  B e p e B K a M H  H I I p e A O X p a H H T e J I b H H b i E  IIORCaMEI. 
Hpn BbIeMKe MHrKHX H UOJIYCKaJIbHbIX n O p O A  RJrR O ~ O P K H  YCTYIIOB MOFYT 
HCIIOJIb30BaTbCR C I I e 4 H a J I b H b I e  J I O I I ~ T M - C K P ~ ~ K H ,  H3rOTOBJIReMbIe B Ma-  

CTePCKHX (PEIC. 89). 3 ~ 0  IIPBCTOB I I P H C U O C O ~ ~ I ~ H H ~  II03BOJIReT B 3Ha-  
¶HTeJIbHofI  CTeIIeHH o 6 e 3 o n a c ~ ~ b  H 0 6 ~ 1 e r q ~ ~ b  TpYJJOeMKIlt pa60~b1 no 
o 6 o p ~ e  yc~ynon. 
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Ann M ~ X ~ H H ~ ~ I J M H  p a 6 o ~  no o s H c T K e  ? ~ e n e 3 ~ 0 ~ o p o x a n x  ny~e t i  
" OT npocnnasmelcn n o p o n M  ~cnonsayrn~cn  T e  me J I O ~ ~ T M - C K ~ ~ ~ K ~ ,  

H a p e B a e M b I e  H a  KOBIItH. B HeKOTOphIX C J l y s a R X  O¶HCTKa M O m e T  6 b I ~ b  
npolrase~erra na~oG K o s l n a .  Rnn aroro axc~aea rop  nonne3mae~ 6nnme 
K n y T a  H B K O H T ~ K T H O ~ ?  CeTH O T K J I I O ~ ~ ~ T C R  aanpnmenrre. IIepe~ocxa 
~ a 6 e n ~  I I p u  I I e p e l $ 3 I I ~ a x  B OTKJIIOleHHOM OT H a l l P R 3 K e H H R  COCTORHHH 

O c y q e c T B n n e T c n  6 y n b ~ o a e p o ~ .  Ha ~e6onbmoe p a c c T o R H H e  ~ a 6 e n b  
l a o m e T  n e p e M e q a T b c n  H e n o c p e A c r B e a a o  a s c x a ~ a ~ o p o ~ .  Ann s ~ o r o  
Ha ~ a 6 e n e  3 a ~ p e n n ~ m ~  C n e q H a n b H b I e  s n a c ~ n ~ ~ n e  n e T n H ,  aa KOTOPbIe  
aaqennnlor 3 ~ 6 6 ~  K o B m a .  T ~ Y ~ o ~ M K M  p a 6 o ~ n  no o s a c T x e  xoema a ~ o p -  
uyca a K c K a s a T o p a  OT ~ a ~ e p a m e P  ma aan~nluefi  noponn. 06b1s~o  ~ T M  

j p a 6 0 ~ ~  B ~ I ~ O J I H R I O T  ~ p y ¶ -  
HYIO. ~ J I R  09EICTKH KOB- 1. meir 6onbmoii eMK0CTH nc- 

kf I IOJIb3yIOT o~60i i~b1e  MO- 

1 JIOTKH. 

B H ~ ~ B H M B ~ H H ~  IT nna- 
[ E H p O B K a  Y C T y I l O s  ~ e o 6 x o -  
;? AHMH H e  T O J I ~ K O  AJIR no- 

CTHlfCeEMR I IpOeKTHbIX OT- 

M e T o K  YKJIOHOB, HO T a K x e  
'II A n R  B03MOXHOCTH YCT- 

5 ~ O G C T R ~  TpaHCI IOpTHbIX 1' K O M M Y H H K ~ ~ K ~ ~ .  B K p e I I K H X  , 
nnoxo saop~arranx I I O p O A a x  

lIepeA B b I p a B H H B a H H e M  YCTy- 
!" IIOB H ~ O ~ X O A H M O  IIpOM3BO- 

nemapero n o p o A H o r o  y c T y n a .  
C o a e p x a ~ ~ e  a ~ c ~ a a a ~ o p a  B p a 6 0 q e ~  c o c T o n e a a  ~ p e 6 y e ~  saasa~enb-  

aoro pacxoaa C M ~ ~ O ~ H ~ I X  H O ~ T H ~ O ¶ R ~ I X  M a T e p E i a n o s ,  a T a w s e  a a n a c ~ b ~ x  
¶ a c T e f i .  BX AOCTaBnRIoT  A a  CI IeqHaJ rbHhIX U J ~ ~ T ~ O ~ M ~ X  MJIH B IBTOMO- 
~ H J I H X  CO CI IeqHaJ IbHhIMH pa3rpY3O'XHhIMEI YKOCHHaMH. M e X a E H a a q H H  

Tpy,lJOeMKHX pa60.r I I p X  TeKYlII,MX P e M O R r a X  3 K C K a B a T O p O B ,  KOTOpbIe  

BbIIIOXHHIOTCR HenOCpeACTBeRHO H a  YCTYUaX,  UpHMeERIOT ? K e n e 3 H O n O p O X -  
H u e  H ~ B T O M O ~ H J I ~ H ~ I ~  K p a E M ,  U e p e n B H X H b I e  PeMOHTHMe MaCTepCKMe,  

r H n p a B J I H ¶ e C K H e  H UHeBMaTH¶eCKHe  HOMKPaTbI .  
3 ~ c x a s a ~ o p s r  B M a c T e p c K a e  arm H a  s a s o n b ~  n o c r a B n s r n T  B pa306pan- 

HOM BHAe  UO OT)J,eJIbHhlM y3JIaM. He6onbm~e MOAeJIH 3KCKaBaTOpOB 
I 

(nanpa~ep ,  3Kr-4,6) ro ryr  nepe~oau~bcn  aa  a a ~ o ~ n  B co6panao~  sane 







A B H r a T e J I H  H a n o p a  A,,. T a m ~  o 6 p a 3 0 ~ ,  OTKJIOHeHHe CHJIbI T O K a  ,!(, 
OT a a ~ a ~ ~ o r o  a u a s e ~ m ,  y c T a H a s n m s a e M o r o  H a n p R m e H E i e M  ' cpame- 
H H H  Ucp, BbI3hIBaeT  T a K O e  H 3 M e H e H H e  CKOPOCTH H a n o p a ,  KOTOpOe JIHKBH- 

A H p y e T  3 T 0  OTKJIOHeHHe. 

C H C T ~ M ~  0 6 e c n e s ~ s a e ~  3 a r n y 6 n e ~ ~ e  K o s m a  B H a s a n e  sepnamn 
H a  M ~ I E C H M ~ J I ~ H O ~ ~  CKOPOCTH H a n o p a .  T o n q n ~ a  CTPYXKH Y B e n H ' I H g a e T c x  

AO ~ H ~ ~ ~ H I I H ,  c o o ~ ~ e r c ~ ~ y r n q e r o  I IOJ IHO~~  ~ a r p y a ~ e  A B H r a T e n a  n o A a e M a .  

~ P M  3TOM CHJIa TOKa B O 3 p a C T a e T ,  A B H r a T e J I b  H a I I O p a  aBTOMaTH¶eCKEI 

p e s e p c n p y e T c H  H ~ a j ~ b ~ e i i n r e e  ~ o a p a c ~ a ~ ~ e  T O J I ~ E I H M  CTPYHFKEI 

n p e K p a q a e T c H .  

H p H  B C T p e ¶ e  KOBJIIa C HeIIpeOAOJIIfMbIM IIpeIIHTCTBHeM CHCTeMa pe- 
a I ' H p y e T  3Ha ' IHTeJIbHO 6 b r c ~ p e e ,  ¶eM MaUIHHHCT.  TO C I I O C O ~ C T B Y ~ T  YMeHb- 

IlleHHIQ y c H J I H 6  B IIOA'beMHbIX K a H a T a X ,  IIOBbIIIIeHHH, H a A e X H O C T H  p a 6 0 , ~ ~  
MeXaHH3MOB H MeHbJIIeMY H X  H3HOCY. 

C H C T ~ M ~  C T ~ ~ H J I H ~ ~ ~ H U  H a I ' p Y 3 K H  IIOAaeMHOI'O ABHI'aTeJIR IIO3BOJIHeT 

CHH3MTb B p e M H  3aIIOJIHeHHH K O B m a  H I I p H  3TOM DOJIHee  HCI IOJ Ib30BaTb  

M o ~ H O C T ~  n o A a e M H o r o  A s m r a T e n R ,  n p a m H s e c K H  y c T p a H a T b  c T o n o p e H H e  

KOBJlIa,  CHH3HTb  HaIIpHHEeHHOCTb T P Y A a  MaDIHHHCTa.  n o  AaHHbIM HCIIbI- 

T ~ H H H  CHCTeMbI C T ~ ~ H J I H ~ ~ ~ H H ,  HaI 'PY3KH IIOA%eMHOI'O ABl l r aTeJ IH  I I03 -  

BOJIHIQT CHH3HTb  AJIHTeJIbHOCTb I I p O q e C C a  ¶ e p I I a H H R  A 0  30%. H c I I ~ I T ~ H H R  

IIOKa3aJIM,  ¶TO aBTOMaTH¶eCKOe  ' I e p I I a H H e  IIPOHCXOAHT YftOBJIeTBOpH- 

TeJIbHO I l p M  p a 3 p a 6 o ~ ~ e  BCeX BHAOB M H r K H X  H IIOJIYCKaJIbHbIX IIOPOA; 

npo+mb 3a6os H a  K a s e c T s o  sepnanm C y q e C T B e H H O r O  BJIHHHHH H e  

o ~ a m s a e ~ .  A B T O M ~ T H ~ ~ ~ H R  npoqecca s e p n a H H c I  I I O ~ B O J I H ~ T  T a r w e  

CHH3HTb  paCXOA 3J IeKTP03HePI 'HH A 0  10 % . 
Cpedcmaa aaqumbz, EonmpoAfi u aemOMamUue~~o20 yuema pa6ombz 

O ~ H O K O ~ U L O ~ ~ Z X  31ECKU8UmOp06 RBJIHIQTC R BaWHhIM CpeACTBOM IIOBbIJlIeHHR 

HX IIpOH3BOAMTeJIbHOCTEI, T a K  K a K  Il03BOJIRIQT O ~ ~ ~ K T H B H O  O q e H E I B a T b  

p a 6 o ~ y  MaJIIHH H TeM CaMbIM I I P H H H M a T b  CBOeBpeMeHHbIe  M e p b I  K yJIy¶JIIe-  

HHIQ H X  HCIIOJIb30BaHHH. 

YCTPO~~CTBO aBTOMaTH¶eCKOrO W e T a  p a 6 0 ~ ~  3KCKaBaTOpOB K a K  

HCTO¶HHKa H H ~ O P M B ~ H H  HBJIReTCR H ~ O ~ X O A H M H M  3JIeMeHTOM CHCTeMhI 

aBTOMaTH¶eCKOrO Y I I p a B J I e H H H  K a p b e p O M ,  B B e A e H H e  K O T O P O ~ ~  C I I O C O ~ -  

CTBYeT OIITHMaJIbHOMY HCIIOJIb30BaHHIQ H M e I O q H X C R  B K a p b e p e  3KCKaBa-  

TOPOB. H p a ~ ~ n b ~ o e  o n p e A e n e H H e  06!be~a pa6o~b1 P K c K a s a T o p a  nosarruaer 
3aMHTepeCOBaHHOCTb O ~ C J I ~ X C H B ~ I Q ~ H X  er0 6 p ~ r a ~  H A a e T  B03MOXCHOCTb 

YJ IY ' ImHTb  O P r a H H 3 a q H I Q  pa60~ .  P a 3 p a 6 o ~ a ~ o  HeCKOJlbKO K O H C T P Y K ~ E I ~  

a B T 0 M a T P f e C K H X  Y¶eTHbIX C T ~ H ~ H ~ .  

n p H  YCTaHOBKe H a  ~paI 'JIafi~e Y ¶ e T H a R  C T a H q H R  P e I ' H C T p H P y e T  ¶HCJIO 

HOPMaJIbHO 3a I 'PYIKeHHbIX 1 1 0 ~ 0 ~ 0 6  KOBIJI€!~, B P e M R  IIoJIe3~06 p a 6 0 ~ b I  

nparnai i~a  H C ~ M M ~ ~ H M ~  yron n o B o p o T a  n n a ~ q j o p ~ ~ .  I I o c n e ~ ~ e e  Aaer 
B03MO?KHOCTb OI IpeAeJ IHTb  c ~ ~ A H H ~  YI'OJI I I0BOpOl . a  I I J I ~ T # o ~ M ~ I  3KCKa-  

, B a T O p a  3a C M e H y  C qeQbIQ KOHTPOJIR 38 I IPaBHJIbHbIM BeAeHHeM r O P H b I X  

p a 6 0 ~  H Y C J I O B H ~ ~  pa6o~b1 ~paI ' J Ia f i~0~ .  n p H  YCTaHOBKe ~ ' W T H O ~  CTaHqHEI 

H a  ~ e x a ~ m s e c ~ o f i  J r o n a T e  p e r H c T p z i p y e T c c I  m c n o  H o p M a n b H o  aarpymen- 
HbIX 1 1 0 ~ 0 ~ 0 6  KOBIUC?~ ,  ROJIHseCTBO I I e p e ~ a J I e ~ ~ 0 6  I IOpOAbI,  C Y M M ~ P H ~ I ~  
YrOJI  I IOBOpOTa H 3  3 a 6 0 ~  B OTBBJI, B p e M R  I I O J I H O ~ ~  H 1 1 0 J I e 3 ~ 0 6  pa6ol.h~ 
S K c K a s a T o p a .  

C T ~ ~ K T ~ P H ~ H  CXeMa YCTPOHCTBB aBTOMaTH¶eCKOrO P e T a  p a 6 0 ~ b I  

0;lHOKOBIIIOBJdX 3KCKaBaTOPOB,  ~ F ~ ~ ~ ~ ~ o T ~ H H o I ' o  B X ~ P ~ K O B C K O M  BBTO- 

AOPOXCHOM EZHCTHTYTe, I I O K a 3 a H a  H a  PHC. 93. 
A.TH n c K n m s e n n t I  Y M m u n e H H o r o  H c K a m e H n n  I I O K ~ ~ ~ H H ~ ~ ,  a T a K w e -  

C ¶ e r a  K O B I U ~ ~ ~  IIpEI BCnOMOraTeJ IbHbIX pa6o~ax,  'IHCJIO KOBIJI~H IIOAC'XHThI- 

B a e T C R  IIOCJIe KOHTPOJIH BbIIIOJIHeHEIH BCeX ~ I I e p a q H f i ,  C O I I p O B O X A a I o q H X  

arrcI ta?3aqHIo:  I i o n a H H e  B p a i i o ~ e  3 a 6 o ~ ,  n o B o p o T  H a  3 a ~ a ~ H b I i i  yron, 
pa3 rpy3~a  B paGo~e  o r B a n a .  

I - noncseT mcna BbITpymeHHhlx ~ o ~ m e f i ;  11 - noncseT HonnsecTsa nepesaneHHoro rpyHTa; 
111 - noncseT CyMMapHoro yrna noeopoTa; Ca - cor~racym~aP aneaaeHT 

H ~ O ~ ~ C C  K O n a H H R  KOHTPOJIl lPYeTCR IIO H a r p y 3 K e  A B H r a T e n c I  n O A a e M a ,  

H B p e M e H m  ee n o A A e p w a m H ,  0 6 e c n e s ~ ~ a 1 o q e ~  H a n o m e m e  K o s r n a  

B 3 a A a H H O M  I'PYHTe. 
O ~ c s e ~  yrna n o B o p o T a  n n a ~ # o p ~ b ~  a K c K a s a T o p a  II~OHSBOAHTCH 

c n e ~ ~ o i i  c x e ~ o 6 ,  c o 6 p a ~ ~ o 6  H a  T p n r r e p a x ,  BXOAOM KOTOPOG m n R e T c n  

~ ~ C K O H T ~ K T H M ~  AaT¶HK O ~ O P O T O B ,  C B I I ~ ~ H H H ~  C IIpOM€JWYTO¶HHM BaJIOM 

M 6 X a H I i 3 M a  IIOBOPOTB. B Ka' IeCTBe AaT'IElKa O ~ O P O T O B  IIPHMeHeEI 6ec- 
K O H T ~ K T H ~ I G  BbIKJIIQPaTeJIb  EBH-24. ~ Y B C T B E I T ~ J I ~ H M ~  3JIeMBHT A a T s H K a  

y r c p e n n e H  H a  n p o M e x y T o s H o M  sany penymopa ~ e x a ~ ~ s ~ a  n o B o p o T a  

3 I i C K a B a T O p a .  H p H  3TOM OCYqeCTBJIHeTCR A H C K P ~ T H H ~  OTC¶eT YI'JIa 

I IOBOpOTa UJ I IT~OPMH C 3 a A a H H b I M  IIepHOAOM CJIeAOBaHHR HMIIYJIbCOB- 

( n p ~ ~ r e p ~ o  10"). A e m ~ # p a ~ o p  c s e T s H K a  c ~ a 6 m e ~  n e p e K n m s a T e n e M , .  



K O T O P M ~  3 a H a e T  MHHHMaJIbHO ~ p e 6 y e ~ b I f i  YrOJI  I IOBOpOTa I I J I a ~ ~ o p h l b I  

H 3  3 8 6 0 ~  B OTBaJI.  

P a 3 r p y 3 K a  KOBIIIa KOHTPOJIHPYeTCR BKJIIO'XeHHeM ABHraTeJ I I I  OTKPbI- 

BBHHII KOBIIIa B T e ¶ e H H e  B p e M e H H ,  AOCTaTO¶HOI'O AJIR p a 3 r O H a  3 T O r 0  

A s H r a T e n R  H CHRTHR 3a4en~m.  Bo m36exa~pe c n e T a  ~ o ~ m e i 2 ,  pasrpy- 
HCeHHhIX BHYTPH 3 a 6 0 ~  I I p H  er0 3 a ¶ H C T K e ,  YCTaROBJIeH AElT¶HK, 3allpe- 
q a m q ~ i i r  c s e T  ~ o ~ m e i i  npm p a 3 r p y m e  B p a l o ~ e  3 a 6 0 ~ .  

~ o J I o H E ~ H H ~  KOBIIla OTHOCHTeJIbHO 3 a 6 0 ~  KOHTPOJIHPYeTCR IIO IIOJIO- 

lfieHHIO I I J ~ ~ T $ O P M H  OTHOCHTeJIbHO H H ? K H ~ ~ ~  P a M h I  3 K C K a B a T O p a ,  ¶TO 

AOCTHI'aeTCR Y C T ~ H O B K O ~  ~ ~ C K O H T ~ K T H O ~ O  BbIKJIH)¶aTeJIR, KOPIIYC K0,TO- 

p O r 0  X e C T K O  C B R 3 a H  C I I O B O P O T H O ~  IIJI~T@oPMo%. ~ Y B C T B H T ~ J I ~ H H ~  

Pac. 94. EZOK KOHTPOJR. npoqecca K o n a H u s :  

3 P - @ 0 3  - T ~ ~ H ~ H c T O ~ H ~ I Z ~  @ J ' I ~ H ~ u o H ~ J I ~ H ~ ~ ~ ~  aJIeMeHT; 
3T-B 03 - T p a ~ 3 l l ~ ~ O p H h l 8  B*?eMeHT BpeMeHH 

: ~ J ~ M ~ H T ,  H k i e H ) m B  $ o p ~ y  cemopa, c K p e n n e H  c B a J r o M  (qan$of), OTHO- 

4 H T e J I b H O  KOTOPOI'O B p a q a e T C f I  I I J I ~ T ~ o ~ M ~ .  

O n p e ~ e J I e H M e  CTe l I eHH 3 a r P Y 3 K H  KOBIIIa I l P H  CPaBHHTeJ IbHO OAIIHa- 

XOBOM IIOJIOHCeHHH KOBIUa OTHOCHTeJIbHO CTpeJIbI  HJIR BCeX K O B I I I ~ ~  

(B 3TOM C J I y P a e  BeG KOBIUa OAHHaKOBO p a 3 J I a r a e T C F I  BHOJIb K a H a T O B  IIOJ'b- 

-€?Ma H PYKORTH) CYqeCTBBHHO IIOBbIIIIaeT TO¶HOCTb B3BeIIIHBaHHR I I P U  

O q e H K e  ee no C T e n e H H  3 a r P Y 3 K H  HBHI'aTeJIR I IOHZeMa.  AJIR HCKJIH)W?HIIR 

C ~ M M H ~ O B ~ H H ~  o64ero yrna n o B o p o T a  ~3 3a60~1 B oman ocyqe- 
CTBJIReTCR AHCKpeTHO H a  ~ J I ~ K T P O M ~ X ~ H H ¶ ~ C K O M  C%T¶HKe ( c H ~ H ~ J I  U p e n -  

BapI ITeJ IbHO npOXOAHT yCHJIHTeJIb 17) C I l O M O q b H )  A a T ¶ H K a  O ~ O P O T O B  

(pmc. 93). C H ~ H ~ J I O M  AJIR H a g a f i a  O T c P e T a  C y M M a p H o r o  yrna n o s o p o T a  

R s n R e T c R  s a ~ e p r n e n ~ e  npoqecca I c o n a H m .  O T C ¶ ~ T  n p o n o n w a e T c n  no MO- 

M e n r r a  pa3rpy3xn1 nocne sero O T C ~ ~ T ~ H H ~ I I  yr031 ~ ~ I I O M E I H ~ ~ T C R .  
Bpe~cr  none3~oii  pa6o~h1 +HKCHPY~TCR H a  3J I eKTPH9eCKHX ¶ a C a X , .  

B K x i m a e M m x  r t p m  DORBJIeHHH H a  B x o A e  3 n e ~ ~ p o ~ e x a ~ ~ ~ e c ~ o r o  c s e T s m a  
~ o ~ u e i i  a n e K T p m n e c K H x  H M U ~ J I ~ C O B  c E i H T e p s a n a M m  H e  6onee n o n y T o p a  

I IepIIOAOB qmKJIa  3 K c K a s a q m H .  Y C T ~ O ~ C T B O  aBTOMaTH¶eCKOI'O y ¶ e T a  

pa6o~b1 OAHOKOBIIIOB~IX a I c c I c a s a T o p o B  (CM. p ~ c .  93) p a 6 o ~ a e ~  cneny- 
I O q H M  o6pa30~ .  ~ o c J I ~  3 a B e p I I I e H H H  I I p O q e C C a  KOIIaHHR IIOHBJIReTCR 
c I r r H a a  H a  B M x o A e  ~ J I ~ M ~ H T ~  21, K o H T p o n H p y I o w e r o  npoqecc K o n a H m ,  

K O T O P M ~ ~  3aIIOMHHaeTCII  3JIeMeHTOM IIaMIITH 1. ~ J I ~ M ~ H T  IIBMIITH CHHMaeT 

s a n p e ~  c n o r H s e c K o r o  a n e ~ e ~ ~ a  3, paspymaa K O H T P O J I ~  yrna n o B o p o T a  

I I X ~ T @ O ~ M ~ I ,  O C ~ ~ ~ C T B J I H ~ M ~ I ~ ~  T p H r r e p H b I M  C¶eT¶HKOM ( T P H ~ ~ ~ P H  4-7) 
n p I r  noaase m M u y J r b c a  c A a T s m K a  O ~ O P O T O B  31. 

~ O I I B ~ ~ H H ~  c m r H a n a  H a  n e p e K n I o s a T e z e  26 ~ e m m 4 p a ~ o p a  27 n p ~ i  

nOCTH3fieHHH YCTaHOBJIeHHOrO YrJ Ia  I IOBOpOTa  I I . ?~T$o~MH 3 a n O M H H a e T C R  

3JIeMeHTOM I IaMRTH 2, ~ 0 ~ 0 p h I f i  B CBOH) O ¶ e p e A b  CHHMaeT 3 a n p e T  C JIOrU- 

s e c K o r o  a J r e M e H T a  9, paapymas K O H T P O J I ~  3 a r p y 3 ~ ~  KOBIIIa.  ECJIH B MO- 

MeHT p a 3 r p Y 3 K H  KOBIU H e  HaXOAHTCR B p a E 0 ~ e  3a6011, T. e. 3SIeMeHT 25 
CHRJI a a n p e ~  c ~ J I ~ M ~ H T ~  10, TO cnrnan KOHTPOJIR p a 3 r p y 3 ~ ~  24 sepes 
3,TeMeHTbI 9 H 10, 4 0 p M H p o ~ a ~ e J I b  13 H YCHJIHTenb  15 I I O I I a A a e T  H a  BXOA 
3 x e ~ ~ p o ~ e x a ~ m ~ e c ~ o r o  c s e T s m I c a  ~ o s m e f i  18. O A H O B ~ ~ M ~ H H O  +op~m- 
p y e T c R  c n r H a J r  c6poca ( a n e ~ e ~ ~ ~  28), ~oa~paqamlqmf i  c x e M b I  B H a r a m -  

H o e  nonomeme. C ~ r ~ a n  c6poca @ o p ~ r n p y e ~ c ~  TaKHce I I p H  BKnIoseHEi rc  
I I I ITaHHR 3 R C K a B a T O p a  ( ~ J I ~ M ~ H T  22) H B K J I I o ¶ e m H  I(ene6 Y I I p a B J I e H H R  

( ~ X ~ M ~ H T  23). 
B MOMeHT KOHTPOJIR p a 3 I ' P Y 3 K H  KOBIUa CHHMaeTCR 3 a I I p e T  C 3JIeMeH- 

TOB 11 H 12, ¶TO A a e T  BO3MOHCHOCTb CHI'HaJIY 3 J I e M e B T a  B3BeIJIHBaHHR 

IIOJIHOrO KOBIIIa 29 ¶epe3 YCHJIHTeJIb 16 IIOIIaCTb H a  BXOA C¶eT¶MKa 

B e C a  19. C H I ' H ~ J I  C BhIXOAa 3J IeMeHTa  B 3 B e m H B a H H R  IIOJIOBHHhl KOBIIIa 30' 
n o n a A a e T  H a .  C s e T s H K  B e c a  nocne , q B y x K p a T H o r o  c B o e r o  nomme- 
HIIR H a  B b I x o A e  a n e M e H T a  aanpe~a  12, ¶TO 0 6 e c n e s n ~ a e ~ c ~  me- 
nreHraMxi  8, 14, 33. 

T a ~ o e  ~ C T P O ~  CTBO aBTOMaTH¶eCKOrO JTeTa,  B KOTOPOM IIpHMeHIIIOTCR 

~ ~ C K O H T ~ K T H H ~  HaT¶HKH H ~ ~ C K O H T ~ K T H ~ I ~  JIOI'H¶eCKHe 3JIeMeHTbI  

T I I n a  3T, BHIIOJrHeHHbIe  B BHAe r e p M e T H ¶ R b I X ,  3aJIHTbIX KOMIIayHAOM 

CTaHAapTHbIX ~ J I O K O B ,  H e  ' lYBCTBHTeJIbHHX K BHeIIIHHM B O ~ ~ ~ ~ C T B H R M ,  

H e  ~ p e 6 y H ) q m x  J'XOAa, AOIIyCKaIoE(HX H 3 M e H e H H e  T e M / m e p a T y p b I  OT -401 
P O  +50° C, 06~1anae~ B ~ I C O K O ~  HaAeXHOCTbH)  H JWmBtPCaJIbHOCTbIO,  

T. e. MOHCeT 6bI~b HCIIOJIb30BaHO H a  pa3J IH¶HbIX OAHOKOBlJIOBbIX 3KCKa-  

B a T o p a x .  

B aHaJIOI'H¶HbIX ~ C T ~ O % C T B ~ X  aBTOMaTH¶eCKOrO P e T a  ~pyI '03  KOH- 

C T P y K q H H  HaT¶HIEOM 3 a r P Y 3 K H  KOBIIIa CJIYHEHT MeCCAO3a C HHAYKTHBHMM 

JlaTYHKOM ( ~ H c .  95), YCTaHaBJIHBaeMbIM H a  FOJIOBKe CTpeJIbI  3 K C K a B a T O p a .  
Ae4op~aqmn c T p e m  n e p e g a e T c R  c n o M o q b I o  m ~ ~ 4 ~ a  H pmara  H a  R K O P ~ , .  





a K c K a s a T o p a .  

Y POTOPHbIX 3KCKaBaTOPOB p a 6 0 9 H M  O p r a H O M  RBJIReTCR pOT&lHO€l 

KOJIeCO C HEeCTKO 3 a K p e I I J I e H H H M H  H a  H e M  KOBUIaMH. H O ~ O A ~  OT q e J I H K a  

OTAeJIReTCR KOBUIOM POTOpHOrO K O n e C a ,  a AJIR e0 TpaHCJIOpTHpOBaHHf i  

m 3  s e p n a K o B  go n p H e m o r o  y c ~ p o i i c ~ s a  a ~ c ~ a s a ~ o p a  ErMeeTcR cne- 
q H a J I b H b I ~  J I ~ H T o P H ~ ~ ~ ~ [  K O H B ~ ~ ~ ~ P ,  K O T O ~ ~ I ~ ~ [  PaCIIOJIOHEeH H a  P O T O P H O ~  

C T p e n e .  T a ~ o e  p a 3 A e J I e H H e  JIpOqeCCOB IIO3BOIIReT CHH3HTb 3 H e P r O e M K O C T b  

pa6osero npoqecca, T a K  K a K  K. n. A. p o T o p H o r o  K o n e c a  (0,8-0,9) 3 ~ a -  
qHT0J rbHO B M m e  K. II. A. ¶ e p I I a ~ o B o f i  q e n H  (0,6-0,7). HPH OAHHaKOBMX 

pa6osnx n a p a M e T p a X  Ei I I ~ O H ~ B O ~ E I T ~ J I ~ H O C T H  COIIOCT~BJI%!M~IX 3KCHaBa-  

TOPOB P O T O P  C JIeHTO¶HbIM K O H B ~ ~ ~ P O M  H M ~ T ~ J I J I O K O H C T P Y K Q E I ~ ~ ?  GTpeXbI  

m M e e T  sec M e H b r n e ,  s e M  p a 6 o s ~ B  o p r a H  M H o r o q e p n a K o B o r o  a K c K a s a T o p a .  

B 3aBHCHMOCTH OT eMKOCTH K O B m a  MHOrOKOBIIIOBbIe 3KCKaDaTOPbI  

AeJ IRT H a  3 K C K a B a T O p b I  M a J I 0 G  M O ~ H O C T H ,  c p e ~ ~ e f i ,  MOmHbIe  H B e C b M a  

MOllJ,HhIe. ~ o B I I I H  HM€?H)T I I P H  3TOM 0MKOCTb COOTBeTCTBeHHO 300, 300- 
600, 600-1000 H 6onee 1000 A. a 

Ha OTKP~ITMX r o p H u x  pa60~ax ~am6onbmee p a c n p o c T p a H e H n e  n o ~ y -  
q H J I H  MHOrOKOBIIIOBbIe 3KCKaBaTOPL.I BbIUIe c p e ~ ~ e l ?  MOWHOCTH H M O ~ H M ~  
no q e J I e B O M y  H a 3 H a n e H H H )  p a 3 J I H s a I o T  MHOrOKOBUIOBbIe 3KCKaBaTOPbI  

AJIH BHeMKH IIOPOAbI H* I IOJIe3HOrO HCKOIIaeMOrO H KOIIaHHR K a H a B  

HEX) I IpHBeAeHbI  B T ~ ~ J I .  34. 
* P O R y  CHJIOBOrO O ~ O ~ ~ A O B ~ H H H  MHOI'OKOBIUOBHe 3KCKaBaTOPbI  

M O r Y T  6 b I ~ b  3JI0KTpEI¶eCKHe,  AEi3C?JIbHbIe, C ABHraTeJ IRMH B H y T p e H H e r O  

C r O p a H H R  HJIH IIaPOBhlMki. C H J I O B O ~  o ~ o ~ J ' A o B ~ H H ~  MHOrOKOBIUOBMX 

3 K C K a B a T O P O B  H a  OTKPbITbIX p a 3 p a 6 0 ~ ~ a x  I IpeACTaBl l eHO I l p e H M y q e -  

CTB0HHO 3J IeKTpH9eCKHMH IIPHBORBMH; A H 3 e J I b H H e  A B H r a T e J I H  I I p H M e H R I o T  

B OCHOBHOM H a  a K c K a s a T o p a x  c ~e6onbmofi e M K o c T b r o  K O B I I I ~ ~ ~ .  



P a C n p O C T p a H e H H e  Ef npHMeHRIoTCR AJIR ~e60nbmnx ~ K C K ~ B ~ T O P O B  I I P H  

BhICOTe y c T y n a  H e  60nee 10 a. C B O ~ O ~ H ~ I ~  q e n H  AaIOT B03MOHCHOCTb 

KOBIIIaM DpEf pa6o~e  B HeOAHOpOAHbIX IlOpO$(aX O ~ X O ~ H T ~  TBepAbIe BKJIIO- 

I I P ~ ~ H ~ K  pa3nene~un P a a n e n e ~ ~ e  ¶eHHR, B c T p e s a m n p e c R  B p a ~ t p a 6 a ~ h 1 ~ a e ~ o ~  38608, ¶TO 06ecnemi~ae~ 
6e3asap~f i~yro p a 6 o ~ y  3KCKaBaTOpOB. YcJIoBHR n p H M e H e H H R  H CXeMbI 

Bnn pa6osero o6opy- q e n ~ b ~ e  P o ~ o p a b ~ e  
ROBaHHR 

Kosmosarr p a ~ a  P O T O ~ H O ~  Koneco 
HOHCTPYK~HR pa6o- 

sero opraHa 

H a n p a s n e ~ n e  - s e p x ~ e e  anxtaee H H H F H ~ ~  sepxHee 
s e p n a ~ ~ ~ ~  H 

BepxHee 

Xono~oe  06opyno~a- Konec~o-  r y c e ~ n s ~ o e  Konec~o-  r y c e ~ a n -  ILIara- 
HBB penbco- pemco- ~ o e  mae- 

BOB B O ~  

cpencTsa 

' I  5 1. T ~ X H O ~ O F J ~ ¶ ~ C K H ~  naparneTpL.1 q e n H b I x  M H o r o K o s u r o n b I T  

3KCKaBaTOPOB 

L i e n ~ b ~ e  m o r o K o s m o s u e  a K c K a s a T o p a r  COCTORT 1x3 T p e x  OCHOBH~IX 
~ac~e i i r :  pacosefi, CHJIOBOB H x o ~ o ~ o f i .  Ha p ~ c .  97 n o ~ a 3 a ~ a  c x e M a  

q e n H O I ' 0  MHOrOKOBIIIOBOrO 3KCKaBaTOPa  C HHHCHHM ¶epI IaHHeM.  
me. 97. Cxema qeniioro MHOrOKOBIIIOBOrO axoaaBaTopa c HUH(HWM sepnaawem: H O B ~ O B ~ R  p a ~ a  ~ ~ P H H P H O  ~ P H C O ~ H H ~ H ~  K KOPDYCY M ~ ~ H H ~ I  H CAY- 

I - HOBmOBaR aMa; 2 - ~ ~ C H O H ~ ¶ H ~ R  KOBIIIOBan qenb; 3 - B ~ ~ X H H ~  6apa6a~; 4 - H m H n R .  
XHT H ~ I I P ~ B J I I I H ) ~ ~ ~ ~  O I I O ~ O ~ ~  AJIR ~ ~ C K O H ~ ¶ H O ~ ~  K O B ~ O B O ~ ~  q e n H ,  KOTOpaR BeTBb KoBmoBo#qenr; 5 - nnampymwee aseHo H O B ~ O B O Z ~  new; s - n o n s w ~ o f i  npom~osec; 

7 - TpOCbl Ann nOnBeCKH CTpeJlbl C TnFaMH; 8 - TRrEl Ann nOABeEIHBaHHn PaMbl K c~pene; 9 - npHBOAHTCR B ABHrneHEie BeAyWHM MHOI'OI'paHHbIM 6 a p a 6 a ~ o ~  HJIH TPOC WR y n p a ~ n e ~ n n  nna~upymrum BBIHOM; 10 - c~pena; 11 - paarpysourl~e nm~n;  12 - 
ABYMR 3Be3A0¶KaMH1 YKpeIIJIeHHbIMH H a  IIPHBOAHOM B a n y .  n o p o ~ a  npoeam nOA BKCKaBaTOpOM; 13 - KpaH-YKOCEHa Ann MOHTama U PeMOHTa ~ H C H ~ B ~ T O ~ ~  

3 a ¶ e p n M B a e T C R  KOBllIaMH, HaXOARlI(HMHCR BO BpeMII p a 6 o ~ b 1  H a  HHHCHefi 

BeTBH K O B I I I O B O ~ ~  q e n ~ ,  DPHHC!T& K 3a60m BeCOM PaMbI .  H a n o n ~ e ~ ~ b ~ e  p a 6 o ~ b 1  M H O ~ O K O B ~ O B H X  3KCKaBaTOPOB 3aBHCRT OT KOHCTPYK~HH KOB- 
KOBmH IIOAHHMaIOTCR K BepXHeMY 6apa6a~y  ti p a 3 r p y X a I O T C R  B 6 y ~ ~ e p ,  
OTKyAa IIOPOAa IlOCTYIIaeT B BarOHhl  HJIH H a  ~ n e q H a J I b H b I f i  p a 3 r p y 3 0 9 ~ M f i  

~ o a ~ e l e p J  AJIR ~ e p x ~ e r o  H H H ~ H ~ P O  P ~ P I I ~ H H F I  n p ~  p a 3 p a 6 o ~ ~ e  o g ~ o p o g ~ a r x  n o p o ~ ,  
P ~ ~ J I H ¶ ~ I O T  MHOI'OKOBIIIOBhIe 3KCKaBaTOPbI C HaI IpaBJIReMPMH H CBO- a TaKHCe n p H  B ~ J I O B O ~  BbIeMKe. n p H  HaJIH¶HH IIIapHHpOB p a 3 J I H s a I O T  

6 0 ~ ~ 0  IIPOBHCaIOllJJTMH KOBIIIOBbIMH UeIItIMH. Y 3KCKaBaTOPOB C  anp pa- KOBIIIOBbIe p a M b I  C J I J IaHHpyIOqHM 3BeHOM H MHOrOlZIapHHPHbIe PaMbI.  
BnReMbIMH q e n R M H  (PHC. 98, a) pa6osas BeTBb ~ ~ I I H  n O M e q e H a  B C n e -  Y KOBIIIOB~IX p a M  C nJ IaHHpyIOIqHM 3BeHOM (PMC. 98, 6) DOCJIeaHHe 
q m a n b ~ ~ x  ~anpasnarorq~fx H npnnerae~ K K O B ~ O B O ~ ~  p a ~ e .  CBO~OAHO pacnonararo~c~ B K O H ~ ~   pa^^ n p k ~  H H X H ~ M  ~ ~ P I I ~ H H H  EI B ~ a s a n e  - 
n p O B H C a I O 4 H e  KOBmOBbIe q e n H  (PHC. 98, 6) HMeIOT 3HaqHTeJIbHO M e H b m e e  n p H  B e p X H e M  H CJIYH(aT AJIR IIIIaHHpOBKH IIJIOqaAOK, Y ~ O P K H  rpe6~ef i  
220 



'2 n y c ~ o t i . n o p o ~ ~  B K p o B n e  n n a c T a  n o n e 3 ~ o r o  n c K o n a e M o r o  H T. II. ,D,nn~a 
~ J I a H H p y I o I g e r O  3 B e H a  H3MeHReTCR OT 2 A6 Y H ~ ~ o J I ~ I U H X  3KCKaBaTOpOB 

no 6-8 a y M O ~ H P X .  

~ K C K ~ B ~ T O ~ H  C M H O ~ O I U ~ P H E I P H O ~ ~  p a ~ o f i  ( ~ H c .  98, 2) I IPHMeHHIoT  

h AjIH C ~ J I ~ K T H B H O ~ ~  p a 3 p a 6 0 ~ ~ ~  IIJIaCTOB CJIOWHOI'O CTPOeHHR H IIPOXOAKM 

1 T p a H I I I e 6 .  H p H  3TOM p a 3 M e p h l  OTAeJIbHhlX 3 B e H b e B  K O B I U O B O ~ ~  P a M b I  

I IPHHHMaIOT COOTBeTCTBeHHO MOIt(H0CTH p a 3 p a 6 a ~ h l ~ a e ~ b I x  IIJIaCTOB H IIpO- 

C J I O ~ ~ K O B  IIOPOAbI MeWAY HHMH. T a K  K a K  I IpOXOAKa ~ p a ~ m e f i  H e  RBJIHeTCR 

O C H O B H O ~ ~  pa60~0fi AJIH M O q H b I X  q e I I H b I X  MHOrOKOBIUOBhIX 3KCKaBaTO- 

POB, TO n a p a M e T p N  ~ p a ~ m e i i  H c x e M y  ee n p o x o ~ ~ ~  y c T a H a s n H s a I o T  

B COOTBeTCTBHH C p a 3 M e p a M H  3 B e H b e B  K O B ~ O B O ~  PaMbI .  

4eII~bIe MHO~OKOBIUOBbIe  3KCKaBaTOPbI  C HH?HHHM P e p I I a H H e M  IIPH- 

MeHHIOT AJIR BbIeMKH IIOPOA BCKPbIIUH H IIOJIe3HOrO HCKOIIaeMOrO.  H p H  
H H x H e n l  s e p n a H H n  aa6ofi p a c n o J r a r a e T c R  H H x e  pa6oneH n n o q a p w  
3 K C K a B a T O p a .  

3 ~ c ~ a ~ a ~ o p  c B e p x H n M  s e p n a m e M  p a s p a 6 a ~ ~ s a e ~  3a608 B H m e  

r O p H 3 0 H T a  er0 YCTaHOBKH. B b I c o ~ a  Y e p I I a H H R  TaKHX M a m H H  COCTaBJIReT 

OT 4 A 0  32 nt. ~ K C K ~ B ~ T O ~ M  C B e P X H H M  P e p I I a H H e M  ya06~bI AJIR pas- 
~ ~ ~ O T K H  I I e p B O r O  IIOpOAHOrO Y C T y l l a  I I p X  H ~ P O B H O ~ ~  IIOBePXHOCTH, KOI'Aa 

I IPHMeHBHHe 3 K C K a B a T O p a  C HHWHHM Y e P I I a H H e M  ~ p e 6 y e ~  3Ha9HTeJ IbHOI 'O  

o 6 a e ~ a  IIJIaHHpOBO¶HbIX p a 6 0 ~  RJIR YKJIaAKH IIYTH. 

y ItOJIHOIIOBOPOTHhlX MHOrOKOBIUOBhIX 3KCKaBaTOPOB KOPIIYC IIOBO- 

P a s H B a e T C R  BMeCTe C y ~ p e I I J I e H H 0 f i  H a  H e M  K O B I ~ O B O ~  p a M 0 5  OTHOCH- 

TeJIbHO XOAOBPX TeJ IeWeK.   TO IIO3BOJIHeT IIOCJIeAOBaTeJIbHO pa3pa6a~hl- 
B a T b  3 a 6 0 ~ ,  H a X O A R q H e C R  BbIIUe H H H X e  r O P H 3 0 H T a  H X  YCTaHOBKH. 

H ~ I I o B o ~ o T H ~ I ~  3KCKaBaTOPbI  AJIR O A H O B ~ ~ M ~ H H O ~ ~  p a 6 0 ~ b I  C B e P X H H M  

H HHWHHM s e p n a H H e M  HMeIoT  Ase r e p n a K o s b I e  pama. 
U e I I H b I e  M H O r O K O B ~ O B b I e  3KCKaBaTOPbI  0 6 ~ ~ ~ 0  H3rOTOBJIRH)T H a  

PeJIbCOBOM XOAY. ~ Y C ~ H H P H H ~  XOA I tpHMeHReTCR AJIR 3KCKaBaTOPOB 

M a n b I x  H cpenmx ~oAene5 ,  n p n M e H H e M b I x  AJIR C n e q H a m H M x  p a 6 o ~ ,  
~ p e 6 y r o q ~ x  M O ~ E I J I ~ H O C T E Z .  

T ~ X H H P ~ C K ~ R  X a p a K T e p H C T E I K a  q e I I H b I X  MHOI'OKOBIIIOBPX 3KCKaBaTO- 

P O B ,  BbIIIYCKaeMbIX B YAP, I I p H B e A e H a  B T ~ ~ J I .  35. 
~ Y C ~ H H ¶ H ~ I M  XOAOM O~OPYAYH)TCR KaHaBOKOIIaTeJ IH ,  a T a K W e  HCIIOJIb- 

3 y e M b I e  H a  CTPOHTeJIbCTB0 MaIUHHbI,  rAe H M e e T  MeCTO ¶ a C T a R  C M e H a  BHAa  

pa60~ .  
y K p y I I H b I X  3KCKaBaTOPOB ( O C O ~ ~ H H O  ~ O J I H O I I O B O P O T H ~ I X )  XOAOBbIe 

T e n e w K H  0 6 a e ~ H ~ R r o ~ c R  B TPH r p y n n M ,  p a c n o n a r a e M M e  H a  ~ ~ y x  K o n e R x  

IIO YCJIOBHH) O ~ ~ C I I ~ P ~ H H R  HX IIOPTaJIbHOCTH. Harpy3~a  H a  OAHo KOJIeCO 

n p H   TOM O ~ P P H O  1x0 n p e s n m a e T  8-12 m. 
P~JI~COBHE I I y T H  MOrYT COCTORTb El3 T p e X ,  I IRTH,  CeMM H BOCbMH HHTOK 

PeJIbCOB ( B K J I I O P ~ R  OTKaTOnHhle  I ~ ~ T H ) .  PeJIbco~bIe IIYTH MHOl'OKOBItfOBbIX 

3KCKaBaTOPOB 0 6 ~ 9 ~ 0  yKJIaAbIBaH)T H a  O ~ ~ H X  II I I IaJIaX C I IYTRMH AJIR 

IIOABHXHOI'O COCTIBI .  PeJIbcJd - CTaHf iapTHbIe ,  THWeJIOrO T H n a  HJIH 

~3 C n e q n a n b H M x  npo+m~~efi; mnanar - A e p e B R H H M e  HJIH M e T a n n n P e c K n e .  

P ~ C C T O R H H ~  M e l K A y  AepeBHHHbIMH m I l a J I a M H  I l P H H H M a I o T  0,5-0,75 & 

B 3aBHCHMOCTH OT C B O H C T B ~  r p y H T a ;  M e W A y  MeTaJIJIH¶eCKHMH - A 0  0,8 A; 
AJIHHa m n a J I  6,5-8 A6. M ~ o r o ~ o s n r o ~ a r e  3 K C K a B a T o p b I  CIIOCO~HLI 
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g =: 
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mcn 

n i ] j  ,IN N N  0 
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m - 
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TeopeTwec~aR n p o 1 2 3 ~ o ~ ~ ~ e n b -  
HOCTb (H~C~IIIBOG ~PYHT),  . 1 ~ ~ / ' 1  800 1500 1860 1650 2100 2600 3450 

B b ~ c o ~ a  sepnaam, m . . . . . .  12 12 10 17,5 15,5 22,5 29 
rzy6naa s e p a ~ a ~ ,  . . . . . .  12 12 10 17,5 15,5 22.5 29 
E M K O C T ~  KOBIITI, d . . . . . . .  250 400 500 560 710 900 1120 
~ H C ~ O  3 ~ e ~ b e ~  M ~ ~ A Y  K O B I I I ~ M H  6 4 4 4 4 4 4 
IUar Venn, ntnt . . . . . . . . .  315 400 400 500 500 560 630 
IIPHBOR K O B ~ O B O ~ ~  qena, Kern . . 200 320 320 500 500 1000 1260 
CKOPOCT~ RBHmeHHR K O B I L I O B O ~  we- 

n ~ ,  n t / c e ~  . . . . . . . . . . .  1.1 1,1 1,1 1.1 1.1 1,1 1,2 
CKOPOCT~ R ~ a m e ~ a s ,  n t l m u n  . . .  2.5-8 2,s-8 2,s-8 2,5-8 2.5-8 2-6 2-6 x 0 ~  . . . . . . . . . . . . . .  r Y C ~ H H I H ~ I H  
A J I H H ~  pa3rpy30~108 cTpenbr, nt 20 23 23 32-40 32-40 40-50 55- 

65 
Ynenbaoe nameme Ha r p y ~ ~ ,  

K I I / c J ~ ~  . . . . . . . . .  1.0 1.25 1,25 1.25 1.25 1,3 125 ' 

A a ~ n e a ~ e  aa Koneco, rn . . : T : 1 - - - - - - 

n p e o A o n e s a T b  y I E n o m  n y ~ e f :  npn p a 6 o n e ~  xope 2,5-3,O % , (0,025- 
0,030), n p H  XOJIOCTOM 5% (0,050). 

P a 3 r p y 3 I E a  ~ 0 B I I l e f i  q e l I H b I X  MHOrOKOBIIIOBbIX 3 K C K a B a T O P O B  cpe,IJ~eG 
H 60j1b1110fi M O q H O C T H  H a  PeJIbCOBOM XOAY IIPOH3BOAHTCR B CpeHCTBa  

w e n e s ~ o ~ o p o w ~ o r o  T p a H c n o p T a  nepea cneqnanbme n p o e a ~ b ~  IIOH KOP- 
IIYCOM 3 K C K a B a T O p a ,  KOTOpbIX 6 h 1 ~ a e ~  OAHH HJIH A B a .  Tame  a K C K a B a -  
T O P b I  0 6 ~ 9 ~ 0  H a 3 b I B a I O T  COOTBeTCTBeHHO OAHO- H ABYXIIOPTaJIbHbIMH. 
O A H O ~ O ~ T ~ J I ~ H ~ I ~  3 K C K a B a T O P b I  HMeIOT A B Y X K O J I ~ & I ~ I ~ ~  I I Y T b  HJIR IIO- 

ABHWHOPO C o c T a B a ,  6 n a r o ~ a p ~  n e M y  0 6 e c n e n ~ ~ a e ~ c ~  B b I c o K a R  11pon3- 
BOAHTeJIbHOCTb TPaHCIIOPTtl, 

I I o r p y a ~ a  3 ~ c ~ a ~ ~ p y e ~ o T d  MaTepEia J I a  B p a c n o n a r a e M b I e  non n o p T a -  

JIOM B a r O H b I  0 6 ~ 9 ~ 0  IIPOH3BOAHTCR I I P H  H e I I p e p b I B H O M  ABHHFeHHH 3KCKa-  
B a T O p a ,  B A o n b  @ I ~ o H T ~  3 a 6 0 ~ .  

Q e n ~ ~ e  M H o r o I E o s m o s b I e  a K c I c a s a T o p a r  H a  r y c e H E i s H o M  XOAY, a T a K w e  

H ~ K o T o ~ ~ I ~  3 K C K a B a T O P h I  H a  PeJIbCOBOM XOAY HMeIOT ~ O K O B Y H )  I I O r P Y 3 K Y  
sepes K o ~ s e H e p ,  p a c n o n a r a e ~ ~ f i  H a  cneqnanb~ofi n o ~ o p o ~ ~ o f i  paarpy- 
309~0fi  KOHCOJIH , I J J IHHo~~ A 0  65 nt. Y r 0 J I  I IOBOpOTa  pa3rpy30¶~0fi KOHCOJIH 

(B I I J I ~ H ~ )  A O C T H r a e T  110-130°, ¶TO IIO3BOJIReT C O K P a T H T b  B p e M R  H CpeA-  
C T B a ,  C B R 3 a H H b I e  C I I e p e ~ B l T H F ~ o f i  HFeJIe3HO$(OPO)fCHbIX IIy~efi HJIH JIeHTOP- 
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HbIX K O H B ~ ~ ~ ~ O B .  C B e p x ~ o m ~ b I e  3 K C K a B a T O p b I  AJIR ~ O K O B O ~ ~  IIOI'pY3KH 
I 

O~OPYAYH)T  ABYXOIIOpHbIM P a 3 r P Y 3 0 P H b I M  MOCTOM. O A H ~  O I I O p a  MOCTa 
P a C I I O J I a r a e T C R  H a  H H W H e M  CTPOBHHH 3 K C K a B a T O p a ,  a A p y r a R  n p e A -  
c T a s n e H a  c a ~ o x o ~ ~ o f i  r y c e ~ ~ s ~ o i i  ~ e n e x ~ o i i .  

I T e x ~ o a o I P i n e c ~ ~ e  p a 3 M e p h l  q e I I H b I X  MHOrOKOBIIIOBbIX 3 K C K a B a T O p O B ,  
1 o n p e A e n R m m H e  n a p a M e T p H  3 a 6 0 ~ :  Anma ~ o s m o ~ o f i  p a M M  H o T n e J r b H b I x  

ee 3 B e H b e B ,  B TOM PHCJIe  I I J I aHHPYIOI4HX;  HJ IHHa  H YrOJ I  I IOBOpOTa  pas- 
rpyaon~oiit KOHCOJIH n p H  ~ O K O B O ~  ~ ~ o r p y a ~ e .  

1 ~ P O H ~ B O A H T ~ J I ~ H O C T ~  3KCKaBaTOPOB 3 a B H C H T  OT eMKOCTH K O B K I ~ ~ ,  

CIEOPOCTH A B H X e H H R  H KOHCTPYKUHH KOBIIIOBO~~ UeIIH.  



PaCIIOJIOHCeH BAOJIb B C e r O  ~ P O H T ~  p a 6 o ~  H a  Y C T p e  HJIH er0 AeJIRT H a  

OTAeJlbHbIe  ~ J I O K E ,  IXOpOAy B KOTOPhIX BbIHHMaIOT IIOCJIeAOBaTeYIbHO. 
n p H  ~ a ~ 0 f i  CXeMe O T ~ ~ ~ O T K H  YCTYIIa  I(ellH0fi a K C K a B a T O p  p a 6 0 ~ a e ~  
C H e n p e p b I B H b I M  I I e p e M e q e H H e M  BAOJIb OTKOCa yCTJ7Jla. n p H  O n p e A e J I e H -  
HOM yrne H a K n o H a  xosmo~ot i  p a w  nopoga n o c n e g o s a T e n b H o  c p e s a e T c R  

c o T K o c a  y c T y n a  H a  T O J I ~ H H Y  CTPYHCKH. Tonqma cpe3ae~ofi CTPYHCKH 

AJIR 3KCKaBaTOpOB C p e ~ ~ e f i  MOIDJ3OCTH I I P H  O ~ ~ I P H ~ I X  YCJIOBHRX pa60~b1 
B C P e W e M  COCTaBJIHeT 10-15 C X  AJIH I I e C K a  H I ' p a B E R  El 5-8 CX AJIR 

r J IEmbI .  
~ ~ B H H C ~ H H ~  KOBIUa I ( e I IHOr0  3 K C K a B a T O p a  no OTKOCY Y C T p a  ODpe-  

A e n R e T C R  H a n p a B J I e H H e M  pe3yJ IbTYIpyIOIQef i  C K O ~ O C T ~ ~  ABHHCeHHR KOB- 

I U 0 ~ 0 f i  q e n H  V, H 3 K C K a B a T O p a  V,. 
~ H P H H Y  CTPYHCKH, C p e 3 a e ~ 0 5  KaHCAbIM KOBmOM, OIIPBABJIRIOT IIO 

a o p ~ y n e  
B=lUtgy ,  (mi) 

rge l U  - mar ~osmef i ,  m; 
y - Y r O n  HaKJlOHa TpaeKTOpHYI  ABHHCeHHR K O B I I I ~ ~  K ~ ~ o J ( o J I ~ H o ~  

OCH K O B I U O B O ~ ~  p a w ,  zpad, 

p a 6 o ~ n  B TOPqOBOM 38600 IIPHMeHRIOTCR IIOBOPOTHbIe 3 K C K a B a -  
TOPbI  H a  r y C e H H P H O M  XOAY. B ~ I ~ M K Y  IIOPOJ&bI IIPOEl3BOART I I P H  IIOBOpOTe 
3 K C K a B a T O p a  B O K P Y r  B ~ P T H K ~ J I ~ H O ~ ~  OCH H Cpe3aHYIeM CTPYHCKH n O  B e e p Y  

I I p H  IIOCJleAOBaTeJIbHOM O n y ~ a E H H  K O B I I I O B O ~ ~  PaMhI .  n p e ~ ~ y I I ( e c ~ B 0 ~  

A ~ H H O ~ ~  CXeMhI O T P ~ ~ O T K H  YCTYIIa HBJIReTCR y B e J I H ¶ e H H e  BpeMeHYI pa6o~h1 
a K c K a s a T o p a  6e3 n e p e M e q e H H H  ero no ~ P O H T Y  p a 6 0 ~ ,  ¶TO I I O ~ B O J I R ~ T  

YMeEbI I IHTb  HBHOC X O A O B O ~ O  O ~ O P J ' ~ O B ~ H H R ,  COKpaI I ( aeT  ¶HCJlO D e p e A B H -  
HCeK ~ O H B e f i e p ~ O f  JIHHHH H IIPOCTOYI B C e r O  KOMIIJIeKCa TPaHCI IOPTHOrO 

O~OPYAOBPHHR. 
Cnoco6b1 O T P ~ ~ O T K H  YCTYIIOB IJeIIHhlMH 3 K C K a B a T O p a M H  3aBMCRT 

TaKHCe OT KOHCTpYKqHEl K O B I I I O B O ~  PaMbI .  

~ K ~ K ~ B ~ T O ~ O M  B e p X H e r O  ¶ e p n a H H R  C HC€!CTKO~~ K O B I I I O B O ~ ~  P ~ M O ~  

6e3 I I J I a H H p y I O q e r O  3 B e H a  Y C T y n b I  Q T ~ ~ ~ ~ T ~ I B ~ I O T  T a K ,  K a K  I IOKa3aHO 

H a  PHC. 99, a,  TOT C I I O C O ~  MOHCBT I IP I lMeHRTbCR I I P H  ~e60nb11106 (A0 10 a) 
BJdCOTe Y C T y n a  H AOCTaTO¶HO y c ~ O f i ¶ Y I B b I x  I IOpOAaX.  n p H  6onbmoii 
BbICOTe YCTyI Ia  n O ~ p a 6 0 T a H ~ a H  B e P X H R H  P a C T b  er0 6 y ~ e ~  o 6 p y m a ~ b c ~ ,  
¶TO MOHCBT I IpHBeCTH K A ~ @ O P M ~ ~ H H  K O B I I I O B O ~ ~  p a M b I .  

Ha pHC.  99, 6 I I O K ~ ~ ~ H  I I ~ J I H ~ I ~ ~ [  VHKJI p a 6 o ~ n  no BbIeMKe IIOpOAhl 

H 3  0 ~ 0 f i  3aXOAKYI 3KCKaBaTOPOM HYIHCHeI'O P e P I I a H E l R  C H C ~ C T K O ~  KOBIUO- 
B O ~  p a ~ 0 5  6e3 IIJIaHElpyIOIQerO 3 B e H a .  B p e 3 y J I b T a T e  pa6o.m 3 K C K a B a T O p a  

C ~ a ~ 0 f i  p a ~ 0 f i  IlOCJIe BbIeMKYI K ~ H C A O ~  3 a X O R K B  H a  H H H C H ~ ~  I I J lOIQagKe  
Y C T p a  O C T ~ I O T C R ~  ICOpORHbIe q e J I n K M  T p e y r O J I b ~ 0 6  ~ O P M M .  AJIR YCTpa-  
HBHHII 3TOrO HeAOCTaTKa  I IPHMeHRIOT HCeCTKHe P a M b I  C I I J I aHEpyIOIQHM 

3BeHOM. 
IIpn H H H C H ~ M  P e p n a H m  (PHC. 100, a) K o s m o s a R  p a M a  c nnampy- 

IOUJ,HM 3BeHOM IIOCJIe BbIeMKH O ¶ e p e ~ H 0 ~  3aXOAKH (IIoJIoHc~HYI~ I )  



































o T H o c ~ l ~ e n b H o  n o A B H x H o r o  ynopa. n p ~  nonase K o M a H A b I  H a  n e p e x o ~  ~ ~ K ~ A H H M H  n e p e ~ n r n s a ~ e n ~ ~ ~ .  3 a ~ a ~ ~ ~ e  B ~ ~ H ~ H H ~ I  n o ~ a s ~  npeo6pa- 
K C n e ~ y H ) w e M y  pe3y H C ~ O J I H H T ~ J I ~ H ~ I ~ ~  M e X a H H 3 M  I l O B O P a ¶ H B a e T  P O T O P  3yIOTCH B A B O H ¶ H O - A ~ C H T H ~ H M H  KOA Ei BBOAHTCH B CPeTZIHKH. H O H T P O J ? ~  
n e p ~ o r o  c e n b c ~ ~ a ,  A H C T ~ H ~ H O H H ~ H  nepe~aqa  0 6 e c n e s ~ s a e ~  CHHXPOHH~IH ~ ~ ~ ~ C T B H T ~ J I ~ H ~ I X  n e p e ~ e q e ~ n i i  a ~ c c ~ a ~ a ~ o p a  o c y q e c ~ ~ ~ r ~ e ~ c ~  c no- 
HOBOPOT PO TOP^ B T O P O ~ O  C ~ ~ C H H ~  H B M ~ C T ~  c HHM n e p e ~ e w e ~ ~ e  no- MOmbH)  C e J l b C H H a ,  COeAHHeHHOrO C MeXaHH3MOM XOAa.  H ~ M ~ H ~ H E ~ H  B H -  

x o A H o r o  H a n p c I m e H H c I  cenbcma n p e o 6 p a 3 y m ~ c ~  B n o c x e A o B a T e n b H b I e  

H M n y J I b C H ,  K OTOpbIe  I IOCTyI I a IoT  B C¶eT¶HKEI, p a 6 0 ~ a H ) q H e  H a  BbI¶HTaHI?e .  

"OHTPOnb COCTOHHHH C¶eT¶HKOB IIPOH3BOAHTCH CXeMaMH COBnaAeHHH.  

M e X a H H 3 M  OCTaHaBJ IHBaeTCR,  a T P ~ T H ~ ~  CeJIbCHH BKJIH)¶at?TCH B CHHXPO- 

H H ~ H P Y I O ~ Y H )  c e T b  ti B O C C O ~ A ~ ~ T  n e p B o H a s a n b H o e  c M e q e H E i e  B~IKJIH)- 

s a T e n a  O T H O C H T ~ ~ ~ H O  ynopa. B C H C T ~ M ~  n p o r p a ~ ~ ~ o r o  y n p a ~ n e ~ ~ n ,  p a 3 p a 6 0 ~ a ~ ~ o i i  Y ~ c p H k l H -  

flpyroe Y C T ~ O H C T B O  A O ~ H P O B ~ H H O ~ ~  n o A a s H  . p a 3 p a 6 0 ~ a ~ o  X3M3 A! n p o e m o M ,  n p e , q y c M o T p e H a  ~ B T O M ~ T H ~ ~ ~ H H  w n H o r o  T e x H o n o r H s e -  

cxoro q m n a  pa60~b1 a x c ~ a ~ a ~ o p a  3Pr-35011000 c H ~ B ~ I R B H X H O ~ ~  

c T p e n 0 i i  n p H  o ~ p a 6 0 ~ K e  B C K p H I U H O r O  YCTYIIa  B e P T H K a J I b H b I M H  CTPYH<- 

KaMH.  3 a A a H H e  HCXOAHbIX AaHHbIX (yI'JIbI IIOBOPOTa H H a K J I O H a  CTPeJ Ib I ,  

n e p e M e q e H H r r  a ~ c ~ a s a ~ o p a )  ~ P O H B B O A H T C H  c I I O M O ~ ~ I O  I IOTeHqHOMeTPH-  

¶eCKHX AaTPHKOB.  KOHTPOJI~  A ~ ~ ~ C T B H T ~ J I ~ H H X  KOOPAHHaT IIPOH3BOAHTCH 

P e r Y J I H p O B a H H e  CKOPOCTH H ~ 0 s H b I f i  OCTaHOB B K O H q e  IIOAaUH. 

YCTPO~CTBO A O ~ H P O B ~ H H O ~ ~  nonasm H a  cenbcaaax c K a H a n a M m  rpy- 
6oro H T o m o r 0  O T c g e T a  p a 3 p a 6 0 ~ a ~ o  @ H P M O ~ ~  ((AEG)) (QPr). P a a p a 6 o ~ ~ a  
H B H e A p e H H e  CHCTeM nPOI 'paMMHOI'0  Y n p a B J I e H H H ,  a B T O M a T H 3 H p Y l O w H X  

Y n p a B n e H H e  P O T O P H H M  3 K C K a B a T O P O M  B lIpe)Jl?JIaX BbIIIOJIHeHHH AOCTa- 

aanas ynpasnemrr. 
B H a C T O H q e e  B p e M H  H3BeCTHO HeCKOJIbKO OnbITHbIX CHCTeM T a K O r O  

T e J I b H O r O  YrJ I a  OCyJQeCTBJIHeTCH C I IOMOwbH)  J ( E Z C T ~ H ~ H O H H O ~  I I e p e A a ¶ H  ~ P ~ M M  ~a n e p @ ~ ~ r e ~ ~ e .  
~a cenbcmax, ~ o a ~ e i i c ~ ~ y m w e i i  ~ a K x e  ~a ~ o ~ q e s b ~ e  B H K ~ ~ ~ ~ T ~ J I H  X a p a ~ ~ e p ~ b ~ ~  n p H M e p o M  (no a a p a ~ e e  p a c c s ~ ~ a ~ ~ o G  ) K ~ C T I F O ~  IIPO- 
nocne O T ~ ~ ~ O T K H  a a ~ a ~ ~ o r o  yrna. f l o 3 H p o s a ~ ~ a c r  noAasa a K c I c a s a T o p a  

H a  T O J I ~ H H Y  c ~ p y x K H  H nOJ IHaR n O A a s a  H a  r n y 6 ~ ~ y  6 n o ~ a  3a~am~c11  



C H C T ~ M ~  IIpe,I(Ha3Ha¶eHa AJIH aBTOMaTH3aqHH YIIpaBJIeHHH aKCKa- BOM K a H a n e ;  5 - aoaa s a n ~ c ~  K O ~ O B  K o o p g H H a T  M e x a H H a M o B  H a n o p a  

BaTOpOM B UpeAeJIaX BbIeMKH BCKPhIlIIHOI'O ~ J I O K ~  C OAHOG CTORHKH. &I nOA'beMa BO BTOPOM KaHaJIB;  6 H 7 - 30HbI  3aIIHCH KOAOB KOMaHA 

H~IIOCTORHCTBO IIpeAeJIbHbIX YrJIOB IIOBOpOTa CTpeJIhI D P H  O T ~ ~ ~ O T K ~  COOTBBTCTBBHHO B IIepBOM H BO BTOPOM K a H a J I a X  IIPOI'PaMMHOI'O ynpa- 
OTAeJIbHOI'O CJIOH, o ~ ~ c J I o B J I ~ H H o ~  O C O ~ ~ H H O C T H M H  3 K C K a B a T O p a  C BH- BJIeHHH; 8 - C P H T ~ I B ~ I O Q ~ ~  ~ C T P O ~ C T B O ;  9 - W@POBM~ YCTPOBCTB~ 
A B H X H O ~ ~  C T ~ ~ J I O ~ ~ ,  IIpe,I(OIIpeAeJlHJIO H ~ O ~ X O A H M O C T ~  IIPOI'PaMMHPOBa- CPaBHeHHH KOAOB aaAaHHbIX H ~ ~ ~ ~ c T B H T B J I ~ H ~ I x  KOOPAHHBT; 10 - YCEI- 

HzIH 6onbmoro o 6 a e ~ a  HCXOAHOP H H @ O P M ~ ~ H H .  K ~ o M C ?  TOI'O, T p e -  JIHT0JIH; 11 - TPeXIIO3HqHOHHMB p e J I 0 6 ~ b I e  aJIeMeHTbI; 12 H 13 - 
6 y e ~ a H  T09HOCTb 3 a A a H H H  H O T P ~ ~ O T K H  I IPOrpaMMHpYeMbIX KOOPAEMaT KOMaEAbI H a  BKJIIO¶eHHe IIpHBOAa nOBOpOTa  I I J I ~ T @ O ~ M H  COOTBeTCTBeHHO 

OllOpHbIX TO¶eK T P a e K T O P H H  A B H X e H H H  pa6osero O p r a H a  OTHOCH- B p a 6 o n e ~  p0 lKHMe H 3aMeAJIBHHH; 14-15 - KOMaHAbI H a  BKJIIO¶eHHe 

TeJIbHO BbICOKa. B CBH3H C 3THM eAHHCTBeHH0 I I P H ~ M J I ~ M O ~  O K a 3 a J I a C b  ~ ~ H B O A ~  ~ a n 0 p a  COOTB~TCTBBHHO no I I e p B O M y  a no B T o P o M Y  K a H a Z a M  

q a @ p o ~ a a  @ o p ~ a  s a ~ a ~ ~ i ~  nporpam, ¶TO B ~ H ~ ~ E I T ~ J I ~ H O ~ ~  ~ C T e n e H x l  IIpOrpaMMHOI'O yIIpaBJI0HHH; 16 - KOMaHAa H a  BKJIIO'30HHe ~ ~ H B O A ~  

OnpeAeJIHJIO TeXHH¶eCKHe P e m e H H H  I I P H  p a a p a 6 0 T ~ e  CHCTeMhI. 

TexannecKan xapaKTeprrcTaKa qn+posoii crrcTemu 
nporpamarnoro ynpasneaarr p o ~ o p ~ u a r  BKCKaBaTOpOM 
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Hpmqan ynpasnenna J . . . . . . . .  n o a n q ~ o ~ ~ o e  ynpasneHne 
no aapaHee paccnHTaH- 
~ o f i  X ~ C T K O ~  nporpame 

Cnoco6 a a ~ a ~ m  n p o r p a ~ ~  . . . . . .  ~H@POBOB 
THU n p o r p a ~ ~ o ~ o c ~ ~ e n s  . . . . . . .  I l e p + o n e ~ ~ a  aa o c ~ o s e  

aaponneHKH o ~ a p n ~ o l  
187 X X  C A B Y C T O ~ O H E I ~ ~ ~  
senmeii  uep@opaqneir 

C ~ O C O ~  KOAHpOBaHER KOOpAHHaT . . . .  P e @ n e ~ c ~ h ~ f i  ABOH~HMB KOR 
Tan B O C ~ ~ O U ~ B O , D , S I Q ~ ~ ~  'IaCTH . . . . .  qn@poane KoAoBbIe noan- 

&noanare cnenaqne OH- 
CTeMhI 

Cnoco6 B O B , ! ~ ~ C T B E R  Ha HCIIOJIHETeJIbHbl0 T P ~ X U O ~ H ~ H O H H O ~  p0neG- 
UPEBOW . . . . . . . . . . . . . .  H O ~  BOBR~HCTBHB 

K o n w e c ~ ~ o  ynpasmeMnr n p m o ~ o ~  
(E KOOPAHH~T),  IIO KOTOPbIM IIPOI'PLMME- 3 (IIPHBOAQ Hanopa, noBo- 
pymTca nepeuewenm pa6onero opraHa poTa E uoAneua CTpem) 

K o n w e c ~ ~ o  KaHanoB nporpaMMaoro ynpa- elua q ~ @ p o ~ o i i  cumerdb~ I I ~ O F ~ ~ M M H O F O  ynpamemIR pO~OpIim BKCKP- 
BlIeHEW (H OAHOBPeMeEHO 0Tpa6a~bI~a- 8i o ~ ~ s a ~ a o i i  orpenoil u rycemmrsllll xoaoeslla o6opynoea1isiem 

e m x  KOOPAEH~T) . . . . . . . . . .  2 
n p ~ s e ~ e ~ ~ a a  paapemamrqan cnoco6~oc~b n o ~ a e ~ a  c ~ p e n b ~ ;  17 - K J I I O ~ H ,  KOMMYTHPYH)JI(HB I(BIIH BKJIIOPeHHH 

CHCTeMbI (no Kamfloi Ha KOOPAHH~T) 0,001 IIPHBOAOB HCIIOJIHHTBJIbHbIX MeXaHH3MOB H I(elIH 0 6 p a ~ ~ ~ x  cBH3eki  
Cnoco6 C¶ETbIBaHHR UpOrpaMM . . . . .  ~ J I ~ K T P O K O H T ~ K ~ ~ ~ ~ ~  
Tnn AaTsHKOB ,?I ,~E~cTBHT~JI~H~Ix  KOOPAH- no KoMaHAaM n p o r p a M M H o r o  y n p a s n e H m ;  18 - n o r H s e c m e  c x e M H  

EaT . . . . . . . . . . . . . . . . . .  K O H T ~ K T ~ ~ ~  q~@pa~ophI  
' n/IJIn; 19 - IIpHBOA H M0XaHH3M IIOBOPOTa IIJI~T@OPMH; 20 - I IPEBOA 

Hapa~e~par ~ J I ~ K T ~ H ¶ ~ C K O I ' O  ~ H T ~ H H ~ :  H MeXaHH3M Ha110pa ( B ~ I ~ ~ B H ~ K ~ H H H  cTpeJIbI) ;  21 - IIpHBOA H MBXaHH3M 
'ZaCTOTa, ZV . . . . . . . . . . .  50 
Hanpame~~e ,  e 127 1 n o n a e M a  c T p e n M ;  22 - qrr4po~sre A a T s n x n  g e t c ~ ~ a r a n b ~ ~ x  K o o p g n ~ a r .  . . . . . . . . .  

n o ~ p e 6 n a e ~ a a  M O W O C T ~ ,  urn . . , . , AO 300 C H C T ~ M ~  p a 6 0 T a e T  CJIeAyIOII(HM o 6 p a a o ~ .  no KOMaHHaM, 3 a A a B a -  1 ' eMMM c s n ~ ~ ~ a e ~ o i i  noanqaeii n p o r p a M M s r ,  x xaaanar n p o r p a M M H o r o  

CTPYKTYPH~R CXeMa ~ H @ P O B O ~ ~  CHCTeMbI I I P O ~ P ~ M M H O ~ O  YIIPaBJIeHHH YIIPaBJIeHHH C IIOMOIU,bIO K J I I O U ~ ~  17 IIOAKJIIO¶aIOTCH A B a  HJIH OAHH HCIIOJI- 

POTOpHbIM aKCKaBaTOpOM I I O K a 3 a H a  H a  PHC. 120. Ha a T 0 f i  CXeMe BBeAeHbI H H T ~ J I ~ H H ~ ~  IIPHBOA. B Y C T P O ~ ~ C T B ~ X  CPaBHeHHH 9 OlIpeAeJIRIOTCH 3 H a K H  

c~~e,qymqne O ~ O ~ H ~ ¶ ~ H H H :  1 - nepeKJIIO¶aTeJIb p0lKHMOB pa60TM (pemnM p a 3 ~ 0 C T e P  3aRaHHhlX H ~ ~ ~ c T B H T ~ J I ~ H H x  KOOPAHHaT. B BBBHCHMOCTH 

O T ~ ~ ~ O T K F ~  OAHHonHbIX I I O B H I ~ H ~ ~  I IPOrPaMMhI  H P e m H M  0 ~ p a 6 ~ ~ ~ ~  q n K J I a  OT 3THX 3HaKOB p e J I e 5 H b I e  3JIeMeHTbI 11 BKJIIOPaKIT IIPHBOAbI B ~006x0-  
onepaqmiir); 2 - y n p a ~ n ~ m ~ ~ ( e e  YCTPOGCTBO I IPHBO~OB H MeXaHH3MOB AHMbIX HaIIPaBJIBBHHX. n 0 C J I 0  O T ~ ~ ~ O T K H  3aAaHHhIX KOOPAHHaT B p 0 W H M e  

ruaI'0~0f n O A a ¶ H  nep@oJIeHTbI;  3 - I IPOrpaMMOHOCHTenb  (nep@oJIeHTa); O T P ~ ~ O T K H  OAHHO¶HbIX 1103HqHg IIPOI'paMMbI CFfCTeMa OCTaHaBJIHBaeTCH. 

I m II - n e p ~ ~ i i -  H B T O P O ~ ~  K a H a a b I  n p o r p a M m o r o  y n p a s n e H H H ;  4 - B PelKHMe ~ B T O M ~ T H ¶ ~ C K O ~  O T ~ ~ ~ O T K H  qEIKJIa o I Iepa I (Hi i  lIOCJI0 O T p a -  

s o H a  3 a n H C H  KOAOB KOOpAHHaT MBXaHH3MOB IIOBOpOTa H H a n o p a  nep- ~ O T K H  ~ a ; ~ , I ( o f i  I I O 3 H ~ E E  IIPOI'paMMH CHrHaJ Ib I  COOTBeTCTBHH 3 a A a H H H X  





c H c T e M  ( ~ a n p ~ ~ e p ,  B M a m H H o c T p o e H n H  H ~ e ~ a n x y p r ~ n )  PRAOM cneqn- 
($H¶~CKHX O C O ~ ~ H H O C T ~ ~ .  OCHOBHJJMH ti3 H H X  RBJIRIOTCR: BO3MOXHOCTb 

CaMOUpOH3BOJIbHOI'O H HeKOHTpOJIHpyeMOI'O H 3 M e H e H H R  @OPMN IIOBepX- 

H O C T ~ ~  o 6 a e ~ ~ a  O T ~ ~ ~ O T K ~ ,  T. e. D O B ~ ~ X H O C T ~ ~ ~  3a6oa H OTKOCa, BCneA- 

GTBHe O ~ B ~ J I O B  H 0~hIIIe6, a T a K X e  OTCyTCTBHe I IPHBRSKH IIOHBHXHO~% 
CHCTeMhI KOOPAHHaT,  B K O T O P O ~  IIPOI'PaMMHPYIOTCH I I e p e M e q e H H R  pa6o- 
WI 'O  O p r a H a  K H ~ I I O A B H ~ K H O ~ ~  CHCTeMe KOOPAHHaT,  rAe MOrYT 6 h I ~ b  3 a A a H h l  

r p a H H 4 h I  O T P ~ ~ ~ T ~ I B ~ ~ M O ~ O  ~ J I O K ~  H OTAeJIbHhIX CJIOeB. 

Bce 3 T H  O C O ~ ~ H H O C T H  OI'PaHH¶EIBaIOT BO3MOXHOCTb CHCTeM X e C T K O r O  

n p o r p a M m o r o  y n p a s n e H n R  ti e y m a m T  0 6 J I a c ~ b  nx n p H M e H e H m .  Els~e- 
H e H H e  @OPMM 3a60t1 BCJIeACTBHe O ~ B ~ J I O B  H 0~hlIIe6 M O X e T  B h I 3 B a T b  

I i 3 M e H e H H e  cnoco6a er0 O T ~ ~ ~ O T K H  H ,  CJIeAOBaTeJIbHO,  a J I r O p H T M a  ynpa- 
BJIeHHR 3KCKaBaTOPOM. O A H ~ K O  O T C Y ~ C T B H ~  COBepIUeHHbIX CpeACTB a B T 0 -  

MaTH¶eCKOrO XOHTPOJIR @OPMH 3 a 6 0 ~  H e  IIO3BOJIReT I I p H M e H R T b  IIPHH- 

L(HUHaJIbH0 B03MOXHhIB CHCTeMhI Y I I p a B J I e H H R  C CaMOH3MeHeHHeM aJIr0- 
PHTMa.   OPTO OM^ B HaCTORII(ee B p e M R  I I p a K T H ¶ e C K H  BO3MOXHO 

OCYLqeCTBJIeHHe TOJIbKO OTHOCHTeJIbHO IIPOCTWX CHCTeM YI IpaBJ IeHmR 

. lKCKaBaTOpaMEI,  p a 6 0 ~ a m q ~ x  no X e C T R H M  a J I r O P H T M a M ,  ODpeAeJ IReMhIM 

UPHHt ITHM C I I O C O ~ O M  O T ~ ~ ~ O T H H  6 n o ~ a .  B P a M K a X  TaKHX CHCTeM HaH-  

6onee ¶aCThIe  H e 3 H a 9 H T e J I b H h l 0  H a M e H e H H R  @ O ~ M H  3 a 6 0 ~  H B H e I U H e r O  

OTKOCa MOrYT 6h1~b Y¶TeHhI  C I IOMOqbH)  CpeACTB IIpRMOI'O HJIU KOCBeHHOrO 

KOHTPOJIH IIOJIOXBHHR pa6osero O p r a H a  OTHOCHTeJIbHO 3a60~.  n p ~ ~ e ~ e -  
m e  T a K H x  Y C T P O ~ C T B  0 3 ~ a q a e ~  ¶ a c ~ m ~ b ~ f i  nepexog OT H c e c T K o r o  npo- 
r p a M M H O r 0  Y I I p a B J I e H H R  K 6oxee C O B e p m e H H J d M  MeTOAaM Y n p a B J I e H H R  

C 3J IeMeHTaMH ~ B T O M ~ T H ¶ ~ C K O ~  K O p p e K q H H  I I p O r p a M M .  

n p H  X e C T K O M  I IPOrPaMMEIPOBaHHH TeXHOJIOrHPeCKOrO q H K J I a  H e J I b 3 R  

3 a p a H e e  y ¶ e C T b  CMelI(eHHR 3 K C K a B a T O p a  OTHOCHTeJIbHO P a C P e T H O r O  

I IOJ IOXeHHR er0 B H~IIOABHXHO~ CHCTeMe KOOPAHHaT.  ~ O ~ T O M Y  B 0 3 H H K a e T  

3a / Ja¶a  KOMUeHCaqHH BJIIlHHHH C M ~ W ~ H H ~  3 K C K a B a T O p a  AJIR Y C T p a H e H H R  

O T K J I O H ~ H H ~  P O T O P a  OT paC¶eTHhIX ~ p a e K ~ o p H 6 .  

AJIR p e m e H m  3~0f i  3 a ~ a s ~  npexge B c e r o  ~ p e 6 y e T c R  n p n M e H e H n e  

Y C T P O ~ C T B  ~ B T O M ~ T H ¶ ~ C K O ~ ~  O P H e H T a q H H ,  OIIPeAeJIRIOLqEIX I I O J I O X e H H e  

D K C K a B a T O p a  B H ~ I I O A B E I W H O ~  CHCTeMe KOOPAHHaT.  

H ~ x e  PaCCMOTpeHbI  A B a  MeTOAa KOMIIeHCaqHH BJIHRHHR C M ~ W ~ H E I &  
s ~ c ~ a s a ~ o p a .  I 

1. A K T H B H ~  MeTOA, IIpm KOTOPOM CMeIlJ,eHtiH YCTPPHRH)TCR HJI t l  

YMeHblIIaIoTCR Y I I p a B J I e H H e M  ~ 0 ~ 0 ~ 0 6  ¶aCTbIO H YCTPO~~CTBOM rOPEI30H- 

T H p O B a H H R  I IOBOPOTHO~~ IIJI~T@oPMH. H ~ A O C T ~ T O K  - O r p a H H ¶ e H H b I e  B03-  

I\.IOXHOCTH ~ @ @ ~ K T H B H O ~ O  y n p a B n e H m R  n o J r o z e H m e M  a ~ c ~ a ~ a ~ o p a .  
2. ~ C C H B H H ~ %  MeTOA, I I P H  KOTOPOM B 3aBHCHMOCTH OT C M ~ I Q ~ H H ~  

D K C K a B a T O p a  K O P P e K T H P Y e T C R  T p a e K T O p H R  A B H X e H H R  er0 pa6onero 
O p r a H a .  B HeKOTOphIX ¶aCTHhIX CJIY¶aRX AJIR K O P p e K q H H  T p a e ~ ~ o p E I f f  

W r y T  6 h I ~ b  HCI IOJ Ib30BaHhI  I IPOCThIe  MeTOAhI ( H ~ I I P H M C ? ~ ,  ~ e 3 a s H c H ~ h I i i  
BBOA B I I p O r p a M M y  I IOI IpaBOK no OTAeJIbHhIM KOHTPOJIHPYeMbIM KOOPAEI- 

I I ~ T ~ M ) .  T a K ,  B P R A e  C J I y ¶ a e B  BepTElKaJ IbHOe  C M e q e H H e  M O X H O  CKOMIIeH- 

C H P O B a T b  CABHrOM H a P a J I a  OTC¶eTa BhICOThI I I O A a e M a  P O T O p a .  B o 6 4 e ~  Xe 
cny.Iae K o M n e H c a q m i  B n H R H m  c ~ e q e ~ ~ i i  ~ p e 6 y e ~ c ~  n p H M e H e H H e  

UHPHCJIHTeJIbHHX ~ C T P O ~ C T B ,  O I C p e ~ e J I R I O ~ H X  T p a e K T O p H H  f iBHXeHHI3  I: 

P O T O p a  C Y s e T O M  I IOJ IOXeHmR 3 K C K a B a T O p a  B H ~ I I O A B H X H O ~  CHCTeRle 

KOOPAHHaT.  n p F i  3TOM KOOpAHHaThI  OIIOPHhIX TO¶eK T ~ ~ ~ K T O P E I ~ ~  YlKe  

H e  MOrYT 6 ~ T b  3 a A a H b I  X ~ C T K O ~ ~  IIpoI 'pa~~ofi ,  ~ ~ C C ¶ H T ~ H H O ~ ?  3 a p a H e e ,  

a AOJIHEHH BHPHCJIRT~CR B c a ~ o i i  c m c T e M e  y n p a s n e H H f i .  I C ~ r a c c a @ m ~ a q l r ~ ~  

CFiCTeM a B T O M a T W e C K O r 0  Y n p a B J I e H E i R  POTOPHhIMH 3 K C K a B a T O p a M H  IIO- 

~ a s a ~ a  H a  pmc. 122. 

I 
cngc0by 6e3 admonomu uec - C almamuvecnuu, C a8mouamuvecxua~ 

nnnmpon~ KO,'U nu!lmpon~ no~mpone~ cueqe~uu ~o~mponen CHt'qeHUU 
u y i ipo8ne~un u 1 be3 

nofloJlceHueH ynpadnenin nonoxe- yffpa6ne~uen n o ~ ~ o x e -  ynfl8nexan nonoare - 
J ~ C ~ Q ~ Q ~ O P ~ ~  ~ u e ~  L ~ K C K ~  80 mopa H U ~ H  ~xcunBamopn / Hue" 3ncuaBamopa 

Pwc. 122 .  Knaww@wnaqurr CwcTem aaTomaTnsecK0ro ynpaenema pomprrawa Pncnasa~opmw 

Aemoinamusaz+zuz ywma padomw pomopnm ancnasamopoe. IIPHH~HII 
p e r y J l H p 0 B a H H R  B ~ C O B O G  HJIH O ~ B ~ M H O ~ ~  llpOH3BOAHTBJIbHOCTH POTOpHbIX 

3 K C K a B a T O P O B  O ~ € ? C I I ~ ¶ H B ~ ~ T  B 0 3 M O X H O C T b  MaKCHMaJIbHOrO HCIIOJIb30-  

B a H H R  IIPOIIYCKHO~ CIIOCO~HOCTH T P ~ H C I I O P T H O ~ ~  CHCTeMhI H ~ e c y ~ e f i  
C ~ O C O ~ H O C T H  M ~ T ~ J I J I O K O H C T P Y K ~ H ~ ~  B C e r O  KOMIIJIeKCa MaIIIHH H e n p e p h I B -  

H O r O  A ~ ~ C T B E I R ,  6 J I a r o ~ a p R  ¶ e M y  M O X e T  6 h I ~ b  Cyll&?CTBeHHO I lOBbIII IeHa 



3 H a ¶ e H H H  I I O ~ O H H O H  H a r P Y 3 K H  H CKOPOCTH ABHHCeHHR ~ 0 H B e k 3 p H o f i  

nema;  a B T o M a T H s e c x o e  o n p e A e n e H H e  T e K y i q e r o  s ~ a n e ~ ~ ~  ' ~ e c o ~ o i  
IIpOH3BOAHTeJIbHOCTH POTOPHOrO 3KCKEIBaTOpa;  y ¶ e T  BeCOBOrO KOJIH- 

s e c T s a  M a T e p H a n a ,  n e p e M e q e H H o r o  ~ o ~ s e i i e p o ~ ,  T. e. s e c o ~ o 6  mpa-  
GOTKH P o T o p H o r o  K o M n a e K c a ;  B H ~ ~ ~ O T I E Y  H H @ O P M ~ ~ E I E I  AJIR perympo- 
R a H m  IIPOH~BOAHT~JILHOCTH a K c K a s a T o p a ;  c ~ r ~ a ~ 1 ~ 3 a q ~ m  o neperpy3~ax 
K O H B ~ ~ ~ ~ ~ O B ;  aBTOMaTHYeCKOe OTKJIIoYeHHe BMXOAa CHCTeMbI H I I O A a ¶ y  

C H r H a J I a  06 a s a p d i ~ o ~  COCTORHHH n p H  IIORBJIeHHH H e H C n p a B H O C T H  

B q e I I H  H 3 M e P e H H R  I I O ~ O H K O ~ ~  Hal 'PY3KH. 

K ~ o M ~  TOrO,  pa3pa60~a~b1  MeTORhl H Y C T P O ~ C T B ~  OI IpeAeJ IeHHH 0 6 ~ ~ -  
HOG IIpOH3BOAHTeJIbHOCTH, 0 6 e c 1 1 e n ~ ~ a ~ ) i q ~ e  B ~ I P ~ ~ O T K Y  E I H @ O P M ~ ~ E I E I ,  

~ e o 6 x o ~ ~ ~ o t i  A n R  p e r y J I H p O B a H H R  IIpOH3BOAHTeJILHOCTH pOTOpHOI'0 3KC- 

K a s a T o p a ,  H C H ~ H ~ J I H ~ ~ ~ H I O  o nepenomemm ~ o ~ s e 6 e p ~ a x  new.  
B OCHOBY p a 6 o ~ a  CHCTeMbI HeDpepLIBHOI 'O y ¶ e T a  B ~ C O B O ~ ~  IIpOH3BO- 

,QHTeJILHOCTH I IOJ IOXeHM 3 J I e K T P H 9 e C K H e  MeTOALI H 3 M e P e H H R  TeKYIIJHX 

3 H a s e H H f I  CKOPOCTH ABH>KeHHR H I I O ~ O H H O ~  H a r P Y 3 K m  K O H B ~ ~ ~ ~ P H O ~  

J I eHTH,  3JIeKTPOMeXaHHYeCICEie MeTOAM BbI¶HCJIeHHR TeKYIIJeI'O 3 H a s e H H R  

B ~ C O B O ~ ~  UpOM3BOAHTeJ ILHOCT~ H H H T e r P H P O B a H H R  ee 3a JIIOGOG L l p O M e X y -  

TOK B p e M e H H  p a 6 0 ~ b I  3 K C K a B a T O p a .  

B E I ~ M ~ P E I T ~ J I L H O ~  CHCTeMe, B B ~ ~ ~ H H O ~ ~  B 3 K C n J I y a T a q H H ,  H a  POTOPHOM 

a K c K a s a T o p e  3PI'-1600 I U e s s e ~ ~ o ~ c ~ o r o  K a p b e p a  T p e c T a  OPAWOHH- 
~ ~ ~ a e ~ a p r a ~ e q ,  A n H  o n p e A e J r e H H R  T e K y q e r o  3 ~ a s e ~ 1 . t ~  n o r o ~ ~ o t i  H a -  

r p Y 3 K H  ~ o H B e 6 e p H o f i  J IeHTbI  I I p H M e H e H a  KOMIIeHCaqHOHHaR C X e M a ,  

p a 6 o ~ a  K O T O ~ O ~ ~  O C y ~ e C T B J I R e T C R  H a  I I e p e M e H H O M  TOKe C HCUOJIL3OBaHHeM 

3JIeKTPOTeH30MeTPHYeCKIIX CHJIOH3MepHTeJIbHhIX 3JIeMeHTOB. 

C H J I O H ~ M ~ ~ H T ~ J I ~ H M ~  3JIeMeHThI BCTPaHBaKJTCR B OAHY H 3  POJIHKOBLIX 

onop ~ o ~ ~ e f i e p a .  
C K O P O C T ~  ABHHCeHHR K o H B ~ & ! ~ H o ~  JIeHTLI n 3 M e p R e T C R  MarHHTO-  

a n e K T p m s e c m M  T a x o r e n e p a T o p o M ,  IIPHBO,QHM~IM B A B H x e n H e  OT H a T R m -  

aoro 6apa6a~a  ~ o ~ s e i i e p a .  T e ~ y w e e  a ~ a s e ~ ~ e  ~ P O H ~ B O A H T ~ J I ~ H O C T E I  

OTC¶HTMBaeTCH IIO I I O K a 3 a H H R M  MaI 'HHT03J IeXTPH¶eCKOr0  BOJIbTMeTpa  

C a M o n E i m y i q e r o  n o T e H q H o M e T p a ,  n p o r p a A y H p o s a H H b r x  B e g H H H q a x  

seco~oi i  I IPOH~BOAHT~JILHOCTH a R c K a s a T o p a .  B K a n e c T s e  c n e T s m a  KOJIH- 

W C T B a  B H ~ ~ ~ O T ~ H H O ~  3KCKaBaTOPOM I'OPHOG MaCCbI I I P H M e H e H  MarHHTO-  

~ J I ~ K T P H ¶ ~ c K H ~  CYeTqHK BOJILT-PBCOB. 

B ~ C O B ~ ~ I U ~ H C T B O B ~ H H O ~  H ~ M ~ P H T ~ J I L H O J ?  H H @ O P M ~ ~ H O H H O ~  CHCTeMe 

H e n p e p m n o r o  y s e T a  s eco~o i i  I I ~ O H ~ B O A H T ~ J I ~ H O C T H ,  1 1 p e ~ ~ a 3 ~ a n e n ~ o i i  
RJIR POTOPHOI'O 3 K C K a B a T O p a  3PI'-1600, HCIIOJIb3OBaH MeTOA aBTOMaTH- 

Y ~ C K O ~  KOMIIeHCaI(Hl l  H a  U e p e M e H H O M  TOKe C HCKJIIOseHHeM IIOrPeII IHOCTH, 

B b I 3 b I B a e ~ 0 6  H 3 M e H e H H e M  Y r J I a  H a K J I O H a  P O T O P H O ~ ~  CTpeJ IM,  C IIOMOIIJbIO 

IIOBOPOTHOrO CHHYCHO-KOCHHYCHOI'O T ~ ~ H C @ O P M ~ T O ~ ~  H MaRTHHKOBOrO 

OTBeCa.  BarxoA~oe HaI IpRHCeHHe  H ~ M ~ ~ H T ~ J I ~ H O ~ ~  CHCTeMbI, I IpOnOPqEI -  

pQHaJILHOe ~ e K y q e f i  npOH3BOAHTeJIbHOCTEI, HCIIOJIb3YeTCR B RaYeCTBe  

CHrHaJ Ia  0 6 p a ~ H o i i  CBR3H B CHCTeMe aBTOMaTHYeCKOr0  P e r Y J I H P O B a H H R  

IIPOH3BOAHTeJIbHOCTH 3 K C K a B a T O p a .  

AJIR POTOPHhIX 3KCKaBaTOPOB 3Pr-350/1000 C H ~ B ~ I ~ B H ) ~ ~ ' H o ~ ? ~  C T P ~ J I O G  

p a ~ p a 6 o ~ a ~ a  c H c T e M a  H e n p e p b I B H o r o  y n e T a  I I ~ O H ~ B O A I X T ~ J I ~ H O C T ~ ,  OCHO- 

B a H H a R  H a  HCI IOJ Ib30BaHHH KOMDeHCaqHOHHOrO MeTOAa H a  IIOCTORHHOM 
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TOKe C I I P H M e H e H H e M  B R a g e C T B e  A a T Y H K a  I I O ~ O H H O ~  H a r P Y 3 K H  B ~ C O B O ~  

n n a ~ 4 o p ~ ~ .  KOHCTPYKTHBHO B e c o B a R  n n a ~ @ o p ~ a  n p e H c T a s n R e T  co6oH 
HEeCTKyIo P a M Y ,  HeCyIIJYKJ q e T h I p e  p0JIHKOOIIOPbI  pa6oseH BeTBH KOH- 

B e f e p a .  OAHHM KOHqOM BeCOBaR I I J I ~ T @ o P M ~  OI IHPaeTCR H a  POTOPHYKJ 

C T p e J I y ,  APyI 'HM - H a  CHJIOH3MePHTeJIbHbIe 3JIeMeHTbI  C TeH30MeTPEI- ) i; " s e c s s M H  n p e o ~ p a a o ~ a ~ e n ~ ~ w .  
B CBR3H C BbICOKIIMH T ~ ~ ~ O B ~ H H H M H  K HaAeHEHOCTH CHCTeM H e l l p e -  ' PbIBHOI'O y ¶ e T a  IIPOH3BOAHTeJILHOCTH POTOPHMX 3KCKaBaTOPOB 6bIJIH 

pa3pa60~a~b1  HOBbre  B a p H a H T b I  CHCTeM, YIIpOIIJeHHbIe DO CXeMaM H KOH- 

" C T ~ ~ K T H B H ~ I M  p e I U e H H R M  H BLInOJIHeHHMe IIOJIHOCTbKJ H a  ~ ~ C K O H -  
TaKTHMX 3J IeMeHTaX.  

AJIR OIIpeAeJ IeHHR T e r c y q e r o  3 ~ a n e ~ ~ 2 1 1  0 6 n e ~ H o f i  IIpOH3BOAHTeZIb- 

HOCTH p a 3 p a 6 0 ~ a H  p H &  ~ C T ~ ~ ~ C T B ,  OCHOBaHHbIX H a  KOCBeHHOM H 3 M e P e H H H  

nonepeworo c e s e H m R  rpyaono~oea H a  K o ~ s e i i e p e .  B Y K p H n f i n p o e K ~ e  

6 ~ n n  p a 3 p a 6 0 ~ a ~ b r  y c ~ p o i i c ~ ~ a ,  B KOTOPHX HCUOJIb30BaJIHCb MeXaHH- 

necme q y n b r ,  C B R ~ ~ H H ~ I ~  c 3 n e m p o M e x a H n s e c K n M n  A ~ T ~ H K ~ M H  yrJIOM 

n o B o p o T a  - c e n b c n H a M n .  q y n ~  p a c n o n a r a I o T c R  no K O H T ~ P Y  nonepen- 
H O r O  CeYeHHR I ' pY30I IOTOKa ,  H H X  YrJIOBbIe  OTKJIOHeHHR OAH03Ha9HO 

CBR3aHbI  C T O J I I ~ H H O ~ ~  CJIOH IIOPOHbl H a  I E O H B ~ ~ ~ ~ P ~  B MeCTe KOHTaKTa  

IIJyIIa C nOBepXHOCTLKJ CJIOR. 

B K H ~ B C R O M  HHCTHTYTe aBTOMaTEiKH p a 3 p a 6 0 ~ a ~ o  ~CTPOBCTBO HJIR 

O n p e A e J I e H H R  0 6 a e ~ ~ o i i  n p O H 3 B O ~ H T e J I b H O C T H  POTOpHbIX 3KCKaBaTOPOB,  

OCHOBaHHOe H a  HCnOJ lb30BaHHH ~ J I ~ T P ~ ~ B Y K O B O ~  J IOKaqHH.  B 3TOM 

~ C T ~ O ~ C T B ~  H3MepRH)TCR PaCCTORHHR OT TO¶eK K p e I I j I e H H R  YJIbTPa3BYKO- 

BMX B H ~ P ~ T O P O B  A 0  nOBepXHOCTH IIOpOAhI,  TP~HCIIOPTEIPY~MOG K O H B ~ H -  
e p 0 M .  ~ T H  PaCCTORHHR BhI'lHTaIOTCR 8 3  IIOCTORHHbIX P ~ C C T O I I H H ~  OT TOPeK 

YCTaHOBKH B H ~ P ~ T O P O B  A 0  I I O P O S H ~ ~  JIeHTbI. ~ o J I Y Y ~ ~ M H ~  Pa3HOCTH 

n p e A C T a B J I R I o T  TOJIIIJHHY CJIOR IIOPOAM B KOHTpOJIHpYeMHX TOPKaX KOH- 

T y p a  nonepesrroro c e n e H a r r  r p y 3 o n o ~ o ~ a .  
AJIR H 3 M e P e H H R  P ~ C C T O H H E ~ ~ ~  HCIIOJIL3YeTCR HMIIYJI~CHHG MeTOA 

C ~ O C T O R H H O ~  ¶ ~ C T O T O %  nOCMJIOK HMIIyJIbCOB. n e p H 0 ~  IIOCHJIKH HMIIYJIL- 
* COB p a B e H  B p e M e H H  M e X A y  n o c b I n ~ o H  H n p H H H T H e M  O T p a E < e H H O r O  HM- 

nyJIbca OT ~ e a a r p y x e ~ ~ o i j r  K O H B ~ ~ ~ ~ ~ H O G  n e H T m .  K o r ~ a  nopona H a x o -  

HHTCR H a  J I eHTe ,  O T P e 3 0 K  B p e M e H H  M e X i A y  I IpHeMOM O T p a % e H H O r O  HM- 

n y J I b C a  H I I O C ~ I J I K O ~  CJIe~YIoIIJeI 'O ~ Y A ~ T  COOTBeTCTBOBaTL T O J I q H H e  CJIOR 

nOpOAbI  H a  JIeHTe.  ~ ~ M ~ P I I ~ T C H  3TOT O T p e 3 0 K  B P e M e H H  MeTOAOM IIIHPOTHO- 

H ~ n y J I b c H 0 6  MOAYJIRqllH. B Y C T P O ~ C T B ~  H3MePeHHEI 06%t?MH0fi I IPOH3- 

BOAHTeJILHOCTH HCIIOJIL3YKJTCR MarHHTOCTPHKqHOHHMe H3J IY9aTeJ IH  

H J lpHeMHHKH. 

n3J Iy¶a~ t? J Ib  Y ~ K H M  I I Y ~ K O M  B O r c p e A e n e H H o M  H a n p a B n e H H H  n o c M n a e T  

Y J I L T P ~ ~ B Y K O B O ~  HMIIYJILC, IEOTOP~IG OTpaXKIeTCR OT IIOBepXHOCTH CJIOR 

n O p O A b I  H BOCIIPHHHMaeTCR IIPHeMHHKOM. O T ~ ~ E < ~ H H M ~  HMIIYJILC IIepe- 
BOAHT B eAHHH¶HOe COCTORHHe I I I H P O T H O - H M I I Y J I ~ c H ~ I ~  MOHYJIRTOP, KOTO- 

C T o n H H e .  ~ @ @ ~ K T H B H O ~  H a r c p c I m e n n e  H a  B M x o A e  M o a y n c I T o p a  nporcop- 
q H O H a J I b H 0  nJIOK!aAH BbIXOHHOl'O HMIIyJ IbCa  H ,  CJIe,4OBaTeJILHO, TOJIIIJ,HHe 

c n o R  n o p o A b I  H a  n e H T e ,  e c m  a M n n n T y A a  B~IXOAHHX HMIIYJI~COB MOHYJIR- 

T O P a  nOCTORHHa.  

269 



B y p o m ~ e ~ o s b ~ e  M a m H H u  n p e ~ ~ a a ~ a ¶ e ~ b ~  A ~ H  B ~ I ~ Y P E I B ~ H H H  y r m  
H 3  TOHKHX IIJIaCTOB. B CmA 3TH M a m B H b I  IIPHMeHHIOT: H a  YrOJIbHbIX 

K a p b e p a x  A ~ H  B u e M K H  yr.m n3 TOHKMX I IO~YTHPX n n a c T o B ,  3a~1erarnq.1~ 
COBMeCTHO C p a 6 0 9 H M H  IIJIaCTaMH 6 0 n b m o f i  MOqHOCTH; AJIH A O P ~ ~ O T K F ~  

IIJIaCTOB YrJ IR  B 6 o p ~ a x  . 
K a p b e p o B ;  n p ~  a x c n n y a T a -  

II,MH YI'OJIbHbIX IIJIaCTOB He- 

6 0 n b m o j i  MO4HOCTH. 

B ~ ~ o I I I H ~ K o B ~ R  M a m H H a  

(pm.  123) COCTOHT ~3 m H e K a  

c 6ypo~o j i  K O P O H K O ~  H 
n o r p y s o s H o r o  c ~ p e 6 ~ o ~ o r o  

YrOJIb  B a B T O M a m H H y  HJIH 

H a  n e p e ~ a ~ o n ~ ~ f i  ~ o ~ ~ e i i e p .  

.9 R 
I U H ~ K  H n e p e r p y 3 o s ~ ~ f r  - - ~ o ~ s e l e p  IIPHBOACITCH B geji- 

Puo. 123. Eypomae~osan mamma: 
1 - paMa Mama=; 2 - nBuraTenh; S - r m a s n m e -  CTBHe aJIeKTPH¶eCKHMH HJIH 
CHBe Z[OMKPaThl; 4 - enYHTOP; 5 - MexamM aiama- AH3eJIbHbIMH ABHraTeJIHMH. 
TYIR; 6 - IIIABH; 7 - !YpOBaR KOpOAHa; 8 - CHpe6~o- 
B- HOHB€!~~~P; 9 - aBTOMaIIIHHa m R  IIorDvsHa noliar-. m ~ e K  nOAaIoT Ha 3a60fi -.- 

T O ~ O  yrnn rHApaBnH¶eCKHM Y C T ~ O ~  - 
CTBOM. A H ~ M ~ T ~  6ypa. BO H36e?KaHHe p a 3 y 6 0 w ~ s a ~ ~ ~  y r n R  B M e m a I O 4 H M H  

nOpOAaMH,  IIpHHHMaIoT H a  15-20 Cnt M e H b m e  MO4HOCTH UXaCTa.  Y T O ~ P  
as6ema~s  06pyme~an xposna nnacra. M e m n y  cneawnaalaa B pnny 
OCTaBJIRIoT qeJIHKH YrJIH. O C T ~ B J I ~ H H ~  TaKHX 4eJIHKOB YrJIH I I p H  BbIeMKe 

~ Y P O ~ H ~ K O B ~ I M H  M a m H H a M H  H a  K a p b e p a X  CmA BbI3hIBaeT 60nbm~e  
ndrepn nones~oro H c K o n a e M o r o ,  ,qoc~nraroq~e 35-50%, a a H o r A a  

a 6onee. A l a ~ e T p  B E J ~ ~ ~ E ~ B ~ ~ M H X  c K B a w n H  A o c T a r a e T  1.5 nt, a rny- 
6 H H a  65 nt. 

Ann 6ypea.n rny6oeof C K B a w l l a h  6onbmoro A H a M e T p a  m H s K  CO- 

CTaBJlcIIoT H 3  OTAeJlbHhIX ceKI(Hfi J ( J l H ~ 0 f i  ii0 6 nt; 6 y p e ~ ~ e  CKBaWHH 
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O 6 q a s  AnHHa hiaIIIHHb1, 
Bec, rn . . . . . . . . . . 
~ O M I I ~ ~ K T  ~ Y P O B H X  c e ~ q ~ f i  
Anvr~a c e x q n l ,  M . . . . . 
AHaMeTp Bypa, M n t  . . . . 
HaIi60nbmaR rny6naa 6y- 

DeAER. M . . . . . . . 
men, M . . . . . . . . . 

M O I ~ H O C T ~  ABHraTenRi A.  C. 

H a  ~ p e 6 y e ~ y m  ~ J I Y ~ H H Y  npOH3BOAHTCH IIOCTeIIeHHPM H a p a Q H B a H H e M  

IIIHeKOB. P e ~ y q E i M  O p r a H O M  EIBncIeTCR C n e q H a n b H a H  ~ J ~ P O B ~ R  KOPOHKa,  

AHaMeTp K O T O ~ O ~  IIpHHHMaIOT paBHhIM AHaMeTPY CKBa3KHHM. KOPOHKH 
a p M H p y I o T  ' TBBPAPMH CIIJIBBBMH. 

0 6 c n y w ~ ~ a 1 o q ~ f i  n e p c o H a n  6y- 
~ O I U H ~ K O B O ~ ~  MamHHJd COCTOHT 

H 3  nIITH 9eJIOBeK; IIPOHSBOAH- 

TeJIbHOCTb M O Q H P X  MalIIHH AO- 

c T n r a e T  500 m y r n H  B cMeHy.  

I I a ~ ~ a r e  o 6 y p o m ~ e ~ o ~ ~ x  Ma- 

TpaHII IeH;  BCKpbImHbIe pa6o~b1 Pnc. 124. CxeMa nonroToBKM KapsepHoro nonm 
n p H  3TOM H e  IIpOH3BOAHTCfI. npu sbrearxe yrna 6ypomae~o~umu marnu~aaru 

I' Ha PHC. 124 n o ~ a 3 a ~ a  c x e M a  

nOArOTOBKH K a P b e P H O r O  nOJIR 

n p H  B P e M K e  YrJIH 6 y p o m ~ e ~ o ~ n ~ m  MaIUHHaMH. YCTYII BMCOTOB 
5.5-6 a, p a B ~ b I f i  MO4HOCTH BCIEpbIIIIH, IIOArOTaBJIHBaeTCff aKCKaBaT0- 

pOM H 6 y n b ~ o 3 e p o ~ .  m k i p H ~ a  pa6oseB n J f O 4 a n K H  OT 9 A 0  18 nt. 
~ O C T O H H C T B O M  IlpHMeHeHHH ~ Y P O Z L I H ~ K O B H X  MaIIIHH EIBJItIeTCH OTCYT- 

CTBHe B C K p P m H h I X  p a 6 o ~  H ~ e 6 o J I b m o s  0 6 n e ~  I 'OpHOKalIHTanbHhIX 
pa6o.r; HeAOCTaTKOM - 3HasHTeJIbHbIe  IIOTePH IIOJIe3HOI'O HCKOIIaeMOrO 

npn m c n n y a ~ a q a ~ .  
npki COBepmeHCTBoBaHHH ~ 0 6 ~ s ~  yrnn 6 y p o ~ b 1 ~  C I I O C O ~ O M  ~ M J I  

CO3AaH c n e q ~ a n b ~ P B  K O M ~ ~ B H ,  B X O A R ~ H G  n p H  6 y p e ~ ~ ~  B CKBaHEHHY 

6onbmoro A H a M e T p a  ( ~ H c .  125). 0 ~ 6 o i i K a  yrnn B 3a6oe B 3TOM CJIysae 

I OCYlqeCTBJlHeTCcI P ~ ~ O ~ H M  O p r a H O M  ~ o ~ 6 a f i ~ a ,  COCTOIITHM H 3  AByX PEIAOB 



Pnc. 125. Cxema smemKn yran ~om6aii~om 
1 - 0~60lfH~lfi OPTaH; 2 - K0~6afiH; 3 - ne~T0Y~b1fi 
Konselfep; 4 - Ka6n~a ynpaeneHm; 5 - 6yHKep; 

6 - I I O P P Y ~ O Y H ~ I ~ ~  KOH~efiep 

x o ~ 6 a i i ~ a .  f l o c ~ a ~ n e ~ ~ b I f 4  3 a 6 o f i ~ b 1 ~  K o H ~ e t i e p o ~  yronb r P Y 3 R T  B aBTO- 

MaIIIHHhl  C I IOMOqbH)  I l epeABHlKHbIX I I e p e r p y 3 O ¶ H b I X  K O H B ~ ~ ~ ~ O B .  

YI IpaBJ IeHEie  I E O M ~ ~ ~ H O M  H JIeHTOYHhIMEi K O H B € ! ~ ~ ~ ~ ~ M H  IIOJIHOCTLH) BBTO- 

MaTH3kipOBaHO. AJIR KOHTPOJIR 38 pa6o~o6  ~ 0 ~ 6 a f i ~ a  IIpHMeHRlOT 

O C ~ H J I J I O ~ ~ ~ ~ @ H ' I ~ C K H ~  H TeJIt?BH3HOHHbIe YCTaHOBKH. T J I Y ~ H H ~  B b I p a -  

6 0 ~ 0 ~  I I P H  K O M ~ ~ ~ ~ H O B O ~  BbIeMKe  AOCTMraeT 225 at. H M ~ ~ T C R  B03MOW- 
HOCTb YBeJ IHPHTb  3TY ~ J I Y ~ H H Y  A 0  400 at. 

P A 3 A E J I  Y E T B E P T ~ I B  

TPAHCIIOPTMPOBAHHE ~ O P H O R  MACCbl HA KAPbEPAX 

I'JIABA X I I  

OEIQEIE CBEAEHEIH O TPAHCIIOPTEIPOBAHElEI 
rOPHOM MACCbI 

8 

T ~ ~ H C I I O ~ T H ~ O B ~ H H ~  r O p H 0 f  MaCCbI OTHOCHTCR K OAHOMY H 3  OCHOBHHX 

IIpOH3BOACTBeHHhIX IIPOqeCCOB, ~ 0 ~ 0 ~ 6 1 6  H a P R A Y  C ~ ~ ~ O B ~ ~ M B H H M H  

, p a 6 o ~ a M ~ ,  a ~ c ~ a ~ a r ~ ~ e i i  H O T B ~ J I O O ~ ~ ~ ~ O B ~ H E ~ ~ M  c o c T a s n s r e T  H n p e p  
OI IpeAeJ IReT  TeXHOJIOrHlO O T K P H T O ~  ~ 0 6 6 1 4 ~  nOJIe3HbIX MCKOIIaeMhIX. 

3 ~ a ~ e ~ ~ i e  npoqecca T p a H c n o p T H p o s a H m R  o n p e A e m e T c n  ero y A e n b H M M  

BeCOM B 06~qeG C ~ ~ ~ C T O H M O C T H  ti TPYAOeMKOCTH ~ 0 6 ~ 9 ~  IIOJIe3HOFO 

EiCKOlIaeMOI'O. A o J I R  K a p b e p H O r O  T p a H C I I O p T a  B C ~ ~ ~ C T O H M O C T H  ~06b1sa- 
e ~ o 6  I IPOAYK4HH AOCTHraeT  35-50%, a y ~ e J I b H b I 6  B e C  T p a H C I I O p T a  

B TPYAOeMKOCTH 0 ~ ~ ~ 6 1 ~ 0 6  ~ 0 6 ~ 4 ~  COCTaBJIIIeT 40-60 % BCeX TPYAOBbIX 

s a ~ p a ~  H a  K a p b e p e .  T ~ K ,  H a  ~ c e n e s o p y ~ ~ b ~ x  K a p b e p a x  npm o614e6 ~ p y ~ o -  
eMK0CTH p a 3 p a 6 0 ~ ~ ~  1000 m FOPHOG MaCCbI 23-25,5 WA-CateN H a  I IpO- 

q e C C  T p a H C I I O p T a p O B a H H R  IIPHXOAHTCR 12,5-13,5 Ved-Caten,  HJIH 

55-60 %. 
T ~ ~ H c I I o ~ T H ~ o B ~ H H ~  0 6 ~ 3 a ~ e ~ 1 b ~ o  n p H  p a 3 p a 6 0 ~ ~ e  110~1es~oro MCKO- 

I I a e M O r O ,  H O H 0  RBJIReTCR H e o ~ ' b e ~ J I e ~ 0 6  ¶aCTblO TeXHOJIOI'HH. O~pa6o~fca  
BCKPbIrUHbIX IIOPOA B OTAeJIbHHX C J I Y g a R X  I I P H  ~ ~ C T P ~ H C I I O P T H O ~  CMCTeMe 

p a 3 p a 6 0 ~ ~ ~  O C y ~ ~ C T B J I R e T C R  683 I I P H M e H e H H R  TPaHCIIOPTHhIX CpeACTB.  

B 3TOM CJIYPae  BCKpHIIIHbIe  IIOpOAhI I I e P e M e ~ a I o T C R  BO B H Y T P e H H H e  

o T s a n h I  m a r a r o q n M n  A p a r n a H ~ a ~ E i  HJIH BCKP~IILIHHMH M e x a H m e c m M H  

JIOIIaTaMH. O A H ~ K O  Y A ~ ? J I L H M ~  BeC ~ ~ C T P ~ H C I I O P T H O ~  BCKPHII IH  OTHOCH- 

TeJIbHO HeBeJ IHK;  ~ o J I ~ I I I Y I o  ¶ a C T b  BCKPbIIIIHhIX IIOPOA H ~ O ~ X O A E I M O  TPaHC-  

I I O p T H p O B a T b  B OTBaJIhI TaKHce CI IeqHaJ IbHbIMH TPaHCnOPTHbIMH CpeA- 

CTBaMH. 

C n e q ~ @ m a  OTKPHTMX r o p H M x  p a 6 o ~ ,  n e p e M e u e H H e  pa60mx M e c T ,  

a CJIeAOBaTeJIbHO,  H MeCT IIOI 'pY3KH Ei B b I r P Y 3 K H  K a K  BO B p e M e H H ,  T a K  

H B I IPOCTPaHCTBe  O ~ Y C J I O B J I H B ~ I O T  O C O ~ ~ H H O C T H  B 3 K C n J I y a T a q H H  K a p b e p -  

' H O r O  T p a H C I I O p T a  H ~OPMYJIHPYIOT OCHOBHHe T ~ ~ ~ O B ~ H E I R  K I IPHMeHR-  

eMbIM H a  K a p b e p a X  BHAaM TpaHCICOpTa  H T p a H C n O P T H b I M  CpeACTBaM. 



O C H O B H ~ I ~  O C O ~ ~ H H O C T H  XapbePHOI'O TPaHCIIOPTR IIO CpaBHeHHH) 

C TpaHCIIOpTOM 06qero IIOJIb3OBaHHR B A P Y r H X  OTpaCJIRX HapOAHOI'O 

x o 3 ~ f i c ~ ~ a  s a ~ ~ ~ ~ o s a ~ o ~ c ~  B C n e n y m q e M :  
OTHOCHTeJIbHO ~ e 6 o n b m m e  PaCCTOHHHR Tp8HCIIOPTHPOBaHHH PaC- 

CTOHHHR MeWAY IIYHKTaMH 3 a r P Y 3 K H  TPaHCnOPTHbIX CpeACTB (3a60e~) 
H IIpHeMHJdMH IIyHKTaMFi H a  IIOBePXHOCTH ( 0 6 0 r a ~ H ~ e J I b ~ b I e  @ ~ ~ P H K E I ,  

OTB~JIM)  K O J I ~ ~ J I I O T C R  B I IpeAeJIaX 1-6 Z&, AOCTHraR B OTJ(eJIbHbIX 

cnysacrx 10-15 m; 
6onbmas BeJIHsHHa rPY3OIIOTOKOB H BbICOKaH HHTeHCHBHOCTb 

ABHWeHHR; 

~ e o 6 x o ~ m ~ o c ~ b  D o A a e M a  rpyaa carnay B s e p x  DOE o n p e A e n e m a r M ,  

B03MOWHO MaKCHMaJIbHbIM YrJIOM HJIH AOCTaBKH l"py3a  C B e p X y  BHEI3 

(IIPH p a 3 p a 6 0 ~ K e  BbICOKOrOpHbIX M ~ c T o ~ o W ~ ~ H H G ) .  ~ P O T R W ~ H H O C T ~  

TpaHCIIOpTHbIX K O M M Y H H K ~ ~ H ~ ~  H a  y ¶ a C T K e  IIOA'beMa ( ~ K J I o H ~ )  M O K e T  

6 b I ~ b  ~ ~ ~ J I H P H o ~ ~  H 3aBEICHT OT MHOI'HX ( P ~ K T O P O B  H,  B ¶aCTHOCTH, OT ray- 
GHHH K a p b e p a ;  

YBeJIHseHHe PaCCTORHHH TPaHCIlOPTHPOBaHHH n O  M e p e  y r n y 6 n e ~ ~ ~  
rOpHbIX pa60~;  

H a J I H s I l e  I I epeABHKHbIX TPaHCIIOPTHhIX K O M M Y H H K ~ ~ H ~ ~ [  H a  p a 6 o s ~ x  
r O P H 3 0 H T a X  K a p b e p a  H OTBaJIaX, H ~ O ~ X O A H M O C T ~  HX I I ~ ? P H O A H ¶ ~ C K O ~ ~  

n e p e A B H x m  no M e p e  n e p e M e W e H m  @ p o ~ ~ a  pa6o.r; 
CTeCHeHHOCTb Y C J I O B H ~  ABHWeHHR H a  p a6os~x  r O P H 3 0 H T a X ;  

3HasHTeJIbHbIe  YAapHJde HaI 'PY3KH H a  TpaHClIOPTHbIe COCyRbI, OCO- 

6 e ~ ~ o  npm norpya~e  c K a n b H a r x  ~ p y n ~ o ~ y c ~ o ~ a r x  nopon. 
Bce 3TH O C O ~ ~ H H O C T H  IIpeA'bHBJIRIOT OnpeAeJIeHHbIe  ~ p e 6 o ~ a ~ E I r r  

K KaPbePHOMY TpaHCIIOPTY C TeM, 9 ~ 0 6 ~  I I P H M ~ H R ~ M ~ I ~ ~  BHA T p a H C n O p T a  

0 6 e c n e s ~ ~ a n  ~ o p ~ a J I b ~ b I i i [  x o ~  T e x H o n o r n s e c K o r o  npoqecca no A o G a r s e  

IIOJIe3HOI'O HCKOIIaeMOrO C ~ a H 6 0 ~ 1 b m e 6  ~ @ @ ~ K T H B H O C T ~ H ) .  

~ ~ H H I I T H ~  BHA TpaHCIIOpTa  AJIR KOHKPeTHbIX YCJIOBH~~ AOJIWeH o6ec- 
IIePHTb: I I e p e M e q e H H e  3aIIJIaHHpOBaHHbIX O ~ ' ~ ~ M O B  IIOJIe3HOrO HCKOIla- 

eMOI'0 H BCKPbIIWhIX IIOPOA; MHHHMaJIbHOe PaCCTOIIHHe TpaHCIIOpTHpO- 

BaHHR ~ O P H O ~ ~  MaCChI OT 3 a 6 0 ~  KO IIPHeMHbIX IIYHKTOB H a  IIOBePXHOCTb; 

A O C T a T O q ~ y l O  MaHeBpeHHOCTb,  O C O ~ ~ H H O  B CTeCHeHF5IX YCJIOBHRX 

H a  p a 6 o s ~ x  r O p H 3 0 H T a X ;  H a H 6 0 J I b m y H )  IIPOH3BOAHTeJIbHOCTb 3 a 6 0 k ~ b 1 ~  

MeXaHH3MOBl OCyqf?CTBJIRIolI(HX I I O r p y 3 K y  FOPHOG MaCCbI B TpaHCnOpTHbIe  

CpeACTBa; COOTBeTCTBHe TpaHCIIOPTHbIX CPeACTB, HX K O H C T P Y K ~ H H  H naps- 
MeTpOB @ H ~ H K O - M ~ X ~ H H ¶ ~ C K H M  C B O ~ ~ C T B ~ M  n e p e M e q a e M H X  nOpOA; 

BO3MOKHOCTb C ~ J I ~ K T H B H O H  BbIeMKH nOJIe3HOI'O HCKOnaeMOrO; MHHH- 

MaJIbHyH) C ~ ~ ~ C T O ~ M O C T ~  I I e p e B 0 3 K H  r 0 p H 0 f i  MaCCbI H MaKCHMaJIbHYH) 

ItPOH3BOAHTeJIbHOCTb T P Y q a ;  ~am60nee IIpHeMJIeMNfi  cnoco6 BCKPbITEIR 

m ~ a m n y s l n m i j r  IIOPRAOK P ~ ~ B H T H R  r o p m x  pa6o.r B K a p b e p e .  

r $ 2. Y ¶ ~ C T K H  TPaHCIIOPTHpOBaHEiII H JIX XapaKTepHCTJIKa 

A ~ R  ~OJI~I I IHHCTB~ K a p b e p O B  B 3aBEICHMOCTH OT PaCIIOJIOKeHHR, 
a T a K w e  OT p q a  T e x H o n o r m s e c K m x  n a p a M e T p o B  T p a H c n o p T H a r x  c p e A c T B  

H K O M M Y H H K ~ K @  MOKHO BbIAeJIHTb T P H  OTJIH¶aH)lI(HXCR APYr OT APyI'a 
y¶aCTKa TpaHCIIOpTHpOBaHHR: B H Y T ~ ~ H H H ~ ,  IIO 6 0 p ~ y  K a p b e p a  EI IIOBepX- 
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H O C T H H ~  Y ¶ ~ c T K H  TpaHCnOpTHpOBaHHR OTJIHsaIoTCR APYr OT APyI'a 
B 3aBHCHMOCTH OT CTaqHOHaPHOCTH H YKJIOHa TPaHCIIOPTHbIX IIy~efi, 
a T a K x e  OT p a A m y c o B  s a ~ p y r n e ~ ~ ~ ,  T. e. n p o @ ~ n ~  T p a c c b I  B n n a H e .  

T ~ ~ H C ~ O ~ T H H ~  n y T H  H a  K a p b e p a X  MOrYT 6 b I ~ b  IIOCTORHHbIMH H nepe- 
ABHKHbIMH. DOCTORHHbIM OTHOCHTCR I'JIaBHbIe, COeAHHHTeJIbHbIe IIYTH, 

~ o ~ o p a r e  c n y m a ~  B T ~ P ~ H H ~  ~ c e r o  c p o ~ a  C ~ ~ ~ C T B O B ~ H H R  ~ a p b e p a  H ~ H  I 

YKJIanbIBaIoTCR H a  H J I H T ~ J I ~ H ~ I ~  IIPOMeKYTOK BPeMeHH. 

I I epeA~nx~are  ( ~ p e ~ e ~ ~ a r e )  n y T H  no YCJIOBHRM T e x H o ~ o r m ~ e c K o r o  

npoqecca nepeyxnanarsam sepea onpeaenemme n p o M e x y T x H  B p e M e H H  
1 

( 0 6 ~ 9 ~ 0  ¶epe3 HeCKOJIbKO M ~ C R ~ ~ B )  B HOBOe IIOJIOKeHHe C qeJIbH) o6ec- 
r 

I Ie¶eHHH H O ~ M ~ J I ~ H O G  O T ~ ~ ~ O T K H  BCKPPIIIHMX H n 0 6 b I ¶ ~ b I ~  YCTYHOB. 

B 3aBHCHMOCTH OT H a 3 H a -  

¶eHHR OHH MOrYT 6 b I ~ b  38- 
~ O ~ % H H M H  H CJIYKaT AJIR 

IIOA'be3Aa TpaHCnOpTHbIX 

c p e A c T B  K 3a6om a K c K a s a -  

T o p a  B X a p b e p e  H omam- 
H ~ I M H  AJIR n o ~ a e 3 ~ a  K M e c T y  

paarPY3KH Ha OTBanbHMX PHC. 126. rC onpeaenemlo yxnoHa rpmonopmaa ny. 
yc~ynax. TZo ~ e p e  o ~ p a -   eft - 
6 0 T K H  B C K P ~ I I U H O ~ ~  ( ~ 0 6 ~ 9 -  
HOG) 3aXOAKH HJIH 38IIOJIHeHHH O T B ~ J I ~ H O ~  3aXOAKH IIYTH IIepeMelI(aH)T 

B H o B o e  n o n o x e H H e .  

AJIH KOMIIeHCa4HH BNCOTbl MeWAY p a 6 0 9 H ~ H  I'OPH30HTaMH H ICOBepX- 

HOCTbH) TpaHCIIOpTHbIe KOMMyHHKaqHH IIPOBOnRTCR IIOA OIlpeAeJIeHHbIM 

y I t n o H o M .  YKJIOH x a p a K T e p H a y e T  npo~onb~ar f i  n p o @ m n b  T p a c c n  nym. 
Ha p ~ c .  126 n o ~ a a a ~ a  c x e M a  K o n p e A e n e H m o  y K n o H a  T p a H c n o p T m x  

n y ~ e i j r .  

B e n ~ s m ~ a  YKJIOHa OIIpeAeJIReTCR TaHreHCOM Y r J I a  no BbIPaKeHHH)  



ero B N p a m a I o T  B rpanycax. YKJIOH IIYTH B K a p b e p e  o n p e A e m e T c ?  BHAOM 

T p a H C I I O p T a  H er0 TeXHHYeCKHMH X a p a K T e p H C T H K a M H .  

P y ~ o s o 8 . q ~ ~  ymonou H ~ ~ E J B ~ ~ T C I I  ~ a ~ 6 0 n b 1 1 1 ~ 6  YKJIOH B rcapbepe, 
K O T O P ~ I H  IIpeOAOJIeBaeT ~ a H ~ b 1 6  BHA T p a H C n O p T a  C M H H H M ~ J I ~ H O ~ ~  CKO- 

POCTbIo,  C O O T B ~ T C T B ~ H ) ~ ~ ~ ~  YCTaHOBHBIUeMYCII A B H Z e H H I o .  Ha IIOBepX- 

HOCTH YKJIOH ~ Y T H  ~ ~ B H C H T  T a K z e  H OT ee pe~be+a .  
P a n H y c b I  3 a K p y r J I e ~ E i f i  I I y T H  3aBHCRT OT B H A a  K a p b e p H O r O  T p a H C -  

I I O p T a ,  KOHCTPYKIJHF H ~ ~ ~ ~ P E I T O B  TpaHCIIOpTHbIX COCYAOB. R ~ J I E I Y I ~ H ~  
pagnyca a a ~ p y r n e ~ m ~  x a p a ~ ~ e p m y e ~  M a H e s p e H H o c T b  T p a H c n o p T a  

H HMeeT ~ O J I ~ I U O ~  3 H a Y e H H e ,  T a K  K a K  p a 3 M e p b I  K a P b e p O B  B n J I a H e O T H O -  

CHTeJIbHO HeBeJIHKH. ~ P E I  ?HeJIe3HOAOpOWHOM T p a H C I I O p T e  MHHHMaJIbHbIe  

PaAHyCJJ  3 a K p y r n e ~ H 6  H a  IIepeABHHFHbIX IIyTIIX C0CTaBJIRK)T 80-100 M 

(AJIII ~ J I ~ K T P O B O ~ O B )  H 150 M (AJIII I I a p 0 ~ 0 3 0 ~ ) .  AJIR K a p b e P H b I X  aBTO- 

Mal l IHH B 3aBEICHMOCTEI OT HX THIIa  MHHHMaJIbHbIe  P a A H y C b I  3aKpyrJIeHHl"i 

P a B H b I  12-20 &. 
Y ~ C T O K  T p a H C I I O p T H p O B a H H R  BHYTPH K a p b e p a  pacnonozea H a  

p a 6 o s ~ x  r O P H 3 0 H T R X  (yc~ynax) H X a p a K T e p H 3 y e T c R  ABH3KeHHeM B OCHOB- 

HOM no n e p e A B H x H b I M  IIYTFIM. T a ~ c  IcaK a I c c n n y a T a q H o H H H e  I c a Y e c T s a  

IIepeABHWHJJx TPaHCnOPTHbIX I C O M M Y H H I C ~ U H ~  Xy?He, YeM y IIOCTOIIHHMX, 

TO CKOPOCTb ABHHFeHHH OTHOCHTeJIbHO HeBeJ IHKa .  T p a H c n o p ~ ~ J J e  I I y T I l  

rOPH30HTaJ IbHJd  HJIH HMelOT H ~ ~ H ~ Y E I T ~ J I ~ H ~ I ~  YKJIOH. C T ~ C H ~ H H O C T ~  
~ C J I O B H B  YaCTO OnpeAeJ IReT  I C P H B O J I H H ~ ? ~ ~ H ~ H )  (POPMY TPaCCbI  B HJ I i lHe  

C HaJIEIYHeM MaJIJJX P a A H y C O B  3 a K p y r n e H ~ f i .  

Y Y ~ C T O K  TPaHCI IOPTHPOBaHHR ne ~ O P T Y  K a p b e p a  I IpeACTaBJIeH H a -  

KJIOHHLIMEI TPaHClIOPTHbIMH KOMMYHHIEaqHRMH C H ~ ~ O J I ~ I U H M H  FOPH3OH- 

TaJIbHJJMH I I J IOqaAKBMH AJIII Y C T P O ~ ~ C T B ~  IIYHKTOB I IPHMbIKaHHR,  IIOCTOB 
H p a 3 a e 3 n o B .   TOT YWiCTOK X a P a K T e P H 3 Y e T C I I  TRmeJ Ib IM I I ~ o + L ~ ~ M  I I y T H  

BCJIeACTBHe 6onbmnx YKJIOHOB, I IpHHHMaeMbIX B COOTBeTCTBHH C B03-  

MOWHOCTIIMH IIPHHIITOrO BEIAa T p a H C n O p T a .  YY~CTOIE  nOA'b€?Ma RBJIReTCR 

OrPaHHYHBaIoIIJHM K a K  UO B e C y  COCTaBa (AJIR ?KeJIe3HOAOpO?HHOrO T p a H C -  

 OPT^), T a K  H IIO CKOPOCTH A B H X e H H I I  TPaHCIIOPTHbIX CpeACTB. 

Tpaccy TPaHCnOPTHhIX n y ~ e f i  O ~ M Y H O  CTpeMIITCR CAeJ IaTb  IIOCTOIIH- 

H ~ f i ,  H TOJIbKO B CJ IyYae  I IpHMeHeHHcI  C K O J I b 3 I I q H X  C'be3AOB O H a  B P ~ M ~ H H ~ .  

C y r n y 6 n e ~ ~ e ~  K a p b e p O B  AJIHHa TPaHCI IOPTHPOBaHHII  H a  3TOM YYaCTKe  

B O 3 p a C T a e T .  ~ O ~ T O M Y  y ~ e J I b ~ b 1 f i  f!ec YYaCTKa  IIOA'beMa ,no ~ O P T Y  
K a p b e p a  B o 6 q e ~  PaCCTORHHH T P a H C n O p T H p O B a H H R  H e I I p e p J J B H O  B O 3 p a -  

CTaeT.  

Y Y ~ c T o K  TPaHCIlOPTHPOBaHEIR IIO I lOBePXHOCTH X a p a K T e p H 3 y e T C R  

~ a ~ 6 o n e e  ~ J I ~ ~ O I I P H I I T H ~ I M  n p o + H J I e ~  n y T H  6e3 ~ O J I ~ I I I H X  n o A a e M o B .  

H c ~ n I o s e ~ n e l \ ~  IIBJIIII~TCII K a p b e p m ,  P a c n o a o x e H H ~ e  B B ~ I C O K O ~ O P H M ~  

pa i io~ax ,  rge penbe+ n o s e p x H o c T n  o n p e A e n R e T  YKJIOH IIYTH. Tpacca 
IIy~efi C T a q H O H a p H a ,  YTO II03BOJIIIeT YBeJIHYHBaTb CKOPOCTH ABHXeHHII ,  

a k l H O r A a  H I IOBbIIUaTb I Io J I e3HbI f i  BeC  COCTaBOB. 

T p a ~ c n o p ~ ~ p o n a ~ ~ e  none3~oro  H c I c o n a e M o r o  no + a 6 p ~ ~  H BCKPMIU- 

HJJX IIOPOA A 0  OTBaJIOB IIPOEI3BOAHTCR TOJIbKO IIO IIOCTOIIHHbIM IIYTIIM. 

T p a ~ c n o p ~  BCKPJJJIIHbIX I IOpOA IIO OTBaJIbHbIM T y I I H K a M  OCyIQeCTBJIIIIoT 

DO OTBaJIbHbIM IIepeABH?HHbIM IIYTRM; YCJIOBHR pa60~b1 T p a H C I I O p T a  

I I p H  3TOM aHaJIOI'EiYHbI BHYTPEIKapbepHhlM.  

no x a p a I c T e p y  I I o T o K a  rpyaa n p H  T p a H c n o p T H p o s a m a i  p a 3 ~ 1 ~ r a m ~  
I I p e p b I ~ ~ h I 6  ( ~ H K J I H Y H M ~ )  Ei H€!IIpepbI~~b1& ( I I O T O ¶ H M ~ )  BHAH T p a H C I I O p T a .  

Ha K a p b e p a X  IIIHPOKO HCIIOJIb3YIoT ? H ~ J I ~ ~ H O ~ O P O H F H J J ~ ~ ,  ~ B T O M O ~ H J I ~ H J J I ? ,  

K O H B ~ G ~ ~ H J J ~ ~ ,  K O M ~ E I H E I P O B ~ H H ~ I ~  H ~ I I e q l l a J I b ~ h l f i  BHAH T p a H C I I O p T a .  

~ ~ H M ~ ? H C ! H H ~  T o r 0  HJlH HHOrO B H A a  T p a H C I I O p T a  3aBHCHT OT + H ~ H K o -  

M e x a H m e c m x  C B O ~ C T B  I IOJI~BHOTO H c K o n a e M o r o  H B C K ~ ~ I I U H J J X  IIOPOA; 
I'eOJIOI'HPeCKHX H rOPHOTeXHHYeCKHX Y c J I o B H ~ ~  p a 3 p a 6 a ~ h l ~ a e ~ o r o  MeCTO- 

P o m A e H m ;  p a 3 ~ e p o ~  I c a p b e p H m x  none6 H ~ J I Y ~ H H M  p a 3 p a 6 0 ~ ~ ~ ;  pac- 
CTOIIHHR TPaHCI IOPTHPOBaHHII ;  I I P O H ~ B O A C T B ~ H H O ~ ~  MOIQHOCTH IIpeA- 
I I p H R T H R  EI peJIbel$a MeCTHOCTH. 

~ e ~ e a n o 8 o p o m n b z i  mpancnopm I I I H ~ O K O  n p E i M e a H I o T  H a  xapbepax 
n p H  ~ o 6 b 1 ~ e  IIOJIe3HhIX HCKOIIaeMMX.   TO MY C I I O C O ~ C T B ~ ~ T  B03M03KHOCTb 

I I p H M e H e H H R  ero H a  K a p b e p a x  n p a m n s e c K H  ~110606 n p o m 3 ~ o g ~ ~ e n b -  
HOCTH, HaAeHFHOCTb pa6o~b1 B p a 3 ~ 0 0 6 p a 3 ~ b 1 x  YCJIOBHRX. 

Ha COBpeMeHHHX K a p b e p a X  DpHMeHII IoT  3J I eKTPOB03HyIO H TeDJIO- 

BO8HYIo T R r H  BMeCTO IIaPOBO3OB. E J I a r 0 ~ a p ~  BReApeHHIO-MOIQHbIX JIOKO- 

MOTHBOB El B a r O H O B  ~ o J I ~ L ~ I o ~ ~  J?rT)Y30IIOA'bl?MHOCTH ( A 0  140-180 m )  
CylqeCTBeHHO YBeJIHYHJICII I I o J I e 3 H b l g  B e C  JIOKOMOTHBOCOCTaBOB H YMeHb- 

IUHJIHCb 3 K C n J I y a T a q H O H H M e  3 a T p a T b I .  ~ i e J I e 3 ~ o ~ o p o ~ ~ ~ h I i i  TpaHCI IOpT,  

O C O ~ ~ H H O  n p H  6 o n ~ r u ~ x  PaCCTORHHRX TPaHCIIOPTHPOBaHHR (10-15 KM), 

AOCTaTOYHO ~+@~KTHB€!H H 0 6 e c n e ~ ~ ~ a e ~  3KOHOMHYHOCTb OTKPhITOrO 

cnoco6a p a 3 p a 6 0 ~ ~ ~  M ~ C T O P O H F A ~ H H ~ ~  I I O J I ~ ~ H ~ I X  H c I c o n a e M M x  no c p a B -  

HeHHK) C IIOA3eMHhIMH. 

O ~ H ~ K O  OTHOCEiTeJIbHO H ~ ~ O J I ~ I U H ~  I IpeOAOJIeBaeMJJe  YIEDOHbI 

(A0  40°/00), l'POM03AKOCTb HFeJIe3HOAOPOWHOJ?0 X O ~ R ~ ~ C T B ~ ,  ~ o J I ~ L u ~ R  

¶HCJIeHHOCTb O ~ C J I ~ ~ ~ E I X B ~ I ~ I I ~ ~ ~ O  I I e p C O H a J I a ,  H ~ O ~ X O ~ ~ H M O C T ~  n p O H 3 -  

BOACTBa 60~1bmnx 0 6 ' 6 e ~ 0 ~  rOpHOCTpOHTeJIbHbIX p a 6 0 ~ ( ~  p R A e  CJ IyYaeB,  

O C O ~ ~ H H O  I I p H  3~a¶H~€!JIbHofi  r ~ 1 y 6 ~ ~ e  K a p b e p O B ,  yCJIO?KHIIIOT 3 K c n n y -  

a T a q H I o  M ~ C T O P O H C A ~ H H ~ ~ ,  BCJIeACTBHe ¶ e r O  y ~ e J I b H h I f i  B ~ C '  3KeJIe3HO- 

J(OpOWHOr0 T p a H C I I O p T a  I I p H  O T I E P M T O ~  p a 3 p a 6 0 ~ ~ e  HeYKJIOHHO YMeHb- 

IIIaeTCII,  , XOTH ~ ~ C O J I H ) T H ~ I ~  06ae~h1 HFeJIe3HOAOpO?IEHbIX n e p e B 0 3 0 K  

YReJIHYHBaIoTCR. 

A ~ ~ o M o ~ u J z ~ H ~ ~ ~  nlpancnopnL H a  K a p b e p a x  H a l a m  IUHPOKO IIPH- 

MeHHTb B I I o c J I ~ B o ~ H H J J ~ ~  I I e p H O A  IIOCJIe K O H C T p y H p O B a H H R  H BhI I IyCKa  

K a p b e p H M X  aBTOCaMOCBaJIOB ~ p y 3 0 n O ~ ' b e M H O C T b I o  5,  10 H 25 m .  no M e p e  

yBeJ IH¶eHHII  B h I n y C K a  ~ B T O C ~ M O C ' B ~ J I O B  y ~ e J I b ~ b 1 f i  B e C  a B T O I I e p e B 0 3 0 K  

~ O P H O ~  MaCCbI H e l l p e p h i B H O  BO3paCTaJ I .  B HaCTORIQee B p e M R  aBTOTpaHC-  

n o p T  no o 6 a e ~ y  n e p e ~ o a o ~  a a ~ ~ ~ a e ~  B T o p o e  h recTo  nocne xe-  



B e c b ~ a  B a K H O e  3 H a s e H H e  HMeIoT TeXHOJIOrH¶eCKHe n p e H M y q e C T B a  

aBTOTpaHCIIOpTa.  n p H  HCIIOJIb30BaHHH aBTOTpaHCUOpTa HMeeTCR B03- 

MO7KHOCTb ~ b 1 6 o p a  ~ a ~ 6 o n e e  ~ @ @ ~ K T ~ B H H X  CXeM Pa3BHTHH rOpHbIX pa6o.r 
C HaHMeHbmHMH 0 6 n e ~ a ~ H  I'OPHOKaUHTaJIbahIX p a 6 o ~  H MHHHMaJIbHbIMH 

CPOKaMH CTPOHTeJIbCTBa. BOSMOKHOCT~ IIIHPOKOrO n p I l M e H e H H H  CKOJIb- 

3 R q H X  C'be3AOB II03BOJIReT COKpaTHTb PaCCTOHHHH TPaHCIIOPTHPOBaHHH, 

a IlpOCTOTa o ~ ~ a n o o 6 p a 3 0 ~ a ~ ~ ~  3HaPHTeJIbHO C H H K a e T  CTOHMOCTb 

YHJIaAKH BCKPbImHbIX IIOpOq B OTBaJIhI. 

npli ~ B T O M O ~ H ~ ~ H O M  T p a H C n O p T e  n p H  COOTBeTCTBylomHX MePo-  
IIPHRTHRX B03M03KHO OCYIQeCTBHTb H H T ~ H C H @ H K ~ ~ H H )  UOArOTOBKH H OTpa-  

~ O T K H  HOBbIX rOPH3OHTOB H TaKHM o 6 p a a o ~  YBeJIHqHTb UPOH3- 

BOAHTeJIbHOCTh K a p b e p a .  B M ~ C T ~  C TeM q e n e c o o 6 p a 2 ~ o e  DpHMeHeHHe 

~ B T O M O ~ H J ~ ~ H O ~ O  T p a H C n O p T a  O r p a H H n H e a e T C H  OTHOCHTeJIbHO ~e60nb- 
IIlllMH PaCCTORHHRMH TPaHCUOPTHPOBaHHR ( ~ 0  3-5 %A) n p H  H ~ ~ J I Y ~ O K H X  

K a p b e p a X .  Y B ~ J I H ¶ ~ H H ~  rPY30IIOA'beMHOCTH aBTOMamHH A 0  80-100 m, 
CO3AaHHe HOBhIX THIIOB T P o J I J I ~ ~ ~ B O ~ O B ,  3JIeKTPOCaMOCBaJIOB H T. A. UO2- 

BOJIHT P a C m H p H T b  o6nac~b IIpHMeHeHHH aBTOTpaHCUOpTa H a  OTKPbITbIX 

FOpHbIX pa3pa60~~ax .  
~ 0 ~ e l k p ~ b 2 6  m p a l l c n O p m  m H p O K 0  IIpHMeHIIIoT U p H  AOCTaBKe MHFKHX 

H MeJIKOKYCKOBbIX rOPHbIX IIOPOA.  TOT BHA IIOTO¶HOrO TpaHCUOpTa  

~am60~1ee q e ~ 1 e c o o 6 p a 3 e ~  npm pa6o~e  B K o M n n e K c e  c I I O ~ P Y ~ O P H P M H  
M a m H H a M H  HeUpepbIBHOrO A ~ ~ ~ C T B H R  - POTOPHbIMH H 4eIIHEJMH aKCKaBa- 

TOPaMH JIIOGOH nPOH3BOAHTeJIbHOCTH. ~ O A O ~ H ~ I ~  nOFPY30PHO-TPaHCIIOpT- 

HbIe  KOMIIJIeKCbI ( P O T O P H ~ I ~  aKCKaBaTOpbI H JIeHTOqHhTe K O H B ~ ~ ~ ~ M )  
npOH3BOAHTeJIbHOCTbIO 1000 H 3000 A3/u P ~ ~ O T ~ H ) T  H a  MHOI'HX K a p b e p a X  

C o ~ e ~ c ~ o r o  Coma.  
J ~ ~ H T O ¶ H H ~  K o H B e P e p b I  ~ a ~ 6 o ~ 1 e e  J le rKO MOI'YT 6hl~b aBTOMaTH3H- 

pOBaHbI .  ~ P O H ~ B O A I Z T ~ J I ~ H O C T ~  TPYAa pa60nmx I I p H  aTOM BbUlIe, ¶eM I I p H  

Xt?JIe3HOAOPOKHOM HJIH ~ B T O M O ~ H J I ~ H O M  TpaHCIIOpTe.  n p H ~ e ~ t ? ~ H e  KOH- 

B ~ ~ ~ ~ H o I ' o  TpaHCUOpTa  HBJlReTCR OCHOBOP RJIH CO3AaHHH ~ a ~ 6 o n e e  
~ @ @ ~ K T H B H M X  H IIOJIHOCTbIO IIOTOPHbIX TeXHOJIOFH¶eCKHX CXeM. 

npl i  HCIIOJIb3OBaHHH JIeHTOnHbIX ~ 0 E t B e f i e p 0 ~  B KaneCTBe IIOA'beMHH- 

HOB AJIH BbIAaPH I ' O P H O ~ ~  MaCCbI H 3  K a p b e p a  H a  DOBepXHOCTb p e 3 K O  COKpa- 

W a e T C R  PaCCTORHHe AOCTaBKH, T a K  K a K  IIOA'beM C I IOMOqbIo  K O H ~ ~ ~ ~ ~ O B  
M O K e T  OCYqeCTBJIHTbCR IIOA YI'JIOM ~0~18' .  n p H  O A H O ~ ~  H ~ 0 f i  H t e  BbICOTe 

n o H n e M a  ~ o ~ ~ e i i e p ~ ~ e  noAneMHHKm 0 6 e c n e n ~ ~ a m ~  c o K p a q e H H e  pac- 
CTORHHH TpaRCIIOpTHpOBaHHH IIO CPaBHeHHH) C ~ B T O M O ~ H J I ~ H ~ I M  H Hte- 
JIe3HOAOpOKHbIM TpaHCIIOpTOM COOTBeTCTBeHHO B 3-4 H 8-10 pas, 
¶TO O C O ~ ~ H H O  B a K H O  I I P H  p a 3 p a 6 0 ~ K e  ~ J I Y ~ O K H X  rOPH3OHTOB K a p b e p O B .  

0 6 ~ 1 a c ~ b  IIpHMeHeHHR JIeHTOqHbIX K o E B ~ & ~ ~ o B  OrpaHH¶HBaeTCH TpaHC- 

IIOpTHpOBaHHeM MRrKHX BCKPbIIIIHbIX IIOPOA H IIOJIe3HOrO HCKOIIaeMOrO. 

,U,JIR TpaHCUOpTHpOBaHHH CKaJIbHbIX IIOPOA IIOCJIe B3PbIBa  IIpeKAe BCeI'O 

~ e o 6 x o ~ ~ i ~ o  OCy4eCTBFiTb HX rpOXO¶eHHe MJIH A p 0 6 ~ 1 e H ~ e  AJIR UpH- 

~ e f e ~ l l ~  B ~ O P B ~ H H O ~ ~  ~ O P H O ~ ~  MaCCbI B T ~ ~ H C I I O ~ T ~ ~ ~ J I ~ H O ~  RJIH JIeHTOn- 

HbIX K O H B ~ ~ ~ ~ P O B  COCTORHHe. 

CneZj7JAZ~bnbte 8 u d b ~  m p U W n O p m U  B 3aBHCHMOCTH OT rOpHOTeXHH¶eCKHX 
%i r e o r p a @ H ¶ e C K H x  ~CJIOBH% MOryT 6 ~ ~ b  IIpeACTaBJIeHbI IIOABeCHbIMH 

XaHaTHbIMH AOpOraMH, KOTOpbIe B PHAe C J I y q a e B ,  O C O ~ ~ H H O  I I p H  pa3- 
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p a 6 0 ~ ~ e  M ~ C T O P O K A ~ H H ~  B I ' O P H C T O ~ ~  MeCTHOCTH, ~am60~1ee ~ @ @ ~ K T H B H ~ I  
H 3KOHOMHPHbI. P ~ C T O  AJIR COKpalI(eHHII ~ ~ C C T O H H H ~ ~  TpaHCIIOpTHpOBaHZiR 

IlpHMeHcIIoT TpaHCIIOpTHpOBaHHe r 0 p ~ 0 8  MaCCbI UOA ~ ~ ~ C T B H ~ M  co6- 
CTBeHHOrO B e C a  ¶epeFl PyAOCIIyCKH C COOTBeTCTBYmlQHMH IIpHeMHO- 

IIepC!I'py30¶HbIMH Y C T P O ~ ~ C T B ~ M H .  0 6 J I a ~ ~ b  IIPHMeHeHHR CIIeuHaJIbHbIX 

BHAOB T p a H c u o p T a  H a  H a p b e p a x  H e n p e p b I B H o  n o a a m a e T c a .  

E T o ~ ~ 6 u n u p o ~ a n n t  mpancnopm D p e A c T a s n r r e T  co608 c o s e T a H m e  He- 

CKOJIbKHX, 06bIq~0 ABYX HJIH T p e X  B W O B  TpaHCIIOpTa.  C O ¶ ~ T ~ H H ~  OTAeJIb- 

HbIX BHAOB T p a H C n O p T a  IIPOH3BOAllTCH TaKHM 06pa30~,  9 ~ 0 6 ~  HaHJIY¶lICHM 

o 6 p a s o ~  EICIlOJIb30BaTb npeHMYK(eCTBa AaHHOrO BHAa T p a H C n O p T a  H a  

OTAeJIbHbIX y¶aCTKaX TPaHCIIOPTHPOBaHHR. ~ P E I  K O M ~ ~ H B P O B ~ H H O M  
T p a H c n o p T e  ~ e o 6 x o ~ ~ ~ a  n e p e r p y a K a  r o p ~ o f i  M a c c r a ,  B cacr3~ c s e M  

o p r a ~ ~ a y m ~ c c r  neperpyaos~ne IIYHKTM, 60~1ee HJIH M e H e e  CJIOXHOB 
KOHCTPYKUHH. 

H e o 6 x o ~ ~ ~ o c ~ b  B K O M ~ H H H ~ O B ~ H H O M  TpaHCIIOpTe ~am60~1ee HpKO 

IIpOHBJIHeTCH I I p H  p a 3 p a 6 0 ~ ~ e  ~ J I Y ~ O K H X  I'OpH3OHTOB, KOrAa  n p H  O ~ ~ I ~ H O  

IIpHMeHReMbIX KeJIe3HOAOPOXHOM H ~ B T O M O ~ H J I ~ H O M  TpaHCI lOpTe  p e 3 K O  

B 0 3 p a C T a e T  AJIHHa TpaHCnOpTHpOBaHMH I I p E  IIOA'beMe rpy3.9. B aTOM 

cnynae H a  y s a c T K e  n o A n e M a  no 6 0 p ~ y  xapbepa cTpeMHTccr n p H M e H H T b  

~ a ~ 0 f i  BHA T p a H C n O p T a ,  KOTOP~IG 0 6 e c n e n ~ ~ a e ~  60nbmofi P O J I  ItOA'beMa 

( K O H B ~ % ? ~ H ~ I ~ ,  CKlXIIOBbIe IIOA'beMHHKH H T. A.). 

r o p ~ a ~  M a c c a  H ee P ~ ~ H O B J ~ H O C T H  ( I I O J I ~ ~ H O ~  H C K o n a e M o e ,  BCKPMIII- 
HbIe IIOPOAhI, MHI'KHe H CKaJIbHbIe, HeKOHAHqHOHHhIe PYAhI H T. A,) TpaHC- 

I tOpTHpyIoTCH H 3  K a p b e p a  UO TPaHCIlOPTHbIM KOMMYHHKaqHIIM H a  I lpHeM- 

H u e  IIYHKTbI, PaCUOJIOH(f3HHbIe B ~ O J I ~ ~ H H C T B ~  CJIyPaeB H a  IIOBepXHOCTH. 

IIpm  TOM IIOTOKH I I ~ ~ ~ B O ~ H M O ~ O  rpyaa HMeIoT O n p e A e n e H H o e  H a n p a B J r e -  

HHe H 06ne~b1, BeJIHqHHa KOTOPbIX 60nee HJIH M e H e e  IIOCTOHHHB. r p y 3 0 -  

BbIe IlOTOKH MOFYT 6bI~b COCPeAOTO¶eHHbIMH, paCCpeAOTO¶eHHbI?fH H CMe- 

IIIaHHbIMH. Ha PHC. 127 U O K a 3 a H a  CXeMa l'PY30IIOTOKOB H a  K a p b -  

epax. 
IIPH cocpedomouenn~x rpy30no~o~ax  BCR r o p H a H  M a c c a  T p a H c n o p T H -  

P y e T C H  IIO OAHHM TpaHCIIOPTHbIM IIYTRM. Ha COBpeMeHHbIX K a p b e p a X  

COCpeAOTO¶eHHbIe I'PY30IIOTOKH HMeIOT MeCTO B OTAeJIbHhlX CJIYPaRX, 

XOTH 6n IIOTOMY, ¶TO O ~ M P H O  H ~ O ~ X O A H M O  U e p e B 0 3 H T b  K a K  IIOJIe3HOe 

HCKOIIaeMOe, TaK H BCKPbIIUHbIe IIOPOAQ, KOHe9HbIe IIPHeMHhIB IIYHKTbI 

KOTOPMX HaXOAHTCH B PaBHhIX, ¶aCTO YAaJIeHHhIX APYr OT APYra MeCTaX 

( 0 6 0 I ' a ~ H ~ e J I b H b I e  ( P ~ ~ P H K H  H OTB~JIM) .  B c J I ~ A C T B H ~  3 T O r 0  COCpeAOTO¶eH- 

HbIe rpY30UOTOKH X a p a K T e p H b I  o6b1n~o AJIH ~ e 6 o n b m ~ x  K a p b e p O B ,  

H a  KOTOPMX A O ~ ~ I B ~ I O T C I I  H I IepeB03HTCH OAHOPOAHbIe rPY3bI .  

P a c c p e d o m o u e n n b z e  I'PY30IIOTOKH IIpeAYCMaTPHBaIOT HaJIHPHe ABYX 

HJIH HeCKOlIhKHX TPaHCIIOPTHhIX H Z ~ I I P ~ B J I ~ H H ~  H COOTBeTCTBYlOIQHX 

K O M M Y H H K ~ ~ H ~ ~ ,  DO KOTOPhlM TpaHCIIOPTHPYIOTCH K a P b e P H h l e  rPY3bI .  

H ~ C M O T ~ H  H a  60~1bmym CYMMaPHYIo IIpOTHKeHHOCTb TpaHCIIOPTHhIX 

ny~ei i  H 6onee T p y A o e M x o e  ux O ~ C J ~ ~ X H B ~ H H ~ ,  p a c c p e A o T o s e H H b I e  rpy30- 
279 



n o T o m  B e c b M a  p a c n p o c T p a H e H H .  9 a q e  B c e r o  p a c c p e n o T o s e H H e  r p y 3 0 ~  

I IPOHBBOnRT H a  BCKpbIII IHbIe  H ~ 0 6 b l 9 ~ b I e  rPY30I IOTOKH.   TO X a p a K T e p H O  

n p H  p a 3 p a 6 0 ~ ~ e  I 'OPH30HTaJIbHbIX H IIOJIOI'HX M ~ C T O ~ O ? H A ~ H H & ,  BCKpbITEIe 

KOTOPbIX OCYIII,eCTBJIHIOT B H e m H H M H  TPaHI I I eRMH,  a T a K X e  H a  K a p b e p a X ,  

rAe IIPI lMeHRIOT BBTOMO~HJILHH~ TPBHCIIOPT. I I ~ H  3TOM B H n e  T p a H C n O p T a  

Y C T P O ~ C T B O  AOIIOJIHHTeJIbHHX T P a H C n O P T H b I X  I I y ~ e f f  M e H e e  CJIOHEHO, ¶eM 

11pH WeJIe3HO)JOPOXHOM. P ~ C C ~ ~ A O T O Y ~ H H ~ I ~  rPY301TOTOKH C B O ~ C T B ~ H H ~ I  

T a K x e  K a p b e p a M ,  H a  ~ o ~ o p a r x  npm- 
a MeHcIeTCR HeCHOJIbKO BHAOB T p a H C -  ---a nopra, ~pe6ymqnx  C O ~ C T B ~ H H ~ I X  

T P a H C n O P T H h I X  U y ~ e i i .  H p E I  paspa- 
6 0 ~ ~  H a X O A R ~ E I X C R  H a  K O C O r O p e  

~ e c ~ o p o l ~ n e ~ m i i  snm saneme5 uo- 
n e a ~ o r o  H c K o n a e M o r o  6 0 ~ 1 b m o i i  npo- 

6 TRHEeHHOCTH p a 3 R e J I e H H e  I 'py3OUOTO- ----a KOB M O X e T  6 b I ~ b  OCVLUeCTBJIeHO 

" 
xapbepa n o c T y n a e T  masane no 
OHHHM TPaHCUOPTHhIM KOMMYHHKa- p qmv, a B n o c n e n c T s l t a  passer 

/ BJIReTCR H a  OTneJ IbHbIe  I 'py30UOTOKEI. 

\ 
1 P a s ~ e ~ ~ n e ~ ~ e  c o c p e n o T o s e m o r o  04 -_---x:== rpysonoroxa H a  p a c c p e n o T o P e e a H e  

- -3-4 
O ~ M ~ H O  OCYlqeCTBJIReTCR B C J I y ¶ a e  

I I ~ H ~ J I M ~ ~ H H R  er0 K JIOBepXHOCTH 

Pnc. 127. CxeMn rpyaono'rolioe Ha Kapbe- MJIH HeuOCPenCTBeHHO Ha =OBePX- 
pax: HOCTH B ~ J I H ~ ~ I  6 o p ~ a  ~ a p b e p a .  Pac- 

a - CocpenoToseHHfire; 6 - PaccpeAoToreH- C p e f i o ~ o q e ~ H e  r p Y 3 O B  06HYH~ UPO- m e ;  e - ciwemannme 
"M3BOnRT H a  ItOTOKH I tOJ Ie3HOrO EICKO- 

U a e M O r o ,  CJIeAyIOIL(er0 A 0  o ~ o I ' ~ T H T ~ J I ~ H o ~ ~ [  G ~ ~ P H K H ,  EI H a  UOTOKH 

BCKPbIIIIHbIX IIOPOA, AOCTaBJIHeMbIX B OTBaJIbI. rpy3bl B C K P ~ I I U H O ~ ~  UOPOAbI 

B 3aBHCHMOCTH OT YHCJIa H PaCIIOJIOlKeHHR OTBaJIOB MOrYT 6 b 1 ~ b  pas- 
BeTBJIeHbI  H a  HeCKOJIbKO CaMOCTORTeJIbHbIX UOTOKOB. 

C y M M a  r p Y 3 0 B ,  U e p e B 0 3 m M b I X  no OTneJIbHbIM r p y 3 0 U O T O K a M ,  O n p e -  

f i e n R e T  zpy30060pom K a p L e p a .  IIon rpy30060p0~0~  K a p b e p a  u o H n M a r o T  

KOJlH9eCTBO rpy3a, KOTOpOe  U e p e M e p a e T C R  TpaHCnOpTHbIMEI C p e n C T B a M H  

eRHHEIqy  B p e M e H H .  ~ P Y ~ O O ~ O P O T  K a p b e p a  BJJpa?KaIOT o6b1n~o B TOHHaX 

HJIH ~ y 6 ~ s e c ~ m x  M e T p a X .  OCHOBHO~~ C O C T ~ B H O ~ ~  e F 0  PaCTbIO IIBJIHeTCcI 

, Q 0 6 b I ~ a R  m U e p e B e 3 e H H a R  r O p H a R  MaCCa .  X O ~ R ~ ~ [ C T B € ! H H O - T ~ X H E I P ~ C K E I ~  
n e p e ~ o m ~ ,  H M e m q H e  ~ e s ~ a s m ~ e n b ~ ~ i i  y n e n b ~ b ~ i j r  B e c ,  T a K x i e  BKJIIO- 

9aH)TCH B P p y 3 0 0 6 0 p 0 ~  K a p b e p a .  

O A H ~ K O  c a M a  no ce6e B e n M Y H H a  rpy30060po~a K a p b e p a  ewe H e  non- - 
HOCTbH) X a p a K T e p H 3 y e T  Y p O B e H b  T ~ X H H Y ~ C K O $  OCHaIII,t?HHOCTH K a p b e p -  

~ o r o  T p a H c n o p T a ,  T a K  x a K  n p ~  OAROM H TOM x e  rpy3006opo~e H a  myx ' K a p b e p a X  YCJIOBHR pa6o~b1 T p a H C U O p T a  MOrYT 6 H ~ b  p a 3 J I H ¶ H h I  B 3aBEI- 

CHMOCTH OT r~1y6m~b1 p a 3 p a 6 0 ~ ~ 1 4 ,  pasuepo~  K a p b e p H o r o  n o m ,  y n a x e H -  

HOCTH l l P H e M H H X  UYHKTOB H a  IIOBePXHOCTEI K a p b e p a  Fi T. n. ~ O ~ T O M Y  

, AJIR I IoJIHo~ X a p a K T e p H C T H K F i  T p a H C U O p T a  UOJIb3YIOTCR IIOHRTHeM Ttpa f iC-  

n O p m I L 0 6  pa6omu K U p b e p a ,  K O T O p a R  BbIpaHcaeTCR B TOHHO-KHJIOMeTpaX 

(pexe K y 6 0 ~ e ~ p a x ) :  n p o ~ 3 ~ e g e ~ r n e  x o n m s e c T s a  n e p e ~ o 3 ~ ~ o r o  rpyaa 
H a  PaCCTOcIHHe TpaHCI IOpTHPOBaHHR.  T P ~ H C I I O P T H ~ R  p a 6 o ~ a  O I I p e n e J I R e T  

H 3 a T p a T h l  no TpaHCl IOpTHpOBaHHIO BCKPhIIUHbIX I I O P O n  EI l lOJ Ie3HOrO . 
HCKOnaeMOI'O, a T a K X e  KOJIH¶eCTBO TPaHCIIOPTHbIX CpenCTB.  

TEXHOJIOI'Hfl IIEPEB030IE rOPHOB MACCbI 
XEJIE3HOaOPOXHbIM TPAHCIIOPTOM 

~ e J I e 3 ~ 0 ~ 0 p 0 H c H b l f i  T p a H C U O p T  ~ a H 6 o n e e  ~ ~ C U ~ O C T ~ ~ H ~ H F I ~ I ~  BHA 

K a p b e p H o r o  T p a H c n o p T a ,  o co6ea~o  H a  K a p b e p a x  c p e ~ ~ e i i  14 6onamo6 
IIpOH3BO~HTeJIbHOCTEI.  T a K ,  H a  HceJ Ie3OpynHbIX H YI'OJIbHHX K a p b e p a X  

i o K o n o  50% ~ c e i i  ropaoii M a c c x  BHBOBRT DO z e ~ ~ e a ~ o j i  nopore. 3~asm-  
~ e n b ~ b ~ i i  y j q e n b ~ ~ i i  B e c  3 a ~ ~ ~ a e ~  B o61qe~ o 6 n e ~ e  n e p e ~ o s o ~  xenes~o -  
~ 0 p o ~ c ~ b I i i  T p a H C n O p T  H D p H  no6b1se APYrEIX IIOJIe3HhIX HCKOIIaeMbIX, 

0 6 a e ~ b 1  n e p e B O 3 0 K  1KeJ Ie3HOnOPOXHbIM TpaHCIIOPTOM H a  KPYIIHbIX K a p b -  
! epax A O C T H ~ ~ I O T  40-80 MJIH. m B FOR ( K a p b e p h l  K O M ~ H H ~ T ~  YpanacGec~, 

R a p b e p H  I C p m o p o x c ~ ~ x  'IIOECOB, HOPKEIHCKH~~, K o y ~ p a ~ c ~ m f i ,  COKO- 
J I O B C K O - C ~ ~ ~ ~ ~ ~ C K E ~ ~ ~  H npyrne ~ a p b e p ~ ) .  

~ < ~ J I ~ ~ H o ~ o ~ o ~ H J ~ ~  TPaHCI IOPT OTJIH9aeTCR HaHeXHOCTbIO pa6o . r~  
B J I I O ~ M X  Y C ~ O B H R X ,  ~ e 6 0 n b m m ~  COUPOTHBJIeHHeM ,IJBE3ifEeHHIO, 6 0 ~ 1 b m H ~  

CPOKOM CJIYXGH JIOKOMOTHBOB Ei  B a r O H O B  H MOWeT IIPHMeHRTbCFI H a  

OAOJIeBaeMbIe YKJIOHbI, 6 0 ~ 1 b m ~ e  P a A H y C b I  ~ ~ K P Y I ' J I ~ H H B ,  3 H a P H T e J I b H b I B  

K a n m a n b H M e  a a ~ p a ~ r a ,  6on~.mie s a ~ p a ~ b ~  T p y A a  H a  conepxcame H pe- 
MOHT PeJIbCOBOrO I t y T H ,  3Ha¶HTeJ IbHbIe  06ne~b1 rOPHOCTPOEITeJIbHbIX 

p a 6 o ~  H CPOKH CTPOliTeJIbCTBa H a P b e p O B  UO CpaBHeHHIO C H P Y r H M H  BHAaMLl 

T p a H C U a p T a .  

Ha K a p b e p a x  I IpHMeHRIOT IUHPOKYIO (1524 A&) H Y3KYIO (750, 900, 
1000 A&) KOJIeIo. ~ ~ K o K o J I ~ ~ H ~ I ~  H c e J I e 3 ~ 0 ~ 0 ~ 0 X ~ b I f i  TPaHCI IOPT B BHAB 

HCKJII09eHHR l lPHMeHcIKlT Ea HeKOTOPHX K a P b e P a X  ~e60~1brno& UpOH3-  

BOHHTeJIbHOCTH H B OCHOBHOM I I P H  n o 6 b 1 s e  H e P y n H b I X  IIOJIe3HbIX HCKOIIB- 

H O ~ B H H F H O ~ ~  COCTaB XeJIe3HOJ(OPOHFHOI'O T p a H C n O p T a  COCTOHT H 3  JIO? 

KOMOTHBOB H BaI'OHOB. B 3aBHCHMOCTH OT B H n a  T R r H  JIOKOMOTHBH IIOA- 

p a 3 n e n R I O T  H a  UaPOBO3b1,  3 J I eKTPOB03bI  I4 TeUJIOB03bI. J~OKOMOTHBH 





B ~ C O M ~  150 m n o ~ a 3 a ~ a  H a  

pmc. 128. 
A K K Y M ~ J I R T O P H ~ I ~  3J IeK-  

TPOBO3bI  O ~ O P Y A O B ~ H ~ I  6a- 
T a p e R h l H ,  OT KOTOpbIX IIO- 

JIYYBIOT I I H T a H H e  T R r O B b I e  

3 X e K T p O A B H r a T e J r H .  H~CMOT- 
p H  H a  AOCTOHHCTBO - OT- 

CyTCTBHe  K O H T ~ K T H O ~ ~  CeTH.  

OHH H e  IIOJIYYHJIH I I P H -  

M e H e p i R  H a  K a p b e p a x  

BCJIeACTBHe HX ~e60~1bruoH 
MOWHOCTH H C q e I I H O r O  

R e c a .  

HOHT~RTHO -a K K y M y Jl R-  

T O p H b I e  3 J I e K T p O B 0 3 b I .  I I p H -  

M e n R m T  H a  K a p b e p a x  He rco -  

T O P ~ I X  3 a p y 6 e ) f ~ ~ ~ a x  c T p a H .  

~ H T ~ H H ~  OT aKKYMYJIRT0-  

P O B  3 J I e K T p O A B H r a T e J I H  no-  
n y Y a m T  BO B p e M R  c B o e r o  

ABHlfEeHHR IIO I I e p e A B H W -  

HbIM IIYTRM, B P e 3 Y J I b T a T e  

sero H a  n o c a e A H H x  OTCYT- 

CTBYeT K O H T a K T H a H  C e T b .  

AOCTOHHCTBO KOHTaKT- 

HO-AH3eJIbHbIX 3JIeKTPOBO- 

3 0 B :  O T K a 3  OT K O H T ~ K T H O ~  

c e T H  B 3 a 6 0 ~ x  H H a  OTBR- 

nax. T a m e  3 J I e K T p O B 0 3 b I  

HMeIoT  CTOHMOCTb H a  20- 
25% m m e ,  a s K c n n y a T a -  

VHOHHbIe  PaCXOAbI  H a  5- 
10% BbIIUe,  YeM KOHTBKT- 

H b I e ,  o A H a K o  n p e s b I m e H H e  

3KCI I J IYaTaqHOHHbIX 3 a T p a T  

KOMIIeHCHpyeTCR OTCYT- 

CTBHeM PaCXOAOB Ba yc'l'p0~- 
CTBO, coAepmame H nepe- 
HOCKY KOHTaKTHbIX c ~ T ~ H .  
~ ~ O ~ K T H P Y ~ M ~ I ~ ~  KOHTaKT- 

H a p q y  C 3J I eKTPOB03aMEI  IIOCTORHHOrO T O K a  B IIOCJIeAHee B p e M R  

H a  K a p b e p a x  npoxoAm H c n m a H m  ~ J I ~ K T ~ O B O ~ ~ I  (A-100) n e p e M e H H o r o  

T o K a  n p o ~ ~ m n e ~ ~ o f i  Y a c T o T r s ,  paccqwramme H a  H a n p m x e H H e  10 000 o 
H Cqe I IHbIM BeCOM 100 m.  

~ I ~ H M ~ H ~ H H ~  3 J I e K T p O B 0 3 0 B  I I e p e M e H H O r O  O A H O @ ~ ~ H O ~ O  T O K a  I IPO-  

M ~ T U I J I ~ H H O ~ ~ [  PaCTOThI  IIO3BOJIHT YBeJIHYHTb B 2-2,5 pa3a PaCCTORHMe 

Me)fCAy TRrOBbIMH I IOACTaHqHRMH,  YI IpOCTHTb  HX Y C T P O ~ C T B O  H CHH3HTb  

I I O ~ T H  B 2 pa3a paCXOA VBeTHbIX MeTaJIJIOB. E0JIee BbICOKHe ~ 0 3 @ @ M -  

q u e H T b I  C ~ ~ I I J I ~ H H R  IIPH T R r e  H a  n e p e M e H H o M  T o K e  IIO~BOJIEIIOT H a 1 5 -  

20 % I IOnbICHTb IIO.Te3HyIo eMKOCTb COCTaBOB H YBeJ IHPHTb  YKJIOHbI I Z y ~ e f f .  

Momopu~e  OUZOHbZ I I peACTaBJ IRIoT  co6oH O ~ O ~ Y A O B ~ H H M ~  3J I eKTpO-  

A B H r a T e J I R M H  AYMIIKaPbI .  OHH MOrYT 6 b I ~ b  MOTOP-BaI'OHaMH M CaMO- 

XOAHbIMH A Y M I I K a p a M W  B I I e p B O M  C J I y Y a e  A y M I I K a p b I  0 6 0 p y ~ y m ~ c n  
T O J I ~ K O  ~ J I ~ K T P O A B H ~ ~ T ~ J I E I M H ,  a BCR a n n a p a T y p a  y n p a s n e H E i R  cocpego- 
TOr IeHa  H a  3 J I eKTpOBO3e  Y I I p a B J I e H H R  (B COCTaB BXOART 3 J I e K T P O B 0 3 b I  

y I I p a B J I e H H R ,  MOTOPHbIe  B a r O H b I  ti 06b1~nb1e A ~ M I I K ~ P ~ I ) .  BO BTOPOM 

CJIyYae A y M I I K a p b I  OCHaJQaIoTCR A B H r a T e J I R M H  H KOMIIJIeKTOM Z l I I I I a p a T y p b I  

Y I I P a B n e H H R  ( C O C T ~ B  0 6 b 1 9 ~ 0  @OPMHPY~TCR H 3  HeCKOJIbKHX CaMOXOAHbIS 

H O ~ I J P H M X  I I P H q e I I H b I X  A Y M ~ K ~ P O B ) .  

OCHOBH~H H A e R  MOTOPHMX B a r O H O B  3aKJ IH)UaeTCR B HCI IOJ Ib30BaHHH 

B K a Y e C T B e  AOnOJIHHTeJIbHOI'O C q e I I H O r O  B e C a  T ~ ~ H c I I o ~ T H ~ ~ ~ M o ~  I ' o ~ H o ~  

MaCCbI. T a K ,  A y M n K a p  I 'PY301IOA'beMHOCTbm 60 MMeeT B e C  T a p b I  45 m .  
IIpm 0 6 0 p y ~ o ~ a ~ ~ m  ero M O T O ~ O M  A O ~ ~ B J I R ~ T C R  sec a n e ~ ~ p o ~ ~ ~ r a ~ e n e f  
m a ~ ~ e ~ ~ p o a n n a p a ~ y p ~  - 45 m.  0 6 ~ ~ ~ 5  cqen~ofi  B e c  T a K o r o  C a M o x o n -  

H O r O  A y M I I K a p a ,  BKJIlOYaR 110JIe3~hIfi rpY3, COCTaBHT 150 772 I I p H  A B H X e -  

H H H  H 3  K a p b e p a  H a  I IOBepXHOCTb ,  T. e. B r P Y 3 0 B O M  H a I I P a B J I e H H H ,  K O r A a  

~ e o 6 x o ~ m ~  M ~ I E C H M ~ J I L H ~ I H  cqen~oi i  BeC.  nocJIe p a 3 r p y 3 ~ ~  C V ~ ~ I H O ~  

B e C  CaMOXOAHOrO A y M I I K a p a  YMeHbI I I aeTCH H a  BeJ IHYHHy,  P a B H Y I o  er0 
rPY30IIOA'beMHOCTH, T. e. 60 m. 

~ I ~ H M ~ H ~ H H ~  MOTOPHbIX B a r O H O B  IIO3BOJIReT I I p H  TOM me YKJIOHe 

; ~ C ~ J I ~ ~ H O A O P O > K H ~ I X  ny~e i i  n o s b I m a T b  B e c o B y m  HOPMY n o e 3 ~ a  HJrm npn 
O A H O ~  H T O ~ I  3fEe Il0JIe3~0fi eMKOCTH COCTaBa  YBeJ IHYHBaTb  I IpeOAOJIeBa -  

e ~ b l f i  YKJIOH A 0  60-80 % 0 .  O c o 6 e ~ ~ o  ~ @ @ ~ K T H B H O  p a 6 0 ~ a m ~  MOTOPHbIe  

B a r o m  B ~ J I Y ~ O K H X  K a p b e p a x .  B H a c T o g q e e  s p e m  H a  K a p b e p a x  npo- 
XOART OIIbITHO-IIPOMbImJIeHHbIe HCIIbITaHHR MOTOPHbIe  . B a r O H b I  He -  

C K O J I ~ K H X  K O H C T P ~ K ~ H H .  
Ten~oooabz - 3 T 0  JIOKOMOTHBbI, O ~ O ~ Y A O B ~ H H M ~  A B H r a T e J I R M H  

B H y T p e H H e r O  C r O P a H H R .  Ha MOJQHbIX Te I I J IOB03aX A B H m e H H e  IIPOHCXOAHT 

OT ~ J I ~ K T ~ O A B H ~ ~ T ~ J I ~ H ,  nonyqamrqnx n m T a H m e  OT r e H e p a T o p a  n o c T o a a -  

H O r O  T O K a  (II0 CHCTeMe: ~ ~ 3 e J l b ~ b I 8  A B H r a T e J I b  - r e H e p a T O p  - 3JIeKTPO- 

~ ~ l l r a ~ e J I b ) .  B C J I ~ A C T B H ~  3 T O r 0  T R r O B b I e  X a p a K T e p H C T H K H  TeIIJIOBO3OB 

HAeHTHPHbI  S a P a K T e P H C T H K a M  3 J I e K T P O B 0 3 0 B .  

H p e ~ ~ y r q e c ~ ~ a  T ~ I I J I O B O ~ O B  s a ~ ~ l r o s a m ~ c ~  B B ~ I C O K O M  K. n. A. (no 25- 
29 %) , B OTCYTCTBHH I I P ~ O ~ P ~ ~ O B ~ T ~ J I ~ H H X  I I O A C T ~ H ~ M %  H KOHTaKTHbIX 

c ~ T ~ H .  ~ R c I I J I ~ ~ T ~ ~ H O H H ~ I ~  PaCXOAbI  I I p H  TeIIJ IOBO3aX H 3 J I e K T P O B 0 3 a X  

I I p a K T H Y e C K H  OAHHaKOBbI. n p e 0 ~ 0 J I e ~ a e ~ b I f i  YKJIOH COCTaBJIReT 400 /00 .  

O C H O B R O ~  HeAOCTaTOK I IPHMeHf IeMbIX TeDJIOB030B:  H E I ~ K H ~  MOTO- 

pecypc HX ~ ~ a r a ~ e n e i i ,  ¶TO B n e s e T  3a co608 ysemseme p a c x o A o B  H a  



mx c o g e p x i a H m e ,  a T a m e  3 a r p ~ a ~ e ~ ~ e  a ~ ~ o c @ e p P  B K a p b e p a x  o~pa60- 
TaRHhIMH r a 3 a M H .  

~ K O H O M H ~ ~ C K ~ R  ~ ~ J I ~ C O O ~ P ~ ~ H O C T ~  TeIIJIOBO3HOI'O TpaHCIIOpTa  

O C O ~ ~ H H O  BhIRBJIReTCR I t p H  ~ e 6 0 J I b m 0 ~  ¶HCne  pa60~am1~nx B K a p b e p 0  
JIOKOMOTUBOB, I l p U  B M C O K O ~  CTOFfMOCTH a J I e K T p 0 3 H e p r H H  H H ~ O ~ X O A H -  
MOCTH ~ H ~ ~ H T ~ J I ~ H ~ I X  a a ~ p a ~  H a  a n e ~ ~ p o c ~ a 6 x e ~ ~ e .  B OTHX cnyqanx 
K a n m T a x b H M e  H a ~ c n n y a ~ a q n o ~ ~ n e  a a ~ p a ~ ~  M o r y T  6 P T b  m x e ,  9 e M  npm 
mCIIOJIb30BaHHH 3JIeKTPOB030B. T~IIJIOBO~P 6JIa r0 ,qapR aBTOHOMHOCTH 
BeCbMa ~ & N $ ~ K T H B H P  B H a g a J I e  CTPOHTeJIbCTBa K a p b e p O B ,  ¶TO n03BOJIReT 
YMeHbIIIHTb CPOKki HX CTPOHTeJIbCTBa. 

Tenno~osn UPHMeHRIoT H a  MHOrHX K a p b e p a X  C O B ~ T C K O ~ O  C0Io3a 
(HKrOK, ry?OH, K a ¶ ~ a H a p c ~ H f i  TOK H ~ p . ) .  Tenno~o3  T3M-1 
mMeeT cqen~ofi  sec 123,5 m H M O W H O C T ~  736 zsm. Tenno~o3 T3-3 
( O A H ~  C ~ K ~ H R )  HMeeT C ~ ~ I I H O ~  BeC 126 TTZ Ff ABHraTeJ Ib  MOlI(H0CTbW 
1470 rcem. 

H ~ M ~ ¶ ~ ~ T c R  I 3 m y C K  ABYXCeKqHOHHOI'O TeIIJIOR03a T3-40 C MOW- 

HOCTbH) K ~ X R O ~  C e K q H H  3000 A. C., BeCOM 126 m, M H H H M ~ I I ~ H M ~  
p a A H y C  KPFfBPX 125 &. C O ~ A ~ ~ T C R  TeIIJIOBO3 TrM-5 MOWHOCTbH) 2400 A. c. 

Ha ~ e 6 o n b m ~ x  K a p b e p a X  HHOrAa H c n o n b 3 y a ~  MOTOBO3PI O ~ O P Y A O -  
B a H H H e  ABHraTeJIRMFf BHyTpeHH0l'O , C r O p a H H R  MOqHOCTbH) RO 100 A. C. 

H BeCOM 8-14 m. Ha CpeAHHX H KPJTIHbIX K a p b e p a X  HX HCIIOJIb3yIoT 
AJIR BCIIOMOI'aTenbHMX qeJIeg. 

B a z o u b z .  B ~ ) K H ~ ~ ~ I I I H M H  X8PaKTePEICTHKaMH BarOHOB, JIPkiMeAIIeMMX 
npn n e p e ~ o 3 ~ e  ropaoii M a c c a  H a  OTKPPTMX p a a p a 6 0 ~ ~ a x ,  RBncrmTccI 

~ p y 3 0 I t O ~ % e M H 0 C T b l  K O P @ @ H ~ H ~ H T  T a p =  B a r O H a  H cnoco6 er0 P a 3 r P y 3 K H .  
~ ~ ~ ~ o I I o ~ % ~ M H o c T ~  B a r O H a  C B R 3 a H a  C eMKOCTbIo KOBlJIa aKCKaBaTOpa ,  

o c y q e c T s n s I o q e r o  norpy3~y, H H a p c r g y  c ~ e c o ~ o i i  ~ o p ~ o i i  noe3ga 
BJIHR0T H a  TBXHHKO-aKOHOMH9eCKHe IIOK83aTeJIH TptlHCIIOpTHpOBaHHR. 
Ann H O ~ M ~ J I ~ H O ~ ~  C O I ~ ~ R ~ ~ H H O ~ ~  p a 6 o ~ n  nOI'py30PHO-TpaIICnOpTHOrO 
0 6 0 p y ~ o ~ a ~ k i ~  COOTHOmeHH0 eMK0CTH B a r O H a  K eMKOCTH KOBlJIa BKCKa- 
B a T O p a  AOJIXHO 6 M ~ b  PaBHbIM 4-8. 

Ko@@uyue~monc mUpbL 6UZOHU Ha3hIBaeTCR OTHOmeHHe C O ~ C T B ~ H H O ~ O  

seca B a r o H a  K ero ~ P Y ~ O ~ O A ~ ~ M H O C T H .  3 ~ a s e ~ ~ e  a T o r o  K O ~ @ @ H ~ H B H T ~  
K O J I ~ ~ J I ~ T C R  B m t i p o K H x  npenenax m ~ ~ B H C H T  OT T m a  B a r o H a ,  ero ~ a s ~ a -  
¶eHElH H l"PY30IIOA%eMHOCTH. Bonbme BJIHRHHe O K a 3 H B a e T  KOHCTPYK- 
THBHOe BMIIOJIHeHHe Bal'OHa, KaPeCTBO I I P H M ~ H R ~ M o ~ ~  CTaJIH H T. A. 
C O C T ~ B ~ I  m 3  BWOHOB C 6onee HH3KHM K O ~ @ @ M ~ H ~ H T O M  T a p =  HMeIoT 66~1b-  
r n ~ B  n o n e 3 ~ b 1 i i  sec H n y P m H e  T ~ X H H K O - ~ K O H O M H P ~ C K H ~  I I O K ~ ~ ~ T ~ J I E I  
U P H  TPaHCUOPTHPOBaHHH. 

Cnoco6 p a a r p y 3 ~ ~  B a r o H o B  o n p e A e n n e T  B p e M s ,  a a ~ p a s ~ s a e ~ o e  
H a  p a 3 r P Y 3 K Y  COCTaBa, a CJIeAOBaTeJlbHO, H npOH3BOAHTeJIbHOCTb p 0 k a  
JlOKOMOTHBOCOCTaBa. Ha~6onee  PaCnpOCTpaHeHHMM THnOM OTKaTOPHhIX 
CoCyAOB AJIR n e p e B 0 3 K H  K a K  BCKPPIIIHMX IIOPOA, TaK H nOJI821HOI'O HCKO- 
n a e M O r 0  RBnRIoTCR AYMDKBPM. 

Ay.unrcap~ (pmc. 129) -  TO c a ~ o p a 3 r p y ~ a ~ ) q ~ e c ~  n o n y B a r o H H  
C ~ c H J I ~ H H o ~ ~  npO¶HOCTbH), T a K  K a K  n p H  3 a r p y 3 K e  HX 3KCKaBaTOPOM OHH 
HCIIbITPB1H)T 3Ha9FfTeJIbHbIe AHHaMFfPeCKHe H a r P Y 3 K H I  O C O ~ ~ H H O  J I P H  
CKaJlbHMX KYCKOBaThlX UOpOAaX. ~ P H M ~ H R I O T  AYMIlKapM C OTKUAbIBa- 

IOIQEIMHCII HJM IIOAHEIMaIoQIMFlCR ~ O P T ~ M H .  ~ Y M I I K ~ P P  C 0TKEIAMBaH)- 

q H M H C R  ~ O ~ T ~ M H  HMeH)T JIpeHMYIQeCTBeHHOe P a C n P O C T p a H e H H e  6JIa- . 
T O A a p R  B03MOXHOCTM n e p e ~ o 3 a ~ b  HOpOAy nro6oH KpYnHOCTH. K p o b f e  TOTO 
o ~ ~ c ~ ~ ¶ H B ~ ~ T c R  IIJIaBHOCTb pa3l'PY3KHI BO3MOXHOCTb M ~ X ~ H H ¶ ~ C K O ~  O¶H- 
CTKH K Y ~ O B ~  m y A a n e H H o c T b  pa3rpyxae~oro M a T e p H a n a  OT ~ e n e s ~ o -  
A o p o x H a x  ny~ei i .  A y M n K a p b I  c n o A H r n M a I o q m x x c f i  6 0 p T a ~ I I  npoqe 
no CBOeMy ~CTPOHCTBY, OAHaKO OHH H e  EIMeIOT IIpeHMylI(eCTB AyMJIKaJlOB 
C OTKZiAMBaIoIQHMHCR ~ O P T ~ M H .  ~ O ~ T O M Y  HX nPHMeHRH)T TOJIbKO J IPH 
1IepeB03KaX MRrKHX HeYBJIaXHeHHbIS  I'PYHTOB. 

~ ~ Y ~ O I I O A ' ~ ~ M H O C T ~  AYMIIKaPOB K O J I ~ ~ J I ~ T C R  OT 50 A 0  140-180 m, 
K O ~ @ @ H ~ E ~ ~ H T  T a p b l  COCTaBnReT 0,4-0,65. T ~ X H H P ~ C K ~ R  X a p a K T e p H C T H K a  

A p n K a p o B  n p H B e A e H a  B ~ a 6 n .  43. 
M e ~ e e  p a c n p o c T p a H e H a r  IIPH O T K P P T O ~ ~  p a a p a 6 o ~ ~ e  r Q q q o n b I  H xon- 

nepar, ~ c n o n b a y e ~ ~ e  H a  E e K o T o p M x  K a p b e p a x  Ann n e p e ~ o 3 ~ ~  nonea~oro  
m c K o n a e M o r o .  

r o n a o , z b t  - M e T a n n m s e c K H e  nonparonar, K o T o p u e  pa3rpyxa1o~c~ 
sepes n I o K n ,  p a c n o n o x e H H H e  B A H n r q e ,  nnzi B c T a q n o H a p H n x  OIIPOKHAM- 
B a T e n R x  r J r y x H x  r o H R o n a x .  ~ ~ ~ ~ O U O ~ ~ ~ M H O C T ~  s e T b I p e x o c H b I x  rowon 
60 m, IIIeCTHOCHbIX 100 m, K O ~ @ @ H ~ E I ~ H T  T a P P  COOTBeTCTBeHHO 0,378 ~ 0 , 5 .  

X o n n e p b ~  - BarOHbI  C 6 y ~ ~ e p 0 0 6 p a 3 ~ 0 i i  @ O P M O ~ ~  Ky3OBa.  Y e p 0 3  

p a C n O J I O X e B H P € ?  B H E I X H ~ ~ ~  PaCTH JIIoKH MOXHO IIPOEI3BOAHTb ABYCTO- 
POHHIoH) P a 3 r P Y 3 K Y .  ~ I x  ILPHMeHRJEIT MHOrAa A n R  TPaHCJIOPTHPOBaHHR 

MRrKEiX IIOJIe3HbIX HCKOIIaeMbIX. ~ P Y ~ O I I O A ' ~ ~ M H O C T ~  XOIIIIeJlOB 50 EI 70 m, 
K O ~ @ @ I I ~ H ~ H T  T a P b I  0,42 11 0,25. 
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l?pysononnehf~oc~b, T . . . . . 
r I o n % e ~ ~ a s  cxna Barorra, m . . 
EMKOCT~ xyso~a  (6e3 nranxx), a3 
Tapa saroHa, m . . . . . . . . 
K o ~ ~ @ I ~ ~ H ~ H T  TapH . . . . . . 
9ucno oceP . . . . . . . . . . . 
Harpysxa Ha ocb, m . . . . . . 
Yucno pa3rpy30mh1x qnnmnpoB 
Yron HaxnoHa xyaosa npu pas- 

rpysxe, zpaa . . . . . . . . 
Anma BaroHa no OCRM amocqe- 

nox, ax . . . . . . . . . . . 
IIIapaaa ~ y s o ~ a  ( ~ a p y x ~ a ~ ) ,  mm 
B ~ c o ~ a  BaroHa, ax . . . . . . 
Anma xysosa BHYTPH, &a: 

Bsepxy . . . . . . . . . . 
BHH3Y . . . . . . . . . . . 

~ H P ~ I H ~  Ky3OBa BHyTpFl, &a: 
BBepXy . . . . . . . . . . 
BHEtSY . . . . . . . . . . . 

Bb~co~a  Ky3OBa BHYTPEI, aa . . 

Ha~6onee ~ @ @ ~ K T E I B H ~ H  pa6o~a  nOI'py30¶HO-TpaHCIIOpTHOrO 0 6 0 ~ ~ -  
AOBaHHH H a  K a p b e p a X  OCyqeCTBJIHeTCH I I p H  MaKCHMaJIbHOM HCnOJIb30-  

BaHHEi pa6osero B p e M e H H  3 K C K a B a T O p a M H  H JKOKOMOTHBOCOCTaBaMH.  TO 
AOCTHraeTCH, C O A H O ~ ~  CTOPOHbI, MHHHMaJIbHbIMB IIPOCTOHMH 3KCKaBaTO- 
POB H 3 - 3 a  OTCYTCTBHR IIOPO?KHHKa,  C ~ p y r 0 6  CTOpOHbI, HaHMeEIbIUHMH 
n 0 T e p H M H  B p e M e H H  I I p H  M a H e B P H p O B a H H H  H 0 6 ~ 1 3 ~ 1 3  JIOKOMOTHBOCOCTaBOB. 

O A H ~ K O  s a C T 0  3TH YCJIOBHH TPYAHO COBMeCTLIMbI, H IIPHXOAHTCH H3bICKH- 
B a T b  OIITHMaJIbHOe P e l I I e H H e  I I O C T ~ B J I ~ H H O ~  3 a A a ¶ H .  

kI3 OCHOBHOI'O T ~ ~ ~ O B ~ H H H ,  KOTOpOe n p e A a H B J I R e T C H  K CXeMaM 3a- 
6 0 f i ~ b 1 ~  I I ~ T ~ G  H a  Y C T y n e  - MMHHMaJIbHHt? IIPOCTOH 3 K C K a B a T O p a  U p B  

CMeHe  JIOKOMOTHBOCOCTaBOB (T. e. MHHHMaJIbHOe B p e M H  0 6 ~ e ~ a ) ,  - 

B H T e K a I o T  H A p y r H e :  CXeMbI 3a60fi~b1x ~ y ~ e f i  A O n W H b I  6b1~b KOHCTPYK- 

T ~ H O  O @ O P M J I ~ H H  ~ a ~ 6 o n e e  UpOCTO; o 6 a e ~  I IyTe I I epeABHHiHhIX p a 6 o ~  
AOJIXWH 6 b I ~ b  MHHHMaJIbHhIM; IIPOCTOH IIOrPY30¶HO-TPaHCIIOPTHOrO 060- 
PYAOBaHHH Ei3-3a TeXHOJIOrH¶eCKH H ~ O ~ X O A H M ~ I X ,  HO HeIIPOEi3BOAHTeJIb- 

HHX onepaq~ii ( n e p e ~ e q e ~ ~ e  T ~ U H K O B  no @ P O H T ~  s a x o q ~ a ,  n e p e H o c K a  

p a 3 a e 3 ~ 0 ~  H T. g.) AOJI?KHH 6h1~b CBeAeHhI  K MHHEIMYMY; I I p H  pa60~e 
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BHRX 3 B a P e H H B  K o B @ @ H I J H ~ H T ~  
obecnemmmc~~ sa6ort nopom- i7 
HRKOM 3 a B B E H T  B OCHOBaRLM OT p 1 ,  I 0 I 8 I r I 3 I 8 1 n I 3 I 1 I I I 

cnoco6a s a ~ e w ~  rpyxemro co- y- 

C T a B a  I I O p O ~ H ~ K O B H M .  B 3aBH-  Pwo. 130. T y o ~ x o s a R  (a) H noToaraR (6) cxerdw 
CHMOCTH OT BTHX @ ~ K T O P O B  ~ e -  nymeoro  p a a a u ~ m u  p a 6 0 ~  n a  y c ~ y n e  
JKH¶HHa $(aHHOI'O K O ~ @ @ H ~ H ~ H T ~  

KOJE!~ I I~TC~I  OT 0,5 PO 0,9-0,95. M e w m ~ e  ero s ~ a s e ~ m s  x a p a K T e p H u  

AJIR TYIIHKOBHX CXeM, O C O ~ ~ H H O  I I P H  ~ Z & O T ~  HeCKOJIbKHX 3KCKaBaTO-  
P O B  H a  YcTYI Ie ,  6 0 n b m ~ e  - am nOTOPHbIX CXeM. 

. n p ~  OAHOH H TO% x e  c x e M e  P ~ ~ B H T B R  3a60fi~b1x ny~efi ,  T. e. IIPH 
O ~ H H I K O B O M  B p e M e H H  0 6 ~ e ~ a  COCTaBa,  H a  BeJ IH¶HHy K O ~ @ @ H ~ H ~ H T ~  

06ecnesemaoc~~ 3a60s I I O P O K R R K O M  C y l q e C T B e H H O e  BJIHlfRHe HMeIOT 

eMKOCTb K O B m a  3 K C K a B a T O P a l  er0 TlXU H IIpOH3BOAHTeJIbHOCTb. T ~ K ,  . I I p H  IIOI 'pY3Ke COCTaBa eMKOCTbI0 300 M3 BKCKaBaTOpOM 3Kr-4 (t,, = 
= 60 MUH, to = 15 MUM) K O ~ @ + H ~ E ~ H T  O ~ ~ C I I ~ ~ ~ H H O C T H  3 a 6 0 ~  COCTaBHT 

I 0,80, a U p H  p a 6 o ~ e  3 K C K a B a T O p a  3Pr-400 B T e X  W e  YCJIOBHRX (300 as, 
to = 15 MUM), HO I I p H  MeHbIUeM B p e M e H H  I I O r p Y 3 K H  COCTaBa (t, = 
= 20 MUM) 3 H a 9 e H H e  K O B @ @ P J J H ~ H T ~  O ~ ~ C U ~ ¶ ~ H H O C T H  J W e H b l I t a e T C R  

A 0  0,57. ~ O ~ T O M Y  AJIH 3KCKaBaTOPOB C 6onbmeii IIpOH3BOAHTeJIbHOCTbIO 

CTpeMRTCCr I I P E M e H H T b  6onee COBepIUeHHyIO C X e M y  p a 3 B H T H H  3a60fi~h1x 
I m e n e 3 ~ o ~ o p o x ~ b 1 x  ny~eii ,  06ecnenma10qy10 H a m y s m m e  YCJ'IOBHH 06- 

M e H a  COCTaBOB. 

) B 3aBHCHMOCTH OT n p H H q H n 8  $(BAX(eHHR J'IOKOMOTHBOCOCTaBOB H a  , ' y c~yne  p a 3 n ~ l s a r o ~  T y n n K o B b I e  H n o T o 9 m e  c x e M H  ny~e i i  (PHC. 130). 
~ P H  TYIIHKOBhIX CXeMaX I I y T e B O r O  P a 3 B H T H R  IIOCJIe 3 a r P Y 3 K H  COCTaB 

B n e H H H  A B H K e H H R  rPY3fEeHhIX H I IOPOKHRKOBhIX COCTaBOB IIePeCeKaIOTCII ,  





O ~ M ~ H H ~ I X  IIYHKTOB m H ~ O ~ X O A I I M O C T ~  OIIPeAeJIeHHbIY MaHeBpOB npm 
06MeHe.  

n p H  DOTO¶HbIx CXeMaX I I O A O ~ H O ~ O  l l e p e C e ¶ e H m R  ABHHCeHHR IIOe3AOB 

H e  n p O H C X O ~ H T :  H a J I H s H e  0 6 ~ e H H h I x  IIYHKTOB I I P H  3TOM H e  06113a~eJ IbHo.  

IIOPOXHRK n o A a e T c H  B 3a60fi B c n e A  3a o l r n p a B n e H n e M  r p y m e H o r o  co- 
C T a B a ,  HenOCpeACTBeHHO DO IIOrPY30¶HOMY ~ ~ ~ O & H O M Y  IIYTH. B p e M R  

06MeHa I I p H  n p a ~ H J I b H 0 f i  O P r a H H 3 a q H H  ABHXeHHEI H€?3Ha¶HTeJIbHO, 

BCJIeACTBHe ¶ e r O  K O ~ @ @ H ~ H ~ H T  O ~ ~ C I I ~ ~ ~ H H O C T I I  3a6011 I I O P O K H R K O ~ I  

npm IIOTOPHMX c x e M a x  B c e r A a  m m e ,  s e M  npm T y n n K o s M x ,  a c a m  CXeMbI 

3 a 6 0 H ~ b 1 x  ny~e i i  npocm H HaAeHcHbI. 

061qaa IIPOTRXeHHOCTb TpaHClIOPTHbIX I I y ~ e f i  H a  Y C T y n e  n p H  IIOTOs- 

HbIX CXeMaX 38 C¶eT H ~ O ~ X O J ( H M O C T H  ((3aKOJIbqOBbIBaHHRB KeJ Ie3HO-  

AOPOIKHMX n y ~ e i i  6 o n b m e ,  u e M  npn TYIIHKOBHX. 

~ P H  H O P M ~ J I ~ H O ~  O T ~ ~ ~ O T K ~  YCTynOB 3aXOAKaMH ( n p H  @ P O H T ~ J I ~ H ~ J X  

3 a 6 o ~ x )  x e ~ ~ e a ~ o ~ o p o m ~ b ~ e  n y T n  y K n a A b I s a r o T  n a p a n n e n b H o  @ P O H T ~  
Y C T y n a .  npm XeJ le3HOAOPOKHOM TPaHCIIOpTe  H a  KBXAOM YCTYIIe B pa60~e  
HaXOAHTCH OAHH HJIH A B a  (peXe TPH) ~ K C K ~ B ~ ' T O P ~ .  ~ P H  IIOI'PY3K0 MHOro-  

KOBIlIOBhIMH 3KCKaBaTOPaMH H a  YCTYIIe p a 6 0 ~ a e ~  OAHH 3KCKaBaTOp.  

B 3aBHCHMOCTH OT ¶mCJIa 3KCKaBaTOPOB H a  YCTYIIe pa3JIHsaIOT CXeMbI 

n y T e B o r o  ~ ~ ~ B H T H R  IIPH OAHOM, ABYX H TPBX p a 6 0 ~ a m q ~ x  3 ~ c ~ a ~ a -  
T o p a x .  

Ha PHC. 131,1 I I O K ~ ~ ~ H M  c x e M b I  n y T e B o r o  P ~ ~ B H T H E I  n p ~  pa6ol.e 
o A H o r o  s K c K a s a T o p a  H a  y c T y n e .  

n p 0 c ~ e f i I I I e f i  RBJlReTCR O A H O J I H H ~ H H ~ R  TyIIHKOBaR CXeMa C pa3'b- 

e3AOM B H a g a J I e  3 a 6 0 f i ~ h I x  I I y T e f i  ( ~ H c .  131, 1, a) .  B ~ ~ M R  0 6 M e H a  n p H  

3TOM COCTOHT H 3  IIPOAOJIXHTeJIbHOCTEI H B H X e H H R  rPYHFeHOI'0 COCTaBa 

OT 3 a 6 0 ~  A 0  p a 3 ' b e 3 n a ,  I IpOAOnKHTeJIbHOCTH MaHeBpOBbIX o n e p a q ~ i ~  
H a  p a 3 ' b e 3 A e  H A B H X e H H R  IIOPOKHHKOBOI'O COCTaBa K 3a6010. n0 M e p e  

yBeZH¶eH&iH AJlHHbI @ ~ O H T ~  Y C T y n a  B p e M R  o 6 ~ e ~ a  COCTaBOB BO3paCTaeT.  

B cnysae H ~ B O ~ M O X H O C T H  Y C T P O ~ ~ C T B ~  p a 3 n e 3 ~ a  B H a s a n e  3a60fi~h1x 
ny~ef i  er0 H e p e n K O  P a C n O n a r a I O T  H a  C O ~ A U H H T ~ J I ~ H ~ I X  IIYTRX TpaHCIIOPT- 

H ~ I X  n n o q a A o K  H a  T O P ~ O B O M  nnEf ~ e p a 6 o s e ~  6 0 p ~ y  K a p b e p a .  0 6 a e ~  
n y T e n e p e A B H m H a r x  p a 6 0 ~  3 a 6 0 i i ~ h 1 x  n y ~ e i i  npm a ~ o f i  c x e M e  n y T e B o r o  

pa3BHTHR M H H ~ M ~ J I ~ H ~ I ~ ~ .  

~ c I I o J I ~ ~ o B ~ H H ~  CXeMbI IIy~efi C IIepeHOCHbIM TYIIHKOM (PHC. 131, I, 6) 
IIo3BOJIReT COKpaTHTb BpeMcI 0 6 ~ e ~ t - 1  COCTaBOB H a  YCTYIIe. BO B p e M R  
3 a r p Y 3 K H  COCTaBa 3KCKaBaTOPOM I IOPOXHRK IIOHaIOT B I ~ ~ ~ € ? H O C H M ~  TY- 

n m .  nocne o T n p a s n e H H c I  r p y x e H o r o  c o c T a s a  n o p o x H c I K  n o c T y n a e T  

H a  I I O ~ P Y ~ O ¶ H M ~  IIYHKT K 3KCKaBaTOPHOMY 3a60m. n0 M e p e  O T ~ ~ ~ O T K H  

3aXOAKH m YAaJleHHR 3a6oa OT T Y n H K a  BPeMR 0 6 M e H a  YBeJIHPHBaeTCR. 

'*,&If3 YMeHbIIIeHHR IlpOAOJIXHTeJIbHOCTH 0 6 M e H a  COCTaBOB TyIIHK n e p M -  

OAHseCKH n e p e M e I 4 a K ) T  B HOBOe IIOJIOKeHHe ~ 6 n H 3 H  3KCKaBaTOpHOI'O 

3 a 6 0 ~ .  
I IOCTORHH~I~  p a 3 a e 3 ~  H a x o A H T c R  B H a s a x e  3a60fi~b1x ny~ei i ,  KaIc 

H B npe~rqymefi  c x e M e .  I I ~ H  p a 6 o ~ e  H ~ G O J I ~ W H X  H c p e A H H x  ~ o ~ e n e i i  

3KCKaBaTOPOB H I I P H  OTHOCHTeJIbHO 60J Ib I I Io f i  IlpOH3BOJlHTeJIbHOCTH 

n O r P Y 3 K H  COCTaBa 0 I ' paHWHBaK)TCR OAHHM IIepeHOCHHM TYIIHKOM 683 
IIOCTORHHOrO p a 3 5 e 3 A a  OKOJIO ~ ~ ~ O G H H X  ny~efi. 

C X ~ M ~  ny~e i i  C nepeHOCHbIM p a 3 5 e 3 A O M  ( p ~ c .  131, 1, 6) H ~ H ~ O J I ~ ~  

c o s e p m e H H a  m o ~ ~ c I E ¶ H B ~ ~ T  n p o c T o e  M a H e s p M p o s a H m e  c o c T a B o B  npn 
0 6 M e H e  m MeHbIIIYIO er0 IIpOAOJIKHTeJIbHOCTb. BO B p e M R  IIOI'PYBKH II0- 

P O X ~ H I I K O B ~ I ~ ~  JIOKOMOTmBOCOCTaB IIOAaK)T ¶epe3 I I e p e H o c H h t f i  pa35e3A 
H a  I I O ~ P Y ~ O Y H H ~ ~  IIYTb. ~ o c J I ~  OKOH¶aHHR IIOI'PY3KH OTIIpaBJIeHJlH 

r p y m e H o r o  c o c T a s a  n o p o m ~ ~ ~ o ~ ~ i i  n o c T y n a e T  K s K c K a s a T o p y  6e3 
~ a ~ c m x - n m 6 o  M a H e s p o B .  n p ~ ~ e ~ e ~ r n e  n e p e H o c H M x  p a 3 n e 3 ~ 0 ~  ~ O ~ B O J I J T ~ T  

0 6 e c n e s ~ ~ b  p a 6 o ~ y  s ~ c ~ a ~ a ~ o p a  n p a K T m s e c K H  6e3 n o T e p b  B p e M e n H  

H a  c M e H y  CocTaBoB.  n e p e ~ o c ~ ~ e  p a 3 a e 3 ~ h 1  n e p I f o A H s e c m  n e p e M e q a 1 o . r  

no @POHTY YCTYIIa B COOTBeTCTBHH C IIOJIOXeHHeM 3KCKaBaTOPHOrO 3 a 6 0 ~ .  
BO B p e M R  I I e p e M e I q e H H H  pa35e3Aa 3KCKaBaTOPbI npOCTaHBaWT.  

Ha PHC. 131, I, z 1 1 o ~ a 3 a ~ a  c x e M a  c ABYMII ~ ~ G o ~ ~ H ~ I M H  I I ~ T R M H  H co 
C'be3AaMH M e X A y  HITMU. ~ P H H ~ H I I  MaHeBpOB nPEI  0 6 ~ e H e  aHaJIOI'HW?H 

n p e ~ ~ ~ y m e i i  c x e M e .  I IO~OKHHKOBM~~ c o c T a B  n o c T y n a e T  H a  1 1 0 r p y 3 o s ~ b 1 I i  
n y T b  6 n ~ ~ a H m ~ i i  K 3KCKaBaTOPHOMY 3a6010 C5e3A. B~opoi i  MaHen-  

~ 0 ~ b I f i  ? K e J I t ? 3 ~ 0 ~ 0 ~ 0 H c ~ h I f i  I IYTb M O X e T  6 ~ ~ b  YJIOXeH H a  BCIO AJIHHY 

3aXOAKH ¶aCTRMH C IIOCJIeAYIOqEIM H a p a w H B a H H e M  n y ~ e f ,  KOTOpOe 
O c y q e c T B n m o T  3 a 6 n a r o ~ p e ~ e ~ ~ 0 ,  H e  B ~ I ~ ~ I B ~ R  n e p e p m o B  B p a 6 o ~ e  
3 K C K a B a T O p a .  C X ~ M ~  C ABYMR 3 a 6 0 6 H b I M H  IIYTRMH II CO C a e 3 E a M H  MeXFAY 

I 

HHMH RBnReTCR B~ICOKO~KOHOMH¶HO~~.  B M ~ C T ~  C TeM 0 6 5 e M  I I y T e n e p e -  

I ABHXHhIX p a 6 0 ~  B 3a6oe YBeJIMsHBaeTCR 6onee ¶eM B 2 pa3a npll HaJIHYHH 

6 0 ~ 1 b I I I o r o  m c n a  C T p e n o s H M x  n e p e B o A o B ,  n e p e p H H c x a  m y c ~ p o f i c ~ ~ o '  
KOTOPbIX B e C b M a  TPYHOeMKm. 

P ~ C C M O T ~ ~ H H H ~  BhIIIIe CXeMhI HX pa3HOBHAHOCTH IIPBMeHRH)T L[PM 

TynHKOBOM ( B C T P ~ ~ H O M )  HBHKeHHH IIOe3AOB B 38608. T ~ M ,  rAe B03- 

MOXHB O p r a H I 1 3 a q H R  IIOTO¶HOrO ABEiXeHHR IIOeBAOB H a  YCTYne ,  n p H -  

MeHRIOT BeCbMa ~ @ @ ~ K T E I B H H ~  II KOHCTPYKTHBHO IIPOCThIe IIOT09Hblt:  

n y T e B M e  c x e M M  (PHC. 131,1, 6'). B n o J l o 6 ~ h I x  y c n o s m R x  6e3 c n e v a n b -  

HOT0 IIYTeBOrO Pa3BHTHR B 38608 O ~ € ? C I I ~ ¶ E Z B ~ ~ T C I I  B M C O K H ~ ~  K O ~ @ @ E I ~ H ~ H ' ~ '  
O ~ ~ C ~ ~ ¶ ~ H H O C T ~  3 a 6 0 ~  IIOPOXHHKOM, a CJIeAOBaTeJIbHO, H nPOM3BOAEI- 

TeJIbHOCTb 3a60fi~oro 3 K C K a B a T O p a ,  T a K  K a K  B p e M R  o 6 ~ e ~ a  COCTaBOH 

B 3a6oe I I p H  n p a B H J I b ~ 0 i i  O p r a H H 3 a q M H  ABHXeHHR IIPaKTH¶eCKH MOKel '  

6 Jd~b CBeAeHO K HYJIK). 

IIPH p a 6 o ~ e  ~ ~ y x  mnn T p e x  a ~ c ~ a ~ a ~ o p o ~  H a  y c T y n e  p a 3 ~ 1 ~ s a m ~  
~ ~ B H C I I M ~ I ~  m H ~ ~ ~ B H C H M E J ~  c x e M b I  3a60ii~brx ny~efi. 

3 a B H C II M M 0 CXeMbI IIpeAYCMaTPHBaIOT HCIIOJIb30BaHHe IIOI'py- 

309HhIX ny~ef i  B OAHOM 3KCKaBaTOPHOM 6 n o ~ e  AJIR CJIeAOBaHmH IIOpOlKHR- 

KOBbIX H a l l  r p y X e H b I X  COCTaBOB K ApyI'OMY 3KCKaBaTOPY. MeXAy pa6o- 
T0f i  3KCKaBaTOPOB B ~ J I O K ~ X  5i O ~ M ~ H O M  COCTaBOB CYmeCTByeT OIIpe- 

AeJIeHHaR 3aBHCHMOCTb. H ~ o ~ x o ~ I I M ~ I M E I  YCJIOBHHMH I I P H  3TOM RBJlRIOTCH 

CHHXPOHHaR p a 6 0 ~ a  3KCKaBaTOPOB H YeTKaR O p r a H H 3 a q l l R  ABHXeHETR 

nOe3AOB H HX O ~ M ~ H .  

H e 3 a B H C EI M hI e CXeMbI 3 a 6 0 & ~ 1 & x  I I y ~ e f i  XapaKTePH3YK)TCR 

HaJlH¶HeM CaMOCTORTeJIbHbIX MaHeBPOBhIX iKeJIe3HOAOPOXHbIX n y ~ e &  
t A.?R Ka?KAOI'O 3KCKaBaTOpHOrO 6 ~ 1 o ~ a .  n 0 r p y 3 0 9 H b I e  3 a 6 o f f ~ h 1 e  IIYTH 
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HCIIOJIb3YIOTCR TOJIbKO AJIR CJIeAOBaHHR IIOPOHCHHKOBbIX H I'pYHCeHhIX 1 
COCTBBOB, O ~ C J I Y K H B B H ) ~ H X  A ~ H ~ ~ I G  ~ K C K ~ B ~ T O P H H ~ ~  6 3 0 ~ .  Pa6o~a 
3KCKaBaTOPOB B ~ J I O K ~ X  OCYII&?CTBJIHeTCR I I P H  3TOM He3aBHCHMO APYr 
OT APYI 'a ,  H H a  BeJ rH¶HHy H X  IIpOH3BOAHTeJIbHOCTH BJIHRKIT TOJIbKO 

I I p H H R T a R  C X e M a  I I y T e B O r O  p a 3 B H T H R  H C O O T B ~ T C T B ~ I ~ ~ F ~ ~ ~  efi KOB@@EI- 
4 H e H T  O ~ ~ C I I ~ ¶ ~ H H O C T H  3 a 6 0 ~  IIOPOWHRKOM. 

t 
CX~MJJ  ny~ef i  I I p H  pa6o~e  A B y X  3KCKaBaTOPOB H a  YCTYIIe I IOKa3aHbI  

Y 

Ha PHC. 131, rr. 
Ha~6onee  I IpOCTa  O A H O J I H H ~ ~ ~ H ~ R  TYllHKOBaR C X e M a ,  COCTORIQaR 

I13 OAHOrO I I 0 ~ P Y 3 0 9 H 0 r o  I IyTM AJIR ABYX 3KCKaBaTOpHbIX 6 ~ 1 0 x 0 ~  
( ~ H c .  131, 11, a) .  Y C J I O B H ~ M  H O P M ~ J I ~ H O ~ ~  pa60~b1 3KCKaBaTOPOB RB- 

JIReTCR OAHOBPeMeHHOCTb H a ¶ a J I a  H OKOH9aHI lR  IIOI'PYBKH. ~ O P O X H R K O -  
B b I e  H I'PY)KeHbIe COCTaBhT CJ1eAYH)T I I P H  3 ~ 0 f i  CXeMe APYr 38 APYI'OM. 

0 6 t 1 3 a ~ e J I b H b I M  YCJIOBHeM RBJIReTCR TaKHCe H a J I H ¶ H e  OAHOTHIIHMX 3KCKa-  

BaTOpOB B 6 n o ~ e  H OAHHaKOBaH I IOJ Ie3HaR eMKOCTb JIOKOMOTHBOCOCTaBOB. 

O A H ~ K O  HMeR B BHAY, ¶TO COCTaBbI, C J I e A Y H ) ~ M e  B IIep~hIl% OT O ~ M ~ H H O ~ O  
I I y H K T a  GJIOK, I IPHXOART I IO3AHee  It OTIlpaBJIRIoTCR P a H b m e ,  TO HX e M K 0 C T b  

( I I p H  H ~ O ~ X O A H M O C T H )  yMeHb1IIaH)T H a  OAHH AYMIIKap .  ~ T H M  A O ~ H B ~ H ) T C H  

CHHXPOHHOCTH pa6o~b1 3KCKaBaTOPOB H A B H M e H H R  IIOe3AOB. 

X ~ C T K ~ H  B3aHM03aBHCHMOCTb pa6o~h1 3 K C K a B a T O p O B  FIBJIReTCR H e -  

AOCTaTKOM 3 ~ 0 f i  CXeMM. H ~ I I ~ ~ A B E ~ A ~ H H ~ I ~  IIpOCTOlr 3KCKaBaTOPOB H H a P Y -  

I I I eHHe  ~ p e 6 y e ~ o r o  I I O p R A K a  o 6 ~ e a a  OTpHL(aTeJIbH0 CKa3bIBaH)TCR H a  

IIPOH3BOAHTeJIbHOCTH IIOI'PY30¶HO-TPaHCIIOPTHOrO O ~ O P Y H O B ~ H H H .  
Ha PHC. 131, 11, 6, 6 I I O K ~ ~ ~ H ~ I  c x e M h I  3a60fi~b1x n y ~ e g  c AOIIOJIHH- 

T e J I b H 0 f i  M ~ H ~ B P O B O ~ ~  nmameB D O  AJIHHe I I e p B O r O  G J I O K ~ ,  K O T O P a R  CJIYWHT 

AJIR CJIeAOBaHHR IIOe3AOB BO B T O P O ~  ~ J I O K .  C X ~ M ~  H e 3 a I l H C H M a  l3 Y C T p a -  

I 
H R e T  3fEeCTKYH) 3aBHCHMOCTb p a 6 0 ~ ~  3 K C K a B a T O p O B  B ~ J I O K ~ X .  3a6ofi~b1e 
I I y T H  COeAHHRIoTCR C O ~ M ~ H H H M  IIYHKTOM O A H O ~ ~  K ~ J I ~ ~ H o A o ~ o X H O ~ ~  

K o J I e e f i .  O A H ~ K O  I I p H  60nbmof HHTeHCHBHOCTH ABHXieHHR H 3Ha¶HTeJ Ib -  

HOB YAaJIeHHOCTH O ~ M ~ H H O ~ O  I IYHKTa  I I P H  I IOAO~HHX CXeMaX I I y T e B O r O  

p a 3 B H T H R  YCTpaHBaIOT A B Y X K O J I ~ ~ H ~ I ~  COeAHHHTeJIbHbIe  I I y T H  A 0  O ~ M ~ H -  

HOI'O IIYHKTB, ¶TO o ~ ~ c I I ~ ~ H B ~ ~ T  IIOJIHYH) He3aBHCHMOCTb 0 6 ~ e ~ a  AJIR 

3KCKaBaTOPHbIX ~ J I O K O B .  npFi IIOTOlHOM A B H K e H H H  IIOe3AOB MOWHO 

IIpHMeHEiTb OHHOJIHH~~~HYIO (PMC. 131, 11, 2) H A B Y X J I H H ~ ~ ~ H Y H )  

(pmc. 131, 11, d) IIOTO¶HbIe Cxen ib I  ~ ~ ~ o B H ~ I x  ny~efi. B IICpBOM C J I y ¶ a e  

C X e M a  3 a B H C H M a  H H M e e T  X a p a K T e p H b I e  AJIR H e e  HeAOCTaTKH, BO BTOPOM - 
C X e M a  H e 3 a B H C H M a .  Ha I ' p a H H q e  3KCKaBaTOPHbIX ~ Z O K O B  M e X A Y  IIYTRMH 

YCTpaMBaIOT CZe3AbI  AJIR I IOAa¶H H 3  BTOpOrO 6 n o ~ a  rpyl iU?HbIX COCTaBOB 

H a  M ~ H ~ B ~ O B H G  n y ~ b ,  a T a K m e  AJIR nonasm IIOPOHCHRKOBHX c M a H e s p o -  

B O r O  H a  I I o I ' P Y ~ o ¶ H M ~  n y T b  I I e p B O r O  6 ~ 1 o ~ a .  
n o ~ o 6 ~ b 1 e  CXeMbI 3a60ii~b1x I ly~efi  IIPHMeHHIOT H I l p H  O A H O B P ~ M ~ H H O ~ ~  

p a 6 o ~ e  T p e X  3 K C K a B a T O p O B  H a  YCTYlle  (PHC. 131,111). C J I e n y e ~  OTMeTHTb, 

s f0  B 3aBHCHMhIX CXeMaX I Iy~e6  HeAOCTaTKH erne 60~1ee O¶eBHAHbI, BCJIeA- 

CTBHe  Per0 HX I IpaKTH¶eCKH H e  IIPHMeHEIH)T. 

B TYIIHKOBbIX C X e M a X  3a60fi~h1x IIy~efi ( H ~ ~ ~ B H C H M M X  IIOJIHOCTbm 

HJIH ¶ ~ C T H ¶ H O )  YCJIOBHR 0 6 ~ e ~ a  YXYAIUaH)TCR IIO M e p e  YAaJIeHHH 3KCKa-  

BaTOpHOI'O 6 n o ~ a  OT O ~ M ~ H H O ~ O  I IYHKTa ,  T a K  K a K  CYUI,eCTBeHHO YBeJIH- 

¶HBaeTCR AJIHHa TpaHCI IOpTHbIX IIy~efi. B ~an60~1ee YAaJIeHHOM T p e T b e M  d 

3 K C I i a B a T O p H O M  ~ J I O K ~  K O ~ @ @ H ~ H € ! H T  O ~ ~ C I I ~ ~ ~ H H O C T H  3 a 6 0 ~  IIOPO?HHRKOM 

F l a ~ ~ e H b U l ~ l %  H ,  CJIeAOBaTeJIbHO,  I IPOH3BOAHTeJIbHOCTb 3 K C K a B a T O p a  I l p H  
I 
I 

3TOM B e C b M a  H H 3 K a .  ,?J,JIR H36eHCaHHR TBKOI'O I lOJ IOKeHHR AJIR BTOPOrO 

H T p e T b e r O  6 x 0 ~ 0 ~  H H O r A a  Y C T p a H B a I o T  J IOKaJ IbHbIe  ( A O I I O J I H H T ~ J I ~ H M ~ )  

O ~ M ~ H H H ~  IIYHKTbI C I IePeHOCHbIMH TYIIEIKBILIH MJIH p a 3 Z e 3 A a M H .  3 @ @ e K -  ! 
THBHOCTb TO% HJIM EIHO~% CXeMbI I I y T e B O r O  P a 3 B H T H R  H a  YCTYIIaX O n p e -  

I 

AeJIHeTCR B p e M e H e M .  K o ~ @ @ H ~ H ~ H T  O ~ ~ C I ~ ~ ~ ~ H I I O C T H  3 a 6 0 ~  I IOPOXHRKOM 1 

T e M  BbIIIIe,  ¶ e M  M e H b I U e  B p e M R  o 6 ~ e a a  COCTaBOB. 

H p H  o 6 ~ e ~ e  B a r O H O B  COCTaBa H a  O ~ M ~ H H O M  I IYHKTe  p a C ¶ e T  B p e M e H H  

o 6 M e H a  IIPOH3BOAHTCR DO @ O P M Y J I ~  

r A e  n - YHCJIO B a r o H o B  B C o c T a B e ;  

n, - ¶HCJIO BarOHOB,  OAHOBpeMeHHO I IOAaBaeMHX JIOA I IOI ' py3Ky  

n p H  n p o x o A K e  T p a H m e n ;  

I, - p a c c T o R H H e  OT H a g a n a  @ p o ~ ~ a  p a 6 o ~  go s K c K a s a T o p a ,   at; 
t, - B p e M R  M a H e B p O I l  IIa O T q e I I K y  r p y ? H e H M X  B a r O H O B ,  U; 

1, EI l 2  - AJIHHa YgaCTKOB 3 a 6 0 k ~ o r o  IIYTH OT H a ¶ a J I a  ( P P O H T ~  p a 6 o ~  
A 0  AOIIOJIHHTeJIbHOrO 0 6 ~ e a ~ o r o  I IYHKTa  H OT O ~ M ~ H H O ~ O  

D y H K T a  AO s x c ~ a ~ a ~ o p a ,  s.w; 
LC - AJIHHa COeAHHHTeJIbHOI'O IIYTH, EX; 

'C - B p e M R  H a  ?Ht?JIt?3HOAOPOHFHYH) CBRBb,  U; 

U, ,  V , ,  V ,  - CKOPOCTH ABHHCeHHR COCTaBa COOTReTCTBeHHO IIO COeAHHH- 

TeJIbHbIM M 3 a 6 0 i i ~ b 1 ~  IIYTRM, a T a K K e  I I p H  M a H e B p a X ,  K d U .  

n p ~  IIyTeBbIX CXeMaX I I p H  HeCKOJIbKHX p a 6 0 ~ a m q ~ x  3 K C K a B a T O p a X  

H a  Y C T y U a X  B p e M R  o 6 ~ e ~ a  3aBHCHT OT n J h ~ b I  6 ~ 1 o ~ a  H OIIpeAeJIReTCR 

A.TH K a x n o r o  ~ K C K ~ B ~ T O P H O ~ O  6~10xa. Tax, npn T p e x  s K c K a s a T o p a x  

B p e M R  o 6 ~ e ~ a  HJIR KaHCAOI'O 3 K C K a B a T O p a  OIIpeAeJIReTCR IIO @ O ~ M ~ J I ~  

rqe l6 - AJIHHa 6~1oxa, %a. I 
B C J I y 9 a e  I IpOBeAeHHR ~ p a H I I I e f i  HJIH H a ¶ a J I a  p a 6 0 ~  H a  3aKOHCepBK-  

POBaHHOM ~ O P T Y  K a p b e p a  C H ~ ~ o J I ~ I I I H M H  IIJIOrnaAKaMH B 0 3 H H K a e T  ~ e o 6 -  
XoAHMOCTb EICIIOJIb30BaHHR TYnHKOBbIX 3a6oe~.  X a p a K T e p H b ~ e  oco6e~-  
HOCTH TYIlHKOBbIX 3a6oe~  I I P H  ZU?JIe3HOAOPOX<HOM T p a H C I I O p T e :  H a p a -  

q m B a H H e  IIy~efi i;O M e p e  I IOABHraHHR 3 a 6 0 ~ ;  60~1bmoe ¶HCJIO M a H e B p O B  

n p H  trorpysxe. Bce 3 T 0  O ~ Y C J I O B J I E I B ~ ~ T  C U ~ ~ H ( P H K Y  CXeM 3 a 6 0 i i ~ ~ x  
n y ~ e f  IIPH TYIIHKOBMX 3 a 6 o ~ x .  



Ha PHC. 132, a n o ~ a 3 a ~ a  c x e M a  s r c e n e 3 ~ o ~ o p o x ~ ~ x  ny~e i i  n p ~  
IIpOXOAKe T p a H l l I e H  3KCKaBaTOPOM K a p b e p H O r O  T H n a  C H H H ~ H ~ ~  n O r p y 3 -  
K O ~  H a  H C ~ J I ~ ~ H O ~ O ~ O H E H ~ I ~ ~  TpaHCIIOPT. BBHAY OTHOCHTeJIbHO H ~ ~ O J I ~ I J I H X  
p a 6 o s ~ x  p a m e p o ~  a x c K a s a T o p a  0 6 ~ 1 ~ 0  s a r p y x a e ~ c ~  T o n b K o  OAEH 

B a r o H ,  p a c n o n o x e ~ ~ ~ i i  OKOJIO 3a60~ .  AJIR 3 a r p y 3 ~ ~  nocnenymqero 
B a r o H a  JIOKOMOTHB, H ~ X O ~ ~ E I ~ ~ ~ ~ C E I  B x B o c T e  c o c T a B a ,  n e p e M e q a e T  rpy- 
~ e ~ b I f i  B a r O H  H a  B M C T ~ B O ~ H ~ I ~  TynHK.  ~ o , U , O ~ H ~ I M  0 6 p a 3 0 ~  IIPOH3BO- 

PHC. 132. Cxerusr n m B  upm upoxone Tpaamerr mic. 133. n y ~ e s o e  paasame npu -KO. 
c e ~ e r a s o w ~  -or ( a )  a c nepenooabrm snrr aa6orrx a ~ejwmei n o r p p ~ e  

PasWWom (6) 

~ e x e s ~ o ~ o p o x ~ ~ e  IIYTH H a  H a p b e p a x  p a 3 r p a ~ ~ s ~ ~ a m ~  paa~enb- 
HbIMH IIYHKTaMH H a  OTAeJIbHbIe Y¶aCTKH - I I e P e r O H P .  H ~ J I H ~ H ~  
pa3AeJIbHbIX lIyHKTOB lIO3BOJIReT P e r n a M e H T L I p O E a T b  ,W3MXeHEle JIORO- 
MOTHBOCOCTaBOB IIO WeJIe3HOAOPOXHPM IIYTEIM, YBeJIETgHBaTb IIPOIIYCK- 

HYIo C I I O C O ~ H O C T ~  ny~t?f H IIOBbIluaTb ~ ~ ~ o I I ~ c H o c T ~  HBHNeHHEI no- 
e s ~ o ~ .  

pa3AeJIbHbIM I lyHKTaM OTHOCHTCH CTaHqHH,  pa3 'be3Ahl  H IIOCTM. 

H a p ~ ~ y  C Ha9aJ IbHbIMH ( M ~ C T ~  3aTPY3XEI COCTaBOB - 3a60a) H KOHe9- 
HbIMH ( M ~ C T ~  p a 3 r p Y 3 K H  H a  060ra~lX~eJIb~bI~ 4 a 6 p ~ ~ a x  H OTBBJI~X)  

IIyHKTaMH ABHXeHHCr COCTBBOB, 0IIPeAeJIEIH)WEIMH AJIEIHY pefica JIOKOMO- 
THBOCOCTBBOB, I I P ~ B H J I ~ H M ~  ~b160p PHCJIa H MeCT PaCIIOJIOHEeHHEI pas- 
AeJIbHbIX IIYHKTOB HMeeT 6 0 ~ 1 b m o e  3HaPeHMe I I P H  COCTaBJreHHH ~ ~ ~ @ H K o B  
RBHXeHHR IlOe3HOB. 

Cma~yueii  ~ a s a r ~ a e ~ c ~  pa3nenb~nii IIYHKT, K O T O P M ~  C J I Y ~ H T  AJIR 1 / 
# ~ O ~ M H ~ O B ~ H H H ,  OTCTOR H 0 6 r o ~ a  IlOe3AOB'. Ha CTaHqHRX MOlrteT TaKHE0 

? I  

n p o a a s o A n T b c n  norpyaxa a pasrpyma B a r o H o B ,  a K a n a p o e x a  n aalaeaa I 
BarOHOB, OTqeI IKa  HeHCIIPaBHbIX BarOHOB Fi T. A. P ~ ~ B H T H ~  IIy~efi H a  
cTaHqHCrx  ~ a ~ 6 0 ~ 1 b r n e e  - H e  M e H e e  5. C T ~ H ~ H H  0 6 ~ 9 ~ 0  pacnonaram 
H a  JIPRMbIX H POBHbIX Y¶aCTKaX. YKJIOH XeJIe3HOAOPOlRHbIX I I ~ T ~ G  
H a  CTaHqHIIX H e  AOJIXeH I I p e B b I I u a T b  Z,5°/00. q a q e  BCerO CTaHqHH YCTpa- 

' 

I 
HBaIoT H a  IIOBepXHOCTH, OAHaKO H a  KpyI IHbIX K a p b e p a X  C 6 0 J I b l l I E t ~ H  
rpyaoo60po~a~n  B O ~ M O X H O  HX P a c n o n o x e H n e  B K a p b e p e  H a  T p a H c n o p T -  
HbIX IlJIOWaAKaX 0 6 ~ 9 ~ 0  BePXHHX rOpH3OHTOB. 

B 3aBHCHMOCTH OT BHAa IIepeBO3HMhlX r P Y 3 0 B  CTaHqEIH IIOAPa3AeJIEIWT 

H a  p y A H b I 0  ( y r 0 J I b ~ b I e )  H IIOPOAHbIe. 
Ha PHC. 134 l I O K a 3 a H H  CXeMhI K a p b e p H b I X  C T ~ H ~ E ~  H a  OAHO~IYTHO% 

H ABYXIIYTHO~ JIHHHIIX. K'~HE,~.@ U y T b  H a  CTaHqHH HMeeT CBOe O n p e -  
AeJIeHHO0 H a 3 H a s e H H e .  Tax, H a  CTaHqHH C ,I(BYXDYTHO~~ J I H H H ~ ~  r J IaBHbIe  

p y ~ n  1 n 2 n p e A H a a H a n e H M  AJIII n p o n y c K a  noe3go~ 6e3 OcTaHoBKn.  rpy- 
ike~hle n O e 3 A a  IlpHHHMaIoTCR C O C T ~ H O B K O ~  H a  IlYTEIX 4 H 6, a UOPOHEHIIK 1 

\ 



H a  I I y T H X  3 H 5. C IIYTHMH IIOpOif iHf iKOBOrO H a I I P a B J I e H M H  COeAHHeHht  

I I y T H  JIOICOMOTMBHOI'O H B a r O H H O r O  X O ~ R ~ C T B ~ .  

Paaaesdaz - pa3~enb~h1e IIYHKTM, cnyxarqne AJIH OTCTOH H 0 6 r o ~ a  
C o c T a B o B  (PHC. 135). I I y ~ e ~ o e  p a 3 ~ ~ ~ ~ e  H a  pa3ae3~ax B C B H ~ H  c ero 
H a 3 H a s e H H e M  M e H e e  CJ IOXHO,  9 e M  H a  C T a H q H H X ,  HO 0 6 ~ 9 ~ 0  H a  pa3 ' b -  

e a ~ a x  y I c n a A a r s a I o T  H e  M e H b m e  T p e x  ny~eii .  P a a a e a ~ b ~  pacnonaram 
K a K  H a  nOBepXHOCTH,  T a K  H HeIIOCPeACTBeHHO B K a p b e p e  B ~ J I H ~ H  IIYHKTOB 

3 a r p y 3 K H  HJIH p a 3 r p Y 3 K H  COCTaBOB. M ~ K c H M ~ J I ~ H o ~  U P H ~ J I M ) ~ C ~ H H ~  

p a 3 a e 3 ~ 0 ~  K BTHM n y H K T a M  0 6 e c n e s n ~ a e ~  M e H b m e e  B p e m  o 6 ~ e ~ a  coma- 
BOB H JIyWlIee H C n O J I b 3 O B a H H e  3a6oH~oro M OTBaJ IbHOrO O ~ O P Y A O B ~ H H E I .  

Ha PHC. 135, a n o ~ a 3 a ~ a  c x e M a  npoc~eiimero pa3ae3~a,  K O T O P E J ~ ~  

K p O M e  r J I a B H O r 0  H M e e T  TOXbKO OAHH I I ~ H ~ M H o - O T I I ~ ~ B O Y H ~ I ~ ~  JlyTb. ~ J I H H ~  

h O .  134. Cxe~b1 RapbepHbIX C T ~ H Q U ~ ~  Ha O ~ H O ~ ~ T H O ~  (a) 8 
g~yxny~nofi (6)  aunum 

C X ~ M ~  pa3ae3Aa ( ~ H c .  135, 6) I I p e A y C M a T p H B a e T  n p H e M  n O e 3 A O B  

C O C T ~ H O B K O ~  H a  n y T b  3 (CO CTOPOHbI n Y H K T a  A )  H H a  I I Y T b  2 (CO CTOPOHhI 

n y H K T a  6). IT0 r J I a B H O M y  IlYTM I OCYmeCTBJIHeTCH ~ ~ ~ O C T ~ H O B O ~ H O ~  

A B H X e H H e  COCTaBOB. ~ J I H H ~  T p e X I I y T H O r O  pa3ae3Aa OI IpeAeJ IHeTCH 

no 4 o p ~ y n e  
Ip=In+21,+d+15, in, 

rA0 d - n p O A O J I b H O e  C M e m e H H e  I I y T e 6 ,  MHHHMaJIbHOe  3 H a s e H H e  KOTOPOrO 

COCTaBJIHeT 4,s in. 

lirocmaz - pa3~enb~are  IIYHKTH, K o T o p M e  H e  m e m T  C n e q n a n b H o r o  

nyfe~0r0  P a 3 B H T H H  H C J I Y X a T  AJIH OTCTOH IIOe3AOB. ~ O C T M  Y C T P a H B a I o T C H  

B J IYHKTaX I I p H M H K a H H H  3a60i i~h1~ H OTBaJ IbHhIX  I I Y T ~ ~  K r J I aBHHM,  

a T a K X e  B MeCTaX,  I I O H P a 3 H e J I R I o m H X  Y¶aCTKH X e J I e 3 H O A O P O X H b I X  IIYTBG 
H a  I I O A y W C T K H  (630~-Y¶~CTKH) C 4eJ IbH)  Y B e J I H s e H H H  IIPOUYCKHOG CIIO- 

C O ~ H O C T H .  

l i rponyc~na~ c n o c o 6 n o c m b  X ~ J I ~ ~ H O A O P O X H ~ I X  n y ~ e i i  o n p e A e J r R e T c H  

MElICCHMaJIbHhIM ¶HCJIOM nap n O e 3 A O B ,  K O T O p O e  MOifieT 6h1~b I I P O I I Y q e H O  

no AaHHOMY I I e p e r O H y  B T e s e H H e  e A H H H q b I  BpeMeHM.  3a O T P e 3 0 K  B p e M e H H  

¶awe B c e r o  DpHHHMaIOT CYTKH. ~ P O I I Y C K H ~ R  C I I O C O ~ H O C T ~  X e J I e 3 H O -  

A O P O X H ~ I X  ny~e i i  H a p b e p a  o n p e A e m e T c R  Ann ~ a H 6 0 J I e e  T p y A H o r o  ysa- 

/ cma, ~ a s h ~ ~ a e ~ o r o  o r p a H n n H B a IO Q a M n e p e r o H o la. 

N' = 60T nap noesdos, 
trp+t,,p+ 2~ 

' 



rAe vrp H Vnop - CKOPOCTH ABHHCeHHII I'PYHCeHOI'O H IIOPOlHHeI'O 

COCTaBOB, K " ~ / u .  
~ P O ~ O J I H C H T ~ J I ~ H O C T ~  C B R 3 H  MeHCAY O ~ M ~ H H H M E I  IIYHKTaMEI 3 a B H C H T  

OT B H n a  CBR3H H COCTaBJIReT I I p H  T ~ J I ~ @ o H H o ~  CBR3H I I P H  OnHOnYTHOM 
ABHXeHEIH 4-6 "nUfl ,  n p H  ABYXIIYTHOM 3-4 X U f l ,  I I p H  I IOJIYIBTOMITH- 
¶ ~ C K O ~  ~ J I O K H ~ O B K ~  Z. = 2-3 m u f l  H n p ~  ~ B T O M ~ T H ¶ ~ C K O ~ ~ ~  ~ J I O K H ~ O B K ~  
z = 0. 

I Ill IIPHHRB v,, = vnOp AJIR OAHOIIYTHO~~ JIHHHH, m e e M  

N ' = -  30T nap noeaaoe, 
t x  + r (XIII,11) 

N"= x, nap noeaaoe. 
t x + ~  (XIII,14) 

n p 0 8 0 3 f l 0 6  c n o c o 6 f l o c m b ~ 1  H a 3 h l B a e T C R  KOJIH¶eCTBO TOHH rPY3ar KO- 
T o p o e  n e p e ~ o 3 ~ ~ c ~  no n a H H o M y  n e p e r o H y  3a o n p e n e ~ ~ e ~ ~ b ~ i i  nepnon 
B p e M e H H  (CYTKH HJIH ~ o A ) .  HPOBO~HIR C I I O C O ~ H O C T ~  K a P b e P H F d X  n y ~ e g  
T a K l K e  YCTaHaBJ IHBaeTCR IIO OI'PaHH¶HBaJOIIp3My I I e p e r O H Y :  

rne No - n p o n y c K H a R  C I I O C O ~ H O C T ~  o r p a H H s n s a m q e r o  n e p e r o H a ;  

n - ¶HCJIO B a r O H O B  B COCTaBe;  
f - K O ~ @ @ H ~ H ~ H T  P e s e p B a ,  p a ~ ~ h I f i  1,l-1,2; 
q - I 'py30IIOA'beMHOCTb Ba I 'OHa ,  m. 

H P O B O ~ H Y H )  C I I O C O ~ H O C T ~  HCeJ Ie3HOnOPOXHbIX ny~ef i  MOHCHO IIOBbICHTb 
38 C&T Y B e J I W e H H R  IIOJIe3HOI'O B e C a  JIOKOMOTHBOCOCTaBa H IIPOIIYCKHO~ 
c n o c o 6 ~ o c ~ ~  I I y ~ e f i .  Cnoco6b1 Y B e J I H s e H H R  I I ~ o I I ~ c K H o ~  cnoco6~oc~m: 
Y C T P O ~ ~ C T B O  AOIIOJIEHTeJIbHhIX HCeJI~3HOAOPOHCHhlX IIYT& H a  O r P a H H ¶ H -  
~ a r o n l ~ x  n e p e r o H a x ;  p a 3 n e n e ~ ~ e  o r p a ~ w H s a m q e r o  n e p e r o H a  H a  ne- 
CKOJIbKO - CCtMOCTORTeJIbHbIX IIePeI 'OHOB; Y B e J I H P e H H e  CKOPOCTE ABH- 

X e H H R  IIO o r p a H w n s a m q e M y  n e p e r o H y ;  c o K p a q e H n e  B p e M e H H  H a  C B R B ~  
M e l K n Y  p a 3 n e J I b H b I M H  I IyHKTaMH.  

B 3aBHCHMOCTH OT KOHKPeTHhlX  Y C J I O B H ~ ~  ~ ~ J I ~ C O O ~ P ~ ~ H M M  MOHCBT 

O K a 3 a T b C R  TOT HJIH E I H O ~ ~  C I I O C O ~  Y B e J I W e H H R  I I P O I I ~ C K H O ~ ~  CIIOCO~HOCTH 
K a p b e p H b I X  11y~e6. 

~ ~ ~ H ~ B o J J H T ~ J I ~ H o c T ~  JIOKOMOTHBOCOCTaBa 3 a B H C H T  OT er0 none3~ofi 
' 

eAlKOCTH H B p e M e H H  o6opo~a (peica) COCTaBa.  
Bpem~ o6opoma COCmaOa B K J I I o n a e T  I I p O n O J I X H T e J I b H O C T b  BC0X OCHOB- 

HbIX  3JIeMeHTOB pefica, C O C T O R P E X  H 3  l lOI 'PY3KH COCTaBa,  A B H X e H H H  
B r p y 3 0 ~ 0 ~  H IIO~OHCHRKOBOM H a n p a s n e H m x ,  p a 3 r p y a ~ ~  B a r o H o B  H Ma-  

H e B P O B  JIOKOMOTHBOCOCTaBa. 
~ o J I H o ~  B p e M R  o6opo~a JIOKOMOTHBOCOCTaBa COCTaBHT 

rne - ~ M K O C T ~  O ~ H O ~ O  K y M n K a p a ,  m3; 
?2 - ¶HCJIO AYMIIKaPOB B COCTaBe;  

t, - IIpOnOJIHCEITeJIbHOCTb q H K J I a  ' J e p I I a H H R  a K C K a B a T O p a ,  CeK; 
E - eMKOCTb KOBIUa a K C K a B a T O p a ,  .US; 

k p  - K O ~ @ @ H ~ H ~ H T  p a 3 p b I X J I e H H R ;  
k, - K O B @ @ H ~ H ~ H T  HaI IOJ IHeHHR KOBIUa  3 K C K a B a T O p a .  
B p e M R  ABHHCeHHR C O C T I B I  %,.B I ' PY30BOM H a l l p a B J I e H H H  t,, MOHCHO 

O l I p e n e J I H T b  HCXOAR H 3  PaCCTORHHR T P a H C I I O P T H P O B a H H R  H cpen~efi 
CKopOCTH jJBHXeHHR I 'pyHCeHOrO JIOKOMOTHBOCOCTaBa. T ~ K  K a K  CKOPOCTH 
J(BHHCeHHR 3 a B H C R T  OT I IPOnOJIbHOrO IIPO@HJIH H COCTORHHR HCeJle3HO- 
~ o p o x ~ b ~ x  ny~eii ,  TO 6onee T O ~ H H M  6 y ~ e T  o n p e n e n e H z x e  c K o p o c T m  ABH- 

?KeHBR no X a p a K T e p H h l M  P a C T K a M  I I y T H  IIO @ 0 p M y J I e  
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A ~ a n o r H P ~ o  OI IpeAez IReTCR H B p e M t I  H B H X e H H t I  COCTaBa B IIOpOlfCHR- 
KOBOM H a n p a m e n m v r  t,,,,. B p e M R  pasrpys~m c o c T a s a  t,,,,, H a  n p H e M H b I x  

n y H K T a X  3 a B H C H T  OT IIPOAOJIlfCHTeJIbHOCTH p a 3 r P Y 3 K H  OAHOrO H y M n I i a p a  

H mx PECJIa  B COCTaBe.  B CBOH) O ¶ e p e A b ,  H a  UpOAOJIlKHTeJIbHOCTb pa3- 
r p y 3 K H  OAHOrO A y M I I K a p a  BJIHReT er0 T H n ,  cnoco6 OUHCTKH H KJIHMaTH- 

s e c K m e  ycnosm.  O ~ M P H O  B p e M t I  p a 3 r p y 3 ~ ~  H y b i n K a p a  K O J I ~ ~ J I ~ T C R  

B npenenax 1,5-2 xun n e T o M  H 3-5 stun 3 ~ ~ 0 6 .  
B p e ~ c ~  I IpOCTOeB H M a H e B p O B  JIOKOMOTHBOCOCTaBOB to, I IPM I I P a B H J I b -  

HOG O P r a H H 3 a q H H  ABH?KC?HHR H e  HOJIlfEHO I I P e B b I I I I a T b  5-10 &UH. 38 OHHH 
pefic. O H 0  3 a B H C H T  OT CXeM n y T e B O r O  P a 3 B H T H R  H O p I ' a H H 3 a q H H  n0rpy- 
30PHO-TpaHCI IOPTHbIX pa60~ .  

~ P O H ~ B O A H T ~ J I ~ H O C T ~  JIOKOMOTHBOCOCTaBa 0IIPeAeJI t lH)T DO @ 0 p M y J I e  

rAe T - BpeMcI  p a 6 0 ~ b I  COCTaBa B C y T K H ,  U; 
To6 - B P e M R  o6opo~a  COCTaBa ,  X U U ;  

nq - nonemas e M K o c T b  c o c T a B a ,  a 3 .  
n o J I e 3 H a R  eMKOCTb COCTaBa 3aBMCHT OT MOIIJ,HOCTH JIOKOMOTHBa, 

P y x o B o H c r q e r o  y m o H a  n y m ,  a T a K x e  OT K O H C T P ~ K T H B H O ~ ~  xapame- 
PlZCTHKH B a r O H O B  (B  OCHOBHOM OT ~ 0 3 @ @ i q H e ~ ~ a  ~apbI). 

Mecnsrra~ H r O H O B a R  npOM3BOAHTeJIbHOCTb JlOKOMOTHBOCOCTaBOB 
O n p e A e J I R e T C R  HCXOAR H 3  HX C Y T O P H O ~ ~  IIPOH3BOAHTeJIbHOCTH C YPeTObl  
p a 6 o s ~ x  ,q~ei i  c o c T a s a  B M e c f i q e  m B roAy. 

Jlo~oaomusnarii u dyxnKapnbrii napK Rapbepa. Yxcno JIOKOMOTHBO- 

COCTaBOB , ~ p e 6 y e ~ o e  AJIR 0 6 t ? c I I e P e ~ H R  ~ 0 p M a n b ~ O H  pa60~h1 K a p b e p a ,  

CKJIaAhIBaeTCH H 3  JIOKOMOTHBOB, 3aHRTbIX H a  I I e p e B O 3 K e  I 'OPHO~~ 
MaCCbI Npa6, X O ~ R ~ C T B ~ H H ~ I X  r P Y 3 0 B  Nxo3 H H a X O A R q H X C R  B pe- 
M O H T ~ . N , ~ ~  H peaep~e N,., H o n p e A e n a e T c c I  no @ o p ~ y n e  

YHCJIO p a 6 o s ~ x  JIOKOMOTHBOB H a  B H B 0 3 K e  ~ O P H O ~  MaCCbI O n p e -  

AeJIReTCR no I 'PY~OO~OPOTY H IIPOH3BOJ(HTeJIbHOCTH COCTaBa 

rAe Q,,, - C Y T O P H ~ I ~  rpy30060p0~ K a p b e p a ;  

f - K O ~ @ @ H I ( H ~ H T  H e P a B H O M e P H O C T H  ABFiWeHHR.  
Ymcno JIOKOMOTHBOB, H a x o A m q n x c R  B p e M o H T e ,  pe sep~e  H H a  xoasii- 

CTBeHHbIX pa6o~ax ,  IIOACPHTbIBaIoT B 3aBHCHMOCTH OT P H C J I a  pa6ounx ' 
JIOKOMOTHBOB CJIeAJ7H)II(HM 06pa30~: N,,, = 0,15Npa6; Npe3 = 
= (0,05-0,l) Npa6; Nxo3 = 1-2 e A H H H q H .  

p YHCJIO AYMIIKaPOB B pa60l.e 6 y ~ e ~  

5 7. A B T O M ~ T I ~ ~ ~ ~ N ~ I  KapbepHOI 'O  XCeJle3HOAOpO%HOI'O T p a H C K O p T a  

B a x ~ e 6 m m ~  n o ~ a 3 a ~ e n e ~  pa60~bI K a p b e p H o r o  T p a H c n o p T a ,  onpe- 
p?.JIRIoIr(HM er0 npOH3BOAHTBJIbHOCTb,  RBJIReTCR B P e M R  060p0~a  COCTaBa.  

 TO B P e M R ,  H a P R H Y  C H P Y r H M H  @ ~ K T O ~ ~ M H ,  3aBHCHT OT B p e M e H H  ABH?Ke- 
HEIR COCTaBa  K a K  IIO C T a q H O H a P H b I M ,  T a K  H IIO I I e P e A B H X H b I M  IIYTRM. 

C o ~ p a q e ~ ~ e  B p e M e H H  c n e A o B a H m  c o c T a s a  H a  IIOCTOCIHH~IX nymx AOCTH- 

r a e T c R  0 6 ~ 9 ~ 0  I I P H M e H e H H e M  (C H e K O T O P H M H  H ~ M ~ H ~ H H R M E I )  CYWeCTBY- 

IOIQHX THIIOBbIX CXeM T P ~ H C I I O P T H O ~  aBTOMaTHKH H TeJ I eMeXaHHKH:  
~ . ? ~ K T ~ o ~ ~ E ~ ~ J I o B o ~  CHCTeMbI; I I o J I Y ~ B T o M ~ T H ¶ ~ c K o ~ ~  ~JIOKHPOBIEH; aBTOMa- 

T H P ~ C K O ~  ~ J I O K H P O B K H ;  ~ B T O M ~ T M P ~ C K O ~  J I O K O M O T H B H O ~  C H r H a J I H 3 a q H H  
C aBTOCTOIIOM; K J I I ~ P ~ B o ~  3aBHCMMOCTH CTpeJIOK H CHrHaJ IOB;  A H C n e T s e p -  

CKOG q e ~ ~ p a n n 3 a q ~ r n .  
AJIR o p r a ~ n 3 a q ~ n  H p e r y n m p o B a H m R  f i n m m e H H R  C o c T a B o B  no K a p b e p -  

HbIM XeJIe3HOHOPOHEHbIM IIYTRM I IpHMeHRIOT p a 3 J I H q H b I e  CHCTeMbI C H r H a -  

n H 3 a q m ~  H aBTOMaTHKH,  I iOTOPhIe  n0JI ) fEHP O ~ ~ C I I ~ P E I B ~ T ~ :  PeTKYH) H 683- 
OIIaCHyH) O P r a H H 3 a q H H )  HBHlfEeHHR IIOe3AOB; I IOBbIII IeHHe pHTMH¶HOCTH,  

A B H W e H H R  H I IpOH3BOAHTeJIbHOCTH T P Y A a  I I P H  l fEeJIe3HOAOPOXHbIX nepe- 
s o a ~ a x ;  n o B b I r r r e H H e  n p o n y c ~ ~ o H  CIIOCO~HOCTH l f ~ e n e a ~ o ~ o p o m ~ b ~ x  
ny~ef i .  

KOOPAEIH~~HI I  p a 6 o . r ~  n a C T K O B  H OTHeJlbHbIX 3 B e H b e B  TPaHCI IOPT-  

H o r o  npoqecca o c y q e c T B n R e T c c I  ~mcnemepc~oi i  c n y ~ 6 0 6  xapbepa. 
A H ~ J I H ~  HCIIOJIHHTeJIbHHX I 'P~@HKOB H a  AI?~~CTBYH)WHX K a p b e p a X  (pa3- 
p e 3 a x )  n O K a 3 b I B a e T ,  ¶TO HHTeHCHBHOCTb H ~ ~ 0 r 0 0 6 p a 3 H e  B 0 3 M O X H b I X  
B a p H a H T O B  ABHlfEeHHR COCTaBOB O r P a H H ¶ H B a I O T  B03MOlfEHOCTb IIPHHFITHFI 

A H C I I ~ T P ~ P O M  OnTHMaJ IbHbIX  p e U I e ~ H f  6e3 H a J I H P H R  C l I e q H a J I b H b I  X CpeACTB.  
I / I c c J I ~ A o B ~ H H R  BOnpOCOB I l p H M e H e H H R  BbIPHCJIHTeJIbHbIX M a m H H  HJIR 
g I I p a B J I e H H R  TPaHCIIOPTOM H 4 e J I b I M H  I IpeAI IPHHTHRMH B ~ ' O P H O P Y A H O ~  

IlpOMbIUIJIeHHOCTH BeHyTCR K a K  B COB~TCKOM C0Io3e, T a K  H B 3 a p y 6 e m ~ ~ x  
C T p a H a X .  ~ I ~ O B O H H M ~ I ~  J I ~ H H H ~ ~ ~ H c K H M  H A H ~ ~ ~ O I I ~ T ~ O B C I E H M  r O P H H M H  
ElHCTHTYTaMH T a K H e  pa6o~b1 CBHHeTeJIbCTBYH)T 06 B ~ @ ~ K T H B H O C T E I  HCIIOJIb- 

3 0 B a H H R  BbI¶HCJIHTeJIbHhIX MaII lHH.  

I I o m c ~ o ~ ~ e  p a 6 o ~ a  no H c c n e A o s a H H I o  B o n p o c o B  y n p a s n e H m  K a p b e p -  
H H M  lfEeJIe3HOHOPOHEHbIM TPaHCI IOPTOM IIPOBOART JIZ/IH%T, Y K ~ H H M -  
I I p O e H T ,  MrH,  ~ ~ E Z ~ B C K H ~  HHCTHTYT aBTOMaTHKH,  ~ ~ O M T P ~ H C H ~ H I I P O ~ K T  
H H P Y r I d e  HHCTHTYTN. 

A J I R  I lOJ Iy¶eHHR KOHTPOJTR 0 BbIIIOJlHeHHOM M a P I I I P Y T e  H a  JIOKOMO- 
wne ,  a T a x w e  AJIR y n p a ~ J r e ~ ~ l ~  C T p e n o s H b I M H  n e p e B o A a M H  c egzmoro 
A E i c n e T u e p c I c o r o  n y m T a ,  p a c n o n o w e H H o r o  BHYTPH nnm B H e  K a p b e p a ,  
p a 3 p a 6 o ~ a ~ a  c n c T e M a  PJICEC, n p H H q n n H a n b H o  n p e H c T a s n c I I o q a R  co6oii 
CHCTeMY PYCII-Ih'f, HO AOnOJIHeHHYH) 6 J I o ~ a M k i  ~ B T O M ~ T M P ~ C K O ~  H3Be-  
C T H T ~ J I ~ H O H  m ~ @ o p ~ a q ~ n .  Ha p ~ c .  136 n p m s e A e H a  C T p y i x T y p H a s  c x e M a  

CHCTeMbI PJICEC. 
H ~ B ~ c T H T ~ J I ~ H ~ I ~  I I P H K a 3 b I  I l e p e A a I o T C R  H a  H e c y ~ e 6  ¶aCTOTe  F ,  = 

= 30,45 M z ~  C HCI IOJ Ib30BaHHeM ABOI lnHOrO K O A a  IC = 2n (IC - KOJIH- 
PeCTBO KOMaHA; - PHCJIO P ~ ~ P I I A O B ) .  n p H  3 T 0 M  K a X A O M Y  H3BeCTH- 

TeJIbHOMY I I P H K a 3 Y  I I p H C B a H B a e T C R  K O M ~ H H ~ ~ H R  H 3  0 ~ ~ 0 6 ,  HBYX HJIH 
HeCKOJIbKHX OAHOBpeMeHHO IIOCHJIaeMbIX 3BYKORbIX ¶aCTOT. ~ O J I O W ~ H H ~  
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" 
KOHTPOJIb YCTaHOBKH CTPeJIOK B M a p l l l p y T e  B BHAe 3eJIe~of IIOJIOCH 

S i O J I ~ l i e T  TOJIbKO TOT JIOKOMOTHB, K O T O ~ H ~  IIOA€iBaJI K O M a a A y  H a  YCTa- 

HOBKy MapIJlpyTa. ~ o c J I ~  IIpOCJIeAOBaHHR I I O A B H ~ H O ~  e A B E I H w  E3OJIH- 

I ~ O B ~ H H O ~ ~  CeKqHH IIYTH HJIH CTPeJIO¶HOrO y ¶ a C T K a  aBTOMaTH¶f?CKH IIOChI- 

JIael.Cn 0 ~ 6 0 6 ~ ~ 6  H ~ B ~ c T H T ~ J I ~ H ~ I ~  C H r H a n  ( 3 e J I e H a n  IIOJIoCa H a  CBeTO- 

CXeMe I IyJ IbTa ,  OTHOCRqaHCR K A ~ H H O ~  CeKqHH,  P ~ C H ~ T ) .  H a n o n b ~ u e  
c ~ e ~ o r $ o p n  06n¶ao H e  y c T a n a s n a s a m m r r ,  a p a a p e m e ~ r r e ~  H a  npocnejqo- 
B a H H e  JIOKOMOTHBOB CTPeJIKH CJIYXHT 3 e J I e H a R  IIOJIOCa H a  CPeTO- 

c x e M e  n y a b T a .  

Hnrr Y B e J I w e H H R  6slc~poro A ~ ~ ~ c T B H R  CHCTeMbI, CXeMhI H3BeIQeHHR 
CTPORTCR C IIpHMeHeHHeM ~ ~ C K O H T ~ K T H H X  IIOJIYIIPOBO~HHKOBhIX 3JIe- 
M B H P B .  T ~ K  K a K  I I O M B X O ~ C T O ~ ¶ H B O C T ~  H ~ 3 6 H p a ~ e J I b ~ o c ~ b  CHCTeMbI 

BO3paCTaIoT C YMeHbIIIeHHeM IIOJIOCH IIPOIIYCKaHHR (PHJI~TPOB B IIPHeM- 
HHKaX H3BeCTHTeJIbHhIX IIPHKaBOB, a TaKlXe  B I ' eHepaTOpaX m H @ p a ~ o p a  
HaIIOJIbHhIX Y C T P O ~ ~ C T B ,  TO IIPHMeHRIOT 3JIeKTpOMeXaHJd¶eCKHB KaMepTOH- 

H M e  @HJI~TPH. 

5 8. Y n p a s n e ~ ~ e  A s H x c e m e m  T p a H c n o p T a  c n p n M e H e H a e M  
B ~ I ~ ~ C J ~ ~ T W I ~ H O ~  TeXHUKH 

Tex~oJIora¶ec~m6 npoqecc H a  o T K p a T r a x  r o p H u x  p a3pa6o~~ax  
3aKJIIo¶aeTCR B nOArOTOBKe ~ O P H O ~  MaCCbI K BHeMKe H AOCTBBKB ee no- 
T ~ ~ ~ H T ~ J I R M .  C TO¶KH 3 P e H H R  OIIepaTHBHOrO YnpaBJIeHHR TeXHOJIOrH- 

¶eCKHM IIPOqeCCOM H a  OTKPbITbIX rOPHhIX p a 6 0 T a x  CJIeAyeT PaCCMaTpH- 
B a T b  ABa OCHOBHbIX B3aHMOCBR3aHHbIX IIpOqeCCa:  BbIeMKY H TPaHCIIOPTH- 

p 0 B a H H e  IIOJIe3HOI'O HCKOIIaeMOI'O. 3aJ(a¶a OIIepaTHBHOrO Y n p a B J I e H H R  
~ T H M H  n p o q e c c a M n  H a  K a p b e p e  ~ ~ K J I I O . ~ ~ B T C R  B y n p a s n e H H H  pa6o~of  
~ 0 6 b I ' X ~ b I x  M a m H H  H ABHXeHHeM TpaHCIIOpTa .  

OCHOBHH~ 3 a A a ¶ H  YnpaBJIeHElR ABHmeFeHHeM TpaHCIIOpTa  3aKJIIOsaIOTCR 
B O ~ ~ C I ~ ~ ¶ ~ H E I E  BbIIIOJIHeHHR A O ~ ~ I ¶ R ~ I M H  M a m H H a M H  T ~ K ~ J J W G  IIpO- 

rpaMMbI ,  T. e. YAOBJIeTBOPeHHR Y C J I O B H ~  OI ITHMBJI~HO~ IIPOH3BOAHTeJIb- 

HOCTH K a x A o r o  a r p e r a T a  H, c n e A o s a T e n b H o ,  K a p b e p a  B q e a o M .  K BTHM 
s a g a s a ~  B n e p B y I o  oqepeab OTHOCRTCR: 

p a 3 p a 6 0 ~ ~ a  I ' p a @ H ~ a  ABHXWHHR IIOeaAOB, BKJIIO¶aR 6 a n a ~ c  TpaHC-  
IIOPTHHX CPeACTB H 06ec11e¶e~ne ~ ~ ~ O I I ~ C H O C T H  ABHiKeHHR; 

A H c n e T s e p c K o e  PYKOBOACTBO ABnxceHHeM I I O ~ ~ A O B  H y n p a s n e H H e  

TpaHCIIOPTHbIMH CpeACTBaMH, a T a K X e  Y C T ~ O ~  C T B ~ M H  X ~ J I ~ ~ H O A O P O X H O ~  
aBTOMaTHKH; 

COCTaBJIeHHe UJIaHa  @OPMHPOB~HHR BarOHOIIOTOKOB H P e r Y J I H P O B a H H e  

IIolpKa IIOP03fFHHX COCTaBOB. 
P ~ I I I ~ H H ~  3THX 3aAa¶ AOJIlXHO YAOBJIeTBOPRTb HeKOTOPOMY KPHTePHIO 

o n e p a T H B H o r o  y n p a s s e H n R .  npix p e m e H n n  3anaq y n p a s n e H m  T p a H c -  

IIOPTOM o6a 3 T H  KPHTBPHR MOI'YT COBMeqaTbCR,  T a K  K a K  KPOMe P a C P e T a  

n e p c n e K T n s H o r o  r p a @ l a ~ a  A B n x c e H m  I I O ~ B A O B  ( ~ a n p ~ ~ e p ,  H a  c ~ e ~ y )  
AaJ3HaR 3aAa¶a BKJIIO¶aeT H AHCIIeTPePCKOe YIIPaBJIeHHB ABHXeHHeM 
TpaHCl lOpTa ,  KOTOpOe H AOJIwHO o ~ ~ c I I ~ ¶ H B ~ T ~  MHHHManbHOe OTKJIOHeHHe 
OT YCTaHOBJIeHHOrO pe)KHMa ABHEWHEIR IIOe3AOB. C O P ~ T ~ H H ~  3 T n X  KPH- 

T e p H e B  n p H  p e m e H m  s a ~ a n  p a c s e T a  r p a @ n ~ a  ABnHieHHR H O n e p a T H B H o r o  

( A H c I I ~ T ¶ ~ ~ c K O ~ O )  YIIpaBXeHHR ABHXeHHeM TpaHCIIOpTa  A a e T  3HaqHTeJIb-  
H ~ I P  3 + @ e ~ ~ ,  TaK KPK AHCIIeTPePCKOe YIIpaBJIeHHB OCYIQeCTBJIReT O n B p a -  

T H B H H ~  KOHTpOJIb 3a HCIIOJIHeHHeM PaCC¶ElTaHHOrO r p a @ H ~ a  H C y¶eTOM 
n p a ~ H J I b ~ 0 6  OqeHKH c J I o X H B ~ I I ~ ~ C R  CHTYaqHH IIePeC¶HTbIBaeT er0 AJIH 

O I I p e ~ 0 J I e H H R  OIITEIMaJIbHOrO B a p H a H T a  r p a @ H ~ a  ABHWeHHR B A ~ H H O ~  
CHTYaqHH. 

O n ~ c u ~ a e ~ b ~ f  o6aex~ o n e p a T H B H o r o  y n p a B a e H H c I  x a p a ~ ~ e p ~ ~ i y e ~ c ~  
~ ~ I C T P O T O ~  H3MeHeHHR CHTYaqHH, HHTeHCHBHOCTbIO H pa3JIH¶HbIMH 
HaIIpaBJIeHHIIMH I'PY3OIIOTOKOB, ~ ~ ~ B B T B J I ~ H H O ~  CeTbIO TpaHCIIOpTHbIX 

K O M M Y H H K ~ ~ H ~ .  ~ O ~ T O M Y  OIIepaTHBHOB YIIpaBJIeHHe TpaHCnOpTOM BhI- 

a b ~ ~ a e ~  a ~ a s ~ ~ e n b ~ u e  TPYAHOCTH. ECJIH npn CocTaBneHHH rpa@rr~a 
ABHXeHHR ¶eJIOBeK HMeeT AOCTaTOPHO BpeMeHH H a  0 6 A y M b I ~ a H F i e  pa3- 
JIH¶HhIX BapHaHTOB,  TO AHCIIeT¶ep H e  B COCTORHHH ~ H C T P O  aHaJIH3HPO- 
B a T b  CJIOlKHBmyIOCR CHTYaqHIO H O q e H H B a T b  IIPHHcITOe P e m e H H e .  B pe- 
3 y J I b T a T e  3 T O r 0  HeTOqHOCTb B P e r y J I H p O B a H H H  ABHXeHHeM II083AOB 
CHHXCaeT BOBMOXHOCTb BeAeHHR TeXHOJIOrH¶eCKOrO I IpOqeCCa B OIITH- 1' MaJIbHOM PelXHMe. 
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Y ~ o B J I ~ T B o ~ H T ~ J I ~ H o ~  P e I I I e H I t e  3 ~ 0 f l  3 a R a u H  M O X e T  G ~ I T ~  IIOJIYYeH@ 

TOJIbKO I I P H M e H e H H e M  3J l eKTpOHHhlX I(EI@POBMX BbI9HCJIHTeJIbHbIX MaUIHH 

(34BM), c n o ~ o q b ~ o  KOTOPHX M O ~ H O  p e I I I a T b  C J I o Z H b I e  3a~asm a B T o M a -  

T H 3 a q H m  YnpaBJ IeHHCI  JlpOH3BOACTBOM. 0 ~ ~ 0 f i  H 3  3aJ(a¶  CIBJICIeTCR YIIpa- 
B x e H m e  R s m x e H n e M  T p a H c n o p T a .  

H ~ H M ~ H ~ H Z ~ I ~  3qBM B YI IpaBJ IeHHm f i O J I X H 0  IIpeAIIIeCTBOBaTb:  

1) m3yne~ne H M a T e M a T H s e c K o e  o n n c a H H e  T e x H o n o r n Y e c K H x  npo- 
qeCCOB JlpeAIIpHRTlXR AJIR C03AaHIXCI M ~ T ~ M ~ T H ¶ ~ c K o ~ ? I  (@J'HKI(HoH~JI~Ho~~) 

M o A e n n  H c c n e A y e M o r o  npoqecca (@op~anrn3aq~cr T e x H o n o r n s e c H o r o  npo- 
qecca); 

2) m3yse~me rn M a T e M a T n s e c K o e  o n x i c a H n e  n p o q e c c o B  y n p a s n e H m H  

n p e A n p m c I T m e M ,  c o 3 ~ a ~ n e  a J r r o p H T M a  y n p a s n e H m n  (@op~anmsaqm~ npo- 
qecca y n p a s n e ~ m ) .  

IIpoqecc m 3 y s e ~ m ~  m n o c T p o e a m n  a a r o p m T M o B  y n p a B n e H m  3 a ~ a ~ -  
s H s a e T c c I  M o A e J r m p o s a n n e M  o p r a ~ ~ 3 a q ~ m  T e x n o a o r n s e c K o r o  npoqecca 
AJIH OTbICKaHHR OIITmMaJIbHOrO B a p H a H T a .  AJII'OPHTM Y I I p a B J I e H B R  ABEI- 

H e H E i e M  T p a H C I l O p T a  A O J I X e H  y4EITb lBaTb  O C O ~ ~ H H O C T H  K a p b e p a  ( ~ ~ M K H Y -  

TOCTb 3OBbI  peI 'YJIEIPOBaHHR, IX3MeH9HBOCTb ~ 0 ~ 4 H r y p a q H H  TpaHCl IOpT-  

HOG c e T m  H ~ p . ) .  
3 a ~ a s a  y n p a s n e H m c I  ABHlrceHnehf T p a H c n o p T a  COCTOHT 1x3: 1) onpe- 

A e n e H n c I  anpeca n y H K T a  norpys~m H p a 3 r p y 3 ~ ~  m p a c s e T a  s p e M e H x  

o T n p a B x e a m  nopowxero c o c T a s a  no,q norpys~y;  2) p a c s e T a  o n T n -  

MaJ IbHOrO I I y T H  CJIeAOBaHMCI COCTaBa K OI IpeHeJ IeHHOMy B n e p B 0 f  

IIYHKTY ~ a 3 ~ a s e ~ m ~  (onpe~ene~me  O n T r x M a n b H o r o  M a p m p y T a  

C O C T L B ~ ) .  

Bm6op anropnma y n p a s n e H m  ~ ~ B H C H T  OT ycnosmii BsareMKH n o ~ ~ e a -  
H O r O  HCKOl laeMOrO H cnoc06a er0 AOCTaBKH I I O T P ~ ~ H T ~ J I H ~  ( c T ~ H ~ H R  H P H -  

MbIKaHHII ,  r A e  @OPMHPYH)TCR BHeUIHHe  M a P U I P Y T h I ,  0 6 0 r a ~ H ~ e J I b -  

Hac r  @a6pm~a). 
C BTOG T O ~ K H  B ~ ~ H H C I  K a p b e p H  MOZHO p a s ~ e ~ ~ r n ~ b  H a :  H a p b e p H  

C C ~ J I ~ K T H B H O ~  B ~ I ~ M K o ~ ~  J l p H  Pa3J IHPHbIX C O p T a X  I ' o ~ H o ~  MaCChl  

B OAHOM 38608; K a p b e P b I  C B ~ J I o B o ~ ~  B ~ I ~ M K o ~ ~  IIpm Pa3JIH¶HhIX C O p T a X  

I ' o ~ H o ~ ~  MaCCH B p a 3 H b I X  3 a 6 0 ~ x ;  K a p b e P b I  C B ~ J I o B o ~ ~  B ~ I ~ M K O ~  I I p H  OAHO- 

p o ~ ~ o i i  ropaoji M a c c e  B aa6oe. + 

AJIH K a p b e p o B  nep~o i i  m B T O P O ~ ~  rpynn, e c m  s a ~ a s a  o n e p a T E i B H o r o  

y n p a B n e H n c I  B K J r I o n a c T  H n o g g e p x a H m e  o n p e A e n e H H o r o  K a s e c T s a  c o c T a s a  

r 0 p ~ 0 f  M a C C H ,  a J I r O p H T M  Y n p a B J I e H H F I  T p a H C n O p T O M  YCJIO?KHCIeTCR. 

HJIR K a P b e P O B  ~ p e ~ b e c  r p y n n b I  PaCCMOTpeHHbIe  BbIIUe yCJIOBI'U3 H e  H M e I o T  

3 H a 9 e H H R .  

 TOT a J I r O P H T M  BKJIIOPaeT:  O I l p e A e J I e H H e  a A p e C a  n y H K T a  I IOI 'PY3KH 

Fl MOMeHT O T n p a B J I e H H R  n O p O X H e I ' 0  COCTaBa I l O r p y 3 K y ;  KOIIT- 

e p O J l b  COCTORHHCI IIy~efi, 3KCKaBaTOpOB H MeCTOHaXOXAeHEle  COCTaBOB; 

o n p e A e J r e H H e  COCTOCIHHR C o c T a B o B  (B n a p K e  o T n p a B n e H m  m H a  M a p -  

mpy~e) ;  o n p e A e n e H n e  o n T z m a J m H o r o  sapmama n s m w e m R  c o c T a B o B  

C Y s e T O M  c J I o X H B I I I ~ ~ ~ C C I  C H T y a q H H .  

O n p e n e n e ~ ~ e  M o M e H T a  o T n p a s n e H n c I  o s e p e A H o r o  nopoxaero c o c T a s a  

K i-MY JlYHKTY OCyIQeCTBJIHeTCH C Y P e T O Y  B p e M e H H A B H X e H H R  COCTaBa LAB. 
OT H a p K a  O T n p a B J I e H H H  A 0  UYHKTa  UOFPY3KZf. 
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rAe nj - KOJIH¶eCTBO ~ . ~ O K - ~ ¶ ~ C T K O B  H a  M a p m p y T e  K i-MY UYHKTY 

I l O r p Y 3 K H .  
~ P H  OI IpeAeJ IeHHH tAB. ,, H ~ O ~ X O A H M O  Y'IHTbIBaTb H 3 M e H e H H e  COCTO- 

CIHHCI (M~CTOIIOJIOX~HH~) 3KC- 
Oycn 

K a s a T o p a  B 3a6oe. 
B p e ~ t ~  OTlIpaBJIeHHCI to,. ,, 1 

A 6 P nopoxmero coc~asa   no^ no- D 

'oT. ci = 'H. ni + t n i  - t A B .  cj7 

(XIII,25) 
rAe t,,. ,i - H a s a n o  norpy3~m 

n p e A b I A y r q e r o  co- 
' C T a B a  i-HM 3KCKa- 

tni - AJIllTeJIbHOCTb n O r P Y 3 K H  COCTaBa i-HM 3KCKaBaTOPOM. 

~ ~ o ~ ~ o J I X Z ~ T ~ J I ~ H O C T ~  I l O r p y a K E l  t,, K a K  H B p e M R  ABHXeHEIR CO- 

C T a B a  tAs. c i ,  MO)fCeT 3 a A a B a T b C R  K a K  H O P Y a T H B H O e  BpeMCI HJIH K a K  pe- 
3YJIbTaT  I I P O r H 0 3 H P O B a H H R  DO HMeIoIII,HMCH CTaTHCTHseCKHM A I H H P M .  

P ~ C C ~ H T ~ H H O ~  T a K H M  0 6 p a 3 0 ~  BpeMCI OTnpaBJIeHHCI COCTaBOB IIOH DO- 

r P Y 3 K Y  CpaBHEIBaeTCFI C T e R Y w H M  B p e M e H e M  tTe,, KOTOpOe M O X e T  no- 
A a B a T b C R  OT 3JICKTPOHHHX 4 a C O B  C 0npe~eJle~Ei0~ AEICKPeTHOCTbIO. 

~ P H  COBIIaAeHHH toTni H t,,, FOTOBOMY K OTIIPaBJIBHHIO COCTaBY 

p a c c s H T H s a e T c c I  M a p m p y T  ( c o c ~ a ~ y  B K a s e c T s e  anpeca s a n ~ c b ~ s a e ~ c ~  

H O M e p  I l y H K T a  HOI'PY3KH. H O M e P  ~ K C K ~ B ~ T O ~ ~ )  H paCC¶HTHBaeTCH OnTH- 

M ~ J I ~ H H ~  B a p H a H T  l 3 p O n y C K a  n O e 3 A a  n O A  n O P p y 3 K y  C y¶eTOM 3 a r P Y 3 K H  

3JIeMeHTOB T ~ ~ H C ~ O ~ T H O ~  CeTEf. He HCKJIIo¶eHO, ¶TO B pe3YJIbTaTe  a H a -  

J I H 3 a  C H T Y a q H H  I I P H  p a C ¶ e T e  OIITHMaJIbH0,I'O B a p H a H T a  A B H X e H H t I  COCTaBa 

a A p e C  J l O r P Y 3 K H  M O X e T  H3MeRHTbCCI. 

O n e p a ~ ~ ~ ~ o e  y n p a n n e H H e  A s E i a e H m e M  T p a I I c n o p T a  O c y q e c T B n n e T  

KOHTPOJIb 38 COCTORHHeM J ly~ef  no H H @ O P M ~ ~ M H ,  I I O C T Y I I ~ I ~ I I J , ~ ~ ~  OT PeJIb- 
COBHX qeneii, 3a C o c T o s H M e M  H M e c T o n o n o m e m e M  C o c T a B o B .  06pa6a~b1- 
B a n  IIOJIJFIaeMyIo H H @ O P M ~ ~ H H ) ,  a J I r O p H T M  YIIPaBJIeHHCI OCYIQeCTBJIIIeT 
o ~ T H ~ \ I ~ J I ~ H ~ I ~  I I p O n y C K  COCTaBOB ICO M a p l I I p y  TaM. 

Ha p ~ c .  137 n o ~ a 3 a ~ a  y K p y n H e H H a c I  6 x 0 ~ - c x e ~ a  a J r r o p m T M a  ynpa- 
BJIeHHCI A B M Z e H H e M  B H y T p H K a p b e p H O I ' O  T p a H C n O p T a .  &IOKH a J I r 0 p H T M a  

y n p a s n e H n R  B b I n o n H R I o T  C n e H y m r q H e  O c H o B H a e  @ Y H K ~ M E I .  
E.TOK A BBOAHT El I Ipe J (BapHTeJ IbH0  0 6 p a 6 a ~ ~ s a e ~  IIOCTyIIHBIIIyIo  

3a B p e M R  npeAbIAyIII,erO q H K J I a  H H @ O P M ~ ~ H H )  0 COCTOCIHHH IIOI 'PY30PHbIX 



M a l n H H  H T p a H C U O p T a ,  OCyqeCTBJr I I eT  K O H T p O n b  OKOHPaHHII  IIOl'pY3KH O m -  
p e A H O r 0  COCTaBa,  y ¶ H T M B a e T  U p O H 3 B O ~ I l T e J I b H O C T b  ItOI'PY30¶HhlX MBIIIHH. 

EJIOK B, HCIIOJIb3YR 3 T y  H H @ O P M ~ ~ B H ) ,  I I P O r H 0 3 H P Y e T  HJIHTeJIbHOCTL 

O ¶ ~ P ~ A H O ~  I I O r P Y 3 K H  AJIR COOTBeTCTBYIoqHX 3KCKaBaTOPOB H B p e M I I  
,D,BHXeHHII I I O P O X H H X  COCTaBOB K HEM. 

EJIOK P OIIpeneJII IeT M O M e H T P  OTI IpaBJ IeHHR IIOPOlKHHX COCTaBOB 
non n o r p y s K y ,  o n p e n e n R e T  anpec M e c T a  no rpys~m H a a n ~ c ~ ~ a e ~  c o c T a B y  
anpec M e c T a  n o r p y ~ ~ ~ .  

f l a ~ ~ h l e  ~ J I O K H  (A,  B H P) 0CYIQeCTBJIIIH)T IIORI'OTOBKY H l l p e A B a p H L  
T e n a H y I o  o 6 p a 6 o ~ ~ y  r n ~ @ o p ~ a u m ~ .  H e n o c p e n c ~ ~ e ~ ~ o e  o n e p a T H s a o e  

Y n p a B J I e H H e  R B H X e H H e M  0CYqeCTBJIXH)T ~ J I O K H  D ,  Q, C H E a J I r O p H T M a  
y n p a s n e H H a .  

EJIOK D I I P O B e p I I e T  COCTORHHe COCTaBOB , O I I p e R e J I R e T  H a J I w H e  COcTa- 
BOB B I I P P K e  OTI IpaBJ IeHHR ( H ~ J I H P H ~  I'OTOBhIX K OTlIpaBJIeHHH, COCT~BOB) ,  

HJIR KOTOPhlX ~ J I O K  Q OIIpeHeJ IReT  BOBMOmHOCTb BhIXOAa H a  M a P m P Y T ,  
rOTOBHT M a p m p y T ,  O n p e A e n f f I I  O I I T H M ~ J I ~ H ~ ~ ~  B a p H a H T  U p O I I y C K a  C o c T a B a , ~  
OTI IpaBJ IReMOrO n O r p y 3 K y .  U p H  HeBOBMOXHOCTH ~ ~ ~ O C T ~ H O B O P H O ~ O  

CJIeAOBaHHII COCTaBa K M e C T y  I IOI 'pY3KH PaCCPHTMBaeTCR B a p H a H T  er0 
ABH)KeEHR C MHHHMaJIbHhlM B p e M e H e M  UPOCTOR H a  M a p m p y T e  ( B O ~ M O X H ~  
s a ~ e ~ a  anpeca n y H K T a  ~ ~ o r p y s ~ ~ ) .    TOT ~ J I O K  T a x m e  n p o r ~ o ~ ~ p y e ~  
B p e M R  IIPH~HTHII K o¶epe,q~oii ( 6 ~ 1 ~ ~ a t i m e P )  K O H T P O J I ~ H O ~  TOPKe  HJIII 
o U ~ ~ ~ T E B H O ~ ~  n p 0 B e p K H  H K O p p e K T H P O B K H  I ' p a @ H K a  A B H X e H R R  COCTaBa,  
O C ~ ~ ~ C T B J I R ~ M O H  6 n o ~ o ~  C. 

EJIOK E I I P O B e p I I e T  COCTORHHH COCTaBOB, HaXOnRIU,HXCII H a  M a P m P Y T e ?  
K O H T p O J I H p y e T  MOMeHT IIPH~MTHII k-I'o COCTaBa  K K O H T ~ O ~ ~ H O ~ ~  T O P K e  
rn n e p e g a e T  y n p a s n e H E i e  c o o T s e T c T B y m q e M y  o n e p a T o p y ,  o c y q e c T a n n -  

~ o q e ~ y  nponycrc noe3no~ sepes KOHTPOJI~HYH) T O ~ Y  H n e p e K a m e H n e  
c T p e n o K  B H Y ~ H O M  H a n p a s n e H m u .  Ecnn ~ J I O K  E O c y q e c T B n n e T  K O H T P O J I ~  

MOMeHTa IIPH~MTHFI COCTaBa K K O H T P O J I ~ H O ~  T O P K e  IIO IIPeACKaaaHHOMJ' 
B p e M e H H ,  TO ~ J I O K  C CJIeAHT 3a llepeMeIU,eHE€eM COCTaBOB H a  K a m A O M  
~ J ~ o K - ~ ¶ ~ c T K ~ .  

U p H  U e p e X O n e  COCTaBOB C y ¶ a C T K a  H a  V a C T O K  HH@OPM~I(HII  OT AaT-  
¶HKOB peJIbCOBhIX qeneii UOCTyI IaeT  B 3 4 B M  E 3 a M e H I I e T  H M e B m y I o C R  
T a M  P a H e e ,  T. e, IIPOHCXOAHT K O P p e K T H p O B K a  H H @ O P M ~ ~ E I E I  0 MeCTO- 
H a X O m A e H H H  COCTaBOB. T ~ K B M  O ~ P ~ O M ,  n B H X e H H e  COCTaBOB IIO MapIII -  
P y T y  COnpOBOHEnaeTCR n H C n e T P e p C K H M  K O H T p O n e M  Et Y U p a B n e H H e M .  . 

E n o K H  C ,  D ,  Q H E I I p e n c T a B n R I o T  co6oii M a n a f  q H K n ,  K O T O P H ~ ~  
ll0 OKOH¶aHIlH I IpOCMOTpa  COCTOIIHHII BCeX I IOe3nOB 3aMbIKaeTCX H a  60~1b- 
moti q m n  sepes 6 n o ~  A.  I C o ~ ~ p o n b  O K o H P a H n x  M a n o r 0  -ma ocyme- 
CTBnReTCR n p 0 ~ e p K o f  k = n (n - P H c n o  ~ ~ ~ O T ~ I ~ I U , H X  U O ~ ~ ~ O B ) .  B p e M R  
pa6o~h1 n p o r p a M M h I  ( P O P M H P ~ ~ T C R  B 6noxe T. C ~ r ~ a a  o nonxone c o c T a s a  

K KOHTPOJI~HOG T O P K e  A O J I X e H  I IORaBaTbCR C Y¶eTOM B p e M e H H ,  ~ e o 6 x o -  
'AHMO~O AJIII B M ~ ~ ~ O T K H  3 q B M  BbIXOAHOrO C m r H a J I a  H a  U p O n y C K  HJIU 
o c T a H o B K y  noeana. 

T a ~ o i i  a J I r O p H T M  06ecnes~sae~  M a H C H M a J I b H y I o  I IpOH3BOAHTeJIbHOCTb 
3 a 6 o e ~  H B @ @ ~ K T H B H O ~  &iCnOJrb30BaHHe T p a E t C n O p T a .  AJITOPHTMH peI I I e -  
H H R  I I O ~ O ~ H ~ I X  3anaq MOrYT o T n n ¶ a T b c a  no C I I O C O ~ Y  ~b160pa a A p e c a  

IIOI'PY3KH. 

Anpec n y H K T a  n o r p y ~ ~ ~  MOXHO, H a n p H a i e p ,  onpenenma cnegy- ' 
I o q H M  06pa30~:  

1) I t p O C M a T p H B a I o T  BCe 3a6om H sh16~pa1o~ C B O ~ O A H ~ I ~ ;  B C J I p a e  
OTCYTCTBHR CBO~OAHPX 3a6oe~ anpec n y H K T a  I I O ~ P Y B K H  xie O n p e A e m e T c R  
H COCTaB X A e T ;  

2) H 3  C B O ~ O A H P X  3a6oe~ B H ~ B P ~ D T C I I  paCIIOJI0)KeHHhIe  ~ J I H X ~  K pasa- 
e 3 A Y  3 a 6 0 ~ ,  H a  KOTOPOM HaXOAHTCII I I o P o ~ % H H ~ ~  COCTBB; 

3) COCTaBhS OTnpaBJ I I I IoTCR n O A  UOl 'py3Ky B T e  H 3  B M ~ P ~ H H ~ I X  3a6oe~,. 
me B p e M R  n p O C T O R  n O r p y 3 O ¶ H h I X  MaIIIHH MaKCHMaJIbHOe.  

B O ~ M O % ~ H  B a P H a H T  BJ I rOPHTMa OUpeneJ IeHElR  a A p e C a  MeCTa  n O T P Y 3 K H  
IT0 K P H T e P H I o  MHHHMYMa CYMMhI IIPOCTOR COCTaBOB H I IOTPY30PHhIX 
MaIIIEH.   TOT B a p H a H T  ~am6onee ~ @ ( P ~ K T H B ~ H  B CMhSCJIe 3 a T P Y 3 K H  0 6 0 ~ ~ -  
ROBaHHII .  O ~ H ~ K O  A n I I  er0 p e a J I H 3 a I p H  T P ~ ~ ~ ~ T C R  I I p O C M a T p H B a T b  MHOl'O, 
B a p H a H T O B ,  ¶TO I I P H  ~ O J I ~ I L I O M  H X  KOJIHPeCTBe n o ~ p e 6 y e ~  3 H a P H T e n b H O I ' O  
B DeMeHH. 

Hcnonbso~a~me 3 4 B M  A n R  o n e p a T H B n o r o  y n p a s n e H m  T e x H o n o r n -  
PeCKHMFi I IPOqECCaMH BOBMOHCHO B K a P e C T B e  UCOBeTPHKa)  HJIH YIIPLBJIII- 
I o q e I ' O  Y C T ~ O ~ ~ T B ~ .  B UOCJIeHHeM C J I y ¶ a e  T ~ ~ ~ Y ~ T C H  H a n k i ¶ H e  cJIoXHO~~ 
CHCTeMhl I C e p e A a P H  HH@OPMB~HH,  4 e H T P a J I H 3 0 B a H H O r O  KOHTPOJIII H CH- 
CTeMhI CUE H a  ) K e J I e 3 H O A O p O ~ H O M  T p a H C n O p T e .  3qBM 06pa6a~b1sae~ 
n O J I y ¶ a e M y I o  H H @ O P M ~ ~ H ~ O ,  I'OTOBHT M a p J l I p y T  H B b I A a e T  Y n p a B J I R I o I Q H e  

B O ~ H ~ ~ ~ C T B H R  HCIIOJIHHTeJIbHhlM M e X a H H 3 M a M  ( Y C T P O ~ C T B ~ M  CUE) H a  
y C T a H O B K y  M a p I I I p y T a .  



Ha nepsarx a ~ a n a x  H C I I O J I ~ ~ O B ~ H H R  34BM AJIH o n e p a ~ n ~ ~ o r o  ynpa- 
BlreHHH IIPOH3BOACTBeHHhIMH I I P O q e C C a M H  q e n e c 0 0 6 p a 3 ~ 0  HCICOJIb30BaTb 

.ee B Ha¶eCTBe  ((COBeTYHHa)) BBHAy H ~ B ~ I C O I E O ~ ~  H a A e m H O C T H  BbI¶HCJlHTeab-  

~ o i i  T e x H m K m ,  cna60ii HBYP~HHOCTH n p o q e c c o B  y n p a s n e H m R ,  a T a x i K e  

B B H A y  OTCYTCTBHR ~ e 0 6 x o ~ m M h I x  AaT'IHKOB. 3lJBR.1, pa60~aII B K a u e C T B e  

t ( c o s e T . i m a s  A H c n e T q e p a ,  0 6 p a 6 a ~ a r ~ a e ~  BBO~HMYIO H H @ o P M ~ ~ H I O  H BH- 

g a e T  p e 3 y n b ~ a ~ 1 . 1  B BHAe c ~ r ~ a n ~ 3 a q m ~  H a  ~ a 6 ~ 1 o  HJIH H a  n e s a T b  {(coBeT 

n u c n e T s e p y ) ) .  T a ~ c m ~  o 6 p a 3 0 ~ ,  aagasm, B O ~ J I O I K ~ H H E J ~  H a  c H c T e M y  ynpa- 
BJIeHHR K a P b e P H h I M  ~ e J I e 3 H O A O P O X H ~ M  TpaHCIIOPTOM, OIIPeAeJIRIOT ee 
CTPYKTYPY. Ha pnc. 138 n o ~ a 3 a ~ a  n p m e p H a R  C T p y r m y p H a R  c x e M a  

~ B T O M ~ T H ~ H ~ O B ~ H H O ~  CHCTeMbI Y I I p a B J l e H H H  K a P b e P H b I M  X e J l e 3 H O -  

AOPOXHbIM TPaHCIIOpTOM. M 3  PHC. 138 L3 I IP I IBeAeHHOrO BbIIIIe OIIHCaHHR 

DHAHO, ¶TO CHCTeMa Y n p a B J I e H H t I  X e J l e 3 H O J O P O X H b I M  TPaHCIlOPTOM 

riapbepa B o 6 ~ q e ~  cnysae B H n m s a e T :  ynpannnroqym s b I s m c n H T e n b H y I o  

MaI I IHHy ,  ~ C T ~ O ~ C T B ~  K ~ J I ~ ~ H o ~ o ~ o ? K H o ~  aBTOMaTHKH,  AaT¶HKH, K a H a J I b I  

TeJ IeMeXaHHKH H CpeACTB CBH3H. 

TJIABA XZV 

1 7 o s ~ m e ~ ~ ~ f  H3HOC n e p e A B n H ; n M x  n y ~ e f  n p e g o n p c g e n R e T c c I :  He- 
K ~ ~ ~ C T B ~ H H O G  I IO~~I 'OTOBKO~ 3eMJIRHOrO nOJIOTHa;  OTCYTCTRHeM 6annac~-  
H O r O  CJlOtI H BOAOCTO'IHbIX K a H a B ;  HeyAOBJleTBOpMTeJIbHbIM BOCCTaHOB3e- 

H H e M  nYTPI IIOCJIe er0 DepeABHl rcKH HJIH I I e p e y K J I a A K H ;  HeYAOBJIeTBOPH- 

T e n b H b I M  c o n e p x a H m e M  H s a c T b I M  n e p e M e q e n H e M  ny~eii ;  6onbmoB H a -  

r p y 3 ~ 0 6  OT IIOABHlrrHOrO COCTaBa;  U O J I O M H O ~  P e n b C O B  B p e 3 y J I b T a T e  

a ~ a p ~ i i  H T. A. 
P e J I b c b I  C PeJ lbCOBbIMH OIIOp?MH COeAHHHIoT IIPOMeXiyTOPHbIMH 

CKpeI t J I eHHRMH ( I I o ~ H J I ~ J ( K ~ M H ,  KOCTbIJIHMH, UIYPYIIaMH HJIH ~ O J I T ~ M I I )  

H Me?IEAY ~0606  - CTbIHOBbIMH COeAHHeHHHMH ( I I O A K J I ~ ) J K ~ M E I ,  ~ O J I T ~ M H ) .  

Hadonee  p a c n p o c T p a H e H o  npmpennenme p e n b c o B  K m n a n a M  KOCTH- 

JIIIMH, HMeIOWee ,  OAHaKO,  P I IA  CyID,eCTBeHHbIX HeAOCTaTIiOB: 6 b 1 c ~ p o e  
c H m x e H m e  I IPO~HOCTH ny~ei i ;  ynmpenme mnm c $ m e H H e  K o J I e H  H ~ 0 3 ~ 0 , ~ -  

H n e  n e p e K o c N ;  n e 6 0 ~ 1 b m o e  c o n p o T H n x e I i H e  B n n e p r m B a H n m  K O C T ~ I J H  

m 3  urnam, n p n B o A R q e e  K o~parsy mnan OT p e n b c o B ;  6 b I c T p 0 e  paapyme- 
HEie mnan. 

AJIR 06ecnese~~11 n p a B H n b H o r o  C K p e n n e H m R  p e n b c o B  co mnanam 
H ~ O ~ X O A E I M O  YCHJlHe 60~1ee 9 e M  8,5-9,o T H a  OAHy runany. T a s n ~  T p e -  

~ O B ~ H ~ H M  YAOBJIeTBOPHIoT IIIYPYIlHEJe H ~ O J I T O B H ~  CKpel lJ lCHHII .  B n e p B o M  

cxysae mypyn cnoeii rononxof n p H m H M a e T  penbc K mnane E p y x H H a m  

c I I e ~ H a J I b ~ 0 6  ~ O P M M ;  COnPOTElBJIeHHe BbIAePrHBaHHN)  IZIYPYIlOB B 1,s- 
2 paaa m m e ,  s e M  y ~ o c ~ ~ n e i i .  
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Bonee n p o P H m M  c K p e n n e H H e M  p e n L c o R  co runanam RBJIBeTCII ~ O J I T O -  

BOe COeAHHeHHe npHXi l4MHOrO HJIH KJIIlHOBOI'O T H I I a ,  I I P H  KOTOPOM B K a -  

¶eCTBe  I I p H H p e I I H T e J I e &  HCIIOJIb3yIOTCH CKB03HhIe  60JITbI.  

BOJITOBO~ COeAHHeHHe IIPEIlrcHMHOTO THI Ia  OCYqeCTBJIHeTCII  C I I O M O ~ L I O  

pe .~b~0~0f3 ,  I I o A I L I I I ~ J I ~ H o ~  IIOAK.?a)JOIE, A B Y X ~ I ~ I I I ~ J I ~ H M X  ~OJITOB C rag- 
KaMrf ,  ABYX IIPYXHEEIHHHX mag6 H ABYX P C J I ~ C O B ~ I X  IIPEZXHMOB cneqmanb- 
~ 0 i i  KOHCTPYKqHH.  C O C A H H ~ H H ~  KJIHHOBOrO T H I I a  Kpe I IHTCR K m I I a J I e  

CEI103HHMH 6 0 n ~ a b m  He3aBHCHMO OT P e J I b C a ,  a CaMH PeJIbCEJ CaMOCTO- 

R T e 3 b H O  COeJlHHHIOTCII C I I O A K J I ~ J ( K O ~  C I IOMOqbH)  ABYX 3a?KIlMOB, KOTO- 

P b I e  BCTaBJIHIOTCII B IIOAKJIaAKY I3 3aKJIHHHBaIOTCR CIIeqHaJIbHbIMIL 

K.?HHbRlMH. 

n p H  I U y p y n H O M  H ~OJITOBOM CKPeIIJICHHH CPOK c J I y X 6 b I  ILInaJl YBeZEI- 

¶HBaW"l'H B 2-3 p a 3 a ,  YMeHbIl IaIoTCH YIUHPeHHR KOJIeH,  OTPbIB IUIIaJI  

I1 T. A. H e ~ o c ~ a ~ o K  ~ O J I T O B O ~ O  COeAHHeHHH - CJIOXHOCTb 3 a M e H b I  ~ O J I T O B  
npm HX 06pnse. 

C T H K O B ~ I ~  P e J I b C O B H e  COeHHHeHHtI  I IpOH3BOntITCtI  C I l O M O q b I O  HaKJIa -  

AOK ((Ha B e c y ) ) ,  H a  mnane H a  c A B o e H H a r x  mnanax. OCHOBHO~ pacnpo- 
C T p a H e H H e  I I o J I y ¶ H n  CTbIK ((Ha B e c y s  6 n a r o ~ a p ~  ero ~ a H 6 o n b 1 1 l e f i  ynpy- 
rOCTH. CTHK H a  CABOCHHEJX IDI Ia J I aX  PeKOMeHAyeTCH n p H  T R X e J I h I X  

J'CJIOBHRX pa60~b1 BepXHeI 'O  CTpOeHHII  I IyTH.  A ~ B J I ~ H H ~  OT PeJ IbCOB BOC- 

I lPHHHMaIOT UIIIaJIbI ,  K O T O p M e  H3rOTOBJIRlOT AePeBHHHbIMH,  MeTaJIJI1-  

secKmMYlm rn H E ~ J I ~ ~ O ~ ~ T O H H ~ ~ M E ~ .  HamGonbmee n p n n t e a e H m e  H a  Eapbepax 
HMeIoT  H e p e B R H H b I e  COCHOBbIe UInaJ Ib I .  ~ ~ O C T O H H C T B ~ M H  HX HBJIRIoTCH 

J X P Y r O C T b ,  J I e rKOCTb  H ~ e 6 o ~ b m a 1 1  CTOHMOCTb. 

mIIaJIbI YKJIaAbIBaIoT  H a  6 a J I n a c ~ H a r i i  cJIoB, H O T O ~ H ~  H3rOTOBJIHIOT 

H3 q e 6 ~ I I  P a 3 M e P O M  20-70 %A, F a J I b K H  5-40 XJM, r p a B H H  5-20 X.W, 

m n a K a ,  p a K y m x m  H T. 11. B ~ c o ~ a  6 a n n a c ~ ~ o r o  CJIOH AJIH K o J I e H  p a 3 ~ e p o ~  

1524 M% H3MeHReTCR B I I p e A e X a X  0,25-0,4 X H a  nOCTOHHHbIX I lyTI IX  

H 0,15-0,25 WM H a  n e p e m m x H n x .  Cpegn~i i  pacxon 6aJIJIac~a H a  IIOCTORH- 

HHX IIYTHX C o c T a s n H e T  1500-2000 m3/xx. H a  n e p e A B n m n n x  

600-1000 m31xiu. 

l I y ~ e n e p e ~ ~ z i r a ~ e m  q H h i l v , s I i o r o  , q e i i c ~ ~ m c ~  n p H M e H t I m T  npm He-  

~ O J I ~ I I I O M  mare n e p e n B H w K n  ny~e i i  6e3 p a 3 6 o p 1 c ~  HX H a  o T a e J I b H n e  

3 B e H b H ,  a T a H X e  H a  IIOArOTOBHTeJIbHhIX pa6o~ax  I I p H  K P ~ H O B O ~ ~  nepe- 
yIiJIa$(Ke ( ~ b 1 ~ e p I ' l i ~ a ~ H e  n y T H  H 3  r p y H T a ,  PHXTOBKa H T. II.). 0 6 ~ ~ ~ 0 -  
IIX HCIIOJIb3YIOT H a  I IJ IYXHhIX OTBaJIaX.  

n y T e n e p e ~ ~ H r a T e J I H  qEIRJIH'IHOI'0 A ~ G C T B H R  IIOHPa3AeJItIH)TCR: IIO Xa-  

p a R T e p y  p a 6 o ~ ~  - c o 6 c ~ ~ e l i H o  n y T e n e p e R B H r a T e J I H ,  n y T e n e p e g B H r a -  

T ~ ~ I H - ~ ~ J I J I ~ C T H ~ O B ~ H K H ;  IIO THIIY nOJ(ZeMHOr0  O p F a H a  - B H H T O B O ~  H pe- 
e s ~ ~ $ ;  no n o ~ n e ~ ~ 0 6  MOL~HOCTH - AO 15 m n Gonee. Ha~6onbruee 
p a c n p o c T p a H e H H e  H a  H a p b e p a x  rnMemT n y T e n e p e A B H r a T e m  IIY-25, 
17Y-26, 17Y-30 H 1717-3. 

I I o a % e ~ ~ o e  y c H n H e  ( ~ a ~ c ~ ~ a n b ~ o e )  n y ~ e n e p e ~ ~ ~ r a ~ e n e i i  pamo  26- 
30 T, mar n e p e A B m x I ; m  700-909 x m ,  C K O P O C T ~  n e p e A s H x K n  3- 
6 ~&t / ' l .  



Ha PHC. 139 11o~a3a~a  c x e M a  pa60~h1 I I y T e n e p e A B n r a T e J m  ~HKJIEIP- 

H O r O  A ~ ~ C T B H R .  

llpoqecc I I e p e a B n w K H  n y T H  n y ~ e b e p e ~ ~ n r a ~ e n ~ ~ ~  q n K n m H o r o  Reg- 
CTBHR COCTOHT H 3  CJIeAYlOmHX OCHOBHHX 0 I I e p a q H 6 :  YCTaHOBKa I l y T e -  
r r e p e p H r a T e z n ,  a a x ~ a ~  K n e q a M n  r o n o B o K  O ~ O H X  p e n b c o B ;  O n y c K a H M e  
a y 6 ~ a ~ o P  p e f i ~ ~  C O I I O P H O ~  IIJIHTo~, Y C T ~ H O B J I ~ H H O ~  B CTOPOHY OAHOrO 
H3  peJIbCOB B 3aBHCHMOCTH OT H a I I p a B J I e H H R  I I e p e a B H X K H ;  n O A 5 e M  0 6 e H x  
PeJIbCOBbIX HHTOK BMeCTe C M a I I l ~ H o f i  A 0  T e X  I I O p ,  I IOKa  M a I U E H a ,  T e P R R  
PaBHOBeCHe ,  H e  I IePeMeCTHTCR BMeCTe C P e J I b C a M H  B CTOPOHY IIePeABHlfCKH; 

.O l lYCKaHHe  M a I I l H H H  H IIYTH H a  HOBOe IIOJIOTHO. 
Aanee n y T e n e p e A B H r a T e J r b  n e p e e ~ x a e ~  H a  A p y r o e  M e c T o  ( ~ a  pac- 

2CTORHHe 6-17 n t  OT I I ~ ~ B o I ' o ) .  mar nep€?ABHWKH I I p H  aTOM COCTaBJIReT 

PAC. 139. Cxerdhl pa6orm nymnepeABurawnfl qmnuvuoro ~ e i i c ~ s r n :  
a - acxowoe nonomeeae; 6 - noxnear nyTa; e - KoHewioe nonomeaae; I - 8y6na~an 

nepexasa: 2 - nonneman mecTepm; 9 - ammar; 4 - ynopaarll 6amma~ 

I IO HaI IpaBJ IeHHIO K WeJ Ie3HOAOPOKHOMY TYIIHKY. ~ P E I  AOCTITOPHOI\l 
,Q l lpo~~e  p a 6 o ~  ~ ~ M O H T H O - n y ~ e ~ o i i  6pnra~1.1 n y r e n e p e a B n r a T e n b  ocyqe- 

I CTBJIReT I I e p e A B H X K y  OT TYI IHKa  K MeCTY COeAHHeHHR IIOCTORHHhIX H Jlepe- 
ABHXEHhIX IIy~efi.  TO 0 6 e c n e n ~ ~ a e ~  MHHHMadIbHHe  IIPOCTOH I l y T e I I e p e -  

I ~ ~ n r a ~ e n c ~ ,  T ~ K  K ~ K  ~ c e  p a a p ~ ~ ~  n y ~ ~  O C T ~ I ~ T C R  n 0 3 a ~ ~  ero ur AJIR 

I I I e p e e 3 A a  H a  H O B H ~  Y¶aCTOK pa6o~b1 MOlKHO O X H A a T b  COeAHHeHHR TOJIbKO- 
. o A H o r o  pa3pb1~a. 
* I I e p e ~ o ~ o P   om^ p a 6 o ~  no n e p e A B m a c e  X ~ J I ~ ~ H O A O ~ O X E H H X  ny~ef i  
I IOKa3hIBaeT ,  ¶TO AJIR AOCTHXeHHII  B ~ I C O K O ~ ~  nPOH3BOAHTeJIbHOCTH H K a -  
¶eCTBa H ~ O ~ X O A H M O  IIPOH3BOflHTb I I e p e A B H X H y  B ABa-TPH I I p H e M a .   TO 
YMeHbI I I aeT  ¶HCJIO H3BHJIHH H IIePeKOCOB. P ~ K O M ~ H H Y ~ T C R  T a K X e  I IPH-  

I 

rAe T,, - I IpOAOJIWHTeJIbHOCTb C M e H H ,  'ti 
z - mar nepenmmmi, m; 
I? - PaCCTORHHe M e X H Y  TO¶KaME YCTaHOBKH I I y T e l l e p e A B H r a -  

TeJIR,  .M; 

- K O ~ @ @ H ~ H ~ H T  H C n O J I b 3 0 B a H H R  I I y T e I l e p e A B H r a T e J I R  B T e ¶ e H H e  
C M e H H  BO B p e M e H H  (0,6-0,75); ' 

t - IIPOAOJIWHTeJIbHOCTb OAHOI'O q H K J I a  I I e p e A B H X K H ,  BKJIK)¶aX 
s p e w  nepeeaAa M a r n H H H  ( t  = 3-5 mun), muu; 

b - ~ ~ e 6 y e ~ a ~ i  I U H p H H a  I I e p e H B H X K H  I I y T H ,  a. 
Y a c o ~ a n  I I P O ~ ~ B O A H T ~ J I ~ H O C T ~  n y ~ e n e p e ~ ~ ~ r a ~ e n e f i  npn n e p e G o B a r x  

h z e T o A a x  pa6o~h1 H a  xapbepax c o c T a s n n e T  380-480 x H n n  1140- 
1360 nta. C p e ~ ~ e r o ~ o ~ o i i  o 6 a e ~  p a 6 0 ~  Ha O A H ~  M a m m y ,  pa60~amqym 
H a  I I J I y X H b I X  OTBaJ IaX,  B C p e H H e M  COCTaBJIReT 260-300 E m .  

P a c ¶ e ~ ~ b I e  TeXHHK0-3KOHOMHPeCKHe I I O K a 3 a T e J I E  pa6o~bl IIYTB- 
nepen~nra~eneii  q m n w H o r o  ~ ~ P C T B H R  cneApqEe. IIpti o 6 4 e ~  mare 
I I e p e A B H X K H  OT 3 A 0  15 J t  KOJIHPeCTBO PeJIOBeKO-CMeE, 3 a T p a V e H H H X  
H a  J I epeABHHcKy 1 XM n y T E ,  54-225; IIpOH3BOAETeJTbHOCTb I I y T e I I e p e -  
A B H r a T e J I R  81-20 &/u HJIH 224-295 nt2/'t; I I p O H 3 B O ~ T l ? J I ~ H O C T b  OAHOI'O 
pa6osero B CMeHY 55-67 nt2; CTOHMOCTb I I e p e H B H X K H  1 KM, OTHeCeHHacI  
H a  1 m2, 0,88-0,77 py6. 

n e p t ? ~ ~ H X ~ a  IIy~e6 K p a H a M H  OCyUr,eCTBJIReTCR PeJIbCOBhIMH 3 B e H b R Y H  
npn ~ O J I ~ I I I O M  0 6 q e ~  mare n e p e M e q e H m  nym. no cpaBHeHm-0 c ny~e-  
I I e p e A B H r a T e J I R M H  qHKJIWHOI '0  ~ ~ ~ ~ [ C T B H R  I I p H M e H e H H e  K P a H O B  IIO3BOJIReT 
IIOBbICHTb IIPOH3BOHHTeJIbHOCTb T P Y H a  pa609~x H CHH3HTb CTOEMOCTb 
p a 6 o ~  ll0 n e p e R B H W K 0  I I y T e C .  

H p a H b I  M O X H O  K J I ~ C C E I @ H ~ H P O B ~ T ~  CJ IeAYIOqHM o6paao~: 
It0 pony CHJIOBOI'O O ~ O P Y ~ O B ~ H H R  - aJ IeKTPHPeCKHe ,  A H 3 e J I b E b I e ,  

, g ~ 3 e n b - a ~ r e ~ ~ p ~ n e c m e  H napome; 
no cnoco6y I I e p e A B H X e H H R  - H a  WeJ Ie3HOHOPOXHOM ( C ~ M O X O A H H ~  

H l I p H q e I I ~ i i I e ) ,  I 'YCeHWHOM H ~ B T O M O ~ H J I ~ H O M  XOAY; 
no r p y 3 0 1 1 o ~ n e ~ ~ o c ~ ~  - J r e r K H e  (no 10 m), cpentrne (OT 10 go 25 m) 

H T R m e n b I e  ( c ~ u m e  25 m). 
AJIR n e p e y m a R K H  ny~efi pa xapbepax n p H M e H m o T  , ~ H ~ ~ J I ~ - ~ J I ~ K T P E -  

q e c K H e  H H H ~ ~ J I ~ H M ~  K p a H H  n e r K o r o  H c p e A H e r o  mna: CH-25, CrE-30 
H RP. ~ P Y ~ O I I O ~ ~ % ~ M H O C T ~  K p a H O B  H a  r J I aBHOM K p I O K e  I I P H  H ~ H ~ o J I ~ I U ~ M  
BbIJIeTe CTpeJIbI  COCTaBJIReT 2-8 m, CKOPOCTb I I e P e H B H W e H H R  4-25 E&/U. 

I I e p e y ~ n a ~ ~ a  ~ e n e a ~ o ~ o p o ~ ~ h ~ x  ny~ei i  A o n x H a  n p e A y c M a T p m a T b  

n o c n e g o s a T e n b H o e  n p o s e g e H u e  cnenymqnx pa6o~:  ~ a p ~ m e f i n e p c ~ a ~  



p a 3 6 m ~ ~ a  OCH H n p o @ ~ n ~  nyw;  noAcNnrta s e ~ e ~ ~ b ~ o r o  nonoma Anfi 

 HOBO^^ TpaCCbI; IIJIaHHPOBKa TPaCCbI ~ Y J I ~ A O ~ ~ P O M  HJIH ~Kpen8p0h1; 

noAroToBxa ~ ~ e n e 3 ~ o ~ o p o ; r c ~ o r o  nyTn AJIR nepeyRnaAKn ( O ~ H C T K ~  mnanb- 

H ~ I X  F I ~ H K O B  OT r p y ~ ~ a ) ;  p a 3 a e ~ ~ ~ e ~ ~ e  CTMKOB; nepeyKnagKa S B ~ H ~ ~ B  

xpaHoM; ~ C T ~ O H C T B O  ~ Y T H  H a  ~ o ~ o i i  Tpacce ( c 6 0 n s ~ s a ~ ~ e  C T ~ I K O B ,  

noAaeM nym,  6 a n n a c ~ n p o ~ ~ a  H I C O A ~ H B X ~  mnan). 
3se~besafi  nepeyKnaAKa ~ e n e a ~ o ~ o p o ~ ~ b ~ x  n y ~ e i i  KpaHaMn COCTOHT 

~3 CneAyIoqHx onepaq~ii: ycTaHoBKa KpaHa; onycRaHHe npHqenHoro 
n p m c n o c o 6 n e ~ ~ ~ ;  z axsa~ ,  noAaeM II nepenocKa; onycKaHHe a ~ e ~ a  Ha 
HOBYIO Tpaccy; oTcoenHHeHne n p ~ q e n ~ o r o  n p ~ c n o c o 6 ~ 1 e ~ ~ ~ ;  noAnenr 
ero H YcTaHoBKa cTpena KpaHa BAonb OCH nepeyKxagbIBaeMoro IIYTJI; 

nepeea~ KpaHa H a  HoBoe Memo. 
B lIpaKTHIie OTKPbITbIX rOPHbIX p a 6 0 ~  IIPHMeHRIoT CJIeAYIoqHe TeX- 

HOJlOrHseCKHe CXeMbI K ~ ~ H O B O ~  IIepeyKJIanKH: HenOCpeACTBeHHyIo; KpaT- 
~ y w ;  nepeyKnaAKy c n e p e ~ o a ~ o i i  penbcomx s ~ e ~ b e ~  H a  HOBYH) Tpaccy 
z e n e s ~ o ~ o p o ~ ~ b ~ ~ m  n n a ~ @ o p ~ a ~ n .  

Henocpedcmeenna~ n e p e y ~ n a d ~ a  x e n e 3 ~ o n o p o ~ c ~ a x  n y ~ e i  Kpa- 
HaMH H a  HOBYH) TpaCCy npHMeHReTCR UpEI PaCCTOIIHHH, He  IIpf?BHI3IaH)qe>l 

paAHYCa A~PCTBHII KpaHa. OHa MOXXeT OCYqeCTBJIIITbCII K a K  OTCTYIla- 

IOWHM, T a K  H HaCTYllaIOl4HM XOAOM. B IIePBOM CJIFae PeJIbCOBbIe 3BeHbtI 

JIepeMewaIoTCfi OT XeJIe3HOAOPOHCHOI'O TYnHKa K B ! ~ ~ ~ A H o P  CTpeJIKe, 

BO BTOPOM - B O ~ ~ ~ T H O M  HanpasneHm. 
n p ~  nepeyxnanxe nyTH oTcTynaIoqHM XOAOM p a 6 o ~ a  KpaHa secmra 

JlpOH3BOAHTeJIbHa, TaK K a K  OH ABHHCeTCR no XCeJIe3HOAOPOXHOMY IIYTH, 

KOTOPMB onpeAeneHHoe apem 6b1n B axcnnyaTaqHH H HaxoAHTcR B XOPO- 
DIeM COCTOIIHHH. O A H ~ K O  0 6 5 e ~  p a 6 0 ~  AJrR BBOna  B 3KCnJIyaTaqHIo 3KCKa- 

BaTopa ~ H ~ ~ H T ~ J I ~ H O  6onbme, s e M  npti HacTynamuehl xone. B nocnegHe,\r 
cnysae nonsnfieTcR BOSMOHCHOCT~ no iuepe npoAsnxeHHfi axcxasa~opa 
OT HCeJI83HOAOPOXHOrO TYIIHKa K s a e 3 ~ ~ o H  CTpeJIKe IIOCTeIIeHHO rOTOBHTb 

HOBylO TpaCCy H llpOH3BOAHTb IIepeyKJIaAKy IIyTEI B HOBOe IIOJIOXeHHe. 

Kparnna~ n e p e y ~ ~ z a 8 ~ a  H E ~ J I ~ ~ H O A O ~ O H ~ H L I X  ny~e i i  H a  HOBYEO Tpaccy 
IIpHMeHReTCII I lpH H ~ O ~ X O ~ E I M O C T H  IIepeMeTeHHFI n y ~ e f  Ha BeJIH9HHY, 

npesbIInamqym sMneT KpmKa KpaHa. HanGonee p a c r r p o c ~ p a ~ e ~ ~ o f i  
C X ~ M O B  IIBJIReTCH nepeyKJlaAKa nyTH B ABa npHeMa: KpaH OTCTynaIoIIfH%l 

XOAOM nepe6pacb1sae~ penbcome sse~bf i  H a  npoMemyTosHyIo Tpaccy 
H 3 a ~ e ~ ,  HaxontIcb H a  HOBOB Tpacce, yKnanbIsaeT HX HacTynaromaM 
XOAOM. 

LJ,enecoo6pa3~0 npHMeHeHHe KpaHOB H a  I'YCeHLIgHOM XOAY (CrK-30 
n 3-1254), nocKonbKy ynpouaeTca ~ e x ~ o n o r m ~  p a 6 0 ~ .  ECpo~e Toro, 
AaHHhIe KpaHbI MOXXHO HCDOJIb30BaTb Ha  ApyrHX BCIIOMOraTeJIbHbIX 

pa6o~ax.  
Depeywaaxy nymii xpanom c n e p e ~ o 3 ~ o i i  PeJIbCOBbIX s ~ e ~ b e ~  H a  

BOBYIO TpaCCy XeJIe3HOAOpOXXHHMH I I J I ~ T @ O P M ~ M H  IIPHMBHFIIOT: IlpH 
60~1bm0~ mare DepeABHHCKH; npH H ~ O ~ X O A H M O C T H  B ~ ~ M ~ H H O ~  BbIBO3H.H 

rJe T,, - IIpOAOJIXHTeJIbHOCTb CMeHbI, '4; 

1 - AJIHHa PeJIbCOBOrO 3BeHa DyTH, .W; 

y - KOB@@HJJH~HT IICIIOJIb30BaHHR CMeHbI (y = 0,6-0,7); 
t - IlpOAOJIXXHTeJIbHOCTb JQiKJIa ( t  = 5-8 XUU), XUU. 

~ ~ ~ K T E F I ~ c K H  CMeHHaII IIPOH3BOAHTeJIbHOCTb 25-TOHH~IX KPaHOB 

npH ~ e n o c p e ~ c ~ s e ~ ~ o i i  nepeyKnaAKe m e n e 3 ~ o ~ o p o x ~ b 1 x  ny~ei i  coma- 
BnfieT 300-500 m npH mare nepeyKnaAKH 12-16 m. B s m ~ ~ e e  speMx 
BCJleACTBHe IIpHMep3aHHR IullaJI K rPYHTY IIpOFf3BOAHTeJIbHOCTb YMeHb-- 

maeTcR Ha 25-30 % . 
T P Y ~ O ~ M K O C T ~  IIepeyKJIaAKH 1 Ent HceJIe3HOAOpOHCHOrO UyTH KpaHaMIl 

K O ~ ~ ~ ~ J I ~ T C R  OT 90 a0 130 'ten-CMeFL, a CTOHMOCTb 3aTpaT H a  IIepeyKJIaAKy 

1 KW IIYTH - OT 94 no 140 py6. 

Ha Rapbepax mmpoKo npHMeHfiIoT nepeAsmHcKy H nepeyKnaHKy 
I Iy~ef  TpaKTOpaMH,  9TO O ~ ~ F I C H I I ~ T C I I  HX YHHBePCaJIbHOCTLIO, BMCOKOH 
MaHeBpeHHOCTbIo H IIpOH3BOAHTeJIbHOCTbIo. cll0~06bI IlepeMeIQeHHfi IIy~efi 
TpaICTOpaMH MOrYT 6M~b IIOApa3AeJIeHbI Ha TPH rpYlIllbI: nepeB03Ka 

penbcomx ny~e i i  ~ B ~ H ~ R M H ;  HenpepbIBHatI n e p e p m w a  nyTH 6e3 e m  
paa6op~n ;  nepeMeueHne IIYTH ~ B ~ H ~ R M E I  H 683 p a 3 6 o p ~ ~ .  

17epeso3~a penbcoeazx nyrneii 38eHMEJMU OcyqecTBnReTcII npn 60~1bmHx 

PaCCTORHEiRX HX nepeMel4eHHR nyTeB03aMH; TPeJIeBOsHbIMH TpaKTOpaMH; 
KOHCOJIbHbIMkl KpaHaMH, YCTaHOBJIeHHbIMH H a  6yJIbn03epe; ABYXKOH- 

COJIbHbIMH TpaKTOPHhlMH IIYTeYKJIaA~HKaMH. 

~ Y T ~ B O ~  IIPeACTaBJItIeT C O ~ O G  CBaPHYIo IIJI~T@OPMY, 0IIHPaIOWYH)CR 

cnepeAH H a  npnqenHoe YCTPOPCTBO TpaKTopa, caam - H a  TPEI KaTxa, 
H3rOTOBJIeHHhIe H3 T P Y ~  H C H A R q H e  H a  OAHOG OCH. norpy3Ka 3BeHa 

OCyW,eCTBJIReTCfi ~ r e 6 e ~ ~ 0 8 .  npli  pa3rpy3Ke KOH4bI PeJIbCOB llPHBe3eH- 

HOrO 3BeHa CKPeIIJIFIH)TCII, C KOHqaMH IlYTEI H TPaKTOP BbITaCKHBaeT 

n y ~ e ~ o 3  ~s- no^ s s e ~ a .  
T ~ ~ X ~ B O ~ H H M  TPaKTOPOM 3BeHbH IIYTH HeIlOCPeACTBeHHO nepeyK.Ta- 

AbIBaIoTCII H a  HOBYH) Tpaccy. X e n e a ~ o ~ o p o ~ ~ ~ o e  ~ B ~ H O  npmqennaror 
3a pejIbC K KaHaTY,  FfMeH)III,eMYCR Ha TPaKTOPe J I ~ ~ ~ A K H ,  H lI0nTIIrHBaH)T 

Ha  0nyqeH~hIB WIIT. 3a~eM q H T  IIOAHHMaIoT H 3BeHO IIePeB03FIT H a  HOBYH) 
Tpaccy. 
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A J I R  n e p e y K J I a A K H  3 B e H b e B  H a  X O A O B O ~ ~  P a M e  T p a K T O p a  MOHTEPYIoT 
M e T a n n w e c K y m  @ e p ~ y ,  B s e p x ~ e f  sacm KOTOPO?~ y K p e n n e H P  P e T b a p e  

~ J I O K ~ ,  06pa3ymq~e BMeCTe C ~ J I O K ~ M H  K P ~ H O B O ~ ~  O ~ O ~ M M  I'py30~0fi 
nOJIRCnaCT. ~ O A % ~ M  3 B e H a  OCymeCTBJIHeTCR B a X B a T h l B a I o ~ H M H  n p H -  

G U O C O ~ J I ~ H H I I M H  C I I O M O ~ ~ H )  ~ ~ y x 6 a p a 6 a ~ ~ o f i  @ P H K ~ E I O H H O ~ ~  n e 6 e ~ ~ ~ .  
A B Y X K O H C O J I ~ H H ~  T P ~ K T O P H H ~  IlYTeYKJIaAPHK ( ~ H c .  140) DpeACTa- 

BJIReT C O ~ O ? ~  HaBeCHOe O ~ O P Y H O B ~ H H ~  K TPaKTOPY C-80 C Y C H J I ~ H H O ~ ~  
P ~ M O & .  Hasec~oe 0 6 0 p y ~ o s a ~ n e  BPnOJIHeHO B BHAe n O p T a J I a  C AByX- 
K O H C O J I ~ H O ~ ~  @ep~of i .  IIo H H m H e M y  nosey @ e p ~ ~  n e p e M e w a e T c H  MOHO- 

penbcosan T e n e x w a  c ~ P ~ ~ O ~ ~ X B ~ T H H M H  I I ~ H C ~ O C O ~ J I ~ H H R M E I ;  ee nepe- 
M e m e m e  H n o A a e M  o c y m e c T B n a I o T c R  J I ~ ~ ~ A K ~ M H .  

AJIR nepexona B T p a H c n o p T H o e  nonoxeme p a c K o c a T  c n o p T a n a  CHH- 
MBIOTCR, IIOPTaJI C @ B P M O ~ ~  OIIYCKaeTCR B HH)KHee IIOJIOXeHHe,  K O H q P  

KOHCOJIH CKJIaAhIBaIoTCH. ~ Y T ~ Y K J I ~ A P H K  M O X e T  IIPHMeHRTbCR I l P H  o 6 a e ~ e  
p a 6 o ~  UO n e p e y K J I a A K e  ny~ef i  A 0  700 B CMeHy H AJIHHe 3BeHbeB 12,5 a. 

Henpepblsua~ nepeasuafcxa n y T H  6e3 ero p a 3 6 o p ~ ~  M o x e T  ocyqe- 
CTBJIfXTbCR TYPHOAO38POM, K I O T O P M ~  O~OPYAOBIH YnpaBJIReMbIMH POJIH- 
KOBHMH peJ IbC03aXBaTaMH,  IIOABemeHHHMH C ~ O K Y  T p a K T O p a  H a  K p a H e  

H COeAHHeHHhIMH C TPaKTOPOM m E l p H H p ~ 0 f i  pa~of i .  ~ ~ O C T O E H C T B ~ :  He- 
6 o n b m o i  HBHOC n y T H  n p H  er0 IlpHMeHeHHH; BHCOKaR MaHeBpeHHOCTb 

EI YHHBePCaJIbHOCTb; B H C O K H ~ ~  K O ~ @ @ H ~ H ~ H T  HCUOJIb30BaHHR BO BpeMeHH;  

CHHXBHHB o 6 a e ~ a  IIOAI'OTOBHT~JI~H~EX pa6o.r; B03MO)KHOCTb HCIIOJIb30- 
BaHHR H a  APYrHX BCIIOMOraTeJIbHbIX pa6o~ax. 

T Y P H O A O ~ ~ P ~ I  MOrYT H3rOTOBJIRTbCR K a K  H a  I'YCeHHPHOM, TaK H H a  
nHeBMOK0JIeCHOM XOAy. 

Bonpoc o n e p e M e q e H n H  n y T n  TfXrofi HJIH T o n K a H H e M  p e m a e T c R  B nep- 
BYIo O P e p e A b  II0JIO)KeHHeM O n O p  K O H T ~ K T H O ~  CeTH. C T ~ ~ M J I ~ H H ~  n p H -  

MeHRTb cnoco6 UePeABH)KKH TRI'0fi YCIIemHO peaJ IH3yeTCR H a  I lyTRX 

a63e~qepa H O A H O K O J I ~ ~ ~ H H X  OTKaTO¶HHX IIYTHX 3KCKaBaTOPHMX OTBaJIOB. 
RPH n e p e M e w e H m  T o n K a H n e M  penbco3axsa~~af~  ronoma H a K n a A H s a e T c R  

H a  A ~ J I ~ H H ~ ~  PeJIbC.  

Ha p ~ c .  141 n o ~ a 3 a ~ a  n e p e A B m m a  n y ~ e &  H a  B ~ H A ~ ~ O B C K O M  K a p b e p e  
TYPHOA03ePOM H a  6a3e T p a K T O p a  C-80. ~ ~ ~ ~ A B E I ) K K ~  Ha¶HHaeTCR C OT- 

p b a s a  mnan OT r p y H T a .  P O ~ H K O B ~ R  r o n o B K a  O n y c K a e T c R  H a  p e n b c  H 3a- 
XBaTbIBaeT er0, 3 a T e M  POJIHKOBaR r0JIOBKa npHUOAHHMaeTCR n e 6 e ~ ~ o i i  

Llepeasu3fcxa nymeii nuczauom. T p a K ~ o p b I  H a  r y c e H m H o M  XOAY 
B OTAeJIbHHX CJIyPaRX IlPHMeHRIOT AJIR I IePeABHXKH H(eJIe3HOAOPO)KHPX 

ny~efi  3BeHbRMH HJIH 683 p a 3 6 0 p ~ ~  ny~efi. B UepBOM C J I p a e  3B0HbR 

n e p e M e q a m T c R  B o n o H o M  H a  H O B Y ~  T p a c c y ,  BO BTOPOM - ocnarqe~~mii  
K p a H o M  T p a K T o p  nepe3 K a m A H e  10-15 nt n o c n e A o s a T e J r b H o  n e p e M e q a e T  

n y T b .  3 a ~ p a ~ a r  H a  n e p e y K n a A K y  1 xm npn mare nepeABHHcKn OT 1 no 50 m 
COCTaBJIRIoT 7-355 py6. 

I I y ~ e n e p e ~ ~ n r a ~ e n n  H e n p e p b a B n o r o  A ~ ~ ~ C T B E I R  O c y q e c T B n R m T  nepe- 
ABHHCKY IIOTO¶HO, 683 p a 3 6 o p ~ ~  I IyTef i  H a  3BeHbR B IIpOqeCCe ABHHteHHR 
DO HHM. 

B 3 a B H c n M o c T H  OT MecTa  p a c n o n o x e H m  p e n b c o 3 a x ~ a ~ o ~ ~ o r o  n p ~ -  
c n o c o 6 ~ 1 e ~ ~ ~  O T H o c H T e n b y  XOAOBPX T e n e x e K  n y T e n e p e A B H r a T e n H  He- 
n p e p H B H o I ' 0  A ~ ~ ~ C T B H R  AeJIRT H a  M O C T O B O ~ ~ ,  K O H C O J I ~ H ~ ~ ~ ~  H KOM~HHHPO-  
B ~ H H M ~ ~ ,  no cnoco6y n e p e M e r q e H m  - H a  c a M o x o A H a r e  H n p H q e n n H e .  

Ha PHC. 142 n o ~ a 3 a ~ a  c x e M a  pa6o . r~  n y T e n e p e A B H r a T e n R  H e n p e p H B -  
HOrO A ~ ~ C T B H R .  

Y MOCTOBPX n y ~ e n e p e ~ ~ ~ r a ~ e n e i  o A H a  x o A o s a c I  T e n e m x a  ABH)K~TCH 

IIOCTORHHO DO H ~ I I ~ ~ ~ A B H H ~ T o ~  PaCTH UyTH,  a BTOPaR - IIO I I ~ P ~ A B H H Y T O ~ ~  



Y a c T H  n y T m  H a  B e n m m y  mara n e p e A B H x I c n  3 ~ 0 r o  npoxona n y T e -  

n e p e n a m r a T e n s .  Y KOHCOJI~HMX n y ~ e n e p e ~ ~ ~ r a ~ e r n e i i  x o A o s M e  T e n e H c K H  

B 3aBHCHMOCTH OT H a I I P a B J I e H H I I  ABkIraIOTCII no n e p e A B H H y T b I M  H n H  

H e n e p e A B H H y T H M  IIYTIIM. n0 CPaBHeHHIO C M ~ ~ H H O G  MOCTOBOrO T H n a  

p a 6 o ~ a  I c o H c o n b H o r o  n y T e n e p e A s m r a T e n c I  0 6 n e r s a e ~ c c 1  T e M ,  ¶TO nepe- 
A B H ~ ~ ~ M M G  n y T b  H e  H a I ' p y X e H  BeCOM M a m H H h I .  ~ ~ ~ A C T ~ B ~ R ~ ? T C ~ I  B03-  

MOXHhIM I X e p e M e W a T b  I IYTH B TYIIHKaX.  IC HeAOCTaTKaM A ~ H H O ~  M a m H H b I  

OTHOCHTCR ee 60~1bmoir sec. 
HOHCTPYIC~HH I I y T e I I e p e f l B H r a T e n H  H e I I p e p b I B H O r O  H~~%CTBEIR OAHOrO 

139 I I ePBbIX OTe¶eCTBeHHbZX o6paaqo~  - CaMOXOAHaR,  KOHCOnbHO-MOCTO- 

BBR,  C I IHTaHHeM OT K O H T ~ I E T H O ~  CeTH. Ero OCHOBHMe AaHHhIe :  pa6osas 

TeJIbHO,  H w ~ J I ~ ? ~ H o J ( o P o ? K H H ~  I I Y T b  CMeIQaIOTCR B CTOPOHY HaITPaBJ IeHHII  

n e p e J ( B H X K H ,  M ~ I c c H M ~ J I ~ H ~ I P  IIIEIr KOTOPOE AOCTHraeT  1 At. B I I p O q e C C e  

n e p e A B H x I c H  p e n b c o B M x  n y ~ e G  n y T e n e p e a B H r a T e n b  n e p e M e Q a e T c s  OT on- 
H O r O  K O H q a  n e p e A s H r a e M o r o  y s a c T K a  K R p y r o M y  go T e x  nop, norca I I Y T ~  

H e  6 y n e ~  y n o w e H  B a a ~ a ~ ~ o e  nonoweme. no M e p e  nepenmwrcrn n y T e -  

c n e p e A B H r a T e n b  ~ a w ~ ~ i i  nocnenymqnii npoxon H e  ~ o e s m a e ~  onpenenea- 
H o e  p a c c T o c I H n e  no K o H q a  y s a c T K a  Ann o6pa3o~a~n11 p a A H y c a  a a ~ p y r n e -  
H H R  HYTH. 

~ o c J I ~  OKOHYaHHII I I e p e n B H X K H  POJIHKOBbIe 3 a X B a T h l  YCTaHaBJIHBaIOT 

B H y n e B o e  n o n o x e H H e  H n y T e n e p e A B H r a T e n b  I IPOXO~HT no n e p e n B H H y -  

TOMY ll H e I I e p e A B H H y T O M y  I I y T H ,  ¶TO n03BOJI I I eT  OCYIQeCTBHTb PHXTOBKY. 

Hanee ~ ~ O ~ ~ B O A I I T C I I  n o A m T o n K a  n y w ,  p a s r o a ~ a  mnan, n o , q r o r r K a  

P e n b C O B b I X  BKJIaJ(hIXlIe~ I3 T. U .  

~ ~ o , ~ o ~ X H T ~ J I ~ H O C T ~  I I e p e A B H X K H  n y T H  MOWHO OPHeHTHPOBOPHO 

nOAC¶ElTaTb no 4 0 p ~ y n e  
BL T = -  b,,k ' -MU% (XIV,3) 

rAe B - o 6 4 ~ G  mar nepensnwm, a; 
L - Anma n e p e n s n r a e M o r o  ysacma n y w ,  ~ t ;  

b - mar n e p e n B H m m  n y T e n e p e A B H r a T e J r H  3a OAHH I~POXOA (AJH 
A B Y X H H T O ~ H ~ I X  n y ~ e f  c p e n b c a M a  T H n a  P-43 b = 0,3-0,4 X; 

MHOI'OHEITO¶HbIX HJIEI ABYXHHTO¶HbIX, HO C 60nee TI IXeJ Ih IMH 

T H n a M H  P e n b C O B  b = 0,2-0,3 At), At; 

v - c p e A H c I R  c ~ o p o c ~ b  pa6osero xoaa n y T e n e p e n B H r a T e n c I  ( v  = 
= 140-200 M./MUH), &/YUH; 

k - K O ~ $ J @ B ~ H ~ H T ,  Y ¶ H T H B ~ I O I Q H ~  3 a T P a T h I  B p e M e H H  H a  BCnOMOI'a- 

TeJ IbHbIe  O n e p a q H H  ( k  = 0,6-0,7). 
@ ~ K T H ~ ~ C K ~ R  CpeAHIIR  nPOH3BOHHTeJ IbHOCTb  J I Y T e I l e p e n B H r a T e n I I  

H a  6 y p o y r o J I b ~ b l x  I c a p b e p a x  Y K ~ .  CCP npm n e p e A s E i H c H e  M H o r o p e m c o -  

BHX ny~eG H a  n p n M H x  ysacmax c o c T a s n c r e T  1000-1500 ~ t ~ l r ,  H a  KPHBO- 

n ~ ~ e i i ~ b ~ x  500-800 x21r. I I ~ H  mare nepensnmm OT 3 no 15 m KOZH- 

Y e c T B o  ¶ ~ J I O B ~ K O - C M ~ H ,  s a ~ p a s e ~ ~ b ~ x  H a  n e p e A s H w I c y  1 n.w IIYTH, 
COCTaBJIReT 10-41; nPOH3BOAHTeJ IbHOCTb  l I y T e n e p e A B H I ' a T e J I R  1300- 
1620 At2/%; CMeHNacI  I IPOH3BOHHTeJIbHOCTb T P Y A a  pa609ero 300-366 nt2; 
3 a T p a T b I  H a  I I e p e A B H X K y  1 K# n y T H  P a B H h I  6,4-28,7 py6. 

B C B I I ~ H  co CJIOXH~IMH r o p H o r e o n o r H P e c K m m  YCJIOBHIIMH O T K P ~ I T H X  

r o p H b I x  p a 6 o ~  n e p e n B n m I c a  ~ e n e a ~ o ~ o p o m ~ h ~ x  ny~e t i  H s n c I e T c f i  n e c b M a  

T P Y H O ~ M K O H  0 I I e p a q H e G .  ~ O ~ T O M Y  MeXaH&l3a4HtI IIYTeBbIX p a 6 0 ~  H M e e T  

O r p O M H O e  3 H a ¶ e H H e .  B HaCTORIQee  B p e M R  pa3pa60~a~b1 D p O e K T h I  DyTeBLIX 

K O M ~ ~ ~ ~ H O B  I3 H e K O T O p M e  H 3  HHX I lPHMeHIIIOT H a  K a p b e p a X .  
M a m H ~ a  YnM-1 ( ~ o K y 9 a e ~ c ~ H i i  @ ~ I D C O - ~ O J I O M H T O B ~ I ~  K O M ~ H R ~ T )  

n p e ~ ~ a s ~ a s e ~ a  AJIH ~ e x a ~ ~ s a q ~ ~  n y T e s M x  p a 6 0 ~  n p ~  K a n m a n b m x  
13 CpeAHHX PeMOHTaX,  a TaKXC? npIi T e K y I Q e M  C O A e p X a H E i H  I I J ' T ~ ~  C I l IHpH- 

HOG KOJIeH 1524 ant. Mamma IIPOHSBOAHT CJIeAYIOIQHe 0 n e p a 4 H ~ :  O¶H- 

C T K y  ~ ~ J I J I ~ C T ~ ,  C M e H y  H IIOA~IIBKY mIIaJI, IIOA'beM ~ Y T H ,  O n p a B K y  OTKOCOB 

6 a n n a c ~ ~ o i i  IIPB3MM. M a m n ~ a  CaMOXOaHaI I ,  H a  X e J I e 3 H O A O p O X H O M  

XOAy,  C MeXaHH¶eCIiHM IIpHBOAOM XOAa OT A B l l r a T e Z R  B H Y T p e H H e r O  CrO- 

P a H H R .  H ~ o M ~  TOrO,  M a l n H H a  c ~ a 6 ~ e ~ a  HCTO¶HHKOM I IHTaHHt I  A Z t I  

n e p e H o c H o r o  3 n e K T p m s e c K o r o  H r n n p a B n n s e c K o r o  H H c T p y M e H T a  (KO- 

C T ~ I J I ~ ~ ~ ~ H B H E K O B ,  K O C T ~ I J I ~ B ~ I H ~ ~ ~ H B ~ T ~ ~ ~ ~ ~ ,  ~ ~ J I ~ c o c B ~ ? ~ J I H J I ~ H H K o B ,  

penbcope30~ H np.). 
BCI IOMOraTenbHbIM p a 6 0 ~ a ~  n p H  3 K C n J I y a T a q H H  n e p e A B H X H b I X  

n y ~ e f  OTHOCIIT: IIJIBHHPOBKY 3 e M e J I b H O r O  IIOJlOTHa,  ~ ~ J I J I ~ C T H P O B ~ H H ~  

nym,  6 a ~ ~ a m n p o ~ ~ y  mnan, y c T p a H e H n e  n e p e K o c o B  H ~ p .  B b I c o ~ o e  
KaPeCTBO IIJIaHMPOBKH 3eMeJ IbHOrO nOJIOTHa M O X e T  IIOYTH IIOJIHOCTbIO 
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HCKJIKVIHTb T a K H e  TPYAOeMKHe O I I e p a q H M ,  K a K  IIOAIUTOlIKa H Y C T p a H e H M e  

I IOI Iepe¶HbIX YKJIOHOB IIYTH. AJIR I I J I aHHPOBKH 3eMeJIbHOTO IIOJI.OTHa 

0 6 ~ 9 ~ 0  IIPHMeHRIOT 6 y J I b ~ 0 3 e p b I  H C K p e n e p b I .  n p e H ~ y 4 e c ~ ~ e ~ ~ o e  

P a C I I p O C T p a H e H H e  H a  3THX pa60l.a~ IIOJIy¶HJIH 6 y J I b ~ 0 3 e p b 1  C K a H a T H b I M  

Y I I p a B J I e H H e M  THI Ia  A-271, A-275 H A-290. B 3aBHCHMOCTH OT p a 3 M e p a  

J r e M e x a  6 y J I b ~ 0 3 e p b 1  3a OAHH XOA n e p e M e q a r 0 . r  OT 1,5 no 10 n t3  n o p o A M .  

B COB~TCKOM C01o3e KOJIeCHbIe C K p e I I e p b I  BbI I IyCKaIoT  C KOBJlIaMH 

eMKOCTbIo OT 3 A 0  45 nt3 H a  T p a K T O p a X  MOqHOCTbH) 35-250 A. C. B cny- 
Pae n p H M e H e H m  n y ~ e n e p e ~ ~ ~ r a ~ e n e i i  H e n p e p m H o r o  A ~ ~ ~ C T B H H  m a -  
H H P O B K y  I I y T E  OCyqeCTBJIRlOT CI IeqHaJ IbHbIM I I J I aHHPOBqMKOM,  n p H -  

COeAHHeHHbIM K IIYTeIIePeABHI'aTeJIH). 

E~JIJI~cTHPoBK~ lrc€?JIe3HOAOPOWHMX I I y ~ e f i  IIO3BOJIReT 06ecnen~sarb 
HOPMaJIbHYIO p a 6 0 ~ y  T p a H C I I O p T a .  Ha K a p b e p a X  I I p E M e H R I o T  MeXaHH3H-  

P O B a H H y I o  AOCTaBKy H YKJIaAKY 6 a J I J I a c ~ a  C IIOMOlI(bI0 BarOHOB-AO3aTO- 

POB, K o T o p M e  CTPORT H a  6a3e q e T M p e x o c H o r o  B a r o H a  T H n a  ((xonnep)) 
C I I O H H W ~ H H O ~ ~  B M C O T O ~  K Y 3 0 B a .  

~ O A  pa~0 f i  B a r O H a  YCTaHaBJIHBaIoT  A B a  B O ~ O H K O O ~ ~ ~ ~ H ~ I X  6 y ~ ~ e p a  
C JIIOKaMH, KOTOPbIe  HMeH)T B H Y T p e H H H e  H H a p y l r c H b I e  K P b I m K H  H M e X a -  

HH3MM PaCKPbITHR.  B 3aBHCHMOCTH OT OPePeJ(H0CTH OTKPbIBaHHR KPbI IUeK 

MOWHO p a 3 r p y l ~ a ~ b  ~ ~ J I J I ~ c T  H a  c e p e A H H y  nym,  H a  M e l r c n y n y r b e  H 060- 
PHHbI.  ~ P Y ~ O I I O A S ~ M H O C T ~  BarOHOB-A03aTOPOB COCTaBJIReT B C p e A H e M  

60 m. E a n n a c ~  p a 3 r p y l f ~ a m ~  n p H  A B H l r c e H m  n o e s ~ a  co C K O ~ O C T ~ K )  3- 
5 ~ n t l r .  

AJIR I IOA~HBKH mnan H a  H a p b e p a x  HCI IOJI~~YIOT ~ J I ~ K T P O I U I I ~ J I O -  

n 0 ~ 6 0 i i K H ,  a TaKlrce  c n e q E i a m H M e  M a m H H m  (LIIrIhf-02), K o T o p b I e  60~1ee 
~ @ @ ~ K T H B H M  UO CpaBHeHHK)  C HHAHBHAYaJIbHbIMH HHCTPYMeHTaMEI. 

AJIR IIOBhIIUeHHR AOJIrOBe¶HOCTH JlIIIaJI M IIpeAOTBpaIIJ,eHHR HX IIpOAOJIb- 

H O r O  P a C T P e C K H B a H H R  K O H Q ~ I  IUIIaJI 6 a ~ ~ a l r c H p y H ) ~  C T ~ J I ~ H O ~ ~  J I ~ H T O ~  

E J I H  I I ~ O B O ~ O K O ~ .  AJIR BCIIOMOraTeJIbHbIX p a 6 0 ~  T a K W e  I I p H ~ e b R K ) ~  

p e J I b C O p e 3 H b I e  H peJIbCOCBepJIHJIbHbI0 CTaHKH,  I IepeABHlfFHbIe  X e J I e 3 H O -  

AOpOWHbIe  a J I e K T p O C T a H q H H ,  3 J I eKTpOI IHeBMaTH¶eCKHe  K O C T ~ I J I ~ ~ ~ ~ H B -  

q H K H ,  P ~ J I ~ c o I I I J I H @ o B ~ J I ~ H ~ I ~  H IUIIaJIOCBepJIHJIbHbIe  CTaHKH M T. II. 

1 7. O6nac~b npnmeaeatis pasnnsabrx CIIOCO~OB mexa~rasaqnn 
II4?peABEIWHblX p a 6 0 ~  

06JIacrb n p H M e H e H m  p a c n p o c T p a H e H H a r x  B H a c T o c I q e e  s p e m  n y T e -  

n e p e ~ ~ ~ r a ~ e n e i i  q m c m s H o r o  A ~ ~ C T B H R  A o n x H a  6b1~b O r p a H m e H a  (B oo- 
HOBHOM H a  K a p b e p a x  ~ e 6 o J I b r n o i i  ~ ~ O M ~ B O A H T ~ J I ~ H O C T  H B K a g e c T B e  

B c n o M o r a T e n b H M x  M ~ X ~ H H ~ M O B ) .  H ~ ~ o I I ~ c T H M o  n e p e M e q e H M e  n y ~ e f  
BOJIOKOM. L U ~ l p o ~ o e  n p m e H e H H e  H a  H a p b e p a x  AOJIWHM IIOXY¶HTE. TYPHO- 

A O 3 e p b I  H a  IIHeBMOKOJIeCHOM XOAy.  ~ ~ ~ C I I ~ K T H B H ~ I M  RBJIReTCR TaKXCe 

I I p H M e H e H H e  YHMBepCaJIbHbIX I I y T e B U X  K O M ~ ~ ~ H O B  AJIR K O M I I J I ~ K C H O ~  

M e X a H H 3 a q M I I  BCeX BHAOB n y T e B h I X  pa60~ .  

IIEPEMEIII,EHHE I'PY30B ABTOMOEHJIbHbIM TPAHCIIOPTOM 

~ A B T O M O G E I J I ~ H ~ I ~  TpaHCI IOPT BMeCTe C lfFeJIe3HOAOPOlfFHbIM - OCHOB- 

H o e  c p e A c T B o  n e p e ~ o 3 ~ ~  ropao2 M a c c M  H a  K a p b e p a x ,  o c o 6 e ~ ~ o  H a  PYA- 

H b I X 4  

B 1966 I?. o 6 n e ~  I I e p e B 0 3 0 K  C I I p H M e H e H H e M  a B T O T p a H C I I O p T a  

COCTa HJI: B X C ~ J I ~ ~ O P Y A H O ~  IIPOMbIIUJIeHHOCTM - 250 MJIH. m, HJIH 27% 
OT o6qero o 6 a e ~ a  OTKPMTMX r o p m x  p a 6 0 ~  B o T p a c n H ,  H a  K a p b e p a x  

CTpOHTeJIbHhlX M a T e p H a J I O B  - OKOJIO 95 % . 
Y ~ e J I b ~ b 1 f i  B e C  aBTOTpaHCIIOPTa  IIO o 6 a e ~ y  I I e p e B O 3 0 K  (B I I ~ ~ c I I ~ K T H B ~ )  

B O 3 p a C T e T  H a  ~06bI9~bIx  pa60~ax  A 0  70A72%, H a  BCKpbIJlIHbIX - A 0  35- 
40%. C I I O M O q b H )  a B T O T p a H C I I O p T a  6 y ~ e ~  I I e p e M e ~ a T b C R  OKOJIO 3 MJIPA. m 

COCTaBa aBTOTpaHCIIOpTa :  

IIOABHlfFHOCTb H M a H e B P e H H O C T b  BCJIeACTBHe MaJIbIX (10-15 nt) pa- 
AHYCOB p a 3 B O p O T a ,  aBTOHOMHOCTH I lHTaHHR,  H ~ ~ O J I ~ I I I H X  I ' ~ ~ ~ ~ H T o B ,  

~ a n o i i  ~ o n e c ~ o i i  6a3b1 M a m m ;  

CPaBHHTeJ IbHO KPYTLIe  AOI IyCKaeMbIe  YKJIOHbI aBTOAOpOr ,  AOCTHTa- 

I O q M e  B I 'PY30BOM H a I I p a B J I e H H H  90-100°/r,0, B IIOPOlrcHRKOBOM 120- 
1 4 0 0 / 0 0 ;  OTCYTCTBHe PeJIbCOBbIX I I y ~ e f  C C O H T ~ K T H O ~ ~ [  CeTbIO; 

BbICOKaR IIPOXOAHMOCTb aBTOCaMOCBaJIOB, 0 6 e ~ I I e ¶ ~ B a e ~ a R  HX BbICO- 

KHMH AHHaMH¶eCKHMFl K a g e C T B a M H  H I I P H C I I O C O ~ J I R ~ M O C T ~ H )  K HePOB- 

HOCT M IIYTH. 

&aronapn xopomm a a c n n y a T a q n o r o r n M  xasecrsalr a B T o T p a H c n o p T a  

p a 3 p a 6 0 ~ K a  MeCTOpOWAeHHR C er0 lTpHMeH0HHeM OTJIH¶aeTCR r ~ 6 -  
KOCTbK) B I IJ IaHHPOBaHMH I'OPHbIX p a 6 0 ~ ,  ~ 0 p o I U e f i  H X  ~ ~ ~ ~ B J I R ~ M O C T ~ ~ ) ]  

H CJIeAYIOqHMH I I P e H M Y q e C T B a M H .  

B c K p b I ~ ~ l e  K a p b e p O B  C K O J I b 3 R 4 H M H  M BpeMeHHbIMH C a e 3 A a M H  H e  

BbI3b IBaeT  AOIIOJIHHTeJIbHbIX 3 a T p a T ,  6 J I a r o ~ a p R  ¶ e M y  BO3MOlKHa O T p a -  

~ O T K ~  M ~ C T O P O W A ~ H H ~ ~  OT qempa K @ n a ~ r a ~ ,  p a 3 ~ e n e ~ ~ e  K a p b e p a  H a  

O s e p e A H .  ~ T M M  3Ha9HTeJ IbHO YJIY?IIIIaeTCR P e W H M  BCKpbIIIIHbIX p a 6 0 ~  
3a c s e T  c o K p a q e H m  o 6 a e ~ o ~  B c K p a r m H  B nepme n e p H o A M  p a 3 p a 6 0 ~ ~ ~  
H 60nee PaBHOMepHOI 'O H X  PaCI IpeAeJ IeHHR no I'OAaM. BCKPHTH~ 
CKOJIb3RqMMH C'be3AaMH C I I O C O ~ C T B ~ ~ T  p a 3 M e q e H I T I O  OTBaJIOB H A p y r H X  



n o s e p x H o c T a n x  coopyxce~~i i  B aan60nee Y A O ~ H M X  H H a n n I e H e e  yAa- n p ~  p a s p a 6 0 ~ ~ e  ~ e c ~ o p o m ~ e ~ ~ i i  c K ~ ~ T ~ I M  H H ~ I ~ J I O H H ~ I ~ I  n a ~ e ~ ~ e ~  
~ ~ H H H X  OT ~ a p b e p a  ~ e c ~ a x .  n n a c ~ o ~ ,  H M ~ I ~ ~ ~ H X  o r p a ~ m e ~ ~ h ~ e  pamepa  no ~ n m e  H m ~ p n ~ e ,  x o r ~ a  

O T ~ ~ ~ O T K ~  YCTYIIOB M03fEeT BeCTHCb KOPOTHHMH (AO 50-100 nt) HCIIOJIb30BaHHe 3fEeJIe3HOAOPOHCHOrO TpaHCIIOpTa  IlPHBOAHT K ~ O J I ~ I U H M  

~ J I O K ~ M H ,  a +POHT YCTYROB M03fEHO IIPOCTPaHCTBeHHO OPHeHTHPOBaTb o 6 a e ~ a ~  no p a 3 H 0 c y  ~ O P T O B  AJIR Y K n a A K H  C'be3AOB; 
B J I I O ~ O M  Y A O ~ H O M  HaI IpaBJIeHHH,  ¶TO B COBOKYIIHOCTH I I O ~ B O J I H ~ T  o ~ p a -  npn p a 3 p a 6 0 ~ ~ e  H ~ ~ O J I ~ U I H X  no 3anaca~  n f e c ~ ~ p ~ ~ ~ e ~ ~ i i  co C ~ O K O M  
6 a ~ b I ~ a T b  3aJIe?KH cJI03fEIXofi K O H + H I ' Y P ~ ~ H E I  C MHHHMaJIbHMMEI HOTePHMH O T P ~ ~ O T K H  AO 10-15 n e ~ ,  a T ~ K Z ~  ~ P E I  p a 3 p a 6 o ~ ~ e  rpynna c 6 n ~ ~ ~ e ~ ~ a x  
I I O J I ~ ~ H O ~ O  H C K O I I ~ ~ M O ~ O .  sanexeii ~ a n o 5  MOQHOCTH; 

0 6 a e w  p a 6 o ~  no nOArOTOBKe HOBHX rOpE130HTOB H ~ ~ O J I ~ ~ E I ~ ,  a C X e M a  
I I IPH C ~ J I ~ K T H B H O &  BMeMKe MHOrOCOPTHPX PYA; 

IIPOXOAKH pa3pe3~ax T p a ~ I I I e i i  ~ a a 6 o n e e  c o s e p m e ~ ~ a .  h a r o ~ a p ~  B r n y 6 0 ~ ~ x  K a p b e p a x  IIPH H H T ~ H C H $ H K ~ ~ E I E I  y r n y 6 0 ~ ~ a x  p a 6 o ~ ,  
BTOMY A O C T H ~ ~ ~ T C H  B u c o K n e  (no 20-55 n t l z o d )  CKOPOCTH n o H a x e H n R  a y ~ a K 3 f ~ e  ~a ~ a p b e p a x  c ~ O P H ~ O H T ~ J I ~ H O  3anera101q~~a IIJI~CTIAIEI n p ~  
rOPHbIX pa6o.r. H p H  TaKHX CKOPOCTRX C03AaIOTCR YCJIOBHH AJIH I I O B M ~ ~ -  ~ M C T P O M  IIOABHraHHEI I # ~ o H T ~  YCTynOB; 
HEIR I I P O H ~ B O A C T B ~ H H O ~  MOWHOCTH K a p b e p a  H ee IIIHpOHOrO P e r y n H P O B a -  I I I p H  CTpOHTeJIbCTBe K a p b e p O B  AJIR C O K p a Q e H H H  CPOKOB er0 BBOAa 
HHR BO BpeMeHH. B ~ K C I I J I Y ~ T ~ ~ H H ) ;  

U p U  HCIIOJlb30BaHHH aBTOTpaHCEiOpTa IIpOCTO O p r a H H 3 0 B a T b  cenex- npa C ~ O X H O ~ ~  T O ~ O ~ ~ ~ $ H U  p e n b e I # a ,  K O ~ A ~  ~ ~ T P Y A H ~ H O  Y C T P O ~ C T B O  
THBHYIo BbIeMKY MHOrOCOPTHbIX PYA I I P H  BbICOKHX ee I IOKa3aTeAHX,  peJIbCOBMX ny~eii ;  
a TaK?Ke ~am6onee aKOHOMH¶HO IIpOH3BeCTH O T P ~ ~ O T K Y  IIaPeIi IIJIaCTOB B K O M ~ H H ~ ~ H H  C WeJIe3HOAOPO3fEHhIM TpaHCIIOpTOM, K O H B ~ ~ ~ ~ ~ H ~ I M E I ,  
IIOJIe3HOI'O EiCKOIIaeMOrO M ~ J I o ~ ~  MOWHOCTH. ABTOT~~HCIIOPT A a e T  B03M03fE- CKHnOBbIMH H KJIeTeBJdMH IIOA'beMHHKaMEI AJIR O T P ~ ~ O T K H  ~ J I Y ~ O K H X  

ROCTb IIPHMeHHTb MHOI'OPHAHOe B 3 p b I B a H H e  CKBaHCHH H IIO3BOJIReT IIpOH3- rOpH3OHTOB K a P b e P O B ;  
BOAElTb p a 3 p a 6 o ~ ~ y  K a p b e p a  YCTyllaMH B M C O T O ~  36-40 nt .  IIPH 3TOM I I p H  OCBOeHEIH M ~ C T O P O ~ ~ E A ~ H H ~ ~ ,  YAaneHHbIX OT I r c e n e 3 ~ 0 A O p O X H b I X  
r o p ~ a ~  ~ a c c a  P M X ~ H T C R  cpaay ~a r n y 6 ~ i ~ y  A B ~ X - ~ p e x  y c ~ y n o ~ ,  passan ~ a r ~ c ~ p a n e i i r  n p a c n o n o 3 f ~ e ~ ~ a x  B ~ P O M M I U J I ~ H H O  H ~ P ~ ~ B H T M X  pa i io~ax  
n O p O A H  y 6 m p a e ~ c ~  I I O C ~ O ~ H O  1 2 - 1 5 - M e ~ p o ~ b I ~ U  YCTynaMH,  C 'be3pJ  ( H ~ I I ~ H M ~ ~ ,  B HKYTHEI - ~ J I M ~ ~ H M ~  M ~ C T O P O ~ ~ E A ~ H H R  MHP, Y A ~ ¶ H ~ R ,  

a c n o n a r a m ~ c ~  no passany nopo~ar. Aiirxan). 
~ ~ p O H 3 B O A U T e J I b H O C T b  3KCKaBaTOpOB = p H  a B T O T p a H C n O p T e  H a  20- ~ H H B ~ ~ C ~ ~ ~ H O C T ~  aBTOTpaHClIOpTa  no YCJIOBHRM IIpHMeHeHEIR A e n a e T  
30% 6onbme, ¶ e ~  n p ~ i  P ~ ~ ~ C O B O M  T P ~ H C ~ O P T ~ ,  T ~ K  K ~ K  C O K ~ ~ ~ ~ I ~ T C R  I er0 ~ e c b ~ a  ~ @ ( ~ K T E B H H M  B H ~ C T O R I ~ ~ B  ~ p e b 1 ~  a ~ ~ P C ~ ~ K T H B H H M  aa 
npOCTOEi 3 K C K a B a T O p a  H3-3a  OHCHAaHHR IIOP03fEHRKa Ei BOCCTaHOBneHHR G Y A Y I ~ ~ ~ .  
EOA'be3AOB IIOCne B3PbIBHbIX pa6o~.--/npn aBTOTpaHCIIOpTe n o r p y a ~ a  
B 6 n o ~ e  B O ~ O ~ H O B J I H ~ T C H  ¶epe3 20-30 ntUN n O C n e  O K O H ¶ a H H H ~ 3 P h I B H h I X  $ 2. ~ O ~ B H X H O ~  COCTaB aBTOTpaHCIIOpTa  
p a 6 o ~ ,  a n p E I  X e J I e 3 H O A O P O ~ H O M  - ¶epe3 0,5-2,o C M ~ H M . ~ C T O H M O C T ~  

~ ~ H M ~ H H ~ M O ~ O  IIPH ~ B T O T P ~ H C T ~ O P T ~  6 y n b ~ o 3 e p ~ o r o  o ~ ~ a n o o 6 p a 3 o ~ a ~ m ~  ~ O A B H H C H O ~ ~  COCTaB K a p b e p H O r O  aBTOTpaHCIIOpTa  HMeeT P H A  KOH- 
HH3fEe IIJIYXHOI'O H 3KCKaBaTOPHOrO B 4-5 pas. ~ C X O A  C XHHHH O A H O ~ ~  CTPYKTHBHbIX O C O ~ ~ H H O C T ~ & ,  BbI3BaHHhIX TH?Ke*'IhIMH YCJIOBUtIMa I'OPHbIX 
H Aa3fEe HeCKOnbKHX aBTOMaIIIHH H e  BhI3bIBaeT OCTB~OBKH B pa6o~e TpaHC- p a 6 o ~ .  A ~ ~ o a r p e r a T b I  OTJIH¶aIOTCR B H C O K O ~  llpO¶HOCTbIO, 3 ~ a ¶ E I T e n b ~ o f i  
I I O p T a  H He3HasHTeJ IbHO B n H H e T  H a  nPOH3BOAHTeJIbHOCTb 3KCKaBaTOpOB. (a0 290 T) rpy30nOA'b€!MHOCTbH, H ~ O J I ~ I I I O ~ ~  eMKOCTbIO KY3OBa;  OHH 

~ H ~ ¶ H T ~ J I ~ H O  MeHbIIIe ,  ¶eM I I P H  HCeJIe3HOAOPOHCHOM TpaHCIIOPTe ,  0 6 ' b e ~  n p ~ c n o c o 6 n e ~ a  AJIR IIOI'PY3KH TH3KeJIhIX CKaJIbHhIX IIOPOA aKCHaBaTOPaMH 
EI 3 a T p a T b I  H a  I IyTeBbIe  pa6o~b1, T a K  K a K  R OAHEIX H TeX i - ~ e  YCJIOBHRX C KOBmOM eMKOCTbIo A 0  5-8 m3 I3 c ~ a 6 3 f ~ e ~ a  rS%RpaBJlEI¶eCKI3M ycTpol% 
A n H H a  ~ B T O M O ~ H J I ~ H ~ I X  AOpOI' H a  60430% M e H b m e ,  ¶eM PeJIbCOBMX, CTBOM AJIH ~ M C T ~ O ~  ~ e x a ~ ~ s e c ~ o i i  pa3I'PJ'3KH KY30Ba .  &IEI I IpeAOXpa-  
a P ~ M O H T  H C O A ~ ~ X ~ H H ~  HX np0lqe H ~ e ~ u e ~ n e .  HeHHR K ~ ~ H H M  OT YAapOB KYCKOB IIOPOAbI ee I I e p e K p M B a I o T  CTaJIbHbIM 

B e c b ~ a  CyII(eCTBeHH0e npeHMyII(eCTB0 ElBTOTpaHCIIOpTa - COKpa- K03bIPbKOM. 

W e H H e  O ~ ~ ~ M O B ,  CPOKOB H 3 a T p a T  H a  CTPOHTeJIbCTBO K a P b e P O B .  HO¶TH Honeca aBTOMaUlHH AOIIYCKamT H a r P Y 3 K H  A 0  18-20 T. OHH HHOrAa  
BCe BBOAH-e B IIOCJIeAHHe rOAbI K a p b e p M ,  He3aBHCHMO OT IIPEIHHTOrO c~a63f~aro~crr 6 a n n o ~ a ~ ~  IIOHH3fEeHHOI'O AaBJIeHHIl (2-2,5 am), ¶TO 

y s e n m a s a e T  EX IIPOXOAHMOCT~. XOPOTK~EI  K o n e c H a H  6a3a 06ecne¶n~ae~  
BhICOKYIo MaHeBPeHHOCTb a B T 0 a r p e r a T O B .  

H~AOCT~TKEI  aBTOTPaHCIIOPTa:  BbICOKaH CTOEIMOCT~ 3 K C n . n y a T a q H m  G B H ~ ~ T ~ ~ H  K a p b e p H b I X  M a m H H  o6nsao A H 3 e n b H b I e ,  MOrqAOCTbIo 

MaYEiH H TpaHCUOpTHpOBaHHH B q e n O M ;  CJIOHCHOCTb H ¶aCTOTa PeMOHTOB ~0 700 A. C. TP~HCMHCCEIH - MeXaHHseCKaI I ,  r H A p O M e X a H w e C K a R  H n H  
aBTOMamHH;  3 ~ a ¶ t i ~ e J I b ~ b I H  m T a T  m 0 + t ? p 0 ~  H PeMOHTHHX pa6onnx; ~ J I ~ K T ~ ~ ~ C K ~ R .  H p H  ~ J I ~ K T ~ H ¶ ~ C K O ~ ~  TpaHCMEICCHH IIPHBOA KOM~EIHHPO- 

3aBHCHMOCTb p a 6 o ~ a  OT KJlEIMaTE¶eCKHX Y C ~ O B E I ~  H n n O X a R  npOXOAH- B ~ H H N ~  H COCTOHT ~3 OAHO~O-ABYX A H ~ ~ J I ~ H E J X  ~ ~ ~ r a ~ e ~ e f i ,  B P ~ Q ~ ~ M ~ I X  
M O C T ~  B cna6ax r p y H T a x .  HMH r e ~ e p a ~ o p o ~  T O K ~  u c e p ~ e c ~ a x  a n e ~ ~ p a s e c ~ ~ x  ~ ~ ~ r a ~ e n e i i ,  n ~ ~ a -  

B ~ac~ocrlqee B ~ ~ M R  n p ~ ~ e ~ e ~ ~ e  a ~ ~ o ~ p a ~ c n o p ~ a  ~a OTKPHTPX e m x  OT r e ~ e p a ~ o p a  H ~ c ~ p a ~ s a e ~ a x  B s e ~ y q ~ e  ~ o n e c a  M ~ I U H H  (MOTOP 
p a 3 p a 6 0 ~ K a x  6onee B c e r o  p a q H o H a n b H o :  ~oneca) .  B n o c n e ~ ~ ~ e  r o ~ a  ~ a ~ e ~ a n a c b  T ~ H A ~ H ~ E I H  H n p ~ ~ e ~ e ~ ~ m  



a n e K T p m e c r c H x  As~lra~eneH (~ponneji~03b1 EI ~ E I ~ ~ J I ~ - T ~ O J I J I ~ ~ ~ B O ~ ~ I )  EI npo- 
eKTHPYIoTCH J ? ~ ~ O T Y P ~ H H H ~ I ~  ABEIraTeJIEI. 

OCHOBHMMH THIIaMEI IIOABEIHEHOI'O COCTaBa  I C a P b e P H O r O  ~ B T O M O ~ H J I ~ -  

H O r O  T p a H C I I O p T a  HBJIHIoTCH ~ B T O M O ~ H J I E I - C ~ M O C B ~ J I P ,  I IOJIYIIpEIqeIIbI  

C ~ B T O M O ~ H J I ~ H ~ I M E I  THI'aYaMEI, IIpIXI(eIIhl C ~ B T O M O ~ I X J I ~ H H M E I  H T P a K T O P -  

HbIMH THI 'a¶aMH, T P O J I J I ~ ~ B O ~ ~ I  EI ) J H ~ ~ J I ~ - T ~ O J I J I ~ G B O ~ H .  

h p b e p ~ b 1 e  aBTOCaMOCBaJIbI  HMeIoT  KYBOB, K ~ ~ E I H Y  H A B R r a T e J I b H b I B  

a rperam;  n o c n e A H n e  C M o H T E i p o s a H b I  H a  ORHOG p a M e .  YHCJIO 0ce6 amo- 
CaMOCBaJIOB 2-3. BX rPY30I IOA 'beMHOCT b  OT 3,5 A 0  140 m, CIEOPOCTb 

ABEIfieHEIH A 0  60 K&/u. - Ha H a p b e p a x  ~e6onbluof  I I P O R ~ B O A C T B ~ ? H H O ~  M O q H O C T H  EI I C a p b e p a X  

C T ~ O ~ ~ M ~ T ~ ~ E I ~ J I O B  P a q H O H a J I b H b I  aBTOMaIIIEIHJ3 ~e60nbmoii  rpY30I IOA 'beM-  

HOCTEI. AXH 3THX Q e J I e 5  B COB~TCKOM C0Io3e BbIIIYCKaIoT aBTOMalLIEIHb1 

MA3-503E rpY30IIOA'beMHOCTbH) 7 T, KpA3-256 rPY30I IOA 'beMHOCTbIo  
10 T $1 I ~ - T o H H ~ I ~ ~  CCMOCBaJI IIOBMIU~?HHO~ IIPOXOAEIMOCTEI M0A3-218. 

Ha CpeAHEIX H ICpYIlHbIX no o 6 a e ~ a ~  p a 6 o ~  K a p b e p a X  I IpEIMeHRIoT 

6 o n b m e r p y 3 ~ b 1 e  MaWEIHbI E ~ J I A ~ - 5 4 0 A  rpy30 I IOA%eMHOCTbIO 27 T 
(PEIC. 143, a), E ~ J I A ~ - 5 4 8  rpy30 I IOA 'beMHOCTbIo  40 T. 

T a 6 ~ 1 ~ q a  45 
IIpoaa~oaa~enfi~oc~fi  srtcKasaTopa npa paanasrrbrx 

nonomenanx aBTocaMoceana 

I I ~ O H ~ B O ~ T ~ . ~ ~ H O C T ~  
n0~10l t te~~fe  XlPOfl~JrHiUTeab- 3HCHaBaTOpa C3-3 
~ B T O C ~ ~ I O -  YI'OJI n0BOpOTa H O C T ~  U A H J I ~  

c ~ a n a  a ~ c ~ a ~ a ~ o p a  a ~ c ~ a s a ~ o p a ,  
(cM. PIIC. 1 4 8 )  c e l ~  

m/ meny 1 ./. 

I I31 = llO" 23 2700 100 
I I $2 = 80" 

p3 = 55O 20 3100 115 
8 4  = 65' 

11.-111 F2 t f32 fi4=2- =60° 18 3450 128 

I 

Plrc. 143. A ~ ~ o o w o c s a n  BenA3-540A rpyaonojlaeMHocTbm 27 T (a) 
a cwocsan-nolrynpaqenen BenA3-548B rpyaonojl%eMaocTbm 45 T (6) 



I ' p y 3 o n o ~ a e a 1 ~ o c ~ b ,  
m . . . . . . . 

C O ~ C T B ~ H H ~ I ~  BeC 
a r p e r a T a ,  m . . 

B TOM mcne  
sec nony- 
n p H q e n a  . . 

r a 6 a p ~ i ~ b 1 ,  ntm: 
A n m a  . . . . 
LUEPHHa i , . 
BhlCOTa . . . . 

M H H E M ~ J I ~ H M ~  pa- 
AnyC nOBOpOTa, 
m a  . . . . . . . 

0 6 . 6 e ~  R y a o s a  ( r e o -  
MeTptl¶ec~Ei%), a 3  

M H H H M ~ J I ~ H ~ R  CKO- 
POCTb ABHmeHEH, 
knt/. . . . . . . 

P~CSOA TOIIJIHBa 
Ha 100 ~ n t ,  n . , 

I Mapm r s m r o 6 r ~ ~ ~ - c a ~ o c ~ a ~  

O ~ e s e c ~ s e ~ ~ b ~ e  C ~ M O C B ~ ~ H - n o n y n p m q e n ~  mMeIoT r p y 3 0 n o ~ a e ~ -  
H o C T b  OT 17 A 0  120 T H npmcnoco6ng~b1 K T p a H C ~ O p T E I P O ~ a H H I O  K a K  pnx- 
JIbIX, T a K  H CKaJIbHbIX IIOPOA H PYA. 

OCHOBHH~ n p e m M y l q e c T s a  n o n y n p m q e n o B  no C p a B n e H H m  c a B T o c a M o -  
CBaJIaMH: 3 H a s H T e J I b H a R  rpy30I lOA 'beMHOCTb xi 6 o n b m n i j r  o6aeu K y 3 O B a ;  

~ e ~ b m n i i  pacxon ropmsero ( H a  45-20 %); M e H b m m e  a ~ c n n y a ~ a q n o ~ ~ n e  
3 a T p a T h l  ( ~ a  40-60%); B 1,8-2,o pa3a 6 6 n b m a ~  npOm3BOAHTeJIbHOCTb.  

OCHOBHOL HeAOCTaTOK IIOJIYIIPHqeIIOB: MeHbILIEIe AOlIYCTHMbIe IIPO- 
AOJIbHEde YKJIOHbI A O p O r  BCJIeACTBHe M e H b I I I e r O  ( ~ a  25-30 %) C q e I I H O r O  

BeCa .   TOT HeAOCTaTOK MOHCeT 6 b I ~ b  HCKJIHPeH I I p H M e H e H H e M  3J IeKTpH-  

G ~ C K O B  TpaHcMxiccmm m ~ K T H B H ~ ~ ~ H H  oceti n p n q e n ~ o i i ' s a c ~ n  a r p e r a T a .  

f l o J I y n p H q e n b I  qenecoo6pas~o n P H M e H R T b  H a  I 'OPH30HTaJIbHbIX AOPO- 

rax,  H a n p E I M e p ,  npI1 K O M ~ H H H P O B ~ H H O M  T p a H C I I O p T e  OT 6 o p ~ a  K a p b e p a  

A 0  O ~ O ~ ~ T E I T ~ J I ~ H O ~ ~  ( P a 6 p m ~ ~ .  A a J I b H o c ~ b  T p a H C U O p T m p O B a H H R  n O J l y -  
U p H q e R a M m  6onbme, ¶ e M  aBTOCaMOCBaJIaMxi, xi AOCTHraeT  12-15 KS. 

K T H n y  n O J I y n p x i q e n O B  OTHOCRTCR U TYPHOPOKKePhI  - AByXOCHbIe TFI- 

r a m - c a ~ o c s a n b ~  y n p o l q e ~ ~ o i i  KOHCTPYK~HEI ,  p a 3 r p y ~ c a r o 1 ~ ~ e c ~  onpo- 
KHAEdBaHHeM K Y 3 0 B a  H a 3 a A  H I lOATHrHBaHHeM Ii K y 3 O B Y  T I I r a ¶ a .  P a ~ x i y c  

n o B o p o T a  T y p H o p o K K e p a  4-5 a. OHH n p e g ~ a 3 ~ a n a m ~ c ~  AncI  nepe~o3xn 
K ~ Y ~ H O I E Y C K O B O ~  PyAbI H MOrYT I I p e O A O J I e B a T b  K p y T b l e  nOA'beMbI. TYPHO- 
pomepu ~ ~ ~ ~ O I I O A ~ ~ M H O C T ~ I O  9-50 T p a c n p o c T p a H e H n  H a  I i a p b e p a x  

CIIIA. 
f l p H q e n b I  FiCIIOnb3yIOTCH B B n A e  aBTOnOe3AOB B C q e U e  C aBTOCaM0- 

c s a n a M m  mnm n o n y n p n q e n a M m ,  a T a K x e  c r y c e H x i n H n M m  T c I r a s a M n .  

A B ~ o n o e 3 ~ a  P a q x i O H a J I b H O  I l p H M e H R T b  TOJIbKO H a  XOPOILIHX A O p O r a X  

C H ~ ~ O J ~ ~ Y I H M H  YKJIOHaMEZ 0 6 ~ 9 ~ 0  I I P H  TPaHCIIOpTxipOBaHLIH H a  6 0 ~ l b U I ~ e  

PaCCTORHIlR ( H e  M e H e e  5 K W )  B H e  K a p b e p a .  OCHOBHO~ AOCTOHHCTBO aBTO- 

llOe3AOB: 6 0 n b m a c 1  C y M M a p H a a  I 'PY30IIOA'beMHOCTb. H ~ A O C T ~ T K H :  
HI13KaR M a H e B P e H H O C T b  k i  H ~ A O C T ~ T O ¶ H P $  c ~ ~ I I H o ~ ~  BeC. 

npaqenhl C I'yCeHH¶HhIMxi T R r a ' I a M H  BKOHOMxiUHO I I p H M e H H T b  I I p H  

T p a H c n o p T n p o s a H m m  rpysa no n n o x m M  A o p o r a M  H a  ~ e 6 o n b m ~ i e  pac- 
CTORHHR (AO 500 W). HX I I p e H M y w e C T B e H H O  xiCnOJIb3YIOT U p x i  ~06b1¶e CTPO- 

HTeJIbHbIX M a T e p m a J I O B  %I H a  3eMJIHHbIX pa6o~ax B CTpOHTeJIbCTBe.  

Tponnefi~os n p e A C T a B J I R e T  co608 ZlBTOCaMOCBan, C H ~ ~ H C ~ H H H ~  

a n e K T p o A B m r a T e n e M ,  n x i T a I o q m M c a  OT A B ~ X I I ~ O B O A H O ~  K O H T ~ K T H O ~  ceTm.  

OH RBJIReTCH HOBHM BHAOM IIOflBHXHOI'O COCTaBa K a P b e P H O r O  aBTO- 

T p a H c n o p T a ,  snepsne BHeApeHHarM B COB~TCKOM C o m e .  l l p e x i ~ y w e c ~ s a  

T ~ o J I J I ~ ~ ~ B o ~ o B  I lO CPaBHeHHH) C aBTOCaMOCBaJIaMxi 3aKJIH)YaeTCH B JIY9IIIxiX 

T R r o B M x  H a P e c T B a x ,  6onee n p o c T o M  HX p e M o H T e  xi rvIeHbmmx a ~ c n n y a ~ a -  
q H o H H H X  p a c x o A a X .  T p o n J I e i i B o 3 b 1  cnoco6~b1 n p e o A O J I e B a T b  noA'beMbI 

B 150°/00 co CKOPOCT~H)  20-25 KS/U. O ~ x i  H a A e m H o  p a 6 0 ~ a I O ~  B n106oe 
B p e M f l  TOAa. O A H ~ K O  Hanx i¶x i e  K O H T ~ K T H O ~ ~  CeTxi CHHiKaeT  M a H e B p e H H O C T b  

' ~ p o n n e i i ~ o s o ~  xi y c n 0 X H s e . r  HX a~cnnya~aqziro. IIOBTOMY nx qeneco- 
0 6 p a 3 ~ 0  U p H M e H R T b  H a  C T a q H O H a p H b I X  AOpOI'aX n p x i  6onbmoB AnMHe 

OTHaTKH H B K a p b e p a X  C OTHOCxiTenbHO I I ~ R M O ~ M H ~ % H ~ I M  (PPOHTOM YCTY- 

n o B .  f l p n u e ~ ~ e ~ a r e  B H a c T o a W e e  s p e m  ~ p o n n e i i ~ o a b ~  1 1 0 p e 0 6 0 p y ~ o B a ~ b I  

H 3  aBTOCaMOCBaJIOB rpY301IOA'beMHOCTbH) 5, 10 EI 25 T.  B b ~ n y l q e ~ b I  

H ~ P H M e H F I I O T C R  H a  K a p b e p a X  R K Y T H H  D e p B b I e  ~ ~ - T O H H H ~  ~ p o n J I e g B 0 3 b I  

n p o M a r m n e H H o r o  ~ ~ O H ~ B O A C T B ~ .  

H ~ A O C T ~ T K H  ~ p o J I n e f l B 0 3 0 ~  YCTPaHRIOTCR B A E I ~ ~ J ~ ~ - T P O J I . ? ~ ~ ~ B O ~ ~ X ,  

K O T O p H e  H a  pa6osmx y c T y n a x  ElMeIoT IIElTaHxie OT AH3eJ IR ,  a IIO KaIIxi- 

~ a n b ~ o f l  T p a H I z r e e  m no n o s e p x H o c T m  A B ~ K Y T C H ,  H M e R  n m T a H z i e  OT a n e K -  

TPOCeTEI. ~ ~ - T O H H N %  A ~ ~ ~ ~ J I ~ - T P O J ~ J I ~ $ B O ~  BKCIIJIYaTHPYeTCH H a  H ~ ~ c H o -  1 I'OpCKOM YrOJIbHOM K a p b e p e .  



K a ; t ; ~ b I g  H O B ~ I G  T ~ X H O J I O ~ H Y ~ C I I H ~ I  q H K J l  AJIR OTAeJIbHO B ~ H T O ~ ~  MBIIIHHH 

H a s m a e T c R  c TOG we o n e p a q ~ ~ ,  YTO H n p e ~ b ~ ~ y n & i ,  a ¶HCJIO T a K H x  

qHKJIOB B TeYeHLIe AJIEITeJIbHOrO O T p e 3 K a  B p e M e H H  HeCKOJIbKO. 

T e x ~ o n o r r f s e c ~ ~ H  npoqecc n e p e ~ o a o ~  a B T o T p a H c n o p T o M  B K a p b e p a x  

3HaYElTeJIbHO OTJIEIYaeTCR OT YCJIOBH~~[  pa6o~h1 ~ B T O M O ~ H J I ~ H O I ' O  TPaIIC-  

I I O p T a  o6qero n O J I b 3 0 B a H H R .  C y q ~ o c ~ b  3THX O T J I H Y H ~ ~  3aKJIH)¶aeTCR 

B C n e A y m q e n f :  p a c c T o n H m  n e p e ~ o 3 0 ~  M a n M ,  penso n p e s M m a R  4-5 K H ,  
If B TeYeHEIe ,lJ;IHTeJlbHOI'O BpeMeHEI H e  MeHRIOTCR; ABHlfCeHHe aBTOMalIIHH 

IIpOHCXOAIIT B ~ H ~ U E Z T ~ J I ~ H O ~ ~  M e p e  no BPeMeHHbIM A O p O r a M ,  H e  EIMeIOWHM 

B e p x H e r o  IIOICP~ITHR; I I P O A O J I ~ H ~ I ~ ~  n p o # J ~ a b  A o p o r M  x a p a ~ ~ e p ~ 3 y e ~ c ~  
3aTR;KHbIblEI KPYTbIMH IIOA'beMaMH HJlH CIIYCKaMH, COCTaBJIHIOQEIMH 

40-50% 11 6onee o6qeG AJIHH~I  o T K a T s H  H n e p e M e x a m m H M H c R  ropn- 
30HTaJ IbHbIMII  I I  C J I ~ ~ O H ~ K J I O H H ~ I M H  Y 4 a C T K a M H  ~e60~1b111oii (20-40 a) 
A n n H b I ;  n n a H  a B T o A o p o r  aacmqea KPHBJJMEI M a a o r o  p a A H y c a ,  o r p a H H s n -  

B a I O ~ I I M I I  BHAHMOCTb; BbICOKaR HHTeHCHBHOCTb A B H K e H H R  C HHTePBaJIOM 

M e X A y  hIaII IHHaMH 40-60 Jt. 
T p a ~ c l l ~ p ~ ~ b I f i  qEIKJI BKJIIOYaeT C J I e A Y I O q H e  0 6 ~ 3 a ~ e J I b ~ b 1 e  O l l e p a q H H :  

I I O r p y 3 K a  r0p~0f i  MaCCbI, ABHXeHEIe  C r P Y 3 O M ,  M a H e B p b I  B n y H K T e  pas- 
r P Y 3 K H ,  p a 3 r p y 3 K a r  B O 3 B p a I Q e H H e  IIOPOlrCHHKOM H M a H e B p b I  IIepeA 
o s e p e ~ ~ o i i  norpy31105. 

EAEIHCTB~HHO I I P O E I ~ B O A H T ~ J I ~ H O ~ ~  (C I I 0 3 H q H H  COBePIIIeHHR I I o J I ~ ~ H o G  

~ H ~ H Y ~ C I I O ~ I  p a 6 o ~ ~ )  RBJIReTCR O n e p a l ( I l R  ABHWeHHR MaILIHHhl C r P Y 3 0 M .  

Bce OCTaJlbHbIe  O I I e p a q H H  CYHTaIOTCR BCIIOMOraTeJlbHJdMEI, HO H ~ O ~ X O -  
A E I M ~ I M H  EI H ~ H ~ ~ ~ ) ~ c H ~ I ~ I E I .  

Hp0nle TOrO,  B p a 6 o ~ e  MaUIHHbI MOrYT 6 b 1 ~ b  IIPOCTOEI, C B R 3 a H H b I e  

C OXHAaHHenf  l l O r p y 3 K H  (0¶epe~b  iv1aIIIHH y B K C K a B a T O p a ,  HeIlOArOTOBJIeH- 

HOCTb K H e M y  I lOA5e3AOB,  O X H A a H H e  p a 3 r P Y 3 K H  H 3 - 3 a  OTCYTCTBHH HJIH 

3aHRTOCTIf @ ~ O H T ~  P a 3 r P Y 3 K E I  APYI'HMH M ~ D I H H ~ M H ) ,  HJIEI ~JIy¶afi~hIe 
3 a ~ e p ~ i 1 z 1 1  II nepepmm ( ~ e x ~ n r e c ~ a ~  H e H c n p a B H o c T b  MaIIIHHbI HJIH 
AOpOrEI 11 T. A.). ~ ~ A ~ P X K H ,  a TaKlrCe M a H e B p H p O B a H H e  MaII lHH,  XOTH 

$1 H e  HBJIRIOTCR ~ ~ ~ Y C J I O B H O  H ~ O ~ X O A E Z M M M H ,  AOJIZHbI  6 b I ~ b  JIHKBHAHPO- 

B a H b I  I f n H  CBeAeHbI  K MHHHMYMY, HO B C e r A a  HMeIOT MeCTO H IIOBTOMY 

B P a C Y e T a X  AOJIWHbI YYHTbIBaTbCR. 

~ ~ O C T O I I  3aBHCHT OT CXeMbI &BHXCeHHR MaUIHH B K a p b e p e  H H a  

y c T y n a x ,  a T a K x e  OT c x e M  o 6 ~ e ~ a  ManrnEr  B 3 a 6 o ~ x  H B M e c T a x  pa3- 
r P Y 3 K H .  A J I R  K B X A O ~ I  H 3  CXeM I I O T e p H  PHCJIeHHO O n p e A e J I e H h I .  

T ~ x H o J I o ~ H Y ~ c K M  HOMHHaJIbHaR IIpOAOJIXHTeJIbHOCTb TpaHCI IOPTHOrO 

q H K J l a ,  HJIII B p e M R  o6opo~a  MaIIIHH,  p a B H a  CyMMe 3 a T p a T  B p e M e H H  H a  

I I O r p y 3 K y  tn, p a 3 r p y 3 K y  tp,, H a  nOrPY30PHO-pa3rPY309HbIe M a H e B P b I  t,, 
H a  OXEIJ(aH1Ie n O r p y 3 r i H  H p a 3 r p y 3 K H  to H H a  YHCTOe B p e M R  A B H X e H H R  

fi1aIIIHHbI C r P Y 3 0 M  EI TIOPOXHRKOM tA: 
I 

C 

rAe t, - a ~ c n n y a ~ a q ~ o ~ ~ ~ f i  ~ H K J I  a s c s a ~ a ~ o p a ,  ~ ~ B I I C R ~ H ~  OT napa- 
MeTPOB 3 a 6 0 ~ ,  @ H ~ H K O - M ~ ? X ~ H M ¶ ~ ? C K H X  C B O ~ C T B  I IOPOZ H K a Y e -  

CTBa H X  PbIXJ IeHHR,  MeCTa  YCTaHOBKH MaILIHHJJ OTHOCHTeJIbHO 

3 K C K a B a T O p a ,  a TaK?Ke OT eMKOCTH K Y 3 0 B a  aBTOMaIIIHHbI;  

n, - m c n o  ~ o ~ m e i i ,  a a r p y x a e ~ b ~ x  B KY30B.  

C s a a b H H x  T R s e n H x  nopoA nK o n p e A e x R e T c R  no rpy3011o~ne~- 
HOCTH MaIUHHbI Q no 40p~yJ Ie  

/ '/ - eMKOCTb KOBIIIa a K C K a B a T O p a ,  us; 
I y - 06ne~~b1 i i  BeC IIOPOA, m/.M3; 

k, - K O R @ @ H ~ H ~ H T  H a n O J I H e H H R  KOBIIIa; 

k; H k; - K O B # J @ H ~ H ~ H T ~ I  ~ ~ ~ P E J X J I ~ H H R  n O p O A  B r z o B m e  a I t c K a s a T o p a  
H B K Y 3 0 B e  MaIIIHHbI. 

AJIR P~IXJIMX nopog kglk; = 0,92-0,96. 
1 ~ O J I ~ ¶ ~ H H ~ I ~  no ~ O ~ M Y J I ~ M  (XV,3) H (XV,4) ~ H ~ Y ~ H E ~ R  n, 0spyr- 

JIRIOTCR no qezoro H ,  s a s  n p a B m o ,  B * i e H b m y m  CTOPOHY. ECJIH pa3- 
H H q a  B 3 H a 4 e H H H X  H e  BhIIIIe 15%, TO M O X H O  O K p Y r J I R T b  I1 B 60nbmy10 I CTOpOHy.  

~ ~ o ~ o J I > K H T ~ J I ~ H o c T ~  p a 3 r p Y 3 K H  OIIpeAeJIHeTCR C Y M M O ~  3 a T p a T  B p e -  

M e H H  H a  IIOA'be3A aBTOCaMOCBaJIa  3aAHHM XOAOM K MeCTY p a 3 r p y 3 I $ H  

OT MeCTa  O%HAaHHR HJIH MeCTa  p a 3 B O p O T a  t,,, (15-45 ME) ;  H a  O T 5 e 3 A  

a B T o c a M o c s a n a  to,(4-10 c e ~ )  OT M e c T a  p a 3 r p y 3 ~ ~  H a  p a c c T o R H H e  

65-20 u; H a  n o A a e M  tn, (15-60 c e ~ )  n o n y c K a H H e  (15-20 c e ~ )  ~ y -  
I 8 o ~ a  ~ B T O C ~ M O C B ~ J I ~ :  
I 
I fpr = tnoA - t t n A  f t on  tom. (XV,5) 





I I O r P Y 3 0 P H b I X  p a 6 o ~  I I ~ O H ~ O H A ~ T ,  eCJIH ~ Y A ~ T  AmCnp0110pq~f1  M e X A y  TH- npH KonbseBoB c x e ~ e  B M I I I ~  6e3onac~oc~b  ~ B ~ W e H H n  6onbmHx 
I I a M H  3 K C K a B a T O p a  H aBTOCaMOCBaJ Ia  - p a 6 o ~ a  M O T H H X  3 K C K a B a T O P O B  (Ha 10- l j%)  ~ ~ c ~ ~ ~ ~ T ~ ~ ~ o H H ~ I X  C K O p o c T f I x  M a m H a .  n ~ H  AaasO' 
B KOMIIJIeKCe C MaI I IHHaMH M ~ J I o H  rpy30 I IOA 'beMHOCTH.  C H H X ~ H H ~  IlpOH3BO- c x e ~ e  ~IO));HO y B e J I m H T b  H a  10-15% Y K a o H  ~ O P O ~ H ~ ~ O B O ~  BeTBM 
AHTeJIbHOCTH O ~ ' ~ R C H H ~ T C H  IIPOCTOfIMH 3 K C K a B a T O p a  H 3 - 3 a  WiCTbIX 0 6 ~ e -  
HOB COCYAOB H YAJIHHeHHR IJHKJIa 3 K C K a B a V H H ,  B OCHOBHOM 3a CYeT 

Y B e J I H n e H H H  B p e M e H H  YCTaHOBKH KOBIIIa  H a A  M ~ I U M H O H  H B P e M e H H  pa3- 
r P Y 3 K H  KOBlIIa .  

~ o K ~ ~ ~ T ~ J I H M E I  ~ @ @ ~ K T H B H O C T E I  pa6o . r~  a B T O T p a H C I I O p T a  B 3 a A a H H b I X  

~ O P H O T ~ X H H ¶ ~ C K H X  YCJIOBHHX M O r Y T  C J I Y X H T b  I IpOH3BOAHTeJIbHOCTb BBTO- 

MaIIIHH,  H 3 M e P f I I O ~ a f I  KOJIHPeCTBO I I e p e ~ e 3 e ~ ~ o f i  ~ O P H O H  MaCCbI 38 

eAEiHHVy B p e M e H H ,  H C ~ ~ ~ C T O H M O C T ~  T p a H C n O p T H p O B a H H f I  1 m rpy3a. 
~##"#KTHBH~~I TeXHOJIOrHfI  ~ B T O M O ~ H J I ~ H ~ I X  I I e p e B 0 3 0 K  - 3 T 0  I IPaBEiJIb-  
H a f I  O p r a H H 3 a q E I f I  A B H X e H H t I  MaIIIHH B K a p b e p e  Ei H a  OTBaJ IaX ,  

P a V H O H a J I b H O  I I 0 ~ 0 6 p a ~ ~ a f I  rpy30IIOATDeMHOCTb MaIIIHH H OIITHMaJIbHbIe  

YHJIOHbI a B T O A 0 p O r .  

$ 4. C X ~ M ~  ,I(BHXeHHII H MaHeBPOB MaIIIHH IIPH paa'0~e 

C X ~ M ~  ABHWeHHfI  T p a H C I l O p T a  B K a p b e p e  B n p e A e J I a X  3a60fi - I IYHKT 

p a 3 r p y 3 ~ ~  - 3a608 6 n ~ a e ~  B c T p e n H b~ B H K o JI b q e B o H 
(PHC. 145). H p H  I I e p ~ o f i  C X e M e  A B H X e H H f I  K a P b e P  BCKphIBaeTCf I  OAHHaP-  

HUMH T p a H m e c I M n ,  n p e ~ ~ a 3 ~ a n a e ~ b 1 ~ ~  AJIH c n y c K a  IIOPOWHHX M a m m  

EI OAHOBPeMeHHO AJIfI IIOA'beMa r p y W e H h I X .  OTB~JIM HMeIOT 0 6 ~ 9 ~ 0  
~ A H H ~ I H  j ~ e H ~ p a J I b H b I i i  BTDe3A. n p H  K o J I ~ I J ~ B o ~ ~ [  C X e M e  A B H X e H H f I  BCKPhI- 

T H e  YCTYIIOB nPOH3BOAHTCII  I I a P H b I M H  T p a H m e f I M H .  B K a ? K ~ o f i  Ei3 H H X  
A B H X e H H e  OAHOCTOPOHHee: ll0 OAHOMY C 'be3Ay  ABHWeTCfI  TOJIbKO I I O P O X -  

H H K ,  IIO A P Y r O M Y  - TOJIbKO r P Y X e H b I e  M a m H H b I .  O T B ~ J I ~ I  HMeIOT He-  

CKOJIbKO BZe3AOB.  

B 3aBHCHMOCTH OT I I I H P H H H  A O P O r  6 b I ~ a e ~  OAHO- H AByXIlOJIOCHOe 

A B H X e H H e .  O A H O I I O J I O C H ~ I ~  AOPOI'H P a V H O H a J I b H b I  B OCHOBHOM U P H  pas- 
A e n e H m  IIOTOKOB r p y m e H b I x  H IIOPOXHHX MaIIIHH.  IIPH HaJ IHYHH 

@ ~ p a W ~ e 6 H b I x ) )  M a p I I I P Y T O B  OAHOIIOJIOCHOe A B H X e H H e  3 a T p y A H H e T  p a s % -  

e 3 A b I  B C T P e s H b I X  MaIIIHH,  BBOAHT O r p a H H P e H H f I  B CKOPOCTH HX ABHWeHHfI  

EI C O B e P m e H H O  H e I I P H r O A H O  IIO C O O ~ P ~ W ~ H H F I M  ~ ~ ~ O I I ~ C H O C T H  n p H  r o J I o -  

JIeAe, T y M a H e  H C H e r O I I a A e .  n p H  BCTpe¶HOM A B H W e H H H  OAHOIlOJIOCHHe 

A O p O r H  PeKOMeHAYIOTCfI TOJIbKO I I P H  HHTeHCHBHOCTH ABHWeHEiR A 0  10- 
12 nap MaIIIEiH B 1 U. n p E I  60~1bmefi HHTeHCHBHOCTH ABHWeHHfI  Y C T p a K -  

B a I O T  A B e  IIOJIOCH. 

O p r a ~ H 3 a ~ H f I  TOG HJIH H H O B  CHCTeMbI ABHWeHEIfI OIIPeAeJI t IeTCfI  CIIO- 

C O ~ O M  B C K P P T H f I  MeCTOPOXAeHHfI ,  I I P H  nn6ope KOTOPOI'O, B CBOIO one- 
PeAb, YYHTbIBaIOTCfI I I p e H M y W e C T B a  H HeAOCTaTKH CXeM. me, 146. AalbHoCTb ~paHClI0pTUpoBa~R upu BcTpe-mOM (a )  

H ~ H M ~ H ~ I I I ~ R  p a 6 o ~ a  T p a H C I I O p T a  0 6 e c I I e s H ~ a e ~ c t I  I I p H  ~ c ~ p e n ~ o i i r  a xonaqe~om (6) gnuwe~un 
C X e M e  ABHWeHBt I .  T a K ,  I I p H  BCKpbITHH K a p b e p a  ABYMfI (PJI~HI'oBMMH 

T ~ ~ H J ~ I ~ ~ I M H  CpeAHfIf I  AaJIbHOCTb T p a H C I I O P T H P O B a H H f I  BAOJIb @ ~ O H T ~  
TeM C a M H M  C O K p a T H T b  A O ~ O X H O - C T P O H T ~ J I ~ H M ~  PaCXOAbI ,  KOTOPMe, p a 6 0 ~  ( ~ H c .  146) COCTaBJIfIeT I l p H  B T P e n H O M  A B H X e H H H  'I4 L,  n p E i  yqHTMBaf l  B O ~ M O X H O C T ~  Y C T P O ~ ~ C T B ~  OAHOIIOJIOCHOrO ABHWeHHH, He 

KOJIbqeBOM '1, L. Ha K a p b e p e  AJIMHOk,2 Ml H npOEi3BOAHTe.XbHOCTbIO 
B ~ m e ,  q e ~  n p ~  o ~ ~ o ~ p a ~ I I I e f l ~ ~ ~  BCKpMTHH ABYXnoJIoCHMMH noPo- 20 MJIH. m nepenpo6er M a m m  BO BTOPOG c x e M e  C o c T a B H T  10 .106 m KM 
r a ~ m .  n p ~  n o T o q ~ o i j r  c x e ~ e  y ~ 0 6 H e e  I I O A z e 3 A M  MamEiH aKcKaBaTopaM 

EI B P B O B ~ T  nepepacxon c p e A c T B  H a  n e p e ~ o 3 ~ ~  400-500 THC. pyG B ran. 
EI H X  YCTaHOBKa  n O A  norpy3"Y. 
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ABHlrceHHe l r rHPOK0 I lPHMeHReTCR I I P H  CTpOHTeJIbCTBe K a p b e p O B ,  P e M y  

C I I O C O ~ C T B ~ ~ T  IIpOCTOTa O p I ' a H H 3 a q H H  n p H  a B T O T p a H C I I O p T e  BpeMeHHhIX 

CKBOBHbIM, K O r A a  nOCJIf3 IIOI'PY3KH M a m H H a  n p O A O J I X a e T  A B H X e H H e  no 
y c T y n y  B TOM x e  H a n p a s n e H m ,  PTO H no n o r p y 3 ~ ~  (CM. PHC. 145, €4, 
Ei B03BPaTHO-PeJIHOKOBbIM, K O r A a  B 3a60e MalrrHHbI  MeHHIOT H a n p a s n e -  

H H e  CBOeI'O A B H X e H H I I  (PHC. 145, 146, a). 
n e p ~ a R  CXeMa T H n H P H a  AJIR K O J I b q e B O r O  ABHlrceHHR M a m H H  B K a p b e p e ,  

a B T O P a R  RJIR BCTpePHOI'O, XOTR I I P H  OIIpeAeJIeHHOM B3aHMOPaCI IOJ IOXe-  

H H H  C'be3AOB H 3 K C K a B a T O p O B  H a  Y C T y n e  MOI'YT 6 b I ~ b  C n y P a H ,  K o r A a  ------ 
CKBO3HaII  CXeMa IIPHMeHReTCII  I I P H  BCTpePHOM ABH?KeHHH, a B 0 3 B p a T -  

H a I I  - I I p H  K O n b q e B O M .  

~ P H  CKB03HhIX CXeMaX T P ~ ~ Y H ) T C R  MHHHMaJIbHhIe  P a 3 M e p h I  p a 6 o ~ ~ x  
n n o r q a A o K ,  PTO n o s w m a e T  yron p a s r o ~ a  pa6osero 6 o p ~ a  rn y n y s m a e T  

pe?KEfM BeAeHHR r O P H b I X  pa6o~ .  n p H  3TOM H B p e M I I  H a  M a H e B p H p O B a H H e  

MalrrHH M e H b m e .  O A H ~ K O  OHH H e  MOrYT 6 b I T b  I I P H M e H e H H  I t 0  3KOHOMH- 

PeCKHM YCJIOBHRM I I P H  60JIbm0fi AJIHHe K a p b e p H O I ' O  UOJIR H no coo6pa- 
X e H H R M  ~ ~ ~ O ~ ~ C H O C T H  I I p H  ~ ~ C T ~ ~ H C I I O P T H M X  CHCTeMaX p a 3 p a 6 0 ~ ~ ~ .  ---- -- 

C X ~ M M  IIOA'be3AOB H yCTaHOBKH aBTOCElMOCBaJIOB IIOA I IOI ' pY3Ky  - 
AOJI?KHbI o ~ ~ c I I ~ P H T ~ :  MHHHMajIbHJde 3 a ~ p a ~ h I '  B p e M e H H  H a  M a H e B p H p O B a -  Puo. 147. Cxenrb~ nou'be3~0~ MamnH K ~ K C K ~ B ~ T O P Y :  

H H e  H 3 a r P Y 3 K Y  aBTOCaMOCBaJIOB; ~ ~ ~ O H ~ C H O C T ~  p a 6 0 ~ ;  6bI~~pJdfi 0 6 ~ 1 3 ~  a - ~ y n n ~ o s a n ;  6 - n e ~ n e a a ~ ;  e - ~onbqesan; z - CKBOBHBR npn d p o ~ ~ a n b ~ o ~  38608; 0 - 
CHBo3HaR nPIi 6 0 ~ 0 8 0 ~  aa6oe; e - KOM~HHEPOB~HH~R (TYIIEKOBO-KO~~U~B~R)  r p y l r c e H h I X  CaMOCBanOB I IOPOXHHMH;  M a H e B p H p O B a H H e  H P a 3 B O p O T h I  

IIOPOlrcHHX aBTOCaMOCBaJIOB, a H e  I 'pylrceHhIX; HaHMeHbI l Iy IO  LUHpHHy T a 6 n n q a  47 
pa6o~efi j r n n o q a A K n .  CpaB~llTenb~ble noxa3a~em cxem nonne3no~ 

Ha pHC. 147 n O K a 3 a H h I  CXeMbI noA 'be3AoB MaIIIHH K 3 K C K a B a T O p y .  p a s ~ e p b ~  rnane~posoil nno- 
rrIauKa, H o ~ ' b e 3 ~  M a m H H  K 3 K C K a B a T O p y  MO?KeT O C y ~ e C T B J I R T b C R  H a B C T p e P y  

er0 RBHHEeHHH) - B C T ~ ~ P H ~ I ~ ~  IIOH'be3A ( ~ I X C .  147, 6, 6, 8) H C 3 a A H  3K- Cxenm nonaesno~ 

C K a B a T O p a ,  B H a I I p a B n e H H H  era* ABH?KeHHR - I ~ O I I Y T H ~ I ~ ~  IIOA'be3A 

(PHC. 147, a, z ,  e). 
B 6 0 n b r n ~ ~ c ~ s e  c n y P a e B  qenecoo6pa3e~ ~ c ~ p e s f t n f  no~ae3z, KOTO- "ryna~osaa , . . . . . . . 35-40 

pbIfi 6onee 6e30nace~ H nO3BOJIIIeT P a q H O H a J I b H O  Y C T a H a B Z H B a T b  Ma- n e ~ n e s a a .  . . . . . . . . 50-70 
rumHbI IIOA no rpya~y .  E o n b ~ e s a ~  . . . . . . . . 35-50 

B 3aBHCHMOCTH OT B H A a  M a H e B p O B  MalrrHH B 3a60e pa3J IHPaH)T  CJIe- ~ ~ M ~ E E E ~ o B ~ H H ~ ~ .  . . . . 35-40 
CKBO~H~H . . . - . . . . 

AyIoll(Efe THnbI  IIOA'be3AOB K 3 K C K a B a T O p y :  Ty I IHKOBhIe ,  I IeTJIeBbIe ,  KOJIb- 

q e B b I e ,  K O M ~ H H H P O B ~ H H ~ I ~  H CK303HhIe .  

f l  T Y ~ H K O B M ~  IIOA'be3AH ( ~ H c .  147, a) ~ p e 6 y I O ~  MHHHMaJIbHYIo IIO l l p ~  n e T n e B b I x  ( ~ H c .  147, 6) K O n b q e B h I X  (PHC. 147, 6) n o + ~ ' b e 3 ~ a x  

A n H H e  H H ~ ~ O J I ~ I I I Y I O  IIO I I I H p H H e  l l J IOl l (aAKy AJIH M a H e B p O B  MaIIIHH,  M a m H H b I  IIOAaIoTCR DpCIMbIM XOAOM C E ~ c I I o J I ~ ~ O B ~ H H ~ M  2-3 nepeAaP. 
ICOTOphIe, H a l I p H M e p ,  H a  C ~ C K O M  K a p b e p e  P a B H b I  COOTBeTCTBeHHO B p e M R  M a H e s p H p o s a H E i c I  c o K p a q a e T c R  no 20-25 c e K  npzi nep~of i  c x e M e  

35-40 H 25-30 m. Tax K a K  npn M a H e s p a x  M a m H H H  ABHXCYTCH H a  H H ~ -  A 0  10-15 CeK n p H  B T O P O ~ ~ .  O ~ M ~ H  MaIIIHH I I P O E ~ ~ B O A H T C R  IIOTOPHO 

ICHX I I e p e A a ¶ a X  H 50-60% IIYTH 3 a A H H M  XOAOM, TO AJIHTejIbHOCTb Ma- 3a s p e m ,  M e H b l r r e e  A n n ~ e n b H o c ~ m  q m n a  a ~ c ~ a ~ a ~ o p a ,  ~ O ~ T O M Y  

XpOCTOH 3 K C K a B a T O p a  I I p H  YeTKOM A B H a e H H H  MaIUHH H a  JIHHHEi H e B p O B  COCTaBJIReT 50-60 CeK, a O ~ M ~ H  M a m H H  n p H  O A H H O ¶ H O ~ ~  HX YCTa- 
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Pnc. 148. Cxembr, noacns- 
lol4Ae aaBliCIiMOCTb CpeRHCrO 
yrna noBopoTa aIicKanaTopa 
OT MecTa pacnonoacenna amo- 

MaIIlLlH: 
R, - pannyc OnaC~oh 30nb1 
aKcKasaToDa: R .  n R.  - 

tiasa~opa:. I - I I I  - Bapn- 
aHTbl paCnOiTOH(eHHJ3 aBTOMa- 

nrnn non norpymy 

~ T Y  CXehlY M O X H O  IIPkTMeHIITb I l pE l  p a 3 p a 6 o ~ ~ e  Y C T y n O B  Y3KEIMH 3aXOA- 

K a M H  MJIH # I ~ O H T ~ J I ~ H M M M  3 a 6 o t 1 ~ ~  (PHC. 147, z), a n p H  p a 3 p a 6 o ~ ~ e  
y c T y n o B  IIIEIPOKMMM ~ ~ X O A K ~ M E I  - n p H  n o r p y a ~ e  n o p o A b I  ~3 ~ ~ e m n e i i  
s a c m  p a 3 ~ a ~ 1 a  ( p ~ c .  147, 8). 

n p ~  ~ b 1 6 o p e  MeCTa  YCTaHOBKM MaIIIEIHbI IIOA IIOI'PY3KY PYKOBOA- 

CTBYIOTCCI CJIeAYIoqMMEI IIOJIOXeHHtIMEI. Uenecoo6pa3~0, 9 ~ 0 6 ~  M a m E i H a  

pacnonaraxacb cnpasa OT a I c c I c a s a T o p a  co CTOPOHH n y n b T a  ero ynpa- 
BJIeHHII.   TO 0 6 e c n e s ~ ~ a e ~  MaIIIHHHCTy JIy¶ILIHii 063011 pa609ef IIJIO- 

q a f l K E I ,  ¶TO IIOBbIILIaeT ~ ~ ~ O I I ~ C H O C T ~  I I O r P Y 3 0 9 H b I X  p a 6 o ~  H C O K p a q a e T  

H a  8-10?6 ~ M K J I  ~ K C K ~ B ~ ~ E I M .  Ha p ~ c .  148 n o ~ a 3 a ~ b 1  c x e M b I ,  n o a c H a -  

I o q H e  3aBMCEIMOCTb C p e A H e r O  YrJIa I IOBOpOTa  3 K C K a B a T O p a  OT M e C T a  

$ ~ C ~ O J I O X ~ H H H  a B T o  IIIEIH. 7 
YI'oJI I lOBOpOTa  3 K C K a B a T O p a  A O J I X e H  6 b I ~ b  MHHHMaJIbHMM. c ~ E I l f ; e H ~ l e  

yrna I IOBOpOTa  C 100-110" A 0  60-65" y B e J I H ¶ H B a e T  IIPOH3BOAkTTeJIb- 

HOCTb 3 1 i c ~ a ~ a ~ o p a  H a  25-30 % (CM. ~ a 6 n .  45, C T p .  326). AJIH YMeHbIIIe-  

HHCI cpennero yrna n o B o p o T a  a ~ c ~ a ~ a ~ o p a  morna  c o K p a q a I o T  no MHHH- 

MaJIbHO AOIIYCTMMbIX p a 3 M e p o B  no YCJIOBEICIM ~ Y P O B ~ P ~ I B H ~ I X  pa6or 

U I E I ~ H H Y  3a OAKH. Ha I C ~ ~ n e p c a H c ~ o ~  K a p b e p e  y M e n b m e n b I e  I I I H ~ H H ~ I  

3 a X O A K H  C 1 3 A 0  6 .M C C I I O C O ~ C T B Y ~ T  C O K p a q e H M I O  I lOI 'PY30¶HOrO ~ H K J I ~  

H a  4-5 c e ~ \  H n o s b I m e H H I o  I I ~ O H ~ B O A H T ~ J I ~ H O C T H  ~ K C K ~ B ~ T O P ~  H a  

25-35 %. ~ ~ I ( Y T H M O ~ O  YBeJIEIYeHHtI 3 a T p a T  H a  I I ~ ~ ~ ~ c T ~ o ~ ~ c T B o  a B T 0 -  

AOpOI' ,  HeCMOTPII  H a  TO, YTO OHH I I ePeHOCHJIHCb  I l p M  6 - M ~ T ~ O B ~ I X  
a a x o ~ ~ a x  B Hsa pasa s a I q e ,  H e  ~ ~ I J I O .  

Ha~6onbmaa c ~ o p o c ~ b  p a 3 r p y 3 ~ ~  K o B m a  a K c K a B a T o p a ,  60~1ee p a B -  

H O M e p H O e  paCIIpeAeJIeHEle  I IOpOAbI  B K y 3 O B e  MaIIIHHbI  H MHHHMaJIbHbIe  

ee n p o c b I n a m H  6 y ~ y ~  T o r A a ,  K o r A a  ocb a B T o c a M o c s a n a  c ocbm c T p e n b I  

3 K C K a B a T O p a  B MOMeHT p a 3 r p Y 3 K H  COCTaBJIHIoT YrOJI  90'. Ha PHC.  149 
110~a3ana y c T a H o m a  a B T o c a M o c s a n a  noA ~ ~ ~ H M M H  y r n a m  K c T p e n e  

3 K C K a B a T O p a .  n p I 4  MeHbI I I l lX  3 H a Y e H H t I X  3 T O r 0  Y r J I a  I I p O ~ O J I ? K H T e J I b -  

HOCTb  q H K J I a  B O 3 p a C T a e T .  no H ~ ~ J I K I ~ ~ H H H M ,  I IpOBeAeHHbIM H a  U e J ( a K -  

CKOM PYAHEIKe,  3aBkTCHMOCTb B p e M e H M  q H K J I a  3 K C K a B a T O p a  OT yr.?a M e X f l y  

ocbm a B T o C a M o c B a J I a  H c~penoi i  a ~ c ~ a ~ a ~ o p a  6 y ~ e ~  cnejyroqef: 

Yros,  zpaa  . . . . 90 . . . 45 . . . - . . .  25 . . .  0 
~ ~ o L ( o x H ~ F I T ~ ~ ' I ~ E o c T ~  

q ~ ~ n a ,  % . . . . 100 . . . - . . .  108-112 . . .  - . . 112-115 

IIpn H H X H ~ ~  n o r p y s ~ e  a B T o c a M o c s a n o B  M e x a H m e c K E i n r r t  J I o n a T a m  

BO3MOXHbI  CJIeAYIOqkTe CXeMbI YCTaHOBKH MaILIHH: OAHOCTOPOHHIIII 

o A m a p H a c I ,  n a p a n n e n b H o  o c ~  3a6011 ( p ~ c .  150, a); O ~ H O C T O ~ O H H I I I I  

o A m a p H a c I ,  noA y r n o M  K OCH 3a6011 (PHC. 150, 6); ABYCTO~OHHIIH 

( ~ H c .  150, 6 ) ;  OAHOCTO~OHHIIH r p y n n o B a R  ( p ~ c .  150, 2). 

Han6onee n p o c T a  n e p s a R  c x e M a ,  n p H  ~ o ~ o p o f  H e T  M ~ H ~ B ~ H ~ O B ~ H M ~  

aBTOCaMOCBaJIOB. Y C T ~ H O B K ~  aBTOCaMOCBaJIOB IlOA YrJ IOM K OCbI 3a6011 
lIO3BOJII IeT YMeHbI I IHTb  YI'OJI I IOBOpOTa  3 K C K a B a T O p a ,  HO T p e 6 y e ~  I lOAaYH 

aBTOCaMOCBaJIOB IIOA n O I ' p y 3 K y  3aAHMM XOAOM. ~ P E I  A B Y C T O P O H H ~ ~ ~  

YCTaHOBKe  aBTOCaMOCBaJIOB C P ~ A H H ~  Y r O n  I lOBOpOTa  3 K C K a B a T O p a  T O X e  

MHHMMaJIeH,  H O  ~ p e 6 y e ~  M a H e B p H p O B a H H I I  aBTOCaMOCBaJ Ia  n 0 3 a J ( H  3KCKa-  

B a T O p a  I lO  H ~ B ~ I ~ O B H ~ H H O ~ ~  I I J I O ~ a f l K e .  ~ P Y I I I I o B ~ R  YCTaHOBI ia  o6ecne- 
s H s a e T  H e n p e p m r r y I o  p a 6 o ~ y  a K c K a s a T o p a ,  HO n p H    TOM Y B e a H w B a m T c I I  

I I pOAOJIXHTeJ IbHOCTb  er0 q H K J I a ,  I IPOAOJIXHTeJ IbHOCTb  M a H e B p O B  a B T 0 -  

CaMOCBaJIOB H 3aTPYAHIIeTCt I  YCTaHOBKa  MaIIIHHbI  H a  nOCTOIIHHblX p a C -  

CTOIIHHIIX OT 3a6011. 



T a 6 n n q a  48 
Ycno~aa H n o ~ a 3 a ~ e ~ i n  npmenenun Cxem J'CTanoBKa malIIm noa norpy3~y 

(no hf. B. Bac~nbeBy) 

ORHOCTOPOHHIIII: YCTaHOBKa 
,I(ByCTOPOE- 

Ilo~a3a~enH ma 
OnHHaPHaR onmapHan YCTaEOBHa 
uapannenb- I yrnoBaII I rpynn0.u. 

nan 

3 a 6 0 1 . .  . . . . . . . . . YPKE& Hop~aJIbHbIii I I Iupo~~j i  
O C H O B ~ H H ~  IIOAOIIIBbI . . . H ~ ~ J I o T E o ~  ~ J I O T H O ~  ~ P O ¶ H O ~  
~ ~ ~ O ~ ~ C H O C T ~  pa6o.r . . . . HaaGonb- H ~ J I o c T ~ T o ¶ H ~ ~  

maR 
Y C T ~ H O B K ~  a ~ ~ o ~ o 6 n n a  . . ~ ~ O C T ~ H  Y c ~ o ~ H ~ H -  C ~ O ~ H ~ X  YCJ~OXE~H- 

HaR H ~ B  
Y ron IIOBOpOTa h c s a ~ a -  

~ o p a ,  zpaa  . . . . . . . 75-135 70-75 90-100 80-90 
B p e ~ x  n o r p y 3 ~ ~ ,  % . . . 100 80 105 100 
B ~ ~ M R  MaHeBpo~, % . . . . 100 170 200 200 * 
~ P O H ~ B O R E T ~ J I ~ H O C T ~  3KCKa- 

s a ~ o p a ,  % . . . . . . . I00 90 115 120 

- - 
C P ~ B H H T ~ J I ~ H ~ I ~  YCJIOBHII H I IOKa3aTeJ IH  I I p H M e H e H H R  CXeM I IpHBe-  PHC. i 5 i . CX~MLI norpyaxu ,qparnaha~u: 

A e n M  B ~ a 6 n .  48_ a - c pacnonowe~ae~~ a ~ ~ o n l a m n ~  ~a s p o e ~ ~ e ;  6 - c p a c n o n o ~ e ~ ~ e ~  aBTornanrRH ~a ~ O H O I L ~ B ~ ~ E  
n p H  I I O r p y 3 K e  aBTOMaIIIHH A ~ ~ I ' J I ~ G H ~ M H  (PHC. 151) YCTaHOBKa npu Y~JIHOYHOB BbIeMse 

M€lIJ.IHH BO3MOHCHa H H a  OAHOM Y P O B H e  C J J ~ ~ I ' J I ~ ~ H o M ,  T. e. H a  K p o B n e .  

Y C T Y I I ~ ,  11 ~a P ~ ~ H ~ I X  YPOBHRX - ~a ~ O A O ~ B ~  Y C T Y U ~ .  HJIH J I a p H a R  YCTaHOBKa aBTOCaMOCBaJIOB.  TO UO3BOJIFIeT I I P H M e H R T b  

Ham6onee pacnpoc~pane~a c x e ~ a  pa60~h1 c p a c n o n o ~ c e ~ n e ~  ~ B T O -  P~JIHO~HMIYI C I I O C O ~  BbIeMKH m I IOI 'P~SKM, IIPH KOTOPOM BbIeMKy IIOPOAH 

CaMOCBIJIOB H a  r O P H 3 0 H T e  YCTaHOBKEI 3 K C K a B a T O p a .  A B T O C ~ M O C B ~ ~ ~ I  UPOEI~BOART D O I ~ ~ P ~ M ~ H H O  IIO 06e CTOPOHH ~ B T O C ~ M O C B ~ J I ~ .  B~orga 
0 6 ~ 9 ~ 0  S C T a H a B J I H B a W T  no& yrJI.OM K OCH 3aXOAKEI; U p H M e H R W T  T a K ? K e  a ~ ~ o c a h f o c ~ a n b ~  pacnonaram~ no 06e CTDPOHM OT 3a6011 H 3 a r p y z a m ~  
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I lOI I epeMeHHO.  q e J I ~ o ¶ H h I f  MeTOA I I o ~ B o J I H ~ T  C O K P a T H T b  I I P O ~ O J l X H T e J I b -  

HOCTb 4HKJIa  3 K C K a B a T O p a  3a C¶eT J I H K B H A a q H H  0 6 p a ~ H o r 0  XOJIOCTOI'O 

I IOBOpOTa  er0 B 3a6oii IlOCJIe p a 3 T P Y 3 K H  K O B m a  H YMeHbl I I eHI lH  B p e M e H H  

H a  n o B o p o T  a K c K a s a T o p a ,  n o A a e M  H O n y c K a H H e  K o B m a .  C p e z ~ ~ r i i  yron 
I lOBOpOTa  ' 3 K C K a B a T O p a  I l p H  3TOM M ~ T O R ~ '  C H H X a e T C H  A 0  15-go0. 

B ~ P X H R R  n O r P Y 3 K a  aBTOMalUHH 3 K C K a B a T O P a M H  C YAJIHHeHHhIM 

0 6 o p y ~ o ~ a ~ ~ e ~  H a  K a p b e p a x  CCCP H e  H M e n a  p a c n p o c T p a H e H H H .  T a K o G  

cnoco6 n o r p y 3 ~ ~  n p E i M e H H e T c H  H a  y r o n b H M x  K a p b e p a x  CILIA npxi pa3- 
p a 6 o ~ ~ e  MaJ IOMOqHhIX (1-1,s a) IlJIaCTOB UO ~ ~ C T P ~ H C I I O P T H O ? ~  CHCTeMe 

p a 3 p a 6 0 ~ ~ ~ .  A B T O C ~ M O ~ B ~ J ~ M  n p H  3TOM p a C n o J I a r a m T  H a  K p o B X e  YI'OJIb- 

H O r O  IIJIaCTa. Cxe~hI  nOJ('be3AOB H A B H X e H H H  IIPHMeHRIOTCH T e  ?He,  ¶TO 

H n p E I  H H ~ H ~ H  norpys~e.  

C X ~ M M  M a H e B p O B  MalUHH U p H  p a 3 r p y 3 K e  3 a B H C H T  OT H a 3 H a 9 e H H R  

a B T o T p a H c n o p T a  B npoqecce n e p e M e q e m H  nopon H OT T e x H o n o r H H  pa3- 
r p y 3 0 s ~ o - ~ ~ n a ~ c ~ ~ x  p a 6 o ~ .  n p ~  K O M ~ H H H P O B ~ H H O M  T p a H C n O p ~ e  C n p H -  

M e H e H H e M  XeJIe3HOAOPOlfCHOI'O, K O H B ~ ~ ~ ~ H O I ' O  T p a H C U O p T a  H CIEHUOBHX 

IIOA%eMHHKOB a B T O T P a H C I I O P T  HCIlOJIb3YH)T TOJIbKO H a  pa60~11x Y C T y n a X .  

~ P H  ~ B T O M O ~ H J I ~ H O - X ~ ~ ~ ~ H O ~ O P O ~ H O M  T p a H C n O p T e  I l e p e r p y 3 K y  F o p -  

HOG MaCCbI H 3  a B T O M a m H H  B AYMIIKaPhI  IIPOHBBOAHT JIBGO H e n O C p e A -  

J I H ~ O  C H p H M e H e H H e M  6y@ep~oro  CKJIaXa  r o p ~ o f i  
C X ~ M ~  n O A a Y H  MalUHH AJIH P a 3 r P Y 3 K E I  B O ~ O H X  

C J r y ¶ a R X  T y n H K O B a R .  B C J I y ¶ a e  I I p H M e H e H H H  B K a p b e p e  CKHUOBbIX HJIH 

K O H B ~ ~ ~ ~ ~ H ~ I X  IIOA'beMHHKOB M e X A Y  aBTOCaMOCBaJIOM, CKHnOM HJIH JIeH- 

TOG qenecoo6pa3~0 Y C T a H a B J I H B a T b  U p O M e X y T O ¶ H b I e  6 y ~ ~ e p a .  r 0 p H a H  

~ J c c a  133 a B T o M a m H H  B 6 y ~ ~ e p a  n e p e r p y x a e T c H  H a  s c ~ a ~ a a e .  
Cxe~bI  A B H m e H H R  aBTOMalUHH H a  OTBaJ IaX  OIIPeAeJIHlOTCH TeXHOJIO- 

r H e 6  O T B ~ J I O O ~ ~ ~ ~ O B ~ H H H  H C B O ~ ~ C T B ~ M M  CKJIaAHPYeMbIX IIOPOA. Ha 
QTBaJIe Y C T p a H B a I o T  r J I aBHyH)  H B p e M e H H h I e  aBTOAOPOI'H; IIOCJIeAHRH 

I IpOXOAHT B ~ J I H ~ H  K P O M K H  OTBaJ Ia ,  K O T O P a H  3 a T e M  PaCI I IHPHeTCH B IIJIO- 
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r p y s o -  
noun- 

eMHOCTb 
Mammal, 

m 

I I T p a a c n o p ~  (a y c n o s a u r  e p n n ~ q s x )  

~ H ~ Y H T ~ J I ~ H O ~  y n y ~ m e ~ ~ e  110~a3a~eneG pa6o~b1 s ~ c ~ a ~ a ~ o p o ~  EI ~ a -  
lUHH H ~ ~ X I O A ~ ~ T C H  I I P H  YBeJIHYeHMH HX I 'pY30UOA'beMHOCTH B A H a I I a 3 O H e  

OT 10 A 0  60-80 m. O A H ~ K O  C YBeJIMYeHHeM I 'py3OIIOA'beMHOCTH aBTO- 

MamH1-I IIX C T O H M O C T ~ ,  a a ~ p a ~ b ~  H a  O ~ C J I ~ ~ H B ~ H H ~ ,  coaepmame H yc~poiir- 
CTBO a B T O A O P O r  T a K X e  B03PaCTaH)T .  ~ O B ~ I I Z I ~ H M ~  3 T H X  H 3 A e p X e K  B O U p e -  

A e n e H H o b f  ~ ~ a n a a o ~ e  s ~ a r ~ e ~ d i  ~ ~ ~ ~ O ~ O ~ ~ ~ M H O C T E I  a B T o M a m m  one- 
p e X a e T  I IX UPOH3BOAHTeJIbHOCTb,  BCJIeACTBHe Per0 C ~ ~ ~ C T O H M O C T ~  

I I e p e B O 3 0 K  C YBeJIHYeHHeM T O H H a m a  aBTOMalnEIH M O X e T  B 0 3 P a C T a T b .  

C T O H M O C T ~  I IOI 'Py3KH I'OPHOG MaCCbI T a K X e  3aBHCHT OT I'pY30UOA%- 

eMHOCTH MalUHH.  OT H e e  T a K X e  3 a B H C H T  I lPOH3BOAHTeJIbHOCTb 3 K C K a B a -  

T o p a .  B ~ a n a n e  c e 6 e c ~ o ~ ~ o c ~ b  3 ~ c 1 i a ~ a q ~ ~  c H H m a e T c H  s a ~ e ~ ~ o ,  s a ~ e ~  
KOI'Aa 3 IECKaBaTOphI  AOCTHI'HYT C B O ~ E Y I  T ~ X H M ¶ ~ ? C K O ~  IIPOH3BOAHTeJIbHOCTH, 

O H a  OCTaeTCH H a  I I p e m H e M  Y p O B H e .  no 3KOHOMHYeCKHM YCJIOBHRM C y q e -  

CTBYeT 0 6 J I a c T b  OIITHMaJIbHhIX 3 H a Y e H H 6  I 'PY30IIOA'beMHOCTH MalUHH 

H p a q ~ o ~ a n b ~ h ~ j i  THII a x c K a s a T o p a ,  K O T O P ~ I H  3 a r p y ~ a e ~  M a m m y  AaH- 

HOG rPY30IIOA'beMHOCTH. O I I T H M ~ J I ~ H O ~  rPY30UOA'beMHOCTbH) aBTOCaM0-  

C B a J I a  T3 OICTHMaJIbHbIM YHCJIOM K O B I I ~ ~ ~ ~ ,  H ~ O ~ X O A E I M ~ I X  AJIR 3 a r P Y 3 K E  

aBTOCaMOCBaJ Ia ,  HBJIHIOTCH T a K H e ,  I I p H  KOTOpbIX 0 6 e ~ n e 9 ~ ~ a I o ~ c ~  
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H a H M e H b I I I H e  3 K C I I J I y a T a ~ H O H H b I e  PaCXOAhl  IIO 3 K C K a B a q H H  II n e p e B o 3 x e  
I m rop~oiir M a c c a .  

O ~ T H M ~ J I ~ H ~ R  rpy30I IOA 'beMHOCTb MaIUHHJd M O X e T  6bI~b O I J p e A e J I e H a  

no @ O P M Y J I ~  K y 3 O B a  H rpy30I IOA%eMHOCTH ~ Y A Y T  ~ a H 6 0 J I b m H e .  q e ~  B b I m e  3 H a s e H E i R  

3THX K O ~ @ @ H ~ H ~ H T O B ,  TeM IIOJIHee HCIIOJIb3YIoTCR BO3MOmHOCTH aBTO- 

Q =q+ v 1/ ;;" ( t 0 ~ 3  +$ K a  + t p ~ a ) .  (XV,10) 
' 

M a m H H b I  I1 BbIIIIe ee npOH3BOAHTeJIbHOCTb.  OAH~IEO 3 H a Y e H H e  K O ~ @ # H -  
P q F  I'k, q H e H T a  HCIIOJIb3OBaHHR rpy30I IOA 'beMHOCTH IIO I IpaBEIJIaM 3 K C I I J I y a T a q H H  

P a B T O M a m t I H  H e  AOJIXHO IIpeBhIILIaTb 1,02-1,05, T a K  K a K  ee n e p e r p y 3 K a  

O I I T H M ~ J I ~ H O ~  YHCJIO K O B I I I ~ ~ ~ ,  H ~ O ~ X O A E I M O ~  AJIR 3 a r P Y 3 K H  a B T 0 -  p e 3 ~ 0  ~ O B ~ I U I ~ ~ T  H ~ H O C  ~ H H  X O A O B O ~  PBCTH. 

C ~ M O C B ~ ~ ~  O I I P ~ ~ ~ J I $ I ~ T  IIO @ 0 p ~ y n e  B ~a6.1. 50 I IpHBeAeHhI  YCJIOBHR I I P H M e H e H H R  M O A ~ J I ~ ~  aBTOCaM0-  

nK=i$(toK3+$ K a + f P K a )  T a 6 n n q a  50 
YcJIoBHJ~ IlpEIMeHeHHH ~0fieJIeE aBTOCaMOCBaJIOB 

rAe n - ~ H C J I O  pa60~zxx ~ H K J I O B  a ~ c ~ a ~ a ~ o p a  B 1 u; 
Y C W H E  IlpEMeHeHER kB - K O B # @ H ~ H ~ H T  HCIIOJIb30BaHHR CMeHHOrO B p e M e H H  3 K C K a B a T O p a  

H a  pa6o~e;  
to - BpeMcI 0 6 ~ e ~ a  a B T o c a M o c s a n a  y a K c x a s a T o p a ,  u; bMHOCTb PBTOMP- 

t p  - B p e M R  p a 3 r P Y 3 K H  H M a H e B p H P O B a H H R  aBTOCaMOCBaJ la ,  U; 

V - CpeAHcIcI TeXHHYeCKaR CKOPOCTb ABHXfCeHHH aBTOCah.lOCBaJIa, 

m I u ;  
K ,  - rOAOBacI CTOHMOCTb COAePXGWHR 3 X C K a B a T O p a ,  py6. ; f l0  10-% A0 1,5-2.0 
K a  - I'OAOBHe 3 a T p a T h l  H a  aBTOCaMOCBaJI ,  H e  3aBHCcIIQTe OT er0 

rpy30IIOA%eMHOCTH, py6. ; . . 
K ,  - FOAOBHe 3 a T p a T h I  H a  aBTOCaMOCBaJI,  OTHeCeHHhIe  H a  1 m A0 15-25 A0 2.5-3,o 

rpy30IIOA%eMHOCTH, py6. --- -pi -- 
Tax, AJIR YCJIOBHB YpaJIa (no OTYeTHHM A ~ H H H M )  AJIR CYIl&CTBY- 

Ioqero n a p K a  K ,  = 55-60 THC. py6., Ka = 4,5-5,4 THC. py6. H Ao 20-40 Ao 3,O-4.5 
K, = 1-1,2 THC. py6. 

H a ~ 6 o a b m a ~  ~ @ @ ~ K T H B H O C T ~  C O B M ~ C T H O ~  p a 6 0 ~ J d  aBTOCaMOCBaJla  

H axcxasa~opa B ~ ~ B H C H M O C T H  OT xapax~epa r o p ~ o f  M ~ C C H ,  P ~ C C T O R H H R  Ao 25-60 Ao 4-5,5 

OTKBTKH, YKJIOHOB A O P O r  H T. A. ,JJOCTHra€!TCR I I P H  COOTHOIlleHHH MelKAY 

BMKOCTbIo K Y 3 O B a  aBTOCaMOCBaJIa  H KOBIIIa 3 K C K a B a T O p a  OT 3-4 
A0 8-10. HIIR 3 a A a H H O r O  THI Ia  3 K C K a B a T O p a  P a 4 H O H a J I b H Y H )  MOAeJIb . 
aBTOCaMOCBaJIa  0 6 ~ 9 ~ 0  B M ~ H P ~ H ) T  IIp K O ~ @ @ H ~ H ~ H T ~ M  H C I I O 3 b 3 0 B a H H R  9 6. P a C ¶ e T  C K O ~ O C T ~ $  ,l(BEiXeHIlX 
rpy30I IOA%eMHOCTH kg H HCI IOJ Ib30BaHHR eMKOCTH kK aBTOMaIIIEiHbI. Ei IlPOAOJlbHOI'O YKJIOHa aBTO,l(OPOr 

H O ~ @ @ E I ~ H ~ H T  HCIIOJIb30BaHHH rPY30IIOA%eMHOCTH OIIPeAeJIRIOT IIO 
CKOPOCTH A B H X e H H R  MaIUHH H a  Y g a C T K a X  H AOIIYCKaeMhIe YKBOHM 

a B T O A O p O r  0IIpeneJIcIH)TCR T R r O B H M H  PaCYeTaMH.  OCHOBOH TRrOBhIX 

PaCYeTOB cIBJlcIeTCcI Y p a B H e H E I e  A B H X e H H J I  ~ B T O M O ~ H J I H :  AJIR er0 A B H X e -  

HHJI H ~ O ~ X O ~ H M O ,  9 ~ 0 6 h I  CHJIa  T H r H  FK H a  0 6 0 ~ e  B e A y q H X  KOJIeC ( ~ a c a -  
T e J I b H a R  CHJIa  TIITH) 6 m a  6b1 60JIbme CHJIbI COIIPOTHBJIeHHR A B H X e -  

E O ~ @ @ H ~ H ~ H T  HCIIOJIb30BaHHR 0 6 n e ~ a  K Y 3 0 B a  OIIPeAejIRIOT IIO @OP HHH) W,, HO M e H b m e  CHJIM C q e n J I e H H R  K O n e C  c A O P O ~ O ~ ~  FCIL; FCu 3 
m J I e  F , a  W,. E c n ~  OKa?KeTCR, n T 0  Fc, < F,, TO 1 1 ~ 0 ~ 3 0 f i ~ e ~  IIPOCKaJIb-  

3 b I S a H H e  BeAyIQHX KOJIeC ( 6 y ~ c o s a ~ m e  ~ B T O M O ~ H J I R )  H T R r O B a R  CHJIa  

H e  M O m e T  6h1~b peaJ IH30BaHa .  B IIJIOXHX YCJIOBHRX ABEIWeHHR, H a I I p H -  

M e p  H a  Iqe6e~o¶~oiir A O p O r e ,  I I O K P ~ I T O ~ ~  ~ ~ 3 ~ 0 6  r P R 3 b I 0 ,  AJIR IIOAHHMa- 
rAe Q4 H Vn - COOTBeTCTBeHHO BeC H 0 6 ' b e ~  I l O p O A H ,  @ ~ K T H ¶ ~ C K H  3a- H)lIt,HXCR TPYlKeHhIX aBTOMaIUHH 3TO H M e e T  MeCTO I I P H  YKJIOHe A O P O r H  

rpyXe~EI0fi B K Y 3 0 B  aBTOMaIIIHHbI. 
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135-140"/00,  AJIR CIIYCKBIOWEIXCR IIOPOXHHX aBTOMaIIIHH Hawe CQ. CKO- 
P O C T ~ I O  6-8 ~ w / u  - n p H  y m o H e  90-100°/00. 

ECJIH FK < Wc, TO MOqHOCTb ABEIraTeJIR HeAOCTaTOPHa HJ?R n p e O A 0 -  
XeHHR C O I I P O T H B J I ~ H H ~  H IIOaTOMY ABHHEeHHR HeT. 

M a ~ c l i ~ a J I b H a R  CKOpOCTb ABEIXeHHR aBTOCaMOCBaJIOB O r p a H H q H -  

BaeTCII: H a  I'OPH30HTaJIbHOM YPaCTKe H YKJIOHaX A 0  30-4D0/oo - C H J I O ~ ~  
TRrEI H a  B e A y p H X  KOJIeCaX H 6 e 3 o n a c ~ o c ~ b I O  ABHXeHHR;  H a  IIOA'beMaX 

m l u e  400/, - CHJIOH T R r H ;  H a  c n y c K a x  c YKJIOHOM 6onee 30-400/00 - 
~ ~ ~ o ~ I ~ c H o c T ~ I O  ABHmeHHR. 

CKOPOCT~ ABHlfEeHHR IIO CHJIe THrH OnPeAeJIRIOT H 3  YCJIOBHR FK = 
= wc. 

Cmny ~ ~ r n  ~a o60ge s e ~ y u p x  ~ o n e c  o n p e ~ e n ~ m ~  no @ o p ~ y n e  

r$(e N - MOmHOCTb ABHI'aTeJIR H a  BbIXOAHOhI B a J I y ,  A. C.; 

U - CKOPOCTb RBEimeHEIH aBTOMaIIIHHhI, KX/U; 
$ q, - K O ~ @ @ H ~ H ~ H T  0~6opa  MOqHOCTEI H a  IIPHBOA BCIIObIOraTeJIbHbIX 

a r p e r a T O B  MaIUHHbI: BeHTHJIIITOpOB, rHApOHaCOCOB, KOMIIpeC- 

copa, a T a K z e  H a  npeogoneme c o n p o ~ ~ s n e ~ m i ?  ~bIxJIon~oii,  
CHCTeMhl lX B03AYXOOPHCTHTeJIII; B 3aBHCHMOCTH OT YEICJIa 

O ~ O P O T O B  ABHraTeJIR K O ~ @ @ E I ~ H ~ H T  q, P a B e H  0,75-0,85; 
Vn - K. n. A. nepenasn 0,85-0,94 ( A m  aBToMarnnHbr  Een43-540 

K O ~ @ @ H ~ H ~ H T  q, = 0,902). 
CHJIa COIIpOTHBJIeHHR ABHXeHHIO CKJIaAbIBaeTCII H 3  CHJI: COIIPOTH- f 

BJIeHHR KaYeHHIO KOJleCa DO AOpOI'e Wo ( O C H O B H O ~  COIIPOTHBJI~HH~) ,  

COIIPOTHBJIeHHR BO3AYXa W,, COIIpOTHBJIeHHR OT IIOA'beMa Wi ( I IpH 

CIIyCKe HMeeT OTpHqaTeJIbHOe 3Ha¶eHEIe), HHepqHOHHbIX COIIpOTHBJIe- 5 
~ H f i  I I p U  p a 3 r O H 0  lX TOPMOXeHHH Wj H CODPOTHBJI~HHR;B KPHBhlX WK: a 

wc=w,+wB-cwi~Wj+WK. 

CHJI~I C O I I P O T H B J I ~ H H ~  IIOACPHTbIBalOTCII IIO CJIeAYIOIQHhI @OPMYJIBM: f 
W, = Pw, = 1000 Pf, Kz; (XV,16) % 

B e n ~ s r i ~ a  YAeJIbHOrO COIIpOTHBJIeHHR ABMXeHHlO 3aBHCHT OT THIIa 

AOpOrH H ECaqeCTBa ee IIOBepXHOCTH. T ~ K ,  AJIR ~ ~ T O H H M X  EI ~ c @ J I ~ T o -  
B ~ I X  Aopor o, pamo 10-15 ~ z l m  (f = 0,010-0,012), q e 6 e ~ o s ~ a x  
YKaTaHHbIX - 15-25, W ~ ~ ~ H O Y H H X  H ~ P ~ B H ~ ~ H ~ I X  H ~ O ~ P ~ ~ O T ~ H H ~ I X  - 
30-40, 3 a 6 0 H H b I x  YKaTaHHbIX AOpOr  - 40-60 H OTBaJIbHbIX HeyIca -  

TaHHLdX AOPOr - 90-240 KZ/m. 
C O I I ~ O T I ~ B J I ~ H H ~  BO3AyXa H ~ O ~ X O ~ E ~ M O  YsEITbIBaTb I I p H  CKOPOCTIIX 

ABHXeHEIR 6oxee 12-15 IIpEI MeHbIUEIX CKOPOCTIIX COIIPOTHBJIeHHe 
~ o a ~ y x a  H e  n p e s m u a e T  1-2 ~ z l r n .  C o n p o ~ ~ ~ n e ~ ~ l r r  B K P H B ~ I X  npn 
3KCIIJIyaTaqEIOHHbIX p a C ¶ e T a X  O ~ H ~ H O  H e  YYHTbIBaIOT, TaK K a K  HX BeJIH- 

s n H a  ~ e s ~ a s ~ ~ e n b ~ a .  T ~ K E ~ M  06pa30~ ,  

F,-W, - - w o & i  -F. j ' ,  



C K O P O C T ~  MOHEeT 6 b I ~ b  O I I p e n e J I e H a  H UO ~ H H ~ M E ¶ ~ C K O ~ ~  x ~ ~ ~ K T ~ P H -  AJIR TRrOBbIX p a C ¶ e T O B  K a p b e p H b I X  aBTOCaMOCBaJIOB O ~ J S ~ H O  U p H H H -  
CTHKe  aBTOMaIIIHH.  &IR 3 T O r 0  O I I p e n e J I R e T C R  BeJ IE¶HHa  ~ H H ~ M * ~ G K O ~ O  M a I o T  cneny~owie C p e n H H e  ~ H ~ ¶ ~ H H R  K O ~ @ @ H ~ H ~ H T ~  C q e I I n e H H R :  BJIaHE- 

H a R  ¶HCTaR H O p O r a  ( H o p ~ a J I b H b I e  YCJIOBHR ~ B H H E ~ H H R )  Tp = 0,40-0,50; 
A = w o a i ,  s ~ c ~ a c r  c y x a ~  nopora (oco6o 6 ~ 1 a r o n p n ~ ~ ~ n e  YCJIOBHR ~ B H ~ ~ F ~ H H R )  qp = 

= 0,6-0,70; C K O ~ ~ ~ K ~ R ,  r p 1 1 3 ~ a ~  H n m  0 6 n e ~ e ~ e n a ~  nopora (ae6naro- 
U p H R T H b I e  YCJIOBFiR HBHHE~HHII) Cpp = 0,15-0,20. 

B e 3 0 U a C H a R  CKOPOCTb HBFfHEeHHR H a  K P E I B O ~ ~  O r p a H H ¶ H B a e T C R  H e  
TOJIbKO YCJIOBHRMH BHAHMOCTH, H O  H BO3MOHEHOCTbIO 3 a H O C a  aBTOMO- 
~ H J I R  H o n p e H e n R e T c R  no @ o p ~ y n e  - 

U, = l / g ~  (9' + i,), x / c e ~ ,  (XV,26) 
me R  - P a n H y C  I IOBOpOTa  n O p O r H ,  M ;  

cp' - ~ o a @ # ~ q m e ~ ~  ~ O K O B O ~ O  C K o n b x e H m R  ( C ~ ~ I I J I ~ H E I R )  K o n e c a  

c noporoiir ( o 6 n s ~ o  cp' = 0,32qp); 
i, - YKJroH B H p a Z a ,  0 6 ~ 4 ~ 0  P ~ B H P ~ ~  0,060. 

B TeXHHKO-3KOHOMH9eCKEiX p a C ¶ e T a X  o 6 n s ~ o  H C I I O n b 3 y I O T  C p e H H e -  
TeXHH¶eCKHe  CKOPOCTH HBHHEeHHR aBTOMal l IHH.  C ~ ~ ~ H ~ T ~ X H H ¶ ~ C K ~ R  

C K O P O C T ~  O n p e H e m e T c f l  IIO @ o p ~ y n e  (XV,8). 
M a K c n ~ a n b ~ n i i  I I O n Z e M  ~ B T O M O ~ F ~ J I ~ H O I ?  f l O p O r H  O r p a H H ¶ H B a e T C R :  

, c H J I o ~ ~ ~  T R r H  H a  B e n y m H X  KOJIeCaX I I p H  ~ ~ H ~ H H O G  CKOpOCTH HBH3fFeHHR 
H OIIaCHOCTbIO ~ Y K C O B ~ H E I R ,  T. e. IIo~epefi C q e n J I e H H R  Me3fFHy B e H y l q H M H  
KOJIeCaMH aBTOMaIl IMHbI  H UOBepXHOCTbH,  A O p O r H .  

Han6onbrrr~G I I O n Z e M  110 C H n e  T R r H  I I p H  3 a n a H H o i i r  CKOPOCTH HBHXce- 
H H R  aBTOMaILIHHbI COCTaBJIReT 

put. 153. ~u~amuvecKaR xapaKTepI.IcTuKa anTocm0cBaJIa 
BenA3-540 

E e 3 o n a c ~ a ~  ~ K o p o C ~ b  ABHHEeHMR aBTOMaIIIHH O n p e A e J I R e T C R  H 3  YCnO- kl - I I O I I p a B K a  p a C ¶ e T H O r O  YKJIOHa  ( I t 0  3KCIIepXiMeHTaJIbHbIM HaH-  

BHR, qT06= AJIHHa oCTaHOBO¶HOrO I I y T H  I I p H  3KCTPeHHOM TOPM03fEeHHH HbIM COCTaBJIReT 0,8-0,g). 
n p ~  A a H H o M  3 H a ¶ e H M H  CKOPOCTH 6nna 6h1 M e H b m e  PaCCTOfiHHfl BHnH-  npm O I I ~ ~ H ~ ~ ~ H H H  I I O A Z ~ M ~  IIO ~ H H ~ M H ¶ ~ C K O ~ ~  X ~ P ~ K T ~ P H C T H K ~  IIO 

/ M0cl .H HJIH H H T ~ ~ B ~ J I ~  ~ e 3 f ~ n y  n B y M R  COceRHEMH M a m H H a r H -  r p a @ m K y  HaXOHRT HJIR ~ ~ H ~ H H o G  CKOpOCTFi H H H ~ M H ¶ ~ C K H ~  @ ~ K T o ~ ,  

A H ~ J I ~ T M ~ ~ C K H  6e3011ac~aa CKOpOCTb I IOAC¶HTMBaeTCn no # ~ P M Y ~ ~  a 3 a ~ e ~  H YKJIOH, KOTO~JSG p a ~ e ~  

iM=A-wo. (XV,28) 
( H p E ~ e p .  ~ P H  CKOPOCTB RBIlmeHHR aBTOMaICtZfwI 13 Ea/ l r  R H H ~ ~ ~ Z H ~ ~ C K H ~  @K- 

TOP rpyme~ofi M a m n H M  c o c T a B m e T  90 ~ z / m  ( p a 6 0 T a  H a  11 nepe~ane), a nopom~efi 
me cpp - X O ~ @ @ ~ ~ H ~ H T  C q e I I J I e H H R  KOJIeC C noporoG ( ~ ~ B ~ C H T  OT T H n a  180 %Z/m. C J I ~ R O B ~ T ~ J I ~ H O ,  MaKCBMaJIbHO R O I I Y C T H M ~ I ~  IIORZeM H a  ROpOT0, H M ~ H ) Q ~ ~  

COCTOIIHHR I IOKPPTMII  AOPOPM, TMIIa  I I p O T e K T O P a ,  CKOPOCTm " T ~ ~ ~ H o ¶ H o ~  n o K p b I T n e  ( w ,  = 40 ~ z / m ) ,  MOHteT 6 h I ~ b :  RJIH T p y m e H M X  M a m H H  - 
ABHHEeHHR aBTOMal l IHHbI  H A p y r H X  @ ~ K T O P O B )  ; 5O0/oo: RJIR IIOPOmHEX MaIIIHH - 140"/00. 

i - yKJIOH, Oleo; 
t, - B p e M R  H a  p e a K q n m  mo@epa H c p a 6 a ~ n ~ a ~ ~ e  ~ 0 ~ 1 ~ 0 3 0 ~  I I P H  

OCTaHOBKe Ma l l IHHbI  (1,2-1,s c e ~ )  
S, - P a c c T o R H H e  BHAHMOCTM, 3 a B H C R W e e  OT I I O r O n H n X  Y ~ J I O B ~ ~ ,  

rne PC, - cqen~oii  sec MaIIIHHM. 

Ann ~ B ~ X O C H M X  aBTOCaMOCBaJIOB PC, = 0,7P, a AJIR I IOJ IYI IPHqeUOB 

PC, = (0,55-0,65) P. 
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AJIR HaEIXYAwHX Y C X O B H ~ ~  ABHHEeHHR I I p e A e J I b H b I e  YICJIOHbI BBTO- 

MO~I I J I J JH~IX A O p O r  3HaYHTeJ IbHO H H X e .  H ~ ~ J I I O A ~ H H H ,  I I p O B e A e H H b I e  

H a  C m 6 a e ~ c s o ~  K a p b e p e ,  n o ~ a 3 a x ~ ,   TO H a  I I ~ ~ ~ ~ H O ¶ I I O ~ ~  A o p o r e ,  n o I c p b I -  

TO% ~ t l 3 ~ 0 f i  T p R 3 b I O  H H ~ e I O l q e f i  YKJIOH 10°/00, OCTaHOBKa aBTOCaMOCBaJIa  

UpaHTH¶eCKEI HeB03MOHcHa Aaifce I I p H  O ¶ e H b  ~e6onbmoH CKOPOCTH ABH- 

w e H m  (6-8 ~ a t / u ) .  
C K O P O C T ~  A B H X e H H R  H YKJIOH B3aHMOCBR3aHbI ,  H B P a C Y e T a X  OIITH- 

M a J I b H b I e  EIX 3 H a Y e H H R  OIIPeAeJIREOTCR COBMeCTHO. Y B ~ J I H ¶ ~ H H ~  ~ ~ J I o H ~  

A O p O r  C O K p a I q a e T  PaCCTORHHe OTKaTKH H 0 6 n e ~  T P ~ H ~ ~ ~ ~ H M X  p a 6 0 ~ ,  
HO OAHOBpeMeHHO YMeHbLUaeT Fi CKOPOCTH ABHHEeHMR ElBTOMaIIIEIH, OCO- 

6 e ~ ~ o  C T p Y 3 0 M .  Y M ~ H L L U ~ H H ~  YKJIOHa I IPHBOAHT K YBeJIM¶eHHEO CKO- 

POCTH, HO YAJIHHReT D Y T b  TpaHCI IOPTHPOBaHHR.  

B K a ¶ e C T B e  Pa I JHOHaJ IbHbIX IIPHHHMaIOT T a K H e  CO¶eTaHHR YKJIOHa 

Ii CKOPOCTH, I I P H  K O T O P ~ ~ X :  peaJIH3YH)TCR IIOJIHOCTbIO T R r O B b I e  BO3MOIK- 

, HOCTH ~ ~ H r a ~ e J I e f i ;  0 6 e c n e s m ~ a e ~ c ~  6e3onac~oc~b  cnycxa rn n o A n e M a  

BBTOMBIIIHH; A0CTHI'BH)TCR H a H B b I C m a R  IIPOH3BOAHTeJIbHOCTb aBTOMaIIIHH 

H H a H M e H b U I H e  3 a T p a T b I  H a  I I e p e B o 3 K y  r0p~0fi  MaCCbl C y¶eTOM CTPOH- 

TeJIbHO-BCIipbIIUHbIX p a 6 0 ~  H a  Y C T P O ~ ~ C T B O  Cae3AOB. 

HCXOAH M3 3THX ~cJ IoBHI ' I ,  PeKOMeHAYEOTCR CJ IeAYH)qHe  OIITHMaJIbHbIe  

YKjrOHbI A O p O r  ( T ~ ~ J I .  51). 
T a 6 n 1 1 q a  51 

Trrn IIOKPblTElR BBTOROPOr 

UPOH3BOAHTCR IIO p a 3 H b I M  C'be3AaM ( K o J I b q e ~ o e  A B H X ~ H F ~ ~ ) ,  TO YKJIOHH 

ZlBTOAOpOr MOrYT 6bI~b HeOAHHaKOBbIMFi: , IIOpOHEHRKOBaR a B T O A 0 p O r a  

A o n y c K a e T  YKJIOH~I  B 1,4-2 pasa 6 o n b m e .  

5 7. OpI 'aHH3aqHc1 pa6o~b1 aBTOTpaHCIIOpTa .  

Pacne~  ero n p o ~ 3 ~ o ~ p a ~ e n a ~ o c ~ a  a n a p K a  

Pa60~a  aBTOMaIIIHH B T e ¶ e H H e  CMeHbI MOHCeT IIPOHCXOJHTb I10 3a- 
KPbITOMY HJIM OTKPbITOMY qHKJIaM.  

H p H  3 a K P b I T O M  IJHKJIe 3a K a X A b I M  3KCKaBaTOPOM 3 a K p e I I J I R e T C R  

o n p e A e n e H n a s  rpynna a B T o M a m n H ,  p a 6 0 ~ a I O J q a R  c HHMM BCIO c M e a y .  

U p H  OTKPbITOM IJHKJIe a B T O M a m H H b I  HaIIpaBJIHIOTCR B T e ¶ e H H e  K a X A O r O  

pefica K T O M ~  3a6010, rAe o m  M o r y T  6b1~b 3 a r p y ~ e ~ ~  c H a m e n b m r n M x i  

I IoTepc IMm B p e M e H H  H a  o x x A a H x i e  B osepenn. P,JIR D T O ~ O  H a  K a p b e p e  

, q o n x c H a  6 ~ ~ b  o p r a ~ m o s a ~ a  s e T K a R  A H c n e T s e p c K a a  cnyx6a A B n x c e H m .  

P , ~ c n e ~ . ~ e p  A o n w e H  H M e T b  H e n p e p m n o  n o c T y n a I o q y m  m ~ + o p ~ a q m m  
0 MeCTOHaXOHEAeHHH BCeX aBTOMalIIHH H 3KCKaBaTOPOB,  06 06ecnese~- 
HOCTH K a X A O r O  3 K C K a B a T O p a  I IOPOXHRKOM,  06 YCJIOBHRX I l O r P Y 3 K H  

B KaHCAOM 38608 H T. A. Tax K a K  ¶FiCJIO TPaHCIIOPTHbIX M UOJ?pY30¶HbIX 

0 6 ' b e K ~ o ~  H a  H a p b e p a x  AOCTHraeT  HeCKOJIbKHX AeCRTKOB, a C H T y a q H R  

H e I I p e p b I B H O  MeHReTCR,  TO o 6 p a 6 o ~ ~ a  H H ~ O P M ~ I J H H  H BbIAaVa  p e l n e ~ ~ f i  
C M a p I l I p y T O M  MaIIIHH AOJIHHbI IIPOH3BOAMTbCR C I I O M O ~ b I O  K H 6 e p ~ e ~ F i -  

¶eCKOrO COBeT¶HKa A H C n e T ¶ e P a ,  T. e. aBTOMaTM9eCKH. 

OCHOBHM~ I I p e H M y q e C T B a  ABHHCeHHR IIPM OTKPhITOM q H K J I e :  CHFiHCe- 

H H e  IIPOCTOeB 3KCKaBaTOPOB H aBTOMaIIIHH; 6 0 J I b m a R  PHTMFi¶HOCTb pa- 
~ O T M  a B T O T p a H C I I O p T a ;  HCKJIIO¶eHHe I lPOCTOeB aBTOMaLUHH H 3 - 3 a  PeMOH- 

TOB H I I e p e A B H X e K  3 K C K a B a T O p a ,  IIOAI'OTOBKH 3 a 6 0 ~  EI IIO$(¶HCTKH IIOA'b- 

e3AOB;  H e 3 H a ¶ H T e J r b H O e  C H H X e H H e  IIPOH3BOAHTeJIbHOCTH 3KCKaBaTOPOB 

H 3 - 3 a  CXOAa C JIHHmFi OAHOH HJIH HeCKOJIbKIIX aBTOMalZIHH. 

P e x m ~  p a 6 0 ~ ~  a B T o M a m H H b I  B T e q e H H e  CYTOK C o r n a c o B b I B a e T c R  

C PeHCHMOM pa60~b1 3KCKaBaTOpOB,  OTBaJIOB, CKJIaAOB, 0 6 0 I ' a ~ H ~ t ? J I b H b 1 ~  

4 a 6 p ~ ~  H T. A. H p a ~ ~ n ~ a  K a p b e p o B  I I O K ~ ~ N B ~ ~ T ,  ¶TO ~aH60.?Iee p a q H o -  

H a J I b H a  ABYXCMeHHaR pa6o~a  aBTOMaIlIHH.  H p H  KPY~J IOCYTO¶HO~~  p a 6 o ~ e  
K a p b e p a  r p a $ l H K  BbIXOAa aBTOMaIIIHH H a  JIHHMIO CTPOHTCR TaIC, 9 ~ 0 6 ~  
OAHY C M e H y  AJIR K ~ H E A O ~  a B T O M a m H H b I  OTBOAHJIM 6b1 AJIR I IPO$~HJI~KTH- 

¶l?CKOI'O P e M O H T a  H OCMOTPa. 

H P O F ~ ~ B O A H T ~ J I ~ H O C T ~  K a p b e p H b I X  aBTOCaMOCBaJIOB H 3 M e p R e T C R  B TOH- 

H a x  n e p e ~ e 3 e ~ ~ o r o  rpyaa H T O H H O - ~ m n o ~ e ~ p a x  npo6era c r p y 3 0 ~ .  
H a ~ e p e ~ ~ e  pa6o~h1 B T O H H O - K H J I O M ~ T P ~ X  60nee n o m o  0 T p a x a e . r  

C Y q H O C T b  IIPOIJeCCa TPaHCI IOPTHPOBaHHH.  O A H ~ K O  3TOT I I O K a 3 a T e J I b  

H e y , 4 0 6 e ~  AJIR a H a J I H 3 a  pa60~b1 aBTOMaILIHH, O C O ~ ~ H H O ,  K O r A a  AaXbHOCTb 

I I e p e B 0 3 K H  B T e ¶ e H H e  AJIFiTeJIbHOrO I lepEIOAa OCTaeTCR I I O C T O R H H O ~ ~  

HJIH H3MeHReTCfI  H e 3 H a 9 H T e J I b H O .  ~ O ~ T O M Y  UPOH3BOAHTeJIbHOCTb BBTO- 

CaMOCBaJIOB B K a p b e p e  06619~0 BbIPaHEaIOT B TOHHaX I I e p e ~ e 3 e H ~ o f i  

r op~oH M a c c b I .  

~ K c I I J I ~ ~ T ~ I J M o H H ~ R  IIPOH3BOAHTeJIbHOCTb aBTOMaIIIHH Y¶HTbIBaeT  

I IOJIe3HOe FiCIIOJIb30BaHHe CMeHHOrO B p e M e H H  aBTOCaMOCBaJIa  Fi O T p a X a e T  

BJIHRHHe 3JIeMeHTOB 3 a 6 0 ~ ,  a T a K X e  06qy10 O p r a H H 3 a q H I O  p a 6 0 ~  



B K a p b e p e .  C M ~ H H ~ H  IIpOH3BO~HTeJIbHOCTb OnpeAeJIReTCR IIO @OP- 
MyJIe 

TQ 17: = - k,, mlcmeny, ( xv ,~ I )  
tp  

rne lZ; - n n a H o B o e  c M e H H o e  s a ~ a ~ u e  AJIR o R H o r o  a K c K a s a T o p a ,  m; 
n, - IIpOH3BOAHTeJIbHOCTb K a p b e p a ,  ~ / c w H ~ ;  
n, - 4HCJIO p a 6 0 r 1 ~ ~  3KCKaBaTOPOB; 

k,,, - K O ~ @ @ H ~ U ~ H T  HepaBHOMepHOCTH pa6o~hl  K a p b e p a  (kHep = 
= 1,15-1,2). 

 nap^ n I a m n H ,  I I p n r o A H a r x  K a x c n n y a T a q m m ,  o n p e n e m I o T  no @op- 
MVJIe 

%lpbepHhKe LlBTOAOpOrH OTHOCRTCR K p a 3 P H A Y  BHeKaTerOpHbIX. 

OT AOPOr  06qero H a 3 H a s e H H R  OHH OTJIH9aH)TCR CBO& CPaBHHTeJIbHO 

~e60~1brnoH A J I H H O ~  B OAHOM HaI IpaBJIeHHH (a0 5-16 KX), KPyTbIMH 

YKJIOHaMH, CJIOXHhIM I IPo@HJI~M H DJIaHOM TpaCCbI, MaJIbIMH (15-40 &) 
PaAHyCaMEI K P H B H X ,  B M C O K O ~  HHTeHCHBHOCTbH) ABHXeHUR TRXeJIbIX 

a r p e r a T o B  (AO 80-120 MaIuHH B 1 u) ,  a T a m e  O A H O C T O ~ O H H O C T ~ H )  ABH- 

XeHHCI - IIO O A H O ~  IIOJIOCe 

ABHXYTCR TOnbXO r P Y X 4  a 6 
HbIe ,  no ApyroP - T O J I ~ K O  \ 2 

ROJIXHhI 6 b 1 ~ b  AOCTaTO¶HO ' 4  f' 4' 
H ~ H O C O Y C T O ~ ~ ~ H B ~ I M H  H OAHO- 

BpeMeHHO IIPOCThIMH IIO 
b 

KOHCTPYKqHH. 
/ 

3 2 
no c p o ~ y  c ~ 1 y ~ 6 a r  K a p a -  I 

T 

e p H b I e  aBTOAOpOrH 6 h I ~ a I 0 ~  \ \ 
I I O C T O R H H H ~ ,  pat- V t 
C¶HTaHHbIe H a  A J I H T ~ J I ~ H M ~  

(10-15 JreT m Gonee) ne- me. 1 5 4 .  Cxema KOHGTPF~HH ~ B T O M O ~ H J I ~ H O ~ ~  noporn 
B Kapaepe: 

PHOA 3KCnJIYaTaqHH7 ti a - B Tpamee; 6 - B nonyTpamee; J - aemarioe 

B p M e H H e, c p o ~ o ~  nonomo; 2 - nopomaoe nonpme;  3 - O ~ O = X F I H ~ ;  4 - 
BOnOOTBOmlbIe COOpymeHHlt; 5 - KaMeHHaH CTeHKa c n y w 6 ~  OT HeCKOJIbKHX Me- 

c s q e B  AO 1-5 XeT. 

~ O C T O R H H ~ I ~  AOpOrH IIPOKJIaJ(hIBaI0T H a  IlOBepXHOCTH K a p b e p a ,  
B KaI IHTaJIbHPX T p a H m e R X  H H a  B H e 3 A a X  H a  OTBaJIH. B p e ~ e ~ H b I e  ~ O p O l ' H  

CTPORT H a  COeAHHHTeJIbHhIX 6 e p ~ a x  B CKOJIb3RIqHX C'be3AaX, H a  pa6o- 
PHX y c T y n a x  H H a  omanax. 

n o  HHTeHCRBHOCTH ABHXeHHCI HOpMaMH TeXHOJIOI'H¶eCKOI'O IlpOeKTX- 

POBaHHR AOpOrH AeJIRT H a  T P R  KaTerOPHH:  

Ha pHC. 154 I I O K a 3 a H a  CXeMa KOHCTPYKqHH ~ B T O M O ~ H J I ~ H O ~ ~ [  AOpOI'H 

B K a p b e p e .  

Hpoesxaa sacm a B T o A o p o r  n o K p H s a e T c R  A O P O H E H O ~ ~  o ~ e x ~ o i i ,  
C O C T O H ~ ~ ~ ~  H 3  IIOKPbITHR, HeIIOCPeACTBeHHO BOClIPJIHHMaH)IIJ,eI'O ~ o a ~ e i i -  
CTBRR KOJIeC IBTOMO~HJIR; OCHOBIHBR, T. e. OCHOBHOrO HeCylIJ,eI'O CJIOH, 

B o c n p H m M a m Q e r o  ~ a r p y 3 ~ y  OT IIOKPMTHII; I I o A c T H n a m q e r o  (HSIEI Ape-  

~ ~ p y m q e r o )  c n o c I ,  B KOTOPOM p a c n o n a r a m T c H  A p e H a x m e  yc~pof ic~ea  
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AJIH OTBOAa BOAbI, C K ~ I I J I T I H B ~ H ) I L ( ~ ~ ? C R  B r p Y H T e  3eMJIRHOrO IIOJIOTHa HJIH 

npocas~~amqeiicsa sepea n o K p b I T E i e  H O c H o B a H H e .  

OCHOBHH~ T H ~ ~ I  AOPOIHH~IX I I O K ~ ~ I T H ~ ,  n p H M e H n e m e  H a  K a p b e p a x :  

YCoBepITIeHCTBOBaHHbIe IIOKPbITElR K a I I H T a J I b H O r O  T H I I a  ( ~ c # ~ J I ~ T o - ~ ~ T o H -  

H h I e ,  ~ ~ M ~ H T H O - ~ ~ T O H H H ~ ? ,  H 3  C ~ O P H H X  I ~ C ~ J I ~ ~ O ~ ~ T O H H ~ I X  IIJIEIT) ; YCOBeP-  

IUeHCTBOBaHHbIe UOKPbITHII  0 6 ~ 1 e r s e ~ ~ o r o  THIIa  ( s e p H 0 e  q e 6 e ~ o s ~ o e  
HJIH I ' p a ~ ~ f l ~ o e  IUOCCe, I 'PYHTO-qeMeHTHbIe H ~ P Y H T O - ~ C @ ~ J I ~ T O B ~ I ~  

n o p o r H ) ;  n o x p m H e  nepexoporo T m a  (6enoe q e 6 e ~ o s ~ o e  HJIH rpa~nj i -  
H o e  mOCCe;  MOCTOBacI H 3  ~ Y J I ~ I W H O ~ O  KaMHII ;  I 'PYHTOBaR A O p O r a ,  o6pa- 
~ O T ~ H H ~ H  ¶ e p H b I M H  B R W Y ~ H M E I ) ;  I IOKPbITHe I I ~ o c T ~ ~ I I I ~ ~ o  T H n a  (yJIy¶- 
I l I e H H a R  I ' pyHTOBaH A O p O r a ,  T. e. YIcpeIIJIeHHaII  CKeJIeTHbIMH A O ~ ~ B K ~ M H ,  

, n o ~ 6 o p o ~  c o c ~ a ~ a  , n p o @ ~ n n p o ~ a ~ ~ a c ~  H y ~ a ~ a ~ ~ a c ~ ) .  

OT K a P e C T B a  B e P X H e r O  DOKPbITHII 3aBHCIIT 3KCI I J IYaTaqHOHHbIe  I IOKa-  

3 a ~ e n n  pa6o . r~  M a m H H :  CKOpOCTb HX ABHXeHFiII ;  Y K n o H  A O p O r ;  paCXOA 

l'OpIo¶eI'O H C M a 3 0 9 H b I X  MaTepHaJ IOB;  H3HOC ElBTOMaIIIHH; IK?PHOAFi¶HOCTb 

PeMOHTOB aBTOMall IHH H T. A. T ~ K ,  CKOpOCTb DOA'beMa aBTOMaJlIHH 

B T p a H I l I e e  I I p H  YCOBepIIfeHCTBOBaHHOM IIOKpbITHH B 2,5 pa3a ~ O J I ~ I U ~ ,  

s e M  H a  n p o c ~ e f m ~ x  r p y H T o B h r x  Aoporax; pacxoA rop1osec~a3os~b1x 
M a T e p H a J I O B  M e H b l U e  B 1,4 pa3a, a H3HOC ( ~ ~ C X O A )  IUHH M e H b I U e  

B 2,5 pasa. B n n r r ~ ~ l e  T H n a  IIOKPHTHII H a  no~a3a~e~11.1 pa6o . r~  a B T o M a m n H  

n o ~ a 3 a ~ o  B T ~ ~ J I .  52. 

Tun nopomaoro I cnopoc~a Z s u m e H u R  
IlOXpbITHfl I lPM YHJIOHB, 

- 

pacxon 
r o p l o s e -  
CMa3C9-  

HhlX 
MaTeprra-  

JIOB, 
% 

~ C O B ~ ~ I I I ~ H C T B O B ~ H -  
woe . . . . . . .  

0 6 ~ 1 e r q e ~ ~ o e  . . . . 
n e p e x o n ~ o e  . . . . 
Ilpoc~eliruee . . . . 

~ K O H O M H ~ ~ C K H ~  I I O K ~ ~ ~ T ~ J I E I  11epe~o30~  r o p ~ o i i  M a c c b I  H a  Aoporax 
C BbICIUHMH THIIaMH DOKPbITHII TaHIfCe 3 H a T H T e J I b H O  M e H b m e .  ECJIH 
a K c n n y a T a q n o H H b I e  p a c x o A b I  no ' r p a H c n o p ~ H p o B B H ~ H )  H a  y c o B e p m e H -  

CTBOBaHHhIX IIOKPbITHIIX K a I I H T a J I b H O r O  THI Ia  I IPHHIITb  38 loo%, TO H a  

ZiOKphITHRX O ~ J I ~ ? ~ ~ ~ H H O I ? O  THIIa  OHH COCTaBIIT 130 %, H a  IIOKpbITHtIX 

n e p e x o A H o r 0  T H n a  160 % , H a  I'PYHTOBhIX YJIY9UIeHHhIX A O p O r a X  200 %. 
OAH~IEO CTOHMOCTb CTPOHTeJIbCTBa H P e M O H T a  YCOBepIUeHCTBOBaHHbIX , 

aBTOAOpOl'  3Ha9EITeJIbHO BbII l le ,  ¶ e M  Y I I P O q e H H b I X .  

OCHOBHH~ U O K a 3 a T e J I H  K a P b e P H b I X  ~ B T O M O ~ H J I ~ H H X  A O p O r  I IPHBe-  

AeHbI  B T ~ ~ J I .  53. 

P ~ ~ O T O C ~ O C O ~ H O C T ~  " ' ' P e M O H T a  

nopora no p e M o H T a  1000 ntz ! f l H T e H  1 ( ~ D Y T T O ) ,  ~ n l l .  ni 
CITBHOCTb 

n n m i e -  
Tun n O p O m H O r 0  IIOKPhlTHH HHB 

MBUIHH 
B 1 ' 1  K a n a -  

TanbHOrO c p e n ~ e : ~  

55-60 
35-40 
20-25 
7-8 

O C H O B ~ H E ~ ~  AJIR ~b160pa T H n a  amogqpor: n p e A n o J r a r a e M a R  HHTeH- 

CHBHOCTb A B H N e H H R ;  ~ ~ ~ O T O C ~ O C O ~ H O C T ~ ;  AOIIYCIcaeMbIe H a I ' p Y 3 K H  H CPOK 

ee C J I Y W ~ ~ I .  H ~ O ~ X O A H M O ,  Y T O ~ M  C ~ O K  C J I Y W ~ ~ I  a B T o A o p o r  no pa60~0-  
c n o c o 6 ~ o c ~ ~  COOTBeTCTBOBaJI C p O K y  pa60~b1 K a p b e p a  (Ann IIOCTOHHHhIX 

~ 0 p 0 r )  HJIH B p e M e H H  O T ~ ~ ~ O T K H  YCTYnOB (AJIII BpeMeHHbIX A O ~ O ~ ) ,  
a @ ~ K T H Y ~ c K ~ R  HHTeHCHBHOCTb ABHWeHHR 6b1na 6b1 HHIfCe ~ 0 I I y c K a e ~ 0 6 .  

n 0 K p b I ~ H e  a B T O A O p O r H  AOJIlfCHO BhIAeP3KHBaTb YAeJ IbHbIe  H a r P Y 3 K E I  

B 1,5-2,O paaa sume, s e M  p a c s e T H b l e  ~ a r p y 3 ~ ~  H a  K o a e c a  B e A y q m x  

ocef a B T o M a z u n H ,  n p m m M a e M b I e  o K o n o  2,5-4 T. 
~ K O H O M E I P ~ C K H  qe~1ec006pa3~b1ii THII I IOKPbITHR sb16~pae~c11 no MHHH- 

MaJIbHbIM AOPOlfCHbIM H TPaHCIIOPTHMM 3 a T p a T a M :  

10-12 
8-9' 
6-7 
4-5 

rAe C ,  - CTOHMOCTb CTPOHTeJIbCTBa AOPOI'H B B a p H a H T e ,  py6.i 
Cp - C T O H M O C T ~  p e M o H T a  A o p o r H  B p a c s e T e  H a  1 roA arccnnya~a- 

4 H H l  P Y ~ . ;  
C ,  - I'OAOBbIe 3 a T p a T b I  H a  3 K C l I J I y a T a q H W  a B T O M a m H H ,  py6.; 
T ,  - C p o K  C J I Y I ~ C ~ ~ I  aBTOAOpOrH,  JIeT. 

n p ~ ~ e ~ e ~ m e  y n y s m e H H M x  I I O K ~ H T H ~ ~  H a  a B T o A o p o r a x  o n p a B A a H o ,  

eCJIH I IOBbIl I leHHaR CTOHMOCTb EIX CTpOIlTeJIbCTBa B p e M O H T a  KOMneHCH- 

p y e T C H  ~ X O H O M H ~ ~ ?  TPaHCIIOPTHbIX 3 a T p a T  3a CpOK M ~ H ~ I I I H ~ ~ ,  ¶ e M  CpOK 

C J I Y X G ~ I  ElBTOAOpOrH. ~ O C T O I I H H M ~  A O p O r H  I I P H  C p O K a X  H X  CJ IYX~EJ  
6onee 5 n e T  H 0 6 n e ~ e  n e p e ~ o 3 0 ~  60nee 10 MJIH. m nysme C T P O H T ~  

C YCOBepIUeHCTBOBaHHbIM I lOKPbITHeM I H 11 TEIna.  Ha~6onee  3@#eK- 

THBHO IIOKpbITIIe  H 3  ~ 6 0 p ~ o - p a 3 6 o p ~ b 1 ~  p e r u e T s a T b I x  I ~ C ~ J I ~ ~ O ~ ~ T O H H ~ I X  

n n H T  KOHCTpYKqHH A. B. H K O B J I ~ B ~ .  P a 6 o ~ o c n o c o 6 ~ o c ~ b  3THX DOKpbI- 

THB MeXCAy BOCCTaHOBHTeJIbHbIMH PeMOHTaMH COCTaBJIReT 7-9 MJIH. m 
H B 10-15 pa3 s b I m e ,  s e M  q e 6 e ~ o s ~ h 1 x .  



B p e ~ e H H h l i ?  AOpOrH CTpORTCR J IH60  I I ( ~ ~ ~ H O ¶ H ~ I M E I  C IIPOIIHTKO~~ 
BHIKYII(HMH, J I H ~ O  YKaTaHHbIMH rPYHTOBbIMH. T ~ X H O ~ I O ~ H I I  Y C T P O ~ C T B ~  

q e 6 e ~ o s ~ a r x  AOpOr  BKJIIosaeT:  BbIpaBHHBaHHe IInOII(aAKH 3KCKaBaTO- 

POM, 6 ~ ~ 1 b A 0 3 e p 0 ~  HJIH I 'peGf iep~~,  YKJIaAKy Q ~ ~ H R  C TOJIII(EZHOG CJIOR 
10-15 CX H er0 Y K a T K y  TRXeJIbIMH ~ O - ~ ~ - T O H H M M H  KBTKIMH.  PO- 
IIHTHa BHXYIQHMH IIPOElSBOAEITCH aBTOl'YAPOHaTOpOM A-351. 

Y n p o r q e ~ ~ n e  a B T o A o p o r a  n n a H H p y I o T c H  6 y n b ~ o 3 e p a ~ ~  mna rpefi- 
At?paMH H YKaTbIBamTCR KaTKaMH. 

AOPOHFHO-P~MOHTHM~ p a 6 o ~ ~  DO IIOAAepXaHHH, aBTOJ(0pOr B 3 K C n n y a -  
Ta4HOHHOM COCTORHHH BKJIIo91H)T: C O A e p X a H H e  aBTOAOpOP, HX TC?KYII(& 

H C ~ ~ A H H ~  PeMOHTbI. C p e A H e M y  H KaUHTaJlbHOMy PeMOHTaM OTHOCRT 
pa6o~b1 no JIHKBHAal(HH H3HOCa AOPOXHOrO IIOKpbITHR H BOCCTaHOBJIe- 

~ H k l  er0 POBHOCTH. O~W-IHO c p e ~ H H 6 i  PeMOHT nPOH3BOART eHEerOAH0 
HJIH OAHH pa3 B Asa roAa, ~ a n ~ ~ a n b ~ n f  - sepea H e c K o n b K o  n e T ,  

B 3aBHCEZMOCTH OT ~ ~ ~ O T O C U O C O ~ H O C T H  aBTOAOPOrH H HHTeHCHBHOCTH 
ABHXeHHR no H e f .  

Te~ywee c o n e p l r t a m e  H p e M o H T  B K n m s a m T  p a 6 0 ~ b 1 :  no 06ecnb1nm- 
B a H H m  Aopor; o s H c T K e  mx OT r p ~ 3 n ,  c H e r a ,  nbga; n o c H n K y  m n a K o M  

HJIH n e c K o M  npn rononeAe, a TaKHte  pa60~b1 no s a ~ e n ~ e  M e x K n x  T p e q m H ,  

B H ~ O H H ,  IIPO@EIJIHPOBK~ PPYHTOBbIX H I I ( ~ ~ ~ H O Y H H X  aBTOAOpOr. ~ T H  
pa6o~b1 n p o B o A R T c R  elrtei(HeBHo ~ o p o x ~ o i i  C J I Y X ~ O ~  K a p b e p a .  

K O M ~ J I ~ K C  O ~ O P Y ~ O B ~ H E I R  AJIR PeMORTa H COAePWaHHH aBTOAOpOr 
MOXeT 6bI~b,  H a n p H M e p ,  CJ IeAyI04HM:  ~ B T o I ' ~ ~ G J ( ~ ~  8-265, KaTOK AM-85, 
p b I x j r m T e n b  A-162, p a c n p e n e n w r e j r b  1 q e 6 ~ ~  H r p a B m  4-336, nonmos- 
H a H  MaIUHHa Mu-8, CHeI'OIIOI'py3YHK T-105, CHerOOYHCTHTeJIb A-1851; - 
H n e c ~ o p a 3 6 p a c ~ ~ a ~ e j r b  MII-1. 

OCHOBHM~ I I a p a M e T p h I  aBTOA0pOr:  m H p H H a  npoe3Xefi YaCTH, 0611(a~ 
n r H p m a  Aopor, n o n e p e s ~ ~ f i  H n p o ~ o n b ~ n f i  y K n o a H ,  nponycman H 
n p O B 0 3 H a H  C ~ O C O ~ H O C T ~  AOpOr.  

f' 
~ H P M H ~  I I p 0 e 3 X e f i  ¶aCTH aBTOAOPOrH OIIPeAeJIReTCR IIO @ o p ~ y J I e  

Bn=nnA+2n,+(nn-l)m, (Xv,39) 

rge n, - sncno nonoc A B H x e H m R ;  

A - m H p H H a  IBTOMO~HJIR IIO 3 lAHHM KOJIeCaM, X; 
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n, - mapma n o n o c M  H a K a T a  (B B~BEICHMOCTH OT CKOPOCTH A B n x e -  
HHR n, = 0,4-1,O a), x; 

m - 3a30p M e X A y  BCTPesHbIMEl aBTOMaIIIHHaMEl (m = 0,6- 
1,7 a), x. 

A a H H n e  0 I l IHpHHe n p o e 3 H E e g  ¶aCTH H o61qeG IIIHpHHe 3eMnRHOrO 

nonoma B, B ~ ~ B H C H M O C T H  OT IIOJIOC A B m x e H m R ,  mna M a m m  H x a T e -  

TOPHH AOpOr  IIpHBeAeHbI B ~ a 6 n .  54. 
Ha ~ p h s b ~ x  ysacmax A n R  6 e 3 o n a c ~ o c ~ ~  A s a m e H n H  n p o e a x c a H  

¶aCTb AOpOrH BbIIIOJIHReTCH C Y m H p e H H e M ,  p a 3 M e p  KOTOpOrO I IpH ABYX- 
IIOJIOCHOM A B H S e H H H  AOCTHraeT 2,o-2,5 A H a  AJlHHe H e  M e H e e  30- 
20 x. Pagmycn s a ~ p y r n e ~ m f  n p H H n M a r o T c R  H a  ~OCTORHHPX Aoporax 
H e  MeHee  30 x, H a  BpeMeHHbIx  - 10-15 x, HO n p H  ycnomn orpaxae- 
HHR 3 a K P Y r J I e H H R  3eMJIRRbIM BaJIOM HJIH K ~ M ~ H H O ~  C T ~ H O ~  B H C O T O ~ ~  
H e  M e H e e  0,75-0,8 nc. 

I l o n e p e s ~ ~ f  npo@mnb a B T o A o p o r m  0 6 ~ 5 ~ 0  ~ ~ B Y X C K ~ T H M ~ ~  c nonepes- 
7 HbIMH YKJIOHaMH npoe3~eH ¶aCTH B 3aBHCHMOCTH OT TEIIIa DOKpbITIfR 

o ~ i 1 , 5  no 4%.  n o n e p e s ~ ~ i  y K n o H  0 6 0 s ~ ~  H a  2 % 6 0 ~ 1 b m e  H coma- 
BJIReT 5 ~ 6 % .  

Ha 3 a K p y r n e H H ~ x  aBTOAOpOr IIpHHHMaIoT O A H O C K ~ T H H ~  IIPO@HJIL 
I I p o e 3 l r t e ~  ¶aCTH C YKJIOHOM K I(eHTpY K ~ H B o ~ ,  B H p a X  K O T O P O ~  YBeJIH- 
¶HBaeT ~ C T O H ¶ H B O C T ~  IBTOMO~EIJIII HPOTHB ~ O K O B O ~ O  CKOJlbH(eHHR H OIIPO- 

KHAbIBaHHR IIOA @%CTBH~M ~ e H ~ p 0 6 e X H 0 f  CHJIbI. YKJIOH BMpaHEa CO- 
CTaBJIReT I I p H  P a A H y C a X  IIOBOpOTa 60~1ee 60 .W - 2%,  OT 50 A 0  60 - 

3%, OT 40 ~o 50 x - 5%, MeHee  40 nc H H a  c e p n a H T H H a x  - 6"/",. 
u p o ~ o J t b H b I f i  YKJIOH IIOCTORHHHX AOpOr  B 3aBHCHMOCTEI OT Y C J I O B H ~  

I ~ ~ m ~ ~ e ~ m i i  c o c T a s n R e T  6-14%. Rx n p o ~ o n b ~ b ~ t i  npo@mnb onpeAe- 
JIReTCH @ o p ~ o H  KaIIaTaJIbHbIX ~paHm€!fi, p e J I b e G 0 M  MeCTHOCTH, p a 3 M e -  

P a M H  K a p b e p a  H T. A .  I ~ P H  IIpOeKTHPOBaHHEl IIPO@HJIII aBTOAOpOrH 
H a  ~ ~ T R X H M X  n o A a e M a x  AncI H c K n m s e H n R  n e p e r p e B a  A s m r a T e n R  amo- 

, M a m m  H ~ O ~ X O ~ H M O  sepes K a X A b I e  2-3 y c T y n a  nnn no Anme sepes 
K a X n b I e  500-600 Jt I IpeAyCMaTpHBaTb P a C T K H  C YKJIOHOM H e  60- - - 

neefi20%. 
': ~ ~ O I I Y C K H ~ H  C ~ O C O ~ H O C T ~  K a p b e p H o f  aBTOA0pOrH - 3 T 0  MaKCHMaJIb- 

HO AOIIYCTHMaR IIO YCJIOBEZRM ~ ~ ~ o I I ~ c H o c T H  HHTeHCElBHOCTb ABHXeEHR 

& 



~ B T O M O ~ H J I ~ ~ ,  B ~ I ~ ~ X ~ I ~ L ~ ~ H C H  YMCJIOM M ~ ~ H I I ,  IIPOXO~IIQIIX B enm- ~ O J I H O T ~  3 a r P Y 3 K E I  KY3OBa  MaIIIHH H3MePHeTCR K O ~ @ @ I ~ ~ H ~ H T O M  

~ ~ q y  ~ p e ~ e ~ r n  nepea O I I ~ ~ A C ~ ~ H H M B  ~ Y H K T  B OAHOM nanpasne~mn.' ~ c n o n b a o ~ a ~ m a  r p y 3 o n o ~ a e ~ a o c ~ m  
C YqeTOM H e p a B H O M e P H O C T H  HBHXRHLIH MBIULIH I lpOl IYCKHaR C I I O C O ~ -  

HOCTb OIIPeAeJIHeTCR lIO 4 0 p M y J I e  

1000 vn; Nn = 
SB kHep i (XV740) rne Q~ - aec rpyaa, @ ~ K T H Y ~ C K H  

H a x o g m q e r o c R  A K Y B O B ~ .  me U - CKOpOCTh ABEIXeHEIH, KW/'t; 

n i  - ~ I I C J I O  ~ O J I O C  , ~ B H W ~ H M H  B O ~ H O M  ~ a n p a s n e ~ m a ;  I I p a s m n a ~ ~  3~cn~1ya~aqmn no- 
SB - ,T(onyCIEaeMhI6 H H T e p B a J I  M e X H y  MaIIIHHaMIl  (B C p e n H e M  O H  I t y C K a e T C H ,  9 T O  K O ~ @ @ H ~ H ~ H T  IIC- IZ" 

COCTaBJIReT 40-60 A), A; U O J I b 3 0 B a H H R  rpy30l lOA%eMHOCTLI 

kHep - K O ~ I $ I $ L I ~ H ~ H T  HepaBHOMepHOCTM . k,,<1,03-1,05. 
~ 0 3 @ I $ % I ~ l l e ~ T  HepaBHOMepHOCT1. i  I IpI tHMMaeTCR B 3aBHCIfMOCTII OT I C o a @ @ ~ q a e ~ ~  HCIIOJ Ib30BaHHH 

m c n a  n I a m m  H a  JIRHEIII, T. e. 

ZI~ icno . n r a r u ~ a  . . . . . . . .  30 . . .  30-60 . . .  60-90 . . .  100-200 . - .  200 
. . .  K o ~ $ & ~ ~ H ~ H T  kHep . . . . . .  1 . . .  0,75 ... O,fi7 . . .  0,6-0.58 0,55 

~ ~ O B O ~ H ~ R  C I I O C O ~ H O C T ~  AOPOI'H H3MePHeTCH BeCOM rpy3a, K O T O ~ H ~  

~ 0 x 4 ~ 0  n e p e s e 3 ~ ~  no ~ e i i  B e p n H q y  B p e M e H H .  

~ P O B O ~ H ~ R  C ~ O C O ~ H O C T ~  O n p e H e J I H e T C R  no 4 0 p M y J I e  

W=NnQ, m / q l  p a 6 o ~ e  B ~ a p b e p e ,  x ~ ;  
rAe Q - r p y j o n o A a e M a o c T b  a n T o c a M o c B a n a ,  m. 

@ a ~ ~ ~ i n e c ~ a ~  n p o n y c I c H a R  cn 
~ J I ~ T c H  OT 200 Do 300 MaIUHH B 1 PQCC~OR~UR omn~mn y 4~ 

no 8000 mlu. T a 6 n ~ q a  55 
T ~ X H B K O - ~ K O H O M U P ~ C K U ~  lIOKa3aTeJIU pa6o .r~  aBTOTpaHCIIOpTa H a  K a p b e p a x  

5 9. T ~ X H ~ K O - ~ X O H O M U ~ ~ C I E ~ ~  n O K a 3 a T e J I H  pil60~b1 a B T O T p a H C n O p T a  

Kapbepbl 
~ @ ~ ~ K T L I B H O C T ~  a B T O T p a H C l I O p T a  I13MePHH)T C K C T ~ M O G  l l 0 K a 3 a T e J I e f i i  

KOTOphle  XapaIETepL13YH)T er0 pa6o~y .  ~ @ ~ ~ I E T L I B H O C T ~  MCIIOJIb30BaH&lH 

n a p K a  a B T o M a m m H  BO B p e M e H a  x a p a ~ ~ e p s 3 y e ~ c ~  xo3$$uz+ue~manzu mex- 
nuuecxoli zomosnocmu u u c n o n b a o s a ~ l u ~  napxa. 

Hos@I$i lqne~~ ~ e x a n s e c ~ o i i  r o T o B H o c T n  -  TO O T n o m e H m e  Pmcna 
MaLUIIHO-CMeH H a X O X R e H H R  nOABR?KqOrO COCTaBa B TeXHHseCKJ l  H C l I p a B -  

HOM COCTOHHLIH X ,  I{ o61qe~y sncny c M e H  ~x n p e 6 a r s a ~ n ~  B x0311ii- 
CTBe No, T .  e. 

NT k -- 
T- No' 

K O ~ @ @ H ~ H ~ H T  I1CIIOJIb30BaHEIR I I a p K a  - 370 OTHOTrreHEle WiCJ Ia  pa6o- 
¶ax MaIIIPIHO-CMCH Np K 06Iqe~y  IEOJHYeCTBY MaUIHHO-CMeH lVo, T ,  e. 

1v 
c k =P " !vO IUHHJ' B FOR: 

THC. m . . . . . . . . . . . . . . . .  130 131 122 188 249 
Y e M  60JIbII Ie  3 H a s e H M e  3T01 '0  ~03I$I$11411e~~a, T e M  M e H b l I I e  H ~ O ~ X O -  TMC. m .  i ~ t  . . . . . . . . . . . , . .  315 327 275 327 321 

flHMb1fi I I a p K  MaIUHH. YBCJILI~I~HH~ MOiKeT 6 h I ~ b  nOCTIlI'HYT0 nOBhIUIeHRehI  C ~ ~ ~ C T O H M O C T ~  IIepeBO3KU,  K u r t :  

~ a s e c ~ ~ a  P ~ M O H T O B ,  y J Iy9 lTIeHI IeM A O p O r  H TeXHElYeCKOrO O ~ C J I ~ X E I B ~ H H H  1 m . . . . . . . . . . . . . . . . .  19,8 19.75 23,2 18,3 - 
m a KX . . . . . . . . . . . . . . .  8,2 7,88 10,25 9,8 - 

MaEIMH. 
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TEXHOJIOrHH H MEXAHH3AqHH AOCTABKH rOPHOH MACCbI 
KOHBEnEPHbIM TPAHCIIOPTOM 

n p a n t e ~ ~ e ~ ~ e  H a  OTKPMTMX p a 3 p a 6 0 ~ ~ a x  ~ o ~ s e i i e p ~  B 3aBHCHMOCTH 

OT THIIa  pa6onero O p r a H a  AeJIRT H a  JIeHTOPHhIe, n e H T o ¶ H o - K a H a T ~ b I e ,  

n e ~ ~ o ~ ~ o - q e n ~ b ~ e  H n n a c T n H n a T M e .  B ~ a 6 n .  56 n p H s e n e H b I  x a p a K T e -  

PHCTHKH 3THX K O H B ~ % ? ~ O B .  

Ha OTKPMTHX pa6o~ax  ~ a ~ 6 o n b m e e  p a c n p o c T p a H e H H e  H M e m T  n e H -  

TOPHbIe K O H B ~ ~ ~ P P ,  KOTOPbIe HeCnOHCHbI B H3I'OTOBJIeHHH H 3 K c n J I y a T a -  

UHH, O~JIBJ?(~H)T ~ o J I ~ U I O G  IIPOH3BOAHTeJIbHOCTbIO. B 3aBIICHMOCTH 

OT KOHCTPYKqHH MOHCHO BbIAeJIHTb JIeHTOPHbIe K O H B ~ ~ ~ ~ M  O ~ M Y H O ~ O  

EICIIOJIHeHHR, K O H B ~ ~ ? ~ ~ I  C nOAAePHCHBaIOmHMH KaHaTaMH,  C 4e11~0ii 
C ~ T K O ~  HJIH C ~ P H H C H M H O ~  J I ~ H T o ~ ~ .  OCHOBHH~ COCTaBHbIe PaCTH JIeHTOP- 

H o r o  ~ o ~ s e i i e p a :  nema,  p o n m o o n o p b I ,  npmon, H a T R m H o e  Y C T P O ~ ~ C T B O  

H IIOAAepHCHBaIOUJ,He MeTaJIJIOKOHCTPYK4EIEI. J I ~ H T O Y H M ~  ~ ~ ~ B e f i e p b I ,  

I IpHMeHReMbIe H a  OTKPbITbIX rOPHbIX pa60~ax,  HMeIOT 0 6 ~ 9 ~ 0  JIOTKOBOe 

r pacnonoxeme pa6oseii sacm neHTbI ,  A o c T H r a e M o e  H a K n o H o M  ~ p a i i ~ ~ x  
POJWKOB ~ o ~ ~ e i i e p a .  B @PI' npomnm onwrme H c n m a H m  ~ o ~ ~ e i i e p a  
c V - O ~ ~ ~ ~ H M M  PaCIIOJIOHCeHMeM JIeHThI. 

E o H B ~ ~ ~ ~ H ~ H  JIeHTa RBJIReTCR OAHOBpeMeHHO TRrOBbIM H rpy30- 
HeCYmHM O p r a H O M .  OT ee 3KCnJIyaTaL(HOHHbIX C B O ~ ~ C T B  B ~ H ~ P M T ~ J I ~ H O ~ ~  

CTeneHM 3aBHCRT lIPOH3BOAHTeJIbHOCTb H ~ @ @ ~ K T M B H O C T ~  p a 6 o ~ b 1  KOH- 

1 %  

IIp0~3~0~a~eJrbHoCTb 
P Tun ~ o ~ s e & ? p a  

r4 

AonYcTnMbrfi PamYc 
Tun Ko~sePepa 

s e i i e p ~ ~ x  n t i~a i i .  J I ~ H T ~  AonHcHa H M ~ T ~  A J I ~ T ~ J I ~ H M ~  CPOK C J I Y H C ~ ~ I ,  

6 n ~ b  I I p 0 P H o f  H ~ J I ~ c T H P H o H ,  o 6 n a ~ a ~ b  BHCOKHM K O ~ @ @ H ~ H ~ H T O M  T p e -  

HEIR. H M ~ H ) T  p a c n p o c T p a H e H H e  T K a H e s a e  n p o p e a n ~ e ~ ~ a e  n e m a ,  mro- 
TOBJIeHHbIe H 3  HeCKOJIbRHX CJIOeB X J I O ~ ~ T O ~ ~ M ~ H C H O ~  TKaHH ~ ~ J I ~ T H H ~ ,  

COeAHHeHHbIX MeHCAy co6of TOHKHMH CJIORMH p e 3 H H h l  C D O C O ~ O M  ByJIKa-  

H H 3 a q H H .  K a p ~ a c  JIeHTbI MOHCeT COCTORTb H H 3  CHHTeTHPeCKHX IIpOKJIaAOK 

(K~IIPOHOBHX, aHHAHbIX, H ~ ~ J I o H o B ~ I x ,  CHJIOHOBHX H T. A.), CTaJIbHhlX 

TPOCOB, CTaJIbHbIX CeTOK II T. A. 
Ha K a p b e p a x  n p H M e H R I o T  n p o p e 3 ~ ~ e ~ ~ a e  n e H T a r  m t i p n ~ o f  OT 650 

,qo 1800 ntnt c w i c n o M  n p o K n a A o K  OT 3 no 14. B n o c n e A H e e  s p e m  cos- 
AaIoTCR CI IeqHaJ IbHbIe  KOHCTPyK4HH JIeHT JJIBPHHOH A 0  2000 ntnt H 6onee. 
C o n p o ~ ~ s n e ~ ~ e  p a s p a ~ y  B a n y c K a e M a x  B COB~TCKOM Come ~o~seZirep- 
HbIX JIeHT COCTaBJIReT 350 PCr H a  1 Cnt IJIHpHHhl IIpOKJIaAKH. A n R  3aIQHTbI 

OT HCTHPaHHR H B O ~ A ~ ~ C T B M R  KJIHMaTHPeCKHX @ ~ K T O P O B  JIeHTa HMeeT 

c n e q H a n b H o e  p e 3 ~ ~ o ~ o e  n o K p a T H e  T O J I I ~ H H O ~ ~  5-6 ntnt. C o s ~ a ~ n e  B ~ I -  

COKOIIPOPHHX ~ 0 H B e f i e p H h l ~  n e H T  c n o c o 6 c ~ ~ y e ~  UIHpOKOMy BHeApeHHIo  

~ o ~ s e l e p ~ o r o  T p a H c n o p T a .  

DPH YCTaHOBJIeHHH J?(OIIYCTHMOG pa6osef H a r p Y 3 K H  H a  J IeHTy p H -  

TbIBaIOT K O ~ @ @ H ~ E I ~ H T  HepaBHOMePHOCTH HaTRHCeHHH TPOCOB (0,85) 
m 6 - 8 - ~ p a ~ ~ a i i r  3anac IIPOPHOCTti. P a 6 o s a ~  ~ a r p y s ~ a  pe3HHOTPOCOBhlX 
JIeHT ROCTHraeT  200-250 PCr H a  1 Cnt IJIHPHHH JIeHTbI; B YCHJIeHHbIX 

. KOHCTPYKqHRX 3 T a  BeJIHPHHa MOWeT 6 b I ~ b  AOBeAeHa A 0  400-450 PCrlcnt. 
, C p o ~  c n y x 6 b 1  n e a T a ,  B s ~ a s ~ ~ e n b ~ o i i  c T e n e H t i  o n p e ~ e n ~ m q t i f  
I 

CTOHMOCTb TPaHCIIOPTHPOBaHHR rpy3a, 3aBHCHT OT AJIHHhl K O H B ~ % ? ~ ~ ,  



CKOPOCTH A B H X e H H I I  JIeHTbI, CBOGCTB TPaHCI IOPTHPYeMOrO Ma 'PePHaJ Ia  

( ~ G P ~ ~ H B H O C T H ,  KPYIIHOCTII, 0 6 a e ~ ~ o r o  seca, B ~ ~ X H O C T H ) ,  a T a K x e  

OT BHAa  I I O r p Y 3 0 Y H O r O  O ~ O P Y ~ O B ~ H E I R ,  C I I O C O ~ O B  3 a r p Y 3 K H  M n e p e r p y 3 ~ ~  
M a T e P H a J I a ,  KJIMMaTHYeCKHX H MeTeOPOJIOI'H¶eCKHX @ ~ K T O P O B ,  Y C J I O B H ~  

conepxamrr H O ~ C J I ~ H F H B ~ H H R  ~ o ~ s e i i e p ~ ~ x  Y c T a H o B o K .  CPOK C J I Y H F ~ M  
K O H B ~ ~ ~ ~ ~ H O ~  JIeHTbI A 0  UOJIHOrO H3HOCa  MOXHO OpHeHTHpOBO¶HO OI Ipe -  

A e n H T b  no ~ M I I H P H Y ~ C K O ~ ~  (Pop~yne  BHtitiIITMALIIa 

wero - n e H T y  0 6 ~ 1 e r s e ~ ~ o i i  K O H C T ~ Y K ~ H H ,  I ~ O T ~ ~ ~ R  H M e e T  ~ e ~ o n b n r o e  
¶HCJIO I lpOKJIaAOK. ~ ~ O C T O ~ ~ H C T B O  K O H B ~ ~ ~ ~ ~ O B  3 T O r 0  THIIa :  OTHOCHTeJIbHO 

H H S K ~ R  C T O H M O C T ~  n e H m  II n o A A e B m m a I o q H x  POJIHKOB, a T a K m e  ~ 0 3 -  
M O H F H O C T ~  nepegaw 6 0 ~ 1 b m ~ x  T H r o s M x  y c ~ n n i i ,  6 n a r o ~ a p ~  s e M y  y A a e T c c r  

3Ha¶MTeJIbHO YBeJ IHsHTb  AJIEiHy K O H B ~ ~ ~ ~ P H O ~ O  C T a B a  (A0 2000-2500 a). 
H ~ A O C T ~ T O K  3aKJIIo¶aeTCFf B rPOMO3AKOCTH H CJIOHFHOCTII n p H B O A a ,  O r p a -  

H E Z ¶ ~ H H O ~ ~  IIpOH3BOAHTeJIhHOCTH, CJIOXHOCTH COeAHHeHHR HOHqOB K a H a T a  

Ei H3rOTOBJIeHHH JIeHT. 

J I ~ H T o ¶ H o - ~ ~ I I H ~ I ~  K O H B ~ ~ ~ ~ H  HMeH)T B OCHOBe KOHCTPYKqHH T R r O B h l e  

qenn H ~ o ~ ~ e t i e p ~ b ~ e  n e H T H .  Hamme B K O H C T ~ Y K ~ H H  ~ o ~ ~ e i i e p a  qen- 
H O r O  O p r a H a  O r p a H H s H B a e T  *CKOPOCTb ABHlKeHHR K ~ H ~ e f i e p H ~ f i  J IeHTbI  

.%o 1,2-2,5 m l c e ~ ,  a ~ ~ O H ~ B O A I I T ~ J I ~ H O C T ~  ~ o ~ ~ e i i e p a  no 600-700 milt. 
C y r q e c ~ s e ~ ~ ~ e  n p e n M y q e c T s a  J I ~ H T O ~ H O - q e n ~ o r o  ~ o ~ s e i i e p a  - ~ 0 3 -  

MOHFHOCTb T p a H C I I O P T H p O B a H H R  rPY3a n O A  ~ O J I ~ I I I H M H  Y r J I a M H  H a K J I O H a  

(no 40°), n p a K T H s e c m i  H e o r p a H H s e H H a R  Anma c T a s a  H M a n o e  c o n p o T H -  

BJIeHIie ABIIHFeHHIo. J I ~ H T O P H O - ~ ~ I I H ~ I ~  K O H B ~ ~ ~ ~ H  MOHFHO HCI IOJ Ib30BaTb  

B KaYeCTBe  K O H B ~ ~ ? P H ~ I X  IIOAaeMHHKOB AJIR BbIAaPH I ' O P H O ~ ~  MaCChI 

EZ3 K a p b e p a  H a  I IOBepXHOCTb.   TOT BHA T p a H C I I O p T a  H e I I p e p b I B H O r O  Aef- 
CTBHR RBJIReTCR B e C b M a  IIePCIIeKTHBHbIM, ~ p e 6 y w q ~ ~  A a J I b H e i i I I I e r 0  

COBePLLIeHCTBOBaHHR. 

~ ~ J I ~ C T E Z H ~ ~ T H ~  K O H B ~ ~ ~ P  H M e e T  B K a Y e C T B e  TRrOBOrO O p r a H a  OAHy 

a n H  Ase T R r o B M e  qenn, a B K a s e c T s e  r pyso~ecy~qero  o p r a H a  - n n a c T a H -  

n a T o e  IIOJIOTHO, n o A A e p m l i s a e M o e  XOAOB~IMH P o n m a M H .  

~ J I ~ C T H H ~ ~ T Y ~  K o ~ ~ e i i e p b I  H a  O T K P ~ I T ~ I X  p a 3 p a 6 o ~ ~ a x  H C ~ O J I ~ ~ Y I O T  

B K a y e c T B e  n n ~ a ~ e n e i i  EI neperpywa~enef.  
K o ~ s e i i e p b I ,  A O I I y C K a I o q H e  YCTaHOBKY CO 3 H a P H T e J I b H b I M  YrJIOM 

H a m o H a ,  M o r y T  ~ a i i ~ ~  m H p o I c o e  n p H M e H e H H e  H a  K a p b e p a x .  Tax, HX 

MOHFHO HCI lOJ Ib30BaTb  B KaYeCTBe K O H B ~ ~ ~ P H ~ I X  IIOA'beMHHKOB , YCTaHa-  

BJIHBaeMhlX IIoA YrJIOM A 0  45' HenOCpeACTBeHHO H a  HaKJIOHHOM ~ O P T Y  

m y 6 o ~ o r o  K a p b e p a  Ge3 I I ~ O H ~ B O A C T B ~  r o p H o K a n H T a n b H H x  p a 6 o ~ ,  YTO 

3 H a P H T e J I b H O  3KOHOMHT CpeACTBa .  

KOHCTPYK~HR I E O H B ~ ~ ~ ~ P O B ,  C I I O C O ~ H H X  n p e o A o n e B a T b  K p y T b I e  yrnar 
. ~ a ~ n o ~ a ,  o c H o s a H a  H a  n p H H q H n e  npa l r c I zMaHHcr  M a T e p n a n a  n o K p M B a -  

loqeii q e n ~ o i i  H n l i  c e ~ s a ~ o i i  J I ~ H T o H ,  n p e n ~ ~ c ~ ~ y m q e i i  c n o ~ 1 3 a ~ ~ m  
B H H 3  T p a H C I l O p T H P Y e M O r O  rpy3a. 

Ha OAHOM H 3  K a p b e p O B  @Pr n o ~ o 6 ~ o e  ~ C T ~ O ~ ~ C T B O  UO3BOJIHJIO IIOA- 

i H H M a T b  r p y d  H a  B ~ I C O T ~  36 x npn yrne H a H n o H a  36', C K O ~ O C T H  A s e x e H m  

JIeHTbI  3,8 n t ' c e E  El  o 6 e c n e s ~ ~ b  IIpOH3BOAHTeJIbHOCTb A 0  1440 ntyllc.. 
i. Apyroro B H A a  K o H s e i i e p h I  AJIR 60nbm11x YrJ IOB H a K J I O H a  C H ~ ~ H F ~ H ) T C R  

J I ~ H T o ~ ~  C B b I C T y n a M H  H a  pa6oseii IIOBepXHOCTH (<(pIl@bI)>). f l 0 ~ 0 6 ~ h l e  
JreHTbI  I I P H ~ O A H M  T O J I ~ K O  AJIR u o A a e M a  M a T e p H a n o B  ~e6onbmoP  

r K p y n H O C T H .  

k 
.%. 'il 

5 $ 2. Tex~onornqec~ne c x e m ~  ~onsei iep~oi i  A O C T ~ B K H  ~a xapbepax 

J I ~ H T O Y H H ~  ~ c o ~ ~ e f i e p b ~  n p H M e H R I o T  B K a p b e p a x  n p E i  ~ ~ ~ J I H ~ H Y X  

T p a H C I I O p T H H X  CXeMaX.  BO~MOXHO I I p H M e H e H H e  CXeM C ~ o J I H o ~  H sa- 
C T H ~ H O ~ ~  ~ o ~ ~ e i i e p ~ l 3 a q ~ e i i .  C x e ~ b I  c non~o i i  ~ o ~ s e i i e p ~ 3 a q H e i i  ripen- 
Y C M a T p H B a I o T  AOCTaBKY TpaHCIIOPTHPYeMOI'O M a T e p E i a J I a  OT 3a6ocr 
no M e c T a  ero p a a r p y a ~ ~  ( O T B ~ J I ,  c K n a A ,  0 6 0 r a ~ E i ~ e n h ~ a ~  @aGpma). k C x e ~ s l  c noneoii ~ o ~ s e i i e p a a a q ~ e i i  0 6 e c n e ~ a e a m ~  6onee s s l c o ~ y m  

. UpOH3BOAHTeJIbHOCTb ~ O p H O T P a H C U O p T H O r O  O ~ O ~ Y ~ O B ~ H I I ~ I  H YCJIOBHR 

L ~ B T O M ~ T H ~ ~ ~ H H .  IIPH c x e M a x  c s a c ~ ~ 4 ~ 0 i i  ~ o ~ ~ e i i e p ~ a a q ~ e i i  ~ o ~ s e t i e p -  
H b I 6  T p a H C I l O P T  IICIlOJIb3YH)T TOJIbKO B HaYeCTBe  I I p O M e X y T 0 9 H O r O  HJIH 

n o A a e M H o r o .  i. BbI60p T~XHOJIOI 'H¶~?CKOH CXeMbI K o H ~ e i i e p ~ o f i  AOCTaBKH 3aBHCHT 

OT n p ~ ~ e ~ ~ e ~ o i i  c n c T e M b I  p a 3 p a 6 0 ~ ~ ~  H o n p e A e n n e T c l r  r o p H o r e o n o r H -  

¶eCKHMti YCJIOBHIIMH H I I ~ O H ~ B O ~ C T B ~ H H O ~  MOqHOCTbH) K a p b e p a .  KOH- 
8; B ~ ~ ~ ~ H ~ H ~ O B ~ H H ~ I M E I  MOrYT 6 b I ~ b  K a K  BCKpbIII IHbIe ,  T a K  H ~06b1s~b1e 

p a 6 o ~ a .  t i ~ o r p a  K 0 H B e f i e p M  HCI IOJ Ib3yIoT  TOJIbKO @R T p a H C J I O p T H p O B a -  

C X ~ M M  pa60~b1 3 a 6 0 i i ~ ~ x  H O H B ~ ~ ~ ~ ~ O B  MOrYT 6b1~b C n a p a J I J I e n b H b I M ,  

B e e p H h I M ,  BeepHO-TynHKOBMM H K O M ~ H H H P O B ~ H H ~ I M  I I e p e M e l Q e H H e M  OTHO- 

CHTeJIbHO @ ~ O H T ~  pa6o.r. f l p H  n a p a J I J I e J I b H o M  I IOABHraHHH 3a60ti~b1x 
~onse i iepos  @POHT ~ ~ ~ B H T H R  ropaslx pa6or M o m e r  n e p e M e q a r b c n  



n a p a n n e J r b H o  ( p ~ c .  156, a) mnx n e p n e H A E i K y n R p H o  ( p ~ c .  156, ,6) o c ~  
n e p e A a T o s H o r o  ~ o ~ s e i t e p a .  B cnysae pa3sm~mn + p o ~ ~ a  p a 6 o ~  napan- 
n e n b H o  OCIT n e p e ~ a ~ o s ~ o r o  ~ o ~ s e i i e p a  M e x A y  HMM H 3 a 6 0 i i ~ h 1 ~  KOH- 

s e f e p o ~  y c T a ~ a s n m s a m T  n e p n e H A m K y n n p H o  p a c n o n o x e ~ ~ n f i  n p o M e x y -  

T O P H ~ I ~  K O H B ~ ~ ? ~ ,  K O T O P ~ I ~ ~  H a p a ~ I l B a e T C X  0 6 ~ 9 ~ 0  IIO XOAY pa3BMTMX 

rOpHbIX p a 6 0 ~ .  n p ~  IIOABHraHMH + ~ O H T ~  p a 6 o ~  n e p I I e H A H K y n R p H 0 ,  

H a n p a s n e H H I o  n e p e A a T o s H o r o  ~ o ~ s e i i e p a  M a T e p M a n  H a  H e r o  A o c T a s n x I o T  

HenOCpeACTBeHHO ~ ~ ~ O ~ ~ H H M I I  K O H B ~ ~ ~ ~ ~ M L I .  

B CXeMaX C B e e p H h I M  n 0 A B M r a H H e M  3 a 6 0 i i ~ h 1 x  K O H B ~ ~ ? ~ O B  IIOCJIeHHMe 

HeIIOCpeACTBeHHO IIpMMbIKaIoT K IIepeJJaTO¶HOMy. Pa3I'p~30¶~hIfi K O H e 4  

3a6oii~oro ~ o ~ s e i t e p a  H e  n e p e M e q a e T c R ;  n e p e ~ a ~ o s ~ b ~ i i  ~ o ~ s e i i e p  
0 6 ~ 9 ~ 0  ElMeeT IIOCTOHHHYIO AJIMHY. 

PHC. 156. Cxeabr pacnoromewwlr ~ o e s e i r e p o ~  npw napannerbeom, nepnewnHKympHoM H seepeo- 
TynwKOsOM PaaBHTHH R O ~ ~ I ~ H ~ D E  pa60~:  

I - sarpyaovnoe YCTPO~~CTBO; 2 - 8a601tnb1B n o ~ ~ e l t e p ;  3 - nepena~owmlt KoHsetep 

npti BeepHO-TYIIMKOBOM (PHC. 156, 8) IIOHBHraHHH 3 a 6 0 f i ~ b 1 x  KOH- 
s e f i epo~  x a p a K T e p H o  TO, ¶TO OHM K p o M e  n o B o p o T a  no M e p e  P ~ ~ B M T H X  

r o p m x  p a 6 o ~  n e p e H o c x T c x  snepeg; n e p e n a ~ o s ~ ~ f i  ~ o ~ s e i i e p  npm a T o M  

COOTBeTCTBeHHO yAlIIfHXeTCX. P a 3 M e p h l  o ~ p a 6 a ~ h I s a e ~ o r o  Y s a C T K a  UpM 

I IOCTORHHO~~ Anme n e p e A a T o s H o r o  * ~ o ~ s e i i e p a  o n p e A e n x I o T c R  gnn~oii: 
H y r n o M  p a 3 ~ 0 p o ~ a  3a60H~oro K o ~ s e i i e p a ,  a T a K x e  ~ ~ ~ O ¶ M M H  napa- 
MeTpaMH 3 K C K a B a T O p a .  B 3aBHCHMOCTM OT Ha3Ha¶t?HMH (RJIX TpaHCnOpTH-  

POBaHMH BCKPbIlIIHbIX IIOPOA H a  BHemHMl? M BHYTPeHHMe OTBaJIhI, AJIH 

n e p e M e q e H m x  none3~oro  m c ~ o n a e ~ o r o )  + o p ~ a  M p a s ~ e p h ~  K a p b e p H o r o  

IIOJIR, a TaKHce CXeMbI pa3BEITMX K O H B ~ ~ ~ ~ P H ~ I X  J I t i ~ H f i  MOrYT 6 h I ~ b  pas- 
JIIl'XHbIMM. 

Tpancnopmupo8anue' 6 C K p b t u n b t x  nopod na snympennue o m s a n b a  

C6 I IOMOqbH) K O H R ~ ~ ? ~ H O ~ ' O  TpaHCIIOpTa  IIpHMeHXeTCX n p M  p a 3 p a 6 o ~ ~ e  
rOpFl3OHTaJIbHbIX M IIOJIOrFlX IIJIaCTOB. npti 3TOM IIPMMeHXWT 3a6oii~b1e, 
n e p e A a T o s H H e  m o T s a n b H M e  ~ o ~ s e i i e p ~ .  B c ~ p h I m ~ b ~ e  nopoAH M o r y T  

O T ~ ~ ~ ~ T H B ~ T ~ C H  OAHHM HJIH HeCKOJIbKMMm YCTYIIaMH. 

~ P M  O T P ~ ~ O T K ~  BCKPbIZUM OAHMM YCTYDOM ee TpaHCnOpTHpOBaHHf? 

OCylI(eCTB.?HeTCR O T A ~ J I ~ H O ~  K O H B ~ ~ ~ ~ P H O ~ ~  JIMHHeG, C O C T O X ~ ~ ~ ~  H 3  sa60ii- 

WOrO, n e p e A a T O ¶ H O r O  M OTBaJIbHOrO KOHB~&?POB.  AJIX yMeHbIIIeHEIH 

sncna n e p e A s H x e K  3a6ofi~oro ~ o ~ s e f i e p a  n o r p y s ~ a  B C K ~ ~ I I U H H X  n o p o ~  
M O X e T  O C y q e C T B n R T b C H  ¶epe3 I I e p e r p y Z a T e n b .  n 0 p 0 ~ a  C OTBaJlbHOrO 

K o ~ B e f e p a  HOCTyIIaeT H a  IIpFleMHylO KOHCOJIb O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I I I ,  

OTCbInaIolIl,erO t?e B OTBaJI. CKOPOCT~ ABHZeHEIX JIeHThI H a  0 ~ B a J I 0 0 6 p a -  

3 0 B a T e J I e  IIpFlHHMaeTCH 6onbmefi, ¶eM CKOPOCTb JIeHTH H a  K O H B ~ ~ ~ ~ P H O G  
JIHHMEI.  TO n03BOJIXeT YMeHbUIMTb HaI 'PY3KY H a  OTBaJIbHYIo KOHCOJIb 

(3a C¶eT YMeHbIUeHMH IIIMpHHhI JIeHThI a 
ti KOJIEl'XeCTBa TpaHCIIOPTHPYeMOI'O H a  

~ e i i  ~ a ~ e p ~ a n a )  H M a K c m M a n b H o  ygnm- 
H H T ~  K O H C O J I ~  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I H .  

n p H  p a 3 p a 6 0 ~ ~ e  BCKphIZUHhIX DO- 

. pOA 6onbmoP MOlIl,HOCTM HeCKOJIbKHMM 

,i y c T y n a M m  B c K p a m a  n e p e M e q a e T c x  H a  

BHYTPeHHHe OTBaJIhI HeCKOJIbKYIMEl 

K O H B ~ ~  ~ ~ H H M H  JIHHEIRMH. P ~ ~ J I M P ~ I ~ T  
C J I e A y I o q H e  CXeMbI pa3BMTElR K O H B ~ ~ ~ -  

' e p ~ ~ x  J I E Z H H ~ .  

1. I C a x ~ ~ i i  y c T y n  0 6 c n y ~ m s a e ~ c x  
O T ~ ~ J I ~ H O ~  J l H ~ H e f i ,  C O C T O R ~ ~ ~ ~  H 3  

s a 6 0 f ~ o r 0 ,  n e p e n a T o s H o r o  m o T s a n b -  

HOrO K O R B ~ ~ ~ ~ ~ O B  (PHC. 157, a). Aoc~o-  
HHCTBa 3 ~ 0 f i  CXeMhI: IIOJlHaX He3aBM- 

C M M O C T ~  p a 6 0 ~ h 1  T p a H C n O p T H o r o  060- 
PyAOBaHHH H a  OTHeJIbHbIX Y C T y n a X  ; 
B03M03KHOCTb I[pHMeHeHMX OAHOTMII- 

HOrO O ~ O P Y ~ O B ~ H M R ;  yIIpOII(eHHe O p r a -  

HM3a4MEZ pa6o~h1 T p a H C n O p T a .  Heno- 
CTaTKM: 60~1bmoe ¶HCJIO K O H B ~ ~ ~ ~ P H ~ I X  

J I M H M ~  H O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I ~ ~ ;  3 H a -  

s m T e n b H H e  p a c x o n M  H a  n e p e A B H x K y  

~ 6 0 6  HHX M OTBaJlbHhIX K O H B ~ ~ ~ ~ P H ~ I X  

J I M H H ~ ~ .  

2. Ancr c o K p a q e H m H  sncna T p a H c -  

IIOPTHhIX I'OPH30HTOB YCTYIIbI o 6 a e ~ ~ -  PHC. 157. CXe~bl TpaHCnOpTHpOB~S 
HXKIT B ~ P Y I I I I ~ I  ( o 6 b 1 9 ~ 0  no ~ s a ) .  BOKPYUIH: 
T ~ K  K a K  YCTyIIbI FXMeIoT o6qmii T p a H c -  I - aarpyaomoe ~ C T P O ~ C T B O ;  2 - BB- 

608~b1lt ~onseaep;  3 - n e p e ~ a ~ o ¶ n d  
n o p ~ ~ a r i i  r O p m 3 0 H T ,  TO ax  c n e n y e T  ~onseltep; 4 - neperpywa~enb 

r P a C C M a T p H B a T b  K a K  A B a  IIOAyCTyIIa  

I (PHC. 157, 6). 3a6of HHH K o ~ B e f i e p  YCTaHaBnMBaeTCR H a  pa6oqeii 
n n o q a A K e  B e p x H e r o  n o A y c T y n a .  3 ~ c ~ a s a ~ o p  B e p x H e r o  n o A y c T y n a  

IIpOM3BOHEIT I I O r p Y 3 K Y  IIOpOAhI H a  K O H B ~ ~ ~ P  %'pea 3 a r p y 3 O ¶ H O e  y c ~ p 0 f -  
CTBO. B c ~ p b I m ~ h I e  IIOpOHhI HFXZHerO IIOAYCTYIIa r p Y 3 R T C X  H a  3a60H~nf 
~ o ~ s e f e p .  A ~ a n o r v r n ~ o  06pa6a~h1sam~cs M A p y r H e  y c T y n M .  Aoc~o-  
&iHCTBa CXeMhI: YMeHbUIeHHe B 2 pa3a ¶HCJIa TpaHCUOpTHOrO 060py~osa- 
H m x ;  c o K p a q e m e  p a c x o A o B  H a  nepensmxwy ~ o ~ s e i i e p ~ ~ x  nm~nfi;  

, OAHOTmIIHOCTb O ~ O P Y A O B ~ H I I R .  H ~ R O C T ~ T K H :  Z e C T K a X  CBR3b  M e W A y  
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CHMOCTb p a 6 0 ~ b 1  3KCKaBaTOPOB OT pa60~b1 K o H B ~ ~ ~ ~ o B ;  H ~ O ~ X Q A I I M O C T ~  

Y ~ T K O ~ ~  B ~ ~ E I M O C B F I ~ ~ H H O ~  O p r a H H 3 a 4 H H  p a 6 0 ~ .  
3. I C a m ~ ~ i i  y c T y n  o ~ p a 6 a ~ ~ s a e ~ c a  c norpy3~of  n o p o ~ b ~  H a  o T A e n b -  

m e  3 a 6 0 i i ~ ~ e  ~ o ~ ~ e i i e p b ~  c nocne~ymqeii  nepe~asef  BCKPHIIIH c ABYX 

3a60f~b1x I E O H B ~ ~ ~ ~ O B  H a  OAHH I I ~ ~ ~ A ~ T o ¶ H ~ I $  ( ~ 1 1 ~ .  157, 6). H p H  H ~ H H O %  

c x e M e  O ~ ~ C ~ ~ ¶ H B ~ ~ T C R  H ~ ~ ~ B H C E I M O C T ~  p a 6 0 ~ b I  sepxnero EI H m i c H e r o  

YCTYUOB H ,  K p O M e  TOrO,  B 2 pa3a YMeHbI I I aeTCR WICJrO I I e p e A a T O ¶ H H X  

H OTBaJIbHbIX K O H B ~ ~ ~ ~ O B .  H ~ A O C T ~ T O K  A ~ H H O ~  C X e M H  3 a K J I I o ¶ a e T C R  

B pa3HOT11IIHOCT11 I I p H M e H R e M O r O  0 6 0 p y ~ o ~ a ~ a a .  
HJIR  0 6 ' b e ~ H H e H ~ i R  B O A H y  rpynny T p e X  IIOAyCTyIIOB MOrYT I IPHMe-  

HRTbCR p a 3 J I H ¶ H h l e  K O M ~ H H ~ ~ H H  CXeM. 

Tpancnopmuposanue s c ~ p b ~ u n b z x  nopod na sneu~nue o m s a n b r .  KOH- 
B e f e p H b I g  T p a H C I l O p T  B 3TOM C J I y P a e  I l p H M e H R e T C R  n p I l  p a 3 p a 6 0 ~ K e  

M ~ C T O ~ O X C A ~ H H ~  C p a 3 ~ 0 0 6 p a 3 H h l ~ H  YCJIOBHRMEI 3aJ I e I ' aHHR ( K ~ K  HaKJIOH- 

H ~ I X  rn KPYTHX, T a K  rn ~ O P M ~ O H T ~ J I ~ H M X  aanexef  nonea~oro  H c K o n a -  

~ M O ~ O ) .  C X ~ M M  P a 3 B H T H R  K O H B ~ ~ ~ ? P H ~ I X  JIHHHG I I p H  T p a H C U O p T H p O B a H H H  

BCKPMIUHHX IIOpOA H a  BHe lUHHe  OTBaJIbI a H a J I O r H ¶ H b I  P a C C M O T p e H H H M  

P a H e e .  ~ T E I  CXeMM OTJIHYaIOTCR HaJIHWXeM IIOA'beMHbIX Ei MaI'EICTpaJIbHbIX 

~ o ~ s e f e p o ~ .  Bo B c e x  c n y s a R x  n e p e A a T o s H M e  ~ o ~ s e i i e p b ~  M o r y T  p a 6 0 ~ a ~ b  
H a  o T n e n b m e  m n H  c6opab1e n o R a e M E i M e  x o ~ s e i i e p ~ .  

IIpu mpancnopmuposawu y z n R  u dpyzux n o n e s n b ~ x  u c K o n a e a b l x  

CXeMH p a 3 B H T H R  K O H B ~ ~ ~ P H ~ ~ X  JIHHEIf I I O A O ~ H H  CXeMe,  I I P H M ~ ? H R I O I Q ~ ~ C R  

H a  BCKPbIUIHhIX pa6o~ax  C B H e m H H M  O T B ~ J I O O ~ ~ ~ ~ O B ~ H H ~ M .  npIl 3TOM 

B K o M n a e s c e  P ~ ~ O T ~ I O T  3a60ji~hlii, n e p e ~ a ~ o s ~ ~ i i ,  n o ~ a e ~ ~ ~ i i  H M a r H -  

C T p a J I b ~ h 6  K 0 H B e f e p H .  H J I R  CO3aaHEIH HOPMaJIbHbIX Y C J I O B H ~  3KCnJlY- 

a T a q m  ~ o ~ s e i i e p a  B R a p b e p a x  n p n M e H R m T  ~ o ~ s e i i e p ~ ~ e  neperpylica- 
Tern, 3a rpy3o¶~~se ,  n e p e r p y 3 0 4 ~ ~ e  H pa3rpy3o~~b1e Y C T P O ~ ~ C T B ~ ,  OTHO- 

CRIQHeCR K BCnOMOraTeJIbHbIM. 

HJIR YMeHbIIIeHkIR ¶HCJIa  lIep€?ABBX€?lC 3a60ii~0r0 H OTBaJ IbHOrO KOH- 

s e f e p o ~ ,  a T a K x e  Aria c o K p a U e H m  sncna T p a H c n o p T H H x  ~ O P E I ~ O H T O B  

( I t p H  p a 3 p a 6 0 T K e  y C T y D a  AByMR HOAYCTYIIaMH H HaJIHgMH OAHOrO 3a60f- 
H o r o  ~ o ~ s e i i e p a )  n p H M e H I I I o T  n e p e r p y l r c a T e n m .  OHM n e p e A a m T  T p a H c -  

n o p ~ m p y e ~ b ~ i i  M a T e p m a n  OT a K c K a s a T o p a  K 3 a r p y 3 0 ¶ ~ 0 ~ y  ~ C T P O ~ ~ C T B Y  
3a6oi i~oro xo~seiiepa H n m  OT p a 3 r p y 3 0 4 ~ 0 r o  Y C T P O ~ ~ C T B ~  O T B a n b H o r o  

K o H B e h ? p a  K O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I I ~ * .  r 1 e p e I ' p y ) I c a ~ e J I H  II03BOJIRIOT 3KCKa-  

B a T O p y  0 T p a 6 a T h I B a ~ b  y C T y U  ABYMtI-TpeMR 3aXOAKaMH 683 I I e p e A B H X K H  

3a6oii~oro K o H B e H e p a ,  ¶TO O C O ~ ~ H H O  qt?HHO H 3KOHOMB9HO U P H  H e 6 J I a r 0 -  

I I P H R T H H X  YCJIOBHRX I l e p e A B H X K H  K O H B ~ ~  e p 0 B .  n p H  HCIIOJIb30BaHHH 

neperpyxa~enef H a  omanax T a K m e  ~ 0 x 1 3 0  I I P O E ~ ~ B ~ C T I I  H e c K o n b K o  

o T s a n b H b I x  o T c M n o K  6e3 n e p e A B H l r c K H  ~ o ~ s e f e p a .  
J I e ~ ~ o s ~ b ~ t i  K O H B ~ ~ ~ ~ H M ~  n e p e r p y X a T e J I b  UpeACTaBJIReT  co6oii IIOJIHO- 

I I O B O P O T H M ~  a r p e r a T  C ABYMR K O H C O J I ~ H ~ I M H  K O H B ~ ~ ~ ~ ~ ~ M E I ,  0 6 0 p y ~ o B a H -  

* H H G  ryCeHH¶HhlM XOAOM, H ~ H ~ M H ~ R  H p a 3 l ' p y 3 0 ¶ H a R  KOHCOJlH M O r Y T  

I IOBOpa¶HBaTbCR B ~ e p ~ H K a J I b H 0 f f  UJIOCKOCTH. O A H ~  H 3  K O H C O J I ~ ~  l IOBOpa-  

s m s a e T c c I  H a  yron 60' B ~ O P H ~ O H T ~ J I ~ H O ~ ~  IIJIOCKOCTH (OT c p e A H e r o  nono- 
X ~ H H R ) .  T ~ ~ H C I I O P T E Z ~ ~ ~ M M G  M a T e p H a J I  I I O C T y n a e T  H a  IIpEIeMHyIO KOHCOJIb 

n e p e r p y z a T e s I x ,  Ranee ~ P Y ~ M T C J T  H a  pa3rpy3o~~b1ii ~oaseiiep,  c K o T o p o r o  

n o n a n a e T  H a  3 a 6 0 ~ H h l i i  ~ o ~ ~ e i i e p .  

Ko~seCiep~acr y c T a H o B K a  COCTOHT 83 C a e g y m q H x  OCHOBHMX ~ J I ~ M ~ H -  

TOB: n p ~ 6 0 d & 0 i i  U K o ~ ~ e 6 0 i i  CmU&l+X&U: UpHBOAHOe,  H a T R X H O e  H rOJIOBHOe 

~ C T ~ O C ~ C T B O ,  ( P ~ H A ~ M ~ H T M ,  T ~ ~ H C @ O ~ M ~ T O ~ H ~ R  nOHCTaHU,HR, U y C K O p e r y -  

nnpyloqaa annaparypa H c e c T e M a  o z K n o H n r o q H x  ponmos;  cpedneir 
¶aCTEI: J IeHTa,  pOJIHKOOnOphI ,  M e T a J I J I O K O H C T P Y I C m ,  ILIIIaJIbI EI JIHHHH 

anerr~ponepepas EI C B R ~ H ,  a T a K m e  m ~ e j i ~ h ~ e  OIIOP~I;  sdanux nepezpy- 
3 0 U n 0 2 0  93~242: CaMO 3 R a H H e  EI p e M 0 H T H O e  0 6 0 p y ~ 0 B a ~ H e ;  3Ull4UmfiOZO 

ycmpoiicmsa: H a s e c ,  KOXYX H ranepea; scma~adsl: n p o n e T H M e  C T p o e H H x  

M OllOPbI .  

OCHOBHHME~ 3KOHOMHUeCKEIMH I IOKa3aTeJ IRMH pa6o . r~  K a p b e p H O r O  

K O H B ~ ~ ~ ~ H O ~ O  T p a H C n O p T a  CsHTaIOT K a n H T a J I b H H e  3 a T p a T h l  H a  I IpH-  

0 6 p e ~ e ~ n e  O ~ O ~ ~ A O B ~ H E I R ,  CTOHMOCTb TpaHCI IOpTHpOBaHEiR  BCKpbIIIIHhlX 

nopoA B oman rn nonesaoro H c K o n a e M o r o  no n y H K T a  ero neperpya~n 
HJIH HeIIOCpeACTBeHHO H a  @a6paxy, a TaKHEe TpyAOeMKOCTL T p a H C I I O p T a .  

0 6 q ~ e  KaIIEITaJIbHbIe  3 a T p a T h l  DO K O H B ~ ~ ~ ~ H O M ~  T p a H C n O p T y  O U p e -  

R e n c I I o T  no @ o p ~ y n e  

K,, = S,,n 4- Scp. ,L 4- Snep. y n  + SJatq .  yL, THC. P Y ~ .  (XVI,2) 

r A e  S,, - 3 a T p a T b I  H a  OAHY IIpHBOfiHYIo H KOHqeBYH) CTaH- 
4 H H ,  TbIC. py6.; 

Scp.  - c T o a M o c r b  1 ML c p e ~ ~ e l  sawn x o s ~ e t e p a ,  TNC. py6.; 
Snep. y - CTOHMOCTb OAHOrO 3AaHEIR U e p e r P Y 3 0 ¶ H O r O  y 3 J I a ,  TMC. py6.; 
S,,,. - CTOHMOCTb 1 K X  3aLqHTHHX Y C T P O ~ C T B ,  THC.  py6.; 

- AJIHHa  T p a H C I I O p T H p O B a H H R  I ' o ~ H o ~ ~  MaCCH K O H B ~ ~ -  
epam,  % a ;  

n - ¶IlCJIO CTaBOB K O H B ~ & ? ~ O B  no HJII lHe TpaHCIIOpT11pOBaHMx,  

-. -. 

B Tab. 5 7 ' ~  58. 
CTOHMOCT~ T p a H c n o p T a  OTHOCHT K e A m H H q e  seca (m) p a  n e p e M e q a -  

e M o r o  I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  XI K e A M H H q e  o 6 a e ~ a  (a3) AJIR B c K p u m H M x  

UOpOA. B 0 6 0 ~ ~  CJIYgaRX O H a  CKJIaRHBaeTCI I  113 CJ1eAYH)WHX 3JIeMeHTOB: 

O T ¶ H C J I ~ H M ~  H a  a M O p T H 3 a q H I O  3J IeKTpOMeXaHH¶eCKOrO 0 6 0 p y ~ J o s a ~ ~ l z  

( ~ ~ n m s a c r  a e ~ ~ y )  ur COOPYX~HHG T p a H c n o p T a ;  CTOHMOCTH ~ J I ~ K T P O ~ H ~ P -  
r H H ,  H ~ ~ ~ C X O ~ O B ~ H H O %  no C¶eT¶MKy 3 a  YCTaHOBneHHyH,  MOLqHOCTb 

~BMraT&lef i i r ;  3 a p a 6 0 ~ ~ 0 B  n J I a T b I  Q ~ C J I ~ % E ~ B ~ I O ~ ~ ~ O  U e p C O H a J I a  iii 



Bennsuna nonpasosnoro ~oaQQuquen~a Rnonp npa CKOPOCTII 

. mifp&iHa JIeHTbl, M 
naHmeHuFI aeHTbl, . u / c e ~  

IIInpa~a r e r i m  BennmRa nonpasosnoro X O ~ Q Q H U H ~ A T ~  k npa c~opocm 
KaHBTHO-JTeHTOq- nonp 

HOP0 H O A B B ~ ~ -  
gemenan nerrm, &/eea 

epa, - i ,o  1 5 1 2 , i  1 e,5 

800 0,86 0.92 0.93 1.0 
1000 0,88 0.93 0,94 
1200 0,91 0.93 0,97 

1,o 
1,o 

Ha¶FlCJIeHHfi H a  H e e ;  CTOHMOCTH MaTePHaJIOB, K KOTOPUM OTHOCHT CMa309- 

H M e  H O ~ T H ~ O P H ~ I ~  M a T e p H a n u ,  s a n a c ~ h ~ e  sacm K O ~ O ~ ~ A O B ~ H F ~ K I ,  

M a J I 0 q e H H h I ~  H ~ P C T P O H ~ H ~ I I I H B ~ I O I L ( H ~ ~ C R  H H B e H T a P b ,  H e  Y ¶ H T H B ~ ~ M H ~ ~  
B KaIIEITaJIbHbIX 3 a T p a T a X .  

O m ~ c n e ~ m  H a  a ~ o p ~ ~ 3 a q ~ m  .. S, 0 6 0 p y ~ O ~ a ~ H H  o n p e A e n R m T  H a  

OCHOBaHEZEZ ((HOPM aMOPTFl3a4HOHHHX O T ~ H C J I ~ H H ~ ~  IIO OCHOBHHM @OHABM, 

IIpHMeHReMhlM B POPHOG IIPOMPIIIJIeHHOCTEI,), BBeAeHHMX C 1 R H B a p I I  
1963 l'. T ~ K ,  RJIH JI~H?O¶HMX K O H B ~ ~ ~ [ ~ ~ O B  HOpMa aMOpTH3aqHOHHbIX 

oTTHcJI~HHG ( M ~ T ~ J I J I  Fl JIeHTa) IIPHHHMaeTCR B p a 3 M e p e  20% (16% - 
H a  IIOnHOe BOCCTaHOBJleHHe, 4% - H a  K ~ I I H T ~ J I ~ H ~ I ~  P ~ M O H T ) ;  3 C T a K a n H ,  

~ ~ H D ~ M ~ H T H ,  H a c N n n  - 2,5%. 
CTOHMOCT~ a n e ~ ~ p o a ~ e p r m ~  S3,. , o n p e A e n n e T c n  ~3 pacxoAa a ~ e p -  

J'HH B 1 't: 

Win = - m m  . 't, 
111q2 ' (XV1,3) 

rAe N - MOqHOCTb OAHOI'O IIPHeMHHKB, K6m; 

'Ill - K. II. A. HBHraTeJ IR;  

q z  - K. II. A. CeTH H T ~ ~ F I C ~ O ~ M ~ T O ~ ~ .  



QcyT 
QTp = , m l u e n - c j r t e n y  ( j r t 3 / u e n - c ~ e ~  y). (XVI, 10) 

B ~ J I E I ~ H H ~ ,  0 6 p a ~ H a H  npOH3BOAHTeJIbHOCTH T p Y A a  - TPYAOeMKOCTb 

T p a H C n O p T a ,  OTHeCeHHaR K 1000 m HJIH 1000 dt3, OnpeAeJ IHeTCR 

no  4 o p ~ y n e  

n p o ~ ~ p a ~ c H B k i n p o e K ~ 0 ~  p a 3 p a 6 o ~ a ~  npoem ~onse i iepnof  nmHmm 

~ J I H H O ~  25 icnt AJIR noAam p y ~ b ~  ~3 IIOAOPOHEH~HCKO~O H a p b e p a  H a  Pas- 
,l(OJIbCKOM rOpHOXHMH4eCHOM K O M ~ M H ~ T ~  HeIIOCpeACTBeHHO H a  A P O ~ H J I ~ H O -  

o ~ o ~ ~ T H T ~ J I ~ H ~ H )  4 a 6 p n r t y .  ~ ~ O H ~ B O ~ C T B ~ H H ~ H  M O q H O C T b  K a p b e p a  P a B H a  

4,43 MJIH. m, K p y I I H O C T b  T ~ ~ H C I I O P T E I ~ ~ ~ M O ~ ~  r 0 p H 0 f i  MaCCbI COCTaBJIHeT 

250 Zdt. L U H ~ H H ~  JIeHTbI  K O H B € ? ~ € ? ~ ~  1200 Za, CKOPOCTb ee A B H Z e H H R  

2,5 .W/C~K,  I IpOH3BOAHTeJIbHOCTb K o ~ B e i i e p a  1300 m / ~ .  

Y n c ~ e a n o c ~ b  0 6 c n y m a ~ a m ~ e r o  neproaana ( R F I O ~ H M ~ ~  COCTPB) 55 
K ~ I I X I T ~ J I O B ~ O ~ ~ H E I R ,  THC. py6. . . . . . . . . . . . . . . . 8864 
rOJl0~bie 3KCIIJIyaTaqElOHHHe pacxoRb1, THC. py6. . . . . . . 554 
~ I ~ O Z ~ ~ B O ~ H T ~ ~ ~ H O C T ~  TpyRa OJlHOrO pa6onero. m / c . ~ e ~ y .  . . .. 277 
CTOH.\~OCT~ TpaHCIIOpTEIpOBaHITR 1 m PYRM, KOII. . . . . . . . 12.2 

TJIABA X V I I  

TEXHOJIOI'HH H MEXAHH3AqHH AOCTABKH I'OPHOM MACCbI 
ICOMBHH~POBAHH~IM TPAHCIIOPTOM 

~ P € ? H M ~ ~ ~ c T B ~  EI HeAOCTaTKH PaCCMOTPeHHhIX BbIIIIe BIlAOB T p a H C -  

n o p T a  n p e A o n p e A e m m T  n p E M e H e H H e  K a z n o r o  ~3 HHX B CooTBeTcTBy-  

m q ~ x  YCJIOBHRX. C ~ p e ~ n e ~ ~ e  B ~ a ~ 6 o n b m e i i  c T e n e H n  H C I I O J I ~ ~ O B ~ T ~  

n p e H M y q e c T s a  o T A e n b H M x  BHAOB T p a H c n o p T a  H a  ~ a a 6 o n e e  x a p a r c T e p H M x  

@lH HHX YYaCTKaX TPaHCI IOPTMPOBaHHH UPHBeJIO K C03AaHHIO H HClIOJIb- 

3OBaHHH) B I I P a K T H K e  O T K P H T O ~  p a 3 p a 6 0 T ~ H  K O M ~ E I H E ~ ~ O B ~ H H O ~ O  T p a H C -  

n o p T a .  

n p E I  K O M ~ I I H E I P O B ~ H H O M  T p a H C I I O p T e  r O p H a R  MaCCa  OT 3 a 6 0 ~  K n p H e M -  

HbIM IIYHKTaM H a  IIOBePXHOCTH AOCTaBJIReTCR IIOCJIeAOBaTeJIbHO C UPH-  

M e H e H H e M  H e C K O n b K H X  ( A B ~  H 60~1ee) BHAOB T p a H C l I O p T a .  n p E I  K O M ~ H H H -  

370 

p o B a H H o M  T p a H c n o p T e  ~ e o 6 x o ~ 1 1 ~ a  n e p e r p y a r t a  noneaaoro I I c K o n a e M o r o  

HJIH IlOPOAhT B I I p O q e C C e  T p a H C l l O P T H p O B a H H R  H 3  OAHOI'O B H A a  T p a H C n O p T a  

B A P Y ~ O ~  
~ O A  C X ~ & O ~  1coa6unuposannozo mpUFLCTLOpma IIOHIlMaeTCR YCTaHOBJIe- 

H H e  ~ a ~ 6 o n e e  p a q H O H a J I b H b I X  BHAOB T p a H C I I O p T a  H a  OTAeJIbHbIX YYaCTKaX 

n y T H  T p a H C n O p T H p O B a H H H .  Y Y ~ c T I < E I  I l y T H  T p a H C l l O p T l l p O B a H H H  OI 'paHII-  

YHBaIoT  I I y H K T a M H  3 a r P Y 3 K H  H p a 3 r p y 3 K H  T p a H C n O P T H b I X  CpeACTB.  

3 n p ~  COCTaBJIeHEIll CXeMbI K O M ~ H H R ~ O B ~ H H O ~ O  T p a H C I I O p T a  K X a p a r t T e p -  

HMM YYaCTKaM IIyTEI, IIO KOTOphlM AOCTaBKa OCyqeCTBJIReTCH CaMOCTO- 

H T e n b H b I M H  BIiAaMm T p a n c n o p T a ,  n p e ~ n ~ s n ~ m ~ c ~  o n p e A e n e H H M e  ~ p e 6 o -  
BBHHR. ~ P I I  ~bI60pe T p a H C I l O P T a  H a  B H y T p E I K a p b e p H O M  YYaCTKe  

TpaHCI IOpTHbIe  CpeACTBa  AOJIXHbI:  6 b I ~ b  M O ~ I I J I ~ H M M I I  EI MaHeBpeHHbIMII ;  

H M e T b  OTHOCHTeJIbHO ~ e 6 0 J I b l l l H e  PaAEIYChl 3 a K p Y r J I e H H H ;  6 b I ~ b  He?KeCTKO 

U p H B H 3 a H M  K TpaHCI IOpTHhlM KOMMYHl lKaqHHM;  0 6 e c n e r l l B a ~ b  H a l l -  

60JIbII IyH) I IpOll3BOAHTeJIbHOCTb 3 a 6 0 k ~ h l ~  3 H C K a B a T O p O B ;  0 6 e ~ I I e Y l l B a ~ b  

I lpOCTOTy H 3KOHOMH9HOCTb Y C T P O G C T B ~  B p e M e H H b I X  ~ ~ ~ O ~ I H H X  A O p O r ,  

a TaKFKe MI lHHMaJIbHhle  IIOTepEI EpeMeHEI H a  I I e p e r p y 3 0 s H b I X  I I y H K T a X .  

n p H  ~bI60pe ~ a H 6 0 J I e e  ~ $ ~ $ ~ K T H B H O ~ O  BI lAa  T p a H C I I O P T a  H a  YYaCTKe  

' n o A n e M a  ( cnyc~a)  no 6 0 p ~ y  H ~ O ~ X O A I I M O ,  Y T O ~ H :  BHA T p a H c n o p T a  o6ecne- 
YHBaJI  ~ a a 6 o n b m y m  IIPOIIYCKHYH) C U O C O ~ H O C T ~  TpaHCIIOPTHbIX KOMMYHH- 

1 rcaq~ii;  n o A n e M  rpysa o c y q e c T s n R n c H  no ~ a n r c p a ~ s a f m e ~ y  p a c c T o n H H m ;  
06ecnern~a~1ocb ~ C T ~ O ~ C T B O  EI n e p e M e q e H H e  n e p e r p y a o s ~ b r x  IIYHKTOB. 

V p E I  AOCTaBKe I ' O P H O ~  MaCCbI no l lOBepXHOCTll  X a p a K T e p H b I  CTaqEI- 
' 

O H a p H O C T b  EI J I e r K E I 5  I I ~ O ~ E I J I ~  I Iy~e6,  a T a r t m e  EIX 3 H a 9 H T e J I b H a H  np0- 
T m x e n H o c T b .  IIpn n e p e M e q e H m  BCKP~I I I IH~IX n o p o ~  H a  o m a m  C a e A y e T  

YYHTbIBaTb H e C T a q H O H a p H O C T b  TpaHCI IOPTHbIX I C O M M Y H ~ ~ K ~ ~ H ~ ~  It 3KOHO- 

M H Y H O C T ~  npoqecca O T B ~ J I O O ~ ~ ~ ~ O B ~ H H H ,  s a ~ ~ c ~ q e r o  OT smaa T p a H C -  

n O p T a .  n p a B l l J I b ~ 0  I lOCTpOeHHaH C X e M a  K O M ~ ~ ~ H H ~ O B ~ H H O ~ O  T p a H C I I O p T a  

\ AJIH KOHKPeTHbIX Y C J I O B E I ~ ~  A O J I Z H a  B M ~ K C E I M ~ J I ~ H O ~  C T e n e H H  YYEIThIBaTb 

I BCe 3TH ~ B K T O P H .  

B OTJIHYHe OT ~ e J I e 3 H O A O P O X H O r 0 ,  ~ B T O M O ~ H J I ~ H O I ' O  H K O H B ~ ~ ~ P H O ~ ~  

BHAOB T p a H C n O p T a ,  K o M ~ H H H ~ o B ~ H H ~ I ~ ~  T p a H C I I O p T  x a p a K T e p H 3 y e T C H  

PRAOM cneqm~msec~ax o c o 6 e ~ ~ o c ~ e i i :  
LlOCJIeAOBaTeJIbHaH p a 6 0 ~ a  HeCKOJIbKHX BEIAOB T p a H C I I O p T a  ( 0 6 ~ 9 ~ 0  

ABYX HJIH ~ p e x )  npm n e p e M e q e H m H  r o p ~ o i i  M a c c m  OT 3 a 6 0 ~  no n p n e M a M x  

n y H K T O B  H a  nOBePXHOCTH;  

n a n H m e  npoqecca n e p e r p y 3 ~ ~  none3~oro  m c K o n a e M o r o  HJIH BCKPHIUEI 

n p H  n e p e M e q e H n n  M X  OT 3 a 6 0 ~  AO n p H e M H b I x  IIYHKTOB H a  n o B e p x H o c T n ,  

a c n e A o s a T e n b H o ,  n H a n E i s m e  n p ~ e ~ ~ o - n e p e r p y 3 o s ~ b 1 x  Y C T P O ~ C T B ,  YTO 

O I I p e ~ e J I X e T  I IpePbIBHOCTb U p O 4 e C C a  T p a H C U O p T H p O B a H H R  I'py3a M e X n y  

Ha9aJIbHbIMEI H KOHeYHhlMU IIYHKTaMR; 

X e C T K a H  B3aHM03aBHCHMOCTb I I P H  p a 6 0 ~ e  C O I I P H Z e H H b I X  BHAOB 

T p a H C n O p T a .  
I T a ~ t i ~  o 6 p a 3 0 ~ ,  OTJIEI9HTeJIbHaR Y e p T a  K O M ~ H H I I P O B ~ H H O ~ O  T p a H C -  

n o p T a  s a ~ ~ ~ m s a e ~ c r r  B n p e p b I B H o c T m  n o T o K a  n e p e M e q a e M o r o  rpysa 
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R MeCTaX I I e p e r p y 3 K H  I f 3  OAHOrO BHAa T p a H C U O p T a  B ApyI'ofi. r0pkIa~  
h f a c c a  n e p e r p y x a e T c H  H a  c n e q n a n b m x  n p ~ e ~ ~ o - n e p e r p y 3 0 s ~ ~ x  nno- 
q a A l < a X ,  KOTOpbIe B 3aBHCHMOCTEI OT KOHKpeTHbIX Y C J I O B E Z ~ ~  H BHAa TpaHC-  

I IOpTa  MOrYT IIPeACTaBJIRTb ~060f i  AOBOJIbHO CnOHFHhIe HHl rceHepHhIe  

COOPYXCeHHH. 

Ha OCHOBaHHIi I IPaKTHKH OTe¶eCTBeHHbIX H ~ ~ P Y ~ ~ ? K H ~ I X  K a p b e p O B  

MO?KHO BhIAeJIHTb CJIeAYIoqHB OCHOBHhIe BEAM K O M ~ H H E Z P O B ~ H H O ~ O  TpaHC- 

n O p T a :  l r c e J I f ? 3 ~ 0 ~ 0 p 0 X H b I P  TpaHCUOpT B COseTaHHH C ~ B T O M O ~ H J I ~ H H M ;  

~ B T O M O ~ H J I ~ H ~ I ~  TpaHCIIOPT B COPeTaHHH C HaKJIOHHbIMH CKHIIOBbIMH 

IlOA'beMHHKaMH; ~ 0 H ~ e f i e p ~ h I f i  TpaHCUOpT B COseTaHHH C ~ B T O M O ~ H J ~ ~ H ~ I M .  

T ~ K ,  n p H  p a 3 p a 6 0 ~ K e  M ~ C T O P O X A ~ H H ~ ~  OTKpbIThIM CIIOCO~OM B FOpHCTbIX 

MeCTHOCTHX HCIIOJIb3YIOT aBTOTPaHCIIOpT C I l e p e M e q e H H e M  IIOJle3HOI'O 

H c K o n a e M o r o  no p y n o c n y c K a M  c nocne~ymlqefi A O C T ~ B K O ~ ~  no 0 6 0 r a ~ H -  

~ e J I b H 0 f i  (P.;L~PHKEI IIO IIOABeCHhIM KaHaTHbIM AOpOraM.  . 
Ha o T A e n b a H x  K a p b e p a x  rpya n e p e M e q a I o T  no 6 0 p ~ y  H a p b e p a  no- 

CPeACTBOM BePTHKaJIbHhIX OAHO- H MHOrOKaHaTHhIX CKHIIOBbIX H KJIeTeBhIX 

nOA'beMOB H ~ B T O M O ~ ~ J I ~ H ~ I M H  IIOA'beMHHKaMH. ~ ~ E I M ~ H ~ H H ~  3THX CXeM 

B OTAeJIbHbIX CJlY¶aRX RBJIReTCR 3KOHOMH9eCKEI I J e J I e ~ 0 0 6 p a 3 ~ b I ~ .  CJIe- 
A y e T  OTMeTHTb, 9 T O  IIPLI K O M ~ H H E I P O B ~ H H O M  TpaHCIIOpTe  ~OCTORHHOP 
C O C T ~ B H O ~ ~  9 a C T b I o  RBJIReTCR aBTOTpaHCIlOpT,  K O T O P H ~ ~  0 6 ~ 9 ~ 0  DpH-  
MeHRIoT H a  BHYTPHKaPbePHOM y ¶ a C T K e  T p a H C l I O p T H P O B a H E I .  Bce BHAbI 

K O M ~ H H H P O B ~ H H O ~ O  TpaHCIIOpTa  OTAHsaIoTCR c n o c o 6 o ~  UOA'beMa r 0 p ~ 0 f  
MaCCbI no 6 0 p ~ y  K a p b e p a  H A O C T ~ B K O ~ ~  ee H a  IIOBepXHOCTHOM 

ysacme. 

A B T O M O ~ H ~ ~ H H ~ ~  T p a H C U O p T  B COseTaHHH C X ~ J I ~ ~ H O ~ O ~ O X H M M  qeJIe- 
coo6pa3~0 n p H M e H R T b  U p H  6 0 n b I L t H x  PaCCTORHHFIX TpaHCIIOPTHPOBaHHR 

no n o s e p x H o c T H ,  K o r A a  ~ e p e r p y 3 0 s H b I f i  UYHKT p a c n o n o l r c e H  H a  nosepx- 
HOCTH Y 6 0 p ~ a  K a p b e p a ,  n p H  o ~ p a 6 0 ~ ~ e  ~ J I Y ~ O K H X  rOPH30HTOB H AO- 

p a 6 o ~ ~ e  K a p b e p H O r O  nOJ lR ,  K O r A a  neperpy30s~b1B DYHKT HaXOAEiTCR 

B x a p b e p e ,  a T a K H e  n p ~  n p o x o A K e  ~ p a ~ m e f i .  B n o c n e A H e M  cnysae nepe- 
~ P Y ~ O P H H ~  IIYHKT HaXOAHTCR H a  HH?HHeM p a 6 o s e ~  r O P H 3 0 H T e .  B 3aBH-  

CHMOCTH OT MeCTa PaCIIOJIOXeHHR nep€!I'py3O¶HOrO I I y H K T a  H yAeJ IbHOr0  

B e C a  PaCCTOHHHR AOCTaBKH aBTOTPaHCIIOPTOM MOXHO BbIAeJIHTb T P H  

OCHOBHbIe CXeMhI ~ B T O M ~ ~ ~ J I ~ H O - X ~ J I ~ ~ H O ~ O P O H C H O ~ O  T p a H C n O p T a :  

1) aBTOTpaHCnOpTOM OCyQeCTBnHeTCR AOCTaBKa I '0pH0fi  MaCCbI 

no B H Y T P H K a p b e p H O M y  Y¶aCTKY H IIO 6 0 p ~ y  K a p b e p a ;  TpaHCLlOpTHPOBa- 

m e  OT neperpysonaoro n y H K T a ,  p a c n o n o l r c e H H o r o  y 6 0 p ~ a  K a p b e p a ,  
no nOBepXHOCTH IIPOEi3BOAHTCR JlOKOMOTHBOCOCTaBaMEI; 

2) aBTOTpaHCUOpT IIPHMeHRIoT AJIR AOCTaBKH I 'OPHO~~ MaCChI H a  

B I T $ T P E I K ~ ~ ~ ~ ~ H O M  y s a c T K e  H s a c T n n H o  HJTR n o A a e M a  no 6 0 p ~ y  K a p b e p a ;  

g a n b n e i i r n a a  A o c T a B K a  OT neperpy30s~oro n y H K T a ,  p a c n o n o x e H H o r o  
H a  6 0 p ~ y  K a p b e p a ,  A 0  n0BepXHOCTH H H a  IIOBepXHOCTHOM p a C T K e  A 0  KO- 

HegHbIX IIPHeMHbIX IIYHKTOB OCYqeCTBJIReTCR XeJ Ie3HOAOPOXHbIM TpaHC-  

IIOpTOM; 

3) a B T O T p a H C n O p T  n p H M e H R I o T  l I p H  UpOXOAKe T p a H l U e H  H HM O C y q e -  

CTBJIRIoT AOCTaBKY F O P H O ~  MaCCbI OT 3 a 6 0 ~  A 0  U e p e r p y 3 0 P H O I ' O  n Y H K T a r  

p a c n o n o x e H n o r o  H a  B H r u e n e x a q e M  r o p H s o H T e ;  nocne n e p e r p y 3 ~ ~  
~aJIb~efJ l Iee  TpaHCI lOpTHpOBaHHe OCyQeCTBJrReTCR JIOKOMOTEBOCO- 

CTaBaMH.  

~ ~ B Y I O  CXeMy P a q H O H a J I b H O  I IpHMeHRTb I I P H  ~ O J I ~ I U H X  PICCTORHHRX 

TpaHCl IOpTHpOBaHHR no nOBepXHOCTH H n p H  OTHOCHTenbHO H ~ ~ J I Y ~ O K H X  

K a p b e p a x .  IIo M e p e  y s e n a s e H m  ~ J I Y ~ H H ~ I  p a 3 p a 6 0 ~ ~ ~  AJIR C o K p a q e H m  

PaCCTORHHR AOCTaBKH ~ B T O M O ~ H J I ~ H M M  TPaHCJlOpTOM n e p e r p ~ 3 0 9 ~ h I ~  
( B T O ~ ~ R  C X ~ M ; L )  IIYHKT CJIeAyeT n e p e H O C H T b  H a   OPT H a p b e p a ,  YAJIHHRE 

COOTBeTCTBeHHO HFeJIe3HOAOPOXHbIe KOMMYHHKaIJHH. ~ o c J I ~ ~ o B ~ T ~ J I ~ H o .  

a e p e M e q a n  neperpy3os~nH n y H m  nocne O T P ~ ~ O T K E I  B n m e n e m a q H x  

rOpH30HTOB,  MOXHO A O ~ H T ~ C R  ~ e 6 0 n b m ~ x  H C T ~ ~ H J I ~ H M X  B T e P e H H e  BCerO.  

CpOKa CyIU$CTBOBaHHR K a p b e p a  P ~ C C T O R H H ~ I  OTKBTKH AJIR aBTOMaIIIHH 

H ,  c n e A o s a T e n b H o ,  Y M e H b m H T b  HX no~pe6noe s E i c n o  npn ~ a ~ 6 o n b m e f i  
lIPOH3BOAHTeJlbHOCTH. 

T p e ~ b R  CXeMa I I p e A y C M a T p H B a e T  I IpHMeHeHHe aBTOMaIIlHH B K O M ~ E I -  
H a q H H  C JIOKOMOTHBOCOCTaBaMH TOJIbKO AJIR CIIeqHaJlbHhIX IJeJIefi - 
npOXOAKIf ~pa~lICefi H a  K a p b e p a X ,  I IpHMeHReTCR ~ K ~ J I ~ ~ H o ~ o P o H F H ~ I ~  

TpaHCUOpT.  n p H  UpOXOAKe ~ p a ~ l l l e f i  C HCIIOJIb3OBaHHeM a B T O T p a H C I I O p T a  

: IIPOH3BOAHTeJIbHOCTb 3 K C K a B a T O p a  H TeMnbI  UpOXOAKH B 1,5-2 pa3a 
' m m e ,  s e M  npn ? K ~ J I ~ ~ H O A O ~ O ? K H O M  T p a H c n o p T e .  I I p m ~ e n e ~ ~ e ~  aBTo-  

1 M O ~ H ~ ~ H O - X ~ ~ ~ ~ H O ~ O ~ O X H O ~ O  T p a H c n o p T a  B  TOM cnysae A o c T H r a e T c R  

, ( P . o ~ c H ~ o B ~ H H ~ H  IIOArOTOBKa HOBbIX rOpH30HTOB.  

~ O C T O H H C T B ~  ~ B T O M ~ ~ H J I ~ H O - ? K ~ J I ~ ~ H O ~ O P O H F H O ~ O  T p a H C n O p T a  n @  

C p a B H e H H I o  C IIpHMeHReMbIM OTAeJIbHO ~ B T O M O ~ H J I ~ H ~ I M  HJIH ?Kt?JIe3HO- 

; AOpOXHhIM BHAaMH TpaHCIIOpTa  3aKJI Iosa IoTCR:  B COKpaJlIeHHH PaCCTO- 

1 RHHR TpaHCIIOpTHpOBaHHR aBTOTpaHCnOpTOM, 9TO IIPHBOAHT K CHEl?KeHHm 

U a p K a  aBTOMaIIlHH EI YBeJIB9eHHIo HX LlpOM3BOAHTeJIbHOCTII; B Y J I p I I I e H H H  

$ Y C J I O B H ~ ~  3KCnJIyaTaIJHH JIOKOMOTHBOCOCTaBOB, T a K  K a K  EIX ABH?KeHHe 

OCyIL(eCTBJlHeTCR no CTaIJHOHapHbIM H(eJIe3HOAOpOHFHbIM IIYTRM, IIPBKTH- 

, ¶eCKH I I p H  DOJIHOM OTCYTCTBHH IIePeABHHFHbIX ny~e i i ;  B OTCYTCTBHH U y T e -  

I nepeABH?KHbIX p a 6 0 ~  H a  K a p b e p e ;  B UOBbIIUeHHH UpOH3BOAHTBJIbHOCTEI 

1 3a60finb1x 3KCKaBaTOpOB B CBR3H C HX pa60~0G B KOMnJIeKCe CaBTO- 

1 TpaHCUOpTOM; B BO3MOXHOCTH OCYqeCTBJIeHHR ~ a ~ 6 0 n e e  paIJEIOHaJIbHOr@ 

n o p R A K a  P ~ ~ B H T H R  FOPHbIX pa6o.r B K a p b e p e ,  a T a K m e  p a 3 ~ e n b ~ o i i  
: BhIeMKH llOJle3HOI'O HCKOIIaeMOrO. 

H e n o c ~ a ~ ~ n :  H a n H s H e  npoqecca n e p e r p y 3 ~ ~  H n e p e r p y a o s a b ~ x  

DYHKTOB. 

~ T H  D p e H M y W e C T B a  06ycnosmn~ IIIHpOKOe n p H M e H e H H e  aBTOMO- 

~ H J I ~ H O - ? K ~ ~ ~ ~ H O ~ O ~ O ? K H O ~ O  T p a H C U O p T a  I I p H  O T K P H T O ~ ~  p a 3 p a 6 0 ~ K e .  

. (na K a p b e p a x  QFOICa, CeBrOICa, HICrOICa B ICPHBOPOXCKOM 6accefi~e, 
H a  A o c T a B K e  M a p r a H q e s b I x  p y ~  B H ~ i K o n o n b ~ a p r a ~ q e ~ o M  Gacceii~e, 
H a  C H ~ ~ ~ ~ C K O M  M e A H o p y A H o M  H ~ p y r ~ x  K a p b e p a x  Ypana, H a  K a p b e p a x  

K O M ~ I Z H ~ T ~  Ypanac6ec~, H a  R a p a r a f n ~ ~ c ~ o ~  K a p b e p e  H T. A.). 



e p H o r o  n o n R  (B n p o e K T H u x  r p a a n q a x ) :  AnrIHa 4000 m; znnpmna 800 .u, rny611aa Z'," - C T O H M O C T ~  ~ K C K ~ B ~ ~ R H  I at3 IIPH n o r p y s ~ e  B A y M n K a p N ;  
230 m. 22 - CTOElMOCTb TpaHCI IOpTHpOBaHHFi  1 .M3 U p M  3fCeJIe3HOHOPOlfEHOM Bepx~ne  YCTynhI I t0  MRrKKM IIOPORaM O T P ~ ~ ~ T E J B ~ I O T C R  OAHOKOBUIOBLlMU 3KCKa- 
B a T O p a m  C n o r p y a ~ 0 6  r 0 p ~ 0 f i  MaCChI B TenJIOBO3OCOCTaBH. H a ~ o c b r  TpaHCIIOpTEIpYIoT T p a H C n O p T e  o T  3 a 6 0 ~  ,QO E y H K T a  p a 3 r P Y 3 K H  H a  I IOBePX- 

B OTBaJIba, PaCIIOJIOX(eHHhIe B 7-10 nnt OT K a p b e p a .  K p e n ~ n e  BCKPbIILIHbIe IIOpOAbI HOCTH. 
aBTOCahl0CBWIaMB TpaHCnOPTTIpYIoT B OTBanhI 683 IIeperpY3KB. Ha pIIC. 158 IIOKa- 
aana cxeMa  K a p b e p a ,  omanon m o 6 0 r a ~ 1 1 ~ e n b ~ o i i  c j a 6 p n ~ 1 r  4 r O I C a .  

P y ~ y  T ~ ~ H C U O ~ T H ~ Y W T  B a ~ ~ o c a a f o c ~ a n a x  r p y 3 0 n o ~ a e ~ m o c ~ b m  25-40 rn 3 4. ~ O M ~ U H M ~ O B ~ H H ~ I ~ ~  TPaHCI IOPT C HaKJIOHHbIMEi 
~o n e p e r p y a o s ~ o r o  U ~ H K T ~  N 1 ,  pacnono~cen~oro n ~ H ~ H O B  ~ ~ C T I I  ~ a p b e p a  ~a OT- C K M ~ I O B ~ I M M  IIOJ('heMHHKaMti 
MeTKe KOpeHHbaX UOpO& f 65 m. n0CJIe  I Ieperpy3KB B TeIIJIOBO3OCOCTaBbI IIoJle3~0k 
eMKOCTbI0 720 W ee AOCTaBnRIoT H a  o ~ o ~ ~ T H T ~ J I ~ H ~ H ,  $ a 6 p ~ ~ y .  ~ ~ I I ~ O ~ K T ~ ~ O B ~ H ~ I  K O M ~ E I H H ~ O B ~ I I H ~ I ~ ~  TPaHCIIOPT C HaKJIOHHbIMH CKHIIOBhIMH IIOA'beM- 

HEIIiaMH - OAHH H 3  ~ @ @ ~ K T H B H H X  EI I IepCIIeKTHBHbIX BHAOB T p a H C I I O p T a  

AJIR ~ J I Y ~ O K E I X  K a p b e p O B .  B COB~TCKOM C 0 ~ 3 e  I I e p B a R  T a K a R  YCTaHOBKa 

A o n x m a  G M T ~  E o c T p o e H a  H a  C E I ~ ~ ~ C K O M  K a p b e p e .  

~ o M ~ H H H ~ o B ~ H H ~ I ~ " ~  TPBHCIIOPT CO CKHIIOBhIMEI IIOA'beMHHKaMH 0 6 b I 4 ~ 0  

COCTOHT I13 T p e X  3BCIIbeB:  T p a H C I I O p T a ,  AOCTaBJIRIoae I 'O  I 'OPHYIo M a C C y  

OT 3 a 6 0 e ~  A 0  B H Y T P H K a p b e P H O r O  I I e p e ~ p y 3 0 9 H O I ' O  I I y H K T a ;  H ~ K J I O H H O ~  

y c T a H o B K m ,  r r o n ~ ~ ~ a m r q e i i  ropaym M a c c y  no 6 0 p ~ y  K a p b e p a ;  nosepx- 
H o c T H o r o  T p a n c n o p T a ,  o c y r q e c T s n R I o r q e r o  n e p e ~ o 3 ~ y  nopoAH H nones- 
H O r O  HCKOIIaeMOrO OT B e p X H H X  I IpHeMHbIX 6 y ~ K e p 0 B  A 0  OTBaJIOB H o6ora- 
THTeJIbHbIX ( P a 6 p ~ K .  -Ha HeKOTOpbIX K a p b e p a X  ( ~ a n p ~ ~ e p ,  H a  ~ C ~ ~ C T O B O M  

PUC. 158. C x e ~ a  ~ a p a e p a ,  o ~ s a n o s  a 0 6 0 r a ~ u ~ e n b ~ o f i  @a6pwt;u 4rOKa: B I I p a K T l i K e  H3BeCTeH ~ A H H C T B ~ H H ~ I ~  c J I Y Y ~ ~  IIpElMeHeHHR X e J I e 3 H O -  
1 - ~ a p b e p ;  2, 3 - n e ~ e r ~ ~ s o s ~ b r e  c~aaurnl  i n 2; 4 ,  5 - 6ynbgo3ep~ble AOpO?KHOI'O T p a H C I I O p T a  B COYeTaHHH CO CKHIIOBHM II0,Q'beMOM. oTnan61; 6 - wene3~onopom~bre oTsanbr; 7 - aeToaoporu, 8 - ~ i e n e 3 ~ o -  
ROpOwHhIe IIyTU; 9 - 060raTH~enbH~ rpadpu~a, I0 - n e p e r p y 3 0 s ~ a ~  CTaH- BEIA T P a H C I I O P T a  Hi3 IIOBePXHOCTH OIIpeAeJIReTCR B OCHORHOM P a C -  
qnrr fi 1 ilocne 10-15 neT aKcnnyaTaquu Kapbepa; 1 1  - urnaMoxpaHunnqe CTOIIHHeM I I e p e M e Q e H H R  r p Y 3 O B .  ~ P H  ~ O J I ~ I I I H X  PaCCTORHHRX OTKaTKH 

A 0  OTBaJIOB m @ a 6 p n ~  I IPHMeHRIoT  X ~ J I ~ ~ H O ~ O P O X H ~ I ~  TPaHCI IOPT,  I I P H  
A B ~  n e p e r p y 3 0 4 ~ b a x  ~ Y H K T B :  A ~ R  H ) H ( H O ~  ~ ~ C T E I  ~ a p b e p a  - 1 $1 AJIR c e n e p ~ o i i  - MaJIbIX - ~ B T O M O ~ H J I ~ H ~ I ~  HJIM T P o J I J I ~ ~ B O ~ H H ~ .  ECJIH IIOH'beMHLlX 
Ns 2. lIocne 12-15 neT  p a 6 o ~ h 1  neperpysosa~ii  nyHKT Nc 1 6 y u e ~  nepeaecex H a  no- 
BepXHOCl'b. 

n p e A H a 3 H a Y a e T C R  T O n b K O  AJIR B H H a ¶ H  PYAH, TO I I P H  PaCCTORHHtiX OT- 

P ~ C C T O R H H ~  TPaHCIlOpTEIPOBaHHR pY&bI OT IIeperPY309HHX IIYHKTOB A0 c j a 6 p a ~ 1 i  K a T K H  A 0  2,5-3 K d t  M O X H O  I l p H M e H R T b  K O H B ~ ~ ~ ~ I I ~ I ~  TpaHCI IOPT,  AJIR 

COCTaBJIReT 10-11 x m .  ¶ero APO~YIJ IKY K p y n H O r O  A P O ~ J I ~ H H I I  @ a 6 p m ~ ~  B ~ I H O C R T  H a  6 0 p ~  K a p b e p a  

H PYAY H 3  CKHIIOB B b I P P Y X a W T  HeIIOCpeACTBeHHO B 6 y ~ K e p  HPO~HJIKH.  B o 6 l q e ~  BHAe  3KOHOMHYHOCTb I I p H M e H e H H R  ~ e J I e 3 H O ~ O p O l I < H O I ' O  C IIOMOX(6W K O M ~ E I H H ~ O B ~ H H O ~ O  T p a H C I I O p T a  MOlKeT I I e p e B 0 3 H T b C R  OAHO- 
T p a H C I t O p T a  R K O M ~ E I H ~ ~ I I H  C ~ B T O M O ~ E I J I ~ H ~ I M  110 CpaBHeHHH)  C PeJIbCOBbIM 

B p e M e H H o  H uone3~0e H c K o I I a e M o e ,  EI nopona. I T ~ H  ~ e 6 0 3 1 b L I I o i i  IIJJOEIS- 
c o 6 ~ 1 m ~ a e ~ c ~ i  ~ P H  ~ ' ~ J I O B H H ,  ¶TO 

B O A C T B ~ H H O ~ ~  MOQHOCTH K a p b e p a  BCII r O p H a R  MaCCaBbIAaeTCH OAHMM 

2;" $- 2:p + 22' + Znep =z 2% + P2, IIOJ(%eMHElKOM, a I I p H  3 ~ a Y E I ~ e n b ~ 0 6  - HeCKOJIbKHMEI, KOTOpbIe  MOrYT 

6 ~ ~ 6  C I I ~ ~ H ~ J I H ~ H P O B ~ H ~ I  H a  n o A a e M e  o A H o r o  BmAa  r o p ~ o i i  M a c c b I  (na- 
rze ZiK - C T O H M O C T ~  ~ K C K ~ B ~ ~ E I E ~  1 at3 ~ O P H O ~  M ~ C C M  n p ~  1 1 0 r p y 3 ~ e  I I p H M e p ,  TOJIbKo  PYHbI HJIH TOJIbKO IIOPOHH), ~ 1 ~ 6 0  6 b I ~ b  CMeLIIaHHbIMH, 
q B aBTOTPaHCIIOPT;  

T. e. py~o-IIOPOAH~IMH. 
Z:P - CTOHMOCTb TPaHCI IOPTHpOBaHHFi  I Jt3 1 ' 0 ~ ~ 0 6  MaCCbI BBTO- ~ ~ O F L C ~ P Y % ~ + U R  ~ o ~ ' % ~ N M u K o ~ .  OCHOBHHMEI KOHCTPYKTHBHMMEI Y ~ J I ~ M E I  

M ~ ~ M H ~ M H  ~0 11eperpy304~0ro ~ Y H K T ~ ;  CICHItOBOrO HaKJIOHHOrO IIOA'beMHIIHa (PHC. 159) RBJIRIOTCR HI~?KHEIX? 

22' - CTOHMOCTb T P a H C ~ O P T I ' i P O B a H H F i  X e J I e 3 H O A O P O X H b I M  T P a H C -  n e p e r p y 3 0 4 ~ ~ 6  IIYHKT 1 ,  CKEIIIbI 2 ,  K a H a T  3, ~ ~ J I ~ C O B M ~  I IYTb  4, YJIOWeH- 

IIOPTOM OT I I epe I 'PY30YHOrO n y H K T a  A 0  @ ~ ~ P H K H  nJ IH  OTBaJIOB; ~ b ~ f i  ~a IIOAOUIBY K P Y T O ~  ~ p a ~ n r e ~ i ,  B ~ ~ X H H E  neperpy30¶~b1ii IIYHKT 5 
Znep - C T O H M O C T ~  11epe rpy3~~  1 a3 r 0 p ~ 0 i i  ~ a c c n ;  C ~ Y H K ~ ~ ~ M H ,  MeXaHEI3MaMH p a 3 r P Y 3 K E I  CKHIIOB EI E O I ' p y 3 K H  CpeACTB 

.374 375, 



IIOBepXHOCTHOI'O T p a H C n O p T a ,  K O n 0 p  6 C rOJIOBHbIMH ~ J I O K ~ M H  7, GOA'beM- 
I I a R  M a m H H a  8 H aJIeKTpOIIpHBOA 9. 

C x e ~ a  n o n a e M a  (PHC. 160) o n p e n e J r R e T c R  IIPO¶HOCT~IO K a H a T o B  H H a -  

TPYBO¶HYMH X a P a K T e P H C T H K a M H  IIOA'beMHhIX MBILIHH, a T a K m e  T p e 6 y -  
e ~ 0 e  IIpOH3BOAHTeJIbHOCTbIO IlOJJ'beMa. 

T e n b H o c T b  IIPH T e x  we K a n H T a n b H H x  s a ~ p a ~ a x  H a  c o o p y x e H H e  n o A a e M -  
a m a  H B 1,5-1,6 paaa 6onbmym CTOHMOCT~ n o A a e M a  1 m r o p ~ o i i  M a c c M .  

O , Q H O C K H I I O B ~ ~ ~  IIOA'beMHElKH I ( e J I e C 0 0 6 p a 3 ~ b I  I I p H  CKHIIaX I'PY30- 
IIOa'5eMHOCTbIO 60~1ee 100-129 m. n p ~  I 'py30lIOa 'b0MHOCTH CKHIIOB 
A0 40 m H YrJlaX IIOA'beMa A 0  45' CKHIIbI IIOABeIzIHBaIOTCR H a  ORHOM K a H a T 0  

376  

( ~ H c .  160, a). n p B  6onbmeii l?PY30lIO@eMHOCTH H ~ O ~ X O A E I M ~  MHOrO- 
K a H a T H a R  C X e M a  l lOABeCKH CKHIIOB, K O T O p a f i  pa3AeJ IReTCH H a  I I p O C T y D  

(PHC. 160, 6, 8) M ~JIOKOBYIO (PHC. 160,~). 
B K a ¶ e C T B e  IIOA'5eMEbIX M a m H H  I I p H  O , J J H O K ~ H ~ T H O ~ ~  H 6 3 0 ~ 0 ~ 0 ~  MHOI'O- 

I C ~ H ~ T H O ~  CXeMaX IIPHMeHRIOT A ~ y x 6 a p a 6 a ~ ~ b I e  I(HJIHHAPH¶eCKHe Ma- 
IIIHHbI C A H a M e T p O M  6 a p a 6 a ~ o ~  A 0  6 &. n p ~  MHOrOKaHaTHOM ~ O ~ H H H O M  

n o A a e M e  (PHC. 160, 6) HCIIOJIbBYIOTCR I(HJIHHAPH¶eCKHe MaIIIHHbI C pas- 
p e 3 H b I M H  6 a p a 6 a ~ a ~ ~ ,  a I I p H  MHOI'OKaHaTHOM OAHOCKHIIOBOM 
(PHC. 160, 8 )  - MaIIIHHbI CO ILIKHBaMB TpeHEIFI. 

L ~ O ¶ T E  BCe  ~ ~ H C T B ~ I O ~ H ~  K a p b e p H b I e  IIOA'beMHHKH BbI l lOJ IHeHP IIO 
, lIp0~l.06 CHCTeMe IIOA'beMa - A B ~ X C K H I I O B O ~  O A H O K ~ H ~ T H O ~ .  ~ C K J I I O -  

, qeme - n o p o ~ ~ n r i i  n o A n e M H H K  H a  xapbepe ( ( & K e @ @ p ~  Mafia)) ( K a ~ a n a ) ,  
H ~ ~ O T O B ~ ~ H H ~ I ~  IIO CXeMe CKHII - IIPOTHBOBeC. 

B ~ y ~ p H ~ a p b e p ~ h I f i  IIepeI'py30¶~bIf¶ IIYHKT B I I P O C T ~ ~ ~ I ~ I ~ M  C J I y ¶ a e  
y C T p a H B a e T C R  H a  6 e p ~ e  B BHAe  MaHeBpOBbIX IIJlOIU,aAOK, A B T o C ~ M O C B ~ J I ~ I  
pa3l?pyHtaH>T I'OpHyIO MaCCY HeIIOCpeACTBeHHO B CKHIIbI (PYC. 161). 
T a ~ o e  neperpysos~oe Y C T P O ~ C T B O ,  I I p M M e H e H n o e  H a  xapbepe ((IOx~nii 
~ H ~ I O B  (CUIA), ~e H a m n o  p a c n p o c T p a H e H m  ~ 3 - 3 a  C n e n y m w H x  a e A o -  
CTaTKOB: 3tlBIICHMOCTH p a 6 0 ~ b I  l I O n % e M a  OT p a 6 0 ~ b I  aBTOCaMOCBaJIOB 

H AJIHTeJIbHOCTH 3 a r p Y 3 K H  CKHIIB, P ~ B H O ~ [  30-50 C e K ;  HeB03MO)fEHOCTH 
YAJIHHeHHR KPYTOP TpaHIlIeTd 6e3 OCTaHOBKEI IIOA'beMHHKa; 3 H a 9 H T e J I b H b I X  
Y A a p H b I X  H a r P Y 3 0 K  H a  CKHII BO B p e M R  IIOI 'PY3KH I 'OPHO~ MaCCbI; ~ e o 6 -  
XOAHMOCTH OCTaBJIeHHR 6 e p ~  I I I ~ S ~ K H O ~  25-45 &, ¶TO B m y 6 o ~ ~ x  K a p b -  

F epax nosm B c e r A a  H c x n m s a e T c a .  
B 
1 P a q H o ~ a n b ~ a  ~ c T ~ K ~ A H o - ~ ~ H K ~ ~ H ~ R  I I e p e I ' p y 3 K a  ti3 aBTOMalIIHH 
j. B CKHII~I .  Yepea ~ p y ~ y m  T p a H m e m  nepe6pacb1~ae~cs pas60p~h1ji ~ e n e s o -  



~ ~ T O H H H ~ ~  HJIH M ~ T ~ J I J I H ¶ ~ C K H G  I IyTe I IpOBOA,  1 1 p e ~ H a 3 H a Y e ~ ~ h I 6  AJIR 

Ha K a m ~ J d 6  CKEm. E M K O C T ~  ~ Y H K ~ P O B  P a B H a  eMKOCTH CKHUOB IX a B T 0 -  

MaIIIEiH. YCTPOHCTBO HaKOUHTeJ lbHbIX ~ Y H K ~ P O B  0 6 ' b e ~ o ~  B H e C K O n b K O  

pa3 ~ O J I ~ ~ H M ,  s e M  e M r c o c T b  C K m n a ,  XOTR OH H co3,qae~ n o n H y m  H ~ ~ ~ B H C E I -  

M O C T ~  B p a 6 o ~ e  n o A a e M a  EI a B T o T p a H c n o p T a ,  ~eqenecoo6pa3~0 ,  T a K  K a K  

llepeI'py30¶~hIfi y 3 e J I  CTaHOBEITCFI I'POMO3AKEIM, ~ p e 6 y e ~  AO3HpYIOlIJHX 

SIOI'pY30¶HMX MeXaHH3MOB H IIJIOXO p a 6 0 ~ a e T  B 3EIMHee BpeMFI H 3 - 3 a  

c ~ e p 3 a e ~ o c ~ n  n o p o p .  
Aria npoe3~a M a m H H  H a A  6 y H K e p a M H  n o c n e n H H e  n e p e K p h I B a m T c r r  

p a 3 A B H X H h I M M  HJIH 0TKHAbIBaH)vHMEICR UaHeJIFIMH. P a 3 r ~ ~ 3 0 9 H b I e  O n e -  

p a q H H  aBTOMaTH3EIPYH)TCR. B p e ~ t ~  IIOI'PY3KH CKEIIIa 7-25 cen. A n s  
p a 3 M e U e H H H  Uepe I ' py304HOI 'O  y3na AOCTaTO¶Ha 6 e p ~ a  IIIHPHHO~ 6-12 &. 
B e p x ~ ~ f i  n e p e r p y 3 o s ~ b I i i  n y H K T  B BHAe ~ Y H K ~ P O B  BbIIIOJIHReT $ Y H K ~ H H :  

n p H e M a  r o p ~ o P  M a c c b I  ~3 CKHUOB, x p a H e H m ,  p a c n p e A e J r e H H s  no c o p T a M  

EI I I O I ' P Y ~ K N  B CpeACTBa  I IOBepXHOCTHOrO T p a H C I l O p T a ,  a I I p H  K o H B ~ ~ ~ ~ ~ H o M  

T p a H c n o p T e  H ; I ~ O ~ J I ~ H H R .  

E M K O C T ~  ~ ~ H K ~ P H O I ' O  X O ~ R ~ ~ C T B ~  PaCCUHTbIBaeTCFI H 3  YCJIOBHFI C03Aa-  

HHFI He3aBHCEIMOCTH pa60~b1 IIOA%eMa OT I I O n a ¶ H  IIOBepXHOCTHOI'O no- 
ABHlKHOrO COCTaBa EI K O J I ~ ~ J I ~ T C F I  OT 0,05 A 0  O , ~ - ¶ ~ C O B O ~ ~  IIpOH3BOAHTeJIb-  

HOCTH IIOA'beMHEIKa, COCTaBJIFIR H a  A ~ G c T B Y K ) ~ E ~ x  YCTaHOBKaX 

400-1000 m. 
E y ~ K e p a  O ~ N ¶ H O  COCTOHT H 3  HeCKOJIbKEIX c e ~ q ~ i i  (2-4), KalKAaFI  

1x3 K O T O P ~ I X  n p e ~ ~ a 3 ~ a s a e ~ c c r  A n n  x p a H e R m  n o p o ~ b ~  HJIM PYAH o n H o r o  

C O p T a .  n p E I  p a 3 I ' p y 3 K e  CKHIIOB I'OPHYIO M a C C y  H a I I p a B n H I o T  B COOTBeT- 

CTBYIOWYH) H ¶ e ~ K y  C IIOMOIQbIO ~ E I A P O I I I H ~ ~ P O B  M IIJIaCTHH¶aThIX IIEITB- 

~enef i .  n o r p y 3 K y  aBTOMaIDHH H R y M I I K a p O B  IIPOH3BOAFIT B H ~ P ~ I ( H O H H ~ I M H  

HJIH UJIaCTMHPaThIMH IlEITaTeJIFIMH. CKOPOCT~ I I O r P Y 3 K H  60-80 ~ I M U U .  
C K H ~ O B M ~  penbcome n y T H  y K n a n b I s a m T  H a  A e p e B m H H e  MJIH x e n e 3 0 -  

~ ~ T O H H H ~  A n n H H o M e p H b I e  m n a J r H ,  a TaKl rce  H a  c n e q H a n b H M e  x e n e 3 0 -  

p e m e ~ i ~  I I ~ T H  OT cnonsaaa~  cnoG Gannac~a n p o n m M s a r o T  B R ? I E Y ~ H M  

BeIT{eCTBOM, a UIIIaJIbI  3aKpeIIJIHK)T Ea I IO¶Be  CTPeXHHMM.  ~ ~ J I ~ ~ o ~ ~ T o H -  

m e  p e m e T x v r  y A e p H c m s a m T c r r  H a  M e c T e  6 ~ 1 a r o ~ a p n  y n o p a M  - B b I c T y n a M ,  

~ e M e H T H P Y e M h I M  B IIO¶Be.  

K 0 J I e H  I I y T e f i  B COOTBeTCTBEIH C p a 3 M e p a M F i  CKEIUOB H YCJIOBHFIMH HX 

6e30nac~oI'o n B H X e H E I H  COCTaBnReT 3000-3600 At&. 

A J I H  HCKJIIOPeHHH T p e H H H  K a H a T a  0 I l 0 4 B y  H IuIIaJIhI BAOJlb OCU E y T H  

C HHTepBaJ IOM 6-10 & J'CTaHaBJIEBaK)T qHJIHHApH¶eCKHe  POJIEIKH AHa-  

MeTpOM 200-400 &A. 

~ J I ~ K T ~ o u ~ H B o ~  IIOA'beMHHX MaJlIEIH 0 6 ~ 9 ~ 0  IIOCTOFIHHOI'O TOKa ,  
~ P C T P O X O A H ~ I ~ ~ ,  riawe BCeI'O MHoI'oJ(BIXI'~T~JI~H~IP, IIO CXeMe r-A HJIIX 

YPB-A. M O ~ H O C T ~  A ~ ~ r a ~ e n e G  ~o 4000 nem. 
ITapa~mpas u n p o u s a o d u m e n a n o c m b  nodzeanuaos. OCHOBHM~ napa- 

M e T p h I  IIOA'beMHHKOB: I 'py30IIOA'beMHOCTb CKHIIOB, CKOPOCTb HX ABSI- 

x e m a  H yron H a K n o H a  ny~eii .  

KPYTYH) TPaHILIeIO CO CICHIIOBHMEI IIYTFIMH IIPOKJIanbIBaIOT IIO ~ e p a 6 o -  
¶ e M y  HJIH B p e M e H H O  3aKOHCepBEIpOBaHHOMy ~ O P T Y  K a p b e p a  ( ~ c J I H  pa3- 
p a 6 o ~ ~ y  R a p b e p a  B e R y T  ouepenn~n)  non y r n a m  n o r a r r r e H m  GOPTOB. 
B COOTBeTCTBHH C K O H C T P Y H ~ H ~ ~ ~  6 o p ~ a  I l p o $ H n b  IIy~efi MOHCeT 6 h I ~ b  
I I ~ F I M o J I H H ~ ~ H ~ I M ,  B O r H Y T P M  HJIH BbIIIYKJIhIM. B o r H y ~ b I i i  11p0C)HJIb I I y T e G  

B C T p e ¶ a e T C R  P e n K O  ( H ~ I I ~ E I M ~ ~ ,  P Y R H M ~  IIOA'behlHIXK K a p b e p a  ( ( A x e @ -  
$ p ~ v ) ,  T a K  H a K  y r m I  OTKOCOB 6 o p ~ a  B ~ e p x ~ e i i  s o ~ e  UOYTH B c e r H a  no- 
n o x e ,  U e M  B H H X H ~ ~ .  T H I I H Y H ~ I  I I p l 1 h l 0 J I H ~ e ~ H b I f i  H B ~ I I I ~ K J I ~ I ~ ~  IIPO@EIJIEI 
nv~eii .  

H ~ A O C T ~ T K O M  BbIUyKJIOI'O IIpo$HJlH RBJrFIeTCH y B e J I H 4 e H H e  M O q H O C T a  

n p m B o A a  H a  4,8-7% H a  K a m A M e  5' n e p e r ~ 6 a  n y s e n H s e H m e  H a  1,3- 
1 , 5  % p a c x o ~ a  a n e ~ ~ p o a ~ e p r n ~  ~a n o , q a e ~  B C ~ ~ A C T B H ~  ~ e y p a ~ ~ o s e r n e ~ -  I 

HOCTH ((MePTBbIX)) BeCOB CKEIIIOB. O A H ~ K O  3 T H  HeAOCTaTKH KOMIIeHCH- 

p y ~ ~ ~ c c r  c o K p a q e H M e M  o 6 a e ~ a  BCKP~IIIIH B K o H T y p a x  K a p b e p a  n p ~ l  

O T C T ~ O & K ~  er0 ~ O P T O B  IIO BhIIIYKJIOMy IIPo@HJIIO. T a K a F I  KOHCTPYK4HFI 
i 

6 o p ~ a  TpaCCbI  C I I epeMeHHhIM YrJIOM H a K J I O H a  ~ a ~ 6 o n e e  p a q H o H a n b H a  

H TeXHH4eCKH O C Y q e C T B H M a .  

I 
./I 

P ~ ~ H O H ~ K ~ O H H ~ I ~  y ¶ a C T K I l  n y T H  IIOA%eMHHKa I I p H  JIOMaHOM IIpo@EIJIe  h 
c o n p a r a I o T c H  K P H B O ~ ~  P a n E i y c o M  180-200 at, a I I a  n e p e n o M e  H n a  CHMXe- d 
HHFI E13HOCa K a H a T a  YCTaHaBJIEIBaIOT POJIHKOBbIe 6 a ~ a p e ~ .  P ~ C C T O R H H ~  
MelKAY pOJIHKaMH .0,8-2 &. ~ P Y ~ O I I O A ' ~ ~ M H O C T ~  CKEIUOB UPE1HHMaH)T 

B COOTBeTCTRHH C I 'PY30UO~%eMHOCTbIO aBTOMalIIMH, p a 6 0 ~ a ~ ) q ~ x  H a  ,i 
y c T y n a x ,  IIpOH3BOAHTeJIbHOCTbIO H I ' J I Y ~ H H O ~ ~  H a p b e p a .  ~ e n e c o o G p a a ~ o ,  
4 ~ 0 6 ~  I 'pY30I IO~ZeMHOCTGi  MaIl IHH H CKHIIOB ~ M J I H  P a B H h I .  ECJIH I'pY30- 1 
IIOA'beMHOCTb CKl inOB M e H b I I l e  eh1KOCTH MaIUHHhl  (Q,, < n Q a ) ,  TO p e 3 K O  

yMeHbILIaeTC5I IIPOH3BOAHTeJIbHOCTb IIOH'beMHHKa H3-3a  yBeJIHTIeHEIR B p e -  

MeHM IlOI'PY3KH CKHIla .  ECJIH Q, = nq,,, TO YCJIOlrcHHeTCFI B H Y T p E I K a P b e P -  
H ~ I G  Ilt?peI'py30¶Hb1fi y3e .T 3a C¶eT ~ Y H K ~ P O B  Ei AO3HPYIOU(HX MeXaHH3MOB. 

~ K O H O M H ~ ~ C K ~ F I  ~ $ $ ~ K T H B H O C T ~  IIOA'beMHHKa B O 3 p a C T a e T  C YBeJIHYe- 

HEIeM rpy30nOJ( ' beMHOCTH CKHUOB. Y ~ M  BbIIUe I'py30IIOJ(at?MHOCTb, TeM 

H H m e  c e 6 e c ~ o ~ ~ o c ~ b  I IOAZeMa 1 m ~ O ~ H O G  MaCCbI H M e H b I D e  YAeJ IbHhIe  

KaI IEITanbHbIe  3 a T p a T h l  H a  COOpyl r ceHHe  YCTBHOBKH, OTHeCeHHbIe  K eAH- 

H H q e  ee I IpOH3BO~HTeJ IbHOCTH.  B ~ a 6 n .  59 IIpMBefleHbI  C ~ ~ ~ C T O H M O C T ~  

IIOn%eMa H YAeJ IbHhIe  KaUEITaJIbHhIe  3 a T p a T h I  ( O ~ H ~ H T H ~ O B O ¶ H M ~ )  H a  

c o o p y l r c e a H e  n o n a e M H m a .  

C POCTOM I'PY30IIOA%eMHOCTH CKEIIIOB CHHxBIOTCFI 3 a T p a T P  H a  I I e p e -  

BOSKY I 'OPHO~~ MaCChI B K a p b e p e ,  T a K  K a K  C YBeJ IHPeHHeM eMK0CTH CKHIIOB 

AOJI?hHa 6hI~b IIOBbIIIIeHa H r P Y 3 O I I O ~ ' b e M H O C T b  O~CJIYXEIBBH)UJEIX MX 
I 

aBTOMaUIHH, a CTOMMOCTb TpaHCI lOPTHPOBaHHFI  EIMH H H x e ,  UeM MBIUHHBMH 

M a J I 0 6  r p y 3 0 n O A ' b e M H O C T U .  

O A H ~ K O  C H H W e H H e  H3AePHFeK H a  TPaHCI IOPT C y B e J I H ¶ e H H e M  MOW- 

HOCTH I IOHaeMHHKa HMeeT  MeCTO I I p H  DOJIHOM HCUOnb30BaHEIH er0 IIPOH3- 

BOACTBeHHbIX B O ~ M O ~ K H O C T ~ ~ ~ .  ECJIH IIPOH3BOAHTeJIbHOCTb I IOAaeMHHKa 

I 
;1 

B b I l u e  0 6 5 e ~ a  p a 6 0 ~  B K a p b e p e ,  TO YCTaHOBKa I I p O C T a H B a e T  H 3 a T p a T h I  

H a  IIOLl'6eM B03DaCTaH)T.  

1 
! 

B Ga6n. 60 i p E i ~ e j q e ~ ~  p e K o M e H A y e M u e  o n T H M a n b H a r e  r p y 3 o n o A n e M -  

HOCTEI CKHIIOB B 3aBHCHMOCTH OT IIPOH3ROflMTeJIhHOCTH H a p b e p a  H er0 
r n y 6 ~ ~ b 1 .  



T a 6 ~ 1 ~ q a  59 rne 8 - naysa B n o ~ a e ~ e ,  ~ ~ n m s a m q a ~  B ~ ~ M R  IIOI'PYBKH C K E I I I ~ ,  C ~ K ;  

Y ~ e n b ~ b ~ e  KanHTanbmde 3aTpaTu aa coopymenne noRzemnxa a - y c K o p e H H e ,  n c l c e ~ ~ ;  
a C ~ ~ ~ C T O E M O C T ~  n0n'beMa H - B m c o T a  n o A n e M a ,  m; 

fi - YrOJI  H a K J I O H a  TpaCCbI ,  2 ~ ~ 3 ;  
rpyaononneawocTb c x u n o ~ ,  m 

l?ny6mn~a ~ a p b  q,, - I ' p y 3 0 I I O ~ ' b e M H O C T b  C K H n a ,  T ;  
me 2 7  1 40 1 65 1 100 A,  - I fPOH3BO~HTeJ IbHOCTb  OAHOI'O I IOAZeMHHKa,  m / ~ ;  

k, - K O ~ @ @ H ~ H ~ H T  H e p a B H O M e p H O C T H  e P 0  p a 6 0 ~ h I  (1,15-1,2). 
yp,enb~b~e KannTanbHm s a ~ p a ~ h ~  Ha 1 m n p o ~ 3 ~ o g ~ ~ e n b ~ o c ~ n ,  Kon. ~ J I ~ ~ I X H ~  H IIPOH3BOAHTeJIbHOCTb K a p b e p a  H3MeHRH)TCR, I I03TOMY 

p a 6 o s a ~  CKOPOCTb, IIO K O T O P O ~  PaCCPHThIBaeTCH IIPHBOR, K H H e M a T H K a  
H g H H a M H K a  IIOA'beMa HaXOARTCR AJIH KPHTH¶eCKOI'O COPeTaHHH I'JIJ'6FiHhI 
EI ~ P O H ~ B O A H T ~ J I ~ H O C T H  K a p b e p a .  npenenb~oe a ~ a n e ~ n e  c ~ c o p o c ~ ~  K a p b -  
e p H o r o  H a K n o H H o r o  n o n n e M a  I I p a ~ n n a ~ n  6 e 3 0 1 1 a c ~ o c ~ ~  o T K p m m x  p a 6 0 ~  
H e  OI'OBOpeHO. A J I H  COBPeMeHHbIX KOHCTPYK~HG PeJIbCOBOI'O I IyTM O H a  

C I ~ ~ ~ C T O E M O C T ~  noA5eMa 1 m r0pHOii MaCCbI, KOn. 
MOHCeT A O C T H r a T b  18-20 %/CeK. @ ~ K T H ¶ ~ C K H ~  CKOPOCTH IIOA'beMHHKOB 
B 3 a p y 6 e ~ ~ ~ m x  C T p a H a x  H e  n p e B h I m a I o T  8,4 mlces. 

~ K c I I J I ~ ~ T ~ ~ H O H H ~ H  ¶aCOBaR IIPOH3BOAHTeJIbHOCTb ABYXCKNIIOBOI'O 
n o A a e M a  npn ~pexnep~onnoi i  A H a r p a M M e  c ~ o p o c ~ e i i  o n p e A e n s e T c R  

T a 6 n n q a  60 

rpy30~0~'beM~OC~b CKllIIOB 

EIcxop%~e YCJIOBHR 

I 'pyaononne~-  
r0nOBaR npOU8BOJJCTBeHHaR MOnIHOCTb I I O C T ~  CKWOB, m r n y 6 ~ ~ a  Kapbepa. n napbepa,  w r ~  m 

1,5-3 AO 200-250 
5-15 400-450 
7-25 r A e  t ,  H tp - B p e M t I  I I O r P Y 3 K H  H P a 3 r P Y 3 K E I  CKHIIa ,  CeK. 

10-50 ~ o ~ ~ o B Y I ~  IIPOH3BOAHTeJIbHOCTb J lOAZeMa OI IpeAeJ IRIoT  I IO @ 0 p ~ y J I e  
120-150 )JO 900-1000 120-180 

A ,  = A ,ncn,, 

~ P Y ~ O I I O & ' ~ ~ M H O C T ~  CKHIIOB H~~cTBJ'H)LU,HX IIOA'beMHHKOB P a B H a  7- r A e  n, EI n, - COOTBeTCTBeHHO PHCJIO UaCOB pa60~h1 IIOA'beMa B C y T K H  

40 T .  Han6onee K p y n H h t e  ~ O - T O H H ~ I ~  nOA%eMHHKH p a 6 0 T a I O ~  H a  K a p b -  H B F o g y .  

epax Q Y H H O ~  (CILIA) H ((AHc~@@PHH ( H a ~ a ~ a ) .  T e x ~ H n e c K H  BO~MOHCHO B O ~ M O H C H ~ I ~  IIPOH3BOAHTeJIbHOCTH IIOAZeMHEIKa B 3BBMCHMOCTII OT my- 
c o 3 ~ a ~ H e  YCTaHOBOK C 6 0 J I b I U e G  rPY30IIOA'beMHOCTbH) CKHIIOB ( A 0  180- GHHM, CKOPOCTH IIOA'beMa H I'PY30IIOA'beMHOCTH CKHIIOB IIPM- 

zoo T). BeAeHbI  B T ~ ~ J I .  61. 
~ C C J I ~ ~ O B ~ H H R M H  YCTaHOBJIeHO, ¶TO B COB~TCKOM C0I03e qenecoo6- Y ~ c n o  ~ O A ~ ~ M H H K O B  O ~ P ~ ~ ~ J I H ~ T  H C X O ~ R  ~3 K ~ J I ~ H A ~ P H O I ' O  I ' P ~ @ E I K ~  

p a 3 H O  CO3AaHHe  IIHTH THIIOB HaKJIOHHbIX YCTaHOBOK: C I 'pY30IIOA'beM- o 6 a e ~ a  I'OPHbIX p a 6 0 ~ ,  I I J I a H H p y e M b I X  AJIH p a 3 p a 6 0 ~ ~ ~  C KOM~EIHEIPO- 

H O C T ~ H )  CKHIIOB 27, 40, 65 (HJIH 75), 120 H 180 T. B 6~1~zaPrnxe 10- BaHHbIM BHAOM T p a H C I I O p T a ,  E IIPOH3BOAHTeJIbHOCTH OAHOG YCTaHOBKH. 

12  JreT BO3MOHCHO I I p H M e H e H H e  27,40 H ~S-TOHHMX IIOA'beMHHKOB. C yBeJIU¶eHHeM I'JIY~HHM K a p b e p a  IIPOH3BOAHTeJIbHOCTb IIOA'beMHHKOB 
CHHHCaeTCH, IIOBTOMY HX PHCJIO, CPOK BBOAa H AeMOHTaHCa I IpEIHHMaloT CKOPOCT~ ABHHCeHElti CKHIlOB I I P H  A ~ H H O ~ ~  I I ~ O H ~ B O ~ C T B ~ H H O ~  MOW- 

HOCTH ~ a p b e p a  H B M C O T ~  n 0 ~ ' b e ~ a  O I I P ~ A ~ J I ~ ~ I ~ T  no @OPMYJI~M:  C T a K H M  PaCPeTOM,  PTOGH IIPOH3BOAHTeJIbHOCTb UOA%eMa C 3 a l I a C O M  

I I e p e K p h I B a J I a  I IPOH3BOAHTeJIbHOCTb K a p b e p a  3a n e p H O A  HCIIOJIb3OBaHHH 
IIOAaeMHEUCOB. v, = '"') a = l / a2  (c -- B)Z- KH nrjcerr; ( ~ ~ 1 1 . 2 )  

2 2 sin p ' Opzanusaqu~ pa6omw ~o~6unupoeannozo mpancnopma. H a ~ n o ~ ~ b I i i  

3600 ~ C K  
IIOA'beMHHK O ~ C J I Y W H B ~ ~ T  C p a 3 y  HeCKOJIbKO pa60~nx  I'OPH30HTOB. r0p- 

C -z - 
A Y ~ H  ' ~ y I 0 : M a c c y  B CKHII 0 6 1 . ~ ~ 0  I 'PY3RT H a  OAHOM I 'OPH30HTe,  K O T O ~ M G  ~a3bI -  

380 



B a m T  I{ o H 4 e H T p a 4 H o H H h~ M. I I e p e r p y 3 0 s ~ ~ i i  n y H K T  no BM- 

c o T e  pa6oveii BOIIH p a c n o J r a r a m T  R q e H T p e  T R m e c T m  n e p e ~ o s o ~ .  T ~ K ,  
n p E 1  O ~ C J I ~ X H B ~ H H H  IIOA'beMHHKOh? T p e X  YCTYIIOB K O H ~ ~ H T ~ ~ ~ I I O H H H ~ ~  
r O P H 3 O H T  YCTPaE1BaH)T H a  C p e A H e M  TOPH30HTe .  C BePXHeI 'O  Y C T Y n a  n O P O x Y  

aRTOCaMOCBaJlaME1 C n y C K a I o T  K I I e p e r p y 3 K e ,  a C HHWHeTO R0UO)JHHMaH)T. 

Ecnu H a  K a p b e p e  H e C K O n b K O  IIOA'beMHHKOB, TO K ~ H c H ~ I ~ ~  H 3  HHX 

0 6 c ~ r y r n ~ s a e ~  I'pyIIJIy YCTYIIOR: OAHH IIOA'beMHEIK - I'PYIIIIY CaMMX 

H H H H H X  YCTYnOB, ~ p y r 0 6  - C p e A H H e  yCTyI Ib1  H T. A. qe~1ecoo6pa3~0,  
9 ~ 0 6 b 1  H a  OAHH UOA'bC!MHJiK I lpHXOAHJIOCb A B a - T p H  p a 6 0 s ~ x  TOpH3OHT8.  

I l e p e r p y s ~ ~ H b I C !  IIYHKTbI IIO M e p e  IIOHIllrceHElR TOpHbIX p a 6 o ~  H a  ray- 
~ H H Y  IIePHOAEIYeCKEI AOJIlfFHhI I I epeHOCHTbCR,  T a K  K a K  8 0 3 p a C T a H ) T  AJIHHa 

E1 C ~ ~ ~ C T O I I M O C T ~  OTKaTKH B H Y T P H K a p b e P H h I M  aBTOTPaHCIIOPTOM. mar  
E1 DePHOAHYHOCTb I l e p e H O C a  K O H 4 e H T P a 4 H O H H h t X  TOPE130HTOB YCTaHaBJIII- 

BaH)TCR 3KOHOMHgeCKEiMH p a c s e T a M u .  O~EJWIO I I e p e r p y 3 0 9 H b I i i  y3eJI 
I I e p e H O C R T  sepe3 A B a - T p H  Y C T y I I a ,  a IIO B p e M e H H  B 3aBHCHMOCTH OT HH- 

TeHCHBHOCTM p a 3 p a 6 0 ~ K H  sepe3 2-6 JIeT. 

Y T O ~ ~ I  H e  OCTaHaBJIElBaTb p a 6 0 ~ y  IIOA'beMa I I p H  I I e p e X O H e  H a  H O B M ~  

l?OPH30HT,  Ka l f cAaR YCTaHOBKa H M e e T  A B a  IIeperpJ'3O¶HMX I I y H K T a :  OAHH 
y3 HHX B pa6o~e ,  a ~ p y r 0 6  - B R e M o H T a X e  HJIH c 6 o p ~ e .  T ~ X H E ~ ~ ~ C K H  
B 0 3 M O X H a  OPTaHE13aqHR I I e p e r p y 3 K H  E13 aBTOhfal l IHH B CKll I lhI  E1 H a  ABYX 

KOH4eHTPaI JHOHHHX l?OPE130HTaX, HaXOARWHXCR B O A H O B P ~ M ~ H H O &  pa- 
6 o ~ e .  ,U,JIR 3 ~ 0 r o  ~ ~ y x 6 a p a 6 a ~ ~ a ~  IIoA'beMHaR M a l l I H H a  A O n X H a  H M e T b  

aBTOMaTE1YeCKH A ~ & c T B Y I ~ ~ U , H ~  M e X a H H 3 M  I I ePeCTaHOBKH 6 a p a 6 a H 0 ~ ,  nos- 
n o n ~ m u p i i i  Y A J I H H R T ~  HJIM y K o p a m B a T b  pa6onym A n m y  K a H a T a  B T e s e -  

H H e  20-60 cen. Bapa6a~h1 H a c a x H s a m T  H a  nonyocm, a n ~ y x -  HJrm se- 
~ ~ p e x ~ ~ ~ l r a ~ e n b ~ b ~ f  n p m B o A  pacnonaram no 06e CTOPOHM OT n o ~ a e ~ ~ o j i  
MaIJIZIHM. 

~ ~ R Y X ~ O P H ~ O H T H ~ R  U e p e r p y 3 K a  3KOHOMHPeCKEI qenecoo6pa3~a. 
~ ~ O ~ O J I H H T ~ J I ~ H ~ I ~  3 a T p a T M  H a  EI3rOTOBJIeHHe c I I ~ I J E ~ ~ J J ~ H o ~ ~  I I O A ' ~ ~ M H O ~ ~  
MaIUHHbI OKyIIaIOTCR ~ K O H O M H ~ ? ~ ~ ,  I I o J I ~ ¶ ~ H H o %  I I p H  B H y T p H K a p b e p H b I X  

~ B T O I I ~ P ~ B O ~ K ~ X .  
f iBHHt?HHe  aBTOCaMOCBaJIOB B I E a P b e P e  PaIJHOHaJTbHO O P r a H H 3 0 B b I B a T b  

no  K 0 n b ~ e ~ 0 f i  CXeMe.  O ~ H O C T O ~ O H H ~ ~  H a I I p a B J I e H H e  ABHlKeHHR a B T 0 -  

MaIUHH yBeJ IE1sHBaeT  U p O n y C K H y I O  C I I O C O ~ H O C T ~  HEiiKHHX U e p e r p y 3 0 ¶ -  

H M X  UYHKTOB II ~ p e 6 y e ~  TpaHCI IOpTHhIe  6 e p ~ h I  n r ~ p m ~ o H  H e  60~1ee 6-8 m. 
R a n e ~ ~ a p H b I 6  P e X H M  pa6o~b1 K O M ~ H H H ~ O B ~ H H O I ' O  T p a H C I I O p T a  n p H -  

HHMaeTCR B COOTBeTCTBHEi C P e X H M O M  pa6o~h1 n C e r 0  K a p b e p a .  

~ ~ O C T O H H C T B ~  K O M ~ E I H H P O B ~ H H O ~ O  T P a H C I I O P T a  CO CKHIIOBbIMEi UOA'beM- 

HHKaMH:  T O p H a R  MaCCa  TPaHCI IOPTHPYeTCR IIO H ~ H I C ~ ~ T Y ~ ~ ~ I I I ~ M ~  

n y T H ;  ~ a n 6 0 ~ 1 e e  H U ~ K U %  JIO CPaBHeHIIH)  C APYrIIMEI BIlAaMH T p a H C I I O p T a  

o 6 ~ e ~  BCKPMLUH B K o H T y p a x  K a p b e p a ,  TaIc  KaIc  6 o p ~  K a p b e p a  o T c T p a -  

HBaeTCR C Y r J I a M I l  IIOI'aIIIeHHR, ~ J I H ~ K H M H  K Y ' C T O ~ ~ ¶ H B ~ I M ;  B ~ J I Y ~ O K H X  

K a p b e p a x  CHHHtaeTCR C ~ ~ ~ C T O H M O C T ~  TPaHCI IOpTHPOBaHHR I ' O P H O ~  MaCCbI, 

T a K  K a K  aBTOTpaHCIIOpT HCIIOJIb3yeTCR H a  6onee ~ @ @ ~ K T H B H ~ I X  HJIR H e r o  

~ e 6 0 n b m ~ x  PaCCTORHHRX OTKaTKH, a CTOHMOCTb CKHIIOBOI'O IIOA'beMa 

c p e A H  Apyrmx c p e A c T B  n o A a e M a  r o p ~ o i i  M a c c u  ~ a H 6 o n e e  ~ m a ~ a ;  ysentise- 
HHt? lIpOH3BOAHTeJIbHOCTM TPYAa .  

T ~ Y A O ~ M K O C T ~  K O M ~ H H E I P O B ~ H H O T O  T P a H C I I O p T a  H e  I I p e B b I m a e T  

4,5-7 wn-cxen H a  1000 m nepesesemoro rpysa. B TO me n p e m  n p ~ 1  

?HeJIe3HOAOpOlKHOM T p a H C I I O P T e  O H a  K O J I ~ ~ J I ~ T C R  OT 11-14 A 0  32- 
50 yen-cmen. 

T a K ,  H a  ~ M P R H O B C K O M  K a p b e p e  3 a M e H a  a B T O T p a H C I I O p T a  KOM~HHEI-  

pOBaHHhIM C EOA'beMHHKOM CHEIXaeT  T p a H C I I O p T H M e  PaCXOAbI H a  1 m 
p y ~ ~  npm r n y 6 ~ ~ e  K a p b e p a  200 x c 28 go 10 K o n . ,  a npm r n y 6 ~ ~ e  350 m 
C 44 A 0  9,s HOD., IIO I IOpOHe COOTBeTCTBeHHO C 29 ,QO 21,2 KOII. E1 C 55 
A 0  21 KOU. 

C n e ~ y e ~  OTMeTHTb,  ¶TO C YBeJ I I l ¶eHHeM ~ J I Y ~ H H ~ I  K a p b e p a  ce6e- 
CTOHMOCTb K O M ~ U H H ~ O B ~ H H O ~ O  T p a H C I I O p T a  IIOYTM H e  IIOBhILUaeTCR, 

a H H O r A a  H YIMeHbILIaeTCR.  TO O ~ ' ~ R C H R ~ T C R  TeM,  ¶TO yBeJ IH¶eHEie  CTO- 

HMOCTH IIOA'beMa CKHIIaMH KOMIIeHCHpyeTCR C O K p a l q e H H e M  3 a T p a T  H a  
B H y T p H K a p b e p H h I e  I I e p e B O 3 K H ,  I IpOHCXOARqE1e B CBRsEi C y M e H b I I I e H H e M  

p a 3 M e p O B  K a p b e p a  H AJIHHhI OTKaTKH DO p a 6 o s ~ ~  r O p H 3 O H T a M .  

H e z o c ~ a ~ ~ m  K O M ~ H H H ~ O B ~ H H O I ' O  T p a H C I I O p T a :  P a 3 P b I B H O C T b  IIPO- 

qecca T p a a c n o p T H p o B a H n a  ~ 3 - 3 a  ABYX neperpy30~ r o p ~ o f i  M a c c H ,  YTO 

C H H X a e T  ~ @ @ ~ K T E I B H O C T ~  I I e P e B 0 3 0 K ;  CTaqElOHaPHOCTb IIOA'beMHHKa,  KO- 

~ o p h ~ i i  M O X e T  6 M ~ b  YJIOlKeH TOJIbKO H a  n o r a 1 1 1 e H ~ o f i  YaCTH 6 o p ~ a  ( n p ~  
O T ~ ~ ~ O T K ~  K p y T h I X  IIJIaCTOB 3 T 0  IIPHBOAEZT K O I I e p e H e H H H )  BCKphIIIIHhIX 

pa6o.r I I p H  BBOHe I IO~ 'beMHE1Ka  B ~ K c I I J I ~ ~ T ~ ~ E ~ H ) ) ;  HeB03MOlKHOCTb pery- 
J IHpOBaHHR I I ~ o E I ~ I I o A H T ~ J I ~ H o ~  cnoco6~oc~r i  T p a H C I I O p T a  6e3 3 H a s H T e J I b -  

HOG P e K O H C T P Y K 4 H H  DOA'beMHHKa. 
Ilpumenenue nom6unuposannozo mpalccnopma co cmnosbzntu nodaem- 

HUEUntU B@@~KTHBHO B rny60~mx K a p b e p a X  RJIR I I e p e B 0 3 K H  UOPOA 
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, 11. n e p e r p y 3 0 ¶ ~ b I f  UyHKT HaXOAHTCR HeIIOCpeACTBeHHO B K a p b e p e ,  

0 6 h 1 9 ~ 0  H a  K O H ~ e H T P a q H O H H O h l  rOPH30HTe;  B ~ y ~ p H K a p b e p H b I f i  YgaCTOK 

T p a H C I I O P T ~ O B a H I I R  O ~ C J I Y X H B ~ ~ T C R  aBTOMaIJIHHaMH, KOTOpbIe ' AOCTa- 

B J I H I ~ T  I'OpHYIO MaCCY DO ~ O P T Y  K a p b e p a  H OCyqeCTBJIRIoT TPIHCIIOPTLI- 

pOBaHHe ee no IIOBepXHOCTn. * 

nep~y10 CXeMy ~ B T O M O ~ H J I ~ H O - K O H B ~ & ~ H O ~ O  TpaHCUOpTa  MOXHO 

n p n M e H m b  npn ~ e r a y 6 o ~ a x  ( ~ o  80-100 m) K a p b e p a x  n npa o ~ p a 6 0 ~ ~ e  
sepxsax r o p a s o ~ ~ o ~  B ~ a ~ a n b a ~ i i  nepmoA a a c n n y a T a q e a  r i y 6 o ~ ~ x  

K a p b e p o B .  I Io  M e p e  y s e a n s e H H R  .a ~ J I ~ ~ H H H  paapa60~xn xapbepos 60- 
2 nee 3KOHOMn9HO OCyqeCTBJIEITb ne- 

p e M e q e H H e  neperp y a o n ~ o r o  n y H K T a  

B K a P b e P  AJIR YBeJIL19eHHR Y A e n b -  

H o r o  B e c a  ~ o ~ s e i i e p ~ o r o  T p a n c -  

n o p T a  EI c o I c p a q e H m R  ~ ~ C C T O E I H H I Y I  
OTKaTKEi AJIR aBTOTpaHCUOpTa ,  T. e. 
UPHMeHRTb BTOPYIO CXeMy. 

~ e n e c o o 6 p a s ~ b 1 ~ ~  O ~ J I B C T H M H  

n p H n r e H e H a u  p a c c M o T p e a a b I x  c x e M  

K O M ~ H H H P O B ~ H H O ~ O  TpaHCIIOpTa  CJIe- 

AYeT C9HTaTb:  I I P H  p a 3 M e q e H H I I  

& ~ o ~ H J I ~ H ~ I x  YCTaHOBOK Fi rpOXOTOB 

H a  UOBepXHOCTH, B ~ J I H ~ H  6 o p ~ a  
K a p b e p a  - A a R  O T P ~ ~ O T K M  BepXHZlX 

rOPH30HTOB A 0  ~ J I Y ~ E I H ~ I  60-100 X; 
n p ~  p a 3 ~ e q e n ~ ~  neperpyaos~oro  

Prrc. 162. Cxeab~ ~om6wnuposa~~oro aeTo- 
M O ~ ~ ~ ~ H O - R O H ~ ~ ~ ~ ~ H O ~ O  TpancnopTa: nyHI ;Ta  B K a p b e p e  c n o c n e A y m r q H M  

I - neperpyaowari ~ Y H H T :  2 - nPneM~Mn ero IIepeHOCOM H a  HH?KeJIe lKaqBe  
UYHHT Ha IIOBepXHOCTn; 3 - BHYTPnHaPb- 
eprrare asT0p;oporn; .I - nemomMe HOH- TOPH3OHThI - AJIR O T P ~ ~ O T K E I  r.VY- 

setiepu ~ O K H X  rOPLT30HTOB n p ~  rny6n~e  
60~1ee 60-100 m. 

neperpy3~a  I ' o p H 0 5  MaCCbI H 3  aBTOMaUHH H a  JIeHTO'THbIe K O H B B ~ ~ ~ P H  

C o B M e ~ a e T C H  C UpoqeCCOM I'pOXO¶eHHR HJIH A P O ~ J I ~ H H F I .  n e p e r p y 3 0 ~ H b I G  

UyHKT HaXoAMTCR H a  KOHqeHTPaqHOHHOM TOPH3OHTA, K O T O P ~ I ~  O~CJIYXH- 
B a e T  rpynny p a 6 o s ~ x  y c T y n o B .  Ha r J I y 6 0 K n x  K a p b e p a x  no M e p e  o T p a -  

~ O T K H  3~0fi  I'PYIIIIbI YCTYIIOB q e ~ 1 ~ 0 0 6 p a a e ~  I I B ~ H o A E ~ ¶ ~ c K H ~ ~  IIepeHOC 

neperpysos~oro n y H K T a  H a  H H l r c e J r e x a q H e  K o H q e H T p a q n o H H b I e  ropm- 
3OHThI AJIR COXpaHeHHII aBTOTpaHCIIOPTY H ~ ~ O J I ~ ~ H X  P ~ C C T O R H H ~  

OTKaTKH I3 IIOBbIlIIeHHH YPaCTHH JIeHTOPHbIX K O H B ~ ~ ~ [ ~ P O B  B 06qefi none 
TpaHCUOPTHPOBaHHR. 

P ~ C C T O R H H ~  no BepTHKaJIH Me?KAy KOHqeHTpaqHOHHbIMH rOPH30HTaMH 

~ a a b ~ s a e ~ c ~  zuazom nepetcoca neperpyaon~nx IIYHKTOB. 3 ~ a R  ero Bern- 
s H H Y  H BhICOTY Y C T y n a ,  MOlKHO OIIpeAeJIHTb ¶HCJIO I'OPHSOHTOB B I'pyIlTIe 

YCTYUOB. P ~ C C T O R H H ~  MelKAY KOHqeHTpaqHOHHbIhlII  rOpH30HTaMH,  HJIH 

mar nepeaoca neperpyaoq~srx U ~ H K T O B ,  H MOXHO onpenennrb no mop- 

rAe z, - a a ~ p a ~ b ~ ,  c s a 3 a ~ ~ ~ e  c nepe~oc~oiir  neperpyaos~oro 
I l y H K T a ,  py6. ; 

i - y I c n o H  ~ B T O C Z ~ ~ A O B  B K a p b e p e ,  Oleo; 
C, - CTOHMOCTb TpaHCUOpTEIpOBaHHR 1 m - K X  ~ B T O M O ~ H J I ~ H ~ I M  

TpaHCUOpTOM, py6.; 
F - CpeAHHEI. I 'OPH30HTaJIbHaR I I J IOpaAb UOJIe3HOI'O HCKOIIaeMOrO 

B rpynne y c ~ y n o ~ ,  m2; 
y - o 6 a e ~ ~ b I i i  sec n o n e a ~ o r o  a c K o n a e M o r o ,  mlm3; 

k,, - K O ~ ~ # H ~ H ~ ? H T  pa3BHTI'iR TPaCCbI ~ B T O M O ~ E I J I ~ H M X  CZe3AOB 

B I c a p b e p e .  

P a c s e ~ b ~  ~ O K ~ ~ ~ I B ~ I O T ,  ¶TO B M c o T a  pa6oseiir ~ O H H  K a p b e p a  (rpynnm 
YCTYIIOB, o ~ p a 6 a ~ b I B a e M N x  H a  K O H I J ~ H T ~ ~ I ( H O H H ~ I ~  ~ O P H ~ O H T )  B 3aBH- 

CI~MOCTI~  OT ICOHIEpeTHbIX YCJIOBHG K O J I ~ ~ J I ~ T C H  OT 50 A 0  100 a. n p a  
BbICOTe Y C T y n a  15 nt nLICJI0 p a 6 0 s ~ x  YCTynOB COCTaBJIReT OT 3-4 A 0  6-7. 
0 6 b 1 9 ~ 0  K O H ~ ~ H T ~ ~ ~ H O H H ~ I ~  r O P H 3 0 H T ,  H a  KOTOPOM p a 3 M e q a H ) T  U e p e -  

r p y s o s ~ b ~ i i  IIYHKT C rPOXOTaMli  EIJIH A P O ~ H J I ~ H ~ I M H  YCTaHOBKaMH, paC-  

n o n a r a I o T  B CepeAHHe rpynna y c T y n o B  T a x ,  P T O ~ ~ I  OAHH m 3  Y C T Y ~ O B  
HaXOAHJICH H a  YpOBHe KOHqeHTPaqHOHHOI'O, ORHH-ABa - BbIJJIe, a OCTaJIb- 

H H e  - H H X e  I i O H ~ e H T P a ~ E I O H H O I ' O  r O P H 3 0 H T a .  T a ~ o e  P a C n O J I O X e H H e  

KOHqeHTPaqMOHHOrO r O P H 3 0 H T a  B I'pynne YCTynOB 0 6 e c n e s ~ s a e ~  HaH- 

MeHbIIKee PaCCTORHHe TpaHCnOpTHpOBaHEIR H a  BHYTPEIKaPbepHOM p a -  
CTKe. 

A B T O M O ~ H J I ~ H O - K O H B ~ ? ~ ~ H ~ I ~ ~  T p a H C n O p T  MOXHO IIPHMBHRTb I J P P  

AOCTaBKe IIOJIe3HOrO HCKOIIaeMOrO H BCKPbImHPX IIOPOA. B IIOCJIeAHeM 

C J I y ¶ a e  3KoHOMHrnOCTb IIpHMeHeHHR ~ B T O M O ~ H J I ~ H O - K O H B ~ ~ ~ ~ H O ~ O  

TpaHCIIOpTa  OIIpeAeJIRIoT C y¶eTOM I I o J I H o ~  CTOHMOCTH npo6~1e~ma (rp0- 
X O P ~ H H R )  BCKPbIIJIHbIX IIOPOA. O A H ~ K O  A a W e  C YgeTOM PaCXOAOB no 
~ p o 6 n e ~ ~ m  BCKpbIKCHbIX IIOPOA HX AOCTaBKa ~ B T O M O ~ H J I ~ H O - K O H B ~ ~ ~ P H P M  
TpaHCIIOpTOM BO MHOrElX CJIY¶aRX 60~1ee PaqLIOHaJIbHa  UO CpaBHeHHH) 

C A P y r H M I i  BHAaMH K a P b e P H O r O  TpaHCIIOPTa ,  TaK K a K  AOUOJIHJiTeJIbHMe 

3 a T p a T b I  H a  npo6ne~ne  BCKpHUHhIX nOpOA OKynaIoTCR ~ K O H O M H ~ ~ ~  O r  

HCUOJIb3OBaHHR K O H B € ? ~ ~ [ ~ ~ O B .  

~ O C T O H H C T B ~  ~ B T O M O ~ H J I ~ H O - K O H B ~ ~ ~ P H O ~ O  TpaHCUOpTa:  UOTO¶- 

HOCTb U p O ~ e C C a  TpaHCUOpTHpOBaHHR JIeHTO¶HhIMEl K O H B ~ ~ ~ ~ ~ M H  

7 H a  y s a c T K a x  n o A z e M a  r o p ~ o i i  M a c c h I  no 6 0 p ~ y  K a p b e p a  n H a  nosepx- 
; HOCTH, COCTaBJIRIowHX ~ O J I ~ I I I Y H )  ¶aCTb 06qeii AJIHHbI TpaHCIIOPTHpOBa- 

:. H m a ,  O C O ~ ~ H H O  H a  ~ J I Y ~ O K H X  K a p b e p a X ;  C O K p a q e H H e  HJIHHbI AOCTaBKP 

UO ~ O P T Y  K a p b e p a  (no CpaBHeHHIo C ~ B T O M O ~ H J I ~ H ~ I M  TpaHCIIOpTOM B 3- 
4 pa3a, UO CpaBHeHMK) C HCeJle3HOAOPOXHbIM TpaHCIIOPTOM B 7-9 pa3); 

: 06ecnene~11e UPaKTHneCKH ~1m60fi U P O H ~ B O A C T B ~ H H O ~  MOPHOCTII K a p b e p B  
U P H  MMHEiMaJIbHOM 4HCJIe JIeHTO'THhIX K O H B ~ ~ ~ P O B ;  EICIIOJIb30BaHEle B Ka-  

s e C T B e  B H y T p l l K a p b e p H O P O  M O ~ H J I ~ H O ~ O  aBTOTPaHCIIOPTa,  ¶TO II03BOJIIIeT 

5 HMeTb 6oaee ~ ~ @ I C T H B H Y I O  CXeMy pa3BHTHR I'OpHbIX p a 6 o ~ ,  ~PCTPYIO 
I 

IIOArOTOBKy HOBbIX I?OPHSOHXOB  T TOT BHA TpaRCIIOpTa  n p E I  H ~ ~ O J I ~ I I I H X  
PaCCTORHHHX OTKaTKH o 6 n a ~ a e ~  B~ICOKO& I I ~ o H ~ B o ~ H T ~ J I ~ H o c T ~ I ~ ) ;  CTa- 

+ qHOHapHOCTb paCUOJIO?KeHHR JIeHTO¶HbIX K O H B ~ ~ ~ ~ O B  0 B CBH3H C 3THM 

XOpOUIHe YCJIOBEIH AJIR HX p a 6 0 ~ b 1 ;  B03M03KHOCTb 6 b 1 c ~ p o r o  U e p e B O A a  

K a p b e p a  H a  nomyIo ~ o ~ s e i i e p ~ s a q ~ m .  



H ~ A O ~ T ~ T K H  ~ B T O M O ~ H J I ~ H O - K ~ H B ~ ~ ~ ~ H ~ I ' ~  TpaHCnOpTa:  HqJIHTHB 

CJIOmHOI'O nepeI'py3O¶HOI'O IIyHKTa C FpOXOTaMH HJIH A P O ~ H J I ~ H ~ I M H  
YCTZLHOBKIMH, H ~ O ~ X O A Y I M O C T ~  IIePHOAHPeCKOrO EX J I e p e M e 4 e H H I I  

W" 

A-A 
U 

H a  HHWeJIeWawHe KOHqeHTpaqHOHHbIe r O P H 3 0 H T u ,  ¶TO YCJIOWHReT 

IIOArOTOBKy HOBbIX I'OPE30HTOB H O ~ ~ Y K I  Opl'aHH3aqEIH) p a 6 0 ~  n p H  nepe- 
XOAe; CJIOWHOCTb O p r a H H 3 a q H H  c ~ J I ~ K T H B H o ~ ~  BhIeMKH H TpaHCnOpTHpOBa- 

HHII I IPH HaJImgHH HeCKOJIbKHX COPTOB IIOJIe3HOI'O HCKOIIaeMOI'O. 
~ O M ~ H H H P O B ~ H H J I I ~ ~  ~ B T O M O ~ H J I ~ H O - K O H B ~ ~ ~ P H M ~ ~  TPaHCIIOPT BbICOKO- 

npmMeHReTccI H a  o T A e n b l r y x  K a p b e p a x ,  a T a K m e  3 a n o m e ~  B n p o e K T H  

MHOrHX KPYIIHbIX K a p b e p O B .  Ha PHC. 163 IIOKa3aH B a p H a H T  BBTOMO- 

~ H ~ ~ H O - K O H B ~ ~ ~ ~ ~ H O ~ O  TpaHCIIOpTa H a  ~ J I Y ~ O K O M  K a p b e p e .  

B 3aBHCHMOCTH OT BHAa K O M ~ H H H P O B ~ H H O T O  TpaHCIlOpTa IIpOqeCC 
n e p e r p y 3 K H  HMeeT CBOH C I I ~ I ( H @ H ¶ ~ C K H ~  O C O ~ ~ H H O C T H .  B J I D ~ O M  CJIy¶ae  

l l e p e r p y 3 K a  ~ 0 p ~ 0 6  MaCCbI H3 OAHOrO BHAa T p a H C n O p T a  B ~pyI'0G YCJIOX- 
HHeT O P r a H H 3 a q H I o  p a 6 0 ~  H a  K a p b e p e ,  TaK KaK M e m A y  OTAeJIbHbIMEi 

BEAaMH TpaHCIIOpTa B TOG HJIH H H O ~  CTelleHH CYqeCTBYeT )fEeCTKaR 
B ~ ~ U M O C B I I ~ ~ .  Y ~ T K ~ H  H H a n a w e H H a c I  p a 6 o ~ a  IIPH neperpyme r o p ~ o i i  
MaCCbI - ~ e o 6 x o ~ ~ ~ o e  YCJloBHe ~ @ @ ~ K T H B H o I ' o  IIPHMeHeHHtI K O M ~ H -  
H H p o s a H H o r o  T p a H c n o p T a .  Hmme p a c c M o T p e H M  n p o q e c c b I  n e p e r p y s ~ ~  
H ~ e x a ~ ~ 3 a q ~ t 1  n e p e r p y 3 0 s ~ ~ x  p a 6 o ~  AJIR OCHOBHMX BHAOB KOM~IIHEI- 

p o s a H H o r o  T p a H c n o p T a .  
Mexanuaaqu~ n e p e z p y a o u n a l x  pa6om npu at?monco6u~bno-3/~eneano- 

dopornnow mpancnopme. npoqecc n e p e r p y 3 o . r ~ ~ ~  p a 6 o ~  s a ~ n ~ o s a e ~ c a  

B l l e p e r p y 3 K e  I ' o~HoG MaCCbI H 3  aBTOCaMOCBaJIOB B AYMIIKaPbI. Ha K a p b -  
€?pax paCl lpOCTpaHeHH ABa cnoco6a: HellOCpeACTBeHHaR H aKCKaBaTOpHaR 
neperpya~a ~3 a B T o M a m m  B H E ~ J I ~ ~ H O A O ~ O ~ H ~ I ~  CocTaBM. Henocpe~- 
CTBeHHYH) IIepeI'PY3KY H3 aBTOCaMOCBaJIOB B AYMnKaPbI OCYK(eCTBJIRH)T 

6e3 c n e q H a n b H M x  n e p e r p y s o s ~ b ~ x  MammH. KOHCTPYK~HII neperpysos- 
HOrO IIYHKTa (pHC. 164) IIpeACTaBJIReT C O ~ O H  HaChIIIb HJIH ¶aCTb CKaJIb- 
HOrO MaCCHBa, H a  KOTOPbIX YCTpaHBaIoT IIOBePXHOCTb I I e p e r p y 3 0 ¶ ~ 0 6  

n n o w a A K H  - n o r p y a o s H y I o  n n a ~ @ o p ~ y .  E O K O B ~ H  s a c T b  neperpysos- 
HOP0 IIyHKTa YKpeIIJIeHa I I O A ~ O ~ H O ~  C T ~ H K O ~ ~  113 6 e ~ 0 ~ a  HJIH m e J I e 3 0 -  
6 e ~ o H a .  H O K P ~ I T H ~  1 1 0 l ? p ~ 3 0 ¶ ~ 0 6  IIJIOWaAKH ~ ~ M ~ H T H O - ~ ~ T O H H O ~ ,  ~ ~ T O H -  

H o e  c a c @ a n b ~ o ~  nnm H E ~ J I ~ ~ O ~ ~ T O H H O ~ .  

Ha p ~ c .  165 n o ~ a 3 a ~  n e p e r p y 3 0 s ~ b 1 i i  n y H K T  qI'OICa. IIeperpyoos- 
~ b 1 6  IIYHKT CJIYWHT AJIR n e p e I ' p y 3 K H  meJIe3HCTbIX KBaPqETOB E13 aBTO- 
MaIIlHH l?PY30IIOA'beMHOCTbH) 27 m B 80-TOHHM~ AyMIIKapbI. n O r p y 3 0 ¶ H a R  

n n a ~ @ o p ~ a  p a c n o n a r a e T c c I  H a  c K a n b H o M  o c H o s a H m H ;  ee Anma 90 nc, 
IIIHPHHa 4,s W, eCTeCTBeHHaR IlJIOJJJaAKa, H M e l o 4 a R  IUHPHHy 30 At ,  BbI- 

pOBHeHa H IIOKPhITa ~ c @ ~ J I ~ T o M .  K O H C T P ~ K ~ H R  nepeI 'py30PHOI'O IIYHKTa 

w e n e 3 0 6 e ~ o ~ ~ a s .  
Ha norpyaos~oii  n x a ~ @ o p ~ e  pacnonomem T p a n e q e m A a n b H o r o  cese- 

HHR H a I I p a B J I R I o q H e ,  CJIyWalqHe AJIR p a 3 r P Y 3 K H  aBTOCaMOCBaJIOB, HX 

IIIHPHHa IIOHH3Y 1,o W, IIOBepXy 0,4 Ef BMCOTa 0,35 N.  P ~ C C T O R H H ~  

MeWAy HanpaBJIRH)lI(HMH 2,85 W. OHH CrPYIIIIHPOBaHbI (B I I J I ~ H ~ )  TaKHM 

0 6 p a 3 0 ~ ,  P T O ~ H  K KaXAOMY 80-TOHHOMY AYMIIKaPY MOXHO ~ ~ I J I O  Ha- 
npasnam TPH a B T o c a M o c B a j I a  ~ ~ ~ ~ O I I O A ~ ~ M H O C T ~ H )  25-27 T. IIeperpy- 
a o ¶ ~ b I G  IlYHKT TaKXte paCC¶HTaH H AJIR p a 3 r P Y 3 K H  40-TOHHHX IBTO- 
CaMOCBaJIOB. 

H ~ I I o C ~ ~ ~ C T B ~ H H J ' I O  I I e p e r p y 3 K y  H3 aBTOCaMOCBaJIOB B AYMIIKaPbI 

(PHC. 166) npHMeHcIIoT T a K m e  H a  K a p b e p a x  CesI'OICa, HKI'OKa, CH- 
6 a i i c ~ o ~  MeAHOPYAHOM, ~ ~ J I ~ H H C K O M  H B ~ J I Y ~ B C K O M  K a p b e p a X ,  a TaKlKe 

o H a  npHHcITa B npoemax pHAa Apyrmx K a p b e p o B .  



m o .  164. Cxema K O A C T ~ ~ K U W U  neperpyaoworo nyAxTa npa ~enocpe~c~seaaoB  
neperpyane aa aBTOCaMOCBanOB B AYDUIKapbl 

I 3 ~ c r i a s a ~ o p ~ y m  neperpys~y ropaoH ~ a c c ~  IIIHPOKO ~ P H M ~ H R ~ T  
H a  KapbepaX C ~ B T O M O ~ I I ~ ~ H O - ~ ~ J I ~ ~ H O ~ O ~ O ) ~ C H ~ I M  TpaHCIIOPTOM. YCTPOG- 
CTBO II O ~ O P Y A O B ~ H E Z ~ ?  lIepeI'py3O.lHOI'O IlyHKTa lIPM 3TOM HeCJIOWHO. 
. 4 ~ ~ o c a ~ o c s a n b 1  p a 3 r p y m a m ~ c ~  Ha  anoqaAKe, p a c n o n o m e ~ ~ o B  Ha B ~ I -  

coTe 3-10 x OT YPOBHR CToIIHrnR neperpy3osaoro axcKasaTopa, KOTOPHM 

rpY3I1TCR rOpHaR MaCCa  B JIOKOMOTHBOCOCTaBbI. % ~ J I ~ ~ H o ~ o ~ o ~ ~ E H M ~  
n y m  pacnonoxeaH napannenmo @POHTY n e p e r p y 3 ~ ~  n ~BnRIoTcR 
C T ~ ~ H O H ~ P H H M E I  B Teseme Bcero cpoKa cymecTBosaHnR neperpysosaoro 
l lyHKTa.  

' Pec. 165. neperpyana 
Ha UFOTEe: 

I - iioneco pasrpymae- 
More CaMocBana; 2 - ocb 
xceaea~o~opoxc~oro nyTu; 
3 - nyMnKap rpysonon5- 

7 BMHOCTbIO 80 m; 4 - KOH- 
~ y p  TennoBosa 
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pno, 166. E I e n o c p e ~ c ~ e e ~ ~ a R  nc rpyaxa HB a s ~ o c m o c B a n o 8  m A 3 - 5 4 0  
B AyMIIK&lPbl Ha cUB~%KOM YleAHOPmHOM R a P M P 0  

. . .  . . 

B HY 
OTM 

TYD 

HU3.ne3HOAOPOlKHOrO T p a H C I l O p T a ,  T a K  KaIC B CJIy?ae npOCTOeB 3I;CKaBaTO- 

POB H OTCYTCTBHFI IIOPO?KHRKa H a  TaICHX IIYHKTaX n e p e r p y 3 K H  HMeK3TCR 

B c e r A a  p e 3 e p ~ m e  e M K o c T n ,  PTO 0 6 e c n e ~ i ~ a e ~  6ec11epe6ofi~ym p a 6 o ~ y  
'TPHKaPbePHOI'O TpaHCIIOPTa  H 3 a 6 o f i ~ ~ x  MeXaHH3MOB. C J I ~ A ~ ~ T  T a K X e  

eTHTb ~ e 6 0 ~ 1 b m H e  CpOKH o p r a H H 3 a q a H  I I O A O ~ H ~ I X  IIepeI 'PY30PHbIX 

HKOB H OTCYTCTBHe CTPOHTeJIbHPX p a 6 o ~ .  
H e A o c ~ a ~ K m :  H ~ O ~ X O W M O C T ~  , HCIIOJIb30BaHHII I I P H  l T e p e r p y 3 K e  
KaBaTOpOB 6onee BbICOKHe K a n H T a J I b H b I e  H 3KCl I J IyaTaqHOHHbIe  

PaTbI. 
D ~ O I I Y C K H ~ R  C I I O C O ~ H O C T ~  IIepeI 'py3O¶HOrO n y H K T a  I I P H  BKCKaBaTOp- 

--- n e p e I ' p y 3 K e  3aBHCHT OT IIPOH3BOAHTeJIbHOCTR 3KCKaBaTOPOB H HX 
sncna. H p ~ l  ~ K C K ~ R ~ T O P H O ~ ~  neperpy3~e ~ e o 6 x o ~ n x r o  C O ~ J I I ~ A ~ T ~  ycnosne 

-r 

H a  n e p e r p y a o w b 1 6  n Y H K T  ( B C J I ~ A C T B H ~  HaJ IHgHt I  P e 3 e P B H b  

~ M K O C T ~ ~  3 H a n e H H e  kHep H e  CJIeAyeT I IPHHHMaTb 6onee 
1,IO-1,15). 

YTO~LI  HaHJIY4IUHM o b p a s o ~  HCIIOJIb30BaTb AOCTOHHCTBa H JIHICBEI- 
$(HpOBaTb HenOCTaTflH 0 6 0 ~ ~  C I I O C O ~ O B  neperpya~ilr I I p H  K O M ~ ~ T H H P O B ~ H -  

HOM TpaHCTIOPTe H a  K a p b e p a X  60~1bmoG IIPOH~BOACTB~HHO~~[  MOIQHOCTJI, 

qenecoobpas~o HCIIOJIb30BaTb K a K  HeIIOCpeHCTBeHHyIO, T a K  Ti 3KCKaBa-  
TOPHYIO I I e p ' e r P Y 3 K Y  I 'OPHO~ MaCCLI. OCHOBHJTO P a C T b  TOPHOG MaCCbI 

CJIeI(yeT l I e p e r p y > K a T b  H 3  CaMOCBaJIOB HeIIOCPeACTBeHHO B AYMUIiaPbI;  
OTCYTCTBHEl JIOPO?KHffKa aBTOMamHHbI  p a 3 r p y X i a H ) T  H a  OAHOM-ABYX 

caBaTOpHbIX n e p e r p y 3 0 ' X H b I X  TyI IHKaX.  T a l c m  0 6 p a 3 0 ~  .'IIfKBHAII- 

ITCR y K a 3 a H H b I e  BbIIIIe HeAOCTaTKH 6ea 3 H a ¶ n T e J r b H O r O  Y B e J I F i e H n R  

bluulMOCTH n e p e r p y a ~ ~ ,  T a K  IcaK y ~ e a b ~ b ~ i i  B e c  ~ K C I ~ ~ B ~ T O ~ H O ~ ~  nepe- 
r p y a ~ n  6yHe~ H ~ ~ H ~ ~ X T ~ J I ~ H .  

Mexanuauqu~ nepezpysounbzx pa6om npu a6mozo6unbwo-~on6eiiep~~ 
??tpU~CnOpVE. B 3aBHCHMOCTH OT T H U a  O ~ O P Y A O B ~ H H R  H eI'0 H a 3 H a P e H I  
IIepeI 'py30 ' IHLIe nYHKTbI I I P H  ~ B T O M O ~ H J I ~ H O - ~ ~ O H B ~ ~ ~ P H O M  T p a H C n O p T e  
H a p r r A y  c n p o q e c c o M  n e p e r p y a ~ ~  BKnIo.raIoT onepaqmm A ~ O ~ J I ~ H H R  H n I i  

r p o x o s e H H I i  r o p ~ o i i  M a c c b I ,  T e x n o n o r n s e c m  C B F I ~ ~ H H ~ I ~  c n e p e r p y s l c o f i .  
n o    TO MY n p m 3 ~ a ~ y  OHH M o r y T  6 ~ ~ b  n o ~ p a s ~ e n e ~ b ~  H a  neperpysos~bre 

KTbI C FpOXOTaMH H A P O ~ H J I ~ H ~ I M H  YCTaHOBKaMH. . 
f l p H  I I e p e r p y 3 K e  ~ e o 6 x o ~ m ~ o  AJIR I lpHBeAeHHR I ' o ~ H o ~ ~  MaCCbI B T p a H  

~ a 6 e z 1 b ~ o e  DJIR JIeHTOnHbIX K O H B ~ ~ ~ ~ D O B  COCTORHHe nPOH3BeCTH 



npoqecca H a  o ~ o I ' ~ T H T ~ ? J I ~ H ~ I x  $ ~ ~ P E I K B X  B TeXHOJIOrHH) OTKPHTMX r o p  
HbIX pa60~.  H p H  TpaHCIIOpTHpOBaHEIH BCKPHIIIHHX IIOpOA IIeperpy3Iia 
13 B p a ~ ~ o i i  c T e n e H n  ~ p o 6 ~ 1 e ~ ~ e  - A o n o n m T e n b H M e  npoqeccH H no- 
3TOMY HX CTOEIMOCTH H ~ O ~ X O A H M O  BKJIIOPaTb B TPaHCIIOPTHbIe PaCXOAbI. 

AJIR KPYIIHOI'O A P O ~ J I ~ H H R  MOIKHO IIPEIMeHRTb K a K  KOHYCHHe,  T a K  

13 II(eK0BMe APO~HJIKH.  AOCTOHHCTB~ KOHYCHHX APO~HJIOK:  BbICOKaR 

IIpOH3BOAHTeJIbHOCTb ( A 0  3-4 THC. m B 1 '4); ~e6onbmoi% PaCXOA 3JIeKTpO- 

3HepI 'HH H OTHOCHTeJIbHO HeBbICOKHe 3KCIIJIYaTa4EIOHRbIe 3 a T p a T H .  M ~ x -  
P~MOHTHHG IIepHOA B HeCKOJIbKO pa3 ~ O J I ~ I I I ~ ,  P e M  Y II(eK0BbIX APO~HJIOK.  

Puc. 168. Cxema npo6anb~o-neperpyao~noro ysna B Kapbepe: 
I - s n a ~ a e  ~ p 0 6 U n b ~ 0 - n e p e ~ p y ~ 0 ¶ ~ 0 r 0  ysna; 2 - asroca- 
Mocean; 3 - npo6un~a; 4 - ~ a n p a s n ~ m u u l f  menod; 5 - 
n n a c ~ ~ l ~ s a ~ a r l f  nu-rarenb; 6 - n e ~ ~ o s ~ a r Z t  ~ o ~ s e l f e p ;  7 - 

H ~ K ~ O H H B ~ ~  CTBOn 

HeAoc~a~Iin: a ~ a ~ ~ ~ e n b ~ ~ e  K a n H T a n b H H e  a a ~ p a ~ ~ ;  ~ H ~ P H T ~ J I ~ H ~ I ~  ra6a- 
PHTbI; 60JIbIIlofi IIePEiOA MeX<AY YPOBHRMH 3 a r P Y 3 K H  13 p a 3 r P Y 3 K H  MaTe-  

p E i a n a ,  PTO IIPHBOAHT K y c n o z H e H m o  K O H C T P Y K ~ H H  n e p e r p y 3 0 ~ ~ 0 r o  
I I y H K T a ,  a CJIenOBaTeJIbHO, Ei K er0 YAOPOXBHHIO. 

~ 0 1 c O ~ h I e  ~ P O ~ H J I I E H  OTJIHPaIOTCR OT KOHYCHbIX 60~1ee ~ ~ O C T O ~  KOH- 

c ~ p y K t c q H e G ,  HaAelKHOCTbW B p a 6 o ~ e ,  MeHbIlIHMH pa3MepaM13.  neperpy- 
3 0 P H h l f i  IIYHKT, O ~ O P Y A O B ~ H H ~ I ~ ~  II(eK0BbIMH A P O ~ H J I I E ~ M H ,  60~1ee IIPOCT 

II6 C B O ~ ~ %  K O H C T P Y K ~ H H  Ei ~ p e 6 y 0 ~  MeHbIlIHX 3 a T p a T  H BpeMeHEi AJIR CTpO- 

HTeJIbCTBa. OAH~IEO q e K O B b I e  ~ p o 6 n n ~ z i  O ~ ~ C I I ~ ¶ H B ~ K I T :  MeHbIIIYIo IIPOH3- 

BOAHTeJIbHOCTb (a0 500-800 m B 1 U )  IIp13 O A H H B K O B O ~  C KOHYCHbIMH 

A ~ O ~ H J I K ~ M H  I l IHpHHe B ~ I I I ~ C K H O ~ ~  IqeJ IH,  ~ O J I ~ ~ Z I H ~  pacxon ~ J I ~ K T P O ~ H ~ P -  
r H H  H 60~1ee 3HaPEITeJIbHbIe 3KCIIJIYaTa4130HHbIe PaCXOAH. 

Bb160p  T H n a  APO~IIJIOK AJIR neperpy30~~0ro  I I y H K T a  IIpOEI3BOART 

Puc. 169. IIpmqunuaabaan cxema rpoxorunb~o-neperpyaoworo yana 
B xapbepe 
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A o c ~ a ~ ~ a  n m ~ e f  B H a p b e p H  n p ~ 0 6 p e ~ a e ~  B c e  60~1ee saxuxoe s u a s e H I l e  

B CBR3H C POCTOM HX ~ J I Y ~ H H ~ I  H BOBJIegeHHeM B p a 3 p a 6 o ~ ~ y  BbICOKO- 

rOPHhlX M ~ C T O P O K ~ ~ H H ~ .  no HeKOTOPbIM AaHHhIM I IPH r n y 6 ~ ~ e  K a p b e p a  
250-300 IIPOAOJIXMTeabHOCTb CIIYCKa JIIORei COCTaBJIReT OKOJIO 

25 mun, a n o A a e M  E I ~  T a K o r o  H a p b e p a  a a ~ ~ ~ a e ~  60nee 1 u, s ~ o  B c y M a r e  
COCTaBJIReT OKOJIO 20 % pa6oseH CMeHbI. 

5 2. I I p ~ n r e n e ~ ~ e  py~ocnycxo~ H P y A o c x a T o B  H a  xapbepax 

H a  H H X H H e  I IPH Y r J I a X  HX HaKJIOHa 35-50" H B ~ P T H K ~ J I ~ H o ~  BhICOTe 
I l e p e n y C K a  H e  60~1ee 50 a. ~ ~ O H ~ B O ~ ~ H T ~ J I ~ H O C T ~  PYAOCKaTOB AOCTHraeT 
2000 m/u; c p o ~  H ~ I I O J I ~ ~ O B ~ H H R  H e  f r p e s b ~ r n a e ~  3-5 n e T  B B H A ~  6 b 1 c ~ p o r o  

H3HOCa IIOBepXHOCTH TPaHCllOPTHPOBaHHR. ~ P H M ~ H R H ) T C R  PYAOCKaThI 

B ~ a q a n b ~ b ~ f i  nepkion a K c n n y a T a q m  K a p b e p a  H n H  n p H  OPpaHHseHHOM 
CpOK0 H H ~ ~ O J I ~ I I I O ~  er0 I I P O H ~ B O A C T B ~ H H O ~ ~  M O ~ H - O _ C ~  

PyfiOcIIyCKH npeACTaBJIRIoT GOGOB nOA3eMHbIe B ~ I ~ ~ ~ O T K E ~ ,  O ~ ~ I ~ H O  
K p y r n o r o ,  p e A K o  n p R M o y r o n b H o r o  C e s e H m ;  nonepewoe ax ceseme 
f i 0 C T H r a e T  6 m2. 

Ha p ~ c .  171 I I O K ~ ~ ~ H J J  @OPMH ~ ~ A O C I I ~ C K O B ,  a cqma HX yc~poii-  
CTBa - H a  PHC. 172. 

P ~ A o C I I ~ C K H  IIPHMeHRIoT AJIR I I e p e I I y C K a  PYAbI C l'OPH30HTOB K a p b e p a  
H a  O T K ~ T O ¶ H ~ ~ ~ ~  I'OPEI3OHT I I p H  Y r J I a X  HaKJIOHa 50-90" H B ~ P T H K ~ J I ~ H O ~  

BhICOThl I I e p e I I y C K a  A0 570 m. ~ P O E I ~ B O ~ ~ T ~ J I ~ H O C T ~  PYAOCnYCKa AOCTH- 
r a e T  3000 m/u EI 60~1ee, c p o ~  C y m e c T B o B a H m  n p e B M m a e T  15 n e T .  He- 
KOTOpJJ0 K a P b e P h l  I IPH TPaHCnOPTHPOBaHHH I'oPHo~~[ MaCChl IIO PYAO- 

I 

Pme. 172. C x e ~ a  yc~poi io~ea  pyRocnycKa 

MaCCbI B E l K K y M y J I H p y ~ o q e f i  ¶aCTH P y A O C n y C K a  H 0 6 p a 3 0 B a ~ H H )  CBOAOB, 

a T a K x e  C ~ O C O ~ C T B ~ ~ T  ~ M C T P O M Y  H3HOCY B ~ I I I ~ C K E ~ X  ~ C T P O ~ C T B .  AJIIE 
n p e A o T s p a m e H m  p a 3 p y m e ~ ~ ~  B h I n y c K H b I x  YGTPOGCTB n p ~  BHIIYCKB 
r 0 p H O G  MaCChI OCTaBJIRIoT CJI0fi p y A M  ( ~ Y @ ~ P H Y H )  I I O A Y ~ K Y ) .  M H H H M ~ J I ~ -  

H a R  ee BbICOTa ROJIXHa 6 b I ~ b  ~ O G T P T O ¶ H O ~ ~  AJIR I IPeAOXpaHeHHR pa3rpy- 
1 s o s a h ~ x  ycrpoHcrs OT ynapos a O r p a H a s a s a e T c r r  cnoco6aoc~b10 p y ~ u  

R YnJIOTHeHHH), CJIeXHBaHHH) H C B O ~ O O ~ ~ ~ ~ O B ~ H H H ) .  

AJIR I'aIUeHHR K I I H ~ T H P ~ C K O ~  3HePI 'HH I I a ~ a I O q e f i  PYAhl IIPHMeHRIOT 

K O M ~ E I H E I P O B ~ H H ~ I ~  PYAOCIIYCKH - B ~ P T I I K ~ J I ~ H ~ I ~  pYJ(OCIIYCK C H a -  
KJIOHHhIM IIJIH B ~ ~ T I I K ~ J I ~ H ~ I ~  CO CTyneH4aThIM.  

399 



Y ~ e H b l J X e ~ I i f 3  CKOPOCTH IIaAeHHR PYAbI, a 3 H a P H T  H ee K H H ~ T H ¶ ~ C K O G  

a H e p r m i  TeM 6 o n b m e ,  .seM 6 o n b m e  yron neper~6a,  T. e. yron M e w A y  

n p e w H H M  ti HOBHM H a n p a B n e H n e M  pynocnycxa. T ~ K ,  n p H  yrae nepe- 
r ~ 6 a  20" CKOPOCTb IIaAeHHR p y A b I  YMeHbIIIaeTCR H a  7%, I IPH Y r J I e  60" 
CKopOCTb IIaAeHHR P y A b I  YMeHbIlIaeTCR H a  55%. ~ P H M ~ ~ O M  MOWeT CJIY- 

X H T ~  C B H H ~ O B O - ~ H H K O B M ~ ~  K a p b e p  uCynnnsa~s ( H a ~ a ~ a ) ,  rne yron 
nepern6a p y A o c n y c K a  nepen a ~ ~ y ~ y n n p y m q e f i  s a c T b I o  c o c T a s J r R e T  60". 

Y m b I  HaKJIOHa PyAOCnyCKOB 3aBHCRT OT @ H ~ H K O - M ~ X ~ H E ~ ¶ ~ C K H X  

C B O ~ ~ C T B  TpaHCIIOpTHPYeMMX IIOPOA H PYA. n p e ~ e J I b H 0  AOIIYCTHMMe 
YrJIbI HaKJIOHa COCTIBJIRIOT: AJIR I'JIHHHCTbIX H BJIaWHMX PYA ( c B M I I I ~  

10 % snarm) - H e  M e H e e  65"; K y c K o B a T b I x ,  coAepxaWrix a ~ a s ~ ~ e n b ~ o e  
KOJIH¶eCTBO (6onee 25%) MeJIKHX ( b p a ~ q ~ i i ,  - H e  M e H e e  60'.  OXOA OAK^ 
P y A o C n y C K O B  C YrJIOM HaKJIOHa M e H e e  50' H e  I lpaKTHKyeTCR.  

Ha~6onbmee p a c n p o c T p a H e H n e  H a  o T e s e c T s e H H H x  H s a p y 6 e ~ ~ ~ x  
K a p b e p a X  IIOJIJTFiJIH BepTHKaJIbHMe pyAOCIIyCKFi. B ~ a 6 n .  63 I tpHBeAeHM 

HeKOTOpbIe AaHHbIe  0 pyJ(OCIIyCKaX, I tpHMeHReMMX H a  HeKOTOpbIX H a -  
r o p H b I x  K a p b e p a x .  

T a 6 n n q a  63 
X a p a r ~ e p ~ c ~ ~ ~ a  pynocnyc~o~,  npanreHnearMx Ha aeKoTopMx Haropaux Hapbepax 

CCCP: 
BJUIBEECKH~~ . . . . . . . 
xafi~apxaHc~n6 . . . . . . 
H a y r a p a a ~ c ~ d  . . . . . . 
Kayna . . . . . . . . . . 
Ka~mapaac~nir . . . . . . 
ThIpHayacIC~fl . . . . . . . 
A n ~ m - T o m a ~ c ~ n B  . . . . 
UeHTpaJIbH~ . . . . . . . 
3 a p  y6exnue: 
4MapICoHa)) (IIepg) . . . . . 
tCnpp(CLUA) . . . . . . 
c(Knpyaar (IIIseqn~) . . . . 
~ T O ~ E T O H ~  (CIIIA) . . . . . 
c<Qnne~c)) ( Q ~ ~ ~ U I I E H M )  . . 
t3pq6epr)) (ABCTPHR) . . . 
acynnnsa~))  ( K a ~ a ~ a )  . . . 
<<B~CT-JInEenn)) (ABcT~~JIHR) 
~Kapon)) (Karia~a) . . . . . 

Ksa~pamoe 
Kpyrnoe 
To me 

K s a ~ p a ~ ~ o e  
To me 

Kpyrnoe 
To me 

H 

)) 

# 
)) 

Ksanpa~~oe  
Kpyrnoe 
To Ir;e 

K B ~ A ~ ~ T H O ~  
Kpyrnoe 

B npoqecce a K c n n y a T a q m  p y A o c n y c K o B  nopoaar, c n a r a I o W H e  lix 
CWHKH,  IIOABePI'aIOTCR 3Ha¶HTeJIbHMM P a 3 p Y l l l v H R M ,  KOTOpbIe O ~ M P H O  

BM3MBaIOTCR H e  CTOJIbKO TpeHHeM I I p H  IIaAeHHH PYAM, CKOJIbKO Y A a p a M H  
0 CTeHKH PYAOCIIYCKOB. 0 6 n e ~  p a 3 p y l l l e H H H X  IIOpOA MOWeT AOCTFiraTb 

HeCKOJIbKHX TMCRP K Y ~ O M ~ T P O B ,  ¶TO DPHBOAHT K BMXOAY PYAOCnYCKa 
113 CTPOR. O C O ~ ~ H H O  o n a c H o  p a 3 p y n r e ~ ~ e  q e n n K o R  M e x q y  pa3se~sne- 
HElRMH PYAOCIIyCKa. 

- 400 

O 6 p y m e ~ ~ e  3Ha¶FiTeJIbHMX o 6 n e ~ o ~  nOpOA M O X e T  6 b 1 ~ b  IlO¶TB MrHO- 

BeHHbIM. 0 6 p y r n e ~ ~ a ~  nopona p a 3 y 6 0 ~ ~ s a e ~  nepenycmyro p y ~ y .  
Ha AJITHH-TOIIK~HCKOM K a P b e P e  p a 3 p Y I I I e H H e  CTeHOK PYAOCnyCKOB, 
3aJ IOWeHHHX B H3BeCTHRKOBbIX H CJIaHqeBMX IIOPOAIX, ~ H J I O  BeCbMa 
s ~ a s ~ ~ e n b ~ o .  Y c ~ b e  p y A o c n y c K a ,  melowee n e p ~ o ~ a s a n b ~ ~ s  A H a M e T p  

3 dt, B p e 3 y J I b T a T e  O ~ P ~ I J I ~ H H R  IIOPOA YBeJIHYHJIOCb A 0  20-25 m. B CTBOJIe 
OTAeJIbHbIe BhIBaJIbI YBeJIH¶HJIH er0 Ce¶eHHe A 0  300 .M2. 

~ H ~ ¶ H T ~ J I ~ H O  BJIHRIOT H a  p a 3 p y I J I e H H e  PYAOCIIYCKOB B3PhIBbI I IPH 

JIHKBHAaqHH S ~ B H C ~ H H ~ ~ .  n p H  H ~ ~ O J I ~ I I I O ~ ~  IIpOH3BOAHTeJIbHOCTH H ~ a J I 0 f l  
BbIcoTe  p y A o c n y c K a  m H o r A a  ero K p e n s T .  Ha AJIT~IH-TOIIK~HCKOM K a p b e p e  
I IpeAI IOJIa raeTCR O p r a H H 3 0 B a T b  OIIHTHYIO I lPOBePKY KpeI I J IeHHR p y A 0 -  

CnyCKOB 6 1 3 ~ 0 ~ 0 ~  ( ~ ~ M € ' H T  M a p K H  600), C YCTPO~CTBOM CTeHOK T O J I ~ H H O ~ ~  

600-650 &A. B o 3 s e ~ e ~ n e  T ~ K O ~  K p e n H  B IIOA3eMHbIX YCJIOBHEIX BeCbMa 
TPYAOeMKO, a PeMOHT IIPH p a 3 p y I I I e H H H  IIO¶TH HeB03MOXeH.  

OCHOB~HHR HaKJIOHHbIX PYAOCIIYCKOB, I I P O ~ ~ A ~ H H H X  B C J I ~ ~ H X  He-  

Y C T O ~ ~ ¶ H B ~ I X  I tOPOAaX, @YT~PYIOT ~ P O H ~ B ~ I M H  JlJIHTaMH, a HX CTeHIcll - 
~ ~ T O H O M .  AJIR Y I I P O ~ e H H R  MOHTalfCa @ Y T ~ P O B K H  HeKOTOPbIe HaICJIOHHMe L 

PyAOCIIyCKH HMeIOT IIPRMOYrOJIbHOf3 Ce¶eHHe.  

H ~ ~ O C T ~ T K O M  I t p H  HCIIOJIb30BaHHH PYAOCIlYCKOB RBXReTCR CBOAO- 
0 6 p a 3 0 s a ~ ~ e  - ~ a ~ 6 o n e e  n a c T a R  npnsma H a p y m e H H R  AsFiweHHEI pynn 
no p y A o c n y c K a M .  0 6 p a a o s a ~ ~ e  CBOAOB B a ~ ~ y ~ y n ~ p y ~ ~ q e f i  ¶ a c T I i  3 a ~ ~ -  
CHT OT ( ~ E I ~ H K O - M ~ X ~ H H ¶ ~ C K E I X  C B O ~ ~ C T B  T P ~ H C I I O P T H P ~ ~ M O ~ ~  PYAH (CBEIB- 

HOCTH, B n a m H o c T H ,  r p a H y n o M e T p m e c K o r 0  C o c T a B a  EI T. A.);  BMCOTH 

a ~ ~ y ~ y n F i p y m ~ e 5  sacm; KoHcTpyKqFiF i  p y A o c n y c K a  ( @ o p m  n mor .qaAH 

CeYeHHR ~ K K Y M Y J ' I H P Y I O Q ~ ~ ~  ¶aCTH H BMIIYCKHbIX O T B ~ P C T H ~ ~ ;  Y r J I a  H a -  

KJIOHa H BbICOTM PYAOCIIYCKa; @OPMH AHHllJa H KOHCTPYK4HH pa3rpy309- 
H H X  Y C T ~ O ~ ~ C T B  H .T. A.) ; O T P H ~ ~ T ~ J I ~ H O ~ ~  T e M I I e p a T y p b I  H OCaAKOB ; O p r a -  

H H 3 a q H H  3 a r P Y 3 K H  P y A b I  B PYAOCIIYCK H BbI rPY3KH H 3  H e r 0  H T. A. 

O ~ ~ o i i  H 3  OCHOBHMX I IPHPHH C B O A O O ~ ~ ~ ~ O B ~ H H R  C¶FiTaeTCR IIOBhIIUe- 
H H e  I IpOqeHTHOrO COAepWaHFiR MeJIKHX @ p a K q n f i  n p H  JJBHWeHHH P y A M  

no PyAOCIIyCKy.   TO IIpFiBOAHT K yMeHbI l IeHHl0  IIOABIIWHOCTH PYAM, 
O C O ~ ~ H H O  n p H  HaJIH¶HH B H e f i  BJIaWHbIX, 3eMJIHCThIX Fi rJIHHHCTMX W C T H q .  

B J I ~ W H O C T ~  PYAbI C a M a  IIO ce6e H e  RBnReTCR n p H ¶ H ~ o f i  0 6 p a 3 0 ~ a H H ~  
CBOAOB. O A H ~ K O  IIPH HIJIHUHH MeJIKHX @ p a ~ q F i f i  Y B J I a X H e H H a H  p y A a  
CKJIOHHa K C B O ~ O O ~ ~ ~ ~ O B ~ H H I O .  n p H  T e M n e p a T Y p a X  H H W e  -10' C H npli 
BJIaWHOCTH PYAM MeHbIIIe  50% I I e p e p h I B M  B B M n y C K e  P y A b I  A 0  3-4 U 
0 6 ~ 9 ~ 0  H e  BM3hIBaIOT C B O A O O ~ ~ ~ ~ O B ~ H E I R .  n p H  6 0 n b ~ 0 f i  BJIalfiHOCTH 
rn H a n H s H n  c H e r a  U e p e p m H  B B H n y c K e  p y ~ b ~  H e  AOJIWH~I  n p e B h I m a T b  
30-40 murc. n p ~  nepepmax 6onee 1,5-3,5 u s M n y c K  C H J I ~ H O  yxya- 
IIIaeTCR H MOWeT IIpeKpaTHTbCEI COBCeM. 0 6 p a a o s a ~ ~ e  CBOAOB BO MHOrOM 
SaBHCHT OT Ka¶eCTBa  PYAOCIIYCKa. Ha BCeM er0 I tpOTRWeHHH H e  AOJIXHO 
6 b I ~ b  BMCTYIIOB, C Y H ( ~ H H ~ ~  H BbIBaJIOB. YCT~HOBJI~HO,  ¶TO BhICTYIl B BHAe 

C e r M e H T a  B M C O T O ~ ~ ,  p a B H 0 f i  8% A H a M e T p a  p y A O C n y C K a ,  OCTaHaBJIHBaeT 

A B H X Y I ~ H ~ C R  C T O J I ~  p y ~ b ~ .  
O O ~ M ~  BbInyCKHOrO OTBePCTHEI T a K X e  CyIqeCTBeHHO BnHEIeT H a  X a -  

P a K T e p  HCTe¶eHHR PYAbI. ~ ~ o I I ~ c K H ~ R  C ~ O C O ~ H O C T ~  I IpRMOyrOJIbHOrO 
OTBePCTHR PYAOCIIYCKa H a  15% H H W e ,  ¶eM K p Y r J I O r O  I I P H  TOG 3fEe 

nnoqaw.  
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Hamsne c H e r a  B PYAHOG M a c c e  n o B m r a e T  CKJIOHHOCT~  pya^ K CBOAO- 

0 6 p a 3 0 ~ a ~ H I 0 ,  T a K  K a K  r O p H a F i  MaCCa  B 3TOM CJIY'lae I I P H O ~ P ~ T ~ ~ T  cnoco6- 
HOCTb YIIJIOTHIITbCFi U p H  U O H H X e H H H  T e M U e p a T y p b I ,  yBeJ IH¶eHHH H a -  

I ' p y S K H ,  O C O ~ ~ H H O  I I P H  HaJIH¶lXH B p y ~ ~ o i i  MaCCe ( P p a K q H H  p a 3 M e p O M  

-0,5 a& B KOJIHseCTBe 6onee 5 % . 
H ~ ~ J I I O A ~ H H R  n o ~ a a a n ~ ,  ¶TO ~ a n 6 0 ~ 1 e e  s a c T o  a a s ~ l c a ~ ~ e  B pygo- 

cnycnax (rny6m~oii ~o 50 m) 06pa3ye~c11 npn T e M n e p a T y p e  ~ o a ~ y x a  
B K a p b e p e  OT 0 AO -7' C H c o g e p m a H m  B p y ~ ~ o H  M a c c e  c H e r a  B K o n H -  

s e c T s e  5-7%. n p ~  60~1ee HHSKHX T e M n e p a T y p a x  c H e r  c T a a o s m c R  6onee 
TBePAbIM H CYXHM, MeHbI I I e  nOHAaeTCR UpeCCOBaHHIO.  B p y A O C n y C K a X  

6onbmefi r n y 6 a ~ ~  0 6 p a 3 0 s a ~ ~ i e  n p 0 6 0 ~  ~ ~ O H C X O ~ H T  H npn 6onee H H ~ K O ~ ~  
T e M U e p a T y p e .  Y ¶ H T H B ~ R  TO, ¶TO A M H ~ M H ¶ ~ c K H H  K O ~ @ @ E I ~ E I ~ H T  TpeHHIF  

p y A b I  0 CTeHIEH PYAOCUYCKa IIO¶TEl B 2 p a 3 a  M e H b m e  CTaTH¶eCKOrO B CJIy- 

sae n p e K p a q e H E i u  B n n y c I c a  p y ~ b ~ ,  B O ~ M O X H O C T ~  0 6 p a 3 0 ~ a ~ ~ a  CBOAOB 
YBeJIH¶HBaeTCR.  

AaHHbIM p y R H H K O B  K O M ~ ~ X H ~ T ~  ((AU~TEITI) M a K C H M a n b H a R  BhICOTa 

a a n o n ~ e ~ ~ ~  pyAocnycxa, npa K O T O P O ~ ~  H e  ~ a 6 n r o ~ a n o c b  ~ ~ B E I C ~ H E ~ ~ ,  

H a  K a p b e p e  P a c ~ y ~ ~ o p p - L Q ~ p ~  C o c T a B n F i e T  15-20 a, a H a  K a p b e p e  

q e ~ ~ p a J I b H b I %  - 25-30 a. B HCHJIIO¶HTeJIbHOM C J I P a e  K p a T K O B p e M e H -  

H o e  a a n o n ~ e ~ u e  A o c T H r a n o  B ~ I C O T ~ I  80 a. 
AH~JIEIB 6 a n a ~ c a  pa6osero B p e M e H H  n o ~ a 3 n s a e ~ ,  ¶TO AO 30-40%$ 

ero a a ~ m ~ a e ~  npoqecc n H K s x i A a q m  3 a ~ ~ c a ~ ~ i i ,  C M ~ P ~ ~ H H I I  H y n n o T H e -  

HHH PYnbI. T ~ K ,  no K a p b e p y  q e H ~ p a J I b ~ b I 6  I E O M ~ E I H ~ T ~  (<AII~TMT$ UPOCTOH 

113-3a H e n o n a n O K  B p a 6 o ~ e  p y A o c n y c I E a  JVG 2 (c @ e ~ p a n F i  1964 r. no @ e ~ -  
panb 1965 r.) COCTaBHJIll  438 U H H3MeHFiJIHCb OT 21 U B M e C R q  (J I~ToM) 
A 0  120 U ( ~ H M o ~ ) ,  COOTBeTCTBeHHO AJlR p y R O C U y C K a  J% 3 OHH COCTaBHXH 

483 U HJII l  OT 26 A 0  257 U B MeCI Iq .  A n F i  J IHKBHAaqHPI O ~ ~ ~ ~ O B ~ B U I E I X C W  

CBOAOB ~ p e 6 y e ~ c a  ~ p o e - s e ~ s e p o  c y ~ o x ,  a B H e K o T o p b I x  C J I Y ~ ~ R X  H ae- 
CKOJIbKO MeCFiqeB.  J I H I E B E I A ~ ~ H I I  ~ E ~ B H C ~ H H ~ ~ [  T p e 6 y e ~  ~ o J I ~ I I ~ H x  3 a T p a T  

T p y A a  H B p e M e H H ,  Y M e H b I I I a e T  I IpOH3BOAHTeJIbHOCTb pyAOCIIYCKOB, y B e -  

n m n m s a e T  n p o c ~ o ~  0 6 0 p y ~ o ~ a ~ m ~ i  H a  H a p b e p a x  II O ~ O ~ ~ T H T ~ J I ~ H H X  
4 a 6 p ~ ~ a x .  o6ecnere~~11 ~ a g e m ~ o i i  p a 6 o ~ ~  p y g o c n y c H o B  npea- 
y c M a T p m s a e T c r r  n p o B e A e H n e  n p o ( P ~ n a ~ x ~ n s e c ~ ~ x  H o n e p a T H B H H x  M e p o -  

n p H a ~ r n H .  l lepsae H a n p a B n e H H  H a  n p e A o T s p a q e n n e  06pa30sa~~11  CBOAOB 

n y T e M  y M e H b m e H m c I  ~ ~ ~ e ~ r n s e c ~ c o i i  3 k e p r ~ n  naaaroqnx IEYCKOB p y a b ~ ,  

IIOCTOIIHHOrO KOHTPOJIII BbICOTbI 3aDOJIHeHHR PyHOCUYCKa,  C H H W e H H X  

T e M n e p a T y p b I  3 a ~ e p 3 a ~ ~ c r  a a c ~ e ~ ~ e ~ ~ o f  p y ~ b ~ ,  y M e a b m e H m  npeccosa- 
HI IR  PYAbI  B ~KKYMYJIEIPYIO~C?% ¶aCTH PyAOCIIYCKa.  

Y ~ e ~ b m e ~ ~ e  ~ n ~ e ~ r n s e c ~ o i i  a H e p r m  n a n a m q e i j r  pyg~o i i  M a c c b I  go- 
C T H r a e T C R  npe,I(BapHTeJIbHbIM ee A ~ o ~ J I ~ H H ~ M ,  H 3 M e H e H H e M  Y r J I a  H a K J I O H a  

p y a o c n y c I c a  nepen a ~ ~ y ~ y n ~ p y m q e i i  s a c T b I o ,  ee p a c m n p e H E z e M  H T. n. 
B HaKJIOHHbIX P y A O C n y C K a X  AJIR CHEIXeHHR K H H ~ T H ¶ ~ C K O ~ ~ [  3HeprHET 

nif~amqeii p y ~ b ~  y c T a n a B m B a a T c R  .repea 15- 18 a M e T a n n H n e c n n e  qenn 
BeCOM a0 30 EL?/%; KYCKH PY$(bI, U a A a R ,  Y A a p R I o T C R  0 q e U H  H ora6a1o~ HX. 

Y ~ e ~ b r n m ~ b  n o n a A a H n e  c H e r a  B p y ~ y  MOXHO n y T e M  ~ a ~ n e x a n x e t i  
C H ~ ~ O ~ ~ W H T ~ ,  p a a M e q e H m c r  r p e 6 ~ ~  pa3sana B B O P B ~ H H O ~  p y ~ h ~  IIO OCHOB- 

HOMY H a I I p a B J I e H H I O  MeTeJIH.  YfiaJIl~~b C H e r  HeIIOCpeACTBeHHO H 3  3a6ot1 
M O K H O  C I IOMOqbIO UepeABHSfEHbIX KOMIIPeCCOPOB HJIH P e a K T H B H b I X  

402 

L 

I ~ s ~ r a ~ e n e i i .  ECJIH npoqecc o 6 o r a q e ~ ~ ~ i  p y ~ b ~  He C o A e p m H T  ( P J I O T ~ ~ E I E I ,  
TO AJIR YMeHbIl IeHMII  BJIHRHHH C H e r a  H a  p a 6 o ~ y  p y A O C U y C K a  UPHMeHRIOT 

o p o m e H H e  PYAH p a c T B o p a M l r  coneii NaCl H CaC1,. T a F i H H e  c M e c H  c H e r a  

c C O J I ~ I O  IIPOHCXOAHT npn T e M n e p a T y p e  ~ o s ~ y x a  H a  napbepe -12-15" C. 
OI IePaTHBHbIM MepOIIPHIITHIIM CJIeAYeT OTHeCTH p a 3 p y I I I e H H e  3a- 

B E I C ~ H ~ ~  MeXaHHPeCKHM,  B3PbIBHHM,  ( P E Z ~ I I Y ~ C K H ~ I  H A p Y r H M H  C I I O C O ~ ~ M H .  

AJIII H ~ ~ J I M A ~ H H H  3a A B H X e H H e M  PyAbI, YCTaHOBJIeHMR MeCTa  ~ ~ B H C ~ H H ~  
H 3 a T O p O B  El H X  J IHKBBAa4HH IIPOXOART I I a p a J I J I e J I b H O  H H ~ H ~ P  s a C T H  pyA0- 
C n y C K a  KOHTPOJIbHbIe  BOCCTaIOqHe  B M C O T O ~  6onee 50 a, KOTOPbIe  ¶epe3 
K a X A b I e  10-12 A6 COeAHHRIoT C PYAOCIIYCKaMEZ CMOTpOBbIMH XOAKaMlZ. 

n p H  UapaJIJIeJIbHOM P a C n O n O X e H H H  AByX-TpeX PyAOCIIyCKOB 06h19~0 
AJIR HX O ~ C J I ~ X H B ~ H H R  UpOXOAIIT OHHH KOHTPOJI~H~IB  B O C C T ~ I O ~ M ~ .  

M ~ X ~ H M ¶ ~ C K H ~  C U O C O ~  J IHKBHAaqHH ~ ~ B H c ~ H H G  PYAH ~ @ @ ~ K T E I B H O  

I I p H M e H R e T C R  y BbInYCKHbIX JIIOKOB. ~ ~ B E I C ~ H E I H  PYAbI JIMKBHAHPYMT 
JIMKoBofi I I I ~ ~ o B K o ~  HJlH C I IOMOqbIO B M ~ P ~ T O P O B .  

B ~ P H B H O ~ ~  C I I O C O ~  JIHKBMAaqHH ~ ~ B H C ~ H E I ~  p y a h I  I tPHMeHReTCI I  HaM- 
60~1ee s a c T o .  3 a p ~ ~  BB s e c o M  8-10 KZ H 60~1ee IIOABOACIT IIOA CBOA 

H 3  XOAKOB HJIH CMOTpOBhIX TO¶eK H a  f l epeBRHHhIX pC?fiKax A ~ H H O P  5-6 jlt 

M n n  c IIOMOW~H) M e T e o p o n o r n ¶ e c m x  ~ O H A O B .  B H a c T o s q e e  s p e m  npo- 
BOAIITCH OIIbITbI IIO J I I lKBHAaqHH 3 a ~ H ~ a H H f i  C UOMOwbIO P e a K T H B H h I X  

3ap I IAOB.  JIHKBElAaIplH 3 a B H ~ a n H f i  B 0 3 M O X H O  I I p H M e H e H H e  3JIeKTPO- 

3HePI 'HH.  A J I R  3~06 4eXEI BAOJIb PYAOCUYCKa H a  er0 npOTMBOIIOJIO?KHbIX 

CTOpOHaX IIpOKJIaAbIBaIOTCII A B e  TOKOUpOBOAIIIIJZte IIIHHhI, I l3OJIHpOBaH- 

HbIe  OT MaCCHBa  H 3aE(EIIQeHHhIe OT MeXaHH¶eCKHX I I O B P ~ X @ ! H ~ I ~ .  np1i 
noaase H a  HHX H a n p n x e H m F i  TOK UPOXOAHT ¶epe3.py~~h1fi CTOJIG B M e c T e  

aae60~1brueii IIXOTHOCTM (B 3TOM MeCTe MHHHMaJIbHOe C O I I ~ O T H B J I ~ H H ~ ) ,  

T. e. B MeCTe O ~ P ~ ~ O B ~ H E I R  PYREOG I IPO~KEI .  TOKOM H a r p e B a e T C I I  p y A H a R  

MaCCa ,  H 3 a B H C a H H e  p a 3 p y I I I a e T C R .  n p H  IIOCTORHHO BKJIIOPeHHOM H a U p R -  

X e H H H  J IHKBHAaqHt I  U P O ~ O K  OCyqeCTBJI I I eTCI I  aBTOMaTH¶eCKH. B H e -  

KOTOPbIX CJ Iy¶aRX RJIR JIHKBHAaqHM 3 a B H ~ a ~ E l g  BOBMOXHO ~ Y A ~ T  HCIIOJIb- 

3 O B a T b  H M n y J I b C H b I e  BOAOMeTbI (I'EIAPOIIYIIIKEI). 

~ ~ ~ c ~ ~ K T H B H ~ I M  MeTOAOM JIHKBHAaqMM PYAHhIX ~ ~ 0 6 0 ~  M O X e T  CJIY- 

W H T ~  n y r e B a n  3 ~ e p r ~ ~  K B a H T o B H x  r e H e p a T o p o R  ( J I ~ ~ ~ P O B ) ,  y n p a B n e H H e  

JrYsOM KOTOphlX 6 y ~ e ~  OCYqt?CTBJIIITbCR AHCTaHqHOHHO C U O r P Y 3 0 9 H O r O  

n y H K T a .  n n n  n p e a o T s p a q e H H s  HaJ rE ina r IHR p y ~ ~ o i i  M e n o s m  co c H e r o M  

H a  A H H 4 e  JIIOKa P y H O C U y C K a  MCllOJIb3YIOT H X  I I O A O r p e B  H a B e H e H H e M  

B HHX TOKOB @YKO C IIOMOIqbH) E I H A Y K ~ ~ I O H H O ~ ~  IEBTYIIIKH. AJIR HOpMaJIb -  

HOG 3HCnJ IYaTaqElH PYAOCUYCKOB ~ a n 6 o n e e  B a X H b I M H  RBJIRMTCR p a B H 0 -  

MePHOCTb 3 a r p y 3 ~ ~  H B H n y c K a  p y g ~  B T e q e H H e  CMeHH,  ¶ e p e A o B a H I l e  

3 a r p y 3 ~ ~  M e n K H x  H K P Y ~ H ~ I X  @pa~qnH,  o r p a H H s e m e  KYCKOB no K p y n -  

HOCTH ( 0 6 ~ 9 ~ 0  H e  60~1ee 1-1,3 m), a a n o ~ ~ ~ e ~ ~ e  a ~ ~ y ~ y z ~ p y m q e i i  
nacm p y A o c n y c K a  H e  smue y c ~ a ~ o s ~ r e ~ ~ o i i  BHCOTH H o 6 a e ~ a .  

B npoqecce 3KCUJIyaTaqI lH  H e I I p e p h I B H O  KOHTPOJIHpYeTCR Y P O B e H b  

3anOJIHeHMR p y A 0 C n y C K O B .  3 T O r 0  MOXHO HCI IOJ Ib30BaTb  HeIIOCpeA- 
C T B ~ H H O  BM3YaJ IbHOe  H ~ ~ J I I O A ~ H B ~  H 3  CbfOTpOBhIX XOAKOB H aBTOMaTH- 
¶ ~ C K E ~ G  KOHTpOJIb. AJIR aBTOMaTHYeCKOr0  KOHTPOJIR YPOBHII  3aIIOJIHeHHR 

a ~ ~ y ~ y J l ~ p y I O J 4 e f i  ¶aCTEl I IpHMeHIIMT 3J IeKTpOMeXaHH¶eCKMe,  3 J I eKTPK-  
qecme, @ O T O ~ J I ~ K T ~ H ~ ~ C K M ~  EZ P a A H o a K T n B H N e  y1ia3a~enn YPOBHII P Y A ~ I .  



B nocnemee BpeMcr H a  p y A H m e  ( ( I C r n p y ~ a )  (ECa~ana) n p o B o A s T  H C ~ U -  

T a m s  C n e q H a n b m x  p a A a p H M x  ~ C T P O H C T B  c nepe~ammeii m npnetd~oii 
aHTeHHaMH B KOMIIJIeKCe C 3IJ,BM, ¶TO II03BOJIIIeT OIITHMH3HpOBaTb 
H o n e p a T n B H o  y n p a s n s T b  n p o q e c c o M  B b I n y c K a  p y ~ h ~ .  

B a w ~ o e  s ~ a s e a n e  mMeIoT o p r a H H a a q m s  p a a r p y s o ~ ~ b ~ x  p a 6 0 ~ ,  pas- 
M e p H  pasrp ysosaarx n n o q a A o K  H norameme p y ~ o c n y c ~ o ~  . 

P a s r p y s o n ~ ~ e  n n o q a A K n  AOJIXHP HMeTb p a 3 ~ e p b 1  B nonepewme 
H e  M e H e e  ~ ~ y x  p a A n y c o B  n o B o p o T a  npn T~IIHKOBOH nonage a B T o c a M o c s a -  

n o B  H T p e x  p a A n y c o B  p a 3 ~ o p o ~ a  a B T o c a M o c s a n a  npn n e T n e B o M  n o ~ a e 3 ~ e  
K PYAOCIIYCKY. AJIR YBeJIEiPeHHR I I ~ O I I ~ C K H O ~ ~ ~  CIIOCO~HOCTH IIpHeMHMX 
~ C T ~ O % C T B  PYAOCIIYCKOB CJIeAyeT DPHMeHRTb ~ O K O B Y H )  p a 3 r P Y 3 K Y  CPeACTB 
a B T O T p a H C n O p T a .  

n o  M e p e  nOHHXeHEZR YPOBHH A O ~ M Y H ~ I X  p a 6 o ~  YCTbe pyAOCUyCKa 
n y T e M  noramenns ero s e p x ~ e i i  s a c T H  n e p e H o c n T c s  H a  ammenemaupie 
l?OpH3OHTH. Bbrco~a IIoI'aLtIae~of ¶aCTH 3aBHCIIT OT CKOPOCTH l lOHHXeHHJ3 

y p o B ~ R  A O ~ ~ F I H M X  p a b o ~ ,  cnoco6a n o r a m e H H H  pyAOCIIyCKOB H H x  s H c J I a .  
Ha~6onee s a c T o  n p H  n o r a m e H H m  p y A o c n y c K o B  nx a a n o n H c I I o T  p y ~ o i i  
no oTMeTKm nogomsu o ~ p a 6 a ~ ~ s a e ~ o r o  cnos, nocae nero n o r a n r a e M y r o  

YaCTb 06yp l lBaH)T ,  B3phIBaH)T H I 'pYaRT aKCKaBaTOpaMM. q ~ 0 6 b 1 ~ 3 6 e ~ a ~ b  
pa3pyll!eHHR pyAOCUyCKOB n p H  B3pbIBaHHH,  HX O ~ Y P H B ~ M T  yKOPO¶eH- 
HbIMH CKBaXHHaMH H I I I I IypaMH.   TOT C I I O C O ~  ~a1i6onee IIpOCT, 6e3onace~, 
U 0 3 B O n H e T  H 3 6 e X a ~ b  p a 3 y 6 0 ~ ~ s a ~ ~ s  pyAbI H B CpaBHHTeJIbHO K O ~ O T K E I G  
c p o ~  (1-1,5 ~ e c ~ q a )  0 6 e c n e s ~ ~ b  n p H e M  PYAM H a  B H O B ~  n o A r o T o B n e H -  
HOM r O p H 3 0 H T e .  

O ~ H T  ~ m p ~ x a 6 n e c ~ p o e ~ ~ r r  n o ~ a a b ~ s a e ~ ,  ¶TO B H a c T o s m e e  s p e m  
IZMeeTCH BO3MOXHOCTb I IpOeKTHpOBaTb H CTpOHTb CpaBHHTeJIbHO He-  

A o p o r H e  H BbI roAHMe B a ~ c n n y a ~ a q ~ m  A H ~ E I ~ ~ ~ J I E I ,  a T a K x e  r p y 3 0 s ~ e  
a a p O C T a T M  C BbICOKHM IIPOqeHTOM I I O J I ~ ~ H O ~  HaI 'pY3KH. M C I I O J I ~ ~ O B ~ H H ~  
r e n m  AncI H a n o n H e H n s  0 6 o n o s e ~  c A e n a e T  ~ 0 3 ~ y x o n n a ~ a ~ e n b ~ ~ i i  T p a H c -  
n O p T  n o ~ a p o 6 e 3 0 n a c ~ b 1 ~ .  

A H ~ H X ~ ~ J I H  a0 C p a B H e H H I o  C a B f l a q H e f i  H Ha3eMHbIMH BHAaMH T p a H c -  

n O p T a  MMeIoT PJTA IIpeHMyIQeCTB: BbICOKYH) 3KOHOMHPHOCTb (CTOEMOCT~ 

TpaHCnOpTEipOBaHHR I'pY3OB H a  A H ~ H H E ~ ~ J I ~ X  B 3 pa3a H H X e ,  ¶eM CaMO- 
n e T a M I I ,  H B 10-12 pa3 m m e ,  P e M  H a  a e p ~ o n e ~ a x ) ;  c n o c o 6 ~ 0 c ~ b  T p a H c -  

I IOpTHpOBaTb  K p y l I H 0 r a 6 a p H ~ F I b I e  rPY3bI; BO3MOXHOCTb IIPOH8BOAHTb 
n O C a A K y  B n1o6b1x YCJIOBHHX 683 HaJIHPHR a3POApOMOB H IIOCaAOPHMX 

IIJIOIQaAOK; 6 o n b m o i i r  p a A H y C  A ~ ~ C T B M R ;  C I I O C O ~ H O C T ~  IIpOAOJIXCHTeJIbHOe 
B p e M R  BEiCeTb B B03AYXe H HCIIOJIb30BaTbCR K a K  B O ~ A Y I I I H U ~  K p a H  H a  

IOHTaHCHbIX pa6o~ax ;  c n o c o 6 ~ o c ~ b  J l e T a T b  B 6 0 J I b m o M  A H a n a 3 O H e  CKO- 

p 0 c T e f i  (OT 0 A 0  180 ICatIu) H ~ p e i i r a o ~ a ~ b  B BO3AyXe 6e3 PaCXOAa TOIlJIHBa 
H e O r p a H H ¶ e H H O e  BpeMH;  c n o c o 6 ~ o c ~ b  C O B e p m a T b  B e p ~ ~ i K a n b H b I 5  B3JIeT 

11 nOCaAI<y ,  a T a K X e  UOAHHMaTb rPY3 BeCOM A 0  100 L'L H 6oaee. 
Bce 3TO II03BOJIReT P a C C M a T p H B a T b  ~ ~ p ~ l f f a 6 J I H  K a K  I ~ ~ ~ C I I ~ K T H B H H &  

BITA T p a H c n o p T a  Ana K a p b e p o B  B ycnosmx C ~ 6 n p n  H ICpai~ero  Cesepa, 
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a TaKl r t e  B rOPHMX ~ ~ G o H ~ x ,  YAaJIeHHbIX OT IIpOMMLUJIeHHbIX qeHTPOB.  

C y s e n n s e H m e M  o 6 a e ~ a  06on09~n ~ 0 3 p a c ~ a e ~  none3~as-x r p y 3 0 n o ~ a e ~ -  
HOCTb A E I P I I ~ ~ ~ J I I I ,  T a K  K a K  YMeHblZIaeTCII y ~ e J I b ~ h I f i  BeC KOHCTpyKqEIH. 
Han6onee qenecoo6pa3~ar B H a c T o R w e e  s p e m  06onos~m c 0 6 a e ~ o ~  
no 200-250 T ~ C .  at3. 

AJIH c H I m e H m s  CTOHMOCTH n y n p o w e H H s  K O H C T P Y K ~ H H ,  y B e n r n g e H E i n  
noJIe3~0fi irpY30IIOA'beMHOCTH, C O K P a w e H H R  3KHIIaXCa H O~CJIYXHBB- 

IoII(er0 n e p C O H a J I a  I I p H  TpaHCnOpTHpOBaHI3H MaCCOBbIX r p Y 3 0 B  B 0 3 M O X H O  

r 1 c n o n b 3 0 s a ~ 1 x e  K a p a s a H o B  rpy30~b1x ~ ~ P O C T ~ T O B .  BO r n a B e  K a p a -  

B a H a  - ~ 1 i p ~ ~ a 6 n b - 6 y ~ c m p ,  C H ~ ~ X ~ H H H ~ ~  MOQHHMH ABHraTeJIRMH 
I1 I IOJlHPM KOMIIJleKTOM a3POHaBHI'al(HOHHOI'O 0 6 0 p y ~ o ~ a ~ r n ~  H HMJIOTam- 
HbIX npm60po~. r p y 3 0 B b I e  a3pOCTaTbI  HMeMT TOJIbKO H ~ O ~ X O A H M O ~  060- 
PJ'AOBaHHe. 

A H ~ H X ~ ~ J I H  H r p y s o a h ~ e  a 3 p o c ~ a ~ ~  B r o p ~ o p y ~ ~ o f i  n p o M b I m n e H H o c T x  
AIOXHO HCIlOJlb3OBaTb AJIR TpaHCIIOpTHpOBaHHII  I 'OpHOpyflHOrO 0 6 0 ~ ~ ~ 0 -  

BaHHH,  AOCTaBKH 0 6 c n y ~ ~ ~ a ~ ) m e r o  I IepCOHaJIa  PYAHHKOB, c T p 0 f ~ f l a T e -  
PIIaJIOB, C ~ O P H ~ I X  IIPOH3BOACTBeHHMX H XHJIbIX I I O M ~ ~ € ? H H ~ ,  IIOJIe3HbIX 
HCKOnaeMbIX C MeCTa A O ~ ~ F I H  A 0  ? K e n e 3 ~ 0 6  AOpOrH HJIn  HenOCpeACTBeHHO 

H a  nYHKTbI I I O T P ~ ~ J I ~ H H I I  B I'OpaX H TpYAHOAOCTYUHbIX MeCTaX. O A H O ~  
I13 P ~ ~ H O B H A H O C T ~ ~  I lpHMeHeHHR ~ ~ p ~ m a 6 n e i i  RBnReTCR CO3AaHHe B03-  

~ y m ~ o i i  ~ p a ~ c n o p ~ ~ o f  M a r H c T p a n m  H a  ~ P E I B R ~ H ~ I X  a a p o c T a T a x .  ITo 
BO~AYIIIHO~I Aopore none3~oe H c K o n a e M o e  A o c T a s n R e T c R  m 3  K a p b e p a  

no M e c T a  I I O T ~ ~ ~ J I ~ H H H .  

P a s p a G a ~ ~ s a e ~ c ~  pcr~  c x e M  n o A s e c H b I x  flopor H a  I I P H B R ~ H ~ I X  aspoc~a- 
T a x  H BO3AYIIIHhIX I I I a p a X  C aBTOMaTH¶eCKH H3MeHtIeMbIM O ~ ~ ~ M O M .  

~ p e l l ~ y Q e ~ T B 0  B O ~ A Y I I I H O ~  I I O A B ~ C H O ~ ~  AOpOrH IIepeA O ~ M ¶ H O ~ ~  KaHaT-  
H O I ~  ~ ~ K J I H ) ¶ ~ ~ T C R  B TOM, ¶TO ee M O ~ H O  n e r K o  CMoHTrnpoBaTb 3a KOPOT- 

KOe B p e M R  B J I J O ~ O M  pa i i r0He  6e3 CIIeqHaJIbHbIX O n O p  H CTpOHTeJIbHMX 
K O H C T P Y K ~ H G .  P a c ~ e ~ b ~  ~ O K ~ ~ ~ I B ~ I O T ,  ¶TO H a  n e p e B o s K a x  n p O A y K q H H  

rOPHOPYAHbIX II~€!JJ,II~HRTH~ TYBHHCKO~ ACCP rOAOBaH 3KOHOMHR OT n p H -  
hIeHeHHH BO3AyXOnJIaBaTeJlbHbIX CpeACTB COCTaBHT 6onee 2,4 MJIH. py6. 

H p ~ ~ e ~ e ~ a e  mecm ~ ~ p m w a 6 n e f  AJIR p a 3 p a 6 0 ~ ~ m  o A H o r o  n3 M e m o -  

p o x ~ e ~ ~ l f i  J I ~ y ~ c ~ o i i  ACCP no p a c q e T a M  3a 20-ne~~rnti n e p H o A  s ~ c n n y -  
a T a q H H  O~€!CI I~¶HT 90 MnH.  py6. npm6h1nn .  

Ha npmqtine B O ~ A ~ X O ~ J I ~ B ~ T ~ ~ ~ H M X  a n n a p a T o B  p a 3 p a 6 0 ~ a ~ a  cxem 
o 6 0 p y ~ o ~ a ~ m s ,  n p H  K O T O P O ~ ~  O ~ ~ C ~ ~ P H B ~ ~ T C R  TpaHCIIOpTHPOBaHHe 
BCI~PMDIHHX IIOPOA no ~ a m p a n a 5 m e ~ y  P a c c T o s H m o  B nonepemom 
H a I I p a B J l e H H H  I IPH 3 ~ a ~ H T e J l b H b I k  HX MOtQHOCTIIX, H a 3 B a H H a R  a 3 p O -  
TpaHCI lOpTepOM.  I T p H  3TOM p a 6 o ~ a  OCyQeCTBJlReTCR IIO I I P H H q H I I y  TpaHC- 

IIOPTHO-OTBaJlbHhlX MOCTOB . 
C o a ~ a ~ t i e  H B H e A p e H n e  a 3 p o ~ p a ~ c n o p ~ e p o ~  o 6 e c n e s ~ ~  ycnosas 

I I ~ o H ~ B o A H T ~ J I ~ H o ~ ~  p a 6 o ~ ~  BCKPbIIIIHhIX KOMIIJIeKCOB 38 C¶eT yBeJIH¶eHHFI 

HCIIOJIb30BaHMR BO BpeMeHH,  K o ~ @ @ H ~ E I ~ H T ~  HaAelfEHOCTEI, Y M e H b m e H H R  
BpeMeHH M a H e B p H p O B a H H R  B T O p q a X  EI JIHKBHAaqHH IIPOCTOII H 3 - 3 8  
I l e P e C T p O e K  neHTO¶HMX K O H B ~ ~ ~ ~ O B  H XeJ Ie3HOAOPOXHMX I l y ~ e f  TpaHC-  

IIOPTHO-OTBaJIbHhIX MOCTOB. T ~ K H M  06pa30~ ,  B H e A p e H H e  CpeACTB B03AYXO- 

I I n a B a H H R  A n R  TpaHCI lOpTHpOBaHHf l  r 0 p H 0 f i  MaCCM IIO3BOJIHT: YMeHbIUIlTb 
MeTaJInOeMKOCTb H aHeprOeMKOCTb TpaHCIIOpTHpOBaHHcI;  3 K C n J l y a T E p O B a T b  



H X  B p a 3 J I H q H h I X  KJIHMaTHUeCKHX YCJIOBHRX; BCJIeACTBHe JIerKOCTII , 
M O ~ H J I ~ H O C T H  H MaHeBPeHHOCTH CpeACTB T p a H C I I O p T H p O B a H H R  ~ e p e -  
M e m a T b  rpy3 K a K  B BepTHKaJ IbHOM,  T a K  Ei  B r O p H 3 0 H T a J I b H O M  H a I I p a B J I e -  

HHH; n p H  ~ c n n y a ~ a q ~ a  K a p b e p o B  c o r p a H H s e H H b I M m  3 a n a c a ~ ~  I I O J I ~ ~ H ~ T X  

HCKOlIaeMbIX I I e p e B O A H T b  BO3AyXOIIJIaBaTeJ?bHbIe  CPeRCTBa  C ORHOrO 

K a p b e p H O I ' O  IIOJIR H a  A p y r O e ;  I I p H  CTpOHTeJIbCTBe K a p b e p O B  I I p I l M e H R T b  

T p a H c n o p T H o e  0 6 o p y ~ o s a ~ ~ e ,  n p e ~ ~ a 3 ~ a s e ~ ~ o e  AJIR ~ K C I I J I Y ~ T ~ ~ E I O H -  
H b I X  qeJIe6; CHH3HTb  C ~ ~ ~ C T O H M O C T ~  T p a H C I I O p T H p O B a H H R  IIOpOA H IIO- 

BbICHTb IIpOM3BOAHTeJI bHOCTb T p Y A a  . 
T p a H c n o p T H p o s a H n r r  nojresaoro H c K o n a e M o r o  B ~ J I ~ ~ O K I I X ,  

orpamsemmx no n n o q a m  K a p b e p a x ,  O C O ~ ~ H H O  npm HX A O ~ ~ ~ O T K ~ ,  
B n o n H e  peanmo n p n M e H e H n e  B e p T o n e T o B .  IIPH H C U O J I ~ ~ O B ~ H H E  B e p T o -  

J IeTOB rOpHYH)  MaCCy  M O X H O  I I e p e M e Q a T b  B K O H T ~ ~ H ~ ~ ~ X ,  KOTOPbIe  

n p e A c T a s n c I m T  co6oii n p o s H M e  M e T a J r n r n e c K H e  RWLIKH, H M e m n p e  AOH- 

HYH) p a a r p y 3 K Y  H O ~ O P Y R O B ~ H H ~ I ~  XeCTKHM I l I a P H H P H O  YKpeI I J I eHHbIY 

I lpEfqe I IHbIM ~ C T ~ O G C T B O M .  
B 3a6oe K O H T ~ G H ~ P ~ I  YCTaHaBJIHBaIOT IIO 06e C T O p O H P  OT pa6o~a-  

-IoK(eI'O 3 K C K a B a T O p a ,  n O r p y 3 K y  H X  n p O H 3 B O ~ R T  C B e p X y  n p H  OTKIlHyTObI 

J l p H q e U H O M  ~ C T ~ O G C T B ~ .  no OKOHsaHHLl I IOrPY3KEI U p H ~ e U H O e  Y C T ~ O ~ ~ -  

CTBO IIOAHHMaeTCR B TpaHCI IOpTHOe  IIOJIOlrceHlle,  B e p T O m T  C IIOMOIII,bH) 

saxsamoro n p ~ c n o c o 6 n e ~ m ~  saqennne~ ero H A o c T a s j r r r e T  ~ o n ~ e f ~ e p  
H a  I IOBepXHOCTb.  Pa3rpy3~a K O H T ~ ~ H ~ ~ O B  H a  JIOBepXHOCTH O C y q e -  

CTBJIReTCII B OTKPhITble  C B e P X Y  n p H e M H h l e  6 y ~ ~ e p a .  O I I ~ C T H B I I I I T C ~ ,  

B e p T O J I e T  K a C a e T C R  K O H T ~ ~ H ~ P O M  C I I e 4 H a J I b H O r O  a H I I I J I a r a ,  YCTpOeHHOrO 

H a A  ~ Y H K ~ P O M ,  C T B O ~ K H  A H m q a  ~ o ~ ~ e i i ~ e p a  o T K p H s a m T c H  H r o p H a R  

M a c c a  B b I c M n a e T c R .  C T B O ~ K H  A H m q a  3 a K p r i m a m T c R  a n T o M a T x s e c s I I  

B MOMeHT K a C a H H R  K O H T ~ G H ~ P O M  IIOBepXHOCTH 3eMJIH.  

B ~ ~ T O J I ~ T  M O X e T  0 6 c n y ? ~ m s a ~ b  OAHH 3 K C K a B a T O p ,  OAHaKO AJIR #0p- 
CHpOBaHHcI  er0 pa6o~h1 BO3MOWHO HCIIOJ Ib30BaHHe  ABYX BepTOJIeTOB.  

,I(OCTOHHCTBO B e p T o n e T o B :  p e a ~ o e  c o I c p a r q e H x e  p a c c T o s H m r r  m spe- 
M e H H  TpaHCI IOpTHpOBaHEIR rpY3a. no AaHHhIM M .  B. B a c ~ j r b e ~ a ,  pat- 
CTORHHe TpaHCI IOPTHpOBaHI lH  BepTOJIeTaMH YMeHbI l I aeTCR lI0 CpaBHeHI IH)  

C 3KeJ Ie3HO~OpO?HHHM TpaHCI lOpTOM B 16-28 pas, C ~ B T O M O ~ E I J I ~ H ~ I M  - 
B 7-12 pa3 I% C K O H B ~ ~ ~ ~ H M M  - B 1,5-3 p a 3 a ,  B p e M R  TPaHCI IOPTHPO-  

B a H H R  YMeHbl I l aeTCf l  COOTBeTCTBeHHO B 30, 8 H 4 pa3a. 
P ~ C P ~ T M  II0Ka3hIBaH)Tl  ¶TO I I p H M e H e H H e  BepTOJIeTOB B K a p b e p a X  

~ $ # ~ R T H B H O  n p H  n o A a e M e  H e  M e H e e  5-7 m n o n e s H o r o  H c K o n a e h r o r o ,  

T. e. H e  H m x e  10 m c y s e T o M  seca T a p  ~ o ~ ~ e i i ~ e p a .  C o ~ p e ~ e ~ ~ o e  pas- 
B H T H e  TeXHHKH I I03BOJIReT  CO3JI,aBaTb BepTOJIeTbI  CO B3JIeTHbIM BeCOM 

40-50 m. ECJIH y s e c T b ,  UTO I I O J I ~ ~ H ~ H  ~ a r p y 3 ~ a  B e p T o a e T o B  H e  n p e B b I -  

I U a e T  35-4096 B3JIeTHOrO B e C a ,  TO OHH CMOI'YT IIOAHHMaTb rPY3 15- 
20 m. Ha K p y I I H h I X  B e p T O J I e T a X  I IpHMeHRIoTCR T Y P ~ O B H H T O B H ~  peaKTI1B-  

H e  A B H r a T e J I H ,  HeAOCTaTOK KOTOPbIX 3aKJIH)YaeTCH B C P ~ B H I I T ~ J I ~ H ~  
6 0 ~ 1 b m o ~  p a C X 0 A e  I 'OpJDse ro .  Y BepTOJIeTOB,  H M e I O q H X  B ~ J I ~ T H H G  BeC 

40-50 m, M O q H O C T b  ~ ~ H r a ~ e J I e f i  COCTaBJIReT 8000-10 000 A. C.; p a C X o 2  

ropmsero n p H   TOM A o c T H r a e T  2-2,5 mlu. 
B T ~ ~ J I .  64 n p H B e g e H a  CTOHMOCTb T p a H C I I O p T H p O B a H H K  m rpy3a 

p a 3 J I H s H h I M H  BHAaMH K a p b e p H O I ' O  T p a H C I I O p T a  . 
406 

(no M .  B. Bacn~~be~y)  
I I 

CTOHMOCT~ TPPHCIIOPTIIPOBPHUFI 1 ?tl r P y 3 a  

CTOHMOCT~ (KOU.) npu rny6u1ie mpbepa (a) 
1 KOII. m.x.w, 

1 0 0  / 200 I 3 0 0  

I I I 

Ha ~ a 6 n .  64 BHRHO, UTO C T O H M O C T ~  1 m e w  B cnyqae n p m e a e n m  
BePTOJIeTOB 3 H a 9 H T e J l b H O  BbIULe, UeM A P Y r H X  BBAOB T P a H C I I O p T a ,  OAHaKO 

H a q H H a R  C r n y 6 ~ ~ b 1  200 M CTOHMOCTb TpaHCIIOPTHpOBaHEIII  HMH H H X e  

nmboro npyroro saga T p a H c n o p T a .  o 6 p a s o ~ ,  npll C ~ ~ H ~ ~ H O H  
BbI I IyCKe  BepTOj reTOB 60~1bmoG rpy30I IOA 'beMHOCTH CO 3HaPMTeJ IbHhIMH 

M O T O p e C y p C a M H  H 60~1ee AJIIlTeJIbHbIM a M O P T H 3 a ~ H O H H h I M  CPOKOM H X  

I I p H M e H e H H e  B K a p b e p a X  MOWeT 6b1~b BIIOJIHe pl?aJIbEHM. B U e p B y I o  

osepegb B e p T o J r e m  n o n y s a m T  p a c n p o c T p a H e H n e  H a  Y ~ K H X ,  o r p a m s e H -  

HbIX DO n J I O L q a g H  K a p b e p a X  P J I Y ~ H H O ~  CBbIIlIe 200 Atl H a  A O ~ ~ ~ O T K ~  HHW- 
HIIX l'OPm30HTOB H I I P H  BMeMKe OTAeJIbHhIX PYAHJJX T e a ,  K O r A a  p a 3 H O C  

6 0 ~ ~ 0 ~  AJIR Y C T P O ~ ~ C T B ~  TpaHCIIOPTHhIX 6 e p ~  ~eqexecoo6pase~,  a T a K m e  

H a  BCIIOMOraTeJIbHbIX pa6o~ax. 

9 4. T ~ ~ H C ~ O ~ T H ~ O B ~ H H ~  I ' o ~ H o ~  MaCCbI  PeaRTHBHhIMM M e T a T e n H M H  

k I ~ e m m ~ e c ~  B rrac~omqee B p e M R  a s x a q H o H H a T e  p e a l c T m B H u e  A s n r a -  

TeJIH C03AaJIH IIPeAIIOCbIJIKH RJIH r a 3 0 A H H a M H s e C K O r O  TPaHCI IOpTLipOBaHHR 

I ' o ~ H o ~  MaCCbI C I I O M O 4 b H )  CTPY~~[  O T ~ ~ ~ O T ~ H H ~ I X  r a 3 0 B ,  H C T e K a H ) q H X  

CO C B ~ ~ X ~ B ~ R O B O ~ ~  CKOPOCTbH). Bnep~bIe B M M P O B O ~  I I p a K T H K e  B C O B ~ T -  
CKOM C0103e I I P e & X O X e H a  p e a K T H B H a R  T p a H C I I O p T H a R  YCTaHOBKa,  B KOTO- 

p0fi AJIR M e T a H H R  IIOPOAbI B OTBaJI  HCnOJIb3yeTCR 3 H e P T M R  O T ~ ~ ~ O T ~ H H M X  

r a 3 O B  a B H a q I l O H H O r 0  T Y P ~ O P ~ ~ K T H B H O I ' O  ABHI'aTeJIR (PHC. 173). 
I l p o ~ e n e ~ ~ ~ e  H a  C ~ M ~ H O B C K O - ~ O ~ O B K O B C K O M  y r o n b s o M  p a g p e a e  

I lCIIbITaHHR IIO3BOJIHJIII YCTaHOBHTb,  UTO OI ITHMaJIbHaR AJIHHa ~ ~ ~ I ? O H H O &  

T P Y ~ H  PeaKTHBHOTO MeTaTeJ iH  I I O P O A P  COCTaBJIReT 7-8 nt, a ee A H a M e T p  

0.5 nc. Bee y c T a a o s K H  o K o n o  20 m. IIpn ~ T H X  n a p a M e T p a x  ee npoaa- 
BOAHTeJIbHOCTb I I P H  I I e p e M e q e H H H  KYCKOB I'OPHO$ MaCCbI P a 3 M e P O M  

A 0  200 .MA AOCTElraeT 3000 .W3/u. H C I I ~ I T ~ H H R  I I e p B h I X  P e a K T H B H h l X  M e T a -  

T ~ J I ~ G  n O K a 3 a J I H  XOpOUII le  P e 3 Y J I b T a T b I .  O A H O B ~ ~ M ~ H H O  GMJI BhIRBJIeH 

P R A  TeXHHUeCKHX HeROCTaTKOB. ~ O P H ~ R  M a C C a  I l p H  M e T a H H H  PaCCJIa -  

E iBaeTcR no A m H e  B M c o T e  ~ 3 - 3 a  p a 3 ~ 1 ~ s ~ o r o  paanrepa KYCKOB, UTO 
Y c n o w H R e T  T e x H o n o r n m  O T B ~ J I O O ~ ~ ~ ~ O B ~ H H R ,  y B e a E i m B a e T  3 a n ~ n e ~ -  
HOCTb H 3 a I ' a 3 0 B a H H O C T b  K a p b e p a .  H ~ o M ~  TOrO,  C e P b e 3 H b I M  HeAOCTaTKOM 

RBJIReTCR IIIyM. pa6o~amqefi YCTaHOBKB. 
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Han6onee ~ # I # I ~ K T H B H ~ I  p e a K T H B H b I e  M e T a T e J I t l  n p H  COBM~CTHOM 

EICIIOJIb30BaHHH H X  C aKCKaBaTOpaMEl  H e I I p e p b I B H O r O  A ~ ~ ~ C T B H X .  
0 6 e c n e s e a ~ l i :  ~ J I ~ ~ O I I ~ H R T H M X  ~ C J I O B H ~  I I p H M e H e H H R  P e a E T H B H h I X  

M a ~ e p ~ a n  3 a r p y x a e ~ c ~  c I I O M O ~ ~ H )  ~ J I ~ K T P O H H O ~ O  Y C T P O ~ ~ C T B ~ .  

r a~enef i  B ~ a p b e p a x  BO~MOHCHH C J I ~ A Y I O ~ H ~  T ~ X H O J I O ~ M ~ ~ C K H ~  C X ~ ~ I M  ~ ~ H M ~ H X ~ M ~ X  T ~ ~ ~ o I I ~ o B o ~ H ~ H  P e a K T H B H a X  T p a H C D O p T H a H  YCTaHOBKa 

EIX pa6o~b1. 6 y ~ e ~  IIpe AI IOJ IOZHTenbHO H M e T b  B 80- 
1. B cnysae I I p H M e H e H H R  T p a H C n O p T H O - O T B a n b H H x  MOCTOB BMeCTO 

100 pa3 M e H b I I I y I o  MeTaJIJIOeMKOCTb IIO cpa- 
BHeHHIo  C TPaHCnOPTHO-OTBaJIbHhlMH MO- 

K O H C O J I ~ H O ~  ¶aCTH MOCTa Y c T ~ H ~ B J I H B ~ ~ T C X  P ~ ~ K T E I B H M ~  M ~ T ~ T ~ J I ~  
(PHC. I?$), c ~ a 6 x e H H b I ~  

YCTPO~CTBOM AJIR I IOBOPOTa 

B I ' O P M ~ O H T ~ J I ~ H O ~  IIJIO.CKO- $ 5. T ~ ~ H C ~ O ~ T H ~ O B ~ H H ~  r p Y 3 0 B  K a H a T H b I M H  

6 CTH. P ~ ~ Y J I H P o B ~ H H ~ M  pe- nOABeCHhIMII  A O p O r a M H  

X H M O B  pa6o~h1 M e T a T e X b  

~ K J I ~ A ~ I B ~ ~ T  ~ P Y H T  ~a pas- h ~ i i ~ ~ h I e  DOABeCHhIe A O p O r H  ( ~ H c .  175) 
IIpeACTaBJIXIoT C O ~ O P  IIOABeIIIeHHbIe H a  ono- JIHPHOM PaCCTOXHHH, ¶TO 

C I I O C O ~ C T B ~ ~ T  y f i l e ~ b m e ~ ~ ~ o  pax K ~ H ~ T H H ~  JIHHEIH, IIO KOTOPMM nepe- 
IIJlaHHpOBO¶HbIX P ~ ~ O T  11 M e q a I o T C R  TpaHCI IOpTHbIe  COCYAJd - B a r o -  

y x y s m a e ~  ~ C T O H P M B O C T ~  HeTKH. MX I IpHMeHXIoT  H a  P H A e  DpOMbIm-  
JIeHHMX I I P ~ ~ D P E I R T H ~ ~ ,  B TOM ¶EICJIe H B r O p -  OTBaJIOB. ~ O H C T P Y R T E ~ B H M ~  

BeC MOCTOB YMeHbJ l I aeTCH ~0~06h1sa1oqef IIpOMblUIJIeHHOCTH. 
no OTpaCJIXM IIpOMbIIUJIeHHOCTEI OHM H a  10-20%. 

PUC. 173. P e a ~ ~ u s u a ~  n e ~ a ~ e n s n a a  yc~aaosrta: 2. ~ P E I  H C I I O J I ~ ~ O B ~ H ~ ~ I I  p a c r r p e A e n e H b I  C n e A y I o q H M  0 6 p a 3 0 ~  (%): 
I - na@e~;  2 - MeXaHli3M noeopoTa; 3 - Pa3poH- ; Y Z ~ J I ~ ~ H O A O P O H C H O ~ O  KxII J7ronbaa~ . . . . . . . . . . . . . . . . . 37 
waR ~py6a;  4 - ~ Y H H B P ;  5 - aWBUmKa; 6 - T Y P ~ O -  l I e p ~ a ~  EI qseTHaR hleTanJIyprm . . . . . . 18 p e a ~ m e ~ s i t  RemaTenb; 7 - MexaHuan nomena K O H B ~ G ~ P H O ~ O  T p a H c I I O P T a  Xrn~mec~aR . . . . . . . . . . . . . . . . 6 

IIOpOA H a  BHeIIIHIIe  OTBaXbI  C T P O H T ~ J I ~ H ~ I X  MaTepHaJIOB . . . . . . . . . 5 
BMeCTO O T B ~ J I ~ H O ~ ~  CTpeJ Ih I  a 6 3 e ~ q e p o ~  HJIIl 0 ~ ~ a J I 0 0 6 p a 3 0 ~ a ~ e J I e f i  P e K O -  ~ P O ¶ H ~  . . . . . . . . . . . . . . . . . . 34 
MeHAyeTCli:  I I p H M e H X T b  P e a K T H B H h I e  MeTaTeJ IH .  P ~ C ¶ ~ T N  n O K a 3 a J n .  

PTO IIPH HC~F~J I~~HOAOPOH(HOM ~ p a ~ c n o p ~ e  H C I I O J I ~ ~ O B ~ H M ~  ~ e ~ a ~ e a e i i  I C a ~ a ~ n b ~ e  n o ~ s e c ~ b ~ e  ~ o p o r ~  m e m ~  PIIA 
I I p e H M y m e C T B  IIO C p a B H e H I I I o  C C y l q e C T B y -  H a  omanax y s e n n s H s a e T  mar nepensxxm x e n e a H o A o p o m H o r o  nynr 

B 2-3 pa3a, C O K p a q a e T  PHCJIO OTBaJIbHbIX TYIIHKOB, Y M e H b I I I a e T  I o m H M H  BHAaMH K a p b e p H O r O  T p a H C I I O p T a :  
He3aBHCHMOCTb OT penbeaa MeCTHOCTH; 60~1b- K a n n T a a b H b I e  H ~ K C I I J I ~ ~ T ~ ~ H O H H M ~  a a ~ p a ~ b ~  H a  O T B ~ J I O O ~ ~ ~ ~ O B ~ H H ~ .  
I I I I le  AOIIYCTHMhIe YKJIOHhI IIYTH (30-40') 
H nponem M e x A y  o n o p a M t r ,  I I O ~ B O J I X I ~ I ~ H ~  , 
I IPOKJIaAbIBaTb  T p a C C y  DO K p a T ¶ a l % I I I e ~ y  

H ~ I X  c o o p y m e ~ ~ i i ;  B O B M O ~ H O C T ~  n e p e M e r q e -  

HIIX r P Y 3 0 B  H a A  3aCTPOeHHhIMH YYaCTKaMH,  

H e  M e m a x  n p H   TOM pa6o~e  ~ a a e w ~ o r o  
PHC. 174. Cxena ~pmcnop~no-o~sansnoro n o c ~ a  c pearrmanarnt ne~amzebt T p a H C I I O p T a  ; B03MOmHOCTE 6ecnepe6oii~ofi 

pa6o~b1 B T e q e H H e  B c e r o  roAa; ~ H ~ K O C T ~  

3. npa CKJIaAHpOBaHHH CbIIIy¶HX M a T e p H a J I O B  M e T a T e J I b H b I e  YCTa- T P ~ C C M  (B n n a ~ e )  B C B X ~ H  c M ~ J I H M H  pa- 
HOBKH o 6 e c n e . i ~ ~ a m ~  6onee B ~ I C O K Y ~  I I ~ O H ~ B O A H T ~ J I ~ H O C T ~ .  BO~MOX- AHJ'CaMEl KpHBhIX (A0 5 &); C D O C O ~ H O C T ~  

HOC& ,l(HCTaHqHOHHOrO Y I I p a B J I e H H H  ~ ~ ~ O T Y P ~ H H H ~ I M E I  ABHr i lTeJ IRUI I  AOCTaBJIXTb rpy3 H a  JIIO~YIO BbICOTy H OCyqeCTBJlfXTb p a 3 r P Y 3 K Y  
0 6 y c n o s ~ r ~ s a e ~  ~ ~ ~ o I I ~ c H o c T ~  EI H a A e Z H O C T b  I IPHMeHeHHX ~ e T a T e . ? e f i  B ~11o60f i  TOPKe  TpaCCbI  683 nepeph~sa T p a ~ c D o p T H O r 0  I I p O q e C C a .  OCO- 
~a C K J I ~ A ~ X .  6 e ~ ~ o  B#I#I~KTEIBHO DpHMeHeHEle  nOABeCHbIx  K a H a T H h I X  A O p O r  B YCJIO- 

4. I I e p e ~ e ~ q e ~ n e  n o p o ~ b ~  OT B C K P H ~ H O ~ O  s ~ c ~ a s a ~ o p a  ~ e n p e p b ~ s ~ o r o  BHRX ~ O P H C T O ~  M~CTHOCTH. 

A ~ P C T B H R  B OTBaJI OCYIU,eCTBJIXeTCR C IIOMOIU,bIo I ' a30AHHaMHPeCKOrO B COB~TCKOM C0Io3e DpHMeHXIoTCX A B y X K a H a T H b I e  IIOABeCHbIe A O p O r K  

T p a H C n O p T a  no T P ~ ~ O ~ P O B O A ~ .  He60~1bmoii BeC P e a K T H B H b I X  f l B H r a T e ~ e f i  C KOJIbqeBhIM HJIH MaXTHHKOBhIM ABHHEeHHeM BarOHeTOK.  
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O C H O B H ~ I ~  UaCTH K ~ H ~ T H O ~  I I O A B ~ C H O ~  AOpOI'H: n O I ' p y 3 0 ¶ H a R  CTaH- 

q H R ,  JIHHHH ABHKeHHII ,  p a 3 I ' P Y 3 0 ¶ H a R  CTaHqHR,  BaI'OHeTKH H IIPHEOA 

TRrOBOI'O K a H a T a .  ~ O I ' P Y ~ O ¶ H ~ R  CTaHqHR COCTOHT H 3  IIPHeMHOI'O ~ Y H -  

I c e p a  1, 3aI'py3O¶HOI'O Y C T ~ O ~ ~ C T B ~  AJIR BarOHeTOIE, KeCTIcOI'O PeJIbCOBOI'O 

IcpyI'OBOrO 0 6 r o ~ ~ o r o  n y T H  2, IcOHqeBOI'O t l lKHBa 3 AJIR TRrOBOrO I c a H a T a .  

.JIHHHII ABHWeHHR HMeeT OIIOPhI 4,  HeCyUl,He IcaHaThl  5 H TRI'OBHG K a -  

H a T  6. P a 3 I ' p y 3 0 ¶ ~ a R  C T a H q H R  IIpeACTaBJIeHa PeJIbCOBHM O ~ I ' O H H H ~ I  

n y T e M  7, I IpHeMHhlM ~ Y H K ~ P O M  8 H I I P H B O ~ ~ H O ~  J I ~ ~ ~ A E C O G  9. 
n o  OAHOMY H 3  HeCYUl,HX KaHaTOB ABHKYTCR I'PyKeHbIl? BaI'OHeTKH, 

lI0 ApYI'OMY - nOpO?KHHe.  B 3aBHCHMOCTH OT BHellIHHX YCJIOBHG OIIOpbI 

yCTaHaBnHBaIoTCR ¶epe3 IcaHEAhIe 100-300 X, B HeKOTOPhlX C J I p a R X  - 
sepes I c a w A b I e  500-1000 x. B b I c o ~ a  onop 30-50 a. Ha I C a ~ ? ~ a p a ~ c ~ c o ~  

I c a p b e p e  B M c o T a  onop A o c T H r a e T  73 x. O n o p ~  n p e A c T a s n e H H  MeTaJr- 

JlH¶eCKHMH IIPOCTPaHCTBeHHbIMH @ ? ~ M ~ M H .  Ha 3 a p y 6 e ~ ~ h 1 x  K a p b e p a X  

p a c n p o c T p a H e H H e  n o n y s H J r H  ~ ~ J I ~ ~ O ~ ~ T O H H M ~  onopbI. Hecymae IcaHaTbI 

X a  OAHOM K O H q e  3 a R K O P H B a I o T  10, a H a  APYrOM HaTRI'HBalOT I 'PY30M 11. 
~ H ~ O K O ~  p a C I I p 0 C T p a H e H H e  HMeIoT BaI'OHeTKH C OIIpOECHAHbIM KY30- 

BOM H a  ABYX HJIH qempex I c o n e c a x ,  Ka;rcAaR napa KOTOPMX o6pa3ye~ 
T e J I e K K y .  r p y 3 0 I I o f l ' b e ~ ~ o c ~ b  BaI'OHeTOK 1,3-2 m. n p 0 ~ 3 ~ 0 f l H T e J I b -  

HOCTb ~ ~ ~ G c T B Y I O I Q H X  KaHaTHbIX AOPOr  AOCTHI'aeT 1,5-5,5 THC. m 
B CMeHy.  

~ ~ O H ~ B O ~ H T ~ J I ~ H O C T ~  IcaHaTHbIX AOpOI' OIIpeAeJIRIoT,  K a K  AJIR He-  

U p e p h I B H O r O  BHAa T p a H C n O p T a ,  IIOACTElBJIRH BMeCTO IIOI'OHHOG H a r P Y 3 K I I  

.q = Gla: 
3600 Gv 

17,. , =- (XVIII,1) 

rAe G - r p y 3 o n o ~ a e ~ ~ o c ~ b  B a r o H e T m ,  m; 
V - CIcOpOCTb ABHKeHHH BaI'OHeTOK, x/CelE; 

a - paCCTORHHe M e K a y  BarOHeTKaMH,  X. 

P ~ C C T O R H H ~  Ml?KAy BaI'OHeTKaMH B CpeAHeM COCTaBJlReT 50-150 a, 
a CKOpOCTb ABHKeHHR AOCTIII'aeT 3 x/CelE. ~ P O H ~ B O A H T ~ J I ~ H O C T ~  IIOA- 

B ~ C H O ~  K ~ H ~ T H O ~  AQpOI'H 3aBHCHT B I IePBYIo  O ¶ e p e A b  OT OpI 'aHH3aqElH 

pa6o.r. Ha~6onee  YR3BHMhl AJIR KaHaTHbIX AOpOr  TRI'OBbIe KaHaTbI .  I / ~ x  
n p H M e H R I o T  AHaMeTpOM A 0  32 xx, H OHHAHMeH)T CPOK C J I Y X ~ H  OT OAHOI'O 

no c e M n  M e c R q e B .  H e c y m ~ e  I c a H a T H  c n y m a T  c m m e  raga rn HMeroT AHa-  

M e T p  A 0  50 M .  
0 6 ~ 9 ~ 0  I I p H  H ~ O ~ X O A H M O C T H  3aMeHhI  H3HOIIIeHHOrO IcyCKa K a H a T a  

(30-40% H ~ H O C ~ )  I c a H a T H a R  AOpOI'a n p 0 C T a H B a e T  5-6 U. ~ O A B ~ C H H ~  

IcaHaTHhIe  AOpOrH O ~ O P Y A Y I ~ T  CpeACTBaMH aBTOMaTH3aIJHI3: aBTOMaTH- 

Y e C K y I o  3aI 'PY3KY, Pa3I 'PY3IcY,  A B H X e H H e  BaI'OHeTOIc H a  IIOI'PY30PHbIX 

H pa3I 'PY30¶HbIX CTaHqHRX,  aBTOMaTH¶eCIcYH) OTqeIIKY H npHql?IIKy HX 

Ic TRI'OBOMY I c a H a T y .  H a p R ~ y  C 3THM CpeACTBa aBTOMaTH3aqHH IIPH- 

MeEIRlbT AJIH pe I ' ynEipOBaHHR pa60m DpHBOAa,  KOHTPOJIR 3a pa6o~oB 
JIHHHH, y ¶ e T a  IIpOH3BOflHTeJIbHOCTH H ~ B ~ P H Z H O G  ~JIOIEHPOBKH. ~ J I H H ~  

Aopor OT 1 , O  ,qo 9 KM H 6onee. Ha ICOP+OBCKOM IcaMeHHoM K a p b e p e  

( X a 6 a p o ~ c 1 c ) ,  HMeIoWeM IIPOH3BOAHTeJIbHOCTb OKOJIO 400 THC. x3 B I'OA, 

IIpeAIIOJIaI 'aeTCR CTpOHTeJIbCTBO ~ ~ o ~ ~ B ~ c H o G  K ~ H ~ T H O ~  AOPOI'H A J I H H o ~  

npOU3BO- AnUHa rpy30- CnOpoc~b HHTePBaX 

Haphepbl nepeao3u~~11 nu~enb- TpaHcnOp- non'bem- nsnxce- ~ e m n y  
~ P Y B  H O C T ~ ,  TwpOBa- HOCTb, HEIR, ~ a r o ~ a m u ,  

m l u  HUH, m &/een cm 
?EM. 

- 

KaJWapaHCKn% P Y R ~  250 0,86 1,7 3,13 21,o 
~ ~ ~ J I I ~ H ~ ~ H C K I I ~ ~  ~ T ~ B ~ C T H R K  220 7,4 1,5 2,93 24.5 

C ~ e p s a ~ a ~ r n c ~ n l  To me 260 6 2  1,5 3,12 21.0 
P H ~ H H U $ I I ~ ~  R 100 3,6 1.4 3,15 22.0 

C ~ M H J I ~ K C K H ~  r n n ~ a  84 2 8  1 0  44,5 
B ~ T ~ O C R H C K H ~ ~  TO me 60 0,7 1,1 

~ U ~ T Y P C K H &  
69.0 1,6 

 PYA^ 72 0,58 3.8 6,13 - 

T a 6 n n q a  66 
3 a T p a T b l  H a  J'CTPO~CTBO IlOABeCAbIX KaHaTHblX AOpOr 

IIPOU3BOnUTeJIbHOCTb K ~ H ~ T H O ~  ~ O ! J B ~ C H O ~  nOpOI'H, 77ll.l 
AJIHHa noporn, 

?EM. 

* 5 0  1 1 0 0  1 1 5 0  1 2 5 0  1 5 0 0  

I I I I I 

- .  

E 2. rono~ue  ancnnyaTasnoHHsre a a ~ p a ~ ~  npueeneribr npw A B Y X C M ~ H H O ~  patio~e 
(BeCHHX HOPOF. 







































l'Ae U 0  - MHHHMaJIbHOe  P a C C T O R H H e  OT M e C T a  p a 3 r P Y 3 K H  aBTOCa&fOCBajIa 

A 0  ~ P O B K H  O T B a J I a ,  I I P H  KOTOPOM kSaB = 0; 
n - B e n H n m H a ,  x a p a ~ ~ e p m 3 y 1 o q a ~  C K O P O C T ~  p o c T a  kaaB ti B ~ B H C R -  

IJJaR OT T H I I a  aBTOCBMOCBaJIa.  

~ H ~ ¶ ~ H H R  BeJIH¶HH a. H n n p H B e A e H b I  B T ~ ~ J I .  76. 
Ha pHC.  199, a n O K a 3 a H a  3aBHCHMOCTb CTOHMOCTH 6 y J I b ~ 0 3 e p ~ b I ~  

p a 6 o ~  OT BbICOThl R P Y C a  O T B a J I a  I IpHMeHHTeJ IbHO K YCJIOBHRM EP~CHO- 
r o p c K o r o  yronbnoro K a p b e p a  K O M ~ H H ~ T ~  Eys6acc~apbepyro~11, (6ea 

I I I I I I H c o ~ e p m a ~ m e ,  a ~ a ~ m e  sa- ' " '' L" ' 5u 
H'M T P a T b I  IIO YKaTbIBaHHH) IIOJIOCH 

Pnc. 109. Elamene~ue CTOWMOCTU 6~~lbU03ePHOrO p a 3 B O p O T a  aBTOCaMOCBaJIOB: 
O T B B ~ O O ~ ~ ~ ~ O B B H ~ ~  B 3aBHOUMOCTU OT: 

w rpy3onou%e~nocm aBTocaMocBaaa; 6 - B ~ I C O T ~ I  '-P " A  I " A .  C 

apyca o ~ s a a a ,  M O I ~ H O C T ~  6ynbnosepa u rpyao- C ,  = 0,l- 
k~ A 

X 
nonneMnocTu aeTocaMoceana, c ygeToM aaTpaT H a  

rAe C ,  - YAeJ IbHbIe  3 a T p a T h l  H a  CTpOHTeJIbCTBO H C O A e p m a H H e  y a p -  
Jl IeHHbIX a B T O A O p O r  H a  OTBaJ Ie ,  n0n/x3; 

C y  - y A e n b a M e  3 a ~ p a ~ b 1  H a  y K a T m a H m e  n o n o c b I  p a 3 ~ o p o ~ a  amo- 
CaMOCBaJIOB , R O ~ / X ~ ;  " 

2, - CTOHMOCTb CTpOHTeJ IbCTBa  BBTOAOPOr,  py6/m; 
2,. , - C T O H M O C T ~  COAeP3KaHLIR a B T O A O p O r ,  py6Jnnt; 

A - p a c c T o R H m e  nepenoca B p e M e H H b I x  a B T o A o p o r  H a  o T s a n e ,  m; 
ZK - CTOHMOCTb MaJlIEIHO-CMeHbI K a T K a ,  p y 6 . i  

QK - I IPOH3BOAHTeJIbHOCTb K a T K a ,  X'/CM.~WY. 

Ha PHC.  199, 6 n o ~ a 3 a ~ a  3aBHCHMOCTb CTOHMOCTM 0 ~ B a J I 0 0 6 p a 3 0 B a -  

H H a  OT B ~ I C O T M  R p y c a  o T s a n a  c P e T O M  BTMX s a ~ p a ~ .  
A ~ a n n s  ~ ~ ~ @ H K o B ,  I IOKa3aHHbIX H a  PHC.  199, I I O K a 3 b I B a e T ,  ¶TO: 

1) MHHHMaJIbHbIe  3 a T p a T b I  H a  O T B ~ J I O O ~ ~ ~ ~ O B ~ H H ~  0 6 e c n e s ~ s a l o ~ c ~  
I i p H  BbICOTe R p y C a  OTBaJIa  20 M. AJIR aBTOCaMOCBaJ Ia  MA3-525 H B ripe- 

Aenax 20-30 m A n R  a B T o c a M o c s a n a  BenA3-548; 
2) npn BbICOTe R p y c a  omana, H e  n p e ~ ~ m a m q e i i  20 m,  H a  C T O H M O C T ~  

O T B ~ J I O O ~ ~ ~ ~ O B ~ H H R  rpY30I IOA 'beMHOCTb  EiBTOCaMOCBaJIa H e  BJIHReT 

(TO me H ~ ~ J I I O A ~ ~ T C R  n p H  B b I c o T e  R p y c a  o T s a n a  50 m xi  me); n p H  sb160pe 
T H I I a  aBTOCaMOCBaJ Ia  J'¶HTbIBaH)TCII 3 a T p a T b I  H a  T p a H C l l O p T ,  a TaK3Ke  

eMKOCTb  KOBl l I a  3 K C K a B a T O p a  H a  B C K p b I m e ;  

3) npn B b I c o T e  R p y c a  o T s a n a  no 20 m M O ~ H O C T ~  6ynb~o3epa T a K m e  

H e  BJ INReT  H a  CTOHMOCTb O T B ~ J I O O ~ ~ ~ ~ O B ~ H H R ;  

4) I t p H  BbICOTe R p y C a  OTBaJ Ia  20-50 x rPY30I IOA 'beMHOCTb  aBTO- 

CaMOCBaJ Ia  M M O q H O C T b  6ynb~osepa C y q e C T B e H H O  BJIHRIoT H a  CTOHMOCTb 

O T B ~ J I O O ~ ~ ~ ~ O B ~ H H R .  T ~ K ,  n p H  BbICOTe OTBaJ Ia  35 Jt, I I p t i M e H e H H H  6y~1b- 
A O 3 e p a  A-271 (c-100) H HCnOJIb3OBaHHH H a  B b I B 0 3 K e  I IOPOAH aBTOCaM0-  

C B a J l a  MA3-525 CTOHMOCTb O T B ~ J I O O ~ ~ ~ ~ O B ~ H H R  COCTaBJIReT 3,6 n0n/ .U3,  

a B cnYgae n p a M e H e H H n  6ynb~03epa A-385 H a B T o c a M o c s a n a  

BexA3-548 - 1,6 non/m3. 
n 0 J I 0 3 f ; e ~ H e  O ~ J I ~ C T H  MHHHMaJIbHbIX 3 a T p a T  H a  O T B ~ J I O O ~ ~ ~ ~ O B ~ H H ~  

o n p e A e n c I e T c R  @ H ~ H K O - M ~ X ~ H H ~ ~ C K H M ~  C B O ~ ~ C T B ~ M H  IIOPOA. M3 mpa-  
X e H L I R  ksaB = f (cpzH) BHAHO, ¶TO ¶ e M  6onbme K O ~ @ @ H ~ E ~ ~ H T  cpZ, TeM 

6b1c~pee p a C T e T  K O B @ @ H ~ E I ~ H T  3 a B a J I a .  C J I ~ A O B ~ T ~ J I ~ H O ,  O ~ J I ~ C T ~  MHHH- 

M a n b H b I x  s a ~ p a ~  npn M e n e e  ~ C T O H ~ H B ~ I X  nopoAax n e p e M e q a e T c R  B n e B o .  

IIpn K p e n K H x  y c ~ o i i s ~ s b ~ x  nopoAax p o c ~  n p o H c x o A H T  M e A n e H H e e  H 06- 
I .  J I a C T b  MHHHMYMa C A B H r a e T C R  B CTOpOHY ~ O J I ~ I I I L I X  BbICOT OTBaJIa .  T ~ K H M  

0 6 p a 3 0 ~ ,  K ~ W A O $  rpyIIIIe IIOpOA COOTBeTCTByeT CBOlI o6nac~b  MHHH- 

MaJ IbHbIX  3 a T p a T .  

A X H H ~  OTBaJ IbHOrO @ ~ O H T ~  O I I p e ~ e J I R e T C R  no B b I p a X e H H I o  
4 

rAe No - ¶HCJIO aBTOCaMOCBaJIOB, p a 3 r p y m a H ) q H X C R  H a  OTBaJ re  B Te- 

s e m e  1 u; 
tp ,  - n p o A o n m H T e n b H o c T b  pa3rpya~n o A H o r o  a B T o c a M o c B a n a ,  muu; 



k ~ e p  - K O ~ @ @ H ~ H ~ H T  HePaBHOMePHOCTH pa60~h1 ~ a p b e p a  no ~ c ~ p a m e  ~ P H  BPGOKHX OTBaJlaX p e J I b ~ 0 ~ h I f i  n Y T b  H T P Y ~ O ~ P O B O A M  Y K a a A P -  
(k"e = 1,251; B a W T  H a  IIOnIIOPHhIX CTeHKaX, BO3BeneHHbIX H 3  IIOpOAM C J I e n y I o q H M  

~ H C I I  - ~ o d @ n q H e H T  H C ~ O J I ~ ~ O B ~ H H E I  ~ B T O C ~ M O C B ~ J I ~ B  BO s p e ~ e ~ ~  06paao~.  n p H  CMhIBe IIOpOAbI OTKOC Y C T y n a  IIOCTeIIeHHO CT~HOBHTCEI 
( k ~ c n  = 0,751; Gonee nOJIOrHM. K O I ? & ~  B B ~ P X H ~ ~  ¶aCTH OH AOCTHraeT HaKJ lOHa 25- 

Wn - ~ O J I ~ ~ H H ~  0 6 n e ~  r P Y H T a ,  nepe~03~MhIfi a B T o c a M o c B a J I 0 ~  sa 35", a B H H W H ~ ~  8-10', TO CMPB I I p e K p a I Q a I O T  H I IpHCTyJIa loT  K CBaJIKe 
OAHH p e k  (B ~ ~ J I H K ~ ) ,  mS; IIoPOAbI 683 IIOCJIeAYIOmeI'O C M P B a  B O A O ~ ~ ,  I IOKa HaCbIIIb H e  CpaBHReTCEI 

~ C M  - nPOAOJIXEITeJIbHOCTb CMeHbI (tCM = 7 u). C o ~ ~ a J I b ~ ~ 8  IIJIoIQ~J(KoG H OTKOC ee H e  3 a f i ~ e ~  IIOJIOXeHHEI eCTeCTBeHHOr0 
~ O ~ C T ~ B H B  BbIPaXeHHEI  (XIX ,41, 42, 43) B @ O P M Y J I ~  (XIX,45), OTKOCa. n0cae 3~0r0  P ~ J I ~ C O B H ~ ~  I I Y T ~  I I e p e M e W a I o T  H a  HOBOe MeCTO 

nOJIy¶HM H BHOBb Ha¶HHaIOT p a 3 M b I B  B O A O ~ ~  C B ~ J I H B ~ ~ M O ~ I  IIOPOAP. O ~ ~ a ~ 1 0 0 6 p a -  
La = O,OlkaWn, (XIX,49) 3 0 B a H H e  aTHM CI IOCO~OM MOXHO I IpHMeHIITb  TOJIbKO B TeIILIOe BpeMII  

AJIH M e X a H H 3 a q H H  OTBaJIbHPX p a 6 o ~  TtpHMeHEIIoT H H O r n a  CMbIB 

pa3rpymaemx nopon non OTKOC (PHC. 200). AJIEI a T o r o  nepeg H a s a n o M  

p a 6 o ~  IIpOHaBOJ(RT C p e 3 K y  qe- 
7 n H K a  I I O ~  y r n o M  50°, a a a ~ e ~  

YCTpaHBaIOT ~ J I o T H ~ I ~  HaCTmJI. 

BAOJIL PeJIbCOBOrO IIYTH n P O -  

KJIanbIBaIOT BOJ(0IIPOBOn AHa- 
MeTPOM 150-200 a m ,  OT KO- 

TOpOI'O IIOn IIPIIMhIM YrJIOM 
YKJIanhIBaIOT O T B ~ T B J I ~ H H R T ~ Y ~  
AHaMeTpOM 100-150 a*, np0- 
XOAEIIQHX IIOn PeJIbCOBhIMH 
IIYTEIMH. AJIEI K a m g o r o  B a r o H a  
YCTpaHBaIOT HeCKOJIbKO OTBeT- 

H a n o p  B O A ~ I ,  ~ b I ~ e ~ a m q e i j [  n3 
OTBOAOB, nOCTHI'aeT O ~ H ¶ H O  

2-3 am, a morna n 6onee. 
Bony no O C H O B H O ~  M a r H -  

c T p a m  nonam q e H ~ p 0 6 e ; r c -  
H P M  HaCOCOM. P~CXOA BOAbI 

H a  1 m3 IIOpOAbI COCTaBJrReT 

1-2 mS H H3MeHEIeTCII B 3aBH-  
CHMOCTH OT COCTOIIHEiR pas- 

PHC. 200. e e ~ a  o ~ m a  noponm ma orsane: rpymaewx nopon. ~ ~ H H P ~  
I - O ~ E T I ~ H O  m o n e m a a  nopona; 2 - OCHOBHOB CnOC06 
sogonposog; 8 - o m o m a e  U a ~ p y 6 ~ ~ ;  4 - n e p e  O T B ~ J I O O ~ ~ ~ ~ O B ~ H ~ R  
e a a m e  C T O ~  s - nepesambre UPorom; 8 - A a e T  X O p O m H e  pe3YJIbTaThI  n p ~  
aepesammtt  H a m ;  7 - menes~onopomwrLt n y ~ b  
P n e c s a ~ h ~ x  noponax, ~ o ~ o p b ~ e  

J Ie rKO CMhIBaIoTCII. ~ J I H H H -  
C T P e  IIOPOnhI TPYnHO Pa3MbIBaIOTCEI H IIJIOXO OTnaIOT B o n y ,  B CBII3H 
C ¶eM pa3MOKaIOT,  o6pasys y IIOnHOXbEI OTBaJIa  p a 3 X H W e H H Y I O  MaCCy,  

KOTOPaEI M O X e T  BbI3BaTb  O C e n a H H e  OTBaJIa. 

Te¶HOe C pa3MbIBOM IIOPOA H a  IIPHeMHOM OTKOCe OTBaJIa; C IIOMOIU,bIO 

" n e q ~ a n b ~ ~ x  c M e c m T e n b H H x  Y C T P O ~ C T B ;  c B o A o H a c P r q e H n e M  nopon 
H 3  C n e q H a J I b H b I X  T P Y ~ O K  H a  IIPHeMHOM OTKOCe. 

~+IEI p a 3 M b I B a  IIOpOA B IIYHKTaX HX p a 3 r p y 3 K H  H a  OTBaJIe H 3  CPenCTB 
KOJIeCHOI'O TpaHCIIOpTa  B IIepBOM H BTOPOM CJIYgaEIX IIPHMeHRIOT r H A P 0 -  
MoHmTopbI  H B T p e T b e M  cnysae - c n e q H a n b H H e  B o A o H a c m q a w r q H e  

T P Y ~ P .  A a n b ~ e t i m e e  n e p e M e m e H m e  IIOpOA OT n y H K T a  p a a r p y 3 ~ ~  ocyrqe 
CTBJIIIeTCEI CaMOTeKOM, a BO BTOPOM C J I y ¶ a e  M O X e T  IIPHMeHIITbCEI T a K X e  
H ~ I I O P H H ~ ~ [  rHAPOTPaHCItOPT.  

B T p e T b e M  C J I y ¶ a e  A B H X e H H e  H a B a J I a  nOPOA OCYqeCTBJIReTCEI B pe- 
: 3 y J I b T a T e  H3MeHeHHEI yrna BHYTPeHHerO TPeHHEI IIOPOA I I P H  HX BOnO- 

H a c b I q e H n H .  IIIar n e p e p m m  r n A p o o T s a n a  o n p e A e n R e T c s  no @ o p ~ y n e  

rne h - n p e n e n b ~ a ~  s P c o T a  y K n a p c m  nopow,  m; 
a - n p e n e n b ~ ~ i i  yron n e p e M e r q e H H R  H a s a n a ,  zpad. 

n p H  BTOPOM cnoc06e O T B ~ J I O O ~ ~ ~ ~ O B ~ H H I I  B C J I y ¶ a e  I IpHMeHeHHR 
H a n o p H o r 0  r m A p o ~ p a H c n o p T a  K a n m e c T B o  n o ~ a ~ a e ~ o i j r  OAHHM X ~ J I ~ ~ H O -  

AOPOXHbIM COCTaBOM IIOPOAJJ COCTaBJIIIeT 

Wn=qn, nc8, (XIX,51) 



I'Ae k, - K O ~ @ @ H ~ H ~ H T  p e 3 e p B a  eMKOCTH (ks = 1,3-1,35). 
B n€?pBOM H BTOpOM C I I O C O ~ ~ X  O T B ~ J I O O ~ ~ ~ ~ O B ~ H H I I  I IpeAeJ ISHaR 

I I P O T R Z e H H O C T b  I'EIApOOTBaJIa B H a I I p a B j I e H H H  HBHHEeHHH IlOPOAbI CO- 

CTaBHT 

h - BhICOTa IIpHeMHOI'O OTKOCa, a; 
a2 - I I p e ~ e ~ ~ b ~ b I f i  MHHHM~JI~HHB HaKJIOH IIOBePXHOCTH rHAPO-  

omana, zpad; 
a, - HaKJIOH OCHOBaHHR rH,U,pOOTBaJIa, Zpad. 
0 6 n e ~  IIOPOAbI, ~ ~ J I a ~ b I B a e ~ 0 f i  C OAHOI'O IIOJIOHEeHHR OTBaJIbHbIX 

n y ~ e f ,  p a s e H  

Y C T O G ~ H B O C T ~  OTKOCOB B H Y T p e H H H X  H B H e m H H X  OTBaJIOB IIyCTbIX 

IIOpOA HBJIHeTCcI OAHHM H 3  OCHOBHHX Y C J I O B H ~  H O P M ~ J I ~ H O B  p a 6 o ~ ~  
R a p b e p a .  

Ocywnue enympe~tnux omewoe. Upvr nosrsnenxn onon3~ef nopof i~ ,  
p a a ~ e ~ q e ~ ~ b ~ e  BO B H y T p e H H m x  O T s a n a x ,  n a c T H s H o  n e p e x p H s a m T  y c T y n  

~ O J I ~ ~ H O T O  n c K o n a e M o r o  H H H o r A a  s a c ~ n a m ~  ~ e n e s ~ o ~ o p o x ~ ~ e  nym, 
H a x o A n q n e c n  H a  pa6oneB n n o q a p e .  Bce  TO IIPHBOAHT K n o T e p m  

IIOJIe3HOI'O HCKOIIaeMOrO H K H a p y I U e H H H ,  CHCTeMbI A p e H a X H b I X  p a 6 0 ~  
ZI PMTMH¶HO~% pa60~H K a p b e p O B .  O C H O B H O ~ ~  UPWIHHOG OIIOJI3HeBbIX 

R B J I ~ H H G  B OTKOCaX BHYTPeHHHX OTBaJIOB RBJIReTCR O ~ B O A H ~ H H O C T ~  TeJIa 

OTBaJ Ia  IIOA3eMHbIMH BOABMH. 

Y C T O ~ ~ ~ H B O C T ~  OTBaJ Ia  YMeHbIIIaeTCEI C YBeJ IWIeHHeM er0 BhICOTbI. 

Anrr K a x g o r o  o T s a J r a  c y l q e c T B y e T  n p e A e J r b H a c I  B b I c o T a ,  n p ~  n p e B H m e H m  

KOTOPOG T e p R e T C R  er0 Y C T O ~ ~ ~ E I B O C T ~ ,  3 a B H C R m a H  B ~ H ~ P H T ~ J I ~ H o G  CTe- 

n e H H  OT COCTaBa I IOpOA ki CTeI I eHH H X  YBJIaHEHeHHR. Ecnm B O T B a n  OT- 

c H n a e T c R  n e c o K ,  TO OH 60~1ee YCTOG~HB,  e c m  r n m a  - oman 6oxee 
IlOABHHceH. Ann I I p e A O T B p a W 3 H H R  p a 3 B H T H H  OIIOJI3HeBbIX R B J I ~ H H ~ ~  
EI. 0 6 e c n e ¶ e ~ ~ ~ 1  Y C T O ~ ~ E I B O C T H  OTKOCOB peK0MeHAYH)TCR C J I e A y I O q H e  

MepOUpEIIITHH: 

OCyI I I eHHe  l IOpOA, YAaJIReMbIX C H C T ~ M O ~  CI IeqHaJ IbHhIX A p e H a H H b I X  

B H P ~ ~ O T O K  m ~ C T ~ O G C T B  ( ~ ~ ~ H B H ~ I M H  H CKBO3HEJMH @ H J I ~ T ~ ~ M E I ,  BOAO- 

n O r J I O ~ a W ~ H M H  CKBaHtFfHaMK H T. A.); 
OTCbIIIlEa B OCHOBaHHe OTBaJIa  X O p O m O  @ H J I ~ T P Y H ) ~ H X  BOAY KPYIIHbIX 

@parcqaii nopon ( q e 6 ~ ~ 3 ,  r p a B E i n ,  n e c ~ a ) ,  c o 3 ~ a ~ ~ e  n p e A o T B a n a  (nepe- 
A o B o r o  yc~yna)  a perymposame B H C O T ~ I  O T B a n a ;  

CHCTeMaTHPeCKOe OCYllIeHYIe OCHOBHHX OTBaJIOB. 

B H Y T P ~ H H H ~  OTBaJ IH  qe~1ec006pa3~0 O C y I U a T b  C I I O M O ~ b H )  A p e H a X -  

HHX K a n a e ,  K o T o p H e  IIPOXOAJTT 110 I I O ~ B ~  n n a c T a  B A O J I ~  @ p o ~ ~ a  y r o n b H H x  

3a6oe~.  Ha y n a c T K a x  ~an60~1bmero IIOHEIXeHHH IIO¶BbI YI'OJIbHOI'O 

n J I a c T a  3 T H  K a H a B H  COeAHHRmTCR I IOI IePePHbIMH K a H a B a M H .  ~ T O ~ H  

BCR CHCTeMa K a H a B  I I p O A O J I X a J I a  p a 6 0 ~ a T b  K I I p H  3 a C b I n K e  H X  OTBaJIaMH, 

OHH AoJIWHbI 6bI~b 3 a C b I I I a H U  @HJI~TPYH)QHM M a T e P H a J I O M  ( 1 q e 6 ~ e ~ ,  
~ H T ~ I M  KHPIIH¶OM H AP.) &I I IOKPbITH C B e p X Y  XBOpOCTOM HJIH COJIOMOG. 
A p e ~ a ~ c  B H Y T p e H H H X  OTBajIOB 3Ha¶HTeJ IbHO Y I I p O ~ a e T C R ,  eCJIH B K a R a B b I  

B M e c T o  1 q e 6 ~ c 1  H I i H p n l r s a  y I c n a A M s a T b  cneqnamao ~ i s r o ~ o ~ n e ~ ~ b s e  

n o p H c T b I e  6 e ~ o ~ ~ b 1 e  ~ p y 6 n .  
Ha pHC.  201 n o K a 3 a H a  CXeMa B ~ I ~ ~ ~ O T O K  AJIH CHCTeMaTH¶eCKOrO 

A p e H a H E a  BHYTPeHHHX OTBaJIOB. 

Y p o ~ e ~ b  BOAbI B OTBaJ IaX CHCTeMaTH¶eCKH KOHTPOJIHPYIOT C IIO- 

M O q h H )  H ~ ~ ~ I O A ~ T ~ J I ~ H ~ I X  CKBalrcHH. 



O c y m e ~ ~ e  B H e m H n x  o T s a n o B  H o c T H r a e T c R :  o r p a m H e H n e M  OT IIPH- 
TOKOB IIOBePXHOCTHhIX BOA IIOCPeACTBOM UPOBeJ(eHHR H I r O P H h I X  KaHaB;  
ApeHHpOBaHHeM ~ ~ ~ O J I O ¶ ~ H H ~ I X  P a C T K O B  C UOMOqbIO 3aKpbIT0f i  Ap4 
Ha3KH0fi CHCTeMhI. AJIR IIPOUYCKa BOA B AOJIHHaX CYXOAOJIOB, ~ ~ J I O K  

H O B p a r O B ,  3aUOJIHReMbIX BCKPbIIUHbIMH UOPOHaMH, HOJIXHa UPe,I(YCMa- 

.PpmsaTbcR y x n a A K a  A e p e B R H H N x  ~ p y 6 ,  C e q e H n e  K O T O ~ H X  0 6 e c u e q ~ ~ a e ~  
nponycx p a c s e T H o r o  pacxoga B O A ~ I .  

~ P H  - HaJIH'4HH UPO¶HOI'O KaMHR MOXHO HCIIOJIb30BaTb KaMeHHhlbIii. 
A p e H a X .  BO~MOZHO UpHMeHeHHe K O M ~ H H H P O B ~ H H ~ I X  ~ p e H a X e f  H 3  KaMHII 

m , q p e H a X H h I x  ~ p y 6  u T. n. 

O C H O B H ~ I ~  TeXHHKO-3KOHOMH¶eCKHB IIOKa3aTeJIH o~~anoo6pa30sa-  
E H R  3aBHCRT OT cuoc06a IIpOH3BOJ(CTBa OTBaJIbHbIX p a 6 0 ~ ,  BHAa MeXa- 

:. H H 3 a q H m ,  OpI'aHH3aqHEI p a 6 o ~  H l I a p a M e T p O B  OTBaJIbHbIX TYUHKOB. 

Pewamwee a ~ a s e ~ n e  npu sa60pe cnoco6a O T B ~ J I O O ~ ~ ~ ~ O B ~ H H R  HMeeT 

~ ' ~ ~ H ~ J I O M ~ T ~ H ¶ ~ C K H ~  COCTaB UOpOA, HX KpeUOCTb,  p e J I b e @  MeCTHOCTH, 
M O ~ H O C T ~  H yron n a A e n H R  u j r a c T a  no~1e3~oro H c K o u a e M o r o .  

I OCHOBHP~ TeXHHKO-3KOHOMHPeCKH8 lIOKa3aTeJIH Pa3JIFIYHbIX CIIO- 

i C O ~ O B  o ~ ~ a n o o 6 p a 3 o ~ a ~ ~ ~  IIpHBeAeHbI B T ~ ~ J I .  77. 
I T a 6 n n q a  77 

i: T ~ X H I I K O = ~ K O H O M H P ~ ? C K ~ ~ ~  n o ~ a 3 a ~ e m  pasnanrrmx 
cnoco6oa O T B ~ ~ O O ~ ~ ~ ~ O B ~ H H R  

C p e n m ~  
UpOU3BO- 
WTeJIb- 
HOCTb 

TPYAa OU- 
Horo pa- 
60qer0, 

Ma/  O*CIHV 

C P ~ B H H T ~ J I ~ H ~ I ~  IIOKa3aTeJIEi ~ K O H O M H ¶ H O ~  ~ @ @ ~ K T H B H O C T H  pas- 
JIHYHbIX C I I O C O ~ O B  O T B ~ J I O O ~ ~ ~ ~ O B ~ H I X R  U P H  p a 3 ~ 0 0 6 p a 3 ~ b 1 x  BHAaX 

T p a H c n o p T a  nopog no ~ a ~ ~ ~ ~ ' I _ l e ~ ~ p o r ~ i u p o m a x ~ a  n o ~ a 3 a ~ a r  H a  rpa- 
@ H K ~ x ,  DpHBeAeHHbIX H a  PHC. 202. 

B B U A ~  6 0 n b m ~ x  0 6 n e ~ o ~  BCKPMLUH~IX nopog H a  K a p b e p a x  H IIPH 
3Ha9HTeJIbHbIX CPOKaX FIX O T P ~ ~ O T K H ,  AJIR UPaBHJIbHOrO ~b16opa OTBaJIb- 



rAe IT,, ,. . ., t, - e i rce roAHbIe  I c a n H T a n b H b I e  B n o w e H m  no r o A a h f ,  
a nPEI  KOJIzmecTBe B a p H a H T o B  6onbme A B ~ X  c o n o c T a s n e H m e  n p o m 3 ~ 0 ~ ~ ~  THC. py6. 
DO M H H H M ~ J I ~ H o ~ ~  BeJIH¶HHe PaCqeTHbIX 3 a T p a T :  

O q e ~ K a  C HCIIOJIb3OBaHHeM 3 T O r 0  MeTOAa VaCTO MeHReT IIpeACTaBJIe-  

Ci + = 3, +- min, (XX,2) HbIe 06 ~ K O H O M H P ~ C K O ~ ~  ~ @ @ ~ K T H B H O C T H  C ~ O C O ~ O B  O T B ~ J I O O ~ ~ ~ ~ O B ~ H H R .  

OJ(HaK0 3KOHOMH¶eCKaR O q e H K a  B a P H a H T O B  IIO @ o P M ~ J I ~  (xx,a) B03- 

r ~ e  ITc,, ITc,,. . .ITcl - n p H B e A e H H b I e  I c a n H T a n b H H e  BJIOHEeHHR H a  

CTPOHTeJIbCTBO OTBaJIa  no C p a B H H B a e W M  
B a p H a H T a M ,  TbIC. py6.; 

Cl - r o A o B b I e  T e K Y 4 H e  3 a ~ p a ~ b 1  no BTHM x e  B a p H a H -  
TaM,  TbIC. py6.; BO3paCTaIOT,  a B HeKOTOPMX CJIY¶aRX B TeYeHHe P R A a  JIeT CHEIIHaIOTCR. 

3, - B ~ J I H ¶ ~ H ~  ~ ~ C ¶ ~ T H ~ I X  3 a ~ p a ~ ;  kI3-3a ~ o n e 6 a ~ m f i  o 6 a e ~ o ~  p a 6 o ~  roAoEibIt? 3a~pa~1.1 H a  OTBaJIbHbIe p a 6 0 ~ b 1  

TH - H ~ P M ~ T J J B H ~ I ~ ~  CPOK OKYIIaeMOCTH AOIIOJIHHTeJIb- ~ a ~ x x e  H3MeHRIOTCR. H ~ o M ~  TOrO, B OTAeJIbHhIe I I e p H O A H  ~ e o 6 x o ~ ~ h f o  

HbIX K ~ I I H T ~ J I o B J I o H C ~ H H ~ ~ ,  p a ~ m f i  5-7 n e T ;  CTpOHTeJIbCTBO AOIIOJIHHTeJIbHbIX OTBaJIbHhIX TYIIHKOB HJIH 0 6 0 p y ~ o ~ a -  
E - H ~ P M ~ T H B H ~ I ~ ~  I C O ~ @ @ H ~ H ~ H T  ~ K O H O M H ¶ ~ C K O ~  H H R ,  a CJIeAOBaTeJIbHO, T ~ ~ ~ Y I O T C H  AOIIOJIHHTeJIbHbIe KaI IHTaJ IbHbIe  

~ @ @ ~ K T ~ B H O C T H  KaIIHTaJIbHbIX B J I O H F ~ H H ~ ~ ,  p a B -  3aTpaTk.I. E c ~  CpaBHEIBaeMbIe B a p H a H T h I  6 y ~ y ~  OTJIHPaTbCR H e  TOJIbKO 

H ~ I B  0,1-0,2. Pa3HOBPeMeHHOCTbIO KaIIEiTaJIbHbIX 3 a T p a T  B n e p H O A  CTpOHTeJIbCTBa 
OTBaJIOB, HO H Pa3HOBPeMeHHOCTbIO T e K Y q H X  H AOIIOJIHHTeJIbHbIX 3 a T p a T ,  

CBR3aHHbIX C H a P a m H B a H H e M  I I P O H ~ B O A C T B ~ H H O ~  MOIQHOCTH, TO @op~yJIa  
(XX,1) AJIR O q e H K H  ~ K O H O M ~ Y ~ C K O ~  ~@@~ICTMBHOCTEI  BaPHaHTOB H e n p H -  

rfle ZIC, - CyMMapHbIe  I IpHBeAeHHbIe  3 a T p a T H  H a  CTPOEITeJIbCTBO OT- 

e M b I x  B IIePHOA 3KCIIJ IyaTaqHH;  

qnm I c a n m T a n b H b I x  a a ~ p a ~ )  3a c p o ~  s I c c n n y a T a q H n  npoAon- 
HCHTeJIbHOCTbIO T JIeT. 

Y v e ~  @ a ~ ~ o p a  B p e M e H H ,  T. e. n p H s e A e H m e  ~ ~ ~ H O B ~ ~ M ~ H H ~ I X  a a T p a T  

K OAHOMY MOWeHTY OqeHKH,  A a e T  B03MOHCHOCTb CpaBHEiBaTb npeAJIaI'a- 
eMbIe B a p H a H T b I  H e  3a 0 ~ ~ e J I b ~ b I f i  rOA,  a 3a f l J I H ~ e J I b ~ b 1 f i  I I epHOA,  H CO- 

IIOCTaBJIRTb C O B O K Y I I H ~ I ~ ~  ~ K O H O M H ¶ ~ ? C I C H ~ ~  P @ @ ~ I C T  38 10-20 JIeT. ~ P H -  
n p H  aTOM KalIHTaJIOBJIOHCeHHR DO CpaBHEIBaeMhIM B a p H a H T a M  n p H -  HHMaR B K a P e C T B e  MOMeHTa IIPHBeAeHHR 3 a T p a T  n o c n e ~ ~ ~ i i  FOR CTpO- 

BOART K KOHqY CPOKa CTpOHTeJIbCTBa OTBaJIa HTeJIbCTBa OTBaJIa H YCJIOBHO CPHTaR,  ¶TO eHCerOAHbIe 3 a T p a T b I  

IIPOH3BOARTCR B K o H q e  K a m n o r o  roAa, n o n y s a e M  @OPMYJI~I  AJIR p a c v e T a  

rfle T ,  - CpOK CTpOHTeJIbCTBa, JleT; 
k, - r ; o a @ @ ~ q m e ~ ~  n p m s e A e H m R  a a ~ p a ~  npommx n e T ,  

k" = ( I  +E), 



rAe GI, H;,, ECA - A o n o n H n T e n b H M e  K a n n T a n o B n o m e H H c I  B 1-8, n-fi 
H IIOCJI~?AHH~~[ r0A; 

31, a,, aT - 3KCnJIyaTa9HOHHMe 3 a T p a T M  6e3 aMOPTH3aqHH Ka- 

n ~ ~ a n o ~ n o x e ~ ~ f i  B 1-6, n-ii H n o c n e ~ ~ ~ i i  roE 
c p o K a  T; 

1 k6=-- 
1 + E  

K O ~ @ @ H ~ H ~ H T  IIPHBeAeHHR 3 a T p a T  ~ Y A Y W I T X  JIeT. 

npm CpaBHeHHH BapHaHTOB, Pa3JIHYaIO4HXCR MeHcAY ~ 0 6 0 8  DO CpO- 

KaM CTpOHTeJIbCTBa, AOJI?KeH 6 M ~ b  YPTeH ~ K O H O M E F I ~ C K H ~   KT OT 

YCKOPeHHR HJIH 3aMeAJIeHHR CpOKa CTpOHTeJIbCTBa, a @ o p ~ y n a  (XX12) 
3 T O r 0  H e  J7¶HTbIBaeT. 

T o n b ~ o  o q e H K a  no n p m e g e a H b I M  a a ~ p a ~ a ~  g a e T  B O ~ M O X H O C T ~  06%- 

eKTHBH0 OIIpeAeJIHTb ~ ~ J I ~ c o o ~ ~ ~ ~ H o c T ~  T o r 0  HJIH ElHOrO cnoc06a OTBIJIO- 

0 6 p a 3 0 s a ~ ~ ~  B KOHKPeTHbIX YCJIOBHHX. E x e r o A ~ M e  3 a T p a T b I  M O r y T  
6b1~b OnpeAeJIeHM O ~ ~ I ~ H M M  MeTOAOM KaJIbKYJIRqHH. O A H ~ K O  3TOT C I I O C O ~  

paC¶eTa  TPYAOeMOK H H e  II03BOJIReT BbIPa3HTb aHaJIHTH¶eCKH 3aBHCH- 
MOCTb IIPEIBeAeHHbIX 3 a T p a T  OT OCHOBHMX I IapaMeTpOB OTBaJlOB. 

AJIH I I P H ~ J I H ) ~ C ~ H H O ~ O  p e m e H m  a a ~ a s ~  B e n H s m H a  n p H s e A e H H M x  
s a ~ p a ~  M o m e T  6b1~b BMpaHceHa a H a n H T n s e c K m ,  HCXOAR ~3 TOTO, PTO 
e m e r o A H b I e  a a ~ p a ~ b ~  ~11o6oro B n A a  M o r y T  6 b 1 ~ b  onpenenem npon3~ene- 
HHeM 0 6 a e ~ a  p a 6 o ~  H a  CTOHMOCTb BbIIIOJIHeHHR eAHHHqM o 6 a e ~ a .  

B e n m m ~ a  KanHTaJIbHbIX 3 a T p a T  H a  CTpOHTeJIbCTBO OnpeAeJIHeTCR 

rpe kc - x o a m 4 a q a e ~ ~  e H c e r o w o r o  caameearr c e 6 e c ~ o a ~ o c ~ a  oraano- F 0 6 p a 3 0 ~ a ~ w  BcneAcTBne  T e x H m e c K o r o  nporpecca (kc = 
= 0,96-9,98). 



X 
k i n +  l [1 - ( t ,  - t ,  + 1) kdK- in + (tK - tH) kaK - tnC I] 

(1 - k6)' 

t,, t, - H a s a n o  m . ~ o ~ e q  pacsemoro n e p H o A a ,  n e T .  

no @ o ~ M ~ J I ~ M  (XX,8), (XX,9), (XX,12) M O X H O  OI IpeAeJ IHTb  BeJIH- 

~ H H Y  n o m m  n p H B e A e n H u x  s a ~ p a ~  AJIR K a l r c n o r o  B a p H a H T a .  

Bennsm~a e X e r O A H b I X  O ~ % ~ M O B  P ~ ~ O T ,  C ~ ~ ~ C T O H M O C T ~  1 m 3  OTBaJIO- 

0 6 p a 3 0 s a ~ ~ s  H B e J I H s H H a  Y A e n b H b I X  K a n H T a J I b H b I X  3 a T p a T  MOI'YT 6b I~b  
IIpeACTaBJIeHbI  @ Y H K ~ H ~ ~ T  I I a p a M e T p O B  OTBaJIa .   TO II03BOJIHT H ~ H T H  
@ Y H K ~ H O H ~ J I ~ H Y I O  3aBHCHMOCTb CYMMaPHbIX 3 a T p a T  I I p O q e C C a  OTBaJIO- 

06pa30sa~~cr  OT Q a p a M e ~ p o B  OTBaJ Ia ,  O ~ % ~ M O B  YKJIaAbIBaeMbIX B O T B a n  

I IOpOA, IIPOH3BOAHTeJIbHOCTH I IPHHRTOrO O ~ O P Y A O B ~ H E I E I ,  CXeMbI P a 3 B H -  

THH OTBaJ Ia  H H P Y r H X  I I a p a M e T p O B  H MOHEeT 6 b I T b  I IpeHCTaBJIeHO @ Y H K ~ H ~ ~  

rAe H - n p o e K T n a H  B M c o T a  o T s a n a ;  

B - mar nepeymanm m e n e a ~ o ~ o p o ? ~ ~ b ~ x  ny~e i i  H a  o T s a n e ;  

Lp - pa6osas AJ lHHa  OTBaJ IbHOrO TYIIHKa;  

ip - p y K 0 ~ 0 ~ E I q H f  n O A 5 e M  H a  OTBaJI; 

V - o 6 a e ~  y m a A m a e M m x  B o T s a n  nopon; 
Q,. , - rOAOBaH npOH3BOAHTeJ IbHOCTb  3 K C K a B a T O p a ;  

Cxp - CXeMa p a 3 B H T H I I  OTBaJIa ;  

*P, - OTBOAHMaH IIOA OTBaJl I I J I O q a A b .  

M ~ M ~ H H E I  TOT HJIH HHOG I l a p a M e T p  OTBaJ Ia ,  M O X H O  HCCJIeAOBaTb BJIH- 

m H e  K a x A o r o  n a p a M e T p a  ( m n ~  z e  BO B ~ ~ H M O C B H ~ H  c H P Y ~ H M H )  H a  Bern- 

Y H H y  I IpHBeAeHHbIX 3 a T p a T  H TaKHM IIYTeM IIPOH3BeCTH 3KOHOMH9eCKYH) 

O q e H K y  H e  T O n b K O  C ~ O C O ~ O B  O T B ~ J I O O ~ ~ ~ ~ O B ~ H H E I ,  HO H I I a p a M e T p O B  

OTBaJIa .  ~ O A B O A R  H T O r  PaCCMOTpeHHIo  c ~ ~ B H H T ~ J I ~ H o H  0 4 e H K H  H O ~ J I B C T H  

IIpHMeHeHHEI OCHOBHbIX C D O C O ~ O B  O T B ~ J I O O ~ ~ ~ ~ O B ~ H H H ,  H ~ O ~ X O H H M O  OT- 

MeTHTb ,  ¶TO I I p H  HOCTaBKe lIOpOJ(hI H a  OTBa3IbI XteJIe3HOAOpOHEHMM T p a H C -  

. IIOPTOM MOXHO IIpHMeHEITb: I l p H  CKaJIbHhIX I IOPOAaX - IIJIYXHMG 
H ~ K C K ~ B ~ T O P H M ~ ~  cnoc06h1 O T B ~ J I O O ~ ~ ~ ~ O B ~ H H H ;  I I p H  MEIrKHX H ChIIIYgHX 

I lOpOAaX - I I J I Y X H H ~ ,  ~ K C K ~ B ~ T O P H ~ I ~  H a63e~qep~hIfi  cnoco6h1 OTBaJIO- 

0 6 p a 3 0 s a ~ H ~ .  

C ~ ~ B H ~ H H ~  IIJIYXEHhIX H 3KCKaBaTOPHbIX OTBaJIOB 110 CTOHMOCTH 

O T B ~ ~ O O ~ ~ ~ ~ O B ~ H ~ R  Fl KaIIHTaJIbHbIM 3 a T p a T a M  n O K a 3 h I B a e T ,  ¶TO B PbIX- 

JIhIX H MRI'KHX ( ~ J I H H H c T ~ I x )  n 0 p O A a X  H ~ H G ' o J I ~ ~  ~ @ @ ~ K T H B H H  3KCKaBaTOP-  

H b I e  OTBaJIbI.  B IIOJIYCKaJIbHbIX H CKaJIbHhIX I lOpOAaX HeCKOJIbKO MeHbIIIaEI 

CTOHMOCTb O T B ~ J I O O ~ ~ ~ ~ O B ~ H H R  AOCTHraeTCH n p H  IIJIYlKHbIX OTBaJIaX,  

HO IIPOH3BOAHTeJIbHOCTb T P Y H a  I I p H  3TOM 3 H a 9 H T e J I b H O  HHHEe, ¶ e M  I l P H  

3KCKaBaTOPHOM. 

Y s n ~ ~ s a s  6 0 ~ 1 ~ m ~ e  T e x H H s e c r c H e  H o p r a ~ ~ 3 a q r n o ~ ~ a r e  n p e H M y q e c T s a  

3KCKaBaTOPHbIX OTBaJIOB IIO C p a B H e H H W  C IIJIYXHhIMH, I IpeAI lO¶TeHHe  

O ~ ~ I ' I H O  OTAaIoT 3KCKaBaTOPHbIM. B H ~ J I ~ H ~ ~ I I I ~ M  6 y n y ~  I I P H M e H R T b  

~ I I e q l l a J I b ~ h I f l  O T B ~ J I ~ H ~ I G  3 K C K a B a T O p  C KOBIIIOM eMKOCTbIO 12-15 iU3, 

¶TO I I 0 3 B O n H T  YJIYPIIIHTb TeXHHK0-3KOHOMH'IeCKHe I IOKa3aTeJ IH  3KCKa-  

BaTOPHJdX OTBaJIOB. T ~ X H H I C O - ~ K O H O M H ~ ~ C K ~ ~ ~  I IOKa3aTeJ IH  a 6 8 e ~ q e p ~ b 1 ~  
OTBaJIOB 3 H a 9 H T e J I b H O  BbIIIIe,  ¶ eM I I J I y X H J d X  H 3KCKaBaTOpHbIX,  OAHaKO 

06Jlac~b HX I l p H M e H e H H R  O r p a H H s e H a  MEII'KHMH PbIXJIbIMH IIOPOHaMH, 

a TaK?Ke KJ IHMaTHseCKHMH YCJIOBHHMH. 

n p H  X O H B ~ ~ ~ ~ ~ H O M  T p a H C I I O p T e  I IOpOAhI,  p a 6 0 ~ a w q e ~  B COseTaHEIH 

C KOHCOJIbHO-JIeHT09HbIMH O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I R M L I ,  CTOHMOCTb OTBaJIO- 

O ~ P ~ ~ O B ~ H H E I  3Ha9F iTeJ IbHO H H X e ,  9 e M  I l p H  WeJIe3HOAOpOHEHOM TpaHC-  

I IOpTe .  OTHOCHT~JI~HO H H 3 K a R  CTOHMOCTb O T B ~ J I O O ~ ~ ~ ~ O B ~ H H R  1 at3 
I IOpOAhl  npll 6ynb~o3ep~b1x OTBaJ IaX O ~ % H C H R ~ T C E I  OTCYTCTBHeM I I P H  

~ B T O M O ~ H J I ~ H O M  T p a H C n O p T e  nepeABH?KHhIX XeJIe3HOAOPOHEHbIX I Iy~ei i ,  
n e p e H o c K a  KOTOPMX ~ p e 6 y e ~  0 6 ~ 9 ~ 0  6 0 n b 1 1 . 1 ~ ~  3 a T p a T .  B y J I b ~ o 3 e p ~ b I e  

OTBaJIhI I I p H M e H R I o T  I I P H  ~ B T O M O ~ H J I ~ H O M  T p a H C I I O p T e  BCKPhIIIIHhIX IIOPOA 

~1106oil KpeI IOCTH (OT PhIXJIhIX H MEIrKHX A 0  C K ~ J I ~ H ~ I X )  H KYCKOBaTOCTH. 

T~XHOJIO~EIEI  H T e X H H K a  BeAeHHEI OTBaJIbHhIX p a 6 0 ~  H a  K a p b e p a X  

B e C b M a  pa3~006pa3nb1. Y P O B ~ H ~  FlBTOMaTH3aIJH11, K O T O P ~ I ~  M O X e T  6bI~b 
AOCTHI'HYT H a  OTBaJIbHbIX P ~ ~ O T ~ X ,  3 a B H C H T  OT BHAa  MaIIIHH,  I IpHMeHH-  

eMbIX HJIEI M e X a H H 3 a q H H  3THX pa6o.r. T a K ,  I I p H  HCI lOJ Ib30BaHHH X e J I e 3 H O -  

AOpOHEHOrO T p a H C I l O p T a  B03MOHEHa a B T O M a T H 3 a q H H  OTAeJIbHhIX 3 B e H b e B  

T e x H o n o r m e c K o r o  npoqecca. P a ~ n o y n p a ~ n e ~ m e ~  cTpeno¶ I - IwMH nepe- 
BOAaMH C ABHXYIQeI'OCH JIOKOMOTHBa MO?KeT 6b I~b  B o I I ~ ~ # ~ J I ~ H H o ~  CTe- 

n e n m ,  ~ B T O M ~ T H ~ H ~ O B ~ H ~  p a 6 o ~ a  n y ~ e n e p e ~ ~ ~ r a ~ e n e i i  H T. A. O H H ~ K O  
C O 3 n a H H e  K ~ K O H - J I H ~ O  CHCTeMhI KOMIIJ I~KCHO~~[  a B T O M a T H 3 a q H E  B AaHHOM 

cnysae ~ ~ T P Y A H H T ~ J I ~ H O  ~ 3 - 3 a  H e n p e p m H o r o  T e p p m T o p H a n b H o r o  pa3- 
BHTHR I I p O q e C C a ,  TaK H BCJIeACTBHe er0 qHKJIH¶HOCTH H TPYHHOCTH BBTO- 

M a T H 3 a q H H  HeKOTOPhIX 3 B e H b e B .   TO ?He OTHOCHTCH K BeAeHHIO OTBaJIbHbIX 

p a 6 0 ~  C I I O M O q b I O  ~ B T O M O ~ H J I ~ H O I ' O  T p a H C n O p T a ,  XOTEI KOHTPOJIb 38 K a -  

'IeCTBOAf I I p O q e C C a  H OI IepaTHBHOe er0 H 3 M e H e H H e  ( I I p H  H ~ O ~ X O A H M O C T H )  
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MOI'YT 6 h I ~ b  0 6 ~ 1 e r q e ~ h 1  HCIIOJIb30BaHHeM CpeACTB a B T ~ 3 M a T ~ e ~ K 0 ~ 0  
y ¶ e T a  H KOHTPOJIR p a 6 0 ~ h I  aBTOTpaHCIIOpTa. 

r F f ~ p o ~ e x a ~ F f 3 a q H R  OTBaJIbHhIX p a 6 o ~  HMeeT p R A  BaXSEhIX AOCTO- 
HHCTB, H TaK K a K  B ~ Y A Y I Q B M  IIpeAIIOJIaI'a0TCR IUHpOKOe PaPBHTHB IHAPO- 

~ 0 6 b I ¶ H  H rHApOTpaHCIIOpTa,  TO IIPOqeCChI O T B ~ J I O O ~ ~ ~ ~ O B ~ H H R  AOJIWHhI 

6 h I ~ b  AOCTaTOPHO IIOJIHO aBTOMaTEl3HPOBaHhl BCJIeACTBHe C P ~ B H H T ~ J I ~ H O G  
' IIpOCTOThI YCTPOGCTB. 

~ P H  IIPHYeHeHHH H a  OTBaJIbHhIX pa60l.a~ KOHCOJIbHbIX 0~~aJI006pa- 
3 0 B a ~ e J I e f  xapamep pa6osax onepaqnf H HX n o c n e A o s a T e j r b H o c T b  
OCTaIOTCR O ~ P P H O  HeH8MeHHbIMH. 

O C H O B H ~ R  3aAaPa aBTOMaTWeCKOr0 YIIpaBJIeHHR pa60~0ii OTBaJIO- 
0 6 p a 3 0 s a ~ e n ~  MOXeT 6 h I ~ b  C @ O P M Y J I H P O B ~ H ~  KaK 0 6 e c n e ~ e ~ ~ 1 e  OIITHMaJIb- 

HOrO 3aIIOJIHeHHR eMKOCTH OTBIJIOB. 
Ha PHC. 203 I lOKa3aHa @ Y H K ~ H O H ~ J I ~ H ~ R  CXeMa aBTOMaTWeCKOr0 

y n p a s n e H m  pa6o~oii K o H c o n b H o r o  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I R  OIIIP-5000195. 
OCHOBH~IMH KPHTePHRMH, OIIPeAeJIRIOIQHMH C I I O C O ~  3aAaHHR JIpOrpaMM 
H paC¶eTHhIX I lapaMeTpOB,  RBJIHIOTCR: HaAeWHOCTb, o 6 n e ~  BBOAHMOG 
H H @ O ~ M ~ ~ H H ,  Y A O ~ C T B O  BBeAeHHR H CPHThIBaHHR. C p e f l H  I lapaMeTpOB,  

o n p e A e n P r m q n x  pa6o~y  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I R ,  c n e A y e T  BhIAennTb: yron 
pa3BOpOTa O T B ~ J I ~ H O ~  KOHCOJIH OTHOCHTeJIbHO OCEl ABHWeHHR OTBLJIO- 
06pa30sa~e~1~;  0 6 5 e ~ H y I O  IIPOH3BOAHTeJIbHOCTb 3KCKaBaTOpa;  ~ p 1 - 3 6 ~ -  
e M o e  onepexeme @POHTOB BCKP~ITHR H O T B ~ J I O O ~ ~ ~ ~ O B ~ H H R ;  ~ ~ G C T B E I -  
TeJIbHOe OIIepeXeHHe;  T p e 6 y e ~ h I G  YKJIOH OTBaJIa; KOJIWeCTBO TO¶eK 
OTChIIIKH B OTBIJI~HOG 3aXOAKe, OIIpefleJIRIOIQee C O ~ O G  Ka¶eCTBO 3aIIOJI- 

HeHHR H 0 6 n e ~  IIOCJIeAYIOqHX (B CJIy¶ae H~O~XOAEIMOCTEI )  IIJIaHHPOBOPHbIX 

pa60.r; Y r O n  eCTeCTBeHHOr0 OTKOCa OTCbIIIaeMOI'O B OTBaJI r p y H T a .  

C B ~ A ~ H H R  06 0 6 n e ~ ~ o i i  IIPOH3BOAHTeJIbHOCTH B ~ ~ ~ ~ ~ T ~ I B ~ I O T C ~  H3Me- 
P H T ~ J I ~ H o - B H P E ~ c J I H T ~ J I ~ H o ~  C E I C T ~ M O ~  OIIpeAeJIeHHR T ~ K ~ I I J , ~ ~  H HHTer- 
paJIb~0f IlPOH3BOAHTeJIbHOCTEI aKCKaBaTOpa.  3 ~ a P e ~ H e  Y r J I a  IIOBOpOTa 

O T B ~ J I ~ H O G  KOHCOJIH MOW0T 6bI~b IIOJIY¶eHO OT I I ~ ~ O ~ ~ ~ ~ O B L L T ~ J I R  H a  

IIpHBOAe IIOBOpOTa Ei BBOAHTCR B CElCTeMY aBTOMaTHPeCKH. 
3a,qa¶efi B ~ I P H C ~ H T ~ J ~ ~ H O ~ O  Y C T P O ~ ~ C T B ~  O I I ~ ~ A ~ ~ ~ H H R  mars 

IlOBOPOTa O T B ~ J I ~ H O G  KOHCOJIH RBJIReTCR OIIPeAeJIeHHe o q e p e ~ ~ o f i  KO- 
OPAHHaThl IIPHBOAI IIOBOpOTa O T B ~ J I ~ H O ~  KOHCOJIH. 3 T a  3aAa¶a MOWeT 
6h1Tb p e m e H a  I I ~ H  H a n w H H :  T e K y q e r o  ~ H ~ P ~ H H R  yrna n o B o p o T a  OT- 

B ~ J I ~ H o ~  KOHCOJIH; KOJIWeCTBa T.O¶eK OTCPIIKH B O T B ~ J I ~ H O G  3aXOAKe; 

npenenmoro yrna p a s B o p o T a  K o H c o n n  ( ~ E I P H H H  ~ ~ X O A K H ) .  
O n p e ~ e n e ~ ~ e  KoopAHHaThI o ¶ e p e A H o r o  n o n o m e H H R  OTB~JILHOG KOH- 

COJIH MOSfEeT 6 h I ~ b  yIIpOIQeH0 sb160po~ 3THX I I o J I o W ~ H H ~  H 3  YCJIOBHR 

PaBeHCTBa paC¶eTHhIX ~ H ~ ¶ ~ H E I B  0 6 a e ~ o ~  OTChIIIKEl B IiaWAOM E13 HHX. 
P a ~ ¶ e T H h l e  3HaPeHHR BhICOThI OTBaJIa B KaXAOM H 3  pa6o~nx  IIOJIO- 

X e ~ H f i  AOJIXHhI 6 h I ~ b  COIIOCTaBJIeHhI C A ~ G C T B E I T ~ J I ~ H ~ I M H  3HaPeHHRMM 

B ~ C O T ~ I .  H ~ O ~ X O A H M ~ I G  mar n e p e A B m m t H  s a ~ a e ~ c ~  ~ C T ~ O ~ ~ C T B O M ,  pa6o~a- 
IOIQHM COBMeCTHO C BhI¶HCJIHTeJIbHhIM YCTPO~~CTBOM IIO OIIPeAeJIeHHIO 
H Y ~ I E H O ~ ~  BhICOThI OTBaJIa H AaT¶HKOM IIOJIOWeHHR, OIIPeAeJIRIOIE(HM MeCTO- 

HaXOXAeHHe O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I R  IIO @POHTY pa60~.  ~ P H H E I M ~ R  BO 
BHHMaHHe, ¶TO K o E J @ @ H ~ H ~ H T  pa3PbIXJIeHHR H e  IIOCTORHHaR BeJIHYEiHa 

H 3aBHCHT OT C B O ~ ~ C T I P  CKJIaAHPYeMhIX IIOPOA, TO I I p H  OIlpeAeJIeHHH 



H ~ O ~ X O A H M O ~ O  mara nepensaxm n p H i w e m e T c R  T a w x e  K o p p e K T E i p y I o l q e e  

YCTPO~~CTBO. 3a~ase i i  y c ~ p o g c ~ s a  y n p a s . r l e H m x  x B a x e T c i z  ~ ~ p a 6 0 ~ 1 c a  

KOMaHA H a  BKJIM¶eHHe CXeM YI IPaBJ IeHHR HCJlOJIHHTeJIbHbIMH M e X a H H 3 -  

M a M H  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I H  DOCJIe BbInOJIHeHHII  H ~ O ~ X O A H M ~ I X  BbIsHCJIe-  

HHH B 3aBXfCHMOCTH OT T P ~ ~ Y ~ M O ~ O  I IOPRAKa 0 n e p a q H f i .  A n r o p m ~ ~  ynpa- 
BJIeHHR pa60~0ii O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ ~ S  AOJIHCeH n p e A y C M a T p H B a T b  T a K y I O  

YBII3KY pa60~b1 B ~ I ~ M o ¶ H o ~ ~  H- O T B ~ J I ~ H O ~ ~  MaI I tHH,  9 ~ 0 6 ~  6 ~ n a  06ecne- 
4 e H a  CeJ i eKTHBHaR OTChIIIKa H ~ Y C T O ~ ~ P H B M X  H J I e r K O P a 3 M b I B a e M b I X  IIOPOA 

HJlH CJI~~O$HJI~TPHPYK)LIJEIX IIJIaCTH¶HbIX rJIHH.  

P a s p a 6 0 ~ ~ a  y r o n b H M x  ~ e c ~ o p o x f ( ~ e ~ ~ i i ,  IIPH H a n n m m  B noponax 
BCKPMIIIH IIPOIIJIaCTHOR I lOJIe3HMX HCKOIlaeMbIX H ~ I I P O M ~ I I J I J I ~ H H O ~  MOW- 

HOCTH, TaK?Ke  B b I n B H r a e T  oco6re T ~ ~ ~ O B ~ H E I H  Ii O T B ~ J I O O ~ ~ ~ ~ O B ~ H H K ,  

B B H A ~  CIIOCO~HOCTH P ~ ~ P ~ I X J I ~ H H ~ I X  6ypb1x yrneii K c a ~ o ~ o 3 r o p a ~ m 1 0 .  
I I ~ H   TOM a n n a p a T y p a  ~ B T O M ~ T H ~ ~ ~ H H  o ~ ~ a n o o 6 p a 3 0 ~ a ~ ~ ~  A o n x H a  

0 6 e c n e ¶ H ~ b  T a X W  C X e M y  OTCbIIIKH, I I p H  ~ 0 ~ 0 ~ 0 6  YrJ IHCTaR MaCCa ~ Y A ~ T  

p a 3 ~ e q e ~ a  BHYTPH T e x a  O T B a n a .  

B npoqecce H O ~ ~ I Y H  ~ O J I ~ ~ H ~ I X  H c K o n a e M b I x  O T K P M T ~ I M  C I I O C O ~ O M  

OTAeJIbHbIe  y ¶ a C T K H  H a  J lOBepXHOCTH B p e M e H H O  EICKJIIoYaIoTCII H 3  IIOJIL- 

3OBaHHII  H 3aKPeIIJIRIOTCR B BHAe  r O p H O r 0  OTBOAa 3 a  r O P H b I M  

n p e n n p m T E i e M .  
B C K P H ~ H ~ I M H  P ~ ~ O T ~ M I I ,  IIPeALIIeCTBYIOIqHMH ~o6b1se n o n e s ~ o r o  

M c K o n a e M o r o ,  H a p y m a e T c R  ~ C T ~ C T B ~ H H M H  r repeoua¶anb~~f i  penbe$ Me- 

CTHOCTH B I l p e A e J I a X  r O p H O r 0  OTBOna.  ~ o c J I ~  OKOHYaHHH r O P H b I X  p a 6 o ~  
3 T H  YXiCTKH M O X H O  HCIIOSIb30BaTb AJIH I I p e X H H X  HYXCA. X a p a I C T e p  

H 3 M e ~ e ~ H i j [  peJIbC?$a MeCTHOCTH, ~ a p y m e H H b I f i  OTKPbITbIMH rOPHbIMEI 

p a 6 0 ~ a ~ ~ ,  3aBHCBT OT I'eOJIOrEl¶eCKHX Y C J I O B H ~ ~  3aJIeTaHHEI MeCTOPOifEne- 

H H R  EI ~ P H H R T O ~ ~  CHCTeMbI p a 3 p a 6 0 ~ ~ ~ 1 .  
B e c b ~ a  3 ~ a s B ~ e J I b ~ b i  H3MeHeHHR ~ ~ M H O H  jrOBt?pXHOCTH B I I p O q e C c e  

p a 3 p a 6 0 T K H  M ~ C T O P O H C A ~ H H ~  C KPYThIlClti H HaKJIOBHbIMH IIJIaCTaMFi B CJIY- 

¶ae I IpHMeHeHHII  T ~ ~ H C ~ O ~ T H O ~ ~  CHCTeMbI p a 3 p a 6 0 ~ ~ ~  C BHeLUHHM OTBanO- 

0 6 p a 3 0 ~ a ~ m e ~ .  IIocxe o x o H s a H m c I  r o p m x  p a 6 o ~  H a  y s a c T K e  I c a p b e p H o r o  

norm o 6 p a 3 y e ~ c ~  3 H a s n T e n b H a c I  no o 6 a e ~ y  B n a A m H a  ( B ~ I ~ ~ ~ O T ~ H I I O ~  

n p o c ~ p a ~ c ~ n o ) ,  a B npenenax o ~ a o h a  gapbepa pacnonaraIo~& B H e m H n e  

OTB JIM IIYCTbIX IIOPOA, KOTOPbIe  IIBJIIIIOTCR HeIIJIOAOPOAHbIMH. 

P P n  o ~ p a 6 o ~ x e  ropnaoaranbnrx ~ e c r o p o x c j q e ~ a i r  ~a~60~11,rnee 
P a C l l p O C T p a H e H I T e  I I O n y ¶ l l J I l l  CHCTeMbI C BHYTPeHHHM 0 T B a ~ 1 0 0 6 p a 3 0 B a -  

HHeM,  K O r A a  BCR HJ lH  OCHOBBaR MaCCa  BCKPbIUIHHX UOPOA YKJIaAbIBaeTCR 

B B ~ I P ~ ~ O T ~ H H O M  IIPOCTPaIICTBe K a p b e p a .   TO 06ecne41a~ae~ MHHkIMaJIb- 

H o e  H ~ M ~ H ~ H H ~  I I e p B o H a ¶ a x b H o r o  pexbe$a n o ~ e p x ~ o c ~ ~ .  i H e s a ~ m c ~ ~ o  
OT CTeIIeHH H3MeHeHHII  peJIbe$a MeCTHOCTH IIOCJIe O K O H ¶ ~ H H R  r O p H b I X  

p a 6 o ~  H ~ O ~ X O A H M O  I IpOH3BeCTH ~ O J I ~ I I I O ~ I  0 6 a e ~  3eMJIIIHbIX p a 6 o ~  no 
BOCCTaHOBJIeHHIo JlOBePXHOCTH Y ¶ a C T K a  J l P H  BHYTPeHHeM 0 ~ ~ a ~ 1 0 0 6 p a -  
3 O B a H P H  H I l J I aHHPOBKe  BHeIUHHX OTBanOB IIYCTLIX IIOPOA, 683 Per0 
H e B 0 3 M O X H O  I I O C J I e A Y I O ~ e e  HCI IOJ Ib30BaHHe  y ¶ a C T K a  r O p E O r 0  OTBOAa 

A n R  H ~ X A  n p o M b I m n e H H o r o  H a m  r p a z n a H c x o r o  c T p o m T e n b c T s a ,  a T a x x e  

CeJIbCXOrO X O ~ I I ~ C T B ~ ,  JIeCIIOFO HCIIOJIb30BaHHH H T. 2.  

I 
T a X  K a K  B npoqecce OTICPMTHX p a 3 p a 6 o ~ o ~  H a  B~MHYIO n o B e p x H o c T b  

y x A a n H ~ a I o ~ c r r  H e n n o g o p o p m e  o T n o x e H r n r r ,  H e n p H r o n H b I e  A ~ I I  cenb- 
C K O r O  H JIeCHOrO X O ~ I I G C T B ~ ,  IIOCJIe I IJ IaHHpOBKH y ¶ a C T K a  I 'OpIIOrO OTBOAa 

H ~ O ~ X O A H M O  IIPOH3BOHHTb P e K Y J I b T H B a q H I o  I IOBepXHOCTH, 3 a K J I I O s a -  

IoCR B BOCCTaHOBJIeHHH IlJIOAOPOAHR I109BbI. *% H a C T O R q e e  B p e M R  H3BeCTFIbI A B a  OCHOBHMX cnoco6a P e X y J I b T H B a -  

~ H H  - ~ e x a ~ m s e c ~ ~ i i  tr ~ J I O J ~ O ~ H Y ~ C K E ~ ~ ~ .  Mexarrmecxzrfi cnooo6 pe- 
K Y J I b T H B a q H H  3aKJITIK)UaeTCE B TOM, ¶TO A 0  H a ¶ a J I a  p a 3 p a 6 0 ~ ~ ~  B ~ P X H H ~ ~  

n n o n o p o ~ ~ ~ i i  cnoB n o K p b I s a I o q H x  nopon y g a n R e T c c I  rn nocne o K o H s a H H R  

I'OPHbIX p a 6 o ~  P a B H O M e p H O  p a C n p e A e J I R e T C c I  H a  OTBaJ IaX BCKpbIm-  

HNX nopon. 
B ~ o n o r ~ l s o c ~ m i i  cnoco6 p e K y n b -  

TElBaqHH 3aKJIIO'IaeTCII B CO3HaHHH 

n J I O J ( O p O ~ H O r 0  I IOBepXHOCTHOrO CnOH 

r p y H T a  H a  0614eI"i MaCCe BCKPbILUHbIX 

nopoA 3a c s e T  n o c a n O K  H e n p H x o T n H -  

BOG PaCTEiTeJl bHOCTH H ApeBOBHAHbIX 

~ a c a x n e ~ ~ i i .  
np l i  P e K y J I b T H B a v H H  OTBaJlOB no- 

CJ IenHHe  AOJIlKIIbI COOTBeTCTBOBaTb CJIe- 

A Y I O q H M  OCHOBHHM T P ~ ? ~ O B ~ H E I R M :  
CHCTeMbI p a 3 p a 6 0 T X I d 7  BHA M e X a H H -  

2 a q H H  TpaHCI IOpTHbIX H OTBaJIbHhIX 

pa6o.r A & X ~ h I  i $ o p ~ m p o ~ a ~ b  nosepx- pnc. 204.  C x e ~ a  K ycTa~oeneHnm pas- 
HOCTU oTmeTorc M e w s  TeppacaMu 

HOCTb OTBaJ Ia  C MHHXiMaJIbHbIMH IIJIa- 
H H P O B O P H ~ I M H  p a 6 0 ~ a M ~ ;  

OTKOCbI OTBanOB A O J I X H H  6 b I ~ b  YCTO~YEIBMMH; 

B e p X H H e  OTMeTKH I lOBePXHOCTP OTBaJIOB AOJIXHbI 6bI~b H a  1-2 W 
smue  YPOBHII r p y H T o B r x  BOA B npmeramqnx x K a p b e p y  ~ O H ~ X ;  

npn IIOAI'OTOBKe o T s a n o B  Ens 3 e M a e A e n E i R  B c e  n o H H i K e H H b I e  M e c T a  

nOBepXHOCTH OTBaJIa  3 a C b I n a I o T  r p Y H T O M  BO ~ 3 6 e w a ~ ~ e  ~ ~ ~ O J I ~ ~ H B ~ H H I I ,  

a 3 a T e M  IIOKpbIBaIOT nO¶BeHHMM CJIOeM ToJILIJHHo~ 0,4-0,s W. 

C P ~ B H H T ~ J I ~ H O  P O B H a R  IIOBePXHOCTb OTBaJIOR o6pa3ye~c11 B C J I y ¶ a e  

I IPHMeHeHHH ~ B T O M O ~ H J I ~ H O I ' O ,  KeJIe3HOAOPOHCHOFO H rHApaBJIH¶eCKOrO 

T p a H C I I O p T a .  BO BCeX OCTaJIbHbIX CJ IYgaRX IIOBePXHOCTb OTBaJIOB npeA- 
CTaBJIeHa  B BHHe  OTAeJIbHbIX KOHYCOB, r p e 6 ~ e 6  H T. A. ~ O ~ T O M Y  BO 1136e 
K a H H e  CMbIBa l T n O A o p O ~ H O r 0  CJIOR r p y H T a ,  a T a K X e  AJIR q e J I e c  MeXaHkI- 

3 a 4 H H  p a 6 0 ~  no 6 ~ o n o r ~ u e c ~ o i i  P e K y J I b T H B a g H H  n p O H 3 B O n I I T  ¶aCTHYHyIo  

H n H  nOJIHYI0 ILJIaHHpOBKy IIOBepXHOCTX O T B a n a .  

~ P H  nOAI'OTOBKe BHYTpeHHHX OTBHJIOB AJIR JIeCOIIOCaAOK H CaHOBOA- 
CTBa I IOBepXHOCTb OTBaJIa  I I J I aHHpyIoT  IlOJIHOCTbIo, YaCTH¶HO HJIH 

H a  c K n o H a x  r p e 6 ~ e 6  o T s a n o B  c o o p y z a a T  T e p p a c M .  I I o n ~ o e  B n p a B H n -  

B a H H e  I IOBepXHOCTH OTBaJIa HMeeT  qeJIbIo CO3AaHHe  H ~ O ~ X O A H M M X  YCJIO- 

BHG AJlR p a 6 o ~ ~ d  n e c o n o c a n o n H b I x  MaiTIllH H MeXaHH3MOB. M ~ K c H M ~ J I ~ H ~ I ~ ~  
YXJIOH B HaI IpaBJ IeHHII ,  I IepneHAHKYJIRpHOEIi  P R A a M  JIeCOnOCaAKH, c0- 
CTaBJIHeT 4". Ecnm IIOBepXHOCTb OTBaJIa  I IpeHCTaBJTeHa  PRAOM 

rpe611efi, TO npm p a c s e T e  o 6 a e ~ o ~  n n a H r n p o B K m  6 y ~ 1 b ~ o 3 e p a M ~  ~ e o 6 x o -  
AMMO Y¶HThIBaTb  H I lOBTOpHOe DepeMeLIJeHHe UOpOA. I I p H  ¶aCTEI¶HOM 



BbIpaBHIfBaHHH IIOBepXHOCTH OTBaJIOB C p e 3 a I o T  TOJIbKO B e p X y U l K H  rde6- 
~ e i i  H CO3AaIoT IIJIOwaAKH I I I H P H H O ~  8-40 a. Y r p a H H q  OTBaUIOB 

I I J I O q a A K H  COeAHHRIoT Me?KAY ~0602,  a TaKHEe O~OPYAYH)T C W 3 A  AJIR 
06ec11ese~n~ T ~ ~ H C I I O ~ T H O ~ ~  CBR3H C H e  ~ ~ T P O H Y T O ~ ~  FOPHbIMH p a 6 0 ~ a ~ ~  
~eppFi~0pFieB. 

IIPH C O ~ A ~ H E I H  T e p p a c  c M e x H H e  r p e 6 ~ t i  nnx rpynny- r p e 6 ~ e 6  BM- 

P a B H H B a I o T  A 0  p a 3 J I H ¶ ~ o f i  BbICOTbI H AeJIRT HeIIpepbIBHbIM5i CKJIOHIMH. 
AJIH n p e A o T B p a w e H m  B P O ~ H H  T e p p a c M  A o n x H n  m e T b  n o n e p e ¶ ~ ~ i i  
YKJIOH, p a ~ ~ ~ f i  1,5-2' B CTOPOHY ~ ~ m e n e x a q e i i r  T e p p a c u .  Ha p ~ c .  204 
I I O K a 3 a H a  CXeMa K yCTaHOBJIeHHIo Pa3HOCTH OTMeTOK Me?KAY T e p p a C a M H .  

M ~ K c H M ~ J I ~ H ~ R  p a 3 H O C T b  OTMeTOK Me?KAY T e P P a C a M H  Onpe,I(eJIHeTCcl 

E13 COOTHOIIIeHHH 

p=(L-2 - I , 5 ) tg$ ,  M, (XX,14) 

r A e  L - p a c c T o R H n e  M e x A y  A e p e s b R M n ,  0 6 e c n e s ~ ~ a m q e e  c x o j p i ~ o c ~ b  

HX KPOH BO B~POCJIOM COCTORHHH H p a B H o e  10-12 jrt; 

1,5 - PaCCTORHHe Ca?KeHqeB OT H H H E H ~ ~ ~  H B ~ P X H ~ ~  6 ~ 0 ~ 0 ~  T e p -  

P a m ,  M; 
p - yron ~CTOHPHBOCTH oncoca, zpaa. 

Y r p a H H 4  OTBaJIOB T e p p a C b I  COeAHHHIoTCR C'be3,I(aME1. no AaHHbIM 
IIHHYH, 3 a T p a T b I  H a  PeKYJIbTHBaqHIo  OTBaJIOB H a  HHMOBCKOM H YII Ia -  

KOBCKOM p a 3 p e 3 a X  COCTaBJIRIoT: I I p H  HCIIOJIb30BaHHH OTBaJIOB IIOA 

JIeCOIIOCaAKEI 3280-4420 py6/za, I I p H  C ~ J I ~ C K O X O ~ R ~ ~ C T B ~ H H O M  HCIIOJIb- 
3OBaHHH 5900-7300 py6/za. 

TJlABA X X I  

I ' o ~ ~ o B ~ I ~  K a n H T a n o B a o x e H m  B n p o M b I m a e H H o e  H r p a x A a H c m e  c ~ p o -  
HTeJIbCTBO B H a C T O R w e e  B p e M R  COCTaBJIRIoT OKOJIO 70 MJIpA. py6., ¶TO 

B 1,6 paaa 6onbme, s e M  B I I p e A u e c T B y I o q y m  n R T H n e T K y .  A a n b ~ e H r n a c l  
HHAYCTPHaJIE13aqHR CTPOHTeJIbCTBa I IOBbImaeT T ~ ~ ~ O B ~ H H H  K K a P e C T B y  
CTpOHTeJIbHbIX MaTePHaJIOB. I'OAOB~R I I O T ~ ~ ~ H O C T ~  B ~ e 6 H e  B 1970 r. 
COCTaBElJIa 6onee 500 MJIH. as. CP~,I(HRR FOAOBaR IIpOH3BOaCTBeHHaH 

MOwHOCTb BHOBb COOPYHEaeMMX H peKOHCTpYHPYeMhIX I I P ~ A I I P P I R T H ~ ~  

B H a C T O R q e e  B p e M R  COCTaBJIReT 600-700 TbIC. M', ¶TO 6onee P e M  B 19 pa3 
JIOBbIIIIaeT IIPOH3BOACTBeHHYIo M O a H O C T b  K a P b e P O B  B 1960 r. 

HHT~HCHBHO IIPOHCXOAEIT p a 3 p a 6 0 ~ K a  eCTeCTBeHHbIX CTeHOBbIX Ma- 

TepHaJ IOB,  KpYIIHbIX ~ J I O K O B  H mTY¶HOrO KaMHR. T a K ,  B CCCP B 1965 r. 
o 6 a e ~  IIpOH3BOACTBa KPYIIHMX ~ J I O K O B  H IIITYgHOrO KaMHfl  COCTa- 
BHJI 20,2 MJIH. as, B 1970 r. ~ o 6 b 1 s a  eCTeCTBeHHbIX CTeHOBbIX MaTe- 

PHaJIOB BO3paCTeT A 0  30-32 MJIH. as. C O B ~ ~ ~ ~ H C T B O B ~ H H ~  OTKPNTO~~[ 
~ 0 6 b I s E I  CTeHOBbIX ~ J I O K O B  HAeT IIO I I y T H  CTpOHTeJIbCTBa HOBbIX KPYII- 

EbIX K a p b e p O B  I I P O H ~ B O A C T B ~ H H O ~  MOWHOCTbH) 200-300 TbIC. .U3 B rOA, 
a T a K X 0  PeKOHCTpyKIJHH A ~ ~ C T B Y I ~ ~ H X  IIP~EIIPHRTHG. 

B COOTBeTCTBHH C I'OCT 4001-58 K K a T e r O p H H  IIHJIbHbIX OTHOCRTCR 
r U p H b I e  IIOPOAbI C 0 6 ' b e ~ H h l ~  BeCOM OT 900 A 0  2200 x 2 / a 3 ,  C IIpeAeJIOM 

n p o s H o c T H  H a  c x a T H e  ~o 1800 xr lca2,  K o T o p u e  0 6 ~ 1 a ~ a m ~  onpeAeJ reH-  
HbIMH @ H ~ E I K O - M ~ X ~ H E ~ ¶ ~ C K H M H  EI TeIIJIOaKYCTH¶eCKHMH C B O ~ ~ C T B ~ M H .  

IIOCJIeAHHe FOAM H O M ~ H K J I ~ T Y P H ~ I ~ ~ [  I I e p e P e H b  CTeHOBbIX MaTePHaJIOB 
PaCIIIHpHJICR 3a CPeT BOBJIeqeHHR B p a 3 p a 6 o ~ ~ y  3 a J I e x e f i  OIIOKOBHAHbIX 

H TPBJIeJIOBHAHbIX KpeMHHCTMX IIOPOA, IIOPHCTPX P ~ ~ H O B H , I ( H O C T ~ ~ ~  6a- 
3aJIbTOB, ~ H , I ( ~ ~ H T O - ~ ~ ~ ~ J I ~ T O B  H A P Y r H X ,  KOTOphIe P a H b m e  I I p H  COOpy- 

X e H H H  0 6 ' b e K ~ o ~  XHnHWHO-IIpOMbIIIIJIeHHOrO CTPOHTeJIbCTBa IIOgTEI 
H e  IIpHMeHRJIHCb. B 3aBHCHMOCTH OT IIPOPHOCTH pa3pa6a~bI~ae~bIx IIOpOA 

IIoJIy¶aeMhIfi H 3  H3BeCTHHKOB ~ T Y ~ H M G  K a M e H b  AeJIRT H a  14 M a p O K ,  , 

a H 3  TY@OB - H a  AeBRTb. C T ~ H A ~ ~ T O M  IIpeAyCMOTpeHbI T P H  OCHOBHbIX 

i ~ ~ n o p a a ~ e p a  K ~ M H ~ P :  490 X 240 X 188 aa, 390 X 190 X 188 

1 B cocTasneHm masbl: X X I  npHHaMan ysacTne E.  B. P y g s e ~ ~ o .  



H 390 X 190 X 288 &&; AOIIYCKaeTCR T a K K e  H3rOTOBJIeHHe  K a ~ H e l ? d  IIO 

nnnne B 3/4 m B I/, H o p M a n b H o r o  p a s ~ e p a .  
M ~ # ? J I H R  EI3 K P e n K H X  ~ ~ ~ H O B H A H O C T ~ ~  I I P H P O A H O r O  K a M H R  I lO  CTe- 

n e H H  n p o s H o c T m  ~ O A ~ ~ ~ A ~ J I R I ~ T C R  H a  TPH O c H o B H M e  K a T e r o p m :  oco6o 
n p o s H M e ,  p a 6 0 ~ a m q ~ e  H a  c w a T H e  (necyqme KOHCTPYKI(HH,  I I e p e M b I s K H ,  

KOJIOHHhI, MOCTOBhIe OIIOPhI H T. II.); I IPO¶Hhle ,  P a C C ¶ H T a H H b I e  H a  MHOrO- 

JIeTHIOH) 3KCIIJIYaTaqEZIO B YCJIOBHRX H C T H P a H ) q m X  H a r P Y 3 0 K  (IIJI~TKH 

AJIR IIOJIOB, CTyIleHEI Ji T. A.); 06~1erse~~b1e,  KOTOphIe  H e  H e C y T  H a r p Y 3 0 K  

M IIPEIMeHRIOTCR AJIR ~ ~ K O ~ ~ T ~ B H O - O ~ J I ~ ~ O B O ¶ H ~ I X  p a 6 0 ~ .  no A o J I r o -  

Be¶HOCTEi eCTeCTBeHHbIe  CTeHOBhIe  M a T e p H a J I h I  ~ H @ @ e p e H q I f p y H ) ~ C R  H a  

cnegymqme o c H o B H a r e  K a T e r o p M H :  oco6o Aonrosesme - M o H y M e H T a J I b -  

H b I e  COOpy l r ceHHR H 0 6 n ~ q o ~ o s ~ h 1 e  M a T e p H a J I b I ;  B o ~ o y c ~ o i i s ~ s h I e  - 
n o p T o s M e  C o o p y w e H M R ,  onopu H nponem MOCTOB, O ~ J I H ~ O B K ~  K a H a n o B ,  

~a6epew~h1x ;  A o n r o s e s H M e  - s a m ,  6ery~b1, w e p H o s a ;  p H n o m e ,  npeg- 
H a s H a s e H H h I e  AJIR B H Y T P ~ H H ~ ~  KJIBAKH. 

B 3aBHCEIMOCTH OT J I H H ~ ~ H H X  p a 3 M e p O B  CTeHOBhIe  M a T e p M a J I J J  K J I a c -  
CEI@H~MPYH)TCR H a  MOHOJIHThI, 0 6 n e ~  KOTOPhIX AOCTMraeT  HeCKOJIbKEiX 

COTeH I E Y ~ O M ~ T P O B ,  K P Y I I H h I e  GJIOKEI O ~ ~ ~ M O M  A 0  2 x3 M MeJIKOIIITY¶HbIe 

K a M H H ,  H M e m q H e  0 6 n e ~  M e H e e  0,3 a3. no cnoco6y 0 6 p a 6 0 ~ ~ ~  MJIH @ a ~ -  
T y p e  p a 3 J I H s a I o T  6 n o ~ m  C ~ C T ~ C T B ~ H H O ~ ~  I IOBepXHOCTbH),  C y A a p H 0 6  06pa- 
6 0 ~ ~ 0 6 ,  a 6 p a 3 ~ B H o i i  IIIJIH@OBKO~ II  CIIeI (HaJIbHhIMH MeTOAaMH 0 6 p a 6 0 ~ ~ m .  

3 a I I a ~ h I  eCTeCTBeHHhIX CTeHOBhIX M a T e p H a J I O B  HC¶HCJIRH)TCR MEIJIJIH- 

a p A a M M  K Y ~ O M ~ T P O B  M I I P a K T H g e C K H  H e H C ¶ e p n a e M b I .  n e ~ a J I b ~ 0  pa3- 
B e A a H O  280 KPYI IHbIX  M ~ C T O P O H C A ~ H H ~  IIPHPOAHOI'O K a M H R ,  H 3  HHX OKOJIO 

80% IlpHXOAIlTCR H a  AOJIH) I IHJIbHhIX lX3BeCTHRKOB. ~ o ~ H o I ' ~ o J I o ~ H ¶ ~ c K H ~  

YCJIoBHR 3 a J I e r a H H R  M ~ C T O P O K A ~ H H ~  ~ J K ~ ~ O I I P ~ R T H ~ I  AJIR ~ ~ ~ P F ~ O T K H  
MX OTKPbIThIM C I I O C O ~ O M .  M O ~ H O C T ~  BCKP~IIIIHHX IIOPOA B A a e p 6 a m ~ w a ~ e  
H e  n p e s b I m a e T  1 &, B K p h ~ ~ y  K O J I ~ ~ J I ~ T C I I  B n p e A e J I a x  0,4-15 &, coma- 
B n R R  B C p e A H e M  1,4 &, B M O J I A ~ B H H  B 0 3 p a C T a e T  OT 5 A 0  60-70 &, B CpeA-  - 
H e M  27 at. B Apyrmx pa i io~ax  CCCP M O ~ H O C T ~  H a H o c o B ,  n e p e K p m a -  

H)qEIX  I I P O A Y K T H B H ~ I ~  IIJIBCT, COCTaBJIReT H e  6onee 1-5 &. 

B COBpeMeHHbIX KOHCTPYKI(HRX K a ~ ~ e ~ 0 6 h I ~ a I O ~ e r 0  O ~ O ~ ~ A O B ~ H H I I  

KPMTEIseCKHe  p a 3 p y I I I a H ) q H e  YCHJIHR C03AaH)TCR CJIeAYIOqMMEI CIIO- 

co6a~m:  
1) ~ Y P O B ~ I M  - r p a m  6 x o ~ a  0 6 y p ~ s a 1 o ~  cepmeii pacnonoweamx 

B H ~ I ~ O C ~ ~ ~ J C T B ~ H H O ~  ~ J I H ~ O C T H  APYr OT ApYra I I I I I y p O B  C I I O M O q b H )  IIep- 
@ O ~ ~ T O ~ O B ,  y~ap~o-spy60sh1x MaIIIHH ( ' X ~ H H ~ J I ~ ~ O B )  H A p y r O r O  060- 
PYAOBBHHR; 

2) KJIHHOBHM - IIO KOHTYPY ~ J I O K ~  IIPOBOART 6 0 ~ 0 3 ~ ~  m npo6yp~-  
B a W T  I l I I I y p h I  H a  PaCCTORHHH 15-40 C&, nOCJIe  ¶ e r O  B HHX BBOART KJ IHHbI I  

JJJ IMHo~~ 130-160 && H IIPOM3BOART OTAeJIeHHe 3 a r O T O B K H  OT MaCCMBa; 

3) K O M ~ H H H P O B ~ H H ~ I M  6~~0-KJIHHOBJJM; 

5) T e p M m u e c K n M ,  I;orAa M e c T H b I e  p a c K a n H s a m q m e  H a n p n x e H H R  

B O ~ H ~ K ~ I O T  3a c s e T  p e s ~ o r o  T e M n e p a T y p H o r o  nepenaga npm C r o p a H H n  

B KHCJIOPOAHO~~ c p e ~ e  HEHAKHX n 
HAM ra3006pa3~h1x J I e r K o B o c n n a -  

I M e H R m q H x c R  c ~ e c e f  - K e p o c H -  

H a ,  6 e ~ 3 ~ ~ a  m ~ p .  
Eypo~o i i  cnoco6 06ecnesm- 

' s a e T  ~ a ~ 6 o ~ 1 e e  nomoe coxpa- 6 
H e m e  K a s e c T s a  pa3pa6a~arsae- 
MbIX I IOPOA,  T a K  K a K  CE<MMaH)qEIe  
M T a H r e H q M a J I b H h I e  HaIIpRHEeHElR I 

3 a X B a T h I B a H ) T  TOJIbKO N 3 K H e  IIO- 

JIOCbI I I IMpHH0f  40-50 && H 

ganb~eiimero P a C K a J I h I B a H H R  M a c -  

CMBa H e  BbI3hIBaH)T. O A H ~ K O  
B B m A y  B H C O K O ~ ~  TpyAOeMKOCTH m 
C p a B H H T e n b H O  M ~ J I o G  IlpOM3BO- 

AHTeJIbHOCTH 3TOT C I I O C O ~  H e  no- 
J I Y ~ H J I  m M p o K o r o  p a c n p o c T p a H e -  

H H R .  

Y g e a b ~ a ~  p a 6 o ~ a  no sbma- 
JIhIBaHHH) ~ J I O K O B  3aBHCEiT OT 

s M c n a  n x o c ~ o c ~ e i i  O ~ H ~ W ~ H F I R  

B 3a6oe. UPH HaJIm¶mm O A H O ~ ~  IIJIO- 

CKOCTH O ~ H ~ X ~ H E I R  B e J I H P H H a  

p a C K O J I a  6 y ~ e ~  M ~ K C E I M ~ J I ~ H O ~ ~ ,  

T a K  K a K  n p n x o A m c R  npeoaoae- 
B a T b  CIIJIbI C q e n J I e H H R  C n R T H  

CTOPOH. B 0 6 q e ~  cnysae ~ 0 3 -  

MOWHO 0 6 p a 3 0 s a ~ ~ e  n R T M  IIJIO- 

C K O C T ~ ~ ~  O ~ H ~ H E ~ H H R ,  OAHaKO n p E I  

3TOM 3 H a ¶ H T e J I b H O  B O 3 p a C T a e T  

o 6 n e ~  IlOAI'OTOBlXTeJIbHhIX p a 6 o ~ .  
O I I T E I M ~ J I  b H b I e  TeXHHKO-3KOHOMEI- 

s e c m e  ~ O K ~ ~ ~ T ~ J I H  ~o6h1sn 6no- 
KOB AOCTHraIOTCR npm H a J I H s H H  I 

T p e x  n n o c ~ o c ~ e f i  O ~ H ~ H C ~ H H H .  

Ha PHC. 205 n o ~ a s a ~ o  c o o T a o m e -  

H H e  npOH3BOAEITeJIbHOCTH T P Y A a  Pnc. 205. C o o ~ ~ o n I e H I r e  n p o u 3 B O ~ ~ T e J r b H O C T ~  

n p H  n IlJIOCKOCTRX O ~ H ~ H C ~ H H H .  TPYRa: 

& L I H O B O ~ ~  C I I O C O ~  60~1ee 3KO- a-0 - COOTBeTCTBeHHO I I p X  O ~ H O & ,  ABYX,  ~pex ,  
Y e T e p b I x  u ~ R T H  n n o c K o c T R x  0 6 ~ a m e ~ ~ f l ;  

HOMHPeH H l lPOH3BOAHTeJIeH.  1-5 - njlOCKOCTX 0 6 ~ a m e ~ u ~  
U p e o g o a e ~ ~ e  c H n  c q e n a e H m R  

MelrcAy ¶aCTEiqaMH n 0 p O n h I  OCYqeCTBJIReTCR sepe3 CTeHKH KJIHHOBbIX 

mean ygapau. M o n o T a ,  B ~ I ~ M B ~ I O J ~ H M H  H a n p n x e H m n  pacsona. 3 @ @ e ~ -  
THBHOCTb cnoc06a B 0 3 p a C T a e T  npn yBeJIH¶eHEiH TBePAOCTEi EI XPYIIKOCTK 

M a c c m s a .  3a  n p e A e n a M m  n H H H m  p a c K o n a  pa3pymam~qmx ~ a r p y 3 0 ~  ~e 
EkO3HHKaeT, ¶TO C I I O C O ~ C T B Y ~ T  IIOJIHOMY COXpaHeHHH)  K a ¶ e C T B a  ~ J I O K O B .  
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T e x ~ o n o r w e c ~ a i i  npoqecc ~06arsm ~ J I O K O B  ~ ~ K J I H ) P ~ ~ T C R  B .CJIeAy- 

I o q e M .  C n o M o q b r o  a e r K o r o  nep@opa~opa, O ~ O ~ ~ A O B ~ H H O ~ O  IEHPOKOG 
c K a p n e a b m ,  3 a r o T o B K a  OxoHTypHBaeTcR.  3 a ~ e ~  6onee y 3 ~ 0 G i  c x a p n e n b m  

A e a a e T c R  H a c e P K a  KJIHHOBHX H a  rny6m~y 3-5 cm. Aanee c K a p n e n b  
3aMeHReTCR c n H q e f i ,  KOTOPOP lIPHAaeTCR K O J I ~ ~ ~ T ~ J I ~ H O ~  EBHHEeHHe, 

PTO II03BOJIIIReT IIOJIYPHTb OTBePCTHR K J I H H O O ~ P ~ ~ H O ~ ~  @OPMH, 06pa6a~1.1- 
BaIOIqHeCR 3aTeM KOMIIJIeKTOM A O J I O T O O ~ P ~ ~ H ~ I X  IIa30BOK. B 3aKJIIOPH- 
T ~ J I ~ H o G  CTaAHH OCylI(eCTBJIHeTCH OTAeAeHHe 6 n o ~ a  OT MaCCHBa ~ a 6 o p o ~  
KJIHHbeB. 

~ J I E I H O B H ~  OTBePCTHR 3aI'OTaBJIHBaH)T DHeBMaTHVeCKHM HHCTPYMeH- 
TOM IIPH 6 y p e ~ H H  IIIIIYPOB AHaMeTpOM 19-25 ntnt H a  m y 6 ~ ~ y  10-12 CX. 

AJIR 0 6 e c n e n e ~ ~ x  ~ 0 6 ~ 9 ~  ~ J I O K O B  I I P ~ B H J I ~ H O G  ~ ~ O M ~ T ~ H P ~ C K O ~ ~  

~ O P M M  B MaCCHBe 110 nJIOCKOCTHM OTAeJIeHEIR HaCeKaIOTCR 6 0 ~ 0 3 ~ ~  
r a y 6 ~ ~ 0 f i  1-2 CX. ~ J I H H o B M ~  OTBePCTBR q e n e c 0 0 6 p a 3 ~ 0  I I P O ~ ) ' P H B ~ T ~  

C I ' O P E I ~ O H T ~ J I ~ H O ~ ~  IIJIOqaflKH YCTyIla. H p H  3TOM EIMeeTCR B03MOXHOCTb 

Pa3MemeHHR MaKCHMaJIbHO B03MOHEHOrO PHCJIa n e p @ O p a ~ O p O B  H BeAeHHR 
~ Y P O B M X  p a 6 0 ~  B H a n p a B n e H H H  C B e p X y  BHH3. E c n ~  MeCTOpOWAeHHe 

XapaKTepH3yeTCR OTCYTCTBHeM HJIH C J I ~ ~ ~ I M  Pa3BHTHeM rOPH30HTaJIbHbIX 

T P e q H H ,  TO PeKOMeHAyeTCR 0 6 y p H B a ~ b  MaCCHB C 3 a 6 0 ~  B rOPH30HTaJIb- 
HOM HJIH BePTHKaJIbHOM HaIIPaBJIeHHH. Ha~6oaee mHpOKOe PaCnPOCTpa- 
H e H H e  KJIHHOBOG C I I O C O ~  A O ~ M P H  ~ J I O K O B  HMeeT B rAP, CILIA, H a ~ a ~ e .  
B COB~TCKOM COIO3e 3TOT C D O C O ~  IIPHMeHReTCR B OrPaHHPeHHbIX MaCmTa- 

6ax I I p H  paspa6o~xe BeCbMa KpenKHX H qeHHbIX H3BepHEeHHbIX HOpOA. 
Mcnonb30sa~~e  B B P P B H O ~ O  c~oc06a HJIH H a n p a B n e H H o r o  p a 3 p y m e -  

HHR FOPHbIX IIOPOA OCHOBaHO H a  ICOCTORHHOM HapaCTaHHH p a 3 p y m a I O I Q e r O  

YCHJIHR I IPH B3PHBaHHH BB, B Pe3YJIbTaTe sero IIPOHCXOA&~T OTKaJIbIBa- 
HHe 6 ~ 1 o ~ a  DO AHC. BBPHBHO~~ HMllYJIbC O ~ ~ C I I ~ ¶ H B ~ ~ T  BO3HHKHOBeHHe 

B IIOPOAe MeTaTeJIbHhIX, COTPRCaTeJlbHbIX H A P O ~ R ~ E I X  H ~ I I P R H E ~ H I I ~ I .  

I I o c n e ~ ~ ~ e  n p o r r s n R m T c R  B B a n e  ynapa C H J I O ~  6oaee 100 000 d l c m 2  
H H e  TOJIbKO BH3bIBaIOT JIOKaJIbHbIe ~ e @ o p ~ a q H H  MaCCHBa, HO H cnoco6- 
CTBYIOT HHTeHCHBHOMy Pa3BHTHIO IIPOqeCCa T ~ ~ ~ H H O O ~ ~ ~ ~ O B ~ H H R .  no- 
.8TOMy 3apHAhI A P O ~ R ~ H X  BB H a  K a p b e p a x  IIITy¶HOrO KaMHH IIPHMe- 
HRIOTCR B KaPeCTBe BCIIOMOI'aTeJIbHbIX n p H  HJIaHHpOBKe YCTynOB, a TaKHEe 

r r p ~  n p o x o A K e  p a a p e 3 ~ b 1 x  H spy60sarx ~ p a ~ m e i i .  
Han6onee ~ @ @ ~ K T I I B H H  MeTaTeJIbHbIe BB H B n e p B y r o  O s e p e A b  AbIM- 

nopox, pa3~1ararnq~fic~ n p H  ~ 3 p b 1 ~ e  co cpeg~eii  C K O ~ O C T ~ K I  

400 m l c e ~ .  P a 3 p y m a I O I Q H e  YCHJIHR, B03HHKaIOmHe OT AaBJIeHHR r a 3 0 B  
B o 6 n e ~ e  3apnn~oG K a M e p m ,  soapacraw~ nocreneaao OT eynn no xpa- 
T H ¶ ~ C K O ~ ~  BeJIH¶HHP, I I p H  ~ o ~ o p o i i  IIPOHCXOAHT OTKaJIhIBaHHe G J I O X ~ .  

B 6 o n b m a ~ c ~ s e  cnynaes sapnnsl BB p a a ~ e ~ q a e ~  B mnypax AHa- 
MeTPOM 50-60 X n t  napaJIJ IeJ IbH0 BepTHKaJIbHbIM T p e m H H a M  B MaCCHBe; 
n p H  H a J I m H H  p a 3 B H ~ 0 6  CHCTeMhl eCTeCTBeHHHX T p e m H H  I I InypbI  MOryT 

n p 0 6 y p B B a ~ b c R  H B r o p ~ 3 o ~ ~ a n b ~ o f i  nnocxocnl. C Y ~ H O C T ~  c o T P x c a -  
TeJIbHOrO C I C O C O ~ ~  A O ~ H W ~  ~ J I O K O B  COCTOHT B TOM, VTO IIOA A ~ ~ C T B H ~ M  

B3PMBa KaMePHbIX HJIH CKBaHEHHHbIX 3apRAOB YPaCTKH MaCCHBa CMe- 
QaIOTCR no eCTeCTBeHHbIM TpeIQHHaM OTAeJIbHOCTH, a n a A e H H e  MOHOJIHTOB 
H a  nOAOUBy Y C T y n a  BbI3bIBaeT A ~ O ~ J I ~ H H ~  r0p~0f i  MaCCbI H a  ~ e 6 o n b m ~ e  
~ . V O K H .  AJI? p e a J I n 3 a q H H  3TOr0  cnoc06a H ~ O ~ X O A H M O  HaJIHsme B MaCCHB0 
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C O T ~ R C ~ T ~ J I ~ H O ~  B3PbIBaHHe IIpHMeHReTCR H a  ~ ~ ~ ~ J I ~ T O B ~ I X  K a p b -  

, epax M a p ~ e ~ 6 y p r a  (@PI?). MOHOJIHT~I O T ~ H B ~ I O T  KaMePHbIMH 3 a p R A a M E  

BeCOM A 0  1-2 m; n p H  naAeHmH MOHOJIHTbI PaCKaJIbIBaIOTCR H a  ~ J I O K H  

CO CPeAHHM 0 6 n e ~ o ~  0,25 nt3, IIOBepXHOCTb KOTOPbIX IIO9TH H e  ~ p e 6 y e r  
0 6 p a 6 0 ~ ~ m .  B nocj reAHHe rOAbI n p o B e A e H  PRA 3KClIepHMeHTaJIbHbIX pa6or 
no npHMeHeHHH) CKBaHEHHHbIX 3aPRAOB BB H a  ~ ~ ~ ~ H H I E O B C K O M ,  H H ~ ~ B -  
CKOM H APYrHX rpaHUTHbIX K a p b e p a X  YKP~HHM, KOTOPbIe AaJIEi IIOJIO- 
a H T e J I b H b I e  pe3yJIbTaTbI.  

f l c n o J I b 3 o ~ a ~ ~ e  B ~ P ~ I B H O ~ O  cnoc06a D p H  0 ~ 6 0 i i K e  K p e n K H X  IIOpOE 

Il03BOJIReT IIOBbICHTb IIPOH3BOAHTeJIbHOCTb TPYAa pa609~x  H B 2- 
2,5 pa3a CHH3HTb C ~ ~ ~ C T O H M O C T ~  ~ 0 6 ~ 9 ~  IIITY¶HOrO KaMHR. A a J I b H e h e e  
pa3BHTHe K a ~ ~ e ~ o 6 a r ~ a 1 0 q e i i  IIPOMhIIIIJIeHHOCTH 6 8 3  IIpHMeHeHHR B3PbIB- 
HHX p a 6 o ~  H a  c o s p e M e H H o M  a ~ a n e  ~ o o 6 m e  H e  n p e A c T a B n R e T c r r  

BO3MOHEHbIM. 
T e p ~ H s e c K E i i j r  cnoco6, o c y ~ q e c ~ ~ n ~ e ~ b ~ f i  B OCHOBHOM C IIOMOqbH3 

PeaKTHBHbIX ~ ~ H ~ H H O - B O ~ A Y I U H H X  rOPeJIOK, HeCMOTPH H a  PRA IIpeHMy- 
WeCTB, H e  p e m a e T  IIOJIHOCTbH) n p o 6 n e ~ y  M ~ X ~ H E I ~ H P O B ~ H H O ~  A O ~ ~ I P ~ T  

~ J I O K O B ,  TaK K a K  T ~ P M H P ~ C K O ~ ~  o 6 p a 6 o ~ ~ e  nOpAaIoTCR TOJIbKO OTAeJIbHbIe 
pa3HOBHAHOCTH I'paHHTOB H HeKOTOPbIX ApyrZiX KpenKHX nOpOA. He- 
AOCTaTOK 3 T O r 0  C I I O C O ~ ~  COCTOHT B IIepeI 'peBe ICOBepXHOCTH 3arOTOBKH, 

¶TO IIPHBOAHT K HHTeHCHBHOMY pa3BHTHH) TpelI(HH. ~ O ~ T O M Y  OKOH9a- 
TeJIbHOe AOBefleHHe IIOBepXHOCTEl ~ 3 ~ e J I Z i f i  B ~ O J I ~ ~ E I H C T B ~  C n y g a e B  
IlPOH3BOAHTCR MeXaHH¶eCKHM CIIOCO~OM. 

B n o c n e A H n e  roAM p a 3 p a 6 0 ~ a ~  ~ R A  K O H C T P Y K ~ H ~ ~  AJIH ~ 0 6 ~ 9 ~  H o6pa- 
~ O T K H  K p e n K H X  ~ J I O K O B ,  pa60~amqnx no I I p H H q H n y :  p e 3 a ~ m ~ ,  y A a p H o r o  
p e 3 a ~ ~ r r ,  c u n o B o r o  c K o n a  H y ~ a p ~ o i i  o 6 p a 6 0 ~ ~ ~ .  I I e p s b I B  cnoco6 ocy- 
meCTBJIHeTCH C ICOMOqbH) MeTOAa ~ p e 3 e p O B a H H R ,  n p H  KOTOPOM B Ka¶eCTBB 
PeHEyIQerO HHCTPYMeHTa IIPHMeHRIOTCR p e 3 q h I ,  aPMHPOBaHHbIe TBePAbIMn 

CnJIaBaMH. C o a ~ a ~ H b I e  H a  6 a 3 e  p e 3 q a  HcnonHEiTenbHbIe  o p r a H b I  n p o c T b I ,  
yc~of in~sa r  B a K c n n y a T a q H m  H H C ~ O J I ~ ~ ~ K I T C R  AJIR p a 3 p a 6 o ~ ~ m  nopoA 
cpen~efi K p e n o c T H .  

Y A ~ ~ H H M  P e H E y q H M  HHCTPYMeHTOM RBJIReTCR HHePIJHOHHaR 4 p e 3 a ,  
HMeIOIQaR B OTJIHPHe OT O ~ ~ I P H H X  p e 3 q b I ,  KOTOPhIe C B O ~ O A H O  n e p e M e -  
q a M T C H  TOJIbKO IIPH ~ H ~ ~ E I T ~ J I ~ H O ~ ~  K H H ~ T E I P ~ C K O ~ ~  3HePI'HH. ~ O D T O M Y  

H H ~ P ~ H O H H M ~  @pew a ~ c n n y a ~ r n p y ~ o ~ c ~  npm ~e6onbmofi senranme 
n o A a s H  m O K P Y H E H O ~ ~  CKOPOCTH, p a ~ ~ o i i  15-35 mlcen, AJIR p a 3 p a 6 0 ~ K H  
nopon c p e ~ ~ e i i  K p e n o c T n .  

H HCIIOJIHHTeJIbHbIM O p r a H a M ,  B OCHOBY pa6o~b1 KOTOpHX nOJIOHEeH 

IIPHH~HII C H n o B o r o  c K o n a ,  OTHOCRTCR K a T y g m e  n n a H e T a p H M e  4pesb1 
H n p o A o n b H b I e  K a T y g H e  oAmHonHbIe nnra cnapemwe p e a q b ~ .  I I n a ~ e ~ a p ~ a ~  
4 p e 3 a  COCTOHT H 3  0 6 0 i i ~ b 1 ,  H a  KOTOPOG C B O ~ O A H O  BpamaIoTCR m a p o m K m ,  
apMHpOBaHHbIe TBePAbIM CIIJIaBOM. O 6 o P ~ e  coo61qa10~ DpHHyAHTeJIbHO0 
B p a m e H H e  H IIO&aPY H a  MBCCHB, I IPH COIIPHKOCHOBeHHH C K 0 ~ 0 p b I d d  ma- 
POmKH IIPOH3BOAHT p a 3 p y m e H H e  KBMHR. ~ P O H ~ B O J ( H T ~ J I ~ H O C T ~  CTaHKa 

3aBHCmT OT IIPOPHOCTH KaMHR, rny6mb1 BHeApeHHR PeHEyIQeI'O HHCTPY- 
MeHTa H PHCJIa O ~ O P O T O B  IIIIIHHAQJIR. 
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H a ~ y s ~ f  peaeq n p e ~ ~ a 3 ~ a s e ~  Ann O ~ P ~ ~ O T K H  IIOPOA CTpOraHHeM. 

BHCOK~R H ~ H O C O C T O ~ K O C T ~ ,  IIpOCTOTa KOHCTPYKqHH, ~ ~ C I I I Y M H O C T ~  B pa- 
6 0 ~ e  H ~ K O H O M ' H U H O C T ~  O~YCJIOBEIJIH er0 IIIHpOKOe I IpHMeHeHHe AJIR pa3- 
P ~ ~ O T K E I  KPe l IKHX IIOpOA ( r p a H H ~ a ,  J I a 6 p a A o p H ~ a ,  ra66po H ~ p . ) .  

U p H  y ~ a p ~ o f i  o 6 p a 6 o ~ ~ e  HOpMaJIbHO K IlOBepXHOCTH KaMHR HaHO- 

CRTCR C e P H H  ~€!CIIOPRAO¶H~IX YAaPOB. U p H  BHeApeHHH P e X y q H X  3 ~ 6 ~ 0 ~  
B MICCHB 0 6 p a 3 y ~ ) ~ c ~  Y ~ J I Y ~ J I ~ H H R ,  YrOJI OTKOJIa KOTOPbIX 3Ha9HTeJIbHO 

6 o J I b m e  yrna s a o c ~ p e ~ m  pa6osero H H c T p y M e H T a .  B p e 3 y n b ~ a ~ e  cos- 
A a m T c l r  ycnosm, n p H  ~ o ~ o p a r x  pe3eq p a 6 0 ~ a e ~  B ~ a H 6 o n e e  Bbr roAHbIx  

YCJIOBHRX ( c % ~ T H ~ ) .  H ~ A O C T ~ T K H  y ~ a p H 0 f i  0 6 p a 6 o ~ ~ ~ :  BbICOIiaH 3 H e p r O -  

,eMKOCTb, O ~ Y C J I O B J I ~ H H ~ R  H3JIHIJIHHM H3MeJIbUeHHeM I I I T H ~ ~ ;  H I I ~ K H ~ ~ [  

K .  II. a. I IpHBOAa;  3 H a s H T e J I b H a R  ~ H 6 p a q H ~  H nb1~1eo6pa30sa~~e. 

'* ~ ~ ~ I I I I o B ~ R  3KCIIJIYaTaqHR KaMHepe3HbIX MaIIIHH B KOMIIJIeKTe YAY¶- 

I I I aeT  HCIIOJIb30BaHHe EIX BO BpeMeHH,  OAHaKO HeROCTaTOK 3aI iJIIoYaeTCR 

B H ~ O ~ X O A E I M O C T H  YAJIHHeHHH @ J I ~ H I ' o B ~ I x  TpaHII Ie f i ,  YTO OKa3bIBaeT  

H ~ ~ J I ~ I ' o I I ~ H R T H o ~  BJlHRHHe H a  O~ID,YH) TeXHOJIOI'EIH) H CTOHMOCTb ~ 0 6 ~ 9 ~  
CTeHOBbIX 6 . ~ 0 ~ 0 ~ .  

B H a C T O R q e e  B p e M R  K a ~ H e p e 3 H h I B  I I a p K  HaCsHTbIBaeT CeMb THIIOB 

~ a ~ ~ e p e a ~ b ~ x  M a r n m  c O ~ ~ E I M  PMCJIOM HX OKOJIO 1500. IIpm ~ o ~ e p ~ m a -  
q H H  CYqeCTBYH)rnHX H KOHCTpYMpOBaHHH HOBbIX 06pa340~ K a M H e p e 3 H O r O  

O ~ O ~ Y A O B ~ H H R  0 6 R 3 a T e J I b H a  KOMIIJIeKCHaR M e X a H H 3 a q H R  If aBTOMaTH3a-  

q m H  IIOrpy30¶HO-pa3rpy30¶HbIX pa6o.r H BCIIOMOI'aTeJIbHbIX IIpOqeCCOB. 

H a ~ ~ e p e 3 H I d e  MaIlIMHbI AeJIRT H a  BbICOKOYCTYIIHbIe A HH3KOyCTyIIHbIe.  - B b I c o ~ o y c ~ y n ~ b I e  IIpHMeHRIOT AJIH p a 3 p a 6 0 T K M  MRrKHX I13BeCTHRKOB- 

paKyI I Ie¶HHKOB C 4eJIbH) I I O J I ~ e H H R  IIITyUHOrO KaMHR; HH3KOYCTYIIHbIe 
" MCIIOJIb3YIOT AJIR ~ 0 6 ~ s ~  KPYIIHHX ~ Z O K O B  113 IIOpOA c p e ~ ~ e f i  KpeIIOCTM, 

3 a TaKHct? AJIR p a 3 p a 6 0 ~ ~ ~  MaJIOMOqHbIX IIJIaCTOB HJIH C ~ J I ~ I F T H B H O ~ ~  

BbIeMKH IIMJIbHbIX IIPOCJIOeB. 

C I I e q H @ H s e c x ~ e  O C O ~ ~ H H O C T H  O T K P ~ I T O ~ ~  p a 3 p a 6 0 T K H  M ~ C T O ~ O X C ~ ~ H H H  
IIpHpOAHOI'O KaMHR O~YCJIOBHJIH H ~ O ~ X O A E I M O C T ~  COCTaBJIeHHR CIIeqHaJIb-  

H O ~  K J I ~ C C E I @ H K ~ ~ H H  C I I O C O ~ O B  ~ 0 6 ~ s ~  CTeHOBbIX ~J IOKOB,  H ~ e m q e k  
B a m H o e  n p a K T H s e c K o e  3 ~ a s e ~ ~ e  IIPH ~ b 1 6 o p e  T e x H o n o r m H  O ~ H C T H M X  

pa6o.r. B npeflnaraen~of H M x e  x n a c c m @ m K a q H H  B K a s e c T B e  apry- 
MeHTa  IIPeACTaBJIeHbI MaKCHMaJIbHO 0TJIHPaH)qEIeCR flpyr OT ApYI'a 
B~ICOICOYCTYIIH~I~ H H H ~ I C O Y C T Y I I H ~ I ~ ~  C I I O C O ~ H  BbIPe3KH ~ J I O K O B  H 3  Mac-  

CHBa,  a B K a 9 e C T B e  @ Y H H ~ H ~  - PaIJ,HOHaJIbHbIe YCJIOBHR HX IIPHMeHeHHR. 

OCHOBHHM K p H T e p H e M  AeJIeHHR CHCTeM p a 3 p a 6 0 ~ x ~  B I I e p B H s H N X  I'pyn- 
I IHpOBKaX RBJIReTCR ¶MCJIO OAHOBpeMeHHO BbIpe3aeMbIX DO BbICOTe YCTY- 

HOB ~JIOKOB.  0 6 ~ 1 a c ~ b  IIpHMeHeHHR HFI3KOyCTynHOrO cnoco6a P e r J I a M e H -  

THPYeTCR 3aBHCHMOCTbH) n < 2, TaK K a K  DO BhICOTe 0 ~ p e 3 ~ 0 6  3aXOAHH 

HH3KOYCTYIIHbIX KaMHepe3HbIX MaJlIHH yIcJIaAbIBaeTCR H e  60~1ee A B y X  

PRAOB KpeI IKHX ~ J I o K o B  HJIH MeJIKOIIITY9HOrO K a M H R ,  a H ~ O ~ X O A H M H M  

YCJIOBHeM p e a J I H 3 a q H H  BbICOKOYCTYIIHOrO C I I O C O ~ ~  RBJIReTCR C O ~ J I H ) A ~ H E I ~  

H e p a B e H C T B a  n > 2. 
B b I ~ e n e ~ ~ h I e  B K J I ~ C C H ~ H K ~ ~ U M  ( T ~ ~ J I .  80) CHCTeMbI p a 3 p a 6 0 ~ 1 c ~  

O T p a x a r o T  T e x H o J I o r H u e c I c n e  n a p a M e T p b I  cnoco6a ~06arun CTeHOBbIX 

MaTepHaJIOB H KOHCTpYKTEIBHbIe O C O ~ ~ H H O C T E I  K a M H e p e 3 H O r O  060py~o-  
BBHMR. 



I Io  K O H C T P Y K ~ H H  pexyqero  o p r a H a  ~ a ~ ~ e p e s ~ b ~ e  M a r n m m  Aenm 
a a  AHcKoBMe,  c K O J I ~ ~ ~ B ~ I M H  a p e a a ~ ~ ,  6 a p o ~ b 1 e  c q e n H H M w  a p e a a ~ ~ .  

f l m c ~ o ~ a r r  nmna ( p ~ c .  207) m c n o n b a y e T c r r  A n R  p a 3 p a 6 0 ~ ~ n  nopon 
IIPOPHOCTbH) A 0  200 K r / C J t 2  m IIpeACTaBJIEIeT co6oG C T T ~ J I ~ H O G  AHCK 1 
TOJIQHHOG 10-20 H 3  B ~ I C O K O K ~ ¶ ~ C T B C ? H H O ~ ~ [  Y ~ J I ~ P O A H C T O ~ ~  HJIH nerm- 
~ O B ~ H H O ~  CTaJIm. Ha 060ne AHCKa 3 a K p e U n R I o T  CMeHHhIe pexyqne  
S ~ ~ K H  2, a p M m p o B a H H b I e  n n a c T m H K a M n  T B e p A o r o  cnnasa. P e x y q ~ e  

( ~ 0 3 m q H f i )  p e 3 a ~ H i  B 3aBMCHMOCTH 

OT KpeIIOCTH H CTPYKTYPbI IIHJIbHbIX 

IIOpOA. ~ ~ J I R  KpeI I J IeHHR AHCKOBOG 
nHJIbI  HCIIOJIb3YIOTCR OTBePCTHR 3. 
M ~ I E C H M ~ J I ~ H ~ R  r J I y 6 H ~ a  BHeAPeHHR 

nHJIhI  B MaCCHB COCTaBJIReT 0,4D 
(D - A H a M e T p  AHCKa,  a*). Ha n p a K -  

THKe 3 T a  BeJIH¶ElHa K O J I ~ ~ J I ~ T C I I  

B npegenax 300-500 aa, ¶TO 

RBJIReTCR HeAOCTaTKOM AHCKOBbIX 

nHJI  H O r p a H H ¶ H B a e T  0 6 ~ 1 a c ~ b  HX 

IIpHMeHeHHR. ~ ~ H C K O B ~ I ~  IIHJIbI KOH- 

CTPYKTHBHO IIPOCTbI, HaAeWHbI  

II/ TOJIqHHY IIPOIIHJIOB IIO CPaBHeHHIO 

C A p Y r H M l i  KORCTPYK4HRMH PeXy- 
q ~ x  o p r a H o B .  

, \ '  
E o n b q e ~ a ~  apesa ( p ~ c .  208) 

I \ I IpeACTaBJIHeT KOHCTPYKqHH), COCTO- 

~ q y m  m 3  x e c T K o  n p n K p e n n e H H o r o  
PHC. 207. fiwc~onan nuna c pextcynluru 3~6- I< p a M e  MarnHHbI g H C K a  I ,  B o H p y r  

KlillIH 
K o T o p o r o  B p a q a e T c R  3y6'1a~oe KO- 

neco 2 ~a ponmax 3, n p e g ~ a 3 ~ a s e ~ -  
HbIX AJIR YMeHbIIIeHmR T p e H m R  M e X A y  AHCKaMH H KOJIbqOM. HO H ~ P Y X H O ~ ~ [  

OKPYWHOCTH K O J I b q a  H a p e 3 a H b I  3 ~ 6 b R ,  OCYIlJ,eCTBJIRH)IlJ,He 3 a q e I I J I e H H e  

iKoJ Ibqa  c ~ e ~ y l q e i i  mec~ep~eiir  4 . ^ B  B M c T y n a x  3y6be~  a a ~ i p e n n e ~ b ~  

g e 3 4 b I  5, a p M H p O B a H H b I e  nJIaCTHHKaMEi TBepAOrO C n J I a B a  H PaCnOJIaI 'a- 

mqnecn B cepegme T O J I ~ H H ~ I  ~ o n b q a  H no ABYM ero H a p y z H H M  IIJIO- 

CKOCTRM. E0jIbq0 IlPeACTaBJIFIeT ~060fi  OAHOBPeMeHHO H 3y6sa~oe  KOneCO, 

Zi ape3y. E o J I b q e ~ b I e  ape3hI BHeAPRIoTCR B MaCCmB IIPHMePHO H a  70% 
G B o e r o  A H a M e T p a  H 0 6 e c n e s ~ ~ a m ~  rny6m~y nponuna OT 890 go 1050 ax. 
B H a C T O R q e e  B p e M R  nPOeKTHPYIoTCR @ p e 3 h I ,  KOTOPbIe IIO3BOJIHT ~ 0 6 ~ -  
s a T b  ~ J I O K H  p a 3 ~ e p a ~ ~  1500 ax m 60nee. 

r EoJIbqe~bIe ape3hI HMeIoT 60nee BhICOKYH) CTOHMOCTb H3rOTOBJIeHHR, 

P e M  AHCKOBMe IIHJIhI, BCJIeACTBHe CJIOWHOCTH HX KOHCTPYKqHH, HO OHH 

q e n ~ a ~  apeaa (pnc. 209) npeACTaBJIReT n n o c K H 6  6ap, C O C T O I I ~ H ~ ~  

H 3  K O H C O J I ~ H O ~ ~  M ~ T ~ J I J I H ¶ ~ C K O ~ ~  P a M h I  ~ o p o 6 s a ~ o f i  a o p ~ n a r ,  B IlpOAOJIb- 

HHX na3ax K O T O P O ~ ~  n e p e M e q a e T c R  6 e c ~ o ~ e s ~ a ~  p e x y q a s  qenb I, 
HarOTOBJIeHHaR H 3  DITaMIIOBaHHbIX IIJIaCTmH HJIH H a  O ~ H ¶ H O ~  BTYJI09HO- 

~ O J I H K O B O ~ ~  q e n H .  Ha 3BeHbRX 

qenm a a ~ p e n n e ~ b ~  cMeHHbIe 

pezyqme ~ Y ~ K H  2 C IIJIaCTHH- 

KaMH TBepAOI'O CnJ IaBa .  f l oc~o -  
HHCTBO q e u H H x  #pea: B b I c o K o e  

HCnOJib30BaHHe HX AJImHbI 

(89-85% ) H B03MOWHOCTb IIO- 
J Iy¶eHHR CpaBHHTeZIbHO my6o- 
KHX n p o n m n o B  (no 2000 aa). 
OAH~IEO c y s e n m e H H e M  p a s ~ e -  
POB +pea ~ o a p a c ~ a e ~  cnom- 
HOCTb EIX K O H C T P Y K ~ H ~ ~  H 

CTOHMOCTb H3I'OTOBJIeHHR. IC He- 

AOCTaTKaM OAHOOIIOpHHX pe- 
W y q H X  6 a p o ~  CJIeAyeT OTHeCTH 

HX H H T ~ H c E ~ B H ~ I G  H3HOC BCJleA- 

CTBHe 60~1blIIor0 ¶HCJIa lIIaP 
HmPHbIX 3 B e H b e B  H 3Ha¶EI- 

TeJIbHbIX AHHaMH¶eCKHX H a r p y -  

~ O K .  HO~TOMY ~ a ~ ~ e p e a ~ b ~ e  

MalIIHHbI C qe I IHbIM P e X y q m M  

,, H ~ H O C O ~ C T O G ~ H B O C T H  B 3-4 paaa. K p o ~ e  ~ o r o ,  o ~ a  n o a ~ o n ~ e ~  a a a e ~ -  
k THBHO IIPOH3BOAElTb p a 3 p a 6 0 ~ ~ y  ItHJIbHHX IIOPOA IIP09HOCTbH) 

AO 200 H n O n y ¶ a T b  ~ J I O K H  A ~ H H O ~  3-3,s a, XOTR U ~ H   TOM 

~ 0 3 p a c ~ a m ~  n o T e p m  nonea~oro H c K o n a e M o r o  OT y m n p e H H H  n p o n H a o B .  

I C ~ H ~ T H ~ F I  nnna COCTOHT ~3 C T a n b H o r o  K a H a T a ,  n e p e M e q a r o q e r o c R  

DO BepTmKaJIbHhIM , H a n p a B J I R I O q H M ,  KOTOPbIe yCTaHaBJIHBaH)TCfl BO 
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@ n a ~ r o e ~ x  T p a n m e R x .  M a c c ~ ~  p a a p y m a e ~ c ~  T s e p A o c n J r a B H b I M n  p e 3 -  

q a M H .  K a ~ a ~ n h I e  nHJIbI  AaH)T B 2-3 pa3a MeHbIIIYH) IIIHPHHY IIPO- 

nmoe H n p H  p e 3 a ~ ~ ~  n o ~ p e 6 n ~ H ) ~  H a  30-60% M e H b n r e  3 ~ e p r ~ ~  no 
.CpaBHeHHH) C A P y r H M H  KOHCTPyKqHRMH HCIIOJIHHTeJIbHbIX OpraHOB.  

, O ~ H ~ K O  CylIJeCTBeHHbIM HX HeAOCTaTKOM U P H  3 K C U J I y a T a q H H  RBJIReTCR 

H a J I H s H e  pn@JIe~oii ( p e n b e @ H o i i )  @ a K ~ y p h I  ~ J I O K O B .  H a ~ 6 0 ~ 1 b m e e  pac- 
n p o c T p a H e H H e  IcaHaTHMe n n n b I  IIOJIY~HJIH H a  M p a M o p H b I x  H HBB~CTHII-  

K O B ~ I X  H a p b e p a x  O ~ ~ H ~ E I H ,  K a ~ a g b ~  H HT~JIEILI. 

B p y 6 o e b 1 e  MaIIIHHbI H a  ryCeHH¶HOM HJIH KOJIeCHOM XOAY npHMeHRH)T 

AJIR BbIPe3KH ~ J I O K O B  - 3aI'OTOBOK H 3  MmaHKOBbIX H3BeCTHIIKOB-PaKy- 

JIteYHHKOB IIp09HOCTbH) 60-100 K ~ / c & ~ .  ~ P O M ~ I L Z I J I ~ H H O C T ~ H )  @ p a H Q H H  

OCBOeH ~epll i i~hlf i  BbIIIyCK CUeqHaJIH3HPOBaHHbIX B P Y ~ O B H X  I3 IIITaHrOBhIX 

MaIUHH C aBTOMaTH¶eCICHM p e r y J I H p 0 B a H H e M  C K O ~ O C T ~ ~ ~  I IOAasH AJIR 

M ~ X ~ H H ~ H ~ O B ~ H H O ~ ~  BbIpe3KH KpyUHbIX ~ J I O K O B  H MOHOJIHTOB. 

B H a c T o m q e e  BpeMcr B cTaAmH p a 3 p a 6 0 ~ ~ ~  II n p o m r r u n e H H o r o  oceo- 
,eHHcI a a x o A R T c c I  H o s b I e  n p o r p e c c m e H b I e  cnoco661 H a n p a B n e H H o r o  pa3- 
p y r u e m c I  M a c c m a .  K HX ~ H C J I ~  OTHOCHTCR ~ ~ 6 p o p e 3 a n n e .  B ~ 6 p o 6 a p  
npeACTaBJIReT IIyCTOTeJIyH) KOHCTPyKqHH),  COCTORqYH) 113 ABYX CTaJIbHhlX 

m e K ,  KOTOPbIe 3aKJIeIIICaMH KpeIIRTCR K H e c y r q e f i  6 a ~ 1 ~ e .  B OCHOBaHHe 

III,eK B n a R H M  ICJIHHOBHAHbIe p e 3 q b I ,  H M e I o q H e  y r 0 J I  3 a T 0 9 K H  60'. Pa3- 
pynreme n o p o w  n p o T e K a e T  c o T p n q a T e n b a b I M n  y r n a m  p e 3 a ~ ~ ~ ,  pae- 
H ~ I M H  120'. B H a c T o R q e e  B p e m  p a 3 p a G a ~ ~ ~ a e ~ c ~  K O H C T P Y K ~ H R  B H ~ P O -  

.6apa, B o c ~ o e y  pa6o~b1 K o T o p o r o  n o J r o x e H  n p u H q H n  cmpynnoro cKoJra)).  

C Y I ~ H O C T ~  a 6 p a 3 ~ ~ ~ 0 r o  p e 3 a ~ m  COCTOHT B p a 3 p y m e ~ ~ ~  n o p o A b I  

x a  ~ O J I ~ I I I H X  c ~ o p o c ~ ~ x  (80-100 x l c e ~ ) .  B K a s e c T s e  pezyqe ro  HHCTPY- 

MeHTa UPHMeHRIOT MeTaJIJIH¶eCKHe K a p K a C b I  B BHAe AHCKa. Ha IIOBepX- 

HOCTb AHCKa HaHOCHTCR ~ a p 6 o p y ~ ~ o ~ o e  HJIH 3JIeKTPOKOPYHAOBOe IIIJIH- 

< @ o B a J I b H o e  3 e p ~ o  (IIJIH IIOPOIIIOK), CKpeIIJIeHHO0 ~ ~ H ~ J I E I T O B M M  QeMeHTOM. 

A 6 p a a r n ~ ~ b 1 e  HcIIoJIHHTeJIbHbIe O p r a H h I  ( L I I T ~ H ~ c H )  pa3BHBaH)T B 2-3 pa3a 
GOJI~IIIYH) IIpOM3BOAHTeJIbHOCTb, 9 e M  TBepAOCIIJIaBHbIe HHCTPYMeHTbI , 
I I p H  ~ e H b I I I e f i  3HeprOeMICOCTH p e 3 a H H R .  

T a 6 ~ 1 m q a  81 

T ~ X H U K O - B K O H O M U ~ ~ C K U ~  n o ~ a 3 a ~ e n a  a I c c n n y a T a q u M  pasaasebrx 
a BUAOB 4pes 

Dpeaa 

- - . . . . . - 

O T H O C I I T ~ ~ ~ H ~ ~ ~  p a C X O n  3JIeKTPO3HePI'EIH H a  1 
n p o n n n a ,  % . . . . . . . . . . . . . . . . . 1 it: 1200-250 1 125 ~ ~ H O C O ~ C T O ~ P H B O C T ~ ,  . . . . . . . . . . . . 300-700 10-60 

I C a ~ ~ e p e a n ~ e  arperam IIT-38 ( p ~ c .  210) KOHCTPYK~HEI  A. II. IIe- 
T p H K a  - ~ a ~ 6 o n e e  IIpOH3BOAHTeJIbHbIe BbICOKOYCTyIIHbIe AHCKOBbIe 

MarrnlHbI .  OHM IIpeAHa3HaYeHbI  AJIR A O ~ E J Y H  IIITY¶HOI'O KaMHR H 3  MaCCHBa 

H3BeCTHRICOB-PaKYIIIeYHHKOB IlPOPHOCTbH) A 0  25 Kr/C&' I I p H  BbICOTe 

YCTyIIOB A 0  3 &. A r p e r a ~  COCTOHT H 3  T p e X  OTAeJIbHbIX MaIIIHH M L U T H ~ O -  

y 6 o p q ~ ~ a ,  n e p e ~ ~ ~ r a ~ o q ~ x c ~  no p e n b c o ~ o ~ y  n y ~ ~ ,  y n o x e ~ ~ o ~ y  

Puc. 210. T~xHoJIOFU¶~?CK~R oxma pa6o~b1 namepeouoro arperaTa IIT-38: 

I - BePTEIRaJIbHbIe IIUJIEJ; 2 - rOPElaOHTaJIbEihle IIUJIbI; 3 - UUCKH RnII y 6 0 p ~ u  KaMHII; 
4 - OTPe3HbIe IIUJ'IbI; 5 - JIeHTOYHbIe KOHBeaepb1 RJIFI Y ~ O P K E I  K B M H I I ;  6 - I I I H ~ K O B ~ I ~  

TpaHcnopTep JUIR y 6 0 p ~ u  OTXOUOB npu ntrneHuu Kamnx 

H a  nonoluse 3 a 6 0 ~ .  I I e p s a ~  M a m m a  c IIOMOW~H) mecm n m  A H a M e T p o M  

1 & OCyqeCTBJIReT BepTHKaJIbHhIe  U O n e p e s H b I e  IIpOIIHJIbI, PaCCTO- 

R H H e  Melf iAy KOTOpbIMH COOTBeTCTByeT C T ~ H A ~ P T H O ~ ~ [  AJIHHe KaMHR. 

B T O ~ ~ R  MaIIIHHa ABaAqaTbH) IIHJIaMH AHaMeTpOM 860 &&, paCCTORHHe 

Me?KAy ICOTOpbIMH P a B H O  UIHpHHe KaMHR,  IIPOH3BOAHT I I O A P ~ ~ O T K Y  
IIHJIbHOI'O IIJIaCTa B ~ O P H ~ O H T ~ J I ~ H O ~  IIJIOCKOCTII. T P ~ T ~ R  MaIClHHa ABYMII 

OTpe3HbIMH IIHJIElMH AHaMeTpOM 1700 && BbInOJIHReT B e p T H K a J I b H b I e  

IIpOAOJIbHbIe IIpOUHJIbI, OTAeJIReT I'OPHYH) MaCCy OT MaCCBBa H TpaHC-  

U O p T H p y e T  rOTOByI0 IIpOAyICqHH) C OTXOAaMH KaMHeIIHJIeHHR C U O M O q b I 0  

J I e H T o s H o r o  T p a H C I I O p T e p a  B B ~ I ~ ~ ~ O T ~ H H O ~  UpOCTpaHCTBO, rAe UpOH3- 

BOQHTCR ~ b 1 6 0 p ~ a  H I I I T ~ ~ ~ J I H ~ o B ~ H H ~  r O A H O r 0  KBMHR. 

~ T ~ I ~ O Y ~ O P ~ I I K  COCTOHT 113 K O M ~ H H ~ ~ H E I  IILHeKOBOrO H .XeHTO¶HOrO 
I T p a H C n O p T e p O B ,  YKpeIIJIeHHbIX H a  ~ 0 ~ 0 ~ 0 ~  TTJIe?KKe H HMeIolIJHX 0 6 q ~ i i  

IIpHBOJ(. m ~ e K o B b I i j [  TpaHCIIOpT0p  IIPOH3BOAHT 3 a s H C T K y  nO¶BbI 3a6orr 



- 
H o r ~ a  a r p e r a T  AocTnrae~ s b ~ x o ~ ~ o f i  T p a H m e H ,  M a m m M  H a  ycxopea- 

HOM XOAY IIePeBOARTCR B HCXOAHOe IIOJIOWeHHe ( ~ ~ x o J ( H Y I O  ~ p a ~ m e m ) ,  
n o c J I e  sero qmJI pa60~h1 IIOBTOpReTCR. n p H 3 a 6 0 f i ~ b 1 5  p e J I b c 0 ~ b I f i  n y ~ b  
n e p e A B n r a e T c c I  nocne A B ~ X  pa60snx 3aXOAOK a r p e r a T a .  I IPOH~BOAHT~JI~-  
H O C T ~  a r p e r a T a  IIT-38 npn p a ~ p a 6 0 ~ ~ e  H ~ B ~ C T H R K O B  I I ~ O P H O C T ~ ~  10- 
15 d ' l c f i 2  K O J I ~ ~ J I ~ T C R  OT 90 no 135 ~ ~ l c ~ t e n y .  

M o g e p ~ ~ s m p o ~ a ~ ~ a c r  MoAef ib  a r p e r a T a  IIT-38 - ~ a ~ ~ e p e s ~ n i i  arpe- 
r a T  CM-824 p a 3 B H B a e T  CMeHHYH) IIPOH3BOAHTeJIbHOCTb A 0  200 nt3/cJWl-6ZJ 

I I ITysHOrO KaMHR. 
Marnn~y CM-89A KoHCTPYKqHH C. M. 3 H n b 6 e p r n ~ ~ a  IIpHMeHIIIoT 

AJIR A O ~ M P H  KaMHR H 3  HBBeCTHRKOB IIpO¶HOCTbIo A 0  100 I E ~ / c M ~ .  P e W y -  

q~ii  o p r a H  MamHHbI  - s e T a r p e  A n c K o s b I e  IIHJIH, B b I n o n H t I I o q r i e  no- 

IIPOH3BOJJHT B e p T H K a J I b H H e  IIOIIepe¶HbIe I IpOnHJIH IIO B C ~ P  AJIHHe O¶H- 
CTHOrO 3 a 6 0 ~ ;  2) IIOCJIe OKOH¶aHMR B ~ P T H K ~ J I ~ H O ~ ~  H a p e 3 K H  YCTyl la  
MaIIIHHY IIePeBOART B 3aXOAHYIO T p a H m e H ) ,  OIIYCKaIOT I'OPH30HTaJIbHYH) 
n H J I y ,  a BepTHKaJIbHbIe lJHJIbI C I IOMOqbIo  IIOBOPOTHOI'O K p Y r a  YCTaHa- 
B n H s a I o T  n a p a n J r e n b H o  p e J r b c a M ;  npn n e p e M e q e H m  B A o a b  3a6os M a m m a  
OTAeJIReT K a M e H b  OT MaCCHBa; 3) I IPH AOCTHNeHHH MIIUHHO~~ B M X O A H O ~  
T p a H m e H  ee ~ o s ~ p a q a ~ o ~  B H c x o A H o e  n o n o m e H H e ,  B e p x H m I o  T e n e x K y  
I I e p e M e q a I o T  OTHOCHTeJIbHO H H H F H ~ ~ ~  H 3aKPel I J IRIoT,  a 3 a T e M  BHOBb 

BbIpe3aIOT K a M e H b  no ~ c e f i  AJIHHe 3 a 6 0 ~ ;  4) nocJIe AByX pa6osax 3aXOAOK 
MammHbI  penbcH n e p e A B H r a I o T  B H o B o e  n o J r o m e H m e ,  H ~ H K J I  p a 6 o ~ ~ d  

ICOBTOpReTCR. 
Mamma CM-89A 0 6 c n y ~ ~ ~ a e ~ c ~  MaIIIHHHCTOM H IIOMO~HHKOM. 

~ P O H ~ B O ~ H T ~ J I ~ H O C T ~  MamHHhI  60-70 fi3/cMel-6y I I p H  ~ o 6 b 1 n e  m T y ¶ H O r O  
KaMHH IIP09HOCTbIo 4-10 I E ~ / C Y ~ .  

~ ~ M H ~ ~ o ~ ~ I B ~ I o J ~ H ~  a r p e r a T  IIHB1121 ( p ~ c .  211) n p e g ~ a a ~ a s e ~  
HJIR M ~ X ~ E H ~ H ~ O B ~ H H O ~ ~  B b I p e a K H  KaMHH H 3  H3BeCTHRKOB IIp09HOCTbH) 
A 0  50 K ~ / c & ' ,  COPTHPOBKH ~ O P H O ~  MaCCbI H a  C T ~ H A ~ P T H ~ I ~  K a M e H b  
H OTXOAP, @OPMHPOB~HHB IIaKeTOB H 3  KaMHR H YKJIaAKH HX B I I I T ~ ~ ~ J I ~  
B B ~ I P ~ ~ O T ~ E H O M  IIpOCTpaHCTBe HJIH B TpaHCIIOPTHbIe CPeACTBa, a T a K X e  
TpaHCnOpTMpOBaHHR OTXOAOB KaMHenHJIeHHR B B ~ I ~ ~ ~ O T ~ H H O ~  np0- 
CTPaHCTBO. 

n p ~  n e p e A B n z e H m  a r p e r a T a  BAOJIL 3 a 6 0 ~  H a  B e n H s n H y ,  p a B H y m  
AJIHHe KaMHR, IIPOH3BOART I'OPH30HTaJIbHYIO IIO,L(peaKy MaCCHBa 12 AH- 
CKOBbIMEl IIHJILMH. 3a~ehl aI'perElT OCTaHaBJIHBaIoT H B K n I o s a I o T  B e p -  
T H K a n b H b I e  n o n e p e s H P e  H o ~ p e 3 ~ b 1 e  nHJrhI ,  K o T o p m e  IIPH n e p e M e q e H H H  
B BePTHKaJIbHOM HaI IpaBJIeHHH IIPOHBBOAIIT IIOIIepe¶HbIe H IIpOAOJIbHbIe 
IIpOIIHJlhl,  OTAeJIRR OT MaCCHBa CTOnY E13 11 K E L M H ~ ? ~ .  B n p e a a H H b I e  ~ J I O K H  

n o c T y n a m T  B K a c c e T y  H H a n p a B n R m T c R  H a  c T e q  COPTHPOBKH, rge c no- 
M O q b I o  CKJIH30B IIPOH3BOAHTCR ~b16op~a  rOAHOrO KBMHR, KOTOP~IG 
IK?peAaeTCR qeIIHbIM TpaHCnOpTepOM H a  HaKOIIHTeJIbHyIo I I J I ~ T @ o ~ M ~ .  
fC0r~a BepTHKaJIbHbIe  IIHJIbI B O B B p a q a I o T C R  B B e p X H e e  HCXOAHOe IIOJIO- ' 
Z e H H e ,  BKJIIo4aeTCR X O A O B O ~  MeXaHH3M a I ' p e r a T a ,  H 4HKJI pa6o . r~  IIOBTO- 
p R e T c R .  IIocne 0 6 p a 3 o s a ~ ~ ~  H a  ~ a ~ o n ~ ~ e ~ r b ~ o f i  n n a ~ @ o p ~ e  n a K e T a  
E3 T p e X  FIPYCOB IIO ABa P R A a  KaMHR B KaWAOM IIPOH3BOART YKJIagKY 
I I a K e T a  B I I I T ~ ~ ~ J I ~  liJIEl B TPaHCIIOPTHbIe CpeACTBa. 

A r p e r a ~  O ~ C J I ~ W H B ~ ~ T C R  ABYMR p a 6 0 9 H ~ H ;  IIPOH3BOAHTeJIbHOCTb era 
COCTaBJIReT a00 M3/~Mel-6y. 

B I J C O K O ~ C T ~ I I H ~ I ~  MaIIIEIHY CM-826 IIpHMeHFIIoT AJIR O T P ~ ~ O T K H  
YCTYIIOB B H C O T O ~  A 0  2,7 M H 3  IIElJIbHHX H3BeCTHRKOB IIpO¶HOCTbIo 

go 50 ~ r l c n t ~ .  Ha x o ~ o ~ o 6  T e n e x m e  y c T a H o s n e H a  n o g B n x H a R  p a M a ,  
O ~ O ~ ~ ~ O B ~ H H ~ H  P e X C Y ~ H M l i  I'OJIOBKaMH H Y ~ O P O ~ H ~ I M  MeXaHH3MOM. 
B ~ a s a n e  OCyqeCTBJIReTCR aBTOMaTEf¶eCKaR BepTHKaJIbHaR H a p e 3 K a  Mac-  
CHBa It0 ~ c e f  AJIHHe YCTyIIa  ABYMR BePTHKaJIbHbIMH PelfZYqHMH rOJIOB- 
K a M E  C PeThIPbMR AHCKOBMMH ' I I H J I ~ M H  AHaMeTpOM 800 M a .  % T ~ M  H a  

C y I I n O p T e  YCTaHaBJIEBaIoT rOPH30HTaJIbHYIO E OTpe3HYIo I'OJIOBKH C I lHJI0fi  
AHaMeTpOM 1100 MM. 3a OAHH IIPOXOA M a m H H P  OT MaCCHBa OAHOBPeMeHHO 

OTAeJIReTCR ABa P R A a  ~J IOKOB,  IIOCJIe Per0 MaIIIHHa BO3BpaIU,aeTCR B HC- 
XOAHOB IIOJIO?KeHHe, H c I I o J I H H T ~ J I ~ H ~ I ~  O p r a H  OnyCKaeTCR H qHKJI IIOBTO- 
pReTccr  no ~ a r p e 3 ~ ~  KaMHCr H a  IIOJIHYH) BHCOTY y c T y n a .  O ~ g e n e ~ ~ a ~  
OT M a c c H B a  r o p H a R  M a c c a  c n o M o q b r a  K n m o B o r o  ~ e x a ~ ~ a ~ a  n e p e A a e T c R  
H a  Y ~ O P O ~ H M ~  TPaHCIIOPT. Y ~ O P K Y  OTXOAOB KaYHeIIHJIeHElR IIPOH3BOgRT 
~ O T O ~ H ~ I M  ~ T ~ I ~ O ~ ~ O ~ I ~ H K O M ,  ~ Y K C I I P Y ~ M ~ I M  K ~ M H ~ P ~ ~ H O ~  M~IUHHOG. 



Mazum~y ICMr-2 K o H c T p y K I v i m  IC. II. r a j r a r r ~ ~ a  H a  O T K ~ ~ I T H X  pas- 
P ~ ~ O T K ~ X  U p H M e H R I o T  AJIR IIPOXOAKH p a 3 p e 3 H h I X  H ~ J I ~ H ~ o B H x  T ~ ~ H I I I ~ G .  

B e p ~ H K a n b ~ a f I  U O I l e p e ¶ H a R  H r O p H 3 0 H T a J I b H a H  i lOQe3Ka  MaCCHBa  BbI- 

IIOJIHReTCR RBYMR AHCKOBHMH UHJIaMH, IIOCJIe Y e r O  AJIR OTAeJIeHHR K a M H H  

y c T a Q a s n E i s a e T c H  H o s a c I  p e l r c y q a R  ronoma c o ~ ~ o f  n H J I o 6  M e H b m e r a  

A H a M e T p a ,  KOTOPYH) BBOART B n p 0 6 ~ e ~ ~ y m  B ~ Y Y H Y I O  HMIIIY. 
13 T ~ ~ J I .  82 I I p H B e A e H a  X a p a K T e p H C T H K a  AHCKOBblX K a M H e p e 3 H b I X  

Il peaen n p o v ~ o c ~ n  xaMan, 
~ r / c m z  . . . . . . . . . .  15 25 100 200 400 15 250 

9ncno AHCKOB~IX n ~ l n  . . . . 20 23 3 3 EI 3 3 3 
6ap 

A a a ~ e ~ p  nnn, mat . . . . . . 1100; 1100; 1100; 804; 1060; 800 1200; 
860: 860: 800 1889 1330 1300 

BHCOT~ yc~yna ,  m  . . . . . . 
IUmpnHa saxsaTa, m . . . . . 
Bec MaWHHH, m . . . . . . . 
Annaa MaurmH, m . . . . . . 
IUmpn~a MamnEbl, m  . . . . . 
BHCOT~,  m . . . . . . . . . . 
Y c~a~osneaaan  M O I ~ H O C T ~  

a a e ~ ~ p o ~ s n r a ~ e n e f ,    em . . 
IIInpn~a xoneu, mn . . . . . 

M ~ I I I H H ~  CM-177A K O H C T P Y K q H H  A. M. CTOJIRPOB~ IIPHMeHHIOT AJIH 

~ 0 6 b 1 n ~  6 n o K o ~  C e ¶ e H n e M  1000 X 1000 && I I P O H ~ B O J I ~ H O ~ ~  AJIHHM IIO 

H ~ B ~ C T H H K ~ M  IIPOPHOCT~IO no 1800 ~ r l c n ~ .  M a I I I M H a  n p e A c T a s n s e T  

co6oii Ase T e n e x m i ;  HHXHHR T e n e x K a  n e p e A B n r a e T c R  H a  K a T K a x  no 
P e J I b C a M ,  YJIOlrceHHbIM H a  I I 0 9 B e  H K p O B J I e  YCTYIIa ,  a B e P X H R R  TeJIe l rcKa 

y c T a H o s j r e H a  H a  ~ a l r c ~ e f i  H n e p e M e q a e T c s  n e p n e H A m K y n c I p H o  H a n p a B n e -  

HHH) ee A B H X e H H  H. 

A n c ~  p a 3 p a 6 0 ~ ~ ~  n t e c T o p o w A e H m s  n p o x o A c I T  paspes~yzo T p a H m e I o  

H a  BCH) ~ J I H H Y  y c T y n a ,  ~ J I ~ H ~ O B M ~  nonepewme T p a H l u e H  H IIpOH3BOART 

I l J r a H H p O B K y  KPOBJIH pa6osero UJIaCTa.  Z ~ T ~ M  H a C T p a H B a I o T  MaIIIHHY 

AJLH BbIIIOJIHeHHH I I e p B o f  O l l e p a I ( H H  - B e p T H K a J I b H M X  IIOIIepe 'THMX UpO- 

UHJIOB IIO Beef AJIHH0 OYHCTHOrO 3a6os. ~ O C J I ~  3 T O r 0  MaIYIZHy I I e p e C T p a -  

? 

HBaIOT AJIH n O A p e 3 K H  IIJIaCTa B T O P H ~ O H T ~ J I ~ H O G  II3OCKOCTH H OTAeJIeHHR 
. ~ ~ O K O B  OT MaCCHBa ,  AJIR Per0 OAHY 4pe3y YCTaHaBJIHBaIoT  H a  KOHCOJIM ' A.7R IIPOH3BOACTBa H M X H e r O  B P Y ~ ~ ,  a B T O P a R  MOHTHPYeTCR BePTMKaJIbHO 

AJIH O T p e 3 K H  ~ J I O K O B .  B b r p e 3 a ~ H b I e  ~ J I O K E I  y6mpa1o~ M3 3a6011 aBTO- 

K p a H a M H ,  a II ITbI6 H OTXOAH OT IIHJIeHHH K a M H H  - aBTOIIOI'PY3YHKaMM 

C KOBIlTaMM EiJIH 6 y ~ 1 b ~ o 3 e p a ~ n .  
~ O H C T ~ ~ K T H B H ~ H  IIPOCTOTa OCHOBHMX Y3JIOB H Ae~aJIeii, HaJlHYHt' 

J - C I O ~ ~ ¶ K B O ~ O  pexyqero O p r a H a  H HeCJIOmHOCTb YI IPaBJ IeHHR O~YCJIOBHJIII 

HaAelKHOCTb p a 6 o ~ b I  MaLIIHHbI CM-177A. 
n f a I U H ~ a  CM-580 KOHCTPYKI(HH A. M. CTOJIEIPOB~ BbIIIYCKaeTCH AJIR 

p a 3 p a 6 0 ~ ~ ~  I l O p O n  I IP09HOCTbH) A 0  400 Kr/CJL2.  M a m H H a  CMOHTHPOBaHa 

H a  g ~ y x  T e n e x w a x ;  HHXHRR R B n t I e T c H  OCHOBHOG H n e p e M e q a e T c c r  B A o n b  

3 a 6 o r r  H a  S a T K a x  no P e J r b c o B o M y  n y T m ,  a sepxam T e n e x m a  nepensn- 
r a e T c s  no H H X H ~ G  B IIePIIeHAHKYJIIIPHOM K H ~ G  HaI IPaBJ IeHMH.  Pe?KyLL(Hfi 

o p r a H  M a m H H b I  COCTOHT H 3  KOJIbqeBbIX @pea AHaMeTpOM 1380 Xi%, YCTa- 

HOBJIeHHHX H a  B e p x H e %  T e J I e X K e .  ~ O C J I ~  BbIIIOJIHeHMFI BePTHKaJ IbHbIX 

n o n e p e s H b I x  I I p o n n n o B  no ~ceiir AJIHHe OYHCTHOrO 3 a 6 0 ~  MaIlIEiHy nepe- 
C T p a H B a I o T  T a K H M  0 6 p a 3 0 ~ ,  9 ~ 0 6 ~  A B e  4pe3b1 ~ P O M 3 B O ~ M J I M  I I O A p e 3 K y  

B I ' O P H ~ O H T ~ J I ~ H O %  IIJIOCKOCTM, a A p y r H e  A B e  OTAeJIRJIM 6 . 7 0 ~ ~  OT M a c -  

cnsa. ITpu ~ T O M  HHNHIIR T e a e i f f K a  n e p e M e w a e T c n ,  a B e p x H c I s  o c T a e T c x  

H ~ I I O ~ B H ? K H O ~ ,  ~ ~ O H ~ B O ~ M T ~ J I ~ H O C T ~  MaLUHHbI AOCTHraeT  80 a3 /c .Wf iy .  
. n p n h f e ~ e ~ a e  ~ a l u ~ ~ b ~  CM-580A B C O ~ ~ T ~ H H H  c ~ B T O I I O I ' ~ ~ ~ ¶ M K ~ M H  1103- 

BOXFIeT O C y w e C T B J I R T b  KOMIIJIeKCHyH) M e X a H H 3 a q H I o  ~ 0 6 ~ 9 ~  K P Y I I H H X  

~.?IoKoB. 1 B ~ c o ~ o y c ~ y n ~ b ~ l i  a r p e r a T  CM-950 C O C T O ~ T  03 mecm M a m n n .  

h l a m ~ ~ a  IIICB-40 c H a 6 l r c e H a  ABYMH q e I I H b I M H  @ p e 3 a M H  M BbIIIOJIHHeT 

B e p T m K a n b H N e  nonepewme nponnnH. M a m E i ~ a  IIICB-41 mMeeT T p n  

r O p H 3 0 H T a J I b H b I e  AIZCKOBhle IIHJIbI AJIR ~ O P H ~ O H T ~ J I ~ H O ~  I I O A p e 3 K H  M a c -  

crma M T O P ~ O B Y K )  (Ppezy, I I ~ ~ A H ~ ~ H ~ Y ~ H H Y H )  AJIR r r p e n o T s p a q e H M x  

3 a T M P a H H R  H E I X H ~ ~  ~ o P H ~ o H T ~ J I ~ H o ~  IIHJIhI 0 IIOAOmBY 3 a 6 0 ~ .  
h f a I I I H H a  ITICB-42 ~ o n b q e ~ o j i  @peaoH o c y q e c T s n c I e T  o T A e n e H H e  B e p x H e r o  

P H A a  6 n o K o B  OT MaCCHBa H OJJHOBpeMeHHO IIPOE13BOAHT K o J I ~ ~ ~ B o E  +pesoti 
K ~ . V M ~ ~ O B K Y  ~ a p y m ~ o i i  r p a H n  6 n o ~ a .  h f a I I I H H a  ITICE-43A n p e A c T a s n H e r  

n o p T a n  c M o H o p e n b c o M ,  no KOTOPOMY n e p e M e q a e T c R  Tenb@ep c K n e q e -  

B ~ I M  ~ ~ X B ~ T O M .   OH^ n p e ~ ~ a z ~ a n e ~ a  Ans ybop~m 113 3 a 6 0 ~  M CKJIaAHpo-  

BaHMcI B B ~ I ~ ~ ~ O T ~ H H O M  I IpOCTpaHCTBe  B b I p e 3 a H H H X  6 J I o K o B  B e p x H e r o  

p H p a  HJIH I I O r P y 3 K H  HX B T p a H C U O p T H b I e  CpeACTBa.  

Mamm~a IIICE-44, 0 6 0 p y A 0 B a H H a R  K o J I ~ ~ ~ B o ~  H T O P ~ O B O ~  @ p e 3 a ~ ~ ,  

IIPOH3BOAHT B b I P e 3 K Y  Ii KBZEI~POBKY GJIOKOB HEl;fFHeTO P R A a ,  KOTOpbIe  

Y ~ E I P ~ I O T C R  I13 3 a 6 0 ~  L I I ~ c T o ~ ~  M ~ I I I H H o ~  ITICE-43. Ha 3 ~ 0 6  MaLIIHHe CMOH- 

T I i p O B a H  TaKXU? y 6 0 p q ~ ~  m~bI6a B BHAe  p O T O p H O r 0  KOJIeCa B COYeTaHHL[ 

C ,VeHTO¶HhlM K O H B ~ ~ ~ P O M .  
O 6 ~ J I y f i M B a I o H f i  I I epCOHaJ I  - 9-10 pa6os1ix; IIPOEI3BOAHTeJIbHOCTb 

a r p e r a T a  A o c T H r a e T  220 mSlcweuy r o p H o 6  M a c c H .  

B T ~ ~ J I .  83 J I p H B e A e H a  X a p a K T e p K C T H K a  K a M H e p e 3 H b I X  MaIIIHH C KOJIb- 

q e B H M M  4 p e a a ~ ~ .  
I C ~ ~ I I H O G J I O Y H H ~ ~  K O M ~ E ~ ~ ~ H  HM-1 KOHCTPyKI(HH a. M. D M H K e J I b -  

m ~ e P ~ a  (pnc. 212) n p e ~ ~ a 3 ~ a ~ e ~  A n H  s ~ p e 3 ~ n  ~ J I O K O B  a3 M a c c n B a ,  



. . . . . . . . . .  BHCOT~ YCTWa, nt 1,9 
I l I n p ~ ~ a  a a x o ~ ~ n ,  nt . . . . . . . . .  1,96 
Bec MaLUEHH, m . . . . . . . . . . .  3,13 
r a 6 a p n ~ h 1  MaUIEiHH, nt: 

I 
1 0 6 e c n e n e ~ n ~  BbIpe3KH ~ X O K O B  3 a A a H H P X  p a 3 M e p O B  I'OPH30HTaJIbHhIe '- 6apb1 BbInOJIHeHbI ABYXOIIOPHbIMM, ¶TO IIOJIHOCTbH) HCKJImPaeT HX YBOA 

1 B CTOPOHY BO BPeMR pa6o~b1. ~ P O H ~ B O A H T ~ J I ~ H O C T ~  K 0 ~ 6 a f H a  EM-1 
AOCTHraeT 160 .M3/~.Me14y I t p H  U O J I H O ~  M e X a H H 3 a q H H  BCeX UpOH3BOACTBeH- 

H ~ I X  orxepaqnfi. 
Mamma KMA3-188 K O H C T P Y I C ~ H H  A. @. 3ac~y11afno 0 6 o p y ~ o ~ a ~ a  

OAHHM 6 a p o ~  E I I p e A H a 3 I l a ¶ e H a  AJIR A O ~ H P E I  IIITYPHOI'O ICaMHR H KPYIIHHX 

~ J O K O B  H 3  H3BeCTHRIZOB IIPOPHOCTbH) A 0  100 IEr/C.M2. AOCTOEIHCTBO Ma- 

N H H b I  3aKJIH)PaeTCR B OTCYTCTBHH XOJIOCTOI'O XOAa H BOSMOlrcHOCTH 

pa6o~h1 B s b 1 p a 6 0 ~ K a x  ~ e 6 0 J I b m 0 1 ' 0  Ce¶eHHR. ~ P O H ~ B O A H T ~ ~ ~ H O C T ~  
hlaIUHHhI I I p H  ~06b1se IIITY¶HOI'O KaMHR IIPOPHOCTbIO A 0  15 K ~ / c J ~ ~  
COCTaBJIReT 12-15 At3i'C.Me14y. 

B T ~ ~ J I .  84 IIpIXBeAeHa X a p a K T e p H C T H K a  q e l l H h I X  KaMHepe3HbIX 

hIaIUkIH. 

911cno 6 a p o ~  . . . . . . . . . . . . .  . . . . . . . . . . .  Annaa 6apa, mnt . . . . . . .  CKOPOCT~ p e a m n ~ ,  x / c e ~  . . .  Pa6osa~  CKOPOCT~ IIOna¶M, n t / n t ~ ~  
Bec M ~ ~ H H H ,  rn . . . . . . . . . . .  
Y C T ~ E O B J I ~ H H ~ K  MOlqHOCTb ~~Ei I ' aTenef i  I 

i~8m . . . . . . . . . . . . . . . .  
B H C O T ~  YCTyna, nt . . . . . . . . . .  
U I E I P H H ~  s a x ~ a ~ a ,  .w . . . . . . . . .  
I I I I I ~ H H ~  n p o n m n a ,  mm . . . . . . . .  

K ¶HCJIy OCHOBHbIX @ ~ K T O P O B ,  o~YcJ IoBJIEIB~IOU~HX 0 6 n a c ~ b  qeneco- 
06paaaoro n p n M e H e H m R  pa3nm~b1x BHAOB ~ a ~ ~ e p e s ~ b ~ x  M a m m ,  OTHO- 

CRTCR @ ~ s n ~ o - ~ e x a ~ z i ¶ e c ~ m e  C B O ~ C T B ~  UEIJI~HHX n o p o ~ ,  r o p H o r e o n o -  

F W e C K H e  YCJIOBRR HX 3aJ Ie I ' aHHR H IIPOH3BOACTBeHHaR M O q H O C T b  

K a p b e p a .  



rne n - UHCJIO ne i i rc~~ymqnx ~ a ~ ~ e p e s ~ b ~ x  M a m m  H a  K a p b e p e ;  

Cui - y A e n b H M e  p a c x o n M  H a  p a 3 p a 6 0 ~ K y  B c I c p b I m H ,  p y 6 / n t 3 ;  

hi - MOQHOCTb HaHOCOB, nt; 
li - c p e ~ ~ e ~ 3 ~ e m e ~ ~ a c 1  n n m a  OPHCTHMX ~ J I O K O B ,  m; 
A - rOnOBOe IIOABElI'aHHe @ ~ O H T ~  p a 6 0 ~ ,  m; 
CL - C ~ ~ ~ C T O H M O C T ~  ~ 0 6 ~ 9 ~  ~ J I O K O B ,  py6/m3; 
pi - IIPOH3BOnEITeJIbHOCTb K ~ M H ~ ~ ~ ~ H o G  MaIUHHbI, n t3 /z0d ;  

m - UHCJIO n o ~ p e 6 ~ ~ e n e B  nponyxqm H a p b e p a ;  

p .  - U O T ~ ~ ~ H O C T ~  j-r0 CTPOHTeJIbHOrO 0 6 % e ~ T a ,  n t3 /z0d ;  

d, - pacxonar H a  norpy3os~o-pa3rpy3os~are p a 6 o r b 1 ,  py6/nt3; 
C, - TpaHCnOpTHbIe  P a C X O ~ b I ,  py6/nt3. 

T a 6 n ~ q a  55 
T ~ X H I I K O - ~ K O H O M ~ Y ~ C K I I ~  n o ~ a 3 a ~ e n u  p a 6 o . r ~  ~ a m e p e s a ~ x  iuamlrH 

IIpos- IIpon3~0~n~enb-  Ce6ec~oa- 
MapKa H O C T ~  H O C T ~  Tpyua M O C T ~  1 JL' 

MamHHhl Pa6osee o60pyuosa~~e  pa6oser0, KaMHn, 
K ~ / c . w *  / meicy P Y ~ .  

CM-89A AHCKOBH~ IIBJIQ 100 8,s 4,60 
IIT-38 To we 25 11,O 3.60 
CM-824 o 35 14,5 327 
KI'M-2 fi 100 7.0 4.68 

CM-177A KonbqesaR 4peaa 1800 8,O 7,90 
CM-580A To me 400 12,O 7.31 
KEFI-35 Pemywne u e n ~  50 4 3  7,80 
C~I-200 To me 50 1,7 8,63 

KMA3-188 )) 100 4.0 5.13 
ICEIJ-3A 1) 50 3 ,o 6.34 
H ~ m q - 2  

Ha I c a p b e p a x  c ~ e 6 o n b m o i i  M O ~ H O C T ~ I O  BCKPMIIIH m E I p o K o e  pacnpo- 
C T p a H e H H e  HMeloT 6yJIb,I(03ephI EI KOJIeCHbIe CKPeUePhI .  ABTOP~MM IIpen- 
JlOlrceHa HOBaR K O M ~ H H H P O B ~ H H ~ H  CHCTeMa p a 3 p a 6 0 ~ K H  C IIapaJIJIeJIbHO- 

o n e p e x a r o W H M  n o n B H r a H H e M  3a6oe~.  B ~ a n a n e  K a p b e p H o e  noae pas- 
6 H s a l o T  H a  0,TneJIbHbIe GJIOKH H IIPOXOAHT p a 3 p e 3 H y l o  TpaHIIIeIO no BCeMy 

y 9 a C T K y .  3 a T e ~  UPOH3BOART BCKPbITHe IIepeAOBbIX ( 0 ~ e p e l r c a l o ~ H x )  

YCTyUOB C K p e I I e p a M H ,  KOTOPbIe TPaHCUOPTHPYloT BCICPbIIUHhIe n O p O n b I  

H a  BHeIIIHHe EIJIH BHYTPeHHHe OTBaJIbI. 

Ilocne n o n s H r a H m  nepenoshxx 3 a 6 0 e ~  H a  o n p e n e n e H H o e  PaCCTORHHe 

I IpHCTyI Ia loT  K BCKpbITHlo H O T ~ ~ ~ O T K ~  OTCTaloQHX YCTYIIOB. B C K P ~ I ~ H ~ I ~  



I IOpOAbI  6 y J I b ~ 0 3 e p a ~ H  p a 3 M e 4 a I o T C R  B B ~ I P ~ ~ O T ~ H H O M  n p o w p a H -  
CTBe  I I e p e A O B H X  ~ J I O K O B ,  n p H ¶ e M  PaCCTORHHe  EIX npo6era COCTaBJIReT 
nOJIOBHHY AJIHHM A O ~ M ~ H H X  YCTYIIOB, ¶TO I IO3BOZReT  IIOBhICHTb I IPOH3-  

BOAHTeJIbHOCTb ~ ~ M J I ~ P O ~ ~ [ H O - T P ~ H C I I O P T H O ~ O  O ~ O P Y A O B ~ H H R  H a  25-30% . 
B~JIHPHH~ M H H H M a J I b H O r O  OIIePel fCeHHR I I e p e A O B h I X  YCTYIIOB O n p e -  

AeJIR0TCR IIO @0p~yJIe 

A = A , + T + z + A , ,  nt, (xx113) 

r A e  A, - m H p m a  pa6oseii ~ O H ~ I ,  3 a ~ m ~ a e ~ o f i  ~ a ~ ~ e p e 3 ~ 0 i i  Ma-  
I I I H H O ~ ~ ,  nt ; 

T - p a a ~ e p a  ~ p a ~ c n o p ~ ~ o i i  n o n o c b I  ,- a ; 
2 - J J l H p H H a  6 e p ~ a  ~ ~ ~ O ~ ~ C H O C T H ,  a; 

A ,  - M H H H M a J I b H a R  I I IEiPHHa pa6oseii I I X O W a A K H  O T C T a I o Q 0 r O  

Y C T y I I a ,  nt. 
@ a p H a ~ ~ b I  CHCTeMbI C 3aBHCHMbIM H He3aBHCHMhIM I 'PYI I I IHPOBaHHeM 

n e p 0 A O B b I X  YCTYIIOB ( ~ H c .  213) IIO3BOJIRH)T C O X p a H H T b  OCHOBHHe ape- 
H M y Q e C T B a  B H Y T P e H H e r O  O T B ~ J I O O ~ ~ ~ ~ O B ~ H H R  H 3 H a P H T e J I b H O  YMeHbI I IHTb  

¶HCJIO nOA'be3AHhIX A O p O r  K OTBaJIaM.  
O I I T H M ~ J I ~ H ~ R  AJIHHa  OsHCTHhIX 3a6oe~  AJIR K a M H e p e 3 H H X  arpera- 

TOB,  HCXOAR H 3  TeXHE'TeCKH B O ~ & ~ O K H O ~  IIPOH3BOAHTeJIbHOCTH MaI I IHH,  

M O K e T  6 h I ~ b  O I I p e A e J I e H a  IIO @ o ~ M ~ J I ~ M :  

b... . .. . 



A,= Napnk, at]zod, (SSI,8) 

Wo=Wr-Wn=q,-t-  9,+9,+9,, g, (XXI, 10) 

q6 - 6 ~ ~ 0 B b l f i  KaMeHb pa3MepOM 300-100 
qo - o c ~ o n ~ n  p a a ~ e p o ~  100-300 am; 
9, - MeJIO¶b pa3MepOM 30-6 &a; 
q, - la~br6 OT IIPOHHJIOB Pa3MePaMH 6-0 .MUM. 

B b ~ x o ~  ~ ~ T O B O ~ O  KaMHFi - B upenenax 20-40°b 0614ero IconmecTsa 
OTXOAOB XahiHenHneHHH, ocIcona - 15-35'4, 1lrTbI6a - 10-3596 H Me-  
nosn - 10-2596. 

~KoHoMHP~cK~FI qeJlec006pa3~0c~b O T K ~ ~ I T O ~ ~  p a 3 p a 6 0 ~ 1 ~ ~  eCTeCTBeH- 

HbIX CTeHOBbIX MaTepHaJIOB 0npeAeJIReTCH COOTHOILIeHHeM I\feXAy MOW- 

H O C T ~ H )  nnacTa I I O J I ~ ~ H O ~ O  EicKonaeMoro IT nOKPbIBaIoWHX nopon. 
I I p o n m r n n e ~ ~ ~ f i  ICOB$$I I~ I I~HT BCKPMIIIH Mo,F;eT 6b1~b OnpeAeneH 

no $ o p ~ y n e  

r je  TIB,,, - 0 6 z e ~  B C I C P H ~ H ~ I X  nopoA, a3; 
Q,," - ~ 3 ~ n e ~ a e ~ ~ ~ e  3anacb1 r o p ~ o i i  Macc61, x3;  

r, - Icoa$$nqrne~~ BarxoAa r o ~ o ~ o i i  ~ P O A Y I C ~ H H  ~3 h f a c c ~ ~ a  
~ O J I ~ B H O ~ O  ncKonaeMoro. 

B HaCTORlqee BpeMH AJIR KPYnHbIX BbICOKOMeXaHH3HPOBaHHbIX Kapb- 

ep0B 3HaseHHe k,, IIpHHHMaeTCR PaBHhIhf 6-10, a AJIR KapbepOB He- 

6n.nb111oii UPOH~BOJICTB~HHO~? MOWHOCTH - 1-4 a3/a3. 

5 6. Opra~msaqlia pa6o.r IIpH ~06b1W? IIlXJlbHOI'O KaMHII 

B HacTomqee BpeMR H a  KaMeHHbIx Icapbepax pacnpocTpaHeHb1 pe- 
?KHMM p a 6 o ~  CO CKOJIb3RWIiM, XeCTICHM H KOI \ I~HH~IPOB~HH~IM HCIIOJIHH- 

TeJIbHbIMH rpa+HKahiH. U ~ H  CIEOJIb3R~ebf PeXHMe pa60~b1 I c a ~ ~ b I f i  

npoqecc HasHHaeTccr cpaay nocne OKOHPaHHH npeAbIAyWero ( p ~ c .  215). 
Paagene~me TpyAa npn c~onb3~1~eh .1  p e x w e  pa6o~b1 npocIsnReTcR cna60. 
Bce OnepaqHH BbIeMO¶HOI'O qHIcJIa IlOCJleAOBaTeJrbHO BEJIIOJIHRIOTCR 

MaLUHHHCTOM H pa6osm~m O¶HCTHOrO 3a6oa. 

B npaKTmRe BcTpesaIoTcR p a 3 n ~ s ~ b 1 e  B a p n a H T M  opra~113aq~n pa- 
60~1.1 no c ~ o n ~ a ~ q e h r y  rpa$my, s ~ o  oTpaxaeT, c o ~ ~ o f i  C T O P O H ~ I ,  KOH- 

CTPYICTHBHbIe O C O ~ ~ H H O C T I I  KaMHepe3HOrO o ~ o ~ ~ ~ o B ~ H H H ,  a C J(pyr0f - 
noHcIcH 6onee co~epmeaaofi  TexHonornn n0661sn cTeHoBbIx GJIOKOB. 

I T p e ~ ~ y l q e c ~ s a  c r c o n b a ~ ~ ~ e r o  p e m ~ ~ a :  npocToTa opraaaaaq~l i  11~0113- 

BOACTBa H HCIcJIIorieHIle IIpOCTOeB IlpH AOCpOsHOhl BbIIlOJIHeHHH pa6o.r. 
AJIR o p r a ~ ~ 3 a q n 1 1  ~ P O H B B O A C T B ~  no ;r<ecTI;oMy rpa$~~Icy xapaIcTepHo 

BbIAeneHHe pe3epBOB BpeMeHH AJIR OKOH¶aHHFI 3aTHHYBIIIHXCH IIpOqeCCOB 

B Hasane n n ~  B K O H U ~  cMeHbI, oAHaKo n p ~  onepexeam Hcnommenb- 

Horo rpa$ma O ~ C J I ~ X H B ~ I ~ I ~ I ~ ~ ~  nepcoaaz G e s ~ e i i c ~ ~ y e ~ .  B nocneAHee 
BpeMH IIpaIETHIcyIoT BbIAeJIeHHe pe3epBOB B IcOHqe O T P ~ ~ H O ~ ~  38XOAKH 

HJIH BbIeMO9HOI'O qHICJIa, ¶TO II03BOJIReT liCIIOXb30BaTb OCTaBUeeCR 

IIOCJIe 09HCTHMX pa60T BpeMR AJIFI OChIOTpa, ChIa3ICH H MeJIIcOrO peMOHTa 
~ a ~ ~ e p e s ~ b ~ x  Mamm. 

npl l  p a 6 o ~ e  no XeCTIcOhIy rpa$11Ky IlpOHB.lFIeTCH TeHAeHqHR MaKClX- 

h1afibHOrO COBMeqeHHR IlpOqeCCOB BO BpeMeHH A.7H IIOBMILIeHHFI ICOB$$II- 

q m e H T a  ~ c n o n b a o s a ~ ~ a  0 6 o p y ~ o n a ~ m ~ .  



1 - BepwanbHaa none- 
pesaaa n a p e a ~ a  Maccusa; 
2 -ne~erorr  Mamum B 
aaxonAjrm Tpaamero; 3 - 
OTneneHme BROKOB OT Mac- 
cxea H CKnamposaHue I I X  

~ P O A O J I H E H T ~ J I ~ H O C T ~  OCHOBHbIX IIPOqeCCOB, B CBOH) O P e p e g b ,  OIIHCbI- 

BaeTCR YpaBHeHHehf  

T,=-Q~ Y ,  
npkn 

(XXI,13) 

r&e @ - HOPMaTHBHaR TPYAOeMKOCTb IIPOqeCCOB, UeA-V; 

- K O ~ @ @ H ~ H ~ H T  A H @ @ C ! ~ ~ H I ( H ~ ~ H H ,  I IPHM~HRH)I I (H~cR,  K O r A a  BCIIO- 

MOraTeJ IbHbIe  p a 6 0 ~ b I  BXOART B I IpOqeCCHbIe HOpMbI B OTAeJIbHO 

H e  BbIAeJIRIoTCR; 
np - s H c n o  p a 6 o s ~ x ,  3aHRTbIX BbIIIOJIHeHHeM npoqecca; 
k, - K O ~ @ @ H ~ H ~ H T  IIepeBbIIIOJIHeHHR HOpM B M P ~ ~ O T O K ;  

C - K O ~ @ @ H ~ H ~ H T ,  x ~ ~ ~ K T ~ ~ H ~ ~ I ~ I I J , E I ~  BbInOJIHeHFie HCIIOJIHHTeJIb- 
nor0 rpa@ma. 
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T n  k --= n 
C- T Q  t l + t 2 + .  . . + t n '  (XXI, 15) 

rae T ,  - p a c s e T H a R  n p o A o n m n T e n b H o c T b  q m n a  npm n o c n e A o s a T e n b H o M  
BbIllOJIHeHHH IIpOqeCCOB; 

T@ - + a ~ ~ w e c ~ ~ e  s a ~ p a ~ b ~  B p e M e m  H a  B b I n o x H e m e  q m n a ;  
t - AJlHTeJIbHOCTb OTAeJIbHbIX IIPOI(eCCOB C YPeTOM BeAeHHR B AaH- 

H ~ I G  MOMeHT APYI'HX p a 6 0 ~ .  
I I ~ H  ~ ~ p e 3 x e  GJIOKOB ~3 MaccEiBa  a r p e r a T a M H  n p o A o n x E z T e a b H o c T b  

qHKJI.3 0 6 ~ 9 ~ 0  HCPHCJIReTCR AJIHTeJIbHOCTbH) H a p e 3 K H  MaCCHBa H IIepe- 
r O H a  Mall lHH B HCXOAHOe IIOJIOHEeHHe; BbIIIOJIHeEIHe OCTaJIbHbIX p a 6 0 ~  
YKJIaAbIBaeTCR B 3TOT IIPOMeWYTOK BpeMeHH.  

P a 3 ~ e ~ r e ~ H e  T p y A a  I I p H  XeCTKOM PeHFHMe IIpOHBJIReTCR 3HaPHTeJIbHO 
IIIHpe.  C O B M ~ I I ( ~ H H ~  n p o q e c c o B  B F 3 B a J I O  H ~ O ~ X O A H M O C T ~  A P O ~ J I ~ E H F I  
pa6o.r MeHEAY 6 0 ~ 1 b l l l H ~  PHCJIOM P ~ ~ O T H H K O B  H O~YCJIOBHJIO IIORBJIeHHe 

P R A a  HOBbIX I I P O @ ~ C C H ~ ~ .  
o p I ' a ~ H 3 a q H 1 1  IlpOFi3BOACTBa IIO KOM~HHHPOBIHHOMY HCIIOJIHHTeJIb- 

HOMY rpa+my a a ~ m ~ a e ~  n p o M e x y T o m o e  n o n o m e H m e  M e x A y  c ~ o n b s a -  

WHM H XeCTKHM PeHEHMaMH. ~ J I ~ H o ~ P ~ M M ~  pa6o.r MOHEeT CTPOHTbCR 

ABORKHM IIYTeM. B IlePBOM C J I y P a e  ~06bI9~0f i  CMeHe yCTaHaBJIHBaH)T 
X ~ C T K H ~  06!be~ p a 6 o ~ ,  HO 6e3 B M A e n e H m  p e 3 e p ~ o ~  BpeMeHm. I C o n e 6 a ~ ~ ~  
B IIPOAOJIWHTeJIbHOCTH IlPOqeCCOB KOMIIeHCHPYeTCR 38 CPeT PaCTHPHOrO 
HX COBMeDI,eHHH. BO BTOPOM C J I y P a e  3a OCHOBY n p H H H M a e T C R  C K O J I ~ ~ R ~ H ~  

r p a + H K ,  HO C 0 6 ~ 3 a ~ e J I b ~ b I ~  BKJIH)¶C?HHeM 3JIeMeHTOB HEeCTROrO PeHEHMa, 
IIPORBJIRH)ILl,HXCEI B IIOJIHOM MJIH PaCTHPHOM C O B M e q e H H H  IIPOqeCCOB. 

p a 3 ~ e J I e ~ ~ e  T p y A a  3aBHCHT OT YAeJIbHOrO BeCa  X ~ C T K O ~  C O C T ~ B J I R I O ~ ~ ~  
B HCIIOJIHHTeJIbHOM I'pEl@HKe. 

I C O M ~ H H H ~ O B ~ H H ~ I G  H C K O . ~ I ~ ~ F I ~ E I &  PeHFHMbI ~ I $ I $ ~ K T B B H ~ I  I I P H  3KCIIJIY- 

a T a q H H  AHCKOBbIX H qeIEHbIX KaMHePe3HhIX MaUIHH C BbICOKHhIH CKOPO- 

CTRMH IIOAaPH. ~ ~ c T K H ~  PeHFEIllI P a q H O H a J I e H  B 3 a 6 o ~ x  K p y n ~ o 6 n o s ~ b I x  
MaNIHH, O C H a q e H H b I X  KOJIbqeBbIMH + p e 3 a ~ H ,  H BbICOKOYCTYIIHbIX KaMHe- 
p e a ~ b ~ x  a r p e r a T o B .  I I o r p y 3 0 ~ ~ b 1 e  M ~ X ~ H E I ~ M ~ I  n p ~ l   TOM M o r y T  OGCJIY- 
HEHBaTb HeCKOJIbKO A O ~ ~ I P H ~ I X  YCTYIIOB. E ~ o M ~  TOrO, 3HaPHTeJIbHO 

y n p o w a e T c H  o p r a ~ ~ 3 a q ~ ~  pa6o~k.1 K a p b e p H o r o  T p a H c n o p T a .  

B IIOCJIeAHHe rOAbI B I I p a K T H K e  K ~ M H € ! A O ~ ~ I B ~ H ) ~ ~ ~  IIpOMbILUJIeHHOCTH 
HaKOnJIeH OIIbIT B O ~ J ~ ~ C T E I  IIPOeKTHPOBaHZXR Ef npHMeHeHMII  CHCTeM CnY. 

I I p e m ~ y q e c ~ ~ a  n p n M e H e H m R  CIIY: q e n e H a n p a s n e H H o c T b  nnampo- 
B a H H R ,  B03MOWHOCTb COCTaBJIeHHR CeTH C 3aAaHHMM KPHTHPeCKHM IIYTeM 
Ff @OPCEIPOB~HHH KPIITHPeCKHX p a 6 0 ~ ,  OIITHMH3aqHH IIpOH3BOACTBeHHOrO 

I I p O q e C C a  IIO OCHOBHbIhl TeXHHKO-3KOHOMHPeCKHM IIOKa3aTeJIRM. 



CTeHOBbIX MaTepEla J IOB E13 MaCCEIBa. ~ O ~ P Y ~ O P H O - ~ ~ ~ ~ P Y ~ O P H ~ I ~ ,  BCUOMO- 

r a T e J r b H M e  n C m a A c I i n e  p a6o . r~  B a a 6 o ~ x  ~ a ~ ~ e p e s ~ b ~ x  M a r u m  npona- 
BOAHTCH I I p e H M Y q e C T B e H H O  HeMeXaHEI3EIPOBaHHbIM C I I O C O ~ O M ,  B pe3yJIb- 
T a T e  ¶ e r O  Y p O B e H b  M e X a H E l 3 a q H H  ~o6b1sm CTeHOBbIX ~ J I O K O B  C Y q e C T B e H H O  

CHHkUaeTCR. 

B 061qeiir s n c n e H H o c T H  0 6 c n y ~ ~ ~ a 1 0 q e r o  n e p c o H a n a  p a 6 o s ~ e  OCHOB- 

HbIX I I ~ o @ ~ c c M ~ ~  COCTaBJIHIOT OKOJIO 7076, I I p H s e M  I I O s T H  IIOJIOBHHa E13 HMX 

3 a H H T a  H a  TPYAOeMKHX IIOrPY30'IHO-pa3rPY30¶HbIX pa6o~ax.  OCHOBHHM 
n O K a 3 a T e J I e M ,  X a p a K T e p E 1 3 y I O l q H M  C T e I I e H b  M e X a H U 3 a q H H  UPOH3BOACTBa,  

R s n a e T c R  K O E I @ @ H ~ H ~ H T  ~ e x a ~ m a a q m u ,  smcnennoe s ~ a s e ~ n e  K o T o p o r o  
- 

CJIYHEMT OCHOBHbIM KPElTePEieM AJIH O q e H K H  IIPOrPeCCEIBHOCTM M 'qeJIec0- 
O ~ P ~ ~ H O C T H  I I P H  I I P O e K T H P O B a H H H  HOBOrO O ~ O P Y A O B ~ H H H  M TeXHOJIOrH-  

Y e c K n x  c x e M .  H o ~ @ @ H ~ H ~ H T  M ~ X ~ H H ~ ~ ~ H H  o n p e A e n a e T c a  no @ o p ~ y n e  
11 

r A e  N ,  - ¶HCJIeHHOCTb paGos~x ,  3aHHTbIX O ~ C J I Y ~ U E I B ~ H E ~ ~ M  MeXaHM3MOB; 

N ,  - 'IElCJIeHHOCTb ~ ~ G O P E I X ,  BbIUOJIHRIOqEIX p a 6 o ~ y  B P y P H Y I O ;  

n - KOJIH¶eCTBO I lpOqeCCOB B o 6 a e ~ e  UPOH3BOACTBeHHOrO q H K J I a .  

Hasec~~ennacr  x a p a I i T e p n c n m a  ~ e x a ~ ~ a a q n n ,  o T p a x a m q a c r  c n e q H -  

@ m K y  MeXaHH3MpOBaHHOI 'O T p y A a ,  p a 3 J I H s H H  B U ~ O @ ~ C C H O H ~ J I ~ H O M  

m ~ s a n n @ ~ ~ a q ~ o ~ ~ o ~  c o c T a B e  06cnyw~~a10qero  nepconana, m p a -  
m a e T c r r  K O ~ @ @ H ~ H ~ H T O M  YPOBHH ~exa~n3aqn11,  O n n c b I B a e M o r o  

y p a B H e H n e M  

r A e  k - K O ~ @ @ E I ~ H ~ H T ,  ~ b I p a i K a I O q H 6  OTHOIIIeHEIe B p e M e H H  M e X a H H 3 H -  

P O B a H H O r O  T p y A a  K O ~ ~ E I M  3 a T p a T a M  BpeMeHEI  no U p O q e C C y ;  

'Tlo - K O ~ @ @ E I ~ E ~ ~ H T ,  Y ~ E I T ~ I B ~ I O ~ E I ~ ~  B 0 3 M O X H O C T b  OAHOBPeMeHHOrO 

O ~ C J I Y H E E I B ~ H M H  p a 6 0 ' 1 ~ 1 ~ ~ 1  HeCKOJIbKElX pa60snx MeCT. 

B T ~ ~ J I .  86 I I p H B e A e H b I  ' I nCJ l eHHbIe  3 H a s e H E I H  K O ~ @ @ M ~ E ~ ~ H T O B  k ,  
a k, A n R  p a 3 ~ 1 ~ 1 s ~ b 1 x  n p o q e c c o B  A O ~ ~ I ' I H  ~ J I O K O B .  

Ha r p a H H T H M x  Iiapbepax AJIH ~ e x a ~ ~ a a q ~ ~  norpyaos~o-paarpyaos- 
HMX p a 6 o ~  n p H M e H H e T c H  c n e A y m q e e  0 6 0 p y ~ o ~ a ~ ~ e :  nonaemme K p a H b I  

K ¶ElCJIY KOTOPbIX OTHOCRTCH K a 6 e J I b ~ b 1 e ,  MOCTOBbIe, CaMOXOAHbIe ,  CTPeJIO- 

BbIe ,  R e p p H $ - K p a H b I  If A p . ;  HaKJ IOHHbIe  IIOA'beMHHKM, O ~ O ~ ~ ~ O B ~ H H ~ I ~  

C K H n a M H ,  KJIeTRMH H I I J I ~ T @ o ~ M ~ M H ;  E lBTOI lOrpy3YHKH,  J I ~ ~ ~ A K M ,  AOM- 

K p a T b I ,  TaJ IH ,  GJIOKEI, IIOJIHCIIaCTbI H T. n. 
B prrne c n y s a e B  A o c T a B x a  ~ J I O K O B  H M O H O J I ~ T O B  ~3 K a p b e p a  H a  no- 

J3ePXHOCTb  OCYqeCTBJIHeTCH IIO KaIIEITaJIbHhIM HaKJIOHHbIM T p a H I U e H M  

C I I O M O q b I O  JIOKOMOTHBHOl?O H ~ B T O M O ~ E I J I ~ H O ~ O  T p a H C n O p T a ,  a T a K X e  

K ~ H ~ T H o ~ ~  T I I ~ O ~ .  ~ P H  ~b16ope I I O r p y 3 0 Y H O r O  I4 IIOA'beMHO-TpaHCnOpTHOrO 

0 6 0 p y ~ o ~ a ~ n ~  ~ e o 6 x o ~ n ~ o  y r I H T M B a T b ,  ¶TO K p O M e  GJIOKOB &i a p x n T e K -  

TYPHO-CTPOEITeJIbHbIX 113~eJIE1f i  IIOJlY'IaIOTCH OTXOAbI, 0 6 ' b e ~  KOTOPbIX 

A o c T n r a e T  70-80% B c e r o  0 6 ' b e ~ a  ropnofi M a c c b I .  

. . . .  B c e r o  



T p a H C n O p T a  H OTCYTCTBHe BCKPbIBaIOIII,HX B H ~ ~ ~ O T O K  AJIR TPaHCIIOPTkfpO- 
B a H H R  ~ O T O B O ~ ~  I IPOHYKqHH.  K. HeAOCTaTKaM OTHOCRTCR O r P a H W e H H O C T b  
P a A E I y C a  A~PCTBHR C T a q H O H a P H b I X  K P a H O B  (30-40 a), HeBbICOKaR IIpOH3- 
BOAHTeJIbHOCTb K P a H O B  I I p H  y 6 o p ~ e  OTXOAOB UpOH3BOACTBa EI CpaBHII -  
TeJIbHO H e 6 0 J I b l l I a R  l'PY30IIOA'beMHOCTb, H e  UpeBbIlTIaH)lI(aR O ~ ~ I ~ H O  

15-20 m. H p k T M e ~ e H I l e  pa3JIM¶HblX B a P H a H T O B  ~ e p x ~ e i i  IIOI'PY3KM 3@- 

~ ~ K T E I B H O ,  ecnm n p u e l l r m e  n n o w a A K H  p a c n o n a r a m T c R  m m e  YPOBHR 
3aJIO?KeHHR A O ~ H P H H X  r0- 

(I PHBOHTOB, ¶TO A a e T  3HOHO- 

MMIo JIO C p a B H e H H W  C APY-  
I'HMIl C I I O C O ~ ~ M H  IIOI'PY30P- 
HO-TPaHCllOPTHbIX p a 6 0 ~  
B 2-2,5 paaa. 

~ O A ~ ~ M H O - T P ~ H C I I O P T H O ~  

o 6 o p y ~ o ~ a ~ ~ e  H a  K a p b e p a x  
p a c n o j I a r a e T c R  B aa~mcrr- 
AIOCTH OT r o p H o r e o n o r I x -  

s e c m x  ycno~nfi  s a n e r a ~ r r ~  
MeCTOPOWAeHHR. T ~ K ,  H a  

I I p e A n p H R T H R X  ( ( C a ~ c o H r p a -  
. HIIT)) (I'flP) necyqme rca- 

H a T b I  ~ a 6 e n b ~ b I ~  K P a H O B  
OPHeHTHPJ'IoTCR IIePIIeHAII-  
KYJIRPHO H a n p a B n e H m m  JIII- 

HHII 0 6 n e r ¶ e ~ ~ o r o  p a c K o n a ,  

 TO A a e T  a ~ a s ~ ~ e m ~ o e  
YMeHbl r r eHHe  TpyAOeMKOCTII  

n o r p y 3 0 ~ ~ 0  - pa3rpy30n~b1~ 
p a 6 0 ~  EI 06ecnewi~ae~  CHII- 
X e H H e  EIX C ~ ~ ~ C T O E I M O C T E I  H a  

n o A o m B y  K a p b e p a ,  nepe- 
I'pyIlXaeTCR T a M  B CpeACTBa  K a p b e p H O M  T p a H C n O p T a  H H a I I p a B J I R e T C R  
3 a T e M  H a  n O B e p X H O C T b  (PMC. 217). P a q l X o ~ a . ? b F l a R  0 6 J I a C ~ b  I l p H M e H e H H R  

O r p a H H ¶ H B a e T C R  p a 3 p a 6 o ~ ~ o B  M ~ C T O ~ O W A ~ H H ~ ~  HaI 'OpHOrO T H n a ,  K o r H a  
n p m e M H H e  n n o w a A m  n o s e p x H o c T H o r o  K o M n n e K c a  p a c n o J r o m e n b I  H H x e  
oTMeTKH H H a  R a p b e p a .  B K a s e c T s e  norpyson~oro 0 6 o p y ~ o ~ a ~ m ~  nprr- 
MeHRIOTCR a B T O K p a H h I ,  CaMOXOAHbIe K P a H b I  B CO¶eTaHmH C ~ B T O M O ~ H J I ~ -  
H U M  TpaHCIIOPTOM, a TaKIlXe aBTOIIOI'PY3PHKH. 

H ~ ~ H M ~ W ~ C T B ~  HHIlXHefi I l O r P Y 3 K H  COCTORT B B03MOXHOCTH T p a H C -  
I lOPTHPOBaHEIR E13 K a p b e p a  MOHOJIHTOB IIpaEETLi¶eCKH J I I O ~ P X  p a 3 M e p O B .  
H ~ H ~ C T ~ T O K  - H ~ O ~ X O A H M O C T ~  n p O X O A K H  K a n H T a J I b H h I X  T P ~ H I I I ~ P .  

B n p O q e C C e  ~ 0 6 ~ 9 ~  KPYIIHbIX ~ J I O K O B  K a M H e p e 3 H b I M H  MaIIIHHaMII  
nxexa~m3aqn~ n o r p y a o s ~ o - p a s r p y 3 0 n n ~ x  p a 6 0 ~  o c y m e c T B n s e T c n  c no- 
MOlI(bIO a B T O K P a H O B ,  ~eJIbf$epo~, a B T O I I O ~ P Y 3 9 I I K O B .  Ha K a p b e p a X  MeJIKO- 
J.UTy¶HOrO K a M H R  n O r p y 3 K a  I 'OTOBO~~ I I p O A y K q l l H  llPOH3BOHHTCR BPYPHYH). 

K a h l H t ? p C ? 3 ~ 0 ~  M a l n H H b I  yCTaHaBJIEIBaeTCR KJIHHOBHAHH~~ I I J IYZOK - OT- 

TaJ IKHBaTeJ Ib ,  O T O A B E I ~ ~ I O ~ Q H ~ ~  B b I p e 3 a H H b I e  K a M H H  OT 3 a 6 0 ~  H a  PaCCTO- 
m H e  AO 250 a m .  I I o ~ J I ~  y I t n a A K H  n a K e T a  M a m m a  n e p e A s H r a e T c R  aa  

' 
PaCCTORHHe 2 .M H BHOBb IIOBTOPReT pa6onnB IJHIEJS. C M ~ H H ~ R  n p O H 3 -  

, BOgHTeJIbHOCTb MaIUIlHbI  50-60 .M3 I I ~ H  ABYX O ~ C J I Y W H B ~ I O ~ I ( H X  pa6os~x.  

K ' ~ M H ~ ~ ~ o ~ o ¶ H ~ H  MaLUHHa KOHCTPYKqHH r. H. HPHBOPYTP~HKO 
n p e ~ ~ a 3 ~ a q e ~ a  A n R  y60p~1 K a M H R  H mTb16a ~3 3 a 6 0 ~  B ~ I C O K O ~ C T ~ I I H ~ I X  
b l a m H H  HM-3A, HM-6 H Ap. M a I l l H H a  npe,JJCTaBJIReT C B a p H y I O  pakiy, 
H a  KOTOPOP CMOHTHPOBaHO Y ~ O P O P H O ~  YCTPO~CTBO B BHAe  JIOIIBTKH, 

3 a ~ p e n n e ~ ~ o i . i  H a  K p H B o r n H n e ,  K O T O P ~ I ~  c o B e p m a e T  B O ~ B ~ ~ T H O - n o c ~ y n a -  
T e X b H O e  ABHXBHHB. AJIR OTOABHraEHR B h I p e a a E H O r O  K a M H R  OT sat5011 
K P a M e  K ~ M H ~ ~ ~ ~ H o P  M a m H H b I  I IpHKpeI I J IReTCR M ~ T ~ J I J I E ¶ ~ c K H ~ ~  OTTaJI- 
K H s a T e n b  H e n p e p m m o r o  ~ ~ G C T B H R .  Y60po¶~oe ~ C T P O ~ ~ C T B O  n e p e A a e T  
r o p H y w  M a c c y  H a  n e ~ ~ o n n u i i  ~ o ~ s e f i e p ,  yrcpenneannfi H a  p a M e  MarnmHbI ,  
H a  KOTOPOM K a M e H b  BPY¶HYIO B h I 6 J d p a e ~ ~ R  H YKJIaAbIBaeTCR B m~abejrb 
B B ~ I ~ ~ ~ O T ~ H H O M  IIPOCTPaHCTBe.  A n R  y 6 0 p K H  m~b16a H MeJIOPH 38 npe- 
AeJIbI PeJ lbCOBOrO ICYTH H a  ~ 0 ~ 0 ~ 0 %  T B J I e X K e  M a m H H h I  MOHTHPYeTCR 
M H ~ K O B ~ I ~ ~  Y ~ O P ~ H K  OTXOAOB KaMHeIIEfJIeHEIR. ~ P O H ~ B O A H T ~ J I ~ H O C T ~  
~ a ~ H e y 6 0 p o ¶ H o f i  M a l n H H b I  COCTaBJIR0T 25-30 .WS/~JtG-Ly. 

A s e p 6 a f i ~ W a ~ c ~ ~ i i  H ~ ~ ¶ H O - H C C ~ ~ A O B ~ T ~ J ~ ~ C K M ~ ~  HHCTHTYT CTPO- 
I iTeJIbHbIX M a T e p H a J I O B  ti C O O P Y Z ~ H H ~ ~  EM. A a ~ a m e ~ a  p a 3 p a 6 0 T a J I  I I p O e K T  
 HOBO^^ K ~ M H ~ Y ~ O P O P H O ~ ~  M a m H H b I  (PHC. 218), K O T O p a R  I I 0 3 B O n R e T  M e X a -  
HLI3HPOBaTb  IIPOlI,eCCbI Y ~ O P K H  H 3  3 a 6 0 ~  HO~H¶HOTO KBMHR, YKJIaAKH 
er0 B I I a K e T  H p a 3 r P Y 3 K H  I I aKeTOB B TPaHCI IOPTHbIe  CpeACTBa.  O T ~ ~ J I ~ H H H ~  
OT MaCCHBa KaMHEI 5 y 6 H p a H ) T  3aXBaTbIBaH)mEIM 6 a p a 6 a ~ o ~  1 ,  IIOCJIe 
se ro  OHH n o c T y n a m T  H a  n e p e ~ ~ ~ m n o f i  T p a a H c n o p T e p  2, npe~c~asn~rou&i  
co6ofi ccapnym p a M y  ~3 m s e j r n e p o B ,  no ~ o ~ o p o f i  n e p e M e q a m T c R  wro -  
BbIe  q e I l H .  T p a ~ c n o p ~ e p  AOCTaBJIReT KaMHM A 0  IIOBOPOTHOrO AHCKa  3, 
o r K y A a  OHH H a n p a B n R m T c R  B men06 H Ranee B K a c c e T y  4. Hacce~a npeA- 
CTaBJIReT MeTaJIJIETseCKyIo I I J I ~ T @ o ~ M Y ,  B K O T O p y I o  BMBI4aBTCR 132 IcaMHFl 



O ~ W H M  B e c o M  o K o n o  4 m; n o c J I e  ~ ~ I I O J I H ~ H H R  K a c c e T b I  npoqecc y 6 6 p 1 z r t  

KaMHII  I IPHOCTaHaBJ IHBaeTCR H K a M e H b  p a 3 r p y " K a e T C R  H a  IIOJJAOH, YCTa- 

H O B J I ~ H H ~ I ~ ~  B K Y 3 O B e  r p y 3 0 ~ 0 r o  ~ B T O M O ~ H J I H .  

Y6opxa H 3  3a6011 K p Y n H b I X  ~ J I O K O B  &i n o r p y 3 ~ a  MX B T p a H C n O p T H b I e  

CpeACTBa  IIPOH3BOAHTCH a B T O K p a H a M H  AH-32 H AK-51 MJIM aBTOI IOrPY3-  

¶HKaMH,  O ~ O P Y A O B ~ H H ~ I M M  KJIe IQeBHMH 3 a X B a T a M H .  

B HaCTOIIIQee B p e M R  pa3pa60~a~b1 CJIe j Jy IoqMe  M e X a H H 3 H p O B a H H b I e  

C I I O C O ~ E J  T P a H C n O P T H p O B a H H R  CTeHOBbIX MaTepMaJ IOB;  B I E O H T ~ ~ ~ H ~ ~ ~ X ;  

n a K e T a M H  H a  n o A A o H a x ;  n a K e T a M H  6e3 IIOAAOHOB H K O H T ~ ~ ~ H ~ P O B .  

n p M  K O H T ~ ~ ~ H ~ P H O ~ ~  AOCTaBKe K a M H H  YKJIaAbIBaIoTCR H a  CnJIOIIIHbIe 

HJIH COCTaBHMe IIOAAOHbI H 3 a K p e I I J I R I o T C R  C ~ O K O B  Ol 'PaXJ(aIo4Hhl l l  

CTeHKaMH.  norpy309~0-pa3rpy30~~b1e pa6o~h1 nPOH3BOARTCII  C IIOMOWbK) 

I B T O K P I H O B .  A O C T ~ B K ~  CTeHOBbIX M a T e p H a J I O B  I I a K e T a M M  H a  n O n A O H a X  

OTJIHYaeTCR OT K O H T ~ $ H ~ P H O %  TeM, YTO B K a Y e C T B e  ~ O K O B ~ I X  O ~ ~ ~ W A ~ H I I ~  

~ C I I O J I ~ ~ ~ I ~ T C ~  6 o p ~ a  a B T o M a r n H H  HJIH c n e q ~ a ~ ~ b ~ b ~ e  ~ H T ~ I ,  06ecnes~sa- 

n p H p e n b c o B o M  c K i a A e  r o ~ o ~ o i i  nponyxqmx B r n ~ a 6 e i ~  B ~ r c e n e a ~ o -  

A O p O X H b I e  B a r O H b I  I IpOH3BOAHTCH H a  M e X a H H 3 H P O B a H H b I X  IIOl?PY30YHhIX 

n j r o q a A K a x ,  K o T o p b I e  060pyny1o~ MOCTOBMMH K p a H a l l r m  rpy3ononae~r- 
HOCTbIo A 0  5 m H C BbIJIeTOM KOHCOJIH A 0  23 .M ( K a p b e p  A P T H K T Y ~  B Ap- 
M I I H C K O ~  CCP). 

B p e 3 y J I b T a T e  M H O r O J I e T H e r O  O n b I T a  T p a H C n O P T H P O B a H H R  eCTeCTBeH- 

HMX CTeHOBHX M a T e p H a J I O B  H a  6 0 ~ 1 b m ~ e  PaCCTOIIHHR YCTaHOBJIeHO, 

' I T 0  3KOHOMH'IeCKH qe~1ec006pa3~b1ii P a A H y C  n e p e B 0 3 0 K  I U T y s H O r O  KahIHI I  

COCTaBJIReT 1000 K m ,  a K P Y n H b I X  ~ J I O K O B  - 1500 K&. O C O ~ ~ H H O  3 4 4 e h . -  

T H B H a  n e p e B 0 3 K a  O ~ ~ I I ~ ~ O B O ¶ H H X  n J I H T  H 3  AeKOpaTMBHbIX T Y ~ O B ,  YCne IUHO 

KOHKYpHpYIoII@iX C HCKYCCTBeHHhIMH IIJIMTBMM BO BCeX pa i io~ax  C O B ~ T -  
more C01o3a. 

TJTABA X X I I  

OCOEEHHOCTH IIPOH3BOACTBA III,EEHH Il I'PABHH 

8 1. Pa3pa60~~a M ~ C T O P O H E A ~ H E ~ %  Anc I  IIPOEl3BOACTBa q e 6 H c I  

COCTBB, M O P O ~ O C T O ~ K O C T ~ ,  a T a K X e  HaJ IH ' IHe  B HeKOTOPbIX CJIY¶aRX 

OTAeJIbHhIX I t p H ~ e c e f .  ~ ~ O ¶ H O C T H O ~  COCTaB I lOpOA M e C T O p O X i ~ e H H I I  

o n p e A e n R e T c a :  C ~ ~ A H ~ B ~ B ~ I I I ~ H H M M  a ~ a s e ~ ~ e ~  I IPO~HOCTH n o p o ~ ;  COAep-  

2z i aHneM cna6b1x nopon; x a p a K T e p o M  p a c n p e A e J r e H m  H e o A H o p o n H o c T H  

IIOpOA no HX I IP09HOCTH.  B 3aBHCHMOCTH OT C P ~ A H ~ B ~ B ~ I I I ~ H H O ~  =PO¶- 

HOCTH IIOpOA I I p M  ClrCaTHH B B O A O H a C b I q e H H O M  COCTOIIHHH P a 3 J I H 9 a I o T  

n H T b  THIIOB M ~ C T O ~ O X J ( ~ H H ~ ~ :  I - BbICOKOIIpOYHbIX n O p O A  C R,, > 
> 800 ~ T i c m ~ ;  I1 - npowmx nopon c R,, = 600-800 K ~ / C . W * ;  I11 - 
nopon cpen~e i t  n p o s H o c T H  c R,, = 400-600 KTICX~; IV - n o p o ~  H m x e  

cpen~eI"I IIPOYHOCTH C R,, = 300-400 Kr /c .M2;  V - n O p O A  ~ O H H X ~ H H O ~ ~  

~ P O Y H O C T H  M c n a 6 ~ x  c R,, = 300 ~ r l c . ~ ~ .  P a c n p e ~ e n e ~ ~ e  H e o A H o p o A -  

HOCTEI I IOPOA O q e H H B a e T C R  n O K a 3 a T e J I e M  KOHTPaCTHOCTM, K O T O I ) ~ I ~ ~  OI Ipe -  

X e n R e T c c I  no G o p ~ y n e  

O C H O B H M ~  3 T a n b I  p a 3 p a 6 0 ~ ~ ~  q e 6 e ~ o r ~ ~ x  M ~ C T O ~ O X A ~ H H ~  n O s T H  

H e  HMeIoT  c n e q ~ + m e c ~ ~ x  o c o 6 e H H o c ~ e i i  no C p a B H e H n I o  c a K c n n y a T a -  

q M e %  a a n e i r c e i i  A p y r H x  none3~b1x H c K o n a e M b I X .  YEICJIO J ( O ~ ~ I ¶ H ~ I X  y c ~ y -  
n o B  O ~ ~ I Y H O  H e  n p e B b I m a e T  ¶ e T b I p e X ,  XOTR ~ a ~ 6 0 n e e  ¶aCTO I IpOAYKTHBHaI I  

T o n q a  o ~ p a 6 a ~ ~ ~ a e ~ c 1 1  ABYMR y c T y n a M H  B ~ I C O T O ~ ~  12-1 5 a, pexe 

EIJIH O ~ ~ H M B  TpaHI I l eRMM I I P O C T O ~ ~  40pMbI BHeI I IHe rO  3 a J I O X e H H R .  B c ~ p e -  
q a e T c R  T a K w e  C M e m a H H o e  B c K p b I T H e ,  K o r A a  nepme Ass y c T g n a  B C K P ~ I -  

Ba IoTcc I  rpynnoshmxi T p a H m e r r M M ,  a o c T a n b H H e  - o6qeii ~ p a ~ m e e i i .  
G J I R  0 6 e c n e 9 e ~ ~ ~  IIOTO¶HOrO ABHlrCeHHR H a  OTAeJIbHbIX H a p b e p a x  ( n R -  

TOBCKOM, ~ O J I O T H I I H ~ ~ ~ B O ~ C K O M  M AP.) I IpHMeHI IeTCR C X e M a  BCKPbITHII 

n a p H b I M M  TpaHILteI IMH.  B n p a K T H K e  CTpOEITeJIbCTBa ~ ~ ~ ~ H O Y H M X  K a p b -  

@ p O B  rHP ( ~ o H I I I T ~ H A ,  J I I ~ ~ T H ~ ,  JIK)J(epcJ(op4 H AP.) BbICOTa H O ~ ~ I Y H O ~ O  

y c T y n a  H O C T H r a e T  30-50 At H H M e e T  T e H A e H q H I o  ~aJ lb~eHmer0 B03-  

* P a C T a H H R .  



~ P O H S B O A C T B O  q e 6 H R  H a  I 'OPHO~~ M a C C H ,  A O C T ~ B J I E I ~ M O ~ ~  113 H a p h e p a ,  
o c y q e c T s n c r e T c R  B A ~ O ~ X J I ~ H O - C O ~ T H ~ O B O P H W X  qexax n p ~  a a ~ o ~ a x .  
~ o c J I ~ ~ o B ~ T ~ J I ~ H o c T ~  nepepa60~~n  C H P b R  H CJIeAOBaHHe n o n y @ a 6 p ~ ~ a -  
TOB A 0  K O H ~ P H O ~ ~  C T a A H H  O T P a X a I O T C R  C I I O M O q b I O  CXeMM TeXHOJIOl'H- 

¶eC KOrO q H K J I a  B BHAe  C e T H  PaaBeTBJIRIOIqHXCR COeAHHEIIOIqEIXCEI M e ? H A y  
co6oH J IHHH~.  Ha pmc. 219 n o K a a a H M  o c H o B H a r e  T e x H o n o r m e c m e  c x e n r M  

npOH3BOACTB2  1qe6~a  C 

if.+ 
ABYX- 11 T ~ ~ X C T ~ A H ~  HMM 
A ~ O ~ J I ~ H H ~ M .  

T ~ X H O J I O ~ H ¶ ~ C K H ~  CXeMbI 

AH@@~P~~H~HPJ'IOTCR H a  K a -  
PeCTBeHHO-KOJIHPeCTBeHHb38, 
o T p a z a I o q n e  ~ c e  ~ s ~ e ~ e -  
HHEI B n p o A y K T a x  nepepa- 
~ O T K H  I 'OPHO~~ MaCChI ,  M 
c x e m  qenn a n n a p a T o B ,  H a  

2 K O T O P H e  H a H O C R T  IIYTLl 

CJIeAOBaHHR I ' o ~ H o ~ ~  Ma,CChI, 

IIPOAYKTOB n e p e p a 6 0 ~ ~ ~  H 
BOAP B cnyqae ee H c n o n b -  
S O B ~ H H R .  C x e ~ a  qenm anna- 
P a T O B  K p y I l H O r O  J J p 0 6 ~ J I b k I 0 -  
COpTmpOBO¶HOrO 3 a B O A a  
C rOJJoB0f i  IIPOH3BOACTBeH- 

HOG MOIqHOCTbIO 600 TMC, x3 - r q e 6 ~ c r  ~3 cna6b1x H cpep  
0 z ~ e f i  npO¶HOCTH n 0 p O A  no- 

Pnc. 219. Ocnoenve mxnonornuecwie cxe~br  npoasson- 
cTsa 1 4 e 6 ~ ~ :  ~ a s a ~ a  H a  PHC. 220. 

a - c ~ B Y X C T W ~ ~ A ~ ~ ~  Z I P O ~ J ~ ~ H E ~ M  6ea npensa ~ ~ e n b -  roTOBhI f3  @ P ~ K ~ H H  q e 6 ~ ~ 1  
Horo rpoxonem;  6 - c ~ B Y X C T ~ H ~ ~ H ~  npo&eHmenr 
n npegsa m n b m  rpoxonemeM; e - c n s y x c ~ m m ~  B 6 0 n b m m ~ ~ ~ ~ e  C J I P ~ ~ B  
ma* npot&emm m npen=apmTenb- rpoxo9-e~ no n o A e e p r a m r c R  gononna- 
SaMKHYTOMY qEKny Ha BToPo~~ CTaLlEIl Z I P O ~ ~ ~ H H R '  2 - 
c ~pexcranaft- ~ [ ~ o b n e ~ ~ f e r d  6es n ~ e n s a ~ m ~ e i b ~ o r o  ~ e J I b H 0 f i  0 6 ~ a 6 0 T K e  - HDO- 
r p o x o n e m  no s a ~ ~ ~ y ~ o m y  q m n y  Ha - ~ ' p e ~ i e t t  c ~ a m n  
npo6neasn; 8 - C T ~ ~ X C T W H ~ ~ ~ J M  npo6neeaem U MbIBKe '6ecnhInasaH'm, 
n m s a p m n b m m  rpoxoneamerd no ~ ~ K H Y T O M Y  qmny  ¶TO y n y q m a e T  ero Ka.re- 
Ha TpeTb& CT4IEE Z I P O ~ ~ ~ H U ~ ~ ;  1-2 - COOTBeTCTBepiO 

onepaqmn rpoxore~urr H npo6ne~urr CTBO. ~ . O ~ O P H ~ E I  I I p O A Y K q H B  

Y e T b I p e x  c ~ a ~ ~ l i j r  A P O ~ J I ~ H H E I .  B T ~ ~ J I .  88 n p m s e A e H b I  T e x H w e c K m e  X a p a K  

COpTBPOBOPHbIX 3aBOAOB. 

\ 
T e p H C T H K H  OCHOBHOFO TeXHOJIOrHPeCKOI'O O ~ O P Y A O B ~ H H E I  ~ p 0 6 1 1 J I b H 0 -  

X ~ O M ~  C T ~ A H ~ H O C T H ,  O I I P e A e J I R I O q H M H  n p H 3 H a K a M H  T ~ X H O J I O ~ H ¶ ~ C K O ~  

CXeMhI RBJIEIIOTCR I I p e A B a p H T e J I b H O e  I 'pOXOPeHEie, CHCTeMa H X a p a K T e p  
IIOTOKOB ~ e p e p a 6 0 T K E i  I ' opHof i  MaCCbI, UOPHAOK BhIBOAa H 3  I I P O q e C C a  
n p o A y K T o B  nepepa60~~11, H a n m n e  c n e q n a n b a M x  n p o q e c c o B  o 6 0 r a l q e ~ ~ ~ 1 ,  
P11CJIO JIHHHP , I ~ O ~ J I ~ H H E I  H X a p a K T e p H C T H K a  q H K J I a  A ~ o ~ J I ~ H H E I .  

Puc. 220. Cxma qenu annapaToe ~ p o b ~ ~ o - o o p m p o ~ o w 0 1  Qla6pnrur: 
I - nilaCTm~namlt nmaTenb 1800X 12 000 M; 2 - qeKosaa ~ p o 6 a n ~ a  1200X 1500; S - rpc- 
XOT CM-572; 4 - C enHeKOHyZWdIi 1p06EfJIKa KCz-22006; 5 - HOPOTKOKOHYCHaR m ~ o 6 a n ~ a  
KMA-%00; 6 - BmtpaITEOHHbIti PPOEOT CM-653; 1 - nea'r0WibItt KOHsefiep; 8 - UWIeCKOIIE- 
neC~Hti norpyaowutt ~onseBep: 9 - c e ~ ~ o p ~ n r t i  aaTBop c snewrponpaaonord; 10 - c e ~ ~ o p m f i  
SaTBOP 500 X 500; I1 - ~ O T K O B ~ I ~ ~  B E ~ ~ O ~ ~ T B O ~ - I I E I T ~ T ~ ~ ~ ;  I2 - S ~ ~ K T ~ O M ~ P H I ~ T H ~ I P  em6pa~op; 

18 - 6ynbnosep A-259; 14 - aHcHaBaTop 

O ~ H O I I O T O P H ~ E I  n e p e p a 6 0 ~ K a  r 0 p H 0 6  MaCCbI H M e e T  MeCTO n p H  OTCYT- 
CTBHH I I p e A B a p H T e J I b H O r O  I 'POXOPeHHR,  a T a R X e  K O r A a  n o ~ p e m e T H b I &  

I I p O A y K T  I I p e A B a p H T e J I b H O r o  r p O X O ¶ e H H R  IIOJIHOCTbIO CMeIUHBaeTCEI C no- 
TOKOM A ~ O ~ J I € ! H O ~ O  n P O A Y K T a .  ~ B Y X ~ O T O P H ~ I ~  JIHHHH IIPHMeHHIOTCEI 
npIi C ~ M O C T O E I T ~ S I ~ H O P  o 6 p a 6 o ~ ~ e  n O A p e m e T H O r 0  n p 0 A y K T a  n e p B O r 0  
r p o x o T a .  ECJIH n o ~ p e r n e ~ ~ ~ i i  n p o A y I c T  n p e A s a p m T e n b a o r o  r p o x o q e H m s  
CMemHBaeTCEI  C , Q O ~ J I ~ H M M  nPOAJ'KTOM I I ~ P B H ¶ H O ~ ~  APO~HJIKEI ,  1 1 ~ 0 f i n R  

¶ a C T w H O  CaMOCTOEITeJIbHyIO 0 6 p a 6 0 ~ ~ y ,  HJ IH  eCJ IH  OAHOIIOTOPHaEI C X e M a  
p a s ~ e ~ ~ n ~ e ~ c a  ~11360 nocne nepaofi c T a p H n  , q p o 6 J I e H m a  Aria nonyqenm 
~ Y T O B O ~ O  K I M H R ,  q e M e H T H O r 0  C b I P b R ,  @JIIOCOB HJIH Iqe6HEI  IIOHH3fEeHHOI'O 

C O p T a ,  JINGO IlOCJIe B T O P O ~  CTaAHH APO~JI~H~IEI  C BbIAeJIeHHeM IIPOAYKTOB 

32* 499 



T a 6 n 1 1 s a  88 n p 0 . r ~ ~ ~  n o p o ~  B KPYIIH~IX K J I ~ C C ~ X ,  B TO B ~ ~ M R  K ~ K  n p e ~ e j r b ~ o e  coaep- 
Tex~nqec~ax x a p a K T e p u c T m a  RPOBEJIOK ~ a a ~ e  cna6b1x p a a ~ o c ~ e i i  A ~ R  ~ e 6 a s  p a 3 n a u ~ ~ x  ~ n a c c o ~  O ~ ~ I P H O  

n p e g y c M a T p a s a e T c R  UOCTOIIHHHM. 
apo6nnxa B ~ 6 o p  qenecoo6pa3~ofi T ~ X R O J I O ~ H ¶ ~ C H O ~  CXeMbI ~ p 0 6 H J I b ~ o - C O P T M -  

pOBO¶HOrO 3 a B O A a  npOH3BOAHTCR H a  OCHOBe KOMIIJIeKCHOrO COnOCTaBJIe- 

I I o x a a a ~ e n ~  Hl IR  p a 3 j I H 4 H ~ X  B a P H a H T O B  A O ~ H ¶ H  H n e p e p a 6 0 ~ K H  r 0 p H 0 f i  MaCCbI. 
B 3 a A a H H H  H a  I I p O e K T H p O B a H H e  y K a 3 H B a H ) T C R  I 'OAOBO~ o 6 z e ~  IIPOH3- 

BOzCTBa  1 q e 6 ~ ~ ,  aCCOpTHMeHT I I p O n y H 4 H H  C y K a 3 a H H e M  BbIXOAa OTAeJIb- 

HbIX @ p a K q H E  H ~ p e 6 y e ~ o i i  MapOUHOCTH, H a U p a B J I e H H e  HCUOJIb3OBaHHR 

no6ou~b1x n p o ~ y ~ ~ o ~ ,  06pa3yro~~xccr  B npoqecce n e p e p a 6 0 ~ ~ ~  nopoAH 
P a 3 ~ e ~ b 1  3 a r P Y 3 o s H o r o  O T s e p C T t I R ,  900 x 1200 x 1 5 0 0 ~  600 x 6 0 0 ~  56 

. . - . . . . . . . . . . . . Xi200 XI500 ~ 2 1 0 0  ~ 9 0 0  ~ 9 0 0  H a  ~ e 6 e ~ b .  n p H  O ~ O C H O B ~ H H H  TeXHOJIOrH~eCIEHX CXeM Y9HTUBaH)TCR 

T a x a c e  r p a H y n o M e T p E I s e c m e  H n p o Y H o c T H H e  x a p a K T e p m c T H K m  n c x o ~ ~ o i i  
P a a h ~ e p b ~  a a r p y x a e ~ b ~ r  KYCKOB, XJL 700 1000 1200 500 500 40 ropaoii MaCCH c y ~ a 3 a ~ ~ e ~  s e p o ~ ~ ~ o r o  p a c n p e ~ e j r e ~ ~ ~  ~ ~ ~ P R ~ H I I H ) W H X  
~ H P H E ~  aarpysomoii  wen^, ant  . . . 130 150 180 75- 75- 3-15 n p ~ ~ e c e i i  no @ p a ~ q ~ c r ~ ,  A ~ R  sero c ~ p o c r ~ c a  ~a 6a3e a ~ c n e p n ~ e ~ ~ a n b -  
~ P O ~ ~ B O A H T ~ J I ~ H O C T ~  RJIR IIOPOA C p e g -  

H e H  Xp0IIOCTF3 C HaCbIIIHbID.1 BeCOhl 
200 200 HbIX AaHHbIX K p H B H e  I 'paHYJIOMeTpH¶eCKHX COCTaBOB B 3 0 P B a H H O r O *  

1,6 m/x3,  m / u  . . . . . . . . . . 180 280 500 67- 56- 18-9@ bIaCCHBa. ~ ~ C C J I ~ A O B ~ H H F I  I IoKa3bIBaH)T ,  ¶TO H a  r p a ~ y j ~ ~ ~ e ~ p H ¶ e C K H f i  

175 192 EI IIPO¶HOCTHO~~ C o c T a B b I  p a 3 ~ p 0 6 n e ~ ~ o i i  r o p ~ o i i  M a c c b I  60~1brnoe BJIH- 
~ ~ ~ O W H O C T ~  ~ J I ~ K T P O ~ B U ~ ~ T ~ J I R ,  E B ~  100 160 250 75 75 75 H H H e  OKa3bIBaH)T n a p a M e T p b 1  B 3 p b I B a ,  I I03TOMY IIPOeKTHPOBaHEIH) OIITEI- 
Bec R P O ~ H J I K H  6 8 3  3JIeKTpOABHl'aTemI,  

m . . . . - . . . . - . . . . . 72.9 140,5 255,7 21.9 23 24.7 M a j r b H o r o  n a c n o p T a  ~ Y P O B ~ P H B H H X  p a 6 0 ~  y n e x n e T c R  n e p B o c T e n e H H o e  

3 ~ a ~ e ~ ~ e .  
T e x ~ o n o r H ~ e c ~ ~ e  B3aHMOCBII3H Me)KAY K a P b e P O M  H A P O ~ H J I ~ H O -  

~ ~ O R O J T ~ N ~ E E ~ ~  T ~ ~ J I .  88. 
C0I)THPOBOPHbIM 3aBOHOM O ~ Y C J I O B J I H B ~ I O T C R  COOTBeTCTBHeM MaKCHMaJIb-  

a p o 6 x n ~ a  HbIX no KpyJ IHOCTH KYCKOB ~ O P H O ~  MaCCbI H I I p H e M H H X  OTB~PCTH& 

P ~ O ~ E I J I K H  I I epBMPHOrO ~po6ne~mcr ,  a T a K X e  YCpeAHeHHbIM Ka¶eCTBOM 

IIo1ia3a~enn EICXOJJHOrO C b I p b R  IIO C O A e P X a H H H )  l'JIHHHCTbIX U p H ~ e c e G ,  HeKOHAH4HOH- 

HbIX UO IcpeUOCTH ~ ~ ~ H o c T ~ G  H HX I I O ~ ~ ~ K ~ M O H H H M  P a C U p e n e J I e H H e M .  

TIID I 'o J IoBHo~~  APO~IIJIICH, C T ~ A H ~ H O C T ~  A P O ~ J I ~ H H R  I4 H ~ O ~ X O A H M O C T ~  

I I p e A B a p H T e J I b H O r O  I'pOXO¶€?HHR YCTaHaBJIHBaIoTCR C YUeTOM 3 a A a H H O r 0 ,  

0 6 z e ~ a  IIpOII3BOACTBa H aCCOpTHMeHTa  ~ O T O B O ~ ~  UPOAYKqEIH. H a a ~ u H e  
P a a n ~ e p b ~  sarpyaos~oro O T B ~ P C T M R ,  n p e ~ ~ a p m ~ e n b ~ o r o  r p o x o s e ~ ~ ~  o ~ a m ~ a e ~  n o n o ~ m ~ e n b ~ o e  B J I H R H H ~  

. . . . . . . . . . . . . . . 100 130 275 350 ~a y n a j r e ~ ~ e  cna6b1x p a 3 ~ o c ~ e f i  1x3 ~ O T O K ~ ,  ~ ~ y q e r o  ~a A ~ O ~ J I ~ H H ~ ,  

T a K  K a K  MaJIOUpO¶HbIe  I IOPOAH KOH4eHTPEIPYH)TCR B OCHOBHOM B MeJIHHX 

xxaccax. 
0 6 o r a q e ~ ~ e  W ~ ~ H R  H a  6a3e n a 6 ~ p a ~ e n b ~ o r o  A P O ~ J I ~ H H R  H e  1103- 

~ ~ O ~ H O C T ~  3 J I e K T p O R B H r a T e J I R ,  K6m . 160 250 280-300 250 250 BOJlHeT IIOJIy'TIXTb BHCOICOIIPOUHYH) I IPOAYKqHH),  II03TOMY B IIOCJIeAHHe 

Bec gpo6an~m 6e3 s n e ~ ~ p o g s a r a ~ e n ~ ,  rojm p a 3 p a 6 o ~ a ~ b 1  H n o n y m s r ~  pacnpoc~pa~enne cne~y l sqne  cne- 
m . . . . . . . . . . . , . . . . 47 79,9 106.4 79,3 78,9 q I i a J I b H H e  MeTOAH 0 6 0 r a ~ q e ~ ~ ~ :  C HCIIOJIb30BaHEleM pa3J IH¶EIX 

B YIIPYrOCTH H T P e H H H  c n a 6 ~ x  II IIPOUHbIX p a 3 ~ 0 C ~ e 6 ;  MeTOAOM OTCaAKH; 

B ~ ~ x e n o i i  c y c n e ~ 3 m ~ .  
A n H  npOH3BOACTBa  H3BeCTH H @JIH)coB, J I H ~ O  IIOCJIe ~ p e ~ b e B  CTaAHH AJIE ~ ~ O ~ K T H ~ I ~  UpOEI3BOACTBeHHbIe MOmHOCTH I ~ ~ ~ ~ H o ¶ H H x  3aBOAOB B H a -  

060rame~n11 U p 0 A y K l . a  no npO¶HOCTEI, TO HCnOJIb3YH)TCR T ~ X H O J I O ~ H ¶ ~ -  C T O R W e e  B p e M R  CTaHAapTFf3HpOBaHH H OUpeAeJIHIoTCII  B KOJIH¶€?CTB€? 400, 
CKHe CXeMbI C K O M ~ E I H H P O B ~ H H ~ I M M  UOTOKIMH. Y J I ~ ¶ I U ~ H I I ~  K a u e c T s a  600, 1290 H 2400 THC. .M3 @ P ~ I C ~ H O H H P O B ~ H R O ~ O  q e 6 ~ 1 1  B TOR AJIR CTa- 

~ e 6 ~ c r  AOCTHraeTCH 3a C¶eT  I IPOMHBKH,  C y m K H ,  r p a B H T a q H O H H b I X  H C n e -  q I I O H a p H b I X  II n 0 J I y C ~ a q H O H a p H b I x  ~ ~ ~ A I I ~ H R T H E  H 200 THC. . M 3  AJIH 
q H a J I b H H X  MeTOAOB 0 6 0 r a q e ~ m ~ ,  a T a K ) K e  I l p H M e H e H H R  3 a M K H Y T O r O  

C n e p e A s u x H H x  n p e ~ n p n ~ ~ m f i .  O a r i ~ ~ s e c ~ a r r  r o A o s a R  U ~ O H ~ B O A C T B ~ H H ~ I I  
qnma A ~ O ~ J I ~ H H R .  BZOWHOCTE, K O J I ~ ~ ~ ~ T C R  OT 3355 THC. m3 ( C ~ K C K O ~  ~ a p b e p o y n p a n j r e ~ ~ e )  

B e c b ~ a  s a x ~ o e  a ~ a u e ~ ~ e  H M ~ ~ T  ~ a a ~ a v e ~ m e  c x e M H ,  s ~ p a w a m ~ e e c ~  no 245-366 THC. a3 (Typ~eficxnfi, H a n y x c ~ ~ f i  ~ a p b e p ~ ) .  Ha AOJIH). 
3 a A a H H b I M  aCCOPTHMeHTOh1 . IpOAYK4E/H,  T a x  K a K  I I P O q e C C  A P O ~ J I ~ H H R  I iPYIIHbIX 13 C p e f l H e G  MOWHOCTH I I ~ ~ A I I P E I H T H ~ ~  C rOaOBbIM IIJIaHOM CBbILLIC? 

n p o ~ e ~ a e ~  n p e ~ ~ y ~ e c ~ s e ~ ~ o  ~ 3 6 l l p a ~ e a b ~ 0 ,  c ~ o ~ q e ~ ~ p a q ~ e f i  6onee 400 THC. a3 ~ ~ H X O A H T C H  Gonee 45% n ~ n y c ~ a e ~ o r o  ~ o s a p ~ o r o  me6~11. 
500 50Y 

a.. 

- "  



r p a B H f i  H IIeCOK OTHOCRTCR K ¶HCJIY IIOJIe3HhIX HCKOIIaeMbIX,  06pa- 
30BaBIIIHXCR IIOA B n H R H H e M  Pa3JIM9HhIX @ ~ K T O P O B  B H B e T P H B a H H R  TOP- 
H h I X  IIOPOA. r p a B H $  JZHpOKO I I p H M e H R I o T  HIIR IIPOH3BOACTBa 6 e ~ o n a  
H meneso6e~o~a ,  n o x p m a R  ~ B T O M O ~ H ~ ~ H M X  A o p o r  H B I z a n e c T s e  6an- 
n a c T a  AIIR B e p x H e r o  C T p o e H n R  W ~ ~ ~ ~ H O ~ , O ~ O ~ K H E , I X  ny~ei i .  I I e c l c n  H c n o n b -  
3YIoTCH BO MHOrHX OTPaCJIRX IIPOMbIIIIJIeHHOCTH EI B 3aBHCHMOCTH OT rpa- 
H y . T O M e T p l F I e C K O ~ 0 ,  llpO¶HOCTHOI'O H K a s e C T B e H H O r O  COCTaBa IIOIJ- 
p a 3 A e n R I o T C R  H a  C T p O E T e J I b H H e ,  AOPOWEIHe,  ~ ~ J I J I ~ c T R P ~ ,  CTeKOJIbHbIe ,  

@OPMOBO¶HH~,  a 6 p a 3 H ~ ~ U e  H T. A. 
n p o m r n n e ~ ~ o t i  p a 3 p a 6 0 ~ ~ ~  ~ P ~ B M P H H X  B n e c s a H M x  n fecTo-  

P O H C , L ( ~ H H ~  H ~ O ~ X O A H M O ,  ' 3 ~ 0 6 ~  O ~ ~ C I ~ ~ P ~ H H O C T ~  3 a l l a C a M H  COCTaBJIRJa  
H e  M e H e e  50 TbIC. .W3 AJIH K a P b e P O B  ~ ~ ~ ~ o H H o I ' o  3 H a ¶ e H H H  H 2-5 THC. at3 - 
AJIR MeCTHhIX I I p e a l l ~ ~ R ~ ~ f i .  n p e A e J I b ~ a R  MOIQHOCTb HaCOCOB OIIpeJe-  

n s e T c R  no @ o p ~ y n e  

l?Ae h - I IOJ Ie3HaR M O q H O C T b  IIPOAYKTElBHOrO CXOR, &; 
B - MaKCHMaJIbHO n O n y C T H M a R  C ~ ~ ~ C T O E I M O C T ~  ~ O T O B O $  IIpOJyIz- 

~ H H ,  py6/m3;  
S - n p o n m n r n e H H o e  c o n e p l r t a H H e  n o n e 3 ~ ~ x  K o M n o H e H T o B  B r o p ~ o f i  

M a c c e ,  %; 
b - CTOHMOCTb ~ 0 6 ~ 9 ~  I ~ ~ c ¶ ~ H o - I ' ~ ~ B H ~ H o I ?  CMeCH, py6/nt3; 
C - 3 a ~ p a ~ b 1  H a  0 6 o r a q e ~ ~ e  r p a B m  XI n e c I z a ,  py6/at3.  
I?op~oreoj?orl19ec~~1e o c o 6 e ~ ~ o c ~ ~  a a x e r a ~ ~ ~  r p a s ~ B ~ o - n e c s a ~ a r x  

M ~ C T O ~ O H ~ A ~ H R ~ ?  IIO3BOJIRIoT HCIIOJIb3OBaTb CpeACTBa  rHAPOMeXaHH3aqEIM 
B npoqecce ax  p a 3 p a 6 0 ~ ~ ~ .  Bonbnroe p a c n p o c T p a H e H n e  mMeroT pa3- 
J I H s H h I e  B a p H a H T h l  T ~ ~ H C I I O ~ T H O ~ ?  CHCTeMbI C IIPIIMeHE!HEIebl ~ B T O M O ~ I I ; I ~ -  

HOI'O H P e l K e  WeJIe3HOnOpOWHOI'O T P a H C l l O P T a  C BHeIUHHM o ~ ~ a n o o 6 p a -  
3 0 B a H H e M ,  a T a K l K e  C n e q H a n b H b I e  CEICTeMhI C I I P H M e H e H H e M  ~ Y J I ~ A O ~ ~ P O B  
H CKPeI IePOB.  B IlOCJIeAHHe r O A H  H a  P R n e  K a p b e p O B  B H e n P R I o T C R  IIPO- 
I 'peCCHBHHe ~ ~ C T ~ ~ H C ~ O ~ T H M ~  H TpaHCI IOpTHO-OTBanbHhIe  CHCTeMhI pas- 
~ ~ G O T K H .  EYPOB~PMBHH~ pa60~h1 n p n M e H n m T ,  ecnm aaneramm nones~oii 
TOnJI(H COnYTCTBYIoT IIPOCJIOH I I eCPaHHKOB HJIH MICCHBM BaJIYHOB (JIIo6e- 
perfcne ~apbepu) ,  a T a K x e  A n n  p u x n e H H R  necsa~o-rpasmf~oi i  carecn 
B ~ H M H H ~ ~  nepaon. 

ao6rd~ae~ym r o p H y I o  M a c c y  o 6 ~ s ~ o  o6ora1qam~. M o ~ p o e  oborarqe- 
H H e  I 'PaBHR I I P e n Y C M a T P H B a e T  r p O X O ¶ e H H e ,  ~ p 0 6 J I e ~ H e  m I IPOMbIBIiy;  
JIpH CyXOM 0 6 o r a q e ~ m ~  nOCJIeqHRR O I I e p a q H R  OTCYTCTBYeT. 

Mapna rpoxoTa 
I I o ~ a 3 a ~ e ~ 1 n  

C - 2 L 2  1 C - 1 3  1 (3-96 I CU-60 / C - 3 1  ( C - 2 1 3  

r a i j a p ~ ~ n ,  m a :  
AnHHa . . . . . . 3153 2387 3303 4150 5850 
IItHpHHa . . . . . 1920 1360 2025 1380 1250 
BbICOTP . . . . . 1226 1480 1703 1300 1170 

Rec, KZ . . . . . . . . - 2434 764 1740 
~ E C S O ~ ~ ~ ~ C O B  m CET . . . 3 2 3 - 
P a a ~ r e p a r  O T B ~ P C T H ~ ~  CBT, 

dL.1L: 

s e p x n e r o  . . . . 60x60 25x25 - 50 
~ n r n ~ e r o  . . . . . 8 x 8  12x12 - 

- 
25 

cpemero . . . . . 22x22 - - 
Y r o n  H ~ H X O H ~ ,  zpa8 . . 17-22 22-28 - 0-36 
qncno O ~ O ~ O T O B  B MMHYTy 1200 1100 18 19 
~ I O ~ H O C T ~  R s I l r a T e n a ,  

Rb'm . . . . . . . . . 3 2 7 2  1,1 2,7 
~ ~ O K ~ B O ~ E T ~ J I ~ H O C T ~ ,  

. W ~ / U  . . . . . . . . . 0 , 4 3 4 6  40-60 8-10 9-11 

B I I p O q e C C e  rPOXO¶eHEIR OTAeJIRIOT BahfIYHM H ~YJIHXCHHKH, R o n -  

n e s a q n e  n p o G n e ~ m ,  a oc~anbnofi M a T e p H a n  p a 3 ~ e n s m ~  no KpYlIHOCTH 

H a  @ p a I z q n ~ .  Ha r p a s m f i ~ ~ x  
K a p b e p a X  nPHMeHRH)TCR pa3JIEIP- 
H b I e  KOHCTPYK4HH rPOXOTOB - 
~ e ~ o n s m w ~ b r i i  nnoc~mH I z o n o c -  
H H K O B ~ I ~ ,  K H ~ P ~ H O H H M ~ ,  3KC- 

L ~ ~ H T P H K O B ~ ~ ~ ~ ,  6 a p a 6 a ~ ~ H H  H AP.  
T e x ~ ~ s e c ~ a ~  X a p a K T e p H C T H K a  

r 1 ) o x o T o s  npasenena B ~ a 6 n .  89. 
B 6 0 n b m ~ ~ c ~ s e  c n y s a e B  3a- 

r P R 3 H e H H O C T b  r P a B I 4 R  T a K  Be- 
n m a ,  ¶TO r p o x o s e ~ ~ e  H e  M o W e T  
o o ' e c n e n ~ i ~ b  H ~ O ~ X O A H M ~ I O  ¶H- 

CTOTY JlpOAYKLjHH, BCJIeACTBHe 
' sero ~ e o 6 x o ~ H ~ o  n p o m 3 s e c ~ ~  

n r o K p o e  0 6 0 r a q e ~ ~ e  H ~ E I  1 npo- 
n r u B I z y  c I IOMW~IO r p a B m e M o e K  - 

" z j I l n H H $ ( p m ¶ e c K m  I'POXOTOB, 060- 
I pYAOBaHHhIX l I IHeHaMH,  B KOTO- 

P H X  BOAa IIOAaeTGR IIPHHYAH- 



A-A - 
n 

Pnc. 222, IIepensnxnan npo6nnbno-copmpo~owia~ ycTaHosKa CM-9: 
1 - aarpyaownri 6yn~ep;  2 - nnTaTenb; 8 - O T B O A H O ~  ifien06; 4 - Wexoeari npo6un1ia; 

.5 - n e m o ~ ~ b l i  TpancnopTep; 6 - s e p x ~ n i  nnTaTenb; 7 - s u 6 p a q n o ~ ~ ~ ~ i  rpoxo~; 8 - 6yn- 
Kepa ro~osott nponyHqnn; 9 - sanHosaR npo6nn~a; 10 - ~ u m ~ u t t  soanymnnfl nmamnw 11 - 

Q J O T ~ ~ U O H H ~ I ~ ~  EUIeBaTOP; 12 - TpaHCIIOpTep AJlR HPYnHblX @paKq~i;  13 - TPaHCIIOpTep n;.¶ MeX- 
HEX @ p a ~ q ~ l f  

YCTaHOBKM MOHTEiPyIoTCII COBMeCTHO C O¶HCTHbIhIH a r p e r a T a M M .  nepe- 
,ABEIlrcHbIf? A P O ~ M J I ~ H O - C O P T E I P O B O P H ~ I ~  YCTaHOBHH BbIIIYCHaH)TCII H a  K 0 3 e C -  

HOM EiJIM Z<fCeJIe3HOAOPO?KHOM XOAY; HX IIpOH3BOAHTeJIbHOCTb AOCTEiraeT 

30 mlu. Ha p ~ c .  222 n o ~ a a a a a  c x e ~ a  n e p e A s u x i H o r o  a r p e r a T a  CM-9. . 
H p E i p o ~ ~ ~ e  n e c I c n ,  c o A e p x a m E i e  rqe6e~b,  r n E i H y ,  KOPHE~ p a c ~ e ~ ~ i i ,  

OKEICJIbI MeTaJIJIOB EI A p y r H e  IIpEIMeCH, IIOYTM B C e r A a  H e  YAOBJIeTBOPIIlOT 

T ~ ~ ~ O B ~ H H I I M  rOCTa. B 3aBEICEIMOCTM OT X a p a K T e p a  B K J I H ) ¶ ~ H E I ~ ~  EI 3a- 
DpOCOB D O T ~ ~ ~ H T ~ J I ~ ~  0 6 0 r a q e ~ ~ e  n e C K O B  IIPOH3BOAHTCII MeXaHHPeCKI IM 

mnm x n M H s e c I c H M  c n o c o 6 a ~ ~ .  B CBOH) o r I e p e A b ,  M e x a H n s e c l i o e  o6ora- 
W e H n e  ~ r n @ @ e p e ~ q n p y e ~ c ~  H a  M o K p o e  0 6 0 r a r q e ~ ~ i e ,  3a~nmsa1orqeec11 
B OTMYPMBaHEiH EI I IPOMbIBKe ,  EI C y X O e ,  I I O A p a 3 A e J I I I H ) ~ e e C c I  H a  OTCeEiBa- 

HH% OTBeHBaHEie  Ei 3JIeKTpOO¶EICTHy; 3 J I eKTpOO¶HCTHa  MOxieT  6 b I T b  

M ~ ~ H H T H O ~ ~  EI ~ J I ~ K T ~ O C T ~ T E I P ~ C K O ~ ~  ( K O P O H H O ~ ~ ) .  

B IIOCJIeAHEie FOAM p a 3 p a 6 0 T a ~ b I  I E O M ~ H H E I P O B ~ H H ~ I ~  MeTOAbI o6ora- 
WeHEIII ,  H a H 6 o J I e e  I IePCIIeHTMBHbIM Ei3 HOTOPbIX IIBJIIIeTCII @ J I O T ~ ~ E I F I .  

B p e 3 y J I b T a T e  @ J I O T B ~ E I H  YAaeTCII  I IOJIyPHTb IIPOAYICqEiH) C C O A e p X a -  
H M e M  PMCTOrO I I e C K a  A 0  99 %. 

M3 MeTOAOB XHMHgeCHOrO 0 6 0 r a q e ~ ~ i f 1 ,  KOTOPMe X a p a K T e P H 3 Y H ) T C I I  

ropa3Ao 6onbmefi CJIOXHOCTbH) Ei CTOEiMOCTbIO IIo CpaBHeHHH)  C M e X a H H -  

q e c I c n M u ,  ~ a E i 6 o n b m e e  p a c n p o c T p a H e H a e  n o n y s H J r a  o 6 p a 6 o ~ ~ a  n e c K a  

cxa6b1~ p a C T B 0 p O M  IIJaBeJIeKHCJIOI'O HaTpEIR  EIJIH KaJ IHI I  C A O ~ ~ B J I ~ H E I ~ M  

I ; p H c T a n n E i ¶ e c K o r o  C e p H o K r n c n o r o  zene3a, B c n e A c T B E i e  Y e r o  O K H C ~  xenesa 
DepeBOAHTCI I  B P a C T B O p H M b I e  COJIH, K O T O P M e  yAaJIRH)TCII I I P O M ~ I B K O ~ ~ .  

' r e x a ~ s e c ~ a ~  x a p a K T e p n c T H K a  n e c K o M o e K  I I p H B e A e H a  B T ~ ~ J I .  90. 
T a 6 ~ 1 ~ q a  901 

T e x ~ a q e c ~ a s  XapaxTepncTHxa necxoMoex 

n e c ~ o ~ o i x a  

IIoHaaa~enn BElHTOBaR A P ~ ~ O B ~ R  

CCM-536 I CCM-036 C-216 

~ P O E ~ ~ B O A A T ~ J I ~ H O C T ~ ,  d13/'1 15-20 4-6 20 . . . . . .  
Han6ommee s e p ~ o ,  15 15 - . . . . . . . .  
Y K ~ O H ,  zpaa . . . . . . . . . .  . .  18-20 18-20 - 
A n a ~ e ~ p  mHeKa, am 500 500 . . . . . . . . .  
~ I I C J I O  0 6 0 ~ 0 ~ 0 ~  B MBHYTY 40 40 - . . . . . . .  
n o ~ p e 6 ~ a s  ~IO~HoCTb, a. c .  11 3 1 ,8 . . . . . .  

- - -  
r a ~ i a ~ a ~ a  Mamma, ant: 

AJIHHa . . . . . . . . . . . . .  5405 4568 5750 
. . . . . . . . . . . .  m n p ~ ~ a  1085 915 960 

BaCOTa 1170 ' 1316 2320 . . . . . . . . . . . . .  



\ 

23. n o K o B c K H B I?. M., Q) e n o p o B H. C. A~BCTBHB yRapa 
' H ~aparsa  B ne$opMnpyeMnx cpenax. M., I'occrpoiiaqa~, 1958. 

124. P Ire e B C K H 3 B. B. I4 np. HCI IOJ I~~OB~HH~ aJIeKTpOHHhIX BP4HCJIHTeJIb- 
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