




B n O ~ n n e ~ C ~ a h  ~ e x a ~ ~ 3 a q ~ B  OTHPHTUX pa3pa60Ton. ~ o s o ~ l c u n o e - ~ . ~ r ~ ;  
C . ,  ITuensu~  r .  A. .  3ckun B.  C .  H ~ P B O  sHenpa0, 35 n.  CTP. 552. 

Kypc aTex~onormfl E 
tlT0~0& ¶flCTbIO yse6mna 
IIMX npoqeccoB Ha O T H P ~ I T ~ ~ X  ropHux pa3pa60T~a~0.  
Bo ~ ~ o p o l  n m r e  paccMoTpeHbl npuHqnmanbHbIe c x e m  nomnencrrot MexaaaaaqnH 

IfllPl~ePOB. CUoCO6bl IIpOXOAHE TpaHJIIel El CTpOUTenbCTBa KaPbePOB, BCKPhITUe Hapbep- 
IIMX nonel, cmcTer o ~ n p h l ~ o t  p a a p a 6 o ~ ~ n .  B Ksnre paccMoTpeHbl BOIIPOCU o p r a ~ a ~ a s u u  
ropllblx pa60T Ha napbepax, a Tanxe o c ~ o s u  npoeKTnposaarrn napbepoB. 
U HHElre OTpameHbl HoBefiIJIEe AOCTEmeHUfl C O B ~ T C H O ~  E 3apy6e)n~0i I ' o ~ H o ~  HaYHE 

R TBXHUHU, o n m  pa60m nepenosmx n p e n n p n x ~ ~ l ,  a Tanme pa6o~m ~ a y s ~ o - m c c n e ~ o -  
BBTeJIbCImX E IIPOeHTIIO-HOHCTPYHTOPCKEX EHCTUTYTOB, 3aHUMaIOJI(UXCfl BOIIpOCaME 
O T H P M T O ~  pa3pa60~m Mec~opom~eriml none3~blX HCKonaebwx. 

HHHPa n p e ~ ~ a 3 ~ a s e ~ a  B nasecme y s e 6 m ~ a  LUIR CTyAeriToB ropHhIx BYBOB GI Qanynb- 
TBTOB IIO CIIeqHaJIbHOCTEi aTeX~0nOrEiR E i  KOMIIjIeKCHaR MeXaHU3aUER O T K P ~ ~ T O ~  paspa- 
(Imm M e c ~ o p o m n e ~ ~ i  none3~b1x Ucnonaemxa. KHura Tanme MoieT cnymuTb noco6aem 
JJJIR BHmBHePOB U ~ ~ ~ O T H E I K O B  IIaYqHO-EiCCJIeAOBaTeJIbCHHX UHCTUTYTOB E IIPOeKTHhIX 
opr.~rrnoaqut. 

A B T O ~ H :  

M. r .  HOBOrnHJIOB, B. C. XOXPFIHOB, r. A. II9EJIHHH. B. C. 3CKIiIl 

P e q e ~ a e ~ ~ ~ :  
Ha[peBpa omirpbMntlx zopnbix pa6om Maanumozopcl~ozo zopnoremannypzuuecxozo 

uxcmumyma u npo@.  Oo?sm. mexn. nayx B .  II. IOramoe 

H'ypc ( ( T e x ~ o n o r ~ ~  H KOMIIJIeKCHaR M e X a H H 3 a q H I I  OT- 

K P ~ I T ~ I X  pa3pa6o~om OTHOCHTCR K ~ H C J I Y  I I ~ O @ H J I H ~ ~ K J I ~ H X  

I I p H  IIOArOTOBKe rOpHbIX XiHlKeHepOB IIO C I I e ~ H a J I b H O C T H  aTex- 
HOJIOrHR H KOMIIJIeKCHaR M e X a H H 3 a q H R  OTKPPTO~~ pa3pa- 

~ O T K H  M ~ C T O P O ? X A ~ H H G  IIOJIe3HbIX HCKOUaeMbIX)). ~ ~ H H ~ E I  

KHHI'a COCTaBJIeHa B COOTBeTCTBHH C U p O r p a ~ ~ o f i  K y p C a .  

B K H H r e  PaCCMOTpeHhI I IPHHqHIIHaJ IbHbIe  CXeMbI KOMII- 

J I ~ K C H O ~  M e X a H H 3 a V H H  K a p b e p o B ,  c n o c o 6 ~  UpOBeAeHHR T p a H -  

H CTPOHTeJIbCTBa K a p b e p O B ,  BCKPbITHe K a P b e P H P X  IIoJIefi, 

CHCTeMbI 0TKpbIT0ij[ p a 3 p a 6 0 ~ ~ ~  M ~ ~ C T O ~ O ~ K A ~ H E ~ ~ ~ ,  a T a K s e  

HaysHbIC? OCHOBbI I IPOeKTHPOBaHHII  COBPeMeHHPX K a p b e p O B .  

B K H H r e  OTpa lKeHbI  H O B ~ ~ I U H ~  AOCTHHCeHHX COB~TCKOG H 38- 

py6em~oH FOPHOG H a y K H  H TeXHHKH, OIIbIT pa60Tb1  IIepeAO- 

BbIX rOpHbIX I I P ~ A U P H X T H ~ ~ ,  p a 6 0 T P  COBeTCKHX YseHbIX 

H H C C J I ~ ~ O B ~ T ~ J I ~ ~ - ~ O P H R I ~ O B ,  CO3AaBIIIHX H a y q H b I e  H T e O p e -  

T H W C K H e  OCHOBbI O T K P ~ I T O ~ ~  p a 3 p a 6 0 T K H  M ~ C T O P O ~ K ~ ~ H E ~ ~  

IIOJIe3HMX HCKOUaeMPX,  OIIbIT HaYqHO-HCCJIeAOBaTeJ1bCKHX 

H UpOeKTHO-KOHCTPYKTOPCKHX o p I ' a ~ H 3 a q H f i .  3aHHMaH)mHXCR 

OTKP~ITOQ p a 3 p a 6 0 T K o f i  M ~ C T O P O ~ K A ~ H H ~ ~ ,  a T a K l K e  Hay'XHMl? 

FICCJIeAOBaHHII aBTOPOB &3HH0fi K H H r H .  

n p O @ . ,  AOKT. TeXH. H a Y K  M. r. HOBO~HJIOBPM H a m -  

CaHbI r J IaBbI  11, 111, VI, X, XI ,  XIII; COBMeCTHO C KaHA. 

TeXH. H a y K ,  AOV. r. A. ~ ¶ C J I K I T H ~ I M  - I k 3 ~ J . d  I, VIII 
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H IX; C KaHA. TeXH. H a y K  B. C. ~ C K E I H ~ I M  - l?JIaBbI IV, 

V H VII; IIp0@. AOKT. TeXH. H a y K  B. C. XOXPRKO- 
n a r ~  - rnasa XII, XIV, XV, XVI, XVII li XVIlI. I 

ABTOPM B h I p a X a I O T  ~ J I ~ ~ O A ~ ~ H O C T ~  COTpYAHHKaM K a -  
I 

4 f J e ~ p h I  OTKpbITbIX p a 6 o ~  M ~ ~ H H T O ~ O ~ C K O ~ O  I 'OpHOMeTaXXyp- 

r H s e c K o r o  H H c T n T y T a  H 3 a ~ e ~ y 1 0 1 q e ~ y  ~a@egpoB npo@. AOKT. 

TeXH. H a y K  C. u. HOIIOBY, a T a K X e  u ~ o @ .  AOKT. TeXH. H a y K  

I;. n. K)M~TOBY 38 60~1bmoii TPYA IIO pe I (eH3HPOBaHHIO 

y q e 6 ~ ~ ~ a  H C A e n a H H M e  HMm q e H H M e  3 a ~ e q a ~ m .  
Bce K p m T m s e c K m e  3 a ~ e q a ~ ~ 1 1  s n ~ a ~ e n e f i  no c o A e p x a H n m  

y q e 6 ~ m ~ a  aBTOpbI  I IpHMYT C ~ J I ~ ~ O A ~ P H O C T ~ I O .  

C Y ~ H O C T ~  BCKPhITHFI MeCTOPOX<AeHMR ( I i a ~ b e p ~ 0 r 0  n 0 . X ~ )  npli OTKPbI- 

TOG p a 3 p a 6 0 ~ 1 c e  3aKJIIO¶aeTCII B yCTaHOB.TeHMM I ' P Y ~ O T P ~ H C I I O P T H O ~  

CBII3H p a 6 0 ~ n x  I'OpH30HTOB K a P b e P O B  C IIyHIiTaMM I I p H e M a  r O p ~ 0 f i  MaCCbI 

H a  n 0 B e p X H O C T H  3eMJIH ( o T B ~ J I M ,  CKnaAbI ,  O ~ O ~ ~ T E I T ~ J I ~ I I M ~  @a6prnrc~ 
H T. A.) I IPOBeAeHHeM COOTBeTCTByIOQHX I'OPHOKaIIHTaJIbHMX B H P ~ ~ O T O K .  

~ ~ Y ~ O T ~ ~ H C ~ O ~ T H ~ R  CBII3b Me?l<AY p a 6 0 9 ~ ~ ~ 1  I'OPH30HTaMH B K a p b e p e  

R npHeMHhIMl i  I lYHKTaMH H a  IIOBePXHOCTH M O X e T  6 h I ~ b  OCYQeCTBJIeHa ¶e- 
pe3 K a n H T a n b H m e  T p a H m e H ,  m a x T H h I e  CTBOJI~I ,  JJITOJI~HH, n e p e n y c a H u e  

BOCCTaIOIqHe. ~ o c J I ~  IIpOBeAeHFfH B ~ I P ~ ~ O T O K ,  OTKPbIBaIO4HX AOCTYII 

C IlOBepXHOCTH K MeCTOPOHF~eHMIO, IIPOH3BOAMTCII I IpOBeAeHHe p a 3 p e 3 H h I X  

~ p a ~ J J I e f i  E IIOAI'OTOBKa p a 6 0 4 ~ x  l'OpM30HTOB K a p b e p a .  Y C T ~ H O B J I ~ K I K ?  

p a q H O H a J I b H O r 0  cnoco6a BCKPbITHfI K a P b e P H O r O  DOJIR - OAHa H 3  CJ?OX- 

HhIX 3aAa¶, OT IIpaBHJIbHOI'O P e I U e H H R  KOTOPOG 3aBMCRT TeXHHKO-BKOHO- 

MH4eCKHe I IOKa3aTeJ IH p a 6 o ~ h 1  r O P H O r 0  IIpeAlIpHHTMR B qeJIOM. 

Ha ~b160p cnoc06a BCKP~ITHII BJIHIIIOT MHOrHe  @ a I c ~ o p h I :  pe: ibe@ 

nOBepXHOCTH, CTe l IeHb  p a 3 B e A a H H O C T E  H YCJIOBHH 3 a J I e r a H m R  MeCTOpO- 

X A e H E R ,  IIPOH3BOACTBeHHO-TeXHM4eCKHe YCJIORHII p a 3 p a 6 0 ~ K ~  IleCTO- 

POHCAeHMII M T. A. 
PeJIbe@ MeCTHOCTH BJIMtIeT H a  p a 3 M e w e H H e  ICOBepXHOCTHbIX COOpy- 

x e ~ m i i  m B H e m H H x  O T B a n o B ,  a T a x m e  H a  p a c n o x o m e H H e  B c I c p m a m w M x  

B H ~ ~ ~ O T O K  H H a  HaI IpaBJIeHMe IIOBepXHOCTHbIX TpaHCnOpTIIb IX KOhlMYHH- 

~aqEf i .  K ' E ~ ~ H T ~ J I ~ H M ~  T p a H w e M  CTpeMRTCR IIPOXOAHTb IIO IlOHHlfFeHHhIhl 

y ¶ a C T K a M  IlOBepXHOCTH, ¶TO YMeHbILIaeT o 6 a e ~  IIOPOAHhIX p a 6 o ~  D p H  

CTPOHTeJIbCTBe. 

~ J I ~ M ~ H T ~ I  3 a J I e r a H H R  MeCTOPOHCAPHMII OIia3hIBaIOT BJIHIIHHe H a  ~ h 1 6 0 p  

cnoco6a BCKpbITMtI. ~ O P H ~ O H T ~ J I ~ H M ~  ti IIOXOrHe IIJIaCThI 0 6 ~ 4 ~ 0  BCKpM- 

BaIOT BHeIUHMMH TpaHIIIeIIMM, pa3MeIQaeMbIMM 3a DpeAeJIaMM I i O H T y p a  

K a p b e p a ,  HaKJIOHHhIe E KPYThIe - BHYTpeHHHMH TpaHLUeHMH, P a C n O -  

J I a r a e M h I M n  H a  6 o p ~ a x  K a p b e p a .  

IIpn A O C T ~ T O ¶ H O ~ ~  CTel leHH pa3BeAaHHOCTH MeCTOPOHFAeHIlR TPaHII IeH 

MOXHO P a C I I O J I a r a T b  B CTaqHOHaPHOM IIOJIOXeHHH H a  B e C b  CPOK C y w e -  

CTBOBaHHII K a p b e p a .  n p l X ~ I I ~ h I f i  C I I O C O ~  BCKPhITHII AOJIH<eH 06ecnes~- 
BaTb:  BhICOKYIO CTeI IeHb  6e3011a~~0~~1.i  p a 6 0 ~ ,  3 a A a H H y I O  I I p O n y C K H y I O  

H IIPOBO3HYIO C I I O C O ~ H O C T ~  BCKPbIBaIOL4HX B H P ~ ~ O T O K ,  MHHHMaJIbHMe 

CPOKE IIOAI'OTOBKH KapbepHOI 'O  IIOJIH K aKCIIJ IyaTaqHM I3 HaHMeHbIUHe 

KaIIHTaJI  b H h I e  3 a T p a T h I .  



BCKPHTH~ K a p b e p H O I ' O  YIOJIR IIPOH3BOAHT IIOCJIeAOBaTeJIbHO, IIO M e p e  

I IOHHKeHHH I'OpHhIX p a 6 o ~ ,  EJIH C p a 3 y  H a  BCH) I 'JIY~HHY p a 3 p a 6 0 ~ ~ ~ .  
~ o c J I ~ ~ o B ~ T ~ J I ~ H ~ T ~ ~  YIOpRAOK BCKPhITHH IIPHMeHREOT I I P H  p a 3 p a 6 0 ~ ~ e  
H a K n o H H M x  H KPYTHX aanexeg, K o r n a  ~ a x n ~ f  uocnenymtqmii y c T y n  

BCKPhIBaIOT C IIpeAbIAytqeI'O YIOCJIe COOTBeTCTByIo4erO p a 3 B H T H H  I'OPHbIX 

p a 6 o ~  H a  HeM. C O B O K ~ ~ H O C T ~  KaIIHTaJIbHhIX T p a ~ l l I e G ,  BCKPbIBaIO4HX 

p a 6 o s ~ e  YCTyIIbI A 0  K O H ~ ~ O G  ~ J I Y ~ L X H H ,  COCTaBJIReT CHCTeMY KaIIHTaJI  bHbIX 

~ p a ~ m e i i .  BCKPHTH~ C p a 3 y  A 0  K O H ~ ¶ H O G  ~ J I Y ~ H H E J  K a p b e p a  HMeeT MeCTO 

I I p H  p a 3 p a 6 0 T K e  I 'OpH30HTaJIbHbIX M ~ C T O P O H C R ~ H H ~ ~  C OTHOCZITt?JIbHO He-  

60~1bmoi j r  m y 6 ~ ~ o G  s a n e r a ~ ~ ~ .  
B OCHOBY ~~naccu$u~~ayuu  c n o c o 6 0 6  ~ C I E P ~ Z ~ U R  atecmopomdenu~ no- 

J IOKeHO HeCKOJIbKO UPH3HaKOB: HaJIH¶He,  YIOJIOBCeHHe, KOJIH9eCTBO H H a -  

3 ~ a s e ~ ~ e  BCKpbIBaIoIQHX r O P H h I X  B H ~ ~ ~ O T O K  K a K  TPaHCIIOPTHbIX KOM- 

M Y H E I K ~ ~ H G .  H a J I ~ g m e  KaIIHTaJIbHbIX I'OPHhIX B H ~ ~ ~ O T O K  HJIR BCKPhITMIE. 

MeCTOpOWAeHHH 0 6 R 3 a T e J I b ~ 0  B C J I y ¶ a e  IIpHMeHeHEIEI HceJIe3HO~OpOBCHOI'O, 

~ B T O M O ~ E J I ~ H O I ' O ,  K O H B ~ ~ ~ ~ H O ~ O  H A p y r H X  BHROB TpaHCIIOpTa .  ECJIH HCe 

MeCTOpOHEHeHHe pa3pa6a~b1~am~ C I lpHMeHeHHeM ~ ~ U I ~ H H E J X  3KCKaBa-  

I TOPOB, ~ a 6 e J I b H h T x  K p a H O B ,  TpaHCIIOPTHO-OTBaJIbHbIX MOCTOB HJIH A P Y r H X  

MeXaHE3MOB,  O ~ ~ C I ~ ~ ¶ H B ~ H ) ~ H X  I I e p e M e 4 e H H e  BCKPhImHbIX IIOPOA B OT- 

B a n b I ,  TO H ~ A O ~ H O C T ~  B KaIIHTaJIbHbIX T p a H l I I e R X ,  O ~ O P Y A O B ~ H H ~ I X  T p a H -  

CIIOPTHbIMH KOMMyHHKaqHRMB, OTIIaAaeT. OAH~I<O PCKPbITHC! IIJIaCTa 1 noneaaoro a c x o n a e M o r o  e e o 6 x o n ~ ~ o  o c y m e c T B n n T b  c qenbw R o c T a s x a  r 
A O ~ ~ I T O I ' O  IIOJIe3HOI'O HCKOIIaeMOI'O H a  IIOBePXHOCTb. H ~ o M ~  TOI'O, BCKPbIlII- 

HbIe  YCTyIIbI 0 6 R 3 a ~ e J I b H 0  AOJIKHhI 6 b I ~ b  CBR3aHhI C UOBePXHOCTbIO 

BCIIOMOI'aTeJIbHbIMH TpaHl I IeRMH AJIR AOCTaBKH K 3 K C K a B a T O p a M  I4 

BCKpbIlIIHbIM KOMnJIeKCaM O ~ O ~ ~ A O B ~ H M I I ,  MaTepHaJIOB H 3aUaCHbIX 

sac~ei i .  
Bc~pbI~amtqae  ~ b 1 p a 6 0 ~ 1 a i  paanmsaw~ no p a c n o n o m e H n w  OTHOCH- 

TeJIbHO KOHe¶HOrO ( I I p e ~ e J I b ~ 0 r 0 )  KOHTYPa H a p b e p a ,  B e J I H s H H e  YXJIOHa 

BCKpbIBaIOWHX B E J P ~ ~ O T O K ,  ¶HCJly YCTYIIOB , o ~ c J I Y B C H B ~ ~ M ~ I X  C H C T ~ M O ~  

~ p a ~ U I e f f ,  Ha3Ha¶eHHH)  H C p O K y  C J I Y K ~ H  BCKpb1BaH)tqHX B H P ~ ~ O T O I C .  
H a ~ H ~ a ~ b ~ h l e  T p a H m e H  MOI'yT 6 b I ~ b  PaCIIOJI03KeHbI B H e  KOHTYpa  

~ a p b e p a  n n H  BHYTPH H e r o ;  B n e p B o M  cnysae OHH RBJIHKITCH 6 n e u -  

nu,atu, BO BTOPOM - 6 n y m p e n n u a t u .  

B H ~ I I I H H ~  T p a H l I I e H  IIPOXOART C IIOBepXHOCTH A 0  6 o p ~ a  K a p b e p a  B er0 
KOHe¶HOM IIPOeKTHOM IIOJIOBCeHHH. B H ~ ~ I I H H ~  T p a H m e H  HMeIoT CTaqHO- 

H a p H O e  IlOJIOBCeKHe. B H Y T P ~ H H H ~  T p a H l I I e H  CTPeMRTCR PaCIIOJIaI 'aTb H a  

~ e p a 6 o s e ~  6 o p ~ y  H a p b e p a  B K o H e m o M  ero n o n o H t e H a n ,  ¶TO T a K m e  

06ecnesmsae~ HX CTaqHOHaPHOCTb,  HO B HeKOTOPbIX CJIy¶aHX,  C qeJIbH) 

YMeHbIIIeHEIH o 6 a e ~ a  I'OpHOKaIIHTaJIbHbIX p a 6 0 ~ ,  BHYTpeHHHe T p a H I I I e H  

p a c n o n a r a I o T  H a  p a 6 o s e ~  6 0 p ~ y  K a p b e p a .  y   TOM cnyqae no M e p e  non- 
BHPaHHH 6 o p ~ a  K a p b e p a  IIPOH3BOAHTCR I I e p e M e ~ e H H e  T p a H I I I e B ,  B CBH3H 

C ¶eM OHH HOCHT H a 3 B a H H e  C K O J I b 3 R 4 H X  C'Jd33AOB. 

T ~ ~ H c I I o ~ T H ~ T ~  KOMMYHHKaqHH K a p b e p a  MOrYT IIPOBOAHTbCH OT- 

AeJIbHbIMH AJIH I<aKAOI'O YCTyI Ia ,  O ~ ' ~ ~ ~ H H ~ H H H M H  HJIR rPYIIII YCTYIIOB 

m n H  O ~ ~ ~ H M H  AJIH B c e x  YCTYIIOB K a p b e p a .  

no 3TOMY I I P H 3 H a K Y  TpaHLzIeH AeJIRT H a  omdenan~e, ZpynnO6bZe It 

0 6 z 4 u e .  no Ha3Ha¶eHHH)  DCKpbIBaEOIIJHe B ~ I P ~ ~ O T K H  MOrYT CJIYKHTb AJIR 

1 Knacc B C K ~ ~ H R  CnocoB BCI~PMTHR B C K P ~ I B ~ K J ~ H C  B M P ~ ~ O T K Y I  

I C O M ~ H H ~ ~ F ~ H  BCKphI- B C K P M T H ~  HaKJIOHHQMH TpaHLUeRMH 
THR HaKJIOHHhIMH H llOPORHhIX YCTYllOB H KPYTbIMH- 
K~YTEJMH ~panmea- ~ 0 6 m h 1 x  
MH 

ICo~6?naq~a T p a H -  B C K P M T H ~  HaKJIOHHhIMH T p a H m e R M H  
IIIeHHOrO BCKphITHR nOpOJ(HhIX YCTJ'nOB H IIIaXTHbIMH 
C UOR3eMHhIM CTBOJIaMH -RO~WIHMX 

I C O M ~ H H ~ ~ H R  HeCKOJIb- P ~ R J I w H ~ I ~  COrieTaHHR C I I O C O ~ O B  BCK- 
KHX C U O C O ~ O B  PhITHR 1-111 KJIaCCOB. 
BCKPMTHR 



o , p r o s p e M e H H o r o  npoxona rpgaa ii n o p o x H a r r a  H ~ H  AJIH npoxona T O J I ~ K O  T a B n n q a  2 
rpysa, l I n H  TOJIbIiO IIOPOifEHIIKa. M H H M M ~ ~ ~ H ~ S  IUIipHHa KanIITaXbHbIX ~pa~ l l l eg  IlOHIi3y 

B T ~ ~ J I .  1 n p z i s e A e H a  ~ i z a c c ~ ( P ~ ~ a q n n  cnoco6oa B c K p m m a ,  paapa- 
~ O T ~ H H ~ H  npo(P., HOKT. TeXH. H a y K  R I .  r. HOBOXHJIOBMM. III~rlr~itia TpaHmen, m 

BTIJI T[falTCIIO])Td Ongexenfrloqee 

t ycnosrre 
C>Xrir~II~Tl lnf i  I ;H> YnyT~oi8 I T P P X I I Y T I I O ~  

B 3aBHCHMOCTH OT H a 3 H a P e H H R  P a 3 J I H q a H ) T  I i a I l H T a J I b H b I e ,  p a 3 p e 3 H M i ?  

zi cneqmanmae o m p a T a e  r o p H M e  B ~ I ~ ~ ~ O T K H  - T p a a m e n .  

ICanumanb~bze mpawueu c n y x a T  AJIR B c K p M T m a  M ~ C T O P O ~ H A ~ H H ~ ~  HJIH 

OTAeJIbHbIX er0 y¶EICTKOB C qeJ IbH)  C03AaHHII  ~ ~ ~ ~ O T ~ ~ H C I I O P T H O ~ ~ [  CBH3H 

pa6osmx I'OPH30HTOB Iiapbepa C IIOBepXHOCTbIO. C ~ O K  cnym6n KaIIz i -  

TaJ IbHbIX ~ p a E I U I e f i  O ~ H ~ H O  COOTBeTCTByeT CPOKY O T ~ ~ ~ O T K H  K a P h e p H O I ' O  

IIOJIII UJIH 0 6 c n y ~ m s a e ~ o r o  HM y ¶ a C T K a  MeCTOpOHCAeHHH. B 3aBEICHMOCTIi 

OT BHAa  n p H M e H I I e M O r 0  T p a H C n O p T a  H COOTReTCTByIoUI,erO €!My YKJIOHa 

KaI IHTaJ IbHbIX ~panmei i  H X  Ha3bIBaIOT HaKJIOHHbIMH (IIpEi iffeJIe3HO- 

A O P O X H O M  H ~ B T O N O ~ E J I ~ H O M  T P ~ H C I I O P T ~ )  &I K P y T b I M H  (IIPH YCTaHOBIce 

~ 0 H B e f i e p H b I ~  H I i a H a T H b I X  I I O H ' ~ ~ M H H K O B ) .  
Pa3pe3lcb~e mpUMuLeU J lpOXOHRT H a  KalKAOM p a 6 o s e ~  r O p H 3 0 H T e  

C qeJIbIo CO3AaHHII  I I e P B O H a 4 a J I b H O r O  ( P P O H T ~  r 0 l ) H b l X  p a 6 o ~ .  YKJIOH HX 

o6asno H e  n p e s b I m a e T  0,010. 
Cney.uanbnwe mpamueu c n y w a T  A n R  o r p a x A e H m  H a p b e p a  OT a T -  

M O C ~ $ ~ ~ H H X  BOA, H p e H a X a  MeCTOPOXHeHHH,  BOHOOTZHBa H X O ~ F I ~ ~ C T B ~ H -  
H O r O  O ~ C J I ~ X ~ B ~ H H I I  pa60snx y C T y n O B .  B o61qe~ C.Zy¶ae  T p a H U I e H  HMe- 

IOT T p a n e q n e s m A H o e  c e 4 e H x e .  Ecnu T p a H u r e m  I I ~ O X O A R T  H a  xocorope HJIH 
H a  IIOJIOrOM J I e X a s e M  6 0 ~ ~  ~ J I ~ ~ H H H O ~ O  MeCTOPOiICAeIiHR R 3 - 3 a  HeIIOJIHOrO 

n o n e p e s H o r o  npo(Pnns, TO EIX H ~ ~ M B ~ F ~ T  n o n y T p a H m e m r u .  ZCor~a H a n z i -  

~ a J I b H 0 5  T p a H m e e f i  BCKPhIBaIOTCR HeCIiOJIbKO I 'OPH30HTOB, ee C e ¶ e H H e  

n p m o 6 p e ~ a e ~  c T y n e H s a T ; v m  l $ o p ~ y .  OCHOBHM~ n a p a M e T p b I  T p a H m e z i :  

IUHIImHa IIOHMaY, YrJ Ib I  OTKOCOB 6 0 ~ ~ 0 ~  , Ilp0~0Jl ~ H H G  YKJIOH RJ IHHa .  

LZImpm~a ~ p a ~ m e i i  I I O H H ~ ~  O n p e p e n H e T c I I  B aa~mcmnroc~rn OT smAa 
T p a H c n o p T a  H ZImcxa n y ~ e i i  H n z i  nonoc , q s m m e H m ,  a ~ a ~ i - ~ e  OT n a p a M e T p o B  

IIpOXOA¶eCKOrO O ~ O P ~ ~ O B ~ H E I F I  51 cnoc06a IIP0XOAI;R C 0 6 ~ 3 a ~ e J I b H b I ~  

y ¶ e T O M  ~ c J I o B H ~  ~ C T O ~ ¶ ~ ~ B O ~ T H  OCHOBaHHH H ~ O P T ' O B  TpaHLUelZ. 

ILInpm~a T p a H m e z i  I I O H H ~ ~  O n p e g e x n e T c I I  r p a l $ n s e c ~ m ~  n o c T p o e H m e M  

HJILI IIPHHI'iMaeTCR IIO HaHHbIM,  JIpFiBeAeHHbIM B ~a6.x. 2. 
B 3aBEICHMOCTH OT cnoc06a IIpOXOflKH H I I a p a M e T p O B  I I p O X O ~ ¶ e C K O r O  

0 6 o p y ~ o ~ a ~ m A  m H p H H a  T p a H m e l l  I I O H H 3 y  M O X e T  6bI~b C K O p P e K T H p O B a H a .  

Tarr, ecnm T p a H m e m  npoxopm ~ e x a ~ r n ~ e c r r o i i  aona~ofi ,  TO ee m z i p H H a  

I IOHH3Y H e  A0TJ;KHa 6 b 1 ~ b  hIt?HblIIe RBYX PaAElYCOB B p a I q e H H H  K y 3 O B a  

a r r c ~ a s a ~ o p a .  

npli  y C T a H 0 B J I e H H H  I I I H P H H H  pa3pe3~0f  T p a H I l I e H  0 6 ~ 4 ~ 0  y¶EITbIBaIOT 

H ~ O ~ X O $ ( E I M O C T ~  0 6 e c n e s e ~ m ~  B ~ a j ? b ~ e f i U I e M  H O P ~ ~ X I ~ H O ~ ~  O T ~ ~ ~ O T K E I  

Y C T y n O B  C l $ p o H ~ a J I b H ~ f i  I I o ~ P Y ~ K o ~ I  BbIHHMaehfbLX r O P H b I X  IIOPOA. n p H  

n p o x o n I c e  pa3pe3~0fi T p a H m e m  B c r r a n b H M x  nopoaax ee rumpmy y c T a H a -  

BJIHBaFOT C y¶eTOhl  BO3MOiffHOCTH p a 3 M e t Q e H H R  B ~ O P B ~ H H O ~ ~  ~ O P H O ~  M a c -  

CbI II C0XI )aHeHHR T P ~ H C I I O P T H O ~  I I J I O q a A R H .  ~ ~ E I P E I H Y  TpaHLUeH OlIJle- 

AeJIHIoT C y¶eTOM P R A a  TC!XHH¶eCHHX H TeXHO.XOrII¶eCKE1X ~ $ ~ K T O P O B .  

Y r a ~  OTKOCOB ~ O P T O B  ~ p a ~ n r e i i ,  06ecnes~saroqlre 6 e 3 o n a c ~ o c ~ b  

p a 6 0 ~ b I  r 0 p H O r O  I1 T p a H C n O p T H O r O  O ~ O P Y ~ O B ~ H H F I ,  3aBHCEIT OT (PH~HIEO- 
M e x a H E i u e c r r m x  CBOGCTB nopop m c p o K a  C J I Y X ~ M  ~ p a ~ r n e f i .  Benmrn~a  
y r n o I i  omoca r r a n H T a n b H a r x  ~ p a ~ r n e i i  O ~ M Y H O  H e  n p e B m u a e T  B e n H n m H b I  

y r J I a  e C T e C T B e H H O r 0  OTKOCa ItOpOA. 

B ~ J I H V H H ~  IIpOAOJIbHOrO YICnOHa I1 AJIHHa T ~ ~ H I I I C ? ~  IIBJIIIIOTCR 

OCHOBHMMH KOHCTP~KTHBHMMH a n e M e H T a M m  n p H  T p a c c n p o s a H z i m  H a m -  
T a n h I I b r x  ~paameG. 

I 

I T p a c c u p o s a ~ u e x  xanurnanbrtbzz mpa~zuei l  H ~ ~ H B ~ I ~ T  Y c T a H o B n e H H C  

H a n p a B J r e H H c I  1 1 p o ~ o n b ~ o 5  ocm T p a H m e z r ,  a T a K x e  n o n o x i e H m  ee B n a a H e  

EI npol$nne. 
n n a ~  T p a c c M  I i a n m T a n b H b I x  ~ p a ~ ~ u e f i  n p e A c T a s n a e T  co6oP npoerr- 

4 H I o  J I ~ O J ( O J I ~ H O ~  OCEl H a  rOPH30HTa,TTbHyIO IIJIOCKOCTb H COCTOHT H 3  

I I ~ F I M O J I E H ~ ~ H ~ I X  X i  K P ' H B O J I H H ~ ~ H ~ I X  Y9aCTKOB. Ha n O C T p O e H H e  I I J I a H a  
TpaCChI  OCHOBHOe BJIHHHHe O H a 3 b I B a e T  l i ~ ~ l $ J i r y p a q ~ H  MeCTOPOWfFAeHHII. 

I I p o e ~ q ~ c r  npogonb~oii OCH ~ a n n ~ a x b ~ o i i  T p a H r n e n  H a  B e P T H K a n b H y I o  

nJIOCKOCTb I IpeHCTaBJI I I eT  lIp0~0JIb~bI6 lIpOl$liJIb. ~ Y H K T H ,  4epe3 KO- 

T O p b I e  AOJIHiHa I IpOXOAmTb T p a C C a ,  B b 1 6 H p a I o ~  B 3aBHCHMOCTH OT TODO- 



IIpOeKTHOrO IIOJIOHceHHR KOHTYPa K a p b e p a .  DO IIO.?OHceIIEIH, OTHOCEITeJbHO 0 6 e c n e s ~ ~ a e ~  HaHMeHbIIIYH) ItPOTEIHCeHHOCTb EI M H H H M ~ J I ~ H M $  CTPOHTeJIb- 

HOHe¶HOrO KOHTYPa K a p b e p a  pa3J IH¶aIoT B H e m H H e ,  BHyTpeHHEIe EI KOM- H M ~  0 6 n e ~  T P ~ H ~ ~ H .  P a 3 ~ e m e ~ ~ e  K ~ ~ H T ~ X ~ H M X  ~ p a ~ m e f i  B K O H T Y P ~ X  

~ H H H P O B ~ H H ~ I ~  T P  aCCbI. K a p b e p H O r O  UOJIH n p H  TaKOM n p H M h I K a E H H  ynpOll@eTCH, ¶TO C y ~ e C T B e H H O  

BH~IUHCIR T p a C C a  IIpOXORHT C UOBepXHOCTH 3eMJIH A 0  6 0 p ~ a  K a p b e p a ,  AJIR r n y 6 o ~ ~ x  K a p b e p O B  C OTHOCHTeJIbHO H ~ ~ o J I ~ I J I H M H  p a 3 M e p a M H  

OCTaBaRCb B H e  er0 I'paHHq, BHYTpeHHREI T p a C C a  P a n O J I a r a e T C R  B KOHTyPe  B I I J I ~ H ~ .  

K a p b e p a  EenOCpeACTBeHHO H a  er0 6 0 p ~ a x ;  K O M ~ H H L I P O B ~ H H ~ R  T p a C C a  Y ~ e ~ b m e ~ H e  YIcJIOHa H a  y¶aCTKaX IIpHMbIKaHHH KanHTaJIbHbIX T p a H -  

COCTOHT H 3  OTpe3KOB B H ~ I I I H ~ ~  H B H Y T P ~ ? H H ~ ~ %  TpaCChl.  P~cIIoJIoHF~HH~ me2 K P ~ ~ O P H M  r O P H 3 0 H T a M  (PHC. 2, 6) AOJIHCHO 0 6 e ~ I I e 4 H ~ a ~ b  HOPMaJIb- 

B c s p a s a m q m x  ~ p a ~ m e f i  H H a n p a s n e m e  ~ ~ ~ B H T H H  B c K p a m H a r x  p a 6 o ~  
B KOHTYpe KapbepHOI 'O IIOJIR OIIpeAeJIRIoT o 6 a e ~ n  I'OPHOKaIIEITaJIbHhlX 

p a 6 o ~  H I I e p ~ o ~ a P a J I b ~ h l f i  K O ~ @ @ M ~ H ~ H T  BCKPbImH,  CpeAHeI'OAOBMe 06%- 

eMbI BCHphIIIIHhIX p a 6 0 ~ ,  

M O ~ H O C T M  K a p b e p a  no no- 
6m9e U O J I ~ ~ H O ~ O  H c K o n a e -  

M o r o ,  a TaIc;Yce p a s ~ e p  K a -  

IIHTaJIbHhlX 3 a T P a T  H a  IIPH- 

o f i p e ~ e ~ n e  r o p H o r o  H T p a H -  

CnOpTHOrO 0 6 0 p y ~ o ~ a H H R .  

DO @ O P M ~  TpaCChl B 

I I J IaHe  KaIlHTaJl  bHbIe  T p a H -  

men A e m T  H a  n p o c T u e  H 
CnoHcHHe.  @ o p ~ a  T p a c -  

CM KanHTaJIbHhlX T P ~ H I ~ ~ H  
(PHC. 1) CPHTaeTCR n P O -  

C T O ~ ,  eCJIH OHa H e  MeHJTeT 
PHC. 2. Bkl~bl IIpHMbIKaHUR KaIIATaXbHbIX ~pNiIlIefi N pa60- 

 PI^. i .  ~ c ~ o e n b r e  ~oparm nnarxa ~ p a c c s ~  xanu~anb~mx CBOerO H a n p a B J I e H H R  no r o p e a o ~ ~ a ~ n  gapbepa 
~paemeu: BC& AJIHHe, H cJIoHCHO~, 

a - neT.?esaa ;6 - Tynnrrosaa; 8 - cnupanbnaa; 2 - 
K o M ~ ~ H H ~ O B ~ H H ~ R  e c n ~  COCTOHT ~ i 3  ABYX HJIH H 3  YCJIOBHR PaBHOMepHOrO ABHifCeHHR H a  PYKOBOARIQeM UOA'beMe. Be- 

HeCKOJIbKHX YPaCTKOB pa3- XH¶HHa CMRr¶eHHOI'O YKJIOHa Y¶aCTKOB IIPFiMhIKaHHEI O ~ W I H O  IIpHHH- 

HOrO H a n p a B J I e H H R .  B UOCJIeAHeM C J l y ¶ a e  OTAeJIbHhle Y¶aCTKYI TPaCChI M ~ ~ T C R  P ~ B H O ~  
COeAHHRIoTCR IETJIRMH, KPHBhIMH HJIH TYnHKaMH, COOTBeTCTBeHHO C 3TEiM i, = (0,50 t 0,60) ip, Oleo. 
T p a H I U e H  Ha3bIBaH)TCEI IIeTJIeBbIMEI, CIIHpaJIbHbIMU HJIH TYIIHKOBbIMH. 

@OPMM n J I a H a  T p a c c  B H e m H n x  ~ p a ~ m b i i  B c e r A a  npocme - IIPRMOJIH- 
~ J I H H ~  YsaCTKOB IIPHMbIKaHEfH CKJIaAbIBaeTCII H 3  AJIHHbI CTpeJIOPHOI'O 

Hel%HbIe EIJIH K P H B O J I H H ~ ~ ~ H ~ ~ I ~ ,  a BHYTPeHHHX ~paHIJ Ie i j [  MOrYT 6 b I ~ b  Iiah' n e p e B o n a  H AJIHHM 110e3za c 3 a n a c 0 ~  H a  T O P H O C T ~  ero Y c T a H o B K n  (15 a). 

npocme, T a K  m cnoHcHare .  
0 6 a s ~ o  O H a  AOCTHraeT 150-250 nt H B 3aBHCHMOCTH OT I I I H P H H P  KOJIeH 

II~OJ(OJIE.HIJH IIpo@EIJIb TpaCCbI X a p a K T e p H 3 y e T C R  B ~ J I H ~ H H O ~ ~  PYKO- 
npHHHMaeTCR: AJIR KOJIeH p a 3 M e p O M  1524 nt.W - 75-90 Z j -  AJIHHa 

BOARIQeI'O n0A'beMa Fi A J I H H O ~ ~  OTAeJIbHhlX 3JIeMeHTOB TP~CCEJ.OH COCTOHT 
noe3Aa; AJIR KOJIeH P a 3 M e P O M  1000 ntjlL - 40-50 nt $ AJIHHa UOe3Aa.  

H 3  I'OpFi30HTaLIbHbIX H HaKJIOHHbIX YPBCTKOB TPaCChl H nYHKTOB IIPHMhT- 
0 6 w ~ i i  n p H p O C T  AJIHHbI TPaCCM 38 C¶eT CMRl?¶eHHR UOA'beMa OIIpe-  

A e n a e T c c I  no a o p ~ y n e  
KaHHR rOPH30HTaJIbHbIX IIy~efi K HaKJIOHHhlhI. BOBMOHCHM T p H  OCHOBHhIe 

in 
I $ ~ p h l h I  IIPOI$HJIR KaUHTaJIbHMX ~ p a ~ m e f i  B 3aBHCLlMOCTH OT BHAa UpI I -  A L ( I  - )  a, 

IP MbIKaHHR HX K p a 6 0 4 ~ ~  I 'OpH30HTaM K a p b e p a :  I IpHMhIKaHHe H a  PYKO- 

BOARlI(eM IIOAaeMe 6e3 3Ha4HTeJIbHOrO CMRI'¶eHHR (PHC. 2, a ) ,  H a  CMRr- 8 rae n - 4HCJIO YPaCTKOB IIPHMhlKaHHR; 

s e H H o M  n o A n e M t  (pmc. 2, 6) H H a  n n o q a A K a x  (pnc. 2, 6). I I p n ~ a ~ a ~ m e  I 1, - AJlHHa V a C T K O B  npFfMhlKaHHR, nt; 

KaIIHTaJIbHbIX ~ p a ~ m e f l  K p a 6 o s ~ ~  r O p H 3 0 H T a M  H a  PYKOBOARU&eM IIOA'b- i,, in - P Y K O B O A R ~ H %  H C M E ~ ~ ¶ ~ H H P ~ %  UOA'beM, '/,,. 
e ~ e  (PHC. 2, a) ,  K O ~ A ~  H ~ ~ H ~ ¶ L I T ~ J I ~ H O ~  C M R ~ P ~ H H ~  U O A % ~ M ~  A O ~ Y C X ~ ~ T C H  $1 ~ ~ H M H K ~ H H ~  H a  CMII.r¶eHHOM nOA'beMe ¶aqe  BCerO BCTpe¶aeTCR I l p H  

n ~ m b  B ~ e c ~ a x  nepeceqenm n y ~ e f ,  p a 3 ~ e q e ~ n ~  c ~ p e n o ~  n ~a K ~ ~ B H X ,  . s M c o T e  y c T y n o B  6onee 12-15 nt H AJIHHHMX n e p e r o H a x .  ~ ~ H M M K ~ H H ~  

10 
b 





06513~ H ~ K J I O H H ~ X  KalIHTaJIbHbIX T ~ ~ H I I I ~ ~  COCTaBJIReT 3 H a ¶ ~ ~ e J I b H h I f i  1 
yneJIbHEJf  BeC B o 6 q e ~  06'beMe rOpHOnOAI'OTOBHTeJIbHhIX p a 6 0 ~  IIO CTpO- ",, 

HTeJIbCTBY K a p b e p a .  OH 3aBHCHT OT @OPMH H p a 3 M e p O B  Ce¶eHHR, BeJIH- 
¶HHJJ YKJIOHa TpaHIIIefi El peJIbe@a JIOBepXHOCTH 3eMJIH. 0 6 ' b e M  O,I(HHO¶HO~~ 
~ a n n ~ a m ~ o i  T p a H m e H  (PHC. 3, I) npm p o ~ ~ o i i  n o B e p x H o c T H  O n p e R e J I n -  
e T c R  no @ o p ~ y n e  npo@. E. 0. IIIern~o KaIc cyMMa o 6 a e ~ o ~  npamnb- 
HhIX reOMeTPH4eCKHX @ H ~ Y P ,  COCTaBJIRIOqHX er0. OH COCTOHT H 3  0 6 % -  
e M a  V,, n p e A c T a s n m o q e r o  cpeAHroro  s a c T b  H ~ I C ~ O H H O H  T p a H m e H ,  ~ ~ y x  

Pao. 3. Cxemra ~Ipacsery  obsenaa: 
I - o ~ m o ~ o t i ~ ~ ~ a ~ n o ~ ~ o ~  xanmanbaott Tpaameri; I1 - ~ a x n o ~ ~ o f i  06qefi x a n m a n r a o l  

Tpanmex 

rxe h - r n y 6 ~ ~ a  T p a H m e m ,  a; 
i - ~ K X O H  T p a H m e H :  
b - IIIHPHHa T p a H m e H  IlOHHBY, A; 
a - yro,.r o T K o c a  GOPTOB TpaHrrreur ,  zpad.  

H ~ K ~ O H H ~ R  rpynnosan B H e m n e r o  ~ ~ J I O W ~ H H R  T p a H m e r r  B c K p m a e T  
HeCKOJIbKO rOPH3OHTOB K a p b e p a .  n p H  3TOM TpaHII IeR MOWeT HMeTb 
BIJXOA H a  n o B e p x n o c T b  c IcaHcAoro r o p m 3 o ~ ~ a  (purc. 3, 11, a) m n  06qmii 
UbIXOA AJIR FleCKOJIbKHX I'OPH3OHTOB (PHC. 3, 11, 6). B nepBOM CJIy- 

¶ae o 6 a e ~  T p a H m e H  O n p e A e n R e T c R  no 4 o p M y J I e  

BO BTOPOM c ~ l y ¶ a e  o 6 a e ~  T P ~ H ~ ~ H  npm BCKPMTHH ABYX F O P H ~ O H T O B  

6e3 y s e T a  o 6 a e ~ a  T o p q a  o n p e A e n R e T c s  ~3 B r a p a x e H H n  

0 6 ' b e M  T p a a m e n  B n e p B o M  cnyqae M e H b m e ,  a n p o n y c K H a R  cnoco6- 
HOCTb Gonbme, P e M  BO BTOPOM CJIy¶ae.  ~ O ~ T O M ~  0 6 ~ 4 ~ 0  IIPOH3BOART 
BCKPbITHe BHemHHMH T p a H m e R M H  C He3aBMCHMhIM BEJXOAOM I I y ~ e g  HJIH 

gopor c B e p x H H x  YCTYIIOB. B H e m H H e  T p a H m e H  pacnonaramcn non y r n o M  
OTHOCHTeJIbHO KOHTYpa K a p b e p a .  CTPOET~JI~CTBO BHemHHX ~ p a ~ m e f 3  

MOHteT OCYIU,eCTBJIRTbCH OAHOBPeMeHHO C I I P O X O A K O ~  pa3pe3~0g T p a H m e H .  

~ P O ~ O J I ~ H E J G  I I P o ~ H J I ~  H C T P O H T ~ J I ~ H ~ I ~  0 6 n e ~  BHBIIIHHX T P ~ H I I I ~ ~  

O ~ p e A e J I R e T C R  B ~ H ~ ¶ H T ~ J I ~ H O ~  CTenBHH ILpHMeHReMJSM BHAOM TpaHCIIOPTa.  
T ~ K ,  IIPH K O H B ~ ~ ~ P H O M  TpaHCIIOPTe I I P o ~ o J I ~ H M ~  IIp0@HJIb T p a H m e H  HMeeT 

BnA,  n o ~ a a a ~ ~ ~ i i  H a  PHC. 4, I, a ee o 6 n e ~  onpeAeJrReTcR no @ o p ~ y ~ r e  

hs b f h  2h v = ~ ( ~ + ~ ) - ~ ( ~ + - )  t g a  t g a .  2 3 t g a  ,ra3. (I,13) 

~ P H  KOJIeCHOM TPaHCIIOPTe B n y H K T a X  IIpHMhlKaHHR HaKJIOHHhlX 
I I y ~ e f  K rOPII30HTaJIbHHM V T R M  YCTYIII P a A H y C  3 a K P Y m e E I H R  KPHBJSX 

,I(OJIXeH 6 h I ~ b  H e  MeHee  MHHHMaJIbHO AOIIYCTEMOrO 3Ha¶eHHR. n J I a H  T p a H -  

I I E H  n O K a 3 a H  H a  PHC. 4, 11. A J I R  YMeEbmeHHII CTPOHTCJIbHHX 0 6 ' b e ~ o B  
K p n s a e  q e ~ r e c o o 6 p a 3 ~ 0  pacnonaram H a  n o A a e M e ,  C H m a R  ero B e n w m y  

no CpaBHeHHIO C PJ'KOBOARqHM IIOA'beMOM H a  B e J I E I H a y  





1 L=(L1+L2+. . . l n ) - 4  cosy ' 
+ 1 ; + 1 ; + .  ..+LA 

n n 

T O ~ H O C T ~  IIOACPeTa 0 6 ~ 3 ~ 0 ~  yBeJIIFIHBaeTCR DpEf YMeHbIIIeHHH pac- 
CTOFIHHFI M e m n y  nonepemmm napannenmmm ceserrnmm. IIpn npo- 
XOAKe ~ X Y ~ O K H X  TpanII Ie f i  B CJIOWHbIX I'OpHOl'eOJIOrH¶eCKHX YCJIOBHFIX 

A - A  - 6-6 B-B r-r 

A r- fir- El-- f r 

Y C J I O B H M ~  0 6 0 3 ~ a s e ~ n c 1  

S1,  S,. . . - n J r o m a A H ,  c o c T a s n c I I o q H e  c e n e H H e  T p a H m e H  B T o m a x  
I IepeXOAa HaKJIOHHhlX YPaCTKOB A H a  B I'OPHBOH- 

T a n  bHhIe; 
S;,  S; ... - nnoqagn, c o c T a s n n I o q H e  c e s e H H e  T p a H m e n  H a  

y¶aCTKaX G HIKJIOHHHM AHOM; 

2* 19 



- IIIHPHHa TpaHmeH lIOHH3Y; 
In, - rOpH30HTaJIbHhle PaCCTORHHR MeHCAY COOTBeTCTBY- 

IOWHMH Ce¶eHHRMH T ~ ~ H I I I ~ ~ ;  
n - s n c ~ l o  Y C T Y ~ O B ;  

y - yron norameHnR 6 o p ~ a  Kapbepa , zpad; 
HI ,  Ha ,  .. . Hn - BhlCOTa YCTynOB; 

GI, Ca, .. . 6, - IIIHPHHa 6 e p ~ ;  
a - yron omoca 6 o p ~ a  TpaHmen, zpad. 

Pr~c. 7 .  C x c a a  K p a c q e T y  o6ncaa nonyTpaHmcn 

0 6 a e ~  ~ ~ y ~ p e m e i i  HPYTOP TpaHmem onpeAenReTcR no a o p ~ y n e ,  
~ ~ ~ A J I O X ~ H H O ~ ~  ¶n.-~Opp. AH CCCP R.  B. PXU~BCI~HM 4 

b ctg B v = h 2  (c tga-  ctgy)LT ++(c tga  - ctgy)- c t g a ] p  ma, (1920) 
I 

rAe a - yron HaHJroHa TpaccM, zpad; 
y - r e ~ e p a n b ~ ~ i i  yron norameHHH 6 o p ~ a  Hapbepa, zpad; 
h - r n y 6 ~ ~ a  Kapbepa, at; 
b - mHpnHa ~ p y ~ o i i  TpaHmem, m; 
$ - YrOJI OTKOCa ~ O P T O B  TpaHmeH, 2 ~ ~ 8 .  

0 6 a e ~  ~ a r c n o ~ ~ o i i  nonyTpaHmen, n p o i ~ e ~ ~ o i i  Ha Rocorope, onpe- 
AeJIHeTCR C ~ M M O ~  O ~ ~ ~ M O B  I$mryp, ee COCTaBJIRIolI(HX (pmc. 7).  OH^ 

h 'IClb COCTOHT H 3  ~ P R M O ~ ~  IIpH3MbI C B H C O T O ~ ~  7 ---, B OCHOBaHHH KOTO- 
L 1. 

t g  a t g  B 
$= t g a - t g p  ' 

rAe h - p a a ~ o c ~ b  oTMeToH Haqana H KoHqa nonyTpamueH, m; 
a - yron oTKoca nonyTpaHmen, zpad; 
p - YrOn OTHOCa R03BbIIlIeHHOCTH HJIm JIeXEaPerO 6 0 ~ a  I I O J T O ~ O ~ O  

MeCTOPOZAeHHR, zpad. 
O6aenr HecTaqxloHapaHx HaHnoHHMx B H ~ T ~ ~ H H E I X  ~ p a ~ m e i i ,  pacno- 
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noxeHHHx Ha p a 6 o ~ e ~  ~ O P T Y  Kapbepa (cKoJI~~FIIQHx C ~ ~ ~ A O B ) ,  nOAC¶H- 
ThIBaeTCH B 3aBHCHMOCTH OT YrXa 3aJlOjIieHHH. Cxelllb1 I;  nOAC¶eTy 06%- 
 MOB npxisenem Ha p ~ c .  8. E c n ~  
yron s a n o z e ~ ~ ~  c a e 3 ~ a  no OTHO- 

UIeHHIo IE ~ O P T Y  YCTYHa PaBeH 0"  
h -  -----=--- - 

m n ~  ~ J I H ~ O K  K HeMy, TO rOpH0- / -Ti  
C T ~ O H T ~ J I ~ H H ~  o 6 a e ~  C%e3Aa nOA- 
C¶HTHBaeTCR KaK o 6 5 e ~  OAHH09- 

a 
C HOP H ~ K J I O H H O ~  nonyTpaHmeH, 

~ ~ C ~ O J I O H E ~ H H O ~  Ha OTCTPOeHHOM 4 
6 o p ~ y  xapbepa, H onpeAenReTcR 
no 4 o p ~ y n e  (I,21). I I ~ H  yrne 
~ ~ J I O H C ~ H H H  c a e s ~ a  no omome- 
HHH) K ~ O ~ T Y  YCTYna, PaBHOM 90" 
HXH ~ J I H ~ K O M  K HeMY, o 6 a e ~  TpaH- 
men H3MepHeTCR A 0  OTKOCa 6 o p ~ a  
Hapbepa H pacseT ropHocTpom- 
TeJIbHhIX O ~ ~ ~ M O B  UpOm3BOAHTCR 
no 4 o p ~ y n e  (I,13). 

0 6 a e ~  TpaHmeH ( c a e s ~ a )  npn 
KaKOM-TO YrJIe no OTHOIIIeHHH) ' 

JA 

K 6 0 p ~ y  ycTyna 3aHMe~ np0Me;riY- 
TO¶HOe nOJIO?KeHHe MeXAy BbIIUe- 
YKa3aHHbIMH 065e~aMH H OnpeAe- 
SICITCH KaK CyMMa o 6 a e ~ o ~  Ups- 
B H J I ~ H M X  reoMeTpmecxnx 4 ~ r y p  
38 BhT¶eTOM ~ ~ O T K O C H O ~ ~  HX W C T H  

EI IIOAC¶HTbIBaeTCR I I O  ~ O P M Y J I ~  

;g 
bh2 bh2 + C. 

V=-- 2' 6 t g B s i n c p  cL 

r Ae cp - yron 3 a n o ; ~ e ~ ~ r r  npofio~rb~oii  OCH c a e s ~ a  no oTHomeHmIo 
K OTCTPOeHHOMY COPT Y YCTyna, 2 ~ ~ 8 ;  

a H p - yrnbI oTHoca 6 o p ~ a  noxyTpaHmeH H 6 o p ~ a  ycTyna, zpad. 
0 6 a e ~  pa3pe3~oii TpaHmeH a IIPH IIOCTOEIHHOM ee Ce¶eHHH 

(pmc. 9, a) onpeAenReTcR s a x  
o 6 a e ~  npFI~0f  ItpHBMhI, B OCHO- 

BaHHH I C O T O P O ~ ~  JIeZHT Tpane- 

m m 

ipkmen:  
n - H J  ~ B B H E I H H O B  MBCTHOCTH: 6 - H:l HOCOrOpe V - ( h + h c t g a ) h L ,  a 3 ,  (I,24) 

rAe L - a n m a  TpaHmeH, AL- 

Hpm npoxogKe pa3pe3~oii TpaHmeH no ~ o c o r o p y  H J ~ H  Ha nonoroM 
JIe;rca¶eM ~ O K Y  ~ J I Y ~ H H H O ~ O  hfeCTOpOXCAeHHEI (pmc. 9, 6) ee o 6 a e ~  On- 
peAenReTcR no ~ O P M Y J ~ ~  b2 s in  a s i ~ l  fi v =  L ,  m3. 

2 s in  ( a  - pJ) (1'25) 



11 3aBHCHMOCTH OT @X311K0-M~X~HW~CKHX CBOGCTB rOPHhIX IIOPOA, 

I)II:IM('pOB CB¶eHHR TpaHJBef, ItpOXOAseCI<OI'O O ~ O P Y A O B ~ H H R  CIIOCO~EJ 
I I p o x  ORKH ~ p a ~ m e f  AenaTcR: 

1) no HaAH¶HH> HJIH OTCYTCTBHW TPaHCIIOPTEMX CpeACTB: 6 e c ~ p a ~ c -  
Ilopl.lrMe c p a 3 ~ e q e ~ ~ e ~  IIOPOA~I H a  6 o p ~ a x  ~ p a ~ m e i i  i r s ~ c ~ a s a ~ o p a s f ~ ;  
'1'[~~lICJIOpTHMe C B ~ I B O ~ K O ~ ~  IIOpOAM Ha OTBaJIhI; K O M ~ H H H P O B ~ H H M ~  

(: YRCTEI¶HMM ItpHMeHeHHeM TPaHCIIOPTHbIX CpeACTB; 

2) no pacnonomeHnm 3 a 6 0 ~  npH n p o x o h ~ e  ~ p a ~ m e i i :  c TOPQOBMM 

(JI~F~oBMM) 3 a 6 0 e ~ ;  C ~ O K O B M M  3 a 6 0 e ~ ;  
3) no cxeMaM nposeAeHHa: H a  BCIO ~ J I Y ~ H H Y ;  nocnoii~oe; 
4) Ha cneqmanbHMe c n o c o 6 ~  nposeAeHHcI: c noMoqbro KonecHMx 

clcpcnepoB, ~ H A ~ O M ~ X ~ H H ~ ~ ~ H H ,  M ~ C C O B H X  BapmoB H a  ~b16poc H T. A. 

~ ~ C T ~ ~ H C I I O ~ T E I M ~ ~  cnoco6 npOXOAKH TpaHIIIef IIPHMeHfIWT, eCJIn 
EIMBBTCH B03MOXHOCTb pa3MeCTHTb IIOPOAbI, H3BJIeICaeMhIe IIPH IIpOXOAKe, 
Ira 6 o p ~ a x  TpaHmeH. C ~ ~ C T B ~ ~ T  60~1bmoe ¶HCJIO ~ ~ C T ~ ~ H C ~ O ~ T H M X  cno- 
COGOB npOXOAKH TpaHJIleH, pa3JIE¶aIoII(HXCR npHMeHHeMbIM 060pygosa- 
m e M  z i  YCJIOBHRMH IIPOXOAKH. Ham6onee pacnpocTpaHeHhI cxeMbI 

C ItpHMeHeHHeM ~ K C K ~ B ~ T O ~ O B - ~ ~ ~ ~ ~ ~ ~ H O B .  ~ H ~ ¶ H T ~ J I ~ H O  PeHce HCIIOJIb- 

RYKIT MexaHwecKHe nonaTar c ysenweHHMMn p a 6 0 9 ~ ~ ~  napaMeTpaMn. 
3 1 c c ~ a ~ a ~ o p ~ - ~ p a r n a B ~ b 1  npHMeaRIoT IIPH npoxoAKe ~ p a ~ m e i i  B Mnr- 

KHX IIOpOAaX, He  T ~ ~ ~ Y I O I Q H X  BeAeHHR ~ Y P O B ~ P M B H ~ I X  pa6o~ .  Hparna f~bI  
C 0MKOCTbW KOBma 60~1ee 3-4 m3 MOWHO IIPHMeHHTb HJIH IIPOXOAKH 

~ p a ~ m e i i  B nnoTHarx rnmncTMx HnH nonycKanbHarx noponax, paspa- 
6 a m s a e ~ ~ x  c noMoqbm 6yp0BapbI~Hb1~ pa6o.r. M e x a ~ ~ s e c ~ ~ e  nonam 
IIpHMeHHIOT npH ~ ~ C T P ~ H C I I O P T H O M  cnoc06e IIPOXORKH TpaHmeG B no- c 

JIycKanbHMx H C K R J I ~ H M X  noponax, npensapHTenbHo p a 3 p ~ x n e ~ ~ h 1 x  4 .  

BBPMBOM. B 3aBHCHMOCTH OT paCnOnO?KeHHH OCH ABHHteHHH aKCKaBaTOpa 7 
IIO OTHOJlIeHHW K OCH TpaHmeH B03MOWHhI CJIeAyIoE(He 6e~~paEI~n0pTHhle 
CXeMM IIPOBeAeHHR TpaHlUeii. 

O C ~  ABnmeaHR a ~ c x a ~ a ~ o p a - ~ p a m a i i ~ a  cosnanaeT c ocbro TpaHmeH. 
Becmpancnopmna~ cxema npoxodzu mpanzueli d p a z ~ a l i n o x  c pa3me- 

y e n u e x  nopodbz na o6oux 6opmax mpanueu  (pnc. 10). OCHOBHM~ pa3- 

~ e p ~  TpaHmem onpeAenHmT ~3 YCJIOBHR: 

l'ne V ,  - O ~ Z ~ M  ItOpOAhI, B M H H M ~ ~ M O ~ ~  H3 TpaHQleS3, .Ms; 

k - K O ~ ~ $ H Z ~ H ~ H T  pa3pMXJIeHHfi IIOPOAP; 

( - o 6 z e ~  IIOpOnbI, KOTOPYIO MOXHO pa3MeCTHTb H a  OnHOM 6 0 p ~ y  
' 

TpaHmen, x 3 .  
Torga IIIHpHHa TpaHmeH IIOHH3Y OIIpeAeJIHTCEI IIO @0pMyne 

rne h - r~1y6naa TpaHmem, m; 
y - y c ~ o i i s ~ ~ ~ i i  yron oTKoca TpaHmen, zpad; 

0 6 ~ 1 3 ~  oTsaira Ha  6 0 p ~ y  TpaHmeH V ,  onpeAenaeTcR J ? ~ I H ~ ~ ~ H ~ I M  na- 
pah.reTpaMH aparna i i~a ,  T. e. 

rAe R, - p a w y c  p a 3 r p y 3 ~ ~  gparnai i~a ,  iu; 
C - PaCCTORHHe Me?XAy HHXCH~G ~ P O B K O ~ ~  OTBaJIa H BepxHefi 

G P O B K O ~ ~  TpaHmex, m; 
fl - y c ~ o i i s ~ ~ b ~ t i  yroa oTKoca oTsana, zpad. 

Prrc. 10. C n e ~ a  6ec~parrcnop~- 
HOII lIp(*XOAlC5i TpaHlnCW Apar- 
:taii~om npa pnsmru~euwa no- 

poufir ea  o6oex 6 o p ~ a x  

PaGo~a aparna i i~a  no a ~ o i i  cxeMe B O ~ M O ~ H ~  IIPH C O ~ ~ H ) A ~ H H E I  cne- 
Ayroq~x  Y C J I O B H ~ :  m y 6 ~ ~ a  TpaHmeH h He AonmHa npesbImaTb r n y 6 ~ ~ y  
sepnaHncI sKcKasaTopa h,, T. e. h, < h,; BucoTa oTsana ho He RonlicHa 
npeBbImaTb BMCOTY p a 3 r p y 3 ~ ~  aKcKaBaTopa hp, T. e. h, < h,; paccTos- 
ane OT OCH TpaHmeH ,qo qeHTpa oTsana He Aonmrro IIpesbImaTb pamyca 
p a 3 r p y 3 ~ ~  aKcKaBaTopa, T. e. 



I'ny6~na ~panuren, a, . . . . . . . . . . . .  
Yr0n O T K O C ~  6 o p ~ a  T ~ ~ H I D ~ H ,  apa8 . . . . .  
Yro.1 o ~ ~ o c a  o ~ s a n a ,  zpa8 . . . . . . . . .  
IIIr~prr~a TpaHmeH, nt: 

IIOHHBY . . . . . . . . . . . . . . . .  
n o ~ e p x y  . . . . . . . . . . . . . . .  

Bhlco~a o ~ e a n a ,  nt . . . . . . . . . . . . .  

ABHi1;eHHR 3KCKaBaTOpa OTHOCHTeJrbHO OCH TpaHIUeEi. B 3TOM CJIy¶ae 

M O r Y T  OAHOBpeMeHHO pa60TaTb A B a  3I<CKaBaTOpa. K p o ~ e  3TOr0, AJIR 

y B e 3 H s e H H H  IUHPHHhI TpaHIIIeH 

npHMeHRIoT cnoco6 IIpOXOAKH C 

3 ~ r 3 a r o o 6 p a 3 ~ ~ ~  nepegsmxe- 
HHeM 3 ~ c ~ a ~ a ~ o p a - g p a r n a i i ~ a  

OTHOCHTeJrbHO npogonh~oii OCH 

(PHC. 12) 
B e c m p a u c n o p m n a ~  cxexa 

npoxodsu mpartueu d p a z n a i i ~ o a  
c paaaeqeuuea nopodbz u a  odnoa 
6opmy. AJIR yBeJIH¶eHHR IUHpHHbI 

TpaHmeH O C ~  maraHnH gparnaf i~a  
cb1eqaeTcH K ~ e p a 6 o s e ~ y  6 0 p ~ y  
TpaITIIIeH, T. e. K ~ O P T Y ,  Ha  KOTO- 

pb1B YKJIagbIBaeTCR IIOPOAa OT 

npoxogKn TpaHmen. Ocb gpar- 
n a i i ~ a  npn  TOM pacnonaraeTcR 
HA HeKOTOPOM PaCCTOHHBH O T  

G ~ O B K H  ~ e p a 6 o s e r o  6 0 p ~ a  TpaH- 
meH I 

1 = b+ 2hctg y- R,, x, (I,29) 
Puc. i i .  Cxema npoxonltu TpaHmeu nprr caelqe- 
HUU OCU XOna nparraf i~a  OTHOCUTeJTbHO OCU TpaH- 

merr rge R, - p a g ~ y c  s e p n a ~ ~ ~  3 ~ -  

cxasaTopa, x. 
Pa6o~a IIO TaK0fi CXeMe B03MOXHa IIPH CO~JI IO~~HHH YCJIOBHR, ¶TO 

B e c b ~ a  ~ @ @ ~ K T H B H ~  B  TOM cnysae T a K x e  cxeMa, Korga ~ p a r n a f ~  

nonoxeme I, I1 H T. g. (PHC. 13). I I o n o x e ~ ~ e  I gparnai i~a  onpegencIeTcR 
T a K  We,  K a K  H B B ~ I ~ ~ I I P L I B ~ ~ ~ H H O ~  CXeMe,  PaCCTOHHHeM 1 DO $0p~yJIe 

(I,29). B 3TOM IIOJIOlKeHHH gpal'JIaf~ IIpOB3BOgBT BbIeMKY 3aIIITPHXO- 

B ~ H H O ~  s a c m  TpaHmen H pa3rpyxae~  nopogy H a  ~ e p a 6 o s ~ B   OPT, 
o6pa3y~ n e p ~ o ~ a s a n b ~ b I B  OT- 

sax. 3a~ebi  ~ ~ m ~ a ~ a ~ o p  nepe- 2 1 
MeqaeTccI B nonoxeHBe I1 c 
P a C s e T O M ,  q~o6b1 ~3 H O B O ~ O  

nonoxeHHcI MO~ICH o GMJIO 3aG- 

P O C H T ~  KOBIII B HH~KHIOIO ~ p a i i -  
HIOIO T O ~ I C Y ,  TpaHmeH, T. e. / '  
mar nepexoga paBeH \ 

\ ,. .. \ 7 

rfie c, - 6e3onac~oe paccToR- 
HHe OCH 3KCICaBaTOpa 

OT s e p x ~ e i i  ~ P O B K H  

ycTyna. 
M3 IIOJIOXeHHH I1 npoxo- 

~ H T C H  cnefiyoqan YacTb T p a H -  
men, nopogM m3 KOTOPOB YIE- 

- J I ~ ~ ~ I B ~ I ~ T  H a  ~ e p a 6 o s ~ H  6 0 p ~  

c 0 6 p a 3 o s a ~ ~ e ~  oTsana B 

#opMe TpaneqHH pafjoTa Apar- PILC. 12. Cxeiva ~ P O X O ~ I C U  TPaxmen npn anraaroo6- 
D ~ B H O M  IItsDemelqeHuu nparrauHa: 

n a i i ~ a  no TaKoi i  cxeMe B03- I ,  2, s 1 ~ ~ o c n e ~ o i a ~ e n b ~ o c ~ b  p a c n o n o w e ~ n ~ ~  npa- 
MOXHB npl* C O ~ J I H ) ~ ~ H H E I  YCJIO- 

m a h a  

BHR, ¶TO 

~ , , + R , , ~ b + 2 h c t g y + c + h , c t g P ,  x. (1.31) 

npB IIpOXOfiIFe UIHpOKHX TpaHIIIeB M O r y T  IIpHMeHHTbCR YCJIOlfEHeHHhTe 

6 e c ~ p a ~ c n o p ~ ~ b 1 e  cxeMbI c nepe31cc~asaq~eii nopogM (pnc. 14). IIpn aToM 

Pnc. 13. Cxema npoxonnll 
TpaHmeu c nonepewarm nepe- 

nlelqearrem nparnak~a  



I I p e A e J I b H a R  BeJI l l¶HHa ~ o ~ o p o i i  H e  AOJIXHB I I p e B h l I U a T b  CT0I;rNIOCTH B H -  
e M K H  I I P H  TPaHCIIOPTHOM cnoc06e IIPOXOAKH T p a H I U e H ,  T. e. 

Vkc, a Vc,, 
OTKyAa 

k < 5 ,  
- C6 - 

r A e  v - o 6 a e ~  T p a H m e n ,  a3; 
C6, C, - CTOlTMOCTb p a 3 p a 6 0 ~ ~ ~  1 as IIOpOAhl COOTBeTCTBeHHO npn 

~ ~ C T ~ ~ H C ~ O ~ T H O M  H TpaHCnOpTHOlf  caoco6ax IIPOXORKH 
T p a H m e n ,  py6 (~on ) / .w~ ;  

k - KpaTHOCTb I I e P e 3 K C K a B a 4 H H .  

Pat. 16 .  IIpoxoR~a Tpanmen 
~parnariaom c -nepea~cr;a~n- 

qnea 

b ., 
Pnc. 1 5 .  1;ccTp:rncnopTnan cxema npoxonasl Tpanmea mexaenuecroii nona~oir 

'~ecrnpancnopmnasi cxeaa npoxodku' mponuerl c npumenenuea .we- 
X U H J ~ A ~ C K O ~  AOnUmU.  M ~ ? x ~ H H ¶ ~ c K H ~  JIOIIaTbI HCIIOnb3yIoT  CpaBHHTeJ lbHO 

P e n K O  AJIR IIPOXOAKH ~ p a ~ m e f i  DO ~ ~ c T ~ ~ H c I I o ~ T H ~ I M  CXeMaM, B OCHOBHOAI 
B KPeI IKHX IIOPOAaX, K O r A a  I IpHMeHeHHe ~ p a I ' J I a f i H 0 ~  HeBOBMOXHO. 
T ~ K  K a K  n m e i i ~ n e  n a p a M e T p u  M e x a H w e c K n x  n o n a T  O ~ P ~ H H ~ T B ~ I O T  
p a s M e p M  c e s e H m  T p a H m e m ,  TO no 6 e c ~ p a ~ c n o p ~ ~ b 1 ~  c x e M a M  M e x a H n -  

¶eCKHMH JIOIMTIMH MOXHO IIPOXOAHTb T p a H m e H  ~ e 6 o n b m ~ x  p a 3 M e p O B  

(pnc. 15). H p H  3TOM AOJIXHO 6 h l ~ b  C O ~ J I I O ~ ~ H O  YCJIOBHe 

npll  H ~ O ~ X O ~ H M O C T E I  npOXOAI<ll T p a H m e l l  C ~ O J I ~ I U H M M  p a 3 M e p a M H ,  
s e M  IIOBBOJIRKIT n ~ ~ e i i ~ h ~ e  pa6osme n a p a s i e T p H  ~ e x a ~ ~ s e c ~ o i i  nonam,  
IIPHh1eHRH)T I I e P e 3 K C K a B a 4 H H )  HJIH IIPOXOART T P a H m e H )  B HeCKOJIbKO 

C.?OeB. B 3TOM C J I y P a e  n O p O A y ,  BHHHMaeMYH) H 3  HH?KHeij[ PaCTH T p a H m e H ,  
n I e x a H m e c K a R  n o n a T a  B a r r p y x c a e T  H a  B c n o M o r a T e n b H y m  nnoqamy,  a 3a- 
T e s i  o H a  n e p e B a n x i B a e T c R ,  K a K  n p a B H n o ,  ~ p a r n a i i ~ 0 ~ 3 K p o ~ e  T o r o ,  IIO 
~ ~ C T ~ ~ H C I I O ~ T H H M  CXeMaM MeXaHE¶eCKHMH JIOUaTaMH OCyII(eCTBJrReTCR 
IIpOXOAKa I IoJ Iy~pa~l I l e~  H a  KOCOrOpaX ( ~ H c .  16). n p H  BTOM 3KCKaBaTOPOM 
p a 3 r p y ~ a e ~ c ~  n o p o A a  OT n p o x o g K n  H e n o c p e A c T s e H H o  H a  OTKOC K o c o r o p a .  

I I p o x o ~ ~ a  T p a H m e H  H a  K o c o r o p a x  6onee Y A O ~ H ~ ,  s e M  B 06h1sahrx yc- 
TIOBHFIX, I I p H  PaBHHHHOM X a p a K T e p e  MeCTHOCTH, H M O X e T  IIPOHBBO- 

AHTbCR 3 K C K a B a T O p a M H  C HOPMaJIbHhIMH P ~ ~ O P H M H  I I a p a M e T p a M H .  
IIpm  TOM AOJIXHO C O ~ J I I O -  

AaTbCR YCJIOBHe, ¶TO 

R, 2 B - R, -+ HI ctg p, JL, 

(1 933) 
r A e  ]Il - n p e B H m e H r n e  o T s a J r a  ,. 

H a A  I'OPH3OHTOM YC- 
TIHOBKH 3KCKaBa-  

T o p a ,  m. 
B~JIH¶HH$ HI MOXHO H a G -  

Pnc. 16. Bec~paacnopman cxeaa npoxoRKe 
TII, I I p H p a B H R B  IInOII(aAb Ce¶e- ~paamea aa ~ocorope 
HHR o T B a n a  n n o q a A H  nony- 
T p a H m e H  C y¶eTOM K O ~ @ @ H V H ~ H T ~  p a 3 P h l X J I e H H R .  T o r ~ a  IIOJIJ'¶TfM 

s in  a s in  y  sin (P - y) 
C - .  s m ( a - y ) s i n ( p + y )  ' (135) 

r A e  u - yron o T K o c a  6 o p ~ a  T p a H m e m ,  zpad; 
p - yron o T K o c a  omana, zpad; 
Y - y r O n  OTKOCa CKnOHa B03BhlmeHHOCTH, Z p a d .  

& ? c T ~ ~ H c I I o ~ T H ~ ~ ~  c n o c o 6 b 1  o ~ ~ c I ~ ~ ¶ E B ~ I ~ T  3Ha9HTeJIbHYIO CKOPOCTb 
npOXOAKH ~ p a ~ m e s  6 ~ 1 a r o ~ a p ~  TOMY, ¶TO K O ~ @ @ H ~ H ~ H T  HCIIOJIb30BaHHR 

3 K C K a B a T O p a  I I P H  3TOM AOCTHraeT  0,9-0,95, B TO B p e M R  K a K  I I P H  T p a H -  
CIIOPTHHX C I I O C O ~ ~ X  OH C o c T a B n R e T  0,35-0,4. If n p e H M y q e c T s a M  pac- 
CMaTpHBaeMOrO cnoco6a OTHOCRT: IIPOCTOTY O p r a H H 3 a I p l H  IIPOXOA- 
¶eCKHX pa6o.r; HH3KYH) CTOHMOCTb pa6o.r; BO3MOXHOCTb IIPOXOAKH 
T ~ ~ H I U ~ G  B O ~ B O A H ~ H H H X  IlOpOAaX; B03M03ICHOCTb O J ( H O B ~ ~ M ~ H H O ~  pa6o~ar 
HeCKOJIbKHMH ~ ~ ~ O R M H ,  ¶TO II03BOJIReT @ O P C H P O B ~ T ~  B CJIysae  ~ a ~ o 6 -  
HOCTH IIPOXOAKY T ~ ~ H I I I ~ H .  

I 



HJIR IIPOXOAKH ~ p a ~ l l l e B  TPaHCIIOPTHbIM CIIOCO~OM IIPHMeHRIOT Me- 

X a H z m e c K H e  aonam, Aparnafi~bI, a T a K H t e  M H o r o s e p n a K o B b I e  qenme 
H POTOPHhIe 3KCKaBaTOPH.  T p a ~ c n o p ~  I I P H  IIPOXOAKe ~ p a H l U e f i  HCIIOJIb- 

3YIOT O ~ H P H O  TOT H(e, ¶TO H BO B P e M R  3KCIIJIYaTa4HH K a p b e p a .  HJIR ITH- 

T ~ H C H @ H K ~ ~ H H  CTPOHTeJIbCTBa K a P b e P O B  C 6 0 J I b m H M  0 6 5 1 3 ~ 0 ~  rOPHO- 

CTpOHTeJIbHbIX p a 6 o ~  IIpHMeHRIoT TpaHCIIOpT,  OTJIHPHJJ~~ OT OCHOBHOI'O. 

T ~ K ,  B CJIY¶ae IIPHMeHeHHR H(eJIe3HOAOPOH(HOl'O K a P b e P H O r O  TPaHCIIOPTa  

B IIePHOA 3KCIIJIYaTaqHH H a  rOPHOCTPOHTeJIbHMX pa6o~ax MOH(H0 YIC- 

I IOJIb30BaTb ~ B T O M O ~ H J I L H M ~ ~  HJIH K O H B I ? ~ ? P H H ~ ~  TPaHCIIOPT. 

Pnc. 17.  Cxewa npoxonrclr Tpalrmerr Ha no.nnoe C e ~ e ~ n t -  afena~rrsccrioii nona~ofi  nptr XI;~XP:JIIII- 
UopOHcHOM TpaHCIIOpTt' 

T ~ ~ H c I I o ~ T H ~ I ~  c n o c o 6 ~  IIpOXOAKH T ~ ~ H J I I ~ G  I IpeAyCMaTpHBalOT IIpEi- 

MeHeHHB MeXaHH¶eCKYIX JIOIIaT IIO C J I e A Y I O ~ H M  CXeMaM p a 3 p a 6 0 ~ ~ H :  

CllJIODlHbIM 3 a 6 o e ~  C ~ Z i X H e f i  IIorpy3~0fi; CnJIOIIlHhIM 3 a 6 0 e ~  C ~ e p x ~ e f i  
110rpy3~0H H IIoCJIO~HO. 

lirposeaenue mpanueii na nonnoe ceuenue atexanuuecl~oli nonamoii 
c nummi i  nozpga~oii 6 cpeacmea mene3noaopomnozo mpancnopma. IIpn- 
M e H e H H e  ~ a ~ 0 f i  C X e W  B03MO)KHO I I P H  IIPOXOAKe ~ p a ~ l I I e 6  ICaK B CKaJIb- 

HMX, Talc H B M R r K H x  nopoAax. T ~ K  KaK p a 6 o s ~ e  n a p a M e T p H  M e x a m r -  

¶eCKMX JIOIIaT H e  II03BOJIRX)T CTaBHTb B TYIIHK IIOA IlOI'PY3KY 6onee OAHGrO 

A y M n K a p a ,  TO n o c ~ y n a ~ ~ q ~ e  non n a r p y s ~ y  > ~ < e ~ ~ e s ~ o ~ o p o ~ ~ ~ e  co- 
CTaBbI ~ ~ C @ O ~ M H ~ O B ~ I B ~ I ~ T  H IIOAaIoT K 3 K C K a B a T O p y  no OAHOMY AYhIIK- 

K a p y .  H ~ R  lIpOH3BOACTBa MaHeBpOBbIX onepaqnfi C AyMIIKapaMEi Y K a a -  

AbIBaIOT B H C T ~ B O ~ H ~ I ~ ~  TYIIHK (PHC. 17, a) YIJIH YCTpaHBaIOT IIYHKT 60~1ee 
c J I o H ( ~ 0 f i  KOHCTPYK4HH (PHC. 17, 6). T ~ K H ~  TYIIHKH CHHXaIOT IIPOCTOYI 

IIOABHXHOrO COCTaBa H Il03BOJIRIOT YBeXHPHTb HCIIOJIb30BaHYIe 3KCKa- 

B a T O p a  BO BpeMeHH.  H~CMOTPR H a  3 T 0 ,  IIPOCTOH 3 K C K a B a T O p a  I I p H  

0 6 M e ~ e  AyMl lKapOB 3aHHMaK)T ~ O J I ~ J I I Y I O  ¶ a C T b  B p e M e H H  H er0 np0- 
H3BOAHTeJIbHOCTb IIO CpaBHeHHIO C pa60~0ii  B ~ O K O B O M  3a6oe CHHXaeTCR:  

I I p H  IIpOBeAeHRH OAHOIIYTHbIX ~ p a ~ l l l e f i  B MRI'KHX IIoPoJ(&x - H a  50 ?'o , 
B CKaJIbHMX IIOpOAaX - H a  60% ; U P H  IIpOBeAeHHH ABYXIIYTHhIX 

~ p a ~ m e f  B M H r K n x  noponax - H a  30%, B C K a n L H H x  - H a  40%. 
M H H H M ~ J I ~ H ~ R  IIIHPHHa A H a  T p a H l l l e H  IIpYI IIpOXOAKe ee IIOJIHHM Ce- 

¶eHHeM C IIpHMeHeHHeM X e J I e 3 H O ~ O p O ) K H O ~ O  TpaHCIIOpTa  OIIpeAeJIReTCR 

B COOTBeTCTBHH CO CXeMaMH, IIPHBeAeHHbIMH H a  PHC. 18. 

I I O ~ P Y ~ K H  H e p a q H o H a n b H a ,  e j 9 1  e,l R~ 1 R,I e, lg ie ,4+-  

T a K  K a x  p a 6 o s ~ e  p a a ~ e p ~  , 3 K C K a B a T O p a  H e  IIO3BOJIRX)T 

-4 - 
IIOJIHOCTbIO 3 a r P Y 3 H T b  B a -  

FOH. M H H H M ~ J I ~ H ~ R  DlHPHHa 

AHa T p a H I I I e H  COOTBeTCTBeH- 

HO IIePe¶HCJIl?HHMM CXeMaM 

I I O r P Y 3 K H  COCTaBHT: 

I I P H  HCIIOJIb30BaHHH 3K- 

cKaBaTOpOB 3Kr-5 
Pnc, 18. Cxemm K onpqeneHnlo mrlpunsr TpeHmen npe ~ a p a ~ ~  BC-80; 18-22; n p o x o ~ ~ e  ee na n o n ~ o e  ceseane 

* 24-26 H 14-15 X ;  
I I p H  HCIIOJIb3OBaHHH 3KCKaBaTOPOB 3Kr-8 C A y M U K a p a M H  BC-100: 

26, 30, 19 m. 
Ha E a m e ~ o ~ c ~ ~ x  a c 6 e c ~ o ~ b 1 x  K a p b e p a x  B n e p s b I e  6 m a  n p m e H e H a  

n p o x o A K a  T p a H D l e E  CIIJIOIUHhIM 3 a 6 0 e ~  ABYMR CIIapeHHO ~ ~ ~ O T ~ I O J ~ H M H  

3KCKaBaTOpaMH H C U O ~ P Y ~ K O %  B AYMIIKaPbI. 3 a 6 0 6 ~ b I ~  3KCKaBaTOPOM 

NC 1 (PHC. 19) CKJIaAHPOBaJIaCb IIOPOAa I I 0 3 a A H  H e r 0  B BHAe K O H y C a ,  

a n o r p y a o s H b I M  ~ K C K ~ B ~ T O P O M  NC 2 ee sepnam 133 H a B a n a  H r p y 3 ~ ~ 1 ~  
B COCTaB H 3  TpeX-PBTbIPeX BarOHOB 683 P~C@OPMHPOB~HHII .  ~ P H  IIOAaW? 

COCTaBa 3KCKaBaTOPOM J\S? 1 3aI 'pyXaJICH I I o C J I ~ ~ H H ~ ~  B a r O H ,  a 3KCKa-  

BaTOpOM J\r2 2 OAHOBpeMeHHO rPY3YIJIH IIOPOAY B 110p~hIfi B a r O H .  noc.?If? 



Pwc. to. Cxema npo- 
XOBKH Tpaemela nsyMa 
Y ~ X ~ H H ~ ~ C K H W W  nona- 

'Famu 

C I I ~ ~ ~ H H ~ R  p a 6 o ~ a  3KCKaBaTOPOB M O X e T  OKa3aTbCR qenecoo6pa3~oii 
n p ~  npoxogxe ~ H P O K H X  p a a p e s ~ b ~ x  ~ p a ~ m e i i  ~e60~1bmoii  A n m a ,  K o r A a  

H ~ O ~ X O ~ H M ~  @ O ~ C H ~ O B ~ H H ~ H  IIpOXOAKa. U p e H ~ y q t ? c ~ ~ a  JIpOXOAKH T p a H -  
m e H  CIIJIOmHbIM 3 a 6 o e ~  C H H X H ~ G  I I o ~ ' P Y ~ K o G  B CpeACTBa HEeJIe3HOAO- 

POHEHOI'O TpaHCIIOpTa :  BO3MOXCHOCTb IIPOXOAKH ~ p a E C J U e f i  C p a 3 y  H a  IIOJIHOe 

Ce¶eHHe,  ¶TO II03BOJIReT B OTAeJIbHMX CJIy¶aRX H a ¶ a T b  BCKpbIIIIHHe HJIH 
O¶HCTHMe W ~ O T E J  A 0  OKOH¶aHHR PPOXOAPeCKHX pa60.r; B03MOXHOCTb 
HCEOJIb30BaHHII  3KCKaBaTOpOB C HOPMaJIbHHMH p a 6 0 9 ~ ~ 1 1  E a p a M e T p a M H ;  

B3aHM03aMeHReMOCTb IIPOXOA¶eCKOI'O H 3KCIIJIyaTaqHOHHOI'O O ~ O P Y A O -  
B I H H R ;  B03MOXCHOCTb AOCTH?XeHUH' CKOPOCTH IIPOXOAKH 100-120 dl. 

B MeCRI(. H ~ ~ O C T ~ T K M :  H H ~ K H G  K O ~ @ @ E ~ H ~ H T  HCIIOJIb30BaHHR BKCKaBa- 

TOPOB H CpeACTB T p a H C E O p T a ;  CJIOxtHaR CXeMa O p I ' a H H 3 a q H H  T P a H C n O p T a  
n p ~  npoxon~e ,  ~ ~ 3 a r ~ a m q a ~  H ~ A O ~ H O C T ~  pacqenm B a r o H o B  B 3a6oe; 
6onbmoG o6 .be~  n y T e B b I x  p a 6 o ~ ;  C J I O X H O C T ~  ~ ~ ~ O B ~ ~ H B H H X  p a 6 o ~ ,  
C B R 3 a H H a R  C TPYAHOCTbIO BTOPHPHOrO B 3 P H B a H H R  H e I ' a 6 a p Z i ~ o ~ ;  BbICO- 

K a R  CTOHMOCTb lIpOXOA¶t?CKHX pa60~ .  
H ~ C M O T ~ R  H a  3 T H  HeAOCTaTKH, ~ ~ C C M ~ T ~ H B ~ ~ M H ~  cnoco6 R B J I R ~ T C ~  

OCHOBHHM I I P H  IIPOXOAKe T ~ ~ H J ~ I ~ B  B K p e n K H X  IIOpOAaX. 

I7posodxa mpanuleG na nofinoe cevenue ~texanuuecxoii ~onarnoli c H U X -  
~ e i i  nozpyaxoii s asmocaaocsanbs. I I p z i ~ e ~ e ~ n e  npm H H H E H ~ ~ ~  n o r p y 3 ~ e  

a B T O T p a H C n O p T a  3Ha¶HTeJIbHO y;IY¶IIIaeT I I O K a 3 a T e A H  IIPOXOA¶eCKHX 
p a 6 o ~ .  Tax, IIpOH3BOAHTeJIbHOCTb 3 K C K a B a T O p a  B 3a6oe T p a H m e H  n p H  

IIpOXOAKe ee CnJIOnlHHM 3 a 6 o e ~  C HHHEH~G II0~py31~0fi B HEeJIe3HOAOPO- 
~ ~ b I i j [  TPaHCIIOpT COCTaBJIReT 40-60% IIpOH3BOAHTeJIbHOCTH 3 K C K a B a -  

T O p a  IIpE p a 6 o ~ e  ero H a  YCTyIIe ,  a I I p H  I I O r p y 3 I < e  B ~ B T O M O ~ H X ~ H H G  T p a H -  

C n O p T  - 80-9006. IIpn HCnOJIb30BaHHH ~ B T O M O ~ H J I ~ H O I ' O  T p a H C I I O p T a  
H a  n p o x o A K e  ~ p a ~ m e i i  n p n M e H R I o T  C n e A y m q H e  c x e M H  s a e a ~ a  a B T o c a M o -  
CBaJIOB B aa60B: KOJIbqeBylO,  TYIIHKOBYIO, AByXTYIIHKOBYIO, TyIIHKOBYIO 
C HHIIlaMH (PHC. 20). B C J I y ¶ a e  n p H M e H e H H R  KOJIbqeBOI'O 3ae3Aa a B T 0 -  

CaMOCBaJIOB UOfi I.I0rpy3*y ( ~ H c .  20, a) m H p H H a  A H a  T p a H m e H  O I I p e -  

AeJIReTCR no @0p~yJIe 
c B1 = 2 ( R ,  + 0,5a + c) ,  m, (1,391 



H ~ A O C T ~ T K O M  PaCCMOTPeHHbIX CXeM 3ae3Aa aBTOCaMOCBaJlOB B 3ii608 
RBAtIeTCR TO, ¶TO OHH H e  06ecnesm~am~ IlOTO¶HOCTH ~ K C K ~ B ~ T O ~ H O ~  DO- 

r p y 3 ~ a .  AJIR 06ec,nese~ma ycJIo~rnB lTOTO¶HOCT&i IIOI'pY3KEI IIPO$. 
hr. B. Bac~nbe~hIM 6n~1a IlpeAJIOlfEeHbI ABe CXeMbI A B Y C T O P O H H ~ ~  VCTR- 

HOBKH aBTOCaMOCBaJIOB (PHC. 21) C BHemHIIMH M BHYTPeHHmMH MaHe- 
R P O B h I M H  TYIIHKBMH. 

np33 lTep~05 CXeMe TpaHIUeR IIpOXOAmTCR HeCKOJIbKO 60JIb~~eii  IUH- 

PBHH, 9eM n p ~  B T O P O ~ ~ .   OH^ onpeqenaeTcR no $ o p ~ y n e  

~ P E  IIpHMeHeHHH AByXTyUHIiOBOrO 3ae3Aa aBTOCaMOCBanOB IIOA no- 
r p y 3 ~ y  (PHC. 20, 6) m a p m a  q H a  TpaHmem 6yAe~ 

B3=R,+0,5a$ 0,51+2c, a. (1,44) 

AJIR npOXOAKH Y3KHX ~ p a ~ ~ e f i  IlPHMeHRIoT IIOAa¶Y aBTOCaMOCBaJlOB 

IIOA nOrpy3Ky C Pa3BOPOTOM B HlXlLIaX (PMC. 20, 2). P ~ C C T O R H H ~  MelfEAy 
HHmaMH YCTaHaBJIHBaIoT H3 paC¶eTa 0 6 e c n e n e ~ ~ ~  H Y ) ~ C H O ~ ~ [  I IPOI IYCKHO~~ 

C ~ O C O ~ H O C T H  TpaHmeH, H O ~ M ¶ H O  OH0 COCTaBJIReT 50-60 a. 
LUEPHH~ TpaHmeH B  TOM cnyqae onpeqenReTcR no @ o p ~ y n e  

B,-R,+-0,5af 0,51+2c-m, a, (I,42) 

rqe m - m y 6 m ~ a  HHIZTEI. 

H a ~ G o n b m a ~  ~ K o p o c ~ b  r r p O X O q K m  ~ p a ~ m e i i  AocTHraeTcx npa noqase 
aBTOCaMOCBaJIOB K 3KCKaBaTOpy IIO CXeMe C ABYMR TYIIHKaMH.  TO 065- 
RCHReTCH B03MOlfEHOCTbH) II09TH HeIIpepbI~H~ij[ IIOI'PY3KH ( 6 n a r o ~ a p ~  
IIOAa¶e aBTOCaMOCBanOB K 3KCKaBaTOpy C AByX CTOPOH), a HaHMeHbIIIatI 

C R O P O C T ~  ~ P O X O ~ K H  ~ p a ~ m e i i  - npn cxeMe c ~ y n r n ~ o ~ o i i  noqa¶eii awo-  
CaMOCBaJIOB K 3KCKaBaTOpaM. H ~ B M ~ H ~ I ~ I ~ R  CKOPOCTb IIPOXOAKH ~paHIIIeij[ 

AOCTHI'aeTCR IIpH IIOAa¶e aBTOCaMOCBaJIOB IIOA IlOrpy3Ky C Pa3BOpOTOM 
B Hnmax, TaK H a s  n p ~   TOM corcpaqaeTcn o 6 a e ~  npoxopecxmx p a 6 o ~ .  

O ~ T H M ~ J I ~ H ~ I ~  p a a ~ e p b ~  TpaHmeH no  AH^ B npm p a 3 ~ 1 n n ~ n x  cxeMax 
3ae3Aa aBTOCaMOCBaJrOB B aa60B npHBeAeHbI B T ~ ~ J I .  7. 

TaGnzrqa 7 
IIIapa~a TpaHruea noanay npn p a s n n s ~ ~ x  cxeMax saesaa 

aBTocamocsanaB B sa6oii, .u 

npa aroM yron nosopoTa ancnasaTopa H a  n o r p y a ~ y  B o6eax cxeuax 
MOHieT He npeBamaTb 90". n p e a r y q e c ~ s o ~  cxeM c qaycropo~aeii yc- 
T ~ H O B K O ~ ~ [  ~ B T O C ~ M O C B ~ J I O B  RBJIReTCR B03MOlfEHOCTb O ~ ~ C I I ~ P ~ ~ H E ~  HX 

Tan 
; I B T o c a M o c B a n a  

HenpepbIsHofi n o r p y 3 ~ a .  
H~O~XOAEIM~IMII  YCJIOBEIRMH IIpm 3TOM RBJIHIOTCR: 3a BPeMR IIOrPY3KH 

OnHOI'O aBTOCaMOCBana APYI'OL nOJllfEeH 6bITb YCTaHOBneH C npy1.06 CTO- 

poasl axcnaaaropa; B p a 6 o ~ e  aaxoqarbcn HeKoTopoe pesepaaoe m c n o  
aBTOCaMOCBaJrOB. C ~ ~ A H H R  CKOPOCTb IlpOXOAKH ~ p a ~ m e f i  npH aBTOM0- 
~ITJ I~HOM TpaHCllOPTe C O C T a B m e T  150-180 &/nte~~!$,  ¶TO B 1,s pa3a 

C x e ~ a  saeana a B T o c a M c , i , H a n o B  B 3a601i 

H o n b q e R a n  I T y n m o s a n  ~ s y x ~ y n ~ r ~ o e a n  TCY",",",":$," 

PUG. 21. C x e M a  n p o x o A K u  ~ p m -  
mea: 

a - C BHeIlIHHMH M a H e B p O B H M E  
TylIUKaMM: 6 - C BHyTpeHHUMH 

MHHeBpOBHMH T y n H K a M H  

I I 

B CpeAHeM Ha 40%. 
A B T O M O ~ ~ J I ~ H ~ I ~ ~  'IPaHCIIOPT DIEiPOKO IlpHMeHRIoT AJIR IIpOXOA¶eCKHX 

p a 6 o ~  (pac. 22) npH qo6sme MenHbIx pya Ha Jipane, xeneaaoti pyqH 
H a  Kapsepax Kpaeopomc~oro  6acceirna ( M ~ r y n e q ~ o ~ ,  I T e p s o ~ a f i c ~ o ~ ,  
AHHOBCKOM), ~ ~ ~ R K ~ ~ I I ~ T C K H X  KapbepaX IIO ~06bIse C ~ M O ~ O ~ H O ~  GephI - 



60nbma~ PaccTonHenx TpaHcnopTapoea~nn nopog a3 TpaHUlefi 
Ha OTBanhI Han60~ee 3KOHOMWTHa IIPOXOAKa ~ p a ~ m e g  c npHMeHeHnehf 
K O M ~ U H * O R ~ H H O ~ O  TpaHcnopTa. B 3TOM cnygae B TpaHmee npHMeHm~ 
aBTOCaMOCBaJIhI, KOTOPHe Ha CneqmanbaoM 11eperpy30qHO~ nyHrcTe (2(RP-hctgY)-d,  b,, -, 

riro Rp - p a ~ n y c  pa3rpy3xH 3KCKaBaTOpa npn ~aKcHManbHofi B*cOTe 

pa3rpy3KH, a ;  
h - r n y 6 n ~ a  Tpaamen, m; 
y - yro" OTKOCa 6 0 p ~ a  TpaHmea, z ~ a a ;  
d - mmpnaa ~ p a a c n o p ~ a o f  nonoca, x- 

Orpa~rnHBaloIQHM pa3MePOM npn 
r t e p x ~ e B  norpysrte B Xene3HoHo- 
p o ~ ~ ~ f i  TpaHCIIOpT IIBJIReTCR pa- 
~ n y c  pa3rpy3KH 3KCKaBaTOPa. n~~ 
M a ~ c ~ M a J I ~ ~ ~ %  BbICOTe pa3rpy3KH 
paAEyc pa3rpy3KH 0npeRenfleTcH 
113 yCJIOBHII, ¶TO 

RP = I?.+ m f h Ctg Y +0,5d, (1,471 

pwc. 22' Cxewa npoxoRKFr H a ~ . x o ~ ~ o f i  TPaHUIcH Ha ypiurbc~ax ~ e ~ ~ o p y R H b r x  Kapbcpa; rge R, - paaxye BpaIWHHn KY3oBa 
BKcKaBaTopa, a; 

m - M H H H M ~ J I ~ H ~ I ~  3a3op Mem- 
neperpyzamT nopoAY Ha KoH~efiepHhIff a ~ r ~  wene3aonopowaHf TpaE- ~y H H ~ H ~ C ~  ~ ~ O B K O ~  6 0 ~ -  
CIIOpT. ~a ~ p a ~ r n e ~  n 3KCKaBaTo- 

l i r p o q d k ~ a  mPawue6 wa nodwoe ceuewue i + ~ e s a ~ u q e c ~ o ~  nonamo6 POM, .w. 
*eprwLi: nozpg3wa 8 cpedcmea mpancnopma. 3 ~ 0 ~  CnOC06 Ha&onee n p ~  ~ e p x ~ e f i  norpysKe B aBT0- 

TpaHcnOpT a a n s ~ r o ~ ~ e G r n e e  pacno- 
~ @ @ ~ K T H B ~ H  npn npoxogm 
TpaHmeP B M R ~ K H X  H Kpen- 
KHX nOpoHax, npegsapn- 

,, TeJIbHO p a 3 p n x n e ~ ~ a r x  6y- , 
POB3PhIBHhIMII P ~ ~ O T ~ M H ,  c 

06pymeHnn oTKoca ycryna; paccToxaae OT 
3 x c ~ a ~ a ~ o P a  go Oca 

nPHMeHeHHeM 3KCKaBaTOpOB 
nBBNeHHn a~~oCaYOcBana He iOnW(H0 n ~ e ~ b l m ~ ~ ~  (0.7-098)Rqrnax c YRJIHHeHHbIM p a 6 0 9 n ~  

~ ~ O P ~ A ~ B ~ H H ~ M ,  ~ O ~ B O J I X -  ( R , ~ ~ ~  - M a ~ ~ ~ r a n b ~ ~ i r  p a ~ n y c  q e p n a a ~ ~  3 ~ c ~ a B a ~ ~ p ~ ?  
H > ~ H M  BecTn n o r p y 3 ~ y  B HcxoRa =a aTax Y C ~ ~ B n ~  ~ a l m n r r o ~ ~ e i i m e e  pacnono~enne aBTOMO- 
CpeAcTBa TpaHCnOpTa, pa- Pnc' ". CxeMa nPoxoXn* TPamem nrexanuqec~oti 
CnOnOH(eHHYe Ha BepxHeii 

Gllnfl 0npeHeJrrreTcx pacc~oxHHeM 
Toe C Bepmek n o r p y ~ ~ o k  

n ~ r o m a ~ ~ e  (PHC. 23). I I ~ I I  s= O17Rpa3 sin b, 
3T0M KpOMe ~ ~ ~ ~ ~ H O A O P ~ X H O ~ O  B 0 3 M O X H O  npHMeHeHne a ~ ~ o ~ ~ 6 ~ ~ ~ -  
Hero TpaHcnoPTa, a npn p a 3 p a 6 o ~ ~ e  M H ~ I ~ I ~ X  nopog - TaKxe KOH- 
~ e f i e p ~ o r o  TpaHClIOpTa. 

HaaMeHbmax mnpHHa TpaHmeH IIOHEI3y B 3TOM CjIyqae ~ ~ B M C H T  OT 
pa3Mep0B 3KcKaBaTopo~ H CoCTaBnReT 15-16 i+(, ~ n n  ~ K C K ~ ~ ~ ~ ~ ~ ~ ~  
3Br-4 20-22 f i  - Ann 3KCKaBaTopo~ 3Br-6. 

HaaGo~bman mHpma TpaHrnen nOHM3y GYAeT rpe R,,, - pagnyc p a 3 r p y 3 ~ ~  ~ o ~ m a v  p - yrOn pa3rprpys~a npa  a a a ~ s r r o p ~ e l i m e ~  ~ O n O ~ e E ~ H  

bmax - 2Rq caMocBana, zpad; 
34 



TpaHmeH, a; 
y - YrOn ~ C T O ~ ¶ M B O ~ O  OTKOCa 60pl.a TpaHIueH, zpad; 
b - IUHPHHa RHa TpaHIIIeH, a; 
a - mHpxHa aBTocaMocsana, a. 

T o r ~ a  

~ n , ~ ~ + h c t g ? + +  
sin fJ - 

0,7Rpaa 

rae h: - BMcoTa AyMnKapa ( a ~ ~ o c a ~ o c ~ a n a ,  ~ o ~ ~ e i i e p a )  BMecTe c BM- 

C O T O ~  BepXHWO CTpOeHHR nyTH, pa~H0fi 0,3-0,4 a; 
c1 - aaaop Memny A H m q e M  KoBma n p ~  n o r p y a ~ e  m ~ e p x ~ e i i  K ~ O M -  

goti 6 o p ~ a  AyMnxapa ( a ~ ~ o c a ~ o c ~ a n a ) ,  a. 
Ann ysenmseHm s a c o m  p a 3 r p y 3 ~ ~  yron HaKnoHa cTpenar aycIca- 

BaTopa AOBORRT AO yrna 55-60". IIpu npoxoAIce ~ p a ~ m e f i  cnnomHMM 
3 a 6 0 e ~  C B ~ ~ x H ~ G  norpy3~oH npH XeJIe3HOAOPO~HOM TpaHCIIOpTe noA 
nOrpy3Ky MOrYT IIOAaBaTbCR nOe3Aa 6e3 ~ ~ c ~ o ~ M H ~ o B ~ H H R ,  MaHeBpO- 
BMe OnepaqHH IlpH 3TOM CBOARTCR K MHHHMYMY H pe3KO YBeJIHsHBaeTCR 

K O ~ @ I & ~ ~ H ~ H T  HCIIOJIb30BaHHR BO BpeMeHm 3KCKaBaTOpOB H IIOABHWHOI'O 

COCTaBa,  BCJleACTBHe ¶erO HOCTHI'aeTCR BMCOKaR 3KOHOMH¶HOCTb, a CKO- 

POCTb IIPOXOAKl'i T ~ ~ H I I I ~ G  B03paCTaeT Ha 4 0 ~ 5 0 % .  H ~ H  B B T O M O ~ H J I ~ -  

HOM TpaHcnopTe aBTocaMocBanM nepeABHraIoTccI no ~ e p x ~ e i i ,  npaIcTH- 

secsn cyxoii nnoqaAKe ycTyna, rronasa non n o r p y a ~ y  MomeT o c y q e c ~ ~ -  
JlRTbCR IIO KOJIbqeBOMY 3ae3AY, ¶TO IIO3BOJIReT 06e~IIe¶H~b IIOTO¶HOCTb 

~ K C I E ~ B ~ T O P H O ~  IIOrPY3KH. Cpe~HHf i  YrOJI IIOBOpOTa 3KCKaBaTOpa K aB- 

TOCaMOCBaJIaM, CTORII(HM Ha ~ e p x ~ e f  nJIOII(aAKe, COCTaBnReT 60" 
IIpH O ~ H O C T O ~ O H H ~ ~  H 40" npH A B Y C T O P O H H ~ ~  nOrpy3K8, BCJIeACTBHe 

sero  YBeJlHsHBaeTCR IIPOH3BOAHTeJIbHOCTb 3KCKaBaTOpa. H ~ A O C T ~ T K H  
~ e p x ~ e i i  I I O ~ P Y ~ K H :  OrpaHHseHHaR rny6m~a  TpaHmeH, KoTopacI AJIR  KC- 

KaBaTOpOB 3Br-4 H 3Br-6 COCTaBJIR,k?T COOTBeTCTBeHHO 12 m 18 &; 

CJIOHCHOCTb IIOrPY3KEl B CpeACTBa TpaHCnOpTa H3-3a I I J I O X O ~  BHAHMOCTH 

nOABHWHOr0 COCTaBa; H ~ O ~ X O A H M O C T ~  HaJIH¶HR CIIeqHaJIbHOrO YAJIH- 

HeHHOI'O O ~ O P Y A O B ~ H E I E I  K 3KCKaBaTOpY (c~peJIa H P Y I C O H T ~ ) .  
f l p o s o d ~ a  mpanrueii na nosnoe ceuenue dpazsaiinoa c nozpya~oi i  

6 cpedcmaa mpancnopma. Ha Kapbepax AJIR npoxoAKIl ~ p a ~ m e f i  Ha nonHoe 
ceseme npnMeHcIIoT ~ p a r n a i i ~ ~  c KOBIUOM eMKocTbIo 4-6 a3 c norpys- 
K O ~ ?  UOPOabI B XeJIe3HOAOPOWHbIe BarOHM, aBTOCaMOCBaJIM mJIH Ha KOH- 

~ e i i e p H M i i  TpaHcnopT. B6nbm~e ,  s e M  y MexaHHsecIcmx nonaT, p a 6 o s ~ e  
napaMeTpa ~parJIafiH0~ nO3BOJIRIoT UpOXOAHTb CIIJIOmHMM 3 a 6 0 e ~  

TpaHmeH 3Hasm~eJIb~oH r n y 6 ~ ~ ~  B CYXHX H B O ~ B O A H ~ H H M X  IIOPOAaX 

6e3 npeAsapHTenbHoro HX ocymeHm. C X ~ M H  npoxoAIcm ~ p a ~ m e i i  jrpar- 

JI~GHoM IlpHBeAeHM Ha PHC. 25. 
I l p ~  n o r p y a ~ e  nopoAbI ~ p a r n a f i ~ o ~  H a  neHTosIrMe ~ o ~ ~ e f i e p b ~  npii- 

MeHRHJT IIOI'pY30¶HbIl? IIePeABHWHbIe 6 y ~ ~ e p h 1  Ha PeJIbCaX HJbi I'yCe- 

H H ¶ H O ~ ~  TeJIeWKe; eMKOCTb 3THX ~ Y H K ~ P O B  B 3-5 pa3 IlpeBMmaeT o 6 z e ~  
Icosma gpamaii~a.  I I P O A O J I ~ H T ~ ~ ~ H O C T ~  q m n a  aparna i i~a  npn no- 
rpy3Ke nOpOAM B TpaHCnOpTHhIe COCYAM yBeJlEI¶HBaeTCR H3-3a H ~ O ~ X O -  
AHMOCTH HaBOnKH KOBIIIa. 

170csoiinas nposod~a  mpanzueu c nozpya~oii  6 cpedcmsa mpancnopma. 
I I ~ H  60n~.mnx paawepax ceneHHrr TpaHmeH, KorAa npoii~ra ee OAHHM 38- 

6 0 e ~  H ~ J I E . ~ R ,  npHMeHcIIoT nocnoiiaym n p o x o ~ ~ y .  I I ~ H    TOM CeseHme TpaH- 
lUeH no BhICOTe H IIIHpHHe AeJIRT H a  PRA OTAeJIbHhIX 3aXOAOK, KOTOpHe 

IIOCJIeAOBaTeJIbHO O T ~ ~ ~ ~ T ~ I B ~ I O T  3KCKaBaTOpOM. AJIR ~ o c J I o ~ ~ H o ~ ~  UpO- 
XOAKH ~ p a ~ m e i i  npHMeHRIoT 06M~HhIe KapbepHNe aKcIcasaTopM. I l p ~    TOM 

BMCOTY H IIIHPHHY CJIOR YCTaHaBJIHBaIoT B COOTBeTCTBHEI C pa609H~H Ha- 

PaMeTpaMH 3KCKaBaTOPOB. 

Y ~ c n o  cnoeB, Ha IcoTopoe . ~ o a c ~ o  ~ ~ ~ A ~ J I E I T ~  ceseme TpaHmeH, 
onpeAenReTcR ~3 BMpameHmR 

B TOM CJly¶ae, K O r A a  UpOXOART HaKJlOHHYIo TPaHIueIo IIO CKaJIbHhIM 

nopoAaM, B O ~ M O W H O ~  s ~ c n o  cnoeB onpeAencIeTcn no sbrpal-I;eHHIo 

I me HPmax - MaKCHMaJIbHaR BMCOTa pa3rPY3KH 3IECKaJlaTOpa, a; 
h - r n y 6 ~ ~ a  TpaHIIIeH ( B H C O T ~  yc~yna) ,  a; 

L',, - AJIHHa B3OPBaHHOl'O y¶aCTKa TpaHIUeH, a; 

I 
i - YKJIOH TpaHmeH; 

h, - BMCOTa TpaHCnOpTHOrO C O C y n a  OT B ~ P X H ~ ~  UJIOqaJJKH YC- 

Tyna, a; \ 

I g - 3a30p MeXAy KOBIIIOM H TpaHCnOpTHbIM COCYAOM (0,3- 
I 0,5 a). 



B ~ a ~ ~ i h . ~ b I  CXBMJd I I O C J I O ~ H O ~  IIPOXOAKM ~ p a ~ l u e i i  c n o n e p e h l e H H 0 f i  B 3 P J d B a e M O r O  6 n o ~ a  80 200 A. IlpOOH3BOAHTeJlbHOCTb 3KCKaBf lTOPa  I I P H  
YKJJ~A*OG n y ~ e f i  H a  o6a 6 o p ~ a  T P ~ H ~ ~ H  (pm.  26, a) c y ~ f i a j q ~ o f i  n y ~ e f i  n p O X O A K e  ~ p a ~ l u e m  I l p a K T E I s e C K H  npn6nm~~anacb K er0 IIPOH3BOAHTeJIb- 
Ha 'AHH 6 0 ~ T  (PMC- 26, 6). n p n  ~ P O X O R K ~  ~ p a ~ m e m  c n o n e p e ~ e ~ a o i i  H O C T a  BO ( P P O H T ~ J I L H O ~ ~  3aXOAI<e.  Yncno ~ K C X ~ B ~ T O P O B  AJIR HHTBHCH(PH- 
yKnanK0fi P e n b c o B  H a  06a 6 0 p ~ a  3 K C K a B a T O p 0 M  B ~ a q a n e  n p o x o ~ ~ ~ c a  I c a q H H  I lpOXOAKH IIpHHEIMaJIOCb p a B H b I M  ¶EICJlY OAEIOBPeMeHHO o ~ p a 6 a -  3ax0A*a 3 a T e M  nPOl*3BOAHTCH n O r p y 3 K a  C O C T ~ B O B ,  p a c n o n o ~ ~ e ~ ~ ~ x  T H B a e M b I X  C n o e B  T p a H m e E I .  CKOPOCT~ ~ P O X O ~ ~ K H  T p a H ~ ~ e f i  I ~ P H  I IOCJ IO~~AOM 

H a  B e p X H H X  n y ~ R x  (nono2h . e -  cnoco6e o n p e ~ e n ~ e ~ c c ~  c ~ ~ e ~ y m q e f i  ~ ~ B E I C E I M O C T ~ K I :  

H H e  A).  K o r ~ a  n e p s a R  a a x o n ~ a  
npocae~a  H a  BCKI AJIHHY T p a H m e H ,  

p e n b c o ~ h ~ i i  n y T b  n e p e H o c R T  H a  

n o A o m B y  I I p o ~ ~ e H ~ o f i  3 a X O A K n  r A e  N - s H C J I 0  3 K C K a B a T O p O B ,  3 a H R T h I X  H a  I IPOXOAKe ~ p a H r n e H ;  

( ~ O ~ O H E ~ H H ~  6). ~ K C I E ~ B ~ T O ~  OT- A - K O ~ ( P @ E I ~ H ~ H T ,  Y ¶ I T T ~ I B ~ K I ~ H ~  Zi3MeHBHEle I IPOH3BOAHTeJIb-  

p a 6 a ~ b 1 ~ a e ~  ~ ~ X O A K Y  2, npom3- HOCTH BKCKaBaTOpOB B 3aBHCHMOCTM OT IIX q H C J I a  H a  I IPOXOAKe 
BOAH BepXHIoKI  I I O r P Y 3 K Y  COCTa- T P ~ H ~ ~ H  

[ A  =(0,8 -0,04) N ] ;  

M H  IIPOXOAKEI T ~ ~ H U I ~ H  H a  Mar- 
H n T O r o P C K O M  PYRHIIK~? IIOBBOJIHJIO 
AOCTElrHYTb M ~ C H P H O ~ ~  CKOpOCTa  

B M R r K H X  D O P O A a X  A 0  200 ni, 
a B K p e I I K H X  -A0 120-150 dM. 

~ P H  H ~ O ~ X O A H M O C T H  HHT~HCH(PII- 
K a q n m  ~ P O X O A K H  ~ p a ~ m e f  nor- 
P Y 3 K Y  MOHEHO IIPOHBBOAHTL B H e -  

C K O J I ~ K H X  a a x o ~ ~ a x  o A H o s p e -  

MeHHO. IIPH 3TOM K a x A a r r  aaxojq~a 

p ~ c .  27. meva ~syxono l~ok  IIpOXOAKE paapea~o* Tpattmeu ,ABWH a~cnaeampamu 

CKOPOCT~ I I ~ O X O ~ I F H  T p a H m e n  IIOCJIO~~~HHM C ~ O C O ~ O M  H a  K a p b e p e  
I R q  I I P H  ABYX HKI'OK (npn r n y 6 n ~ e  15 m) A o c T H r a n a  100-120 &/iue; 

a ~ c ~ a s a ~ o p a x  m 130-150 m/iuec~v - npn T p e x  a x c K a s a T o p a x .  Mec~wiasi  
J O n X H a  O ~ C ~ ~ ? K H B ~ T ~ C H  CaMOCTORTeJIbHHM EI X<eJIe3HOAOPOHEHhIM penbco- npOm3BOAHTeJIbHOCTb 3 K C K a B a T O p a  n p H  a T 0 M  ~ 0 c T a B n R J r a  25-29 THC. iu3. 

B H M H  DYTRMH, ~ B T O M O ~ H J I ~ H ~ I M  3 a e 3 A O M  HJIH K O H B ~ ~ ~ ~ H O ~  n n H H e 6 .  ~ P I I  Ha &X~HOBCKHX ~ C ~ ~ C T O B H X  K a p b e p a X  ~ H J I  I I P H M ~ H ~ H  C I I O C O ~  ABYX- 

C ~ O ~ H O ~  IIPOXOAKH ~ p a ~ l l l e d  ABYMR a K c K a B a ~ 0 p a M H  ( ~ H c .  27). npn  TOM 
C I c o p o c T b  n p o X O A K H  ~ p a ~ r n e n  ysenmnsanacb I I 0 4 T H  B 2 paw,  T ~ K  K ~ H  

C T a B a .  npOH3BOAHTeJ IbHOCTb  K a l K A O r O  3 K C K a B a T O p a  O C T a n a c b  me, q T o  npm 

p a a n e ~ a  KYCKOB DOPOAH. 

X o p o m ~ e  p e 3 y n b ~ a ~ ~  nonysenn npn nocnoii~oii npoxopce ~ p a ~ m e i i  
H a  K a p b e p e  HICI'OK. Bspnsa~ne  n O p O A H  I lpOH3BOAEJIOCb  y ¶ a C T K a M l i  

A J I H H O ~  100-,150 &. npn  ~ T O M  0 6 ~ a p y ~ e ~ 0 ,  n ~ o  npn y s e n H q e H B m  A n n H H  

38 



0 6 0 ~ ~ a 0 s a ~ 1 ~ e ~  - B aBToTpaHCnOpT. 1 l p H  n ~ c n o i i ~ o i i  c x e ~ e  pa60TM B O B M o x ~ a  T ~ X H O J I O ~ ~ ~ ~ C K H ~  c X ~ M F J  npOXOAHH TpaHrnefi TpaHcnop- 
nPOn3BOAHTeJIbHOCTI, 3KcKaBaTopa npm6nmmae~c~ K era npoHaBoAHTejrb- ,, nOPOA B O T B a n a  o ~ ~ a n 0 0 6 p a 3 o ~ a ~ e n e M ,  

TPaHCnOPTHO- 

HOCTH HPH $ P O H T ~ J I ~ H O M  38608, HO DpH 3TOM B H ~ c R O J I ~ K O  pa3 ysenaqll- ( , T I I a n b ~ ~ ~  MoCTOM, ~le~~0gHhlMH K O H B ~ ~ ~ P ~ M H  'PeACTBaMH 
B ~ ~ T C R  06'beM n y ~ e s a x  p a i j o ~  ~ 3 - 3 a  ; ~ , ~ J ~ ~ ~ H O A O P O ~ H O ~ O  TpaHCnOPTa- 

M H O r O H P a T H a X  ( ~ ~ O ~ O ~ ~ H O H ~ ~ ~ H O  H~ pHc. 29, n o x a s a ~ a  ~ex~onorn¶eCKan CXeMa paGoT* poTopHoro 
sncny C J ~ O ~ B )  n e p e y ~ n a ~ o ~  penb- : , l ; c ~ a ~ a ~ o p a  B aa60e npn ~paHcn0pTHpoBaHHn nopOA OTBan JIeaTosHHM 

C O B ~ X  n y ~ e f .  !IHC~O cnoeB onpefie- I;osBefiepo~, a ~a pac, 29, 6 - rnene3aoAopO~H~M TpaHcnOpToM Ann 
" JMeTCfl B 3aBHCHMOCTN OT pa3MepOB 

Tl)aHmeH B*CoTbI CJIOII, KOTOPaR 

3aBHcmT OT p a 6 o s ~ x  UapaMeTpoB 
npHMeafleMHX ~ K C K ~ B ~ T O P O B .  

IIpn cxeMax npoxoAIcm c ncnonb- 
3OBaHHeM ?KeJIe3HOAOpOmHhIX RyMn- 
KaPOB B P C O T a  CJIOR COCTaBJIIIeT: 
AJrR 3KCKaBaTOpOB 3Hr-4 - OT 3 AO 

332 AnR 3HCICaBaTOPOB 3 w - 8  - 
OT 4,5 AO 4,7 nt. p~tc. 29. Cxema npoxonrcn Iranu- 

CTOHMOCT~ IlPOXOA¶eCKHX p a 6 0 ~  ~arbnofi ~ p a ~ m e n  pOTopHbIM d 
cra~aTopoa: 

a - c ~0rpyBK0& Ha n e n ~ e w m g  
TpaHmeP same ,  s e M  npn npoxoAIce ~ o ~ s e l l e p ;  

I - POTOPH& 'dKCKaBaTOP; 2 - 
~ p a ~ m e G  UOJIHHM c e s e ~ n e ~  c sepx- npoxo~sec~at4 ~onseitep; 3 - 
~ e i i  norpya~oii .  M O H T H P ~ M I ~ U ~ I C R  aa60iHbla KOH- 

BeBep; 4 - C M O H T ~ ~ ~ O B ~ H H ~ I ~ ~  3a- 
6 0 i ~ b l i  ~ o ~ ~ e i i e p ;  5 - penbco- 
emi nym; 6 - c norpy3nofi B 

&q 9 6. n p o x o ~ ~ a  ~pa~rue f i  cpeAcTsa meneanouopoxcHoro 
TpancnopTa 

C T P O ~ T ~ J I ~ C T B O  KaPbePOB, Ha  KO- 

T O P u X  npH HX 3HcnnyaTaqHn aa- 
npoeKTHpOBaH0 npHMeHeHHe Tes- 
H H K a  HenpepHBHOTO A ~ ~ ~ c T B H R ,  CBR- 

3aHO C BbIIIOJIHeHHeM 3HaPHTeJIbHbIX 
Pao. 28. Cxega n ~ m o f i ~ o f i  nPOXOAKH TpaH- O&,eMOB (aO 20-50 M J I ~ .  &3 Go- c norpy~ori  B paamrsHnre BXRH TpaH- 

ysyqmeH~fl HCUOJIh3OBaHHR ~ K C K ~ B ~ T O P ~  BO B P ~ M ~ H H  npHMeHcImT cnop~a ~ree)  J?opHoKanZfTaJIb~bIx pa6o.r no 
npoxoAKe HanllTaJIbHblX H paapea- x o ~ q e c ~ n G  ~ o ~ ~ e f i e p  H a  peJIbCOBOM XOnY, K O T O P ~ ~  yCTaHdBnHBamT 

Harx T P ~ H ~ ~ ~ .  ~ T J I  P ~ ~ O T M  MorYT B F J ~ O ~ H E I T ~ C R  hiaIIImHaMn qHKnnqI~oro n a p a n n e ~ r b ~ o  3a6oii~oMy K O H B ~ ~ ~ P  y H n e p e ~ e q a m ~  BMeA 3a =OnBH- 

HenpepuBHoro A ~ ~ C T B H R .  BMIIOJIH~HH~ TaKHX 06?,eMo~ pa60T 0 6 ~ -  r a ~ ~ e ~  sa60a no peJIbCOBhIM JlyTIIM. l l o p o ~ ~  c npox"AqecKoro ~~~~~~~p~ 
PYAoBaHHeM 4mKJIHqHOrO A~GCTBHR HMeeT c.lIeAyK~qHe H ~ A O C T ~ T ~ H :  nepenaMT ~a safjofiH*fi xoHsefiep no HaHJIOHHoMy m e n o 6 ~ .  PenbcosFJir 
~ ~ O P Y A ~ B ~ H H ~  WfKJIHqHOrO A ~ ~ ~ C T B H I I  3 a ~ a n l r ; a ~ a e ~ c s  T O ~ ~ K O  ~a ne- n j - ~ b  no ~ e p e  noABHI'aHnII 3 a 6 0 ~  p a 3 6 ~ p a e ~ c ~  HapaqHBaeTcR co 

p o ~ b r  3 a 6 0 ~ .  

Ha ApyrHe KapbePu; CTPoHTeJrbCTBO ~ a p b e p a  H o c ~ o e ~ ~ e  era n p o e ~ ~ a o f i  I;Tapaempw Kanumanbnbcx mpalrueii. OCHOBHO~ napaMeTp KanaTaxb- 
M O ~ H O C T H  T P ~ ~ Y ~ T  AnRTeJIbHOrO BpeMeHH ( ~ 0  3-6 n e ~  xg Gonee); 3a- TpaHmen - ee mHpHHa IIOHHSY, 3aBHCIIqaR OT BnAa npHMeHaeMoro 
TpaqHBaIoTcs A0nonHHTenbHbTe CpeACTBa Ha C T ~ o r n ~ e n b ~ ~ ~ o  n 0 ~ ~ 0 6 ~ ~ ~ x  norpyaoqHoro TPaHCnoPTHOro O ~ O P Y ~ O ~ ~ H H ~ ~ .  M M H H M ~ J I ~ H ~ R  mnPnHa 
qexOB H C J I Y ~ ~ ;  B a C O K a R  C ~ ~ ~ C T O H M O C T ~  p a 3 p a 6 0 ~ ~ ~  4 a 3  nopoa r ; a n ~ ~ a ~ ~ b ~ o f i  ~ p a ~ m e m  nOHH3Y IIPH UPOXORKe ee poTopHMM 3KCKaBaT0P0M 
HaR 0,4-0,6 P Y ~ .  n 60nee) 0 6 y c n o ~ n ~ ~ a e ~  6 0 n b m ~ e  aaTpaTbI CpeAclB 3pr-1600 c no rpysKo~  ~ c ~ p H m n  Ha JIeHT04Hhle K o ~ ~ e f i e p ~  paBHa 51 A, 
Ha r"pHOKanHTanbHHe p a 6 0 T ~ ;  CPaBHHTeJIbHO H ~ 3 ~ a f l  ~ ~ O H ~ B O A H T ~ J I ~ -  a r n ~ p ~ ~ a  ~ p a ~ m e n ,  ~ e o 6 x o ~ H ~ a R  TOJIbKO Ann BBOAa B Kapbep poTopHoro 
H O C T ~  TPyAa r o p ~ o p a 6 0 ~ ~ ~ .  aKcKaBaTopa, CocTaBJIcIeT 30 .w. ITpm npoxowe T P ~ H ~ ~ H  H o M n a e K c o M  
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KaPOB BPCOTB CJIOR COCTaBJIIIeT: 
AJrR 3KCKaBaTOPOB 3Hr-4 - OT 3 Ao 
3,2 AJrR 3HCICaBaTOPOB 3W-8 - . 

p~tc. 29. Cxema npoxourcn Ram- 
~arbnofi ~ p a ~ m e n  pOTopHbIM a& d 

cra~aTopoa: 
a - c norpyaKo& .pa n e n ~ e w m g  

I;Tapaempw Kanumanbnbcx mpalrueii. OCHOBHO~ naPaMeTP KanaTafib- 

Hofi TpaHmen - ee ~ H P H H ~  IIOHHSY, ~ ~ B H C I I W R  0T B ~ A ~  npHMeHaeMoro 
AoaaHnR. MMHHM~JI~H~R mHPIHa 

AHMaH T U J I ~ K O  AJIR BBOAa B KaybeP Pu'l'uFnu' " 
",.,....,~ .r-.,T,"n "n--n--r.----? --.,.v.--m--..* n-nmnn "-,,, -\() nr n n m  nnnvnnua .rnaamPu KOMTl.Ill?KP,OM 



MammH B CocTaBe PoTopHoro axcKaBaTopa m o ~ ~ a ~ 1 0 0 6 p a 3 0 ~ a ~ e n ~  mHpnHa 
xanHTaJIb~ofi TpZlHIIIeH ~ Y A ~ T  (PHC. 30) 

b = A + D + p f ,  (I,55) 

rAe A - PaCCTOcIHHe MeKAy H H W H ~ P  6 ~ 0 ~ ~ 0 2  6 o p ~ a  TpaHIUeH H BHelU- 

Hefi C T O ~ O H O ~ ~  XOAOBOI'O ~ C T ~ O ~ ~ C T B ~  CO CTOPOHbI er0 IIpHeAl- 

H0fi KOHCOJIH; 

p' - TO ?He, CO CTOPOHbI O T B ~ J I ~ H O ~  KOHCOJIH; 

D - mmpmaa xona O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ ~ I I .  

k 

P a c c ~ o m ~ e  A onpeAeJrReTccI no 4 o p ~ y n e  
A = 6 ' + r c o s y ' +  ef+h'ctga-0,50, a, (I,56) 

pr=d+r-0,5D-Hctga, at, (I,57) 

rAe 6' - paccToaHHe MexAy O C ~  s p a q e ~ n r r  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I R  

H OCbH) BpaQeHHII IIRThI I ~ P H ~ M H O ~ ~  KOHCOJIH, at; 

r - AJIHHa IIpHeM~ofi KOHCOJIH, m; 
y' - YrOJI  IIOBOpOTa IIpHeMHof KOHCOJIH B I ' O P H ~ O H T ~ J I ~ H O ~  IIiIO- 

CKOCTH, zpad; 
E' - 6e3onac~oe paccToRHme M e s A y  K O H ~ O M  n p n e ~ ~ o i i  KOHCO.XII 

O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I R  m 6 0 ~ ~ 0 ~  TpaHmeH, m; 
k' - MaKCHMaJIbHOe PaCCTORHHe OT I I P H ~ M H O ~  KOHCOJIH OTBa.?O- 

06pa30sa~en11 no YPOBHR ero CTOIIHHR, m; 
a - yron oTKoca 6 o p ~ a  TpaHmen, zpad; 

r - paccToRHme MexAy ocbm BpaqeHmH O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ ~ H  

H ocbm nRTH ero o ~ s a n b ~ o i i  TpaHmen; 
d - rOpH30HTaJIbHOe PaCCTOIIHEie MeKnY OChiTl IIRTM O T B ~ J I ~ H O ~ ~  

KOHCOJIH H B ~ ~ x H ~ G  ~ P O B K O ~ ~  6 o p ~ a  TpaHmeH, &; 

H - r n y 6 ~ ~ a  TpaHmen, m. 
3 ~ a s e a ~ e  d pamo: 

d = (H - h" + ctg p', (1158) 

rAe h" - BbICOTa KpeIIJIeHHR K O H q a  O T B ~ J I ~ H O Q  KOHCOJIH 0T~a~1006pa- 

30BaTeJIR, n; 
E - 6e30nac~oe paCCTORHHe Me?HAY B ~ P X H ~ ~  ~ P O B K O ~ ~  6 o p ~ a  

TpaHmeH H KOHCOJIbH) O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ ? J I I I .  

OGHOBH~IM TexHonormecKmM napaMeTpoM pa3pe3~ofi TpaHrneIl IIB- 

.-IReTCR ee IUHpHHa IIOHH3Y, KOTOpaR AOJIXHI O ~ ~ C I I ~ P H T ~  B03MOKHOCTb 

~ ~ ~ H o H ~ J I ~ H o u  PaCCTaHOBKH O ~ O ~ Y A O B ~ H H R  Ha  MOMeHT IIyCKa Kaphepa 

n aKcnnyaTaqmro. 

r:\e 0 - PaCCTORHHe Me?KAy OCRMH BpalqeHHR 3KCKaBaTOpa H OTBaJIO- 

o 6 p a 3 0 s a ~ e n ~ ,  m; 
Bz - IUHpHHa BHem~eg ¶aCTH ~ K C K ~ B ~ T O ~ H O ~ ~  3aXOAKH, Y; 

R - PaAHyC pa3rPY3KH O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I R ,  A; 4 - sarcora oTBana no rpe6am, r ;  
p - yron oTKoca oTsana, zpad; 
A - IUHpMHa 3aXOAKH, 

E - PaCCTOcIHYre OT H H K H ~ ~ ~  ~ P O B K H  IlepB0fi O T B ~ J I ~ H O ~  3aXOAKH 

a0 H H H C H ~ ~ ~ [  ~ P O B K H  ~epa6ose ro  60pTa TpaHlUeH. 

rAe H - r n y 6 ~ ~ a  TpaHrueH, .w; 
C - K O ~ $ ~ @ E ~ H ~ H T  YnJIHHeHHR @ ~ O H T ~  BCiiPbIlUHbIX p a 6 0 ~  OTHO- 

CHTeJIbHO @ ~ O H T ~  OTBaJIbHbIX p a 6 o ~ ;  
k, - K O B @ @ E Z ~ H ~ H T  pa3PbIXJIeHHR. 

n p ~  60n1,moG MOIQHOCTH BCKPHIIIH H HaJIWHH HeCKOJIbKHX YCTYIIOB 

napaMeTpH paspea~oii  TpaHmeH onpeAenmoTcR (PEG. 32). 

rAe A1 - IUHpEHa 6 e p n ~  ~ ~ ~ O ~ ~ C H O C T H  CO CTOPOHhI ~ e p a 6 o s e r o  
6 o p ~ a  TpaHmeH, m; 

I1' - m a p m a  pa6oseii nnowanm nepeAoBoro ycTyna, m; 
o - yron oTxoca pa6osero ycTyna, zpad. 
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V - [m, t- 0,5H (ctg a + ctg of)] (La + H ctg a) H, nc3, (I,63) 
rAe o' - yron oTKoca pa6osero 6 o p ~ a  TpaHmeM, zpa6; 

a - yron oTKoca BcHpbImHoro ycTyna B Topqe Hapbepa, zpna; 
La - AJIHHa ~ P O H T ~  pa6o.r IIO ~0661¶e, a; 

t - IUHpHHa T ~ ~ H C I I O ~ T H O ~ ~  6 e p ~ a r  B T O p q e  sapbepa, a. 
0 6 ' b e ~  TpaHIlIell IIO IIepeAOBOMy YCTyny 

HM~K)TCEI CneAyIoqMe mexxoJcozuuecrcue c n o c o 6 ~  npoxoaxu mpanlueli 

0 6 0 p y ~ o s a ~ a e ~  HenpepbIBHOI'O A~GCTBHFI:  T P ~ H C U O P T H O - O T B ~ J I ~ H M ~ ;  YC- 

J I o x H ~ H H ~ I ~  T P ~ H C ~ O P T H O - O T B ~ J I ~ H ~ I G ;  T ~ ~ H c I I o P T H ~ I ~ ~ [ ;  I E O M ~ E I H H P O B ~ H -  

H ~ I G .  ~ P H  KaXAOM C I I O C O ~ ~  MOXHO BMAeJIHTb HeCICOJIbKO TeXHOJIOrH¶eCKHX 

CXeM npOXOAKl3 TpaHmeH, OTJIH¶aIoIQHXCR Apyr OT Apyra B3aHMHhIM 
pacnonoXeHHeM rOpHOTpaHCnOpTHOI'0 O ~ O P Y A O R ~ H E I R ,  C I I O C O ~ O M  pa60~h1 

(IIonepe¶~bIMH HJIH UpOAOJIbHbIMH 3axoflHaMH) H T. A. P~CCMOTPMM OCO- 

~ ~ H H O C T H  HaxAoro m3 nepesHcneHHMx cnoco6oli IIPOXOAIEM ~ p a ~ m e i i .  
Cyqxocmb mpaxcnopmno-ornea~cbnozo cnoco6a npoxoaxu ~anurna~cbnoii 

mpaxueu s a ~ n ~ o s a e ~ c ~  B p a 3 ~ e q e ~ p ~  p a 3 p a G a ~ ~ ~ a e ~ ~ x  nopon H a  
GOPTY (HZH 6op~ax)  TpaHllleH HeIIOCpeACTBeHHO O T B ~ . ~ O O ~ ~ ~ ~ O B ~ T ~ J I ~ M .  

O C H O B H O ~  YCJIOBHe npHMeHeHHH - B03MOKHOCTb pa3MeQeHHH nOpOA 
H a  ~ O P T Y  TpaHIIIeH. B npOqeCCe pa6o~ar OTBaJIbHaH KOHCOJIb OTBaJIO- 

0 6 p a 3 0 s a ~ e n ~  M o x e T  PacnonaraTbcH K a K  no H o p M a m ,  TaK M IIOA 

HeKOTOpbIM YrJIOM K OCH TpaHIIIeH. O C O ~ ~ H H O C T ~ I O  p a 6 0 ~ ~  RBJIReTCR 

H ~ O ~ X O A H M O C T ~  IIepeABHXeHHH O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I H  CJIeAOM 38 3KCKa- 
EaTOPOM,  IIPH¶eM PaCCTOHHHe MelKAy OCHMM HX B p a q e H M H  OTpaHM¶M- 

Till< HaH 
o,>r.+B-t-r, 

I'$[e r - paCCTOHHHe MeXAy OCbH) B p a q e H H R  o ~ ~ a n o o 6 p a 3 0 ~ a ~ e n a  H 
OCbH) IIFIThI er0 U ~ H ~ M H O G  KOHCOJIH. 

Rnn 06ecnesesan n o p ~ a n b a o f  pa6oru 3PI'-1600 H OM-4500/180 
H ~ O ~ X O A H M  neperpyxaTenb A J I H H O ~  60 at. 

PHC. 33. npoxonxa KanaTanb 
HOE : Tpmmea ~pmcnopTHo- 
OTBanbHbIM CIIOCO~OM 0 110- 
nomaosamear poTopHoro ax- 
cxaBaTopa H o~sanoo6paao~a- 

Term 

T ~ ~ H c ~ o ~ T H o - o T B ~ J I ~ H ~ I ~ ~ [  cnoc06 IIPOXOAKH pa3pe3~0G TpaHIIIeH 

, (PHC. 34) 06h19~0 npHMeHHH)T IIpH BCKPMTHH KapbePHOrO nOJIH D O  

~ o e ~ y p y  noneaeoro acaonaentoro; npn w o ~  noponsl crpon~enssoil 
BCKpbIIIIH p a 3 ~ e q a m ~ c a  H ~ ~ ~ O C ~ ~ A C T B ~ H H O  H a  p a 6 o s e ~  ~ O P T Y  Kapbepa. 

C T ~ O H T ~ J I ~ C T B O  Kapbepa HasHHaeTCH C npOBeAeHHH TPaHCnOPTHO-OT- 
B ~ J I ~ H ~ I M  c n o c o 6 o ~  B ~ ~ M ~ H H O ~  H~KJIOHHOG TpaHIIIeH, pa~n~JIaI 'aeM~fi  

B KoHTypax p a ~ p e ~ ~ o f i  co CTOPOHH ~epa6ose ro  S o p ~ a .  3 a ~ e ~  ocyqe- 
CTBJIHIoT n p O X O A K y  nmoHep~otI pa3pe3~0% TpaHEti;ki; B ,QaJIbHeGIUeM paC- 
m m p ~ e ~ o i i  no npoewmax KOHTYPOB. 



r ~ ~ 3 0 ~ ~ a ~ ~ n ~ ~ ~ ~ a ~  CBH3b rOpH30HTa I'OPHbIX c ~ ~ M H O @  no- e ~ b ~ i i  0 6 5 e ~  ~ p a ~ m e m  (PHC. 36). H P ~ A ~ X ~ H Y ~  ~ Y ~ Y ~ H Y  p a 3 p e 3 ~ ~ %  
BePXHOCTbm B ~ ~ P H O A  IIPOXOAKH pa3pe3~0H ~ p a ~ m e ~  o c y q e c ~ s n ~ e ~ c ~  ~ p a ~ m e ~  onpenenaro~ no $ o p ~ y ~ r e  
no HaKnoHHo% TpaHmee. 3~3' TpaHmeH, HCIIOJIb3yIoT n BBoAa 3KC- 
nJIYaTa4HoHHoro O ~ O P Y A O B ~ H H R  B Kapbep. fc AOCTOHHCTB~M TPaHCIIOPT- 

HO-OTB~JI~HO~O C I I O C O ~ ~  npoxoAKm ~ p a ~ m e i i  OTHOCHT HH3KYH) ce6eCTo- 

Re llT, - m n p m a  T p a H u e H  I I O H H ~ Y ,  a; 
Ho - BbICOTa OTBaJIa, j)2; 

a - yroJr OTKOCa ~epa6onero  6 o p ~ a  TpaHmeH, zpad; 
kp - ~ o a $ $ m q n e ~ ~  pa3pb1xne~ma nopoA B OTBane; 
- 3 a n o ~ e ~ n e  OTKoca OTBaJIa, M ;  

Y - yron ecTecTseHHoro oTKoca oTsana, zpad; 
$ - ~ c T o ~ E ~ B H I %  YrOJI OTKOCa OTBaJIa, 2 ~ ~ 8 .  

hrc. 3 4 .  Cxema ~ p a ~ c n o p n r o - o ~ s a r b ~ o r o  Cnocoda npoxonKn paapeaaofi Tpmmew: 
1 - KOHTYP ~ a 3 p e 3 ~ 0 f i  TPaHmeE; 2 - BPeMCHHaFI HaKJlOHHaFI TpaHmeFI; 3 - w0HepHaFI TpaIr- 

me=; 4 - caesn 

AOIIOJIHHTeJIbHOI'O DO CpaBHeHHX) 
c UPoCTbIM TPaHCIIOPTHO-OTBanb- 

HbIM C ~ O C O ~ O M  0 6 0 p y ~ o s a ~ ~ ' ~  (OT- Pxc. 30. Teurororrrqw~a~ CXcMa ymO2KHeHIiOro rpaHCn0pnro-OmslrbHOro cnocoda ~ ~ O X O A K U  
paapeanoP TpturmeE: 

B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I ~ G ,  neperpyxa- I - poTopHnfi !j~c~anaTop; 2 - o ~ ~ a ~ ~ o 6 p a a 0 ~ a ~ ~ b ;  3 - 6yw~eP-neperpy~aTeJIb 

~ e ~ r e f i )  Tl"T IIO3BOJIReT 3Ha¶H- 

TeJIbHO YBeJIHqHTb o ~ p a b a ~ b ~ s a -  Ko~,&flupoeaflflbl.ii cnoco6 npoxodi~u pa3pealt~x rnpafllue6 c npmMe- 
HeHneM 060py~0BaHEI~ HeIIPePhIBHOrO A ~ ~ C T B ~ H  BKJIm'laeT coseTaHHe 
HaH60~ee  ~ $ $ ~ K T H B H ~ I X  T~~HCIIOPTHO-OTB~~~H~IX TPaHCnOPTHfiIX CXeM. 

OT rnwpwnbl nonway npw wx npoxome TpaH- 
c n o p a o - o ~ ~ a r b n b w  cnooodoar: Ha pnc. 37 ~ ~ o ~ a s a ~ a  n o c ~ r o i i ~ a ~  npoxowa pa3pe3~0% T P ~ H ~ ~ H  KOM- 

1 - a m  HaUUTaJlbHbIX ( H ~ K ~ O H - )  ~ p a a -  6 n ~ ~ ~ ( 1 1 3 a ~ ~ h l ~  C ~ O C O ~ O M .  Bepxaaij c J I o ~  TpaHmeH P ~ ~ P ~ ~ ~ ~ ~ ~ ~ ~ T  
f6D ". 'I0 '" men; 2 - nm paspesmx ( ~ O P H ~ ~ A T ~ J I ~ H T ~ K )  Uupu~a mpaHueu [no~usy) 8, M 

Tpamefi 
~paHcnopTHo-oTBaJIbHbIM cnoco6o~  C PaareqeHHeM nopofl Ha 6 0 ~ ~ ~  



Cxeaa n p o s o d ~ u  paspeano6 mpanzueu c mpancnopmupo6anue~t nopod 
r ;o~~ne l iepau .  Ha PHC. 38 n o ~ a 3 a ~ a  c x e M a  npoxoRm pa3pe3~08  T p a H m e H  

A - A  6 -6  - 

Pnc. 3 7 .  K o m 6 n ~ u p o e a ~ ~ b 1 f i  cnoco6 n p o x o ~ ~ n  paapean08 Tpammeu 

ABYMH YCTYIIaMH. Ha B e p X H e M  Y C T y n e  FiCIIOJIb3yIOT POTOPHMB 3KCKa-  
40 

B a T o p  3PF-1600 10 31 n o ~ ~ a n o o 6 p a 3 0 ~ a ~ e n b  OLIIP-4500/180, c no- 
M O ~ ~ I O  K o T o p o r o  C T p o H T e n b n a t I  B c K p M m a  neperpyzael.cn H a  M a r H c T p a n h -  

I I L I ~  K O H B ~ ~ ~ ,  y J I o w e H f l b I i i  H a  ee ~ O P T Y . ,  Ha BTOpOM YCTYIIO HCnOJIb-  
40 

:!yOTCH P O T O P H H ~  3 K C K a B a T O P  3Pr-1600 - 31 ki CHCTeMa JIeHTO¶HbIX 
10 

~ c o ~ n e i i e p o ~ .  
B npoqecce n p o x o A K x  pa3pe3~oH T p a H m e H  MOZHO OCYI~~CTBJIIITE.  

IIOIIYTHYIO ~06b1¶y IIOJIe3HOrO HCKOIIaeMOI'O. ~ P H  3TOM MOrYT G H T ~  
i \ l l U  C J I y s a H :  I l O n y T H a c I  ~o6b1sa IlPOH3BOAHTCII BCJIeA 38 I I P O X O A K O ~  
~)a:rpeanoii T p a l r m e n  nocne C O ~ A ~ H H H  ~ e o 6 x o ~ ~ ~ o r o  onepezemrn p a 6 o ~  
110 I l c l r p w n r e ;  nonyman ~o6b1sa H a s H H a e T c n  c M o M e H T a ,  K o r A a  p a 3 p e 3 ~ a ~  
.rpanrnen 6 y ~ e ~  n p o 8 n e ~ a  H a  ceseme H AJIHHY, O ~ ~ C I I ~ ~ H B ~ I O ~ H ~  npo- 
M:IIIOflCTB0HHYIO M O 4 H O C T b  K a p b e p a  C y¶eTOM OAHOBpeMeHHOCTH OKOH- 

I I ; I ~ H H  p a 6 o ~  no npoxonxe T p a H m e H  H B M e M K e  n o n o c b I  n o n e a ~ o r o  HCKO- 

U ~ O M O I ' O .  UO~MOZHH T a K m e  T e x H o n o r m e c K H e  c x e M w  ~ P O X O A K H  paspea- 
HhIX T ~ ~ H I I I ~ ~  C I l p H M e H e H H e M  TPBHCIIOPTHO-OTBaJIbHbIX MOCTOB. 
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Pcrc. 38. Cxema npoxoRKu paapeanoir Tpanmew B Rea c n o ~  npu moqnocm nolcpmsamqnx nopox I zo  70 n c npmencnuem nomorbaoro o~sanoo6paaosa~enx OILIP-450O/i80 R n a r m e  ncperpy- 
xcaTeJm npn 0 ~ p a 6 0 ~ K e  sepxnero cnorr: 

I - aHcKasaTop; 2 - O ~ ~ a n 0 0 6 p a 3 0 ~ a ~ e n b ;  3 - M a r ~ c ~ p a n b m P  no~sef iep  

1 

B MHI'KHX OCYIIIeHHbIX I IOPOAaX I I P H  r n y 6 n ~ e  T p a H m e H  A 0  10-13 
EI PaCCTOHHHH T p a H C I I O P T H P O B a H H H  A 0  300-500 a I I P H  HCIIOJIb30BaHHM 

B K a s e c T B e  ~ ~ r a s e i i  , r p a w r o p o B  H ,qo 1000-1500 a - npn nc~~onbaosa- 
I H H H  CKOPOCTHbIX IIHeBMOKOJIeCHbIX T R I ' ~ P ~ ~ .  

L C x e ~ b ~  n p o x o ~ ~ ~  ~ p a ~ m e $ i  KOJI~CHHMH c ~ p e n e p a ~ n  n o ~ a 3 a ~ b 1  ~a 



IIIHMCI 3 a T p a T a M H  H a  BB, K O T O p H e  COCTaBJIfIIoT A 0  65-70?; Bcef!i CTO- 

IISIOCTH pa6o~) ;  TpYAHOCTb I lOJIY4eHHII  BhIeMKH ~ e o 6 x o n ~ ~ o r o  npO@HJI I I ;  

H e R 0 3 M O X H O C T b  PaCIIOJIOWeHEIEI B C ~ G  B ~ O P B ~ H H O ~ ~  IIOPOAbI H a  ~ e p a 6 0 4 e M  

6 0 p T y  T p a H I I l e H ;  H e B 0 3 M O X H O C T b  IIPOH3ROACTBa B3PbIBOB I I p H  H a J I w H H  

B onac~of i  3 o ~ e  ( 3 o ~ e  p a s n e ~ a  KYCROB IIOPOAH) XHJIIJX B A ~ H R ~  a COOPY- 

x e ~ ~ f i .  
Dpoxod~a mpanweii c npuaenenuem zudpo~nexanu3aquu ~ @ @ ~ K T H B H ~  

n p l 1  H a J I H s H H  XOpOllIO p a 3 M b I B a I o I 4 H X C I I  UOpOA, ROCTaTO¶HOrO KOJIH- 

s e c T s a  B o A a  H ~ e m e ~ o i j r  a ~ ~ e ~ ~ p o a ~ e p r ~ ~ .    TOT C I I O C O ~  ycnemao npm- 
AIeHeH H a  IIpOXOAIEe T ~ ~ H I I I ~ G  npm CTpOCITeJIbCTBe p R A a  Y r O J I b H H X  K a p b e -  

p o ~ .  B psqe c a y s a e B  n p o x o A R a  ~ p a ~ m e f i  c n o M o q b m  r ~ ~ p o ~ e x a ~ r n 3 a q u ~  
3@$WRTHBHee  A p y r H X  cnoco60~. Tax, H a  ~ ~ ~ C H O C ~ J I ~ C K O M  YrOJIbHOM 

riaptepe C T O H M O C T ~  p a 6 0 ~  n p ~  r ~ j q p o ~ e x a ~ ~ 3 a q m ~  n p H M e p H o  H a  25% 
HII iKe ,  4 e M  I I P H  3KCKaBaTOPHOM cnoc06e. 

6-6 - r-r 

6 - HZIKJIOHHO~~ ~ p a H m & ;  I - 
RbIeMKa BCPXHerO CJIOR; 11 - 
BbIeMKa BTOpOrO CnOR; 1 - 6yJIb- 
nosep c p b I x n a T e n e M ;  z - paspes- 
11aR T P a H m e R ;  3 - C K p e n e p ~ b r i r  
COCTaB C r p y 3 0 M '  4 - C K p e n e p -  
Hblfi  ~ O P O ~ H I ~ B  C ~ C T ~ B ;  5 - 6ynb- 
A o 3 e P  c r p e B n e p o M ;  6 - e p e m e t r -  

I lbIe  BbIe3AbI; 7 - OTBanbl 

IIIypI$OB H R a M e p )  B J I I ~ ~ ~ I X  KJIHMaTHPeCKHX YCAOBHIIX B T e U e H H e  K p y r -  

A O r O  r0na). & ~ A O C T ~ T K R  n p O X O A R H  ~ p a ~ l l I e f  B3PbIBOM H a  B ~ I ~ P O C :  

CPaBHHTeJ IbHO BbICOKaEI CTOHMOCTb 1 a8 B ~ O P B ~ H H O G  ~ O P H O ~  MBCCbl 

(B 2 pa3a BbIUIe ,  4 e M  n p H  3 R C R a B a T O p H b I X  pa6o~ax ,  ¶TO CBR3aHO C 60JIb- 
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 TOT C I I O C O ~  0 6 ~ 9 ~ 0  I IPHMeHII IoT ,  K O r A a  pa6osne I I a p a M e T p H  Apar- 
. 7 a f i H a  EIjIH M ~ X ~ H H ¶ ~ C K O ~ ~  JIOIIaTbI HeAOCTaTO¶HbI AJIH IIPOXOAlCH T p a ~ I I I e f i  

IIOJIHbIM C e P e H H e M  IIO H a H 6 0 J I e e  ~ I $ @ ~ I C T E I B H O ~ ~  ~ ~ C T ~ ~ H C I I O P T H O ~  CXeMe.  

~ I ) H  K O M ~ H H H P O B ~ H H O M  cnoc06e OAHY V a C T b  06 'be~a IIOPOAbI paspa6a- 
TbIBaIoT  110 ~ ~ C T P ~ H C ~ O P T H O ~ ~  CXeMe C p a 3 M e 4 e H H e M  el? H e n O C p e n C T B e H H O  

H a  GOPTY T p a H l l I e k I ;  APYrYIo - p a 3 p a 6 a ~ h I ~ a I o ~  Ei BbIB03RT1  HCIIOJIbBYII 

- & e J I e 3 ~ 0 ~ 0 p O ~ ~ b I f ! i ,  a ~ ~ 0 ~ 0 6 H J I b ~ b I f i  HJIH 1 ~ 0 H B e f i e p ~ b I f i  T p a H C I I O P T ,  

B 3aBHCHMOCTH OT rOPHOTeXHH¶eCRHX YCJIORH~J[ H HaJ IH¶HR H ~ O ~ X O ~ H M O ~ O  

O ~ O ~ ~ A O B ~ H H I I .  

~ ~ O X O ~ K ~  K a n H ~ a J I b ~ 0 f i  T p a H I U e H  K O M ~ H H E I P O B ~ H H ~ I M  C I I O C O ~ O M  OCY- 

WeCTBJIIIeTCR ABYMII 3a60FIMH. B I IepeAOBOM 3a6oe YCTaHOBJIeH Apar- 
z a i i ~ ,  I C O T O P H ~ ~  r c p n M e p H o  IIOJIOBEIHY 0 6 a e M a  n o p o A M  p a 3 ~ e l q a e ~  H a  

6 o p ~ y  T p a H m e H .  Bo BTOPOM 3a6oe y c T a H o B n e H a  M e x a H H s e c K a a  3 o n a T a  

B CO¶eTaHHH C WeJIe3HOAOPOWHbIM TpaHCIIOPTOM. 

I C a n m ~ a n b ~ b ~ e  T p a H m e H  MOWHO n p o x o A m T b  H OAHHM ~ K C K ~ B ~ T O P O M ,  

h1eHRR DO M e p e  H ~ O ~ X O ~ H M O C T H  er0 pa6o~ee  0 6 o p y ~ o s a ~ ~ e .  a p a r n a i j r ~  

n p o x o A H T  n e p B y I o  s a x o ~ ~ y  c p a 3 ~ e 1 q e ~ ~ e ~  nopoAu H a  6 0 p ~ y  T p a n m e H .  

\ ~ e x a a m e c ~ o f  nona~oii  IIPOXOAFIT 3 a ~ e ~  BTOPYK) 3 a x o ~ ~ y  n nopony BN- 

B 0 3 I I T  H a  BHeI I IHHe  OTBanbI .  

CKOPOCTH H CTOHMOCTH I IPOBeAeHHII  ~ p a ~ m e f i  C HCl IOJ Ib3OBaHHeM 

K e J I e 3 H O A O p O X H O r O  H ~ B T O M O ~ H J I ~ H O I ' O  T p a H C I I O p T a  I I p t I B e A e H b I  

R T a 6 J I .  8 H 9. 

Opzanu3aqu~ npoxodl~u mpanwe6. OCHOBHH~ n p o q e c c M ,  BHIIOJIHII- 

, e M M e  llpm npoxoAxe ~ p a ~ m e i i :  b y p e ~ x e ,  s spasa~me,  s x c ~ a s a q ~ n ,  T p a H c -  

I I O p T H p O B a H H e  H y K J I a & K a  B OTBaJI  ropaofi MaCChI, I I y T e B b I e  pa6o~b1. 
B 3aBHCHMOCTH OT C B O ~ C T B  I'OPHJdX IIOPOA H T ~ X H O J I O ~ H ¶ ~ C X O ~  CXeMbI 

n p o x o n K H  ~ p a ~ m e f i  M o r y T  B~IIIOJIHRT~CEI B c e  n e p e m c a e H H b I e  n p o q e c c h I  

n.JIH P a C T b  HX. 



1 Tun O ~ O ~ ~ A O B . H ~ E  I  OXOAK OAK^ ~ p a i 1 3 1 e g  

! 

BLdCOTa n P U T Y u . K O -  n$I'fiK2.s ~~&~~~~~~ c 1 3 a s ~ ~ -  
Y C T Y ~ ~ ,  BOB c x e ~ e  I K 3 K C K a B a -  POTOM norpyaos- ~ p a l I C n O p T -  uonasu I I O A a s n  ca- 

T O P Y  CaMOCBaJIOB 1 MOCBaJlOB CaMOCBa- 110i-o 1 HOVO 
n O B  

1 K a ~ c ~ a ~ a -  TOPY K ~ x a B a -  TOPY AByMR aIaInaX 
T V n A K a M U  

Pa60TM no npoxonHe ~paamei i  O ~ ~ I ~ H O  BenyT Ha HeCKOnbKHX p a 6 o ~ a x  
r0pM3OHTaX7 nO3TOMy OHH nOJIittHhl6bITb TO4HO YBR38HbI KaK BO BpeMeHH, 
TaK a B IIpOCTpaHCTBe. B a a a ~ ~ a n  yBn3Ka B p a 6 o ~ e  MeXly OTnenbHMMH 
gCTynaMM, MamMHaMH I3 MeXaHM3MaMH MOXeT 6 ~ ~ b  ROCTHmyTa COCTaB- 
neHneM M peanaaaqmeii ceTeBoro rpa@n~ia  cTpomenacTsa Kapbepa. 
Ao Hasana npoxonea ~ p a ~ m e i i  npoaa~onnr  neo6xona~ae  nonroroaa- 
TenbHsle pa6orar ( C T ~ O Z ~ T ~ ~ ~ C T B O  BpeMeHHbIX 3 n a ~ a f i  M C O O ~ ~ X ~ H H ~ ,  
B TOM mcne  n a ~ a i i  aneKTponepenas, n o p ~ . e a ~ a b ~ x  n y ~ e i l  H T. n.). I Ipa OP- 
r a ~ ~ 3 a q m  p a 6 o ~  B TpaHmee, ocyrqecTsnneMarx no onpeAeneHHoMy 
sHKny, CTpeMnTCn K ~ a a 6 o n b m e ~ y  COBMemeHI3M BO BpeMeHa pa3nlzsHMX 
onepaqai.  rpa@aK pa6or He nonmea 6 n ~ b  a s n ~ m ~ e  mecTKaM, TaIr 
KaK Ha npaKTaKe MOryT BO3HMKaTb pa3nM9HMe 3anepXKa B p a 6 o ~ e .  

B b ~ c o ~ a n  npOH3BOpMTeJIbHOCTb 3KCKaBaTOpOB npm DpOXOnKe 06y- 
cnosnmaercn KoncrpyxrasaHMa KasecTsaMH MamanM a ~ a ~ 6 o n e e  
q e n e c o o 6 p a 3 ~ ~ ~  pacnonomeaaeM ee B 3a6oe, xopomet I I O ~ ~ O T O B K O ~  

noponn K aacliaaaqaa, a ynyrlmeanev opra~naaqlza pa6orsl. 3 ~ a s a -  
TenbHOe BJIHHHEle Ha ~ @ @ ~ K T H B H O C T ~  pa60~M 3KCKaBaTOpOB M TpaHCIIOpTa 
OKa3bIBaMT 6 y p 0 ~ 3 p h I ~ ~ b l e  p a b o ~ n .  & ¶ ~ C T B ~ H H O ~  H CBOeBpeMeHHOe 
MX BbIIIOnHeHMe MO'?KeT 6b1~b JJOCTMrHYTO 3a CYeT HCIIOJlb30BaHEIII CTaHKOB 
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- -  

InanupoJa~ue u ynp a 6 n ~ ~ u e  crnp~umeficm80~ xapbepn 

I I I 
ananu3 uc - 8ozo zpapu 
xo?nb/x ceme 

O T B ~ T C T B ~ H H M ~  HCIIOJIHHTeXH COCTaBJIHIOT I I e p e s H E l  p a 6 o ~ ,  CO~EJTLIR  

Fl BbIcIBJIHIoT I I O T P ~ ~ H O C T ~  B p e C y p C a X  ( K ~ > K A ~ I J %  IIO CBOeMy K o M I ~ J I ~ K c ~ ) ,  

a T a K X i e  IIpeJ(CTaBJIcII0T H H @ o ~ M ~ ~ ( H E O  0 npOAOJIX<HTeJIbHOCTH p a 6 o ~ .  
Ha OCHOBe BTEIX AaHHbIX OTBeTCTBeHHbIMII EICIIOJIHHTeJIcIMH C IIO- 

! 
~ o r q b m  ~ ~ ~ O T H H K O B  n n a H m y y m r q e r o  q e H T p a  B b I s e p s m s a I o T c F I  c e T e B b I e  

I ' pa@mKH p a 6 0 ~  IIO OTAeJIbHbIM Y s a C T K a M .  ~ Y T ~ M  ((CllIEIBaHEIFl)) J I O K a n b -  

HEJX CeTeBbIX I 'P~@HKOB IIOJIY9aH)T 06rqmii HCXOAH~IJ% C C T ~ B O ~  r p a @ H ~  

CTPOMTeJIbCTBa K a p L e p a .  

Ha P H C .  42 I I O K a 3 a H  ~ K ~ ~ u H ~ H H M G  c e T e B 0 6  rpa@EI1< CTpOHTeJIbCTRa 

H ~ O B C K O ~ O  K a p b e p a  no ~ o 6 ~ s e  c a ~ o p o ~ ~ o i %  cepH. P a c m n @ p o ~ ~ a  p a 6 o ~  I 
c e T e R o r o  rpa@m~a O c y r q e c T B n c I e T c c I  no @ o p ~ e ,  n p m ~ e ~ e ~ ~ o t i  n T ~ ~ J I .  10. 

I 

Ilocxe p a c s e T a  H o n T m M m s a u n m  c e T H  o c y r q e c T s n s e T c c I  a ~ a n  o n e p a T n B -  

H o r o  y n p a B n e H m c I  m KOHTPOJIH 3a XOAOM C T p o m T e n b c T B a  K a p b e p a  H a  

o c H o s e  c e ~ e ~ o f i  M o A e x m .  O c a o o ~ ~ ~ e  aa~aqm, p e a ~ l m y e ~ b r e  H a  pac- 
CMaTPHBaeMOM 3 T a l l e :  KOHTPOJIb 3a BbIIIOJIHeHmeM p a 6 o ~  C q e J I b H ,  CBOe- 

B p e M e H z r o r o  o n p e A e n e H n a  m: a ~ a n n s a  ncex O T K Z O H ~ H H ~ ~  OT nnaaa, onpege- 
J I e H H e  BJIEIHHEIR O T K J I O H ~ H ~ I %  H a  IIJI~HOBHG CPOK CTPOmTeJIbCTBa,  

n p o r H o s m p o s a H n e  ,qanb~eiimero xopa p a 6 o ~  c Y ~ ~ T O M  c a o ~ z x ~ m e i ? ~ ~  
c m T y a q H r n ,  B b I p a 6 0 ~ K a  H peanmaaqms H a n n y s m e r o  p e m e H m s .  

C e ~ e ~ o e  n J r a H m p o s a H H e  c T p o m T e n b c T s a  K a p b e p a  n o 3 ~ o n ~ e ~ :  nony- 
¶HTb  IICHYIO KaPTEIHY BbIIIOJIHeHHcI p a 6 0 ~  B I IpOCTpaHCTBe  H BO B p e M e H H ;  

BblFlBmTb ((KPHl'YIleCKHe>> (~au6onee  B ~ X H M ~ )  p a 6 0 ~ b l .  PI n p H H R T b  M e p M  

AJIcI C B O e B p e M e H H O r O  HX BblUOJlHeHHcI; 6onee ~ @ @ ~ K T H B H O  HCUOJIb30BaTb  

P e C y p C M ;  OIITHbflT3EIpOBaTb XOA p a 6 o ~  a, B KOHesHOM H T O F e ,  A O ~ H T ~ C H  

COKpaIqeIIZTcI o64ero B p e M e H H .  CTPOEITeJIbCTBa. 
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OII~IT CTPOHTeJIbCTBa KPYIIHbIX K a P b e P O B  B C.TOrnHJdX YCJIOBHHX 

I lOKa3MBaeT,  ¶TO ~ a ~ 6 0 ~ 1 e e  ~ ~ $ ~ $ C ? K T M B H M M I I  CXehIaMM M e X a H H S a q H H  

CIBJIR~OTCH: n p m M e H e H a e  mararoqnx ~ p a r n a t i ~ o ~  c p a 3 r p y 3 1 i o H  B oman 
HJIH B CpeACTBa TpaHCIIOpTa  C IIpHMeHeHHeM 6 y H K e p o B - I I e p e r p y ; ~ a -  

~eneZi; n p m e H e H z e  M e x a H H s e c K H x  n o n a T  c B M B O ~ H O ~ ~  IIOPOA CpeqcTBahxH 

~ B T O M O ~ H J I ~ H O ~ O  HJIH XeJIe3HOAOpOXHOI'O TpaHCIIOpTa  ( I IpH 3TOM AOJI)t;HM 

LIpeAIlpHHHMaTbCH CO0TBeTCTBYH)lQHe M e p M  110 yBeJIH¶t?HHKJ H e c y q e B  

c 1 1 o c o 6 ~ o c ~ ~  BCKPbIIUHbIX IXOPOA HJIH CHHXeHHIO 3'AeJIbHOI'O AaBJIeHHR 

XOAOBLIX Y E ~ C T ~ ~  FOPHO-TpaHCIIOPTHhIX M ~ I U H H ) ;  MCIIOnb30BaHHe CpeflCTH 

r H A p O M e X a H H 3 a q H H  ( ~ H A P O M O H H T O ~ H O - ~ ~ ~ X J I ~ C O C H M X  YCTaHOBOK, JIJIa- 

n y s ~ x  SeMcHapcIAoB H r m ~ p o ~ p a ~ c n o p ~ a ) ;  o p p o s p e M e H H o e  n p H M e H e H s e  

I I p H  O T ~ ~ ~ O T K ~  O ~ B O ~ H ~ H H ~ I X  I'OpH30HTOB HeCKOJIbKHX BHAOB TpaHC-  

n o p T a  ( ~ B T o M ~ ~ H x ~ H ~ - x ~ J I ~ ~ H o , ~ o ~ ~ ~ ~ H ~ ~ o ,  ~ o ~ ~ e i i e p ~ o - r ~ ~ p a s ~ x ~ ~ e -  
CKOrO H AP.). 

Y A ~ J I ~ H O ~  AaBJIeHHe H a  r p Y H T  3KCKaBaTOPOB MO>HeT 6 ~ ~ b  CHmlIFCHO 

IIpHMeHeHHeM H a C T H n a  H 3  MeTaJIJlH¶eCKBX WHTOB, IUIIaJI, 6 p e s e H  H np. 
HJIM I I e p e ~ a ¶ e f i  AHHaMH¶eCKHX H a r p y 3 O K  H a  r P J 7 H T  B C ~ G  O I I O ~ H O ~  IXJIO- 

q a ~ b r o  rycemq,  AJIH sero sepnaaue, n o A n e M  H paarpyssa K o s r r r a  ocy- 
lqeCTBJIReTCFl I I p H  IIOJIOXeHRH OCH CTpeJIhI IIePIIeHAHKYJIEIPHO I'YCB- 

HHQaM. 

Ha PHC. 43 I I O K a 3 a H a  TeXHOJIOrH¶eCKaR CXeMa CTPOBTeJIbCTBa Cap- 
6a f i c~0r0  PYAHHKa.  O C ~ I I I ~ H H ~  rOpHbIX IlOPOA B IIepHOA CTPOHTeJIbCTRa 

OCyWeCTBJICIJIOCb KaK BOAOIIOHH3HTeJIbHMMH CKBaXOHaMH,  TaK H IIPO- 
. xo,q~oB AJIR O c y I n e H m  ~ p a ~ m e f i  g p a r a a i i ~ a ~ ~ .  
> I I p o x o ~ ~ a  I i a n m T a n b H M x  H p a 3 p e 3 ~ ~ x  ~ p a ~ m e i i  B O ~ B O A H ~ H H ~ I X  rop- 

HMX IIOpOAaX O ~ ~ I P H H M  C I I O C O ~ O M  - OAHHM 3 a 6 o e ~  H a  BCH) AJIHHY ~ $ P O H T ~  

p a 6 o ~  - mMeeT cneAymque HeAocTaTKm: ~ H ~ . I H T ~ J I ~ H O ~  s p e m  noAro- 
TOBKH rOPH30HTOB H K a K  CJIeACTBHe yBeJIH¶eHHe BpeMeHH CTpOHTeJIbCTBa 

K a p b e p a ;  HH3KaH IIPOH3BOAHTeJIbHOCTb 3KCKaBaTOPOB H3-3a  p a 6 o ~ ~  B CTeC- 

HeHHhIX YCJIOBHHX; 3Ha¶HTt?JIbHOl? YfleJIH¶eHHe IIpHTOKa BOAH B K a p b e p  

BCJIeACTBHe 6 o n b m ~ x  0 6 ~ a w e ~ ~ i i  BOAOHOCHbIX rOpH30HTOB 110 n e p H M e T p y .  

~ O ~ T O M Y  I I P R  IIPOXOAICe H a  COICOJIOBCKOM MeCTOpOXAeHHH pa3pe3~0fi 
T p a H I u e H  o 6 ~ e i i  IIPOTHXeHHOCTbH) 4,s K J t  AJIR YCKOPeHHH Pa3BHTHH ~ P O H -  
T a  rOPHbIX p a 6 o ~  ~ H J I  HCIIOJIb30BaH ~ ~ 0 r 0 3 a 6 0 f f ~ M i i  cnoco6 p a 6 0 l . M  

3KCKaBaTOPOB 3Er-4 I3 KOMIIJIeKCe C aBTOTpaHCIIOpTOM. CYWHOCT~ 3 T O r 0  

cnoco6a 3aKJIH)¶aeTCH B TOM, ¶TO H a p e 3 K a  IIOArOTOBHTeJIbHOI'O I'OPFi30HTa 

H a s H H a e T C R  C p a 3 y  HeCKOJIbKHMH ~ ~ ~ O H M H ,  BIIOCJIeACTBHH C0eAHHIIH)lQH- 

MHCCI B OAHY O ~ ~ Y K I  B b I p a 6 0 ~ ~ ~  (PHC. 44). ~ O C J I ~  0 6 ' b e ~ t i ~ e ~ F f C I  aa6oes 
( ~ J I O K O B )  IIPOH3BOAHTCCI p a c m H p e H H e  O T ~ ~ ~ ~ T M B ~ ~ M O ~ O  r O P H 3 0 H T a  C 38- 

n o m e H n e M  c n e 3 ~ 0 ~  H a  H H W H H ~ ~  ~ O P H B O H T .  Ha~6oaee  p a q z i o H a n b H M  n p H  
3TOM BpeMeHHbIe  ~ B T O M O ~ H J I ~ H ~ I ~  C'be3AbI. 

Ha pmc. 45 n o ~ a 3 a ~ a  c x e M a  c T p o n T e n b c T s a  c n e 3 ~ a  H pa3pe3~oii 
TpaHII IeH B O ~ B O A H ~ H H M X  IIOpOAaX C IIpHMeHeHHeM ~ p a r j r a f ~ a  Fi MeXaHH- 

s e c ~ o i i  J r o n a T n .  C o o p y x e ~ n e  cne3~a  o c y q e c T s n m o T  B Ase c T a A m :  
# 
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B H a s a J I e  A ~ ~ I ' J I ~ ~ H o M  IIPOXOART HaKJIOHHYlO ¶ a C T b  C 'be3Aa  A 0  B O A O y I I O p a  

c n o c n e A y I o p n M  c o o p y w e H m e M  B H e M  a y ~ n 4 a ,  a s a ~ e n f  n p o x o A K y  rn pac- 
v r H p e H H e  c n e 3 ~ a  O c y q e c T B n n m T  m m p o K u M  3 a 6 o e ~  c n p n M e H e m e v  

M ~ x ~ H H ' T ~ c K o ~  J IOI IaTH H C B H B O ~ K O ~  IIOPOA aBTOCaMOCBaJIaMH. 

B c K p b I T m e  M ~ C T O ~ O X C A ~ H H &  6 M e U K U n t U  m p a M U e R . U U  I I p 0 ~ ~ 0 i j r  GOPMH 
UpHMeHRlOT I I P H  I 'OPH30HTaJ IbHOM HJIH IIOJIOI'OM 3 a J I e r a H H H  IIJIaCTOB, 

paCIIOJIOHceHHHX H a  OTHOCHTeJIbHO ~e60JIbm0fi m y 6 ~ ~ e  HJIH BJJCOTe 

OT rOCIIOACTBYH)l4eI'O Y P O B H R  3eMH0ij[ I IOBePXHOCTH. T p a ~ n ~ e m  3 a K J I a -  

AbIBaIoT  3a KOHTYPOM K a p b e p a  H IIOABOART K MeCTOPOXCAeHHIO B B H A e  

n p ~ ~ o n m ~ e i i ~ o i i  HJIH K P H B O J I K H ~ ~ H O ~ ~  B b I p a 6 0 T ~ H .  

K p o ~ e  T O r O ,  BHemHHAfH T p a H m e R M H  M O r Y T  BCKPbIBaTbCR B e p X H k l e  

I 'OpH30HThI  HaXJIOHHbIX H K P Y T O l l a A a l O Q H X  M ~ c T o ~ o ? K J ( ~ H H H ,  m y 6 o ~ ~ e  
I 'OPH30HThI  K O T O P H X  BCKPhIBa lOT A P y r H M H  cnoc06a~m (BHYTP~HHHMH 

T p a H m e R M H  HJIH IICaXTHMMH CTBOJI~MH) .  Harop~are  MeCTOPOWAeHHR 

B c r C p H s a m T c R  B H e r n H m M n  n o x y T p a H m e a M u .  ~~'Bnympennue mpanueu 3 a -  

K J I a A b I B a m T  B K O H T Y P a X  K a p b e p a  HenOCpeACTBeHHO H a  er0 6 o p ~ a x .  
UPEI H ~ A O C T ~ T O ¶ H O ~ ~  IIpOTRXCeHHOCTH ~ e p a 6 o s H x  6 0 ~ ~ 0 ~  K a p b e p a  A.XR 

UpOXOJJIiH T ~ ~ H I I I ~ ~  C AOIIYCTHMMM YKJIOHOM B H Y T P e H H H e  T p a H I U e I I  

MOI'YT G H T ~  p a 3 M e m e H b I  UO B C e M y  I I e p H M e T p y  K a p b e p a .  H ~ B ~ C T H N  T P H  

OCHOBHHX B a p m a H T a  p a c n o n o x c e H H c r  K a n H T a n a H a r x  ~ p a ~ r n e i i :  1) c T a -  

q m o H a p H o e  - no n p e A e n b H o M y  KOHTYPY, K a p b e p a  H a  ~ e p a 6 o s e ~  6 o p ~ y ;  
2) H e C T a q H O H a p H O e  - H a  p a 6 o s e ~  ~ O P T Y  K a p b e p a  ( c K o J I ~ ~ R ~ H ~  C'be3- 

AH); 3) I I O J I Y C T a q H O H a P H O e  - H a  B P e M e H H O  3 a K O H C e P B H P O B a H H H X  pa- 
6 0 9 ~ ~  Y c T y I I a X .  

B I I e p B O M  B a p H a H T e  0 6 ' b e ~  I I e p B o ~ a ¶ a J I b ~ ~ f i  BCKPHIUH MOWeT no- 
C T H r a T b  6 0 J I b m H ~  p a 3 M e p O B ,  ¶TO y B e J I H ¶ H B a e T  CpOK CTpOHTeJIbCTBa 

K a p b e p a  H H ~ O ~ X O ~ H M H ~  K a n m T a n b H n e  a a ~ p a ~ a r .  I I ~ H  B c K p n T H H  H e c T a q n o -  

H a p H b I M H  T p a H l n e R M H  IIOCJIeAHHe PaCIIOJIaI 'alOT BO3MOH(HO ~ J I I I ; K ~  

K B P X O A a M  3aJIeXCeG C CeJ Ib IO  BhIIIOJIHeHHR M H H H M a J I b H P X  O ~ S ~ M O B  r O P H O -  

K a n H T a J I b H b I X  p a 6 o ~ ,  COKpa l I ( eHHR CpOKOB CTPOHTeJIbCTBa H OCBOeHIIR 

I I ~ O ~ K T H O ~  I I P O H ~ B O A C T B ~ H H O ~ ~  MOQHOCTH K a p b e p a .    TOT B a p H a H T  BCKPbI-  

T H R  H p a 3 B H T H R  I 'OPHHX p a 6 0 ~  B K a p b e p e  0 6 e c n e s ~ s a e ~  MHHHMaJIbHhIe  

n e p B o H a s a n b H H e  K a n n T a n b H a r e  s a ~ p a ~ n .  
B T p e T b e M  B a p H a H T e  AJIR COKpaE(eHHR K a n H T a J I b H b I X  3 a T p a T  H 

Y C K O p e H H R  C p O K a  CTpOHTeJ IbCTBa  H a p b e p a  I IpHMeHRlOT BBOA er0 B 3KC- 

U n y a T a q H l O  O s e p e A H M H .  O ~ H ~ H O  BBOR O ¶ e p e A R M H  l I p e A y C M a T p H B a e T C H  

AJIR K a p b e p O B  6onbmoii ~ ~ O U ~ B O ~ C T B ~ H H O ~ ~  MOIl(H0CTH. ~ P E I  P a 8 A e J I e H H I I  

1 ; a p b e p a  H a  O 'TepeAH y¶aCTOK pa6osero 6 o p ~ a  B p e M e H H O  KOHCePBH- 

'1 p y e T c a .  IIpn  TOM 6 0 p ~ y  l I p m A a e T c R  yron omoca, 6nm3~mii K yrny nora- 
1 I I I eHHR .l 

B c K ~ ~ I U I H ~ I ~  pa60~b1 H a  3TOM Y q a C T K e  ~ Y A Y T  B O ~ O ~ H O B J I ~ H M  TOJIbKO 

DOCJIe T O r O ,  K a K  I 'OpHbIe  pa6o~b1 AOCTHI'HYT K O H T Y p a  K a p b e p a .  Bcnen- 
CTBHe 3 T O r 0  H ~ K O T O ~ H ~ ~ [  0 6 n e ~  IIYCTbIX IIOPOA ~ Y A ~ T  Y A a J I e H  H 3  KOH- 

T ~ P O B  K a p b e p a  H a  H e c K o n b K o  n e T  n o s ~ ~ e e ,  s e M  n p H  p a 3 p a 6 o ~ ~ e  6e3 
B H A e J I e H H R  0 s e p e ~ e f .  B ~ a s a n e  BCKPbIIUHbIe  pa6o~b1 IIPOH3BOART TOJIbKO 

H a  Y s a C T K e  K a p b e p a  n e p ~ 0 f  O ¶ e p e A H ,  ¶TO IIO3BOJIReT C H a H M e H b m H M H  3 a T -  

P a T a M H  H a  r O p H 0 K a U H T a J I b H b I e  pa6o~ar BBeCTH K a P b e P  H a  3 a A a H H Y l O  I I P O -  

H3BOACTBeHHYlO MOQHOCTb.  Y ¶ ~ C T O K  I I ~ P B o G  OOgepeAH OKOHTYPHBaeTCR 

~ O P T ~ M H ,  H a  KOTOPbIX OCTaBJIRlOT IIJIOIQaAKH, IIOBBOJIRlOWHe B ~ Y A Y I ~ ~ M  
IIPOH3BOAHTb B C K P h I m H b I e  pa6o~b1 H a  y ¶ a C T K e  B T O P O ~  O P e P e A H .  GO H a -  

sana A O ~ ~ I ¶ H I J X  p a 6 0 T  H a  ysac~ite ~ ~ o p o f i  oqepenn H a s m a m T  p a 3 p a 6 0 ~ ~ y  
B p e M e H H O r O  6 o p ~ a ,  T. e. B h I e M K y  n y C T b I X  n O p O A .   TOT U e p H O A  RBJIReTCR 

n e p e x o A H m M :  ~ 0 6 b 1 9 ~ M e  p a 6 o . r ~  B e A y T  H a  y s a c T K e  I I e p B o f i  osepean, 
rAe B c K p b I r n H a r e  pa6o~ar n o c T e n e H H o  s a ~ y x a m ~ ,  a H a  ynacme BTOPOH ose- 
p e A H  P a 3 B H B a l O T C R .  

no C T e D e H H  p a 3 A e J I e H H R  T P a H C n O P T H b I X  rPY30I IOTOKOB p a S J I H ¶ a l O T  

BCKpbITEIe OTAeJIbHbIMH, r P y I I I I O B h I M H  H O ~ ~ H M H  TpaHJ l I eRMH.  

B c ~ p a m u e  0 m d e ~ b F L b l t u  mpanuemu ? Z ~ O C ? T & O ~ ~  @ o p n t b ~ .  BCKPMTH~ OT- 

J e J I b H H M H  BHeJIIHHMH (PEIC. 46, a) H BHYTPeHHHMH (PHC. 46, 6) T p a H m e -  

R M H  I I P O C T O ~  @0pMJd C 0 3 A a e T  AOCTYII K K a X A O M Y  YCTYIIY IIOCPeACTBOM 

O T A ~ J I ~ H O ~ ~  H ~ ~ ~ B H C H M O ~  TpaHJI I eH .  n p H  3TOM C I I O C O ~ ~  BCKPMTHR K a Z -  

A h I ~  Y C T y n  06ecnese~ He3aBHCHMblM TpaHCIIOPTOM. ~ P Y ~ O ~ ~ O T O K H  TOP-  

HOG MaCCbI C KalKAOI'O Y C T y n a  p a C C p e A O T O ¶ e H M  E H M e I o T  H ~ ~ ~ B H C H M ~ I ~  

apyr OT Apyra BHXOA H a  n o B e p x H o c T b ,  ¶TO c o a A a e T  ~ J I ~ ~ O I I ~ H H T H H ~  
YCJIOBHR AJIR O p I ' a H H 3 a q H H  I'OPHbIX p a 6 o ~  H a  K a p b e p e .  O R H ~ K O  I I p H  6onb- 
UIOM PHCJIe  YCTYIIOB a T O T  C I I O C O ~  BCKPJJTHR CdIOWeH H O T J I W a e T C H  3 H a -  

4 l i T e J I b H H M  O ~ % ~ M O M  r O P H O K a I I H T a J I b H b I X  pa6o.r. 
Bc~pbI~zie  OTAeJIbHbIMH T p a H I I I e R M H  I I p H M e H R I o T  AJIR H ~ ~ J I Y ~ O K E X  

M ~ C T O ~ O X C A ~ H H ~  C r O p H 3 0 F f T a J I b H b I M  HJIH  IIOJIOrHM 3 a J I e r a H H e M  lIJIaCTOB 

~ a n o u  H c p e ~ ~ e i i  M O ~ H O C T H .   TOT cnoc06 BCKPHTEIR m e e T  p a c n p o c T p a -  

H e H H e  n p H  p a 3 p a 6 0 ~ ~ e  YI'OJIbHbIX, X C e J I e 3 0 P Y A H P X ,  ~ O K C H T O B H X ,  $ 0 ~ -  
$OPHTOBIJX, H3BeCTHRKOBbIX H A P Y r H X  M ~ C T O P O X C A ~ H H ~  IIOJIe3HbIX 

I x c K o n a e M b I x ,  a TaKHce  npn p a 3 p a 6 0 ~ ~ e  H a r o p H P x  M ~ C T O P O H C A ~ H H ~ ~ .  B no- 
CJIeAHeM C J I y ¶ a e  ~ O I ' O p H 3 O H T H h I e  T p a H I I I e H  IIPOXOART B B H A e  IIOJIY- 

~ p a ~ m e i i .  
OTJ(~JI~HMMH IIOJ IyTpaHIUeRMH BCKPbIRaIOT pa6osne r O P H 3 O H T P  C I'OC- 

n 0 ~ c ~ ~ y l O I Q e f i  OTMeTKH IIOBePXHOCTH H C I ' O P H ~ O H T ~ J I E I H O ~  IIJIOUl,aAKH 

~ ~ ~ o M ~ X C ~ T O ¶ H O ~ ~  OTMeTKH. B I I e P B O M  CJIy¶ae  O ~ ~ ? C I I ~ ¶ Z ~ B ~ ~ T C J I  H e 3 a B H -  

C H M ~ I ~  AOCTYII K KaXCAOMY r O P H 3 0 H T Y .  ~ P H  IIPOXOAKe O T A e J I b H P X  IIOJIY- 

~paFIlII€?ii C P a H e e  C O ~ A ~ H H O ~  I ' O P H ~ O H T ~ J I ~ H O ~ ~ [  I I J I O m a A K H  B 0 3 H H K a e T  

T p a H C I I O p T H a R  3aBHCHMOCTb,  T a K  K a K  U y T m  ~ O P H ~ O H T ~ J I ~ H O G  IlJIOUJaAKH 

RBJRIOTCR O ~ ~ H M E I  AJIR BCeX rOPH3OHTOB.  

I Bonee n o f i p o 6 a o  a r o T  B o n p o c  p a c c ~ a ~ p ~ ~ a e ~ c ~  B paagene GOCHOBH npoeKTH- 
POBaHBH KapbepOB#. 



P a 3 p a 6 0 ~ K y  HaI'OpHOI'O M e C T O p O ~ A e H H R  Ha¶ZfHaIoT C BePXHHX r0- 
PH30HTOB, IIOCTeIIeHHO BOBJIeKaR B 3KCIIJIYaTa4HIo HlXXHHe Y C T Y ~ ~ I .  
B CBH3H C 3THM H a  0 n p e ~ e J I e ~ ~ o f i  CTaAHH p a 3 B H T H R  OTKpbIThIX rOpHbIX 

p a 6 o ~  B O A H O B ~ ~ M ~ H H O ~ ~ [  O T ~ ~ ~ O T K ~  M O X e T  HaXOAHTbCR 60nbmoe PHCJOr 

YCTYIIOB. ~ Y T H  B TpaEIIIIeHX YKJIaBhTBaIoTCH rOPH30HTaJIbHO UJIH C He-  

a 

4 7 .  C x e ~ a  BCKPblTrZn CPYIIIIOBbIMII TpaHUICBMII I I ~ o c T o ~ ~  (POPMN: 
- BIleIufiHMB; 6 - BHYTPeHHHMH; 1 - T p a H m e B .  B C H p h I B a m t q n e  nopon- 

H u e  YcTYnhI;  2 - TO ) H e ,  E o ~ ~ I ' I E I ~ I ~  

~ o J I ~ I U H M  YKJIOHOM B CTOPOHY TPaHCUOpTHPOBaHHR rPY3a C 4eJ IbM'  

o 6 n e r n e ~ m ~  pa60~h1 T p a H c u o p T a  m C H l i m e H m  pacxona a ~ r e ~ ~ p o a ~ e p r ~ m .  

B c ~ p u m u e  zpynnosbzinu mpaxruefiinu npocmoii @0pinb2. B c K p h I ~ n e  

M~cTo~oXA€!HIZ~~[ I 'pyDIlOBhIMH BHeIUHHMH (PHC. 47, a )  li BHYTpeHHHMri - ~ P U H U U Q  KclPbEpHLJZO - l7OflR 

(PHC. 47, 6) TPaHEleFIMH H P O C T O ~ ~  4 0 p ~ h I  IIPeAYCMaTPEIBaeT IIPOXOAKY A - A  ~ e a a ~ m c ~ ~ a r x  ~ p a ~ m e f i  K r p  ynne B C K P H ~ H M X  H ~ O G M P H M X  YCTYIIOB . - 
p a 3 B e J I e ~ H e  rpY3OIIOTOKOB IIO KOMMyHkIKa4HHM IIOSBOJIReT IIPHMeHHTh 

pa3TIH¶HhIe BHAhI TPaHCUOpTa  AJIR BePXHHX lX H H X H H X  I'OPH30HTOB K a p h e -  

pa. B C K ~ H T R ~  r p y I I n 0 B h I M H  TpaHIIIeRMH no CpaBHeHHH) CO BCKPbITITeM 

OTAeJIbHhIMH TpaHIUeRMH OTJIH¶aeTCR MeHbIUHM o6ze~onr I'OpHOKaIIHTaJIh- 



Bcspumue 06quntu mpanzuemu x a p a ~ ~ e p n 3 y e ~ c ~  BcKparTHeM B c e x  
I'OPH'dOHTOB O A H O ~ ~  ~ p a ~ m e e f i .  06qne BHemHHe TpaHIlIeH HMeIOT IIPOCTYW 

$ O ~ M Y  ( ~ H c .  48) H IIpHMeEIRIOTCR AJIR BCKPHTHR rOPH30HTaJIbHbIX H IIO- 
I 

06que snympennue mpanzueu uxemm cnoNnym @opxy. OHH npn- 
MeHHIOTCR AJIR BCKPHTHR ~ J I Y ~ H H H P X  M ~ C T O ~ O ? X A ~ H H ~ ~  C B ~ ~ H M H  
YCJIOBHHMH 3 a n e r a ~ ~ ~ ,  a T a K m e  AJIR BCKPMTHR ~ e c ~ o p o m ~ e ~ z i i i ,  aanera- 
IOIQHX H a  KOCOrOpaX. 061q~e BHYTPeHHHe TpaHIUeH MOrYT EMeTb 
TYLIHKOBYIO, IIeTJIeBYIO H CIIHPaJIbHYIO (POPMH TpaCCH. 
, Bcspbzmue 0 6 q w u  snympennmu mpanzueamu mynusosoZi @opmbt 

IIPHMeHRIOT LIPH HEeJIe3HOAOPO)KHOM TRaHCIIOPTe B pa3JIWHbIX YCJIOBHRX 
3 a n e r a ~ n ~  I I O J I ~ ~ H O ~ O  x c K o n a e M o r o ,  M 
ero m H p O K 0  HCIIOJIb3YIOT H a  FJ IY~OKEIX 
K a p b e p a x .  CYIQHOCT~ cnoc06a aaxnm- 
PaeTCR B IlOCJIeAOBaTeJIbHOM BCKPHTHEI 
OTAeJIbHbIX rOPH30HTOB MeCTOPOXAe- 
HHR HaKJIOHHbIMH TPaHILIeRMH (PHC. 49), 
KOTOPbIe IIPOXOART H a  OAHOM H 3  6 0 ~ -  

;&* 

TOB X a p b e p a  BO B ~ ~ H M O O ~ ~ ~ T H ~ I X  Ha-  
D p a B n e H n R x ,  o K a H n n n a m r q m x c R  ropn- 
30HTaJIbHHMH TYIIHKOBbIMH IIJIOIQaA- 
KaMH, KOTOPbIe YCTpaHBaIOT H a  K a X -  
AOM p a 6 0 s e ~  rOPH30HTe,  HJIH, B K a p b e -  

is:* 
pax c 6oab111oH A J I H H O ~ ~ ,  sepea 3-4 
pa6osnx rOpH30HTa.  p a 6 0 s e ~ y  
I'OpHaOHTy T p a H m e R  LIPOXOAHTCR r 0 p H -  
~ O H T ~ J I  b ~ 0 6 .  ~ o ~ H ~ o H T ~ J I ~ H ~ I ~  T y n H -  
KOBbIe IIJIOtQaAKH OGOPYAYIOT MaHeB- 
POBMMH IIYTRMH AJIR Pa3MHHOBKH rPY- 
H(eHPX H IIOPOH(HHX COCTaBOB H IIepe- 
MeHbI HaIIPaBJIeHHR HX ABH3KeHHII 
(PHC. 50). TYDHKOBH~ TpaHIIIeH MOrYT 

HaDHbIMH Zl CKOJIb3RIUHMH. OJIHOIIVTe- 

i4- 
6 ~ ~ b  CTaqHOHaPHHMH, nOJIYCTaW0-  mc. 50. e e ~ u  nyrefi T y n u K o e ~  

nnowwxax: , . ,  " 
BHMH H ABYXIIYTeBbIMH. 

T ~ H K O B M ~  T p a H m e n  a a ~ n a ~ ~ ~ a I o ~  
no J r e m a s e M y  (peme no ~ ~ c c ~ s e ~ y )  
~ O P T Y  K a p b e p a  B KOHesHOM (IIpegeJIb- 
HOM) IIOJIOlKeHHH er0 KOHTYPa. Ho- 
 TOM^ T-YIIHKOB~I~ C5e3A H e  MeHReT 

a - nna nraJmx no aaomaocw xaDbeDoB 
UpH IIBEMCeHHH no c ' b ~ i l j  OLlHOrO nbegna; 
6 - nna cpenmx no aaom~ocm xapbe- 
DOE UDH 06Meae JIOeSnOB Aa n?IHKaX: 
21 - n-% KpylIHMX KapbepOB OUH& 
BpeMeaaon! npneMe nsyx nownoe H uooqe- 
penaoro EX oTnpamemx; z - JULFI MOW- 
ablX KapbepOB C HWaBECEMhWd XBHxte- 

mreM rpymermrx noeanoa 
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K o J I b q e ~ 0 6  CXeMbI A B H X e H H X  I I O I ~ ~ A O B ;  p a 3 A e n e H H e M  H ~ K ~ O H H O ~  ¶ a C T E  
C 5 e 3 A O B  B e p X H H X  I 'OPH30HTOB H a  A B a  6 ~ 1 o ~ - y s a c ~ ~ a ,  I I03BOJI I I IOqHX ABYM 
n o e 3 ~ a ~  o A H o s p e M e H H o  c n e g o s a T b  B OAHOM H a n p a s n e H m r .  

AJIR y B e J I E ¶ e H H R  I IPOBO~HO% CIIOCO~HOCTH MOXSHO I I P H M e H I I T b  60nee 
M O Q H H e  T H I I H  JIOKOMOTHBOB, I l 03BOJIRIOI Ip l e  YBeJf H P m T b  I'PY30lIOA'beM- 
HOCTb  COCTaBa;  H H O r A a  U p H M e H R I o T  ABOBHYIO T I I r Y ,  AJlR ¶ e r O  ~ e o 6 x o n ~ ~ o  
EfMeTb C0OTBeTCTBYH)IQee PaaBHTElt?  I I y T e P  B I I y H K T a X  IIPHMbIKaHHEI. 

~ P H  C X e M a X  I lOTOPHOrO ABHXSeHHII I IOe3AOB, O ~ ~ C I I ~ ~ H B ~ S O W H X  B H -  
COKYH) IIPOIIYCKHYIO C I I O C O ~ H O C T ~  H ~ ~ ~ O I I ~ C H O C T ~  ABH2KeHEtEI 6 n a r o ~ a p ~  
OTCYTCTBHIO BCTPePHhKX l 'PY30UOTOKOB, ~an60nbmee U p H M e H e H H e  H M e l o T  
TPH u y T e m e  c x e M a r :  c T e n e c K o n m e c x n M  P ~ ~ B H T H ~ M  rry~eii, c A B ~ M R  
c a e ~ ~ a ~ ~  H a  6 0 p ~ y  K a p b e p a  H co c T y n e H s a T a r M H  c a e 3 n a a - 1 ~  ( p ~ c .  53). 

ITpn ~ e n e c ~ o n w e c ~ o i i  c x e M e  ~ p e 6 y e ~ ~ ~ r  m z i p o K a a  n n o q a A K a  60nb- 
m0ii AJIHHM AJIR YCTPOGCTB~ IIOCTOB I IPHMbIKaHHII ,  ¶TO B M 3 h I B a e T  nepe- 
npo6er n o e 3 ~ o ~ .  B p R A e  c z y s a e B  qenecoo6pa3~0 nocne O T ~ ~ ~ O T K ~  
HeCKOJIbKHX YCTYIIOB I IPOH3BeCTH 3 a M e E y  HeCKOJIbKHX B e P X H H X  C ' b e 3 ~ 0 F t  

O m H M  C'be3AOM 66nbmeg IIpOTEIlSeHHOCTH. 
C X ~ M ~  C ABYMR C'be3AaMH H a  6 0 p ~ y  I I03BOJfReT  OCYqeCTBJIRTb  ABH- 

Z e H H e  r p y X e H H X  Ii n O p O X H H X  DOe3AOB IIO H e 3 a B H C H M H M  UYTEIM. 
~OAI 'OTOBKY HOBMX r O P H 3 0 H T O B  I I P H  B T O ~  C X e M e  MOXCHO BeCTE B ABYX 

H a n p a s n e H m x ,  ¶TO H M e e T  c y r q e c T s e H H o e  s ~ a s e ~ n e  npn 6 o n b m ~ x  065- 
e M a X  p a 6 o ~  HJIH I I P H  B H H Y H C ~ ~ H H O ~ I  OCTaHOBKe F ~ ~ O T  IIO COOPYXSeHHH) 
OAHOrO H 3  Cae3AOB.  

C x e ~ a  c T y n e H n a T o r o  c ae3~a  H M e e T  ~an6onee n p o c T o e  n y T e B o e  pa3- 
B H T H e ,  I I03TOMY H 8  T p e X  P a C C M a T p H B a e M P X  CXeM I I p H  KOJIbaeBOM HBH- 

x e H m  I I O ~ B A O B  n p e R n o w e H H e  H M e e T  n o c n e A H R a .  I I p n ~ e a e ~ ~ ~ e  n y T e s H e  
CXeMbI C'be3AOB AJIR I'JIY~OKHX ICapbep0~ M O r Y T  IIPkIMeHRTbCII  CaMOCTO- 
I ITeJIbHO n ~ 6 0  B K O M ~ H H I ~ H H  C A P Y r H M H  C I I O C O ~ ~ M H  B C K P P T E R ,  ¶TO B 
I I p a K T H K e  OTKpbITbIX pa3pa60ro~ B C T P e s a e T C R  AOBOnbHO ¶%TO. 

M H H H M ~ ~ ~ H U ~  p a a ~ e p n  K a p b e p H o r o  u o n c I ,  A o n y c K a m q H e  n p m e H e -  
HEW K a H c ~ o f i  FT3 p a C C M 0 T p e H E M X  CXeM l l y T e B O r 0  p a 3 B H T H I I ,  0 l IpeAeJIRH)TCR 
IIO ~ O P M Y ~ ~ M ,  ~ ~ ~ P ~ ~ O T ~ H H H M  np04. JI. r. THMOBCKHM. 

1. ~ e n e c ~ o n ~ s e c ~ o 5  c x e M n  (PHC. 53, a): 
AJIHHa IIOJIR I IO I IPOCTHpaHHH) - 

~ , = 2 ( 1 1 - - 1 , 5 h ) c t g f i i ~ + 2 ~  tg++ 

r u H p u H a  norm B K p e c T  n p o c T m p a H m R  T a  me, ¶TO H npn T e n e c x o n m -  
s e c ~ o g  c x e M e  I # o p ~ y n a  (II.2)]. 

l l o n c ~ a ~ n ~ ~  B n p H s e H e H H n e  4 o p ~ y n a  cpennme 3na.ren~cr B e n m n H :  

R = 120 m; a = 90"; LC = 31 (npn MI19 m P - 43); T, = 30 a 
( n p ~  i, = 30% n R, = 2000 a); R, = 100 a, n o n y s m M  6onee npo- 
CTbIe  SaBHCHMOCTH. 

~ O A C T ~ B ~ R R  CpeAHEIe 3 H a W H H c I  B e n H s H H ,  BXOHFIQHX B (PoPMYJI~I, 

IIOJIy¶FlM 6onee I IpOCThIe  3aBHCEIMOCTEI. 
1, f l n ~  ~ e n e c ~ o n m e c ~ o i i  c x e M M  

L, = 5h (ctg yl+ ctg y,) + 250, nc. (II,8) 

P ~ ~ C C M O T ~ ~ H H M ~  TynHKOBhTe  CXeMbl  MOlSHO I I p H M e H R T b  AJIR BCKPbITHII  

PYHHHX M ~ C T O P O H C A ~ H E ~  H a r o p H o r o  mna,  sanera~oqnx B a r m e  rocnog- 
CTByH)QeI 'O YPOBHII  ~ ~ M H O %  IIOBePXHOCTH. ~ P E Z  IIOTOPHMX C X e M a X  IIPO- 
n y C K H a R  c n o c o 6 ~ o c ~ b  RBYXlIyTeBhIX C'be3AOB MOXSeT ROCTHI'aTb 240-280 
nap UOe3ROB B CYTKH; I IPOBOSHBR C I I O C O ~ E O C T ~  I I p H  Y K n O H a X  OT 20 GO 

40°/,, AOCTHI'aeT: U p H  OHHOIIyTeBHX C a e 3 A a X  16-32, U p H  A B y X n y T e B b I X  - 
35-75 M n H .  ??2 B TOH. n p ~  BCKPMTHH B e p X H H X  I'OPH3OHTOB r n y 6 o ~ o r o  
K a p b e p a  CaMOCTORTenbHMMH ( H a n p T f & ~ e p ,  B H ~ ~ H H M H )  T P a H m e I I M H  IIPO- 
B 0 3 H a R  H X  C I I O C O ~ H O C T ~  MOlSeT  6 P ~ b  I I O B H m e H a  A 0  100-120 M n H .  m B r0n. 
~ I ~ H M ~ H ~ H H ~  T p e X -  H ¶eTbIpeXI IYTeBbIX C'be3AOB BCJIeHCTBlTe CJIOXHOCTH 
n y T e B O r 0  P a 3 B H T H R  H O p r a H E 1 3 a 4 H H  A B H Z e H k i t I  IIO HIIM IIOeBAOB B HaCTO- 
mlee s p e n f c r  H e  A o n y c K a I o T .  

B I ' J IY~OICHX K a p b e p a X  ItpHMeHFIIOT K O M ~ ~ H P O B ~ H H ~ ~ ~  TPaHCI IOpT:  

H a  pabosnx I ' O P H 3 0 H T a X  K a p b e p a  ~ B T O M O ~ H J I ~ H ~ I ~ ~ ,  a HJIR T P a H C I I O P T a  
no ~ e p a 6 o n e ~ y  ~ O P T Y  K a p b e p a  ~ S ~ J I ~ ~ H O A O P O X S H ~ I ~ .  

Ha PYIC. 54 n O K a 3 a H a  B03MOXcHaR K O M ~ H H H P O B ~ H H ~ R  C X e M a  T p a H C -  

n o p T a  c T e n e c K o n w e c K n M  c ' b e a ~ o ~ ,  p a c n o J I o i K e H H o M  H a  ~ e p a 6 o s e ~  6 o p ~ y .  
3 ~ e c b  A B a  B e p X H H X  I'OPH3OHTB (-15 H -30 W) B C K P H T P  BHYTPeHHHMH 
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TpaHIIIeRMH, no KOTOPbIM r O p H a R  MaCCa ~ B T O M O ~ ~ J I R M H  TpaHCnOpTH-  

p y e T c R  K n e p e r p y a o s ~ o ~ y  IIYHKTY N: 1. T I ~ H  o ~ p a 6 o ~ ~ e  pa6osmx 
rOPII30HTOB, PaCIIOJIOHCeHHbIX H M X e  OTMeTKH -30 X, H a  ~ e p a 6 0 ¶ e M  ~ O P T Y  

sepea K a x q M e  Asa ~ O P E I ~ O H T ~  Y c r p a n s a I o T  OAHH n e p e r p y 3 0 s ~ ~ f i  ~ Y H K T  
(NG 2 H 3), rAe r o p H a R  M a c c a  1x3 a B T o c a M o c B a J I o B  n e p e r p y x a e T c n  B x e -  
J I e 3 ~ 0 ~ 0 ~ 0 X H b I f i  IIOABHXHO~ COCTaB C IIOMOmbIO I Ieperpy3O¶HOI 'O yc~poii- 
CTBa C O O T B ~ T C T B ~ I ~ ~ I ~ ~ H  KOHCTPYK4HH. 

~ P H  BCKPbITHFf HaI'OPHhIX M ~ C T O P O X A ~ H H ~ ~  (PHC. 55) TynHItOBbIB 
n o n y T p a H m e n  0 6 ~ 9 ~ 0  pacnonaram 3a npegenam K O H T ~ P  a M e m o -  , 
P o x A e H n R .  B  TOM cnysae c xaxnoro noponaoro y c T y n a  mJrM c r p y n n b l :  
Ff3 DByX-TpeX yCTyllOR MOHCeT 6 H ~ b  BbIe3A H a  H ~ ~ ~ B E I C H M I J ~ ~ [  B H ~ I U H H ~  

OTB8JI. OTB~JIP  MOXHO p a 3 B E B a T b  H a  KOCOrOpe B H ~ I I O C ~ ~ A C T B ~ H H O ~ ~  ~ J T H -  

3OCTH OT IIOPOAHbIX YCTYIIOB, H a  BbICOTHbIX OTMeTKaX, ~ J I H ~ K H X  K OT- 

MeTKaM p a 6 o s ~ x  n j I O q a A O K .  A n m a  TYIIHHOBO~~ IIJIOIQaAKH 800-1000 a. 
9 AOCTOHHCTB~ BCICPhTTLIR TYIlElKOBbIMH C%e3naMH: BOBMOIKHOCTb BCKPbI- 

THR M ~ C T O P O X E A ~ H F ~ ~ ?  C Pa3JIH9HhIMH YCJIOBHRMH 3aJIeI'aHiIfI; BbICOKaA 

H a A e X H O C T b  R 3KCIIJIYaTa4HH; I I P H  AOCT~TO¶HO& IIIHPHHe KaPbePHOI 'O IIOJIA 
B03MOXHOCTb OAHOBpeMeHHOrO BeAeHHR I'OPHbIX p a 6 0 ~  H a  MHOrHX 

r O P H 3 0 H T a X  H nOCTHXeHHH B H C O K O ~ ~  IIPOHSBOACTB~!HHO~ MOIQHOCTE 
K a p b e p a ;  BO3MOlKHOCTb p a 3 M e q e H H R  KanHTaJIbHbIX ~ p a ~ l l l e f i  IIO ~ O P T Y  
K a p b e p a  C ~an6onee YCTO~?¶F~BMMH IIOPOA8MFf. H~AOCTBTKH: HaJI W H B  

~ O J I ~ I I I O ~ O  ¶HCJIa HaICJIOHBbIX T ~ ~ H I I I ~ G ,  I IPOXOnKa,  O ~ O P Y A O B B H H ~  H IIOA- 

A e p X a H H e  KOTOPbIX ~ p e 6 y I o ~  3Ha9HTeJIbHhIX 3 a T p a T ;  60~1brnne 3 a T p a T h l  
BpeMeHFf H a  MaHeBpbI  IIOABHXHOI'O COCTaBa H a  TyIIHKOBhlX nJIOlI&aAKaX 

H IEaK CJIeACTBIIe Y M e H b m e H H e  n p o n y c ~ ~ o i i  Ei IIPOBOBHOB CIIOCO~HOCTH 
~ p a t r m e i i .  

B c ~ r p m ~ e  TyUFfKOBhlMH T p a H m e R M H  IIpHMeHRIOT H a  M ~ ~ H H T O I ' O P C K O M ,  

E ~ K ~ J I ~ c K o M ,  B ~ I C O K O ~ O ~ C K O M  H A p Y r H X  PYAHbIX K a p b e p a X ;  H a  HP~CHO- 
~ P O A C K O M ,  H o B o - ~ ~ ~ ~ ~ ~ B c K o M ,  EBPBTCKOM H MHOrHX A p y r H X  YrOJIbHbIX 

K a p b e p a X ;  H a  E ~ K ~ H O B C K H X  B C ~ ~ C T O B P X  H A p Y r H X  K a p b e p a X  H ~ P Y A H O ~ ~  
npoummeanoma. ?TOT cnoco6 n p e M e H R m r  A B a a p y 6 e x a b 1 x  crpaaax. 

C K O A ~ ~ R ~ U & U  G 5 e 3 8 a X U  Ha3hIBaIoT BHyTpeHHFfe T p a H m e H  B CJIy¶ae 

p a c n o n o X e H n R  ex H a  pa60nesl6op~y K a p b e p a .  B npoqecce p a 3 p a 6 0 ~ K H  

C'be3AbI l l epeMeI4a lOTCR BMeCTe C p a 6 0 s H M   OPTO OM K IIPeAeJIbHOMY KOH- 

~ y p y  xapbepa. O ~ p a 6 a ~ b 1 ~ a e ~ b 1 i i  y c T y n  npn   TOM p a c c e K a e T c R  H a  rise 
¶aCTH AHaI'OHaJIbHhlM Cae3AOM H p a 3 p a 6 a ~ b I B a e T c R  OTAeJIbHhlMH IIOA- 

y c T y n a M n  n e p e ~ e ~ ~ o f i  B ~ I C O T ~ I  (pnc. 56). 

~ H P H H Y  HaKJIOHHOrO C'be3Aa OlIpeAeJIRIoT K a K  MHHHMaJIbHYH) IIIHPHHY 

paboqef n n o q a A K n ,  HCXOAR 83  YCJIOBHG p a 3 ~ e m e ~ n ~  ~ K C K ~ B ~ T O P O B ,  

l lOpOA nOCJIe B 3 p H B a  H OAHOrO HJIH ABYX PeJlbCOBbIX ny~ef i .  H p H  O T p a -  
6 0 ~ ~ e  B e p X H e r O  IIOAyCTyIla  C H H Z H ~ ~  J ~ O ~ P Y ~ K O ~ ~  YKJIaAbIBaeTCR AO- 

~ o J I H H T ~ J I ~ H ~ I ~  p e J I b ~ 0 B b I f i  IIYTb. P Y K O B O A R ~ H ~ ~  IIOA'beM CKOJIb3RmerO 

ClbOaAa paCC¶HTbIBaeTCR no Y q O B H I O  T P O r a H H R  r p y X e H O r 0  COCTaBa 

c M o c T a ,  0 6 ~ 9 ~ 0  OH H a  30% M e m m e  n o R a e M a ,  o n p e A e n e H H o r o  no ycno- 
BE10 PaBHOMepHOrO ABHHCeHHR IIOe3AOB. 

B c ~ ( p b l ~ H e  CKOJIB3RmHMH C'be3AaM3l n03BOJIReT Y M e H b m H T b  o 6 n e ~  
l'OpIIOI(aIIHTaJIbHHX p a 6 0 ~ ,  COKPaTHTb CPOKH CTPOHTeJIbCTBa K a p b e p a ,  
T a K  I(aI( C K O J I b 3 R q H e  C'he3AbI 3aKJIaAblBaIoTCR B ~ J I H ~ H  3 a J I e X H  HJIH H e -  

UOCpeACTBeHHO H a A  H ~ H .  O T ~ ~ ~ O T K Y  YCTYIIa n P H  R a J I W H H  CKOJIbaRIQHX 
C'beaAOB MOXHO IIPOH3BOAHTb OAHHM 3KCKaBaTOPOM C IIOCJIeAYIOmHM 

UBpeXOAOM B r 0  C HaKJIOHHOrO Y P a C T K a  K rOpH30HTaJIbHOMY 4X ABYMR 

eKCKaBaTOpaMH,  OAHOBpeMeHHO p a 6 o T a H ) q n ~ n  H a  HaKJIOHHOM H r O P H -  
8OHTaJI bHOM P a C T K a X  YCTyna .  
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A-A - 
.. 

X p a H e H H H  H e I I p e p M B H O C T H  A B t l X e H H R  n O e 3 A O B  I I p H  H3MeHeHHH H a n p a B -  

J I eHHR HX ABEIXeHHR. 

l l e ~ n e ~ a r e  cae3~p.1 pacnonaram B n e x a s e M  6 o ~ y  M e c T o p o W A e H H F i  

C T a q H O H a p H O ,  C I I p e ~ B a p H T e J I b H M M  YCTPOHCTBOM H a  MeCTe  I IeTJIH HCKYC- 

C T B B H H O ~  I ' o ~ H ~ o H T ~ ~ ~ H o ~ ~  IIJIOIQaAKM C O O T B e T C T B y I o ~ H X  P a 3 M e p O B .  

m H p H H a  ~ O P H ~ O H T ~ J I ~ H O ~  IIJIOmaAKkI A O J I X H a  6 ~ ~ b  H e  M e H b m e  A B y X  pa- 
AHyCOB KPHBbIX,  B e J I W H H a  KOTOPhTX 3 a B H C H T  OT JlIEIPHHhI KOJIeP H THlIa 
I I O H B H X R O r O  COCTaBa.  ~ P H  XeJIe3HOAOPOHCHOM T p a H C I I O P T e  H O P M ~ J I ~ H O ~  

KOJIeH IRkIpHHa  I IJIOlQaAKH COCTaBJIReT 200-400 nt, n p H  ~ B T O M O ~ H J I ~ -  

HOM - 40-60 nt. % ~ C K Y C C T B ~ H H ~ R  r O P H 3 0 H T a J I b H a R  IIJIOIQaAKa MOHCeT 

6 ~ ~ b  C O 3 A a H a  OTC~II IKOG IIOpOA B C K p M m H ,  AOCTaBJIeHHHX H 3  I IOpOAHhIX 

Pnc. 59. Cxema e c ~ ~ a t ~ h  nnropnoro ~apsepa o6qum&r noxy~paenremw 
c ne~ncno% @opmoQ Tpaccbl 

3a60e~ K a p b e p a .  n p ~  nonornx 6 o p ~ a x  n e T n e B o e  s a ~ p y r n e ~ u e  y c T p a -  

HBafOT B I IOJIYBMeMKe - IIOJIYHaCbIIIH (CM. PHC.  58). 
0 6 a e M a r  r O p H H X  pa6o.r no COOPYXeHHH)  HaCbIIIH AJIH Y C T P O ~ C T B ~  

~ p a ~ c n o p ~ ~ o i i  n e T n n  n p o n o p q n o H a n b H u  ee pamycy B ~ p e ~ b e i i  CTeI IeHH 

H MOrYT A O C T H r a T b  I I P H  X e J I e 3 H O A O P O X H O M  T p a H C n O p T e  HeCKOJIbKHX 

PUG. 58. C x e ~ a  BCKPYTBR ~ w p e m -  MHJIJIHOHOB K Y ~ H ~ ~ C K H X  MeTpOB.  npFi ~ B T O M O ~ H J I ~ H O M  T p a H C I I O p T e  
-n Tmmewrn c ne~nesoil @ o p ~ o &  

~paccu: aTOT 0 6 n e ~  OTHOCHTeJIbHO HeBeJ IHK.  Bc~par~rne T p a H m e R M H  C JIeTJIeBhIMH 

a - o61uaa Cxma BCKPU-; 6 - C'be3AahfH I I p H  X e J I e 3 H O A O p O X H O M  T p a H C I I O p T e  n p H M e H R H ) T  B ~ J I Y ~ O K H X  
CxeMa IIeTJIeBhIX Coena~emfi. 1 - 

rpamqa xapbepnoro noxi; ~ a p b e p a x  c YTJIOM n a g e ~ n ~  nnac~a  EJIH H ~ I ~ J I O H ~  6 o p ~ a  ~ a p b e p a  ~0 30'. 
2 - Tpaacnopmme 6epm; 8 - 

HaChIUb 
B c ~ p h T ~ l ; i e  O ~ ~ H M H  T p a H m e R M H  U ~ T J I ~ B O ~  ($O~MM UlHpOKO U p a K T H -  

K y e T C R  ILPH p a 3 p a 6 0 ~ ~ e  HaI 'OpHbIX M ~ C T O P O X A ~ H H ~  TI0 T P ~ H C I I O P T H O ~  
CHCTeMe C I I p H M e H e H H e M  ~ B T ? M O ~ H J I ~ R O ~ ? O  T p a H C I I O p T a  (PHC. 59). C'be3~bI 
Y C T p a H B a I o T  H a  CKJIOHe r o p M ,  3a K O H T Y p a M H  K a p b e p a .  A ~ H H H ~  cnoco6 
IIPHMeHRJICR H a  E~JI~KJI~BcKoM H3BeCTHRKOBOM K a p b e p e .  

% ~ o c ~ o n ~ c ~ f l a  cnoco6a: BbICOKaR I IpOI IyCIcHaR c n o c 0 6 ~ o c ~ b  T p a H U I e H ,  

o ~ ~ c J I o B J I ~ H H ~ H  IIOTOPHOCTbH) ABkIXeHHR nOe3AOB;  BO3MOXHOCTb B C K P P -  

THFi ~ J I Y ~ O K H X  I 'OpH30HTOB MeCTOpOWAeHHR I I p H  CpaBHHTeJ IbHO He- 
6oabmnx o 6 a e ~ a x  pa6o.r; B03MOXHOCTb Y B e J f W e H H R  I'XY~HHH K a p b e p a  

6e3 ero p e K o H c T p y K q m n  H H a p y m e H m  H o p M a n b H o r o  pemma s K c n n y a T a -  
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UHOHBhIX pa6o.r. H ~ ~ O C T ~ T K O M  neTJIeBbIX Cae3AOB cIBJIReTCR U O T ~ ~ ~ H O C T ~  

B CO3AaHHH ~ C K Y C C T B ~ H H O ~  ~ O P H ~ O H T ~ J I ~ H O ~ ~  IIJIOIQaAKH AJIR p a 3 M e m e H H R  

? K ~ J I ~ ~ H o ~ o ~ o H C H O ~  HJIH ~ B T O M O ~ H J I ~ H O &  UeTJIEI, 06ae~h1 p a 6 0 ~  H CTO- 

HMOCTb COOPYHCeHHtI K O T O P O ~  AOCTHFaIOT ~ H ~ ~ H T € ! J ~ ~ H o G  BeJIHsHHbI.  

Cnoco6y BCKPbITHR IIeTJIeBbIMm C'be3AaMH CJIeAyeT OTAaBaTb  IIpeA- 
J lOsTeHHe U e p e A  C I I O C O ~ O M  BCKpbITHR TYIIITKOBbIMH TpaHIUeRMH TOJlbKO 

A - A  - 

B TOM cnysae, ecnm T y n H K o B M e  cae3p1 H e  0 6 e c n e s ~ s a m ~  H ~ O ~ X O A H M O ~  

llpOH8BOAHTeJI bHOCTH K a P b e P H O l ' O  T p a H C n O p T a .  

17pu sc~pbrmuu nzecmopo31cdenuC 0 6 4 u . u ~  sfiympennuxu m p a f i u e m u  
cnlZpa~lbfi0C $0p&b2 TPaCCbI ( c I I H ~ ~ J I ~ H ~ I M H  TpaHIUecIhfH HJIH c ' b e 3 A a ~ H )  

KaI IHTaJ IbHbIe  T p a H I I I e H  C O O p y W a I o T  H a  6 o p ~ a x  I c a p  b e p a ,  H G X O ~ R Q H X C R  

B CBOeM TlpeAeJIbHOM IIOJIOXeHHH (pmc. 60). C IIOBepXHOCTH HJIH C Ka-  
K O ~ O - J I H ~ O  pa6osero r O p H 3 0 H T a  n0 IIPeAeJIbHOMY IIOJIOHCeHHH) K O H T Y p a  

K a p b e p a  npOXOAcIT n e p B y H )  TpaHII Ie Io  C YKJIOHOM, CO0TBeTCTBYH)QHM 

80 

IlPIIHRTOMY BHAY TpaHCIIOpTa .  n p H  AOCTHHEeHEIEI ~ p a H I I I e e s  OCIIOBaHEIR 

n e p B o r o  y c T y n a  (npm x e n e a ~ o ~ o p o m ~ o ~  ~ p a ~ c n o p ~ e )  ee n p o x o A n T  

H a  PaCCTOcIHHe 200-300 & B BHAe ~ O ~ M ~ O H T ~ J I ~ H O ~  T p a H I U e H ,  o6paay- 
l 0 l 4 e g  r O p H 3 O H T a X b H y I o  n J I 0 4 a A K y ,  OT K O T O P O ~  H a q H H a I o T  pa3BmTEIe 

r o p H b I e  pa6o~h1 H a  r o p m 3 0 ~ ~ e .  HJIR B C K P ~ I T H R  H o B o r o  ~ O ~ E I ~ O H T ~  no 
n p e A e n b H o M y  n o n o w e H n m  K a p b e p a  H a  AaHHoM y c T y n e  I I ~ O X O A R T  cxe- 
T[YH)qYH) HBKJIOHHYIO TI)aHUIeH) A 0  OCHOBaHHR HOBOrO YCTYUa. Aa21ee 
BCKpbITHe IIPOHCXOAEIT aHaJIOrEI¶HbIM o6pa30~ .  

O C H O B H H ~  CXeMbI ILYHKTOB IIpHMbIKaHHR XeJIe3HOAOpOWHbIX n y ~ e h  
p a 6 0 . r ~ ~  rOpH30HTOB K IIOCTORHHhIM IlYTRM BHYTpeHHHX ~ p a H I U e i j [  CIIEI- 

p a n b ~ o i i  @ O P M ~ I  I I O K ~ ~ ~ H ~ I  H a  ~ H C .  61. 
n p H  BCKpbITHH CIIHPaJIbHbIMH TPaHIUeRMH r O p H b I e  p a 6 0 ~ b 1  H a  KWK- 

AOM HOBOM r o p m 3 0 ~ ~ e  H a s m a I o T  OT pa3pe3~of  T p a H n I e H ,  n p o G n e ~ ~ o i , i  

no n p e A e n b H o M y  KOHTYPY I c a p b e p a  H a  AaHHoM ~ O P E I ~ O H T ~ ,  T. e. pa6o~1,1 
H a w m a I o T  B ~ ~ ~ J I H P H ~ I X  y P a c T I c a x  n e p H M e T p a  r c a p h e p a .  kls-aa 3 ~ 0 r o  

HeJIb3cI  OAHOBpeMeHHO BeCTH p a 3 p a 6 o ~ ~ y  ~ O J I ~ I I I O ~ O  gHCJIa YCTYIIOR. 

~ [ o ~ ~ B I W ~ H H ~  @ ~ O H T ~  r 0 p H b I X  p a 6 o ~  O ~ ~ I Y H O  pa3BEIBaeTCH no B ~ ? ~ P H O &  CXeAle 

C IlOBOpOTHbIM UYHKTOM B TOPKe IIpHMbIKaHEIR rOpH3OHTaJIbHbIX IIy~eii 
JJaHHOrO l 'OpH30HTa K HaKJIOHHhIM UYTRM C I I H P ~ J I ~ H O ~ ~  TpaHIUeEI. 

Ha pHC.  62 n O K a 3 a H a  nOCJIf3AOBaTeJIbHOCTb @OI)MEIPOB~HHR C n H p a J I b -  

H O r O  c a e a ~ a  B r n y 6 0 ~ 0 ~  K a p b e p e .  

n p ~  HCeJIe3HOAOpOHCHOM TpaHCIIOpTe  CUHpaJ IbHbIe  TpaHIUeEI J l O r y T  

G H T ~  OAHOIIYTeBbIMM, ABYXIIYTeBbIMEI H pel-Ke MHOrOIIYTeBbIMH, q T O  yCTa-  

HaBJIHBaeTCR paCseT0h . i  B 3aBEICHMOCTEI OT I I P O B ~ B O A C T B ~ H H O ~  MOqHOCTH 

K a p b e p a  DO r 0 p H 0 f i  MaCCe,  HHTeHCHBHOCTH AREIfieHHR UOe3AOB H PHCJIa 

OAHOBpeMeHHO HaXOARllJHXCR B p a 6 o ~ e  YCTYUOB. ,U,JIR YBeJImWHHR np0- 
~ 0 3 ~ 0 6  CIIOCO~HOCTH c a e 3 A a  MOHCHO U p H M e H R T b  60~1ee M O q H h I e  TIIUbI JIO- 

KOMOTHBOB, IIO3BOJIRIo4HX YBeJIHsHBaTb  ~PY30UOA'beMHOCTb COCTBBB, 

a TaKHCe U p H M e H R T b  A B O ~ ~ H Y Q  T R r Y ,  OAHaKO UOCJIeAHRR T p e 6 y e T  COOTBeT- 

C T B y I o m e r O  p a 3 B H T H R  uJ'T~& B DYHKTaX IIpHMbIKaHEIR H BbI3hTBaeT 

y s e J r m s e H n e  A J I H H ~ I  n z r o p a A K m  AJIR EIX p a 3 ~ e q e ~ ~ 1 ~ .  
O6wacr A n H H a  c n n p a n b H o r o  c a e a ~ a  n p H  rn y61r~e H a p b e p a  H 6 y n e ~  



C T B ~ H H O ~  MOE(H0CTH H e  BCeI'Aa AOCTaTOqHO. ~ P E I  YBeJIHPeHHH rny6n~b1 
K a p b e p a  H yMeHbIUeHHH er0 p a 3 M e p O B  B I I J IaHe  CHH?KaeTCR H PHCJKO YCTY- 

UOB B 3 0 H e  OAHOI'O BHTKa CIIUpaJIH.  B H a C T O R q e e  B P e M R  I I P H  BCKPMTHH 

M ~ C T O P O H E A ~ H H ~ ~  CIIHPaJIbHhIMH T p a H m e R M H  m H p O K 0  IIPHMeHFIlOT aBTOMO- 

~ E Z J I ~ H H ~  TpaHCIIOPT,  KOTOPHG M O X e T  I IpeOAOJIeBaTb  6onee KPYThIe  IIOAa- 

BMhI, P e M  J IOKOMOTHBH~I~~ ,  H II03BOJIReT HMeTb OAHOBPeMeHHO B p a 6 0 ~ e  
60~1brnee VHCn 0 YCTyIIOB. 

A B T O M O ~ H J I L H ~ I ~ ~  TPaHCIIOPT AOIIYCKaeT BCKPbITHe CIIHPaJIbHbIMH 

TpaHII IeRMH M ~ C T O P O ? K A ~ H H G  C O r p a H H P e H H b I M H  p a 3 M e p a M H  B I I J IaHe  I I p H  

OTHOCHTeJIbHO 60JIbm0fi W Y ~ H H ~  K a p b e p O B ,  ¶TO HCKJIIOPeHO I I P H  KeJIe3- 
HOAOPOWHOM TpaHCIIOpTe .  C l I l X p a J I b ~ b I e  T p a H I U e H  C ?KeJIe3HOAOPOKHbIM 

TpaHCIIOpTOM I IPHMeHRmT AJIR BCKPJJTHH M ~ C T O P O X # ? H H G  C ~ o J I ~ I U H M H  

p a 3 ~ e p a ~ ~  B n n a H e ,  no i$op~e ~ ~ H ~ J I H X ~ I O ~ H M H C R  K K p y r y .  M ~ B ~ C T H ~ I  
C J I y ¶ a H  BCKPbITHR CUHPaJIbHbIMH T p a H m e R M H  M ~ C T O ~ O X A ~ H H ~ ~ ,  3aJIera- 
I O q H X  B ~ O P H C T O ~ ~ [  MeCTHOCTH ( M ~ C C H B H H ~ ,  ~yIIoJI006pa3~bIe BO3BhImeH- 

HOCTH).  OXOA OAK^ CIIHpaJIbHbIX T P ~ H ~ ~ G  I I p H  JIOKOMOTHBHOM TpaHCIIOpTe  

O I ' p a H F I H B a e T C R  BO3MO?KHOCTbH) YKJIaAKEI ?KeJIe3HOAOPOlKHbIX I I Y T ~ G  
C H ~ O ~ X O A H M ~ I M H  P a A H y C a M H  3 a K P Y r J I e H H R ,  KOTOphIe &cT~BJIRIOT I I P H  

H O ~ M ~ J I ~ H O B  KOJIee 150-200 A, I I p H  Y ~ K O G  KOJIee - 70-80 a. T ~ K H M  
o b p a a o ~ ,  I I P H  IIIHPOKOG ? K ~ J I ~ ~ H o ~ o ~ o x H o ~ ~  KOJIee I 'OpH30HTaJIbHaR M O q -  

H O C T ~  3 a ~ 1 e x ~  H a  n p e ~ e n b ~ 0 6  r ~ 1 y 6 ~ ~ e  K a p b e p a  A o a x H a  6b1~b H e  M e H e e  

200-250 m. 
H p H  BCKPbITHH CIIHpaJIbHhIMH T p a H m e R M H  ( K ~ K  E TYIIHKOBHMH) He- 

0 6 x 0 ~ ~ ~ 0  PaCIIOJIaI 'aTb H C P e p n b I B a l o q H M H  CBeAeHHRMH 0 KOHI$HI'YP~~HEI 

H YCJIOBHRX 3aJ Ie I ' aHHR MeCTOPOXAeHHR. ECJIH H a  OAHOM H 3  ~ O P T O B  HJKH 

y s a c T K e  no n e p H M e T p y  K a p b e p a  B c T p e s a r o T c c I  ~ e y c ~ o 6 n ~ ~ a r e  H n H  C H J K ~ H O  

0 6 ~ 0 a ~ e F f ~ b I e  IIOPOAJJ, CKJIOHHbIe K 0 6 p a 3 0 ~ a H H H )  o I I o J I ~ H ~ B ,  BCKPbITHe 

CIIHPaJIbHhIMH T p a H m e R M H ,  HeBOBMOXHO, H TOI'Aa IIPHMeHRIOT TYIIHKOBbIe 

T p a H m e H  EJIH ~pyrof i ,  6onee I I o ~ x o A R ~ H ~ ~  AJIR AaHHbIX YCJIOBHH C I I O C O ~  
BCKPHTHH. 

OAHHM H 3  Y C J I O B H ~ ~  BCKPbITHR M ~ C T O P O H E A ~ H H G  CIIHPaJIbHhIMH T p a H -  
' 

UI0RMH RBJIReTCR ~ p e 6 0 ~ a ~ H e  3Ha¶HTeJIbHO 66~1bmeG ( ¶ e ~  I I p H  ApyI 'HX 

cnoco6ax BCKP~ITHR)  O~~CII€!¶~HHOCTH PYAHHKa O ~ O P Y A O B ~ H H ~ M  EI. pa6o- 
¶eP CHJIO&.  TO O~%RCHR€?TCH TeM, ¶TO 'B IIep~bIfi I IepHOA a K C U J I y a T a q H H  

UPOH3BOAHTCR ~ a E i 6 0 J I b m H G  0 6 n e ~  BCKPJJIUHHX p a 6 0 ~ ,  IIOCKOJIbKY OTPa-  

~ O T K Y  KaKAOI'O r O P H 3 0 H T a  BeAYT A 0  IIpeAeJIbHOI'O KOHTYPa  K a p b e p a .  

9 ~ ~ O C T O H H C T B ~  cnoco6a: HeI IpepbIBHOCTb ABElsKeHHR IIOe3AOB 683 MaHeB- 

P O B  H a  IIJIOlI(aAKaX, ¶TO II03BOJIReT Y B e J I W H T b  IIPOIIYCKHYH) C I I O C O ~ H O C T ~  

K a p b e p H b I X  ~ y ~ e 6 ;  BO3MO?KHOCTb IIPHMeHeHHR 6 0 J I b I I I e r p y 3 ~ b I x  BarOHOU 

H M O q H h l X  JIOKOMOTHBOB, 0 6 n a ~ a r o q ~ x  B H C O K O ~ ~  IIPOH3BOAHTeJIbHOCTbIO 

H I IPOBO~HOG C I I O C O ~ H O C T ~ H ) .  H~AOCT~TKH: XeCTKOCTb YCJIOBH~~[ I IpHMeHe-  

HEIR; HeB03MOXHOCTb OAHOBP€!M€?HHO~~[ pa60~bI H a  6 0 n b r n o ~  ¶HCJI0 YCTY- 

UOB, 9 T O  O I ' p a H F I H B a e T  IIpOH3BOAeTBeHHYH) MOQHOCTb K a p b e p a ;  ~ e o 6 x o -  
P(HM0CTb OCYqeCTBJIRTb  OCHOBHbIe pa60~bI IIO BCKPJJIIIe B H ~ P ~ J I ~ H ~ I G  IIe- 
pnon a K c n J I y a T a q n n  K a p b e p a ,  Ann nero cpasy T ~ ~ ~ Y ~ T C H  6onbmoe KOJIH- 

WCTBO 0 6 0 p y ~ o ~ a ~ H R ;  YBeJ IKseHHe o 6 a e ~ a  B C K P b I m H  BCJIeACTBHe HaJIH- 

¶ n R  m H p O K H X  TpaHCIIOpTHbIX 6 e p ~ ,  OI IORCbIBaIoqHX HHOI'Aa BCe 60pl.a 
R a p b e p a ,  ¶TO y M e H b m a e T  m y 6 ~ ~ y  OTKP~ITHX p a 6 0 ~ ,  O C O ~ ~ H H O  npa 



o r p a H w e m M x  p a s ~ e p a x  M e c T o p o x A e a H H ;  H ~ O ~ X O A H M O C T ~  ~ ~ J I O ~ - I C ~ H M H  

~ U E t p a J I b H o f i  TpaHII IeH DO IIpeAeJIbHOMy KOHTJ'PY ~ O P T O D  K a p b e p a ,  ¶TO 

HeE03MOKHO H P H  HeAOPa3BeAaHHOCTH hleCTOpOXAeHHR. 

B COB~TCKO&I C0KJ3e CIIHpaXbHbIMH TpaHl I l eRMH C JIOICOMOTHBHO~ TFI- 

TOG BCKPhIBaIoT HeCKOJIbKO p a 6 o s ~ x  rOpZl30HTOB ~ O Y H B ~ A C K O I ' O  MeCTO- 

PO?XfCAeHHII MeAHbIX PYA.  TOT C I I O C O ~  BCKPbITHR n p ~ i 0 6 p e ~ a e T  BCe 6 0 ~ 1 b -  

mee s ~ a s e ~ n e  B CBRSH c ~ ~ ~ B H T H ~ M  n p m M e n e H m  H a  O T K P M T ~ I X  p a 6 o ~ a x  
~ B T O M O ~ H J I ~ H O ~ O  T p a H C l l O p T a ,  A0IIyCKaH)LqeI'O 6onee KpYThIe YKaOHhI H 

M e H b m H e  p a A H y c b 1  s a ~ p y r ~ ~ e ~ m ~  ~ p a ~ m e f .  I I ~ H  p a 3 p a 6 0 T I c e  r n y 6 o ~ ~ x  
TOPHSOHTOB ~ B T O M O ~ E I J I ~ H ~ I ~ ~  T P a H C n O P T  lIPHMeHRH)T B K O M ~ I I H ~ ~ H M  C Ke- 
JIC?3HOAOPOHFHbIM, OCYIQeCTBJIRR H a  OIIPeAeJICHHOM I 'OPH30HTe I IepeI 'py3KY 

T P ~ H C I I O P T H P Y ~ M O ~  I ' O P H O ~  MaCCbI H 3  ~ B T O M O ~ I I J I ~ G  H ?XeJIe3HOAOpOHcHhIe 

COCTaBhI. 

Bctcpblmue napnblxu sneunumu mpanueslmu n p o c ~ o f  @ o p ~ r , ~  n p n M e -  

HRlOT C JJeJIbH) CO3AaHHII ~ 0 J I b q e B o f i  CXeMbI TpaHCIIOpTa  B YCJIOBHRX OT- 

AeJIbHhIX, r p y n n O B b I X  H 0 6 q ~ x  BHeIIIHHX ~ p a H I I I e i i  U p H  ~ O J I ~ I I I O M  I'PY30- 
060po~e .  ~ O ~ O X H R K O B ~ I ~  COCTaBbI CJIeAyIOT 110 TpaHIIIeRM C YK;IOHOM 

6 0 ~ 1 b m e  P Y K O B O A R ~ e I ' O ,  a I ' p y K e H b I e  - no TpaHII IeRM C pyKOBOARLqHM 

YKJIOHOM. 0 6 ~ ~ 1 0  IIElpHbIe OAHOnyTeBbIe TpaHII IeH 3aMeHRIoT OAHy OT- 

AeJIbHyIO ABYXIIYTeBYIO; C T P O H T ~ J I ~ H ~ I ~ ~  0 6 a e ~  IIaPHbIX TpaHII IeG TOJ~LICO 

He3Ha9HTeJIbHO 60J Ib IUe  CTpOHTeJlbHOI'O o 6 a e ~ a  OTAeJIbHhIX TpaHII IeG.  
- 0 6 a e ~  IIOpOAHhIX p a 6 o ~  no CTpOHTeJIbCTBY BHeIIIHIlX T ~ ~ H I I I ~ G  B 0 3 p a C T a e T  

C YBeJIHseHHeM ~ J I Y ~ H H H  BCICPhlBaeMbIX I'OPH30HTOB, lIO3TOMY I IPH r;I Y- 
6 ~ ~ e  6onee 70-80 IlPHMeHHIoT BCICPhITHR BHYTpeHHHMH TpaHIIIeRMH. 

Bc~pwmue napnblxu snympennuxu mpanueslmu pasnmsnoii ~ O P M E J  

0 6 e c n e s n ~ a e ~  ~ a l ~ ~ b ~ t i  B C K P ~ I T N ~ I  I'OPHSOHT g a p b e p a  ABYMR T p a B c n o p T -  

HhIMH IIJ'TRMH, COeAHHRIOqHMH er0 C UOBepXHOCTbIO: OAHIlM AJIR TpaHC-  

ItOPTHPOBaHHFI I'PY3a H APYrHM - AJIFI ~ O P O ~ I I R I C a .  B 3TOM C J I y l a e  no- 
C T m r a e T c n  I I O T O ~ H O C T ~  ABH;rcenrnR n o e 3 ~ o ~  HZEI a B T o T p a H c m p T a ,  6~1ar0- 
A a p R  s e h l y  YBeJIHsHBaeTCR n p O n y C K H a R  C U O C O ~ H O C T ~  KanHTaJIbHbIX 

~ p a ~ m e i % ,  a 3a6om 0 6 e c n e s ~ ~ a m ~ c ~  IIOPOKHRKOM nyqme, s e M  n p H  

OAHHaPHbIX TpaHJJIeRX, KOI'Aa ABHHFeHHe I'PY3a H I IOPOKHHKa RBJIReTCR 

BCTPesHhIM H OCYIQeCTBJIReTCR OAHOBPeMeHHO lIO O A H O ~ ~  TpaHII Iee .  nap- 
HhIe  T p a H I U e H  C BHYTPeHHHM 3aJ IOKeHHeM MOI'YT HMeTb TJ'ITHKOBYIO, 

n e T n e B y m  H n a  c n H p a n b H y m  4 o p ~ y .  
Ha PHC. 63 n o ~ a s a ~ b ~  c x e M M  B C K P ~ I T H R  M e c T o p o ? K A e H m  n a p n b I M m  

TpaHIUeFIMH c n H p a J I b H 0 f  (X~OPMH C IIpHMeHeHHeM ~ B T O M O ~ H J I ~ H O I ' O  TPRHC- 

I t O p T a .  O A H H  U y T b  CJIyHFFiT HJIR I'PY?KeHEJX M a m H H ,  gpyroB - AJIR IlO- 

pO?XHfXKa. ~ P Y ~ O B O J ? ~  IIYTb HMeeT IIOAaeM A 0  80°/,,, I I o ~ o w H R K o B L I ~ ~  

HMeeT YKJIOH A 0  100-150°/0, (B HCKJIIo¶HTeJIbHhIX C J I y s a R X  a0 200°/,,). 
YCTPO~CTBO BTOPOI'O ItYTH C 6 0 J I b m H ~  YICJIOHOM AJIR I IOPOKHRKa 

OUpaBAaHO AJIR K a p b e p O B  C H € ! B ~ I C O K O ~ ~  I I P O H ~ B O ~ C T B ~ H H O ~ ~  MOLqHOCTbH), 

TaIC K a K  IIIHPHHa 3TEX AOpOI' MOHFeT 6 h I ~ b  ) J O C T ~ T O ¶ H O ~  AJIR npOXOAa 

T O J I ~ I C O  OAHOG MammHhI  ( n p ~   TOM sepes 150-200 JC no ~ c e f  Anmne 
YCTpaHBaIoT HHIIIH RJIR paSMHHOBKI.3 M~IIIITH). ~ P H  HaJIHsHEI ABYX T ~ ~ H I I I ~ S  

C03AaeTCR IIOTO¶HOe ABHHceHHe aBTOTPaHCUOPTa,  HCKJIH)laeTCR BOSMOX- 

HOCTb CTOJIKHOBeHHR BCTPe¶HbIX MaIUHH, COKpaLqaeTCR PaCXOA I'OpIo¶eI'O 

H a  0 6 p a T ~ h I i i  npo6er, y B e n n s H s a e T c c I  I I ~ O I I ~ B O A H T ~ J T ~ H O C T L  ~ K C I C ~ B ~ -  
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TOBOB. IIPH O n p e R e n e H n H x  ~ C J I O E L I R X  nonyseaaaa npa   TOM ~ K O -  

HOMHR MOXieT KOMIIeHCIIPOBaTb L(0IIOJlHHTeXbHbIe H3AC?PifCKH, CBR3aHHbIe 

c y c ~ p o i t c ~ ~ o ~  I i o n b q a .  

Bcxpbzmue cnezpa,ebnblinu (8cnoinozame~bnbz~~u) mpanuesxu B C E ; P H ~ -  

HNX YCTYIIOB K a p b e p o B  HJIH B q e n o M  I c a p b e p H M x  n o f i e 5  x a p a ~ ~ e p r n 3 y e ~ -  
CR OTCYTCTBHeM KaIIHTaJIbHbIX T p a H l I I e f .  3 T H  C I I O C O ~ H  IIpHMeHRIOT, eCJIH 

I 'OpHyIO h1aCCy H 3  K a p b e p a  TpaHCUOpTHpyIoT ~ ~ I I I ~ H H H M H  3IcCKaBaTO- 

p a M m ,  I i a 6 e J I b ~ b I M E f  K p a H a M m ,  ICOHCOJT~HHMH O ~ B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I I I M H  HJIH 

TPaHCIIOPTHO-OTBaJIbHbIMH IlIOCTBMLI. 

n p 1 3  I1CIIOJIb30BaHHH ~ ~ I I I ~ H H M x  3I<CI<aBaTOpOB H 1 < a 6 e n b H h I x  K p a H O B  

~ O P H Y K I  ivaccy n e p e M e L q a I o T  B K a p b e p e  rn Bbrga loT  na n o s e p x H o c T b  H e n o -  

CpeACTBeHHO B ICOBIIIe. npII p a 6 o ~ e  KOHCOJIbHhIX O T B ~ J I O O ~ ~ ~ O B ~ T ~ J I ~ ~  

HJIH TPaHCUOPlHO-OTBaJIbHbIX hlOCTOB BCIiPhlLUa ga3MeLqaeTCR B BbIpa-  

~ O T ~ H H O M  IIPOCTpaHCTBe IIOCPeJtCTBOM I C O H B ~ ~ ~ ~ P O B ,  CMOHTHPOBaHHhlX 

H a  y 1 ~ a 3 a ~ ~ o ~  O ~ O ~ ~ A O B ~ H H I ? .  Ann BbIAaliII H a  IlOBepXHOCTb 0 6 0 p y ~ o ~ a -  
H n R  AXR PeMOHTa,  AOCTaBKEI B I i a p b e p  H ~ O ~ X O ~ H M O I ' O  O ~ O P Y A O B ~ H E I R ,  Ma- 

T e p n a J r o B  H AXR n e p e M e q e H E m  n ~ o ~ e i i  npoxonm B c n o h r o r a T e n b H b I e  T p a n -  

IIIeH. n p H  ~ ~ C T ~ ~ H C ~ O ~ T H O I ~  CItCTeMe p a 3 g a 6 0 ~ ~ ~ 1 ,  KOI'Aa BCKpbIIIIHble 

UOpOALI p a 3 p a 6 a ~ b 1 B a H ) ~  Ii pa351eLqaIOT B B ~ I ~ ~ ~ O T ~ H I I O M  IlpOCTpaHCTBe 

I c a p b e p a  MOI~HHMII  M e x a H H y e c l i n h I H  a o n a T a M n  HJIEI ~ p a r n a i i ~ a ~ ~ ,  C B R ~ ~  

p a 6 o s ~ ~  T.CTJ'UOB C IIOBepXHOCTLIO T a K X e  OCyIQeCTBJIReTCR IIOCpeACTBOM 

B c n o M o r a T e x I a M x  ~ p a ~ m e i i .  
K a 6 e , 7 b H b I e  K p a H b I  I lpIIJ leHRIoT H a  K a p b e p a X  UO A o 6 b I s e  CTpOHTeJlb- 

HbIX M a T e p H a Z O B  H IIITJTHbIX IlOpOAHbIX ~ X O I C O B  ~ O ~ L I L I H X  p a 3 M e p O B  
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~ O ~ ~ ~ H H H P O B ~ H H O ~  BCKpbITHe J ~ ~ C T O P O ~ K A ~ H H ~  BHeIIIHHMH T p a H m e -  

RMH, IIpHMbIKaIOlI(HMH K CHCTeMe BHYTpeHHHX ~ p a H m e I ' r ,  m H p O K 0  n p H M e -  

HRIoT I l P H  p a 3 p a 6 o ~ ~ e  h . l e ~ ~ 0 ~ 0 1 K ~ e ~ l I f i  T J I Y ~ H H H O ~ O  THIIa  C 6 0 J I b m 0 6  TOJI- 

q e B  IIOKpbIBaIOlI(HX IlOpOA. BCKPMTH~ HaKjIOHHbIMH BHeIIIHHhlH H BHYT- 

PeHHmMH T p a H m e R M H  MOlKeT 6 b 1 ~ b  OCYQeCTBJIeHO C UpHMeHeHHeM iKeJIe3-  

PaCCTORHHe T p a H C n O p T H p O B a H H R  r 0 p ~ o f i  MaCCbI H 3  K a P b e P B  A 0  I IyHK-  

TOB H a 3 H a P e H H R  H 38 I IepHOA 3 K C n J I y a T a q H H  MeCTOPOXAeHHR I I O J I P H T b  

BHa¶lrTe.?bHyIo 3KOHOMHIO IIO TpaHCIIOPTHbIM PaCXOAaM; BHeIIIHRR T p a H -  

m e H  ~ O ~ B O ~ R ~ T  o c y w e c T s m T b  n p I r M b I K a H n e  n y ~ e i i  K ~ O P H ~ O H T ~ ~ I  K a p b e p a  

Ge3 JJOIIOJIIIHTeJIbHOI'O p a 3 H O C a  6 0 ~ ~ 0 ~ ;  T p a C C a  BHyTpeHHHX KaIIHTaJIbHbIX 

T ~ ~ H L W E  ynpOl I (aeTCR H C O K P a w a e T C R ;  I I p H  H ~ ~ C T O ~  ¶HBMX, O ~ B O A H ~ H H ~ I X  

n o I < p b I s a m w u x  noponax B H e m H e e  a a n o x e ~ u e  K a n m T a n b H b I x  ~ p a ~ m e i i  
H a H 6 0 J I e e  p a q H O H a J I L H 0  H B ~ O X ~ I I I H H C T B ~  CJIy¶aeB eAHHCTBeHH0 B 0 3 -  

DlOiIiHO. 

CTPOHT€!J?~HM~~ O ~ Z ~ M  B H e m ~ e f i  T p a H m e l l  VBHemH 3Ha¶HTeJl  b H 0  6 o n b m e  

06'be~a B H Y T P ~ H H ~ ~  TpaHII IeH ~,,,,,, ~ ~ O ~ R ~ H H O G  H a  T y  1Ke r n y 6 ~ ~ y .  
n03~0h.lJ' ~ J I Y ~ H H Y  B H ~ I I I H ~ ~ ~  I i a n E i ~ a J I b ~ O f i  T p a H I I I e H  H,, n p H  ~ o ~ o p o i i  
~ e J I e C 0 0 6 p a 3 ~ 0  IIPHMhlICaHHe K CHCTeMe BHYTPeHHHX ~ p a ~ m e f i ,  ~ e o 6 x o -  
AMMO O I I P e A e J R T b  C YqeTOM rOPHOKaI IHTaJ IbHbIX p a 6 o ~  $1 3KOHOMHH B pe- 
3 y n b ~ a l . e  c o K p a q e H m  n e p e B o j o K .  I I p o x o n ~ a  ~ ~ e r n ~ e i i  T p a H m e H  6 y ~ e ~  
3KOHOMH¶CCKH qenecoo6pa3~oii, eC.iIH P a C s e T H b I e  a a T p a T b I ,  CBH3aHHbIe  

c ee I I p 0 ~ 0 ~ ~ 0 I i  H a~cnnya~aumei i ,  6 y ~ y . r  p a e H b I  HJIH M e H b m e  CooTBeT- 

C T B Y I O ~ l l S  3 a T p a T  n p H  BCKPbITHH RHYTPeHHHMH T p a H m e H M H .  n p H  p a 3 M e -  

WeHIiEl H a  ~ O P T Y  H a p b e p a  CHCTeMbI B H y T p e H H H X  ~ p a ~ m e G  H ~ O ~ X O ~ H M O  

IIPOH3BORBTb A O I I O J I H H T ~ J I ~ H ~ I ~ I  p a 3 H O C  ~ O P T O B  K a p b e p a  vn,,. 
O G z e h r  o6qeH ~ ~ e r u ~ e i i  T p a H m e H  V,,,,,,, ~ ~ e m w e i i  B n o n e p e s H m e  

CTyI IeHPaTyIO @ O P M ~ ,  C A O C T ~ T O ~ H O I Y I  CTeIIeHbIo TOgHOCTH M O X e T  6b I~b  
o n p e A e n e H  no @ o p ~ y n e  

Hi  b H n  b ~ p I l H n  
" B H . . ' ^ . ~  ( T + m ) + y '  a37 

rAe b - m H p n H a  T p a H m e H  IIOHHBY, M ;  

p - YrOJI OTKOCa ~ O P T O B  T p a H m e H ,  2 ~ ~ 8 ;  

h - BbICOTa Y C T y n a ;  

b,, - I I IHpHHa T ~ ~ H C I I O ~ T H O ~ ~  nJIOlI(aAKH. 

C T P O H T ~ ~ ~ H ~ I ~ ~  0 6 ' b e ~  CHCTehlbI BHYTPeHHHX T ~ ~ H I I I ~ G  VBHyTp, npofi- 
AeHIlbIS A 0  ~ J I Y ~ H H ~ I  H,, ~ Y A ~ T  p a D e H  

hHn b I2 
' B H ~ T ~  = (T + -) . 

rAe h - B b I c o T a  y c T y n a ,  a; 
a - JTOJI OTKOCa ~ O P T O B  BHYTPeHHHX ~ p a ~ m e f i ,  2pUd. 

n p H  pa3Mel I (eHHH H a  ~ O P T Y  K a p b e p a  CHCTeMhl BHYTPeHHHX ~ p a ~ m e i i  
A O ~ O J I H F I T ~ J I ~ H ~ I B  p a 3 H O C  ~ O P T O B  H a p b e p a  AJIR BCeX @OPM T p a C C  M O X e T  

G ~ I T I ,  O n p e A e n e H  K a K  o 6 a e ~  n o n y n p ~ 3 ~ b 1 ,  T. e. 

p e H H H e  T p a H I I I e H  CTaHOBRTCR I IOJIYTpaHmeRMH,  a II03TOMY ¶ a C T b  o 6 a e ~ a  
(R as), P a B H a H  pa3HOCTH (VBHYTp - Vaon), BXOAHT B 3KCIIJIYaTaqHOH- 

IIhlC p a 6 0 ~ b 1 ,  a 3 a T p a T b I ,  P a B H b I e  (P,,,,, - v,,,) (PT, - P,,,,), H ~ O ~ X O -  



pa, m; 
q - o 6 n e ~  nepeBO30~, O T H ~ C ~ H H H ~  K 1 .?Z ~ F J I ~ ~ J I ~ H H I I  p a 6 o ~  

PBCKP 
+ f$+3 tgfi [E +? (1 bTph, nt, (11,15) 

rne Vf,,,, - 06'beM ~ ~ e m ~ e f i  ~ c a n ~ ~ a n b ~ o i i  Tpaamen, o n p e ~ e n ~ e ~ o i i  no 
~ J ~ P M Y J I ~  (I,9). 

IIOCJI~ npeo6pa30sa~~fi  ycnome p a q n o ~ a n b ~ o i i  rmy6mh1 norpyxe- 
HHII B H ~ J I I H ~ ~  TpaHmeH npHMeT BHA 

I I ~ H M ~  . COKOBOBCKHG KapbeP COKOJIOBCKO-C~~~~GCKO~O r0p~0060ra~H~enb-  
Eoro KOM&HaTa qenecoo6paa~o 6 ~ x 0  6. BCKpUBaTb ~ p a m e e e  CO c~opoasl 
C0BepHOI'O TOpqa, HO UPOeKTBPYeMaR PaHee 0Tpa60T~a ceBepH06 ¶aCTE MeClo- 
pornfiemi% n o ~ a e ~ ~ n r ~  cnoco6o~ nocnyxnna o ~ ~ o i i  s 3  u p m ~  nepeHeceHnH 
ee Ha IOXUtbIl TOpeq. Hns  COKPaIt(eHHII PaCCTOIIHEff TPaHCIIOPTEPOBaHHII Tpacca 
TpawIeH UpHHRTa K P E B O J I H H ~ ~ O %  40pMbI. T p a m e ~  np0heHa C OTMeTKH +I80 ~t 
H upmuKaeT K Kapbepy B ero IomHoM Topqe Ha omeTKe +110 nt B ccpnb- 
HhIX UOpOnaX. np0~0nrneEEe~ ee HBnIIIoTCa BHYTPeHHHe TYWKOBbIe Cne3n~, 
BCKpMBaKJqEe PyfiHare rOPH3OHTbI. IIny6ma IIOI'PYXWHHH TpaHIIIeH 70 m. Bc~pnr- 
THO Cap6aHc~oro Kapbepa Tor0 Xe K O M ~ H H ~ T ~  OCmeCTBJIeHO O C H O B H O ~ ~  BHeIJIHef, 
~ p a m e e i i ,  u p m m ~ a m q e i  K Ka bepy Ha omeme K oBnH cKanbmx nopon (+I25 nt) 
soclosaoro 6 o p ~ a  (nernarair {OK). Ymrusan o&ee 06ae~nr nepeBoaan r0pH06 
Maccnr, B Tpamee c omeTm +I25 nt Ha nosepxHocTb ynorneno mecn HcenesHo- 
nopoxmx ny~e%. 

B CJIWae IIpHMeHeEEj? ~ B T O Y O ~ H ~ ~ H ~ - H ~ ~ ~ ~ ~ H O ~ O ~ O X H O ~ O  TpaHCnOpTa Ha AH- 
HOBCKOM Kapbepe qenecoo6paa~a npoxonKa B I O ~ H O M  Topqe ~ ~ e m e t i  TpamneH, 
0 6 e c n e n ~ ~ m q e t  TpaHcnopmposame r o p ~ o 6  Maccnr no r n y 6 ~ m  200 U .  l l c x o ~ m e  
RaHme nna pacneTa: Q = 1100 MJIH. m, q = 5,5 Mna. m; bT = 15 nt, b  = 30 nt, 
h = 15 nt, 2 = 30°/00, a = 45", $ = 35". C, = 0,000008 py6lm-m. PTp = 
= 0,75 py61m3, P , ,  = 0,5 py6. m/nt3; VL, = 17 0000 m3. 

B peaynbTaTe pacneToB nonyseHa my6naa norpymeHxin ~ ~ e m ~ e i i  TpamneH 
CO CTOPOHH IOXHOrO TOpqa AHHOBCKO~O Kapbepa H,, paBHaII 90 nt. 



BcRphl~He BHYTpeHHHMZi IipYTbIM13 TpaHUIeRMH 

3aKJIIO¶aeTCR B YCTaHOB3IeHHII ~ P Y ~ O T P ~ H C I I O P T H O ~  

CBFl3H MeXAJ' pa60sm~1i HnH IiOHl+HTpaI(HOHHbIMFf 

I'Opm30HTaMM C nOBepXHOCTbIo UO KPYTbIM TPaHLUeRM, 
B ICOTOPbIX Pa3MelI(aH)TCH HaKJlOHHbIe IIOA'beMHMIFM - 
KaHaTHbIe (CKEIUOBH~ Ei KJleTe~hIe) Elfin K O H B ~ ~ ~ P -  

HbIe. C T ~ O M T ~ ~ I ~ H H ~ ~  o 6 ' b e ~  KPYTbIX Tpa~IUefi o6a1s~o 
HeBenMIi, TaK KaIE yron nx H a R n o H a  a ~ a s ~ ~ e x e ~  H 
paseH (mnzi  6 ~ 1 ~ 3 0 1 ~ )  yrny norameazm 6 o p ~ a  Hapbepa. 

B 3aBHCHMOCTH OT THHa UOA'beMHmKa hlOrYT 651Tb 

mnm B Topqax Hapbepa no ero npeAenbHoMy KOH- 

~ y p y .  Ancr s a n o x e ~ ~ s  KPYTHX ~ p a ~ m e i i  sb16npaH)~ 

YsaCTKH C 11am6onee ~ C T O ~ ¶ K B ~ I M H  UOpOAaMH. IIpeH- 
M y w e C T B a  BCI(PMTHR KPYTbIMH TpaHmeRMH: B03MOiK- 

HOCTb UOA'beMa I ' o ~ H o ~ ~  MaCCbI CO 3~aWiTeXh~ofI 

r z y 6 ~ ~ h l  no ~ p y ~ o i i  TpaHmee, a s n ~ r o ~ ~ e i i c s  ~ r p a ~ s a i i -  
LUHM TpaHCnOpTHHM nyTeM B KapLepe; MMHXiMaJIb- 

H ~ I B  0 6 5 e ~  ~ O ~ O A H M X  pa6o.r npm npoxonxe Kanm- 
TaJIbHhlX TpaHICIe~; CpaBHHTenbHO ~aJlhIl% CPOK UOA- 

rOTOBKH Rapbepa K 3KCUJIyaTaqHII; &IHHHMaXbHaH 

CTOnMOCTb TpaHCUOpTa I ' o ~ H o ~ ~  MaCCbI UO 6 0 p ~ y  
Hapbepa; B03M03KHOCTb paCIIOJI0)fCeHHFl IiaIIllTaJIbHhIX 

~ p a ~ m e i i  no ~ a ~ 6 o n e e  Y C T O ~ ~ H R ~ I M  n0poAah.r. 

Bc~p~pwmue Kpymbtau mpawzuesmu, 06opydo6aw- 

fibtntu 6 0 ~ b l ~ e ~ p y ~ % b t . u ~  cxuno6btntu n o d ~ e a n u ~ u u ,  
IlpHMeHSIeTCFl AJIR BCKpbITHR UJIaCTOB H 3aJIe?Ke5, 

yron naAeHnR ~ o ~ o p h ~ x  paseH yrny norameHnH 
Gop~a xapbepa u nopoAax nexasero 60Ra (pnc. 67) 
nnm Eionbme ero. ICpy~b~e TpaHmem a a ~ i n a , q b ~ ~ a ~ o ~ c ~  

npH  TOM R nopoAax nemaqero 601ca nnacTa 
(p13~. 68). O 6 . a e ~  BCKpLlmHhIX p a 6 0 ~  no pa3~Ocy 

60pTa Rapbepa B nexaseM 60Ry B  TOM cnysae 
3HaslITeneH. 

I'Inac~ar HJIH 3a~1exn c K P Y T ~ I M  DaAeHHeM MOXHO 

BCRphlBaTb KPYTbIMH TpaHIIIeRMH, 3aJIOXeHHbIMH 

B Topqax Hapbepa B HX npeAenbHoM nonoHceHnm 
(PHC. 69). HPH  TOM pemo CoKpaqaeTca o 6 a e ~  rop- 



HOlIOjJI'OTOBHTeJIbHQX P ~ ~ O T ,  T a K  K a H  H ~ O ~ X O ~ H M ~  p a 3 H O C K a  BepXHHX 

rOPH30HTOB A 0  IIpeAeJKbHOI'O KOHTYPa TOJIbKO H a  @ J I ~ H I ' ~ x  BMeCTO pas- 
H o c a  nezasero II B m c R n e r o  ~ O P T O B  K a p b e p a .  Ha K a m n o M  @name K a p b -  

epa MO?KHO COOpYHHTb IIO ABe-TPH T p a H m e H  C HaKJIOHHbIMH IlOAZeM- 

HEKaMH,  KOTOPbIe O ~ ~ C I I ~ ¶ ~ T  BQCOKylo IIpOm3BO~HTeJIbHOCTb.  

B a p n a ~ ~  p a c n o n o x e H m  KPYTHX ~ p a ~ m e 6 i  H a  @ n a ~ r a x  K a p b e p a  no 
CpaBHeHHlo  C E X  PaCIIOJIOHEeHEeM B neXGl¶eM ~ O P T Y  II03BOJIReT COKPaTHTb 

O ~ Z ~ M  TpaHCItOpTHbIX p a 6 o ~  no AOCTaBKe IIOpOAbI E nOJIe3HOI'O H c K o n a e -  

MOT0 H 3  3KCKaBaTOPHbIX 3a60e~ K IIPHeMHhIM IIJIOIQaAKaM HaKJIOHHhIX 

nOA5ebfHHKOB H a  KOHqeHTPaqEOHHQX I'OPH30HTaX. 

O P I ? ~ H H ~ ~ I ( H R  KOHlJeHTPa41OHHbIX rOPII3OHTOB I I P H  O ~ ~ H O B P ~ M ~ H H O ~  

p a 3 p a 6 0 ~ ~ e  6on b m o r o  smcna y c T y n o B  n p e A n o x e H a  npo@. M. I?. HOBOWH- 
JIOB~IM.  HM me p a 3 p a 6 0 ~ a ~  MeToA zpynnupoeanu~ ycmynoe u coadanuz 
rconqenmpavuonnbzx zopuaonmoe, O ~ C J I ~ X H B ~ ~ M ~ I X  rpynnosmm H a K n o H -  

HMMH noAaeMHmKaMH.  . 

C ~ I ~ H O C T ~  rPYII I IHPOBaHER YCTYnOB B rny60~mx H a p b e p a x  ( p ~ c .  70) 
COCTOmT B TOM, ¶TO IIPEeMHO-IIOI'PY30PHbIe n J I O q a n H H  IIOA'beMHEKa YCTpa- 

a s a m  H a  xonvenmpaquonna12 zopuaonmax, O ~ Z ~ ~ J E H H I ~ I ~ E ~ X  rpynny pa- 
~ O ¶ H X  YCTYIIOB, H a  KOTOPbIX IIPOH3BOARTCR BCKPbImHbIe p a 6 0 ~ b I  no pa3- 
HOCY ~ O P T O B  K a p b e p a  (B ~ a x n o f i  rpynne O ~ Z ~ A E H H ~ T C R  no qempex- 
n R T H  YCTYIIOB). B npenenax o n ~ o i j r  rpynna y c T y n o B  r o p ~ y m  M a c c y  nepe- 

' 

M e q a l o T  C p a 6 o s ~ x  l'OPE30HTOB H a  K O H ~ ~ H T ~ ~ ~ H O H H M ~  C IIOMOqbH) 

CpeACTB BHYTpHKapbePHOI 'O TpaHCIIOPTa  (~BTOC~MOCB~JIOB,  T ~ o J I J I ~ ~ B o -  

3 0 B  H T. A.), AOCTaBXRIoqEX ee K I I O ~ ~ Y ~ O ' X H O M Y  Y C T P O ~ ~ C T B Y  IIOaZeM- 

H H K I .  

r pynnmpo~a~ne  y c T y n o B  noz i~onae~  p a c c p e n o T o m s a T b  B K a p b e p e  

I 'pyaOlIOTOKE H a  OTAeJIbHQe BeTBH MeHbDIHX P a 3 M e P O B ,  Kafh"J(aR H 3  KOTO- 

p b I X  HaIIpaBJIReTCH K OTAeJIbHOMy HaKlIOHHOMy IIOAZeMHHKY. n p H  aTOM 

y n y s m a e T c R  o p r a ~ n 3 a q ~ ~  ~ ~ ~ O T E J ,  a B rny6orc~x K a p b e p a x  y n p o q a e T c a  

TaKHCe H IlOjJrOTOBKa HOBQX I'OPH30HTOB. 

y m y 6 ~ a  TpaCCbI HaKXOHHhIX I I O ~ ' b e M H H K 0 B  IlO CylI(eCTBy OTDaAaeT,  B 
T a K  K a K  r 0 P H Y I o  MaCCy IIOAaIoT H a  K O B ~ ~ H T ~ ~ ~ E O H H M ~ ~  I'OPE3OHT, PaCIIO- 

J I O H C ~ H H ~ I %  3HaPHTeXbHO B P m e  HHHcHerO AO~H¶HOI'O Y C T y n a  B Kapbepi? .  

YCTPO~?CTBO BOBMX KOHqeHTPaqHOHHbIX rOPH3OHTOB H e  BbI3bIBaeT OCO- 

6b1x ~ ~ T P Y E H € ? H H ~ ~ ,  6naronap~ IlpHMeHeHHIo B H y T p H  K a p b e p a  MaHeBpeH-  

HOI'O ~ B T O M O ~ F ~ J I ~ H O I ' O  T p a H C I I O p T a ,  a 0 6 0 p y f i o ~ a ~ H e  I IOrPY304HbIX IIJIO- 
i 

4 a A O K  BO3MOHCHO IIPOH3BOAHTb Be3aBHCEMO OT pa60~h1 IIOjJZeMHEKa, ¶TO 

94 I 



I IpaKTH¶eCIiH JIHKBMAHpyeT IIpOCTOH nOA'beMHHKa I I p H  n e p e X O A e  H a  HO- 

B& K O H L ( ~ H T P ~ L ( H O H H H ~ ~  I'OPH3OHT. H O A ~ O T O B K ~  HOBbIX rOPH30HTOB I I P H  

MeTOAe I ' py l l l lHpOBaHHH YCTynOB 3aKJI Io¶aeTCR B IIOCJIeAOBaTeJIbHOM 

BCKPMTHH ~ ~ i f ~ e n e ) f ~ a q e i i  r p y n n M  YCTYIIOB c Y C T P O ~ ~ C T B O M  n p H e M H b I x  

n n o u a A o I c .  ~ T O J I H ~ R  n o A r o T o B K a  ~ H X e n e W a I q e i i  r p y n m  y c T y n o B  BKJIIO- 

s a e T  n p o x o A K y  p a 3 p e 3 ~ b 1 x  ~pa~111eii H n o c J r e A y m I q y m  HX p a 3 ~ o c ~ y  no 
B C P ~ ~  IIpOTIIXeHOCTM K a p b e p H O l ' O  llOJIH, O ~ C J I Y X ~ C H B ~ ~ M O I ' O  HaKJIOHHbIMH 

IIOA'beMHEiKaMH. ,D,OCTOHHCTBO 3 T O r 0  

cnoco6a nOArOTOBKH B B03MOWHOCTH 

IIJIaHOMePHOI'O p a 3 B H T H H  BbIeMO¶HbIX 

p a 6 o ~  cpaay me nocne nepenoca nepe- 
r p y 3 0 ¶ H O r O  ~ C T ~ O ~ ~ C T B ~  H a  BHOBb 

I I o A I ' o T o B J I ~ H H ~ I ~ ~  K O H L ( ~ H T P ~ L ( H O H H ~ I G  

r O P H 3 0 H T ;  HeAOCTaTOK - B ~ O J I M U H X  

o6neuax IIOArOTOBHTeJIbHbIX p a 6 o ~ .  
~ O P H ~ R  MaCCa I IpM 3TOM AOCTaBJIIIeTCR 

BHYTPHIEaPbePHbIM TPaHCIIOPTOhl H a  

n p n e M H y m  n o r p y a o s ~ y ~ o  n n o m a A I c y  

n p H  3Ha9HTeJIbHbIX PaCCTOIIHHRX T p a H -  

c n o p T H p o B a H n r r .  LLImpm~a c a M o r o  H m z -  

H e r o  n o A r o T a B n u s a e M o r o  ~ O P H ~ O H T ~  

6yAe~ p a m a  mnpme pa3pemoii T p a H -  

men, a m m p m H a  p a 3 r O H I i H  B e p x H e r o  

IIOArOTaBJIHBaeMOrO r O p M 3 0 H T a  3aRHCHT 

OT q M c n a  YCTYIIOB B rpynne H II lHpmHbI 

OCTaBJIHeMbIX nJIOIqaAOI< H M O X e T  AO- 

C T H r a T b  200-300 31 It 6onee. 
~ P M  ~ h 1 6 0 p e  B H Y T P H K a p b e p H O r O  

T p a H C l l O p T a  AJIH AOCTaBKH IIOJIe3HOrO 

EiCI<OllaeMOrO H IIOPOAbI K HBKJIOHHOMY 

nOA'beMHHIEy, O ~ O P Y A O B ~ H H O M Y  60~1 b -  

JlIerPY3HbIMH CKHIIaMH, CJIeAYeT OpHeH-  

a ~ a s e ~ m e  A n H  o p r a ~ n 3 a q ~ m  norpy- 
309HO-TpaHCIIOPTHbIX p a 6 0 ~ ,  KOI'Aa ¶HCJIO 3KCKaBaTOPHbIX ~ J I O K O B  H a  

y c T y n e  6onee A B ~ X .  Heperpya~<a n o n e a ~ o r o  H c K o n a e M o r o  1r 
IlOpOAbl H 3  aBTOMamHH B CKHIIhI IIpOIiCXOAHT I I P U  HaJIH¶HH ~ e 6 0 ~ 1 b m o r o  

MaHeBPOBOrO I IpOCTpaHCTBa,  Y C T P O ~ ~ C T B O  n e p e r p y 3 0 9 H O r O  I I y H K T a  

B K a p b e p e  o T m s a e T c n  n p o c ~ o ~ o i i ,  n e p e H o c  ero M e H e e  c n o x e H ,  s e M  npa 
ApYI'HX BHAaX K a p b e p H O I ' O  T p a H C n O p T a ,  H OTBe¶aeT  YC.rlOBHRM ~ ~ I C T P O ~ ~  

H ~ @ $ ~ K T H B H o H  IIOArOTOBKH HOBbIX rOpH3OHTOB. 

Bc~pbzmue Kpymbzxu mpanuezxu c npuxenenuex ntemesbzz nod%ex- 
H.UKO6 a H a J I O r H 9 H O  BCICPbITIiIO C IIPBMeHeHHeM CKHIIOBHX IIOA'beMHHKOB, 

OTJIH¶aIICb OT H e r 0  TeM, ¶TO O ~ O P Y A Y ~ T C I I  OH KJIeTbIO, B K O T O P O ~  p a 3 M e -  

4 a e T C I I  T ~ ~ H c I I o ~ T H ~ I H  COCyA ( ~ H c .  71). H O ~ T O M Y  AOCTOHHCTBOM KJIeTe- 

ROrO DOA'beMa IIBJIHeTCH OTCYTCTBHe I Iepe I ' py3KFi  r0p~0f i  MaCCM. K HeAO- 

CTaTKaM 3 T O r 0  C I I O C O ~ ~  BCKPbITHR OTHOCIITCH FPOM03AKOCTb HaKJIOHHbIX 

; IIOA'beMHHX YCTaHOBOK H H ~ O ~ X O $ ( H M O C T ~  P ~ C @ O P M H P O B ~ H H ~ I  COCTaBOB 1 (B cnyqae n p a M e n e a a R  meneaeogopoxaoro ~ p a a c n o p ~ a ) .  
C 0 0 p y > l i e ~ H e  IIOJI'beMHHKOB MOlKeT IIpOM3BOAHTbCII H a  6 0 p ~ a x  HJIH H a  

$ J I ~ H I ' ~ x  I < a p b e p a .  ECJIEI K MOMeHTY YCTaHODKH IIOA'beMHEIKa H a  ~ O P T Y  
IIOJIHOCTbK) 3aBePINeHhI  p a 6 o . r ~  no BCKpbIIUe,  TO IIOA'beMHHK p a 3 M e -  

W a e T C R  B 3aBHCHhlOCTH OT Y r J I a  OTKOCa 6 o p ~ a  HOpMaJIbHO HJIM, ¶TO 6 b I ~ a e ~  

) same, A H a r o H a a b a o  I{ n n o c K o c T a  6 o p ~ a .  Ecna paaaocaa 6 o p ~ a  H e  npo- 
H ~ B ~ J I ~ H ~  AO c B o e r o  K o H e w o r o  n o n o x e H m t I ,  TO T p a c c a  H a I i n o H H o r o  noga- 
e M a m I < a  n p o I c n a A b I s a e T c R  B c n e q H a n b H o  npoi l i~e~aoi i  T p a H m e e .  

Pue. Cxeaa I I C H P ~ I T I I I I  

H a ~ 6 o n e e  ~ ( e . x e c o o 6 p a 3 ~ a  YCTaHOBKa H e  M e H e e  AByX nOA'beMHHKOB. 

B 3THX CJIY¶aIIX I i a ~ < ~ h I s  H 3  HHX MOXieT ~ ~ I T L  B3aMM03aMeHIIeM H a  B p e M R  

p e M O H T a ,  I I e p e H O C a  H a  H W A < H H ~  I'OPM30HT H ~ T R X H O ~ ~  CTaHL(HH MJIK I I P H  

H ~ O ~ X O A H M O C T H  OAHOBPeMeHHOrO nepeKJI IO¶eHHR O ~ O H X  IIOfl'beMHHKOB 

H a  B M A a s y  ~3 K a p b e p a  T O X ~ K O  IIOPOAH mjIM T O J I ~ K O  p y ~ ~ .  
HPH 3Ha9HTeJIbHOM @ ~ O H T ~  pa6o.r H 6 o n b m o i i  I I ~ O U ~ B O A C T B ~ H H O ~  

MOWHOCTH H a p b e p a  MOWHO YCTaHaBJIHBaTb HeCKOJIbKO IIOA'beMHHKdB, 

T a K  K a K  KX CTPOHTeJIbCTBO H M O H T a X  H e  ~ p e 6 y e ~  MHOI'O B p e M e H H ,  a K a -  

I IHTaJIbHbIe 3 a T p a T b I  H a  YCTaHOBKY CPaBHHTeJIbHO HeBeJIHKH. npe~II0¶- 
THTeJIbHa YCTaHOBKa IIOA'beMHHKOB H a  OAHOM ~ O P T Y  ( ~ e p a 6 0 ¶ e ~ ) ,  T a K  

K a K  YCTaHOBIca H a  AByX 6 o p ~ a x  H e  TOJIbKO 3aTPYAHHeT p a 3 B H T H e  p a 6 o ~  
B K a p b e p e ,  HO Ei OCJIOWHHeT llOBepXHOCTHOe X O ~ H ~ ~ C T B O ,  KOTOpOe l l p H X 0 -  

AHTCR CO3AaBaTb  H a  o6omx 6 o p ~ a x  K a p b e p a .  M H O ~ A ~  YCTaHOBKa IIOA'beM- 
1 HHKOB H a  AByX I I p O T H B O ~ O J I O X H b I X  6 o p ~ a x  ItJIM @ J I ~ H I ' ~ x  BbI3bIBaeTCR 
! MeCTHbIMH YCJIOBMIIMH ( H ~ E ~ H M ~ P ,  TpyAHOCTbIo p a 3 M e I 4 e H H H  OTBaJIOB 

B ~ J I H ~ H  K a p b e p a ,  n p H  BO3MOXHOCTH I)aCIIOJIOX€?HHR OTBaJIOB TOJIbKO 
I H a  OAHOM ~ Q P T Y  H T. D.). 







r n n p o p y ~ o f  (r. J I e ~ m ~ r p a ~ )  c o c T a B n e H a  c x e M a  K a s a p c ~ o r o  I c a p b e -  

pa ~ J I Y ~ H H O ~  723 At C I I P O H ~ B O A C T B ~ H H O ~  MOqHOCTbH) U 0  C M P O I ~  pYAe 
21 MJIH. m B roA ~1 no r o p ~ o i i  M a c c e  - 100 MnH. m. 

M ~ c T o ~ o X A ~ H H ~  peKOMeHAyeTCR BdKPbITb  KPYTHMH TpaHl I IeHMH,  3a- 
J[O?KeHHHMH UOA YI'JIOM 15" Ic r O P H 3 0 H T Y  B 3aUaAHOM H BOCTOsHOM T O p q a X  

K a p b e p a ,  O ~ O ~ ~ A O B ~ H H ~ I X  I C O H B ~ ~ ~ P H ~ I M H  (JI~HTO¶HMMEI) IlO,l$'bC?MHHKaMIl 

( p ~ c .  76). 
) ~ , O C T O H H C T B ~  I ~ O H B ~ ~ ~ ~ H M X  n0A'beMHHKOB: UOTO¶HOCTb I lpOQeCCa AO- 

c T a s H n  r o p ~ o i i  M a c c u  H a  ysacmax n o A a e M a  no 6 0 p ~ y  K a p b e p a  B H a  no- 
BCPXHOCTH, C O C T ~ B J I R H ) I ~ H X  R YCJIOBHRX ~ J I Y ~ O K H X  K a p L e p o B  npemryqe- 
CTBeHHYX) 9 a C T b  AJIHHLI TpaHCUOpTHpOBaHHR;  B03MOXHOCTb O ~ ~ C I I ~ P ~ H E I H  

npaKTIIKIec IcH ~110605 IIPOH3BOAHTeJIbHOCTEI TPaI ICI IOpTa  BCJIe,I(CTBKC IIe- 
TlpepHDHOCTH T p a H C n O p T H O r O  nOTO1Ca; H ~ B M c o K H ~  H p a ~ H 0 ~ e p H b I f i  P a C -  

XOA 3 J I e I < T p O 3 H e p r H H ;  HH3ICaR TPYAOeMKOCTb H CTOBhlOCTb nOg 'beMa;  

B03MOXHOCTL I l 0 ~ ~ 0 f i  a B T O M a T H 3 a q H H  nOA'beMa; B H C O K H ~ ~  Ic03 l$$HqBeH~ 

HCIIOJIb30BaHHR I I O A ~ ~ M H O ~  YCTaHOBKH BO BPeMeHH;  HaAeHCHOCTb I3 3KC- 

n a y a ~ a ~ n n ;  0 6 e c n e s e ~ ~ e  P H T M H ~ H O B  p a 6 o . r ~  A ~ O ~ H J I ~ H L I X  Y C T P O ~ ~ C T B  H 

C ~ O ~ ~ T H T ~ J I ~ H H X  4 a 6 p ~ ~ .  H ~ A O C T ~ T K ~ I :  H ~ O ~ X O A H M O C T ~  I IpeABapHTeJIb -  

H O r O  A ~ O ~ J I ~ H H R  IIOJIYCKaJIbHMX H CKaJIbHLIX PYA H n O p O A  B 1 ; a p b e p e ;  

CXOiliHOCTb IIOAI'OTOBKH HOBhIX I 'OPH30HTOB E1 I I e p e M e ~ e H H R  H a  HOBMe 

r O P m 3 0 H T U  J(PO~HJI~HO-??POXOTH~IS Y C T ~ O G C T B ;  BbICOKHe EEaIIHTaJIbHMe 

3aTIJaThI  H a  0 6 0 p y ~ o ~ a ~ B e  K O H B ~ ~ ~ ~ H O ~ O  IlOA'beMHHKa. 

Ko~sei iepmaaqrn~ I c a p b e p H o r o  T p a H c n o p T a  npm p a 3 p a 6 o ~ ~ e  ivlecTo- 

P O X A ~ H H ~  C MRI'KHMH IIOPOAaMH H PYAaMH,  a TaIc?I<e n p H  p a 3 p a 6 0 ~ K e  

~ T ~ c T O ~ O ? I < ) ; A ~ H H ~  CKaJrbHOrO THIIa  C KPeIIKHMH PYAaMH @I IIOPOAaMH 

RBJIReTCR OCHOBHMM HaIIpaRJIeHHCM TeXHH¶eCKOrO IIpOI 'peCa l3 O ~ . ~ ~ C T H  

O T I C P ~ I T O ~ ~  p a 3 p a 6 0 ~ 1 ~ k l  M ~ C T O P O ? K A ~ H I I ~ ~  H a  6 0 J I b I U k l ~  r n y 6 n ~ a x .  
BO~MO;IEHO UpHMeHCHHe CICHIlOBbIX H K O H B ~ ~ ~ ~ H H X  UOA'beMnklKOB 

H a  OAHOM I i a p b e p e .  K o H ~ e G e p b 1  qenecoo6pa3~0 H C I I O ~ L ~ O B ~ T L  AJIR IIOA'b- 

e M a  PYA=, a cxCmnonMe n o A a e M H m r c n  - AJIR B h I A a s l I  I IYCT~IX n O p 0 A .  

 TOT B a p H a H T  BCKPMTHR U03BOJIReT HCKJIH)¶HTb OIIePaqMH) A I ) O ~ X ~ H I . I H  

r r y c ~ b r x  nopoll B rcapbepe. 

PHC.  77. B ~ ~ H ~ H T  BCKpLlT~IR PiaRHOHHLrIMA EiJIA BepTIIKaJILHbIMU CTBOJI-U C 0  CTaqROHapHbIMA 
KOH~eHTpaq&iOHHLIMW rOpH3OlETaMu: 

1 - n p e n e n b x r o e  nonrmexrue G o p ~ a ;  2 - pa6oree nonomewre 6 o p T a  

THC? BepTHKaJIbHMMH HJIEI HaICJIOHHhIMH CTBOJIaMH (PHC. 77) M0;KHO IIpOH3- 
4 B O A H T ~ ,  e c n M  yron n a A e H I m  n n a c T a  p a n e H  H n m  M e H b m e  yrna n o r a r n e H m  

6 o p ~ a  I c a p b e p a  no J I e H i a s e M y  6 0 ~ ~ ;  K O H 4 e H T p a 4 H O H H H e  r O P H 3 0 H T M  I I P H  

3TOM MOXHO C O s A a B a T b  HenOCpeACTBeHHO UO I lOpOAaM .?eXCa¶erCJ 6 0 ~ a  
n n a c T a .  I I ~ H  H a I m o H H a x  C T B o x a x  I c s e p m n a r m  I c o p o s e ,  s ~ o  06ecnes~-  
B a e T  M ~ H ~ I U H ~  06 'be~  I'OpHOIEaIIHTaJIbHhIX pa6o.r H MeHblIIPe PaCCTORHHe 

TPaHClIOPTHPOBaHHR. 
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B c K p b l T H e  1 i P Y T O I I a A a K ) ~ H X  3a.Te;h.eij[ BIO- 

X e T  6b1~b  O C y ~ e C T B Z e H O  HaKXOHHhIblH I3 B e p -  

TIIKa.TbIIbIMII IUaXTHhIMM CTBOJIahIM C IIOraLUaIO- 

LqHMIlCII h^BePUI.?araMH $3 IIOABII>I<HMAIEI K O H q e H -  

TpaqIZOHHhlhfH r O P H 3 0 H T a M M  (PIIC. 78), IIpeA- 
.TlO?KeHHbIMEI I I p 0 @ .  hi. r. HOBOX~HJIOB~IM. 
C y l r l ~ o c ~ b  3 ~ 0 r o  cnoc06a COCTOUT B c;IeAym- 
q e M .  IJpx K ~ Y T O M  n a a e H m x  I r x a c T o B  Ann Marc- 

CEIhlaJIbHOrO C O I ~ p a ~ e H E I H  TpaHCIIOpTEIhIX KOM- 

n l y ~ ~ t ~ c a q ~ i i  BHYTPEI H a p b e p a  m a x T H h l e  C T B o n h I  

C KOHqeHTPaq110HHLIMEI KBePILUIa ran l I I  MOHiHO 

a a ~ n a ~ h ~ s a ~ b  B noponax neacasero H BEICII- 

yero 6 0 ~ 0 ~  11 H a  @ n a ~ r a x  K a p b e p a .  Hpn: 
 TOM K a p b e p  n o n s H r a e T c n  OT cepennm K ero 
IIpeAeJIbHhTM I i O H T Y p a M ,  a I iRepI I I J I a r IZ  CHCTe- 

f i I a T r z s e c m 5  n o r a u r a I o T c a .  I Ipn  ~ ~ 1 6 o p e  M e c T a  

3aJIOlKeHEiR CTBOJIOB H ~ O ~ X O A H M O  C O ~ J ~ I ~ A ~ T ~  

YCJlOBHe 06l?~IIe¶e~&lII MHHHManLHhTX paCCTOfI-  

H E I ~ ~  B H Y T p H K a p b e P H O r O  ~ B T O M O ~ ~ J I ~ H O ~ O  UXEI 

I ~ O H B ~ ~ ~ ? ~ H O ~ O  T p a H C I I O p T a .  K O H ~ ~ H T ~ ~ ~ H O H -  
Hbre  S n e p m n a r H  K p e n m  B cnyqae H ~ A O ~ H O C T E I  

i i e ~ o n o ~ .  IHa nome I i s e p n r n a r o B  c n e A y e T  

Y C T p a H B a T b  ; I C ~ . ~ O ~ ~ - I I ~ O B ~ ~ H H K ~ ~  AXII KOJIeC 

a s T o c a M o c B a j I a  EI BOAOCTOYHYIO K a H a B y ,  OAHO- 

n p e h . r e a a o  c n y H i a q y I o  Anc I  p a 3 ~ e q e ~ ~ n  c ~ y -  
~ I ~ ~ H O  YIIaBIUHX H 3  I < y 3 0 B a  ~ B T O ~ I O ~ H J I I I  

KYCICOB IIOpOJJhI EIJTEI PYAhI  (PHC. 79). 
l l no rqa~b  c e s e H m  K n e p n r n a r a ,  p a c c s H -  

T a H H O r O  H a  p a 6 o ~ y  27-TOHHHX EIBTOCBMO- 

CBaXOB, B IIPOXOAIEe COCTaB.?IIeT 28,l d ~ ~ ,  

B CBeTY - 20 .M2. 

,D,XII HOpn la , ?EI3a I~Hl l  p a 6 o T h I  HaKJIOHHOrO 

D o A n e M a ,  npn 60~1burnx C K O ~ O C T I I X  A s m x e H m a  

IIOA'beMHhIX COCyAOB, CJ IeAyeT  C T p O r O  B h I A e p X l r -  

B a T b  I I P I I M o J I H H ~ ~ ~ H o c T ~  EI I I p o @ H n b  p e 3 b C O B L I X  

ny~ei i ,  IIO KOTOphIM ABHIKeTCII I I ~ ~ ' h e h l H b ~ f i  CO- 

c y ~ .  IIpa EJTOM p e x b c o ~ ~ f i  n y ~ b  c n e A y e T  MOH- 

TLlPOBaTb H a  MeTaJIJIH4eCKEIX I I I n a i I a X ,  

K o T o P b I e  H ~ O ~ X O A H M O  q e n n K o n I  a a p e n ~ s a ~ b  
B ~ ~ T O H H Y I O  IIOAYLUKY ~ H ~ ~ H T ~ J I ~ H O ~  TOX- 

IqHHbI.  

n p H ~ e H e H H e  UpO¶HhIX ~ ~ T O H H H X  OCHOBa- 

H H ~  IIYTeIIpOBOAOB yBeJIEI¶HT H a A e Z H O C T b ,  

Y C T O ~ ~ H B O C T ~  Ff AOJIrOBe¶HOCTb peJ rbCOBhIX 

I C O H C T ~ Y K ~ E I ~ ~ ,  YCTPaHLIT B03MOHiHOCTb ~ e # o p -  
M a q H n :  iconem ir CXOAa n o g a e h m b r x  c o c y ~ o ~  
C IIyTe$. ~ P H  paCCM0Tr)eHHhIX B a p H a H T a X  

a c R p b I T n R  C n y C I i  M IIoA'beJI  n~ofieii, 060py~osa- 
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H e n o c p e a c T s e H H o  H a  6 o p ~ a x  K a p b e p a .  E e s o n a c ~ ~ o c ~ b  CTBOJIOB npm-CKJIOH- 
HOCTH ~ O P T O B  K a p b e p a  K O ~ O J I ~ H H M  06ecnewx~ae~c11 a a ~ . r I a ~ ~ . ~ o G ~ n x  H a  

6 e 3 0 n a c ~ o ~  PaCCTOHHHH OT 6 0 ~ ~ 0 ~ .  
npIX BCKpbITHIX ~ J I Y ~ O K H X  rOpH3OHTOB K a p b e p H b I X  I I0J IeG CTBOXaMH 

o A H o e p e v e H a o  p e m a e T c H  A p e H n p o s a H m e  H o c y m e H n e  r o p H h I x  n o p o ~ .  
Ha 6on ~ U I J I H C T B ~  rn y601cmx K a p b e p  OD HpHMeHHIOT I I o ~ ~ ~ M H ~ I ~  cnoco6 
J (peHnp0BaHI i I I  IIOpOA, npIX ICOTOPOM A p e H a X H b I e  B M P ~ ~ O T K H  HBJIHIOTCH 
OjJHOBpekIeHHO pa3BejJO¶IIbIMH EI ll03BOJIHIOT OIIpeAeJIHTb KOHTYP 

~ ~ J I ~ ~ K E I ,  I ;a¶ecTBo II C O P T H O C T ~  n o n e 3 ~ 0 r o  m c K o n a e M o r o .  IIpm B C K P ~ I -  
THH CTBOJaMH OAHOBPeMeHHO peILIaIO?cH BOIIPOChI IIOA3eMHOrO Ape- 
H a H i a  H B o A o o T n m B a ,  a T a K H i e  n o ~ 3 e ~ ~ o l  p a 3 ~ e ~ ~ m .  B c ~ c p h I ~ H e  CTBO- 

z a M a  ~ O ~ B O J I H ~ T :  y s e n n s m b  r n y 6 ~ ~ y  K a p b e p a  6e3 H ~ M ~ H ~ H H H  OCHOBHOH 
c x e M H  BCICPMTHII; p a c m m p m b  n p H  H ~ O ~ X O A H M O C T M  p a 3 ~ e p h 1  K a p b e p a  

B I I J IaHe  (IIPEZ 3aJIOHieHHH CTBOJIOB H a  AOCTaTO¶HOM PaCCTOHHHH OT ripe- 
AeJ IbHOrO K O H T y p a  K a p b e p a ) ;  BCKpbIBaTb  IIOpOAHhIe H ~ 0 6 ~ s ~ b 1 e  r O p H -  

3OHTH H a  ~ 1 ~ 6 0 6  rny6m~e;  CHH3HTb 3 a T p a T h I  H a  TpaHCIIOpTHpOBaHHe 

I ' o ~ H o ~ ~  hIaCCbI H 3  rny6o~mx K a p b e p O B ,  a TaKXce 3HepI 'OeMKOCTb H TPYAO- 

eMKOCTb ~ o 6 b 1 s m ;  HMeTb MHHHMaJlbHbIe KaI IHTaJ lbHhIe  3 a T p a T L I .  

P ~ C C M O T ~ ~ I I H ~ I ~  B a p H a H T  BCKpbITHH rny60~mx rOpH3OHTOB MeCTOPOm- 

JJeHHH HaKJIOHHhIMH HJIH BePTHICaJlbHhIMCf CTBOJIaMIX C IIOABHiKHhIMH KOH- 

qeHTpa l rmoHHbrMm r o p r n 3 0 ~ ~ a ~ m  H n o r a m a I o q m M n c R  K s e p m a a r a M n  n o I c a  

HP npHhlPHIIIOT. O ~ J H ~ K O  mccJ leAoBaHHH,  I IpOBeAeHHhIe  B H r A  HM. 

A. A. C K O ¶ H H C K O ~ O  no ~ O P ~ B C K O M Y  hIeCTOPO>I~AeHHIO, I IOKa3aJ IH ~ O J I ~ I I I H ~  

IIpeFIMyIQeCTBa 3 T O r 0  C I I O C O ~ ~  IIO CpaBHeHHIO C A p y r H M H  B a P H a H T a M H  

BCKPhITHH [34 ] .  
n p H  BCKphITHH HPKJIOHHMMH CTBOJIBMH, O ~ O ~ ~ A O B ~ H H M M H  K O H B ~ ~ ~ ~ P -  

HhIMH IIOA'beMHHKaMB, H a  K O H q e H T P a ~ H O H H h I X  I 'OPH30HTaX M O Z H O  YCTa- 

HaBJIHBaTb  I IepeABHHiHhIe  I ' ~ O X O T H J I ~ H O - ~ P O ~ H J I ~ H ~ I ~  YCTaHOBKH H KOH- 

q e H T p a q H O H H b I e  KBep'IUJIaI'Fi 0 6 0 p y ~ o ~ a ~ b  JIeHTOPHhIMH K o H B e H e p a ~ m .  

n p H  3TOM aBTOCaMOCBaJIhI P a 3 r P Y W a H ) T C H  H a  I I p F f e ~ ~ o f i  IIJIOIQaAKe, PYAa 
HJIH nopoAa, n o c T y n n s m a c r  H a  r p o x o T a ,  p a 3 ~ e n ~ e ~ c ~  H a  Ase $pa~qnn:  
T ~ ~ H c ~ o ~ T ~ ~ ~ J I ~ H ~ I O ,  KOTOpaH I IOCTyl laeT  HeIIOCpeACTBeHHO H a  .TeHTO¶- 

H ~ I B  ~ ~ ~ ~ e f i e p ,  H H ~ T ~ ~ H c I I o ~ T ~ ~ ~ J I ~ H ~ I O ,  IIOABepI'aIOIQyIOCH AOIIOJIHH- 

A-A - 

TeJIbHOMY MeXaHIFIeCKOMy A ~ O ~ J I ~ H H I O .  n 0 c J I e  A P O ~ J I ~ H H H  3 T a  P a C T b  FOP- 

HOG M a c c M  T a K m e  n o c T y n a e T  H a  ~ o ~ ~ e i i e p .  
B COB~TCKOM C 0 I O 3 e  BCKPMTHe HaKJIOHHhIMH CTBOJIaMH, 0 6 0 p y j l o B a ~ -  

H h I M n  K O H B ~ ~ ~ ~ ~ H H M H  IIOfl'beMHHIEaMH, IIpHMeHHIOT AJIH BCKPbITHH rxy6o- 
KHX I'OPH3OHTOB H a  YrOJIbHhIX H PYAHhIX K a p b e p a X  (KOPKHHCKHB 6ypo- 
y r o m ~ h ~ i j :  paape3 H a  Ypane H M H r y J I e q K H i i  B H ~ H B O ~ O ~ C K O M  6acceP~e). 

B C K P ~ I T H ~  YrOJIbHhIX YCTYIIOB ~~OPKHHCKOI'O MeCTOPOHCAeHHH O C y m e -  

CTBJIeHO C I IOMOqbH)  P e T h I p e X  HaKJIOHHhIX CTBOJIOB, PaCI IOJIOZeHHbIX B 

J I e X a P e M  ~ O K Y  MeCTOPOHiAeHHR (PHC. 80). Ass I IapaJ I J Ie J IbHbIX CTBOJla 

n p o i i n e ~ b ~  B BOCTOPHOH s a c T n  K a p b e p a ,  Ass - B s a n a ~ ~ o f .  OAHH ~3 

K I H F A O ~  I I a p h I  HaKJIOHHhIX CTBOJIOB O ~ O P ~ A O B ~ H  MOWHUM JIeHTOPHhIM 

K O H E ~ H ~ ~ O M  HPY-900 AJIH IIOA'beMa YrJIH,  a ~ p y r 0 6  - rpY30-I1K)ACKHM 

IIOA'beMOM AJIH AOCTaBKH JIIOAeG, MaTePHaJIOB H 3a I IaCHhIX Pac~e6.  
Ha PHC. 81 I I O K a 3 a H  B a p H a H T  BCKPMTHH HHI 'YJI~~KoI 'o  K a p b e p a  H a -  

KJIOHHhIMH CTBOJIaMH, O ~ O P Y A O B ~ H H ~ I M H  K O H B ~ ~ ~ P H ~ I M E I  ( J I ~ H T O P H ~ I M M )  

IIOA'beMHHKaMH. ~ H ~ P H T ~ J I ~ H ~ I ~  TeXHH¶eCKHe H 3KOHOMHPeCKHt? I I p e H M y -  



I Q e C T B a  BCI ipb ITHR CTBOJIaMEI II03BO.rlFIIOT CYHTaTL,  ¶TO OHH H a i i ~ y T  I I p H M e -  

H e H H e  H a  ~ J ~ G O I C H X  K a p b e p a x  n p H  p a 3 p a r i o ~ ~ e  ~ O P H ~ O H T O B ,  pacnono- 
FKeHHhIX HW&e 150-200 At OT I I O B ~ P X H O C T I L .  

Bcxpumue nazopnbzs aecmopoxae~iuii noaaeanbzau nepenycxnbzau 
eoccmawquau npuaenslemcsl n p H  p a 3 p a 6 o ~ ~ e  M ~ C T O P O > K A ~ H E I ~ ~ ,  3anera10- 
IUJfX B I ' O p a X  C Y C J I O F K H ~ H H O ~ ~  TOIIf I p a @ ~ e 5  MeCTHOCTH ( B M C O I C H ~  r O P b I ,  

~ O J I ~ I I I ~ R  K p y T H 3 H a  CICJIOHOB), KPrAEl T p a H C I I O p T H p O B a H H e  I IOJ Ie3HOrO HC- 

KOnaeMOI 'O  OCyIQeCTBJIIIeTCR C R l ' p X y  B H H 3  IIOA A ~ ~ ~ C T B L I ~ M  I ' p a B H T a q H O H -  

HHX CHJI. AJIR 3~01'0 H a  C O B P C ~ I B H H ~ I X  K a p b e p a x  n p H M e H r x I o T  p y A o c n y c K m ,  

n p e A c T a B m x I o r q H e  co6oii s e ; w m a n b H y m  EIJIH C J I ~ ~ O H ~ I C J I O H H ~ H )  K B e p T m -  

K a J I H  n O A 3 e M H y I O  r O p H Y H )  B H ~ ~ ~ O T K ~ ,  EIMeIOIQYIO BbIXOA B pa6osy10 3 0 H Y  

P~rc. 8 i .  I I p n a o . ~ b ~ r . r i i  npod rrrr. 11 n o n e p e s ~ t o e  c e s e ~ ~ ~ e n a ~ n o ~ n b ~ x c ~ ~ o n o ~  ~ r a  1 ;apbepe:  
~ a r o p ~ o r o  K a p b e p a  H I I ~ ~ A H ~ ~ H ~ Y ~ H H ~ I O  A n H  C ~ ~ C I F ?  PYAH ~3 ~ a p b e p a  

1 - I I ~ H L O H H ~ ~ ~ ~  CTDOJI; 2 - p y g o c n y c ~ ~ l  H a  I 'OPH30HT O T K ~ T O ¶ H O ~ ~  IIITOjIbHEI (PIIC. 83). 
T p a ~ c n o p ~ ~ p o ~ a ~ ~ ~ e  P y A b I  DOH J ( e f i ~ T R ~ e h i  CHJI r paBEITaqEIEI  3a DOCJIeA- 

H e e  s p e m  H M e e T  m H p o K o e  p a c n p o c T p a H e H H e  I I ~ H  p a 3 p a 6 0 ~ 1 t e  G o ~ ~ ~ H H -  
CTBa  BbICOKOrOPHhIX M ~ C T O ~ O ; K A ~ H H ~  ICaK R C O B ~ T C K O M  C O H ) ~ ~ ,  T a K  

H B ~ ~ P Y ~ ~ H F H H X  C T p a H a X  ( K a p b e p h I  ~ ~ H T P ~ J I L H ~ I ~  EI P~CBYM¶OPP-~HPK 
K O M ~ H H ~ T ~  ( ( A ~ ~ T E I T ) ) ;  A J I T H H - T O I I K ~ H ~ K O M ,  X ~ ~ ~ A ~ ~ K ~ H C I C O M ,  Ranma- 
P a H C K O M ,  T M P H H ~ Y ~ C K O M  H A p Y r H X  I F a p b e p a X ;  TOPHTOH B CmA,  R3p0JI 
B R a ~ a ~ e ,  B ~ c T - J I H B ~ ~  B ABCTP~JIHH EI T. A.).  

P ~ A O C D ~ C I E M  IIpHMeHIIIOT AJIR I I e p e D y C I c a  PYAbi C pa60mx r O P H 3 O H -  
TOB H a r o p H o r o  ixapbepa H a  ~ O P H S O H T  O T K ~ T O Y H O ~ ~  ILITOJILHLI n p ~  yrnax 

Y H a K J I O H a  P y A O C n y C K a  55-90' H B e p T H K a J I b H O M  PaCCTORHEIH I I e p e I I y C K a  

A 0  600 a. P ~ A O C D ~ C K E I  0 6 ~ 9 ~ 0  HMeIOT KPYI'JIYIO, peAIFO IIpIIMOyI'OJIbHyH> 

@ O P M ~  C e Y e H H R  A H a M e T p O M  A 0  6 a,  a H H O r A a  H Gonee. ~ ~ ) o H ~ B o A E I T ~ J I ~ -  

HOCTb PYAOCDYCKOB A O C T H r a e T  3000 mlll H 60~1ee, CpOIC C y Q e C T B O B a H H R  

PtrC. 82.  I Cxera B C K ~ ~ I T ~ I R  OKOJIO 15 J IeT .  HX O ~ H ¶ H O  IIPHMeHIIfOT H a  K a p b e p a X  C ~ O A O B O ~ ~  I I p O H 3 -  
p a 6 o s w x  r o p r r a o H T o B  H a -  
r o P H o r 0  K a p a e p a  pynocny- B O ) J C T B ~ H H O ~ ~  MOqHOCTbIO 60~1ee 5 MJIH. m PYAbI .  M ~ B ~ C T H H  K a p b e p h I ,  
CKBMW C K a n n T a n b H a r ~ w  r O A O B a R  n p O H 3 B O A C T B e H H a H  MOlD,HOCTb KOTOphIX IIPEI H a J I H ¶ H H  I)YAOCnY- 

IUTOJIbHWIW: 

I - K ~ ~ H T ~ J I ~ H ~ B  m ~ o n b -  CKOB n p e ~ b ~ m a e ~  30 MJIH. m. X a p a ~ ~ e p ~ c ~ ~ ~ a  p y ~ o c n y c ~ o ~ ,  n p ~ ~ e -  
IIB; 2 - B ~ H T H J I B ~ H o H H o -  H I I ~ M H X  B YCJIOBHRX p a 3 p a 6 0 ~ ~ ~ 1  ~ a r o p ~ h ~ x  ~ a p b e p o e ,  n p ~ l s e ~ e ~ i a  
T p a a c n o p T n a B  IUTOJILHR; 
3 - M a T e p H a n b H o  - xono- B T ~ ~ J I .  11. 
B a B  DlTOJIbHB; 4 - noax- 
eM11bIi CTBOJI; 5 - I H ~ ~ H -  P~AOCIIJ'CIE COCTOHT H 3  C J I e A Y I O q H X  3JIeMeHTOB: YCTbR,  CTBOJIa ,  a K K Y -  

~ a n b m e  P Y R O c n y c ~ u ;  ~ y n ~ p y m q e i i  ¶ ~ C T H  ( 6 y ~ ~ e p a )  H J I I O K O B O ~ O  ~ C T ~ O ~ ~ C T B ~ .  ~ ~ P ~ K P H B ~ H H ~  
6 - 6 y ~ ~ e p n b 1 e  y c ~ p o i -  
CTBa; 7 - KOHTpoJIbHbIe BbInYCKHbIX O T B ~ P C T H ~ ~  H P e I ' y J I H P O B a H H e  n O T O K a  M a T e p E I a J I a  OCyIQeCTBJIII-  
BOCCTaloIUUe; 8 - JIII@TO- 

~ b 1 f i  BOCCTaH)LI[nB 
IOTCII C I I O M O q b I O  K O J I b q e B h I X  HJIH JIOTKOBhIX 3aTBOPOB.  

P ~ A O C ~ ~ C I E H  0 6 ~ 9 ~ 0  H e  K p e D I I T .  R p e I I b  DpHMeHI I IOT  TOJIbKO I I p H  H e -  

60~1bmoB BbICOTe I I e p e I I y C K a .  A n R  H ~ ~ J I I O # ~ H E I H  3a ABEIlfZeHHeM PyAbI HJIH 

J I H K B H A a q H H  PYAHbIX I I P O ~ O K  I I a p a J I J I e J I b H O  P Y A O C ~ Y C I C Y  IIPOXOAIIT ICOH- 

T p O J I b H h I e  BOCCTaH)IlIJfe,  KOTOpbIe  ¶epe3 10-12 COeAHHIIIoT C PYAOCDYC- 

KOM CMOTpOBbIMM XOHKaMH: E c J I H  PYHOCIIYCII'EI paCIIOJIO?I<t?HbI H a  ~ e 6 0 ~ 1 b -  
IIIOM PaCCTORHHEI ApYr OT Apyra, TO DPOXOAIIT TOJIbKO OAEIH K O H T P O J I ~ H H ~  

B O C C T ~ I O I I I J ~ ~ .  P ~ A O C ~ ~ C I E E I  ~ ~ I B ~ I O T  B e p T E I K a j I I d I b I e ,  HaKJ IOHHbIe ,  CTYIIeH- 

s a T b I e ,  3~11 '3a roo6pa3~~e  H K O M ~ H H E I ~ O B ~ H H ~ I ~ .  AJIR I'aIIIeHHII KHHeTH- 

s e c ~ o i i  s H e p r H m  n e p e n y c ~ a e ~ o i i  p y ~ ~  ~ a ~ 6 o n e e  s a c T o  n p H M e H R I o T  KOM- 

~ H H H P O B ~ H H M ~  PYAOCIIYCKH. C TOYKH 3peHLI I I  M e C T a  3 a J I O m e H H R  OTHOCH- 

TeJ IbHO KOHTYPOB K a P b e P H O r O  DOJIR PYAOCIIYCKH AeJIRT H a  B H Y T P e H H H e  

H BHeLUHLIe. 
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T a 6 n ~ q a  11 
X a p a ~ ~ e p n c ~ n ~ a  PyAOC~yCKOB, npnnrenxeniwx Ha HaropHwx Eapbepax 

(no M.  B. BacEnbe~y) 

CCCP 
EJIHB~HCKHP . . . . . . . . . . . .  
X a G n a p ~ a ~ c m P  . . . . . . . . . .  

. . . . . . . . . . .  H a y r a p a a ~ c ~ ~ i i  
Kayna . . . . . . . . . . . . . . .  

. . . . . . . . . . .  Ka@apaac~af 
T n p ~ n a y s c ~ n f  . . . . . . . . . . .  
A ~ T ~ I E - T o ~ K ~ H c K E ~ ~ ~  . . . . . . . . .  

. . . . . . . . . . . .  q e ~ ~ p a n b ~ n ~  

3apybexnbze 
Aiiae~6epr (rap) . . . . . . . . . .  
M ~ ~ K o H ~  (IIepy) . . . . . . . . . .  
Cnpyc (CIIIA) . . . . . . . . . . .  
H.ra~ra (3a~6ER) . . . . . . . . . .  
KHpyHa (IIIBeqETR) . . . . . . . . .  
Kanmn (CIUA) . . . . . . . . . . .  
TOPETOH (CLUA) . . . . . . . . . .  
cDnne~c ( c D n n ~ n m ~ n )  . . . . . . .  
3pq6epr (ABCTPHH) . . . . . . . . .  
CYJIJIBB~E (Kaaana) . . . . . . . . .  
Kspon (Ka~ana) . . . . . . . . . .  

K s q p a ~ a o e  8,6 
I Kpyrnoe 4.15 

)) 4,15 
K B ~ Z ~ ~ T H O ~  4,9 

)) 7,1 
ICpyrnoc 7,l 

)) 7,2 
)) 28,5 

9 6,O 
)) 63,O 
)) 3,24 
)) 4,67 
)) 15.2 

K B ~ J ~ ~ ~ T H O ~  2,25 
8 63.0 

Kpyrnoe 4.9 
)) 16.0 
)) 14,4 
H 63,6 

PYAOCIIYCKH CTPeMRTCR PaCIIOJIaI 'aTb TaKHM 0 6 p a 3 0 ~ ,  ~ I T O ~ ~ I  B e p X H R H  

¶ a C T b  HX IIPOXOAElJIa B ~ a ~ 1 6 0 n e e  KPeI IKHX IIOPOAIX. B HaKJIOHHbIX PYAO- 

C n y C K a X ,  I I p o f i n e H H J d x  B C J I ~ ~ H X ,  H ~ Y C T O & P H B ~ I X  IIOpOAaX , OCHOBaHHe 

py,IJOCIIyCKa a y ~ e p y e ~ c f f  ~ P O H ~ B M M H  IIJIHTaMH T O J I W M H O ~  15-20 mm, 
a CTeHKH KPeIIRTCR ~ ~ T O H O M .  YHCJIO PYAOCIIYCKOB 3aBHCHT OT IIpOH3BOfi- 

C T B ~ H H O ~  MOWHOCTH K a p b e p a  no pyne, I I J I O I ~ ~ A H  c e s e H m  p y A o c n y c K o B  

El ~ P O I I Y C K H O H  CIIOCO~HOCTH I Iepe I ' py3O¶HbIX IIYHKTOB Y YCTbR PYAOCIIYC- 

HOB H Y JIIOKOB B m T O n b H e .  YHCJIO p e 3 e p B H b I X  pyAOCIIyCKOB 1IPHHHMaK)T 

B 38BHCHMOCTH OT HaAeHEHOCTH HX H I I P O H ~ B O ~ C T B ~ H H O ~ ~  MOWHOCTEI 

Sapbepa. H ~ A ~ H E H O C T ~  p a 6 0 ~ b 1  PYAOCIIYCKOB p e 3 K O  MeHReTCR C H3Me- 
HeHEleM BXaXHOCTH,  ChIep3aeMOCTH H APYI'HX CBOHCTB T P ~ H C I I O P T H P Y ~ M O ~ ~  

PYAbI. 
AJIR AOCTaBKH PYAbI DO IlITOJIbHe IIPHMeHRWT H E ~ J I ~ ~ H o ~ ~ o ~ o H E H ~ I ~ ~ [  m 

K o H B ~ & ~ ~ H M P  T p a H C n O p T .  Ha ~ O J I ~ I U H H C T B ~  H a r O p H b I X  K a P b e P O B  A;IH 
T p a H C n O p T H p O B a H H R  PYAbI IIO mTOJIbHe  IIPHMeHRJOT y 3 ~ 0 ~ 0 j 1 e k H b I f i  Kt?- 
J I e 3 ~ 0 ~ 0 p 0 H E ~ J d i i  TpaHCIIOpT.  Ha p R A e  K a p b e p O B  60~1bmoii n p o ~ 3 ~ 0 ~ -  
C T B ~ H H O ~  MOWHOCTH AJIR AOCTBBKM PYAbI  OT PYfiOCIIYCKOB A 0  0 6 0 r a ~ H T e . Z b -  

HOG @ J ~ ~ P H K H  IIO IllTOJIbHe H IIOBePXHOCTH IlpHMeHRIOT )f(eJIe3HOAOPOHC- 

H ~ I H  T P a R C I I O p T  T I I H P O K O ~  KOJIeH C HCIIOJIb30BaIIHeM 60nbmerpy3~h1x B a -  

I'OHOB I'pY30IIOA'beMHOCTbIO 40-100 m. 'Tall, H a  K a p b e p a X  I C O ~ V I ~ H H ~ T ~  

( ( X I I ~ T H T ) ,  p y A y  DO lUTOJILHe AOCTaBJIRIoT MaI'HCTpaJIbllbIMH 3JIeKTpOBO- 

a a m  BA-22M. C O C T ~ B U  rtMeroT n o n e 3 ~ b 1 8  sec 1500-1600 m. 
I < o ~ ~ e f i e p H b I 6  TpaHCIIOpT CJIeAyeT I IpHMeHHTb I I P H  YCJIOBLIH I I p e A B a -  

r)ItTe.XLHOrO ~ ~ O ~ J I ~ H H H  PYAbI B K a p b e p e ,  n p H  OTHOCHTeJrbHO H ~ ~ O J I ~ ~ I I O M  

PaCCTORHEH AOCTaBKH PYAbI IIO IIITOJIbHe, 3Ha9HTeJIbHbIX YI'JIaX HaKJIOHa 

IIITOJIeH €i I 'OPH30HTY (A0  17-18'). 
R J I R  AOCTaBKH PYAbI IIO IIOBepXHOCTH AO 0 6 0 I ' a T H ~ e J I b ~ 0 f i  + ~ ~ P E I I E L I  

IIpHMeHReTCH H E ~ J I ~ ~ H O A O P O H E H ~ I ~ ~ ,  I E ~ ~ ~ e f i e p H b ~ f f  HJIH K o H B ~ ~ ? ~ H o - ~ B T O -  

h l 0 6 ~ ~ 1 b ~ b I f t  TpaHCIIOpT.  HPH 3Ha9FiTeJIbHOM PaCCTORBHH TPaEICIIOPTHPO- 
B a H H R  ( A 0  10 EX) II CJIOHEHOhl 

p e J I b e @ e  MeCTHOCTH IIpEIhIeIIRIOT 

n o A s e c H M e  KaHaTr rb re  A o p o r H  

( A ~ T M H - T O ~ K ~ H ) .  B 60~1 ~ ~ H H C T B ~  

c J I y 4 a e B  H c n o n b a y m T  m e n e a ~ o -  
AOPOHEHHB TpaHCIIOPT,  O ~ O P Y A O -  
B ~ H H ~ I B  3J IeKTPOB03aMH HJIH T e n -  

JIOBO3aMH MOqHOCTbH) A 0  2000- 
3000 A. C.,  C B a r O H a M H  rPY30- 
IlOA'beMHOCTbIO A 0  100 m. 

Pnc. 83. C x e ~ a  KanaTanbHoro pyRocnycKa Ha PHc. 84. Cxema nanwTajrbHoPo pynocnycxa Ha 
TupHbray3cnom pynrurne: napbepe CynmsaH (Kaawa): 

I - aTamHHemronbm; 2 - HaHnonme c 6 o h a ;  1 - nno Hapbepa; 2 - pynocnycH; 3 - aH- 
3 - BhInycKnble pyxaea; 4 - HarmTanbnafl Kyiwynnpymmas racTb pynocnycKa; 4 - OT- 

~ T O J ~ ~ E F I  K ~ T O Y H ~ R  n o x 3 e ~ ~ a z  B H ~ ~ ~ O T X ~  



M ~ ? c T o ~ o ? K ~ ~ H H ~  p a 3 p a 6 a T b I ~ a e T c J f  ABYMR K a p b e p a M H  H OAHHkI IIOA3eMHHM 

PYAHHKOM. l [ l e ~ ~ p a J I b ~ h I f i  K a P b e P  1 HMeeT rOAOBYH3 IIPOX3BOJ(CTBeHHYIO 
MOQHOCT~ 12 MJIH. m p y w  (32 MJIH. m r o p ~ o i i  ~ a c c ~ )  rn p a c n o n o x e H  H a  

IIOBePXHOCTH ~ ~ 0 ~ 1 6 0 0 6 p a 3 ~ 0 %  rOPbI.  Kapbep P a ~ ~ y M ¶ o p p - ~ H P K  PaCIIO- 
nomen H a  xocorope 2. I I o ~ a e ~ ~ n e  pa60~b1 AJIR H ~ B J I ~ ~ ~ H H R  ~ ~ I I ~ C O B  

H H X H ~ ~  qaCTH MeCT0PO)fCAeHHR IIpOH3BOARTCR IIOA K a p b e p O M  .P~CBYM- 
¶ O P P - ~ H P K  3. 

A J I R  BCKPbITHR PYAHbIX l'OPH3OHTOB I E l p b e p a  q e ~ ~ p a J I b ~ b ~ %  IIPEIHRTbI 

T P H  BePTHKaJIbHbIX PYAOCIIYCKa rny6m~ofi 600 J t  m AIXaMeTpOllr 6 a (OAHH 
H 3  T p e X  PyAOCIIyCKOB - pe3ep~~hlg) ;  AJIR BCICPhITHR H a p b e p a  P~CBYM- 
~ 0 p p - q H p K  I I ~ o % A ~ H o  ABa pyAOCIIyCKa BHCOTO% 140 h AHaMeTPOM 5,s a. 
Bce n R T b  PyAOCIIyCKOB BbIXOAJIT H a  OAHY 0 6 ~ ~ ~ 3  IlITOJIbHIO AJIHHOG 
5000 a . B  K a p b e p e  A 0  PyAOCnyCIEOB p y A y  TPaHCIIOPTHPYIoT aBTOCaMOCBa- 
n a M H  MA3-525 IT MA3-540. n o  KITOJIbHe Fi H a  IIOBepXHOCTH A0 o 6 o r a ~ ~ -  
TeJIbHbIX @ a 6 p ~ 1 ~  P y A y  TpaHCIIOpTZipyIoT B 100-TOHH~IX AyMIIKaPaX TR- 
X e n b I M H  3JIeI<TpOBO3aMH BJI-22M. 

CxeMbI K O M ~ H H ~ O B ~ E H O I ' O  TPaHCllOpTa C pyAOClIYCKaMH HMeIOT CiIe- 

AyIOIQHe I I p e H M m e C T B a :  COKpaIQaIoTCR PaCCTOsHHR TPaHCIIOPTHPOBaHHR; 
IIOBbIIIIaeTCR CTeIIeHb HCIIOJlb30BaHHII IIOrPY30PHO-TPaHCIIOPTHOrO 060- 

PYAOBaHHR; KaIIHTaJIbHbIe H 3KCIIJIyaTaqHOHHbIe 3 a T p a T b I  OTHOCHTeJIbHO 
HeBeJIHKH. H ~ ~ O C T ~ T K E :  I I o B ~ I I I I ~ H H ~ I ~ ~  H3HOC TPaHCIIOpTHpYIOIQ~X YCT- 

I Io~asa~enu  ucnonb30sa~arr pynocnyc~o~ Ha Kapbepax 
(no B.  lI. Boronro6o~y E 10. M. Ac~a4beuy) 

Kapbepn 

I Ioxasaml*  

Pacc~orrmie TpmcnopTspo- 
Bamn aBTocaMocuanaMa 
6ea noAaeMaHx sapa60- 
TOK, X* . . . . . . . . . 12,0 2,2 5.8 6.5 9,O 6.5 6.0 8,2 3,3 

TO Xe, nPH HClSOJlbaOBaHHll 
~ O ~ ~ ~ M H H X B ~ P ~ ~ O T O K ,  .U 2,4 1,O 2.8 3.04 5.5 4.57 2,2 3,2 1,6 

B TOM sacne: 
aBTOTpaHCIiOpTOM . . 0,6 0.2 0,8 2,14 0,3 1,5 0,6 1.2 0 3  
nonaeMam Tpmcnop- 

TOM.. . . . . . 1,8 0.8 2,0 0.9 5,2 3,07 1,6 2,0 1 3  
O T H O C H T ~ ~ ~ H O ~  yMeHbIUeEHe 

npH ECIlOJIbaOBaHHH nOA- 
aeMwrx B ~ I ~ ~ ~ O T O K :  

o64ero paCCTOlIEHH 
TPaHcnoPTHPoB~~~ 5 2,2 2.1 2.1 1,6 1,4 2,7 2,5 2.0 
o6.be~a n e p e ~ o a o ~ .  . 0,8 0,55 0,52 0,53 0,39 0,29 0,133 0,62 0.45 



BaIIEIH: 3aBHCHhIOCIb CTeIleHLI EICnOjIb30BaHHR K a p b e P H O r O  0 6 0 ~ ~ ~ 0 ~ a -  
HHR OT KJIHMaTH¶eCKItX YCJIOB~II? H @ H ~ H I F O - M ~ X ~ H W ~ C K Z T X  C B O ~ C T B  IIO- 

J I ~ ~ R O I  o H c K o n a e M o r o .  

OCHOBHH~ TeXHHIiO-3KOHOMH9eCKme I IOKa3aTeJ IH HCIIOJIb30BaHHR 

p y n o c n y c K o B  n p n s e A e H M  B T ~ ~ J I .  12. I 

5 4. Bb16op p a q m o H a n b H o r o  sapmama B c K p b I T m a  

]IIpm s ~ 6 0 p e  P a q H O H a J I b H O r O  B a p H a H T a  BCKPbITHR H ~ O ~ X O A H M O  YqHTLI- 

B a T b  I'OpHOI'eOJIOrH¶eCKHe yCJIOBHR 3 a J I e r a H H R  MeCTOPOHcAeHHFI, @H~HIzo-  ~ M e x a H H s e c K m e  c ~ o i i c ~ s a  p a 3 p a 6 a ~ ~ s a e ~ ~ x  nopon, n p H M e m e M o e  ropeo- 
T p a H c n o p T H o e  o 6 o p y ~ o ~ a ~ m e ,  r e o r p a @ ~ s e c ~ o e  n o n o H c e H H e  o T H o c n T e n b H o  ~ TpaHCDOpTHbIX K O M M Y H H K ~ ~ H ~ ,  IIPOMbIIUJIeHHbIX O ~ ' ~ ~ K T O B ,  BOnOeMOli 
H T. a. BJIHRHH~ OAHHX @ ~ K T O P O B  MO?KeT 6bI~b y¶TeHO B K O J I H ¶ ~ C T B ~ H H O ~ ' I  

@ 0 p & I e ,  A p y r H e  X a p a K T e p H 3 y I o T  B a p H a H T  BCKPbITEiH C K ~ ¶ ~ C T B ~ H H O H  CTO- 

POHbI.  H e o 6 x o ~ m ~ o i i  ~ ~ ~ A I I o c M J I K o H  n p a B H J I b H O r 0  O ~ O C H O B ~ H H I I  3KOHO- 

M H ¶ ~ C I < O ~ ~  ~ @ @ ~ I E T H B H O C T H  cnoc06a BCKPbITHFI MeCTOPOHcAeHZTFI RBJIReTCR 

I I p H B e A e H H e  CpaBHHBaeMbIX B a p H a H T O B  B C O I I O C T ~ B H M H ~  BHA. ~ C J I O B H F I  

COIIOCTaBHMOCTH: OAHHaKOBaFI POJIb  B 0 6 e C n e ¶ e ~ H H  I IPOHBBOACTB~HHO~ 

MOqHOCTH IIPe)JIIPBFITHFI, B3aHM03aMeHReMOCTb CpaBHHBaeMbIX B a p H a H -  

TOB; I I o J I H ~ I ~  y ¶ e T  3JIeMeHTOB 3 a T p a T  DO CpaBHHBaeMbIM B a p H a H T a M ;  CTpO- 

roe c o 6 n m n e ~ ~ e  eAHHCTBa MeTOAOB CTOHMOCTHO~ OqeHKEi 3JIeMeHTOB 38- 

T p a T  p a c c M a T p n s a e M b I x  B a p m a H T o B .  

]IIpH ~b16ope B a p H a H T a  BCKPbITHFI IIO 3IiOHOMH9eCKHM 3 a T p a T a M  HC- 

I I O J I ~ ~ O B ~ H H ~  C O B O K Y ~ H O C T B  110~a3a~eneii B K a q e c T B e  K p H r e p m  H e  1103~0- 

JIHeT UOJIy¶HTb ~ ~ ' ~ ~ K T H B H Y H )  O q e H K y ,  T a K  K a K  l l O K a 3 a T e J I H  B C p a B H H B a -  

eMbIX B a p H a H T a X  MOI'YT O K a 3 a T b C R  HeCOIIOCTaBHMbIMH. ]IIpH CPaBHeHHH 

B a p H a H T O B  BCKPbITHR PaCCMaTPHBaH)TCR H e  H30J IHpOBaHHbIe  IIPOH3BOA- 

CTBeHHbIe I IpOqeCChl ,  a CJIOHcHhIe BsaHMOCBR3aHHbIe  KOMDJIeKCM, OTJIH- 

¶aH)lI(HeCR KaIIHTaJIOBJIOHCeHHIIMEi H C ~ ~ ~ C T O H M O C T ~ H )  IIPOAYKqHH, a 
TaKHce c p o K a M H  B J I O ~ K ~ H H R  mjIH p a c n p e A e n e H H a  K a n n T a n b H a x  a a ~ p a ~  
B T e q e H H e  ~ T H X  CPOKOB. 

% C O H O M H ¶ ~ C I E ~ R  ~ @ @ ~ K T H B H O C T ~  OTAeJIbHHX C I I O C O ~ O B  BCKPbITHFI Me- 

C T O P O X A ~ H I ~ R  C o r n a c H o  ( ( T ~ n o ~ o i i  MeToAHKe o n p e A e n e H H n  a ~ o ~ o ~ r n s e c ~ o i i  , 
~@@€!KTHBHOCTH KanHTaJIbHbIX BJIOHC(?&H~ H HOBOI? TeXHHKH)) OIIpeAe-  

JIFIeTCR IIO CyMMe UpHBeAeHHbIX CTpOHTeJIbHbIX H 3KCIIJIYaTaqHOHHbIX 

PaCXOAOB. C y h l ~ a p R b I e  I IpHBeAeHHbIe  3aTpaTE.I PaCC¶HTbIBaIoTCR H a  1 Ti7 

9 0 6 ~ ~ 9 ~  11oxe3~0ro E i c K o n a e M o r o  IIO @ o p ~ y n e  

n= 2 ( C & B +  C,)E+ 2 ( 3 & B  + 3,), (II,17) 
rne C,, - K a n r n T a n b H M e  s a ~ p a ~ ~  H a  T p a H c n o p T n p o s a H n e  BCKPMILIH, 

p a 3 p a 6 0 ~ ~ y  BCKPhIIlIHbIX IIOPOA, BCIIOMOraTeJIbHbIe p a 6 0 ~ h I  

B 3a6oe, O T B ~ J I O O ~ ~ ~ ~ O B ~ H H ~ ,  neperpys~y H r o p H o K a n n T a n b -  

HbIe  p a 6 0 ~ b I  I I p H  KaHcAOM H 3  PaCCMaTpHBaeMbIX B a p H a H T O B  

BCKPHTHR, py61.w; 

B HanncaHaH RaHHoro naparpa@a npvlmman y.rac.rae goq. B. H. n p o ~ o n e ~ ~ o .  
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k?, - I E O B @ ~ H ~ H ~ H T  BCKPHILlH, z3/Ti7; 

C, - KanHTaJIOBJIOHCeHHR H a  TpaHCIIOpTElpOBaHHe IIOJIe3HOrO HC- 

KOIIaeMOrO, 3KCKaBaqHH) ,  BCIIOMOraTeJIbHHe pa6o~h1 B 3a6oe 
H neperpy3xy, 'py6/m; 

E - H O P M ~ T H B H H ~ ~  K O ~ @ @ H I ( H ~ H T  ~ K O H O M H ~ ~ C K O G  ~ @ @ ~ K T H B H O C T E I .  
K ~ I I H T ~ J I O B J I O H ~ ~ H H H  (AJIFI ~ O P H O P Y ~ H O ~ ~ [  IIPOMbIIIIJIeHHOCTH E = 

= 0,14); 
3, - a I c c n n y a T a q m o H H n e  paCXOAbI H a  n e p e ~ o a ~ y  B c I c p m r n n ,  no- 

r p y 3 ~ y ,  BCIIOMOI'aTeJIbHbIe pa6o~h1 B 3a6oe, o ~ ~ a ~ 1 0 0 6 p a 3 0 ~ a -  
H H e  H I Iepe I ' py3O¶HbIe  pa6o~b1, C y¶eTOM a M O P T H 3 a q H O H H H X  

O T ~ H C J I ~ H H ~  H a  I 'OpHOKaIIHTaJIbHbIe pa6o~b1 IIO E i a X n O b I y  Zl3 

B a p H a H T O B ,  ~ ~ 6 1 % ~ ;  

3, - a ~ c n n y a ~ a q n o ~ ~ b ~ e  p a c x o n M  H a  A o c T a B K y  I I O J I ~ ~ H O ~ O  HCKO- 
I I a e M o r o ,  ~ K C I C ~ B ~ ~ H H ) ,  B c n o M o r a T e . i r b H b I e  p a 6 o ~ b 1  B 3a6oe 
H I l epe I 'PY3KY IIO IiaH<AOMy H 3  PaCCMaTpHBaeMbIX B a p H a H T O B ,  

PY 61m. 
T ~ X H B K O - ~ K O H O M H ¶ ~ C K O ~  C p a B H e H H e  C ~ O C O ~ O B  BCKPbITHR IIIJOH3BO- 

AHT MeTOAOM BaPHaHTOB.  AJIFI K a X n O r O  H 3  HHX YCTaHaBJIHBaFOT KaIIHTa-  

JIOBJIOifCeRHR H 3KCIIJIYaTa4HOHHbIe PaCXOAbI H a  TPaHCIIOPTHPOBaHHe 

r 0 p ~ 0 6  MaCCbI, 3KCHaBaTOpHbIe  H BCIIOMOraTeJIbHbIe pa6o.m B 3a6o~x .  
r o p H o I c a n a T a n b H n e  pa6ol.n H O T B ~ J I O O ~ ~ ~ ~ O B ~ H H ~ .  IIpn n p o e I ; T H p o s a H n n  

B a p n a H T a  B c K p a T n R  H H H c e n e H c a m n x  ~ O P H ~ O H T O B  rny60~0ro  E i a p b e p a  

H a p H n y  C BHOBb PaCCMaTPHBaeMbIMH C I I O C O ~ ~ M H  AOJI3KHbI BKJlFO¶aTbCH 

CyIQeCTByIoUI,He. n p H  3TOM B03MOHcHbI T P H  CJIY¶aR HCDOJlb30BaHHR TeX- 
HHKO-3KOHOMH9eCKHX I J 0 K a 3 a T e J I e ~  B a p H a H T a  BCKPbITHR H C B O ~ C T B B H -  

H O ~  e M y  I ' O ~ H O T ~ ~ H C I I O ~ T H O ~ ~  CXeMbI. 

1. B ~ n m s e H H e  B IIPOeKT CyIlT,eCTBYH)lI(HX CpeACTB T p a H C n O p T a  C T o l l  

MOIDJIOCTbH) H H a  TOM TeXHH¶eCKOM YPOBHe,  KOTOPbIMH OHH paCI IOJIa -  

r a I o T  H a  A ~ ~ ~ C T B Y I O ~ H X  K a p b e p a x .  B BTOM cnygae n p m s e x e H m I e  aa- 
T P a T b I  ~ Y A Y T  P a B H b I  p a c 9 8 ~ ~ 0 f i  C ~ ~ ~ C T O H M O C T E I .  

l l p e n c ~ o ~ q m e  K a n m T a n o s n o g e H m  B AaHHoM B a p E i a H T e  O T C ~ T C T U ~ I O ~ J ,  

T. e. 
17 = 2 (C,k, + C,). ( I I J S )  

2. P~?KOHCTPYK~HFI C 4eJIbH) IIOBbIIlleHHR T e X H m e C I i O r O  YPOBHII I[ 

yBeJIH¶eHHR MOWHOCTE. P ~ c ¶ ~ T  UpHBeAeHHbIX 3 a T p a T  H a  TpaHCIIOpTHpO-  

B a H H e  ~ O P H O ~  MaCCbI npOH3BOAHTCR IIO @ 0 p M y J I e  (11, 19). 
3. J I H K s r n ~ a q r n F I  C y ~ e C T B y I o I I ( e r 0  H 3 a M e H a  HOBbIM BHAOJI TI)aHCIIOPTU 

H a  TOM x e  K a p b e p e  mnn H a  B H O B ~  n p o e K T H p y e M o M .  I I p n s e ~ e ~ ~ a e  aa- 
T p a T b I  OIIpeAeZHIoTCR p a 3 M e p O M  n O T e p b  OT H ~ ~ O I I O ~ ~ ~ ~ I ~ H H O I I  CJrMMhl a M O p -  

TH3aqHOHHbIX O T ¶ H C J I ~ ? H H ~  H a  P e H O B a q H H )  38 IIepHOA A 0  HCTe¶eHHR aM01)- 

TH3aqHOHHOrO CPOKa 
17=aK-EK,, (II,19) 

U - C ~ ~ A H H ~  ~ O A O B O G  I I p O q e H T  aMOpTR3aqHOHHbIX OT'THCJIeIILIll 

H a  penosaqnm; 
K - p a a ~ e p  OCHOBHHX @OHROB J r H I c s m a p y e n r o r o  B H x a  T p a H c n o p -  

T a ;  

K, - JlHKBHAaIlHOHHaFI CTOlIMOCTb K a P b e P H O r O  T p a H C n O p T a .  
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B b 1 6 0 p  p a q m o ~ r a a b ~ o r o  c n o c o 6 a  ~ p a ~ r r r e l i -  
H O ~ O  B C K ~ M T H R  r n y 6 0 1 c o  3 a x e r a m ~ q m x  M ~ C T O -  

p 0 X A e H H G. n p F f  O q e H K e  CIIOCO~OB BCICPhITHIi T P ~ H C I I O P T H ~ I ~ ~  

n y T b  B K a p b e p e  p a 3 ~ e n e ~  H a  T p m  s s e ~ a :  1 - OT a K c K a s a T o p a  B 3a6oe 
K IIYHKTY p a 3 r p Y 3 K H  H a  r O p H 3 0 H T e  ( B H Y T P H ~ ~ ~ O ~ H H %  TP~HCIIOPT);  2 - 
no 6 0 p ~ y  I c a p b e p a ;  3 - no n o s e p x H o c T m  (OT 6 o p ~ a  l e a p b e p a  K nyamy 
A O C T ~ B K H ) .  n 0 r a I I I e ~ m e  nOArOTOBHTeJIbHbIX p a 6 o ~  IIPOkI3BOAmTCR OTHO- 

CmTej IbHo  m M e I o r q H x c R  H a  r o p ~ 3 0 n ~ e  a a n a c o ~  nonea~xoro m c K o n a e M o r o .  

B ~ y T p H K a p b e p ~ o e  paCCTORHHe OTKaTKm AJIR i £ i e J I ~ 3 H O ~ O P O l I C H O ~ O  

T p a H c n o p T a  o n p e A e n R e T c s  no @ o p ~ y n e  

rAe L,, B, - A m H a  m rnHpmIxa  r e a p b e p a  no pacuemowy ~ O P H ~ O H T Y ,  

K&; 

kTp - K O ~ @ @ H ~ H ~ H T  pa3BHTmIi  TpaCChI;  

LTp - PaCCTORHHe TPaHCUOPTHpOBaHHR IIO IIOBePXHOCTH, KJL. 

0 6 ' b e M h I  r0pHOKanI ' iTaJ IbHbIX pa6o.r paCC¶HTaHbI COOTBeTCTBeHHO par- 
CMaTpHBaeMMM BHAaM T p a H C n O p T a .  

IIpx o q e H K e  B a p H a H T a  RCKP~ITHR Y m T b I B a m T :  r e o n o r m s e c I i y m  H rng- 
p O ~ C ? O J I O ~ H ¶ e C K y I o  X a p a K T e p m C T H K H  MeCTOpOXAeHHR; 3 a n a C b I  nOJIe3HOrO 

HCKOIIaeMOrO H KOJIHPeCTBO B C K p H m H b I X  IIOPOA B KOHTYpe  K a p b e p a ;  Cn-  

C T e M y  p a 3 p a 6 0 ~ ~ ~  MeCTOPOXfFAeHHfI; PeHCHM I'OPHhIX p a 6 o ~ .  
H e o 6 x o ~ m ~ o  OTMeTHTb, ¶TO I I p H  O q e H K e  B a p H a H T a  BCKpbITHIi MeCTO- 

P0)ICAeHHIi CJIeAYeT y¶HTbIBaTb  yBeJ Im¶eHHe PaCCTOIiHHR T p a H C n O p T H p O -  

B a H I W  I4 o 6 a e ~ o ~  rOPMOCTPOHTeJIbHHX p a 6 0 ~ ,  CBR3aHHOe C ~ C T ~ O ~ C T R O % I  

T y n l l K O B H X  M HeTJIeBblX C'be3AOB, ApYI'Ffe O C O ~ ~ H H O C T H  IIOArOTOBKH BOBbIX 

l'OpH30HTOB, p a 6 o . r ~  I ' O P H O T ~ ~ H C I I O P T H O ~  CXeMH,  eCJIH OHH HMeIOT MeCTO 

npEf PaCCMaTpHBaeMOM cnoco6e BCI<pHTHH. 

n p ~ ~ e p .  P~CCMOTPITM B H ~ O P  P a q H O H a n b H O r O  cnoco6a BCIiphITFfR AJIR O T ~ ~ ~ O T R I I  
r n y 6 0 ~ ~ x  rOPFf30HTOB K a p b e p a  IOrOK. B dBR3H C YCIIeJIIHkJM I IpHMeHeHHeM X e J I e 3 -  
HOROpOHcHOrO TpaHCIIOpTa  H a  K a p b e p e  IOrOK, BCKpbITne  B e p X H H X  rOPH3OHTOB I<OM- 
~ H H H ~ O B ~ H H ~ I M E ?  ( C n l 1 p a i T b ~ h I M I I  Ei TYIIRKOBHMEI) TPaHJIIeRMH OCTaeTCR 6 8 3  n 3 1 1 e ~ e -  
Em. P ~ C C M ~ T P F ~ B ~ F O T C F I  CIIOCO~H BCKPbITHR pa6osurx TOPH30HTOB HHifEe r J I~611 t lb l  
120 nt (rop. -45 x ) .  

COOTB~TCTB~HHO IIPFfHRTOMy KPHTePHH) OqeHKH - MIiHZIMaJIbHhIM IIPHBeAeHHbl%l 
s a T p a T a M  H a  ~ 0 6 ~ 4 ~  1 m nonea~oro  m c K o n a e M o r o  - B a p u a a T  B c K p m r n R  M e c T o p n -  
W B H H R  H ~ O ~ X O R I T M O  PaCCMaTpXIBaTb COBMeCTHO C l I p F f ~ e ~ R e ~ o &  ~ O ~ H O T ~ ~ H C ~ I O ~ T I I O ~ ~  
C X ~ M O E  Z l  IIpHHFfMaTb BO BHHMaHHe BCe KaIIFlTajIbHble n 3IECIIJIyaTaqHOHHbIe 3 a T p a T b I  
OT MOMeHTa BCIEPhITHR HJIR IIORrOTOBRFf HOBOF0 TOPH3OHTa RO er0 o ~ p a 6 0 ~ ~ m .  rny60- 
K H e  rOPH3OHThI K a p b e p a  IOrOK MOrYT 6 b 1 ~ b  BCKpbITbI CJIeAYFOqHMIZ CIIOCO~BIIII: 
K O M ~ H ~ P O B ~ H H M M H  ( C I I E I P ~ J I ~ H ~ I M F ~  H TYIIIIKOB~IMH) T p a H m e R M H  C I lpIIMeHeHIleM 
x e n e a H o R o p o x H o r o  T p a H c n o p T a ;  C K O J I ~ B R ~ I I M I I  c z e 3 ~ a ~ ~ 1  c neperpya~oir r o p H o r 1  
MaCCbI H 3  aBTOCaMOCBaJIOB B CpeACTBa HteJIe3HOROpOifEHOrO TpaHCIIOpTa;  KpyTbIJ l r I  
TpaHIIIeKMH C I IpEMeHeHHeM K O H B ~ ~ ? P H ~ I X  IIOAZeMHHIEoB; KPYTbIIfH TpaHII IeRJI l l  
C IIpHMeHeHHeM K o H B e f i e p ~ b I x  IIOAZeMHHIEOB RJIR BhIRa¶Il  PYAhI H C K O J I b D R ~ I l V I I  
c a e a ~ a ~ n  c n p H M e H e a H e h r  AJIR ~ 6 1 ~ a m  c i ~ a n b ~ o i i  BCICPMIIIH a B T o c a b f o c B a n o B  II x e ~ 1 e 3 -  
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~ p l Z B e ~ e ~ ~ b I e  B ~ a 6 n .  13 pe3yJ IbTaTM paC¶eTOB IIOBBOJIXIOT CYAHTL 

06 ~ @ @ ~ K T H B H O C T ~  OTAeJIbHhIX C I I O C O ~ O B  BCKpbITHIi I I P H  p a 3 J I ~ ~ 0 6  ray- 
G H H ~  p a 3 p a 6 0 ~ ~ ~  M e C T O p O X ~ e H H I i .  

Bc~pwmue z n y 6 0 ~ 0  sanezarou+ux ~ e c m o p o x H c d e f i u i i  u l a x m f i b t z u  cmao- 
na.wu. Bb160p p a q n o H a J r b r I o r o  cnoco6a B C E C ~ M T H R  ~ J I Y ~ O K H X  K a p b e p o B  

IIO IIpmBeAeHHbIM 3 a T p a T a M ,  OTHeCeHHbIM K 1 m ~06b1sae~oro  IIOJIe3HOI'O 

) n C K O I I a e M O r 0 ,  AOJI3KeH O T p a X a T b  p R A  l'OpHOTeXHH¶eCKHX $ ~ K T O ~ O B  H 

: 3KOHOMFl9eCKHX I I o K a 3 a ~ e J I e 2 ,  OCHOBHHMH M3 KOTOPHX ~ Y A Y T  I I I a r  IIepe- 
i HOCKH KOHqeHTpaqHOHHbIX l'OpH3OHTOB h, YrOJl  I IOraIIIeHHIi  6 o p ~ a  K a p b e -  

pa p, Yl'OJl 3aJlOHceHHH m a X T H O r 0  CTBOJIa a, paCCTOIiHHIi OT 0 6 0 r a ~ H T e J I b -  

HOIYI @ ~ G P H K H  no 6 o p ~ a  I t a p b e p a  B, s a n a c b ~  noneaaoro m c K o n a e M o r o ,  

BbIHaBaeMbIe IIO CTBOJIY K O H B ~ ~ P H ~ I M  IIOA'beMHHKOM Q ,  COOTHOIIIeHHe 

yJeJ IbHrJX KaI IHTaJ IbHHX X i  3KCIIJIyaTaqHOHHbIX 3 a T p a T ,  r n y 6 ~ ~ a  K a p b e -  

pa H H T. A. 
IIpm A ~ H H O G  c x e M e  BCKP~ITHR o A H a  s a c T b  aanaco~  n o n e a ~ ~ x  HCKO- 

naewax o ~ p a 6 a ~ ~ s a e ~ c a  H a  n p o M e m y T o w m e  K s e p m n a r n  H noA%eMHbIe  

CTBOJIH, A P Y r a R  - H a  HaKJIOHHbIe K O H B ~ ~ ~ ~ H H ~  nOA'beMHHIcH BHYTPeH- 

H e r o  aanome~nn,  C B X ~ ~ H H H ~  co CTBOJIOM. I'ny60~me ~ O P H ~ O H T H  K a p b e p a  

C I IpmMeHeHHeM K O M ~ I ~ H H ~ O B ~ H H O ~ O  T p a H C n O p T a  MOrYT 6bI~b BCKPbITbI 

CJIeAYIOIQHMH C I I O C O ~ ~ M H :  TpaHII Ie I iMH B H Y T P e H H e r O  3aJIOHEeHHEI IIO 6 0 p ~ y  
K a p b e p a ;  T p a H I n e I i M m  B H y T p e H H e r o  sanome~mx no 6 0 p ~ y  K a p b e p a  B H n x -  

~ e i i  a o ~ e  H H a K n o H H b I M  CTBOJIOM c K B e p m j I a r a M m  B s e p x ~ e i i  s o ~ e  K a p b e -  

pa; H a K n o H a H M  CTBOXOM c K s e p I u n a r a M H  H a  BCIO r n y 6 ~ ~ y  p a 3 p a 6 0 T K H .  
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a a n o x e ~ ~ ~  no 6 0 p ~ y  Icapbepa B ~mw~ei j r  s o ~ e  ero rn ~ o n ~ e i i e p ~ b ~ x  rane- 
pe6 UO IlOBepXHOCTH. 3TOr0 B a p H a H T a  H ~ O ~ X O A L I M O  OIIpeAeJIHTb TOP- 
K Y  BbIXOAa CTBOJIa H a  6 0 ~ ~  Kapbepa H COOTBeTCTBeHHO AJlIlHy T ~ ~ H I U ~ G  

BHyTpeHHeI'O 3aJlO3KeHHR ( ~ H c .  86). 
3 a ~ a ¶ a  no YCTaHOBJIeHHH, paq~o~aJlbH0ii  rJly6H~bI HaKJIOHHOrO CTBO- 

Jla CBOAHTCR K OTbICKaHHIO CXeMbI C blHH1lblaJIbHbIMH II?HBeJeHHhIMH 38- 

TpaTaMH, I lPH K O T O ~ O ~  
k 

2 3ji .. 
- j-1 

V - min, (II,26) 

. - 

Q - llpOH3BOACTBeHHaR h1O~HOCTb Hapbepa, m. 
B CYMMY 3aTpaT Ha  BCICPbITHe BXOART 3aTpaTbI: Ha IIPOXOJKY KPYTbIX 

T ~ ~ H I I I ~ H ,  HaKnOHHHX CTBOJIOB H IcBePIIIJIarOB, Ha  B03BeAeHIie K O H B ~ % ~ ~ -  

HbIX raJIep€?fi, Ha 0 6 0 p y ~ o s a ~ a e  HX JleHTO¶HhIMH K O H B ~ ~ ~ ~ H ~ I ~ I H  YCT8HOB- 

IcaMH. OHH M O r Y T  6bI~b BbIpa3KeHbI CJIeAyIoIQHMH 3aBHCHMOCTRblII: 

3aTpaTbI H a  TpaCCMPOBKY KPYTbIX T P ~ H I I I ~ ~ ?  DO 6 0 p ~ y  KaPLePa 

1 C,, = - sin a (nh + Ho) K:T, P Y ~ . ;  

I a a ~ p a ~ ~  ~a ~ o a ~ e ~ e ~ ~ l e  ranepeit no 6 0 p ~ y   capb be pa 

1.1 
C,, = (nh + H, + hh) Kt,  py6.i 

1 C,, - - sln u (nh + H,) K&, py6.; 

s a ~ p a ~ b ~  H a  0 6 o p y ~ o ~ a ~ a e  ~ o ~ ~ e i i e p ~ b ~ x  ranepeijr no 6 0 p ~ y  Kapbepa 

COCTaBRT 

C,, = & (Kh + nh + H,) K,016', py6.; (I I, 34)' 

I 3 a ~ p a ~ b 1  ~a O ~ O ~ ~ A O B ~ I I H ~  K O H B ~ ~ ~ ~ P ~ M H  ranepefi ~a ~ O B ~ P X H O C T H  

1 ) (nh + H,) + B] ~ l l ~ ' ,  P Y ~ . ,  (11,35)3 c o n = [ ( = - T i F  
, Y 

i rAe I{:, - CTOHMOCTb npOBe$V3HMR 1 m3 TpaHIIIeH, py6.i 
v,, - C T ~ O H T ~ ~ ~ H M ~ ~  o 6 a e ~  no TpaCCHpOBIce KPYTbIX TpaH- 

meii, m3/m; 
K:T, K:T - KanHTanbHMe a a ~ p a ~ b ~  H a  npoBeneHIIe H 060pyflosa- 

Hrie I m C T B O n a ,  py6.; 
KEB, K:B - KanHTaJIbHbIe 3aTPaThl H a  IIPOBeAeHHe H O ~ O P Y A O B ~ -  

m e  I m Ksepmnara, py6.; 
K o ' ~ '  r . K:ln) - 3 a ~ p a ~ b 1  ~a 0 6 0 p y ~ o ~ a ~ ~ e  I at s r o ~ ~ e i e p ~ h ~ x  rane- 

peii no 6 0 p ~ y  Icapbepa H Ha nosepxaocTH, py6.; 
K:, K,6 - 3aTpaTbI Ha BO3BeAeHHe 1 raJIepe6 no IIOBepXHOCTH 

H B Icapbepe, py6.; 
12 - ¶HCJIO KOHI(eHTPaIJH0HHbIX I'OPH3OHTOB; 

h - BbICOTa KOHqeHTPaX(HOHHOr0 rOPH30HTa, A; 

B - paCCTORHHe OT YCTbR CTBOJla A0 O ~ O I ' ~ T E I T ~ J I ~ H O ~ ~ [  
+ a 6 p ~ ~ n ,  m; 
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H, - r n y 6 ~ ~ a   OHM K a p b e p a ,  o ~ p a 6 a ~ a r ~ a e ~ o i 4  H a  amo-  
T p a H C n O p T ,  Z; 

a - yron n o r a m e H m R  6 o p ~ a ;  
(j - yron ~ ~ J I O X ~ H H F I  C T B o n a ,  zpad. 

T ~ I E H M  o 6 p a 3 0 ~ ,  o614me KaI IHTaJ IbHbIe  3 a T p a T b I  H a  BCKPbITHe MeCTO- 

P O X A e H H R  ~ Y A Y T  

P a c x o ~ ~  no a K c n J r y a T a q m  COCTORT m 3  a a ~ p a ~  H a  T p a H c n o p T z i p o s a -  

HEIe I ' o ~ H o ~ ~  MaCChI no TPaHCnOPTHbIM IEOMMYHHIia4H)TM ( K B ~ P I I I J I ~ ~ ~ M ,  

CTBOJIY, ~ O P T Y  K a p L e p a  H IIOB~PXHOCTH) EI 3 a T p a T  H a  I I O A A e p X a H H e  TpaHC-  

I lOpTHbIX K O M M Y H H K ~ ~ E I ~  H O ~ O P Y ~ O B ~ H H I I .  3 a ~ p a ~ h l  H a  TpaHCnOpTZipO- 

B a H H e  ~al16onee IIpOCTO MOXHO B I J P a 3 H T b ,  HCXOAR H 3  CTOHMOCTH 

1 m.  M, KOTOPaR PaCCPHTbIBaeTCR IIO BCeM 3J leMeHTaM 3 a T p a T  $1 M O X e T  

6 b 1 ~ b  B b I P a X e H a  CJIeAJ7H)llJHM 06pa30~:  
pacxoAbI H a  T p a H c n o p T m p o s a H n e  r o p ~ o f  waccar no 6 0 p ~ y  K a p b e p a  

COCTaBHT 

1 
3HC = c:l - K B  sin a X 

rAI3 CB, K M ,  C:, KM, CFOfM - CTOHMOCTb TPaHCIIOpTEIPOBaHLIR TOPHOG M a c -  

CbI IIO HaKJIOHHHM, rOPH30HTaJIbHbIM HOBePX- 

HOCTHbIM I4 IIOA3eMHbIhf I<OMMYHHKa4HRM, 

p y6/m. EZ. 
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B e n ~ s n ~ a r ,  BXOARllJHe B B h I P a X e H H e  (I I ,  28), 6 y ~ y ~  H3MeHRTbCH B 

3aBHCHMOCTH OT I I P O E ~ ~ B O ~ C T B ~ H H O ~ ~  MOllJHOCTH K a p b e p a ,  BeJIHsHHbI 3aIIa- 
COB IIOJIe3HhIX HCKOIIaeMbIX, 3KOHOMH9eCKH O ~ O C E O B ~ H H O $  K O H ~ ¶ H O ~ ~  

r . r l J ' 6 ~ ~ ~  K a p b e p a ,  THEM ~ p H M e H I I e M O r 0  I'OpHOTpaHCllOpTHOI'O 0 6 0 ~ ~ ~ 0 -  
B a H H R ,  PaCI IOJIOXeHHR IIOBePXHOCTHOrO KOMIIJIeKCa H T. A. 3aAa¶a IIO 

OTbICKaHHH) OIITHMaJIbHOrO B a p H a H T a  BCKPbITHR AJIR KOHKPeTHbIX YCJIO- 

BHG CBOAHTCR K nepe6opy p R A a  B a p H a H T O B  C y¶eTOM H3MeHeEHR I'OpHOTeX- 

HHPeCKHX H 3KOHOMEI9eCKHX @ ~ K T O P O B ,  H n p H  OIIpeAeJreHHOM EtX COPeTa-  

HEH M o x e T  G H T ~  n o n y q e H o  O n T n M a n b H o e  pememe. Ana p e r n e H m R  

a a j a s ~  M O X e T  6 b 1 ~ b  y C n e m H O  I I p m M e H e H a  3qBM. 
l l p ~  p e m e H n H  g a ~ ~ o f  3 a A a s H  n p a M e H H T e n b H o  K y c n o s m a M  K a p b e p a  

M ~ r o K a  HCIIOJIb30BaHbI HCXOAHbIe TeXHHKO-3KOHOMHqeCKHe nOKa3aTeJIEI ,  

O ~ O C H O B ~ H H I I  KOTOPHX IIPOH3BeAeHbI 1Ea@e)Jp0% OTKPbITbIX POPHMX p a 6 o ~  
A H ~ ~ ~ O ~ ~ T ~ O B C K O ~ O  I'OpHOrO HHCTHTYTa K ~ H B ~ ~ C C I I P O ~ K T O M .  B T ~ ~ J I .  14 
IIpHBeAeHO CpaBHeHEIe BapEtaHTOB BCKpbITEtR ~ J I ~ ~ O K H X  rOPH30HTOB 

riapbepa E f ~ r 0 K a .  
T a 6 n n q a  14 

B T ~ ~ J I .  14 npeACTaBJIeHbI  Pe3YJIbTaTbI  PeIIIeHIIFI 3 a A a ¶ H  BCKPMTHR 

r a y 6 o ~ ~ x  I'OPH3OHTOB K a p b e p a  Ef~roK C I I P O H ~ B O A C T B ~ H H O ~  MOllJHOCTbH) 

30 MJIH. m carpoH PyAbI B rOA;  BCKPbITHe IIIaXTHhIMH CTBOJIaMH q e J I e C 0 -  

o 6 p a 3 ~ o  B H H T e p B a J I e  OTMeTOK - 150 H -210 Z. ~ P H  UOA3eMHOhl BCKPbI- 

TIIH n e p B o H a s a . n b H o  n p n s e A e H H b I e  H K a n n T a n b H b I e  s a ~ p a ~ m  M e H b m e ,  

¶eM IIpEI BCKpbITHH KPYTbIMH TPaHIIIeRMH BHYTPeHHerO 3 a J I O X e H H H ,  38 

C q e T  COKpallJeHHR PaCCTORHHR TpaHCIIOPTHPOBaHHR IIO IIOBePXHOCTEI, 

n p E r  y s e x E i s e H H z i  r n y 6 ~ 1 ~ b 1  K a p b e p a  I cannTaJ rbHbIe  a a ~ p a ~ b ~  pemo ~ o a p a -  
CTaIOT B CBR3H C yBeJIH¶eHEIeM 3 a T p a T  H a  I IpOBeAeHHe K B e p m J l a r O B .  Ta- 
KHM 0 6 p a 3 0 ~ ,  HCCJIeAOBaHHe B a p H a H T O B  BCKPbITHR ~ J I Y ~ O K H X  rOPEI30H- 

TOB I IOKa3bIBaeT ,  ¶TO ~am6onee 3KOHOMHPeH K O M ~ H H H ~ O B ~ H H ~ I ~  B a p H a H T  

BCKPMTHR, I I P H  KOTOPOM H H X H R R  3 0 H a  K a P b e P a  BCKPbIBaeTCR TpaHIIIeST- 

M E  BHYTPeHHerO 3 a J I O K e H H R ,  ~ ~ o ~ ~ A ~ H H ~ I M H  DO ~ O P T Y  K a p b e p a ,  a B e p X -  

HSIR 3 o ~ a  - H a K n o H H u M  CTBOJIOM c K s e p m n a r a M H .  
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~ P H  BCKPbITHH IIOA3eMHbIMH HaKJIOHHbIMH CTBOJIaMH   OPT K E l p b e p a  

O C B O ~ O X A ~ ~ T C R  OT Y C T P O ~ C T B  AJIR I IepeCePeHHR aBTOC'be3AaMFi H aBT0-  

AOpOI'aMH TpaCChI ~ 0 H B e f e p ~ b I ~  IIOA'beMHHKOB; YCTpaHReTCR 3 H r 3 a r O -  

o 6 p a 3 ~ a s  T p a C C a  JKeHTO¶HhIX K O H B C ? ~ ~ P O B  H CMeI4eHHe OT I IyHKTa 

~ a ~ 6 o n e e  B b I r o A H o r o  p a c n o j r o H t e H m  n e p e r p y a o n ~ b ~ x  Y C T P O ~ ~ C T B  H a  KOH- 

4eHTPaqHOHHbIX I'OPH30HTaX. 

B c ~ p b z m u e  nonozuz %ecmopox.Hcdenuii. ITpn p a 3 p a 6 o ~ ~ e  nonornx Mec- 

TOPOHEA~HEG BCKPhIIIIHbIMH IIOPOAaMH no T ~ ~ H C ~ O ~ T H O - O T B ~ J I ~ H O ~  HJIH 

T ~ ~ H C I I O ~ T H O %  CHCTeMaM p a 3 p a 6 0 ~ ~ n  C IIpHMeHeHHeM MOIQHbIX KOMIIJIeK- 

COB M a m H H  HeI IpepJJBHOrO A ~ ~ C T B H R  ~ @ @ ~ K T H B H O C T ~  pa6o~b1 UOCJIeAHHX 

B ~ H ~ P H T ~ J I ~ H O ~  CTeIIeHH 3aBHCHT OT AJIHHbI @ ~ O H T ~  p a 6 o ~ ,  KOTOpaR OIIpe- 

A e n R e T c a  cnoco6o~  BCKPHTHR M e c T o p o m A e H H R .  B ~ a n e c ~ ~ e  npmepa on- 
P e A e J I e H a  CXeMa BCKPbITHR ITOAOPOWH~HCKOI'O MeCTOPOlh'AeHHR. 

CTOHMOCT~ A O ~ H P H  IIOJIe3HOI'O HCKOIIaeMOI'O Ca IIpeACTaBJIReT CYMMY 

3 a T p a T  

C , = C p + C T n + k , ( C , f  C , ,+Co)+C,+C3 ,  P Y ~ . ,  (II,40) 

rAe 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 ~  I I O J I ~ ~ H O ~ O  m x o n a e M o r o ;  

C ,  - C T O H M O C T ~  p a 3 p a 6 0 ~ ~ ~  none3~oro  H c r c o n a e M o r o ;  

k ,  - KO~@@M~H€!HT BCKPbImH; 

C ,  - C T O H M O C T ~  p a 3 p a 6 0 ~ ~ ~  B C K P H ~ H ;  

C ,  - CTOHMOCTb O T B ~ J I O O ~ ~ ~ ~ O B ~ H H E I  BCKpbIIIIH; 

C,,  - CTOHMOCTb TPaHCIIOPTHPOBaHHR BCKPbIIIIH; 

C K  - CTOHMOCTb KaIIHTaJIbHbIX 3 a T p a T  H a  CTPOHTenbCTBO K a p b e p a ;  

C3 - CTOHMOCTb YCTPOGCTBE~ H COAePXaHHFI pa3JIH¶HJJX KOMMYHH- 

K a q H f i  3HePI'OCHCTeM, U O A C O ~ H H X  J K H H H ~ ,  BOAOOTJIHBa H T. A. 
I43 YCJIOBHR MnHHMyMa ~06h1911 1 m none3~oro H c x o n a e M o r o  onpe- 

AeJIReTCR OIlTHMaJIbHOe 3 H a ¶ e H H e  AJIHHH @ ~ O H T ~  p a 6 0 ~ ,  HCXOAR H 3  KOTO- 

poG y c T a H a s n H B a e T c c r  p a q ~ o ~ a n b ~ ~ f  cnoco6 B C K ~ J J T H R .  CTOHMOCT~ 
p a 3 p a 6 0 ~ ~ ~  nonea~oro  H c K o n a e M o r o  C ,  o n p e A e n H e T c s  a a ~ p a ~ a ~ ~  H a  

BbInOJIHeHHe ~ Y P O B ~ P J J B H ~ I X  p a 6 o ~  1% 3KCICaBaqHIo PyAJd; OT AJIHHJJ   OH- 
T a  p a 6 o ~  C ,  H e  3aBHCHT H BO BCeX CJIY¶aRX M O X e T  6 b 1 ~ b  I IPI lHRTa  IIOCTORH- 

HOG. 
CTOHMOCT~ p a 3 p a 6 0 ~ ~ ~  BcKpMrnrx o n p e A e n r r e T c s  3 a ~ p a ~ a ~ m  H a  06- 

CJIYHEHBaHIIe BCKPbIIIIHOI'O KOMIIJIeKCa H er0 UpOH3BOAHTeJIbHOCTbIo IIO 

~ O P M Y ~ ~  
rn 

rae ka - K O ~ @ @ H ~ H ~ H T ,  Y P H T ~ I B ~ I ~ I I @  E13MeNeHHe IIPOH3BOAHTeJIb- 

HOCTH POTOPHOI'O 3I iCKaBaTOpa  B 3aBHCHMOCTH OT OpI ' aHH3aqHH 

p a 6 0 ~  H a  I C a p b e p e .  

I l p ~  0 T p a 6 0 T K e  TOpqOB K a p b e p a  IIpOH3BOAHTeJIbHOCTb POTOPHOI'O 

3 I i C K a B a T O p a  3HasHTeJIbHO CHHXaeTCR,  s T 0  y¶HTbIBaeTCR K O ~ @ @ H ~ H ~ H -  

TOM k, 
Q f p  = k,Qcpk41 ~ ~ 1 % .  

O U ~ ~ A ~ J I H B  CpeAHIoH, IIPOH3BOAIITeJIbIIOCTb POTOPHOI'O 3KCKaBaTOpa  

npll p a 3 J I H s H 0 6  AJIHHe @ ~ O H T ~  p a 6 0 ~ ,  B03MOiKHO O q e H H T b  Pa3JIH¶HbIt? 

C U O C O ~ J J  BCKPJJTHR KapbepHOI 'O UOJIR. 

CTOHMOCT~ O T B ~ J I O O ~ ~ ~ ~ O B ~ H H R  BCKPJJIUH Co H a  eAHHHqY UOJIe3HOrO 

HCIcOIIaeMOI'O MOXCHO IIPeACTaBHTb @ O P M Y J I O ~ ~  

rAe Ct - 3 a ~ p a ~ b 1  H a  0 6 c n y ; ~ 1 1 s a ~ I I e  ~i COAepiI iaHHe 0 T ~ a J I 0 0 6 p a 3 0 ~ a -  
TeJIR B e A H H H q y  BpeMeHH;  

Qb - IIPOH3BOAHTeJIbHOCTb O T B ~ J I O ~ ~ ~ ~ ~ O B ~ T ~ Z R  3a 3 T 0  3fCe BpehlII.  

~IPOH~BOAHT~JI~HOCT~ O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I R  OIIpeAeJIReTCH IIPOH3BO- 

AHTeJIbHOCTbIO POTOPHOI'O 3KCKaBaTOpa  H MeCTOM YCTaHOBKH 0 T B a J I 0 0 6 p a -  

3OBaTeJIR B o64eii T ~ x H o J I o I ' H ¶ ~ c K o ~  q e U H .  C y¶eTOM U O T e p b  BPeMeHH H a  

M a H e s p m p o s a H m e  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I R  B T o p q a x  n p H  nepexoae H a  HOBYH) 

OTBaJIbHYIo 3aXOAKY UpOH3BOAHTeJIbHOCTb O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I I I  6 y ~ e ~  
pama 

Qi = Q;,k;k+. (IL44) 
CTOHMOCT~ TPaHCIIOPTHPOBaHHR BCKPhIIIIH C,,  H ~ O ~ X O A H M O  O n p e A e -  

J lRTb ,  eCJIH BCKpbIIIIHbIe IIOPOAH O T P ~ ~ ~ T H B ~ I ~ T  IIO T P ~ H C U O P T H O ~  CHCTeMe. 

B  TOM cnynae p o c ~  AJIHHM @ p o ~ ~ a  p a 6 0 T  B H ~ M B ~ ~ T  T a K o e  me y s e n H -  

IIeHHe AJIHHJJ 3a60ii~k.1~ II OTBaJIbHbIX (IIPH BHYTpeHHHX O T B ~ X ~ X )  
~ 0 H ~ e f e p H b I ~  JIHHHB (IIPH K O H B ~ ~ ~ P H O M  T ~ ~ H c u o ~ T ~ ? ) .  B M ~ C T ~  C TeM 

y n y s m a e T c a  p a 6 o ~ a  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I R  B C B R ~ H  c y M e H b m e H m e M  

YAeJIbHOI'O o 6 a e ~ a  MaHeBpOB I3 TyIIHKaX. 

CTOHMOCT~ TpaHCIIOPTHPOBaHHR 1 X3 BCKPJdIIIll MO?l(eT 6bITb  OUpe-  

A e n e H a  no @ o p ~ y n e  

I'Ae a ,  - CpeAHRR CTOHMOCTb 1 m K X  K O H B ~ ~ ~ ~ ~ H O I ' O  TpaHCIIOpTa ,  py6. ; 
L - AJIHHa @ ~ O H T ~  P ~ ~ O T ,  %; 

y - 0 6 a e ~ ~ h 1 i i  BeC I ' o ~ H o ~ ~  MaCCbI, m / . ~ t ~ ;  

I,, - CpeAHRR 3a B p e M R  pa60Th1 I < a p b e p a  AXHHa TpaHCIIOpTHpOBa- 

HIIR BCKPJdIIIH IIO IIOCTORHHMM K O H B ~ ~ % ~ P H ~ I M  JIHHHRM; 

kc - K O ~ @ @ H ~ H ~ H T  COKpaLqeHHR OTBaXbHOI'O @ ~ O H T ~  pa60~ .  
C T O ~ M O C T ~  TpaHCIIOPTHPOBaHHFi IIOJIt?3HOI'O UCKOIIaeMOI'O CTn 3aBH-  

CHT OT PaCCTORHHR TPaHCIIOPTHPOBaHHR, OIIpeAeJIReMOI'O p a 3 M e p a M H  

KapbePHOI'O UOJIR H MeCTOM 3aJIOHEeHHR B b I e 3 ~ ~ 0 i i  TpaHIIIeH.  



~ P H  I I P R M O Y ~ O J I ~ E ~ O ~  ( B o ~ M ~ ?  KaPbePHOrO IIOJIR H IIapaJIJIeJIbHOM 

cnoco6e nepeMeqeHm + p o ~ ~ a  p a 6 o ~ a  TpaHcnopTa p a m a  
B 

A, = (4 + x) Lm~y dx, (1146) 
0 

rap X - yBeJIH¶eHHe PaCCTOcIHHR TpaHCnOpTFfpOBaHHR, M. 
I / IHT~~?PHPYR,  IIOJIY¶EiM 

1 A, = TmyLB (L + B), m a  K&, (II,47) 

rze m - M O ~ H O C T ~  pyaHoro nnacTa, i w ;  

L, B - AJIlZHa H IIIHPHHa KaPbePHOrO IIOJIR, K&. 
Oopnryna BbIseaeHa AJIR cnysan, Koraa ~ a e 3 ~ ~ a c 1  TpaHmeH pacnono- 

xeHa Ha $ n a ~ r e  IcapbepHoro nom.  Ecnm s a e 3 ~ ~ a c 1  TpaHmecI pacno- 
JIO>KeHa B qeHTp€?, o 6 q a ~  p a 6 o ~ a  TpaHCnOpTa 6 y ~ e ~  COCTaBJIRTb 

Cpea~fTR CTOHMOCTb TpaHCIIOPTHPOBaHEIR 1 m IIOJIe3HOrO ECKOna- 

t?hIOrO DpH ~#JI~HTOBOM BCKpbITHH 6 y a e ~  

rae a, - CpeaHRR CTOHMOCTb 1 m K i w  aBTOTpaHCnOpTa, py6.i 
DpH qeHTpanbHOM BCKPbITHm 

n 
Lmy vx2 + LZ dx + 1 3 Bmy vya + Ba dy. (11.51) 

0 0 

y i=z" - - ,  cos 6,,i m. 

npm BeepHoM nepeMeqeHm 

A ~ a n ~ 3  p a 3 n ~ s ~ b 1 x  cxeM p a 3 ~ e q e ~ ~ ~  B L I ~ B A H O C ~  TpaHmen c n o ~ o q b m  

npHBefleHHbIX BbIIIIe ~oPMJ'JI IIO3BOJIfleT YCTaHOBHTb O I I T H M ~ J I ~ H ~ I ~  C I I O C O ~  

BCKpbITHR KapbepHOrO DOJIR, O ~ ~ C I I ~ P R B ~ H ) I E ( H ~  HaHMeHbJItYH). p a 6 0 ~ y  
no TpaHCIIOPTY DO nePeB03Ke IIOJIe3HOTO HCKOIIaeMOrO. 

CTOHMOCT~ eAHHHI(bI nOJIe3HOrO HCKOIIaeMOrO CK IIO KaDHTaJIbHbIM 

a a ~ p a ~ a n l  cTpoHTenbcTsa onpenenReTcR no + o p ~ y n e  



nl 

( l+k ,L)  2 C,,, 

9 py6/in, (I1,59) 

m e  1 - o 6 r q a ~  AJIHHa IlOCTORtXHbIX K O M M Y H H K ~ ~ H ~ ~ ,  Milt; 

k, - I < O ~ @ @ Z I ~ E ~ ~ H T  YBeJIHPeHHR ( y ~ t ? ~ b m e H H R )  UepeABHlKHbIX 

m K O M M Y H H R ~ ~ I I ~ ~  OTHOCHTeJIbHO RCRPbIIUHOrO @ P O H T ~  pa6o.r; 
ZC,,, - o61q~e  a a ~ p a ~ b ~  H a  Y C T P O ~ ~ C T B O  H coRep?IcaHHe KOMMYHH- 

t ~ a q n i i ,  py6/~w/zoa.  
3 a ~ p a ~ 6 1  no B c r c p M m e ,  n p n x o A H q H e c R  rra 1 m I I O J I ~ ~ H O ~ O  H c K o n a -  

e M O r 0 ,  ~ e o 6 x o ) J ~ M o  y 9 H T b I B a T b  K O ~ @ @ H ~ H ~ H T O M  BCIiPbIIIIH, IlpeRCTaBJIR- 

H ) 4 H M  ~060 i i  OTHOIIIeHHe 

y - 0 6 i e k l ~ b 1 i i  sec p y ~ b ~ ,  m/.w3. 
~ T H  @0pMyJIhl U03BOJIRH)T paCCPHTbIBaTb UpHBeAeHHbIe 3 a T p a T h l  H a  

~ 0 6 b 1 9 y  1 m noxea~oro  E t c K o n a e M o r o  npn p a 3 n ~ n ~ o f i  A n H H e  4 p o ~ T a  p a 6 o ~  
H p a c n o n o ; K e t r H m  s a e 3 ~ ~ o i i  rn pa3pe3~oG ~ p a ~ m e t i .  B b I n o J I ~ e ~ ~ b r e  H a  

3IJ,BM p a c s e T b I  n o K a 3 ~ s a m ~ ,  rIT0 OIITHMaJlbHaR AJIHHB @ ~ O H T ~  p a 6 0 ~  
B CJIYPae UPmMeHeHHR POTOPHbIX 3RCKaBaTOPOR 3Pr-1600 H IcOHCOJIbHbIX 

o ~ ~ a n o o 6 p a 3 o ~ a ~ e n e i i  OLUP-4500/180 H a  I l o ~ o p o ~ ~ e ~ c ~ o ~  K a p b e p e  

COCTaBJIReT 1600-1800 .%. 3 ~ 0  0 6 y c J I o ~ ~ H s a e ~  H ~ O ~ X O # ~ M O C T ~  BCKPbITHR 

IIO AJITIEIHHO~~ CTOpOHe I f a p h e p H O r O  UOJIR. HJIR AOCTHHCeHHR M e H b m H X  

TPaHCUOPTHbIX pBCXOAOB p e I < O M e H ~ y e T C R  q e H T p a J I b H O e  BCKPbITHe. 

C u C m e A t 0 6  0 m l ~ p b l m 0 6  pa3pa6om~u M~?CTOPO?HA~?HH~ Ha3hIBaH)T yCTa- 

H O B J I ~ H H ~ I ~ ~  IIOPRAOK BbInOJIHeHHR KOMIlJIeKCa IIOArOTOBHTeJI bHbIX, 

BCKpbIUlHbIX H A O ~ H P H H X  p a 6 o ~ ,  0 6 e c n e ~ ~ s a r o 1 q ~ I  IIJIaHOByH) H 6eaonac- 
HYH) p a 3 p a 6 0 T K y  M ~ C T O P O X ~ ~ ~ H H ~ ~  I I p H  PaqHOHaJIbHOM HCUOJIb30BaHHH 

a a n a c o ~  n o n e a ~ ~ x  H c r c o n a e M b I x .  

P ~ ~ H O H ~ J I ~ H ~ A  CHCTeMa O T K P ~ I T O ~  p a 3 p a 6 0 T K H  nOJIH<Ha 0 6 e ~ I I e ¶ H T b  

~ 0 6 ~ 9 ~  IIOJIe3HOI'O HCKOIlaeMOrO B o 6 a e ~ e ,  COOTBeTCTByIoQeM I'OCyAap- 

CTBeIIHOMY IIJIBHY, IIO K a P e C T B y ,  O T B e P a I o U e M y  HOPMaTHBHbIM T p e 6 o s a -  

HHRM, MaKCHMaJIbHOe er0 H3BJIeVeHHe H 3  H e a p ,  BbICOKYIo UPOH3BOAH- 

TeJIbHOCTb TPYAa H 3KOHOMHPHOCTb I I P H  M ~ K C H M ~ J I ~ H O ~ ~  ~ ~ ~ O I I ~ C H O C T H  

p a 6 o ~ .  C J I ~ A O B ~ T ~ J I ~ H O ,  IlpaRHJIbHO B b I 6 p a H ~ a R  H I IpHMeHeHHaR B KOH- 

KpeTHbIX YCJIOBHRX CHCTeMa O T K P ~ I T O ~ ~  p a 3 p a 6 0 ~ K H  0 6 e ~ n e P H B a e T  Ham-  

BbIClIIyH) ~ @ ~ ~ K T H B H O C T ~  3KCIIJIYaTaqHH MeCTOPOWfCAeHHR H HCnOJIb30Ba- 

H E R  IIPHPOAHbIX PeCypCOB.  

~ ~ H H R T ~ H  CHCTeMa O T K ~ ~ I T O ~ ~  p a 3 p a 6 0 ~ K H  I IpeAOnpeAeJIReT T H n  r0p- 
HOTpaHCnOpTHOI'O O ~ O P Y A O B ~ H H R ,  FJIaBHbIe I I a P a M e T P h I  K a p b e p a  E eI'0 OC- 

HOBHhIe 3JIeMeHThI. a TaKHte  TeXHHKO-3KOHOMH9eCKHe UOIca3aTeJIH pa6o . r~  
K a p b e p a  B q e n o M .  BMCOKE~ U O K ~ ~ ~ T ~ J I H  o ~ ~ p b ~ ~ o i i  p a 3 p a 6 0 ~ ~ ~  WCTO- 

~ o S A ~ H H P  AOCTHI'aIoTCR BHf?J(pf?HHeM K O M I I J I ~ K C H O ~ ~  M e X a H H 3 a q H H ,  COOT- 

B e T c T B y I O q e f i  KOHKPeTHhIM YCJIOBHRM I I ~ H M ~ H R ~ M O ~ ~  CHCTeMbI p a 3 p a 6 0 ~ ~ H ,  

YPOBHH) H COCTORHHH) TeXHHPeCKOrO U p O r p e C C a  B O ~ J I ~ C T H  r O p H O r 0  Ma- 

IUHHOCTPOeHHR. C J I ~ A O B ~ T ~ J I ~ H O ,  CyIqeCTByeT TeCHaR B3aHMOCBH3b MeXtAY 

C H C T ~ M O ~ ~  p a 3 p a 6 0 ~ ~ ~  H C X ~ M O ~  MJIH C T P Y K T Y P O ~  KOMIIJI~KCHO% M e x a -  

H H ~ ~ ~ H H .  C a c ~ e ~ a  p a 3 p a 6 0 T K H  o p r a n H s e c K H  o 6 a e ~ ~ ~ ~ e ~  C o B o K y n H o c T b  

TOPHbIX B H P ~ ~ O T O K  K a p b e p a ,  aKTHBHaR ¶aCTb KOTOPhIX HaXOAHTCII B IIPO- 

l(eCCe p a 3 p a 6 0 T K H ,  Ei CHCTeMaTHYeCKH H3MeHHeT CBOe UOJIO?KeHHe B IIpO- 

CTpaHCTBe H CXeMY K O M I ~ J I ~ K C H O ~ ~  M e X a H H 3 a q H H ,  KOTOPaR RBJIIIeTCIi 

OCHOBHHM CO,l@p?KaHHeM TeXHOlIOrHH O T K P H T O ~ ~  p a 3 p a 6 0 T K ~ .  

Hnwe U p H B e A e H a  K J ~ ~ c c H @ H K ~ ~ H R  CHCTeM O T K P ~ I T O ~  p a 3 p a 6 0 ~ ~ ~  
I M ~ C T O ~ O W ~ ~ H E ~ ~  (Ta6JI .  15), B I F O T O P O ~ ~  K J I ~ C C H @ H K ~ ~ H O H H H M H  I IPH3HaKa-  

MH ZIPHHRTbI: C I I O C O ~  TPaHCIlOPTHPOBaHHR BCKPbIIIIHbIX UOPOA B OTBaJlhI, 

enoco6 BeAeHHR BCKPbIIIIHbIX p a 6 o ~  H T H n  UpHMeHReMOI'O I'OPHOTPaHC- 

1 IIOpTHOrO 0 6 0 p y ~ o ~ a H E i R .  3 T a  K J I ~ C C H @ H K ~ Q H H  IIpeAJIOXteHa np0@. 
' M. r. HOBO.HEH~OBHM [16, 20, 231; O H a  H e  RBnIIeTCR O I F O H P ~ T ~ J I ~ H O ~ ,  
' 

B n p 0 q e C C e  COBepmeHCTBOBaHHR TeXHHKH H TeXHOJIOI'HH OTKPbIThIX I'Op- 

H H X  p a 6 0 ~  B03HHKaH)T HOBhIe CHCTeMhI p a 3 p a 6 0 T K H  H HX B a p E a H T b I .  
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~ O T K H  I nnE I 1  K n a c c a ;  sepxaero 
Y C T y n a  ( ~ c T ~ ~ o B ) - C E C T ~ M ~ I  p a a p a 6 0 ~ ~ 1 . 3  
I 1 1  K . n a c c a  

Hnxe PaCCMOTpeHbI OCHOBHbIe P e P T b I ,  I IPHCYWHe K a H E ~ o f i  rpynne 
CHCTeM O T K ~ ~ I T O ~ ~ .  p a 3 p a 6 0 T K H .  

1 U 2 ZpynnbZ. B c ~ p b ~ m y  I IePeMeWaIOT B B H ~ ~ ~ O T ~ H H O ~  IIPOCTpaHCTBO 

BCKpHmHIZMH 3 K C K a B a T O p a M H  ( M ~ X ~ H I ~ ~ C K H M F ~  J I O n a T a M H  HJIH Apar- 
J I a 6 H a M H ) .  ,JJ,o6~ny n p 0 ~ 3 B o A H T  BCeJIA 3a B C K P M ~ H ~ I M H  p a 6 0 ~ a ~ ~ i ,  one- 
P e H t e E H e  KOTOphIX He3HaPHTeJIbHO.  ~ o P H ~ o H T ~ J I ~ H J J ~  HJIlT cna6o HaKJIOH- 

HIZfi JIJIaCT (A0  10') O T ~ ~ ~ ~ T M B ~ H ) T  C p a 3 y  H a  n O J I H y m  MOmHOCTb. 

3 H 4 Zpynna. B c ~ p b ~ m y  I I e p e M e W a l O T  B B h I p a 6 0 ~ a H ~ O e  npOCTpaHCTB0 

KOHCOJIbHbIMH O T B ~ J I ~ ~ ~ ~ ~ ~ ~ B ~ T ~ J I I I M H  HJIH TPaHCIIOPTHO-OTBaJlbHbIMH 

MOCTaMH, O ~ O P Y A O B ~ H H ~ I M I I  JIeHT09HbIMYI K ~ ~ B e i i [ e p a M H .  fl06m~b1e pa- 
~ O T H  BeAYT C He3HaPHTeJIbHbIM OTCTaBaHHeM. M~CTOPOHCA~HHEI r O P H 3 0 H -  

TaJI  bHbIe ,  C BbIAePHEaHHbIMH 3JIeMeHTaMH 3 a J I e r a H H H ,  O I ' ~ ~ H H P ~ H B O ~ ~  

MOWHOCTH. O T ~ ~ ~ ~ T ~ I B ~ ~ O T C H  C p a 3 Y  H a  IIOJIHym MOWHOCTb. 

5 u 6 zpynnbz. Bc~parmy  n e p e M e Q a m T  H E ~ J I ~ ~ H O H O ~ O H E H M M  H n H  amo- 
M O ~ I I J I ~ H ~ I M  TpaHCIIOPTOM H a  BHeIIIHlTe HJIH BHYTPeHHHe OTBaJIJJ. I10 3 ~ 0 g  
CHCTeMe MOrYT p a 3 p a 6 a T b I B a T b c R  MeCTOPOXfEAeHHR nm60r0 THIIa  (I'OpH- 

30HTaJIbHbIf3, HaKJIOHHJJe,  KPYTOIIaAaIOWHe,  I ' J I ~ ~ ~ T H H M ~  H H ~ I ' o ~ H J J ~ )  

c p a 3 n w ~ b 1 ~ m  YCJIOBHRMH 3 a n e r a ~ ~ ~ 1 ,  IIPH r o p H b I x  n O p O A a x  ~11060fi 
K p e n o c T m .  IIPH p a 3 ~ e q e ~ ~ m  BCKPNIIIH H a  B H e m H H x  omanax onepeme- 
H H e  BCKpbImHbIX p a 6 o ~  3HaPHTeJ lbHOe.  f l 0 I ' p y 3 K a l  TpaHCnOpTHpOBaHYIe 

H o ~ ~ a n o o 6 p a 3 0 ~ a ~ ~ e  IIPOH3BOAHTCH O ~ O P Y A O B ~ H Y I ~ M  pa3J IWIHhIX 

THIIOB. 

7 Zpynna. B c ~ p h I m y  TPaHCIIOPTHPYIoT JIeHTOPHJJMH K O H B ~ ~ ~ ~ ~ M B  H a  

B H y T p e H H H e  HJIH BHeIUHYIe OTBaJIbI. M~cToPo?KAC!HHR ~11060fi (POPMM H 

C nm6b1~ YI'JIOM IIaAeHHH (OT I 'OPH30HTaJIbHbIX A 0  K P Y T o I I ~ A ~ H ) Q Y I x ) ,  

BCKpbIIIIHbIe UOpOJ(bI nl06ofi KpeIIOCTH - M R r K H e ,  IIOJIYCKaJIbHJJe H 

n p e g s a p H T e n b H o  p a 3 p ~ x n e ~ ~ b 1 e  c K a n b H b I e .  

M~CTOPOHEA~HHR C rOpH30HTaJIbHbIMH HJIH C J I ~ ~ O H ~ K J I O H H H M I I  IIJIaCTa- 

MH (80 lo0) H C M H I ' K O ~ ~  B C K ~ M I I I ~ ~  p a 3 p a 6 a T b I B a ~ ) T  3KCKaBaTOpaMH He-  

I I p e p b I B H O r O  A ~ ~ ~ C T B H R  (MHO~OKOBI~IOB~IMH q e I I H P M H  HJIE POTOPHPYMH). 

~ ~ ~ C T O P O H ~ A ~ H H R  HaKJIOHHPe  H KPYTbIe CO C K ~ J I ~ H O G  B C K P P I U ~ ~ ~  paapaba- 
TbIBaIoT T B X H H I C O ~  q H K J I W H O r 0  A B ~ ~ C T B H R  ( M ~ X ~ H E I ~ ~ C K H M E I  JIOIIBT~MH) 
B K O M ~ H H ~ ~ H M .  C ~ p 0 6 H J I b H 0 - ~ P O X O T ~ T J I ~ H ~ I M H  YCTaHOBKaMH, I IO3BOJIRH)qI -  

MH IIPeABaPHTeJIbHO OTAeJIHTb KPYIIHJJe ,  H ~ T P ~ H C I I O P T ~ ~ ~ J I ~ H L J ~  @ P ~ K ~ H H  
B ~ O P B ~ H H O ~ ~  C K ~ J I ~ H O ~  IIOpOAbl C qeJ Ib IO H3MeJIb9eHHR E X  B MeXaHHPe-  

clcmx ~ p o 6 ~ ~ 1 r t a x  go K O H A H ~ H O H H O ~  KPYIIHOCTH KYCKOB, IIPH~OAHHX AJIR 
TPaHCIIOPTHpOBaHHR JIBHTO9HJJM K O H B ~ ~ ~ ~ P O M .  

8 zpynna x a p a ~ ~ e p n 3 y e ~ c ~  n p H M e H e H H e M  K o M 6 H H H p o B a H - 
H 0 r 0 T p a H C I I O p T a  H BHemHHMH OTBaJlaMH. ~ I C I I O J I ~ ~ Y H ) T C R  I l P H  pas- 
p a 6 0 ~ ~ e  M ~ c T o ~ o ~ ~ ~ A ~ H Y I ~  C 6onbmoH m y 6 ~ ~ o f i  3 a J I e r a H H R ,  I<Or)Ja H a  HHIK- 

HHX YCTYIIaX npYIMeHReTCR ~ B T O M Q ~ H J I ~ H H ~ ~  TPaHCIIOPT,  a H a  BepXHHX - 

> K ~ J I ~ ~ H O A O ~ O H E H J J ~ ~  H n H  K o ~ ~ e f i e p ~ h I f i .  

9 Zpynna. M o q ~ y m  TOJIQY IIOPOA, I I0KPbIBaH)QHX I'OPH30HTaJIbHbIe 

MJIH C J I ~ ~ O H ~ K J I O H H ~ I ~  JlJIaCTM, p a 3 6 H B a H ) T  IIO BePTHKaJIH H a  ABe 30HhI.  

H H H E H H ) ~  3 0 H Y  p a 3 p a 6 a ~ b I ~ a ~ ) ~  DO ~ ~ C T P ~ H C I I O P T H O ~ ~  HJIH TPaHCIIOPTHO- 

O T B ~ J I ~ H O ~ ~  CHCTeMe, a B e p X H m H ,  - no T ~ ~ H C I I O ~ T H O ~ ~  (BO~MOHEHO TaKHEe 

AJIR ee p a 3 p a 6 0 ~ ~ ~  I IpHMeHeHHe I ' H ~ ~ O M ~ X ~ H H ~ ~ I ( H H ) .  M ~ C T O ~ O ? K A ~ H H ~  

O T ~ ~ ~ ~ T M B ~ W T  C p a 3 y  H a  I I o J I H ~ I O [ M O Q H O C T ~  AJIH BO3MOHEHOCTH p a 3 M e W e -  

HMH .BHYTpeHHHX OTBaJIOB. 



K p y n H M e  M ~ ~ O ~ O K ~ ~ H H R  CO 3Ha9HTeJIbHbIh. I  p a C n p 0 C T p a H e H H e M  no- 
nemoro H c K o n a e M o r o  no n n o q a A m  p a 3 p a 6 a ~ ~ s a m ~ c ~  ~ e c ~ o n b ~ ~ l h 1 1 . 1  

rpaHE¶f i l I (HMH MelrcAy COGOH (CM~XHHMH)  K a P b e P H M h l H  UOJIRMH. B 3 a B H -  

CHMOCTH OT ~ O T P ~ ~ H O C T H  B C b I p b e  H ~ ~ O H ~ B O A C T B ~ H H O ~ ~  MOWHOCTH K O M ~ H -  

H a T a  MeCTOpOlrcAeHHe M O K e T  p a 3 p a 6 a T M B a T b ~ H  l IOCJIeAOBaTeJIbH0 OAHHX1 

HJ IH  OAHOBpeMeHHO ABYMR H 6onee C O n p H K a C a I O ~ H M H C c I  ( c M ~ ; K H ~ I M I ~ )  

H a p b e P a m .  

AJIHHe (PHC. 87, a). I I J I o ~ ~ A K H  Y C T y n O B  n p H  3TOM HMeIOT @OPMY IIPIIMO- 

y r o n b H H K a ,  ¶TO RBJlReTCR I IpeHMyl I ( eCTB0M A a H H O r O  cnoco6a, T a K  K a K  
n p H  ~ O C T O H H H O ~ ~  LUHPHHe 3 a X O A K H  Y I I P O W a e T C R  B e A e H H e  ~ ~ ~ O B ~ ~ ~ I B H E J X  

3 K C K a B a T O p H b I X  &I I IYTeBhIX p a 6 o ~ .  H ~ A O C T ~ T O K  I I a p a n J I e J I b H O r O  n e p e M e -  

l I ( e3HR:  H ~ O ~ X O A E I M O C T ~  CHCTeMaTH¶eCKOrO I I e p e H O C a  K P H B O J I H H ~ ~ ~ H O ~ ~  

sacm x e n e s H o A o p o l r c H M x  ny~efi .  
Beepfioe n e p e M e q e H H e  @ p o ~ ~ a  p a 6 o ~  A o c T H r a e T c c I  O T P ~ ~ O T I E O ~ I  nnoma- 

AOK ~ p e y r o n b ~ o f i  @OPMM (pnc. 87, 6). K a l r c ~ a c ~  ~3 HHX p a 3 p a 6 a ~ ~ s a e ~ c ~  
S a X O A K a M H  ~ O C T O H H H O ~ ~  ILIHPHHM, I I p H  BMIIOJIHeHHH P a 3 J I H P H O r O  o 6 z e ~ a  
p a 6 o ~  H a  OTAeJIbHMX y ¶ a C T K a X  @ ~ O H T ~  B CJIy¶ae HCIIOJlb3OBaHHR MHOrO- 

KOBIIIOBMX q e l l H h l X  a K C K a B a T O p O B  H B CJly¶ae HCI lOJ Ib30BaHHH POTOP- 

H M X  a K C K a B a T O P O B  C K O H B ~ ~ ~ ~ ~ H H M  T p a H C n O p T O M  - 3aXOAKaMLI C nepe- 
M ~ H H O ~ ~  I I I ~ T ~ H H o ~ .  ~ O B O P O T  n y ~ e f i  H a  pa6osne r O P H 3 0 H T b I  O c y q e c T s n R -  

e T c c I  B ~ O C T O R H H O M  n y H K T e ,  6 n a r o ~ a p ~  s e M y  n c K n r o s a e T c c I  n e p e z s H x x a  

K P H B O J I H H ~ ~ ~ H ~ I X  Y7XaCTKOB.  TO RBJIReTCR OCHOBHMM I I p e H M Y Q e C T B O M  

cnoco6a. H e n o c ~ a ~ o H  - n e p e M e H H a c I  I U H P H H a  3aXOAOK. ~ ~ ~ ~ A B E I K K Y  

I I y T e f  B e A y T  BCJIeA 3a I l O A B H r a H H e M  3 a 6 o ~  H a  O T ~ ~ ~ ~ T H B ~ ~ M O M  y ¶ a C T K e .  

B e e p ~ o e  n e p e M e q e H H e  @ p o ~ ~ a  pa6o.r same n p H M e H R r o T  IIPEI p a 6 o ~ e  
UeI IHb lX  MHOI'OKOBIIIOBMX 3 H C K a B a T O P O B  Zl TpaHCnOpTHO-OTBaJ IbHhIX  MO- 

CTOB, K O r A a  H a  p a 6 o s ~ x  I I J l O m a A K a X  HMeeTCcI HeCKOJIbKO K e J I e 3 H O A O P O K -  

HMX ny~ef i ,  n e p e H o c  K O T O ~ M X  H a  I ~ P H B O J I H H ~ ~ ~ H H X  y q a c T K a x  c ; r o x e H  ~l 

TpYAOeMOK. Hannmie IIOCTORHHOrO U y H K T a  n P H M M K a H H R  ny~ef i  n p H  

B e e p H o M  cnoco6e n o 3 ~ o n ~ e ~  ~ ~ 0 6 ~ 0  p a c n o n a r a T b  n p o M a m n e H H H e  coopy- 
K e H H R :  TRrOBYIO IIOAGTaHqHIO,  q e ~ T p a J I b H M f i  BOJ(OC~OPHHK, O ~ ~ O H H ~ I ~  

LIYHKThI AJIH l rceJIe3HOAOPOXHbIX COCTaBOB, AHCI IeTPePCKHe  Y C T P O ~ ~ C T B ~ ,  

M a C T e p C K H e  H T. A. 

B c K p b I ~ h I e  3 a n a c ~  I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  n p H  B e e p H o M  n e p e h I e Q e -  

HHI I  @ ~ o H T ~ ,  B C J l y s a e  O A H H ~ K O B O ~ ~  I I IHPHHhI  I I J IOQaAOK B T O p q e  H a p b e p a  

2f O A H H ~ K O B O ~ ~  AJIHHe ( P P O H T ~  p a 6 o ~ ,  no C p a B H e H H I Q  C n i 3 p a J I n e J I b H b I M  IIOA- 

B n r a H m e M  3 a 6 o e ~  c o 1 r p a q a r o T c H  B 2 paaa. 
C~lceualcfioe n e p e M e W e m e  @ p o ~ ~ a  p a 6 o ~  n p e A c T a B n R e T  xonrS~~aqmro 

n a p a n n e n b H o r o  H B e e p H o r 0  (PHC. 87, 6). IIPH  TOM K a p b e p H o e  none 
p a 3 6 ~ s a 1 0 ~  H a  y s a c T r c n ,  o ~ ~ y  s a c T b  KOTOPMX p a 3 p a 6 a ~ b i s a r o ~  c napan- 
JIeJILHMM I I O A B H r a H H e M  @ ~ O H T ~  p a 6 0 ~ ,  a A p y r y I o  - C B e e p H b I b l .  no T a -  

~ o f i  c x e M e  s a q e  O T ~ ~ ~ ~ T M B ~ I O T  K a p b e p H b I e  n o n c I  c ~ e n p a ~ ~ n b ~ o i i  I ~ O H -  

4 ~ r y p a q ~ e f i  B n n a H e .  P a c c ~ o ~ p e ~ ~ a r e  BHAM n e p e M e q e H n c I  @ p o ~ ~ a  p a 6 0 T  

I IPHMeHRlOT TaK2Ke H I r a  OTBaJIaX.  

P a c K p o G H y  K a p b e p O B ,  Y C T a H O B n e H H e  O¶epeAHOCTH HX BCKPMTHR I3 

O T ~ ~ ~ O T K M ,  a T a K K e  sn60p MeCTa  p a C n 0 J I O l r c e H H R  0 6 0 I ' a T H ~ e J I b H 0 f i  @a6- 
P M K K  MeTOAOM B a P H a H T O B  H e J I L 3 R  C ¶ H T a T b  P a q H O H a J l b H b I M ,  TaIC K a K  I I P H  

3TOM H e B 0 3 M O X H O  Y T B ~ P X A ~ T ~ ;  ¶TO B ¶HCJIO C p a B H H B a e M M X  B a p H a H T O B  

DKJIIO.IeH O I I T H M ~ J I ~ H ~ I ~ ~ .  P ~ ~ H O H ~ J I ~ H ~ H  C X e M a  p a ~ H p 0 f i H H  MeCTOP03fCAe- 

~ H i i  3 ~ a ¶ H T e J I b ~ o f i  n J I O m a A H  H CJIO~~CHOG K O H @ ~ ~ ~ Y P ~ ~ E I H  H a  K a p b e p H h I e  

n o n R  H y c T a H o B n e H H e  n o p c I A K a  H H a n p a B n e H n c I  HX p a 3 p a 6 0 ~ ~ ~  A o n x H b I  

6 M ~ b  OCHOBaHhI H a  KOMIIJleKCHOM Pe I I I eHElH  CJIeAYIOlI(HX OCHOBHMX BOIIPO- 

COB: O n p e A e J I e H H e  l IpOMbII l l J IeHHbIX 3 a I I a C O B  B K O H T Y P a X  MeCTOPOXfiAeHHR; 

Y C T a H O B n e H H e  I 'paHHII  K a p b e p H M X  IloJlefi no 3aAaHHbIRI  I I a p a M e T -  

p a M  (gnm~a  ~l m H p m H a  K a p b e p H o r o  n o n c I ,  n p o M M r n n e H H M e  a a n a c ~ ,  H a -  

secmo I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  m T. A.); o n p e A e n e H n e  o 6 a e ~ o ~  BCICPMLII- 

HbIX I IOPOA B K O H T Y P a X  K a P b e P H M X  110JIefl; O I I p e A e J I e H H e  T e K Y Q H X  k,,, 
C p e A H H X  kWp H o ~ @ @ Z ~ ~ H ~ H T O B  BCKPMIIIH H Y C T a H O B n e H H e  r p a H L I q  H a p b e p -  

H o r o  IIOJIR npm k,,, +- min; o q e H K a  K a p b e p H h I x  nonefi no ~ a n e c ~ s e ~ ~ o t i  
x a p a K T e p H c T H K e  m c x o A H o r o  H 0 6 0 r a q e ~ ~ o r o  none3~oro  E i c K o n a e M o r o  a, m 
p, H BMXOAY K o H q e H T p a T a  y,; B P ~ O P  M e c T a  p a c n o n o x e H m  0 6 o r a ~ ~ ~ e . n ~ -  
30fi @ ~ ~ P H K H  C Y g e T O M  P ~ ~ H O H ~ J I ~ H O ~ ~  CXeMM H PICCTOIIHH~~ TPaHCIIOPTZi-  

p o B a H m  I I O ~ I ~ ~ H O ~ O  H c K o n a e M o r o .  

B K a ¶ e C T B e  K p H T e p H R  0 n T H h f a ~ 1 b ~ o f i  P ~ C K P O ~ ~ K H  MeCTOPOKAeHHII  H a  

K a p b e p H M e  n o n f i ,  n o p c I A K a  IX H a n p a s n e H v r R  HX O T ~ ~ ~ O T K H  n p H H H M a e T c n  
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Ha n p a ~ ~ n ~ e  p e a y n b ~ a ~ M  r e o ~ 1 o r o p a 3 ~ e ~ o s a b 1 x  p a 6 0 ~ ,  x a p a ~ ~ e p n -  rcapbepa B, = la. 3 ~ a n  p a a ~ e p ~  ~ a p b e p ~ o r o  n o n c ~ ,  o 6 a e ~  B C I C ~ H I I I H ~ I X  

3 y I o I Q H e  MeCTOpO>IiI;AeHHR, HpeACTaBJIRIOT B BHAe ~ a 6 n ~ q .  ~ ~ ~ K T H ¶ ~ c K H ~  n o p o ~  o n p e ~ e ~ r c ~ e ~  no @ O ~ M Y J I ~ ,  a ~ a n o r ~ ¶ ~ o i i  ( I  I I ,  6). 
p a c c r e ~ h ~  no o n p e n e n e ~ ~ r o  o 6 a e ~ o n  B C I i p b I m H ,  none3~oro  ~ c ~ o n a e ~ o r o  B o 6 4 e ~  B H A ~  o 6 a e ~ ~  B C K ~ H ~ H  H DOJI~BHOTO H c F i o n a e M o r o  B KOHTY- 

H I ~ O ~ @ @ H ~ H ~ H T O B  B C K P ~ I ~ H  B npeAenax B c e r o  M e c T o p o x A e H H c I  ( ~ a p b e p -  pax ~ a p b e p ~ o r o  ~ O J I R  o n p e ~ e n c ~ ~ o ~ c ~  no C.T~AZ;H)WHM B ~ I ~ ~ X ~ H H R M :  

H O r O  IIOJIII) OCY4eCTBJIRIOTCII M ~ ~ K I I I ~ ~ ~ ~ ~ P c K H M H  3 a M e p a M H  HJIH MeTO- 
Ron1 H a H M e H b m H X  K R a A p a T O B .  Anti p a C ¶ e T O B  no nOCJleAHeMJ' M e T o n y  

M e c T o p o x a e H n e  A e z c I T  H a  a n e M e n T a p H M e  o6ae~h1 c n n o q a A c I M H  o c H o s a -  
~ H f i  Y @ O P M ~  K B a g p a T O B ,  CTOPOHM I<OTOpbIX p a B H b I  PaCCTOcIHHIO MeX<AY 

c K n a X m a M F i .  0 6 q ~ e  o6ae~b1 BCKPMZUH HJIH I I O J I ~ ~ H O ~ O  m c K o n a e M o r o  

B I I p e A e J I a X  MeCTOpOXEAeHHR OIIPeAeJIIIIOTCcI K a K  C y M M a  3 J I e M e H T a p H b I x  

0 6 a e ~ o B .  
I I ~ H  p e m e H n H  3 a j a u H  no p a c ~ p o i i ~ e  K a p b e p H o r o  n o n f i  c U p n M e H e H H e M  I 

3I4BM ~ ~ O H ~ B O J I ~ H ~ I I  @ o p ~ a  K a p b e p r I o r o  noJ Ic I  MOHCeT 6 H ~ b  3 a M e H e H a  

npasmnb~oii  r e o ~ e ~ p a s e c ~ t o i i  I # I H ~ Y P O L Y Z  (CM. PHC. 88), s ~ o  y n p o w a e T  

n o n r o T o B K y  3anasn K p a c s e T y .  IIpz  TOM n a p a a n e a b H o  JIHHHHM c K B a x m  

O n H c b I B a e T C H  KOHTY]) M e C T O p O X A e H H R  MHHHMaJIbHbIM IIpt IMOYrOJIbHH- 

KOM. CTOPOHH IIPRMOYrOJIbHHI ia  YCJIOBHO l lPHHHMaIOTCR 38 KOOpAHHaT- 

H b I e  ocm, a HX nepeceseme - 3 a  H a s a n o  K o o p A n H a T .  3a n p e A e n a M E z  

K O H T Y P a  MeCTOpOXiAeHHII IIO C e T K e  A ~ ~ C T B H T ~ J I ~ H ~ I X  C K B a W H H  RBOAHTCH 

CKBaWHHbI  @ H K T H B H ~ I ~  ( H Y J I ~ B H ~ ) ;  3 a M e H a  HCTHHHOrO K O H T Y P a  MeCTO- 

p 0 ) K A e H H R  ~ H K T H B H H M  He BJIHfieT H a  BeJIH¶HHY 3 a I I a C O B  H 0 6 a e ~  BCKPbIUI- T ~ K H M  0 6 p a 3 0 ~  MHOrOKpaTHO UpOH3BOAcIT p a c I i p 0 i i K y  M e C T O p O > I c ~ e -  
HbIX DOPOA B K O H T Y p a X  MeCTOPO1KAeHHII. HHII mi ~ a p b e p  BO B C ~ X  H ~ D P ~ B J I ~ H H ~ I X .  H n c ~  ~ a x i ~ u r 0  B ~ P H ~ H T ~  3qBfiI 

A J I ~  O ~ P ~ A ~ J I ~ H H ~ I  K ~ P ~ ~ P H O ~ O  n0nc1  c M H H H M ~ ~ ~ H ~ I M  I C O ~ @ @ H ~ H ~ H -  OnpeAeJIcIIoT K O ~ @ @ H ~ H ~ H T ~ I  B C K P b I m H ,  H 3  KOTOPbIX B H ~ H P ~ H ) T  MHHHbIaJ lb-  
TOM B C I ~ P M ~ H ,  noRne~arqero n e p ~ o o s e p e ~ ~ o i i  p a 3 p a 6 0 ~ K e ,  ~ e c ~ o p o x -  Hbre ,  c o o T s e T c T B y m q m e  TOMY HJIH HHOMY K a p  b e p H o n l y  nonm, I I o A J I e m a q e -  
A e H H e  AeJIcIT H a  K a p b e p H h I e  IIOJIH C 3 a a a H H M M  o 6 a e ~ o ~  n O J I e 3 H O r O  HCKO- MY ~ ~ P B O O ¶ ~ P ~ A H O ~ ~  p a 3 p a 6 0 ~ ~ e .  A H a J I o ~ H ¶ H b I e  P ~ C C Y X A ~ H H I I  H RM¶H- 
n a e ~ o r o  Q, B p a 3 ~ 1 m s ~ ~ x  n a n p a s n e ~ a c ~ x  c m a r o ~  c~e rqe~mn  ~ a w ~ o r o  cJreHmcI B~IIIOJIHR~TCII AJIR o q e H K n  K ~ P ~ C T B ~ H H O ~ ~  x a p a ~ ~ e p r n c ~ ~ ~ ~  HCXOA- 
K a p b e p H O I ' O  UOJIH, P a B H b I M  ETJIH K p a T H M M  PaCCTORHHIO MeHcAY CKBaHi  H- H O ~ O  ET 060ra1qe~noro ~ O J I ~ B H O ~ O  H C K O ~ ~ ~ M O ~ O ,  B H X O A ~  K O H ~ ¶ H O ~ O  np0- 
H I M H .  A y K T a  ( K O H ~ ~ H T ~ ~ T ~ )  Fi ~ @ @ ~ K T H B H O C T H  0 6 0 r a 1 q e ~ n c 1 .  

AJI~I  KOHKPeTHOrO K a p b e p H O r O  ll0JIa OnpeAeJIcIeTCcI  AJIHHa K a p b e p a  OT E J I o K - c x ~ M ~  P e I I I e H H R  A ~ H H O ~ ~  3 a A a s H  no p a 3 p a 6 0 ~ a ~ ~ o M y  X I r O p M T -  
0 no L - L, H ~ H  rnmpm~a ~ a p b e p a  OT 0 no B - B, (cn~. pnc. 88). IIpn MY B K O A ~ X  n f a m ~ ~ b ~  ( ( ~ ~ I H H c K - ~ ) )  n o ~ a 3 a ~ a  ~a p ~ c .  89. EJIOK-cxenra ~ ~ 6 0 -  
 TOM pa n e p e o o s e p e ~ ~ o r o  rcapbef~oro n o n ~  no ~ p r n ~ e p m ~ o  k,,. -t min H 

L, = pa, y, -t max n p e ~ c ~ a s n e ~ a  B n m ~ e  n o r ~ s e c ~ ~ x  H a p ~ I # I n l e ~ w e c ~ ~ x  ~ J I O I E O B ,  

r ~ e  u - ~ ~ C C T O ~ I H M ~  M ~ X A Y  C K B ~ H ~ H H ~ M H .  ~ J I O K O B  BBOAa H D ~ ¶ ~ T H .  

O 6 a e ~  none3~oro  n c ~ o n a e ~ o r o  B upenenax ~ a p b e p ~ o r o  n o n c ~  onpe- J Io rwec~ne  ~ J I O K H  I-4 p e a n ~ 3 y m ~  ~b160p C o o T B e T c T B y I o q e r o  H o M e p a  

AeJIcIeTCR K a K  C y M M a  O ~ ~ ~ M O B  UOJIOC, C O C T O c I ~ H X  H 3  3JIeMeHTar)HbIX CKBa?KHHhl B I I p e A e J I a X  M e C T O p O ~ A e H H c I .  3 a T e M  B G J I O K ~ X  6, 9 ,  11,13, 14 
0 6 a e ~ o B  q,, q,, . . . , q,-,; o 6 a e ~  I I O J I ~ ~ H O ~ O  H C K O U ~ ~ M O ~ O ,  ~ ~ K J I H ¶ ~ I ~ H M ~  nPOH3BOAHT DPOBePKJ' hi, i O Hi, I 2 0 33 J I o ~ H ' I ~ c K H ~  n e p e X O A  H a  p a C ¶ e T  

MeHFAY ~ - T ~ I M  H j + 1-bIhl P c I n a M H  C K B a X H H  IIO OCH OX H i - b ~ ~  H i + P - QK no C O O T B e T C T B y I o ~ H M  COCTaBHhIM ¶aCTcIM @OPMY;I. A P H @ M ~ T H ~ ~ C K H ~ I  
- 1-~IM PcIAaMH CKBaSfEHH 110 OCH OY, OIIpeAeJI t IeTCcI  no @ o p M y J I e  6 n o ~  20 BbIsHCJIIIeT Q,. Aanee B 6 n o ~ a x  21 H 22 IIpOH3BOAcIT I I p O B e p K y  

YCnOnHfi  QL 2 Q, C ~ p e 6 y e ~ o H  T09HOCTbK). n p H  BbInOJIHeHHH 3 T O r 0  

YCJIOBHR IIPOH3BOARTCR ( ~ J I O K  23) BdIsHCJIeHHR B,, v;, QL, k,,, a,, PK, YK 
no I I p H B e Q e H H H M  BbIIIIe @ o p M y J I a M .  J IoI 'H¶~cKH~ 6 n o K  25 C p a B H H B a e T  

B M w i c n e H H b I e  ~ H ~ P ~ H H H  k,, H y, c p a H e e  n o x y s e H H M M m  H sano~rnlrae~ 
B c e  n a p a M e T p n  npn k,, -t min H y, -t max. IIocne o 6 p a 6 0 ~ m  A a H H M x  

no B c e M y  M e c T o p o x A e H H m  n e s a T a m T c c I  p a H e e  a a @ m ~ c m p o ~ a ~ ~ a r e  na- 
p a M e T p a T  npn k,, -+ min H y, - max. 

O n p e ~ e n z i ~  H a  I - 1 mare o 6 a e ~  none3~oro  H c K o n a e M o r o  Q, = 
I -  i 

B p e 3 y n b ~ a ~ e  nocnenymqero a ~ a n n 3 a  A a H H a x  IIO m e M y  L r e c T o p o x -  

= 2 Qi, p a ~ H h I i i  s a n a ~ ~ o ~ y  Q:, C TOPEOCTbIO A 0  AQ;, IIOJIY9HM AJIHHY 
AeHrnm n p o r p a M M H o  o n p e A e n c I m T c c I  ~ a ~ 6 o n e e  p a q n o H a J I b H b r e  JXR nep- 

I = O  ~ o o n e p e ~ ~ o i i  p a 3 p a 6 0 ~ ~ ~  ~ a p b e p ~ b ~ e  n o n f i  no K P H T ~ P ~ R M  k,, -t 111in H 
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yK -+ m a X  B B M ~ P ~ H H O ~  CHCTeMe IiOOPAHHaT. Bce n a p a M e T p b I  IlO K a p b e p -  

HbIM IIOJIHM BbIAaIOTCR H a  I I e ¶ a T b  ( 6 x 0 ~  33). 
H e o 6 x o ~ ~ ~ o  IlpOH3BeCTH p a c ~ p o h y  H a p b e p H o r 0  IIOJIR, n o A J I e m a q e r 0  

n e p ~ o o . r e p e ~ ~ o i i  pa3pa60~1ie, C e ~ e p ~ o r o  ysacwa E o J I ~ I L I ~ - T o K M ~ K c -  

KOrO MeCTOPOlKAeHHR MapI ' aHqeBhIX PYA ( ~ H c .  90). B AaHHOM I I p H M e p e  

PaCCMOTpeHbI A B a  B a p H a H T a  Pa3BHTHH I'OPHbIX pa6o~ :  B MepHAHOHaJIb-  

HOM n III IT~OTHOM H a n p a s n e H m x .  C ~ e q e ~ ~ e  p a c s e T a N x  r p a m q  K a p b e p -  

HbIX 110JIefi IIPOH3BeAeHO C IIIarOM, P a B H b I M  PaCCTORHHIO M e X A Y  CMeiK- 

HbIMH CKBalKHHaMH. ~ P H  BbIJlOJIHeHHH paC¶eTOB IIPHHRTbI MIIHH- 

~ a n b ~ b ~ i i  0 6 n e ~  3anac0~  110ne3~0ro H c I i o n a e M o r o  B K o H T y p a x  K a p b e p -  

H o r o  IIOJIR, T. e. Qk = 
= 45 k 2 MJIH. m I l p H  AJIHHe 

@ ~ O H T ~  p a 6 o ~  LK, ~ ~ B H O G  
2,5 M. 

B ~ a 6 n .  16 IIpeACTaB- 

n e H M  H C K O M ~ I ~  n a p a M e T p M  

c o n o c T a s n R e M h I x  aapbep- 
HHX noneii. 

I I p ~ s e ~ e ~ ~ a r e  noaaaa- 
T e n t i  K a p b e p H N x  none5 co- 1 

OTBeTCTBYIOT MlXHHMaJIbHbIM 

( ~ ~ c ¶ ~ T H H M )  H MaKCHMaJIb- 1 
HbIM 0 6 5 e ~ a M  IIOJIe3HOrO 

HCKOIlaeMOI'O. 

Ha PHC. 90 I I O K ~ ~ ~ H F J  
K a p b e p H n e  IIOJIR N? 1 H 2, 
KOTOPbIe I IOABePraIOT n e p B 0 -  

osepe~HOf pa3pa60TKe pac. 
90. Csrma pac~pofina MwTopoHtjqcnnn Ha napbepmle 

p a 3 B H T H H  rOPHbIX p a 6 o ~  B  no.^^: 1 ,  2 - CooTseTeTseHHo Kapbepm M i u 2 

MePHAHOHaJIbHOM H a I l p a B -  

JreHnrn. ,IT,nR p e m e H n R  ~ o n p o c a  M e c T a  a a n o w e ~ ~ a  B c K p n s a I o q r i x  

sb1pa60~0~  H H a I I p a B J I e H H H  I l e p e M e q e H I i R  @ ~ O H T ~  p a 6 o ~  n e p B 0 -  

oqepeAixoe K a p b e p H o e  none Aenm H a  PRA IIOJIOC, n a p a x n e n b H b I x  6 y ~ y -  
q e M y  @POHTY p a 6 o ~  K a p b e p a .  ~ P H  COH3MePHMbIX AJXHHe Ei IIIlXpHHe 

I < a p b e p a  none AeJIHTCR H a  ABe I 'pyIInbI B3aHMHO IIePIIeHAHKYJIRPHbIX IIO- 

noc, n a p a n n e n b H M x  ero r p a H H q a M .  no n p n s e ~ e ~ ~ o i i  snme n p o r p a M M e  c 
n p H M e H e H H e M  3qBM no 3 a A a H H O M y  K P H T e P H I o  ( K O ~ @ $ M ~ H ~ H T Y  BCKPbIILIH, 

c o A e p H t a H H x o  nonesnnx K o M n o H e H T o B  B pyAe H ~ p . )  o n p e A e n R e T c R  nono- 
ca, n o A n e m a q a R  n e p ~ o o s e p e ~ ~ o i i  o ~ p a 6 0 ~ K e  ( ~ e c ~ o  BCKPMTHH 

H a p b e p H o r 0  nona) , m H a n p a s n e H n e  n e p e h r e q e r r m  @ p o ~ ~ a  r o p H H x  

p a 6 o ~ .  
X a p a ~ ~ e p  p a c n p e A e n e H H R  o 6 n e ~ o ~  ri aroqaoc~ei i  B c H p b I m H n x  nopoA, 

IIOJle3HOl'O HCKOIIaeMOrO H er0 Ka¶eCTBeHHaR X a p a K T e p H C T H K a  MOrYT 

6 b I ~ b  I I P H ~ J I H ~ ~ H H O  YCTaHOBJIeHbI T a K X e  MeTOAOlI rOpHOI'eOMeTpH¶e-  

CKOI'O a H a J I H 3 a 1  ~ 0 ~ 0 p b I i ' r  C ~ O C O ~ C T B ~ ~ T  ~ b 1 6 0 p y  TeXHOJIOI'HH r O p H b I X  pa- 
6 0 ~  H I'OpHOTpaHCIIOpTHOI'O O ~ O P Y A O B ~ H H R .  Ha PHC. 91 IXpHBeAeH r O p H 0 -  

I ' ~ o M ~ T ~ H ¶ ~ c K H ~  a H a J I H 3  C ~ B ~ ~ H O ~ O  y ¶ a C T K a  E o ~ ~ I I I ~ - T o K M ~ K c K o ~ o  

MeCTOPOXAeHHR. 



Pwc. 91. FopHoreomeT- 
pwsec~wit a n m a  Ce- 
BepHor0 ysacTna 6OJIb-  
me-To~ara~cuoro me- 

AJIH n e p B o o ¶ e p e $ ( ~ o f i  O T ~ ~ ~ O T K H  K a p b e p H b I e  IIOJIH j\r: 1 H 2, HeCKOJIbKO 

XYAIUHMH I I O K ~ ~ ~ T ~ J I H M I I  x a p a ~ ~ e p ~ 3 y e ~ c ~  K a p b e p H o e  none 4, paspa- 
6 0 ~ K a  KOTOpOrO A o J I w H a  OCyIQeCTBJIHTbCH BO BTOPYIO O¶epe$(b. Ha PHC. 92 
n o ~ a 3 a ~ a  c x e M a  P ~ C K P O ~ K H  C e ~ e p ~ o r o  y P a c T K a  B o n b m e - T o ~ ~ a ~ c ~ o r o  
MeCTOpOX$(eHHR. 

B o a b m o e  BJrHHHHe H a  IIOpR$(OK H H a l I p a B J I e H H e  pa3BHTIIR  I'OPHbIX pa- 
6 0 ~  B X O H T y p a X  K a p b e p H O r O  HOJIH O K ~ ~ M B ~ ~ T  MeCTO p a 3 ~ e q e ~ ~ a  060- 

r a T m e n b H o r o  I c o M n n e K c a .  B b 1 6 o p  M e c T a  ero p a c n o n o H t e H H R  npennona- 
T a e T  y C T a H O B n e H H e  V e H T p a  TH?KeCTH 3 a n a C O B  IIOJIe3HOI'O HCKOIIaeMOI'O 

B KOHTYpaX MeCTOPOIKneHHR ( K ~ P ~ ~ P H O I ' O  IIoJIR) H ~ ~ ~ H o H ~ J I ~ H o %  I'PY- 
~ O T ~ ~ H C I I O P T H O ~  CBH3H $(O~HPHHX rOPH30HTOB C IIOBePXHOCTbIO, 06ecne- 
¶ H ~ a I O I q e f i  MHHHMaJIbHOe PaCCTOHHHe TPaHCnOPTHPOBaHHR IIOJIe3HOI'O 

H c K o n a e M o r o  no 0 6 0 r a ~ ~ ~ e n b ~ o f i  ( P ~ ~ P H K H .  

Ana O l I p e n e J I e H H R  4 e H T p a  T R X e C T H  MeCTOpOIKneHHH ( K a p b e p ~ ~ I ' ~  
IIoJIH) B I I J I a H e  P Y n H O e  T ~ J I o -  P ~ ~ ~ H B ~ ~ T C H  BepTEIKaJlbHbIMH C e K m H M H  
IIJIOCKOCTHMH, IIapaJIJIeJIbHbIMH KOOPnHHaTHbIM OCHM XOZ H YOZ (PHC. 93). 
C EI3MeHeHIIeM i H ~ q e H T P b I  T H ? K ~ C T € ? ~ ~  c€?¶€?HH~~ OnHIUyT KPHBbIe  X = 

= F1 (y) H Yc = F2 (x); TO¶Ka I I e p e C e ¶ e H H R  KPHBMX HBJIReTCH 4 e H T P O M  
THXeCTH MeCTOPO?KneHHH, K O T O P H ~ ~  C C O C T ~ T O P H O ~ ~  CTeIIeHbIO TO¶HOCTm 
MO?KeT 6 h 1 ~ b  O l I p e n e J I e H  H 3  ~ b 1 p a I K e ~ H f i  



Pnc. 03. K onpcnenenkrm 
qenTpa TnmecTa aanaco~ no- 
axeanor0 ucKonaenroro B KOH- 
TYPaX MeCTOpOlKAe~UR (napb- 

epnoro nonn): 
a - npomnmeaaui KOHTYP 
pynHoro Tena MecTopoxcneHun 
(Kapbep~oro norm); 6 - K on- 
penenenurn qeHTpa ~nxcecm 
reonoruwxoro nasneaa Me- - ~. ---  - 
CTopoHcneHan; 8 - K onpene- 6 neHuH) gempa T ~ W W T R  ane- 
MeHTapHOil Tpaneqaa XI reo- 

normecKoro paapeaa 

i 

C I I C T ~ M : P ~ ~ P ~ ~ O T K H  C IIpHMeHeHHeM KOMIIJIeKCOB M a m H H  H e I I p e -  

PhIBHOrO A ~ ~ T B H R  C POTOPHhIMH 3KCKaBaTOpaMH 0~pa60~1 ia  K a p b e p H H X  

nonefi ~ a n 6 o n e e  ~ I $ @ ~ K T H B H ~  IIPH I I a p a n n e n b H o M  n e p e M e q e H H H  I $ p o ~ ~ a  
pa6o.r. H'pylI~hIe MeCTOpOECAeHHR CO 3Ha9HTeJIbHhIM P a C I I p O C T p a H e H H e M  

DO I I J I O 4 a A I l  O T ~ ~ ~ ~ T H B ~ I ~ T  HeCKOJIbKHMH K a P b e P H b I M H  IIOJIRMH, I'paHH- 

9 a 4 H M H  MeECnY ~060ii .  B H a C T O H 4 e e  B p e M R  B I I p a K T H K e  I IpOeKTHpOBa-  

HHH AJIII O T P ~ ~ O T K H  K a X A O r O  113 3THX I IoJ Ie f l  I l p e A y C M a T p H B a e T C R  np0- 
XOAKa K a I I H T a J I b H P X  li p a 3 p e 3 H b I X  T p a ~ m e f i .   TO BhI3hIBaeT ~ e o 6 x o ~ ~ -  
MOCTb BPIIOJIHIITb 3Ha9HTeJIbHbIe  0 6 a e ~ b 1  I 'OpHOKaIIHTaJIbHbIX pa6o.r H 

T p e 6 y e T  6 o n b m ~ x  KaIIHTaJIbHbIX B J I o X ~ H H ~ ~  H a  HX BhIIIOJIHeHHe. H O ~ T O M Y  
H ~ O ~ X O ~ H M O  H3hICKaTb IIYTH YMeHbLUeHHR O ~ ~ ~ M O B  I'OPHOKalIHTaJIbHbIX 

p a 6 0 T  B ~ a c w ~ a 6 a x  p a a p a 6 0 ~ ~ ~  BCerO MeCTOpOHCAeHHII H a  OCHOBe YCTa- 

HOBJIeHHR ~a1160~lee PaQHOHaJIbHhlX C I I O C O ~ O B  BCKPhITHR B l IOPRAKa OT- 

pa60~1cn CMeiIiHHX K a P b e P H b I X  noneii. 

B I I p H H q H I I e  P ~ ~ H o H ~ J I ~ H ~ I ~  C I I O C O ~  BCKPPTHII  H IIOPRROK O T ~ ~ ~ O T K H  
M ~ C T O P O X A ~ H H ~  MOrYT 3aHJIIOPaTbCR B CJIeayIQlI(eM. 

n0CJi0 O T P ~ ~ O T K E I  IIBPBOI'O K a p b e p H O r O  IIOJIR a0 er0 IIpOeKTHbIX KOH- 

TYPOB (pnc. 94) o c r a e z c R  B H ~ ~ A H ~ R  T p a H m e R  1 H s ~ p a 6 0 ~ a ~ ~ o e  npo- 
CTPaHCTBO 2, HCIIOJIb3YeMOe B ~ a J I b ~ e f i I J l e ~  a J I R  p a 3 M 0 I Q e H H R  I t O p O g  

BCKPbIIIIH OT IIPOXOAKH pa3pe3~0fi TpaHzLIeH 3 AJIR O T ~ ~ ~ O T K H  CM0)fFHOrO 

H a p b e p H o r 0  IIOJIR. 3 ~ y  pa3pe3~ym T p a H m e I o  (B ~ a ~ ~ b ~ e i i r n e m  6 3 7 ~ ~  
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H a 3 b I B a T b  ee B c I I o M o I ' ~ T ~ J I ~ H o H  pa3pe3~ofi T p a ~ I l I e e f i  HJIH B ~ I P ~ ~ O T ~ H H M M  

IIPOCTPaHCTBOM AJIR O ~ ~ C I I ~ ¶ ~ H H R  O T ~ ~ ~ O T K H  CMeXHOI 'O K a P b e p H O r O  IIO- 

JIH) I IpOXOART P a C I I I H p e H H e M  ~ b I e 3 ~ ~ 0 f i  T p a H I I I e H  (CO CTOpOHbI  KOHe¶HOI'O 

K o H T y p a  n e p B o r o  ~apbepa)  no n p o e K T H b I x  K O H T ~ ~ O B  pa3pe3~ofi T p a H m e m .  

~ n ~ ~ a  BcIIoMoI'~T€!JI~Ho~ pa3pe3~0g T p a H I I I e H  COOTBeTCTByeT YCTaHOBJIeH- 

HOG AJIIXHe # ~ O H T ~  pa6o.r C M e X H O r O  K a p b e p a .  3 a T e ~  O T ~ ~ ~ ~ T ~ I B ~ I O T  3TOT 

K a p b e p ,  n p w e M  none3~oe H c K o n a e M o e  B b I A a m T  sepea B ~ I ~ ~ A H Y I O  T p a H -  

mew n e p B o r o  K a p b e p a .  T ~ K ~ M  06pa30~,  n p H  O T ~ ~ ~ O T K ~  B T o p o r o  K a p b e p -  

H o r o  n o m  +PORT pa6o.r 6 y A e T  n e p e M e q a T b c R  noR y r n o M  90" OTHOCH- 

T e n b H o  H a n p a B n e H m  + p o ~ ~ a  pa6o.r n e p B o r o  K a p b e p H o r o  n o m .  IIocne 
O T ~ ~ ~ O T K H  BTOPOI'O K a P b e P H O r O  IIOJIR B ~ H ~ J I O ~ H P H O ~  IIOCJIeAOBaTeJlbHO- 

C T H  B e A y T  p a 3 p a 6 0 ~ ~ y  I IOCJIe~y IOI I (HX K a p b e p H b I X  nonefi, H 3 M e H R R  H a -  

npasneme + p o ~ ~ a  p a 6 o ~  K a X A o r o  nocnenywqero K a p b e p H o r o  n o n R  H a  

yron 90" o T H o c m e n b H o  H a n p a B n e H m R  n p e n M A y q e r o  K a p b e p H o r o  n o m .  
BBXHMM BOIIPOCOM p a 3 p a 6 0 ~ ~ ~  KPYI IHbIX  M~CTOPOXA~HIX~~ I I P H  napan- 

n e n b H o M  n e p e M e q e H m  + p o ~ ~ a  p a 6 o ~  no n p e A n a r a e M o M y  n o p R A K y  o T p a -  

~ O T K M  K a p b e p H h I X  n0JIefi RBJlI IeTCR O P r a H H 3 a q H R  I I e p e X O A a  H a  0 ~ p a 6 0 ~ I z y  

CMeXHOI 'O  K a p b e p a .   TO BbI3BaHO T e M ,  ¶TO AJIR O ~ ~ C I I ~ ~ ~ H H R  H e I I p e p b I B -  

EIOCTH A O ~ M P H ~ I X  pa6o.r B n e p e x o ~ ~ b 1 6  n e p H o A  C M e m H o e  K a p b e p H o e  none 
CJleAyeT IIOAI'OTOBIXTb K 3 K C I I J I y a T a q H H  3a KOPOTKHH C P O K ,  MaKCHMaJIbHO 

H C I I O J l b 3 0 B a B  BO B p e M e H H  BCKpbIII IHOe r O p H O T p a H C I l O p T H O e  O ~ O ~ ~ A O B ~ H E ~ ~ ,  

a a ~ a n ~ n ~ a e ~ o e  H a  o ~ p a 6 o ~ ~ e  npeAbIAyqero K a p b e p a .  

ICapbep~oe none, H a M e s e H H o e  K nep~oosepen~of i  p a 3 p a 6 0 ~ ~ e  ( c ~ .  
PHC.  94) B C K P P B a I O T  K ~ I I H T ~ J I ~ H o G  H pa3pe3~0G T p a H I I I e R M H  H o~pa6a~b1-  
BaIOT ll0 K O M ~ H H H ~ O B ~ H H O ~ ~  CHCTeMe p a 3 p a 6 0 ~ ~ ~ 1  C OCTaBJIeHHeM BbIe3A- 

HOG T p a H I I I e H  AJIR BbIAa¶H I IOne3HOI 'O IXCKOIIaeMOI'O, I I P H ¶ e M  BbIe3AHYIO 

T p a H m e m  O c T a B n m o T  co CTOPOHH C M e m H o r o  K a p b e p H o r o  n o m .  IIocne 
I I o J I H o ~  O T ~ ~ ~ O T K H  3 T O r 0  K a p b e p H O r O  IIOJIR OCTaeTCR B M ~ ~ ~ O T ~ H H O ~  

I IpOCTpaHCTBO M e X A y  OTI<OCOM BHYTPeHHeI 'O O T B a J I a  H ~ O P T O I W .  K a p b e p a ,  

~ c n o ~ ~ b a y e ~ o e  AJIR p a ~ i i u e ~ q e ~ ~ n  I IOpOH B c K p b I m H  npn n o A r o T o B K e  c M e x -  

H o r o  K a p b e p H o r o  n o n R  K a ~ c ~ ~ n y a ~ a q m m .  
~ O A ~ O T O B K ~  K p a 3 p a 6 0 T K e  C M e X H O r O  K a P b e P H O I ' O  IIOJIR I I p e A y C M a T -  

P H B a e T  P a C J J l H p e H H e  ~ b I e 3 ~ ~ 0 6  T p a H I I I e H ,  O C T ~ B J I R ~ M O H  B I I p O Q e C C e  O T p a -  

~ O T K H  I I e p B O r O  K a p b e p a ,  A 0  I IpOeKTHbIX KOHTYPOB B c I I o M o I ' ~ T ~ J ~ ~ H o ~  

pa3pe3~0fi T p a H I I I e H ,  K O T O p a R  AOJIWHa  .COOTBeTCTBOBaTb H O P M ~ J I ~ H O ~ ~  

P a C C T a H O B K e  rOpHOTpaHCI IOpTHOI '0  0 6 0 p y ~ o ~ a H m R  K H a s a n y  0 T p a 6 0 T K m  

3 ~ 0 r o  K a p b e p a .  

B c I I o M o ~ ~ T ~ J I ~ H ~ I O  p a 3 p e 3 H y I O  T p a H m e I O  (AJIR CO3AaHHR H ~ O ~ X O A H M O -  

r0 B M ~ ~ ~ O T ~ H H O ~ O  I I ~ O C T ~ ~ H C T B ~ )  n p e A y C M a T p H B a e T C R  I IpOXORHTb  r O p H 0 -  

TP aHCI IOPTRbIM O ~ O P Y ) J O B ~ H H ~ M ,  3 a A a J I X H B a e M b I M  H a  npOH3BOACTBe  

B C K P M ~ H ~ I X  ~ 8 6 0 ~  n e p B o r o  K a p b e p a ,  c p a 3 ~ e q e ~ a e ~  nopoa B c K p b I r n m  

B B ~ I P ~ ~ O T ~ H H O M  I I p O C T p a H C T B e .  

B npoqecce p a 3 p a 6 0 ~ ~ ~  n e p B o r o  K a p b e p a  c o 3 ~ a 1 0 ~  pa6osym nnoqaA- 
K Y  4,  H ~ O ~ X O A ~ M Y H )  HJIR 06ec11ese~n~ H O ~ M ~ J I ~ H O ~  p a 6 o ~ b 1  T p a H C I I O p T -  

H O r O  KOMIIJIeXCa M a m H H  IIO I IPOXOAKe B C I I O M O I ' ~ T ~ J ~ ~ H O ~ ~  pa31)e3~0fi 
T p a H I I I e H  IIO IIepe)JOBOMy Y C T y l l y  H AJIR O T P ~ ~ O T K H  3 T O r 0  YCTYIIa  H a  CJIeiK- 

HOM K a p b e p e .  & I H H ~   TOG I I J I O Q I A K H  L; p a B H a  AJIHHe + ~ O H T ~  p a 6 0 ~  110 

I I e p e A O B O M y  Y C T y n y  CMeXHOI'O K a p b e p a .  ~ H P H H E ~  I I J I O q a A K H ,  KOTOPYIO 

I IpHHHMaIOT ~ ~ B H O ~  C y M M e  I I IHpmHbI  ~ K C K ~ B ~ T O ~ H O ~  3 a X O A K l i  53 J I IHpHHbI  

T ~ ~ H C I I O ~ T H O ~  6ep~b1, a T a K X e  6 e p ~ a  ~ ~ ~ o ~ ~ ~ c H o c T H ,  C O C T a B n R e T  60- 
80 Z. ~ ~ H H R T ~ R  J I I H p H H a  I I J I O Q a A K H  I lO3BOJIReT TpaHCI IOpTHO-OTEaf ib -  

HOMY KOMIIJIeKCY MaI l IHH H e I I p e p J d B H O r O  A ~ ~ C T B H R  ~ ~ C I I P ~ I I R T C T B ~ H H O  

I IpOXOAHTb  BCIIOMOI'aTeJIbHYIO p a 3 p e 3 H y I O  TpaHI I I e IO  ll0 OCHOBHOMY YCTYIIY 

OAHOBpeMeHHO C I I p o x o ~ ~ o i i  pa3pe3~0fi T p a U I L I e H  no n e p e A O B O M y  Y C T y I I y .  

Pa6o~ar IIO CO3,L(aHHIO I I J I O q a A K H  MOECHO I IPOBOHHTb  B IIpOlJeCCe I)a3pa- 
~ O T K H  IIePBOI'O K a p b e p a ,  Y B e J I H s H B a R  AJIHHY + ~ O H T ~  pa6o.r ll0 I I e p e n O -  

BOMY YCTYEY H a  B e J I W H H Y  I I IHpHHJJ  pa6oseH I I J IO lqaAKH HJrH Xe C 0 3 x a R a R  

8 T y  I I n O l Q a A K y  B C n O M O r a T e J I b H b I M  r O P H O T P a H C I I O P T H b I M  O ~ O P Y A O B ~ H E Z ~ X . ~  

OAHORpeMeHHO C O T ~ ~ ~ O T K O ~ ~  I I e p B O r O  K a p b e p a .  C 0 3 ~ a ~ H e  I I J I O q a A l c H  

C IIOMOWbIO 3 K C n J I y a T a q H O H H O r O  0 6 0 p y ~ o ~ a ~ m ~  IIPHBOAHT I; ~ M e H b I I I e H H H )  

B n c o T b I  n e p e A o B o r o  y c T y n a  n e p B o r o  K a p b e p a  AJIR C o x p a H e H m R  B e n n s H H M  

r O A O B O r 0  I I O A B H r a H H R  + ~ O H T ~  p a 6 0 ~  I I p H  I IOCTORHHO~~ IIpOH3BOAUTeJrb-  

HOCTH BCKpbIIIIHOI'O O ~ O P Y ~ O B ~ H I I R .  

n p 5 3  OAHHaKOBOM rOAOBOM IIOABHI'aHHH + ~ O H T ~  pa6o.r H O A H H ~ K O B O ~ ~  

npOH3BO)JHTeJIbHOCTH B C K p b I m H b I X  KOMIIJIeKCOB H a  O T ~ ~ ~ O T K ~  I I e p e Q O B O r O  

H OCHOBHOI'O YCTYIIOB C l l p a B e A J I H B O  P a B e H C T B O  

rAe H m Hl - B M c o T a  o c H o B H o r o  H n e p e A o B o r o  BCKPMIIIHHX YCTYIIOB, 

a,; 
L m Ll - AJIHHa + ~ O H T ~  pa6o.r IIO OCHOBHOMY li IIepexOBQMJ' y C T y -  

n a M ,  a; 
IIpn p a 3 p a 6 0 T K e  n e p e A o B o r o  y c T y n a  n e p B o r o  I z a p b e p a  A ; I a H a  +p O H T ~  

pa6o.r y s e n H s m T c R  H a  B e n m s m H y  m H p m H b I  n . n o q a A K a  liT H C O C T ~ B H T  L1 + + n. 
AJIR 3 T O r 0  CJIY¶aR ( I  II,11) I I p H M e T  BHA 

HL =Hi (Ll + IT) .  ( I II , l2)  

Y M ~ H ~ I I I ~ H H ~  BbICOTbI I I e p e A O B O r O  Y C T y I I a  3a C¶eT C O ~ A ~ H E I R  pa6oseH 
I l J IOqaAKI ' i  M O X H O  I I p e A C T a B H T b  ( P O P M Y J I O ~ ~  



rfie S, - r O n O B O e  nOABHraHH0 @ ~ O H T ~  p a 6 o ~ ,  a. 
I I apab fe~p~  nepenoBoro ycTyna H o 6 a e ~  p a 6 o ~  no C O ~ ~ ~ H M H )  IIJIO- 

QanNEi B 3aBHCHMOCTH OT CXeMJd YCTaHOBKH O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I H  

OLnP-4500/180 H MOQHOCTH IIOKPPBaIOQEX IIOpOn IIPH COOTBeTCTBY- 

m q m x  e2i napaMeTpax cucTeMm p a 8 p a 6 0 ~ ~ ~  npHseneHar B T ~ ~ J I .  17. 

O T B ~ X O O ~ ~ ~ ~ O B ~ T ~ J I ~ ,  OLUP-4500/180 ycTariosneH ria Kposne nnacTa 

O~saaoo6pa3o~a~enb OIUP-4500/180 ycTariosnen Ha nonse nnacTa 

A ~ a n ~ a  RaHHhIX, IIpHBeneHHbIX B ~ a 6 y .  17, nOKa3bIBaeT, ¶TO p a 6 0 ~ ~  

no C O ~ ~ ~ H H K )  pa6oseiir nnowanmi ~ O J I = H ~ I  HawiHaTbcFi 3a 1,5-6,8 rona 
no oKoHnalrHH O T ~ ~ ~ O T K H  nepBoro Kapbepa; exeronHo o 6 a e ~  p a 6 o ~  npn 
3TOM BO3paCTaeT H a  560-960 THC. A'. IIO~TOMY MONHO PeKOMeHnOBaTb 

n n ~  BbInonHeHm y ~ a 3 a ~ ~ o r o  o 6 a e ~ a  p a 6 o ~  BcnoMoraTenbHoe ropHoTpaH- 
CIlOpTHOe 060py~(osa~ne ,  npH¶eM ~ O ~ O B O ~  o 6 a e ~  3THX p a 6 0 ~  YMeHb- 

IUHTCH, eCJIH yBeJIH¶HTb CpOK HX BhIllOJIHeHHH. BhInOJIHeHHH yKa3aH- 

HbIX pa6o.r MOrYT 6bITb IIpHMeHeHbI 3KCKaBaTOpbI IpKJIH¶HOrO neH- 
CTBHH CO CpenCTBaMH KOJIeCHOI'O TpaHCnOpTa HJIH CKpenepaMH, KOTOPbIe 

oGecne¶n~am~ noHmxelrae B M C O T ~ I  nepenoBoro ycTyna. 
Y e e n a s e ~ ~ e  CTOHMOCTH p a 3 p a 6 0 ~ ~ ~  1 nt3 B C K P H ~ H  no IIepBOMY 

Kap bepy BCJIenCTBHe BbInOJIHeHHH nOnOJIHHTeJIbHOr0 06'beMa pa6o.r 6 y ~ e ~  
He3Ha9EITeJIbHhIM, O C O ~ ~ H H O  eCJIH BeCb 0 6 a e ~  pa60T ll0 C03naHHIO pa6o- 
seii n n o q a n m  oTHecTH H a  60~1ee n ~ ~ z i ~ e n b ~ b ~ i i i  nepnon ( ~ a n p ~ ~ e p ,  H a  

cpo~c cyrqecTBosaHm ~apbepa) .  

Am: = m:-b - (H+ 0,5H1) (ctg a +ctg B) -0,2H, W, (111,17) 

rne b - mmpma sb1e3naot1 TpaHmeH ~ O H H ~ Y ,  W. 

IIo MeTonHrce, n p r n ~ e n e ~ ~ o i i  BbIrne, ycTaHasnmamT napaMeTpar nepe- 
ROBOrO YCTyna H o 6 a e ~  p a 6 0 ~  no IlpOXOAKe B C ~ ~ O M O ~ ~ T ~ J I ~ H O ~ ~  pa3pe3- 

HOG TpaHmevr (~a6.n. 18). 
T a S n a q a  18 

OBnem p a B o ~  no co3~arrrrm ~cnomora~enb~oi i  pa3peanoii Tpanrueu 
no nepeaoBomy y c ~ y n y  u napaareTpm aToro yeTyna 

O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ . ? ~  0UP-4500/180 YCTaHOBJIeH Ha Kposne nnacTa 

IIpa pacmapeHm ~ c n o ~ o r a ~ e n b ~ o i i  paapea~oii  TpaHmeH no nepexo- 
BOMY YCTYIIY A0 I I P O ~ K T H O ~ ~ [  BeJIH¶HHhI, O T P ~ ~ O T I C O G  Or0 06mli~i C III3pBbIh.I 

Kapbeporu @POHTOM, BracoTa aToro ycTyna RonmHa 6b1~b CHniKetIa OT 3,s 
A0 6,s W. UpH aTOM B03HHKaeT H ~ O ~ X O ~ ~ I M O C T ~  B Hape3Ke nOIIOiTHHTe2Ib- 

H O r O  YCTyIIa H er0 O T ~ ~ ~ O T K ~  BCnOMOraTenbHbIM 0 6 0 p y ) J o ~ a ~ l i e ~ .  CTOLI- 
MOCTb 1 W3 BCKPbIllIH CymeCTBeHHO BO3paCTaeT. 

BNI IOJ I H~HE~~  3Ha'XHTeJIbHOI'O o 6 a e ~ a  FOPHbIX p a 6 o ~  J(OIIOJIHEITe.Tb- 

HhIM O ~ O P Y J ( O B L ~ H E I ~ M  H KOMIIJIeIECaMH MamliH HenpepMBHOI'O A ~ G C T B M H ,  

n O K a  BbIe3nHYIO TpaHIIIeH) H0 PaCmHPHT A0 IIPOeKTHJdX KOHTYPOB BCIIO- 

n lo ra~enb~o i i  pa3pe3~oi.i TpaHmen no OCHOBHOMY y c ~ y n y ,  yxyAmaeT Tex- 

H H K O - ~ K O H O M H ¶ ~ C I C H ~  n o r c a a a ~ e n ~  ropHbIx pa60T B n e p e x o n ~ ~ i i  nepHo,q. 
llpoxonrca ~ c n o ~ o r a ~ e n b ~ o i i  pa3pe3~oH TpaHmem no nepenoBoMy 

YCTylly BTOPOI'O Kapbepa, nOCJIe OKOH¶aHHH pa60T no IIepeAOBOMy YCTy- 
ny H a  n e p B O M  Kapbepe, OCBO~O>IC~~IOIU,HMCII O ~ O P Y ~ O B ~ H I I ~ M  o6ecnesm- 
saeT BbInonHeHMe pa6o.r B ~ p a ~ s a f i r n ~ i i  cporc npm ~ a ~ ~ e ~ b m e 5  CTonMocTn 
pa3pa60~~11 1 dt3 B C K ~ ~ ~ U I E I ,  B L I C O K O ~ ~  Il~OEI3BOnHTeJIbHOCTH TpyAa 



H MaIiCBMa;lbHOM IICIIOJIb30BaHHEi  B C e r O  BCKPbIIlIHOI'O 3 K C I l J l y a T a q H O H -  

H O r O  0 6 0 p y ~ o s a ~ ~ ~ .  
O p r a ~ ~ s a q m c ~  m T e x H o n o r m  r o p H a r x  p a 6 o ~  no nepexoAy H a  o T p a -  

~ O T K Y  CMe>KHOrO K a p b e p a  AOJImHbI  I I p e A y C M a T p H B a T b  OAHOBPeMeHHOCTb 

O K O H ¶ a E H R  p a 6 o ~  no p a 3 H O C y  B b I e 3 ~ ~ 0 f i  T p a H m e E i  A 0  ~ I ~ o ~ K T H o ~ ~  Il lHPEiHbI  

~ c n o n ~ o s a ~ e n b ~ o f  pa3pe3~oii  T p a H m e m  no OCHOBHOMY H n e p e A o B o M y  YCTY- 

U a M .  O G s e M  p a 6 o ~  no 3THhI  YCTYIIBM, K O T O P ~ I ~ ~  A O J I X e H  COOTBeTCTBOEaTb 

~ P O I 1 3 E O ~ H T ~ J I b H O C T l i  I<OhIIIJl€!KCOB MaI l IHH II B p e M e H H  EiX pa6o~k.1, B b I p a -  

X a e T c R  + o p > f y n o B  (chr.  pmc. 95). 

r A e  L: - z .xmHa  ~ c n o ~ ~ ~ o r a ~ e n b ~ o i i  paape3~ofi T p a H m e B  no OCHOBHOMY 

Y C T y n y ,  &. 

Y ~ e H b I I l e ~ m e  AJIHHbI $ I ~ o H T ~  p a 6 o ~  no n e p e A O B O M y  Y C T y n y  ALl 
n e p I 3 O r O  K a p b e p a  OTHOCHTeJIbHO AJ IHHH @ ~ O H T ~  p a 6 o ~  no 8 T O M y  ?He YCTy-  

IIy C yPeTO?iI ~ ~ O ~ I E T H O ~ ~  I U H p H H b I  B c I I o M o I ' ~ T ~ J I ~ H o ~  pa3pe3~0G T p a H I U e H  

L 2 , u 6 y ~ e ~  T l p O n O p q H O H a J I b H O  o 6 a e ~ y  p a 6 o ~  npti U p O X O A K e  B C n O M O r a T e J I b -  

Horn p a 3 p e ~ ~ o i i  T p a H m e H  c w e m H o r o  I c a p b e p a  npm n p o ~ a ~ o ~ c ~ s e e e  nocne 
O T P ~ G O T H I A  n e p B o r o  H a p b e p a ,  H B e n m P E i H a  ee M o x e T  6b1~b onpenenena 
PeIIIeHIifelw CHCTeMbI C .T IeAYH)~I iX  Y P ~ B H B H H ~ :  

r A e  - r O A O B a R  npOH3BOAUTeJ IbHOCTb  K O M n J I e K C a  M a m H H  IIpm OT- 

pa6o~xe  n e p e A o B o r o  y c T y n a  n e p B o r o  K a p b e p a ,  a3. 
n 0 ~ n e  p e I I I e H H R  CHCTeMbI Y P ~ B H ~ H E ~ C  (111.19) OTHOCHTeXbHO ALl, 

I I O ~ C T a H O B K l %  B b I p a X e H E i R  (111.18) m COOTBeTCTEyIoIQHX n p e 0 6 p a 3 0 ~ a ~ ~ i i  

p a 3 p e 3 ~ y m  T p a H m e m  no BTOMYJCTYII~ (pmc. 95). n o p o ~ b ~  B c I c p b I m l i  T p a H -  

CI lOPTEiPYIoT JIeHTO¶HhIMEi K O H B ~ G ~ ~ ~ M H  E OTCbIl laIoT 0 ~ ~ a J I 0 0 6 p a 3 0 B a ~ e -  

J I eM Om-4500/90 B ~ b I p a 6 0 T a ~ ~ o e  I l pOCTpa l ICTBO.  



I?Ae S - Ce¶eHHe OTBaJIa ,  0 6 p a 3 0 s a ~ ~ o r o  B B ~ I P ~ ~ O T ~ H H O M  IIpOCTpaHCTBe 

npm o T c b I n K e  nopog OT n e p e j q o B o r o  y c T y n a  C M e x H o r o  K a p b e p a ,  

o n p e A e n H e T c r r  no 4 o p ~ y n e  

S, = [R, - A' + (H, + H; - H) ctg a]  H, nc2, (III,25) 

S, = [ R, - A' + (Ho + HA - H) ctg a] (H, + HbH). nc2, (II1,26) . 
rAe R, - p a A H y c  pa3rpy3~~1 ,  at; 

a' - YI'OJI eCTeCTBeHHOI'0 OTKOCa OTBaJ la ,  2 ~ ~ 8 ;  
Ho - BbICOTa OTBaJIa  n O p O A  OCHOBHOI'O YCTYUa,  at; 
Hf - B M c o T a  H n x H e r o  H p y c a  o T s a n a  n o p o ~  n e p e j q o B o r o  y c T y n a ,  nz; 
A '  - paCCTORHHe M e X H y  OCbIo B p a t Q e H H H  o ~ ~ a n o o 6 p a 3 0 ~ a ~ e n ~  If 

B e p x H e f i  6 ~ 0 ~ ~ 0 6  6 0 p ~ a  OCHOBHOI'O y c T y n a ,  at. 
~ P O H ~ B O J ( I I  COOTBeTCTBYIOQYIO IIOACTaHOBKY B b I p a X e H ~ f i  (III,25) EI 

( III,26) n cgenan npeo6pa30~a~nrr ,  n o n y s n M  4 o p ~ y n y  

1 
S =, [R,  - A ' +  (Ho+ Hb - H) ctg a] (Ho+ H: -H), at2, (III,27) 

L: = 
2H;L;AmZk 

[ R p - A t + ( H 0 + H b - H )  ctg a] (H,+ H b - H )  ' at. 
(III,28) 

Hnrr TPaHCIIOPTEIPOBaHHH IIOPOAbI IIO IIePeAOBOMY YCTYIIY IIPOXOAlil- 

M 0 i i  paape3~0fi TpaHUIeM YCTaHaBJIHBaeTCR JT,OnOJIHHTeJIbHO K HMe- 

l o w H M C R  500-1000 at K O H B ~ ~ ~ ~ O B .  

T ~ ~ H c I I o ~ T H o - O T B ~ J I ~ H ~ I M  KOMIIJIeKCOM UOCJIe O T ~ ~ ~ O T I C H  I IepBOrO 

K a p b e p a  U ~ O X O A H T  B c n o M o r a T e n b E y l o  pa3pea~ym T p a H m e r o  no OCHOBHO- 

MY y c ~ y n y  B T o p o r o  K a p b e p a .  I L e p ~ o ~ a s r a n b ~ o  H a  ysracnce 300-350 .x 
3TOT KOMIlJIeKC p a 6 0 ~ a e ~  no T ~ ~ H C I I O ~ T H O - 0 T B a J I b ~ o f i  CXeMe C O T C ~ I I I K O ~ I  

IIOpOA BCKpbIlUH B B ~ I ~ ~ ~ o T ~ H H o ~  IIPOCTPaHCTBO. B J ( a J I b H e 6 I l l e ~  DO- 

P O H a  H a  K O H B ~ ~ ~ ~ H ~ I ~  JIElHEiIo O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I ~ M  0111-4500/90 pa3hlc'- 

t Q a e T c H  B O T B a n e .  

lJe~1ecoo6pas~o n a p a n n e n b H o  ~ o ~ s e f i e p y ,  Y c T a H o B n e H H o M y  BAO:: 1, 

B b I e 3 ~ ~ 0 6  T p a H I u e H ,  Y J I O a H T b  OAHH CTaB TOPqOBOI'O 1 ~ 0 H B e f i e p a  CO CTO- 

POHbI B ~ I ~ ~ ~ o T ~ H H o I ' o  IIpOCTpaHCTBa.   TO UO3BOJIElT 1 1 3 6 e X a T b  H a p a W I i -  

BaHHR UepBOI'O K o ~ B e f i e p a  B IIpOI(l3CCe IIpOBeAeHHR B c I I o M o I ' ~ T ~ J I ~ H o ~ ~  

pa3pe3~oii T p a H m e n  no OCHOBHOMY YCTYIIY. M O H T ~ X  ~ o ~ s e f i e p o s  c n e g y e T  

COBMetQaTb BO B p e M e H H  C p a60~06  KOMIIJIeKCa UO TpaHCnOpTHO-OTBaJIb-  

HOG CXeMe,  I I P H P e M  38 3 T 0  B P e M H  AOCTaTO¶HO YJIOXHTb IIO OAHOhlY CTa- 

BY, T a K  KaIC ~ a J I b H e 6 l u E f B  MOHTBX K O H B ~ ~ ~ ~ O B  MOXHO IIPOM3BOAHTb I I P H  

p a 6 o ~ e  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I H  OnIP-4500/180 H a  n e p B o H a s a n b H o  y c T a -  

HOBJIeHHbIe CTaBbI. 

H ~ O ~ X O A H M Y H )  AJIHHY OTBaJIbHOrO I$POHT~ pa6o.r L r  AJIR I I P H e M a  IIO- 

pOA BCKpbImH OT IIPOXOgKH pa3pea~ofi T p a H I D e H  IIO OCHOBHOMY YCTYllY 

(CM. PHC. 96) MOXHO YCTaHOBHTb IIO $ 0 p M y J I e  

r A e  - H ~ O ~ X O A I I M ~ R  U I n p H H a  p a s ~ o c a  6 o p ~ a  B b I e 3 ~ ~ 0 ~  T p a H I I I e H  

A0  npOeKTHbIX KOHTYPOB B c U O M O I ' ~ T ~ J I ~ H O ~ ~  pa3pe3~0g T p a H -  

men no OCHOBIIOMY y c ~ y n y ,  O n p e A e n H e M a H  no 4 o p ~ y n e  

V: - ¶aCTb o 6 a e ~ a  I I O p O g  BCKpbIUIH IIPM IIPOXOAKe BCUOMOI'a- 

TeJ IbHof i  pa3pe3~0fi T p a H I l l e H  UO OCHOBHOMY Y C T y I I y  TpaHC-  

IIOPTHO-OTBaJIbHbIM C U O C O ~ O M ,  at3; 
V: - WlCTb o 6 a e h z a  IIOpOA BCKpbIlllM OCHOBHOrO YCTYIIa OT UpO- 

x o p m  ~ c n o n l o r a ~ e n b ~ o i i  p a 3 p e 3 ~ o i i  T p a H m e n ,  o T c n n a e M b I x  . 
B HHXIIH~ IIPYC OTBama AJIH YCTaHOBKM H a  HeM OTBaJIbHOI'O 

K O H B ~ ~  epa, a t 3 ;  

So - Ce=IeHHe o ~ n a n i ,  o ~ c b ~ n a e k o r o  B ~ b 1 p a 6 0 ~ a ~ ~ o e  IIPOCTpaHCT- 

BO; at2. 
C e s e H H e  O T B a n a  MOHCHO I IpeACTaBHTb ~JIe~yIoQefi  3aBHCHMOCTblo: 

+ (H, +Hi) ctg a'] t H, (ctg a' 3- ctg B ) )  Hb, a2, (111131) 

nnn nocne npeo6pa30sa11~~ 

So = (H, + H:) {LT, - [R,  - A' - Hctg a + (H, +Hi) ctg a']] + 
+ Ho (0,5Ho -I- Hi) (ctg a' + ctg B), a2. ( I I I , 3 2 )  

I I o g c ~ a s n ~  B M p a w e H n e  (III,30) B ~ O P M Y J I Y  (III,29) n o n y s n M  B M p a m e H n e :  

L: = 
HL' ( m H - b )  k-(Vl+Vz) 

S o  
, a. (III,33) 

I I a p a ~ e ~ p ~  O T B ~ ~ O O ~ ~ ~ ~ O B ~ T ~ J I H  OUI-4500/90, Y c T a H o B n e H H o r o  H a  

OTBaJIe B ~ I C O T O ~ ~  30 at Z. Honeel H e  lIO3BOJIHIoT OCyQeCTBlTTb OTCbIIIKy OT- 

B a J I a  C Y C T O ~ ~ P H B M M  ( I I P o ~ I C T H ~ I M )  YrJIOM OTKOCB. H O ~ T O M Y  I I P H  O T ~ ~ ~ O T K ~  

I I o c J I ~ ~ H ~ ~  ~ H C K ~ B ~ T O P H O ~ ~  3aXOAKH IIO OCHOBHOMY YCTYIIY IIepBOI'O 

K a p b e p a  U O P O A ~ I  BCKPMIIIM OT nee H ~ O ~ X O A H M O  p a a ~ e ~ a ~ b  T o n b I c o  B upen- 
OTBaJIbI. 

B n e p H 0 g  IIpOBeJ(eHHH B C ~ O M O I ' ~ T ~ J I ~ H O ~  pa3pe3~06 T p a H I u e H  IIPMHH- 

T a R  TeXHOJIOrEIFI p a 6 0 ~  H e  IIO3BOJIHeT IIOJIHOCTbIo IIPOH3BeCTH OTCbIIIKY 

HHXHeI 'O R p Y C a  OTBaJIOB 683 gehfOHTaHEa OTBaXbHOrO K o H B e 6 e p a ,  YCTa- 

HOBJIeHHOrO BAOJIb B H ~ ~ ~ O T ~ H H O I ' O  UpOCTpaHCTBa.  ~ ~ M O H T H ~ O B ~ H H ~ I ~  
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O T B ~ J I ~ H M ~  Ko~sefiep yCTaHaBnHBaeTCH Ha HHlfCHeM HPYCe OTBaJlOB, a 
~ o p q o ~ a r f  - Ha nnoqaAKe nepeAoBoro ycTyna AJIH O T ~ ~ ~ O T K H  cMeiK- 

Horo Kapbepa. 

O T B ~ ~ O O ~ ~ ~ ~ O B ~ T ~ J I ~ M  OLU-4500/90 oTcbInaeTccr I I H X H H ~  HPYC 

OTBana llpH CWMe rpyHTa HeUOCpeACTBeHHO C OTBajIbHOrO ~ 0 ~ ~ e 6 e p a .  
~ O C J I ~  IIPOXOAKH B C ~ ~ O M O ~ ~ T ~ J I ~ H O ~ ~  pa3pe3~oii TpaHIUeH no OCHOBHOMY 

y c ~ y n y  o ~ ~ a n o o 6 p a 3 0 s a ~ e n b  OIU-4500/90 neperoHHeTcH H a  nnoqaAKy 
HHlICHerO HPYCa OTBajIa AJrH O ~ ~ C I ~ ~ P ~ H H E I  O T P ~ ~ O T K E I  IIepeHOBOrO YCTJWa 

CMelICHOrO Kapbepa (PEIC. 97). K o ~ ~ e f i e p ~ b I e  JIHHHH, YCTaHOBJIeHHble 

P a c n p o c ~ p a ~ e ~ ~ l e  n o n e a ~ o r o  acIconaeMoro Ha 6onbm~x nnoqaanx 
r ~ 6 y ~ ~ ~ ~ ~ H ~ a e ~  H ~ O ~ X O A H M O C T ~  O T P ~ ~ O T K E I  M ~ C T O P O I K A ~ H H ~ ~  HeCKOJIb- 

KHMH rpaHH9aQHMH Me3fEAY ~ 0 6 0 6  CMeXHbIMH KapbepHbIMH IIOJIHDIIT. 

A ~ H  IIpOH3BOACTBa 6 o n b m ~ x  0 6 ~ ~ 0 ~  BCKPbIIIIHMX pa6o.r mHpoKoe pac- 
IlpOCTpaHeHHe UOJIYPHJIH K O M ~ H H H P O B ~ H H ~ I ~ ?  CHCTeMM p a 3 p a 6 0 ~ ~ ~  C npH- 
MeHeHHeM M O q H O I ' O  O ~ O P Y A O B ~ H H H  HeIlPePhIBHOrO H I(HKJIHPHOr0 AeficT- 
BHH. E C ~ K  npasnno, H H X H H ~ ~  ( O C H O B H O ~ )  YCTYII o ~ p a 6 a ~ b 1 ~ a e ~ c ~  no 6ec- 
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T ~ ~ H C U O ~ T H O ~ ~  HnH T ~ E ~ H C I I O ~ T H O - O T B ~ J I ~ H O ~ ~  CHCTeMe, IIepeAOBbIe YCTy- 
IIbI - no T ~ ~ H C I I O ~ T H O ~ ~  CHCTeMe C IIpHMeHeHHeM 3KCKaBaTOPOB HeIIpe- 
pbIBHoro A C ~ ~ C T B H E I  H neHToPHMx x o ~ ~ e i i e p o ~ ,  pacnonaraeMMx no ICOHTY- 

paM Kapbepon. IIpn  TOM nonepe.rHHe ~ o ~ s e i i e p b ~  Ha nepeAosrsx y c ~ y -  
nax CMeXiHLlX IcapbepoB pacnonararoTcn H a  HX o6qeii rpaHHqe n n ~  
B IIPOTHBOIIC).rlO;ICHbIX T O p q a X .  

~ O P H J O I ~  H HanpaBneHHe P ~ ~ B H T ~ I H  ropHbIx p a 6 o ~  npH p a 3 p a 6 0 ~ ~ e  

ChrexHHx KapbepHarx none5 npeAonpeAenHroTca: ropHoTexHHnecmiMH 

YCJIOBHfIhIII; C H C T ~ M O ~ I  p a 3 p a 6 0 ~ ~ ~ ;  o 6 a e ~ o ~  ropHoKanuTanbHbIx pa60.r; 
COAeplrcaIlHehl IIOJle3HhIX H BpeAHbIX KOMUOHeHTOB B H C X O A H O ~ ~  H o6ora- 
~I(€!I~Ho& pJ'Je; CPeAHeI'OAOBbIMH o 6 a e ~ a ~ ~  BCKpbIIIIU; C I I O C O ~ O M  nep€?Me- 
WeHHH $ ~ O H T ~  p a 6 o ~  H T. A. 

Pcrc. 98. Hanpasnene~ H no- 
p w o ~  paastima rop~brx p a 6 0 ~  
Ha CHeXHbIX KaPbBPHbIX UOnnX 

C T P O K T ~ J I ~ C T B O  IP 3KCIIJIYaTaqEEI CMeXHMX KaPbePOB MOlfCeT OCY- 

TeCTBJIEITbCH OAHOBPeMeHHO HJIH B 0npe~eJIeHH0~ OPepeAHOCTH, C Uepe- 
MeTeHHeM $ ~ O H T ~  pa6o.r Ha KapbepaX B OAHOM J I H ~ O  BO BCTpePHMX 

Hanpasneamx (PHC. 98). 
HpH peIUeHHH BOnpOCa 0 B3aHMOCBH3H BCKpbImHbIX H A O ~ H ~ H ~ I X  pa- 

6 0 ~  IIPH p a 3 p a 6 0 ~ ~ e  CMeXHbIX KapbepHbIX none$ a,  6, 6 ,  2, a, e, nocne 
yCTaHOBJreHllH IIOpRAKa H HaIIpaBneHHH pa3BHTHH rOpHbIX pa6o.r Ha 

Ka-XCAOM H3 HHX, B03MOlfCHbI CJIeAYIOqHe BaPHaHThI. 

1. P a a p a 6 0 ~ ~ a  C M e x H M x  KapbepHNx nonefi npH nepeMeqeam $ p o ~ -  
Ta r0PHbIX p a 6 0 ~  Ha KapbepaX B OAHOM HallPaBJIeHHH: IIpH OAHOBpeMeH- 

HOM CTPOHTeJIbCTBe H 3KCIIJIYaTaqHH KapbepOB; UPH IIOOPepeAHOM 

CTPOHTeiIbCTBe EI 3KCIIJIYaTaqHH KapbepOB; nPH H3MeHeHHH OP€?P€?AHOCTEf 

3KCIlJIyaTaqHH A ~ ~ ~ C T B Y I O ~ H X  KapbepOB. 

2. P a s p a 6 0 ~ ~ a  cMexaMx Kapbepmx none5 npH BcTpesHoM HanpaB- 
neHm nepeMeqeHna $ p o ~ ~ a  p a 6 0 ~ .  

n p ~  OAHOBPeMeHHOM H ITOOPepeAOM CTPOHTejIbCTBe EI BBOAe B 3KC- 

n n y a ~ a q ~ r o  rpynnH CMexHbIx KapbepoB, c nepeMeqeHHeM $ p o ~ ~ a  
rOPHbIX pa60T B OAHOM HaIlpaBneHHH, B03MOXHbI CJIeAYIoTHe TeXHOJIO- 

tmecrc~e  cxeBI.rbI pacnoJromeHHa T O P ~ O B H X  I C O H B ~ ~ ~ ~ P O B  (PHC. 99). C x e ~ a ,  



n o ~ a 3 a ~ ~ a ~  Ha PHC. 99, a, npeAnonaraeT p a 3 ~ e w e ~ ~ 1 . e  ~ ~ y x  ~opqosarx 
~ o ~ s e f e p o ~  Ha c ~ e x ~ o i i  r p a m q e  KapbepHiax none6 n p ~  BCKPMTHH 
KapbepOB @JI~HI'oBEJMEI Bhle3AEEJMH TpaHllleJTMH. C X ~ M ~ ,  IIOKasaEHaH Ha 
PHC. 99, 6, npeAnonaraeT p a 3 ~ e q e ~ n e  oAxoro ~3 T O P ~ O B H X  K O H B ~ ~ ~ ~ P O B  
Ha C M ~ X H O G  rpaHuqe KapbepHux noneii H oAHoro Ha @ n a ~ r e  Kapbepa. 

Pk~c. 99. T e x ~ o n o r e s e c ~ ~ e  
cxeanbl pas~eqeann mpqoasrx 
K O H B ~ ~ ~ ~ O B  npa p a s p a 6 o ~ ~ e  
casxttasm Kapsepmn nonefi: 
I - rpanwqa Kapbepnoro no- 
JIR; 2 - O C b  BbIe3nIi0fi WaH- 

men 

IIpm  TOM KamAoe KapbepHoe none BcKparsaeTccI ~ b 1 e 3 ~ ~ 0 i i  ~ p a ~ m e e i i  
a z a ~ r o ~ o r o  pacnonoweans. C x e ~ a ,  n o ~ a 3 a ~ ~ a s  Ha PHC. 99, e, upenno- 
JaraeT p a 3 ~ e q e ~ ~ e  nonepesrrHx ~ c o ~ ~ s e i k e p o ~  I, Topqax ~ a p b e p o ~  ~ ~ O T H -  
BOIIOJIOXHbIX HX C M ~ X H O ~  TPaHHqe. UpH 3TOM KaPbePHbIe UOnR BCKpbIBa- 
HTCR o6qeii B H ~ ~ A H O B  ~ p a ~ m e e H .  

Pacnonoxe~ne  nonepesHarx x o ~ s e i e p o ~  B CMexHMx Topqax Kapb- 
epOB IIpE O ~ H O B ~ ~ M ~ H H O ~  3KClIJIyaTaqHH AByX tInH 6onee KapbepOB H 

nepeMeqenmn a p o n ~ a  p a 6 0 ~  B OAHOM HanpaBneHHH s m b ~ s a e ~  s~aqm-  
TeJIbHhIe TeXHOJIOTHPeCKlle Fi OpraHHSaqHOHHbIe TPYAHOCTH H IIOTePH no- 
n e 3 ~ 0 r o  HcKonaeMoro B qenme   no^ nonepesHuMH x o ~ s e f i e p a ~ ~ .  Ero  
o 6 a e ~  0 6 y c n o ~ n n ~ a e ~ c ~  I'OpHOTeXHH¶eCKHMH YCnOBHIiMH 3aJIeraHHR 

rne b,  - mmpHHa q e n m a  nonea~oro  HcxonaeMoro, w ;  
nr - FOAOBOe n0ABHraHHe @ ~ O H T ~  p a 6 0 ~ ,  A / Z O ~ ;  

h - MOQHOCTb IIJIaCTa, A; 
y - 0 6 ' 6 e ~ ~ b I 6  sec none3~oro  HcxonaeMoro, rn/wS; 

k,, - K O ~ ~ ~ H U H ~ H T  H ~ D J I ~ ~ ~ H E I R  no.xesEoro HcKonaeMoro. 
HpH O A H O B ~ ~ M ~ H H O ~  O T ~ ~ ~ O T K ~  B OAHOM HaIIpaBJIeHHH CMeXHbIX 

r;apbepoB ( ~ a n p n ~ e p ,  jqeiicTB yrowero I I I e s s e ~ ~ o ~ c ~ o r o  H cTpoRrqerocR 
C ~ B ~ ~ H O ~ O  KapbepOB B H ~ x o n o n b c ~ o ~  MapraHqeBOpyABOM 6a~ceGHe) 
n HeApaX 6yAeT OCTaBaTbCR A 0  170-180 TbIC. m PYAbI B I'OA, ¶TO COCTaBHT 
OIiOJIO 7-8% CBePXHOPMaTHBHbIX nOTepb.  TO HeAOUyCTHMO IIpH Be- 
,qeHHH OTKPJJTHX ropHbIx pa6o.r. l 3 p ~  n o o n e p e ~ ~ o i i  p a ~ p a 6 o ~ ~ e  Kapbep- 
HHX noneii B OAHOM HanpaBJIeHnm B O ~ ~ I O X H O  nonHoe I ~ ~ B J I ~ P ~ H H ~  nose3- 
Horo ncIConaeMoro y c ~ e x w o i  rpaHmqbI KapbepoB. I T ~ H  aToM npeAycMa- 
TpHsaeTcs nacTnnHacI n e p e ~ ~ ~ i c ~ a s a q ~ ~  oTsanoB nepBoro Kapbepa. 

I I ~ H  ocBoeHmn cMe?xHHx IcapbepHarx noneii B o n p e n e n e ~ ~ b ~ i i  nepnop 
BpeMeHH IlORBJlReTCR H ~ O ~ X O ~ T , H M O C T ~  I3 FiH~eH~li@tiKaqFiH rOpHbIX pa6or 
Ha OAHOM H 3  HEIX, ¶TO RBJIReTCH CJIeACTBEleM H3MeHeHHR KaPeCTBa Ff MOIQ- 

HocTm none3~01'0 HcxonaeMoro, cnpoca Ha n p o ~ y ~ q 1 1 ~ ) ~  a TaKxe npaMe- 
HeHHR 6onee llpOH3BOAHTeJlbHOI'O BCICPbIIIIHOrO O ~ O P Y A O B ~ H H R .  Cyqe- 
CTBeHHbIe 3aTPYAHeHHR IIPEl 3TOM B03HHICaH)T IIPH H H T ~ H C L I ~ H K ~ ~ J , H H  rOp- 
HJJX pa6o.r Ha Icapbepe B T O P O ~  osepenn, BarpaxeHHHe B ysenweHnn 
er0 r O A O B O r 0  IIOABHraHHR H H ~ O ~ X O A H M O C T H  0 6 r o ~ a  KLlPbepa nepB06 O¶e- 
PeAH.  TO COUpRXeHO C H ~ O ~ X O A E I M O C T ~ H )  OCTaBneHHR Ha PP8HHqe CMeX- 
HbIX KaPbePOB PYAHOrO 4eJIEKa ~ H ~ ¶ H T ~ J I ~ H O ~ X  nP0TRXeHHOCTH AJIR pas- 
MeIqeam nonepesHbIx ~ o ~ s e t i e p o ~ .  

0 6 a e ~  none3~oro  acxonaeMoro, ocTasnReMoro B qenaKe y c ~ e x ~ o i i  
I'paHHqbI KapbepOB, 3aBEICHT OT I'OPHOTeXHWeCKHX YCJIOBH$ Ff napa- 
MeTpOB CHCTeMbI p a 3 p a 6 0 ~ ~ ~  

I . .  ' ' n,, m n,, - rOA0BOe IlOABHraHHe @ ~ O E T ~  KapbepOB n e p ~ 0 6  H 
~ ~ o p o i i  onepe~eii, at; 

AJIH YCJIOBHEI MapraHqeBHX M ~ C T O P O ? K A ~ H H ~ ~  UPH A Q H H O ~  CXBMe 
O T ~ ~ ~ O T I C H  CMeXHhIX KaPbePHbIX II0JIe6 OCTaBJIHeTCR L(eJIHK PYHhI IJIHpH- 
~ o i i  200-250 w H 6onee. IIo~epur p y ~ a r  B Henpax cocTasncIIoT 550- 
700 TMC. m, HnH 6-8% ti 6onee s a n a c o ~  A B ~ X  KapbepHbIx nose$. n o s -  



3Ha4HTeJIbHbIMH TPYAHOCTRMH H ~ p e 6 y e ~  3axa.X%HBaHHFI AOnO.XHHTeJIb- 

, H O r O  I'OpHOTpaHCIIOPTHOrO O ~ O P Y ~ O B ~ H H X .  

Tex~onorkis  p a 3 p a 6 0 ~ ~ ~  CMemHHx ~ a p b e p ~ b ~ x  none6 npn BcTpen- 
HOM HaIIpaBJIeHHH IIepeMeqeHHcI @ ~ O H T ~  HX pa60T yCJIONHReTCf3 TOJIbKO 

B IlePHOA COIIPHKOCHOBeHHR I'OPHbIX B ~ I P ~ ~ O T O I ;  KaPbePOB, pa3pa6a~h1- 

BaIoqEix cMemHare nons. I I o ~ e p a  none3~oro  HcIionaeMoro B qenme ,  
ocTasnseMoM noA T O P ~ O B E ~ M H  ~ o ~ ~ e f  epawm, B  TOM CJI yqae onpeAensIoTcn 

no 4 o p ~ y n e  
qp = 0,5 (11 f 1, t a) b,h~h.,,, m (III,36) 

KIP" ll = l2 = In, @OPMYJIY (II1,36) MOXHO IIpeACTaBHTb B CJIeAYIoJQeM 

BHAe: 

A ~ a n ~ 3  I$op~ynbI (III,37) IIOKa3bIBaeT, sT0 BeJIHsHHa nOABHraHIIcI 

~ P O H T ~  p a 6 0 ~  KaX,4OI'O H3 KaPbePOB H e  BJIHReT Ha IIapaMeTpbI qe.XIX1ia 

none3~01-o HcKonaeMoro y c ~ e x ~ o f i  r p a a q m  iCapbepaMx noneiir. 1lo~ep11 
I I O J I ~ ~ H O ~ O  HcKonaeMoro B yenme npn BcTpegHoM nepeMemeHHH @ p o ~ -  

TOB pa60T KapbepOB COCTaBJInIQT OKOJIO 0,06-0,10/6 o 6 q ~ x  3anaCOB PYAbI 

B JlpeAeJraX AByX KapbepHbIX IIoJIefi. CJIeAyeT OTMeTHTb, ¶TO B MOMeHT 

COIIPHICOCHOBeHHR rOPHbIX ~ b I p 8 6 0 ~ 0 ~  IlpH BCTPe9HOM IIepeMeWeHHH 

( ~ P O H T O B  p a 6 0 ~  CMelKHbIX KaPbePOB EI PaCIIOJTOXeHHH OAHOrO HJIH ABYX 

TOpqOBbIX K O H B ~ ~ ~ ~ O B  H a  HX o6qeii rpaHHqe, Pa3MHHOBICa KapbePOB 

B03MOWHa TOJIbKO IIPH YCJIOBHH OCYUJeCTBJIeHHtI ~ P Y ~ O T P ~ H C I I O P T H O ~ ~  

CBR3H A O ~ ~ I ~ H ~ I X  TOPH30HTOB C IIOBePXHOCTbK) 110 CKOJIb3RqEIM C'be3AaM. 

AHanH3 pa3JIH¶HbIX BapHaHTOB TeXHOJIOrHH I'OpHhTX p a 6 o ~  H a  CMeX<HbiX 

Kapbepax no o 6 a e ~ a ~  noTepb none3~oro  HcKonaeMoro B HeApax noI<a- 

s b ~ ~ a e ~ ,   TO ~a~160~1ee  paqnoHanbHa cne,qyIonpe BapHaHTbI: noonepen- 
Has pa3pa60~1ca CMeXHbIX KapbepOB IIpU pa3BHTHH I'OPHbIX pa6o.r B 

OAHOM HaIIpaBJIeHHEI; Pa3BHTHC rOPHbIX p a 6 0 ~  BO BCTpePHOM HaIIpaBJIe- 

IIHH. 

T O ~ H ~ O H T ~ J I ~ H H ~  H nonorne MecTopomAeHms 110.ne3~1sx HcKonaeMbIx 

pa3pa6a~b1sam~ o6b1s~o no 6 e c ~ p a ~ c n o p ~ ~ o i i  CHcTeMe C npmhreaenneb1 

M O ~ H ~ I X  ~ K C K ~ B ~ T O P O B  ( ~ e x a ~ n ~ e c ~ ~ l e  nonam H , q p a r n a h ~ ) .  B Icaqe- 

CTBe OCHOBHOrO BCKPbIIIIHOI'O O ~ O P Y ~ O B ~ H H R  IIPH 3 ~ 0 g  CHCTeMe IIPHMeHtIIOT 

n p a r n a i i ~ b ~  H MexaHkinecKHe nonam. B ~ ~ B H C E ~ M O C T H  OT nopsAKa nepe- 
M e q e H H n  BCICPbIIIIHbIX nOpOA H a  B H Y T P ~ H H H ~  OTBaJI pa3JIH4aK)T IIpOCTYIO 

Z i  yCJIO?KHeHHyIo 6 e c ~ p a ~ c n o p ~ ~ a r e  CHCTeMH p a 3 p a 6 0 ~ ~ ~ .  

Hpu npocmod 6ecmpa~tcnopmnoii cucmeme pa3pa6omxu ( p ~ c .  100, a) 
nOpOAH pa3MeqaIoTCcI BCKPbIIIIHbIM 3KCKaBaTOPOM B B ~ I P ~ ~ O T ~ H H O M  

IIpOCTpaHCTBe Kapbepa 3a npeAeJIaMH T P ~ H C I I O P T H O ~ ~  IIJIOQaAKH (a), 
o c ~ a ~ n s e ~ o i i  A.ns A O C T ~ B K H  I I O J I ~ B H O ~ O  HcKonaeMoro. IIocne o ~ p a o ' o ~ ~ m  
B C K ~ ~ I U I H O ~ ~  3aXOAKH H a  AaHHOM YPaCTKe I $ ~ o H T ~  pa6o.r npOH3BOAHTCH 

BbIeMKa noneaaoro ncKonaeMoro. IIpn pacseTe napaMeTpoB 6 e c ~ p a ~ c -  
I I O ~ T H O ~ ~  CHCTeMbI p a 3 p a 6 0 ~ ~ ~  H JIHHefiHbIx pa3MepOB BCKPbImHOrO 060- 

PyAOBaHMcI HCXOACIT H3 YCJIOBHH PaBeHCTBa BCKPMJ~IHOG H O T B ~ J L H O ~ ~  

3aXOAOK 1,  2, 3, 4 H IT ,  2', 3', 4'. 

Vo = HoA - 0,2tSA2 tg $, nc3, (Iv12) 
rAe H - BbICOTa BCiCpbIIIIHOrO YCTYna,  JZ; 

Ho - BbICOTa OTBaJIa, ,U; 

kp - ~ I C O ~ @ @ H ~ H ~ H T  pa3PJJXJIeHHR DOPOfibI B OTBaJIe; 
A - IIIHpHHa 3aXOnKH, X; 

P - yron oTKoca omana, zpad. 
BbIco~a OTBaJIa MOmeT ~ M T L  OnpeAeneHa H3 paBeHCTBa T/; = Vo H 

COCTaBHT 

H, = Hk, + 0,25A tg J3, A$. (1V,3) 

H p a k p H f 0 , 2 5 A t g $ - - h - ( H e  H,), X, (1V,4) 
R , ~ L l + h c t g a + l ~ c t g ~ + a ,  jrc, (IV,5) 
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rze Ll - P a C C T O R H H e  OT OCH 3 K C K a B a T O p a  A 0  B ~ ~ x H ~ G  ~ P O B K E I  A O ~ ~ I P -  
. H o r o  y c T y n a ,  x; 

H, - B M c o T a  s e p x H e r o  n o A y c T y n a  npn p a 6 o ~ e  ~ e x a ~ r m e c ~ o f  no- 
n a T b I  H, = H (npm p a 6 o ~ e  ~parnai iaa  H, = 0,5 - 0,7H0). 

Ycnomnenna~ 6ecmpancnopmna~ cucmeaa pa3pa6om~u x a p a K T e p H -  

3YeTCR K ~ ~ T H O G  I I e p e 3 K ~ K a B a q Z f e f i  BCKpbIIIIHJdX I lOpOA B B ~ I P ~ ~ O T ~ H H O M  
IIpOCTpaHCTBt? Zi npHMt?HReTCR I l p H  HeAOCTaTO¶HHX I l a p a M e T p a X  o6opy- 
DOBaHHR E J I H  I I P H  YBeJ IH¶eHHH MOWHOCTR B C K P b I m H  (CM. p H C .  100, 6). 

I l p ~  3 T o M  nopoAa H e  M o w e T  6h1~b p a ~ ~ e q e ~ a  a K c K a B a T o p o M  3a npeAena- 
hCH T ~ ~ H C I I O P T H O ~ ~  IIJIOJqaAKZf B B H ~ ~ ~ O T ~ H H O M  J lPOCTPaHCTBe  H ¶aCTH¶HO 

n.TH IIOJIHOCTbIO I IOABaJ IHBaeT  AO~H¶HHG Y C T y n .  A n c ~  O C B O ~ O ? K A ~ H ~ H  AO- 

~ H ¶ H O ~ O  YCTYDa  H T ~ ~ H C I I O ~ T H O ~ ~  nJIOlII,aAKH OT H a B a J I a  I I O p O A H  ¶ a C T b  

B c g p a r m x z  (aam~pxxxosa~a) n e p e 3 ~ c ~ a ~ m p y e ~ c n  H y I c n a A a r s a e T c H  B H H ~ -  
H I I ~  H B ~ P X H H ~  R P Y C h I  OTBBJIB. 

Ann n e p e 3 ~ c ~ a ~ a q ~ m  noponar n p n M e H R I o T c n  ~ p a r n a f i ~ a r ,  pacnona- 
r a e M m  H a  pa6o.ref n n o q a A K e  o T a a n a ,  Ann sero  H H X H H ~ ~  npyc o T B a n a  

l I ? I a H H p y e T C R  l I e p e 3 ~ ~ K a ~ a q l T e f  I I O p O A N  H a  T p e y r O n b H H K a  C 1' d. 0 6 a e ~  
I I e p e 3 K C K a B a q H H  npm CO3AaHHH pa609eti IIJ IOJqaAKH B OTBaJ Ie  3 a B n C H T  OT 

c x e M a r  y c T a H o B K m  RparnaH~a H a  o T s a n e  (BMCOTM n p e A o T s a n a  Hm). 
0 6 . a e ~  n e p e 3 ~ c ~ a ~ a q a ~  V,, n p H  OAHOM H TOM we 0 6 0 p y ~ o ~ a ~ ~ f H  

~ 0 3 p a c ~ a e ~  c y s e n H n e H E i e M  M O J ~ H O C T H  p a a p a 6 a ~ a r ~ a e ~ o f i  BCKPHIIIH, on- 
H a K O  ~ @ $ ~ ~ K T E I B H O C T ~  Y C J I O ? H H ~ H H O ~ ~  ~ ~ C T P ~ H C I I O P T H O ~ ~  CHCTeMM I I P H  pas- 
;III¶HhIX TeXHOJlOI'HPeCKHX C X e M a X  3 a B H C H T  H e  OT ~ ~ C O J I H ) T H O ~ O  o 6 a e ~ a  
nepea~c~asaqrnm nopoA BCKP~I IUH,  a OT O T H o c H T e n b H o r o .  

O ~ ~ o c ~ ~ e n b ~ a r f i  o G a e ~  n e p e 3 ~ c ~ a s a q ~ m  B c K p u m H n x  nopon, T. e. 
n e p e 3 ~ c ~ a s ~ p y e ~ a r f  o 6 a e ~ ,  n p H x o ~ R J q H i i c c ~  H a  e A m H q y  0 6 n e ~ a  IIO- 

ponar B npenenax B C K P ~ I I U H O ~  aaxonxn, ~ a a h ~ s a e ~ c n  ~ o ~ @ @ u y u e n m o n t  ne- 
p e 3 ~ c ~ a s a y u u  H B a r p a x a e T c R  @op~ynof i  

k n = V " .  
V1kp 

O ~ H ¶ H O  K O ~ @ @ M ~ H ~ H T  I I e p e 3 K C K a B a q H H  M e H b l u e  e n H H H q h I .  B OTAeJIb- 

~ a r x  c n y s a c I x  nopoAa H a  o T s a n e  n o n s e p r a e T c n  n e p e a K c K a s a q m  H e c I t o n b -  

KO pa3 ( n p ~  k, > 1). f i o a $ l @ H q H e ~ T  n e p e 3 ~ c ~ a s a q n ~  H M e e T  o n p e A e n e H -  . 
HhIG I IPeAeJ r  ~ K O H O M E ~ ¶ € ? C K O ~ ~  qene- 
C O O ~ ~ ~ ~ H O C T H  H O n p e A e n t I e T c n  COIIO- 

CTaBJ IeHHeM CO CTOHMOCTbH) T P I H C -  

I I O p T H p O B a H H R  IIOpOAhI  BO B H Y T P e H -  

H H e  o T s a n a r  no @ o p ~ y n e  

CT H C6 - C ~ ~ ~ C T O H M O C T ~  pa3- 
p a 6 0 ~ ~ m  1 .+t3 B C K P H -  

I I IH COOTBeTCTBeHHO 6 
ll0 T ~ ~ H C ~ O ~ T H O ~  Ii 

CTPaHCI IOPTHMX CKeM I I03BOJIReT  P a C -  

IIIHPEITb 0 6 n a c ~ ~  I I P H M e H e H H R  6ec- a - 3KCKaBaTOP Y c T a H o s n e i i  H a  B C ~ p b r m ~ o h !  
y c T y n e  ( Y e p e b r x o a c ~ a n  c x e M a ) ;  6 - 3KCKa- 

TP~HCIIOPTHOG CFiCreMhI, 0 T J I W a H ) -  BaTOp YCTaHOBJIeH H a  n p e a o T e a n e  ( P a h u -  
JqefiCR Conee B u C o ~ o f  3@@eKTHBHO- XHHCKaR C X N a ) ;  e - BHCKaBaTOP YCTaHOB- 

CTbH). Y C T ~ H O B J I ~ H H ~  P a q H O H a J I b H b I X  

n a p a M e T p o B  CHcTeMar  p a 3 p a 6 0 ~ ~ ~  c 
n e p e 3 ~ c ~ a ~ a y n e f i  nopoAar H a  omanax Ann K o H K p e T H h I x  Y C J I O B H ~ ~  n p 0 ~ 3 -  
BOAMTCR ~ ~ ~ @ E ¶ ~ c K H M  HJIH p a C ¶ e T H b I M  MBTOAOM. 

T ~ X H O ~ O ~ H ¶ € ! C I E H ~ ~  CXBMhl ~ ~ C T ~ ~ H C J I O ~ T H O ~ ~  CCEICTeMhl Pa3JIH¶aH)TCEI 

B 3aBHCHMOCTII OT T H I I a  BCKPhIIUHhlX 3 K C K a B a T O P O B ,  CXeM HX P a 3 M e q e -  

H H ~  H a  YCTYIIe  E InH O T B a s e  m n o p n A K a  O T ~ ~ ~ O T K H  BCKPHIIIHOI? 3aXOAKH.  
b 
\ 

A n ~ l  CO3AaHHR O~III,HX MeTOAIXK O I I p e A e n e H H E I  ODTHMaJIbHhIX I I a P a M e T P O B  

~ ~ c T ~ ~ H c I I o ~ T H o ~ ~  CHCTeMhI qenecoo6pa3~0 BCe  TeXHOJIOrH¶eCKHe  CXeMhI 

~ n a c c n @ ~ q t i p o s a ~ b  H a  TPH rpynnar no 06Jqe~y n p n 3 ~ a ~ y  - M e c T y  

YCTaHOBKH 3 K C K a B a T O P O B  (PLIC. 102). 
M ~ T O A H K ~  o n p e A e n e H m R  p a q H o H a n b H h I x  n a p a M e T p o B  CmcTeMN paapa- 

~ O T K H  O C H O B a H a  H a  C O ~ J I H ) A ~ H H H  OCHOBHOrO I I O J I O X e H H R  - 0 6 a e ~  IIO- 

P O A H  BCKPHIIIHO~~ 3 a X O A K H  AOJIXU3H 6h l~b  p a 3 M e q t r H  no @POHTY pa6o.r 
B B H P ~ ~ O T ~ H H O M  I IpOCTpaHCTBe .  ~ P O T I I ~ ~ H H O C T ~  @ ~ O H T ~  pa6o.r IIO 

I B C K p h l m e  ¶aCTO D P e B h I I U a e T  AJ IHHy  OTBaJ lbHOrO @ ~ O H T ~  (L >Lo) ,  ¶TO 
BhI3BaHO CO3AaHHeM B h I e 3 n H h I X  T p a H I I I e f  HJIH C'be3AOB Ann r p y 3 O T p a H C -  

I I O ~ T H O ~  C B R 3 E  A O ~ ~ T P H O ~ O  l ?OpHaOHTa  C I lOBepXHOCTbIO.   TO 3 a C T a -  
I 4 

B n R e T  Y M e H b I I I a T b  BhlCOTY BCKPhlIUHOI'O YCTYIIa  TI0 B C e M y  @POH'IY, Y B e -  

X I l s H B a T b  K O ~ @ @ U ~ H ~ H T  I l e P e 3 K C K a B a q H H  H a  Y g a C T K a X  p a 3 M e q e I I H R  

I 

1 



BhIe3AHbIX TpaHII Ie$  HJIH I lpFfMeHRTb C n e q H a J I b H h I e  MeTOAhI AJIR O T p a -  

~ O T E H  TOPqOBhIX y9aCTKOB. 1 B H a c T o R m e e  s p e m  H e T  eAmaHx p e ~ o ~ e ~ ~ a q ~ i i  no p a q H o H a n b H o M y  

cnoco6y H CXeMe O T P ~ ~ O T K H  TOpqOBhlX Y¶aCTKOB U P H  ~ ~ C T P ~ H C I I O P T H ~ I X  , CHCTeMaX p a 3 p a 6 0 ~ ~ ~ .  Ha P R A e  K a p b e p O B  T O p q b I  IIOJIHOCTbIO HJIH ¶aC- 

TH¶HO O T P ~ ~ ~ T M B ~ I O T  AOUOJIHHTeJIbHbIM I'OPHOTPaHCUOPTHMM O ~ O P Y A O -  
BaHEieM no ~ p a ~ c n o p ~ ~ o i i  cEicTeMe mnn ~ p a r n a i i ~ o ~ ,  n e p e M e q a m m n M  

nopony aa npenem K a p b e p H o r o  UOJIR. Bo B c e x  c n y s a c I x  n a p a M e T p H  cmc- 
TeMM H O P r a H H 3 a q H H  p a 6 o ~ h 1  O ~ O P Y A O B ~ H H F I  H a  OCHOBHOM y ¶ a C T K e    OH- 
T a  p a 6 0 ~  1.1 B T o p q e  I c a p b e p a  p a s n m ~ b ~ .  

C p e ~ ~ e s a n e r n e ~ ~ ~ i i  I ; O ~ @ @ H ~ H ~ H T  nepe3~c~asaqrnm o n p e A e n a e T c a  no 

rae kn H knT - K O ~ ~ @ H ~ H ~ H T E J  n e p e 3 1 c c ~ c a s a q ~ m  c o o T s e T c T s e H H o  H a  oc- 
HOBHOG IX ~ o p q o ~ o r ' l  s a c T R x  @ p o l r ~ a  p a 6 o ~  H a p b e p a .  

B @op~y.ne (IV18) B T o p o e  c n a r a e M o e  no y a e n b l r o M y  secy H e  n p e s M -  

m a e T  5-10°/6, XOTR o 6 a e ~ ~  n e p e 3 ~ c ~ a s a q ~ ~  H a  eAmnqy AJIHHM @ p o ~ ~ a  
p a 6 0 ~  B T O p q e  K a p b e p a  nO¶TH B 2 pa3a MOrYT I IpeBhI I t I aTb  o 6 a e ~ b 1  U e p e -  

3 H C I ; a B a q H H  H a  OCHOBHOM y¶aCTICe (PPOHTB. Y ¶ H T ~ I B ~ I I  OTCYTCTBHe ~ , L ( E I H O ~ ~  

CXeMhI O p r a H H 3 a q H H  pa60.r~ CJIOXHOCTb p a C ¶ e T a  I I a p a M e T p O B  CHCTeMbl 

B T O p q e  K a p b e p a  H H e C y q e C T B e H H O e  BJIHRHHe I I O p R g K a  O T ~ ~ ~ O T K H  TOP- 

4 0 ~  na n o ~ a 3 a ~ e n ~  ~I$@~KTMBHOCTH c x c T e M M  - p a q n o H a a b H M e  napa- 
MeTPbI CIICTeMhI H K O ~ @ @ H ~ H C H T  I I e p e 3 I f C H a B a q H H  OUpeAeJIRIoT AJIR OCHOB- 

H o r o  y q a c m a  @ P O H T ~  p a 6 0 ~ .  AJIR o n p e A e n e H m a  p a q H o H a n b r m x  n a p a M e T -  

POB ~ ~ C T P ~ H C U O P T H O G  CCHTeMhI p a 3 p a 6 0 ~ ~ n  H ~ O ~ X O A H M ~ I M  YCJIOBHeM 

RBJIReTCR MaKCUMaJIbHOe HCUOJIb30RaHHe JIHMHTHPYIoIQerO J I E T H ~ ~ H o ~ o  

p a a ~ e p a  a K c K a s a T o p o B  (R, M n r i  H,), n o n H a R  s a r p y a ~ a  a ~ c ~ a s a ~ o p o a  
UO IlpOki3ROaHTeJIbHOCTH 'H P a B H O M e p H O e  I l e p e M e q e H H e  MaIIIHH BAOJIb 

@ ~ O H T ~  pa60~ .  

' 
n p H  H e 6 o J I b n r o i i  MOJII,HOCTH BCKPbIIIIH H a  rOPL130HTaJIbHbIX MeCTO- 

POXAeHYIRX H ~ J I ~ I ' O I I P H H T H M X  I'H,I(POI't?OJIOrYI¶eCHMX YCJIOBHIIX n p H M e -  

HRIoT ~ ~ C T P ~ H C I I O P T H Y H )  CHCTeMY p a a p a 6 0 ~ ~ ~  C ~ C T ~ H O B K O $  OAHOrO 3KCKa- 

s a~opa-aparna f i~a  H a  BCKPMIIIHOM y c T y n e  (PHC. 10;)) .  

I - I e o 6 x o a m ~ o c ~ ~  n e p e 3 ~ c ~ a s a q ~ n  n o p o ~ h ~  npn ga~aoiir c x e M e  onpe- 
AencIeTcR J I H H ~ ~ ~ H H M H  p a a ~ e p a ~ n  n p n M e H n e M o r o  a K c K a s a T o p a  EI 
rOpHOTeXHH¶eCKHMM YCJIOBHRMH MeCTOpOXAeHHII. n p H  PaCCMaTpH-  

s a e ~ o i i  c x e M e  s a c T b  y c T y n a  B n e p e A n  a K c K a B a T o p a  o~pa6a~arsae~c11 
B e p x H n M  g e p n a H H e M  c p a a ~ e m e ~ ~ e ~  n o p o ~ h ~  B n p e A o T s a n ,  n p H M a r K a -  

I ~ W H ~  HenOCPeACTBeHHO K OTKOCY BCHPhIIIIHOrO YCTYIIa H ¶ a C T W H O  

B O C H O B H O ~ ~  OTBaJI. HHZHRR P a C T b  YCTYlla  O T ~ ~ ~ ~ T M B ~ ~ T C I I  HHHcHElM 

I r e p n a H n e h z  H B M e c T e  c nopo~oii  n e p e 3 ~ c ~ a ~ m p y e ~ o r o  n p e A o T B a n a  paa- 
b I e m a e T c n  B OCHOBHOM O T B a n e .  OCHOBHO~~ aa~ase i i  n p H  6 e c ~ p a ~ c n o p ~ -  
HOG CHCTeMe p a 3 p a 6 o ~ ~ m  IIBJIIIeTCII YCTaHOBJIeHHe PaqElOHaJIbHbIX U a p a -  

MeTpOB T~xHoJ Io~ES¶~CKOG CXeMLJ, 06ecnen~sar01q~x MHHHMaJIbHMe 

o 6 a e ~ b 1  l I e p e 3 K C K a B a q H E I  EI, K a K  CJIe,gCTBHe, MaKCHMaJIbHYH) IIPOYISBOA- 

CTBeHHyIo M O W H O C T ~  K a p b e p a  no n o n e a ~ o ~ y  H c I c o n a e M o M y .  

P~rc. 103. Ycno;~nennan 6ec - 
TpanonopTtlan c a c w I a  npn 
ycTanoene ~parzaiina na 

B C K ~ ~ I U I H O B  ycTyne 



P ~ C C T O R H H ~  OT OCH 3KCKaBaTOpa A 0  BepxHefi ~ I ) O B K H  ~ 0 6 h 1 s ~ o r o  
YCTyna, 06ecne~~samrqee  OTCbInKY OTBaJIa DOA 3a;laHHbIM Y C T O ~ ~ H B ~ I M  

yrnoM oncoca, onpeAenReTcR no YCJIOBHEO: 

tg  tg  " ) ctg g,- a - h etg a, at, (IV, 10) 
t g  B f t g  13, 

BHIIX AaHHaR TexHonorHsecIcaR cxeMa npH- 
eMJIeMa npH BbInOJIHeHHH YCJIOBETR y > 0. 
B IIPOTHBHOM CJIyYae p a 3 p a 6 0 ~ ~ a  IIOpOA 
BCKpbIIlIH IIpH ~ ~ C T P ~ H C I I O P T H O ~  CCmTeMe 

, ~ o n x ~ a  OcyrqecTBnIITLcR no ~ p y r o i i  cxeMe 
(npn yc,TaHoBKe aKcKasaTopa Ha npeAoTsane 
HJIH BCKP~IILIHOM ycTyne H n p e ~ o ~ ~ a n e ) .  

LLInpn~a HaBana nopoAbI, n e p e 3 1 z c ~ a ~ ~ -  
p y e ~ o i i  B O C H O B H O ~ ~  oman,  OnpeAenIIeTcII 
no @opMyJIe 

z - B B - [ y - ( H - E I , ) c t g y ] , a t ,  (IV,11) 

rAe BB - 6e3onac~oe PaCCTORHHe OT OCH 3 K -  

cKanaTopa ~o s e p x ~ e i i  ~ P O B K H  pa- 
6osef nnorqapn Ha ycTyne, at. 

IIOCJI~ onpeAeneHm BenrnsnHhI z ee npo- 
BepRIoT IIO rpaHH¶HbIM YCJIOBHIIM 

x < ( H  - H , ) c t g y + K + h c t g a - a +  

~ p y r o f  ~ e x ~ o n o r ~ s e c ~ o i i  cxeehle. 
O C H O B H O ~  llOKa3aTeJIb T ~ ? x H o J I o I ' H ¶ ~ c K o ~  CXeMhI - K O ~ @ @ H ~ H ~ H T  ne- 

p e a ~ c ~ a s a q ~ n  - onpeAenReTcn no B ~ I P ~ X ~ H H R M  

npH x < K  + ( H  - Ha) (ctg y - ctg p) 

k, = x ( H - H B )  +0,5 (H-Ha)' (ctg B-ctg 7 )  
H  Ak, t (IV,14) 

~ P H  x > K +  (H-HB) (ctg Y -ctg B) 
s (H-HB+h)+0.5 ( H - H B f  11)2 (ctg B-c tgy ) -  

-Kh+0,5h2 (c tg  y  -ctg a )  -0,5 [ s f  ( H - H B )  (c tg  p -c tgy )  f 

+ R  (ctg B-ctg a ) - A - a - K ] 2  
t g  B ts B p  

t g  B+tg B p  
k, = H A k ,  

. ( IV, l5)  

Ha PItC. 104 IIpHBeAeHbI pe3yJILTaTbI PaCYeTa 3aBHCHMOCTH K03@@H- 

qH€!HTa nepe3KCKaBaqHH OT BbICOThI BCKPbIIIIHOrO YCTYna, BhInOJIHeHHbIX 
Ha 3 4 B M  ((MHHCK-1)) AJIII I'OpHOTeXHHPeCKElX Y C J I O D H ~ ~  H H K O ~ O J I ~ C I F O ~ O  
MapraHqeBoro 6accei i~a (y - 40"; = 35"; a == 60"; h = 2 at; k, = 
=- 1,25) npm p a 6 0 ~ e  3IccKaoaTopa Elm-15/90. 



O C O ~ ~ H H O C T ~ H )  p a ~ ~ ~ a T p E i B a e ~ 0 f i  CXeMbI RBJlReTCR X e C T K a R  B3aHMO- 
CBR3b  J I H H ~ H H H X  p a 3 M e p O B  3KCKaBaTOPOB C I I a p a M e T p a M H  o~pa6a-  
TbIBaeMOrO BCKpbIIIIHOrO Y C T y n a .  ~ O ~ T O M Y  AaHHYH) CHCTeMY p a 3 p a 6 0 ~ ~ ~  
C Y C T ~ H O B K O ~ ~  nparJlafi~a H a  BpeMeHHOM OTBaJIe  n p H M e H R I o T  B r O p H 0 -  
TeXHH¶eCKHX YCJIOBHRX, XaPaKTePI13YH)lqIIXCR B H C O K O ~ ~  Y C T O ~ ~ H B O C T ~ H )  

nopon B c K p H m r n  B q e n m K e  (no 45-50') 11 B omanax (no 26-35'). 
P a q ~ i o ~ a n b ~ ~ e  n a p a M e T p M  cmcTeMar,  06ecnesmsamlq~e M H H n M a n b H b I e  

O ~ Z ~ M M  n e p e 3 ~ c ~ a s a q ~ ~ 1 ,  cne- 
n y e T  onpenenmb no cnenymlqm 
@ o ~ M ~ J I ~ M .  

1. O ~ ~ € ? A I ? J I R ~ T C R  MaKCHMaJIb- 
H a R  ,I(OnyCTHMaR BbICOTa ripen- 
o T s a n a  npzi y c n o B n m  H,  = max 

PUC. 106. B ~ B ~ C U M O C T L  ~ o a d ~ d ~ n n ~ e r r ~ a  neneaw $-HnpctgB+hctga+Bo -Ro,'n, 

n p H  a $- h (ctg a + ctg p) s x > a 

xHnp  -0.5 (z-a)a t g a t g  B 
k ,  = t g  a +tg B 

A Hk, 

npn a + K + h (ctg a + ctg p) 2 x > a + h (ctg a + ctg B) 
z H P -  ( a )  t g  a t g B  f 0.5 [ ( z - a ) - h  (ctg a+ctg p)]' t g  a  t&! p, 

k, = t g  a + t g B  t g  a+tg p 
A H k ,  9 

r 

p p ~  x > h (ctg a + ctg B) 

p a 3 p a 6 0 ~ ~ ~  rOPH30HTaJIbHbIX M ~ C T O ~ O H C J & ? H H ~ ~  C 60nbmoii T o n -  

qefi M R r K H x  n o K p b I B a m q H x  nopox, onpenennmnpx M a n o e  a ~ a s e ~ ~ e  
Y r n O B  OTKOCOB OTBaJIOB H BCKPbIJlIHbIX YCTYIIOB, IIpHMt?HRH)T O ~ O P Y H O -  
B a H H e  C 6 0 J I b l l I E f ~ ~  J I H H ~ ~ ~ H ~ I M H  I I a p a M e T p a M H ,  n p H  YCTaHOBKe aKCKa- 
BaTOpOB OAHOBpeMeHHO H a  BCKPbIJlIHOM YCTYlle H n p e A O T B a J I e  ( ~ H c .  107). 
n p I 4  n a H H 0 f i  T ~ X H O J I O I ' H ~ ~ C K O ~ ~  CXeMe OHHOBpeMeHHO MOI'YT p a 6 o ~ a ~ b  
nsa H 6onee ~ K C K ~ B ~ T O P O B ,  M e x a H w e c K H e  n o n a T a r  H n p a r n a H ~ ~ .  

OAHH ~ K C K ~ B ~ T O P ,  peme Hsa ( ~ e x a ~ w e c ~ a ~  n o n a T a  HJIH ~ p a r n a f i ~ ) ,  
YCTaHaBJIHBaeMbIe H a  pa6osefi I I J I O q a H K e  BCKpbIJlIHOrO Y C T y n a ,  paapa- 
~ ~ T ~ I B ~ I O T  er0 BepXHIoH) ¶ a C T b  H YKJIanbIBaIOT IIOPOHY B H H K H H ~ ~  R P Y C  
OTBaJIa  ( n 0 p B w ~ b I f i  OTB~JI ) .  

IIopona n3 ~ n x ~ e i i  B c K p h m H o r o  y c T y n a  n e p e M e q a e T c R  He-  
nOCpeJ(CTBeHH0 BO BTOPWHHG OTBaJI OHHHM H n H  HBYMR a K C K a B a T O p a M H ,  
p a c n o n a r a e M m m  H a  n p e H o T s a n e ,  BMecTe  c 0 6 a e m a ~ ~  n e p e 3 ~ c ~ a ~ ~ p y -  
~ M O G  IlOpOAJJ H 3  l l ePBH¶HOrO OTBaJIa ,  PaCIlOJIOHCeHHOI'O B H e  KOHTYpa  
~ T B ~ J I ~ H o G  3aXOnKH.  

B C J l y ¶ a e  I lpHMeHeHHR Pa3HOTHl lHOrO O ~ O P Y H O B ~ H H I I  B ~ a H H 0 f i  CXeMe 
qenecoo6pa3~0 H a  BCKPbIJlIHOM YCTYIIe YCTaHaBJIHBaTb 3KCKaBaTOp C MeHb-  

IIIBMH J I H H ~ ~ ~ H ~ I M H  I I a p a M e T p a M H ,  a H a  IIpeHOTBaJIe  C ~ ~ J I ~ J I I H M H .    TO 
06ecnes1x.r ~ H H l X ~ a n b ~ b I f i  K O B @ @ H ~ H ~ H T  n e p e 3 K C K a B a q H H  H ~ e H b J l I H f i  
p e 3 y J I b T H ~ ~ H ) q H f i  Y r O n  OTKOCa OTBaJIa .  A H ~ J I H ~ o M  p a 6 o ~ b 1  ,I(parJIafiHoB 

YCTaHOBneHO, ¶TO H a  IIpeAOTBaJI0 OHH, K a K  IIPaBHJIO,  P ~ ~ O T ~ I ~ T  CO 
CPenHHMH Yl'JIaMEI IlOBOPOTa B I ' o ~ H ~ o H T ~ J I ~ H o ~ ~  IIJIOCKOCTH, PaBHhIMII 

135-165", H n e p e M e q a m T  n o p o n M  B c K p b I m n  H a  P a c c T o m n e ,  B 1,5 pasa 
I I p e B b I J I I a I o q e e  P a H H y C  p a 3 r P Y 3 K H .  ~ K C K ~ B ~ T O ~ ,  ~ c T ~ H ~ B J I H B ~ ~ M ~ I ~ ~  H a  

BCKpbIJlIe, p a 6 0 ~ a e T  CO CPenHHM YrJIOM IIOBOPOTa (B I l J I aHe) ,  PaBHbIM 
90-100". C ~ D J ~ C T B ~ H H ~ I M  HJIR H ~ H H O ~ ~  T ~ X H O J I O I ' H ~ ~ C K O ~ ~  CXeMbI IIBJIR- 

eTCR CO3AaHEe cc~py6ao.  TO K a K  6b1 n p ~ 6 n n x a e ~  OCb YCTaHOBKH 3KCKa-  
B a T o p a ,  pacnonaraemoro H a  n p e H o T s a n e ,  K ~an60~1ee y ~ a n e ~ ~ o i i  T o m e  

0r0 aa6oa E 0 6 e c n e s ~ s a e ~  CHHHCeHHe K O ~ @ @ H ~ H ~ H T ~  I I e P e a K C K a B a q H H .  
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Bbifiop, m Xnonozu. 
vecmu cxem/ u 

I 
Jpu aByx 3xcxaBamo- 

6bivucnenue kc pax ~a 6~XpblUfP 
I 

I + 2 I Hocmu omcblnxu 
I I 
I 17)oJepxa ycno8uR & 

I 

co6.weu(enun om- 2 I I -  emx xu ycmanoJxu 2 $ l I * nexnonamb~ c num- $ ?I 
I 

~ e l i  tip08xori 3afi0~ 

4 
E $ 1  I 

2 $ 1  I 
Q G I 

-ffFo8eegxo no napa- p 
 emp pan om6anbno - I 

I zo 06opyE'oBanu~ I 

. n p H  ICpOI IOpqHOHaJ IbHOM p a C n p e A e J I e H H H  O ~ ' ~ ~ M O B  B C K P ~ ~ I L I H O ~ ~  38- 

XOHKH C YPeTOM I I e P e 3 K C K a B H P Y e M h I X  0 6 ' b e M o ~  Me?KAY BCKPhIl I lHhIM H OT- 
BaJ IbHhIM 3 K C K a B a T O P a M H  M a K C H M a J l b H a H  3 a r p y 3 K a  H X  no I I p O H 3 B O ~ H -  
TeJ lbHOCTH AOCTHraeTCFI  I I P H  YCJIOBHH, ¶TO 

VB -- - H Ak, 

V ,  ( H - H Z )  A k p + { [ R p - B , - ( H - H , )  ctg y - l ~ c t g a - K + x ]  x ' (IV,26) 

X tg $ -Hnp}2+  xHnp-0 ,5x2  tg f~ tg Y 
tg PJ+tg'i 

H2 - BhICOTa B ~ P X H ~ ~  ¶ a C T H  B C I E P ~ I L I I H O ~  BaXOAKH, o~pa6a -  
T ~ K B ~ ~ M o G  BCKPbIIIIHhIM 3 K C K a B a T O P O M ,  Jt; 

B, - P a C C T O R H H e  OT OCH 3 K C K a B a T O p a  A 0  ~ P O B K H  pa60~ei i  

7 ,  

n n o m a A K H  H a  B c K p m n e ,  at; 

TeJIbHOCTH BCKPbIII IHOrO H OTBaJ IbHOrO 3 K C K a B a T O P O B ;  
V B  H Vo - I IPOH3BOHHTeJIbHOCTb COOTBeTCTBeHHO B C K P h I m H O r O  H OT- 

B a J I b H O r O  A ~ ~ ~ J I ~ G H O B .  
P e m e ~ ~ e  n o c ~ a ~ n e ~ ~ o i i  s a ~ a r ~ ~  ( ~ a ~ c ~ ~ a n b ~ o e  ~ c n o n b s o ~ a ~ ~ e  nn- 

H e f i ~ h I ~  I I a p a M e T p O B  H M a K C H M a J I b H a R  3 a r P Y 3 K a  O ~ O P Y A O B ~ H H R  IIO I IPO-  

E I ~ B O H H T ~ J I ~ H O C T H )  H O C T H r a e T C R  I I P H  COBMeCTHOM P e m e H H H  ~ h I p a Z e ~ H 5  
(IV,25) H (IV,27) OTHOCHTeJIbHO BeJ IHPHHhI  2, A ~ G c T B H T ~ J I ~ H o ~  3 H a 4 e -  

H H e  KOTOPOG IIOJlY¶HM ICPH BbIIIOJIHeHHH YCJIOBHR: 

n p H  H ~ c o ~ J I I O ~ ~ H H H  YCJIOBHR (IV,28) yBeJ IH¶HBaIOT I I IHPHHY 3 a X O A K M  

A HJIH  BHCOTY B e p X H e r O  I I O A y C T y I I a  HB (HJIH  OHHOBpeMeHHO A H H,). 
Ecnn n O C J I e  I IpeAeJIbHOI 'O Y B e J I W e H H R  m H P H H b I  3 a X O H K H  H BMCOTbI B e p X -  
H e r o  n o A y c T y n a  y c n o B H e  (IV,28) H e  B h I n o n m e T c R ,  OT p a c c ~ a ~ p ~ ~ a e ~ o i i  
MeTOHHKH C J I e A y e T  O T K a 3 a T b C R ,  H P a C P e T h I  I I a p a M e T p O B  CHCTeMhI B A a H H h I X  
YCJIOBHHX I IPOH3BOAHTb  C I I p H M e H e H H e M  3qBM.  

3 ~ a n e ~ ~ e  IIIHPHHM H a B a n a  n o p o n M ,  n e p e 3 ~ c ~ a ~ ~ p y e ~ o i i  B ~ e p x ~ ~ t i  
~ p y c  omana,  o n p e A e n a e T c R  no @ o p ~ y a e  



HOrO HCKOIIaeMOrO AOCTHraeTCR MaKCHMaJIbHaH 3 a r P Y 3 K a  060PYAoBaHn~ ~ H H ~ ~ H H X  p a 3 M e p O B  H IIPOH3BOnHTeJIbHOCTH pa3HOTHnHOrO 060py~o-  
no UPOH3BOAHTeJIbHOCTH H J I H H ~ ~ ~ H H M  I t a p a M e T p a M .  B CBOIo 0 ¶ e p e ~ b  BIHHR.  

Ha p ~ c .  110 n o ~ a 3 a ~  r p a @ n ~ ,  o ~ p a ? ~ c a m q m f i  B ~ ~ H M O C B I I ~ ~  H a p a M e T p o B  

x * H c t g y f  A + h c t g a + H , p c t g j 3 + B o + a - ~ o -  cHc~e&$bI H HX BJIHRHHe H a  K O ~ @ @ H ~ H ~ H T  n e p e 3 x c ~ a ~ a q ~ x  npll p a 6 o ~ e  
ABYX ~ p a r j r a f i ~ o ~  3LU-15/90. 

-Hztgy-z, (Iv130) 
rAe I - TOpH30HTaJIbHaR BeJIH¶HHa ( ( ~ p y 6 a ) )  (Z = 0-12 &), &. 

B ~ J I ~ H H ~  Hz O ~ P ~ A ~ J I R ~ T C R  ~3 B H ~ ~ X < ~ H L I ~  (IV,25) HJIH (IV,27). 5 5. 06~1acTb IIpHMeHeHHR 6 e C ~ p a ~ C n o p ~ ~ O ~  CHCTeMbI pa3pa60~~11 
y ~ J I O ~ , e  (IV,30) n p O B e p R I o T  IIepBOHa¶aJIbHO I I p H  z = 0 n p ~  HeBMIIoJr- 

HeHHH YCJIOBHR 3 H a 9 e H H e  Z IIOCTeIIeHHO YBeJIH¶HBaIoT. B KOHKpeTHbIX F o p -  P a 3 J I H ~ H e  IJaCCMOTpeHHbIX TeXHOJlOI'H¶eCKHX CXeM ~ c J I o ? K H ~ H H o ~ ~ [  6ec- 
H o T e x H H ¶ e c K H x  Ycj roBHHx ~ ~ A ~ H H O G  MOE(H0CTH BCKpbImH C O O T B ~ T C T B Y ~ T  T ~ ~ H C ~ O ~ T H O ~ ~  CHCTeMJd UO THIIOpa3MepaM 0 6 0 p y ~ o s a ~ ~ c 1 ,  MeCTy er0 

O n p e ~ e n e H H b I B  MaKCHMaJIb- YCTaHOBKH H ¶HCJIY OAHOBpeMeHHO IIPHMeHReMbIX B CXeMaX MaIIIHH 

HO AOIIYCTHMH~~ yron omoca yCJIO?KHReT HX CpaBHEITeJIbHYIO 0 4 e H K Y .  KOHCTPYKTEIBH~I~ H TeXHOJIOrH- 

BHYTPeHHHX OTBaJIOB PAon,  9 e C K H e  O C O ~ ~ H H O C T H  MeXaHHPeCKHX J IOnaT B OTJIH¶He OT A p a r J I a f H o B  

n p e n R T C T B y I o T  BO3MOXHOCTH HX IIpHMeHeHHR H a  IIpeAOTBaJIe. HO~TOMY 
C p a B H e H H e  pa3JIHYHbIX TeXHOJIOI'H¶eCKHX CXeM IIpOH3BOAHT CJIeAYIoqMM 

06pa30~ :  CXeMbI C IIpHMeHeHHeM ~ p a r J I a f i ~ 0 ~  CJIeAyeT p a C C M a T p H B a T b  

n p E i  yCTaHOBI<e 0 6 0 p y n o s a ~ ~ ~  H a  BCKpbImHOM YCTyIIe,  H a  H p e A O T B a n e  

H OAHOBPeMeHHO H a  BCKPbIUIHOM YCTYIIe H IIpeAOTBaJIe;  CXeMbI C n p H M e -  

HeHHeM MeXaHIIseCKHX JIOIIaT I3 ~ p a r J I a f i H 0 ~  PaCCMaTpHBaIoT TOJIbKO 
k p H  -/- 0,25 A tg 0 n p H  YCTaHOBKe 0 6 0 p y ~ o ~ a ~ n ~  H a  BCKpbIIJIHOM YCTYIIe ( M ~ X ~ H M ¶ ~ C K H X  

R0-F Bo+HnpctgO-x ' Z O U ~ T )  H IIPeAOTBaJIe ( ~ p a r J I a f i H 0 ~ ) .  

zpad. (IV,31) P a q n o ~ a n b ~ ~ ~ e  n a p a M e T p b I  CHcTeMbI p a 3 p a 6 0 T K H  AJIR P ~ ~ J I U P H ~ I X  

T e x H o n o r H ¶ e c K m x  c x e M  B cnygae npmMeHeHHR g p a m a f i ~ o ~  onpeAeJrRIoTccI  

~ o c J I ~  BbIIIOJIHeHHH O r -  no npenCTaBJIeHHbIM B b I m e  MeTOAHKaM H 3  YCJIOBHR O ~ ~ C I I ~ ¶ ~ H H E I  MHHH- 
8s/cama yCmynQ H, M 

paHH¶HBaIoII(HX Y C J I O B M ~ ~  MaJIbHbIX O ~ Z ~ M O B  U e p e 3 K C K a B a q H E  n p H  MaKCHMaJIbHOM HCIIOJIb30BaHHH 

PAC. 120. B n n ~ ~ n e  B ~ I C O T ~ I  y c ~ y n a  ~a K O ~ @ I @ I W ~ W ~ H T  (IV,28) H (IV,30) onpene- 0 6 0 p y ~ o s a ~ ~ ~  no J l m H e f i H ~ ~  I I a p a M e ~ p a ~  H IIpOE3BOAHTeJIbHOCTH. Kpn- 
nePcafichaBanrra npn pa60~e A B ~ X  3ItChaLIaTOpOB 

am-15/90 J I R ~ T C R  O C H O B H O ~  no~a3a-  T e p H e M  YCTaHOBJIeHHR p a q H o ~ a J I b H 0 f i  06nac~m IIpHMeHeHHR pa3JIH¶HbiX 

TeJ Ib  T ~ X H O J I O I ' H ¶ ~ C K O ~ ~  cxe- T ~ X H O J I O ~ H ¶ ~ C K H X  CXeM Y C J I O ? K H ~ H H O ~ ~  ~ ~ C T P ~ H C U O ~ T H O ~  CHCTeMbI RBJIR- 

M U  - I E O ~ @ @ H ~ H ~ H T  I I ~ P ~ ~ K C K ~ B ~ ~ H H  k, no B H p a x e H H I o  ~ T C R  0 6 e c n e q e ~ ~ e  M H H ~ M ~ ~ ~ H ~ I X  0 6 n e ~ o ~  I I ~ ~ ~ ~ K C K ~ B ~ ~ H H  n p ~  p a 6 o ~ e  
OAHOTHIIHOI'O 0 6 0 p y ~ o s a ~ ~ c r .  K ~ o M ~  CpaBHeHHR TeXHOJrOI'H¶eCKHX CXeM 

no K O ~ @ @ E I ~ E I ~ ? H T Y  I I e p e 3 K C K a B a q H H ,  BeCbMa B a X H b I M  &~KTOPOM RBJIReTCR 

B03MOXHOCTb O ~ ~ C I I ~ ¶ ~ H H R  MHHHManbHOrO Y r J I a  OTKOCa B H y T p e H H e r O  

OTBaJIa. 
n o p f l ~ o ~  p a C ¶ e T a  n a p a M e T p O B  ~ c J I o ? K H ~ H H o ~  ~ ~ C T ~ ~ H C I ~ - O ~ T H O ~  CH- - Hna p a c c M a T p H s a e M b I x  c x e M  yrox omoca o T s a n a  B o a p a c T a e T  c yse- 

CTeMbI p a 3 p a 6 0 ~ ~ ~  no y ~ a 3 a H ~ o f i  MeTOAPiKe c J I e ~ y I o ~ H i i :  1) YCTaHaBJIH- 
n m s e H m e M  M O ~ H O C T H  B C K ~ ~ I I U H .  B TO x e  B p e M a  c y s e n H s e H H e M  B~ICOTP 

BaeTCR B03MO?KHOCTb IIPHMeHeHHR T ~ x H o ~ o I ' E C ¶ ~ C K O ~ ~  CXeMbI no B b I p a -  
OTBaJlOB AJIR 06ecnene~m~ HX ~ C T O $ ~ ¶ H B O C T H  H ~ O ~ X O A I I M O  C H H X a T b  Be- 

X e H H m  (IV,28); 2) o n p e A e n ~ e ~ c ~  rnnpma n e p e 3 ~ c ~ a ~ ~ p y e ~ o r o  H a s a J r a  
n H s m y  A o n y c T H M o r o  yrna omoca, ¶TO O ~ ~ C J I O B J I H B ~ ~ T  H a J r H n u e  o 6 n e ~ -  

n o p o ~ b ~  x no B b I p a x e H m m  (IV,29); 3) o n p e A e n R e T c R  s e n m m a  s e p x ~ e i i  
TmBHbIx T e x H o n  ormecmix n p e A e n o B  npHMeHeHHrr  c x e M n .  B C J I ~ A C T B H ~  

Y ~ C T H  ~ ~ X O A K H ,  O T P ~ ~ ~ T ~ I B ~ ~ M O ~  B C K P ~ I U I H ~ I M  ~ K C K ~ B ~ T O P O M  H L  , ,  IIO BbI- 
6 o n b m o r o  p a 3 ~ 0 0 6 p a 3 H ~  r o p H o T e x H H ¶ e c K H x  ycno~mfi s a n e r a ~ ~ ~  nones- P ~ H E ~ H H C I M  (IV,25) HJIH (IV,27); 4) IIpOBepReTCR BeJ IHsHHa X UO O r p a -  
HOrO HCICOIIaeMOI'O, I'ne IIpHMeHReTCR ~ ~ C T ~ ~ H C ~ O ~ T H ~ H  CHCTeMa paspa- ~ m s m s a m m e ~ y  y c n o B m m  (IV,30); 5) o n p e A e n H e T c R  p e 3 y x b ~ ~ p y m m ~ i i  
~ O T K H ,  YCTaHOBJIeHHe O ~ J I ~ C T H  IIpHMeHeHElR PaCCMaTpHBaeMbIX TeXHO- 

YroJI  O T K o c a  OTBaJra IIO B b I p a W e H H I o  (IV,31) H CpaBHHBaeTCH C AOIIYCTH- JrOrH¶eCKHX CXeM H ~ O ~ X O A H M O  p e m a T b  AJIH KOHKpeTHOrO y ¶ a C T K a  K a p b e p -  
~ I ~ I M ;  6) O n p e A e n ~ e T c ~  a ~ a s e ~ ~ e  K O ~ $ M $ H ~ H ~ H T ~  n e p e 3 ~ c ~ a ~ a q ~ n  no BH- 

p a ? ~ < e ~ n m  (IV,32). HOrO IIOJIH HJIH MeCT0PO)ICAeHHH. 

B T ~ ~ J I .  20 UpHBeAeHbI TeXHOJIOrM¶€?CKHe IIpeAeJIbI  UpHMeHeHHR 6ec- 
~ I P H B ~ A ~ H H ~ R  MeTOAHKa OUpeAeJIeHHR paU,HOHaJIbHbIX I I a p a M e T p O R  T ~ ~ H C ~ O ~ T H O ~ ~  CHCTeMbI p a 3 p a 6 0 ~ ~ ~  I I p H  p a 6 o ~ e  ~ p a r J I a f i ~ 0 ~  AJIR I'OPHO- Y C J I ~ ~ H ~ H H O ~ ~  ~ ~ C T ~ ~ H C I I O ~ T H O ~ ~  CHCTeMbl p a 3 p a 6 0 ~ ~ ~  n p H  YCTaHOBKe 

T e x H m e c m x  y c x o ~ ~ i i  H H K O I I O J I ~ C K O ~ O  M a p r a H q e B o r o  6acceH~a. Mow- 
3 K c K a B a T o p o ~  H a  pa6oseB n n o q a A K e  B c K p a r m H o r o  y c T y n a  H n p e A o T s a J r e  

H O C T ~  mama  ~ O J I ~ ~ H O ~ O  E i c K o n a e M o r o  h C o c T a B m e T  2 A. 
H a H 6 o n e e  n o n H o  0 T p a x a e . r  CJ IO?KHY~ B ~ ~ H M O C B R ~ ~  n a p a M e T p o B  C H w e M M ,  



T a 6 ~ 1 n b a  20 
T~XHOJIOFHY~CKH~ npeaem npmMeaenrrs ~ ~ C T ~ ~ H C ~ O ~ T H O %  clrcTeaxbr pa3pa60~1;a 

npn pa6ore nparaaiino~ 

T ~ X H O J ~ O ~ H ¶ ~ C K H ~  IIpeAeJIbi IIpNhlC?IIcHHR 6ec~pa~c110p~aofi  CHCTeMbI 

p a 3 p a 6 0 ~ ~ ~  I I P H  p a 6 o ~ e  pa3HOTEIIIHOFO O ~ O P Y A O B ~ H M I I  I IPMBeAeHbI  

B T ~ ~ J I .  21. 

Tex~onormnec~ne npeaesar npHmenenHa 6ec~paacnop~~o i i  cHcTem p a a p a 6 0 ~ ~ ~  
npn pa60l.e arexaaHsecKIrx nonaT M ~parnaiirron 

C ~ ~ B H ~ H H ~  I IpHBeAeHHbIX BbIUIe ~ H ~ ¶ ~ H H G  M ~ K C H M ~ J I ~ H O G  BhICOThI 

BCKpbIDIHOrO YCTYIIa npH p a 6 o ~ e  MeXaHH¶eCKHX JIOIIaT H A ~ ~ F J I ~ G H O B  

~ O K ~ ~ F J B ~ ~ T ,  ¶TO T e x H o n o r m e c K H e  npenenm ~ ~ ~ J I H ~ H M X  c x e M  ~ ~ B H C I I T  

OT n a p a M e T p o B  AparnaZi~o~, pacnonaraymx H a  npenomane. I I a p a ~ e ~ p b ~  
a K C K a B a T O p a ,  YCTaHaBJIHBaeMOrO H a  BCKphIIIIHOM Y C T y I I e ,  H a  MaKCIXMaJIb- 

H O  AOIIYCTHMYIO BbICOTY B C K P h I m H O r O  YCTYIIa BJIHCIIoT H e C Y q e C T B e H H O .  

A ~ H H M ~  TeXHOJIOrH¶eCKHe  I IpeAeJ Ih I  npHMeHeHHCI  TeXHOJIOI'FFIeCKHX CXeIvl 

no MOJQHOCTH pa3pa6a~hsae~o i i  B c K p m m n  C n p a B e A n E i B M  IIPH nepexreqe- 
HkTH 0 6 0 p y ! J o ~ a ~ E f R  IIO O A H O ~ ~  OCH BAOXb ~ P O H T ~  p a 6 0 ~  K a p b e p a .  Ha 
I l p a K T H K e  AJIR CHH?KeHHII p e 3 Y J I b T H P Y I o E Q e r O  YrJIa OTKOCa OTBaJ Ia  ¶aCTO 

I I P H M e H R I o T  CXeMbI pa6o~h1 O ~ O P Y A O B ~ H H H  CO C M e q e H H e M  O C ~ ~  ABHXeHHCI 

3 K C K a B a T O P O B  H a  I I p e A O T B a J I e  I I P H  O T ~ ~ ~ O T K ~  0 ~ ~ 0 %  3aXOAKm. 

P a c m H p e ~ ~ e  o6nac~n I I p H M e H e H H R  ~ ~ C T ~ ~ H C ~ O ~ T H O ~  CHCTeMbI pa3- 
~ ~ ~ O T K M  B03MOifFHO: O T P ~ ~ O T K O ~  3aXOAKH I I P H  IIOCJIeAOBaTeJIbHOhl P a C -  

n o J I o m e H n m  a ~ c ~ a ~ a ~ o p a  H a  ~ ~ y x  I I a p a J r n e n b H m x  T p a c c a x  (pmc. 11 1); 
n p n b r e H e H m e M  B c n o M o r a T e n b H o r o  a ~ c ~ a s a ~ o p a - ~ p a r n a i i ~ a ,  y c T a H a s n x -  

saeieoro H a  o T n a n e  (pmc. 112). 
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l ' lep~b~ii  cnoco6 xapas~eps13ye~cn ycnoxHeHEzeM o p r a ~ ~ 3 a q ~ n  pa- 
~ O T M  O ~ O P Y ~ O B ~ H H H  npEI 0~pa60TKe pa6osero G J I O H ~  amxmeii ¶aCTH 
s c ~ p b ~ m ~ o i i  ~ ~ X O A K E I  no ABYM napannenbHm1 TpaccaM. T a ~ o i i  C I Z O C O ~  

pa6o~b1 06ecne¶nsae~ cHHir;eHHe pe3ynb~npymrqero yrna oTsana UyTeM 

OTCbIIIKEI IIOpoAbI B BepXHIolO ¶aCTb OTBaJla npEI MaI<CEIMaJlbHOM yna- 
n e H m  aIccItasaTopa OT 3 a 6 0 ~ .  P e 3 y n ~ ~ ~ i p y m r q ~ i i  yron omoca oTsana, 
npti yrcaaa~nofi cxeMe pa60~b1 O ~ O ~ ~ A O B ~ H E I F I ,  ~13  Y C J I O B H ~ ~  noaHoro 
o63opa nxOrqaAH 3a6ocr IX B03MOiIiHOCTH 3asEICTHEI nnacTa none3~0r0  

mcKonaeMoro onpeAenReTcR no 4 o p ~ y n e  

HX, + 0,25A tg P 
P p  = h , zpaa, (IV,33) 

R ~ + H n ~ c t g p + I . , ~ c t g  p+'(a+K+hctga) 
H ~ P  

rAe h,  - nbIcoTa noaBecIa 1 ~ a 6 ~ a b 1  aKcrcaBaTopa, nz. 
B cnyTrae npHhleHeaIfcI BcnobrOraTeJILHoro ~ p a r n a i i ~ a ,  s anan l~nsa -  

eMoro AnR nepe31cc~a~aq~s1  nopoabI, ~ p e h l e ~ ~ b l i i  yron oTItoca oTsana 
P B p  CHIl;KaeTCR 38 C¶eT CO3aaHEIH AOIIOJIHIIT~JI~HO~ eMICOCTH B HEIX. n p ~  
3TOM 3HaqEITeJIbHO YMeHbIUaeTCII I ) ~ ~ Y Z I ~ T H P Y H ) ~ H ~  YrOJI OTBaJIa (3, 
no CpaBHeHEIIo CO CXeMaMII ~ ~ C T ~ ~ H C U O ~ T H O ~ ~  CEICTeMJd p a 3 p a 6 0 ~ 1 ~ ~ 1  683 

IIpEIhleHeHHR BCIIOMOraTeJIbHOrO 3ICCKaBaTOpa. B B ~ A ~ H E I ~  BcnOMOraTeJIb- 

EIoro gparaai i~a  AJIR n e p c 3 ~ c ~ a n a q z r ~  0 6 e c n e s ~ ~ a e ~  rapaHTEipoBaHHyIo 

~ C T O ~ M B O C T ~  BHYTPeHHEIX OTBaJIOB B c J I ~ ~ o Y c T o ~ ~ ~ E I B ~ I x  IlOpOaaX npH 

~ ~ A ~ H H O C  IIOqHOCTEI 0~pa6a~hT~a€!~0 i j [  BCICPLIIUEI EIJIEI, R OTHOCEITeJIbHO 

Y C T O ~ ' I E I B ~ I X  IIOpOAaX, n03BOJIITeT YReJIHsHTb ALICOTY BCI(PbIUIHOr0 JTCTJTIIa 

npH coxpaHeHm yraa oTrcoca, aonycTEIMoro no YCJIOBEIRM 6e3011ac- 

HOG pa6o~hI 0 6 0 p y n o ~ a ~ ~ 1 ~ .  H ~ i ~ i e  npnRenena MeToAaIta pacseTa paccMaT- 
p n s a e ~ o i r  ~ e x ~ o n o r ~ l ~ e c r c o i i  cxemI. 

n a p a a r e ~ p ~  3 a 6 0 ~  BcnoMoraTeJrbHoro aparna i i~a  ( m n p ~ ~ a  3axon~1.1 

H BbIcoTa BepxHero s e p n a a ~ a )  onpeaencImTccr no @ o p ~ y n e  

mH (1  + k,) Aokp - IlloHoB -+0,25Ll[t t g  fi 
A01 = 

HH , nz, (IV,34) 

Aol - IUEIpEIHa 3aXOAKEI BCIIOMOI'aTeJIbHOrO ~ p a r n a g ~ a ,  A; 

HOB - BNcoTa BepxHero sepnaHm BcnoMoraTeJrbHoro aparaa i i~a ,  nz; 
Illo - rumpma pa6oreii n n o w a a ~ q  Ha omanax, nz; 
H ,  - r n y 6 ~ ~ a  HEIiKHerO YepnaHHR BCnOMOraTeJIbHOrO Aparna%Ha 

npm ~ O K O B O M  IIpOXOAe, A; 

m - K O ~ @ @ H ~ E I ~ H T ,  y ¶ B ~ b I ~ a I o ~ ~ i i [  COOTHOIUeHHe IIPOB3BOAHTeJIb-- 

HOCTH 3KCKaBaTOpOB 

I'Ae Vo1 - IIpOH3BOAEITeJlbHOCTb BCIIOMOraTeJIbHOrO aparJlafiHa .M3/u,' 
V B  EI vo - IlPOB3BOAEITeJlbHOCTb ~ p a r J I a f i ~ ~ B ,  YCTaHOBJIeHHbIX CO-- 

OTBeTCTBeHHO H a  BCICpbIIIlHO&I YCTyne H IlpeaOTBaJIe, .M3/u. 
H o ~ @ @ ~ ~ E I ~ H T  ~ ~ P ~ ~ I E C I C ~ B ~ ~ E I E I  k ,  683 y¶eTa o 6 a e ~ o ~  nopoa, nepe- 

3ICCKaBBpyeMbIX BCIIOMO~aTe.?bHblnI ~ ~ ~ I ' J I ~ ~ H o M ,  OIlpeaeJIEIeTCcI AJIR KOH-- 
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~ O A C T ~ B E I B  B BbIpaWeHHe (IV,35) 3HaqeHITe IUHpEIHM 3aXOaKH EI IIPEIHRB 

8 KOHKpeTHbIX I'OpHOTeXHH4eCKIIX YCJIOBHRX 3Ha¶eHHR H K ,  mo, AB, 
A,, H, k, ,  m H (3 nocTocIHHbIMH, ~ O J I Y ~ E I M  ypaBHeHHe, c ~ a s ~ ~ a m r q e e  

BeJIH¶lfHy K O ~ @ $ H ~ M ~ H T ~  BCnOJIb30BaHEIR A O ~ O X H H T ~ J I ~ H ~ ~  eMKOCTH OT- 

sana EI BMCOTY BepxHero sepnaHHcI BcnoMoraTenbHoro ~ p a r n a G ~ a  H,,. . - 

H n p m m  ee p a ~ ~ o i i  HyaIo, nocne p m a  B ~ R B  nPOH3BOAHYK) - a (HOB) 
npeo6pa30na~~ i i  n o n y s m  BbIpaxeHme AJIR OnpegexeHm o n ~ m ~ a n b ~ o i i  

BMCOTM BepxHero sepnaaHcr, 06ecnesn~a1orqeii hrar(cnManbHym a++ex- 
THBHOCTb pa60Tb1 BCIlOMOraTejrbHOrO ~ p a r n a i i ~ a .  

H O B  = 

P a c s e ~ b ~  no onpeneneHEim onTEIManbHzax napaMeTpoB aa6oc1 BcnobIo- 

raTenbHoro a p a r x a i i ~ a  B ICoHHpeTHMx ropHoTexHmecI(~x Y C ~ O B E I R X  

IIPOEIBBOARTCR R CneaymqeM noptIaKe: no (Pop~yne  (IV,36) onpegencIeTcR 

BMcoTa BepxHero sepnaHm aHcEcasaTopa; n o  + o p ~ y n e  (IV. 34) ycTa- 
HasnnsaeTccI nmpana B ~ X O A I E E I .  

I I o n y s e ~ ~ a r e  napaMeTpar 3 a 6 0 ~  nponepRIoT no rpaHxsHhIbl ycnoBnHM: 
no B03MOXHOCTEI pa6o~b1 apaI'JIafi~a no A O ~ Y C T E I M O ~ ~  KOHCTPYIETHBHO~ 

BbIcoTe sepnaHm 0 < HOB < H O B  no pamerqeHEIx, nepeaKcIcasH- 
pyebf0fi apa r J Ia i j [~o~  IIOpOabI I3 B e p X H e M  RpJ'Ce OTBaXOB 

Aol ( H O B  - 11,) - 0,25Ai1 tg (3 6 ApAo-0 ,25A ' ,  t g  (3, (IV,37) 

rae H, - MaIccmIanLHan nNcoTa paarpyalin BcnoMoraTenbHoro apar- 
n a f i ~ a ,  .+L. 

B p e ~ e ~ ~ n f i  yron omoca oTsana, 06paayehraii npH oTcbInse 13c~parm- 
HMX nopoa B c p e ~ ~ ~ t i  ~ p y c  oTsana O C H O B H N ~ ~  DIiCKaBaTOpObI, onpeae- 
J ICI I~T  no $ o p ~ y n e  

H k p  [ I  - m (1 +k,)l +0,25 (Ao-k2Aoi)  tg P 
(3,, = arc tg R o + B o - z + H n p c t g  P-a 

, zpad.  (IV,38) 

P ~ ~ ~ J I ~ T E I P Y ~ ~ E I ~ ' ~  yron oTIcoca oTsana, n o . n y s a e ~ ~ B  nocxe nepe- 
3KCKaBaqEIH ¶aCTH OTBaJIOB BCIIOMOraTeJIbHbIM A ~ ~ ~ Z I ~ H O M ,  Onpeae- 



rze Rol - P a A H y C  P a 3 r P Y 3 K H  ( ¶ e p I I a H H R )  BClIOMOI'aTeJIbHOI'O gpar- 
n a f i ~ a  ; 

Bol - 6e3onac~oe PaCCTORHHe OT B ~ P X H ~ ~  ~ P O B K H  pa6osef nno- 
4 a A K H  A 0  OCH BCI lOMOraTeJ lbHOrO A p a P J I a f H a ,  at. 

C y ~ ~ a p H b I g  I C O ~ @ @ H ~ H ~ H T  I I e P e 3 K C K a B a q H H  6 y A e T  

k,, - K O ~ @ ~ H ~ H ~ H T  I I e P e 3 K C K a B a q H H ,  Y ~ H T ~ I B ~ I O I ~ ( H ~  OTHOIIIeHHe 

n e p e a ~ c ~ a ~ ~ p y e ~ o r o  o 6 a e ~ a ,  B a r H n M a e M o r o  B c n o M o r a T e n b -  
HhIM 3KCKaBaTOpOM,  K o 6 a e ~ y  UOpOA BO B C K P H ~ H O ~ ~  3aXOAKe.  

OCHOBH~IM K p I l T e p H e M  O q e H K H  B@@~?HTHBHOCTH ~ ~ C T P ~ H C I I O P T H O ~  CH- 
CTeMbI p a 3 p a 6 0 T K H  RBJIReTCR C ~ ~ ~ C T O H M O C T ~  p a 3 p a 6 0 ~ ~ H  1 as BCKpbII l IH 

r A e  3, - a a ~ p a ~ a r  H a  c o n e p x a H n e  0 6 0 p y ~ o ~ a ~ n c 1 ,  py6; 
xv3 - C y M M a p H a H  IIPOH3BOAHTeJIbHOCTb BCKPhIUIHbIX 3 K C K a B a -  

TOPOB, .Ms. 
BOBMO?KHOCT~ YBeJlH9eHHH O ~ J I ~ C T H  U P H M e H e H H R  ~ ~ C T ~ ~ H C I I O P T H O ~ ~  

CHCTeMbI p a 3 p a 6 0 ~ ~ ~  U O K a 3 a H a  H a  I I p H M e p 0  r O p H O T e X H w e C K H X  yCJ I0BHf i  
H ~ ~ o n o n  b c ~ o r o  M a p r a H q e B o r o  6accefi~a (~a6n .  22). 

T a 6 n n q a  22 
O ~ J I ~ C T ~  npnmeaeena 6 e c ~ p a ~ c n o p ~ o Z i  cncTeMar pa3pa60~K~ npn pasnasaarx 

cxearax ynpameam oTsanaMm 
I I 

IIpenenb~an 
Cxema yrrl~aene~rrfrr B H ~ T P ~ H H E ~ ~ I  o~sanama M0nWIb BhIcoTa 

yparnatf~a ~ c ~ p n m n o r o  
ymyna, nc 

I I e p e ~ e ~ e a n e  sxcKasaTopa npn oTcbInKe oTsanoB 
TOJIbKO BHOJIb ~ P O H T ~  pa60~ 

O T ~ ~ ~ O T K ~  3aSOXHH IIPH IIOCJIeAOBaTeJ'IbHOM Dac- 

B O ~ M O I K H H  HeCKOJIbHO B a P H a H T O B  O p r a H H 3 a q H H  pa6o.r Ea K a p b e p a X  

UpIl ~ ~ C T ~ ~ H C ~ O ~ T H O ~  CHCTeMe. 
1. OAHHM ~ J I O K O M  C OAHHM BbIe3AOM (PHC. 113, a). B c ~ p h I m ~ o f i    KC- 

I c a s a T o p  c n e A y e T  nepen R O ~ ~ I ¶ H H M  c o n e p e m e H m e M ,  sennsma K o T o p o r o  
p e r n a M e H T H p y e T c H  YCJIOBHRMH ~ ~ ~ O I I ~ C H O C T H .  P a 6 o ~ a  IIPOH3BOAHTCR 

C 0 6 ~ 3 a T e ~ 1 b H h I ~  XOjIOCThIM XOAOM BKCKaBaTOPOB. 
2. OAHHM ~ J I O K O M  c ABYMR B h I e 3 A a M H  (PHC. 113, 6 H 8). Pa6osnP xoa 

B C K p b I m H o r O  H ~ 0 6 h I s ~ 0 r o  3 K C K a B a T O p O B  OCYWeCTBJIReTCH B O ~ O H X  
H a n p a s n e H H R x ,  HO IIOCJI0 OKOH¶aHHR O T ~ ~ ~ O T K H  O¶epeAHO% 3 a X O A K B  
H M e e T  MeCTO npoc~ofi 3KCKaBaTOpOB.  P a 3 p a 6 o ~ ~ a  nOJXe3HOI'O H C K O n a e -  
MOrO I I P H  3TOM MO?KeT IIPOH3BOAHTbCR IIO ABYM CXeMaM: ,I(O~MPHO% 3KCKa-  
B a T O p  C J I e A y e T  3a BCKPhImHhIM (PHC. 113, 6); ~06bI9~0f  3 K C K a B a T O p  
HAeT Bnepe$(H BCKpbI l l IHOrO 3 K C K a B a T O p a  (PHC. 113, 8). P ~ C C M O T ~ ~ H H M ~  
B a p H a H T b I  n P H M e H H M b I  n p H  p a 3 p a 6 0 T K e  M ~ C T O ~ O E C A ~ H E ~  I lO  n p O C T 0 f  
H I IO Y C J I O H F H ~ H A O ~ ~  ~ ~ C T P ~ H C U O P T H ~ I M  CHCTeMaM. 

U O C J I e  O T P ~ ~ O T K H  H B Z A O ~  3 a X O A K H  06a 3 K C K a B a T O p a  I l e p e B O A R T  

BXOJIOCT~H)  B HCXOAHOe D o n o x e H f i e .  
3. ABYMR ~ J I O K ~ M H  C OAHHM Q e H T p a J I b H h I M  BbIe3AOM ( ~ H c .  113, 2). 

B h I e 3 ~ H a c 1  T p a H m e c I  no ( P ~ O H T Y  , q e n n T  K a p b e p  H a  Ass 6 n o ~ a ,  B K O T O P ~ I X  

n 0 0 4 e p e A H O  OCyWeCTBnRIoTCH B C K p H m H h I 0  H ~ 0 6 r n ~ ~ e  p a 6 o ~ a .  
B c K p a m ~ o i i  3 K C K a B a T O p  O C y 4 e C T B J I R e T  pa6osnB X o A  OT qempanb- 

H O r O  B h I e 3 A a  K ~ J I ~ H T ~ M  K a p b e p H O r O  UOJIR, B 0 3 B P a 4 a H C b  XOJIOCThIhZ XO- 
AOM UOCJIe O T ~ ~ ~ O T K H  B C K P M ~ U H O ~  3 a X O A K H  H a  OAHOM K P h I J I e  K a p b e p a  
B HCXOAHOe IIOnOHFeHHe (K 4 e H T p a J I b H O M Y  B h I e 3 n y )  C TeM,  9 ~ 0 6 ~  IIepeijITEf 
AJlH O T P ~ ~ O T X H  3 a X O A K H  BO B T O P O ~  6 x 0 ~ .  n p H  p a 6 o ~ e  H a  BCKpbI IUe  Me-  
x a H H s e c K a c I  nonalla n e p e ~ e q a e ~ c ~  no B C K P ~ I T O ~ ~  a a x o ~ ~ e  (nonoce) 
n o n e a ~ o r o  a c K o n a e M o r o .  Ao6h1s~06 ~ K C K ~ B ~ T O P  pa3pa6a~asae~  BCKPM- 
TYH) nonocy none3~0ro H C K O n a e M o r O  ABYMR a a x o g ~ a ~ a ,  p a 6 o ~ a ~  B o6orax 
H a n p a B J I e H n H x .  ~ O T O B H ~  K B M e M K e  a a n a c b ~  nones~oro  H c K o n a e M o r o  
o n p e y [ e n a r o . r c a  n o ~ r o ~ o s n e ~ ~ o i i  ero nonocoii H a  n o n H y m  A n m y  o n H o r o  
6 n o ~ a .  P a c c ~ a ~ p n s a e ~ a r i i  B a p H a H T  ~ a a 6 o n e e  n p H e M n e M  npn IIpOCTOii  
~ ~ C T ~ ~ E C U O ~ T H O ~  CBICTeMe p a 3 p a 6 0 ~ ~ ~ ;  IIpa y c n O ? K ~ e H ~ O f i  CHCTeMe A p a r -  
natia, s a ~ ~ ~ a i i  H a  n e p e 3 ~ c ~ a s a q ~ n ,  B M o M e H T  nepexona sepes T p a H m e m  
AOJIIKeH B p e M e H H O  3 a C h I U a T b  ee nopo~ofi .  O 6 4 a ~  JJJIHHa @ P O H T ~  p a 6 0 ~  
,I(nR M O 4 H b I X  Mal l IHH H P H  3 ~ 0 f i  C X e M e  peKOMeHAYeTCR H e  M e H e e  2000 A. 

4. HBYMR ~ J I O K ~ M H  C ABYMR @ J I ~ H ~ O B M M I . I  BbIe3AaMH (pHC.  113, 8). 
IIpn  TOM B a p a a H T e  K a p b e p H o e  none p a 3 6 ~ s a m ~  ~a gsa K p a m a ,  B x o ~ o p h ~ x  
n O n e p e M e H H 0  B e A y T  B C K p b I m H h I e  H ~ 0 6 m ~ a r e  pa6o~h1. B C K ~ H I I I H O ~  
3 K C K a B a T O p  H M e e T  pa6osaii X0,Q B OAHOM H a l l P a B J I e H H H  - OT Il,eHTP8 
~c @ n a ~ r a ~  (K B H ~ ~ A ~ M )  H X O J I O C T O ~ ~  XOA - B O ~ ~ ~ T H O M  E a n p a s n e H n H .  
A06h1s~0fi 3 K C K a B a T O p  H M e e T  pa6osnH XOA B UpRMOM H O ~ ~ ~ T H O M  H a U p a B -  

XeHHRX.   TOT B a p H a H T  U p H  U p O c ~ O f i  H yCJIO?KHeEHOfi 6 e c ~ p a H C n O p ~ H h I ~  
CHCTeMaX p a 3 p a 6 0 ~ ~ n  ~ p e 6 y e ~  o64ef AJlHHhl  @ ~ O H T ~  H e  M e H e e  2000 a. 

5. ABYMII ~ J I O K ~ M H  c T p e m  ~ a r e 3 ~ a m  (gsa djna~rosarx H OAHH 4 e ~ -  , 

T p a J I b H h d ) .   TOT B a p H a H T  I I p e A y C M a T p H B a e T  B 0 3 M O X H O C T b  I IOTOPHOrO 

A B H W e H H H  T p a H C I I O p T a  ( ~ H c .  113, e) H IIO3TOMY O C O ~ ~ H H O  y ~ o 6 e ~  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 .  A o ~ ~ I ~ H o G  3 K C K a B a T O p  H M e e T  p a 6 o s ~ B  
XOA B UPRMOM H O ~ P ~ T H O M  H a I I p a B J l e H H H X ;  B C K P ~ I ~ H O ~  3 K C K a B a T O P  
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B I G l n e C T B e  A O ~ ~ I P H ~ I X  3 K C K a B a T O P O B  IIpEIMeHRIOT: I I P H  TpaHCIlOpTZI-  

p o B a H H n  I I O J I ~ ~ H O ~ O  n c K o n a e M o r o  no nome n n a c T a  - M e x a H m e c m x e  

J IOI l aTbI  3KI'-4, a I l p H  TpaHCI IOpTMPOBaHHEl  IIO KPOBJIe  I I J I aCTa  - Me- 

XaHH¶eCICHe J I O n a T M  3Br-4 C YAJIHHeHHbIM P ~ ~ O P H M  0 6 0 p y f i 0 ~ a H H e ~ ;  

npll B H C O H O ~ ~  I I P O I X ~ B O ~ C T B ~ H H O ~  M O q H O C T H  K a P b e P O B  H e  HCKJIIO¶eHa 

BO3MO;fiHOCTb ITPHMeHeHHH 60aee MOWHOT0 3 K C K a B a T O p a  3Kr-8. n p ~  
C ~ J I ~ I C T M B H O ~  B b I e M K e  I IOJ Ie3HOrO HCKOIlaeMOI 'O MOXCHO I I P H M e H R T b  PO- 

T O P H M e  3 K C K a B a T O p b 1 ,  I I O 3 B O J I R I O q l l e  I IPOH3BOAHTb  OTI ' pY3KY I I O P O a  

B H Y T ~ ~ H H ~ ~ ~  BCKpbI J l IH  B OTBaJI.  B H B O ~ H T ~  IIOJIe3HOe HCKOIIaeMOe  MOXCHO 

J I I O ~ ~ I M  BIIAOM T p a H C I I O P T a ,  OAHaKO I l p e A I I O ¶ T e H H e  C J I e A y e T  O T A a B a T b  

~ B T O M O ~ H J I ~ H O M Y  HJ IH  K O H B ~ ~ ~ P H O M Y .  I C O H B ~ ~ ~ ~ H ~ I ~  YCTaHOBKH HMeIOT 

I I p e H M y q e C T B a  IIepeA ~ B T O M O ~ H J I ~ H ~ I M  TpaHCI IOPTOhI  I I p H  6onbmoii D p O -  

H ~ B O A C T B ~ H H O ~  M O q H O C T H  K a p b e p a .  Ilpli XCeJIe3HOAOpOifiHOM T p a H C n O p T e  

a a ~ p y ~ ~ e ~ a  o p r a ~ m 3 a q m ~  p a 6 0 ~  y r p a H m q  H a p b e p a ,  rAe ~ p e 6 y e ~ c ~  nc- 
KpEIBJ IeHHe  @ ~ O H T ~  p a 6 o ~  EIJIH OCylQeCTBJIeHHe  n O I ' P Y 3 K H  C P ~ C ~ ~ I I K O ~ ~  

I OT q e H T p a  I c a p b e p H o r o  n o m  K @ n a ~ r a ~  A n H x e T c R  p a 6 o s ~ 1 ~  XOAOM H o r  
@laHrolI K U e H T p y  - XOJIOCTMM. 06qaa  AXMHa @ ~ O H T ~  pa6or A O J I X H a  ~ a G N T ~  H e  5 I e H e e  2000 a. kl3 paCCMOTPC!HHbIX BapEIaHTOB O p I ' a H H 3 a 4 H E  

pa6o.r IIpeAIlO¶TElTeJIbHbI T e ,  npn KOTOphIX BO3MOif iHa H e 3 a B H C H M a R  pa60~a 
1 nCKPbIII IHbIX H , ~ J o ~ ~ I ¶ H H x  MaIIIHH. J(06b1qa I IOJ Ie3HOrO EICKOllaeMOI'O, 

onepexamqaa  p a 6 o ~ y  B c K p H r r r H o r o  a I c c r c a s a T o p a ,  H M e e T  n p e m M y q e c T s a  

F i n a r o ~ a p ~  H a n m s n I o  6onbmoro o 6 a e ~ a  n o A r o T o s n e H H b I x  aanaco~.  
B a p n a ~ r  p a 3 p a 6 0 ~ ~ ~  K a p  bepa OAHHM ~ J I O K O M  CJIeAyeT I I p H E l i M a T b ,  

TOJIbICO (?CXM 0 6 q a ~  AJIEIHa @ ~ O H T ~  p a 6 o ~  HeAOCTaTO¶Ha  AJIR A e J I e H H R  

ero H a  Ana 6 n o ~ a .  P a 3 p a 6 o ~ ~ y  no~1e3~oro  M c K o n a e M o r o  npn 6 e c ~ p a ~ c -  
I lOpTHbIX CMCTeMaX p a 3 p a 6 0 ~ ~ ~ 1  I lpeAI IO¶THTeJ IbHO IIpOM3BOflHTb OAHHM 

YCTynOhf  I I a  I IOJ IHyIo  M O q H O C T b ,  XOTR H e  HCKJIIO¶€?Ha B 0 3 M O X H O C T b  A€!- 
J I ~ I - ~ ~ H  n z a c T a  H a  ,qsa y c T y n a  HZEI n o A y c T y n a .  

Ma~:cn>~anb~aa  s M c o T a  A o G ~ s ~ o r o  y c T y n a  no I I O J I ~ ~ H O M ~  a c K o n a e -  

MOMY Orp ;1HI19BRaeTCR neJIEI¶MHOii 30 fi I I p H  YCJIORIZII ReHeHEIH B 3 p b I -  

BHbIX p a 6 0 ~ .  I I p E I  MX OTCYTCTBEIH B H C O T a  ~ 0 6 h 1 9 ~ 0 r 0  Y C T y I I a  O r p a H U ¶ H -  

B a e T C H  p a 6 0 ~ 1 H ~ t i  I I a p a M e T p a h r n  3 K C K a B a T O p a .  B ~ a 6 n .  23 I I p H B e A e H b l  

npenen b a b I e  s ~ a s e ~ m n  B ~ I C O T H  A O ~ ~ I ~ H ~ I X  YCTYIIOB. 

T a 6 n ~ q a  23 
Hpe~enhrible 31iasenan B ~ I C O T ~ I  R O ~ ~ I P H ~ I X  YCTynOB 

BHCOT~ ~ 0 6 b 1 9 ~ 0 r o  ycTyna, at 

n p a  r r ~ w n e i l  n p n  a e p x a e a  
11orpy31;e n o r p y s m  

3 ~ C l ( i l B i l T 0 1 )  lla ~ O ~ ~ I Y C  BbICOTa 
YepnaHnn, nt 

BblCOTa 
nOrpy3I<W, 

.M. 



BarOHOB, AJIR ¶ e r O  H ~ O ~ X O ~ H M ~  YKJIaAKa BbICTaBO¶HOrO T y n H K a .  K 0 r ~ a  
pa6ome I I a p a M e T p h l  3 K C K a B a T O p a  H e  IIO3BOJIRIOT o T p a 6 a ~ ~ ~ a ~ b  ~ 0 6 ~ 9 -  
HYH) 3aXOAKY H a  IIOJIHYIO ee IUHPHHY, BCKPbITYIO IIOJIOCY IIOJIe3HOrO HCKO- 

n a e M o r o  p a 3 p a 6 a ~ b 1 ~ a 1 0 ~  A B ~ M R  H Aawe T p e m  a a x o ~ x a ~ ~ .  
~ P H  ~ B T O M O ~ H J I ~ H O M  H K O H B ~ ~ ~ ~ P H O M  TpaHCIIOpTe  MOKHO I IpHHHMaTb 

MaKCHMaJIbHO B03MOXHYIO IUHPHHY 3aXOAKH (AJIH KPYIIHhIX A ~ ~ ~ J I ~ G H o B  
OKOJIO 90-110 a), I I p H  3TOM ~ 0 6 h 1 ¶ y  CJIeAYeT BeCTH IIOIIePe¶HbIMH 38- 

x o n K a M m ,  PTO y n p o q a e T  o p r a ~ ~ 3 a q ~ 1 0  pa60~ .  
~ P H  p a 3 p a 6 0 ~ ~ e  CKaJIbHbIX n O p O A  C IIpHMeHeHHeM B3pbIBHbIX p a 6 0 ~  

m H p H H a  3aXOAKH COrJIaCyeTCR C YCJIOBHRMH P a q H O H a J I b H O r O  HX BeAeHHR. 

Ann ~ ~ C T ~ ~ H C I I O P T H H X  cHcTeM p a 3 p a 6 0 ~ K ~  x a p a K T e p H a  K e c T K a r r  aasn- 
CHMOCTb M e K A Y  BCKPhIIUHbIMH H A O ~ ~ I ¶ H ~ I M H  P ~ ~ O T ~ M H ,  ¶TO IIPORBJIR- 
eTCR B BO3MOKHOCTH CO3AaHHR IIOArOTOBJIeHHhIX 3aI IaCOB TOJIbKO IIO AJIHHe 
@ ~ O H T ~  p a 6 o ~  H a  IIIHPHHY H e  6onee 0 ~ ~ 0 6  B C K ~ ~ I I U H O ~ ~  3aXOAKH. 

~ P H  HaJIH¶HH B K a p b e p e  OAHOrO ~ J I O K ~  C PaCIIOJIOXCeHHeM ~ 0 6 h I ¶ H 0 r 0  

3 K C K a B a T O p a  IIO3aAH BCKphlIIIHOrO (CM. PHC. 113, a) O I I e p e K e H H e  AOJIKHO . 
6 h I T b  MHHHMaJIbHbIM C qeJ Ib IO C O K p a Q e H H R  IIPOCTOeB BKCKaBaTOPOB I I P H  
o K o H n a H m m  pa6o.r B a a x o A K e .  O n e p e z e ~ ~ e  H e  A o n w H o  6 b 1 ~ b  M e H b m e  Be- 

JIHPHH, YKa3aHHbIX B ~ ~ ~ B H J I ~ x  ~ ~ ~ O I I ~ C H O C T H .  
~ P H  HaJIWIHH B K a P b e P e  ABYX ~ J I O K O B  C ABYMR BbIe3AaMH (CM. 

PHC. 113,6) o n e p e x e H n e  M o w e T  6 b 1 ~ b  6 0 n b m n ~  IIPH YCJIOBHH n e p e r o H a  
BCKPhIIUHOrO 3 K C K a B a T O p a  BXOJIOCTyIO B HCXOAHOe IIOJIOKeHHe. E c n ~  
B K a p b e p e  HMeIOTCR ABa ~ J I O K ~ ,  B K a K A O M  H 3  KOTOPhIX IIOIIePeMeHHO 

p a 6 0 ~ a I O T  B C K ~ ~ I I I I H O ~  H ~ 0 6 b I ¶ ~ 0 6  8KCKaBaTOpb.I (CM. PHC. 113, 2, d), 
OIIepeXWHHe COCTaBnReT IIOJIOBHHY o 6 ~ e f i  AJIHHhI @ P O H T ~  pa6o.r. Ham- 
m e  nnyx s n e 3 ~ 0 ~  ~3 H a p b e p a  (CM. pmc. 113, 8) o 6 e c n e s ~ ~ a e ~  onepeme- 
H H e  H a  BCIO AJIHHY @ ~ o H T ~ ,  3a BbI¶€?TOM H ~ O ~ X O ~ H M O ~ O  PaCCTORHHR Me- 

S A Y  BCKPhIIUHbIM H ~ 0 6 b I 4 ~ b I ~  BKCKaBaTOpaMH. 

Q 7. IInamposamie a ynpaaneme B c R p a r r n H a r m  p a 6 0 ~ a m  
npn ~ ~ C T ~ ~ £ I C U O ~ T H O ~  c n c T e m e  pa3pa60~m 

I I n a ~ n p o ~ a ~ n e  rn ynpasneme B c K p a r m H u M n  p a 6 o ~ a ~ n  B npoqecce 
O T P ~ ~ O T K E I  3aXOHKH I I P H  ~ ~ C T P ~ H C I I O P T H O ~  CHCTeMe OCmeCTBJIReTCR 
no n a c n o p T a M  BeAeHHrr r o p H H x  pa6o.r. C o r n a c ~ o  n a c n o p T a M  ~ a a ~ a n a ~ o ~  
I I a p a M e T p b I  CHCTeMhI H IIpOH3BOJ(HT p a G l l p e A e J I e H H e  BCKphIIUHbIX O ~ ' ~ ~ M O B  

M e X A Y  OTAeJIbHhlMH 3KCKaBaTOPaMH. EOHTPOJI~ 38 HX pa60~06 B I IpOqeCCe 

O T P ~ ~ O T K H  3aXOAKH OCYQeCTBJIHeTCR M ~ ~ K I U ~ ~ A ~ ~ C K O ~  cnyx6oii C IIe- 
PHOAWHOCTbH) 10-15 CYTOK. T ~ K ~ R  O P r a H H 3 a q H R  KOHTPOJIR 38 pa60~0fi 
0 6 o p y ~ o ~ a ~ r n a  H e  0 6 e ~ I I e ¶ H ~ a e T  AOCTHKeHHR M ~ K C H M ~ J I ~ H O ~ ~  ~ @ @ K T E B -  

HOCTH ~ ~ C T P ~ H C U O P T H O ~  CHCTeMbI p a 3 p a 6 0 ~ K H  BCJIeACTBHe ~ O J I ~ I I I H X  OT- 

K J I o H ~ H H ~  @ ~ K T F I ~ c K H x  I t a p a M e T p O B  OT paC¶eTHHX.   TO O ~ ~ R C H E I ~ T C R  
BJIHHHHeM 6 o n b m o r o  ¶HCJIa @E~KTOPOB, KOTOPhIe MO?KHO 0 6 5 e ~ H ~ H T b  

B T P H  OCHOBHbIe FPYIIIlbI: rOPHOTeXHH¶eCKHe,  TeXHOJIOI3i¶eCKHe B O p r a -  

HH3aIJHOHHhIe. 
~ O P H O T ~ X H H ¶ ~ C K H ~  @ ; I K T O P ~ ~  BKJIIO¶aIOT H3MeHeHHR B TeXHOJIOrWe-  

C K O ~ ~  CXeMe, o ~ Y c J I o B S I ~ H H J J ~  @ H ~ H K O - M ~ ? X ~ H H ¶ ~ C K H M H  C B O ~ C T B ~ M H  

n c ~ p y ~ ~ y p o i i  ~ ~ J I ~ ~ ~ H L I R  p y A H o r o  n n a c T a  H IIOPOA BCKPHIIIH, y c~06-  
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9HBOCTbIO IIOPOA YCTYUa H B OTBaJIaX, OIIOJI3HeBbIMH RBJIeHHRMH H T. A. 
TeXHOJIOrH.IeCKHh1 @ ~ K T O ~ ~ M  OTHOCRTCH H3MeHeHHFI I I a p a M e T p O B  

CHCTeMbI p a 3 p a 6 0 ~ K H  H paCIIpeAeJIeHHH 0 6 ' b e ~ o B  p a 6 0 ~  MelKAy OTAeJIb- 

HMMU 31CCI;aBaTOPaMH, O ~ Y C J I O B J I ~ H H M ~  BhIPaBHHBaHHeM @ P O H T ~  pa6o.r 
B K a p b e p e ,  K O ~ P ~ K T H P O B H O ~  I I ~ O H ~ B O ~ C T B ~ H H O ~  MOQHOCTH I IpeAIIPHR-  
THR, I I e p e p a C I I p e A e J I e H H e M  OTMeTOK p a 6 0 v ~ x  IIJIOQIAOK BCKPhIIUHbIX 

YCTYIIOB, CYQeCTBeHHbIM H3MeHeHHeM T ~ X H O J I O ~ ~ ~ C K O ~ ~  CXeMbI pa60Tb1  
O~OPYJ(OBBHHR I I P H  O T ~ ~ ~ O T K ~  TYIIHKOBbIX Y¶aCTKOB (PPOHTB pa6o.r 
K a p b e p a  H T. A. E OPraHH3aqHOHHbIM ( P ~ K T O ~ B M  CJIBAYBT OTHeCTH BJIHfl- 
nne n n a ~ o ~ o - n p e ~ y n p e ~ ~ ~ e n b ~ a r x  H a~apmP~arx  peMoHToB O ~ O P Y A O B B -  

HmH, x a p a K T e p a  I I n a H H p o s a H m ,  y s e T a  H KOHTPOJIR aa pa6o.roG o6opy- 
AoBaHHR,  ~ ~ a n ~ @ ~ ~ a q n n  0 6 c n y ~ r n ~ a 1 0 ~ e r o  n e p c o H a n a .  

B J I H H H H ~  3THX @BKTOPOB H a  TeXHOJIOrHIO rOPHbIX p a 6 o ~  n p H  ~ ~ C T P ~ H C -  

I I o ~ T H o ~ ~  CHCTeMe p a 3 p a 6 0 ~ ~ ~  pa3JIHvHO. ~ O ~ H O T ~ X H H ¶ ~ C K H ~  H H e p a 3 p b I B -  
HO CBR3aHHbIe C HHMH TeXHOJIOFFfeCKEe @ ~ K T O P ~ I  0 6 ~ 9 ~ 0  IIPHBOART 

K OTKJIOHeHHRM I I a p a M e T p O B  T ~ X H O J I O ~ H ¶ ~ C K O G  CXeMbI, ¶TO H ~ O ~ X O A H M O  

y¶HTbIBaTb  I I P H  IIJIaHHpOBaHHH BCKpbIIIIHhIX pa6o.r. T a K ,  H3MeHeHHe 
MOWHOCTH PYAHOrO IIJIaCTa HJIEI IIOPOA BCKPbIIUH Y¶HTbIBaeTCR COCTaBJIe- 

HHeM A H @ @ ~ ~ ~ H ~ H ~ o B ~ H H ~ I x  IIaCIIOpTOB POpHHX pa6o.r C OIIPeAeJIeHEeM 
,qnR K a m A o r o  K o H K p e T H o r o  c n y g a R  n a p a M e T p o B  c n c T e m  p a 3 p a 6 o ~ ~ n  
EI p a c n p e A e n e H n R  0 6 ~ 3 ~ 0 ~  pa60.r M e x A y  o T A e n b H a r M n  a K c K a s a T o p a M H .  

OIIOJI~HH B OTBaJIaX H H a  YCTYlle T a K K e  O ~ Y C J I O B J I H B ~ I O T  H3MeHeHHR 
naCIIOpTOB rOPHbIX p a 6 o ~ ,  KOTOpbIe KOPPeKTHPYIOTCR C Y¶eTOM AOIIOJI- 

HIiTeJIbHbIX 0 6 ' b e ~ o ~  p a 6 o ~ ,  BbI3BaHHbIX 3THMH REJIeHHRMH. 
O p r a ~ ~ a a q n o ~ ~ ~ e  @ a ~ ~ o p n  c n e A y e T  p a 3 n e n ~ ~ b  H a  Ase n o A r p y n n M .  

K n e p B o 6  I IOArpyI I I Ie  OTHOCHT H3MeHeHHR B TeXHOJIOrHH IIPOH3BOACTBa 

BCI<phIUIHbIX p a 6 o ~ ,  BhI3BaHHbIe COBepIIIeHCTBoBaHHeM 0 6 0 p y ~ o s a ~ ~ c 1 ,  
HaXO,JJffIll,erOCR B pabo~e ,  n p H  IIJIaHOBO-IIpeAyIIpeAHTeJIbHbIX HJIH a ~ a p H f i -  

HbIX peMOHTaX 60JIb1110ii IIpOAOJIKHTeJIbHOCTH. Ha A a ~ ~ b I f i  IIePHOA p a 3 -  
p a 6 a ~ a r s a I O ~  HOBbIe I I a C n O p T a  rOpHhIX pa6o.r C y¶eTOM KOJIH¶eCTBa 

H IIp0,JJOJIXHTeJIbHOCTH PeMOHTOB 3KCKaBaTOPOB. 
O p I ' a ~ ~ 3 a q H 0 ~ H b I e  @BKTOPH B T O P O ~  IIOArpYIIIIbI, 3 a B H C R Q H e  OT CTe- 

n e H H  3 a r P Y 3 K H  O ~ O P Y A O B ~ H H R  B T ~ X H O J I O I ' W ~ C K O ~  CXeMe, C ~ O C O ~ O B  

p e T a  ti KOHTpOJIH 3a pa60~0fi aKCKaBaTOpOB, K B ~ J I H @ H K ~ ~ H H  o6cnyxn- 
B a I o Q e r O  I I e p C O H a n a  H T. A., IIPHBOART H a  I I p a K T H K e  TOJIbKO K H3MeHeHHH) 

O ~ ~ ~ M O B  p a 6 o ~ ,  OCyIll,eCTBJIHf?MbIX KamAbIM 3KCKaBaTOpOM B CXeMB. 
Y ¶ ~ T  T e K Y Q H X  I I 0 K a a a T e J I e f  pa60Tb1 O ~ O P Y ~ O B ~ H H R  OCyIll,eCTBJIHeTCR 

BH3YaJIbHO MaIIIHHECTOM EJKCKaBaTOpa HJIH C IIOMOlll,bIo CIIeqHaJIbHblX 

TeJIeMeTpH¶eCKHX CHCTeM, OIIpeAeJIRIOQEfX KOJIFIeCTBO p a 6 o s ~ x  qHKJIOB 
a IcCKaBaTOpa ,  BeC r p y H T a  B KOBIUe Ef T. A. ~ ~ P H O ~ H P H O C T ~  IIOCTYIIJIeHHH 

HH@OPMBI(HH 0 pa60l.e B 3TOM C J I y ¶ a e  MOXCeT COCTaBJIRTb 1 U HJIH CMeHy.  

O A H ~ K O  nposepxa a K o p p e K T m p o B K a  n o ~ a 3 a ~ e n e 6  y n e T a  T e n e M e T p m s e -  
C K O ~  CHCTeMbI H a  I IpaKTHKe OCYQeCTBJIReTCR T a K K e  ~ a p K I I I e 6 ~ e p ~ ~ o f i  

cnpx606 H a p b e p a .  
n p H  IIepHOAH¶HOCTH KOHTPOJIR 10-15 CyTOK IIaCIIOpTa rOpHbIX pa- 

GOT, yPHThIBaIOQHe H3MeHeHHe I I a p a M e T p O B  CHCTeMbI H PaCIIPeAeJIeHHe 

0 6 ' b e ~ o ~  p a 6 o ~  M e X Q y  OTAeJIbHbIMH MaIUHHaMH, AOJIKHH COCTaBJIRTbCR 

H a  OCHOBe YKa3aHHbIX BbIIIIe MeTOHHK IIO OIIpeAeJIeHHIO PaqHOHaJIbHhIX 



I I a p a M e T p O B  6 e ~ ~ p a ~ ~ n 0 p T ~ 0 f i  CHCTeMbI pa3pa60~1c~  n p H  pa3XH9HbIX 

T e x n o a o r H s e c K n x  c x e M a x .  

A n H  o n p e A e x e H m  ~ @ @ ~ I C T H B H O C T H  T e K y r q e r o  n n a i : q o s a H m H  n p ~  6ec- 
T ~ ~ H C I I O ~ T H O ~ ~  CHCTeMe p a 3 p a 6 0 ~ 1 i ~  HHHCe ~ Y A Y T  IIPHBeAeHbI pe3Y; ILTaTH 

aHa; I I I3a  BJIHRHIXH IiOhIIIJIeKCa OPI'aHH3aqHOHHbIX ( P ~ K T O P O B  H a  IIOKa3a-  

T e 3 H  T ~ x H o J I o I ' H ¶ ~ c K o ~ ~  CXeMbI p a 6 0 T b I  3KCKaBaTOpOB 8a-14/75 
H 3III-15/90. AJIH H ~ H H O H  c x e M b I  O n p e A e n e H H  p a q n o H a n m M e  n a p a M e T p H  

cHcTem.1 pa3pa60~1a  H a  34BM ((MHHCIF-1)) ( p ~ c .  114) nplr p a 3 a l i s ~ o ~  
paCIIpt?At?JIeHHH O ~ ' ~ ~ M O B  Me;KAy 3KCKaBaTOpaMH. ~ ~ B H C H M O C T ~  k ,  = f (A kc) 
(noI iaaa~o  cn~~oruaoii  n ~ ~ ~ e i i )  p a c c ~ o ~ p e ~ ~ o i i  c x e M H  n p e A c T a s x e r I a  K ~ H -  

B 0 f i  C W T K O  B H ~ ~ X ~ H H O ~ ~  0 6 J I a c ~ b I o  OnTHMaJIbHbIX 3 H a s e H H f i  ]in B O n p e -  

. q e . r r e ~ ~ o h r  m H T e p s a j I e  H ~ M ~ H ~ H I T H  B e n H s m H  kc. I3 o 6 r q e ~  cnysae 0 6 n a c T b  

OIITHMaJIbHOI'O 3 H a q e H H H  k ,  H e  COOTBeT- 

O ~ J I ~ C T H  MFiHHMaJIbHhIX ~ H ~ ¶ ~ H H L Y I  k, K 
Plrc. 114. BnlfRHllC pacnpegenenan 
0 6 ~ e n r o ~  p a 6 o ~  mc.mSc.ly 3Kch.aBaTopamlr P~~~~~~~~ o n ~ e ~ e n H e M o f  

Ha lioaqlqlkique~~ 1 r c p c 3 ~ c ~ a ~ a q u u  KaK OTHOILIeHHe npOH3BOAHTenbHOCTH 

BCIiPbIIZIHOI'O 3 K C K a B a T O p a  K C Y M M ~ P H O ~  
3IPOEldBOAHTeJIbHOCTH BCeX MaLUHH B CXeMe. T a K  IcaK B I IpaKTHseCKHX 

p a c s e T a x  n a c n o p T o B  ropmrx p a 6 o ~  s e m s w a  kc onpeAesIHeTccI  K a K  

OTHOIIIeHHe IIPOH3BOAHTeJIbHOCTH 3KCIiaBaTOPOB Ii n p H p a B B H B a e T C H  

K OTHOIIIeHHIO 0 6 5 1 3 ~ 0 ~  p a 6 0 ~ ,  BbInOJIHHeMhIX 3KCKaBaTOpaMH B 3aXOAKe,  

TO IIpeAJIaI'aeTCH c J I ~ A ~ I O J Q H &  nOpHAOK OlITHMH3aqHH p a c ¶ e T H o f i  TeXHOJIO- 

r~secI ioB c x e M H .  no p a c n e ~ ~ o i i  sentisme kc c o c T a s n c I I o T  r p a @ m  
k, = f (A ki) H O n p e A e n t I I o T  kc O n T ,  C O O T B ~ T C T B ~ I O I ~ ~ ~  ~ a ~ 6 0 n e e  paqmo- 
HaJIbHOMy PaCIIpeAeJIeHHIO 0 6 ' b e ~ o B  p a 6 0 T  MeHCAy OTAeJIbHHMH 3KCKa- 
BaTOpaMEi ( M H H M M ~ J I ~ H ~ I ~  3 H a q e H H H  I i 0 3 @ @ H L ( l i e ~ ~ a  n e p e 3 I i C K a B a -  

w m ) .  
Y¶HTHB~H p a 3 J l H ¶ H e  B TeXHOJIOrHH BCKPhIIZIHbIX pa6o.r B T y n H K a X  

%i no @POHTY K a p b e p a ,  ¶TO npHBOAHT Ii Pa3JIH9HOMY o 6 a e ~ y  p a 6 0 ~ ,  
npHXOAHQt?MyCH H a  K a X A y I O  MaIIIHHy H P a B H O M g  COOTBeTCTBeHHO kc, 
H k4, OCHOBHHM H a n p a s n e H m e M  no o n ~ r n ~ ~ 3 a q ~ m  k ,  B p a c n e ~ ~ o B  c x e M e  

C n e  A y e T  C¶HTaTb YBeJIH'XeHHe BeZH¶HIIbI kc,, UpeAeJI  b H a H  BeJIHYHIIa KO- 

~ o p o i i  c o c T a s n a e T  

C I I O C O ~ ~ I  YIIpaBJIHeMOI'O 0 6 p y I l I e ~ H H  YCTynOB B I ' o ~ H o ~ ~  IIpaICTHKe 

n O K a  H e  HaIUJIH IIpHMeHeHHH I I p H  p a 3 p a 6 0 T K e  MHriEHX nOIipbIBaIoIU,HX 

n 0 p O A .  B OTaH¶He OT IIpHMeHHK)Il(HXCH C I I O C O ~ O B  p a ~ i p a 6 0 ~ ~ ~ 1 ,  K o r A a  

r O p H b I e  IIOpOAbI OTAeJlHlOTCH OT MaCCHBa no B c e h  BbICOTe p a 3 p a 6 a ~ b 1 ~ a -  

e M O r 0  Y C T y n a ,  I I p H  YIIpaBJIHeMOM O ~ P Y I I I ~ H H H  IIPOH3BOAHTCH n o ~ p a 6 0 ~ ~ a  
OCHOBaflHR Y C T y n a  AJIH C03AaHHH KPHTH¶eCKOrO HaIIPIIlrceHHOI'O COCTOH- 

HHH, 06ecnesm~a1orqero OTAeJIeHHe n o J ( p a 6 0 ~ a ~ H o f i  MaCCbI r O p H H X  IIOPOA 

IIOA cmJIoii C O ~ C T B ~ H H O ~ O  B e c a .  

ITpm 6ec~pa~cnop~r ro i i  cHcTeMe p a 3 p a 6 0 ~ ~ ~  a @ @ e ~ ~  06pyruea~a  hrolrceT 

6 b I ~ b  HCIIOJIb30BaH AJIH C M e q e H H H  I 'OPHO~~ MaCCH Ii OTBaZaM (PEIC. 115). 
T e x ~ o n o r m s e c ~ c a ~  CXeMa C YnpaBJIHeMbIM 0 6 p y I I I e ~ H e ~  A O n y C K a e T  

n p H M e H e H r r e  o A H o r o  3~~1easa~opa-~parna i iHa ,  p a c r r o a a r a e M o r o  H a  npe- 
A o T n a n e .  HJIH o6py1ne11~11 r o p H H x  nopon a ~ c ~ i a n a ~ o p  n o ~ p a 6 a ~ ~ s a e ~  
o c H o s n I I n e  y c T y n a  no @POHTY pa6o.r ysacma HJIH I c a p h e p a .  H ~ H  caa60- 
Y C T O ~ ~ T I I X B ~ I X ,  J I ~ ~ I E O O ~ ~ ~ I I I ~ ~ M ~ I X  noponax GJIOIC BcI ipMrnc i  06pymae~cs  
nocac n o ~ p a 6 0 ~ ~ ~  o c H o n a H m  y c T y n a .  l l o p o ~ a  143 o c H o s a H m H  y c T y n a  

p a 3 ~ e r q a e ~ c ~  B n p e g o T s a n e .  O ~ P Y I I I ~ H L I ~ I ~  n o p o ~ ~  pacnonaram B npen- 
OTBaJI &I B e p x I I & i e  R p y C  OTBaJ la ,  ¶ehl  AOCTHraeTCR 0 T p a 6 0 T K a  Y C T y n a  H a  

m H p H I I y  3aXOAIiH I I p m  OAHOM IIpOXOAe 3KCKaBaTOpa  BAOJIb @ P O H T ~  p a 6 o ~  
K a p b e p a .  

ITpm 60~1ee y c ~ o f s n s b ~ x  noponax BCKPHIIIH, K o r A a  AJIH HX 0 6 p y r n e ~ ~ ~  
H ~ O ~ X O ~ H M O  1 - r o ~ p a 6 a ~ H B a ~ b  Y C T y n  H a  OIIpeAeJIeHHyIO BeJIHsHHY IIO 

@POHTY p a 6 0 T ,  xapa~~epm3ye~y1o  m a r o M  O ~ ~ ~ I L I ~ H H H ,  a K c I i a s a T o p  

A s a x A b I  n e p e M e r q a e T c c I  B A O J I ~  @ p o ~ ~ a  p a 6 o ~  H a p b e p a .  ITpm n e p B o M  

n p 0 X O A e  3KCKaBaTOp n o ~ p a 6 a T b 1 B a e T  OCHOBaHHe Y C T y n a  C p a 3 M e l q e H ~ e M  

nOpOA BCKpbIIIIH B npeAOTBaJI .  B T O ~ O ~ ~  IIpOXOA 3KCKaBaTOpa  AJIH OTpa-  

~ O T K H  OCHOBHO& MaCCH IIOpOA BCKPbIIIIH IIOCJIe 0 6 p y l I I e ~ H H  OCYlqeCTDJIR- 

eTCH IIO P a H e e  OTCbInaHHOMy n p e A O T B a J I y  HJIH, n P H  H ~ A O C T ~ T O ~ H O ~ ~  BbI- 

COTe p a 3 r P Y 3 K H  M OTHOCHTeJIbHO ~ O J I ~ I I I E I X  I I a p a M e T p a X  BepXHeI'O H p y C a  

OTBaJIa, npOH3BOAHTCH yBeJIH'4eHHe BHCOTH IlpeAOTBaJIa C CO3AaHHeM 

H a  HeM ~ ~ o p o f  pa6oneH n n o r q a A K H .  

P a q l i O H a J I b ~ b I e  I I a p a M e T p b I  A ~ H H O ~  CXeMbI MOSHO YCTaHOBHTb IIO P a C -  

4eTHbIM @ O P M Y J I ~ M  C ITpHMeHeHHeM 3I4BM. l ~ p o r p a h l ~ o f  ( ~ H c .  116) 
n p e A Y C M 0 T p e H a  B03MOXHOCTb OIlPeAeJIeHBH I IaPaMeTPOB CHCTeMM pa3- 
~ ~ ~ O T K H  I I p H  MHOI'OKPaTHOM H3MeHeHHH HCXOAHbIX AaHHbIX B OIIpeAe- 



J I ~ H H o ~  UOCJIeAOBaTeJIbHOCTH. AJIR OAHOKPaTHOrO PeIIIeHHR 3 a A a P H  
B KOHKPeTHbIX YCJIOBHRX PaCPeThI MOKHO BhIIIOJIHHTb BPYPHYIO. 3 @ @ e ~ -  
THBHOCTb UPHMeHeHFlR ~ ~ C T P ~ H C U O P T H O ~  CHCTeMbI p a 3 p a 6 0 ~ ~ ~  C Y U p a B -  
JIHeMhIM o 6 p y m e ~ n e ~  U p H B e A e H a  B T ~ ~ J I .  24 

Puc. 115. C x e ~ a  ~ ~ C T ~ ~ H C U O ~ T H O %  c a c m ~ a r  c ynpaenrreaw 06pynremew: 
a - npw nepeoa npoxone; 6 - npsi B T O ~ O M  npoxone; 1 - nparnaP~; 2 - R06hI9~09 ancnaeaTop; 

3 - ~ B T O M O ~ H J I ~ H ~ I ~  TpaHCnOpT 

Benrrrrfrra noa@@uqwe~Ta nepesncnasaqa~ npn 
BhICOTe BCHphIllIHOrO YCTyna, M. 

CxeMa ~ ~ C T ~ ~ H C I I O ~ T H O P  CUCTeMhI - paapa6o~xw 
20 1 2 5  1 30 I 35 I I 0  1 15 

Y n p a u n c ~ a ~  czema 

flevarnb 
napar/em 
pod cuc - 
mer/bi C Ycma~odne~ue onmuHanb - 

HUL /&'nl/%Y~b/ n p e J o m b ~ ~ ~  

I 

Onpeb'en~vue 6enuvu~n/  I 
noJcbinxu nnacrna n u n e ~ -  I 
HOZU UCKUIIJCNOZO I 

I I 



5 M.; I I IHpHHa B C K P ~ I U H O ~ ~  3aXOgKH 45 M.; YrJlbI  OTKOCOB BCKPbIIIIHOrO 

Y C T y l l a ,  I IpeAOTBaJIa H YrOJIbHOrO DJIaCTa COOTBeTCTBeHHO 2 8 O ,  35' M 60'; 
K O ~ # I # I H ~ H ~ H T  p a 3 p b I X 3 e H H R  nOpOA BCKPHIIIH B OTBaJIaX 1,2. 

M ~ I E C E M ~ J I ~ H ~ R  ~ # I # I ~ K T H B H o c T ~  T ~ X H O J I O ~ H ~ ~ C I E O ~  CXeMbI C Y n p a B J I R e -  

MbIM 0 6 p y m e ~ m e ~  AOCTHraeTCR I I p H  yBeJIH¶eHHH MOWHOCTM 0 ~ p a 6 a T b 1 -  

B a f 3 ~ 0 6  BCKPMIIIEI, ¶TO y B e 3 H q H B a e T  BepORTHOCTb o 6 p y m e ~ H ~  IIOpOJI, 

YcJIoBMH, X a p a K T e p H b I e  AJIH IIpHMeHeHHR ~ ~ C T ~ ~ H C ~ O ~ T H O ~  CHCTeMbI 

p a 3 p a 6 0 ~ 1 ~ ~ 1 ,  HMeIOTCH H a  MeCTOPOlKgeHHRX B O C T O ~ H O ~ ~  C ~ 6 ~ i p m  (Ye- 
p e M x o B c r c o e ,  Y e p ~ o ~ c ~ i o e ,  AaeiIc~oe,  H a a a p o ~ c ~ o e ,  X a p a ~ o p c ~ o e  m np.), 
~ ~ H A H ~ ~ ~ O B C K O M  H ~ ~ ~ R ( M O C K O B C K O M  - YrOJIbHbIX,  A a J I b H e r o  BOCTOI;~ 
( P a i i s n x ~ ~ c ~ o e ) ,  H E ~ ~ o n o n b c ~ c o ~  M a p r a H q e B o M ,  I I p e ~ ~ a p n a ~ c ~ o ~  ce- 
POIIOCHOM H ~ p .  B 6nmxcaGm~e r o A H  o 6 a e ~  B C K P ~ I I U H ~ I X  p a 6 o ~  B oTe-  

~ ~ C T B ~ H H O G  r o p ~ o ~ o 6 b 1 ~ a 1 o 1 q e i i  npOMbIIIIJIeHHOCTM, B H ~ O J I H R ~ M ~ I ~  IIO 

CHCTeMbI B 0 6 4 e ~  o 6 a e ~ e  BCKPbIIIIHbIX p a 6 o ~ ,  HeCMOTpH H a  BHeApeHEIe 

TeXHMKH H e n p e p H B H O r O  A ~ ~ C T B H R ,  COXpaHHTCR H a  YPOBHe 20%. 
O C O ~ ~ H H O  p a C n p O C T p a H e H a  ~ ~ C T ~ ~ H C ~ O ~ T I I ~ H  CHCTeMa p a 3 p a 6 0 ~ ~ ~  

B Y I ' o J I ~ H o ~  IIPOMbIIIIJIeHHOCTH H H a  M a p r a H q e B O P Y A H b I X  K a p b e p a X  YCCP. 
T ~ K ,  B H H K O ~ O J I ~ C K O M  6acceii~e 40% BCKpbIIIIHbIX UOpOA O T ~ ~ ~ ~ T ~ I B ~ K ) T  

6 e c ~ p a ~ c n o p ~ ~ o i i  CHCT~MOG.  
B y r o J I b H 0 6  npOMbIIIIJIeHHOCTH yneJIbHhTii  BeC BCKPbIIIIH, 0 T p a 6 a T b I ~ a -  

~ M O G  no ~ ~ C T ~ ~ H C I I O ~ T H O ~  CMCTeMe, COCTaBJISIeT 3596, a UO OTAeJIbHbIM 

n p e n n p m T H I i M  n p e r J b i m a e T  90% ( P a G . r ~ x ~ ~ c ~ o e  6ypoyronb~oe). 
~ ~ ~ ~ ~ H o - B o ~ o ~ o ~ H ~ K E ~ M  ICaPbePOM O T ~ ~ ~ ~ T ~ I B ~ I O T C R  I'OPEI30HTaJIbHO 

aaneramqne Y r o n b H b I e  m a c T b I  c p e g ~ e i  M O ~ ~ H O C T ~ I O  2,51 H 2,03 nz, 
BbIHBJIeHHbIe H a  ABYX M30JIHPOBaHHbIX y 4 a C T K a X .  M O I ~ H O C T ~  BCKPbIII-  

HbIX IIOpOA, IIpeACTaBJIeHHbIX IIeC4aHO-I'JIHHEiCTbIMH OTJIOHCeHHRMH C ABY- 

MR I I P O C J I O ~ K ~ M H  H3BeCTHRKOB, COCTaBJIReT B CpeAHeM no KajfEAOMY M3 

Y4aCTKOB 30,s M 25,2 M.. 

Ha K a p b e p e  DPHMeHRIoT J'CJIOHCHeHHYH) ~ ~ C T ~ ~ H C ~ O ~ T H ~ H )  CMCTeMY 

p a 3 p a 6 0 ~ ~ ~  ( ~ H c .  117). O T p a 6 0 T K y  O C H O B H O ~  ¶aCTH TOJIWH IIOKPbIBa- 

E O ~ H X  nopon BeAyT A p a r n a B ~ a ~ ~  3III-10/60 H a  KajfEAoM ysacme. nepe- 
J ( o B o ~ ~  YCTYII O T ~ ~ ~ ~ T M B ~ I ~ T  3KCIcaBaTOpaMH 3 w - 4 , 6  C norpy3~oH B aB-  

TOCaMOCBaJIbI. A06b14~b1e  p a 6 0 T b I  IIPOH3BOART MeXaHlVleCKHMH JIOIIaTaMH 

3w-4 ,6  C YAJIHHeHHbIM p a 6 0 9 H ~  O ~ O P Y A O B ~ H E I ~ M  I I p H  TpaHCIIOpTHpOBa- 

HHH YrJ IR  aBTOCaMOCBaJlaMH. 

@ ~ O H T  p a 6 o ~  K a p b e p a  YCJIOBHO AeJIRT H a  ABa  6 ~ 1 o ~ a .  B OAHOM ~ J I O K ~  

IIPOH3BOAHT BCKPbIIIIHbIe p a 6 0 ~ b I  OT q e H T p a  K a p b e p a  K T O p q a M ;  BO BTO- 

pOM - ~ o 6 a s ~ ~ e  pa6o~h1. ~ I ~ ~ ~ ~ c M ~ T ~ H B ~ I O T C R  XOJIOCTbIe IIepeXOAbl 

BCKpblIIIHOI'O O ~ O ~ ~ ~ O B ~ H H H  OT TOpI(a K q e H T P Y  K a p b e p a  nOCJIe 0 T p a 6 0 ~ -  

KH 0 ~ ~ 0 6  3aXOAKH B ~ J I O K ~ .  ~ P H  A ~ H H O ~  TeXHOJIOrHH BCKPHIIIHbIe H GO- 

6 ~ 1 s ~ a e  p a 6 o ~ a  pa3AeJIHIoTCR B npOCTpaHCTBe,  0 6 e c n e s m ~ a ~  He3aBHCH- 

niym o p r a ~ m 3 a q ~ m  p a 6 o ~ .  

\ A - A  

Puc. 117. ropnble pa60l.b~ Ha 3 a n a ~ ~ o - E o r o p o ~ a q r m  yronbnoM rtapbepe ( g q a ~ l . 0 ~  
M 1): 

OAHHM 3KCICaBaTOPOM I IPH ABYX IIPOXOAaX MaIIIHHbI BAOJIb ~ P O H T ~  p a 6 o ~  
K a p b e p a .  npEi n e p B 0 M  npOXOAe 3I<CKaBaTOp YCTaHaBJIEiBaIoT H a  paCCTOH- 

HHM 25 M. BbIIIIe KPOBJIH A O ~ ~ I P H O ~ O  YCTYD;I H O T ~ ~ ~ ~ T ~ I B ~ I O T  BepXHHM 

4 e p n a H H e M  B C K ~ ~ I I I I H O ~ ~  y c ~ y n  B M C O T O ~ ~  15 ~t c Y I C J I ~ ~ E C O ~  B C K P H ~ H  
B OTBaJI. ~ P H  BTOPOM IlPOXOAe 0 T p a 6 a T b I ~ a I o T  OCTaBIIIyIoCH q a C T b  BCKpbIIU- 

HOrO YCTYIIa BHCOTOB 15 M.. B~opo i i  3KCICaBaTOP am-80/100, A B H r a R C b  

no n p e A O T B a J I y ,  0 T p a 6 a T b I ~ a e T  OCTaBIIIyEOCR ¶aCTb BCKpbIllIHOrO YCTYTIa 

CoBMecTHo c ~ ~ P ~ ~ K C K ~ B E I ~ Y ~ M ~ I M H  0 6 a e ~ a ~ ~  H p a 3 ~ e r q a e ~  nopoAy 



1 q ~ i i  35%; 3 a B b I ~ e ~ H h I ~  P ~ ~ Y J I ~ T H P Y H ) ~ H &  YrOJI OTKOCa OTBaJIa, P a B -  

HbIZj[ 30'; 3Ha9HTeJIbHbIe  IIOTePH IIOJIe3HOrO HCKOIIaeMOI'O B QeJIHKe . 
Pu 

(2,5%); H a n n n H e  n ~ y x  npo- 
XOAOB o A H o r o  AparnaP~a 

94 I BAOJIb @ ~ O H T ~  p a 6 o ~ ,  ¶TO 

c H n m a e T  ero n p o H a B o A H -  

TeJIbHOCTb. MBTOAHKe, 

I I ~ H B ~ A ~ H H o ~  B 3 4, ~ ~ I J I H  

o n p e A e n e H N  p a q z i o H a n b H a e  

n a p a M e T p b I  y c n o x ~ e ~ ~ o i i  

B C l l y ¶ a e  n p H M e H e H H R  B AaH- 

H N X  YCJIOBHRX ABYX 3KCKa- 

BaTOpOB 3I.U-80/100 ( ~ H c .  

119). 
B OTJIH¶He OT IIPOeKT- 

H N X  B M ~ O P  P a ~ H O H a J I b H h I X  

n a p a M e T p  OB CncTeMM 1103~0- 

JIHT CHH3HTb 0 6 a e ~ h 1  nepe- 
3KCKaBaQHH C 35 A 0  32%, 
YMeHbll lHTb p e 3 y J I b T H p y I o -  

JQHG YrOJI OTKOCa C 30 A 0  
2 6 O ,  HCKJIIo¶HTb IIOTePH HC- 

K o n a e M o r o  B qenme npn 
CHHHCeHHH l l lHPHHN 3aXOAKH 

c 60 AO 40 m. 

PUC. 119. YcnoHcHem~an 6ec~panc- 
UOpTHafl CUCTeMa p 8 3 p a 6 0 ~ ~ ~  

192 

I I o z o x c ~ ~ B  K a p b e p  p a ~ p a 6 a ~ ~ s a e ~  ~ O P H ~ O H T ~ J I ~ H O  a a n e r a m q ~ n  
n J l a C T  KIOJIHHOBMX H OrHeYIIOPHbIX r J lHH C p e ~ ~ e i %  MOQHOCTbH) 4,s A. 
B c ~ p ~ l n a  M O ~ H O C T ~ ~  28 m n p e n c T a s n e H a  necsarro-~~EHHCTMMH nopo- 
AahIH. HPO~KTOM nPeAYCMaTPHBaJIOCb IlOPOAbI BCKPbImH 0 T p a 6 a ~ b 1 B a ~ b  

8RYhfR YCTYIIBMH. H a x ~ ~ f i  ( O C H O B H O ~ )  YCTYII B H C O T O ~  18 0Tpa6aTb1-  
RaIoT no ~ c J ~ o ? K H ~ H H o %  ~ ~ C T ~ ~ H C I I O ~ T H O ~  CHCTeMe 3KCKaBaTOpaMH 

3m-5/45 H 3IU-10/60 (pnc. 120, a); n e p e ~ o ~ o f  y c T y n  s b ~ c o ~ o i i  10 m - no 
T P ~ H C I I O P T H O ~  CHCTeMe C Upl lMeHeHHeM 3KCKaBaTOPOB 3Kr-4,6 C IIOI'PY3- 

~ i o i i  B a B T o c a n i o c R a n b I  H p a 3 ~ e q e ~ n e ~  B C K P N ~ H  BO B H y T p e H H n x  omanax. 

a o 6 ~ n ~ ~ e  p a 6 0 ~ b I  B e A y T  3KCKZlBaTOpaMH 3m-4 ,6  C n o r p y 3 ~ 0 2  H a  Xe- 
J ~ ~ ~ H o ~ o P o ? K H ~ I ~  TPIHCIIOPT. 

h l e c ~ o p o x n e ~ n e  B C K ~ M T O  B M ~ ~ A H O ~ ~  ~ p a ~ m e e i i  q e H T p a n b H o r o  pacno- 
J IOXeHHH,  KOTOPaR AeJIHT @POHT p a 6 0 ~  K a p b e p a  H a  3 a n a ~ H a H  H BOCT04- 

H N G  Y¶aCTKH. B IICpllOA CTpOHTenbCTBa K a p b e p a  ~ M J I H  BhIFIBJIeHbI CJIeAYIo- 

p H e  HeAOCTaTKH T€!XHOJIO~H¶~CKOZ~[ CXeMM p a 6 0 ~  A p a r J I a 6 ~ 0 ~  H a  OCHOB- 

HOM YCTYIIe: B ~ I C O K E ~ ~  K O ~ @ @ H ~ H ~ H T  I I e P e 3 K C K a B a q H H  (63,8O//o) H 6 o n b m o i i  

p e 3 y J I b T H p y I O ~ H f i  YrOJI BHYTPeHHerO OTBaJIa (30°), C I I O C O ~ C T B Y I ~ ~ H ~ ? ~  
0 6 p a 3 0 B a H H I o  onona~eii .  C ~ c ~ e n ~ a  p a 3 p a 6 0 ~ ~ ~  H a  I I o n o x c ~ o ~  H a p b e p e  - 
YCJIOXHeHHaR ~ ~ C T ~ ~ H C I I O ~ T H ~ R  ( ~ H c .  120, 6). n p H  n e p B O M  npOXOAe 

A p a r n a H ~  3111-10/60, n e p e ; \ l e m a s c b  no B c K p u m H o M y  y c ~ y n y ,  o ~ p a 6 a ~ ~ -  
s a e T  B e p x H I o r o  s a c T b  B ~ X O ~ K H  c 0 6 p a 3 0 ~ a ~ ~ e ~  spy6a no n n a c T a  noxes- 
HOrO HCIEOIIaehlOrO H p a 3 M e p e H H e M  BCKPbIlllHbIX IIOPOA B n e p B ~ ¶ H h I i j [  



~ p y c  oTsana. B~opof i  npoxon ~ p a r n a f i ~ a  3III-10/60 npoHcxoAmT no ripen- 
O T B a n y  BMeCTe C 3KCKaBaTOPOM 3m-4/40, OCYWeCTBJIHR BbIeMKY HIlK-  

H ~ G  ¶aCTH BCKPHIIIHO~~ 3aXOAKEI H 9aCTWIHYIo IIepe3ICCKaBaqHIo 

omana. 
~ ~ O C T O H H C T B ~  3 ~ 0 f i  CXeMbI: CHHXeHHe K O ~ @ @ H ~ H € ? H T ~  nepe3KCKaBa- 

~ H E I  AO 34,5% ; yMeHblueHHe nHcna nepeyKnaAoK m e n e s ~ o a o p o i ~ ~ b ~ x  ny- 
T e t i  Ann TpaHcnopTmposaHmn nones~oro  mcKonaeMoro c ysenmseHneM 
IUMPHHbI 3aXOAKH C 30 A0 50 A Fi yB€?JIH¶eHHe BbICOTbI OCHOBHOrO YCTylla 
c 18 no 20 npn CHHmeHnH pe3ynb~mpy101qero yrna oTKoca oTsana 
no 29". 

Aanb~efimee COBeplueHCTBOBaHHe BCKPbIIUHbIX pa60.r H a  ~ O J I O X C K O ~ ~  

Kapbepe 6 y ~ e ~  IIpOHCXOAHTb nyTeM yBeJlH¶eHHR YAeJIbHOrO BeCa 3KO- 

H O M M ¶ ~ C K O ~ ~  ~ c J I o ~ K H ~ H H o ~  ~ ~ C T P ~ H C I I O P T H O ~ ~  CHCTeMbI p a 3 p a 6 0 ~ ~ m .  AJIR 
COXpaHeHHR llp0eK~H0ii ~ ~ O ~ ~ ~ B O A C T B ~ H H O ~ ~  MOWHOCTH Kapbepa ll0 no- 
Jle3HOMY HCKOIIaeMOMY C yBeJIH¶eHHeM BbICOThl HElXHeI'O YCTYIIa A0 26- 
28 % ( ~ M c .  120, 6)  no~pe6ye~cFI BBeAeHHe B p a 6 o ~ y  BTOpOrO 3KCKaBaTOpa 

3m-10/60. O T J I H ¶ ~ T ~ ~ ~ H ~ R  o c o 6 e ~ ~ o c ~ b  A ~ H H O ~ ~  CXeMbI pa6o~b1 o6opy- 
AOBaHIXH - npHMeHeHHe 3KCKaBaTOpa 3LU-4/40 (3m-5/45) TOJIbKO AJIR 
n e p e 3 ~ c ~ a s a q ~ n  n o p o m  B oTsane. IIpn  TOM D P ~ M ~ H H M ~  yron oTIcoca 
OTBana COCTaBnReT 27" JIpH Pe3YJIbTHPYK)WeM YrZe A0 19". H0344lXqM- 

eHT nepe3KCKaBaqHH yBenH¶HBaeTCR A0 63%. Y B ~ J I H ¶ ~ H H ~  MOQHOCTFI 

BCKP~IIIIEI AO 26 a, o ~ p a 6 a ~ ~ s a e ~ o i i  no 6 e c ~ p a ~ c n o p ~ ~ o i : I  cxeMe, nos- 
BOJlMT CHHaHTb C ~ ~ ~ C T O H M O C T ~  p a 3 p a 6 o ~ ~ ~  1 .M3 BCKpbIIIIEl Ha  25% DO 

CPaBHeHHIo C I I ~ H M ~ H H ~ M O ~  C X ~ M O ~ ~  BCKPbIIIIHbIX p a 6 0 ~ .  
~ ~ K C ~ ~ B C K H M  MapraHqeBOpyAHMM KapbepOM ~ ~ H A H ~ ~ ~ O B C K O ~ O  6ac- 

c e f ~ a  p a 3 p a 6 a ~ a ~ a e ~ c ~  r o p n 3 0 ~ ~ a n b ~ ~ f i  p y ~ ~ h ~ i i  nnacT c ~ ~ A H ~ B  MOW- 
HOCTbIo 1,6 %. n0Kphl~aIO~Me nOpOAhI, IlpeACTaB.rIeHHMe IIeCKaMH H Cy- 
rJIHHKaMH, MOWHOCTbIO A0 33 % B COOTBeTCTBMH C IIPOeKTOM 0Tpa6aTb1Ba- 

JrHCb ABYMR YCTYIlaMH: H H X H H ~ ~  BMCOTOG 26 .W ll0 ~ ~ C T ~ ~ H C ~ O ~ T H O ~  
CHCTeMe 3KCKaBaTOpaMH 3m-10/60, 3LU-10/70 H 3m-15/90 ( ~ H c .  121) 
I3 l l e p e ~ 0 ~ 0 H  - aKCKaBaTOpaMH 3 w - 4 , 6  C B M B O ~ K O ~  BCKpbIIIIEI BO BHYT- 

PeHHHf3 OTBaJIhl aBTOCaMOCBaJlaMH DO CIIe4HaJlbHbIM HaCbIIIRM (IIepehlbI9- 

K ~ M ) ,  ¶TO c0Kpaqae.r paccTorrHHe n e p e ~ 0 3 ~ ~  nycmx nopon. Hapbep~roe 

UOJIe IIIHPHHOH 1800 .M BCKphlTO TpeMR BbIe3AHbIMH TpaHIlIeRMH BHeIII- 

Her0 3aJIO)KeHHR. ~ ~ H T P ~ J I ~ H ~ R  BbIe3AHaR TpaHIIIeR pa3AeJIReT @I)OHT 

p a 6 o ~  Kapbepa H a  Asa ysacTKa: c e ~ e p a ~ i i  m m m ~ b ~ i i .  

H H Z H H ~ ~  ( O C H O B H O ~ ~ )  YCTYll IIO BCeMY @POHTY Kapbepa AeJIRT H a  ¶I?- 

TbIPe 6 n o ~ a  - 110 ABa H a  KaXAOM y¶acTKe. ~ K C I < ~ B ~ T O ~ M  3III-10/60 
BCerAa HaXOARTCR Ha  BCKPbIIlIHOM YCTYIIe H ~ ~ ~ O T ~ I O T  OT qeHTpa y¶aCTKa 

K T O p q Y  Kapbepa, O T ~ ~ ~ ~ T M B ~ H  BepXHIOIO ¶aCTb nOAyCTyna. Bpy6 npo- 
H3BOAHT IIPH O ~ P ~ T H O M  XOAe. ~ K C K ~ B ~ T O ~ ~ I  3LU-10/70 H 3m-15/90, PaC- 
nonaraacb ~ o n b ~ o  H a  npeAoTsane, O T ~ ~ ~ ~ T M B ~ I O T  H H X H H ~ ~  I I O A Y C T Y ~  

I1 nepe3KCKaBHpyIOT nOpOAbI BCKPbIIlIM C ~ ~ ¶ I I C T K O ~  P y A H O r O  IlZaCTa 

OT BbIe3AHbIX T ~ ~ H I I I ~ H  K qeHTpaJIb~0fi ¶aCTH y¶aCTKa. 

C 1966 r. Ha Kapbepe BCK) TOJIWY IIOKpbIBaIoWMX IIOpOA O T ~ ~ ~ ~ T M B ~ W T  

no ~ c J I o ~ K H ~ H H o ~ ~  6 e c ~ p a ~ c n o p ~ ~ o f i  CHCTeMe 3KCKaBaTOpaMH 3LU-15/90. 
T e x ~ o n o r m ~  BCK~MIUHMX p a 6 o ~  Ha Kapbepe cneayroqas. Cyqec~ny-  
Ionlee p a 3 ~ e x e ~ ~ e  @ p o ~ ~ a  p a 6 o ~  H a  6 n o ~ m  ocTaeTca 6e3 m 3 h r e ~ e ~ ~ ~ .  

B Ka;snob.r 113 geTbIpex ~ J O K O B  p a 6 o ~ a e ~  OAHH nparna f i~  3III-15/90. IIocne 
oI;oH¶aHxia BNexfKI* p y ~ b ~  B a a x o ~ ~ e  6 n o ~ a  x p a r n a f ~  OT nepeMasIcH, r 
pa3~e .n~ loqe i i  @POHT p a 6 o ~  IcaiKAoro ysacTKa H a  nsa b n o ~ a ,  BepxHmb1 

¶epnaHEIt?hl npU BbICOTe sa6os 10 .M Ha¶HHaeT 0Tpa6a~bIBa~b BCKPHIIIHO~~ 

YCTyII H O~HOBpehleHHO HnlKHmM ¶epUaHHeM IIPOH3BOAHT B P Y ~ .  npH OT- 

pa60~Ke a a x o ~ ~ r n  B Topqe Kapbepa a ~ c ~ a s a ~ o p  oTcbInaeT nepeMwmy, 
nepexonm no ~ e f i  Ha npeaoTBaa, nepe3~c1ca~mpye~ nopony ma nepeMas- 
K n ,  npOH3BOAHT BbIeMKY H M X H ~ ~  ¶aCTH 3aXOAIiH H 3a¶HCTICY PYAHOrO 
n.nacTa. B qeaTpe ysacma aricIcasaTop XOJIOCTHM XOAOM nepexonljr 

9epe3 IIeFITpaJIbHyIO lTepehfbI¶Icy H qHIcJl pa60TbI IIOBTOPReTCR. 

'Ann YMeHbIIIeHHR 0 6 x 1 3 ~ 0 ~  BCKPbIIIIH B TOpQaX H qe~~paJ IbH0f  ¶aCTH 

Kapbepa, rAe ebIIcOCTb BHYTPeHHHX OTBaJIOB COI<paIqaeTCH C qeJIbI0 Coxpa- 
HeHHR BbIe3AHhIX TpaHIIIefi AJIR TpaHCIIOpTHpOBaHIXH lIOJle3HOI'O HCIcOllae- 
MOI'O, OAHHbI 3KCIcaBaTOpOM 3H'r-4,6 IIPOH3BOnHTCR BbIeMKa HHIII. 

C o n e p m e ~ c ~ ~ o s a a z i e  r o p m x  p a 6 o ~  H a  A n e ~ c e e ~ c ~ o ~  Icapbepe, no- 
CTmrHyTOe JIlTIcBn~aq~ef nepeAoBOr0 YCTyna H M ~ K C H M ~ J I ~ H O ~ ~  OIITEIMH- 

3aqMefi DapaMeTpOB ~ ~ C T ~ ~ H C ~ O ~ T H O ~  CHCTeMJJ, n o ~ a s a ~ o  B ~a6.n. 25. 
Ha B o r A a ~ o n c K o ~  Icapbepe I I p m ~ ~ e n p o ~ c ~ o r o  MapraHqeBoro Gaccefi- 

Ha  DnaCT PYAbI ElMeeT MOIU,HOCTb 1,8-2,o At H 3aneraeT DO¶TH rOPH30H- 

TanbHo. BcIcp~ma cpea~ei i  MOWHOCT~IO 65 w npeAcTasxeHa cyrnmHKaMn 
EI necxaMm. 

BCKPMTH~ PYAHOrO YCTyna (no np0eIc~y) npeAyCMOTpeH0 TpeMH 
TpaHIIIeRMH BHeIIIHerO 3aJlO?KeHHR. ~eHTpaJIbHaR TpaHILIeR AeJIHT @POHT 

p a 6 0 ~  H a  A B a  y¶acTKa AJIHHO~~ 1800 &I 2300 %. Hmlrc~~f i  B C K P M ~ H O ~ ~  

yc~yn :  BHCOTOH 30 w o ~ p a 6 a ~ b 1 ~ a 1 o ~  ABYMR noAycTynaMm ( ~ a  B O C T O ~ H O M  

ysacTIce ~par. 'IafiHa~H 3LU-8/60, 3III-14/75 m 3LU-15/90, H a  3 a r r a ~ ~ 1 o ~  - 
3III-10/60, 3LU-14!75 m 3LU-25/100) (pmc. 122). 
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H OTBaJIbHMx A p a r n a i i ~ o ~  c XOJIOCTMMH n e p e x o A a M H  B A O J I ~  @ p o ~ ~ a  
(PEG. 122, 6).  TO OCyqeCTBJIReTCH OT T O P 4 0 B  K c e p e A i i H e  K a p b e p H O r O  

noxa. B nepnon ~ ~ C M I I K H  n o s m  3anexn OKOJIO ~ ~ H T P ~ J I ~ H O ~  T p a H m e n ,  

KOI'Aa A O ~ M P H M ~  3 K C K a B a T O p M  pa60TaH)T B I I p H T O p q O B H X  J r sacTKax ,  

TpaHCIIOpTHpOBaHHe PYAM IIPOHCXOAHT IIO B H e 3 A a M  H a  npeAOTBaJIM,  

KOTOPHe C03AaH)TCR OTBaJIbHMMH JQarJ Ia fHaMH H 6 y n b ~ o 3 e p a ~ n .  He- 
C M O T ~ R  H a  neperom M O ~ H H X  A p a r n a P ~ o ~ ,  B T o p a a  c x e M a  6oaee ~ K O H O -  

M H P H a  B CBR3H CO CHHHFeHHeM IIPOCTOeB BCKPMIIIHOI'O H A O ~ ~ I P H O ~ O  060- 
p y A o s a H H a .  

A H ~ J I H ~  O p r a H H 3 a 4 H H  BCKPMIUHbTX  GOT I I P H  BTOPO$ CXehfe C XOJIO- 

CTHMH n e p e x o A a M H  O ~ O ~ ~ A O B ~ H I T ~ ,  BIJ I IOJIH~HHM~~ HI'EI, n o ~ a 3 a ~ 1 ,  s ~ o  
~ a n 6 o n e e  p a q n o H a n b n o  p a c n o n o x e H a e  H a  K a x A o M  y s a c T K e  ABYX 3 ~ -  

CKaBaTOpOB H a  IIpeAOTBaJIe  H OAHOrO H a  BCKPMIIIe (PHC. 123). T a K a R  

c x e M a  p a 6 0 ~  6 ~ n a  anpo6mposa~a H a  B O C T O ~ H O M  ysacme E o r j a ~ o ~ c ~ o r o  
R a p b e p a .  ITon y s e ~ ~ b ~ e  n o n o x m e n b m e  p e a y n b ~ a ~ ~  0 6 e c 1 1 e s ~ ~ a m ~  Ram- 
~ e f m e e  c H H x e H H e  o 6 a e ~ o ~  p a 6 o ~  no n e p e 3 ~ c ~ a s a q ~ n  H y n e J r H s e H m e  

I I ~ O H ~ B O ~ H T ~ J I ~ H O ~ ~ [  MOllJ,HOCTH K a p b e p a  no PYA€?. 
O T C ~ T C T B H ~  3 B e H a  T p a H C n O P T a  I I O p n 7  B T€?XHOJIOTHY€?CKO~ q€?nO¶Ke  

npOH3BOACTBa r O p H M X  p a 6 o ~  I I p H  6 e c ~ ~ a r r c n o p ~ ~ o i i  CHCTeMe 0 6 e c n e s n ~ a e ~  
IIOJIYgeHHe BMCOKHX TeXHHKO-3KOHOMH¶eCKHX 110~a3aTeJIel%. T ~ K ,  B YrOJIb- 

H O ~  IIPOMMmJIeHHOCTH C ~ ~ ~ C T O H M O C T ~  1 Jt3 BCKPMIIIH COCTaBJIReT IIPEi 

n p 0 C T 0 f  6 e c ~ p a ~ c n o p ~ ~ o f  CHCTeMe 11-12 KOn. ,  I I p H  Y C J I O H F H ~ H H O ~  - 
23-25 KOII., B TO B p e M R  K a K  I I P H  CHCTeMe C HFeJIe3HOAOPOHFHMM T p a H C -  

nOpTOM O H a  P a B H a  2,3-2,5 py6. I T P O H ~ B O A H T ~ J I ~ H O C T ~  T p Y A a  pa60smx 
H a  H a p b e p a x  npn 6 e c ~ p a ~ c n o p ~ ~ o F  ;icTeMe T a K m e  B 4-5 pa3 B M m e ,  

¶€?M I I p H  T ~ ~ H C I I O ~ T H O ~ .  

A. TPAHCIIOPTHO-OTBAJIbHAII CHCTEMA PA3PABOTKPI 
C IIPmMEHEHmEM KOHCO JIbHbIX OTBA JIOOBPA30BATE JIEB 

T ~ ~ H C I I O ~ T H O - 0 T B a J I b H a R  CHCTeMa C HCIIOJIb30BaHHeM KOHCOJIbHMX 

o ~ s a n o o 6 p a 3 0 ~ a ~ e ~ 1 e i j r  AJIR F e p e M e q e H H a  B c K p H m H  OT a K c K a s a T o p a  

H a  Y C T y n e  BO B H Y T P ~ H H H ~  OTBaJI I IPHMeHReTCR I I P H  p a 3 p a 6 0 ~ ~ e  r O P H 3 0 H -  

TaJIbHhIX IIJIaCTOB M ~ C T O P O H F A ~ H H ~ .  

HJIR npOH3BOJ?(CTBa BCKPHIIIHMX p a 6 o ~  O ~ M ¶ H O  IIPHMeHRH3TCR MHOF.0- 

KOBIlIOBMe 3KCKaBaTOPM ( T J I ~ B H M M  o 6 p a 3 0 ~  ~ 0 ~ 0 p H b l . e )  H H H O r A a  OAHO- 

K o s m o s H e  (PHC. 124 a, 6). 
B n o c n e A H e M  cnysae n o r p y s ~ a  B c K p b I m m  H a  o ~ ~ a ~ r o o 6 p a 3 o s a ~ e n b  

IIPOH3BOAHTCR ¶eP83 I I P H ~ M H M ~  ~ Y H K ~ P  HJIH ~ Y H K ~ P - I I H T ~ T ~ J I ~  (PHC. 

124, 6). KOHCOJI~HM~ O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I H  IIPHMeHRH3T Il I I P H  pa3pa60~1;e 
BCKPbIIIIHHX TIOPOA HaKJIOHHMMH CJIORMH, a T a K X e  I I p H  pa6o~e C o6py- 

Pnc. 124 .  TexAononnsec~ne cxentbr npmeHeHtin ~ p a ~ o n o p ~ ~ o - o ~ n a n b n o  oaoTembr p a a p a 6 o ~ ~ n  
o o ~ s a n o o 6 p a a o s a ~ n m n  



m e H H e M  nopoA ( p ~ c .  124, 2, a). C m n y c r , o M  p o T o p H o r o  a ~ ~ c ~ a s a ~ o p a  
3~r-1600 KoHCoJIbHbIX O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I ~ ~  om~-4500/180 H 

Om-4500/90 o6~1ac~b  n p H M e H e H H R  T ~ ~ H C ~ O ~ T H O - O T B ~ X ~ I I O %  CHCTeMbI 

pa3pa60~xn H a  K a p b e p a x  a H a s m T e n L H o  pacmmpnnacb. 
H p H  p a 6 o ~ e  p O T O p E O r 0  3 K c K a s a T o p a  B C O s e T a H H H  C o~sa~1006pa30- 

B a T e n e M  60~1bmoe a ~ a s e ~ ~ e  Ann o n p e A e n e H m R  o c n o B H b I x  n a p a M e T p o B  

CHCTeMbI H M e e T  C X e M a  YCTaHOBKH O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I F I ,  X a p a K T e p k T 3 y e -  

M a H  B n e p B y m  ogepegb H a m t s m e M  B C K ~ M T M X  3anac0~  I I O J I ~ ~ H O ~ O  HCIEO- 

I l a e M O r O ,  H ~ O ~ X O ~ H M L J X  AJIH H 0 p M a J I b H 0 6  pa60~b1 K a p b e p a  B ~ H M H H G  
I l e p H O A  B p e M e H H  n p H  OCTaHOBKe l lCI<pbII l IHOrO K O M n J I e K C a .  

~ J I ~ c c H @ H I E ~ ~ H R  OCHOBHbIX TeXHOJ lOrHPeCKHX CXeM TpaHCI lOPTHO-  

O T B ~ J I ~ H O ~ " ~  CHCTeMhI, B OCHOBY K O T O ~ O ~ ~  IlOJI03ICeH OCHOBHOG l l P H 3 H a K -  

H a J I H ¶ H e  H MeCTO DaCI IOJ IOXeHHH BCKDbITbIX 3 a I I a C O B  IIOJIe3HOrO HCKO- 

1. ~ o J (  O T B ~ J I ~ H O ~  KOH- 
conbm o~sa~1006pa30sa- 
Tena 

3. n0A O T B ~ A ~ H O ~  H 
npnekIH0P KOHCOJIbH) OT- 
nanoo6pa3o~a~enn  

A. Ha KpOBne IIJIaCTB 
' 

1. I I ~ P H H B  3aXOJ(HH n0 
BCHpHIIIe H H a  OTBaJIe paBHa; 
Ha senasmy sanacon H e  
snnaei* mnpmaa 3aXOAKH no 
1106arse 

A. Ha xposne n n a c ~ a  1. LUnpma B ~ X O D H H  no 
B. Ha nosse nnac~a  B C K P H ~ ~  n p e ~ ~ m a e ~  o ~ s a n b -  

HYH) PI paBHYI0 eP no6ars~ym; 
3MMHHe 3allaChI CO3AaH)TCR 
38 CPeT OTCTaBaHIlR OTBBJIb- 
HhIx H A O ~ H ¶ W I X  pa6o.r. 

2. ~ H ~ H H B  3aXOAKH I30 
BCHpHIUe H Ha OTBaJIe PaBHhI; 
3HMHHe 3aIIaCH COB1IaH)TC~ 
3a C¶eT yMeHbIIU?HHH mEpn- 
HH s a x o ~ ~ a  no ~ o 6 n s e  

A. Ha KpOBJIe nnac~a  1. LUnpma B ~ X O A K H  no 
BcKpHme npesHmaeT OT- 
BaJIbHYIO H PaBHYIO e6 no- 
~ ~ I ~ H Y H ) ;  3HMHHe 3aQaCP 
CO3AaIOTCR 38 CWT OTCTBBB- 
HUa OTBanbHJdl H ~ 0 6 ~ 4 ~ ~ 4  

1 HOrO ( P ~ H T O B  pa6o~ ,  paBeH- 
CTBO 3aXOAOK nO BCKpbnne II 
Ha oTBane 

I '  HOBlXTb OCHOBHhIe TeXHOJIOI 'HgeCKHe I l a p a M e T p h l :  MHHHMaJIbHOe  P ICCTOR-  

HlXe OT OCH I l O B O p O T a  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I R  A 0  r p e 6 ~ ~  O T B a J I a ,  MaKCHMaJIb -  

1 HO B03MOXEHYH) BbICOTY BCKPbImHOI 'O YCTYI Ia ,  MHHHMaJIbHYIO AJIHHY @POH- 

1 T a  p a 6 0 ~  I c a p b e p a  no B c K p b I I I I e  EWIH DO ~o6b1se. 

B p a 3 J I H s H b I X  rOpI IOTeXHH¶eCKHX YCJIOBHRX I I a p a M e T p h I  CHCTeMbl  

~ a 3 p a 6 o ~ K ~  CJIeAyeT OnpeAeJ IHTb  H a  OCHOBe MaKCHMaJIbHOrO HCIlOJIb30-  

B a H H R  AJIHHbI KOHCOJIH o ~ ~ a ~ 1 o o 6 p a 3 0 ~ a ~ e n ~  C I ~ ~ O B ~ ~ I E O %  BO3MOXHOCTH 

pa6o~b1 IlO BbICOTe p a 3 r P y 3 K H  Hp IIpm ~ c T o ~ ~ H B ~ I x  I IOpOAaX.  P ~ C C T O R H H ~  
OT OCH I lOBOpOTa  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I R  A 0  r p e 6 ~ ~  O T B a J I a  OI IpeAeJ IPeTCI I  



pa60sm~m p a 3 ~ e p a ~ m  H c x e ~ o f  ycTaHoBKH K O H C O J I ~ H O ~ O  o~sanoo6pa- 
aosaTencI. IIpm HanFismm onpeAeneHHoro ropHoTpaHcnopTHoro o6opy~o- 
BaHHR (KoHcoJI~HH~ O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ ~ ~  H P O T O P H H ~  ~ K C K ~ B ~ T O P )  
Bce ocTanbaHe napaMeTpH cHcTeMH p a 3 p a 6 0 ~ ~ ~  onpeAenmoTcR B 3asm- 
CHMOCTH OT I'OPHOTeXHEi¶eCKFfX Y C J I O B H ~  MeCTOPOXAeHHR H IIPOH3BOAH- 
TeJlbHOCTm KOMJIJleKCa. 

Cxeaa I-A-1. IIpn pacnonosKeHmH ~FIMHMX s a n a c o ~  nonea~oro  HCKO- 
IIaeMOI'O IIOA OTBBJI~HOG KOHCOJIbIO O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I I I  MHHHMaJIbHOe 
paccToxHme OT ocm noBopoTa o ~ ~ a n o o 6 p a 3 0 ~ a ~ e n r r  ~o BepxHero r p e 6 ~ n  
oTsana mnm ~ e o 6 x o f i m ~ ~ f  pamyc  pa3rpy3~m o ~ ~ a n o o 6 p a 3 0 s a ~ e n ~  co- 
CTaBJIReT (CM. PHC. 125). 

R , = H 0 c t g p + B + 1 ,  a ,  
l = a + t + b + h c t g a + c ,  (V11) 

- yrox o ~ ~ o c a  o ~ s a n b ~ o r o  ~ p y c a  n p ~  o~carnxe ero-no rpe6~10, 
zpaa. 

3HaseHHe K O ~ @ @ H ~ H ~ H T ~ ,  y¶HTHBaIO~eI'O COOTHOIUeHHe AJIMH BCKpbI- 
IIIHOrO M OTBaJIbHOrO @POHTOB pa60T npH T ~ ~ H C ~ O ~ T H O - O T B ~ J I ~ H O ~  CII- 
CTeMe p a 3 p a 6 o ~ ~ m ,  3aBHCHT OT HaJIH¶HR, ¶lXCna, IlIHpHHhI H MeCTa pacno- 
nomeHHR B H ~ ~ A H H X  ~ p a ~ m e i i ,  BEJCOTH omana m yrna ero OTKOCa H onpe- 
AeJIReTCR no rpa(PHKy, ItpHBeAeHHOMy Ha PMC. 126. m ~ p t i ~ a  IIOnOChI 
amMHzix s a n a c o ~  none3~oro  HcKonaeMoro non o ~ ~ a n b ~ o i i  KOHCOJI~K), 
HCXOAR M 3  ~ I O T P ~ ~ H O C T H  o ~ o ~ ~ T H T ~ J I ~ H o H  ( P ~ ~ P H K H ,  OIIPeHeJIBeTCII I I O  BbI- 

paxteHHfIM: 
npn s e n ~ o ~ o ~ o f  p a 6 o ~ e  (pa6osmf XOA B 0 6 0 ~ ~  ~ a n p a s z e ~ m ~ x )  

BcKpHmHoro 0 6 0 p y ~ o s a ~ ~ ~  no (PPOHTY Kapbepa 
Qron n3 

B =  .- N 7 a ;  
Lhku3~n.y 

npm O T ~ ~ ~ O T K ~  B C K ~ H ~ H O ~ ~  3aXOAKII B OAHOM HaIIpaBJIeHHm m xozo- 
CTHX nepexonax 0 6 0 p y ~ o ~ a ~ m a  BAOnb @ ~ O H T ~  pa6o.r 

B= Qron . -- n3 Ak, a, 
Lhku3Bn~ N 

o ~ o ~ ~ ~ T o B ~ H H ~ M ,  OIIpeAeJIReTCR Is0 I'pa@JiKy, IIpMBeAeHHOMy 
Ha pmc. 127. 

Pk1C. 126. &BEcUMOCT~ K O ~ @ @ I H ~ H ~ H T ~  COK- PUG. 1 2 7 .  3BBUCHMOCTb K O ~ @ @ U Q H ~ H T ~  COXpaIQP- 
panxemn nwav @ I p o ~ ~ a  pa6or Ha omane OT n r n p ~ ~ a r  aaxonKH OT nnHHar @ p o a ~ a  p a 6 0 ~  
AnMHbI @ ~ O H T ~  pa6oo H H ~  ~CKVb1me H Bbl- 

v n3 B=-.- 
H L ,  N ' 

npm O T ~ ~ ~ O T K ~  BCKPHIIIHO~ 3aXOHKH B OAIIOM HaLlpaBJIeHHH Fi XOJIO- 

CTUX IIepeXOAaX 0 6 0 p y ~ o ~ a ~ m r r  BHOJIb @ ~ O H T ~  pa6o.r 

v B--.-- n3 Ak, a ,  
H L ,  N 



V - r O A O B a R  IIPOH3BOAHTeJIbHOCTb BCKPblILIHOrO KOblI IJ leKCa,  ,lt3; 
LB - A J l H H a  @ ~ O H T ~  p a 6 o ~  no BCKpbIII Ie ,  iu. 

B ~ a J I b ~ e f i l I l I 4 ~  p a C ¶ e T a X  H ~ O ~ X O ~ H M O  EiC l IOJ Ib30BaTb  TOJIbKO IIOJIO- 

W H T e J l b H h I e  3 H a ¶ e H H R  B ,  OIIpeAeJ IeMbIe  IIO @ o p M y J I a M  (V,4) I4 (V,6); 
O T p H U a T e J I b H b I e  3 H a s e H H R  DeJlWXHHbI B X a p a K T e p H 3 y N T  H a J l H ¶ H e  3Ha¶EI- 

TeJ lbHbIX  3 a I I a C O B  l IOJ Ie3HOrO HCKOIIaeMOI'O B nocnen~eii g06bI'i~ofi 3a- 
XOAKe B KOHUe  BCKPbIII IHOrO C e 3 0 H a ,  ItpeBhIILIaNII(EiX no~pe6~h1ii  o 6 a e ~  
3HMHHX 3 a n a C O B  AJlR P ~ B H O M ~ P H O ~ ~  pa60~b1 K a p b e p ? .  

B h I p a W e H E i R  AJIR O n p e A e n e H H R  OCHOBHHX n a p a M e T p o B  CHcTeMbI pa3- 
P ~ ~ O T K H  MOWHO 3 a I I H C a T b  C J I e A Y N q H M  06pa30~;  

I I p H  ¶ ~ J I H O K O B O ~ ~  p a 6 o ~ e  BCKPbIII IHOrO O ~ O P Y ~ O B ~ H H I I  IIO @POHTY 

K a p b e p a  

V n3 R p = ~ , k p H ~ t g P + 0 , 2 5 A t g P l ~ t g P + - . -  
HLB 

N + I ,  x,!; (V97) 
mJIH 

V n  S-l/ Ba-4cbkp -& ctg B 
H-. 

2cqkp  ctg B 9 nc, 

I I p H  o ~ p a 6 0 ~ ~ e  BCKP~IILIHO~~ 3 a X O A K H  B OAHOM H a I I p a B J I e H H H  I4 XOJIO- 

C T ~ I X  I I e p e x O A a x  0 6 0 p y ~ o s a ~ ~ ~  BAOJIb @ ~ O H T ~  p a 6 o ~  
v 

R p = c ~ k p H c t g P + 0 , 2 5 A t g P l c t g ~ + - . ~ - k ~ + l , - n c ,  HL, N (V,10) 

Vn3 L, = 
H (El -c4kpH ctg B) N ' nc. 

T ~ K  K a K  AJ IHHa  BCKPbIII IHOrO @ P O H T ~  3 a B H C H T  OT BbICOTbI BCKPbIII IHOrO 

y c T y n a ,  TO npn ero o n p e A e J r e H H H  no a o p ~ y n a ~  (V, 8) H (V, 11)'~ @ o p ~ y n e  

M O W H O ~ I I P H H E ~ M ~ T ~ ,  ¶TO H = (0,7-0,8) Hq ma, (Hq ma, - M a K C H M a J I b H a R  

R M c o T a  q e p n a H m  p o T o p H o r o  a I c c I c a s a T o p a ,  iu). 

Cxeiua II -A-1 (pnc. 125, 6) x a p a ~ ~ e p ~ m y e ~ c ~  p a c n o n o w e H n e M  ~ H M -  

H m x  3 a n a c o B  n O A  n p E i e M H 0 2  KOHCOJ lbN O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I R  H pa3rpy- 
s o s ~ o i i  K O H C O J I ~ N  a I c c I c a s a T o p a  npn y c T a H o B K e  o ~ ~ a ~ r o o 6 p a 3 0 ~ a ~ e n ~  
H a  K p O B J I e  n J I a C T a  n O J I e 3 H O r O  HCKOIIaeMOrO.  M ~ K C H M ~ J I ~ H O ~  P a C C T O R H H e  

OT U e H T p a  I IOBOpOTa  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I R  A 0  r p e 6 ~ ~  O T B a n a  AJIR 3 ~ 0 f r  

c x e M H  o n p e A e n R e T c R  no @ o p ~ y n e  
Rp-H,ctgfi+I,  iu. (V,13) 

~ ~ ~ c T B H T ~ A ~ H ~ R  BbICOTa B H Y T P e H H e r O  O T B a J I a  AJIR A ~ H H O ~ ~  CXeMbI 

p a 6 o ~  - B e n m s m H a  n e p e M e H H a R .   TO IIPOHCXOAHT IIOTOMY, ¶TO C O ~ A ~ H -  

H h I e  3a J l e T ~ E i 6  I I e P H O A  3 H M H H e  3 a I I a C b I  P a C I I O J I a I ' a N T C R  IIOA I I P I ~ ~ M H o ~ ~  

KOHCOXbIo  O T B ~ J ~ O O ~ ~ ~ ~ O B ~ T ~ J I R ;  o ~ ~ a ~ 1 o o 6 p a 3 0 ~ a ~ e ~ r b  HaXOAHTCR H a  

K p o B n e  n n a c T a  none3~oro  H c I c o n a e M o r o  H nocxe 0 T p a 6 0 T K H  ~ H M H H X  

s a n a c o ~  B H a q a j I e  J I e T H e r o  nepnoga M e m o  P a c n o n o x e H H ~  ero AOJIZHO 

H a X O A H T b C R  OT IIPeAbIAYII(eI'0 I IOJ IOWeHHR ( I C O H ~ ~  J I e T H e r O  ~ e 3 0 H a )  H a  

B e J I W H H Y  IIOJIOChI 3HMHHX 3 a I I a C O B .  P ~ ~ H O C T ~  M e W A Y  MaKCHMaJIbHbIM 

MHHHMaJIbHbIM PaCCTORHHRMH OT P O T O P H O r O  3 K C K a B a T O p a  A 0  OCm 

O T B ~ ~ I O O ~ ~ ~ ~ O B ~ T ~ J I H  YCJIORHO H a 3 b I B a e T C R  TeJIeCICOIIH¶HOCTbIO DCICPbIIII- 

H o r o  K o m J l e K c a  T. 
~ P H  CO3AaHHH 3HMHHX 3 a I I a C O B  38 C¶eT  TeJIeCKOIIH¶HOCTI4 RCKPbIIII-  

H O r O  K O M I I J e K C a  H YCTaHOBKe  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I R  H a  K p O B J l e  I I J l aCTa  

I IOJ Ie3HOrO HCKOIIaeMOrO m H p H H a  3 a X O A K H  IIO BCKPhIII Ie  EI IIO OTBaJJY 

H e o A m a K o s a .  

Bbrco~a o T s a n a  n p H  p a 6 o ~ e  no ~ a ~ ~ o i j r  c x e M e  o n p e A e J r R e T c n  no 4op- 
h i y n e  

A H, - c,kpH -- + 0,25A0 tg fi,, nc, 
A 0  

(V714) 

rAe A, - lumpma a a x o ~ ~ c ~  H a  omaxe, iu. 

I I a p a ~ e ~ p ~  c m c T e M  p a 3 p a 6 0 ~ ~ ~  n p H  ~ a ~ ~ o i i  ~ e x l r o n o r ~ s e c ~ o H  cxewe 
o n p e A e n R I o T c R  no B M p a w e H m R M :  

I I p H  ~ ~ ~ I H O K O B O P  p a 6 o ~ e  B C K P h I m H O r O  O ~ O P Y A O B ~ H H R  D O  @POHTY 
p a 6 o ~  

N-n, A o = A T ,  nc, (V. 15) 

I I p H  o ~ p a 6 0 ~ ~ e  B C I C ~ H ~ H O ~  3 a X O A K H  B OAHOM H a I I p a B J I e H H H  H XOXO- 

CTbIX n e p e x O A a x  0 6 0 p y ~ o s a ~ m ~  BAOJIb @ ~ O H T ~  pa6o.r 

A T  (N - n,) 
N T - k A n n  ' "' 

Cxenca 11-6-1 (pmc. 125, 6). P a 6 o ~ a  o c y q e c T s n R e T c R  a H a J r o r H s H o  

c x e M e  1I.A-1, HO O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I ~  p a c n o J r a r a e T c R  H a  nosse n n a c T a .  

nocne C O ~ A ~ H H R  ~ H M H H X  3anaco~ B K o H U e  newer0 c e 3 0 ~ a  B C K ~ ~ I ~ H O ~  



IEOMIIJIeHC O c T a H a B m n a e T c I I  H a  p e M o H T ;  3HMHH0 3anacb1 noramamcx 
U p I I  K P Y ~ J I o I ' o J J H ~ H O ~  pa6o~e  no ~06ar.re. Hasano B c K p b ~ l n H h I X  p a 6 0 ~  
B B ~ c ~ H H H ~ ~  n e p H o A  X ~ ~ ~ I C T ~ P E I ~ Y ~ T C I I  n e p e x o A o M  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I ~ ~  

B CTOPOHY 3 K C K a B a T O p a  H a  PaCCTORHHe T $ A,. 
I I apa~e~pa r  CHcTeMM p a 3 p a 6 0 ~ ~ ~  o n p e A e n R I o T c R  a H a J r o r H s H o  c x e M e  

11-A-1 IIO BbIpa lKeHHRM (V, 15), (V, 17) (V, 18) H (V, 20), 3a HCKJIIO¶eHHeM 

BeJIHqHHN MHHHMaJIbHOrO PaCCTORHHII hlelKAY OCbIo IIOBOpOTa OTBanO- 

0 6 p a 3 0 ~ a ~ e s 1 ~  H r p e 6 n e ~  o T s a n a ,  onpe~enr re~of  no B b I p a w e H n m :  

U p H  ¶ ~ J L H O K O B O ~  pa60l.e BCKPJdIUHOrO O ~ O P Y J ( O B ~ H H I I  IIO (PPOHTY 
p a 6 0 ~  

N  N - n ,  Rp = cakpH ctg B + Ol25A 7 tg $1 ctg B + a  +el  fi; 

(V121) 
I I p H  O T ~ ~ ~ O T K ~  B C K ~ ~ I E I H O ~  3aXOAKK R OAHOM HaIIPABJIeHHH H XOJIO- 

CTMX I t e p e X O A a X  O ~ O P Y A O B ~ H M E I  BAOJIb ~ P O H T ~  p a 6 0 ~  

NT -kAn3 R, = cakpH 
T ( N - n , )  ctg B + 0,25A i:zli tg ctg + a +c,  a. 

Cxenza 11-B-2 ( ~ H c .  125, 8) O T J r ~ a e T C I I  OT CXeMbI 11-B-1 TeM, ¶TO 

o r ~ a n o o 6 p a 3 0 ~ a ~ e n b  H e  n e p e M e q a e T c c r  K ~ K C K ~ B ~ T O P Y  nocne O T ~ ~ ~ O T K H  

3HMHHX 3aIIaCOB. ~ H ~ P H E ~  3aXOAKH IIO BCKPhIIIle H H a  OTBaJIe P a B H a .  

~ H M H H ~  3 a I I a C h l  C03AaIoTCR 38 CPeT OTCTaBaHBR A O ~ M ~ H O I ' O  d j p 0 ~ ~ a  p a 6 0 ~  
U J I ~ T H E H  IIepHOA. AXR OIIpeReJ IeHHII  MHHMMaJIbHOrO PaCCTOIIHHR OT OCIl 

ICOBOpOTa o ~ ~ a n o o 6 p a 3 0 ~ a ~ e n ~  A 0  rpe6~cr O T B a Z a  I I p H  O T ~ ~ ~ O T K ~  BCKPbIlJI- 

EIOH 3aXOAKH B OAHOM HaIIPaBJIeHElH H I I P H  ~ ~ J I H O K O B O ~ ~  pa60l.e BCKPHIII- 

HOT0 O ~ O P Y J ( O B ~ H L I R  IIO (PPOHTY p a 6 o ~  CnpaBeAJI I iBO B b I p a X e H H e  

R, = c4kpH ctg B + 0,25A tg p, ctg (3 + a  +c,  nz. (V,23) 
HJIEZH~ @ ~ O H T ~  p a 6 0 ~  BCKPbIIUHOI'O KOMIIJIeKCa OIIpeAeJIIIeTCII DO B h I p a -  

?KeHHRM (V, 17) l3 (V, 20). 
Cxe.wa 111-A-1 ( p ~ c .  125, a)  x a p a ~ ~ e p m y e ~ c ~  H a n B s n e M  BHMHBX 

a a n a c o B  n o n e s H b I x  H c K o n a e M a x ,  p a c n o n a r a e M a x  noA o ~ n a n b ~ o f i  H n p ~ -  
e ~ ~ o i i  KOHCO~I IMH o ~ ~ a n o o 6 p a 3 o ~ a ~ e n 1 1 .  P a 6 o ~ a  no ~ a ~ ~ o i i  c x e M e  no- 
aBOJItIeT HMeTb IIIHPHHY IIOJIOChI 3HMHHX ~ ~ U & C O B  IIOJIe3HbIX HCKOIIaeMhIX, 

I I p e B N l I I a I o q y K I  TeJIeCKOUFf¶HOCTb K o M n n e K c a  ( B  > T) . A H ~ ~ O ~ H ¶ H O  
c x e M e  11-A-1 n a p a M e T p u  cmcTeMM p a 3 p a 6 0 ~ ~ ~  n p ~  g a a ~ o i i  T e x H o n o r a -  

nec~oi i  c x e M e  o n p e A e n c r I o T c R  no c n e A y r o q H M  B M p a z e H H c r n r :  

I I p H  ¶~JIHOKOBOP pa6ore BCKpbIIUHOI'O O ~ O P Y ~ O B ~ H H R  IIO ~ P O H T Y  p a 6 0 ~  

N  N - n 3 r  l i p  cakpH--- N - n,r ctg B + 0,25A ---- N tg(31ctgp+zl a, (v125) 

I I p H  0 T p a 6 0 ~ K e  BCKPLIII IHO~ 3aXOAKkZ B OAHOM H a J l p a B n e H H H  H XOXO- 

I 
C X ~ . W U  Iv -A- I  ( ~ H c .  125, d). OCHOBHHM OTJIH¶HeM A ~ H I I o ~  CXeMbI 

Y 
OT IIPe,II,HAYE(HX RBJIReTCII OTCYTCTBPe 3HMHHX 3aI IaCOB JIOJIe3HOTO HCKO- 

n a e M o r o .  M M ~ ~ T C R  B BHAY C e 3 0 H H a R  p a 6 0 T a  no BCKpbIlI te  H ~ o 6 a s e  (A-A,- 
4 ,). M H H E M ~ J ~ ~ H O ~  PaCCTORHHe OT OCH IIOBOPOTa O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I ~ I  

A 0  rpe6~11 OTBaJIa  He3aBHCHMO OT cnoc06a O T P ~ ~ O T K H  3aXOAKH BAOJIb 

1 4 p o ~ ~ a  p a 6 o ~  o n p e ~ e n a e ~ c a  no djopniyne (V, 2) 
A n n ~ y  $ ~ O H T ~  p a 6 0 T  BCKpbIUIHOrO KOMIIJIeKCa H ~ O ~ X O A H M O  IIPHHH- 

M a T b  M ~ K C M M ~ J I ~ H O ~ ,  OI 'PaHH¶eHHe ee IIPOH3BOAHTCR H 3  YCJIOBHR 

C O I c p a q e H H R  O ~ ~ ~ M O B  I'OpHOKaIIMTaJlbHbIX p a 6 0 T  HJIH I IpHMeHeHHtI  H a  

IIepeAOBhIX YCTyI IaX T ~ ~ H C I I O ~ T H O P  CHCTeMhI p a 3 p a 6 0 T K H .  

C X ~ > ~ U  IV-B-1 ( ~ H c .  125, e) OTJIH¶aeTCH OT I I p e A b I A y q e i i  TOJIbKO YCTa- / a o ~ x o l  o ~ ~ a n o o 6 p a 3 o ~ a ~ e n n  H a  nosse nnacra. n a p a ~ e ~ p s l  c a c T e M n  

p a ~ p a 6 0 T ~ H  onpeaenarm no G o p ~ y a e  (V, 23). ~ ~ J I P E Y  d j p o ~ ~ a  p a 6 o ~  
YCTaHaBJIHBaKlT T a K  me, K a K  H AJIR CXeMbI IV-A-1. 

,L(JIR OIIPeAeJIeHHR OCHOBHNX I l a p a M e T p O B  T ~ ~ H c I ~ o ~ T H o - O T B ~ J I ~ H O ~  

CllCTeMbI H ~ O ~ X O A H M O  3 H a T b  IIIHPHEY 3aXOAKH IIO B C K p b I m e ,  KOTOpYIo 

CJ IeAyeT I IPHHHMaTb M ~ K C H M ~ J I ~ H O G  HJIH 6 ~ 1 ~ 3 ~ 0 5  K ~6'6, HCXOAR IID pa- 
G o s ~ x  n a p a M e T p o B  p o T o p H o r o  s ~ c ~ a ~ a ~ o p a .  Anti scex T e x n o n o r n n e c K n x  

CXeM UpHBOAcITCR B b I p a m e H H R  AJIR OJlpeAeJIeHHR MHHHMaJlbHOI'O PaCCTOR- 

HHII M e m A y  o c ~ o  B p a q e H n a  o ~ s a n o o 6 p a 3 0 s a ~ e n ~  xi r p e 6 ~ e ~  orsana, 
KOTOPhIe HCUOJIb3YH)TCR AJIH OIIpeReJIeHHII  BHCOThI BCKPhImHOI'O YCTYIIa. 

B e n n s ~ ~ y  MHHHMaJIbHOrO PaCCTOIIHHR MelIEAy OCbIo B P a m e H P H  OTBaJIO- 

06pa30~a~enf l  H BePXHHM r p e 6 ~ e M  O T B a n a  YCTaHaBJIHBaloT B 3IBHCH- 

MOCTH OT U a P a M e T p O B  KOHCOJIbHOrO O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J ~ I I  H CXeMbI O T p a -  

~ O T K H  TOPqOBbIX Y¶aCTKOB K a p b e p H O r O  ~ P O H T ~  p a 6 0 ~ .  
Ha PHC. 128 n o ~ a 3 a ~ b 1  CXeMbI O T ~ ~ ~ O T K H  TOPqOBOrO y P a c T K a  K a p b e p -  

HOrO  POET^ p a 6 0 ~  Y B H ~ ~ A H O G  TpaHIUeH.  H a n ~ s ~ e  B ~ I ~ ~ A H o G  T p a H m e H  

ZIPHBOAHT EC MaKCHMaJIbHOMY YBeJIH¶t?HHIo PaCCTORHHX OT 3 a 6 0 ~  3KCKa- 

I 0 6 p a 3 0 s a ~ e a ~  COCTaBJIReT C HOphfaJIbIO K ~ P O H T Y  p a 6 0 ~  H ~ K O T O P L I ~ ~  

yron, sennsma K o T o p o r o  o n p e A e m e T c a  no djop~yne 

11, ctg p+a+0 ,2M + H ctg p- - 1 / ' 2 i - 2 M ~  
6 = arcsin hoos6+u+e zpaa, 

(V129) 



rat? M - MHHHMaJIbHOe  PaCCTORHHe M e K A Y  OCIIMH ABHTfCeHHII 3KCKa-  

B a T o p a  H O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I R ,  &; 

2 - B e J I W H H a  TeJ IeCKOIIWHOCTH M e m A Y  3KCKaBaTOPOM H 0TBa;IO- 

0 6 p a 3 0 s a ~ e n e ~ ,  ~ e o 6 x o p i ~ a ~  RJIR 0 6 e c n e ¶ e ~ ~ ~  O T H o c H T e n b -  

HOG C B O ~ O A M  I I e p e M e W e H H f l  O ~ P Y A O B ~ H H R  BAOJIb @POHT;I pa- 
6 0 ~  B KOMIIJIeKCe, &; 

2, - AJIHHa O T B ~ J I ~ H O ~ ~  ICOHCOJIH O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I I I ,  &.t; 
6 - yron n o A a e M a  o ~ s a n b ~ o i i  KOHCOJIH, zpad; 
U - PaCCTOIIHHe  OT OCH IIOBOpOTa O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J T ~ ~  A 0  IIIITbr 

O T B ~ X ~ H O ~  KOHCOJIH, W ;  
0 - BC?JIE¶HHa C B O ~ O A H O ~ O  IIOJIeTa IIOpOAbI OT O T B ~ J I ~ H O ~ ~  KOHCOZIH 

no rpe6~11 o T s a n a ,  u. 

~ o c J I ~  OI IpeAeJ IeHHII  Y r J I a  @ MHHHMaJIbHOe  PaCCTOHHHe OT OCH IIOBO- 

p o T a  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I I I  no B e p x H e r o  rpe6~11 o T s a n a  C o c T a B n T  

I ,  cos 6+u+e 
RP = Goso + , &. (V,30) 

A ~ H H ~ R  CXeMa O T ~ ~ ~ O T K M  TOpqOBhIX J'¶aCTKOB K a p b e p H O I ' O  @ ~ O H T ~  

p a 6 0 ~  n p n e M n e M a  B cxysae n p H M e H e H m  o ~ ~ a n o o 6 p a 3 o ~ a ~ e n a  o T H o c a -  

T e j r b H O  H ~ ~ O J I ~ I I I H X  p a 3 M e p O B ,  K O r A a  OTBaJl  OTCbIIIaeTCR B O n H H  f l p y c ,  

I4 e C n H  BbICOTa B C K P b I m H O r O  YCTYIIa  J IHMHTHPYeTCR I I a P a M e T P a M H  POTOP- 

H o r o  a ~ c ~ a ~ a ~ o p a .  
B ~ o p a a  C X e M a  O T ~ ~ ~ O T K H  TOPqOBbIX y¶aCTKOB (PHC. 128, 6) EpeA- 

Y C M a T p H B a e T  HCKpHBJIeHHe  @ ~ O H T ~  p a 6 o ~  K a p b e p a ,  4 ~ 0 6 ~  np~6nm3m~b 
~ p a i i ~ m m  T O ~ Y  T y n m K a  K omany. 3 ~ o  A e n a e T c c I  AJIH 06ecnese~~11 ne- 
penam ~ c ~ p ~ a r m ~ b ~ x  nopog m 3  T y n m a  B oman npn T e x  x e  n a p a M e T p a x  

r O p H O T p a H C I I O p T H O r 0  O ~ O ~ ~ A O B ~ H H H ,  KOTOpbIe  I IpHHIITbI  AJIR IIPIIMOJIH- 

~ e f i H 0 r 0  y ¶ a C T K a  @ ~ O H T ~  p a 6 o ~ .  M c I < ~ H B J I ~ H H ~  @ ~ O H T ~  p a 6 o ~  K a p b e p a  

B 3aBHCHMOCTH OT KOHCTPYKqHH XOAOBOI'O Y C T P O ~ C T B ~  BCICPbImHOrO 060- 

P y A O B a H H I I  MO?KeT 6 b I T b  B BHAe  K p H B 0 f i  HJIH J I o M ~ H o ~  JIHHHH. B C J I y ¶ a e  

npmiweHeHmR maramqero p e n b c o B o r o  xoHa m c K p m s J r e H n e  ~ o p q o ~ o i i  qac- 
T H  K a p b e p a  IIO J I O M ~ H O G  JIHHHH, C O C T O I I W ~ ~ ~  H 3  J'¶aCTKOB A J I H H O ~  150- 
300 a, y n p o q a e T  ymonmn pa60~b1 p o T o p H o r o  a K c I c a B a T o p a  B 3 a x o ~ ~ e  

4 
I IOCTOIIHHO~ UIHpHHbI.  P a ~ H y c  KPHBH3HbI  HJIH Y r J I a  I lOBOpOTa ,  ¶HCJIO 
H AJIHHa Y4aCTKOB J I o M ~ H o ~ ~  JIHHHH 0 I I p e ~ e J I f I H ) T C f l  I ' ~ ~ $ W ~ C K H M  IIOCTpOe- 

HHeM,  J'¶HThIBaH)lI(HM BO3MOKHOCTb IIOJIHOrO pa3Mel I ( eHHf l  I IOpOA BCKPbI- 

JIIH B OTBaJI.  

A a H H a I I  C X e M a  O T P ~ ~ O T I C H  TOPqOBbIX y¶aCTKOB II03BOJIIIeT MaKCH- 

MaJ IbHO HCI IOJ Ib30BaTb  I IOJIHOIIOBOPOTHH~ K O H C O J I ~ H ~ I ~ %  O T B ~ J I O O ~ ~ ~ ~ O -  

B a T e J I b  AJIII npOH3BOACTBa  CMeWeHHf l  OTBaJIOB OTHOCHTeJIbHO BCKPbIIII- 

H O r O  3 a 6 o ~  no @POHTY p a 6 o ~  IIpm OTCbInKe  MHOrOIIPYCHbIX OTBaJIOB. 

C X ~ M Y  IIpHMeHf l IoT  I I p H  HeAOCTaTO¶HbIX I I a p a M e T p a X  0 ~ ~ a J I 0 0 6 p a 3 0 B a -  

TeJIf l ,  CJIOXCHHX I'OPHOTeXHHPeCKHX YCJIOBHHX MeCTOPOKAeHHf l  HJIH I I P E  

~ e 6 o n b m o i i  Anme H a p b e p H o r 0  zr o m .  

5 2. Bb160p ~ @ @ ~ K T H B H O ~ ~  ~ e x ~ o n o r ~ ¶ e c ~ o i i  C x e M a r  

H O n p e A e J I e H n e  p a q n o H a n a H b I x  n a p a M e T p o B  c u r c T e M H  

Ann BbIf lBJIeHHII  H a H 6 0 ~ r e e  p a q H o ~ a J I b ~ o i i  CXeMbI YCTaHOBHH OTBaJIO- 

0 6 p a 3 0 s a ~ e n ~  no n p H s e A e H H m  mrne @ o p ~ y n a ~  o n p e A e n c I e T c R  M ~ H H -  

MaJIbHO AOIIYCTHMaFI BeJ IH¶HHa  P a A H y C a  P a 3 r P Y 3 K H  AJIII P a 3 J I W H h I X  

CXehl pa6o~b1. I T ~ H M ~ H ~ H H ~  IIIaraIoII(e-peJIbCOBOr0 XOAOBOI'O ~ C T ~ O ~ ~ C T B ~  

AJIR MOU(HOI'0 OTe¶eCTBeHHOrO B C H P b I m H O r O  O ~ O P Y A O B ~ H H ~ I  I I03BOJI l l eT  

I t p e A y C M a T p H B a T b  p a 6 o ~ y  TpaHCIIOpTHO-OTBaJIbHOrO KOMItJIeKCa C XOJIO- 

CTbIMH I I e p e X O A a M H  BAOJIb @ ~ O H T ~  p a 6 o ~  n O C J I e  O T ~ ~ ~ O T K H  K ~ ? K A o ~  3aXOA-  

HH. n p H  3TOM B 0 3 M O X H O  CO3AaHHe  ¶aCTH HJIH BCeX 3HMHHX 3 a I I a C O B  

I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  B n o c n e ~ ~ e i i  ~06b19~0ii  3 a x o ~ ~ e .  H o n n s e c ~ ~ o  
~ H M H H X  ~ ~ I I ~ C O B  I I O J I ~ ~ H O ~ O  n c K o n a e M o r o  B AOG~I¶HOG a a x o n ~ e  ~ ~ B H C H T  

OT AJIHHbI @ P O H T ~  p a 6 0 T  K a p b e p a ,  I I a p a M e T p O B  CHCTeMhI pa3pa60~~m,  
IIpOEt3BOAHTeJIbHOCTH BCKPbIIIIHOrO O ~ O P Y A O B ~ H H ~ ~  H H e  O H a 3 b I B a e T  BXHfl- 

HHf l  H a  p a A H y C  P a 3 r P Y 3 K H  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I I I .  

AJIH p a 3 p a 6 0 ~ ~ ~  BCICpbImH O A H H ~ K O B O ~  MOWHOCTH I I P H  ¶eJIHOKOBOM 

cnoco6e pa6o~b1 0 6 0 p y ~ o s a ~ m ~  p a A H y c  p a 3 r p y 3 ~ ~  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I I I  

A o J r z e H  6b1~b ~ H ~ ~ X T ~ J I ~ H O  6onbme, s e M  npn p a 6 o ~ e  B OAHOM H a n p a B -  
JreHmm m x o n o c T b I x  nepexoAax B ~ P O T H B O I I O J I O ~ H O M .  

~ O ~ T O M Y  ~an60~1ee ~@@€?KTEIBHMMH IIBJIllH)TCll CXeMbI, n p e A Y C M a T P H -  

samwme x o n o c T H e  n e p e x o A M  0 6 0 p y ~ o B a H H f l  B A O ~  @ P O H T ~  K a p b e p a  

C OCTaBJIeHHeM ¶aCTH HJIH BCeX 3EIMHEIX 3a I I aCOB IIOJIe3HOI'O HCXOIIaeMOI'O 

B I I O C ~ C A H ~ ~ ~  3 a x o ~ ~ e .  M 3  B c e x  c x e M  pa6o . r~  H a m 6 o J I e e  p a q n o H a j r b H a  no 
YCJIOBHIO O ~ ~ C I I ~ ¶ ~ H H F I  MHHHMaJIbHOrO P a A H y C a  p a 3 r P Y 3 K H  C X e M a  IV-E-1 
(11-E-2). ' 

O A H ~ K O  f2e I I p H M e H e H H e  B 0 3 M O K H O  TOJIbXO I I P H  A O C T ~ T O ¶ H O ~ ~ [  Y C T O ~ ~ -  

¶HBOCTH IIOACTHJIaH)lI(HX IIOPOA H ~ e 6 0 J I b I I I 0 6  MOWHOCTH J I J I aCTa  I IOJIe3-  

HOP0  HCHOIIaeMOI'O. npm H ~ A O C T ~ T O ¶ H O ~ ~  Y C T O ~ H B O C T H  IIOnCTmJIaH)lI(HX 

IIOpOA H ~ H ~ ¶ H T ~ J I ~ H O ~ ~ [  MOWHOCTH I I J I aCTa  I I p H M e H H M a  C X e M a  IV-A-1. 
. ~ o c J I ~  sb160pa ~an60~1ee  ~ @ @ ~ K T H B H O ~  CXeMbI pa60~b1 TpaHCI IOpTHO-  

OTBaJIbHOI'O KOMIIJIeKCa AJIII IIOJIY¶eHHII MaKCHMaJIbHOrO TeXHHXO-3KO- 



H o M H s e c K o r o  a + + e ~ ~ a  ~ e o 6 x o ~ ~ ~ o  onpenenmb ~ a ~ 6 o n e e  p a q n o H a n b H M e  

T I a p a M e T p b I  CHCTeMbI p a 3 p a 6 0 ~ ~ m ,  I I p H  KOTOPNX IIOJIHOCTbH) HCIIOJIb3YH)TCH 
J I H H ~ ~ H H ~  p a 3 M e p b I  0 6 0 p y ~ o ~ a ~ n ~ .  AJIR TPaHCIIOPTHO-OTBaJIbHOr0 KOM- 
n J I e K C a  P a q H O H a J I b H a H  BbICOTa BCKpbImHOrO YCTYIIa H m H p H H a  3aXOAKH 

3 OIlpeAeJIeHHbIX rOpHOTeXHlT¶eCKHX YCJIOBHEIX 0IIPeAeJIHH)TCH I I P H  COB- 
MeCTHOM P e I l l e H H H  I I O C T ~ B J I ~ H H O ~  3 a A a s H  OTHOCmTeJIbHO I I a p a M e T p O B  

3 K C K a B a T O p a  H O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I I I .  

1 I p ~  p a 6 o ~ e  p O T O p H O r 0  3 K C K a B a T O p a  B TYIIHKOBOM 38608 I U H p H H a  

3aXOAKEI HaXOAHTCH B 0 I I p e ~ e J I e H H 0 f i  3aBHCHMOCTH OT BbICOTbI 
BCKpbIIllHOrO YCTyI Ia ,  a M a K C H M a n b H a R  J l IHpHHa 3aXOAKH POTOpHOrO 3KC- 
K a s a T o p a  ~ ~ B H C H T  OT ero K O H C T ~ ~ K T H B H ~ I X  p a 3 ~ e p o ~ .  IIpm  TOM B a x H o e  

a H a s e H H e  HMeeT K O H C T P Y K ~ H H  P O T O P H O ~ ~  c T p e n b I .  P a q ~ o ~ a n b ~ ~ e  a ~ a s e -  
HHEI BbICOTbI BCKpbImHOrO YCTYIIa B I l IHPHHbI 3aXOAKH AJIH OIIpeAeJIeHHbIX 
TpaRCIIOpTHO-OTBaJIbHhIX KOMIIJIeKCOB MOHCHO OIIpeAeJIHTb IIO HOMOI'paM- 

M a M ,  H a  K o T o p u e  H a n e c e H M  r p a + ~ ~ n  A = fl  (H) AJIH p a c c M a T p n s a e -  
MOrO THIIa  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I E I  H A = f2 (H) AJIH POTOPHOrO 3KCKaBa-  
T O p a  C y¶eTOM r0pHOTeXHEVIeCKHX Y C J ~ O B H ~ ~  3 a J I e r a H H H  MeCTOPOHCAeHBR 

I I ~ H H F I T o ~ ~  CXeMbI p a 6 o ~ ~  ( ~ H c .  129). 
AJIH KOHKpeTHbIX rOpHOTeXHH¶eCKHX ~ C J I O B H ~  yCTaHaBJIHBaIoTCH 

MaKCHMaJIbHO AOIIYCTHMbIe 3 H a ¶ e H H H  YrJIOB OTKOCOB BCKPbImHOI'O YCTY- 

na U H OTBaJIa  p. Ha OCHOBaHHH 3THX AaHHbIX C I IOMOqbH)  HOMOrPaMMbI 
OIlpeAeJIHIoT PaJJHOHaJIbHbIe 3 H a q e H H H  JIIHPHHhI 3aXOAKH H BbICOTbI 

YCTyI Ia ,  ¶€!My COOTBeTCTBYIoT KOOPAHHaTbI TO¶KH I I e p e C e ¶ e H H H  A B y X  
~ ~ ~ + H K o B ,  B b I p a X a I O q E I X  3aBHCHMOCTH Il IHpHHhI 3aXOAKH OT BbICOTbI 

BCKPbIIllHOrO YCTYIIa npZi MaKCHMaJIbHOM HCIIOJIb30BaHHEI pa60snx llapa- 
MeTPOB 3 K C H a B a T O P a  H O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I H .  A J I H H ~  @ ~ O H T ~  p a 6 o ~  I I p H  

T ~ ~ H C I I O ~ T H O - O T B ~ J I ~ H O ~  CHCTeMe p a 3 p a 6 0 ~ ~ ~  3aBHCHT OT rOPHOreOJI0 -  

r w e c m x  Y C J I O B H ~  3 a n e r a ~ ~ ~  M e c T o p o x A e H H n  H T m a  n p n M e H H e M o r o  
r O p H O T p a H C I l O p T H O r 0  O ~ O P Y A O B ~ H H H .  

d 

M H H H M ~ J I ~ H ~ R  AJIHHa @ ~ O H T ~  pa6o.r (a) B 3aBHCHMOCTEI OT IIPOHSBO- 
AFiTeXbHOCTH BCKPbImHOI'O O ~ O P Y A O B ~ H H F I  I IpHBeAeHa  H H X e .  

Y C T O ~ ~ ~ H B O C T ~  BHYTpeHHHX OTBaJIOB 06ecnesm~ae~ca I I p H  co6~1m~e-  
HHH CJIeAyH)TqHX M ~ P O I I ~ H E I T H ~ :  O ~ O C H O B ~ H H O ~ O  an6opa I I a p a M e T p o B  CH- 
CTeMbI p a 3 p a 6 0 ~ ~ H ;  I IpaBHJIbHOrO YCTaHOBJIeHHR YrJIa OTKOCa O T B a n a ;  

p a c n p e A e n e H H H  n o p o A H b I x  M a c c  B O T B a a e ,  06ecnes~~aroqero HX yc~oii- 
9HBOCTb; I lpeAOXpaHeHLlR OTBaJIOB OT O ~ B O A H ~ H H I I ;  I IpeAOTBpaE(eHHH Re- 
+ o ~ M ~ I ( H G  OCHOBaHHH OTBaJIa .  

C O B ~ ~ M ~ H H H ~  IlOBOpOTHbIe KOHCOJIbHbIe O T B B J I O O ~ ~ ~ ~ O B ~ T ~ J I H  II03BO- 
JIEIIOT YI IpaBJIHTb Y C T O ~ ~ ¶ H B O C T ~ H )  OTBaJIOB I IpHAaHHeM HX OTKOCaM H e -  

O ~ X O A H M O ~ O  Y r J I a  HaKJrOHa B 3aBHCHMOCTH OT rOPHOreOJIOrH¶eCKHX YCJIO- 
B H ~  3aJIeraHFiEI  H @ H ~ H K O - M ~ X ~ H W ~ C K H X  C B O ~ C T B  IIOPOA. T ~ K  K a K  pas- 
I'pySKa r p y H T a  C O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ ~ F I  B OTBaJI OCyqeCTBJIHeTCH TOJIbKO 

C K O H q a  0 T B a J I b ~ o f i  KOHCOJIH, OTCbIIIKY KaIKf(AOr0 H P Y C a  I I P H  o 6 p a 3 0 ~ a ~ ~ a  
OTBaJIOB MOlKHO OCyTqeCTBnHTb IIOBopOTOM O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I H .  HOBO- 
P O T  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I E I ,  K a K  I IPaBEJIO,  C B R 3 a H  C O C T ~ H O B K O ~ ~  pa- 
6 0 ~ ~  3 K C K a B a T O p a  H O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I H ,  IIO3TOMy C YBeJIXFIeHHeM s H c J I a  

MeCT OTCbIIIKR YMeHbIIIaeTCII IIPOH3BOAHTeJIbHOCTb BCerO KOMIIJIeKCa. 
O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I H  C A J I H H o ~  O T B ~ J I ~ H O ~  KOHCOJIH A 0  90-105 X. 

IIPOH3BOAHT 0 6 p a 3 0 s a ~ ~ e  OTBaJIa  B~ICOTOB A 0  30-35 a, npn KOTOPOH 
06ecnes~sae~ccr Y C T O ~ ~ ~ H B O C T ~  OTBaJIa  I I P H  OTCbIIIKe er0 B OAHH HPYC. 

BHCOKH~ OTBaJIbI 0TCMIIaH)TCII B HeCKOJIbKO HPYCOB C IIOBOPOTOM OTBIJIO- 
06pa3o~a~end .  % X C J I O  RPYCOB OTCbIIIKH 3aBHCHT OT C Y M M ~ P H O ~  BbICOTM 
o T s a n a ,  H ~ O ~ X O ~ E ~ M O ~ O  p e 3 y ~ r b ~ ~ p y m q e r o  yrna o T K o c a  E n p H H H T M x  
T e x H o n o r H s e c I i H x  c x e M  pa6o . r~  K o M n n e K c a  M a m a H .  

Aria 6 0 J I b I l l ~ H c ~ B a  M ~ C T O P O X C ~ ~ H H ~ ~  C MRrKHMH IIOKPbIBaH)E(HhlH IIO- 
POAaMZi OTChIIIHa OTBaJIa  B OAHH HPYC BMCOTOB 60nee 40 H e  MOEN3T 



'6bITb OCYmeCTBJIeHa I10 YCJIOBHHM YCTO~¶HBOCTH.  O T B ~ J I  BHCOTOP A 0  60- 
80 nt H 3  Y C J I O B H ~  YCTO~~[¶HBOCTH ReJIHTCII H a  ABa-TPH IIPYCa.  OTC~I I I I ;~  
o T s a n o B  60~1ee seiv B n sa -T~H H p y c a  H e p a q m o H a J b H a ,  T a K  K a K  s ~ a s n ~ e n b -  
HO CHHXaeTCH IIPOH3llOnHTeJIbHOCTb o ~ o ~ ~ ~ o B ~ H ~ H ,  YCJIOXHReTCR TeX- 

H o n o r m  pa6o.r. B b I c o ~ a  K a x n o r o  H p y c a  ~ a a ~ a s a e ~ c ~  B npenenax 15- 
25 iM B 3aBHCmMOCTH OT @ H ~ X ~ K O - M ~ X ~ H ~ ¶ ~ C K H X  C B O ~ ~ ~ C T B  IIOPOA, CYMMBP- 

HOG B ~ I C O T ~ I  O T B a n a ,  IIPHHHTMX M e p  no n p e n o x p a H e H m m  o T s a n o D  OT 

O ~ B O ~ H ~ H H H  I4 T. A. 
OPH~HTH~OBO¶HO MOKHO y K a 3 a T b ,  ¶TO ~am60~1ee qe~1ecoo6pa3~b1~ 

I I p H  06pa30sa~nm Y C T O ~ ~ ¶ H B M X  OTBaJIOB B ABa-TPH H P Y C a  HBJIHeTCH OT- 

CbIIIKa HmXHeI 'O H p y C a  A 0  OTMeTKH, p a B ~ 0 f i  0,25 Ho, XI BTOPOI'O H p y C a  

( I I P H ' T ~ ~ X ' ~ R P Y C H ~ I X  0 T B a J I a x ) - -  A 0  0,5 Ho ( ~ c J I H  Ho - o6qa11 BbICOTa 

" o T B ~ J I ~ ) .  

~ O C J I ~  OIIpeneJIeHmH OCHOBHhIX I I a p a M e T p O B  CmCTeMhl IIPOH3BOnCTBeH- 

~ H ~ R ~ M O I I ( H O C T ~  K a p b e p a ,  I I p H  I I o J I H o ~  3 a r p y 3 K e  BCKPbIIIIHOrO O ~ O P Y ~ O -  

BaHHII  H PaBHOBeJIZiKOM I'OAOBOM IIOnBmraHmH BCKpbIIJIHOI'O H ~ O ~ H ~ H O I ' O  
,@POHTOB p a 6 o ~ ,  YCTaHaBJIHBaeTCH no BbIpaKeHHH)  

I'ne L, - AJIHHa @ ~ O H T ~  no BCKPbIIJIe, nt; 
L - AJIHHa @ P O H T ~  IIO no6b1se ,  iM. 

AJIH T e x H o n o r m s e c K m x  c x e M  c ~ p y r n o r o n m s ~ o i j r  pa6o~ofi no no6b1se 

H HaJIH¶HeM 3HMHHX 3aIIaCOB IIOJIe3HOrO HCKOIIaeMOrO lIpOH3BOACTBeHHaH 

M O ~ H O C T ~  H a p b e p a  no no6b1se  M o x e T  6 b 1 ~ b  O n p e n e n e H a  no @ o p ~ y n a h r  

(V, 3) H (V, 4). IIpm o n p e n e n e H m H  n p o n 3 ~ o n c ~ ~ e ~ ~ o f i  M O ~ H O C T H  K a p b e -  

pa ~ e o 6 x o n m ~ o  Y¶HTbIBaTb C I I O C O ~  n e p e M e q e H m H  @ P O H T ~  pa6o.r. T ~ K ,  
llpOH3BOnHTeJIbHOCTb BCKPbIIlIHOrO 0 6 o p y n o s a ~ m ~  npli BeepHOM nepe- 
MeIC(eHHm @ P O H T ~  p a 6 o ~  CHHKaeTCH no CpaBHeHmH) C napaJIJIeJIbHbIh1H 

H a  6-10%. T ~ X H H K O - ~ K O H O M H ¶ ~ C I E ~ ~  IIOKa3aTeJIH TPaHCIIOPTHO-OTBaJIb- 

HbIX OTKOCOB 38 C¶eT BO3MOXHOCTH H3MeHeHHII I 'eHepaJIbHOrO yrna 
OTICOCa. 

T a 6 a ~ q a  26 
Pac¶eTHhIe  3Ha¶eHHII C ~ ~ ~ C T O H M O C T H  a3 BCRPblUlH n p U  TpaHClIOpTHO- 

O T B ~ J I ~ H O H  CUCTeMe C KOHCOnbHbIMU O T B ~ J I ~ ~ ~ ~ ~ ~ ~ B ~ T ~ J I I I M H  

T ~ l n  0 6 0 p y ~ o a a ~ 1 l n  I ' o~osan  npo~laso- P a c q e ~ ~ a n  ce6ec~011- 
RHTCJIbHOCTb 

i \ i MOCTb pa3pa60TH~ 
X O M n l C H C a ,  1 AtS BCHPbImH, 

I ~ H C H ~ B ~ T O ~  OTBaJI006pa30~aTCJIb MJIH. Ata t<on. 



YCTOGPHBOI'O YI'JIa OTKOCa n n H  0 6 e c n e s e ~ n ~  6e3011ac~oijr  pa60~bI o6opy- 
AOBaHHR. n p H ~ e H e ~ H e  HaKJIOHHHX I I e P e r P Y 3 0 ¶ H h I X  MOCTOB IIOBBOJIHeT 

BHAOH3MeHHTb TeXHOJlOI'H¶eCKYH) CXeMY (pnc. 131). n p H  3 ~ 0 %  CXeh le  

BCKpbIII IHbIe  IIOPOAhI OT POTOPHOI'O 3 K C K a B a T O p a  IIOCTY1IElH)T H a  lIep€?I'p~- 
~ O ¶ H H %  MOCT H I I e p e n a m T c R  C a M o x o A H h I M  n e p e r p y w a T e n e M  H a  o~sanoo6pa- 
3 O B a T e Z b ,  K O T O P ~ I ~  IIPOH3BOAHT OTChIIIKY BepXHeI 'O H HHKHeI 'O  HPYCOB 

OTBaJIa .  

n p ~  HeAOCTaTO¶HbIX I I a p a M e T p a X  OTBaJ IbHOrO 0 6 o p y ~ o ~ a ~ ~ ~  HJIII 

H ~ A O C T ~ T O ¶ H O ~  Y C T O ~ ¶ H B O C T H  OTBaJIOB M O K e T  I IpHMeHHTbCH CXeMa C HC- 

I IOJ Ib3OBaHHeM npaI'JlaH~0~ AJIR H 3 M e H e H H R  I C O H @ H ~ Y P ~ ~ H H  OTBaJ Ia  

(pmc. 132). 
Ha PHC.  133 I I O K a 3 a H b I  n B e  CXeMbI pa60~bI no ~ C J ~ O X H ~ H H O G  T p a H -  

C I I O P T H O - O T B ~ J I ~ H O ~ ~  C n c T e M e ,  H a u I e A m n e  n p n M e r I e m r e  B rap. 

B. TPAHCIIOPTIIO-OTBAJIbHAB CEICTEMA PA3PAGOTKEI 
C IIPEIMEHEHEIEM TPAHCIIOPTHO-OTBAJIbHbIX MOCTOB 

5 6. O C O ~ ~ H H O C T H  ITpHMeHeHHcI TpaHCUOpTHO-OTBal IbHhIX 

MOCTOB 

O C O ~ ~ H H O C T ~  R ~ H H O ~  CHCTeMbI p a 3 p a 6 0 ~ ~ m  - I I e p e M e W e H H e  BCKPbI- 

I l IH B ~ h 1 p a 6 0 ~ a ~ ~ o e  IIPOCTPaHCTBO IIO HOPMaJIH  K @POHTY p a 6 0 ~  C IIO- 

MOIQbH) TPaHCIIOPTHO-OTBaJIbHOI'O MOCTOBOI'O KOMIIJIeKCa, O ~ % ~ A H H R H ) I Q ~ ~ O  



B ~ A H H ~ I G  U ~ O H ~ B O J J C T B ~ H H ~ I G  U p 0 4 e C C  3 K C K a B a 4 H I O l  TPaHCI IOPTHPO-  

B a H H e  I3 Y K J I a A K y  UOpOAbI B O T B a n .  O C H O B H ~ R  COCTaBHaR ¶ a C T b  KOMUJIeK- 

C a  - T ~ ~ H c u o ~ T H o - o T B ~ J I ~ H ~ I ~ ' ~  MOCT. 

OCHOBHH~ r o p H o T e x H m g e c K H e  H H H K ~ H ~ ~ H O - r e o n o r ~ s e c ~ n e  ~ C J I O B H C I  

~ # I @ ~ K T H B H O ~ O  n p H M e H e H H F I  TpaHCnOpTHO-OTBaJ IbHbIX MOCTOB: B b I A e p X a H -  

H o e  (6e3 ~ O X ~ I I I H X  ~ a p y I I I e H H f i )  ~ O p H 3 0 H T a J I b H O e  HJIH 6 ~ 1 ~ 3 ~ o e  K H e M Y  

3a~1era~ne  n n a c T a  I I O J I ~ ~ H O ~ O  m c K o n a e M o r o ;  o T H o c H T e n b H o  n p a B H n b H b I e  

~ o a ~ y p b ~  R a p b e p H o r 0  n o n R  B nnaae; Y C T O H ~ H B O C T ~  UOPOAH~IX M a c c  B qe- 
Z D K e  H OTBaJIe, HCKJI I09a IOWaR OIIaCHOCTb A ~ # I O P M ~ U H H  MeTaJIJIOKOHCTPYK- 

V H H  MOCTa; X O p O m a R  p a 3 B e A a H H O C T b  M e C T O p O K A e H H R ;  AOCTaTO¶HbIe 3 a -  

I I aCbI  IIOJIe3110rO HCKOUaeMOrO,  O ~ ~ C I I ~ ~ H B ~ I O I ~ H ~  IIPOAOJIKHTeJIbHOCTb 

pa3pa60~1;~ y s a c T x a  M e c T o p o x A e H H R  H e  M e H e e  10-15 J reT  H BKOHOMH- 

¶eCKH qenecoo6pa3~oe HCIIOJIb3OBaHHe MOCTa U p H  3 a n a ~ ~ o f i  U ~ O ~ K T H O ~ ?  

IlpOH3BOAHTeJIbHOCTH. 

T ~ ~ H C U O ~ T H O - O T B ~ J ~ ~ H M ~  MOCTbI IIPHM€?HRH)T I I P H  p a 3 p a 6 0 ~ ~ e  I'OpH- 

30HTaJ IbHbIX UJIaCTOB P a 3 J I H 9 H b I X  IIOJIe3HbIX HCKOIlaeMbIX (6ypor0 Y r J I R ,  

n r a p r a ~ q e ~ o f  H ? f ~ e n e ~ ~ o f i  p y ~ b ~ ,  @ O C @ O ~ ~ T O B  H ~ p . ) ,  n o K p M m x  PMXJIM- 
M E  OTJIO>IEC?HHRMH MOWHOCTbH) A 0  40-60 nt. 

~ ~ O C T O H H C T B ~  TeXHOJIOrHH r 0 p H b I X  pa6m C U p H M e H e H H e M  MOCTOBMX 

KOMIIJKeRCOB: UOTO¶HOCTb p a 3 p a 6 0 ~ ~ ~ ,  BO3MOKHOCTb C ~ J I ~ K T H B H O ~ ~  OT- 

CbIIIKH B H Y T P e H H H S  OTBaJIOB, p a 3 M e W e H H e  3Ha¶HTeJ IbHbIX 3 a I I a C O B  nOJIe3 -  

H O r O  HCKOIIaeMOI'O UOA IIPOJIeTOM MOCTa AJIR p a 6 0 ~ ~  K a p b e p a  U p H  OCTaHOB- 

K e  BCKPbIIIIHOl'O KOMIIJIeKCa B ~ H M H H ~ ~  I I epHOA.  R a K  H U p H  KOHCOJIbHbIX 

o ~ ~ a ~ 1 0 0 6 p a 3 0 ~ a ~ e n ~ x ,  U p H M e H e H H e  TpaHCIIOpTHO-OTBaJIbHMX MOCTOBbIX 

KOMUJIeKCOB B ~ J I ~ ~ O U P H I I T H M X  rOPHOTeXHH4eCKHX YCJIOBHFIX 06ecne- 
¶ H B a e T  AOCTHKeHIKe BHCOKOH UPOH3BOAHTeJIbHOCTH T P Y A a  p a 6 0 q ~ x  H H e -  

6onbmnx 3 a T p a T  H a  p a 3 p a 6 0 ~ ~ y  1 nt3 BCKpbIIIIH. H ~ A O C T ~ T K H  T p a H C n O p T H O -  

OTBaJIbI1bIX hlOCTOB: O r p a H W e H H O C T b  Y C J I O B H ~  I I p H M e H e H H R ;  rPOM03AKOCTb 

H 3 H a 9 H T e J I b H a R  CTOHMOCTb U p H M e H R e M O r O  0 6 0 p y ~ o ~ a ~ n ~ ;  60~1bmoii 
o 6 a e ~  r o p H o K a n n T a J I b H b I x  p a 6 o ~  no c o 3 ~ a ~ r n m  pa3pe3~oP T p a H m e H  AJIH 

BBOAa MOCTa B 3KCI I J IYaTa4HIO;  Ce30HHOCTb pa6o~b1 O ~ O P Y A O B ~ H H S I .  

n e p e p b I ~  B 3 H M H e e  B p e M R  B p a 6 o ~ e  MOCTOB H a  Upa IETHBKe  HCIIOJIb3YIOT 

AJIR KaI IHTaJ IbHbIX PeMOHTOB BCeX MeXaHH3MOB ICOMIIJIeKCa. T ~ ~ H C U O ~ T H O -  
OTBaJ IbHhle  MOCTbI H a  OTKpbIThlX p a 3 p a 6 0 ~ ~ a x  U p H M e H H I o T  y?Ke C 1923 r. 
B a a c ~ o ~ ~ q e e  B ~ ~ M R  EX U ~ H M ~ H R I O T  B rap H n p ~  p a 3 p a 6 o ~ ~ e  6y- 
P O y r O J I b H b I X  M ~ ? C T O ~ O K ~ ~ H E I ~ ~ .  B CCCP K p O M e  p a 3 p a 6 o ~ o ~  ~ Y P O Y ~ O J I ~ H ~ I X  

M ~ C T O P O W A ~ H H ~ ~ [  ~ ~ H ~ I I P O B C K O ~ O  6accefi~a HX I IpHMeHRIOT AJIR O T ~ ~ ~ O T K E I  

i r c e n e s o p y ~ a b ~ x  sanewe6  no^ Repsbm H M a p r a H u e m x  ~ e c ~ o p o w ~ e ~ ~ i i  
B H H K O ~ O J I ~ C H O M  Gacceiir~e. 

T m n o ~ ~ e  TeXHOJIOrH¶eCKHe  CXeMbI C TpaHCIIOpTHO-OTBaJIbHbIMm MOC- 

T a m ,  n p m i e n R e M b I e  H a  K a p b e p a x  C o ~ e ~ c ~ o r o  C o m a ,  n o r c a s a ~ b ~  H a  

PHC.  134. / ~ ~ ~ H c u o ~ T H o - o T B ~ J I ~ H ~ I &  MOCT I IpeACTaBJIReT  c0606 CaMO- 

XOxHyH)  MeTaJIJIH¶eCKYIO KOHCTPYK4HIO C KOMIIJIeKTOM JIeHTO¶HbIX IEOH- 

~ e f i e p o ~ ,  YCTaHaBJIHBaeMYIo  B K a p b e p e  I I O U e p e K  @ ~ O H T ~  pa6o.r H CBFI3bI- 

samqyro B c x p b I m H y I o  H O T B a n b H y m  CTOPOHH K a p b e p a  no ~ p a ~ s a i i m e ~ y -  
paCCTORHHIo.  C MOCTOM COeAHHReTCR I I epeAaTO¶HbIMH K O H B ~ ~ ~ ~ ~ M H  

OAHH H n H  HeCKOJIbKO BCKpbIIIIHbIX MHOrOKOBmOBbIX 3 K C K a B a T O P O B l  KO- 

T O p b I e  BO B P e h l R  pa60~b1 UepeABHI 'aIoTCFI BMeCTe C HHM PeJIbCOBMM 



n y T m  mnm H a  rycemqax B A O J I ~  B c K p b I m H H x  YCTYIIOB. 3 ~ c ~ a ~ m p y e ~ a ~  
nopona n e p e M e w a e T c n  B ~ b 1 p a 6 0 ~ a ~ ~ o e  n p o c T p a H c T B o  K a p b e p a  n e H T o s -  

HbIM K O H B ~ ~ ~ P O M ,  YCTaHOBJIeHHbIM H a  @ € ? P M ~  OTBaJIbHOI'O MOCTa. 

T ~ ~ H C ~ O ~ T H O - O T B ~ J I ~ H ~ I ~  MOCT 06h1¶~0 K O H C T P Y H p y e T C I I  n p m M e H H -  

TeJ IbHO K K O H R p e T H H M  I 'OPHOTeXHIFIeCKHM YCJIOBHIIM MeCTOPOXAeHHII .  

B c ~ p b I m H b I e  3 K C K a B a T O P b I  n 0 ~ 6 H p a H ) ~  COOTBeTCTBeHHO IIpOH3BOAHTeJIb-  

HOCTH TPaHCIIOPTHO-OTBaJIbHOrO MOCTa. OCHOBHO~ O T J I W H e  TpaHCI IOpTHO-  

OTBaJIbHOI'O MOCTa OT KOHCOJIbHOI'O O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I I I  - H a J I H ¶ H 8  

~ B Y X  (3a6oii~of H O T B ~ ~ H O ~ ) ,  a m H o r A a  T p e x  onop. 3 ~ o  0 6 e c n e s ~ s a e ~  
3Ha4HTeJIbIIYH) Y C T O ~ ~ H B O C T ~  K O H C T P Y K q H H  EI I I03BOJI I I eT  H M e T b  66~1bmy10 
0 6 ~ ~ 1 0  AJIHHY MOCTa,  AOCTHI'aIOIJQH) B OTAeJIbHhIX C J I Y s a R X  400 A. Ha- 
J I H 4 H e  O n O p  AeJ IaeT  MOCT M e H e e  M O ~ H X ~ H M M ,  B b I a b I B a e T  60~1bmoii 0 6 a e ~  
I'OpHOnOAI'OTOBHTeJIbHbIX p a 6 o ~  H npeA!bRBJI I I eT  X e C T K m e  T ~ ~ ~ O B ~ H H R  

I; C O ~ J I H ) A ~ H H H )  OTMeTOK pa604mx Y C T y n O B .  P ~ C ~ O J ~ O H ~ ~ H H ~  O n O p  T p a H -  

CIIOPTHO-OTBa.TbHOI'0 MOCTa M O X e T  6bI~b P a 3 J I W H h I M .  

~ P H  p a 6 o ~ e  C QenHbIMEI MHOI'OKOBLUOBMMH 3 K C K a B a T O p a M H  3a606~a11 
O I I O p a  TpaHCnOpTHO-OTBaJIbHOI'O MOCTa,  K a K  H p a B H J I O ,  p a C n 0 J I a r a e T C H  

H a  pa6osef IIJIOWaAKe BCKPbIII IHOrO YCTYIIa  (PHC. 134, a-3). C O B M ~ C T H ~ R  
p a 6 o ~ a  C POTOPHbIM 3ICCKaBaTOpOM O ~ Y C J I O B J I H B ~ ~ T  p a C n O J I O X e H H e  3a6oiir- 
HOG Ol IOpbI  MOCTa H a  K P O B J I e  ~06b14~0ro  YCTYIIa  (PHC. 134, 6, u). O T B ~ J I ~ -  
H a I I  O n O p a  TpaHCnOpTHO-OTBaJIbHOI'O MOCTa M O X e T  6bI~b P a C n O J I O X e H a  

H a  n p e A o T B a J I e  ( p ~ c .  134, 6, 3, u) HJIH H a  A O ~ ~ I ¶ H O M  y c T y n e  (PHC. 134, 
a, 6, 2 ,  8, e, 

B cny9ae p a c n o n o X e H H I I  o6emx onop H a  pa6oseii c T o p o H e  K a p b e p a  

BCKPbIThIe  3 a l l a C h I  IIOJIe3HOI'O HCKOIIaeMOI'O M e H b I I I e ,  HO p a 6 o ~ a  MOCTa 

60~1ee H a A e X H a ,  T a K  K a K  o6e O n O p b I  YCTaHaBJ IHBaIOT H a  60~1ee ~ C T O ~ ¶ H -  

BOM OCHOBaHmH. P~CIIOJIOX~HH~ OAHOH OIIOPhI  MOCTa H a  OTBaJ Ie  AOIIYCTH- 

MO, eCJ IH  06pa3y1oq~e OTBaJI  IIOpOAhT H M e I o T  AOCTBT09HYH) Y C T O ~ ~ H B O C T ~ .  

On0pbI MOCTa O ~ M ¶ H O  I I epeABHI ' a IOT  BAOJIb K a p b e p a  I IO  PeJ IbCOBbIM MHOrO- 

H E T O ~ H M M  IIYTIIM. IIo M e p e  o ~ p a 6 0 ~ ~ m  y c T y n a  n y T H  n e p e M e W a I o T c n  ny- 
T e n e p e A s n r a T e n m H  H e n p e p m H o r o  A ~ ~ ~ C T B H I I ,  B c T p o e H H b I M m  B MOCT HJIEF 

E M e I o W H M H  C O ~ C T B ~ H H H ~  XOA. HM~IOTCII K O H C T P Y K q H H  MOCTa C r y C e H H 9 -  

HhIM XOAOM OIIOP. 

B H C O T ~  O T B ~ J I ~ H O G  OIIOpbI  MOCTa 3 a B H C H T  OT M O q H O C T H  BCKPbIIIIEF 

H I I J I aCTa  IIO,?e3HOI'O HCKOIIaeMOI'O. ~ O A  'OCHOBHO~? @ e p ~ ~ f i  MOCTa A O J I X e H  

C B O ~ O A H O  I IpOXOAmTb pa6o~a~11qmfi H a  ~o6b14e 3 I < C K a B a T O p .  

BbIco~a o T c a n a m  nopojqm K O J I ~ ~ J I ~ T C I I  OT 25 no 75 A H onpeAemeT 
BMeC Te  C A ~ ~ H H O ~  HOHCOJIm B03MOXHYH)  BbICOTy O T B a J I a ,  a CJIeAOBaTeJIbHO,  

M O q H O C T b  O T P ~ ~ ~ T H B ~ ~ M O ~ ~  BCKPbILUH. TP~HCIIOPTHO-0~~aJIb~bIff MOCT 

A O J I X e H  6bI~b I I ~ H C I I O C O ~ J I ~ H  K m3MeH9mBbIM YCJIOBmRM pa6o~h1, T.e.  H M e T b  

I I p O C T p a H C T B e H H y I O  I IOABHXHOCTb .  C 3~0e QeJIbH) I ' J IaBHaR @ € ? P M ~  OIIEI- 

P a e T C R  H a  OTBaJ IbHyH)  H 3 K C K a B a T O P H y H )  OIIOPhI IIOCPeACTBOM Q e H T p a J I b -  

HhIX I I I aPOBbIX I I I IT,  ICOTOPhIe II03BOJIIIH)T OCYWeCTBJII ITb IIOBOPOT MOCTib 

B I ' O P M ~ O H T ~ J I ~ H O ~ ~  IIJIOCKOCTEI H a  YI'OJI A 0  30' B 06e CTOPOHhI OTHOCHTeJIb- 

HO OCEI MOCTI.  

T ~ ~ H C ~ O ~ T H O - O T B ~ J I ~ H ~ I ~  MOCTH MOI'YT I IPeOAO.XeBaTb  IIOA'beMhI I I Y T a  

B I I P O A O J ~ H O ~ ~  H n o n e p e 4 H o M  H a n p a B n e H m x  B npejqenax 300/,0.  OTCMD- 
K a  n O p O J h I  MOCTOM M O X e T ~ I I P O H 3 B O A H T b C  B OAHOM I I Y H K T e ,  T. e. B K O H q e  

21s 

O T B ~ . T ~ H O ~  KOHCOJIH, HJIH B HeCKOJIbKHX I I Y H K T a X  ( p a 3 ~ e J 1 b H a f I  O T C ~ I I I K E ~ ) .  

~ I < c K ~ B E ~ T O ~ ~ I  MOI'YT H M e T b  H ~ ~ E ~ B E I C H M ~ I ~  X O A O B O ~ ~  M e X a H H 3 J I  EI 6 b I ~ b  
BCTpOeHHbIMH B TP~HCIIOPTHO-OTB~JI~H~G MOCT, T.  e. H M e T b  061q~ii C HHM 

X O A O B O ~  M e X a H H 3 M .  ~ P H  I I e p B O M  cnoc06e M O X H O  H C I I O J I b 3 0 B a T b  OT OAHO- 

r o  no s e T b I p e x  3 K C K a B a T O p O B .  Ha~6onee  Y A O ~ H M  B ~ K C I I J I Y ~ T ~ ~ H I I  M O C T ~ I  

C OAHmM HJIH  ABYMII MOWHbIMH IlOJIHOJlOBOPOTHhIhlm 3 K C K a B a T O p a M m ,  

I I M e I o ~ H M m  H e 3 E l ~ H c ~ ~ b I f i  XOR. n p H  T a K O M  COeAHHeHEIEI 3 K C K a B a T O P O B  , 
C MOCTaMH AOCTHI'aeTCII 6 6 ~ 1 b m a 1 1  I ' H ~ K O C T ~  B p a 6 0 ~ e  K0MnJ le I ;Ca .  

9 7. B ~ ~ E I M O C B I I ~ ~  l I a p a M e T p O B  T p a H C U O p T H O - O T B a J I b H b I X  

MOCTOB H 3J I eMeHTOB CFfCTeMbI p a 3 p a 6 0 ~ ~ ~  

0 6 1 q ~ e  TeXHOJIOI ' lFIeCKHe CXeMbI paCIIOJIOX<eHEIfI TpaHCIIOpTHO-OTBaJIb-  

HbIX  MOCTOD B K a p b e p e ,  0 6 y c n o ~ n e ~ ~ b 1 e  H X  KOHGTPYKTHBIIbIhlm O C O ~ ~ H -  

HOCTIIMH, I I O K ~ ~ ~ H M  H a  PHC. 135. OCHOBHH~ r e o b 1 e T p n s e c K m e  pa3~epb1 
TPaHCllOPTHO-OTBaJIbHbIX MOCTOB OIIpeAeJIIIlOTCII T e X H O . ~ O I ' W e C K ~ M H  OCO- 

~ ~ H H O C T I I M H  I'OpHbIX p a 6 0 ~ ,  Y C T O G ~ H B O C T ~ H )  OTKOCOB EI I I I H ~ H H O ~ ~  IIOJIOChI 

3HMHHX 3 a n a C O B  nOJIe3HOI 'O HCKOJlaeMOI'O. 

H J I H H ~  KOHCOJIH LK TpaHCIIOpTHO-OTBaJIbHOrO MOCTa 3 a B H C H T  OT BbI- 

COTbI O T B a J I a  Ho H M e C T a  PaCIIOJIO?KeHHR O T B ~ J I ~ H O ~ ~  OIIOPbI ,  B e J I l F I H H a  

n p o J I e T a  M e z A y  O n o p a M m  L, - OT m E I p m H b I  n o n o c M  noneaaoro m c K o n a e -  

MOI'O, IIOAI'OTOBJIIIeMOI'O H a  B E I M H E I ~ ~  J l epmOA.  
npm p a c n o J r o x e H E I H  3a6oi i~of  onopbI H a  BCKP~IIIIHOM y c T y n e  EI OT- 

~ a J I b H 0 6  H a  R p e A O T B a J I e  ( ~ H c .  135, a) AJIHHa  KOHCOJIEI COCTaBJIIIeT 

L, = (Ho - Hnp) ctg B +- m, A, 

L , = m l + H n P c t g ~ + a + b l + h c t g a + H c t g ~ , - + l I - ; - 6 ,  a. (V,33) 

BHCOTY O T B a J I a  AJIII MOCTOB C Q H K J I H ~ H O ~  IIepeARII i fCKOll  IIOAMOCTO- 

BbIX  J l y ~ e 6  ( ~ H c .  135, 6, 2) O n p e A e J I R I o T  no @0p~yJIe  

H, = lcpH + 0,25A tg B, A, 

rAe A - m x i p x i H a  a a x o ~ ~ m  mm mar n e p e A B H x m  n o A M o c T o n M x  n y ~ e i i ,  a. 
B cnysae ~ e n p e p ~ n ~ o f i  n e p e A s m x I m  n y ~ e i i  (pnc. 135, a ,  6) A - 0, 

~ P E I  P a C I I O J I O X e H H H  3 a 6 0 f ~ o f  OIIOPhI H a  BCKPbILUHOM YCTYIIe  ZT OTBaJIb-  

HOG H a  mame I I O J I ~ ~ H O I - o  m c K o n a e M o r o  ( p ~ c .  135, 6) A n m y  I ; o H c o n n  

OIIPeACJIRIOT H O @ O P M Y J I ~  

LK=Hoc tg f i+a+h lc tga+n ,  nt, 

. L,=nl+h,c tga+bl+Hctg~l+l I+B,  JM, 

rAe b, - lumpma n o x o c b I  none3~oro H c K o n a e M o r o ,  n o A r o T o s n e a H o r o  
H a  ~ H M H H ~  nt?pHOA, At; 



me Q - o 6 a e ~  A O ~ H P H  B ~ H M H H ~ ~  n e p H O n ,  m; 
L - AJIHHa @ ~ O H T ~  pa60~b1 IIO no6me,  Y; 
y - o 6 a e ~ ~ ~ f i  sec nonea~oro  H c K o n a e M o r o ,  m / a 3 ;  

h - M O ~ H O C T ~  n n a c T a  I I O J I ~ ~ H O ~ O  H c K o n a e M o r o ,  Y. 
n p H  paCnO.?OweHHH aa6oH~ofi  O n O p H  H a  A O ~ M ¶ H O M  y c T y n e ,  a OTBaJlb- 

HOE H a  npenomane ( p ~ c .  1 3 5 , ~ )  AJIHHY K O H C O ~ H  O n p e A e n t I m T  no @ o p ~ y n e  

LK=Hoctg$p-Hnpctg$Lml, nt, (J7,39) 

L n = m ~ + H n p c t g f J + a + A + h c t g a + B ,  nt. (v,4O) 

1 D n c ~  MOCTa, aHaJIOI'H¶HOl'O n p H M e H R e M 0 M y  H a  K)PKOBCKOM K a p b e p t ?  

( ~ H c .  135, z ) ,  AJIHHa KOHCOJIH I I P H  C ~ J I H W ~ H H H X  OIIOpaX, PaCIIOJIOXeHHbIX 

H a  K p o s n e  A O ~ M ¶ H O ~ O  y c T y n a ,  o n p e n e n r r e T c r r  no @ o p ~ y n e  

L ,=Hoc tg$+a+hc tga+A+B,  nt. (v141) 

A 

n p H  p a 6 o ~ e  TpaHCnOpTHO-OTBaJIbEbIX MOCTOB 6 0 n b m o e  3 H a ¶ e H H e  

m e e T  seamma yrna, 06pa3ye~oro @POHTOM p a 6 o ~  H r p a ~ ~ q e f  n o m  
F i a p b e p a .  ~ o J I o X C ~ H H ~  @ ~ O H T ~  p a 6 o ~  DO OTHOIIIeHHH) K I ' p a H H q a M  IIOJIH 

K a p b e p a  o n p e n e n r r e T c r r  B ~ Z I H ¶ H H O ~ ~ .  yrna A. IIPH  TOM M o x e T  6 b 1 ~ b  ~ p ~ m  / cnysarr: h = 90°: h < 90' a h > 90'. Ha pnc. 136 noxaaa~o  nonome- 
H H e  @ ~ O H T ~  p a 6 0 ~  no OTHOIIIeHHH) K I ' p a H H 4 a M  K a p b e p H O r O  IlOJIH. n p ~  , 

PHC. 136. noroxeaue  @poH~a  p a 6 0 ~  n o  omomenurn K rpamqaar Kapaepnoro n o m :  
a - npn h = 90"; 6 - npn L > 90°; e - npn L < 90. 

> 90" 3 a T p y n H e ~ H f i  IIO p a 3 M e q e H H H )  IIOPOA B B ~ I ~ ~ ~ O T ~ H H O M  IIpOCTpaH- 

CTBe H e  B03HHKaeT.  H a ~ 6 o n b m ~ e  TpYnHOCTH I I P H  pa6o~e  TPaHCIIOPTHO- 

OTBaJIbHHX MOCTOB BO3HHKaH)T I I P H  h < 90°, ¶TO OIIpeAeJItIeT p a 3 H y H b  

AJIHHY XeJle3HOnOPOWHOI'O IIYTH ~ K C K ~ B ~ T O P H O ~ ~  H O T B ~ J I ~ H O ~  OIIOP 

(PHC. 137). n y ~ b  0 ~ B a n b H o f i  OIIOpbI MOCTa KOpO¶e IIYTH ~ K C K ~ B ~ T O P H O ~ ~  

OIIOPbI H a  CYMMY P ~ C C T O R H H ~ ~  IIJIOJ4anOK: MeXCnY BePXHHM H H H X H H M  

RCKPbIlIIHbIMH YCTYIIaMH X, M e w f l y  HHHCHHM BCKPbIIIIHbIM H ~ O ~ H ~ H ~ I M H  

YCTYIIaMH 8, rOPH30HTaJIbHbIX I I p 0 e K 4 ~ f i  OTKOCOB HHZKHerO BCKPbIlIIHO- 

r o  H Y r o n b H o r o  YCTYIIOB e H 2, A ~ H H ~ I  K o H c o n b H o r o  n y T e n e p e n B n r a T e n m  

6 H IlOJIOBHHJd AJIHHbI X O ~ O B O ~ ~  T e J I e X K H  O T B ~ J I L H O ~ ~  OIIOPbI MOCTa 6. 
OJIepeXCeHHe M e X n y  ~ K C K ~ B ~ T O P H O ~ ~  H O T B B J I ~ H O ~ ~  OIIOPIMH COCTaBJIIIeT 

A=atgcp=a,sincp, nt, (V,42) 

rne a - n i ~ ~ a  n p o n e T a  M o c T a  no n o B o p o T a  H a  yron rp; 
a, - TO we, nocne n o B o p o T a  H a  yron cp. 

B ~ ~ I H ¶ H H ~ I  a H a, O n p e n e n e H b I  Anfl A ~ H H O ~ ~  KOHCTPYK4HH MOCTa, no- 
3TOMY A T a K w e  qBJrcIeTCH B ~ ? J I H ¶ H H O ~ ~ ,  ~ I I p e ~ e J l t ~ e ~ ~ f i  AJIH K O H K ~ ~ T H O ~  
KOHCTPYKqHH. YI'oJI IIOBOpOTa MOCTa rp I I p H  p a 6 o ~ e  B TyI IHKe OIIpene-  
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Ha ~ O ~ K O B C I ~ O M  G y p o y r o n h ~ o ~  K a p b e p e  (pnc. 
130) p a 3 p a 6 a ~ b r s a m ~  ~ O ~ H ~ O H T ~ J I ~ H H H  nnac-r y r n R  
M O ~ H O C T ~ H )  OT 5 RO 9 a. I ~ C K P H I I I ~  - n e c q a H o -  

I 'JIIIHIiCTHe n O p O n h l  MOqHOCTbK) A 0  56 a. C P ~ ~ H H ~  
I C O ~ I $ I $ H ~ E Z ~ H T  BCKP~IIIIM 5,5 m3/m. K a p b e p ~ o e  none 
p a q e n e H o  H a  3 a n a ~ ~ ~ i j r  H E O C T O ~ H H ~ ~  ynacma. Ha 

h c .  139. C t i c ~ e M a  p a 3 p a 6 0 ~ ~ ~  C U p H M e H e H w e M  T p a H C n O p T H O - O T R a n b H O r O  IdOCTa H a  H ) ~ K o B c ~ ; ~ M  
n a p b e p e :  

I - O C b  n O B O p O T a ;  2 - O C b  ~ H C K ~ B ~ T O P H O ~  OIIOpbl  MOCTa; 8 - O C b  MOCTa I I p n  0 ~ p a 6 0 ~ H e  T p e X  
B e p X H k l X  I I O E y C T y I I O B  C O C e A H e r O  6 n o ~ a  

B IIOCJIeAHee B p e M R  TeXHOJIOI'HR I'OpHJdX p a 6 0 ~  C IIpHMeHeHXXeM TpaH-  
GIIOPTHO-OTBaJIbHhIX MOCTOB BCe 60~1ee COBepIIleHCTByeTCR. ~ c c J I C ? A O B ~ -  

HHCrMH A O K a 3 a H a  ~ ~ J I ~ C O O ~ ~ ~ ~ H O C T ~  IIpHMeHeHHR AByX MOCTOBhIX IiOhI- 

n n e K c o B ,  p a c n o n o H c e H H b I x  H a  o p ~ x  p e n b c o s H x  nymx. n p e ~ ~ y w e c ~ ~ o h f  

T ~ K O G  CXeMbI HBJICreTCCr 0 6 e c I I e ¶ e ~ H e  HaJ(e?KHOCTH p a 6 0 ~ h I  K a p b e p a ,  a TaK- 

?He BO3MOXHOCTb H H T ~ H C H @ H K ~ ~ H H  IIOABHI'aHHCr @ ~ O H T ~  p a 6 o ~ ,  a CJIeAO- 

BaTeJIbHO, yBeJ IH¶eHHe I I ~ O H ~ B O ~ C T B ~ H H O ~  MOIQHOCTH K a p b e p a  H CHHHie- 

H H e  C ~ ~ ~ C T O H M O C T H  BCKPMJIIH H IIOJIe3HOI'O HCKOIIaeMOI'O. 

C X ~ M ~  p a 6 o ~ h 1  C AByMCr TpaHCnOpTHO-OTBaJIbHbIMm MOCTaMH JIeI'~0fi 

H e r o  y c T y n a .  CP~AHIIII- B H c o T a  ~ e ~ x ; I e r o  y c T y n a  
P a B H a  2,3 HHHCHerO - 5,s a. 

I jepx~~zf i  y r 0 J I b ~ b I f i  YCTYn O T ~ ~ ~ ~ T H B ~ ~ T C R  
POTOPHblMEZ 3KCKaBaTOpaMH RSh-350 E1 RSh-150, 
HEIFKHUB - U e n H m u i  a K c K a B a T o p a M H  R-300 
I1 R-250. Yr0JIb T p a H C I I O p T I i p y m T  HCeJle3HOnOpOHc- 
HbiM TPaHCIIOPTOM IIO ~ 3 ~ 0 8  KOJIee. 

Ha PHC. 140 r 1 0 1 ~ a 3 a ~ a  c x e M a  p a 3 p a 6 o ~ ~ n  c IIPH- 
MCJieHReM TPaHCnOPTHO-OTBaJlbHOrO MOCTa H a  K a p b -  
epe 3 c n e ~ x a i i ~  (rap). E a I < c n . n y a T a y m  H a x o n R T c r r  
,qsa n n a c T a  6yporo ymn: H H ~ K H H I ~ - M O ~ H O C T ~ H ,  
7,s nt Ii B ~ ~ X H H ~  7,8 .% I l p H  MOqHOCTEI MeHERYIInaCTbR 
8,2 x. C y ~ ~ a p a a ~  M O ~ H O C T ~  BCI~PHIIIII B c p e n H e M  
c o c T a s n R e T  42 a. IIoponu n p e A c T a s n e H b r  B OCHOB- 
~ r o x  necr;aMrr. reo~~ormecrcnii I.;O~++M~HC!HT BCKPH- 
IlIll H a  I l J I O q a R H ,  I I P ~ A H ~ ~ H ~ ¶ ~ H H O ~  RJIR paspa- 
~ O T K R ,  p a B e a  3,1 nt3/m. Eec M o c T a  B c n e ~ x a f i ~  
p a s e H  10 THC. m, ero n a c o s a R  n p o 1 r 3 ~ o n ~ ~ e n b -  
HOCTh 5,s TJJC. a3,  0 6 q a ~  AJIHHa 582,5 .e. n p 0 n e T  
MelKflY O n O p a M I I  230 + 20 a ,  A n H H a  0 T B a n b ~ o f i  
JEOHCOJIH 170 nt; yron n o B o p o T a  rnasaoro M o c T a  
z) YL L o - W H P H H ~  K O H B ~ ~ ~ ~ U H H X  JIeIrT 1.8-2.5 a, CKO- 

KOHCTDVKUHH OTJIH¶aeTCR BMCOKOG IIDOH3BOIIHTeJIbHOCTbH) MOCTOB IIDH ." . . . 
CpaBHHTeJIbHO HH3KOM HX BeCe;  H ~ H ~ ~ K H O ~  Y C T O ~ ¶ H B O C T ~ H )  OTBaJIOB C IIO- 

H H W ~ H H O H  BMCOTO%; YJIY¶IIIeHHeM YCJIOBHH 3KCIIJIYaTaqHH H PeMOHTa 

MOCTOBEJX KOMIIJIeKCOB. 

224 

I Ha I c a p b e p e  C e ~ e p ~ ~ n i i - @ o p n r o ~ o c ~ ~ ~ h ~ f i  Y ~ C O B -  
Hpcrcoro K O M ~ H H ~ T ~  OrHeyI IOpHhIX H3ne;iXfii 
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2" T~XHHICO-~KOHOMHY~CICH~ llOKa3aTeJIli TP;~HCUOPTHO-OTB~JILHO~ CH- 
r= 

e; CTeMbI p a 3 p a 6 o ~ ~ m  C MOCTaMH Ha ~ ~ ~ ~ c T B ~ I O I Q ~ X X  KapbepaX UpHBeAeHhl 
2 P B ~ a 6 n .  27. 
H 

~ P H  T ~ ~ H C ~ O ~ T H O - O T B ~ J I ~ H O ~  CHCTeMe pa3paboTKll IIpEIMeHEiIoT Be- 
epHoe, napannenmoe m CMemaHHoe nepeMeqeHme @ p o ~ ~ a  p a 6 o ~ .  IIpm 
BeepHoM nepeMeqemrn @ p o ~ ~ a  pa6o.r B MecTe p a 3 ~ 0 p o ~ a  Beepa coopy- 

xaeTca I I O B O P O T H ~ I ~  IIYHIiT (PEIC. 143). K o ~ ~ p e ~ ~ o e  o @ o p ~ n e ~ m e  nono- 
poTHoro nyHIcTa, cxeva p a 3 ~ o p o ~ a  seepa m yc~rosnrr yIcnaAKa BcIcphImHax 
IIOpOA B paijI0He nOBOpOTHOI'0 IIyHKTa 3aBmCEiT OT PaCnOJIOXeHHEi qeHTpa 
pa3BOpOTa. 

Ha pmc. 144 I I O K ~ ~ ~ H ~ I  xaparc~ep~bre c x e m  pacnonozeHas qeHTpoB 
p a 3 ~ o p o ~ a :  co C T O P O H ~ I  OTBanOB (pmc. 144, a) npm R > r;  nocepeanHe 



pa3pe3~0ii TpaHmelI (PHC. 144, 6) npn R - r ;  co C T O P O H ~ I  BCKP~IILIEI 

(PHC. 144, 6 )  IIpH R < r  (R - PaAHyC IIOBOpOTa BCKPbIIIIHOrO + ~ o H T ~ ,  

r - OTB~JI~HOI'O). 

IIpm p a 3 ~ e w e ~ n n  BCKPMIUEI B o T B a n M  y ~ O B O P O T H O ~ O  nyHma ~ a ~ 6 o -  
nee ~ e 6 n a r o n p m ~ ~ a  cxenaa, n o ~ a 3 a ~ ~ a ~  H a  PHC. 144, a, H ~ a ~ 6 o n e e  

paqHoHanbHa cxehfa, I I O K ~ ~ ~ H H ~ H  H a  
flcn~~'!!!~- - ' p ~ c .  144, 6. _- B O ~ M O X H M ~  cnoco6a 0 6 p a 3 0 s a ~ ~ ~  

seepa npH p a 6 o ~ e  p o ~ o p ~ a r x  mcKa- 
BaTOpOB,  O T ~ ~ ~ ~ T H B ~ I ~ ~ H X  3aXOAKH 

3Ha¶HTeJI bH0G IUHPHHH, IIOKit3aHbI H a  

__--- IIepsh~B cnoco6 0 6 p a 3 0 s a ~ n ~  seepa d 
(PHC. 145, I). HJIH 0 6 p a 3 0 s a ~ n ~  seepa 

J$Y _ - *  a a ~ a ~ o ~ c s  y r n o ~  p a s o ~ o r o  n o ~ o p o ~ a ,  7'1''- flrnba!"---- 
t----- ~ 0 ~ 0 p b I f i  H ~ O ~ X O A E I M O  IIPHHEiMaTb Ta- 

KHM, 9 ~ 0 6 ~  o 6 a e ~  BCKPbIlIIEi B ripe- 
A  ena ax yrna pasosoro nonopo~a COOT- % BeTCTBOBaJI ~ O A O B O ~  IIpOH3BOAHTeJIb- 

HOCTH BCKPbImHOrO KOMIIJIeKCa. 

BcxpbIm~ofi 3KCKaBaTOp 0Tpa6a- 

-----------  TbIBaeT 3aXOAKy, COCTOHwyIo H3 ABYX 

sac~e i i :  oAHa, 6 o n b m a ~  s a c n  - c no- 
C T O H H H O ~  IIIEIPEIHO~, APYraH, MeHb- 

maH - c n e p e ~ e ~ ~ o 6 .  TaKrn~ 0 6 p a 3 0 ~  
Pno. 1 44. Cxera pacuonoHceHan qeHT- 
poe n o n o p a  npn neepHol nepemeqeHnn 3KCKaBaTOP pa60TaeT c ~OcTOflHHOfi 

@ P ~ H T ~  pa6m IIpOH3BOAHTeJIbHOCTbIo Ha  6onbmeP 

AJIHHe ~ P O H T ~ .  ~ ~ X O A K H  0~pa6aTbI- 
BaIoT napannenbHo +POHTY p a 6 0 ~ ,  HMeIoweMy Memo Ha  Halrano 
BcKpamHoro ce30~a .  

f l n rn~y  s a C T H  a a x o ~ ~ a  c n e p e ~ e ~ ~ o i i  mmpm~oii onpeAenRIoT no +op- 
Myne 

PUO. 145. C u o c o 6 ~  
o 6 p a m s a ~ n ~  Reepa 
npa pa6o~e  p o r o p ~ u x  

BKCKaBaTOpOB 

rAe A - MaKCHMaJIbHaH IICHpHHa BCHP~III IHO~~ 3aXOAKI6 H a  HaHHOM y¶a- 
CTK&, a; 

Cp - YrOJr  paaosoro nOB0pOTa + ~ O H T ~  p a 6 0 ~ ,  zpad. 
A m ~ a  ¶aCTH 3aXOAKH C IIOCTOHHHO% ~ H P H H O ~ ~  OIIpeAenHeTCR 110 (POP- 

L - o6waa AJIHHa ~ K C K ~ B ~ T O P H O ~  BaXOAKH, a. 
A J I H H ~  BCKPbILUHOrO @ ~ O H T ~  pa6o.r nep~of i  3aXOAKH LB1 PaBHa Anx- 

He pa3pe3~oii TpaHrnen H a  Hasano BcKpamHoro ceaoHa. 
AJIHH~ B T O P O ~ ~  3aXOAKH Onpe- 

AenHeTcH IIO BbIpameHmIo 

L,, = LB1 - A  (ctg g, + ctg cp' 

A n m a  n-fi BCIEPJSIIIHO~ 3aXOAKH 

L B , ,  = L B 1  - A  (ctg g, 3- ctg 

x (n- 11, a, 
rae cp' - yron conpRmeHmH rp  

KapbepHoro n o m  H + p o ~ ~ a  
p a 6 0 ~ ,  zpad; 

n - I IOPIIAKOBH~~ HOMeP 3aXOA- 

Km, o ~ p a 6 a ~ ~ s a e ~ o P  c Ha- 
sana  rona. 

XOAHT npm q' < 90°, a yKopasasa- 
HE€? U p H  cp > 90". OTpa60T~a¶acTFi 3aXOAKH C 11epeMeHH0ff T U E I P H H O ~  

npHBOAHT K HCKpHBJIeHHIo +pOHTa pa6o.r.  TO BbI3bIBaeT 3aTPYAHeHHH 

B CJIYYae UPHMeHeHHH K O H B ~ ~ ~ ~ P O B  Ha IlepeAOBbIX YCTYnaX, T a K  K a K  nPH 
3TOM H ~ O ~ X O A H M O  ElnH HMeTb HeKOTOpOe Onepe9KeHHe IIepeAOBbIX YCTynoB 
IIO OTHOmeHHK, K OCHOBHOMY YCTYIIY, HJIH IIpkIMeHHTb ~0HBefiepHHe 

CTaBH AJIHHo~ = A ctg 9, n03BOJIJTIoLU,He p a 6 o ~ a ~ b  H a  K~HBOJIHH~HHOM 

+ p o ~ ~ e  p a 6 0 ~ .  H e o 6 x o ~ m ~ a s  AnHHa ~ o ~ s e f i e p ~ o r o  cTaRa B 3aBHCHMOCTH 

OT ~ E I P H H J J  B ~ X O A K H  H yrna paaosoro noBopoTa seepa n o ~ a 3 a ~ a  H a  
PHC. 146. 

B~opo i i  cnoco6 0 6 p a 3 o s a r 1 ~ ~  seepa (pnc. 145, 11) aHanorHseH npe- 
AbIAy4eMy, HO O T ~ ~ ~ O T K ~  3aXOAOK Ha¶HHaeTCH C T O ~ ~ O B O ~ ~  ¶aCTU Kapb- 

epa. 3 ~ c ~ a s a ~ o p ~ a r e  B ~ X O A K E I  o ~ p a 6 a ~ ~ ~ a I o ~  napaxaexbHo +POHTY pa- 

1 epHoro nonn c +POHTOM p a 6 0 ~  BcerAa ~ e ~ b m e ,  P e l  n p i  nepaoM cno- 
co6e 0 6 p a 3 0 s a ~ m ~  seepa. 

Tpe~mfi cnoco6 0 6 p a 3 0 s a ~ m ~  seepa (pmc. 145, 111) xapaKTepeH TeM, 1 ¶TO IlIHpHHa 38XOAKH II0 ~ ~ e f i  A ~ H H ~  @ ~ O H T ~  pa60T U3MeHHeTCH OT ME¶- 



I l  

pa3pe3~0ii TpaHmelI (pic.  144, 6) npm R = r; co CTOPOHH BCKPMIIIEX 

(PHC. 144, 0) npH R < r (R - PaAHyC IIOBOpOTa BCKPbIIIIHOrO @ ~ o H T ~ ,  
r - OTB~JI~HOI'O). 

npEf pa '3~eQeH~m BCKpbIILIm B OTBaJIhl Y IIOBOPOTHOrO IIyHIcTa H ~ M ~ O -  

nee ~ e 6 n a r o n p m n ~ ~ a  cxeMa, n o ~ a 3 a ~ ~ a a  Ha pmc. 144, a ,  m nam6onee 
paqHoHanbHa cxeMa, n o ~ a 3 a ~ ~ a n  Ha 

6 ~ ~ ~ b ' ?  - --' - PHC. 144, 6. 
a _ / - - B O ~ M O H E H ~ I ~  cnoc06b1 0613a30~a~HR 

seepa npm p a 6 o ~ e  p o ~ o p ~ a r x  aKcIca- 
BaTOpOB, O T ~ ~ ~ ~ T M B ~ I ~ Q H X  3aXOAKH 
~ H ~ ¶ H T ~ J I ~ H O ~ ~ [  IIIHPHHhl, IIOKWaHhI Ha 

gcnFb;illillaill - - - PHC. 145. 
_--- _ - TIepsar6 cnoco6 0 6 p a 3 0 s a ~ n ~  seepa 

6 (PHC. 145, I). AJIR o b p a 3 0 s a ~ m ~  seepa ~24: - - a a ~ a m r c ~  y r n o ~  paao~oro  u o ~ o p o ~ a ,  
-y.$, f),,,day - - - - - - 

1 --- K O T O P H ~  ~ e o 6 x o ~ m ~ o  IIPHHHMaTb Ta- 
KHM, P T O ~ M  0 6 a e ~  BCKPhImB B upe- 

R  ena ax yrna paaosoro nosopo~a  COOT- + - - - - - - - - - - - HOCTH BeTCTBOBan B c ~ p b ~ m ~ o i i  BCKPHIIIHOI'O r 0 ~ 0 ~ 0 6  3KCKaBaTOP KOMnJIeKCa. IIpOH3BOAFfTeJIb- 0Tpa6-3- 

o l d a f l b i  - ----  TbIBaeT 3aXOAKy, COCTORDI,YH) H3 ABYX 

sac~ef i :  oAHa, 60nbmacr sacTb - c no- 
CTORHHOH ILIHPHHOG, APYraR, MeHb- 
man - c n e p e ~ e n ~ o 6 .  T ~ I F ~ M  06paaoht 

Pnc. 1 k k .  Cxeaa pacnonomenufl qem-  
p o ~  noeopoTa npa neepHom nepemewe~uu aKCKaBaTOp p a 6 o ~ a e ~  C I IOCTORHHO~~ 

QpoHTa pa6m IIPOH3BO~HTeJIbHOCTbH) Ha 6onbmef 

Pno. 145. Cooco6t.r 
o6paao~aann ueepa 
npn pa6ore KIOTOPH~IX 

s n c ~ a s a ~ o p o s  

rAe A - MaKCmManbHaR IIIHpmHa B C K P ~ I ~ H O ~ ~  8aXOAKH Ha AaHHOM )'¶a- 
CTK&, M ;  

cp - yron paaosoro nosopoTa 4 p o n ~ a  p a 6 0 ~ ,  zpad. 
A n m ~ a  s a c m  ~ ~ X O A K H  c I I O C T O ~ H H O ~ ~  m ~ p m ~ 0 6  onpenenneTcR no @op- 

rAe L - o 6 q a s  Anma a ~ c ~ a s a ~ o p ~ o i i  3aXOAKH, .u. 
AnkiHa BCKpMlnHOrO I $ ~ o H T ~  p a 6 o ~  n e p ~ 0 6  3aXOAKH Lsl PaBHa Ann- 

He pa3pe3~oii Tpanrnem Ha Hasano BcKpbImHoro ce30~a .  
A n m ~ a  B T O P O ~  B ~ X O A K H  onpe- 

AeJIReTCR no BbIpaXeHIZH) 

L., = LB1 -A (ctg p + ctg p'), a. -$ 

6UU 
Annaa n-6 B C K P H ~ H O ~ ~  3aXOAKH 

LB,, = LB1 - A  (ctg 9 $- ctg 9') 

x (n -  I) ,  a ,  (V,47) 
me pf - yron ConpRmeHan rpanmqP 

Kapbepnoro nonR m G p o n ~ a  
p a 6 o ~ ,  zpad; 

n - I I O ~ R A K O B H ~ ~  H O M ~ P  s a x o ~ -  I-- 
KH, o ~ p a 6 a ~ b 1 s a e ~ o f  c Ha- 4 8 f2 16 20 

Yzon pu~offozo ffoffop0m0 Y, 
sana r o ~ a .  ?pod 

'3 B H P ~ H E ~ H ~ R  ('746) BHAHO, ¶TO pnc. 146. H c o 6 x o ~ a a R  p n n a  ~ o ~ s e i i e p -  
napaqnsanme AJIHH~I  B C K P ~ I ~ H O ~ ~  Horo X O ~ H  c ~ a ~ a  IIPW I B aasncumoc~n II II cnoc06ax OT 06paao~a~nf l  lnnpnnar aa- 
3aXOAKH CO CTOPOHbI TOPqa IIPOHC- seepa 
xoAmT npm p' < 90°, a yKopannsa- 
HHe npH p > 90". OTpa6oTKa s a c ~ m  ~ ~ X O A K M  c n e p e ~ e ~ ~ o i  mnpmnoG 
IIpmBOAHT K HCKPHBJIeHHM @ P O H T ~  pago?..   TO BbI3bIBaeT 3aTPYAHeHEIR 
B cnyqae npHMeHeHm ~ o n s e i i e p o ~  Ha nepeAosHx ycTynax, TaK KaIc npa 
3TOM H ~ O ~ X O A H M O  mm HMeTb HeKOTOpOe OnepeXeHHe nepeAOBbIX YCTynOB 
no OTHOlIIeHHH) K OCHOBHOMY YCTYlIY, HJlH IIpHMeHRTL K O H B ~ ~ ~ ~ P H H ~  

CTaBbI A J I E I H O ~  1 = A ~ t g  9 ,  IIO3BOJIRH)QHe pa60TaTb Ha K P M B O J I H H ~ ~ H O M  

$poHTe p a 6 o ~ .  H e o 6 x o ~ n ~ a R  AJIEiHa Ko~se i i ep~oro  CTaBa B 3aBHCZiMOCTH 
OT IIIHPHHM a a x o ~ ~ m  m yrna paao~oro  nosopoTa seepa n o ~ a 3 a ~ a  Ha 
pnc. 146. 

B ~ o p o I  cnoco6 06pa30sa11mn seepa ( p ~ c .  145, 11) aHanormeH npe- 
ALIAyWeMy, HO O T ~ ~ ~ O T K ~  3aXOAOK HasmHaeTcR C ~opqosoii  ¶aCTH KapL- 
epa. 3 ~ c ~ a s a ~ o p ~ b 1 e  a a x o ~ ~ m  o ~ p a 6 a ~ n s a m ~  napanxezrbHo GPOHTY pa- 
GOT, HMeIoWeMy MeCTO Ha KOHeq BCKpbIIIIHOrO ce30~a ;  IIPH 3TOM AJIHHa 
3aXOAKH IIOCTeIIeHHO YBeJlH9HBaeTCR. Y ~ O J I  COnpRXeHHH rpaHllqhl Kapb- 
epHoro nonn c ~ P O H T O M  p a 6 o ~  BcerAa MeHbme, seM npm nepkoM cno- 
co6e 0 6 p a 3 o s a ~ m ~  seepa. 

T p e ~ ~ i i  cnoco6 06pa30sa~mn seepa (pmc. 145, 111) xapaIcTepeH TeM, 
¶TO ZZTHPHHa 3aXOAKH I I O  B C ~ E  pHHe $ I ~ o H T ~  p a 6 o ~  H3MeHReTCR OT MH- 



H H M a J I b H 0 f i  (Y IIOBOPOTHOI'O I I Y H K T ~ )  A 0  M ~ K C E I M ~ J I L H O ~ ~  (B T O p q e  H a p b e -  

pa) BeJIH¶HHbI. ~ ~ ~ H M ~ I I I , ~ c T B o  3TOI'O C I I O C O ~ ~  - C O X p a I l C H H e  IIpRMOJIH- 

H~?~%HoI'o @ ~ O H T ~  p a 6 o ~ ,  ¶TO O C O ~ ~ H H O  B a X H O  B C J I y g a e  I IpHMeHeHHR KOH- 

se i tep~oro  T p a a c n o p T a  I I a  n e p e A o s b I x  y c T y n a x ,  H e A o c T a T o I c  - n e p e M e H H a H  

J J IHpHHa  ~ K C K ~ B ~ T O ~ H O ~ ~  3 a X O A K H  IIO Bceij[ AJIHIIe @ ~ O H T ~  p a 6 0 ~ .  
H e T s e p T b ~ f  crroco6 0 6 p a 3 0 s a ~ ~ ~  eeepa (pnc. 145,IV) x a p a K ~ e p m s y -  

e T C R  TeM,  ¶TO 3 K C I i a B a T O P  B T e r I e H H e  BCKPbIIIIHOI'O C e 3 O H a  o T p a 6 a ~ h l B a e ~  

6 n o ~ m  I I e p e M e H H 0 f i  IUHpHHbI  I IO @ ~ O H T ~  p a 6 0 ~ .  U H p H H a  ~ K C K ~ B ~ T O ~ H O ~  

3 a X O A K H  H3MeHHeTCR OT M a K C H M y M a  A 0  MHHHMYMB. M H H H M ~ J I ~ H ~ R  IIIkI- 

P H H a  3aXOAKH B O T ~ ~ ~ ~ T ~ I R ~ ~ M O M  6~101ce MOXieT H M e T b  CJICAYlOIQHe 3 H a -  

9 e H m :  A,,,!2, A,,,/3, A,,,!4. 
A ~ H H ~  n e p B o r o  6 n o ~ a  co C T O P O H ~ I  T o p q a  I c a p b e p a  O n p e A e j I c I I o T  no 

~ ~ P M Y J I ~  
L - A""X 

G -- 7 cP ctg -, a, n (V347) 

Pnc. 1 4 7 .  C x e ~ a  K onpe- 
nenennm R ~ W H H  muanb- 
noro ( P p o n ~ a  p a 6 0 ~  npa 
I n I 1  onoco6ax o6paao- 

u a n n ~ ~  seepa 

AJIHH~ IIOCJIeAyIoIQHX ~ J I O K O B  P a B H a  n0J IOBHHe AJIHHbI I I P e R b I A Y Q H X .  
n p e H M y Q e c T B 0  3 T O r 0  cnoc06a - BCKP~IIIIHO$? 3 K C K a B a T O p  p a 6 0 ~ a e ~  UpEi  

6 0 J I b I U e f  c p e ~ H e 6  I I I H p H H e  3;IXOAKH, ¶eM I I p H  T p e T b e M  cnoco6e 06pa3o- 
B a H H H  B e e p a ;  HeAOCTaTOK - HCIcpHBJIeHHe @ ~ O H T ~  p a 6 0 ~  H HeKOTOpOe  

KOJIH¶eCTBO XOJIOCThIX UepeXOAOB 0 6 0 p y ~ o B a ~ H ~ .  

nepsuii H B T O P O ~  C I I O C O ~ ~ I  0 6 p a 3 0 ~ a ~ ~ ~  B e e p a  no xapamepy p a s ~ e -  
W e H H R  IIOpOAhI B C K p h I m H  BO B H Y T P e H H H e  OTBaJIbI  BAOJIb BC& AjIHIILI 

4 p o ~ ~ a  p a 6 o ~  CXOAHH c n a p a a . n e n b H r a M  n e p e u e m e H m e M  @ p o ~ ~ a .  A n R  

0 6 e c n e s e n ~ ~  nomoro  p a 3 ~ e q e ~ ~ ~  n o p o A  BCKP~IIIIH BO R H y T p e H H m x  

OTBaJ IaX H ~ O ~ X O A H M O  c o 6 ~ 1 1 o ~ e ~ ~ e  paBeHCTRi3  0 6 ' b e M o B  IIOpOA BO BCKpLIrn- 

HOG EI O T B ~ J T ~ H O ~ ~  RaXOAKaX,  T. e. 

V,k, = V,. 

Anrn~y OTBaJ IbHOrO @ ~ O H T ~  p a 6 0 ~  OIIpeAeJ IRIoT  IIO @ 0 p M y J I e  

L,=L,-(A+&), a, 

r A e  A H A T  - YMeI Ib IUeHHe  AJIHHhI 0TBa .nLHOrO @ ~ O H T ~  p a 6 o ~  no C p a B -  

HeHWH) C BCKPbIIIIHbIM CO CTOPOIILI IIOBOPOTHOFO I I y H H T a  
H ~ o p q a  K a p b e p a ,  x. 

Ha p ~ c .  117 n o ~ a s a ~ a  p a c s e T H a R  c x e M a  K o n p e n e n e H m I o  A n r n H H  

o T s a J I a  n p H  p a 6 o ~ e  p o T O p H O r o  3 K c K a B a T o p a  c K O H C O J I ~ H ~ I M  o~sanoo6pa- 
: i o R a T e n e M .  Ha c x e M e  3a ~ranpasne~xte B c K p b I m H o r o  @ p o ~ ~ a  n p m H R T a  
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I' Ae R ,  - P a A H y C  UOBOpOTa OTCbIIIKEi OTBaJ l a ,  Y; 
rBcK - P a A H y C  IIOBOpOTa q e H T p a  TRlKeCTH B C K P M U I H O ~  S a x o n -  

K H ,  .M; 

(Ro - rBcK) - PaCCTORHHe M e w f l y  r p e 6 a e ~  O T s a n a  H H H X H ~ ~  ~ P O B K O G  
BCKPhlLUHOrO YCTYl la ,  .M. 

T o r ~ a  
~ = ( r n ' + o + R , ) t ~ - 9 - ,  m,  2 (V,49) 

rAe m' - MHHHMaJIbHOt? PaCCTOHHHe OT OCH 3 K C K a B a T O p a  A 0  HH?KH€?G 
~ P O B K H  BCKpbIIUHOrO YCTYIIa ,  .M; 

0 - PaCCTOHHHe Me?KAy OCRblEi A B H X e H H R  3 K C I i a B a T O P a  U OTBaJlO- 
0 6 p a 3 0 s a ~ e n ~ ,  A; 

Rp, - P a A M y C  p a 3 r p y 3 K ~  3a60ii~oro O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I E I  ( M o c T ~ ) ,  W. 
B ~ J I H ¶ H H ~  YMeHbUIeHHR AJIHHbI OTBaJ IbHOrO ( P P O H T ~  p a 6 0 ~  D O  C p a B -  

H e m m  co DCICPHIUHLIM co CTOPOHM T o p q a  o n p e A e n c I e T c R  

f l J I H H a  BCKPbIIUHOrO H OTBaJ IbHOrO (PPOHTOB p a 6 0 ~  IIO M e p e  O T ~ ; ~ ~ O T I C H  

3aXOAKH 6 y ~ e ~  YMeHbI I I aTbCR H a  B e J l H ¶ H H y  A ctg (P IIOCJle rcaxgofi 
3aXOAKH.  C J I ~ A O B ~ T ~ J I ~ H O ,  K O ~ @ @ H ~ H ~ H T  YAJlEiHeHMEI yBeJlH¶HTCR El 

B K ~ K o & - T O  MOMeHT BCKPbIII IHOrO C e 3 0 H a  6 y ~ e ~  T a K  BeJIHK ( T ~ ~ J I .  28), 
¶TO p a 3 M e W e H H e  IIOpOA BCHPbIIUH B B ~ I P ~ ~ O T ~ H H O M  I IPOCTPaHCTBe  I I P H  

IIPHHHTOH BhICOTe ESIil)bTIIIHOrO Y C T Y n a  O K a X e T C R  HeB03MOXiHbIM HJIH 

BbICOTa OCHOBHOI'O BCKPbIWIIOFO YCTYIIa  6 y ~ e ~  3Ha¶HTeJ IbHO MeHbI I I e  

3@@t?KTkiBH0ij[ BbICOTbI AJIR AaHHOI'O rOpHOTpaHCJ lOpTHOI '0  O ~ O P Y ~ O B ~ H H R .  

H3 ~ a 6 n .  28 BHAHO, ¶TO K O ~ @ @ H ~ H ~ H T  YAJIHHeHHR BCKPhIIUHOrO @POH- 
T a  OTHOCHTeJIbHO O T B a j I b H O r O  B O 3 p a C T a e T  C SBeJ IH¶eHHeM Y r J l a  pa3OBOI 'O  

I IOBOpOTa @ ~ O H T ~  p a 6 0 ~  H C YMeHLIIIeHl leM Y r J I a  COI IpRXeHEiH ~ P O H T ~  
c rpa~nqef i  K a p b e p H o r o  n o m ,  a T a K x e  c y M e H b m e H m e M  pa6oseii A n H H u  

BCKPbIII IHOrO @ ~ O H T ~  p a 6 o ~ .  



a B $  nprr paGoset AJIHHe BCHPhIUIHOrO   POI IT^ pa6oT (m) H yrne conp~)~;c~rrrn 

b 1;s I O ~ O H T ~  pa6o.r c r p a ~ u q e t  HapbepHor0 nonH, zpaa ~ H ~ ~ I ~ H H R  k, B 3aBEICMMOCTH OT AJIHHbI ~ P O H T ~  BCKPhIlIIHhlX p a 6 o ~ ,  
paaayca pa3nopo~a kinn yrna c o n p R x e H H R  r$pon~a p a 6 o ~  c rpa~mqef  
K a p b e p H o r o  n o n R  n p k I s e A e n h I  B ~ a 6 n .  29 m 30. 

T a G n n q a  29 
3 ~ a n e ~ n e  r i o a @ 4 1 l q n e 1 1 ~ a  y g a H r i e H m R  B C K P L I ~ H O ~ O  4 p o ~ ~ a  p a 6 0 T  

OTHOCIlTeJIbHO OTBaJIbHOrO I I p H  K a P b e p H O M  IIOJIe B ~ o ~ M L ?  K p y r a  ( A  =40 a) 

Y ~ e n w e ~ m e  paCCTORHHR M e Z A Y  OCRMH ABITX<eHIiR o ~ ~ a ~ 1 0 0 6 p a 3 0 ~ a -  
TeJIH H 3 K C K a B a T O p R  y M e H b l I I a e T  JTJIIIHY OTBaJIbHOI'O ~ P O H T ~  p a 6 o ~  H TeM 

c a M H M  Y B e n I m m s a e T  1~03++rnqrie~~ k,. Benmsmaa A Y M e m n r a e T c H  no 

2 ~M 
M e p e  O T ~ ~ ~ O T K E I  3aXOAOK m npm o ~ p a 6 0 ~ ~ e  

. .. 
$5" 7,-7- 

n o c . n e ~ ~ e 5  ~ ~ X O A K E I  
c3 * 
% 40 A =  ( m ' + ~ + ~ , ) t g + - ~ , , ~ , , ,  a, ( ~ , 5 3 )  
2 
3 30 rne R, ,in - ~ m ~ ~ ~ a n b ~ a i i  p a p y c  sepna- 
B HHR P O T O ~ H O ~ O  a ~ c r c a ~ a ~ o p a  na 
8 20 Y p O B H e  CTORHHR, a. 
u 
F ffl 

Ha PHC.  148 n o K a 3 a ~  r p a + m K  H3MeHeHHR 

BhICOTar OCHOBHOrO BCICPbIIIIHOrO Y C T Y n a  B 

3aBHCHh?OCTH OT K O ~ ~ I # I ~ ~ H ~ H T ~  YAJIEiHeHEIR 
I t4 t8 2g2 216 z0 AJIR n e p ~ 0 r O  H B T O ~ O ~ O  cnoco60~ 06pa30- 
Ko3ppu~uem dnunenu~ 

la,oHmo 4, B ~ H H ~  seepa. 143 pmc. 148 BHAHO, 'ITO c yse- 
Y 

Yroa C o n p R x e H m R  4 p o ~ ~ a  pa6o.r c rpa~nqei i  K a p b e p H o r o  n o m  sa- 

i BHCHT OT er0 I C O H ~ H ~ Y P ~ ~ E I M .  P~CCMOTPHM B B e  EI3 HEIX, K O r n a  K a p b e p H O e  

none m M e e T  4 o p ~ y  K p y r a  mnn ero s a c T a ,  a T a K H t e  4 o p ~ y  n p s M o y r o n b -  

H H K a  (PHC. 149). 
B D e p B O M  C J I y ¶ a e  AJIHHa C $ ~ O H T ~  pa6o.r nOCTORHHa H q' paCC¶HThl-  

. . J 
JIH¶eHHeM k, BbICOTa BCKPbIl l IHOrO Y C T y n a  

Pwc. 148. rpa@ux Ilameneklrrrr 
Rb,eoTsI BCKDblmBOrO YCTVna YMeHhI I I aeTCR,  CJIeAOBaTeJIbHO,  BhICOTa OCHOB- 
aaswcnmoc~n ' OT xoa@4aliwea~a H o r o  Y c T y n a  pa3~1mq~a , q n ~  ~ a x ~ o i i  a a x o ~ x u :  
YWHHeHHR @ ~ O H T ~  paf%T OTHO- 

CwTenbHO OTBaXbHOm 8lOCTa B H a g a J I e  c e 3 O H a  o H a  H M e e T  MaIcCHMaJIhHOe 
3 H a ¶ e H H e ,  B K O H q e  - MHHEIMaJIbHOe.  TO 

B n e P e T  3a c060ii HeI IOZHOe  ~ C I I O J I ~ ~ O B ~ H E I ~  pa6oqmx n a p a M e T p o B  060- 
PYAOBaHEIR. 

~ ~ J I F I  O q e H K m  T p e T b e r O  H ¶ e T R e p T O r O  cnoco6o~ 0 6 p a 3 0 ~ a ~ ~ R  B e e p a  

B p a 6 o ~ e  p a c c M o T p e H M  K a p b e p H M e  n o w ,  m M e r o m m e  4 o p ~ y  K p y r a  H npn- 
MOyI'OJIhHHKa. npm K a p b e p H O M  none, HMt?IoII(eM 4 0 p ~ y  K p y r a  EIJIEI er0 
¶aCTFi, AJIEIHa # ~ O H T ~  pa6o.r IlOCTOHHHa. Bennsrn~a K O ~ ~ $ H ~ H ~ H T ~  YAJIU- 

- -  - ~ , - ~ ~ ~ - 2 r , m - m z  

cp' - arcctg 
m 7 zpad,  



Bo B T O ~ O ~ U  cnygae ( ~ a p b e p ~ o e  none m e e T  + o p ~ y  n p s x ~ o y r o n b ~ m a )  
yron c o n p a x e H n c r  + p o ~ ~ a  pa6o.r c r p a ~ ~ q e i i  K a p b e p H o r o  norm npm wpa-  
6 0 T K e  UOJIR YMeHbI I I aeTCR H R O C T H r a e T  M H H H M a n b H O r O  3 H a W H H R  B TO¶Ke 

n o B o p o T a  r p a r I H q a  K a p b e p n o r o  nom.  I I ~ H  nocnegymqeii. o ~ p a 6 0 ~ ~ e  
R a p b e p H o r 0  nona cp' y e e n n s H s a e T c R .  

Pnc. i 4 9 .  HameHeHne 
yrna conpnHceHnn @potma 
 pa@^ c rpa~wqei npw 
~pnmoyronaaoii w ~pyrnofi 

Q o p ~ e  ~capbrp~oro nonn 

M H H H M ~ ~ ~ H O ~  a ~ a s e ~ ~ e  yrna cp' o n p e R e n H l . c n  m 3  srspaxewmn 

C 
cp' - 90 - arctg l, zpad, (V,56) 

B 

me C H L, - p a 3 ~ e p n  K a p b e p H o r o  n o n c I  B n n a H e .  
T a K  K a K  B e J I H s H H a  K O ~ + I $ I H ~ H ~ H T ~  

YRJIHHeHHR y B e J l H 9 H B a e T C R  n p H  Y M e H b -  

I I IeHHH 3 H a U e H H R  ( P I ,  a cJ IeAOBaTeJ IbH0 ,  

npEi 3TOM YXYAIIIaIOTCII YCJIOBHR pa3- 
M e W e H H H  IIOpOA BCI<pbIIIIH B OTBaJIe  , TO 

BCe p a C ¶ e T b I  H ~ O ~ X O ~ H M O  BeCTH AJIR 

MHHHMaJIbHJdX ~ H ~ ¶ ~ H H G  y r J I a  (P'. 
Ha PHC.  150 n O K a 3 a H a  MEiHHMaJlb- 

H a R  Anma + p o ~ ~ a  p a b o ~ ,  obecnesa- 
B a I o q a R  n o n H o e  p a 3 ~ e n l e ~ ~ e  B c K p r a r n -  

HbIX I lOpOA BO B H Y T P e H H H e  OTBaJIhI  

np?. B e e p H o M  n e p e M e u q e H m  Q p o ~ ~ a  
60 70 BOY;WPd p a o o T .  C n n o i l ~ ~ a r ~ n  n a H H r r M H  n o K a -  

3 a H a  3aBHCHMOCTb AJtHHbI ~ P O H T ~  pa- 
W C .  150. M~H~~a i lbHan  lUlmna @JPOHTa GOT OT yrna cp' AJIR B61COTbI-BCKPGILI- pa6m, 06ecntrn~amqaa nonaoe paame- 
WeHHe BCKPblmHslx JIOPOA BO BByTPeHHUe H O r O  YCTYIIa 32 H 35 .M IT3 y c n o B n c I  
oTsanm npu Beepaor nepemeqenna 

a p o ~ ~ a  pa60T p a 3 ~ e u q e ~ n ~  ~ c e r o  0 6 n e ~ a  s c ~ p ~ r n ~ ~ x  
IIOpOA BO B H y T p e H H 5 i X  OTBaJ l aX .  Xa-  

p a K T e p  H3MeHeHEIfl KpHRbIX y K a 3 b I R a e T  H a  TO, ¶TO C yMeHbI I I eHHeM yrJla 
H ~ O ~ X O ~ H M ~ R  no Y C ~ O B H R M  p a 3 ~ e q e a ~ ~  nopoA B C K ~ H U I M  B o T s a J l e  

Anma $ p o ~ ~ a  pa60.r p e a K o  y s e n m s I m a e T c s i .  L U T ~ H X O B O ~ ~  ~ 7 ~ 1 1 ~ l e i i  n o K a -  

3 a H a  3aBHCHMOCTb AJIHHbI 4 ~ 0 ~ l . a  pa6o.r OT yrna cp' AJIR K P Y ~ J ~ O ~ ~  
r$op~ar K a p b e p H o r o  n o m .  T O ~ K I I  n e p e c e q e H n R  3~013 I E ~ H B O ~ ~  c ABYMR 

CnJIOUIHhIMH JIHHHRMH OIIpeAeJItIEOT MUHHMaJIbHO BO3MOXHbIe  IIO YCJIO- 

BHRM p a 3 ~ e q e ~ m ~  nopoA ~ c ~ p b ~ z n ~  R omane AJIHH~I  $POHTOB p a 6 o ~ .  

HPEI BCeX 3 H a 9 e H H R X  AJIHHbI ~ P O H T ~  p a b o ~ ,  HaXOARrIqHXCcI BbI l r re  a T m x  

TO¶CI<, B03MOSHEl  O T ~ ~ ~ O T K ~  K a p b e p H O r O  UOJlcI K p y r J l o f  @ O ~ M H  I I p H  

B e e p I r o M  n e p e M e q e H m m  4 p o ~ ~ a .  
JTpu n a p a n n e n b n o n  nepe.weqenuu g6ponma pa6orn coAepxanme BHYT- 

P e I I H H X  O T B a n O B  Haf leHcHee H I I P O q e ,  ¶ehf I I P H  B e e p H O M , T a K  K a K  O T c b I n K a  

MX IIpOI13DOAHTCR 60nee P a B H O M e p H O .  H ~ A O C T ~ T O K  n a p a n n e n b H o r o  

n e p e M e u q e H m  + p o ~ ~ a  pa60.r - c H c T e M a T m e c I c o e  y s e a m u e H m e  A n m H M  

I p a H c n o p T H p o s a H m  noneaaoro H c K o n a e M o r o .  

1 l p ~  3TOM cnoc06e C O ~ J I ~ O A ~ ~ T C R  IlOCTOIIHCTDO UIHPEiHbI B C K ~ ~ I ~ H O ~ ~  

H O T B ~ ~ ~ H O ~  3aXOROK. O A H ~ K O  CO CTOPOHbI B ~ I ~ ~ A H o ~  TPaHI I I eE i  3 H a ¶ H -  

T e J I b H a R  PMKOCTb OTRaJ Ia  H e  HCIIOJIb3YeTCH. ~ O ~ T O M Y  AJIHHa BCKPbIII IHOrO 

+ ~ O H T ~  p a 6 o ~  BCeI'Aa 6 0 ~ 1 b I I I e  AJIHHbI OTBaJIbHOI'O @POHTB. HPII p a c s e T a x  

BbICOTbI BCKpbIIUHOl'O Y C T y n a  3 T a  P a 3 H O C T b  y¶EiTbIBaeTCR I E O ~ ~ ~ H ~ H ~ H T O M  

yAJIHHel3l lH BCKPbIIIIHOPO + ~ O H T ~  p a 6 0 ~  OTHOCHTenbHO OTBaJlbHOrO.  

Yron c o n p c I x e H m n  $ p o ~ ~ a  p a 6 0 T  m r p a H H q M  n o m  npx n a p a n n e n b H o M  

cnoco6e n e p e M e q e H r n c I  ~ ~ B H C H T  T o n b I c o  OT +OPMP K a p b e p H o r o  U O ~ .  

B ~ O J I ~ ~ H H C T B ~  c n y s a e B  npm napannenmoiw n e p e M e t q e H H r n  + ~ O I I T ~  pa- 
GOT yron c o n p r i x e H m H  p a s e H  90". IIpm o ~ m ~ a ~ o ~ o i i  + o p ~ e  K a p b e p H o r o  

n o x R  yron c o n p R w e H m a  n p ~  n a p a n n e n b H o M  n e p e h r e I q e H n m  + p o ~ ~ a  pa- 
GOT ncerna 6onbrue, s e M  n p H  B e e p H o M .  

13b1me P a C C M a T p H B a n H C b  I I a p a M e T p b I  CHCTeMhI p a 3 p a 6 o ~ ~ m  npzi MaIE- 

CHMaJIbHO B O ~ M O X H O ~ ~  BbICOTe OCHOBHOrO BCKPbIIUHOI'O YCTYIIa  H OTCyT- 

CTBHH BHMHHX 3 a n a c 0 ~  ~ O J I ~ ~ H O ~ O  H c K o u a e M o r o  B K a p b e p e .  IIpm BKCIIJIY- 

a T a q m  K o M n n e K c a  M a r n m H  H e n p e p b I B H o r o  R ~ L C T B H R  H e  B c e r A a  B O ~ M O X H ~  
e r O  p a 6 o ~ a  C M ~ K C H M ~ J I ~ H O ~ ~  B ~ I C O T O ~ ~  BCKphtII IHOrO Y C T Y n a .  r 0 p H 0 r e 0 -  

J rOrH¶eCKHe  YCJIOBHR M e C T O p O Z A e H H R  H e  nO3BOJIHIoT 3 K C K a B a T O p y  O T p a -  

6 a T b I s a T b  B C K ~ ~ I L I I H O G  YCTYD MaKCHMaJIbHO B O ~ M O X H O G  BbICOTbI H 3 - 3 a  

H H ~ K O U  YCTO~~¶HBOCTH IIOPOA BCKPHIUH ( M ~ J I H ~  Y C T O % ¶ H B H ~  yI'OJI OTKOCa 

pa6osero y c ~ y n a )  am60 H 3 - 3 a  H ~ O ~ X O ~ U M O C T H  CO3AaHHR 3HMHHX 3 a I I a C O B  

none3~0r0 x c x o n a e M o r o  B K a p b e p e .  

IIpm T p a H c n o p T H H x  C H c T e M a x  p a 3 p a 6 0 ~ ~ m  a I c c I c a s a q H n ,  n e p e M e q e -  

H H e  U p a 3 M e q e H H e  ~ O ~ H O G  MaCCbl B B ~ I ~ ~ ~ o T ~ H H O M  I I p O C T p a H C T B e  (DPH 
BHyTpeEIHHX O T B ~ J I ~ X )  UJIH 38 KOHTYPOM K a P b e P H O r O  IIOJIR (DPH BHel I IHHX 

O T B ~ A ~ X )  O C y ~ e C T B A R I o T C R  XeJIe3HOAOpO>ECHbIM, ~ B T O M O ~ H J I ~ H ~ I M ,  KOH- 

B ~ ~ ~ P R H M ,  a T a K X e  HX K O M ~ H H ~ ~ H ~ G  B Pa3J IH¶HOM COYeTaHHH. ]-I0 YC- 

JIOBHRM D p H M e H e H H R  T p a H C l I O p T H a R  CHCTeMa p a 3 p a 6 0 ~ ~ ~  y H H B e p C a J I b H a .  

EC MOiIEHO I I P H M e H R T b  n p I I  n1o6b1x YCJIOBHRX 3 a J l e r a H H R  M e C T O p O X A e -  

~ ~ f i  H n p ~  JIWGOG M O I ~ H O C T H  n p e ~ n p ~ c ~ ~ r n i i .  





C T O ~ I ~ H C K ~ T ~ ~ ,  Y ~ P H H H C K E I ~ ,  n ~ I ' p t ? ~ e q ~ c ~ l i i  11 AP.), l7Ae y J ( e J I b ~ b 1 f  BeC 

BCKPbIIIIHbIX p a 6 o ~ ,  BhIIlOJIHHeMhIX POTOPHhIhIH ICOMIIJIeIECaMH UPOI13RO- 

AHTeJIbHOCTbH) 1000,1500 EI 4500 At3/v, AOCTJlraerr 60% OT o61qero o 6 a e ~ a  
BCKPbIIIIH. ~ T Y  CHCTeMY IIPHMeHHIOT TaKlKe  I I a  ~ ~ ~ I I I ~ B c K o M  K a p b e p e  

H H K O ~ O J I ~ C H O ~ O  M a p r a H q e B o p y B H o r o  6acceIYlna gnrr T p a H c n o p T H p o B a H n H  

UOpOA C BepXHHX YCTYUOB U p H  K O M ~ H H H P O B ~ H H O ~  CHCTeMe P ~ ~ P ~ ~ O T T E M .  

n 0 p 0 g a  H a  rOPH30HTaJIbIIbIX MeCT0PO;IiAeHHHX O T ~ ~ ~ ~ T ~ I B ~ ~ T C H  

OAHHM HJIH HeCKOJIbKHMH YCTYIlaMH C J(OCT~BICOG BCHPMIIIHMX IIOpOJ( 

JleHTO¶HhlMH K O H B ~ G ~ ~ ~ M E I  H a  BHYTPeHHHe OTBaJIhI ( ~ H c .  154). 

Pnc. 152. T ~ ~ E C U O P T H ~ H  cucrema p a s p a 6 o ~ ~ u  c ~o~se irepaoi i  ~ o c ~ a ~ t i o i r  U O P O ~ ~ I  Ha BHemHne 
OTBaIbI: 

1 - tionconb~blil omanoo6pa3ona~c:lb; 2 - pa3rpy3ox4~ia~ Tenotilta; 8-  omanb11~2t ~toaoeiep: 
4 - noncI)cq~blft KOHBCBCI) Ha OTUB:IC; 5 - t~a~J~o~l t~ht l i  I ( O I I B ~ R C D  tl;i ornane; 6 - MarsicTDanb~btl 

3 a 6 0 8 ~ G i  K0HllCirep: 10 - 3arpyao.illblii G~IIH'cP; I I  - pO'bpllh:rl ~ H C K ~ ~ ? O P ;  12'- ' R ~ ~ ~ I ' I H M c  
aKcKanaTopw; 13 - ocn TparlcnopTtlwr ~o>th~yl~nttaunii ;IJIR aocranlcn noncaHoro rrcKonaeMoro 

K a p b e p a ,  M O ~ H O C T ~ H )  u n a c T a  H s e n ~ s r n ~ o i i  K O ~ @ @ I I ~ H ~ H T ~  B C K P H ~ H .  

~ C X O J ( H  H 3  TeXHOJIOrHPeCKHX U a P a M e T P O B  BCKPbIIIIHOrO O ~ O ~ ~ J ( O B ~ H H H  

o n p e a e n r r I o T  BMCOTY BCKPHIIIH~IX EI O T B a n b n H x  Y C T Y ~ O B  II ~ e o 6 x o ~ m ~ y 1 o  
BMCOTY IIOJ('beMa IIOpOAbI OT OTMeTKH pa6ose6 IIJIOlqaAKH UO BCKpbIIIIe 

no YPOBHH O T B ~ Z ~ H O ~ O  ~ o ~ s e i i e p a .  0~sam.1, K a K  npasmno, o T c b I n a l o T c R  

B ABa H P Y C a ,  ¶TO UO3BOJIHeT HCIIOJIb30RaTb HOHCOJIbHMe 0 ~ ~ a J I 0 0 6 p a 3 0 -  

B a T e n u  RJIH ~ e p x ~ e i i  H ~ r n x ~ e i i  oTcMnKm n o p o ~ h ~ .  
' 

C H C T ~ M ~  pa3pa60~~m C BHyTpeHHHMEI OTBaJIaMH ~ @ @ ~ K T H B H ~  I I P H  

p a 3 p a 6 0 ~ 1 c e  M ~ C T O ~ O ? H J ( ~ H E I ~  C 6 o n b m o t i  MOIqHOCTbH) BCHpMIIIH; OHa J(0- 

n y C K a e T  KOMUJIeKCHYH) MRXaHH3aqHH) EI aBTOMaTH3aqIIH) BCeX OCHOBHMX 

IIPOB3BOACTBeHHMX UPOqeCCOB H a  I c a p b e p e  H U03BOJIHeT IIOJIy'XHTb BbI- 

COKYH) IIPOH3BOAHTeJIbHOCTb TPYJ(a. 
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Hnxe IlpHBOAHTCR AleTOAHKa 0 I I p e A e J I e ~ H ~  OCHOBHMX I I a p a h I e T p O B  

CHCTeMbI p a 3 p a 6 0 ~ K H  n p I 1  YCnOBHH l l 0 J I ~ 0 f  O T ~ ~ ~ O T K H  BCKPNIIIH OAHHhi 

HJlH HeCIEOnbKHMH ~ C T y n a h I H  C K O H B ~ ~ ? P H ~ I M  TpaHCllOPTOM IIOPOAbI H a  

rAe h - M O ~ H O C T ~  n n a c ~ a  I I O J I ~ ~ H O ~ O  n c ~ o n a e ~ ~ o r o ,  at; f 
H, - B M c o T a  H m i K H e r o  B C K ~ M I I I H O ~ O  y c T y n a ,  a; 

Ho1 II Hu2 - BbICOTa OTBaJIa COOTBeTCTBeHHO AJIR HEiKHeI'O 11 B e p S -  [ 
H e r o  UCICP~IIIIHMX ~ C T Y I I O B ,  a; 

pol H H:? - BPCOTa B e P X H e l O  H p y C a  OTBaJIa COOTBeTCTBeHHO P l f l  
H m x H e r o  rn B e p x H e r o  B C K P M ~ H M X  YCTYIIOB, ~ t ;  

h,,l a h,,, - B M c o T a  neperpy3~n n o p o m  c o T M e r K a  pa6oseii nxo- 
IQaAEH no B C K p M m e  H a  0 ~ B a J I b ~ h I f i  K O H B ~ ~ ? ~  COOTBeT- 

CTBeHHO AJIH HHHcHerO H B e p X H e r O  YCTynOB, X. I 
IIpa EfCnOJb3OBaHHE OnHOTHlIHOrO BMeMO¶HOrO E OTBaJIbHOI'O 060- 

P y n O B a H H R  H a  o6oax YCTYnaX CUpaBefiJIHBO PaBeHCTBO Ms "1 = HE O9 = 

= HE, a CHCTeMa Y p a B H e H H R  (V1,1) M O X e T  G M T ~  npeo6pa30sa~a CJle+Ty- 

T ~ K  KaIE H a  n p a K T n s e  B ~ O J I ~ I I I H H C T B ~  C J I Y ¶ w B  BeJIH4HHa Ho2 > HI. 
CJreAOBaTeJlbHO, hnl& hn3 B p a C ¶ e T a X  l I p H  na6ope OAHOTHIIHbIX nepe- 
r p y i K a ~ e n t ? f i  j r3H O ~ O H X  YCTYIIOB H ~ O ~ X O A H M O  OpHeHTHPOBaTbCH H a  Be-  

nrnsmy n e p e r p y 3 ~ ~  

hn2=Ho1+Ho2 - H I - H g h ,  X ,  (VI,3) 

rne (Hol + H,, - 8,) = f (H,) - B e n m H a a ,  s a ~ n c n q a n  OT napa- 
h1eTpOB BMeM04HOrO O ~ O P Y A O B ~ H H H ,  X; 

Po - f, (R,) - senmuaa,  s a ~ ~ c n q a a  OT T m n a  H r t a p a M e T p o B  (pa- 
AEfyCa ~ ~ ~ T P Y ~ I E H )  KOHCOJIbHOrO 0 ~ B a J I 0 0 6 p a 3 0 B a -  

T e z n ,  W. 
B cnysae n p m M e H e H H n  OAHOTHIIHMX O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I ~ ~ I  Ann ne- 

perpys~m H p a 3 ~ e q e ~ 1 1 n  nopon B omane BMCOTY ero B e p x H e r o  npgca 
MOiKHO IlpeACTaBHTb B BHAe 

H", hn, $ Ah, a, 
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Ha OCHOBaHHH I I o J I Y Y ~ H H o ~ ~  I I O T P ~ ~ H O C T E I  BbICOTbI IIOAaeMa r p y H T a  

~ b 1 6 E I p a 1 0 ~  T n n  H n a p a M e T p b 1  n e p e r p y w a T e J J r r ,  B K a s e c T s e  K o T o p o r o  

MOrYT IIPHMeHtITbCR K O H C O J I ~ H ~ I ~  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I ~  HJIH H ~ K J I O H H H ~ ~  

,n~yxonoprx~fi  ~ I c o ~ s e f i e p ~ ~ i i  MOCT. n p ~  ~ p a ~ c n o p ~ ~ o i i  cmcTeMe paapa- 
6 0 ~ 1 ~ ~  y ~ e J I b H h I f i  BeC TpaHCIIOPTHhIX PaCXOAOB B C ~ ~ ~ C T O H M O C T H  BCKphIlIIlf 

n p l I  MRrKHX IIOPOAaX COCTaBJIReT 60-80%. ~ O ~ T O M Y  ~ ~ 0 ~ 0 6  O C H O B H O I ~  

3 a f i a ¶ e g  n p H  IIpOeKTHpOBaHHH CHCTeMhI RBJIReTCR ~ h 1 6 0 p  P ~ I ( H o H ~ J I L H o ~ ~  

CXeMbI H YCTaHOBJIeEHe OnTHMaJIbHbIX I I a p a M e T p O B  K O H B ~ ~ ~ ~ ~ H O I ' O  TpaHC- 

n o p T a .  

T ~ X H O J I O ~ E I ¶ ~ C K H ~  CXeMbI TpaHCIIOpTHpOBaHHH BCKPhIIIIH JIeHT09- 

HbIMH K O H B ~ ~ ~ ~ ~ M H  H a  BHyTpeHHHe OTBaJIhI 0IIPeAeJIRH)TCR KOJIWeCTBOBI 

BCKP~I IUHMX ~ C T Y I I O B ,  c x e ~ o i i  BCKP~ITHR I z a p b e p H o r  o noan, THnoM II 
IIpOH3BOAHTeJIbHOCTbH) BhIeMO¶HOrO, TpaHCIlOpTHOrO H OTBaJIbHOrO 060- 
PYAOBaHHR. 

Ha PHC. 155 UpHBeAeHLl CXeMbI 0 ~ ~ 0 ~ p h I J I O f i  H ABYKPMJIO~~[ O T ~ ~ ~ O T I E A  

K a p b e p H o r o  n o m .  Bce c x e M M  M o r y T  G M T ~  p a s ~ e ~ ~ e ~ h ~  H a  c x e A y r o q H e  

r p y n n b I .  

I t e p s a ~  rpynna (1, 2, 4, 5, 7-9, 14-16) x a p a ~ ~ e p ~ 3 y e ~ c ~  pacno- 
JIOHCeHHeM BbIeMO¶HOrO H TpaHCIIOpTHOI'O 0 6 0 p y ~ o ~ a ~ ~ c r  H a  OAKOM r0- 
p H 3 0 H T e ,  Y C T ~ H O B K O ~ ~  3 a 6 0 i i ~ h 1 x  H OTBaJIbHhIX K O H B ~ & ~ ~ O B  IIO ~ C e i i  

AJIHHe @ P O H T ~  p a 6 0 ~ .  ~ P O H ~ B O A H T ~ J I ~ H O C T ~  BbIeMO¶HOI'O TPIHCIIOPT- 

HOrO H O T B ~ J I O O ~ ~ ~ ~ ~ B ~ T ~ J I ~ H O ~ O  O ~ O P ~ ~ O B ~ H H R  n 0 ~ 6 H p a e ~ c R  COOTBeT- 
C T B ~ H H O ~ ~ .  

B T O P ~ R  rpynna (3, 6, 10, 11, 17, 18) x a p a ~ ~ e p n 3 y e ~ c n  HaJIHsnenf  
H a  y c T y n e ,  o T s a n e  H B T o p q e  A B ~ X  ~ o ~ s e f i e p ~ ~ x  J I H H H ~ ~ .  I IPH  TOM DTO- 

p a R  ZHHHR YKJIaAbIBaeTCR H a  IIOJIOBHHe AJIHHbI @ P O H T ~  H IIpeJJyCMaTpIi- 

BaeTCR p a 3 p a 6 0 ~ K a  ABYMR ~ J I O K ~ M H .  

T p e T b R  rpynna c x e M  (12, 19) OTJImaeTCH Y C T ~ H O B K O ~ ~  3 a 6 0 f i ~ h 1 ~  
~ 0 H ~ e f f e p H b I ~  J I H H H ~  H a  KaHFAOM TpaHCItOPTHOM I'OPH30HTe I IPH O A H O ~ ~  

K O H B ~ ~ € ? ~ H O ~  JIHHHH Y A B O ~ H H O ~ ~  IIPOH3BOAHTeJIbHOCTH B T O P 4 e  K a p b e p a  

H H a  OTBaJIe. ~ P O F ~ ~ B O A H T ~ J I ~ H O C T L  BbIeMO¶HOrO O ~ O P Y A O B ~ H H R  IIPHHII- 

BlaeTCR p a B H 0 f i  IIPOH3BOAHTeJIbHOCTH 3a608~oro  K O H B ~ & ? ~ ~ .  

B s e ~ s e p ~ o i i  rpynne c x e M  (13, 20 H 21) HMeeTcR oAHa ~ o ~ s e i i e p ~ a c r  
JIHHHJZ ,L$UR O T P ~ ~ O T H E I  ABYX YCTYIIOB. ~ P H  3TOM K B H F A M ~ ~  YCTYII OTpa- 

G a r b ~ ~ a e ~ c r r  c I I O M O ~ ~ H )  Y c T a H o B n e H H o r o  H a  ero pa6onefi n x o q a A K e  

o 6 0 p j - y o s a ~ ~ ~ .  Hopona npn p a 3 p a 6 0 ~ ~ e  sepxaero y c T y n a  n o n a A a e T  

H a  3 a 6 0 i i ~ b 1 i i  I C O H B ~ ~ ~ P  HeIIOCPeACTBeHHO OT 3KCKaBaTOpa.  n O p 0 ~ a  

c H H m H e r o  y c T y n a  noAaeTccr  n e p e r p y s a T e a e h 1  H a  B M I I I ~ ~ ~ C ~ O J I O H C ~ H H ~ I ~  

I'OpH30HT. 

B CXeMe 22 H a  KaHFAOM BCKPbIIUHOM YCTYIle IIPeAYCMaTPHBaeTCR 

~ o ~ s e i i e p ~ a c r  JIHHHR no ~ c e i i  AnHHe @ p o ~ ~ a  p a 6 o ~ ,  a a ~ s a ~ 1 0 0 6 p a 3 0 ~ a -  

HIIe IlOpOA OT KaHCAOI'O YCTYIIa OCyqeCTBJIReTCR TOJIbKO H a  IIOJIOBMHe 

&THHhI @ P O H T ~ .  ~ @ @ ~ K T H B H O C T ~  IIPHMeHeHHR TOG HJIH H H O ~  CXeMbI 

3aRHCHT OT KOHKPeTHhIX Y C J I O B H ~ ~  K a p b e p a  H HaJIHPHR OIIpeAeJIeHHOrO 

TLIlla I 'OpHOTpaHCnOpTHOrO 0 6 0 p y ~ O B a ~ ~ ~ .  M ~ K c H M ~ J I ~ H ~ R  ~ @ @ ~ K T H B -  

HOCTb I ~ P H H R T o ~  CXeMhI TPaHCIIOPTHPOBaHHR MOHCeT 6 b I ~ b  AOCTHrHYTa 

n p H  o n n r M a n b H H x  n a p a M e T p a x  ~ o ~ s e i i e p ~ ~ x  J I H H H ~ ~ .  

n p H  BHyTPeHHeM O T B ~ J I O O ~ ~ ~ ~ O B ~ H H H  K O H B ~ ~ ~ ~ P H ~ R  JIHHHR COCTOHT 

M.3 3 a 6 0 i i H b I ~ ,  IIOIlepe¶HbIX H OTBaJIbHhIX K O H B ~ ~ ~ ~ ~ O B ,  CyMMapHacI 

3 . rHHa KOTOPMX OnpeAeJIReTcR n a p a M e T p a M n  K a p b e p a .  T ~ K  K a K  @POHT 

p a 6 0 ~  I-~a o T s a n e  n e p e M e q a e T c c r  B c n e A  3a BCKP~IIIIH~IM, TO Anma nonepeTr- 
EIhIX E ; O H B ~ ~ ~ P O B  IIpaKTH¶eCIEM IlOCTORHHa H H3MeHReTCR B IIpeAeJIaX Be- 
Ttlf¶HHbi TeJIeCKOIIEIYHOCTH, T. e B I IpeAeJIaX (1,25-1,s) A ( A  - m H -  

pIlEIa 3aXOAKH, a). 
C l e n e H b  HCUOJIb30BaHHEI K a H C ~ 0 f i  K O H B ~ ~ ~ P H O ~ ~  YCTaHOBKH B o6wef 

Ut3IIH 3aBHCEIT OT ¶EICJIa YCTaHOBOK EI y¶HThIBaeTCR HO~@@II~HI?HTOM HC- 

i r r o n h a o e a ~ r n ~  ~ o ~ s e f i e p ~ o i i  JIEIHHH 

rge 12 - ¶HCJIO YCTaHOBOK B JIIlHHH I I p H  nOI 'py3Ke IIOpOAbI OAHHM 

3KCKaBaTOpOM (HJIH C W M e  n o p o A h I  C ~ o ~ s e i i e p ~ o i i  JIHHHEI 

1 OAHHM O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I ~ M ) .  

C T V E I M O C T ~  TPaHCIIOPTHPOBaHHR 1 dt3 IIOPOAhI 3 a 6 0 f i ~ h I ~  HJIH OTBaJIb- 

HbIM ~ ' O H B ~ ~ ~ P O M  OIIpeAeJIEIeTCR no @ 0 p ~ y J I e  

C = C,+k,C,, P Y ~ . ,  (VI,6) 

rJIe C, H C, - COOTBeTCTBeHHO IIOCTORHHhIe H IIepeMeHHhIe 3aTpaTh1,  

py6/a3. 
K nt?pBhIM OTHOCRTCR 3 a T p a T h I  H a  aMOPTH3aqHI0 ,  KO BTOPbIM - 3 8 -  

CpnTbI H a  J IeHTy,  3J IeKTP03HePrHI0 ,  MaTepHaJIhI ,  T ~ K Y ~ H ~  PeMOHT H 3a- 
l p a 6 0 r ~ g m  n n a T y  0 6 c n y ~ ~ ~ s a 1 0 q e r o  n e p c o H a n a .  B p a 3 s e p ~ y ~ o ~  B n A e  

CTOHsIOCTb TpaHCIIOPTHPOBaHHR 1 a3 IIOPOAhI K O H B ~ ~ ~ ~ ~ O M  MOXHO npeA- 
CTaBHTb IIO BbIPaKeHHIO 

4 r Re dM - C T O H M O C T ~  1 m M ~ T ~ J I J I O K O H C T P Y K ~ H ~  K O H B ~ ~ ~ P ~  c y¶e- 
TOM MOHTaHCa, py6.; 

GI H G2 - BeC COOTBeTCTBeHHO J ~ P H B O A H O ~ ~  H H ~ T I I H C H O ~ ~  CTaHqHH 

H O ~ B e i i e p ~ O f i  YCTaHOBKH, X ;  



, , 

I - A n H H a  0@0f K O H B ~ ~ ~ ~ H O ~  YCTaHOBKH ( c ~ a ~ i a ) ,  J T ~ ;  

P - sec 1 x n p o n e ~ ~ o i r  s a c T m  n e H T o s H o r o  r c o ~ ~ e e e p a ,  T ;  

- AJIHHa  Bct?G K O H B ~ ~ ~ ~ H O ~  JIEIHHH, &; 

C,, - CTOllMOCTb 1 X K O H B ~ ~ ? ~ H O ~ ~ [  J I eHThI ,  py6.; 
Q - I 'OAOBaR I IpOH3BOAHTeJ IbHOCTb  K O H B ~ ~ ~ ~ H O ~ ~  .?IHHEIH, at3; 
a - roaosacr a n i o p ~ ~ 3 a q ~ ~  (a - 20 % ), % . 

~ ~ C C J I ~ A O B ~ H E I ~  B b I p a X e H H R  (VI,7) H a  3 K C T p e M Y M  n 0 3 B O J I R e T  y C T a -  
HOBHTb ,  UTO @ Y H I C ~ M H  C = f (I) H M e e T  MEIHHMaJIbIIOe 3I3a11eHMe U p M  

YCJIOBEIH 

P ~ C C M O T ~ E I M  3aBHCHMOCTb  OIITHMaJIhHbIX 3HaUeHHtj [  AJIHHbI 1 i o ~ B e i i e p -  

HOG YCTaI IOBKl l  HHM3 IlpOH3BOAEITeJILHOCTLH) 5000 at3/% p a 3 p ~ x n e ~ -  
HOG UOpOAbI  OT o61qeii AJILIHM 3 a 6 0 ~ ~ 0 f i  EIJIH O T B ~ J I ~ H O ~  I E O H B C ~ I ~ P H O ~ ~  

n m H m R  ( c o r n a c ~ o  T ~ X H H ¶ ~ C K O ~ ~  x a p a K T e p E i c T E i K e  ~ o ~ ~ e i i e p a  G,  - 
= 264, 7 m; G, = 9,7 m; I, = 29 X;  I, = 8,6 X; P = 0,29 rn ln l ;  Q = 

= 12,6 nrJIH. X3 B r 0 ~ ) .  H m ~ e  I I p H B e A e H b I  OnTLiMaJ rbHbIe  AJIHHbI 1COI-I- 

~ e g e p H 0 f i  YCTaHORRH B 3aBIICHI\lOCTH OT AJIHHJJ K O H B ~ ~ ~ ~ H O ~  JIHHHH. 

Annna KOK- 
se8ep~or i  
nnanu, nz 500 . . . 1000 . . . 1500 . . . 2000 . . . 2 5 0 0  . . . 3000 

O n ~ n ~ a n b -  
HaH AJlnHa 
~ o ~ s e f  ep- 
HOG ycTa- 
HOBKEI, ac 310 . . . 430 . . . 525 . . . 605 . . . 690 . . . 750 

e p 0 B  B K a P b e P e ,  M a r H C T P a J I b H O r O  - RB I IOBePXHOCTH, HBKJIOHHOI'O, 

UOllePe¶HOI 'O H O T B a J I b H O r O  - H a  OTBaJIe .  

O I I T H M ~ J I ~ H ~ R  AJ IHHa  @ ~ O H T ~  B C K P b I m H h I X  EI OTBaJ IbHb lX  p a 6 0 ~  O I I p e -  

AeJIHeTCR H 3  YCJIOBHH M E I H H M ~ J I ~ H o ~ ~  CTOHMOCTH T P a H C I I O P T H P O B a H H R  

1 .w3 n o p o ~ h ~  OT 3 a 6 0 ~  AO n o B e p x H o c T H  m OT K a p b e p a  no M e c T a  Y K n a A I i H  

B OTBaJI .  ECJIH n O p O A a  OT 3 a 6 0 ~  A 0  nOBepXHOCTEI T p a H C l l O p T H p y e T C R  
UO C X e M e ,  U O K ~ ~ ~ H H O ~  H a  PHC.  154, TO o 6 4 a ~  CTOHMOCTb TpaHCI IOpTEIpO-  

B a H H R  C J I a r a e T C R  H 3  CTOHMOCTH T P a H C I I O P T H P O B a H H R  1 a3 IIOPOAbI  no 
~ ~ ~ o G H H M ,  UOI IePe¶HhIM H HaKJIOHHbIM K ~ H B e i i e p a ~  

rAe L, - C y M M a p H a R  AJ IHHa  3 a 6 o i i ~ o i  K O H B ~ G ~ ~ H O ~ ~  JIHHHH, X; 

I ,  - AJlHHa  O A H O ~  aa6oH~oB K o H B ~ ~ ~ ~ H o ~  YCTaHOBKH,  X; 

I 

I i 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 H  1 at3 I l O p O ~ b J  nonePC?¶- 

HbIM I C O H B ~ ~ ~ P O M ,  py6. ; 
B - Xnma lcapbepnoro n o m ,  at; 

HEIR I 'OpHOICaIIHTaJIbHbIX pa6o.r UO Y C T P O ~ C T B Y  H a K J l O H H O r O  

C'beaAa C n O B e p X H 0 C T H  OTMeTICH BCRPbILUIIOrO I 'OPH30HTa  

aa B p e m  ero O T ~ ~ ~ O T I C M  npn MOI~HOCTEI  BCKPMLUH H, 
LH - AJIHHa  HaKJIOHHOrO K O H I 3 e 6 e p a ,  at, 
C,, - n e p c M e H H H e  3 1 ~ c n n y a ~ a q ~ o ~ ~ b 1 e  s a ~ p a ~ ~  H a  T p a I 3 c n o p T H p o -  

B a H H e  1 X3 BCKpbIlLII3 HaKJ IOHHhIMH I E O R B ~ % ~ P ~ M L I .  PY& 
f l c c ~ r e n o ~ a ~ ~ i e  mpaxeann  (VI,9) 

H a  3KCTpeMYM U03BOSlReT  YCTaHO- 

B H T b ,  ¶TO ( P Y H K ~ H R  CoGu = f (L3) 
FIMeeT MRHHMaJI  b H O e  3 H a ¶ e H H e  I I P H  

y c n o R u H  

3 
L, - 
3 ~ a  AJIHHa  R C K p b I m H O r O  @ ~ O H T ~  pa- 
GOT O T B e q a e T  YCJIOBHMI ~ G e c n e ~ e ~ u ~  y, 

M H H H M ~ J I ~ H O ~ ~  CTOHMOCTU T p a H C n O p -  

T H P O B a H H R  1 a3 IlOPOAbI  OT 3 a 6 0 ~  
A 0  n O B e p X H O C T H .  B h ~ p a ~ e ~ n e  L '- 

t (VI, 10) H C I I O J I ~ ~ Y J O T  ~aK3f(e  AJIH OII- 
PHC. 156. C x e ~ 3  nepTAnnH(I(H XeHTOWblX 

PeAeJJeHEIn  p a q E I 0 ~ a J I b H 0 f  AJIHHb1 ~ o ~ n e i i e p o n  npe  npsmoy~anb~oi i  aopme 

~ ~ o H T E I  p a 6 o ~ .  n p H  9TOM B 3 a T p a T b I  
KapbepHOFO nOlTJ4 

1 



~ o ~ s e i i e p ~ o f i  JIHHHH npa n e p ~ o ~ a s a n b ~ o i i  a n m e  L1 JZFI n-f a a x o ~ ~ c m  

6 v A e ~  r , 
Ir Ln=- Y .  

COS pn ' (VI, i 1) 

T a ~ m  06pa30~ ,  BeJIH¶HHa H a p a q H B a H H H  ~ o ~ s e f i e p ~ o i i  JIHHHH I I O c n e  

x a w ~ o i i  n e p e A B H x K n  o n p e A e m e T c R  

A1 = Ln - L(n-l) ,  1, (VI, 12) 
HJI H 

1 Al=L1 -- 1 
( 0 0 s  P, cos P("-1, ) .  1, 

(VI,13) 

rAe p, - c y ~ ~ a p ~ b ~ i i  yron n o B o p o T a  ~ o ~ s e i i e p a  nocne IIepeAsawxn, 
zpad ; 

- CYMM~PHMB yron n o B o p o T a  xo~se i iepa  AO n e p e p u w m ,  
zpad. 

PBC. 157. npnpamerr~e n m b ~  aa- PHC. 158. C x e ~ a  nepensaxna ~ o ~ u e f i e p ~ b ~ x  nwm~fi npu ~ O ~ I H O P  H O T B ~ ~ ~ H O ~  K O H B ~ & ~ H ~ U ;  KPYFJIO~~ @ 0 p ~ e  KapbepHOFO UcklH: n'rHHa aaBHc*ocTn OT nepHO- 
1, 2 - OCb OTBaJIbHOrO KOHBefiePa COOTBeTCTBeHHO XO nepe- HaqamHOfi AnHHu wna 
~ B W W K H  H nocne; 3,  4 - ocb 8a60li~orO Ko~sefiepa c0oTae.r- pora seepa 
CTBeHHO a 0  IIePeRBHWKU W nOCne; 5 - OCb RBaWeHER Top- 
noBoro HoHseiiepa; 6 - rpaHnqa ~epa6osefi aOHbI oTsanhA 

Ha PHC. 157 n p H B e A e H b I  3 H a ¶ e H H R  I I p H P a Q e H H t I  A,?HHM 3 a 6 0 i i ~ ~ x  
H OTBaJIbHMX K O H B ~ ~ ~ ~ ~ O B  B 3aBHCHMOCTH OT I I ~ P B O H ~ ¶ ~ J I ~ H O ~  AJIHHM 

H yraa n o B o p o T a  seepa. ITpn K a p b e p H o M  none, H M e m q e M  @ o p ~ y  K p y r a  

H n n  ero sacm,  K o r A a  qemp n o B o p o T a  seepa p a c n o n o x c e H  H a  ocn 3a6oG- 
HOP0 H o ~ B e P e p a ,  I I p H  H X  IIepeABHX<Ke YAJIHHeHHR I ; O H B ~ ~ ~ ! P H O ~ ~  JIHHHH 

H e  T P ~ ~ Y ~ T C H  ( ~ H c .  158). 0 T B a J I b ~ h I f i  K o ~ B e f i e p  H 3  IIOJIOWeHHR Oh! DOC- 

.ue n e p e A B H w K z i  aafiiwe~ n o n o a e H H e  O,K,. C n e ~ o s a ~ e z b ~ o .  ~ e o 6 x o n ~ b r o  

rAe C - p a c c T o R H H e  OT OCH 3a6ofi~oro ~ o ~ s e i j r e p a  no s e p x ~ e i i  ~ P O B K H  

OCHODHOI'O Y C T y n a ,  M; 
M' - p a c c T o R H m e  MesKny  ocbm O T B a j I b H o r o  ~ o ~ ~ e f i e p a  H sepxueii 

6 p 0 ~ ~ 0 f i  OTBaJIa OCHOBHOrO BCKPhlIIIHOrO YCTyUa,  X. 
M H H H M ~ J I ~ H ~ R  BeJIHPHHa M B C J I y ¶ a e  n p H M e H e H H R  ROMnjIeKCa MaIIIFfH 

I HICM3 n p O ~ 3 n o A H T e ~ 1 b H o C T b m  3000 M3/v H a  EepeAOBOM y c T y U e  COCTaDHT 

i OEOZO 500 X,  ¶TO 6 y ~ e ~  COOTBeTCTBOBaTb AJIHHe H a p a m H B a H H H  K O H B ~ ? ~ ~ -  

, e p o B  14,5 X. 
np~l B e e p H o M  n e p e M e q e m u  @ p o ~ ~ a  p a 6 o ~  Aame B K a p b e p H o M  none, 

n M e m q e M  @ o p ~ y  K p y r a ,  H e  y A a e T c R  m 3 6 e w a ~ b  H a p a q n s a H m  ~ o ~ s e f i -  
e p H b I X  JIHHHfi. B b ~ n y c K a e ~ b I e  B HaCTORIQee BPeh iR  TOPqOBbIe (MBI'H- 

C T ~ ~ J I ~ H M ~ )  K O I I B ~ ? ~ ~ ? ~ H  MOrYT p a 6 0 ~ a ~ b  TOJIbKO H a  I I P R M o J I H H ~ ~ ~ H ~ I x  

y¶aCTI<aX,  ¶TO J'MeHbIIIaeT AJIHHY CTaBa  TOP40BbIX K O H B ~ ~ ~ ~ O B  n p H  

[ < P H B O J I H H ~ ~ ~ H O ~ ~  @ 0 p M e  6 o p ~ a  K a p b e p a  H yCJIOWHReT TeXHOJIOrHlO HX 

nepensnzxn [ ~ p o ~ e  n p o A o n b H M x  n e p e A s m t e K  H ~ O ~ X O A H M N  nonepeqmae 
AJTR COXPaHeHHtI  K ~ H B O J I H H ~ ? ~ ~ H O C T H  JIHHHH 6 o p ~ a  K a p b e p a ) .  

~ O A O B ~ H  IIpOH3BOJ(HTeJlbHOCTb BCKpbIIUHOrO ICOMIIJIeKCa H a  IIepeAO- 

Ti- ¶HCnO JJHefi pa60~hl BCKphlmHOI'O O~OPYAOBBHHR H a  I IepeHO-  
BOM YCTyDe;  

11; - T ~ x H o J I o I ' I T ¶ ~ c K H ~  K O ~ @ @ H ~ E I ~ H T  HCDOJIb30BaHHR 060py~o-  
B a H H R  BO BpeMeHH. A 

H ~ K  n p H  napamenmow n e p e M e q e H m  ( p p o ~ ~ a  p a 6 o ~ ,  TaK H npn se- 
@pHOM T ~ X H O J I O I ' I I ¶ ~ C K ~ ~  I E O ~ @ @ H ~ H ~ ? H T  MOWeT 6bI~b IIPHHRT PaBHbIM 

4,965, n o c K o n b I t y  c o K p a q e H n e  o 6 a e ~ a  p a 6 o ~  B s a x o ~ ~ e  BABoe npm Be- 

. . e p ~ o ~  n e p e ~ e q e ~ m ~  no C P ~ B H ~ H K H )  c I I ~ P ~ J I J I ~ ~ ~ H M M  y ~ e ~ b r n a e ~  C O O T B ~ T -  

CTBeHHO H 3 a T p a T M  BpeMeHH H a  D e p e A B H X K y  K o H B e f i e p ~ h l x  J I H H H ~ .  

B T ~ ~ J I .  31 IIpHBeAeHbI 3Ha¶I?HmR IIpOH3BOAHTeJIbHOCTH DCKPbIUIHOrO 

Q ~ O P Y H O B ~ H H H  I I p H  IIIHpHHe 3aXOHKH 40 M B 3aBHCHMOCTH OT AJIHHbI 
I 

@ ~ O H T ~  p a 6 0 ~ .  
C y b f ~ a  3KCIIJIYaTaqHOHHbIX 3 a T p a T  H a  3KCKaBaqHI0 ,  T p a H C n O p T H p O -  . = 

B a H H e  H o ~ ~ a n o o 6 p a 3 o ~ a ~ ~ e  nyCTMX n O p O A ,  OTHeCeHHaH K 1 X' r O B 0 -  
~ 0 f i  IIpOH3BOAHTeJIbHOCTH BCKphlLUHOl?O O ~ O ~ Y A O B ~ H H H  H a  I lepeAOBOM 

YCTJTIe B 3aBHCHMOCTH OT gJ IHHH ( P P O H T ~  p a 6 o ~ ,  I I O K a 3 a E a  H a  PHC. 159. 
CTOHMOCT~ p a 3 p a 6 0 ~ K H  1 Y 3  BCKpbIIUH no T ~ ~ H C ~ O ~ T H O ~  CHCTeMe 

p a 3 p a 6 0 ~ ~ ~  n p ~  n a p a n n e n b H o M  H B e e p H o M  n e p e M e q e u H H  @ p o ~ ~ a  pa- 
6 0 T  RJIR 3anaHHOI'O 3Ha¶eHHR AJIHHM @ ~ O H T ~  K a p b e p a  H3MeHReTCR H e 3 H a -  

9IITeJIbHO. T ~ K ,  I I p H  H3MeHeHHH AJIHHM @ ~ O H T ~  p a 6 o ~  C 1000 A 0  1600 X f 



H a p a n n e n b ~ a r B  . . . . . . . . . . . 
Bee priarL: 

CTOI*MOCT~ p a 3 p a 6 0 ~ ~ ~  1 jlt3 BCKPHLUII npn B e e p H o M  n e p e M e q e H H n  +POH- 

T a  p a 6 0 ~  B C e r O  H a  4% npa P e T B e p T O M  cnoco6e H H a  10% n p H  T p e T b e M  
cnoco6e 0 6 p a 3 0 s a ~ ~ ~  seepa Gonbnre, s e M  n p H  n a p a n n e n b H o M .  M e ~ e e  

P U C .  159. ~ ~ u s % C U M O C T ~  C l o U -  
aocTn p a a p a 6 o ~ ~ a  i MJ 
B ' K ~ ~ I I I I U  Ba n e p e u o u u x  yew- 
n a x  OT e n o c o 6 o e  n e p e r u e q e -  

fIUR @POHTB p 8 6 0 ~ :  
I - B e e p H o e ;  2 - n a p a n n e n b -  
IrOe; 3 - T p e T a a  c n o c o 6 ;  4 - 

, ' l eTBePTb1f i  c n o c o 6  

~ I E O H O M H ~ H O  B e e p H o e  n e p e M e l q e a H e  @po%~a  p a 6 o ~  n p H  T p e T b e M  cnocoGe 
0 6 p a 3 0 s a ~ ~ ~  B e e p a ,  XOTR C TO¶KH 3PeHEIR  TeXHOJIOrHH r O p H b I X  pa6o.r 
A a H ~ b I f i  cnoco6 npm TP~HCI~OPTI IOG CHCTehle p a 3 p a 6 0 ~ ~ ~  6onee n p O C T .  

C H C T ~ M ~  p a 3 p a 6 0 ~ ~ a  C HceJIe3HOAOpOXHbIM T p a H C l l O p T O h l  ~ @ @ ~ K T H B -  
H a  n p H  ~ O J I ~ I U E I X  rp  y3006opo~ax EI 3 H a 9 I I T e j l b H b I X  PaCCTORHBRX T p a H C -  

n o p T t I p o B a H H n .  Ha H a p b e p a x  npn rpy30060po~e 20-25 MJIH. B roa 
~ $ + ~ K T H B R o ~  PaCCTORHHe T p a H C U O p T m p O B a H H R  I ' o p H o f i  MaCCbI AOCTHraeT  

10-15 X u ,  a H E O r A a  H 60~1ee. ~ I ~ O H O M H ¶ ~ C K ~ H  ~ @ @ ~ K T H B H O C T ~  I I p t I M e H e -  

n m R  ~ c e n e n ~ o ~ o p o x ~ o r o  T p a H c n o p T a  ~ o a p a c ~ a e ~  c POCTOM rpy3006opo~a 
H c H n m a e T c c I  c y B e n w e n m e M  rny6a~b1 >capbepa. C y s e n H s e H n e M  pac- 
CTORHHR T p a H C l l O P T H P O B a H H R  CTOHMOCTL I l e p e B O 3 K H  1 m ropr10i'r MaCCbI 
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p a C T e T ,  a CTOHMOCTL 1 m .  KJU CHHlfCaeTCR. n p H  3JIeKTpOBO3HOM T p a H C n O p T e  , 

CTOHMOCTb 1 I 1 2 . e  X A  IrepeB0301C 0 6 ~ 9 ~ 0  COCTaBJIReT 0,9-2,o IEOn. 

B K a J l b K y J l J I q H t I  CTOllMOCTH 1 ma X u  n e p e B O 3 0 K  40-50% IIplrXOAHTCcI 

H a  3apo6o~aym I l J I a T p ,  OI<OJIO 35% - H a  aMOPTH3aQHOHHbIe  OTqHCJIe- 

H H R  H 3 a T p a T b I  H a  M a T e p H a J I b I  11 15-20% - PaCXOAbI H a  PeMOHT. 

T ~ K  K a K  3 K C H a B a T O p b I  B OWHAaHHH 0 6 ~ e ~ a  COCTaBOB IIpOCTaEIBalOT 

no 20-30%, a a H o r A a  13 6onee pa6onero B p e M e m i ,  npn ~ ~ 6 o p e  c x e h r  

p a 3 B H T H R  n y ~ e g  CJIeHyeT HCXOAHTb H 3  T P ~ ~ O B ~ H B ~ ~  MaKCHMaJIbHOrO o6ec- 
Ile.ieHmR HX 3 a 6 o e ~  3fCeJIe3HOAOPOHCHbIMEi COCTaBaMH IIYTeM Y C T P O ~ C T B ~  

He3aBHCHMbIX 3 a 6 0 i i ~ h 1 ~  I I ~ T ~ G  I4 O ~ M ~ H H H X  IIYHICTOB. AJIR I I O r P Y 3 K H  

B CpCACTBa ~ e J I e 3 H O A O p O X H O r O  T p a H C I J O p T a  I IpElMeHRIoT H a K  OAHOKOBIIIO- 

s a e  ~ K C K ~ B ~ T O P N  ( O ~ H P H O  M e x a n E I s e c K n P  nonam,  morns - ~parnai i -  
H ~ I )  C eMICOCTbH) ICODIUa 4,6-12 jrt3, T a K  Zi hlHOrOKOBlIIOBbIe 4 e n H M e  H PO-  

T O p H b I e  3 K C K a B a T O P b I  C O O T B ~ T C T B Y H ) ~ ~ ~ ~  IIPOH3ROAHTeJIbHOCTH. 
O T D ~ ~ I  H a  i F a p L c p a x  M o r y T  G H T ~  0 6 0 p y ~ 0 ~ a ~ b I  n J I y r a M E i ,  OAHOKOB- 

IIlOBbIMH 3 K C K a B a T O p a M H  HJIH CIIeqElaJIbHbIMH O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I I I M E ~  - 
a 6 3 e ~ q e p a ~ n .  ~ C J I C ~ I I O A O ~ O X I I ~ I C  IIYTII MOrYT H M e T b  YICJIOH A 0  3 0 - 4 0 0  00. 

B O ~ ~ I U H H C T B ~  3KCIIJIYaTHpYeMbIX,  CTpOR4HXCFI  H I IpOeXTHpYeMbIX H a -  

p b e p o B  EiMeeT m H p o I c y m  Iconem P ~ ~ M C ~ O M  1524 jrtjrt. B I c a s e c T s e  JIOKOMO- 

THBOB H a  K a p b e p H O M  T p a H C n O p T e  HCnOJIb3YH)TCR 3J IeKTpOB03hI  CO C q e U -  

HbIM BeCOM OT 75 A 0  150 m, A y M J l K a p b I  I'pY30IIOA%eMIIOCTLH) OT 60 A 0  

180 m. Bec COCTaBOB AOCTHraeT  1000-1200 m. 
O C H O B H N ~  3JIeMeHTbI  CHCTeMbI p a 3 p a 6 0 ~ ~ ~ :  BhICOTa YCTYIIa ,  I U H p H H a  

3aXOAKm,  A n H H a  6 n o ~ a ,  AJIHHa I $ ~ o H T ~  p a 6 o ~ ,  .yrJIhI O'IKOCOB pa60~lrx 
Y C T y n O B  II A p y r H e  3JIeMeHTEd YCTaHaBJIHBaIOT C YPeTOM rOpHOrCOJIOrH-  

s e c K a x  H T e x H m e c K n x  Y C J I O B H ~  p a 3 p a 6 o ~ ~ m .  IIpn p a 3 p a 6 o ~ ~ e  M n r m x  

n O p O A  BbICOTY YCTYIla  I IpHHHMaIOT 0 6 ~ 9 ~ 0  ~ ~ B H O G  BbICOTe ¶ C p n a H l r R  

3 K C K a B a T O p a .  ~ ~ H M ~ H M T ~ J ~ ~ H O  K p a 3 l I H ¶ H b I M  MOAeJIRM K a P b e P H h I X  3K- 

CI<aBaTOpOB 3Kr-4,6, 3Hr-8 H 3Hr-12,5 AOIIyCTHMbIe 3 H a ¶ e I I H R  DIJCOTLI 

YCTYnOB C0CTaBJIRH)T COOTBeTCTBeHHO 10; 13 H 16,5 A. 

P a a ~ e p b I  p a 6 o s ~ x  n n o q a g o K  n p e A o n p e A e J r n m T c n :  l r r ~ p k ~ ~ o f  3aXOAKH; 

I I ~ H P H H o ~  TPaHCDOpTHbIX IIOJIOC; ILIHPEIHO~ UOJIOChI AJlR P a 3 M e 4 e H H R  AO- 

IlOJIHElTeJIbHOrO O ~ O ~ Y ~ O B ~ H E I E I  EI l I p O e 3 A a  B C n O M O r a T e J I b H O r O  T p a H C n O p -  

T a ;  n r ~ p ~ n o f i  6ep~h1 ~ ~ ~ O I I ~ C H O C T H  n I I IHPHHO~~ p e 3 e p ~ H o f i  n o n o c b r .  Pe- 
1 3 e p l i H y l O  n 0 J l O C y  OCTaBJIRIoT B KaHFAOM KOHKpeTHOM C J I y Y a e  E COOTBeT- 

CTBElH C YCJIOBHRMIl H Pe3KHMOM pa60~EJ K a p b e p O B .  ~ H P H H ~  3aXOAIEH 

A J M  3 K C K a B a T O P O B  3Kr-4,6 I1 3m-8 COCTaBJIReT COOTBeTCTBeHHO 14-16 

i H 16-20 fi. 
Ann OTereCTBeHHbIX p 0 T O P H H X  3KCKaRaTOPOB 3Pr-400 H 3Pr-1600 

IIIUDHHV 3 a X O E K H  IIPHHHMaH)T I ) ~ B H O %  COOTBeTCTBeHHO 15-20 Zi 40-80 A. 

I 
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~ H P H H ~  ~ ~ a k c ~ ~ o p k o f i  LIoJI&~I paCCYHThIBak0T II YCTaHaBJIHBafOT B CO- 



p a ~ H 0 f  6 A. ~ $ H H H M ~ J ~ H ~ R  I I IHpHHa pa6ont1x n J I 0 m a A O K  B CJIJ'saI? 

I tpHMeHeHHR 3KCKaBaTOpOB 3m-4 ,6  H 3Hr-8 COCTaBJIReT COOTBeT- 

CTBeHHO 24-28 H 29-33 A,. 

H p H  p a 3 p a 6 0 ~ ~ e  MRI'KHX IlOpOA H a  KaXAOM BCKpbIEIHOM r O P H 3 0 H T e  

p a c n o n a r a e T c n  1-2 a ~ c c ~ a ~ a ~ o p a .  A n m a  4 p o ~ ~ a  r o p H b I x  p a 6 o ~  npn Hce- 

JIe3HOAOpOH(HOM TpaHCIIOpTe  CyII(eCTBeHH0 BJIHIIeT H a  HCIlOJIb3OBaHHe 

rOpHOTpaHCIIOpTHOr0  0 6 o p y ~ o ~ a ~ ~ ~ .  B I J ~ O P  3 T O r 0  I I a p a M e T p a  OCy- 

4eCTBJIReTCR C yYeTOM I'OPHOTeXHH¶eCKHX YCJIOBHI?~ MeCTOPOXAeHHR 

H I I P O H ~ B O ~ C T B ~ H H O ~  MOII(H0CTH K a p b e p a .  A J I H H ~  @ ~ O H T ~  p a 6 o ~  0 6 b 1 s ~ o  

COCTaBJIReT 1500-2000.~, AJIHHa 6 ~ 1 o ~ a  600-1000 A,. H p H  p a 3 p a 6 0 ~ ~ e  
YCTyllOB B M C O T O ~  A 0  20 .W 3KCKaBaTOPAMH am-8 H JIOKOMOTHBO-COCTa- 

RahIH I 'py30nOA'beMHOCTblO 900 m AJIHHa @ ~ O H T ~  H a  YCTyIle  AOJIHcHa 6 b I ~ b  

H e  M e H e e  1600 A, npn p y r c o B o A c r q e M  n o A a e M e  20°/,,; 1300 m - npn 30°/,, 
H 1100 m - n p H  40°/,,. Ham6onee ~ ~ @ ~ K T ~ B H H  c x e M b I  p a 3 p a 6 0 ~ ~ ~  
C OAHHM 3KCKaBaTOPOh.I H a  BCKpbIIIIHOM I'OpH30HTe. Y C T ~ H O B K ~  H a  BCKPbI- 

IIII$Ohf r O p H 3 0 H T e  AByX 3KCKaBaTOPOB IIPHBOAHT K YBeJIH¶eHHH) 3KCIIJIY- 

a T a q l i o H H M x  a a ~ p a ~  H a  15-2090, a n p H  T ~ ~ X ~ J I O K O B O I ? ~  p a 3 p a 6 0 ~ ~ e  
YCTYIIOB - H a  30-4096 IIO CpaBHeHHIO C O ~ H O ~ J I O K O B O I ? ~ .  

~ O A O B O ~  I lOABHraHHe @ p ~ ~ ~ a  p a 6 o ~  I I p H  p a 3 p a 6 0 ~ ~ e  rOPH30HTaJIbHbIX 

H IlOJIOI'HX M ~ C T O ~ O X ~ ~ H H B  C IIpHMeHeHHeM XeJIe3HOJ(OpOXHOrO TpaHC-  

I IOpTa  COCTaBJIReT 100-230 At, AOCTHI'aR B OTAeJIbHbIX CJIYgaRX 450- 
500 A. C H C T ~ M ~  p a 3 p a 6 0 ~ ~ ~  C IIpHMeHeHHeM KOJIeCHOrO TpaHCIIOpTa  

x a p a ~ ~ e p ~ 3 y e ~ c ~  H a n p a s n e H u e M  n e p e M e w e H m  B c K p M r n H b I x  IIOPOA OT 38- 

6 0 e ~  B OTBaJIbI H AeJHTCfl  H a  T P H  FPYIIIIbI: C I I e p e R 0 3 ~ 0 ~  IIOPOA BO BHeIII- 

H H e ,  C l l e p e ~ 0 3 ~ 0 f  IIOpOA BO BHYTPeHHHe OTRRJIbI, a T a K X e  OAHORPeMeHHO 

RO BHeIIIHHe H BHYTpeHHHe.  

Cucmemy pa3pa6om~u c p a a ~ , e w e n u e m  nopod ~ C K P M U L U  so snympen- 
nue o m s a n b z  npMMeHRIoT n p H  p a 3 p a 6 0 ~ ~ e  n n a c T a  n o s e a ~ o r o  H c K o n a e -  

MOrO H a  IIOJIHYH) eI'0 hIOII(H0CTb (PHC. 160). H p H  CHCTeMe p a 3 p a 6 0 ~ ~ ~  
C I I e p e ~ 0 3 ~ 0 f  IIOpOA H a  B H y T p e H H H e  OTBaJIbI I IpeABapHTeJIbHO C03AaeTCR 

B ~ I ~ ~ ~ O T ~ H H O ~  IIpOCTpaHCTBO ~ e o 6 x o ~ ~ ~ o r o  o 6 a e ~ a .  ~ O ~ T O M Y  B IIepBO- 

~ a n a n b ~ a r i  n e p H o x  C T p o H T e n b c T s a  H ~ K C I I J I Y ~ T ~ ~ H H  K a p b e p a  IIOPOAY 
TPaHCllOP'2HPYH)T H a  BHell lHHe OTBaJIbI. 

I ' pysono~o~n  I I O ~ O A ~ I  M I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  p a c c p e A o T o s e m .  

~0p0~FIhIe  n y T H  AJIR TpaHCIIOPTHpOBaHHR llOJIe3HOrO HCKOllaeMOrO lle- 
PeCeIEaIoTCR H a  pa3JIH¶HhlX r O P H 3 0 H T a X  'C IIOMOII(bI0 IIYTeIIPOBOHa. x e -  
JIe3HOAOPOHEHbIe IIYTH, COeAHHRIOII(Hf? 3a60hb1e H OTBaJIbHbIe IIepeABHXi-  

m e  n y w ,  pacnonaramcn H a  T p a H c n o p T H b I x  6 e p ~ a x  B T o p q a x  K a p b r p a  

HJlH MOI'J'T IIpOXOAHTb ¶€?pea IIyTeIlpOBOA, nepece~amrqmH KaIII iTaJIbHyH, 

TpaHIIIeH). ~ K O H O M H ~ H O C T ~  n e p e B 0 3 0 K  H CHCTeMbI pa3pa60~1tn. B qe.?Ohi 

O ~ ~ C I I ~ ~ I I B ~ ~ T C J I  I l p H  MHHHMaJIbHbIX IIOA'beMaX H PaCCTORHHHX TPaHC- 

IIOpTHpOBaHHR OT 3 a 6 o e ~  A 0  IIYHKTOB p a 3 r p Y 3 K k i .  O T B ~ J I ~ H ~ I ~  rOpHaOHTbI 

qenecoo6pa3~0 p a c n o n a r a T b  H n x e  c o o T s e T c T B y r o r q H x  HM B C K P ~ I ~ H H X  

rOPH30HTOB, T a K  K a K  3TO IIO3BOJJHeT HMeTb YKJIOH I I ~ T ~ I ? ~  B rPY30BOM 

H IIOA'beM B IIOPOXHRKOBOM Hal lpaBJIeHHRX.  Ann a T O r 0  H a  OTBaJIaX KpO&Ie 

HHXHSG OTCbIIIKH CJIeAYeT OCYII(eCTBJIRTb H BePXHIOIO OTCbIIIIiY 

(PMC. 161), p e r y n H p y R  B ~ I C O T ~  BCKPHIIIH~IX IIOAYCT~IIOB. T a ~ o e  p e m e H H e  



THBO-coc~aeon, c o K p a r q e H H m  pacxoqos a ~ c ~ ~ p o a ~ ~ e p r n m  H D o n y s e H a m  

60~1ee R ~ I C O K H X  T ~ X H H K O - ~ I C O H O M H ~ ~ C ~  I I O K ~ ~ ~ T ~ J I ~ U  p a 6 o ~ h 1  rcap6ep- 
H O r O  T P a H C I I O p T a .  

F a c c ~ a ~ p ~ ~ a e ~ y m  c n c T e M y  n p n M e H R m T  npx pa3pa60~1re Gypoyronb- 
HMX ~ e c ~ o p o x ~ e ~ r n i 3  c n o M o q b I o  q e n m x  HJIH P O T O P H ~ I X  ~ I C C L C ~ B ~ ~ O P O B .  

Ha p ~ c .  262 n o ~ a s a ~ a  c H c T e M a  p a 3 p a 6 0 ~ ~ n  c 
IIepeI3031C06 I IOpOAM H a  I i H y T p e H H H e  OTBaJIhI 

IIPH n e e p H o M  n e p e ~ e ~ q e ~ u n  G p o ~ ~ a  pa6o.r. 
C R ~ T e h l y  p a 3 p a 6 0 ~ ~ ~  C B b I B 0 3 -  

~ o i i  I I O P O F ~  B C K P ~ I ~ H  ~ K ~ J I ~ ~ H O A O -  

~ O ~ K H E J M  T P ~ H C I I O P T O M  ~a B H ~ ~ H H ~  

0 T B a x  bI  (PHC. 162) I IPHMeHRIOT,eCj IH  RCIiPMUT- 

H b I e  I IOpOAbI HCDO3MO1KHO p a 3 M e I Q a T b  B R I S p a -  

~ O T ~ H H O M  I l p O C T p a H C T B e  K a p b e p a .  D p H  r O p H -  

3 0 H T a J l h H b I X  MeCTOpOXAeEIHHX 3 T 0  M O N e T  G ~ I T E ,  - 
B C J I y ¶ a e  OCTaBJIeHHH B IIO¶Be K a p b e p a  HeOT- 

P ~ ~ O T ~ H H M X  IIJIaCTOB IIOJIe3HOI'O EICKOIIaeMOrO, - I  

Pnc. t6t .  Cxe~a ~paacnopnroR e B R a H  m p r ~ m r m  a 05 
samxmx r o p n a o H T o n  npn H t e n e a a o n o p o m o r a  TpaACIIOpTe 

ropHaa:  nopoll; 
a - C BLIXOAOM I l Y ~ e f i  CO BCKPbIIUHbIX YCTYnOB H a  COOTBeT- 
CTEyloIIIUe POPR30HTbl OTBaHa; 6 - C BhIXOROM n ) ~ ~ e $ j  CO 
BCXpIJUIIIbIX YCTYnOB H a  OaHH FOPHSOHT OTBalIa; 8 - C KOM- 

~ U H H ~ O B ~ H H O ~ ~  OTCLInHOB 

a T a K x e  npm H ~ ~ J I ~ ~ o ~ ~ H H T H ~ I x  r o p E o r r e x H m s e c K H x ,  r e o J r o r w e c K m x  

H r m A p o r e o n o r H ¶ e c ~ H x  YCJIOBHRX. 

C ~ l c ~ e ~ a  p a 3 p a 6 0 ~ ~ ~  c n e p e M e t q e H H e M  B C K ~ M I L I H  H a  B H e m I I m e  o T B a j I M  

M e H e e  3KOHOMH¶Ha,  P e M  CHCTeMa C BHYTpe1lHHh.I O T B ~ J I O O ~ ~ ~ ~ O B ~ H H ~ M ,  

T a K  K a K  IIpC'OflOJIeHHe ~OJILI I IHX IIOR%ehlOB If ~ ~ C C T O H H I ~ ~  TpaHCI IOpTH-  

P O B a H H R  CHHlKaeT  IIPOIIYCKHYH) CIIOCO~HOCTL TPaHCI IOPTHbIX KOMMY- 

H H K ~ I I H H  H IIPOH3BOAMTeJIbHOCTb O ~ O P Y ~ O B ~ H H R .  
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M O I ~ H O C T ~  JIOKOMOTHBOB, THII H rp  y- 
3 0 I I O n 5 e M E O C T b  B a r O H O B  AJIR T p a H C I I O p -  

T H p O B a H I l R  I IyCTbIX IIOpOH H a  B H e m H H e  
OTBaJIbI,  a B 3aBHCHhTOCTH OT 3 T O r 0  II 

B e p x H e e  c T p o e H H e  X ~ J I ~ ~ H O H O P O H E H O ~ O  
IIYTH OIIpeHeJIRIOTCR H a  06rqmx W H O -  

B a H I l R X  B 3aBHCHMOCTH OT ~ a c m ~ a 6 a  
p a 6 o ~ .  

~ I O ~ H O C T ~  3KCICaBaTOPOB T a H i K e  3a- 
BHCHT OT rOPHOTeXHH¶eCICHX Y C J I O B H ~  

H ~ a c m ~ a 6 a  I I p O H 3 B O ~ C T B a .  ~ P H  pa3- 
p a 6 0 ~ ~ e  MHrIcHX IIOpOH I IpHMeHRIoTCR 

~ K C K ~ B ~ T O P ~ I  T n n a  ~ e x a ~ m e c ~ o i i  JIO- 

n a T a  (3KI'-4,6. 3Kr-12), a H H o r n a  

~ p a r n a i i n ~  (3LU-5/40, 3HI-8/60), MHO- 

r o I c o B m o s H e  U e n H M e  H n H  p o T o p I m e  

3 E C K a B a T O p b I .  OCHOBHH~ 3JIeMeHTLl  

CHCTeMbI - BbICOTY Y C T Y n a ,  LUHPEIHY 

3aXOAICIl, A.TIHHy 6 n o ~ a  H ~ P O H T ~  pa- 
~ O T ,  y r a ~  omoca pa6osnx YCTYIIOB 

YCTaEaBJIEIBaIoT C YYeTOM I'OPHOreOXO- 

rEI¶eCRHX 1I TeXHOJIOrH'IeCICHX Y c J I o B H ~ .  

O T B a J I b H b I e  p a 6 0 T b l  AOJ lXHbI  6 M T b  

h l e X a H H 3 H P O B a H b I  B COOTBeTCTBHH C 

I IPBHEITO~ ~ e x a ~ n 3 a q ~ e i i  B C K P M ~ H ~ I X  

p a 6 0 ~ ,  ~ a c m ~ a 6 0 h f  pa6o.r 1% @ r n a H ~ c o -  

~ e x a r r ~ s e c ~ o i i  x a p a r z ~ e p n c ~ ~ ~ o i ~  pa3- 
M e n J a e a m x  n omanax nopoA. 3 a ~ p a ~ b 1  

H a  o ~ n a n o o 6 p a 3 0 ~ a ~ n e  c o c T a s n n m T  no 
15 -25 96 o6q11x 3 a T p a T  H a  B C K p L l m H M e  

p a 6 o ~ b 1 ,  a smcao pa6osmx, ~ ~ H R T H X  rxa 
o T s a n a x ,  A o c T r l r a e T  25-30% B c e x  

T p y p R I l \ H X C R  BCIcpbImHOrO y ¶ a C T i i a .  

Ha p H C .  163 U O I c a 3 a H a  TpaHCI IOpT-  

H a H  CHCTeMa p a 3 p a 6 0 ~ ~ n  C I I e p e B 0 3 ~ 0 i i  

n c I < p M m a a r x  nopoA >r :ene3~onopom~b1~ 
TpaHCI IOPTOM H a  B H e m H H e  OTBaJILl H a  

H y ~ e p ~ a y c I c o ~  paapeae. B rpamqax 
n l e c T o p o H c A e a H s  yronb s a j ~ e r a e ~  B Brine 
~ O ~ I ~ ~ O H T ~ J I ~ H O ~  3 a J I e m H  MOIQHOCTbIO 

go 40 *M. ~ I O I ~ H O C T ~  BCKPMUIH~IX IIOPO,~ 

R o c T m r a e T  65 A. Ila I c a p b e p e  R e s R T b  

YCTyIIOB. B b I e ~ l z y  R n o r p y 3 l c y  B C K p b I m -  

HbIX IIOPOA B A y M I I K a p b I  OCyIQeCTBJIRIoT 

' a ~ c l r a s a ~ o p a ~ a  3KI'-4,6 H 3Kr-8. Ha 
KOHTaKTe  B C s p b l B a I o Q H X  IIOpOA C KPOB- 

neir y r o z ~ ~ o i i  3anem1 n p H M e H R m T  :f 

BepXHIOEO n O r p y 3 K y  ~ c s p k m m  3KCKa-  

15 3 a ~ a 3  3 2 9  257 



B a T O p a M H  C3-3y.' B c K p h I m ~ b ~ e  3KCKaBaTOPhI  OCYIll$CTBJIRH)T IIOIIYTHYH) 

3 a P H C T K y  H B h I e M R y  YI'JIR. B ~ I C O T ~  BCIiPbILUHhIX Y C T y n O B  n p H  p a 6 o ~ e  
3 K C K a B a T O p O B  3Kr-4,6 H 3Kr-8 n p H H R T a  COOTBeTCTBeHHO ~ E ~ B H o ~  6-10 
H 13 A. A J I R  BbIeMKH YI'JIR H a  R O ~ ~ I P H H X  Y C T Y n a X  HCIIOJIb3YH)T p O T O p H M e  

~ K C K ~ B ~ T O P H  PC-600 m PC-400, a T a I w e  C3-3y, n p o H a B o p m q H e  norpys- 
K Y  YI'JIR H e n O C p e ~ C T B e H H O  B HCeJIe3HO~OpOHCHJde BaI'OHhS. n p H  p a 6 o ~ e  
POTOPHhIX 3KCKaBaTOPOB BhICOTa YCTYIIa  AOCTHI'aeT 18 a, a I I I H p H H a  

3 a X O A K H  30 .W. P a 6 o ~ a  A O ~ H P H H X  3KCKaBaTOPOB P e r J I a M e H T H p y e T C R  

CTpOeHHeM YrOJIbHOI'O I I J I aCTa  I4 T ~ ~ ~ O B ~ H H H M H  K K a ¶ e C T B y  Y r J l R ,  ¶TO 

0 6 y c n o ~ n ~ ~ a e ~  H a p x p y  c ~ a n o ~ o f i  c e n e x T m B H y m  B h I e M K y  mama.  Cpen- 
H R R  I I I H P H H a  pa6osnx nJ IOIQapOK H AJ IHHa  ~ P O H T ~  p a 6 o ~  3 K C K a B a T O p a  

H a  YI'OJIbHbIX H BCKPJdTIIHhIX Y C T y n a X  COCTaBJIReT COOTBeTCTBeHHO 59,3 
H 66 m; 600-1500 H 700-900 m. T p a ~ c n o p ~ m p o ~ a ~ n e  B c K p M m H H x  

I lOpOA H YI'JIR OCYll(t?CTBJIHH)T 3JIeKTPOB03aMlX CO C4eI IHhIM BeCOM 150 m 
B A y M n I c a p a x  r p y 3 0 n o p a e ~ ~ o c ~ b 1 0  100 m H s a c T H s H o  50 m. Ha K a p b e p e  

n o e a ~ a  p a 6 0 ~ a 1 0 ~  no OTKP~ITOMY rpa4my.  T P ~ ~ O ~ O T O K H  y r m  H BCKPMIIIH 

pa3061~e~h1. 
B H ~ I U H H ~  OTBaJIhI,  0 6 0 p y p o ~ a ~ h I  3KCIGlBaTOpaMH T H n a  M e x a H H q e -  

c r < a R  n o n a T a .  Y m a p ~ y  nopop B o T s a n M  o c y q e c T B n R r o T  B psa R p y c a .  

T p a ~ c n o p ~ l ~ a ~  CHCTeMa p a 3 p a 6 0 ~ K H  C A O C T ~ B K O ~ ~  BCKphILUHbIX DOpOA 

H a  BIIeII IHHe OTBaJIbI HCeJIe3HOpOPOHFHbIM TPaHCIIOPTOM YCIIeIIIHO I IpHMe-  

HHeTcsx I r a  weneaopyp~rax K a p b e p a x  KMA ( M E ~ x ~ ~ ~ J I o B c K H ~ ~ ,  J I e 6 e p ~ ~ c -  
CICI*~~) .  

C H C T ~ M Y  p a 3 p a 6 0 ~ K H  C I I e p e ~ 0 3 ~ 0 l ? i  IIOpOAhI H a  BIIeII IHHe H B H Y T p e H -  

H H e  OTBaJIbI I IpHMeHRIOT,  eCJIH n O  KBKHM-AHGO I I P H P H H a M  BCR D O p O A a  

H e  MOHCeT 6 b I ~ b  p a 3 M e Q e H a  BO BHYTpeHHHX OTBaJ IaX.  n p H  p a 3 p a 6 0 ~ ~ e  
I ' J I Y ~ O K O  3aJIeI 'aIoll(HX rOPH30HTaJ IbHJdX M ~ C T O P O ) I C A ~ H H ~ % ,  I IpeACTaBJIeH-  

HbIX HeCKOJIbKHMH I I J I aCTaMH,  lIOpO&3 C B e p X H H X  B C K P h I m H M X  r O P H 3 0 H -  

TOB T p a H C n O p T H p y e T C R  H a  BHeIUHHe  OTBaJIhS, I l O p O A a  M ~ X ~ ~ I I J I ~ C T H ~ ~  - 
HA B H y T p e H H H e  OTBaJIhI.  

A B T O M O ~ E I J I ~ H L I ~ ~  T P a H C I I O p T  UO TeXHOJIOI'H4eCKHM H 3KCI I J IYaTa4HOH-  

HbIhI YCJIOBHRM O ~ ~ C I I ~ P E I B ~ ~ T :  BhICOKYH) I IpOH3BOAHTeJIbHOCTb norpy- 
3011HOI'O O ~ O P Y A O B ~ H H F I ;  He3aBHCHMOC.Fb p a 6 0 ~ h I  BCKphIII IHOrO H ~ 0 6 ~ 9 -  
H O r O  O ~ O P Y R O B ~ H H R  I I p H  p a 6 o ~ e  lI0 ~ P O H T Y  I4 B TOpqOBhIX Y P a C T K a X  

K a p b e p a ;  nOJ IHOTy  BbIeMKH; BO3MOHCHOCTb Y C p e A H e H H R  K a s e C T B a  l IOJIe3-  

HOI'O HCICOIIaeMOI'O; pa3#?J IbHyH)  BhIeMKY IIO C O p T a M  H T. A. 
I T p H  CHCTeMe p a 3 p a 6 0 ~ ~ ~  C BHeIIIHHMH OTBaJ IaMH ( ~ H c .  164) n O r p y 3 -  

K Y  I lOpOAhI B ~ B T O M O ~ H J I ~ H ~ I %  T p a H C I I O p T  n p O H 3 B O A R T  MeXaHEf¶eCKHMH 

A o n a T a M H  H pewe a ~ c ~ a ~ a ~ o p a ~ ~ - ~ p a r n a i i ~ a ~ ~ .  E M K O C T ~  ~ o ~ m e i i  ~ K C K ~ -  

B a T O p O B  AOJIHCHa COrJIaCOBhIBaTbCR C ehlKOCTbH) K Y 3 0 B a  EIBTOCaMOCBaJIOB. 

~ @ ~ $ ~ K T H B H O C T ~  pa60~h1 3KCKaBaTOPOB H a B T O T p a H C I I O P T a  3 a B H C H T  OT 

IIPHHRTOG c x e M M  a a e a p o ~  ~ B T O M O ~ H J I ~ ~  nop n o r p y a ~ y  K a K c I c a B a T o p y  

H n p a ~ m b ~ o f i  o p r a ~ m 3 a q ~ ~  M ~ H ~ B ~ O B  ~ B T O M O ~ H J I ~ ~ ~  n p H  n o r p y a ~ e  H pa3- 
rpyme noponhs. llpm pa6o~e  h l e x a a m s e c m i x  J r o n a T  rn p p a r a a f ~ o ~  n p m M e -  

HRIOT HHHCHIOH) H BepXHIoH)  n O I ' p y 3 1 < y  ElBTOMaIUlXH; ~ a ~ 6 o z e e  npOH3BOAH-  

T e a m a  H r n x H m  n o r p y 3 ~ a  c p a c n o n o x e H H e M  a ~ ~ o ~ o 6 m n e i i -  H a  O ~ H O M  

r O p 1 1 3 0 H T e  C 3HCKaBaTOpOM.  B e p x a ~ ~  n O r p y 3 K a  MOHFeT 6 h I ~ b  O n p a B -  

A a H a  T O J I ~ I ~  o npn ~ e 6 o n b m o i i  B M c o T e  y c T y n o B  H xopomo c n n a H m p o s a H -  

HOG n ~ ~ o ~ ~ p ~ n e  AJIR n o ~ n e ~ p a  a B T o M a m H H .  

P ~ ~ J I H X I I O T  n O p Z e 3 A h I  CKB03HhIe1  C IIeTJIeBhIM p a 3 ~ 0 p O T O M  H C TYIIH- 

KOBJdM pa3BOpOTOM.  B 3aBHCHMOCTH OT P H C J I a  a B T O M a m H H ,  ORHOBPeMeHHO 

H a X O p R Q H X C R  U O p  ~ 0 I ' p y 3 ~ 0 f i ,  I l pHI lHMaIOT OAHH04HYIO (PJIC. 16.5, a,  
6) H c n a p e ~ ~ y m  (pnc. 165, 6, z )  ........... 
YCTaHOBKY ElBTOCaMOCBaJIOB.  PO- 
A o J r x H T e n  ~ H O C T ~  pa6onero q n K n a  : 
H T e X H H P e C K a R  IlpOH3BOAIfTeJI b- 

HOCTb  3 K C K a B a T O P O B  3aBHCRT OT 

I lpaBHJIbHOCTH ~bl60pa 3JIeMeIITOB 

3 K C K a B a T O p H h I X  3a6oe~:  IUHpHHbI  

3 a X O A K H  H BhICOTbI Y C T Y n a .  

B T ~ ~ J I .  32 n p u a e p e s h ~  ana- -. e m  [ 
¶ e H H R  cpep~e i i  IIp0AOJI)KHTeJIb- I.,\ 
HOCTH M a H e B P O B  B 3aBHCHMOC,TH 

OT CXeMhI IIOA'be3Aa aBTOCaMOCBa-  

JIOB H M L I H H M ~ A ~ H O ~  II IUpUHbI 

J l X O q a p K H  BJIR aBTOCaMOCBaJIOB. 

A n n ~ a  ~ J I o K o B  B M R r K H X  DO- 

popax B cnysae n p m M e H e H m a  mi- 
C K a B a T O p O B  3Kr-4,6 H aBTOM0- 

~ H J I ~ H o I ' o  T p a H C n O p T R  peI<OMoH- 

A y e T C R  OT 120-150 A 0  600 A. 

Cucmeay p a 3 p a 6 o m l ~ u  c cFLym- , 
p e n r t u a u  ornsa.taau npm amo- I 

I 
T p a H C n O p T e  I IPHMeHRIOT I I p H  1 I 
H a J I H s H H  LtOpOA, 06~1apa roq~x  I 1 

~ o c T ~ T o ¶ H o ~ H ~ c ~ ~ ~ ~ ~ ~ o ~ o ~ H o -  C - - - - - - - - - - - - - - - - - - '  



r 0 P H b I X  pa6o.r. B KaJIbKYJIHIJHH C ~ ~ ~ C T O E I M O C T H  1 7IL. E& a ~ ~ o n e p e o o 3 0 ~  
a a p n n a ~ a  nonm~eneii m 0 6 ~ ~ 1 y x ~ ~ ~ a r o m e r o  n e p c o H a n a  M a n r H H  c o c T a B m e T  

25-30% , TeKyILl,Ht PeMOHT CaMOCBaJIOB 25-30 % , aMOpTIX3aq$lH OICOJIO 

20%. O ~ H T  pa60~b1 o T e s e c T n e H H m x  n p e ~ n p ~ n ~ ~ i i  no~raaan,  .ITO c y s e n E i -  

¶ e H H e M  rPY30nOA'beMHOCTH aBTOCaMOCBaJIOB UOBHI l l aeTCH HX l lPOH3ROAII-  

TeJIbHOCTb H COKpaIQaeTCH C ~ ~ ~ C T O H M O C T ~  T p a H C U O p T H p O B a H H H .  

ICo~t6unuposannaii mpancnopm r o p H M x  n o p o ~  I I p m n I e H n m T  npn pa3pa- 
~ O T K ~  r O P H 3 0 H T a J I b H b I X  M ~ C T O P O X ~ ~ H H ~ ~  C MFIrKHMH r O P H b I M H  I lOPOnaM$i .  

I I p m ~ e ~ e ~ ~ l e  n o r o  n M n a  

T p a H C I l O p T a  lrOpOJl HJIM IIO- 
nesaoro H c K o n a e M o r o  oSy- 
CJIOBJIHBaeTCR CJIOiICIIIJMH 

rOpHOTeXHH¶eCKHMZ YCZO- 

BHRhlH H 3 H a 9 H T e J I  bHLIM Yna- 
J IeHHeM OTBaJIOB mJlH o6ora- 
T H T ~ J I ~ H O ~  ( P ~ ~ P H K H  OT 

K a p b e p a .  A ~ H H ~ H )  CmCTeMy 

I IpHMeHII IoT  B CJIt3JIJH)lIIJX 

CO¶eTaHHRX: ~ B T O M O ~ H J I ~ -  

~ m f  m ~ e n e 3 ~ o n o p o x r ~ m i i  

W b y ~ ~ e p a ,  3 C T a K a A M  ~ X H  

c K n a A a  n o n e a ~ o r o  H c r ; o n a e -  
PHC. 165.  Cxema~ ycTanonlx* aeTocamocnanon non no- MOrO; 1 - 1 E e J I e 3 ~ 0 ~ 0 p 0 ~ ~ ~ b I i i -  

I'PY3XY 
HCIIOJIb3yIoT AJIH ;IOCTaBKH 

nopoAH a m  nonea~oro  
M c K o n a e M o r o  OT neperpy30s~oro n y H K T a  no n o p o ~ ~ ~ x  o T s a n o s  mnm 
O ~ O ~ ~ T H T ~ J I ~ H O ~ ~  ( P ~ ~ ~ H K E I .  npm TaKOM CO¶eTaHl iH  p a 3 J I H P H H X  BmAOB 

T p a H c n o p T a  0 6 e c n e s ~ s a e ~ c ~  ~ c n o ~ b s o ~ a ~ a e  K a r r c n o r o  BHAa  T p a H c n o p T a  

B Ilpe AeJ IaX P ~ ~ H o H ~ J ~  b ~ 0 k  0 6 J l a c ~ m  er0 ILplIMeHeHHFI. 

Ha K a p b e p e  G @ O ~ T ~ H ~ ) )  (@PI?) U p H M e H H I o T  K O M ~ E I H I I ~ O B ~ H H ~ I ~  T p a H C -  

UOpT.  ~ e J I e 3 ~ 0 ~ 0 p 0 l X H H f i  T p a H C n O p T  HCnOJIb3yIoT  B K a s e C T B e  BHYTPH-  

K a p b e p H o r o  H n o c T a B n a e T  nopony K C T a q H o H a p H o M y  u e p e r p y 3 o s ~ o ~ y  
~ Y H K T Y ,  o T K y A a  nopona n o c T y n a e T  H a  TOPIJOBM~~ ~ o a ~ e i i e p  H c H e r o  ne- 
p e A a e T C H  H a  O T B ~ . T ~ H M ~  K o ~ B e f i e p .  C 0TBa. i IbHOrO 1 ~ 0 ~ B e i i e p a  n O p o A a  

c n o M o r q b r o  neperpyaos~oro  y c ~ p o i i c ~ s a  n e p e n a e T c R  H a  o~~aaoo6pa30-  
B a T e J I b  H IIOCJIeAHHM Pa3YeLlJaeTCH B OTBaJIe .  

Ha ~ ~ ~ ~ A H H C K O M  Fi C T O ~ J I ~ H C K O ~ I  K a p b e p a X  H?UIA I IPHMeHRIOT KOM- 

~ H H H P O B ~ H H ~ I ~ ~  ~ B T O M O ~ H J I ~ H O - ~ ~ J I ~ ~ H O ~ O ~ O ~ H ~ I ~ ~ ,  ~ B T O M O ~ H J I ~ H O - K O H -  

s e i i e p ~ o - x e n e 3 ~ o ~ o p o x ~ b 1 i i  H ~ o ~ ~ e B e p ~ o - r a g p a ~ a m ~ ~ c ~ n i i  T p a H r n o p T  

BCK~HIIIHMX n o p o ~ .  I I p m ~ e ~ e ~ n e  ~ c o ~ s e i i e p ~ o - r ~ ~ n p a ~ n ~ i s e c ~ o r o  T p a H c -  
n o p T a  H a  a e 6 e n 5 i H c K O ~  K a p b e p e  ~ O ~ B O J I H J I O  n o x y s n T b  a a a s a ~ e ~ l b ~ b ~ i i  

T ~ X H E I K O - ~ K O H O N M ~ ~ C I C I I ~ ~  ~(P@ICT. n o p o ~ a  OT p O T O p H O r 0  3 K C l i a R a T O p a  

3Pr-400/1000 c rnc~e~o i i  n c r r T o m H x  I i o ~ s e i i e p o ~  n o a a e T c H  13 n p o 5 1 e x y -  

T O s H O e  ~ C T ~ O ~ C T B O  eMKOCTbK) 1,s THC. J t 3 ,  1 AC1 p a 3 h l b I B a e T C R  l ' I I & p O ~ I O I I ~ -  

T O P a M H ,  H r K A p O C M e C b  UO YKJIOHY 8-10" CaMOTeIcOM ITOCTynaeT  l3 3 y M I I 4  

C T a q H O H a p H O  YCTaHOBJIeHHOrO 3eMJleCOCa.  3 a T f h 1  no I I J J j I l , ~ O l I p O B O ~ y  

AHahIeTpOM 700 ZZ H IIpOTHHCeHHOCTbIO 3,Y Rat lIyJIblIJ' TpaHCI IOpTHPYJOT 

B I'Z5npOOTBaJI. 

~ ~ O H ~ B O A H T ~ J I ~ H O C T ~  T P Y A a  I I P H  T ~ K O ~ I  O p r a H H 3 a q H H  T p a H C I I O p T a  

5 1,8 paaa B b I m e ,  s e M  n p H  p a 6 o ~ e  Mexalr r rqc .crcHx . r o n a T  c norpy3~oi.i 
COOTBeTCTBeHHO H a  H C ~ J I ~ ~ H O ~ O ~ O ~ K H ~ I ~  I3 B 3 pa3a BbIILIP, ¶ehI H a  aBTOMO- 

6 ~ ~ 1 b ~ b I f i  TpaHCI IOPT.  C ~ ~ ~ C T O H M O C T ~  p a 3 p a 6 0 ~ 1 t ~  BChpbI lUHbIX IIOPOR npm 
K O H B ~ ~ ~ ~ H O - ~ H ~ ~ ~ B ~ H ¶ ~ C K O M  BHAe T p a H C U O p T a  H a  J I e 6 e ~ ~ ~ c r c o ~  K a p b -  

( 
epe M e H b I l l e ,  ¶ e M  I I p a  HCeJIe3HOAOpO?KHOM T p a H C n O p T e  B 1,3 H 1,6 pa3a, 
VeM I I p n  a B T O T p a H C n O p T e .  

Ha C T O ~ J I ~ H C K O M  HceJIe3OpyAHOM K a p b e p e  )ChlA DpHMeHFIJICH K O M ~ H -  

K H ~ O B ~ H H H ~  ~ B T O M O ~ H J I ~ H O - ~ ~ J I ~ ~ H O ~ O ~ O ~ H M ~  TpaHCI lOPT.  Ha nepe- 
r p y 3 K e  I IOpOAM p a 6 o ~ a n  a K C K a B a T O p  3m-4,6.  3 a T e M  B C B s 3 H  C YrJIy- 
~ J I ~ H H ~ M  I'OpHbIX p a 6 o ~  H YBeJ IHPeHt i eM paCCTOcIHHs  T p a H C n O p T H p O B a H H s  
aBTOCaMOCBaJIaMI4 H a  H a p b e p e  6MJI  B H e n p e H  K O M ~ H H E ~ ~ O B ~ ~ H H ~ ~ ~  BBTOMO- 

~ F ~ J I ~ H o - I ~ o H B ~ ~ ~ ~ H o - ~ ~ J I ~ ~ H o , ~ o ~ o ~ X H ~ I ~  TpaHCIIOPT,  a C 1968 r. T a M  

LIpHMeHRJlH x o ~ 6 m ~ m p o ~ a a ~ a i j r  ~ B T O M O ~ H ~ ~ H O - ~ H ~ ~ ~ B J ~ H ~ ~ C K H ~  T p a H C -  
I n o p T .  I I p n ~ e ~ e ~ n e  ~ 0 ~ 6 m ~ m p o ~ a ~ ~ o r o  T p a H c n o p T a  noasonmao ysenm- , 

g H T b  I tPOH3BOAHTeJIbHOCTb aBTOCaMOCBaJIOB. 

~ ( P @ ~ K T H B H O C T ~  K O M ~ H B H ~ O B ~ H H O ~ O  B H A a  T p a E C U O p T a ,  O C O ~ ~ H H O  I I p H  

B H y T P H K a P b e P H O M  ~ B T O M O ~ H J I ~ H O M  T P a H C I I O P T e ,  K O T O P H ~ ~  IIr)HMeHIIIOT 

B c o s e T a H H m  c x e n e a ~ o ~ o p o w ~ a ~  ZJIH T p a H c n o p T m p o s a H m  n o n e a ~ o r o  
t H c K o n a e M o r o ,  0 6 y c n o ~ n m ~ a e ~ c s  ~ e x ~ o ~ r o r w e c ~ o H  cxenioii T p a H c n o p T a .  

B KoHKPeTI Ib IX  rOPHOTeXHH¶eCKHX YCJlOBHHX MeCTOPOZKAeHmH AJIH 0 4 e H -  

K m  ~ ( P @ ~ K T H B H O C T H  T ~ X H O J I O ~ H ¶ ~ C K O ~ ~  CXeMhI T P a H C I I O P T a  IIOJIe3HOI'O 

'YICKOnaeMOI'O YCTaHaBJIHBaeTCII  C T e I I e H b  COrJIaCOBaHHOCTH TeOpeTH¶eCKO- 

r o  rn ~ ~ ~ C T B H T ~ ~ ~ H O ~ O  ~ ~ C C T O R H H ~ ~  TPaHCI IOPTHPOBaHHH OT K a p b e p a  

20 pa3rpy30s~bIx Y C T P O ~ C T B  O ~ O ~ ~ T E ~ T ~ U I ~ H O ~  ( P ~ ~ P H K H .  
C T e n e ~ b  COrnaCOBaHHOCTH T e O p e T H ¶ e C K O r O  H a l I p a R Z e H H R  nBH;KeHHR 

a a n a c o B  B npeneaax M e c T o p o x g e H a H  c n e i i c ~ s ~ l ~ e n b ~ a r ~  H a n p a s n e H n e M  
rpy30110~0~a I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  B H y T p m  Iiapbepa H no n o B e p x -  

HOCTH M O S e T  6ra~b B b I p a H e H a  K O ~ @ @ H ~ H ~ H T O M  



L, - J ( ~ G c T B H T ~ J I ~ H o ~  PaCCTORHHe TPaHCIIOPTHPOBaHHR OT H a p b e p a  

A 0  n y H K T a  p a 3 r P Y 3 K H  ( 0 6 0 r a T ~ T e J I b H 0 f i  @ a 6 p H ~ H ) ,  ?C&; 
LT - TeOpeTH¶eCKOe PaCCTORHHe TpaHCI lOpTHpOBaHHR OT q e H T p a  

T I I x i e c T n  ~ ~ I I ~ C O B  I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  B npegenax K a p b e p -  

HOrO IIOJIR A 0  O ~ O ~ ~ T H T ~ J I ~ H O ~ ~  @ a 6 p m ~ ~ ,  ?C&. 

O n p e ~ e n e ~ ~ e  T e o p e T H s e c K o r o  p a c c T o n H H n  T p a H c n o p T m p o B a H H n  no- 
J Ie3HOrO HCKOIIaeMOrO CBOAHTCR K YCTaHOBJIeHHH) K p a T ¶ a f i l l l e r ~  PaCCTOR- 

HHR M e X A Y  q e H T P O M  TRHCeCTH 3aI IaCOB IIOJIe3HOrO HCKOIIaeMOrO MeCTO- 

POWAeHHR (1Capbep~or0 IIoJIR) H 0 6 0 r a ~ ~ T e J I b ~ 0 f i  @ a 6 p ~ ~ o f i .  360JlbIUaR 

~ @ @ ~ K T H B H O C T ~  I I P H H R T O ~ ~  CXeMbI TpaHCIIOpTa  o ~ ~ c J I o B J I H B ~ ~ T c R  YMeHb- 

l n e H H e M  J ( ~ ~ % C T B H T ~ J I ~ H O ~ O  PaCCTORHHR TPaHCIIOPTHPOBaHHR ( p a 6 0 T b I  

T p a ~ c n o p ~ a ) .  npli OCylI(C?CTBJIeHHH ~ P Y ~ O T P ~ H C I I O P T H O ~ ~  CBR3H ~ 0 6 ~ 9 -  
H H X  rOPH3OHTOB C IIOBePXHOCTbH) CXeMa T p a H C I I O p T a  BKJIIo¶a€?T AOCTaR- 

K Y  I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  B H ~ T ~ H  K a p b e p a  ( a ~ ~ o ~ p a ~ c n o p ~ o ~ )  LK 
H IIO IIOBePXHOCTH A 0  0 6 0 r a T ~ T e J I b ~ 0 f i  @ a 6 p ~ ~ m  XeJle3HOAOpOHCIJblM 

TPaHCIIOPTOM Lnoe, T. e. 

LA=LK$LnOR, &. fvIVi9) 
P ~ C C T O R H H ~  TpaHCIIOpTHpOBaHHR I l O J I e 3 H O ~ O  HCKOIIaeMOrO BHYTPH 

I c a p b e p a  B ~ B H C H T  OT c x e M b I  BCKP~ITHR K a p b e p n o r o  norm, s H c J r a  rn BHAa 

BCKPbIIllHbIX B H P ~ ~ O T O K .  ~ P H  H a n H ¶ H H  C T ~ ~ H O H ~ ~ H O ~ ~  ~ c K p b I ~ a ~ o l I ( e f i  

B H ~ ~ ~ O T K H  AJIHHa TpaHCI lOpTHpOBaHHR BHYTPH K a p b e p a  COCTaBJlReT 

I'Ae 1, - PaCCTORHHe TPaHCIIOPTHPOBaHHR IIO ~ b I e 3 ~ ~ 0 f i  T p a H l I I e e ,  &; 
In - TO me, DO IIOBePXHOCTH, &; 

k, - K O ~ @ @ H ~ H € ? H T  P a 3 B H T H R  TpaCCbI;  

L H B - n n m a  a m a p m a  x a p b e p a o r o  nonn, x. 
~ P H  BpeMeHHbIX BCKPbIBaH)lI(HX B ~ I ~ ~ ~ O T K ~ X  AJIHHa T p a H C n O p T H p O n a -  

HHR BHYTPH K a p b e p a  COCTaBJIReT 

I'Ae 1, - PaCCTORHHe TpaHCl IOpTHpOBaHHR IlO CZe3AaM. &: 

17, - I'OAOBOe n O A B H r a H H e  @ ~ O H T ~  p a 6 0 ~  K a p b e p a ,  &; 

t - CPOK c n y x 6 b 1 ,  n e T .  

~ P H  CTaqHOHaPHbIX C%e3AaX,  IIPOBOAHMbIX H a  B e C b  CPOK CYIQeCTBOBa- 

HHR K a p b e p a ,  CTOHMOCTb TPaHCIIOPTHPOBaHHR 1 m IIOJIe3HOrO HCKODa- 

e M O r 0  CKJIaAbIBaeTCR H 3  PaCXOAOB H a  TpaHCIIOpT BHYTPH K a p b e p a  H H a  no- 
BepXHCCTH. ~ P E I  BpeMeHHbIX CZe3AaX K CTOHMOCTH TPaHCIIOPTHPOBaHHR 

CJIeAyeT I I ~ H ~ ~ B E I T ~  YAeJIbHbIe 3 a T p a T b I  H a  I IpOBeAeHHe Cae3AOB IlO M e p e  

n e p e M e q e H m  6 o p ~ a  K a p b e p a ,  ~ o n o n ~ m ~ e n b ~ ~ i i  p a a ~ o c  6 o p ~ a  K a p b e p a  

IIO BCKpbIl l le  H y ¶ e C T b  H3MeHeHHe CTOHMOCTH TPaHCIIOPTHPOBaHHR H a  

IIOBepXHOCTH n p H  I I e p e H O C e  CKnaAOB ( H n H  iTyHKTa I I e p e r p y 3 K H )  BCJIeA. 

aa n e p e H 0 C O M  B p e M e H H O r O  C x e 3 A a .  

~ P H  O ~ O C H O B ~ H H H  I I a p a M e T p O B  BpeMeHHbIX ( c K o J I ~ ~ R ~ I ( H x )  CZe3AOB 

H YCTaHOBJleHHH O I I T H M ~ J I ~ H O ~ ~  ¶aCTOTbI HX DPOBeAeHHR,  0 6 e c n e s ~ ~ a -  
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H)lI(HX hIaKCHMaJIbHYH) 3HOHOMH¶HOCTb TPaHCIIOPTHPOBaHHR IIOJIe3HOI'O 

HCKOna€!&lOrO, H ~ O ~ X O ~ H M O  P H T b I B a T L  J?RA @ ~ K T O P O B ,  K OCHOBHMM H 3  

KOTOPMX OTHOCRTCR: MeCTO 3 a J I O X e H H R  B ~ I ~ ~ ~ O T K H  H H a I I p a B J I e H H e  

TpaECIIOpTHpOBaHHR no HaKJIOHHOMY C Z e 3 A y ;  o 6 z e ~  BCKPMDIHMX pa6o.r 
I I p H  IIpOBeAeHHH BHYTPeHHHX Cae3AOB; O ~ Z ~ M  AOIIOJlHHTeJIbHOI'O p a 3 H O C a  

6 o p ~ a  I i a p b e p a .  
O C H O B H ~ I ~  TeXHHKO-3KOHOMWeCKHe IIOKa3aTeJIH pa60~b1 p a 3 n m s H b 1 x  

BHAOB T p a I x c n o p T a  npm p a 3 p a 6 o ~ ~ e  M n r K H x  BCKP~IIIIHEJX IIOPOA H a  o T e -  

W3CTBeIXIIbIX I t a p b e p a x  n p m e g e m  B Ta6J I .  33. 

0 6 ~ ~  ~ O R O B O ~  
BCKpbImM. TbIC. Jt3 

O T ~ ~ ~ O T ~ E O  %COB 
( I $ ~ K T u ~ . ) ,  V . . . 

C p e ~ ~ e s a c o ~ a ~  npo- 
H3BOJ(BTeJIbEOCTb, 
Jt3 . . . . . . . . 

Ko~@$~~MPIIT HClIOJIb- 

T Z A B A  V I I  

KOMGkiHkiPOBAHHbIE CkiCTEMbI IIPki OTPAEOTKE 
I'OPki30HTAJIbHbIX H IIOJIOrOIIAAAIOqHX 

MECTOPOWEHHB 

I < o M ~ H H H ~ o B ~ H H ~ I ~  CHCTeMbI IIPHMeHRWT H a  MeCTOPOXfFAeHHRX, H a  KO- 

~ o p b I X  BCR BCKPbIIIIa H e  M O m e T  6 b 1 ~ b  O T P ~ ~ O T ~ H ~  IIO 0 ~ ~ 0 f i  H 3  n a ~ 6 0 n e e  
3KOHOMH¶HMX CHCTeM - ~ ~ C T P ~ H C I I O P T H O ~ ~ [  EIJIH T P ~ H C I I O P T H O - O T B ~ J I ~ H O G .  
~ P H  3TOM 6 6 ~ 1 b m y H )  ¶aCTb B C K P b I m B  CTpeMRTCR 0 ~ p a 6 0 T a T b  C I I e p e M e m e -  

HHeM H a  BHYTPeHHHe OTBaJIM IIO K p a T ¶ a f i I U e ~ y  PaCCTORHHH). Hpyrof n p H -  

s ~ ~ o i i  2.XR IIPHMeHeHHR K O M ~ H H H P O B ~ H H H X  CHCTeM RBJIReTCR H e B 0 3 M O m -  

H O C T ~  ~ G e c n e ~ e ~ m ~  n n a ~ o ~ o f i  ~ ~ O H ~ B O A C T B ~ H H O ~ ~  M O ~ H O C T H  K a p a e p a  

l l p H  HCIIOJIb30BaHHH MaKCHMaJIbHbIX J I H H ~ ~ ~ H ~ I x  I I a p a M e T p O B  0 6 0 ~ ~ ~ 0 -  
B a H H R ,  3 a H R T O r O  AJIR OCylI(eCTBJIeHHR ~ ~ c T ~ ~ H c I I o ~ T H o ~ ~  HJIH TPaHCIIOP- 



B c e r o  . . . . .  

cov, + 2, Cl b,! 
C= , KOIT., v o + x  vi 

rAe C, I3 Ci - C ~ ~ ~ C T O H ~ I O C T ~  p a 3 p a 6 0 ~ ~ ~  1 a3 BCI<phIIUH COOTBeT- 

CTBeIIHO H a  HHlfCHeM (OCHORHOM) 12 I I epeAOBbIX YCTYUaX,  

E o n .  ; 
Vo H Vi - 0 6 5 e ~  BCIipbIIUHbIX IIOPOA COOTBeTCTBeHHO H a  HHlfCHeM 

mr nepenosux y c T y n a x ,  a3. 
B C n y 9 a e  I I p H M e H e H H R  K O M ~ E I H H P O B ~ H H O ~ ~  CHCTeMH p a 3 p a 6 0 T K H  

AJIR YAaJ IeHHR B C ~ ~ I  TOXIQH BCICPbIIUHbIX IIOPOA H a  rOPI130HTaJ IbHbIX 

If IIOJIOrHX hfeCTOPOifCJ(eHHRX B03MOifCHbI P a 3 J I H 9 H L I e  CO¶eTaHHR I'OPHO- 

T p a H C I I O p T H O r O  060pyAona~ma ( ~ a 6 n .  35). 

264 

T paac- 
UOpTHaR 

B e c ~ p a ~ c n o p ~ ~ a a  c n c T e M a  p a 3 p a 6 0 ~ ~ ; m  H a  HHXHLIX BCKPMIUHMX 

Y C T y I I a X  H T p a H C I I O p T H a R  H a  B e p X H H X  YCTyI IaX IlpXlMt?HRH)TCR JJIR paspa- 
~ O T K H  I 'OPH30HTa j lbHbIX H HaKJIOHHbIX YI'OJITIbHbIX M ~ C T O ~ O X ~ ~ H H ~ ~  - 
B o r o c n o ~ c ~ o r o ,  P a f s r n x n ~ c ~ o r o ,  Y e p e ~ x o n c ~ o r o ,  H a s a p o ~ c ~ o r o  m ~ p .  
~ P H  3TOM H a  p % A e  K a p b e p O B  BCKpbI lUa  IIepeA p a 3 p a 6 0 ~ ~ o i i  3KCKaBaTO-  

p a M E i  n o A s e p r a e T c R  ~ Y P O B ~ P M B H O M Y  p u x n e H m m .  

~ O M ~ H H H ~ O B ~ H H ~ H )  CHCTeMy I IPHMeHRIoT  I I p H  p a 3 p a 6 0 T ~ e  Borocnos- 
CKOrO MeCTOpOFCAeHHR (PEIC. 166); Y I ' o J I ~ H L I ~ ~  I IJ laCT I lMeeT  CJI0;E;HOe CTpOe-  

H H e ,  C p e A H R R  t?rO M O p H O C T h  COCTaBJIReT 28-33 a. 0611[a~ hIOQHOCTb 

BCKpbIIUHbIX I IOpOA AOCTITraeT 100-125 a, C P e A H R R  80 JC. T a ~ y m  Xe CH- 

C T e M y  I IpHMeHRIOT AJIR p a 3 p a 6 o ~ ~ m  BCKpbIIUH H a  B o r g a ~ o ~ c ~ i o v  MapI 'aH-  

q e B O P y A H O M  K a p b e p e  ( ~ H c .  167), rat? H E I X C H E I ~ ~  YCTYII O T P ~ ~ ~ T ~ I B ~ I O T  

no ~ C J I O X H ~ H H O ~  ~ ~ C T ~ ~ H C I I O ~ T H O ~  CHCTeMe C I ICIIO,7b30BaHHeM 3KCKa-  

B a T O p O B  Elm-8/60, 3m-10/60, Elm-14/75, 3m-15/90 rr 3m-25/100. 
B e p x ~ ~ l e  Y C T y n H  O T P ~ ~ ~ T ~ I B R I O T  IIO T ~ ) ~ H C D O P T H O ~  CHCTeMe 3 K C K a B a -  

T O P a M H  3ICr-4,6 H 3Er-8 c B ~ I B O ~ I E O ~ ~  nopoll n c I i p b I r n m  ; I ; ~ J I ~ ~ E I O A O ~ O > I ~ -  

HbIM TPaHCIIOPTOM. 
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T P ~ H C ~ O P T H O - O T B ~ J I ~ H ~ G  CHCTeMe Pwc. 169. Hoaorpanama K ycTa)rosnemlo na- 
C UpriMeHeHHeM TpaHCnOPTHO-OT- paXeTpOB K O M ~ H H U ~ O R ~ H H O ~ ~  CrICTeMbl 

nopoaa nocTynaeT Ha n o n e p e s ~ ~ i i  H c Hero nepeAaeTcn Ha o ~ s a n b a ~ i i :  
~ o ~ ~ e f e p  c noMoqbro O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I R  Om-4500/90. I I p n e ~ ~ c a  



Y C T y n a ,  B03MOHFHhl Pa3JIH¶HhI(? C O ¶ ~ T ~ H E I H  rOPHOBCKPhIIIIHOr0 060py~o- 
BaHHR.  Hnm~mii ( H ~ A P Y A H H ~ )  YCTYII MOlKeT O T ~ ~ ~ ~ T ~ I B ~ T ~ C R  UO 6ec- 
T ~ ~ H C U O ~ T H O ~ ,  T ~ ~ H C ~ O ~ T H O - O T B ~ J I ~ H O ~  EiJIH T P ~ H C I I O P T H O ~  CMCTeMe, 

B ~ ~ x H H ~  - O ~ O ~ ~ ~ O B ~ H H ~ M  qHKJrH¶HOrO MJIH HeI IpephIBHOrO A~&CTBHII .  

B O T ~ ¶ ~ C T E ~ H H O ~  U p a K T H K e  H 3 a  P Y ~ ~ H F O M  H3BeCTHO COYeTaHHe pa- 
6 0 ~ ~  ~ e x a ~ ~ q e c ~ o i i  J r o n a m  H n m  aparnai i~a  ( n p o c ~ a ~  G e c ~ p a ~ c n o p ~ ~ a ~  
C H C T ~ M ~ )  H POTOPHOrO 3KCKaBaTOpa  CO BCTPOeHHbIM HJIH OTAeJIbHO P a C -  

IIOJIOmeHHbIM O T B ~ J I O O ~ ~ ~ ~ O R ~ T ~ J I ~ M  (CM. PHC. 172). n p H  aHaJIOrH¶HhIX 

T ~ x ~ O J I O I ' M ¶ ~ C K H X  CXeMaX MaKCHMaJIbHO ,?(OUYCTHMhIe U a p a M e T p b I  YCTyUa,  

o ~ p a 6 a ~ a r s a e ~ o r o  ~ e x a ~ ~ i v e c ~ o i i  n o n a ~ o f  mnm n p a r n a i i ~ o ~ ,  o n p e a e n R I o T  

no @?opMyJIaM, UpHEeJJeHHblM B r J I a B e  IV. 
P ~ E ~ H C T B O  rOAOBOI'0 UOABlXI'aHHR @ ? ~ o H T ~  p a 6 0 ~  H a  KamAOM YCTYlle 

O ~ ~ C ~ ~ ¶ H B ~ ~ T C H  npn B m n o n H e H m  YCJIOBHR 

H6 V 6  --- - 
H ,  I.', ' 



B a T O p a .  O T H O C H T ~ J ~ ~ H O  H ~ ~ o J I ~ I I I H ~  J I H H ~ G H ~ I ~  p a 3 M e p b I  0 ~ B a J J 0 0 6 p a 3 0 B a -  

TeJ IR  4 a C T O  BbI3bIBaIOT H ~ O ~ X O A B ~ ~ O C T ~  YCTaHOBKH er0 H a  I I p e n O T B a J I e .  

~ P H  3TOM O ~ ~ C I I ~ ¶ H B ~ ~ T C R  IIOBbIII IeHHe YCTO~~YHBOCTEI  O T B a J I a  Gnaronap~ 
y M e H b m e H m m  p e 3 y n h ~ ~ p y r o r u e r o  yrna ero o T I { o c a  ( p ~ c .  174). IIpn T a -  

~ 0 6  C X e M e  O T ~ ~ ~ O T K ~  HaApyAHOI 'O  Y C T y I I a  IIPOEZ3BOART OAHRM EZZH ABYMEI 

Pnc. 174 .  C x e ~ a  K pa- 
C'IeTy aJleMeHTOB KOM- 
~ U H U ~ O B ~ H H O ~ ~  CuCTe- 
lab1 npw pa?MeqeHuw 
KOHCOJlbHOFO OTBBnO-  
06paaosa~enfl Ha npe- 

nomane: 
I - P O T O P H ~ I ~ ~  3XCXB- 
uarop;  2 - ~onconb-  
~ r h l l l  oTsanoo6pa30sa- 
Tenb; 8 H at  - npar- 

naP nu 

3 x c ~ a ~ a ~ o p a ~ ~ - ~ p a r n a i i ~ a ~ ~  3 H 3'. f l p a r n a i i ~ o ~ ,  cnenymwm B n e p e j q H  

O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I R ,  ¶aCTH¶HO BCKPbIBaeTCR DJIaCT I IOJ Ie3HOrO EICKOna- 

e M O r 0  H I I J I a H H P Y e T C R  n J I O w a A K a  AJIR A B H X e H H R  O T B ~ J I O O ~ ~ ~ ~ O B ~ T ~ J I I I .  

BTOPMM ~ p a r J l a G H 0 ~  O C Y 4 e C T B J I R e T C R  IIOJIHOe BCKPbITHe  IIOJle3HOI'O 

H c K o n a e M o r o  B npeneaax B ~ X O ~ K H  c n e p e m c ~ a s a q ~ e i i  ~ e 6 0 n b m ~ x  o6ae- 
MOB BCKPbIILIHbIX IIOPOA. 

u3 YCJIOBHR MaKCHManbHOI 'O  B C n O J I b 3 0 B a H H R  J I H H ~ ~ ~ H ~ I X  p a 3 M e p O B  

KOHCOJIbHOrO o ~ ~ a ~ 1 0 0 6 p a 3 0 ~ a ~ e n ~  o 6 4 a ~  MOwHOCTb  BCKpblJ l lH,  O T p a -  

6 a ~ ~ s a e ~ o f  IIO I C O M ~ E I H E I ~ O B ~ H H O ~  CHCTeMe,  COCTaBJIReT 



rAe R: - P a A H y C  ¶ e p n a H E l R  pOTOpHOI'0 3 K C K a B a T O p a  IIO BepXJ-  3a6011, M ;  

0 - PaCCTORHHe M e X A y  POTOPHHM 3KCKaBaTOpOM H or~anoo6pa- 
30BaTeJ IeM,  at; 

- MHHHMaJIbHaR I l I H p H H a  pa6osefi l I J I O q a A K H  H a  KpOB.ile H H X -  
H e r o  y c T y n a ,  ~ e o 6 x o ~ ~ ~ a ~  A n R  n e p e r o H a  060py~osaa~11 ,  M. 

f l a p a ~ e T p b I  ~ a H H 0 f 3  CXeMbI K O M ~ H H H P O B ~ H H O ~ ~  CHCTeMbI pa3pa- 
~ O T K H  H 3  YCJIOBHR I I O J I H O ~ ~  3 a r p y 3 ~ H  O ~ O P Y A O B ~ H H R  IIO IIPOH3BOAHTeJIb- 

HOCTH 0IIPeAeJIRH)TCR H 3  YCJIOBHII 

H P A ~ P  -- 
kc 

- HAk, + 0,5h2 (ctg a + ctg CJ) + 

rAe H = H ,  + H6 - o6qaa  M O ~ H O C T ~  BCKP~IIIIH, o ~ p a 6 a ~ b 1 ~ a e ~ a ~  no. 
-. 

K O M ~ E I H H P O B ~ H H O ~ ~ [  CHCTeMe , M ;  

0 n p e ~ e J I R R  AJIHHY @ ~ O H T ~  p a 6 o ~  K a p b e p a ,  E C ~ O ~ X O ) J H M O  Y¶ElTbIBaTb 

P e X H M  p a 6 o ~ ~  TeXHHKH qHKJIHYHOT0 H H e U p e p b I B H O r O  A ~ G c T B H R .  

HJIH C T ~ ~ H J I ~ H O ~ ~  pa6o~h1 OAHOICOBIlIOBbIX 3KCKaBaTOPOB B ~ H M H H ~ ~  ne- 
pHOD,  K O r A a  POTOPHHH 3KCKaBaTOP H e  p a 6 0 ~ a e ~ ,  H ~ O ~ X O A E M O  H M e T h  

MHHHMaJIbHO AOIIYCTHMYIO AJIHHy ~ $ P O H T ~  p a 6 o ~  K a p b e p a  L ,  n p E l  KOTO- 

p0fi o ~ ~ c ~ ~ ¶ H B ~ ~ T c H  He3aBHCHMaR p a 6 o ~ a  B c e r o  0 6 0 p y ~ o s a ~ ~ ~ .  f l x n ~ y  
a p o ~ ~ a  pa6o.r H a p b e p a  o n p e A e J I R I o T  no a o p ~ y n e  

~ O M ~ H H H ~ O B ~ H H ~ R  CXeMa C O B M ~ C T H O ~  p a 6 o ~ b 1  BCKpbIIlIHOrO O ~ O P Y A O -  
B a H H R  qHKJIHYHOI'0 H H e I I p e p H B H O r O  A ~ ~ C T B H R  U P e A O n p e A e J I R e T  HeXO- 

T o p o e  ycn o;I;HeHae o p r a ~ ~ 3 a q ~ n  ero p a 6 o . r ~  no (PPOHTY K a p b e p a .  TIea- 
EOKOBaR p a 6 o ~ a  M a m H H  no ~ P O H T Y  K a P b e p a  COnpOBOXAaeTCR AJIHTeJIb- 

HbIhfH UpOCTORMH BCKpbIIIIHOrO H A O ~ H Y H O T O  O ~ O ~ Y ~ O B ~ H H R  B T O p q a X  

lI0 OKOHYaHHII O T ~ ~ ~ O T K H  I E ~ x ) J o ~ ~  3aXOAIEH. HJIR J lHKBHAaqHH IIpOCTOeB 

BCKPbImHOrO O ~ O P Y ~ O B ~ H H R  B O?KIIAaIIEIH @ ~ O H T ~  p a 6 0 ~ b 1  n 0 C J I e  OTpa-  

~ O T K H  ~ a i f ; ~ 0 6  3aXOAKH llPOH3BOART XOJIOCTO% n€?pt?rOH MaIIIHH IC MeCTY 

! B p e 3 K H  B HOBYH) 3aXOAKy.  B p e a ~ y  B HOBYIO 3aXOA1cy IIpOH3BOART B T O P q e  

K a p b e p a  HJIH B qempe a p o ~ ~ a  p a 6 o ~ ,  p a 3 , q e ~ r ~ e ~ o r o  H a  Asa K p m a  

1 C nOUepebIeHHbIM BeAeHEIeM B K p b I m H H X  H ~ 0 6 b I 9 H b I x  p a 6 0 ~  B XaXAOM.  

i ~ B Y K P L I J I ~ M I  pa3pa60~1~y MeCTOPOXAeHHR IIPHMeHRIOT AJIR pa3Ae- 
JIeHHR B l lPOCTPaHCTBe BCKphILUHbIX H ~ 0 6 b F I ~ h l ~  p a 6 0 ~ ,  YTO llO3BOJIReT 

COXPaHRTb TpaHCIIOPTHbIe  I iOMMYHHKaqHH AJIII AOCTaBXH IIOJIe3HOI'O 

HCIEOUaeMOI'O OT 3 a 6 0 R  A 0  l IOBepXHOCTB I I P H  O T ~ ~ ~ O T K ~  OAHOI'O XpbIJ Ia .  

K o ~ c ~ r p y r < r [ ~ r ~  HeFCOTOPbIX O T R ~ J I O O ~ ~ ~ ~ O B ~ T ~ ? J I ~ ? ~  lIO3BOJIReT IIpOH3BOAHTb 

2 S* 275 



o T c b I n I c y  npepomana npm yrne n o B o p o T a  O T B ~ ~ ~ H O ~ I  K o H c o n m  B n , aa~e  OT 

n o n o x e H H c r  Ancr o T c a r n K m  B e p x H e r o  crpyca o T s a n o B  H a  110-115 
(PHC. 175). T a I c  IcaK o ~ s a n o o 6 p a 3 o ~ a ~ e a b  n e p e M e w a e T c c r  no c s e w e H a c b I -  

n a ~ ~ o i i  n o s e p x H o c T m  n p e A o T s a a a ,  ero x o A o R o e  0 6 0 p y ~ o ~ a ~ m e  AOAXHO 

Pnc. 176.  IIpoe~rnaR cxenra ropnbIx pador Ha Cesepnom araprarlqeBopynaox 
Kapbepg: 

1 - POTOPHbIe aKCKaBaTOpb1; 2 - ~0~Befiep11btfi IIepePpymaTWIb; .?, 4 - 
aa60ii~brfl u omanb~blfl o ~ ~ a n o o 6 p a a o ~ a m ~ ;  5 - nraramuxnfi n p a r n a i ~ ;  
6 ,  7 ,  8 - 3a60fiHb1fi, ~0p40Bblfi Of O T B ~ J I ~ H M ~ ~  KO~BefiePb1; 9 - BCDOMO- 

raTenb~blfl o~sanbtiuP HparJlafi~; 10 - no6bls11ofi ~ K C K ~ B ~ T O P  

O ~ ~ C ~ R ¶ H B ~ T ~  H e 6 0 n b m o e  y A e n b H o e  A a s n e H n e  H a  r p y H T .  HJIH ysenaqe- 
Hmcr H e c y 4 e f i  cnoco6~oc~m c s e x t e H a c m a H H o r o  npenomana ~ e o 6 x o ~ m ~ o  
IIPOBOAHTb MePOIIPHHTEIH I IO YIIJIOTHeHHIO IIOBePXHOCTH T p a C C b I  ABHHCeHHII 

O T B ~ J ~ O O ~ ~ ~ ~ O B ~ T ~ J I R .  E O M ~ H H H P O B ~ H H ~ H )  CHCTeMY IIPHMeHRIOT I I P H  pa3- 
p a 6 o ~ ~ e  C e ~ e p ~ o r o  M a p r a H q e B o p y A H o r o  I c a p b e p a  ( p ~ c .  176). HHHCHH~ 
B C K ~ ~ I ~ H O ~ ~  YCTyI I  ( H a ~ p y ~ H h I f i )  p a 3 p a 6 a ~ b I ~ a I O ~  I IO ~ ~ C T ~ ~ H C ~ O ~ T H O ~  

CmCTeMe 3KCIcaBaTOpOM Elm-15/90, B T O ~ O ~ ~  Pi ~ p e ~ P f 6  B C K P b I m H b I e  YCTYIIbI- 

IIO T ~ ~ H C U O ~ T H O - O T B ~ J I ~ H O ~  M T P ~ H C I I O P T H O ~  CCmTeMaM p a 3 p a 6 0 ~ ~ ~  
KOMIl J l eKCaME M a m H H .  

rLlABA VIII 

3JIEMEHTbI TPAHCIIOPTHMX CHCTEhl 
IIPH PA3PABOTICE HAICJIOHHbIX 

H I C P Y T O I I ~ ~ A I O ~ H X  MECTOPOWEHH~ 

H ~ I E ~ O H H ~ I ~  H K p y T o n a A a m q m e  M e c T o p o i K A e H m R  p a 3 p a 6 a ~ ~ s a m ~  no 
T ~ ~ H C I ~ O ~ T H O ~ I  CMCTeMe C n e p e M e q e H H e M  B C K p b I m H h I X  I IOPOA H a  B H e I U H H e  

OTBaJIbI.  B H e I I I H m e  OTBaJIhI M O r Y T  6 h I ~ b  PaCIIOJIOlrceHbI  H a  3 H a 9 H T e J I b H b I X  

p a c c T o c r H m c r x  OT K a p b e p a  H a  6 e 3 p y ~ ~ b 1 x  mnm 6 e 3 y r o n b ~ b 1 x  naoqancrx, 
HenpHI 'Of iHbIX AJIH CTPOHTeJIbCTBa H C ~ J I ~ C X O X O ~ H ~ ~ C T B ~ ~ H H ~ I X  p a 6 0 ~ .  n p 3 #  

PaCIIOJIOifceHHH O T B a n O B  CTPeMRTCR H C I I O J I b 3 0 B a T b  ~ J I ~ ~ O ~ I P E I F I T H ~ I ~ ~  pe- 
Jibe$ MeCTHOCTm ( ~ ~ J I K H ,  0 B p a r ~ ) .  TOJ I~XO B HeKOTOPbIX CJ lY¶aRX B 0 3 -  

MOHCHO ¶aCTH¶HOe  pa3MelJJeHHe B C K P b I m H h I X  I IOPOA BO B H y T p e H H z i X  OT- 

BaJ I aX .  B CBH3H C TeM,  ¶TO H a R J I O H H b I e  H KPYTOIIaAaIOJI(He MeCTOPO?XAe- 

H E H  M O r y T  MMeTb  P a 3 J I H ¶ H O e  paCI IOnOX<eHMe OTHOCHTeJIbHO Y P O B H R  

~ ~ M H O G  I lOBePXHOCTH,  p a 3 p a 6 0 ~ K y  HX IIPOHSBOART K a p b e p a M H  H a r O p -  

H o r o ,  r a y 6 m H ~ o r o  m c M e m a H H o r o  THIIOB. - 
Hncr T p a H C n O p T I T p O B a H H R  r0p~0f i  MaCCbI npm p a 3 p a 6 0 ~ ~ e  HaKJIOHHbIX 

H KpYTOIIE lAaIOqHX M ~ C T O P O ? X ~ ~ H E Z ~ ~  I IPHMeHHIOT paaJIH¶HhIt?  BITAM 

x a p b e p H o r o  T p a H c n o p T a .  Aoncr BHAOB T p a H c n o p T a  B o 6 4 e ~  0 6 5 e M e  nepe- 
~ 0 3 0 ~  H e o A m H a K o B a .  Boaee 50% g 0 6 b I B a e M o i i  r o p ~ o i i  M a c c b I  H a  PYAHMX 
H YrOJIbHbIX  H a p b e p a x  I I e p e B O 3 H T  CpeACTBaMH lrceJIe3HOAOpOXHOI 'O T p a H -  

c n o p T a ;  o ~ c o a o  40% r o p ~ o i i  M a c m  H a  P Y ~ H ~ I X  zi  30% H a  Y r o n b H M x  

K a p b e p a x  T p a H c n o p T m p y I o T  a B T o c a M o c s a n a M z i .  O c ~ a n b ~ b ~ e  065e~b1 rop- 
~ o i i  M a c c M  n e p e M e q a m T  c I I O M O ~ ~ I O  r m A p o T p a H c n o p T a ,  ~ o ~ s e i i e p a ~ ~  
H T.  A. 

OCHOBHM~ 3J IeMeHTbI  CEICTBM: AJ IHHa  $ ~ O H T ~  p a 6 0 ~ ;  BbICOTa Y C T g n a ;  

m H p H H a  pa6osef I4 T ~ ~ H C ~ O ~ T H O ~ ~  I I J I O q a A K H ;  HHTeHCHBHOCTb O T ~ ~ ~ O T K H  

xapbepa. 
H n a ~ a  H I I I m p H H a  K a p b e p H o r o  nOJ I I I  BJIMRIOT H a  npOTI I l r ceHHOCTb  

$ ~ O H T ~  I 'OPHbIX p a 6 0 ~  H 3aBmCf lT  OT X O I T $ H I ' Y ~ ~ ~ H H  MeCTOpOlrcAeHmfl.  

no YCJIOBEIHM O p I ' a H m 3 a q E M  UOrPY30¶HO-TPaHCIIOPTHbIX p a 6 0 ~  A J l E H y  

K a p b e p H o r o  noncr npn H C ~ J I ~ ~ H O A O ~ O ? X H O M  T p a H c n o p T e  n p n H n M a I o T  H e  

6onee 2,5-3,O m. 
M 3 ~ e ~ e ~ m e  o 6 a e ~ a  BCKP~III IM B K o H T y p a x  xapbepa npn BcrCpMTmm 

M e C T O p O X ~ ~ e I l l 1 H  CO CTOpOHbI .Telrca¶eI'O 6 o ~ a  3aJIe l rcM TYnllXOBbIMEl T p a H -  

I I IeHMH n p H  HCeJIe3HOAOPOlrcHOM T P a H C I I O P T e  EI I IeTJIeBbIMH - I l P H  aBTO- 

~ 0 6 m n b ~ o ~  T p a r r c n o p T e  B ~ ~ B H C H M O C T E I  OT r n y 6 m H b I  K a p b e p a  n o ~ a a a ~ o  
H a  pnc. 1'77. 0 6 a e ~ b 1  B c K p b I m n  B K o H T y p a x  K a p b e p a  npm mcnonb30sa~m~ 
a B T O T p a H C n O p T a  H a  13-1596 M e H b m e ,  ¶eM npll K e J I e 3 H O A O P O k H O M  

T p a H C n O p T e .  ~ o ~ @ @ H ~ H ~ H T  BCKpbIIUI4 n p z i  a B T O T p a H C n O p T e  B 3aBmCl l -  

MOCTH OT r,-ry6mHhI H a p b e p a  H a  0,75-1,s a3/a3 Hmlrce ,  s e M  npm weae3~0-  
JJOPOXHOM. 

C o ~ c p a q e ~ ~ e  O ~ ~ ~ M O B  BCKP~IIIIHMX IIOPOA B x o H T y p a x  H a p b e p a  

npm H C n O b T b 3 0 B a H H m  a B T O T p a H C n O p T a  AOCTHraeTCR 3a C¶eT y B e J I H ¶ e H E H  
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& I ~ o r o l c a ~ a ~ ~ b I e  I IOAaeMHhIe YCTaHOBKH CO CKHnaMH rpY30I IOR5eMHO-  > a $  ;I& 8 g 3 3 

c ~ b m  120- 150 m c n o c o 6 ~ ~  0 6 e c n e s ~ ~ b  ~ ~ ~ o H ~ B o ~ H T ~ J I ~ H o c T ~  go 5000 m/v. Q ; gaz 5 2 2 s 3 s s 2 , ,  s 
3 &% 2 0 3  

PIIAOM HHCTHTYTOB nP0BeAeHI.r  lXCCJIeAOBaHHR H AaHbI PeIcOMeHAaqHm E EZ52; I l C I  
L~ 8 8 a t .  

no s a ~ e ~ e  ; ~ e n e a ~ o ~ o p o x l r o r o  T p a n c n o p T a  B R a p b e p a x  H a  XOM~HHHPO-  
e 3 0 
m m z b * c O  0 

B ~ H H H ~  ~ B T O M O ~ ~ X J I ~ H O - C K ~ X I I O B O I ~  TPaHCIIOPT.  E T ~ ~ J I .  46 l IpMBeAeHH m el 

i 
1 

E 
X a p a K T e p H C T m K a  H ~ # # ~ K T H B H O C T ~  CKMnOBhIX IIOA'beMHHKOB. 0 3 3 5 1  

E ~ e p p e H H e  I ~ O M ~ E ~ H H ~ O B ~ H H O ~ O  T p a H C n O p T a  nO3BOJIHT H a  10-12 MJIH. 
CJ 0 1 " L 3 - 8  0 0  z - 3 3 1 7  py6. c o K p a T m T b  I c a n H T a n o s n o x c e H r n R  [3], non y s ~ ~ b  e x e r o A H y I o  ~ K O -  

s C u " t .  2 2  2 
HOMHIo IIO 3KClIJIYaTaqHOHHbIM 3 a T p a T a M  B CpeAHeM 14-16 MJIH. py6. 
H R 1,2-1,9 pa3a IIOBbICHTb lIpOH3BOAHTeJILHOCTb TPYAa.  

1 

~ ~ @ ~ K T H B H O C T ~  ~ B T O M O ~ H J I ~ H O - C K H I I O B O ~ O  CQ a Cu - -  + 

T p a H C l I O p T a  AOCTHraeTCR 3a CWT:  IIpHMeHeHHFl 

S o n b m ~ x  y r z o ~  H a K n o H a  H c o ~ p a r q e ~ r n ~  o 6 a e ~ a  E 
p.l 
0 

r OpHOKaIIHTaJIbHhIX pa6o.r; IIOA'beMa KPYIIHOKY- 
0 b . - Y E -  r - 3  5 I ..I 5 1  3 1  7, q 

c ~ o n o i i  n o p o ~ ~  6e3 n p e A s a p n T e a b H o r o  ee npo6- 8 
r: 

nelrmn B K a p b e p e ;  n p o c T o T b I  K O H C T P Y K ~ H H ,  06- 8 s 
CXY1KHBaHMII, peMOHTa H B03MOWHOCTH BBTOMB- 4 0 

E 5 
T H ~ ~ ~ H M  n o A a e M a ;  BOSMOWHOCTH p a 3 ~ e ~ 1 b ~ o r o  
n o A a e M a  B C K ~ H I I I H ~ X  n o p o ~  H none3~0ro  4 

4 

mcxonae~oro; y ~ o 6 c ~ s a  npm 0 6 c n y ~ m ~ a ~ ~ m  2 11 ~q 
9: 4 c g  

HeCKOZIbKHX K O H Q ~ H T P ~ ~ H O H I I ~ I X  rOPH3OHTOB; 0 E 2 2 $ 2  5 2 %  
H a A e s H o c T m  p a 6 o . r ~  B ~ 1 m 6 b 1 x  K n m M a T n ~ e c K m x  g 2 2 %  

9 
& 

9 
~CJIORHIIX.  0 

OCO~~HHOCTII  CHCTeMbI p a3pa60~~n  C a B T 0 -  0 E - - - - ~ 0 ~ 6 t ' ~ t ' p ~ b l u '  
mpancno~m M O ~ ~ ~ ~ ~ H O - K O H B ~ B ~ ~ H ~ I M  TpaHCnOpTOM.  B 3 a B H -  

E 
PMC. 210. C X ~ M M  nplrmcnr~rra CHMOCTH OT ~ ~ C ~ O ~ O ~ ~ H M I I  neperpy30q~oro M 
a e ~ o ~ o 6 m b ~ o r o  n so~ot>iiep- 3 

HOFO TpaHcnopTa: IIYHKTa Ii YPaCTKOB K O H B ~ ~ ~ P H O G  AOCTaBKH m IB & 5 
c - I CxeMa; 6 - 11 CxeMa p a 3 n ~ q a m ~  RBe OCHOBHhIe CXeMbI 3 T O r 0  BHAa 2 8s Z 1% .- 

5: K o h l 6 m ~ ~ p o ~ a ~ ~ o r o  ~ p a ~ c n o p ~ a .  Ha p H c .  210 ca 5 9 8 o 

I IOKa3aHbI CXeMhI IIPHMeHeHHR ~ B T O M O ~ H J I ~ H O ~ O  H ' K O H B ~ ~ ~ P H O ~ O  T p a H -  M ma an 
E cnop~a .  v 

B nep~oH c x e M e  ( p ~ c .  210, a) n e p e r p y 3 o s ~ ~ i i  n y H K T  1 p a c n o n o w e H  
% c" 

B 2- 
w H a  IIOBepXHOCTtr O K o n o  6 o p ~ a  X a p b e p a .  A B T O T P ~ H C ~ ~ O ~ T O M  AOCTaBnReTCR 
E I rpy3 H 3  3 a 6 o e ~  A 0  IIOBepXHOCTH; TpaHCIIOpTHpOBaHHe OT MeCTa neperpy3- ca a 

l a :  KH K KOHe¶HOMy IIYHKTY OCY4eCTBJIIIeTCII ~ ; o ~ B e l % e p a M l X .  3 ~ a  CXeMa n p H -  
Z 2 

MeHIIeTCR I I p H  OTHOCHTeJIbHO H ~ ~ J I ~ ~ o K M x  K a p b e p a X  ( A 0  60-80 a), Z S 5 %  * -3 3 3 0  

K O r A a  paCCTORHHe TpaHCIIOpTMpOBaHHII  aBTOCaMOCBaJIaMH H e  n p e B b I -  
9. b- " 

i d  e - - 
m a e T  2,5 %a. %: :&- 

BO B T O P O ~ ~  CXeMe ( ~ H c .  210, 6) aBTOTpaHCIIOpTy  OTROAlXTCR POJIb  k g  - $ $ $  O ~ Z  ~ O W +  ~2 ~3 t. 

~ ~ y ~ p ~ ~ a p b e p ~ o r o  ~ p a ~ c n o p ~ a ,  ~ o c ~ a s n a m q e r o  rpy3 K n e p e r p y a o s ~ ~ m  - I, 03 a - 
IIYHKTaM 1,  PaCIIOJIOXeHHhIM H a  1;OHqeHTpaqIXOHHhIX r O p H 3 0 H T a X .  ~ O C -  3 1  

ne neperpya~m n o g a e b r  no 6 0 p ~ y  K a p b e p a  H T p a H c n o p T n p o B a H m e  rop- I 
-V . u C 3  

~ 0 %  MaCChI IIO IIOBePXHOCTEl OCy4eCTBJIIIeTCR JIeHTOqHhIMH K O H B ~ ~ ~ ~ ~ M H .  
a :s .u 

K o ~ s e H e p ~ ~ e  II0A'beMHHI;H MOI'YT p a C n O J I a r a T b ~ R  JIO AHarOHaJIH X B e p X -  % 
H e M y  KOHTYPY K a p b e p a  Ir 31rr3aroo6pa3~o. H o p ~ a n b ~ o e  a x  n o n o w e H m e  a 

2 K BePXHeMY KOHTypY H a  ~ J I J T ~ O K I I X  K a p b e p a x  B03MOWHO ICaK HCKJIIo¶e- 0 

Hme npm yraax OTKOCOB 6 o p ~ a  M e n e e  18" man ecna B c x p b I T H e  r O p H 3 0 H -  .. - 3 \z - 
TOR OC~Ut,eCTBJIeHO HaKXOHHbIM CTBOJIOM. u" G G 5 S Z Z Z  U .  
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n p z i  ~ B T O M O ~ ~ I X L H O - K O H B ~ ~ ~ ~ H O ~ I  TpaHCIIOpTe  IIPHMeHRIoTCR CHCTe- 

MbI p a a p a 6 0 ~ 1 c n  C I I P o A o J I ~ H o ~ ~  I ~ O J ~ O T O B I C O ~  H IIOIIepe¶HbIM Pa3BHTHeM 

@ P O H T ~  pa6o.r. C H C T ~ M ~  pa3pa60~~11 C IIOIIepe¶HOii  I I O ~ ~ O T O B K O ~  zi IIpO- 

AOJIbHbIM pa3BIITHehf @ ~ O H T ~  p a 6 o ~  IIpHMeHReTCR I I p H  ~ H ~ ¶ H T ~ J I ~ H o H  

IJIHpHHe K a p b e p a ,  B IIpOTI4BHOhr CJJy¶ae  ~ O T ~ ~ ~ Y ~ T C H  60JIbLTloe ¶HCJIO 

n e p e r p y 3 0 s ~ ~ x  IIYHKTOB 3~s-i n e p e r p y 3 1 c ~  c o A H o r o  c T a n a  I c o ~ n e i i e p a  

H a  apyroii. 
~ P H  paCIIO.XOi-fFeHHH K O H B ~ ~ ~ ~ ~ H O ~ O  IIOa'beMHHIca B HaIcJIOHHOM CTROJIe 

qenecoo6pa3~0 IIPHMeHRTb CziCTeMY pa3pa60~~1.1 C IIOIIepe¶HOii IIOArO- 

MaTepHaJI  COe,UHHReTCR C IIOJrpOXOTHbIhI H IlHTaTeJIHMP I IepeAaeTCR H a  

~ a r ~ c ~ p a n b ~ ~ i i  ~ c o ~ s e i i e p .  I I ~ O I I ~ ~ O A H T ~ J I ~ H O C T ~  I c a p b e p a  n p z i  aRTo-  

M O ~ H J I ~ H O - H O ~ B ~ ~ I ~ ~ ) H O X I  T1JaHCLIOpTe 3aBEICHT OT IIpOI13BOAETeJIbHOCTH 

~ o ~ s e f i e p ~ b r x  IIog 'beaIHHIiOs,  ITX sncna, a T a I c m e  n p o n y c I c ~ ~ o i i  cnoco6- 
HOCTH I Ipz ieMHO-nepeI  PY30¶HbIX Y C T P O ~ ~ C T B .  T a I c ,  H a  H3BeCTHRHOEOM 

K a p b e p e  a A a J I b H a i 1 ) )  K O M C O ~ J ( ~ ; ~ ~ C I ~ O ~ O  p y n o y n p a s n e H H F i ,  HMeIotqeM ro- 
AOByIo IIpOH3B0,UMTeJIbHOCTb 3,s MJIH. m ~ O P H O ~ ~  MaCCbI, I I P H  BHeApeHHH 

B B T O M O ~ H J I ~ H O - K O H B ~ ~ ~ ~ H O ~ O  TpaHCIIOpTa  H I I o J I ~ c T ~ ~ H o H ~ ~ H o ~  A P O ~ H J I -  
K H  3 a T p a T b I  H a  TpaHCIIOpTHpOBaHHe ~ H J I H  CHHHWHbI H a  4,6 ii.on/m, a IIpO- 

H3BOAHTeJTbHOCTb T P Y A a  BOapOCJIa 1,5 pa3a. 
Ha I l c e n e p a x c I c o ~  K a p b e p e  ( p ~ c .  213) ~ a n a I c n a ~ c I c o r 0  p y A o y n p a E n e -  

HziR ~ B T O M O ~ H J I ~ H O - I c 0 H ~ e ~ e p ~ h I f l  TpaHCIIOpT 6 b 1 ~  I IpHhleHeH AJIR TpaHC-  

IIOPTHPOBaHHR zi3BeCTHRKa OT C T ~ ~ H O H ~ ~ H O ~  ~ ~ 0 6 H f i b ~ 0 ~  YCTaHOBKH H a  

O ~ O ~ ~ T H T ~ J I ~ H J ' I O  @a6p111iy, p a c n o n o m e H H y m  H H m e  I c a p b e p a  H a  160 a. 
I C O H B ~ ~ ~ ~ ~ I ,  OCyqeCTBJIRR AOCTaBIcy nOA YKJIOH, p a 6 0 ~ a 1 o ~  B pe?KHMe 

p e I E y I l e p a q H 2 l .  CTOHMOCT~ TpaHCIIOPTHPOBaEHR CHH3HJIaCb C 20 A 0  9 KOII., 

¶TO O ~ ~ C I I ~ P H J I O  TOAOBYH) BKOHOMHIO B CYMMe 280 ThIC. py6. EI OKynHXO 

I c a n m T a n b H s I e  B n o m e H z i R  3a 1,5 roaa. 
Ha C a p 6 a f i c 1 c o ~  I c a p b e p e ,  H a s n H a H  c r ~ l y 6 ~ ~ b I  200 &, T a I c x e  qene- 

coo611a3e~ I IepeXOA H a  K O M ~ H H E I P O B ~ H H ~ I ~ ?  TPaHCIIOpT C IIpHMeHeHHeM 

Pnc. 212. I I~perpy3os~~1 , lb  yaen c F ~ o x o T ~ ~ ~ H o - A ~ o ~ ~ I ~ ~ H o ~ ~  YCT~HOBKOB: 
I - aBTOCaMOCBaJIb1; 2 - rPOXOTbl; 3 - Rp06~inHa; 4 - lIeperpy309HOe yCTPOPiCTB0 Rnlr nOU- 

rpoxoTHoro MaTepxana; 5 - x o ~ s e i i e p b ~  

A P O ~ J I ~ H H H  p y ~ b ~  H nepes 8-12 JreT n p H  ~ p o 6 n e ~ ~ n  n o p o A b I .  K o ~ s e i i e p  
AJIR TPaHCIIOPTHPOBaHHH PYAbI 6 y ~ e ~  HMeTb IIIHPHHY JIeHThI 1600 Jt.M 
H rOAOByIo IIPOH3BOAHTeJIbHOCTb 21 MJIH. m; ABa K O H B ~ ~ ~ ~ E S ~ I X - I I O ~ ' ~ ~ M -  



H H K a  AJIR EOPOAM AOJIE<HbI H h l e T b  IIPOH3BOAHTeJILHOCTL 26 H 30 MJIH. m. 
~ I O A ~ ~ M H H K H  H a M e g e H o  YcTaHoBIZTb  B K P ~ I T M X  raneperrx. f l n ~ ~ a  K a x -  

nor0 n o a n e w H m K a  800 AL, B M c o T a  n o , q a e M a  p y n ~  240 a, n o p o A M  - 270 .w, 
amma M a r m c T p a n b a b I x  ~ { o n n e i i e p o ~  ,qnH PYAM 4560 a a ~ J I R  I I O P O A ~ I  - 

PIIC. 21%. BapIIaHT T ~ ~ H C ~ O ~ T H O ~ ~  CHCTeMbl pa3pa60TKEl C ~ B T O M O ~ ~ ~ X ~ H O - K O ~ ~ B ~ ~ ~ ~ H ~ ~  TpaHCnOp- 
TOM Ha Kapaepe HH~OIC~:  

1 - KOHTYP Hapbepa B O T ~ ~ ~ O T ~ H H O M  ( I 1  osepenb); 2 - KOHTYP napbepa (I osepenb); 3 - 
cmon rualrTbI c(BenT~nRquon~ann; 4 - BOCTOUHMB ~ o ~ ~ e f h e p ~ b l t i  cmon; 5 - aanau~blil ~ o ~ s e a e p -  

HbIa CTBOJI; 6 - BOAOC~OPHEIK BMKOCTbW) 2400 ma; 7 - IIepeABEHcHa~ BOAOOT3IHBRllJ3 YCTaHOBKa 

3400 iu. O ~ s a n o o 6 p a s o ~ a ~ m e  DYCTMX n o p o ~  O c y r q e c T B z R e T c f i  y c m e H -  

Hbrnf o ~ s a n o o 6 p a 3 0 s a ~ e n e ~  Om-90/4500. 
3 a T p a ~ b 1  H a  1 m T o ~ H o ~ ~  MaCCM AOJIXHM COCTaBJIEITb 27,9 KOIl. I l pO-  

THB 30,5 K O n .  I l p H  HceJ Ie3HOaOpOXHOM T p a H C n O p T e ,  IEOTOPHB IlpEiMeHR- 

e T c R  H a  K a p b e p e .  

Ha PmC. 214 H O K a 3 a H  B a p H a H T  T ~ ~ H C ~ O ~ T H O ~ ~  CHCTeMM C K O M ~ H H H -  

FOBaHHLIM TpaHCI IOpTOM,  p a 3 p a 6 0 ~ a ~ ~ o i i  firm AJIH MHI'OICa. no 
3TOhlY R a p H a H T Y  PYAY r P Y 3 R T  B 38608 3 I < C K a B a T O p a M H  B aBTOCaMOCBaJIM,  



T a 6 n a q a  47 KOTOpbIe  ee AOCTaBJIHIoT K I IPHeMHbIM Y C T P O ~ ~ C T B ~ M  M e X a H B ¶ e C K H X  Ap0- 
I I p o e ~ ~ a h l e  n o ~ a a a ~ e r ~  HteJIesopY~HbIx Rapbepos ~ H J I O K ,  YCTaHOBJIeHHbIX H a  K O H q e H T p a q H O H H b I X  r O p H 3 0 H T a X .  f i p o 6 z e ~ a a  

c ~ B T O M O ~ H ~ ~ H O - P O H ~ ~ ~ ~ ~ ~ H ~ I M  TpaHCnoPToM pgAa C p a 3 M e p O M  KYCKOB 350-400 ** D O C T y n a e T  H a  HaKJ IOHHbIe  KOH- 

B e f i e p ~ b I e  UOAZeMHHKH H AOCTaBJIHeTCH H a  O ~ O I ' ~ T H T ~ J I ~ H Y H )  4 a 6 p n ~ y  
CapBafiCK~b 

n o ~ a 3 a ~ e ~ 1 1 1  CCrrJHa ~ t ~ r ~ n e q m f i  TOK K O ~ ~ e f i j r e p a ~ H .  K O M ~ H E H P O B ~ H H ~ I ~ ~  ~ B T O M O ~ H J I ~ H O - K o ~ B e i i e p ~ b 1 6  Tpak IC-  
U O p T  BBHAY er0 I I p e H M y Q e C T B  H a M e ¶ e H O  B H e A P H T b  H a  P H A e  ~ . ' ~ Y ~ O K H X  

K a p b e p O B .  B ~ a 6 x .  47 I I p H B e A e H b I  npOeI<THbI€! A a H H b I e  DO HeKOTOpbIM 

? K e J I e 3 0 p y a H b I M  K a p b e p a M .  
~ ~ O H J B O ~ C T B ~ H H ~ R  MOqHOCTb ~ ~ P C I I ~ H T H B H O C T ~  ~ B T O M O ~ H Z ~ H O - K O H B ~ ~ ~ ~ P H O ~ O  T p a H C U O p T a  0 6 % ~ ~ -  

Kapbepa no pya0 ( c ~ a n b ~ o f i  
nopone), THC. rn . . . . 21 000 (80000) 30 000 3000 HHeTCH: B03MOXHOCTblO  CO3AaHEfH ~ O T O ¶ H O G  TeXHOJIOrHH,  06ecnes~sam- 

r p a ~ n q ~  npHMeHeHHR ~ O T O ~ E O P  Wef 6onee BbICOKYH) IIPOH3BOAEfTeJIbHOCTb I IOrPY30¶HOI 'O  H T p a H C I I O p T -  

~ e x ~ o n o r ~ m  no m y 6 n ~ e ,  a 200-630 100-640 100-400 
3Kr-8 

H O r O  O ~ O P Y A O B ~ H H H ;  BO3MOWHOCTbH) BbIAa¶H H 3  K a p b e p a  ILOpOAbl H P Y A b I  
Maprca ~ K G K ~ B ~ T O ~ ~  . - - - WI'-8; 3 ~ r - 4 , 6  

3 ~ r - 1 2 , s  
I10 B M ~ ~ ~ O T K ~ M  C ~ ~ J I ~ J ~ H M U  Y r J I a M H  H a K J I O H a ,  ¶ e M  npu ~ B T O > ! O ~ H J I ~ H O > J  

M a p ~ a  a ~ ~ o c a ~ o c ~ a n a  . . . . EenA3-549 EenA3-540, BenA3-548 H X e J I e 3 H O A O p O l r i H O M  T p a H C U O p T e ,  ¶TO C O K p a q a e T  PaCCTOHHI le  T p a H C n O p -  

BenA3-548 T H P O B a H H H  ~ O P H O ~ I  MaCCbI, Y M e H b I I I a e T  p a 3 H O C  6 o p ~ a  K a p b e p a ,  o6ecne- 
P~CCTOREH~ T ~ ~ E C ~ O P T ~ P O B ~ -  ¶ H B a e T  C O I < p a I Q 3 H H e  CPOKOB IIOArOTOBKH HOBbIX r O P H 3 O H T O B  I1 I I O B b I m a e T  

HEIR aBTOTpaHCIIOPTOM, PC* . 2-3 2-2,5 2-2,5 HHTeHCHBkIOCTb r O P H H X  p a 6 o ~ .  
qncno r p o ~ o ~ ~ ~ b ~ 0 - ~ p o 6 ~ n b -  

HHX arperaToB Ha neperpy- ~ C C J I ~ A O B ~ H H R  firm n O K a 3 a J I H ,  ¶TO I I e p e B O A  K a p b e p O B  K ) r O K a ,  

309~0h.1 nYHKTe . . . . . . . 2 Ha PyAe If 4 Ha PYAe Ha PYAc Ir HKrOICa H LTrOHa H a  ~ B T O M O ~ H J I ~ H O - K O H B ~ ~ ~ ~ ~ H ~ I ~ ~  T P a H C I I O p T  DO- 
~a nopone ~a nopone ~pe6ye.r a a ~ p a ~  OKOJIO 26,9 MJIH. py6. r o ~ o ~ a ~  BKOHOMHH OT iuoaep- 

Tan A p o 6 ~ n ~ m  . . . . . . . . KOHYCH~R KKA KOHYCH~R K H A K " ~ ~ c ~ a x E E K A  H H 3 a q H H  G Y A ~ T  COCTaBJIRTb 8,5 MJIH. py6. EJTO IIO3BO.THT O I I p a B -  
r o ~ o ~ a ~  npOH3BOnFiTenbHOCTb 

r p 0 X 0 ~ ~ n b ~ 0 - ~ p 0 6 ~ n b ~ o r o  A a T b  K a n H T a J r b H b I e  3 a ~ p a ~ b 1  3a TPH r O A a .  M o ~ e p ~ m 3 a q m m  MOXIIO D p O -  

ysna, THC. rn . . . . . . . . 21 000 - rpo- 20 000 - rpo- 30 000 - 2 ~ 0 6 -  1 R e c m  s T e n e H a e  a B y x - T p e x  n e T  6e3 c s H x e e n n  no6usa pyRN. B a e ~ p e ~ s e  
X O ¶ ~ H L I ~  m X O ¶ ~ H H ~ ;  nealle  HOBO^^ T e X H O J I O r H H  IIO3BOJlHT YB€?JIH¶HTb ICPOH3BOACTBeHHYIO M O Q H O C T b  
npo6nenne 10 000 f4500 - A~~~CTBYIOIIXHX H C T P O H 4 H X C H  K a p b e p O B  ~ O ~ H O - O ~ O ~ ~ T H T ~ J I ~ H M X  K O M ~ H ;  

H a T O B  H ~ H B O ~ O ~ ~ F C K O ~ O  6acceika B 1,5 pa3a H e X e r O A H 0  3KOHOMHTb 

O K o n o  14,5 MJIH. p y 6  no B c e M  K a p b e p a M .  

mnpnaa ~ ~ E T H ,  %A: n a p a ~ e ~ p b I  CHCTeMbI p a 3 p a 6 0 ~ K H  C ~ B T O ~ ~ O ~ H J I ~ H O - K O H B ~ ~ ~ ~ ~ H H ~ ~  
A ~ R  ~pa~cU0pTEipOBaBIIfi ! T p a H C n O p T O M  O U p e a e J I H I o T C R  ~ B T O M O ~ H J I ~ H ~ I M  T p a H C I I O p T O M  H n p H h l e -  

PYAH.. . . . . . . - 
~ p a ~ c n o  pTEIPOB aHEIfi HHeMbIMH 31CCKaBaTOpaMH. C O B ~ P I E ~ H C T B O B ~ H H ~  ~ Y P O B ~ P H B H ~ I S  p a 6 0 ~  H a  

noponbl. . . . . . - . K a p b e p a X  C o 3 A a e T  UpeAUOCbIJIKH AJIH P a C I I I H p e H H H  06~rac~m U p n M e H e H H H  
CKOpOCTb fiBEIH\"eHIIR neH- ~ B T O ~ ~ O ~ H J I ~ H O - K O H B ~ ~ ~ ~ ~ H O ~ O ,  a B 6 y ~ y q e ~  H I ~ O H B ~ & ? ~ H O ~ O  T p a H C I I O p T a  

TM, m/cex . . . . . . ~a my60~mx ~ ~ a p b e p a x .  
o6maa nnma  ~oase%epa,  

m . . . . . . . . . .  
o61qafi Annaa non'beMEHX $ 5. H a p a ~ e ~ p b l  CHCTeM pa3pa60~m C K O M ~ H H I I ~ O B ~ H H ~ I M  TpaHCI IOpTOnl  

K O H B ~ ~ ~ ~ O B ,  .W . . . 
yron non'be~~a EaKnOH- B0 BCeX B H a a X  K O M ~ H H H P O B ~ H H O ~ O  T p a H C U O P T a  ~ B T O M O ~ E I J ~ H H ~ ~  FIB- 

HMX KOHBelIepOB, 2paa 
IIIar nepeHoca neperpysoworo 

JIHeTCH B H Y T P H K a P b e P H b I M  BBeHOM, I I 0 3 T O M y  CHCTeMaM pa3pa60~rcn I l p X  

KOM~HHEIPOBE~HHOM T P a H C I I O P T e  C B O ~ ~ C T B ~ H H ~ I  OCHOBHbIe 3aKOHOMePHOCTH 

H I I O J I O ~ I C ~ H H H ,  U p H C y 4 H e  CHCTeMaM p a 3 p a 6 0 ~ ~ m  C ~ B T O M O ~ H J I ~ H ~ I M  T p a H C -  
H ann~anb~bl.0 n o p ~ o ~ .  n p ~  sa60pe n a p a ~ e ~ p o ~  C H C T ~ M  p a 3 p a 6 0 ~ ~ ~  npm 1 i o ~ 6 t r ~ a -  

THC. py6. . . . . . . . . . 
3 ~ c n n y a ~ a q n o ~ ~ b l . e  pacxonbI, 

q H H  ~ B T O M O ~ H J I ~ H O I ' O  T p a H C I I O P T a  C HaKJ IOHHMMH CKHUOBbI31H IIOAZeh.1- 

TMC. py6. . . . . . . . . . H H K a h l H  HJ IH  C I { O H B ~ ~ ~ ~ ~ H ~ I M  T p a H C n O p T O M  H ~ O ~ X O ~ H M O  Y s H T b I B a T b  OCO- 
3 a ~ p a ~ a r  Ha ~pa~cnopTEipOBa- ~ ~ H H O C T E I ,  B b I 3 B a H H b I e  H a J I H Y H e M  K O H q e H T p a q H O H H b I X  r O p H 3 O H T O B ,  06- 

~ n e  1 m, KOU. . . . . . . . c n y ~ ~ n a m q ~ x  rpynny YCTYDOB. IC HEM OTHOCHT: cnoc06 I IOA~OTOBKII  
I ' o~oBo~~ ~ K O H O M H ¶ ~ C K H ~  34)- . 

&KT, MJIH. py6. . . . . - . H O B H X  r O P H 3 0 H T O B ;  YCTaHOBJIeHHe  OICTHMaJIbHOI'O l L I a r a  I I e p e H O C a  KOH- 

q e H T P a q H O H H b I X  r O P H 3 0 H T O B ;  O l I p e A e J I e H H e  M e C T a  PaCICOJIOXeHHH KOH- 

q e H T P 8 4 H O H H O r O  r O P H 3 0 H T a  B rPYIIIIe YCTYnOB H T. A. O C T ~ J I ~ H M ~  U a p a -  

22 3 a ~ a 3  329  



n f e T p b I  (B~ICOTY Y C T Y n a ,  AJIHHY 6 n o K a :  CXeMhI p a 3 B M T H H  ( P P O H T ~  p a 6 0 ~  
1s T. A.) O ~ p e A e J I H I O T  DO T e M  ?He ( P ~ K T o ~ ~ M ,  ¶TO H I I p M  a B T 0 T p a I l C n O p l . e .  

~ o ~ I ' o T o B K ~  HOBbIX r O P M 3 0 H T O B  B CJIY¶ae I IpLIMeHeHHR KOM~HHEIPO-  

D a H H b I X  BHAOB T P a H C I l O P T a  MMeeT c I I ~ ~ H ( P H ¶ ~ c K H ~  O C O ~ ~ H H O C T H  DO C P a B -  

H e H H I o  C E I B T O M O ~ H J I ~ H ~ I M  TPaHCl lOpTOM.  ~ T H  O C O ~ ~ H H O C T H  3aKJIIO¶aIOTCH 

n c n e A y I o q e M :  
1. H a p H j J y  C ~ O ~ ~ O T O B K O ~ ~  OoAHOI'O r o p m 3 0 ~ ~ a  ~ e o 6 x o ~ M ~ o  IlOArOTO- 

BMTb BCIO H H r K e J I e ? K a q y I O  I'pynny Y C T y n O B  AJIH BO3MOKHOCTH I I e p e H O C a  

npme~~o-neperpy3os~b1x y c ~ p o i i c ~ ~  B K a p b e p e  c o A H o r o  I C O H ~ ~ H T P ~ ~ H O H -  

HOI'O I ' O p H 3 0 H T a  H a  ~pyI'0fi; O C H O B H O ~ ~  q e J I b I O ,  CJIeAOBaTeJIbHO,  HBJIHeTCH 

nOAI 'OTOBKa H H X e J I e ; K a q e r O  I C O H q e H T p a q H O H H O r O  r O P H 3 0 H T a .  

2. ~ O A I ' O T O B K ~  HOBbIX I 'OPH30HTOB C B R 3 a H a  C CBOeBpeMeHHbIM 

0 6 0 p y ~ o ~ a ~ H e ~  KOHqt?HTpaqHOHHOI 'O  I 'OPH30HTa  I IpHeMHbIMH M IIepeI'py- 
3 0 9 H H M L I  Y C T ~ O ~ C T B ~ M H .  

3. Cnoco6 IIOArOTOBI<H HOBhIX r O p M 3 0 H T O U  AOJIHieH 0 6 e ~ n e ¶ H B a ~ b  

nepexon c B e p x H e r o  K O H ~ ~ H T P ~ ~ H O H H O ~ O  r o p m 3 0 ~ ~ a  H a  H H ~ I F H H ~ ~  683 
H a P Y r U e H H H  HOPMaJIbHOI 'O X O A a  BCKPbIUIHbIX M A O ~ ~ I Y H M X  p a 6 0 ~ .  

~ o ~ I ' o T o B K ~  HOBhIX I 'OpH30HTOB I I P H  K O M ~ E I H H P O B ~ H H O M  T p a H C I I O P T e  

C HaKJIOHHbIMH CKHIIUEJ~IMM IIOA'beMHHKaMH M ~ B T O M O ~ H J I ~ H O - K O H B ~ ~ ~ ~ -  

HbIM TPaHCI IOPTOM OCYIL(eCTBJIHeTCH ~ o c J I ~ A o B ~ T ~ J I ~ H o ~  ~ ~ O X O H K O ~  pas- 
p e a ~ b ~ x  ~ p a ~ m e i i  H a  r p p n e  y c T y n o n ,  p a c n o n o x e H H b I x  mime. B 3 a ~ ~ -  
CIIMOCTH OT A 3 H H b I  TpaH11Ieii  H o6 'be~a  IIOArOTOBHTeJIbHhIX pa6o.r M03ICHO 

BJJReJ IHTb  UOJIHYIO H YaCTMYHYIO IIOArOTOBKY HOBbIX I 'OPH30HTOB.  

IIOJIH~R n o A r o T o B I c a  r p y n n M  y c T y n o B  B I c n I o s a e T  n p o x o A I c y  paspea- 
HLIX T p a H I I I e f  H ~ o c J I ~ J ( ~ I O ~ I ~ ~  H X  p a 3 H O C  DO ~ c e f i  I I p O T R K e H H O C T H  K a p b -  

e p H O r 0  UOJIH. ~ H P H H ~  CaIvIOI'O H H l K H e r O  I IOArOTaBJ IHBaeMOrO I ' O P H 3 0 H T a  

6 y ~ e ~  pama r U n p H H e  pa3pe3~oCi T p a I I m e m ,  a mxpma P ~ ~ ~ O H K H  sepx- 
H e r 0  UOATOTaRJIMBaeMGTO I ' O p H 3 0 H T a  3aBHCMT OT ¶HCJIa  YCTYnOD B rpyll- 
IIe M LIIMPHHbI OCTaBJIHeMbIX IIJIOW?AOK M M O X e T  AOCTHI'aTb 200-300 .M 

X i  60~1ee. ~ ~ O C T O E I H C T ~ O  . ? ? O r 0  cnoc66a IIOArOTOBKH: B 0 3 M O K H O C T b  U i l a H O -  

M e p H o r o  ~ ~ ~ B H T H R  B ~ I E ' : ~ O ~ H ~ I X  p a 6 o ~  cpaay me nocne n e p e M e W e H m  

n p H e M H O - n e p e r p y 3 0 ¶ H b I X  ~ C T ~ O G C T B  H a  BHOBb I I O ~ I ' O T O B J ~ ~ H H ~ I ~ ~  K O H q e H -  

~ l ; ' a q H o E I ~ b I f i  I 'OpH30HT.  H ~ ~ J O C T ~ T O I C  3 a K J I I 0 9 a e ~ c ~  B ~ O J I ~ ~ H X  o 6 a e ~ a x  
IlOAI'OTOBHTe.?IbHbIX pa6o.r. r 0 p ~ a H  M a C C a  I I p H  3TOM AOCTaBJIHeTCH I l p H  

~ B e J I H ¶ e H H L I  PaCCTOHHHR U e p e B 0 3 K H  B H Y T P H K a P b e P H b I M  TPaHCIIOPTOIvI H a  

pa60~amqy10 n p H e M n y I o  n n o q a A K y .  

x I a c ~ ~ s ~ a ~  n o A r o T o B I c a  (pmc. 215) ~ ~ i a i e n e m a q e i i  rpynnbI y c T y n o B  

3aKJ I IO¶aeTCR B I IPOBeJ(eHHM IIOArOTOBHTeJIbHbIX pa6o.r H e  IIO ~cf?f i  3 J I H H e  

K a p b e p H o r o  IIOJIR, a T O J I ~ K O  no ero sacm. A ~ H H ~  y s a c T K a  I c a p b e p H o r o  - - 

IlO.fIH, K O T O P ~ I ~ ~  HaXOAHTCH B IIOjJI'OTOBKe, 3 a B H C H T  OT T H D a  I IPHeMHO-  

IIC'peI'py3O¶HOI'O ~ C T ~ O ~ ~ C T B ~  M OT H ~ O ~ X O A H M M X  Y C J I O B H ~  HOPMaJIbHOI 'O 

13a3BHTHR p a 6 0 ~ .  
% I c T E ¶ H ~ I ~ ~  cnoco6 IlOAI'OTOBKM I I o 3 ~ o n ~ e T  YMeHLIIIMTb 0 6 a e ~  I'OPHO- 

IIOJ(rOTOBHTeXbHb1X p a 6 o ~ ,  IIpOBOAHMbIX B M e H e e  ~ J I ~ I ' O ~ ~ M H T H ~ I X  y C J I 0 -  

IIITRX, M, T a K H M  0 6 p a 3 0 ~ ,  C O K p a T H T b  T p a H C I I O p T H b I e  PaCXOAbI  no BHYTPM- 

I < ~ ~ L ~ ~ H o G  AOCTaBKe I ' o ~ H o ~ ~  MaCCbI B n e p H O A  IIOAI'OTOBKH HOBOrO KOH- 

I [eEITpaqHOHHOI 'O r O p H 3 0 H T a .  H~AOCT~TOIC 3 T O r 0  cnoc06a: CTeCHeHHOCTb 

r:pn I I e p B o H a s a J r b H o n r  ~ ~ ~ B H T H H  p a 6 o ~  H a  n o ~ r o ~ o s ~ ~ e n b ~ o f i  rpynne 

Y C T y n o B .  OAH~IEO H C n O J I b 3 0 B a H H e  B K a ¶ e C T B e  B H Y T P H H a P b e P H O I ' O  T P a H C -  

I I O P T a  a B T O M a m H H ,  a T a K X e  H a J I w H e  B OTAeJIbHbIX CJIY¶aRX HeCKOJIbKHX 

n p H e M H O - U e p e r p y 3 0 ¶ H H X  Y C T P O ~ C T B  C H H K a e T  3TOT HeAOCTaTOIC AaXe 
H a  K a p b e p a X  C 60JIbIII06 I I P O H ~ B O ~ C T B ~ H H O ~  MOIQHOCTbIO. CPOKII IIOAI'O- 

TOBKH H H X H ~ ~  rPYIIIIH YCTYIIOB A O J I K H H  6 b I T b  M e H b m e  R p e M e H M  O T p a -  

6 0 ~ 1 c H  s ~ ~ e p a c n o a o ~ c e ~ ~ o f i  rpynnH y c T y n o B .  

Pnc. 215. g a c ~ u v ~ a n  nojqro.rosr;a rpynnbr ycTynon 

3 ~ c n ~ 1 y a ~ a q ~ ~  I c a p b e p a  B n e p ~ ~ G  n e p H o A  o c y q e c T s a H e T c H  c no- 
M O q b I O  ~ B T O M O ~ E I J I ~ H O ~ O  T P a H C I I O p T a  H TOJIbHO U P H  AOCTEIjfCeHHH O U p e -  

~ e J I e ~ H 0 f i  ~ ~ J I Y ~ H H M '  p a 6 0 T  (80-100 A) IIPOH3BOAHTCH I I e p e X O A  H a  Konr-  

~ H H H P O B ~ H H M ~ ~  BHA T p a H C n O p T a .  

r p a ~ ~ q e i i  nepexona H s n H e T c H  ~ J I Y ~ H H ~  R a p b e p a  H,, n p H  KOTOPOG 
CTOHMOCTb T P a H C I I O P T H P O B a H H R  I ' O P H O ~ ~  MaCCbI aBTOTPaHCI IOpTOM C ,  
6 y ~ e ~  P a B H a  HJIM 60nb111e CTOHMOCTH T p a H C I I O p T H P O B a H H R  KOM~HHEIPO-  

B a H H H M  T p a H C n O p T O M  C,. 
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,U,ZFI o n p e A e J r e a m H  M e c T a  p a c n o n o x e H m  K o H q e H T p a q H o H H o r o  ro- 
P H 3 0 H T a  B r p y I I n e  YCTYIIOB blOifiHO BOCIIOXb30BaTbCH Y p a B H e H H e M  pa- 
BOTH IIO TpaHCI IOPTHPOBaHHH)  FOPHOG h1aCCbI I I P H  I)aCIIOLXOXeHPII3 KOHIJeH- 

IIonunnumenbnb~e sampamb~ , mbrc. pyci 

YO 60 80 700 
Ma2 nepenoca , M 

TParSHOHHOrO r O P H 3 0 H T a  H a  J I W ~ O M  YCTyIIe .  P ~ Q H o H ~ J I ~ H o ~  MeCTO P a C n O -  

J IOXeHHH MOXHO O I l p e a e J I H T b  IIO 4 0 p ~ y J I a ~ :  
n p H  c o I c p a q a m r q m x c H  o 6 a e ~ a x  r o p ~ o i i  M a c m  H a  y c T y n a x  

rxe n - I ~ o ~ R A K o B ~ I G  H O M e p  Y C T y n a ,  H a  KOTOPOM H ~ O ~ X O A H M O  p a C -  

I IOJIaI 'aTb I E O H ~ ~ H T ~ ~ I ( E I O H H H ~  r O P M 3 0 H T  ( C ¶ H T ~ H  C B e p X Y  

B H H ~ )  ; 
M - ¶ElCJIO YCTynOB,  o ~ p a 6 a T b I B a e ~ b I x  H a  OAMH K O H ~ ~ H T P ~ ~ H O H -  

H~II  I 'OpII30HT;  

q - BeJIH'XHHa OTHOCMTeJIbHOrO C O K p a q e H H H  O ~ ~ € ' M O B  FOPHOG 
ntaccH H a  y c T y n a x ;  

kc, k, - p e X I X M H b l e  K O ~ @ $ J H ~ M ~ H T M  pa60~b1 a B T O T p a H C I l O p T a  COOT- 

B e T c T n e H H o  npm c u y c I c e  rn n o A a e M e ;  

in, ic - YKJIOH aBTOAOpOrH COOTBeTCTBeHHO H a  IIOA'beMe M C n y C K e ,  96 0 ;  

a - K 0 3 @ $ J H q H e H ' I  CpaBHeHEiH p a 6 0 ~ b I  a B T O T p a H C I I O p T a  H a  IIOA'b- 

e M e  H C I I y c K e  npx p a B H H x  y x n o H a x  a B T o A o p o r m .  

T l o n y q e ~ ~ ~ e  p a c s e T H H e  A a H H H e  H e o 6 x o ~ m ~ o  c o r n a c o s M s a T b  c T e x -  

HOjrOI'H¶eCKHMH T ~ ~ ~ o B ~ H E ~ H M H .  ~ P H  K O M ~ H H H P O B ~ H H O M  ~ B T O M O ~ H J I ~ I I O -  

I ~ O H B ~ ~ ~ ~ H O M  T p a H C I I O p T e  C Y B e J I H s e H H e M  r n y 6 ~ ~ b 1  K a p b e p O B  I I e p e H o C  

K O H r I e H T p a ~ l i O H H b I X  r O p H 3 0 H T O B  H a  HH;KHHe OTMeTIEH I I03BOXHeT CHEI3HTb 

p a C X 0 A H  H a  J ( o ~ o I ' o c T o H ~ H ~  ~ B T O M O ~ H J I ~ H ~ I ~ ?  TpaHCI IOpT.  n p H  HCIIOJlb- 

3 O B a H H H  H a  U e p e I ' p y 3 0 9 H b I X  IIyIXKTaX rpOXOTOB AJlH OTAeJIeHHH H e T p a H C -  

I I 0 p ~ a 6 e J l b H b I ~  4 p a K q H f i  UOHBJlHeTCH B03MOXHOCTb I I p H M e H e H H H  6onee 
h I 0 6 l i J I b ~ h I ~  CXeM K O M ~ E I H E I P O B ~ H H O I ' O  T p a H C I I O p T a  C I IepeHOCOM nepe- 
~ P Y ~ O ~ H H X  U ~ H I C T O B  I i a K  B s e p ~ ~ r ~ a j r b ~ o i r ,  T a K  H B r o p m 3 o ~ ~ a n ~ ~ o H  
n n o c I c o c T m  (pmc. 218). 

npll B 3 P M B a H M H  PYAH IlJlEI CKaJIbHbIX IIOPOA H a  ~ J I Y ~ I I H Y  40 M BbIeMKY 

~ O P H O ~  MaCCbI O C y q e C T B J I H I o T  Y e T h I p b M H  CJIOHMH B ~ I C O T O ~  IIO 10 M K a X -  

~bI6. B I;a1IiAOM CJIOe B 3 0 P B a H H Y H )  rOPHYH)  M a C C y  OT 3 K C K a B a T O p O B  A 0  
n e p e r p y 3 o s ~ o - r p o x o ~ m ~ ~ b ~ o r o  n y H K T a  A o c T a s n m o T  a B T o c a M o c s a n a M n .  

ll0cJIe r p O X O ¶ e H H H  rOPHYH)  M a C C y  C I IOMOqbH)  KOPOTKOI'O HaKJIOHHOrO 

( 3 0 ~ a n b ~ o r o )  nemosaoro ~ c o ~ s e f e p a  n e p e A a I o T  H a  r o p ~ l a o ~ ~ ~ a n b ~ h ~ j i  

n e ~ ~ o s ~ ~ f i  ~onsei iep ,  p a c n o n o x c e ~ ~ a b ~ i i  B ~epx11erYr s a c m  p a 3 p a 6 a ~ ~ s a e -  
M O ~ Z  ~ O H ~ I .  C ~ O P E I ~ O H T ~ J I ~ H O ~ O  ~ o ~ ~ e i i e p a  B T o w e  D r o p H a H  M a c c a  

n o c T y n a e T  H a  M ~ ~ H C T P ~ J I ~ H H ~ I  n o ~ a e ~ ~ ~ i i  ~ o ~ s e i t e p ,  no KOTOPOMY 

IT BbIAaeTCH H 3  K a p b e p a .  

n p I 3  ~ ~ C C M O T ~ ~ H H O G  T ~ X H O J I O ~ H ¶ ~ C K O ~  CXeMe C y q e C T B y e T  paCCTOEI- 

H H e  IIepeHOCIEEI IIeperpy309HO-rpOXOTMjrbHhIX IIYHKTOB M 3 0 H a J I b H O r O  

H a m o H H o r o  ~ o ~ ~ e i i e p a  7, 06ecnesm~amqero H a n M e H b m y m  C T O H M O C T ~  

~ p a ~ c n o p ~ ~ o - n e p e r p y 3 0 s ~ ~ x  pa6o.r. C y s e T o M  n a p a M e T p o B  I c a p b e p a  

CTOEIMOCTb TpaHCI IOpTHpOBaHEIH H I I e p e r p y 3 K H  1 m c K a J I b H 0 ~  I ' o ~ H o ~ ~  

MaCCbI A 0  TO¶KH D O I I p e ~ e J I H e T C R  no YpaBHeHmH)  

I C,=C,+C,+CP,+-C:+-CL+C:, xonlm, (IX,18) 
C ,  - CTOHMOCTb I I e p e I ' p y 3 K H  M T p a H C I I O p T H p O B a H H H  1 m C K a J l b -  

HOG ~ O P H O %  MaCCbI OT 3KCKaBaTOpHbIX 3 a 6 0 e ~  A 0  TO¶KH D; 
C ,  - CTOMMOCTb TpaHCI IOpTMpOBaHHH 1 m ~ O ~ H O %  MaCCbI a B -  

TOCaMOCBaJIaMH OT 3KCKaBaTOpHbIX 3 a 6 0 e B  A 0  I I e p e r p y 3 0 4 -  

H H X  IIYHKTOB; 



Cf,, CE - CTOEMOCTb T p a H C I I O P T E P O B a H I I X  1 m r0p110G MaCChI COOT- 

BeTCTBeHHO F O P H 3 0 H T a J I b H b I I l  II HaKJIOHHbIM jIeHTO¶HhIMH 

K O H B ~ ~ ~ ~ ~ M H  A 0  TO¶KH D; 
CE, C: - 3 a T p a T b I  H a  MOHTaW H AeMOHTaW COOTBeTCTBeHHO FOPH-  

3 0 H T a J I b H O F O  H HaKJIOHHOrO K O H B ~ % ? ~ O B .  

C J I a r a e M h I e ,  B X O A X q E I e  B Y P a B H e H H e  (IX,18), I IpeACTaBJ IHIoT  co6oii 
@ ~ H K I ( H o H ~ J I ~ H ~ I ~  3aBHCHMOCTH 60~1bmoro KOJIEI¶eCTBa I I e P e M e H H b I X  Be-  

J I H ~ H :  IUHPHHIJ EI AJIHHLI K a p b e p H o r o  n o n R  B n n a H e  aa  y p o B H e  nosepx- 
HOCTH 3eMJIII; MOWHOCTH HaHOCOB; MOIQHOCTH CKaJ IbHhIX  I IOPOA BCKpbIIUH;  

n o p c I A K o B o r o  H o M e p a  pa3pa6a~nsaenroii p y ~ ~ o i i  BOHM ( C ~ H T ~ R  c ~ e p x y ) ,  

Pnc. 218. IC onpeneneHlrm 
FOpH30HTBJIbHOPO milI.a Ue- 
penswxnn neperpysombrx 

UYHKTOB: 

I - ~ a r u c ~ p a n b m i i  KOH- 
s e l l ep~a i i  rron'beMrinx; 
2 - npeubrnyrqee nonome- 
~rne neperpy30~~0-rpoxo- 
TunbHLJX IIYHKTOB; 3, 5 - 
IlonomeHan neperpysoseo- 
rpOXOTnJIbHbIX UYHKTOB; 
4 - B30PBaHHaFI PYm; 
G - so~anbea i i  ~oeseffep-  

~ 6 1 f i  noU'beMeuK 

B b I H H ~ a e ~ 0 f i  OAHOBpeMeHHO HeCKOJIbKHMH CJIOXMEI; 'XHCJIa OAHOBpeMeHHO 

O T ~ ~ ~ ~ T E J B ~ ~ M ~ I X  P Y A H ~ I X  cnoes; BHCOT~I  CJIOX; y r n o B  OTKOCOB G O ~ T O B  
K a p b e p a  IIO H a H o c a n r ;  y r x o ~  OTIiOCOB GOPTOB K a p b e p a  no C K a n b H x m  no- 
P O A a M  B C K P h I m H  H IIO PYAe; IUHPHHhI  3 a X O A K H  3 K C K a B a T O p a ;  I'py3OIIOA'b- 

eMHOCTH ElBTOCaMOCBaJIOB; 0 6 ' b e M ~ h I ~  BeCOB p a 3 p a 6 a ~ b I B a e ~ b I X  I IOpOA; 

~ O A O B O G  ~ ~ O H ~ B O A C T B ~ H H O ~ ~  MODJ,HOCTH K a p b e p a ;  PaCCTOXHHX I l e p e H O C K H  

neperpy30¶HO-rpOXOTHJIbHbIX IIYHKTOB B H a I I p a B J I e H H H  IIOABHI 'aHHX 

~ P O H T ~  r O P H b I X  p a 6 o ~  Ei Y r J I a  HaKJ IOHa  3 0 H a J I b H O r O  I C O H B ~ ~ ~ ~ P H O ~ O  

IIOA'beMHHKa K r O P H 3 O H T Y .  

O o p ~ y n a  (IX, 18) B e c b M a  cnoxuxa, IIOBTOMY pacqem qenecoo6pa3~o 
B b I n O J I H R T b  H a  34BM, 3 a A a B a R C b  P a 3 J I W H h I M H  3 H a ¶ e H H H M H  'C. P ~ c ¶ ~ T M  
~ O K ~ ~ I J B ~ I ~ T ,  ¶TO B YCJIOBHBX I'OICOB I C p ~ ~ o p o ~ c ~ o r o  6 a c c e f ~ a  n p H  

UOBCeMeCTHOM P a C I I p O C T p a H e H H E I  PYAbI IIOA I I0KPMBaH) IQHMH I IOPOAaMH 

(HI'OIC, BHI'OIC) o n T m M a j I b H o e  a ~ a s e ~ ~ e  p a c c T o a H m  n e p e H o c K n  norpy- 
30 qHO- rPOXOTHJIbHbIX  I IYHKTOB 'C COCTaBJIBeT 600 X, a AJIX K a p b e p O B  

C K P y T h I M  I I a A e H H e M  nJ I aCTOB - 1000 &. 
n p H e ~ ~ o - ~ e p e r p y 3 0 ¶ ~ h I e  I I J I O q a A K H  H a  K O H 4 e H T P a 4 K O H H M X  r0- 

P H 3 O H T a X  B 3aBHCHMOCTH OT B H A a  KOM~HHHPOB~HHOI'O T p a H C l I O P T a  
M O r Y T  6 ra~b  P I ~ J I W H O ~ I  I IOHCTPYKqHH.  n p H  ~ B T O M O ~ H J I ~ H O - C K W O B O M  

T p a H C I I O p T e  OHH AOJIif(Hhl O ~ ~ C I I ~ ¶ M T ~  I I e p e I ' p y 3 K y  I ' o ~ H o ~ ~  MaCCbI H 3  

aBTOMaIUHH B CKEIIbI ,  I I P H  ~ B T O M O ~ H J I ~ H O - K O H B ~ ~ ~ ~ P H O M  - H 3  aBTOMa-  

UCKH H a  J I eHTO¶HbIe  ~ 0 ~ B e f i e p h I  ¶epe3 ~ p 0 6 H J I b H b 1 e  HJIH r P O X O T H J I b H h t e  

y c ~ p o f i c ~ s a .  I I p ~ e ~ ~ o - n e p e r p y 3 o s ~ b 1 e  nnoqanm AOJIX<HN 06ecnesm- 
B a T b  ~ p e 6 y e ~ y I o  npOH3BOACTBeHHyIO hlODJ,HOCTb I I p e ~ I I ~ l H X T H R  H MEIHH- 

M a J I b H h I e  AOnOJIHHTeJIbHbIe  0 6 ' b e ~ h I  p a 6 o ~  U O  BCKphIUle .  

P a q H 0 ~ a J I b ~ b I e  n a p a M e T p h I  n p H e M H h t X  I IZOIQaAOK OI IpeAeJ IXIoTCX 

I IpOH3BOAHTeJ I bHOCTbIo  IIpHeMHO-IIeperpy30¶HbIX Y C T P O ~ C T B  ( A P O ~ M ~ I O K ,  

rPOXOTHJIbHbIX  Y C T P O ~ C T B  H T. A.) ,  THIIOM, rPY30IIOA'beMHOCTbIO,  ra6a- 
P H T a M H  EI P a A H y C O M  n O B O p O T a  I i a p b e p H b I X  a ~ ~ 0 ~ 0 6 H n e f i .  

Tpe6ye~ym n p O n y C K H y I 0  C I I O C O ~ H O C T ~  I IpHMeHXeMbIX Y C T P O ~ ~ C T B  

B 3aBHCEIMOCTH OT HX UPOH3BOAHTe.7bHOCTH H I 'PY30IIOA'beMHOCTH aBTO-  

1 
T p a H C I I O p T a  MOiIiHO O I I p e A e J I H T b  IlO @opIlyJle 

Q". yX. nn. 3~ = , a ~ r n o ~ a w u n / ~ ,  

,Y 
nl,rr Y ~co,ji:ii n p - ' r i : ~ : ~ o . ~ ~ ~ ~ e n b ~ o c ~ ~ ~  

Tkrn aBToMaILlI1Hh: nlJIiert<nl o ! - ; . T ~ I o ~ ~ c T H ~ ,  .rn 

Ha p ~ c .  219 n o I c a 3 a E i b I  c x e m  p a 3 r p y 3 ~ ~  a B T o M a m m H  B n p H e a m M e  

~ C T ~ O ~ ~ C T B ~ .  O C H O B H O ~ ~  C X ~ M O ~ I  p a 3 r p y 3 K H  I I O A B H X H O r O  COCTaBa  a B T 0 -  
I 

T p a H c n o p T a  n r o w ~ o  c m T a T L  c x e M y  I, I c o T o p a a  EiMeeT m a p o K o e  pacnpo- 
C T p a H e H H e  H a  K O M ~ H H ~ T ~ X ,  r a t ?  I l P H M e H X I o T  ~ o J I ~ I ~ I ~ I ' P Y ~ H ~ I ~  T p a H C I I O P T .  



C X ~ M ~  I C B R 3 a H a  CO 3 H a 9 H T e J I b H b I M H  I IOTePRMH B p e M e H H  H a  M a H e B -  

pax h OL-PaHH¶HBaeT  I IpOP3BOnl fTeJ IbHOCTb  IIpHeMHOI'O n y H K T a .  C X ~ M ~  
n p m r o A H a  npm cpen~e i i  s e n m m e  n p o m 3 ~ o ~ m ~ e n ~ a o c ~ m  r r p m e M H o r o  

~ C T ~ O % C T B ~ .  n p ~  YrCIIOJIb3OBaHmll B H Y T P m  I c a p b e p a  O H a  C B R 3 a H a  

C H ~ O ~ X O ~ H M O C T ~ I O  YAaJIeHHR AOIIOJIHHTeJlbHOrO o 6 z e ~ a  IlyCTbIX I IOpOR 

m p a : m o c o M  Cop-ra T r a p b e p a .  

~ P H  I I p O H 3 B O ~ H T e J I b H O C T H  I I p H e M H P X  YCTPO%CTB 2,0-1,5 T P C .  m/u 
~am6onee n p m e ~ ~ ~ e ~ o i i  6 y ~ e ~  CXeMa II, K O T O P a R  H e  ~ p e 6 y e ~  YIUHpeHmR 

T ~ ~ H C I I O ~ T H O ~  XIJIO4aAKH. B 3TOM C J I y P a e  AOCTaTO¶HO OCTaBHTb  MelKAY 

6 y H K e p o M  l3 6 0 ~ ~ 0 ~  K a p b e p a  OAHOnOJIOCHYm A O P O r Y ,  IIO KOTOPOG BBTO- 

I l a m M H b I  B T Y  HJIH A P Y r J G l  CTOPOHY ~ Y A Y T  IIPOXOAHTb I I O O ' l e P ~ A H O  B MO- 

MeHT p a 3 r p y 3 K H  y 0 ~ ~ 0 %  H 3  I IpmeMHbIX T o ¶ e K .  npIi 3TOM o61qee B p e M H  

D a 3 r p Y 3 K H  Ka?Kg0% O T A ~ J I ~ H O ~  a B T O M a m H H b I  MOlKeT 6 b I ~ b  C O K P a I q e H O  

Ha 15-20%. 
~ P H  ¶ ~ C O B O ~ ~  IIPOH3BOAHTeJIbHOCTH I I P H e M H O r O  ~ C T P O G C T B ~ ,  I IPeBbI -  

m a m ~ e i i  2 THC.  m, K O r A a  H ~ o ~ x o J ~ H M ~  O A H O B p e M e H H a H  p a 3 r p y 3 K a  ABYX 

H 6onee M a m m H ,  c n e A y e T  n p m M e H n T b  c x e M u  111-VII.  06ecnese~mm 
O ~ H O B ~ ~ M ~ H H O ~  p a 3 r p y 3 K m  A B y X  a B T O M a U H H  AJIR B H y T p H I E a p b e p H O r O  

p a c n o n o x e H m R  nepe rpy3os~o i  n n o m a A K m  60nbme B c e r o  y A o B n e T B o p H e T  

CXeMa V ,  ~ p e 6 y m q a ~  AJIR ~ C T P O % C T B ~  I I J I O q a A K H  3 H a P H T e J I b H O  M e H b -  

UIHX p a 3 M e p O B ,  ¶ e M  n p H  CXeMaX III m I V ,  a C.TeAORaTeJIbH0, H MeHbUIHX 

o 6 s e ~ o ~  p a s ~ o c a  6 o p ~ a  K a p b e p a .  

06ecnese~me o n ~ o ~ p e ~ e n ~ o i i  p a 3 r p y 3 ~ ~  ~ p e x - s e ~ b ~ p e x  M a m m  ( c x e ~ r , ~  
V I  %I V I I )  CBH3aHO CO 3Ha¶HTeJ IbHbIM YCJIOXHeHHeM M a H e B p O B b I X  

onepaqnii H a  n p ~ e ~ ~ o i i  nnomaArce, ¶TO R B n R e T c H  I I ~ W H H O G  C n n x e H m R  

IIPOE13BOAHTeJIbHOCTEI I I P H e M H O r O  Y C T P O ~ ~ C T B ~ .  

B ~ a 6 n .  50 I IpE iBeAeHM MmHHMaJIbHbIe  p a 3 M e p M  n p H e M H b I X  nJIOtQaAOK 

I I p U  EICIIOJlbsOBaHHH a B T O M a m K H  I'PY30IIOA%eMHOCTLH) 40 m. 

I Q O P M Y J I H  !mr* onpe:~enetrlm I):IBMCIIOE n ~ l n ~ q a n ~ i n  ~ a a ~ e p b t  nno- =' 1 mano.. .w 1 

I 4R - b6y11 + 2a 

I I - 

I11 4 1 + ~ i - b , , , , i - 2 ~  

I V 6 R - k I T + b c j y ~ + 2 a  

r v 
V I  

(R+L+a)+b6yH 
7 R + 2  (L+a) 

V I I  6R -;41+2a + b;,,,, 

TI p EI M e s a F I  n e. 1 - E J I I ~ H ~  amocahtocaana, nt; R - Mrran~anbnbrfi panliyc noaopola, a; b6L,H - mHpnlin npneMH0l.O R y ~ ~ t e p a ,  nt; a - paccToRHtre MemRy npoea)ttefi sacTI,x, Aoporm 
11 Fipootroir ycTpna, nt; I7 - ruvrpnaa ngoeameil sacTI5 aeTorroporIi, nt. 

~ ~ H B ~ A ~ H H ~ R  MeTOAHf<a YCTaHOBJIeHHR I I a P a M e T p O B  CHCTeM paspa- 
~ O T K H  npIi K O M ~ E I H E I P O B ~ H H O M  T p a H C I I O p T e  B KBXAOM C J I y P a e  AOJI lKEa 

6 M ~ b  CKOPPCKTJXPOBaHa C Y¶eTOM rOPHOTeXHH¶eCKHX X a p a K T e p H C T m K  

H O H K P e T H P X  M ~ C T O P O X A ~ H H ~ ~ .  

 OR O C O ~ ~ I M H  CJ IYPaRMI l  O T K P L I T O ~ ~  ~ ~ I ~ P ~ ~ o T K H  HBKJIOHHMX H KpYThIX 

3aneweii I IOApa3yMeBaIOTCR:  K O M ~ H H ~ X P O B ~ H H ~ R  p a 3 p a 6 0 ~ ~ a  M e C T O p O Z -  

ge~mii ;  I IOBTOPHaR pa3pa60~1ra M ~ C T O ~ O Z ~ ~ H H ~ ;  p a 3 p a 6 0 T K a  BMCOKO- 

r O P H b I X  M ~ C T O P O X A ~ ~ I H ~ ~ .  

~ P M  I E O M ~ H H I ~ P O B ~ H H O ~  1 ) a 3 p a 6 0 T K e  BbIeMKY 3a I I aCOB IIOJIe3HbIX HC- 

IcOIIaeMbIX B e A y T  OTKPbITbIM m IIOA3eMHMM C I I O C O ~ ~ M H  B I I p e n e J I a X  OAHOI'O 

M e c T o p o ; x A e H n R .  P ~ ~ J I H ~ ~ I O T  TPH B a p m a H T a  ~ o a r 6 n ~ m p o s a ~ ~ o i i  paspa- 
GOTKH: B e P X H R R  ¶aCTL M ~ C T O P O X A ~ H H ~ ~  0 T p p a 6 0 T a ~ a  K a p b e p O M ,  IIOCJle 



f l p e K p a Q e H H R  p a 6 0 ~  B KOTOPOh1 3 a I I a C b I  BbIHHMaIoT  TOJIbKO UOA3eMHbIM 

CIIOCO~OM; n e p e X 0 2  H a  0 T ~ ~ b I T h l f i  C I I O C O ~  p a 3 p a 6 0 T K H  MeCTOPOiKAeHHR 

H I I p e K p a W e H H e  OPHCTHHX p a 6 0 ~  UOA3eMHbIM C U O C O ~ O M ;  OAHOBpeMeHHaFI  

p a s p a 6 o ~ ~ a  MeCTOpOifFAeHHH OTKpbITbIM H I IOA3eMHhIM C U O C O ~ ~ M H .  

Han6onbmee p a c n p o c T p a H e H H e  nonysnna o A H o s p e M e H H a R  ( $ m i  COB- 

M ~ C T H ~ R )  p a 3 p a 6 0 T K a  MeCTOPOifFAeHHII (PHC. 220). 
~ O C T O H H C T B ~  C O B M ~ C T H O ~  p a 3 p a 6 0 T K H :  BO3MOHEHOCTb H H T ~ H C H @ H K ~ -  

I(HH O T P ~ ~ O T K H  M ~ C T O P O ~ K A ~ H H % ;  0 6 e c n e P e ~ H e  n O J I H O r 0  H 3 B n e P e H H H  3a- 
I I ICOB;  6onee BhICOKHe TeXHHKO-3KOHOMHPeCKHe IIOKa3aTf?JIH7 P e M  U P H  
TOJIbKO I I O A ~ ~ M H O ~ ~ [  p a 3 p a 6 0 T K e ,  H M a K C H M a J I b H a I I  I IpOH3BOJJCTBeHHaH 

M O Q H O C T b  I I p e A I I p H H T H R  UO M e T a n J I y ;  3Ha 'XHTeJ IbHOe  UOBbI IUeHHe  3@@eK- 

THBHOCTH K ~ I I H T ~ J I O B J I O W ~ H H ~ .  

~ O B T O P H Y X )  p a 3 p a 6 0 ~ ~ y  n O J I e 3 H h l X  H C K O n a e M b I X  OTKPbIThIM C U O C O ~ O M  

I IPOH3BOART H a  MeCTOPOWAeHHHX,  ¶ a C T b  3 a I I a C O B  KOTOPMX p a H e e  O T p a -  

6 0 T a H a  UOA3eMHhTMH p a 6 0 T a ~ H .  OCHOBH~R q e J I b  I ~ O B T O P H O ~  p a 3 p a -  

GOTKH - 06ecnePe~ne 6onee n o j I H o r o  H ~ B J I ~ ~ ~ H H H  ~3 H e A p  s a n a c o ~  nonea- 
H O P 0  HCKOUaeMOI'O. n 0 ~ 3 e ~ H a I I  p a 3 p a 6 0 T K a  M ~ C T O P O ~ K ~ ~ H H ~ ~  C B R 3 a H a  
C 6 0 n b m H ~ H  n O T e p H M H  PYA, BeJIH¶HHa KOTOphIX  0 6 ~ ~ ~ 0  COCTaBJII IeT 

H e  M e H e e  25%. B ICPHBOPOHCCKOM 6acceii~e B s o ~ a x  A ~ ~ C T B Y W ~ H X  m a x T  
I 

B H a C T O R ~ e e  B p e M c I  HaKOnEwIOCb  OKOJIO 500 MJIH. m U O T e p R H H J J X  pyx 
c B b I c o I c a M  c o n e p x a H H e M  meneaa. I I p a ~ ~ ~ n e c m  B c e  ~ T H  3anacb1 M o r y T  

"bI~b O T P ~ ~ O T ~ H ~ I  OTKPhITbIM C I I O C O ~ O M .  I O ~ H O B ~ ~ M ~ I ~ H ~ H  p a 3 p a 6 0 ~ ~ a  M e C T O P O Z A e H H H  X a p a K T e p H 3 y e T C R  pI1- 
?' AOM c I I ~ ~ H @ H ¶ ~ c K H x  O C O ~ ~ H H O C T ~ ~  B T e X H O J I O r H H  IFaK OTIiphTThTX, TB!i 

H UOA3eMHbIX pa60.r. CJIOHEH~IM HBJIHeTCII U O A A e P X a H H e  6 0 ~ ~ 0 ~  K a p b r -  

P O B  B ~ C T O ~ P H B O M  COCTOIIHHH B C B H 3 H  C 0 6 p a 3 0 s a ~ ~ e M  I lyCTOT B H Y T P I I  1 ~ o s r y p o a  K a p b e p a  npa H ~ B J I ~ P ~ H H H  p y n ~  (yrnn) n o n a e n ~ n n r ~  pa60- 
TaMH.  3 H a ¶ H T e J I b H O  yXyAIUaIOTCR I I O K a 3 a T e J I H  ~ ~ ~ O B B P ~ I B H M X  p a 6 0 ~  

1 B cnmn c H a n n ~ ~ e M  nosnmee~o i i  T p e q a H o s a r o c r H ,  K o T o p a n  0 6 p a r y e . r ~ ~  
BCJIeACTBHe C A B H Z e H H H  MaCCHBa  r O P H b I X  IIOPOA. H ~ ~ E I P H ~  UOA3eMHbIX 
B b I p a 6 0 ~ 0 ~  B b I 3 b I B a e T  H ~ O ~ X O A H M O C T ~  OCYQeCTBJIeHHR P H A a  M e p O U p H R -  

THH AJIR O ~ ~ C I ~ ~ P ~ H H H  ~ ~ ~ O U ~ C H O C T H  O T K P b I T N X  I 'OPHHX p a 6 0 ~  H EICKJIIO- 

¶ e H H H  BO3MO2HHOCTH I IPOBaJ IOn  B UOA3eMHbIe  B b I p i l 6 0 ~ 1 1 H  T H i I i e X O r O  no- 
I ' p y 3 0 P H O - T p a H C U O p T H O r O  0 6 0 p y ~ o ~ a ~ m H .  

C o s a a ~ ~ ~ e  ~ ~ ~ O U ~ C H H X  Y C J I O B H ~ ~  p a 6 0 T  B K a p b e p e  o r p a a H s n s a e T  

HJIH COBCeM HCKJIIQPaeT n p H M e H e H H e  B I IOA3eMHhIX YCJIOBNRX l lPOH3BO-  

AHTeJIbHhlX CHCTeM p a 3 p a 6 0 T K H  C 0 6 p y I I I e H ~ e ~  PYA H B M e q a I Q W H X  

IIOpOA.  1 1 0 3 ~ 0 ~ ~  OPHCTHbIe  p a 6 0 ~ h I  B P y A H H K e  B e A y T C R  C O C T a B J I e H H e N  

3Ha¶HTt?JIbHbIX 3 a I l a C O B  IIOJIf33HbIX HCKOnaeMhTX B O X p a H H b I X  H OUOPHblX  

q e n m a x  H n o T o n o s m a x .  

OUMT O ~ H O B ~ ~ M ~ H H O ~ ~  p a 3 p a 6 0 T K I X  M ~ C T O P O H E ~ ~ H I I ~ ~  K a K  B C O B ~ T C K O % ~  
COIQ3e,  T a K  H 38 P Y ~ ~ X O M  nOKa3bIBa f3T l  YTO IIOA3eMHLIe p a 6 0 ~ h T  B e A y T C R  

s a q e  B c e r o  H a  y P a c T x a x ,  o ~ p a 6 o ~ ~ a  KOTOPHX H e  B:mReT H a  XOA pa6o.r 
B K a p b e p e .  ECJIH H e  Y A a e T C H  H 3 6 e ~ a T b  B3aHMHOI 'O BJIHHHHH FOPHbIX 
p a 6 0 ~ ,  TO CTPeMHTCH,  9 ~ 0 6 ~  ~ P O H T  IIOA3eMHbIX O¶HCTHbIX p a 6 0 ~  Hh1e.X 

H a n p a n a e m e  OT M a c c n B a  K K a p b e p y .  H a n p a ~ n e ~ ~ e  n e p e M e q e m n  

@ p o ~ ~ a  r o p H b I x  p a 6 0 T  K a p b e p a  u n a H H p y e T c c I  B CTOPOHY n o ~ p a 6 o ~ a ~ ~ o r o  
yqacma. B  TOM c n y Y a e  y n p o q a e T c c I  H 0 6 n e r n a e . r ~ ~  K O H T P O J ~  3a COCTOR- 

H H e M  ~ ~ ~ O P M H P O B ~ H H O I ' O  Y P a C T K a  UOpOA. 

nnrr 06ecuese~~11  6e30uac~ofi p a 6 0 T b 1  K a p b e p a  H n o ~ 3 e ~ ~ o r o  PYA- 
H H K a  UPHMeHIIIQT M e P b I  3 a 4 H T b I 7  YCJIOBHO U O A p a 3 A e J I R e M b I e  H a  a K T H B H b I e  

I4 UaCCHBHbIe .  AKTEIBHH~ M e p b I  C J I y m a T  AJIH C T ~ ~ H J I H ~ ~ ~ H E I ,  YMeHbI I I eHHH 

~ J I H  n p e ~ p a ~ q e ~ n ~  c a M o r o  npoqecca C A B a m e H H H  ~ O P H H X  n o p o ~ .  I Iaccn~-  
H b I e  3 a I Q H T H h l e  M e p b I  H e  BJIHHIQT H a  U P 0 4 e C C  CABHWeHHII ;  OCHOBHOG 3aAa- 
¶ef 3 T H X  M e p  HBJII IeTCR 11pncuoco6ne~me cnoco60~ B e A e H H R  I 'OpHhlX 

p t l60~ K C I I ~ ~ H ~ H P ~ C K H M  YCJIOBHIIM C O B M ~ C T R O ~  p a 3 p a 6 0 ~ ~ ~  MeCTOpOHi-  

A e H H H .  T ~ K H M H  M e p a M H  HBJIHIQTCH: I I ~ ~ B H J I ~ H M H  ~b160p CBCTeMbI IIOA- 

3 e h l ~ 0 6  p a 3 p a 6 0 ~ ~ H ,  YCTaHOBJIeHHe  OIITHMaJIbHhIX U a p a M e T P O B  OIIOPHbIX 

QeXHKOB H UOTOJIOPHH, U P H M e H e H H e  COOTBeTCTBYIOqeI 'O 3aKJIaAO¶HOJ?O 

v a T e p H a n a .  

C H C T ~ M ~  U O A ~ ~ M H O ~ ~  p a 3 p a 6 0 ~ ~ ~  C 3E iKJ IanKOf  B M ~ ~ ~ O T ~ H H O ~ O  np0- 
C T p a H C T B a  H M e e T  TO n p e H M y Q e C T B 0 ,  ¶TO 06ecnennsae~ 3Ha¶HT€!JIbHyIo 



y c ~ o i i s ~ ~ o c ~ b  r O P H b I X  I IOPOA, a CJIeAOBaTeJIbHO,  H ~ O J I ~ I I I Y I O  6e30nac- 
H O C T ~  p a 6 0 ~  H 6onee uomoe  m3snese~me n o n e a ~ o r o  H c K o n a e M o r o .  

T ~ X H O X O ~ H H  p a 6 0 ~  H a  I c a p b e p a X  K a K  n p H  C O B M ~ C T H O ~ ,  T a K  H I I p H  

n o ~ ~ o p ~ o f i  p a 3 p a 6 o ~ ~ e  a H a n o r H s H a ,  T a K  I caK  r o p H b I e  pa60~b1 I I P O E I ~ B O -  

AHT B 3 0 H e  BJIHHHEIH I IOA3eMHbIX I 'OPHbIX B ~ I P ~ ~ O T O K .  O C H O B H ~ I ~  TPYA-  

HOCTH I I P H  p a 6 0 T e  B K a p b e p e  B b I 3 B a H b I  HaPYIUeHHOCTbIO M a C C H B a ,  CHH- 

;~ca ro~eH ~ C T O ~ ¶ H B O C T ~  Y C T y n O B ,  a T a I c X e  ~ @ @ ~ I C T E I B H O C T ~  B3pbIBHhIX 

H ~ Y P O B M X  p a 6 0 ~ .  
H a p y m e ~ ~ o c ~ b  MaCCEIBa I IPHBOAHT I t  H ~ O ~ X O ~ H M O C T H  Y M e H b I l I e H I l n  

i 

B 2 m 60~1ee pa3 BMCOTM y c T y n a ,  y M e H b r n e H H m  yrna o T I c o c a  y c T y n o B  

I3 y B e J I H ¶ e H H I o  I I lHPHHbI  p a 6 0 q ~ x  IIJIOD(aA0K. n p H  Gypernmi B3PbIBHbIX 
I 

C K R a m H H ,  O C O ~ ~ H H O  I I p H  ~ O B T O ~ H O ~  p a 3 p a 6 0 ~ I C e ,  HCXOAHT H e  H 3  YCJIOBHH 1 k 
n O A r 0 T O B K H  AOCTaTO¶HOI'O @ ~ O H T ~  p a 6 0 ~ ,  a H 3  H ~ O ~ X O ~ E I M O C T H  C B O e B p e -  r' 

M e H H O r O  BbIHBJIeHHH H I I O r a I U e H H H  IIYCTOT, T a K  ICaIC B 3 P b I B H b I e  CICBa- 

X H H b I  OAHOflpeMeHHO HBJIHIoTCH H p a 3 B e A O ¶ H b I M H .  

O C H O B H O ~  M ~ P O ~  3aLll$lTbI H a  K a p b e p a X  n p H  C O B M ~ C T H O ~ ~  H HOBTOP- 

HOG p a 3 p a 6 o ~ ~ e  HBJIHeTCH C B O e B p e M e H H O e  I I O r a I I I e H H e  IIYCTOT I? n p e I < p a -  

q e m e  p a 6 o ~  H a  n o ~ p a 6 a ~ ~ s a e ~ ~ x  y s a c ~ ~ a x  ~ a p b e p a  B n e p H o A  nocaAm 
KpOBJIEI H X H  IIOTOJIO¶HH IIOA3eMHbIX ~ b I p a 6 0 ~ 0 I C .  Han6onee HaAeiT<HbIM 

bleTOAOM IIOI 'a IUeHHH IIYCTOT HBJIHeTCH 3 a n O J I H e H H e  H X  3a Ic J I aAOsHbIM 

M a T e p H a J I O M .  O A H ~ K O  3TOT MeTOA TPYAOeMOK,  AOPOI'OCTOHD( H C 0 3 A a e T  

f lOII0; IHHTeJIbHbIe  TPYAHOCTH I I P H  0 T p a 6 0 T K e  3 a n a C O B  ~ ~ J I o X ~ H H O ~ ~  I t a M e p b I  

npm n O H H X e H H H  p a 6 0 ~  B I C a p b e p e .  ~ O ~ T O M Y  I I p e A I I O ¶ T e H H e  OTAaeTCH 

B3PbIBHOMY C I I O C O ~ Y  I I O r a I U e H H H  n y C T O T  ~ J I Y ~ O I C H M H  CICBamHHaMH,  ICOTO- 

p M e  6 y p ~ ~  c YCTYIIOB. BO B c e x  C n y q a H x  H a  M o M e H T  n o r a m e H m  IIYCTOT 

nOTOJIO¶HHa  no8 Fief A O J I m H a  6b I~b  AOCTaTO¶HO I I P O ¶ H O ~  H H ~ A ~ X C H O ~  

AJIH p a 6 o ~ b 1  B Itapbepe J I I O n e ~  H MeXaHH3MOB.  

H e o 6 x o ~ 1 t ~ a H  M O I Q H O C T ~  ~ c a p b e p ~ o i i  n o T o n o s m b 1  o n p e A e . x H e T c H  

no @ o p ~ y a e  
y l +  v y z l z +  8Gaonbg 

hpon = 0,251 
G,onb 

1 (IX121) 

rAe 1 - , q n H H a  n o n e p e s H o r o  n p o n e T a  ( ~ ~ c p e c ~  n p o c ~ ~ p a ~ ~ ~ ) ,  c . ~ ;  
y - 06'be~~bIfI  B e C  n O p O A  IIOTOJIO¶HHbI, K Z / C & ~ ;  

G,,, - A o n y c T H M o e  H a n p H x e H H e  IIOPOA IIOTOJIO¶HH~I, d / c a 2 ;  
b - m H p H H a .  K a M e p b I  no n p o c T n p a H m I o ,  cat; 
g - y A e n b H o e  A a B n e H H e  OT seca a ~ c c ~ a s a ~ o p a  H a  o n o p H y I o  

l l O B e p X H O C T b ,  d / c a t 2 .  
Tonrqm~a nOTOJIO¶HH H a  P a 3 J I H ¶ H b I X  M e C T O P O X A e H H H X  H3MeHHeTCH 

OT 10 80 40 at. Ha K a p b e p a x  H o p H n b c I C a  e x e r o A H o  n o r a m a e T c H  o ~ o n o  
3 MJIH. .W3 IIYCTOT H 3  K a p b e p a .  Ha K a X ~ b I f l  M ~ C C O B M ~ ~  B 3 P M B  COCTaB- 

J IHeTCH 0 ~ ~ e J I b ~ h I f i  IIPOeICT. CIIOCO~M B 3 P b I B a H H H  llOTOJIO¶HH 3 a B H C H T  

OT p a 3 M e p O B  I lyCTOT,  T O J I q H H b I  IIOTOJIO¶HHbI, ICpeIIOCTH H YCTO~¶EIBOCTH 

Reti OCYIQeCTBJIHIOT CJIeAyIOIQI4e MePOI IPHHTHH:  AJIH YTO¶HeHHH 3 a I I a C O B  

I IOTePHHHbIX PYA H YCTaHOBJIeHHH H a J I W H H  IIYCTOT B O T P ~ ~ O T ~ H H O I ~  

s o ~ e  n p o 6 y p ~ ~ a 1 0 ~  p a 3 s e ~ o s ~ ~ e  C m a x n H b I  no cewe p a 3 ~ e p o ~  60 Y 
X 40 at; r p a H H q b I  O I I ~ C H O ~  3 0 H b I  H ICOHTYPbI IIYCTOT BbIHOCHTCH H a  pa- 
60me Y C T y n b I  K a p b e p a  C Y C T ~ H O B I E O ~ ~  COOTBeTCTBYIOIQHX 3HaICOB H IIpe- 
A y n P e A H T e J I b H b I X  ~ Z l ~ n H c e f ;  y ¶ a C T O K  O ~ ~ C H O ~  3 0 H b I  p a 3 6 y p H B a I O ~  pas- 
BeAOsHbIMH CICBaXEIHaMH r n y 6 ~ 1 ~ 0 i i  8-16 IIO CeTICe p a 3 M e p O M  10 X 
X 10 at; OCYIQeCTBJIHIOT c H c T ~ M ~ T H ¶ ~ c I < H ~ ~  H H C T p y I C T a X  BCeX pa6osmx 
no 6 e 3 o n a c ~ ~ ~  M e T o A a M  p a 6 0 ~ ~  m n p a s m n a M  n o s e A e H H H  B 3 o ~ e  o6py- 
m e H m ;  npn p a 6 0 T e  B 3 o ~ e  0 6 p y r n e ~ H H  B H o s H o e  B p e m  O ~ ~ C I I ~ ~ H B ~ ~ T C H  

X O p O I U e e  OCBeIQeHHe  3 IcCIcaBaTOpHbIX 3 a 6 0 e ~  H I I J IOmaAOK ~ Y P O B M X  CTaH- 

KOB;  I I P H  0 6 H a p ~ X e H H F f  T p e I Q H H  H IIYCTOT BCe  pa60~b1, H e  C B H 3 a H H b I e  

C J I H I E B E I A ~ ~ H ~ ~  IIYCTOT, n p e I E p a I Q a I O T C H ;  AJIH JIHICBHAaqHH n y C T O T  COC- 

TaBJIHIOTCH C I I e 4 H a J I b H b I e  IIPOeICTbI. 

C n e q m @ ~ ~ a  p a 3 p a 6 0 ~ 1 ~ ~  B b I c o K o r o p H b I x  M ~ C T O P O X A ~ H H ~ ~  npenonpe- 
AeJIHeTCH: CJIOXHbIM p e J I b e @ o ~ ,  T ~ ~ I Q E I H o B ~ T o ~  T ~ I C T O H H I C O ~  M a C C H B a  

H ~ H ~ ¶ H T ~ J I ~ H O ~ ~  B ~ I C O T O G  P a C n O J I O X e H H H  M ~ C T O ~ O ~ ~ ~ A ~ H E I H  H a A  YpOBHebf  

MOPH (80 5000-7000 at); n O H H X e H H b I M  ~ T M O C @ ~ P H M M  A a B J I e H H e M ,  BbICO- 

K O ~  C ~ ~ C M E I ¶ H O C T ~ I O ,  HHTeHCHBHbIM CeJIe-  H J I ~ B H H o o ~ ~ ~ ~ o B ~ H H ~ M ;  CBO- 

e o 6 p a 3 ~ e ~  I c n r n M a T a ,  B b I p a x a I o w n M c H  B n o H n l r c e H m H  T e M n e p a T y p b I  

H a  0,6-0,7" H 60nee npn n o A a e M e  H a  I c a m A h I e  1000 atl a T a I c x t e  s ~ a s m -  
TeJ IbHbIMH aMII J IHTYAaMH H 3 M e H e H H H  T e M n e p a T y p ,  AOCTHI'aIoIQHMEI 47- 
65" C; CJIOXHbIMH 3ICOHOMH9eCIEHMH YCJIOBHHMH, XaPa IETePH3YH)IQHMHCH 

OTAaJIeHHOCTbIO OT OCHOBHMX TPaHCI IOPTHbIX I C O M M Y H H I C ~ ~ H ~ ~  (400- 
500 lurt), ~ ~ 3 ~ 0 6  IIJIOTHOCTbIO H a C e J I e H H H ,  TPYAHOCTbIO Y C T P O ~ C T B B  IIY- 
~ e f  C O O ~ I Q ~ H H H ,  TeXHH¶eCKHX coopyme~mii H T. n. 

H a p H A y  c ~ T H M H  ~ e 6 n a r o n p m ~ ~ ~ b 1 ~ r n  YCJIOBHRMH p a 3 p a 6 0 ~ ~ m  BMCO- 

K O r O P H b I X  M ~ C T O P O X ~ ~ H E I ~  HMeIOTCH H I IOJ IOXHTeJ IbHbIe  CTOPOHbI ee: 
H a J I H ¶ H e  MOD(HbIX rHAPOTeXHEI¶eCKHX P e C Y P C O B ,  B 0 3 M O X H O C T b  EICIIOJIb- 

3 0 B a H H H  r P a B I I T a 4 H O H H O r O  MeTOAa  I I e p e M e I Q e H H H  PYA H T.  fl. Ha MHOI'HX 

BbICOICOI'OpHMX M e C T O p O m A e H H H X  I IpHMeHHIOT COBMeCTHYIO p a 3 p a 6 0 T K y  

OTKpbITbIM H I IOA3eMHbIM C I I O C O ~ ~ M H .  

HJIH BCICPbITEIH BbICOICOI'OPHbIX M ~ C T O ~ O X A ~ H H G  I I p H M e H H I o T  CJIeAy-  

I O q E I e  c n o c o 6 ~  BCICPbITHH: I I O J I y T p a H I U e R M H  H T p a I I I U e H M H ,  CTBOJIaMH 

H IUTOJIbHHMH, PYAOCIIYCKaMH H PYAOCIEaTaMH, a T a I C m e  I C O M ~ E I H ~ ~ H H M H  

I I epe¶HCJIeHHbIX C ~ O C O ~ O B .  n p a K T H I C a  0 T p a 6 0 ~ I C H  BbICOKOI'OpHbIX MeCTO- 

p o l r c ~ e ~ n i i  n o ~ a s a n a ,  ¶TO npHh . r eHeHHe  p y A o c n y c I c o B  H m T o n e H  o6ecne- 
¶ H B a e T  CHEIlrceHEIe Ka I IHTaJ IbHbIX  3 a T p a T  H a  T p a H C n O p T  H a  20-40%, 
a 3 K C I I J I y a T a q H O H H b I X  PaCXOAOB H a  50%. B ;YCJIOBHHX BbICOKOI'OPbH 

P a C I I p O C T p a H e H H e  H M e I o T  CHCTeMbI C ~ ~ ~ 0 3 1 ~ 0 6  BCICPbIIUH H a  BHeI I IHHe  

OTBaJIbI.  B HeKOTOPbIX CJIY¶aHX IIpHMeHHIOT AJIH YAaJ IeHHH BCKPbIII IHMX 

n O p O A  MaCCOBbIe B3PbIBbI  H a  B M ~ P O C .  

~ O P H Y I O  M a C C y  T P a H C I I O p T H p Y l O T  B 6 0 J I b m e r p y 3 ~ b 1 ~  ~ B T O M O ~ H J I H X ,  

a B HeICOTOPbIX C J I Y 9 a R X  H X<eJIe3HOAOPOlrcHbIM TPaHCIIOPTOM. Ha BbICO- 
K o r o p H b I x  H a p b e p a x  0 6 ~ 9 ~ 0  y A a e T c H  C O ~ A ~ T ~  p a 6 o s ~ e  n n o w a A I c m  T O J I ~ K O  

~ e 6 o J I b m H x  p a s ~ e p o ~ ,  I c o T o p M e  npn B ~ P ~ I B ~ X  IIOJIHOCT~IO n e p e K p H -  

BalOTCH n0p0~0f i  p a 3 B a J I a ,  a ¶ a C T b  I 'opHofi  MaCCbI CBaJ IHBaeTCH H a  H H X -  

m e  y c T y n H .  Y T O ~ ~ I  ~ 3 6 e x a ~ b  ~ T O ~ O ,  H a  H a p b e p a x  n p H M e H H I o T  n a H e n -  



~ ~ I P R H O B C I ~ O ~  n o n n M e T a n n m e c K o e  M e c T o p o x A e H H e .  n e p B o H a s a n b H o  o~pa6a~b1- 
B a J I l I  nOA3e41HhlM CI IOCO~OM.  B~eIqamupe LIOpOAbI H P y A H  MeCTOpOXAeEHR I I p e n C T a -  
BJIeHM MUI ;pOI iRaPqHTaMH,  OKPeMHeHHbIMH CePmIITO-XJIOpHTOBYMIl  C J I a H q a M H  H 
B S l e H b m e i i  CTeIIeHII  IIOP@UPIIT~MH H H ~ ~ ~ O H ~ T ~ M R .  K p e I I o c T b  n O p O R  Ei P Y A  12-24, 
 TO A o n y c I i a e T  0 6 ~ a m e a ~ n  H a  anasm~enb~b~x  n J r o q a A n x .  B 1951 r. p a 3 p a 6 0 T K y  
h leCTOpOXf ieHl lR  H a s a J I H  BeCTH OAHOBPeMeHHO OTKPHTbIM II IIOA3eMHhIM C I I O C O ~ ~ M H ;  
K O H e s H a H  m y 6 n ~ a  K a p b e p a  npHHLlTa  305-435 R.. 

B H a c T o H q e e  B p e M R  UOR3eMHbIe pa60~b1 IIpOM3BOPRTCR B ~ O P T B X  H IIOA AHOM 
K a p b e p a .  P a a ~ e p r ~  n y c T o T  OT non3e~amx s b I p a 6 0 ~ 0 K  B npenenax K o a T y p a  I t a p b e p a  
AOCTHraWT 40 TbIG. .W9. ~ ~ C T O T U  I IOra IUaIOT K a K  3 a K n a ~ K o k  BCKpHmHhIMH noPo- 
R a M U  .Iepea CKBaXkiHhI  6onamoro @ZHaaneTpa. T a K  E C I I O M O q b m  ~ J T P O B ~ P ~ I B K ~ I X  
p a 6 o ~ .  Ann 6oaee nonaoro  laa an en em^ pyAn B a e K o T o p n x  cnysaax npHMeHrl.roT 

T a K X e  ~ ~ T O H H Y I O  3 a K X a A K Y ,  ¶TO I I 0 3 B O n R e T  O T K a 3 a T b C H  OT OCTaBXeHEiU TleJIHKOR. 

M e c ~ o p o l l t ~ e ~ H e  a n a ~ ~ ~ o - ~ e + e n ~ ~ o ~ ~ x  p y ~  c ( A n a ~ n T 0 ~ h I f  QHPK* p a 3 p a 6 a ~ b l -  
s a e T c H  p y A a n K o M  Pacsy~sopp.  OHO n p e A c T a s n e a o  n n a c ~ o o 6 p a 3 n o i i  aanexbro 
,q.'~zr~ot no n p o c T x T p a a m o  OKOJIO 2500 n IIPH yrne n a A e H H r r  ~o 30". Mo~qaoc~b  sanemn 
U3MeHHeTCrl. OT 10 A 0  120 .W (B CpeAHeM 55 At). K p e ~ O c ~ b  BMeWaIO-X IIOpOA 8- 
12, 1rpenOCTb p Y z b I  6-10. M~CTOPOECA~HH~ O T ~ ~ ~ ~ T ~ I B ~ ~ T C R  K O M ~ H H H P O B ~ H H M M  
cnoco60~: B e p X H R R  W C T b  - K a p b e p O M  I I ~ O H ~ B O A C T B ~ H H O ~  MOIqHOCTbIO 1,s MJIH. m, 
rivrmHfirr - max~of .  

B c ~ p n ~ t r e  MeCTOPOSAeHHl3  OCYIIl,eCTBJIeHO K ~ U H T ~ J ~ ~ H O B  I l I T o n b ~ e % ,  ~JIyXaqeg 
MeCTOM aKKYMYJIHPOBaHHR P Y A M  K a K  83 K a P b e P a ,  T a K  H I f 3  LIOA3eMHbTX ~ b I p a 6 0 ~ 0 1 i .  
Ha K a p b e p e  np I IMeHRIOT T p a H C n O p T H y H ,  CHCTeMy pa3pa6om~ C 11orpy3~0B IIYCTHX 
UOpOA H PYAbI 3IiCICaBaTOPaME 3 K r - 4  Ef 3Kr-8 B aBTOCaMOCBaJlbI  MA.7-525. C K B ~ -  
XUlHbl  6 y p r i ~  CTaHKaMU I I I a p o m e s H o r o  6 y p e a I I H  CBE-2. B a p b I s a ~ M e  - IEOPOTX03a- 
MeqJ IeHHOe MHOTOpRAHOe. 

Pa6ome TOpH3OHTH BCIEpbIBaJIH IlOJIYTpaHIUeIIMEI, paCIIOJIOXeHEbIMM H a  KOCO- 
rope no n p o c T r T p a H s r r o  p y ~ ~ o i i  aanewn (CM. pnc. 220, a). h l ~ ~ ~ ~ a n b a y ~ o  mnpmy 
n O J I y T p a E l U e I 1  I IpUHEMaJIM Ei3 ~ O ~ M O ? K H O C T H  P a 3 M e q e H H H  ABYXIIOJIOCHO~ aBTOMO- 
6unb~of  noporn -20-25 AL. Ilocne n p o x o A K H  uony~pa~mei i  ropaue pa60TEJ 
pa3BElBaJIHCb IIO n p O C T H p a H N I 0  p y A H O r 0  Tens. m H p I l H a  pa6onax UnOIqaAOK H3MeHR- 
nacb OT 30 ao 50 X. O ~ p a 6 0 ~ 1 t a  y c T y n o B  n o n e p e s H n M n  a a x o ~ ~ a ~ a  n o 3 ~ o n u n a  
R O C T a r H y T b  B ~ I C O K O ~  EHTCHCHBHOCTN E X  I IOABFfraEEU. ~ O A ~ ~ M H N ~  p a 6 o ~ n  BeAyTCR 
C I Ip I IMeHrHl%e\ l  CHCTehfbI 3Ta)fEHOTO I I p H H Y g H T e n b H O r O  0 6 p ~ ~ m e ~ m s  C O & H O C T ~ E ~ ~ H O ~  
O T ~ O ~ R O ~ ~  PYAbI TJIY~OI~HMII CRBaH(NHaM11 ANaMeTpOM 100 X.W. B M C O T ~  3 T a X a  70 JL, 
AJIIIHa ~ J I O K O B  IIO ITpOCTHPaHHIO 64-72 A ,  3a I IaChI  PYAbI  B 6nolte C O C T P B J l m T  2,5- 
3,O MJIH. m ( ~ H c .  220, 6). 

TonIq~raa q e n I m a  M e m a y  AHOM K a p a e p a  H ~ O ~ ~ ~ M H U M H  ~ n p a 6 0 ~ K a ~ H  c o c T a B -  
J IRJ la  30 m, I I e w R y  K a M e p a M H  - 20 .W, I IJOII(aAb 0 6 H a ~ e ~ H r r  K a M e p  - 750-800 A t 2 .  

O C J I O W H ~ H H & ,  CBR3aHHbIX C OAHOBPeMeHHbIM BbIIIOJIHeHHeM OTKPHTbIX I I  n O R 3 e M H P X  
D ~ ~ O T .  H e  Ha6JIIOaaJIocb.   TO O ~ Y C J I O B J I ~ H O  B ~ I c O K O ~  CTelIeHbIO ~ L E T ~ H C I I ~ H K ~ ~ I Z I I  

b a 6 o ~  H P ~ T K O ~ ~  ux o p r a r r ~ i 3 a r ~ n e i i .  
ICapbep q r O K a  ( O C O ~ ~ H H O  ORIIH 113 eTO 6 0 ~ ~ 0 ~ )  I ~ O A ~ ~ ~ ~ T H B ~ ~ T C R  IIOA3eMHhIMH 

~ ~ ~ O T ~ M E I  ( p ~ c .  221). A J I H H ~  K a p b e p a  OKOJIO 4 EX, D I H p H H a  850 A&, I'OAOBaR n p O X 3 -  
BOACTBeHHaa  M O q E O C T b  18 MJIH. m PYAhI. O T ~ ~ ~ O T K ~  YCTYnOB H 3 K C U n Y a T a 4 E i R  
r x i p b e p H b I X  ~ B T O M O ~ ~ ~ ~ H ~ I X  R O p O r  Ff S e J I e 3 H O A O p O X H h I X  I I ~ W ~  IIPOEi3BOAHTCR B 30- 
I i a X  CABHXeHIII i  ITOBepXHOCTII p a 3 J I ~ 9 ~ 0 k  HBTeHCHBHOCTH. npFi MaCCOBHX B 3 p M B a X  
B K a p b e p e  nnm H a  no~3e~ab1x pa6o~ax H a  B c e x  P a c T K a x ,  npnneramrqnx K M e c T y  
u . j p b m a ,  pa6o.m n p e K p a m a m T c a .  Xapbep~oe 060py~osame n e p e M e q a e T c R  H a  6e3- 
onacaoe p a c c T o R H H e .  A n %  06ecnese~arr 6 e 3 o n a c ~ o c ~ H  p a 6 o ~  H a  I r a p b e p e  co3ga~a 
c n e q u a J I b H a a  c n y l r t 6 a ,  rzcnonbaym~qau r e o @ ~ m w e c ~ ~ e  M e T o g b r  Ha6JIIOfleHHR 
.3a COCTORHHeM MaCCHBa H P a 3 B H T H e M  ~ e @ o p ~ a m  I lOpOA BO B p e M e H H  I% LIpOCTpaHCTBe. 
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B ~ I C O K O ~ O P H ~ ~ M  RBXReTCR K a P b e P  <(L(eHTpanbw~J?)> I C O M ~ H H ~ T ~  u A n a T n T 9 ,  E a -  
XOARI~HBCR H a  UJ laTO P ~ C B Y M ~ O P ~ .  Er0 I I P O e K T H a R  IIPOH3BOACTBeHHaH M O a H O C T b  
12 MnH. m. Kapbep PaCI IOnOXeFI  B O ¶ e H b  CJ IOXEbIX T O I I O T P ~ @ W ~ C K I I X  I I  KJIHMBTW* 
CKHX YCJIOBBRX. Mec~opox~emie  BCKPHTO ~ a n n ~ a n b a o i i  m ~ o n b ~ e f  c e s e H z i e M  
35,7 A', I IPOTRXeHHOCTbH) 5,2 %.?L H T p e M R  pygOCIIyCI{aMH, HMeIOIqHMH A l r a M e T p  
6 m H r n y 6 n H y  600 .u. PYROC~YCKH O ~ O P Y A O B ~ H ~ I  B sepx~ei i  n a c T H  pa3rpy30n~mm 
aCTaKaAaMH,  a B H H ) K H ~ ~  aKKYMYJIHPYIO4EMH K a M e P a M H  eMKOCTbH) 7-12 TMC. .U3 
C IUeCTbIO-ReBRTbIO BEJnyCKHaul I3  ~ C T ~ O ~ ~ C T B ~ M H .  Pynocnycx~ p a C n O n O l K e H b I  H a  PaC-  
C T O R H H ~  88 m Apyr OT Apyra. 

Ha xapbepe n p u M e H e H a  T p a H c n o p T H a R  c n c T e M a  p a 3 p a 6 0 ~ ~ ~  c n o o e p e n H a r m  
3 a x o ~ ~ a ~ ~  6e3 p a s p e a ~ ~ x  ~ p a ~ n r e k .  B b I c o ~ a  y c T y n o B  15 m. 

M ~ C T O ~ O X R ~ H H ~  O T ~ ~ ~ ~ T ~ I B ~ I O T  C I I p H M e H e H H e M  KOMIIJIeKCa ~ Y P O B ~ P ~ I E W X  pa- 
, 6 0 ~ .  E s T ~ ~ H E ~ ~  O C m e C T B J I R I o T  CTaAKaMH T H n a  CBE, CEm-250 H 2CEm-200. Bapar- 

B a H H e  - KOpOTKO3aMeAJleHHOe.  Ha K a p b e p e  IIpHMeHRIOTCLl 3XCKaBaTOphI  aKI?4,6,  
3Kr-4,6A; 3Hr-8 H 3ICr-8M, KOTOpMMlI r P Y 3 R T  PYRY B aBTOCaMOCB&TIH EenA3-540, 
BexA3-548. a K K y M y n I I p y I o q X  K a M e p  pyAOCnyCl tOB P y A y  r P Y 3 R T  B ~ ~ O - T O I E I H ~  
A Y M n K a p H .  n o J I e 3 H h I f i  BeC COCTaBa A O C T H r a e T  2200 m, p y A y  TpaHCIIOPTHPyIOT 
H a  CT. H~KCIIOPHOK. 

B ~ R ~ H H ~  pa6o.r B K a p b e p e  OCJIOXHReTCR rYCThIMH TYMaHaMEI H CHJIbHbIMH BeT- 
p a M H ,  s a C T b l M H  M e T e n R M H  CHeXiHbIMH 3aHOCaME. B p e 3 Y H b T a T e  h l e ~ e n e g  3a ~ E M H H ~ ~  
nepnog B xapbepe cKan . r ImaeTcr l .  o l t o n o  1-2 M n n .  m3 c H e r a ,  ~ o ~ o p b ~ i i  r P Y 3 H T C R  
3KCKaBLlTOpaMH N BbIBO3IITCR aBTOTPaHCUOpTOM 3a U p e R e J I H  K a p b e p a .  

B 0 n b m H e  BeTpOBbIe  HaI'py3KEf H BbICOKaR B Z a X H O C T b  B O 3 A y X a ,  rOJIOJIeX H H 3 M O p 0 3 b  n p R B O A R T  
K I I p e X A e B p e M e H H O M y  ( P H ~ w ~ c K O M Y  H3HOCY BCWO O ~ O ~ ~ R O B ~ H H R ,  C H H X a m T  ero 
HaAe3KHOCTL 11 AOJIrOBePHOCTb. 



IIOTEPH, PA3YEOXHBAHHE H Y CPWHEHHE KAqECTBA 
IIOJIE3HbIX HCKOIIAEMbIX * 

I I o n e s ~ a e  H c K o n a e M a e ,  ~ 0 6 b 1 ~ a e ~ a e  133 H e A p  ~ ~ M J I H ,  M o r y T  n p n M e -  

HRTbCR 683 U p e ~ B a p ~ ~ e J I b H 0 f i  U e p e p a 6 0 ~ ~ H  ( K ~ M ~ H H M ~  Y r O J I b ,  TOP@, 
c o n  H T. n.) H ~ H  uocne n e p e p a 6 0 ~ ~ H ,  n ~ e m q e i i  qejrbm n o n y s e H n e  K a -  
K O ~ - J I H ~ O  C O C T ~ B H O G  ¶aCTH, ( H a U p H ~ e p ,  KOHqeHTpaTOB H MeTaJIJIOB H 3  
p y A h I ,  KOKCa H 3  KaMeHHbIX yrJIe% H T. U.). Bonbmeii ¶aCTbIO ~ 0 6 b 1 ~ H e  H 3  

H e A P  3eMJIH UOJIe3HbIe HCKOIIaeMbIe AJIR HeUOCpeACTBeHHOI'O HCIIOJIb30- 
B a H H R  HeIIPHI'OJHhI BCJIeACTBHe TOrO,  ¶TO H e  YAOBJIeTBOpRIOT KOHAHqHfIM 
IIO COAepEClHHIO OCHOBHHX KOMIIOHeHTOB, H O ~ P P H O  E X  IIOABepI'aIOT 

l I p e ~ ~ a p H ~ e J I b ~ 0 ~  M ~ x ~ H E F I ~ c K o ~  o 6 p a 6 o ~ ~ e  ( A ~ O ~ J I ~ H H I O ,  o 6 0 r a q e ~ ~ m ) .  
m3 0 6 4 ~ ~  3aUaCOB H(eJIe3HbIX P Y A  B COB~TCKOM C01o3e TOJIbKO 17% 

UpeACTaBJIeHO P y A a M H ,  KOTOphle  MOrYT 6b1~b HCIIOJIb30BaHH B ¶ e p H 0 g  

k 1 e T a n n y p r n H  6e3 0 6 0 r a q e H H f 1  ( c o ~ e p m a ~ ~ e  menesa n p e B h I m a e T  55%), 
64% - P y A a M H ,  0 6 0 r a q e ~ ~ e  KOTOPbIX BO3MOHCHO IIO IIPOCThIM CXeMaM 

H OKOJIO 19% - PYAaMH,  T P ~ ~ Y I O ~ H M H  CJIOHCHbIX MeTOAOB 0 6 0 I ' a q e ~ H f I .  
T ~ X H W I ~ C K ~ J T  ~ @ @ ~ K T H B H O C T ~  H ~ ~ J I ~ C O O ~ ~ ~ ~ H O C T ~  p a 3 p a 6 0 ~ ~ H  KOH- 

KPeTHOrO MeCTOPOHCAeHHR OqeHHBaeTCR KOnH¶eCTBOM H KaPeCTBOM 
C b I p b R ,  I I O C T Y I I a I O ~ e I ' O  H 3  K a p b e p a ,  COBepIIIeHCTBOM TeXHOJIOrH¶eCKHX 
n p o q e c c o B  H a  K a p b e p a x ,  O ~ O ~ ~ T H T ~ J I ~ H ~ X  @ a 6 p ~ ~ a x  H M e T a m y p r H s e -  

CKHX s a ~ o ~ a x .  P a q ~ o ~ a z b ~ o e  c o s e T a H H e  T e x H o n o r n s e c K H x  n p o q e c c o B  
A O ~ H P H ,  TpaHCUOPTHPOBaHHFI H 0 6 0 r a q e ~ H t 1  IIOJIe3HbIX HCKOIIaeMJdX C03-  

A a e T  ~ J I ~ I ' o U ~ E ~ I T H ~ I ~  YCJIOBHR AJIR MaKCHMaJIbHOrO H3BJIePeHHfI H HC- 
IIOJIb30BaHHfI  ~ ~ J I ~ H C O B H X  H 3 a 6 a n a ~ c o s ~ x  3 a U a C O B  M ~ C T O P O X C A ~ H H ~ .  
K o ~ n n e ~ c ~ o e  pememe 3 ~ 0 %  s a ~ a s ~  n p e A n o n a r a e T :  C H H m e H H e  u o T e p b  

IIOJIe3HOI'O HCKOUaeMOrO; Y M e H b m e H H e  er0 P ~ ~ Y ~ O H ( H B ~ H H I I  I I P H  ~ 0 6 a ~ e  
H c ~ a 6 ~ n ~ s a q ~ n  K a s e c T s a .  M ~ C T O ~ O W A ~ H H J T  I I O J I ~ ~ H M X  H c K o n a e M a x  o T n H -  
PaIOTCfI: @ H ~ H K O - M B X ~ H H ¶ ~ C K H M H  CBOGCTB~MH HCXOAHOI'O C h l p b R ;  @OP- 
MaMH H YCJIOBHRMH 3aJIeI 'aHHfI;  THUOM H COPTHOCTbIO UOJIe3HOrO HCKO- 

IIaeMOI'O; PaCIIOJIOHteHHeM O T A ~ J I ~ H H X ' P ~ ~ H O B H A H O C T ~ ~  IIOJIe3HOl'O HCKO- 
H a e M o r o ;  c T e n e H b m  CJIOHCHOCTH M H H e p a j I o r H ¶ e c K o r o  H x H M H s e c K o r o  

c o c T a s a  H T. A. 
Ha n p a K T H K e  n o n e s ~ n e  H c K o n a e M M e ,  ~ 0 6 a n a e ~ n e  name B OAHOM 

3a6oe, HMeloT 3 H a 4 H T e J I b H P e  K O ~ ~ ~ ~ H H I I  K a K  IIO I l p O q e H T H O M y  COAepXia-  

HHIO OCHOBHbIX KOMIIOHeHTOB ( ~ ( e J I e 3 a ,  K p e M H e 3 e M a  H T. II.), TaK H UO 
X a p a K T e p y  BKpaI I J l eHHH PyAHOI'O M H H e p a J I a  B IIyCTyIO UOpOAy.  n p H  

H ~ U O C ~ ~ A C T B ~ H H O H  OTI'PY3Ke ~ 0 6 ~ ~ 0 %  PYAhI  H a  0 6 0 r a ~ ~ ~ e J I b H y I O  @a6- 
PFIKY HJIH M ~ T ~ J I J I ~ ~ I ' H ¶ ~ c K E B  3aBOA Ka¶eCTBO ee K P ~ H H ~  HeIIOCTOHHHO, 

 TO IIJIOXO O T p a m a e T c n  H a  upoqecce 0 6 0 r a ~ q e ~ ~ c 1  H M e T a n j I y p r H s e c K o M  
' U e p e ~ e J I e .  ~ T H  K o J I ~ ~ ~ H H H  B KaPeCTBe  PYAbI HMeIOT ewe 6 0 J I b m y I O  

a M n J I H T y A y ,  eCJIH 3aBOA HJrH 0 6 0 l " a ~ H ~ e J I b H a R  @a6pn~a  C H ~ ~ X ~ I O T C R  ' C J J p b e M  H 3  HeCKOnbKHX K a p b e p O B  (aa6oes). 
T p e 6 o s a ~ n ~ ,  n p e A w x s n s e M a e  K I I O J I ~ ~ H H M  H c K o n a e m M  nepen 060- 

I r a q e H H e M  H K K O H q e H T p a T a M ,  HCUOJIb3yeMbIM B M e T a J I J I y p r H H ,  IIpeno- 
UpeAeJIRIOTCR COCTOfIHHeM TeXHHKH H TeXHOJIOrHH 0 6 0 I ' a q e H E i ~ ,  a T a K m e  

n o c j I e A y m q H M  M e T a n n y p r H s e c K H M  n e p e A e n o M .  H a s e c ~ ~ o  K o H q e H T p a -  
TOB YCTaHaBJIHBaIOT I'OCYAaPCTBeHHbIMH CTaHAaPTaMH '(I'OCT) HJIH 
TeXHH¶eCKHMH YCJIOBHRMH (TY). Py~ar  H KOHqeHTpaTbI  AOJIXHbI YAOB- 

J l eTBOpRTb T ~ ~ ~ O B ~ H M R M  IIO @ H ~ H K O - M ~ X ~ H E P ~ C K H M  C B O G C T B ~ M  H XHMH- 
l e C K 0 M y  COCTaBy:  COAepHCaHHe OCHOBHOI'O LIOne3HOI'O KOMIIOHeHTa H BpeA-  

H a x  n p H ~ e c e %  B HCXOAHOM C b I P b e  H K O H q e H T p a T e ,  KPYnHOCTb H T. A. 
x e J I e 3 ~ b I e  p Y A H  H KOHqeHTpaThI  HCLIOJIbaYIOT B AOMeHHOM H CTaJIe- 

M o e  B o c c T a H o B n e H m e  meneaa, n o p o m K o s a r r  M e T a n n y p r a s  H ~ p .  C p e ~ ~ e e  
c O A e p H t a H H e  meJIe3a B K O H q e H T p a T a X  n p H  0 6 0 r a 4 e ~ H H  MarHeTHTOBhIX,  
IT?MaTHTOBhIX, MaPTHTOBhIX H LIOJIYMaPTHTOBPX P Y A  COCTaBJIReT O ~ M ¶ H O  
65-55%, 6ypnx HEeJIe3HRKOB - 55-45% * . 

M a p r a ~ q e s a e  PYAJd H KOHqeHTPaThI  HCIIOJIb3YIOT B M ~ T ~ J I J I Y P ~ H P ~ C K O ~  
H X H M H ~ ~ C K O G  IIpOMblIIIJIeHHOCTH. A ~ R ~ X H M W ~ C K O ~ ~  IIPOMhllIIJIeHHOCTH 
T P ~ ~ Y I O T C F I  lIHPOJIIO3HTOBPe K O H q e H T p a T b I ,  C O A e p X a 4 H e  6onee 80% 
M a p r a H q a .  B M e T a n n y p r H n e c K H x  M a p r a H q e s a r x  K o H q e H T p a T a x  conepma- 
H n e  M a p r a H q a  A o n m H o  6 n ~ b  H e  M e H e e  40-34%. 

C B H H ~ O B M ~  K o H q e H T p a T n  nepepa6a~asa10~crr B npoqecce n n a B K a .  

- n p e ~ e n a  c o n e p m a H n r r  B K o H q e H T p a T a x  c B m q a  H e  M e H e e  70-30%. 
~ H H K O B M C !  K O H q e H T p a T h I  I I e p e p a 6 a ~ b I B a I O ~ c R  H a  AHCTEJIJIR4HOHHPX 1 H 3JIeKTpOJIHTHblX 3aBORaX.  n p e A e J I h l  COAepmaHEiR q H H K a  B K O H q e H T p a -  

' T a x  53-40%. MeA~hle KOHqeHTpaTEJ I I o c T y n a m T  nocne o 6 m ~ r a  B O T p a -  

I 
m a T e n b H n e  n em AJIR B b l n n a B K H  m ~ e f i ~ a .  Ilpe~enar c o A e p x a H H r r  MeAH 
B K O H q e H T p a T a X  20-11 % . M o n ~ 6 ~ e ~ o s a e  KOHqeHTpaThI  ~ O T ~ ~ ~ J ~ R I O T C H  
D OCHOBHOM M ~ T ~ J I J I ~ ~ ~ H P ~ C K O ~  npOMbIlIIJIeHHOCTbIO. n p e ~ e J I b I  COAep- 
HtaHHR B K O H q e H T P a T a X  M O J I H ~ A ~ H ~  50-47%. Bonb+pa~osare KOHqeHT- 
p a w  H C I I O J I ~ ~ Y I O T  A n n  B n n n a B K n  @ e p p o ~ o n b @ p a ~ a .  I l p e ~ e n a  coaepxa- 
HHH B K O E q e H T p a T a X  ~ o J I b @ p a ~ a  65-50%. 

C O A ~ ~ ? K ~ H H € !  I I p H ~ e c e f i  B yrJ lRx H YrOJrbHhIX K O H q e H T p a T a X ,  IIOCTy- 
UaIoIQHX H a  KOKCOBaHHe, OnpeAeJrReTCR KOHAHqHRMH, YCTaHOBJIeHHPMH 

H a  M ~ T ~ J I J I ~ ~ ~ H ¶ ~ c K H H  KOKC. A J I R  ~ o J I ~ K I I H H c T B ~  AOHeqKHX KOKCOBnX 
3aBOAOB 30J IbHOCTb KOKCa AOLIYCKaeTCII 9-10% H COAePHCaHHe C e p H  - 

( I ,65-I ,80 % . Ha aasopax C H 6 e p a  3 o n b a o c T b  H copepmaane cepn co- 
CTaBJIRIOT COOTBeTCTBeHHO 11,2 H 0,5%. 

B npnpone nosm H e  B c T p e q a w T c a  p y ~ a  c BMCOKHM c o A e p m a H a e M  
U O J I ~ ~ H O ~ O  KOMLIOHeHTa. T ~ K ,  HteJre3HbIe PYAM PaCTO COAepHCaT H e  6onee 
30-35% xenesa, M a p r a n q e s a e  p y ~ a r  - 18-25 % M a p r a H q a ;  morne 
MeAHbIe PYAM COAePXCaT OT 1 A 0  2% MeAH, OJIOBRHHhle - H e  6onee 1% 
onosa. O C H O B H ~ ~  M a c c a  BTHX PYA n p e A c T a s n e H a  n o p o A a M H ,  n a c T w H o e  



no menem,  y ~ o s n e ~ ~ o p n a q e i i  ~ p e 6 o s a ~ n a ~  ~ e ~ a n n y p r ~ s e c ~ o H  npo- 
MbIIIIJIeHHOCTH. 

~ ~ O A C ¶ ~ T  3a I IaCOB IIOJIe3HhIX HCKOIIaeMbIX OCYLQeCTBJIReTCH C y¶eTOM 

K O H A H ~ H ~ ~  H a  C b I p b e ,  KOTOphIe C 1957 r. YCTaHaBJIHBaIOTCR ~ I l e q Z T a J I b ~ o f i  

~ o ~ m c c m e i i  r0cnJIa~a CCCP B p e 3 y J I b T a T e  PaCCMOTPeHHR IIPOeKTOB C TeX- 

HHKO-3KOHOMH9eCKHM O ~ O C H O B ~ H H ~ M  ~ ~ H T ~ ~ ~ J I ~ H O C T H  O T ~ ~ ~ O T K H  MeCTO- 

P O H C A ~ H H ~ ~  H HCnOJIb3OBaHHR CbIPbR.  AJIR K a W A O r O  6acceii~a ( M ~ C T O -  

P O X A e H H R ,  y ¶ a c T K a )  YCTaHaBJIHBaIoTCR ~ O P T O B O ~ ~  H H H I K H H ~ ~  n p e A e n b I  

n p o M M m n e m o r o  c o n e p w a H m n  o c H o B H o r o  K o M n o H e H T a  B I I O J I ~ ~ H ~ I X  HCKO- 

n a e w x  m A o n y c T n M o e  c o A e p l r t a H m e  B p e A a a r x  npn~ecefi ;  3 ~ m  n o ~ a 3 a ~ e n ~  
MOrYT H3MeHRTI.CR B 3aBHCHMOCTH OT YPOBHR P a 3 B m T H R  TeXHHKH H TeX- 

H o n o r a m  A O ~ M ¶ H ,  0 6 o r a ~ e ~ m ~  m ~ p e 6 o s a ~ m i i  n o ~ p e 6 m ~ e n ~ .  f l o ~  6opmo- 
e b a a  n p e n e n o ~  n p o M b I m n e H H o r o  c o n e p l r t a H m  n o H m M a e T c s  n p e A e J r b H o  

~ m a ~ o e  n p o M b I m n e H H o e  c o A e p l r t a H m e  none3~oro  K o M n o H e H T a  B npo6ax, 
no KOTOPMM OKOHTyPITBaeTCR MeCTOPOWAeHHe. f l0 ,D KUalcKUiE IIpeAeJIOM 

llOHHMaeTCR MHHHMajIbHOe C O A e p W a H H e  l lOJIe3HOrO KOMIIOHeHTa DO OKOH- 

T y p e H H O M y  M e C T O P O W ~ e H H I o  ( Y ¶ ~ C T K ~ ) ,  I I P H  KOTOPOM IIOJIe3HOe HCKOIIa- 

eMOe H a  AaHHOM Y p O B H e  p a 3 B H T H R  TeXHHKH, TeXHOJIOI'HIX ~o6b1sm m IIepe- 
p a 6 0 ~ ~ m  HpMrOAHO B HapOAHOM X O ~ R ~ ~ C T B ~ .  

HHXHHM IIPeAeJIOM KOHAHqHOHHbIX PYA H H K O ~ O J I ~ C K O ~ O  M a p r a H q e -  

BOpyAHOI'O 6acceii~a CTmTaeTCR: If0 K a ¶ e C T B y  H C X O A H O ~  PYAbI - COAep- 

H c a H n e  M a p r a w a  H e  M e H e e  17% B OKHCHMX m 13% B ~ a p 6 o ~ a ~ ~ a r x  py- 
Aax; no B ~ I X O A Y  K o H q e H T p a T a  c o A e p w a H H e  M a p r a H q a  H e  M e H e e  25% 
nna OKHCHhIX H 22% AJIR K a p 6 0 ~ a T ~ k . I ~  PYA 

HHWHHM IIpeAeJIOM KOHAHqHOHHbIX 6 e ~ ~ b 1 x  PYA ~ ~ E I B O ~ O W C K O ~ O  

6acceii~a DO COAeplr taHHIo PaCTBOpHMOrO l r t e J I e 3 a  C¶HTaeTCR AJIR r e M a T H -  

~ 0 ~ 0 6  Pa3HOCTH - 25 % , ~ ~ M ~ T H T O - M ~ ~ T H T O B O %  pa3HOCTH - 32% H CMe- 

IUaHHbIX HarHeTEITO-reMaTHT0-JIHMOHHTOBbIX K B a p q H T O B  - 35%. 
K ~ o M ~  OCHOBHOrO KOMnOHeHTa B IIOJIe3HMX FiCKODaeMbIX IIPHCYTCT- 

B Y ~ T  BpeAHbIe  n p m M e c m ,  K o T o p M e  B npoqecce M ~ T ~ J I J I Y P ~ H ~ ~ C K O ~ ~  nepe- 
p a 6 0 ~ ~ n  MOrYT n e p e f i T H  B MeTaJIJI H Y X y A m H T b  er0 Ka9eCTBO. B AOMeHHhIX 

WeJIe3HbIX p y A a X  H K O H q e H T p a T a X  BPeAHhIMH IIPHMeCRMH RBJIRIOTCR 

cepa, @oc@op, M ~ I I J I ~ R K ,  ~ H H K ,  MeAb m T. A. C o ~ e p x a ~ m e  c e p N  B K o H q e H T -  

p a T a X  B 3aBHCHMOCTH OT H a 3 H a ¶ e H H R  H e  AOJIXHO DpeBbI I J IaTb  0,02-0,3% , 
@0~@0pa - 0,05-0,2%. B MeAHbIX H CBHHqOBJdX P y A a X  B ~ ~ ~ H o G  n p H -  

M e c b m  R B n R e T c n  ~ H H K ,  B ~ H H K O B M X  - l r t e n e 3 0 ,  B M a p r a H q e s b I x  py- 
nax - @oc@op. 

T p e 6 o ~ a ~ m ~  K P y A a M  no K P y n H O C T H  CBOARTCR K O r p a H W e H H H )  MaK-  

CHMaJIbHOrO p a 3 M e p a  KYCKOB H COAePWaHHR MeJIO¶H p a 3 M e p O M  M e H e e  

3-5 ncnt. P a 3 ~ e p  KYCKOB TpyAHOBOCCTaHOBHMbIX ( M ~ ~ H ~ T H T O B ~ I X )  PYA 
H e  , q o n m e H  n p e s M m a T b  40-50 ncnt, n e r K o B o c c T a H o B H M M x  (6ypb1e l ~ e ~ 1 e 3 -  

HRKH, M ~ P T E I T H )  - 80-150 ax. C o ~ e p l r t a ~ n e  M e n o s m  B pyne A o n y c K a -  

eTCR a0 5-15%. 0 6 b 1 9 ~ 0  MeJIO¶b KPYIIHOCTbIo A 0  10 ZY OTCeHBaIoT 

H arJIOMepmpyIoT.  M ~ ~ T ~ H O B C K H ~  PYAbl AOJIWHhI HMeTb KPYnHOCTb OT 12 
no 250 ax H c o A e p w a H H e  l r t e n e s a  H e  M e H e e  58%. Y r o n b  AJIR K o K c o B a -  

H E R  H e  AOJIWeH 6 b I ~ b  K p y I I H e e  3-5 ntM.. 
OAHHM H 3  HeI IpeMeHHbIX YCJIOBH$ IIOBbImeHHR D@@~KTHBHOCTH p a 6 o . r ~  

r o p ~ o o 6 0 r a ~ ~ ~ e n b ~ h I x  n p e ~ n p m ~ ~ m i i  m M e T a n n y p r m s e c K n x  ~ ~ B O A O B  

( ~ a p r r ~ y  c y M e H b m e H m e M  n o T e p b  rn p a 3 y 6 0 ~ m s a ~ n s  PYAEX) R B n n e T c R  o6ec- 
I I e ¶ e H H e  PaBHOMePHOCTH Ka¶eCTBa  HCXOAHOrO CbIPbR,  I IOCTYIIaIOQerO 

H a  0 6 o r a ~ e ~ ~ e ,  H IIOCTORHCTBa p y ~ ~ ~ i j [  ¶aCTU A O M ~ H H O ~ ~  m H X T h I  B T e W -  

H H e  BO3MOlKHO 60~1ee ,QJIHTeJIbHOI'O I l e p H O A a  B p e M e H H .  

IIOCTORHCTBO x m M m ¶ e c K o r o  m M n H e p a n o r n s e c K o r o  c o c T a s a  n o n e s ~ o r o  
m c K o n a e M o r o ,  n o c T y n a I o Q e r 0  H a  0 6 0 r a ~ ~ T e ~ r b ~ b I e  @ a 6 p ~ ~ m ,  C ~ O C O ~ C T B ~ ~ T  

c ~ a 6 r n ~ r b ~ o ~ y  x o ~ y  T e x H o J r o r m s e c K m x  n p o q e c c o B  060ra1qe~mc1 ,  p a B a o -  

~ e p ~ o B  s a r p y a ~ e  B c e x  a n n a p a T o n  I* M a m m ,  a T a K x e  y s e n m q e H H I o  npo- 
H ~ B O A C T B ~ H H O ~ ~ [  MOQHOCTH o ~ o ~ ~ T H T ~ J I ~ H ~ I x  @ a 6 p ~ ~ .  I-IamJIy¶mHe DOKa- 

a a~enm ~ a r n ~ ~ ~ o i i  cenapaqmm A o c T m r a I o T c R  npm n e p e p a 6 0 ~ ~ e  n p a K -  

TH¶eCKE OAHOpOAHOrO 110 O ~ O ~ ~ T H M O C T E I  H Ka¶eCTBy C b I p b R .  

0 6 o r a ~ m ~ e ~ 1 1 , ~ ~ e  @ a 6 p n ~ n  m ~ ~ B O A E J - ~ O T ~ ~ ~ H T ~ J I H  p e r n a M e H T H p y I o T  

AOIIYCTHIMM~ OTKJIOHeHMR COAePlrtaHHII IIOJIe3HhIX H BpeAHbIX KOMIIO- 
I HeIITOB B IXCXOAHOM C h I p b e  E i  KOHVeHTpaTe ,  MeJIO¶H B P y A a X  13, a r J I O M e p a T e  

1 H T. A. T p e 6 o s a ~ m ~  CBOARTCR K I I O J I ~ ~ H H H )  OAHOPOAHO~O M ~ T ~ P H ~ J I ~  

K a K  no XUMH¶eCKOMy, T a K  H IIO I ' paHyJIOMeTpFIeCKOMy COCTaBy. 

I I o n e 3 ~ b 1 e  H c K o n a e M H e  B H e A p a x  o x p a H R I o T c R  B ~ K O H O M ,  n o A n e l r t a T  

MaKCHMaJIbHOMY H3BJIe¶t?HHIo H CHCTeMaTH¶eCKOMY Y¶eTY. H O T ~ ~ H  
a p a 3 y 6 0 x n ~ a ~ ~ e  n o n e 3 ~ o r o  H c K o n a e M o r o  H a H o c m  H a p o A H o M y  x 0 3 ~ i i -  

CTBy 6 o n b m o i i  y ~ e p 6 .  B I IpOqeCCe  p a 3 p a 6 0 ~ ~ ~  M ~ C T O P O ~ ~ ~ A ~ H H ~ ~  nones- 
HbIX HCKOIIaeMhIX OTICPJdTHM C I I O C O ~ O M  IIOTeplX H p a 3 y 6 0 x ~ n a ~ m e  HeH3-  

6 e l r t ~ b 1  H COCTaBJIRIoT 3-10% EI 6onee 6ana~co~h1x 3 a n a C O B  K a p b e p H b I X  

noneii. 
IIon nomepaxu noHHMaeTccI  sacm 6 a n a ~ c o ~ k . r ~  3anaco~ n o n e s ~ o r o  

HCKOnaeMOI'O, KOTOPaR BCJIeACTBHe HeCOBepIIIeHCTBa ~ O P H O ~  TeXHHKH, 

TeXHOJIOrHH H A P Y r H X  IIPH¶HH H e  H3BJIeqeHa  H 3  H e A P  I l p H  p a 3 p a 6 0 ~ ~ e  
MeCTOpOlr t#?HHR. n 0 T e p I X  IIPHBOART K YBeJIlFIeHmH, aMOPTH3aqHOHHbIX 

O T ¶ H C J I ~ H H ~ ~  IIO KaIIHTaJIbHbIM 3 a T p a T a M  H a  eAlXHlXqy ~ 0 6 ~ 9 ~  H BbI3bIBaIoT 

AOIIOJIHHTeJIbHbIe 3 a T p a T h I  CpeACTB H a  DO,t(rOTOBKy H BbIeMKY IIOJIe3HOI'O 

H c K o n a e M o r o  H a  K a p b e p a x .  

~ O A  p a 3 y 6 o a l c u s a ~ u e x  n0HHMaeTCR YMeHblIIeHHe COAepWaEIHR nones- 
H H X  KOMIIOHeHTOB B A O ~ M T O M  C h I p b e  ll0 CPaBHeHHH) C COAeplr taHHeM 

B MaCCHBe HJIH YXYAIIIeHHe B I I p O q e C C e  ~ 0 6 ~ 9 ~  Ka¶eCTBa  IIOJIe3HOI'O HCKO- 

l l a e M O r 0  BCJIeACTBHe 3 a C O p e H H R  IIyCTbIMH JIOpOAaMM H nOIIanaHFfR B H e r 0  

M e H e e  QeHHbIX ( H ~ K O H A H ~ H O H H H X )  COPTOB. 

P a s y 6 o l r t ~ ~ a ~ ~ e  BeAeT K yBt?JIH¶eHHIo PaCXOAOB H a  ~ 0 6 ~ 9 ~  H TpaHC-  

I IOPTHPOBaHHe IIOJIe3HOrO HCKOIIaeMOrO, YXYAIIIeHHIo TeXHHKO-3KOHO- 

MH¶eCKHX n 0 K a 3 a T e J I e f  p a 6 0 ~ b 1  0 6 0 r a ~ E f T e J I b ~ h I ~  @ a 6 p H K  BCJIeACTBme 

1 Y M e H b m e H H R  BbIXOAa K O H q e H T p a T a  BLICmHX COPTOB H YBeJIlFIeHlXR 

3 K c n n y a T a q H o H H h I x  p a c x o A o B  H a  0 6 0 r a ~ e ~ ~ e  m ~ e ~ n ~ r n y p r m s e c ~ m i i  

npenen. 
P a s n m a m ~  n p o e K T H M e ,  HopMaTrnBHHe,  n n a H o n M e  m a K c n n  y a T a q n o H -  

I HbIe n o T e p n  nonea~oro  H c K o n a e b I o r o .  
I 



17poe~mnwe nomepu - n a c n  ~ ~ J I ~ H C O B H X  a a n a c o ~  none3~oro  ~ c s o -  
I IaeMOrO,  KOTOPaR I I p e A y C M a T p H B a e T C R  TeXHH¶eCKHM IIpOeKTOM K 683~03- 
BpaTHOMY OCTaBJIeHHIO B H e A p a X  n p H  O T P ~ ~ O T K ~  MeCTOPOECAeHHR. 

Hopmamusnamu H ~ ~ ~ I B ~ I O T C H  n o T e p n  nones~oro  H c K o n a e M o r o ,  pac- 
C¶HTaHHhIe H YCTaHOBJIeHHhIC! AJIH K~XAOH I I ~ H M ~ H H ~ M o ~  CHCTeMbI paa- 
p a 6 0 ~ ~ ~ .  

1 7 ~ a n o s b z m u  H ~ ~ H B ~ I O T C H  n o T e p H  n o ~ ~ e a ~ o r o  H c K o n a e M o r o ,  y c T a a a s -  
JIHBaeMhIe I I p H  COCTaBJIeHHH IIJIaHOB p a 3 B H T H R  r O P H h I X  p a 6 0 ~  AJIH onpe- 
AeJIeHHhIX CHCTeM p a 3 p a 6 0 ~ ~ H  B COOTBeTCTBHH C reOJIOI'H'IeCHHMH H P o p -  
HOTeXHH'XeCKHMH YCJIOBHHMH H HOPMaTHBaMH I IOTePb .  

3~cn~yamaquonnae  nomepu - nacm 6 a n a ~ c o ~ n x  s a n a c o ~  nones- 
H o r o  H c K o n a e M o r o ,  o c T a a n H e M a R  B H e n p a x  H ~ ~ B H C R I ~ ~ R  OT n p n M e m e -  

~ 0 f i  CHCTeMhI p a 3 p a 6 0 ~ ~ H  E H e I I p a B E J I b H O r  0 BeAeHHR r OpHhIX p a 6 o ~ .  
Y ~ o B ~ H ~  I I O T e p b  H P ~ ~ Y ~ O E C H B ~ H H F I  IIOJIe3HOrO HCKOIIaeMOrO MOiEieT 

K o J I ~ ~ ~ T ~ c R  B 3aBHCHMOCTH OT reOJIOI'H¶eCKHX EI I 'HApOreOJIOrE¶eCKHX 
~ c J I o B H ~ ~  3aJIC?raHHR, I IpHMeHHeMhIX BCKphIIIIHOrO H A O ~ P ~ H O ~ O  r O p H 0 -  

TpaHCIIOpTHOrO O ~ O ~ ~ A O B ~ H E ~ ,  CHCTeM P ~ ~ P ~ ~ O T K H ,  o p r a ~ ~ 3 a q n ~  
IIpOH3BOACTBa r O p H H X  p a 6 o ~  H P R A a  A p y r H X  @;~KTOPOB. ~ o T C ! ~ H  no reoao- 
r W e C K H M  I I P W H H a M  O ~ Y C J I ~ B J I H B ~ I O T C R  H a J I w H e M  p a 3 J I H ¶ H O r O  P O A a  TeK- 
TOHHseCKHX H ~ P Y I I I ~ H H ~ ,  HeRCHOCTbIO H CJIOECHOCTbH) KOHTYPOB MeCTO- 

POECAeHHR. 
n 0 ~ e p H  IIO rHApOI ' eOJIO~E¶eCKHM I I p H s H H a M  CBH3aHhI C O ~ B O A H ~ H -  

HOCTbH) OTAeJIbHhIX Y¶aCTKOB M ~ C T O P O E C A ~ H H ~ ~ ,  a TaKECe C OCTaBJIeHHeM 

P a c T H  I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  B H e n p a x  B K a s e c T s e  n p e A o x p a H H T e n h -  
H H X  IJeJIHKOB AJIH I IpeAyI IpeECAeHHH IIpOphIBOB IIOA3eMHhIX BOA H J H  

IIJIHBYHOB. 
~ O T ~ P H  B IIOCTORHHHX I IpeAOXpaHHTeJIbHhIX q e J I H K a X  BKJII09aH)T 

3a11ach1 IIOJIe3HOrO HCKOIIaeMOrO, OCTaBJIReMhIe IIOA MarHCTPaJ IbHhIMI l  

H(eJIe3HOAOPOXHhIMH IIYTHMH, KaIIHTaJIbHhIMH HHECeHePHhIMH C O O p y X e -  

HHRMH H T. II. 
f l p ~  BeAeHHH r O p H h I X  p a 6 o ~  M O r y T  B 0 3 H H K a T b  I IOTePH H3-3a  OCTaB- 

J I ~ H H R  n o n e a H o r o  H c K o n a e M o r o  B nome y c T y n a  HJIH ero 110rpy3li~ 
H n e p e M e q e H H R  B OTBaJIhI BMeCTe C IIOPOAHhIMH I I P o c J I o ~ ~ K ~ M H ,  OII0.7- 

3 ~ e f i  B H y T P e H H H X  OTBaJIOB, 0 6 p y I I I e ~ ~ g  YCTYIIOB H T. A. 
A n R  YCTaHOBJIeHHH OIITHMaJIbHOrO YpOBHR I I O T e p b  H P ~ ~ Y ~ O E C H B ~ H H R  

IIOJIe3HbIX HCKOIIaeMhIX IIPHMeHHTeJIbQO K HCIIOJIb3YeMOMy r O P H O T P a H -  

CIIOPTHOMY O ~ O P Y A O B ~ H H H )  H CHCTeMaM p a 3 p a 6 0 ~ ~ H ,  OIIpeAeJIeHHH qene- 
coo6paa~oii CTeIIeHH IIOJIHOThI O T P ~ ~ O T K H  3aI IaCOB B KOHTYPaX MeCTO- 
pO)KAeHHH, YCTaHOBJIeHHH OIITHMaJIbHOrO COOTHOIIIeHHR MeECAY YPOBHHMIl 

n o T t ? p b  H P ~ ~ Y ~ O E C H B ~ H H H ,  a TaKECe AJIH p a 3 p a 6 0 ~ ~ H  O p r a H H 3 a q H O H H O -  

TeXHE¶eCKHX M ~ ~ o I I ~ H R T H ~  IIO HX CHHXeHHIO H ~ O ~ X O A H M ~  I I p a B H J I b H a H  
IIOCTaHOBKa y P e T a  H 3 K O H O M W e C K a H  O q e H K a  yqep6a OT I I O T e p b  H pas).- 
~ O E C H B ~ H H R  H a  K a p b e p a X .  

C H C T ~ M ~ T W ~ C K H ~ ~  y ¶ e T  ~ 0 6 h I ¶ H  IIOJIe3HhIX HCKOIIaeMbIX H ABHXeHHH 
~ ~ J I ~ H C O B P X  3aI IaCOB IIO OTAeJIbHHM 3KCIIJIYaTaqHOHHhIM K a T e r O P H H M ,  
a T a K s e  y ¶ e T  I I O T e p b  H P ~ ~ Y ~ O E C H B ~ H H R  OCY4eCTBJIHIOTCR M ~ P K I I I ~ ~ ~ A ~ P -  

C K O ~  H r e o n o r w e c ~ o i j r  C J I ~ E C ~ ~ M H  ~ o ~ H o A o ~ ~ I B ~ I O ~ H X  I I ~ ~ A I I ~ H R T H ~  

c qeJIbI0: KOHTPOJIH 38 IIOJIHOTOH HaBJIe¶eHHR H 3  H e a p  IIOJIe3HHX ECHO- 

I laeMhIX; BhIHBJIeHHH H YCTpaHeHHH HeAOCTaTKOB, I IPHCYQHX I IpHMeHHe-  
MHM CHCTeMaM p a 3 p a 6 0 ~ ~ ~  H O P P a H H 3 a q H H  POPHbIX p a 6 o ~ ;  YCTaHOBJIeHHH 
~ a ~ 6 o n e e  P a q H O H a J I b H h I X  cnoco60~ IIPOH3BOACTBa H O p r a H H 3 a q H H  POP- 

H ~ I X  p a 6 o ~ ,  C I I O C O ~ C T B ~ I ~ ~ H X  ~ a ~ 6 o n e e  n o n H o M y  H ~ B J I ~ Y ~ H H H )  nonea- 
HOP0 HCKOIIaeMOrO I I P H  MHHHMaJIbHOM C H H X e H H H  er0 Ka¶eCTBa .  

B n p O q e C C e  A O ~ H ¶ H H X  p a 6 o ~  T ~ X H W ~ C K H B  H a A 3 0 P  H a  K a p b e p a X  OCy- 

WeCTBJIReT C H C T ~ M ~ T H ¶ ~ C K H ~  y ¶ e T  K O J I w e C T B a ,  Ka¶eCTBa  H ~ H K C H P Y ~ T  

H a  n n a H a x  r o p H a x  p a 6 o ~  M e m o  B h I e M K n  I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  B 38- 

Goe. 0 6 q ~ f i  B e C  A O ~ H T O ~ O  IIOJIe3HOI'O HCKOIIaeMOrO (B T O H H ~ X ) ,  OTIIpaB- 

JIHeMOrO n o ~ p e 6 ~ ~ e n 1 0 ,  OlIpeAeJIReTCH HeIIOCpeACTBeHHhIM B3BeIIIHBaHHeM 

H a  K a p b e p e  ( 0 6 0 r a ~ H ~ e J I b ~ o f  4 a 6 p ~ ~ e ) .  ~ ~ C T O  I IpOqeCC B3BeIIIHBaHHH 
c o ~ ~ e ~ q a e ~ c ~  c o n p o 6 0 ~ a ~ n e ~  K a s e c T s a  I I O J I ~ ~ H ~ I X  H c K o n a e M a x .  g a c ~ b  
IIOjIe3HOI'O HCKOIIaeMOrO, KOTOPaH HeIIOCPeACTBeHHO K I I O T P ~ ~ H T ~ J I H )  

H e  n o c T y n a e T  H 6e3 n p e A s a p H T e n b H o r o  B ~ B ~ I I I H B ~ H I ~ H  a m y M y n H p y e T c H  
H a  I IpOMeXyTO¶HhIX CKJIaAaX I I p H  K a p b e p a x  HJIH O ~ O ~ ~ T H T ~ J I ~ H O ~  4a6- 
P H K e ,  y¶HThIBaeTCH M ~ ~ K I I I ~ ~ ~ A ~ ~ c K E ~ M  3aMepOM.  E ~ o M ~  TOrO, r e O J I O r 0 -  
M ~ ~ K I I I ~ G A ~ ~ c K H G  y ¶ e T  ~ 0 6 ~ 9 ~  OCyqeCTBJIHeT KOHTPOJIb H a A  CTaTHCTH9e- 

CKIIM YPeTOM. OH HBJIHeTCH HCXOAHhIM AJIH OIIpeAeJIeHHH B e J I W H H b I  
; n o T e p b  H ~ ~ ~ ~ ~ O X H B ~ H H H ,  a T a K x e  AJIH ~ ~ J I ~ H C O B O ~ O  y s e T a  A B H x e H H t I  

3anaco~ n0~1e3~0ro H c K o n a e M o r o  B H e A p a x .  
P e a y a b ~ a ~ ~  n o A c s e T a  ~ 0 6 h 1 n ~  no r e o n o r o - ~ a p ~ m e i j r ~ e p c ~ ~ ~  AaHHHM 

, 3aHOCHTCR B c n e q H a J I b ~ h I 6  X y p H a J I ,  KOTOPHB BeAeTCH IIO K a X A O M Y  I'OPH- 
t 30HTY H K a P b e P Y  B I(eJI0M. Y ¶ ~ T  ~ 0 6 h I ¶ ~ ,  KPOMe TOrO,  BeAeTCH H a  I I J IaHaX 

1 r O p H h I X  p a 6 o ~  no AaHHhIM r e o n o r w e c ~ o i j r  H ~ a p ~ I I I e f i ~ e p c ~ 0 f i  C J I Y X ~ .  

E a x ~ o e  r o p H o e  n p e A n p H m H e  no COCTOHHHH) H a  n e p B o e  ~ ~ C J I O  H a P a n a  

r o A a ,  nonyronm, K s a p T a n a  H, B o T A e n b H a x  c n y s a H x ,  M e c c I q a  0cyqec.r- 
B.?HeT C H C T ~ M ~ T W ~ C K H ~ ~  6 a n a ~ c o ~ h 1 i j r  Y¶eT ABHXeHHH 3aIIaCOB paapa6a- 
T h I B a e M o r o  MeCTOpOXAeHHH. Y ¶ ~ T  A B H X e H H H  3aI IaCOB OCyllJ,eCTBJIHeTCH 
IIO CIIeqHaJIbHhIM ~ O P M ~ M ,  KOTOphIe IIOAIIHChIBaKITCH W a B H h I M  H A X e H e -  
POM, rJIaBHhIM ~ a p ~ I I I e f i ~ e p 0 ~  H PJIaBHHM reOJIOrOM IIpeAIIPHRTHH. 
Ha HHX ECe B03J Ia raeTCH H IIOJIHaR OTBeTCTBeHHOCTb 38 I I ~ ~ B H J I ~ H ~ I ~  Y¶eT 
3 a n a c o B  B H e A p a x .  

E a n a ~ c  I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  H M e T a n n a  B H p a x a e T c H  CooTBeTcT- 

ReHHO YPaBHeHHRMH: 

Q , q = Q b - n + B ,  (K1) 

QAa, = Q c a 6  - 1 7 ~ 6  + B ~ I I  7 

QA - KOJIH¶eCTBO A O ~ H T O ~ O  IIOJIe3HOrO HCKOIIaeMOrO, m (m3); 
Q6 - ~ ~ J I ~ H C O B ~ I ~  3 a n a c h 1  I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  B H e a p a x ,  m (m3); 
17 - n o T e p H  nonea~oro  H c K o n a e M o r o ,  m (m3); 

B -, KOJI W e C T B O  I I Y C T O ~ ~  I IOPOAP,  H ~ B J I ~ ¶ ~ H H o ~ ~  COBMeCTHO C IIO- 
J Ie3HHMH HCKOIIaeMhIMH, m (a3); 

a 6  - CPeAHeB3BeIIIeHHOe C O A e p X a H H e  nOJIe3HOrO KOMIIOHeHTa 
B MaCCHBe, % ; 

a, - CpeAHeB3BeIIIeHHOe C O A e p X a H H e  IIOJIe3HOrO KOMIIOHeHTa 

B ~ 0 6 6 1 ~ 0 ~  IIOJIe3HOM IlCKOIIaeMOM, % ; 
a, - c p e ~ ~ e ~ 3 ~ e m e ~ ~ o e  c o A e p z a H H e  none3~oro  K o M n o H e H T a  

B ~ ~ ~ Y ~ O X ~ E H B ~ I O ~ H X  IIOpOAaX, % . 



n p n  OTCYTCTBHH I I O J I ~ ~ H O ~ O  H o M n o H e H T a  B p a 3 y 6 0 x ~ s a r o q e G  nopone 
(a, = 0) B b I p a m e H m e  (X,3) n p n M e T  BHA: 

B e n H s H ~ a  p a 3 y 6 0 1 ~ H ~ a ~ H f i  noneaaoro a c r r o n a e M o r o  o n p e A e a c I e T c n  

UO COOTHOIIIeHHH) ~ ~ ~ Y ~ O H C H B E I I O U W . ~  IIOPOAbI H A O ~ ~ I T O ~ O  IIOJIe3HOI'O HCKO- 

u a e M o r o  mrn no c o A e p x a H u m  B n o n e 3 ~ 0 ~  H c K o n a e M o M  a: pasy6ox~sa1o- 
pefi n O p 0 A e  OCIIOBHOrO KOMlIOHeHTa. 

n o  KOJIH¶eCTBy pa3y60x~sa101qef nOpOAbI &i ~ 0 6 ~ ~ 0 1 0  IIOJIe3HOrO 

a c K o n a e M o r o  p a 3 y 6 0 m ~ s a ~ ~ e  o n p e 3 e n c I e T c n  no @ o p ~ y n e  

M~POIIPEIRTEIR TI0 CHHmeHHlO BeJIMPHHhI I IOTepb  H p a 3 y 6 0 ~ n s a ~ m i  
UOJIe3HhIX HCKOIlaeMhIX AOJIxHbI p a 3 p a 6 a ~ h l B a ~ b c c I  H OCYlJJeCTBJIFITbCR 

B IIpOqeCCe P a 3 B e A K H  MeCTOPOXAeHHII, UpOeKTHpOBaHHcI r 0 p H b I X  p a 6 o ~ ,  . 
a K c n n y a T a q H H  H n o r a m e H n n  K a p b e p o B .  B n p o e K T a x  H ~ O ~ X O A H M O  npe- 
AYCMaTPHBaTb KOMDJIeKCHOe Fi3BJIePeHHe IIOJle3HbIX KOMUOHeHTOB, 060~-  
HOBaHHhIe BeJIH¶HHhI l l O T e p b  H p a 3 y b o ~ H ~ a ~ H c I  llOJIe3HOrO HCKOnaeMOrO 

H a  BCeX CTaAHRX p a 6 o ~  H MephT 60pb6b1 C HEIMH. 

A n R  c n c T e M a T m n e c K o r o  C H H x e H H t I  YPOBHR n o T e p b  H p a 3 y 6 0 ~ H B a ~ H c I  

DOJIe3HOI'O HCKOllaeMOI'O H ~ O ~ X O A H M O :  AeTaJIbHO IXIaHHpOBaTb ~ 0 6 b I ¶ ~ b I e  

MhIX C pa3HbIM IIPOqeHTHbIM COAepXaHHeM llOJIe3HOI'O KOMnOHeHTa AJIH 

DOJIy¶eHHR HCXOHHOrO CbIpbR 3aAaHHOrO KaPeCTBa,  H a  o 6 0 r a 1 1 ( e ~ n e  KO- 

T o p o r 0  HaCTpOeHa 0 6 0 r a ~ H ~ e J I b ~ a c I  a a 6 p n ~ a .  
OCHOBHOB IIPHHqHII YCPeAHeHHII KaPeCTBa IIOJIe3HbIX HCKOnaeMhTX 

3aKJIIo¶al?TCR B BbIIIOJIHeHHH KOMIIJreKCa OpraHH3aqHOHHO-TeXHWeCKHX 
~ e p o n p r n ~ ~ u i i  no n n a ~ o ~ e p ~ o i  H ~ a ~ 6 o n e e  ~ # @ ~ K T H B H O G  p a 3 p a 6 o ~ ~ e  
M e c T o p o x n e H m n .  n n a ~ m p y e ~ o e  c H c T e M a T n n e c K o e  y c p e m z e H n e  npeAy- 
c ~ a ~ p i s a e ~ :  ~ a R 6 o n e e  p a q ~ o ~ a n b ~ o e  H C I I O J I ~ ~ O B ~ H H ~  n p o M b I m n e H H a x  

3aUaCOB OTAeJIbHhIX ~ ~ ~ H O B H A H O C T ~ ~  H B qeJIOM BCeX IIOJIe3HbIX HCKOna- 

eMbIX; BbIIIOJIHeHHe IIJIaHOBbIX 3 a ~ a ~ H g  UO Ka¶eCTBy H BbIXOAY ~pe6ye- 
MbIX THUOB l'i COPTOB CbIPbR; YJIJ'¶meHHe TeXHHKO-3KOHOMHPeCKHX IIOKa- 

s a ~ e n e f  npoqecca 0 6 0 r a q e ~ ~ 1 1  H n o n y g e H n e  C ~ I P ~ R  c IIOCTOIIHHMMH 

C B O ~ C T B ~ M H .  
np l l  BbIIIOJIHeHHH OpraHH3aqHOHHO-TeXHWeCKHX M ~ ~ o I I ~ H H T H G  no 

~ # $ ~ K T H B H O M ~  Y C P ~ A H ~ H H K )  KaPeCTBa HCXOAHOI'O CbIPbH BeAyIQee  3 H a -  

neme  n p n o 6 p e ~ a e ~  r e o n o r o - ~ a p ~ r n e i i ~ e p c m  cnyx6a K a p b e p o B ,  KOTO- 

: pan AOJIHcHa CBOeBpeMeHHO C ~ a 6 x a T b  TeXHOJIOI'OB-3KCnJIyaTaIJHOHHHKOB 
HCXOJ(HbIMH AaHHbIMH H ~ o o T R ~ T c T B ~ I O I I J ~ ~  A O K ~ M ~ H T ~ ~ H ~ ~ ,  DJIaHHpOBaTb 

r O p H b I e  p a 6 o ~ h T  H KOHTPOJIHPOBaTb KaPeCTBO p a 3 p a 6 a ~ b I B a e ~ h I ~  PYA. 
~ ~ o J I o I ' E ¶ ~ c K ~ R  AOKyMeHTaqHcI ~06bI¶~bIx 3 a 6 0 e ~  AOJIHCHa BKJII09aTb 

3JIeMeHTbI A M c J I o K ~ ~ H ~  PYA, KOHTaKTbI MeXfCAY pa3JlHqHbIMH HX THUaMH, 

B ~ I ~ ~ c T B ~ H H ~ I ~ ~  COCTaB, @ K ~ H K o - M ~ x ~ H H ¶ ~ c K H ~  C B O $ C T B ~  PYA ( K P ~ ~ O C T ~ ,  

TPeIt(HH0BaTOCTb H COPTHOCTb PYAbI IlO C O O T B ~ T C T B ~ I O U ~ , ~ P  K J I ~ c c H # H K ~ -  

qHH) .  c~€!Ue~b YCpeHHeHHcI MOHCeT 6 b 1 ~ b  O q e H e H a  K O ~ @ $ H ~ H ~ H T O M  ky - 
= (ISo-IS) : 0 (l'nc Go H IS - CpeAHeKBaApaTHPeCKOe OTKJIOHeHHe K a -  

I n eCTBa HCKOIIaeMO~O A 0  H IIOCJIe ~ c ~ € ! A H ~ H H R )  H K O ~ # # E I ~ E I ~ H T O M  YMeRb- 

oIeHHJ3 CpeAHeKBaApaTHPeCKOrO OTKJIOHeHmcI k,= Go : 0. 
1 Y C ~ ~ A H ~ H U ~  Ka¶eCTBa HCXOAHOI'O CbIpLR M03KHO K J I ~ c c H $ H ~ H P o B Z I T ~  

1 no: MeCTy IlpOH3BOACTBa YCpeAHeHHfI; cnocody YCpeAHeHHcI; IIpRMeHcI-'  

e ~ o i i  ~exa~msaqnrn  npn a a r p y s ~ e  H pa3rpy3~e y c p e A H m T e n b H a r x  y c T a -  

HOBOK. 

Mec~o  I I ~ O H ~ B O A C T B ~  y c p e A H e H m n  K a n e c T s a  n o n e 3 ~ o r o  H c K o n a e M o r o  

MOXeT 6 b 1 ~ b :  BHYTPHKaPbepHOe;  H a  IIOBepXHOCTH (B 3 0 H e  ~ a p b e p a ) ;  H a  

0 6 0 r a ~ H ~ e J I b ~ b 1 x  @ a 6 p ~ ~ a x ;  H a  M e T a J r J r y p r a s e c K m x  a a ~ o ~ a x .  



n o  c11oco6a~ YCpeAHeHHH CJIeAyeT p a 3 J I H s a T b :  YCpeAHeHHe B npo- 
q e C C e  ~ 0 6 ~ s ~  CJJPbH ( B H Y T P H ~ ~ ~ O ~ H O ~ ) ;  YCpeAHeHHe B 6 y ~ ~ e p a x  
( ~ a  K a p b e p e ,  4 a 6 p ~ ~ e  H M e T a n n y p r m s e c K o M  a a ~ o ~ e ) ;  y c p e A H e H m e  H a  

P Y A H ~ I X  c K n a A a x .  

M ~ x ~ H H ~ ~ ~ H R  I I p O q e C C a  YCpeAHeHHH K a s e C T B a  CbIPbH I I P H  coaga- 
HHH CKJIaAOB M O X e T  OCYqeCTBJIHTbCH: 3KCKaBaTOpahIH ( M ~ X ~ H I I P ~ C K H M E I  

J I O n a T a M H ,  ~ p a r J I E l f l ~ a ~ H )  H 6 y J I b ~ 0 3 e p a ~ H  B CO¶eTaHHH C Pa3J IHPHbIMH 

BHAaMH TpaHCIIOPTa;  I ' p e 6 4 e p ~ b 1 ~ H  I c p a H a M H ;  KOHCOJIbHbIMH O T B ~ J I O O G -  
pa30BaTeJ IHMH;  pa3I 'PY30¶HhlMH T e J I e X K a M H ;  aBTOCaMOCBaJIaMEi H CKpe-  

nepam.  
Y c p e ~ ~ e ~ ~ e  K a s e c T s a  none3~oro  H c K o n a e M o r o  M o m e T  ocyqe- 

CTBJIHTbCH K a K  IIOCTPBlI(HK0M ( K a p b e p a ~ ~ ) ,  T a K  H I I O T ~ ~ ~ H T ~ J I H M E  HCXOA- 

HOrO CbIPbH ( o ~ o ~ ~ T H T ~ J I ~ H ~ I M H  ~ ~ ~ P H K ~ M H  H hIeTaJlJIypI'H¶eCKHMH 

~ ~ B O A ~ M H ) .  

Bb160p C I I O C O ~ ~  YCpeAHeHHH IIpeAOIIpeAeJIHIOT C J I e A y I O q H e  4 a K ~ o p E . I :  

B e n H s H H a  H xapamep ~ o n e 6 a ~ ~ i i  K a s e c T s a  c n p b ~ ;  T ~ ~ ~ O B ~ H H H  o6ora- 
THTeJIbHbIX 4 a 6 p ~ ~  H MeTaJIJIypI'lX¶eCKHX 3aBOAOB K K a ¶ e C T B y  nOJIe3-  

HOrO HCKOIIaeMOI'O; IIPOH3BOACTBeHHaH MOqHOCTb IIOCTaBqHKOB ( ~ E l p b e -  

POB) H 11o~pe6~~e~1ef l  c b ~ p b ~  ( O ~ O ~ ~ T H T ~ J I ~ H M X  ( P a 6 p ~ ~  rn M e T a n n y p r H s e -  

CKHX ~ ~ B O A O B ) ;  TeXHOJIOrHH H M e X a H H 3 a q H H  YCpeAHeHHH. 

H ~ w e  I I p H B e A e H a  K p a T K a H  X a P a K T e p H C T H K a  H OCHOBHhle I IOKa3aTe3M 

p a 3 J I H s H J J X  MeTOAOB YCpeAHeHHH BHYTPH K a p b e p a ,  H a  IIOBepXHOCTH er0 
HJIH H a  (Pa6p~xe. 

Y C ~ ~ A H ~ H H ~  B I IPOqeCCe  ~ 0 6 ~ 9 ~  H TPaHCIIOPTHPOBaHHH llOJIe3HbIX 
HCKOllaeMhlX OT 3 a 6 0 ~  A 0  MeCTa I I O T ~ ~ ~ J I ~ H H H  IIPOHCXOAHT BCJIeACTBHe 

I I e p e M e ~ e H H H  OTAeJIbHbIX er0 CJIOeB I I P H  I IpHMeHeHHH MaCCOBJJX B3pbIBOB, 

npm n o r p y s ~ e  p y ~ ~ o i i  M a c c b I  a K c K a s a T o p a M n ,  a T a I c x e  n p ~  B c e x  nepe- 
r p y 3 ~ a x  I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  H a  IIYTH ero c n e A o s a H n H  no n o ~ p e 6 ~ -  
TeJIH. T a ~ o e  YCpeAHeHHe HBJIHeTCH C T H X H ~ ~ H M M  H H e  IIOAAaeTCH KBKOMY- 

nm6o n J I a H H p O B a H H I o  HJIH YIIpaBJIeHHIo.  O A H ~ K O  H B 3TOT MeTOA MOKHO 

BHeCTH HeKOTOPYIO AOJIIO IIJIaHOBOCTH. 

Ha OCHOBaHHH I I p e A B a p H T e J I b H O r O  o n p o 6 0 s a ~ ~ ~  CbIPbH B H e A p a X  

UJIaHHpyeTCH p a 3 B H T H e  I'OPHhlX p a 6 0 ~  H COCTaBJIHeTCH I I J I ~ H - ~ ~ ~ ~ H K ,  

B KOTOPOM AeTaJIbHO I I P O P ~ ~ ~ T ~ I B ~ I O T C H  PeIUeHHII  IIO 0 6 5 e ~ a ~  IIPOH3BOA- 

CTBa H I I e p e M e q e H H H M  aKCKaBaTOpOB aa6oax. Y C ~ ~ A H ~ H H ~  3aKJIIo¶aeTCH 

R pa3~eJIb~ofi  ( C ~ J I ~ K T H B H O ~ )  BJJeMKe p a 3 J I W H J J X  COPTOB CbIPbH H HX 

AOCTaBKe B OIIPeAeJIeHHJJX COOTHOIUeHHHX H a  YCPeAHHTeJIbHO-HaKOUH- 

TeJIbHhIe CKJIaAbI HJIH 0 6 0 I ' a ~ H ~ e J I b ~ b I e  ~ B ~ P H K H .  n p H  3TOM 3 a 6 0 ~  H e  

MOrYT p a 6 0 ~ a ~ b  H a  IIOJIHYIO MOqHOCTb,  T a K  K a K  AJIH YCPeAHeHHH Ka¶eCT- 

B a  UO K a p b e p y  IIPOH3BOAHTeJIbHOCTb KaWAOI'O 3 a 6 o ~  I I J l aHHpyeTCH H On-  

PeAeJIHeTCH H e  llPOH3BOAHTeJIbHOCTbIO A O ~ ~ I ~ H O I ' O  rOPHOTpaHCIIOPTHOI'0  

O ~ O ~ ~ A O B ~ H E H ,  a BO3MOXHOCTbIO BJJAaTb  T a K O e  KOJIIFfeCTBO C h I p b H ,  

' K O T O ~ O ~  H ~ O ~ X O A H M O  AJIH IIOJIy¶eHHH ~ p e 6 y e ~ o r 0  Ka¶eCTBa.   TO CBH3aHO 

C IIPOCTOHMH MeXaHH3MOB1 H ~ I I o J I H o ~  HX 3arpy3~0fi H CHHWeHHeM IIPO- 

H3BOAHTeJIbHOCTH TPYAa.  

P e r y n ~ p o ~ a ~ ~ e  K a s e c T s a  ~ 0 6 n ~ a e ~ o r o  nonea~oro  H c K o n a e M o r o   ox- 
HO OCYqeCTBJIHTb IIYTeM H3MeHeHHH: I I a p a M e T p O B  AO~~I¶HOI 'O 3 a 6 0 ~  
(BHCOT~I J'CTyIIa, IUHPHHJJ 3aXOAKH H AJIHHbI ~ P O H T ~  p a 6 0 ~ ) ;  ¶HC.Ta 

A O ~ M ~ H H X  3a60e~,  HaXOAHlQHXCX B pa60~e ;  H a I I p a B n e H H H  X i  cnoco6a 
n e p e M e p e H m  4 p o ~ ~ a  p a 6 0 ~ .  

T a ~ o e  I I J IaHHpOBaHHe H YI IPaBJIeHHe A O ~ J J ~ H J J M H  pa60za~n  o6ecne- 
¶ H B a e T  HeKOTOpOe C r J I a W H B a H H e  aMIIJIHTYAbI K o J I ~ ~ ~ H H H  K a s e C T B a  HC- 

XOAHOI'O ChIpbH H HMeIOT TOJIbKO BCIIOMOraTeJIbHOe 3 H a W H H e .  

Ycpednenue 6 6ynsepax. B ~ H K ~ ~ ~ M H  IIPHHHTO H a 3 h I B a T b  eMKOCTH 

( x p a ~ m m q a ) ,  n p e ~ ~ a s ~ a s e ~ ~ a r e  AJIR H a K o m e H H t I  H X p a H e H H t I ,  pawe- 
n e H m  H y c p e A H e H H n ,  a T a K W e  neperpy3~m n o n e a ~ o r o  H c K o n a e M o r o  

~ n c .  222 .  CX~HL.I  paarpya~n ~ Y H K ~ ~ O B  npw pacnonoxemw paarpyaowiula~x n lo~oe  wax ~ p m c n o p ~ ~ m a  
c o c y ~ m w  w Hame: 

a - non net4c~srreM cnnbI Tffmecm (no m e n o 6 a ~ ) ;  6 ,  s - c n o m o ~ b m  ~ o n s e i l e p o ~  

H 3  OAHOI'O BHAa T p a H C I I O p T a  B ~pyI '0f.  P ~ ~ J I H ¶ ~ I O T  6 y ~ ~ e p a  C PaCIIO- 

J IOXeHHeM X p a H H n H q a  H a A  TPaHCIIOpTHhIMH COCYAaMH ( W ~ J I ~ ~ H O A O P O W -  

HHMH BaI 'OHaMH, aBTOCaMOCBaJIaMH H T. II.) C IIeperpy3~0f IlOJIe3HOI'O 

HCKOIIaeMOrO IIOA A ~ ~ ~ C T B H € ' M  CHJIhI THWeCTH, a T a K W e  C PaCI IOJIOXeHHeM 

x p a H m m q a  H a  y p o B H e  ~ ~ M J I H  H n H  H n m e  c neperpya~of  nones~oro  
HCKOIIaeMOrO K O H B ~ ~ ' ~ ~ M H  ( ~ E c .  222). B 3aBHCHMOCTH OT PaCIIOJIOXe- 

HHH IIO OTHODIeHHIO K XeJIe3HOAOpOWHbIM IIYTHM Pa3J IH¶aIOT IIPOAOJIb- 

H n e ,  n o n e p e s H b I e  H C M e m a H H h I e  6 y ~ ~ e p a .  
YI'JIhI HaKJIOHa A H T  IIOI 'Py309HbIX ~ Y H K ~ P O B  IIPHHHMaIOT O ~ J J ¶ H O  

H a  2-3" 6onbme YrJIa T P e H H H  I 'OPHO~~ MaCCbI IIO M a T e p H a J I y  A H a  6 y ~ ~ e p a  
B COCTOHHHH IIOKOH. BMUYCKHP~ JIIOKH ~ Y H K ~ P O B  YCTpaHBaIOT p a 8 M e p O M  

H e  M e n e e  3 - - 4 - ~ p a ~ ~ o r o  p a ~ ~ e p a  ~ a ~ 6 o n b m e r o  K y c K a .  Y c p e ~ ~ e ~ ~ e  
I ia¶eCTBa  IIOJIe3HOI'O HCKOIIaeMOrO B 6 y ~ ~ e p a x  K a p b e p O B ,  0 6 0 r a ~ H ~ e J I b -  



HHX @ a 6 p ~ ~  H M e T a n J r y p r m e c K H x  ~ ~ B O A O B  ~ ~ K J I I O ~ ~ ~ T C R  B n e p e H e m m -  

BaHHEl CbIPbR B I I p O q e C C e  I I O C J I O ~ H O ~ O  3aIIOJIHeHHR H p a 3 r P Y 3 K H  6 y ~ ~ e -  
POB. ~ @ @ ~ K T H B H O ~  YCpeAHeHHe K a P e C T B a  CbIPbR B 6 y ~ K e p a x  AOCTHraeTCR 

I I p H  H a J I W H H  ~ O J I ~ I J I H X  ~ ~ ' E I ~ M o B  YCPeAHHTeJIbHbIX ~ Y H K ~ P O B ;  IIpm He- 

I IpepbIBHOM H PaBHOMePHOM ABHXeHHZi 3aI 'PY30¶HOI'O T p a H C I I O p T a ;  

I I p H  YCJIOBHH, ¶TO p a 3 r p y 3 K a  ~ Y H K ~ P O B  H e  A O J I X H a  OCyqeCTBJIRTbCR 

I IoJIHo~ HX a a I ' p y 3 K H ,  a 3 a r p y 3 K a  H e  A O J I X H a  H a s H H a T b C R  A 0  IIOJIHOI'O 

OI IOPOXHeHHR 6 y ~ K e p a .  

YHCJIO ~ Y H K ~ P O B  O ~ Y C J I ~ B J I H B ~ ~ T C I I  THIIO-COPTHOCTbH) HCXOAHOI'O 

CbIPbR;  AJIR KaXAOI'O THnO-COpTa ~ e o 6 x o A ~ ~ o  HMeTb H e  M e H e e  ABYX ~ Y H -  

K e p O B ,  OAHH H 3  KOTOPbIX HaXOAHTCR B CTaAHH 3aIIOJIHeHHR, ~ p y r o 6  - 
B CTaAHH p a 3 r P Y 3 K H .  ,I(JIH YCPeAHeHHR K a P e C T B a  PYAhI ,  noc~ynaroqe6 H 3  

P ~ ~ J I H ~ H ~ I X  3 a 6 o e ~  ( ~ a p b e p o ~ ) ,  ee s a r p y ~ a ~ o ~  BO B c e  I I ~ ~ ~ K H  6 y ~ ~ e p a  

Puc. 223. IConc~py~qna Byratepa nm ycpennenun KanecTsa nonea- 
noro ncKonaeMoro nyTem ero nenpepb~s~ofi aarpyaKw H paarpyaKw 

TOHKHMH I'OPH30HTaJIbHbIMH CJIORMH PeJIHOKOBbIM K O H B ~ ~ ~ ~ P O M .  YcpeA- 
H e H H e  Ka¶eCTBa  AOCTHI'aeTCII TeM, ¶TO n O r P Y 8 K a  B TpaHCn0PTHhI .e  CpeA- 

CTBa IIPOH3BOAHTCR ¶ep€!3 JIIoKH, PaCI IOJIOXeHHbIe  B H H X H ~ ~  P a C T H  ~ Y H -  

K e p a ,  n p w e M  n o c T y n J r e H H e  no~1e3~oro  H c K o n a e M o r o  B JIH)KH IIPOHCXOAHT 
60nee HJIH M e H e e  P a B H O M e p H O  H 3  BCeX CJIOeB IIO BbICOTe. H ~ J ( O C T ~ T K O M  

cnoco6a y c p e A H e H H R  K a n e c T s a  no~1e3~oro  H c K o n a e M o r o  B 6 y ~ ~ e p a x  
RBJIReTCR M a J I a R  BeJIH¶HHa napTlXlX ~ C ~ ~ A H ~ H H O ~  PyAbI. ,I(OCT~TO¶HO 
P a B H O M e p H O e  Ka¶eCTBO PYAhI B I I p e A e J I a X  O A H O ~ ~  I I a p T H H ,  ~ Z ~ B H O ~  eM- 

KOCTH 6 y ~ K e p a ,  M O X e T  OTJIH¶aTbCR OT Ka¶eCTBa  ChIPbR A p Y r H X  I I ~ P T H ~ .  
,I(pyrofi HeAOCTaTOK 0 6 b I ¶ ~ b I ~  ~ Y H K ~ P H ~ I X  YCTaHOBOK 3aKJIH)¶aeTCH 

B IIePHOAWHOCTH HX p a 6 0 ~ b I .  

Ha p ~ c .  223 n o ~ a 3 a ~ a  KOHCTPYK~HII 6 y ~ K e p a  AJIR y c p e A H e H m  K a -  

¶eCTBa IIOJIe3HOI'O HCKOIIaeMOrO I IyTeM ~ e I I p e p b I B H 0 ~  3 a r P Y 3 K H  H pas- 
I'PY3KH. n ~ j H  3TOM ¶ ~ J I H o K o B ~ I ~  K 0 H B e f i e p  3 a r p y X a e T  OTAeJIbHbIMH HOP- 

~ H I I M H  I I O J I ~ ~ H O ~  H c K o n a e M o e  B OAHY rpynny G Y H K ~ P O B ,  a 133 ~ p y r o g  - 
lIPOH3BOAHTCH p a 3 r p y 3 K a  Y C P ~ A H ~ H H O ~ ~  PYAhI B TpaHCIIOPTHhIe CpeACTBa. 

,I(JIR M e X a H H 3 a q H H  H YCKOpeHHR I I P O q e C C a  IIOI'py3KlX nOJ( OTBep- 

CTHRMH ~ Y H K ~ P O B  YCTaHaBJIHBaIOT IIHTaTeJIH,  I I O A a I O q H e  rPY3 H a  KOH- 

B e f i e p  C I I 0 r p y 3 0 P H 0 ~  ~ o A ' E I ~ M H o ~  c~peJI0fi HJIH C HaKJIOHHbIM X ~ J I O ~ O M ,  
no KOTOPOMY IIOTOK I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  n o c T y n a e T  B X ~ J I ~ ~ H O A O P O X -  

w e  A y M n K a p H  ( s a r o ~ ~ ) .  

Ha pmc. 224 n o K a a a H a  KOHCTPYK~HII H e n p e p b I B H o  n e f i c ~ ~ y m q e r o  
6 y ~ K e p a .  y 3 T O r 0  6 y H K e p a  BbInYCKHOe OTBepCTHe n p e A C T a B J I R e T  co6oii 
WeJIb, IIOKPbITYH) IIJIaHKaMH 4, IIOA K O T O P O ~  HaXOAHTCR I I ~ ? P ~ J ( B H H ( H O ~  

IIlXTaTeJIb 5. 3 a r p y 3 K a  IIPOH3BOAHTCH IIePlXOJ(HPeCKlX I I e p e J ( B H I ' a I 0 q e f i ~ R  

c6pacb1samqefi T€!JI~XKO~ 3 AHaI'OHaJIbHhIMH CJIORMH. P ~ ~ I ' P Y ~ K ~  ~ Y H -  

K e p a  OCyqeCTBJIReTCR nHTaTeJ IeM 5 T a K X e  J (Har0HaJ IbHbIMH CJIORMH, 

n p o x o A R q H w i  non y r n o M  90" K CJIORM y K n a A K n .  IIo M e p e  n e p e p n m e H m  

n H T a T e n R  5 n e p e A B H r a e T c R  H p a 3 r p y 3 o n ~ a ~  T e n e H c K a  3. I I ~ H    TOM 

B 6 y H K e p e  OAHOBpeMeHHO HaXOARTCR 3 a r p y X a e M a R  1 H p a r I ' p y X a e M a R  2 
P a C T H  PYAbI. 

Ha M~I 'HHTOI'OPCKOM PYAHHKe B 6 y H K e p a x  o ~ o I ' ~ T H T ~ J I ~ H ~ I x  @ a 6 p ~ ~  
YCpeAHIIIOT: MaPTeHOBCKYH) PYAY P a 3 M e P O M  75-25 Znt IIOCJIe I'pOXO- 

P e H H R  60ral.06 PyAbI O K H C J I ~ H H O ~  3 0 H b I ;  MaPTeHOBCKYH) PYAY P a 3 M e P O M  

100-40 ntnt nocne r p o x o n e H m  0 6 0 r a q e ~ ~ o r o  K o H q e H T p a T a ;  n p o M n p o -  

AYKT p a 3 M e p O M  16-3 ntnt nOCJIe IIpOMbIBKH 6 e ~ ~ b 1 x  OKHCJIeHHbIX PYA 

nepen ero 0 6 0 r a q e ~ ~ e ~ .  C p e ~ ~ e c y ~ o n ~ ~ e  ~ H ~ J I H ~ ~ I  ~ e n e a a  B M a p T e -  

H O B C K O ~  pyne npm  TOM K O J I ~ ~ J I ~ T C R  B npenenax t 1,5-2,0%, n p w e M  

B ~ T H  D p e A e n h I  y K n a A b I s a e T c R  85-95% B c e x  CYTOPHHX ~ H ~ J I H ~ O B .  
I YHCJIO IIOBaI'OHHhIX a H a J I H 3 0 B ,  YKJIaAbIBaIOqHXCR B HHTepBaJ I  ~ o n e 6 a -  

Hmfi & 1,5% CpeJ(HeCyTO¶HOrO, I I p H  yCpeJ (HeHHH B 6 y H K e p a x  H a  HPHBO- 
pOXCKHX rOHax H3MeHHeTCH OT 90 A 0  97%. 

I MOe B OJ(HOBpeMeHH0 3 a r p Y X a e M b I x  R ¶ e g K a x  6 y ~ ~ e p ~ ~  HMeeT AOCTaTO¶HO 

IIOCTORHHOe Ka¶eCTBO. 0 6 a e ~  ~ Y H K ~ P O B  06bI¶H0 H e  IIpeBbIIJIaeT 0,5- 
0,6 TMC. m B K a p b e p e  H H e c K o n b K o  T ~ I C R P  TOHH H a  @ a 6 p ~ ~ e .  H a ~ o n -  
n e H H e  B 6 y ~ ~ e p a x  GOJI~IJIHX n a p ~ ~ i i  p y n h ~  O A H o p o A H o r o  K a q e c T B a  T p e -  

1 6 y e ~  CTP OHTeJI bCTBa  eMKHX ~ Y H K ~ P  OB H 3Ha¶HTeJI  bHhIX KaIIHTaJIOBJIOXe- 
I 

I 
H H ~ .  ~ O ~ T O M Y  MeTOA YCpeAHeHHR B 6 y H K e p a x  RBJIReTCR ~ @ @ ~ K T H B H H M  

I T O J I ~ K O  B o r p a ~ w e ~ ~ h ~ x  ~ a c m ~ a 6 a x .  
Ycpednenue na  c ~ n a d a x .  P y n ~ b ~ e  c K n a A H  n p e ~ ~ a 3 ~ a s a m ~ c ~  AJIR 

pa3J (eJ IeHHR pa3HOTHIIHbIX Fi YCpeAHeHHR OAHOTHnHbIX IIO O ~ O I ' ~ T H M O C T ~ X  



; ~ H C J I 0  nr~a6eneii B P Y , I ( o Y C ~ ~ J ( H H T ~ J ~ ~ H O ~  YCTaHOBKe 3aBHCHT OT 
H ~ O ~ X O ~ ~ M O ~ O  K o n w e c T s a  cnpbrr, nonnexcaqero c K n a A n p o s a H n I o ,  mr KO- 

nB¶eCTBa  THIIO-COPTOB I IOne3HOrO HCKOIIaeMOrO. Ann K a l K A o r o  T H n a  

A , V , I  
none3~0ro H c K o n a e M o r o  H e -  

-498 3.98 0 6 x 0 ~ ~ ~ 0  HMeTb H e  M e H e e  

1 1 I 
ABYX m~a6eneii,  ~3 KOTOPHX 
OAHH H ~ ~ O ~ H T C R  B npo- 
q e C C e  @OPMHPOB~HHR,  a 
~ p y r o i i  - B npoqecce pa3- 
rPJ'3KH. 

. ,. A. ICOHCTP YKTHBHO 3 c ~ a -  
;#. A-A - KaAHbIe  CKJIaAH (PHC. 225, 

226) DpeACTaBJIHIoT co6of 
~ o ~ s e i i e p ~ a r e  ranepen, o m -  
P a I O q H e C H  H a  4HJIHHAPH- 
¶ e c K n e  I K ~ J I ~ ~ O ~ ~ T O H H ~ I ~  

's ~ ~ I I I H H  (KOJIOHHH), A e n H q n e  

c a n a n M  H a  n p o n e T M  A n n -  

HOG 40-50 m. B A o n b  c K n a -  
na c o6eax CTODOH H a  COOT- 

Puc. 225 .  Cxera WTaKaJlHOrO YCpeAKUTf3AbHOrO pYRHOr0 BeTCTBYIOtqeM PaCCTOHHHIl 
cKnana a npmenemer  axcxaBampa qmrumwioro ~ ~ R C T -  

BUR II 1 ~ e n e a n o ~ o p o ~ o r o  ~paucnopra OT ero OCH p a c n o n a r a m ~ c ~  
x e n e s ~ o ~ o p o ~ ~ ~ a r e  n y T n  

H n n  ~ o ~ s e i i e p ~ a r r  M a r H c T p a n b .  B ranepee K a x c A o r o  c K n a A a  n o M e t q a m T  

J I ~ H T o ¶ H H ~  ~ ~ H B e f i e p ,  BAOJIb KOTOpOrO H e n p e p h I B H O  H PeBepCHBHO ABH- 

N e T c n  c 3 a A a H H o f i  CKOPOCT~IO (0 ,I -0,3 a c / c e ~ )  pa3rpy30s~an T e n e x c x a  
c ABYCTOPOHHHMH T e m a M H ,  P a c c r m a m t q a H  none3~0e H c K o n a e M o e  cnomm 
B m ~ a 6 e n b  T p e y r o n m o r o  c e s e H H H .  I C o n w e c ~ ~ o  c n o e B  B m~a6ene BHCO- 

TOG 15-20 AOCTHraeT  700-1000 H 6onee; eMKOCTb m ~ a 6 e n ~  40- 
50 THC. m. 

PEG. 226 .  Cxera WTaKwROFO c m w a  no- 
neanoro ncxonaeaoro c npmeeemea 060- 
PYAona~lrn Henpepbmnoro ~ ~ R C T B A U  (po- 
T ~ P R ~ I R  BKCKBBaTOp B OOVeTllHHH C KOR- 

s e R e p ~ s m  T ~ B H C ~ O ~ T O M ) :  
I ,  2, 4 - n e n ~ o s n v e  ~ o ~ s e f l e p ~ ;  3 - 
Peaepc~Bnhllt nenTosnH8 ~ o n s e f l e p  5 - 
6apa6annan paarpyaosnan Tenemxa; 6 - 
BnenTpEsecnaR Tanb; 7 - p o ~ o p ~ h l R  B K -  

CnaBaTop 3Pr-400 

OTJ IH¶HT~JI~HO~ O C O ~ ~ H H O C T ~ I O  TaKHX CKAaAOB HBJIHeTCH HeOAHOPOA- 

HOCTb C b I P b H  IIO Ka¶eCTBY H KPYIIHOCTH B Pa3JIE19HbIX TO¶KaX n O n e p e ¶ -  
H o r o  C e q e H n H .  IC n o A o m B e  m ~ a 6 e n ~  o T K n a A a r s a I o T c H  6onee K p y n H u e  

@ p a ~ q n n ,  a B c p e A H H x  a o ~ a x  p a c n o n a r a I o T c c r  6onee M e n m e .  
T e x ~ o n o r ~ H  yCpeJ(HeHHH B 3CTaItaAHOM CKJIaAe COCTOHT B n p a B H n b -  

~ o i i  y K n a A K e  none3~0ro  H c K o n a e M o r o  H a K n o H H b l M n  CJIOHMH H B o p r a H n -  
~ O B ~ H H O ~  er0 OTI'PY3Ke H 3  3aIIOJIIIeHHOI'O I I I T ~ ~ ~ J I H .  ~ @ @ ~ K T H B H O C T ~  

PHC. 227. Cxema 6133aC~iutw~oro ycpenmrcnanoro pynnoro clcnana, 06opynosaeeoro pe~naiwepom 

ycpeAHeHxi r r  H a p y m a e T c c I  H s n e H H m H  cerperaqm n p H  s a n o n ~ e ~ a ~  
m~a6enrr. O ~ p E f q a T e J I b H 0 e  B n H R H H e  C e r p e r a q H H  M0"iKeT KOMIIeHCHPO- 

BaTbCH 0 I I p e ~ e J I e ~ H 0 ~  C H C T ~ M O G  O T r P Y 3 K H  H 3  I I I T ~ ~ ~ J I H ,  I IpeAyCMaTpH-  
aamtqel qepenosaane pa60~H a K c K a s a T o p a  B p a a n w ~ a r x  ero a o ~ a x .  

n p l X H q H I I  YCpeAHeHHH H a  ~ ~ ~ ~ c T ~ K ~ J ( H J J x  PYAOYCpeAHHTf?J?bHbIX 
c K n a A a x  a H a n o r n n e H  y c p e A H e H H I o  H a  a c T a K a A H a r x  c K n a A a x .  C ~ n a a b ~  

n p e A c T a s n e H a r  PRAOM X P ~ ~ T O B M X  m~a6enef ,  y I c n a A K a  p y ~ a r  B K o T o p M e  
IIPOH3BOAHTCH HeCKOJIbKHMEI COTHHMH TOHKHX CJIOeB, PaCI IOJIa raeMhIX 
BAOnb OCH I I I T ~ ~ ~ J I H ,  OAHO- HJIB ABYX-KOHCOJIbHHMH 0 ~ B a n 0 0 6 p a 3 0 B a -  
T e n m u ,  a pa3rpy3~a m ~ a 6 e n ~  o c y q e c T s n c I e T c H  ~ p a s p e s  OTHX CJIOCB. 

Ha PHC. 227 n o ~ a 3 a ~ a  c x e M a  6 e 3 a c ~ a ~ a ~ ~ o r o  y c p e A H n T e n b H o r o  pyn- 
H o r o  c K n a A a .  



P y ~ y  ~3 m ~ a 6 e n ~  pasrpywam~ no BceMy ceseHnm TOHKHMH nonepes- 
HUMH CJIORMH 6 0 ~ 0 ~ 0 6  H IIOl'pY3¶HKOM, ¶TO O ~ ~ C I I ~ ¶ H B ~ ~ T  BHCOKYH3 

cTeneHb ycpenHeHm. OT n o r p y s ~ i i ~ a  none3~0e HcKonaeMoe nocTynaeT 
H a  K O H B ~ ~ ~ ~ P ,  K O T O P M ~ ~  AOCTaBJIReT er0 H a  060ra~HTeJIb~ym @ a G p ~ ~ y  
HnH a a ~ o ~ .  

B O ~ O H ~  npeACTaBJIReT co6ofi TpaneqHeBHAHyIO PaMy, C H ~ ~ K ~ H H Y H )  

400-500 ~ Y ~ ~ R M H .  P a ~ a  IUapHHpHO KpenHTCR K TeJIeKKe H MOHteT Me- 
HRTb YI'OJI YCTaHOBKH K I'OPH3OHTY (25-60'). C IIOMOabH) CIIeqHaJIbHOrO 

MeXaHH3MEl PaMa COBepIllaeT A0 15-20 BO3BPaTHO-IIOCTyIlaTeJIbHhIX 

CHHHtaeT OTpHqElTeJIbHOe BJIHRHHe Ha pe3yJIbTaTbI CMeIIIHBaHHH KOHqe- 

BHX ~OJIYKOHYCOB.  ~ H C J I O  cxoeB B m~a6ene onpeAejIReTcR B B ~ B H C H -  

MOCTH OT K O J I ~ ~ ~ H H ~  KagecTBa C ~ I P ~ R ,  nonepe¶Horo CeqeHnR, c p e ~ ~ e i i  
eMKOCTH I I I T ~ ~ ~ J I R  H CKOPOCTH IIepeABHWeHHR 3arpy309~0G YCTaHOBKH. 

Ha~Gonee IlpOCTbIMH B KOHCTPYKTHBHOM OTHOIIIeHHH, Y ~ O ~ H H M E I  

H ~(P@~KTHBH~IMH AJIR YCpeAHeHHR RBJIRIOTCR IIPOMeXYTO¶HbIe CKJIaAbl 

HHMH (DO IIJIOJQBAH C K J I ~ A ~ )  H HaKJIOHHhIMH CJIORMH ( ~ O R  OTKOC IIO BbI- 

coTe c a n a ~ a ) ,  a TaKme nepenonasHsaHHeM n o ~ ~ e s ~ o r o  mcKonaeMoro 
Ha cKnaAe nocne ero O T C M ~ K H .  B npoqecce O T ~ P Y B K H  ~3 oTBana pa6o- 
9 ~ f i  opraH aKcKasaTopa npn s a s e p n a ~ a ~ ~ ~  nonea~oro  HcKonaeMoro 
Ha cKnaAe nepeceKaeT cnon c ~ ~ ~ J I H ~ H I J M  K a s e c T B o M ,  ¶TO T a K x e  cnoc06- 
CTBYeT JIYgIIIeMY YCpeAHeHHlo. 

Ha PHC. 228 n o ~ a s a ~ a  cxeMa HaKnoHHocnoeBoro pynaoro cKnaAa, 
06pa3ye~or.o npn p a s r p y s ~ e  aBTocaMocsanoB B HanpasneHaH, nepneH- 
AHKYJIRPHOM eI'0 I IPOAOJI~HO~ OCH. IIoI 'py3~a H3 CKJIaAa OCYJQeCTBJIFleTCR 

3KCKaBaTOpaMH qHKJIH¶HOI'O HJIH Hellpl?pbIBHOI'O A ~ ~ C T B H R .  HPEI nOrPY3Ke 

co cKnaAa npoHcxopT cMemHsaHHe nones~oro  HcKonaeMoro ~3 pa3- 

JIH¶HbIX CJIOeB B IIpOqeCCe 06pyme~~11 ,  3KCKaBaqHH H IIOrpY3KH B 2Ke- 
JIe3HOAOpOHcHbIe AYMIIKapM. HPH H ~ O ~ X O ~ H M O C T E I  pYAa AJIR JIy¶merO 

YCpeAHeHHR MOKeT nepeJIOna¶HBaTbcR. c~JIagbI n o ~ o 6 ~ o i i  KOHCTpYKqHH 
IUHPOKO nPHMeHRIoT H a  KapbepaX H ~ ~ o n o n b c ~ ~ r o  MapI'aHqeBOpyAHOrO 
( B O ~ A ~ H O B C K H ~ ,  ~ ~ B P ~ H K O B C K H ~ ~ ) ,  ~ ~ H B O P O K C K O ~ O  1KeJIe30pYAHOI'O 6ac- 
c e f i ~ o ~ ,  H a  C a p 6 a 6 ~ ~ 0 ~  Kapbepe rn ~ p .  Ha pnc. 229 n o ~ a 3 a ~ a  cxeMa 
@OPMHPOB~HHH H pa3rPY3KH HaKJIOHHOCJIOeBOI'O CKJIaAa IIPH OTCbIIIKe 

BAOJIb er0 OCH Ha IIOJIHYIO BbICOTY. ~ P H  K O M ~ H H H P O B ~ H H O M  (BBTOMO- 

~ H J I ~ H o - ~ ~ J I ~ ~ H o ~ o ~ o ? K H o M )  TpaHCIIOpTe CKJIaAbI MOrYT 6bI~b 0 6 0 ~ ~ -  

n o s a m  a c ~ a ~ a n o f i  PAR H ~ I I O C ~ ~ A C T B ~ H H O ~  n e p e r p y 3 ~ ~  nones~oro  
HCKOIIaeMOrO H3 aBTOCaMOCBaJIOB B H(eJIe3HOAOPOKHHe AYMIIKaPbI (up53 

He3Ha9HTeJIbHbIX K O J I ~ ~ ~ H H I I X  KaPeCTBa IIOJIe3HOrO H C K O I I ~ ~ M O ~ O )  HJIH 

r mA-n~nepe~ ero oca 

rAe Hc - BucoTa cKnaAa, in; 
d - rnHpHHa cKnaAa nosepxy, in; 
a - YrOJI eCTeCTBeHHOI'0 OTKOCa CbIPbR B Pa3PbIXJIeHHOM COCTOR- 



A - A  - 

PIIC. 220. Cxrma Qopm~~ponanna w pasrpysliw Hamorrrrocaoenoro 
cxaana 

L .  A - A  - 

Pwc. 230. Cxexa oTeanbHoro ~ a ~ o n u ~ e a b n o - y c p e ~ n w ~ b ~ o r o  cliawa, 06opy~o~rmnoro aclalia- 
~ o l i  Ann n c n o c p e n c ~ e e ~ ~ o ~  neperpy3~w noaeanoro uclionaenom na ~ B T O X O ~ U J I ~ H O ~ O  B weaeano- 

Rop~~nrbIk TptlECUOpT: 
1 - pyn~arti cxnan; 2 - ac~axana; 3 - axcxasaTop; 4 - asTocaMocsan; 5 - 6ynbn03ep; 6 - 

?KenesnonopomIiarii nymxap; 7 - neperpyaosnbni IIYHKT; 8 - cKnan pynu 

H a ~ 6 o n e e  ~ # J # J ~ K T H B H o ~  YCpeAHeHHe H a  CKJIaAe *AOCTHI'aeTCH n p H  
I 

er0 #JOPMHPOB~HHM k13 ABYX H 60~1ee c e ~ q ~ i i  A n R  OAHOTHIIHOrO UO o6ora- i 

THMOCTH ~ ' C ~ o n a e ~ o r o .  Ha p ~ c .  231 n o ~ a 3 a ~ a  c x e M a  p a 3 ~ e n n ~ e n ~ ~ o -  
y c p e A r r H T e n b H o r o  cmana,  c o c T o a t q e r o  1x3 T p e x  c e a q ~ i i  ( A m  H a K o n a e -  

, HHR H YCpeAHeHHR CbIPbR T H U a  E H T H n a  F UO O ~ O ~ ~ T H M O C T H ) .  ~ O P M H -  

P O B a H H e  (3a I IoJ IHeHHe)  CeKqHfI  CKJIaAa UpOH3BOAHTCR aBTOCaMOCBaJIaMa 

rOPH30HTaJIbHhIMH (H~KJIOHHHMH) CJIORMEI C I I O C J I ~ A Y I O ~ ~ ~ G  HX IIJIBHH- 

P O B K O ~ ~  ~ Y J I ~ A O ~ ~ P O M .  IIoneanoe H c K o n a e M o e  co c K s r a A a  ~ P Y ~ H T C R  
MHOrOPePIIaKOBbIM 3KCKaBaTOpOM B COgeTaHkIH C U e p e I ' P y X a T e J I e & l  

B X e J I e 3 H O A O P O X H h I e  A y M U K a p H ,  B KOTOpbIX C b I p b e  AOCTaBJIReTCR H a  

0 6 0 r a ~ H ~ e n b ~ y 1 0  # J a 6 p ~ ~ y .  P a a ~ e t q e ~ ~ e  c e ~ q ~ i i  c K n a A a  no 06e C T O P O H ~ I  

i x e n e 3 ~ o ~ o p o x ~ ~ x  ny~eG y y n y s m a e T  o p r a ~ n 3 a q ~ w  p a 6 o ~ b 1  c K n a H a  

H C I I O C O ~ C T B Y ~ T  H H T ~ H C H # J E I K ~ ~ H H  U p O q e C C a  UOrPY3KH.  

T e x ~ o n o r w e c ~ ~ e  CXeMH #JOPMEZPOB~HHR H I IOrpY3KM H 3  YCpeAHH- I 

TeJIbHhIX CKJIaAOB C I IpHMeHeHHeM X ~ J I ~ 3 H O A O p O X H O r O  T p a H C U O p T a  X a -  I 
PBKTePH3YIOTCR CJIOXHOCTbIO O p r a H H 3 a q H k I  H a H a ¶ E i T e J I b H ~ i i  TpyAOeM- I 

K O C T ~ I O .  Ha p ~ c .  232 H 233 n o ~ a 3 a ~ ~  T e x H o n o r w e c K H e  c x e M b I  ~ Y A H ~ I X  
1 

l~ 
CKJIaAOB, O ~ O P Y ~ O B ~ H H H X  rpef i#JepHbIM K p a H O M  H 3KCKaBaTOPOM THIIa  I 
~ e x a ~ w e c ~ o t i  nonam. AJIR YJIY¶IJIeHHR YCpeAHeHHR H a  c K n a A e  npo- 
H ~ B O A R T  n e p e J I o n a ¶ H B a H H e  noneanoro H c K o n a e M o r o .  O ~ r p y 3 ~ a  C ~ I P ~ H  

n 0 ~ p e 6 F l ~ e J I I O  O C y ~ e C T B J I R e T C R  B X e J I e 3 H O A O P O X H b I e  COCTaBhI PaBHO-  

M e p H H M H  CJIORMH no C e q e H H m  cIcJraAa.  

B h ~ c o ~ y  OTBaJIbHOrO CKJIaAa UpHHHMaIoT H 3  YCJIOBHR 6e3011ac~oii 
p a 6 o . r ~  r O p H O T p a H C U O p T H 0 ~ 0  O ~ O P Y ~ O B ~ H H ~ ~ ;  n p H  # J O ~ M H P O B ~ H H E I  aBTO- 

TpaHCUOpTOM BbICOTa CKJIaAa COCTaBJIReT 10-15 At. O I l T H M a J I b H a ~  

eMKOCTb 0 ~ ~ 0 6  C e K q H H  YCpeAHHTeJIbHOro  CKJIaAa  AJIR YCJIOBHG K a p b -  

e p O B  H H K O U O J I ~ C K O ~ O  M a p r a I I q e B o p y A H o r o  6acceZi~a COCTaBJIReT 40 - 
70 THC. m, K a p b e p o B  ~ ~ E B O ~ O X C K O ~ ~  6acceG~a 150-130 T ~ I C . ~  

H O r P a H H P H B a e T C R  TOJIbKO HaJIH¶HeM ~ ~ 0 6 0 ~ ~ 0 6  I I J IOqaAKH.  

M ~ T O A  y c p e A H e H n R  n o ~ ~ e a ~ o r o  H c K o n a e M o r o  H a  c n e q H a n b H h I x  PYA- 
HhIX CKJIaAaX RBJIReTCR ~ a ~ 6 o n e e  COBepllleHHbIM. 
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nOHHhiaTb  BO3HHKaH)WYH) B I IpOqeCCaX ~ 0 6 ~ 9 ~  H 0 6 0 I ' a w e ~ H ~  IIOJIe3HbIX 

HCKOnat?MbIX C B R a b ,  O ~ ~ C J I O B J I ~ H H ~ H ,  ~ ~ O C T ~ B K O ~ ~  PYA H 3  Pa3J IH9HhIX 

K a p b e p O B  H a  0 6 0 r a ~ H ~ e J I b ~ h I e  @ ~ ~ P H K H  AJIR n e p e p a 6 0 ~ ~ ~  U I IOJIyseHHR 

K O H q e H T p a T a  3 a A a H H O r O  K a s e C T B a .  

CTPYHTYPHM~ CXeMhI c ~ R 3 e f i  I ' O ~ H O O ~ O ~ ~ T H T ~ J I ~ H ~ I X  I I P ~ A I I P H R T H ~  

x a p a ~ ~ e p ~ 3 y 1 o ~  cneAyIoqie o c a o B H H e  I I P H ~ H ~ K H :  

1. T e x ~ o n o r ~ s e c ~ ~ e  n a p a M e T p m  H a p b e p a  - n o c T a B W H K a  p y ~ b ~ :  ~ H C J I O  

~ 0 6 b I 4 H b I ~  3 a 6 0 e B ;  IIPOH3BOAHTeJIbHOCTb Ka?KAOI'O 3 a 6 0 ~  H K a p b e p a  

B q e J I 0 M ;  KaseCTBO PYAhI B 3 a 6 0 ~ x ;  peH(HM pa6o~h1 K a p b e p a  IIO ~06b1se 
H T. A. 

2. T e x ~ o n o r m e c ~ ~ ~ e  O C O ~ ~ H H O C T H  0 6 0 r a T H ~ e J I b H h I ~  @ a 6 p n ~ :  s H C J I 0  

c e K q H f i ,  ~ ~ ~ O T ~ I ~ I Q H X  I IapaJ I J Ie J IbHO;  B03MOXCHOCTb OAHOBPeMeHHOI'O 060- 
I ' a 4 e H H R  pa3HOTHIIHhIX IIO ~ ~ ~ I ' ~ T H M O C T H  PYA; T ~ ~ ~ O B ~ H H R ,  IIpeATaRB- 

JIReMbIe o ~ o I ' ~ T H T ~ J I ~ H o ~ ~  @ a 6 p ~ ~ o i i  K K a n e C T B y  H C X O A H O ~  PyAbI; B03-  

MOXHOCTb OIIePaTHBHOrO FI3MeHeHHR T ~ ? x H o J I o ~ H ¶ ~ ? c K o ~ ~  H ~ C T P O ~ ~ K E I  060- 
I ' a ~ H ~ e n b H ~ f i  @ a 6 p ~ ~ m ;  H ~ A ~ J I ~ H o - c ~ T o ¶ H ~ I ~ ~  H I 'OAOBO~~ pe?KHMhI p a 6 0 ~ h I  

060I ' aTHTeJ IbH0H ( P ~ ~ P H K H .  
3. B ~ ~ H M O C B I I ~ ~  PeWHMOB pa60Th1  IIOCTaBWHKa H I I o T ~ ~ ? ~ H T ~ J I R  PYAhI. 

B 3aBHCHMOCTH OT HeAeJIbHO-CYTO¶HOrO pe?KHMa pa6o~h1 K a p b e p O B  H 060- 
I'aTHTeJIbHhIX @a6pm~ 6 h I s a I o T  CJIeAyIoWHe PeHCHMhI p a 6 0 T h I  r o p ~ o o 6 0 -  
I'aTHTeJI bHhIX K O M ~ H H ~ T O B :  

CHHXPOHHHH - K a p b e p h I  H 060I 'aTFITeJIbHaR @a6pm~a p a 6 0 T a I O T  

OAHHaKOBOe ¶HCJIO ~ H e f  B HeAeJIIo H ¶aCOB B CYTKH; 

I C B ~ ~ H C H H X P O H H ~ I ~  - K a p b e p h I  H 0 6 0 I ' a T X i T e J I b ~ a R  @ a 6 p ~ ~ a  pa6o- 
TaIOT OAHHaHOBOe ¶HCJIO ~ ~ e f i  B HeAeJIIo H p a 3 H O e  KOJIH¶eCTBO ¶aCOB 

B CYTKH; 

H ~ C H H X P O H H ~ I ~ ~  - K a P b e p h I  H 0 6 0 r a T H T e J I b ~ a R  @ a 6 p ~ ~ a  p a 6 0 T a I o T  

p a a ~ o e  ~ H C J I O  A H ~ H  B H e A e n I o  H s a c o B  B CYTKH. 

4. BHA TPaHCIIOpTa  AJIR AOCTaBKH IIOJIe3HOI'O HCKOIIaeMOI'O H 3  K a p b e -  

POB H a  0 6 0 I ' a ~ H ~ e J I b H y I o  @ a 6 p ~ ~ y ,  er0 IIPOH3BOAHTeJIbHOCTb Fi IIPOIIYCK- 

H a R  C I I O C O ~ H O C T ~ .  

5. C n o c o 6 h 1  H MeCTO aKKyMYJIHpOBaHHR PYAbI IIepeA 0 6 0 ~ a ~ e H H e ~ :  

H a  I i a p b e p H M x  PYAHHX c K n a A a x ;  H a  PYAHHX c K n a A a x  npn 0 6 o r a ~ ~ ~ e n b -  
HOG ( P a 6 p H K e ;  B eMKOCTRX ~ Y H K ~ P O B  060I 'a~H~€!Jlb~0fi  ( P ~ ~ P H K H .  

AJIR ~ @ @ ~ K T H B H O ~ O  yIIpaBJIeHH% TeXHOJIOrE¶eCKHMH I IpOqeCCaMH 

~ 0 6 ~ s ~  H o 6 0 r a ~ e ~ ~ ~  n o n e a H o r o  H c K o n a e M o r o  A o n H c H a  6h1Tb U o n y q e H a  

~ ~ ~ J I ~ I ' o B ~ ~ ? M ~ ? H H ~ R  H H @ O P M ~ ~ H R  OTHOCHTeJIbHO 0 6 ' b e K T a  YIIpaBJIeHHR. 

~ I H @ O P M ~ ~ H R  AOJIWHa 6 h I T b  A O C T O B ~ P H O ~ ~ ,  I I O ~ B H H ( H O ~ ~  H A O C T ~ T O ~ H O ~ ~  

(no K o J I H ¶ ~ c T B ~ ) .  B 3 ~ 0 f i  HH@OPM~IJHH AOJIWHhI COAePWaTbCR CBeAeHHR 

0 n p 0 q e H T H O M  COAepHtaHHH IIOJIe3HOrO KOMIIOHeHTa B PyAe B KaWAOM 

H 3  3 a 6 0 e B  H a  I I J I a H E i p y e ~ h I f i  I l epHOA B p e M e H H ,  0 MOWHOCTH PYAHOrO 

HJIaCTa,  0 IIPOH3BOAHTeJIbHOCTH KalKAOrO ~ o 6 k a s ~ o r o  3 a 6 0 ~  ( K a p b e p a ) ,  
0 nJIaHHpyf?MOM B p e M e H H  pa60~b1 3KCKaBaTOPOB IIO KaWAOMY 3a601o 
H T. A. OCHOBHM~ FICTOsHHKH IIOJIy¶eHHR H H @ O P M ~ ~ H H  0 Ka¶eCTBe C h I P b R ,  

noc~yna~oqero  H a  O ~ O ~ ~ T H T ~ J I ~ H Y H )  @ a 6 p ~ ~ y :  r e o n o r w e c K a R  H H @ O P M ~ -  

~ H R ;  ~ 1 a 6 o p a ~ o p ~ a ~  3 ~ c n p e c c - m @ o p ~ a q m  H a ~ ~ o ~ a ~ w e c ~ ~ f i  ~ H ~ J I H ~ .  

npEi I I J IaHHpOBaHHH pa60~b1 r 0 p ~ 0 0 6 0 I ' a ~ E i ~ e J I b ~ h I ~  I I P ~ ~ I I P H R T H ~ ~  
y c T a H a B n m a I o T  p a q H o H a n b H a r e  o 6 1 . e ~ ~  n o c T a B o K  no~1e3~oro  H c K o n a e -  

. . 
AJIR HeCFfHXPOHHOrO CMeHHO-CYT09HOrO pe?KHMa HepaBeHCTBO (X,13) 

YCHJlHBaeTCR, T a K  K a H  C y M M a p H a R  IIPOH3BOAHTeJIbHOCTb 3a60e~  AOJI?KHa 

0 6 e ~ I I e ¶ H T b  ~ O T ~ ~ ~ H O C T ~  0 6 0 r a T ~ T e J I b ~ 0 f i  @ ~ ~ P H K H  B PYAe H a  H e p H O A  

1 n p e K p a W e H n R  A O ~ ~ I ~ H ~ I X  p a 6 o ~  B 3 a 6 o ~ x .  B BTOM cnysae [ P Y H K ~ H H  no- 
'I 6 h F I H b I x  3 a 6 0 e ~  BbIII0JIHRH)T PYAHhIe CKJIaAbI. He HCKJI IoseHa  B03-  

MO?KHOCTb O ~ H O B P ~ M ~ H H O ~  IIOCTaBKH IIOJIe3HOI'O HCKOIIaeMOrO H 3  ~ 0 6 ~ 9 -  
HbIX 3a60e~  EI PYAHhIX CKJIaAOB. n p H  3TOM B BhIPa lKeHHH (X,13) Qi 
CJIeAyeT P a C C M a T p H B a T b  K a K  ¶aCOByIo IIPOH3BOAHTeJIbHOCTb 3 a 6 0 ~ ,  T a K  

m p y A H o r o  c K n a A a .  

npFi AOCTaBKe IIOJle3HOrO HCKOIIaeMOrO H a  O ~ O ~ ~ T H T ~ J I ~ H Y H )  @a6pm~y  
~ B T O M O ~ H J I ~ H ~ I M  TpaHCIIOPTOM YCpeAHeHHe IIPOFICXOAHT 3a C¶eT MenKO-  

n o p q H o H a o r o  n o c T y n J r e H m  p y ~ h ~  ma p a 3 ~ b 1 x  3a60e~. B  TOM cnysae 
E I a c T p o f i K a  o ~ o I ' ~ T H T ~ J I ~ H o ~ ~  @ ~ ~ P H K H  OIIpeAeJIReTCR H 3  YCJIOBHR MHHH- 

K o n m e c ~ ~ o  p y ~ b ~ ,  noc~ynamqefi ~3 i-ro 3 a 6 0 ~  ( c ~ n a ~ a )  H a  

@ a 6 p n ~ y ,  COCTaBHT 
q' -- 

I - PQi9 (X,15) 



B  TOM cnygae ~ 0 6 b 1 s ~ o e  0 6 0 p y ~ o ~ a ~ m e  B c e x  3 a 6 o e ~  3 a r p y w a e T c R  

PaBHOMepHO. M o ~ e n b  CIIpaBeAJIHBa I I p H  OIIepaTHBHOM H3MeHeHIlH TeX- 

E C O J I O ~ F I ~ C K O ~  H ~ C T P O ~ K H  o ~ o I ' ~ T H T ~ J I ~ H o ~ ~ [  ~ ~ ~ P H K H .  B IIPOTHBHOM CJIY- 

¶ae, T. e. I I P H  EjIHTeJIbHOM H H T e p B a j I e  B p e M e H H  C T ~ ~ H J I ~ H O G  H H ~ C T P O ~ K H  

0 6 0 r a T H T e n b H 0 i i  rpla6p~xrn, ~ 0 6 b N ~ h S e  3 8 6 0 ~  AOJIH(HhS IIOCTaBJIRTb IIOJIe3- 

33Oe HCKOIIaeMOe B TaKHX I IpOIIOpqHRX,  9 ~ 0 6 b 1  C p e A H e e  B3BemeHHOe 3 H a -  

¶ e H H e  COnePHCaHHR IIOJIe3HOI'O KOMIIOHeHTa HaXOnHJIOCb B I IpeAeJIaX 

a a n a H H b I x  orpa~mse~mii:  
n 

2 a i y i q i  
i-1 

a@,," f ,, a a r n a x r  (X,16) 
2 p i q i  
(-1 

rne a@ a@ - o r p a H m ¶ e H m R ,  n p e n a R B n n e M h s e  K K a P e c T B y  nones- 
HOrO HCKOIIaeMOrO o ~ o I ' ~ T H T ~ J I ~ H o %  Ga6pn~oii 
H a  H H T e p B a n e  BpeMeHEI ee C T ~ ~ H J I ~ H O ~ ~  H ~ C T P O ~ K H ;  

p 1 - K O ~ ~ ~ H ~ H ~ H T  IIOCTaBKH CbIPbR H 3  i-r0 3a6on. 
B AaHHOM C J I y ¶ a e  H3-3a  H e p a B e H C T B a  K O B @ ~ H ~ H C ? H T O B  IIOCTaBOK 

3 a I ' p y s K a  no6b1s~oro O ~ O P Y ~ O B ~ H H R  H pa3BHTEie ~ O ~ ~ S ¶ H M X  p a 6 0 ~  B 38- 

BORX HepaBHOMepHbI .  BOSMOXHOCT~ ~ ~ ~ ~ K T H B H O ~ O  YIIPaBJIeHHR TeXHO- 

JlOI'H¶eCKHMH IIpOqeCCaMH ~ 4 0 6 ~ s ~  H 060ra1qe~m~,  a T a K X e  P a B H O M e p -  

BOCTb 3arPY3ICH O ~ O P Y A O B ~ H H R  H Pa3BHTHR rOpHbIX pa6o.r CBHAeTeJIb- 

CTBYIoT 0 IIpeAIIO¶THTeJIbHOCTH I IepBOrO B a p H a H T a .  

Ha 6 0 J I b m E f H c ~ ~ e  I ' o ~ H o o ~ o ~ ~ T H T ~ J I ~ H ~ I x  I I ~ ~ A I I P H R T H ~  IIPHMeHReTCR 

~ B T O M O ~ E J I ~ H O - X ~ J I ~ ~ H O ~ ~ O ~ H ~ ~ ~ %  TPaHCIIOPT C HCIIOnb30BaHHeM IIepe- 
~ P Y ~ O P H ~ I X  Y C T P O ~ ~ C T B ,  H a  KOTOPHX p a 3 ~ e n ~ e ~ c s ,  H a K a n n H s a e T c n  H yc- 
PeAHReTCR IIOJIe3HOe HCKOnaeMoe  H 3  OAHOI'O HJIH HeCKOJIbKHX 3a60e~. 
B  TOM cnyqae c u p b e  H a  0 6 0 r a ~ m ~ e n b ~ y 1 0  4a6pm~y n o c T y n a e T  60nb- 
IUHMH O ~ T I ~ M ~ M H ,  PaBHhSMH eMKOCTRM JIOKOMOTHBO-COCTaBOB, ¶TO HCKJIIO- 

s a e T  ~ @ + ~ K T H B H O ~  Y c p e n H e H n e  n o n e s ~ o r o  m c K o n a e M o r o  BO BXOAHLIX 

eMK0CTRX 0 6 0 I ' a ~ H ~ e j I b ~ b I ~  @ a 6 p ~ ~ .  ~ O ~ T O M Y  H ~ C T P O ~ K ~  0 6 0 I ' a T H ~ e J I b -  

~ 0 %  ~ ~ ~ P H K H  AOJIHCHB O n p e n e n s T b c R  TaKHM 06pa30~,  9 ~ 0 6 ~  OTKJIOHeHHe 

COAeplKaHHR IIOJIe3HOI'O KOMIIOHeHTa B C h l p b e  OT a@ ~ ~ S J I O  B03MOHCHO MeHb- 

mHM.  ~ P H   TOM 3a6013  6 y ~ y ~  3 a r p y ~ ~ q ~ h s  HepaBHOMepHO:  T e  3 a 6 0 ~ ,  AJIR 

KOTOPbIX OTKJIOHeHHe MeHbUIee  , AOJIHCHhI 6 b I ~ b  3 a I ' P Y X e H h I  H a  MaKCH- 

MaJIbHyIo IIpOH3BO~HTeJIbHOCTb; 3 a60~ ,  AJIR KOTOpbIX OTKJIOHeHHe 60nb- 
IIIee, AOJIHCHhS IIOCTaBJIRTb H a  Ga6pm~y B03MOXHO M e H b m e e  KOJIH¶eCTBO 

PYAbI. AJIR C r J I a X H B a H H R  HepaBHOMepHOCTH 3 a r P Y 3 K H  3a60e~  MOXHO 
IIOJIaI'aTb, ¶TO 3 8 6 0 ~  B T O P O ~ ~  rpynlH IIOCTaBJIRIoT OCTaBmyIoCR ¶ a C T b  

p y n ~  H a  H a K o n m T e n b H M e  p y n H H e  c K n a A u .  T a K H e  c K n a n b I  M o r y T  p a c c M a -  

TpHBaTbCR K a K  3a60~ ,  ¶aCOBaR IIpOH3BOnHTeJIbHOCTb KOTOPMX P a B H a  KO- 

J I w e C T B y  PYAbI, O T I ' P Y ~ K ~ ~ M O ~  B C p e n H e M  B T e s e H H e  1 U H a  G a 6 p ~ ~ y .  
T ~ K H M  06pa30~,  n p H  ~ e n e a ~ o n o p o w ~ o ~  TpaHCIIOpTe  4 0 p ~ y J I b I  (X,14) 

(X715) AjIR OI IpeneJ IeHHR ~ e x ~ o J I o r m s e c ~ o i i  H~CTPO%IEH @ ~ ~ P H K H  
H 0 6 ' b e ~ o ~  TpaHCIIOpTIXpOBaHHR HeIIpHI'OJ(HhS. 

C T p o r a R  +OPMYJIHPOBK~ a a n a s ~  O n p e A e n e H H R  H ~ C T P O ~ ~ K H  0 6 0 r a ~ ~ -  
~ e J I b H 0 6  ~ ~ ~ P H K H  C n e n y m I q a R :  H ~ O ~ X O A H M O  OIIpeAeJIHTb, H a  KaKYH) 

K O H q e H T p a q H H ,  IIOJIe3HOI'O KOMIIOHeHTa B pyne AOJIXHa 6 b I ~ b  H a C T p O e H a  

0 6 0 r a ~ H T e J I b ~ a R  1 # a 6 p ~ ~ a ,  a T a K X e  H 3  ICaKHX 3a60e~  I3 PYAHhSX CKJIaAOB 

H B KaKOM KOJIH¶eCTBe C J I e n y e T  IIOCTaBJIRTb H a  ~ ~ ~ P H K Y  IIOJIe3HOe HCKO- 

n a e M O e ,  9 ~ 0 6 ~  C p e A H e e  OTKJIOHeHHe I l p O ~ e H T H O r O  COAt?p;I<aHHH IIOJIe3- 

HOT0 KOMIIOHeHTa B C b I p b e  OT H ~ C T P O ~ ~ [ K H  G ~ ~ ~ H K H ,  O I I p e ~ e J I R e M O e  no 
BbIPaHCeHHH) 

n 

2 I at -a@ I Piqi  
i-1 F =  9 (X,17) 
i P i 9 i  
i = i  

~ ~ I J I O  MHHHMaJIbHPM. 

n p ~  3TOM pi AOJIXCHM YAOBJIeTBOPRTb C J I ~ ~ ~ I ~ I & H M  YCJIOBHRM: 

M H H H M E ~ ~ ~ H R  @ Y H K ~ H H  F = f (qi, IIPE OI'PaHH¶eHHIIX H 3  

YCJIOBHR (X,18) RBjIReTCR 3ana¶ef HeJIHHeHHOrO I IpOrpaMMHpOBaHHH.  

n p e n I l ~ J I a I ' a R ,  ¶TO at I IpOHyMepOBaHhl  B I IOpRnKe BOSPaCTaHHR, 

B b I p a X e H H 0  (X,17) MOHCHO 3aI lk lCaTb  B TaKOM BHne: 

C J I ~ ~ O B ~ T ~ J I ~ H O ,  AJlR MHHHMH3a4HH BhlpaHCeHHR (X,17) OIIpeneJIR- 

e T c s  T a K o e  s ~ a s e ~ ~ e  p, KOTOPOMY Y A o B n e T B o p R e T  B h s p a m e H H e  (X,20). 
Torna a@ = up. 

T ~ K  K a K  PaBeHCTBO (X,20) M O Z e T  BbIIlOJIHRTbCR I I P H  pa3JIH¶HbIX 

3Ha¶eHHHX pi, TO OIITHMaJIbHbIe PeI l I eHHR 3 a A a ¶ H  HaXOARTCR nepe6opo~  
B03MOHCHbIX 3 H a ¶ e ~ H 6  K O ~ ~ ~ H ~ H ~ H T O B  IIOCTBBOK. & 

n p H  YCJIOBHH, ¶TO COnep?KaHHe IIOJIe3HOI'O KOMIIOHeHTa B C h l p b e  

P a C I I p e n e J I e H O  M e K A y  3 a 6 0 ~ ~ m  OTHOCHTeJIbHO PaBHOMepHO B IIpe$(eJIaX 

OT aml, AO a,,,, B O ~ M O H C ~ H  60~1ee npoc~oii ,  HO M e H e e  T O ~ H H G  
C I I O C O ~  YCTaHOBJIeHHR T ~ X H O J I O ~ H ¶ ~ C K O &  H ~ C T P O ~ ~ K H  0 6 0 r a T H T e J I b H 0 &  

~ ~ ~ P H K H .  K a l f ( ~ b I i i  n06b1¶~0ii 3a60G x a p a ~ ~ e p ~ 3 y e ~ c ~  n a p a M e T p o M  8, - 
n 

= Z] 1 a t  - ak 1 , K O T O P M ~ ~  6 y g e ~  TeM 6 0 ~ 1 b m e ,  s e M  6onbme p a 3 H O C T b  
k-1 

MeHCny a, H 0 I I p e ~ e j I R e ~ o f i  o I I T H M ~ J I ~ H o ~ %  T~xHoJ Io I 'E¶~cKo% H ~ C T ~ O ~ K O ~  

0 6 0 I ' a T E I T e J I b ~ 0 6  @ ~ ~ P H K H .  



P ~ I J I ~ H H ~ M  3aAa¶ (X,lt3) H (X,21) EIBJIRIOTCR T a K H e  K O ~ @ @ H ~ H ~ H T ~ I  

p i ,  KOTOPbIe AaIOT BOSMOWHOCTb ¶aCTH¶HO IlJIH IIOJIHOCTbH) HCKJIIOPHTh 

H 3  PaCCMOTPeHHH I I P H  BhI¶HCJIeHHH a9 T e  3 a 6 0 ~ ,  AJIR KOTOpbIX Ui p a B H h I  

H Z H  ~ Z H ~ K H  K a,i, H a,,,. T ~ K H M  06pa30~ ,  pe)f(HM p a 6 0 T h I  o6ora- 
T H T ~ J I ~ H O ~  @ ~ ~ P H K H  B 3aBHCHMOCTH OT BO3MO)f(HOCTH eI'0 OIIt?paTHBHOI'O 

H3MeHeHHR MOHCeT 6JdTb  YCTaHOBJIeH: H a  A J I H T ~ J I ~ H M ~  HHTePBaJI  BPeMeHLl 

I IyTeM 3 a A a H H R  @HKCHPOB~HHOI'O 3 H a q e H H I I  a,$, H AOIIYCTHMhIX OTKJIOHe- 

~ 1 x 6  a9 ,in H a@ ,,,; H a  H e 6 0 J I b m 0 2  HHTepBaJI  B p e M e H H  B 3aBHCHMOCTH 

OT KaPeCTBa PYA B 3a6011x B T ~ K Y ~ H ~  IIePHOA H BO3MOHCHhIX O ~ Z ~ M O B  

IIOCTaBKH PYA H a  0 6 0 r a ~ H ~ e J I b ~ y I O  @ a 6 p E f ~ y  I I p H  YCJIOBHH, ¶TO TeXHOJIO- 

I'HseCKaEI H ~ C T P O ~ ~ K ~  0 6 0 I ' a ~ H ~ e J I b ~ 0 6  @ ~ ~ P H K H  MOlKeT OIIePaTHBHO H3Me- 

HRTbCR H 6hITb  C T ~ ~ H J I ~ H O ~ ~  B Te¶eHHe H ~ ~ O J I ~ Z I I O I ' O  H H T e p B a J I a  B p e M e H H  

(CYTKH, HeAeJIR, ~ e ~ a ~ a ) .  
Ocfioafiue mdauu jrtodenupoaafiufi mexfionozuuecnux cafiaeli Rapbepoa 

c 06ozamumenbnbzxu @a6punaxu. IIpn o n e p a T H s a o M  n n a H H p o s a H H H ,  

T. e. I I p H  COCTaBJreHHH HeAeJIbHO-CyTO¶HOI'O r p a @ E f K a  ~ 0 6 b I ¶ H  H IIepe- ' 

P ~ ~ O T K H  IIOJIe3HOI'O HCKOIIaeMOI'O, a TaKHCe I I p H  OIIepaTHBHOM YIIPaBJIe-  

HHH ~ 0 6 h I ¶ ~ h I M l i  P ~ ~ O T ~ M H  B Te¶eHHe CMeHbI (CYTOK) T P ~ ~ Y ~ T C H  T a K  

I I e p e p a c n p e A e n n T b  o 6 z e ~  ~ o 6 a r q ~  H n o ~ p e 6 n e ~ ~ ~  c H p b a ,  ~ T O ~ L I  H e  

BHBTH H 3  0 I ' p a H W e ~ H f i :  IIO COAepXaHHJO KOHTPOJIHPYeMMX KOMIIOHeHTOB 

B KaXAOM THIIe ( c o ~ T ~ )  I I O C T ~ B J I R ~ M O ~  p y A b I ,  IIO O ~ Z ~ M Y  ~ 0 6 h I ¶ H  H 3  

K a ; K n o r o  3KCKaBaTOpHOI'O y ¶ a C T K a ;  IIO o 6 z e ~ y  I I e p e p a 6 0 T K H  KaXAOI'O 

THIIO-COPTI PYAhI. 

3 a r p y 3 K a  A O ~ M ¶ H M X  H TpaHCIIOPTHhIX Y'laCTKOB AOJIXHa 6 b I ~ b  IIO 
BO3MOXHOCTH P ~ B H O M ~ P H O ~ ,  ¶TO II03BOJIReT OIITHMH3HPOBaTb YCJIOBHR 

pa6o~h1 A O ~ M P H H X  e A H H H 4  H TPaHCIIOPTa.  ~ P H  (PHKCHPOB~HHOM H a  AJIH- 
~e.?Ib~hI6 IIepHOA 3 H a 4 e H H H  T ~ X H O J I O I ' W ~ C K O ~  H ~ C T P O ~ ~ K H  060I'aTHTeJIb- 

HOG @ ~ ~ P H K H  M a T e M a T W e C K H  3a@¶y OIIepaTHBHOI'O I I J IaHEpOBaHHR 

H YIIPaBJIeHHII A O ~ H ¶ H M M H  p a 6 0 T a ~ H  B P e X H M e  YCpeAHeHHR MOXHO 

IIpeACTaBHTb CJIe~yIOIQHM COOTHOmeHHeMI 

n 

2 ~ i 9 i  =Qa, (X,23j 
i=l 

5 q, * max; 
i-1 

(X,25) 

P H K H  MOHCeT OIIepaTHBHO H3MeHHTbCR, TO 3 a A a ¶ a  OIIepaTHBHOrO IIJIaHH- 

pOBaHHR H YIIPaBJIeHHtI  TeXHOJIOrHgeCKHMH CBHSIIMH I'PYIIlTbl 3 a 6 0 e ~  
( K a p b e p 0 ~ )  C 0 6 0 r a T H T e J I b ~ 0 f i  4a6p~~oi i r  B PeHCHMe YCpeAHeHHR PYA 
(POPMYJIHPY~TCH B 3aBHCHMOCTH OT PeHcHMa pa6o~ar I ' 0 p ~ 0 0 6 0 I ' a ~ H ~ e J I b -  

HOrO IIPeAIlPHRTHEI HBa¶e.  

H m e  IIpHBeAeHbI HeKOTOphIe H 3  BOSMOHCHPX @OPMYJIHPOBOK MaTe- 

M a T W e C K H X  3ana¶. 
1. M ~ T ~ M ~ T W ~ C K ~ H  MOAeJI b TeXHOJIOI'E¶eCKHX C B R ~ € ! ~  I'pyIIIIH 3a60e~ 

( K a p b e p 0 ~ )  C O ~ O ~ ~ T E T ~ J I ~ H O ~ ~  cpa6p~~oiir IIpHMeHHTeJIbHO K CeBOHHOMY 

PeHCHMY AO~PPHIJX pa6o.r H CEHXPOHHOMY PeHCHMY p a 6 o . r ~  rop~oo6ora-  
THTeJIbHOrO IIpeAIIPHRTHR. 

~ O C T ~ H O B K ~  s a ~ a n ~  CBOHHTCH K c n e n y r o q e M y .  k l ~ e e ~ c a  n s a6oe~  
( K a p b e p o ~ ) ,  IIpOlX3BOAHTeJIbHOCTb KamAOI'O H 3  KOTOPhIX X a p a K T e p H 3 y e T C R  

@ J ' H K ~ H ~ ~  Qi ( t )  , ( i  = 1, 2, . . . , n). Ha KaH(A0M K a p b e p e  HMeeTCJl PYA- 
H W H ~ I ~  CKJIaA, H a  KOTOPOM PYAa HaKaIIJIHBaeTCR AJrR O ~ ~ C I I ~ P ~ H H R  

C T ~ ~ H J I ~ H O ~ ~  p a 6 o ~ ~  ( P I ~ P H K H  B IIepHOA I I p e K p a r q e H H H  BCKpbIJJIHhIX 

pa6o.r. PyHa H 3  K a P b e p O B  IIOCTyIIaeT H a  0 6 0 l ' a ~ H ~ e J I b ~ y I O  @ a 6 p ~ ~ y  
npOH3BOAHTeJrbHOCTbIO QO, I I P H  K O T O P O ~  HMeeTCR P Y A H W H M ~ ~  CKJIaA, 

COCTOII~I@ 83 ABYX ~ e ~ q H 6  eMKOCTbIO R K a X A a R .  B HCXOAHOM AJIR P a C -  

s e T a  COCTORHHH o A H a  ceIcqm c @ o p ~ ~ p o ~ a ~ a  H n o c T a B n R e T  H a  o60ra~n- 
TeJIbHyIO @a6pm~y C h I p b e  C IIPOqeHTHhIM COAePXaHHeM IIOJIe3HOI'O KOM- 

IIOHeHTa a,,, B T O p a R  CeKqHII  ~ O P M H P Y ~ T C R  (PHC. 234). 



T p a H c n o p ~ ~ b I e  CBR3H M e K A Y  @a6pm~of &i 3 a 6 0 R ~ H  o ~ ~ c I ~ ~ P H B ~ I O T  

o 0 C T a B K Y  H a  Ga6pm~y B eAHHElQY B p e M e H H  T a K O r O  KOJIHPeCTBa PYAbI, 
K o T o p o e  G a 6 p n ~ a  M o x e T  nepepa6o~a~b .  kI3nmm~n ~ 0 6 b 1 s a e n o f  p y ~ b ~  

n o c T y n a I o T  H a  K a p b e p H M e  p y A a M e  c K n a A M .  T p e 6 y e ~ c ~  onpepenmb T e x -  

HOnOrH¶eCKyIo  H B C T P O ~ K Y  @ a 6 p m K n  a +  m YCTaHOBFiTb 3a6om, H 3  KOTOPbIX 

CJIeAyeT nOCTaBJIRTb H a  o ~ o I ' ~ T H T ~ J I ~ H Y H )  @a6pm~y C b I p b e  B TaKOM KOJIH- 

¶eCTBe,  P T O ~ ~ I  O ~ ~ C I I ~ P ~ T ~  U O T P ~ ~ H O C T ~  G a 6 p ~ ~ m  B C b I p b e  n p H  B b I n o n H e -  

Hmm YCJIQBmR 

l a I - a @ l < A a o ,  (X,27) 

TAe Aa, - AOUyCTmMOe OTKJIOHeHHe COAepHtaHHR nOJIe3HOI'O KOMnO- 

H e H T a  B c b I p b e  OT ~ e x ~ o J I o r w e c 1 ; o f  H ~ C T P O ~ K H  G ~ ~ P E I K H ,  %J . 
 TO YCJIOBHe AOJIXHO 

B~I I IOJIHEIT~CR B T e P e H m e  ne- 
p H O A a  B p e M e H m  C T ~ ~ H J I ~ H O ~ ~  

p a 6 o ~ b 1  Ga6pm~n B OAHOM 

TeXHOJIOrHPeCKOM P e X H M e .  

Ecnm B T e P e H n e  XOTR 6b1 

s a c T m  y ~ a 3 a ~ ~ o r o  nepmona 
B p e M e H m  ycnosme (X ,27) 
H e  BbIIIOJIHReTCR, TO B K a P e -  

e c T B e  ~ e x ~ o n o r m s e c ~ o f  H a -  

C T P O ~ K H  060I'aTHTt?JI b H 0 f i  

G a 6 p ~ ~ m  IIpEIHHMaeTCR a,,.  
Coenm n 3 a 6 o e ~  s b 1 6 m ~ a m ~  

PHC. 2 3 4 .  Crpy~c~ypnarr cxema TpaHcnopmbrx cesaeii -r - '  ' 
ropnoo6ora~n~enb~oro  x o m 6 a ~ a ~ a :  ~ a ~ m e ,  AJIR KOTOPMX B ~ I ~ O J I -  

0@ - 0 6 0 r a ~ l t ~ e J I b ~ a ~  @a6pmKa; 3,. a,, . . . , 3a - aa- HReTCR YCJIOBHe , 

6011 (KapbcpbI); Car C2 u - Kapbep~h1~ CKJIG~I; St 
II Sz - C e ~ q n n  YcpenHaTenbHoro cxnana npn o6oram- 

T ~ J I ~ H O ~  @a6PEKe I a i - a c K I <  A a o ,  

aTmX 3a6oe~  PyAa I l O C T y n a e T  HeIIOCpeACTBeHRO H a  @ a 6 p ~ ~ y  AJIR 

0 6 0 r a q e ~ ~ ~ .  H e ~ o c ~ a m q e e  K o n H P e c T B o  H a  (ba6pm~y n o c T y n a e T  . 

co c K n a A a .  T a ~ o e  x e  K o n n s e c T B o  p y ~ ~  n o c T y n a e r r  n3 O c T a n b H w x  3a6oe~  
BO BTOPYIO c e K Q H m  c K n a A a .  I I p e ~ n o n a r a e ~ c s ,  ¶TO H a  p y ~ ~ o ~  c K n a A e  

C O O T B ~ T C T B ~ I O ~ ~ ~ ~  3arPy3~0f  m pa3rpy3~06 pYAbI AOCTmraeTCR BbICOKaR 

c T e n e n b  y c p e A H e H n n .  

0 6 0 3 ~ a 4 H ~  ¶epe3 k ¶HCJIO HHTepBaJ lOB B T e P e H H e  B p e M e H H  0, AJIR 

K a x A o r o  1x3 K O T O P ~ I X  aI = const, (i = 1, 2, . . ,n). Hnn K a x A o r o  m 3  
HHTepBaJIOB MOXHO IIOJIYPHTb MHOHEeCTBO 

kI3 MHOHteCTBa (X,28) ~ b 1 6 e p e ~  T a K H e  m 3 H a P e H l X f  a,, AJlR KOTOpbIX 
m 

l3bInOJIHReTCR YCJIOBHe (X,27). Ecnm 2 qi &Q, AJIR BCeX Q1, YAOBJIeTBO- 
1-1 

p R I o q m x  B b I p a m e H m I o  (X,27), m B c e x  k m H T e p s a n o B ,  TO B K a s e c T s e  

PeHcHMa T ~ x H o J I o I ' ~ ¶ ~ c K o &  H ~ C T P O G K H  @aGprn~Ei H a  A a ~ H h I f i  I IePHOA CTa- 

6 ~ ~ 1 b H o f  pa6o~b1 0 n p m n m M a e T c c I  a@. O n ~ ~ ~ m s a q m ~  n o c T a B o K  nones- 

( eoro n c K o n a e M o r o  w a a 6 o e ~  H a  0 6 o r a ~ a ~ e n b ~ y m  @a6pany M o m e T  6 b 1 ~ b  

BbIItOJIHeHa peIlleZ3HeM 3 a A a ¶ H  ~ H H ~ ~ ~ H o I ' o  I IPOrpaMMHPOBaHHR:  

m 

2 I a i  - a, I k 4 i  -+ min. 
i-1 

(X,30) 

P e I I l e H m e  B ~ I ~ ~ H E ~ H H ~  (X,29) H (X,30) MHHHMm3HPYeT OTKJlOHeHHe 

ItPOqeHTHOI'O COAePHEaHHR IIOJIe3HOrO KOMIIOHeHTa B I I O C T ~ B J I E I ~ M O ~  PYAe 
OT P e K H M a  T ~ X H O J I O I ' H P ~ C K O ~  H ~ C T ~ O ~ K H  0 6 0 I ' a ~ m T e n b H 0 &  @a6pm~m. 

I 
E c n ~  XOTR 6b1 B OAHOM H 3  k HHTePBaJIOB n e p H O A a  8 C T ~ ~ I X J ~ ~ H O ~ ~  pa6o~k.1 

@ ~ ~ P H K H  YCJIOBHe (X,27) H e  BbIIIOJIHReTCR, TO H e A O C T a I O q e e  KOJIIlPeCTRO 

PYAhI P IIOCTYIIaeT H a  G a 6 p ~ ~ y  H 3  YCpeAHHTeJIbHOrO C K n a A a ,  T. e. 

rAe h - ~ c o a @ @ m q ~ e ~ ~  n o c T a B K m  p y ~ b ~  ~3 i-ro 3 a 6 0 ~  (~apbepa)  H a  
y ~ p e ~ H l X T f % I b H b I ~  C K n a A  npm 0 6 0 r a T H ~ e n b H 0 f i  Ga6pm~e. 

K o n m n e c ~ ~ o  p y ~ b ~ ,  n o n y P a e M o e  0 6 0 r a ~ n ~ e n b ~ o f  G a 6 p ~ ~ o f i  513 ycpeA- 
HHTeJIbEOrO P y A H O r O  CKJIaAa, 3aBHCHT OT AOIIYCTHMOrO OTKJIOHeHHR 

C O A e p K a H m R  ItOJIe3HOrO KOMnOHeHTa B C b I p b e  OT H ~ C T P O ~ K H  0 6 0 I ' a ~ H ~ e J l b -  
' 

HOG @ ~ ~ P E I K H  Aa,. Ha p ~ c .  235 n o ~ a 3 a ~ o  BnmRHme B e n w m H b I  o T K n o H e -  

HHR c o A e p x a H m  nones~oro  K o M n o H e H T a  B H C X O A H O ~  pype Aa, o T a o c M -  

TeJlbHO T ~ X H O J I O ~ H P ~ C K O ~  H ~ C T P O ~ ~ K H  0 6 0 r a T H ~ e n b H 0 6  @ a 6 p ~ ~ ~  H a  H a p a -  

MeTPM YCPeAHHTeJIbHbIX CKJIaAOB. 3 H a P e H m e  Aa, BJIEtReT H a  p a 6 o ~ y  
p y A H O r 0  CKJIaAa npm O ~ O ~ ~ T H T ~ J I ~ H O ~  Ga6pm~e. T ~ K ,  npm Aa, = 2% 
I t 0 T p e 6 J I e H H e  PYAbI H 3  CKJIaA8 IIP OHCXOAHT P e n K O  H H ~ ~ O J I ~ ~ H M H  

o 6 a e ~ a ~ ~  - (0,05 + 0,2) Q@; npm Aa, = 1 % p y ~ ~ ~ i i  c K n a A  H e -  

I IPePbIBHO O T r p y x a e T  PyAy H a  @ a 6 p ~ ~ y  B 6 0 n b m o ~  KOJIF leCTBe  - 

(0,2 + 0,75) Q@. B e n w n ~ a  Aa, CyE(eCTBeHH0 BJIHReT H a  I I a p a M e T p b I  

p y A H o r o  c K n a A a .  E M K O C T ~  c K n a A a  c y n e H b m e H m e M  B e n m s n H b I  Aa, 
t y s e n w H s a e T c n .  
; 2. M a ~ e ~ a ~ m s e c ~ a s  ~ o ~ e n b  ~ e x ~ o n o r m e c ~ m x  c ~ a s e f  r p y n n b ~  3 a 6 o e ~  
! (~apbepoa)  c O ~ O ~ ~ T E T T ~ J I ~ H O ~  @a6paaof n p a M e H n r e n b H o  K K p y r n o r o -  

AH¶HOMY PeXUTMY A O ~ ~ I ~ H H X  pa6o.r Ci HeCmHXPOHHOMy P e K H M Y  pa60Tk.1 

~ O ~ H O O ~ O ~ ~ T ~ T ~ J I ~ H O ~ O  IIPeAIIpHRTHR. Ha~6onee P a C n p O C T p a H e H H b I M  

P e X H M O M  p a 6 o ~ b 1  I ' O ~ H O O ~ O ~ ~ T H T ~ ~ ~ H H X  I I P ~ ~ D P I I F I T H ~  FIBJIFIeTCR 



OCTIIOTCR He3aJIOJIHeHHbIMH. Bce 3 T 0  O ~ Y C J I ~ B J I H B ~ ~ T  H ~ O ~ X O A H M O C T ~  
~ C T ~ O H C T B ~  H a  0 6 0 I ' a T E T e J I b ~ 0 ~  @ a 6 p ~ ~ e  YCpeHHHTenbHOI'O p y A H O r 0  

CKJIaAa , ~ 0 ~ 0 p h I f  AOJIHteH C I I O C O ~ C T B O B ~ T ~  ~ @ @ ~ K T E B H O M Y  Y C p e ~ e H H I o  

P y H b I ,  T a K  K a K  B03MOHCHOCTH B a P b H P O B a H H I I  p y ~ ~ f i ,  I I o c T ~ I I ~ H ) ~ ~ ~  H 3  

K a p b e p O B  H a  @ a 6 p ~ ~ y ,  H e 3 H a n H T e n b E H .  

MCCJI~AOB~HHRMH YCTaHOBJIeHO, ¶TO 40-80% B C ~ G  py,ghI, IIOCTaBnR- 

~ M O %  H a  @ a 6 p n ~ y ,  MOHEHO 3 a r P Y H E a T b  HeIIOCpeACTBeHHO B IIpHeMJXHe YCT- 

po t ic~sa  @ ~ ~ P H K H ,  MHHYR Y C ~ ~ A H H T ~ J I ~ H H ~ ~  CKJIaA,  T a K  K a K  I IpOqeHTHOe 

C O H e P X a H H e  IIOJIe3HOI'O KOMIIOHeHTa B H C X O A H O ~  PYA€? OTKJIOHReTCII OT 

H ~ C T P O ~ ~ K H  @ ~ ~ P H K H  H a  B e n w H H y ,  H e  IIpeBOCXOAIIllQ'IO 3 a A a H H O r O  3 H a -  

¶eHHR.  TO H a e T  OCHOBaHHe I I O J I a r a T b ,  ¶TO l I p H  C O O T B ~ T C T B Y I O ~ ~ ~  O p r a -  

H B 3 a q H H  IIOCTaBOK C h I p b R  H a  0 6 0 r a ~ E ~ e J I b ~ y ~ )  a a 6 p ~ ~ y  I I a p a M e T p h l  

y c p e A H n T e n b H o r o  c K n a A a  n p z i  @ a 6 p ~ ~ e ,  0 6 5 e ~  n o r p y 3 o s ~ o - p a a r p y 3 o s -  

HhIX pa6o.r H p a 6 o ~ h 1 ,  CBR3aHHhIe C Y c p e A H e H H e M  HCXOAHOI'O C H p b R ,  

MOrYT 6 b I ~ b  MHHHMH3HPOBaHhI. 

~ P H  HeClTHXpOHHOM P e X H M e ,  B O T J I w H e  OT CHHXpOHHOrO, C H p b e ,  

H a K a n n H s a e M o e  H a  K a p b e p H a r x  pynanx c K n a A a x ,  I I O T ~ ~ ~ J I R ~ T C I I  @a6- 
P H K O ~  B 3TOT me n e p H O A .  T ~ K H M  o6pa30~,  n p H  A B Y X C M ~ H H O ~ ~  p a 6 o ~ e  

B H ¶ H C ~ ~ H H M ~  IIpE PeI I IeHHH 3 a H a r i H  IIO @ o ~ M ~ J I ~ M  (X ,34), (X ,35) 
K O ~ @ @ H ~ H C ! H T ~ ~  IIOCTaBKH C H p b R  AaIOT B03MOHEHOCTb OIIPeAeJIHTb 

o 6 a e ~ ~  11one3~oro n c K o n a e M o r o ,  n o c T a s n a e M o r o  H a  aa6pmy ~3 H a p b e p -  

HhIX CKJIaAOB: 

rn 
Rj = 1-2,Qc 1. (X i%)  

Bo ~ ~ o p y m  c e K q H m  @ a 6 p m ~ o r o  c K a a A a  c N p b e  n o c T y n a e T  B T a K o M  

HCKOnaeMOe HeIIOCpeACTBeHHO H a  @ a 6 p ~ ~ y .  
3. Y c T E ~ H o B J I ~ H H ~  TpaHCIIOpTHbIX C B I I ~ ~ ? ~  H rPY30IIOTOKOB MeHEAy 

I'pyIIII06 K a p b e p O B  H O ~ O I ' ~ T E I T ~ J X ~ H H M H  @ ~ ~ P L I K ~ M H  B PeHFFlMe pa3AeJie- 
b HHII H yCpeAHeHHII  PYA. C T p y K T y p ~ b I e  CXeMhI ~ O ~ H O O ~ O ~ ~ T H ~ ~ ? J I ~ H ~ I X  



KoMnJIeKCOB ¶aCTO BKJIH)¶aH)T rpynny K a p b e p O B  H HeCKOJIbKO 0 6 0 r a ~ ~ -  H a x o w w ~ e  O ~ T H M ~ J I ~ H O ~ O  D J I ~ H ~  nepeno301{ nocne B h I q m c n e H H H  
TeJIbHbIX @ a 6 p a ~ ,  HaXOAEIqHXCII  B eAHHOM aAMHHHCTpaTHBHOM I I O W H H e -  
HHH. B 3TOM C J I y 4 a e  AJIR y J I y 4 I U e H H R  TeXHHKO-3KOHOMWeCKHX LlOKa3a-  L:'~) AnII ~ c e x  k (j) m j CBOAHTCII K P e m e H H I o  C T ~ H A ~ ~ T H O ~ ~  3 a ~ a ¶ ~  

pa6o . r~  r o p ~ o o 6 0 r a ~ H ~ e J I b ~ b I x  n p e ~ n p H c r T H H  qenecoo6pa3~0 ocy- 
J ~ H H ~ ~ ~ H o ~ o  n p 0 r p a M M m p O B a H H H  T p a H C l I o p T H o r o  T H n a .  

WeCTBJIIITb KOMlIJIeKCHOe O n e p a T H B H O e  nJIaHl"ip0BaHme pa6o~h1 K a p b e p O B  
0 6 0 r a T m T e J I b H b I ~  4 a 6 p ~ ~ .  A K T Y ~ J I ~ H O C T ~  PeI I l eHmII   TOG 3aAa¶Ei  B03-  r J A B A  X I  

p a c T a e T ,  e c n H  B e ~ m ~ 0 6  CTPYKTYPHOH CHCTeMe A O ~ ~ I B ~ H ) T C E I  H o6ora- 
maH)TCII p y ~ a ,  o T n m s a H ) W n e c n  H e  T O J I ~ K O  no CoAepHtaHHH) I I O J I ~ ~ H O I ' O  OPrAHH3AqHH I'OPHOrO JIPOHSBOACTBA HA KAPbEPAX * 
K o M n O H e H T a ,  HO H I10 o ~ o I ' ~ T F ~ M o c T H .  n p H  3TOM B 0 3 H H K a e T  H ~ O ~ X O A H -  1 ,  
M O C T ~  p a 3 ~ e n b ~ o r o  o 6 o r a m e ~ ~ a  P ~ ~ H O T H I I H ~ I X  PYA B pewme HX ycpen- § 1. O c o 6 e a ~ o c ~ M  o p r a n n 3 a q ~ ~  r O p H o r o  I I ~ O M ~ B O A C T B ~  H a  m o w a ~ x  
HeHHtI .  

4 K a p a e p a x  

T H ~ H ~ H ~ I M  DpeACTaBHTeJIeM MeCTOP0)KAeHHH C pa3HOTHIIHbIMH P Y A a M H  
HBJIEI~TCH H H K O ~ O J I ~ C K H ~  6acceG~. Ero MeCTOpOH(AeHHEI IIO XHMH¶eC- I O p r a H ~ 3 a q h ~  H Y n p a B J I e H H e  U ~ O H ~ B O A C T B ~  rOpHbIMH p a 6 0 ~ a ~ ~  
KoMY COCTaBY M a p r a H q e B O C O A e p H t a ~ ~  MHHePaJIOB IIOAPa3AeJIHH)TCII ~ P ~ A C T ~ B J I I I I ~ T  co6oH CHCTeMy M ~ P ,  H ~ ~ P ~ B X ~ H H H X  ~a s h ~ n o n ~ e ~ m e  

H a  OKHCHbIe, K a p 6 0 H a ~ H M e  H CMemaHHMe.  
x i  ~ ~ ~ H ~ B O ~ C T B ~ H H ~ ~ O  n p O q e C C a  ~ 0 6 ~ 9 ~  nOJIe3HOI'e) HCKOIIaeMOrO. B =PO- 

3aeasa o n r a M a n b n o r o  pacnpeneneaan c b ~ p b n  M e m i y  0 6 0 o r ~ ~ r e n b -  
E I ~ B O A C T B ~ H H ~ I ~ ~  npoqecc A O ~ ~ I Y H  C T p y K T y p H o  R x o A n T  p R A  T e x H o n o r m -  

HMMH @ a 6 p ~ ~ a ~ ~  MOHteT 6 M ~ b  C @ O ~ M Y J I H ~ O B ~ H ~  pa3JIH¶HMMH cnoc06a~m , Y ~ c K H X  3 B e H b e B  H 3neMeHTOB. 1 1 0 3 ~ 0 ~ ~  B 0 6 q y ~ )  X a P a K T e P B C T H K y  
UpOH3BOACTBeHHOrO npo- 

B 3aBHCHMOCTH OT COOTHOIIleHHII ¶HCJIa O ~ O ~ ~ T H T ~ J I ~ H M X ~ @ ~ ~ P H K  S H KO- qecca K a H  0 6 a e K T a  ynpas- 6 
n H q e c T s a  T H n o B  p y ~ m  S1. ECJIH S 2 S1, TO s a ~ a s a  CBOAHTCR K onpenene- Z e H H R  BXOAIIT CBeAeHHtI o // ///////////////' 

H n m  O n T m M a n b H o r o  n n a H a  n e p e ~ o 3 0 ~  B p e H t H M e  y c p e A H e H m  I c a H t A o r o  
T H n a  P y A M ;  C b I p b e  H 3  K a p b e P O B  Fi K a p b e p H M X  CKJIaAOB nOCTaBJIIIeTCEI 7 @ Y H K ~ H R X  er0 OTAeJIbHbIX 

3JIeMeHTOB ( I I o ~ I ' o T o B K ~  K 
B T e q e H H e  TeX CMeH, K O r A a  BeAyTCH ~ 0 6 h 1 s ~ a e  p a 6 o ~ h 1 .  ECJIH ~ 0 6 b 1 9 ~ M e  BhIeMKe,  BbIebIKa,  TpaHcnop_ 
pa60~b1 B K a p b e p a x  H e  B e A y T c n , T o  pyas n o c T y n a e T  H a  @a6pm~y m 3  PYA- T H p O B a H H e  H o ~ ~ a n o o 6 p a s o -  I E ~ H ~ I X  c K n a A o B  npm K a p b e p a x .  

E c n ~  S < S1, TO B IIOCTaBKaX IIPHRHMaH)T y ¶ a C T H e  K a K  K a p b e p b I ,  
B ~ H H ~ ) .  C T p y K T y p a  CBH3H 
HX Me3KAY co6oii COOTBeT- 

T a K  H K a p b e p H h I e  P y A H h I e  CKnaAbI .  n p H  3TOM MOrYT FiMeTb MeCTO He-  CTByeT I ~ ~ H H I I T O ~ ~  TeXHOJIO- 
CKOJIbKO BaPHaHTOB IIJIaHOB p a 6 0 ~  (¶HcJ Io  B a p H a H T O B  C:,) ,  pa3J Im¶a-  

H)QHXCR MeHtAY ~ 0 6 0 %  XOTII 6h1 OAHHM THIIOM 060raqae~oi i  PyAbI .  RalK- Prrc. 236. CTpy~Typa rop- 
nor0 I I ~ O P I ~ ~ J O ~ C T B ~  Ha 

A o M y  H 3  3THX BaPHaHTOB COOTBeTCTBYeT CBOG O I I T H M ~ J I ~ H ~ I ~ ~  nJIElaR nepe- JIHeTCH I I P H M ~ H I I ~ M O ~ ~  TeX- 
Tpa~cnapmupaBo~ue ~ophcpax: 

B O ~ O K  p y ~ b ~ ,  o n p e ~ e n a e ~ h ~ i i  m 3  C O O T B ~ T C T B Y H ) ~ ~ ~ ? ~  3 a ~ a n ~ . k 3 3  B C ~ X   sap^- a - ~ a c c a s  noneaaoro 
H L I K O ~ ~ ,  YCJIOBHHMH n p O T e -  ~ c ~ o n a e ~ o r o ;  6 - vaccna 

aHTOB ~ b 1 6 H p a e ~ c 1 1 :  TOT, KOTOPOMY COOTBeTCTBYeT O I I T H M ~ J I ~ H ~ I ~  I lJIaH K a I o q H X  IIpOH3BOJJCTBeHHbIX BCHP~IIIIHMX nopon 

npm MHHmMaJIbHMX TpaHCnOpTHhIX P a C X O A a x .  n p o q e c c o B ,  a T a K m e  opra- 
Ecnn H ~ B ~ C T H O  p a c c T o m H e  OT i-ro 3a6oa ( ~ a p b e p a ) ,  ~06arsammero ~ ~ 3 a q H e 5  pa6o.r. ~ ~ ~ C I I ~ K T H B H ~ H  AJIR ~ J I H I K ~ ~ ~ ~ H X  J IeT  C T p Y K T Y p R a R  

k-ii T H n  C ~ I P ~ I I ,  TO j-fi @ ~ ~ P H K H  (z:]), TO o 6 a e ~  n e p e ~ o 3 0 ~  H a  j-10 @a6- T e x H o n o r H s e c K a E I  c x e M a  p a 3 p a 6 0 ~ K u  r o p ~ o f i  M a c c b I  B ~ J I Y ~ O K H X  K a p b e -  
p ~ ~ y  B T e ¶ e H H e  H H T e p B a J I a  c ~ a 6 ~ n b ~ o i i  p a 6 o . r ~  @ ~ ~ P H K H  COCTaBJIEIeT pax CO CKaJIbHbIMH IIOpOAaMFi MOH<eT 6 h I ~ b  I lpeACTaBJIeHa  C J I e A y I o q H M  

n 06pa30~:  p a 3 p y U I e H E e  IIOpOAHOI'O MaCCHBa 6 y p 0 ~ 3 p h I ~ ~ b I ~ m  p a 6 0 T a ~ H ,  
~ q ' j '  = 2 p;gql;. (X,38) 3KCKaBaqHEI  B ~ O P B ~ H H O ~ ~  ~ O P H O ~ ~  MaCCbI, TPaHCIIOPTHPOBaHHe BBTOCaMO- 

i-1 c s a n a M H  BHYTPEI K a p b e p a ,  r p o x o P e H & i e  ~i ~ p o 6 n e ~ m e  ~ p y n ~ o - ~ y c ~ o s a ~ o i r  
n n a ~  n e p e ~ o 3 0 ~  ~ o n ~ t e ~  o n p e ~ e n m b  o 6 n e ~ a  n e p e ~ o 3 n ~ o r o  c a p b ~  r o p ~ o f  M a c c H ,  T p a H c n o p T a p o s a H m e  K O H B ~ ~ ~ ~ P H ~ I M  HJIH CKHIIOB~IM T p a H c -  

H 3  ~ a m ~ o r o  3a6011 H c ~ n a ~ a ,  a ~ a ~ x e  a ~ p e c a  A O C T ~ B K H  CHP~II .  Ax11 n o p ~ o ~  no 6 0 p ~ y  K a p b e p a ,  neperpyma r o p H o i i  M a c c M  H a  n o B e p x H o c T H ,  
~ a w f l o r o  D J I ~ H ~  n e p e ~ 0 3 0 ~  M O H ~ ~ T  6 ~ ~ b  O U P ~ A ~ J I ~ H  0 6 5 0 ~  n e p e ~ 0 3 0 ~  TpaHCUOpTHpOBaHHe qHKnR¶HhIM ~ B T O M O ~ H J I ~ H ~ I M ,  XeJIe3ROAOpOHtHhIM, 

s HJIH IIOTO¶HbIM ( ~ 0 ~ B e f e p b I )  TpaHCnOpTOM no nOBepXHOCTEi A 0  o6ora- 
Lz = 2 L! (j). (X,39) T H T ~ J I ~ H o ~ ~  @a6pm~m. 

j-1 ~ Y P O B ~ P H B H ~ I ~  pa6o . r~  B K a p b e p e  OCY~eCTBJIEIIoTCCI O ~ ~ N H O  napan- 
O ~ T H M ~ J I ~ H ~ I ~ ~  ~ J I ~ H  n e p e ~ 0 3 0 ~  O ~ P ~ A ~ J I I I ~ T C I I  K ~ K  M H H H M ~ J I ~ H ~ I ~ ~  JIeJIbHO C 3 K c ~ a B a q H e i i  H I I P H  OIITHMaJIbHOM IIJIaHHPOBaHHH H e  O r p a -  

¶ n e H  @ ~ H K ~ H o H ~ J I ~ H o ~ o  MHOHteCTBa, T. e. HH¶HBaH)T p a 6 0 ~ y  3 K C K a B a T O p a .  

LOnT=min{Ll,  Lz , .  . . , L,,, . . . I ,  * rnasa HantrcaHa ~ o q .  B. A. Hana~aP~ro.  
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I 
O ~ H 0 B H b I h l l i  O C O ~ ~ H H O C T I I M ~ ~ ,  KOTOPhIe AOJIXHbI 6 b I ~ b  Y¶TeHbI n p H  

opra~m3aqnm y n p a B a e H H R  pa6o~oi i  K a p b e p a ,  R B J I I I ~ T C R :  
I 

1) 6 o n b m a c r  T e p p H T O p m a J I b H a R  p a 3 0 6 I Q e H H 0 ~ T b  OCHOBHbIX O ~ ~ € ? K T O B  
I 

YIlpaBJIeHHR ( ~ O ~ H O T ~ ~ H C ~ O ~ T H O ~ O  O ~ O ~ ~ A O B ~ H H H ) ,  A O X O A R q a R  A 0  5- 
10 xnc H 60nee B npenenax K a p b e p H o r o  n o n R  H H a  omanax, c o 3 ~ a e ~  TPYA- 
HOCTH B O p r a H H 3 a q x i H ,  KOHTPOJIe H OIIePaTxiBHOM YIIpaBJIeHHH rOPHbIM 

1  IIPOHSBOACTBOM; C yBeJIxi¶eHHeM r n y 6 x i ~ h 1  I'OpHbIX p a 6 0 ~  A 0  200-300 Jet 
I 3TH TPYAHOCTH YCJI0HiHRH)TCR; 

I  
2) HaCbIqeHHOCTb K a P b e P H O r O  X O ~ R ~ ~ C T B ~  6 0 f i b I L I x i ~  KOJIH¶eCTBOM 

MOII(HOI'0, PaCTO pa3HOTHlIHOr0 ,  rOPHOTpaHCllOPTHOI'0 O ~ O P Y ~ O B ~ H H I I  

1 CTaBxiT ~ p e 6 o s a ~ x i e  OIITHMaJIbHbIX YCJIOBH~~[ 3KCIIJIYaTaIJxiH H KOOPAkIHa- 

4 ~ 1 3  ero  p a 6 o ~ b 1 ;  
1  3) 3Ha¶HTeJ ibHaR AHHaMxi¶HOCTb OTKPbITbIX rOpHbIX p a 6 o ~  ICaK BO 

I BpeMeHH,  T a K  Ei B IIpOCTpaHCTBe T p e 6 y e T  p e I ' y J I R p ~ 0 g  nepecTpof iH11  TpaHC-  

n o p T H b r s  n y ~ e i i  xi nmmii a ~ ~ e ~ ~ p o n e p e ~ a s ~ ,  B M ~ ~ I B ~ R  y B e n n v e H m e  

1 o 6 n e ~ a  BCnOMOI'aTeJIbHbIX pa6o.r; H3MeHeHHe Y C J I O B H ~ ~  3 a J I e r a H H R  kI 

C B O ~ ~ C T B  p a 3 p a 6 a ~ ~ s a e ~ b 1 x  nopon no M e p e  n e p e M e q e H m  pa6osmx MecT 
1 BbI3bIBaeT OTKJIOHeHHe TC?XHOJIOI'H¶eCKOI'O P e K H M a  OT c p e ~ H e &  HOPMbI; 

I 4) H ~ ~ O C T O R H C T B O  ~ O ~ H O ~ ~ O J I O ~ H ~ ~ C K H X  H M ~ T ~ O ~ O ~ O ~ W ~ C K H X  ycno- 
1  ~ m i i  o x a 3 b 1 s a e ~  B ~ H R H H ~  ~a p a 6 o ~ y  o 6 c n y ~ m ~ a 1 o q e r o  nepco~ana,  rop- 

r x o T p a H c n o p T H o r o  0 6 0 p y ~ o s a ~ m ~  m a n n a p a T y p H ;  

1 5) H3MeHeHHe BO B p e M e H H  rPY3OIIOTOKOB rOPHbIX IIOPOA BbI3bIBaeT 

n e p x i o p s e c K o e  nepepacnpeneneme T p a H c n o p T H b I x  c p e A c T B ,  x i 3 ~ e ~ e ~ x i e  

1 1  TpaHCnOpTHbIX CXeM Ef I ' p a 4 H H o B  ABHKeHEIR; 

1 1  6) K e C T K a R  B3aHMOCBR3b M e K A Y  OCHOBHHMH IIPOxi3BOACTBeHHbIMH 

I n p o q e c c a M H  ~ p e 6 y e T  ¶ ~ T K O G  HX KOOpAHHaqHFi BO B p e M e H H  H IIpOCTpaH- 

1 1  CTBe ( o c o 6 e ~ ~ o  K e C T K a R  O n e p a T H B H a R  B3aHMOCBR3b HMeeTCR M e K a y  

1 1  a ~ c ~ a ~ a q ~ e f i  Fi TpaHCnOpTHpOBaHHeM r o p ~ o i i  M ~ C C M ) ;  

7) OTCyTCTBHe o I I ~ ~ ~ T H B H o ~ ~  H AOCTaTO¶HO TO¶HOG KOJIH¶~CTBC?HHO~~[ 

I '  OIteHKH ~ O J I ~ I I I E I H C T B ~  TeXHHICO-3KOHOMH9eCKHX n o K a 3 a T e ~ r e f  p a 6 o ~ b 1  

I 1 K a p b e p a ;  
8) 6 0 ~ 1 b z n n e  ~ a c m ~ a 6 b 1  rOpHOI'0 IIpOH3BOACTBa ( I ' o ~ o B ~ H  IIPOH3BOA- 

CTBeHHaR MOqHOCTb HeKOTOPbIX K a P b e P O B  B HaCTORWee BPeMR n p e B b I -  

m a e T  30 MJIH. m none3~oro  nc~ ionae~oro)  B M ~ ~ I B ~ I O T  ~ o ~ q e ~ ~ p a q x i m  1 I MOWHOI'O I'OPHOTpaHCIIOPTHOI'O O ~ O P ~ A O B ~ H F ~ R  B I IpeAeJIaX K a p b e p H O I ' O  

noncr, ~ p e 6 y m ~  ~am6onee nomoro ero m c n o n b 3 o ~ a ~ m ~  BO ~ 3 6 e x a ~ n e  

I !  Y ~ ~ I T K O B ,  CBR3aHHhlX C IIPOCTOeM. T a K  K a K  3HaWfTeJIbHaR ¶ a C T b  np0- 
CTOeB B 0 3 H H K a e T  IIO OPI'aHH3aqHOHHbIM, ~ B ~ P E I ~ H ~ I M  H TeXHOJIOI'H¶eCKHM 

npH¶xiHaM,  OT C J I Y K ~ ~ I  YIIPaBJIeHHR ~ p e 6 y e ~ c c 1  ~ ~ I C T ~ O T ~  llPxiHCITHR I, peme~ni i  n p x i  B c e c T o p o H H e M  y g e T e  B c e x  B n m c I m q E i x  ~ ~ K T O ~ O B ,  a T a K x c e  

6arc~pas-1 p e a ~ 1 ~ 3 a q m ~  ~ T H X  p e m e ~ x i f .  

I E ~ o M ~  nepe¶HCJIeHHbIX ~ ~ K T O P O B  B a K H h I M H  OCO~~?HHOCTHMH,  Tpe-  

G Y I O ~ H M H  y v e T a  n p x i  o p r a ~ ~ 3 a q m ~  y n p a s n e H H c r  pa6o~oii  H a p b e p a ,  RB- 

JIHJOTCR: HaJIH¶He H a  K a p b e p a X  6 0 ~ 1 b m o r o  ¶mCJIa BCIIOMOI'aTeJIbHbIX 

onepaqmti ( n e p e ~ ~ ~ x ~ a  K ~ J I ~ ~ H O A O ~ O K H ~ I X  n y ~ e i ,  ~ o ~ n e i i e p ~ b ~ x  nm- 
~ ~ i i ,  J I ~ H H ~ ~  mewponepenas, a a s ~ c ~ ~ a  s a 6 o e ~  H n o ~ n e 3 ~ ~ b 1 x  ny~e i i  
H T. A.), YPOBeHb MeXaHxi3aqIXH H aBTOMaTH3aIJxiH KOTOPbIX OTHOCH- 

TeJIbHO Hxi3OK; H ~ ? ~ J I ~ I ' O I I P ~ ~ R T H ~ I ~  YCJIOBHR p a 6 o ~ b 1  TOVHOG a n n a p a T y p b I ,  

~ C T ~ H ~ B J ~ H B ~ ~ M O ~  HenOCpeACTBeHHO H a  pa6osnx MeXaHHsMaX,  ¶TO BbI3bI- 

BaeTCH ~ ~ 6 p a q ~ e . G  H y A a p a M m ,  p e 3 ~ m ~ ~  K O J I ~ ~ ~ H H H M H  ~ T M O C ~ ~ ~ H M X  

Y C J I O B H ~ ,  ~ H ~ ¶ H T ~ J I ~ H O ~ ~  3aIIbIJIeHHOCTbH) ~ T M O C @ ~ ~ M  H T. n. ; H a J I T H e  

I 'OpHOTpaHCIlOpTHOrO 0 6 0 p y ~ o ~ a ~ ~ c 1  IIpeHMyIQeCTBeHHO qHKJIWHOI '0  

CTBHR, cna60 IIOAAaIOqerOCfI  aBTOMaTH3aqmH H ~ p e 6 y ~ ) q e r o  06c13a~eJ Ib -  

HOT0 IIPHCYTCTBHR 0 6 c n y ~ ~ ~ a ~ ) q e r o  n e p c o H a n a ;  c n a 6 a c 1  ~ e x a ~ ~ 3 a q H c I  

n p o q e c c o B  y n p a s n e H m c I  H T. n. 
Bce ~ T H  O C O ~ ~ H H O C T H  K a p b e p a  H a K  o 6 a e ~ ~ a  y n p a B J I e H H R  ~cJ IoKHRIOT 

P e l u e H H e  npo6ne~b1 C03AaHHR ~ a a e x { ~ o i i ,  ¶ ~ T K O H  B pa6o~e  CHCTeMbI 

OnepaTHBHOI'O YnpaBJreHHcI  (I'OPHMM /IIPOH~BOACTBOM. 

~ O A  I I P O H ~ B O ~ C T B ~ H H O ~  ~ T p y ~ T y p ~ f i  H a p b e p a  DOHHMaeTCcI COCTaB 

er0 BHYTPeHHHX I l 0 ~ p a 3 ~ e J I e ~ x i i %  ( Y ~ ~ C T K H ,  q$XH H T. II.), @OPMM HX 

IIOCTPOeHxiR H B3aHMOCBR3Fi. O C H O B H ~ I ~  IIPOkl3BOACTBeHHbIe IIOApasAeJIe-  

H E R  K a p b e p a  MOrYT BhIAeJIRTbCR K a K  Kt0 TePPHTOPHaJIbHOMY, T a K  H DO 

~ ~ H K ~ H O H ~ J I ~ H O M Y  I IpHHqHIIaM.  

~ P E I  TePPHTOPHaJIbHOM J lPHH4HIIe  BbIAeJIeHHR K a p b e p  COCTOHT H 3  

HeCKOJIbKHX Y¶aCTKOB, KOTOPMe CaMOCTORTeJIbHO IIPOH3BOART OCHOBHbIe 

TeXHOJIOrH¶eCKHe n p 0 4 e C C M  H a  C B O C ! ~ ~  TePPxiTOPxiH.  TO B03MOKHO I I P H  

~ e 6 0 ~ r b l l l l X ~  o 6 a e ~ a x  pa6o.r H I I P O C T O ~ ~  TeXHOJIOrHH rOPHOI'0 IIpOH3BOA- 

CTBa. @ y H K q F i o ~ a J l b ~ J J f  I I p H H q H n  IlOCTpOeHxiR I I P O H ~ B O ~ C T B ~ H H O ~ ~  CTPYK- 

TYPM s a p b e p a  npnMeHcI IoT  s aqe  H a  K p y n H b I x  ~ O ~ H O ~ O ~ ~ I B ~ H ) I ~ H X  npen- 
IIPHRTHIIX. B BTOM cnyqae c o 3 ~ a e ~ c ~  ~ R A  c n e q m a n m 3 ~ 1 p o ~ a ~ ~ ~ x  y n a c T -  

KOB ( ~ Y P O B O ~ ~ ,  ~ 3 p b I ~ H 0 i j [ ,  BbIeMO¶HO-IIOI'Py30¶HbIe, I IyTeBbIe ,  OTBaJI bHbIe ,  

TpaHCnOpTHbIe  H T. A.), KOTOPbIe BeAYT pa6o~h1 H a  B C ~ H  TeppFiTOpHH 

K a p b e p a .  

Ha COBpeMeHHbIX MOIqHhIX H a p b e p a x  IUHpOHO DpHMeHcIIoT CMemaH-  

HYH) CTPYKTYPY rOPHOI'0 IIPOH3BOACTBa, T. e. I I P H  @ Y H K ~ H O H ~ J I ~ H O M  H 

TeppHTOpHaJIbHOM IIOApa3AeJIeHHxi pa6o.r. B O T J I w H e  OT ~ ~ ~ A I I ~ H R T H B  

3aBOACKOI'O T H n a ,  rAe y¶aCTOK RBJIReTCR C O C T ~ B H O ~  ¶aCTbH) q e X a ,  H a  

M O ~ H ~ I X  K a p b e p a x  4 o p ~ m p o ~ a ~ ~ i e  yvacma ~ P O H ~ B O A H T C R  K a K  no npo- 
qeCCCaM (BCHPMIUHO~~,  A O ~ M ~ H O ~ ~ ,  O T R ~ J I ~ H I J G  H T. A.),  TaK H IIO T e P P H -  

TOPHanbHOMY n p H 3 H a K y  ( H a n p H ~ e p ,  BCKP~IIIIHOH P a C T O K  N2 1, N2 2 
xi T. A.). E p o ~ e  T o r o ,  H a M e s a e T c R  TeHAeHqHcI B H n o n H e H m R  s a c m  p a 6 o ~  
CneqHaJIH3HpOBaHHhIMH 4 e X a M H  (qex I'HAPOMeXaHH3aqHxi, ~ Y P O B ~ P M B -  

HOG, T P ~ H C I I O P T H ~ I ~  H AP.). C 0 3 ~ a H H e  CneqHaJIH3HpOBaHHbIX 4 e X O B  CnO- 

C O ~ C T B Y ~ T  COBePIIIeHCTBOBaHxiH) TeXHHKH H TeXHOJIOrHH BbIIIOJIHeHHtI 

OTAeJIbHbIX IIPOqeCCOB. 

O C H O B H O ~  C T P Y K T Y P H O ~ ~  e ~ m ~ ~ q e i i  K a p b e p a  R s n s e T c c I  IIPOH~BOACT- 

B ~ H H ~ I H  P a C T O K  HJIH 4 e X .  ~ P O H ~ B O ~ C T B ~ H H ~ I ~  W a C T O K  - 3TO OpI'aHH- 

3 a q ~ o ~ ~ o - o 6 0 ~ o 6 n e ~ ~ o e  n o ~ p a 3 ~ e n e ~ ~ e ,  B M n o n ~ c I m q e e  o n p e A e n e H m e  

IIpOH3BOACTBeHHbIe @ Y H K ~ H H  B o6qeG T ~ X H O J I O I ' H ~ ~ C K O ~  jreIIxi l IOpHOr0  

npOxi3BOACTBa. 

Bce T e x H o n o r w e c K m e  n p o q e c c h 1  no ~06arse  none3~oro  H c K o n a e M o r o  

MOKHO IIOApa3AeJIHTb H a  OCHOBHbIe H BCIIOMOI'aTeJIbHbIl?. MCXOAR H 3  

3 T O r 0  IIPOH3BOACTBeHHbIe y P a C T K H  K a p b e p a  MOKHO p a 3 A e J I H T b  H a :  
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Y¶aCTIEH OCHOBHOrO IIPOH3BOACTBa,  BCnOMOI'aTeJIbHbIe ,  O ~ C J I Y ) I < K B ~ I O ~ H ~ ,  

no~co6~b1e  m no60s~b1e. 
.K YYaCTKaM OCHOBHOrO I lpOH3BOACTBa OTHOCRTCR BCKPbIII IHhIe ,  ~ 0 6 b 1 Y -  

H b I e ,  ~ Y P O B ~ P ~ I B H M ~ ,  TPaHCI IOPTHbIe  H OTBaJIbHbIe .  OCHOBEIBFI 3aAa¶a 
3 T H X  y¶aCTKOB - 0 6 e c n e s e ~ ~ e  ~ e o 6 x o ~ n ~ o r o  o 6 a e ~ a  )JO~H¶HHX pa- 
6 0 ~ .  C I l e ~ H a J I H 3 a 4 H R  YPaCTKOB El HX KOJIHPeCTBO 3aBHCRT OT R H A a  ~0661- 
B 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 ,  M O ~ H O C T H  n p e A n p H R T H H ,  I IPHHFITO~~ 

B I I P O e K T e  CTPYKTYPhI  K O M I I J I ~ K C H O ~  M e X a H H 3 a q E I H ,  CTeI l eHI i  K O H q e H T p a -  

q m t i  p a 6 0 ~  R npenenax K a p b e p I I o r o  n o m  H A p y r H x  @ ~ K T O ~ O B .  

~ @ @ ~ K T M B H O C T ~  OCHOBHOI'O I IpOH3BOACTBa 3aBHCHT OT p a 6 o T M  BCUOMO- 

r a T e J I b H b I X  I4 I IO)JCO~HHX YPaCTKOB. B 3aAa¶y BCIIOMOI'aTeJIbHbIX YPBCT- 

KOB BXOAHT 06ecne9e~ne OCHOBHOrO nPOH3BOACTBa  PeMOHTOM, peKOI3-  

C T P Y K ~ H ~ ~  Ei BOCCTaHOBJIeHHeM r O P H O T P a H C l l O P T H O r 0  O ~ O P Y A O B ~ H E I R  

H OCHOBHMX r O p H b I X  B H P ~ ~ O T O K .  

K BCIIOMOraTeJIbHhIM P a C T K a M  ( q e x a ~ )  OTHOCRTCR y¶aCTOR O C y m e -  

HHR, M e x a H m e c K m e  M a c T e p c m e ,  C J I Y X ~ ~ I  p e M o H T a  IIOABHXHO~O C o c T a B a  

H KOHTaKTHbIX ~ e ~ e f i ,  3JIeKTPOIIOACTaHqEIH, KOMnPeCCOpHbIe  EI A p y r H e  

CTaqEiOHaPWbIe YCTaHOBKH, X O ~ R ~ ? C T B C ? H H ~ I ~ ~  Vex H T. n. 
Ha MOWHMX K a p b e p a X  0 6 ~ 9 ~ 0  OTAeJIbHO BbIAeJIRIOTCR Y¶aCTKH FOP-  

H O K a n H T a J I b H b I X  H CTPOHTeJIbHbIX p a 6 0 ~ ,  T P ~ H C I I O P T H M ~ ~  q e X  H T. n. 
B 3TOM C J I p a e  OHH B npOH3BOACTBeHHYH) CTPYICTYPY K a p b e p a  H e  BIEJIIO- 

9aIOTCR.  

5 3. C T p Y K T y p a  y n p a B n e H u n  I ' O ~ H O ~ O ~ ~ I B ~ ~ O ~ U M  

npeppmwueiv (obque n o n o x e m c ~ )  

B 3aBHCHMOCTH OT B H A a  ~ 0 6 b 1 ~ a e ~ o r o  n O J r e 3 H O r O  HCKOlIaChIO~O (yI 'O.Zb, 

PyAa, IIOJIHMeTaJIJIHW3CIEEle PYAbI  H T. A , ) ,  IlOAqEIHeHHOCTH M IIPOH3BOA- 

C T B ~ H H O ~ ~  MO4HOCTH ~ O ~ H O A O ~ ~ I B ~ I O ~ E I X  ~ ~ ~ A I I ~ H F I T H H ,  n p E I M e H R e M O r 0  

B H n a  T p a H c n o p T a ,  c p o K a  B B o A a  B a ~ c n n y a ~ a q ~ m  H T.  n. CJIO~KHJIKC~ 

p a 3 n ~ n ~ b 1 e  C T p y K T y p r m e  c x e M M  y n p a B n e H H t I  xapbepam. H~CMOTPH 
H a  BCe ~ ~ 0 r 0 0 6 p a 3 H e  CJI0)fCHBIUHXCII H a  OTAeJIbHbIX I ' O P H O A O ~ ~ I B ~ I O ~ E I X  

I I p e A n p H H T H I I X  O p r a H H 3 a q H O H H b I X  CTPYKTYP,  BCe  OHH MOrYT 6 b I T b  CBe- 

AeHbI  K o n p e ~ e ~ ~ e ~ n o j i  c x e M e ,  coc~orrqeii  ~3 T p e x  OCHOBHMX c~yneneii  - 
H H X H R R ,  C p e A H H H  H B e p X H R R .  Ha PHC.  237 n O K a 3 a H a  o6rqaa C T p y K T y p -  

H a R  CXeMa y U p a B J I e H H R  ~ o ~ H o A o ~ ~ I B ~ ~ Q ~ H M  n p e A n p H R T H e M .  

B o 6 4 e ~  BHAe Y n p a B J I e H H e  K a p b e p O M  BKJIIoYaeT:  1) I I O X y ¶ e H H e  HC- 

X O A H O ~  r n ~ @ o p n ~ a q ~ u  o COCTORHHH y n p a s n a e M o r o  o 6 a e ~ ~ a ;  2) H c x o A a  

H 3  q e J I H  A ~ ~ ~ C T B H F I  - B H P ~ ~ O T K Y  P e I I I e H H R  H a  OCIIOBe n e p e p a 6 0 ~ ~ ~  
n o n y s e ~ ~ o i i  ~ a @ o p ~ a q n n ;  3) H a  o c H o s a H H E i  n o n y ¶ e H H o r o  p e m e H H c I  - 
B b I A a ¶ y  y n p a B J I H I o 4 H X  KOMaHA H a  0 6 a e K T .  B YCJIOBEiRX r O P H O r O  n p O H 3 -  

B o A c T s a  y ~ a 3 a ~ ~ b 1 e  TPH maria B npoqecce pa6o~b106b19~0 n e p n o A H P e c w i  

IIOBTOpRIoTCfI.  

P~CCMOTPHM HeCKOJIbKO I I 0 ~ p 0 6 ~ e e  3 a H a ¶ H  H @YHKIJHII YI IpaBJ IeHHR 

H a  OTAenbHbIX C T y n e H R X  o64eii CXeMbI. 

1. Y n p a ~ n e H H e  H a  H E I X H ~ ~  C T y n e H H  0 6 e c n e s n ~ a e ~  ~ ~ ~ O T K ~ ~ H Y H )  

H BbICOKOIIPOH3BOAHTeJIbHYIO p a 6 o ~ y  OCHOBHOrO ~ O p H O T p a H C n O p T H O r O  

0 6 0 p y ) ~ o ~ a ~ ~ ~ ,  HenOCpeACTBeHHO o6ecnes~~a1orqero ~06b1sy H AOCTaBKY 

noneaaoro H c K o n a e M o r o .  OCHOBHOG a a ~ a s e i i  y r r p a B n e a m a  n p E i   TOM RB- 
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YCJIOBHRX gapbepa coBoKyn- 
H O C T ~  O A H o T m n H M x  a r p e r a T o B  

( ~ K C K ~ B ~ T O ~ O B ,  ~ Y P O B ~ I X  CTaH- 

KOB H T. II.) HJIH p a 3 H O T H n -  

H o r  o O ~ O ~ Y A O B ~ H H R ,  o 6 a e ~ ~ -  
H e H H O r O  H Y X A a M H  TeXHOJIOrmkI 

I'ODHOI'O I IpOH3BOACTBa.  n p 1 1  

TeJIbHOCTbH) K a p b e p a  H O q e H -  

K 0 f i  T ~ X H E I K O - ~ K O H O M I ~ ¶ ~ C X O ~ ~  
B@@~KTEIBHOCTEI er0 pa6o. r~ .  -- 
IIpn mmpo~oii  n o c T a r I o B I ; e  

B o n p o c a  y n p a B n e H m  K a p b e -  

P O M ,  K p O M e  Y K a 3 a H H h I X  Y i I i e  

s a ~ a s  O I I T H M H B ~ ~ H H  EI onepa- 
T H B H O ~ ~  KOOpAHHaqHEI  AeRTeJ Ib -  

HOCTH OTAeJIbHhTX y¶aCTKOB Fi 

oTAenbHblx nP0H3B0ACTBl Ha Pwc. 237. 06wafl oTpyKTypHaa cxcnra ynpaenemn 
sepx~e i i  C T Y ~ ~ H H  cxe~61  pe- rop~ono6a1~amwmm n p e m p n s ~ n e ~  

IIIaIOTCR 3aHa¶Ei  AOJII'OBpeMeH- 
aoro  n n a H H p o s a H m ,  y s e T a  1.1 a~axm3a T ~ X H H K O - n ~ o ~ o ~ m s e c ~ o i i .  Aemenb- 
HOCTH OTAeJIbHbIX YPaCTKOB H IIPOLI3BOACTB 38 TOT HJIH H H O ~ ~  K a J I e H A a p -  

Hb l i i  0TPe:JOK B p e M e H H .  B 0 6 ~ ~ 2  K p y r  BOnpOCOB Y n p a B J I e H H R  K a p b e p O M  

H a  B ~ ~ x H ~ G  C T y n e H H  AOJllKHbI 6b1~b RI i J I IoPeHbI  If 3 a A a ¶ H ,  OTHOCRUI,HeCR 

K O ~ J I ~ C T E I  ~ A M H H H C T P ~ T I I B H O - Y Q ~ B J I ~ H P ~ C K O ~ ~  AeRTeJIbHOCTEI: BOIIpOCbI 

K a A p O B ,  O I I n a T b I  T p y A a ,  IIOArOTOBKIl H O ~ C ~ ~ > I ; M B ~ H H F I  r O p H O r 0  npOZX3- 

BOACTBa H T. Il. 

O p r a ~ m s a q m o ~ ~ a n  c T p y m y p a  ynpanaeam K a p b e p o M  CTPOHTCR 

B COOTBBTCTBHI? C I I P O E I ~ B O A C T B ~ ~ H H O ~ ~  CTPJ ' I~TYPO~I  H OI lpeAeJ IReTCR COPe- 

T a H H e M  OTAeJIbHbIX 3 B e H b e B  Y n p a B J r e H H R ,  I iOTOpbIe  B3aHMOCBR3aHM Pi CO- 





p e 3 e p ~ ~ ~ x .  060 B c e x  asapncrx, n p o c T o R x  H IIPHHIIT~IX M e p a x  no nx 
JIHKBHAaIJHH H a ¶ a J l b H H K  CMeHbI IIO p a q H H  coo61qae~ AHCIIeT ' I epy  

K a p b e p a .  

H ~ M ~ H ~ H H ~  P a C C T a H O B K H  aBTOCaMOCBaJIOB B 3 K C K a B a T O P H b I X  3a6011x 
IIPOHSBOAHTCR IIO COI'JIaCOBaHHH) C H a ¶ a J I b H H K O M  CMeHhI a B T 0 q e X a .  

B cnysae p e s ~ o r o  o T K n o H e n m  K a s e c T B a  none3~oro H c r c o n a e M o r o  

B OTAeJIbHhTX 3 K C K a B a T O p H b I X  3 a 6 0 ~ x  H a P a J I b H H K  CMeHhI ~ 0 6 ~ 9 ~ 0 r 0  
P a c T K a  c o B M e c T H o  c r e o n o r o M  n p H H n M a e T  p e m e H H e  o n e p e c T a H o B K e  

3 K C K a B a T O p a  B ~pyr0f i  3a60fi. 
H a ¶ a n b ~ H ~  CMeHhI 6 y p o ~ o r o  y ¶ a C T K a  O C y q e C T B n R e T  pYItOBOACTB0 

XOAOM p a 6 0 ~  c o r n a c H o  ~ K C I I O ~ H ~ H H  GYPOBMX p a 6 o ~  H H a p R A a  H a  onepa- 
THBHYH) CMeHy.  B C J I Y g a e  a B a p H H  C ~ Y P O B ~ I M H  C T a H K a M H  OH IIPHHEIMaeT 

M e p M  no HX n H K s m A a q m m  H c o o 6 ~ a e ~  A m c n e T q e p y  K a p b e p a .  

B CBO& IIpa~~JX¶ec~ofi A e R T e n b H O C T H  H a ¶ a J l b H H K H  CMeH BCeX y ¶ a C T -  

KOB OI l ePaTHBHO IIOA¶HHeHbI AHCIIeTPePY K a p b e p a ,  K O T O ~ M ~ ~  KOOPAHHEI- 

p y e T  HX B ~ ~ H M O A ~ ~ C T B H ~  CO CMeXHhIMH Y P a C T K a M H  H c n y x 6 a ~ ~ .  AHC- 
n e T n e p c K a R  cnyx6a K o H T p o n n p y e T  XOA ropnoro I I P O H ~ B O A C T B ~  B T e q e -  

Hkle  CMeHJd H B b I A a e T  y K a 3 a H H e  H a n a J I b H H K a M  CMeH H r O p H h I M  M a C T e p a M  

06 H 3 M e H e H H H  X a p a K T e p a  Ei p e x H M a  pa60~h1 I 'OpHOTpaHCIIOpTHOrO 060- 
P y A O B a H H R ;  PeI 'yJIHpyeT ABHHteHHe  TpaHCI IOpTHhIX CpeACTB H a  Y g a C T K a X  

H a p b e p a ;  K O H T P O J I H P y e T  Ti COBMeCTHO C FOPHbIM H a A 3 0 P O M  O p r a H B 3 y e T  

0 6 e c n e s e ~ ~ e  ropnoro ~ ~ O H ~ B O A C T B ~  ( ~ a ~ e p ~ a n b ~ o - ~ e x ~ m e c ~ o e ,  pe- 
MOHTHOe,  3HepI'OCHJIOBOe H n ~ . ) .  K ~ o M ~  3THX @ Y H K ~ I I $  AHCIIeT¶ep  K a p b -  

epa o p r a ~ m 3 y e ~  c o r n a c H o  rpa@my nepegasy H H @ O P M ~ ~ H H  o xoAe n p o ~ s -  
BOACTBeHHOrO I I p O q e C C a  B H H ) I < ~ H ~ ~ H O - T ~ X H H P ~ C K E ~ ~  V e H T P  (~apbep0-  
y n p a ~ n e ~ m e )  . 

C M ~ H H H ~  A H c n e T s e p  K a p b e p a  H B n H e T c c r  n o c T o R H H b I M  n p e p c T a s m e -  

J l e M  H H X e H e P H O - T e X H H ¶ e C K O r O  q e H T p a  C I I p a B O M  P e I I I e H H I I  BCeX O p r a H H -  

3 a q H O H H h I X  H T e X H H 9 e C K H X  BOIIPOCOB, B O 3 H H K a I O q H X  B T e ¶ e H H e  CMeHbI 

n p H  B e A e H H H  I 'OpHhIX p a 6 o ~ .  B XOAe p a 6 o ~ ~  OH pyKOBOACTByf?TCII He -  

AeJIbHO-CYT09HbIM ~ P ~ @ H K O M ,  K O T O P M ~  COCTaBJIReTCR H a P a J I b H E i K a M H  

Y¶aCTKOB H a  OCHOBaHHH YeCH¶HOI'O I I J I a H a ,  COCTaBJIeHHOrO IIJIaHORbIM 

OTAeJIOM K a p b e p a .  
B HeAeJIbHO-CyTO¶HOM I ' pa@HKe ~ 0 6 ~ s ~ o r o  Y'IaCTKa I IJIaHHpyEOTCR 

O ~ % C M H  IIOJI6'3HOI'O HCKOIIaeMOrO H Bro KOJlHseCTBO K a K  B q e J I O M  lI0 

y ¶ a C T K y ,  T a K  H IIO OTAeJIbHMM 3KCKaRaTOpHblM ~ J I O K ~ M ;  IIO BCIiPbIIUHOMY 

y ¶ a C T I < y  n J I a H H p y I o T C R  0 6 % e ~ M  OTAeJIbHO IIO ~1 ia j lb~0f i  n O p O A e  H HaHO-  

CaM. ~ J I ~ H H ~ o B ~ H H ~  I~POH~BOAHTCII'C YgeTOM IIJIaHORO-IIpeAyIIpeAHTe.Tb- 
HbIX PeMOHTOB (nnp) OTAeJIbHbIX a r p e r a T O B .  B HeAeJIbHO-CYTO'IHOM 

rpa@m~e no ~ Y P O B O M Y  y ¶ a C T K y  IIJIaHHPYEOTCR 06ae~h1 IIO 6 y p e ~ ~ 1 0  CKBa-  

HCHH H a  KaXCAbIfi CTaHOK C p a a 6 m ~ ~ o j i  H a  C y T K H  C y ¶ e T O M  nnP. 
Ha OCHOBaHElH BTHX ~ P ~ @ H K O B  AHCIIeT¶ep  K a p b e p a  COCTaBnReT O n e -  

~ ~ T H B H ~ I ~  r p a @ H ~  H a  TeKYIIQ'H) CMeHY C y K a 3 a H H e M  HOMepOB 3KCKa13a- 

TOPOB, 3a6oe~ ,  rAe IIPOH3BOAHTCR I I O r p y 3 K a ,  P ~ C C T O R H H ~ ~  TpaHCI IOPTH-  

P O B a H H I I  H 3  OTAeJIbHO B3RTbJX 3a60e~ ,  ¶HCJIa Ei HOMePOB aBTOCaMOCBa-  
JIOB, a T a K x e  B c n o M o r a T e n b H o r o  0 6 0 p y ~ o s a ~ ~ ~ .  Y ~ a s a ~ ~ ~ f i  B M m e  rpa- 
@HK RBJIReTCR OCHOBHbIM AOKYMeHTOM, C I IOMOqbEO KOTOPOI'O OCYWeCT- 

BJIHeTCR KOHTpOJIb 38 pa6o~ofi  K a p b e p a .  

B T e s e m e  c M e H b r  A H c n e T T i e p  K a p b e p a  n o n y s a e T  I I H @ O P M ~ ~ E I H )  o XOAe 

IIpOH3BOACTBeHHOI'O I I p O q e C C a  IIOCpeACTBOM: B H 3 Y a n b H O r O  H ~ ~ J I E O A ~ H H R  

3a pa6o~of i  r O p H O T p a H C I I O p T H O r 0  O ~ O ~ ~ A O B ~ H I I H ;  paAHOCBH3H C MaUIH- 

HHCTaMH 3 K C K a B a T O P O B ,  H a s a J I b H H K a M H  CMeH, 6 p H r a ~ a ~ H  a ~ ~ o 6 p ~ r a a ;  
~ e n e @ o H ~ o f i  CBR3H C AHCIIeT¶epOM K O M ~ H H ~ T ~ ,  OTK, a B T O q e X O M ,  APO- 

~ H J I ~ H O ~  @ ~ ~ P H H O G  H Ap. 
Ha AHCIIeT¶epCKyIO C J I Y X ~ Y  K a p b e p a  B 0 3 n a r a e T C H  O ~ H ~ ~ H H O C T ~  I IpO-  

BeAeHHI i  o n e p a T m H o r o  y s e T a  B h I n o n H e H H b I x  0 6 n e ~ 0 ~ .  
~ H X ~ H ~ ~ H O - T ~ X H M ¶ ~ C K K ~ ~  qt?HTP ( I I ~ O H ~ B O H C T B ~ H H ~ I ~  OTAeJI K a p b e p O -  

y n p a ~ n e ~ ~ l i )  K a x n M e  CYTKH p a 3 p a 6 a ~ ~ s a e ~  o n e p a T H B H o e  c y T o s H o e  

3 a A a H H e  C p a 3 6 ~ ~ ~ 0 f i  IIO CMeHaM. CYTO¶HH~ 3 a A a H H R  AOBOAHTCCI A 0  H a -  

s a J I b H H K 0 B  BCeX Y¶aCTKOB I I P H  I I P O B e A e H H H  O I I e P a T H B H O r O  C O B e Q a H H H  

no c ~ J I ~ K T o ~ H o ~ ~  CBH3H. Ha 3THX C O B e q a H H H X  IIPHHHhlaIOTCH p e m e H m H  

UO CJIeAyEOIqHM BOIIpOCaM: 

K O O p A H H a q H R  I I P O H ~ B O ~ C T B ~ H H O ~ ~  AeRTeJIbHOCTEi YgaCTKOB H C J I Y ~ ~  

H a  CYTKH C OAHOBPeMeHHhIM P a C C M O T p e H H e M  H YTBepECAeHHeM rpa@ma 
BCIIOMOI'aTenbHhIX p a 6 o ~  ( ~ ~ M O H T  aBTOAOpOr ,  M O H T a X  H A e M O H T a X  BbICOKO- 

BOJIbTHhIX I I e P e r O H h I  3KCKaBaTOPOB H G Y P O B ~ I X  CTaHKOB H T .  It .) ;  

nposeneme ~ e p o n p ~ ~ ~ n i i ,  ~ a n p a ~ n e ~ ~ ~ x '  H a  K o M n e H c a q m m  (HJIH 

J I H K B H A ~ ~ H H ) )  BOBMYQBEOQHX B O ~ A ~ ~ C T B U ~ ~  (BMXOA H 3  CTPOII 3KCKaBaTO-  

p O B ,  06pynre~ne YCTYIIOB, a B a p H E I  a3n H T. A.), BhIIIBJIeHHhlX B T e u e H E i e  

I I p e A b I A y Q H X  CYTOK ; 
p a C n p e A e n e H H e  B c I I o M o ~ ~ T ~ J I  b H 0 f i  T e X H H K H  ( K ~ ~ H O B  , ~ Y J I  b,L(03ep0~, 

n o ~ c o 6 ~ o r o  T p a H C I I O p T a  Ei AP.) H a  OCHOBaHHH ~ P ~ @ H K O B  H M ~ ~ O I I P R I I T M ~ ~ ,  

p a 3 p a 6 o ~ a ~ ~ b 1 x  IIO I I p e A b I A y Q H M  I I y H K T a M .  

B npoqecce n p o s e A e H n c I  cosemansli IIPOHBBOAMTCH K O H T P O J I ~  3a 
BbIIIOJIHeHHeM OTAeJIbHhIMH Y ¶ a C T K a M H  H C J I Y H C ~ ~ M H  I I P e A M A Y q H X  O n e -  

P a T H B H b I X  3 a ~ a ~ ~ f i  H M ~ P O I I P H H T H ~  I IO  KOMIIeHCaqHH B03HHKaBI I IHX 

p a H e e  B O ~ M Y Q ~ H H ~ ~ .  

n p H  I I p O B e A e H H H  O I I e p a T H B H O r O  C O B e q a H H H  HH.irCeHepH0-TeXHKseCKOe 
PYKOBOACTBO HCIIOJIb3YeT H H @ O P M ~ ~ I I I O  0 p a 6 o ~ e  K a p b e p a  A B y X  BHAOB: 

c y ~ o s ~ h ~ i i  p a n o p T  o p a 6 o ~ e  K a p b e p a  B q e n o M ,  c o c ~ a s n ~ e ~ ~ i i  A H c n e m e p -  

CKOG C J I Y H C ~ O ~ ~ ;  OT4eTbI  0 p a 6 0 ~ e  OTAeJIbHbIX y¶aCTKOB H C J I Y X ~ ,  COCTaB- 

J I I I e M H e  H a ¶ a J I b H M K a M H  Y¶aCTKOR. 

C Y I ~ H O C T ~  T e K y Q e r O  I I J I a H H p O B a H H R  H OIlepaTHBHOI 'O Y I I p a B J I e H H H  

r o p H h I M  ~ P O H ~ B O A C T B O M  H a  K a p b e p a x  s a ~ n m s a e ~ c ~  B pememn p R A a  

MHOrOBaPEIaHTHHX 3aAa¶ H sb160pe OUTHMaJlbHOrO B a p H a H T a  , HCXOAH 

H 3  CJ IeAYIOqHX OCHOBHhIX K P H T e P H e B :  

1) AOCTH?KeHHe MaKCHMaJIbHO B O ~ M O H C H O ~ ~  IIPOH3BOAHTeJIbHOCTH r0p- 
HOTpaHCIIOpTHOI 'O 0 6 0 p y ~ o ~ a ~ H r r  (IIpEI OI IepaTHBHOM Y n p a B J I e H H H  3a 
c s e T  ~ a ~ G o n e e  n o n H o r o  H C I I O ~ ~ ~ O B ~ H H R  BO B ~ ~ M ~ H H ) ;  

2) C O ~ J I I ~ J ( ~ H H ~  a a ~ a ~ ~ b ~ x  no~asa~eae i i  no K a n e c T n y  nones~oro HCICO- 

n a e M o r o .  

Y I I ~ ~ B J I H T ~  r O P H b I M  IIPOH3BOACTBOM qenec006pa3~0 110 I I J I aHaM,  COCTa- 

BJIeHHhIM H a  ~t?6011bII lHe IIepEIOAbI ~ p e ~ e ~ H p a 6 0 ~ b I  H a p b e p a  ( C ~ T K H , C M ~ H ~ ) .  
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~PHI ITHG,  KOTOPhIe  pe r J I ahZeHTHPYIOT H H a I I p a B n R I o T  XOA T o r 0  HJIH H H O r o  

T e x H o n o r m e c K o r o  npoqecca ( ~ a n p ~ ~ e p ,  H a H n y s n r a R  p a c c T a I I o m a  060- 
P Y A O B a H H R  IIO M e p e  O T P ~ ~ O T K H  H ~ a p e a r i ~  HOBbIX r O p H 3 0 H T O B  H ~ J I O K O B ) .  

Ha K a p b e p e  B O C y 4 e C T B J I e H H H  3THX M ~ P O I I P H R T H ~ ~  y ¶ a C T B Y e T  O ~ F J ¶ H O  

60nbmofi KOJIJIeKTHB H H ? K ~ H ~ P H O - T ~ X H H ¶ ~ C K U X  ~ ~ ~ O T H U K O B  - OT rJIaB- 

H O r O  H H x e H e p a  no H a s a a b a I f K a  c M e H b I  H r o p H o r o  M a c T e p a  BKJIIo¶HTeJIbHO. 

OCHOBH~IM a a A a ¶ a M  o n e p a T H u H o r o  n J a I T H p o s a H H n  H y n p a n n e 1 1 ~ ~  
r O P H b I M  npOII3BOACTBOM B K a p b e p e  OTHOCRTCR: O n p e A e J I e H H e  0 6 ' b e M O B  

h l a c c o B o r o  B ~ P ~ I B ~ ;  I I J I ~ H H P O B ~ H H ~  A O ~ ~ I ~ H ~ I X  pa60.r K a p b e p a  B p e m m e  
y c p e A H e H m  K a s e c T s a  no.nea~oro H c K o n a e M o r o ;  n n a H u p o e a H H e  T p a H C -  

UOpTHhIX . p a 6 0 ~ ;  p a C C T a H O B K a  0 6 0 p y ~ o ~ a ~ ~ ~  no y¶aCTKal \ I  pa6o~bl  
H AP. 

3 a n a ¶ H  O U e p a T H B H O r O  I I J I a H H p O B a H H R  I 'OPHOrO IIPOH3BOACTBa 0 6 ~ 9 ~ 0  
peU1aH)TCR C HCI IOJ Ib30BaHHeM MeTOAOB J I H H ~ ~ ~ H o I ' o  U p O r p a M M H p O B a -  

H H R ,  a ~h160p OUTHMaJIbHOrO B a p H a H T a  n . n a H a  3 a K J I H ) s a e ~ c ~  B YCTaHOB- 

JIeHHH MHHHMaJIbHbIX C y M M a p H b I X  3 a T p a T  HJIH O l l p e A e J I e H H H  MaIcCHMaJIb- 

HOG IIPOH3BOAEITeJIbHOCTH B KOHKpeTHbIX YCJIOBMRX. ~ T E  3 a A a ¶ H  MOrYT 

6 b 1 ~ b  p e m e H h I  H a  3I4BM. 
Onpede~eltue onmuataAbltozo 06.beata maccosozo s ~ ~ b z s a  6 Kapbepe. 

C Y M M ~ P H ~ I ~ ~  3 a I I a C  B ~ O P B ~ I I H O ~ ~  P Y A H O ~  MaCCbr B I t a p b e p e  EIMeeT C j r eAy-  

H)WYH) C B R 3 b  C 0 6 a e ~ o ~  MaCCOBOI'O B3pbIBa :  

Cn - Y ~ ~ I T K E I ,  CBR3aHHhIe  C BbIHYlKAeHHhIM IIPOCTOeM FOPHOTPaHC-  

UOpTHOI'O 0 6 0 p y A o ~ a ~ H R  B IIepHOJl I IOArOTOBKH H I IPOH3-  

BOACTBa MaCCOBhIX B3PMBOB , py6/m; 
Co - Y ~ M T I E H ,  C B R 3 a H H h l e  C ( ( 3 M O H H M  O ~ O P O T H ~ I X  CpeACTB 

H a  K a p b e p e ,  py6/m. 
1. E c n l a  17, < 2 % ,  TO x * = 17,; 

Co 

3 (x*) -= c J I x  4- cn 4- co (% + AQa ) . (xI,3) 

3 a ~ a ~ a R c b  o 6 a e ~ o ~  MaCCOBOI'O B 3 P b I B a ,  M O X H O  OI IPeAeJ IHTb  H HX 

KOJIH9eCTBO. 

3adava pa60mbl Kapbepa s pexuate y~ped l t e l t u~  ~avecmsa  4op~ynm-  
P y e T C R  CJIe$(yH)mHM o 6 p a 3 0 ~ .  ~ Y C T ~  B KOHIJe K ~ ? K A o ~ I  CMeHM BO BCeX 

a a 6 o ~ x  G IIOpRAKOBhlM HOMepOM i = 1 , 2 ,  3 ,  . . . , m HMeeTCR AOCT~TO¶HMG 
o 6 a e ~  B ~ O ~ B ~ H H O ~  PYAbI vi CO CpeAHHM KaqeCTBeHHbIM COCTaBOM IIO OC- 

HOBHOMY KOMItOHeHTY FeMarH, no BJIaWHOCTH Wi, C x ~ ~ ~ K T ~ ~ H c T I I H o ~  
IIO O ~ O ~ ~ T H M O C T H  Xi (PHC. 239). n p H ¶ e ~  B K a p b e p e  HMeeTCH HeCKOJIbKO 

Ri p a 3 J I l r s H H X  COPTOB PYA no O ~ O ~ ~ T M M O C T E I .  P ~ I I I H B  3aAa¶y IIO COCTaB- 

n e H m  m H x m  AJIR 0 6 0 r a q e ~ ~ ~ ,  O u p e A e n E i M  0 6 ' b e ~ h l .  no c o p T a M  PYA GK. 
BCXORH 113 I I P O ~ K T H O ~ I  ~ O A O B O G ,  K B ~ P T ~ J I ~ H O ~  H M ~ C H ¶ H O ~ ~  IIPOH3BOA- 

C T B ~ H H O G  MOqHOCTM H r O P H h I X  B O ~ M O ? K H O C T ~ ~ ~  I I P e A I I P H R T H R ,  I IJ IaHH- 

P y e T C R  ~o6h1sa p y ~ ~ o P  MaCCbI H a  OIIePaTHBHYIO CMeHY 17, H F e H e p a J I b H O e  - 
C p e A H e e  C O A e p W a H H e  OCHOBHOrO KOMIIOHeHTa a@. T p e 6 y e ~ c ~  O l I p e A e J l H T b  

0 n T ~ ~ a J I b ~ h I f i  U J I a H  IIO O U e p a T H B H O M y  nepepaCIIpe$(eJIeHHH) O ~ ' ~ ~ M O B  

M3 Ka;IiAOFO OTAeJIbHOI'O aa6ocr Qi C OIIpeAeJIeIIHbIM ' ~ O A ~ ~ X ~ H H ~ M  

IIOJIe3HOFO KOMnOHeHTa  H X ~ ~ ~ K T ~ ~ H C T H I C O ~  IIO O ~ O I ' ~ T H M O C T H .  



= ( n + k + .  . .+u+x); 
?n 

(a4 - Aa,)llT, =G i=l  2 Qiai G (a4 + Aa,) &; 

rAe n, k - s ~ c n o  3 a 6 0 e B ,  pa3pa6a~arsamq~x  n e p ~ b r i i  H ~ ~ o p o i j r  

COpTa  PYAhI IIO O ~ O ~ ~ T H M O C T H ;  

x - ~ H C J I O  3a6oe~ i-ro c o p T a  p y p ~  no O ~ O ~ ~ T E I M O C T H ;  

m - o6qee ~ H C J I O  P Y A H ~ I X  3a60e~;  
Q, - 06'beMbI ~ 0 6 ~ 9 1 3  I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  11 i-M 

3a6oe, mlcmeny; 
GI, G2, . . . , Gk - o 6 a e ~ b 1  ~ 0 6 ~ 9 ~ .  PyAbI IIO COPTaM B COOTBeTCTBy- 

- mqmx rpynnax 3a60e~ ,  mlcmeny; 
a + ,  ai - r e H e p a n b H o e  cpewee ( n n a ~ o ~ o e )  c o A e p m a H H e  no- 

J Ie3HOrO KOMnOHeHTa H a  4 a 6 p ~ ~ e  H B OTAeJIbHbIX 

3 a 6 o ~ x ,  % ; 
Aa, - AOnyCTHMbIe OTKJIOHeHHR OT IIJIaHOBbIX I l O K a 3 a -  

~ e n e i i  no K a s e c T B y ,  %; 
P f m a x r  PTmin - MaKCHMaJIbHO H MHHHMaJIbEO BO3MOXHaR IIPOH3- 

BOAHTeJIbHOCTH ~ 0 6 b 1 s ~ o r o  3 K C K a B a T O p a  B 2-M 

3a6oe, mlcxeny; 
(Pi - BbIXOA K O H q e H T P a T a  H 3  1 m ~ b I p ~ i j [  PYAbI, ~ 0 6 b 1 ~ 0 i i  

B i-M 3a60e1 % ; 
P +  - nJIaHOBbIe 0 6 n e ~ b 1  no KOHe¶HOMY IIPOAYKTY (KOH- 

q e ~ ~ p a ~ y ) ,  lTt/c&e~y; 

Py - IIPOH3BOAHTeJIbHOCTb S-fl CCKqHH 0 6 0 r a T H T e J I b ~ 0 f l  

4 a 6 p r n ~ ~  no c ~ p o f  pyne, mlcmeny; 
vi - o 6 a e ~  B ~ O P B ~ H H O ~  ~ O P H O ~ ~  MaCCbI B i-M 38608, m. 

~ ~ H B ~ ~ ~ H H ~ H  BbIIIIe MaTeMaTH¶eCKaR MOAeJIb COCTaBJIeHa U p H  CJIe- 

Aymqmx o r p a H m e H H R x :  B M n o n H e H m e  n n a H o s M x  o 6 a e ~ o ~  ~ 0 6 ~ 9 ~  no 
COpTaM pya; BhInOJIHeHHe IIJIaHOBbIX I I o ~ a 3 a T e J I e f  no Ka¶eCTBy ~ 0 6 ~ -  
BaeMbIX PYA; OIITHMaJIbHaR 3 a r p y 3 K a  pa6o~amqero I I O ~ p y 3 0 ¶ H O r O  

O ~ O P ~ A O B B H H R .  

AOIIOJIHHT~JI~HM~ o r p a H w e m R :  n n a H  K a p b e p a  no p y ~ ~ o i i  M a c c e  

AOJIHFeH 6 b I T b  P a B e H  CYMMaPHbIM 3 a A a H H R M  IIO OTAeJIbHbIM COpTaM PYA; 
MHHHMaJIbHO AOIIYCKaeMaR H a r P Y 3 K a  H a  i-6 ~ K C K ~ B ~ T O P H M ~  3a60ii 
AOJIHcHa 6 b I T b  60J Ib I I I e  HJIH P a B H a  (0,5-0,7) M ~ K c H M ~ J I ~ H o G  (HOPMBTHB- 

H O ~ )  ItPOH3BOnHTeJIbHOCTH 3KCKaBaTOPOB B 3THX HCe 3 a 6 0 ~ x ;  BCR PYAa, 
~ 0 6 b I ~ a R  3a OIIePaTHBHYH) CMeHy,  AOJImHa 6 b 1 ~ b  I I e p e p a 6 0 T a ~ a  HJIH aKKY-  

MyJIlXpOBaHa B 6 y ~ ~ e p a x  H a  0 6 0 r a T H T e J I b ~ 0 6  4 a 6 p ~ ~ e ;  AOJI?I<HO o6ecne- 
¶HBaTbCR BbIIIOJIHeHHe I I J I a H a  no B b I n y C K y  K O H q e H T p a T a ;  IIJIaHOBhIe 

# o6ae~h1 A O ~ ~ I ¶ E ~  H e  AOJI7KHhI 6b I~b  6 0 n b m e  0 6 ! b e M 0 ~  B ~ O P B ~ H H O ~  P Y A H O ~  
M a c c M  B i-M 3a6oe. 

A O I ~ O J I H H T ~ J I ~ H ~ I ~  OI 'paHH¶eHHR AJIR YMeHbIIIeHHR p a 3 M e p O B  M a T P H 4 h I  

( n p H  M ~ T P H ¶ H O ~ ~  ~ O P M ~  3 a n H C H  HCXOAHbIX. A ~ H H N X )  I I P H  COCTaBJIeHHH 
4 M ~ U I H H H O ~  npOI 'paMMbI no I I ~ H B ~ A ~ H H o ~ ~ ~  BbIIIIe 3aAa¶e Ee YPHTbIBaIOTCR. 

~ P H  IIepCIIeKTHBHOM IIJIaHHPOBaHHH IIJIaH K a P b e P Y  IIO Ka¶eCTBy 4, 
no p y ~ ~ o B  MaCCe H IIO COpTaM G, YCTaHaBJIHBaeTCR HCXOAR H 3  n p O e K T -  

HOG I'OAODO% I I P O H ~ B O ~ C T B ~ H H O ~  MOU(H0CTH H rOPHbIX B O ~ M O H F H O C T ~ ~  K a p b -  

epa H a  o I I ~ ~ ~ T H B H ~ I ~  O T p e 3 0 K  B p e M e H H  (CYTKM, HeAeJIIO, M ~ c H ~ ) .  3 ~ a ¶ e -  
H H e  MHHJ'iMaJIbHO A O I I ~ C T H M O G  H a r p y 3 K H  H a  i-6 3a60ii C¶HTal?TCR IIOCTORH- 

HOG H H @ o P M ~ I ( H ~ G  H I l p H  PeI I IeHHH 3 a A a s H  Y¶HThIBaeTCR HCXOAR H 3  BTO- 

p O r 0  AOIlOJIHHTeJIbHOI'O O r p a H H ¶ e H H R .  n J I a ~ 0 B h I e  o6ae~b1 no B d I n y C K y  

K O H q e H T p a T a  T a K l K e  YCTaHaBJIHBaIoTCR HCXOAR H 3  rOPHhIX B O ~ M O E C H O C T ~ ~  

K a p b e p a .  T ~ K ~ M  06pa30~,  OCHOBH~IMH n a p a M e T p a M m  n p H  p e m e H m  a a ~ a s ~  
OI lepaTHBHOrO I lJIaHHpOBaHHR O ~ ! ~ ~ M O B  ~06arsrn PYAbI B OTAeJIbHbIX 

3KCKaBaTOPHbIX G J I O I C ~ X  RBJIRIOTCR: KOJI W e C T B O ,  a A p e C a  3 a 6 0 e B  H K a ¶ e -  

CTBO IIOJIe3HOrO HCKOIIaeMOrO IIO OCHOBHOMY KOMIIOHeHTY B i-M 3KCKaBa-  

TOPHOM ~ J I O K ~ ;  MaKCHMaJIbHO BO3MO?KHaR (HOPMBTHBH~EI) IIPOHBBOAH- 

TeJIbHOCTb A O ~ M ¶ H H X  3KCKaBaTOPOB B i-M 3KCKaBaTOPHOM 38608; AOIIYC- 

THMbIe OTKJIOHeHHR IIO COAePlKaHHIO IIOJIe3HOrO KOMIIOHeHTa Au,; o6aem1 
~ 0 6 ~ s ~  IIO OTAeJIbHhIM COpTaM PYA H IIO K a p b e p y  B qeJIOM GK, 17,; 
r e H e p a n b H o e  c p e A H e e  ( n a a ~ o ~ o e )  c o A e p m a H n e  none3~oro  K o M n o H e H T a  

B c h ~ p o i i  PYAe no o ~ o I ' ~ T H T C ? ~ ~ H O H  4 a 6 p ~ ~ e  F4. 
Bce I I a p a M e T p b I  AeJIRT H a  IIOCTORHHbIe H n e p e M e H H b I e .  I I epeMeHHbIM 

n a p a M e T p a M  OTHOCRT K o n m e c T B o ,  aApeca 3a60e~  m K a s e c T B o  none3~oro 
HCKOIIaeMOI'O IIO OCHOBHOMY KOMIIOHeHTY B OTAeJIbHhIX 3KCKaBaTOPHdIX 

~ J I o K ~ x .  

IConnsec~~o pa60TaIOIL(Hx GJIOKOB H HX anpeca H a  nocneAymqym 
CMeHy Ha3Ha¶aIOTCR c n y ~ ~ 6 o G  Y n p a B J I e H H R  K a p b e p a  B npeAbIAyU(yH) 

CMeHy C y¶eTOM c K J I ~ ~ ~ I B ~ I O I L ( ~ ~ C R  ClXTyaqHH. Ha OCHOBaHRH CKJIaAhI- 
B ~ I ~ ~ I @ ~ c R  CHTYaqHH COCTaBJIReTCR 3 a R B K a  cnyx6e OTAeJIa TeXHH¶eCIEOrO 
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KOHTPOJIR,  KOTOpaI I  3a 3-4 % a0 OKOH¶aHHII  l Ipeahl~yII@ii  CMeHbI I IpO-  

.H3BOAHT O I I P O ~ O B ~ H E I ~  BCeX PYAHbIX ~ J I O K O B ,  HaMe¶eHHJdX AJItI  pa6o~br 
B U O C J I e ~ y I O q y l O  C M e H y  ( ~ H c .  240). 

~ I H @ o ~ M ~ ~ H H  0 K a s e C T B e  pYAbI IIOCTaBJIReTCII H a  B ~ I Y H c J I H T ~ J I ~ H ~ I ~ ~  

IJ,eHTp H e U O C p e a C T B e H H O  H 3  XEIMHP~CKO~?~  J I ~ ~ O P ~ T O P H H  C p a 3 y  Xe UOCJIe 

O I C o H s a n m R  a ~ a ~ 1 ~ 3 a  H ~ ~ H O C E I T C I I  B K H H r y  y s e T a ,  c K O T O P O ~ ~  H e n o c p e a -  

CTBeHHO UpOH3BOAHTCII  l l e p @ ~ p H p ~ ~ a ~ H e  HCXOaHOrO M a T e p H a J I a .  K U e p e -  

M ~ H H O ~  H H @ O ~ M ~ ~ H E I  OTHOCIITCII T a K m e  06ne~b1  A O ~ W P  OTAeJ IbHHX 

COPTOB PYabI UO O ~ O ~ ~ T H M O C T M ,  KOTOPhIe  OJIpeAeJIIIIOTCII HCXOAII H 3  FOP-  

H ~ I X  B O ~ M O ~ H O C T ~ ~ ~  H a p b e p a  11 p e 3 y n b ~ a ~ o ~  p e m e H m  aaaasm no c o c T a -  

Pnc. 240. C T P Y K T ~ ~ H O R  c x e M n  n o n Y g e m R  HH@OPM~QHII  no n n a H E p o B a H c i m  06sen108 ~ O ~ ~ I P I I  nonea- 
HOrO HCROn(ICMOF0 

BJIeHHH, IIIHXTbI. Bc1I 3 T a  EIH@OPM~I&HII I I O C T y l l a e T  B B ~ I ¶ I I c J I H T ~ J I ~ H ~ I ~  

q e H T p  H X P a H H T C I I  B UaMIITH M a m H H b I .  

M ~ I E C E M ~ J I ~ H ~ R  UpOH3BOAHTeJ IbHOCTb  A O ~ H U H H X  3 K C K a B a T O p O B  O n p e -  

AeJIf leTCR MOAeJIbH) a K C K a B a T O p a ,  COCTOIIHHeM 3a6011, KpeIIOCTbIO I1 KYC- 

KOBaTOCTbH) M a T e p H a J I a  H A p Y r H M H  YCJIOBHRMH. T a K ,  AJIII 3 K C K a B a T O p O B  

3Kr-4,6 B r o p n o T e x H m s e c I i H x  y c n o B n s x  xapbepa k I ~ r 0 K a   TOT napa- 
M e T p  COCTaBJIfIeT 3600-4200 m l c n t e r t y .  n p H  H ~ ~ J I ~ ~ o u ~ H I I T H ~ I x  KJIHMa-  

T H s e C K H X  YCJIOBHIIX ( B  O C ~ H H ~ - ~ H M H B ~  n e p H 0 ~ )  3 H a n e H E l e  3 T O r 0  U a p a -  

M e T p a  0 6 ~ 9 ~ 0  CHElKaeTCI I  H a  10-15%. H o ~ M ~ T H B H ~ I I  l l pOH3BOAHTeJ Ib -  

HOCTb 3 K C K a B a T O p O B  DO K a X A O M Y  A O ~ M ~ H O M Y  3a6010 OUpe)Je.?1IeToII CJIy;Ii- 

60% 6mpo H o p M H p o B a H H r r  K a p b e p a  H coo61qae~crr B b I s H C n H T e J I b H O M y  

q e H T p y  pa3 B M e C I I q  HJIH AOUOJIHHTeJIbHO U p H  O ~ H ~ P Y X < ~ H H H  ee H3Me-  
H e H H R .  

~ O U ~ C T H M M ~  OTKJIOHeHHR IIO Ka¶eCTBY IIOJIe3HOI'O HCKOIIaeMOrO YCTa-  

HaDJIHBafOTCff H a  OCHOBaHHki C T ~ T H C T H ¶ ~ C K O #  0 6 p a 6 0 ~ ~ ~  HCXOAHbIX AaH- 

HbIX 0 K O J I ~ ~ ~ H H H  K a ¶ e C T B a  PYAbI B O T a e J I b H h l X  3 K C K a B a T O p H b I X  6 n o K a x  

cnym6om OTK K a p b e p a .    TOT n a p a M e T p  T a K x e  OTHOCHTCR K ~OCTOIIHHHM.  

~ ~ O H B B O A C T B ~ H H ~ ~ I  M O 4 H O C T b  K a p b e p a  UO p y ~ ~ 0 f i  MaCCe  Y C T a H a B -  

J lHBaeTCI I  HCXOaII  I13 I I P O H ~ B O ~ C T B ~ H H O ~  MOII&HOCTH K a p b e p a ,  UPOB3BOA- 

C T B ~ H H O ~ ~  M O q H O C T B  o ~ o I ' ~ T H T ~ J I ~ H o ~ ~  @ ~ ~ P H K H ,  r O P H b I X  B O ~ M O X H O C T ~ ~ ~  

H ~ K J I a ~ b ~ ~ a m I q e i i c f f  H a  O U ~ P ~ T H B H H G  OTPe30IC B p e M e H H  UPOH3BOACTBeH- 

, i H O ~  C H T Y a q H H  ( 0 6 n e ~  B ~ O P B ~ H H O ~ ~  MaCCbI ,  H a J I H 4 H e  B p a 6 o ~ e  U O r P Y 3 0 9 -  

H O r O  EI TpaHCUOPTHOJ?O O ~ O P Y ~ O B B H H I I ,  I IOrOAHbIX Y C J I O B H ~ ~  H T. A.). 
r e ~ e p a n b ~ o e  c p e a H e e  ( n n a ~ o ~ o e )  conepxame no~1e3~oro  H o m o -  

, HeIKTa B ~ Y A H O ~ ~  MaCCe ,  ~ ~ ~ T y n a ~ o I I ( e f i  H 3  K a p b e p a  H a  O ~ O ~ ~ T H T ~ J I ~ H Y H )  

$! $ a 6 p ~ ~ y ,  I I J I a H H p y e T C f f  H a  ARB-TPM M e C f l q a  IIOCTOIIHHMM H OIIpeAeJIReTC1I  
B p e 3 y n b ~ a ~ e  p a 3 ~ e ~ o s ~ o r o  6 y p e ~ ~ r r  11 o n p o 6 0 ~ a ~ H 1 1  U n a M o B  H e n o c p e n -  

CTBeHHO B ~ Y P O B ~ I X  CI iBaXiHHaX.  Ha OCHOBaHHI1 3 ~ 0 f i  H H $ O P M ~ ~ H H  YCTa- 

HaBJ IHBaeTCf f  C p e A H e e  C O ~ e p H < a H l I e  KOMUOHeHTa 110 OTAeJlbHbIM ~ Y P O B H M  

~ J I O K ~ M  EI O n p e A e J I I I m T c I I  06ne~b1 p y ~ b ~  B HEIX. 

3adara p a c n p e d e ~ e r t u ~  m p a r t c n o p m r t b t x  cpeacms p a 3 ~ u r r t o i i  zpy30- 
I ~ o ~ % ~ & F ~ o c ~ u .  C y¶eTOM o r p a H H ¶ e ~ l ? ~  DO o 6 a e ~ a ~ ,  YCTaHOBJIeHHhlM ZJ IX  

o T a e m H a r x  a a 6 o e ~  no n p e a ~ a y q e i i  a a ~ a s e ,  a T a K m e  o6~4ero sncna pa3- 
XH¶HhIX THUOB aBTOCaMOCBaJIOB,  BbIAeJIeHHbIX H a  OI I epaTHBHYIO C M e H y ,  

B 0 3 H H K a e T  3aAa¶a e X e M e C R s H O r 0 ,  0nTHMa.JIbHOrO B OTHOIUeHHH 3 a T p a T ,  
P a C I I p e A e J I e H H R  T P a H C n O P T H b I X  CpeACTB.  

M a ~ e ~ a ~ m e c ~ a ~  M o a e n b  no 3 ~ 0 i i  3 a ~ a s e  A n R  pacnpeaeneaua T p e x  

THIIOB aBTOCaMOCBaJIOB B I c a p b e p e  MOXqeT 6 ~ ~ b  I I p e A C T a B J I e H a  C A e a y -  

I O q I I M H  3aRIICEIMOCTIIMH: 



X,, - H O p M a T H B H a R  IIPOH3BOAHTeJIbHOCTb aBTOCqhfOCBaJ Ia  

j-r0 T H n a  H 3  i-r0 3a6011, ~ ~ ~ c o B / c M ~ H ~ ;  1 
P: - I IPOH3BOAHTeJIbHOCTb aBTOCaMOCBaJ Ia  j-r0 T H I I a  H3  

i-ro 3 a 6 0 ~ ,  m / c n t e n y ;  I 

kii - K o ~ ~ ~ H ~ H ~ H T  HCI IOJ Ib30BaHHR I 'PY30IIOA'beMHOCTH 

a B T o c a M o c s a n a  j-ro T H n a  B i-TOM 38608; 
NAY NB, Nc - IcOJIHseCTBO aBTOCaMOCBaJIOB,  BbIAeJIeHHbIT H a  O n e -  

P a T H B H Y I O  C M e H y ,  r p Y 3 0 I I O A a e M H O C T b I O  COOTBeTCT- 

B e H H O  10, 27, 40 m; 
C$,  C: - 3 a T p a T b I  H a  3KCIcaEiaqHIO H T p a H C I I O p T H p O B a H H e  

aBTOCaMOCBaJ l aMH j-r0 T H n a  H 3  i-r0 3a6011, py6/m; 
f i H ~ e 6 ~ a S I  4 0 p ~ a  (40p~yJIa  (XI,6) I I p e A C T a B J I R e T  co6oii C y M M a P H y H )  

Be. l lH¶HHy PaCXOAOB H a  3 I i C K a B a q H I O  H T P a H C I I O P T H P O B a H H e  PYAbI. 
Y c ~ o ~ m e  (X1,G) B H p a w a e T  B M n o n H e H H e  n n a H o s M x  o 6 a e ~ o ~  Qi no 
OTAeJIbHbIM 3a6011~ C Y s e T O M  ~ 0 3 ~ 0 ~ ~ 0 2  IIPOH3BOAHTeJIbHOCTH Pij  
TpaHCI IOPTHbIX CpeACTB H 3  i-r0 3 a 6 0 ~ .  H e p a ~ e ~ c ~ ~ a  (XI,6) ~ H K C H P Y I O T  

O r p a H E ¶ e H H R  IIO BbIAeJIeHHbIM H a  OI I epaTHBHYIO CMeHY TPaHCI IOPTHbIM 

CpeACTBaM.  

OCHOBHH~ n a p a M e T p b 1  npn p e m e H H H  ~ a ~ ~ o i i  a a ~ a s ~ :  o 6 1 . e ~ ~  nepe- 
BO30IE Qi H 3  i-r0 3a60s1, m; rpJ'30IIOAaeMHOCTb T P a H C U O P T H b I X  CpeACTB 

qi, m; IIPOH3BOAHTeJIbHOCTb aBTOCaMOCBaJlOB 113 Ka iKOFO 3a6011, m/c&eny; 
3 a T p a T b I  H a  3 K C K a B a q H I O  H T p a H C I I O p T H p O B a H H e  e A H H H q b I  rpy3a H 3  

K a m A o r o  3 a 6 0 ~ ,  py6/m; s H C J I 0  aBTOCaMOCBaJIOB p a 3 n ~ s ~ b 1 x  TIiIIOB no 
rp  y ~ O I I O A ~ ~ M H O C T H .  

H I l e p e M e H H h I M  TeXHOJrOI ' l l seCKHM I I a p a M e T p a M  OTHOCRTCR 06ae~b1 
I I e P e B 0 3 0 I c  H ¶HCJIO BbIAeJIeHHbIX aBTOCaMOCBaJIOB H a  OI I ePaTHBHYKt  

C M e H y .  np&FCe~ Ol 'PaHHseHHR IIO 0 6 n e ~ a ~  I I e p e B 0 3 0 K  ~ Y A Y T  IIOJIY- 

s a T b c R  nocne p e r n e H H R  a a ~ a s m  o n e p a T m B H o r o  n n a H H p o s a H m  o 6 a e ~ o ~  
~ 4 0 6 ~ s ~  none3~oro  H c K o n a e M o r o  n p H  p a 6 o ~ e  K a p b e p a  B p e w m M e  ycpen- 
H e H H R  K a ¶ e C T B a  H X p a H H T b C R  B 3 a I I O M H H a I O q e M  ~ C T ~ O ~ ~ C T B ~  (3y) H a  

HBU. O r p a ~ m e ~ ~ e  no w c n y  B b I A e J r e H H H x  H a  o n e p a T E i e H y m  c M e H y  

aBTOCaMOCBaJIOB 6 y ~ e ~  TaK?Re  H 3 M e H R T b C R  KaXiRYIO CM~HY.YHCJIO BBTO- 

CaMOCBaJIOB,  BbIAeJIeHHbIX H a  OI I ePaTHBHYIO C M e H y ,  coo61qae~c~ H a  

HBU A a c n e T n e p o M  a B T o q e x a  3a 1-1,5 u no H a s a n a  c M e H M  (pmc. 241). 
~ P O H ~ B O A H T ~ J I ~ H O C T ~  ~ B T O C ~ M O C B ~ ~ O B ,  a T a I c X e  3 a T p a T b I  H a  3 K C K a -  

B a q H I O  H T p a H C I I O p T H P O B a H H e  OTHOCRTCR K YCJIOBHO-IIOCTORHHbIM naps- 
M e T p a M ,  YCTaHaBJ IHBaeMbIM X P O H O M e T p a X H b I M H  H ~ ~ J I I O A ~ H H R ~ Z H  H I I p H  

o 6 p a 6 o ~ ~ e  4 a ~ ~ w e c ~ ~ x  A a H H a x  o p a 6 0 ~ e  K a p b e p a  3a n p e n ~ ~ y q ~ f f  
O T P e 3 O K  B p e M e H H  (He#?JIIO, A e K a A Y ,  M ~ C H ~ )  MeTOAaMH M ~ T ~ M ~ T H ¶ ~ C K O ~ ~  

CTBTHCTHKH. YCJIOBHO-IIOCTORHHO~ H H ~ O ~ M H ~ O B ~ H H ~  IIO ,L(~HHoG 3aAase 
X P a H H T C R  H a  kIBq B ~ n e q H a J I b ~ 0 H  K a p T O ¶ K e  H I I p H  H 3 M e H e H H H  ~ c J I o B H ~ ~ ~  

p a 6 o . r ~  O ~ H O B J I R ~ T C R .  

Ha~6onbmee  BJ IHRHHe  H a  K O H e s H b I e  p e 3 y J I b T a T b I  P a C I I p e A e J I e H H R  a B -  

TOCaMOCBaJIOB O K a 3 b I B a e T  H X  IIpOH3BOAHTeJIbHOCTb.  AJIR P a 3 J I H 9 H H X  

3 a 6 0 e ~  I IpOH3BOAHTeJ IbHOCTb  O T J I W a e T C R  B 2 pa3a H 6onee. 3 ~ a s H ~ e J I b -  

H O r O  paa6poca (6onee ¶ e M  H a  30%) A O C T H r a e T  C y M M a p H a R  C ~ ~ ~ C T O H M O C T ~  

3 K C H a B a q H H  H TpaHCI IOPTEIPOBaHHR ~ O P H O ~ ~  MaCCbI H 3  P a 3 J I H 9 H b I X  3a6oe~.  

H ~ O ~ X O A H M O  OTMeTHTb,  YTO IIPOH3BOAHTeJIbHOCTb,  a COOTBeTCTBeHHO 

H C ~ ~ ~ C T O H M O C T ~  TpaHCI IOPTHpOBaHHSI  ~ Y A Y T  3 H a s H T e J I b H O  H 3 M e H R T b C R  

( ~ a  20-80 % ) B 3aBHCHMOCTH OT B p e M e H H  r O A a  H ~ ~ C C T O H H H ~  T p a H C I I O p -  

T H p o n a H a R .  IIOBTOMY BTH D a p a M e T p H  H OTHOCRTCR K YCJIOBHO-IIOCTORH- 

HbIM H AC+JIXHbI O ~ H O B J I R T ~ C H  C T e ¶ e H H e M  B p e M e H H .  ~ P O H ~ B O A H T ~ J I ~ H O C T ~  

TPaHCl IOPTHbIX  CpeACTB 3 a B H C H T  OT P ~ C C T O R H E I ~ ~  T P a H C I I O P T H P O B a H H R ,  

r p y 3 o n o ~ a e ~ ~ o c ~ m  a B T o c a M o c B a x o B ,  c p e A H e r o  q H K J I a  I I O ~ P Y ~ K H ,  cpenrre- 
B ~ B ~ I U ~ H H O ~ ~  CKOPOCTH A B H X e H H R  H 3  i-r0 3 a 6 0 ~ .  C y ~ ~ a p ~ b I e  3 a T p a T b I  

A m o p u m M  - 
l 6  8 l P d 1 ~  r ('b)! 

a["', a;"' ZS, I S I ,  

M E U  M H I ' O K ~  

H a  T p a H C l l O p T H p O B a H H e  H 3 K C K a B a q H I O  Ol lPeAeJIRIOTCR HCXOAR H 3  IIOCTO- 

RHHbIX H I I e p e M e H H b I X  PaCXOAOB H a  T p a H C l l O p T H p O B a H H e  OTAeJIbHO AJIR 

K a X A O r O  B a p H a H T a .  

n p o ~ n n ~ o c ~ p ~ p y e ~  p a c c M a T p H s a e M u e  B H m e  s a ~ a s l r  o n e p a T H B H o r o  

n J r a H H p O B a H H R  H a  KOHKPeTHOM I I p H M e p e .  B K a p b e p e  ICapa~yGc~oro 
I M e C T O p O X A e H H R  ~ J I I O C O B H X  H3BeCTHRKOB p a 6 0 ~ a m ~  9 e T b I p e  3 K C K a B a T O p a  

3Kr-4. @JIIOCOBH~~[ H3BeCTHRK TPaHCI IOPTHPYeTCSI  H a  ~ p o 6 ~ n b ~ o - 0 6 o r a -  
T H T e J I b H y I o  ( P a 6 p ~ ~ y  (AO@ &?? 2) H A P O ~ H J I K Y  I I p e A B a p H T e J I b H O r O  ~ p o 6 -  
J I e H H R  (AHA), YCTaHOBJIeHHyIO B K a p b e p e .  ~ P O H ~ B O A H T ~ J I ~ H O C T ~  APO- 

~ H J I K H  1000 n t 3 / c . M e ~ y .  Ha O n e p a T H B H y H J  C M e H y  BbIAeJIeHO 12 aBTOCaM0-  

: CBaJIOB MA3-525 H n R T b  aBTOCaMOCBaJIOB KpA3-222 AJIR p a 6 o ~ b 1  H X  
t' B p e x H M e  3 a ~ p b 1 ~ 0 r o  qmna.  3 a ~ a ~ ~ o e  H a  c M e H y  s ~ a s e ~ ~ e  n o ~ a 3 a ~ e a ~  
I K a s e c T B a  I I O J I ~ ~ H O ~ O  m c K o n a e M o r o  - B e n w m H a  H e p a c T B o p m M o r o  oc- 

T a T K a  - COCTaBJIReT 0,82%. 
H C X O A H ~ R  H H @ o ~ M ~ ~ H R  no 3a6011~ I I p H B e A e H a  B ~ a 6 n .  51. 



R a r s m c n s l w  IEO.?IH¶eCTBO XOAOK, IcOTOphle  MOiIceT BblIIOJIHHTL aBTOCa-  

MOCBaJI H a l K A o r O  T H n a  H a  KaifEAOM M a p I I I p Y T e , H  o 6 a e ~  I ' 0pHoG MaCCM 

P i j ,  HOTOpyH)  I E a l f ~ ~ k J 6  H 3  HHX MOiICeT I I p H  3TOM BbIBe3TEI. 

3 H a ¶ e H l i H  C M ~ H H O ~  IIPOH3BOAEITeJIbHOCTH aBTOCaMOCRa.lIOR I I p H B e -  

A e H M  B ~a6Jl .  52. 
T a G n ~ q a  52 

C M ~ H E ~ R  nPOn3BOAkITeJlbHOCTb aBTOCaMOCBaJIOB 

C M e l % ~ d F i  n l )Ol13ROnKTenbI iOCTb npl.1 T p ~ I I C ~ O p T l . l p O R ~ l I l L l 1  1ILl 0 6 5 ~ ~ ~  
3KC.a- Tllnbl a B T 0 -  

~ l a ~ o l l a  camocsano~ 
no@ 1 nnn 1 0~11an 

20 MA3-525 P111-200 Pl21-440 P131-250 
KpA3-222 Pll2-104 PI,,-264 P132-124 

2 1 To we Pzll-170 P221-250 p231-190 
p2iz-88 P222-124 PZ:~~-IOO 

18 )> p311-170 P321-230 P331-250 
P312-88 ~ ~ ~ ~ - 1 2 0  P332-124 

4 P411-lZ0 - P431-150 
KpA3-525 P4i2-64 - p432-80 

Y e n e e a ~  ( P Y H I E ~ H H  n p H M e T  BPI ,~:  

L = 200nll1 + 104nll, i- 440n12, + 264nl,,+250n131+ I 24n13,+ 170nzll+ 
+88n212 + 250n2,1 + 124n,,, + 190n,31 + 100nZ3, + 170n3,, + 88n312 + 
+230n321+120%2, + 2 5 0 ~ ~ ~  + 124n3,, + 120n4,, + 64n4,, + 0 + 0 + + 150n431 + 80n4,, -+ max, a c M c T e M a  o r p a n ~ s e ~ ~ i i ,  C o c T a B n e H H a t I  

no y c n o B H n M  (XI ,5 -XI$) ,  ~ Y A ~ T  n p e A c T a e m e H a  cne ,qymrqHiv iH  COOTHO- 

LUeHHHMH. 



H ~ ~ o B I J I I o J I H ~ H F ~ ~  I I J IaHa  BbI3BaHO T ~ M ,  ¶TO CMeHHaH I I O T P ~ ~ H O C T ~  

B aBTOTPaHCIIOPTe IIO K a P b e P Y  D VeJIOM H a  AaHHYH) OIIepaTHBHYK) 

CMeHy COCTaBJIHJla 15 aBTOCaMOCBaJlOB MA3-525 H CeMb aBTOCaMOCBa- 

n o B  KpA3-222. B 1969 r. H a  K a p b e p e  B H r O K a  TaKlrce n p o n o ~ ~ n a c b  

o n a r ~ ~ o - n p o ~ b ~ m n e ~ ~ a s  a ~ c n n y a ~ a q ~ s  OCHOBHMX a a ~ a s  naaauposa- 
HHH I'OPHOTpaHCIIOPTHbIX p a 6 0 ~ .  B I IepHOA O I I M T H O - I I ~ o M ~ I I U J I ~ H H O ~ ~  

3 K C n n y a T a q H H  68% p e U l e ~ H 6  HMeJIH CTaHAapTHOe OTKJIOHeHHe no Ica- 

¶eCTBy 2 0,596 OT IIJIaHOBOrO 3aAaHHH (B H a C T O H m e e  B p e M H  HX 359'0). 
 TO AaJIO B03MOXHOCTb YMeHbIUHTb COAeplfcaHHe 3KeJIe3a B OTXOAnX 

060ra1qe~n~ H a  0,l-0,15%, YBeJIHsHTb BbIXOA K O H q e H T p a T a  H YJIyY- 

m H T b  er0 KaseCTBO. H ~ o M ~  TOrO, n p H  OIIepaTHDHOM PaCIIpeAeJIeHkiH 

TpaHCIIOpTHMX CpeACTB IIO MHHHMaJIbHbIM 3 a T p a T a M  H a  TpaHCIIOpTHpO- 

s a m e  B roA nocnennne no K a p b e p y  B ~ r 0 K a  C H H ~ H J I H C ~  H a  62 THC. p y 6  
3aaaua onepamusnozo ynpasAenuR zopnompancnopmnbzmu pa6omamu 

s xapbepe. M a ~ e ~ a ~ H s e c ~ t a H  MoAeJrb s a ~ a s ~  o n e p a T n B H o r o  y n p a B n e H m  

pa6o~oii K a p b e p a  B p e x m e  y c p e A n e H m  no H c T e s e H m  B p e M e H H  t, c q e n b m  

B h I A a s H  3 a j J a ~ H H  q i f ~ )  H a  OTpe30IE B p e M e H H  t, = tl HMeeT cJIC!pyIOIQHH 

BHA. 

I.  U p H  OTKJIOHeHII$: 38 B p e M H  t, IIO K a s e C T B y  H o 6 a e ~ a ~ :  

Pi m i n  Pi max . 
T c ~ .  p C M . ~  

r Ae qlf ') - o n e p a ~ m ~ a r e  ~ a a ~ a s e H ~ ~  B i-ii 3a6oB ~a o ~ p e 3 0 1 ~  
B p e M e H H  t,; 

n,,, - nnanosare a a p a ~ r n ~  K a p b e p y  H a  o n e p a T E i B H y r o  

i CMeHy; 

U - ¶aCTOTa O ~ H O B J I ~ H H H  M H @ O P M ~ ~ M E I  0 pa60l.e K a p b -  

I epa; 
T,,. , - paC¶eTHOe BpeMH CMeHbI (YCT~HOBHBIIIHBCH ne- 

t 
pHOA pa60~h1); 

- ~ a ~ i ~ e ~ b l r r l l i i  O T p e 3 0 K  BpeMeHH,  B IIepHOA KOTO- 

p O r 0  O ~ H O B J I F I ~ T C R  H H @ O P M ~ ~ H H ;  

A q*,, - C Y M M ~ P H ~ I H  @ ~ K T H ¶ ~ C K H ~  pa36ana~c IIO O ~ Z ~ M ~ M ,  

- BbIAaBaeMbIM K q P b e P O M  3a OTPe30K BpeMeHIB t ;  
a,; a,, - @ a ~ ~ ~ r e c ~ o e  c o A e p x a H H e  none3~oro K o M n o H e H T a  

B i-M 3 a 6 o e  H IIJIaHOBOe IIO O ~ O ~ ~ T H T ~ J ~ ~ H O E  

@ a 6 p ~ ~ e ;  
91 aaK - @ ~ K T H P ~ C K H %  0 6 a e ~ ,  I I O C T ~ I I H B I I T H ~ ~  H 3  i-TO 3a6ocr 

3a BpeMH t; 
A$:;, A:') - @ ~ K T H ¶ ~ C K O ~  H AOIIYCTHMOe OTKJIOHeHHe IIO H a -  

¶eCTBy IIOJIe3HOrO KOMIIOHeHTa H a  OTPe3OK B p e -  

MeHH t,; 
p:3kln - MHHHMaJI b H a R  H MaKCHMaJI b H a H  llPOH3BOAHTeJI b-  

H O C T ~  i-ro a K c K a B a T o p a .  

B K a s e c T n e  K p H T e p m  IIO y ~ a 3 a ~ ~ o B  smme a a ~ a s e  n p H H H M a e T c H  MH- 

HHMyM CYMMaPHbIX CpeAHeKBaApaTFf¶HhIX OTKJIOH~HHH MeHcAY IIJlaHO- 

BbIMH @) IT @ ~ H T H ¶ ~ C H H M H  qlt') YCTaHaBJIHBaeMHMM H a  c x e ~ y m q ~ i i  OTpe-  

3 0 K  B p e M e H H  t, 3 H a s e H H H M H  0 6 ' b e ~ ~ M x  H Ka¶eCTBeHHhIX no~a3a~ene t i ,  
3aAaHHhIX H a  O n e p a T H B H y H ,  CMeHy,  

KO, == 100 i = l  
3 min, m*-1 





. - 
I IPOH3BeCTH OUTHMaJIbHOe  P a C U p e A e J I e H H e  T p a H C n O p T H h l X  CpeACTB no 
T H U a M  H K a ¶ e C T B y  H COCTaBHTb O I I T H M ~ J I ~ H H ~  I ' ~ ~ @ I x K  HX n p r n 6 b 1 ~ ~ ~  H a  

l I y H I c T  p a 3 r P Y 3 K H  IIO KPHTePEiIO YCpeAHeHHR.  

B ~ 6 o p  H p a C ¶ e T  ~ ~ ~ @ H K O B  IIPH~MTHEI T P a H C n O P T H h I X  CpeACTB H a  

I t y H K T  p a 3 r P Y 3 K H  I lPOH3BOAHTCR B CJIeAYIOmeM UOPRAKe.  
1. Ha OCHOBaHHH 3 a U J I a H H p O B a H H h l X  0 6 ~ 2 ~ 0 ~  Qi H rpy3ono~aeu- 

EOCTEi P a 3 J I H ¶ H h l X  THUOB aBTOCaMOCBaJIOB Qi OIIPeAeJ IReTCR H ~ O ~ X O A H M O ~  

q H C J I 0  ~ ~ G c o B ,  KOTOpOe  A O J I X e H  CAeJ IaTb  aBTOCaMOCBaJI  ~ -ToI 'O  T H n a  H3 

i-ro 3a605-1 
Qiqi = Rij. (XL9) 

2. n o  UpOH3BOAHTeJIbHOCTH j-r0 aBTOCaMOCBaJ Ia  H 3  i-r0 3 a 6 0 ~  Pij 
H H ~ O ~ X O ~ E I M O I ' O  ~ H C J I ~  pef COB Rii, o n p e A e m e T c R  H ~ O ~ X O ~ H M O ~  mx ~ H C J I O ,  

R,, : Pii = nli. 

Tax, U p H  T p e X  THI IaX aBTOCaMOCBaJIOB IT ¶ e T H p e X  3 a 6 o ~ x  M a T p t r s H a R  

4 0 p ~ a  3 a I I H C H  6a3o~b1x HCXOAHhlX B a p H a H T O B  P a 3 H a P R A K H  6 y ~ e ~  H M e T h  

c ~ ~ e ~ y ~ o ~ q ~ i i  BHA: 

rge m - sacno 3a6oe~;  
n - ¶HCJIO 6 a 3 o ~ ~ x  B a p H a H T O B .  

Tax, AJIR ¶ e T H p e X  3 a 6 o e ~  H T p e X  THUOB aBTOCaMOCBaJIOB 4HCJIO B 0 3 -  

MO?KHhlX B a p H a H T O B  p a 3 H a p R A K H  COCTaBJIReT 30. H ~ O ~ X O A H M O  OTMeTHTb,  

¶TO 3TO VHCJIO 3 H a q H T e J I b H O  COKpaE(a€!TCR B 3aBHCHMOCTH OT o64ero KO- 

J I w e C T B a  BbIAeJIeHHbIX H a  O U e p a T H B H y I O  CMeI Iy  aBTOCaMOCBaJIOB. 

4. n o  H ~ O ~ X O ~ ~ H M O M Y  VHCJIY P ~ ~ C O B  H 3  i-ro 3 a 6 0 ~  a B T O C a M 0 C B a n O B  

J-PO T n I I a  COCTaBJIRIOT B03MOHCHHe B a P H a H T h I  IIO ¶HCJIy P ~ ~ C O B .  

5. IT0 p a C ¶ e T H O M y  B p e M e H H  C M e H H  T , ( Y C T ~ H O B H B ~ ~ ~ H ~ C R  P~?KBM)  

OIlpeAeJIRIOT H H T e p B a J I h l  npm6b1~~n aBTOCaMOCBaJIOB I IO  B a p H a H T a M  

n p H  0KOH.IaTeJIbHOM ~hl6ope B03MOXWhIX B a P H a H T O B  p a C l I p e A e J I e H H I I  

aBTOCaMOCBaJIOB ~ e o 6 x o ~ m ~ o  y ¶ H T b I B a T b  CJIeAyIOI4He O r P a H H ¶ e H H R :  

H H T e p B a J I  I I ~ H ~ H T H R  aBTOCaMOCBaJIOB j-r0 T H U a  H 3  i-r0 3 a 6 0 ~  AOJI?KeE 

6 b I ~ b  60JIbllle HJIH P a B e H  C p e A H e M y  B p e M e H H  4 H K J I a  I IOI 'PY3KB j-r0 aBTO- 

c a M o c B a J I a  B j-M 3 a 6 o e :  

t, i j  a tu, norp 11, (XI,14) 

rAe t,. ,i - B p e M a  1 1 o r p y 3 ~ ~  j-ro a B T o c a M o c B a n o B  B i-M 38608, .mufi; 
X - B03MO?KHOe ¶HCJIO OAHOBPeMeHHO P a 3 I ' P Y H C a I o ~ H X C R  aBTO- 

CaMOCBaJIOB; • 

Rli - ~ e o 6 x o ~ ~ ~ o e  .IHCJIO ~ ~ H C O B  H 3  i-r0 3 a 6 0 ~  aBTOCaMOCBa-  

JIOB j-ro T H I I ~ ;  

t,,, i - B p e M R  P a 3 r P Y 3 I C H  j-r0 aBTOCaMOCBaJIa  H a  I IPHeMHOM 

n y H K T e .  

6. ~ ~ C X O A F I  ~3 c p e A H e r o  qmma  A B n x e H m s  j-ro a B T o c a M o c B a n a  ~3 

i-ro 3 a 6 0 ~  (t,,,i) H p a c p e T H o r o  H H T e p e a a a  npm6b1~m~ r p y 3 0 ~  H a  IIYHKT 

p a 3 r P Y 3 K H ,  H a  34BM paCC¶HThIBaIOT BO3MOHCHbIe B a p H a H T h l  C T a q E O H a p -  

HbIX IIOMHHYTHhlX I ' ~ ~ @ H K o B  I I P E I ~ ~ I T H R  aBTOCaMOCBaJIOB DO KaHCAOMY 

3a6010. B p e ~ f f  k-ro pe6ca ms i-ro 3 a 6 0 ~  MO~KHO o n p e A e n m T b ,  ~ H ~ F I  Rij ,  
t,, ii, t ,  i j ,  no c n e A y m J q e M y  m d p a x e H H r o  



B p e h r e H H  ~ ~ E I ~ ~ I T H H  aBTOCaMOCBaJIOB. B I i a ¶ e c T B e  E I H T e p B a J I a  rpynnupo- 
B a H H H  IIPEIHHMaeTCH ~ a H 6 0 ~ 7  b1LIHfi IHHTepBazI  ~ ~ H ~ M T E I H  aBTOCaMOCBanOB 

IIO ]'-OMY H a n P a B A e H H I O .  3 ~ 0  JIOrH¶eCIiEi  O I I p a B A a H O  T e M ,  ¶TO R T e 4 e H E I e  

y K a 3 a H H O r O  BMIIIe  BpeMeHEI  p y A a  ( (eaHHH4HbIMEI o ~ ' ~ ~ M ~ M E I ) ) ,  P a B H b I M H  

Ui, qi j ,  Rii ,  IIOCTYIIHT EI3 BCeX P Y A H b l X  3 a 6 0 e ~ ,  IIO KOTOpbIM III)OH3BO- 

AHTCH y c p e g H e H m e  K a q e c T s a .  

Y H p y l l ~ e ~ ~ b ~ f i  r p a @ H 1 <  COCTaBJIHeTCH B @ O ~ M ~ J I H ~ O B ~ H H O A I  REIAf? 

(CM. ~ a 6 n .  56), ¶TO JlO3BOJIHeT n p O H 3 B O a H T b  p a C ¶ e T  HeCKOJILKHX BapEi -  

a H T O B  p a 3 H a l ) H A K H  H a  3iJBM. 
B 3aBEiCHMOCTH OT B ~ I ~ P ~ H H H X  H H T e p B a J I O B  IIPEI~MTEIH aBTOCaMOCBa-  

JIOB E13 i-r0 3 a 6 o ~  6 y ~ e ~  H p a 3 J r K s H a H  I I e P H O a H ¶ H O C T b  U O C T y n J I e H H H  no- 
J I e 3 H O r O  KOMIIOHeHTa ( b 1 e ~ a z l n a )  H a  I I p H e ~ ~ b 1 i i  n y H K T  0 6 0 r a ~ l i ~ e J I b ~ o f i  

QlaBpaao, a npnaepeH.esae  c T a q u o e a p s o r o  nolamyrnoro rpa@nna n asepo- 
HTHOMY)) I I03BO JIHeT  I I P E I ~ J I H ~ H T ~  P i l C 4 e T H b I e  I 'pa@HKH K HaTYPHMAl  rpa- 
@ H K ~ M  I I P H ~ ~ I T E I H  aRTOCaMOCBaJIOR H a  A ~ ~ c T B Y I O I ~ ( ~ M ~ O I C ~ ,  T a K  K a I c  a B -  

TOCaMOCBaJIbI B H Y T P H  rpYllIIJJ M O r Y T  I I P H ~ ~ I B ~ T L  H a  IIYHICT p a 3 r p y 3 K E I  

c o r n a c H o  c T a q H o H a p H o l w y  r p a @ ~ n y ,  onepelh-a~ ero E I ~ H  O I I ~ ~ A ~ I B ~ H ,  

H M e H ,  TaIcI lM 0 6 p a 3 0 ~ ,  C B O ~ O A ~  A B H X e H H H  B I I p e A e z I a X  3-4 JtUH. 

H a  1ca;KAyIO X O a K y .  n p H  H a p y l l r e H H E I  rpa@l l~a  ~ P E I ~ L I T I I R  BOAEiTenh  BhI- 

6 E i ~ r u e r o c ~  H a  r p a @ m a  a B T o c a M o c B a n a  o 6 a 3 a ~  H a  n o c n e ~ y ~ ~ r q e ~  r r I i K n e  

( x o ~ ~ e )  n o n a c T b  B CBOIO rpynny. 
O .~~BEIAHO,  ¶TO T a m e  r p a @ ~ ~ ~  I I O ~ B O ~ F I ~ T  O n p e A e n n T b  s p e m  non- 

H O r O  Y C p e A H e H H H  eAHHH¶HbIX 0 6 ' b e M o ~  f,. y ,  I l 0 C T Y I I a H ) q H X  Ei3 RCeX 3 a 6 0 e ~  
H a p b e p a .  - - 

Y ~ p y n ~ e ~ ~ ~ i i  rpa@m~i n o c T y n n e H m  o 6 a e ~ o ~  n o n e s ~ o r o  H c K o n a e -  

M o r o  H a  n p ~ e b ~ ~ b ~ i i  n y H I i T  0 6 o r a ~ ~ ~ e n ~ ~ o i i  @a6pHK&i n p n B e A e H  B ~a6.n. 56. 
a.1~1 EtpHBe:(eHHOrO I I p H M e p a  B p e M H  IIOJIHOrO Y C P e A H e H H H  p a B H 0  

12  .MUM, T. e. H a H M e H b m e M y  O ~ ~ O M Y ,  l i p a T H O A I y  a l R  BCeX EIHTepBaJIOB 

I I ~ H ~ ~ I T H H  aBTOCaMOCBaaOB H a  I lYHKT pH3l 'PY3KH (CM. T ~ ~ J I .  56). Hf306- 

XOAHMO OTMeTHTb,  Y T 0  ¶ e M  MekIbLUe B P e M H  IIOJIHOrO Y C p e A H e H H R ,  T e M  

66~rt111y~) c ~ o 6 o ~ y  6 y a y ~  HAIeTL T p a H C I l O p T H b I e  C p e a C T B a  EI TCM JIYTlll le 

6 y ~ e ~  IIpOHCXOAEITb I IpOqt?CC YCPeaHeHEIH Ica¶f?CTBa B AHHaMHKC!. 

3 a p a ~ e e  C O C T ~ B J I ~ H H ~ I ~ ~  r p a @ H K  n p r n 6 n ~ ~ a  TPaHCI lOPTHbIX C p e x C T B  

H a  n y m T  p a 3 r p y 3 ~ ~  (PHC. 242) M O ? K ~ T  C;IY;IiIiTb nporpa~woi.r osepen- 
HOCTH p a 3 r p Y 3 I C E I  aBTOCaMOCBajIOI3 B I IpE ieMHhIe  6 y ~ ~ e p a  O ~ O ~ ~ T H T ~ ~ L H O ~ ~  

@ a 6 p ~ n ~  H a0Jr;IceH K O H T P O n l l p O B a T b C H  B Te¶CHEIe CMeHhI  O I l e p a T O P O M  

,qmcne~¶epc~oii ~nyili661. IIPH 3TOM y n p a B n e H H e  T p a H c n o p T H m m  cpeA- 
CTBaMH AOJIXHO I lP03BOAHTbCH C I I O M O q b I O  CBeTOBbIX ~a6.10 H a P Y r E I X  

CpeACTB a B T O M a T H 3 a q H H ,  YCTaHOBJIeHHbIX H a  B b l e 3 A e  113 H a p b e p a  H IIpEIeM- 

HbIX ~ Y H I C ~ ~ O B  O ~ O ~ ~ T L I T ~ J I ~ H O ~ ~  @aGp~rcm. 
B K a q e c T s e  K p H T e p H H  ~ ~ 1 6 o p a  o n T m M a n b H o r o  r pa@ma p a 3 ~ a p ~ ~ n m  

aBTOCaMOCBa.TOB MOFKeT 6 b 1 ~ b  EiCIIO.Tb30BaHO C,rleaYIOIIlee I l b I p a X e H H e :  





HHWeHepHO-TeXHH¶eCt;HbI 4 e H T P O M  K a p b e p a  H A p y r H M H  0 6 r n e ~ ~ a ~ ~  AHC- 

n e ~ s e p c r t m i i  UYHKT 0 6 0 p y ~ y e ~ c ~  ~ e n e ~ a i i n ~ o i i  H ~ e n e $ o ~ ~ o i i  C B R ~ ~ I O .  

B COOTBeTCTBHH C l I o n y ¶ e ~ ~ o f i  H H @ o ~ M ~ ~ H ~ G  AHCUeT¶ep K a p b e p a  

B n1060ii MOMeHT AOJIXeH O q e H I I T b  O ~ C T ~ H O B K Y  H ,  Y¶HTbIBaR H H T e p e C M  

K a K  K a p b e p a ,  T a K  H 0 6 0 r a ~ H ~ e J I   HOG $ a 6 p ~ ~ m ,  I IPHHRTb UpaBHJI  bHOe 

PeI I IeHHe.  q ~ 0 6 b 1  B C J I O H F H O ~ ~ ,  IIOCTORHHO M ~ H I I I O W ~ ~ ~ C I I  O ~ C T ~ H O R K ~  UPH-  

H R T b  UpaBHJIbHOe p e I I I e H H e ,  H ~ O ~ X O A H M O  l I e p e p a 6 0 ~ a ~ b  6 o n b m o G  o6rne~ 
H H $ O P M ~ ~ H H ,  noc~ynamn(eii ~3 K a p b e p a  m n e p e p a 6 a ~ b 1 ~ a m q ~ x  q e x o B .  

AJIR x a p b e p a  B cmcTeMe ~ O ~ H O O ~ O ~ ~ T H T ~ ~ ~ H O ~ O  K O M ~ H H ~ T ~  qenecoo6- 
p a 3 H a  O p r a H H 3 a q H R  eAHHOrO BbI¶HCJIHTeJIbHOrO q e H T p a  K O M ~ H H ~ T ~  

(BUK), o 6 o p y ~ o ~ a ~ ~ o r o  3qBM A n R  p e m e H m R  a a ~ a s  y n p a s n e H m .  

B KOMIIJIeKCe CO CpeACTBaMH aBTOMaTHKH H U e p e A a ¶ H  H H $ O P M B ~ H H  A a H H a R  

CHCTeMa II03BOJIHT H ~ H ~ O J I ~ ~  OIIePaTHBHO Y I I p a B J I q T b  pa60~0fi  I'OPHO- 

TpaHCIIOpTHOrO O ~ O ~ Y A O B ~ H H I I  B OItTHMaJIbHOM P e X H M e .  

~ P H  COBpeMeHHOM YPOBHe a B T O M a T H 3 a q H H  IIpOE13BOACTBeHHbIX UpO- 

qeCCOB B K a P b e P e  3BhI U p H  OUepaTHBHOM Y n p a B n e H H H  M O X e T  6 b 1 ~ b  

m c n o n b 3 o ~ a ~ a  T o n b K o  B K a s e c T s e  c o s e T s H K a  A H c n e T s e p a .  

 TO O ~ O C H O B H B ~ ~ T C F I  TeM, ¶TO U p H  ee HCIIOnb30BaHHH B P e X H M e  CO- 

s e T s m K a  A H c n e T s e p  H a p b e p a  E i c n o n H H e T  ee p e I < o M e H A a q m ,  T o n b K o  y 6 e g ~ ~ -  
IUHCb B UpaBHJIbHOCTH COBeTOB (a, CJIeAOBaTeJIbHO, B HCUPaBHOCTH 3BM). 

AJIR TeXHOJIOI'H¶eClCHX UpOqeCCOB B I c a p b e p e  UePHOAWlHOCTb BOBMY- 

q e ~ H i i ,  KOI'Aa IIORBnReTCH H ~ O ~ X O ~ H M O C T ~  P a C C s H T b I B a T b  H O B ~ I ~ ~  B a p H -  

a H T  OUTHManbHOrO pe;I<HMa, p a 3 n H s H a .  B HeKOTOPbIX CJIY¶aRX B03MY- 

IIl,eHHR IIPOHCXOART OTHOCHTeJIbHO P e n K O ,  B A P Y r H X  - ¶awe. K a K  UOICa- 

a a n ~  n p e A s a p H T e n b H b I e  p a c s e T M ,  p e m e H H e  a a ~ a s m  y c p e A H e H m  ~ 0 3 -  

MOXHO IIPOH3BOAHTb ¶epe3 1-1,s I L .  

n p H  MeAXeHHOM H3MeHeHHH Y C J I O B H ~ ~  I l p O T e K a H H R  U p O q e C C a ,  K O r A a  

B p e M R  cneaymqero n e p e c s e T a  O n T m M a n b H o r o  p e x a M a  MOXHO XOTR 6h1 

n p m 6 n a 3 m ~ e n b ~ o  n p e A B H A e T b ,  qenecoo6pa3~0 HCUOJIb3OBaTb 3BM B pe- 
X H M e  COBeT¶HKa. B 3TOM C J I y ¶ a e  O I I e p a T O p  H a  BbI¶HCJIHTenbHOM q e H T p e  

Mox:eT n e p e K n r o s a T b  M a m m y  H a  pememe A p y r H x  a a ~ a s ,  H a n p H M e p  

H a  p e I U e H H e  3aAa¶ UepCUeKTHBHOrO H OUepaTHBHOrO UJIaHHpOBaHHR, 

H a  o 6 p a 6 0 ~ ~ y  OT¶eTHblX AaHHLIX H T. A. T ~ K H M  , 0 6 p a 3 0 ~  r a p a H T H p y e T C R  

MaKCHMaJIbHOe HCUOJIb30BaHHe MalUHHHOrO B p e M e H H  3BM. 
3BM H a  BbI¶HCJIHTenbHOM qeHTpC5 6 y ~ e ~  U p H H H M a T b  UOCTORHHO no- 

C T y n a I O q y I O  M H O ~ O O ~ P ~ ~ H Y I O  H H $ O P M ~ ~ H I O  H 3  K a p b e p a ,  0 6 p a 6 a ~ b 1 ~ a ~ b  

ee, COUOCTaBnRTb, B3aHMHO YBR3bIBaTb  C H H $ O P M ~ ~ H ~ B  0 6 0 I ' a ~ H ~ e n b ~ o f i  

$ a 6 p m ~ ~  H B p e 3 y n b ~ a ~ e  p e m e H m  a a ~ a s  H a  MaKcHMyM m n H  MHHHMYM 

B N A a s a T b  p e K o M e H A a q m  A H c n e T s e p y  K a p b e p a ,  H a n p a s n e H H b I e  H a  OUTH- 

~ m a a q ~ m  n p o T e K a m q e r o  npoqecca ( n e p e m ~ x ~ o ~ ~ a ,  n e p e p a c n p e A e n e a H e  

I 'PY30BbIX IIOTOKOB, I I e p e a A p e C O B K a  TpaHCUOPTHbIX CpeACTB, BBeAeHEie 

B p a 6 0 ~ y  p e 3 e p B H b I X  a r p e r a T O B  H T. A.). B b I ~ a s a  CMeHHhIX OIlepaTHBHbIX 

3 a A a ~ H s  UO OTAeJIbHbIM 3a6011~ 6 y ~ e ~  UpOH3BOAHTbCR C y¶eTOM H3MeHHB- 

I I I e i k R  O ~ C T ~ H O B K E I ,  a T a K X e  pe3YJIbTaTOB p a 6 o . r ~  I I p e ~ h I ~ y n ( t ? G  CMeHbI. 

T ~ K H M  o 6 p a 3 0 ~ ,  OCHOBHbIMm $YHK~HIIMII  A ~ H H O G  CHCTeMbI ~ Y A Y T  
R B ~ R T ~ C R :  O n p e A e n e H H e  n o ~ p e 6 ~ o r o  K o n m s e c T s a  nones~oro  H c K o n a e M o r o  

n p H  o n p e A e n e H H o M  ero K a s e c T s e  no B c e M  a K c K a s a T o p a H M  3 a 6 0 ~ ~ ;  
p a C ¶ e T  n o ~ p e 6 ~ o r o  ¶HCJIa aBTOCaMOCBaJIOB H a  OIIePaTHBHYIO CMeHY H HX 

p a C I I p e A e J I e H H e  UO 3 a 6 0 ~ ~ ;  ~ b 1 6 0 p  OUTHMaJIbHhIX I ly~eG CneAOBaHHR a B T 0 -  

CaMOCBaJIOB; U e p e p a C n p e A e J I e H H e  TpaHCUOpTHbIX CpeACTB U p H  H3MeHeHHH 

c n T y a q H H  ( p e a ~ o e  H ~ M ~ H ~ H M ~  K a s e c T s a  n o n e a ~ o r o  H c K o n a e M o r o  no OT- 

AeJI bHbIM ~ ~ ~ O F I M ,  BbIXOA H 3  CTPOR 3 K C K a B a T O p a ,  CXOA C JIHHHH aBTOCaM0- 

c n a n o B  H T. A.); P e r y x H p o B a H H e  pa60~b1 a B T o c a M o c s a n o B ;  y n p a s n e H H e  

UepeI'OHaMZi ( u ~ ~ ~ K J I ~ ¶ ~ H H R M H )  3KCKaBaTOPOB; Y B R 3 K a  AaHHhIX A P Y r H X  

BCIIOMOI'aTeJIbHbIX p a 6 o ~  C pa6o~oi i  ~ B T O M O ~ H J I ~ H O ~ O  T p a H C l l O p T a ;  

KOMUeHCaqHR B O 3 M y ~ a l o J l ( H X  B O ~ A € ? ~ ~ C T B H ~ ~ ;  y ¶ e T  BbIJlOJIeHHbIX o 6 5 e ~ o ~  
UO KalrcAOMy 3 K C K a B a T O p y  H aBTOMall lHHe.  

n p ~  BTOM qenec006pa3e~ BBOA B 3 q B M  cne~ymqei i  E I H @ O P M ~ ~ H H :  
I 

U n a H o B b I e  o 6 a e ~ b 1  P y A M  H BCKPbIIIIHbIX IIOPOA; Ka¶eCTBO PYAhI IIO OCHOB- 

I HbIM KOMIIOHeHTaM IIO BCeM 3 a 6 0 ~ ~ ;  X a p a K T e p H C T E K a  PYAbI IIO 0 6 0 r a ~ ~ -  
1 MOCTH; ¶HCnO H MeCTO p a 6 o ~ b 1  3KCKaBaTOPOB; 'IHCJIO aBTOMaIIIHH, E X  rPY30- 

UOA5eMHOCTb H CKOPOCTHaR X a p a K T e p H C T H K a ;  KaseCTBeHHOe COCTORHHe 

3a60e~ ;  HOpMaTHBHaR IIPOH3BOAHTeJIbHOCTb OTAeJIbHbIX 3KCKaBaTOpOB 
' C y ¶ e T O H  K ~ ¶ ~ C T B ~ H H O ~  0IJeHKH 3a60e~ ;  HOPMaTHBHOe BPeMR UOI'PY3KH, 

p a 3 r P Y 3 K H  li TPaHCIIOPTHPOBaHHR IIO Ka?I<AOMY THIIY aBTOCaMOCBaJIOB 

U p H  HX p a 6 o ~ e  B J I I O ~ O M  H a I I p a B n e H H H  H COCTORHHe A O p O r ;  COCTORHEe 

3KCKaBaTOPOB (pabo~a ,  U ~ O C T O E ) ;  COCTORHHe OTBaJIOB ( I l p H e ~ ,  H e  u ~ H ~ M ) ;  

UJlaHOBOe a a A a H H e  IIO KaYeCTBy H a  0 6 0 r a ~ H ~ e J I b ~ o f i  @ a 6 p ~ ~ e ;  AO- 

IIyCTHMhIe OTKJIOHeHHX IIO Ka¶eCTBy OCHOBHHX KOMIIOHeHTOB; UPOI 'H03H- 

P O B a H H e  npOAOnHFHTeJlbHOCTH IIpOCTOeB rOpHOTpaHCJlOpTHOr0  H llepepa- 
6 a ~ r d ~ a 1 0 1 q e r o  O ~ O ~ ~ A O B ~ H H R ;  PHTM n p H e M a  ~ Y H I C ~ P H H X  Y C T P O ~ ~ C T B  H T. A. ; 

Ha AHCUeT¶epCKOM I IyHKTe  H ~ O ~ X O ~ H M O  HMeTb BbIHOCHYIO MHeMO- 

H W e C K Y I o  C X ~ M Y - T ~ ~ J I O ,  KOTOpaR A a B a J I a  6~ BO3MOHEHOCTbHarJIRAHO I IpeA-  

c T a s n c I T b  A H c n e T s e p y  B c e  nponcxopaqee B K a p b e p e .  Ha ~ a 6 n o  y~aaa r -  
BaIOTCR: MeCTO p a 6 o . r ~  3KCKaBaTOpOB H HX COCTORHHe; IIPOCTOH 3KCXa-  

BaTOpOB C B e p X  HOPMLI; H e  I IPHeM ~ Y H K ~ P O B  @ ~ ~ P H K H ;  H e  I I p H e M  OTBa- 

n o B ;  a ~ e p r e ~ ~ s e c ~ a ~  c x e M a  n o ~ p e 6 ~ ~ e n e f  ( o ~ ~ n l o s e ~ ~ e ,  n e p e K n l o s e m i e ,  

B K J I I O ~ ~ H H B ) ;  MHeMOHM¶eCKaR CXeMa ~ B T O M O ~ I I J I ~ H J J X  AOpOI'; OTKJIOHeHHe 

OT 3 a A a H E O r O  Ka¶eCTBa  ( K P H T H P ~ C K O ~ ) ;  I IOKa3aTeJ Ib  HCIIOJIb30BaHHR 31;- 

CKaBaTOpOB BO B P e M e H H  ( K P H T H ~ ~ C K H G ) ;  UOKa3aTeJ Ib  HCUOJIb30BaHHR 

TpaHCUOpTHJJX CpeACTB, HX IIPOCTOH H T. A. 
~ O P R A O K  BeAeHl lR  BCUOMOraTenbHJJX p a b o ~ ,  CpOItIf HX HCUOJIHeHHR, 

MeCTO IIPOBeAeHHR, H ~ O ~ X O ~ H M ~ R  TeXHHK3. H T. A.- BCe 3TO AOJIXiHO 
6 ~ ~ b  p a 3 p a 6 0 ~ a ~ o  HHlrceHepHO-TeXHHqeCKHM 4eHTPOM H a  OIIepaTHBHbIX 

c o s e q a H m x .  OYHKIJHH A H c n e m e p a  y n p a s n e H m  C B O A R T ~ R  K K o o p A a H u -  

pOBaHHIo  p a 6 o ~ b 1  c n y ~ 6  H Y¶aCTKOB B Te¶eHIIe  CMeHbI. PYKOBOACTBO IIO 

BbIUOJIHeHHH) BCIIOMOI'aTeJIbHhIX p a 6 o ~ ,  K a K  H npm cylqec~nyoqeii 
CHCTebie, B 0 3 J I a r a e T C R  H a  H a s a n b H H K O B  CMeIl,  y¶aCTKOB H cnyx6. - 

A ~ H H ~ R  CHCTeMa OUepaTHBHOrO Y I I p a B n e H H R  H UJIaHHpOBaHHR o6ec- 
Ue¶HBa€?T O n e p a T H B H O e  pyKOl3OACTBO K a K  OTAeJIbHbIMH IIPOH3BOACTBeH- 

HHMH n p o q e c c a M m ,  T a K  H p a p b e p o M  B q e n o M .   OH^ A a e T  B O ~ M O H P H O C T ~  

GHCTPO p e m a T b  M H o r o s a p H a H T H b I e  a a ~ a s ~  o n e p a T m n o r o  y n p a s n e u a  
H IIJ laHHPOBaHMR B OUTHMaJIbHOM P e m H M e ,  K KOTOPhIM OTHOCRTCR: 3aAa- 
9M TeKyIII,erO U3aHZTpOBaHHH, OUepaTHBHOrO YUpaBJIeHHR,  TeXHHKO-3KO- 
HOMH¶eCKOI'O a H a J I H 3 a ,  Y¶eTIIO-CTaTHCTH¶eCKEle, l iHX<t?HepHbIe 3 a g a ¶ H ,  

B03HHKaH)IQHe B I IPOqPCCe p a 6 o ~ b 1 ,  H T. A. 



P A 3 a E J I  T P E T W R  

OCHOBbI IIPOEKTWPOBAHHR K A P b E P O B  

~ P O ~ K T  - 0 @ H q H a J I b ~ b I f i  AOKYMeHT, B ~ I I I o J I I I ~ H H ~ I ~ ~  B COOTBeTCTBHH 

c o n p e A e n e H H b I h m  H o p M a M m  H n p a B H n a M H ,  B KOTOPOM n b I R B n H e T c H  ~ K O -  

H o M n s e c K a H  q e n e c o o 6 p a 3 ~ o c ~ b  C T p o H T e n b c T B a ,  T. e. p e m a e T c H  aanasa 
I IPaBHJIbHO H B MBHHMaJIbHbIX,  HO AOCTaTO¶HbIX p a 3 M e p a X  H a I I p a B H T b  

KaIIHTaJIOBJlOlKeHHH AJIH IIOJIY¶eHHH ~ a ~ 6 o n b m e r o  3KOHOMH¶eCKOrO 

3 @ @ e ~ ~ a ;  y c T a H a s n m a m T c H  H a m n y n m H e  O ~ ~ ~ H H ~ ~ ~ H O H H O - T ~ X H H P ~ C K H ~  
peItCeHHH IIO CTPOMTeJIbCTBY IIpeAIIPHHTHH C 3aAaHHbIMH I I a p a M e T p a M H ,  

B K p a ~ ¶ a f i I U H f f  CPOK H I I P H  HaEIMeHbIIIHX 3 a T p a T a X ;  IIaXOAHTCH H a H J I y s -  

IUHe  TeXHH¶eCKHe PeI I IeHHH IIO 6e3onac~oii p a 3 p a 6 0 ~ ~ e  MeCTOpOXAeHHH 

C ~ a H 6 0 J I b I I I e f i  0 ~ ~ a ¶ e f i  BJIOHEeHHbIX CpeACTB. 

T ~ K ~ M  o 6 p a 3 0 ~ ,  qenb npoema K a p b e p a  s a ~ n r o s a e ~ c ~  B B b I H s n e H u t I  

OIITHMaJIbHbIX H B3aHMOCBH3aHHbIX OPraHH3aqHOHHO-TeXHWeCKHX pe- 
r n e ~ ~ i i  IIO CTPOHTeJIbCTBY H 3 K C n J I y a T a Q H H  r O p H O I ' 0  I IPeAIIPHHTHR, pea- 
J I H 3 a q H H  KOTOPhIX H P H  p a 3 p a 6 0 ~ K e  AaHHOI'O MeCTOpOHEAeHHH o6ecne- 
¶HT ~ a H 6 0 J I b I l I H f i  ~ K O H O M I X ¶ ~ C K H ~ ~  3 @ @ e K ~  C H a H M e H b m H M H  3 a T p a T a M H .  

~ ~ O ~ K T H ~ O B ~ H H ~  I'OPHbIX I I P ~ A I I P H H T H ~  (B OTJIH¶He OT IIPOeKTIIPO- 

BaHHH ~am6onee p a c n p o c T p a H e H H M x  n p o M b I m n e H H M x  c o o p y m e ~ ~ i i ,  npeA- 
I I ~ H H T H B  0 6 p a 6 a ~ h I ~ a I O q e f i  IIPOMbIIIIJIeHHOCTH, 3Hepr€!TH¶eCKHX COOPY- 

H C ~ H H H ,  TpaHCIIOPTHhIX I E O M M Y H H K ~ ~ E I ~ ~  H T. II.) ~ p e 6 y e ~  y ¶ e T a  O C O ~ ~ H H O -  

C T ~ G  ~ O ~ H O A O ~ ~ B ~ I ~ I I ( ~ ~  I IPoM~II I I J I~ I~HocTH.  IC HHM OTHOCHT AHHaMHP- 

H O C T ~  n a p a M e T p o B  K a p b e p a  H B c e r o  T e x H o n o r H s e c K o r o  npoqecca 
r o p H o r o  n p o ~ 3 ~ o ~ c ~ s a .  I C a p b e p ,  K a K  r e o ~ e ~ p ~ s e c ~ ~ i i  0 6 n e ~ ~ ,  n o n p a e T  

CBOe 3 a B e p l n e H H e  T O n b K O  K KOHqY p a 3 p a 6 0 ~ ~ ~  MeCTOpOXCAeHHH. B np0- 
q e C C e  Xe CTPOHTeJIbCTBa H 3KCIIJ lYaTaqHH,  T. e. B T e ¶ e H H e  AJIIXTeJIbHOI'O 

C p O K a ,  J ~ H H ~ & H M ~  p a 3 M e p h I  K a p b e p a  CHCTeMaTH¶eCKH YBeJIH¶HBaIOTCH, 

er0 KOHCTPYKTHBHbIe 3JIeMeHTbI ( 6 o p ~ a ,  YCTynhI ,  l l n o I I ( a ~ K H )  H3MeHHIOT 

c B o e  n p o c T p a H c T s e H H o e  n o n o m e H H e ,  pa6osne M e c T a  (3a6om) H e n p e p m H o  

IIepeMeII(aIOTCH, TpaHCIIOpTHbIe  KOMMYHIXKaqHH, nepeMel I (aHCb,  T a K X e  

HBM~HHIOT CBOH n a p a M e T p b I .  
B 3THX YCJlOBHHX P e m e H H e  TeXHHEtO-3KOHOMHPeCKtrX 3aAa¶ OCJIOHEHH- 

eTCH, T a K  K a K  AJIH p a 3 H b I X  nepHOAOB OnTHMaJIbHbIMH OKa3bIBaIOTCH pas- 
JIHPHbIe BaPHaHTbI .  
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1 B ~ o p o i j r  O C O ~ ~ H H O C T ~ H )  HBJIHeTCH BJIHHHHe ICJIHMaTH¶eCIEHX @ ~ K T O P O B  
I H a  TeXHOJIOI'HIO H OPI 'aHH3aqHIO IIPOH3BOACTBeHHOrO I IpOqeCCa .  ~ T H  

O C O ~ ~ H H O C T L I ,  H a P H A Y  C MHOrHMH reOJIOI'H¶eCKHMH @ ~ K T O ~ ~ M I . I ,  O r p a H H -  

¶HBalOT I IpHMeHeHHe THIIOBhIX IIPOeKTOB, ~ p e 6 y I O ~  0 6 ~ ~ 1 0  HHAHBHAY- 

a J I b H O r 0  IIOAXOAa H TBOp¶eCI<OrO PeI I IeHHH n p H  I IpOeKTHpOBaHHH 

L ~ a p b e p o ~ .  
C o ~ e p x a ~ n e  H nopsgox H ~ J I O X < ~ H H H  p a 3 ~ e n o ~  n p o e I C T m p o B a H m  K a p b -  

i 3 p a  MOrYT 6b I~b  pa3J IH9HbIMH B 3aBHCHMOCTH OT I 'OPHOTeXHWeCKHX YC- 

JIoBHG. H a d o n e e  p a c I I p 0 c ~ p a ~ e ~ H b I f i  nOpHAOK H3JIOiKeHHH pa3AeJ IOB 

T e x H o n o r m e c K o r o  n p o e K T a  n s n o m e ~  m x e .  
I .  B B ~ A ~ H H ~  H TeXHHKO-3KOHOMHqeCKaH C I I P a B K a  - OTMePaIOTCH OCO- 

:I ~ ~ H H O C T H  reOJIOI 'WeCKHX H KJIHMaTH¶eCKHX Y C J I O B H ~ ~ ,  0 c 0 6 ~ e  ~ ~ € 6 0 -  

B a H m  K K a P e c T B y  n o n e s ~ o r o  H c K o n a e M o r o ,  o c o 6 ~ e  y ~ a 3 a n ~ ~  s a ~ a s -  
¶ H K a  H A P Y r H e  O C O ~ ~ H H O C T H ,  H M e I O q H e  OIIpeAeJIeHHOe BJIHHHHe H a  MeTO- 

AHKY IIPOeKTIXPOBaHHH H I I P H H ~ M ~ ~ M M ~  PeI l I eHHH H n H  B h I 3 b I B a I O q H e  OT- 

KJIOHeHHH OT HOPMaTHBHbIX I I o J I o X ~ H H ~ .  

T ~ X H H K O - ~ K O H O M H ¶ ~ C K ~ H  C I I p a B K a  ICpeACTaBJIHeT ~060f i  K P ~ T K M ~ ~  KOH- 

cnem OCHOBHHX s a c ~ e i i  npoema, ~ s ~ ~ a r a e ~ b ~ i i  BO B s e A e H m  HJIH CocTaB-  
I JlSIe~hIii B BHAe O T A ~ J I ~ H O ~  I I O H C H H T ~ J I ~ H O ~ ~  3aIIHCICH. 

B T € ! X H H K O - ~ K O H O M E I ¶ ~ C K O ~ ~  C I I p a B K e  O ~ H ¶ H O  IIPHBOAHTCH: O ~ O C H O B ~ -  

H H e  H ~ O ~ X O A H M O C T H  CTpOHTelIbCTBa K a p b e p a ;  I i p a T K a H  X a p a K T e p H C T H K a  

n a p a n a e T p o B  K a p b e p a ,  ~ o ~ a p ~ o f i  n p o ~ y ~ q ~ ~  n p e A n p m T m  H n o ~ a 3 a ~ e n ~  
er0 I I P O H ~ B O A C T B ~ H H O ~ ~ [  MOWHOCTH; CBeAeHHH 0 MOAeJIHX H KOJIHneCTBe 

OCHOBHOI'O rOPHOTPaHCIIOPTHOr0  O ~ O P Y A O B ~ H H H ;  OCHOBHbIe TeXHHKO-3KO- 

HOMIX¶eCKHe UOKa3aTeJ IH ( ~ ~ O H ~ B O A H T ~ J I ~ H O C T ~ ,  9HCJIO TPYAHlUJiXCH, 

C ~ ~ ~ C T O H M O C T ~  l l p O A y K q H H ,  P ~ H T ~ ~ ~ J I ~ H O C T ~  H n p n 6 ~ ~ r b )  H HX O q e H K a ;  

AaHHbIe  0 K a n H T a J I b H b I X  3 a T p a T a X  H ~ K O H O M E I ¶ ~ C K O ~  ~ @ @ ~ K T H B H O C T H  

CTpOHTeJI bCTBa.  

11. ~ ~ O J I O I ' H ¶ ~ C K ~ H  ¶ a C T b  BKJIIOsaeT:  X a p a K T e p H C T H K y  p a f i 0 H a  H MeC- 

TOPOKAeHHH;  Ka¶eCTBeHHYIO X a P a K T e P H C T H K y  IIOJIe3HOrO HCKOllaeMOrO 

H CBeAeHHH 0 BO3MOHEHOCTH KOMIIJIBKCHOrO er0 HCIIOJIb30BaHHH, a T a K l H e  

B03MOHEHOCTH HCIIOllb30BaHHH B M e q a I O q H X  IIOPOA; CBeAeHHH 0 (PH3HK0- 

MeXaHH¶eCKHX C B O ~ ~ T B ~ X  IIOJle3HOrO HCKOIIaeMOrO H IIyCTbIX IIOpOA; 

0 C T e n e H H  pa3BeAaHHOCTH MeCTOpOXAeHHH; 0 3 a n a C a X  nOJIe3HOrO HCKO- 

I I aeMOrO,  YTBepXAeHHbIX rE3. 

t 111. r o p ~ a ~  ( ~ e x ~ o z o r ~ s e c ~ a ~ )  s a c m  B K n m s a e T :  

1. O n p e ~ e n e ~ n e  r p a H H q  K a p b e p a  - p a c ~ p o i i ~ a  K a p b e p H M x  nonei ,  
BbIAeJIeHHe 3 T a n O B  P ~ ~ P ~ ~ O T K H ,  IIOAC¶eT 3 a n a C O B  nOJIe3HOrO HCKOna-  

f e M O r 0  H 0 6 ' b e ~ o ~  BCKPhImH B KOHTYPaX K a p b e p a .  

2. O C H O B H ~ I ~  nOJIOHEeHHR no O p I ' a H H 3 a q H H  p a 6 0 ~  - K ~ J I I ~ H A ~ ~ H ~ I ~ ~  

PeHEHM, o 6 q a ~  CXeMa K O M ~ J I ~ K C H O ~  M e X a H H 3 a q H H ,  THll H MOAeJIH 6 ~ ~ 0 -  
BOrO,  BhIeMO¶HO-IIOrPY30¶HOrO, TPaHCIIOPTHOrO H OTBaJIbHOrO 0 6 0 ~ ~ -  

t AOBaHIXH; X a p a K T e p H C T H K a  T O B ~ ~ H O ~  I I p O A y K q H H .  

I 3. O ~ O C H O B ~ H H ~  I I ~ O ~ K T H O ~  MOWHOCTH K a p b e p a ,  rOAOBbIe 063e~b1 
BCKPbImH,  CPOK CJIYHEG~I  K a p b e p a ,  IIPOAOJIHEHTeJIbHOCTb CTPOHTeJIbCTBa 

n e P H O A  OCBOeHHH I I P O ~ K T H O ~  MOqHOCTH, H a ¶ a J I O  p a 3 p a 6 0 ~ ~ ~  BTOpOrO 

maria rn T. A. 
4. ~ Y P O B ~ P ~ I B H ~ I ~  pa60~b1 - O ~ O C H O B ~ H H ~  MOAeJIll 6yp0~0r0  CTaH- 
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s a ,  T H n  BB, p a c s e T  n a p a M e T p o B  ~ Y P O B ~ P ~ I B H ~ I X  p a 6 o ~ ,  pacxon BB 
H BM, s H c n o  ~ Y P O B M X  CTaHKOB. 

5. ~ K C K ~ B ~ T O ~ H ~ I ~  (~b1e~os~o-no rpy30s~b1e )  pa60~h1 - o6oc1xo~a- 
H H e  ~ 0 ~ e J I e i i  A O ~ M ~ H M X  H BCKpbILIIHhlX 3 K C K a B a T O p O B ,  p a C ¶ e T  HX I I p O H 3 -  

BOAHTeJI bHOCTH H iIHCJIa.  

6. B H Y T P H K ~ ~ ~ ~ ~ H M $  T p a H C I I O p T  - O ~ O C H O B ~ H E I ~  BHAOB T p a H C I I O p T a ,  

M O A ~ J I ~ ~ ~  T p a H C n O p T H O r O  O ~ O ~ ~ A O B ~ H H H ,  O n p e A e n e H H e  H X  I IPOH3BO-  

AETeJIbHOCTEI H ¶HCJIa ,  p a C ¶ e T  n a p a M e T p 0 B  W e J I e 3 H b I X  H ~ B T O M O ~ H J I ~ H H X  

AOpOI'  H T. A. 
7. O ~ ~ a n o o 6 p a a o ~ a ~ ~ e  - O ~ O C H O B ~ H H ~  cnoco6a o ~ ~ a n o o 6 p a 3 0 ~ a -  

H E R ,  p a C ¶ e T  I I a p a M e T p O B  OTBaJlOB,  ¶HCJIa  O ~ O P Y A O B ~ H H R ,  O ~ O C H O B ~ H H ~  

M e C T a  paCI IOJ IOWeHHR O T B a n O B ,  B M ~ O P  C I I O C O ~ ~  P e K Y J I b T H B a q H H  I IOBepX-  

P O C T H  OTBaJIOB.  I 

5. M e x a ~ n a a q ~ m  BCnOMOraTeJ IbHbIX  I I p O q e C C O B  H AOCTaBKy  M a T e -  

p H a n o n  B K a p b e p .  

9. I I p o x o ~ ~ y  ~ p a ~ m e i i  - ~b16op cnoc06a IIPOXOAKH ~ p a ~ m e j i ,  pac- 
s e T  HX n a p a M e T p o B ,  o n p e A e n e H H e  ~ 0 3 ~ o i ~ ~ o i . i  CKOPOCTH n o H H w e H H H  

r O p H b I X  p a 6 0 ~ ,  p a C ¶ e T  0 6 ' b e ~ o B  rOpHOIIOArOTOBHTeJIbHbIX p a 6 o ~ .  
10. B c ~ c p I d ~ ~ e  - O ~ O C H O B ~ H H ~  cnoco6a BCKP~ITHR H ero xapame- 

p a m m a ,  T p a c c a p o s a H n e  ~ p a a m e i i ,  O n p e A e n e H a e  o 6 a e ~ a  ropeonana- 1 
T a J I b H b I X  p a 6 o ~  H IIPOAOJIHCHTeJIbHOCTH H X  BbIIIOJIHeHHH. I 

11. CUCT~MH p a 3 p a 6 0 ~ ~ ~  - O ~ O C H O B ~ H H ~  CHCTeM p a 3 p a 6 0 ~ ~ ~ ,  H X  

o61qym X a p a K T e p H C T H K y .  3 J I eMeHTbI  CHCTeM (BMCOTY Y C T y n a ,  I I IHPHHY 

r ; a x o A K H ,  pa6oseii n n o q a A K H ,  yron o T K o c a  pa6osero 6 o p ~ a ) ,  c x e M y  non- 
rOTOBKH HOBbIX r O p H 3 O H T O B ,  C I I O C O ~ ~ I  BbIeMKH IIOJIe3HOI'O HCKOIIaeMOrO.  

12. K a n e ~ ~ a p ~ a r i i  m a H  H IIOPIIAOK p a 3 p a 6 0 ~ ~ ~  - p a c n p e A e r r e H H e  

A O G ~ I ~ H  IIOJIe3HOrO HCKOIIaeMOrO H 0 6 n e ~ 0 ~  BCKpbI6IIUEI BO B p e M e H H E I  B 

I I p O C T p a H C T B e  IIO r O A a M  O T P ~ ~ O T K H  H r O p H 3 0 H T a M .  Ha I I e p B b I e  5-7 J I e T  
I 

A a e T c H  A ~ T ~ J I ~ H M $  ~ a n e ~ ~ a p ~ ~ i i  n n a H  c e x e r o A H b I M  p a c n p e A e n e H H e M ,  

H a  I I o c n e ~ y m I Q H i i  I I e p H O A  - I I P E I ~ J I H H F ~ H H ~ I ~ ~  I I j I a H  H a  O T P e 3 K H  B p e M e H H  

no 5 n e T ;  AJIR 60~1ee IIO3AHHX IIePHOAOB - I l ePCI IeKTHBHhIe  I I a M e T K H  

I I O p R A K a  O T P ~ ~ O T K H .  
13. A p e ~ a m  H BOAOOTnHB - C I I O C O ~ H  3a IQHThI  K a p b e p a  OT I I O B e p X -  

I 
HOCTHbIX H UOA3eMHbIX BOA, BOAOOTJIHB. 

14. X O B F J ~ ~ C T B O  BB - cnoco6b1 X p a H e H H R  H AOCTaBKH BB H BM 
B I i a p b e p .  

15. O C H O B H ~ I ~  M e p O I I P H R T H R  no 0 6 e c n e s e ~ ~ m  6 e 3 0 n a c ~ o c ~ ~  p a 6 o ~  I 

B K a p b e p e ;  6opb6a c n b I n b m ,  n o H t a p a M H ,  B p e A H b I M H  r a 3 a ~ ~ .  n n a ~  , 
J I H K B E A a q H H  a B a p H 6 .  

16. ~ ~ O M C ~ H E I T ~ ~ H R  H T p a H C I I O p T  pa6osnx - c ~ a 6 W e H H e  I I H T ~ ~ B O B  
~ o n o i i ,  0 6 0 p y ~ o ~ a ~ H e  M e A n Y H R T O B ,  AOCTaBKa  n ~ o ~ e i ?  H a  o 6 z e ~ ~ b 1  p a 6 0 ~ ,  
IIYHKTbI  o6orpesa H I I p .  

IV. ~ O ~ H O M ~ X ~ H H ¶ ~ C K ~ R  ¶aCTb-BOAOOTJIHBHbIe, K O M n p e C C O p H b I e ,  B e H -  

T H n H q H O H H h I e  H IIOA'beMHhIe YCTaHOBKH, M a r H C T p a J I b H H e  K 0 H B e h e p b I  H 3K-  

C K a u a T o p b I .  O P ~ ~ H H ~ ~ ~ H I I  PeMOHTHMX p a 6 o ~  H c ~ a 6 ~ e ~ ~ e  3aII i IaCTRMLI.  

V. H CKJIaAbI  - 0 6 0 r a ~ ~ ~ e J l b ~ b I e  H A P O ~ H J I ~ H O - C O P T H P O B O ¶ H H ~  

JTCTaHOBKH, n e p e r p y 3 O ¶ H b I e  6 y ~ ~ e p a ,  a B a p H ~ H b I e  CICJIaAhl n O n e 3 H O r O  

~ I C K O I I a e M O r O .  KOHTPOJI~  38 Ka¶eCTROM T O B ~ P H O ~ ?  I IPOAYKqHH.  

VI.  3 ~ e p r e ~ ~ s e c ~ a ~  s a c n  - anempo- H T ~ ~ J I O C H ~ ~ W ~ H L I ~ ,  JI3II 
H TeIIJ lOCeTH,  IEJ I aMOBOe  H OCBeTHTeJ IbHOe  O ~ O P Y A O B ~ H H ~ .  

VII.  C T P O H T ~ J I ~ H ~ R  ¶ a C T b  - 3 A a H H H  H C O O P Y W e H H R  H a  n o B e p x -  

HOCTH, I I P O M b I m J I e H H b I e  B W H J I C O ~ K Y J I ~ T ~ ~ I T O B ~ I ~ .  

VIII .  r e ~ n n a ~  H T p a H c n o p T  - p a a ~ e q e ~ ~ e  ~ A ~ H H G  H c o o p y w e ~ ~ ~ i i  
H a  I I p O h l I I n O I Q a A K e ,  T p a C C H p O B K a  IIy~eii C O O ~ L ~ ~ H H R ,  33n H P a 3 J I H 9 H b I X  

ce~ei i .  B H ~ ~ H H $  T p a H C l l O p T .  C H T ~ ~ ~ H O H H M $  n n a H .  

IX.  ~ K O H O M H ¶ ~ C K ~ R  9 a C T b .  

1. ~ L ~ J I ~ K Y J I R ~ I % H  C ~ ~ ~ C T O E I M O C T H  1 m A O ~ ~ I ~ E I  EI 1 as B C K P ~ I ~ H ,  m T a T b I  

TPYARIQHXCR,  I IPOH3BOAHTeJIbHOCTb H X  T P Y A a  H T.  A. 
2. A H ~ J I H ~  TeXHEIKO-3KOHOME19eCKEIX I I 0 K a 3 a ~ e J I e f i .  

3. P a c s e ~  ~ ~ H ~ L J J I H  H p e ~ ~ a 6 e n b H o c ~ ~  n p e A n p H H T H H .  

4. O ~ O C H O B ~ H H ~  ~ I ~ O H O M H ¶ ~ C K O ~ ?  ~@&'KTEIBHOCTEI I IpHHHTbIX peme- 
H H i i  no CTPOHTe.?bCTBY ( P ~ K O H C T P Y K ~ E I E I )  K a p b e p a .  

X.  C M ~ T H ~ R  ¶ a C T b  - e A H H H ¶ H h l e  P a C q e H K H  H K a J I b K Y J I H q H H ,  CMeTbI 

IIO o ~ % ~ H T ~ M ,  CBOAHaR C M e T a  CTOHMOCTH CTPOHTeJIbCTBa I IPOe lCTHpy-  

ellor0 I I p e A n p H R T H R .  CBOAH~R C M e T a  IIOCJIe ee Y T B e P X A e H M R  CJIYWHT 

OCHOBaHHeM AJIR ( P H H ~ H C H P O B ~ H H R  CTPOHTeJ IbCTBa  EI AJIH p a C ¶ e T O B  M e H t A y  

a a I i a 3 4 H K O M  EI C T P O H T ~ J I ~ H O ~ ~  o p r a ~ ~ 3 a q ~ e t i .  
XI. n p o e ~ ~  o p r a H n a a q m  C T p o m e n b c T B a  K a p b e p a  - o p r a ~ r n 3 a q ~ ~  

H CIIOCO~JJ CTpOHTeJ IbHbIX  p a 6 0 ~ ,  B TOM ¶HCJIe I IOArOTOBKa  JIJ IOIQaAKH, 

CTPOHTeJIbCTBO A O p O r  E K O M M Y H E I K ~ ~ H ~ ~ .  ~ O P H O K ~ I I H T ~ J I ~ H H ~  pa60~b1. 

~ ~ O ~ I < T U ~ O B ~ H H ~  r O p H b I X  I I ~ ~ A I I ~ H F J T H H  OCyIQecTBJIHeTCR I IpOeKT-  

HMMH HHCTHTYTaMH, ~ a W A b I f i  H 3  KOTOPMX O ~ C J I Y W H B B ~ T  O n p e A e J I e H H y m  

O T p a C J I b  I IpOMbIlJ lJ IeHHOCTH ELTIH.rPYIIIIY K a P b e P O B  B A ~ H H O B  O T p a c n H .  

B n p O e K T H h l X  HHCTHTYTaX HMBIOTCR C I I e q H a J I H 3 H P O B a H H b I e  OTAeJIbI: rap- 
~ b ~ i i  W I H  OTAeJI OTKPhITbIX p a 6 0 ~ ,  FeHI I J I aHa  H T p a H C I I O p T a ,  C M ~ T H M ~ ~  

H T. A. ~ T H  OTAeJIhl OCYIQeCTBJIIIIOT P e I I I e H H e  COOTBeTCTByIoIQHX 3 a ~ a s  
n p O e K T a ,  a B q e J I O M 3 a  K a s e C T B O  H C P O K H  BbIIIOJIHeHHR I I p O e K T a  H e C e T  

OTBeTCTBeHHOCTb ~ J I ~ B H J J H  H H W e H e p  I I p O e H T a ,  H a 3 ~ a ¶ a e M b I f i  no K a W A O M y  

n p o e K T H p y e M O M y  O ~ Z ~ K T ~ .  
I I p o e ~ ~ ~ p o s a ~ n e  n p o M b I m n e H H a r x  n p e n n p ~ ~ ~ ~ f i ,  o @ o p ~ n e ~ ~ e  n p o e K -  

TOB H CMeT,  I IOPHAOK E X  COrJlaCOBaHHR H Y T B e p W A e H H R  P e r J I a M e H T H p y -  

~ T C R  B H C T p Y K q H R M H ,  H O p M a M H  H I I p a B H J I a M H ,  a T a K W e  OCHOBHbIMR T e x -  

HH¶eCKHMH H a I I P a B J I e H H H M H  B D p O e K T H P O B a H H H  I I ~ ~ ? ~ I I P H H T H $  COOTBeT- 

C T B Y I O ~ H X  o~pacneii. 
B ~ ~ M H ,  B T e s e H H e  KOTOpOI'O BbIIIOJIHReTCR I IPOeKT,  M O X H O  p a 3 ~ e n ~ ~ b  

H a  TPH n e p H o A a :  
n e p s h T t i  - n p e ~ I I p o e ~ ~ H b I $  - B K J I I o s a e T  I IOJ Iy¶eHHe  3 a A a H H R  H a  IIpo- 

e K T H p O B a H H e ,  H 3 y s e H H e  HCXOAHHX M a T e p H a J I O B ,  B TOM PHCJIe  r e O n o r o -  

p a 3 B e A O P H b I X  EI TeXHHKO-3KOHOMWeCKEIX,  I IpOBeAeHEIe  H 3 b I C K a T e J I b C K H x  

H HaflHO-HCCJIeAOBaTeJIbCKHX pa6o.r; 
~ ~ o p o i i  - n p 0 e K ~ H b I i i  - B K J I I O s a e T  C O ~ C T B ~ H H O  I IpOBKTHbIe  pa60.rM, 

o + o p ~ n e ~ ~ e  sep~ewei i  m n o R c H H T e n b H b I x  B ~ I I H C O K ;  



T P ~ T H ~ ~  - BKJIIOYaeT Y T B e p X n e H H e  np0eKTOB H CMeT H CAa¶y HX 3 a -  

Ea39HKY.  H a H ~ e H b I l l ~ e  CPOKH H H a H J I y P m a R  yBH3Ka H Ka¶eCTBO npOeKT- 

HbIX p a 6 0 ~ ,  O C O ~ ~ H H O  UO CJIOWHHM IIPOeKTaM, AOCTHI'aIoTCR IIpHHCIIOJIb- 

3OBaHHH MeTOAOB CeTeBOI'O IIJIaHHPOBaHHH. 

Pa6o~a HaA npOeKTonl  HasHHaeTCR C nOJIy¶eHHR 3aAaHHR H a  IIpOeKTH- 

POBaHHe,  KOTOpOe p a 3 p a 6 a ~ H ~ a e ~ c R  3aKa3PHKOM. B IlOAI'OTOBKe 3aAaHHR 

H a  IlpOeKTHpOBaHHe 0 6 ~ 9 ~ 0  IIpHHEIMaeT y¶aCTHe UpOeKTHaR O p r a H H -  
3 a q H R .  

PeUteHHe 0 DpOeKTHpOBaHHH H CTPOHTeJILCTBe U P ~ A I I P H H T E I ~ ~  H COOPY- 

HCeHH8 AOJIWHO IlPHHHMaTLCR HCXOAR H3 CXeM pa3BHTHR H p a 3 M e q e H H R  

COOTBeTCTBYIoUJHX O T ~ ~ C X ~ G  HapOAHOI'O ~ 0 3 ~ 6  C T B ~  H npOMbIDIJIeHHOCTH, 

a TaIGKe H 3  CXeM pa3BHTHH H pa3MeWeHHR IIpOH3BO&HTeJIbHHX CLlJI IIO 

3KOHOMWeCKHM p a f 0 H a ~  H COIo3HHM ~ ~ C I I Y ~ J I H K ~ M .  n o  KpyIIHbI51 

H CJIOHCHHM IIPeAIIPHHTHRM H COOPYWeHHRM PeIIIeHHe 0 IIpOeKTHpOBaHHH 

IIPHHHMaeTCH H a  OCHOBe TeXHHHO-3KOHOMWeCKHX O ~ O C H O B ~ H H ~ ~  (T30), 
IIO,lJTBepXAaIo4HX 3KOHOMH¶eCKYM ~ ~ J I ~ C O O ~ P ~ ~ H O C T ~  H X O ~ R ~ ~ C T B ~ H H ~ H )  

H ~ O ~ X O ~ H M O C T ~  IIPOeKTHpOBaHHR H CTPOHTeZbCTBa. 

3 a ~ a ~ H e  H a  UpOeKTHpOBaHHe AOJIXHO C O A e p X a T b  OCHOBHbIe HCXOAHbIe 

AaHHbIe H a a ~ a ~ ~ r b r e  T ~ X H H K O - ~ H O H O M W ~ C K H ~  I I O K ~ ~ ~ T ~ J I H .  K 3aAaHHIo 
H a  n p o e K T m p o B a H H e  D p H n a r a e T c c r  reonorwec~mH 0T.re.r IIO p e 3 y ~ r b ~ a ~ a ~  

pa3BeAKH MeCTOPOMAeHHR, IIPOTOKOJI YTBePHCAeHHR 3anaCOB r 0 c y n a p -  
C T B ~ H H O ~ ~  K O M H C C H ~ ~ ~  no a a n a c a ~  (rK3), a TaKlrce M a T e p H a n M  H ~ Y ~ ~ H H R  

~ a s e c ~ ~ e ~ ~ o i i  X a p a K T e p H c T m H  I I O J I ~ ~ H O ~ O  M c K o n a e M o r o .  

npFi JIpOeKTHpOBaHHH O ~ % ~ K T O B  llpOMbIIllJIeHHOl?O CTPOHTeJIbCTBa 

IlpOeKTHbIe OpI ' aHH3aqHH AOJIWHbI PYKOBOACTBOBaTbCR: 

OCHOBHHMR TeXHWeCKHMH HaIlPaBJIeHHRMH, COCTaBJIeHHbIMH 

C y¶eTOM 6nmxaiimefi IIepCIIeKTHBbI Pa3BHTHR H a y K H  H TeX- 

HHKH; 

~ ~ ~ c T B ~ I ~ ~ H M H  HOPMaMH, IIPaBHJIaMH H yKa3aHHRMH no llpOeKTH- 

POBaHHH) H CTPOMTeJIbCTBY, CTaHAapTaMA H a  MaTepHaJIbI  H IfaAeJIHR, 

KaTaJIOI'aMH THnOBbIX IIPOeKTOB; 

YTBePlrCAeHHbIMH I I p e f i c K y p a ~ T a ~ H ,  CMeTHbIMH HOPMaTHBaMH, PaC-  

4 e H K a M H  H 4eHHHKaMH; 

HOPMaTHBaMH YAeJILHbIX KaIIHTaJILHJdX B J I o W ~ H H ~ ~  AJIR A ~ H H O ~  OTpaCnH 

IlPOMbIIIUIeHHOCTH. 

I I p o e ~ ~ ~ p o ~ a ~ n e  n p e ~ n p n ~ ~ n f i ,  a ~ a ~ m i i  E c o o p y m e ~ ~ i i  M o x e T  OCY- 

IqeCTBJIRTbCR B ABe CTaAHH - T ~ X H H ¶ ~ C K H ~ ~  IIPOeKT H pa6osae ¶ e p T e X H  

HJIH B OAHY CTaAHIo - p a 6 o s ~ f i  IIpOeHT ( T ~ X H K ~ ~ C K H &  IIPOeKT, COBMe- 

IqeHHbIf C ~ ~ ~ O ¶ H M H  s e p ~ e x a ~ ~ ) .  
PeLIleHHe 0 p a 3 p a 6 0 ~ K e  IlpOeKTOB B ABe HJIH OAHy CTaAHIo IIpmHIXMa- 

eTCR MHHHCTePCTBaMH, BeAOMCTBaMH H COBeTaMH MHHHCTPOB COIo3HbIX 

pecny6.n~~.  
AJIR OIIpeAeJIeHHR C M ~ T H O ~  CTOHMOCTH CTPOHTeJIbCTBa H a  CTaAIlH 

TeXH~¶eCKOI'O IIpOeKTa COCTaBJIfieTCfi CBOAHaR CMeTa. 

B HeKOTOPhIX C X y s a R X  A 0  Ha¶aJIa  BbIIIOJIHeHHR TeXHH¶eCKOI'O n p O e K T a  

COCTaBJIReTCR T ~ X H H K O - ~ K O H O M H ~ ~ C H ~  AOKJIaA (T3A), B KOTOPOM H a -  

Me¶aIoTCfi OCHOBHbIe IIOJIOWeHHH IIpOeKTa,  yHa3HBaIoTCR OCHOBHbIe Ba- 

pnamar, n p ~ 6 n ~ l r c e ~ ~ o  AaeTCR nx 3KOHOMWeCKaR o q e ~ ~ a  H A e n a e T c s  

3aKJIIo¶eHHe 06 ~ K O H O M H ¶ ~ C K O ~ ~  ~ ~ J I ~ C O O ~ P ~ ~ H O C T H  IIpOeKTHpO- 

BIHHR. 

B TeXHHTeCKOM IIpOeHTe OqeHRBaeTCR T e X H W e C K a R  BO3MOXHOCTL 

H 3KOHOMH¶€?CKaR ~ ~ J I ~ c o o ~ ~ ~ ~ H o c T ~  CTpOHTeJIbCTBa DpeAIIpHRTHR, 060-  

CHoBHBaIoTcR OcHoBHbIe T e x H o n o r m ¶ e c K H e  pemerrm, B TOM mcne  rpa- 
H H ~ M  m n a p a M e T p H  E a p b e p a ,  c11oco6 BcHpHTmH, M o n e n m  r o p H o T p a H c n o p T -  

HOrO O ~ O P Y ~ O B ~ H H R ,  CHCTeMa p a 3 p a 6 0 ~ K H ,  K a J I e ~ ~ a p ~ h I i i  n J I a H ,  yTO¶HR- 

eTccr mnm o n p e A e n R e T c R  U ~ O H ~ B O A C T B ~ H H ~ R  M O I ~ H O C T L  K a p b e p a ,  pe- 
IITaIoTCR BOIIPOCH O p r a H H 3 a q H H  CTpOmTenbCTBa, MeTOAOB n e p e p a 6 0 ~ ~ ~  

IIpOAYK4HH, OIIpeAeJIReTCR CMeTHafl CTOHMOCTL CTPOHTeJILCTBa H OCHOBHbIe 

TeXHHKO-3KOHOMH9eCIEEIe IIOKa3aTeJIH. 

B cTaAHH pa6osmx sep~eweii  IIPOH~BOAHTCII ~ e ~ a n m a a q ~ ~  H K o p p e K -  

THPOBKa IIpOeKTHhIX p e m e ~ H f i  IIO OTAeJIbHbIM 0 6 ' b e ~ ~ a ~  H COOPYXeHHRM. 

P a 6 o s ~ e  t I e p T e X H  BbInOJIHRIoTCR C y¶eTOM TeXHWeCKHX AEIHHHX H3- 

I'OTOBZReMOrO H 3aHa3aHHOrO 0 6 0 p y p o ~ a ~ ~ ~ .  Ha OCHOBaHHH pa6osmx 
q e p ~ e s ~ ~ e f i  COCTaBJIRIoTCR pa6osme CMeTbI, IIO KOTOPHM OCYIqeCTBJIReTCR 

@ H H ~ H C H ~ O B ~ H H ~  CTpORTeJI bCTBa. 

P a 6 o n ~ e  s e p T e m i  no r 0 p ~ 0 f  s a c T m  B K n I o s a I o T  n n a H H  ropmrx pa6o.r 
no rOpH30HTaM H 3TaUaM C P ~ ~ ~ E I B K O ~ ~  0 6 a e ~ o ~  p a 6 0 ~  no I'OAaM H CnO- 

c o 6 a ~ ,  A e T a n b H H e  n n a H =  rn npo@~nm ~ p a ~ m e i i ,  c n e 3 ~ 0 ~  H T. A. Ha K p y n -  

HHX I'OPHbIX IIPeAIIPHRTHRX HeKOTOPbIe IlPOeKTHbIe HHCTHTYTH HMeK)T 

CBOH rpYIIIIbI  AJIR ~ o p a 6 o ~ K m  H KOppeKTHpOBKH pa6osmx s e p ~ e x e f i  
C y¶eTOM CJIOWHBmHXCR IIPH CTPOHTeJIbCTBe Y C J I O B H ~ ~ ,  a T a m e  AJIR OCY- 

I q e c T s n e H s H  a B T o p c K o r o  ~ a ~ a o p a .  
A0 H a s a J I a  IIpOeHTHpOBaHHR 3 a K a 3 9 H K  IIpOeKTa H n p O e K T H a R  Op- 

r a ~ ~ 3 a q ~ ~  IIPOH~BOART c o r n a c o B a H m e  MecTa  p a c n o a o m e H m R  n p o e K T H -  

p y e M o r o  o 6 a e ~ ~ a  rn n p t r M e p H M e  p a a ~ e p ~  HaMeYaeMHx K H ~ ~ R T H I ~  yqa- 
C,TKOB. C O ~ J I ~ C O B E ~ H H ~  IIPOH3BOAHTCR: C HCIIOJIKOMOM MeCTHOrO C O B ~ T ~  
AeIlyTaTOR TpyARWHXCR H BhTAeJIeHHbIMH HM IIpeACTaBHTeJIIIMH MeCTHbIX 

o p r a ~ ~ 3 a q t r f i ,  BeAaIoIqHX 3 K c n J I y a ~ a q H e f i  TPaHCIIOPTHbIX K O ~ ~ M Y H H K ~ ~ H ~ ~ ,  
c e~e f i  ~ J I ~ K T P O C H ~ ~ ~ I ( ~ H H R ,  T ~ I I J I  O C H ~ ~ W ~ H E I R ,  B O A O C H ~ ~ X ~ H H R ,  KaHaJIH- 

3 a 4 H H ,  CBR3H H T. A., C MeCTHbIMH OPI'aHH3aqHRMH I ' O C Y A ~ P C T B ~ H H O ~ ~  Ca- 

H H T ~ P H O ~  HHCIIeHqHH, I'OCYAaPCTBeHHOI'O IIOWapHOrO H a p s o p a ,  roc- 
r o p ~ e x ~ a ~ 3 o p a ;  c O p r a H a M H  c o B e T a  MHHHcTPOB c01o3HbIx p e c n y 6 ~ 1 ~ ~  
IIO HCIIOJIb30BaHEIIo H O X p a H e  BOAHHX p e C y p C 0 B ;  C YIIpaBJIeHHeM X e J I e 3 -  

HOG AOpOrH MnC;  C M H H H C T ~ ~ C T B O M  CBR3H CCCP k3 C MHHHCT~PCTBOM 
3HepI'eTHKH H ~ J I ~ K T ~ H @ H K ~ ~ B H  CCCP. 

3ncnepmuaa, ymsepmde~ue npoe~mos u catem. B H n o n ~ e H ~ o e  npo- 
eKTH0e 3aAaIIHe  CO CBOAHbIM C M ~ T H O - @ E I H ~ H C O B ~ I M  PaC¶eTOM AOJISHO 

~ H T L  COrJIaCOBaHO C 3aKa39HKOM H o p r a H H 3 a q H e f ,  KOTOPaR ~ Y A ~ T  OCY- 

IqeCTBJIRTb CTpOHTeJILCTBO 0 6 ' b e K ~ a ,  TaIc Ha3HBaeMHM r e H e p a Z L H H M  Eon- 
PRA¶HKOM, H IIOABePrHYTO 3KCIIePTH3e. 

OCHOBHM~ ¶aCTH n p O e K T a  ( r 0 p ~ a R  ¶aCTb,  TpaHCnOpT, 06ora1qe~~e  
H AP.) PaCCMaTPHBalOT COOTBeTCTBYIo4He CIIeqHaJIbHHe 3KCIIePTHhIe 

ICOMHCCHH, a B qeJIOM IlpOeKT IIOCJIe 0 ~ 0 6 p e ~ ~ ~  B COOTBeTCTBYIoIqHX 

MHHHCTepCTBaX H BeAOMCTBaX IIOABepraeTCR I ' O C ~ ~ ~ ~ C T B ~ H H O ~  3KCIIep- 

TH3e B ~ O C C T P O ~  ~ 0 I o 3 ~ 0 6  ~ ~ C I I Y ~ J I H K H  HJIH, B 3aBHCHMOCTH OT C M ~ T H O ~  

CTOHMOCTH CTPOHTeJIbCTBa, B ~ O C C T ~ O ~  CCCP. 



~ O C J I ~  a ~ c n e p ~ ~ a a r  r r p o e K T H o e  s a ~ a ~ ~ e  y T H e p x A a e T c R  (B ~ ~ B E I C H -  

MOCTH OT C M ~ T H O ~  CTOHMOCTH C T P O H T ~ J I ~ C T B ~ )  B ~ ~ c I I ~ ~ J I H K ~ H c K H x  NJIH 

COIO3HbIX MHHHCTePCTBaX H BeAOMCTBaX HJIH B C O B ~ T ~  MHHHCTPOB CO- 

I03~0fi  ~ ~ C I I Y ~ J I H K E I  HJIH CCCP. 

T O ~ H O C T ~  paC¶eTOB H P e a J I b H O C T b  IIpOeKTHbIX p e I l I e ~ H 6  3aBHCRT ripe- 
XAe B c e r o  OT A o c T o B e p H o c T H  r e o n o r o p a 3 ~ e ~ o s ~ ~ x  M a T e p m a n o B ,  K KOTO- 

P ~ I M  n p e A a R B n m o T c R  O n p e A e J I e H H M e  T ~ ~ ~ O B ~ H H R  no c o A e p m a H n r o ,  

o 6 a e ~ y  H CTeIIeHH .l(eTaJIlX3aqHH. AJIR I IPOeKTHPOBaHHR K a p b e p a  He- 

O ~ X O A E I M  OT¶eT 0 reOJIOI'OPa3BeAO¶HhIX p a 6 0 ~ a x  B CTaAHH A e ~ a J l b ~ ~ f i  pas- 
BeAKH. O T ¶ ~ T  H IIOAC¶HTaHHbIe 3a I IaCbI  AOJIiKHbI 6 H ~ b  Y T B e p X A e H b I  r0- 
C ~ A ~ ~ C T B ~ H H O ~ ~  K O M H C C H ~ ~ ~  IIO 3 a I I a C a M  IIOJIeBHhlX HCKOIIaeMHX (rs3). 

O T ¶ ~ T  AOJIXeH C O A e p X a T b  BCe CBeAeHUcI, H ~ O ~ X O ~ H M ~ I ~  I l p H  n p O e K -  

THPOBaHHH H I IpeHiAe  BCerO:  reOJIOI'H¶eCKyH, X a p a K T e p E C T H K y  MeCTO- 

p o x i A e H H a  ( @ o p ~ a  o T n e n b H b I x  saxexeii, YCJIOBHR a a n e r a ~ ~ ~ ,  p a s u e p ~ ,  
C T p y K T y p a ,  ( P H ~ H K O - M ~ X ~ H H ~ ~ C K H ~  C B O ~ C T B B  PYA H IIOPOA, T H n b I  PYA 
H HX pacnpeneneme B npenenax ~ e c ~ o p o m n e ~ m ~ ) ;  K a s e c T s e H H y r o  xaparc- 
TePHCTHKY PYA; ~HAPOI'eOJIOI'FFIeCKYH) X a P a K T e P H C T B K Y  MeCTOPOBgfPReHHR 

H BMeIQaIOIQHX IIOPOA; IIOAC¶eT 3aIIaCOB IIOJIe3HOI'O HCKOIIaeMOrO. B OT- 

s e T e  A o n m H a  6 b 1 ~ b  y ~ a 3 a a a  c T e n e H b  ~ ~ ~ B ~ A ~ H H O C T H  H oqema nepcnerc- 
THBHOCTII MeCTOPOXAeHHR. 

H o T Y e T y  n p m a r a w r c ~  ~ o n o r p a @ ~ s e c ~ ~ e  K a p m  p a i i o ~ a  H y s a c T K a  

MeCTOPOXAeHHR C HaHeCeHHeM BCeX rOPHbIX EI p a 3 B e A 0 9 H b I X  B ~ I P ~ ~ O T O K ,  

a ~ a ~ ~ i i  H c o o p y x e ~ ~ i i ;  r e o n o r H s e c K H e  I i a p T M  p a f i o ~ a  H M e c T o p o m n e -  

HHR; n p o A o n b H b I e  H I I o n e p e s H M e  reonorrisecme paapesmr; noropm- 
3OHTHLIe IIJIaHbI AJIR KPYTOIIanaH)II(HX M ~ C T O P O X A ~ H H H  H IIJIaHbI H 3 0 -  

MoII(HocT~~~[ HAH H ~ O J I Z I H H ~  IIO¶BbI EI KPOBJIH I I p H  IIOJIOI'OM HX I l a n e H H H .  

Bce pa3pe3bI H n J I a H h l  AOJIXHH 6 b I ~ b  B3aHMOYBR3aHbI H HMeTb re0- 
MeTPH9eCKYICl I IPHBR3KY K CeTKe KOOpAHHaT BJIH KBKHM-JIH~O OPHeHTH- 

p a M .  

B OTAeJIbHbIX CJIY¶aRX K OTPeTY IIPHJIaraIOTCII  T a K X e  6 y p o ~ h 1 e  

x y p H a n b I  c o n H c a a H e M  X e p H a ,  o 6 p a 3 q b 1  K e p H a  H A p y r H e  M a T e p H a n b I .  

B q e n o M  n o n y s e H H H e  M a T e p m a m  ApnHcHar A a s a T b  c I c H o e  n p e n c T a B -  

J IeHHe 06 YCJIOBHRX p a 3 p a 6 0 ~ ~ ~ ,  H I Ipe iKAe  BCerO 0 @ 0 p ~ e  MeCTOpOXCAeHHR. 

C T p o e H H H  PYAHMX T e n ,  K a s e c T B e  noneaaoro H c K o n a e M o r o ,  C R O ~ C T E ~  

n o p o ~ ,  r H A p o r e o n o r m s e c K E i x  YCJIOBHRX H p e n b e @ e  MecTHocTH. H a ~ e x -  
HOCTb PeI I IeHHR ~ o J I ~ I U H H C T B ~  3aAas I l p H  I lpOeKTHpOBaHHH 3aBHCHT 

IIpeXAe B C e r O  OT AOCTOBePHOCTH HCXOAHMX A a H H H X  H HX COOTBeTCTBIlR 

y c n o ~ ~ c r n r  a a ~ a s ~ .  
~ C X O A H M ~  AaHHbIe  MOXHO IIOAPa3AeJIHTb H a  reOMeTpH¶eCKHe,  TeX- 

HH¶eCKHe EI TeXHEIKO-3KOHOMWeCKHe. 

reOMeTPH¶eCKHM OTHOCRTCR 3JIeMeHThI 3 a J I e r a H H R  Mt?CTOpOXAeHlffl 

( M O L ~ H O C T ~ ,  yrox n a A e a m R  H T. A.);  B e n H s m h l ,  x a p a ~ ~ e p ~ 3 y r o ~ q m e  CBOII- 

CTBa IIOpOA; 3 a n a C b I  MeCTOPOXAeHHR; o 6 a e ~ b 1  BCKpbImH;  p a 3 M e p b I  I c a p b -  

e p H o r o  n o m  H ~ p .  B e n ~ s ~ ~ a  ~ T H X  n a p a M e T p o B  o n p e A e m e T c R  B p e 3 y ~ i b -  

T a T e  H ~ M ~ P ~ H H ~ ,  IIPH K O T O P ~ I X  A o n y c K a e T c H  n o r p e m H o c T b ,  onpenem- 

Pamepar sanex(~trr ( M O ~ ~ ~ O C T I , ,  yro.7 naaeaan, Anma. 
nnorqaab) . . . . . . . . . . . . . . . . . .. . . . t 10% 

06.be~aare seca no.7r3~oro IlcI<oirac.nrr)ro 11 nycTnx nopo;c 
IlnOTHMX . . . . . . . . . . . . . . . . . . . . 2 1 % 
parxnarx . . . . . . . . . . . . . . . . . . . . 2 5 %  

% B + $ ~ ~ H ~ H T ~ I  paaparxneaalr . . . . . . . . . . . . . * 5 % 
I C m ~ ~ l q n e a ~ ~  KpenocTH B npeaenax ~ a ~ e r o p ~ i ; i  no rrIIta 

JIe np0G. M. ~ ~ O T O ~ ~ H K O H O B ~  . . . . . . . . . . iZ 2-3% 
Concpmaa~le noneaaoro KoMnoHcIITa . . . . . . . . . t- 10% 

T O ~ I J O C T ~  O n p e A e a e H m R  (Pm3mrco-M~X~HH~~CICEIX C B O ~ C T B  nopon m cTe-  

n e H b  ~ ~ ~ B ~ A ~ H H O C T H  s a n a c o ~  ~ . n n  nepnoro n e p H o g a  3 ~ c r m y a ~ a q ~ ~  Mec-  

TOPOXAeI IHR AJIEITeJIbHJCTbH) 10-12 JIeT A0.7rICHbI 6 b 1 ~ b  BbIIIIe, ¶eM AJIR 
nocnenyrorqnx. AJIR n e p p I o g o B ,  3a npeAenami 20-25 JIeT,  B O ~ M O > K H H  

n n r n h  ~ ~ H ~ J I H X ~ H H H ~  pacsem. 
K TeXHHseCKHM HCXOAHhIM AaHHbIM OTHOCRTCR p a 6 0 ¶ ~ l e  p a 3 M e p b I  

I O ~ O P Y A O B B H H R  ( H ~ I I P H M ~ P ,  eMKOCTb KOBIUa ~ K C H ~ B ~ T O ~ ~ ) ;  K O B @ @ H ~ H -  

e H T H  IIOJIe3HOI'O HCIIOJIb30BaHHFI ~ M K O C T ~ ~ ~  TPaHCIIOPTHbIX CpeACTB; 

MOII(H0CTb O ~ O P Y ~ O B ~ H H I I ;  pa6osee H K a J I e H A a p H O e  BpeMFI; IIPOH3BO- 

AtITeJIbHOCTb O ~ O ~ Y ~ O B ~ H H H  H Z P Y r E l e  I I a p a M e T p b I  MaIUIlH,  P a C X O n  Ma-  

a e p H a n o B  H T. n. 
Ha T O ~ H O C T ~  T e x H m e c m x  n a p a M e T p o B  K p o M e  npzxpommx reo- 

J IOrmseCKHX Y C J I O B H ~  T a K X e  BJIHRIOT: O p r a H H 3 a q H R  T p Y A a ;  0 6 ~ ~ 2  YPO- 

3 e H b  KYJIbTYPhI I I P O H 3 B O ~ C T R a ;  CTeIIeHb K R ~ J I H @ H K ~ ~ H H  pa6osnx; KJIH- 

? MaTH¶eCKHe YCJIOBHR. 

3 a ~ a ¶ a  I l p O e K T H p O B ~ H K a  3aKJIIOqaeTCR B TOM, 9 ~ 0 6 ~  ~ O ~ H T ~ C I I  H a H -  

6 0 J I b m e r 0  COOTBeTCTBHR TeXHHYeCKHX ECXOAHbIX AaHHbIX YCJIOBHRM 

3 a A a ¶ H .  ~ O ~ P ~ I I I H O C T ~  ~ o J I ~ I I I I I H c T B ~  TeXHHPeCKHX AaHHbIX COCTaBJIReT 

+ 5 - 10%.  TO I l O A T B e p X g a e T C R  OTKJIOHeHIlRMH @ ~ K T H ¶ ~ C K E I X  p a 3 M e p O B  - 
OT paC¶eTHMX,  KOTOphIe COCTaBJIRIoT 1oo/o (AJIR IXIHPElHbI pa6oseii n J I 0 -  

Q a A K H ,  BbICOTbI YCTYlla B CKaJIbHbIX IIOPOAaX, P ~ C C T O I I H H ~ I  M e X A Y  CKBa- 

I XiHHaMH H T. A.). 
~ K O H O M H ~ ~ C K E I ~  HCXOAHMe AaHHbIe  MOXHO Pa3AeJ I I ITb  H a  ABe rpyllllbI. 

IC n e p ~ o i i  rpynne OTHOCRTCR o @ ~ q z i a n b ~ o  y T s e p x A e H H b I e  n o ~ a a a ~ e n ~ :  
I I p e i c ~ y p a H ~ b I  q e H ,  ~ a p m @ H h I e  CTaBKEI, eAHHH¶HbIe P a C q e H K H ,  HOPMbI 

R M P ~ ~ O T K H ,  HOPMBTHBH PaCXOAa MaTepHaJIOB,  3 H e p r l n H  H T. n. OHH HC- 

nOJIb3yIoTCR AJIR p a C ¶ e T a  CMeT, K ~ J I ~ H ~ J I R ~ H ~ ,  OIIpeAeJIeHEIR I l ITaTa  

O ~ C J I ~ X H B ~ I O I Q ~ ~ O  n e p c o H a n a ,  pacxona M a T e p m a n o B  H T. n. 
K O  ~ ~ o p o i i  rpynne OTHOCRTCR p a 3 n m s ~ b 1 e  y A e n b H M e  ~ K O H O M H ~ ~ C K H ~  

IIOKa3aTeJIH,  I IPHHHMaeMbIe B Ka¶eCTBe  HCXOAHbIX AaHHbIX AJIR TeXHHKO- 

3 K O I ~ o M a s e c K l r x  pacseroe: c e 6 e c ~ o a ~ o c ~ b  I m n o 6 b 1 s a  n o n e a ~ o r o  HC- 

KOIIaeMOI'O, C ~ ~ ~ C T O E I M O C T ~  1 JC3 BCKpbIIUH, C ~ ~ ~ C T O H M O C T ~  1 mlCJC, 



B C T O ¶ H H K ~ M ~  3THX I I o K a 3 a ~ e J I e 6  0 6 ~ 9 ~ 0  ~ ~ I B ~ I O T  I I P O e K T H b I e  HJ IH  

OT¶t?THhIe M a T e p H a J I b I .  H O ~ T O M Y  H a A e X H O C T b  I I 0 K a 3 a ~ e J I e s  3 a B H C H T  OT 

CTeI I eHm COOTBeTCTBmR ~ C J I O B H G  3 a A a ¶ H  T e M  YCJIOBHIIM, AJIII KOTOpbIX 

n o a y s e H b I  4 a ~ ~ n s e c ~ ~ e  mnra n p o e K T H M e  M a T e p H a n b I .  

E0JIee TO¶HbIe  3KOHOMH9eCKHe  D O K a 3 a T e J I m  M O r Y T  6 b I ~ b  I IOJIY¶eHbI  

I I p H  O I I p e A e J I e H H H  Fix p a C ¶ e T H h I M  I I y T e M  H a  OCHOBe 3CKH3HbIX I IPOeKTOR 

m Y K p y I I H e H H b I X  paC¶eTOB.  H ~ A O C T ~ T O K  cnoco6a - 6onbmas T p y n O -  

eMKOCTb  p a 6 0 ~ .  , A O C T O B ~ P H O C T ~  3KOHOMH9eCKHX EICXOAHbIX AaHHbIX M e H b I E e ,  ¶ e M  

r e o M e T p m e c K n x  H T e x H n s e c K m x  n o ~ a ~ a ~ e n e f ,  T a K  K a K  H a  HHX ewe 60nb- 
met? BJ lmRHHe  O K a 3 b I B a I o T  eCTeCTBeHHbIe  YCJIOBHSX, COCTORHHe T e X H H K H  

EI O p r a H H 3 a q E I H  I IpOH3BOACTBa .  C T O ~ M O C T H ~ I ~  I I O K a 3 a T e J I H  3aBHCI IT  OT 11 ~ o n e 6 a ~ m ~  o T n y c K H M x  q e ~ ,  T e M n o B  T ~ X H H ¶ ~ C K O ~ O  nporpecca H 4 a ~ ~ o p a  
B p e M e H H .  

I C a K  T e X H H ¶ e C K H e ,  T a K  H B O C O ~ ~ H H O C T H  CTOHMOCTHbIe n O K a 3 a T e J I H  ~ HBJIIIIOTCH BeJIH?IHHaMFi I I ePeMeHHbIMkI .  OHH 3aBFlCIIT OT ~ a c m ~ a 6 a  pa- 
~ O T ,  ~ J I Y ~ H H ~ I  R a p b e p a ,  I I e p H O A a  B p e M e H H  H A p y r E i X  ~ ~ K T O P O B .  O A H ~ K O ,  

I Y¶HTbIBaII ,  ¶TO 3 T H  I I O K a 3 a T e J I H  I IPH~JIEIX~HHH H HX H 3 M e H e H H H  IIOA BJIH- 

1 H H R e M  T e X  HJIM HHbIX @ ~ K T O P O B ,  B P H A e  C J I y ¶ a e B  A ~ G c T B ~ I ~ I I ( H x  I IpO-  

T m B o n o n o x H o ,  H e  B~IXOAIIT 3a npeneaar HX n o r p e m H o c T H ,  OHH M o r y T  
I 

6b1~b IIPHHIITbI  YCJIOBHO-IIOCTOIIHHbIMH. T a ~ o i i  IIOAXOA K Ha3Ha¶eHFi IO  

~ HCXOAHbIX AaHHbIX IIBJIIIeTCII O ~ I I ( ~ I I P H H R T H M  B I I p a K T H K e  I IpOeKTHbIX 

o p r a ~ m 3 a q ~ i i .  O ~ H ~ K O  OH M O X e T  6 b I ~ b  A O n y w e H  TOJIbKO B OI IpeAeJ IeHHbIH 

1 npenenax, B ~ ~ C T H O C T M ,  ~a C P O K H H ~  60~1ee 10-15 n e ~ .  
ECJIH D p H  T ~ X H H K O - ~ K O H O M ~ ¶ ~ C K O ~  0 4 e H K e  B a p m a H T O B  H ~ O ~ X O A H M O  

YCTaHOBHTb  BJIHIIHHe T o r 0  HJIH MHOrO ~ ~ K T O P ~  ( H ~ I I ~ H M ~ ~ ,  ~ J I Y ~ H H ~ I  

~ a p b e p a )  H a  a K o H o M H s e c K m e  p e a y ~ ~ b ~ a ~ b ~  HJIH K o r A a  B npoeme p e m a I o T c R  

BOIIPOCbI, C B R 3 a H H b I e  CO 3Ha'XFlTeJIbHbIM B O 3 p a C T a H H e M  I IPOH~BOACTB~HHO% 

MOWHOCTH IIPeAIIPHIITIXR,  a T a K X e  C AJIHTeJIbHbIMH C p O K a M H  p a 3 p a 6 0 ~ K H  

(60~1ee 25-30 n e ~ ) ,  n e p e ~ e ~ ~ ~ i i  xapawep C T o m M o c T H r a x  n o ~ a s a ~ e n e i i  
H e J I b 3 I I  H e  Y q H T b I B a T b .  

A ~ T ~ ~ ~ H o c T ~  H T O Y H O C T ~  pememm OCHOBHMX a a ~ a s  B npoewe, 
T a m x ,  KaIC O n p e A e n e H H e  OCHOBHHX H a p a M e T p o B  K a p b e p a ,  ~b160p ~ O P H O -  

TpaHCnOpTHOI 'O  0 6 o p y ~ o ~ a ~ m I I ,  YCTaHOBJIeHHe  OCHOBHhIX 3J I eMeHTOB 

CHCTeMbI p a 3 p a 6 0 ~ ~ ~  Ei cnoco60~ BCKPbITHII ,  H a 3 H a ¶ e H H e  HCXOAHHX A a H -  

H ~ I X  K ~ K O H O M H P ~ C K H M  P ~ C ¶ ~ T ~ M  O I I ~ ~ A ~ J I ~ H H ~  T ~ X H H I E O - ~ K O H O M ~ ¶ ~ C K H X  

n o K a 3 a ~ e J I e 5 ,  AOJIXHbI  COOTBeTCTBOBaTb 3 T a I I a M  pa3pa60~1r~.  AJIH nep- 
B O r O  I I e P H O A a  AJIHTeJIbHOCTbK) 10-12 J IeT  p a C ¶ e T b I  BbIIIOJIHIIIoTCR C BbI- 

COKOG TO'XHOCTbIo H AOCTaTO¶HO IIOJIHO Y¶HTbIBa IoT  P e a J I b H b I e  r O p H O r e 0 -  

J IOrH'3eCKHe EI TeXHHKO-3KOHOMH¶eCKHe YCJIOBHII. AOIIYCTHM~R I I O r p e m -  

HOCTb  P e U I e H H I I  OCHOBHbIX TeXHHKO-3KOHOMH9eCKHX saga¶ B 3aBHCHMOCTm 

OT C T e I I e H H  p a 3 B e A a H H O C T H  HaXOAHTCR B I I p e n e J I a X  10-20%. 
AJIII B T O P O r O  I I epEIOAa  AJIHTeJIbHOCTbIo 10-12 J I e T  TO'XHOCTb p a C ¶ e T O B  

H H a A e X H O C T b  HX P e 3 Y J I b T a T O B  CHHXaIOTCI I ,  T a K  K a K  OHH OCHOBbIBaIoTCII 

H a  I I P H ~ J I E ~ x ~ H H ~ I x  I IOI i a3aTeJ I I IX  pa3~m~ns-1 T e X H H K H  H TeXHOJIOrlXM ~ J I H -  

maGmero 6 y ~ y q e r o .  
AJIII T p e T b e r O  Ei nOCJIeAyK)It(HX I I epHOAOB H a  OCHOBe 0 6 1 4 ~ ~  3aKOHO-  

M ~ ~ H O C T ~ ~  B pa3BmTl iE i  TeXHH¶eCKOrO I IpOI ' peCCa  YCTaHaBJ IHBaIoTCR 
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I I ~ O ~ K T H ~ O R ~ H H ~  I c a p b e p o B  -  TO ~ ~ o p q e c ~ m i i  npoqecc, C O C T O H J ~ ~ ~  

H 3  P e m e H H R  Pa3J IH ' IHbIX  TeXHH¶eCKHX,  3KOHOMH9eCKBX H TeXHHKO-  

3KOHOMM9eCKHX 3aAa¶. 
E O J I ~ ~ H H C T B O  T e x H m Y e c K H x  a a ~ a s  ( r o p ~ o r e o ~ e ~ p m ~ e c r c m e ,  T e x H o -  

normsecmle, M e x a H H s e c m e ,  C T p o H T e n b H b I e  H T. n.) p e m a I o T c R  O ~ ~ I ¶ H ~ I M H  

EIJIH C I I e q H a J I b H b I M H  MeTOAaMH, a TaKHCe C n O M O q b I o  M a T e M a T H H H ,  Me-  

x a H m x H  H ~p yrmx c n e q H a n b ~ b ~ x  A m c q E i n n H H .  

IC ~ E C J I Y  T e x H m e c m x  aanas OTHOCIITCII, H a n p m e p ,  O n p e A e n e H m e  yrna 
~ C T O H ~ H B O C T H  omoca 6 o p ~ a  m n H  y c T y n a ,  O n p e A e a e H H e  O ~ S B M O B  BCKP~IIIIH 

II a a n a c o ~  n o ~ r e 3 ~ o r o  j m c K o n a e M o r o  B K o H T y p a x  H a p b e p a ,  p a c s e T  

M E I H H M ~ J I ~ H O ~  JlImpHHbI pa6osefi I I J IOwaAKH,  paC?IeT IIPOH3BOAEITeJIbHOCTH 

a ~ c ~ a ~ a ~ o p a ,  o n p e A e n e H m e  n p o A o n x m T e n b H o c T H  pejica noeana, onpe- 
A e n e H l i e  n o n e p e s H o r o  c e n e H m  JI3II m T. n. 

~ K O H O M ~ ~ C K H ~  s a ~ a s ~  n p o e K T a  ( ~ a n p ~ ~ e p ,  onpeneneme C M ~ T H O ~  

CTOIXMOCTH I IPOAYK~HIT)  P e m a I o T C R  C P a B H H T e J I b H O  HeCJIOXiHbIMH, XOTII 

11 T P y A O e M K H M H  MeTOAaMH. O T J I K ~ H T ~ J I ~ H ~ H  O C O ~ ~ H H O C T ~  3aAa¶  TOG 
rpynnbr a a ~ ~ ~ ~ o s a e ~ c ~  B O A H O ~ H ~ ¶ H O C T H  EIX pemeama. 

Ha~6onee  CJIOHCHbI TeXHFiKO-3KOHOMH'leCIiEIe HJIH I'OPHO-3KOHOMH- 

'XeCKHe 3 a A a ¶ H ,  OTJ IH¶ l iTeJ IbHaH O C O ~ ~ H H O C T ~  KOTOpbIX  3 a K J I I 0 9 a e T C I I  B MHO- 

i1;L'CTBeHHOCTH B03MOWHbIX ~ ~ I I I ~ H E I B ,  O T B e ¶ a I o q H X  TeXHH¶eCKIXM HJIm 

TeXHOJIOI'H'XeCKlXM T ~ ~ ~ O B ~ H H H M ,  HO Pa3J IHYaIOwHXCEI  IIO 3IFOHOMH9e- 

CKHM p e 3 y J I b T a T a M .  ~ O ~ T O M Y  H ~ O ~ X O A H M O  I lOABepI 'HYTb  3KOHOMEI- 

s e c ~ o f i  o q e ~ ~ e  pe3ynb~a~b1 B O ~ M O X H ~ I X  pememii s a ~ a s  H n p H H r x T b  

OI ITHMaXbHLIe  AJIII AaHHbIX Y C J I O B H ~ .  

T ~ X H H K O - ~ K O H O M H ¶ ~ C I C H ~  3 a A a ¶ H  P e m a I O T C R  p a 3 J I H 9 H b I M H  MeTOAaMH 

TeXHHKO-3KOHOMH¶eCKOr0 a H a J I H 3 a .  T ~ X H H I C O - ~ I F O H O M ~ ¶ ~ C K H ~ ~  a H a J I H 3  - 

3 T 0  COBOKYIIHOCTb MeTOAOB K O J I H ¶ ~ C T B ~ H H O ~ ~ [  H K ~ ¶ ~ c T B ~ H H o ~ ~ [  0 4 e H K H  

~ ~ I F T O P O B  H n a p a M e T p o B ,  o n p e n e m I o r q H x  m c ~ o ~ ~ f i  p e 3 y n b ~ a ~  p e m e H E i R  

a a ~ a r ~ .  
I C O J I H ~ ~ C T B ~ H H ~ I I  O q e H K a  I I03BOJI I I eT  OCYweCTBJI I ITb  H 3 M e p e H H e  m,  

C J e A O B a T e J I b H O  , COIIOCTaBJIeHHe OIIpeAeJIHIol I (HX ~ ~ I F T O P O B  IiI I I a p a M e T p O B  

IIOCpeACTBOM I IPHHRTbIX TeXHH¶eCKHX H 3KOHOMH¶eCKHX I I o K a 3 a ~ e J I e f i .  

B K a ¶ e C T B e  T a K H X  110Ka3a~eJIeij[ HCIIOJIb3YIoT BeJ IH¶HHY AeHeS-KHhIX 38- 

T p a T  H n m  npm6b1nb 3a o n p e ~ e n e ~ ~ b ~ i j r  H e p H o n  B p e M e H m ,  sennsmy 
K ~ I I H T ~ J I o B J I o H C ~ E L I ~ ~ [ ,  C ~ ~ ~ C T O M M O C T ~  I I P O A Y K 4 H H ,  I IpOEI3BOnHTeJIbHOCTb 

T p y A a ,  P a C X O A  3 J I e K T P 0 3 H e p r I I H ,  M e T a J I J I a ,  BB H CB H T. n. 
I C O J I H ¶ ~ C T B ~ H H ~ R  O q e H K a  ~a1160~1ee TO¶Ha  H O ~ Z ~ K T H B H ~ ,  T a g  K a K  

M O X e T  6b1~b O C Y w e C T B J I e H a  COBOKYIIHbIM O A H 0 3 H a 9 H h I M  E 3 M e p e H H e M ,  

BbIPaHCeHHbIM B B H A e  ¶HCJIa .  UpIi K O J I H ¶ ~ C T B ~ H I T O ~ ~  O q e H K e  B O 3 M O X H O  

H C I I O J I b 3 0 B a H H e  BbI¶IXCJIHTeJIbHbIX MaLLImH AJIII P e m e H H R  3aAa 'XH.  

O A H ~ K O  I l p H  P e m e H H H  MHOI'HX 3aAa¶, CBI I3aHHhlX  C O T K P H T O ~ ~  pas- 
p a 6 0 ~ ~ 0 f T  M ~ C T O P O H C A ~ H H ~ ~ ,  6 b I ~ a e ~  TPYAHbIM, a HHOI'Aa n p a K T H ¶ e C K m  
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HeB03MO?KHbIM CReJKaTb KOJIH¶eCTBeHHYIO O q e H K y  BCeM OCHOBHhIM @ a ~ -  
TOpaM. ~OJI~I I IHHCTBO rOPH03KOHOMHPeCKHX 3aAa¶ OTJIH¶aeTCR MHOI'O- 
o 6 p a 3 ~ e ~  CJIOHCHOCTbH) B ~ ~ E Z M O C B I I ~ ~ ~ ~  M e X A Y  OCHOBHHMH reO.lIOI'H- 

¶eCKHMH, TeXHH¶eCKHMH H 3KOHOMHUeCIiHMH @ ~ K T O ~ ~ M H .  HJIR y¶ela 
BTHX ~ ~ B H C H M O C T ~ ~  B HeKOTOPhIX CJIY¶aRX B 0 3 H H K a e T  H ~ O ~ X O A H M O C T ~  

KpOMe K O J I H ¶ ~ C T B ~ H H O ~  OqeHKH HCIIOJIb30BaTb T a K X e  Ka¶eCTBeHHyIO 

OIWHKy, T. e. O q e H H B a T b  @ 0 p ~ y  H CTeIIeHb BJIHRHHR T e X  HJIH HHhIX 
TOPOB I IyTeM JIOI'H¶eCKHX C Y H C A ~ H H ~ ~ .  

¶HCJIy OqeHHBaeMbIX Ka¶eCTBeHHO @ ~ K T O P O B  OTHOCRTCR, H a I I p H M e p ,  

6 e 3 0 I I a C ~ o c ~ b  p a 6 o ~ ,  ~ p e 6 0 ~ a H H e  HaHMeHbIIIHX n O T e p b  IIOJIe3HOI'O HC- 

KOIIaeMOrO, T ~ ~ ~ O B ~ H H R  CaHHTaPHhIX H IIPOTHBOII03KaPHhIX HOPM H AP. 
TOT HJIH E I H O ~  B a P H a H T  CpaBHHBaeMhIX CXeM p a 3 p a 6 0 ~ ~ ~  MOHCeT O K a 3 a T b C n  

JIYWIHM no T ~ X H H K O - ~ K O H O M W ~ C K H M  ~ O K ~ ~ ~ T ~ J I R M ,  T. e.no p e 3 y n b ~ a ~ a n g  

K O J I H ¶ ~ C T B ~ H H O ~ ~  OqeHKEI, HO e C n H  YC;IOBHR ~ ~ ~ O I I ~ C H O C T H  p a 6 0 ~  U p H  Hea l  

X y X e ,  ¶ e M  I I p H  ApyI 'HX B a p H a H T a X ,  OH AOJIHCeH 6 h l ~ b  OTBepI'HYT. 

I IpaBHJIbHOrO PeI I IeHHR 3 a ~ a ¶ ~  H ~ O ~ X O A H M O  YsHThIBaTb  B COBO- 

KYIIHOCTH KOJIH¶eCTBeHHbIe H Ka¶eCTBeHHbIe 31BHCHMOCTH, OIIWPaRCb 

I I p H  aTOM H a  I I e p e ~ 0 ~ 0 f  OIIbIT H H O B ~ J % ~ I H ~  AOCTHXeHHR H a Y K H  H TeXHHKH. 

OCHOBHH~ MeTOAhI TeXHHKO-3KOHOMH9eCKOrO a H a J I H 3 a ,  HCIIOJIb3YeMHe 

I I P H  PeI I IeHHH TeXHHKO-3KOHOMWeCKHX 3aAa¶ OTKP~ITOG p a 3 p a 6 0 ~ ~ ~  - 
MeTOA BaPHaHTOB,  ~ H ~ J I H T H ¶ ~ c K H ~ ~ ,  r p a @ H ¶ e C ~ H i i  H r p a @ o - a ~ a J I H T ~ n e -  

¶ ~ C K H ~  MeTOAbI, a T a K X e  r p y n I I h I  HOBhIX BbI¶HCJIHTeJIbHhIX MeTOAOB, 

0 6 ' b e ~ J i ~ R e ~ h I ~  DOH H a 3 B a H H e M  ((MeTOAhI HCCJIeAOBaHHR OIIePaqHHN 

( J I H H ~ ~ H o ~  H AHHaMH¶eCKOe n p O r p a M M H p O B a H I I e ,  BePORTHOCTHO-CTaTII- 

CTH¶eCKHe H T. A,). 
n e p ~ y m  rpynny MeToAoB n p H M e H f i m T  AJIR p e m e H n n  a a ~ a s  r o p H o r o  

AeJIa C AaBHHX IIOP. B COBPeMeHHhIX YCJIOBHRX B 0 3 H H K a e T  H ~ O ~ X O A W M O C T ~  

B HOBOM IIOAXOAe H e  TOJIbKO K PeIIIeHHIO KOHKpeTHhIX I'OPH03KOHOMH- 

¶eCKHX aaAa¶, HO H K n e p e p a 6 0 ~ ~ e  MeTOAH¶eCKHX I I O J I O H C ~ H H ~ ~ .  ~ O ~ T O M ~  

y K a 3 a H H h I e  MeTOAhI K a H  B C B O ~ %  M ~ T O A W ~ C K O ~  OCHOBe, TaK E B KOHKPeT- 

HOM IIPHJIOHCeHHH H0I IPePMBHO COBePIUeHCTBYIOTCR. 

rpynIIa HOBMX BhI9HCJIHTeJIbHhIX MeTOAOB, HeKOTOphIe HX KOToPbIX 
RBJIRIOTCR P a a B H T H e M  MeTOAa BapHaHTOB,  B CBR3H C BMCOKHMH TeMIIaMH 

TeXHH¶eCKOI'O IIpOI'peCCa B rOpHOM AeJIe H 6 0 J I b m H ~  3Ha¶eHHeM 3KOHO- 

MH¶eCKHX O ~ O C H O B I H H ~  B ~ P O e K ~ J x P O B a H H H  BCe 6 ~ c ~ p e e  P a C U l I -  

p r reTcR.  

C Y I ~ H O C T ~  MeTOAa BaPHaHTOB 3aKJIIO¶at?TCR B TOM, ¶TO H 3  ¶HCJ?a TeX-  

HH¶eCKH B03MOXHMX H 3KOHOMHPeCKH ~aJl60JIee BePORTHMX BaPHaHTOB 

PeI I IeHHR 3 a H a ¶ H  IIpHHHMaIOT TOT, TeXHHKO-3HOHOMH9eCKHe HOKa3aTeJIH 

K o T o p o r o ,  n o n y s e H H H e  B p e a y n b ~ a ~ e  p a c s e T a ,  O K ~ ~ ~ I B ~ I O T C R  H a m y ¶ m H -  

MII. IIOPRAOK p e m e H m  a a ~ a s ~  c n e ~ y m q ~ i i :  HCXOAR 113 Y C J I O B H ~ ~  aanaqx, 
IIPHHHMaIOT TeXHH¶eCKH B03MOXHhIe  B a p H a H T h l  PeIIIeHHR; O ~ O C H O B ~ I B ~ I O T  

~ K O H O M H ~ ~ C K H ~  K P E I T ~ P H ~  AJIR OqeHKH H CpaBHeHHR BapJxaHTOB; OCy- 

QeCTBJIRIOT p a C ¶ e T  BapHaHTOB,  H a  OCHOBe KOTOpOrO OIIpeAeJIRIoT BeJIH- 

~ H H Y  n o ~ a a a ~ e n ~  HJIH K o M m e K c a .  no~a3a~enef i ,  IIPHHRTMX B K a P e c T B e  

3KOHOMH¶eCKOI'O K p H T e p H R ;  IIpOH3BOART HOJIH¶eCTBeHHYIO H Ka¶eCTBeH- 

HYIO O q e H K y  BapHaHTOB H I IyTeM CpaBHeHHR B H ~ H ~ ~ I O T  H ~ H ~ O J I ~ ~  VeJIe- 

coo6pa3~arf AJIR AaHHbIX ~ C J I O B H ~ .  

O ~ ~ H K Y  H COIIOCTaBJIeHHe BaPHaHTOB IIpOH3BOART IIO ~ ~ C O J I I O T H O ~ I  

BeJImPHHe IIOKa3aTeJIR,  IIPHHRTOI'O B ICa¶i'CTlle 3KOHOMH9eCKOrO K P H T e P E f l ,  

H IIO er0 O T H O C H T ~ J I ~ H O ~ ~  BeJIH¶HHe - B U p O q e H T a X  IIO OTHOUIeHEIIO K MeHb- 

IIIeMy IIOKa3aTeJIIO. HJIR CpaBHeHHR E3pEIaHTOB 06ar.r~o COCTaBJIReTCR 

~ a 6 ~ 1 ~ q a ,  B K O T O P O ~ ~  IIOKa3hIBaeTCff a 6 c o n I O ~ ~ a R  BeJIWIHHa CPaBHH- 

n a e M H x  n o ~ a s a ~ e n e f .  Ecnn p a a ~ n q a  a.re:r:nv B a p H a H T a M n  H e  BHXOJW~T 

1x3 I I p e A e n o B  T O ~ H O C T H  p a c g e T a  H, B ¶ a c T H o c T a ,  M e E b r n e  n o r p e m ~ o c ~ e i i  
HCXOAHhIX AaHHhIX, TO CpaBHHBaeMbIe  B a p H a H T h I  PaCCMaTpHBaIOTCR 

K a K  paCHOq(?HHhIe .  

B I I p a K T H K e  IIpOeKTHpOBaHHR UPHHRTO C¶HTaTb B a p H a H T b I  PaBHO-  

qeHHhIMH,  eCJIH p a 3 H H q a  B PaCXOAaX COCTaBJIReT H e  6onee 10%. B 3TOM 

C J l y ¶ a e  IIpeAJIO¶TeHHC OTAaeTCR B a p H a H T y ,  6o;lee Y A O ~ H O M Y  B O p r a H H 3 a -  

, qHOHHOM OTHOIIIeHHH HJIH TeXHH¶eCKH 6onee HaAe>KHOMy. 

O C H O B H ~ I ~  AOCTOHHCTBa MeTOAa BapI IaHTOB 3aKJIIO¶aIOTCR B YHHBeP- 

1 c a n b n o c T a  ycno~air  n p a a r e H e s a n ,  ~ ~ c o ~ o i i  T o s H o m a  pemeann a a ~ a s a  
1 H HarJIRAHOCTH p e 3 y J I b T a T O B  PeIIIeHHR. 

1 K HeAOCTaTKaM MeTOAa OTHOCHTCR 6onbmaa TpYAOeMKOCTb PeIIIeHlarr,  

l a T a K X e  TPYAHOCTh HJIH HHOrAa HeB03MOHCHOCTb YCTaHOBJIeHHH CTeIIeRI4 

BJIHRHHR OIIPeAeJIRIOmHX @ ~ K T O P O B  H a  pe3YJIbTaThl  Pe I I IeHHR H,  CneEO- 

1 BaTeJIbHO, BhIIIOJIHeHHR H ~ O ~ X O A H M O ~ O  AJIR ~ K O H O M H ¶ ~ C K O ~ ~  O q e H K H  aHB-  

H R T b  K p e a J I H 3 a q H H  o ~ T H M ~ J I ~ H ~ I ~  B a p H a H T .  

A n ~ u m u u e c ~ u i i  ~ e m 0 8  COCTOHT B TOM, ¶TO I IyTeM TeXHHKO-3KOHOMHPe- 

c K o r o  a ~ a n ~ a a  a a ~ a n a  p e m a e T c R  B o61qe~ mine, T. e. C O ~ A ~ ~ T C R ,  P a c P e T a a R  

@op~yJIa ,  a B KOHKPeTHhIX YCJIOBEiRX HCKOMOe HeH3BeCTHOe OIIPeAeJIReTCII 

~ O A C T ~ H O B K O ~  B @OPMYJIY HCXOAHhIX ¶HCJIOBhIX 3 ~ a 9 e ~ H f . B  I'OPHOM Aejle 
IIOA aHaJIHTH¶eCKHM MeTOAOM 0 6 ~ 9 ~ 0  IIOHHMaIOT H a X O X A e H H e  OIITHMaJIL- 

HhIX ~ H ~ ¶ € ! H H G  H C H O M O ~  BeJIH¶HHhl I IyTeM HCnOJIb3OBaHJZR M a T e M a T w e -  

CKOrO a H a J I H 3 a  - MeTOAa ((MaKCHMyMa - MHHHMYMa)). 

I I o p a ~ o ~  pemeam a a ~ a s ~  B o 6 1 q e ~  B n A e  06h1m0 cne~ymrq~i i .  IIy- 
TeM TeXHHKO-3KOHOMH9eCKOTO a H a J I H 3 a  YCTaHaBJIHBaeTCR @ Y H K ~ H O -  

H a J I b H a R  3aBHCHMOCTb MeHCAY H C K O M O ~  B~JIH¶HHOG X I1 CTOHMOCTHbIM 

Pe3YJIbTaTOM S HJIH KBKHM-JIH60 APYrHM BICOHOMWeCKHM KPHTePHeM K ;  

s = f (t)* 

K = f (t). 

a I IpH¶eM M03KHO AOIIYCTHTb HeIIPePhIBHOCTb 3 ~ 0 g  @ Y H K ~ H M .  r p a @ w e c I i n  
@ ~ H K ~ H o H ~ J I ~ H ~ R  3aBHCHMOCTb I I O J ( O ~ H O ~ O  p O A a  B h I p a X a e T C R  B B H n e  

B ~ I I I ~ K J I o ~ ~  EJIH B O ~ H Y T O ~ ~  K P H B O ~ ~  (PHC. 243). 
Ha~nyqruee ( o I I T H M ~ J I ~ H o ~ )  3 ~ a s e H H e  H C K O M O ~  BeJIHgHHhI X AOJIHCHO 

COOTBeTCTBOBaTb 3KCTpeMaJIbHOMY 3HaYeHHIO S, H a n p H M e p  , MHHH- 

MaJIbHhIM 3 a T p a T a M  HJIH MaKCHMaJIbHbIM I I P H ~ ~ I J I R M .  C J I ~ A O B ~ T ~ J I ~ H O ,  



p e U I e H H e  3 a A a ¶ H  CBOAHTCR I< HaXOKAeHHIO MaKCHMYMa HJIH MHHHMYMa 

@ Y H K ~ E I H .  Ann 3 T O r 0 ,  B3RB I IePByIO IIPOH3BOAHYIO H I I P H P a B H R B  ee 
HYJIIO, IIOJIY¶HM y p a m e m e  

dS -- 
dz - O' 

A f i a n u m u x e c n u i i  inemod mex16uno-3nofioinuxecnua: p a c l t e m o s  l r n n p o K o  

HCIIOJIb3yeTCfI AJIR C03AaHHR paC¶eTHbIX @ O P M ~ J I  I I P H  PeUIeHHH pas- 
J I ~ H ~ I X  a a ~ a s  O T K P ~ I T O ~  p a 3 p a 6 0 ~ ~ ~ :  o n p e A e n e H n e  K O H ~ ~ H O P  r n y 6 m ~ h 1  

K a p b e p a  H ~ p .  
H p a K T H K a  HCIIOJIb30BaHHR AaHHOI'O MeTOAa I I 0 K a 3 b I B a e T l  ¶TO YC- 

TaHOBJIeHHe @ Y H K ~ H O H ~ J I ~ H H X  ~ ~ B H C H M O C T ~ ~ ~  H C 0 3 A a H H e  paC¶eTHbIX 
@ 0 p ~ y J I  B e C b M a  T P Y ~ O e M K O ,  T p e 6 y e ~  BHHMaTeJIbHOrO a H a J I H 3 a  B3aHMO- 

c ~ m e i i  M e m n y  o n p e A e n m o m m M n  n a p a y e T p a M n ,  H ~ Y ~ ~ H H F I  T e x H m e c K o r o  

H 3KOHOMH9eCKOrO CMbICJIa, IIOJIY4aeMbIX MaTeMaTH4eCKHX ~ ~ B H c H M o c T ~ ~ ~ .  

~ O C T O H H C T B ~  MeTOAa: M a J I a R  TPYAOeMKOCTb H ~ H C T P O T ~  P e m e H H I I  3a- 
Aas npn H a n a s m H  @ o p ~ y n n ,  a T a K m e  H a r n R A H o e  M a T e M a T H s e c I t o e  B ~ I -  

P a X e H k I e  OCHOBHbIX ~ ~ B H C H M O C T ~ ~ ,  I IO3BOJIRIOqHX YCTaHOBHTb @OPMY 
H CTeI IeHb  BJIHRHHR T o r 0  HJIH HHOI'O @ a x T o p a .  H ~ ~ O C T ~ T K H :  OAHO3Ha¶- 

HOCTb PeI I IeHHR,  3aTpyAHRIOIQaR Ka¶eCTBeHHyIo  O q e H K y  p e 3 y J I b T a T O B  

H C p a B H e H H e  C A p y r H M H  BO3MOECHhIMH B a p H a H T a M H ;  I I P E I ~ J I E I K ~ H H O C T ~  

pemeanrr, m n c I r o m a R c c I  c n e A c T B n e M  y n p o q e H m a  c n o m m x  r o p H o r e o a o -  

rHPeCKHX H TeXHHKO-3KOHOMH9eCKEIX Y C J I O B H ~ .  

MeTOAOM B a P H a H T O B .  

r p a g 6 u l t e C ~ U A  Ha3bIBaIoT  MeTOA IIOJIy¶eHHII ¶HCJIeHHhIX peUIeHEig  pa3- 
JIH¶HbIX 3aAa¶ n y T e M  I ' ~ ~ @ H ¶ ~ c K H x  I I o c T ~ o ~ H H B .  OCHOBHO~ AOCTOHH- 

CTBO 3TOrO MeTOAa: npOCTOTa H HarJICIAHOCTb p e r n e H H R .  n p H  IIpOeKTH- 

pOBaHHH K a P b e P O B  r p a @ H ~ e ~ K H f i  Me- 

TOR H C I I O J I ~ ~ Y ~ T C R  Aria o n p e A e n e H m :  

n a p a M e T p o B  c H c T e M  p a 3 p a 6 0 ~ ~ ~  
( I I ~ ~ H C A ~  B C e r O  ~ ~ c T ~ ~ H c I I o ~ T H ~ I x )  ; 1 

nnoqaneii H o 6 n e ~ o ~  nones~oro  
H c K o n a e M o r o  H BCKPMUIH, K O H ~ ~ H O B  
~ J I Y ~ H H ~ I  K a p b e p a  H T. A. 

Ham60~1ee p a c n p o c T p a n e H  pa3- 
p a 6 0 " ~ ~ ~ f i  sJI.-Kopp. *. B. P K ~ B -  ~ c .  244 .  ropwsomanauarr npoeKann RaK- 
CKHM r p a @ ~ s e c ~ n f i  M ~ T O A  r e o ~ e ~ p ~ -  ZOHHO~O CnOR 

s e c K o r o  a ~ a n ~ a a  K a p b e p a ,  n p H  KO- 

TOPOM r n 3 ~ e p e ~ n e  n n o q a ~ e f  nonea~oro  H c K o n a e M o r o  rn BCKP~IIIIH, He-  

0 6 x o ~ ~ ~ o e  AJIR BbI¶HCJI€?HHII HX O ~ ~ ~ M O B ,  3 a M e H e H O  H 3 M e p e H H e M  J I H H H ~ .  

3 T H  JIHHHH I I p H  OIIpeAeJIeHHOM lIOCTpOeHHH ¶HCJIeHHO B b I p a X a I o T  Be-  

J I H ~ H H Y  n n o q a ~ e i i .  
Ha PHC. 244 n O K a 3 a H a  rOpEI30HTaJIbHaFI I I p O e K 4 H R  HaKJIOHHOrO CJIOR. 

n J I 0 m a ~ H  HaKJIOHHMX 1 - 2, 3 - 4 CJIOeB H I I J I O q a A b  rOPH3OH-  

T a n b H o r o  c n o R  5 - 6 p a B H b I  K a K  nnoqa AH n a p a n n e a o r p a M M o B ,  m M e m q m x  

OAFiHaKOBOe OCHOBaHHe H OAHHaKOBYIO BbICOTY. ECJIH OCHOBaHHe h = 1, 
TO O T ~ ~ ~ O K  5 - 6 ~ H C J I ~ H H O  p a B e H  (B h l a c m ~ a 6 e  s e p ~ e z a )  nnoqann 
CJIoeB 1-2, 3-4. 

E c n ~  Anma o ~ p e a ~ t a  5-6 c o c T a s n n e T  120 a&, TO n n o q a p  c n o e B  

1-2, 3-4 p a m a  120 &a2. C J I ~ A O B ~ T ~ J I ~ E I O ,  AJIR O n p e A e n e H m  n n o q a w  
HaKJIOHHOI'O CJIOH, OrpaHEI¶eHHOrO J I W ~ ~ I M  KOHTYPOM, B TOM ¶HCJIe IIO- 

TOPaMH. 

r p a @ o - a f i a n u m u l t e c n u i i  ncemoa r e o M e T p m s e c K o r o  a ~ a x m a  K a p b e p a  

IIOCpeACTBOM r p a @ F i K a  T/' = f (p) p a 3 p a 6 0 ~ a ~  np0@. A. M. A ~ C ~ H T ~ ~ B H M .  
Memo& inameinamurecnozo n p o z p a & & u p 0 8 a f i u ~ .  M a ~ e ~ a ~ n s e c l i  yIO 

3aBHCHMOCTb MeECAY H C K O M O ~  B ~ J I H ¶ H H O ~  El 3KOHOMH9eCKHM K P H T e P H e M  



H ~ ~ ~ I B ~ I O T  qene~of i  + y ~ ~ t q ~ l e j i .  AJIR p e m e H m  ~ ~ o r o + a ~ ~ o p ~ a r x  a a ~ a s  
~ e o 6 x o ~ H ~ o :  

MaTeMaTHYeCKM OIIHCaTb qeJ IeByIO + Y H K ~ H H ) ,  a p r y M e H T a M H  K O T O P O ~ ~  

RBJIHIOTCR B03MOHtHhIe BaPHaHTbI  PeI l I eHHR,  a 3Ha¶eHHRMH - ¶HCJIa, KO- 

TOpbIe  OJlHCHBaIOT M e p y  AOCTHXeHHR 3KOHOMFIeCKOrO H P H T e P H R ;  

I I ~ G T H  MaKCHMYM (HJIM MHHHMYM) qeJ le~06 + ~ H I < ~ H H  H TeM CaMbIM 

TO PCIUeHHe,  KOTOpOe OCyqeCTBjIReT 3TOT MaKCHMyM (HJIH MHHHMYM), 

T. e. o I ~ T H M ~ J I ~ E ~ I G  B a p H a E T .  

E c n ~  ¶HCJIO . T ~ x H H Y ~ c K H  B03MOHtHJdX BaPHaHTOB CpaBHHTCJIbHO He-  

BeJIEIIiO, TO OnTHMaJILHOe PeI I IeHHe MOXeT 6 b I ~ b  ~ a f i J ( e ~ 0  MeTOAOM 

HeIIOCpeJ(CTBeHHOI'0 CpaBHeHHR BapHaHTOB. O A H ~ K O  B P R A e  TeX- 

HHKO-3KOHOME¶eCKEIX 3 a A a Y  KOJIH¶eCTBO BapHaHTOB T a K  BeJIHKO, ¶TO AJIR 

peIJIeHHR HX H ~ ? o ~ x o J ( H M ~ I  CI IeqHaJ lbHhIe  MeTOAbI. H a n p n ~ e p ,  AJIR ~ b 1 6 o p a  

o n T m M a J r b H o r o  n n a H a  p a c n p e A e n e H H r r  ~ 0 6 ~ s ~  ¶ e T b I p e x  K a p b e p o B  M e w A y  

T p e M R  0 6 0 r a ~ s l ~ e J I b ~ b I ~ H  + a 6 p H K a ~ H  H ~ O ~ X O A H M O  TBXHHKO-3KOHOMH- 

¶ e c K o e  C p a B H e H H e  3,6 . 10' BapHaHTOB,  YTO HeB03MOXHO OCYU(eCTBHTb 

B IIpaKTH¶eCKH AOIIYCTHM~II? CpOK AaXe C IIOMOqbIO ~ H C T P O A ~ ~ ~ C T B Y I O ~ I @  

3BM. B IIOCJIeRHHe rOAbI HCUOJIb3yIOT HOBbIe BbI¶HCJIHTeJIbHbIe MeTOAbI, 

Ha3bIBaeMhIe  MeTOAaMEI MaTeMaTH¶eCKOI'O IIPOTPaMMHPOBaHHR. C p e ~ E 7  

Iiax ~ a ~ 6 o n b m e e  p a c n p o c T p a H e H H e  HMeIoT MeToAhI n ~ ~ e f ~ o r o  H AH- 
HaMH¶eCKOI'O UpOI 'paMMHpOBaHHlI  TeOPHR r p a + 0 ~ ,  MeTOA M o H T ~ - & ~ ~ J I o .  

B I IpaKTHKe n p 0 e K T H p O B a H H R  H HaY¶HOrO HCCJIeAOBaHHR OTKPbIThIX 

rOpHbIX pa6o.r ¶awe A p y r H X  HCIIOJIb3yeTCR MeTOA J I H H ~ ~ H o ~ o  I IpOrPaMMH- 

p o B a H m  AJIR p e m e H m  T p a H c n o p T H h I x  rn p a c n p e A e n H T e n b H H x  a a ~ a s  
(BLIGOP P a q H o H a n b H o r o  n o p R A K a  p a 3 p a 6 0 ~ ~ ~  rpynnH 3anexceii, ~ b a 6 o p  

MeCTa paCIIOJIOX<eHHR o ~ o ~ ~ T H T ~ J I ~ H o ~  @ ~ ~ P E I K H  H J I l  OTBaJIa AJIlI rPYIIIIbI 
I i a p b e p O B ,  y c T a H o B n e H H e  P a q n o H a n b H o r o  p a c n p e A e n e H H R  ~ o 6 a a s ~  He-  . 
CKOJIbKHX K a P b e P O B  MeHtAY HeCItOJIbKHMH + a 6 p ~ ~ a ~ n  H T. II.). 

M ~ T O A  AHHaMH¶eCItOrO I IpOrpaMMHpOBaHHR MOHteT 6 b I ~ b  HCIIOJIb30BaH 

AJIR YCTaHOBJIeHHR paIJHOHaJIbHbIX IIpOMt?HCYTO¶HbIX H KOHe¶HbIX KOH- 

TYPOB, AJIR O ~ O C H O B ~ H H R  I I P O E I ~ B O A C T B ~ H H O ~  MOIQHOCTH H qenecoo6pa3~0- 
r0 paCIIpeAeJIeHHR KaIIHTaJIbHbIX B J I o x ~ H H ~  I I p H  CTPOHTeJIbCTBB r p y I f l l h I  

I t a p b e p O B  H a  MeCTOPOXAeHHH, a TaKHte  AJIlI Pe I I IeHHR APYrHX MHOrO- 

3TaJIHbIX 3 a A a ¶ ,  CBR3aHHLlX C IIPHHRTHeM P R A a  nOCJIt?AOBaTt?JIbHhIX 

perne~nf .  
B CBR3H C HHTeHCHBHbIM pa3BHTHeM 3KOHOMHKO-MaTeMaTWeCIEHX 

~ C C J I ~ A O B ~ H H B  B 0 6 n a c ~ ~  OTKpbITMX r O p H M X  p a 6 0 ~  B03HHKJIO MHOrO 3aAa¶, 
CBRaaHHbIX C I ' pa+aMH ( C ~ T ~ B O ~ O  H MHOr03TaIIHOI'O IIJIBHHPOBaRMH, 

T p a H c n o p T H a r e ,  qenbm IiOTOPhIX R B n n e T c R  c o c T a B n e H H e  n n a H o B  nepe- 
B 0 3 0 K  H T. A.).  

I BCerO M H O ~ O O ~ ~ ~ ~ H R  3 a A a ¶  CBOAHTCR B OCHOBHOM K BhIIIOJIHeHEIIO 

¶E!TbIpeX ~ t ? f i ~ ~ B H f i  ~ P H ~ M ~ T E I I C I I .  &oJIH¶~cTBo 3JIeMeHTaPHLIX onepaqmH 

i n p H  peIUeHHH 3 a A a ¶ H  MOHteT ~ M T L  0 9 e H b  BeJIHKO, HO 6 ~ a r o ~ a p ~  U H C O K O ~  

CKOpOCTm C¶eTa 3JIeKTpOHHHX MalLIHH (A0  100 000 H 60~1ee O n e p a q ~ i  

B c ~ I C ~ H A ~ )  paC¶eTbI  IIpOa3BOARTCR B AOIIyCTHMhIe CPOKH. 

Y ~ c n e ~ ~ b I f  MeToA peme~n i i  n106oii s a ~ a s ~  CBOAHTCR I( p ~ x y  nocxe- 
A o B a T e n b n M x  a p m $ ~ e ~ ~ s e c ~ c n x  ~ e j i c ~ ~ ~ i i  H J i o r H g e c K H x  onepaqmii H a g  

¶HCjIaMH I t a K  3aAaHHbIMH B YCJIOBHH 3 a n a ¶ H ,  T a K  H I I O J I Y 4 a I O ~ H M H C R  B IIPO- 

uecce c s e ~ a .  T o s ~ o e  onmca~me T O ~ O ,  ~ a ~ c ~ e  A ~ ~ ~ C T B H R ,  B K ~ H O M  n o p f l ~ r c e  I 

H H a g  KaKHMH 9EICJIaMH AOJIIKHbI 6 b I ~ b  BhIIIOJIHeHbI, T. e. OIIHCaHHe BCeI'O 

npoqecca c s e T a  H ~ ~ H B ~ I O T  n p o r p a ~ h r o i i  p e r n e H E i a  s a ~ a ~ m  H a  a n e r c T p o H -  

HOE ~ H ~ P o B o ~ ~  B M ¶ H C J I H T ~ J I ~ H O ~ ~  MamEIHe (3qBM). 
I 

H p H  COCTaBXeHHH I IpOrpaMMbI  Y A O ~ H O  p a 3 6 H T b  ee H a  OTfieJIbHbIe ysa- 
i 

CTKH - ~ J I o K H ,  UO KOTOPbIM COCTaBjIReTCR ~ J I O K - C X ~ M ~  I I p O r p a M M h I .  

Ha ~ e f  AJIH Hal'JiJTAHOCTH CTpeJIKaMH YKa3bIRaIOTCfl B03MOiKHhIe IIepeXOAbI 

MelKAY ~ J I O K ~ M H .  B MeCTaX P ~ ~ B ~ T B J I C H H ~  I I p O r p a M M h I  H a  K ~ X ~ F A O G  H 3  

c T p e n o K  ~ K ~ ~ ~ I B ~ ~ T C J I  y c n o B n e ,  npn KOTOPOM ~ P O H C X O A H T  nepenaqa 
Yl lpaBJIeHHR K AaHHOMY GJIOKY. &OKH H a  & O K - C X ~ M ~ X  0 6 0 3 ~ a ¶ a 1 0 ~ c ~  
B B H a e  IIplIMOYrOJIbHHKOB, BHYTPH KOTOphIX 0 6 ~ 9 ~ 0  3allHChIBaIOTCR 

+ 0 p ~ y J I b I  AnlI paC¶eTOB H a  AaHHOM 3TaI Ie .  E J I o K - c x ~ M ~ I  IIO3BOJIRIOT 

B H ~ ~ J I R A H O ~  ~ ' P ~ + H P ~ C K O ~  + O P M ~  UpeACTaBHTb JIOrHICy 3 a A a ¶ H ,  CBR3b 

ee O T n e n b H x x  qac~eii .  
Hpoqecc p e m e H H R  a a ~ a s ~  3qBM MoHteT G M T ~  p a 3 ~ e n e ~  H a  TPH 3 ~ a n a :  
1. M a ~ e ~ a ~ w e c m e  +OPMYJIHPOBKH a a ~ a s n ,  n o A r o T o B K a  H c x o R H n x  

RaHHJSX H COCTaBJIeHHe a . l r O p H T M a .  

AJI~OPHTM ( a J I r o p H + ~ )  - 3 T 0  CHCTeMa B M P H C J I ~ H H ~ ,  BhIIIOJIHReMbIX 

no c T p o r o  o n p e A e n e H H M M  n p a s H n a M ,  I t o T o p a R  nocae n p e A y c M o T p e a H o r o  

nncna onepaqnii s a ~ e ~ o ~ o  IIPHBOAHT K p e m e H H m  a a ~ a s ~ .  3 a ~ a s a  
CVHTaeTCR p e I I I e ~ E i o f i ,  eCJIH AJIR ee PeI I IeHHR YCTaHOBJIeH BJIrOPHTM. 

ECT~CTB~HHO,  ¶TO C I I ~ ~ K T H P ~ C K O ~  TO¶KIl 3 P e H H R  O C O ~ ~ H H Y H )  qeHHOCTb 

HMeIOT aJIrOPHTMbI,  UPHBOAIIU(He K PeIIIeHEIO 3 a A a ¶ H  BO3MO?KHO 6onee 
KOPOTKHM IlyTeM. 

Pa60~bI 3TOrO 3 T a n a  BbIIIOJIHRIQTCR DPOeKTHPOB~HKaMH-TeXHOJIOraYH 
H T P C ~ Y I O T  OT H C I I O J I H H T ~ J I ~ ~ ~  ~ J I Y ~ O K O ~ O  IIOHHMaHHR TeXHH¶eCKOrO H aKO- 

HOMH¶eCKOrO CMbICJIa 3 a A a ¶ H ,  OnpeAeJIeHHbIX ~ H ~ H H G  MaTeMaTHKH, 

a TaKHte  3HaKOMCTBa C I lpHHqHIIaMH COCTaBJIeHHR I I p O r p a M M  saga¶ 
AJIR PeUIeHHR HX H a  3qBM. 

2. C o c ~ a ~ n e ~ ~ e  a r p o r p a M M N  p a c s e T a ,  BBOA ~ c x o ~ ~ o i i  HH+OPM~UHII, 
s T a m e  n p o r p a M m  p a c Y e T a  H perneme a a ~ a s ~  H a  3qBM. P a 6 o ~ a  3 ~ 0 r o  
3 T a I I a  BMIIOJIHRIOTCR IIOCJIeAOBaTeJIbHO CIIeqHaJIHCTaMM BbI¶HCHHTeJIbHOrO 

U e H T p a .  Ann COCTaBJIeHHR I IpOrpah iMLI  CJIOXHbIX rOpHO-3KOHOMH¶eCKHX 

3aAa.I ~ p e 6 y e ~ c R  OT 2-3 A 0  10-15  AH^% p a 6 o ~ h 1  o A H o r 0  n p o r p a M M m c T a .  

~ ~ A ~ O T O B K ~  H C X O A H O ~ ~  H H + O P M ~ ~ H E I  AJIlI BBOAa B MaIIIHHy,  OCylI(eCTBJIR- 

e M a n  H a  n e p + o ~ a p ~ a x ,  n e p + o n e ~ ~ a x  H a  MarHHTHMx n e H T a x ,  T p e -  
6 y e ~  OT 1-2 A 0  5-7 '4. ~ T H  pa60~b1 OCYqeCTBJIRIOTCR 3 a p a H e e  H H e a a -  

BHCEIMO OT p a 6 0 ~ b I  c a ~ 0 f i  MaIUHHhI. P e l n e ~ H e  3aAa'l H a  C ~ M O ~  MaUIHHe 

I BMeCTe C ee I I O A I ' O T O B K O ~ ~  H BBOAOM HCXOAHbIX AaHHbIX ~ p e 6 y e ~  OT 1-2 
go 3-4 y s H T u s a e M u x  ( o n n a s m s a e ~ ~ x )  Y a c o B  ee pa60.r~.  
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r n y 6 n ~ y  K a p b e p a  ( ~ H c .  247). ~ O C T ~ O ~ H H H ~  I 'P~@HKH IIO3BOJIRH)T OII- 

P e A e J I H T b  T e K y q E e  K O ~ @ @ H ~ H ~ H T M  BCKPbIII IH,  I I J I O q a A H  (06ne~b1) no- 
n e a ~ o r o  H c K o n a e M o r o  H B C K P H ~ H .  I Ioncse~  n ~ r o q a ~ e i i  IIPOHSBOAHT Me-  

TOROM ~ p a n e r l ~ f i .  ,~J,JICI KalKAOI'O r O P H 3 0 H T a  HaXOACIT CpeAHloI iJ  OPAEIHaTJ' 

B C K P b I m H  H IIOJIe3HOI'O HCKOIIiieMOrO. ~ O A ~ J I H B  C y M M a p H H e  I l J I O q a A H  

B c K p ~ m H  H I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  A n H  K a x q o r o  E i H T e p s a n a  ~ J I Y G H H ~ I  
OIIpeAeJICIIoT C ~ ~ R H H ~  K O ~ @ @ B Q H ~ H T  B C K P b I m H .  A H ~ J I O ~ ~ H ~ I ~  IIOCTpOe-  

HBCI H IlOAC¶eTM IIPOH3BOACIT AJICI K a H ( A 0 r O  I'eOJIOI'HIIf?CKOrO IIPo@HJIR. 

1. Ha r e o n o r H n e c K o M  n o n e p e n H o M  n p o @ ~ n e  n p o B o A c I T .  ~ O P H ~ O H -  

TaJ IbHhIe  J IHHHH ¶epe3 H H T e p B a J I ,  ~ ~ B H ~ I E  rOAOBOMy IIOHHlKeHHH) YPOBHCI 

p a 6 0 ~  HJIH BbICOTe YCTYI Ia  (PHC. 246). 
2. Ha KBHCAOM r O p H 3 0 H T e  B b I P e P 9 H B a H ) T  A H 0  pa3pe3~0G T p a H l u e M  

H JIHHHH p a 6 0 9 ~ x  ~ O P T O B .  

3. HJICI K a X A O r O  r O P H 3 0 H T a  IIPOBOACIT BCIIOMOI'aTeJIbHbIe J IHHHH 

( 0 6 0 3 H a ¶ e ~ b I  H a  PHC.  246 IIYHKTHPOM). JIHHHH IIPOBOACIT nepe3 T O n K H  

A H a  T p a H l u e H  A a H H O r O  H B b I m e J I e x a q e r O  FOPHBOHTOB. H a n p ~ b ~ e p ,  

B c n o M o r a T e n b H a n  JIHHBH 8-8 I I p o B e A e H a  ~ e p e a  T o n m  7 H 8. 
4. Ann K a H c A o r o  ~ O P H ~ O H T ~  ~3 ToqeY;  nepeceuemn n ~ ~ ~ i i  p a G o ~ ~ l x  

~ O P T O B  C I IOBePXHOCTbH) HJIH K O H T Y P a M H  K a p b e p a  IIPOBOACIT JIHHIZH, 

I I aPaJ I J I e J IbHhIe  BCIIOMOl'aTeJIbHbIM, A 0  I I epeCeYeHHCI  C JIHIXHefi l?OPEI30HTa.  

 tam^ 0 6 p a 3 0 ~ ,  H a  JIHHHH ~ O P H ~ O H T ~  ( H a a p H ~ e p ,  r o p ~ 3 0 a ~ a  80 nt) 
I IOJIy 'XaIoT O T P e 3 K H  IIO IIOJIe3HOMY HCKOIIaeMOMY a6, 6 - 8 H IIO B C K p b I m e  

a8', 66, 8-8', snpazaroqne npapaqenne o 6 a e ~ o ~  xapbepa H a  1 nc '1 
I ' J IY~HHH H a  A ~ H H O ~ ~ [  r ~ 1 y 6 ~ ~ e  p a 6 0 ~ .  

& T ~ M  CTPORT ~ ~ ~ @ H K E I :  IIO OCH O p A H H a T  0TKJIaAbIBaH)T  3 H a n e E H R  

B e n n n H H  r o p ~ o i i  M a c m  H I I O J I ~ ~ H O ~ O  H c K o n a e M o r o ,  no ocn a6cqncc - i 

Pee. 247. rpa@nrr p e m a  
ropHMx pa do^ Rnn n p y m n ~ a -  

m e R  aanexn: 
1 - ropHaR Macca; 2 - no- 
neanoe mcxonaemoe; 3 - 
RcrtphIma; 4 - c p e n ~ n g  KO-  

3@@HIIlfeli~ BCKpbIllIH 

% T ~ M  H a  OCHOBaHHH 3 T H X  AaHHbIX CTPOCIT C B O A H M ~  r p a @ H ~  p e l K H M a  FOP-  

H ~ I X  p a 6 0 ~  Aria B c e r o  K a p b e p a .  E c n ~  n p H H m a e T c c I  pememe 06 n 3 ~ e -  
H e H m  y r n o B  o T K o c a  p a 6 o ~ ~ x  ~ O P T O B  I c a p b e p a  HJIH H a n p a B a e H m  paa- 
BHTHCI r O p H b I X  p a 6 o ~ ,  CTpOCITCCI HOBbIe  F P ~ @ H K H  paCJlpeAeJIeHHCI 0 6 % -  

e M o B  I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  H BCKPMIIIHHX I I O P O ~ .  

IIpa r o p H o r e o M e T p n n e c K o M  a ~ a ~ 1 ~ 3 e  K a p b e p a ,  n p e A n o z e n H o M  npo$. 
A. B. A P C ~ H T ~ ~ B H M ,  nOAC¶eT  O ~ B ~ M O B  IIpOH3BOAHTCCI C HCIIOJIL3OBaHBeM 

I I O F O p H 3 0 H T H H X  IIJ IaHOB.  C ~ I I \ H O C T ~  er0 3aKJIH)PaeTCCI B HCCJIeAOBaHHH 

p e m m a  pa60~b1 K a p b e p a  n p ~  ~ ~ y x  ~ p a i i ~ ~ x  cnynasx: 
1. fl06bI=i~bIe B BCKpbIII IHbIe  pa60~h1 B K a p b e p e  B e A y T  H a  MaKCHMaJIL- 

HOM K o m n e c T B e  YCTYIIOB c c o K p a r q e H H e M  p a 3 ~ e p o ~  p a 6 o n ~ x  n n o q a n o K  

A 0  MHHHMaJIbHbIX.  yr0JI OTKOCa pa6onero 6 o p ~ a  n0CTOCIHeH H P a B e H  

MaKCHMaJIbHO  AOIIYCTBMOMY. 

437 



2. A 0 6 m ~ h I e  H BCKpbIIIIHbIe p a 6 o ~ n  IIPOH3BOARTCR TOJIbKO H a  OAHOM 

p a 6 o s e ~  y c T y n e  A 0  n0~110fi er0 O T ~ ~ ~ O T K H ,  a 3 a T e M  OIIYCKaIOTCII H a  38- 

p a H e e  n o ~ r o ~ o ~ n e ~ a b ~ i i  H H ? K ~ J I ~ ? K ~ W H ~  y c T y n  H r. A. Pa6osme n n o q a A m  

n  TOM CJIy¶ae  6yj$y~ M ~ K C H M ~ J I ~ H O G  D H p H H b I ,  a yr0n OTKOca pa6osero 
6 o p ~ a  6 y ~ e ~  6nm30~ K HYJIH). 

B K a n e c T B e  ~ c x o , q ~ b ~ x  M a T e p m a n o B  AJIR n o A c q e T a  O ~ ~ ~ M O B  ~ c n o n b -  

3yIOTCR BhIIlOJIHeHHbIe H a  IElJIbKe IIOrOPH30HTHbIe nJ IaHbI  C O ~ O ~ H ~ % ? H H ~ M  

KOHTYPOB PYAHOG 3 a J I e X H  H I 'OPH30HTa. Ha 3TH nJIaHbI HaHOCRTCR JIHHHH 

( P p o ~ ~ a  p a 6 0 ~  m K O H T Y ~  m a  ~ a e 3 ~ ~ o f i  T p a H m e m ,  nonoxeme K O T O ~ H X  

a 0 6 e c n e s ~ ~ a e ~  BCKPHTH~ H 
IlOArOTOBKy HHXeJIelKaI4HX 

YCTynOB npm C o x p a H e H a H  

MHHHMaJI bHbIX pa6osax nno- 
QaAOK (PHC. 248). ~ O C T -  

POeHHR Ha¶HHaK)T IIPOH3BO- 

AHTb C HHlICHerO I 'OPH30HTa 

K a p L e p a .  Y c ~ y n b ~  I I O K ~ ~ H -  

BaIoTCR OAHOG J l n H H e f i ,  KO- 

T O p a R  COOTBeTCTByeT DOJIO- 

EWHHH) HM&H~G ~ P O B K H  
y c T y n a .  B n e s ~ H b I e  T p a H m e H  

BM¶eP¶HBaIOTCR COOTBBTCT- 

BeHHO U P H H R T O ~  CXeMe 

BCKPLITHR, p a 3 p e 3 ~ ~ e  - 
HCXOAR H 3  IIPIXHRTOI'O H a l l -  

6 
17 

15 
pwc. 248. K ropHoreonreTpw- 
qecKomy aaannay Kapsepa: 

317 a - nnaH wapbcpa H a  K O H C ~  
4.5 DTPP~OTKR.  c ~paCC0&  am- 
60 TaJIbHblX Tpawmeti; 6 - no- 

neDeqHoe cegenne 

06ecnes~~aroqme n o A r o T o B K y  3 ~ 0 r o  r o p n 3 o ~ ~ a ,  a T a K m e  n o n o x e H m e  Gpo- 
m a  pa6o.r ( n n ~ m ~  A'B'C'), KOTOpOe 06ecneqmsae~ n o A r o T o n I c y  n n x H e r o  
r o p m 3 o ~ ~ a  -75 a. 3 ~ o  ycnosne 6yAe~ 06ecnesea0, e c n H  n m H m  ( P ~ o H T ~  
p a 6 o ~  H a  l'OPH30HTe -60 m (A'BIC1) ~ Y A ~ T  O n e p e W a T b  JIHHEIH) ( P P O H T ~  
p a 6 0 ~  ~a r o p r n 3 o ~ ~ e  -75 jrt a 
(ABC) H a  I U H P H H ~  pa6oseGi 
I I J IOqaAKH H m H P H H y  POPH30H- 

T a J I b H 0 6  jrPOeK4IXEI OTKOCa 

Y C T y n a .  AJIH nOCTpOeHHR COB- 

M e a a a T c R  n n a H b I  ropm30~- 
TOB -60 m -75at H H a  m a H e  

r O p R 3 0 H T a  -60 nt IIPOBOAHTCR 

JIHHHR A'B'C'. AJIR 3 T O r 0  OT 

JIHHHR ABC (HJIH roprn30~~a 
-75 2) B CTOPOHY Pa3BHTHR 

r OPHbIX pa6o.r OTKJIaAbIBaeTCR 

B e a m m a ,  paman 

B, = B,., -t h c tga ,a ,  (XII1,i) 

a - y r O J I  OTKOCa YCTy- 

na, zpa8. 
JIHHHH (PPOHTB p a 6 o ~  TaK-  

W e  HaHOCRTCR H a  BCe OCTaJIb- 

HbIe IIOI'OPH30HTHhIe IIJlaHhI. 

Tamv 0 6 p a 3 0 ~ ,  ~ a ? K ~ b I i i  no- 
T O ~ H ~ O H T H H ~  UJIaH p a 3 6 ~ ~  H a  

Y¶aCTKH, 0 6 0 3 ~ a s e ~ ~ h 1 e  OTMeT- 

KaMR TeX I'OPH30HTOB, AJIR nOA- 

I'OTOBKH KOTOPbIX H ~ O ~ X O A H M O  

0 T p a 6 0 T a T b  3TH YgaCTKH H a  

h1ePRX)T IIJIOIQaAH BCeX y¶aCT- 
PwC. 249. nJIa~b1 PaEIBnTIfR rOpHbIX pa60~: 

Ha KaaAoM n0r0PH30HT- a - H a  ropn3oHTe -75 a; 6 - a a  ropm3oHTe 
HOM n n a ~ e  no n o p o ~ e  H nones- -60 .M 

HOMY HCKOUaeMOMY. 

A H ~ J ~ O ~ H ¶ H H M  o 6 p a 3 0 ~  CTPORTCR KaJIeHAapHbIe  IIJIaHhI rOpHbIX pa60.r 
B IIPOHSBOACTBeHHHX YCJIOBHIIX I I P H  IIpOeKTHpOBaHHH. T o n b ~ o  B 3TOM 

cnysae o n p e A e n R I o T  n o A B H r a H m e  4 p o ~ ~ a  ropmrx p a 6 0 ~  133 YCJIOBHR 

0 6 e c n e s e ~ n ~  ~ ~ O H ~ B O A C T B ~ H H O ~ ~  MOaHOCTEI K a p b e p a  H o 6 a e ~ a  BCKPbI- 

TMX aanacon. 
Ha r p a # H ~ e  (PHC. 250) I ipHBbIe ,  UOCTpOeHHbIe Y ,  ~ ~ B H o ~ I  0°, 

H YmaK, OrpaHH¶HBaH)T B03MOWHYH) 0 6 n a c ~ b  PaCl IpeAeJIeHHR 0 6 ' b e ~ o ~  

B c K p b ~ m H b ~ x  pa6o.r. ~ o a ~ + n q m e n ~  BCKPHUIH AJIR ~1106oro MOMeHTa On- 

p e A e n R e T c R  T a H r e H c o M  yrna H a K n o H a  6 ~ a c a ~ e n b ~ o f  K K P H B O ~  



V = f (2  P )  B A ~ H H O ~  T O r K e .  P a 6 o ~ a  C IIOCTORHHMM K O ~ + + H ~ H ~ H T O M  
BCKpbIuIH B b I p a W a e T C R  ~ P R M o G  J I E I H H ~ ~ .  

~ C Z O B H I ~  pa3pa60~1cn K p y T o n a A a I o I Q H x  M ~ C T O P O ~ A ~ H H ~ ~  I I P O ~ .  

M. r. HOBOXHJIOB~IM H KaHA. TeXH. H a y K  R/I. C. Y ~ T B ~ ~ H K O M  IIpenJ IOWeH 

X Y M ~ H M '  
MeTOn [32], CyZqHOCTb KOTOPOrO 3aKJIH)- 

80 ¶aeTCR B IIOCTPOeHHH I ' ~ ~ + H x o B  H3MeHeHHFI 

nnoiqaaeii cere~mii nonea~oro  H c K o n a e M o -  

84 ro H B c K p b I m m  no H a n p a B n e H H m  n e p e M e -  

q e H H R  (PI )OHT~ rOPHhIX p a 6 0 T  RJIH K a W -  

d8 AOI'O r O P H 3 0 H T a .  AJIR HX IIOCTPOeHHR 
HCIIOJIb3YK)T IIOI'OPH30HTHbIe IIJlaHbI r0p- 

32 H ~ I X  1 1 3 6 0 ~  H ~ p a @ a p e ~ ,  ~ b ~ n e p n ~ s a e ~ b ~ i i  

H a  H a n b K e .  Ero p a 3 M e p b I  C0OTBeTCTBYH)T 

16 I'OPH3OHTY, IIJIOZqaAb KOTOpOrO RBJlReTCR 
~am6on~mei i .  Ha ~ p a @ a p e ~  H a H o c R T  

o c b  1 ,  ~ O K ~ ~ ~ I B ~ ~ I Q Y H )  H a n p a s n e a H e  nos- ' " '' 'P,xnn'r3 B H r a H H R  (PPOHTB rOpHbIX p a 6 o ~ ,  H H o p -  
Puce 250. ~.?IIMCEIMOCT~ o66eroe MaJIbHO K H e 6  IIPOnOART YCJIOBHhle XHHHH 
s c ~ p b ~ m n  OT napacTamlqex 06.semos 

nOne3HOFO LrcKonaeMoFo n o n o m e ~ H ~  rOpHbIX p a 6 o ~  no rOpH3OH- 
TaM 1, 2, 3, 4 . .  

Ha pmc. 251 n o ~ a 3 a ~ a  c x e M a  K o n p e n e n e H H I o  njrorqa~efi cese~mfi no 
I?OPH30HTy. 

T p a + a p e ~  noonepenno H a I c n a A h m a e T c R  H a  , ~ O ~ O ~ H ~ O H T H H ~  n f i a H M  
TaKHM 0 6 p a 3 0 ~ ,  P T O ~ ~ I  YCJIOBHbIe JIHHHH IIOJIO?KeHHR rOPHbIX p a 6 o ~  

a a ~ ~ ~ a n m  OUHO rn TO me n p o c T p a H c T B e E H o e  n o n o x e H H e  H a  B c e x  ropm 
3OHTaX. 3 a T e M  OIIpeAeJIReTCII AJIHHa K ~ H ~ A o G  JIHHHH AJlR AaHHOrO r0- 
pH3OHTa IIO IIOJIe3HOMY HClCOIIaeMOMy H BCKphIuIHMM IIOpOpaM. H a n p H ~ e p ,  

O n p e A e n a I o T c R  AJIHHbI OTpe3KOB IIO JIHHHH 4: AA1, AIB, BC, CD, 
Dfl H CyMMHPyIoTCR COOTBeTCTBeHHO IIO IIOJIe3HOMy HCKOIIaeMOMy H no 
BCI<pbIme.  C ~ M M ~  OTpe3KOB J I H H H ~  n0 IIOV1f33HOMY HCKOIIaeMOMy H DO 
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BCKpbIIIIe AJIH AaHHOI'O IIOJIO?KeHHR 0 6 0 3 H a ¶ a e ~  A n H H y  ~ o 6 h l s ~ o r o  a' 
BCKphILUHOI'O ~ P O H T ~  p a 6 o ~ .  YMHO~KHB HX H a  BhICOTy Y C T y n a ,  n 0 J I F a H ) T  

nnowann c e n e ~ ~ ~  no ~ P O H T ~  ~ O P H ~ O H T ~ .  

3 a ~ e ~  B M q e p n n s a m T  r p a + ~ ~ ,  H a  KOTOPOM B A a J I b ~ e s l ~ l e M  CTPORT Ka-  

n e ~ ~ a p ~ ~ i i  n n a H  r o p H H x  pa6o.r.  fin^ B b I s e p s H s a H H R  rpa+ma n p O B 0 -  
AHTCR O C ~  z H n e p n e H A E i K y n R p H o  K ~ e f i  PFIA n a p a n n e n b H b I x  oceii I ,  
(i - OTMeTKa r O P H 3 0 H T a ,  M). 
Y H C J ~ O  3THX OC& COOTBeT- 

CTByeT KOJlHPeCTBY I'OpH30- 

HTOB A 0  I I P O ~ K T H O ~  rny6n~b1 
K a p b e p a  (pnc. 252, 6). A n R  

K a ? K ~ o f i  OCH I l  B B e P X  Fi BHH3 
IIPOROAHTCR OCb OPAHHaT S. 2 

Ha OCHX Ii OTMesaloTCR TO¶- 

KH ~ C J I O B H ~ I X  J I H H H ~ ~  ~ O J I O -  

?KeHHR I'OpHhZX p a 6 o ~ ,  H 3  

KOTOPHX (B M ~ C I T I T ~ ~ ~ )  OT- 

KJIaAbIBaloT B B e p X  n J I O Q a n H  

cene~nii  no B c K p a m e  H 

, BHHB - no n o n e 3 ~ o ~ y  HC- 

K o n a e M o M y .  l l o n y s e ~ ~ ~ e  1 TO¶KR C0eRHHRH)T IIJIaBHhlMH 

JIHHHRMH. Ann BCKPbImH 

r p a @ a ~  p a c n o n a r a e T c R  

H m x e ,  a A n H  nonea~oro  HC- rnn'70u 

K o n a e M o r o  - B b i m e  OCH 

a 6 c q l i r c c  li. ~ P ~ @ H K H  KPH- 

BbIX 0 6 0 3 H a ~ a H ) T  H3MeHe- rop.5M 

H H e  n n o q a ~ e i i  B e p T m K a n b -  

H ~ I X  c e n e ~ ~ i i  no ~ O P H ~ O H T ~  

B H a n p a s n e H H H  n e p e M e a e -  

HHR @ P O H T ~  p a 6 0 T .  C ~ M M ~  rap 
OPAHHaT DO ~ a ~ 0 f i - n H 6 0  

~ C J ~ O B H O ~  JIHHHH lIOJIO?Ke- 

HEIR rOpHhIX p a 6 o ~  no BCeM 

r O p H 3 0 H T a M  0 6 0 ~ ~ a n a e ~  PHo.252. hema K onpeAcreHam nonoiterorrr ropHLlx 
pa6or npn nocTpoeHwa KaaeWapHoro nnana: 

n J I o Q a A b  BePTH*aJrbHoro a - ~ e n m ~ a n b ~ a r l  oaanes no naDbeDY: 6 - ruammw 

IIOJIH). 
I l o n o m e ~ ~ e  r o p H a r x  p a 6 o ~  H a  r p a + n ~ e  no y c T y n y  onpenen R ~ T C R  

JIHHHRMH, K p a 6 H ~ e  TOgKH KOTOPbIX OTMeqaIoTCR H a  OCH IIOABHraHHR 

H H a  C o o T B e T c T B y m t q H x  K P H B ~ I X  ( o p ~ a  JIHHHR o S o 3 ~ a s a e ~  nonomerim 
r o p H b I X  p a 6 o ~  no n o n e 3 H o h l y  H c K o n a e M o M y ,  A p y r a R  - no s c ~ p b ~ m e ) .  

~ o J I o W ~ H H ~  K P ~ G H H X  TOYeli 3THX JIHHHfi HaXORHTCH IIT)OeKTHPOBaHHeM 

m H p H H b I  pa60mx I I J I O Z ~ ~ A O K  H a a n o i f i e ~ ~ i i  Y C T ~ I I O B  H a  o c b  a6cqzicc 
H COOTBeTCTBYI04He KPHRbIe.  H a n p ~ ~ ~ e p ,  I Ip I I  nOiI0;rieHHH YCTynOB Uri 

H cd (PHC. 252, a) n o n o x e H E i e  r o p H N x  p a 6 o ~  H a  rpa+me  no BcKpaIIrre  

1 o n p e R e n n e T c n  n n x n n m  alel H cld,, a no nonesnouy ncaonaenro*lg -- 



ale; H cld;, ~ P H   TOM B ~ . T H ¶ H H ~  bZcl P ~ B H ~  ~ H P H H ~  pa6osef ~ J I O ~ ~ A K H  k ,  - ~03#l#lEZl3,He~T H3IlXeUeHHR; 
MeXAy YCTynaMH. Onpe~eJIe~He o 6 a e ~ o ~  IIpOH3BOHHTCR BbI¶HCJIeHHeM m 

n n o q a ~ e i  ~ p ~ ~ o n ~ ~ e i i a ~ x  ~ p a n e q ~ i i ;  ~ a n p ~ h ~ e p  , nnowanb 4 ~ r y p b 1  2 si - c y ~ ~ a  a r ~ a s e ~ n i i  nnowa~eii  c e s e ~ ~ ~ i i  no none3no~y  nc: 
cld1Olnl B ~ a c m ~ a 6 e  COOOTBeTCTByeT o 6 a e ~ y  BCHpbImH, a IInOqaAb 

i=l  

cld;Olnl ( p ~ c .  252,6) - o 6 a e ~ y  none3Horo HcKonaeMoro. Bep~HHanb~bIii 
KOnaeMOMy BCeX BCKpbIlIIHhlX I'OpH30HTOB, nt2; 

pa3pe3 IIpHBeAeH TOJIbKO AJIR O ~ % R C H ~ H H R  C Y q H O C T H  OIIpeAeneHHR pa- 
S, - m o q a a b  sepTmKa.xbHoro ceseHmR no n o n e 3 ~ o ~ y  HcICona- 

6oseii 3OHbI Rapbepa, B A ~ J I ~ H ~ H I I I ~ M  Il HeM HeT H ~ O ~ X O A H M O C T H .  
e M O M y  O¶epeAHOrO BCKpbIBaeMOrO l?OPH30HTa, JC2; 

m - sHCJI0 BCKPbITbIX PYAHbIX I'OpH30HTOB; 

2. I I o n y s e ~ ~ o e  noAsHraHme oTIcnaAmaeTcs no OCH a6cqmcc OT nono- 
? ~ e ~ H i i  HHHCHHX ~ P O B O K  YCTYIIOB H OnpeAenseTcR HoBoe noJIomeHHe p a 6 o ~  
no noxe3no~y  HcIconaeMoMy xi no BcIipbIme AJIR Bcex A ~ ~ ~ C T B Y I O ~ H X  
I'OPH30HTOB. 

Ha PHC. 253 nOKa3aH l c a a e ~ ~ a p ~ b ~ i i  IInaH O T ~ ~ ~ O T K H  B~JIRBKHHCKOI 'O 
Rapbepa ICp~~opomcitoro ; ~ e . ~ e a o p y ~ ~ o r o  6acceii~a, noc~poemrarf no 
H3JIOKeHHOMY MeTOAy. 

§ 3. r o p ~ o r e o m e ~ p ~ u e c ~ ~ ~ i i  aaanm KapnepHoro nonn 
W ~ C ~ O B H ~  O T ~ ~ ~ O T K I I  nOnOrHx H r o p ~ 3 0 ~ ~ a n a ~ a r x  sanexceii 

npH O T ~ ~ ~ O T K ~  rOPH30HTa?IhHbIX 3 a n e ~ e G  OTKpbITbIM cnoco6o~ ne- 
peMeqennc pa6osef BOHM Icapbepa npoHcxoAmT no nnopanm nrecTopo- 
SReHHR.  HPH 3TOM pa6osas 
a o ~ a  Kapbepa MeHcIeTcs no 
BbICOTe T O J I ~ K O  n p ~  ~ 3 ~ e ~ e -  

HHEI MOWHOCTH BCKpbIILIH H 

n n a c ~ a  I I O J I ~ ~ H O ~ O  HcKonae- 
MOrO.  npn  p a 3 p a 6 0 ~ ~ e  ro- ,'' 
PH30HTaJIbHbIX 3aJIeXeG 

sn . -~opp .  AH CCCP ,t5 

B. B. P S ~ B C K H ~ ~  npenno- 
XHn C J I ~ A ~ I ~ ~ ~ E I ~  MeTOA re0- 

MeTpEisecHor o 
Hapbepa. MCXOAHHM MaTe- 

pHaJIoM cnyHcaT nnaHM 1x30- 
M O W H O C T ~ ~ ~  n y c ~ b ~ x  IIOPOA H 

none3~0ro  HcxonaeMoro c ,,a 
HaHeCeHHbIMH Ha HHX rpa- 

I I o c ~ p o e ~ ~ l e  KaneHAapHoro nnaHa IlpOH3BOAMTCH B CJIeAYmWeM 

HanpaBJIeHHIO Pa3BHTHR pa- 
GOT IcapbepHoe none p a 3 6 ~ -  , .  
BaeTCR cepHef napannenb- 

rAe Q, - nPOH3BOACTBeHHaR MOmHOCTh  Rapbepa nOne3H0MY 
HCHOIIaeMOMY, nt3; 

gl - o 6 a e ~  nones~oro  HcKonaehIoro no pa3pe3~oii TpaHmee 
npH B C K P ~ I T H H  OPepeAHoro r o p n s o ~ ~ a ,  nt3; 
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B c r c p a r m H  H 3 a : r e ; ~ ~ .  B c e p e A H H e  K a x A o r o  ysacma U p o c T a B n R I o T  cpeq- 
H e e  ~ H ~ Y ~ H H C  M O I ~ H O C T H  B C K P H ~ H  H I I O J I ~ ~ H O ~ O  x c K o n a e M o r o .  Ancr K a -  

.KAOI'O yCJlOl3HOI'O @ ~ O H T ~  paf io~ 3TH 3HaW?HHR CYMMHPYIOTCII I;I YMHO- 

x a m T c r r  H a  AJIHHY ysacma. I I o n y n e ~ ~ ~ e  ~ ~ O H ~ B ~ A ~ H H I I  HBJIRIOTCH 

njroqaAmm cene~vrii no YCJIOBHOMY @POHTY pa6o.r H o T K n a A H s a m T c c r  

B BHAe OpAElHaT IIOJIe3HOI'O HCKOIIaeMOrO H BCKPHUIH (PHC. 255). Ha OCH 

a 6 c q ~ c c  ~ p a @ H K a  OTKJIaAhIBaIOTCII nOJIOXeHHH @ ~ O H T ~  p a 6 o ~  I ,  11, 11 1 
EI T. A. B COOTBeTCTBHH C PaCCTORHHeM M e K a y  HHMH (CM. PHC. 254,), a H a  

OCH OpArnHaT - n n o q a A H  c e s e ~ ~ i i  n o ~ ~ e a a o r o  H c K o n a e M o r o  m BcKphI rnH,  

p a B H 6 I 0  no 3Ha¶eHHIO 0 6 ' b e ~ a M .  

njroqafib, s a ~ j r m n e ~ ~ a ~  M e x A y  n ~ ~ r n e i i  noneaaoro H c K o n a e M o r o ,  

ocbm a 6 c q ~ c c  H ~110608 napof OpAHHaT,  I I O K ~ ~ H B ~ ~ T  0 6 a e ~  H ~ B J I ~ K ~ ~ M O ~ O  

~ O J I ~ ~ H O ~ O  m c I < o n a e M o r o  n p H  IIOABHI'EIHHH @ ~ O H T ~  p a 6 0 T  B npenenax 

HoMY HCKOIIaeMOMY H IIO BCKpHIUe.  n J I 0 4 a ~ b  B e P T H K a J I b H O r O  CeP0HHII  

no OCHOBHOMY B c K p h I m H o M y  YCTYIIY O n p e R e x t I e T c n  no a o p ~ y n e  

rAe ai (i = 1, 2, 3, .. . n) - paCCTOHHHe M e K A y  H30rHI ICaMH (HJIH 

CKBBKAHEIMH) IIO JIHHHH; 

2, - a 6 c o n m ~ ~ a ~  OTMeTKa B e p X H e H  n J I O 4 a A K H  

OCHOBHOrO Y C T Y n a ,  3; 

Z,,i - ~ ~ C O J I I ~ T H H ~  OTMeTKH KPOBJIH IIJIaCTa IIO 

PNC. 258. Onyc.zrnetiwr nono- 
xetina ~ O ~ H I , I X  p a 6 o ~  tin xapa- 
epaX B C.T>YaV IIPHMPHeHCTR 
bec~pat icnop~srx ,  TpawcnopT- 
HO-OTBanbHblX I1 KoM~MHU~O- 
HUHHblX CUC.TfZd p38pa60~~l l :  

nnoqanrr y s a c ~ ~ a  , X; 
d - n p o e K q H c I  ~epa6one ro  6 o p ~ a  H a  ropn- 

30HTaJIbHYIO IIJIOCKOCTb, M;  
I * 

Z,, Zrn - ~ ~ C O J T I O T H ~ I ~  OTMeTKH KPOBJIH IIJIaCTa B 

T O P ~ O B ~ I X  y s a c ~ ~ a x ,  at. 

a - eepmKanhrrhli3 paapes no 
nutinu rrepemcil~vcrnn Qpon'ra; 
6 - r p d @ ~ ~  iI.IPleHelln8 nno- 
rltitnefi c e l~c t~~ l r  no IlOJIC3HOMy 
nck:onaeMoMy (I); BCKpblIlle 
(3);  IlCKpbllUe. 0~1)n@a~bl~t?-  
M t r n  ocaonrrwd B C K ~ ~ I U I I I ~ I N  

yc'ryrrmr (2) , 

Ha OCHOBaHHH IIOJIYYeHHHX 3 H a ¶ t ? H ~ 6  I I J I 0 4 a ~ e f i  c e ¶ e H H i i  CTPOHTCH 

~ P ~ @ H K A :  UO OCH a6cqncc 1 OTKJIaAhIBaIOTCII PaCCTOHHHII M e K A Y  JIHHH- 

HMH, a no o c ~  o p A n H a T  - s ~ a s e ~ u s  n n o q a ~ e i i  c e n e ~ ~ i i  S; r p a @ m  ~ 3 -  

MeHeHHH I l J I 0 4 a ~ e ~  C ~ P ~ H H G  BCKPhIIIIH CTPOHTCH HHHCe OCH a6cq~cc .  
I<a PHC. 256 n o ~ a 3 a ~ o  O n p e g e n e H H e  nonoHCeHmcI r o p H b I x  p a 6 o ~  H a  K a -  

p b e p e  B C J I y Y a e  I IpHMeHeHHH ~ ~ C T ~ ~ H C ~ O ~ T H H X ,  TpaHCIIOpTHO-OTBaJIb- 

H H X  H K O M ~ H H H ~ O B ~ H H H X  CHCTeM p a 3 p a 6 0 ~ ~ ~ .  
llonoxie~me pa6onef ~ O H H  K a p b e p a  B ~ a x ~ ~ f  roA a K c n J r y a T a q H H  

o G o ~ H ~ ¶ ~ ~ T C H  JIHHHIIMH, K p a H H H e  TOYKH KOTOPhIX OTMePaIOTCII H a  OCH 

a 6 c q ~ c c  H H a  COOTBeTCTBYIOqHX KPHBHX.  ~ O J I O K ~ H H ~  K P ~ ~ H E X  TOPeK 

HBXOART, I IPOeKTHpYH H a  OCb a6cqncc p a 6 o ~ ~ e  nJIOU(aAI<tI. H a n p ~ ~ e p ,  
n o n o x e H m e  r o p H b r x  p a 6 o ~  no OCHORHOMY BCKP~IIIIHOMY y c ~ y n y  onpe- 
AeJIHTCH . ? H H H ~ G  albl, no LIepCAOBOMy - c1dl. 



A I rAe 7 - C p e A H R H  B e n w H H a  IIepeMelI(eHHH @ ~ O H T ~  r O p H H X  p a 6 o ~ ,  Ict; 

Sl, S2 - nJIOpaJ@i BePTHKaJ ILHbIX c ~ ' X ~ H H G  COOTBeTCTBeHHO no pas- 
J I l m H H M  IIOJIOlKeHHRM @ ~ O H T ~  I 'OpHbIX pa60.r. 

r p a @ H ¶ e c K H  I I p H B e A e H H O e  B b I p a X e H H e  M O X H O  I I P e A C T a B H T b  B BHHe  
A1  A1  

T p a n e q H H  C B ~ T C O T O ~ ~  - H OCHOBaHHRMH S1 H S2. BbIco~a - RBJIIIeTCR 
2 2 

c p e ~ ~ e i i  s e n n s ~ ~ o i i  n o A B H r a H H c I  H a  y u a c T x e .  T o r ~ a  o 6 n e ~  RCKPHIIIEI 
HJIH I I O J I ~ ~ H O ~ O  H c x o n a e M o r o  B K o H T y p a x  K a p b e p H o r o  IIOJIR MOXHO ripen- 
CTaBEITb B BHAe  K P E B O J I H H ~ ~ H O ~  T p a I I e q H H  - I ' pa@HKa H 3 M e H e H H R  nn0- 
TQaHeG c e ¶ e H H 5  B 3aBHCHMOCTH OT c p e ~ H e 6  JIHHHH UOHBHI'aHHH @ ~ O H T ~  

r 0 P H b I X  p a 6 0 T .  A J I R  I IOCTpOeHHR r p a @ H K a  H a  OCH a 6 c q ~ c c  OTKJIaAbIBa- 
A1 

IOTCR 3 J I e M e H T a p H b I e  C p e A H H e  HJIHHbI I IOABMraHHR @ ~ O H T ~  p a 6 0 ~  , - 
A12 - A In - 
2 ' "" H H 3  K ~ X A O ~  TOnKH O T p e 3 K a  IIPOBOHRTCH O p A H H a T H ,  CO- 

OTBeTCTBYIOIIC,He 3 H a 4 e H H I O  IIJIOlI(aAH CePeHHR.  H J I R  Y A O ~ C T B ~  I lOCTPOeHHR 

K a n e H H a p H o r o  nnarra r p a @ ~ ~  H ~ M ~ H ~ H H H  n n o q a ~ e G  cene~nii  B c K p H m H  

CTPOHTCR H H X e  OCH a6cq~cc.  n p H  K O M ~ H H H P O B ~ H H O M  ( B ~ ~ ~ H O M  H napan- 
n e n b ~ o ~ )  n e p e M e r q e m H  @ p o ~ ~ a  r o p H H x  pa6o.r no OCH a6cqncc HncI  na- 
p a n J I e J I b I I O r 0  I I epeMel I ( eHHH OTKJIaHHBaIOTCR YCJIOBHbIe er0 I IOJ IOKeHHR,  

a AJIR B e e p H o r 0  - C p e A H H e  AJIHHbI I I O A B H r a H H H  @ ~ O H T ~  r O P H b I X  p a 6 o ~ ;  
IIO OCH O P H H H a T  - COOTBeTCTBYIOlI(He HM 3 H a 4 e H H R  l I J I ~ ~ a ~ e i j [  c e ¶ e H H G .  

npn  O T ~ ~ ~ O T K € !  CBHTH l lJ laCTOB HJIH OAHOrO I I J I aCTa ,  I IpeHCTaBJIeHHOrO 

Pa3JIHsHhTMH COPTaMH IIOJIe3HOrO HCI<OIIaeMOrO,  I IOCTPOeHHe ~ P ~ @ H K O B  

H3MeHeHMH l I J l ~ ~ a ~ e i i [  c ~ ¶ ~ H H S  M O X e T  IIPOH3BOAHTCH p a 3 H e J I b H O  B CO- 

OTBeTCTBHH C IIPHMeHFIeMHMH TeXHOJIOI'H¶eCKHMH CXeMaMH p a 3 p a 6 0 ~ ~ ~  
HJIH B IIOCJIeAOBaTeJIbHOCTH, C O O T B ~ T C T B Y I O ~ I ( ~ ~ ~ [  H X  reOJ IOrE igeCKOMy 
CTPOeHHIo .  

H J I H  O I I p e A e n e H H c I  n O A B H r a H H R , H  O ~ ' ~ ~ M O B  @POHTB I'OPHhIX pa6o.r 
HCIIOJIb3YeTCR r p a @ H ¶ e c K H i i  MeTOH. n p H  COCTaBneHHH K a J l e H A a p H b I X  

n n a H o B  I I ~ O H ~ B O H C T B ~ I I H ~ R  M O ~ I ( H O C T ~  H a p b e p a  no n o a e 3 ~ o ~ y  H c K o n a -  

eMoPiry H ~ B ~ C T H ~ .  E c n ~  rpa@m H ~ M ~ H ~ H H R  n n o q a ~ e i i  c e n e ~ ~ G  no no- 
J I e 3 H O M y  H C K O n a e M O M y  I I p e A C T a B H T b  B BHHe  S = f ( l ) ,  TO o 6 a e ~  nOJIe3HOI'O 

H c x o n a e M o r o  o n p e A e a a T c R  

Q2 

(XIII,5) 

H a s a n b ~ o e  J IOJ IOXeHme FOpHbIX p a 6 0 ~  no ~06b1se HaXOAHTCR IJO JIHHHH 

OIR1 C O r n a C H O  YCJIOBHRM IIOCTpOeHHR I ' ~ ~ @ I I K o B .  T p e 6 y e ~ c c 1  H ~ ~ T H  r0- 
AOBOe I I O A B H r a H H e  I3 I IOJ IOXeHHe  @ P O H T ~  r O p H b I X  p a 6 o ~ ,  a TaKHEe OII- 

p e H e J I H T b  ~ O A O B O ~ ~  o 6 a e ~  BCKpbIIUH. 

1. I I apannenb~o  ocm a6cqncc 13 H a  p a c c T o m m m  OT H e e ,  p a s H o M  ro- 
~ 0 ~ 0 5  IIpOH3BOAHTeJIbHOCTH K a p b e p a ,  OTJIOXeHHOM B O ~ Z ~ M H O M  M a c -  

Qr n p o B o n m c a  n p a M a R  ECM. M ~ ,  M~ - n a c n e n H H e  ~ a c m ~ a 6 ~  I I I T ~ ~ ~ ,  - 
MSM, 

no OCHM S rn-I. Ha n p s ~ o i i  ECM B T o m e  F, o T M e n a e T c c I  H a s a J r b H o e  nono- 
x e m e  r o p H h z x  p a 6 o ~ .  

2. I Iapannenb~o OCH a 6 c q ~ c c  IIPOBOAHTCR n p m a n  NP, n e p e c e K a -  
I o r q a c I  sacm n m H m  S = f ( I )  H a  ynacme R,R2, n p n M e p I I o  p a B H o M  B e n H -  

smae n o A s n r a H E i c I  @ p o ~ ~ a  pa6o.r. I I p H  nepeceremin 3 ~ 0 6  nmmti c ocbm 

rop- 

4. M3 TOYKH F1 I I a p a n J I e n b H O  N6 IIpOBOAEITCR I I p f f M a R  F1O2. ~ O J I Y -  

n e ~ ~ n i j r  n p H  n e p e c e n e H n n  n p ~ ~ o i i  F102 c ocbm ~ G C ~ E I C C  I O T P ~ ~ O K  OIOz 
O l I p e A e J I H e T  D O A B H r a H H e  @ ~ O H T ~  r O P H b I X  pa6o~ .  OT TO¶KH o2 DO OCH 

a 6 c q ~ c c  OTKJIaAbIBaeTCR C y M M a p H O e  3 H a n e H H e  YIHPHHbI p a 6 o . r ~ ~  IIJIO- 

q a H o K  H npoe~qmii a a n o x e ~ ~ ~  y c T y n o B  02ECl. I I p o e ~ ~ n p y ~  TOPKY Kl 
H a  r p a @ H K ,  O n p e A e n c I m T  ~ o s ~ y  Dl. T o r ~ a  n o n o x e H m e  r o p H b I x  pa6o.r no 



~ o 6 m n e  o n p e a e n H T c R  n p ~ ~ o i  OIDl cor;racao YCJIOBHH) n o c T p o e H m  r p r l -  

I (PHKOB (CM. PHC. 256). 
5. OT TO¶KH 0 2  OTKJIa$(hIBaeTCR I I O J I O X e H H e  ( P P O H T ~  r O P H h I X  p a 6 o ~  

no B c K p M r n e  0,"L2. 0 6 a e ~  ~ c ~ p m m ~  o n p e , q e n m c R  nnolqaAbIo T p a n e s H H  J 

OiLlL20,", K O T O P H ~ ~  MOWeT 6 h I ~ b  OIIp€?$(eneH J I I O ~ ~ I M  HBBeCTHhIM MeTO- 

$(OM. 

6. n p ~  n a n b ~ e G m ~ x  n o c T p o e H m x x  enmmqa O ~ ~ ~ M H O ~ O  ~ a c m ~ a 6 a  
1 n e p e M e q a e T c R  no OCH a6cqncc, H a n p m e p  B nonoxeme albl, H onpeRe- 

I 
n R e T c R  a ~ a s e ~ m e  cpeweii o p R n H a T m  H a  n p e R n o n a r a e M o M  ysacme no$(- 

B m r a H m ,  H a n p H M e p ,  QlK2. B e J l m H ~ a  o G a e ~ ~ o r o  ~ a c m ~ a 6 a  M o x e T  

1 6 h I T b  Y B e J I E s e H a .  ~ O C T P O ~ H H I I  IIpOH3BO$(RTCfI H a  M H J I J I H M ~ T P O B O ~ ~  6 ~ -  
I M a r e .  

I Ha PHC. 258 n o ~ a 3 a ~  r p a + n ~  n p o s e n e H H o r o  r o p H o r e o M e T p H s e c 1 ; o r o  

a ~ a n ~ 3 a  K a p b e p a  K e p n e ~ c ~ o r o  M e c T o p o x a e H H n .  ~ n p H  I IOCTPOeHHH KaJ IeH$(apHbIX  n J I a H O B  H€!O~XO$(HMO Y¶HThIBaTb ,  

¶TO I I P H  T P ~ H C I I O P T H O ~ ~ ,  ~ ~ C T P ~ H C I I O ~ T H O ~  H K O M ~ E I H H P O B ~ H H O ~  CHCTeh laX  

p a 3 p a 6 0 T K H  C y q e C T B y e T  p a 3 J I H ¶ H a f I  B3aHMOCBfI3b  BCKPhIIUHhIX p a 6 o T .  

T ~ K ,  n p H  ~ ~ C T ~ ~ H C ~ O ~ T H O ~  H T ~ ~ H C ~ O ~ T H O - O T B ~ J I ~ H O G  CHCTf?&laX 

p a 3 p a 6 0 ~ K H  co6.n1o~ae~cf1 P a B e H C T B O  I lO$(BHraHHfI  ~o6b1n~h1x H BCKpbIUI-  

HhIX p a 6 0 T .  n p H  T ~ ~ H C ~ O ~ T H O G  CHCTeMe p a 3 p a 6 0 T K H  T a K O e  YCJIOBHe 

,lI,n~ onpenenemm 0 6 5 e M 0 B  BCKPMLUEI H ~ O ~ X O A H M O  no 3 a ~ a ~ ~ o i i  B e -  

J l H ¶ H H e  BCICPbITMX 3 a I I a C O B  OIIpe$(eJ lHTb B e p x H H i i  Ilpe$(eJI H H T e r P H P t l -  t 

R8HHf I .  

I I p e ~ e n ~  H H T e r p H p o B a H H s x ,  x a p a r c T e p m y I o w H e  n o n o w e H m  (PPOH- 
TOB pa6o.r no BCIcpbIIUe H $(06b1~e I I P H  ~ ~ C T P ~ H C I I O P T H O ~  H TpaHCI IOpTHO-  

O T B ~ J I ~ H O P  CHCTeMaX p a 3 p a 6 0 T K H ,  Onpen t ? J IRIoTCf I  B 3aBHCHMOCTH OT 

pewaara B C I ~ P M ~ H M X  H $ ( O ~ M ¶ H M X  p a 6 o ~  ( ~ p y r n o r o ~ o ~ o r o  H n I x  c e 3 o ~ -  
E I O ~ O ) ,  a T a K w e  n a p a M e T p o B  n p H M e H c r e h r o r o  r o p H o T p a H c n o p T H o r o  

060p ~ ~ O B ~ H B H .  

IIpm o n H H a I c o n o M  pe>rcmMe $ ( 0 6 6 1 9 ~ b 1 ~  1.1 B C K P ~ I ~ H M X  paGo~ H a  y l I a -  

cmce O10, (PHC. 259, a) o 6 n e ~  R C K ~ I ~ U I I  O n p e g e n m c R  no (Pop~yne 
os+n 

PUC. 258. r o p ~ o ~ e o ~ e ~ p u s e c ~ l r i i  a~anrrs xapbepa: 

a - rpa@IIKCl ll3MeHeHIIR MOIUHOCTCl BCKPbIIUII ( I )  II BbICOTbI OCHOBIlOrO HCKPbIIUIIOrO YCTYIIa (11); 
6 - ~ l s ~ e ~ e k r n e  nnmm @p01iTa p a 6 o ~  B npoqecce O T ~ ~ ~ O T K U  Hapbepa; 6 -- ~ a n e r r n a p ~ b ~ P  nnakr 
I'OPHHX pa60T: ~pa@ClKCl 0 6 ' b e ~ o ~  (111, IV); BCKPhIIUII no OCHOBHOMY JTCTyIIY npll C r O  nOCTORIiH0~ 

BblCOTe (V), IlePCMeHHOZf (VI)  Cl o64eP (VI I )  BCKPbImH ( ~ P ~ ~ C K A % D I  qII@PaMll 0603~a9eHbI rOAbI 
3FirnnyaTaqIIII II 06'be~b1 ~ ~ 3 6 0 ~ ) ;  2 - rpa@IIK II3MeHeHIIR KaTeCTBa PYnbI B IIpOqeCCe O T ~ ~ ~ O T K E I  

Hapbepa 



I I p H  n e p e ~ e ~ ~ o i i  M O ~ H O C T H  n n a c T a  n o A s E i r a H t l e  A O ~ ~ I ~ H M X  H BCKPM- 

IIIHbIX p a 6 0 T  ~ Y A ~ T  HeOfiHHaKOBO. P ~ H C I T M  r O p H b I X  p a 6 o ~  MOHCeT Pe I ' y J IH-  

p O B a T b C R  3a C¶eT  H3hfeHeHEIR B e J I H q H H N  O I I e p e X e H H R  BCKpHI I IHbIX  p a 6 0 ~ .  
~ O ~ T O M Y  I I P H  DJ IaHHPOBaHHEI  0 6 a e ~ 0 ~  r O p H H X  p a 6 o ~  B ~ ~ X H H ~  IIpeAe.? 
H H T e r p H p o B a H m  ( n e p e ~ e ~ ~ a ~  n a c n  o n e p e m e H m  17) B ~ T O M  c:ryrae 
O n p e A e n R e T C R  IIPOH3BOAHTeJIbHOCTbH) BCKPbIII IHOrO O ~ O P Y A O B ~ H H E I  H B e -  

~ T I H P H H O ~  n &,,. 
n p H  C e 3 0 H H h I X  BCKPbIII IHHX p a 6 0 T a x  C T e I I e H b  HCI IOJ Ib30BaHHR nepe- 

M ~ H H O ~ ?  ¶aCTH O n e p e X e H H R  BCICpbIIIIHHX p a 6 o ~  AJIR C 0 3 A a H H R  3HMHHX 

3 a I I a C O B  B pa3J IH¶HbIe  I'OAbI HeIIOCTORHHa.  ~ O ~ T O M Y  IIPOHCXOAHT H e -  

o A m a x o B o e  rononoe n o A s H r a I m e  A O ~ H U H ~ I X  H B C K P ~ I U I H ~ I X  p a 6 0 ~ .  To- 
raa O I I p e A e 3 e H H e  rOAOI3bIX 0 6 ' b e ~ o ~  BCKpbIII IH M O X e T  6 b 1 ~ b  CaeAYH)lI(ee. 

a d 

PAC. 2 5 9 .  Cxema 1; onpcReneHum roRoob1x 06zemoe ropnbrx pa6or npn crrcrcmax 
paapa6o~su: 

a - ~ p a l r ~ n 0 p ~ ~ O i  A 6 - TpLHCIIOpTtiO-OTBanblioji 

Ha H a s a n o  n . u a a n p y e h r o r o  n e p H o A a  n o n o x e H E i e  + p o ~ ~ a  p a 6 o ~  no no- 
n e 3 ~ o ~ y  H c I c o n a e M o M y  E l a x o f i n n o c b  n n o n o m e H m  a, (PHC. 259, 6) ,  
no B c I c p b I m e  - B a,. 3 a  nepnon B C K P N ~ H O ~ O  c e 3 0 ~ a  n, (PPOHT p a 6 o ~  
no llOJlI33HOMy HCKOIIaeMOMy I l e p e M e C T H T C R  B IIOJIOH<eHHe U 3  H 38 3TOT 

>Kt? n e p H O A  AOJlirfHO 6 b I ~ b  C 0 3 A a H O  O I I e p e l r c e H H e  M e X A y  A O ~ ~ I ¶ H H M E I  H 
BClCPbImHbIMH ( ~ P O H T ~ M I I  p a 6 o ~  C qeJIbI0 COSAaHHH 3HMHHX 3anaco~.  
T o r ~ a  o 6 a e ~  B c I c p a r m n  onpepenmca no ( b o p ~ y n e  

aa+LTmax 
Vi= rp(l)dl, in3. (X111,6) 

al+nmax 

$$ 4. I 'eo~e~p~lnecrni i  a~anr i3  K a p b e p r r b I x  noneii 
c ~ c n O n b 3 o s a ~ r i e ~  3BM 

O n p e ~ e n e ~ ~ l e  nnowageii K o 6 a e h l o ~  n p H  r e o M e T p H s e c K o M  a ~ a a ~ 3 e  
K a p b e p H b I X  IIoJIefi MOHCeT B H n O J I H R T b C R  C I IOMOwbH)  3BM. AJIR 3 ~ 0 ~ 0  H e -  

O ~ X O A L I M O :  I I P e A C T a B H T b  MOAeJIb  MeCTOPO?KAeHHR B B H A e ,  Y A O ~ H O M  A.lR 

3 a n H C H  B 3 a I I O M H H a H ) w e h I  J ' C T P O ~ C T B ~  B ~ I U E I C J I H T ~ J I ~ H O ~  MaIIIHHbI;  I I P O -  

BeCTH M O A e n H p O B a H H e  r p a H H q  K a p b e p H O r O  DOJIJI; n p O B e C T H  M a T e M a T H -  

. IeCKOe MO AeJ IHpOBaHHe  p a 3 B H T H R  r O p H b I X  p a 6 o T  H BhInHCJIeHHR 0 6 5 1 3 ~ 0 ~ .  
M o ~ e n b  I'OPH30HTaJIbHOl'O HJIH IIOJIOI'OIIaAaIOweTO MeCTOPOXCAeHHR 

M O X e T  6 b I T b  I I O C T p O e H a  no M e T O A y  6 n n x a t m ~ x  TO¶eIC. C Y W H O C T ~  DO- 

C T p o e H m  M o A e n m  saxn~osae~ca  B n p e A c T a s n e H n n  ~ o n o r p a ( P ~ s e c ~ o i i  
n O B e p X H O C T H  C O B O K ~ ~ I I O C T ~ ~ ~ ,  ~ J I O C K O C T ~ H  n p O X O A R w H X  sepe3 T P H  GJIH- 
j~aiirnne T o s m .  O n p e ~ e n e ~ ~ e  r o p H o r e o n o r n s e c K H x  n o ~ a 3 a ~ e n e i i  (MOW- 

HOCTH ~ ~ J I ~ H C H ,  BCKP~I IYH EI T. A.) B T o m e  K a p b e p H o r o  n o n R  c K O O ~ A H -  

H a T a M H  Xiyi IIPOEI3BOAHTCII J I H ~ e f i ~ 0 6  H ~ ~ e p n ~ n R q H e f I  no 3 H a q e H H H M  

~ T H X  110xa3a~enefi B T p e x  6 n ~ m a i i m ~ x  T o s K a x  M o A e n H .  

~ O A I ' O T O B K ~  MOAeJIH hleCTOpOHCAeHHR DpOH3BOAHTCR CJ Ie f iYJDqHM 06- 
p a 3 O M .  Ha I I J I aH  MeCTOpOHCAeHHR HaKJIaAbIBaeTCR D a J l e T K a  C H a H e C e H -  

B J J I I H C ~ I B ~ H ) T C R  ee KOOpAHHaTbI  ll 3 H a ¶ e H H R  I ~ ~ O ~ X O A E I M H X  r O p H O r e 0 -  

J O r H s e C K H X  n o K a 3 a T e J I e f .  ~ O A ~ O T O B J I ~ H H ~ I ~  h f a T e p H a J 1  BBOAHTCH B 38- 

IIOMHHaIol I (ee  Y C T P O ~ C T B O  B H ¶ H c J I E I T ~ J I ~ H O ~ ~ [  MaIUHHbI. ,lJ,n~ BbIPHCJIeHEIR 

3 ~ a s e ~ m H  noxa3a~eneii B nm606 T o m e  K a p b e p H o r o  IIOJIR c H ~ B ~ C T H ~ I M H  

K O O P A H H a T a M H  0THCKHBaH)TCR T P H  ~ J I I ? H C ~ ~ ~ Z L I E ~ ~  TO¶ICH M e C T O P O X A e H H R .  

~ ~ H B o J I H H ~ ~ H ~ I ~  KOHTYP K a p b e p a  3 a M e H R e T C R  J I O M ~ H O ~  J I H H H ~ ~ ,  DPO- 

x o n ~ q e i i  ~ e p e a  ee T O ~ K H .  

Hax6onee I lpOCTO OCyIQeCTBnReTCR M O A e n H p O B a H H e  p a 3 B H T H R  r O p -  

HHX p a 6 0 ~  npn n a p a n n e n b H o M  n e p e M e q e H m  ( P p o ~ ~ a  pa6o.r. n J I o W a ~ b  

l i a p b e p H o r o  nons  p a 3 ~ e n ~ e ~ c ~  H a  s e T H p e x y r o n b H m K n  c H e n e p e c e K a m -  

w H M H C R  CTOpOHaMH;  BepZLIHHM H y M e p Y I o T C R  B D O p R A K e  o6xona er0 KOH- 

T y p a .  Ha PHC.  260 n O K a 3 a H a  C X e M a  K MOAeJIHpOBaHEIIo  pa3BEITHR I 'OPHbIX 

p a 6 o ~  n p H  napannen ~ H O M  n e p e M e r q e H m  ( P p o ~ ~ a .  I I p ~ ~ a g n e x ~ o c ~ b  
TOYKIT ] I< AaHHOMY ¶eThIPeXYI 'OJIbHHKY D P O B e P R e T C R  CJIeAYIOwMM o6pa- 
3 0 M .  

q e ~ ~ p  TRiKeCTH s e T N p e x y r o n b H m a  JIe l I iHT BHYTPEI ero K O H T Y P a .  

Y p a e a e ~ ~ ~  CTOPOH Y e T M p e x y r o n b H m a :  



HJIR M o A e n E I p o B a H H R  I E p r n ~ o n m ~ e i i ~ o r o  4 p o a ~ a  r o p H a r x  pa60.r npti 
0 ~ p a 6 0 ~ K e  TOpH3OHTaJIbHbIX H nOJIOrOIIaJ(a l0 lqEIX M ~ C T O P O % A C H E I ~  KaH$(. 

TeXH.  H a y I c  C. 8. K O P O ~ O B  I IpeA5OXEIJ I  cJI~AYH)WH& MeTOA. 

H a p b e p ~ o e  none p a 3 6 ~ ~ a e ~ c ~  YCJIOBHMMH JIEIHHRMEI ( P P O H T ~  H a  OT- 

AeJ IbHbIe  I IOCJIeAOBaTeJIbHbIe  3 T a I I b I ,  B I I p e A e J I a X  KoTOPbIX 12 IIOACYHTbI- 

R a I o T C n  065e~b1 pa6o.r ( p m .  261). Ha K a n b K e  a a r o ~ a ~ n ~ i s a e ~ c c ~  B c n o -  

M O r a T e J I b H a R  CHCTeMa KOOPAEIHaT XY C IIPRMbIMEI (6, 10, 14, ...), I l p O B e -  

AeHHhIMM DaPaJ I J I e J IbHO OY C HHTePBaJ IOM C. K a J I b K a  HaIEJIaRbIBaeTCII  H a  

n n a H  T a K ,  s ~ o G b ~  O C ~  OY pacnonaranacb no H o p M a n m  K JIWHZ~EI @ p o ~ ~ a .  
n o  I < ~ x < A o ~ ~  113 IIr)RMblX (6, 10, 14 .. .) H3MePRH)T PaCCTORHEIR OT OCEI OX 

no T o s e I c  n e p e c e s e H m  c n ~ ~ ~ l e f  4 p o ~ ~ a .  Ha G n a ~ ~ e  B a n r n c b I s a I o T  

KOOPAEIHaTbI TO¶eK ( P P O H T ~  R B C I I O ~ I O ~ ~ T ~ J I ~ H O ~ ~  CEICTeMe KOOPAEIHaT, 

KOOPAEIHaTJJ H a ¶ a J l a  B c I I o M O T ~ T ~ J I ~ H O ~ ~ [  CEICTeMbI B O C H O B H O ~ ~  CCHCTeMe 

r eoopAEiHaT  ah, yron n o n o p o T a  oceii a. Y ~ c n o s o i i  M a T e p H a n  a a n ~ c b ~ s a -  

eTCR BO BHeIUHIIe  3 a n O M H H a I o ~ H e  ~ C T ~ O H C T B ~  T a l c ,  .<TO KOOPALiHaThI 

TO¶CIF l<a~Aol% XllHHEI ~ P O H T ~  0 6 p a 3 y m ~  OTAeJ IbHyIo  3OHj i .  

H o ~ + u r y p a q ~ ~  ( P ~ o H T ~  H n n o u i a n b  pa6oseii 3 0 ~ ~  I c a p b e p a  n p E i  se- 
A e H H H  I'OpHbIX p a 6 o ~  H3MeHRH)TCR. Ha11 RblZlEICJIeHEIH O ~ ' ~ ~ M O B  I4 1~034- 
~ E I I ~ ~ ~ H T o B  BCKpbIrUEI I I ; l O q a A L  pa6oueii 3 0 H b I  MOiIEHO 3 a W e H H T b  IIJIOWB- 

AbH) BePTHKaJIbHOl 'O CeZIt?HHR H a p b e p a  IIO JIHHHEI ~ P O H T ~  p a 6 0 ~ .  r h o -  
WaRb pa6ose5 3 0 H b I  AZOiI<HO I IpeACTaBHTL KaIE CYMMY KVHeUHOrO UIlCJIa n 
3 J I e M e H T a p H b I X  I I J I O q a J O K ,  H M e l O q I l X  BbICOTY ?Tlj 1.i 1TIUI)EIHY C j  ( j  - HOMel) 

a n e ~ e a ~ a p ~ o i i  n . q o w a z I i n ;  mi - M D ~ H O C T ~  B C I C ~ ~ I I I I E I  EIJITIEI none3~0ro  EIC- 

K o n a e M o r o  B c p e p ~ e i i  3 o ~ e  a ~ o i i  n n o r q a , q ~ E i ) .  

0 6 a e ~  r O p H b I X  p a 6 0 T  Bfex<J(y ;IEIHEIHMEI (PPOHTB I I P E I ~ J I E I ~ I ~ ~ H H O  O n p e -  

AeJlEITCH DO B b I p a X e H H I O  

me I ;  - PaCCTORHIXe MeiKAy COCeAHHMM JIEIHkiRhfEI $ J ~ o H T ~  C H O M e p a h l H  
k - 1 H k H a  ~ J I C M C H T ~ ~ H O ~ ~  IIJIOIQaAKf?, J6. 

3 a ~ e ~  C T ~ O R T C R  r pa4n~ l i  E I ~ M ~ H ~ H H R  T e K y q x x  06 'be~on.  B K a s e c T B e  

O p A H H a T  OTKJIanbIBalOTCR I I J I O ~ a A k I  3 T a I I O B ,  B3BeI I I eHHhie  IIO AJEIHe  I I y T H ,  

IIpOXOAEIMOMy ~ a x f i o i i  a n e ~ e ~ ~ a p ~ o i i  n n o q a ~ ~ o i i  (puc. 262). l l p k i  pas- 
p a 6 o ~ ~ e  K p y T O I I R ~ ~ I O ~ M X  aanexeti r e o ~ e ~ p r n s e c ~ ~ t i  aaanxa K a p b e p H o r o  

n o n R  c E I c n o n b a o u a H E I e M  3BM 
OCyTqeCTBnReTCR CJIe)JyWmWhl 06- 
p a a o ~ .  M o g e n ~ p o ~ a ~ ~ e  M e m o -  

p o x q e H m  o c y q e c T s n c I e T c r r  no 
BepTEiKaJIbHbIM I'eOJIOI'EI¶eCKHM 

p a ~ p e 3 a ~ .  Ann   TO TO H a  reoxo- 
r ~ s e c ~ m i i  paspea H a R n a p b r s a e T c R  

nanema (pnc. 263), ~ O P E I ~ O H -  

T a n b n u e  n m M m  H a  ~ o ~ o p o i i  npo- 
BOAHT B COOTBeTCTBEIEi C BHCOTOM 

y c T y n a ,  a B e p T r n K a n L H M e  - B co- 
OTBeTCTBEIEI C H ~ O ~ X O A H M O ~ ~  TO¶- 

H°CTbH) n°CTPOeHEIH' KJIeTKEi Hy- PIIC. 262. e c ~ a  R mp,memm o65enrou npn 
MePYIoTCR B B O C ~ M H P E ~ ¶ H O ~  CH- I : ~ u B o ~ E ~ H ~ ~ I o M  @polI~t' p a 6 0 ~  

c T e M e  c s n c n e H m c I .  ICam,qaii H o M e p  

COOTBeTCTByeT a A p e C y  I I ¶ e c ~ l l  I I aMRTH 3BM. H J l R  0 6 0 3 H a 9 e H E I R  C O n e p -  

ECFEHMOrO R ¶ e e K  BBOARTCII KOAbI B COOTBeTCTBHEI C COPTHOCTbIO P Y n b I  H no- 
POAbI. ~ ~ I I M C ~ I B ~ I O T C R  T a K K e  B 3 a U O M E I H a l O q e M  Y C T P O ~ ~ C T B ~  I I a ¶ a J I L H J J e  I3 

KOHe' lHbIe  H O M e p a  K n e T O K  BCeX l?OPEI30HTOR, paCIlOJIO?IceHEIe A H a  T p a H -  

PMC. 283. IIocmpoeme qsr@ponoir Monenkr napbepa Rna KpyTonaJJaIoqero 
MeCTOpO%ntbHHH 

m e r $  H a  I i a X A O M  ~ O ~ E I ~ O H T ~ ,  3 ~ a v e ~ n e  ee IUEIPHHH, s ~ a q e ~ m e  IIIHPHHH 

pafiosef n n o q a g m .  l I n o q a 8 ~  n o n e a ~ o r o  H c K o n a e M o r o  EI B c r c p M m m  onpe- 
AeJIIIH)TCR IIOAC¶eTOM s H C J I a  KJIeTOK, IIOCKOJILKY I I J I O m a A b  I E ~ ; K A O &  RJ IeTKH 

H3BeCTHa .  C O P T H O C T ~  r 0 p H O i i  MaCCbI YCTaHaBJIHBaIOT no K O A y ,  I IOIIe-  

W ~ H H O M Y  B R s e E ~ e .  

~ O A O B ~ I ~  o6ze~h1  pa6o.r IIOHCrEiTbIBaIoTCR CJIeAYH)LU,IIM 0 6 p a 3 0 ~ .  

O n p e ~ e i r c ~ e ~ c c ~  0 6 a e ~  p a 3 p e 3 ~ o i i  T p a H m e n  H a  B c r c p b I R a e M o M  r o p m o ~ ~ e .  
3 a T e ~  BbI¶HCnRIOT 06ae~b1 BCICpbIiUI4 M lIOJIe3HOTO HCl<OIIaeMOTO, BbIHEI- 

M a e h i b I e  n p H  IIOABEIraHEiH r O p H h I X  p a 6 o ~  IIO l 3 b I I I I e J l e ? I ~ a ~ I . I M  rOPEi3OHTahI .  



Ha 1ia;HAoM r o p m o a T e  @EIKCHPY~TCEI n 0 n O H i e H H e  YCTynOB H a  n e p H o 8  

BCKPbITHR I'OPH30HTa. 0 6 ' 6 e ~  no KBXAOMY I'OPH3OHTY BbI¶HCJIIIeTCII A 0  

TeX n O p ,  n 0 K a  KOJIH4eCTBO DPOCMOTPeHHbIX R ¶ e e K  H e  CTaHeT PaBHbIM 

ReJIHsHHe p a 3 H O C a  6 o p ~ a  AJIR AaHHOrO 3 T a I I a .  0 6 a e ~ h 1  B COOTBeTCTBIIEI 

C KOAOM BbI¶HCJIRIOTCR IIO IIOJIe3HOMY HCKOIlaeMOMY H DOpOAe. A ~ a n o -  
rI39HO BbI¶HCJIIIH)TCR o6ae~b1 AJIR n 0 C J I e A y H ) ~ H X  3TaDOB. n p H  0 T p a 6 0 ~ 1 ; e  

HCeX rOPH30HTOB B ~ I P H c J I H T ~ J I ~ H ~ I ~  DpOqeCC OCTaHaBlIHBaeTCII. ~ o c J I ~  

s ~ s ~ c n e ~ ~ i i  AJIH K a m A o r o  r e o n o r w e c K o r o  paape3a c T p o m c a  CBoAHHe 

r p a @ H ~ H  PaCDpeAeJIeHHII  O ~ ~ ~ M O B  H T e K Y q H X  K O ~ @ @ H ~ H ~ H T O B  BCKpbIlIIH. 

n p ~  p a 3 p a 6 0 ~ ~ e  I c p y T o n a A a I o q H x  ~ e c ~ o p o z ~ e ~ n i i  B npoqecce 3 ~ -  

CIIJ IyaTaqHH K a p b e p a  @POHT p a 6 o ~  n p E 0 6 p e T a e T  K P H B O J I H H ~ ~ ~ H Y H )  @OPMY 

n K KOHqY O T P ~ ~ O T I C H  r O p H 3 0 H T a  COBMeIQaeTCR C T ~ X H K ~ ~ C K O G  r p a ~ H q e 6 .  

K ~ H B O J I H I I ~ ~ ~ H ~ R  @ 0 p ~ a  @ ~ O H T ~  p a 6 o ~  o6pa3ye~c11 B p e 3 y J I b T a T e  CTpeM- 

XeHHH: YBeJIHqHTb AaHHY 3ICCKaBaTOPHbIX 6 ~ 1 0 1 ~ 0 ~ ;  YJIY¶IIIHTb pe>KHhl 

I'OpHbIX p a 6 o ~ ;  0 6 t ! c n e ¶ H ~ b  H ~ O ~ X O A H M ~ I G  PaAHYC 3 a K p y r J I e ~ H 6  TpaHC- 

IIOPTHbIX K O M M Y H ~ K ~ ~ H ~ ~  HJIH O ~ € ? C D ~ ? ¶ H T ~  C O O T B ~ T C T B Y H ) I Q ~ ~  COPT- 

H O C T ~ I O  r o ~ o ~ o i i  n a a H  BbIeMKH ~ O J I ~ ~ H O ~ O  H c K o n a e M o r o .  

Cnoco6 r e o M e T p H s e c r c o r o  a ~ a ~ 1 ~ 3 a  H a p b e p a  n p H  I E P H B O J I H H ~ ~ ~ H O ~ ~  

@ p o ~ ~ e  H T a K o M  x e  @ p o ~ ~ e  ero n e p e M e w e H m R  n p e A c T a B n c I e T  co6oii Ma-  

TeMaTH'iCCKyH) MOAeJIb Pa3BHTHII rOPHbIX p a 6 0 ~  I C a p b e p a  l. 

M e ~ o n  MOXeT TaICZKe IIPHMeHRThCR I I P H  IIJIaHHpOBaHHH I'OpHbIX p a 6 o ~  
I I a  I c a p b e p a X ,  p a 3 p a 6 a ~ b 1 ~ a 1 0 1 q n x  HaKJIOHHhIe H I 'OpH30HTaJIbHhle MeCTO- 

POHCAeHHH. 
O c ~ o ~ o i i  iv1eToAa a B . n H e T c a  a n n p o K c H M a q m  J I H H H ~  @POHTOB r o p H N x  

p a 6 o ~  H KOHTYPOB K a P b e P O B  C H C T ~ M O ~  I IPHMePHO P a B H O  OTCTOHIQHX 

T o s e l c ,  n o n o > K e m e  K O T O P ~ I X  O n p e A e a I I e T c I I  K o o p n H H a T a M H  B r o p H -  

~ o H T ~ J I ~ H o ~ ~  DJIOCKOCTH. 

HJIH y ¶ e T a  Y ~ J I Y ~ J I ~ H H I I  I'OPHbIX p a 6 0 ~  HCDOJIb3YH)TCII CJIeAYIOQHe 

3aKOHOMePHOCTH p a 3 p a 6 0 T K ~ :  I'OpHbIe p a 6 o ~ h 1  H a  BepXHHX r O p H 3 0 H T a X  

O I I e p e X a I o T  pa60~b1 H a  H H X H H X ,  I I P H  3TOM B ~ O P E I ~ O H T ~ J I ~ H O ~ ~  IIJIOCKOCTH 

> 1 e Z A y  HHMH COXPaHReTCR PaCCTORHHe, OnPeAeJIeHHOe rOpHOTeXHH¶e- 

CKHMH YCJIOBHRMH; BbICOTa YCTYna  H a  r O P H 3 0 H T e  IIOCTOIIHHa. 

JIHHHII @ ~ O H T ~  rOPHbIX pa6o.r H KOHTYPH K a p b e p H o r o  ~ O J I I I  B I I a a H e  

HHXHHX I'OPH30HTOB IIOBTOPIIIOT K O H @ H I ' J ' ~ ~ ~ H I O  JIHHHG @ P O H T ~  I'OPHbIX 

p a 6 o ~  H ICOHTYPM KKaPbePHOI'O nOJIR BePXHHX I'OPH30HTOB. ~ P H  3TOM Me- 

?KAY KOOpAHHaTaMM T O W K  JIHHHH $ p ~ ~ ~ a  I'OpHbIX p a 6 o ~  HJIH KOHTYPOB 

l c a p b e p a  H H X H H X  I'OPH3OHTOB EI KOOPHHHaTaMH JIHHTfH @ ~ O H T ~  rOpHkJX 

p a 6 0 ~  ElJrR KOHTYPOB K a p b e p a  BepXHHX I'OPH30HTOB CYqeCTBj'eT Ol Ipe -  

AeJIeHHaII B3aHMOCBII3b. 

K p a T ¶ a f i I I I e e  PaCCTORHHe Mt?XRy COOTBeTCTBYIOIQHMH TO¶ICaMH JIIIHI.IIi 

@ ~ O H T ~  rOpHbIX p a 6 0 T  HEI3fEHeI'O H B e p X H e r O  I'OpH30HTOB (HJIH MeH<AY TO- 

s K a M n  @ p o ~ ~ a  r o p H h I X  p a 6 o ~  H a  H a s a n o  H K o H e q  r o ~ a )  o n p e A e n n e T c c I  

K a K  PaCCTORHHe M e X n y  DapaJIJIeJIbHbIMH KaCaTeJIbHbIMH, IIPOBeHeHHhIMH 

n ~ T H X  T O ~ K ~ X .  Ha p ~ c .  264 n o ~ a 3 a ~ a  c x e M a  K o n p e A e n e H B I o  K o o p n H H a T  

TO¶eI< npE K P H B O J I H H ~ ~ ~ H O M  D e p e M e q e H H H  @ ~ O H T ~  r o p H H x  p a 6 o ~ .  Ta- 

IiHhf c ? G p a a o ~ ,  B COOTBeTCTBYIOIQHX TOPKaX 3 H a q e H H R  IIpOHBBOAHhIX @ ~ H K -  
q ~ i i ,  o n H c b I n a m n K n x  JIHHHH @ P O H T ~  r o p H M x  p a 6 o ~  s e p x H e r o  m m m H e r o  

rOPH3OHTOI3, P a B H b I ,  T. e. (p' (x,) = F' (XI). T o r ~ a  YpaBHeHHlI  KaCaTeJIb-  

HbIX, nPOBt?At?HHhIX Wpe3 TO'XKH I H H HMeKlT BHA: 

1 
1 

(xl - = . (XIII ,  15) Pnc. 264. Cxema x onpefienewrn) 
BoopAuHaT T O ~ C R  npu ~pn~onuHeii- 
H O M  nt'pemc.qerraa @ p o ~ ~ a  I ~ O P H L I Y  

pa6o.r 

l f3  IIOJYPeHHbIX ~ b ~ p a i ~ X ? ~ H f i  0III)eAeJIIIH)TCII ICOOPAHHaTbI TOPeK JIHHHH 

@ ~ O H T ~  p a 6 o ~  BepXHeI'O I 'OPH30HTa I I p H  H3BeCTHLIX 3HaqeHHFIX KOOpHH- 

EIaT HHXiHerO I 'OPH30HTa: 

, , 
m, - I I IHpHHa pa6osei DJIOIQaAKH, r O p H 3 0 H T a ,  dt; 

Zl ,  lJ2, 5, Y - KOOPHHHaThI TOPeIC JIHHHH ( P P O H T ~  p a 6 o ~  COOTBCT- 

CTBeHHO BepXHeI'O H H H X H e r O  r O P H 3 0 H T a ,  dt; 

cp' (x) - 3 ~ a q e ~ ~ e  ~ P O H ~ B O A H O ~ ~  @ Y H K ~ H H ,  o n ~ c ~ s a m q e i i  
JIHHHIO @ ~ O H T ~  pa6o.r HHKHeI 'O r O P H 3 0 H T a ,  B TOqKe,  

KOOPAHHaThI K O T O P O ~  OlIPeAejIEIIOTCH. 



. 8 ( 1, 2 ,  . . . , n) - RJIkfHa @ P O H T ~  p a 6 0 ~  H BbICOTa y C T y n a  

BCI iph ImHhIX TOpH3OHTOR, .Mi 

k;, k i  - Y m O B b I e  1~03@$ITqHe~~Jd  OTpeBI<OD jllI-  

HI& K O H T y P a  r O p H 3 0 H T a  HJIH PJ'AHOrO 

T e a a  m T o p v e R H x  O T P ~ ~ I C O B  nm~mi i  
BCKPbIII IHOrO # ~ O H T ~  pa60.r; 

k - m c n o  B C K ~ L I ~ H H X  ycrynoe. 
nplr A o p a G o , l . ~ i e  r O P E I 3 0 H T a  BhIIIOJIHReTCR YCJIOBHe: O P g H H a T b I  T 0 4 e l i  

J I H H H ~ ~  G ~ O H T ~  I'OPHbIX p a 6 0 ~ ,  H a I I p H M e P  TO¶eK 10,11,12, . . . H e  Z O J I X H M  

n p e s M r n a T b  o p R m H a T  T O ~ I C I C  r p a H m q a r  K o m y p a  ~ O P H ~ O H T ~ ,  H a n p m i e p  

T o s e K  4, 5 ,  6, ..., H a  B e n H w i H y  ~ I ~ ~ L U I ~ K I ,  9 e M  mEipEiHa  pa6oseii nno- 
W a A K n .  Ha pac. 265 n o ~ a 3 a ~ a  c x e h z a  K nnaH1rpoBaHsr r . o  pa3~rn~mcr rop-  
HhIX p a 6 0 ~  npm HX IE~I.IBOJIEIIIC~~HOIM I # ~ o H T ~ .  O C T ~ T O Y H H ~ $  o 6 a e ~  vOcT 
IIO r O P H 3 O H T Y  I I p H  BbInOJIHeHEiH 3 T O r 0  YCJIOBHR BLIpa3HTCR 

, ,  F )  -- y (%)I dx, a3. (SII1,19) 
x4 

r o p a t . 1 ~  pa6o.r npn ero s p m ~ o n ~ ~ e i i ~ o ~  n e p e M e u 4 e H a I . i  o n p e A e n s x T c R  

no 4 o p h a y n a ~ :  

1 4 3 J I 0 l ~ e H ~ b 1 6  MeTOA C I I p a B e g J I H B  H AJIR C J I P a e B ,  K O r A a  JIHHHH @ ~ O H T ~  

r O p H b l X  p a 6 0 ~  npeACTaBJIEIJ0T ~ ~ M K H Y T ~ I ~  KOHTYP H Pa3BHBaH)TCR BO 

BCe  CTOPOHbI A 0  T P a H H q  r O P H 3 0 H T O D .  B I I ~ C T O R U ( H ~  I I e P H O g  I I p H  M a p K -  

I I I e f i ~ e p C K Z T x  C 5 e M K a X  KOHTYpbl  I 'OPHHX B ~ I ~ ~ ~ O T O I C  X a p a K T e p H 3 Y H ) T C R  

C H C T ~ M O ~  C 'beMOsHHX TO¶t?K. B C J I y ¶ a e  I IpHMeHeHEiR B ~ I ¶ H c J I H T ~ J I ~ H o ~ ~  

T e X H H K H  H D P H  COOTBBTCTBYH)U(HX rOPHOTCXHH¶eCKllX YCJlOBEIRX MeTOA 

M O X e T  6bI~b HCIIOJ Ib30BaH I I p H  H e I l O C p e ~ C T B e H H b I X  AaHHbIX M a p r t I I t e f -  

AepCI<HX C a e M o K .   TO nO3BOJIEIT I I J I a H H p O B a T b  peKl IAT r O p H b I X  pa6o.r 
n p H  K ~ H B O J I E I H ~ ~ ~ H O M  + p o ~ ~ e  ero n e p e M e q e H m R .  



npZi pa3pa60~h-e K p y T O n a A a m W H X  M ~ C T O P O ~ K A ~ H H ~  B3aHMOCBII3b  

31C'>KAy CICOpOCTbIO I I O H H m e H H H  Y p O B H H  A O ~ ~ I ~ H ~ I X  p a 6 0 T  H H X  p a 3 B X T H e M  

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 H H H  O n p e A e J I R e T C R  IIpOHBBOAHTeJIbHOCTbJO 

3 K C K a B a T O p O B ,  A J I H H O ~  3KCKaBaTOpHOI 'O  G n o ~ a ,  B ~ I C O T O G  Y C T y n a ,  a TaKXX? 

Y r j I O M  OTKOCa pa6osero 6 o p ~ a  K a p b e p a .  T a K  K a K  A n m H a  AO~~FIHOI 'O ( P ~ o H -  
T a  r o p m x  p a 6 o ~  H ~ M ~ H H ~ T C R  c y s e n n s e H m e n t  rny6m~b1 K a p b e p a ,  TO 11 

3 H a q e H H e  CKOPOCTH I I O H H X e H H t I  r O p H b I X  p a 6 o ~  (no r n y 6 ~ 1 ~ e )  Ht?IlOCTOHHIIO 

H 3 a B H C H T  OT I I P O H ~ B O A C T B ~ H H O ~  MOWHOCTH K a p b e p a ,  n a P a M e T P O B  K a p b -  

e p H o r o  nonn x i  I I a n p a B n e H m c r  ~ ~ ~ B H T E I H  ropabIx p a 6 o ~ .  

-D- 
h c .  266. Hanpasnenue paasuwa ropnmx pa60T Ha napaepnora none 

H ~ ~ ~ ~ B J I ~ H H R  Pa3BHTZfR  r O P H b I X  p a 6 0 ~ ,  ~am6onee ¶aCTO DpmMeHcr -  

emre B ~CJIOBHIIX O T K P Q T O ~  p a 3 p a 6 0 ~ ~ ~ 1 ,  cneAymqme. 
I .  8 a p b e p H o e  D o n e  BCIcpbIBaeTCH no q e H T p y  I l pOCTEIpaHHH ~ Y A H O ~ ~  

a a n e l r c m  n p o x o ~ ~ o i i  pa3pe3~of T p a H m e m  B K p e c T  n p o c T H p a H m c r  p y A H o r o  

TeJIa H P a 3 B H T H e M  FOPHbIX p a 6 o ~  B 06e CTOPOHbI A 0  r p a H E i q  K a p b e p O B  

(PHC. 266, a). r 0 p H b I e  pa6o~h1 IIpm 3TOM, A O C T H r a f l  I I P O ~ K T H O ~  FJ IY~HHH,  

H e  AOXOAHT A 0  I IpOeKTHbIX KOHTYPOB IIO I IPOCTHPaHHH)  3aJIe3KfCH H a  DO- 
B e p X H O C T H  K a p b e p a .  

11. 8 a p b e p ~ o e  none B c K p b I s a e T c c r  no q e H T p y  3 a n e m ~  I I ~ O X O ~ I I C O ~  

p a 3 p e 3 ~ o i j r  T p a H m e H  B K p e c T  npocYmpa~mcr s a n e m ~  m P ~ ~ B H T H ~ M  r o p H b I x  

p a 6 o ~  B 06e CTOpOHbI  A 0  I ' p a H H q  K a p b e p O B .  r 0 p H b I e  pa60~b1 no ~o6b1se, 
H e  AOCTHI'aH I I ~ O ~ E T H O ~  r n y 6 ~ ~ b 1  p a 3 p a 6 0 ~ 1 c m ,  AOCTmI'alOT I IpOeKTHbIX 

KOHTYPOB H a  I IOBepXHOCTH K a p b e p a  ( ~ H c .  266,6). r n y 6 m ~ a  r O p H b I X  p a 6 o ~  
H, - I l p H  K O T O ~ O ~ ~  B e P X H m e  r O P m 3 0 H T b I  IlOAXOAIIT K I IPOeKTHbIM KOH- 

T y p a M  K a p b e p a .  

111. Paspes~acr T p a H m e c r  n p o x o A m T c c r  B T o p q e  y ~epa6osero  6 o p ~ a  
I c a p b e p a .  @POHT p a 6 0 ~  P a C n O J I a I ' a e T C R  H O P M a J I b H O  K I IPOCTHPaHHH)  PYA- 
HOG 3anemm (PHC. 266, 6). 

IV.  Paspes~acr T p a a m e c r  I I~OXOAHTCR no I I O J I ~ ~ H O M Y  H c K o n a e M o i C I y  

n a p a n n e J r b H o  ero n p o c T m p a H m m  ( p ~ c .  266, 2). 
CIEOPOCT~ I I O H H X e H H I I  I 'OPHbIX p a 6 o ~  I I P H  11 H I V  cnoc06ax p a 3 B H T H I I  

I 'OPHbIX pa6o.r CHHlKaeTCH C I I O H H m e H H e M  Y P O B H H  r O P H b I X  p a 6 o ~  A 0  my- 
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6 x 1 ~ ~  If,, a sa~enr n o I c M z r I a e T c n .  l I p ~  I m 111 cnoco6ax C K O P O C T ~  ~ ~ ~ B H T H H  

r O P H b I X  p a 6 0 T  CHHXaeTCFi .  

C ~ n m e ~ r n e  c ~ o p o c ~ ~  pa3sm~mcr ropmrx p a 6 o ~  npm I1 H I V  cnocoo'ax, 
a 3 a T e M  ee B O 3 p a C T a H m e  I lpOHCXOAfIT RCJIeACTBHe y B e J I H 4 e H m f i  A 0  rxy6m~b1 
I$,, a 3 a T e M  YMeHbIIIeHHFi  AJIlXHbI A O ~ H ~ H O I ' O  ( P P O H T ~ .  ~ ~ ~ K C I T M ~ J I ~ H ~ R  

I IpOH3BOACTBeHHaR MOlll,HOCTb K a p b e p a  n p H  1 H 11 cnoc06ax B03MO;f;Ha 

n p H  AOCTmWeHHH I 'OpHhIMm p a 6 o ~ a ~ ~  I ~ ~ o ~ K T H o ~ ~  ~ J I Y ~ H H ~ I  Hp, a n p H  111 
11 I V  cnoco6ax - H a  r n y 6 ~ ~ e  H,. ~ ~ O C T O M H C T B O  I H I 1  C ~ O C O ~ O D  B 6b1- 

CTpOb1 H a p a q H B a H E i H  @ ~ O H T ~  ~ 0 6 h l 4 ~ b I ~  p a 6 o ~ ,  ¶TO IIOBBOJIReT Y M e H b -  

m H T b  o 6 a e ~  rOpHOCTpOHTeJ IbHbIX  p a 6 o ~  H Y C R O p H T b  OCBOeHEIe I ~ [ I P O ~ ? K T H O ~  

I I P O H ~ B O A C T B ~ H H O ~ ~ [  MOWHOCTII I c a P b e P a .  H ~ A O C T ~ T I C H  I l p H  pa3BHTHGl  

r o p H M x  p a 6 o ~ :  n p H  I m I 1  cnocoGax - cno; i<Hacr  opraamaa~\mcr p a 6 o ~  
B B W y  KOPOTKOI'O A O ~ ~ I ¶ H O ~ O  ( P P O H T ~  p a 6 o ~  no I'OpH3OHTY; n p E i  111 
Ii IV clroco6ax - 60nbmof 0 6 n e ~  I 'OPHOCTPOHTeJIbIIbIX p a 6 o ~ .  

Pacnpenene~me o 6 a e ~ o ~  r 

p a 6 o ~  no BCKpbI r r r e  (PEIC. 267) % 

3nBl lCmT OT I l a p a M e T p O B  I < a p L -  5 
e p H o r o  noncr H I I P ~ H F I T O ~  npo- 3 
H ~ B O A C T B ~ H H O ~  MOQHOCTH 8 

~iapbepa. P a s ~ o ~ e p ~ o e  pac- $ 
npeneneme r o A o s b I x  o 6 a e ~ o n  .a 
B C I i p b I m H  ~ ~ O H C X O A H T  npm I11 " 
14 I cnoco6ax o r p a 6 o ~ ~ a  napr,- $ 
epa B H e p H O A  AOCTmXeHHH 

rdbl 3KCll'7!,@ll7UUUU 
I I ~ I O ~ I ~ T H O ~  I'JIY~EIHH H nepe- PUc. 267. Fpa@~1il1 0npeU~nrHMfl 06 .ar~os  BChpbImll 
M e q e H m m  r O p H b I X  p a 6 0 ~  T ~ ~ I ~ K O  8 3aencrmocTu OT HanpaHnrrrsa pa3DlrTHR ropm1x 

n r o p ~ 3 o ~ ~ a n b ~ o ~  H a n p a o n e -  
pa6o.r 

IIIIH. 8 o n e 6 a ~ ~ c r  o 6 a e ~ o ~  
Bclcpb113lHbIX p a 6 0 ~  BaRHCHT OT U 3 M e H e H m H  MOWHOCTH I l O J l e 3 H O r O  HCICO- 

n a e M o r o .  

P a c n p e ~ e n e ~ H e  0 6 ' b e M o B  pa6o.r no BCKpbI IUe  C ZfHTeHCmBHbIM HX 

n o 3 p a c ~ a ~ ~ e ~  B c p e ~ ~ x ~ i i  nepmon a I i c n n y a T a q n m  npm pa3pa60~1xe ~ p y ~ o -  
naAaroqmx sanemeii n p H  11 H I V  cnoco6ax P ~ ~ B H T H H  r O p H b I X  p a 6 o ~  
B H 3 B a H O  n a p a M e T p a M m  I c a p b e p a  m cnoco6o~  O T ~ ~ ~ O T K H .  M a ~ e ~ e ~ r n e  
r o p H o r e o n o r w e c K m x  y c n o ~ ~ i j r  O I C ~ ~ ~ I B ~ ~ T  M e H b m e e  B x m H H e .  

P a c n p e ~ e n e ~ ~ e  o 6 a e ~ o ~  p a 6 o T  n p n n e A e H 0  ~ n f i  Y C J I O B H ~ ~  p a 3 p a 6 0 ~ ~ ~  
n leCTOpOmAeHHf i  npm MaKCHMaJ lbHOM I lOHEIWeHHIl  Y P O B H R  p a 6 o ~  $1 B 3a- 
BHCLIMOCTH OT H a n p a B n e H m c r  p a 3 ~ ~ ~ r n c r  r O P H b I X  p a 6 0 ~ .  llpm p a 3 p a 6 0 ~ ~ e  
M o Q H a x  K p y T o n a A a I o q m x  aanewef, B ~ I T R H ~ T ~ I X  no n p o c T H p a H n m  H pac- 
n p 0 c T p a H f i H ) q m x c f i  H a  ~ O J I ~ I I I Y H )  r a y 6 n ~ y ,  B03MOHxHbI A B a  I l pmHI (HI lH-  

&TbHO O T n H 4 H b I X  cnoc06a p a 3 B H T H R  r O p H h I X  p a 6 0 ~  I t p H  O A H H ~ K O B O ~  

n p o m ~ ~ o ~ c ~ s e ~ ~ o i i  M O J ~ H O C T H  K a p b e p a  no n o n e 3 ~ o ~ y  H c K o n a e M o M y .  

Hep~bIfi cnoco6 3aKJ IH)¶aeTCH R p a 3 B H T H H H  I 'OpHbIX p a 6 o ~  C MaKCH- 

M a J I b H O  BO3MOmHbIM IIOHH)fFeHHeM Y P O B H f i  p a 6 o ~  LT ~ b I e M K 0 f i  I I p H  3TOM 

&lHHEIMaJIbHO H ~ O ~ X O A H M ~ I X  O ~ ' ~ ~ M O B  RCKPbIIIIEI. B K ~ X A H ~  I I e p m O A  pas- 
p a 6 o ~ ~ m  OCYWeCTBJIFleTCII T a K O e  I IOHHmeHEle  p a 6 o ~ ,  KOTOpOe  o6ecne4~- 
R a e T C R  p a 3 H O C O M  pa604mx 6 0 ~ ~ 0 ~  H p H  BbII lOJlHeHHH ~ ~ A ~ H H O %  n p O m 3 -  

R O A C T B ~ H H O ~ ~  MOII(H0CTH I c a p b e p a .  
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B~opoi i  cnoco6 X a p a K T e p H 3 y e T C H  MHHHMaJrbHO I I ~ O ~ X O H H M O ~  CKO- 

~ O C T ~ I O  n o n H x i e H H H  r o p H H x  p a 6 0 ~ .  B  TOM cnygae HX n o H s s K e H H e  npo- 
H3BOAHTCN TOJILliO no ~ J I Y ~ H H ~ I ,  C K O T O ~ O ~ ~  MOiIieT 661~1, 06ecnese~a  
I I p O e K T H a R  UpOH3BOACTBeHHaR M O q H O C T 6  E a p L e p a .  ~ E I T ~ M  r O p H b I e  p a 6 0 T b 1  

padUHRaIOTCH 80 FpaHEi I I  rOPH3OHTOB H a  BCW) A J H H Y  K a p b e p H O r O  IIO.?H. 

IIpa HX A O ~ ~ ~ O T H ~  I I O ~ r O T a B J I H B a I o T C R  HOBbIe  ~ 0 6 H ¶ 1 1 b 1 e  rOpLIBOHTI~1 

H a  r n y 6 ~ ~ y ,  I l p H  I ~ O T O P O ~ ~  O ~ ~ ? C I I ~ ¶ H B ~ ~ T C H  IIpOH3BOHCTBeNHaR MOWHOCTl, 

H a p b e p a  IIO nOJIe3HOh.Iy HCIcOUaehlOMy H T. J(. 0 6 a e ~  p a 6 0 ~  UO BCKpbIUle  

U p M  TaKOM cnoc06e p a 3 B H T H R  I'OPHbIX p a 6 0 ~  Tar;?Iie BbInOJIHReTCFl B nrM- 

HHMaJIbHbIX IIpeJJeJIaX. n p L I  

BbIelvIKe ~ O J I ~ ~ H O ~ O  H c I c o n a e -  

MOrO CO B C e r O  I 'OpH30HTa  p a d -  

p a 6 0 ~ ~ a  BCK~HIIIHHX nopon 
AOn?l iHa J r H m b  0 6 e c n e s m ~ a ~ ~  
H ~ O ~ X O ~ H M O ~  UOHHHieHHe  

YPORHH r O p H b I X  p a 6 o ~ .  
Ann H3JIOlfCeHHbIX B a p H a u -  

TOB PEl3BHTHH r O P H b I X  p a 6 0 T  

,,,~~mo,uu ~ a p b e p a  n o c ~ p o e ~ o  pacnpene- 
neme  0 6 a e ~ o ~  BCIEPHLIIH no 
r o A a M  s r c c n n y a T a q n H  (pnc. 
268). 

Y r m  O T K O C ~  pa60mx 60p- 
TOB H a p h e p a  n p E i  060nx cnoco- 
6ax p a 3 B H T H H  r O P H b I X  p a 6 0 ~  

1'11c. 268. rpa@lll,lr pac1lpc'nrarhlll~rr ntjnrivon nclrphl- IJPxiHHMamTCR O~HHaKORL1hlH 
lllM nplr Maxcarnanhllnm (1) $1 alrHrmranhslow (11) nn- no BEICHgeMY H J re l r caqeMy 60- 
Hnrrrcllltnx I-OPHLII p a 6 0 ~ .  r p a 0 1 ~ 1 , ~  Hanlana (111. V) 

hOl%lra ( l V ,  \'1) I I T ~ ~ ~ O T ~ , M  TOI)IIJOHTOD K a M  3 a J I e m H  kl B H8UP;IBJI~HIIT.I  

p 8 3 B H T H R  r O P H b l X  pa6or. 
l C a ~  B ~ H O  113 rpa@m<a p a c u p e g e n e H m  O ~ ~ ~ M O B ,  ~ a ~ 6 0 ~ e e  n M r o A e H  

cnoco6 O T ~ ~ ~ O T K H  MeCTOpO?l<l;neHIIH I I p H  MHHHMaJlbHOM IIOHklHCeHHH FOPHblX 

I > ~ ~ o T .  B 3TOM CJIYWC H ~ H ~ O J I ~ L U H G  06 'beM 3HEl¶EiTf?.lILHO MeHbUIC ( K ~ I I -  

13acr I I ,  pac. 268), s e ~  npa  ~ ~ ~ B H T H H H  p a 6 0 T  H a p b e p a  c M a H c H n f a n I , w u  

R03MOmHhIM nOHH;Y;t?IIHeM. O T ~ ~ ~ V T K ~  ~ a l l 6 0 J I b I l I H ~  O ~ ~ ~ M O B  ( K p m ~ a ~  11) 
~ P O H ~ B O A H T C I I  B T e g e H m e  7-S x e T  (5-13-c ronbr), T. e. 3a c p o ~ ,  nplmepao 
P ~ B H ~ I G  CpOlEy a M O P T H 3 a q H H  BCIEPbIIIIHOrO O ~ O P Y A O R ~ H H R  K ~ o M ~  T O r o ,  

racm oGae~os  B C K P ~ I I I I H ~ I X  p a S o ~  b b r n o n ~ n e ~ c ~  B Gonee n o : 3 ~ ~ 1 t i i  ne- 
p H o g  (13-19 n e ~ ) .  

n p H  P a d B H T H H  pa6o.r C MIlHHMaJILHbIM LIOI IBXieHH~M YPOBHFI r O P H h l X  

p a 6 0 T  0 T p a 6 0 ~ K a  HHXieJ Ie>I<aqEiX  PYAHbiX r O P H 3 0 H T O R  IIpOH3BOAHTCII 
TOJIbKO IIOCJIe BbIeMIiEi BePXHEiX r O p H 3 0 H T O B .   TO IJO3BOJIHeT YBeJIH'XHTI, 

Na I 'PY3KY H a  pa60~amq1le I'OPH3OHTJd, LIOBbIlLIaeT HHTeHCHBHOCTb I i  KOK- 

Q e H T p a q E H )  r O P H b I X  p a 6 0 T ,  s T 0  XOpOWO X a p a I C T e p H 3 y e T C R  C p O K a M H  OT- 

P ~ ~ O T I F H  A O ~ ~ I P H ~ I X  TOPH30HTOB. 

C r t o p o c ~ b  n o w M s I < e H n R  A O ~ ~ I ~ H L I X  p a 6 o ~  B n e p B o M  cnysae yMeHt.- 

1 I i aeTCR C 30 J(0 8 J4/20d. ~ O C T O I I H H B H  ClCOPOCTb IIOH11?1EeHHH ~ 0 6 M 9 ~ b l ~  

p a 6 o ~  n p H  TaKOM cnoc06e H X  pa3BEiTHH B03MOTI:IIa TOJlbKO npm H e n p e -  

PHBHO Y B ~ J I H P H B ~ ~ ~ ~ ~ ~ C R  ~ ~ O H ~ B O A C T B ~ H H O ~ ~  M O I ~ I I O C T M  l t a p b e p a  no 

160 

IIOJIe3HbIM HCKOnaeMMM.  B IIPOTHBHOM C J I y q a e  I lpOHCXOgHT CHEi?KeHHe 

K O H q e H T p a q H H  r O p H b I X  p a 6 o ~  H YMeHbI I I eHHe  HHTeHCHBHOCTM o ~ p a 6 0 ~ 1 c H .  

U p H  O T ~ ~ ~ O T K ~  I C a p b e p a  C MMHHMaJIbHO H ~ O ~ X O A E I M O ~ ~  CKOPOCTLH) 

UOHHiICeHHR r O p H b I X  p a 6 0 ~  CpOK O T P ~ ~ O T K E I  rOpEI30HTOB yMeHbILIaeTCH 

R 1 , 5 - 4 p a 3 a  IIO C p a B H e H M I o  C MaKCMMaXLHO BO3hIOXHbIM H X  n O H H K e H E i e h l .  

~ I o c J ~ ~  O T ~ ~ ~ O T K H  B e P X H H X  r O p H 3 0 H T O B  0 6 p a 3 y e ~ c ~  3 H a 9 H T e J I b H a R  06- 
Ha;I;eHHaH n n o q a j q b  p y j q w o r o  T e n a .  noa~onry  O T p a 6 0 T K a  n o c n e A y I o q H x  

rOPHBOHTOB B 0 3 M O W H a  K a K  B H a n I ) a R J I e H H H  I I p O C T l t p a I I H R ,  TaI< H B K p e c T  

n p O C T H P a H H R  PY,F,HOG 3 a J I e m H .  ~ O J ( I ? O T O B I C ~  HOBOrO P Y A H O r O  rOI)Tl3OHTa 

MO?l<eT OfiHOBpeMeHHO IIPOH3BOAMTbCR B HeCKOJIbKHX M e C T a X ,  9 T O  I l03BO-  

J I R e T  YCKOPHTb IIOjqrOTOIlKy K 3KCDJIYZiTaqHH HOBOrO r O P H 3 0 H T a  H no- 
BbICHTb IIPOH3BORHTeJIbHOCTb 3 K C K a R a T O P O B  no BC1;pbITHIO BCJlefiCTBLlt? 

EIX p a c c p e ~ o ~ o g e n ~ ~ i i  no n n o q a a H  rcapbepa. 
~ P H  MaKCHMaJIbHO BO3MOXHOM UOHH?K€!HHH r O P H b l X  p a 6 o ~  EI IIOCTORH- 

~ o i i  I I P O H ~ B O A C T B ~ H H O ~ ~  M O ~ H O C T H  K a p b e p a ,  a T a K x i e  n p H  y s e J r m s e H m H  

r J I  ~ ~ I I H M  P ~ ~ P ~ ~ O T I C E I  I IOABMraHHe  YPORHH I 'OpHbIX p a 6 o ~  n I 'OpH30HTa.Xb-  

HOM H a n p a B J l e H H H  3 H a . I H T e n b H O  CHHHFaeTCR. O A H ~ H O  o 6 4 ~ e  0 6 ' b e ~ ~  
BCHPbIrUII  I I P H  3TOM B 0 3 p a C T a H ) T ,  ¶TO BbI3BaHO H A O ~ X O A H M O C T ~ I ~  p a 3 I I O C a  

p a 6 o s ~ x  6 0 ~ ~ 0 ~  H a p b e p a .  

n p H  p a 3 B H T H H H  p a 6 o ~  C M a K C H M a 3 b H b I M  I IOHBXeHHCM BO3PaCTAK)T 

0 6 r b e ~ b 1  C K ~ J I ~ H O ~  BCKpbILUH. 
Y B e J I ~ s e ~ k l e  I ? J I ~ ~ H H M  K a p b e p a  UpEi  UOCTORHHO~? e r O  IIPOH3BOACTBeH- 

H 0 f i  MOWHOCTH IIpHBO@iT K HCO~XOALIMOCTEI O G C J I Y X E I B ~ T ~  ~ O J [ ~ I I I O ~  sHCJIO 

YCTYUOB. npll 3TOM IIPOH3BOAHTCR IIt?peROfi 3KCKaBaTOPOB C r O p E f 3 0 H T a  

H a  I 'OPH30HT, PTO C H H X a e T  HX IIPOH3BOAHTeJlbHOCTb.  YB~?JIH¶HB~H)TCII 

paCXOAb1  H a  6 y p 0 ~ 3 p h I ~ ~ b I e  p a 6 o ~ H  B CBR3H C YBeJ IMneHHeM 0 6 5 e M 0 ~  

~ K a n  b ~ 0 i i  BCKpbIII lH.  

U p H  3TOM cnoco6e p a 3 B H T H R  @ ~ O H T ~  r O P H b I X  p a 6 0 T  UOJIOlIEHTeJIbHbIM 

RBJIReTCR TO,  9 T O  Y B e J I I l g e H H e  I ' J IY~IIH~I  K a p b e p a  C 0 3 A a e T  B03M03fEHOCTb 

6 ~ 3  BhIIIOJIHf3HEIH AOllOJIHHTeJIbHbIX rOPHOCTpOHTeJ IbHbIX p a 6 0 ~  YBeJIEI- 

¶ H T b  IIPOH3ROACTBeHHYH) M O q H O C T L  K a p b e p a ,  IlOCKUJlbKY B 3TOM C J l y s a e  

c o 3 ~ a e ~ c ~  6 o n ~ m o 5  @POHT pa6o.r no pyAe. 
O ~ p a 6 o ~ ~ a  I c a p b e p a  npxi p a a n a s ~ o i i  CKOPOCTEI n o H H x e H m  p a c c M a -  

T p H D a J l a C b  B YGJIOBHHX PEl3BHTHR r O P H b I X  p a 6 0 ~  DO I IpOCTHpaHHIO p y ~ ~ 0 i . i  
3aJ Ie i I i l i .  A H ~ J I o ~ H ~ H O ~  p a c n p e A e J r e I I E l c  O~%€!MOB ~ c K p b I m H H x  pa6o.r 6y)Je~  
H I l p H  pEl3BHTHHH r O P H b I X  p a 6 o ~  UO IIp0CTHI);IHHH) PYAHOG 3a2e l IEH.  



O I I T H M ~ J I ~ H ~ I M  BaPHaHTOM Pa3BHTHR rOPHhIX p a 6 0 ~  6yAe~ TOT, AJIR 

KOTOPOI'O C y M M a  KBaApaTOB O T K J I O H ~ H H ~ ~  TeKyqerO K03@@FlqHe~~a 

BcKPbImH OT ~ c o a @ @ ~ ~ q ~ t e ~ ~ a  noraruemrr MmHhtanLHa, T. e. 

P e m e ~ ~ e  aa~ansr  hl0;rieT OCYI~~CTBJII ITLCR AJIH BeepHor0 HJIH napas-  
nenmoro  ~ ~ ~ B H T H R  ropHNx p a 6 o ~ .  I I ~ H  napannenmonl n e p e ~ e q e ~ ~ 1 . 1  

~ P O H T ~  p a 6 o ~  IIPOH3BOAHTCR ~h160p HaIIpaBXeHHII O T P ~ ~ O T K H  M e C T O p O -  

x A e H n R ,  0 6 e c n e s ~ ~ a 1 o q e r o  HamysruHe n o x a 3 a ~ e n ~ 1 ,  n p ~  BeepHoM - 
~b160p IIanpaBneHm nepeMeqeHm @ p o ~ ~ a ,  Tamie 0 6 e c n e s ~ ~ a m q e r o  
HamysruEie I I O K ~ ~ ~ T ~ J I H .  

Ha PHC. 269 IIPHBeAeHbI B03MOHiHhIe BaPHaHThI Pa3BHTHII rOPHhIS 

pa60.r npll O T ~ ~ ~ O T K ~  MeCTOpOXAeHHII C BeepHbIM nepeMel4eHHeM @ ~ o H T ~ .  

Ha nxaHe KapbepHoro norm HaMesaeTcR HasanbHoe noxoxeHne n m H n  
@ ~ O H T ~  rOpHbIX pa60T, COOTBeTCTByIoqee y3JIy CeTeBOrO rpa@HKa C HO- 

MepOnl 0. JIHHHR K O H T Y P ~  KapbepHOrO noJIcI pa36H~aeTcII T O s K a M H  H a  OT- 

ycnomcI: 
o G a e ~  n o n e 3 ~ o r o  HcIconaeMoro MexAy ABYMCI nonoxeHHtIMH JIHHHH 

@ ~ O H T ~  p a 6 0 ~  COOTBeTCTByeT 3aAaHHOMy HJIH OTICJlOHIIeTCII OT Her0 H a  

~OIIYCTHMYH) BeJIHsHHY. 

AJlHHa @ ~ O H T ~  pa6o.r OrpaHH¶HBaeTCcI YCJIOBHeM I,,, > li 2 
C p O K  C J I Y X ~ ~ I  IlOBOPOTHOrO DYHKTa AOJlXHa 6b I~b  H e  MeHee AOnY- 

CTHMOI'O. 

I C a x ~ o e  nonomeme @ p o ~ ~ a  ropHMx pa60T B paanMsaHx HX BapH- 

aHTaX HyMepyeTCII. Ha PHC. 270 nOKa3aH C ~ T ~ B O G  r p a @ ~ K  BapHaHTOB 

O T P ~ ~ O T K H  MeCTOPOHCAeHHR. H3 PHCYHKa BHAHO, TITO OT IlOJIOWeHHtI 

@ p o ~ r ~ a  0 I< nonomeHHH) 6 MOlKIIO IIpHfITH ABynltI pa3.Xn'IHhIMH ~YTIIMH. 

n o c ~ p o e ~ n e  rpa@a a a ~ a ~ s r n ~ a e ~ c ~ ,  KorAa ~enb311 nonysmb  HH OAHO- 
r 0  HOBOrO BapHaHTa ,  yAOBJIeTBOpRIoII(er0 OI?PaHH1IHBaH)qHM YCJIOBHRM. 

~ o c J I ~ A H H ~  Y3JIH C0eAEIHHH)TCII C KOHeWZhIM (I$HKTHBH~IM) Y3JIOM A. 
H n c ~  KamAoro aTana onpeAenmoT ~ H ~ ~ ~ H E I R  (Akij)2 H npocTaBnRmT 

HaA cTpenxaMH rpa@a. AJIR c ~ n 3 e i i  nocneAHero yana Akii = 0. 
3 a ~ e ~  ~ ~ O H ~ B O ~ H T C R  ~ O H C K  ~ Y T H  H a  CeTeBonl rpac$e, 0 6 e c n e s n ~ a m q e ~  

paHee nocTasneHHoe ycnome. AJIH Kaxnoro yana onpeAenReTccI oqeaxa 
di, paBHaII CyMMe IIpeJ(hIJ(yqeii 0qeHKH di H Be3H9HHhI (Akij)2 AJIR AaH- 
H O r O  y3JIa. E c n ~  K Y3JIY IIOAXOACIT HeCKOnbKO CTPenOK,  TO B ~ I ~ H ~ ~ H ) T  
hleH6LUYH) 0qeHKY. 

r10 AaHHhIM PaCYPTOP,  CTPOIIT T ~ ~ J I H ~ Y ,  B K O T O P O ~ ~  JJIR KaXAOI'O y3Za 

IIpOCTaBJIRIoT O v e H K y  H H O M e p a  YSJIOB i ,  OT KOTOphIX BeAeT IIyTb C HaH- 

~re~r , rnei i  o u e a ~ o i i  ~ n r r  paccsHTmaeMoro yana (~a6.v. 57). H a n p ~ ~ e p ,  
XTfJ y3JIa 6 O q e H K a  COCTaBJrIIeT 2,08, a nyTb 1: y32y 6 BeAeT OT y3JIa 3. 

O n ~ m ~ a . . r b ~ a c ~  ~ p a e r c ~ o p ~ m  nepeMeqeHm XHHHH I $ p o ~ ~ a  BoccTaHaB- 

JIJ413aeTCII IlpH 06xO~e OT K O H q a  K Hagany C O T M ~ T K O ~ I  HOMepOB OW2peAHbIX 



H IlpeAhIAYIQHX Y3JIOB. O I T T H M ~ J I ~ H ~ H  TpaeICTOpHH XapaIcTepH3)JeTCH 

CneAyIoqHMm IIOJIOX<t?HHHM&i @ ~ O H T ~  0-1-3-5-9-14-20-27. 
M ~ T O A O M  AHHaMH¶eCICOI'O IlpOI'paMMHpOBaHHH MOXeT 6b1Tb OnpeAc- 

JIeH O U T H M ~ J I ~ H ~ I G  I F ~ J I ~ H A ~ P H ~ I ~  IIJIaEI BCKPbILUHhIX p a 6 0 ~  IIpH IlpHHHTOhI 

HaUpaBJIeHHH llepeMeIU,eHHH rOPHbIX p a 6 0 ~ ,  MHHHMaJIbHbIX H MBKCM- 

MaabHbIx o 6 a e ~ a x  B C K ~ H ~ H M X  p a 6 o ~ ,  onpeAeJreHHbIx no r p a i $ r n ~ a ~  
PeWHMa. O I I T H M ~ J I ~ H ~ I M  HBJIHeTCH ICaJIe~J(ap~b1fi ItJIaH BCICpbIIIIHbIX 

p a 6 0 ~ ,  06ecnes~~am1qmii HaHMeHbIUHe PaCXOAbI H a  pa3pa60Tlcy MeCTO- 

p0HcAeHHH. TaK K a s  3aTpaTbI OTHOCHTCH IC pa3JIH¶HbIM UepHOAaM,  TO HX 

H ~ O ~ X O ~ H M O  UpHBOAHTb K OAHOMY MOMeHTY 04eHKH C Y4eTOM K03i$i$H&li- 

eHTa ~ @ @ ~ K T H B H O C T H  I C ~ I ~ H T ~ J I O B J I O ? I ~ ~ H ~ ~ .  

l I p ~  p a 3 p a 6 o ~ ~ e  ICpyTonaAaIoqHx aaaezeii A o c T m x e H H e  ~ o s p a c ~ a -  I 
I 

EOU(er0 HJIH paBHOMePHOr0 PaCIIpeAeJIeHHH BCICPbIIIIHbIX p a 6 o ~  B03MOWHO 

npIl c I I~~H@H¶~cKHx YCJIOBHHX 3aJIeraHHH MeCTOPOXAeHHR ( H ~ U P H M ~ P ,  

npH 6oabzuoI"t M O I ~ H O C T H  m a m a  I I O J I ~ ~ H O ~ O  HcKonaeMoro H a  BepxHHx 
It CpeAHHX rOPH30HTaX H Me~bIIIefi - H a  I ~ P O ~ I C T H O ~  m y 6 ~ ~ e ) .  n p H  OT- 

pa60~1ce M ~ C T O ~ O W A ~ H H ~ ~ ,  BbITHHy- 
a I TbIX no IIpOCTMpaHHIo, B03MOWHO 

paBHoMepHoe pacnpenezerrlle BCKPH- 

IIIHMX pa6o.r npm AOCTH3IieHHH rop- 
HbIMH pa60TaMH I I ~ o ~ K T H o ~ ~  r n y 6 ~ -  
HH, a a a ~ e ~  HX nepeMeIqeHHe no npo- 
CTHpaHHW. B KalrcAOM KOHKPeTHOM 

I 

ca ysac ~b160p HanpasmeHmx paam-  
THH I'OPHbIX p a 6 o ~  IIPOkI3BOAHTCH 

H a  ocHoBe a ~ a ~ 1 ~ 3 a .  

P a c n p e n e x e ~ ~ e  oCiae~oe B C I C P ~ I ~ -  

HbIX p a 6 o ~  3aRHCHT OT pa3MepOB 

pa6osnx nnoqagoIi 11 B ~ I C O T ~ I  YCTY- 

i d 
:5 KMAH M~ 

I' (0 - 

m 
1 

i 

0 1 6 9 12 15 I8 21 24 lf lem 

P l l C .  27 I .  I< YCTaHORnPHUIO 3aRIiCliMOCTA o6~,emon RCKpbImHblX pa6o.r OT yrna HaItJIOHa 6 0 ~ ~ 0 ~  
Itapbepa: 

a - pacnonoiiierrue pa6osux  OPTO OH npx p a m ~ u s ~ ~ ~ x  yrnax oTnoca 6 o p ~ o ~  napbepa; 6 - rpaQlun 
pacrrpeneneHziR o6aeMo~ B ~ H P ~ I U I H ~ I X  pa60T npx p a s n a ~ i ~ ~ ~ x  yrnax o~ttoca 6 0 ~ ~ 0 ~  napbepa 

noB, onpeAeamoqkfx yroa HamoHa  pa6osero 6 o p ~ a  sapbepa. T ~ K ,  B 3a- 

BHCHMOCTH OT YI'JIa HaKJIOHa pa6osero 6 o p ~ a  gapbepa B03MOXHbI CJIeAy- 

Ioqae pacnpeAeneHm o 6 a e ~ o ~  B C I C P ~ I ~ U H ~ I X  pa6o.r (prnc. 271). 
I .  Yron omoca GOPTOB Icapbepa ~ O C T O H H H H ~ ~  R TegeHHe Bcero nepH- 

oxa 3I;cnnyaTaqHn Kapbepa. r o ~ o ~ b ~ e  o 6 a c ~ n  RCKPMIUH nplI  TOM BO- 

3paCTaIOT A0 MaKCHMaJIbHOrO 3HaseHHH B C P ~ A H H ~ ~  IIepHOA IGipbepa, 

a aaTelw C H H x a m T c H .  

11. O ~ p a 6 0 ~ 1 z a  KapbepIIOrO IIOJIH IIpOH3BOAHTCJl npH UepeMeHHOM 

3 ~ a s e ~ ~ ~  yrna oTIcoca GOPTOB Icapbepa no BHcxseMy H nemaseMy 601ca~  

3aJIeHiH, H3MeHRIoqeMCH OT Umin A0 Umax O 6 a e ~ b I  BCKPbIIIIHbIX p a 6 0 ~  
IIOCTOHHHH H a  Becb nepaoa 31ccnnya~aq~m gapbepa. 

111. IIo BrncHseMy H aexaseMy 6 o x a ~  yron oTKoca GOPTOB Hapbepa 

HMeeT UOCTOHHHOe 3Ha¶eHHe H ~ J I H ~ o K  K BeJIHPHHe YrJIa IlOraIIIeHHH. 

30 3 a ~ a a  329 - 465 



0 6 ' b e M b l  BCKpbIIIIHhIX p a 6 o ~  H e U p e p b I B H O  B O 3 p a C T a m ~ ;  B K a E q b ~ i i  TOJ  

p a 3 p a 6 0 ~ ~ ~  T ~ K Y ~ E I ~ ~  K O ~ # N $ M ~ H ~ H T  BCKpbIILIII. ~ J I H ~ O K  K ICOHTYpBOhf>.. 

T ~ K M M  0 6 p a 3 0 ~ ,  B O 3 p a C T a I o I q c r o  IrO r O A a M  mnm UOCTORHHOrO H a  necb 
U e p H O A  3EcCUJIyaTaqHCi 3HaTIeHHII  0 6 ' b e M o n  RCIipbIIUHbIS p a 6 o ~  MO>liIIO 30- 

6 0 MOO ZUUU 

PRC. 272. rpaawlc K r ~ ~ ~ o r e o ~ e ~ ~ e s ~ c ~ o ~ ~  a ~ a n ~ a y  yenoenti O T P ~ ~ O T K W  
Mopoao~cnoro napbepa: 

a - a 3 ~ e ~ e r r ~ ~  M O I Q H O C  BcKpbImn I, M O ~ H O C T H  nnacTa yrnR I I ,  MOW- 
HOCTM nopon~oronpocnoti~a IV, B ~ I C O T M  OCHOBHOrO I I I  n nepenonoro V 
ycTynoe; 6 - Kane~nap~hIil nnaH no6b1~ah1x K ~c~pbrrntrb~x p a 6 o ~ .  3a -  

IIITPPiXOBaHHPH WCTb - C T P O Y I T ~ J I ~ H ~ I ~ ~  06'beM. 

CTEIqb, H3MeHIIFI yron OTKOCa pa6osero 6 o p ~ a  K a p b e p a ,  ¶TO AOCTHI'aeTCR 

y M e H L m e I r n e M  p a 3 ~ e p o ~  pa6osnx n n o W a A o K  mnm y s e n m s e H m e M  B~ICOTLI  

g c T y n a .  

I I o s b ~ r n e ~ ~ e  yrna oTKoca pa6osero 6 o p ~ a  Hapbepa pacchfoTpmi Ha CnenyIoWell 
npnMepe. 

n p a  B3pbIBaHIlU YCTyna B J S C O T O ~  30-40 ,N er0 O T ~ ~ ~ O T K Y  MOHCHO nPOI13BOAIITb 
CJIORMLI 110 12-14 m,  npEl 3TOM 6 y ~ e ~  TOJIbKO OAHa IIJIOIQaAIEa, BKJIIo¶aIoIQaH 6ypo- 
B3pbIBHYIo UOJlOCy. 

npri pacnonoxeHriz1 4 p o ~ ~ a  p a 6 0 ~  napannenbEro npocTapaH1rm a a n e x ~ i  ~ 3 0 ~ -  
E ~ H H O ~ ~  6no1c It0 BbICOTe pa36 l l~a Io~  Ha CnOEl, KOTOpble O T ~ ~ ~ ~ T H B ~ I ~ T  IIOCJIeAOBaTeJIb- 
HO. C J I O ~ B ~ R  IIJIOqaAIEa OrpaHFFTEfBaeTCR pa3MepaMIf 110 XIpOCTHpaHHH) H BKpeCT 
npocTIipaHmR aanexa a nepeMeqaeTcR no Mepe nonsLrrarrmR aKcKanaTopa. Ee n n m a  
II ImnpnHa onpenenRIoTcH ma Y C ~ O B H ~  ~ O ~ ~ ~ ~ O ~ H O - T ~ ~ I I C I I O ~ T H ~ I X  pa6o.r B aa6oe. 
n o  O C T ~ J I ~ H O ~ ~  AJIElHe B3OpBaHHOrO 6 a o ~ a  IlIHpElna CJIO~BO% IlJIOqanKIi YMeHbJIIaeTCR 
no p a 3 ~ e p o ~ ,  onpeneaReMHx mnpm~oii ~ p a ~ c n o p ~ ~ o i i  nonocar. Taxan opraan3aqrin 
pao 'o~ n o 3 ~ o n ~ e ~  nosacuTb yron oTIcoca padosero 6 o p ~ a  Hapbepa no 27-30". IIpa- 
hIepH0 TaItOe pa3BIITHe rOPHLIX p a 6 0 ~  OCYl~eCTBnRnOCb nPEl OCBOeHLIti I I ~ o ~ K T ~ o ~  
M O ~ H O C T E I  KapbepoM UTOKa. 

Peryn~xpo~anne pexnMa ropHarx p a 6 0 ~  npn O T ~ ~ ~ O T K ~  ~ O P ~ ~ O H T ~ J I ~ H ~ I X  3a~1e- 
~ e f 3  paCCMOTpnM Ha IIpIlMepe hfopo3o~crtoro Kapbepa ~ ~ H ~ I I ~ O B C K O ~ O  Gypoyronb- 
aoro 6accei i~a (pnc. 272). ~ y p o y r 0 ~ 1 b ~ b I j i  nnacT npeAcTaBnen ABYMR nasKaMn 
ymn.  nepehleqeane 4 p o ~ ~ a  p a 6 0 ~  napaanenaaoe. Bc~cparrr~oii y c ~ y n  BJSCOTO% 35 a 
B CpeAHeM 0Tpa6aTbIBae~cR C IIpHMeHeHMeM TpaHCnOpTHO-OTBanbHOI.0 MOCTa. OCTanb- 
HaR YacTb BcKpuma o ~ p a 6 a ~ a s a e ~ c ~  c npMMeHeHHem poTopHoro 3IECKaBaTOpa IX cn- 
CTeMbI JIeHTOuHhIX I E O H B ~ ~ ~ ~ O B .  K o r ~ a  MOIQHOCTb BCKpbIIIIX nO IIel7eAOBOMY YCTYIIY 
rrpesbImaeT 40 nt, ~ c n o n b s y e ~ c n  npa rna i i~ ,  K O T O P H ~  nopanmaeT 3TY I I O ~ O A Y  
t i  pOTOPHOMY 3KCIiaBaTOpY. n o  npOeIiTy IIpeJJYCMaTpIlBaeTCH RJIR paBHOMepHOr0 
IrcnonbsosaHHR BCIEPISLUHO~O O ~ O ~ Y ~ O B ~ H ~ R  B nepBMe Tpri rona axcnnyaTaqnxr 
noHIixeHne B ~ I C O T ~ I  MocToBoro ycTyna c 35 no 31 nc a uepea 16-20 ne~ -nos~ rnen r~e  
no 40 nt. 

IIpm n o c T p o e H m m  I c a n e H A a p H o r o  n n a H a  n o A e x r a H m e  ropnHx p a 6 o ~  
UO ~o6bIse  H H ~ O ~ X O A H M ~ R  IUHPEIHa UOJIOChl 3EiMHHX 3 a I I a C O B  nOJIe3HbIX 

r r c g o n a e M b r x  o n p e A e n R n H c b  r p a 4 ~ s e c m ~  cnoco60~.  
m 3  P H C .  272 BHAHO, ¶TO B I I e p B H e  AeBFITb J I e T  H ~ o ~ x o A B ~ M ~ I I  U I H p H H a  

IIOJIOCM ~ H M H E I X  a a n a c o ~  6 ~ n a  6onbma~1. I3 nocneAymqme roAH B C B ~ H  

C yBeJI lFIeHI ' ieM MOWHOCTH U a ¶ e K  Y r J l R  H AJIHHbI # P O H T ~  p a 6 o ~  ~ e o 6 x o -  
GHMBFI I U H p H H a  UOJIOCbI 3HMHHX 3 a U a C O B  Y M e H b m a e T C I I  A 0  17-25 X. 

RamGonbmme 06ne~b1 p a 6 o ~  no n o p o A H o M y  n p o c n o f ~ y  npmxo- 
2RTCI I  H a  3 - 8-6 rOAbI  3KCUJIYaTaI(HH; B I I O C J I e A Y I 0 4 H e  I'OAbI H 3 - 3 a  

CHEIXeHEiH YPOBHII  I lOABHraHHFI I'OPHbIX p a 6 o ~  06ne~h1 p a 6 o ~  C O K p a W a -  

IOTCII. I I I ) O B ~ A ~ H H ~ I ~  a H a J l m 3  p a C n p e A e J I e H H F I  O ~ ~ ~ M O B  p a 6 o ~  no HlTXHeM?. 

RCKPbIlUHOMY YCTYIIY, O T ~ ~ ~ ~ T M B ~ ~ M O M ~  C HCIIOJlb3OBaHI'ieM MOCTa,  

l I O K a 3 a J I  H ~ O ~ X O A H M O C T ~  NBeJI W e H H I I  er0 BbICOTbI B 16 - 20-e r O R b I  

3 K C I I J I Y a T a 4 H H  B CBII3H C TeM,  ¶TO I I O H H X e H H e  BbICOTH 3 T O r 0  YCTYIIa  B DO- 

CXeAHHe rOAbI  3 K C n J I y a T a q H H  IIpHBOAHT K H C n O J I b 3 O B a H ~ I o  TpaHCUOpTHO-  

O T B a j r b H O r O  KOMIIJIeKCa H a  75-6596 , T a K  K a K  U O A B H r a H H e  ~e60jrbluoe K a K  

UO H H X H e M Y ,  T a K  H UO B e p X H e M Y  YCTyI IaM.  B 3TOT Xe U e p H O A  IIPOEISBO- 

,iplTeJlbHOCTb pOTOpHOI '0  3 K C K a B a T O p a  no n e p e A O B O M y  Y C T y U y  H e n o -  

IICIIOJIb3YeTCII H a  17-20 % . n p I 4  IIOJIHOM MCIIOJIb30BaHMH IIPOH3BOAH- 

TeJIbHOCTH BCKPbIII IHOrO O ~ O P Y ~ O B ~ H H I I  B U e p H O A  21 -28 rOAOB 3 K C U Z y -  

a T a 4 F f H  IIpOH3BOACTBeHHaR MOWHOCTb l c a p b e p a  UO YrXH,  blO1KeT 6 b I ~ b  YBe- 

X I i q P H a  H a  2,5-3,2 MJIH. 772, HO I I p H  3TOM BbICOTa HWlfFHerO BCKPbIIUHOrO 

Y C T y n a  A O X X H a  6 b I ~ b  C H H X ~ H ~  35 X, ¶TO U p H  H C n O J I b 3 0 B a H H H  H a  nepeA0- 
BOM YCTYIIe CHCTeMbI JIeHTO¶HbIX K O H B ~ & ? P O B  CBII38HO C TeXHOJIOI'I'i¶eC- 

KmMH TPYAHOCTIIMH. H ~ o M ~  T O r O ,  ~ a m 6 0 n b m m i i  0 6 ~ ~  UOPOAbI (65 % ) . 
, P ~ c ~ o J I o X ~ H H O ~  B b I l u e  Y p O B H R  BhICOTbI ¶t?pIIaHHII POTOPHOI'O 3 K C K a -  

B a T O p a ,  UPHXOAHTCR H a  3TEI Xe FOAM. 110 3THM c o o 6 p a ~ e ~ m ~ ~  CHLI- 

x e m e  BHCOTM H E i x H e r o  B C K ~ H I I I H O ~ O  y c T y n a  ,qo 35 x ~eqenecoo6pa3~0 .  



nO3BOJIHT I lOJ IHee  H C I I O J I b 3 0 B a T b  er0 IIO I IpOH3BOAHTeJlbHOCTH. ~ B ~ J I I I ~ ~ H ~ I ~  

BMCOTbI HHFKHeI'O BCKPbIII IHOrO YCTYI la  B I I e p H O A  16-20 I'OAOB 3 K C n J t y -  

B T a q H H  AaCT B03MO?HHOCTb I lOJ IHee  H C n O J I b 3 0 B a T b  I l p O H 3 B O ~ H T e J I ~ H O C T L  

TPaHCIIOPTHO-OTBaJIbHOrO MOCTa. 0 6 ' b e ~ M  p a 6 0 ~  no n t ? p e ~ O B O M y  y C T y n y  

B 3TEI rOAbI  B Ce  FKe 3 H a Y H T e J I b H O  I lpeBbI I I I a IOT  n P O H 3 B O A H T e ~ l b H O C T b  

p o T o p H o r o  a K c K a B a T o p a .  Y ~ e n n s e ~ ~ e  n o A B H r a H m  r o p H M x  p a 6 o ~  no nepe- 
AOBOMy Y C T y I l y  3a C s e T  60~1ee P a B H O M e p H O r O  HCI IOJ Ib30BaHHR I IpOH3-  

BOAHTeJIbHOCTH 3 K C I < a B a T O p a  B D e p B b I e  14 J IeT  3KCI I .VyaTaqHH,  H e  Y b l e H b -  

r n a e T  o 6 a e ~  p a 6 0 ~  B nepmon c 14-ro no 20-ii roAH ~ K C ~ J I Y ~ T ~ ~ E I I I .  

Y B ~ J I K ~ ~ H H ~  IlpOH3BOLIHTeJIbHOCTH 3 K C K a B a T O p a  LI 3 T H  I'OzbI A 0  

14 MJIH. a3 Y M e H b I I I a e T  0 6 ' b e ~ h I  p a 6 o ~  H a  35 % .  
T ~ K H M  0 6 p a 3 0 ~ ,  I I p O k i 3 B O ~ C T B e H H a H  M O q H O C T b  K a p b e p a  DO y r J J I o  

B I IePHOJI  14-20 rOAOB 3 K C n J I y a T a q H H  H e  MO?KeT 6b1~b 0 6 e c n e ~ e ~ a  G c ~  
BBOAa AOIIOJIHHTeJIbIIbIX M O I I ( H O C T ~ ~ ~  BCKPbIIwHOrO O ~ O I ) Y A O B ~ H H H  IIO I Ie-  

P e A O B O M y  Y C T y J I y .  

TJIABA X I V  

BbI60p IEPHTePHR ~ ~ o H o M H ~ ~ c ~ o ~  O q e H K H  If MeTOAHKH Cpa I3HeHI IR  

B a p H a H T O B  O I l p e A e J I R e T C R  YCJIOBHRMH TeXHHKO-3KOHOMHUeCKHX 3 a A a s ,  

K o T o p H e  M o r y T  6 b 1 ~ b  n o ~ p a a ~ e j ~ e ~ ~  H a  nsa K n a c c a :  c T a T n s e c m e  H AH- 

H a M H s e c m i e .  IIpemne Y e M  n p n c T y n H T b  IC p e m e H H r o  a a ~ a s n ,  ~ e o 6 x o i q ~ h . 1 0  

n p o ~ 3 ~ e c ~ ~  o q e H K y  ee y c x o ~ ~ i i  H O n p e A e j I m b  I c n a c c  a a ~ a s ~ ,  H a  o c H o s a -  

H H H  ¶ e r O  H a 3 H a q a e T C H  ~ K O H O M H ~ ~ C K H ~ ~  K p H ~ e p H i i  AJIH COIIOCTaBJleHHH 

B a p H a H T O B  H ~ b I 6 H p a e ~ c R  MeTOAHIEa P e I I I e H H H .  

I I o ~ p a a ~ e j r e ~ ~ e  s a ~ a u  H a  c T a T m e c m e  H A H H a M m s e c I c n e  H e  RB- 

J IReTCR AOCTaTOYHO WeCTKHM.  B I I p a K T H K e  M O r Y T  H M e T b  MeCTO 3 a A a Y t J  

I l e p e X O A H O r O  T H n a ,  AJIH P e I w e H H R  KOTOPbIX ~ b 1 6 0 ~  3KOHOMH9eCKOrO K P H -  

T e P H R  AOJIlfCeH H M e T b  J(OIIOJIHHTeJIbH0e TII(aTeJ1bHOe O ~ O C H O B ~ H H ~ .  

TIHCJIy CTaTHUeCKHX MOI'YT 6 b 1 ~ b  OTHeCeHbI  3 a A a Y H ,  O T B e ¶ a l O q H e  

c n e n y m q m  YCJIOBHRM: CPOK O ~ ~ H I E H  H e  G o f i e e  7-10 n e T ,  T. e. H e  npe- 
s b I m a e T  H o p M a T H B H o r o  c p o I c a  o I c y n a e M o c T H  r c a n ~ ~ a n o ~ n o ; ~ i e ~ ~ i i ~  H n n  

I I p e B b I I I I a e T  er0 H e 3 H a s H T e J I b H O ;  I'OAOBbIe T e K y q H e  3 a T p a T b I  B Ka>KAOAI 

B a p H a H T e  B TC?¶t?HHe O q e H H B a e M O r O  C P O K a  IIOCTORHHM HZIH I C O Z I ~ ~ ~ I I O T C H  

H e 3 H a s H T e J I b H O  (B I IpeAeJ IaX  10-15% OT C p e A H e r O  YPOBHH); BaPEIaHTbI  

MOrYT 6 M ~ b  I I P H B e A e H b I  K COIlOCTaBHMOMY BHJIY DO 06 'be~y H K a Y e C T R Y  

n p o ~ y ~ q ~ n ,  c p o K a M  o q e a m  H A p y r n n r  o n p e A e n H I o q H M  c p a l c ~ o p a b ~ .  

X a p a K ~ e p ~ M e  n P H 3 H a K H  AHHaMH¶eCKHX 3aJ(aU:  

1. P e 3 y J I b ~ a ~ h I  P e I I I e H H R  3 a A a s H  paCI IpOCTpaHRH>TCH H a  ,711iITCJb- 

~ ~ i i  U e p H o A .  H a n p H ~ e p ,  onpeAe.nm K o H e w y m  r n y 6 ~ ~ y  I c a p b e p a ,  npn- 
H H M a e M  pememe,  K o T o p o e  A o n x H o  6 b 1 ~ b  p e a . n n 3 0 ~ a ~ o  t I H o r A a  sepe:c H e -  

CKOJIbIEO AeCRTKOB JIeT.  P e I w e ~ ~ e  A H H a M H s e C K H X  3 a A a s  - 3 T 0  n p O r H 0 -  

3 H p O B a H H e  H a  MHOrO,  H H O r A a  H a  HeCICOJIbKO AeCHTIiOB J I e T  B I I e p e A .  

2. 3 a ~ p a ~ b 1  H AOXOAH LI TT¶eHHe  B C e r O  HJIH A J I H T ~ J I ~ H O ~ O  I I e p H O A a  

H e p a B H O M e p H b I .  H e p a ~ ~ o h f e p ~ o c ~ b  3 a T p a T  no r O A a M  p a 3 p a 6 0 ~ ~ ~  XOpOIIIO 

H n n m c T p H p y e T c R  n o s m  JIW- a 
G ~ I M  K a J I e H A a P H b I M  r p a $ H -  

K O M  BCK~MIUEIMX p a 6 0 ~  ray- 
601ioro H a p b e p a .  OGM~HO 
B n e p ~ b I i i  U e p H O A  0 6 n e ~  
p a 6 0 ~ ,  a CJIeAOBaTeJIbHO,  H 

3 a T p a T H  B COOTBeTCTBHH C 

YBeJIH'TeHHeM BCKPbIIIIHbIX 

p a 6 0 ~  C H C T e M a T H s e C K H  B 0 3 -  

p a c T a I o T ,  a a a ~ e ~ ,  BO BTO- 

p0fi I I e p H O A ,  CHHHCaIOTCR. 

Y c p e ~ ~ e ~ ~ e  BCKPMIIIHMX 

p a 6 o ~  no n e p H o A a M ,  IIPHHH- 

M a e M o e  H H o r A a  B npoemax 
M n p e A a a r a e M o e  H e K o T o -  

P M M H  a B T O p a M H ,  H a  I I p a K -  

T H K e  P e n K O  BbIAepHCHBaeTCR.  

 TO IIOATBePFKAaeTCH @ ~ I C T M -  

¶eCKHMH K a J I e H A a P H b I M H  

r p a @ m a ~ ~  3a 2 0 - n e ~ ~ ~ i i r  
n e p H o A  no K a p b e p a M  C O B ~ T -  6 
more C o m a .  Ha p ~ c .  273 4 
n o ~ a 3 a ~ ~  K a j I e H A a p H M e  ' 

r p a @ ~ ~ n  BCKPLIIIIHMX H AO- . $350 
6 b 1 s ~ b I x  p a 6 0 ~  K a p b e p o B .  % 
B T e n e m e  c p o K a  pa3pa60~- $ " 

K H  H3MeHRIOTCH H e  TOJIbKO 250 
I'OAOBbIe 3 a T p a T b 1 ,  HO H I 
BCJIeACTBHe H 3 M e H e H H H  06%- % 200 
eMOB ~ 0 6 b 1 ¶ ~  I IOJ Ie3HOrO HC- 

K o n a e M o r o ,  K a s e c T s a  p y ~ ~  2 150 
H APYI'HX @ ~ K T O P O B  M e H n -  $ 
I ~ T C R  T a K m e  emeropme no- 
XOAM, T. e. e m e r o A H a H  q e H -  lgM2 19L5z 1!29?z 19552 19606. 10653. 

H°CTb T O B ~ P H O G  n ~ ~ ~ ~ K q H H ,  p ~ c .  273. Kanemapnbre  ~ p a a u ~ u  BcKpmrnnmx ( a )  w no- 
I I P O H ~ B O A H M O ~  I'OpHbIMH 6b1u~b1x (6) p a 6 o ~  ~ a p a e p o ~ :  
I I p e A I l p H R T H H M H .  1 - ICopnur ic~oro;  2 - K o M ~ u K ~ T ~  B a x p y m e ~ y r o n h :  

3 - A H ~ ~ ~ H C K O ~ O ;  4 - 1 i o M 6 u ~ a ~ a  YpanaC6eC~; 5 - 
3. ~ ~ T P ~ T M  H AOXOAM ~OyHpaJXCKOr0; 6 - M ~ ~ H U T O ~ O ~ C K O ~ O ;  7 - c116:tfi- 

crtoro; 8 - r o p o 6 n a r o n a ~ c ~ o r o ;  9 - TpecTa Bonsn~rcrt-  
H e  TOJIbKO H e p a B H O M e p H b I  yronh; 10 - B X P  ( F ~ ~ B H ~ I %  rtapbep) 



BbIeMlca IIyCTMX UOpoH IlpOM3BOAHTcH IIOA YrZOM pa6osero 6 o p ~ a  y, = 

= 13-15", K O T O P ~ I ~ I  ~ H ~ ~ H T ~ J I ~ H O  M e H b m e  yrna n o r a m e H n n  6 o p ~ a  . 
K a p b e p a  y ,  = y, = y, = 37-42", TO a a ~ p a ~ b ~  H a  I I ~ O H ~ B O A C T B O  o 6 a e ~ a  
p a 6 o ~  V HMeIoT MeCTO B Te¶eHHe AJIHTeJIbHOI'O n e p H O A a  EI OCYWeCTBJIEI- 

IOTCR pamme, s e M  3 a ~ p a ~ a  H a  ~ o 6 ~ s y  a a u a c o ~  Q .  
C J I € ? A O B ~ T ~ ? J I ~ H O ,  U p H  ~ K O H O M H ~ ~ C K O ~ ~  0 4 e H K e  H€?O~XOJ(HMO HMeTb 

R nHAY, ¶TO KaKHe-TO ¶aCTH 3 a T p a T  IIPOM3BOAIITCR B p a 3 H O e  BpeMII H no- 
3TOhIy HeCOnOCTaBHMM. C n e ~ y e ~  OTMeTHTb, ¶TO HMeeT aHa¶eHHe H e  

T O J I ~ K O  B e n m s m a  s a ~ p a ~ ,  HO H BpeMH HX B n o x e a a s .  

C 3 ~ 0 6  TO¶KH 31)eHHR 0qeHMTb ~ @ @ ~ K T H B H O C T ~  ~ 0 6 ~ 9 ~  IIOJIe3HOI'O 

n c K o n a e M o r o  o6ae~o l r  Q MOXHO, e c n H  B c e  a a ~ p a ~ ~  H a  B c K p M m H H e  H AO- 
6 b I q ~ h T e  pa60~b1, UpOH3BeAeHHHe B p a 3 H O e  BpeMH, 6 y n y ~  IlpHBeAeHM 

1; OAHOMY MOMeHTY 0qeHKH.  Y T O ~ M  OIIPeAeJIHTb O ~ ~ Y K I  CYMhlY 3 a T p a T ,  

a x  c n a r a e M M e  H ~ O ~ X O A H M O  c A e n a T b  conocTasmMMMzi ,  T. e. a a ~ p a ~ a r  H a -  

lrcAOr0 rOAa DpHBeCTLT K OAHOMY MOMeHTY OqeHKH. 

Pnc. 274. Cxeaa .K ~ o n p o c y  
pil3HOBpeXeHHOCTH aaTpaT Ra 
BOKpbIlllHbIe H ~06bIwbre pa6o- 

TW R napbepe 

4. C n e ~ y e ~  oTlLreTHTb T a K z e  a ~ a s e ~ m e  R a n H T a n b H M x  a a ~ p a ~ ,  Be- 

.vmsIIHa KOTOPMX H a  CTPOHTejIbCTBO r n y 6 0 ~ 0 r o  K a p b e p a  c a M a  no ce6e 
a ~ a s ~ ~ e n b ~ a ,  HO c y s e T o M  ~ p e 6 o ~ a ~ ~ i i  BnolrzeHmn B nepme r o w  
OcBoeHmR K a p b e p a  seansma BTHX s a ~ p a ~  B 06qeii cyMMe a a ~ p a ~ ,  UPH- 
BeAeHHbIX K OAHOMP MOMeHTY OlJ,eHKM, COCTaBJIHeT A 0  30% H 6onee. 

K a n H T a n b H b I e  3 a T p a T M  BKJlaAbIBaloTCR H e  TOJIbKO BO BpeMH CTPOHTeJIb- 

cTRa o 6 a e ~ ~ a ,  HO H B nepmon ero 3 ~ c n n y a ~ a q m ~ .  Ecnm B nepnon C T ~ O H -  

T e n i c T s a  H B n e p s ~ i i  nepmog 3qcnnya~aqm~ K a p b e p a  K a n n T a n o s n o -  

>KeHMH HaIIPaBJIIIIOTCII H a  CO3AaHMe  HOBO^ U ~ O M ~ B O A C T B ~ H H O ~  MOWHOCTH, 
TO n o 3 ~ ~ e e  OHH H a n p a B n R m T c H  H a  ee n o s M m e H n e ,  H a  n o m e p m a H M e  

I I P O H ~ B O R C T B ~ H H O ~  MOWHOCTM U p H  yBeJIEI¶eHEIEI TJI y6m~ar K a p b e p a  M H a  

peKOHCTPYKQHlo, KOTOpaR 0 6 ~ 9 ~ 0  IIpOH3BOAHTCII sepe3 12-15 n e T .  

5. X a p a K T e p ~ b I ~  IIBJIReTCH CHCTeMaTH¶eCKOe H3MeHeHHe @ ~ K T O P O B ,  

onpenensmqnx p e m e H m e  A H H a M H s e c K a x  a a ~ a s .  H e c ~ o ~ p f l  H a  TO ¶TO 

B IIPOeKTaX C03AaHHR ~ J I Y ~ O K H X  K a p b e p O B  UpHHHMaJIH p a H e e ,  a B HeKO- 

TOPMX CJIY¶aRX H A 0  HaCTOIIII(eI'0 BpeMeHM UpHHHMaIoT H a  A J I H T ~ J I ~ H M ~ ~  

CPOK IIOCTOIIHHYK) IIPOM3BOACTBeHHYK) MOID$IOCTb H IIOCTOHHHHMH BCe 

A p Y r H e  UOKa3aTeJIH, B A ~ ~ C T B H T ~ J I ~ H O C T H  lfEe I4 UpOH3BOACTBeHHaR MOW- 
H O C T ~  K a p b e p a  H Apyrme T e x H m e c K n e  n o ~ a 3 a ~ e n ~  pa60~b1 K a p b e p a  

CHCTeMaTWeCKH H3MeHIIK)TCII. ~ ~ O H ~ B O A C T B ~ H H ~ R  MOWHOCTb K a p b e p a  

IEaK UO UOJIe3HOMY HCKOUaeMOMY, TaK H no BCKpMme BO3paCTaeT 

K HHOI'Ra 3Ha¶HTeJlbHO I I p e B b I m a e T  JIPEIHHTYlCi I lePROHa¶aJIbHMM IIPO- 

eKTOM; TeXHMKO-3KOSOMHTIeCKEIe IIOKa3aTeJIH CIICTe3faTI19eCKH YJIY¶IUa- 

K)TCR. B T ~ ~ J I .  58 IIpHBeAeHa AMHaMMKa OCHOBHMX TeXHXKO-3KOHOMH- 

s e c m x  n o ~ a ~ a ~ e n e t i  H a  K a p b e p a x  c ~ p a ~ c n o p ~ ~ o i i  c ~ c ~ e ~ o l i r  pa3paBo~~m.  

~ P O H ~ B O ~ H T ~ J I ~ H O C T ~  ~ Y P O B M X  CTaEKOB Ha pyAahIS Kaphe- 
pax: I I I 

. . . . . . . . . . . . . . . . . . . . . . .  nt/cmeny 
a / z o a  . . . . . . . . . . . . . . . . . . . . . . . .  

H ~ P O H ~ B O A E T ~ J I ~ H O C T ~  3KCKaBaTOPOB (CIIEICO¶EPX): 
B C H ~ ~ ~ I I I H ~ I X  aa yrontam xapbepax, THC. m 3 / ~ 0 a :  

H a  OAHY MaIIIHHy . . . . . . . . . . . . . . . . .  
H a  1 nt3 ~ M K O C T E I  KosIua . . . . . . . . . . . . . .  

~06hl~aarx  Ha YroJIbaus Kapbepas, THC. mleoa: 
Ha OAHY MamHHy . . . . . . . . . . . . . . . . .  
H a  1 .U3 eMKOCTH KOBIIIa . . . . . . . . . . . . . .  

aa norpya~e ropaoii Maccm Ha ~ Y A H E J X  Kapbepar, 
THC, .Us: 
H a  OAHY MallIHHy . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  H a  1 a 3  eMKOCTH KOBIIIa 
~ ~ O H ~ B O A I I T ~ J I ~ H O C T ~  JIOKOMOTIIBOCOCT~BOB: 

Ha y r o n b ~ u x  xapbepax, nc3/cymlcu . . . . . . . . . .  
. . . . . . . . . .  Ha p y ~ h ~ x  xapbepax, max/cneny  

~ P O H ~ B O A E T ~ J I ~ H O C T ~  TPYna pa6osero: 
aa yronbahIx Kapbepax, m/mecs~(  . . . . . . . . . .  
H a  m e a e a o p y ~ ~ u x  Kapbepax, m/ren-cmeny . . . . . .  
aa MemOpyAHMX Kapbepax, m3luen-cmeny . . . . . .  

Cpemesasemea~ue rro~a3a~enn C ~ ~ ~ C T O H M O C T H  1 a 3  B C X ~ ~ I -  
IUH, xon.: 

Ha y r o n b a ~ x  Kapbepax . . . . . . . . . . . . . . .  
~a ~ Y A H ~ I X  xapbepax . . . . . . . . . . . . . . . .  

B IIpaKTHKe IlpOeKTHpOBaHHII M IlnaHHpOBaHHII O T K P H T O ~ ~  paspa- 
~ O T K H  K ¶HCJIY AHHaMHYeCKHX 3aAa¶ o 6 ~ n ~ o  OTHOCHTCR: O ~ O C H O B ~ H H ~  

I ' J I Y ~ H H ~ I  H KOHTYPOB g a p b e p a ,  0 6 o c ~ o s a ~ ~ e  er0 U ~ O H ~ B O A C T B ~ H H O ~ ~  MOW- 

HOCTH, B H ~ O P  Pa4HOHaJIbHOrO HaIIPaBJIeHHII Pa3BHTMH r O P H H X  pa60.r 
H P a q n o H a n b H o r o  u o p n A K a  p a 3 p a 6 0 T K H  r p y n n M  aanezeii, 0 6 0 c ~ o s a ~ ~ e  
3JIeMeHTOB p a 3 p a 6 0 ~ ~ ~  H cnoco6a BCKPMTHII, B H ~ O P  Pa4HOHaJIbHOrO 

cnoco6a TpaHCUOpTHpOBaHHR r 0 p ~ 0 f i  MaCCbI, COIIOCTaBJIeHHe BanOBOrO 

H c e a e x T m B H o r o  cnoco60~ B a e M m  PYA, p a q m o H a n b H o r o  p a 3 ~ e q e ~ n ~  
IlOBepXHOCTHMX ~ 0 0 p y X e ~ H ~  AJIH rny6o~mx K a p b e p O B  H T. A. 

B BTHX s a ~ a s a x  B a p H a H T H  pa3nasa1o~cs H e  T O J I ~ K O  ~ e n n s m ~ o i i  3a- 
T p a T ,  HO M BPeMeHeM EIX IlPOH3BOACTBa. E ~ o M ~  TOTO, OHH MOrYT 

o T n a s a T b c R  B ~ ~ ~ E I H O ~ ?  n p ~ 6 b 1 ~ 1 1 3  H p a c n p e A e n e m e M  ee no roAan1. 



~ P H H ~ H I I ~ I  3KOHOMH¶eCKOI'O O ~ O C H O B B H M R  B a p H a H T O B  CTP0HTe:IbCTBa 

H p e K O H C T p y K 4 H H  IIP~JJIIPHHTHG, p a 3 p a 6 0 ~ ~ ~  HOBbIX TeXI-IOJIOI'H¶eCKHX 

n p o U e c c o B ,  n p H M e H e H m  p a 3 ~ 1 m s ~ ~ x  T e x H o n o r H s e c m x  K o M n n e K c o B  l r  

MaIIIHH YCTaHOBJIeHbI  B TEIIIOBOG MeTOAHI<e O I I p e A e J I e H H R  ~ I < O H O M ~ ¶ ~ C K O ~ I  

~ @ @ ~ K T M B H O C T E I  KaI IMTaJ IbHbIX B J I o ~ ~ c ~ H H ~ ,  ~ T B ~ ~ X A ~ H H O B  IIOCTaHOB,ile- 

HHeh.1 r o c n n a ~ a  CCCP, r o c c ~ p o ~  CCCP H n p e 3 ~ ~ r n y ~ a  AH CCCP H npra- 
H ~ S H ~ ¶ ~ H H O ~  AJIH MCIIO.Tb3OBaHHR I I p H  n p O e K T H p O B a H H M  k i  IUIaHITpO- 

R a H H H .  

COI ' J I~CHO MeTOAMKe ~ @ @ ~ K T H B H O C T L  HCIIOJIb3ORaHHH I<aIIHTaJIO-  

n ~ ~ o x e ~ ~ i i  o n p e A e n c I e T c R  c o n o c T a R n e H H e M  n o n y q a e M o r o  ~ K O H O M H ~ ~ -  

CKOI'O ~ @ @ € ! K T E ~  H ~ e 0 6 ~ 0 f l ~ h . l ~ ~  3 a T p a T ,  a e C n H  B C p a B H R B a e h l b I X  

R a p H a H T a X  K a I I H T a J I b H h I e  H T e K y J 4 H e  3 a T p a T h I  pa3 iTORPeMeHHh1 ,  TO HX 

H ~ O ~ X O ~ H M O  I IPHBOAHTb K OAHOMY MOMeHTy 04eHKEI .  

P ~ C C M O T P H M  IIpHTOAHOCTb AJIH CTaTHTeCKHX H AHHaMH¶eCKHX 3 a A a ¶  

TaICHX BO3MOXilIbIX I i p H T e P H e B ,  K a K :  KOMnJIeKC CTOHMOCTHMX H HaTJ--  

p a n b a l r x  n o r ~ a 3 a ~ e a e i i ;  cp O I ~  o r ; y n a e M o c T H  K a n m a n b H a r x  s a ~ p a ~  $13 II 

n p m B e A e H H H e  a a ~ p a ~ b r ;  c y k r M a  n p i x ~ e n e ~ ~ o i i  IIpH6b1JIH 3a o q e ~ ~ ~ a e ~ b r i i  

n e p H o A .  
I I c n o n b s o ~ a ~ r ~ e  H a T y p a n b H M x  H CTOHMOCTHMX n o ~ a a a ~ e n e i i  (ce6e- 

CTOHMOCTL IIPOASiiL(III[, IIPOH3BOJ(HTeJIbROCTb T P y A a  p a 6 0 s ~ x ,  YAeJ IbHbIe  

KaIIHTa.~OBJIO;ICeHHR 11 T. A.) B K a T e C T B e  HeCKO.?IbKHX, OnHOBpeMeHHO 

n p H M e m e h . r b I x  K ~ H T ~ ~ H ~ B  , no H e A a s H e r o  npeh.IeHEi 6 ~ n o  O ~ I ~ ~ I I P H H H T O .  

Ecnm B 3aAEl'Ie OL(eHHBaIOTCH H e  H 3 O n H p O B a H H b I e  IIpOH3BOJ(CTBeHHhIe 

n p o u e c c M ,  a B ~ ~ H M O C B R ~ ~ H H ~ I ~  K o M n n e I c c b I ,  TO E I C I I O J I ~ ~ O B ~ H H ~  COBO- 

I c y n H o c T H  n o ~ a s a ~ e n e i i  B K a s e c T B e  a K o H o M H s e c K o r o  K p H T e p m R  H e  no- 
3BOncIeT  AOCTH¶L O ~ % ~ K T E I B H O ~  OL(eHKH BapHaHTOJ3 ,  T a K  K a K  IIOKEl3aTe;lH 

B C p a B H H B a e M b I X  R a p I I a H T a X  h1OI'yT O K a 3 a T b C R  HeCOIlOCTaBHMbIMH. 

C J I y s a E l ,  KOI'Aa RCe  I IOI<a3aTeJ IH  OJ(HOI'0 H 3  CpaBHEIBaeMbIX B a p H a H T O B  

nysme H n H  xyxe  B c e x  C o o T B e T c T B y m I q k I x  n o ~ a 3 a ~ e n e i i  j r p y r o r o  B a p H -  

ama .  B e c b M a  p e A K H .  B p R A e  C J I y s a e B  y n y s m e H m e  ~ a ~ o r o - J I H ~ O  n o K a -  

3 a T e J I H  B OAHOM B a p H a H T e  AOCTHI'aeTCH 3a C s e T  yXYAII IeHHR A P Y r H X  IIO- 

~ a a a ~ e n e i i .  Hanpm~ep,  c H n l r c e n m e  C ~ ~ ~ C T O H M O C T H  n p o ~ y ~ q ~ z  MJIH IIOBH- 

m e H H e  IIpOH3BOAHTe;IbHOCTH T P Y A a  pa60smx O ~ M ¶ H O  AOCTHI'aeTCH B pe- 
a y n ~ ~ a ~ e  y e e n w e H H R  ~ a n ~ ~ a n o ~ n o s t r e ~ n i i .  T ~ K H M  0 6 p a 3 0 ~ ,  mcnonb- 
~ O B ~ H H ~  K o M n n e K c a  n o ~ a 3 a ~ e ~ 1 e i i  B K a s e c T s e  K p H T e p l i R  O q e H K H  B O ~ M O ; K H O  

TOJIbICO AJIH IIPocT~GIIIHx TeXHHKO-3KOHOMH¶eCKHX 3 a A a s .  

H O B ~ H  T H n O R a H  MeTOnJXECa P e K O M e H A y e T  &lIR C p a B H e H H H  3KOHOMH- 

secrcoH ~ @ @ ~ K T E I B H O C T E  B a P H a H T O B  HCI IOJ Ib3OBaTb  B ICa'XeCTBe ICPHTePHR 

hlHHHMaJIbHbIe  I I P H B e j I e H H b I e  3 a T p a T b I ,  OIIpeAe.rIHeMbIC I lO ORHOG H 3  CjIe-  

R y I o I 4 m X  @OpMyJI :  

K,E,+C,= min, py6.; (XIV, 1) 

K ,  f THCi = min, py6., ( x I v , ~ )  

rae Xi - c y M M a  ~ a n ~ ~ a n o ~ . x o x e ~ ~ i i  no Ka;I ;Aouy B a p H a H T y  3a o q e H M -  

sae~b16  H e p H o n ,  py6; 
E, - H O P M E I T E I B H ~ I ~ ~  1 < 0 3 @ @ H q m e ~ ~  ~ K O H O ~ I H ¶ ~ C K O ~ ~  ~ @ @ ~ K T H B H O C T E I  

~ a n m ~ a n o ~ n o > ~ c e ~ m i i ,  n p ~ ~ m i a e ~ b ~ i i  H e  &1eHee 0,12; 
6, - T e K y m H e  I'OAOBMe 3 a T p a T b I  ( I 'OAOB~H C ~ ~ ~ C T O H M O C T ~  n p O -  

A Y K ~ H H )  IIO TOMY X<e B a p H a H T y ,  py6; 
T ,  - H O P M ~ T E I B H H ~ ~  CPOK O K y n a e M o c T H  K a n m T a . n H b I x  ~ n o x e ~ ~ i i ,  

n p m ~ a ~ a e ~ ~ i i  H e  6onee 8,5 n e T  (T,, - 5,s . T ~ T ) .  

B p e 3 y J I b T a T e  COnOCTaBJIeHmR OnTHMaXbHbIa l  R B n R e T C R  B a p H a H T ,  

H M ~ I O ~ H ~ ~  HaHMeHbIIIyFO CYMMY I IPHBeAeHHbIX 3 a T p a T .  E c n ~  CpaBHrTBa-  

e M H e  B a p m a H T M  ~ ~ ~ J I H ~ I ~ I O T C R  c p o I < a M H  s n o ; r ; e H m  I i a n H T a n b H H X  3 a -  

T p a T  H n a  p a c u p e A e a e H H e M  HX no nennsme B T e s e H z i e  O q e H k i s a e M o r o  

C P O K a ,  TO BCe  I'OAOBhIe K a n H T a n b H b I e  3 a T p a T b I  AO:I>KHH 6 h I ~ b  I l pMBeAeHbI  

K OAHOMy MOMeHTy O q e H K H ,  a B @ O p M y J l a x  hIHHHMYMa I IPHBeAeHHhIX 

3 a T p a T  (XIV, 1) H (XIV, 2) AOJI3fCIIa 6 b I ~ b  B3RTB HX C y M M a  

' K ,  + Z Ci (TI,)  = min, py6.. 
.L 

2 fl: - C y M M a  n p H B e A e H H b I X  KaI IHTaJ lbHbIX 3 a T p a T ;  

2 C, (TH) - C y M M a  I lpHBeAeHHbIX TeKylII.HX 3 a T p a T  3a O r { e ~ l l ~ a ~ \ l b 1 I 6  

nepnon. 
1 O ' X ~ E H ~ H O ,  I Ipk lBeAeHHbIe  3 a T p a T h 1 ,  OIIpeAe.'IRe&IbIe IIO @ 0 p ~ y J I a & l  

(XIV,1) H (XIV,2), MOI'YT HCUOJIb3OBaTbCR B I;a¶eCTBe 3I<OHOMH¶e- 

CKOI'O K P H T e P H I i  T O n b K O  B CTaTEI¶eCKHX 3 a n a ¶ a X 1  YCJIOBHR KOTOPhIX 

( O r p a ~ l T V e ~ ~ b I i j [  CPOK O4l?HKH, IIOCTORHHhIe I'OAOBbIe 3 a ~ p a ~ b 1 )  COOTBeT- 

CTBYIOT 3 T O M y  KPHTePHIO.  

B AHHaMH¶eCKkiX a a ~ a s a x  B I i a q e c T B e  3IFOHO~III¶eCIiOI'O K ~ I I T O P I I R  

hlOif;eT IICIlOJIb3OBaThCH BeJIH'XHHa I l p H B e B e H H b I X  3 a T p a T ,  OIIpeAeJIHeMbIX 

no @ o p ~ y n e  (XIV, 4). 
O A H ~ K O  B AHHaMH¶eCKHX 3 a A a ¶ a X  B a X H O  O q e H H T b  B a p H a H T b I  H a  

~ J J I I ~ T ~ J ~ ~ H ~ I ~ I  CPOK,  T 8 K  K a K  TOJIbKO B ?TOM C J I y ¶ a e  MO3fCHO Y¶eCTb  pa3- 
HOBPeMeHHOCTb 3 a T p a T  H a  BCKpbIII IHbIe  ki ~ 0 6 b 1 9 ~ b I e  pa60~h1, AHHaMH9-  

HOCTb TeXHHKO-3KOHOMH¶eCKHX I I O K ~ ~ ~ T ~ J I ~ $  33aBHCHMOCTb IIOI'PeIlIHOCTLl 

HCXOAHbIX AaHHhIX R P e 3 Y J I b T a T O B  P e I l I e H H R  OT B p e M e H H  H T. A. 
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B e J r n s H ~ a  n p n s e A e H H M x  a a ~ p a ~  H e  ~ O ~ B O J I H ~ T  Y P H T M B ~ T ~  pa3~mqy 
BapHaHTOB no o6aenty ~ 0 6 ~ s ~  H KaPeCTBY UOJIe3HOrO HCKOIIaeMOrO, 

a 3TH @ ~ K T O P H  B PI IAe  C X y P a e B  RBJIHQTCII OIIpeAC?JIHH)IIJ,HMH. 

Ha~6onee  IIOjIHbIM 3KOHOMHPeCKHM KPHTePHeM AJIR OqeHI iH B a p H -  

aHTOB B AHHaMHPeCIiHX 3 a A a ¶ a X  RBJIReTCII CYMMapHaR IIpHBeAeHHilII UpH- 

6b1nb 2 &, KOTOpaR OIIpeAeJIIIeTCR K a K  p a 3 H O C T b  MelfCAY C Y M M O ~ ~  I lpHBe-  

A ~ H H O ~  VeHHOCTH 2 4, H C Y M M O ~  IIPHBeAeHHbIX 3 a T p a T  3, 3a OqeHHBa-  

eMbIG CpOK T .  O ~ T H M ~ J I ~ H ~ I M  IIBJIIIeTCH B a p H a H T ,  I I p H  KOTOPOM CYMMaPHaR 

n p n B e A e H H a c I  n p ~ 6 ~ . ~ 1 b  IIBntIeTcII  ~ a a 6 o n b m e i i  

2 Qnl - CyhlMapHaH I IpHBeAeHHaR qeHHOCTb TOBBPHOG JIPOAYKqHH (CM- 

p0ii HJIH T O R B P H O ~ ~  PYAH, K O H q e H T p a T a  H T. n.) UO TOMY >Ke Ba-  

p H a H T y  3 a  TOT 5fCe CPOK, py6; 
2 3,L - c y n t M a p H b I e  n p n s e A e m M e  s a ~ p a ~ ~  ( ~ a n ~ ~ ~ a n b ~ ~ b ~ e  H T e I ; y q H e  

3 a T p a T b I  6e3 Y P e T a  ~ M O P T E ~ ~ ~ I { E I H )  ll0 TOMY XFe B a p H a H T Y  3a TOT 

ifce c p o ~ .  py6; 
Ofi - o c T a T o s H a R  p e a a ~ a y e ~ a n  C T O H M O C T ~  OCHOBHHX @OHHOB IIO AaE- 

HOMY B a P H a H T Y ,  I IpHBeAeHHaR K TOMY 5fCe MOMeHTY OqeHKH.  

 TOT I E P H T ~ P H ~  ~ a H 6 0 n e e  O ~ % ~ ? K T E I B ~ H  AJIR AaHHOrO THl la  3ana¶, T a K  K a I ;  

OH IIOBBOJIII~T y g e c T b  H e  T O X ~ K O  B c e  s a ~ p a ~ b ~  (~ercyqxe H ~ a n n ~ a n b ~ ~ e )  

H AOXOAbI 38 BeCb p a c ~ M a ~ p H ~ a t ? M b I f i  I IepHOA, HO H HX pa3HORpeMeHHOCTb 

H HepaBHOMepHOCTb,  T. e. YCJIOBHR, X a p a K T e p H 3 y Q 4 H e  3TH 3 a A a P H .  

AJIII noBMmeHEiH TOPFIOCTH p a c P e T a  H ~ O ~ X O A I I ~ \ I O ,  P T O ~ M  e m e r o n H H e  

3 a T p a T b I  OUpeAeXIIJIHCb C J'WTOM T o r 0  B p e M e H H ,  B KOTOPOe OHH ~ Y A Y T  
IIPOH3BOAHTbCR. HJIH 0IIl)eAeJIeHHR A ~ ~ C T B H T ~ J I ~ H H X  3 a T p a T  H ~ O ~ X O A H M  

y n e T  T e x H E i s e c I c o r o  nporpecca, B O ~ M O W H L I X  H J M ~ H ~ H H ~ ?  B I I a p a M e T p a x  

l'OPHbIX g a 6 0 ~ ,  TeXHOnOrHH llpOEI3BOACTBeHHbIX npOqeCCOB,  a TaKXie B03- 

1 M O X H ~ I X  H ~ M ~ H ~ H H ~  r e o j I o r m e c K H x  Y C J I O B H ~ .  Y u e ~  q e x H H s e c I c o r o  npo- 
1 r p e C C a  MOifceT 6 b I ~ b  OCYIIJ,eCTRJIeH, eCJIH 3 a T p a T H  OIIpeAeJrHIoTCH MeTOAOM 
I HaJIbKyJI I IqHH,  HO AJIII 3 T O r 0  H ~ O ~ X O A H M O  3 H a T b  XOTII 6 b i  OPHeHTHPOBOYHO 

/ n e p c n e l c T H B H M e  MaIuHHM, n t a T e p H a m  H T. n. 
IIocne o n p e A e n e H H c I  e i fce roArrbIx  a a ~ p a ~  B c e x  BEIAOB, T. e. nocne 

g a c n p e A e n e H E i c I  s a ~ p a ~  no r o A a M ,  e m e r o A H b I e  a a ~ p a ~ b ~  A o n m H b I  6 b 1 ~ b  

IIpHBeAeHM K OAHOMY MOMeHTY OqeHKH. A J I H  IlpHBeAeIIElH A ~ ~ C T B H -  
: TeJIbHbIX 3 a T p a T  K J I JO~OMY MOMeHTy B p e M e H I i  H ~ O ~ X O A H M O  A ~ G c T B H T ~ J I ~ -  

HbIe 3 a T g a T h l  KaHEAOrO r O A a  YMHOifcHTb H a  COOTB~TCTBYH)LU,H~~ K03@@H- 

q H e H T  IIPHBeAeHHII IIPOIUJIHX HJIH ~ Y A Y ~ H X  JIeT B 3aBHCHMOCTH OT T o r 0  

BpeMeHH,  K O r A a  UpOH3BeAeHbI 3TH 3 a T p a T M .  mar B p e M e H H  I I p H  PaC-  

9 3. I I o ~ c s e ~  3a~pa.r  s e ~ e  p a s e ~  O A H O M ~  r o ~ y ,  HJIH, l c a g  YCJIOBHO IIPHHRTO, B J I O ~ ~ H H ~  eze -  
H a  OTKpbITYH) p a 3 p a 6 0 ~ ~ y  MeCTOpOXAeHHR rOAHbIX 3 a T p a T  UPOH3BOAHTCII B K O H q e  I'OAa. 

3 a ~ p a ~ b I  npOmJIbIX JIeT nPHBOACITCH K HaCTOHLU,eMY B p e M e H H  n O  @OP- 

n o n ~ b ~ e  a a ~ p a ~ b ~  aa s e c b  o q e ~ n ~ a e ~ ~ i i  n e p ~ o ~  o n p e ~ e n c ~ ~ ~ c c ~  gar; 3,, - 3tkf;l, P Y ~ . ,  (SIV,7) 
CyMMa KanHTaJIbHbIX 3 a T p a T  H a  CTPOHTeJrbCTBO K a p b e p a  &, AOIIOJIHH- 

TeJIbHbIX KaIIHTaJIbHMX 3 a T p a T  H a  p a 3 B H T H e  I ~ P O E I ~ B O A C T B ~ H H O ~ ~  MOWHOCTH 1-3 3, - ~ ~ T P ~ T H ,  I I ~ O H ~ B ~ A ~ H H ~ I ~  t J I ~ T  ~ a 3 a ~ ;  

H P e K o H c T p y K q H t o  K a p b e p a  B nepuog a I c c r r n y a T a q n n  4, 3 K c n n y a T a q H -  kf;' - K O ~ @ @ H ~ H ~ H T  npHBeAeHEiH; 

OHHbIX 3 a T p a T  ( 6 e 3  a M O p T H 3 a q H l I  KaIIHTaJIbHbIX B J I o ~ ~ c ~ H H G )  H a  BHeMKY t - OTAaJIeHHOCTb 3 a T p a T ;  

BCKpbIllIH H ~ 0 6 6 1 P y  IIOJIe3HOrO HCKOIIaeMOrO 3, I1 3,: t=t,-t , ,  (XIV,8) 
rxe t, - BpeMH OqeHKH,  T. e. r o A ,  K K O T O P O M ~  IIPHBOARTCR a a ~ p a ~ a r ;  

~ 3 - ~ , + ~ , ~ 3 , - 3 ~ ,  PYG. t3 - BPeMR BJIOifceHHR 3 a T p a T ,  T. e. rOA,  El KOTOPOM IIPOH3BOARTCII 
3 a T p a T b I .  

3 a ~ p a ~ ~  K a m g o r o  BHAa o n p e A e n c I m T c c I  K a K  c y M M a  e x s e r o n H a r x  3a- E Y A ~ L U , H ~  3 a T p a T M  nPHBOACITCCI K HaCTOII~e1 \1Y BpeMeHH UO @opMyJIf? 
T p a T  B T e g e H H e  O q e H H B a e M o r o  nepnona. I C a n n ~ a n b ~ a r e  3 a T p a T b I  H a  C T ~ O -  

HTenbCTBO K a p b e p a  IIBaHIOTCH CYMMOI? 3 a T p a T  B n e p ~ b l k  r02 CTPOHTeXb- 
3 3 -2 nT -- 9 ~ ~ 6 . 7  

CTBa K ,  , BO B T O P O ~ ~  KC*, B i-ii rOA flct H B J I O C J I ~ ~ H H ~  r O A  CTPOHTeJ6- k 
(XIV,9) 

me 3, - 3 a T p a T b I ,  KOTOPbIe ~ Y A Y T  IIpOH3BeAeHbI ¶epe3 T n e T ;  

Kc - Kcl 4- Kcz + . . . +A-ct + K c  , T - OTAaJIeHHOCTb GY,~YUJHX JIeT; 

rAe t - CpOK CTpOIITeJIbCTBa, JIeT. T = T ,  - T,, (XIv,lO) 
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C ~ ~ B H H T ~ J I ~ H ~ H  3KOHOMH9HOCTb B a P H a H T O B  H e  3 a B H C H T  OT T O r O ,  

I< I i a K O M y  MOMeHTY IIPHROAHTCH 3 a T p a T b 1 ,  HO OH 0 6 ~ 3 a T e J I b ~ 0  AOJIXeH 6 b I ~ b  
OAHHaKOBbIM AJIR BCeX C p a B H H B a e M b I X  B a p H a H T O B .  ~ ~ C X O A H  H 3  Y A O ~ C T B ~  

TeXHHKO-3KOHOMH¶eCKOrO C p a B H e H H R  H IIOBbIIIIeHHR TO¶HOCTH p a C ¶ e T a ,  

qenecoo6pa3~0 I IpHBOAHTb  3 a T p a T b I  K MOMeHTY C A a P H  K a p b e p a  B 3 K c n n y -  

a T a q H I o ,  a npn p e K o H c T p y K q H H  - K K O H ~ Y  OCHOBHOrO n e p H o A a  p e I < o a -  

C T p y K q H H .  

B  TOM cnyqae secb o q e ~ ~ ~ a e ~ ~ i j r  nepnon A e J r a T c H  H a  Ass nepnona: 
CTpOHTeJIbCTBO II 3 K C I I J I Y a T a q H R .  ~ ~ T P ~ T H ,  I I p O H 3 B e A e H H b I e  B I I e p H O A  

CTpOHTeJ IbCTBa ,  P a e C M a T p H B a I o T C R  IIO OTHOIIIeHHIo K MOMeHTY I I P H B e A e H M H  

K a K  a a T p a T b 1  n p o r u z b I x  n e T ,  a a a T p a T b 1  n e p H o A a  a ~ c n n y a ~ a q n ~  - I c aK  

6 y A y W H e  3 a ~ p a T b I .  
0 6 1 q a ~  n p o A o n x c n T e n b H o c T b  o q e n E i s a e M o r o  nepnona o r p a H m s H s a e T  

TO¶HOCTb p a C ¶ e T a  I I p H B e A e H H b I X  3 a T p a T ,  K O T O p a R  ( K ~ O M ~  O ~ H U H ~ I X  YC- 

n o ~ ~ i i )  o n p e A e n R e T c R  T a K x e  @ a ~ ~ o p o ~  B p e M e H m .  n o r p e m ~ o c ~ b  T e x H m o -  

3KOHOMHPeCKHX P a C P e T O B  B O 3 p a C T a e T  I I p O I I O p q H O H a J I b H O  B p e M e H H .  

Ha OCHOBaHHH H C C J I ~ J J O B ~ H M ~  M O X H O  Y T B e p X A a T b ,  ¶TO IIPOAOJIlfFEiTeJIb- 

HOCTb I I e p U O A a ,  O q e H H B a e M O r O  IIO ~ P H B ~ A ~ H H ~ I M  3 a T p a T a M  K l I H  I I p H B e -  

A ~ H H O ~ ~  I I ~ H ~ H . T H ,  I I p H  E = 0,08 H e  AOJIlfFHa I I p e B b I I I I a T b  20-25 JIeT. 

B e n m s ~ ~ a  I I p H B e A e H H b i X  3 a T p a T  K a X A O r O  B H A a  OI IpeAeJ IHTCH CJIe- 

AYIOIIJHMH CyMMaMH.  
n p H ~ e J J e ~ H b 1 e  I ca I IHTa2IbHbIe  3 a T p a T H  H a  CTPOHTeJIbCTBO K a p b e p a  

o n p e A e n R I o T  no @ o p ~ g n e  

R c . n = K c , k f ; l , ~ c , k ~ - " - .  . . - j -KcLkf ; l+ .  . .+Kc$,, py6. (SIV.11) 

Bo BTOPOM H n o c n e A y m ~ ~ x  c p a B m B a e M b I x  B a p H a H T a x  p a c n e T  ocy- 
Q e C T B J l R e T C H  a H a J I O r H ¶ H O .  n e p H 0 ~  O q e H K H  MO?KeT 6 b I ~ b  A P Y ~ O ~ ,  H O  3a- 
T P a T b I  I IPHBOAHTCH K TOMY lfFe MOMeHTY O q e H K H .  ECJIH MOMeHT I I p H B e -  

AeHMR OAHH H TOT ;Kt?, TO n p H B e A e H H b I e  3 a T p a T b I  IIO p a 3 H b I M  B a p H a H T a M  

COllOCTaBHMhI. 

E c n ~  B a p H a H T M  p a 3 J I H q a I o T C R  H e  TOJIbKO B ~ J I H ¶ H H o ~ ~  H B p e M e H e M  

3 a T p a T ,  HO TaK?I<e B ~ J I W I H H O ~  H B p e M e H e M  AOXOKOB, TO I IPHBOKRTCR K OR- 

HOMY H TOMY Xe MOMeHTY H e  TOJIbICO 3 a T p a T b I ,  HO H AOXOAbI, a B a P H a H T b I  

O q e H H B a I o T C H  H CPaBHHBaH)TCR IIO I I ~ H B ~ A ~ H H o ~ ~  ~ ~ H ~ H J I H ,  K O T O p a R  AJIR 

H a x q o r o  sapxama o n p e A e n R e T c R  xax P ~ ~ H O C T ~  ~ e x ~ y  C Y M M O ~ ~  n p ~ -  
ReAeHHbIX AOXOAOB H C Y M M O ~  I I p H B e A e H H b I X  3 a T p a T  110 @opMyJIC! (XIV, 5). 

~ ~ H B ~ J J C ? H H ~ I ~  AOXOAbI HJIH 4 e H H O C T b  IIoJIe3~0fi I I p O A y K q H H  3a P a C -  

c ~ a ~ p x s a e ~ b ~ i j r  nepnog, n p H s e A e H H a H  K TOMY x e ,  K a K  H a a ~ p a ~ ~ ,  MO- 

n f e H T y  O q e H K H ,  O n p e A e m e T c R  no a ~ a n o r ~ s ~ o i i  c x e M e .  

~ ~ H B ~ A ~ H H ~ R  q e H H 0 C T b  I I P O A Y K q H H ,  ~ o J I Y ¶ ~ H H o ~  B I I e p H O A  CTpO- 
1, 

IXTeJlLCTBa, ( I I o I I ~ T H ~ H  ~0661sa), OIlpt?At?JIHC?TCR IIO @ 0 p M y J I e  t 

l'RC I[,, q2, . . . - q e H H O C T b  I I o J I ~ ~ H o ~  I I P O A Y K 4 H H  B IIep~bIii, BTO- 

PO& H I I O C J I ~ A H H ~  rOAbI  CTPOHTeJ IbCTBa .  
n p l l B e J J e ~ ~ a R  q e H H O C T b  I I P O A Y K q H H  B I I e P H O A  3 K C I I J I y a T a q H H  O l l p e -  

1 a e . i I R e T c R  no @ o p ~ y n e  



HOMLlgeCKOe C p a B H e I i H e  H e  TOJIbKO MHOrHX,  HO AaXe HeCKOJIbKHX B a p I I -  

aHTOB,  T a K  K a K  T P ~ ~ Y I O T  ~ O J I ~ ~ Z I L I X  3 a T p a T  B p e M e H H .  

Y¶HTHB~R 3 T 0 ,  a T a I i X e  TO, ¶TO U p H  TeXHZfliO-3KOHOMH¶eCIEoM C p a B -  

H e H H H  B a p H a H T O B  B I 'OpHO3KOHOMH¶eCKHX 3 a A a ¶ a X  6onbmoii TO¶HOCTIr 

p a c s e T o B  H e  ~ p e 6 y e ~ ~ R ,  o n p e A e n e H u e  n p H s e A e H H H x  a a ~ p a ~  m npm6anef1 
M O X H O  OCYqeCTBJI I ITb  I I P H ~ J I ~ T E C ~ H H O ,  I IOJIb3YIICb YKpYIIHeHHMMH Chle- 

T a M H  HJIH eAHHH¶HHMH I IOKa3aTeJ IRMm.  

Cnoco6 yrcpynMennbzx cmem. I C a n m ~ a n b ~ ~ e  s a ~ p a ~ b r  o n p e A e n R w T c s i  

no Y K p Y n H e H H H M  JIOKa3aTeJIRM. n o  K a W A O M y  E a p H a H T y  H a  OCHOEaHHH 

K a J I e H A a p H b I X  ~ ~ ~ $ H K O B  BCKPMLIIHbIX 13 A O ~ H ¶ H M X  p a 6 o ~ ,  a TaK?Ke  rpa- 
@ m K a  BBOAa M O I Q H O C T ~ ~ ~  COCTaBJIRIOTCII X a J I e H A a p H b I e  EeAOMOCTH DO- 

T P ~ ~ H O C T E I  B OCHOBHOM 0 6 0 p y ~ 0 B a H H H  Ei n e p e ¶ e H b  ~ e o 6 x o ~ m ~ b 1 x  C O O p y -  

X ~ H H B .  MCXOAFI H 3  3 T O r 0  COCTaBJIReTCR n J I a ~ - r p a @ H K  C T p O H T e n b C T B a  OC- 

HOBHHX COOPYX~HEI~I ,  BeAOMOCTb A B m X e H H R  O ~ O P Y A O B ~ H H R  IIO I'OAaM, 

T. e. n p 1 3 0 6 p e ~ e ~ H ~  AOnOJ lHHTeJ IbHOrO O ~ O ~ ~ A O B ~ H H H  HJIH 3 a M e H b I  CTa-  

p O r 0  O ~ O ~ Y A O B ~ H I I R  HOBbIM. Ha 3 ~ 0 f i  OCHOBe COCTaBJIRIOT e?KerOAHbIe  

c M e T M  K a n H T a n b H b I x  a a ~ p a ~ .  3 a ~ p a ~ ~  H a  B c n o M o r a T e n b H o e  o 6 0 p y ~ o s a ~ ~ e  
H COOPYXeHHFI  OIIPeAeJIRIOTCR B AOJIRX OT OCHOBHMX. 

~ K C ~ J I Y ~ T ~ ~ H O H H M ~  3 a ~ p a ~ b 1  o n p e A e n c I I o T c R  T a E z e  ~ ~ H ~ J I H ? K ~ H H O .  

AJIR 3 T O r 0  BbIAeJIRIOTCR 3-4 6a3nc~b1x rona, H a J l p H M e p  1-fi, 5 - ~ ,  10-i1 
H 15-5, AJlR KOTOPbIX ~OAC' IHTbIBaIOTCI I  3KCIIJIYaTaK(EIOHHbIe (6e3 OT¶HC.Ze- 

H I 4 6  H a  B O C C T ~ H O B ~ ~ H H ~ )  HSAeP?KKH Ei 3 a T p a T M  H a  K a n H T a J I b ~ b 1 $  P e M O H T  

no OCHOBHOMY O ~ O P Y A O B ~ H L I H ) .  3 a T p a T b I  OI IpeAeJ IRIoTCR COCTaBJIeHHel l  

KaJ IbKYJIRqEiH 3 a T p a T  H a  r0a0~0ii o 6 a e ~ ,  a 3 a T e M  H a  1 m3 BCKpbI Ium HJIII  

H a  1 m IIOJIe3HOI'O H C K O n a e M O r O .  n0 3THM ABHHMM 6a3nc~b1x J I e T  H H T e P -  

UOJIHpOBaHHehI  I lOJ Iy¶a IoT  3 H a s e H H c I  AJIR BCeX OCTaJIbHMX J I e T  H T a K H M  06- 
pa so^ BM¶EICJ~RIOT 061qer0,qo~~e p a c x o A b I  ncex n e T  o q e H m s a e M o r o  ne- 

, , 

J l e H H H  KaI IHTaJ I  b H M X  3 a T p a T ;  HeAOCTaTOK - CpaBHHTeJ I  b H 0  60~1 b111asi 

TPYAOeMKOCTb p a C ¶ e T O B .  

Cnoco6 eau~uuna~x no~aaameiteii. npti   TOM C I I O C O ~ ~  B e ; I m H H a  3 a -  
T p a T  o n p e A e n c I e T c r r  K a K  n p o m 3 ~ e ~ e ~ ~ e  y A e n b E I o r o  n o ~ a 3 a ~ e . n ~  s a ~ p a ~  
H a  BHuoJIH~HH~IB o 6 a e ~  p a 6 0 ~ .  

IC a n H T a n o B JI o EC e H m R B.. O T K p H T M e  r o p H M e  pa6o~ar npo- 
HSBOART B nepnoA c T p o n T e J r b c T s a  K a p b e p a  H B nepcioA ero a H c n a y a T a -  

~ H H .  B n e p E i o A  s K c n n y a T a q H H  K a p b e p a  K a n m T a n o s J r o m e H H H  ~ e o 6 x o -  
AHMM AJIR I I O A A e p X a H H R  I I P O H ~ B O A C T B ~ H H O ~  MOWHOCTH K a p b e p a  no 
I 'OpHof i  MaCCe  HJIH,  eCJIEI 3 T 0  I IPeAYCMOTpeHO KaJIeHAaPHbIXI I IJ laHOhl ,  

AJIH p a 3 B H T H R  ~ ~ O H ~ B O ~ C T B ~ H H O ~  MOqHOCTLI H a p b e p a  no ~06b1se H &'I% 

y B e J I H ¶ e H H R  r0AOBbI.X O ~ ~ ~ M O B  B C K P b I m H .  

K ' a n H T a J I b H b l e  3 a T p a T b I  H a  CTpOHTeJrbCTBO EIJIH PeKOHCTPYKqHK)  

MOrYT 6 b I ~ b  p a 3 6 ~ ~ h 1  H a  T P H  r p Y I I I I M :  

I. 3 a T p a T b 1  H a  npOH3BOACTBO I 'OpHOKaT[HTaJIbHMX p a 6 0 ~ ,  B e J I l l s H H a  

KOTOPHX O n p e A e n t I e T c R  no @ o p ~ y n e  

rge I-,,, - o 6 a e ~  I 'OPHOKanElTaJlbHhIX p a 6 o ~ ,  K O T O I ) ~ I I ~  B 60~1bmeii CTe- 

n e H n  o n p e A e n s e T c c I  YCJIOBHRMH 3 a n e r a ~ n ~  M ~ C T O P O H F A ~ H H ~ ~ ,  

¶ e M  I J P O H ~ B O ~ C T B ~ H H O ~  MOqHOCTbIO R a p b e p a ,  as; 
8, - C ~ ~ ~ C T O M M O C T ~  1 m3 K ~ I I H T ~ J I ~ H o ~ ~  BCKPbImEi ,  py6. 

3 d T p a T h I  H a  TOpHOKaI IHTaJ IbHbIe  pa6o~b1 BKJIaAMBaIoTCR O ~ H ¶ H O  

r i ; ~ e ~ c s  TeM,  PTO npm O T K P H T O ~ ~  paapa6o~xe 064an seamma K a n n T a n o -  

nxoxe~mi i  ¶aCTO OIIpeAeJIReTCcI H e  CTOJIbKO ~ I P O H ~ B O A C T B ~ H H O ~ ~  M O q -  

y o c ~ a m  K a p b e p a  no ~ o 6 ~ 4 e  none3~oro  n c K o n a e M o r o ,  C K o n b K o  rOAOBhIMM 

11 O ~ ~ I T A I H  O ~ % ~ M ~ M H  BCKpbILZIH, a T a K x e  yCnOBMRMH B C K P ~ I ~ H ~ I X  pa6o.r. 
C : O O T B ~ T C T B ~ H H O  ~ ~ ~ A ~ J I R I O T C R  y , q e n b H b I e  K a n m T a n o B n o m e H m ,  T. e. 
I~IIOARTCR ~ O K ~ ~ ~ T ~ J I H :  

;\'Se.xbIme K a n m a n b H L f e  a a T p a T M  H a  B c I c p b I m y  - o T H o m e H m e  K a -  

IIJlTa.7bHMX 3 a ~ p a T  H a  RCI iPMII IHHe  p a 6 0 . r ~  K o 6 a e ~ y  p a 6 o ~  K a p b e p a  no 

yne. . rbH=e s a n m a n b m e  a a ~ p a ~ ~  H a  , q o 6 ~ s y ,  o T H o m e H m e  I c a n H T a n b -  

HMX . ')dTpaT H a  A O ~ M Y H ~ I ~  p a 6 0 ~ b 1  K o 6 a e ~ y  p a 6 o ~  K a p b e p a  no nones- 
H O M ~  I I c I i o n a e M o w I g .  

13 r p y I I l I y  3 a T p a T  H a  P a J B l l T E l e  I I ~ O H ~ B O A C T B ~ H H O ~  MOIQHOCTH liapb- 
e p d  BXOART 3 a T p a T b I  H a  n p H 0 6 p e ~ e ~ ~ e  O ~ O P Y ~ O B ~ H H R ,  lIPOMM1LIJIeHHOe 

CTpOWreXbCTBO; OHM COCTaB3RIOT 80-90?11 BCeX Ka l IHTaJ IbHbIX 3 a T p a T  

H a  CTpOHTeJlbCTBO HJIH PeKOHCTpyKL(HIo (683 HOD). 
O G q a c ~  sennsma ~ a n ~ ~ a n o ~ a o x i e ~ n i i  (6e3 HOO) o n p e A e n c I e T c c I  

c y ~ ~ o i i  a a ~ p a ~  H a  r o p H o r c a n E i T a n L H M e  p a 6 o ~ ~  R,,,, H a  C O ~ A ~ H H ~ ,  

n o A A e p , z i a H H e  H p a 3 s m ~ ~ e  I I P O H ~ B O A C T B ~ H H O ~ ~  M O ~ H O C T H  K a p b e p a  no 
x o 6 ~ s e  n o n e a ~ o r o  H c K o n a e n I o r o  ITn H P ~ ~ B E I T H ~  p a 6 o ~  no B c K p M n r e  K ,  

Jl - K,, + K,, P Y ~  

K -- KrKP Kn 1- KB, P Y ~ .  
B cnom osepesb: 

Kn-K,.n+K,.n+Kn.n-tKp.nr P Y ~ . ;  

K ,  -K,.,rK,.B+Kn.,' Kp.nr P Y ~ .  

M ,  A ,  n, P - HHAeKCbI, 0603~a9a101q~e COOTBeTCTBeHI-IO C 0 3 A a H H e ,  YBe-  

n H s e H n e ,  n o ~ ~ e p - x a ~ n e  zi P e K o H c T p y I i q u m  IIpOH3BOA- 

CTBeHHbIX M O ~ H U C T ~ &  K a p b e p a .  



H a n ~ ~ a n b ~ b r e  a a ~ p a ~ a r  H a  c o 3 ~ a ~ ~ e  a o ~ o i i  n p o m 3 ~ o a c ~ ~ e ~ ~ o i i  MOW- 

HOCTIX COOTBeTCTBeHHO IIO ~06h1se I IOJ Ie3HOrO HCKOIIaeMOrO h",,., H no 
AcKparLue  I { , , ,  o n p e A e n m o T c R  1x3 ~ b ~ p a x ~ e ~ n i i :  

. - Mnd,. TIT P Y ~ . ;  ( X  lV.23) 

K,. 3 - MBdM. "1  ~ ~ 6 . 1  ( S l V , . ~ )  
I rAe ill,,, M ,  - CO3aaRaebf , laH BHOBL IIpOHJBOflCTBeHHaH h l O ~ H 0 C l . l ~  CO- 

OTI3eTCTHeHIIO no IlOJIedHOhlJ' EIClEOIlaeMOhIY H IIO BCKpbI -  

I me, .w3; 
dhl,,l, db,,B - YAe.TILHbIe KaI lE iTaJ IbHbIe  3 a T p a T b I  1i;l CO3AaHI te  DpO-  

H ~ B O A C T B ~ H H O ~  MOWHOCTH COOTReTCTBeHHO IIO fiOfib1~1e 

(py6!m) n no ~ i c ~ p b r r r r c  (py6/.w"). 
061qa~i c y M M a  a a T p a T  rxa c o 3 n a ~ ~ e  n p o u 3 ~ o ~ c ~ ~ e ~ 1 1 o i i  M ~ ~ H O C T I I ,  

T. e. K M  = h",., +- R,., g 0 n ; l i I r a  6b1Tb p a c n p e A e n e H a  no r O A a M  CooTReT-  

c T s e H H o  K a n e H A a p H o h r y  r p a + n ~ y  n H o n a  ~ o r q ~ o c ~ e i i  ~i ~ C X O B H H M  CTPO- 

MTeJIbCTBa H a p b e p a .  I I ~ H ~ ~ w & ~ H H o  3 T 0  p l I C I I p e ~ e J I e H H e  MOlICeT 6 b 1 ~ b  

n p 0 ~ 3 n e ~ e ~ o  HCXOAH 113 p a c n p e A e n e a r f n  f i o ~ ~ e i i  K a n n T a J l b H b I x  a a ~ p a ~ ,  
n I c n a n b I R a e M b I x  B p a 3 n m s ~ b 1 c  r o g b I  c T p o r i r e n L c r n a  H ~ l e p ~ b ~ i i  n e p ~ ~ o ~  
9 r i c n j I y a T a q m a .  

K ~ I I H T ~ J I ~ H ~ I ~  3 a T p a T b I  I i a  C O 3 n a H H e  ~ o ~ I O . ' I I I ~ ~ T ~ , ~ ~ , H O ~ I  MOlL(I-IOCrII 

n neprton a t f c n n p a T a r K m H  C o c T a R R T :  

K,. n - Ma. ,,d,. ". P Y ~ . ;  (XIV,25) 

K,. .=MA. Bda. B >  ~ ~ 6 . 3  (SJV,ZG) 

rnt?  MA.,, MA., - AOIIOnHLITeJIbHaH IIpOH3BOACTBeHHaH hIOWHOCTb, CO- 

OTBeTCTBeHHO DO IIOJIe:3HOMy H C K O n a e M O M y  H no 
n c H p m u e ,  ,x3; 

d,., , d,., - Y A e n b H b I e  K a I l H T a X b H M e  3 a T p a T M  H a  saCTHzlHySO 
~ ~ H O H C T ~ ~ K ~ H I O ,  m ~ e p ~ e ~ a r e  B p y 6 n ~ x  H a  e m -  
H H q Y  ~ o I I o J I H I I T ~ J I ~ H o ~ ~  MOQHOCTH, COOTBeTCTHeHHO 

H a  ,q06b1qy (py6/m) H H a  ~ c ~ p b ~ m y  (py6/a3); 3 ~ 5 1  

3 a T p a T b I  ~ ~ H ~ J I H ~ H T ~ J I ~ H o  P a B H b I  40-~O?.O YAeJIL- 

HLJX K a I l l l T a J I b H h l X  3 a T p a T  H a  CO3naH11e H O B O ~ I  MOW- 

IIOCTH, T. e. 

d,. n = ( 0 , 4  ' -075)  4,. 11, 

d,. , = (0,4- 0,s) d,. B .  

K a I I l l ~ a n b ~ b 1 ~  3 a T p a T b I  H a  IIOJIHYIO p e I ; O H C T p y K q H m  COCTaBHrr: 

Kp. n =Mn. ,dP. n. P Y ~ . ;  (XIV,27) 

(XIV,28) 

rAe Mn.p, nfB.p - I lpOH3BOACTBeHHaH MOWHOCTb IIpeAIlPHHTHFI I l O C J e  
p€!KOHCTPYK4HII COOTBeTCTBeHHO no ~ o 6 b r s e  IIOJIe3- 

H o r o  m c H o n a e M o r o  (m) $1 no B c I c p a r r u e  (a3); 
dp.", dp .B - YAeX b H H e  H a I l H T a J I b H b l e  3 a T P B T b I  H a  PeIiOHCTPYlCqIIIO 

H a p b e p a ,  H a h f e p H e M H e  H a  ~ ~ H H H I J , ~  n o n ~ o f  M o w H o c T n  
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nocne pe1 ;OHCTpyI iqUI l  H p a B H b l e  I T ~ H ~ J I H ~ H T ~ J I ~ H O  

40 - 4 0  % J7AeJIbHhIX I<anHTa? IbHhlX  3 a T p a T  H a  CO- 

a a a ~ ~ e  ~ o n o i i  MOUIHOCTH. 
h n H ~ a J I b ~ b I e  3 a T p a T M  H a  n O J I H y m  peKOHCTPYKqHH3 M O r y T  BKJIa-  

A h l B a T b c R  T O J I ~ K O  nocjIe T o r o ,  H o r A a  or;gnmca p a H e e  s.rlo?lieHrxHe cpea- 
cma,  T. e. qepea 10-12 n e T .  P a c n p e ~ e n e ~ ~ l e  K a n m a n b H M x  a a ~ p a ~ ,  
BXJIaAMBaeMbIX H a  J(OIIOJIHHTeJIbHYI0 HJIH IIOJIHYIO peKOHCTPYKL(HH3, 

IIPOH3BOAEITCFI COOTBeTCTBetIHO K a J I e H A a P H O M y  r p a @ H ~ < y ,  o G b ~ s ~ o  B Te- 

s e H a e  2-4 n e T .  

3 I< c n n y a T a q M o H H E,I e 3 a T p 11 ,r H O n p e A e j r R r o T c H  exe- 
r o n H b i M H  a a ~ p a ~ a ~ a  3 a  s e c b  o q e ~ r n ~ a e ~ ~ i i  n e p H o A  o T g e a b r r o  no A O ~ M Y ~  

n o n e a ~ o r o  H c r < o n a e M o r o  H no n H A a n I  n c K p M r u H  ( ~ a n p ~ ~ e p ,  parxjran 
H C H a J I b H a H  ~ ~ 1 i p b l L I J a ) .  

E x e r o a ~ b I e  3 a ~ p a ~ b 1  onpefienmmcn I i a K  n p 0 ~ 3 ~ e z e ~ ~ e  o 6 a e ~ a  p a 6 o ~  
B AaHHOM r O R y  H a  C ~ ~ ~ C T O H ~ I O C T L  (6e3 a b i o p ~ l r 3 a q m m )  e A H H H q b I :  

rJ(e 3,, ,  SBi - IIpO113BOACTBeHHbie DIiCUjIJ ' i iTaqI lOHHHe 3 a T p a T M  CO- 
OTBeTCTBeHHO H a  , I ( O ~ ~ I ¶ H J J ~  H BCIipbILUHbIe p a 6 o ~ b 1  B 

i-M r O H y ;  

17,,, V,,, - r o , q o s a R  ~ 0 6 b 1 s a  n o n e a ~ o r o  H C l i O n a e M o r o  (nz) H r o~onoG 
0 6 a e ~  BCKPMIUI~ (nt3) B i-lii roAy; 

Sni, SBi - npOH3BOACTBeHHaR ~ e 6 e ~ ~ O l l ~ O ~ l . b  (6e3 ~ M O ~ T H ~ ~ ~ I I N )  

COOTBeTCTBeHHO 1 T7L A O ~ M Y H  (Ge3 U O r a m e H I l H  n c r c p b r n r n )  

H 1 Jt3  BCHPbIIIIH B i-M r O A y ,  py6. 
I ' o ~ o ~ a e  06aem1 A O G ~ I ~ H  H B C K P ~ I W I ~  n p H m M a m T c H  no I i a n e H n a p -  

HOMY r p a 4 H I i y .  Y a e J I b ~ b ~ e  I IOHa3aTeJ IH .  B TOM 9 H C J I e  C ~ ~ ~ C T O E I M O C T ~  

1 m ~ 0 6 ~ 4 ~  H 1 a3 BCKPbIIIIH, AOJIlICHbI 6b-i~b I I P H H R T M  C YgeTOM H3MeI Ie I IHH 

ycno~nt? BO B p e M e H n  ( ~ a n p ~ ~ e p ,  y B e n m e a r r a  r . n y 6 1 1 ~ b 1  reapbepa) a B J ~ H H -  

HHH T e x r z m s e c K o r o  nporpecca. 
AOCTOHHCTB~ A a H H O r O  MeTOAa p a C 7 e l . a  - ~ ~ I C T P O T ~  H BO3MO1lCHOCTb 

c O 3 A a H H R  aJIrOp11ThlOB AJiH MaIHHHHOrO C s e T a  B a P H a H T O B ;  HeAOCTaTKP - 
H ~ O ~ X O A E I M O C T ~  T q a T e J I b H O r O  n p P A B a p X l T e . T b H O r 0  O ~ O C H O B ~ H H H  3 H a -  

s e ~ n f i  y A e n b H b I x  a l c o ~ o n f n s e c ~ t a x  no~a3a~e.rreii  GI H e I c o T o p a H  ~ C J I O D H O C T ~  

B p a c n p e g e n e H m  r ; a n H T a n b H b I x  3 a T p a T  I r a  n o A A e p x i a H H e  ~ o p ~ a n b ~ o i i  
AeHTeJIbHOCTH I I p e n n p H H T H R .  

P a c s e ~  a a T p a T  n o c p e s c T B o l r r  eAHHn1iabIx- n o ~ a a a ~ e n e i i  b t o ; w x  6 6 1 ~ ~  
OCyWeCTBJleH ABYMR C ~ O C O ~ ~ M E I  - T ~ ~ J I E I ~ I H ~ I ~ I  HfiH aIIa.?IHTH¶CCtfHM. 

n p H  T ~ ~ J I E I ~ H O M  cnoc06e IIOACYeT 3 a T p a T  $1 AOXOAOE IlpOH3BOAEiTCIl 

B 4 o p ~ e  ~ a 6 n H q a r ,  B ~ o ~ o p o i r  A.XH oqe1111~aeh101-o s a p H a H 1 . a  no1ca3a~h1 
0 6 a e ~ ~  3 a ~ p a ~  n I I P H ~ ~ I J I H  no ro ; l aM p a c c a l a T p z m a e M o r o  nepriaga. 

T a 6 n ~ q a  COAep;I<mT r O P H 3 O H T a J I b H b I e  CTpOHH Ii BepTHICaJIbHhIe  1;O- 

JIOHHH; 'IHCJIO BePTHICaJIbHbIX ICOJIOHOlE COOTBeTCTByeT r O A a M  CTpOEITeJb- 

c T s a  H O q e H m s a e M o r o  nepnoaa 3 1 c c n n g a r a q r z ~ r  K a p b e p a .  Hax ~ a 6 n H q e i i  

AJIR y ~ 0 6 c ~ s a  ItOHTPOJIH p a C ¶ e T O B  B b I s e p q l i B a e T C H  1 :a J I eHnapHbI f  rpa+11~ 
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rAe V,, V2 . . . k7, - 06ae~b1 p a 6 o ~ ,  at3; 
So - HCXOnHbIe PaCseTHHe 3aTpaTbI AJIH BbInOnHeHHII enll- 

-- H H ~ M  o 6 a e ~ a  p a 6 o ~ ,  py6/at3; 

i a o x a ~ e  i a . l e ~ A a p ~ ~ e  rpa i jn~n ,  npencTannemme JIoMaHbIMH an-  

HmaMH HJIH KPHBMMEI, MOHEHO pa3genn~b Ha  nepmoga, B Kawg0h.r EI:~ 

IiOTOPbIX H3MeHeHHe O ~ ' ~ ~ M O B  p a 6 o ~  BO BpeMeHH BHpaXaeTCII, C OIIpe- 

A ~ J I ~ H H o ~  CTeUeHbIo TOPHOCTH, IIPIIMO% J I E I H H ~ ~ .  3aTpaTbI BCeX IIepEIO- 

AOB IIPHBOAIITCII K O W O M Y  MOMeHTY - HaPaJIy OCH a6cqncc. 
B o61qe~ cnysae AJIH ~11o6oro r p a @ n ~ a  @ o p ~ y n a  AJIR onpegene1511~ 

3KCnJIyaTaqHOHHhIX 3aTpaT a1o6oro IIepHOAa, UpHBeAeHHbIX K Ha¶a.ly 

arrcnnyaTaqnn, MomeT 6 a ~ b  a a n ~ c a ~ a  B c n e g y ~ o q e ~  nnge: 

rge VH - r o g o ~ o i i  o 6 a e ~  pa6o.r B Haqane nepnona, T. e. B nocne~rrziri 

rog n p e g ~ g y ~ q e r o  nepmona; 
vK - T O  ?Ke, B KOHJJe IIePHOAa, T. e. B U O C J I ~ A H H ~  rOZ AaHHOrO IIe- 

PHom; 
t, - BpeMrr HaPasa nepaona, T. e. nocnen~nijr ron npeAragyuero 

nepnoga; 
t, - K o H e q  nepnoRa, T. e. nocnen~nii  ron AaHHoro nepmna. 

no aHaJIOrHPHMM @OPMYJI~M OIIPBgeJIIIIOTCII KaIIHTaJIbHbIe 3aTpaTbI. 

H~CMOTPR Ha rPOM03nKOCTb @OPMYJI, OI'paHH4HBaIoIqYIo HX IIpHMeHeHHe 

npm IIpoeKTHbIx pa6o~ax,   TOT C I I O C O ~  pacPeTa mMeeT OnpeneneHHHe 

npemyqecTsa, ~ ~ K J I I ~ ~ ~ I ~ I Q H ~ C R  B aHanmTwecKoM npegcTasneHHm 
1 OCHOBHMX ~ ~ B E C H M O C T ~ % ,  ¶TO Y A O ~ H O  AJIR TeXHHKO-3KOHOMWeCKOr0 

j aaanmsa npa accnenosaaanx, a noa~onn~orqae npalaeaeHne 3BM. 
 TO AaeT B03MOHEHOCTb AaTb OqeHKy 60JIbmeMy KOJIHPeCTBY BaPHaHTOB 
H ~h16paTb O I I T H M ~ J I ~ H P ~  BapHaHT, a TaKKe npOaHaXH3HpOBaTb Onpe- 
neJIIIIo4He @BKTOPM BO B3aHMOCBII3H. 

r.?lABA X V  

IIPOEICTHPOBAHHE I'PAHHIJ 
OTKPbITbIX PA3PAEOTOIC 

~ P H  IIPOeKTHPOBaHHH KaPbePOB H ~ O ~ X O R H M O  IIPOH3BOAHTb HX OKOH- 
TypHBaHHe, T. e. YCTaHOBHTb K0B~ypbI KaPbePOB B nJIaHe EI H a  reOJI0- 

rEI¶eCKUX Llp~@FflI~x. P ~ ~ J I H P ~ I O T  KOHePHbIe, UepCIIeKTHBHhle H IIpOMe- 

zyToPHbIe K O H T Y P ~ I  Kapbepa. Ha pnc. 275 n o ~ a 3 a ~ ~  KOHTYPH Kapbepa 

Ha MeCTOPO?KAeHHIIX C He60JIblllH~H H 3HaPHTeJIbHbIMH 3aIIaCaMH IIO- 
JIe3HOI'O HCKOIIaeMOrO. 

~ ~ O M ~ U M W U  Ha3bIBaIoT KOHTYPH, IIO KOTOPHM (coI'JI~cHo IIPOBKTY) 

ROJIXHhI 6b1~b IIOraILIeHM OTKPbITHe FOpHhIe pa60~ar. I/lX OnpeAenIIIoT 

C B ~ I C O K O %  CTeneHbIo TOPHOCTH. 

17epcnei~mue~aziuu mncIIoTca KonTypa, no KOTOPMX UpegnonaraeTcrl 
pa3BHTHe OTKPHTbIX p a 6 o ~  B IIepCIIeKTHse. TaKHe KOHTYPH 0IIpeneJIHH)T 

n p m 6 ~ 1 ~ ~ c e ~ ~ o  H B IIpOqeCCe pa3pa60~KH KOPPeKTHpYIoT. 

ITpoinexymou~awtu aearrimcn KOHTYPP, KoTopHe CornacHo npoexTy 
nOJIX<HbI 6 a ~ b  ,QOCTHrHYTH K OIIpeAeJIeHHOMy MOMeHTY p a 3 p a 6 0 ~ ~ H .  

E O H ~ P E M ~  KOHTYPH MOrYT 6hI~b OIIpeAeJIeHH TOJIbKO AJIH OTHOCH- 

TeJlbHO ~e60JIbmH~ H X O P O m O  pa3BenaHHbIX M ~ C T O P O H C A ~ H H ~  HJIH 

B npoeme P ~ K O H C T P ~ K ~ H H  AJIII nocJIenHero s ~ a n a  pa3pa60TKH KpynHoro 
MeCTOPO?KAeHHR, a TaK?Ke B APYrHX CJIYPaRX, K O r n a  C p O K  p a 3 p a 6 0 ~ ~ m  

He npeBHmaeT 10-12 JIeT. Ann ~ J I Y ~ O K H X  M ~ C T O P O X ; ~ € ? H E I ~ ,  a TaK?Ke 

AJrH BCeX APYI'HX YCJIOBHB, K O r n a  CpOK T ~ X H H K O - ~ K O H O M M P ~ C K O ~  OIJ,eHKH 

npesamaeT 12-15 neT, B O ~ M O X H O  OnpegeneHme He K o H e s a M x ,  a nep- 
CneKTHBHbIX H IIPOMeKYTOPHHX KOHTYPOB, KOTOpHe DO Mepe p a 3 p a 6 0 ~ ~ m  

gOJI?KHH YT04HRTbCII. 

Onpegene~ne KOHTYPOB Kapbepa m e e T  BazHoe s ~ a ~ e ~ ~ e  npm OT- 

ItpbIT0G p a 3 p a 6 0 ~ ~ e ,  TaK K a K  OT HHX 3aBHCHT 0 6 n e ~  IIPOMhIIIIJIeHHhIX 

3anac0~  I I O J I ~ ~ H O ~ O  HcKorraeMoro H 0 6 n e ~  BCKPMYIHX nopon B KoHType 
Kapbepa, BO3MO%HaII IIPOH3BOACTBeHHatI er0 MOIqHOCTb H CPOK Cme- 
CTBOBaHHII Kapbepa. EOHTY~H Kapbepa BJIHFIIoT Ha B H ~ O P  cnoc06a 
BCKP~ITHII H Memo ~ ~ J I O X ~ H H I I  ~ p a ~ m e i i ,  H a  pacnonoxeHne noBepxHocT- 
HHX C O O ~ ~ ~ € ? H H % ,  TPaHCIIOPTHbIX K O M M Y H H K ~ ~ H ~  H a  IIOBePXBOCTE H T. A. 

31* 483 



Pnc. 275. ECOHTYP~I napbepa sia aaecmpowemnx c 11e6oah-H (a, 6) w aaarvlmnsnumn (8; a )  
a a n a c a ~ l ~  noneaaoro wcltonaenforo: 

1 - pa6osuii 6 0 ~ ~ ;  2 - ~0~e'lHblB KOHTYP: 3 - np0MemyTOSBhIlt HOH'I'YP; 4 - nepC~e~TuBWlt 
KOHTYP; 5 - n o ~ 3 e ~ a a ~  ~06u-4a nonesaoro ucHonaeproro; y, - yron noramem; yB - yron 

BpeMeHHOrO 60pTa 

~ ~ B H I L I ~ H H O ~  3 ~ a s e ~ ~ e  yrna O T K o c a  6 o p ~ a  H e  o 6 e c n e s ~ ~ a e ~  6e3- 
OIIaCHOCTEI p a 6 o ~ ,  T a K  K a K  IIPHBOAHT K B03HHKHOBeHHIO O I I O J I ~ H ~ ~ ~  H 06- 
pyme~mii  n o p o ~ .  

3afla¶a UpOt?KTHpOBII&HKa COCTOHT B TOM, 9 ~ 0 6 ~  I IPHHRTb MaKCHMaJIb- 

HO B O ~ M O ~ ~ E H ~ I G  IIO YCJIOBHIO 0 6 e c 1 1 e s e ~ ~ ~  ~ C T O ~ ~ ~ H B O C T M  YrOJI OTKOCa 

6 o p ~ a  K a p b e p a .  Y r n ~  o T K o c a  GOPTOB K o H e s I I b I x  KOHTYPOB K a p b e p a  Ron- 
iKHbI 6 b I ~ b  OUpeAeJIeHbI C MaKCHMaJIbHO R O ~ M O > K H O G  CTeIWHbIO TO¶HOCTH, 

YrJIbI OTKOCa ~ O P T O B  IIePCIIeKTHBHOrO EI I IPOMexYTO¶HMX KOHTYPOB MO- 

r y ~  6 ~ ~ b  O n p e A e n e H b I  I I ~ H ~ J I H I K ~ H H O ,  TaIc K a K  i. n o c n e A y I o r r l e M  o H m  y ~ o s -  
HRKITCR C YYeTOM OIIbITa 3KCnJIYaTaIIHII .  

YI'JIb1 YCTO%PHBOI'O OTIFOCa GOPTOB K a P b e P O B  I I P H  I lpOeKTHpOBaHHH 

IIpHHHMaIOT OpHf3HTHpOBO¶HbIMH I I a  OCHOBe OIIbITa IIOAAepH<aHHR 60p- 
TOB B aHaJIOI'H¶HMX YCJIOBHRX ( T ~ ~ J I .  60); I l p H  PeKOHCTPYKqHH K a p b e p a  

Pa6onn5 CKaJIbHb1e 
Hec~aJIbHhle B O ~ P ~ H ~ I X  YCJIOBHRX 
H e c s a ~ o - ~ J I H H U C T H ~ ,  TPYAHO ocynraeMrae 

HX IlPHHHhIaIOT 60~1ee TO¶HbIMH, T a K  K a K  OCHOBbIBaIOTCR H a  IlCCJIeAOBaHHRX 

H o n m e  pa6o~b1 A a H H o r o  K a p b e p a  B n e p ~ ~ i i  n e p H 0 . q  a x c n n y a T a q m z i .  

3 ~ a s e n ~ ~  yrna o T K o c a  ~ e p a 6 o s e r o  G o p ~ a  K a p b e p a  xo.ne6~11o~ccr B npe- 
Aenax 35-37", pexe  41-42". 

Y ~ O X  OTKOCa 6 o p ~ a  OIIpeAeJIReTCR IUEIPHHO~I H ICOJIIiYeCTBOM IIJIO- 

W a R O K ,  B ~ I C O T O ~ T  H YrJIOM OTKOCa YCTYIIOB. 

LUnpa~a H smcno nnonlaAorc o n p e A e n R m T c R  B ~ ~ B H C H M O C T I I  OT cno- 
co6a BCKpbITHR. ECJIH H a  ~ O P T Y  K a p b e p a  H e  6 y ~ e ~  KanHTaJIbHhIX C ' E I ~ ~ A O B  

HJIH COefikfHHTeJIbHbIX 6 e p ~ ,  TO A 0 J I i K H h l 6 b I ~ b  OCTaBJIeHbI I IPeAOXPaHHTeJ lb -  

m e  6 e p ~ b 1 . C o r ~ 1 a c ~ o  n p a ~ n n a ~  6 e 3 0 n a c ~ o c ~ ~  npa n o r a m e H m  y c T y n o B  

AOJIXHhI OCTaBJIRTbCR I IpeAOXpaHHTeJIbHbIe  6 e p ~ b 1  U I E I P H H O ~ ~  H e  M e H e e  . 
0,2 BbICOThI YCTYIIa ¶epe3 K a X Q b I e  15 .W ll0 B e p T H K a J I H  B MRrKHX IIOpOAaX 

H sepea 30 at B K p e n r c n x  noponax c c o 6 ~ 1 1 o f i e ~ ~ e ~  0614ero yrna n o r a m e H m  

6 0 p T a  K a p b e p a ,  YCTaHOBJIeHHOrO lIpOeKTOM. 

n p e f i 0 ~ p a H ~ T e J I b ~ b I e  6 e p ~ b 1  AOJIXHbI 6 b I ~ b  rOPH30HTaJIbHbIMH HJIH 

EIMeTb YKXOH B CTOPOHY 6 o p ~ a  I c a p b e p a  H P e r y J r R p H O  O¶ElII&aTbCR. ECJIH 
H a   OPT^ IIpeAYCMOTpeHO Y C T P O ~ ~ T B O  KaIIHTaJlbHbIX C'be3AOB HJIH CO- 

43AHHHTe;IbHhIX TPaHCIIOPTHHX 6 e p ~ ,  AJIR HHX T a K X e  OCTaBJIRIOTCfl IIJIO- 

r q a A K n .  





0 H T y p H bI  ~ I < O ~ @ @ H ~ H ~ H T  BCKPbIII IH - 3TO OTHOIIIeHHe 06%- 

e M a  BCKPMIIIH VK, B b I H m M a e M o r o  3a c s e T  p a c m H p e H m  KOHTYPOB R a p b e p a ,  

IC H ~ B J I ~ K ~ ~ M ~ I M  n p H   TOM 3a11aca~ none3~oro  H c K o n a e M o r o  Q (pmc. 277): 

C n 0 e B 0 ii 1203@@Hql l eHT BCKPbIZUIl - 3 T 0  OTHOIIIeHHe o 6 a e h r a  

B C K P ~ I I U H  B rpaIaiqax c n o R  V, H a p b e p a  K a a n a c a ~  n o ~ r e s ~ o r o  m c K o n a e -  

MOrO Q, B 3TOh4 ace CJIOe. B 0 6 q e ~  C J I y s a e  cJIoG MOXCeT m M e T b  n 1 0 6 y l o  

@ 0 p M y  H hfO;i<eT G H T ~  KaIC B I IOI I epe¶HOM,  Ta Ic  EI B IIpOAOJIbIIOM CC?¶eHHLJ 

rOpH30HT;1J IbHbIM,  HaICJIOHHbIM HJIH .TIOMaIIbIM (PHC. 278). C J I O ~ B O I ~  
I C O ~ @ @ H ~ H ~ H T  BCKPbIII IH r O p H 3 0 H T a . X b H O r O  CJIOH MO>I<eT 6b1Th H a 3 B a I I  

I l O r O p H 3 0 H T H b I M  
1; 

1c -- 2, a3/m.  ,- V, (XV,3) 

T e I< y H 5 I C O ~ @ @ M ~ H ~ H T  HCI<pbIIIIH - 3TO OTHOIUeHHe 0 6 ~ . e ~ o i +  
n y c ~ b r x  nopoz V,, B ~ I H Y T ~ I X  3 a  o n p e n e n e ~ ~ ~ i i  n e p H o p .  n p e M e H m ,  ir @ah.- 

~ ~ s e c ~ c o i i  ~ o 6 ~ s e  E i c I c o n a e M o r o  Q, 3a TOT X i e  n e p H o A  (PHC. 297), 

P a c c ~ o ~ p e ~ ~ b ~ e  K O ~ @ @ H ~ H ~ H T H  BCKPHZUH HRJIRIOTCH r e o M e T p w r e -  

CICHMH I I O K a 3 a T e J I R M H ,  T a x  ICaK H X  YCTaHaBJ IHBa lOT H 3 M e p e H H e M  ICOJlII- 

s e c T s a  B C K ~ ~ I ~ U H M X  nopog H no~~eanoro  m c l c o n a e M o r o .  n p n  npoeI i l .11-  

p o B a H n H  m n p H  pa3pa60~rce ~ e c ~ o p o z n e ~ ~ f i  I I O J I ~ ~ H M X  HcIconaeh rL lx -  

I I O J I ~ ~ Y I O T C I I  T a r w e  n n a H o B w M  m r p a H H s H H n f  ( m n ~  n p e n e n b ~ ~ ~ )  HOD@- 

@ H ~ H C ? H T ~ M H  BCKPbIIUH,  ICOTOPhIe HBJIHIOTCH 3KOHOMWeCICHMH IlOICa- 

3aTeJ IHMH.  

n o  I I J l aHOBOMy H03@@HqHeHTJ' BCKPbILUH YCTaHaBJ IHBaIOT p a 3 M e p  

n o r a r n e H m  a a T p a T  H a  B c K p b I m H b I e  pa60~b1 B nepnon a ~ c n n y a ~ a q ~ ~ .  
OH 0 6 ~ 9 ~ 0  p a B e I I  HJIH ~ J I H ~ O K  I< C p e A H e M y  IIpOMbIZUJIeHHOMy i c o 3 @ @ n q l f -  

e H T Y  BCIfPbILUH. 

n o  r P a H H s H O M Y  I C O ~ @ @ H ~ E ~ ~ H T Y  BCICPhIIIIH O q e H H B a I O T  CpaBHHTeJ IbHYIO 

3KOHOMHseCKyIO ~ @ @ ~ ? K T E I B H O C T ~  O T K ~ ~ I T O G  p a 3 p a 6 0 ~ ~ ~  H HaXOAHT IiO- 

H e s H b I e  H I I epCne ICTHBHbIe  ICOHTYPbI H a p b e p a ,  B TOM YHCJIe ICOHe9HJ'K) r.737- 
~ H H Y  I C a p b e p a .  

l l 0 J l ~ a H  C ~ ~ ~ C T O H M O C T ~  g06b1911 e A H H H q b I  I IOJ Ie3HOrO HCKOUaehIOTO 

( H ~ I I ~ H M ~ ~ ,  1 m y r J I l i )  H 3  OTKpbITbIX p a 6 o ~  C J I a r a e T C R  H 3  C ~ ~ ~ C T O E ~ M O C T I ~  

C O ~ C T B ~ H H O  JJ06b1911 I IOJ Ie3HOrO HCKOIIaeMOrO H C ~ ~ ~ C T O E ~ M O C T H  BbIehlI<Ii  

I I y C T b I x  nopon, I tOTOpbIe  H ~ O ~ X O A H M O  Y A a X H T b ,  Y T O ~ ~ I  ~ 0 6 b I T b  eAHHHL{Y 

I I O J I ~ ~ H O ~ O  m K o n a e M o r o .  

T a K H M  o 6 p a 3 0 ~ ,  n o J I H y r o  C ~ ~ ~ C T O E I M O C T ~  ~ o 6 b 1 s ~  e A H I I H q b I  uoJ1e3110r0 
a c I c o n a e M o r o  ~3 O T I C P ~ I T ~ I X  p a 6 0 T  MOXHO B M P ~ ~ H T ~  @OPMYJIO& 

I'Ae Co - K O M M e p ¶ e C K a H  C ~ ~ ~ C T O H M O C T ~  ~o6b1sm n o ~ 1 e 3 ~ o r o  HCROnaeMOI 'O,  

py6/m; 
C, - C ~ ~ ~ C T O H M O C T ~  ~ 0 6 ~ s ~  e A H H H q b I  nOJIe3HOI 'O H C K O U a e M O r O  Ge3 

y s e T a  BCKP~IIUII ,  py6/m; 
CB - c e 6 e c ~ o H ~ o c ~ b  BbIeMKH 1 a3 n y C T b I X  I IOpOA,  py6.; 
kB - K O ~ @ ( $ H ~ H ~ H T  BCKPbIIIIEZ, in3/m. 

~ ¶ ~ B H ~ H o ,  p a 3 p a 6 0 ~ ~ a  MeCTOpO~fEAeHHR OTKPbITbIM C U O C O ~ O M  6 y ~ e ~  
3KOHOMH¶Ha ,  eCJ IH  UOJIHaR K o M M e p s e c K a H  C ~ ? ~ ~ ? C T O H M O C T ~  ~ 0 6 ~ s ~  eAH-  

HElqbI  I IOJIe3HOTO H c K O n a e M o r O  U p H  OTKpbITbIX p a 6 o ~ a x  ~ Y A ~ T  M e H b I I I e  

mnll P a B H a  3KOHOMH9eCKH ~ o n y c ~ m ~ o j i ,  mJIH rpa~msnofi.  
K o ~ @ @ H ~ H ~ H T  BCKpbIIIIEI,  n p H  KOTOpOM K O M M e p ¶ e C K a H  C ~ ~ ~ C T O H M O C T ~  

~ 0 6 h 1 9 ~  UOJIe3HOTO HCKOIIaeMOrO P a B H H e T C H  3KOHOME¶eCKH AOIIYCTH- 

MOG, H ~ ~ M B ~ ~ T C R  r p a H m s H b~ M H n H  n p e a e JI H b~ hr. T ~ K H M  
0 6 p a 3 0 ~ ,  ~ P ~ H H ¶ H ~ I G  I E O ~ @ @ H ~ H ~ H T  BCICpbIIIIH - p a c s e T ~ b I f i  UO- 

Ka3aT t? J Ib ,  Y C T ~ H ~ B J I H B ~ ~ M ~ I ~  B K a ¶ e C T B e  ~ a H 6 0 ~ 1 b I U e f i  A O I I Y C K ~ ~ M O ~ ~  
B e X H 9 H H h I  H 3  YCJIOBHH 3KOHOMH¶HOCTH OTKPbITbIX p a 6 0 ~ .  A P Y ~ H M H  CJIO- 

B a h I H ,  3TO ¶HCJIO, IIOKa3hIBa101qee ~ a H 6 0 J I b l I l e e  3KOHOMH¶eCRH AOUYCTHMOe 

ICOnkI¶eCTBO e A H H H q  BCKpbIlUH,  KOTOPOe  H ~ O ~ X O ~ H M O  BbIHYTb  AJIH A O ~ ~ I ~ E I  

e n n H H q M  I I O J I ~ ~ H O ~ O  m c K o n a e M o r o  O T I ~ P ~ I T ~ I M H  p a 6 0 T a M H .  

, ~ P ~ H H ¶ H H ~ ~  K O ~ @ @ I Z ~ H ~ ? H T  BCKpbI IUH M O X e T  6 b I ~ b  IIO.TIY9eH H 3  pa-  
B e H C T B a  Cr = Co HJlH C, = C ,  4- CBkrr 
OTIEyAa 

rAe Cr - r p a H H ¶ H a H  (EZTILI 3KOHOMH9eCIEH J(OIIYCTEII\I~H) ICOMMeP¶eCKaR 

C ~ ~ ~ ? C T O ~ M O C T ~  1 in3 ~06b1sm 1 r o n e 3 n o r o  H c I c o I i a e M o r o ,  py6. 
I3 I c a s e c T s e  r p a t r ~ s ~ o i i  B e n H s m n b I  ~ c n o n b a y e ~ c ~  1 ; o M M e p s e c K a H  

C ~ ~ ~ C T O H M O C T ~  ~ 0 6 ~ 9 ~  nOJIe3HOTO mCKOllaeMOI'O, paBHOI 'O ICaL1eCTBa C 

I IOA3eMHMMH p a 6 0 ~ a ~ H  C,, HJIm OTUYCKHaR q e H a  4. B e n a q m b ~  C,, C,, 
C ,  I IPHHHMaIOT H a  OCHOBaHHm C T ~ T H C T H P ~ C K O ~ ~  o 6 p a 6 o ~ ~ m  IIpaICTHYeCKHX 

A a H H b I X ,  B3IITbIX DO TeM I I I a X T a M  K a p b e p a M ,  l 'OpHOTeXHH¶eCKHe YCJIOBHH 

K O T O P ~ I X  a H a n o r H s H b I  YCJIOBHHM n p o e K T H p y e M o r o  H a p b e p a .  

l l p n ~ r n ~ a ~  n p a I c T H s e c K n e  n o 1 C a a a T e n m  CToHMocTrn  p a 3 p a 6 0 ~ ~ ~ ,  H e -  

0 6 ~ 0 ~ ~ 3 ~ 0  O P H e H T H P O B a T b C H  H e  TOJIbKO H a  a H a J I O r H ¶ H b I e  TOPHOTeXHEI- 

s e c I c H e  ycnosm m H a  OAHO H TO me R p e M H ,  HO T a K w e  m H a  ~ ~ H ~ J I H ~ H -  

T e J l b H O  P a B H Y H )  IIPOH3BOACTBeHHYK) MOE(HOCTb I < a p b e p a  H H a  ~ a ~ 6 o n e e  
U p O r p e C C H B H y I O  TeXHHICY $1 TeXHOJIOTHIO p a 3 p a 6 0 ~ ~ ~ .  

Ta~c K a K  I I O r p e l I l H O C T b  IICXOAHMX DaHHbIX C p a B H H T e J I b I I O  H e B e J I H K a  

k (20-40 % ) , T ~ ~ H W I H ~ I G  K O ~ @ @ ~ ~ H ~ H T  B C K p b I m H  MOWeT G ~ I T ~  O I I p e A e -  

J I e H  TOj lhHO ~ ~ H ~ J I H X ~ H H O ,  C ~ 0 3 ~ 0 ~ ~ 0 6  O I I I H ~ I E O ~ ~  & 20%. 
AJIH UOBbIIUeHHR T 0 9 H O C T H  p a c s e T a  o6nsao HCIIOJIb3YeTCH MeTOX, 

IIPH KOTOPOM C T o H M o c T H b I e  n o f i a 3 a ~ e n m ,  n p m H I i T b I e  no aaanorm,  I i O p -  

PC?I<THpyIOTCH C Y¶eTOM OI Ip t ?At? J IHIO~HX @;IKTOPOB. O C H O B H ~ I ~  @ ~ K T O P ~ I ,  

K o T o p n e  n o n J r e > I c a T  y s e T y :  p a 3 ~ n q a  B K a s e c T s e  n o n e a ~ o r o  H c K o n a e M o r o ,  

a Ta Ic iKe  B B e n m s m H e  ero I I O T e p b  n p ~  ~ ~ ~ J I H ¶ H ~ I X  cnoc06ax pa3pa60~1c~;  
yRe,.rH¶eHHe ~ J I Y ~ H H ~ I  H AaJ IbHOCTH T p a H C U O P T H P O B a H H H  UO M e p e  pa3- 
B H T H H  T O p H b I X  p a 6 o ~  H T.  s. 



H O H ~ ¶ H M ~  KOHTYPbI  K a p b e p a  M O r Y T  OI IPeAeJ IRTbCR C p a B H e H H e M  rpa- 
H E l s H O r O  K O ~ # @ H ~ E I ~ H T ~  BCKPbIII IH C KOHTYPHMM,  C p e A H H M  E J I H  T e K Y 4 H M .  

IIpn o n p e n e n e H n n  I ' J I Y ~ H H ~ I  R a p b e p a  no KOHTYPHOMY K O ~ @ # H ~ H ~ H T Y  
BCKPhIII IE 3IEOHOMH9eCKE I I p e A e J I b H b I M  C¶FfTaIoT TOT KOHTYP,  I I P H  KOTOPOlf  

KOHTYPH~IP K O ~ # # H ~ H ~ H T  P a B e H  r p a H W H O M Y .  3 a T p a T h l  H a  ~06b19y 
~ O J I ~ ~ H O ~ O  H c K o n a e M o r o  npn O T K P ~ I T O M  H IIOAS~MHOM C I I O C O ~ ~ X  paspa- 
~ O T K H  I I p H  3TOM P a R H b I  TOJIbKO H a  KOHe¶HOM K O H T Y p e .  P ~ ~ I ' ~ B H H ¶ ~ H H ~  
OTKPbITbIX H IIOA3eMHhIX p a 6 o ~  DO a T O M y  n p E H q H n y  O ~ ~ C J I O B J I H B ~ ~ T ,  

O¶eBHAHO, MHHEMaJ IbHbIe  PaCXOAbI  CpeACTB H a  p a 3 p a 6 0 ~ ~ y  B C e r O  MeCTO- 

PO1KAeHHR. 

~ P H H ~ H I I  OIIPeAeJICHHR K O H ~ ¶ H O ~  ~ J I Y ~ E H ~ I  KOHTYPHOMY K03#-  

# n q m e ~ ~ y  BCKPMIIIH mmpoxo p a c n p o c T p a H e H  B n p a K T m K e  npoewmposa- 
HUH.  Ha H e M  OCHOBaHbI  H3BeCTHbIe  a H a J I H T W e C K H e  #OPMYJIM IIPO#. 
II. B. r o p n ~ e q l c o r o ,  nn . -~opp .  AH CCCP B. B. Pme~cxoro ,  a T a K x e  ero 
rpa@nsec~~~i i i  h r e T o a .  

IIpm o n p e A e n e H m  ~ o ~ e s ~ o f  rny6mb1 K a p b e p a  no c p e A H e M y  ~ o a # -  
@ ~ E ~ H T Y  BCKpbI I I IE  ee B e J I w H H a  6 y ~ e ~  T ~ K O P ,  I I P H  K O T O P O ~  CpeJJHHG 

I C O ~ # # H ~ H ~ H T  BCKPbIII IE P a B e H  I ' p a H W H O M Y .  CJ IBAOB~T~J I~HO,  YCJIOBHO 

MOFRHO CYHTaTb ,  ¶TO C ~ ~ ~ C T O H M O C T ~  ~ 0 6 b I ~ F f  1 m I IOJ Ie3HOrO HCKOIIaeMOrO 

n p H  K O H ~ ¶ H O ~ ~  r ~ 1 y 6 ~ ~ e  K a p b e p a  OAHHaKOBa .  

~ P H H ~ H I I  OI IPeAeJ IeHHR K O H ~ ¶ H O G  ~ J I Y ~ H H H  K a p b e p a  no C p e A H e M y  

K O ~ # # H ~ H ~ H T Y  BCKPbIIUH IIPHMeHRIOT,  eCJIH BCJIeACTBHe H ~ ~ O J I ~ I I I H X  

3 a I I a C O B  I IOJ Ie3EOrO HCKOIIaeMOrO E J I H  r O P H 3 0 H T a J I b H O r O  3 a J I e r a H H R  

n J I a C T a  I I p H M e H e H H e  A B y X  C I I O C O ~ O B  p a 3 p a 6 0 ~ ~ ~  HCKJIIo¶eHO H MeCTO- 

pO3KAeHHe  AOJIHEHO p a 3 p a 6 a ~ h I ~ a T b C ~  TOJIbKO OAHHM C I I O C O ~ O M  - J I L I ~ O  

IIOA3eMHhIM, J I H ~ O  OTKPbIThIM. ECJIH C p e A H H f i  K O ~ # # H ~ H ~ H T  BCIiPbII I IE 

M e H b I I I e  HJIH P a B e H  r P a H H ¶ H O M Y ,  TO I IpUMeHRIOT 0 ~ 1 i p h I ~ h l f i  C I I O C O ~  pa3- 
~ ~ ~ O T K H  MeCTOPOXAeHHfI .  H ~ C M O T P I ~  H a  TO ¶TO 3 a T p a T h l  H a  p a 3 p a 6 0 ~ ~ y  
BCeI'O MeCTOPOHCAeHHR OTKPbITbIM C I I O C O ~ O M  M O r Y T  6 b I ~ b  OAHHaKOBbI  

C IIOA3eMHhIM, I I p H M e H e H H e  OTKPbITOrO cnoc06a pa3pa60~xn Boxee q e J I e -  

coo6pa3~0, T a K  K a K  CO3AaIOTCR 6onee 6esonac~b1e H J I y s I I I H e  C a H H T a p H O -  

I ' H r H e H H ¶ e C K H e  YCJIOBHR T P Y A a .  c J I t ? ~ y e T  OTMeTHTb,  ¶TO I I P H  OTICPbITOM 

cnoco6e p a 3 p a 6 0 ~ ~ ~  H M e e T  MeCTO 6p~1ee 6 b I ~ ~ p b I f i  POCT UpOH3BOAEITeJIb- 

HOCTH T p Y A a  r o p ~ o p a 6 0 ¶ ~ x .  
ITpn o n p e A e n e H H n  ~ K O H O M H ~ ~ C K H  B M ~ O A H O G  ~ J I Y ~ E I H M  Iiapbepa no 

T e K Y I Q e M y  K O ~ # # H ~ H ~ H T Y  B C K P b I m H  I I o C J I ~ A H ~ G  C s H T a e T C R  T a I i a R ,  n p H  

K O T O ~ O ~ ~  T~K~IQ&& I F O ~ # # H ~ I ~ ~ H T  BCKPbIII lH p a B e H  r P a H W H O M Y .  Ha 
PHC. 280 n o K a a a H a  c x e M a  K O n p e A e n e H m m  ~ J I Y ~ E H H  K a p b e p a  no Te-  

I i y Q e M y  K O ~ # # K ~ H ~ H T Y  BCRPbIII IU.  

O n p e ~ e J I e H H e  rny6mb1 K a p b e p a  MOHteT 6bI~b I IPOH3BeAeHO IIO CYM- 

~ a p ~ o i i  n p z i ~ e n e ~ ~ o i i  n p ~ 6 a n ~  3a o q e ~ n ~ a e ~ ~ i i  nepnon. B   TOM cnysae 
1 C o ~ e s H o i i  r ny6n~of i  C¶HTaeTCR T a K a R ,  I I P H  K O T O P O ~  061qa~ I I p H B e A e H H a H  

IE OAHOMY MOMeHTY O q e H K H  D P H ~ ~ I X ~ ,  n o J I y s a e M a R  B p e 3 y J I b T a T e  pas- 
~ ~ ~ O T K H  3aJIeHCH OTKpbITbIMH H I IOA3eMHhIMH P ~ ~ O T ~ M H ,  RBJIReTCR H a B -  

60~1bmeG. AJIR P e I I I e H H R  3 a A a ¶ H  I I p H H H M a I o T  HeCKOJIbKO B a P H a H T O R  

rny6m~b1 K a p b e p a .  AJIR K a x A o r o  B a p n a H T a  CTPORT ~ a n e ~ n a p ~ ~ f i  n m ~ ,  

H a  OCHOBaHHH KOTOPOI'O OIIpeAeJIf I IOT 3 a T p a T h I  H AOXOAbI 38 K a 3 K ~ b l G  r O A  

C H a ¶ a J I a  CTPOHTeJ IbCTBa  K a p b e p a .  E ~ t e r 0 A ~ h I e  AOXOAId H 3 a T p a T b I  D p H -  

BOART K OJIJXOMY MOMeHTY O q e H K H  C YPeTOM ~ @ # C ? K T H B H O C T H  I 'OCyAap-  

c T s e H H M x  c p e A c T B  H T e x H w e c K o r o  nporpecca, ¶TO A e n a e T  EX cono- 
CTaBHMhIMH. CYMME~YR e X W r O A H b I e  3 a T p a T h I  H AOXOAhl 38 B e C b  CPOK 

O T P B ~ O T K H  S a J I e W H ,  H a X O A R T  0 6 4 ~ 1 0  I IPHBeAeHEYH)  n p H 6 b I J I b  IIO KaiKAOMY 

B a p n a H T y .  P a c s e ~  no BTOMY n p ~ ~ q n n y ,  XOTR H ~ a ~ 6 0 n e e  n p a B n J r e H ,  

H O  BBCbMa TPYAOeMOK. 

n OPRAOK O I I p e A e J I e H H R  KOHe¶HbIX KOHTYPOB K a p  bepa c J I e ~ y 1 0 4 H f i :  

n p m H M a m T  3 ~ a q e ~ ~ e  y r n o B  n o r a m e H m  ~ O P T O B  K a p b e p a ;  o n p e A e n R m T  

I 'P~HwH~IP K O ~ # # H ~ H ~ H T  BCKPbIII IH;  I IPHHHMaIOT H O ~ O C H O B ~ ~ B ~ I O T  I IPHH-  

q H n  O I l p e A e J I e H H R  K O H ~ ¶ H O &  ~ J I Y ~ H H ~ I ;  I IPHBHMaH)T  33 O ~ O C H O B ~ I B ~ I O T  Me- 

TOR O I I p e A e J I e H H R  K O H ~ ¶ R O G  rny6mh1 ( M ~ T O A  B a p H a H T O B ,  ~ H ~ J I H T H ¶ ~ C K ? &  

1 H r p a # W e C K H G ) ;  ODpeAeJ IRIOT ~ J I Y ~ H H Y  K a p b e p a  H YCTaHaBJ IHBaIOT TeX- 

H w e C K H e  r P a H H 4 h l  K a p b e p a  H a  nOBepXHOCTH.  

, Cnoco6b1 o n p e A e n e H r m  K o H e s H H x  KOHTYPOB H a p b e p a  pa3nw~b1  Ann 
M ~ C T O P O W A ~ H H G  6onbmoii H ~ a J I o 6  IIPOTRXWHHOCTH. B I I e P B O M  C J I y ¶ a e  

KOHe¶HyH)  rny6my K a p b e P a  0 U p e A e J I R H ) T  no HeCKOJIbKHM I I O D e P e P H h I M  ! Ce¶eHHRM,  ~ O C T a T O ¶ H O  X a p L i K T e p H 3 y I O 4 H M  MecTOpOXCneHHe ,  H 3 a T e M  R H O  

1 H KOHTYPbI  K a p b e p a  B N P a B H H B a I O T  B COOTBeTCTBHH C YKJIOHOM T p a H C -  

1 IIOPTHNX c a e 3 ~ o ~  H cnoco60~ BCKP~IIIIH. BO BTOPOM C n y q a e ,  T. e. 
/ I I p H  KOPOTKHX O K P Y r J I e H H h I X  B I I J I a H e  K a p b e p a X  H = p H  3 H a ¶ H ~ e J I b H 0 5  I HX ~ J I Y ~ H H ~ ,  KOHeVHYH) ~ J I Y ~ H H Y  O n p e R e r R r o T  B q e n o M .  

~ P O T R H E ~ H H O C T ~  K a p b e p a  0 4 e H H B a I O T  no OTHOmeHHIO er0 AJIHBbI 

, K IIIHPEIHe I I O B e P X Y .  Ecnm 3TO O T H O m e H H e  60~1bme 1,5-2, TO IIPOTRHEBH- 

I I P O T R X e H H O C T b  K a p b e p a  C ¶ H T ~ ~ T &  ~ o J I ~ I I I o ~ ~ ,  eCJ IH  O T H O I I I ~ H H ~  AJIHHhI 

K m n p H H e  H e  M e H e e  4-5. 
floneunae Eonmypa K a p b e p a  npn p a 3 p a 6 0 ~ ~ e  H a K n o H H u x  H K ~ ~ T O -  

I I a A a I o 4 H X  M ~ C T O P O H E A ~ H H ~  C OTHOCHTeJIbHO 6onb11105 AJIHHofi H X  I IO  

UPOCTHPaHHH)  0 U p e A e J I R H ) T  IIO B e P T H K a J I b H h I M  I IOI l ePe¶HhIM Ce¶eHHRM 

no  MeCTOPOHEAeHHIO, I l P H ¶ e M  P a C P e T b I  0 6 ' 6 8 ~ 0 ~  38MeHRH)TCR p a C ¶ e T a M H  

nnoqanef H n m e f i ~ b ~ x  s e n w m .  
CTPORT p q  I I o n e p e q H b I x  H IIPOAOJI~HEJX c e s e ~ ~ 6 ,  A o c T a T o s H o  ~ O J I H O  

x a p a ~ ~ e p n 3 y m q ~ x  M e c T o p o x A e H n e .  Ha! p ~ c .  281 n o ~ a 3 a ~ a  c x e M a  





K a p b e p a .  OT K a ~ o f i - n ~ 6 0  IIPOH3BOJIbHO B H ~ ~ ~ H H O ~  TOPKH A H a  nOBepX- 

HOCTH OTKJIaAhIBaIoT OTpe30K AE B TOM me ~ a c m ~ a 6 e ,  B KOTOPOM 
HBMepeHa rOPH30HTaJIbHaR MOqHOCTb MeCTOPOHFAeHHR. Beamma OT- 

p e 3 K a  A 6  AOJlxHa OTBe¶aTb YCnOBEiIO 

A B  = Mk,, 

rAe k, - PpaHH¶HhIfI K O ~ @ @ H ~ H ~ H T  BCKPhImH, J ' c T ~ H o B J I ~ H H ~ I ~  a H a -  

JIHTWeCKHM nyTeM. 

M 3  TO¶eK A H B IIPOBOART HaKJIOHHhIe JIHHHH IIOA YrJIaMH IIOI'ameHHR 
JIeHCa¶eI'O 7, H BHCR¶erO Y, 6 0 ~ 0 ~  3 a n e m ~ .  Toma IIepeCe¶eHHR 3THX JIH- 

HEfI 0 COOTBeTCTBYeT K O H ~ ¶ H O ~ ~  my6me K a p b e p a .  BHCOTHO~ IIOJIOHCeHHe 
3 ~ 0 6  TO¶KH IIePeHOCHTCR H a  JIeH(a4Hfi 6 0 ~  3 a J I e X H  ( T O P K ~  C) H 3aTeM BhI- 

P e p m B a e T c f i  @ a ~ ~ w e c ~ o e  n o n o m e H H e  AHa K a p b e p a  H ero ~ O P T O B .  ECJIH 
H a  YpOBHe TOPKH 0 rOpH30HTaJ lbHaR MOqHOCTb 3aJIeHCH M1 OTJIH¶aeTCR 

OT I I P H ~ T R T O ~ ~  pamee M, TO 
. - - , I  - p a c g e T  Y T O P H I I ~ T  nomope- 

Ha K o c o r o p a x  o ~ p e 3 o ~  
Ab' OTKJIaAbIBaIoT H a  YpOBHe 
TOG OTMeTKH IIOBePXHOCTH, 

K a p b e p O B  AJIR MeCTOpOXAe- 
HHG C H ~ ~ O J I ~ I I I O ~  A J I H H O ~  OIIpeAeJIRIOT B q e n O M  AnR B c e r o  MeCTOpOHCAe- 

HHR aHaJIHTH¶eCKHM MeTOAOM HJIH MeTOAOM CPaBHeHHEI BBPHBHTOB. 
n p H  aHaJIHTH¶eCKOM MeTOAe KOHeYHyIo ~ J I Y ~ I I H Y  K a p b e p a  OIIpeAe- 

JIHIoT IIO @opMyJIe  B. B. PHC~BCKOI'O. ,QnR ~ a ~ 6 o n c e  paCIIpOCTpaHeHHbIX 
YCJIOBHG, K o r A a  yron naAeHHcr aanexn 6onbme 15-20" H y r n M  OTKOCOB 

I rae y,, - c p e ~ ~ e ~ 3 ~ e m e ~ ~ h 1 i i  yron o ~ ~ o c a  ~ O P T O B  K a p b e p a ,  zpad; 

I 
P - n e p n M e T p  AHa K a p b e p a ,  a; 
S, - n n o q a n b  n o n e s H o r o  H c K o n a e M o r o  H a  ~ o ~ e s ~ o i i  rny6me,  a2. 

O n p e ~ e n e ~ ~ e  n a p a M e T p o B  P H S, IIPOH~BOART no n n a H y  3 a n e ) ~ s i  H a  
OPHeHTHPOBO¶HO B O ~ M O H C H O ~  rny6me. ECJIH IIapaMeTpbI  P H S, H a  my- 
6me ,  o n p e ~ e n e ~ ~ o i i  no @ o p ~ y n e ,  o T n w a I o T c c r  OT D e p B o H a s a n b H o  

I IIPHHRTHX, TO P a C P e T  IIOBTOPRIOT, IIPBHHMaR HOBhIe 3HaPeHHR PI H S,,. 
n p ~  OIIpeAeJIeHElE KOHePHhIX KOHTYPOB K a p b 0 p a  MeTOAOM CpaBHeHHII 

BapHaHTOB IIPHHHMaIoT HeCKOJIbKO BaPHaHTOB, AJIR KaHCAOrO H3 KOTO- 

PhIX OIIpeAeJIRIoT T ~ K Y W H ~ ,  C ~ ~ A H H ~  HJIH K O H T Y P H P ~ ~  K O ~ @ @ W H ~ H T ~ I  

BCKPhIlllH. npHpaIQt3HHe o 6 a e ~ a  BCKPbImH MeHCAY ABYMR BapHaETaMH 
~ J I Y ~ H H ~ I  OIIpeAeJIRIOT KaK pa3H-Y MeHCAY I I P H P a q e H H e M  o 6 a e ~ a  r 0 p H 0 5  

rAe S - nnoqagb p a  K a p b e p a ,  .u2; 
H - rny6ma K a p b e p a ,  nc; 
P - IIepHMeTp AHa K a p b e p a ,  N ;  

ycp - c p e ~ ~ r n i i  yron o T K o c a  6op~on  K a p b e p a ,  zpad. 
Oco6ennocmu onpeae~enun ~ o n e u n b z x  xonmypoe K a p b e p o e  na nonoLo- 

n a d a l o q u x  n c e c m o p o 3 t c ~ e n u n x .  IIpn o n p e A e J r e a H m  K o H e s H H x  KOHTYPOB 

K a p b e p a  H a  n o n o r o n a A a I o q n x  M e c T o p o x n e H H c r x  n J r a c T  ~ ~ ~ # U I R I ~ T  H a  
3aXOAKH ~ I ~ H P H H o ~ ~ [  20-50 nt H AJIR K ~ Z A O G  CTPORT KOHTYP IIOA YrJIOM 

IIOrall leHHR 6 o p ~ a  K a p b e p a .  H O H T Y P H ~ I ~  K O ~ @ @ H ~ H ~ H T ~ I  BCKPbImH 

onpeAencr IoT no n o n e p e s H r a M  ceneHHnM, ecna M e c T o p o x n e H H e  m e e T  
OTHOCHTenbHO 60~1bmym AJIHRY, EZnK IIOAC¶eTOM 0 6 ' b e b 1 0 ~ ,  e C n H  ~ e o 6 -  
XOAHMO y g e C T b  0 6 5 e ~ h 1  TOp40B H a p b e p a .  

Oco6oe BHHMaHHe H ~ O ~ X O A H M O  J'AeJIHTb OIIpeAeJIeHlUO I ' p a H W H O r O  
K O ~ @ @ H ~ H ~ H T ~  BCKPhImH, K O T O P H ~ ~  3aBHCHT OT I I P H M ~ E R ~ M O ~ ~ [  CHCTeMbl 

p a 3 p a 6 0 ~ ~ ~ .  n p H  ~ ~ c T ~ ~ H c I I o ~ T H o ~ ~  HJrH K O M ~ H E I H ~ O B ~ E H O ~  CHCTeMe 
p a 3 p a 6 0 ~ ~ ~  I'paHEf¶HhIG K O ~ @ @ H ~ H ~ H T  BCKPbIIIIH MOHCBT AOCTHgb 20- 
25 A3/.Us, TOrAa KaK I I p H  T ~ ~ H C ~ O ~ T H O ~  CHCTeMe OH P e a K O  I IpeBhImaeT 

8-10 .U3/a3.  TO ~ ~ ' ~ R C H R ~ T C E I  TeM, ¶TO I IPH IIePBhIX ABYX CHCTeMaX p a 3 -  
P ~ ~ O T K H  CTOHMOCTb BbIeMKH IIOpOAhI B 3-4 pa3a HHHCe, 9 e M  I I p H  TpaHC- 

~ O ~ T H O H  CHCTeMe. 

B CJIyPae IIpHMeHeHHR K O M ~ L I H H P O B ~ H H O ~ ~  CHCTeMbI pa3paGo~~n,  
l<OI'Aa C ~ ~ ~ C T O H M O C T ~  BCKPhIIIIHbIX p a 6 o ~  H a  HnHEHeM H BepXHHX YCTYIIaX 

K a p b e p a  pe3KO OTJIWHa, YCnOBHR K O H ~ ¶ H O ~  r n y 6 m h 1  IIO IIpeAeJIbHO 
A O ~ ~ C T Z ~ M O ~ ~  C ~ ~ ~ C T O H M O C T H  A O ~ H P H  ~ Y A Y T  HMeTb BHA 

Cn = Cn + k 6 C 6  + ~ T C T I  P Y ~ .  r (Xv,ll) 

,rAe k,j - K O ~ @ @ H ~ H ~ H T  ~ ~ C T P ~ H C I I O P T H O G  BCKpbIIIIH; 
C6 - CTOHMOCTb ~ ~ C T P ~ H C I T O P T H O ~  BhIeMKH 1 Jt3 IIOPOAhI; 

k, - K O ~ @ @ ~ H ~ H T  T P ~ H C I I O P T H O ~ I  BCIiPhIlUH; 

C, - CTOHMOCTb T P ~ H C I I O P T H O ~  BhIeMKH 1 x3 BCKPhImH. 
Oco6ennocmu onpede~enun zpanuy K a p b e p a  z o p u a o n m a ~ b n b z x  aecmo- : pomdenuii. n p H  p a 3 p a 6 0 ~ ~ e  I'OPH30HTaJIbHhIX M~CTOPOH(A~HG OTKPhI- 

ThIM C I I O C O ~ O M  KOHe¶HaR HX rny6ma 0 6 ~ 9 ~ 0  COOTBeTCTBYeT ~ O T M ~ T K ~  
'I 
1 IIO¶BhI IIJIaCTa. HO B 3TOM C n y P a e  ~ e o 6 x o p ~ ~ o  YCTaHOBHTb 3KOHOMWHOCTb 

IIpHMeHeHHH OTKPhITOrO C I I O C O ~ ~  p a 3 p a 6 0 T K H ,  KOTOpaR AJIR I'OPH30H- 
I 

T a n b H o  3 a n e r a I o q n x  n n a c T o B  B h I p a x a e T c R  y c n o s a e M :  kcp e k, (A,, - cpen- 
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ECJIH IIJIOIQ~AL gapbepa r ~ ~ a s w e . . r b ~ a  H MOXHO H e  Y w x T m a T b  p a s ~ o c  
~ O P T O B  K a p b e p a ,  TO C p e ~ ~ H f l  E < O ~ @ @ H ~ H ~ H T  BCKPbIIIIM MOXHO OI IPeAeJ IHTb  

no @ o p ~ y n e -  . 
H k 'P ,,, .+t3/.+t3, 

r A e  H - MOIQHOCT~ B C K P H ~ H ,  in; 

m - MOIQHOCT~ I I O J I ~ ~ H O I ' O  x c K o n a e M o r o ,  in. 

~ P H  H ~ ~ O J I ~ E I H X  IIO IIJLOIQaAH, HO I 'JIY~OKEX MeCTOPOXAeI IRRX 1~034- 
@ H ~ H ~ H T  BCKPbIl I IH OIIpeAeJIHIOT KaIC COOTHOIIIeHHe O ~ ' ~ ~ M O B  BCKPbIIIIII v 
H 3anac0~ I I O J I ~ ~ H O I ' O  H c x o n a e M o r o  Q B K o w y p e  K a p b e p a .  

B PaCCMOTPeHHbIX hIeTOAaX OnpeAeJ IeHElH K O H ~ ~ H O ~  I ' J I Y ~ E I H ~ I  K a -  

p L e p a  YCJIOBHe 3KOHOMKYHOCTI1. OTKPbITbIX p a 6 0 ~  B J d p a X e H O  B @ 0 p ~ e  
C p a B H e H H H  ICOHTYPHOI'O, CpeAHeI 'O HJIH TeKYWeI 'O K O ~ @ $ H ~ H ~ H T ~  BCKPbIIIIH 

C 3KOHOME19CCICH AOIIyCTHMhIM r P a H H ' I H h I M  1 1 0 3 @ @ H q H e ~ ~ 0 4 1  BCKPbIIUH. 

H ~ H  3TOM 3 a T p a T b I  H a  pa3pa60~1iy Mt?CTOpOiKAt?HHH BbIHBJIHIOTCR KOC- 

B e H H o ,  B BmAe y c n o n I I o r o  a x o H o M m e c K o r o  n o K a : j a T e n H  - r p a H n s H o r o  

I C O ~ @ @ H ~ H ~ H T ~  BCKPMUIH. P e r n e ~ ~ e  s a ~ a w i  c n o M o q b m  K O ~ @ @ H ~ H ~ H T O B  

BCICpbIIIIH ~ ~ 0 6 ~ 0 ,  T a K  IiaIC IIO3BOJIHeT B b I P a 3 H T b  3aBHCIlMOCTH Me?IiAY 

n a p a M e T p a M H  f l a p b e p a ,  a n e M e H T a M E i  a a n e r a H m  t v x e c T o p o m A e H m  H ~ I C O -  

HOMM4eCKHMH IIOIEa3aTeJIHMII  IIPOCTLIMH MaTeMaTI1YeCKHMH I$OPMYJI~MH 

O A H ~ K O  B 3TOM CJly 'Xae HeB03MO1-KHbI a H a J I H 3  HeIIOCpeACTBeHHO A e H e X H h I X  

3 a T p a T  H Y q e T  p a 3 H O B p e M e H H O C T H  3 a T p a T ;  I I o c J I ~ A H H ~  O K a 3 b I B a e T  Cy-  

IQeCTBeHHOe BJIHHHMe, O C O ~ ~ H H O  H P H  3HaYHTeJ IbHhlX  rnyGmax H 60j7b-  

IIIHX o 6 ' b e ~ a x  K a p b e p O R .  n p H  H3MeHeHEIH ICOH~?'IHO~ T J I Y ~ E I I I ~ I  H ICOHTYPOB 

f l a p b e p a  P a 3 H O B p e M e H H O C T b  3 a T p a T  IIpOHB3IHeTCH O C O ~ ~ H H O  p e 3 K O .  

P ~ ~ J I H ~ H ~ I ~  B a p H a H T b I  r n y G ~ ~ r , r  K a p b e p a  OTJIH4aIoTCH H e  TOJIbICO 065- 
t?MaMH IIyCThIX n O p O A  H IIOJIe3HOI'O HCKOIIaeMOI'O H ,  CJIeAOBaTeJIbHO,  

B€!JIM~MHo~~ 3 a T p a T  H a  pa3pa60~Iiy Mt?CTOp01-H~t?HIlHl HO H B p e M e H e M  

B J I O X e H H R  3THX 3 a T p a T  B llPOH3BOACTBO. ~ O C J I ~ ? R H ~ ~  HBJIHeTCH ~ a ? I < ~ e f i -  

tUMM $ ~ I < T O ~ O M ,  O I I p e A e J I R I O ~ H M  3KOHOMM9eCKYFO 0 4 e H K Y  B a p H a H T O B  

IEOHTYPOB K a p b e p O B .  n p H  HeIIOCpeACTBeHHOM C p a B H e H H M  3 a T p a T  B H A H a  

H e  TOJIbICO 3ICOHOME14HOCTb TOI'O ITJIH ElHOI'O B a p H a H T a ,  HO TaKir<C 3IiO- 

HOMHR,  AOCTHI'aeMaH I I P H  OIITHhIaJIbHOM B a p H a H T e  DO CpaBHeHMIO C Apy- 
I'HhZM BO3MOIRHbIMH B a p H a H T a M H .   TO IIO3BOJIHeT 6onee I IpaBHJIbHO Y q e C T b  
I4 ApYI'He @ a ~ ~ o p b I ,  H e  y ¶ T e H H b I e  HJIE1 H e  IIOJIHOCTbIO Y¶TeHHbIe  3KOHO- 

MH4eCKEIM p a C 4 e T O M  ( B ~ J I H ~ H H ~  I I O T e p b  H ~ ~ ~ J J ~ o > K H B E ~ H H R ,  IIO?KaPOOIla- 

CHOCTb, YCJIOBMH T P Y A a ,  I IpOH3BOAHTeJIbHOCTb T P Y A a  I ' O P H O P ~ ~ O ~ H X  
H T. A.). 

B J I H R H H ~  p a 3 H O B P e M e H H O C T n  3 a T p a T  MOXHO IIOHCHHTb H a  CJ IeAYIOqeM 

n p I r M e p e .  

I T ~ H  OIIPeAeJ IeHHH I ' J I Y ~ H H ~ I  I C a p b e p a  IIO ICOHTYPHOMY K O ~ @ @ H ~ H ~ H T Y  

BClCpbIILIH l lMeeTCR B BHAV p a B e H C T B 0  3 a T p a T  H a  OTKphIThIe  H H a  IIOA3eM- 

HbIe  p a G o ~ b 1  B I IOCZeAHeM C.lIOe. 
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QC', + V C ,  G QC,, (xJ7,12) 

m e  Q - o 6 a e ~  I X ~ B J I ~ I ~ ~ ~ M O ~ ~  p y ~ n ,  m; 
C,, C, - CTOHMOCTb BbIeMICII 1 m P Y A H  COOTBeTCTBeHHO OTKPbITbIM 

H IIOA3eMHhIM CIIOCO~OM, py6. ; 
C, - C T O H M O C T ~  1 .u3 BCKP~IIIIHLIX p a 6 o ~ ,  py6. 

~ C X O A H  a3 3TOI'O YCJIOBHH I I O J I Y 4 e H a  H3BeCTHaH @0p~yJIa (XV,8) 
AJIH O I I p e A e J I e H H R  K O H ~ ¶ H O ~ ~  I ' J I Y ~ H H ~ I  K a p b e p a .  B A ~ ~ c T B E ~ T ~ J I ~ H o c T H  

O T P ~ ~ O T K ~  MeCTOPOXAeHHH B ICOHTyPaX K a p b e p a  IIPOH3BOAHTCH IIOA YI'JIOM 

pa6osero 6 0 p ~ a  y,, K O T O P H ~  M e H b m e  y r n o B  n o r a m e H m  ~ O P T O B  y, rn y,. 
B c n e g c ~ ~ H e  3TOI'O 6t )J IbII IaR ¶ a C T b  3 a T p a T  H a  OTKpbITbIe  P ~ ~ O T M ,  a EIMeH- 

HO a a ~ p a ~ h ~  H a  B M e M K y  B C K ~ ~ I I I H ,  6 y n y ~  n p o m 3 ~ e ~ e ~ ~  p a H b m e ,  s e M  I I a  

I IOA3eMHbIe pa60~h1. T ~ K H M  06pa30~ ,  3 a T p a T b I  H a  OTKPbITbIe  H I IOg3eM- 

H b I e  p a 6 0 ~ b I  IlO ~ 0 6 b 1 4 e  P y A b I  H 3  CJIOH Q pa3HORI)eMeHHbI  H H e  MOI'YT 6bI~b 
c o n o c T a s a e H b r ,  npewAe s e h z  o m  H e  6 y ~ y ~  n p m e n e H b I  K ORHOMY MO- 

MeHTJr OqeHICH. 

C J I ~ ~ O B ~ T ~ J I ~ H O ,  PaCCMOTpeHHbIe  YCJIOBHR @OPMYJIH (XV.12), a T a K X e  

@ o p ~ y J I a  (XV,8) H e  O T p a i I i a I o T  ~ ~ ~ c T B H T ~ I I ~ H o I ' o  COOTHOtCIeHHH 3 a T p a T .  

K ~ o M ~  TOI'O, 3 T H  MeTOAM H e  Y4HTbIBalOT B p e M H  O T ~ ~ ~ O T K H  H H K H ~ ? ~ ~  4 a C T H  

M e C T O p O ? K ~ e H H H  IIOA3eMHbIM C ~ O C O ~ O M ,  T. e. B p e M H  B J I O X e H H H  3 a T p a T  

H a  I IOA3eMHhIe p a 6 0 ~ b 1 ;  IIHTeHCHBHOCTb I 'OPHbIX pa6o.r B K a p b e p e ,  a TaK-  

I I p O H C X O A R q e e  B A ~ ~ ? C T B H T ~ J I ~ H O C T H  H 3 M e H e H H e  BO B p e M e H H  HCXOPHHX 

3KOHOMWXeCKHX 1 1 0 K a 3 a ~ e J I e f i  C,, C, M C,. H O ~ T O M Y  IIPOeKTHbIe  I 'PaHHqhl .  

K a p b e p O B  H a  MHOI'HX MeCTOpO>EAeHHRX HeOAHOKPaTHO I I e p e C M a T -  
p H n a I O T .  

I 

npzi p a 3 p a 6 0 ~ K e  ~ e c ~ o p o i ~ c ~ e ~ ~ l i i  I c a p b e p a M m  ~ e 6 o n b m o f  I I ~ O H ~ B O A -  

C T B ~ H H O ~  tvLOIII,HOCTbIo H C OTHOCHTeJIbHO M A J I O ~  IIpOAOJIXHTeJIbHOCTbH) 

p a 3 p a 6 0 ~ 1 c H  BJHHHHe p a 3 H O B p e M e H H O C T H  3 a T p a T  6 ~ n o  He3Ha 'XHTeJ IbHHM.  

B H a c T o H q e e  B p e m ,  o c o 6 e ~ ~ o  n p ~  p a 3 p a 6 o ~ ~ e  I ' J IY~OKHMH I c a p b e p a M n -  

r H r a H T a M a ,   or ~a emeropme o 6 a e ~ n  p a 6 o ~  B K a p b e p a x  A o c T n r a I o T  

HeCICOJIbXHX AeCHTKOB hfHJlJIHOHOB I E Y ~ E I P ~ C I E H X  M e T p O B ,  Y¶eT p a 3 H O B p e -  

MeHHOCTH 3 a T p a T  I I p H  0 I IpeAe . r I eHHH KOHe4HbIX ICOHTJJPOB I E a P b e P a  ~ e 0 6 -  
XOAHM. 

0 6 1 q a ~  c x e M a  H I I O ~ H A O I C  pernemm a a ~ a s ~  cneAyIoqze. 
1. ~ P H H H M ~ I O T  HeCKOJIbICO B 0 3 M O X H h l X  B a p H a H T O B  I'JIY~HHM I c a p b e p a .  

H p H  3TOM HMeeTCH B BHAY, 4 T O  3 a I I a C H  H H X e  K O H T Y p a  K a p b e p a  AOJI)fCHhI 

' 6 b 1 ~ b  O T P ~ ~ O T ~ H ~ I  I I O A ~ ~ M I I H M  C I I O C O ~ O M  m p a 3 p a 6 o ~ ~ a  o c y q e c T s n e H a  

p a H b I I I e  OTICpbIThlX p a 6 0 ~ ,  OAHOBpeMeHHO C HHMH HIIH IIOCJIe HX OIEOH- 

9 a B H R .  

2. HJIH I E a X A o r o  sapmama rny6m~b1 I c a p b e p a  CTPOHT I E a n e H A a p H b I e  

n j I a H b I  A n n  O T K ~ H T H X  H I I O A ~ ~ M H ~ I X  p a 6 o ~  m o n p e g e n m o T  AJIR I C a x A o r o  

; r o A a  o 6 a e ~  p a 6 0 ~ ~ d  no B c K p n m e ,  ~o6arse  pyAn, a T a K w e  06ae~h1 r o p H o -  
[ ICaIIHTaJIbHbIX p a 6 o ~ .  

3. O I I ~ ~ A ~ J I I I I ~ T  IS0 Ka3IEAOMY B a p H a H T y  BCe B H A H  3KCIIJLYaTaqHOHHbIX 

H KaICHTaJIbHbIX 3 a T p a T  AJIH K a X A O r O  I'OAa p a 6 o ~ ,  a 3 a T e M  IIPHBOAHT HX 

IE OAHOMY MOMeHTY OIJeHKH. 



Y ¶ ~ T  ~ ~ K T O P ~  B p e M e H H  n O 3 B O J I R e T  B C K P b I T b  BJ IHRHHe  MHOrHX ~ ~ K T O -  

P OB.  B T ~ ~ J I .  63 n O K a 3 a H O  B J I H R H H e  r O p H O T e X H H ¶ e C K H X  ~ I K T O P O B  H a  
KOHBPHYIO r n y 6 ~ ~ y  K a p b e p a .  

T a 6 n a q a  63 
BanRane ropaoTexan¶ecKnx Qla~~opon Ha KoHe¶Hym rny6m~y Kapbepa 

I 3 ~ a s e H U e  K O H ~ ~ H O B  
rny6aan xapbepa,  % 

Bnuxnue cnoco6a 8ClrpbImUS u yzAa paboqezo 6opma 
C n ~ p a n b H M ~  xeneaaonopomH~H czesna~a  . . . . 
ABTOMO~HJE~HME CKOJIbBRWHMH C'Le'dgaME . . . . . 
Bnuxnue nopsara pmpabomlru 
Paspa6o~xa 6e3 onepegeii . . . . . . . . . . . . . 
Paspa6o~xa C BHAeJIeHHeM 0¶epe~e l  IIO BCKpbIlUe . . 
Bnuxnue unmexcuaxocmu ompadomlru 
CKOPOCT~ noHHxeHaR ropHHx pa6or B xapbepe, 

ab/zoa: 
10 . . . . . . . . . . . . . . . . . . . . . .  
15 . . . . . . . . . . . . . . . . . . . . . .  

Bnusnue apemenu xaqana noa3emnuz padom 
l l o ~ 3 e ~ ~ r ~ e  pa6om: 

IIOCne OKOH¶aHER OTKpblTHX p a 6 0 ~  . . . . . . . 
OAHOBpeMeBBO C OTKPHTHMH p a 6 0 ~ a ~ ~ 1  . . . . . 

YCT~HOBJI~HO, ¶TO H a  KOHePHYH) ~ J I Y ~ H R Y  K a p b e p a  K p O M e  T e X  +as- 
TOPOB,  KOTOPbIe  O ~ M P H O  y 9 H T b I B a I O T  I I P H  P e J l I e H H H  3 a A a ¶ H ,  H M e e T  BJIHR- 

H H e  n o p H A o K  p a a p a 6 0 ~ ~ ~ 1 ,  cnoco6 BCKPMTHH m yron pa6osero 6 o p ~ a ,  
HHTeHCHBHOCTb B e A e H H R  r O P H b I X  p a 6 o ~ ,  B p e M H  H a ¶ a J I a  I IOA8eMHbIL 

p a 6 o ~  H COOTHOmeHHe  MeHEAY I I P O H ~ B O A C T B ~ H H O ~  MOmHOCTbIO K a p b e p a  
m maxm.  

K o ~ e s ~ a ~  r n y 6 ~ a a  K a p b e p a  ~ o s p a c ~ a e ~  npn. n o s b I m e H m m  yrna pa- 
6osero 6 o p ~ a ,  T a K  K a K  = p H  3TOM Y M e H b m a I O T C H  o 6 a e ~  BCKPbIIUH B nep- 
BMG n e p Y r o A ;  sxnan s a c T m  s a ~ p a ~  n e p e H o c m T c H  H a  6onee n o 3 ~ ~ m e  r o A M  
H BCJIeACTBHe 3 T O r 0  IIOBJJlIIaeTCH 3KOHOMH9eCKaH ~ ~ @ ~ K T H B H O C T ~  OTKPbI-  
T o r o  cnoco6a pa3pa6o~~m.  

A n R  P a C m H P e H H R  r p a H H q  OTKPbIThIX p a 6 o ~  H ~ O ~ X O ~ E T M O  CTPeMHTbCR 
K Y B e n n s e H H m  yrna o T K o c a  pa6osero 6 o p ~ a  m y n y s m e H H m  p e m m a  rop- 
HHX pa6o.r. 

Ynysme~me p e m m a  r o p H b I x  p a 6 o ~  no B c K p b l r m e ,  T. e. c H n H c e H m e  ro- 
A O B ~ I X  O ~ ~ ~ M O B  BCKPMIIIH B 11ep~h15 nepmon p a 3 p a 6 0 ~ K H  H ysennseme 
H X  B I I O C J I ~ A H H ~ ,  M O m e T  6 b I ~ b  OCYQeCTBHMO I I P H  O T ~ ~ ~ O T K ~  MeCTOpOiK- 
A e H H H  3 T a I I a M H .  ~ P H  3TOM I I P R M b I e  3 a T p a T b I  B O 3 p a C T a l o T ,  ¶TO OKa3bI -  
B a e T  BJ IHHHHe  H a  Y M e H b m e H H e  K O H ~ ¶ H O ~  ~ J I Y ~ H H H  K a p b e p a  n p H  p a C ¶ e T e  

O ~ M ~ H H M H  MeTOAaMH. HO T ~ K O ~  IIOPRAOK p a 3 p a 6 0 ~ ~ H  o 6 e c n e s ~ ~ a e ~  
6onee 3KOHOMH9HOe  P a C I I p e A e J I e H H e  3 a T p a T  BO B p e M e H H  H BCJleHCTBHe 

3 T O r O  y ¶ e T  ~ ~ K T O P ~  B p e M e H H  A a e T  3 H a 9 H T e J I b H O  60~1bmym KOHe¶HYIO 

ray6my H a p b e p a .  
A P Y ~ H M  BaHEHbIM ~ ~ K T O P O M ,  OIIpeHeJIRIOmHM KOHe¶HYK) ~ J I Y ~ H H Y  

K a p b e p a ,  RBJ lReTCR HHTeHCHBHOCTb O T ~ ~ ~ O T K H  MeCTOpOHEAeHHR, BJIHR- 
E H e  K O T O P O ~  T a I O K e  BCKPbIBaeTCR TOJIbKO l l p H  F e T e  ~ ~ K T O P ~  B p e M e H H .  

CKOPOCT~ IlOHHHEeHHR Y P O B H R  r O P H b I X  p a 6 o ~  CyE(eCTBeHH0 B J I H R e T  H a  
3KOHOMFFIeCKHe p e 3 y J I b T a T b I  p a 3 p a 6 0 ~ ~ ~ :  s e M  6onbme HHTeHCHBHOCTb 
O T P ~ ~ O T K H ,  TeM 60nbme o 6 m a ~  n p ~ 6 n n b  H, CJreAOBaTeJIbHO,  T e M  60~1b- 
me K o H e s H a R  rny6ma H a p b e p a .  

K O H ~ ¶ H ~ R  r n y 6 ~ ~ a  K a p b e p a  3 a B H C H T  OT COOTHOmeHHR HHTeHCHB- 

HOCTH OTKPbIThIX H I IOA3eMHbIX p a 3 p a 6 0 ~ 0 ~  HJIH OT COOTHOmeHHH n p O H 3 -  
B O ~ C T B ~ H H O ~  MOIQHOCTH K a p b e p a ,  o ~ p a 6 a ~ ~ ~ a r o 1 q e r o  B e p X H I o H ,  ¶ a C T b  

MeCTOPOHEAeHHR, H P Y H H H K a ,  O T ~ ~ ~ ~ T M B ~ I O I ~ ~ I ' O  HHHEHIOIO ¶ a C T b  MeCTO- 
POHEAeHHH. ECJIH CKOPOCTb I I0HH)KeHHR Y P O B H R  r O p H b I X  p a 6 o ~  B K a p b e p t ?  
H l I I a X T e  O A H a  H T a  Hce HJ IH  eCJ IH  I IPOH3BOACTBeHHaR M O Q H O C T b  K a p b e p a  
If D I a X T h I  O A H H a K O B a ,  TO HX H 3 M e H e H H e  (B OAHHaKOBbIX npe~eJIax) H e  
B.-IHR~T ~a 3 ~ a ~ e ~ ~ e  K O H ~ ¶ H O ~  r~1y6mb1 K a p b e p a .  

T ~ K  I t a K  H a  OAHOM H TOM HEe MeCTOpOHEAeHHH (3aJIeHcH) MaKCHMaJIbHO 

B03MOHEHaH I IPOH3BOHCTBeHHaR M O Q H O C T b  K a p b e p a  O ~ N ~ H O  B H e C K O n b K O  
pa3 6onbme MaKCHMaJIbHO BO~MOHEHOG I I P O H ~ B O ~ C T B ~ H H O ~  MOWHOCTH 
P y A H H K a ,  TO 3 TOT ~ ~ K T O P  H ~ O ~ X O A H M O  0 6 ~ 3 a ~ e J I b H 0  p H T b I B a T b  I I p H  P a C -  
n e T e .  

K o ~ e s ~ a n  rny6ma H a p b e p a  ~ ~ B H C H T  T a K x e  OT H a q a n a  O T ~ ~ ~ O T K H  

~ l Z ? K ~ e f i  ¶ a C T H  MeCTOPOHEABHHH IIOA3eMHbIM C I I O C O ~ O M .  ~ P H  3TOM @ a ~ -  
T O P  B p e M e H H  B J I H R e T  H a  aKOHOMZf¶eCKHe p e 3 y J I b T a T b I  O T ~ ~ ~ O T K H .  He- 
CMOTPR H a  TO ¶TO I I P H  O A H O B P ~ M ~ H H O ~  pa3pa60~1te MeCTOpOHEAeHHR OT- 

I KPb ITbIMH H IIOA3eMHbIMH p a 6 0 ~ a ~ H  3 a T p a T b I  K a K  B K a p b e p e ,  T a K  H 
B I l l a X T e  HeCKOJIbKO IIOBbIIUaIOTCR, C P a B H H T e J I b H a R  3KOHOMH9HOCTb OT- 

K P ~ I T H X  p a 6 0 ~  pemo ~ o s p a c ~ a e ~ .  
B H a C T O R m e e  B p e M R  H ~ O ~ X O ~ H M  y ¶ e T  q e H H O C T H  3aHHMaeMOI 'O IIpOMbIlII-  

3 e H H b I M H  l I p e A I I p H R T H R M H  I I p O C T p a H C T B a  3eMJIH ,  paCXOAOB H a  r e O J l O r o -  
p a 3 B e A O ¶ H b I e  pa6o~b1, r 0 p H 0 6  p e H T h I  H a  a c 6 e c ~ o s b l r e  H H e K O T O p b I e  A p y r H e  
MeCTOpOHEAeHHR. Ha oco6o q e H H h I X  MeCTOPOHEAeHHRX H I I P H  B M C O K O ~  

C ~ . ? ~ C K O X O ~ R ~ C T B ~ H H O ~  q e H H O C T H  8eMJIH  B J I H R H H e  a T H X  ~ ~ K T O P O B  B e C b M a  
3 H a 9 H T e J I b H O  H I IPHBOAHT K Y M e H b m e H H I O  n p p e K T H h T X  KOHTYPOB K a p b e -  

POB.  T ~ K H M  o6pa30~ ,  y ¶ e T  p a 3 E O B p e M e H H O C T H  a a T p a T  C y m e C T B e H H O  
H 3 n l e H R e T  p e 3 y J I b T a T h I  p a C ¶ e T O B  I 'paFIHq K a p b e p a  no C p a B H e H H H )  C 0 6 ~ 9 -  

, HbIMH MeTOAaMH. 
~ P H  O ~ H ~ H T H P O B O ¶ H O ~  K ~ ¶ ~ C T B ~ H H O ~  O q e H K e  lIp€!AIIO¶TeHHe AOJIHEHO 

O T A a B a T b C R  TOMY B a p H a H T y ,  n p H  KOTOPOM BJIOHEeHHe K a I I H T a J I b H b I X  3 a T -  
p a T  OTHOCHTCR H a  6onee n 0 3 A H H B  CPOKH, a n o n y q e H H e  ~ a n 6 o n b m ~ x  npn- 
6b1neii OCymeCTBJIReTCR p a H b I I I e .  

ECJIH O T K p b I T a R  p a 3 p a 6 0 ~ ~ a  MeCTOPOHEAeHHR OCYQeCTBJIReTCR 

C H a E L T Y W H M  PeHEHMOM r O p H b I X  p a 6 o ~  (y r0J I  pa6onero 6 o p ~ a  15-17'; 
pa60~b1 OT q e H T p a  K 4 n a ~ r a ~  nnn o c y Q e c T B n R m T c R  no a T a n a M  H c BHCO- 

 of ~EETBHCHBHOCT~IO), TO K o H e m a a  m y 6 ~ ~ a  xapbepa, p a c c s H T a H H a n  

I lO  I I p H B e A e H H b I M  3 a T p a T a M  HJIH IIPH~HJIH, B 1,2-1,5 pa3a 6onbme, 
s e M  ee s ~ a s e ~ n e ,  n o n y s e H H o e  n p ~  p a c q e T e  no 061qenprn~~~of  4 o p ~ y n e .  



T a ~ o i i  me BMBOA ~0x110 c ~ e n a ~ b ,  e c n ~  n p e ~ n o n a r a e ~ a ~  IIPOHBBOA- B~opo i i  n p o ~ e ? ~ i y ~ o . r ~ b ~ i i  KOHTYP, H ~ X O A R ~ H ~ ~ C R  38 n p e ~ e x a ~ ~  20- 
C T B ~ H H ~ R  M O ~ H O C T ~  P Y A H H K ~  M ~ H ~ I I I ~ ,  ¶ e ~  ~ a p b e p a ,  H ~ I H  ~ C J I H  n 0 ~ 3 e ~ -  25 J I e T ,  M0;KeT H M e T b  IIOI'peLUHOCTb I I O P R A K a  20-25%. ~ o I ' ~ ~ ~ H o c T ~  
H b I e  p a 6 o . r ~  H a Y H H a I O T  OAHOBpeMeHHO C OTKpbITbIMH. ECJIH i K e  O T K p b I T a R  J IOCJ IeAyIOpHX KOHTYPOB,  B TOM YHCJIe H I IepCIleKTHBHOI 'O IEOHe¶HOrO 

p a 3 p a 6 0 ~ ~ a  B 0 3 M O m H a  TOJIbKO C HaHXYALUHMH I l a p a M e T p a M H  p e m ~ ~ a  K O H T y p a  K a p b e p a ,  ewe BbIIIIe.  B p a C ¶ e T a X  O H a  M O m e T  6 b I ~ b  I l P H H f l T a  

l'OPHbIX p a 6 0 ~ ,  HHTeHCHBHOCTb p a 6 o ~  B I ;apbt?pe  H ~ ~ H ~ ¶ H T ~ J I ~ R ~  H H e  OI~OJIO 50%. P ~ c ¶ ~ T  3KOHOMH9HOCTH OTKpbITbIX r O p H b I X  p a 6 o ~  B K Z X -  

~ b ~ m e ,  q e ~  B m a x ~ e ,  a I I O A ~ ~ M H E J ~  p a s p a 6 0 ~ ~ ~  n p e ~ n o n a r a e ~ c ~  o c y q e c ~ -  AOM 6 ~ 1 ~ 3 f ; a j i m e ~  ~ P O M ~ ~ Y T O Y H O M  I E o H T y p e  K a p b e p a  A o J I m e H  o c y q e c T -  

BJ IRTb  IIOCJIe OKOH¶aHHR OTKPbIThIX P ~ ~ O T ,  TO K O H e ¶ H a R  r n y 6 n ~ a  K a p b -  BJIRTbCR C YYeTOM @ a ~ c ~ o p a  Bpt?Mt?HII. O ~ H ~ K O  C HeCKOJIbIEO M e ~ b I I I e j i  TO¶- 

epa, p a C C ¶ H T a H H a R  no I IpHBeAeI IHbIM 3 a T p a T a M ,  B 1,5-2 pa3a M e H b I I I e ,  HOCTbIO 3JiOHOMH¶HOCTb OTKpbITbIX p a 6 o ~  B 6 n ~ m a P m e ~  npOMe?KYTO¶HOM 

¶ e ~  ~ O J ~ P ~ H H ~ R  n p ~  P ~ C Y ~ T ~  no O ~ I ~ ~ I I ~ H H R T O ~ ~  @ O ~ M Y J I ~ .  K O H T Y p e  I c a p b e p a  MO?KeT 6 b I ~ b  YCTaHOBJIeHa  no T e K y I Q e M y  K O ~ @ @ H ~ H ~ H T Y  

B C K P ~ I ~ H .  O q e ~ ~ a  ~KOHOMHPEIOCTH O T K ~ ~ I T O ~ ~  p a 3 p a 6 0 ~ ~ ~  B nocneny- 

5 6. OCO~~PIHOCTH O ~ O C H O B ~ H E Z R  KOHTSPOB ~ J I ~ ~ O K I I X  K a p b e p O B  
m w H X  K O H T Y p a X  K a p b e p a  BCJIeACTBHe H ~ B M C O K O ~  T04HOCTH p a C ¶ e T a  MO- 

X e T  6 b I ~ b  O C y p e C T B J I e H a  no C p e f i H e M y  I E O ~ @ @ H ~ H ~ H T Y  BCKPbIIIIH. 

n p I 3  ~ O J I L I I I O ~ ~  r n y 6 ~ ~ e  H 3Ha¶HTeJ ILHhIX  3 a I I a C a X  M e C T O P O m A e H H X  I<o M e p e  p a 3 B H T H I I  I 'OpHbIX p a 6 o ~  npOMeXEyTO¶HbIe  KOHTYPbI  K a p b e p a  

AJIHTeJIbHOCTb er0 ~ o J I H o ~  O T ~ ~ ~ O T K H  I I p e B b I U I a e T  15-20 J I e T ,  a H H O r A a  H 3 K O H O M W H O C T b  13eAeHMR B H H X  OTKpbITbIX p a 6 o ~  AOJImHbI  YTO¶HRTbCR.  

AOCTHI'aeT 30-40 JIeT.  B 3TOM C J I y ¶ a e  YCTaHOBHTb  B I I p O e K T e  AOCTaTO¶HO HOI 'Aa  I 'OpHbIe  pa6o~b1 no B e p X H e M y  Y C T y n y  K a p b e p a  AOCTHrHYT 

TO¶HbIe  KOHe¶HhIe  KOHTYpbI  IEap bepa, BCJIeACTBHe CHH?KeHHH TO¶HOCTE n e p ~ 0 r 0  n p o ~ e l r c y ~ o ¶ ~ o r o  K O H T Y ~ ~ ,  TO ~ e o 6 x o ~ m ~ o  ~ ~ O H ~ B ~ C T H  n p o ~ e p -  
p a C ¶ e T O B  C T e ¶ e H H e M  B p e M e H H ,  I r e  I I PeACTaBJ IReTCR B03MO3fEHbIhI. K Y  3KOHOMH9HOCTH ~ a J I b ~ e f i I I I e I ' 0  p a 3 B H T H H  OTKPbITbIX p a 6 0 ~  B npeXe- 
~ O ~ T O M Y  Pe IEOMeHAyeTCI I  YCTaHOBHTb  I I ePCI IeKTHBHbIe  H IIpOMe;KyTO¶HbIt? J I a X  B T O p O r O  K O H T Y p a ,  T. e. EIa IlOCJIeAyIOll{He 10-12 XeT .  ECJIH A a X b -  

KOHTYPbI  K a p b e p a ,  KOTOPbIe  OI 'PaHHPHBaIOT pa3BI . ITHe BeAeHHII  OTKpbITbIX ~ e i t l r r e e  P ~ C ~ H P ~ H H ~  OTKPMTHX p a 6 o ~  O I ~ ~ ~ K ~ T C R  3KOHOMH¶HMM, TO 

p a 6 0 ~  no OTAeJIbHbIM D e p H O A a M .  p a C ¶ e T O M  fiOJIH(HbI 6 b I ~ b  YTOYHeHbI  B T O P O ~ ~  H I I O C J I ~ A Y I O ~ H ~  ICOHTYPbI. 

C y ¶ e T O M  A ~ G C T B H T ~ J I ~ H O I ' O  p a 3 B H T H R  OTKPbIThIX p a 6 o ~  B K a p b e p e  qepe3 10-12 J I e T  AOJIIIEHO 6 b I ~ b  I IpOEI3BeAeHO YTO¶HeHHe  T p e T b e r O  npo- 
o n p e A e n ~ r o p e e  s ~ a r ~ e ~ ~ e  H M ~ ~ T  ~e n p o e ~ ~ ~ a ~  r ~ 1 y 6 ~ ~ a   capb be pa, a npo- M e > K y T o ¶ H o r o  K o H T y p a  H T. A. 
~ I C T H M ~  er0 KOHTYP H a  I IOBepXHOCTH.  TO O ~ ~ F I C H R ~ T C I I  T e M ,  ¶TO I 'OpHbIe  Ecnm A a ~ ~ b ~ e G l r r e e  P ~ C ~ H P ~ H H ~  OTKPHTMX p a 6 0 ~  O K ~ > I < ~ T C R  H ~ ~ K O -  

'pa60~b1 B K a p b e p e  I I p H  HX P a 3 B H T H H  AOCTHraIOT n p O e K T H O I ' 0  K O H T Y p a  H O M H ~ H H M ,  TO OHH 6 y ~ y ~  I I O ~ ~ ~ ~ T ~ C R  no r p a ~ ~ q e ,  ~ C T ~ I I O B ~ ~ H H O ~ ~  HC- 

B 2-3 pa3a G ~ I C T P ~ ~ ,  ¶ e ~  ~ P O ~ K T H O ~  ~ J I Y ~ H H ~ I .  ~ O ~ T O M Y  DPH 0npeae~1e- XOAR H 3  I I e P B O r O  IIPOMeXCYTO¶HOrO IEOHTYpa.  H 3TOMY B p e M e H H  M O r Y T  
H H H  r p a H H q  O T I E P M T O ~ ~  p a 3 p a 6 0 ~ ~ ~  H ~ O ~ X O ~ H M O  n p e l K A e  B C e r O  YCTaHaB-  6 b I ~ b  AOCTaTOUHO XOPOIIIO HCCJIeAOBaHa y c ~ o & ¶ ~ n o c ~ b  HOPOR,  B e C b M a  1 
J ~ H B ~ T ~  ~e ~ J I Y ~ H H Y  ~ a p b e p a ,  a ero KOHTYP ~a IIOB~PXHOCTH, T. e. p a c q e ~  T O ~ H O  o n p e ~ e n e ~ b ~  s ~ a s e ~ n a  y r n o ~  n o r a m e ~ ~ x  n O p O A  H TO~THO y c T a H o B -  

H a A O  BeCTH OT YCTaHOBJIeHHOrO K O H T y P a  H a  I IOBePXHOCTH K I IPOeKTHPO-  J I ~ H ~  K O H ~ ¶ H ~ H  r n y 6 ~ ~ a  R a p b e p a .  1 
BaHHIO er0 I ' J I Y ~ H H ~ I .  I 

0 6 p a ~  c x e M a  p a c s e T a  COCTOHT B C x e A y m w e M .  npemae ncero y c T a a a s -  

J IHBaIOT l l e p C n e K T H B H b I e  H P R A  IIpOMe?KyTO¶HbIX KOHTYPOB.  ~ ~ P C I I ~ I C T E I B -  

H b I e  ICOHTYPbI H a  I IOBePXHOCTH I E a p b e p a  O r p a H H ¶ H B a I O T  BO3MOlrcHOe pas- TJlABA X V I  

BHTHt? OTKpbIThIX p a 6 0 ~  IIO 3KOHOMH¶eCKMM B A p Y r H M  YCJIOBHRM. ~ T H  IIPOM3RO,lJ,CTBEkIlIAlI MOqflOCTb KAPbEPOB 
ICOHTYPbI OIIPeAeJIRIOT H 3 0 H Y ,  B H Y T P H  KOTOPO& H e  AOJIHCHO B e C T H C b  

CTPOHTeJIbCTBO AOJIrOCPOUHhTX 3 ~ a ~ H f  H C O O P Y X ~ H E ~ ~ ~  (KPYIIHMX r w P O -  1. I I ~ O H ~ B O ~ C T B ~ H H ~ R  M O ~ H O C T ~  ~apbepa  
TeXHH¶eCKHX C O O P Y X ~ H E I ~ ,  ~ O J I ~ U I E I X  O ~ ~ ~ C T B ~ H H H X  3 ~ a ~ H i j [  H T. II.). H @ ~ K T O P ~ I  ee O I I ~ ~ ~ ~ J I R I O ~ E Z ~  

n e p c n e ~ ~ ~ ~ ~ ~ e  KOHTYPH no rny6m~e  I E a p b e p a  o r p a H E I s H s a m T  ysa- 
CTKH M e C T O P O m A e H H R ,  C I I O C O ~  P ~ ~ P ~ ~ O T K ~ I  IEOTOpbIX H e  MOlKeT C¶HTaTbCIi  ~ ~ O E ~ B O ~ C T B ~ H H ~ R  M O p H O C T b  K a p b e p a  - 3 T 0  KOJIKgeCTBO ~ O P H O ~  

OKOHUaTeJIbHbIM.  B ~ m e  3THX Y¶aCTKOB PaCIIOJIOIfCeHa 3 0 H a  OTKPbI- M a c c M ,  ~ 0 6 ~ ~ a e ~ o f  B I c a p b e p e  B e A H H H q Y  B p e M e H H .  ~ P O H ~ B O A C T B ~ H H Y H )  

TbIX p a 6 o ~ ,  HHlrce  - 3 0 H a  I IOA3eMHbIX p a 6 o ~ .  ~ ~ O M ~ ~ ~ T O ¶ I I M ~  KOHTY- M O w H O C T b  K a p b e p a  H 3 M e p R I O T  B T O H H a X  HJIH K Y ~ O M ~ T ~ ~ X  H HC9HCJIRIOT 

P b I  K a p b e p a  n p O e K T H p y I O T C R  C 3 a A a H H h I M  H H T e P B a J I O M  B p e M e H H ,  KOTO- B C M e H y ,  CYTKH, M e C I I q  H r O A .  

p b I G  B o 6 4 e ~  CJIy¶ae  P e K O M e H A y e T C R  np lXHElMaTb  B I I p e A e J I a X  10-12 J I ~ T .  B ~ ~ H M O C B R ~ ~  Me?KAY O ~ % ~ M ~ M H  p a 6 o ~  K a p b e p a  no n O J I e 3 H O M y  HCKO- 

T o s ~ o c ~ b  ' pacse~a  n p o M e x c y T o ¶ H b I x  K O H T ~ ~ O B  p a 3 ~ 1 ~ s ~ a .  n a e M o M y ,  B c I c p b I m e  H r o p ~ o i i  M a c c e  cnenymwas: 
n e p ~ b I f  I I ~ o M ~ ? K Y T ~ ¶ H ~ I ~  K O H T Y P  K a p b e p a  A O J I w e H  H M e T b  BbICOKYIO 

TOqHOCTb  C I IOrpe IUHOCTbIO p a C ¶ e T O B  OKOJIO 5 ~ 1 0 % .   OH^ B n O n H e  MOlrceT 17, ==n,,k.,, at3, 
6b1Tb AOCTHI'HYTa, T a K  IEaK O ~ ~ C I I ~ ? ¶ H B ~ ~ T C I I  B ~ I C O K O ~  CTe l l eHbIO  p a 3 B e -  

AaHHOCTH B e P X H H X  I 'OPH30HTOB MeCTOPO?XAeHHR H B H C O I E O ~ ~  CTeIIeHbH3 1 1 
AOCTOBepHOCTH HCXOAHMX 3KOHOMHPeCKHX 110~a3a~eJIe6. n,. ,=nu.-+n.= nu (7+kT).  

Yu I w 



I'Ae 17, - I IpOH3BOnHTeJ IbHOCTb  K a p b e p a  I IO H C K O n a e M O M y ,  mlzod; 
17, - o 6 a e ~  p a 6 o ~  no B C K p b I m e ,  m3/z0a; 

17,., - r o ~ o ~ o G  0 6 a e ~  no r o p ~ o i i  M a c c e ,  ~ 3 ;  

k, - T e K y I Q d f  K O ~ @ @ ~ H ~ H T  B C K P M m H ,  A3/m; 
y, - 0 6 a e ~ ~ h 1 i i  sec n o ~ r e 3 ~ o r o  H c K o n a e M o r o ,  m / m 3 .  

O ~ O C H O B ~ H H ~  I I ~ O H ~ B O ~ C T B ~ H H O ~ ~  MOIQHOCTH H a p b e p a  no IIOJIe3HOMy 

HCKOIIaeMOMY HBJlIIeTCFI T ~ X H H K O - ~ I E O H O M W ~ C K O ~ ~  3ana¶efi, T a K  K a K  
AXH ee p e I U e H H H  ~ e o 6 x o g m  aHaJ IH3  T e X H W e C K H X  @ ~ K T O P O B  H 3KOHOMH- 
¶eCKHX p 0 3 y J I b T a T O B .  qeJIbIo p a 3 p a 6 0 ~ ~ ~  M e C T O P O X n e H H I I  IIBJIHeTCII 

H e  TOJIbKO n06h1~a IIOJIe3HOI'O HCKOIIaeMOI'O B YCTaHOBJIeHHOM P a B M e p e ,  
HO I5 n0CTH)KeHHe  B p e 3 y J I b T a T e  3TOI'O H ~ H ~ O J I ~ U I ~ I ' O  3 K O H O M W e C K O r O  
3 @ @ e K T a ,  T. e. M ~ K c ~ T M ~ J I ~ H o %  np~6b1nm. HO~TOMY IIPOH3BOACTB0HHaH 
M O q H O C T b  IIO IIOJI03HOMJ7 HCKOIIaeMOMy AOJIIKHa 6h l~b  O I I T E M ~ J I ~ H O ~ ~ ,  

T. e. T ~ K O ~ ,  I I p H  KOTOPOL B p e 3 y J I b T a T e  p a 3 p a 6 0 ~ ~ m  MeCTOPOIKneHHII  

nOCTHI'aeTCR M a K C H M a J I b H a R  np~6b1nb. T ~ K  K a K  B 3 a T p a T a X  H a  OTKPM- 
T y I o  p a 3 p a 6 0 ~ ~ y  66nbmacr AOJIH n a A a e T  H a  B C K p b I m H b I e  pa6o~b1, TO onpe- 
AeJIeHHe o ~ T E M ~ J I ~ H o ~  I I P O H ~ B O ~ C T B ~ H H O G  MOIQHOCTH K a p b e p a  HeBO3-  
M O X H O  683 P e T a  B C K p M m H M X  p a 6 o ~ .  HOBTOMY O H a  AOJIIKHB 6 h l ~ b  
O I I T H M ~ J I ~ H O ~  H e  TOJIbKO IIO IIOJIe3HOMY HCKOIIaeMOMY, H O  H no BCKPhIIIIe.  

I Ha B e J l H ¶ E H y  ~ ~ O E ~ ~ B O ~ C T B ~ H H O B  MOIQHOCTH K a p b e p a  BJlHEIeT 60~1b- 
DIOe ¶HCJIO TeXHHPeCKHX H 3 K O H O M W e C K H X  @ ~ K T O P O B :  I I O T ~ ~ ~ H O C T ~  H a -  

POnHOI'O X O ~ H G C T B ~  B nOJIe3HOM HCKOUaeMOM; OTI IyCKHaR q e H a  H a  T O B a p -  
HYIO I IPOnYKIQi Io ;  C ~ ~ ~ C T O H M O C T ~  1 m ~ 0 6 ~ 9 ~  C Y¶eTOM IIOI'aIlIeHHEI 38- 
T p a T  H a  BCKl)hIIUHbIe pa6o . r~ ;  I 'eOJIOI'WeCKHe YCJrOBHII MeCTOPOIKAeHHII; 
B e J I W E I H a  3 a U a C O B  I IOXe3HOrO m C K O n a e M O r 0 ;  C I I O C O ~  BCKphlTHFI; CHCTeMa 

p a 3 p a 6 0 T K H  H T. A. 
B C J I ~ ~ C T B H ~  a H a ¶ E T e J I b H O r O  KOJIElPeCTBa OIIpeneJIIITOIQHX @ ~ K T O P O B ,  

~ O X ~ I L I H H C T B O  E13 KOTOPMX B3aHMOCBH3aHhl ,  pemeHHf3  3 a A a ¶ H  UO O n p e -  

ne.?eHmIO o ~ T H M ~ J I ~ H o P  I I P O ~ ~ B O ~ C T B ~ H H O ~ ~  MOIQHOCTH K a p b e p a  U p e A -  
CTaBJIHeT T P Y n H O C T b  H ~ p e 6 y e T  TIQaTeJIbHOI'O BhIHBJIeHHEI H a H a J I H 3 a  OC- 

HOBHhIX @ ~ K T O P O B .  

@ ~ K T O P H ,  O I ' p a H W H B a I O I Q H e  IIPOH3BOnCTBeHHYIO MOIQHOCTb K a p b e p a ,  

M O X H O  p a 3 A e J I H T b  H a  I ' O p H O T e X H W e C K H e  H aKOHOME¶eCKHe.  OCHOBHHMH 
I 'OPHOTeXHWeCKHMH @ ~ K T O ~ ~ M H ,  OItpeneJIHIOIQHMH I I P O H a B O ~ C T B e H H Y H )  
MOwHOCTb K a P b e P a ,  HBJIRIOTCR: I I P O B 0 3 H a H  C I I O C O ~ H O C T ~  TpaHCI IOPTHhIX 
K O M M ~ H H H ~ ~ ~ ;  HHTeHCHBHOCTb Pa3BHTHEI I'OPHMX p a 6 o ~  H ¶HCJIO ~ 0 6 ~ s -  
HbIX 3KCKaBaTOPOE.  ~ P O B O ~ H I E I  C I I O C O ~ H O C T ~  TpaHCI IOPTHMX KOMMYHH- 
K a q H G  O I ' p a H W H B a e T  o 6 a e ~  ~ O ~ H O S  MaCCM, B H H ~ B ~ ~ M O ~  H 3  K a p b e p a  

H ,  CJIeAOBaTeJIbHO,  ~ 0 6 ~ 9 ~  IIOJIe3HOI'O HCKOUaeMOI'O. B 061qe~  C J I y P a e  
o r p a H w e H n e  U ~ O H ~ B O ~ C T B ~ H H O P  MOIQHOCTH K a p b e p a  no rop~of i  M a c c e  

IIO yCJIOBHIo U ~ O B O ~ H O ~ %  CIIOCO~HOCTH T p a H C U O P T a  B h I p a l K a e T C B  @OPMYJIOG 

(XVI, 2) 

r$(e NT - KOJIWeCTBO I 'PY30TPaHCIIOPTHhlX BMXOAOB H 3  K a p b e p a ;  
17, - U p O B O 3 H a H  C I I O C O ~ H O C T ~  r p y 3 0 T p a H C I I O p T H O I ' O  BbIXOAa ,  n t 3 / ~ 0 d .  

K O J I W ~ C T B O  r P Y 3 0 T P a H C I I O P T H h l X  BMXOAOB H 3  K a p b e p a  0 6 ~ 9 ~ 0  O r -  
P a H W H B a e T C H  IIO YCJIOBHEIM HX B3aHMHOI'O " ~ ~ ~ M ~ I Q ~ H H H ,  a IIPOH3BOn- 
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CTBeHHaI I  MOIJJ,HOCTb KaSI<AOI'O TPaHCI IOPTHOrO BMXOAa OIIpeAeJIHeTCH 
ero ~ o ~ c ~ p y ~ q n e i i  H n a p a M e T p a M n .  

H p H  X e J I e 3 H O A O p O X H O M  T p a H C I I O p T e  PHCJIO K a U E T a J I b H M X  T ~ ~ H I I I ~ ~  
H X e J I e 3 H O n O P O X H h l X  C T ~ H ~ H ~  H a  OAHOM K a p b e p e  o6b1n~o H e  6onee On- 

HOG, H a  K P Y n H O M  K a p b e p e  - H e  6onee AByX.  ~ ~ o I I ~ c K H ~ H  C I I O C O ~ H O C T ~  

COBpeMeHHhtX K a p b e p R H X  K O M M Y H H K ~ ~ H ~  K O J I ~ ~ ~ ~ T C I I  B U p e n e J I a X :  
o ~ ~ o ~ o n e i i ~ ~ e  T p a H m e H  H n p o c T m e  caesw - 15-20 nap n o e a A o B  

B CMeHY; ~ B Y X K O J I ~ G H M ~  T P a H l l I e H  H CJIOXHbIe C'be3AM - 50-60 nap 
IIOe3AOB B CMeHY; K a p b e p H h l e  XeJ Ie3HOAOPO?KHbIe  C T a H q H H  - 200- 
250 nap IIOe3AOB B CYTKH. HPH 3 a n a H H O M  B e C e  I I O e 3 A a ,  P a B H O M  nq, 
H H ~ B ~ C T H O B  IIPOIIYCKHO~ CIIOCO~HOCTH N IIOe3AOB OIIPeAeJI t IeTCH n p O B O 3 -  
H a s  C ~ O C O ~ H O C T ~  TpaHCUOpTHOI'O BhIXOAa 

P I'Ae f - K O ~ @ @ H ~ H ~ H T  p e 3 e p B a  I I P O B O ~ H O ~  C U O C O ~ H O C T H  (f = 1,2-1,25). 
n p H  ~ B T O M O ~ H J I ~ H O M  T p a H C I I O p T e  ¶HCJIO TPaHCI IOPTHhIX BMXOAOB 

M O X e T  6h l~b  60~1bme, HO AJIH HFDKHHX I'OPH30HTOB (rny6xe 30-40 &) 
O H 0  0 6 ~ 9 ~ 0  COCTaBJIHeT H e  6onee 2-3 H a  OAHOM K a p b e p e .  f l p 0 I l y c K ~ a I I  

C I I O C O ~ H O C T ~  ~ B T O M O ~ H J I ~ H O ~ O  c ' b e 3 A a  HJIH T a ~ m e f i  C ABYXUOJrOCHhIM 
, A B H X e H H e M  B O ~ H ¶ H M X  K J I H M a T W e C K H X  YC OBHIIX COCTaBJIHeT 200- 

250 nap ~ B T O M O ~ H ~ ~ ~ P  B 1 V. 
R 

K O J I W ~ C T B O  HaKJlOHHhlX IIOA'beMHHKOB (CKHIIOBHX EJ IH  K O H B ~ ~ ~ P -  

HHX) OI ' paHHPHBaeTCR P a q H O H a J I b H h l M E l  P a 3 M e P a M H  pa6o~eG 3OHbI B H Y T P H  

K a p b e p a ,  npnxonaqeiic~ H a  OAHH n o A n e M H n K ,  YCJIOBHHMH p a a ~ e q e -  
H H H  IIePt?I 'PY30¶HhIX IIYHKTOB H a  UOBePXHOCTEI H AJIHHOG ~ e p a 6 o ~ ~ x  
~ O P T O B ,  H a  KOTOPhlX MOrYT 6 M ~ b  p a 3 M e I Q e H h l  IIOA'beMHHKH. P ~ C C T O H H H ~  
M e X A y  I I epe I 'PY30PHhIMH I IYHKTaMH IIOn'beMHHKOB H a  I IOBePXHOCTH; 
0 6 e c n e ~ ~ ~ a m 1 q e e  ~ e o 6 x o ~ ~ ~ o e  p a 3 ~ ~ ~ ~ e  X e n e s n o n o p o x H M x  ny~eG 
H H O P M ~ J I ~ H I J G  O ~ M ~ H  IIOt?3AOB, COCTaBJlEieT 250-300 &. E c n ~  H a  I IOBepX-  

I HOCTH HCIIOJIb3YeTCH H e  X ~ J I ~ ~ H O A O P O X H ~ I G ,  a ~ B T O M O ~ H J I ~ H H ~  T P a H C -  

I IOPT,  TO 3 T O  PaCCTOIIHHe  M O X e T  6 M ~ b  YMeHbIUeHO A 0  185-150 &. flp0- 
HaBOAmTeJIbHOCTb COBPeMeHHhIX C K H l l O B P X  H K O H B ~ & ~ P H ~ I X  IIOA'beMHH- 

, IiOB COCTaBJIReT 7-12 MJIH. m B I'OA ( ~ a 6 n .  64). 
t B O ~ M O X H ~ I I  IIPOH3BOACTBeHHaH MOIQHOCTb K a p b e p a  IIO HHTeHCHB- 

HOCTH p a 3 B H T H H  I 'OpHMX p a 6 o ~  OIIpeAeJ IReTCR 0 6 ~ 9 ~ 0  I I P H  HaKJIOHHOM 

I I p o H s B o A m e n b t l o C r L  
OnHOl'O TpaHCII3iJT- 

H O P 0  I I O T O H a ,  
T U C .  mlu  



H KPYTOM n a A e H E H  3 a J I e l K H  CKOpOCTbH) IIOHHZKeHHH r O p H b I X  p a 6 o ~ ,  n p H  

IIOJIOrOM H r O P H 3 0 H T a J I b H O M  3 a J I e r a H H H  - CKOPOCTbH) IIOABHI'aHHH 

@ ~ O H T ~  pa6o.r. ~ ~ B H C H M O C T ~  MeHcAy ~ e J l ~ ¶ l T H 0 6  irOAOBOI'0 IIOHHlKeHlTR 

r O p H b I X  p a 6 o ~  k3 I I ~ o & ~ ~ B o ~ c T B ~ H H o ~ ~  MOUJIIOCTbIO K a p b e p a  IIO n O A e 3 H O M y  

H c K o n a e M o M y  n p H s e A e H a  B r n a B e  XIII .  
n p H  I 'OPH30HTaJIbHOM H IIOJIOI'OM 3 a J I e r a H H H  3aBHCHMOGTb M e X A Y  

~ ~ O H ~ B O ~ C T B ~ H H O ~  MOqHOCTbIO K a p b e p a  H CKOPOCTbH) IIOABHI'aHHH 

@ ~ O H T ~  p a 6 o ~  6 y ~ e ~  

(XVI ,4) 

I'Ae n, - UPOH3BOAHTeJIbHOCTb BCIEPHLUHOI'O 3 I E C K a B a T O p a ,  a3 /20a ;  

H, -- BbICOl'a BCKpbIIUHOrO y C T y I I a ,  ant; 
L, - Anma 6 n o ~ a ,  m. 

~ H C J I O  A O ~ ~ I ~ H M X  ~ I C C K ~ B ~ T O P O B  B o 6 4 e ~  cnysae o n p e A e n H e T c H , n o  

I'ne iV, - WiCJIO AO~H¶HLIX YCTYIIOB; 

m - ¶HCJIO 3 K C K a B a T O P O B  H a  OAHOM Y C T y n e .  

'~HCJIO 3 K C K a B a T O p O B  MOlfCeT 6 ~ ~ b  OI IpeAeJ IeHO rpa@Zi¶ec~H I I y T e M  H X  

paCCTaHOBKI4  H a  HeCKOJIbKHX X a p a K T e p H b I X  DOrOPH30HTHbIX I I J I a H a X ,  

B A O C T ~ T O ¶ H O ~  CTeIIeHII  OTPaHcaIOLqHX O C O ~ ~ H H O C T H  r O p H b I X  pa6o.r 3a 
p a c c ~ a ~ p ~ ~ a e ~ ~ i i  n e p H o x .  

3KOHOMWeCKHM @ ~ K T o ~ ~ M ,  OI lpeAe .7 IHJ04HM IIPOH3BOACTBeHHYH) 

MOWHOCTb K a p b e p a ,  OTHOCHT: BeJIH¶HHY YAeJIbHbIX H ~ ~ C O J I H ) T H ~ I X  K a -  

I IHTaJI  bHbIX 3 a T p a T  H a  CTpOIITeJIbCTBO I E a p b e p a ;  C ~ ~ ~ C T O H M O C T ~  H O T n y C K -  

HYH) q e H y  T O B ~ P H O ~ ~ ~  I IPOAYK4HH;  P a 3 M e p  OIlJIaTbI  38 3 e M e J I b H b I e  n.110- 
q a A H ,  s a a n ~ a e ~ b ~ e  n p e A n p H m H e M ;  B e n H s m H y  r o p ~ o i i  p e H m  EI T. A. 

@ ~ K T O ~ ~ M H ,  O I ' p a H H ¶ H B a I O q H M H  B03MO;fiHYH) I IPOH3BOAHTeJIbHOCTb 

K a p b e p a ,  RBJIHIOTCH I I O T ~ ~ ~ H O C T ~  B nOJIe3HOM HCICOIIaeMOhl H BeJIHYHHa 

~ ~ C O J I J O T H ~ I X  KaIIHTaJ7bHbI.X 3 a T p a T .  

~ O T P ~ ~ H O C T L  B nOJIe3HOM HCKOIIaeMOM 3 a A a e T C H  AHPeKTEiBHO HJIH 

I I p H H H M a e T C H  B COOTBeTCTBlllT C I IJ IaHOM p a 3 B H T H R  p a f 0 H a .  Y ~ O B ~ H L  
I I O T P ~ ~ H O C T H  B IIOJIe3HOM HCKOnaeMOM HBJIHeTCH X e C T K H M  O I ' p a H H s e H H e M ,  

ecnm K a p b e p  0 6 e c n e . r ~ ~ a e ~  O r p a H a I e H H o e  mcnn n p e ~ n p n ~ ~ ~ i i  co c T a -  

~ H J I ~ H O ~  I I O T P ~ ~ H O C T ~ I O  B AaHHOM C b I p L e  HJIH TOIIJIHBe ( ~ a n p ~ ~ e p ,  
o n p e A e n e H H y H )  O ~ O ~ ~ T H T ~ J I ~ H Y I O  ( P a 6 p ~ ~ y  HJIH T3IJ). 

B e n m H H a  ~ ~ C O J I I O T H I ~ X  ICaIIHTaJIbHMX 3 a T p a T  I IpRMO nponopqao- 
H a J I L H a  ~ P O H ~ B O A C T B ~ H H O ~  MOmHOCTH K a p b e p a .   TO OTHOCHTCH IlpeifFAe 
BCeI'O K MeCTOPO>I<AeHMRM C O r P a H H Y e H H b I M H  3 a l l a C a M I I .  

I C a n ~ ~ a n b ~ b ~ e  a a ~ p a ~ b ~  H a  C T p o F i T e n b c T B o  xapbepa n o s m  IIOJIHOCTE.~ 

n o r a m a I o T c H  H a  H ~ B J I ~ K ~ ~ M L I ~  3anacb1. ~ O ~ T O M ~  npm o r p a H w e H H b I x  

sanacax, ¶eM 6onb111e npOH3BOACTBeHHaR MOmIIOCTb I E a p b e p a ,  T e M  60~1brne 
aMOpTE13aqHH K a l l H T a J I b H b I X  3 a T p a T  B C ~ ~ ~ C T O H M O C T H  1 m n O J I e 3 H O r O  

HCKOnaeMOI'O. H~CMOTPR H a  TO ¶TO C y B e J I H ¶ e H H e M  I I P O H ~ B O A C T B ~ H H O ~  

M O I ~ H O C T H  K a p b e p a  ~ K C I I J I ~ ~ T ~ ~ H O H H H ~  p a c x o A b I  (B OCHOBHOM s a p n n a ~ a  
H ~ J I ~ I c T P o ~ H ~ P ~ H R )  COKpaWaIOTCR,  I I p H  H ~ ~ O J I L I I I H X  CpOIEaX O T P ~ ~ O T K H  

Mt?CTOT)OXfEAeHHH ( M ~ H ~ I I I ~  15-20 JIeT) y K a 3 a H H y I o  3aBHCHMOCTb H ~ O ~ X O -  

AHMO Y9HTJdBaTb .  B e J I H W 3 H a  a M O p T H 3 a I p H  KaIIHTaJIbHEJX 3 a T p a T  B ce6e- 
CTOFiMOCTH 1 m nOJIe3HOI'O HCIEODaeMOI'O MO>KeT C T a T b  O C O ~ ~ H H O  O q Y T H -  

M O ~ ,  CCJIH U p H  HHT~HCHBHO% O T ~ ~ ~ O T K ~  M~CTOPOHCA~HHI? C H ~ ~ O J I ~ ~ H M ~  

s a n a c a ~ ~  n p e A n o n a r a e T c H  C T p o n T e n b c T B o  c o o p y x i e ~ ~ i i  n o B e p x H o c T H o r o  

K o M n n e x c a ,  npoxonxa ~ p a ~ l u e i i  60~1bmoro c e s e H m ,  C T p o m e J r b c T B o  

A O p O r  H T. A. O C T ~ J I L H ~ I ~  3KOHOMH¶eCKHe @ a K ~ o p b I  H e  CJIYHEaT ~ ~ ~ Y C J I O B -  

HbIM O I ' p a H H q e H H e M  M ~ I F C H M ~ J I ~ H O ~  IIPOH3BOAHTeJIbHOCTH, B 0 6 q e ~  C a y -  

¶at? y ¶ e T  3THX @ ~ K T O P O B  II03BOJIHeT YCTaHOBHTb OITTHMaJIbHYH) I IpOH3BOA- 

. CTBeHHyH) MOmHOCTb IEapbepa. 
Y~eJ Ib~h le  IEanHTaJ IbHbIe  3 a T p a T h l  H C ~ ~ ~ C T O H M O C T ~  1 m I 'OPHO~~ MaCCbl  

c y s e n m s e H H e M  n p o ~ ~ ~ ~ o ~ c ~ s e ~ ~ o i i  M O ~ H O C T H  H a p b e p a  c o ~ p a ~ q a r o ~ c ~ .  
3 T a  3aBHCHMOCTb p a 3 J I H s H a  AJIH P a 3 H b I X  0 T p a ~ ~ 1 e f i  I ' O P H O ~  IIPOMbIIU- 

JIeHHOCTH H A n H  pa3J I IVIHbIX A H a I l a 3 0 H O B  H3MeHeHHH I I P O H ~ B O ~ C T B ~ ? H H O ~  

M O I ~ H O C T H  xapbepa. 
O T ~ ~ C K H ~ R  q e H a  H a  T O B a p H y H )  I IpOAYKqHH) 3aBHCHT OT ee K a ¶ e C T B a  

H O u p e A e n s i e T  ~ ~ H H O C T L  D O J I ~ ~ H O ~ O  F i c x o n a e M o r o  H T e M  c a M b I M  pema- 
6 e J I b H 0 ~ T b  p a 3 p a 6 0 ~ ~ ~ .  B o 6 4 e ~  BHAe  MeHEAY B ~ J I H ¶ H H O ~  O O I I T ~ M ~ J I ~ H O ~  

I I ~ O H ~ B O ~ C T B ~ H H O ~  M O q H O C T H  K a p b e p a  H O T I I Y C K H O ~  qeH0ij[ H M e e T  MeCTO 

I l p O n O p q H O H a J I b H a H  3aBHCHMOCTb. '1eM BbIIIIe Y P O B e H L  OTIIYCKHbIX 

4 e H ,  T e M  6onb111e 3 H a ¶ e H H e  O U T H M ~ J I ~ H O ~ ~ ~  I I P O H ~ B O A C T B ~ H H O ~  M O q H O C T H  

I E a p b e p a .  

k 
n p M  O q e H I t e  3~0 i j [  3aBHCHMOCTII H ~ O ~ X O A H M  y ¶ e T  @ a ~ T o p a  B p e M e H H ,  

I Ta l c  KaIE H a A O  0 4 e H H T b  H e  TOJIbKO B e J I W H H Y  3 a T p a T  H AOXOAOB, HO H I IX 

P a C I I p e A e J I e H H e  BO B p e M e H H .  BJ IE~RHH~ ( P ~ K T o ~ ~  B p e M e H H  ~ a ~ 6 o n e e  Cy-  

4 e C T B e H H O  H a  M e C T O p O E C ~ e H H H X  q e H H b I X  PYA C BbICOKHMH O T n y C K H M M l t  

/ q e n a n t n ,  a T a K w e  H a  M e c T o p o w j q e a a n x  c 6 o n b r n a ~ a  ~ o a + + n q ~ e ~ ~ a ~ a  



BCKphlIIIH. ~ ~ B H C H M O C T ~  I I P O H ~ B O A C T B ~ H H O ~ ~  MOJQHOCTH K a p b e p a  OT @aK-  

T O p a  B p e M e H H  C n o m H a  E BbIRBJIReTCR B 064eii 33HOHOMHKO-MaTeMaTEfqeC- 
KOG MOAeJIH K a p b e p a .  O R H ~ K O  B o 6 4 e ~  BHAe Y s e T  @ ~ K T O P ~  B p e M e H H  YKa- 

3bIBaeT H a  H ~ O ~ X O J ( E M O C T ~  H H T ~ H C H @ H K ~ ~ H H  p a 3 p a 6 0 ~ ~ ~  MeCTOPOX- 
A e ~ H f i .  

Ha M e C T O P O X ~ e H H R X  C ~ O J I ~ I ~ H M H  3aI IaCaMH (YCJIOBHO H e o r p a H w e H -  
HMMH) ~ P O H ~ B O A C T B ~ H H ~ R  MOJQHOCTb K a p b e p a  AOJIHtHa I tpHHHMaTbCR 
M ~ K c H M ~ J I ~ H o ~ ~  no ~ o ~ H O T ~ X H W ~ C K H M  @ ~ K T O ~ ~ M  H YCJIOBITRM C ~ H T ~  IIPO- 

AYKIJHH. B aTHX YCJIOBHRX MaKCHMaJIbHaR e r O  IIPOH3BOACTBeHHaR MOJQ- 
HOCTb H ~ H ~ O J I ~ ~  aKOHOMH9Ha. 

Ha M e c T O p o ~ c ~ e ~ B f R x  c O r p a H H s e H H M M H  3 a n a C a M H ,  K O r A a  I I p H  O q e H K e  
lI0 MaKCHMaJIbHO B O ~ M O X H O ~  IIPOH3BOAHTeJIbHOCTH CPOK CJIYX~M 
n p e A n p H R T H R  M e H e e  20-25 JIeT,  H ~ O ~ X O A H M O  PaCCsHTaTBaTb OnTEMaJIb-  

H o e  s ~ a s e ~ ~ e  I I ~ O H ~ B O ~ C T B ~ H H O ~ ~  MOWHOCTH K a p b e p a .  

~ K O H O M W ~ C K ~ R  o q e H K a  H ~ H ~ J I H ~  K a n e H n a p H o r o  n n a H a  B c K p u m H H x  
H ~ 0 6 a r n ~ h 1 x  pa6o.r H ~ O ~ X O ~ H M L I  n p H  O ~ O C H O B ~ H H H  O ~ T H M ~ J I ~ H O ~ ~  npo- 
H~?BOJ(CTB~?HHO~~ MO4HOCTH K a p b e p a  K a K  no nOJIe3HOMy HCKOnaeMOMy, 

TaIc H IIO BCKphIIUe. ~ P H  ~ ~ H ~ H H O G  I IOCTORHHO~~ I I P O B ~ ~ B O ~ C T B ~ H H O $ ~  MOLQ- 

r M ~ Z O ~  HOCTH ~ a p b e p a  no ~o6ar se  
I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  B 

Y T A V  ~eseane o n p e ~ e n e ~ ~ o r o  ne- 
pnoAa ronome o 6 a e ~ ~  

Y BCKphImH MOrYT 6bI~b TaK- 

V-dV x e  IIOCTORHHMMH, HO MO- 

r Y T  H H3MeHRTbCII BO B p e -  
MeHH P 8 3 J I W H H M  o6pa30~ 
B 3aBHCHMOCTH OT YcJIoBHI?~ 

T,nem a a n e r a H m  MecToI)oWIIeHnR. 
A . .  

Prrc . 283. BapI ta~~b1  paRHoMePHOP0 ( I )  a cTyneHsaToro cnoc06a BCKpaTTHR, CHCTeMLI ( 2 )  pampr~rnc'rrr~rr o b z c ~ o u  ucKpbrrne no roilam pas- 
paGo~~rr p a 3 p a 6 0 ~ ~ ~  H A p y r H X  @ a ~ -  

. TOPOB. M ~ M ~ H R R  n a p a M e T p M  
r O p H M X  p a 6 o ~  H H a n p a B J I e H H e  HX Pa3BHTHR,  MOWHO A O ~ H T ~ C R  H3MeHe- 
HHR K a n e H n a p H o r o  p a c n p e A e n e H m  B c K p n r n n .  IIpn a T o M  H ~ O ~ X O A H M O  
S H ~ T ~ ,  K a K a R  @ o p ~ a  H K a m e  n a p a M e T p a  K a n e H A a p H o r o  r p a @ n ~ a  
B C K p h I m H  ~ a ~ 6 o n e e  3HOHOMWHM. 

O ~ ~ ? H H M  PaqHOHaJIbHOCTb I I J IaHa  BCKPHmHbIX pa6o.r B o 6 4 e ~  B H n e  

H a  n p H M e p e  3KOHOMH¶eCHOrO CPaBHeHHR ABYX @OPM r p a @ H ~ a  ( ~ H c .  283), 
HMeR I I P H  aTOM B BEJO',' ¶TO IIPOH3BOACTBeHHaR MOJQHOCTb K a p b e p a  no 
~o6arse B 0 6 0 ~ ~  B a p H a H T a X  OAHHaKOBa. 0 6 n e ~  nyC!l'HX n O p O A  B KOHTY- 

pax K a p b e p a  oAHHaKoB B TOM E A p y r o M  B a p n a H T a x ,  HO p a c n p e n e n e H n e  
B c K p H r n m  no r o A a M  B T e s e H H e  c p o K a  p a 3 p a 6 0 ~ ~ ~  T p a a n w ~ o .  

n p H  IIepBOM B a p H a H T e  IIPOH3BOACTBeHHaR MOtQHOCTb K a p b e p a  no 
B C K p h I m e  nOCTORHHa B T e s e H H e  BCerO 3 K C n J I y a T a ~ H O H H O r O  I IepHOAa.  

IIPH BTOPOM B a p n a H T e  secb c p o ~  p a 3 p a 6 0 T ~ H  pa3gene~ H a  nsa nepnona, 

pa3JIWaIoJQHXCR rOAOBbIMH O ~ ~ ~ M ~ M E  BCKpMmH.  B nep~bIii I IepHOR 

I'OAOBbIe o6ae~1.1 BCKPMIIIH M B H b m e  H a  A v (m3/zod), a BO B T O P O ~ ~  n e p H O A  

6onbme H a  a T y  me B e J I W H H y ,  s e M  B I tepBOM B a p H a H T e .  B a e M K a  ¶aCTIT, 
I tyCTHX n O p O A  O ~ ~ ~ M O M  V T  O T H ~ C ~ H ~  C I I e p B O r O  H a  BTOPOH n e P H O A ,  

T. e. H a  T a e T  n o s ~ ~ e e .  
B a p H a H T E d  p a s n w a I o T c R  p a c n p e A e n e H H e M  o 6 a e ~ o ~  E, c J I e A o B a T e n b -  

HO, 3 a T p a T H  BO B p e M e H H  MOrYT 6 M T b  OqeHeHhI  TOJIbKO C V e T O M  @ a K T o p a  

BpeMeHH,  T. e. no IlpHBeAeHHhIM 3 a T p a T a M .  no BeJIHsHHe BKCnJIyaTal?HOH- 
HbIX 3 a T p a T  B T O P O ~  B a P H a H T  3KOHOMWHee.  C P ~ A C T B ~ ,  C3KOHOMJIeHHbIe 

B ~ l e p ~ b I i j [  I l epHOA 6~1aro~apa  Y M e H b m e H m  rOAOBbIX 06nem0~ BCKphImH,  
~ Y H Y T  B T e s e H H e  T JIeT 3KOHOMWeCKH ~ @ @ ~ K T H B H O  HCIIOJIb30BaTbCR 

B HapOAHOM X O ~ R ~ C T B ~ ?  H AaAYT npHPOCT.  B H ~ M K ~  T o r 0  Xe o 6 a e ~ a  
BCKPMIJIH V T  ¶epe3 T JIeT M O X e T  6b1Tb OCYLQeCTBJIeHa 6oaee COBepmeH-  
HHMH M a m H H a M H ,  H CJIeAOBaTeJIbHO, C E a H M e H b m H M H  3 a T p a T a M a .  

P a s ~ n q a  B K a n H T a n b H M x  3 a ~ p a ~ a x  H e  B c e r n a  B D O J I ~ ~ Y  B T o p o r o  
B a p H a H T a ;  OHa 3aBHCHT OT IIPOAOJIWBTenbHOCTH I IepHOAa H COOTHOlneHHH 

M e S A y  B ~ J I I X ' I E H O ~  KanHTaJIbHhIX 3 a T p a T ,  BKJIaAMBaeMMX D p H  CTpOH- 

T e n b c m e  H a p b e p a ,  E ~ e n w m o i i  K a n H T a n b H M x  s a ~ p a ~ ,  B K n a A b I s a e M a r x  
n p H  ysenweam o 6 a e ~ o ~  pa6or, T. e. B aasane B T o p o r o  nepnona. 

~ P H  ~e60~1brnofi ItPOAOJIXCHTeJIbHOCTH I tepHOAa ( ~ e ~ e e  5-7 JIeT), 

a T a K X e  eCJIH B IIePHOA CTpOHTeJIbCTBa, BCXOAR H 3  rOPHOreOJIOrEt¶eCKHX 
y c n o ~ d ,  B K n a A M s a e T c R  6onee 70-80% B c e x  K a n m T a a b H a r x  s a ~ p a ~ ,  
B T O P O ~  B a p n a a T  o ~ a 3 b 1 s a e ~ c ~  M e H e e  ~KOHOMWHMM. 3 a ~ a s a  mMeeT 
B K c T p e ~ a J I b ~ h I f i  X a p a K T e p :  TeXHHKO-3KOHOMWeCKaR O q e H K a  B03MOHtHbIX 

BaPHaHTOB IlOBBOJIReT H ~ ~ T H  o I I T H M ~ J I ~ H M ~  B a p B a H T .  
Tan wan y a a a a H r e  H c K J r w s e H n R  B e c b m a  penxn, TO MOXHO n o s a r a T b  

(oco6eaao n p H  T ~ ~ H C ~ O ~ T H O ~ ~  CHcTeMe p a 3 p a 6 0 ~ ~ ~ ) ,  ¶TO 6onee aKOE0-  

M w e H  B T O P O ~  B a p H a H T ,  T. e. c ~ y n e ~ ¶ a T h T f i  r p a @ H ~  BKpMmHhIX pa6o.r. 
Ma a T o r o  c n e A y e T  nepsaTii n p ~ 3 ~ a ~  p a q n o a a n b H o r o  nnaaa B c K p M m H M x  
pa60.r - B n 1 o 6 o H  n e p H o A  p a 3 p a 6 0 ~ ~ ~ ,  3a HCKJIIo¶eHBeM I l0pHOAa 3 a T y -  
XaHHR pa6o.r H a  MeCTOpOXAeHEH, ~ e ~ y t ~ ~ i i  K O B @ @ ~ H ~ H T  BCKPbImH HOJI- 

x e H  6 x ~ b  M m m a n b H m f  EWIB M e H b m e ,  9 e M  B n o c . x e A y m q e M  nepnone: 



Boapac~aroqne I'pa+HKEi I I P O H ~ B O A C T B ~ ? H H O ~  MO4HOCTH I c a p b e p a  no 
'I ~06bIse IIOJIe3HOI'O HCKOIIaeMOrO H BbIeMKe 'BCKPHIIIH COOTBeTCTBYIOT 

c ~ I ~ ~ c T B ~ I O I Q ~ ? ~  n p a K T H K e  X O ~ R ~ C T B ~ H H O I ' O  I l J l a H a  Pa3BHTHR Td BeAeHHH 

OTKPbIThlX I'OPHbIX p a 6 0 ~  H,  CTHMyJIZipyR HCIIOJIb30BaHHe BHYTP9HHHX 
p e 3 e p B O B  32 B H e A p e H H e  HOBbIX MeTOAOB H TeXHHKH, C I I O C O ~ C T B ~ I O T  y J I y ¶ -  

IIIeHHIO TeXHHKO-3KOHOMH¶eCKmX n o ~ a 3 a T e n e 6 .  B n p O e K T a X  IIPOH3BOA- 
I CTBeHHaR MOWHOCTb K a p b e p a  ¶aCTO IlpHHHMaJIaCb I IOCTOFIHHO~~ H a  CPaBHH- 

TeJIbHO J J J I H T ~ J I ~ H ~ I ~  IIepMOA B p e M e H H  ( H a  10-15 JreT H 6onee). B ~ e f -  
CTBHTeJIbHOCTIi Hte  H a  ~ O J I ~ I I I H H C T B ~  pyAHbIX,  YrOnbHhIX E HePYAHhIX 

H a p b e p a x  oaa e w e r o a H o  ~ o s p a c ~ a e ~ .  

Pnc. 284. Paquoaanbnb~L rcanea- 
n a p ~ b ~ R  rpaasr BCKpblIIIEIbIX 13 

~06~.1rur~x  GOT B KHpbepe 

Browe~ae  KanHTaJIbHJdX 3 a T p a T  H a  p a 3 B H T H e  I I P O H ~ B O A C T B ~ H B O ~  

MOI~HOCTH I c a p b e p o B  no B c K p H m e  n no , q o 6 ~ d s e  H a  o T A e n b H o M  K a p b e p e  

O ~ E J ¶ H O  H e  MOXBT lIPOEI3EORHTbCH e H r e r O a H 0  PaBHbIMH AOJIRMH, TaK K a K  

C B I I S ~ H O  c n p ~ o 6 p e ~ e ~ ~ e ~  A o p o r o c T o R q e r o  0 6 0 p y ~ o s a ~ a n  a Y C T P O ~ C T -  

BOM C O O P Y ~ K ~ H H G  - OTBaJIOB, C T ~ H ~ H G  H T p a H m e 6 .  MCXOAII H 3  TeXHO- 

JIOrHH OTKPbITJdX rOPHbIX p a 6 0 ~ ,  K p y n H J d e  KaIIHTaJIOBJlOHteHHR qeJIe- 
coo6paaao o c y q e c ~ ~ n n r b  n e p a o n l m e c K a ,  csnaarean a r a  B n o w e a a n  c pe- 
K O H C T P ~ K ~ H ~ G  H OAHOBPeMeHHbIM IIOBbIIJleHEeM I I P O H ~ B O A C T B ~ H H O ~  M O q -  

HOCTH IIPeAIIPHRTHR. 3 3 T O r 0  CJIeAyeT B T O ~ O H  I IPH3HaK P a q H O H a J I  bHOrO 

I l J I a H a  BCKPbIIIIHbIX p a 6 0 ~  - CTYIIeHsaTOCTb KaJIeHAapHOrO r p a @ ~ K a  

BCKpbIIIIH I X  ~ 0 6 ~ 9 ~  H,  CJIeAOBaTeJIbHO, 3TanHOCTb B P a 3 B H T H H  I'OPHbIX 

p a 6 0 T  H a  K a p b e p e .  

OCHOBHM~ napalaerpsr c T y n e e s a r o r o  rpa@ma p e w a M a  ropnhlx pa- 
6 0 ~ :  IlPOAOJIXHTeJIbHOCTb B T a n a ;  BbICOTa C T y n e H H ;  X a p a K T e p  H3MeHeHHR 

rpa+mca BHYTPH 3~ana.  P ~ ~ H O H ~ J I L H ~ H  n p o A o a w a T e n b H o c T b  3 ~ a n a  
no ~ O J I ~ ~ H H C T B ~  opraeraaq~oaao-~ex~mecxar  a a x o a o M a s e c K a x  @ a ~ -  
TOPOB OrpaHH¶HEaeTCR 7-10 rOAaME. 

Xapa~irep a a ~ e e e a ~ n  rpalpma sayrprr maria onpeaennercn npr6na- 
, I ~ ~ H H O  ~ o a p a c ~ a m q e f  n p ~ ~ o 6 ,  a 60~1ee T O ~ H O  - r p a + m ~ o ~  c ~ e n e ~ ~ o f  
@ Y H K ~ H I I ,  ¶eM OIIpeaeJIReTCR e?KeI 'o~Hb16 I lpHpOCT llPOH3BOAHTeJIbHOCTH 
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B npoqecce ~ 0 6 ~ 9 ~  H n e p e p a 6 0 ~ ~ ~  n o n e s ~ o e  H c K o n a e M o e  M o x i e T  

6b1Tb IIpeACTaBJIeHO B C J I e A y I o 4 H X  CTaAHHX: HCXOAHOe C b I p b e ,  T. e. pyAa 
B MaCCHBe; CbIPaR PYAa, T. e. PYAa, I IOAaBaeMaR H a  O ~ O ~ ~ T H T ~ J I ~ H Y H )  

4 a 6 p ~ K y ;  T O B a p H a R  PyAa HJIH K O H q e H T p a T  - IIpOAyKThI 060 ra rqe~a~  
~bIp06 PYAhI; K O H ~ P H M ~  IIPOAYKT, 110Jl~4ae~hIft B P e 3 Y J I b T a T e  0 6 p a 6 0 ~ K ~  

K o H q e H T p a T a  - M e T a n n  (B s e p ~ o f i  M e T a z n y p r m  - 0 6 ~ 4 ~ 0  ~ y r y ~ ) .  
B c x o ~ ~ a ~  pyaa x a p a ~ ~ e p ~ 3 y e ~ c ~  c o A e p x a H a e M  n (96) nonea~oro  

K o M n o H e H T a  ( ~ e ~ a n ~ ~ a )  B M a c c H B e  (a). C o ~ e p w a ~ m e  n o n e a H o r o  H o m o -  

H e H T a  ( M ~ T ~ J I J I ~ )  B C ~ I P O G  PYAe (a') 0 6 ~ 9 ~ 0  MeHbUIe,  ¶eM a, 3a C¶eT 

~ ~ ~ Y ~ O P K H B ~ H H I I  npti n o r p y a ~ e ,  a T a m f i e  3a c q e T  Apyrnx CT~AHP T e x H o n o -  

r n s e c K o r o  npoqecca. 
B e r r w H H a  ~ ~ ~ Y ~ O ~ E I B ~ H E I R  OIIpeAeJIReTCR KaIc OTHOIlleHHe pa3HOCTH 

~ 0 ~ l ? p ? f G l H H f  nOJIe3HOI'O KOMnOHeHTa B MaCCHBe H c b ~ p o H  PYAe K COAep- 

XaHHEO B MaCCHBe H BbIpa>KaeTCR B AOJIRX eAHHHIJbI 

a-a' p z= - 
a '  

xnm B npoqemax 
a-a' r ==. - . 

a 
100. 

H ~ E  O T K P ~ I T O G  p a 3 p a 6 0 ~ 1 < e  p a 3 y 6 o x ~ ~ a 1 r ~ e  PYA 4BeTHhIX MeTaJIJIOB 

B CpeABeM COCTaBJIReT OT 5 -15 A 0  50-60%, p a 3 y 6 0 x m s a ~ ~ e  PYA 
s e p m x  M e T a n n o s  - 3-5Ot1. 

B npoqecce p a 3 n e ~ ~ ~  H ~ K C I I J I Y ~ T ~ ~ H H  c o n e p x a H H e  no~1e3~oro  KOM- 

I lOHeHTa B MaCCHBe H I3 C M P O ~ ~  PYAe OIIpeAeJIIIeTCR O ~ ~ O ~ O B ~ H H ~ M .  H p H  

n p o e K T H p o e a H m i  c o A e p m a H m e  none3~oro  H o M n o H e H T a  n p H H H M a e T c n  no 
RaHHNM r e o ~ ~ o r o p a a ~ e ~ o s ~ h ~ x  p a 6 0 ~ ,  a sennsma p a 3 y 6 0 x i ~ s a ~ ~ r r  - 
no gaHHbIM n p a I c T E i K a  a H a n o r m s H H x  n p e ~ n p ~ ~ ~ ~ i i .  

ECJIH n p o M h I m a e H H H e  3 a n a c h 1  I I O J I ~ ~ H O ~ O  m c K o n a e M o r o  2,  K O ~ + + H -  

q H e H T  H3BJIePeHHR 7,  TO 0 6 ' b e ~  C ~ I P O G  PYAbI, KOTOpaR ~ Y A ~ T  ~ 0 6 b I ~ a  
npn pa3pa60~1<e, p a s e H  

Q-Zq(1-t-P). a" (XVI,12) 
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I1 0 6 a e ~  carpoii p y ~ n  R B ~ R ~ T C R  HCXOAH~IM 1 1 0 ~ a 3 a ~ e j l e ~  AJIR pacqe~a  
I1 

I I ~ O H ~ B O A C T B ~ H H O ~  MOI4HOCTH H a p b e p a ,  OIIpeAeJIeHHcr BMXOAa T O B ~ ~ H O ~  

II I IPOAYK~HH H pacqe~a T ~ X H H K O - ~ K O H O M W ~ C K H X  n o ~ a 3 a ~ e n e i i .  B ~ T H X  

II 
p a c g e T a x  HCUOJILSYH)T ~ ~ B H C H M O C T H  M e x , q y  c o , q e p x a H n e M ,  ~ s ~ n e n e ~ n e , z r  

I H BPXOAOM IIPOMbIlIIJIeHHOrO IIPOAYKTa H 3  CUPO& PYAbI I I P H  H 3 B n e ¶ e H K l i  

H 3  P Y A P  OAHOI'O UOJIe3HOI'O KOMIIOHeHTa. 
I Barxo~ K O H q e H T p a T a  H 3  A O ~ H T O ~ ~  pYAM ~ Y A ~ T  
l 

(XVI, 14) 

r A e  E - o614ee H3BJIeseHHe IIOJIe3HOrO KOMlIOHeHTa H 3  A O ~ H T O ~ ~  PYAbI, 

noneti enmnqa. 
n p ~  IIpOeKTHpOBaHHH PelIIaIoTCR p a 3 J I w H P e  3 a A a ¶ H ,  CBR3aHHJJe 

c K ~ ¶ ~ C T B ~ H H O ~  X ~ ~ ~ K T ~ ~ H C T H K O ~ ~  PYA, B TOM ¶ECJIe H OlIpef leJIeHEe 

rOAOBOr0 0 6 5 e ~ a  $(o~M¶H p y w  AJIR I I o n y s e H H F I  3aAaHHOI'O o 6 a e ~ a  TO- 

B ~ P H O ~  IIpOJ(yKqHH ( K O H ~ ~ H T ~ ~ T ~ )  N  (rnlzod) I I p H  3aAaHHOM C O n e p X a H H H  

MeTaJIJIa  B K O H q e H T p a T e  fi (%). 
P ~ C X O A  ~bIp0k PYAbI H a  1 m K O H q e H T p a T a  6 y ~ e ~  

Q - N Q  --=- 1 - N P  rn. 
Y K  a'%' 

I'Ae YK, ,  y,,, . .. , yK,, - BhzXoA K O H q e H T p a T a  H 3  PYAP COOTBeTCTBeHHO 

I-ro, 2 H n-ro COPTOB. 

I I p o n a ~ o ~ c ~ ~ e ~ ~ a x  M O ~ H O C T ~  K a p b e p a  no no6arse no~~eaaoro  H c K o n a -  

e M o r o  c p a a A e n e H H e M  H a  paanmare  c o p T a  n a c T o  6 P ~ a e ~  a a ~ a ~ a .  B  TOM 

cnysae a a ~ a s a  CBOAHTCR B OCHOBHOM K a a a n ~ s y  r o p H o T e x a w e c K n x  

~ c J I o B H ~ ~  H YCTaHOBJIeHHIo T ~ X H Z T ¶ ~ C K O ~  BO3MOlKEOCTH, 8 T a K X e  BKOHOMH- 

s e c ~ o i i  q e n e c o 0 6 p a 3 ~ o c ~ ~  ~ o 6 n s ~  I I O J I ~ ~ H O ~ O  H c K o n a e M o r o  B ~ ~ A ~ H H O M  

0o'aeLfe. O A H ~ K O  B I IpaKTHKe IIpOeKTHpOBaHHR 6 a s a m ~  CJIy¶aH, K o r A a  
JIpOH3BOACTBeHHaR MOqHOCTb K a p b e p a  HeH3BeCTHa H O ~ O C H O B ~ I B ~ ~ T C R  

TOJIbKO B IIPOeKTe.  T ~ K ,  B 3 a A a H H H  H a  IIpOeKTHpOBaHHe MO?KeT 6 h I ~ b  3a- 
A a H a  IIpOH3BOACTBeHHaR MOJJJHOCTb K O M ~ H H ~ T B ,  BKJIH)¶aH)IQeI'O I'PYIIIIY 
K a p b e p O B ,  a IIpOH3BOACTBeHHaR MOqHOCTb Ka?KflOI'O OTAeJIbEOrO K a p b e p a  

f i o a x H a  6 ~ ~ 6  o n p e A e n e H a .  

n p H  P e m e H H H  3 a A a ¶ H  H ~ O ~ X O J ( H M O  OIIpeAeJIHTb OIITHMaJIbHYH) IIpOH3- 

BOACTBeHHYH) MOI4HOCTb K a p b e p a ,  T. e. K O r A a  MO)KeT 6 P ~ b  AOCTHI'HYT 

H a H 6 0 ~ r b l I I H f i  ~ K O H O M W ~ C K H ~ ~  ~ ~ @ C ! K T  - MaKCHMaJIbHaX I IpH6hIJ Ib  38 

O ~ ~ H H B ~ ~ M M ~  AJ IHT~J I~HHG IIepHOA p a 3 p a 6 0 ~ ~ ~ .  
B COBpeMeHHbIX 3KOHOMH9eCKHX YCJIOBHIIX, O C O ~ ~ H H O  H a  MeCTOPO- 

xneazmx c ~ O J I ~ ~ H M H  s a n a c a M H  none3~oro H c K o n a e M o r o ,  ~ a ~ 6 o n b m n t i  

~ K O H O M L ~ ¶ ~ C K H ~ ?   KT KT AOCTHI'aeTCR I I p H  I I ~ o H ~ B o J ( c T B ~ E H o ~ ~  MOJJJHOCTH 

K a p b e p a  MaKCHMaZbHO B O ~ M O ) K H O ~  LTO I'OPHOTeXHWeCIUiM @ ~ K T O ~ ~ M  
It YCJIOBItRM c6h1~a IIpOAyKI(HH. ~ O ~ T O M Y  I I P H  IIPOeKTHPOBaHHH 0 6 ~ 1 ~ 0  
IIyTeM a H a J I H a a  HaXOAXT OI'paHH¶HBaIoJI(He @ a ~ T o p h l  H TeM C a M P M  YCTa- 

HaBJIHBaKlT MaKCLlMaJIbHO BO3MO)KHYH) IIPOH3BOACTBeHHYH) MOJJJHOCTb 

K a p b e p a ,  3 a T e M  ( I I ~ H H H M ~ R  HeCKOJIbKO B ~ ~ ~ ~ H T O B )  no npOH3BOAHTeJIb- 

HOCTH AeJIaH)T 3KOHOMH¶eCKYfO O q e H K y  H HaXOAXT OIITHMaJIbHOe 3 H a -  

9 e H H e .  

Ha M e C T O P O ~ A e H H R X  C ~ O J I ~ ~ E ~ M H  K O ~ @ @ H ~ H ~ H T ~ M H  BCKPPIUH 3KOHO- 

MIl¶eCKaR CYmHOCTb 3 a A a ¶ H  O ~ O C H O B ~ H H F I  o I I T H M ~ J I ~ H o ~  IIpOH3BOACTBeH- 

~ 0 f i  MOTHOCTH K a p b e p a ,  eCJIH OTBJIe¶bCR OT BHeXIIHHX @ ~ K T O ~ O B  (no~pe6- 
HOCTb B T O B ~ P H O ~  IIpO,QYKqHH, KaIIHTaJIOBJIOmeHHII. H AP.), CBOAHTCFI 

I; T ~ X H H K O - ~ K O H O M W ~ C K O ~ ~  O q e H K e  P e X k i M a  BeAeHHR I 'OpHPX p a 6 o ~ ,  
T. e. COLl3MepeHHH) pa3HOBPeMeHHhIX 3 a T p a T  H AOXOAOB. ~ O ~ T O M ~  B K a -  

¶eCTBe 3KOHOMH¶eCKOI'O KPHTePHR AJIR OqeHKH H a H 6 o n e e  BepORTHbIX 

BapHaHTOB I I P O H ~ B O ~ C T B ~ H H O ~ ~ [  MOIQHOCTH K a p b e p a  ,I(OJI?KHa 6b1~b IIPH- 

HRTa BI?.TH¶kiHa M ~ K c H M ~ J I ~ H o ~ ~  I I ~ H B ~ A ~ H H O G  I I ~ H ~ P J I H .  
~ O . ~ H ¶ ~ C T B O  BOBMOXHPX H BepORTHhIX BaPHaHTOB IIPOX3BOACTBeH- 

~ ~ f i  MOII(H0CTH K a p b e p a  B KOHKPeTHhIX YCJIOBHRX 0 6 ~ 4 ~ 0  CPaBHHTeJIbHO 



HeBeJ IHKO,  I I03TOMY p a C ¶ e T  I I ~ H B ~ A ~ H H o ~ ~  n p n 6 ~ n n  M O X e T  661~1, I I p O H 3 B e -  

A e H  T ~ ~ J I H ' X H H M  MeTOAOM. I T p H  3TOM AAfl I i a l K A O r O  R a p H a H T a  nOJIX<eH 

6 b I ~ b  COCTaBJIeH 3 ~ K H 3 ~ b I i i  I l p O e K T ,  YCTaHOBXeH IIOPSIAOK O T P ~ ~ O T K I I  MeC- 

HbIX OnpeAeJJ I I IOT  C ~ ~ ~ C T O H M O C T L  ;J06bI¶11. R C K P H U I H ,  3 a T p a T b I  H a  CTpOII-  

T e n b C T B O  l c a p b e p a  H OCROeHHe el.0 ~ P O E I ~ B O ~ C T B ~ H H O ~ ~  MOWHOCTII,  e X e r 0 A -  

H b I e  3 K C U J I y a T a I ~ H O H H b I e  3 a T p a T h I  11 AOXOgbI .  3 a ~ e ~  B C e  BHAbI 3 a T p a T  &i go- 

I I xogoe n e p e c s H T b I B a m T ,  npmegn K OAHOMY n f o M e H T y  O ~ ~ H I C H  ( ~ x a n p ~ ~ e p ,  
K I I epBOMY r O A Y  ~ K C I I J I Y ~ T ~ ~ H E I ) ,  EI O n p e n e J I R I O T  BeJ IH¶HHy h l a l ; ~ H ~ a . X b ~ O &  

n p r n ~ e n e ~ ~ o i i  n p ~ 6 b 1 n ~ .  
RPH 0 ~ 0 ~ 9 a T e J J b ~ 0 i . i  O q e H K e  y¶IdTbIRaIOT T a l c i K e  @ a l i ~ o p b I ,  I iOTOpbIe  

H e  MOrJIH 66 I~b  Y g T e H b I  B ~ I ~ O H O M ~ ¶ ~ ? C I ~ O ~ I  ( P o ~ M ~ .  

1 1  
YIIPOIQ~HH~I~  MeTOA ~ K O H O M H ¶ ~ C I F O ~  O q e H K I l  B a p E a H T O B  COCTOHT 

B TOM, ¶TO B K a ¶ e C T B e  O I I T H M ~ J I ~ H O ~ ~  IIPHHHMaIOT TaKYIO IIPOH3BOgCTBeH- 

H Y I o  MOWHOCTb, U P H  KOTOPOG CpOI i  C J I Y X ~ H  I < a p b e p a  COOTBeTCTByeT 

@ m 3 H s e c K o ~ y  H MOpaJ IbHOMY H3HOCY OCHOBHbIX 3 ~ a ~ H f i  H ~ 0 0 p y " i ~ e ~ H i i .  

~ ~ M H H M ~ F I  c p o ~  cnyx<6b1 K a p b e p a  T, o n p e A e m I o T  ero ~ ~ O H ~ B O ~ C T B ~ H -  

HYlO MOWHOCTb IIO @ O P M Y J I ~  - 

rge Z - a a n a c b ~  M e c T o p o m g e H a n ,  H ~ B J I ~ K ~ ~ M ~ I ~  n p H  p a 3 p a 6 o ~ ~ e .  
B y r o J I b ~ 0 i i  IIPOMbIrUJIeHHOCTM T e X H H s e C K H M H  H a l I P a B J l e H H H M H  IIO 

n p O e K T H p O B a H H I o  H CTPOHTeJIbCTBY K a p L e p O B  n p e A y C M a T p H B a I O T C R  CJIe- 

B ~ Y J J H O ~ ~  IIPOMbIrUJreHHOCTH H O ~ M ' ~ M H  TeXHOJlOI'II¶eCKOrO n p o e K T H -  

p o s a H H R  npegnaramcn cnegymmzie H o p M a n b H b I e  CPOKH 3l icnnya~aq~11 
K a p b e p a  n p H  rogo~oi i  ~ ~ O H ~ B O A C T B ~ H H O ~ ~  M O I ~ H O C T H  no pyge (MJIH. m): 
go 1-2 - 15-20 n e T ;  A 0  2-5 - 20-25 JreT; no 5-10 - 25-35 n e T ;  

6onee 10-40 n e T .  

P ~ K O M ~ H ~ O B ~ H H J ~ ~  H O P M a M H  TeXHOJIOrH¶eCICOrO I I p O e K T H P O B a H H ~  

COOTHOIIIeHHH C p O K a  CJIYX{GIJ H I I P O E I ~ B O ~ C T B ~ H H O ~ ~  MOE(H0CTH I i a p b e p a  

g o J I l ~ ~ b 1  K O p p e K T H p O B a T b C F I  B KOHKpeTHbIX rOpHOTeXHH¶eCKI IX  YCJIOBHHX. 

B T W e H H e  J(JIZITeJIbHOr0 B p e M e H H  (OKOJIO 15-20 J I ~ T )  3 T H  COOTHOUleHEIn 

H e O g H O K P a T H O  I I e p e C M a T p H B a J I H C b  B C T O p O H y  YMeHblLIeHHH CPOKOB, ¶TO 

~ a 6 n I o g a e ~ c n  T a K m e  H B H a c T o n q e e  B p e M n .  

T O ~ H O C T ~  Onpep3JIeHEIH I I P O H ~ B O A C T B ~ H H O ~ ~  M O 4 H O C T H  K a p b e p a  3a- 
BHCHT OT B p e M e H H .  GO C P a B H H T e J I b H O  B~ICOKO% TO¶HOCTbH) (OKOJIO 10- 

15%) MOmHOCTb  MOlKeT 6 b I T b  I IPEIHRTa  TOJIbKO H a  b n ~ x ~ a i i r n ~ i i  n e p H O A  

B p e M e H H  - H a  10-12 JIeT.  A J I R  I I o C J I e ~ y I O m H X  I I epHOAOB IIPOH3BOACT- 

B e H H a R  MOmHOCTb  K a P b e P a  MOHCeT 6bI~b I I P H H R T a  TOJIbKO I I ~ P C I I ~ K T H B H O ~ ~  

c T O ~ H O C T ~ H )  go 20-25% B T o p o r o  nepmoga, m c T O ~ H O C T ~ H )  +50% 
P J ~ R  n e p n o g o B ,  H a x o g s m n x c R  3a n p e g e n a M n  20-25 n e T H e r o  c p o K a .  

~ H ~ ¶ € ' H I ~ R  I I ~ ~ c I I ~ K T H B H o ~  MOUI,HOCTH BTOPOI'O H I I O C J I e A Y I O ~ H X  I I e p H O -  

ROB AOJIHCHbI CO B p e M e H e M  YTO¶HRTbCR I I P H  P e K O H C T p Y K q H H .  

~ c K J I H > ¶ ~ H H ~ M  RBJIRIOTCR K a p b e p b I ,  I'Ae I IpOH3BOACTBeHHaR M O m H O C T b  

y C T a H a B a H B a e T C R  ll0 I IpOH3BOnHTeJ IbHOCTH OCHOBHOrO a r p e r a T a  ( T ~ ~ H C -  

IIOPTHO-OTBaJIbHOI'O MOCTa EIJIH MOl4HOI'O B C K P b I m H O r O  ~ K C K ~ B ~ T O ~ ~ ) ,  

TeXHH¶eCK%Ie BO3MOHCHOCTH KOTOPOrO MOI'YT OCTaTbCR H e H 3 M e H H b I M H  B Te -  

W H H e  A J I H T e n b H O r O  n e p H O n a  B p e M e H H .  

0 6 n e ~  p a 6 0 ~  K a p b e p a  IIO B C K p b I m e  ~ ~ H ~ J I E I H C ~ H H O  Y C T a H a B J I H B a e T C R  

IIO C p e A H e M y  K O ~ @ @ H ~ H € ? H T Y  BCKPHII IH ,  T. e. 

w e  nB - l l p O H 3 B O n C T B e H H a R  MOmHOCTL K a p b e p a  IIO BCKPbI-  

me; 
& - I I p O H 3 B O ~ C T B e H H a R  MOWHOCTb K a p b e p a  IIO ~ 0 6 ~ -  

¶e I IOJ Ie3HOrO HCKOIIaeMOI'O; 

= 1 .I - 1,3 - K O B @ @ E I ~ H ~ H T  H e P a B H O M e P H O C T H  P a C I I p e A e J I e H H R  
BCKPbIII IH IIO I'OAaM; 

kc* - C ~ ~ A H H H  K O ~ @ @ H ~ H ~ H T  BCKPbIUIH. 

BCJI~ACTBH~ H e p a B H O M e p H O I ' O  P a C n p e A e J I e H H H  BCKPbIDlH I IO I 'OgaM 

0 6 m ~ f i  CPOK p a 3 p a 6 0 ~ ~ ~  K a p b e P a  PeKOMeHAYeTCH p a 3 A e J I H T b  H a  H e -  

c I c o n b K o  n e p H o n o B ,  gnn K a x g o r o  ns KOTOPMX U p H H H M a e T c R  onpeRe- 
n e H H o e  6onee T o r H o e  a ~ a s e ~ ~ e  cpewero K O ~ @ @ H ~ H ~ H T ~  B c K p b I m H  H 

K O ~ @ @ H ~ H ~ H T ~  H e p a B H O M e p H O C T H .  

P ~ c ¶ ~ T  IIO @0p~yJIe (XVI, 21) n p H r O A e H  TOJJLKO K a K  OpHeHTHPOBO¶-  

Hb1ii .  Bonee TOTHO l l p O H 3 B O ~ C T B e H H a R  MOmHOCTb  K a p b e p a  IIO B C K p b I m e  

YCTaHaBJ IHBaeTCR H a  OCHOBaHHH K a J I e H A a p H O r O  I I J I a H a ,  K O T O P M ~ ~  BbIIIOJI- 

HHeTCH B I I p O e K T e  COrJIaCHO IIPEIHRTOMY I IOPRAKY P a 3 B H T H R  I 'OPHbIX pa- 
6 0 ~  B K a p b e p e  H B COOTBeTCTBHH C 3 a n a H ~ o i i  l IPOH3BOAHTeJIbHOCTbH) IIO 

RoG~se  n o n e a ~ o r o  H c K o n a e M o r o .  

I C a n e ~ ~ a p ~ ~ f i  r p a @ u ~  B c K p M m n  (pnc. 285, 6) M o x e T  G M T ~  u o n y q e H  

n p e o 6 p a 3 o ~ a ~ ~ e ~  ( ~ p a ~ c @ o p ~ a q n n )  rpa@ma pewma r o p H a r x  p a 6 o ~  
( p l l ~ .  285, a). Ann 3 T O r 0  IIO H ~ B ~ C T H O ~ ~  ( 3 a ~ a H ~ 0 6 )  I I P O H ~ B O A C T B ~ H H O ~  

MOI~HOCTH K a p b e p a  no n o n e 3 ~ o ~ y  H c K o n a e M o M y  ni o r r p e g e n s I o T  c p o ~  
O T ~ ~ ~ O T K H  nm60r0 i-ro CJIOR c s a u a c o ~  nones~oro E c K o n a e h a o r o  p a B H o r o  

Qi, T. e. 
Qi (XVI,22) 

~ ~ C X O A R  H 3  C p O K a  O T P ~ ~ O T K H  CJIOR ti H 0 6 n e ~ a  B C K P b I m H  B CJIOe Vi. 
0 I IpeAeJ IRH)T  T p e 6 y e ~ y I O  I IpOH3BORCTBeHHYIo MOmHOCTb  K a p b e p a  IIO 

BCKPbI l l l e  

(XVI,23) 





1. n e p e ~ 0 ~  0 6 a e h l o ~  BCKPMUIH H a  6onee I I O ~ A H H ~  IIepHOA o ~ p a 6 0 ~ ~ n  
K a p b e p a  n y T e M  BbIAeJIeHHR O¶epeAHOCTH H 3TanOB.  

2. B b I p a ~ H H E i a H t l e  nHKOBMX O ~ B ~ M O B  BCKPbImH 3a C¶eT n e p e H O c a  

BCKPMIIIH H a  6onee P a H H H e  IIepHOAM, ¶TO 3KOHOMWHO TOJIbKO B OTAeJIb- 

HMX CJIY¶aRX, K O r A a  ((IIHKH)) HMeIoT 6 0 ~ 1 b m y m  BMCOTY H ,  CJIeAOBaTeJIbHO, 

~ p e 6 y K I ~  3HasHTeJIbHMX KanHTaJIbHhIX 3 a T p a T .  n p H  3TOM o 6 a e ~  nepe- 
H O C H M O ~ ~  B C K P M I ~ I H  AOJIweH 6 ~ ~ b  H ~ ~ o J I ~ U I ~ M ,  B p e M n  n e p e H O c a  ~ e 3 ~ a s ~ -  
TeJILHhlM. n p H  n e p e H O C e  BCKpbIIIIH H a  6onee P a H H H e  n e p m o n b I  ~ e o 6 x o -  
AHMO C O ~ J I ~ A ~ T ~  OUpeAeJIeHHMe reOMeTpH¶eCKHe 3aKOHOMePHOCTH. 

~ P H  p a 3 p a 6 0 ~ ~ e  ~ O ~ H ~ O H T ~ J I L H ~ I X  II IIonorona~amqux aanewef, 
K O r A a  rOAOBhle o 6 n e ~ n  BCKpbIDIH BO3paCTaIOT UO M e p e  O T P ~ ~ O T K H  MeCTO- 

P O X A e H H R ,  BbIpaBHHBaHHe I 'pa&n~a BCKPbImH AOCTHraeTCII 3 a  C¶eT BbI- 

IIOJIHeHHR AOIIOJIHHTeJIbHhIX 0 6 5 e M 0 B  BCKPbIIIIH H a  BePXHHX YCTYnaX 
B nepme n e p H o g M  a K c n n y a T a q u m .  IIpn p a a ~ a b o ~ ~ e  H a K n o H H b I x  E KPYTO- 

n a A a m q H x  aaneweii p e r y n H p o s a H H e  x a n e H A a p H o r o  r p a @ ~ ~ a  YCJIOXHR- 

eTCSI, n p H  DTOM H ~ O ~ X O A H M O  IIPOHBBOAHTb YCpeAHeHHe K O ~ ~ @ H ~ E I ~ H T O B  

BCKPMmH UO OTAeJIbHMM IIepHOAaM. 

B oTAenbr rb Ix  c n y q a f i x  p e r y m p o s a H t i e  r p a + ~ i ~ a  B c K p w m m  M0we-r 

6 ~ ~ b  IIPOH3BeAeHO 3a C¶eT CHHlKeHHEl I'OAOBMX 0 6 ~ ~ 0 ~  ~ 0 6 ~ 9 ~ .  B KaJIeH- 
A a p H o M  n n a H e  r o p m x  p a 6 o ~  y ~ a a ~ s a e ~ c r r  p a c n p e A e n e H m e  OCHOBHMX 

BEROB p a 6 o ~  ( B C K ~ M ~ ~ ,  ~ o 6 a s a ,  DpOXOAKa ~ p a ~ m e i i  H T. u.) no rOAaM 

H rOpH30HTaM.  

Ha cTaAHH n p o e K T H o r o  ~ ~ A ~ H H I I  ~ a n e ~ ~ a p ~ b 1 6  n n a H  n p e n c T a s n a e T c a  

B BHAe T ~ ~ J I H ~ M ,  B K O T O P O ~ ~  0TPaHCaH)TCR BHAM, MeCTa H o 6 5 e ~ ~  p a 6 o ~  
DO I'OAaM CY4eCTBOBaHHR K a p b e p a  H I I o R c H H T ~ J I ~ H o ~ ? ~  3 a n H C K H  K HeG,  

B KOTOPOG KpaTKO O ~ O C H O B M B ~ I O T C R  IIPlZHfiTbIe PeIIIeHHfl .  

B ~ a 6 n .  66 n p H B e A e a o  n p H M e p H o e  C o c T a B n e H H e  K a n e H j q a p H o r o  n n a H a  

H a  U e p B M e  URTb JIeT 3KCIIJIYaTaqHH OAHOrO E13 ICaPbePOB. 

n p H  p a 3 p a 6 0 ~ K e  pa6osax ¶ e p T e X e $  K a ~ r e ~ n a p ~ b I H  IIJraH AOUOJIHReTCR 

~ P ~ @ H ¶ ~ C K H M H  MaTepHaJIaMH,  BHJIH)¶aH)It(HMH 0 6 q ~ e  I IOrOpH30HTHbIe  

n n a m  K a p b e p a  c C o c T o R H n e M  r o p H M x  p a 6 o ~  H a  a a ~ a ~ ~ o e  K a n e H n a p H o e  

B p e M R ,  H a D p H M e p  H a  n e p s ~ 8 ,  B T O P O ~ ,  T P ~ T H ~  H T. A. FOAM O T P ~ ~ O T K H  
H a p b e p a .  H. n n a H a M  n p H n a r a m T c R  rpa@a~m H ~ M ~ H ~ H H I I  0 6 ' b e ~ o ~  BCKPHLIIB 

~06h1sn no r o A a M  c y q e c T B o s a n n n  K a p b e p a .  Ha n n a H a x  y~a3b1sa- 
eTCR PaCCTaHOBKa 3KCKaBaTOPOB, BMIIOJIHIIIO~HX y K a 3 a H H M e  o6ze~b l  
pa6o.r. n o ~ p 0 6 ~ b I i ? i  K a n e ~ ~ a p H b I H  nJIaH. I 'OpHHX p a 6 o ~  COCTaBJIReTCR H a  

U e p B b I e  Df iTb  n e T .  Ha O( r a J I b H 0 6  IIepHOA O T P ~ ~ O T K H  I C a p L e p a  IIPHBOARTCR 

T O J I ~ K O  0 6 n e ~ ~  p a 6 o ~  EI o w n A a e M o e  n o n o w e H n e  r o p m x  p a 6 o ~  sepes 
K a X A b I e  D n T b  JIeT KJIH ?Kt! I I a  I t O H e q  O T P ~ ~ O T K H  BbIAeJIeHHhIX aTaUOB 

R a p b e p a .  

TJIABA X V I l  

OBOCHOBAHHE BbIBOPA I'OPHOFO 
H TPAHCIIOPTHOI'O OBOPYAOBAHHH 

8 1. Obrqne CBeAeHHrl 0 MeTOAHKe sb160pa r a p H o r o  
&# TpaHClIOpTHOrO O ~ O ~ Y A O B ~ H H ~ ~  

T e x ~ o ~ ~ o r ~ s e c ~ y m  c x e M y  ~ ~ o ~ n n e ~ c ~ o i i r  ~ e x a ~ r n 3 a q ~ n  ~ b 1 6 ~ 1 p a m ~  
n y T e M  T q a T e a b H o r o  a ~ a ~ 1 ~ 3 a  reonornsecmx, T e x H o n o r m s e c K a x ,  o p r a H H -  

3aIJEIOHHMX II 3KOHOMEI9eCICHX ( P ~ K T O P O B ,  a TaKlKe  ~ C J I O B H ~  p a 3 p a 6 0 ~ ~ ~ .  
IIPH  TOM masane n p o m 3 n o ~ s ~  K a s e c T s e H H y I o  oqemy,  B p e 3 y n b ~ a ~ e  KO- 

~ 0 ~ 0 %  YCTaHaBJIHBaIOT CTeIIeHb COOTBeTCTBHR H3BeCTHbIX P a q H O H a J I b H b I X  

~ c J I o B E I ~ ~  I IpHMeHeHHR  TO^ HJIH H H O ~  CXeMbI K O M I I J I ~ K C H O ~  M e X a H H 3 a q H H  

3aAaHHbIM rOpHOI'eOJIOrH¶eCKHM YCJIOBHRM. OCHOBHHMH OIIPeAeJIRIODJ,HMH 

a a ~ ~ o p a ~ r n  o 6 ~ n ~ o  RBJIRI~TCR ( ~ ~ ~ H K O - M ~ X ~ H H ~ ~ C I F E I ~  c n o f i c ~ ~ a  no- 
pOA,  KJIHMaTHseCIcHe YCJIOBHR, YCJIOBHR 3 a J I e r a H H R ,  0 6 z e ~  IIPOHSBOACTBB 

H ~ p e 6 o ~ a ~ ~ e  K Ka¶eCTBy T O B ~ ~ H O ~  I IpOAyKqHH.  O q e ~ K e  UOABepI'aIoT 

IIOCJIeAOBaTeJIbHO ~an60~1ee  EJepORTHbIe RJIR AaHHbIX ~ c J I o B H ~ ~  CXeMM 

K O M U J I ~ K C H O ~  M e X a H H 3 a q H H ,  H a ¶ H H a R  C BKOHOMHPHMX, HO H 6onee 
OI'paHH¶eHHhIX no YCJIOBHRM DpHMeHeHHR,  H KOH¶aR H a H M e H e e  BKOHOMW- 
HbIMH, HO YHHBePCaJIbHMMH DO HCIIOJIb30BaHHKI. B I IePBYIo  O P e p e A b  

nPOBePRIOT TeXHHPeCKHe BOBMOMHOCTH I lpHMeHeHl lR  UOTO¶HbIX CXeM 

~ o ~ n n e ~ c ~ o f  ~ e x a ~ r n 3 a q ~ n  H c x e M  ~ E I A ~ O M ~ X ~ H H ~ ~ ~ H H ,  3 a ~ e ~  nocneno- 
BaTeJIbHO CXeM K O M I I J I ~ K C H O ~ ~  M e X a H H 3 a q H H  C 3fCeJIe3HO~OPOXEHhIM TpaHC-  

nOpTOM,  C K O M ~ H H H P O B ~ H H M M  TpaHCn0pTOh.r H ,  H a K O H e q ,  C ~ B T O M O ~ H J I ~ -  

HMM T p a H c n o p T o M .  B p e a y n b ~ a ~ e  ~ a s e c ~ ~ e ~ ~ o i i  o q e H K m  0 ~ 6 m p a r o ~  
HeCKOJIbKO TeXHH¶eCKH B03MOXHMX BapHaHTOB,  KOTOpMe n O A B e p r a h 3 T  

TeXHHKO-3KOHOMH9eCKOMY CpaBHeHHJO. 

T ~ x E H K o - ~ K o H o M ~ ¶ ~ c K ~ I ~  O q e H K y  CXeM K O M U J I ~ K C H O ~  M e X a H H 3 a q H H  

0 6 ~ 9 ~ 0  IIpOH3BOART B H a ¶ a J I e  I IPEI~J IHX~HHO,  T a K  K a K  AJIR ~ e ~ a J I b ~ 0 6  
H ~ O ~ X O A H M O  HMeTb BCe MOAeJIm K ~ X A O G  o I J ~ H H B ~ ~ M o G  CXeMM. A J I R  D p H -  

~ J I H X ~ H H O ~  O q e H K H  MOAeJIEI MaJIlHH MOrYT ~ M T L  UPHHRThl OPHeHTHPO- 

B O ~ H O .  9ame I I ~ H ~ J I H X ~ H H ~ R  oqema o c H o s a r s a e T c R  H e  H a  n a p a n a e T p a x  

H IIOKa3aTeJIRX KOHKpeTHMX M O A ~ J I ~ G  O ~ O P Y A O B ~ H E I R ,  a H a  YKPYIIHeHHbIX 

TeXHITKO-3KOHOMH9eCIFHX IIOKa3aTeJIRX OTAeJIbHhIX COCTaBJIRK)UI,HX O n e -  

p a I ( H 6  TeXHOJIOl'H¶eCKOI'O I I p O q e C C a ,  KOTOPMe MOrYT 6 b I ~ b  llPHHRTb1 DO 

aHaJIOI'HEt C ,Q~&cTBYKI~HMEI  IIPeAIIpHRTHRMH H CKOppeKTHPOBaHbI C y¶e- 
TOM KOHKPeTHbIX y c n o ~ ~ f i .  

~ O C J I ~  T o r 0  K a K  CXeMa K O M I I J I ~ K C H O ~  MeXaHH3aqEIH U p H H R T a ,  B ~ I ~ H -  

- p a I o T  MOAeJlH MaIUHH AJlR OTAeJIbHHX 3 B e H b e B  TeXHOJrOFZi¶eCKOFO np0- 
. q e c c a .  T ~ X H H K O - ~ K O H O M H ¶ ~ C K ~ R  oqema ~am6onee B e p o R T H a r x  ~ o ~ e n e 6  
M a m n H  AJIR TOG HJIH HHOG onepaqm T e x H o n o r n s e c K o r o  npoqecca ocy- 
q e c T s n n e T c H  masane n p I 4 6 n m w e ~ ~ 0 ,  a nocne y M e H b m e H n R  nncna B a p H -  

aHTOB - AeTaJIbHO. 

H 'aK CXeMa M e X a H H 3 a q H H ,  T a K  H o c o 6 e ~ ~ o  MOHeJIH MalJlHH 33 O ~ O P Y A O -  
BaHHf l  M O r y T  6 ~ ~ b  O ~ O C H O B ~ H M  B I IpOeKTe C A O C T ~ T O ¶ H O ~  CTeUeHLIo 

TO¶HOCTH H a  10-12 JIeT. Ann BTOpOrO n e p H o A a  MOrYT 6 ~ ~ b  UPHHRTM 

IIepCIIeKTHBHbIe MOAeJIH, COsJ(aBaeMbIe H n H  FOTOBRLU,EIeCR K BHIJYCKY, 

517 



a AjIH IIOCJIeAYIoqHX IlepHOAOB Ha3Ha¶eHHe B IIpOeKTe KOHKpeTHbIX MO- 

ReJIeG ~eqenecoo6paa~o .  BCKJII~¶€!HH~M EIBJlHIoTCR YHHKaJIbHbIe MaIIIIX- 

HbI - BCKPbIIlIHhIe MeXaHH¶eCKHe JIOIIaThI C ~ o J I ~ I I I H M H  p a 3 M e p a M H ,  

TPaHCIIOPTHO-OTBaJIbHbIe MOCTbI H T. II. 

B KaqeCTBe aKOHOMH¶eCKOrO KPHTePHEI AJIII C ~ ~ B H H B ~ ~ M O ~  OqeHKH 

CXeM MeXaHH3aqHH PeKOMeHAyeTCH IlPHHHMaTb CPOK OKyIIaeMOCTH AO- 

IIOJIHHTeJIbHbIX K ~ I I H T ~ J I o B J I o H C ~ H H ~ ,  paC¶eTHbIe 3 a T p a T h l  HJIH UpHBeAeH- 

HYH) n p ~ 6 b 1 ~ 1 b .  

H p e K ~ e  ¶eM Ha3HaYEiTb ~ K O H O M E I Y ~ C I E H ~  K P H T ~ P H ~ ~ ,  H ~ O ~ X O A E I M O  Oqe-  

H H T ~  B C p a B m B a e M b I x  BapEiaHTax pacnpeAeneme H ~ o n e 6 a ~ ~ e  s a ~ p a ~  
H AOXOAOB BO B p e M e m .  E c n ~  B T e s e m e  o q e H m s a e M o r o  n e p H o A a  r o A o s b I e  

o 6 z e ~ b 1  p a 6 o ~  EI. ~o6arsa noneaaoro H c x o n a e M o r o  OnnHaKoBM H I I O ~ T H  

IIOCTOEIHHbI H ,  CJIeAOBaTeJIbHO, TeKylQHe 3 a T p a T h I  Hepa3HOBpeMeHHbI,  

TO B Ka¶eCTBe 3KOHOMH9eCKOI'O KPHTePHR IIPHHHMaeTCII CPOK O K y n a e -  

MOCTH HJIH Y A e n b I m e  I rpHseAenHbIe  s a ~ p a ~ b ~ .  P ~ ~ H O B P ~ M ~ H H O C T ~  Ha-  

IIHTaJIbHbIX 3 a T p a T  B 3TOM CJIy¶ae  y¶HTbIBaeTCEI IIpHBeAeHHeM HX K OAHOMY 

MOMeHTY OqeHKH. 

E c n ~  o 6 z e ~ n  p a 6 o ~  H HX p a c n p e A e n e H H e  BO BpeMeHH B c p a B H m s a e -  

MbIX B a p H a H T a X  p e 3 K O  OTJIH¶aIoTCEI H HepaBHOMepHbI,  TO, K a K  CJIeA- 
I 

CTBHe, HMeeT MeCTO CylQeCTBeHHaH HePaBHOMePHOCTb H pa3HOBpeMeH- 

HOCTb He TOJIbKO KallHTaJIbHNX, HO H 3KCIIJIYaTaqHOHHbIX 3 a T p a T .  B 3TOM 

CJIy¶ae B Ka¶eCTBe 3KOHOMH¶eCKOrO KpHTepHEI npHHHMaIoT BeJIH¶HHy 
I CYMMbI IIPHBeAeHHbIX 3 a T p a T  HJIH ~ ~ H B ~ A ~ H H o ~  I I P H ~ ~ I J I E I .  

B T ~ X H ~ K O - ~ K O H O M H ~ ~ C K O ~ ~  oqeme  p a 3 ~ 1 m s ~ b 1 x  ~ o ~ e n e f i  r o p H o r o  

H TpaHCIIOpTHOI'O 0 6 0 p y ~ o s a ~ ~ ~  CYDJeCTBeHHbIMH @ ~ K T O ~ ~ M H  EIBJIRIoTCR 

IIPOH3BOAHTeJIbHOCTb MaIIIHH H ee CTOHMOCTb. E 0 J I e e  MOWHbIe H n p 0 -  

H3BOnHTeJIbHbIe MalJIHHhl HMeIoT H 6 6 ~ 1 b m y 1 o  CTOHMOCTb, KOTOpaEI OAHaKO 

AOJIHCHa B03PaCTaTb B ~ e ~ b l l l e f i  CTeIIeHH, ¶eM HX IIPOH3BOAHTeJIbHOCTb. 

I C o ~ n n e ~ c ~ y I o  oqenxy BenHsmHar  a a ~ p a ~  H a  n p ~ o 6 p e ~ e ~ ~ e  M a m m H H  

C y¶eTOM ee IIPOH3BOAHTeJIbHOCTH B AaHHbIX YCJIOBHHX MOHCHO CAeJIaTb 
no n o ~ a 3 a ~ e n m  y ~ e n b ~ o i i  q e m .  

Y n e J I b ~ a f I  q e H a  OnpeAeJIEIeTCR KaK OTHOIIIeHHe CTOHMOCTH MaIIIHHbI 

( O T ~ Y C K H O ~  q e H b I  HJIH C ~ ~ ~ C T O H M O C T H )  K ee ~ O J ( O B O ~  npOH3BOAHTeJIbHOCTH 

H B b I p a K a e T  q e H y  eAHHHqbI I I P O H ~ B O A C T B ~ H H O ~  MOWHOCTH MaIIIHHhI. 

~ P O H ~ B O A H T ~ J I ~ H O C T ~  MaIIIHHbI M O Z e T  6 h l ~ b  B3IITa @ ~ K T W I ~ C K O ~ ~  HJIH PaC-  

 THO^, a CTOHMOCTb O ~ O P Y A O B ~ H E I R  g BHAe O T U Y C K H O ~  qeHbI  HJIH 3aBOA- 

C K O ~  C ~ ~ ~ C T O H M O C T H  B 3aBHCHMOCTH OT Y C J I O B H ~  PemeHHEI 3aAa¶H. T ~ K  
I t a K  pa3JIH¶HbIe MOAeJIH MaIIIHHhl ¶aCTO pa3JIH¶aIOTCR H e  TOJIbKO HX IIPO- 

H3BOAHTeJIbHOCTbIo, HO H p a 6 0 9 ~ ~ ~  p a 3 M e p a M H ,  TO OHH AOJIKHbI 6 b I ~ b  

Y¶TeHbI CpaBHeHHeM.  TO BaXqHO, TaK K a K  p a 6 o s ~ e  p a 3 M e p h I  MaIIIHH 

CylQeCTBeHHO BJIHEIIoT H a  HX BeC, a CJIeAOBaTeJIbHO, H H a  CTOHMOCTb. 

BJIHEIHH~ pa6osnx p a 3 M e p O B  MOKeT 6 b I ~ b  y¶TeHO B I I O K ~ ~ ~ T ~ J I H X  

CTOHMOCTH, I I P H X O ~ E I I I ( ~ ~ ~ C I I  H a  eAHHHqy p a 6 0 ~ b I .  Pa6o~a  (pa60~ocnoco6- 
H O C T ~ )  s ~ c ~ a ~ a ~ o p a  M o x e T  G H T ~  YCJIOBHO O n p e A e n e H a  K a K  n p o ~ 3 ~ e ~ e -  
HHe er0 IIPOH3BOAHTeJIbHOCTH H a  M ~ K c H M ~ J I ~ H M ~ ~  PaAHYC p a 3 r P Y 3 K K  

HoKa3aTeJIH y ~ e J I b ~ 0 6  q e H H  IIO3BOJIEIIoT ~I JCTPO OIIpeAeJIEITb OpHeH- 

THPOBO¶HbIe 3 a T p a T h l  H a  n p ~ o 6 p e ~ e ~ ~ e  O ~ O P ~ A O B ~ H H R  AJIEI K a p b e p a  

C ~ ~ A ~ H H O ~  IIPOH3BOAHTeJIbHOCTbIo B TeX HJIH HHbIX rOPHOTeXHH¶eCKHX 

P a q n o ~ a n b ~ a a  M o A e n b  a B T o c a M o c s a n a  A o n x i H a  0 6 e c n e s a ~ b  ~ a ~ 6 o i l e ~  
IIPOH3BOAHTeJIbHYI0, 3KOHOMH¶eCKYIo H 6e3011ac~y~1 p a 6 o ~ y  BCerO ROMII- 

JIeKCa rOpHOTpaHCnOpTHOr0 0 6 0 p y ~ o ~ a ~ H E I  R K a p b e p e  H COOTBeTCTBO- 

B a T b  T P ~ ~ O B ~ H H H M  TeXHOJIOrHH BeAeHHEI I'OPHbIX p a 6 o ~ .  
Bb160p ~ ~ ~ H o H ~ J I ~ H o ~  MOAeJIH aBTOCaMOCBaJIa 3aBHCHT OT pEIA;\ 

~ ~ K T O P O B ,  K OCHOBHHM ~3 KOTOPMX OTHOCEIT: qeny a B T o c a M o c s a n a ,  

B e n H s a H y  p a c x o A o B  H a  n o r p y a ~ y  H T p a H c n o p T n p o s a m e ,  cnoco6 no- 
I 'py3KH I ' o ~ H o ~  MaCCbI, MOAeJIb 3KCKaBaTOpa H eMKOCTb er0 KOBIIIa, 

@ H ~ H K O - M ~ X ~ H H ¶ ~ C K H ~  C B O ~ C T B ~  IIOpOA ( 0 6 ~ e M ~ b I i i  BeC, KPeIIOCTb H Ka-  

¶eCTBO HX IIpeABapHTeJIbHOrO PbIXJIeHHH B 3a6oe), CXeMy ABH)f(eHHfI 

p a q H o ~ a J I b ~ 0 f f  MOAeJIH aBTOCaMOCBaJIa, BeCbMa 3aTpyAHHTeJIeH. no- 
PTOMY npn pemenm 3 ~ 0 6  s a ~ a n ~  HCXOAEI m 3  s a ~ a ~ ~ b ~ x  Y C J I O B H ~  MOFKHO 

masane o n p e A e n H T b  ~ p e 6 y e ~ b 1 e  p a q H o H a z r b a b I e  HJIH OnTHManbHbIe rpy- 
80IIOAZeMHOCTb HJIH eMKOCTb KY30Ba aBTOCaMOCBaJIa, a 3aTeM,  aHaJIH3M- 

PYH OpraHH3aqHOHHO-TeXHEIseCKHe @ ~ K T O P H  H OqeHHBaEI 3KOHOMWeC- 

KYIo ~ @ @ ~ K T H B H O C T ~  CPaBHHBaeMbIX ~ 0 ~ e J I e f f  no CpOKy OKynaeMOCTH 

m u  B e n m H H e  p a c ¶ e T H M x  s a ~ p a ~ ,  o K o H s a T e n b H o  ~ b 1 6 p a ~ b  ero THII 

rn M o n e n b .  

P a q H o ~ a J I b ~ b I e  rpy30nO/JZeMHOCTb H n H  eMKOCTb KY30Ba BBTOCaMO- 

CBaJIa MOI'YT 6 b I ~ b  OIIpeAeJIeHbI ABYMEI CIIOCO~BMH: IIO p a q H 0 ~ a J I b ~ 0 f i  Be- 

JlElgHHe COOTHOILIeHHEI ~ M K O C T ~ ~ ~  Ky3OBa H KOBIIIa ~ ~ H H H T o G  MOAeJIH 3KC- 

K a B a T o p a  c y s e T o M  0 6 z e ~ ~ o r o  seca n o r p y x a e M b I x  nopoA H HX p a a p ~ x -  
JIeHHH HJIH, 6onee TO¶HO, B BHAe OIITHMaJIbHhlX BeJIEI9HH IIO MHHHMaJlb- 

HbIM PaCXOAaM H a  IIOI'py3Ky H TpaHCnOpTHpOBaHHe. 

Ilepea~ii cnoco6. P a q ~ o ~ a n b ~ o e  c o n e T a H n e  e ~ ~ o c ~ e B  ~ y a o ~ a  amo- 
C a M o c B a n a  H K o B m a  a ~ c ~ a ~ a ~ o p a  HsnHeTccI  OCHOBHMM y c n o B H e M ,  o6ecne- 
9HBaIoWEIM BHCOKOIIPOH3BOAHTejIbHOe HCnOJIb30BaHHe 3KCKaBaTOPOB 

H aBTOCaMOCBaJIOB I l p H  MHHHMaJIbHbIX 3 a T p a T a X  H a  I'OpHOTpaHCnOpTHbIe 

pa6o~b1. I C ~ K  nOKa3bIBaIoT I IpaKTHKa K a p b e p O B  H IIpOBeAeHHbIe HCCJIe- 

AOBaHHEI, OTHOIIIeHHe eMKOCTH KY30Ba aBTOCaMOCBaJIa H KOBIUa 3KCKaBa- 

TOpa  AOJIHCHO 6 b I ~ b  H e  MeHee 4-5 H H e  6onee 10-12. ECJIH 3T0 COOTHOIIIe- 

HHe MeHblZIe 4-5, TO 3aTPYAHHeTCEI UPHqeJIbHaEI BbI rPY3Ka I I O P O A ~ I ~ ' H ~  

KOBIUa 3KCKaBaTOpa H ~ p e 6 y e ~ c E I  T q a T e J I b H a H  H TO¶HaEI YCTaHOBKa KOBIIIa 
I H a g  qeHTPOM KY30Ba,  ¶TO YBeJlH¶HBaeT AJIHTeJIbHOCTb p a 3 r P y 3 K H  KOBIIIa 

H ,  CJIeAOBaTeJI b H 0 ,  IIPHBOALIT K YBeJIHPeHHIo IIPOAOJIKHTeJI bHOCTH qHRJIa  

3KCKaBaTOpa H CHHHCeHHIo er0 IIpOH3BOAHTeJIbHOCTH. 

Bepx~mii npeAen c o o T H o m e H m s  e M K o c T a  ~ y a o ~ a  a B T o c a M o c s a n a  

H KOBIIIa 3KCKaBaTOpa IIpMHHMaeTCEI H e  6o.nee 10-12, TaK KaK npEI  



66nbrn~x  B e J I H s H H a X  ¶ p e 3 M e p H O  y B e J I H 9 H B a I o T C H  n p O C T O H  T p a H C n O p T -  

HbIX COCYAOB II CHHHCaeTCH HX IIPOH3BOAHTeJIbHOCTb.  

~ H c J I o  K o B I I I ~ ~ ,  H ~ O ~ X O ~ ~ H M M X  AJIB 3 a r p y 3 K H  K Y 3 O B a  aBTOCaMOCBaJ Ia ,  

MOHEHO OI IPeAeJ IHTb  K a K  O T H O m e H H e  rPY30I IOA 'beMHOCTH eMKOCTH 

K y 3 O B a  IE BeCY I4 o6 ' be~y  ~ O ~ H O P  n O p O A h I  B K O B m e  no @ o p ~ y J I a ~ :  

rAe nj, nz - s w n o  ~ o ~ r u e i i  s K c r c a s a T o p a ,  H ~ O ~ X O A H M ~ I X  AJIH 38- 

r P Y 3 K H  K Y 3 0 B a  aBTOCaMOCBaJ Ia  COOTBeTCTBeHHO IIO rPY- 
3OnOA'beMHOCTH H IIO eMKOCTH; 

Q H gn - r p y 3 0 n o j ~ a e ~ ~ i o c ~ b  a B T o c a M o c n a n a  H sec nopoAu 
B KOBIIIe,  m; 

I vK H vn - eMKOCTb IEY30Ba  H KOBIIIB, at3. 
Bec n o p o A M  B K o e m e  o n p e A e n n e T c H  no @ o p ~ y n e  

I { O ~ @ $ E I ~ H ~ H T  YIIJIOTHeHHH p a 3 p h I x J I e H H o f i  n O p O A h l  I I ~ H ~ J I H H C ~ H H O  

COCTaBnHeT:  AJIH JIeI'ICHX IIOpOA H Y r J I B  - 0,94, AJIB CKaJ IbHhIX  I IOpOA 

c p e ~ ~ e f i  K p e n O C T H  - 0,87, AJIH THHCeJIJJX CKaJ IbHhIX  I IOpOA - 0,79. 
IIpm n e p e ~ o m e  n e r K H x  nopon ~ H C J I O  ~ o ~ m e f i ,  H ~ O ~ X O A H M ~ T X  AJIH n o n ~ o i i  
3 a r P Y 3 K H  K Y 3 0 B a ,  O r p a H H 9 H B a e T C H  O ~ H ¶ H O  er0 eMKOCTbIO, a B THHCe- 

JIhIX - r py30 I IOA 'beMHOCTbIo .  

3 ~ a n e ~ ~ e  n,, nonysemoe p a c g e T o M  no @ o p ~ y n a ~ ,  o K p y r n c I e T c c I  

A 0  q e J l O r 0  s H C J I a  (B MeHbI I IyH)  CTOPOHY) II CJIYHCHT AJIH OI IpeAeJ IeHHR 

B e C a  Q, H 06'be~a vn IIOpOAbI  B K Y 3 0 B e  aBTOCaMOCBaJ l a  I IO $ o p M y J I a ~ :  

Qn = n r g w  nr; (XVI1,G) 

V, = nnVn, atR, (XVII,7) 

k, - K O ~ $ @ H ~ H ~ H T  H C I I O J I b 3 0 B a H H B  I 'PY30IIOA'beMHOCTH aBTOCaMO- 

csana; 
k, - K O ~ @ @ H ~ H ~ H T  HCI lOJ Ib30BaHHH eMKOCTH K Y 3 0 B a  aBTOCaMOCBaJ Ia .  

3 H a s e H I I B  K O ~ @ @ H ~ I ~ ~ H T O B  H C l l O J I b 3 0 B a H H H  r p y 3 0 I I O A ' b e M H O C T H  H eM- 

IEOCTH K Y 3 0 B a  X a p a I t T e P H 3 Y I O T  C 0 9 e T a H H e  ~ 0 ~ e J I e 6  3 K C K a B a T O p a  H a B T 0 -  

CaMOCBaJ Ia  B 3aBHCHMOCTH OT @ F ~ ~ H K O - M ~ X ~ H H ¶ ~ C K H X  C B O ~ ~ C T B  I I O r p y H C a -  

e M H X  n O p O A  H H a p H A y  CO 3 H a 9 e H H e M  n, CJIyHCaT OCHOBaHIIeM AJIH ~ar6opa 
hlo,?(eJIII 3 K C K a B a T O p a .  ' I~M B b I m e  K O ~ @ @ H ~ I I C ? H T ~ I  HCI IOJ Ib30BaHI IH  rPY- 
3OIIOA5eMHOCTII H eMKO C T H  KY3OBB aBTOCaMOCBaJ Ia ,  T e M  J I y 9 I U e  OH HCIIOJIb- 

3YeTCH H T e M  6onbme er0 I IpOH3BOAHTeJ IbHOCTb .  

O A H ~ K O  K O B $ @ H ~ E I ~ H T  HCI IOJ Ib30BaHHR rPY30I IOA 'beMHOCTH H 0  AOJI- 

x e H  6h1~b 6 0 J I b m e  1,02-1,05, Ta Ic  K a K  neperpyma a B T o c a M o c s a n a  name 
H a  H e C K O n b K O  n p O q e H T O B  p e 3 K O  I I O B b I m a e T  H3HOC XOAOBOG 9 a C T H  IBTOMO- 

6HJIB. ~ P H H H M ~ H  HeCKOJIbKO H 3  B03MOHCHhIX ~0neJIe6 aBTOCaMOCBaJIOB,  

o n p e A e J r c I m T  R n c I  s a ~ a ~ ~ o r o  s ~ c ~ a ~ a ~ o p a  s ~ a s e ~ ~ ~  n,, k, H ke H B M ~ H -  

P a I o T  T Y  MOAeJIb aBTOCaMOCBaJ Ia ,  I I P H  K O T O P O ~  9HCJIO 3 a r P Y H C a I o q H X  

KYBOB ~ 0 ~ m e 6  H ~ X O A H T C B  B npenenax OT 4-5 no 10-12, a ~ o a @ $ ~ -  
1 q H e H T b I  HCI IOJ lb3OBaHHH rPY30I IOA 'beMHOCTH K Y 3 O B a  H a H 6 0 J I b m H e .  
I Bmopoii cnoco6. O I I T H M ~ J I ~ H O ~ ~  I'PY3OIIOA'beMHOCTbH) aBTOCaMOCBaJ Ia  Q 

H OIITHMaJIbHhIM 9HCJIOM K O B I I I ~ ~ ~  n,, H ~ O ~ X O J ( H M ~ I X  AJIB 3 a r P Y 3 K H  

ZlBTOCaMOCBaJIa,  HBJIHIOTCB T a K H e ,  I I P H  KOTOphIX  o ~ ~ c I I ~ ~ H B ~ I O T C B  H a H -  

M e H b I U H e  a K C I I J I y a T a q H O H H h I e  PaCXOAhI  no 3 K C K a B a q H H  H T p a H C I I O P T H P O -  

I BaHHIO.  C J I e f l o ~ a ~ e J I b H o ,  H ~ O ~ X O A H M O  O I I p e A e n H T b  MHHHMaJIbHhIe  3KC- 

n n y a T a q n o H H h I e  pacxonw K a K  @ Y H K ~ H H  n, H Q. 
C y ~ M a p H h I e  rOAOBhIe  3 a T p a T b I  H a  C O A e p > K a H H e  3 K C K a B a T O P O H  H aBTO-  

CaMOCBaJIOB MOHCEO I I p e A C T a B H T b  C Y M M O ~  

Z -= 2, f Z, -+ Z,, THC. py6., (XVII,12) 



O ~ O ~ H ~ ¶ H B  W - ¶ ~ C O B O G  rpy30060p0~ K a p b e p a ,  m; 
Q - rpY30UOAZeMHOCTb OAHOI'O aBTOCaMOCBana ,  m; 
to - B p e M R  0 6 ~ e ~ a  aBTOCaMOCBaJIOB y 3 I t C K a B a T O p a ,  U ;  

U - CpeAHIoIO TeXHH¶eCKyIO CKOpOCTb ABH%eHHR a B -  

TOCaMOCBaJIOB, %nt/'L; 
t,, f t ,  - B p e M R  U O r P y 3 K H ,  p a 3 r P Y 3 K H  H M a H e B p H p O B a E H R  

OAHOrO aBTOCaMOCBajla ,  't; 

L, - p a c c T o R H H e  n e p e ~ o 3 ~ m ,  % a ;  

K ,  - rOAOByIO CTOHMOCTb COAePlKaHHEI OAEOI'O 3KC- 

K a s a T o p a ,  THC. py6. ( O K O ~ O  600-800 TMC. py6. 
AJIR MeXaHIl¶eCKHX JIOUBT C KOBmOM eMKOCTbIO 

3-6 a 3 ) ;  

K,  - I'OAOBHe 3 a T p a T M  H a  OAHH aBTOCaMOCBaJI, H e  

3aBHCRUJHe OT er0 rpy30UOAZeMHOCTH,  TMC. py6. ; 
Kr - rOAOBHe 3 a T p a T H  H a  aBTOCaMOCBaJ1, UpOUOpqHO-  

HaJ IbHbIe  er0 r p y 3 0 U O A Z e M E O C T H  H a  1 m rpy3a 
H ~ ~ I A ~ M ,  ¶TO: 

Z3 = W ($ + 2-) K,, (XVII,13) I O U ~ ~ A ~ J I H B  OUTHMaJIbHble 3Ha¶eHElR n, I3 Q MOXHO 1 1 0 ~ 0 6 p a ~ b  MOAeJIb 

aBTOCaMOCBajIa  UO eMK0CTH KYBOBB, KOTOpaR AOjIHCHa 6b I~b  p a B H a  

VK - - nKqk,,kY, .w3. (XVII,23) 

P a q ~ o ~ a n  b ~ a f i  BHA T p a H c n o p T a  H r p a a n q M  er o n p a M e H e H n R  onpe- 
AeJIRIoTCR YCJIOBHRMH p a 3 p a 6 0 ~ ~ ~  El MOrYT MeHZlTbCR B COOTBeTCTBEII3 

C H3MeHeHHRMH BTHX Y C J I O B H ~ ~ .  Ha sa60p PaqHOHaJIbHOI 'O BHAa TpaHC-  

U O p T a  BJIHReT MH0;KeCTBO O ~ Z ~ K T L I B H M X  UpEIPOAHhIX H T ~ X H O J I O I ' W ~ C R H X  

@ a r c ~ o p o ~ .  Ha K a p b e p a x  c S O ~ H ~ O H T ~ J I ~ H M M  H n o n o r m  s a n e r a ~ ~ e ~  
aanexeii OCHOBHMMH ( P ~ K T o ~ ~ M H ,  OIIpeAeJIRIOE(HMH ~ @ @ ~ K T H B H O C T ~  
T p a H C n O p T a ,  RBJICIIOTCR PaCCTORHHe H o6ze~h1 UepeBO3OK r 0 p ~ 0 f  MaCCH, 

T a K  K a K  p a 3 B H T H e  p a 6 o ~  npOHCXOAHT UpeHMyII(eCTBeHH0 B I 'OpH30HTaJIb-  

HOM H a U p a B J I e H H H ,  r J I y 6 H ~ a  K a p b e P a  H3MeHReTCR He3Ha¶HTeJIbHO7 a pe- 
I 

X H M  r O P H h I X  p a 6 o ~  OTJIHVaeTCR PaBHOMePHOCTbH) BO BpeMeHH.  
I Ha HaKJIOHHHX H KpyTOnaAaIOIQZiX MeCTOPOXAeHHCIX U P H  B M ~ O P B  

BHAa T p a H C U O p T a  AOJIXHM UplTHHMaTbCEI BO BHHMaHHe m y 6 H ~ a  K a p b e p a  

H X a p a I < T e p  p a C I I p e A e J I e H H R  BO B p e M e H H  O ~ Z ~ M O B  BCKPMDIH H UOJIe3HOI'O 
h 
G ~ c ~ o n a e ~ o r o .  n a p a ~ e ~ p a r  BCKP~ITHII H C ~ C T ~ M  p a 3 p a 6 0 ~ ~ ~ ,  o6zem 



H IIOPRAOK p a 3 B H T H R  I'OPHbIX p a 6 0 ~  3 a B H C R T  OT B H A a  BHYTPHKaPLePHOI 'O  

T p a H c n o p T a  H o n p e A e n m o T  p c x m M  r o p H N x  p a 6 0 ~  H a p b e p a .  T a K ,  K ~ Y T O -  

I IanaIOWIXe P Y A H b I e  Tens npll a B T O T p a H C I I O p T e  qenecoo6pa3~0 B C K p b I B a T b  

H O T ~ ~ ~ ~ T L I B ~ T ~  CKOJlL3RlQMbiH C'be3AaMH C p a 3 B H T H e M  r O P H b I X  p a 6 0 ~  OT 

qempa rc 4 n a ~ r a ~  B H a n p a n n e m m  I ( p ~ c .  286, a). B cnysae n p m M e H e m c I  

0 
K O M ~ H H H P O B ~ H H O ~ O  T p a H -  i 
C n O p T a  CO CKHIIORbIMH IIOA'b- 

e M H H K a M H  I c a p b e p  A O J I X e H  

-60~ 6hI~b BCKPMT C T a q H O H a p -  

HbIMH KPYTbIMM T p a H U l e H M H ,  

I I P O & ~ H H ~ I M H  CO CTOPOHM 

nexasero 6 o ~ a  3 a n e x m .  

r o p ~ b I e  p a 6 0 ~ b I  y A 0 6 ~ e e  

p a 3 B M B a T b  n p H  3TOM B H a -  

n p a B n e H H m  11 c nonmra- 
HMeM + p o ~ ~ a  OT nexasero 
601ca 3aJIe?KH K BHCII¶eMY 

(pmc. 286, a). 
B COOTBeTCTBHEI CO CIIO- 

(1.060~ BCKpbITHFI H I IOPRA- 

KOM p a 3 B H T H H  r O P H b I X  pa- 
6 0 ~  P a c n p e A e n n m T c f i  06%- 

e M b I  BCKPbIIIIH EI PYAbI.  ~ P H  
a B T O T p a H C I I O p T e  P y A a  pa- 
c n p e A e n c I e T c R  c o r n a c H o  

r p a + ~ ~ y  I, a B c K p b l m a  - 
rpa+my I' (pnc. 286, 6). 
IIpn K O M ~ H H H P O B ~ H H O M  me 
T p a H C l l O p T e  - COOTBeTCT- 

B e H H o  r p a + m a ~  2 H 2', KO- 

0 60 120 150 240 300 T O p b I e  H e C K O n b K O  C M e Q e H b I  
rnudu~a xapbepa, M B I I p o c T p a H c T B e  IIO c p a B H e -  

Prio. 286. B w n m e  HanpasneHnn o ~ p a 6 0 ~ ~ 1 . 1  Kapbepa 
HHH) c r p a + n ~ a ~ ~  I H 2'. 

~a peaurn ropam pdor: OT cnoc06a BCKPMTHR 
a - CxeMa O T ~ ~ B O T K U ;  6 - peH(HM rOPllbIX P ~ ~ o T ;  1 K 3 a B H C R T  KOHCTpYKqHR H e -  
I'  - COOTBeTCTBeHRO peH(Hm nO6hIYHbIX E ~KpmIIIHhlX 
p a 6 o ~  n p ~  Hanpaenemn paaenma 1 , 2  E 2 - TO me, pa6osero 6 o p ~ a  H Yron 

TYIIHKOBbIMH IKeJIe3HOAO- 

p O X H b I M E  C'be3AaMM YrOjI  H a K J I O H a  6 0 p ~ a  A O n l K e H  COCTaBJIFITL 36 -40 O. 

I I e ~ n e ~ b ~ e  a~~ocae3nb1 y A a e T c R  p a 3 ~ e c ~ n ~ b  H a  6 0 p ~ y  UPH yrxe ero nora- 
U I e H H R  H e  CBbIIUe 35-36". E ~ ~ T L I ~  T p a H I I I e I l  IiaKJIOHHOI'O CKHIIOBOrO 

n o p e M a  y c T p a n R a m T  H a  b o p ~ a x ,  yron o T K o c a  KOTOPMX ~ J I E I ~ O K  K yc~oii- 
'~HBOMY yrny o T K o c a  IIOPOA, ero c n a r a I o m m x .  Ha pat. 287 n p m s e A e H H  

g a H H h I e  IIO o 6 a e ~ a ~  BCKpbIII IH I IpM K O M ~ H H H ~ O B ~ H H O M  T P a H C I I O P T e  

C ICOn'beMHMKOM M I I P H  ~ B T O M O ~ K J I ~ H O T V I  T P a H C I I O P T e  C IIeTJIeBbIMH C'be3- 

AaMH. 

H e n o c p e ~ c ~ ~ e ~ ~ o e  B n m H m e  ~a p e m m  r o p H M x  p a 6 o ~  O I F ~ ~ M B ~ ~ T  

E e n m s m H a  p y I c o B o A m q e r o  r roAaeiLla  i, ~ p a ~ r u e i i .  IIpm BCKPMTHI~ C I I H ~ ~ J I L -  

HbIMM C 'be3AaMH I I p H  Y B e n H s e H H H  YKJIOHa n y ~ e g  T e K y Q E I e  K O ~ + # ) H ~ H ~ H T M  

BCKpbIIUH H a 6 ~ 0 n I o ~ ~ h l e  06 'beMbI  ee H a  H a s a n b H b I X  3 T a I I a X  p a 3 p a 6 0 ~ ~ E f  

Y M e H b m a I o T C H .  ~ O ~ T O M Y  B C J I y s a e  I I p H M e H e H H R  B K a p b e p e  a e J I e 3 H O -  

A o p o x H o r o  T p a H c n o p T a ,  A o n y c K a m q e r o  y K n o H M  no 3 0 - 4 0 0 / 0 0 ,  r o p H a f i  

M a c c a  p a c n p e A e n H T c R  c o r n a c H o  rpa+m~y I ( p ~ c .  288). I l p ~  a B T o T p a H c -  

n o p T e  M a ~ ~ o c n e 3 ~ a x  (i, = 70--80°/00) r p a + ~ ~ o ~  p e z H M a  r o p H M x  p a 6 o ~  
6 y ~ e ~  J I O M a H a R  II, a n p H  T ~ O J ~ J I ~ ~ B O ~ ~ X  (ip = 120°/oo) - x o ~ a ~ a ~  III. 

M ~ M ~ H ~ H H ~  3JIeMeHTOB CFICTeMhI p a 3 p a 6 0 ~ ~ ~  B 3aBHCHMOCTH OT B H A a  

T p a H C n O p T a  O K a 3 L I B a e T  B n H R H H e  H a  p e X H M  r O p H b I X  p a 6 o ~ .  ' 

l'xic. 287. 06.berm  patio^ Kapbepn (a) rr p e w  ~ c ~ p b ~ m -  PUC. 288. Peilai~ BcKpblrnrryI p a 6 0 ~  
t r ~ x  I ~ B O T  (6): npa paanm yItnoHax Kanuranbnmx 

1 - K O H T Y P K . ~ ~ ~ ~ ~ ~ K ~ ~ ' L ~ M ~ I  BCKPbILLIKnPEaBTOTpaH- ~ p a ~ m e i k  
CnopTe; 2 - TO Hie, npll C~llnoBbIX Il0,TbeMHEKaX; 8 - 

06.be~u pynb1 

LUmpn~a pabosei? n n o q a A K E  H yron pa6osero 6 0 p ~ a  B ~ ~ B H C H M O C T H  

OT B H n a  T p a H C I I G p T a  H3MeHRH)TCR B I I p e A e J I a X :  

ILInp~r:a pa6oseB Yrox pa6osero 
nnoqaaria, nr 6 0 p ~ a ,  apaa  



B AaHHbIX YCJIOBHRX CKOPOCTL IIOHHXeHHR rOPHbIX p a b o ~ ,  paBHy10 

8 A L / Z O ~ ,  r0AOBbIe 06ae~b1 ~0661¶H COCTaBRT (m), CPOK CTpOHTeJIb- 

cTsa Kapbepa Ti ( n e ~ ) ,  a npoAoJIx<HTenbHocTb ero 3 1 c c n n y a ~ a q ~ ~  T; 
( A ~ T ) .  Ha PHC. 289 nOKa3aH PeKHM pa6o.r npH p a 3 ~ 0 6  HHTeHCHBHOCTH 

p a 3 p a 6 0 ~ ~ m .  n p H  p a 3 p a 6 0 ~ ~ e  C aBTOM0- 

~ H J I ~ H ~ I M  TPaHCllOPTOM MOXIIO BeCTH pa3- 

p a 6 o ~ ~ y  C HHTeHCHBHOCTbH) y r J I y 6 ~ ~  
12 . ~ / z o d  H ,  e c m   TO qenecoo6pa3~0, 

YBeJIHsHTb IIpOH3BOnHTeJIbHOCTL l l O  PYAe 
A0 M' (m). Kapbep 6 y ~ e ~  CAaH B 3KC- 

njryaTaqmIo npx  TOM paabme H c p o ~  
CTpOHTeJIbCTBa COCTaBHT Ti  (JI~T). BMCT- 
pee 6 y ~ y ~  o ~ p a 6 0 ~ a ~ k . 1  H aanacb~ ICapLepa. 

B p e 3 y n b ~ a ~ e  npn pa3~1ms~b1x pemi- 

,  ax no6b1s~arx p a 6 o ~  6 y n y ~  H pa3~b1e 

T: ~ ~ a n e ~ ~ a p ~ b ~ e  rpac@~x p a c r t p e ~ e n e ~ H ~  

1 13 1' - ~ c ~ p b ~ r n ~ ~ e  n no6~yHMe pa- BeCbMa C ~ ~ ~ C T B ~ H H O ~ .  B a p H a ~ ~ b I  pa3pa- 
r i o m  npn n o ~ ~ r n ~ e a x n  pa6oT 1 2  x / z o a ;  
2 11 2' TO me, npn n o ~ m ~ ; e ~ n n ~ p a -  ~ O T K M  C IIpHMeHeHHeM pa3JIHsHMX BHAOB 

fi0T 8 mlzod  TpaHCnOpTa M O r Y T  OTJIH¶aTbCR APYr O T  

Apyra B oTAeJrbHarx cnynaRx n KasecT- 
BOM I I O J I ~ ~ H O ~ O  ncIEonaeMoro, BbIAaBaeMoro ~3 Kapbepa. 3 ~ o  0 6 % ~ ~ -  

HReTCR T e M ,  ¶TO He BCe BHAH T ~ ~ H c ~ I o ~ T ~  B O ~ H H ~ K O B O ~  CTeIlf3HI.I 

rPY30IlOTOICOB IIO C O p T a M  CTaHOBHTCR IIpaKTE'XeCKH HeB03MOXHMM. 

K ~ ¶ ~ C T B O  C~JI~IETEIBHOG BbIeMKH IIPH Xt?JIe3HOAOPOKHOM TpaHCnOPTe 
Xy?He, ¶eM IIpH p a 3 p a 6 0 ~ ~ e  C IIpZlMeHeHHeM aBTOTpaHCIIOpTa. 

n p H  p a s p a 6 0 ~ ~ e  M ~ C T O P O K A ~ H H ~  C HaIEJIOHHMM H KPYTMM IIaAeHHeM 

cnoco6 TpaHCllOpTHpOBaHHR TeCHO CBR3aH C BOlIpOCaMH OKOHTYpHBaHHE 

HapbepOB, BCKPMTHR H IIOpRAKa pa3BHTHR I'OPHbIX p a 6 o ~ .  ~ O ~ T O M ~  

H a  T a K H X  KapbepaX ~ K O H O M H ¶ ~ C H O ~  OIJeHKe BaPHaHTOB TpaHCIlOpTa 
npeAruecTByeT r o p ~ o ~ e x ~ ~ s e c ~ r n i i  a~anrn3, B npoqecce KoToporo ycTa- 
HaBJIHBaeTCR CTeIIeHb BJIHRHHR TpaHCnOpTa Ha  peKHM I'OPHbIX p a 6 o ~  
B H a p e p a x .  

I ECJIH B pe3YJIbTaTe aHaJIH3a YCTaHOBJIeHO, ¶TO BapHaHTbI p a 3 p a 6 0 ~ ~ 1 1  

I 
C pa3JIH¶HMMH BHAaMII TpaHCIIOpTa HMeIoT pa3HOBpeMeHHbIe PeKHMbI 

UCICphIUIHbIX H AO~JJIYH~IX p a 6 o ~  H HeOAHHaKOBOe Ka¶eCTBO CbIpbR, TO 

HX c.neAyeT cpaBHmsaTb no BeJIEimHe n p ~ ~ e ~ e ~ ~ o i i  n p m 6 ~ n ~ ,  nonysea- 
H O ~  3a TOT CPOIE, Ha  KOTOP~IG IIP0eKTHI)YeTCR , L ( ~ H H H ~  BHA TpaHCIIOpTa. 

E C Z ~ I  peXIiM A O ~ H ~ H H X  p a 6 o ~  BO BCeX BapliaHTaX OAHEIaKOB, 3a 

K P E I T ~ P H ~  3IEOHOMEI9HOCTH TpaHCIIOpTa IIpIIHMMaIoTCR IIpEiBeneHHbIe 

li OAHOMY nfoMeHTy o 6 4 ~ e  a a ~ p a ~ a r  H a  p a 3 p a 6 0 ~ ~ y  KapLepa. I I p H  a m m -  
UaJIeHTHOCTEI peiKHMOB BCKPbIIUHMX H A O ~ M ~ H H X  p a 6 o ~  BapHaHTM CpaBHE- 

BaIOT no C y M M e  paC¶eTHbIX 3aTpaT H a  TpaHCIIOpT, nOrpy3Ky H 0TBa.TO- 

i 0 6 p a 3 0 ~ a ~ H e .  

~ O P R A O K  ~b160pa TpaHClIOpTa AJIR CpaBHIITeJIbHO ~ e r a y 6 o 1 i ~ x  (150- 
250 A) KapLepoe, Ha  c p o ~  3 ~ c n n y a ~ a q ~ ~  I C O T O ~ ~ I X  npllMeHneTcR 

I TOJILTCO OHHH BHA. MOKeT 6b1~b CJIenYIO4HM: 

1. I ~ Y T ~ M  aHaJIH3a C y¶eTOM eCTeCTBeHHbIX KJIHMaTIlYeCKHX H rOpH0- 

CpaBHeHIIR BapIIaHTOB TpaHCnOpTa MOXEIO IIOJIb3OBaTbCe npeADO¶TH- 

TeJIbHhIMH YCJIORIlRMII IIX IlPHMeHeHHII, IIPMBeAeHHbIMM B ~a6.T. 68. 
2. Ann 1ia;KfiOrO BapHaHTa sb16lipa10~ qe~1ecoo6pa3~bre cxeMbr 

RCKPMTHR M IIOPRAOK O T P ~ ~ O T K H .  H a ~ e ¶ a ~ o ~  ICOHTYpbI Kapbepa AJIR 

~ C T ~ H O B ~ I ~ H I I O ~ I  rny6n~b1  OTICpbITHX p a 6 o ~ .  B H ~ H C J I ~ I O T  06ae~b1  UCKpbIIIIm 

II 3anacb1110.1e3~0ro mcKonaeMoro B KoHTypax Kapbepa. 
3. ~ I ~ ~ H ~ Y ~ K I T  paCCYHTbIBaJ0T ~ e o 6 x o ~ n ~ ~ d e  Ann IIOCTpOeHHR pe- 

iIiHMa rOPHbIX pa60T napaMeTpH TpaHcnopTa, BCKPMTHR H CEICTCMH pa3- 

paGo~rcn (pyrzoeonarqrr~ YICJIOH ~ p a ~ m e t i ,  nbIcoTy ycTynoB, mnpriHy 

p a 6 o s ~ x  n:~oLqaao~). 
CTPORT 1ia:reHRapHbre rpa@mr<~ pacnpeAeneHliR o 6 a e ~ o ~  B C R ~ ~ I ~ I I  

Ii IIO.XC3HOrO HClCOIIaeMOrO B COOTBeTCTUHH C OCIlOBHhIMII peIIIeHIIRhlH IIO 

I!CICpbITHIO, IIOPRaIiY pa3pa60~KH, IlpOH3BOAHTeJIbHOCTH IIO IIOJIe3HOMy 

mcKonaeMoMy 11 ~ p .  
4. Bh16Hpa1o~ fipH~ep~C1 0qeHKI.I BapMaHTOU. 

5. ~ O R C ¶ H T M B ~ I O T  H IIPHBOART K OAHOMY MOMeHTY 3aTpaTbI M,  eCJIH 

 TO ~ e o 6 x o p 1 ~ 0 ,  ~ o x o ~ b ~  npH p a 3 p a 6 o ~ ~ e  Kapbepa. 

3 a ~ p a ~ h I  KaItHTaJIbHbIe H 3KCnJIyaTal(HOHHbIe npH YKpynHeHHMX PaC- 

1 ¶eTax C ) J O C T ~ T O ¶ H O ~ ~  TO¶HOCTbIo M O r Y T  661~b llOAC¶HTaHhI C I I O C O ~ O M  

, egmHHsHbIx n o ~ a a a ~ e n e i i  
C qenbm yseTa BJIHRHHR ~ J I Y ~ H H ~ I  Kapbepa H a  3KcnnyaTaqHoHHbIe 

3 a ~ p a ~ h 1  HX n o ~ p a a ~ e n ~ m ~  Ha nee sacTn. B nep~o l r  sacTEi ynEiTbrsaIoT 
I 

3aTpaTbI H a  BCe IIpOqeCCbI, ICpOMe TpaHCIIOpTa, a BO BTOPYH) BKJIH)¶aIOT 

C O ~ C T B ~ H H O  TpaHCnOpTHHe 3aTpaThI. T ~ K U M  0 6 p a 3 0 ~ ,  HenpHBeAeHHbIe 

3 1 ~ c n n y a ~ a q ~ o ~ ~ b r e  3 a ~ p a ~ b 1  B ~ a ~ o i i - n H 6 0  roA p a 3 p a 6 0 ~ ~ ~  t ,  no O A H O M y  



T a 6 n 1 1 ~ a  68 T a 6 n ~ q a  69 
P a q ~ o a a n b ~ ~ u e  ycaoBm npMareHenMrr oc~osaarx s r i ~ o e  Kapbepaoro TpaacuopTa Tex~onorwecme s a ~ p a ~ a r  no HeKoToparar pyAanKaar 

K O M ~ K I I K ~ O B ~ ? ~ I I ~ I ~ ~  
TPaHCI lOPT 

ABTO- HCene3H0n0- K O I I B ~ ~ P H ~ I ~  
@ah~OpbI T p a H C n O p T  POmHmB Tpat lCnOpT aBTO- aDTO-CK1l- 

TpaHCnOpT mene3~0- 
nopomaani "",",",","- 

I ropnomexn uueclrue 

Yron n a ~ e a ~ n  M~CTOPO- A10608 npeAnO¶TFi- ~ P ~ , ~ u o ¶ T H -  JI1o60ii n[pe,qno- 
XAeHIIFI, zpaa TeabHO A 0  TenbHO A 0  9THTeJIb- 

10-15" 35-50" HO AO 

1 40-60" I 

@ I ~ ~ ~ K O - M ~ X ~ H E ~ ¶ ~ C K H ~  JIm6are P ~ x n ~ e  J I m 6 ~ e  
C B O ~ C T B ~  n0pOA 

I 'ny6n~a ~ a p b e p a ,  .u g o  g o  150-300 150 H 6onee 150-400 Eonee 
200-250 250-200 

O ~ a o c ~ ~ c n b a a r e  pa3~eph1 He6onb- B ~ I T R E Y T ~ I ~  JIm6h1e I-Ie6oxb- 
sapbepa B nnaae m ~ e  IIIEI~ 

P a c c ~ o ~ a ~ ~ e  ~ p a n c n o p ~ n -  g o  4-5 Eonee 3-4 4 rr 6o.nee Eonee - 
POBaHllfl, K& 5- 7 

-- 

Ilpouaeoi9cmeen~~e 

CKOPOCT~ UOHBX~HEFI 10-30 6-15 Go 20-35 15-25 20-33 
r0pHHX pa60~ ,  % / z o ~  

I 
CKOPOCT~ UOABHraHHR A0 200 ,6O-100 120-160 160-200 A0 200 

@poaTa, .u/zoa 
I 

r o ~ o s a ~  IIPOH~BOACTB~H- g o  20-100 40 1% 6onee 30-60 nysure 
H ~ R  M O ~ E O C T ~  xapbepa 20-30 20-40 I I I I I 

MnH. m 
Cnoco6 B ~ I ~ M K I ~  none+ JIm608 Ba.~osh~B JIm6oii 

aoro ncxonae~oro B T ~ ~ J I .  69 n p ~ s e ~ e ~ b ~  A ~ H H M ~  aa n o c n e A ~ ~ e  2-3 r o ~ a  no HX 3aase- 
HHRM AJIR HeKOTOPhIX PYAHHKOB. 

H 3  BaPHaHTOB TpaHCIIOpTa PaCCsHThIBaIoTCR IIO @OPMYJIBM; H a  BbleMKY Ann ~ ~ C ~ ~ O C T ~ ~ H ~ H H ~ I X  BHAOB T P ~ H C I I O P T ~  ~ H ~ ¶ ~ H H R  ~ ~ P ~ ¶ H c z ~ H -  
BCKPhIIIIH HLIX 1 1 0 ~ a 3 a T e J I e c  IIpHBeAeHbI B T ~ ~ J I .  70. 

3, = [ST.  B S- (ST,. B 4- g h ~ ) ]  V B ,  ~ ~ 6 . 7  (XVII,25) A ~ a J I o r a s ~ o  IIOACsHThIBaIoT 3KCnJIyaTaqHOHHhIe 3 a T p a T h I  no BCeM OC- 
=a ~06bmy TaJIhHbIM l'OAaM. ECJIH BbIRBmTCR q e J I e ~ 0 0 6 p a 3 ~ 0 ~ T b  IIOCJIeqOBaTeJIbHOrO 

3, = [ST.  " 4- (ST,. n 4- ghH)l vn ,  ~ ~ 6 . 7  (XVI 1.26) 
T a 6 n n q a  70 

rf le  S , ,  , H ST.  ,, - ( ( T ~ X E O J I O I ' H ~ ~ C K F ~  3KCIIJIYaTaqHOHHbIen 3 a T p a T h l ,  

OTHeCeHHhIe K 1 a3 BCKPhIIlIH H 1 m nonesaoro ~ P ~ A H ~ H T M  yBeJIHW3HHII TPBHCIIOPTHhIX 3aTpaT (lC0nlm) 

H c K o n a e M o r o ,  py6. ; 
T p a l r c n o p ~  S T p .  , H STP.  - 3KCIIJlyaTaqHOHHaR ¶aCTb C ~ ~ ~ C T O I I M O C T E I  n e p e ~ o 3 -  rpanme~~b~ 

Km 1 a3 BCKPHJIIH H 1 m n o n e a ~ o r o  H c K o n a e M o r o  

B H C X O A H ~ I ~ ~  r o ~ ,  py6. A B T O M O ~ H ~ ~ H M ~ ~ :  
g - I 'paAHeHT YBeJIHseHHR TPaHCnOPTHbIX 3 a ~ p a ~  27 m . . . . . . . . . . . . . . . . . . 0,085-0,12 

c ~ J I Y G H H O ~ ~  H a p b e p a ,  p y 6 / a ;  40-45 m . . . . . . . . . . . . . . . . 0,065-0,09 
hB H h,, - C ~ ~ A H ~ B ~ B ~ J I I ~ H H ~ R  r n y 6 ~ ~ a  B C K P ~ I I U H ~ I X  H AO- ~enc3~o,qopomah18: 

~ ~ I P H ~ I X  p a 6 0 ~  B p a c c ~ a ~ p r n s a e ~ ~ i j :  ran, m a ~ e p n e -  c OAHBOPHO~~ T R ~ O ~  . . . . . . . . . . 0,04-0,055 
C M O T O ~ B ~ ~ O H H O ~  TRrOfi . . . . . . . . . 0,035-0,05 

M a s  IIO OTHOIUeHHIo K HCXOAHOMY, .w; gnsenb-~ponnef i~oa~nn . . . . . . . . . . . . . 0,06-0,09 
v, H V n  - 0 6 % e ~ h 1  BCKPMIIIH (a3) H ~ O J I ~ ~ H O ~ O  H C K O I I ~ ~ M O ~ O  KoH~e8epHhIf . . . . . . . . . . . . . . . . . 0,02-0,03 

( m ) ,  B ~ ~ C C M ~ T ~ H B ~ ~ M ~ I ~  rOA. C ~ i n o ~ o i i  no,qmev . . . . . . . . . . . . . . . 0,008-0,015 

34 3 a ~ m  3 2 9  529 
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c x e M y  p a 3 A e n e H m R  K a p b e p a  H a  a ~ a n b ~ ,  H p a q i 3 o H a n b H b I e  n a p a M e T p m  

K a p b e p a  ~ a x n o i i  o o s e p e n H  COCTORT B c n e A y r o q e M :  

1. ~ ~ O H ~ B O A C T B ~ ? H H ~ H  MOqHOCTb K a p b e p a  no nOJIe3HOMy H C K O ~ ~ ~ M O ~ I ~  

H e  JJOJIXHa YMeHbLUaTbCH B K ~ K E I ~ - J I H ~ O  IIePEIOAbI, B PaCTHOCTH B MO- 

ECJIH B P ~ M ~ H H ~ I ~ ~  GOPT HMeeT BbICOTY H6 (PHC. 293), TO p e 3 e p B H h T e  

3a I IaCbI  IIOJIC3HOrO EICKOnaeMOrO, IZOTOpLIe MOrYT 6 b 1 ~ b  0 T p a 6 0 T a H b I  683 
p a a ~ o c a  6 o p ~ a ,  o n p e n e J r s m T c R  c x o e M  6' e s b ~ c o ~ o i i  Hi+l. O P ~ B H ~ H O ,  
3a TO BPefilR, B T e P e H H e  KOTOPOrO ~ 0 6 b 1 9 H b l e  pa6o~ar OIIYCTIITCR C r O p H -  

3 0 H T a  6' A 0  r O P H 3 0 H T a  e, KOHTYP K a p b e p a  AOJIWeH 3 a H R T b  BMeCTO IIOJIO- 

 HER a66' n o n o H t e H m e  erne, T. e. 

rAe h6 - B e P T H K a J I b H a R  CXOPOCTb IIOHE3fleHHR I'OPHbIX p a 6 o ~  I I p H  

pa3HOCIZe BpeMeHHOrO 6 o p ~ a ,  AlZ0d; 
hi+, - B e p T H K a J I b H a R  CKOpOCTb IIOHHH(l?HHR A O ~ M P H H X  pa6o.r 

B (i + 1)-M mane, m/zod; 
i - I I O ~ R A K O B M ~  H o M e p  a T a n a .  

cpe , I (~He  K O ~ @ @ H ~ H ~ H T M  BCKpbILUH IIO 3 T a I l a M  AOJIXHbI 6 b I ~ b  H a p a -  

c ~ a m q n ~ m ,  T. e. cpen~n i i  ~ z o a @ @ m q m e ~ ~  B c K p M m m  K a p b e p a  xm6oB oqe- 
P e n H  nOJI?KeH 6 b I ~ b  MeHb-  
me, s e M  B K a p b e p e  n o c J r e -  

nymqef onepenw ~ T E  yc- 
JIOBHR O ~ ~ C I I ~ ¶ E I B ~ H ) T  HaH-  

J Iy 'Xmmf  peH(HM BeAeHHR 

I'OpHbIX p a 6 o ~ ,  npE KOTOpOM 

BbIeMKa H ~ E I ~ O J I ~ I I I H X  06ne- 
MOB BC,KPbIIIIE OTHOCHTCR H a  

6onee n o 3 n ~ ~ e  n e p H o n M ,  

B p e ~ y n b ~ a ~ e  sero AOCTH- 

raJOTCR HaHMeHbLUHe 3aT-  

p a m  H a  p a 3 p a 6 0 ~ ~ y  B c e r o  

MeCTOPO?K~eIXEIR. 

H ~ F ~ M ~ H ~ I I I H ~  3 H a ¶ e H H R  

' IIapaMeTpoB - BbX- Pac. 293. Cxenaa I; onpencnexam nonoxeearr spearelr- 
CoTa  H, E m H p M H a  Bi, ~ioro  6 o p ~ a  
O n p e A e J I R I O q m e  MHHHMaJI b- 

H ~ I G  C ~ ~ A H E I ~ ~  K O ~ @ @ E I ~ E I ~ H T  BCKPLIIIIH, OrpaHHPEIBaIOTCR CPOKOM CJIYH(~LI 

3 T a n a  ti, K O T O P M ~  YCTaHaBJIHBaeTCR B 3aBEICHMOCTH OT 3KOHOMHPeC- 

K m x  m O ~ ~ ~ H H ~ ~ ~ ~ O R H O - T ~ X H ~ ~ C K H X  a a ~ c ~ o p o n  B npenexax 8- 
12 n e T ,  T. e.: 

Hi = hiti, w; (XVIII,2) 

3. ~ P O H ~ B O A C T B ~ H H ~ R  MOqHOCTb K a p b e p a  DO BCKpNIIIe  H er0 T e K y I Q E e  

~ o a @ @ m q m e ~ ~ ~  B K a w n o M  I I O C J I ~ A Y ~ ~ ~ M  mane AOJIHCHM 6b1Tb 6onbme, 
¶eM B I I P e A M A Y q e M  3 T a n e  (38 HCKJIJOPeHHeM I IepHOAa 3 a T y X a H H R  MeCTO- 

PoH(~~?HHR).  

Ecxm B ~ ~ M ~ H H M ~   OPT 6 y ~ e ~  3 a H H M a T b  K ~ K O ~ - J I E I ~ O  A p y r O e  noJIo%e- 
H H e ,  OTJIHPHOe OT a6' ,  TO YCJIOBHR PaqHOHaJIbHOCTH H e  ~ Y A Y T  BbInOJI- 

H e m  (pmc. 293). I l p e n n o n o x n ~ ,  K a p b e p  n e p ~ o f  oosepenm mMeeT 6 o p ~  a'6'. 



IIpn  TOM K O ~ @ @ H ~ M ~ H T  BCKPHIUH n e p B o r o  maria ti s a ~ p a ~ b ~  H a  paspa- 
~ O T K Y  I IepBOrO 3 T a n a  MHHHMaJIbHhI, HO H e  YAOBJIeTBOPReTCR I I e p B O e  

yCJIOBHe,-  a HMeHHO H e  co6~11oge~a ~ ~ ~ O C T ~ H O B O P H O C T ~  7~06614~ IlOJIe3- 

HOrO HCKOIIaeMOI'O. E c m ~  O r p a H H 4 H B a T b  KOHTYP I I e p B O r O  3 T a n a  JIHHHeii  

a'6', TO IIOCJIe AOCTHXeHHR rOpHbIMH p a 6 0 T a M H  r n y 6 m ~ b 1  H a p b e p a  nep- 
~ o i i  osepegm Hi 7 ~ 0 6 b 1 s a  n p e I c p a T m T c R  ~ 1 3 - 3 a  OTCYTCTBHR B C K P ~ I T ~ I X  3a- 
naCOB.  O ¶ ~ B H ~ ~ H O ,  T ~ ~ ~ o B ~ H H R M  6 e 3 0 c ~ a ~ o ~ o u ~ o i j r  ~ o 6 b 1 s m  H MHHMMaJlb- 

HOrO K O ~ @ @ H ~ E C H T ~  BCKPbILUH H a  AaHHOM 3 T a n e  yJ(OBJIeTB0PReT JIMHHR 

B p e M e H H o r o  6 o p ~ a ,  p a c n o n o x e H H a R  npasee JIHHHH af6'. I l p e g n o n o x ~ ~ ,  
¶TO B p e ~ e H ~ h I f i  GOPT 3 a H H M a e T  IIOJIOXeHHe a''@, KOTOpOe YAOBJIeTBOPReT 

YKa3aHHMM T ~ ~ ~ O B ~ H ~ R M .  A H ~ J I H ~  I I O K ~ ~ ~ I B ~ ~ T ,  ¶TO IIpm 3TOM H e  o6ec- 
De¶HBaeTCR T p e T b e  ElCXOAHOe ~ p e 6 o s a ~ n e ,  Ta lc  K a K  ~ a J I e H ~ a p H b l %  r p a @ H K  

RCKPMIIIH B n e p e x o a ~ h ~ i i  n e p H o A  n p H  o ~ p a 6 o ~ ~ e  a a n a c o ~  B H H T e p n a n e  

AHl 6 y g e ~  HMeTb HeAOIIYCTHMYH) IIHKOBYH) BeJIHsHHY. B ~ o p o i i  3 T a I I  MO- 

m e T  6 ~ ~ b  pa361.1~ ~ a y g s a  noga~ana:  nepexog~nii ,  K o r g a  o ~ p a 6 a ~ ~ ~ a H ) ~  

3 a n a C b I  B H H T e p B a J I e  AH1 H BbIHHMaeTCR BCKpbIlIIa B KOHTYpe  6' 6" a" 0 2 8  

m OCHOBHO&, K o r g a  I I P O H ~ B O ~ H T C R  g o p a 6 0 ~ ~ a  s a n a c o ~  B T o p o r o  a ~ a n a  go 
I 'OpH30HTa H;+l H BbIHHMaeTCR BCKPbIIIIa B KOHTYpe demz. H3 PHC. 293 
BHAHO, ¶TO K O ~ @ @ H ~ H ~ H T  BCKpbImH B n e p e x o g ~ ~ f i  IIepHOA 6 o n b m e ,  P e M  

B o c ~ o ~ ~ o f i .  nog06~b1ti ~ a a e ~ ~ a p ~ ~ i i  rpa@m mMeeT p e 3 ~ ~ e  c I c a s w i ,  

a a a ~ e ~  c n a A H  r o g o s M x  o 6 a e ~ o ~  B T e s e H m e  K o p o T K m x  n e p H o g o B ,  PTO H e  

MOHFeT 6 b I ~ b  l IpH3HaHO YAOBJIeTBOpHTeJIbHMM. 

Bce TPH HCXOAHMX YCJIOBHR ~ ~ ~ H O H ~ J I ~ H O ~ O  p a 3 g e n e ~ ~ ~  K a p b e p a  
H a  3 T a n b I  YAOBJIeTBOPRIOTCR, t?CJIH TOJIbKO AHl = HL+i H BpeMeHEIbIf 

 OPT BTOPOI'O 3 T a l l a  3 a H H M a e T  IlOJIO?KeHHe a6. 
H c x o g ~  H 3  3THX ~ c J I o B H G ,  H a  OCHOBe ~ ~ B H C H M O C T ~ ~ ~  (XVIII, i), 

(XVIII,2) H (XVIII,3) n o a y s e H M  @OPMYJIH (XVIII,4-XVIII,12) 
AJIR p a C ¶ e T a  I I a p a M e T p O B  3 T a n O B  AJIR 1EPYTOIIaAaH)qHX H HaKJIOHHbIX 

M~cTo~oHF$@HE~B C YrJIOM IIaAeHHR a > Y,. 
B b I c o ~ a  30HbI  n o 3 ~ a n ~ o i i  p a 3 p a 6 0 ~ ~ ~  npHHHMaeTCR H a H 5 0 J I b I U e &  

a3 ABYX 3Ha4eHHf i :  

Hi 3 hiti, a; (XVI11,4) 

HKi-l'  H i> - 
2 , ctg ye--ctg a 

, a. 

ctg y ,  +- ctg  a 
Hiji = HKi - Hi+l r M. 

ctg Y p  -ctg Y B  

B, - Hi+l (ctg yB $- ctg a), .M. 

0 6 n e ~  B C K p b I m H  ( H a  1 AJIHHbI K a p b e p H O r O  TIOZR) B KOHTYpaX BTO- 

poro H nocnenymqnx ~ T ~ I I O B ,  a T a K m e  p a 3 ~ e n b ~ o  co CTOPOHH B H c m e r o  

H newasero ~ O K O B ,  O n p e n e n a e T c n  no a o p ~ y n a ~ :  

- c tg  ye +ctg a 
v i B m )  - 2 (Hi2 + 2Hi t lH)  + 

n p H  p a B e H C T B e  BbICOT Hi = Hitl. 

V i  = ctg y p  (2i + 1 )  HT. (XVIII,10) 

B q@op~ynax  n p H H H M a e T c R  -ctg a n p H  o n p e A e n e H m  n a p a M e T p o B  

co c ~ o p o ~ a r  nemasero 6 o ~ a  H +ctg a co CTOPOHH ~ m c ~ s e r o  6 o ~ a .  060- 
3 H a s H M  LBi H L - CPeAHIOKl T[JIMHY BCKPbIIIIHbIX H ~ O ~ M ¶ H H X  YCTYIIOB; 

hi - CKOPOCTb I IOHHXeHHR rOPHbIX p a 6 o ~  no 3 a J i e W H  MOllJHOCTbH) mi. 
Pe3yJ IbTaThl  p a C ¶ e T a  no ~ o ~ M ~ J I ~ M  (XVIII ,4) - (XV111,12) MeCTO- 

p o m g e H H R  c y r n o M  n a A e H m  a = 60' m M O ~ H O C T ~ H )  100 A, sanera- 
mqero B C K a n b H M x  noponax, n p m s e g e H u  B T ~ ~ J I .  71. I I ~ H  p a c s e T e  n p H -  

H a m  cnenymqne YCJIOBHR: yp = 11'; yB = 34'; h6 = 30 mlzod, h,  = 
= 10 alzod, t = 10 n e T .  

T a 6 n n q a  71 
Pacne~nble napameTpbI aTalloB 

BhlCOTa 
Barco~a ~ O P T O B ,  ~ A P A H B  aTana  K O ~ I $ @ H ~ ~ ~ H T  

3OHbl 
.M (-M) co CTOPORM BCHPHIIM,  M ~ / M ~  

H 0 ~ e p  n o a ~ a n ~ o a  rny6w13a 
a ~ a n a  p a s p a -  Hapbepa*  m 

6 0 T ~ n .  nema- n p m  pas-  6 e a  pas -  
M  qer0 RCJIeHUH ACJIeHAE 

60Ha  ~a a~anar ~a a ~ a n ~  
- 

1 100 100 44 75 288 126 3,24 5,14 
2 100 200 144 175 288 126 7.40 12,20 
3 100 300 244 275 288 126 10,40 12.20 
4 100 400 331 370 480 240 15,70 7.20 
5 212 612 432 483 466 204 4,lO 4,lO 



~ K O H O M H ¶ ~ C K ~ H  ~ @ @ C ? K T H B H O C T ~  I I03TaI l~0 i j [  p a 3 p a 6 0 ~ ~ ~  MeCTOpOXEne- 

HHG IIOATBePHEAaeTCR OIIbITOM p a 6 0 T b I  K a P b e P O D  H B b I p a X a e T C R  B yay¶- 
m e H m m  K a n e H A a p H o r o  rpa@ma B C K P ~ I I I I H ~ I X  p a e o ~ ,  ~ o ~ o p b ~ i i  aerse pe- 
rYJIHPYeTCR. 

B n a r o ~ a p ~  p a 3 ~ e ~ 1 e ~ ~ m  K a p b e p a  H a  a T a n b I  y n y s m a e T c n  K a n e q a p -  

H b I f  r p a @ H K  BCKpbImHbIX p a 6 0 T  H IIOBbIIIIaeTCII 3KOHOME19HOCTb paspa- 
~ O T K H  BCerO MeCTOpOHEAeHHR, TaK KaK BbIeMKa ~ O J I ~ I I I O ~ O  o 6 a e ~ a  HyCTbIX 

n O p O A  B K o H T y p e  K a p b e p a  n e p e H o c n T c R  H a  6onee n o 3 ~ ~ ~ e  n e p m o A b I .  

Te~yIqne K O ~ @ @ H ~ H ~ H T H  BCKpbImH B I IepBbIe  10-20 JIeT MOrYT 6 b I ~ b  

c o ~ p a q e ~ b ~  npn p a 3 p a 6 0 T K e  K p y T o n a A a m r q m x  M ~ C T O P O ) K A ~ H H ~  H a  50- 
70% , HaKJIOHHbIX - H a  10-30%. ~ O ~ T O M Y  06rq~e  IIpHBeAeHHbIe K On- 

HOMY MOMeHTY OqeHKH 3 a T p a T b I  H a  p a 3 p a 6 0 T K y  MeCTOpOHEAeHHR COKpa-  

r.qamTcR n p E i 6 n m 3 H ~ e ~ 1 b ~ o  H a  30%. 
n p e H M y 4 e C T B a M  ~ o ~ T ~ ~ I H o H  p a 3 p a 6 0 ~ ~ ~  OTHOCIIT: C O K p a 4 e H m e  

CPOKOB CTPOHTeJIbCTBa K a p b e p a ;  IIOBbIIIleHHe HHTeHCHBHOCTH pa3pa60~1~1.1 
a CSIeaOBaTeJIbHO, H ~ ~ P O H ~ B O ~ C T B ~ H H O ~  MO4HOCTH IIPeHIIPHflTHR; 

c o K p a q e H n e  n e p B o o s e p e A H M x  o 6 a e ~ o ~  r e o ~ 1 o r o p a 3 ~ e ~ o s ~ ~ x  pa6o.r H a  

6 0 ~ 1 b m ~ x  r ay6n~ax ;  B03MOHEHOCTb IIPOBeAeHHII IIJIaHOBbIX PeKOHCTPYK- 

V H f ;  IlOBbIIUeHHe TOPHOCTH IIepCIIeKTHBHbIX IIJIaHOB H 0 6 ~ 1 e r s e ~ n e  HX 

K o p p e K T H p o B K n ,  B p e 3 y n b ~ a ~ e  sero 06ecnesm~ae~c11 n n a H o M e p H o e  pa3- 
BHTHe r O p H O r 0  IlpeJJlIpHRTHII C H ~ H M ~ H ~ I U H M H  3 a T p a T a M H .  

~ r o n - n a ~ e ~ i i  sanemi o n p e A e a c I e T  B O ~ M O X H O C T ~  BbIfiejIeHHR ~ T ~ I I O B  

p a 3 p a 6 0 T K H  H BJlHReT H a  B e J I H s H H y  I C O ~ @ @ H ~ H ~ H T O B  BCKPbImH l l03Ta l lHO.  

R ~ I A ~ J I ~ H H ~  3 T a n O B  B03MOXHO TOJIbKO I I P H  KpYTbIX YrJ IaX naaf?HHH:  

co CTOPOIIM nexasero 6 o ~ a  IIPH yrne naAeHHcI  60~1ee 55-60", co CTO- 

p o H n  B H c n s e r o  6 o ~ a  - 6onee 24-25". C y s e n m s e H H e M  yraa n a A e m c I  

3 a J I e X H  YMeHblIIaeTCfl K O ~ @ @ E I ~ H ~ H T  BCKPbIIIIH 3 T a l l a  H ,  CJIeAOBaTeJIbHO, 

B O ~ ~ ~ C T ~ ~ T  ~ K O H O M H ~ ~ C K ~ R  ~ @ @ ~ K T H B H O C T ~  BbIAeJIeHHII osepe~etf ll0 

BbIeMKe BCKPPUIH. 

M O ~ H O C T ~  HaHOCOB OllpeAeJIReT o 6 a e ~  I'OPHOKaIIHTaJIbHbIX p a 6 0 T  

H n e p B o o s e p e A H b I e  o6ae~1.1 BCKP~IIICH, a M O ~ H O C T ~  3anexm - OTHOCH- 

T ~ J I ~ H ~ I B  0 6 n e ~  BCKpbImH. q e ~  60jrbme OTHOCHTeJIbHOe 3 H a s e H H e  BCKPbIIII- 

HbIX p a 6 0 ~ ,  T. e. ¶eM 6 0 ~ 1 b m e  MOpHOCTb HaHOCOB H MeHblICe MO4HOCTL 

EiaJIeHEH, TeM 3KOHOMH9Hee I IpHMeHeHHe I I o ~ T ~ I I H o ~ ~  p a 3 p a 6 0 ~ ~ ~ .  Ha 
MeCTOPOXAeHHRX CO 3Ha'TeHHeM CpeAHeI'O K O ~ @ @ H ~ H ~ H T ~  BCKPbIUIH 

M e n b m e  1-1,5 a3/a3 BbIAeaeHHe osepe~noii  no BMeMKe B c K p b I m m  H e  

H a e T  ~OJIHEHOrO 3KOHOMH¶eCKOrO 3@@eKTa H MOHEeT HMeTb TOJIbKO JIOKaJIb- 

A J I H H ~  ~ ~ J I ~ H E H  o n p e A e n H e T  H e  T O J I ~ K O  0 6 n e ~  IIYCTHX I I O ~ O A  H ~ 0 3 @ -  
I ~ H ~ M ~ H T  BCKPbImH 3 T a l l a ,  HO TaKHEe MeCTO PaCIIOJIOHEeHHR BPeMeHHOrO 

6 0 p ~ a .  er0 ,I(JIHHY, BbICOTY H @OPMY (B I I J IBH~) ,  a TaKHEe HHTeHCHBHOCTb 

0 T p a 6 0 T K H .  npEI paClIOJI0HEeI~HH BpeMeHHOI'O 60pl.a IIO IIpOCTHpaHHIO 

I aanexm ero O T ~ ~ ~ ~ T H B ~ I O T  c ~ B Y X  CTOPOH, a npm ~ ~ C I I O J I O X ~ H H H  B ~ o p q e  
I 

r C a p b e p a  - T O J I ~ K O  c O A H O ~  CTOPOHH. 

0 6 ' b e ~  q e J r n K a ,  o c T a s n e H H o r o  B 6 0 ~ y  ~ ~ J I ~ X H ,  6 0 ~ 1 b m e ,  s e M  B T o p q e .  

O A H ~ R O  npm rny6rn~e ~ a p b e p a  250-300 A H Annne, n p e ~ ~ m a m q e f  
n 2-3 pass ero IIIHPHHY, q e J I e ~ 0 0 6 p a 3 ~ 0  p a c n o n o x e H H e  B p e M e H n b I x  60p- 

I 

4 
TOB B T o p q a x  K a p b e p a .  IIPH ~ e ~ b m e f  r~1y6m~e H Anme K a p b e p a  ~ e o 6 -  
XOAHM n p o ~ e p ~ ¶ H b I f i  p a C ¶ e T  ll0 YCJIOBHIO MHTeHCHBHOCTH A O ~ E P I H ~ I X  

1 pa6o.r. 

I I ~ H  p a c n o n o m e H H r n  qenma B C K P ~ I ~ H M X  IIOPOA name B OAHOM T o p q e  

H a p b e p a  rny6n~ofi 250-300 8 MOXHO 3aKOHCepBHpOBaTb H a  10-15 JIeT I 3 ~ a s ~ ~ e n b ~ b 1 i i  0 6 a e ~  B C K P H ~ H .  I C o ~ e g ~ a t ~  rny6maa K a p b e p a  m yrnu 
OTKOCOB 6 0 ~ ~ 0 ~  O n p e A e x t I m T  n o n e p e s H b I e  p a ~ ~ e p h ~  K a p b e p a  n o B e p x y ,  

a c n e A o s a T e n b H o ,  smcao a ~ a n o ~ ,  EX n a p a M e T p M  H p a c n p e A e n e H H e  o6ae- 
MOB BCICPHUIH no roAaM: ?(en1 60~1bme K o H e s H a R  r ~ 1 y 6 n ~ a  K a p b e p a  H 

s e M  M e H b m e  y r m  n o r a m e H H c I  6 o p ~ a ,  TeM a K o H o M m s n e e  BecTEi ero paspa- 
~ O T K Y  C BbIAeJIeHHeM 3TalIOB, TaK K a K  yBeJIH4HBaeTCR o 6 a e ~  BCKpbllICH, 

B u e M K a  K O T O ~ O H  O T K J I a A m a e T c I I  H a  6onee n o 3 ~ ~ m e  CPOKH. B K a p b e p a x ,  

K O H e s H a R  r J Iyo 'HHa KOTOPLIX MeHbIiIe  200-250 m, n 0 C T p O e H H e  IIpOMeHEy- 

TOsHbIX KOHTYPOB, AaIOIQHX 3 a ~ e T H b I t f  ~ K O H O M W ~ C K H ~ X  ~ @ @ € ? K T ,  IIO'XTH 

H ~ B O ~ M O X H O  Aaze I I ~ H  yrnax naaeHxxcI  3 a ~ 1 e x ~  80-90' H ~ H ~ ~ H T ~ J I ~ H O ~  

hIOl4HOCTH HaHOCOB. ~ ~ J I H T ~ J I ~ H o c T ~  KOHCepBaqHH OTAeJIbHbIX Y¶aCTKOB 

H BTGX y c n o B m R x  0 6 h 1 s ~ o  H e  n p e B M m a e T  4-5 n e T .  

B K a p b e p a x ,  rcoaeqrracr r n y 6 ~ a a  ICOTOPHX C o c T a B n R e T  300 -400 A, 
B03MOiKHO BbIAeJIeHHe AByX-TpeX 3Tal lOB, B OCHOBHOM CO CTOPOHbI BHCR- 

¶ e r O  6 o ~ a .  CO CTOPOHM J I e x a g e r o  6 o ~ a  M O X e T  6 b 1 ~ b  IIOCTPOeH T O J I ~ K O  

OAHH I ~ ~ o M ~ ~ ~ ( Y T o ! I H ~ I ~  KOHTYP. ~ ~ J I H T ~ J I ~ H o c T ~  KOHCepBaqmH 0 6 ' b e M o ~  

BCKPbImH COCTaBJIReT 5-10 JIeT. ~ K O H O M H ¶ ~ C K H ~  3@@eKT B 3THX YCJIOBHRX 

3Ha¶HTeJIeH,  o c o 6 e ~ ~ o  n p H  6 0 ~ 1 b m o H  MOWHOCTH HPHOCOB H CJIOHEHOM 

CTPOeHHE 3 a J I e X H ,  ~ J I ~ I ' O I I P H ~ ~ T C T B Y I O ~ ~ ? M  BbIAeJIeHHIO 0 ' X e p e ~ e f i  IIO 

l i c r c p w m e .  IC a ~ o i i  rpynne OTHOCRT M H o r H e  K a p b e p u  PYA ~ B ~ T H H X  

MeTa . i . l~ )H C P ~ A H ~ ~  I ~ ~ O H ~ B O , ~ ~ C T B ~ H H O ~ ~  MOII(H0CTH. 

I l a n 6 o f i b m a c 1  a ~ o ~ o ~ m n  OT n p m M e n e H m  c x e M a r  O T P ~ ~ O T K H  c s q e n e -  
HHeM 3TaIIOB MOHEeT 6 b I ~ b  AOCTMrHYTa B ~ J I Y ~ O K H X  K a p L e p a X ,  KOHesHafl 

r n y 6 ~ ~ a  KOTOPHX I I p e B b I m a e T  400-500 m. B  TOM caygae 3 ~ a -  
IIOB M0;IieT COCTaBJIRTb 4-5, a AJIHTeJIbHOCTb KOHCePBaqHH BCKPbImH 
0 6 ' b e ~ o ~  OKOJIO HeCKOJIbKHX aeCRTKOB MHJIJIHOHOB K Y ~ H ~ ~ C K H X  MeTPOB 

MOXCeT AOCTHrHYTb 15-20 JIeT. 

~ ~ ' X ~ C T B ~ H H ~ H  X a p a K T e p H C T H K a  H CTpOeHHe 3aJIeHEH MOrYT OIIpe- 
, AeJIRTb ¶HCJIO IIPOMeH(YTO¶HbIX KOHTYPOB, HX K O H @ H I ' Y ~ ~ ~ H I O ,  naps- 

hICTPhI H AJIHTeJIbHOCTb KOHCePBaqHH. 

B p e ~ e n n b I i i  ~epa6osmii 6 0 p ~  p a q H o H a n b H 0  G T P O H T ~  C TaKHM YCJIO- 

BHeM, s ~ 0 6 b I  B ICOHCePBaqHH OKa3aJIHCb TOJIbKO IIYCTbIe IIOPOAJJ, a eCJIH 
I 3 T 0  HeB03MOHEH0, TO H YgaCTKH MeCTOpOHEAeHHR HJIH OTAeJIbKbIe 3aJIeHEH 

C ~ a ~ 6 o n e e  HH3KHM COAepiKaHIieM IlOJIe3HbIX KOMIIOHeHTOB. nep~00¶t?- 



p e n H a c I  H H H T e n c H B H a n  p a 3 p a 6 o ~ ~ a  s a n e ~ ~ e f  c BHCOKHM c o a e p w a H H e b 1  

n o n e 3 H b I X  KOMIIOHeHTOB 3KOHOMH9eCKH ~ a ~ 6 o n e e  ~ @ @ ~ K T H B H ~ .  

Q H ~ H K O - ~ e x a ~ w e c ~ ~ e  c ~ o i i c ~ ~ a  nopon onpenennm npexae B c e r o  

y rnu  B p e M e H H o r o  6 o p ~ a  H TeM caMbIM n a p a M e T p b I  n o 3 ~ a n ~ o  pa3pa6a~m- 
B a e M b I x  3 0 H .  Ha~6onee  P a q H O H a J I b H O  I I p H M e H e H H e  CXeMbl  C I I O ~ T ~ U H O ~  
p a 3 p a 6 0 ~ ~ o B  B nopoaax ~ ~ m e c p e a ~ e i i  K p e n o c T n ,  B K O T O P ~ I X  (no YCJIO- 

BHIIM YCTO%¶HBOCTH) R03MOHCHO IIOCTpOeHHe BpeMeHHbIX ~ O P T O B  ~ a H 6 0 ~ 1 b -  

1IIef i  BbICOTbI 33 C H ~ E I ~ O J I ~ I U U M E I  Y m a h f E I .  
B c a a 6 ~ x  nopoaax, I c o r a a  no YCJIOBHIIM Y C T O ~ ~ ~ H B O C T I I  yron B p e M e H -  

H O r O  6 o p ~ a  H e 3 H a ¶ H T e J I e H  (20-25') H M a n 0  OTJIH¶aeTCII OT YrJIa pa6osero 
6 0 p ~ a ,  BbIAeJIeHHe 0¶epeneii MOHteT A a T b  3KOHOMHIO TOJlbKO B OTAeJIb- 

HbIX C J I y ¶ a R X  npm 60nbrrr~x o 6 a e ~ a x  m AJIHTeJIbHOM (60~1ee 12-15 n e ~ )  
C p O K e  K O H C e p B a q H H .  

B B e c b M a  K p e n I c u x  cxanmrsx nopoAax, I i o r n a  pa3sax n o p o g M  npn 
B 3 p b I B a H H H  y c T y n a  3 H a s H T e J I e H ,  H a  BpeMeHHbIX 6 o p ~ a x  ~ e o 6 x o ~ ( m ~ o  OC- 

T a B n e H H e  n J l O q a n O K  6onbmoB UIEIpHHbI, ¶TO T p e 6 y e T  Y M e H b m e H H R  yrna 
BpeMeHHOI 'O 6 o p ~ a ,  a TaKHCe CHHHCaeT 3ICOHOMMPeCKYIO ~ @ @ ~ K T H B H O C T ~  
B b r A e n e H H s  osepenef. 

OCHOBHMMH H e n o c T a T K a M H  c x e m  p a 3 p a 6 0 ~ ~ ~  c p a 3 a e n e ~ n e ~  K a p b e p a  

H a  3Ta I lb I  IIBJIIIIOTCII: IIOBbIUIeHHe CJIOXHOCTH B e A e H H t I  r O p H b I X  p a 6 0 ~ ;  
H ~ O ~ X O ~ H M O C T ~  6onee s e T K O r 0  H OCyJI(eCTBJIIIeMOr0 H a  60nee AJIUTeJIb- 

H ~ I G  CPOK I I J I aHHPOBaHHII  r O P H b I X  p a 6 o ~ ,  ~ O T ~ ~ ~ H O C T ~  B C n e q H a J I b H O M  

O ~ O P Y A O B ~ H H H  EI B AOIIOJIHHTeJIbHbIX CpeACTBaX R n I I  B O ~ O ~ H O B J ~ ~ H H R  . 
El p a 3 B H T H I I  I'OPHhlX pa6o.r H a  B p e M e H H O M  6 0 p ~ y  I t a p L e p a  H B HeKOTOpOM 

YXyAUIeHHH TeXHHKO-3KOHOMWeCKHX 110Ka3aTeJIefi p a 6 o ~ u  K a p b e p a  

B I I e p H O n J d  er0 PeKOHCTPYICqHH. 

ZCOHCTPYKUHH B p e M e H H o r o  6 o p ~ a  xapbepa A o n x H a  06ecnemsa~b 
H ~ H ~ o J I L I I ~ H ~ ,  J(OIIYCTHMH~ YCJIOBHIIMH ~ ~ ~ O I I ~ C H O C T H ,  YrOJI  t?rO OTKOCa 

13 H ~ H ~ o J I ~ U I Y I O ,  B03MO)fFHYIO IIO I 'OPHOTeXHH¶eCKHM YCJIOBHIIM, HHTeH-  

C H B H O C T ~  O T P ~ ~ O T K E I  n p ~  B O ~ O ~ H O B J I ~ $ H H  r O P H h I X  p a 6 o ~  H a  ero 6 0 p ~ y .  
Yron o T I i o c a  6 0 p ~ a  K a p b e p a  AJ~I I  ~ A O ~ C T B ~  o n p e z e n e H x i c I  MOHFHO 

EI3MePRTb  K a K  YI'OJI MeHFnY r O P H 3 0 H T a J I b I O  H J I H H H ~ G ,  C O ~ ~ H H I I I O J I ( ~ ~ ~  

HHHtHHe  ~ P O B K H  YCTYIIOB, T. e. 

BCP ctg y, = - + ctga,  
h, 

I'Ae B,, - C p e n H H I I  U I H p H H a  IIJIOII(aaKH H a  B p e M e H H O M  ~ O P T Y ,  nt; 
a - yron o T K o c a  y c T y n a ,  zpaa; 

h, - BMCOTa Y C T y I I a ,  A. 

P ~ ~ B H T H ~  I'OpHhIX pa6o.r H a  B p e M e H H O  3 a K O H C e p B H p O B a H H O M  ~ O P T Y  
U p H  P a C U I H p e H H H  Y3KHX p a 6 o s ~ x  nJlOJI(aA0K IIpOH3BOnHTCII  B I I O P I I A K e ,  

n O K a 3 a H H O M  H a  PHC.  294. 

rae t ,  , t,, . . . , t, - npOAO3l rc l lTeJ IbHOCTb  BbIeMKU O ~ ~ ~ M O B ,  H ~ O ~ X O A U -  

MbIX RJIH C 0 3 n a H H I I  HOPMaJIbHbIX p a 6 o . r ~ ~  nJIO-  

JI(aAOK COOTBeTCTBeHHO H a  1, 2, 3 ,  ..., n-h1 P O P E -  
3 0 H T e ,  JIeT. 

A J I I I  yBeJ IH¶eHHII  HHTeHCHBHOCTEI O T ~ ~ ~ O T K H  B p e M e H H O r O  6 o p ~ a  
H ~ O ~ X O A H M O  CTPeMHTbCII  K BO3MOHFHO 60nbmeG CTeIIeHH COBMeqeHMII  

p a 6 0 ~  H a  p a 3 r o ~ c r e ~ ~ x  y c T y n a u ,  T. e. K napannenb~of  O T ~ ~ ~ O T I E ~  yc- 
T ~ U O B .  C ~ e n e ~ b  C O B M ~ I ~ ~ H H I I  BTHX p a 6 o ~  o n p e n e n t I e T c c r  c x e ~ o i i  RCKPLI- 

T H E ,  ~ J I H H O ~  O T ~ ~ ~ ~ T M B ~ ~ M O ~ O  6 o p ~ a ,  BHAOM T p a H C n O p T a .  



III~~ijktlIa yxc~bmer~rrot  nnolqannxr (Jr)  r!]>~r 

Hoa4r$uqlleHT 
mmpa!$a ~ Y P O B ~ ~  B ~ I C O T C  y c ~  yna 

a a x o n ~ a ,  M. 

I i 5  32 

ECJIH 17, - r O n O B a R  IIPOH3BOnETeJIbHOCTb 3KCKaRaTOPEl I I P H  ~ 0 3 0 6 -  

HOBJIeHHH H Pa3BmTHH p a 6 0 ~  H a  BpeMeHHOM ~ O P T Y ,  a kc - K03(P@H- 

4 H e H T  COBMeIQeHHR, ~ a p a K T e p Z f 3 y I O I Q E i 8  PllCJIO OnHOBpeMeHHO pa6ol.a- 
IOIQHX 3KCKaBaTOPOB, TO CICOPOCTb IIOHHHCeHHR MOWHO B b I p a 3 H T b  (POPMY- 
noB 

HOHCTPYK~HR BpeMeHHOrO  OPT^, YrOJI er0 OTKOCa, I I o p R n o K  ~ 0 3 ~ 6  - 
HOBJIeHHII H p a 3 B H T H R  POPHbIX p a 6 0 ~ ,  a T a K W e  HHTeHCHBHOCTb OTpa-  

~ O T K H  3aBHCRT OT PHCJIa H JJlHPmHhI IIJIOIQanOK H a  GOPTY, a TaK>Ke OT 

CXeMbI B e n e H H R  rOPHbIX p a 6 0 T .  

n p H  COBpeMeHHOM TeXHHPeCKOM OCHBIQBHHH ICaPbePOB H a H 6 0 J I e e  

P a q H O H a J I b H H  C J I e n y I o q H e  cnoco6b1 B O ~ O ~ H O B J I ~ H H I I  H p a 3 B H T H R  rOPHbIX 

pa6o.r H a  6 0 p ~ y :  I IpHMeHeHHe ~ K C K ~ B ~ ~ O ~ O B  3Kr-4 H 3Kr-8 RJIR no- 
I'PY3KH IIOPOA B ~ ~ J I ~ ~ H O ~ O P O W H ~ I ~  TPaHCIIOPT B TYIIHKOBOM 38608; IIPH- 

MeHeHHe 3KCKaBaTOPOB am-4 H 3Kr-8 C ~ B T O M O ~ H J I ~ H H M  TpaHCIIOpTOM; 

n p m M e H e H m e  ~ K C K ~ B ~ T O P O B  3Br-4 H 3Kr-6 AJIR s e p x ~ e 5  norpys~m 
H a  H C ~ J I ~ ~ H O J J O ~ O W H H ~  TpaHClIOpT;  l IpHMeHeHHe 3KCICaBaTOpOB 3Hr-4 11 

3Hr-8 H aBTOTpaHCIIOpTa I I p H  IIOIIepePHOM H a n p a B J I e H H H  pa3BHTHR 

r O p H b I X  pa6o.r ( I I 0 n e p e P ~ h I 0  ~ ~ x o ~ K H ) .  
OT cnoco6a Pa3BHTHR rOPHJdX p a 6 0 T  3aBHCRT IIOPRAOK HX pa3BHTHII,  

K O H C T p Y K I p R ,  YrOJI OTKOCa 6 o p ~ a  H HHTeECHBEOCTb 0 r O  O T ~ ~ ~ O T K H .  

n J I 0 t q a n K H  AJIR B O ~ O ~ E O B J I ~ H H R  p a 6 0 ~  MOrYT 6 H ~ b  OCTaBJIeHhl Ea K a -  

W ~ O M  ~ O P H ~ O H T ~ ,  sepes OAHH HJIH ~ e p e a  nsa ropm3oa~a. 
ECJIH I I p H  B O ~ O ~ H O B J ~ ~ H E I E I  H Pa3BHTHH rOPHhIX p a 6 0 T  3KCKaBaTO- 

p a M m  c norpy3~oii  H a  x e n e a ~ o ~ o p o w ~ n i i  T p a H c n o p T  H a  K a w n o M  ropw 

540 

B O H T ~  (qepea O ~ ~ I I  y c ~ y n )  o c T a s n e H H  y M e H b m e H H H e  pabome n n o m a n K H ,  

t TO m m p ~ ~ a  HX Bp no:rmaa G H T ~  , ~ O C T ~ T O V H O ~ ~  AJIH p a 3 ~ e a e ~ 1 r ~  orpa~m- 
nemoro  passana n o p o f i ~  npm B ~ P H B ~  1.1 0 6 e c n e s e ~ n ~  6e30nac~oi.i p a 6 0 ~ h 1  

3KCKaBaTOpa  B TYIII4ICOBOM aa6oe I I p H  O T P ~ ~ O T K C  I I ~ P B O ~ I  3aXOnKH 

(pmc. 295), T. e.: 
B,&P,  (XV111,19) 

rne R, - panmyc s p a w e ~ ~ ~  ~iyaosa a ~ c ~ a s a ~ o p a ,  .N; 

- - lIOJIOBHHa JlIHpHHH 3KCKaBaTOpHOrO X O n a ,  X; 
, 2 

c - 6 e s o n a c ~ ~ i i  3asop M e x n y  rycenmqeti 3 1 ~ c ~ a s a ~ o p a  m 6 e p M 0 6  

~ ~ ~ O I I ~ C H O C T H ,  p a ~ n a i i  1 m. 

PITI'. 295. K O H C T P ~ K ~ U R  BPeIlfCHHOrO 60pTZl Rapbepa 
a - aTanb1 (I-IV) p a 3 s u m ~  ropHblx pa60T c ylvleab- 
IneHmzMn p a 6 o ~ v r ~ n  nnoqanHaMa Yepea onvrri ycTyn; 

6 - aHCHaBaTODHafi nnOIUaIIHa 
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3 H a q H T e J I b ~ 0 e  YBeJ IHsCHHe  CKOpOCTa  IIOHIIlIceHHR I 'OpHbIX p a 6 0 T  

M03KeT 6b1Tb AOCTHI'HYTO U p H M e H e H H e M  ~ B T O M O ~ I I J I ~ H O ~ O  T p a H C I l O p T a  

I I p H  B O ~ O ~ H O B J I ~ H H H  H pa3BHTHEI  r O p H b I X  p a 6 o ~  H a  BpehfeHHOM 6 0 p ~ y .  
~ P O E I ~ B O ~ E I T ~ J I ~ H O C T ~  3KCIEaBaTOPOB D p H  3TOM B TYUHKOBOM 3a6oe B 

1,5-2 paaa B b I r n e ,  s e M  npm p a 6 o ~ e  c m e ~ 1 e 3 ~ o ~ o p o x ~ b 1 h . 1  T ~ ~ I I C I I O P T O M .  

~ Z ~ H M ~ H ~ H H ~  a B T O T p a H C n O p T a  nO3BOJIFIeT C O I E p a p a T b  AJIHHY ~ J I O F C B  

II 6e3 6 0 J I b m ~ ~  ~ ~ T P Y A H ~ H H ~ ~ [  C 0 3 A a B a T b  H a  G O P T Y  B p e M e H H b I e  C'be3AbI. 

F ~ ~ a r o ~ a p a  3TOMJ' @ p 0 H T ' p a 6 0 ~  MOSKeT 6 b l ~ b  p a 3 A e J I e H  H a  Y'IaCTKH H Be-  

.mH¶HHa 1, B @OPMYJIBX CKOPOCTH UOHEIlIieHEIR r O P H b I X  p a 6 o ~  MOHCeT 6 b 1 ~ b  

yh. r feHbmeHa B 2-3 paaa, B p e 3 y a b ~ a ~ e  sero B 3-4 paaa MOXHO IIOBM- 

C B T b  MHTeHCHBHOCTb O T P L ~ ~ O T K H  B p e M e H H O r O  6 0 p ~ a .  
n p H  iHeJ Ie3HO~OpO>KHOh. r  TPBHCIIOPTe 3Ha?lITejIbHOC IIOHbIIIIeHHe HH- 

TeHCHBHOCTH O T P ~ ~ O T K E I  MOiICHO AOCTH¶L I I p H M e H e H I l e h l  MOWH6IX 3KCICa- 

BaTOpOB H CO3AaHKeM TpaHCI lOpTHIdX IlOACTyUOB K BPCMeHHOMY 6 0 p ~ y  
R a p b e p a  C o6emx CTOPOH, T. C. l>a3AeJleHEIeM @ ~ O H T ~  p a 6 0 ~  H a  A B a  K p b I J I a ,  

¶TO Il03ROXFIeT J 'BeJIKqHTb MHTeIICHBHOCTb O T P ~ ~ O T I C K  B P e M e H H O r O  6 0 p ~ a  
R 1,5-2 paaa. 
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