


I l P E , D , M C f i O B M E  K T P E T b E M Y  M 3 f l A H M H )  

Yqe6~oe noco6ae no KYPCOBOMY Pi AUnJIOMHOMY IIPOeKTMPOBaHUlO XOJIO- 

AAJIbHbIX YCTaHOBOK M CUCTeM KOHAH4UOHUPOBaHUR BO3AYXa RBSIReTCFI AOnOJI- 

HeHMeM K Y ~ ~ ~ H U K ~ M ,  IIO KOTOPbIM N 3 y q a e T C R  KYPC < X O J I O & U J I ~ H ~ I ~  MaLLIUHbl 

U YCTaHOBKU>. U e J I b  H a c T o R w e r o  yqe6~0i-0 I ~ O C O ~ U H  - 0 6 J I e r q U ~ b  p a 6 o ~ y  
HaJJ KyPCOBblM U AUnJIOMHbIM n p O e K T a M M ,  T e M a M U  KOTOPblX B OCHOBHOM CJIY- 

X a T  TeMbI  no I IpOeKTUpOBaHUlO XOJIOAUJIbHblX YCTaHOBOK n p e ~ n ~ U R ~ U f i  TOP-  

rOBJIU U O ~ ~ ~ C T B ~ H H O ~ O  n U T a H U R ,  P a C n p e A e J I A T e J I b H b I X  U nPOU3BOACTBeHHblX 

XOJIOAMJIbHUKOB B O A H 0 3 T a X H O M  ACnOJIHeHMM, CMCTeM KOHAU4MOHMPOBaHUR 

B O 3 A y X a  B M H C H O ~ ~  U M O J I O ~ H O ~  nPOMbIUIJIeHHOCTU. 

B COOTBeTCTBHU C 3~0fi T ~ M ~ T N K O ~ ~  B I I O C O ~ W U  IIOCJIenOBaTeJIbHO PaCCMOT- 

P e H b l  BOnpOCbl  ~ b 1 6 o p a  CTPOMTeJIbHbIX K O H C T P Y K U M ~ ~  U o ~ % ~ M H o - ~ J I ~ H u ~ o B o ~ -  

HMX p e u l e ~ ~ f i  x o n o n u n b H u K o B ,  o n p e n e n e H u e  p a c s e ~ ~ o f i  ~ a r p y s ~ a  H a  xono- 
AHJIbHYlO YCTaHOBKY, ~b160p ee CXeMbI, P a C q e T  U non6op OCHOBHOI'O U BCIIO- 

MOraTeJIbHOI 'O O ~ O P ~ A O B ~ H U R .  ~ T A  Xe BOnPOCbI PaCCMOTPeHbI  I IpMMeHUTeJIb-  

HO K I lPOeKTNPOBaHUlO YCT.aHOBOK KOHAHUMOHUPOBaHMR B 0 3 A Y X a .  

C n e q u a n b ~ b ~ e  p a s n e n b ~  n p o e K T a  ( T ~ X H U K ~  6 e 3 0 n a c ~ o c ~ ~ ,  ~ B T O M ~ T U ~ ~ -  

UUR, ~ J I ~ K T P o c H ~ ~ X ~ H U ~ ,  ~ K O H O M U K ~ )  p a 3 p a 6 a ~ b 1 ~ a l O ~ c R  YZIaWUMkICR C 

n p U B J I e 4 e H U e M  A p y r U X  y q e 6 ~ b 1 ~  noc06~G M c I I ~ u M ~ J I ~ H o ~ ~  J I U T e p a T y p b I .   TO 
Xe OTHOCUTCR K BblIIOJIHeHUlO IIpOeKTOB XOJIOAUJIbHbIX YCTaHOBOK AJIR nOJIy -  

q e H H R  CYXOI'O J I b A a  M APYFOI'O Ha3HaqeHWFI ,  OPI ' aHU3a4MM P e M O H T a  A TeXHA- 

rIeCKOI'0 O ~ C J I ~ X U B ~ H M R  XOJIOAUJIbHbIX YCTaHOBOK M T. A. 

3 a  rOAb1, np0LLIenLLIkie nOCJIe  B b I X O n a  BTOpOrO U3AaHUR yqe6~oro  noco6u~ 
A 0  KYPCOBOMY U AAIIJIOMHOMY IIpOeKTNPOBaHUlO XOJIOAMJlbHblX YCTaHOBOK 

U CUCTeM KOHAU4UOHUPOBaHUR B O 3 A y X a  (1978 r.) ,  npOU30LLlJIU 6onburue U3Me-  

HeHMR B KOHCTPYK&URX A CXeMaX XOJIOAUJIbHblX YCTaHOBOK, H a n p a B J I e H H b I e  

H a  UX COBePUIeHCTBOBaHMe M 6onee ~ @ @ ~ K T U B H O ~  I IPMMeHeHUe  B Pa3J IHqHbIX 

OTpaCJ IRX HapOAHOI 'O X O ~ R ~ ~ C T B ~ .  X O J I O ~ U J I ~ H U K U  O C H a U a m T C R  HOBbIM COBpe-  

MeHHbIM O ~ O P Y A O B ~ H N ~ M :  BMHTOBblMM K O M n p e C C O p a M U ,  MCnapUTeJ IbHblMU KOH- 

A e H C a T O p a M U ,  ~ @ @ ~ K T U B H ~ I M N  MaCJIOOTAeJlUTeJIRMU U B03flYXOOXJIaAUTeJIR- 

MU. B H ~ A P R ~ O T C R  HOBbIe  TeII.JlOM30JIRUHOHHbIe M a T e p U a J I b i .  

B ~ I I I ~ c K ~ ~ T c R  HOBOe X o J I o ~ n J I b H o e  0 6 0 p y n o ~ a ~ ~ e  AJIR CeTU @PYKTO- M 

O B O w e X p a H U J I U U ,  nYHKTOB IIpUeMKM U n e p e p a 6 0 ~ ~ k i  MOJIOKa B KOJIXO3aX. 

Ha n p e A n p M R T M R X  M R C H O ~ ~  M M O J I O ~ H O ~ ~  IIPOMblLLIJIeHHOCTU B H e n P R e T C R  

n p o r p e c c u B H a R  T e x H o n o r u R :  6 b r c ~ p o e  o n ~ o c ~ a n u i i ~ o e  oxnaxneeue u OAHO- 

@ a s ~ o e  s a ~ o p a x u ~ a ~ a e  M R c a  u M R c o n p o A y K T o e ,  s a ~ o p a x ~ ~ a ~ u e  m c a ,  pbr- 
6b1,  T B O p O r a  M A p y r M X  npOAyKTOB C IIOMOulblO POTOPHbIX MOP03MJIbHbIX anna- 
P a T O B .  

3 a ~ a q u  no a a J I b ~ e f i U I e ~ y  COBeplI IeHCTBOBaHUlO X O J I O ~ ~ U J I ~ H O ~ ~  TeXHMKA B 

C O ~ T B ~ T C T B U U  C PeLLIeHURMU XXVII C'be3Aa KnCC n o ~ p e 6 o ~ a n u  C y U e C T -  

B ~ H H O ~ ~  n e p e p a 6 0 ~ ~ u  M a T e p u a n a  H a c T o R u e r o  yqed~oro  noco6u~ :  nepepa- 
6 0 ~ a ~ b l  Pi P a C U I U p e H b I  p a 3 n e J I b l  no I IpOeKTNpOBaHUlO XOJIOAUJIbHbIX y C T a H 0 -  

BOK AJIR n p e , Q n p M R ~ U f i  TOPI'OBJIH U O ~ ~ ~ C T B ~ H H O ~ O  n U T a H U R ,  n 0  IIpUMeHeHUlO 



& e U e H T p a J l U 3 0 B a H H b l X  XOJIOAUJlbHblX YCTaHOBOK H a  I l p e A n p U R T U R X  a r p O n p 0 -  

M b l W J l e H H O r O  K O M l l n e K C a  U CUCTeM K O H A U U M O H U P O B a H U R  B 0 3 A Y X a  B M R C H O ~  

I IpOMblUIJ leHHOCTM, n p O e K T U p O B a H U H ,  XOJlOAUJlbHblX C T ~ H N M ~ ~  AJlR O X J l a X A e H U R  

XUAKUX xnano~ocu~eneii .  
Y ~ M T ~ I B ~ R  n o x e n a H u R  npenonasa~eneii u p y ~ o ~ o n u ~ e n e i i  A u n n o M H b l x  

n p o e K T o B ,  n e p e p a 6 o ~ a ~  pasnen o n o p R n K e  B b I n o n H e H u R  n p o e K T o e  u o@op~ne-  
HUH ~ O R C H M T ~ J I ~ H O ~ ~  3 a I I U C K U  U r p a @ U q e c ~ o f i  q a C T U .  

n e p e p a 6 0 T a ~ b l  M i I T e p U a n b I  C l I p a B O q H O r O  X a p a K T e p a  B COOTBeTCTBUU C Bbl -  

I l Y ~ e H H b I M M  HOBblMU K a T a J l O r a M U  U T U n O B b l M U  I I p O e K T a M U  X O J l O n M J b H U K O B .  

ABTOP C q U T a e T  CBOUM AOJl rOM B b t p a 3 U T b  ~ J ~ ~ ~ O A ~ P H O C T ~  p e U e H 3 e H T a M  

B. M. K a ~ ~ o p o a u q y  u n p e n o n a B a T e n R M  J l e ~ u ~ r p a n c ~ o r o  T e x H u K y M a  XOJIO- 

A U J ~ H O A  I IpOMblUIJ leHHOCTU B. n. C ~ ~ A O B ~ ,  H. r. ~ ~ W Y T U H O ~ ~ ,  T. A. Bepxoeoii, 
T. K. B M H o ~ ~ ~ A o B o ~ ~  U B. M. ~ O J I Y U I K U H Y  3a U e H H b l e  U KOHCTPYKTMBHbIe  

3 a M e 9 a H U R ,  B b I C K a 3 a H H b l e  UMU n p U  0 3 H a K O M J I e H U U  C PYKOQUCblO.  ABTOP T a K X e  

B b l p a X a e T  n p U 3 H a T e n b H O C T b  C n e U U a n U C T a M  I I p O e K T H b I X  U U C C J l e A O B a T e J l b C K U X  

1 UHCTUTYTOB ( ~ A ~ ~ O X O J I O A ,  BHMKTMxononnpo~ u np.) 3a n o M o u b ,  o ~ a 3 a ~ -  
HYIO npu  n o n r o T o a K e  K H u r u  K U ~ A ~ H U W .  



r n a ~ a  I 
3AAArlH HPOEKTA. 3AAAHME HA HPOEKTMPOBAHHE 

3 a ~ e p L L I a I O l u u ~  3 T a n O M  U3yrIeHUR K y p C a  < < X O J ~ O . L ( U J I ~ H O - K O M ~ ~ ~ ~ C C O ~ H ~ ~ ~  
MarUUHbI U YCTaHOBKUB RBJIRC'TCR K y P C 0 B 0 fi n p 0 e K T ,  K O T O P ~ I ~ ~  n O K a 3 b I B a e T  

YMeHUe  y q a l u U X C R  B b I n O n H R T b  OCHOBHbIe TenJ IOTeXHUqeCKUe  P a C q e T b I ,  3 H a H U e  

UMU O ~ O P Y A O B ~ H U R  U CXeM XOJOAUJIbHbIX YCTaHOBOK, a T a K X e  TeXHOJIOrU- 

s e c K u x  npoueccoe. 
n a p a J I J ' I e n b ~ 0  C KYPCOBbIM IIpOeKTOM IIO XOJOJIUJIbHbIM YCTaHOBKaM y q a -  

U U e C R  BbInOJIHRDT ~ y p c o ~ o f i  n p O e K T  < < ~ K O H O M M K ~ ,  O P r a H U 3 a u U R  U IIJIaHUpO- 

B a H U e  npOU3BOACTBaB,  K y A a  BXOAHT 3KOHOMUqeCKUe P a C q e T b I :  O n p e f i e J I e H U e  

rpy30060po~a, P a C q e T  r 0 ~ 0 ~ 0 f i  ~ ~ O U ~ B O A C T B ~ H H O ~ ~  MOUHOCTU, COCTaBJIeHUe 

CMeTbI UeXOBbIX PaCXOAOB U T .  n .  
Anx KypCOBOrO I I p O e K T a  06b1q~0 I I p e A J t a r a I O T C H  T e M M  I I 0  nPOeKTUPOBaHHIO 

TOprOBbIX,  p a C n p e A e J I U T e J b H b I X - U  hpOU3BOACTBeHHbIX XOJOfiUJIbHUKOB ~ e 6 0 J ' I b -  

~ 0 f i  BMeCTUMOCTU, a T a K X e  XOJIOAUJIbHUKOB AJIR X p a H e H H H  @ ~ Y K T O B  U 0~0uefi. 
P a 6 o ~ a  H a A  KyPCOBbIM nPOeKTOM A O J I X H a  nOArOTOBUTb Y q a U e r O C R  K 

BbInOJIHeHUK, A U n J O M H O r O  I I p O e K T a ,  T e M a  KOTOpOrO H e  A O J I X H a  I IOBTOpRTb 

T e M y  KypCOBOrO.  

A u n n o M H br fi n p o e K T  -  TO s a ~ n r o q u ~ e n b ~ a ~  p a 6 o ~ a  y q a n t e r o c R ,  

KOTOPaR 3 a H U M a e T  0~060  B a X H O e  MeCTO n p U  IIOArOTOBKe B ~ I C O K O K B ~ J U @ U -  
u u p o s a H H o r o  c n e u u a n u c T a  c p e n H e r o  3 ~ e ~ a .  

~ P U  BbInOJIHeHUU AUIIJIOMHOrO n p O e K T a  CJ IeAyeT  PyKOBOACTBOBaTbCR pe- 
UIeHURMU l l a p T U U  U I IpaBUTeJ IbCTBa  IIO POCTy  npOU3BOAUTeJbHOCTU T p y A a ,  

~ a J I b ~ e f i U I e ~ y  Pa3BUTUIO U COBePLLIeHCTBOBaHUIO I I p e A n p ~ H ~ u f i  TOprOBJIU,  

O ~ I ~ ~ C T B ~ H H O ~ O  IIUTaHUR U I I u U ~ B O ~ ~  npOMbILLIJIeHHOCTU. A u I I J I o M H ~ I ~ ~  I IpOeKT 

A O J I X e H  6 b 1 ~ b  B b I n O J H e H  H a  BbICOKOM T ~ X H U ~ ~ C K O M  YPOBHe  C YqeTOM fie;- 
CTByIOUUX r 0 C y A a p C T B e H H b I X  C T a H n a p T O B ,  C T P O U T ~ J ~ H ~ I X  HOPM H I IpaBUJI ,  

a T a K X e  C U C n O f l b 3 0 B a H U e M  BCeX ~ O C T U X ~ H U ~ ~  H a y K U  U TeXHUKU, n e p e A 0 -  

BOrO O n b I T a  B e A y U U X  I I P ~ A ~ P U R T U ~ ~  U HOBaTOPOB IIpOU3BOACTBa.  

~ ~ u ~ J I o M H ~ I ~ ~  I IpOeKT BbInOnHReTCR n O n  PyKOBOACTBOM H a 3 H a q e H H O r O  TeX-  

HUKYMOM PYKOBOAUTenR n p O e K T a .  K ~ o M ~  TOrO,  MOrYT 6 b 1 ~ b  H a 3 H 3 q e H b I  C n e -  

U U a J b H b I e  KOHCYJIbTaHTbI no 3KOHOMUqeCKUM BOIIPOCaM, C T P O U T ~ J I ~ H O ~ ~  q a C -  

TU u ~ p y r u ~  p a 3 ~ e n a ~  npoema. Hanusue p y e o e o n u T e n R  n p o e K T a  H KOH- 

C Y J b T a H T O B  H e  C H U M a e T  OTBeTCTBeHHOCTU C Y q a U l e r O C R  3a IIPUHHTbIe  TeXHU- 

q e C K U e  Pe rUeHUH,  KOTOPbIe  AOJIXHb1 6 6 1 ~ 6  3 a l u U L U e H b I  IIepeJI r o c y n a p c ~ ~ e ~ ~ o f i  
K B ~ J ~ U @ U K ~ ~ U O H H O ~ ~  K O M H C C U ~ ~ ~ .  

~ ~ U I I J I O M H ~ I ~ ~  I IpOeKT BbInOJIHReTCR B COOTBeTCTBUU C 3 a A a H U e M ,  B KOTO- 

POM nPUBOAHTCR T e M a  n p O e K T a ,  JlOnOJ'IHUTenbHbIe UCXOAHMe R a H H b I e ,  YTOY- 

H f l l o u u e  unu o r p a H u q u B a r o u I u e  T e M y ,  cneuuanb~brfi B o n p o c ,  n e p e q e H b  B o n -  

p o c o ~ ,  nonnexaluux p a 3 p a 6 0 ~ ~ e  u o T p a x e H u w  B n o ~ c ~ n ~ e n b ~ o f i  s a n u c ~ e  
u rpa@uqec~ofi q a c T u  npoewa, c p o ~  cnaqu ~ ~ K O H ~ ~ H H O I - o  npoema. 

3 a ~ a ~ u e  H a  n p O e K T U p O B a H U e  BbIAaeTCR y r l a I 4 U M C R  II€!p€!A I I p e ~ U n J O M -  

HOR ~ P ~ K T U K O ~ ~ ,  O A H O ~ ~  A 3  3 a A a q  K O T O P O ~ ~  CJ IYXUT non6op M a T e p U a n O B  

AJIH ,iIUnJOMHOrO I IpOeKTa .  3 a f l a ~ ~ e  O @ O ~ M ~ R ~ T C R  H a  C n e u U a J b H b I X  6 n a ~ -  
K a x  ( @ o p ~ a  1 ) .  



MMHMCTEPCTBO TOPrOBJIM PCQCP 
Moc~oac~wii TexHwKya 0 6 q e c ~ s e ~ ~ o r o  nwraHwu 

XOJIonWnb~oe OTneneHUe, CneuUaJIbHOCTb Jf9 0565 

Y T B ~ ~ x ~ ~ H ,  P ~ C C M O T ~ ~ H O  U ono6pe~o  
c 1 9 r .  n p e n ~ e ~ n o f i  ~ o ~ u c c u e i i .  

~ P ~ O K O J I  N? OT 

C -- 19 - r. 

3AAAHME HA AMlIJIOMHOE IIPOEKTMPOBAHME 

Y s a u e ~ y c ~  

1 .  T e ~ a  npoeKTa 

2. n o n ~ i l ~ k i ~ ~ b ~ b l e  AaHHbIe K nPOeKTY 

3. CneuWaAb~blfi Bonpoc 

4. C p o ~  CnaYW 3aKOHYeHHOrO IIpoeKTa 

5. Bonpocb~, nonnexaune p a 3 p a 6 o ~ ~ e  B n o ~ c s n ~ e n b ~ o f i  sanuc~e:  

1 )  BseneHue ( O ~ ~ ~ H O B ~ H H ~  n p o e ~ ~ a ) ;  
2 )  ~bl6op pacsasoro TeMnepaTypnoro pexuhta; 
3 )  PaCseT nJI0lUa~e~ KaMep, 06beM~0 - nnaHHPOBO'IHble W CTpOAT~bHhle 

peJJIeHUH XOJIOnUJlbHUKa; 
4 )  pacsa W ~hl60p U3OJIRUUN; 

5 )  onpenmeuse ~ e n n o ~ o f i  n a r p p ~ u  Ha xononnnbsoe o6opyno~asee; 
6 )  ~bl60p CUCTeMbl OxnawneHuR U CocTaBJIeHne pacsaH0fi CXeMbl YCTaHOBKU; 
7 )  pacsa A non6op ocHosHoro xononunbuoro o 6 o p y n o s a ~ n ~  ( ~ o ~ n p e c c o p o e ,  

ncnapu~eneti, 6a~apeii ,  KoHnencaTopoB n s n e ~ ~ p o n e u r a ~ e n e i i )  ; 
8 )  pacsa N non6op BCnOMOraTWbHOrO XOJIOnHJIbHOrO 0 6 0 p y n o ~ a ~ n x  

( H ~ C O C O B ,  peCkfBepOB, T ~ I I J ~ O O ~ M ~ H H H K O B ,  rpanepes, ~ p y 6 0 n p o ~ o n o ~  U np. ) ;  
9 )  CXeMa X O J I O ~ N J I ~ H O ~  YCTaHOBKW N ee aBTOMaTli3aUUR; 
10) pacseT cunoeoii uenu, B L I ~ O P  ~ Y C K O B O ~ ~  annapaTypN; 
1 1 )  non6op npu6opos aBTOMaTUKU; 
12) ~exannsauex  norpysosso - ~ ~ ~ P P Y ~ O ~ H L I X  pa6o~;  
13) 3neKTpOCXeMa B ~ ~ N M O ~ ~ ~ ~ C T B H R  npu6opos aBTOMaTHKEi; 
14) npoTuBonoxcapsble Meponpemux, TexseKa 6e3onac~oau ,  oxpana 

oepyxamueti cpenbl; 
15) 3KOHOMKs€!CKEie PaCYeTbI; 
16) cneunanbsdi Bonpoc; 
17) cnucoK nuTepaTypN. 

6. rpa@~seCKaR YaCTb: 

1 )  nnaH n pa3pe3 xmonwnbnuKa c p a c c ~ a ~ o e ~ o t  06opyno~aeux xononunbeoti 
YCTaHOBKU ( 1  ~ W C T ) ;  

2 )  CXeMa X O J I O ~ U J I ~ H O ~ ~  YCcaHOBKR C npn6opa~n  ~ B T O ~ ~ T U K H  (1-2 . ~ u c T ~ ) ,  
3 )  3JleKTpUYeCKafl C X ~ M ~ '  aBTOMaTU~aIlUU X O ~ O ~ A J I ~ H O ~ ~  YCTaHOBKN ( 1  J U C T )  ; 
4 )  cneuuanbsblfi Bonpoc (1-2 J I M C T ~ )  

A a ~ a  shlnasn sanannrl 19 r. 
P ~ K O B O A U T ~ J I ~  IIpOeKTa 19 r .  
Ysauei icx  19 - r. 



OCHOBH~IMU T e M a M U  AUIIJlOMHbIX n p O e K T O B  MOrYT 6 b 1 ~ b  XOJlOAUJIbHUKU 

n p e n n p u ~ ~ u f i  T o p r o s n u  u 0 6 ~ q e c ~ s e ~ ~ o r o  n u T a H u n ,  p a c n p e n e n n T e n b H b 1 e  xo- 
JIOAUJIbHUKU ~ ~ ~ J I u Y H o ~ ~  BMeCTUMOCTU, XOJIOAUJIbHUKU AJlH X p a H e H U R  @PYK- 
TOB U O B O L U ~ ~ ~ ,  nPOU3BOACTBeHHbIe XOJIOAUJIbHUKU ~ ~ ~ A ~ P U F I T U ~ ~  M R C H O ~ ~  U 

M O J I O Y H O ~ ~  IIPOMbIUIJIeHHOCTU, TPaHCI IOPTHble  XOJIOAIlJIbHbIe YCTaHOBKU, CUC- 

TeMbl  K O H A U ~ M O H H P O B a H U R  B 0 3 A Y X a  AJIR C 0 3 A a H H R  K O M @ O P T H ~ I X  Y C J I O B U ~ ~  

( B  sanax ~ a @ e ,  p e c T o p a H o a ,  ~ u ~ o ~ e a ~ p a x ) ,  T e x H o n o r u y e c K u e  CKB (AAH 
K a M e p  C O 3 p e B a H U R  CbIPOB, CYUIKU K O J I ~ ~ C ) ,  a T a K X e '  PeKOHCTPyKUUFI ~ e f i -  
CTBYIOUUX n p e ~ n p u ~ ~ u f i .  

T e ~ b 1  AUIIJIOMHOrO n p O e K T a  @op~yJIkipyIo~ B o 6 4 e ~  BUAe,  6e3 KOHKPe-  

T U 3 a U U U  T u n a  CUCTeM ( ~ M M U ~ Y H ~ H ,  XJIaAOHOBaR,  P a C C O J I b H a R  U T. n.), YTO- 

661 A a T b  B 0 3 M O X H O C T b  ). 'YaUUMCR CaMUM O ~ O C H O B ~ T ~  n P U H R T b l e  PeUIeHUR.  

H a n p u ~ e p :  
< X O J I O A U J I ~ H U K  n p U  CTOJIOBO~~,  pa6o~aromefi H a  C b l p b e ,  H a  400 MeCT B 

sane B r. MOCKB~B;  <<PacIIpC!~eflu~eJIb~bIfi XOJIOAUJIbHUK BMeCTUMOCTbIO 500 T 

B r. K ~ J I u H u H ~ > ;  < ~ ~ O A ~ B O A C T B ~ H H ~ I ~ ~  XOJIOAUJlbHUK M H C O K O M ~ U H ~ T ~  M O U -  

HOCTbIo 50 T B CMeHY B r. Pure>; <<XOJIOAUJI~HUK AJIH @PYKTOB BMeCTU- 

MOCTbIo 1500 T B r. Kpac~onape>>; < < C U C T ~ M ~  K O H ~ U U U O H H p O B a H U R  B O 3 A y X a  

B K a M e P e  C 0 3 p e B a H U R  CbIPOB BMeCTUMOCTbIo 500 T M a ~ J I 0 ~ b I p 6 a h b 1  B r. YTJIU- 
Ye>>; < < C U C T ~ M ~  KOHAHUUOHMpOBaHUR B O 3 n y X a  B ~ a @ e  H a  300 MeCT B 3aJe 
B r. T ~ U I K ~ H T ~ > > ;  < < ~ P O ~ K T  PeKOHCTpyKuUU X O J I O A U J I ~ H O ~ ~  YCTaHOBKU AJIR . . .>> 
U T. n. Ecnu ~ e ~ 0 f i  AUIIJIOMHOrO n p 0 e K T a  RBJlReTCR XOJlOAUJIbHaR YCTaHOBKa 

npOU3BOACTBeHHOrO H a 3 H a q e H U R ,  B rpa@e K ~ O ~ O J H U T ~ J I ~ H ~ I ~  AaHHbIe>>  n p H -  

BOART B BUAe  A O n O n H e H U R  BCe CBeAeHUR TeXHOJIOrUYeCKOrO X a p a K T e p a ,  H e -  

0 6 ~ 0 ~ H M b l e  AJIR P a C Y e T a  ~ e f i J I 0 ~ 0 f i  H a T P y 3 K U  U ~b160pa CUCTeMbI O X J I a X A e -  

HUH.  H a n p n ~ e p ,  npu B b l n o f i H e H u u  n p o e K T a  H a  T e M y  < X o n o n u n b ~ a ~  y c T a -  

HOBKa AJIR O X J I a X A e H U R  T ~ X H O J I O ~ U Y ~ C K O ~ ~  BOAMB H ~ O ~ X O A U M O  y K a 3 a T b  P a C -  

XOA BOAb1, ee H a Y a J I b H y m  ti KOHeqHYIO T e M I l e p a T y p b I ;  eCJIU ~ e M 0 f i  n p O e K T a  

RBJlReTCR < < X O J I O A U J ~ ~ H ~ R  YCTaHOBKa MOJIOKO3aBOAa>,  TO H ~ O ~ X O A U M O  n p U -  

BeCTM CBeAeHUR 0 I I O T ~ ~ ~ U T ~ J I R X  XOJIOAa, r p a @ H ~  pa60~b1 TeXHOJOrUYeCKUX 

n u ~ u i i  u T. A. 
P a 3 p a 6 o ~ ~ a  c n e u u a n b H o r o  B o n p o c a  nonxaa n o ~ a 3 a ~ b  y M e H u e  ysauero- 

CR ~ J I Y ~ O K O  p a 3 0 6 p a ~ b ~ R  B OAHOM Y3KOM B O n p O C e  ( X ~ J I ~ T ~ J I ~ H O ,  CBR3aHHOM 

c ~ e ~ o i i  A u n n o M H o r o  n p o e ~ ~ a ) ,  H a n p u M e p :  c n o c o 6 b l  oborpe~a  r p y H T a  H a  

XOJIOAUJIbHHKaX, YTUJIU3aUUR OTXOAOB T e n J O T M ,  n y T U  CHUXeHMR paCXOAi3 

s n e K T p o s H e p r u u  H a  x o n o n a n b H u K a x ,  c n o c o 6 b 1  p e r e H e p a s u u  M a e n a ,  cnoco6b1 
o T T a u s a H n R  u c n a p ~ ~ e n e B  u ~ p .  T e ~ o f i  c n e s u a n b a o r o  B o n p o c a  M o n c e T  6 b 1 ~ b  

T a K X e  YCTPO~~CTBO K ~ K O ~ O - J I U ~ O  y3Jla, M O H T a X  a r p e r a T a ,  n P P i M e H e H H O r 0  

B n p o e K T e ,  u T. A. 
Hapmy c ~ T M M  B K a y e c T B e  c n e u u a n b H o r o  B o n p o c a  y q a l r i u M c R  M o r y T  

6 b 1 ~ b  IIOPYYeHbl p a 3 p a 6 0 ~ ~ a  MtTKeTOB UJlU U3TOTOBJleHMe A ~ ~ ~ C T B Y I O U ~ U X  CTeH- 

AOB AJlR UCnbITaHUH n p u 6 o p o ~  H KOMnpeCCOpOB, q ~ 0 6 b 1  Y Y a W U e C R  MOrJIU 

I IpOf l eMOHCTpUpOBaTb  I iOJ lyqeHHbie  I IpaKTUYeCKl le  HaBbIKU.  

H~CMOTPR H a  M ~ o r 0 0 6 p a 3 ~ e  T e M  KypCOBOrO U AUIlJIOMHOrO npOeKTOB,  

UX BbIIlOfiHRIoT B O A N H ~ K O B O ~ ~  IIOCneAOBaTeJIbHOCTU.  TO O ~ ' ~ R C H R ~ T C R  TeM, 

YTO TJIaBHbIM O ~ ~ ~ K T O M  n P O e K T U P O B a H N R  RBJIReTCR XOJIOAUJIbHaR YCTaHOBKa 

He3aBUCHMO OT ee H a 3 H a q e H H R ,  6 y ~ b  TO O X J I a X A e H U e  K a M e p  XOJIOAHJIbHUKa, 

o x n a m A e H u e  n p o n y K T o e  unu M a T e p n a n o B  H a  ~ ~ O U ~ B O A C T B ~ H H ~ I X  npen- 
IIPHRTURX, O X J I a X A e H U e  B 0 3 A Y X a  B CUCTeMe KOHAULINOHUPOBaHUR. 

~ ~ O ~ K T U ~ O B ~ H U ~  n1o6ofi X O J I O H H J I ~ H O ~ ~  YCTaHOBKU M O X H O  n O A p a 3 A e J I U T b  
/ 
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H a  C J I e n y I O U M e  OCHOBHbIe 3 T a n b l :  ~ b l 6 0 ~  P a C q e T H b l X  I I a p a M e T p O B ;  O n p e n e -  

J I eHMe H a r P y 3 K M  H a  XOJIOAMJlbHyD YCTaHOBKy;  P a C q e T  M non6op OCHOBHOrO 

M BCIIOMOTaTeJIbHOrO O ~ O P Y A O B ~ H W R  M Cpe f lCTB a B T O M a T U 3 a U M U ;  COCTaBJIeHMe 

CXeMbl  X O J I O ~ M J I ~ H O ~  YCTaHOBKM MJlW O ~ % ~ A N H ~ H H O ~ ~  CXeM bl X O J ~ O ~ U J I ~ H O ~  

YCTaHOBKN M CKB; nPMH\RTMe O ~ ~ ~ M H O - ~ J ~ ~ H M P O B O ~ H ~ I X  p e u l e ~ ~ f i  no pas- 
M e U e H M I O  OCHOBHOrO M BCI lOMOraTeJ IbHOrO O ~ O P ~ A O B ~ H U R ;  p a 3 B O A K a  T P Y ~ O -  

n p O B O n O B  M B03AYXOBOAOB. P a 3 p a 6 0 ~ ~ a  o ~ % ~ M H o - ~ J ~ ~ H u ~ o B o ~ H o ~ ~  M CTPOU- 

T ~ J I ~ H o A  q a c ~ e f i  XOJIOAUJlbHUKa, M a r a 3 M H a  MJlM 3 n a H M R  C KOHAULIMOHMPO- , 
BaHMeM B O 3 n y X a  HOCMT B y q e 6 ~ b l ~  n p O e K T a X  ~ ~ I l 0 ~ 0 r a ~ e J l b ~ b l f i  X a p a K T e p  
M n 0 3 T O M Y  BbInOJlHReTCR B OCHOBHOM B 0 6 % e ~ e ,  H ~ O ~ X O A H M O M  AJlR P a C q e T a  

H a r P Y 3 K M  H a  XOJIOAMJIbHYtO YCTaHOBKY M nPMAaHMR X O J I O A U J ~ ~ H O ~  YCTaHOBKe 

KOHKPeTHOrO X a p a K T e p a .  

P ~ K O M ~ H A Y ~ M ~ R  IlOCJIeAOBaTeJIbHOCTb BbInOJlHeHMR n p 0 e K T O B  ( ~ ~ M M ~ H M -  

Te J IbHO K n p O e K T y  X O J ~ O A M J I ~ H M K ~ )  n P M B e A e H a  P a H e e  ( C M .  C X ~ M Y ) .  npll 
BblnOJIHeHMM AMnJlOMHblX n p O e K T O B  H a  A p y r M e  ' T ~ M ~ I  H e K O T O p b l e  p a 3 A e J I b l  

MOrYT OTCYTCTBOBaTb UJlM Xe MOrYT IlORBMTbCR A p y r U e  p a 3 n e J l b l ,  X a p a K -  

T e p H b l e  &l IR  A ~ H H O ~ ~  TeMb1. O C O ~ ~ H H O C T U  BblnOJIHeHMR OTAeJI bHblX 3 T a n O B  

IIpOeKTMpOBaHMR nJ IR  YCTaHOBOK pa3J IMqHOTO H a 3 H a q e H U R  O T p a X e H b l  B COOT- 

BeTCTBYIOUUX p a 3 n e J l a X  yqe6~01-0 noco6u~.  
n o  K a X n O M y  p a 3 n e J I y  H a 3 H a q a e T C R  CpOK MCnOJIHeHMR, Y B R ~ ~ H H ~ I ~ ~  C 

~ ~ ~ @ U K O M  BblnOJIHeHMR ,D.MnJIOMHOrO I I p O e K T a ,  B b l n a B a e M b l M  yqaUl .eMyCR 

yqe6~ofi q a C T b I O  TeXHMKYMa. . 

P ~ C ~ ~ T H O  - f lOSlCHBTeJlbHaR 3 a n U C K a .  B ~ ~ c ~ ~ T H o - I ~ o R c H M T ~ J I ~ H o ~ ~  3 a n M C -  , 
K e  AOJIXHbl  6 b l ~ b  O T p a X e H b l  BCe 3 T a n b l  BblnOJIHeHMR H p O e K T a ,  I I p M B e n e -  

Hbl H ~ O ~ X O A I I M ~ I ~  TenJIOTeXHMqeCKMe P a C q e T b l ,  n a H b l  OnMCaHMR CXeM, 060- 
P y n O B a H M R ,  C p e n C T B  a B T O M a T M 3 a ~ U M  M BblnOJIHeHbl  3KOHOMUqeCKMe P a C q e -  

Tbl .  , & n ~  nORCHeHMR OTAeJIbHblX P a C q e T O B  B 3 a n M C K e  I l O M e U a I O T  CXeMbl  

U PMCyHKM ( Y ~ P o U ~ H H ~ I O  I IJ laHMpOBKy XOJIOAMJlbHMKa, KOHCTPYKUMIO O r p a X -  

ne~kifi, P a C q e T H b l e  CXeMbl  XOJlOnMJIbHblX YCTaHOBOK M AP.) .  
P ~ c ~ ~ T H o - ~ o R c H u T ~ J ~ ~ H ~ R  3 a n M C K a  nOMMMO O C H O B H O W  qaCTM BKJl lO ' iaeT 

T M T Y J I ~ H ~ I ~ ~  JIMCT, 3 a A a H M e  H a  K Y P C O B O ~  HAM ~ ~ n J I 0 ~ ~ b l f i  n p O e K T ,  C O n e p X a -  

H u e  U CnMCOK C I C I ~ O J ~ ~ ~ O B F ~ H H O ~ ~  J IMTePaTYPb l .  0 6 a e ~  PaCqeTHO-ITORCHMTeJIb-  

HOG 3 a n N C K M  KYPCOBOrO I I p O e K T a  COCTaBJIReT 40 - 50 JIMCTOB p y K O n U C H O r 0  

T e K C T a ,  &MnJIOMHOrO n p O e K T a  - 60 - 80 JIMCTOB. 

O C H O B H ~ R  q a C T b  P ~ C ~ ~ T H O - ~ O R C H M T ~ J ~ ~ H O ~ ~  3 a n U C K U  M O X e T  COCTORTb, 

H a n p M M e p ,  M3 p a 3 A e J l O B ,  I lpMBeAeHHblX B 3 a A a H M M  H a  AMnJlOMHOe n p O e K -  

TMpOBaHMe.  B 3aBMCUMOCTM OT T e M b l  I l p O e K T a  KOJIMqeCTBO M C O f i e p X a H M e  

p a 3 n e J l O B  MOrYT 6 b l ~ b  WHbIMM. 

B pasnene c t B ~ e n e ~ ~ e > >  c n e n y e T  y ~ a s a ~ b  H a  n o c r a H o B n e H M s  n a p T u M  M 

n p a B M T e J l b C T B a ,  ~ p e ~ O I l p e n e J l R I O U l . M e  H ~ O ~ X O ~ ~ M M O C T ~  M ~ ~ J I ~ c o o ~ ~ ~ ~ H o c T . ~  

p a 3 p a 6 0 ~ ~ ~  3 a A a ~ ~ o f i  TeMbl ,  A a T b  KPaTKYIO X a p a K T e p M C T M K y  M e C T a  ripen- 
n O J l a r a e M O r 0  CTPOMTeJlbCTBa,  n O K a 3 a T b  n e p C n e K T M B b 1  p a 3 B M T U R  I lPOMblUl-  

JleHHOCTU M CeJIbCKOrO X O ~ R ~ C T B ~  B 3TOM paf io~e .  H e o 6 x o n ~ ~ o  T a K X e  H a s -  

B a T b  n p e ~ n 0 J I a r a e ~ b l f i  H ~ ~ O A H O X O ~ R ~ ~ C T B C H H ~ I ~  MJlM ~ 0 U ~ a J I b ~ b l f i  3 @ @ e ~ ~ ,  
K O T O P ~ I ~ ~  A O C T N r a e T C R  B p e 3 y J l b T a T e  HOBOrO CTpOMTeJIbCTBa MJIU P e K O H C T p y K -  

UMM: nOBblUleHMe nPOM3BOAMTeJIbHOCTM T P Y n a ,  C H M X e H M e  C ~ ~ ~ C T O M M O C T M  

n p o n y w n u ,  y M e H b m e H M e  3 ~ e p r e ~ u q e c ~ w x  s a ~ p a ~ ,  y n y q u e H u e  y c n o ~ ~ i i  
&JIR T p y n a  M O T n b l X a  M T. n .  

B pasnene (cBb160p  p a c q e T H o r o  T e M n e p a T y p H o r o  p e x u M a > >  n p u B o n R T  

BMAH nPOAYKTOB, I l O A J l e X a U N X  X p a H e H M l o ,  C T p y K T y p y  ( C O C T ~ B )  XOJIOnMJlb- 



HUKa,  P a C Y e T H b I e  3 H a Y e H U R  T e M I I e p a T y p b I  U O T H O C U T ~ J I ~ H O ~ ~  B A a X H O C T U  H a -  

P y X H O r O  U B H Y T P e H H e r O  B O 3 A y X a ,  P a C Y e T H b I e  T e M I l e p a T y p b I  r p y H T a ,  BOAbI 

B COOTBeTCTBMM C p a f i 0 ~ 0 M  CTpOUTeJIbCTBa U P a C Y e T H b I e  T e M n e p a T y p b I  no- 
C T y I I a I O U U X  I lpOAyKTOB. 

n p U  BbIIIOJIHeHHH FIpOeKTa KOM@OPTHO~O KOHAUUHOHHPOBaHMR B 0 3 A Y X a  

BMeCTO C O C T a B a  XOJIOAUJIbHMKa IIPHBOART CTPYKTYPY I l O M e U e H H R  ( ~ a $ e ,  
P e C T O p a H  H T. n.) C y K a 3 a H H e M ,  B KaKMX I IOMeWeHURX I l P e A Y C M a T P U B a e T C R  

KOHAHUUOHUpOBaHUe B O 3 A y X a .  
B pa3Ae.JIaX, CBR3aHHbIX C BbInOJIHeHUeM PaCYeTOB,  B H a Y a J I e  AaIUT K p a T -  

KOe  OI IUCaHHe  B ~ I ~ O J I H R ~ M O ~ ~  B HeM p a 6 0 ~ b 1 ,  I IpUBOART H ~ O ~ X O ~ U M ~ I ~  AJIR 

p a C Y e T O B  @0pMyJIb1.  Bce BeJIUYUHbI, B X O A R U U e  B $ 0 p M y J I y ,  IIORCHRWT U 

IIPHBOART HX pa3MePHOCTM.  B ~ a J ' I b ~ e f i I l I e ~  @ o p M y J I b I  H e  IIOBTOPFIIUT, a TOJlb-  

KO AaIOT H a  HHX CCbIJIKY. P e 3 y J I b ~ a ~ b 1  MHOrOKPaTHO n O B T O P R D ~ H X C H  P a C -  

YeTOB H ~ O ~ X O A H M O  CBOAWTb B T ~ ~ J I U U ~ I .  Q O P M ~ I  HeKOTOPbIX ~ a 6 n u u  A a H b I  

B COOTBeTCTBYIOUMX p a 3 A e n a X ,  HO 3 T 0  H e  HCKJlIOYaeT I IpHMeHeHf fR  ~ a 6 n e u  
npyrofi $ 0 ~ ~ 6 1 .  

O C H O B H ~ ~ ~  CBeAeHHR, H ~ O ~ X O A U M M ~  AJFI  BblIIOJIHeHUR P a C Y e T O B ,  C O A e p -  

X a T C R  B A ~ H H O ~ ~  K H U r e .  EcJIK 3THX C B ~ A ~ H H ~ ~  HeAOCTaTOYHO, H Y X H O  IIOJIb- 

3 0 B a T b C R  AaHHMMH,  nPUBeAeHHMMU B Y Z F ~ ~ H A K ~ X ,  C I I p a B O q H U K a X ,  C ~ p o u -  
TeJlbHbIX H O p M a X  U I I p a B U J I a X ,  a T a K X e  B C T a T b R X  B HaY9HO-TeXHHYeCKHX 

x y p H a n a x .  

ECJIH B P a C Y e T a X  nPHHRTb1  3HaYeHUSI K ~ K M X - ~ ~ 6 0  BeJIUYHH, T O  H ~ O ~ X O -  

AUMO A a B a T b  CCbInKy  H a  J I H ~ e p a ~ y p ~ b ~ f i  WCT09HUK. Oco6oe B H U M a H U e  H e -  

0 6 ~ 0 ~ ~ ~ 0  O ~ P ~ T M T ~  H a  C O ~ J I I O A ~ H M ~  P ~ ~ M ~ P H O C T ~ ~ ~  U KOJIllYeCTBo 3 H a Y a -  

uux UM@P B wcnax,  n o n y y a m u u i x c R  npu pacqmax. 

B~opof i  ~au6onee  YaCTO ~ ~ o B T O ~ R I O ~ ~ ~ ~ C R  O L U U ~ K O G  RBJIReTCR 3 a a b t r u e -  
H H e  ( U ~ U  Y M ~ H ~ U I ~ H H ~ )  p e 3 y J l b T a T O B  B 10 N A a X e  B 100 pas. ' - I a ~ e  
B C e r O  3 T 0  I IOJ ly9aeTCH B p e 3 Y J I b T a T e  H e n p a B H J I b H O r O  n O J l b 3 O B a H U R  C I I p a -  

B O ~ H ~ I M U  A a H H b r M u .  T ~ K ,  ecnu B ~ a 6 n ~ u e  u n A  H a  r p a @ ~ ~ e  y ~ a 3 a ~ a  pa3- 
MePHOCTb 0 6 ' b e ~ ~ o r o  P a C X O A a  EOAbI: V; lo3 M ~ / c ,  3 T 0  3 H a q M T ,  YTO B @OP- 
M y n y  AJrR P a C Y e T a  H y X H U  IIOACTaBHTb 3 H a Y e H U R ,  y M e H b l H e H H b I e  B lo3 pa- 
3a, T. e. T ~ ~ J I H Y H ~ I ~  A a H H M e  H ~ ~ & X O A N M O  Y M H O X I I T b  H a  Hao6op0~, 
ecnu, nanpwep ,  H a  r p a @ u ~ e  n p o e s ~ o ~ ~ ~ e n b ~ o c ~ ~ ~  K o M n p e c c o p a  y ~ a s a ~ a  
P ~ ~ M ~ P H O C T ~  AJIR n o A a Y z l  K o M n p e c c o p a  V , , - I O - 3 ~ 3 / ~ ,  TO C H n M a e M M e  c 
r p a @ n ~ a  3HaYeHMR HYXMO YBeJINqMTb B lo3 ga3a. 

Heo6xonu~o T a K X e  Y s U T b I B a T b ,  4 T O  n p U  TeXHU9eCKHX p a c Y e T a x  npw- 
XOANTCR U M e T b  AeJIO, K a K  n p a B U J I 0 ,  C I I ~ U ~ J I H > ~ ~ ~ H H ~ I M U  3 H a r l e H U R M U  np0- 
U3BOAMTeJIbHOCTU MaUIHH, I I J I O ~ ~ ~ A M  ~ O B ~ ~ X H O C T U  a I I I I a p a T O B ,  K O ~ @ @ U U U ~ H -  
TOB T e i I J I O n e p e A a Y H ,  PaCYeTHblX T e M f f e p a T y p  U & p y r U X  BeJlHYHH, IIOJIyYeHHbIX 

C n 0 r p e U H O C T b I O  H e  M e H e  k 10%. 
~ O ~ T O M ~  C T p e M J i e H U e  K <<TOYHblM% p a C 4 e T a M  3a C W T  IIffJlYYeHAR YUCeJI 

C 6 o n b m n ~  KOJIULIeCTBOM U N ~ P  (YTO J l e r K O  AOCTUXHMO IIPU n O M O U U  3 n e K -  

~ p O ~ a . n b K y n R ~ 0 p a )  He U M e e T  CMbICJIa. H ~ ~ O M H H M ,  q T O  T P U  3 H a Y a w U e  ~ U $ R M  

B qucne y x e  06ecrresu~a10~ O T H O c w r e n b H y m  T O Y H O C T ~  OT 0,l AO 1 %, YTO 

BIIOJlHe AOCTaTOrtHO A n R  P a C q e T a  X O J I O A U J ~ ~ H O ~  YCTaHOBKM. T ~ K ,  p e 3 y J I b T a T  

o n p e n e J e H n R  T e n n o n p n T o g a  sepes c T e H K y  Q=kF ( t ,  - t , )  = 0,23 192 - 52,5 
M O X e T  6 b l ~ b  3 a n P I C a H  YUCJIOM 2300 UJIU 23m, B K P ~ ~ H ~ M  C J I y Y a e ,  2318 U 

y x ,  K O H ~ ~ H O ,  H e  ewe 6odee ( T O ~ H M M B  YUCJOM 2318,4 BT. no  TOG x e  
n p x r t u n e  npn nonb30san~u c n p a B o q r l u r t a m  _ ~ a 6 n u ~ ~ b r e  ~ H ~ W H N H  ~ H T ~ J I ~ ~ U U ,  

TenJlOnpOBOAHOCTH, YAeJIbHOrO 0 6 % e ~ a  U A P .  CJ IeAyeT  6 p a ~ b  C O K p y r J ' i e H A ~ M  



a0 2 - 3 3 H a q a U U X  ~ u $ P .  H a n p u ~ e p ,  3 H T a J b n U I o  H ~ C ~ I ~ ~ H H O ~ ~  XUJJKOCTU 

xnanarewa R 22 npu T e M n e p a T y p e  30°C c n e n y e T  n p u H u M a T b  p a ~ ~ o i i  
458 K A x / K ~ ,  a H e  458,225 K A X / K ~  ( < < ~ o s ~ o e > >  s ~ a q e ~ u e ) .  

A n R  I I O R C H e H U R  O T n e J I b H b I X  P a C q e T O B  B 3 a n U C K e  B b l n O J I H R I O T  C X e M b I  U 

PUCYHKU.  ~ J I ~ H U P O B K ~  X O J I O n N j l b H U K a  B 3 a n U C K e  B b I q e P q U B a I O T  B O n H Y  JIU- 

H U I o  (6e3 y K a 3 a H U R  T O J I U U H b I  C T e H  U I IeperopoJJoK)  B ~ a c r u ~ a 6 e  O T  1:200 
no 1 : 1000 - B 3 a B U C U M O C T U  OT p a 3 M e p O B  XOJIOnMJIbHUKa.  

B pasnene < < C x e ~ a  xononunbaofi y c T a H o B K n  u ee ~ B T O M ~ T U ~ ~ U U R B  cne- 
n y e T  I I p U B e C T A  nonpo6soe O n U C a H U e  pa60~b1 X O J ~ O ~ U . J ~ ~ H O ~ ~  Y C T a H O B K U ,  H a -  

3 H a q e H U e  O T A e J I b H M X  3 J I e M e H T O B  C X e M b I  U n p u 6 o p o ~  a B T O M a T U K U .  

B pasnene n u n n o M H o r o  n p o e K T a  < < ~ K O H O M U ~ ~ C K U ~  p a c q e T b I > >  A O J I X H ~ I  

c o n e p x a T b c R  o n p e n e n e H n R  C T O U M O C T ~  ~ P O U ~ B O A C T B ~  1 Max xonona, c ~ o u -  
MOCTU 1 M~ B 0 3 n y X a ,  I I O A a B a e M O r O  C U C T ~ M O ~ ~  K O H A U 4 U O H U P O B a H U R ,  CTOUMOC- 

TU x p a H e H u R  1 T rpysa B T e q e H u e  o n p e n e n e H H o r o  B p e M e H n .  T e ~ o f i  ~ K O H O -  

MULIeCKUX P a C q e T O B  M O r Y T  6 b 1 ~ b  T a K X e  3KOHOMUZleCKOe C O n O C T a B J I e H U e  n p U -  

H u M a e M b r x  T e x H u s e c K u x  perueauii,' n o n T s e p x n e H u e  ue~1ecoo6pa3~oc~u H a -  

~ e q a e ~ o f i  p e K O H C T p y K U U I 3  U T. n. 
B p a 3 n e J I e  < < C n e u ~ a ~ b H b I f i  BOIIpOC>> B 3 a B U C U M O C T U  OT e1'0 T e M M  n p U -  

BOAUTCR O n u c a H u e  K O H C T P ~ K U I ~ M  a r p e r a T a ,  npubopa, y3na H n u  KOHCTPYK- 
T U B H O r O  3 J I e M e H T a ,  n p e A C T a B J I e H H b I X  H a  OAHOM U 3  q e p ~ e ~ e f i  I I p O e K T a ,  UJIU 

x e  n o p R n o K  M o H T a x a  u cAaw B 3 ~ c n n y a ~ a u u m  ~ ~ A ~ H H O ~ O  a r p e r a T a .  B 
3 T O M  C J I Y Y a e  C ~ l e n y e T  n p O B e C T U  c p a E t H ~ ~ e ~ r b H b I f i  a H a J I U 3  B 0 3 M O X H b I X  P e L U e -  

~ u f i  u I I O K ~ ~ ~ T ~ ,   TO B n p o e K T e  n p a s e n e H o  H ~ M ~ O J I ~ ~  n e p c n e K T u B H o e  peme- 
H u e  y3na. Ecnu B p a s ~ e n e  ~ C n e q u a n b ~ b r f i  B o n p o c > >  n a e T c R  o n u c a H u e  

KZIKOI-0-nu60 H O B O r O  npu6opa UJIU y3Jla ( O I I U C ~ H U R  KOTOPbIX H e T  B y q e 6 ~ u -  
K ~ x ) ,  T O  H ~ O ~ X O ~ U M O  H e  T0.11bKO ~ ~ ' ~ R C H I I T ~  AX KOHCTPYKUUIO, H O  U n O K a 3 a T b  

I I p e U M y U e C T B a  HOBbIX ~ C T P O ~ ~ C T B  no C p a B H e H H K ,  C B b I n y C K a B U I U M U C R  P a H e e .  

Ecnu ~ e ~ 0 f i  C n e U H a J I b H O r O  B O n p O C a  C J I Y X U T  k i 3 r O T O B J l e H U e  ~a~oro-nk160 
npu6opa unu cleans, n p a B o i r n T c n  cx  c x e M a  u K p a T K o e  o n u c a H u e .  

O s e ~ b  C C P b e 3 H O  C J I e a Y e T  O T H e C T U C b  K C O C T a B J I e H A I O  C I I U C K a  H C n O J l b 3 0 -  

B ~ H H O ~  J I U T e p a T y p b l .  B H e M  n O J I X H b 1  6 b 1 ~ b  y K a 3 a H b I  B C e  UCTOYHIIKM, KOTOPbI-  

M U  y s a u ~ f i c ~  ~ O J I L ~ O B ~ J I C R  B npouecce pa6o~b1 H a a  n p o e K T o M .  B H a s a n e  

C n U C K a  nepe .1UCJInIOTCH ~ ~ ~ T u ~ ~ H o - ~ I ~ ~ B H ~ ~ ; I ~ c T B ~ H H ~ I ~  A O K Y M e H T b I ,  AOK- 

n a n M  p y ~ a ~ o n ~ r u ~ x  n e ~ ~ e n e f i  n a p T n l r  u n p a B m e n b c T s a ,  B K O T O P ~ I X  onpene- 
JIRIOTCH H a I I & r ? B J l e H r i @  U I I e p C i J C K T H B b l  p a 3 B k i T U R  A ~ H H O ~ ~  O T p a C n H  H a p Q n H O l  

r0 X O J H ~ ~ C T B ~ .  Aanee IIOA COOTBeTCTByIOLLlUM I I O p R j l K O B b I M  H O M e p O M  nepei 
ZIMCJIRIOTCR O C T a J I b H b I e  UCTO'iHEKM, H a  K O T O P b I e  e C T b  CCbIJIKa B T e K C T e .  

rpaansec~aw qacn npoeltTa. rpa@uqec~an  q a c T b  K y p c o B o r o 
n p 0 e K T  a COCTOr4T 0 6 ~ 1 9 ~ 0  U 3  ABYX JIHCTOB: H a  O n H O M  I I P U B O n R T  I l J I a H  U 

p a 3 p e 3 b I  X O n O L l U J b H U K a  HAM M a U I U H H O r O  O T n e J I e H U R  ( B  3 a B H C U M O C T U  OT 

npuemoro B Y Y ~ ~ H O M  s a ~ e n e ~ u u  xapamepa s a n a ~ u n ) ,  H a  a p y r o M  - c x e M y  

X O J I O A U J I ~ H O ~ ~  Y C T a H O B K H .  

n p t i  BbIlXOJIHeHMli K y p C O B O r O  I I p O e K T a  O ~ ~ I ~ H O  COCTaBJIRlOT $YHKUUO- 
H a J I b H y I O  C X e M y  X O J I O ~ U J I ~ H O ~ ~  YCTaHOBKU.  B OTJIMZIMe OT C T ~ ~ K T ~ ~ H O B  (YIIPO- 

W e H H o f i )  C X e M b l ,  rAe u306paxalo~ T O J l b K O  r J I a B H b I e  3 ; leMCHTbI  y C T 8 H O B K N  U 

UX B 3 a U M O C B R 3 6 ,  H a  @ Y H K L ~ H O H ~ J I ~ H O ~ ~  C X e M e  n O K a 3 b I B a I O T  B C e  O C H O B H O e  U 

B C n O M O r a T e J I L B O e  XOJ10,QUJIbHOe 0 6 0 p y n 0 ~ a ~ 1 u e  ( B  COOTBeTCTBUU C B b 1 6 p a ~ -  

HblM T M n O M  M K O J I U ~ ~ C T B O M )  U CHCTeMY ~ ~ ~ 6 0 1 1 ~ 0 ~ 0 ~ 0 ~  T a K ,  4 1 0 6 ~  6bma 
R C H a  C B R 3 b  h 1 e X n y  3 . R e M e H T a M U  H I I p U H u U I l  p a 6 0 ~ b 1  Y C T a H O B K U .  O ~ H ~ K O  B 

C X e b l e  M O r Y T  O T C Y T C T B O B a T h  H e K O T O p b l e  H C n O M O r a T e J I b H b I e  3J IeMCHTbI ,  U M e I o -  

U t r e  B T O p O C T e r l e H H O e  3 H a Y e H U e ,  M n p u 6 0 p b 1  a B F O M a T U K U .  

~ P U  B L I n O j l H e H M U  A lf II JI 0 M H 0 r 0 II p 0 c K T  a C O C T a B J R I O T  I T p U H U U -  

I l U a J I b H y K l  ( I I o J I t i y K , )  C X e M y  X O J ' I O A H J ~ ~ H O ~ ~  Y C T a H O B K U ,  B K J I I O 9 a I o W Y I O  B C e  

O C H O B H O e  M B C I l O M O r a T e J I b H O e  o ~ o ~ ~ ~ o B Z I B M ~ ,  CUCTeMY T P Y ~ O ~ ~ P O B O ~ O B  U 



P ~ C V ~ T H O - n o l l c ~ ~ ~ e d b ~ a ~  3anHCKa. Ee O @ O P M . ~ ~ T I R ~ ~ T  B COOTBeTCTBMM C T p e -  

~ O B ~ H H F I M U  K BblnOJlHeHHlO TeKCTOBblX AOKYMeHTOB no rOCT 2.105 - 79* 
(CT C3B 2667 - 80) C OTnenbHbIMM YnPOIIl.eHMRMM, O ~ Y C J I O B J ~ ~ H H ~ ~ M N  y q e 6 -  

H ~ I M  X a p a K T e p o M  npoewa. 
P ~ c ~ € ! T H ~ - ~ o R c H M T ~ . J ~ ~ H ~ R  3 a n M C K a  HaqMHaeTCR C THTYJIbHOrO JlMCTa 

( @ o p ~ a  2 ) ,  3a K O T O P ~ I M  c n e n y e T  ~ ~ o p o i i  JIMCT - sana~we H a  n p o e K T u p o -  

BaHMe, H a  T P e T b e M  JlHCTe n 0 M e U l a K ) T  C O n e P X a H U e  3anMCKH, me npMBOnRT 

HaMMeHOBaHMe P a 3 A e J l O B  M n 0 n p a 3 & e n d ~ ,  a T a K X e  HOMep JlUCTa, C KOTOpOrO 

OHM HaqMHaloTCR.  

O c ~ a n b ~ o i i  M a T e p u a n  n o s l c ~ u ~ e n b ~ o f i  s a n u c ~ u  p a 3 ~ e q a l o ~  H a  n u c T a x  

n u c q e f i  6 y ~ a i - u  p a 3 M e p O M  297x210 MI\P ( @ o ~ M ~ T  A4) .  T ~ K C T  nMLlIyT qepHM-  

J a M M  H a  0 n H 0 f i  CTOpOHe JMCTa .  U a X n b 1 f i  JMCT n O J l X e H  MMeTb P a M K y  IIIMPM- 

H O ~  5 MM U C J I e ~ 0 f i  CTOPOHbI none nJ lR  nOAmNBKN m u p u ~ o f i  20 MM. npM 
H a n u c a H M M  TeKCTa  H ~ O ~ X O ~ M M O  CJleAMTb, q ~ 0 6 b l  CJlOBa H e  BblXOnMJIM 3a PaMKY.  

C H M ~ Y  H a  none K a x n o r o  n u c T a  n o M e q a m T  O C H O B H ~ D  H a n n u c b ,  3 a ~ n l o q e ~ -  

HYK) B PaMKY P a 3 M e P O M  185x15 MM, B K O T O ~ O ~ ~  IlpMBOnRT 0 6 0 3 H a q e ~ M e  

n O K y M e H T a  ( H a n p M ~ e p ,  An.0565. 86. n3) M n o p ~ n ~ o ~ b l f i  HOMep J U C T a  3a- 

. . 

@ O P M ~ T ~  H e  PeKOMeHnyeTCR.  

Bce JlMCTbl AOJIXHbI 6 b l ~ b  C ~ P O U I K ) P O B ~ H ~ I  H BJ iOXeHbl  B n a n K y .  

rpa@Hqec~all qaCTb npOeKTa. Ee BblnOJlHRloT B COOTBeTCTBMM C nefi- 
CTBYloqMMM C T a H A a P T a M U  E A M H O ~  CMCTeMbl K O H C T P Y K T O P C K O ~ ~  nOKYMeHTaUMH 

(ECUA) M CMCTeMbl I ~ ~ o ~ K T H o ~ ~  AOKYMeHTaUMN nJ lR  CTPOMTeJbCTBa (cnAc) 
C OTneJbHblMM Y n P O ~ e H U R M M ,  BbI3blBaeMblMM y q e 6 H b l ~  XaPaMTePOM n p O -  

e K T a .  

r p a @ M q e c ~ y K )  q a C T b  n p O e K T a  BblnOnHRloT H a  JlUCTaX @ O P M ~ T ~  A1 rOCT 
2.301 - 68 (T. e. p a 3 M e p O M  594x841 M M )  . Ha K a X n O M  J U C T e  n o n X H a  

6 b l ~ b  P a M K a  H a  PaCCTORHUU 5 MM OT K p a R .  C J l e ~ a  OCTaBnRloT none IIJMpM- 

~ o f i  20 M M .  B n p a B o M  H u x H e M  yrny pacnonaram o c ~ o a ~ y l o  H a n n u c b ,  pa3- 
Mepbl  K O T O ~ O ~ ~  IIpMBeneHbl  B @ O P M ~  3. B O C H O B H O ~ ~  HannMCU y K a 3 b l B a l o T  T e M y  

I lpOeKTa ,  HaMMeHOBaHUe J U C T a ,  o6qee KOJlMyeCTBO JIUCTOB r p a @ k i q e c ~ o H  

qaCTM I lpOeKTa ,  HOt$ep n a H H O r 0  JlMCTa H H a 3 B a H M e  TeXHMKYMa, r & e  Bbl- 

IlOJHReTCR IlpOeKT. 





q o p ~ a  3 n p a ~ e p  o @ o p ~ n e ~ u ~  nucToe rpa@uqeceofi sacrn 
n n a ~ b l  U p a 3 p e 3 b I  XOJIOnUJIbHUKOB U M a r U U H H b I X  0 ~ n e J I e ~ k i f i  B b I n O J -  

HRIOT B M ~ C L U T ~ ~ ~ X  1 :40, 1 :50, 1175, 1 : 100, 1 :200. 
Macur~a6 OCHOBHOI'O n n a H a ,  pa3pe3a U O T n e J I b H b I X  BUAOB C J I e A y e T  BbI-  

6 u p a T b  T a K U M U ,  4~0661 none J r U C T a  6 6 1 ~ 1 0  M a K C U M a J I b H O  3 a I I O J I H e H H b I M .  

B 3 a B U C U M O C T U  O T  p a 3 M e p O B  3 A a H U R  X O J O A M J I b H U K a  p a 3 M e W e H U e  060- 
P y A O B a H U R  B M a r U U H H O M  OTAeJIeHUU W APYI'HX y3,JlOB M O X e T  6 b 1 ~ b  I I O K a 3 a f f O  

nu60 H a  o 6 u e ~  nnaae, nw6o H a  TOM x e  n u c T e  O T a e n b H o  B APYI-OM M a c -  

m ~ a 6 e .  B n o c n e n H e M  cnyqae ~ o s n e  K a x n o r o  B u n a  A o n x e H  6 b 1 ~ b  y ~ a 3 a ~  
M ~ C W T ~ ~ ,  B KOTOPOM 3 T O T  B U A  BbInOJIHeH.  

C I I ~ I [ U @ U K ~ ~ U I O  OCHOBHblX I I o $ d e ~ e ~ ~ f i  X O J I O ~ U J I b H U K a  U OCHOBHOI'O 060- 
p y n o B a s u R  pacnonaram-r H a n  O C H O B H O ~  H a n n u c b m  ( u r ~ a ~ n o ~ )  unu c n e B a  

OT H e e .  

C x e M b 1  X O J O A U n b H b I X  YCTaHOBOK BbInOJIHRIOT B OCHOBHOM nJIOCKUMU 

( n p o c T b 1 e  C X e M b l  MOI'YT 6 b 1 T b  ~ K C O H O M ~ T P U Y ~ C K U M U )  6e3 C O ~ J I I O A ~ H U R  M a c -  

ru~a6a. ~ ~ ~ ~ ~ c T B u T ~ J I ~ H o ~  p a C I I O J l O X e H U e  COCTaBHblX Y a ~ T e f i  YCTaHOBKU JIU- 

60 H e  y Y U T b I B a I O T  B O O ~ U ~ ,  nw6o YYUTblBaIOT ~ ~ U ~ ~ U X ~ H H O .  
B HaCTORLIJee B p e M R  I 'OCyAapCT~BeHHOI 'O C T a H A a p T a  H a  O @ O ~ M J ~ H U ~  

C X e M  XO.JlOAU.JlbHbIX YCTaHOBOK ewe H e T ,  n 0 3 T O M Y  0 6 0 3 ~ a ~ e ~ ~ R  o60pyno~a- 
HWR U T P Y ~ O ~ P O B O A O B  H a  C X e M a X  3 a U M C T B y I O T  U 3  P a 3 J I U q H b I X  H O ~ M ~ T U B H ~ I X  

AOKYMeHTOB a H a n O f U l l H O I ' 0  H a 3 H a Y e H U R :  rOCT 2.701 - 68. C x e ~ b 1 .  B u ~ b 1  

W T U n b 1 ;  FOCT 2.704 - 68. ~ P ~ B U J I ~  BbII IOJIHeHUR r M A p a B n U q e C K U X  U I I H e B -  

M a T U Y e C K U X  CXeM; rOCT 21.106 - 78. Y C J I O B H ~ I ~  O ~ O ~ H ~ Y ~ H U R  ~py60npo-  
BOAOB C a H U T a P H O - T e X H U q e C K U X  CUCTeM; C T ~ H A ~ P T  I I P e n I I P U R T U R  (BHMM- 
xonon~aru)  ; rOCT 2.782 - 68. 0 6 0 3 ~ a Y e ~ ~ ~  YCJIOBHble  r p a @ u Y e c ~ u e .  Ha- 
COCbl M n B M I ' a T e J U  I ' U n P a B J l U q e C K U e  U I l H e B M a T H q e C K U e  Ei A p .  

3 J I e ~ e ~ T b 1  U Y C T P O ~ ~ C T B ~  ~ 3 0 6 p a x a l o ~  B B U A e  y C J 0 B H b I X  I ' ~ ~ @ W Y ~ C K U X  

0 6 0 3 ~ a ~ e ~ M f i .  Ha ~ p y 6 o n p o ~ o n a x  y K a 3 b I B a I O T  i 3 a n p a B J I e H U e  A B U X e H U H  C p e -  

nb1.  T p y 6 o n p o ~ o ~ b 1  p a 3 J U q H O r O  H a 3 H a Y e H U R  0 6 0 3 ~ a l l a I O T  ~ Y K B ~ M U ,  U U @ P ~ -  
MN UJIU J U H U R M U  P a 3 J I U Y H O I ' O  H a q e p T a H U R  ( ~ O ~ Y C T M M O  - P a 3 J I H 9 H O I ' O  LIBe- 
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P a s n e n  ~ ~ o p o f i  
llPOEKTMPOBAHME XOJlO,II,MJIbHblX YCTAHOBOK 

0 6 t . e ~  HCXOAHblX APHHblX. M C X O A H ~ I ~  A a H H b I e  A n R  n p O e K T U p O B a H U R  XO- 

JlOAUJlbHbIX YCTaHOBOK - 3 T 0  OCHOBHbIe  C B e A e H U R ,  H ~ O ~ X O A M M ~ I ~  AJlR ~ b 1 6 0 -  

pa p a c q e T H o r o  p e x u M a ,  T u n a  x o n o n u n b ~ o f i  y c T a H o B K u ,  O n p e n e n e H u R  ee 
n P O U 3 B O A U T e J I b H O C T U ,  P a C q e T a  U  non6opa OCHOBHOrO U  B C I I O M O r a T e J b H O r O  

O ~ O P Y A O B ~ H M R  M  er0 p a u U O H a J I b H O r 0  pa3MeLLI.eHMR. 0 6 ~ e ~  UCXOnHblX A a H -  

HblX 3 a B U C U T  O T  T e M b l  KYPCOBOrO UjlU n U n J O M H O r 0  I I p O e K T a .  

Ecnu T ~ M O ~  n p O e K T a  RBJIReTCR XOJIOnMJlbHaR Y C T a H O B K a  T e X H O J I O r U q e C -  

K O r O  H a 3 H a q e H U R ,  H a n P U M e P  Y C T a H O B K a  AJlR O X A a X n e H U R  BOAbl B  C U C T e M e  

K O H A U U U O H U P O B a H U R  B 0 3 A Y X a  MJIM Y C T a H O B K a  AJIR n 0 J I y ~ e H U R  J I e n R ~ o f i  BO- 

AbI H a  M O J I O K 0 3 a B O A e ,  T O  H ~ O ~ X O A U M O  3 H a T b  M ~ C C O B ~ I ~ ~  UjlM 0 6 ' b e ~ ~ b l f i  

P a C X O n  X J I a n O H O C U T e J l R ,  er0 H a q a J b H b l e  M K O H e q H b I e  I l a p a M e T p b l ,  P a C q e T H b I e  

n a p a M e T p b 1  H a p y x H o r o  ~osnyxa ,  p a 3 ~ e u e ~ u e  n o ~ p e 6 ~ ~ e n e i i  xonona M cy- 
~ 0 q ~ b l f i  ~ P ~ @ M K  ~ o T ~ ~ ~ J I ~ H u R  X O j l O n a  K a X A b I M  M 3  HUX. 

~ P M  n P O e K T U P O B a H M M  6onee C J I O X H b I X  O ~ ' ~ ~ K T O B ,  H a n p U M e p  X o n o n U n b -  

HMKOB, I l P e A M e T O M  n P O e K T U P O B a H M R  C J I Y X U T  H e  TOJIbKO X O J I O A M J b H a R  Y C T a -  

H O B K a ,  HO M XOjlOnUJlbHMK B  UeJIOM. B 3TOM C J l y q a e  B  o 6 ~ e ~  MCXOnHblX 

A a H H b l X  AJIR n p O e K T U p O B a H M R  BXOART: H a 3 H a q e H U e  U  BMeCTMMOCTh XOJIO- 

n U J l b H U K a ,  r O p O n  M J M  ~ ~ G o H  C T p O M T e J b C T B a   TO I I 0 3 B O J R e T  O n p e n e j l M T b  

p a c q e T H b r e  n a p a M e T p b 1  n a p y x H o r o  ~ o s n y x a ,  T e M n e p a T y p b r  ~ o n b r  n n ~  oxnax-  
A e H U R  K O H A e H v T O P O B  U  ~ P Y H T ~ ) ,  BMA U  KOjlMqeCTBO IIPOfiYKTOB, I lOCTy-  

IlaIf3LLI.MX AJlR X p a H e H M R  U J M  3 a M O p a X U B a H M R ,  P a C q e T H b l e  n a p a M e T p b l  BHYT- 

P e H H e r O  B O 3 A y X a ,  P e X U M b l  X O J O A U J ~ H O ~ ~  0 6 p a 6 0 ~ ~ ~  n p O n y K T O B ,  ~ 1 2 0 6 x 0 -  

A M M b l e  AJlR P a C q e T a  ~ ~ J l o n M J l b ~ ~ f i  H a r P Y 3 K U  H a  YCTaHOBKY. 

q a c ~ b  UCXOnHblX n a H H b l X  M O X e T  6 b l ~ b  y K a 3 a H a  B  3anal - iMM H a  I I p O e K T U -  

P O B a H U e ,  a O C T a J b H b I e  I IPUHMMafOT n 0  H O P M a T M B H b l M  M a T e p U a j l a M  ( C H M n b l ,  

B e n O M C T B e H H b I e  y K a 3 a H U R  a0 n p O e K T U p O B a H U I f 3  M  T .  n . )  MnU no ~ a 6 n u -  
U a M  HaCTORLLI.er0 y q e 6 ~ 0 1 - 0  n o c o 6 ~ ~ ,  C O C T a B J e H H b l M  H a  OCHOBaHMM 3TUX 

M a T e p u a n o B .  

P a c r e ~ ~ b l e  napameTpbl HapyxHoro ~ o s n y x a .  OT n a p a M e T p o B  H a p y x H o r o  

B O 3 n y X a  ( B  OCHOBHOM ~ e ~ n e p a ~ y p b l )  3 a B U C R T  K O J M q e C T B O  T e I I j l O n P M T O K O B  

B K a M e p b l ,  T e M n e p a T y p a  K o H A e H c a u u u  xnanarema, T e M n e p a T y p a  B O A ~ I .  

o x n a x n a e ~ o f i  B r p a A u p H e  u n u  noc~ynamuleii  u 3  e c T e c T B e H H b I x  B o A o e M o B ,  

T e M n e p a T y p a  r p y H T a  M ,  B  KOHeqHOM UTOTe, X O ~ O ~ O ~ P O U 3 B O ~ U T e ~ b H O C T b  U  

CTOMMOCTb X O J I O ~ U J ~ ~ ~ I O ~ ~  YCTaHOBKU. 

T e n n o ~ a ~  H a r p y 3 K a  H a  X O J l O n M J b H y I O  YCTaHOBKY R B j l R e T C R  ~ a ~ 6 0 n b -  

U l e f i  nu60 B  C a M b l e  X a P K U e  J e l H U e  AHM, nu60 BO B p e M R  ~ a ~ 6 0 n b U l e f i  

~ K C ~ ~ J I ~ ~ ' I ~ ~ U O H H O ~ ~  H a r P Y 3 K U  ( ~ a n p k i ~ e p ,  BO B p e M R  H ~ M ~ O J ~ U J ~ ~ O  rPY30- 
n O T O K a  I I p U  C ~ ~ O H H O ~  3 a r O T O B K e  M R C a ,  @PYKTOB,  npM IIMKOBbIX H a r p y 3 K a X  

H a  T e x H o n o r u q e c K o e  o 6 o p y n o ~ a ~ u e  M T. n . ) .  

X O ~ O ~ U J I ~ ~ I U K U  p a C C q U T b l B a I O T ,  K a K  n p E i B U J 0 ,  H a  c a ~ b l f i  X ~ ~ K M G  n e p U O n  

I O n a .  O ~ H ~ K O  6 b 1 n o  6 b 1  H e n p a B U J l b H O  O I I p e A e J I R T b  T e I I J O B y l O  H a r P y 3 K Y  n p U  

M ~ K C U M ~ J ~ H O ~ ~  J I e ~ ~ e f i  T e M n c p a T y p e ,  K O T O P a R  6 b l ~ a e ~  OAMH pa3 3a M H O r O  

J e T .  



3 H a q e H u ~  P a C q e T H b l X  JleTHUX T e M n e p a T y p  H a p y X H O r O  B O s n y X a ,  BbIqUC- 

J l e H H b l e  no @ o p M y J l e  (5.1), AJlR HeKOTOPblX rOPOAOB CCCP n p U B e A e H b l  B 

n p U J l O X e H U U  1. T a M  Xe A a H b l  3 H a q e H U R  P a C q e T H b l X  3UMHUX T e M n e p a T y p  

H a p y X H O r O  B O 3 A y X a ,  H ~ O ~ X O A U M ~ I ~  AJlR P a C q e T a  OTOnUTeJlbHblX YCTaHOBOK, 

U P a C q e T H b l e  3 H a q e H U R  O T H O C U T ~ J ~ ~ H O ~ ~  BJ l aXHOCTU H a p y X H O r O  B O 3 A y X a  AJlR 

J l e T H e r O  U 3 U M H e r O  nepUOAOB.  AJH rOpOAOB, H e  y K a 3 a H H b I X  B I I p U J l O X e -  

H U H  1 ,  p a c q e T H b 1 e  n a p a M e T p b 1  MOXHO n p u H u M a - r b  no 6 n u 3 n e m a q e ~ y  ropo- 
fly UJlU C H U ~  2.01.01 -82 < < c ~ p o U ~ e J l b ~ a R  KJlUMaTOJlOrUR U r e 0 @ ~ 3 U K a > > .  

A m  ~ b 1 6 0 p a  ~ p e 6 y e M o r 0  K O ~ @ @ U ~ U ~ H T ~  T e n n o n e p e A a q u  O r p a X A e H U R  

H ~ O ~ X O A M M O  3 H a T b ,  B ~ a K 0 f i  K J ~ U M ~ T U ~ ~ C K O ~ ~  3 0 H e  P a C n O J l O X e H  XOJlOAUJlbHUK. 

B 3aBUCUMOCTU OT C P ~ A H ~ ~ O A O B O ~ ~  T e M n e p a T y p b l  TePPUTOPUFl  CCCP 
AeJlUTCR H a  T P U  K J ~ U M ~ T M ~ ~ ~ K U ~  3 0 H b I :  C e B e p H y l O  CO ~ p e j l . H e r 0 ~ 0 ~ 0 f i  T e M n e -  

pa~ypofi  H a p y X H O r O  B O 3 A y X a  0°C U H U X e ;  CPeAHIOlO CO C P ~ A H ~ ~ O A O B O ~ ~  

~ e ~ n e p a ~ y p ~ f i  H a p y X H O r O  BO3AyXa  B b l m e  0 U H U X e  g°C; I O X H y I O  CO C p e A H e -  

~ O A O B O ~ ~  ~ e ~ n e p a ~ y p o f i  H a p y X H O r O  BO3AyXa  9°C U B b l U e .  P a c q e ~ H b I e  

3 H a q e H U R  CpeAHerOAOBblX T e M n e p a T y p  H a p y X H O r O  B O 3 A y X a  n P U B e A e H b l  

B n p u n o m e H u u  1 .  
P a c l r e ~ ~ a n  TeMnepaTypa BOAH Ann oxnamAeHun KoHneHcaTopoe. 

~ P U  O ~ O P O T H O M  B O A O C H ~ ~ X ~ H M M  H a q a J l b H Y l O  T e M f l e p a T y p y  BOAbl AJFI  

O X J l a X A e H U R  KOHAeHCaTOpOB I lPUHUMalOT H a  4 - 8OC B b I U e  T e M n e P a T Y P b l  

B O 3 A y X a  no CMOqeHHOMY T e p M O M e T p y  [ n o ~ p o 6 ~ e e  CM. m. 15, @ o p ~ y J l b l  

(15.2) U (15.3)]. B C J l y q a e  I ~ P R M O T O ~ H O ~  CUCTeMbI n p U  UCnOJlb3OBaHUU 

BOAbl U 3  eCTeCTBeHHblX BOAOeMOB H a q a J l b H y l O  T e M n e p a T y p y  BOAbl M O X H O  

I l P U H U M a T b  H a  6 - 8OC H U X e  J l e ~ ~ e f i  p a c q e ~ H 0 f i  T e M n e p a T y p b l  B O s A y X a ,  

a n p U  U C ~ O J l b 3 O B a H U U  BOAbI U 3  r O P O A C K O r 0  BOAOnPQROAa - H a  8 - 10°C 
H H X e .  

T e ~ n e p a ~ y p a  a p ~ e 3 U a ~ c K o f i  BOAbl 3 a B U C U T  OT T e M n e P a T Y P b l  BOAOHOC- 

H ~ I X  c n o e B  r p y H T a :  q e M  my6me c K B a x u H a ,  TeM ~ennef i  a p ~ e 3 u a ~ c ~ a ~  B o A a ;  

T a K ,  AJlR M O C K B ~ I  T e M n e p a T y p a  BOAbl U3 C K B a X U H b l  r ~ l y 6 u ~ o f i  125 M P a B -  

H a  8 -- g°C, a U 3  C K B a X U H b I  r ~ l y 6 u ~ o f i  220 M - 1 1  - 12OC. OPU~HTUPO-  
BOqHO T e M n e p a T y p y  a p ~ e 3 U a ~ c K o f i  BOAbI M O X H O  n P U H U M a T b  H a  3- 6OC 
Bbl lUe  C ~ ~ A H ~ ~ O A O B O ~ ~  T e M n e p a T y p b l  H a p y X H O r O  BO3AyXa .  

P a c r e ~ ~ a n  TemnepaTypa rpyHTa. T e ~ n e p a ~ y p a  n o B e p x H o c T H o r o  cnon 
r p y H T a  U3MeHReTCR BCJIeA 3a Ce30HHblMU U3MeHeHUHMU T e M n e p a T y p b l  H a -  

P Y X H O r O  B03AYXa.  C YBeJ lUqeHUeM r n y 6 u ~ b l  OT nOBePXHOCTU 3eMJ lU  KOJle- 

6 a ~ u ~  T e M n e P a T y p b l  YMeHbLLIalOTCR, U H a  r ~ l y 6 u ~ e  10 - 15 M r P Y H T  UMeeT  

nOCTORHHYD T e M n e p a T y P Y ,  PaBHYlO C P ~ A H ~ ~ O A O B O ~ ~  T e M n e p a T y p e  BO3AyXa  

AJlR A ~ H H O U  MeCTHOCTU. C B ~ A ~ H U R  0 T e M n e P a T Y P e  r P Y H T a  H a  ~ e ~ b u l e f i  
m y 6 u ~ e  n p U  H ~ O ~ X O A U M O C T U  M O X H O  n O J l y q U T b  no K J l U M a T O J l O r U ~ e C K U M  

C n p a B O q H U K a M .  B @ o p ~ y J l b l  AJlR P a C q e T a  TenJ lOnpUTOKOB B XOJlOAUJlbHble 

K a M e p b 1  q e p e s  H e o . r a n n u B a e M b l e  n o n b l  u q e p e s  cTeHb1  n o A B a n o B  T e M n e p a -  

T y p a  r p y H T a  H e  BXOAUT - @ 0 p ~ y J l a  (9.5). 
~ P U  O n p e A e J l e H U U  ~ J I Y ~ U H ~ ~  3 a J l O X e H U R  @ Y H A ~ M ~ H T ~  H ~ O ~ X O A M M O  y q U -  

T b I B a T b  r ~ 1 y 6 u ~ y  n p O M e p 3 a H U R  r P Y H T a .  ~ T M  CBeAeHUR AJlR HeKOTOPblX rO-  

POAOB I l p U B e A e H b l  .B  I l pUJ lOXeHUU 1 .  
P a c r e ~ ~ ~ e  napameTpM BHyTpeHtiero ~osnyxa  u n y o f i y ~ ~ o a  H npononmn- 

TenbHOCTb X O J I O ~ U ~ ~ H O ~  06pa60~~1.1. P a c q e ~ ~ b l e  3 H a q e H U H  T e M n e p a T y p b l  U 

BJlaXHOCTU B 0 3 A y X a  B O X J l a X A a e M b l X  I l O M e U e H U R X  ( K ~ M ~ P ~ x )  XOJlOAUJlb- 



HHKOB ~ b 1 6 H p a K ) ~  B 3 a B U C U M O C T H  OT WX H a 3 H a q e H U R ,  B U A a  ~ P O A Y K T O B ,  T e X -  

H O J I O r H q e C K U X  O C O ~ ~ H H O C T ~ ~ ~  X p a H e H M R  U 3 a M O p a X U B a H U R .  O X J I ~ X A ~ ~ M ~ I M H  

C q H T a I O T C R  I I O M e U e H U R ,  B KOTOPblX I I O H A e P X U B a I O T  T e M I I e p a T y p y  B O 3 A y X a  

12°C u m x e .  
B XOJIOAHJIbHbIX K a M e p a X  n p e n n p u ~ ~ u f i  T O p r O B J I U  H O ~ U ~ C T B ~ H H O ~ O  n U -  

T a H H R  I IPOAYKTbI  X P a H R T C R  O T  2 A 0  3 CYT, I I p U q e M  OHM IIOCTyIIaIQT H a  X p a -  

H e H H e  B O X J I a X A e H H O M  UJIH 3 a M O P O X e H H O M  COCTORHUU. P a c q e ~ ~ b l e  I I a p a -  

M e T P b I  B 0 3 A Y X a  B 3 T H X  K a M e p a X  I I p H B e A e H b l  B T ~ ~ J I .  5.1. P ~ c ~ I ~ T H ~ I ~  I I a p a -  

M e T P b l  B H Y T P e H H e r O  B 0 3 A y X a  H I I p O A y K T O B  B K a M e p a X  p a C I I p e ~ e J l H T e n b H b I X  

XOJlOAUJIbHHKOB I I p U B e A e H b I  B ~a6.n. 5.2, B XOJIOAUJIbHUKaX M R C O K O M ~ W H ~ -  

T O B  - B ~a6.n. 5.3. \ 

Mnca, nrnuu, 
n o n y $ a 6 p ~ ~ a r o s  0 
Pbldbl -2 
MonoKa H MMOYHO- 
X H ~ O B ~ ~ X  ~ P O ~ Y K T O B  2 
~ ~ C T ~ O H O M ~ ~ ~ ~ C K U X  

TOBapOB 0 
a p y ~ r o e ,  oeoqeit, I 

HanHTKOB 4 

~ H U ~ B W X  orxonos 0 
Mopomesoro H samo- 
POXeHHblX flpOnyKTOB -15 

* -6 "C - nnn mopomesoro mnca. 5OC - 

K a ~ e p b l  XpaHeHHU Ha 
npennpHnrHnx roprosnH II 
O ~ U X ~ C T B ~ H H O ~ O  flHTaHHR 

85 
85 

80 

80 

80 
85 

90 

nnn oxnamneesoro. 

Pacqe~san remnepaTypa, 
" c  

Kamepu xpaneeHn 
oxnamnen~ux nponyaro~  O*(or -3 no 4) 85 - 90 12 0 1 - 6 mec (CYPY) 

6 - 8 mec (niiua) 
oxnamnen~oro mnca 2 85 - 90 8 2 10 - 15 CYT 

mopomenux nponywros 
B XOnOAHnbHUKaX 
BMeCTHMOCTbR) 

menee 3000 r -20 95 - 98 -8 -20 8 - I0 mec 
3000 r n donee -25 95 - 98 -8 -25 10 - 12 uec 

Y ~ u e e p c a n b ~ u e  Kamepbl 
B XOnOnHJIbHHKaX 
BMeCTHHOCTbW 

Kamepu H npyrxe oxnamna- 
emwe nOMeqeHHff pacnpene- 
AHTenbHHX XOnOnHnbHHKOB 

menee 3000 T 01-20 85 - 90 B ~ ~ B H C H M O C T H  OT ~ c n o n a a o e a n ~ n  nnx  oxnamnes~ux  

95 - 98 HnH MOPOXeHHX nPOnYKTOB 

donee '3000 T 01-25 85 - 90 
95 - 98 

M o p o s ~ n b ~ u e  ~ a m e p u  -30 95 - 98 4 -8 20- 22 s 
3 a r p y 3 o s ~ o  - p a 3 r p y 3 0 ~ ~ ~ ~  
~amepa - 20 90 - 95 12 -8 e - 
Coprupo~orHue aamepu 
H 3 ~ c n e n ~ u u n  0 85 - 90 - - - 

* B aaencnmocsH or nnna nponyaros -3 'C - nnn nepeoxnamneHHoro mnca; O°C - nnn MOI~O'IH~X npOnYKTOB; 
2 - 4°C - nnn cupos 

P a c s e r ~ a n  orHocHrenbHan 
BJlaXHOCTb, % 

Temneparypa nocrynaloqnx 
npOnyKTOB, 'C 

P a c ' e r ~ ~ e  naPameTPu Boanyxa 

Temneparypa, 
" c  

~pon,,,,mHTenbHocrb 
x p a ~ e ~ u n  unn samo- 

PaXHBaHHR 
O ~ ~ o c u r e n b ~ a a  
BnaXHOCTb, g/0 

Teunepa~ypa nponyara, "C 

nocTynamurero BuxonnUero 



3 a ~ o p a x a ~ a ~ u e  n-ruut.1 n p o B o n R T  npu T e M n e p a T y p e  ~osnyxa  B K a M e -  

pe -30°C. T e M I I e p a ~ y p a  noc-rynamwero n p o n y K T a  4OC, ~ b l x o n ~ w e r o  - 15°C. 
B p e M R  X O J I O A U J I ~ H O ~ ~  0 6 p a 6 0 ~ ~ ~  3 a B H C U T  O T  X a P a K T e P a  A B U X e H U R  BO?AY- 

X a  H cnoco6a Y n a K O B K U  IITUUbI: B K a M e p e  6e3 I l p k i ~ y ~ U ~ e n b H ~ f i  U U p K y n R -  

U U U  B 0 3 A Y X a  - 16 (20) '4, a n p U  ~ C U J I ~ H H O ~ ~  UUPKyJIFIUUU - 12 (14) '4, 

B T Y H H e J l R X  - 4 (6)q, e C n U  I I T U U a  Y n a K O B a H a  B A e P e B R H H b l e  R U H K U .  ~ P U  
IIOLUTYqHOM 3 a M O P a X U B a H U U  I ITUUbI  B K a M e p a X  C Y C U J ~ H H O ~ ~  U F i p ~ y J I R u k i e i i  

~ o s n y x a  n T u u a  n o c T y n a e T  H a  s a ~ o p a x u ~ a ~ u e  c ~ e ~ n e p a ~ y p o i i  25'6, npo- 
A O J I X U T e J b H O C T b  3 a M O p a X U B a H U R  - 4 (6) q. 

o n ~ o @ a s ~ o r o  samopa- cwpana maca* 
samopaxnsannn cy6- 
npOAyKTOB B TyHHene 
XpaHeHHU M U C ~ *  

OxnaxneHHoro 
mopoxeeoro 

oxnaxneeHn cy6- 
IIpOnyKTOB 

Ha cTennamax 
B TyHHennx 

nnuleaoro TonneHoro 
x n p a  

3 ~ c n e n ~ u n a  

* r o s a n e ~ a  B Tyulax H nonyTyuax. 
n p H M e 4 a H H e. 0 6 0 p a 4 ~ ~ a e m o c ~ b  Kamepbl, I. e apemn, s a ~ p a s e ~ ~ o e  Ha s a r p y s ~ y ,  xononnnbnylo 0 6 p a 6 0 ~ ~ y ,  
~ u r p y s ~ y  H nonroToBKy Katdepu nnn cnenyloulero u n ~ n a ,  Ha 2 - 4 4 donblue npononxnTenbnocTn xononnnbnoi 
0 6 p a 6 o ~ ~ n .  

~ ~ M O ~ ~ X U B ~ H U ~  p b 1 6 H b l x  n p O n y K T O B  H a  X O J l O n U J l b H U K a X  p b 1 6 ~ 0 6  np0- 
MblUlJIeHHOCTN O C Y U e C T B J I R I O T  B K a M e p a X  C ~ C U J I ~ H H O ~ ~  U k i p ~ y J l R ~ ~ e f i  B 0 3 -  

nyxa, u M e m m e r o  T e M n e p a T y p y  -30°C, B T e s e H u e  5 s OT 5 no - 18°C unu 
B T y H H e n b H b I x  M O ~ O ~ U J I ~ H ~ I X  a n n a p a T a x  npu T e M n e p a T y p e  ~ o s n y x a  no 
-35°C B T e q e H U e  4 q. X P ~ H R T  pb16y n p U  -2 + -6°C. 

A n R  0 6 b 1 9 H b 1 ~  XOJIOAUJlbHbIX K a M e p  H a  X O J l O n U J I b H N K a X  A J I R  @PYKTOB U 

B U H O r p Z l A a  B K a g e C T B e  P a C s e T H b l X  n a p a M e T p O B  C p e n b l  I I p U H U M a l o T :  T e M n e p a -  

T y p y  B H Y T P e H H e r O  B 0 3 n y X a  -l°C, OTHOCUTeJIbHYH) B J l a X H O C T b  85%, K p a T -  

H O C T b  U U P K Y J I R ~ U U  20-30 O ~ L ~ M O B  B sac B nepuon O X J I a X A e H U R  U 8 -  
12 0 6 ' b e M o B  B '  qac npu x p a e e H u u .  T e ~ n e p a ~ y p y  noc~ynamuei i  n p o n y K u u u  

n n R  pa i ioao~ c pacse~eofi s u ~ ~ e i i  ~ e ~ n e p a ~ y p o f i  - 10 u -20°C n p u M u M a m T  

p a ~ ~ o i i  25"C, a n n R  paiioao~ c ~ e ~ n e p a ~ y p o i i  -30 u -40°C - p a B -  

HOG 2O0C. P a c q e ~ H b I A  C p O K  X p a H e H U R  5 - 8 M e C  (AJR R ~ J I O K ) .  

A n R  K a M e p  c perynupye~oii  raso~oii  cpenoii (PTC) n p F i H u M a m T  cne- 
nymruue p a c s e T H b r e  n a p a M e - r p b l :  



yrne~ncnoro  rasa 5% (+ 1%) 
a 3 o ~ a  92% (+ 1%) 

HaqanbHafl ~ e ~ n e p a r y p a  20 -- 25°C 
rasoeoA c p e m  
Pacqe~HblR CPOK XPaHeHHfl 6 - 9 M ~ C  

0 6 q n e  CBeAeHHSl. ~ A ~ H U H  X O J I O A U J I b H U K O B  I l p O e K T U p y D T  O A H O -  U M H O -  

T O ~ T ~ X H ~ I M U .  B K Y ~ C O B O M  u A u n J I o M t I o M  n p o e K T a x  c a e n y e T  n p e n n o q u T a r b  

O f l H 0 3 T a X H b l e  3 A a H U R .  - K O H C T P ~ K U U W  X O J I O A U J I b H U K O B  A O J I X H b I  6 b l ~ b  YCTOG- 
q U B b l M U  K B O ~ A ~ ~ ~ C T B M I O  H U 3 K M X  T e M n e P a T Y P  M B ~ I C O K O ~ ~  B J I a X H O C T U  B 0 3 -  

A y X a  M B T O  Xe B p e M R  n P 0 4 H b l M M ,  A O J I T O B e L I H b l M M ,  O ~ H ~ C T O ~ ~ K M M M  M 3 K O -  

H O M U q H b l M W .  B ~ a U 6 0 J I b ~ ~ e f i  C T e I l e H U  3 T U M  T ~ ~ ~ O B ~ H M R M  Y A O B J l e T B O P R D T  

~ 6 0 p ~ b l e  X e J I e 3 0 6 e ~ o ~ U b l e  K O H C T P Y K U U U  3 a B O A C K O T O  U 3 r O T O B J I e H U R ,  o6ecne- 
' 4 U B a D U U e  M H f l Y C T P U a J I b H b I e  M e T O A b l  C T P O U T e J I b C T B a .  H a p m y  C 3 T U M  3 K O -  

H O M U q H b l e  P e u l e H U R  6e3 C H U X e H U R  K a L l e C T B a  M O r Y T  A O C T M r a T b C R  I l y T e M  

n p U M e H e H U R  M e C T H b l X  C T P O U T e J l b H b I X  M a T e P U a J I O B  U J I e r K M X  K O H C T P Y K U M ~ ~  

3 a B O A C K O r O  M 3 r O T O B J I e H U R .  

H ~ H  p a 3 p a 6 0 ~ K e  C T ~ O U T ~ J I ~ H O ~ ~  q a C T H  X O J I O f i U J I b H U K a  B Y ~ ~ ~ H L I X  I l p O e K -  

T a x  r J I a B H O e  B H M M a H U e  Y n e J I R l O T  B M ~ O P Y  C e T K M  K O J I O H H ,  P a 3 M e P Y  K a M e p  

M K O P M A O P O B ,  * T O J I U U H e  M a T e p H a J I O B  O r p a X A a D U U X  K O H C T P Y K Q M ~ ~  M APY- 
T U X  3 J l e M e H T O B ,  H ~ O ~ X O ~ ~ M M ~ ~ X  A J I R  B b l n O J I H e H W R  P a C 4 e T O B  T e n J I O n P U T O K O R  

B o x . n a x ~ a e ~ b l i i  K O H T Y ~ .  

P a c q e ~ b 1  3 J I e M e H T O B  K O H C T P Y K U M ~  H a  I l P O q H O C T b ,  Y C T O ~ ~ ' ~ U B O C T ~  U A O J I r O -  

B e L I H O C T b  B b l n O J l H R l O T C R  C T P O U T e J l R M U  M B 0 6 % e ~  K Y P C O B O r O  U A U n J I O M H O r O  

I l p O e K T O B  H e  B X O n R T .  P a 3 ~ e p b l  6 a n o ~ ,  KOJIOHH,  ( P Y H A ~ M ~ H T O B  M I l a ~ e J I e f i  

I l P U H U M a D T  H a  O C H O B e  T U n O B b l X  p e ~ e ~ t i f i ,  p a 3 p a 6 0 ~ a ~ ~ b l x  B e n y U U M U  

I l P O e K T H b I M U  O P T a H U 3 a U U R M U .  I 

~ O H C T P Y K T H B H ~ R .  CXeMa 3AaHHSl. ~ A ~ H M R  X O J I O A U J l b H U  K O B  B b l n O J l H R D T  no 
6 e c K a p K a c ~ o f i  UJ IU  no K a p K a c H o f i  K O H C T P Y K T U B H b l M  C X e M a M .  

n p U  6 e c K a p K a c ~ o f i  C X e M e  K O J I O H H b I  U ~ ~ J I K U  H e  n p e A y C M a T p U B a D T .  

~ J I M T ~ I  n O K P b I T M R  O n U P a l O T C R  H e n O C p e A C T B e H H O  H a  H a p y X H b l e  UJ IU  B H Y T -  

P e H H M e  C T e H b l ,  B O C I l P M H U M a D U U e  H a T P Y 3 K Y  O T  ~ O K P b l T M R  U n O A B e C H O T 0  

0 6 0 p y ~ o ~ a ~ u ~ .  T a ~ u e  C T e H b l  H a 3 b I B a D T  H e C Y U U M U .  n o  3~0fi C X e M e  B b l n O J I -  

H R D T  T O J I b K O  X O J I O A U J I b H U K H  ~ a J I 0 f i  B M e C T M M O C T M  C M a C C M B H b l M U  C T e H a M U  

U 3  K U P n U ' 4 a ,  K a ~ ~ e f i  N np. ( C M .  m. 7 ,  P M C .  7.4). 
X O J I O ~ I ~ J I ~ H U K U  M B J I o ~ ~  B M e C T U M O C T U  W 3  J I e T K U X  K O H C T P Y K U M ~ ~ ,  a T a K X e  

C p e A H M e  U K P Y n H b l e  X O J I O A U J I b H M K M  C M a C C U B H b l M U  0 ~ p a X A a K ) U U M I . I  K O H -  

C T P Y K U M R M M  B b l n O J l H R D T  no K E I ~ K ~ c H Q ~ ~  C X e M e  C C a M O H e C y U M M U  C T e H a M U ,  

n p U  KOTOPOU H a r P Y 3 K a  O T  n O K f p b l T M R  M n O n B e C H O r 0  O ~ O P Y ~ O B ~ H U R  nepe- 
n a e T c R  H a  K a p K a C  U 3  C ~ O P H ~ I X  3 J I e M e H T O B  ( K O J O H H ,  ~ ~ J I O K  M @ e p ~ ) .  C ~ M O -  
H e C y U N e  C T e H I A  K a p K a C I l b I X  ~ A ~ H M I ?  O n U p a D T C R  H a  @ y H n a ~ e ~ ~ ~ b l e  ~ ~ J I K M ,  
a T e  - H a  @ Y H ~ ~ M ~ H T ~ I  I l O n  K O J I O H H b I .  



Pnc.6.1. 3 n e u e ~ ~ b l  C ~ O P H M X  xene30- 
~ ~ T O H H H X  I I O K P H T H ~ ~ :  

a - npnMoyronbHue x e n e 3 0 6 e ~ o ~ ~ u e  6an- 
K H  npOneT0M 12 M an8 n0KpuTHfi 3naHHfi 
C n n o c ~ o k  H C K ~ T H O ~ ~  ~pol lnef i ,  6 - RByCKaT- 

1-1 @fp 
11960 

Hue x e n e 3 0 6 e ~ o ~ ~ ~ e  cTponanbsue peluer- 
280 

q a ~ u e  6 a n ~ ~ .  e - x e n e 3 0 6 e r o ~ ~ u e  pe6pac- a 
Tue n n m u  p a 3 ~ e p o ~  6 x 3  M mapnu nT. 
z - x e n e 3 0 6 e r o ~ ~ ~ e  MHoronycToTHue na- 
HenH mapnu nK ( n n ~ ~ a  1 n a ~ e n e k  nnn 3na- 
H u i  c HeCyUHMu C T ~ H ~ M H  7 180, 6580, 6280, 
5980,4780,4180.3580, 2980 H 2380 MM, ann 
KapKaCHUX 3AaHHfi - 7260. 5760, 4260 
H 2760 MM) lf960 (17960) 200(240) 

B c ~ p e q a l o ~ c ~  cnenymune co- 
q e T a H M R  3 J l e M e H T O B  K a p K a C a :  

C T a J l b H b l e  KOJlOHHbl M CTaJ l  b H b l e  

6 a n ~ n ;  Hbl M C T a J I b H b l e  X ~ A ~ ~ O ~ ~ T O H H ~ I ~  6 a n ~ n ;  KOJlOH- XeJe- E%""" 2980 % 5970 i o c3 --, ' 
~ O ~ ~ T O H H ~ I ~  KOJlOHHbl M X e J l e 3 0 -  

1-1 .- b d 

HO ~ a J I b I f i  BeC,  B 0 3 M O X H O C T b  

6 b r c ~ p o r o  M O H T a X a  M I f l e M O H T a X a ,  K p a ~ ~ ~ b l i i  B H ~ ' L L I H H ~  BNA. H ~ A O C T ~ T K M  
er0 - I lOBbIUleHHaR CTOMMOCTb U CJ lOXHOCTb  3a I l lMTb l  nOBePXHOCTN OT KOP- 

P03MM. 

I l p e n ~ y q e c ~ ~ a ~ n  ~ e n e 3 0 6 e r o ~ ~ o r o  K a p K a c a  R s n R t o T c s l  O T c y T c T B n e  H e -  

O ~ X O ~ ~ M M O C T M  B 3 a q M T e  OT KOPP03MH,  O ~ H ~ C T O ~ ~ K O C T ~  M M e H b U l a R  MeTaJlJ IO-  

eMKOCTb.  H ~ A O C T ~ T O K  - 6onbwofi BeC 3J I eMeHTOB K a p K a C a ,  q T O  3 a T P Y A H R e T  

MX AOCTaBKy  K MeCTY C1(POMTeJl b C T B a ,  O C O ~ ~ H H O  B Y A a J l e H H b l e  p a f i o ~ b l .  

no p a c n o n o x e H n D  K a p K a c a  o T H o c n T e n b H o  o x n a x n a e l v l o r o  O ~ W K T ~  pa3- 
J lMqaIOT K a p K a C  C BHelUHWM M BHYTPeHHMM P a 3 M e q e H N e M .  

nof la~J lRIOl l l .ee  ~ ~ J ~ ~ U I M H C T B O  COBPeMeHH bIX OTeqeCTBeHHblX  O A H 0 3 T a X H b l X  

XOJlOflMJlbHMKOB C O O P Y X a I O T  C K a p K a C O M  113 TMnOBbIX X ~ J I ~ ~ O ~ ~ T O H H ~ I X  KO- 

JIOHH H 6 a n 0 ~  3 a B O A C K O r O  M3rOTOBJleHMR (MJIM X ~ J I ~ ~ O ~ ~ T O H H ~ I X  KOJOHH 

M M ~ T ~ J I J ~ M ~ & c K M x  @ e p ~ ) ,  p a 3 M e q e H H b l X  BHYTPU O X J l a X A a e M O T O  0 6 x e ~ ~ a  , 
( P N C .  6.1). B 3TMX 3 A a H U R X  KOJlOHHbI BHYTPeHHMX PRAOB B l l J l a H e  P a C n O -  

naramr H a  n e p e c e q e H H n  n p o A o n b H b I x  M n o n e p e q H b I x  K o o p A u H a q n o H H b I x  

O C ~ G .  K O J I O H H ~ I  H a P Y X H b I X  PRAOB P a C n O J l a r a I O T  OTHOCNTeJlbHO 0cefi COrJ l aC-  

HO PWC. 6.2. P ~ C C T O R H H ~  M e X f l y  KOOPAMHaUUOHHbIMM OCRMM B H a n p a B J l e -  

HNW O C H O B H O ~  ~ e c y ~ e f i  KOHCTPYKUMM npMHMMaeTCR P a B H b l M  6, 12 UJlU 18 M. 

OHO COOTBeTCTBYeT I I p O J l e T y  ( ~ J l l l  ~ e )  C T P O M T ~ J I ~ H O ~ ~  6 a n ~ n  ( @ e p ~  b l )  B 3 A a -  
HMRX K ~ P K ~ C H O ~ ~  KOHCTPYKUUH NJlM AJlMIle  nJlMTb1 n O K P 5 T M R  B ~ ~ C K ~ P K ~ C -  

HblX 3AaHMRX.  P ~ C C T O R H H ~  M e X A Y  KOOPAMHaUMOHHbIMU OCRMM B n e p n e H -  

AkiKyJlRpHOM H a n p a B J l e H M U  (LLIar KOJOHH) B 3aBMCNMOCTkI OT  AJlMHM I I a H e -  , 
J l e f i  nOKPb lTNR n P U H N M a I O T  6 HAM 12 M. 

~ O O P A N H ~ ~ H O H H ~ ~ ~  OCM HaHOCRT H a  q e p T e X a X  UlTPMXnYHKTMPHbIMN J l M -  

HMRMM M 0 6 0 3 ~ a q a I O ~  M a p K a M N  ( ~ Y K B ~ I  MJlM ~ M @ p b l )  B K p Y X K a X  A M a M e T -  

POM 6 - 2 M M .  

OCM no C T O p O H e  3AaHMR C 6 0 ~ l  ~ W M M  K O J I M ~ ~ C T B ~ M  KOOPAMHaUUOHHblX 

oceii ( 0 6 b l q ~ o   TO nonepewwe ocn) M a p K n p y l o T  a p a 6 c ~ u ~ n  s n @ p a ~ u ,  a 
B nePf l eHANKYJ lRPHOM H a n p a B J l e H M M  ( n p 0 ~ J l b ~ b l e  O C M )  - nP0nMCHblMM 

~ ~ K B ~ M M .  

B COOTBeTCTBMM C I ~ P M H H T O ~  C ~ T K O ~ ~  KOJOHH 3 A a H U e  XOJlOAHJlbHMKa B 

I l J l a H e  M O X H O  YCAOBHO P a C q J l e H M T b  H a  O T A e J l b H b l e  R q e f i ~ M  ( C T P O N T ~ J ~ ~ H ~ I ~  

~ P R M O Y ~ O J ~ ~ H M K M ) ,  H a n p N M e p  n p U  W a r e  KOJOHH 6 M - P a 3 M e p O M  6 x 6 ,  
6 X  12 M M T. A.  q e ~  6onbwe IlpOJleT,  T e M  6 o n b w e  BblCOTa 6 a n ~ u  ( ~ 3  ycno- 



~ ~ f i  0 6 e c n e q e ~ u ~  ee H ~ O ~ X O A H M O I ~  ~ P O ~ H O C T U )  . C n e n o ~ a ~ e n b ~ o ,  B ~ A ~ H M R X  

C ~ O J I ~ U I M M  n p O n e T O M  B ~ e p x ~ e f i  q a C T M  M e X A y  ~ ~ J I K ~ M M  0 6 p a 3 y e ~ c ~  60~16- 
III0fi 067,e~, K O T O P ~ I ~ ~  H e J l b 3 H  N C I l O J I b 3 0 B a T b  AJIR P a 3 M e U e H M R  r P Y 3 0 B .  no- 
3 T O M Y  n p U  n p O e K T U p O B a H U M  O A H O 3 T a X H b l X  XOJIO&UAbHNKOB I l p M M e H s I I o T  B 

OCHOBHOM C e T K y  6X 12 MJIU 6X 18 M. 

AJIFI C T P O U T e A b C T B a  M H O r 0 3 T a X H b I X  XOJlOAMJIbHMKOB I I P M M e H R l O T  c6op- 
H b I e  X ~ J ~ ~ O ~ ~ T O H H ~ I ~  K O H C T p y K u U U  C 6 e 3 6 a n o q ~ b r ~ u  I I e p e K p M T U R M N ,  n 0 3 B O -  

J l H l o W U M M  I I O J l y q U T b  B K a M e P a X  F A a A K M e  IIOTOJIKU, U C K J I K ) q a l O q U e  o6pa- 
3 O B a H M e  ~ ~ C T O ~ ~ H ~ I X  3 0 H .  M e ~ f i y 3 ~ a X H b I e  I I e p e K p b I T U R  M H O r 0 3 T a X H b l X  3 A a -  

H U G  XOJIOAUAbHNKOB P a C C q M T b 1 B a K ) T  H a  H O P M a T M B H y K )  n O J I e 3 H Y I O  H a T P Y 3 K y  

20 K H / M ~  n p M  B b I C O T e  3 T a X a  4,8 M; 25 KH/M' - I I p U  R b I C O T e  5,4 M ;  

30 K H / M ~  - n p U  B b I C O T e  6,O M. C ~ T K Y  KOJIOHH M H O T 0 3 T a X H b l X  XOJIOAMAb- 

H U K O B  I I P M H A M a l O T  6x6 M. 

~ Y H A ~ M ~ H T ~ I .  OHU B O C n P U H M M a l o T  BCK) H a T p y 3 K y  O T  C T P O M T e J l b H b I X  

K O H C T P ~ K U M ~ ~ ,  rpyaa M 0 6 0 p y n o n a ~ ~ ~  a nepenam ee H a  r pyw.  l l p u  CTPOU- 
T e J I b C T B e  XOAOAUJIbHMKOB IIPMMeHRkOT A e H T O q H h l e  MOHOJIMTHble M C ~ O P H M ~  

( ~ u c .  6 . 3 ) ,  C T O J ~ ~ ~ T ~ I ~  ( 0 ~ f l e J I b H 0  ~ ~ 0 R U l i e )  M CIIJIOK!HbIe I I o l t i T H b l e  @YH- 
A a M e H T b I .  

f l e H ~ o q H b 1 f i  @ Y H ~ ~ M ~ H T  I I p e A C T a B A R e T  co6ofi I I p R M O y r O J I b H U K ,  P a C I I O J I a -  

T a l o U k i f i c ~  H e J I p e p b I B H O  IIO,!J B C e M  I l e p k i M e T p O M  C T e H .  OH M O X C T  6 b l ~ b  MO- 

HOJIMTHbIM MJIM C ~ O P H M M .  M O H O J N T H ~ I ~  @ Y H A ~ M ~ H T ~ I ,  I I p U M e H R e M b l e  n p M  

C T p O U T e J I b C T B e  H ~ ~ o J I ~ U I M X  3 n a H k i f i ,  R b l I I Q J I H R D T  M 3  6 y ~ a  H a  U e M e H T H O M  

P a C T B O p e .  ~ H P M H Y  @ Y H & ~ M ~ H T ~  B ~ e p X ~ t ? f i  s a C T U  A e J I a I O T  I ieCKOJIbKO 60.116- 
U I e f i  U I U p U H b l  CTeHb1; HMXHK3K) q a C T b  I $ Y H ~ T . ~ M ~ H T ~  (IIo,II.oUIBY) Bbl I IOJIHRloT 

~ a ~ 0 f i  Xe UIMPMHbI, K a K  U B e P X H l o K ) ,  NJIU H e M H O r O  I I I U p e .  

C 6 0 p H b 1 e  J I e H T O q H b l e  I $ Y H A ~ M ~ H T ~ I  BbII IOJIHRloT N 3  K P Y n H b l X  ~ € ! T O H H ~ ~ X  
@ Y H A ~ M ~ H T H M X  ~ J I O K O B ,  0 I I U p a K ) ~ M X C F I  H a  ~ ~ H A ~ M ~ H T H ~ I ~  ~ J I O K I I  - nOAVLU- 

KN'UJlM H a  @ ~ H A ~ M ~ H T H ~ I ~  IIAkiTbI. 

~ O A  KOAOHHbl  3 a K J I a A M B a l o T  C T O J I ~ ~ ~ T ~ I ~  ( 0 ~ f i e A b H 0  c ' r 0 R ~ ~ e )  MOHO- 

A M T H b I e  NJIU c6opeb1e @ Y H A ~ M ~ H T ~ ~  I I k i p a ~ k i ~ a J I b H ~ f i  HAM ~ ' C y n e ~ q a ~ o f i  I$Op- 

MbI.  MX U3TOTOBJIRloT I13 X e J I e 3 0 6 e T 0 H a  M a P K M  200. Ann YCTaHOBKZI KO- 

AOHH B I $ ~ H A ~ M ~ H T ~ X  n p e J o ' C M a T P M B a l o T  r H e 3 A a  - C T a K a H b I .  1 7 0 ~  C p e A H M e  



KOJIOHHbl 3 a K J l a A b l B a I O T  @ Y H A ~ M ~ H T ~ I  K B a A p a T H O r O  Ce'-IeHUR, n O A  IIpMCTeH- 

HbIe  - I Ip5?MOyrOJlbHbIe .  

n J I 0 ~ a ~ b  ~OAOLl IBbI  OTAeJlbHO C T O R 4 e r O  @ ~ H A ~ M ~ H T ~  O n p e A e J l R I O T  B 

3aBHCAMOCTH OT B ~ P T M K ~ J ~ ~ H O ~ ~  H a r P Y 3 K A ,  COIIPOTABJleHAR r P Y H T a ,  r J l y 6 ~ ~ b 1  

3 a J l O X e H A R  @ ~ H A ~ M ~ H T ~  H er0 M a T e p H a J I a .  npM BbIIIOJIH€!HNH KypCOBOrO 

U AMIIJIOMHOI'O I IpOeKTOB XOJlOAAAbHUKOB 3 T H  A a H H b I e ,  K a K  n p a B M J l 0 ,  OTCYT- 

CTBYEOT, n 0 3 T O M Y  n J I O 4 a A b  @ Y H A ~ M ~ H T ~  H e  OIIPeAeJIRIOT. 1-Ia cna6b1x r p y H -  

T a x  IIJIOLUaAb IIOAOUIBbI M O X e T  6 b 1 ~ b  HaCTOJlbKO 60~b~10f i ,  q T O  CTaHOBATCR 

u ~ J I ~ c o o ~ ~ ~ ~ H ~ I M  COeAkiHATb nOAOLUBb1 B €!AMHyIO @ Y H A ~ M ~ H T H Y I O  nJIMTy 

( I l n H ~ H b l f i  $ J ~ H ~ ~ M ~ H T ) ,  H a  KOTOPYEO OnUPaIOTCR BCe KOJlOHHbI. 

r n y 6 u ~ y  3 a J I O X e H H R  @ ~ H A ~ M ~ H T O B  IIpMHkiMaloT B 3aBHCAMOCTH OT H a -  

TPY3KW, ~ecy4ef i  C ~ O C O ~ H O C T M  r p y H T a ,  my6n~br n p O M e p 3 a H A R  Ti A p y r M X  

@ ~ K T O P O B ,  HO H e  M e H e e  0,8 M OT IIOBePXHOCTM IIJ laHApOBKH y'-IaCTKa 3a- 
C T P O ~ ~ K M .  ~ O C K O J I ~ K Y  I IpU p a 3 p a 6 0 ~ ~ e  KypCOBOrO M AUIIJIOMHOI'O I IpOeKTOB 

XOAOAMJIbHMKOB ~ O J ~ ~ U I A H C T B O  3TAX Q ~ K T O P O B  OCTaIOTCSI HeM3BeCTHbIMU, M O X -  

HO IIPMHRTb, q T O  CTPOUTeJlbCTBO OCYUeCTBJIReTCR H a  nyr lHUCTbIX P P y H T a X  

( ~ J I H H A C T ~ I X ,  CYTJIUHBCTbIX, M ~ J I K o I I ~ c ~ ~ ~ H ~ I x ) .  ~ O ~ T O M Y  m y 6 ~ ~ y  ' 3 a J I O X e -  

HMR @ Y H A ~ ~ M ~ H T O B  H a P Y X H b 1 X  CTeH M KOJIOHH M O X H O  n P A H M M a T b  H M X e  my- 



r n y 6 u ~ b l  C ~ ~ O H H O ~ O  n p O M e p 3 a H M R  rPYHTOB. 

~ P U  ~ C T ~ O ~ ~ C T B ~  IIOJIOB C ~ . J ~ ~ K T ~ o o ~ o ~ ~ ~ B o M  B ~ P X  C T a K a H a  @ Y H A ~ M ~ H T ~  

( M ~ C T O  YCTaHOBKU K O J I O H H ~ I )  P a C n O J I a r a l O T  H a  250 - 300 MM H U X e  6e- 
TOHHOE? IlOATOTOBKN. 

KOJIOHHM. B 3AaHURX O A H 0 3 T a X H b l X  XOJIOAUJIbHMKOB flPMMeHRDT Xe- 
A ~ ~ O ~ ~ T O H H M ~  KOJIOHHbl CeYeHMeM 300X 300, 300X 400, 400X 400 MM. Anu.- 
H y  KOJOHH n 0 ~ 6 U p a l o T  B 3aBUCUMOCTU OT 3 H a q e H U f l  BbICOTbl OT n O J a  A 0  

C T ~ O ~ U A ~ H O ~ ~  6 a . n ~ ~  (4,8 UJIU 6 M )  U m y 6 u ~ b 1  3 a J l e r a H U R  @ ~ H A ~ M ~ H T O B .  

B M H O r 0 3 T a X H b l X  XO~OAUJlbHUKaX nPUMeHRlOT KOnOHHbl K B a A P a T H O r O  

unM K p y r n o r o  c e q e H w .  B K o n o H H a x  ~ p a i i ~ e r o  ( n p u c ~ e ~ ~ o r o )  p R n a  no 
BblCOTe H a  PaCCTORHMN 1200 MM A P Y r  OT A P Y r a  n p e A y C M a T p U B a l o T  a H K e p b 1  

AJIR KpenJIeHMR H a P Y X H b l X  CTeH K KOJIOHHaM. 

KOJIOHH~I B K a M e p a X  X O J l O ~ U ~ b H U K O B  C nJIDC0BbIMU U HyJIeBbIMU TeM-  

n e p a T y p a M u  H e  N ~ O J I U ~ ~ I O T .  B K a M e p a x  c 0 6 o r p e ~ a e ~ b l ~ u  n o n a M u  npu  xpa-  
HeHUU nPOAYKTOB 6e3 YnaKOBKU npM T e M n e p a T y p e  BO3AyXa H U X e  -,1o0C 
KOJOHHbl nOKPblBalOT T ~ ~ ~ O M ~ O J I R L ( U ~ ~  T O J I U U H O ~ ~  100 - 150 MM H a  BbI- 

COTY 1,5 M OT nona. B K a M e p a x  n p e n n p u ~ ~ ~ i i  T o p r o m u  u 0 6 q e c ~ s e ~ ~ o r o  
nMTaHMH KOJlOHHbI IlOKPblBalOT ~ e ~ J I 0 ~ 3 0 . J l R ~ U e f i  T O J ~ M H O ~ ~  50 - 100 M H a  . 
B C D  BbICOTY. 

C ~ e H b l  H neperOpOAKH. H a p y X H b l e  CTeHbI 3AaHMfi XOJlOAUJlbHUKOB MOryT 

6 b l ~ b  B b l ~ O J l H e H b l  U3 O A H O C J O ~ H ~ I X  K ~ ~ ~ M ~ M T O ~ ~ T O H H ~ I X  IIaHeJIef i ,  K U p n U q a  

UJlU eCTeCTBeHHMX ~ a ~ ~ e f i  C I l o c J I e ~ y l o ~ e f i  T ~ ~ . T I O M ~ O J I R L ( U ~ ~  C B H Y T P ~ H H ~ ~ ~  

CTOPOHbI 3AaHUR (PMC.  6.4). A n R  3 a U N T b l  TeIlJlOU30JIRL(NU OT YBJIaXHeHMR 

B O A R H ~ I M  n a p o M ,  n o c T y n a t o u u M  u 3  c p e n b l  c B ~ I C O K U M  B n a r o c o A e p x a H u e M  

( ~ a n p u ~ e p ,  ~ a p y x ~ b ~ i i  B O ~ A Y X  B ~ e n n b ~ f i  nepuon rona, B O ~ A Y X  B K a M e p a x  

c n n m c o a b l M M  ~ e ~ n e p a ~ y p a ~ u ) ,  B n o M e q e H u R x  c H M ~ K U M  snaroconepxa- 
HNeM BO3AYXa ( ~ a M e p b 1  C OTPUUaTeJlbHblMN T e ~ n e p a ~ y p a M U )  I I p e n y C M a T p U -  

BalOT I l a p O U 3 0 J l R U U D  U 3  PYJIOHHblX M a T e p U a J O B ,  ~ U T Y M H ~ I X  MaCTNK U 

3 M y J l b ~ U  A .  
Co C T O P O H ~ I  O x n a m A a e M b I x  n o ~ e q e ~ u i i  ~ e n n o ~ ~ o n ~ ~ n l ~  p a 3 n e n ~ l o ~  npo- 

TUBOnOXaPHbIMM nORCaMM H a  OTCeKM M 3 a U U U a l O T  HeCrOpaeMbIM OTneJIOq- 

HbIM CJlOeM ( U I T Y K ~ T Y P K ~  n O  CeTKe UJIU ~ c ~ o L ( € ! M ~ H T ~ I ~ I ~  J ~ H c T ~ I ) .  

~ P U  COOPYXeHUU CTeH T a K X e  UlMPOKO n P U M e H R D T  A B Y X C J ~ O ~ H ~ ~ ~  U T p e X -  

~ J I ~ f i H b l e  B e p T U K a n b H b l e  U rOPU30HTaJ lbHbIe  X e J I t ? 3 0 6 e ~ 0 ~ ~ b l e  IIaHeJIU. 

B A B Y X C J I O ~ H ~ ~ X  K O M ~ U H M P O B ~ H H ~ I X  IlaHeJIRX, p a 3 p a 6 0 T a H H b l x  ~ U ~ ~ O X O -  

JIOAOM, H ~ C ~ U U A  H a p y X H b l f i  C A O ~  BblnOJlHRKYT U 3  T R X e J I O r O  6 e ~ o ~ a  UJlM 

K ~ ~ ~ M ~ H T O ~ ~ T O H ~  M a p K U  300, a B H ~ T P ~ H H M ~ ,  T ~ ~ J I O M ~ O J I R U N O H H ~ I ~ ~  c J I o ~  - 

u 3  n e H o n . n a c T o B  unu  A p y r u x  M a T e p M a n o B  0 6 ' b e ~ ~ o i i  ~ a c c o t i  H e  6onee 
300 K ~ / M ~  U K O ~ @ @ N ~ U ~ H T O M  Te~J IOnpOBOAHOCTU H e  6onee 0,9 BT/ (M; K ) .  
Ha C T P O ~ ~ K Y  T a K N e  naHPJIU nOCTaBJ lRDT B rOTOBOM BUAe C H ~ K J I ~ ~ H H o I ?  

T ~ ~ J I o u ~ o J I R ~ u ~ ~ .  C T ~ I K  M e X A y  IIaHeJIRMU AOnO.JIHUTeJlbH0 U30JIMPYDT IlPM 

M O H T a X e .  

~ P U  CTpOUTeJlbCTBe OAHO3TaXHblX X O J I O & U ~ ~ H ? ~ K O B  IlPIIMeHRlOT B e p T U K a n b -  

Hble  CTeHOBbIe n a H e J I l l  B b l ~ 0 ~ 0 f i  3,6; 4,8; 6,O U 6,6 M, L U U P U H O ~ ~  1,5; 2,0 M 

3 ,O M C HeCYUUM CJlOeM M 3  T R X e J l O r O  6 e T 0 H a  TOJIUNHOA I40 N 200 MM UAU 

M 3  K ~ ~ ~ M ~ M T O ~ ~ T O H ~  T O J I ~ U M H O ~ ~  250 MM - f l J R  I laHeJIef i  N3 6 e T 0 H a  C JIerKM- 

MU Ha~OJIHMTeJIRMM. 

r 0 p k i 3 0 ~ ~ a J l b ~ b l e  CTeHOBble ' IlaHeJIU M3rOTOBJlHlOT B ~ I C O T O ~  1,s M, AJIU- 

HOG 6 M u T O ~ U U H O ~ ~  200 M M .  P a s ~ e p b ~  OTHOCRTCR K H a p y a H o M y  cnow na~eneii .  
T p e x c n o u ~ b l e  I l a H e n l l  COCTORT U3 ABYX 3 a U N T H b l X  CnOeB,  M e X A Y  KOTO- 

PblMU Y K J a A b I B a D T  cnoA Te~JlOU3OJlRL(Ul4. E c n ~  3 a U U T H  b l e  CnOM BblnOJlHeHbl 

n 3  x e n e 3 0 6 e ~ o ~ a ,  TO o H n  c o e n n H e H b r  M e x n y  co6oA ~ e ~ a n ~ l ~ q e c ~ o i i  a p M a -  





Pec.6.5. Orpamnennn xononunbnma 
a3 nerKux K O H C T ~ Y K U W R :  

I - nasenb noTonoqnafl cranbiiafl rpex- 
cnolisan c yTennaTeneu n3 nenononmypeTa- 
Ha. 2 - 6anua cTanbnan ssyTpesHero gap 
KaCa; 3 - KOnOHHa CTanbHaH EHyTpeHHerO 
Kapaca,  4 - nnasTyc s3 6 e ~ o s a  M200, 
5 - sonosma cTanbsaa snelunero Kapnaca, 

, 6 - nasenb cresoeafl neperoponn.csafl, 7 - 
naHenb nona. 8 - snemen~  Kpennennn. 
9 - npolmanna. 10 - TnuKonosan MacrnKa 

n e p e r o p o ~ ~ u  u3 K U p I I H Y a  U ,  

MegKOLUTYYHbIX U 3 ~ e J I u f i  p a 3 M e -  

W a D T ,  K a K  I I p a B U J I O ,  IIO OCU 

KOJIOHH MJIN 3 a I i O A J I U 9 0  C T p a H b D  

KOJIOHHbl,  a n a H e J l b H b I e  U K p y I I -  

H O ~ J I O Y H ~ I ~  neperopomcu - 3a 
KOJIOHHO~~.  

~ O K P ~ I T H R .  B XOJIOAUJIbHUKaX 

I I P U M e H R I O T  C O B M e I l t e H H b I e  6ec- 
q e P A a q H b I e  I I O K P b I T U R ,  C O C T O R w U e  

113 H e c y w u x  m u T ,  O I I U ~ ~ ~ W N X -  

c~ H a  6 a n ~ u  unu @ e p ~ b ~ ,  T e n -  

J I O U 3 0 J I R U U U  U KPOBJIU.  Mcnonb- 
3 y D T  O A H O C K a T H b i e  UJIU R B y X C K a T -  

H b I e  6 a n ~ u  (CM. PMC. 6.1). 
n p U  H ~ O ~ X O ~ U M O C T U  I I O J I y Y e H U R  M a A K O I O  I IOTOJIKa B K a M e p a X  I I p U M e H R I O T  

M H O r O I I Y C T O T H b l e  X e J I e 3 0 6 e ~ 0 ~ ~ b l e  IIJIMTbI, a I I p U  OTCYTCTBUU T a K O I O  ~ p e 6 o -  
B a H u R  - 6onee n e r K u e ,  pe6puc~bie. P a s ~ e p  n n u T  B n n a H e  1,5X6 unu 3,OX6 M, 

B b I C O T a  MHOIOIIYCTOTHMX IIJIUT 220 MM, a p e 6 p U c ~ b 1 ~  - 300 MM n p U  T O J I U U H e  

IIOJIKU 30 - 35 MM. 

TeI IJ IOU3OJIRUUU I I O K p b I T U R  I l p M M e H R D T  X e C T K U e  M H H e p a J I O B a T H b I e  M 

I I O J J H C T U p O J l b H b I e  IIJlUTbI,  ~ J I O K U  M3 I I e H O C T e K J I a  HAM l l e ~ o b e ~ o ~ a ,  a T a K X e  

p a 3 J I U Y H b l e  T e I I J l O U 3 O J I H ~ M O H H b I e  3 a C b I I I K U  - ~ e p a ~ 3 ~ ~ 0 ~ b l f i  rpa~afi ,  ~ e 6 e ~ b  
H 3  A O M e H H O I O  W J I a K a  U Ap. 

H e ~ o T O p b I e  U 3  B 0 3 M O X H b I X  K O H C T P Y K U M ~ ~  KPOBAki  I I O K a 3 a H b I  H a  P U C .  6.6. 
H ~ O ~ X O A U M ~ I ~ ~  Y W l O H  KPOBJIU AJIR C T O K a  BOAbI  (1,5 - 2%)  I I O J I y 4 a D T  pas- 
JIUYHbIMU C ~ O C O ~ ~ M M :  B KPOBJIRX,  T e I I J I O U 3 0 J I R U N R  K O T O P b l X  B K J I D 4 a e T  cJ'I0fi 

3 a c ~ I I ~ o f i  U3OJIRUM1.1, 3 T O T  ~ J I 0 f i  A e J l a I O T  I I e p e ~ e ~ ~ ~ f i  TOJILUMHbI (PNC.  6.6, a ) ;  
B KPOBJIRX C T ~ I I J I O M ~ O J I R ~ U ~ ~ ~  TOJIbKO I13 IIJIUTHbIX M a W p U a J I O B  Y C T a H a B J I P i -  

B a D T  6 a n ~ u  U K p O B e A b H b I e  IIJIUTbl C H Y X H b I M  YKJIOHOM. B I I O C J l e A H e M  C J l y Y a e  

B b i C O T y  KOJIOHH A 0  H U 3 a  6 a J I ~ i l  I I 0  H a n p a B J I e H U l o  K U e H T p a J I b H O M y  I I p O J I e T y  

A e n a t o T  n e p e ~ e ~ ~ o f i ,  H a n p u M e p  6,O; 6,12; 6,24 M (puc. 6.6, 6) .  
Y M e H b L U e H H R  TeIIJ IOIIpMTOKOB qepe3 IIOKPbITUR 3 a w U ~ H b l f i  CJI0f i  Bb1- 

I I O J I H R D T  W3 M a T e p N a J I O B  C ~ 0 p 0 L I I e f i  0 ~ p a l K a ~ e J l b ~ o f i  C I I O C O ~ H O C T ~ D  ( o K ~ ~ c -  
K a  CBeTJIbIMU K p a C K a M H ,  I I O K p b I T U e  CBeTJIb lM I P a B H e M  U T .  n . ) .  I O X H b I X  
P ~ ~ ~ O H O B  P e K O M e H A y e T C R  ~ C T ~ O ~ ~ C T B O  H a &  ~ p 0 ~ J I e f i  C O J I H U e 3 a U U T H O r O  3 K p a H a .  * 

~ ~ O T U B O ~ O X ~ ~ H ~ I ~  I IOHCa,  I I p e n R T C T B y D l 4 U e  n p O H U K H O B e H k i D  O r H R  M 3  O n -  

H O r O  O T C e K a  T e n J I O M 3 0 J l R U U M  B ~ p y I O f i ,  BbIiIOJIHRIOT U 3  I I ~ H o ~ ~ T o H ~  0 6 3 e ~ ~ o f i  
M ~ C C O ~ ~  p=400 K ~ / M ~  U K ~ ~ @ @ M ~ M ~ H T O M  TenJIOIIpOBOAHOCTU A=0,15 BT/ (M - K ) ,  
a T a K X e  M3 ne JIUTO- HJIU ~ C ~ O B ~ ~ M U K ~ J I U T O B ~ I X  ~ 3 ~ e J I k l f i  06 ' be~~of i  M ~ C C O ~ ~  

p = 250 K I / M P  U K O ~ @ @ W U W ~ H T O M  TeIIJ IOIIpOBOAHOCTU 0,085 BT/ ( M - K ) .  
Y K J I ~ A ~ I B ~ D T  I I p O T U B O n O X a p H b I e  I I O R C a  I j a  U e M e H T H O M  P a C T B O p e .  

no~lbl, n 0 J I b 1  XOJIOAUJIbHUKOB A O J I X H M  U M e T b  AOCTaTOYHYIO I IPOYHOCTb,  

B b m e p X U B a T b  H a r P Y 3 K Y  O T  I P Y 3 0 B  U T P a H C I I O P T H b l X  C p e A C T B ,  6 b I ~ b  r U I N e H U Y -  

HbIMU M ~ ~ ~ O I I ~ C H M M U  AJIR I I e p e n B U X e H U R  J I D & e f i  U T p a H C I I O p T H b I X  C p e A C T B .  

~ O K P ~ I T U ~  T a K M X  IIOJIOB A e J I a D T  MOHOJlMTHbIM ToJII&MHo~~ 40 - 50 MM U 3  &TO- 



M H  H e c y u H M n  T ~ H ~ M H ,  y ~ n i i  K P O B ~ H  3a c q e ~  cnou K ~ P ~ M ~ H T O B O T O  rpaeuu n e p e ~ e n ~ o h  T O ~ U H H H .  
C O C T ~ B  K p O B n H :  1 - 3 a I U H T H b I f i  c n o A  H 3  T p a B H R ,  B T O I l n e H H O r O  B  a H T H C e n T H P O B a H H y I 0  6 H T y M H y I O  M a C T H K y ;  
2 - 4 cnon r n n p o w 3 0 n a  H a  r o p n q e e  ~ H T Y M H O ~ ~  M a c T n K e ;  3 - xononnau ~ H T Y M H ~ U  r p y H T o n K a ;  4 - U ~ M ~ H T H O - n e c q a -  
H a u  c r n m K a  30 M M ;  5 - K ~ P ~ M ~ H T O B H ~  r p a ~ n f i  - OT 5 no 200 M M ;  6 - x e n e 3 0 6 e ~ o n ~ ~ e  n y c T o T e n u e  BOKPH- 
T H U  220 MM; 7 - X O J I O n H a R  ~ H T Y M H B U  T P Y H T O B K B ;  8 - n e H O l l O J l H C T H P O i l  nc6-c - 200 MM; 9 - I U T y K a T y p K a  
U e M e H T H O - H 3 B e C T K O B b l M  P a C T B O P O M  - 20 MM 

H a  M a p K A  400 U J U  U 3  a p M U p O B a H H b I X  M 0 3 a U q H b I X  IIJIUT P a 3 M e P O M  500X 
X500X40 MM U 3  6 e ~ 0 ~ a  M a P K H  400. Ha X O n O f i H J I b H H K a X  ~aJI0fi B M e C T H -  

MOCTH A O n y C K a e T C R  A B ~ X C ~ O ~ ~ H O ~  ~ C @ ~ ~ ~ T O ~ ~ T O H H O ~  n O K p b l T U e  T O A U U -  

HOG 40-50 MM. 
Ha y 4 a C T K a X  U H T e H C U B H O r O  A B U X e H U R  ( H a  ~ J I ~ T @ o ~ M ~ x ,  B K O p M A O p a X  tl 

s e c ~ u 6 m n ~ x )  A o n y c K a e T c R  n p u M e H e H n e  M e T a n n w t e c K M x  n n u T .  

n o n b ~  K a M e p ,  T e M n e p a T y p a  K O T O P ~ I X  -2OC M B b I u l e ,  MOXHO no B C ~ A  
I I O B e p X H O C T U  H e  U 3 0 ~ H P O B a T b .  A n s i  Y M e H b U l e H N R  T e n J I O n p M T O K O B  IIO I l e p k i M e T p y  

H a P Y X H b l X  C T e H  B 3 T O M  C A y q a e  I l p e A y C M a T p U R a ~ T  O T C b I n K Y  U 3  H a C b l n H O r O  

T ~ ~ ~ O M ~ O ~ R U H O H H O ~ O  ~ a ~ e p u a n a . . B  K O H C T P ~ K U U W  nona A n R  K a M e p ,  T e M n e p a -  

T y p a  B K O T O P ~ I X  6onee H U ~ K ~ R ,  n p e n y c M a T p u s a w i  ~ e n n o u ~ o n ~ u u i o  a3 M u H e -  

P a J O B a T H b l X  U n N  I I ~ H O ~ O J I N C T ~ P O J ~ ~ H M X  n n N T  U J U  H a C b l I I H b l X  M a T e p U a J I O B ,  a 
H a n  HHMU - ~ ~ T O H H Y I O  C T R X K Y  T O J ~ U H O ~  50 - 80 MM. '  Ann 3 a U U T M  OT 

HMX M a T e p u a n o B .  B n o M e w e H m x ,  T e M n e p a T y p a  B KOTOP~IX B b t L u e  -20°C, 
A O I I Y C K a e T C R  n P N M e H e H H e  T e I I J O H 3 0 n R L ( U A  H 3  3 a C M I I H b I X  H e O p r a H H ' 4 e C K H X  MaTf$- 

puanoa. 
runpo- u n a p 0 ~ 3 0 n ~ ~ n m  K O H C T ~ ~ K U U ~ ~  0 6 o r p e s a e ~ b l x  nonoa n e n a m ~  u3 

M a T e p n a n o B  n o ~ ~ r u e ~ ~ o f i  s n a r o c ~ o i i ~ o c ~ n  (uson, ~ O J I H ~ T H ~ ~ H O B ~ R  nnee- 
K a  H AP.), Y K J I a A M B a e M M X  H W X e  ~ ~ T O H H O ~ ~  I IOArOTOBKH C 3 J I e K T P O H a r p e B a -  

T e J I R M U .  K O H C T ~ ~ K U H N  0 6 0 r p e B a e ~ b I ~  I I O n O B  XOJlOAHJlbHUKOB I I P H B e A e H M  

H a  puc. 6.7. 



P n c . 6 . 7 .  KOHCTPYKNWR IlOJIOB XOJlOAWJlbHHKOB: 
a - n p n  r e M n e p a r y p e  KaMepbl t ,  = -IO0C; 6, e - n p n  TeMnepaType t = -20°C; a - n p n  t = -30°C; 

. d - n p l l  1, = 0-4°C; 1 - MOHOnHTHOe ~ ~ T O H H O ~  llOKPblTHe M 3 0 0  - 4 0 ~ 5 0  MM; 2 - ~ O L I C T H J ~ ~ O U H ~  CnOH 
( ~ ~ T o H ,  a p m ~ p o e a n ~ b l i  6 e r o n  nnH x e n e 3 0 6 e r o ~  - 8 0 - 1 0 0  MM); 3 - c n o k  n e p r a m u n a  Hacyxo  c n p o ~ a 3 a o h  
WBOB ~ H T Y M H O ~ ~  M ~ C T H K O ~ ~  H I H  1-2 CnOR ~OIH~TH~~HOBO~ IlneHKU; 4 - TenIOH30IRUHR H3 ~ @ @ & T H B H O ~ O  
y rennHTenn (nC6-C, m e c r a n e  MHHepanoearHble n n n r b l  H T. n.) - 100-150 MM; 5 - u e m e ~ r ~ o - n e c r a ~ b l k  p a c r s o p  
M I 0 0  - 2 5  MU;. 6 - y n n o r n e ~ ~ b l i i  necoK s n a x s o c r b o  10% - 2 5 0  MM; 7 - 6 e r o n ~ a n  n o n r o r o e a a  HnH n n H r a  
'M200 c 3 n e ~ r p o ~ a r p e s a r e n d ~ n  - 1 0 0  MM; 8 - cnoA ~ H T Y M H O ~  MacTnKH, n o c u n a ~ ~ o i i  necaom; 9 - 2 cnoR r u n P o -  
H30Jla Ha r o p ~ r e f i  ~ H T Y M H O A  MaCTUKe; 10 - ~ ~ T O H H ~ R  nOArOTOBKa M l O O  - 1 0 0  MM (C BblpaBHHBaHHeM IlOBepXHOC- 
TH nOA THAPOH30ARUHY); 11 - rPYHT OCHOBBHHR: 12 - 3a~b lnH0f i  T~~IoH~o~~~uHoHH~~~ MaTepHan ( K ~ P ~ Y ~ H T O B ! A ~ ~  
r p a s ~ i l  H r .n.) ;  13 - neeocseano; 14 - ~ e p a ~ s n r o 6 e r o ~ ~ a n  c r n x a a ;  15 - HacblnHoa r p y n T  

Aeepn XOnOAHJbHblX KaMep. Asepu XOJIOAUJIbHbIX K a M e p  6 b 1 ~ a l O ~  npu-  
CJIOHHbIMU U OTKaTHbIMU. O T K B T H ~ I ~  A B e P U  6onee Y A O ~ H ~ I ,  T a K  K a K  n p U  
OTKPb lBaHHU OHU H e  ' I lPenRTCTBYlOT A B U X e H U l O  n O T p y 3 0 z l H O  - Pa ,3TPY30z lHbIX  

U T P a H C n O P T H b I X  CPeACTB.  A B e p U  HMeIOT TenJIOH3OJIRQUIo T O J I U I H H O ~  150 MM 

U 3  n e H O n J I a C T O B .  K O ~ @ @ H U H ~ H T  T e I l J I O n e p e A a Y U  U ~ O J I R U U O H H O R  A B e p U  

0.4 BT/ (M'. K) . I l p n  ~ e n n o ~ e x d n z l e c ~ n x  p a c z l e T a x  p a s ~ e p  A s e p H o r o  npoe- 
M a  M O X H O  n P U H H M a T b  P a B H M M  2 x 3  M. 

9 7.1. COCTABJIEHNE IlJIAHNPOBKN XOJIOANJibHHKA 
HA nPEAnPNRTHRX TOPrOBJIH H 06UECTBEHHOrO nHTAHHR 

Ha I I ~ ~ A ~ ~ U H T U ~ R X  TOprOBJIU  H O ~ I I J . ~ C T B ~ H H O ~ O  n U T a H U H  XOJIOAHJIbHUK 
I I p e A C T a B J I R e T  co6oR 6 n o ~  U 3  HeCKOJIbKUX XOJIOAUJIbHbIX K a M e p ,  P a C n O J I O -  

X e H H b I X  B rpynne CKJIaACKHX n 0 ~ e U e H U f i  no6~1n30c~u OT T O p r O B O r O  3 a J I a  

M a r a 3 H H a  UJIU KyXOHHOrO 6 n o ~ a .  X O J I O A H J I ~ H H K  I I p e A H a 3 H a z l e H  AJIR KPaTKO-  

CpOYHOrO (2 - 3 CYT) X p a H e H U R  3 a n a C a  C a M b l X  p a 3 ~ 0 0 6 p a 3 H b 1 ~  IIPOAYKTOB. 

C o c ~ a s  H n n o u a A b  C m a A c K u x  n o ~ e u t e ~ n i  ~ a r a 3 u ~ a ,  B TOM z l n c n e  oxnax- 
A a e M b I X  K a M e p ,  3 a B H C R T  OT T u n a  ~ a r a 3 H H a ,  a C C O p T U M e H T a  U UHTeHCHB- 

HOCTU TOBaPOnOTOKOB U T.  n. 
B IIpOAOBOJIbCTBeHHbIX M a r a 3 U H a X  c ~ M o o ~ c J I ~ X U B ~ H H R  6onbruoe KOJIH- 

YeCTBO ITPOAyKTOB X p a H U T C R  T a K X e  B OTKPbITOM T O p r O B O M  XOJOAUJIbHOM 

0 6 o p v ~ o ~ a s u u ,  YCTaHOBJIeHHOM B TOPrOBOM 3 a J I e  ( ~ u c .  7.1.). X O J I O A H J I ~ H ~ I ~  

arp( l a T b 1  3 T 0 r 0  O ~ O P ~ A O B ~ H U R  P a C I l O J I a r a l O T  B o6 rue~  MaIl IUHHOM OTAeJIe-  

H U I I ,  sasac~yro B M e c T e  c x o n o A u n b H M M u  a r p e r a T a M n ,  0 6 c n y ~ n ~ a l o ~ u ~ n  
KLIMePbI. ~ O ~ T O M Y  n p U  BbInOJIHeHUH n p O e K T a  Q e J I e ~ 0 0 6 p a 3 ~ 0  COCTaBJ IRTb  

l I J I a H U p O B K y  B C e r O  M a r a 3 U H a  C ~ ~ C C T ~ H O B K O ~  XOJIOAUJIbHOrO O ~ O ~ ~ A O B ~ H U H  
B T O p r O B O M  3 a J I e  U OTAeJIbHO (9 6 0 J I b ~ e ~  M ~ c U I T ~ ~ ~ )  - n J I a H U P O B K Y  6 n o ~ a  
XOJIOAHJIbHbIX K a M e p .  

C O C T ~ B  U CTPOUTeJIbHYlO I I J I O U a A b  ~ O M ~ U ~ H H ~  M a r a s H H a ,  H ~ O ~ X O A U M ~ ~ ~  

AJIR COCTaBJIeHHR er0 nJ IaHUpOBKU,  npHHHMi3 loT  no ~ a 6 n .  7.1, COCTaBJIeH-  
HOG H a  OCHOBaHHU A ~ ~ ~ C T B Y ~ O U H X  H ~ P M ~ T H B O B .  P ~ K O M ~ H A Y ~ M ~ I ~  n J I a H H p O B -  

KU nPOAOBOJIbCTBeHHbIX M a r a 3 U H O B  I IPUBeAeHbI  H a  PHC. 7.1 H 7.2. 







































T p U B a l o T  n O A a Y y  B O 3 A y X a  B BePXHloIO.  UJlU pa6osy10, 3 0 H Y  Mal l lUHHblX  .U 

a n n a p a T H b l X  0 ~ ~ e J I e H k i f i ;  B M T F I X K a  OCYQeCTBJ lReTCR H 3  F5epxHef i  30Hb1 ,  IIPOTU- 

B O ~ I O J I O X H O ~  IIPHTOKY. BO~AYX, y ~ a J I R e ~ b l f i  U 3  I IoMelLleHUfi ,  A O n y C K a e T C R  

~ b l 6 ~ a ~ b l ~ d ~ b  B ~ T M O C @ ~ ~ Y  Y e p e 3  B M ~ P O C H Y I O  ~ p y 6 y  B M C O T O ~ ~ ,  H e  M e H e e  

YeM H a  1,5 M n p e B b 1 L U a l o ~ e f i  BbICOTY 3 A a H U R .  A ~ a p U f i ~ a R  BeHTUJlRUUR 

A O J I X H a  H M e T b  l IyCKOBbIe  npucnoco6ne~u~ ,  YCTaHOBJIeHHble  K a K  B CaMOM 

I lOMeQeHUU, T a K  U B H e  eTO.  G ~ A Y ~ T  n p e A y C M a T p H B a T b  ~ J I O K U ~ O B K ~  n y C K 0 -  

BHX ~ C T P O ~ ~ C T B  a~apsf iaof i -B~HTHARUUU c r a 3 o a ~ a n u 3 a ~ o p a ~ u  c o c T a s a  

BO3AYXa  B I I O M e ~ e H k l H .  

B YCTaHOBKaX,  p a 6 0 ~ a m q u x  H a  XJIaf lOHaX,  n p e n y C M a T p U B a l o T  B b I T R X K y  

BO3AYXa  U 3  H E i X ~ e f i  3 0 H M  MaLUHHHblX O T A ~ J ~ ~ H M ~ ~ .  B c ~ c M B ~ ~ ~ Q u ~  O K H a  

pacnonaram y nona ( H a  B b l c o T e  H e  6onee 1 M ) .  

$8.1.  PAC'IET KOB@@MlJ.MEHTA TEnAOflEPEAA'IH 

me Ro - odluee c o n p o T u a n e H l 4 e  T e n o n e p e n a y e  ~ ~ o r o c n o f i ~ o f i  orpaxnaloulel K O H C T P Y K ~ H H ,  M ~ X  
XK/BT; RH - C O i I P O T U B J e H H e  T e I I J l O O T n a r l e  COOTBeTCTBeHHO C H B P Y X H O ~ ~  U,lU donee 

1 

,.- 
An3 

U % - K O ~ I $ @ U U U ~ H T ~ ~  T e n i l O O T n a q U  C H a p y X H ~ f i  H B H ~ T P ~ H H ~ ~ ~  CTOPOHM O r p a X A e -  

HHR BT/ ( td2 - K )  ; 6i - TOJIULUHB CTpOHTeJIbHMX CJlOeB KOHCTfYKUUH, hl; A, - K O ~ + + U U W ~ H T  

T e n J I O n p O B O ~ H O C T H  CTpOUTCJbHbIX C ~ & B  KOHCTpYKUI1U. BT/ ( M  . K )  ; tiH3 - TOdlLUUHP T e n J I O U 3 0 -  

J lRUHOHHOrO CJIOR, M; AH, - K O ~ ~ $ @ M U U ~ H T  TeXJlOnPOBOAHOCTU U 3 0 n R U H O H H O r O  C.'lOR, 
BT/ ( M ~  K) . 
P ~ C Y ~ T H ~ I ~  3 ~ a s e ~ u ~  K O ~ @ @ H U M ~ H T O B  TenJ IOOTAaYU n P R B e A e H b l  B ~ a 6 n .  8.1. 

B H ~ T ~ ~ H H M ~  IIOBepXHOCTH nouemenufi 6e3 ~ ~ H H V A U T ~ J ~ H O ~  
unpnynRuHn eo3nyxa (npu 6arapeRHom oxnaxaeHnH ~ a m e p )  

CTeHY 8 0,125 
nonbl H n o ~ o ~ ~ h u  6 - 7  0,167 - 0.143 

B H ~ T ~ ~ H H H ~  IlOBepXHOCTH ~ O M ~ U ~ H H ~ I  C yMepeHH06 UHPKY- 
nnuneA sosayxa ( x p a ~ e ~ n e  n x n a x n e ~ ~ b t x  rpy30n) 9 0.1 1 1  
R H Y T P C H H H ~  flOBFPYHOfTH ~ I O W ~ U ~ H H ~ ?  C H H T ~ H C H B H O ~  UHPKY 
nnuneh sos lyxa  ( ~ a ~ e p t r  oxnimneann H s a ~ o p a x & ~ ~ a ~ u n )  I I 0,09 1 

l l o s e p x ~ o c ~ u .  

H a p y m ~ ~ e  noaepxaocru cren H 6 e c s e p a a s n ~ x  ~ O K D ~ I T H B  2 3  0,043 

K O ~ @ @ H U H ~ H T  
TennooTjlaqH 

a. BT/(M' . K )  

- 
C O ~ ~ O T H B ~ ~ H M ?  
rennoornase R .  

M' . K/BT 



Y ~ M  6onbme s ~ a ~ e ~ n e  K O ~ @ @ U U M ~ H T ~  T e n n O n e p e A a q n  ko O r p a X A e H n R ,  

T e M  6 0 J I b l l l e  T e n J I O T b l 6 y ~ e ~  I lPOHMKaTb B ~ ~ J l a X ~ a e ~ b l f i  06'be~ XOJIOAHJIbHMKa. 

 TO nPHBOAMT K H ~ O ~ X O A H M O C T N  B 6onee M O U H O ~ ~ ,  a CJleAOBaTeJlbHO,  N 

6onee ~0p0rofi  X O J I O A N . J I ~ H O ~ ~  YCTaHOBKe. Y M ~ H ~ ~ H T ~  T e n n O n p A T O K  M O X H O  

I IyTeM Y M e H b W e H H R  3 H a q e H M R  k,, q T O  AOCTUraf?TCR n p M M e H e H N e M  6onee 
~ @ $ ~ K T N B H O ~ ~  TelI.JtOM30JIRUHN ( M a J l b l e  A,,) HJIH yBenk iYeHMeM ee TOJIUHHbl  

(6onbmne 3HaYeHMR 6,,). O A H ~ K O  IIpM 3TOM B 0 3 P a C T a l o T  3 a T p a T b I  H a  

TenJlOM3OJIRUMlo. ~ O ~ T O M Y  I IpH IIpOeKTMpOBaHHM O r p a X A a l o U k i X  K O H C T ~ Y K U M ~ ~  

XOJOAMnbHHKa U e ~ e ~ 0 0 6 p a 3 ~ 0  I IPAHUMaTb  T a K Y l o  T e n J I O k i 3 0 ~ R U M I O  M, CJIeAO- 

BaTeJ IbHO,  T a K O e  P a C Y e T H O e  3 H a Y e H H e  k,, q ~ 0 6 b 1  rOAOBbIe  I I e p B O H a Y a J I b H b I e  H 

3KCnJ IyaTaUMOHHbIe  3 a T p a T b l  6b1nn MHHHMaJlbHbIMM.  TO 3 H a Y e H H e  ko H a 3 b I -  

B a l o T  3KOHOMNYeCKN U ~ J I ~ C O O ~ ~ ~ ~ H ~ I M  (k:) . P ~ c Y ~ T  kg" AoCTaTOYHO CJ IOXeH,  

T a K  K a K  AJIR 3 T O r 0  H ~ O ~ X O A N M O  3 H a T b  CTOMMOCTb O ~ O P Y A O B ~ H N R ,  T e n n o -  

M3OJlRUHH, 3 J e K T p O 3 H e p r H k i ,  I IpOAOJXMTeJ lbHOCTb  p a 6 0 ~ b 1  X O J O A H J I ~ H O ~ ~  

YCTaHOBKH M T. A. ~ H ~ Y ~ H H H  3TNX BeJlMYMH pa3J INYHbI  AJlR XOnOAWJlbHMKOB 

pa3~0f i  BMeCTNMOCTH H H a 3 H a q e H N R .  ~ O ~ T O M Y  B ~ J I N Y W H O ~ ~  k: B H a C T O R U e e  

B p e M R  IIOJIb3YloTCR n p H  TeXHHKO-3KOHOMHYeCKOM C p a B H e H H H  pa3.JIMYHbIX 

3 ~ a ~ M f i  X O J I O A M ~ ~ H U K O B ,  a npki 0 6 6 1 Y ~ b l x  P a C q e T a X  T O n U H H b I  T e n J l O M 3 O J R ~ M N  

nOJ lb3y loTCR HOPMaTMBHbIMM ( T ~ K  Ha3blBaeMbIMI-i < T ~ ~ ~ Y ~ M ~ I M H % )  3HaYeHNR.MN 

k:', KOTOPbIe  B C P e A H e M  ~ J I N ~ K N  K k y  M B TO Xe B P e M R  OAHHaKOBbI AJIR 

XOflOAMJIbHHKOB BCeX BHAOB M p a 3 M e p O B .  
Ta6nuya 8.2 

0.2 1 0.19 023 0.28 0,30 0.35 0,52 + 9 H eblue - - - - - - 
0,17 0.20 0.23 0.26 0.29 0,33 0.47 

fl p H M e r a H H R: 1. B sucnnsene npnseneno s ~ a r e ~ ~ e  K O ~ @ @ H U H ~ H T ~  Tennonepenarn nnn HapymHHx cTeH, 
I e s ~ a u e ~ a r e n e  - M U  6ecsepnarHHx ~OKDHTHA. 

Cpen~eronoean  ~ e m n e p a ~ y p a  
sosnyxa B p a f i o ~ e  c ~ p o ~ ~ e n b -  
CTBa. "C  

2. n n n  qepnaqsHx ~ O ~ ~ H T H A  KOB@~$UUH~HT Tennonepenarm cnenyeT npHHHMaTb Ha 10% 60nbiue. qeM nnn 6ec- 
qepnaYHHX I ~ O K P H T H ~ ~ .  

H T H R  3KPaHHPylOTCR IlaHenbHHMH bar ape nu^. K O ~ @ @ H U H ~ H T  TenJlOnepena'lH ~ O K P H T H ~  CneAyeT 

~ H ~ Y ~ H H H  k:P AJIR H a P Y X H b I X  CTeH W 6 e ~ q e p ~ d 9 ~ b 1 ~  ~ O K P ~ I T W ~ ~  I lPkiBeAeHbI  

B ~ a 6 n .  8.2. AJlR BHYTPeHHHX CTeH H I I e p e r O p O A O K ,  OTAeJ IR loUMX O X J I a X A a e -  

MbIe  n O M e U e H H R  OT H e O X J l a X A a e M b I X  M HeOTanJ IMBaeMbIX,  a T a K X e  AJlR 

0 6 0 r p e B a e M b l X  n 0 n O B  H a  r p y H T a X  - B ~a6j-1. 8. 3. ~ H ~ Y ~ H N R  K O ~ @ @ M U N ~ H T O B  
k t P  AJIR n o ~ e u e ~ u i i  c T e M n e p a T y p a M n ,  H e  ~ K ~ ~ ~ H H ~ I M N  B T ~ ~ J I .  8. 2 n 8. 3, 
I IPHHHMaloT  H H T ~ P I I O J I F I U M ~ ~ ~ .  ~ H ~ Y ~ H N R  ktP AJIR I I e p e r O p O A O K  M e X A y  

O X n a X A a e M b l M H  I IOMeUeHMRMH n P H B e A e H b l  B ~ a 6 n .  8. 4. 

K O ~ @ @ H U H ~ H T H  Tennonepenasn HapyxnHx cTeH H ~ O K P H T H A  k;P 
[B  BT/(M . K ) ]  n p ~  B H Y T P ~ H H ~ ~  ~ e ~ n e p a ~ y p e .  "C 

Ta6nuqa 8.3 

I K O ~ @ @ H U H ~ H T ~  ~ennonepenarn  k ~ p  l e  Br/ ( M ~ .  K)] 
Temoepa~ypa eo3nyxa s BliyTpen~ne H neperopoa~n.  

OxnaxnmMOM noMelueH**. ( mnennauwe  o x n a u a e M u e  no*eueHmn 1 ,  O 6 o r p r ~ a e ~ r e  non. na rpynrr 

-40 + 

l l  p H M e r a H H e .  l l p ~  PacnonoxeHHH nona Ha rpyHTe c ~ a p y x n o R  CTOPOHH KOHCTPYKUHH He+ n e ~ x y ~ u e f i c n  
cpenbl, nosToMy K O H B ~ K T H B H H ~  ~ e n n o o 6 ~ e ~  OTcyTcTnyeT H TepMHrecKoe ConpoTneneHHe nepexony TennoTH OT rpynTa 
K KOHCTPYKUHH paeHo nynm (I/?, = 0). 

-20-15+ -10 -4 0 -30-25+ 4 12 



3 ~ a ~  k',P, H ~ O ~ X O A U M Y H )  T O J I q U H y  T e ~ J I O U 3 0 J l R ~ U O H H O ~ 0  CJlOR M O X H O  

onpenenwb no + o p ~ y n e  

Temneparypa sosnyxa B 
donee rennom nomewennu, 

"C 

nonysae~oii  u3 QOPMYJILI (8. 1 ) .  
n 0 c J I e  P a C Y e T a  TOJlI4UHbI U 3 0 J I R 4 U O H H O ~ O  CJIOR, B C J l y Y a e  UCnOJIb30BaHUR 

IlJlMTHblX M a T e p U a J l O B ,  M O X e T  O K a 3 a T b C R ,  YTO P a C Y e T H a R  BeJIUYUHa H e  

COOTBeTCTByeT C T ~ H A ~ P T H O ~ ~  TOJIlrlUHe B b l n y C K a e M b I X  IIJIUT. B TaKOM C J l y q a e  

H ~ O ~ X O A H M O  n p U H R T b  T O J l q U H Y  U30J IRqUOHHOrO 'CJIOR K P ~ T H O ~ ~  C T ~ H A ~ ~ T H O ~ ~  
TOJIIQUHe I I JUT.  O K p y r J I e ~ L i e  T O J I q U H b I  U 3 0 J l R ~ N O H H O ~ O  CJlOR tlPOU3BOAUTCR, 

K a K  n p a B U J 0 ,  B CTOPOHY YBeJIUYeHUFI, C T e M  ~ 1 ~ 0 6 6 1  A ~ ~ ~ C T B U T ~ J ~ ~ H O ~  3 H a Y e H U e  

K O ~ + + H ~ A ~ H T ~  T e n J l o n e p e A a Y A  6 b l n 0  H e  60nbme ~ p e 6 y e ~ o r 0  no ~ a 6 n u q e  
( B  n p o T u B H o M  cnyqae n o ~ p e 6 y e ~ c ~  nposepea H a  B b I n a n e H u e  ~ n a r u ) .  

Ecnu I I P U H R T a R  T O J I q N H a  Te I l J IOU30J IF I~NN OTJIUYileTCR OT p a c Y e ~ ~ 0 f i  

6onee YeM H a  l o%,  TO CJ IeAyeT  O n p e A e J I U T b  A ~ ~ ~ c T B A T ~ J I ~ H o ~  3 H a Y e H U e  

~ o s Q Q u q a e ~ ~ a  T e n n o n e p e n a w  no + o p ~ y n e  

K03cpcpnune~~bl rennonepenaw kTP[a B T /  ( m 2 .  K ) ]  PAR BHyrpennHx creti, nepero- 
ponoK H memnysram~bix n e p e ~ p u r h  mexny oxnamnaemmn noMeueHHnmH npn remne- 
parype ~oanyxa  B 6onee xonon~om n o m e u e ~ ~ h .  "C 

- 3 0  1 - 2 0  1 - 1 0  1 - 4  1 4 I 12 

T ~ ~ M U Y ~ C K O ~  COnpOTMBJleHUe BCeX CJlOeB KOHCTPYKUMU, K P O M e  T e n n o -  

U 3 0 J 1 F I U U O H H 0 ~ 0  CJIOR ( B ~ I P ~ X ~ H U ~ ,  3aKJIIOYeHHOe B K P Y r J l b l e  C K O ~ K M ) ,  yXe 
B b r w c n e H o  p a H e e  P A  O n p e A e n e H u A  T O J I U M H ~ I  T ~ ~ J I O ~ ~ O J I R U ~ O H H O T O  c n o R  r U nOBTOPHO C Y U T a T b  er0 H e  C J e A y e T .  

g 8. 3. I'IPOBEPKA OTPAXAAIOUHX KOHCTPYKUHR 
HA BblllAAEHHE KOHAEHCATA 

YCJIOBUR HeBblnaAeHUR KOHAeHCaTa. Ecnu T O J I q U H a  TenJIOU3O.JlRL[UN 

HeAOCTaTOYHa,  TO T e M n e p a T y p a  nORepXHOCTU O r p a X A e H A R  CO CTOPOHbI 

n o M e u e H u R  c 6onee B M C O K O ~ ~  ~ e ~ n e p a ~ y p o f i  M o m e T  O n y c T u T b c R  H u x e , T e M n e p a -  

TYPbI  TOYKU POCbl  B 0 3 A y X a  B 3TOM I I O M e U e H U U  1 ,  H H a  nOBePXHOCTU O r P a X A e -  
HUH B b l n a A a e T  KOHAeHCaT B BUAe  POCbl UJIU UHeR.   TO nPMBOAUT K nepe- 

n e p e r o p o A K u  IIpOBepHlQT H a  B b l n a A e H U e  KOHAeHCaTa .  T ~ K Y I O  Xe n p O B e p K y  

B b I ~ O J I H R I O T  U AJIR H a p Y X H b l X  CTeH U n e p e ~ p b l ~ k i f i  B K a M e p a X  C n 0 n O X U -  

~ e n b ~ t . 1 ~ ~  T e M n e p a T y p a M u  ( ~ a n p u ~ e p ,  B + p y ~ ~ o x p a ~ u n u w a x )  npu pacqe~soii 
s u ~ ~ e i i  T e M n e p a T y p e  H a p y x H o r o  ~osnyxa. T e ~ n e p a ~ y p y  B H Y T P ~ H H ~ ~ ~  no- 
B e p x H o c T u  orpaxnamqeii K O H C T P ~ K U ~ U  onpenenrrm no Q o p ~ y n e  



q~06b1  H e  IIPOUCXOABnO BbIIIaAeHUR KOHAeHCaTa, AOJIXHO ~06nlO~aTb~R 
ycnoBue: I-, 2 tr p.  

TeMIIepaTypy TOZIKN p0ct.1 B O ~ A Y X ~  onpe,nenmoT no i - d - n u a r p a ~ ~ e  
npU'paCqeTHbIX 3HaZIeHURX t ,  U cp, BO3AyXa B IIOMeUeHUU C 60nee B ~ I C O K O ~  

Te~nepaTypoA. 
llpumep. O n p e n e n e ~ b  T o n w w H y  ~ e n n o u s o n ~ u n o ~ ~ o r o  c n o R  orpaxnalowsx K O H C T ~ ~ K U W ~ ~  

K a M e p  p a C I I p e n e J I H T e n b H O r 0  XOJIOAUJlbHUKa BMeCTHMOCTbD 3000 T ,  P a C n O J I O X e H H O r O  B r. ~ P O ~ H O M .  
~ J ~ ~ H H P O B K ~  XOJlOAUnbHHKa COCTaBJIeHa P a H e e  ( n p ~ ~ e p  B m. 7).  
B ~ 6 u p a e ~  C T p O H T e n b H b I e  KOHCTPYKUHU 3 A a H H R .  ~ P H H H M ~ ~ M ,  q T O  3 A a H U e  X O J l O n U n b H H K a  - 

K a p K a C H O r O  T u n a  H 3  Y H H @ H U W P O B ~ H H ~ ~ X  C ~ O P H H X  ~ e J l e 3 0 6 e T 0 H H b I ~  3J leMeHTOB;  KOJIOHHbI Ce-  

Y e H H e M  400 X 400 MM, C T p O n H J I b H b l e  6 a n ~ u  OAHOCKaTHbIe  A A H H O ~  12 M H B M C O T O ~ ~  890 MM. 

B b l c o ~ a  K a M e p  A 0  H H 3 a  6 a n ~ n  6 M. n 0 K p b I T U e  6ecsepnas~oro T u n a .  K p o B e J b ~ b I e  n.qHTbl- 

p e 6 p e c ~ b 1 e .  W U H O ~ ~  6~ H TOJIIUHHO~~ IIOJIKU 3 5 M M .  C O C T ~ B  KpOBJlU n p H H H M a e M ,  H a n p H M e p .  
no PHC. 6.6,6. n 0 J l h I  - C ~ J ~ ~ K T ~ o o ~ o ~ ~ ~ B o M  r p y H T a .  K O H C T ~ ~ K L I U D  nona n p U H H M a e M ,  H a n p H M e p ,  

no puc. 6 7, 6. 
~ ~ H H U M ~ ~ M ,  YTO B C e  H a P Y X H b I e  CTeHM 3AaHNFI  B b I n O n H e H M  H 3  R e P T H K a J l b H b I X  Xene30- 

~ ~ T O H H H X  na~enei i  K O H C T ~ ~ K U H U  runpoxonona c y T e n n e T e n e M  u3 n e H o n n a c T a  n o n u c T u p o n b H o r o  

neb-c. &'~CKJIIO'~~HH~ C O C T a B n R e T  C T e H a  M e X n y  K a M e p a M H  9, 10, 11 (CM. PHC.  7.9) H K O p n y C O M  
M a I l I U H H O r O  O T n e n e H u R  U c n y ~ e 6 ~ b 1 x  ~ o M ~ U I ~ H H ~ ~ ,  K O T O P a R  n 0  I l P O T U B O l l O X a P H b l M  T p e 6 0 B a ~ U f l M  

B H n O J l H R e T C R  M ~ C C H B H O ~ ~ ,  H a n p U M e p ,  K U ~ I I H Y H O ~ ~ ,  T o J I I U H H O ~ ~  380 MM (CM. PHC.  6.4, a).  
Ann p a c s e T a  TOJlIUHHbl T e n J I O U 3 M R U H O H H O T O  CJlOX 0 r p a X ~ e H H f i  H ~ O ~ X O A H M O  3 H a T b  T e M n e -  

p a T y p y  ~osnyxa BHYTPU K a M e p ,  a nnn H a p y x H N x  c T e H  - ewe H c p e n H e r o n o B y D  T e M n e p a T y p y  

H a p y x H o r o  eo3nyxa. P a c q e ~ ~ ~ e  T e M n e p a T y p H  ~osnyxa B K a M e p a x  n p u H u M a e M  no ~ a 6 n .  5.2 
B 3aBHCHMOCTU OT H a 3 H a q e H H R  K a M e p M  ( y ~ a 3 a H b I  H a  nnaHHpOBKe-XOnODHnbHUKa; CM. PUC. 7.9). 
C p e n ~ e r o n o s y w ,  T e M n e p a T y p y  H a p y x H o r o  ~osnyxa  n p w H H M a e M  nns  r. r p o s ~ o r o  p a ~ ~ o f i  10,l°C 
(CM.  n p u n o x e H H e  1 ) .  Cnenoea~enb~o,  ropon pacnonoxes B IOXHOA ~ n u ~ a ~ n q e c ~ o f i  3 o ~ e .  

TOJIIUUH~ T e ~ J l O A 3 0 J I R U H O A H 0 T 0  C n O R  0 r p a X C n e ~ H f i  P a C C ' I H T b I B a e M  TOj lbKO AJlR ABYX K a M e p :  

M O ~ O ~ H J I ~ H O ~ ~  H X p a H e H H R  M O P O X e H b I X  TPY3OB. Tennon30n~unm B Y H H B e P C a J l b H b I X  K a M e p a X  

n p U H H M a e M  T ~ K O ~  Xe, K a K  U B K a M e p a X  X p a H e H U R  M O P O X e H b I X  TPYBOB, T a K  K a K  O H a  P a C -  

C q H T b I B a e T C R  H a  P e X H M  C H a ~ 6 0 n e e  H H ~ K O ~ ~  T e ~ n e p a T y p o f I  (-2O0C) B O C T a n b H b l X  K a M e p a X  

TenJIOH30nRL(HK) CTeH M O X H O  I I P H H R T b  ~ H ~ J I o ~ u Y H O ~ ,  I lOCKOnbKy 3 T H  K a M e p b l  3 a H H M a K ) T  H e -  

3 H a s U T e J l b H y i O  n J l O u l a n b  no C p a B H e H H l O  C o61~eii n J I O I U a A b D  XOJlOAHJlbHHKa. 

H a p y m ~ a u  creua mopo3nnssoii ramepu. Coc~ae  c T e H H  n o ~ a 3 a ~  B ~ a 6 n .  8.5. T e ~ I I e p a ~ y p a  

~ o a n y x a  B K a M e p e  tn = -30°C, o x n a x n e H u e  o c y m e c T e n R e T c R  ~ 0 3 n y x o o x n a n u ~ e n ~ ~ u ,  cnenoaa- 
T e n b H o ,  U u p K y n R u u R  eo3nyxa y c w n e H H a R .  Tpe6ye~oe 3 ~ a s e ~ u e  K O ~ @ @ N L I U ~ H T ~  T e n n o n e p e n a q u  

n n R  K a M e p b l  C t = -30°C X O n O n H J I b H H K a ,  paCnOJlOXCeHHOT0 B W X H O ~ ~  K J I W M ~ T H Y ~ C K O ~ ~  3 0 H e ,  

k i p  = 0,19 BT/(M' K)  C O r n a C H O  ~a6Jl. 8 2. K O ~ @ @ H U U ~ H T H  T e n J O O T f i a l l H  n p H H H M a e M  "0 

~ a 6 n .  8.1: 
a, = 23 BT/ ( M ~  . K)  ; an = 11 BT/ (M' K)  . 

O n p e n e j t R e M  T e p M H q e C K H e  C O n p O T H B n e H H R  O T n e n b H b l X  C n O e B  C T ~ O U T ~ J I ~ H O ~ ~  K0HCTP)'KUHU 

~ ~ U H U M ~ ~ M  T O n l U H H y  U30JIRLIHOHHOrO CJIOR 250 MM (ABB C n O R  no 100 MM H OAHH 50 M M ) .  
~ O C K O J I ~ K Y  I l P U H X T a R  TOJl IUHHa T ~ ~ J ~ O H ~ O J I R U H U  O T J U q a e T C F l  OT T p e 6 y e M o f i  6onee YeM H a  10 MM, 

no @ 0 p M y n e  (8. 3) O n p e n e J R e M  n e f i c ~ ~ ~ ~ e ~ l b ~ o e  3 H a Y e H H e  K O ~ @ @ H U U ~ H T ~  T e l ? J l O n e p e n a Y H :  

Hapym~au  C T e H a  K a M e p U  X p a H e H H R  M O P O X e H U X  r Y30B.  T p e 6 y e ~ t ~ f i  K O ~ @ @ M I I N ~ H T  
T e n n O n e p e n a q H  CTeHbl  COrJ.CH0 ~ a 6 n  8.2 kip  = 0.21 BT/ (My K)  . K O ~ @ ~ Y L L H C H T  T e I l A N T - l a V H  

B H Y T P ~ H H ~ ~ ~  IIOBepXHOCTH ~ ~ H H A M ~ ~ M  a, = 8 BT/ (M' . K )  , TBK K a K  K a M e p a  O X J I a X n a f 2 T C R  6ara- 
P e R M H  npe e c ~ e c r a e ~ ~ o f i  uupicynauun ~osnyxa.  C y ~ ~ a p ~ o e  T e p M u s e c K o e  c o n p o T u e n e n l i e  cnoeR 
KOHCTpyKUAU ( K P O M ~  T ~ I I ~ O W ~ O J I ~ ~ U U W )  Z fit/h,--0,108 M 2 .  K/BT. 
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B T / ( M ~  K )  

5 9.1. O ~ P E A E J ~ E H H E  PACqETHOa TEnJlOBOA HArPY3KH 
AJiR IlOAGOPA KAMEPHOrO OGOPYAOBAHMR 

i [ n H  I I O A A e p X a H M R  3 a ~ a H H o h  T e M n e p a T y p b I  B O X n a X A a e M O M  n O M e l 4 e H U M  

( H a n p ~ ~ e p ,  B K a M e p e  X O J O A M J I ~ H U K ~ )  H ~ O ~ X O A U M O ,  q~06b1 B C e  T e n J l O n P U T O K U  

OTBOAHJIHCb K a M e P H b I M  O ~ O P Y & O B ~ H N ~ ! M  - 6 a ~ a p e H ~ F i  U B 0 3 A Y X O O X J I a A M -  

T e J I R M U  (PNC.  9.1). 
~ P M  O n p e A e J l e H M M  3 ~ 0 i  H a T P Y 3 K U  y r l U T M B a K ) T  C J I e A Y l O 4 N e  T e n J I O I I P A T O K A :  

qepe3 O r p a X A a H 3 4 U e  KOHCTPYKUHU n O M e u e H U R  QI; O T  I I P O A y K T O B  ( T p y 3 0 ~ )  

unu ~ a ~ e p ~ a n o ~  npu ux x o n o ~ u n b ~ o i  o 6 p a 6 0 ~ ~ e  ( o x n a x ~ e ~ u w ,  3 a ~ o p a x u ~  
B a H N N ,  A O M O P ~ X M B ~ H N A )  Q2; C H a P Y X H b I M  B 0 3 A Y X O M  n p U  B e H T H J I R U U U  

n o ~ e u e e u i  Q3; OT ~ ~ ~ J I U ~ H ~ I X  U C T O ~ H U K O B  npu 3 K c n n y a T a u n u  K a M e p  Q,; 

R". 
M'. K /BT 

Rn, 
M'. K/BT 

6, , z 
M1, KIBT 

T o n ~ u ~ ~ a  Tenno- 
~ ~ O ~ R U U O H H O ~ O  

cnon. MM 

6 

Kos@$uune~r 
Tennone enaqn, 

BT/(M!. K)  

s;, k i p  k t  



OT @PYKTOB A 0 ~ 0 ~ e f i  B I I p O U e C C e  <AbIXaHHRB,  H ~ O ~ X O A H M O M  AJlR X H 3 H e -  

A ~ R T ~ J ~ ~ H O C T U  KJIeTOK, Q5.  

K a x f l b 1 f i  U 3  3TUX BAAOB TenJIOnpkiTOKOB, K a K  I IpaBUJIO ,  H e n p e p b l B H O  

H3MeHReTCR,  I I P H q e M  UX M a K C H M a J I b H b l e  3 H a q e H H R  H e  C O B n a A a I O T  no B p e M e H H .  

~ O ~ T O M Y  AJIR T O q H O r O  O I I p e A e J I e H H R  BeJ I l iWiHbI  MaKCNMYMa Pe3YJ lbTUPYIOUle -  

~ O T ~ ~ J ~ O ~ ~ A T O K ~ B K ~ M ~ P ~ H B ~ ~ M ~ H U ~ ~ O H ~ C T ~ ~ A ~ H U ~ H ~ O ~ X O ~ M M O ~ O C T P O ~ ~ T ~  

~ P ~ @ U K U  N3MeHeHHR K a X A O r O  U 3  TenJlOIIpHTOKOB B T e q e H k i e  flJIHTeJIbHOI'0 

nepnona ( n e ~ ~ e - o c e ~ ~ u f i  nepnon, B T e q e H n e  r o ~ a )  n n p o n s ~ e c ~ n  nx cnoxeaue. 
O A H ~ K O  T ~ K O ~  MeTOA AOCTaTOqHO C J I O X e H .  ~ O ~ T O M Y  B n p a K T n K e  K y p C O B O r O  

M AUnJIOMHOrO I IPOeKTHPOBaHUR nOJIb3yIOTCR M ~ T O A H K O ~ ~  P a C r e T a ,  l l p H  K O T O P O ~ ~  
B C e  TenJ IOnPUTOKU C4NTaIOTCR nOCTORHHbIMN BO B p e M e H N  H ~pUXOf lRLUkiMHCR 

H a  n e ~ ~ n i  nepnon rona. 
H a r p y s ~ y  H a  K a M e p H o e  0 6 0 p y n o ~ a ~ n e  o n p e n e n m o T  K a K  CYMMY B c e x  

T e n J I O n p H T O K O B  B A a H H y l O  K a M e p y ,  T a K  K a K  K a M e p H O e  06opynosa~ue A O J I X H O  

06ecnesa~b OTBOA T e n n o T b l  npn cawHx ~ e 6 n a r o n p n ~ ~ d ~ x  y c n o B n s l x .  

P e ~ o ~ e ~ n a u u u  no o n p e n e n e H n i o  ~ a r p y s ~ u  H a  K o M n p e c c o p  CM. B 9 9.7. 
H a r p y s ~ y  H a  0 6 o p y n o ~ a ~ n e  B y H e s e p c a n b H b r x  K a M e p a x  ( ~ a n p n ~ e p ,  

c t,  = 01-20°C) onpenenrrm pa3nenb~o npa o6enx p a c q e T H H x  T e M n e p a T y -  

pax ~osnyxa  B K a M e p e  (npn 0 n -20°C). n o  ~ a r p y s ~ e  npn t,  = 0°C 
non6npa10~ ~osnyxooxnann~enu,  a no ~ a r p y s ~ e  npn t ,  = -20°C - non6n- 
p a w T  6 a ~ a p e ~ .  

B XOJIOAHJIbHnKaX C ~ O ~ ~ W H M  qMCJIOM K a M e p  n 0 J l H b l h  P a C q e T  TeI tJ lO-  

I lPUTOKOB M O X H O  kbInOJIHkiTb TOJIbKO AJIR HeCKOJlbKkiX ~an6onee  X a p a K T e p H b l X  

K a M e p ,  a AJlR OCTaJlbHbIX K a M e p  T e n J I O n p H T O K N  M O X H O  p a C C q W T b I B a T b  I t 0  

Y n e J l b H b l M  H a r p y s K a M ,  OTHeCeHHbIM H a  1 M2 Ilona, n O J I y q e H H b I M  B p e 3 y J l b -  

T a T e  P a C q e T a  X a p a K T e p H M X  K a M e p .  

~ A H O B ~ ~ M ~ H H O  C ~ ~ J ~ ~ H c o M  TenJ lOnpk iTOKOB H M e e T  MeCTO H 6 a n a ~ c  
~ n a r o n o c ~ y n n e ~ n f i  B K a M e p y  n B n a r o o T B o A a  n3  H e e  B B n A e  pocb~ AJIM 

C H ~ ~ O B O ~  ~ 1 ~ 6 6 1 ,  B b I ~ a A a l O t Q I I X  H a  ~e I I J I0 I I epe f i a IO tQef i  IIOBepXHOCTM n p n 6 o p o ~  
o x n a x n e H n n .  Bna ronoc~ynne~nn  Y q n T b l s a l o T  B OCHOBHOM npe  n p o e K T n p o -  

B a H H H  YCTaHOBOK KOHAUIlNOHHPOBaHUR B 0 3 A y X a .  O A B ~ K O  3 T 0  6 b l B a e ~  ~eo6xo- 
AMMO 1.1 n p M  n p O e K T A p O B a H H H  XOJIOAMJlbHMKOB AJIR (PPYKTOB M 0 ~ 0 t Q e 8 .  



Tennonparo~u zrepes orpaxnamuue K o H c ' r p y K u u u  Q I  O n p e A e n R m T  K a K  

CYMMY T ~ ~ J ~ O I T P U T O K O B  ( Y e p e 3  CTeHbI ,  I I e p e r O p O A K U ,  I l e p e K p b l T M R  U n U  I I O K p b l -  

T U R ,  Y e p e 3  IIOJlb1, 3arJly6Jle~~b1e C T e H b I  I I O A B a J l b H b I X  ~ ~ ~ e ~ e ~ k i f i ) ,  B b I 3 B a H -  

HbIX HaJIH'lUeM P a 3 H O C T H  T e M I I e p a T y p  C H a P Y X U  O r P a X A e H I . i R  U B H y T P U  

o x n a m f i a e n f o r o  n o M e u e H n R  Q,,, a T a K x e  - r e n n o n p u T o K o B  B p e 3 y n b ~ a ~ e  
B O ~ A ~ ~ ~ C T B U H  c o n ~ e q ~ o f i  P a A k i a U U U  Qlc  Y e p e 3  n O K P b I T M R  M H a P Y X H b I e  C T e H b l :  

Q I  = Q l r  + Qlc. (9. 2) 
T e n n o n p u ~ o ~ ~ i  ~ e p e s  C T ~ H ~ ! ,  n e p e r o p o n ~ n ,  n e p e -  

K p bI T U R U Jl U n 0 K p 61 T U R Q,, (B.  KBT) P a C C Y U T b I B a I O T  @ 0 p ~ y J I e  

n p u  p a c q e T e  nnouana n o B e p x H o c T M  c T e H  n n e p e r o p o n o K  n n u ~ y  H a p y x -  

HbIX C T e H  H e y r J O B b I X  n 0 ~ e ~ e ~ U f i  O I I p e ~ e J l R m T  K a K  P a C C T O R H U e  M e X f l y  OGRMU 

B H Y T P e H H U X  C T e H ;  YrJ lOBbIX I ' I ~ ~ e L I l e ~ t i f i  - K a K  P a C C T O R H U e  OT ~ a p y X ~ 0 f i  
n O B e p X H O C T H  H a P Y X H b I X  C T e H  A 0  OCW BHj'TPeHHWX. AJIMHY B H Y T p e H H U X  C T e H  

O n p e A e J l R m T  K a K  P a C C T O R H U e  M e X n y  B H Y T P ~ H H ~ ~ ~  n O B e P X H O C T b I 0  H a P Y X H b I X  

C T e H  U O C b m  B H Y T P e H H U X ,  a BbICOTY C T e H  - K a K  P a C C T O R I I U e  OT Y P O B H R  

q n c T o r o  nona A a H H o r o  m a x a  no YPOBHR Y U C T O ~ O  nona abrruenexaruero 
w a x a  n n 1 4  AO sepxa s a c b ~ n ~ u  ~ O K P ~ I T U R .  n n o u a ~ b  n o T o n K a  w 110na onpeae- 
JTRmT K a K  n p O U 3 B e A e H U e  A J U H b I  K a M e p b I  H a  U I U p U H y ,  K O T O P b I e  U 3 M e P R m T C R  

M e X n y  OCRMU B H Y T P e H H U X  C T e H  UJIU OT B H Y T ~ ~ H H ~ ~ ~  n O B e p X H O C T U  H a P y X H b I X  

C T e H  A 0  OCM B H Y T P e H H U X .  

c A O C T ~ T O Y H O ~ ~  c T e n e H b m  TOYHOCTU B c e  pa3Mepb1 n o ~ e u e ~ n f i  B n n a H e  

M O X I I O  O I I p e A e J l U T b  M e X A Y  K O O P A U H a u U O H H b I M U  OCRMU (T. e. 6e3 Y q e T a  

T O J l u U H b I  C T ~ H ) .  ~ P M    TOM I I O r P e U I H O C T b  n p U  O I I p e & e J l e H U U  n J l O U a f l I 4  O r p a X -  

A a l o u U X  K O H C T ~ ~ K U M ~ ~  n0  C P a B H e H U I O  C 6onee TOYHblM M e T O A O M ,  y K a 3 a H H b I M  

B b I U I e ,  H e  I l p e B b I C U T  5%. n k i ~ e f i ~ b l e  p a 3 M e p b I  I I p U H U M a m T  C O K p y r J I e H U e M  

A 0  0,l M, a I ' I J l O U a A b  - C O K p y r J e H U e M  A 0  0,l M ~ .  T e ~ I I e p a ~ y p y  t, R P M H M M a l o T  

B COOTBeTCTBUN C P e K O M e H A a U U R M U  ( C M .  M. 5).  
n p n  p a c Y e T e  T e . n n o n p n T o K o B  zrepes H a p y x H b I e  o r p a x n e H a R  T e M n e p a T y p y  

H a p y x H o r o  ~ o s n y x a  t,, n p u H M M a m T  no n p m o x e H u m  1. n p u  p a c q e T e  T e n n o -  

I I p U T O K O B  Y e p e 3  B H y T p e H H U e  O r p a X n e H U R  ( C T ~ H ~ I  11 I I e p e r ~ p ~ n ~ k i ) ,  OTneJ lRK3-  

uue  OAHO n o M e u e H l 1 e  OT npyroro, T e M n e p a T y p a  K o T o p o r o  U ~ B ~ C T H ~ ,  B M e c T o  

T e M n e p a T y p b I  H a p y X H O T O  B O 3 A y X a  I I p U i i U M a t o T  T e M n e p a T y p y  A a H H O r O  no- 
M e U l e H M R .  

n p U  P a C q e ' r e  T e n J I O n p U T O K O R  Y e p e 3  B H y T p e H H U e  O r p a X f l e H U R ,  B b I X 0 ) J R u U e  

B H e O X J l a X A a e M b I e  n O M e u e H M R  ( K O P M A O P ~ I ,  B ~ C T M ~ ~ ~ J M ,  T ~ M ~ Y P ~ I ) ,  T e M n e p a -  

T Y P H ~ I ~ ~  H a n O p  8 I I p U H U M a l O T  K a K  Y a C T b  P ~ C Y ~ T H O ~ ~  P a 3 H O C T M  T e M n e p a T y p  

A J R  H a P y X H b I X  C T e H :  0,7 (t, - t,), eCJIU 3 T U  n O M e L I e H U R  C O O ~ U ~ I O T C R  C 

H a P Y X H b l M  B 0 3 n y X O M ,  U 0,6 (t,, - t,), e C J l H  H e  C O O ~ U ~ ~ ~ O T C R .  
T e n n o n p u T o K Y e p e 3 n o n ( B  KBT) , p a c n o n o x e ~ ~ b ~ i i  H a  r p y ~ ~ e  

n u ~ e m u a i i  0 6 0 r p e ~ a ~ e n ~ ~ b r e  y c ~ p o f i c ~ ~ a ,  0 n p e n e n R m - r  no @ o p ~ y n e  

QIT = k,F (t, - t,) (9.4) 
rLe k , -  ~ O ~ @ @ N U W ~ H T  T e n n o n e p e a a w i  KOHCTPYKLIUH nona; f r - c p e a i l ~ ~  T e M n e p a T y p a  

nOBepXHOCTU ~ C T ~ O ~ ~ C T B ~  n J R  0 6 0 r p e t ~ a  I P y H T a  ( I I ~ U  ! J J e K ' T p 0 0 6 0 r p e ~ e  r p y H T a  n P H H H -  

MalOT t , =  1°C. n p U  0 6 0 r p e B e  r0pfl'iEiM B 0 3 A y X C h 1 ,  n p o X O A R U ! U M  no K a H a i I a M  D LUaHUeFJOM 

n o n y ,  t ,  = 3°C) .  
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a 

Ptic.9.2. Pa36we~a H a  YCJlOBHbIe 3 0 H b l :  

a - onouianw eonos; 6 - wapyxwux orpamnewmii B nonsane 

E c n ~  IIOJIb1, p a C n O A O X e H H b 1 e  H a  r p y H T e ,  H e  UMeloT  0 6 0 ~ p e ~ a ~ e J I b H b l ~  

Y C T ~ O ~ ~ C T B ,  TO TeIIJIOnpUTOK qepe3 HMX OIIPeAeJIRIOT CYMMUPOBaMMeM TCIIJIO- 
n O T e p b  Y e p e 3  YCJIOBHbIe 30Hb1  I U M P U H O ~ ~  2 M (PNC. 9.2, a )  IIO @ 0 p ~ y J I e  

me kycn - Y C ~ O B H ~ I ~  K O S @ @ N U N ~ H T  T e n n o n e p e n a q e  coo~or~c~eyloluei i  ~ O H ~ I  nona, BT/(M' - K )  

[ A d l R  I IOJ la  6 ~ 3  TenJlOI130JIRUMti &JIB 1, 11, 111 3 0 H  k y c ,  p a B e H  COOTEIeTCTBeHHO 0 , 4 7 ,  0 , 2 3 ,  

0.12 BT/ (h l2 -K) ,  a 0 c T a J I h H 0 f i  ,301lbl n O d a  ( I V  3 0 l i a )  kyrn  = 0 , 0 7  B T ( v ~ . K ) ] ,  F - n J l 0 l l l d f i b  

C O O T B ~ T C T B Y H ) U ~ ~ ~  3 0 H L I  n O J l a .  M L ,  I l J I O U a n b  Y q a C T K a  n O A a  P a j M P p O M  2x2, n p M M b l K a l o U C l 0  

K YrJl)' H B P Y X H b I X  CTeH ( ~ ~ I U T P M X O B ~ H H ~ I ~ ~  ~ ~ ~ c T o K ) ,  )"lNTblBdH)T A n a X A b l  

r4e 6 - TOJllUUHbI OTneJIbHblX CJIOeB KOHCTPYKUUII I IOJIa ,  M; a, - K ~ ~ @ @ N u N ~ H T ~ ~  T e ~ J I O r l p O B O n -  

HOCTN M a T e p U a J l O B ,  COCTaBJIRDLUNX KOHCTPYKUUD Ilona, BT/ ( M  . K ) .  



@ u Y e c K O f i  UIUPOTbI: AJlR IOXCH0fi 3 0 H b l  15, ~ p e ~ ~ e f i  10, C ~ B ~ P H O ~ ~  5. 
Ann H a P Y X H b I X  CTeH U ~ ~ ~ I T O ~ H Y I O  P a 3 H O C T b  T e M n e p a T y p  M O X H O  n P U H R T b  

no ~ a 6 n .  9.1. 

n p H  P a C Y e T e  Y ' i U T b l B a D T  T e n J l O T y  C O A H ~ ~ H O ~ ~  P a A U a U U U ,  I I p O H U K a I O ~ y l o  

sepe3 KpOBJIIO U O n H y  U 3  CTeH nu60 C H a k l 6 0 J I b U I e f i  IIOBepXHOCTbIO, nu60 
H ~ ~ J I ~ ~ o ~ ~ H R T H o  OPUeHTUPOBaHHYIO ( 0 6 p a ~ k I ~ e  BHMMaHHe:  C a M a H  6 0 J I b U I a R  

U ~ ~ ~ I T O ~ H ~ R  p a 3 H O C T b  T e M n e p a T y p  X a p a K T e p H a  AJIR C T e H , _ 0 6 p a ~ e H H b 1 ~  H a  

sanan) . 
I < ~ K  yXe 6 ~ n o  O T M e s e H O ,  T e n J O I I p U T O K U  PaCCYklTbIBaIOT AJlR K ~ ) K A O ~ ~  

K a M e p b I .  H0 C n e A y e T  U M e T b  B BUAy,  q T O  O r P a X A e H U R  WMeIOT p a 3 H y l O  KOH- 

C T ~ ~ K U U I O  u pa3nus~bre K O ~ @ @ U U N ~ H T ~ I  T e n n o n e p e A a s u ,  pas~epbr ,  T e M n e p a -  

TYPbI  CHaPJ'XU 0 ~ p a ~ A e H k i f i .  ~ O ~ T O M Y  H ~ O ~ X O A U M O  BeCTU P a C Y e T  no K a X A O -  

MY O r P a X A e H M I O  O T A e n b H O .  

P a c 4 e ~ b l  P e K O M e H n y e T C R  BbIROJIHRTb B ~ a 6 n u ~ ~ o i i  @ 0 p M e  (CM.  n p U M e p  

pacqe~a) .  T e n J I o n p k l ~ O K  OT C O J I H ~ Y H O ~ ~  P a n U a Q U U  C J I e A y e T  Y Y N T b l B a T b  OT- 

nenb~ofi C T P O K O ~ ~ .  
n o  ~axnof i  K a M e p e  orrpenennm c y ~ ~ a p ~ b l f i  T e n n o n p u T o K  sepes orpax-  

A ~ H U H ,  K O T O P M ~ ~  3 a T e M  3 a H O C R T  B CBOAHylO ~ a 6 n u q y .  HPU O I I p e n e J I e H M U  

Te I l J lOnpUTOKOB qepe3 B H Y T P e H H H e  O T P a X A e H k I R  M O X e T  O K a 3 a T b C R ,  ZIT0 Y a C T b  

Te I I J lOnpHTOKOB N M e e T  O ~ p k i u a ~ e J I b H b I f i  3 H a K ,  T.  e. T e n J l O T a  U 3  p a ~ ~ s k i ~ b l ~ a e M 0 f i  

~ a ~ e p b l  y x o n n T  B C o c e A H m m  c 6onee H U ~ K O ~ ~  ~ e ~ n e p a ~ y p o i i .  T a ~ u e  T e n n o -  

IIPHTOKH H e  YqHTblBa IOT.  

Crena 

n p u  XO.J IOAHJI~HO~~  0 6 p a 6 0 ~ ~ e  n p O n j ' K ~ 0 d  ( O X J I ~ X A ~ H U U ,  3 a ~ o p a x u s a -  
HUH U A O M O ~ ~ X U B ~ H U U )  K a ~ ~ b ~ f i  K U J I O r p a M M  n p O A y K T a  BbIAeJ IReT  T e n J l O T y  

B KOJ lUqeCTBe  q = Ai K & K / K T .  K ~ o M ~  TOTO, e C n H  npOUCXOAUT X O n O n H n b -  

H a R  o 6 p a 6 0 ~ ~ a  IIPOAyKTOB B T a p e ,  TO H ~ O ~ X O ~ U M O  A O ~ ~ B U T ~  T e n n o ~ y , '  BbI- 

A e n R m q y m c R  npu ee oxnaxneauu. 
T e n n o n p u ~ o ~  Qznp (BKBT)  n p u  o x n a x ~ e ~ u u  u A O M O -  

p a x u ~ a ~ u u  n p o n y ~ ~ o ~  B ~ a ~ e p a x  x p a ~ e ~ u ~  onpene- 
n R m T  no @ o p ~ y n e  

U ~ ~ H T O ~ H ~ R  pa3HOCTb TeMllePaTYP (B OC) llPH OPHeHTaUHH no CTOpOHaM 
rOPH30HTa 

10 ( l O B I I 0 3 I  B 1 3  ( C B  C3 1 C 

r e o r p a @ u ' l e c ~ a ~  lunpora 



l l p u   TOM n p e A n o n a r a m T ,    TO n p o n y K - r b l  noc-rynam-r B K a M e p y  pamo- 
M e p H o  B T e q e H u e  CYTOK, a np0AyK- r  3a 24 s y c n e s a e T  o x n a A n T b c R - A o  T e M n e p a -  

TYPbI  B K a M e p e .  H a q a J I b ~ a R  T e M I I e p a T y p a  I IpOAyKTOB I IpHHHMaeTCR no AaHHbIM 

m. 5. i' 

C Y T O ~ H O ~  IIOCTynJ l eHUe  I IpOAyKTOB B K a M e p b l  X p a H e H U R  P a C n P e A e J I H -  

' TeJIbHblX U nPOM3BOACTBeHHbIX XOJIOAHJIbHUKOB COCTaBJIReT 8% BMeCTHMOCTH 

K a M e p ,  ecnu oqa M e H e e  200 T n 6% - K a M e p  6onbmeii BMeCTHMOCTH. B 
XOJIOAUJIbHUKaX, n p e A H a 3 H a q e H H b I X  AJIR X p a H e H U R  @PYKTOB, CYTOqHOe IIOCTyn-  

J I e H U e  I IPUHUMalOT P a B H b I M  10% BMeCTUMOCTU K a M e p .  
/ T e n n o n p s ~ o ~  O T  n p o ~ y ~ ~ o ~  Q,,, ( B K B T )  n p n  X O J I O -  

n u n b ~ o f i  o 6 p a 6 o ~ ~ e  B ~ a ~ e p a x  o x n a x ~ e ~ u ~  H 3 a ~ 0 -  
p a x u ~ a ~ u ~  n e p u o ~ u ~ e c ~ o r o  A ~ ~ ~ C T B U R  O n p e A e J r H m T  no 
~ ~ P M Y J I ~  

rue 1,3 - K O ~ $ $ U U N ~ H T ,  y ~ N ~ b l ~ a I O l 4 F i ~  H e P a B H O M e P H O C T b  T ~ ~ J I o B o ~  ~ a r ~ ~ 3 ~ ~ i  MnP - CYTO'I- 

H o e  n o c T y n n e H n e  n p o n y K T a  B K a M e p y ,  T/CYT; ai - P ~ ~ H O C T ~  ynenbmx 3 ~ ~ a n b n u n  n p o n y K T a  

A 0  N nOCJIe  O ~ P B ~ O T K N ,  K & K / K T ;  To6p - n p O n O J l X H T e J I b H O C T b  X O J I O & U J I ~ H O ~  O ~ P ~ ~ O T K U ,  'I/CYT 

(CM. m. 5) ( O ~ H ~ H O  O H a  M e H b U l e  ~ p O n O J l X U T e J l b H O C T U  U N K n a ) .  

T e n n o n p u ~ o ~ n  O T  @ ~ ~ K T O B  H o ~ o m e i i  h p u  c c n b r x a -  

H U U>> Y4UTbIBalOT TOJIbKO H a  CI Ie4HaJ IU3UPOBaHHbIX XOJlOAHJIbHHKaX AJIR 

X p a H e H H R  @PYKTOB A 0~0l4efi U B T a K U X  Xe K a M e p a X  p a C n p e A e J I U T e J I b H b I X  

XOJIOAMJIbHUKOB. 

T ~ I I J I o I I ~ M T o K  Q5 ( B  KBT) M O X H O  O n p e A e J I U T b  no a o p ~ y n e  

Q5 = BK (0,l qn + 0,9qxp) (9.10) 

me BK-- B M e c T u M o c T b  K a M e p b l ,  T; q,, q , , - ~ e n n o ~ b ~ n e n e ~ u ~  n n o n o B  npu T e M n e p a T y p a x  

n o c T y n n e H n f l  H x p a H e H n f l ,  o n p e n e n R e M b l g  no npnnoxesnlo 8, BT/T; S H ~ ~ ~ H N H  T e M u e p a T y p  

CM. B m. 5. 
T e n n o n p u ~ o ~  O T  ~ a p b ~  Q,, ( B  KBT) 

QZr = M7cT ( f ~  - f 2 )  
103 , 

24 - 3600 (9.11) 

me, M, - CyTO1lHOe n O C T y n J I e H H e  T a p b l ,  n p N H M M a e M O e  ~ p O ~ O p l l N O H a J l b H 0  CYTOqHOMY n O C T y n J I e -  

H N l o  n p O n y K T a ,  T/CYT; C, - Y n e J I b H a f l  TenJIOeMKOCTb T a p b I ,  KHX/ (KI'. K) ; f t  H f p  - H a -  

q a n b H a R  N KOHeVHaf l  T e M n e p a T Y P b I  T a p b I  ( ~ p k i ~ ~ ~ a l o ~ ~ f l  P a B H b I M N  H a q a J I b H 0 ~  U K O H ~ ~ H O H  
T e M n e p a T y p a M  n p o n y ~ ~ a ) ,  "C. 

Macca T a p b I  C O C T a B J R e T  OT 10 A 0  20% MaCCbI T P Y 3 a r  a AJIR C T ~ K J I R H H O ~ ~  

T a p b t  - 100%. Maccy A e p e B R H H b I X  RIQNKOB AJIR @P)'KTOB IIPUHHMalOT pas- 
~ 0 f i  20% MaCCb1 @PYKTOB. 

Y ~ e J I b ~ y l o  TenJ lOeMKOCTb T a p b I  [ B  KAX/ ( K T .  K) ]  IIPUHUMalOT B 3 a B U -  

CUMOCTU OT ee M a T e p H a J I a :  AJIR A ~ ~ ~ B R H H O ~ ~  U K ~ P T O H H O ~ ~  T a p M  C, = 2,3, 
M ~ T ~ J I J ~ u ' I ~ c x o ~ ~  C, = 0,5, a C T ~ K J I R H H O ~ ~  C, = 0,8. 

T ~ ~ J I o ~ ~ M T o K  OT H a p y X H O T O  B 0 3 A y X a  I IpU BeHTUJIRILHH C J I e A y e T  yqUTb1-  

B a T b  TOJIbKO n p U  n p O e K T U p O B a H U H  C n e l l U a J l U 3 U p O B a H H b l X  XOJlOAHJIbHHKOB 

M K a M e P  RJIR X p a H e H H R  @ ~ Y K T O B .  

T e n n o n p n ~ o ~  O T  ~ a p y x ~ . o r o  ~ 0 3 ~ y x a  Q 3  ( B  KBT) pac- 
C q U T b l B a D T  no @ 0 p ~ y J I e  

Q3 = MB3 (i,, - in), (9.12) 



M a c c o s b r i i  p a c x o n  s e ~ ~ u n ~ u u o ~ ~ o r o  ~ o s n y x a  M, 
( B  K T / C )  O n p e A e J I R l O T ,  .UCXOAR N 3  H ~ O ~ X O A N M O C T H  O ~ ~ C ~ ~ Y ~ H H R  KpaTHOCTU 

B O ~ A ~ X O O ~ M ~ H ~  HeCKOnbKUX 0 6 ' b e ~ o ~  B CyTKU: 

Ha I I p e A l l p N R T U R X  TOprOBJIU  H @ ~ ~ U ~ C T B ~ H H O ~ O  n U T a H U R  K a M e p b I  X p a H e H U R  
@ ~ Y K T O B  U 0~04ef i  0 6 0 p y ~ y l O ~  ~ ~ U T O ~ H O - B ~ I T H X H O ~ ~  B ~ H T H J I R U W ~ ~ .  K P ~ T H O C T ~  
B O ~ A ~ X O O ~ M ~ H ~  B 0 6 b l q H b 1 ~  K a M e p a X  XOJlOAUJIbHUKOB AJlH @ P ~ K T O B  3 - 4 06'6e- 
M a  K a M e p b I  B CYTKH. B K a M e p a x  c perynupye~oii  rasoaoii cpenoii B e H T u n R u u l o  
H e  I I p e n y C M a T p U B a l o T .  O A H ~ K O  B 3TU K a M e p b I  I lOAaeTCH r a 3 O B a H  CMeCb ,  
TenJ IOI IpNTOK OT K O T O P O ~ ~  H ~ O ~ X O A U M O  Y q U T b I B a T b  B K a 4 e C T B e  Q 3 .  K a ~ e p a  
I l U u e B b I X  OTXOflOB A O J l X H a  H M e T b  B b I T R X H Y D  BeHTUJIRUUlo,  0 6 e ~ n e r 1 U B a l o -  
LUyW K P a T H O C T b  ~ 0 3 ~ ~ ~ 0 0 6 M e ~ a  A 0  10 0 6 ' 6 e ~ 0 ~  B q a C .  

~ T H  TenJ IOnPNTOKU B 0 3 H U K a l O T  BCJIeACTBUe O C B e U e H k i X  K a M e p ,  npe6b1- 
B a H H R  B HUX n lo~ef i ,  p a 6 0 ~ b I  ~ J I ~ K T ~ O A B U ~ ~ T ~ J I ~ ~  U OTKPbIBaHUR ~ B e p e f i .  
T ~ ~ J I O ~ ~ H T O K B  o n p e n e n H l o T  OT K a m n o r o  u c T o q H u K a  ~ e n n o ~ b ~ n e n e ~ u i i  o T n e n b -  
HO. 

T e n n o n p u T o K o T o c B e u e H u R ql ( B  KBT) P a c c q u T b I B a l o T  no 
@ O P M Y ~ ~  

q l  = A F .  (9.13) 
rAe A - TennoTa, BMnenneMaR wcTosHwKaMw OcBeueHwR B enwHwqy BpeMeHw Ha 1 M~ nnouann 

nona, B T / M ~ ;  F - nnouanb KaMepM, M ~ .  

m e  0,35 - TennoabIneneHwe onHoro senoaeKa npn ~Rxenof i  +wswsec~ofi p a 6 o ~ e ,  KBT; n - 
swcno nlonefi, pa6o~a1o~uwx B naHHoM noMeueauw. 

Yucno nloneii, pa60~a louux  B n o M e u e s u u ,  n p e H u M a m T  B s a ~ u c u ~ o c ~ u  
OT nnouanu K a M e p b r :  npu nnouanu K a M e p H  no 200 M~ - 2 - 3 q e n o B e K a ;  
npu nnouanu K a M e p b I  6 0 n b ~ e  200 M~ -- 3 - 4 q e n o B e K a .  

T e n n o n p u ~ o ~  O T  . p a 6 o ~ a r o u u x  3 n e ~ ~ p o n ~ u r a ~ e -  
n e ii q j  ( B  KBT) npu p a c n o n o m e H u u  s n e ~ ~ p o n ~ u r a - t e n e i i  B o x n a x n a e M o M  
n o ~ e u e ~ u n  o n p e a e n f i l o ~  no @ o p ~ y n e  I 

q 3  = N,,  (9.15) 
m e  N, - cyMMapHan M O U H O C T ~  s n e ~ ~ p o n e u r a ~ e n e f i ,  KBT. 

B n p e A B a p U T e J l b H b I X  P a C q e T a X  M O U H O C T b  Y C T a H a B J I H B a e M b I X  3J l eKTPO-  
~ ~ U r a T e J I e f i  ( B  KBT) M O X H O  OPUC!HTUPOBO~HO I l P H H U M a T b  n0 A a H H b I M ,  n p U -  
B e n e H H b l M  H U X C :  















l ti43 - 3  . 129 = 0,0735 Kr/c, 
Mes = 

24 - 3bUU 
Tennonpap6~ OT eosnyxa r r p ~  BeHTunnuuu OnpenenReM no a o p ~ y n e  (9.12) 

43 = 0,0735 (78 - 8.5) = 5.1 KBT. 
f l p ~ ~ e p  3. Onpe&e~&i~b  TeIInOnpHTOKH qepe3 HeH3O~HpOBaHHble IlCIJlbl B KaMePY XpaHe- 

Hun oxnaxneHHblx npoayltroe. K a ~ e p a  ymoean. P a s ~ e p b ~ :  n n m a  24 M, runpuHa 12 M. 

nnotuanb nona nepeofi n syx~e~poeo i f   OHM, n p u ~ ~ ~ a r o u e f i  K yrny ~ a p y w c ~ t . 1 ~  CTeH, 
Y'IATblBaeM RBaXnbl, T.e. no HanpaBAeHUD o6eux HaPYXHbIX CTeH, COCTaBJIRlOULHX YrOn 

T e ~ n e p a ~ y p ~ b l e  ycnoean Tame me, KaK B npe~b~nyureii sanaqe. 
n o  + o p ~ y n e  (9.5) nonyqaeM 

QI = (0.47.72 + 0,23 . 44 f 0.12 . 44 + 0,07 . 132) (33 - 0) . = 1,9 KBT. 

BblEiOP CMCTEMbl OXJlAXAEHMfl 
M TMnA ~ 0 , l l O f l M J l b H O R  YCTAHOBKM 

nocne o n p e ~ e n e ~ u ~  ~ e n n o ~ o f i  ~ a r p y 3 ~ ~  H a  K o M n p e c c o p  N K a M e p H o e  o6opy- 
A O B a H H e  ~ b 1 6 M p a I O ~  CHCTeMy O X J I a X A e H U R ,  ~au6onee p a U U O H a J I b H y I O  BAR 

A a H H O r O  06 'be~~a .  
npM 3TOM H ~ O ~ X O A U M O  P e U I U T b ,  I l P O e K T U P O B a T b .  JIM CMCTeMy U e H T P a -  

n U 3 0 B a H H O r O  X O J I O A O C H ~ ~ X ~ H M R  UJIU A e u e H T p a n U 3 0 B a H H y I O ,  H e n O C p e n C T B e H -  

HOrO O X J l a X A e H U R  UJIU C I IPOMeXyTOYHbIM XnaAOHOCHTeJIeM ( ~ ~ C C O J I ~ H ~ I O ) ,  ' 
a M M U a q H y W  UJIM XJIaAOHOByIO, ~ ~ ~ H ~ c o c H ~ I O  MJIM HaCOCHO-UUpKyJIRUUOHHyIO, 
KaKyIO IIpeAflO'4eCTb CMCTeMy O X J I a X A e H U R  K a M e p :  6 a ~ a p e f i ~ y I O  UilU B03AYUI-  

HYIO. H ~ K O H ~ U ,  H ~ O ~ X O A H M O  PeUIMTb,  KaKYIO B b 1 6 p a ~ b  CACTeMY OTBOAa TenJIOTbI  

KOHAeHCaUMU: B03nYXOM,  B O A O ~ P O B O A H O ~ ~  B O A O ~ ~ ,  B O A O ~ ~  N 3  CUCTeMbI 060- 
POTHOrO B O A O C H ~ ~ X ~ H I I R ,  C nOMOUlbIO MCIIapMTeJlbHbIX KOHAeHCaTOpOB U T. p.. 

K a x 3 - a ~  k13 n e p e w c J I e H H b I x  c u c T e M  MMeeT CBOU n p e u M y u e c T s a  u H e n o -  

CTaTKU. I ~ O ~ T O M Y  O K O H ~ ~ T ~ J I ~ H ~ I ~ ~  ~ b 1 6 0 p  CUCTeM M O X H O  C A e J I a T b  TOJIbKO 

H a  OCHOBaHUM TeXH03KOHOMMZIeCKOrO CPaBHeHMR B a P M a H T O B  M Y q e T a  oco6e~-  
~ o c ~ e f i  3 ~ c n n y a ~ a a u u .  

O A H ~ K O  HeKOTOpbIe  P e K O M e H A a u A M  no B b 1 6 0 p y  CkiCTeM O X J I a X A e H M R  M O r y T  

6 b l ~ b  CAeJIaHbI  H a  OCHOBaHMU HaKOnJIeHHOrO O n b I T a  I IpOeKTHpOBaHMR. 

Ha ~ b 1 6 0 ~  CMCTeMbI OXJ laXAeHMR OCHOBHOe BJIMRHMe OKa3bIBaIOT CJIe- 

A y I O W N e  @ ~ K T O P ~ I :  ZIMCJIO M BUA O X J I a X A a e M b I X  O ~ ~ ~ K T O B  - I I o ~ p e 6 U ~ e J I e f i  

xonona; p a c s e T H a R  T e M n e p a T y p a  B 0 6 ' b e ~ ~ a x ;  T e n n o s a R  ~ a r p y s ~ a  OT K a x -  

nor0 0 6 ' b e ~ ~ a  U PaCZIeTHaR C y M M a p H a R  . X O A O A O H a r p y 3 K a ;  T ~ ~ ~ O B ~ H M R  TeX-  

HMKM ~ ~ ~ O ~ ~ C H O C T U ;  HaJ IUqMe C ~ P U ~ ~ H O  BbI I IyCKaeMOrO O ~ O P Y A O B ~ H U R  M n p U -  

6 o p o ~  aBTOMaTMKM C T P ~ ~ Y ~ M ~ I M M  XapaKTepMCTMKaMU.  

B u e H T p a J I U 3 0 B a H H b I X  CMCTeMaX OXJIaXAeHMR C O 3 n a I O T  o6qee MaLUMHHOe 

o T A e n e H u e  n n R  B c e x  K o M n p e c c o p o B  m u  ~ o ~ n p e c c o p ~ b r x  a r p e r a T o B ,  a T a K x e  

npyroro O ~ O P ~ A O B ~ H U F I ,  O ~ C J I Y X U B ~ ~ O U U X  PRA no~pe6u~ene i i  xonona (ox- 
J I a X A a e M b I X  K a M e p ,  KOHAUUUOHepOB, O X J I a X A a e M O r O  T e X H O J O r M q e C K O r O  

0 6 0 p y n o ~ a ~ n ~ ) .  K O H ~ ~ H T ~ ~ ~ U R  O ~ O P Y A O B ~ H M R  B 0 6 ~ e ~  3 a J I e  o6nersae.r ero 
0 6 c ~ 1 y x u ~ a ~ u e  u  ans sop B T e q e H u e  pa6oqero A H R ,  ecnu ~ p e 6 y e ~ c ~  ~ O C T O R H -  

H o e  H ~ ~ J I I O A ~ H U ~ .  ~ o c J I ~ A H ~ ~  MMeeT O C O ~ ~ H H O  6 o n b u r o e  3 H a ' i e H U e  AJIR a M -  

MMaqHbIX XOJIOAMJIbHbIX YCTaHOBOK. ~ O ~ T O M Y  H a  KPYnHbIX XOJIOAMJIbHUKaX 

BMeCTMMOCTbIO 1000 T M 6onee C aMMMarIHblMN CMCTeMaMN OXJIaXAeHMR 

HPMMeHRIOT U e H T p a J I M 3 0 B a H H O e  X O A O A O C H ~ ~ X ~ H U ~  C p a 3 M e I U e H k i e M  B o 6 q e ~  



K HeAOCTaTKaM I ~ e H T p a J I U 3 0 B a H H O r O  X O J I O ~ O C H ~ ~ X ~ ' H U R  CJ IeAyeT  OTHeCTU 

CJIOXHOCTb U flJIUTeJIbHOCTb M O H T a X a  X O A O A M J I ~ H O ~ ~  YCTaHOBKU, HaJ IUl lUe  

6 o . n b u 1 o r o  KOJIUqeCTBa P a C I l p e n e J I U T e J I b H b l X  Y C T P O ~ C T B ,  P ~ ~ B ~ T B J ~ H H O ~ ~  CeTU 

T ~ ~ ~ O ~ ~ O B O A O B ,  3 a n 0 p ~ 0 ;  a p M a T y p b 1 .  K p o ~ e  TOrO,  B YCTaHOBKaX cpen~efi 
~ P O I i 3 B O ~ U T e ~ b H O C T U  U e H T p a J I l l 3 0 B a H H b I e  MaIUUHHbIe  OTAej l eHUR 3 a H U M a m T  

CJIUUJKOM 6 0 ~ b ~ y m  I I J I O U a n b  no C p a B H e H U W  C n J I O U a n b l o  XOJIOAU.rlbHb1X 

K a M e p :  35% B XOJIOnUJIbHUKaX BMeCTkiMOCTblO 125 T M 50% B XOJIOjl.UJIbHUKaX 

BMeCTMMOCTblo 12 T .  

I ~ O ~ T O M Y  B n o c . n e A H w e  r o n b r  B c e  Gonee m u p o K o e  p a c n p o c ~ p a ~ e ~ e e  H a -  

XOART CUCTeMbI A e U e H T p a J I I i 3 0 B a M H O r O  X O J I O A O C H ~ ~ X ~ H U R  C nOMOIl&hfO a B T O -  

HOMHbIX IIOJIHOCTbm aBTOMaTU3UPOBaHHbIX XJIaAOHOBblX XOJIOAklJbHbIX MaIUUH 

C B M C O K O ~ ~  CTeIIeHblO ~ ~ B O A C K O ~ ~  TOTOBHOCTII. n p U ~ e ~ e ~ U e  neU.eHTpaJ IU30-  

B a H H O r O  X O Z I O A O C H ~ ~ X ~ H M R  I l03BOJIReT  C O K P a T U T b  CPOKU M O H T a X a  XOJIO- 

nUJIbHbIX YCTaHOBOK, CHM3MTb P a C X O n b I  H a  UX O ~ O ~ ~ A O B ~ H U ~ ,  UCKJI lqqaeT  

H ~ O ~ X O A M M O C T ~  B Y C T P O ~ ~ C T B ~  OTAeJIbHOrO MaUIUHHOrO OTAeJIeHUR, a npM 
MCnOJIb30BaHUU MaUIUH C B03AyUIHbIM KOHAeHCaTOPOM - U CMCTeMbI 0 6 0 ~ 0 ~ -  
HOrO B O A O C H ~ ~ X ~ H U R .  C Y M M ~ P H ~ R  MOUHOCTb XOJlOflMJlbHbIX MaUlUH n p U  

A e U e H T p a J I k i 3 0 B a H H O M  X O J I O ~ ~ O C H ~ ~ X ~ H M M  6 0 ~ 1 b w e ,  q e M  npM U e H T p a J I U 3 0 B a H -  

HOM, OAHaKO AJIR YCTaHOBOK cpen~efi  XOJIOAO~pOU3BOAUTeJIbHOCTU 3 T 0  H e  

U M e e T  C y U e C T B e H H O r O  3 H a q e H U R .  

n p U  TenJIOBbIX H a r p y 3 K a X  no 20 KBT, KOTOPbIe  X a p a K T e p H b l  AJIR XOJIO- 

AllJIbHUKOB I l p e ~ I I p U R ~ k i f i  TOprOBJIU U O ~ I ~ & ~ C T B ~ H H O ~ O  nMTaHMFI, I IPUMeHRtOT 

KOMnJIeKCHbIe  XOAOnUJlbHble  MaIUMHbI ~ a J I 0 f i  l lPOM3BOAMTeJIbHOCTU, pa6o- 
T a f O U U e  H a  XJ IaAOHaX.  n p l l ~ e ~ e ~ u e  aMMUaqHb1X YCTaHOBOK B 3TUX 0 6 ' b e ~ ~ a ~  
H e  pa3peu1ae~c~  n p a B u n a l w M  T e x H u K u  ~ ~ ~ O I I ~ C H O C T U .  

B aBTOHOMHbIX XOJIOAUJlbHbIX MaLUUHaX I lPl iMeHRIOT 6 a ~ a p e U  UJIU B 0 3 -  

nyXOOXJIanUTeJ IU  C HenOCpenCTBeHHbIM U C n a p e H U e M  X J I a A a r e H T a .  

C U C T ~ M ~ I  C U.eHTPaJIM30BaHHbIM X O J I O A O C H ~ ~ X ~ H U ~ M  MOrYT 6 b l ~ b  H e n o -  

CPeACTBeHHOrO O X J I a X A e H U R  UJIM C I lPOMeXyTO' IHbIM XJIaAOHOCUTeJleM. ~ P U  
~b16ope M e X j I y  HUMU YqMTbIBalOT, q T O  n e p B b I e  6onee 3KOHOMUqHbI 6 J I a r o ~ a p R  

~ e 6 o n b u o ~ y  nepenany T e M n e p a T y p  M e n a y  ~ o s n y x o ~  B K a M e p e  u T e M n e p a -  

~ y p o f i  Kun,eHuR,  a C H u x e H M e  nepenana T e M n e p a T y p  H a  5°C y M e H b u a e T  

PaCXOA 3 J l e K T P 0 3 H e P r U U  n P M M e P H O  H a  15%. 
H ~ A O C T ~ T K O M  aMMUar IHbIX CUCTeM HeI lOCPenCTBeHHOrO OXJIaXt<AeHUR FIBJIR- 

e T c R  6 0 J I b ~ 1 0 e  K o n u q e c T B o  a M M u a K a ,  C o n e p x a u e r o c R  B ~ p y 6 a x  u a n n a p a T a x ,  

6 o n b m o e  KOJIU'4eCTBO C O ~ ~ U H ~ H U ~ ~ ,  I l O X a p O -  U B3pbIBOOIIaCHOCTb.  ~ O ~ T O M Y  
B XOJIOAUJlbHMKaX ~ p e n ~ e f i  BMeCTUMOCTU, P a C n O J I O X e H H b I X  B ~ J I M ~ M  X U J I 0 f i  

~ ~ C T P O ~ ~ K U ,  n p U  P a C n O J I O X e H U U  K a M e p  H a  ~ o J I ~ U I O M  ~ ~ C C T O H H H U  OT M ~ I U M H H O ~ O  

o T n e n e H u R ,  a T a K x e  A m  o x n a x ; l e e u r l  T e x H o n o r w i e c K u x  a n n a p a T o B  u B 

CUCTeMaX KOHANUUOHUPOBaHUR B O 3 n y X a  nPUMeHFIK)T CUCTeMbl c I I p O M e X y T O r l -  

HblM XJlaAOHOCU.Te.leM ( ~ ~ c c o J I ,  B O A a  UJIU ~ T M J I ~ H ~ J I M K o J I ~ ) .  O X J I ~ X A ~ H M ~  

XJIaflOHOCUTeJIR O C y U e C T B J I R D T  B OCHOBHOM C I IOMOUblO XJIaAOHOBbIX XO- 

JIOnUJIbHbIX MaUIMH. , . 
n p l i ~ e ~ e ~ ~ e  YCTaHOBOK C UCIIOJIb30BaHUeM I lPOMeXYTOllHOTO XJIaAOHO- 

CUTeJIR AOJIXHO 6 b 1 ~ b  B K a X A O M  KOHKpeTHOM C J l y Y a e  O I I p a B A a H O  TeXHOJIO- 

r u q e C K u  UJIN C O O ~ P ~ X ~ H U R M U  6e30nac110c~u. 
A M M U ~ ~ H ~ I ~  C U C T ~ M ~ ~  HeIIOCpeACTBeHHOrO O X J I a X A e H U R  MOrYT 6 b l ~ b  6e3- 

HaCOCHbIMN U HaCOCHO-UUPKYJIRUMOHHbIMM. 

n p U ~ e ~ e ~ U e  ~ ~ ~ H ~ C O C H ~ I X  CUCTeM O r p a H U q e H O :  UX UCnOJIb3yIOT H a  H e -  

6 0 J l b l I I U ~  XOJIOfiUJIbHUKaX BMeCTUMOCTbm A 0  600 T U B H ~ ~ O J I ~ U I U X  YCTaHOBKaX 

&JlR npUrOTOBJIeHMR < < J I e n R ~ o f i > >  BOAbI H a  I I p e A n p U R T U R X  ~ 0 J I 0 ' 4 ~ 0 f l  IIpOMblUI- 

JIeHHOCTM. 

B H a c T o R m e e  B p e M R  n p e u M y q e c T e e H H o e  p a c n p o c T p a H e H u e  nonyqunu 
a M M U a l l H b I e  HaCOCHO-UUpKyJIRUUOHHbIe  CXeMbI. O C H O B H ~ R  nPUZIUHa I I e p e X O A a  
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K HaCOCHO-UUPKYJlRUUOHHbIM CXeMaM COCTOMT B TOM, q T O  npM OXJIaHf l eHUU 

5 - 6 K a M e p  u 6onee (T. e. npu  6 0 ~ 1 b m o ~  K o n u q e c T B e  n a p a n n e n b H b r x  

~ e ~ ~ e l ?  nMTyHNR N c n a p ~ ~ e J I e f i )  ~ p e 6 y e ~ e R  6onbmoe KOJIUqeCTBO P e r Y J I R T O p O B  

3 a n O n H e H N R  ( ~ a n p ~ ~ e p ,  TPB) ,  q T O  H e  TOJlbKO Y A O p O X a e T  YCTaHOBKY, HO 

N C H U X a e T  ee H a A e X H O C T b .  K ~ o M ~  TOrO,  npM 6onburo~  KOJIUqeCTBe I I a p a J I -  

J I enbHbIX ~ e ~ ~ e f i  IIORBJIRIOTCR TPYAHOCTU B P a C n p e A e J I e H U U  U AO3UpOBaHUU 

x n a A a r e H T a  no n p u 6 0 p a ~ .  ~ O ~ T O M Y  npu qucne K a M e p  5 w Gonee, a T a K x e  

AJIR I IHTaHUR X J I a A a r e H T O M  MOP03UJlbHbIX a n n a p a T O B  O ~ ~ I ~ H O  I l p e A n O q U T a D T  

HaCOCHO-UUPKYJIRUUOHHbIe  CXeMbI. 

K ~ K  n p M  ~ ~ ~ H ~ C O C H O ~ ,  T a K  U npM H ~ C O C H O - ~ U ~ K ~ J I H ~ ~ ~ O H H O ~ ?  CXeMaX 

XOJIOAUJIbHaR YCTaHOBKa M O H e T  6 b I ~ b  OAHO- U A ~ y ~ ~ ~ y l l e H q a T ~ f i .  

O A H O C T ~ ~ ~ H ~ ~ T ~ I ~  yCTaFlOBKM MCIlO.lIb3yIOT B O B O U e -  li C ~ ) P Y K T O X P ~ H M -  
J I M U a X ,  H a  MOJIOKO3aBOAaX, rfle T ~ ~ ~ Y ~ T C U  C03Aa l - lHe  T e M n e p a T y p ,  ~ J M ~ K U X  

K HYJIIO, q T O  COOTBeTCTByeT T e M n e p a T y p a M  KMneHUR OKOJlO - 1 o°C. 
B XOJIOAHJTbHblX Y ~ T ~ H O B K ~ X  C ~ e M I I C ' p a ~ y p 0 f i  KMneHUR H U X e  -25 + 

-30°C IlPUMeHRIOT A B y X C T y n e H q a T b l e  XOJIOAMJlbkIbIe MaUIUHbI.  

I I P M ~ U H ~ M M ,  O ~ Y C J I O B J I U B ~ I O ~ M M H  n e p e X O A  OT O A H O C T y n e H q a T O r O  C X a T U R  

K ABYXCTYneHrIaTOMY, HBJIRIOTCR: 

1 .' Y M ~ H ~ U I ~ H U ~  K O ~ ( ~ ) ( ~ ) U U U ~ H T ~  I IOAaqU K O M n p e C C O p a  n p U  I IOHUXeHUU 

T e M n e p a T y p b l  KHneHUR,  nOCKOJlbKy B 0 3 p a C T a e T  OTHOUIeHUe A a ~ J I e ~ k i f i  p,/po; 
n p U  3 a A a ~ ~ o f i  H a r p y 3 K e  3 T 0  IIPHBOANT K H ~ O ~ X O A M M O C T W  Y C T a H a B n U B a T b  

K O M n p e C C O p  C 60nbmefi 0 6 - b e ~ ~ o f i  npOU3BOAMTeJIbHOCTbIO. 
' 

2. Y B ~ A U ~ ~ H U € !  T e M n e p a T y p b I  KOHUa C X a T U R  n p U  YBeJIUqeHUM p , / p o ;  

AJR a M M U a 4 H b I X  XOJIOAUJIbHbIX YCTaHOBOK 3 T a  T e M n e p a T y p a  H e  A O J I X H a  6 b l ~ b  

BbIUle  150°C, p a 3 H O C T b  a a ~ J I e ~ M f i  p, - Po H e  A O J I X H a  6 b 1 ~ b  6onee 1,67 M n a .  
3. C H U X ~ H U ~  3KOHOMMqHOCTU p a 6 0 ~ b 1  YCTaHOBKM. 

O ~ o ~ q a ~ e J I b H b ~ f i  ~ b 1 6 0 ~  M e X A y  OAHO- U A B Y X C T Y ~ ~ H ~ ~ T O ~ ~  YCTaHOBKaMU 

M O X H O  C A e J l a T b  IIOCJIe TeXHO3KOHOMUrleCKOrO C p a B H e H U R  B a p U a H T O B .  HO 
IIOCKOJIbKy K a n U T a J I b H b I e  U 3 K C n J I y a T a u U O H H b I e  3 a T p a T b I  P a C T y T  C YBeJ IUqe-  

HUeM 06 ' be~~of i  IIPOU3BOAUTeJIbHOCTU KOMnPeCCOPOB, M O X H O  PYKOBOACTBO- 

B a T b C R  CJIeAyIOIqUM IIpaBUJlOM: eCJIU C y M M a p H a R  T e O p e T H q e C K a R  0 6 - b e ~ ~ a R  

' ~ P O U ~ B O A U T ~ J I ~ H O C T ~  KOMnpeCCOPOB 06eux c ~ y n e ~ e f i  B A B ~ X C T ~ ~ ~ H ~ ~ T O ~ ~  
YCTaHOBKe 6 y n e ~  M e H b U I e  0 6 . 6 e ~ ~ o f i  nPOU3BOAUTeJIbHOCTU K O M n p e C C O p a  B 

K a M e p H o e  0 6 0 p y ~ o s a ~ u e .  
f l n R  OXJ laXJ leHUR K a M e p  XOJIO~UJIbHUKOB HPUMeHRIOT: 

d a ~ a p e i i ~ o e  (unu  ~ u x o e )  o x n a x n e H w e ,  npu  KOTOPOM B K a M e p e  B O ~ H U K ~ -  

e T  e C T e C T B e H H a R  UMPKYJRUU5l BO3AYXa;  

O x n a x A e H u e  ~ o ~ ~ y x o o x n a ~ u ~ e ~ ~ ~ ~ u  ( B O ~ A Y ~ H O ~  o x n a x ~ e ~ u e )  , npu 
KOTOPOM B K a M e p e  c o 3 n a e ~ c ~  n p u ~ y n u ~ e n b ~ a ~  UUPKYJIRUUR ~03nyxa  n o A  

B O ~ A ~ ~ ~ C T B U ~ M  BeHTUJIRTOpOB B O ~ J J ~ X O O X J I ~ A U T ~ J I ~ ~ ~ ;  

C M e U I a H H O e  O X J I a X A e H U e ,  n p H  KOTOPOM B K a M e p e  y C T a H a B n U B a I O T  K a K  

Ba~apeu ,  T a K  U BO3AyXOQXJIaAUTeJIU. 

OCHOBHO~ I I p e U M y U e C T B O  6 a ~ a p e f i ~ o r 0  O X J I a X A e H U R  - C p a B H U T e n b H O  

~ e 6 0 n b l l I a R  Y C y U K a  I lpOAyKTOB, X p a H R U U X C R  B H e y n a K O B a H H O M  BUAe .  K 
HeAOCTaTKaM 3TUX CUCTeM OTHOCRTCR 6 0 ~ 1 b U I i t R  MeTaJlJ lOeMKOCTb,  H e p a B H O -  

M e p H o c T b  P a c n p e n e n e H u R  T e M n e p a T y p b I  no 06 'be~y  K a M e p b I  u ~ p y n ~ o c ~ b  
O T T a U B a H U R  UHeR.  

C U C T ~ M ~ I  B 0 3 A y U I H O r O  O X J I a X A e H U R  JIUIIIeHbI 3TUX HeAOCTaTKOB, n 0 3 T O M y  

OHM H a x o A R T  B c e  6onee m u p o K o e  p a c n p o c T p a H e H u e .  Y ~ e n w q e ~ u e  n o T e p b  

I I p O A y K T a  B p e 3 y J l b T a T e  YCyUIKU, RBJIRIOllleeCR OCHOBHbIM HeAOCTaTKOM 3TUX 

CUCTeM, I IpeOAOJIeBaIOT I IyTeM n p U M e H e H U R  y n a K O B O q H b l X  IIJIeHOqHbIX M a -  



TepMaJ IOB,  I lpMMeHeHMR 3 K P a H O R  M 3  H ~ A ~ @ M U H T H ~ I X  M a T e P M a J I O B  AJlR nepe- 
XBaTbIBaHNR TenJIOnPMTOKOB qepe3 CTeHbI, AOYBJ laXHeHMeM B 0 3 A Y X a  B K a M e p e .  

B KypCOBblX M AHnnOMHbIX n p o e K T a x  n p M  ~b16ope cnoco6a H n p ~ 6 0 p o ~  
OXJIaXAeHMR M O X H O  I l p e A Y C M a T P M B a T b :  

B K a M e P a X  O X J a X A e H N R  M 3 a M O P a X M B a H M R  IIPOAYKTOB - B03AYUIHOe 

O x n a x A e H u e  c I I C ~ O J I ~ ~ O B ~ H N ~ M  B O ~ A ~ X O O X J I ~ A U T ~ ~ ~ ~ ~ ,  0 6 e c n e ~ n ~ a l 0 ~ u x  

MHTeHCUBHYfO UWPKYJIRUMIO B O 3 A y X a ;  

B K a M e p a x  X p a H e H U n  M O P O X e H b I X  l"PY3OB 6e3 YnaKOBKU - 6 a ~ a p e f i ~ o e  
( T N X O ~ )  O X n a X A e H M e  C UCnOJIb30BaHUeM nOTOJIOqHbIX 6a~apeH M3 ope6pe~-  
HblX T P Y ~  UJlM I I aHeJ lbHb lX  I l O T O J O ~ H b I X  M l lPUCTeHHblX 6a~apefi ;  

B K a M e P a X  X P a H e H U R  M O P O X e H b I X  T P Y 3 0 B ,  3 a U M U e H H b I X  OT YCYUIKM, - 
n o s ~ y u r ~ o e  o x n a x A e H t i e  c n o M o q b I o  ~ o 3 ~ y x o o x n a ~ ~ ~ e n e f i ,  06ecnesu~a10- 
UlMX YMePeHHYIO UMPKYJIRUMIO B O 3 A y X a ;  

B K a M e P a X  X P a H e H U R  O X J l a X A e H H b l X  r P y 3 0 B  BCeX BMAOB - B 0 3 A y U I H O e  

' o x n a x A e H w e  c a c n o n b 3 o ~ a ~ u e ~  ~osayxooxnan~~enef i ,  0 6 e c n e ~ u ~ a r o q u x  
y M e P e H H y H 3  QAPKYJIRUUIO B O 3 A y X a ;  

B K a M e P a X  C YHWBePCaJIbHbIM T e M n e p a T y p H b l M  P e X U M O M  - 6 a T a p e f i ~ o e  

O X J l a X A e H M e  C MCnOJlb3OBaHUeM nOTOJIOqHbIX 6a~apef i  AJlH H H 3 K O T e M n e p a -  

T y p H o r o  p e m m a  M ~ o s ~ y r u ~ o e  (una c ~ e u r a ~ ~ o e )  oxnaxneane c wcnonbso~a- 
HMeM B O ~ A Y X O O X J I ~ A M T ~ J I ~ ~ ~ ,  0 6 e ~ n e ~ ~ ~ a f O 1 u u ~  Y M e p e H H y I O  UWPKYJl5lUMIO B 0 3 -  

A y X a  AJIR P e X M M a  O X j I a X A e H M R  IIpOAyKTOB; 

B K a M e P a X  n p e ~ n ~ M R ~ M f i  TOprOBJIM U O ~ U ~ C T B ~ H H O ~ O  IIMTaHUR - 6 a ~ a -  
pefi~0e MJU BO3AyUIHOe O X J I a X A e H M e  C NCnOJIb3OBaHMeM COOTBeTCTBeHHO 

6a~apef i  UjIM B O ~ ~ ~ X O O X J I ~ ~ U T ~ J ~ ~ ~ ~  B 3aBMCHMOCTU OT K O M I I J I ~ K T H O ~  IIOCTaBKU 

O ~ O ~ ~ J ( O B ~ H ~ R .  

Tun KOHAeHCaTOpa  B M ~ N P ~ I O T  B 3aBUCNMOCTM OT H a 3 H a q e H M R  YCTaHOBKA, 

ycJIoI3Mfi B O A O C H ~ ~ X ~ H N R  A K a Y e C T B a  BOAbI C YYeTOM KJIMMaTMqeCKNX AaHHbIX.  

B ~ O A ~ U I U H C T B ~  C J y Y a e B  H a  KPYnHblX M CpeAHUX YCTaHOBKaX,  pa6o~am-  
U U X  C IIpNMeHeHMeM pa3JIUYHbIX X J ~ A ~ ~ H T O B ,  UCnOJlb3yIOT K O H A ~ H C ~ T O P ~ I  
C BOARHMM O X n a X A e H M e M  ( ~ o ~ M ~ o H T ~ J I ~ H ~ I ~  K O X ~ X O T ~ ~ ~ H ~ I ~ ) ,  9 T O  UeJIeCO- 

o 6 p a 3 ~ o  n p U  HaJIUlIMU o 6 0 p o ~ ~ o r o  B O ~ ~ O C H ~ ~ X ~ H M R .  

B C J I y q a e  ~ P R M O T O ~ H O ~ ~  CMCTeMb1 B O A O C ~ K ~ ~ X ~ H U R  113 eCTeCTBeHHblX BOAO- 

e M 0 B  H a  KPYnHbIX XOJIOAMjIbHblX YCTaHOBKaX,  P ~ ~ O T ~ I O U M X  H a  a M M U a K e ,  

UCnOnb3yIOT BepTMKaJIbHbIe  K O X Y X O T P Y ~ H ~ I ~  KOI-IAeHCaTOPLI. 

A n R  P ~ ~ ~ O H O B  C H M ~ K O ~ ~  O T H O C U T ~ J I ~ H O ~ ~  BJ IaXHOCTbIO BO3A)'Xa PeKOMeH-  

a y e T C R  I l P U M e H R T b  N C n a p M T e n b H b l e  KOHAeHCaTOpbI .  

n p M ~ e ~ 1 e ~ M e  B03AyUIHbIX KOHAeHCaTOPOB 4 e ~ 1 e ~ 0 0 6 p a 3 ~ 0  B C e B e p H b l X  M 

'cpen~ax K n n M a T n q e c K N x  pai io~ax; B I O X H ~ I X  pafio~ax OHO o r p a H M s e H o  n3-3a 
~ b 1 ~ 0 1 < 0 f i  T e M n e p a T y p b I  H a p y X H O I ' O  B O 3 A y X a .  (.. 

~ P M  M C n O J b 3 0 B a H l i M  KOH,lleHCaTOpOB B 0 3 A y U H O r O  OXJIaXAeHkIR  I I p e A n O q -  

T e H R e  CJ IeAyeT  O T A a B a T b  BbIHOCHbIM ( H ~ ~ P M M ~ P ,  ~ p b l U I ~ b 1 ~ )  KOHAeHCaTOpaM,  

T a K  K a K  n p M  pa3MeUleHkIM 6 0 n b ~ ~ t 0 i - 0  KOJIMqeCTBa KOHAeHCaTOpOB BHYTPM 

IIOMerUeHUR AJIR YAaJIeHNR ~ b l ~ e J I 5 t I O U l e f i c R  TenJIOTbI  KOHAeHCaUMM T ~ ~ ~ Y ~ T C R  
Y C T P O ~ ~ C T B O  A o I I o J I H u T ~ J I ~ H o ~ ~  ~ P U T O Y H O - B ~ I T R X H O ~ ~  BeHTMnRUMM. 

Pacqe~~bl f i  (pa6o~afi)  P e X M M  X O J I O A M J ~ H O ~ ~  Y C T ~ H O B K H  X a p a K T e p U 3 y e T C R  

T e M n e p a T y p a M M  KMneHMR to, KOHAeHCaUHM t,, BCaCMBaHMR (naps H a  BXOAe 

B ~ o ~ n p e c c o p )  tBc n n e p e o x n a x A e H m  >rcMAKoro x n a A a r e H T a  n e R e A  perynn- 



P y l o W U M  BeHTMJIeM t u .  ~ H ~ ~ ~ H H R  3TMX I I a p a M e T p O B  ~ b l 6 M p a I O ~  B 3 a B M C M V O C T H  

O T  H a 3 H a q e H M H  X O J I O A ~ ~ J I ~ H O ~ ~  YCTaHOBKM M P a C q e T H b I X  H a P Y X H b l X  y c J I 0 B M f i .  
T e M Il e p a T y p y K M II e H M R B Y C T a H O B K a X  C H e n O C p e n C T B e H H b I M  

O X J I a X A e H W M  I l p M H M M a I O T  B 3 a B M C U M O C T H  O T  ~ ~ c Y ~ T H o ~  T e M n e p a T y p b I  803- 

nyxa B K a M e p e .  
n p M  n P O e K T N P O B a H N N  X J I a A O H O B b l X  Y C T a H O B O K  T e M I I e p a ' C y p y  KMneHMR 

I I p U H M M a l o T  H a  14 i 1 6 " C  H M X e  3~0f i  T e M n e p a T y p b I .  

q e ~  H M X e  T e M n e p a T y p a  B O 3 A y X a  B K a M e p e ,  T e M  MeHbLUMM I lPMHMMaIOT 
nepenan M e x n y  ~ e ~ n e p a ~ y p o i i  ~ o s n y x a  M K u n e H u H .  l l p ~  pacqe-re cneusa- 
J I H 3 U p O B a H H b I X  K a M e p  X p a H e H M H  HMU M @PYKTOB T a K X e  I l P M H A M a l O T  ~ e 6 0 ~ 1 b -  
U10fi I I e p e I I a A  (5 - 6"C), q~06b1 UCKJIlOYMTb n O A M O P a X A B a H M e  ITPOAYKTOB. 

B XOJIOAHJIbHMKaX C 6 0 n b L L I k f ~  q M C n O M  K a M e p  C p a 3 H b I M U  T e M I I e p a T Y P a M M  
B O 3 n y X a  K a M e p M  r p y n n U p y 1 O T  T a K H M  0 6 p a s o ~ ,  r 1 ~ 0 6 b 1  r I U C n O  P a C Z I e T H b I X  
T e M n e p a T y p  K n n e H u H  H a  x o n o n u n b H M K e  H e  n p e s b l r u a n o  T p e x .  Hanpki~ep,  
to = - 10°C - AJIH K a M e p  C HYJleBhIMM M nJIIOCOBbIMM T e M n e p a T y p a M H ,  
t o  = -25 -30°C - AJIH K a M e p  X p a H e H M R  M O P O X e H b I X  I IPOAYKTOB ki 
t o  = -40°C - AJIH M O P 0 3 M J I b H b I X  K a M e p  M M O p 0 3 k i J I b H b I X  a r p e r a T 0 B .  

B X O J O A P i n b H b I X  Y C T a H O B K a X  C P a C C O J I b H b I M  O X J I a X n e H M e M  K a M e p  T e M n e -  
p a T y p y  K u n e H m  x n a A a r e H T a  n p u H A M a r o T  H a  4 - 6°C H M x e  cpen~efi T e M n e p a -  
TYPM paccona B npaAopax oxnaxnesan: 

to  = t, - (4 + 6) "C. 
Ecna X O J I O A H n b H b I e  MaLLIHHbI a M M M a Z I H b I e ,  T O  O ~ H ~ I H O  IIRMHMMaIOT M e H b -  

wae 3 ~ a q e ~ ~ ~  T e M n e p a T y p H o r o  H a n o p a  (4 - 5"C'), a ecnu x n a n o H o s b I e  - 
60nburue (5 - 6°C). 

~ I P H  ~b160pe p a c q e ~ ~ o r o  p e x u M a  T e M n e p a T y p y  p a c c o J r a  H a  s b I x o , T e  ~3 
6 a ~ a p e u  U n M  P a C C 0 ; I b H O r O  BO3AyXOOXJlaAUTeJIFi  ts2 n P M H M M a I O T  H a  6 - 8°C 
H u x e  ~ o s n y x a  B K a M e p e  t,, a n o a o r p e B  paccona npu n p o x o x n e H k i u  qepes 
npa6op o x n a x n e H u H  A t ,  = 2 i 4°C. 

T ~ K M M  0 6 p a 3 0 ~ ,  C p e A H m  T e M n e p a T y p a  paccona t, B npn6opax o x n a K n e H m  

- 

rne e;P - c p e n ~ e a p u @ ~ e ~ t i q e c ~ ~ n  ~ e ~ n e p a ~ y p ~ b ~ f i  Hanop, ~ e ~ b l u e e  314a.te~ue KoToporo npn- 
HMMaloT nnn 6 o ~ e e  HNBKHX TeMnepaTyp ~ o 3 n y x a  B Karepe 

t,= t,z + (2 i 4 ) " C =  t,, + At, + ( 2 + 4 ) " C .  



B Y C T a H O B K a X  C B 0 3 A Y U I H b I M  OX- 

J Ia j -kAeHMeM K U H A e H C a T O p a  I e M f l e p i i -  

T y p y  K O H n e H C a u U U  I l p U H U M a D T :  

A j l H  X J l a A O H O B b l X  XOJlOAMJlbHblX M a -  

U M H  - H a  10 - 12°C B b I U I e  p a c Y e ~ ~ 0 f i  

T e M n e p a T y p b I  H a p y X H O r O  B 0 3 A y X a  

t, = t, + (10 i 12)"C; 

AJIR a M M U a Y H b l X  XOJIOnUJIbHblX M a -  

W U H  - H a  g - 1 1  O C  B b l I I I e  P ~ C Y ~ T H O ~ ~  
T e M n e p a T y p b l  H a p y X H O r O  B O 3 A y X a  

. - .  
M C n a p H T e J l b H b l X  K O H l l e H C a T O p a X  H O B K a X  C U C n a p U T e J I b H b I M U  K O H A e H C a -  

T O P a M U  T e ~ n e b a ~ y p y  K O H A e H C a U U U  

n P U H M M a I O T  B 3 a B B C U M O C T U  O T  T e M n e p a T y p b I  H a P Y X H O r O  B 0 3 A y X a  no CMO- 

q e H H O M y  T e p M O M e T p y  M nJIOTHOCTM T e n J O B O r O  I IOTOKa q p  ( C M .  PMC. 1 1.1 ) .  
O n ~ m a n b ~ o e  s ~ a s e ~ u e  q, = 2,5 KBT. 

T e ~ n e p a ~ y p y  ~ c a c b ~ ~ a e ~ b r x  n a p o ~  t,, n p u H M M a m T :  

B a M M U a q H b l X  M a U I U H a X  C O A H O C T Y n e H q a T b I M  K O M I I p e C C O P O M  U A J I R  B T O P O ~ ~  
C T y n e H U  n B y X C T y n e H q a T b 1 X  K O M n p e C C O p O B  t,, = t o  + (5 1O)"C; A.3R nep~of i  
C T y n e H M  a M M U a q H b I X  A B Y X C T Y n e H Y a T b l X  K O M n P e C C O P O B  t,, -- to + ( 1  0 f 
i 20)"C. @ X J I a A O H O B b I X  M a U M H a X  C P e r e H e p a T M B H b l M  T ~ ~ J I O O ~ M ~ H H M K O M  

t,, = 15 -+ 20°C ( B  p e 3 y n b ~ a ~ e  n e p e r p e B a  r r a p o B  B T ~ ~ J I O O ~ M ~ E H M K ~  
H ~ O ~ X O A M M O ~ ~  n n o u I a n M  ~ennonepe~amuef i  n o ~ e p x ~ o c ~ a )  . 

T e ~ n e p a ~ y p y  X M A K O ~ O  x n a ~ a r e ~ ~ a  nepen p e r y n M -  

P Y I O U M M  B e H T U J I e M  t, n P M H U M a K ) T :  AJIR X J l a A O H O B b l X  XOJIOAMJIbHbIX M a U I M H  

C P e r e H e p a T M B H b I M  T ~ ~ J I O O ~ M ~ H H M K O M  - no y n e J I b ~ 0 f i  3 H T a J I b n M U  X A A K O C T U ,  

K O T O P Y D ,  B C B O D  O q e P e A b ,  H a X O A R T  M 3  T e n J I O B O r O  6 a n a ~ c a  T ~ ~ J I O O ~ M ~ H H M K ~ ;  

LlJIR a M M H a q H b I X  XOJIOAMJIbHblX MaLUMH 6e3 i l e P e 0 X ; l a A U T e J I R  XMAKOCTM U AJIR 

XJIaAOHOBbIX MaII IMH 6e3 P e r e H e p a T M B H O r O  T ~ ~ J I o o ~ M ~ H H M K ~  - p a B ~ 0 f i  T e M n e -  

P a T y p e  H ~ C ~ I U ~ H H O ~ ~  XMAKOCTM n p M  P a C q e T H O M  A a B J I e H M U  K O H A e H C a U M U .  

T e M I I e p a ~ y p ~  X H n K o r o  xnanaree-ra, B b r x o n R r u e r o  143 a ~ e e s u ~ a  n p o M e x y -  

T O q H O r O  C O C Y A a ,  n P U H M M a a T  H a  4-6OC B b l U I e  T e M n e P a T y p b l  KMneHMR 

x n a A a r e H T a  B  TOM a n n a p a T e .  

3 a ~ a q a h . 1 ~  T e n n o e o r o  p a c q e T a  x o n o ~ u n b ~ o i i  M a r U t i H b l  RBJRDTCR: 
O n p e A e J I e H M e  ~ p e 6 y e ~ o h  0 6 ' b e ~ ~ o f i  n p O M 3 B O A M T e J I b H O C T U  K O M n P e C C O p a ;  

n o ~ 6 o p  K o M n p e c c o p a ;  onpeneneme n o ~ p e 6 n ~ e ~ o f i  MOLUHOCTM; O n p e A e j l e H u e  

~ e n J I 0 ~ 0 f i  H a T P Y 3 K M  H a  K O H A ~ H C ~ T ~ P .  

M C X O A H ~ I ~  A a H H b l e  AJIR T e n J l O B O r O  P a C q e T a :  ~ p e 6 y e ~ a ~  XOJIOAOnpOM3BO- 

A U T e J I b H O C T b  M a U I U H b I ,  I I p N H U M a e M a R  p i 3 ~ ~ 0 f i  T e n J I 0 ~ 0 f i  H a r p y 3 K e  H a  

K O M r I p e C C O p  (c.M. m. 9) ; P a C Y e T H a R  ( C T P Y K T Y P H ~ R )  C X e M a  X O J I O A M J I ~ H O ~ ~  M a U I M -  

H b l ;  p a c q e ~ ~ b l f i  T e ~ n e p a ~ y p ~ b l f i  P e X M M .  

Tenno~ofi  P a C Y e T  B b l ~ O J I I l R I O T  B C J l e A Y I O U e M  I I O P R A K e .  

C O C T ' ~ B J I R D T  P a C Y e T H y K )  (CTPYKTYPHYIO) C X e M y  M a U U H b I .  Ha ~ e f i  uso6pa- 
X a D T  K O M n p e C C O p ,  T ~ ~ J I o o ~ M ~ H H ~ I ~  a I I n a p a T b 1 ,  B K O T O P b l X  M3MeHRK)TCR na- 

, p a M e T p b 1  xnanarema, u perynupy~omufi B e H T u n b  ( C M .  p ~ c .  11.3). 



3 a T e ~  ~b16MpaDT pacqeT~b1fi A 
PeXMM X O J I O A M J I ~ H O ~  MaUIUHb1. 129 

Ha OFHOBaHMM IIpMh~T0fi 

c ~ p y ~ ~ y p u o f i  cxeMb1 M pacqeT- 

~ o r o  p e x u ~ a  CTPORT X O ~ O A U J I ~ -  07- \ 
~b1fi U M K J  B TeI'lJI0~0fi AUarpaM- 
Me (06b19~0 B i - lg p )  AJIR 06- 
B ~ I ~ P ~ H H O I - o  xnaAareHTa. B no- 
R C H U T ~ J I ~ H O ~ ~  3anUCKe C X e M y  U A K -  

na pacnonaram~ ~ R A O M  co C T P ~ K -  a4 - 
~ y p ~ o f i  cxe~of i  o ~ ~ ~ ~ ~ ~ ~ b ~ ~ f i  

MaUIMHbl. T O ~ K M  UMKJIa €4 CO- 03- 
OTBeTCTBYDLLlMe U M  MeCTa Ha 
C X e M e  OTMeqaDT OAHIlMM M Te- ''1 
M M  me U M @ P ~ M M .  n a p a ~ e ~ p b ~  a , -  
y3AOBbIX TOqeK UMKJIa ( T e ~ n e -  
p a ~ y p y ,  A ~ B J ~ H U ~ ,  y ~ e n b ~ b l e  2 4 6 8 ' 1 0  /2 f4 f6 f8PHpBc 
3HTaJbnUD M 0 6 % e ~ ) ,  ~eo6xo-  PUC 11.2. K O ~ @ @ H U M ~ H T ~ I  n o n a q n  KOMflpeCCOpOB'  
AMMble AJIR TenJ IOBOrO PaCLIeTa, I n 3 - canbsnroeue Komnpeccopbl 1 - d e r c a n b ~ , t ~ o  

Bble n O p W H e B b l e .  4 - BHHTOBWe 

BnMCbIBalOT B T ~ ~ J I M U Y .  

Onpenenmo~ OcHoBHble napaMeTpb1 TeopeTuqecKoro uMKna M ~ p e 6 y e ~ y ~ 1  
O ~ % ~ M H Y I O  IlpOM3BOAMTeJIbHOCTb ( n o ~ a s y )  KOMnpeCCOpa .  

Ynenb~an  MaccoBan xo.iloAol1powseon1ire~1b~d~~b A O . J I U A M J I ~ H O L ' O  d i e t i ~ a  

(a  K A ~ / K ~ )  
q o = i l  - 1 4 .  ( 1  1 . 1 )  

qk = i2 - i3,. ( 1  1.3) 

Maccoabrfi pacxon UMpKynwpymqero xnanarewa,  ~ p e 6 y e ~ b 1 i i  nnR oTBona 
T e ~ J I O ~ P M T O K O B  ( B  K T / C ) ,  

MT = QoTlqo, ( 1 1.4) 
r n e  Q,, - ~ p e 6 y e ~ a ~  x o n o n o n p o ~ 3 ~ o n ~ ~ e n b ~ o c ~ b  KoMnpeccopa. 

Aanee Ha OcHoBaHwi nonyqeHHoro 3 ~ a q e ~ ~ ~  VT no  ~ a ~ a n o r y  MnM ~ a 6 . n ~ -  
U a M  n o ~ 6 ~ p a t o ~  arperaT WAki KOMnJleKCHym XOJIOAMJIbHyD MIEILLIAHY C KOMnPeC-  

COpaMN,  O ~ % ~ M H ~ R  IIOAaqa KOTOPbIX vhm Ha 20 - 40% 60~1bu1e ~ p e 6 y e ~ O r O  
V,, cl~o 0 6 e c n e q ~ ~ a e ~  p a 6 0 ~ y  KoMnpeccopa c K O ~ @ @ M U ~ I ~ H T O M  pa6oqero 

B p e M e H M  b = 0,8 f 0,6. 
A e i i c ~ s ~ ~ e n b ~ b r i i  ~ a c c o e b ~ f i  pacxon x n a n a r e ~ ~ a  B KoMnpeccope 



rae I ,  -- ynenbHaR p a 6 o ~ a  cxaTuR B KoMnpeccope, d x / ~ r .  

m e  'Ill - U H ~ U K ~ T O ~ H ~ ~ ~  KI'IA [AJIx Manbllt U CpeAHUX KOMflpeCCOpOB q, = 0,7 0.8 {60nb1uue 
SHaqeHHR OTHOCRTCR K donee Kp).nIkl~ K O M ~ ~ ~ C C O ~ ~ M ) ] .  

3. H ~ X O ~ R T  MOUlHOCTb H a  BaJJy KoMnpeccopa ( ~ @ $ ~ K T M B H Y H ~  M O U H O C T ~ )  
N e  = N, l V M ~ Y  7 ( I  1 . 1 0 )  

We qHex -- hfe~a~JiqecK4ik"i K n a  KOMnpeCCOpa, 3HaqeHHe KOTOPOPO 3aBHCliT 07' OTHOllleHHR 
naezle~ufi p, / po: npu pK / po = 5 + 7 q,,, = 0,9, npu p, / po = l l f 13 q,,, = 0,8. 

Q K = M K M q K = M K M  ( i 2 - & + ) .  ( 1  1 . 1 2 )  
unn c yqeToM noTepb ( n e f i c ~ s u ~ e n t ~ a ~  ~ a r p y s ~ a )  

Q K l i  = Q o  + NII ( 1 1 . 1 3 )  
Fne Qo - X O ~ ~ ~ O ~ ~ O H ~ B O ~ ~ ~ T ~ J T ~ H O C T ~  B b l 6 p a ~ ~ 4 ~ 3  KOMnPeCCOPa, KBT; N1 - UHnHKaTOpHaR 

MOWHOCTb, KBT; i a ,  L3r  - YnenbHblC 3HTaJlbnHR XjlanareHTa B COOTBeTCTBylOLIiUK TOqKaX TeClpe- 
TUqeCKOrG UUKJIa, ~ a m 1 l . r .  

Tenno~oii HOTOK B KOHAeHCaTOpe, P ~ C C ~ M T ~ H H ~ I ~ ~  n0  @ O ~ M Y A ~  ( 1 1 . 1 2 ) ,  
6yfieT H e C K O J b K O  M e H b U r U M  (Ha 6 --- 7P/O), q e M  P ~ C C Y U T ~ H H ~ I ~  no $0p~j'JIe 
( 1 1.13), n03TOMy n p e ~ n 0 q ~ U ~ e J l b ~ e f i  n W b 3 0 B a T b C H  @ 0 p h f y J I o f i  ( 1 1.13). 

I l p n ~ e p  1. Bb~no.ntin~b rennonofi pacqeT k 110n06paTb KoMnpeccop o n ~ o c r y n e ~ s a ~ o ~  XOJIO- 

nUjlbH0fi MBUHHbl, pa60~amuei i  Ha R12. h1idl~'~Ha npeAHa3~aqeHa AnR HciIOCpenCTBeHHOrO 
OXJlalKneHUR KaMepM XpaHeHHR pbl6bl npU t ,  = -2°C U KaMepbl XpaYeqUR MRCa npU 1, = CIGC 
Tennosae ~ a r p y s ~ a  Ha KOMnpeCCOp Q, = 3,2 KB r .  n a p a ~ e ~ p b t  ItapyxtJoro Bosa)lxa 1, == 28'2; 
rfH = 42% ( M o c ~ a a ) .  

C O L T ~ B J ~ R C M  CTPYKTYPHYK) CXeMY ~~JICJrl!-i.-bt~~ii YCTaHOBKU (PUC. 11.3). 
~ J I R  9 T O I O  npnHHMaC'kl, W"l' GXJIalK~eqhe gd'Jep 6 y ~ e T  O(.YUleCTB.liRTbCR OnHOTPMnePaTYP- 

HOR ~ a n o i !  X O J I O A U A ~ H V ~ ~  M B U I L I H O ~ ~  C OXJIdXAPfllt'bl KOHneHCaTOpa B O ~ O G  U 3  O ~ O P O T H O ~  CHtTeh.lbl 
(CM. rn. 12. 5 1) .  

Bbl6upae~ p a c q e ~ ~ b l h  peIWUM YCTaHOBKU ($ 1 1  1 ) .  
1. q~06bl  06eclleskt~b 3 KaMepe c C B M ~  ~li3koii l e ~ n e p a ~ y p o f i  ( K a ~ e p a  xpaHetiuu phl6bl) 

cpenHloto TeunepaTypy -2"C, ~ e o 6 r c q h ~ o  TeMnepa-rypy Kmneiinn vnaaoHa to = 
=t t ,  - 15 = -2 - 15 = -17°C. 

Coo~serc~ayloulee  AaRnriawe B ucnapuTene ro = 0,17 M n a  (no ~ a 6 n u u e  tiacblmFtiFib1x 
napos R12) unu no AuarpaMMe i -- Igp  

2. T e ~ n e p a ~ y p y  Bonbl, n o c ~ y n a ~ m e i i  Ha KoHneHcaTop, npuHuMaeM Ha 6°C sblllre TeMnepa- 
TYPM B O ~ J Y X ~  no C M O ~ ~ H H O M Y  TepAnoMeTpy, ~oropyio  onpenenneb: c noMou[bm i-- d -  
nuarpaMMb1 BnaxHoro B031lyX.I. A . ~ H  ycnosnW M ~ C K B ~ ~ I  OHa paeHa t , ,  = lg°C, cnenosa- 
TenbHO, At,, - 19 $- 6 = 25-C 

~ ~ P U I I W M ; ~ ~ M ,  VTO nvnvrpeB eo7rw B ~ o ~ ~ n e ~ t  uTn;ja At, 5 4"C, n o s ~ o ~ y  TeMnepaTypa KOH- 

pencasun t ,  = t , ,  f At, + 3 = 25 4- 4 r 3 -- 32°C. a coo.reercreyro~ee naweuue p, = 
= 0,8 M n a  

3 neperpelr napon a HcriapuTene ti ~pyB.sn?o,~,?ae npuHnMaeM p a b t m  51°C, a B Tenno- 
O ~ M ~ H H H K C  - A 0  20°C. 

C T ~ O U M  xo.l~o~rinbsb~ii 4 U I u l  B near pahtirla r - lg p nfin xnano~a-12  (CM. pec 1 c 3 ) .  
1. I-1an.rc.i~ tra auarpaMo~iy a3oGapbc p, = 0 17 M n a  H p, = 0.8 M n a  
2. IIpo:cxr,..lcae~ ~ ~ H K H ,  po Bnpano no ncpcc.:t:inR c ~ 3 o 1 e p ~ a h . 1 ~  t , ,  = - j2'C H t l  = O ° C .  



a - pacqerean cxema; 6 - uuKn B i - Igp-nnarpau~e 

3naxie.i:ir h = 0,73 nprr:sRro no ~ p m $ ~ ~ y  p1iC- 11 .2  npu p , / p ,  = O,R;J!0,17 = 4,7 ~ q n  C ~ ~ ? L , H H -  

KOBUX K9M*lpeCCOp@B (C = 4.5%) 
13. 17c 3 H I J 4 r ) H f i A L  vT = 0,0CS43 M ~ / ' c  k13 Tabn. 12.1 ~blf;~lpae,\r X0Jlonllnbily:o kIdmnHy 



V, 0.0043 
b=----- - 0.75, clle,lonaTeJILll~, MallIHlfa nouo6pa~a npaBHJbH0 

V,, 0.0057 

16. MOIUHOCTL rlpnBona KoMnpeccopa 
NT = MK,lT = 0,035 . 33 = 1,16 KBT; 
N, = N,/q, = 1,16/0,7 = 1,66 KBT; 
N, = N,/q ,,, = 1.66/0,9 = L,84 KBT; 
N, = N3/~13,1 = 1,84/0,85 = 2,17 KBT. 

17. Tennoea~ llarpy3Ka Ha KOHfleHCaTOp B TeOpeTHrleCKOM IlHKJle 
Q, = M,,q, = 0,035 . 166 = 5,8 KBT. 

n e i i c ~ s n ~ e n b ~ a n  HarpysKa Ha KoHAeHcaTop 
Q ,,,, =Q l ,+N ,=1 .52+  l,66=6,18 KBT. 

n p ~ ~ e p  2. B b l ~ ~ J l ~ l l ' T b  TerlJl0~0~ paCqe.T aMMllaqH0A X O J I O , ! ~ H ~ ~ ~ H O ~  YCTBIIOUKH AJlH He- 
nocpencreenHoro oxnaxAeHun KaMep @ p y ~ ~ o x p a ~ u n n u l a  B A n ~ a - A r e  (l,, = 34°C n y l ,  = 35%) 
n nono6pa~b KoMnpeccop, ecnn B p e 3 y n b ~ a ~ e  pacqeTa TennonpnToKos B oxnaxnaeMl3e no- 
M C L ~ ~ H ~ S I '  nonyqetio CQKM = 150 KBT. K O H ~ ~ ~ H C ~ T O ~  ncnapnTenbHoro Tnna. 

' I .  Bb16npae~  pacqeTt1ue napaMeTpb1 paGo~b~  x o n o n n n b ~ o ~  YcTaHonKW. T e ~ r l e p a ~ y p a  
~osnyxa  B KaMepe t,, = - 1°C (CTP. 19), TeMriepaTypa KnneHnn 10 = 11, - 5 = - 1  - 5 = 
= - 6°C. T ~ K  KaK KOHfleHCaTOp nCllapHTeJlbHOr0 Tnna, TeMllCpaTypy KOHAeHCaUHH HaXOAHM 
110 pnc. 11,I. T'lpn q~ = 2,5 KBTIM' n lllM = 22'C lK = 3T°C. Te~nepaTypy ~ o : 3 ~ y x a  rlo 
C M O ~ ~ H H O M ~ ,  TepMoMeTpy l,I,M = 22OC HaxounM no i - d - j l n a r p a ~ ~ e a n a ~ t ~ o r o  BO3AyXa ,mn 
paCqeTHMX HBpYXHblX y~JI0Btifi AnMa-ATbl (CM. IlpHJIOXeHMe I ) .  

Y ~ T ~ H O B K ~  nepeoxnaawenfl rnnAKocTn He npenycMoTpeHa. TeMnepaTypy RcacbieaeMblx 
napOB llPHHNMaeM f B C  = 111 + 10 = -6 + 10 = 4'C. 

2. C ~ p o n ~  UllKll x O J I O ~ H ~ ~ H O ~ ~  MalllClHbl B AHarpaMMe i -  I g p  fin53 aMMHaKa ( ~ u c .  11.4). . 
3 ~ A q e ~ n n  napaMerpoe xnaaareHra B oc t i os~~h~x  ToqKax unKna :WHOCUM B ~ a 6 n .  11.2. 

3. Onpeuenne~ ynenwyw, x o n o n o n p o n 3 ~ o ~ n ~ e ~ 1 b ~ o ~ r b  xnanareHTa 
' 

q~ = i,, - i d  = 1675 - 600 = 1075 K & /  K r .  

4. Yae~lbrian p a 6 o ~ a  cMaTnn B KoMnpeccope .. 
I ,  = i2 - il = I910 - I700 = 210 KAX / KT:- 

J 
5. Ynenh~an  Tennonan ~ a r p y s ~ a  Ha KotineHcaTop 

q, = 12 - i3, = 1910 - 600 = 1310 K B ~  / K r .  

6. Tpe6ye~oe KonnqecTBo u n p ~ y n n p y ~ ~ ~ u e r o  xnanarewa, ~ e o 6 x o l l n ~ o e  unn oTeojla, 
QtrVT = K I Q K M  = 1.07 . 150 = 160 KBT: 

M, =..Q,,,, / = 160 / 1075 = 0,15 K r  / C. 
. .-. 

76 / 
', 



7 O ~ ~ ~ C A C J I R ~ M  ~ p e 6 y e ~ y F O  T e O p e T N q e C K y l o  0 6 a c ~ ~ y m  ~ p O U 3 ~ O ~ l i T e J l b H O C T b  K O M n p e C C O p a  

V ,  = l M , ~ i  / A = 0,15 0,37 / 0.69 = 0,080 M ~ / c .  
3 H a q e H M e  h HaXOANM no p l i C  11 2 n p N  p ,  / Po = 1,43 10.34 = 4.2 nJIn C a J b H U K O ' J b l X  . 

KOMnpCCCOpOB (C  = 4,5%) . ' 
8 n o n b n p a e ~  K o M n p e c c o p  C o r n a c ~ o  ~ a 6 n  14 1 6 d ~ u x a A m u A  no n p o n . + o o n u T e . i b t l o c T u  

~ o ~ n p e c c o p ~ b ~ i i  arperai  A1 10-7-0 c V,, = Om M ' / C  O n r ~ a ~ o  u e ~ r e c c ~ o 6 p a 3 t i e i i  y c r ~ ~ t i o -  

B N T b  BMeCTO OAHOrO K p y n H O r O  K O M n p e C C O p a  2 ? 3  ~ e ~ b l ~ e i  n P 0 N 3 ~ ~ ~ ~ ~ r ' ~ l b ~ 0 ~ ' f H ,  H a n p H M e p  

3 K O M n p e C C O p l i b l X  arperal.3 MapKM A40 7-2 C y ~ M a p l i O f i  0 6 b f M ~ 0 f i  l lPOM3BOnllTCJlLHOCTbW 

1 VKM = 0 s  . 3 = 0,087 M ' / C  

n p M  p d ~ q e T H 0 f i  H a r p y s K e  A B a  K o M n p e c c o p a  6 y n y ~  p a 6 0 T a T b  H e I l P ~ P b l R H O ,  a O I H I I  - 

UtiKJIH'IHp. K O ~ @ @ M U M C H T  p a 6 0 q e r 0  B p e M e H  ti n n f l  3 T O r 0  KOHllp t 'C '<Opd 

9. f l e h ~ ~ ~ t t ~ e ~ b ~ b l f i  C Y M M B P H ~ I A  ~ a c c 0 B b l f i  P a C X O n  B KOMrlpeCCOpaX 

XM,, = hxv,, / 31 = 0.69 . 0,087 / 0,037 = 0,162 K r / c .  

10. C y ~ M a p H a f l  XOJlOnOllpON3BOANTeJlbHOCTb 

Qo = ZM,, = 0.162 . 1195 = 194 KBT. 
11.  C y M M a p H a R  ( a n n a 6 a ~ u a f l )  M ~ I U H O C T ~  ~ b l 6 ~ i l t I H b l ~  KOMnF)CCCOPOB 

M T = l M  ,, ( 12 -- 1 ,  ) = 0,162(1910 - 1700) = 34.0 KBT. 
12. M H ~ u K ~ T O ~ H ~ ~ R  MOIIlHOCTb, 3 a T p i l q C H H a R  H a  C X a T H e  I l a p O B ,  

N ,  = NTd5, = 34 / 0.75 = 45,3 KBT. 
13. M O U H O C T ~  Hil B a J l y  KOhlllpt 'CCOpOB 

N,, = N, / I),,, = 45,3 / 0.9 = 50.3 KRT. 
14. 3 n e ~ ~ p u ~ ~ e c ~ a n  M O U H O C T ~  ( 1 1 0 ~ p e 6 n n e ~ a f l  u 3  C ~ T N )  

N ,  = N ,  / llsn = 50.3 / 0.95 = 52.9 KBT, MJIM 17.6 KBT l i a  ~ n n t ~  K O M I I ~ C C C O ~ .  

k l 0 ~ N l l a J I b ~ d f l  MOlUHOCTb 3 J I C n l p O A B U r d T e J R .  B X O n R U l C r O  13 h O M n J C K T  d r P C r r l T d  440 7 2, 
COCTaBJIflf'T 18,5 K B T ,  T  C. a r p C r d T  l10;20&pd1l C LlOCTaTOqHblM 3Bn;ICOM MOUHOCTM 

15 T e n n o s a g  ~ a r p y 3 K a  H a  KOHArHCi lTOp B TCOpeTM4eCKOVl U U K J e  

I 

g1l .P .  TEnJlOBOtl PACqETABYXCTYllEH9ATOA XOJlOAMJlbHOR YCTAHOBKM. 
llOJ+60P KOMl l  PECCOPOB 

Cxema c o ~ ~ o i i  ~ e ~ n e p a ~ y p o i i  KnneHuR. Tenno~oii  pacqer n n y x -  
c ~ y n e ~ q a ~ o f i  X O J I O ~ H J I ~ H O ~ ~  YCTaHOBKM T a K  He, KaK II o + ! ~ H o c T ) ' ~ ~ H ~ ~ T o ~ ~ ,  

HaqMHalOT C COCTaBJleHMR npII~LlIInIIaJlbH0fi CXeMbl U rlOCTi>OeHkiH LIMK.na 
B i - l g p - ~ ~ a r p a ~ ~ e  ( ~ u c .  1 1.5). M C X O ~ H ~ I M U  AaHHblMM AJIH PaCYeTa H B -  

nRlorcn rennosan ~ i a r p y s ~ a  Ha xo.noniinbtiylo ycraHoeKy SQ,, II TeMne- 
PaTypLI t o  U t,. 3~aqeHUe XQ,, U3BeCTHO M3 PaCqCTa T t ? n ~ O n p U T O K O B  B 

oxnaxnaeMble noMelueHwR Mnu onpeneneHo ycnoeunMM pa6orb1 TrxliuJiora- 

qecKNx annaparoa. ~ H ~ ~ ~ H W R M I I  to u 1, sanatorcn, K a K  u n p u  pacqere 

OntIOCTyneHqaTblX Y ? T ~ H O R O K .  

AnR IlOCTpOeHMR IJUKJla  ( n p n  U3BeCTHhlX fo U 1,) BHaYaJle OnpefleJIRlOT 
npoMeHyroq~oe nasneHue p,,, u3 ycnoeun P ~ B ~ H C T R ~  O T H O U I ~ H M R  n a ~ n e ~ ~ f i  
B CHA u CBLI: 



3 a ~ e ~  Ha i -  l g p - a u a r p a ~ ~ e  npoBonm ~ p n  ~306apb1 po, pnp u p K ,  
s a n a l o ~ c ~  neperpeBoM napa Ha BcacbrBaHnu B KoMnpeccop CHA 
AtBcls = 10 + 2q"C n B KoMnpeccop CBH At,,, = 5 t 10°C, TeMnepa- 
TYPON XUAKOCTB Ha BbIXOAe 113 3MeeBMKa npOMeXyTO4HOrO COCyAa 
t 3  = tnp + (4  + 6OC) n Haxoam 3 ~ a q e ~ u ~  napaMeTpoB xnaAareHTa 
BO BCeX Y3JlOBbIX TO4KaX d a ~ n a .  ~ ~ O U ~ C C ~ I  CXaTNR B KOMnPeCCOPaX 

1 - 2 U 5 - 6 C4HTaWT ~ A U ~ ~ ~ T H ~ I M H .  
Macco~blii pacxon xnanarema CHA ( B  ~ r / c )  : 

me 2 Qo , - ~ p e 6 y e ~ a ~  XOJlOAOlI~OW3BOAUTeilbHOCTb, KBT; qo - YAeJlbHaR XOJlOAO~pOU3BOn~- 
~enb; loc~b  xnanaresra, K , ~ x / K ~ .  

Macco~brii pacxon xnanarewa B CBH HaxoAm H 3  ypaeHeHusI Tennosoro 
6 a n a ~ c a  npOMeXyTOqHOr0 COCyAa: 



n p ~ m e p  3. B b ~ n o n ~ u ~ b  ~ e n n o ~ o f i  pacqeT u nono6pa~b KoMnpeccopbl xononunb~oii 
YCTaHOBKU nJlR 3a~opaXuBa~ufl  MRCa POTOPHblMU MOP03UJlbHblMH arperaTaMu YPMA, 

, eCnU Tpe6yeMaR XOJlO~OIIpOU3BOnUTeJlbHOCTb YCTaHOBKU QOT = 134 KBT. OxJIaXneHHe KOH- 

neHCaT0pOB 9 IIOMOILlbH) CHCTeMbl 0 6 0 ~ 0 ~ ~ 0 ~ 0  B O ~ O C H ~ ~ X ~ H H R  npH pacqe~H0fi TeMnepaType 
BOnbI Ha WOne B KOHneHCaTOp U Ha BblXOne H 3  Her0 COOTBeTCTBeHHO f,l = 23'C, twz = 
= q s O c .  

5. MZ = Qo,T/ (is,, - in) = 1341 (1625 - 400) = 0,109 ~ r / c .  

6. M, = Mz/ (i6 - i3) / ( i l f  - i4) = 0,109 (1845 - 400)/(1670 - 560) = 0,142 ~ r / c .  

7. V2 = M2u5/h2 = 0,109 . 1,6/0,79 = 0,22 M3/c. 
(npn pnp/po = 0,29/0,072 = 4 no puc. 11.2 npu C = 4,5%, hz = 0,79). 

(npe p,/pnp = 1,17/0,29 = 4 h~ = 0.79). 
9. n o  Tpe6yeMofi TeopeT~qec~ofi npOH3BOnUr~eJlbHOCTH = 0,22 M3/c M O X H O  npUHRTb 

K YCTaHOBKe nBa aMMHa'lHblX nByXCTyneH'laTblX arperaTa MapKU AA55-7-5 CyMMap- 
H 0 f i  06'beMHofi ~POU3BO~HTeJlbHOCTbK) CHA x V n m 2  = 2 . 0,128 = 0,256 M3/c U CYM- 

H o ~ e p  ~ o s ~ n  
(cm. pnc. l 1.5) 

C X ~ M M  A B y X C T y n e H ' 4 a T M X  Y C T a H O B O K  C HeCKOJlbKHMH T e M l l e p a T y p a M H  
K H n e H H I I .  f i n s  O X J I a X A e H U H  HeCKOJIbKMX r p y I I I I  1 1 0 ~ p e 6 M ~ e J I e f i  XOJIOAa C 

pa3JIMYHbIMU T e M n e p a T y p a M M  KMIIeHMR ( H ~ I I ~ u M ~ ~ ,  - 10, -30,-40°C) 
M O X e T  6 6 1 ~ 6  n p M M e H e H a  C X e M a  AByXCTyI IeHYaTOrO C X a T U R ,  I I O K a 3 a H H a R  

H a  puc. 1 1.6. 
OCHOBHO~ OTJIAYUe 3~0fi CXeMbl  OT T p a A A ~ N O H H b I X  M H O r O T e M n e p a T y p H b l X  

CXeM COCTOMT B TOM, YTO T e M I I e p a T y p a  KMIIeHHH B IIPOMeXYTOYHOM COCyAe  

I I O A A e p X W B a e T C H  B COOTBeTCTBHU C T P ~ ~ O B ~ H M ~ M  OAHOrO Pi3 n o ~ p e 6 ~ ~ e J I e f i  

XOJIOAa ( B  AaHHOM C J I y Y a e  - K a M e p  C to = -10°C). n p M  3TOM KOMIIpeC- 

COP CBfi O T C a C b I B a e T  I I a p b I  X J I a A a r e H T a  K a K  113 I IPOMeXYTOYHOTO COCyAa ,  

T a K  M M 3  M c I I ~ P M T ~ J I ~ H o ~ ~  CMCTeMbI C t o =  -10°C. ~ O C K O J I ~ K Y  AJIR IIOA- 

n d p x a ~ u ~  3 a A a ~ ~ o f i  T e M I I e p a T y p b I  KMIIeHMH B IIPOMeXYTOYHOM COCyAe  

H ~ O ~ X O A M M O  I I O A A e p X M B a T b  COOTBeTCTByIOUee  efi A a B J I e H U e ,  T a K y I O  C X e M y  

t , "C P.  Mna v. M ~ / K ~  i. K ~ X / K ~  



H a 3 b l B a I O T  A B ~ X C T ~ ~ ~ H Y ~ T O ~ ~  C X ~ M O ~  C T P e M R  T e M n e P a T Y P a M M  KMneHMR M 
@ N K C M P O B ~ H F ~ ~ ~ M  n P O M e X Y T O q H b l M  AaBJ l eHMeM MJIM K O M I T ~ Y H ~ ~ H O ~ ~  C X ~ M O ~ ~ .  

n p k l ~ e ~ e ~ ~ e  TaKMX CYeM l l 03BOJIReT  M C n O J l b 3 0 B a T b  H a  K a X A Y H )  T e M n e P a T Y P Y  

KMneHUR O A H O C T Y ~ ~ H ~ ~ T ~ I ~  a r p e r a T  M YMeHbUIMTb  H ~ O ~ X O A U M O ~  YMCJlO 

r1pOMeXyTOYHbIX COCyAOB. 

Tennosoti p a c q e T  x o n o n ~ n b n o i i  y c T a H o n K M ,  pa6o~arouleti no c x e M e ,  

n O ~ a 3 a ~ H O t i  H a  pkic.11.6, KlpOBOfiRT B TOM He n O P R A K e ,  YTO M A B y X C T y n e H -  

q a ~ o k ?  YCTaHOBKM C 0 ~ ~ 0 f i  ~ e ~ n e p a ~ y p o f i  KMneHUR.  M a c c o ~ b l i i  P a C X O n  QMp- 

K y J l M p j ' l O ~ e r O  X J l a A a r e H T a ,  ~ 0 ~ 0 ~ b l t i  H ~ O ~ X O & M M O  OTBOnMTb OT QMPKYJIFIUM- 

O H H ~ I X  peCUB€!pOB, Onpe f l e J IRIOT p a 3 A e J I b H O  AJIR K ~ ) K A O ~ ~  T e M n e p a T y p b l  KMneHMR: 



n e p e r p e ~  napoB Ha B c a c b r B a H n n  Bcex K o M n p e c c o p o B  MOXHO npn-  
H H T b  OfikiHaKOBbIM ( l O ° C ) .  

Z I a c o ~ o f i  pacxon napa B KoMnpeccope CBA ( K M ~ ) ,  sepes ~ o ~ o p b r f i  
I l p O X O A R T  d p b l  H e  TOJlbKO I13 C H C T e M b l  C t o  = - l O ° C ,  HO k i  t o  = -30 11 

t o  = - 4 0 ° C ,  0 n p e n e n H r o . r  no @ o p ~ y n e  

A a J I b ~ e f i I L I e e  COBepLUeHCTBOBaHHe MHOrOTeMnepaTypHbIX KOMnayHnHbIX 
cxeM C B R ~ ~ H O  c npnMeHeHneM pecnsepa, c o B M e r u a r o r u e r o  @ y ~ ~ u n n  npoMe- 
X y T O Y H O r O  COCyAa k i  ~ H p K y J l H U H O H H O r O  P e C M B e p a  - KOMnayHnHOI 'O  U H p K y J I H -  
U U O H H O ~ O  pecnBepa ( K P 4 ) .  

C x e ~ a  c T p e M H  TeMnepaTypaMn KnneHnR n KP4 npnseneHa Ha p n c . l l . 7 .  
T e n n o ~ o A  P a C q e T  YCTaHOBKki  BbInOJlHRIOT a H a J I O I ' U q H 0  C X e M e  Ha PHC. 1 1 . 6 .  
B UP4 x n n ~ n f i  xnanareHT oxnaxnaeTcR no COCTORHUR ~ a c b ~ u l e ~ ~ o i i  
XUAKOCTW, ~ O ~ T O M Y  M ~ C C O B ~ I ~ ~  pacxon xnanareHTa B KoMnpeccope CBA 
o n p e n e n R r o T  no @ o p ~ y n e  



-30 u -40°C). Ha puc.11.8 B K a q e c T B e  n p u h f e p a  n p u B e n c H a  o n H a  u 3  
B O 3 M O X H b l X  C X e M  T a ~ 0 f i  YCTaHOBKM. 

C X ~ M O ~ ~  n P e f l y C M O T p e H 0  n O n A e p > r < a H U e  A B y X  @ M K C N P O B ~ H H ~ I X  ~ a ~ J I e H l l f i ,  

C O O T B e T C T B Y l O U A X  K M n e H U l O  n p U  ~ a u 6 o ~ l e e  BbICOKUX T e M n e p a T y p a X  (-5 H 

-1O0C), B C B R 3 M  C 4 e M  Y C T a H O B J l e H O  A B a  KPU U A B a  O ~ ~ I ~ H ~ I X  UP. 
Y C T ~ H O B K Y  B U e J l O M  M O X H O  P a C C M a T P M B a T b  K a K  0 6 ' b e ~ U ~ e ~ k i e  A B y X  A B y X -  

C T y n e H q a T b l X  A B y X T e M n e p a T y p H b I X  Y C T a H O B O K ,  A 3  KOTOPbIX O A H a  p a 6 0 ~ a e ~  
c T e M n e p a T y p a M u  -40 u -lO°C, a n p y r a R  - c T e M n e p a T y p a M u  -30 u -5°C. 
Einaronap~ T a K O M Y  0 6 ' b e ~ ~ H e H k i l O  C T e n e H N  C X a T A R  B C T y n e H F l X  C T a H O B R T C R  
I l D A M e D H O  OLtNHaKOBbIMM. 

' n o ' f i a q a 7 k N ~ K o r o  x n a n a r e H T a  o c y q e c T s n R e T c R  u3 KPLI c ~ a u ~ o ~ e e  
BblCOKUM I l P O M e X Y T 0 4 H b l M  A a B J I e H W e M  ( t o  = -sac), ~ ~ 0 6 b 1  06ecne~1u~b 
nepenan A a ~ J I e ~ k i f i ,  A O C T ~ T O ~ H ~ I ~ ~  AJIR ~ 0 p ~ a J I b l 1 0 f i  pa60~b1 COJIeHOllAHblX 

u pe ryaupymqux  s e ~ ~ u n e f i .  
P a c q e ~  U non6op K O M n p e C C O p O B  AJIR X O J I O ~ U J I ~ H O ~ ~  YCTaHOBKM, p a 6 o ~ a -  

louefi no 3~0fi C X e M e ,  nPOki3BOflUTCR T a K  Xe, K a K  U AJIR 0 6 b l q H b l ~  ABYX- 

C T y I l e H q a T b l X  Y C T a H O B O K  C @ W K C M P O B ~ H H ~ I M  I I P O M e X Y T O Z I H b I M  A a B J I e H U e M .  

Tpe6ye~b1fi ~ y ~ ~ a p l l b 1 f i  M ~ C C O B ~ I ~ ~  P a C X O A  X J I Z i A a r e H T a  B K O M n p e C C O p a X  CBA 
N?l ki 2, H a f i A e H H b ~ f i  R 3  Y p a B H e H A R  T e n J I O B O r O  6 a n a ~ c a  AJIR 1KPU U 2KPU, 
o n p e , q e J I R m T  no @ o p ~ y n a ~ :  























X ~ ~ ~ K T ~ ~ U C T M K H  IIOJBeCHblX B O ~ ~ ~ X O O X J I ~ ~ M T ~ J I ~ ~ ~  MapOK BOfl U BOT 
IIpMBefieHM B ~ a 6 n .  14. 7, a IIOCTaMeHTHbIX B O ~ A ~ X O O X J I ~ A M T ~ J I ~ ~ ~  MapKM 
rIBO - B ~ a 6 n .  14. 8 (m. 14). 

n p ~ ~ e p  7. nono6parb KaMepHOe 0 6 0 p y n o ~ a ~ ~ e  njlR KaMepbl XpaHeHNFl MOPOXCHMX rpy- 
3 0 B  (KaMepa .% 1 B XOnO~NnbHHKe BMeCTNMOCTbKl 3000 T) .  

Tennoean n a r p y s ~ a  Ha KaMepHoe o 6 0 p y n o e a ~ ~ e ,  paman  c y m e  T ~ I I J ~ U I I ~ N T O K O B  B Ka- 
Mepy, onpeneneHa paHee (CM. rn 9, ~a6 .n .  9. 6) n cocraBJ1ne.r X Q o 6  = 32,2 KBT. 

~ P U H H M ~ ~ M ,  qTO OXnaXneHUe OCyUleCTBJIReTCfl C nOMOl4blo IIOTOJlOqHMX H nPNCTellHblX 
Ba~apeii ,  COCTaBJeHHMX N 3  CTaHnapTHblX 0pe6peH~Mx CeKllufi npu ulnre pe6ep 30 M M  (CM. 
~ a 6 n .  1 1. 8 ) .  

P a c r e ~  HasnHaeM c n p u c r e ~ ~ o f i  Garapeu, TennoBan ~ a r p y s ~ a  Ha K O T O P Y ~  CocTasnneT 
no 30 % cyMMapHoro .rennonocTynneHnn B KaMepy. l l p l . l ~ n ~ a e ~ ,   TO 6 a T a p e ~  p a 3 ~ e q a e ~ c n  
B B ~ ~ X H ~ U  qacrki KaMepbl HaPYXHbIX CTeH (CM. PWC. 11.11) ti COCTOliT 113 UIeCTH ~ p y 6  no 
BblCOTC. 

n p u  nnNHe cesep11oR H ~ ~ ~ X H O U  CTeHbl 30 M N B O C T O ~ H O ~ ~  - 12 M C YqeTOM H ~ O ~ X O -  

A N M b l X  OTCTYnOB OT CTPOHTeJbHblX KOHCTP). 'KUH~~ M O X H O  Pa3MeCTHTb: Ha CeBepll0fi CTeHe 9 CeK- 
quii (0nHy OnltOKOJl~eK7'O~Hylo CK-17 U 8 CpenHHx CC-12.8) 0614efi nnu~ok? -27 M n 
nnoulanblo ~ennonepenaloulefi nosepxeocrn 114.1 M', a Ha B O C T O ~ H O ~ ~  cTeHe -- 3 CeKuuu ( o n ~ y  
OnHOKOJlJleKTOpHylo CK-11.7 H 2 CpenHNe CC-12,8) o6qeii ~ J ~ H H O U  - 9 M U nJlOI4aAblo 
37.3 M?. 0 6 e  racTH 6arapeu B yrny KaMepbt coenuHnloTcn KanaraMu. 

n o n ~ a n  nnoqanb ~ennonepenamulefi noBepxHocTn ~ a ~ o f i  6arapen c0cTaBu-r 114.1 + 37,3 = 
= 151.4 M'. 

Tenno~a ,  OTBOnNMaR ~ ~ N C T ~ H H O ~ ~  Ba~apeefi, 

n o ~ o n o r ~ b ~ e  6 a ~ a p e s  O ~ ~ I Y H O  p a 3 ~ e u ~ a l o ~  Bnonb 6 a n o ~ .  cnenoea.renbso, B na~H0fi Ka- 
Mepe M O X H O  Pa3MeCTUTb 5 nOTOJlOqHblX 6a~ape i i  (no llUCJly CTpOHTeJlbHblX nPflMOyrOJlbHH- 
KOB) Kaxnan nnoqanbm 569/5 = 113 M'. 

COCT~BJIR~M 16-rpy6~ym 6 a ~ a p e m  H 3  KOHL(eBblX OnHOKOJlJleKTOPHblX U CpenHUx c ~ K U U R .  
Kamnafl 6aTapefl COCTONT A 3  12 C ~ K I I U ~ ~ :  8 O~HOKOJIJ~~KTOPHMX ~ - T P Y ~ H ~ I X  C ~ K U U ~ ~  CK-11.7, 
qeTbIpeX ~ - T P Y ~ H ~ I X  CpenHUX ce~uuf i  CC-12,8. 

0 6 q a ~  nnouanb ~ennonepenamuleii noaepxHocTu ~ro~onoq~o$ i  6arapee 8 - 11.7 + 
+ 4 . 12.8 = 144.8 M2, T. e. C 2 5 % - ~ b 1 ~  3anaCOM no CpaBHeHHlo C ~ p e 6 y e ~ o h .  
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Bo-BTOP~IX, KOMnJIeKTHO IIOCTaBJIReMbIe XOJIO,E(MJIbHbIe MaLUMHbI BbIITOJIHe- 

H ~ I  no onpenene~~of i  ~ ~ B O A C K O G  c x e M e .  ~ O ~ T O M Y ,  emu ~ b 1 6 p a H a  K ~ K ~ F I - J I M ~ O  
M a l l l M H a ,  3 T 0 ,  K a K  n p a B M J I 0 ,  0 3 H a q a e T ,  q T O  ~ b 1 6 p a ~ a  ki ee C X e M a .  B nMnJIOMHbIX 

n p O e K T a X  AOIIyCKaeTCR BHQCMTb B 3TM CXeMbI O n P e A e J I e H H b J e  Y C O B ~ P U I ~ H C T -  

BOBaHWFI, OAHaKO OHM H e  A O A X H b I  MMeTb I IPMHQMnRaJIbHOrO X a p a K T e p a .  

B - T ~ ~ T ~ M X ,  B C X e M a X  3TMX MaUIMH IIpe,L(yCMOTpeH p e r e ~ e p a ~ k i ~ ~ b l f i  TenJ IO-  

O ~ M ~ H H M K ,  B KOTOPOM IIPOMCXOART n e p e r p e B  BCaCbIBaeMbIX n a p O B  M nepe- 
O X J I a X A e H k i e  WMnKOTO XJIaf iOHa.   TO C J l e n y e T  Y s M T b I B a T b  IIpM nOCTpOeHMM 

XOJI0,IlMJIbHOrO QUKJIa .  

X ~ ~ ~ K T ~ ~ M C T U K ~  XJIaAOHOBbIX XOJIOnMJIbHbIX MaJlIMH C HenOCPeHCTBeHHbIM 

O X J I a X n e H U e M  K a M e P ,  8 T a K X e  a r P e r a T O B  M K a M e P H O r O  O ~ O P Y A O B ~ H A R ,  BXO- 

A R 4 U X  B KOMnJIeKT MaUIMH, I I P M B e A e H a  B T ~ ~ J I .  12.1. 

hlKB4-I -2 
MBB4-1-2 
IMKB6-1-2 
IMBB6-1.2 
IMKB9-1-2 
1MBB9-1-2 
2MKB12-1-2 
2MBB12-1-2 
2MKB18-1-2 
2MBB18-1-2 
MKB 18-2-4 
MBB18-2-4 
IXMQ-16 M 18,6**** 2QY6C 9 23.2 17.4 109 170 70 16 2100X2185X1810 1814 8400 

( 2  lor ) 
IXMQ 32 P 37.2***' 29YBC 18 45.8 35.6 308 172 110 17 2280X 1280X2040 3330 9600 

( 2  UJT ) 

n p H M e q a H H e Mcnonnenne P - pasnenb~oe.  Hcnonnenne M - B Brine M O H O ~ ~ O K ~  

* n p ~  remneparype B KaMepe 1, = 5°C H TeMneparype Bonu HIIH ~03nyxa  Ha sxone B KonneHcarop t W 1  =tHl  - 20°C. 

** l I p ~  t, = -30°C, t W l  = 20°C. 

*** npH i, = -18%. t,, = 2O0C, 

**** n p ~  t, = zOc, tHl  = 30°c 

X n a n o n o ~ ~ e  xononnnb~ble 
MawHHbl MR oxnamneHHx 

~ o s n y x a  

C 

X O J I O A W J I ~ H ~ I ~  MaUIMHbI B NCFlOJIHeHMM P IIOCTaBARtOT B BMAe OTAeJIbHblX 

a r p e r a T O B  M Y3JIOB, O ~ % ~ A M H R ~ M ~ I X  IIpM M O H T a X e  X O J I O A M J I ~ H O ~ ~  YCTaHOBKM 

( Y C T ~ H O B K M  <<pa3AeAbHOTO>> ~ M n a ) .  ~ ~ ~ N M Y ~ ~ C T B O  MaUIMH 3 T O r 0  T M n a  COCTOMT 

B TOM,  TO arperam H K a M e p H o e  0 6 0 p y n o ~ a ~ u e  ( ~ c n a p t i ~ e n u ,  B O ~ A Y X O -  

O X J I ~ ~ H T ~ J I M )  MOrYT 6 6 1 ~ 6  YCTaHOBJIeHbI B ~au6onee Y ~ O ~ H ~ I X  MeCTaX,  a 
HeAOCTaTOK - B H ~ O ~ X O A M M O C T M  BbInOJIHeHMR ~ O J I ~ U I O ~ O  06 'be~a  M O H T a X H b I X  

pa6o.r. 
X O J I O ~ ~ N J I ~ H ~ I ~  MaUIMHbI B MCTIOJIHeHUM M nOCTaBJIRIOT B BM&e K O M J I J I ~ K C H O ~ ~  

YCTaHOBKM, BCe  3J I eMeHTbl  K O T O P O ~ ~  ~ 0 6 p a ~ b 1  H a  o64efi P a M e  M MCnbITaHbl  

B 3aBOACKMX YCJIOBMFIX. ~ T M  MaUlMHbI Ha3bIBaIOT 6 J I 0 9 ~ b l M M .  ~ ~ € ! M M ~ u ~ c T B ~  
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T a X a .  O A H ~ K O  T a K M e  MaUIUHbI H ~ O ~ X O A A M O  y C T a H a B J I M B a T b  PRAOM C O X J I a X -  

nae~ofi  ~ a ~ e p o f i ,   TO H e  B c e r A a  ~ ~ 0 6 ~ 0 .  
O X J I a X A e H U R  CTaUUOHapHbIX XOJIOAUJIbHbIX K a M e p  H a  n p e A n p M R T N R X  

TOprOBJIM W O ~ U I ~ C T B ~ H H O ~ O  nUTaHMR IIPAMeHRIOT MaJ Ib Ie  XOJIOAMJIbHbIe MaUIA-  

H ~ I  p a s ~ e ~ ~ b ~ o r o  m n a :  MKB4-1-2, MBB4- 1-2, I MKB6-1-2, 1MKB9- 1-2 A 

MBB9-1-2. B COCTaB MaUIAH BXOART: K O M I I ~ ~ C C O ~ H O ; K O H A ~ H C ~ T O P H ~ I ~ ~  a r p e r a T  

C KOHAeHCaTOPOM BOARHOrO AJIU B03AyILIHOTO O M a X A e H U R ;  P e C M B e p ;  OCy-  

L L I M T ~ J I ~ - @ M J I ~ T ~ ;  T ~ ~ J I o o ~ M ~ H H W K ;  UlUTbI ~ P M ~ T Y P H ~ I ~ ~  M Y n p a B J I e H M R ;  T e P M O -  

P e r y J I M p y l o U M e  BeHTMJIA M K a M e p H O e  0 6 o p y n o ~ a ~ ~ e  B B A n e  HaCTeHHbIX MClIapM- 

TeJIefi  C ~ C T ~ C T B ~ H H O ~ ~  U A ~ K ~ J I H U M ~ ~ ~  B O 3 A y X a  ( T O J I ~ K O  B M a U l A H a X  MI(B4-1-2 
H MBB4- 1-2) MJIM B O ~ A Y X O O X J I ~ A M T ~ J I ~ ~ ~ .  

n p M  IIpOeKTMpOBaHMM A e U e H T p a J I U 3 0 B a H H b I X  CMCTeM O X J I a X A e H A R  K a M e p  

H a  I IpeAI IpARTARX M R C H O ~ ~  M M O J I O ~ H O ~ ~  nPOMbIILIJIeHHOCTA nPUMeHRIOT KOM- 

LIJIeKCHble XOJIOAMJIbHble MaUIMHbI. A m  IIOAAepXaHMFI  T e M I I e p a T y p  B K a M e p e  

B A M a I I a 3 0 H e  OT -10 A 0  +S0C LIPAMeHRIOT XOJIOAMJIbHbIe MaLLIMHbI 2MKB12- 
- 1-2, 2MBB 12- 1-2, 2MKB 18- 1-2, a B naanasoee OT - 10 no -30°C - H ~ ~ K O -  

T e M I I e p a T y p H b I e  MaIl lMHbl  MKB 18-2-4 ki MBB 18-2-4. 
X O J I O A U J I ~ H ~ I ~  MaUIMHM C BOARHbIM O X J I a X A e H A e M  KOHAeHCaTOpa  IIOCTaB- 

JIRloT B BMAe M O H O ~ A O K ~ ,  a C B03AYUIHbIM O X J l a X A e H M e M  - B BAAe  KOMIIpeC- 

COpHO-B03~~XOOXJIa~MTeJIbHO~O a r p e r a T a  M OTAeJIbHOrO B03AYLLIHOrO KOHAeH- 

ca-ropa, y c T a H a B n a B a e M o r o  c H a p y x M  H a  c n e u ~ a n b ~ o f i  n n o w a A K e  u n M  H a  

KpbI I l l e .  

CO3AaHMCI A e U e H T P a J I M 3 0 B a H H b I X  CMCTeM OXJIaXAeHMR @ P Y K T O X P ~ H M -  
JIMUI BMeCTMMOCTbIo OT 300 A 0  1200 T ,  B TOM qMCJle  C p e r y J I M p y e ~ 0 f i  ra30~0fi 
cpe~ofi, I IPMMeHRDT XOJIOAAJIbHO-HaTpeBaTeJIbHbIe MaLUMHbI lXM@-16 U 

1XMQ-32, XapaKTepMCTUKM KOTOPbIX I IpABeAeHbI  B ~ a 6 n .  12.1. OHM C H ~ ~ X ~ H ~ I  

3 n e ~ ~ p o ~ a r p e ~ a ~ e n ~ ~ ~  A n R  o6orpe~a  K a M e p  B s ~ ~ ~ e e  B p e M R .  Y C T P O ~ ~ C T B  
AJIR Y B J I a X H e H U R  B O 3 A y X a  OHM H e  UMeloT ,  I I03TOMy Y B J I a X H e H U e  B O 3 A y X a  

B K a M e P a X  OCyUIeCTBJIReT OTAeJ IbHaR CACTeMa ( ~ a n p ~ ~ e p ,  C HCI IOJ Ib30Ba-  

HMeM ~ J I ~ K T P o ~ B J I ~ x H u T ~ J I ~ ~ ~ ) .  

Malun~a lXM@-16 6nos~oro Tlilla.  OH^ COCTOMT A 3  KOMIIpeCCOpHO- 

K o H A e H c a T o p H o r o  a r p e r a T a ,  pa3~eulae~o1-o c sapyxa ,  3a c ~ e ~ o f i  oxnaxnae- 
~ 0 f i  K a M e P b I ,  U B03AYXOOXJIaAHTeJIbHOrO a r p e r a T a ,  y C T a H a B J I M B a e M O r 0  BHYTPU 

K a M e p b I .  K O M I I ~ ~ C C O ~ H O - K O H A ~ H C ~ T O P H ~ I ~ ~  a 1 7 p e r a T  BKJIIO'laeT A B a  K O M n p e C -  

C O p a  2@Y6C9, ~ 0 3 n y I I I H b l f i  KOHAeHCaTOp C AByMR BeHTUJIRTOpaMM, P e C A B e p ,  

O C ~ L U M T ~ J I ~ - @ M J I ~ T ~ ,  T ~ I I J I O O ~ M ~ H H U K ,  n p s 6 o p b l  aBTOMaTMKM U WMT Y I I p a B -  

JIeHMR. B o ~ A ~ x o o x J I ~ ~ M T ~ J I ~ H ~ I ~ ~  ( O H  Xe ~ 0 3 ~ y ~ 0 H a r p e ~ a ~ e J I b H b l f i )  a r p e r a T  

COCTOAT M 3  B03AyXOOXJIaAMTeJIR C ABYMR OCeBbIMU BeHTUJIRTOpaMM, IIOAAOHa 

n n R  c6opa K o H n e H c a T a  a s n e ~ ~ p o ~ a r p e ~ a ~ e n e f i .  
Maure~a lax18  X 2-1-0 pa3nenb~o1-o Tnna.  OH^ COCTOHT a3 A B ~ X  ~ 0 3 -  

A y x o o x n a A M T e n b H b I x  ( O H M  x e  ~ a r p e ~ a ~ e n b ~ b ~ e )  a r p e r a T o e  c ABYMR OceBblMM 

BeHTMJIRTOpaMM ~ a ~ ~ b ~ f i ,  KOMIIpeCCOPHO-KOHAeHCaTOpHOrO a r p e r a T a  U I L I K ~ @ ~  

y I IpaBJ IeHMR.  B COCTaB KOMLIpeCCOpHO-KOHAeHCaTOpHOrO a r p e r a T a  BXOART 

A B a  KOMIIpeCCOpa  4n628-  1-02, ~ 0 3 ~ y L U H b l f i  KOHAeHCaTOp C ABYMR OCeBbIMM 

BeHTAJIRTOPaMM, A B a  P e C M B e p a ,  T ~ I ~ J I o o ~ M ~ H H M K ,  O C ~ L L I M T ~ J I ~ - @ M J I ~ T ~  M W K ~ @  

y n p a s n e H a R .  

non6op XOJlOnHJlbHMX MamHH. X O J I O A M J I ~ H ~ I ~  MaLLIMHbI 110~6Mpalo~ OAHMM 

M 3  T P e X  MeTOAOB: no XOJIOnOIIpOM3BOAMTeJIbHOCTM, y ~ a 3 a H H o f i  B K a T a J I O r e ;  

no r p a @ P i . l e ~ ~ M ~  X a p a K T e p M C T M K a M  XOJIOAMJIbHblX MaUIMH; I I 0  T ~ O P ~ T M ~ ~ C K O ~ ~  

0 6 % e ~ H 0 f i  I I O A a q e  KOMIIpeCCOpa ,  B X O A R U e r O  B KOMIIJIeKT X O J I O A A J I ~ H O ~ ~  M a -  

UIMHb1. 

n e p ~ b l f i  MeTOA B e C b M a  n p u 6 n u x e ~ ~ b 1 A ,  T a K  K a K  B K a T a J I O r a X  I I p M B e A e H a  

XOJIOAOIIPOM3BOAMTeJIbHOCTb H a  OIIpeAeJIeHHOM c I I ~ ~ M @ M K ~ ~ u o H H o M  P e X U M e  

( H a n p M ~ e p ,  y K a 3 a H H O M  B IIpMMeqaHMRX K ~ a 6 n .  12.1 ) , K O T O P ~ I ~ ~  M O X e T  



3 H a Y U T e J I b H O  O T J I U Y a T b C R  OT pa- 
6o~ero .  ~ O ~ T O M Y  I I e p B b I M  M e -  

TOAOM n O J I b 3 y I o T C H ,  K O r A a  pa6o- 
~ u f i  p e x u M  O T J I u Y a e T c H  OT cneuu- 
@ U K ~ U U O H H O ~ O  H e  donee Y e M  

H a  2°C. 
n o ~ 6 o p  XOJIOAUJIbHbIX M a U I U H  

B T O P b l M  MeTOAOM n P O U 3 B O A H T  no 
r p a @ ~ ~ a ~ ,  H a  K O T O P ~ I X  n o ~ a s a -  
H a  3 a B U C U M O C T b  XOJIOAOIlPOU3-  

BOAUTeJIbHOCTU Q, M n o ~ p e 6 ~ 1 ~ 1 -  
e ~ o f i  MOUHOCTU N ,  OT T e M n e p a -  

T Y P b I  K U n e H U R  n p U  p a 3 J I U Y H b I X  

T e M n e p a T y p a x  o x n a x ~ a m u e i i  . .. 

Puc. 12.1. X a p a ~ ~ e p u c ~ u ~ u  ManMx xononunbHNx BOAbI UJIU B O 3 A y X a  ( P U C .  12.1). 
MaUIWH c B O ~ R H H M  OxnaxneHueM KoHneHcaTopa Tame r p a @ u ~ u  n o j ~ y ~ a ~ ~  B pe- 

3 y J I b T a T e  3 a B O A C K U X  UJIU na60- 
P a T o P H b I X  U C ~ ~ I T ~ H U ~ ~  XOJIOAUJIbHbIX M a U U H .  $)TOT M e T O A  6onee T O Y H ~ I G ,  Y e M  

n e p ~ b ~ f i ,  T a K  K a K  XOJIOAOIlpOU3BOAUTeJIbHOCTb M O X H O  O n p e A e J I U T b  n p U  YC- 

JIOBAFIX, ~ J I U ~ K U X  K P a C Y e T H b I M .  

n o ~ 6 o p  M a W U H  T P e T b U M  MeTOAOM BbInOJIHFIlOT H a  O C H O B a H U U  T e n J I O B O r O  

P a C q e T a  X O J I O A U J I ~ H O ~ ~  MaLLIUHbI B P a C q e T H O M  P e X M M e  (CM.  m. 1 1 ), B X O A e  

K o T o p o r o  onpenenmcn ~ p e 6 y e M y l O  0 6 ' b e ~ ~ y l O  noaaqy K o M n p e c c o p a ,  a s a ~ e ~  
no T ~ ~ J I U U ~ M  n o ~ 6 u p a m ~  O A H y  UJIU HeCKOJIbKO XOJIOAUJIbHblX MaLLIMH T a K U M  

0 6 p a 3 0 ~ ,  ~ ~ 0 6 b 1  @ ~ K T M Y ~ C K ~ H  0 6 ' b e M ~ a f l  I I O f l a Y a  K O M n p e C C O p a  B ~ b 1 6 p a ~ o f i  
M a I l l U H e  (uJIu  C y M M a  O ~ ' ~ ~ M H ~ I X  I I O A a Y  -- AJIFI HeCKOJIbKUX K O M ~ ~ ~ C C O ~ O B )  
6 b l n a  H a  25-30% 6onbrrre BeJIUYMHbI,  I I o J I Y ~ I ~ M H o ~ ~  P a C Y e T O M ,  AJIH perynu- 
P O B a H M R  XOJIOAOflPOU3BOAUTeJIbHOCTM IIYCKOM M O C T a H O B O M  K O M n p e C C O p a .  

 TOT M e T O A  ~ a ~ 6 0 ~ 1 e e  T o q ~ b l f i ,  I I 0 3 T O M Y  UM C J I e A y e T  n O J I b 3 0 B a T b C F I  I I p U  

B b I n O J I H e H U U  KYPCOBbIX U A U n J I O M H b I X  n p O e K T O B .  

n 0 c J I e  non6opa X O J I O A U J I ~ H O ~ ~  M a I l I U H b I  C J I e A y e T  ~ ~ O B € ! P U T ~  COOTBeTCTBI4e  

@ ~ K T U Y ~ C K O B  n J I O U a A U  I I O B e p X H O C T U  T ~ ~ J I o o ~ M ~ H ~  U C n a p U T e J I F l ,  K O H A e H C a -  

T O p a  U MOUlHOCTU 3 J I e K T P O A B M r a T e J I H  K O M n p e C C O p a ,  B X O A H U U X  B C O C T a B  

X O J I O A U J I ~ H O ~ ~  M a U I U H b I ,  ~ p e 6 y e M b 1 ~  3 H a Y e H U F I M .  

g 12.2. XOJlOAMJlbHblE YCTAHOBKM 
AEU.EHTPAJlM3OBAHHOrO OXJIAKAEHM5l KAMEP IlPEAflPMRTWM TOPrOBJlM 

M 0 6 ~ E C T B E H H O r O  flMTAHMR , 

C X ~ M ~  XOJlOAHJlbHMX J'CTaHOBOK. B 3aBUCMMOCTM O T  T O B ~ ~ O O ~ O P O T ~  

n P e A n P M R T U R  XOJIOAUJIbHUK M O X e T  COCTOFlTb M3 O A H O ~ ,  A B Y X  MJIU HeCKOJIb-  

KUX K a M e p .  

 an^ OXJIa>l<AeHUFl XOJIOAUJIbHU K a ,  C O C T O R l r r e r O  I43 0 ~ ~ 0 f i  K a M e p b I  UJIU 

A B y X  K a M e p  o6ueB I I J I O U a A b l O  15-25 M2, T e M n e p a T y p b I  B KOTOPblX A O J I X H b I  

6 6 1 3 6  I I P U M e P H O  O A U H a K O B b I M U ,  nPMMeHFIlOT X O J I O A N j I b H b I e  M a I l I U H b I  MKB4- 1-2 
UJIM MBB4-1-2 C O O T B e T C T B e H H O  C BOARHbIhl  MJIU B 0 3 A y U I H b I M  O X J I a X A e H U e M  

I t O H A e H C a T O p a .  T a ~ u e  M a I l l U H b I  H a 3 b I B a I O T  O A H O T e M n e P a T y P H b I M U ,  IIOCKOJIb- 

KY OHM H e  U M e l O T  n p ~ 6 0 p o ~  AJIFI U H A U B U A Y a J I b H O r O  p e r y J I U P O B a H U F I  T e M n e -  

p a T y p b 1  B ~aXn0f i  K a M e p e .  T o q ~ o e  n 0 ) l A e p X a H U e  T e M n e p a T y p b I  B 0 3 M O X H O  

TOJIbKO n p U  O X J I a X A e H U U  0 ~ ~ 0 3  K a M e p b 1 .  ~ P U  O X J I a X A e H U U  O A H O ~ ~  M ~ L L I u H o ~ ~  
ABYX K a M e P  T O Y H O e  n 0 ) l A e p X a H k l e  T e M n e p a T y p b I  OCyUleCTBJIFIeTCFI TOJIbKO 

B OAHOR u3  H U X ,  a BO ~ ~ o p o f i  K a M e p e  T e M n e p a T y p a  y c T a H a B n u s a e T c H  B 
3aBUCMMOCTEI O T  B e J I U 4 U H b I  T e n J I O n p M T O K O B  U XOJIOAO~pOU3BOAUTeJIbHOCTU 

6a~apefi .  
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P a 3 ~ e u l e ~ H e  XOJlOAHJlbHOrO O ~ O P Y ~ O B ~ H H R .  OHO 3 a B H C H T  OT KOHCTPYK- 

UUM a r p e r a T a .  X ~ J I ~ f i k i J l b ~ b ~ e  M a U M H b l  MKB18-2-4 YCTaHaBJ lMBaloT  H e n o -  

CPeACTBeHHO B C T e H e  X O J I O A U J I ~ H O ~ ~  K a M e p b l  TaKUM 0 6 p a 3 0 ~ ,  9~06b1 BO3AyXO- 

OXJ laAHTeJ lb  C ABYMH OCeBblMM BeHTMJIRTOPaMH P a C n O J l a r a J l C R  BHYTPM K a M e p b I ,  

a O C T a J l b H a R  s a C T b  M a U H H b I  - C H a P Y X M  (PHC.  12.5). 
X O J I O A M J ~ ~ H ~ I ~  M a U H H b I  2MKB 12- 1-2, 2MBR12- 1-2, 2MKB 18- 1-2 n 

2MBB 18- 1-2 YCTaHaBJ lMBaloT  3a C T ~ H O ~ ~  O X J ~ X A ~ ~ M O ~ ~  K a M e p b l  M COeAMHflloT 

C ~ e f i  nPMTOsHblM M PeUUPKYJlFIUMOHHblM 'B03AyXOBOAaMM (PIIC. 12.6). 
npM 3TOM KOHAeHCaTOP M a U B H  C BO3AYUIHbIM O X J l a X A e H H e M  (2MBB 12- 1-2, 
2MBB18-1-2) y C T a H a B J l U B a l o T  OTfieJlbHO, H a n p M M e p  H a  KPbILUe 3AaHMR.  

X O J ~ O A M J I ~ H ~ R  MaLUUHa lXM@-32 - p a 3 A e J l b H O r O  T M n a .  Bosnyxooxna- 
AMTeJlM MOHTMPYloT B B e p x ~ e f i  s a C T U  0 ~ J l a X A a e ~ 0 f i  K a M e p b I ,  a KOMnpeCCOpHO-  

K O H A ~ H C ~ T O ~ H ~ I ~ ~  a r p e r a T  - H a  ~ ' H T ~ ~ C O J ~ H X  H a n  TPY30BbIM KOPWAOPOM 

(CM.  PMC. 7.7). B o ~ A ~ x o o x J ~ ~ ~ M T ~ ~ ~ H ~ I ~ ~  a r p e r a T  MaLUHHbl lXM@-16 Y C T a -  

H a B J I H B a l o T  B O X J l a X A a e M O M  I I O M e ~ e H M M ,  a K O M ~ ~ ~ C C O ~ H O - K O H A ~ H C ~ T O ~ H ~ I ~ ~  
a r p e r a T  - caapyxw, non H a s e c o M  (pnc. 12.7). 

IlPOEKTHPOBAHME XOJlOAHJlbHblX YCTAHOBOK 
C I lPOMEXYTOSHblM XJlAAOHOCMTEJlEM 

nnouanb napymnok 
nosepxeocrm, M' 

~ H C ~ O  C ~ K U H ~ ~  

ra6apmrnue pasmept~ 6 a ~ a . m ~  
nnnma 
IUHPHHa 
sblcora 

n ~ a m e ~ p  ycnoanoro npoxona 
mryuepoa, M M  

' nnfl suxona paccona 
mfl sxona amMHaKa 
nnn suxona " 

B M ~ C T H M O C T ~  no amMHaKy, n 
Macca. KI. 

B 3 a K P b l T b l X  CUCTeMaX M O X H O  UCI lOJ Ib30BaTb  3TM Xe XOJlOAMJIbHbIe 

a r p e r a T b 1 ,  nonodpas K HUM K O X Y X O T P Y ~ H ~ I ~ ~  M C n a p M T e J l b  MTT ( ~ a 6 n .  13.2). 
O A H ~ K O  B YCTaHOBKaX AJlR O X J l a X A e H M R  BOAbl MJlU P a C C O J l a  qenecoo6pa3~ee 
UCnOJ lb3OBaTb  H e  c6opsbre, a KOMnJleKCHble  ( 6 n o s ~ b l e )  XOJlOnMJlbHble M a U M H b l  

C B ~ I C O K O ~ ~  C T e I l e H b l o  ~ ~ B O A C K O ~ ~  TOTOBHOCTkf ( ~ a 6 n .  13.3). 



B H Y T P ~ H H H ~ ~  UHaMeTP KOXYXB 
H TonuHHa ero CTeHKH, M M  600 X 8 600X 8 8 0 0 x 8  8 0 0 x 8  l o o o x  10 
' 4 ~ c n o  rpyb 216 9 1 6  386 386 6ln 
qncno xonos 8 8 8 8 8 
, l n ~ ~ a  rpy6. M W  4000 5000 4000 5000 4000 

nnamerp ycnosnoro npohuna 
mryuepos, M M  

xnanoHocnrenR (axon, stdxon) 100 125 150 150 200 
XnanlrrHTn 

nnnna 
lUHpUHa 
BblCOTa 

Macca. Kr 

B~yrpennnR nnaMerp Komyxa 
n ronunna ero CTeHKU. M M  IOOOXlO 1200x12 l(iOOX16 1800X20 1800x20 
qncno rpy6 616 670 827 1059 1059 
q ~ ~ c n o x  xonos 8 4 2; 4; 8 2; 4; 8 2; 4; 8; 10 
nnnna rpyb, M M  5000 6000 6000 6000 8000 
l l n a ~ r r p  ycnosnoro npoxuna 
mryuepos, M M  

x .~ano~ocnrenu (sxon, s ~ x o n )  200 250 300 400 400 
xnanarenra 

B X O ~  32 40 80 $0 80 
B H X O ~  150 200 250 300 300 

0 6 a e ~  ~exrpy6Horo npoc~pancrea, M.'  2.4 4.8 6.4 8.5 11.4 
Ta6apnr~ue pasmeptd, M M  

Macca. K T  6300 7800 '23800 29760 37620 

Y C T ~ H O B K M  YB10, AB30 u XOJIOAUJlbHbIe  M a U I U H b I  MBT14-1-0, MBT20-1-0, 
pa6o~alomue H a  x n a n a r e H T e  R12, n p e n ~ a 3 ~ a q e ~ b l  A n R  n o n y Y e H u R  < < J I ~ A R H o ~ ~  

B O A ~ I > >  ~ e ~ n e p a ~ y p o i i  1 - 2"C, ucnonbsye~oii  n n R  o x n a x n e H u R  M o n o K a  H a  

MOJIO.IHOTOBapHblX @ e p ~ a x  U  B  I I y H K T a X  I I ~ ~ B u ~ H o ~ ~  O ~ ~ ~ ~ O T K U  MOJlOKa.  
\ M M M ~ ~ H ~ I ~  XOJIOAUJIbHbIe  M a U U H b I  C P ~ A H C ? ~ ~  I lPOU3BOAMTeJIbHOCTU 

MI\ 1'22-7-2, MKT45-7-2, MKT80-7-2, a T a K X e  K f l y n ~ b l e  a M M U a Y H b I e  M a l l J U H b I  
1 MKT110-7-2, lMKT110-7-3, 1MKT220-7-2, 1 MKT220-7-3 I I p U M e H R W T  

AJIR O X A a X A e H U R  P a C C O J I a '  UAU B O n b I  H a  XOJIOAUJIbHUKaX B  p a 3 J I U Y H b I X  

O T p a C A R X  I I p O M b I U A e H H O C T U .  

P e r y J l U p ~ ~ a ~ U e  n p O U 3 B O A U W J I b H O C T U  XOAOAUAbHbIX M a U U H  C P ~ A H ~ ~  np0- 
U 3 B O A U T e A b H O C T U  kf K P Y n H b l X  M a U U H  lMKT110-7-2 U  lMKT220-7-2 O C y U e C T B -  
J l R e T C R  A B Y X n 0 3 U U U O H H O  ( B K J I ~ ~ ~ H M ~ M  U  O C T a H O B O M  K O M I I ~ ~ C C O ~ ~ ) ,  a B  M a -  

W u H a x  lMKT110-7-3 u 1MKT220-7-3 - c T y n e H s a T o  (25, 75 u 100%) 3 n e ~ -  
T P O M a r H U T H b I M  O T X U M O M  K A a n a H O B .  

B n o c n e n H e e  B p e M R  n n R  o x n a x n e H u R  paccona u B O A ~ I  B c e  6onburee 
P a C n p O C T p a H e H U e  I IOAyYUAU XOJIOAUAbHbIe  M a U I U H b I ,  pa60~ammue H a  X J l a A O -  

H a X  ( B  OCHOBHOM R22).  TO K O M n J l e K C H b l e  a B T O M a T U 3 U p O B a H H b I e  X O A O A U A b H b l e  
M a U I U H b I ,  I IOCTaBJIFIeMbIe  3 a P R X e H H b l M U  MaCJIOM U  X J l a A O H O M .  B UX U C n a p U T e -  

J I R X  I l p U M e H e H b I  M e A H b I e  T P Y ~ ~ I  C  CJI IOMUHUeBblM P ~ ~ P H C T ~ I M  C e P A e Y H U K O M .  

































T ~ ~ ~ O B ~ H U R  ~ ~ ~ O ~ ~ C H O C T U ,  q T O  AOJIXHO H ~ ~ T M  O T p a X e H U e  B p a 3 p a 6 a ~ b l e a e -  

MMX IIDOeKTaX.  

I(0~IlpeCC0p~ble H KOMnpeCCOpHO-KOHAeHCaTOpHble arperaTbl. B OnHOCTy- 

I I e H q a T M X  XOJlOAUJIbHbIX y C T a H O B K a X  IIpH T e M n e p a T y p e  K U n e H U R  H e  H U X e  

-30°C, a T a K X e  B K a q e C T B e  C T y n e H U  BbICOKOrO n a B n e H U R  B n B y X C T y n e H q a T b 1 X  

XOJIOANJIbHbIX y C T a H O B K a X  I lPHMeHRloT  O A H O C T Y n e H q a T M e  KOMnPeCCOPHble  

( ~ a 6 n .  14.1) U KOMnpeCCOpHO-KOHneHCaTOpHble ( ~ a 6 n .  14.2) a r p e r a T b 1  C 

I lOpIUHeBbIMU U BUHTOBbIMU KOMnpeCCOpaMU.  

6 y c ~ e p ~ b l e  O f l H O C T y n e H q a T b I e  a r p e r a T b 1 ,  X a p a K T e p U C T U K U  KOTOPblX n p U B e -  

n e H b 1  B ~ a 6 n .  14.1, HCnOJIb3YIOT B K a q e C T B e  C T y n e H U  HM3KOrO A a B J l e H H R  B ABYX- 

C T y n e H q a T b I X  XOJlOnUJIbHbIX YCTaHOBKaX.  

K O M ~ ~ ~ C C O ~ H ~ I ~  a r p e r a T b l  IIPUMeHRIOT, eCJlU KOHAeHCaTOP BbIHeCeH U 3  M a -  

IllkiHHOrO OTAeJleHUR, H a n P W M e P  B C J I y q a e  N C n O J l b 3 0 B a H U R  UCnapHTeJ IbHbIX,  OpO-  

CUTeJIbHbIX, BePTUKaJ IbHbIX K O X Y X O T P Y ~ H ~ I X  KOHAeHCaTOPOB, a T a K X e  KPYnHbIX 

~ O P U 3 0 H T a J l b H b I X  KOHAeHCaTOPOB, y C T a H a B J I U B a e M M X  B o 6 m e ~  MalLIUHHOM 3aJe 
B a t l n a p a T H O M  OTAeJleHUU. B YCTaHOBKaX ~ e 6 0 ~ 1 b I U 0 i i  MOUHOCTU uaecoo6pa3- 
HO I I P U M e H R T b  KOMnPeCCOPHO-KOHfleHCaTOpHble  a r p e r a T b 1 ,  y C T a H a B J I U B a e M b I e  

B MaIUUHHOM OTAeJIeHUU. 

K O M ~ ~ ~ C C O ~ H ~ I ~  U KOMnpeCCOpHO-KOHneHCaTOpHbIe  a r p e r a T b 1  non6upam~  
no ~ p e 6 y e ~ o i i  06 'be~~ofi  IIPOU3BOAUTeJlbHOCTU KOMIIpeCCOpa ,  3 H a q e H N e  KOTO- 

poii o n p e n e n R r o T  B xone T e n n m o r o  p a c q e T a  x o n o n u n b ~ o i i  M a u u H b I  (CM.  rn. 1 1 ) . 
B COCTaB KOMnpeCCOpHbIX a r p e r a T O B  A40-7-2 U A80-7-2 BXOnRT ~ o ~ I U H ~ B O ~  

K O M n p e C C O p ,  3 J I e K T p O n B U r a T e J l b ,  C O ~ ~ M H ~ H H ~ I ~ ~  C KOMnpeCCOpOM M Y @ T O ~ ~ ,  M a c -  

J IOOTneJIUTeJIb ,  U M T  C n p u 6 0 p a ~ u  Y n p a B J I e H U R ,  ~ B T O M ~ T U ~ ~ C K O ~ ~  3 a U U T b I  U C u r -  

~ a n n s a u u u .  n p e n y c ~ o ~ p e ~ o  B o n R H o e  oxnaxneaue K p b r m e K  K o M n p e c c o p a  u 
MaCJIOOTAeJUTeJIR.  X O ~ O A O I ~ P O N ~ B O ~ H T ~ J ~ ~ H O C T ~  P e r y J I U P Y e T C R  ABYXn03UUUOH-  

HO - IIyCKOM U OCTaHOBOM K O M n p e C C O p a .  

B COCTaB KOMIIpeCCOpHbIX a r p e r a T O B  A1 10-7-0, A1 10-7- 1,  A1 10-7-2, 
A1 10-7-3, A220-7-0, A220-7-1, A220-7-2 U A220-7-3 ( ~ U C .  14.1) BXOnRT n O p -  

W H ~ B O ~ ~  KOMnpeCCOp,  3 J e K T p O n B U r a T e n b ,  C O ~ ~ M H ~ H H ~ I ~ ~  C KOMnpeCCOpOM 3na- 
C T U ~ H O ~ ~  ~ y @ ~ o i i ,  ~ J I O K  n p u 6 0 p o ~  u 3 a n o p ~ a ~  a p M a T y p a .  n p e n y c ~ o ~ p e ~ o  BO- 

nmoe o x n a x n e H u e  K o M n p e c c o p a .  Macnoo~nenu~enb - q u K n o H H o r o  T u n a  6e3 
BOARHOrO O X J l a X A e H U R .  B 0 3 ~ p a ~  OTAeJleHHOrO M a C J I a  B K a P T e P  K O M n P e C C O P a  

O C ~ L U ~ C T B J I R ~ T C R  a a T o M a T n q e c K n  qepes n o n n a ~ ~ o ~ b ~ f i  K n a n a H .  Xonononpo- 
U3BOnUTeJIbHOCTb P e r y J I U p y e T C R  IIyCKOM U OCTaHOBOM 3J IeKTPOABUraTeJ IR  U n U  

( B  a r p e r a T a X ,  M a p K U  KOTOPbIX OKaHqUBaIOTCR H a  UH@PY 1 NAN 3) OTKJlIOqeHUeM 

UUJIUHApOB 3JleKTPOMarHUTHblXI OTXUMOM B C a C b I B a l O U U X  K J l a n a H O B .  

B COCTaB KOMnpeCCOpHbIX a r p e r a T O B  2 1A280-7-0 (- 1,  -2, -3) U A350-7-0, 
A350-7- 1 ,  A350-7-2 H A350-7-3 ( ~ u c .  14.2) BXOnRT M ~ c J I o ~ ~ ~ o J I H ~ H H ~ I ~ ~  BUHTO- 

B O ~  KOMnpeCCOp,  ~ C U H X ~ O H H ~ I ~ ~  3JleKTpO,LI.BUraTeJIb, r a 3 0 ~ b 1 f i  @ U J ~ T P ,  M a c a o -  

H a C O C H a R  YCTaHOBKa,  @ t i J I b ~ p  rpy608 H TOHKOA OqUCTKM M a C J l a ,  U U T  npu6opa 
n a a n o p ~ a ~  a p M a T y p a .  P e r y n u p o ~ a ~ u e  n p o u 3 ~ o n u ~ e n b ~ o c ~ ~  a r p e r a T o B  

2 1A280-7-0, 2 1A280-7-2, A350-7-0 U A350-7-2 n B y X n O 3 U u U O H H O e ,  a OCTaJIb-  

H ~ I X  - n n a B H o e  B ~ u a n a 3 0 ~ e  OT 25 no loo%, o c y u e c T s m t e M o e  c n o M o u I b l o  30- 

JlOTHUKOBOrO P e r y J l R T O p a  C 3 J l e K T p O A B U r a T e J l e M .  

B 6 y c ~ e p ~ b 1 x  arpera-rax c B U H T O B ~ I M H  K o M n p e c c o p a M u  n p e n y c M o T p e H o  

n B y X n O 3 U U U O H H O e  P e r y J I U p O B a H U e  XOJIOnOnpOU3BOnUTeJlbHOCTU. 
A n R  UCnOJ lb3OBaHHR B YCTaHOBKaX C ~ e ~ n e p a ~ y p o f i  K U n e H H R  -25 + 

-30°C U H U X e  npOMblIUJIeHHOCTbIO BbInyCKaIOTCR n ~ y x c ~ y n e ~ q a ~ b l f i  K O M n p e C -  

c o p ~ b l i i  a r p e r a T  AA55-7-5, T e x H u q e c K a R  x a p a K T e p u c T u K a  K o T o p o r o  n p u s e n e H a  

B ~ a 6 n .  14.1, H A B y X C T y I l e H q a T b l e  a r p e r a T b 1  AA130-7-4, AJI.260-7-4 U 

lA.4260-7-4 ( ~ a 6 n .  14.3). 
f l ~ y x c ~ y n e ~ q a ~ b ~ f i  K O M ~ ~ ~ C C O ~ H ~ I ~ ~  a r p e r a T  AA55-7-5 COCTOUT U 3  CMOHTU- 

p o B a H H o r o  H a  o 6 ~ e i i  p a M e  n ~ y x c ~ y n e ~ q a ~ o r o  8 - s u n u ~ n p o ~ o r o  K o M n p e c -  



















































M 0 ~ 0 3 U J l b H b l e  a r p e r a T b l  yCTaHaBJlUBalOT Hel lOCpenCTBeHHO B TeXHOJlO- 

r n q e c K u x  uexax UJH B c n e u u a n b ~ b l ~  n o M e q e H u R x  X o n o A u n b H n K a  c T e M n e -  

p a ~ y p o f i  OT 0 no 5OC. Y ~ 0 6 b l  YMeHbUlUTb TenJ lOnpUTOK K MOP03MJlbHblM 

n J U T a M ,  j a r p e r a T  O r p a X n a t O T  TenJlOU30JlUpOBaHHblMU W U T a  MU, CKpenJ lReMbl -  

MU n p U  c 6 o p ~ e  ~ O J T ~ M U .  a J l R  npOCyWKU MeXaHU3MOB MOP03UJlbHOrO arpe- 
rara npn  o r T a u s a H n u ,  a T a K x e  nnn y n a n e H u z l  n a p o B  a M M u a K a  n p n  p e M o H -  

T e  I l O M e U e H U e  BHYTPU T e ~ J l O U 3 0 J l l l P O B a H H O ~ O  KOHTYPa OCHaLIlalOT ITPUTO'IHO- 

B ~ I T R X H O W  s e ~ ~ u n ~ u 1 4 e f i .  

r n a ~ a  15 

IlPOEKTM POBAHME CMCTEM 0 6 0 P O T H O r O  BOAOCHA6XEHHR 

n p H  ~ b l 6 0 p e  rpap.UpHU IlpUHUMalOT 4,  = 35 KBTIM'. 
T e o p e ~ n q e c ~ ~ ~  n p e n e n o M  o x n a x n e H u R  B o n b l  B r p a A u p H e  c n y x u r  TeM-  

n e p a T y p a  H a p y X H O r O  BO3AyXa no CMOqeHHOMY T e p M O M e T p y  t,, , . O ~ H ~ K O  
O H a  M O X e T  6 b l ~ b  AOCTUrHYTa TOJlbKO B r P a A N P H e  C ~ ~ C K O H ~ L I H O  6 0 n b l ~ o i i  

nOBepXHOCTblO ~ e n J l 0 0 6 ~ e ~ a .  B PeaJ lbHblX KOHCTPYKUkIFIX BOAa O X J l a X A a e T -  

CR A 0  6 0 ~ l e e  B ~ I C O K O W  T e M n e p a T y p b l  ( ~ a  4 - 12°C BbILUe, r€!MnePaTypbl 

B 0 3 A y X a  UO CMO'leHHOMY TepMOMeTP)' B 3aBUCUMOCTII OT t,,  U B ~ e ~ b l l l e f i  CTe- 
n e H U  - OT q , )  ~ P M  3TOM O X J l a X n e H H e  BOAbl B r p a A k i P H e  M O X e T  6 b l ~ b  

OT 3 A 0  9°C. ~ J R  p a 6 0 ~ b l  XOJlO~UJkbHblX yCTaH0BOK COBMeCTHO C r p a A H p -  

HRMU bIapKt4 T n B  X a p a K T e p H b l  HarPY3KU q/= 25 45 K B T / M ~  U T e M n e p a -  

T y p a  H a p y X H O r O  BO3AyXa 110 CMOqeHHOMY TepMOMeTpY t,, ,,,= 16 + 25OC. 
B 3TMX YCJOBMRX BOAa O X J l a X A a e T C R  H a  A t,= 3 t 5'C, a P a J H O C T b  TeM-  

nepa-ryp o x n a x n e ~ ~ o i i  B o n b l  H 
BO3J.yXa IlO CMOqeHHOMY TepMO-  

1, M e T p y  0' = t,,,- t,, , COCTaBJlRCT 

OT 8 A 0  46C (60~1ee HM3KMM / T e M n e p a T y p a M  t,,. n M e H b u N M  q, 
COOTBeTCTBylOT 6 0 n b u u e  O r ) .  

O T H O W ~ H M ~  ~ ~ ~ ~ c T B U T ~ J ~ ~ H O ~ O  

OXJIaXAeHUR BOAbl K TeOpeTU-  

qeCKU B03MOXHOMY Ha3bIBa lOT 

K O ~ @ @ U ~ H ~ H T O M  ~ @ $ ~ K T U B H ~ C T M  

r p a n u p H u  q,,, : 
l >- I" ,  

- 
AI, 

I I , , ,  = -  
~ L ~ - ~ l , M  A ~ ~ ~ + l , ~ - t ~ ~ ,  

( I < ) L J  

nlr; 9 - uasouerp; 10 - pacxonouep ~ 0 1 1 ~ l l l l ~ ~  113 K O H I l C l i C i l T O [ ) a ) .  ' 



O P N ~ H T M P O B O ~ H M ~  3 H a q e H H H  3TOrO K O ~ @ @ H ~ ~ H ~ H T ~  AJlR 0 ~ J I a f i H ~ e J l e f i  pas- 
JIHqHOrO T H n a  n p H B e A e H b I  B ~ a 6 n .  15.2. M C H ~ U I M M  3 H a q e H H R M  t , , ,  COOTBeT- 

CTByIOT M e H b U H e  3 H a q e H H H  r],,,. 

1 
lwl  = l I l M  + Atw(-- I )  

ql I, 
( 15.3) 

Ecnn M3BeCTHbl t,, H in , ,  TO, 3 a A a B a R C b  3 H a q e H H e M  q l p ,  T e M n e p a T y p y  

BOAbl, B M X O A R I ~ ~ ~ ~  H 3  r P a A H P H H ,  Bbl'lMCJRIOT no @ O p ~ y J l e  

t,,,= tw,  - (tw,- i l l  .) q l p  ( 15.4) 

 an^ n e p e K a q u s a H n R  BOAM B O ~ O P O T H O ~ ~  C n c T e M e  c n e n y e T  n p e n y c M a r -  

p M B a T b  He M e H e e  n B y X  p a 6 0 q u x  HaCOCOB U OnMH p e 3 e p ~ ~ b l f i .  

B TOM C J l y q a e ,  e C n H  H3BeCTHM PaCXOA BOAU, a T a K X e  H a q a J l b H a R  U 

KOHeqHaR T e M n e p a T y p M  BOnbI, TenJlOByIO H a r P Y 3 K y  H a  r P a A U P H l 0  MOXHO 

o n p e n e n w b  no @ o p ~ y n e  
Qlp= . v w ~ w ~ u , ( t w r -  t lu , ) ,  ( 15.5) 



n o  ~ a 6 n .  15.1 non6upae~ B e H T U J R T O P H Y H )  r p a n H p H I 0  TnB-40M. 
H a x o n a ~  no i - d - n u a r p a M M e  T e M n e p a T y p y  H a p y x H o r o  ~osnyxa  no C M o q e H H o M y  rep- 

MOMeTPY.  ~ P H  Y K a 3 a H H b I X  I I a p a M e T p a X  f,.,= 19,5OC. 3 a n a e ~ c S I  K O ~ @ @ U U H ~ H T O M  ~ @ @ ~ K T w B -  
HOCTU r p a n u p H u  qrp= 0.4. Torna T e M n e p a T y p a  ~ o n b r  H a  s b l x o n e  u 3  r p a n s p H n  

n p ~ v e p  2. Onpenen~r~b T e M n e p a T y p y  oxnaxne~eofi B o n b l  n T e n n o e y m  ~ a r p y ~ ~ y  H a  rpa- 
A H P H I 0  TBB-20, e C n H  T e M f l e p a T y p a  H a p y X H O r O  B O 3 n y X a  no C M O s e H H O M Y  T e P M O M e T P Y  24°C. 
0 6 % e M ~ b l f i  pacxon B O ~ M  1,2 n/c, T e M n e p a T y p a  H a  B r J x o n e  u3 K o H n e H c a T o p a  30°C. 

3 a n a e ~ c f I  K O ~ @ @ A L I H ~ H T O M  ~ @ @ ~ K T H B H O C T H  r P a n H P H U  q,= 0,42. T e ~ n e p a ~ y p y  O X n a X -  
n e ~ ~ o f i  B o a t 4  H a X O n U M  no @ 0 p ~ y n e  (15.4): 

P a c s e ~  6pb13ranb~or0 6accefi~a He oTnusaeTcR OT pacseTa rpanapau. 
KOAUY~CTBO BOW, n o n a ~ a e ~ o f i  B Bacceii~, onpenenmcn no @ o p ~ y n e  (15.2), 
npw  TOM npuHuMamT oxnaxneHue BOAM no Atw= 2 i 4 O C .  

n n o u a a b  6accefi~a onpenenUI0.r no @ o p ~ y n e  (15.1), a ynenbHylo Ten- 
AOByI0 Harpy3Ky no ~ a 6 n .  15.2. 

K O J I U ~ ~ C T B O  @OPCYHOK M O X H O  OIlpeAeJIUTb no @0pMyJIe 

rAe g$ - f l p O U 3 B O n U T e J l b H O C T b  O ~ H O R  @OPCYHKH, K O T O p a R  3 a B H C U T  OT A U a M e T p a .  O T B e P C T H R  
N n a B n e H U R  B O n M  nepen @ O P C Y H K O ~ ~ .  

O P A ~ H T U P O B O ~ H O  M O X H O  IIPMHUMaTb g$= (1,4 i 1,7) M3/c. T ~ M -  
nepaTypy BOAM, y x o ~ ~ f ~ l e f i  u3 6acceii~a, f,, MOXHO B ~ I ~ U C J I N T ~  no @op- 
Myne (15.5). 

IlPOEKTMPOBAHME YCTPORCTB 
AJla I lEPEMEUEHWB XMAKOCTER M r A 3 0 B  

16.1. OflPEflEJlEHHE AHAMETPA 
BOAHHblX H PACCOJlbHblX TPYGOIIPOBOAOB 

Ecnu U3BeCTeH 06'belWHblii PaCXOfl XMAKOCTU V ( B  lW3/c) Ha YZlaCTKe 
~py6onpo~ona ,  TO nnoulaab nonepewor0 ceyeawsl f,, (B 1 ~ ~ )  ~ p y 6 t 1  onpe- 
nenfim-r no @ o p ~ y n e  

v 
f - -.  

TP- (16.1) 

Y ~ ~ C T K O M  Ha3blBalOT OTpe30K Tpy60np0i30Aa U A H  BO3AyXOBOna, Ha KO- 

TOPOM pacxon XMAKOCTM UJIN 1-838, a TaKxe ux ceqeme ocTaloTcR no- 
CTOUHHblMU. 

Ecnu s a n a ~  ~ a c c o ~ ~ i i  pacxon XHAKOCTU M ( B  K ~ / c ) ,  TO Tpe6ye~y10 
nnouanb nonepewor0 ceseHuR onpenenfim no G o p ~ y n e  



E c n ~  s ~ a q e ~ u e  cpen~efi C K O ~ O C T U  B CeqeHuu w ( B  M / C )  B $ O P M ~ J I ~ X  

(16.1) - (16.3) HeU3BeCTH0, NM CJleAyeT 3aAaTbCR no ~ a 6 n .  16.1. npM 
3TOM MeHbUlMe 3HaqeHFiFI OTHOCRTCR K T P Y ~ ~ M  C dB, < 50 M M ,  a 66nbuue - 
K T P Y ~ ~ M  dB, > 50 MM. AnR ~ p y 6  AMaMeTpOM 6onbure 100 M M  ~a6jlNqHble 
3HaqeHMR CKOPOCTM M O X H O  YBeJlMqWTb Ha 25 - 30%. MeHbUINe 3HaqeHMR 
CKOPOCTM npuHMMatoTcR TaKxe npH 6onee H M ~ K M X  TeMnepaTypax pac- 
cona. 

TaGnuya 16 1 

nocne onpeneneHuR dB, no ~ a 6 n .  16.2 ~b16npa10~ ~py6y ,  y ~ o ~ o p o f i  
d,, n p u 6 n n 3 ~ ~ e n b ~ o  paseH BenuwHe, nonyqe~~ofi  pacqeToM. 

~ l l l l ~ o ~ ~ b  

Z u a u e ~ p ,  MM Ilnouqanb n o n r p c r ~ o r o  
ceue.nn iTP . lo ' ,  M' 

M a c c a  I M .  Kr 
~ C J ~ O B H ~ I ~ ~  n a p y m ~ l d f i  B H Y T P ~ H H N ~  

A U ~ M ~ T ~  XJlaAOHOBbIX N aMMMaqHbIX T P Y ~ O ~ P O B O A O B  OnpeAeJlRlOT n0 
Q o p ~ y n e  (16.2). P a c q e ~ ~ b r e  CKOPOCTN n p ~ ~ e ~ e ~ b l  B ~ a 6 n .  16.3. Ilpu npoeK- 
TMPOBaHNN XJlaAOHOBbIX T P Y ~ O ~ P O B O A O B  OCHOBHOe BHMMaHUe CneAyeT yAe- 
JIRTb MePOnPMRTMFlM no B03BpaTy MaCJla B KOMnpeCCOp. Ans IIOA-beMa 

Tufinuqa 16.3 

Paccon 0.4 - 0.8 0.7 - 1.2 
Bona 0.5 - 1 .O O.R - 1.3 

C ~ o p o c r b  w ,  M / C  

~ U H U R  I Xnana IWHT 
I P a c r r r ~ a u  c ~ o p a r r b  

w ,  ~ / c  

C T O ~ O H ~  
BcaCblnaHHn 

Crop<lHa 
f t a r ~ e r a ~ n u  



B ~ M P K ~ J I R U M O H H O ~ ~  CMCTeMe A B M X e H M e  XHAKOCTM IlPOWCXOAMT n O A  

A ~ ~ ~ C T B U ~ M  p a 3 H O C T M  & a ~ . f l e H k i f i  H a r H e T a H M R  M B C a C b I B a H M R ,  ~ 0 3 ~ a ~ a e M 0 f i  

npM p a 6 o ~ e  H a C O C a .  npll 3 T O M  X M A K O C T b  A B U X e T C R  OT T O W K  CMCTeMbl C 

6 0 n b u n ~  A a B J I e H M e M  K T O V K a M  C MeHbUIMM. 

FIpw A B M x e H u M  no c H c T e M e  nm6ofi c p e ~ b l  ( ~ o n a ,  paccon, BOSAYX) npo- 
UCXOART n O T e p M  A a B J l e H M R :  H a  T p e H M e  0 CTeHKM T P Y ~ ~ I  APT,, M B MeCTHblX 

COllPOTMBJleHMRX ApM ( ~ o B o ~ o T ~ ~ ,  3 a A B U X K U ,  O T B e T B J e H M R ,  I l e p e M e H a  

c e q e H u R  T ~ ~ ~ O ~ ~ O R O A O B  u np.).  
n o ~ e p u  n a B n e H u R  H a  T p e H H e  

YcnonHuA npoxon 
rpyciw d . MM 

hp Pw2 
A P T P = d ~  I = R l .  

k - LuepOXOBaTOCTb ~ p y 6 ,  3Ha. leHHH K O T O ~ O ~  I I p N H t i M a l O T :  jlJlR HOUl,lk I 'JlaJlhtlX ~ p y 6  UB 

JI;11YHM N M e A H  /l = 0,ool M M ;  n n F l  HOBblX CTaJlbHblX T P Y ~  /i = 0.06, a I l W J I C  HeCKOJlbKHX 

JlCT 3 K C I l J l y B T a l l l l l l  k = 0.2 M M ;  AJlR C T a J b H b l X  T P Y ~  B PaCCOJlbHblX C N C T e M a X  k = 0.5 M M .  

H a p y m ~ h l A  nnsMvTp 
(1,. MM 

B H ~ T ~ ~ H H H A  n n a ~ e ~ p  
d , , .  M M  

nnnli ldab 110nepell~nrn 
rc~iet inn lTl, . 10'. M '  

Mdcca ! M .  hr 



n a p a ~ e r p  I RO.IIII,III vacTI~ut1 C ~ C I ~  I Bona I B O ~ H ~ A  ~ ~ C T B O ~  s~unenrnu~onn 

m e  gM - K O ~ + + H U H ~ H T  MecTHoro conpoTneneHnn; pw2/2 - nwHaMwsecKoe ( c ~ o p o c ~ ~ o e )  
naBneHHe noToKa, n a .  

~ H ~ Y ~ H U H  EM I IPUBeAeHbI  H U X e :  

BHXOA ~3 pe3ep~yapa B ~ p y 6 y  
n p n e ~ ~ b l f i  KnanaH C C ~ T K O ~ ~  ( l$~Jlb~p)  
0 6 p a ~ ~ b l t i  KnanaH 
K o n e ~ o  HJIH OTBOn non YrJlOM 90' 
K p e c ~ o e n ~ a  

Ha npoxone 
Ha OTBOAe 

T p o f i ~ n ~  
Ha npoxone 
n0A YrJrOM 90' B HanpaBJIeHkiH OTBeTBneHHR 

Kanas ( O T B O ~  non yrnoM 180") 
3 a n e w x ~ a  napannenbnan 
BeHTnnb ( D  = 250 t 20 MM) 
K O ) K ~ X O T ~ ~ $ I H M ~ ~  M H O ~ O X O ~ O B O ~ ~  HCIlapHTenb 
UnH KOHjIeHCaTOp 

~ P M  OI lpeAeJ IeHHU AaBz leHUR B MeCTHOM COnPOTUBJIeHUU no @ 0 p ~ y n e  
(16.6) B H e e  n o n c T a s n R m T  s ~ a q e ~ u e  CKOPOCTU n o c T y n a t o m e r o  n o T o m ,  ecnu 
H e  IIpOUCXOAUT U3MeHeHUR CeYeHHR A 0  H lIOCJIe COnpOTUBJleHUR. n p U  U3Me-  

H e H u u  c e s e H u R  (nepexo~  OT o A H o r o  A u a M e T p a  ~ p y 6 b 1  K A p y r o M y  unu pas- 
A e n e ~ U e  ~ O T O K ~ )  IIOACTaBJIRloT 3 H a M e H U e  CKOPOCTU I I O T O K ~  B H a U M e H b U I e M  
C e s e H u u .  

C U C T ~ M ~  T P Y ~ O ~ P O B O A O B  I IpeACTaBJIReT  co6oii CJIOXHyIO r u n p a B n u r e c K y m  

C e T b  N 3  YYaCTKOB, COeAUHeHHbIX nOCz leAOBaTeJ IbH0  UJIU n a p a J I J I e n b H 0 .  Y Y ~ C T -  
KOM H a 3 b I B a m T  Y a C T b  T ~ ~ ~ o I I ~ o B o A ~  C HeU3MeHHbIM PaCXOAOM XUAKOCTU 

U & H a M e T p O M  ~py6b1.  
~ o J I H ~ R  n O T e p R  a a B J l e H H R  H a  YYaCTKe ~ p y 6 0 n p 0 ~ 0 A a  

AP, = a p T P  + L p H C .  (16.8) d , i Y  d, ; V, di;vi - - - Ecnu YYaCTKU COeAUHeHbI - ,  
I I O C J ~ A O B ~ T ~ ~ ~ H O  (PUC.  16.1, a ) ,  4 Pi 
p a c x o A  m u A K o c T u  qepes B c e  3ne- 
MeHTbI OCTaeTCR HeU3MeHHbIM, 

a o6mue I IOTepU AaBJIeHUR P a B H b I  

C y M M e  I I O T e p b  A a B J e H U R  H a  

y Y a c T K a x :  

A p = Z A p i = Z ( R l + Z ) .  

( 16.9) APi  
n p u  n a p a n n e n b H o M  B K n m q e -  

YqaCTKOB (PHC. 76) Pnc. 16.1. nocnenosa~enb~oe  n napannenb~oe 
0 6 ~ ~ f i  pacxon XHAKOCTH p a B e H  coenHHeHne rnnpasnnsecKHx YsaCTKOB 



,J;;%;5 @ 
C y M M e  P a C X O n O B  H a  K a X n O M  M 3  

y l i a c . r h o B ,  a r H u p a s n H r e c n H e  

7 2.. 7. (nu I lOTepM AaBJIeHHR M e X n y  06- 
UMMM TOqKaMH P a 3 A e J l e H M R  M 
CJIMRHMR IIOTOKOB DaBHbI  MeXLIV 

o n p e n e n ~ ~ b  n o T e p t o  n a s n e H a R  

TOJIbKO H a  OAHOM Y q a C T K e  C HaM- 
~ O J I ~ L U M M  COIlPOTMBJleHNeM. 

~ O T ~ P M  AaBJIeHPiR H a  OC- 

Puc.16.2. P a c s e ~ ~ a f f  cxeMa ~pydonpoeonos pat- H M W  YCTaHaBJIMBalOT T ~ ; < M M M  He, 
C O J ~ ~ H O ~ ~  YCTaHOBKH K a K  H a  YYaCTKe C H ~ M ~ o J I ~ L U M M  

COnpOTMBJIeHMeM. 

i l p n ~ e p .  n p o s e c ~ u  r u n p a ~ n u ~ e c ~ u f i  pacqeT ~ ~ K P H T O H  pacconb~ofi cucTeMbl oxnaxfieHaR 
TpeX KaMep, B KOTOPhIX TelTJlOBaR HarPY3Ka Ha 0 6 0 p y n o ~ a ~ u e  COCTaBnReT COOTBeTCTBeHHO: 
Ql = 2.5 KBT; QII = 2,2 KBT; QIll = 2,7 KBT. Onpenenu~b poTepu naaneaue. P a c s e ~ ~ a n  
TeMneparypa B KaMepax t ,  = - 20°C, TeMnepaTypa paccona ( B O ~ H H ~ ~  pacTBop CaC12) t ,  = ' 
= - 30°C. B KaqeCTBe npe6opoe OXnaXneHNfl IlPUHRTbl npHCTeHHble o p e 6 p e ~ ~ b 1 e  6 a ~ a p e u .  

P ~ C Y ~ T  npOBOAHM B HeCKOnbKO 3TanOB. 
1. B COOTBeTCTBHU C H ~ T P Y ~ K O ~ ~  Ha O ~ O P Y A O B ~ H H ~  H pa3MepaMH KaMep non6upae~  npu- 

CTeHHble 6 a ~ a p e a .  
2. P a s ~ e u a e ~  6 a ~ a p e u  Ha nnasax. 
3. C O C T ~ B ~ R ~ M  CXeMy PaCCOnbHblX ~py6onpo~onoe .  TOYHOrO OnpeAeneHHR KOAUYeCT- 

Ba nOBOpOTOB U pa3Be~E3Je~Ufi BhIYepYHBaIOT aKCOHOMeTPUYeCKYIO CXeMy ~ p y 6 o n p o ~ o n o ~ .  O a ~ a -  
KO B y ~ e 6 ~ h l x  KlpOeKTaX M O X H O  OTpaHMYUTbCR I ~ ~ O C K O ~ ~  cxe~of i  ( ~ U C .  16.2). 

4. Bb16upae~ rnaBHoe ttHpKyJlR4HOHHOe KOJlbUO. 06b14~0 3T0 KOJIbUO BKnWqaeT B ~ e 6 f f  
~au6onee  ynaneHHym 6 a ~ a p e l o  Ann KaMepy c ~as6onbmefi nJIH~0fi ~ p y 6  6a~apef i .  B HameM 
npHMepe YCnOBHO nPHHflT0, YTO 3 T 0  K O J b 9 0  BKJIIoYaeT B ce6n 6 a ~ a p e e  KaMepbi N9 3. 

n o c ~ o n b ~ y  B KaMepe M 3 uMeeTcsl 2 6 a ~ a p e ~ ,  BwlIoseuHbre napannejlbHo Memny TOY- 

KaMM A H 6, B UnPKYJlR4UOHHOe KOnbUO BKnIOYaeM TOJlbKO YYaCTOK C 6a~apeefi  C 6onbmefi 
n n s ~ o f i  NnaHra, a CnenoBaTenbHo, o6nana1oulefi 6 i ) f l b ~ ~ ~  COnpOTHB3IeHUeM. T ~ K M M  06pa30~ .  
rnaBHoe uupKynfluHouHoe Konbuo B HameM npuMepe COCTOUT ~3 H ~ ~ O P H O ~ ~  MarucTpana c 
ucnapuTeneM H sanop~ofi  a p ~ a ~ y p o f i  ( y s a c ~ o ~  NQ 1).  ~ a n o p ~ o f i  nuHun OT HanopHor0 Kon- 
JIeKTOpa A 0  KaMepbl M 3  ( ~ Y ~ C T O K  NO2), O A H O ~ ~  6 a ~ a p e u  C nOnBOARUlHMN ~ p y 6 o n p o ~ o n a -  
M U  ( ~ ' I ~ c T o K  N03),  06paT~ofi J l H H U N  N 3  KaMepbl N9 3 ( Y Y ~ C T O K  Jf9 4 ) ,  B~a~blBaIOulefi Ma- 
rucTpanu OT MecTa npecoenuHeHuR pacmupaTenbHoro 6 a ~ a  no Bcacmaloulero naTpy6~a Ha- 
Coca (YYBCTOK N9 5) .  

5. B COOTBeTCTBHU C 3aAaHHblMH HaTPY3KaMH Ha KaMepHOe 0 6 0 p y n o ~ a ~ n e  HaXOjlMM PaC- 
xon paccona u nsaMerp ~py6onpo~onoe  ua oTnenbHblx ysacTKax rnaBuoro U H ~ K ~ J I R U H O H -  
HOrO KOnbUa (CM. PHC. 16.2). 

C ~ a q a n a  onpeneJIReM nuaMeTp ~ p y 6 .  coenuamounx 6 a ~ a p e u  c MaracTpanRMu, a s a ~ e ~  - 

~ a r u c ~ p a n e f i ,  HaqaHafl c ~au6onee  ynaneaaHx KaMep H nocTeneHHo n p u 6 n u ~ a f f c b  K Hacocy. 
06'be~HbIfi pacxon paccona sepes KaMepbl: 

06uuf i  0 6 x e ~ ~ b 1 f i  pacxoa paccona B cucTeMe Z V  = 0,356 + 0.314 + 0,385 = 1,055 n/c. 
P a 3 6 u e a e ~  rnaBHoe ~UpKy~RIIHOHHOe K O J l b 4 0  Ha YYPCTKH. Ecnu nOABOARulHe ~py6onpo- 

BOnbl MMeIOT Ta~0fi  Xe AUakleTp, KaK U Tpy6bl 6 a ~ a p e u .  YYaCTKOM CYNTalOT 6a~ape10 BMeCTe 
C nO~BOnRU(UMH T ~ ~ ~ O ~ ~ O B O A ~ M U .  H y ~ e p y e ~  YYaCTKH Ha CXeMe H npOCTaBjlReM Ha H H X  

nuahce-rp n AnuHy ~ p y 6 o n p o ~ o n a ,  a TaKxe pacxon XUAKOCTH qepes yqacToK. 
6. O n p e n e n ~ e ~  no-repe nasjleHan B rnasHoM uupKvnRusoHHoM Konbue. 



n o ~ e p ~  n a B n e H u n  H a  y q a c T K e  Ne I :  ~py6onpoeon o614eA ~ J I H H O R  8 M; M e c T H u e  conpo- 
T H B n e H H n  - 3 3 a A B H X K H .  8 KOJleH n O A  YrJlOM 90°, 1 U C n a p U T e J b .  

Haxon i i~  CKOpOCTb J lBUXeHHfl  paccona B T ~ ~ ~ O I I ~ O B O ~ ~ :  

O6uran n o T e p n  n a s n e H m  H a  y q a c T K e  N? 1 

AP = npTp + z = 0,15 . 10' + 0.33 . 10' = 0,48 . 10' na. 

5 16.4. flOA6OP HACOCA AJlR BOAbl NJlN PACCOJlA 

P* ".p , R. RI. 
;c 2 

Re 'TP d n a / m  w n a  'Em 
n a  M-' 

Hacoc A n R  n e p e K a s u B a H u R  x n n ~ o c ~ e i i  non6upa1o~ no nByM O C H O B H ~ I M  
n a p a M e T p a M :  nonage v ( B  M ~ / C  unu JIIC) n n o a H o M y  n a B f i e H u m  P (B na), 
C O 3 A a B a e M O M y  H a C O C O M .  

n o ~ a s a  Hacoca.  OH^ o n p e n e n R e T c R  K o m i q e c T B o M  X M ~ K O C T Z I ,  K o T o p o e  

H Y X H O  n O & a B a T b  B T ~ ~ J I O O ~ M ~ H H M ~  a n I I a p a T b 1 .  Ecnu X n A K O C T b  I I O n a e T C R  

OHHUM H a C O C O M ,  T O  P a C Z I e T H y D  n O A a Y y  H a C O C a  I I P U H U M a l o T  P ~ B H O ~ ~  P a C -  

X O n y  X l l f i K O C T M  B M a r U C T p a J I U ;  e C n U  n B y M R  H a C O C a M U ,  B K J I l o s e H H b I M N  na- 
pannenbeo, TO p a c v e T H y l o  nonasy K a x a o r o  H a c o c a  n p u H u M a l o T  p a ~ ~ o i i  
65 - 75% pacxona X U ~ K O C T U  B M a r u c T p a n u .  

Han0p , HaCOCa. ~ ~ M M ~ H U T ~ J I ~ H O  K H a C O C a M  IIOJIHOe A a B J I e H U e  I I P U H R T O  

B N p a x a T b  sbrco~oii H ( B  M )  c ~ o n 6 a  n e p e ~ a s u ~ a e ~ o i i  ~ U A K O C T M ,  y p a B -  

155 

8 0.54 187 1928 0.05 1.00 187 1,5 173 3,27 .4.77 
10 0.20 25.7 714 0.06 1.20 30.8 0.31 2,5 0,06 0.37 
100 0,39 97.7 890 0.06 1.88 184 18.4 25.5 2,49 20.89 
15 0,20 25.7 1928 0.06 1.20 30.8 0.46 4,5 0.12 0.58 
2 0.54 187 1928 0.05 1.00 187 0.37 2.5 0.47 0.84 

2. 
~ n a  

(RI L Z I  
~ l l a  



H o e e m L l w B a l o q e r o  coanasae~oe 
AaBJ leHMe.  3 ~ y  B e n N q H H y  ' ~ a 3 b l -  

B a O T  H a n O p O M  HaCOCa:  

H = - .  (16.10) 
P g 

B P ~ ~ O M K H Y T O ~ ~  UHPKY- 

n J I H U H O H H O ~ ~  C n c T e M e  (PHC. 16.3,~) 
H a n o p  H a c o c a  p a c x o A y e r c H  H a  

a 6 npeonone~ne c o n p o ~ ~ a n e ~ w ~  ~ p e -  
THC. 16.3. Cxemu u w p w y n ~ u n o ~ ~ b ~ x  cscrem: HHR H M ~ C T H H X  conpo~nsne~nfi ,  a 

a - p a 3 o r ~ ~ y ~ a n ;  6 - s a ~ n q y r a n  T a K X e  HG nOA'beM XHAKOCTH B 
BepTHKaJ IbHblX  Y q a C T K a X .  

Ecnn HaCOC p a c n O J I O X e H  H M X e  YPOBHR B C ~ C ~ I B ~ ~ M O ~ ~  XMfiKOCTM, T p e -  

6 y e ~ b l f i  H a n o p  

S A e c b  Ap,, M Ap, - IlOJIHble IlOTepM A a B n e H M R  RO B C a C b l B a l O q e M  M 
H a r H e T a T e J I b H O M  ~py6onpoaonax. 

B 3 a M K H y T o fi U M ~ K ~ ~ R ~ M O H H O ~ ~  C u c T e M e  (PMC.  16.3,6) h, = h,,, 
n03TOMY H a n O p  HaCOCa  TPaTHTCR H a  I7pe0,LlO~leHHe COnpOTHBf leHUR TPeHWR 

B CMCTeMe T P Y ~ O I ~ ~ O B O J ~ O B  M B MeCTHblX COIlPOTUBJleHHRX. T p e B y e ~ b t f i  

H a n o p  H a c o c a  



, BCZtCblBaIOUMM- T P ~ ~ O ~ P O B O ~ ~ O M  

C'IHTaIOT 4aCTb CWCTeMbl MeX&' 

T O ~ K O ~  npHCOeAHHeHNR paCWUpM- 
TeJlbHOrO 6 a ~ a  A BCaCblBaIOUIHM 

n a ~ p y 6 ~ o ~  Hacoca, a HarHeTa- 
TeJlbHblM - MeXAJ' 3~0fi T O ~ K O ~  N 

HarHeTaTeJlbHblM ~ ~ T ~ Y ~ K O M .  
X a p a ~ ~ e p n c ~ n ~ a  Hacoca. I lo- 

~ a q a  M ~ a n o p  nona~oq~oro  ~acoca  . V 6 
v 

B3aMMHO CBR3aHbI. M3-3a CJIOX- 
a 

HoCTM a H a n M T M q e c K O ~  aaBMcM- PHC. 16.5. Cxeua non6opa Hacoca no xapawepnc- 
THKaM: 

MOCTM MeXA)' n0Aaz1ea M HanOpOM a -  npn coenanetiun pa6osek Town c nn- 
MX B3aUMOCBR3b HaXOART OnbITHbIM ~ n e k  XapaKTepnCTnKH; 6 - npn pacnonoxe- 
nyTeM M BblpaXaIOT B BNne rph@M- HUH pa6osek T O ~ K H  uexny ~ H H U R M B  x a p a ~ -  
K a  A XaPaKTePMCTHKH, npMB0- TepUCTUKH, ! - K8/18, 2 - K8/18a. 3 - 
nw~oii  B KaTanorax. Ha  TOT M e  Y8/ 186 

rpa@M~ HaHOCRT ~ ~ B M C M ~ O C T ~  I ~ O T P ~ ~ J I R ~ M O ~ ~  MOUHOCTM M Knn OT nO&aqM 
npu  onpenene~~oi i  sacToTe B p a u e H u R  sana Hacoca. Ha PHC. 16.4 B Ka- 
qeCTBe npMMepa npMBeAeHb1 XapaKTepMCTHKM U ~ H T P O ~ ~ H H ~ I X  HaCOCOB TM- 

na I(. ~ Y K B ~ I  M uM@pbl, BXOARUNe B 0603~aqe~Me 3TMX HaCOCOB, HanpM- 
Mep K20/30, 03HaqaIOT COOTBeTCTBeHHO: K - H a C O C  ~ ~ H T P o ~ € ! x H ~ I ~ ~  KOH- 
~0JIb~blfi; 20 - H O M U H a J l b H a R  nOAaqa, ~ ~ / q ;  30 - Hatlop, COOTBeTCTByIO- 
~ M f i  H O M H H ~ J ~ H O ~ ~  ITOnaqe, M. 

A ~ H  ~ K O H O M U ~ H O ~  pa60~bl HaCOCa H ~ O ~ X O A M M O ,  q ~ 0 6 b 1  er0 nOnaqa Ha- 
xonunacb B 3 o ~ e  ~arr6onee B ~ I C O K M X  3 ~ a q e ~ ~ i i  Knfl (pa6oquii ~ ~ ~ c T o K ) .  
O q e ~ b  qaCTO Ha rpa@M~ H = f ( V )  HaHOCRT He BCIO XapaKTepMCTMKy HaCOCa,  
a TonbKo B npenenax pa6oqero yqacTKa. 

AnR non6opa HaCOCa no er0 XapaKTepMCTHKaM H a  rpa@ki~ H a H O C R T  Xa- 
PaKTePHCTUKM HeCKOJlbKMX HaCOCOB (06614~0 2-3), nJ lR  KOTOPblX 3aAaH- 

H a R  nonaqa HaxonuTcR B npenenax pa6oqero yqacTKa ( ~ a n p u ~ e p ,  K8/18, 
K8/ 18a, K8/ 186). 3 a ~ e ~  Ha rpa@M~ HaHOCRT pa6oqy10 TOqKY, COOTBeTCTByIO- 
U ~ I O  ~ ~ A ~ H H ~ I M  pacxonaM H Hanopy. Ecnu pa6oqa~  Tows CoBnanaeT c 
~aKoti-nki60 M3 XaPaKTePUCTMK ( P U C .  16.5, a ) ,  TO Bb16MpaIO~ H M e H H O  3TOT 

HaCOC. E C ~ U  p a 6 o q a ~  TOqKa OKa3bIBaeTCR MeXAY XaPaKTePkiCTMKaMM (PUC.  
16.5, 6 ) ,  TO ~ b 1 6 u p a r o ~  6 n u ~ a i i u r u i i  Hacoc, 06ecne~u~a10uluii 3 a n a ~ ~ y 1 0  no- 
naqy npU 60JlbLlIe~ HaIIOpe. k i snuure~  Hanopa raCHTCR COOTBeTCTByIOU(HM 
peryJHpOBaHMeM 3anBHXKM Ha H a n O p H O M  n a ~ p y 6 ~ e .  

l l p ~  O T C ~ T C T B H U  KaTanora HacocoB c ax r p a @ u q e c ~ u ~ n  xapaKTepucTu- 
K a M M  ,UJlR non6opa HaCOCa MOXHO nOJIb30BaTbCR T ~ ~ J I u ~ H ~ I M M  n a H H b 1 M M  
( T ~ ~ J I .  16.7). B  TOG ~ a 6 n n u e  AJIR ~aXn0i i  M a p K M  HaCOCa yKa3aHbI IIOna- 
qa M C O O T B ~ T C T B ~ ~ ~ U I H ~ ~  eii Hanop B Haqane, cepennHe M KoHse pa6oqero 

YqaCTKa XapaKTepUCTMKM. 

MWHOCT~ HPCOCI. Tpe6ye~yro MOUHOCTb ITPHBOAa HaCOCa  ( B  KBT) 
B ~ I ~ M C J I R I O T  no @ o p ~ y n e  

Ecnu Hacoc CoenuHeH c 3neKTponBnraTeneM nOCpenCTBOM My@~bl,  TO 

MOUHOCTb 3JleKTPOABA~aTeJIR O ~ ~ ~ A ~ J I R I O T  no @ o p ~ y J l e  

m e  k  - Ko3~@nune;(T sanaca MouHocTn (npn MouHocTn no 2 KBT k  = 1,5; bT 2 no 5 KBT 
k =  1,5f 1.25; OT 5 no 50 KBT k =  1,25f 1,5). 



n0~60p H a c o c a  I IpOH3BOANM no ~ a 6 n .  1 6 . 7 .  
M 3  ~ a 6 n .  16.7 BMAHO, q T O  M3 UMelOUIMXCfl HaCOCOB T u n a  K ~ a ~ 6 o n e e  ~ J I U ~ K H M  no T p e -  

6 y e ~ b l ~  n a p a M e T p a M  RBJIfleTCR HaCOC MapKM Kg1186 n p M  q a C T O T e  B p a I U e H N R  B a J I a  48,33 C-' 
(2900 O ~ / M U H ) .  

5 16.5. l lOn6OP AMMHA'IHOTO HACOCA 

U ~ H T ~ O ~ C X H H ~ ~  
H ~ C O C  

B HaCOCHO-UMpKyJIRUMOHHbrX C X e M a X  Y C T a H O B O K  AJIR n e p e K a Y U B a H M s I  

XUJJKOrO a f i ~ ~ a ~ a  n p l l M e H R K ) T  r e p M e T M Y H b I e  3 J I e K T p O H a C O C b l ,  T e X H M Y e C K a R  
X a p a K T e p U C T U K a  KOTOPbIX I I P M B e A e H a  B T ~ ~ J I .  16.8. 

Yacrora s p a l l t e ~ ~ n  3600 MUH-I qacrora spaueHnR 2900 M B H - '  , 

nonaqa, nonara, 
n/c 

nonnble 
Hanap, 

IlonnuA 
nanop, M K n n  

Moucnocrb 
snearponsa- 
rarenn. KBT 

Knn 
MOUHOCT~ 

3neaTpoaBa- 
rarenn. KBT 



Hacoc YCTaHaBJ lUBaIOT KaK M O X H O  6 n ~ x e  K UHPKYJIRUNOHHOM)' P e C W B e p y .  

q ~ 0 6 b 1  He IIpOU30LUJIO BCKMIIaHWR XWAKOCTN,  H W ~ X O A U M O  U M e T b  ~ 3 6 6 1 ~ 0 s -  

H o e  A a B J I e H U e  H a  B X O A e  B HaCOC no OTHOLUeHUIo K AaBJ leHUK)  B UWpKyJIR-  

s k i o H H o M  p e c w B e p e  (nonnop). B COOTBeTCTBUU C peKOMeHAaUURMH BHMKTM- 
XOJIOAnpOM BeJ IMsUHa IIOAIIOpa H a  BCaCbIBaHMU HaCOCa (6e3 Y s e T a  C O n p O -  

TMBJIeHNR BCaCbIBaIoLLlerO T ~ Y ~ o I I ~ o B o ~ ~ )  n O J I X H a  C O C T a B n H T b :  

AJIR U H F - 7 0 M  - H e  M e H e e  1,5 M CT. X U A K O r O  a M M A a K a  B A U a n a 3 0 H e  

nonaw OT 3 no 12 ~ ~ / q  u npu T e M n e p a T y p e  a M M u a K a  OT 0 no -40°C; 
n m  H a c o c a  UHT-68 - H e  M e H e e  1,5 M CT.  X U A K O C T U  n p H  nonase no 

20 M V / ~  u npu T e M n e p a T y p e  a M M u a K a  OT 0 no -40°C. 
~ P M  I IOAal l e  OT 20 A0 28 M ~ / Y  I l O A n O p  1,5 M AOnyCTAM TOJIbKO AJ lR  T e M I I e -  

p a T y p b 1  a M M u a K a  BbIrue  -20°C. n p ~  6onee H H ~ K U X  T e M n e p a T y p a x  nonnop 
H a  BCaCbIBaHUN A O J I X e H  6b1~b H U X e  MHHWMaJIbHO B 0 3 M O X H O T O  Y P O B H R  B 

n o ~ a a a r e n b  

P H c . 1 6 . 6 .  C X ~ M ~  n p U C O e n P i H e H H H  UHPKYJlRUHOHHbIX HaCOCOB K P e C H B e p y :  
I - U H p ~ y n a l l n ~ ~ ~ b l k  p e C H B e p ,  2 - abIM&iaqHblh U H ~ K Y J ~ R U H O H H ~ ! ~  HaCOC. 3 - X H ~ K O C T H ~ ~ R  CTOUK, 4 - THnpO-  
UHKJlOH. 5 - f l O n y n p O B O n H H K O B O e  peJle Y p O B H U  

nonaua, m3/q 5.5 - 12 5.5 - 12 5.5 - 12 12-28  
H a n o p ,  M CT xnnworo 

1,25XT 6 2.8 
(UHT-70M- I ) 

1,5XT-6X 2-2.8-2 
(UHT-70M-2) 

1,5XT-6X 3-2.8-2 
(UHT-70M-3) 

2XT-5-4.5-2 
(UHT-68) 



A P e c  
h = hnon, + - r 

P g  

rAe hnonn - H ~ O ~ X O A U M ~ ~ ~  I l O A n O p  H a  BCaCbIBaHNH;  A p e ,  - C y M M a  I l O T e p b  AaBJIeHHfl  H a  

T p e H n e  n B M e c T H u x  C o n p o T n B n e H u f l x  ~ c a c b l ~ a m ~ l e f i  J IHHHN,  n a .  
Y ~ o 6 b 1  BeJlHrIMHa npBc 6bma M H H H M ~ A ~ H O ~ ~ ,  B C ~ C ~ ~ B ~ I O I Q M ~  ~py60np0- 

BOA AeJIaIOT 60nbuloro A H a M e T P a  ( C K O P O C T ~  a M M H a K a  H e  6onee 0,5 M / C )  

H B 0 3 M O X H O  KOpOrIe. YMeHbUIeHUH BeJIUqHHbl  MeCTHbIX C O ~ ~ O T U B J ~ ~ H H ~ ~  
KOJIHrIeCTBO B ~ H T M J I ~ ~ ~  U IIOBOPOTOB H a  T ~ Y ~ o I I ~ o B o ~ ~  AOJIXHO 6 b l ~ b  MMHH- 

MaJIbHblM.  

C x e ~ a  n p n c o e n n H e H u R  H a c o c o B  K U M ~ K ~ ~ R U M O H H O M ~  P e c n B e p y  npnse-  
n e H a  H a  puc.16.6. 

C M a 3 ~ a  H O X J l a X A e H H e  H a C O C a  IIPOH3BOARTCH X H A K H M  aMMHaKOM,  KOTO- 

P ~ I ~ ~ ~ P O X O A M T B H ~ T P M  HaCOCa  M I I o T ~ ~ ~ o I I ~ o B o ~ ~ o T B o ~ M T c ~ o T ~ ~ ~ H ~ ~ ~  KPblUI-  

KU O ~ ~ ~ T H O  BO B C a C b I B a I o u I y l o  JIUHUlo. 

Y T O ~ ~ I  r a P a H T U P O B a T b  H a J l U q U e  XHAKOCTH B IIOJIOCTM 3J IeKTpOHaCOCa ,  

H a  BbIXOAe XHAKOCTH A 3  3 a f i a ~ ~ o f i  KPbIUIKU YCTaHOBJIeH IIOJIynpOBOAHHKO- 

~ b 1 f i  P e r Y J I R T O p  YpOBHR (npy), 0 ~ ~ J I l o r I a D r ~ k i f i  HaCOC npM I IOHHXeHHH YpOB-  

HR XUAKOTO a M M U a K a  B KOJlOHKe. K ~ o M ~  TOrO,  A J R  n p e A 0 T B p a L U e H H R  Bbl-  

XOAa H a C O C a  A 3  CTPOH Y C T a H O B J e H O  pen€! KOHTPOJIR CMa3KH (PKC),  O T p e -  
r y J l H p O B a H H O e  H a  P a 3 H O C T b  A a ~ J I e ~ k i f i ,  P a B H y l o  0,8 OT p a 3 B H B a e M O r O  H a -  

I I O p a ,  H KOHTPOJlHPYIOUIee HaJIH'4He Pa3HOCTH ~ Z i ~ J I e ~ k i f i  M e X A Y  H a r H e T a T e J l b -  

HblM U B C a C b I B a D u I H M  T P Y ~ O ~ P O B O A ~ M U .  

T ~ K  Xe K a K  H n p H  non6ope HaCOCOB, AJlH non6opa BeHTHJIRTOpa  H e -  
0 6 x o n n ~ o  3 H a T b  ~ p e 6 y e ~ b l e  I IOAar Iy  B O 3 A y X a  H A a B J I e H H e ,  C O 3 A a B a e M O e  BeH-  

TMJRTOPOM AJlR P a 3 A a r I M  B O 3 A y X a  no BCeM Yr l aCTKaM.   TO A a B J I e H H e  AOJIXHO 

6 b l ~ b  H a  10 - 15% 6 o n b u e  I IOTepU AaBJ leHHR H a  T p e H k i e  U B MeCTHbIX 

COIIPOTUBJleHHRX. 

p =  (1.1 +- l , 5 ) Z ( R l  + 2 ) .  (16.17) 



~ H ~ ~ ~ H M F I  Rf M OnPeAeJIRIOTCR IIyTeM a3POAUHaMMZIeCKOrO P a C q e T a  

ceTM B O ~ A Y X O B O A ~ B  no T e M  me Q o p ~ y n a ~ ,   TO M npu  r n n p a s n n s e c K o M  pacse- 
T e  T P Y ~ O ~ P O B O A O B .  

n o ~ e p u  H a  T p e H n e  B BOSA~XOBOABX O n p e A e n R l o T  no @ o p ~ y n e  (16.4). 
E c n ~  n p A M e H R l o T  ~ P R M O Y ~ O J I ~ H ~ I ~ ~  B03AYXOBOA, TO BMeCTO A U a M e T P a  d n O A -  

CTaBJIRloT 3 H a s e H H e  3KBUBaJIeHTHOTO A N a M e T P a  

me a U b - AJlUHbl CTOPOH IIpflMOyrOJIbHOrO B03nYXOBOna. 

me V - 065eMHblii pacxon ~osnyxa Ha naHHoM yqacme,  M ~ / c ;  w - pacqeTHoe s ~ a q e ~ u e  C K O -  

P a c s e ~ ~ y l o  CKOPOCTb A B N X e H M R  B 0 3 A y X a  B B03AyXOBOAaX U 3  J ~ N C T O B O ~ ~  

CTaJIN IIPAHMMalOT: H a  rOJIOBHbIX YrIaCTKaX 8 - 10 M / C ,  a H a  AaJ IbHUX KOH- 

UeBbIX 3 - 5 M / C .  AJIR B03AyXOBOAOB 113 ~ C ? T O H ~ ,  K N p n M q a  M A p y r M X  CTPOM- 

TeJIbHblX M a T e p M a J O B  IIPMHMMaloT MeHbIl Ikie  CKOPOCTM: COOTBeTCTBeHHO 5 - 7 
M 1 - 3 M/C.  ~ P U  paC.I€!Te BbITFIXHbIX B03AYXOBOAOB CKOPOCTb B 0 3 A Y X a  

B XABOM C e s e H u W  B ~ I T R H Y T ~ I X  p e u I e T o K  n p u H a M a l o T  B npenenax 0,8 - 1,O M / C .  

~ O C A ~  T o r 0  K a K  BbIqMCJIeHa I I J I O U a A b  B03AYXOBOAa,  O I I P e A e J I R D T  e r O  pas- 
M e p b I  B c e q e e k i a .  

n p e ~ n 0 ' 4 ~ e ~ M e  OTAaIoT  KPyrJ Ib IM B03AyXOBOAaM,  K a K  6onee X e C T K H M  N 

M e H e e  TpyAOeMKMM B M3rOTOBJIeHUM. ECJIM B03AyXOBOA ~ p y m b ~ f i ,  er0 A M a M e T P  

paCC.IMTbIBaloT no @ O ~ M Y A ~ M  (16.1) Unkl (16.2). no n O J I y q e H H O M y  3 H a -  

q e H M l o  ~ b 1 6 M p a l o ~  6n~mafiu1ufi ki3 H O p M M p y e M O r O  P R A a  A M a M e T p  ( M M ) :  100, 
125, 140, 160, 180, 200, 225, 250, 280, 325, 355, 400, 450, 500, 560, 630, 
7 10, 800, 900, 1000, 1 120, 1250, 1400, 1600, 1800, 2000. 

Ecnu no MeCTHbIM YCJIOBMRM n p O K J I a A K a  KPYrJlblX B03AYXOBOAOB H e B 0 3 -  

M O X H a ,  I IPNMeHHloT  B03AYXOBOAbI IlPFIMOYTOJIbHOrO C e q e H H R  C TOG Xe T p e -  

6ye~ofi  IIJIOIUaAblo,  . IT0  M ~ p y r ~ l b l f i  (a X b = F ) .  P a 3 ~ e p b 1  CTOPOH n p R -  

MOYrOJIbHMKa (UIUPHHY U M BbICOTy b ) ~ b 1 6 M p a l o ~  A 3  HOPMMPYeMOrO P R A a  

secen: 100, 150, 200, 250, 300, 400, 500, 600, 800, 1000, 1200, 1600, 2000. 
n 0 c J I e  O K O H q a T e n b H O r O  ~b160pa p a 3 M e p O B  BO3AyXOBOAa H ~ O ~ X O A M M O  

O n p e A e J I M T b  @ ~ K T U ~ ~ C K Y W  CKOPOCTb A B U X e H R R  B 0 3 A Y X a  no @ o p ~ y . J I e  

V M w =-= -. 
F F P  

me M - ~ a c c o ~ ~ i i  pacxon ~ o s n y x a ,  ~ i - / c .  

n0~eplo AaBAeHMR B MeCTHbIX COnPOTMBJIeHMRX O I I P e A e n R l o T  no ($0~- 
MyJIe  (16.7). O ~ M ~ H T M ~ O B O ~ H ~ I ~  3 H a q e H M R  K O ~ @ @ M U M ~ H T ~  MeCTHOF'O C O n p O -  

TMBJleHMR A a H b I  H M X e .  
U I a x ~ a  5 

BbITRXHaR C 3OHTOM 1,3 \ 

npu~osnaf l  c x a n 1 0 3 ~ 8 ~ o i i  p e m e ~ ~ o i i  2.8 
Bxon B OTBepCTUe 3anOAJtHU0 CO C T ~ H O ~  0.5 
BXOA H BblXOn Yep123 HenOABHXHYH) x a n 1 0 3 u f i ~ y ~ )  

pellleTKy 

sxon 1.8 
BblXOn 2 2  



I locne T o r o  K a K  O n p e n e n e H b l  ~ p e 6 y e ~ a ~  nonara n n o n H o e  n a B n e H M e ,  
p a 3 B H B a e M O e  BeHTHJIRTOPOM, H ~ O ~ X O A U M M ~ ~  p a 3 M e p  ( H O M ~ P )  BeHTHJIRTO- 
pa onpenennm an60 no ero r p a @ n r e c ~ a ~  x a p a K T e p n c T n K a M ,  nn60 no 
T ~ ~ J I H U ~ M .  

T ~ X H H ~ ~ C K H ~  XapaKTepUCTkiKH ~ ~ H T P O ~ ~ X H ~ I X  BeHTHJIRTOPOB M a P K H  
u4-70 C HenOCpeACTBeHHblM lIpHBOAOM OT 3 J I e K T p O A B H r a T e J I R  I IpMBeAeHbI  
B ~ a 6 n .  16.10. 

M O U H O C T ~  3JIeKTPOABHt'aTeJlR BeHTHJIRTOpa  O n p e A e J I R e T C H ,  K a K  H AJlR 
HaCOCOB, no @ 0 p M y J I e  (16.14). X ~ ~ ~ K T ~ ~ H C T H K H  OCeBblX BeHTHJIHTOpOB n p H -  
B e A e H b l  B ~ a 6 n .  16.1 1. 

t'f~ u e H ~ p o 6 e m ~ o -  
ro aeHrHnsropa 

U4-70 

qacrora epauren~n ~ p o ~ 3 ~ o ~ n ~ e n b H o c t b  Hanop 
unn,o/o 

O ~ / M W H  I /c Ms/q  M'/C MM BOA. CT. na 



Ta6nuqo 16 11 

NP bceeoro 
BeHlHJlflTOpa 

MU 

4 1440 24 I 800 0.50 6,O 59,O 37 
6 960 16 1 800 0,50 9 8  88,l 35 
5 960 16 2700 0,75 572 51,O 45 
6 960 16 2700 0,75 8 4  78,5 47 
5 1440 24 2700 0,75 14.0 137 35 
6 1440 24 2700 0,75 20,O 196 35 
4 2700 45 2700 0,75 30,O 294 25 
5 960 16 3600 1,00 3,6 35,3 55 
6 960 16 3600 1 ,OO 6 8  59,O 55 
5 1440 24 3600 1 ,OO 12,O 118 47 
6 1440 24 3600 1 ,OO 18,O 178 47 
4 2700 45 3600 1 ,OO 25,O 246 35 
5 1440 24 5400 1,50 10,O 98,l 52 
6 1440 24 5400 1,50 16,O 157 54 
7 960 16 7200 2,OO 10,O 98,l 50 
7 1440 24 7200 2,m 25,O 246 30 
7 960 16 11000 3900 7,O 68,8 56 

11 720 12 11000 3,OO 12,O 118 35 
7 1440 24 11OOO 3,OO 25,O 246 40 
8 960 16 14500 4,OO 11,O 108 55 
7 1440 24 14500 4,OO 25,O 246 30 
8 1440 24 14500 4,00 35,O 344 30 

11 720 12 18000 5.00 12,O 118 50 
10 960 16 18000 5,00 20,O 196 30 
8 1440 24 18000 5,OO 35,O 344 40 

qacsosa spamesun I npon3non~renb~ocrb 1 Hanop 

O ~ / M H H  d3/r 
Knn, % 

I/c M'/C . M M  ~ 0 n . c ~  n a  



IlPOEKTMPOBAHME CMCTEM 
KOHAMIJ,MOHMPOBAHM5l B03AYXA 

-- - 

r n a s a  17 

rPA@OAHAJlMTMSECI(ME PACSETbI 
IlPM IlPOEKTMPOBAHMM CKB 

T ~ ~ M O ~ H H ~ M H ~ ~ C K O ~  COCTORHNe BJIaXHOrO BOsnyXa, IIpeflCTaBJIRIOuerO 
codoii cMecb r a s o ~  ( a s o ~ a ,  Kucnopona M np.) c ~onoi i  B P ~ ~ J I H ~ H ~ I X  arperaT- 
H ~ I X  COCTORHHRX (nap, XMAKOCT~,  nen), onpenenReTcR Tpem napaue-rpa- 
MM: ~ e ~ n e p a ~ y p o f i ,  AaaneHneM a cocTaBoM cMeca. C O C T ~ B  cMecM xapaeTe- 
p a a y e ~ c ~  MaccoablM BnaroconepxaHMeM. 

O6uee naeneHue ~osnyxa ( 6 a p o ~ e ~ p a q e c ~ o e  nasne~we) paBHo cyMMe 
napsuanmblx nasne~ufi  cyxofi ero qacTu p,, ( B  n a )  u Bonmoro napa 
Pn ( B  n a ) :  

P6 = PC s + Pn. (17.1) 
Bnaroconepxa~we anaxsoro a ~ ~ o c @ e p ~ o r o  ~osnyxa  d (B ~ r / ~ r )  paaHo 

OTHoIueHum MaccbI B O A H H O ~ O  napa M,, conepxauerocn B paccMaTpM- 
BaeMoM 06'be~e,  K Macce M,. ConepxauerocR B HeM cyxoro ~03nyxa: 

rAe p," - napqnanmoe AasneHue HacbruLcllllulu Ronmoro napa npn TeMnepaType t 803- 
ayxa, n a .  

q e ~  6onbme BnaroconepmaHMe a.! .~oc@ep~oro ~osnyxa  ( n p ~  0n~0fi a 
TOG x e  ~ e ~ n e p a ~ y p e ) ,  TeM 6onbme napsuanbHoe AasneHue Bonmoro napa. 
npM nOCTUXeHUU MaKCUMaJIbHO B 0 3 M O X H O T O  KOJIUqeCTBa BJlaTU, KOTOPOe 
BO3AYX MOXeT BOCnPMHRTb B BUAe naps, napUUaJIbHOe naBJIeHHe BOnRHOrO 
naps CTaHOBUTCR PaBHbIM AaBJIeHUlO HaCblUeHHOrO BO&RHOrO naps, a OTHO- 

CMTeJIbHaR BJlaXHOCTb BO3AyXa - P ~ B H O ~ ~  100%. 
Macco~oe BJIarOCOnepXaHMe M OTHOCHTeJbHaR BJIaXHOCTb ~ T M O C @ ~ P H O -  

r0 BO3AyXa CBR3aHbl COOTHOUleHMeM 

m e  R,,, - ynenbHaR r a s o ~ a ~  nocToRHHaR cyxoro ~ o s n y x a  [R,, = 287,l Am/ ( ~ r  . K )  1 ; 
R, - y n e n b ~ a ~  ra30BaR IIOCTORHHaR BOAflHOCO naps [R,  = 461,5 AX/ (KC . K ) ] .  
~ J I O T H O C T ~  ~ T M O C @ ~ ~ H O ~ O  BO3nyXa 3aBMCMT OT COAePXaHMR B HeM BO- 

nmoro napa: 



B a o p ~ y n a x  (17.5) - (17.7) V u T - o 6 a e ~  ( B  M ~ )  u ~ ~ C O J I I O T H ~ ~ ~  T e M n e p a T y p a  ( B  K )  
B O 3 n y X a ;  p, PC., H p, - IlAOTHOCTU ~ T M O C @ ~ P H O ~ O  B O 3 n y X a ,  C Y X O ~  er0 q a C T U  U B O n R H O r O  

napa, K ~ / M ~ .  

Hanpu~ep ,  ecnu ~ o s n y x  npu TeMnepaType 12°C u 6 a p o ~ e ~ p u q e c ~ o ~  
AaBJIeHMkl 760 M M  PT. CT. COAePXUT 5 r BOARHOrO naps Ha 1 Kr CyXOrO 803- 

AyXa, TO eTO nnOTHOCTb 

T ~ ~ J I o ~ M K o c T ~  ( n p ~  IIOCTORHHOM A ~ B J I ~ H H H )  ~ T M O C @ ~ ~ H O ~ O  ~03nyxa TaK- 
x e  ~ ~ B U C M T  OT ero BnaroconepxaHm: 

c =  c c B  + end, (17.8) 
me C, , - Y A e J b H a R  T e n n O e M K O C T b  C y X O r O  B O 3 n y X a  [c, = 1,01 K ~ X /  ( K r  . K ) ]  , C, - Y n e J l b -  

H a f l  T e n n O e M K O C T b  BOfiRHOrO naps [c, = 1.86 K A x / ( K ~  . K ) ]  
Y ~ e n b ~ y l o  s ~ ~ a n b n u l o  BnaxHoro ~osnyxa,  KaK u Bnaroconepxaaue, 

OTHOCRT He K o6wefi Macce ~osnyxa  u B O A ~ I ,  a T O J I ~ K O  K Macce cyxofi 
ZlaCTM M, ,: 

. . 
1 = 1,.  + din = C, ,t + d (cut + r o ) ,  ( 1  7.9) 

me ro - C K p b I T a f l  T e n n o - r a  n a p 0 0 6 p a 3 0 B a H U f l  (ro = 2500 K A x / K ~ ) .  

5 17.2. M3OEPA)KEHHE IlPOUECCOB OPPAPOTKM B03AYXA 
B i - d-AMATPAMME 

P a c q e ~  N a ~ a n u 3  npoueccoB 0 6 p a 6 0 ~ ~ u  ~03nyxa npowe u a a r n ~ n ~ e f i  
nPON3BOANTb ~ P ~ @ O ~ H ~ J I U T M ' ~ ~ C K N M  nyTeM C IIOMOUlbK) i - d - ~ ~ a r p a ~ ~ b ~  
BJIaXHOrO BO3nyXa, Ha K O T O P O ~ ~  

rpa@uqec~u npencTaeneHb1 3aau- 
CHMOCTM MeXAy OCHOBHbIMN na- 
paMeTpaMu ~osnyxa.  C x e ~ a  i - 
d - n k i a r p a ~ ~ b ~  BJIaXHOrO BO3AyXa 
npencTasneHa Ha pnc. 17.1. 
Ha nuarpaMMy HaHeceaa ceTKa 
BepTUKaJIbHbIX nuaufi d = const 
U J I k i ~ U f i  i = const, IIpOBeAeHHbIX 
n0n HeKOTOPblM YrJIOM K JIHHNRM 
d = const. 06b1q~0  3TOT yrOJI 
IlpUHNMaloT PaBHbIM 135". 

J u a u u  t = corst Ha i - d- 
AHarpaMMe npeACTaBJIHlOT co6oii 
npRMbIe JIMHMU, HeMHOrO PaCXO- 
ARUlMeCR no Mepe yBeJIUqeHHR 
BnaroconepxaHaR. K ~ o M ~  ~ T N X  
J I u H N ~ ~  Ha i - d - n k i a r p a ~ ~ y  Ha- 
HeCeHbI J I N H N N  I I O C T O R H H O ~ ~  OTHO1- 



Pwc. 17.3. Onpenenen~e TeMnepaTypN 
BO3n)'Xa no CMOseHHOMy TepMOMeTpy ti 
TeMneparypN T O ~ K H  P O C ~ I  no i - d - A H -  
arpaMMe 

H O r O  B 0 3 A y X a .  J I e r K O  n O C T P O U T b  no T a 6 n k i q a ~  CBOWCTB B 0 3 A y X a  H a  JlUHUH HaCbI -  

UeHUFI .  ~ U H U H  q = O  C O B n a A a e T  C B e p T U K a n b I o  d=O. A n R  l I O C T p 0 e H U R  J I U H U ~  
cp=const B H ~ H ~ C ~ I U I ~ H H O ~ ~  o6nac~u M O X H O  O T p e 3 K U  J I u H u ~ ~  f=const M e X n y  
cp=O U cp= 1 p a 3 6 u ~ b  H a  p a B H b I e  I0 q a c T e f i  U IIOJTyYeHHble TOqKU COeAUHUTb.  
Ha PUC. 17.1 yCJ lOBH0  H a H e C e H b I  TOJlbKO JIHHUU (P = 0,l; (P = 0,3; (P = 0.5 
u c p =  1 .  

B o 6 n a c ~ u  n e p e H a c H m e H H o r o  ~osnyxa,  nexamefi npasee n a H u u  cp = 1,  
n u H u u  i = const n p o n o n x a I o T c R  u3  ~ e ~ a c ~ m e ~ ~ o i i  0 6 n a c ~ u  6e3 u 3 ~ e ~ e -  
HUH yrna H a K n O H a ,  a JlUHHU f = C O ~ S ~  H a  JIUHUU cp = 1 IIpeJIOMJlRIoTCR 
u UAYT B O ~ J I ~ C T W  n e p e ~ a c b ~ m e ~ ~ o j i  m u n K o c T u  non n p y r u M  Y ~ J I O M  K ropu- 
3 0 H T a J I b H 0 f i  JIUHUU ( ~ u c .  17.2). ~ H H U R  t = 0°C B n e p e H a ~ b 1 m e H H 0 8  o6nac- 
TU n e P e X O A U T  B A B e  U 3 0 T e P M b I :  f = O°C AJR BOARHOl'O T y M a H a  U t = 0°C 
n J R  J I e n R H O r O  T y M a H a .  Mexny HUMH J I e X U T  O ~ J I ~ C T ~  CMeUlaHHOI'O (BOAFI- 
H O r O  U J ' I ~ ~ R H o I ' o )  T y M a H a  ( ~ ~ U I T P H X O B ~ H H M ~  C ~ K T O ~ ) .  B H U X H ~ ~ ~  YaCTH 
A H a r p a M M b I  I l p U B e A e H a  K P M B a R  n a P U U a J I b H b I X  A ~ B J ~ ~ H H ~  BOARHHX n a p O B  
p,". ~ O C K O J ~ K Y  3 H a q e H U e  P, O n H 0 3 H a q H O  O n p e n e J I R e T C R  COOTBeTCTByIo-  
UUM B n a r o c o A e p m a H u e M  ~osnyxa ,  u c K o M o e  3 ~ a q e ~ u e  p, M o x H o  H ~ ~ T H  B 
T o w e  n e p e c e q e H u R  3 a n a ~ ~ o 1 - o  s ~ a s e ~ u ~  c y ~ a 3 a ~ ~ o i i  K P H B O ~ ~ .  

~ O C K O J I ~ K Y  d, i N P 3 a B H C R T  OT ~ ~ P O M ~ T P H Y ~ C K O ~ O  A a B A e H U R ,  AJlR K a X -  
nor0 er0 3 H a 9 e H H R  A O J I X H B  6 b I T b  CBOR i - d - n l i a r p a ~ ~ a .  O A H ~ K O  BJIHRHHe 
6 a p o ~ e ~ p u q e c K o r o  n a B J e H U R  H e  CTOJIb BeJIUKO, 1 1 0 3 T 0 M y  n J I H  0 6 b I q H b I ~  P a C -  
q e T O B  K O H ~ U q U O H U P O B a H U R  nOJIb3YIoTCFI A U a r P a M M a M H ,  ITOCTPOeHHbIMH 

n n R  naene~uii  B = 0,099 M n a  (745 MM PT. CT.) unu B = 0,101 M n a  
(760 M M  PT. CT.). 

COCTORHN~ B n a x H o r o  ~03nyxa B i - d - marpatme x a p a ~ ~ e p u 3 y e ~ c ~  
TOYKOA, nexaqeii H a  n e p e c e r l e H u u  c o o T s e T c T B y r o m u x  n ~ y x  n u ~ u f i :  d = const 
H i = const nu60 d = const a i = const u T. n. H a H e c R  3 ~ y  T O ~ K ~ ,  MOXHO 
n p O q H T a T b  3 H a q e H U R  OCTaJbHbIX  n a p a M e T p O B .  Ecnu T O l l K a  J l e X U T  M e X n y  

JIUHUFIMH, 06pa3y1omu~u c e T K y  n u a r p a M M b 1 ,  3 ~ a q e ~ u ~  n a p a M e T p o B  H a x o -  

A R T  U H T e p I l O J U p O B a H U e M .  
Ha HeKOTOPbIX n U a r p a M M a X  H a H e C e H b l  JIHHBU nOCTORHHbIX 3 H a s e H U f i  T e M -  



n e p a T y p b 1  ~ 0 3 n y X a  no C M O s e H H o M Y  T e p -  t 
M o M e T p y  t,. ~ T U  JTUHUU n p a K T H 4 e C K u  COB- t 2  
n a n a I o T  c n u H u s r M u  i = const. ~ O ~ T O M Y ,  
eCJU JINHUU tM H e  H a H e C e H b I ,  AJIR O n p e -  
AeJ I eHUR tM H Y X H O  U 3  3 a n a ~ ~ 0 f i  TOqKU 

c ~ c T O R H U R  B 0 3 A Y X a  A B U r a T b C R  no f l u H H u ,  tf 
napannenb~oii  i = const, no ee nepecese- 
HUR c n u ~ u e i i  cp = 1. T e ~ n e p a ~ y p a  H a m -  
LL(eHHOr0 ~ o s ~ y x a  B T o w e  n e p e c e q e H u H  H 

6 y ~ e T  M C K O M O ~ ~  T ~ M ~ ~ P ~ T Y P O ~ ~  tu (PUC.  

17.3). 
~ J I R  H a X O X n e H U R  T e M n e p a T y p b I  T O s -  

KU POCM tp  H y X H O  U 3  3 a ~ a ~ ~ 0 f i  TOgKN - 
COCTORHUR B 0 3 A Y X a  A B U r a T b C R  B e p T U -  
K a n b H o  BHUB AO nepeceseuun c n u ~ u e f i  
cp = 1.  T e ~ n e p a T y p Z i  H a C b l U e H H O r O  B 0 3 -  

'yxa nepeceyeHuR RBnReTcR Pkfc.17.4. M ~ M ~ H ~ H H ~  COCTOHHHH BO3HyXa 
u c ~ o ~ o i i  ~ e ~ n e p a ~ y p o i i  t p .  npn OAHOBpeMeHHOM Harpeaannn H Y B -  

l l p n  H a r p e s a H u u  unu oxnaxneauu n a m e H u n  
B O 3 n Y X a  6e3 A O ~ ~ B J I ~ H M R  U n U  y A a n e -  
HUH U 3  H e r 0  KaKOTO - T O  KOAHYeCTBa BOARHbIX n a p O B  IIPOHCXOAUT TOJlbKO 
U 3 M e H e H U e  T e M n e p a T y p b I  B O 3 A y X a  6e3 U3MeHeHUFI er0 B J I a r O C O n e P X a H U R .  

Tenno~y,  n e p e A a H H y I 0  B O 3 A y X y  UJIH OTHRTYH) OT H e r o ,  H a 3 b I B a H ) T  R B H O ~ ~  
( ~ y x o i i ~ )  ~ e n n o ~ o f i  Q,. T a ~ o ~ b l  npoueccb~ H a r p e a a H u R  ~osnyxa  B B O ~ A Y -  
x o H a r p e a a T e n e ,  H a r p e e a H u R  ~osnyxa  B n o M e u e H u u  B c n e n c T B u e  T e n n o n p u -  
TOKOB sepes H a p y x H b I e  o r p a x n e H u H ,  OT c o n ~ e s ~ o f i  pannauuu, OT p a 6 0 ~ a m -  
u u x  s n e ~ ~ p o ~ s u r a ~ e n e i i  u T. n. 

Ao6asne~ue B B O ~ A ~ X  B n a r u  ( y s n a x ~ e ~ u e  ~osnyxa)  unu y n a n e H u e  ee 
113 B 0 3 A Y X a  ( O C Y W ~ H U ~  B O ~ A Y X ~ )  B KOJIHqeCTBe  W ( B  KT'/C) p a B H 0 3 H a Y H O  
A O ~ ~ B J I ~ H U I ~  UJIU YAaJIeHHH) C K P ~ I T O ~ ~  T e n n O T b l  QcKp ( B  KBT): 

QcKP = Wry 
me r - TennoTa n a p o o 6 p a 3 o ~ a ~ w ~  ( r  = 2500 K & K / K ~ ) .  

C ~ p b l ~ o f i  3 T y  T e n n O T y  H a 3 b l B a H ) T  IIOTOMy, q T O  O H a  K a K  6b1 3 a n a C e H a  B 
BOARHOM nape U BbIAeJIReTCR B B O 3 n y X  I I p U  K O H n e H C a u U H  BOnRHbIX I I a p O B  
unu s a ~ p a s u s a e ~ c ~  npn n c n a p e H u u  B o n b r  B ~03nyx.  

~ O J H O ~  KOJIUseCTBO no6asn~e~of i  UJlA y ~ a J I R e ~ 0 f i  TenJ IOTbI  Q, p a B H 0  
C y M M e  R B H O ~ ~  U CKPMTOA TenJIOTbI:  

l l p u   TOM n o 6 a s n ~ e ~ a ~  K ~03nyxy  T e n n o T a  c s u T a e T c R  n o n o x u T e n b -  
~ 0 f i  (CO 3 H a K O M  a + > ) ,  a Y A a n R e M a R  - 0 ~ p U u a ~ e J I b ~ o f i  (CO 3 H a K O M  a-B) . 

n p u  ~ e n n o e n a x ~ o c ~ ~ o i i  0 6 p a 6 0 ~ ~ e  ~osnyxa,  H a n p u M e p  n o 6 a ~ n e ~ u e ~  
R B H O ~ ~  T e n J O T b I  Q,  ( B  KBT) U BOARHOrO napa W, 3 H T a n b n H R  KOTOpOrO 

ilor B O ~ A Y X  n e p e j i ~ e ~  u s  COCTORHUR, x a p a ~ ~ e p u 3 y e ~ o r o  T o s K a M u  d l ,  t l ,  
B COCTORHUe d2, t 2  (PUC. 17.4). Ecnu n p U  3TOM M ~ C C O B ~ I ~ ~  P a C X O A  o6pa- 
6 a T b I B a e ~ 0 r 0  B 0 3 n Y X a  M,, ( B  K T / C ) ,  T O  

unu 



m e  il n i2; dl w d~ - ynenbean s n ~ a n b n w ~  n BnaroconepmaHwe ~ o s n y x a  B Haqane H K O H U ~  
npouecca 0 6 p a 6 0 ~ ~ n ;  i, - ynenbeae smanbnnn Bonbr nnn napa,  ~ c n o n b s y e ~ ~ x  nnsl 
YBJlaXHeHkiR BO3nyXa. 

B e n u s u ~ y  E ( B  KA; ;< /K~)  H a 3 b I B a I O T  T e I I J I O B J I a X H O C T H b I M  O T H O U l e H A e M ,  

UJIN Y r J O B b I M  K O ~ @ @ M U U ~ H T O M .  B b l p a ~ e ~ ~ e  (17.14) e C T b  Y p a B H e H U e  n p R -  

~ 0 f i  JIUHUU.  T ~ K U M  0 6 p a 3 0 ~ ,  n p O q e C C  U 3 M e H e H N R  I I ~ ~ ~ M ~ T ~ o B  B O 3 A y X a  B 

i - d - n u a r p a ~ ~ e  u s o 6 p a x a e ~ c ~  n p ~ ~ o i i  n n ~ n e f i ,  H a n p a s n e H u e  ~ o ~ o p o i i  
X a p a K T e p U 3 y e T C R  3 H a . I e H U e M  T e n J O B J I a X H O C T H O r O  O T H O U l e H U R .  

Ans y n o 6 c ~ ~ a  I I O C T p O e H U R  I I p O U e C C O B  U 3 M e H e H U R  COCTORHUR B 0 3 n y X a  

H a  i -  d - A u ~ ~ P ~ M M ~  H a H e C e H b l  3 H a r I e H N R  E O T  - W A 0  + W B B U A e  
I I y s K a  ~yse f i ,  U C X O A R U U X  N 3  H Y J ~ ~ B O ~ ~  TOYKU A U a r P a M M b I  (i = 0, t = 0, 
d = 0) .  O ~ H ~ K O ,  ~ 1 ~ 0 6 6 1  3 T U  J I Y g U  H e  M e U l a J I U  OCHOBHbIM JIHHURM, H a H O -  

C R T  TOJIbKO KOHUbI  J I y ~ l e f i  H a  n O A R  H M ~ ~ ~ ~ M M ~ I . ~ T O ~ ~ I  B b I R C H U T b  H a n p a B J e -  

H u e  n p O q e C C a  C T e n J I O B n a X H O C T H b I M  O T H O U l e H U e M  E, H Y X H O  H a  n O n R X  

i - d - n n a r p a ~ ~ b l  ~ a f i ~ u  K o H e u  nysa c ~ T U M  ~ H ~ Y ~ H N ~ M ,  C o e n u H u T b  ero 
C U e H T P O M  K O O P A N H a T  (i = 0, d = 0, t = 0 )  N n p O B e C T U  U 3  T O g K N  H a 4 a J b -  

H o r o  COCTORHMR ~03nyxa  d l ,  i l  JIUHUIO, I i a p a n n e n b H y l o    TO MY nysy-npoueccy. 
~ U H U U  B O 3 M O X H O T O  U 3 M e H e H H R  COCTORHUR B J l a X , H O F O  B O 3 A y X a  B pe3)'JIb- 

T a T e  p a 3 J H s H b I X  B U n O B  er0 T ~ I I ~ O B ~ ~ X H O C T H O ~ ~  0 6 p a 6 o ~ ~ u  H a H e C e H b I  H a  

puc. 17.5. n p u  H a r p e s a H u u  unn o x n a x n e H u u  ~ o s n y x a  6e3 n o n B o n a  unu 
O T B O n a  B J I a r U  W = 0, a C J I e A O B a T e J I b H O ,  U i, = 0. B 3 T O M  C J I Y Y a e  E = +W. 
n p u  E = ~u ( < c y x o e > >  H a r p e s a H n e  c ~ O M O U ~ K )  ~ 0 3 n y x o ~ a r p e ~ a ~ e n ~ )  npo- 
qecc u A e T  no n u H u a  d = const mepx  ( ~ M H U R  A - I ) .  n p u  c y x o ~  oxnax- 
A e H U U  E = - W, T .  e. n p O q e C C  U n e T  B H N 3  n 0  J lNHUU d = C O ~ S ~  (JIUHUR A -4). 

Ecnu B 0 3 A Y X  Y B J I a X H R e T C R  I I a p O M  UJIU ~0n0fi 6e3 O n H O B p e M e H H O r O  H a -  

r p e B a H u R ,  TO Q, = 0 u y p a B H e H u e  (17.14) n p u H u M a e T  B u n  

T ~ K U M  06paso~,  e c J I n  yBna>r<He- 

H H e  O C y U e C T B A R e T C R  H a C b I U e H H b I M  HJlU 

n e p e r p e ~ b ~ ~  n a p o M ,  y n e n b H a R  s w a m -  
HUH KOTOpOrO P a B H a  2600-2900 K , & K / K r ,  

J IUHUR U 3 M e H e H U R  COCTORHUR B 0 3 A y X a  

J lULUb H e M H O r O  O T K n O H R e T C R  OT AMHUM 

t = const, n n R  ~ o ~ o p o f i  E = 
E 2500 K A X / K ~ .  ~ T U M  O T K J I O H e H U e M  

MOXHO npe~e6pesb u C s n T a T b ,   TO 

I I p U  y B J I a X H e H U U  B O 3 n y X a  n a p O M  T e M -  

n e p a T y p a  B K o H n u s u o H u p y e M o M  n o M e -  

U e H U N  H e  U 3 M e H R e T C R ,  a I l p O q e C C  

U 3 M e H e H U R  COCTORHUR B 0 3 H Y X a  B 

i - d - n N a r p a M M e  n p o u c x o n n T  no n N -  
HUN t = const (JINHUR A - 2). Teope- 
T U Y e C K U  B 0 3 A Y X  M O X e T  6 b 1 ~ b  Y B J l a X -  

P N C .  17.5. M ~ M ~ H ~ H N ~  COCTORHHR BO3nyXa H e H  A 0  COCTORHUR I IOJIHOrO H a C b I U e -  

npn pa3nnsnblx Bunax ero  TennoenaxwocT- H U H  ( T O ~ K ~  2") 9 O A H ~ K O  3 ~ 0 ~ 0  no- 
H O A  0 6 p a 6 0 ~ ~ w .  C T U Y b  O q e H b  T P Y A H O ,  I I 0 3 T O M Y  n p a K -  



TUYeCKU B03AYX M O X e T  6 b 1 ~ b  Y B J I a X H e H  A 0  (P = 90 + 85% ( T O Y K ~  2') .  
n p ~  Y B J I a X H e H U U  p a c n b l J I R e ~ 0 f i  ~onofi, Y C B O R ~ M O ~ ~  BO3AYXOM 6e3 OCTaTKa ,  

E = i, = 4,19tw. ~ O ~ T O M Y  n p U  y B J I a X H e H U U  B O A O ~ ~  H y J I e ~ o f i  T e M I I e p a T y p b I  

I IpOUeCC UAeT IIO JIUHUU C & -- 0, T .  e. I t 0  JIUHUU i =  const. O ~ H ~ K O  
0 6 6 1 9 ~ 0  t ,  = 15 j 2O0C U I I p O q e C C  AAeT IIOA H ~ ~ o J I ~ U I U M  YrJIOM K JIUHUU 

i = const. C A O C T ~ T O Y H O ~ ~  TOYHOCTblo M O X H O  CYHTaTb ,  q T O  n p U  Y B J I a X -  

HeHUU B 0 3 A y X a  p a ~ n b l J I R e ~ 0 f i  BOAOA nlo6ofi ~ a Y a J I b ~ 0 f i  T e M n e p a T y p b I  

n p O U e C C  y B J I a X H e H H R  H R e T  IIO JIUHUU i = const (JIuHuR A - 3) .  ~ ~ O U ~ C C  
o x n a x a e H u R  u y B n a x H e H u R  ~ o s ~ y x a  npu  i = const H ~ ~ ~ I B ~ ~ T C R  a ~ u a 6 a -  
TUYeCKUM. 

B npeaene C o c T o R H u e  ~ 0 3 ~ y x a  npu a n u a 6 a ~ u ~ e c ~ o ~  o x n a x n e H u u  MO- 
X e T  AOCTUYb TOYKU J N  H a  K P U B O ~ ~  (P = 100%. T e ~ n e p a ~ y p a  B O 3 A y X a  B 

3~0fi  TOYKe RBJIReTCR ~ e ~ n e p a ~ y p ~ f i  no CMOYeHHOMy T e p M O M e T p y  tM. 
A n u a 6 a ~ u ~ e c ~ o e  O X J I a X A e H U e  U Y B J I a X H e H U e  B O 3 A y X a  OCyLUeCTBJIRloTCR H e  

TOJIbKO I I p U  Y B J I a X H e H U U  p a c I I b l J I e ~ ~ 0 f i  ~ 0 ~ 0 6  C I I O M O W b l o  MeCTHbIX AO- 

~ B J I ~ X H U T ~ J I ~ ~ ~ ,  yCTaHaBJ lUBaeMb1X HenOCpeACTBeHHO B K O H A U ~ U O H U P Y e M b I X  

n o M e u l e H u R x ,  HO u npu o p o u r e H u u  ~osnyxa ~onofi B K a M e p a x  o p o u r e H u R  

UJIU r p a A M p H R X .  B P e a J I b H b I X  J'CJIOBURX BO3AyX H e  M O X e T  AOCTUYb IIOJIHO- 

r0 HaCbILUeHUR, I l 0 3 T O M y  KOHeYHble  I I a p a M e T p b I  B O 3 A y X a  X a p a K T e p U 3 y l o T -  

CR H e  T O Y K O ~  3", a T O Y K O ~  3'. 
JUHUU A - 5 - OCyIUeHMe B O 3 A y X a  I IyTeM OpOIIIeHHR X U A K U M  c o p 6 e ~ -  

TOM ( ~ a n p ~ ~ e p ,  BOAHbIM PaCTBOPOM XJIOPUCTOrO J U T U R ) .  ~ ~ U H M R  A - 6 - 
O C y U I e H U e  B O 3 A y X a  I lyTeM er0 I I p O A y B a H U R  qepe3 c J I 0 f i  T B e p R O r O  C O P ~ ~ H T ~  

( ~ a n p u ~ e p ,  c u n u ~ a r e n ~ )  . 
Oco6brfi U H T e p e C  I IpeACTaBJIReT  3 a I U T p U X O B a H H a R  O ~ A ~ C T ~ ,  O r p a H U Y e H -  

HEIR KaCaTeJ IbHbIMU,  I IpOBeAeHHbIMU U 3  T 0 9 K U  A K JIUHUU (P= 100%. 
 TO - 06nac~b  B03MOXHOTO U3MeHeHUR COCTORHUR B O 3 A y X a  I IpU O p O U e -  

HUN er0 ~ 0 ~ 0 f i  UJIM n p U  OXJIaX&eHUU B nOBepXHOCTHOM BO3AyXOOXJIaAUTe-  

ne. K ~ K  o T M e Y a n c c b  paaee, npa = - N npouecc n p o a c x o n u T  no natiuu 
d = const B H U ~  no H a n p a m e H u l o  K n u H u u  cp = 100%. 3 ~ o  - npoqecc cy- 
xoro o x n a x n e H u R  ~ o s ~ y x a ,  o c y ~ e c ~ ~ n ~ e ~ b ~ i i ,  R a n p a M e p ,  c ~ O M O U ~ H )  ~ 0 3 -  
AyXOOXJIaAUTeJIR,  I t 0  T P Y ~ K ~ M  KOTOPOrO I I p O T e K a e T  BOAa  CpaBHMTeJ IbHO BbI- 

C O K O ~ ~  T e M n e p a T y p b I .  ~ P U  O X J I a X A e H U U  OT B O 3 A y X a  OTHUMaeTCR FIBHaR T e n -  

J IOTa ,  er0 3 H T a J I b n U R  U T e M n e p a T y p a  YMeHbUIa loTCR,  a OTHOCUTeJIbHaR B J I a X -  

H O C T ~  y B e m i 9 u B a e T c R .  O A H ~ K O  nposecc cyxoro o x n a x n e H u h  ~osnyxa  MO- 

, X e T  I I p O A O J I X a T b C R  TOJIbKO A 0  T e M n e p a T y p b l ,  n p U  K O T O P O ~ ~  B03AYX C T a H e T  

HaCbIUleHHbIM ( T O ~ K ~  H a  JIUHUU (P = 100%). 3 ~ a  T e M n e p a T y p a  H a 3 b I -  

B a e T c R  ~ e ~ n e p a ~ y p o f i  TOYKU P O C ~ I .  Aanb~efiuee o x n a x n e H u e  ~ a c b ~ q e ~ ~ o r o  
~osnyxa  npu o p o u r e H u u  ero X O J I O A H O ~ ~  B O A O ~ ~  UJIU P a c c o J I o M ,  T e M n e p a T y p a  

KOTOPbIX H U X e  TOZIKU POCbI O X J I a X A a e M O r O  B 0 3 A y X a ,  ~ Y A ~ T  C O I I p O B O X A a T b -  

CR B b I n a A e H U e M  U 3  H e r 0  B J I a r U  ( ~ ~ O U ~ C C  4" - r). n p ~  3TOM K XJlaAOHO- 

CUTeJIW n e p e A a e T C R  H e  TOJIbKO RBHaFI TeIIJIOTa Q,, O T H U M a e M a R  OT BO3AYXa 

I I p U  I IOHUXeHUU er0 T e M I I e p a T y p b I ,  HO U CKPbITaR TeIIJIOTa QCKp, BbIAeJIRIO- 

U a R C R  I I p U  KOHAeHCaUUU BOARHbIX I I a p O B .  

 TOT Xe IIpOUeCC M O X e T  6 b 1 ~ b  OCYWeCTBJIeH n y T e M  O X J l a X A e H U R  BO3Ay-  

X a  B IIOBePXHOCTHOM B03AyXOOXJIaAUTeJIe ,  T e M n e p a T y p a  nOBepXHOCTU KOTO- 

poro H u x e  TOYKU P O C ~ I  O x a a x A a e M o r o  B O ~ A Y X ~ .  ECAU npu  TOM T e M n e p a -  

T y p a  nOBepXHOCTU H U X e  HyJIR,  TO B b I A e J I R l o u l a R C R  U 3  B O 3 A y X a  B J I a r a  6y- 
A e T  O C a X A a T b C R  H a  0 ~ J I a X ~ a I O l 4 e f i  IIOBepXHOCTM B BUAe  UHeR ( c I $ ~ ~ o B ~ H  

ruy6a). 
~ P U  u 3 0 6 p a ~ e ~ u u  n P 0 U e C C O B  OAHOBPeMeHHOrO O X J I a X A e H U R  M OCyI l l e -  

HUH B 0 3 A y X a  B i -  d - n ~ a r p a ~ ~ e  ( C ~ K T O ~  1) BMeCTO nOCJIeAOBaTeJ IbH0  

IIpOUCXOARLUUX IIpOUeCCOB A - 4" U 4" - r IIPOBOAHT JIUHUlo A - V ,  CO- 
eAUHRIOUIyIO T O ~ K U ,  xapa~~epu3ylo1.uue H a s a n b H o e  u KOHeqHOe  COCTORHHR B 0 3 -  



nyxa. T o Y K a  K", H a  ~ o ~ o p y m  O p n e H -  
T u p o B a H  npoqecc, n e x n T  H a  nepece- 
4 e H U U  JWHHW cp = 100% C U 3 O T e p -  
M O ~ ,  C ~ O T B ~ T C T B Y D U ~ ~ ~  ~ p e ~ ~ e f i  T e M -  
I I e p a T y p e  ~ a p y X ~ 0 f i  nOBepXHOCTki ( n p ~  
O X J I a X n e H U U  B IIOBePXHOCTHOM B 0 3 -  
n y x o o x n a n n T e n e  unu B a ~ a p e ~ ~ u ) ,  
unu T e M n e p a T y p e  s b ~ x o n ~ u r e f i  B o n b r  
( npu  O X J I a X A e H H U  C IIOMOLLlbH) K a M e p b l  
o p o r u e ~ u ~ )  . O A H ~ K O  B p e a n b m x  anna- 
p a T a x  H e B 0 3 M O X H O  AOBeCTU BO3AYX 
a0 n O J I H O r 0  H a C b I U e H U R ,  n 0 3 T O M Y  COC- 
T O R H H e  BO3AYXa H a  BbIXOAe H 3  anna- 
p a T a  o n p e n e n R e T c R  T O Y K O ~ ~  K I ,  nexa-  
ueii H a  n e p e c e q e H u u  n u H u n  A - K" 
c ~ p n ~ o f i  cp= 80+95% ( B  aasucu- 

Pnc.17.6. kktobpance~ne npoqeccoe cueme- M°CTu OT COCTORHuR B03- 
H H R  BO3AyXa B i - d - A H ~ ~ P ~ M M ~  A y X a  U KOHCTPYKQMM B03AYXOOXJlaAU- 

 en^). 3 ~ a ~  T e M n e p a T y p y  B T o w e  K", 
M O X H O  O I I p e A e n N T b  HaYaJ lbHyIo  U KOHeYHYIo T e M n e p a T y p b l  x J I ~ A O H O C H T ~ ~ R  

unu T e M n e p a T y p y  K u n e H n R  xnanarewa, ~ e o 6 x o ~ ~ ~ b l e  nnn o c y u e c T s n e H u R  

EITO~-o npouecca. 
M ~ M ~ H ~ H H ~  COCTORHHR BO3AYXa B I l p e A e J l a X  C e K T O p a  If (OAHOBpeMeH-  

H o e  O x n a m n e H u e  M y ~ n a x ~ e ~ u e )  A o c T n r a e T c R  n y T e M  O p o w e H n f i  ero BOAOR, 
T e M n e p a T y p a  t ,  ~ o ~ o p o i i  B b I r u e  T e M n e p a T y p b I  TOYKU P O C ~ I  B o s A y x a  t,, HO 

H M X e  er0 T e M I I e p a T y p b l  no CMOYeHHOMY T e p M O M e T p y  t M .  
npki t ,  BbIUle  t, ,  HO H U X e  t,  3 H T a J b n N R  B 0 3 A y X a  I IOBbIUlaeTCR,  a T e M n e -  

p a T y p a  ero n o H u x a e T c R  ( c e ~ ~ o p  Ill). n p n  o p o w e H u n  ~ o s n y x a  ropmefi 
B O A O ~ ~  OH OAHOBpeMeHHO H a r p e B a e T C R  u Y B n a X H R e T C R  ( C ~ K T O ~  I V ) .  

Ecnu BO3AYX H e  M O X e T  661~6  I I e p e B e A e H  N 3  OAHOrO COCTORHUR B A p y r O e  
C I IOMOUbK)  OAHOrO I13 y K a 3 a H H b I X  IIPOUeCCOB, 3 T 0  M O X H O  OCYUleCTBUTb ny- 
T e M  COYeTaHUR HeCKOJbKHX BUAOB 0 6 p a 6 0 ~ ~ u .  

O ~ H U M  U 3  P a C I I p O C T p a H e H H b I X  cnoco6o~ I I e p e B O n a  B 0 3 n y X a  U 3  OfiHOrO 
COCTORHMR B A P Y r O e  RBJIReTCR C M e U l e H u e  nOTOKOB BO3AYXa C Pa3JlHYHbIMU 
n a p a M e T p a M H  ( ~ a n p u ~ e p ,  H a p y X H O I ' O  BO3AyXa  C ~ ~ ~ U P K Y J I R ~ M O H H ~ I M ) .  
n p o ~ e c c  c M e m e H u n  ~osnyxa  B i - d - ~ ~ a r p a ~ ~ e  n 3 0 6 p a x a e ~ c ~  n p ~ ~ o f i  
nn~ne i i ,  coenn~slrouefi TOYKU, x a p a ~ ~ e p u 3 y r o r ~ u e  C o c T o m u e  C M e m n B a e M b I x  
IIOTOKOB. ~ Y C T ~ ,  H a I I p N M e p ,  ~ a p y X ~ b 1 f i  B O 3 n y X  B KOJIUYeCTBe MH ( B  M ~ / c )  
c n a p a M e T p a M u  TOYKH H C M e u I u B a e T c R  c M, ( B  M ~ / c )  p e u u p K y n R u u o H H o r o  

~ o s ~ y x a ,  noc-rynamuero c n a p a M e T p a M n  T o w n  I7 (puc. 17.6). Heo6xonu~o 
H ~ B T A  COCTORHNe CMeCU ( T O Y K ~  C).  

n a p a ~ e ~ p b l  3~0fi TOYKU M O X H O  BbIYUCnUTb no @ o ~ M Y J I ~ M :  

LC = 
M H i H + M n i ,  . 

MH + Mn (17.16) 

d, = 
M ~ d ~  + Mndn 

MH + Mn ( 1 7 . 1 7 )  

I I O C K O J I ~ K ~  Tows c M e c n  n e m u T  H a  n p a ~ o f i ,  coenu~~roqe f i  TOYKU H 
H n, nOCTaTOYH0 BbIYUCJlMTb OnHH M3 ee n a p a M e T p O B  (ic UJIU d c ) .  

npW CMelrreHUH M O X e T  H M e T b  MeCTO c J l y Y a G ,  K O r A a  TOYKa,  X a p a K T e -  
p U 3 Y I O ~ a R  COCTORHWe CMeCH C', O K a X e T C R  B 06nac~u  T y M a H a .  B 3TOM cny- 
Y a e  BO3nYX R B n R e T C R  H a C b I U e H H b I M ,  a er0 COCTORHHe X a p a K T e p k i 3 y e T C R  
T O Y K O ~ ,  nexauefi H a  n e p e c e q e H u u  n n ~ u f i  cp = 1 u ic=const, T. e. TOY- 
K 0 i i  C". 



A k i n J I o M ~ b l f i  n p O e K T  CI(B PeKOMeHAyeTCR BblnOJIHRTb B cJIeAyIOL4ef i  

nOCJIeA0BaTeJIbHOCTH: 
1. M ~ Y ~ M T ~  3 a A a H H e  H a  n p O e K T H p O B a H H e ,  n 0 ~ 0 6 p a ~ b  J I M T e p a T y p H b I e  H 

C n p a B O 9 H b I e  A a H H b I e  no Y C T P O ~ ~ C T B Y  U p a C 9 e l . y  CKB. 
2. M3y ' l l l ~b  CTPOUTeJIbHbIe  9 e p T e X H  3 A a H H H  HAM IIOMeUleHHR, AJIR KOTO- 

p O r 0  I I p O e K T H p y e T C R  CUB. n p H  OTCYTCTBHM TaKHX 9 e p ~ e I U e f i  H ~ O ~ X O A H M O ,  
n O J I b 3 y R C b  C T P O H T e J I b ~ M M N  Z l e P T e X a M H  aHaJIOTH'IHbIX 3 ~ a ~ H f i ,  COCTaBHTb yn- 
p o w e ~ ~ b ~ f i  n n a H  H paspes n p o e K T u p y e M o r o  n o M e u e H w i ,  ~ b 1 6 p a ~ b  M a T e p H a J  H 
TOJIUHHM O r p a X A a I O U H X  K O H C T P ~ K U H R ,  3 a A a T b C R  0 p H e ~ ~ a ~ H e f i  CTeH 3 A a H H R  
no CTOPOHaM r O P U 3 O H T a .  n p H  ~ b 1 6 0 p e  CTPOHTeJIbHblX K O H C T P Y K U H ~  H ~ O ~ X O -  
AHMO YYHTbIBaTb,  9 T O  TenJIOM30JIRUHR I I p e A y C M a T p H B a e T C R  TOJIbKO AJIH n O M e -  

lue~afi  c ~ e ~ n e p a ~ y p o i i  12°C u H M x e  ( ~ a ~ e p ~  c o 3 p e ~ a ~ u ~  CMPOB n ~ . n . ) .  
3. B b 1 6 p a T b  p a C 9 e T H b I e  I l a p a M e T p b I  H a p y X H O r O  U B H Y T P e H H e r O  BOSAYXa, 

O n p e A e J I H T b  TenJ IO-  H B J I a r O n P H T O K  B KOHAHUHOHMPYeMOe I I O M e U e H H e ,  a T a K X e  
3 H a 9 e H H e  TenJ IOBJ laXHOCTHOrO OTHOLUeHHR ( Y M O B O ~ O  K O ~ @ @ N ~ N ~ H T ~ ) .  

4. O n p e ~ e J I k I ~ b  npOH3BOAHTeJ lbHOCTb  CKB n 0  B 0 3 A Y X y  H C y 9 e T O M  BeJIH- 

9 H H b l  T ~ I I J I o B o ~ ~  HaTPYBKH, H a 3 H a 4 e H N R  CKB, KOJIH'ieCTBa KOHAHUUOHUPYeMMX 
n o ~ e I l J . e ~ H f i ,  B03MOXHOCTU pa3MeUleHMFI  O ~ O P Y A O B ~ H U F I  B KOHAMUMOHHPYeMOM 
nOMeUleHHA UJIH B H e  er0 ~ b 1 6 p a ~ b  BUA CHCTeMbI KOH,LlH~UOHHPOBaHHR B 0 3 A y X a  
( M ~ C T H Y I O  HJIU U e H T p a J I b H y I O  CKB; ~ B T O H O M H ~ I ~ ~  KOHAHUMOHeP H n H  C n p O M e -  
XyTOYHbIM XJIaAOHOCHTeJIeM; O A H O K a H a J I b H y l o  HJIM A B y X K a H a J I b H y I O  CKB; 
nPFIMOT09HYIO HJIH C p e U l c p ~ y J I ~ ~ k i e f i  B H Y T P e H H e r O  B 0 3 A y X a  M T.A.). 

5. C O C T ~ B M T ~  C X e M y  0 6 p a 6 0 ~ ~ ~  B O 3 A y X a ,  IIOCTPOHTb nPOUeCCb1 0 6 p a 6 0 ~ ~ u  
B O 3 A y X a  B i- d - ~ H a r p a ~ ~ e  B J I a X H O r O  BO3AYXa H O n p e A e J I H T b  H a T p y 3 K y  
H a  OCHOBHbIe 3 J l eMeHTM CKB: B03AyXOOXJIaAHTeJ lb  U ~ a J ' l ~ p u @ e p b ~  1 H 11 
n O A O r p e B a  ( ~ c J I u  OHH n p e A y C M O T p e H b 1  C X ~ M O ~ ~  0 6 p a 6 0 ~ ~ u  B O ~ A Y X ~ ) .  

0 6 p a 6 0 ~ ~ a  B O 3 A y X a  B KOH&HllHOHepe npOBOAHTCR n y T e M  em O X n a X -  

BeHHR,  OCyIIleHHR, Y B n a X H e H H R  H H a r p e B a H U R ,  OCYUleCTBJIReMblX B p a 3 n ~ q ~ o f i  
n O C n e A 0 B a T e n b H O C T H .  B p e 3 y J l b T a T e  BO3flyX n p H 0 6 p e ~ a e ~  n a p a M e T p M ,  C KOTO- 
PMMH OH AOJ' lXeH nOAaBaTbCFI  B K O H A H ~ H O H U P Y e M O e  n O M e U e H H e .  

C T P Y K T ~ P H ~ I O  CXeMy CKB, K O T O P O ~ ~ ,  B CBOK) O q e p e A b ,  COOTBeTCTBYeT 
n306paxe~ne n p o u e c c o B  0 6 p a 6 0 ~ ~ u  ~osnyxa  B i - d - n w a r p a ~ ~ e ,  c o c T a s n m o T  
AJIR ABYX PaCYeTHbIX P e X H M O B  - J I e T H e r O  H 3HMHeTO. Han6onbu1ee B H H M a H U e  
YAeJIHIOT CXeMaM J I e T H e r O  KOHAHUHOHUpOBaHHR, O n p e A e J I e H H I O  HaTPY3KH H a  
XOJIOAHJIbHyIO YCTaHOBKy,  COCTaBJIeHHHJ CXeMM X O J I O A O C H ~ ~ X ~ H H R ,  nOCKOJIbKy 
AJIR CneUHaJ IbHOCTH 0565 rJ IaBHbIM O ~ X ~ K T O M  I lPOeKTHPOBaHHR CJIyIUHT XO- 

JIOAHJIbHaR YCTaHOBKa.  B o n p o c ~ ,  C B H 3 a H H b I e  C KOHAHUHOHHPOBaHHeM B 0 3 -  
A y X a  B 3kiMHHfi I IePHOA, n 0  COrJIaCOBaHHIO C PyKOBOAHTE!JIeM AHnJIOMHOrO 
I l p O e K T a  M O X H O  P a C K P M B a T b  B MeHbLUeM 06-be~e. 

6. Pacc'lki~a~b H n o n 0 6 p a ~ b  OCHOBHbIe 3JIeMeHTbI  CI(B ( B O ~ A Y X O O X J I ~ -  
A n T e n b  unn K a M e p y  o p o m e H u R ,  ~anopn@epb~ ,  B e H T a r p e r a T ,  H a c o c b I ,  onpene- 
JIHTb C e 9 e H H R  OCHOBHbIX T P Y ~ O ~ P O B O A O B  H BOSAYXOBOAOB). 

7. B 3aBHCHMOCTH OT B ~ I ~ P ~ H H O ~ ~  CHCTeMbI X O J I O A O C H ~ ~ X ~ H H R  nPOBeCTH 

IIOJIHMH T ~ ~ J I o B o A  P a C s e T  X O J I O A H J I ~ H O ~ ~  YCTaHOBKN H n 0 ~ 0 6 p a ~ b  AJIR H e e  
OCHOBHOe H B C n O M O r a T e J I b H O e  0 6 0 p y ~ o ~ a ~ H e .  

8. C O C T ~ B H T ~  OKOHqaTeJ IbHyIO C X e M y  CKB CO C X ~ M O ~ ~  X O J I O ~ H J I ~ H O ~ ~  YCTa-  
HOBKU H ~ P H H U N ~ H ~ J I ~ H O ~ ~  C X ~ M O ~ ~  aBTOMaTM9eCKOrO P e r y J I H p O B a H H R  
( ~ a  1-2 ~ n c ~ a ) .  



MeTPOB H a P y X H O T O  B O 3 A y X a  IIPMHUMaIOT: 

n n R  n e T H e r o  nepuona - T e M n e p a T y p y  ~ o s n y x a ,  6onee B b I c o K o e  s ~ a q e ~ u e  
K O T O P O ~ ~  B AaHHOM IIyHKTe CTpOUTeAbCTBa  H ~ ~ J I D A ~ ~ T C R  200 q B r 0 A y  U M e H e e ,  

M TaKYIO 3 H T a A b n U I O  B O s A y X a ,  6onee BbICOKOe 3 H a q e H U e  K O T O P O ~ ~  ~a6n10na- 
e T c R  200 s B rony M M e H e e ;  

3 u ~ ~ e 1 - o  nepuona - C p e A H m t o  T e M n e p a T y p y  ~au6onee  x o n o ~ ~ o f i  
nRTMAHeBKM M 3HTaJ lbnMIO BO3AyXa ,  COOTBeTCTByIOUyIO 3~0fi T e M I I e p a T y p e  

U c ~ e n ~ e f i  O T H O C U T ~ J I ~ H O ~ ~  BJ IaXHOCTU C a M O r O  XOJIOLIHOI'O M e C R U a  B 13 9. 

. . 
HOrO nHTaHHfl 
U ~ X H  M ~ ~ G O K ~ M ~ ~ ~ H ~ T O B .  12 
ybon cKoTa n pasnenKn Tym, uex n o n y ~ a b p n ~ a r o s ,  M ~ ~ ~ H H H R  
3an n unpuuoaoqnoe oTnenenne, cyunnbHMe Kauepta ~ o n b a c  
Kamepa ~ o s n y ~ ~ l ~ o r o  oxnamnennn ~ a p e ~ t a x  ~0n6aC 2 - 8  
lIomeme~nn nnn xpaHennn 

aape~tax ~ o n 6 a c  0 -  8 
BapeHO-KOn9eHHX K0nbaC 12 - 15 

O ~ n e n e ~ n e  nocona cblpos 10 - 12 
Kameobl co3oeaa~nn CMDOB ( B  ~ ~ B ~ C ~ M O C T ~  OT nx ~ n n a )  8 -  4  

. . 
C O I I O C T ~ B J I ~ H U ~  3TMX P a C q e T H b I X  n a p a M e T p O B ,  I IpUBeAeHHbIX B C H U ~  

2.04.05 - 86, C PaCYeTHbIMN I I a P a M e T P a M U  H a P Y X H O r O  B 0 3 A y X a  AJIR n p 0 e K -  

TMpOBaHUR XOJIOAHJIbHbIX YCTaHOBOK I IOKa3bIBaeT ,  q T O  OHU pa3J lNYa lOTCR 

M e X A y  co6oii. O A H ~ K O  3TO pa3J IMqUe  ~ e 6 0 n b ~ o e ,  n 0 3 T O M y  AJlR Y Y ~ ~ H ~ I X  
I IpOeKTOB AOllyCTUMO n p U H U M a T b  paC. leTHbIe  I I a p a M e T p b I  H a p y X H O r O  B O 3 A y X a  

no n p u n o x e H u m  1. 
non p a c q e T H b I M u  n a p a M e T p a M M  B H y T p e H H e r o B o 3 A y x a n o m -  

M a D T  T a K U e  3 H a q e H M R  T e M n e p a T y p b I ,  O T H O C H T ~ ~ I ~ H O ~ ~  BJ l aXHOCTU M CKOPOCTU 

ABMXeHMH B 0 3 n Y X a ,  KOTOPbIe AOJIXHbI I IOAAePXMBaTbCFI B KOHAHUUOHUPy- 

eMbIX I IOMeUeHMRX nu60 no TeXHOJlOrUqeCKMM T ~ ~ ~ O B ~ H U H M ,  ~ ~ 6 0  M 3  coo6pa- 
X ~ H M ;  K O M @ O P T ~ .  

Ta6nuya 18.1 

B n p a K T U K e  IIpOeKTUpOBaHMH BCe n a p a M e T p b I  B H Y T P e H H e r O  B 0 3 A Y X a  n p U -  
HFITO C q U T a T b  H a  Y p O B H e  ~pa6ozrefi 3 0 H b I B  - B B03nYUIHOM I IpOCTpaHCTBe  

a b 1 ~ 0 ~ 0 f i  2 - 2,2 M H a n  IIOJIOM U J U  l I J l ~ U l . a ~ ~ ~ f i ,  H a  KOTOPbIX HaXOARTCR pa- 
6osue M e C T a .  P a c q e ~ ~ b l e  I I a p a M e T p b I  B H Y T P e H H e r O  B 0 3 n y X a  AJlH TeXHOJIOTU- 

q e C K O r 0  KOHnMUAOHUPOBaHUR B 3aBUCUMOCTU OT H a 3 H a q e H M R  I I O M e U e H U R  

n p U B e n e H b I  B ~ a 6 5 1 .  18.1. 

n o m e u e ~ n n  

C ~ o p o s ~ b  A B M X e H U R  B 0 3 n y X a  A J R  BCeX I I o ~ e U l e ~ U f i  H e  6onee 0,4 M / C .  
npM ~ P O ~ K T M P O B ~ H M ~  YCTaHOBOK KOM@OPTHOTO K O H A U ~ U O H U P O B a H U R  B 0 3 -  

AYXa  B XUJ lb IX  U O ~ U ~ ~ C T B ~ H H ~ I X  3AaHMRX (3aJ Ib1  KMHOTeaTPOB, T e a T p O B ,  M a -  

Ta3UHOB, 0 6 e n e ~ ~ b I e  3 a J I b I  n p e n n p ~ ~ ~ ~ f i  ~ H T ~ H U R )  B K a q e C T B e  C l J l ~ l t ~ a J b ~ ~ f i  

~ ~ C W T H O A  T e M n e p a T y p b I  B H Y T P e H H e r O  B 0 3 A Y X a  A J R  T e n J l O r O  n e p U O n a  r O n a  

0 cpen~efi IlOJIOCe CCCP I I p U H M M a D T  22 - 25"C, a A J R  ' I O X H ~ I X  p a f i 0 ~ 0 ~  - 

Uexn M R C H H X  n o n v @ a b p n ~ a ~ o ~  ~a npennpnn~nnx 0 6 m e c ~ s e ~ -  12 70 - 75 

P a c r e ~ ~ ~ e  napameTpta 
BHyTpeHHerO BO3RyXa 

Teunepa~ypa,  " C  O T H ~ C U T ~ ~ ~ H ~ ~  
BnaXHOCTb, % 



donee B ~ I C O K ~ ~  T e M n e p a T y p y ,  HO H e  sbrrue 28°C.  fin^ x o n o n H o r o  n e p u o n a *  

r O A a  o ~ T M M ~ J I ~ H o ~ ~  ~ e ~ n e p a ~ y p o f i  B H Y T P e H H e r O  B 0 3 A y X a  CzIUTaWT 20 - 22OC. 
B K a q e C T B e  p a c q e ~ ~ o f i  O T H O C U T ~ J I ~ H O ~ ~  BJ IaXHOCTU AJIR BCeX IIepNOAOB ro- 
& a  n p U H U M a l o T  COOTBeTCTBeHHO 60 - 30%, I IpU 3TOM 6 0 J I b ~ e f i  p a c z I e ~ ~ 0 f i  

T e M n e p a T y p e  & O J I X H a  COOTBeTCTBOBaTb MeHbLLlaR OTHOCMTeJIbHaR B J I a X H O C T b .  

C K O P O C T ~  ABUY(eHUR B O 3 A y X a  A O J I X H a  6 b r ~ b  H e  6onee 0,25 M / C .  

T n a ~ a .  19 
PACqET TEflJIO- M BJIAFOIIPMTOKOB 
M OllPEAEJIEHME KOJIMqECTBA IIOAABAEMOFO B03AYXA 
8 19.1. TEilJlOBJlA)KHOCTHbltl6AJlAHC KOH&HqHOHHPYEMOTO C I O ~ E ~ E H H ~ ~  

P a c z I e ~ ~ b ~ e  n a p a M e T p b r  ~ o s n y x a  B K o H n u u u o H u p y e M b I x  n o M e u e H u R x ,  T a K  

Xe K a K  U B K a M e P a X  XOJIOAMJIbHUKOB, y C T a H a B J I U B a l o T C R  UCXOAR W 3  p e 3 y J I b -  

T a T O B  n p M T O K a  U OTBOJla TenJIOTbI  U BJ Ia rM U 3  3TMX n 0 ~ e u e ~ U f i .  

O A H ~ K O  eCJIU n p U  IIpOeKTMpOBaHUU XOJIOflMJIbHMKOB YqMTbIBaJIUCb TOJIb- 

, KO TenJ IOnPUTOKU,  TO IIPU nPOeKTUPOBaHUM CKB OTneJ IbHO O n p e A e J I R l o T  

TenJ IOnpUTOKU (UJIU T ~ ~ J I o ~ o T ~ ~ u )  B KOHAMUMOHUPYeMbIe I I O M e U e H U R  U 

OTAeJIbHO - B J I a r O n p U T O K U  ( ~ J I a r o n o ~ e p U ) .   TO O ~ % H C H R ~ T C H  T e M ,  q T O  B K a -  

M e p a x  XOJIOnUJIbHUKa I I O j I A e p X U B a l o T  B 3 a A a H H b I X  n p e A e J I a X  TOJlbKO T e M -  

n e p a T y p y  B H Y T P e H H e r O  B O 3 A y X a ,  a OTHOCUTeJIbHaR B J I a X H O C T b  C a M O y C T a -  

H a s n M s a e T c R  B npenenax 80 - 90% B p e 3 y n b ~ a ~ e  6 a J I a ~ c a  B n a r o n o T e p b  

u ~ n a r o n o c ~ y n n e ~ u f i .  
B CKB aBTOMaTUzIeCKM I I O A q e p X U B a l o T  B 3 a A a H H b I X  I I p e A e J I a X  K a K  T e M -  

I I e p a T y p y ,  T a K  M OTHOCUTeJlbHylo B J I a X H O C T b ,  B CBR3U C q e M  T P ~ ~ Y D T C S I  60- 
J I e e  T O q H b I e  CBeAeHUR 0 COCTaBJIHloUMX BJ laXHOCTHOrO 6 a J I a ~ c a .  

K o J I M ~ ~ c T B o  TenJIOTbI ,  n0c~ynaloUefi B KOHAUUUOHMPYeMOe n O M e U e H M e  

(CO 3 H a K O M  <<+>>) MJIU YXOARUlee  U 3  H e r 0  (CO 3HaKOM <<->>), ITOACqUTbI- 

B a m T  no @ o p ~ y n e  

z Q =  QI  + Q 2 +  Q3 + Q4, (19.1) 
rne QI  = Q I T  + Qlc  - T e n n o n p u T o K a  qepes orpaxnatowue KOHCTPYKUHA, B ~ I ~ B ~ H H ~ I ~  pas- 

HOCTbM T e M I I e p a T y p  H a P Y X H O r O  U B H Y T p e H H e r O  B O a n y X a ,  H OT A ~ ~ ~ C T B N R  C O J I H ~ Y H O ~ ~  P a n H a -  

UHH; Q 2  - TeIIJlOIIpHTOKH OT 0 6 p a 6 a ~ b l ~ a e ~ b l x  M a T e p H a J l O B  ( O C T M B ~ ~ ~ U H X  ~ o n 6 a c ,  Cbl- 

POB, I I U U H  H T. A , ) ;  4 3  - TeIIJlOIIpHTOKH C H P P Y X H b l M  BOJnYXOM, I I P O H H K a t o U U M  B KOHnU- 

U H O H H P Y e M O e  I I O M e U e H H e  C BeHTHJlRUHOHHblM BO3nYXOM HJlH OT H ~ @ H J l b ~ p a U k i k i  4epe3 we- 
JlH B O T P a X A a M U H X  KOHCTPYKUHRX; Q4 - 3KCIIJ ly t lTaUMOHHble  T e n J l O n p H T O K N  (OT Jllo- 

nefi, T e X H O J l O r H q e C K O r O  O ~ O ~ ~ ~ O B ~ H H R ,  OCBeTHTeJlbHblX n p u d o p o ~  H T.  II .) .  

06uee  KOJIUzIeCTBO B J I a r U ,  I I O C T y n a l o U e e  B BO3AyX KOHHUUUOHUPYeMO- 

r0 I I O M e U e H U R  (CO 3HaKOM <<f >>) MJIU n O r J I O U a e M O e  U 3  B 0 3 A y X a  HaXOAR- 

UUMMCFI B n O M e U e H U N  M a T e p U a J I a M U  (CO 3HaKOM <<->>), I IOACqUTbIBaeTCR 

no @ o p ~ y n e  
Z W =  W 2  + W 3  f W 4 ,  ( 19.2) 

me W 2  - B J l a r O I I p H T O K  OT M a T e p H a J l O B ;  W 3  - BJlarOIIpHTOK C H a P Y X H b l M  B03nYXOM; W 4  - 

3 K C n J l y a T a U H O H H b l e  BJ la rOIIpHTOKH (OT JllOnCll,  T€!XHOJlOrH~eCKOrO O ~ O ~ ~ ~ O B ~ H H R ,  C OTKPbl- 

TblX BOAHbIX I I O B ~ ~ X H O C T ~ ~ ~  H T.  4.). 

T e h n o n p ~ ~ o ~ n  repes o r p a x n a l o u e e  K O H C T P Y K ~ U H .  O r p a x ~ a l o u ~ e  KOH- 

CTPYKUUM KOHAUUUOHMPyeMbIX n 0 ~ e U e ~ U f i  XMJIbIX U O ~ U ~ C T B ~ H H ~ I X  3 f i a ~ U f i  

OTJIMzIaloTCFI OT 0 r p a X A e ~ U f i  XOJIOAAJIbHUKOB TeM,  q T O  OHM H e  UMeloT  TenJ IO-  



- 

a b 
Puc.19.1. C x e ~ a  o d ~ e p a  HapyxHHx orpaxne~si i  nps TennoTexHusecKux pacserax: 

a - paspea ananmu, 6 - nnan. HC - Hapyxtian crena. 0 - O K O H H Y ~ ~  n p 0 6 ~ ;  I l l  - non, IIr - noronoa, 
I - non Ha rpysse; 2 - non Ha narax. 9 - non nan nonnonaeu . 

TaBnuqa 19 I M3OJlRUMM A I I O A P a 3 A e J I R -  
IOTCR H a  MaCCMBHyIO A C B e -  
T O n p O 3 p a q H y I O  ( C B ~ T O B ~ I ~  

n p o e ~ b ~ )  q a c T u .  

Bnrpnna O r p a x n e ~ u e  n o ~ e u e -  
c onnnapHblM HMR,  B KOTOPMX IIpeAYCMZiT-  
o c ~ e ~ n e s n e ~  1 - 6,70 
co cnapeHeblu 

P u B a m T c R  ~ e x ~ o n o r ~ ~ e c ~ u e  
OcreKnenHeM 2 70 - 100 2,68 CKB ( H a n p M ~ e p ,  K a M e p b l  
c A B O ~ H H M  O C T b I B a H M R  K O J I ~ ~ C ,  C O 3 p e -  
p a s n e n b ~ b l ~  
O C T ~ K ~ ~ H H ~ M  2 450 - 600 2.45 B a H M R  C ~ I P O B ) ,  K a K  I I p a -  

C ~ e ~ n o n a ~ e ~  c BMJIO, H e  OTJIMqaIOTCR OT 
A H O ~ ~ H W M  OC- 
TeKJeHHeM 2 10 2,30 O ~ P ~ X A ~ H M ~ ?  xonon~nb-  
To x e  2 15 2.70 HMKOB. 

2 20 2,74 
C r e ~ n o n a ~ e r  c rpoR 

T P ~ H C M W C C M O H H ~ I ~  T e n -  

HMM OCTeKneHHeM 3 1 5 - 2 0  1.9 ~ O ~ P U T O K M  ( % a  c q e ~  pas- 
O K H ~  

C OnHH8pHbIM 
HOCTU ~ e ~ n e p a ~ y p )  qepe3 

OeTeKneHHeM I - 3,3 M a C C M B H b l e  Y q a C T K M  C T e H ,  
co c n a p e ~ n u ~  neperopon~a, n o n b 1 ,  nepe- 
OCTeKJeHHeM 2 30 - 60 2.0 
C U B O R H ~ ~ M  KPbITMR M IlOKPbITMR O n p e -  

~ ~ J I R I ~ T ,  K a K  M AJIR XOJIO- 
1.9 

AUJIbHMKOB ( C M . ~ J I .  8) : 

rne k, -- n e R c ~ e s ~ e n b ~ ~ 8  ~ o ~ @ @ s u a e s ~  Tennonepenaqu o r p a i n e ~ u ~ ;  F - pacqeTHafl nnoluanb 
nOBepXHOCTU OrpaXneHHfl (C OKpyCJleHUeM no 0,1 M'); J I u H ~ ~ ~ H M ~  pa3Mepbl (C OKpyrJleHHeM 
no 0 , l  M )  npuHuMam C O ~ J I ~ C H O  puc.19.1; tH A f B -  pacqeTHMeveMnepaTypb1 HapyxHoro 
U BHYTPeHHerO BO3nyXa. 

~ P M  O n P e A e J I e H M U  k AJIR X M J I b l X  M O ~ U ~ C T B ~ H H ~ ~ X  3 ~ 2 3 ~ ~ 2  C J I e A y e T  n O J I b -  
3 0 B a T b C R  CTPOMTeJIbHbIMM r l e p T e X a M M  3TMX ~ A ~ H u W ,  I IOCKOJIbKy ~ b 1 6 0 p  M a T e -  
P U a J I O B  0 r p a x ~ e H M f i  M MX TOJILUMHbl AJIR T a K M X  3 ~ a H M f i  n P O U 3 B O A M T C R  H e  T a K ,  
K a K  AJIR XOJIOAMJIbHHKOB ( B O ~ ~ O C ~ I  P a C q e T a  O r p a X n a I O U M X  K O H C T ~ ~ K U M ~ ~  



n n ~  KOHAUUUOHMPYeMbIX ~ O M ~ L L L ~ H A ~ ~  Qy:cc PaCCqMTbIBaeM T a K  Xe, KaK N 
AJIR XOJIOAMJIbHMKOB [ C M . @ O ~ M Y J I Y  (9.7) 1 .  Huxe paCCMaTpMBaeTCR MeTOAMKa 

o n p e n e n e H u R  T e n n o n p u T o K a  OT p a A u a u u u  T O J I ~ K O  q e p e s  c B e T o s b r e  n p o e ~ b ~  

3naHMfi .  B e n u q u ~ y  3 T O r 0  TenJ IOnpI lTOKa QTYT (B  BT) IIOACqMTbIBaIOT OTAeJIbHO 

AJIR K ~ X A O ~ ~  CTOPOHbI TOPM30HTa n 0  MeTOAY, IIPeAJIOXeHHOMy n. m. ra~6ypi-OM. 

XUJIbIX M O ~ U ~ ~ C T B ~ H H ~ I X  3 ~ a ~ M f i  U3JIOXeHbI B Y ~ ~ ~ H M K ~ X  no OTOnJIeHUD 

M B ~ H T U J I R U U M )  . 
T ~ ~ H C M U C C H O H H ~ I ~  TenJIOnpUTOKM Y e p e 3  C B e T O n p 0 3 p a q H b I e  O r p a X A e H U R  

O n p e n e n R f O T  no ~ 0 f i  x e  @ o p ~ y J I e  ( 19.3). T ~ X H M ~ ~ C K ~ R  XapaKTepMCTMKa 

~M~pa>t<efi M CTeKJIOnaKeTOB I l p U B e A e H a  B ~ a 6 n .  19.1. 
n p y r u ~ u  3anOJIHUTeJIRMM TnBnuya 19 2 

CBeTOBbIX IIpOeMOB COBpeMeH- 

~ ~ T ~ H R I O I ~ U ~  Y C T ~ O ~ C T B ~  MOrYT 3HaqMTeJIbHO YMeHbLLIMTb KOJIUqeCTBO 

TenJIOTbI, I I o c ~ y n a I O I 4 e f i  B KOHAMQMOHMPyeMOe n O M e U e H U e  U3-323 C O J I H ~ ~ H O ~ ~  

PaAMauMU,  B p e 3 y J I b T a T e  q e r 0  CHMXaIOTCR KanUTaJIbHbIe  3 a T p a T b I  H a  yc~pofi-  
CTBO CUCTeMbI KOHAM~MOHUPOBaHUR B 0 3 A y X a  M PaCXOAbI no ee 3KCnJIyaTaUUU.  

3 H a s e H u R  QoK AaHbI  B ~a6~1.19.3 .  
T ~ ~ J I O ~ ~ M T O K U  OT con~eqaofi panuauuu n o n c q u T b 1 s a t o - r  K a x n o r o  

KOHAU~UOHUPYeMOrO IIOMeuIeHHR M CBOART B T ~ ~ J I I I U Y ,  @ O P M ~  K O T O P O ~ ~  

n p u B e n e H a  H a  CTP. 176. 
3 a  PaCqeTHyIO BeJIMlrMHy nPMHUMaIOT M ~ K c u M ~ J I ~ H ~ I ~ ~  TenJIOnpMTOK B 

AaHHOM IIOMeLLLeHUM. K nOJIyqeHHOMy PaCqeTOM QC,"" A O ~ ~ B J I H I O T  KOJIUqeCT- 

BO T e n n o T b l ,  noc~ynamuefi  sepes 0 6 J I y q a e ~ b l e  M ~ C C U B H ~ I ~  o r p a x n e H u R ,  

M HaXOnRT OKOHrIaTeJIbHyIO BeJIUgMHy TenJOIIpMTOKOB OT C O J I H ~ ~ H O ~ ~  P a A U a u U M .  

HbIX 3AaHMfi RBJIRIOTCR n y C T 0 -  6 n o ~  
TeJIbIe  CTeKJIRHHbIe BJIOKU C 

r e P M e T U Y H 0  3 a ~ p b l ~ 0 f i  no- 
JIOCT~IO. T e n ~ ~ o ~ e x ~ w ~ e c ~ u e  xa- 194 X 194 X 98 4 -3 

194 X 194 X 60 7,2 
P ~ K T ~ P M C T M K M  u r a 6 a p ~ ~ ~ b t e  . 294 x 294 x 98 3,7 

p a 3 M e p b l  6 ~ 0 ~ 0 ~  nPMBeAeHb1 nBYXKaMepHuA 
194 X 194 X 98 3,2 

B ~ a 6 n .  19.2. 

radapnrnue pasmepM 
(nnnna X wnpnna X 

X T O J U U H ~ )  

K O ~ @ @ H U U ~ H T  
~ e n n o n e p e n a w ,  
BT/(M' . K )  



n p n M e s a H u n I I I p n s e n e ~ ~ b ~ e  B ra6nnue BennrnHbr cnenyer ~ M H O X ~ T ~  Ha nonpasoq~bth ~ o s @ @ n -  
UUeHT nJlR OKOH C P B O A H M M  OCTeKJIeHUeM H ~ ~ ~ ~ B R H H ~ I M U  paMaMU - 0.62, nnn OKOH C A B O A H ~ M  OCTeKJeHReM Ii 

s n r p n ~  B MerannnqecKnx nepennerax - 0 . 7 ,  nnn o ~ o n  c onnHapnb1~ ocreKneHne~ n s n r p n ~  B MerannnqecKnx ne- 
pennerax - 1.25 2 Tennonpnroyn qepes ocreKaeHHue nosepxnocrn, opneHrtipoeaHHble na cesep. B ~ypcoeblx npoeK- 
Tax MOXHO He YqHTblBaTb 

9 o p a a  4 

reorpa@nqec- 
KaR wnpora 

T ~ ~ J ~ O ~ ~ N T O K W  OT 0 6 p a 6 a ~ b l e a e ~ ~ x  MaTepwaaos. n p ~  p a c s e T a x  T e x -  

HOJIOrMqeCKMX CKB T e n J I O n p M T O K  QZn no KOJIMYeCTBy n 0 J I H 0 f i  T e n J I O T b I  

( ~ . e .  no ~ ~ ~ H O C T M  3 H a Y e H M f i  y n e J I b H 0 f i  3 H T a A b n M M  I I ~ O A ~ K T O B )  O n p e n e -  

JIRIOT no @ o ~ M ~ J I ~ M  5 9.2. 
E c n ~  Xe n p M  p a C . l e T a X  Y q M T b I B a I O T  T O A b K O  R B H Y D  T e n J I O T y ,  T e n J I O -  

IIPMTOK OT M a T e p M a J l O B  M O X H O  O n p e A e J I M T b  no @ 0 p ~ y A e  

n o r o ~  rennoru o r  conHeqHofi pannaunw ( s  B T / M ~ )  no nepnonaM rona n cropoHaM r o p n 3 o ~ r a  

H a . l a J I b H a R  T e M n e p a T y p a  M R C a  3 a B M C N T  OT TOTO, B K a K O M  BMAe O H 0  

n o c T y n a e T  B uex H a  n e p e p a 6 o ~ ~ y  (oxnaxne~Hbe napaoe). 0 x n a x n e ~ -  
H o e  MRCO n p M  n e p e p a 6 o ~ ~ e  H a r p e B a e T c R  OT 4 no 12"C, c n e n o B a T e n b a o ,  

O H 0  B O C n p M H M M a e T  q a C T b  B ~ I A ~ J I ~ H H o ~ ~  B IIOMeLLleHMM T e n J I O T b I .  B 3 T O M  C J I y Y a e  

Q2 BXOAMT B y p a B H e H u e  T e n n o B o r o  6 a J I a H c a  co ~ H ~ K O M  MMHYC.  n a p ~ o e  
MRCO O X J I a X A a e T C R  C 36 A 0  12°C M, C J I e n O B a T e J I b H O ,  B b I n e J I R e T  T e n A O T y  

B npouecce ero 0 6 p a 6 0 ~ K M .  B  TOM c A y q a e  s ~ a q e ~ ~ e  Q2 6 y ~ e ~  nojloxmenb- 
HbIM. 

AJIR I l p e ~ n p M R ~ ~ f i  O ~ U ~ C T B ~ H H O ~ O  n M T a H M R  0 6 ' b e K ~ a ~ M  0 6 p a 6 0 ~ ~ 1 1  R B J I R -  

D T C R  r O P R q M e  ~ J I D A ~ ,  B b I n e Y e H H b I e  M3AeJIMR B KOHAMTePCKZIX U e X a X ,  OCTb1- 

B a I O U l a R  n U U a  B O ~ ~ A ~ H H ~ I X  3 a J I a X ,  a T a K X e  MRCOIIPOAYKTbI,  06pa6a~b1- 
B a e M b I e  B X o n o n H b I x  uexax. T e n n o ~ b ~ ~ e n e ~ m  OT o c ~ b r ~ a ~ u l e f i  n M u M  MOXHO 

I l P M H R T b  Q2 = 17 f 25 BT H a  O A H O r O  I IOCeTMTeJIR.  

Tennonpe~o~w C HaPYXHMM BO3AYXOM. H a p y x ~ b l f i  B 0 3 A y X  n O C T y n a e T  

B KOHAMUMOHMPyeMOe I l O M e u l e H M e  ~ ~ 6 0  O T  O T A ~ J I ~ H O ~ ~  B ~ H T A J I R U R O H H O ~ ~  

YCTaHOBKM, ~ ~ 6 0  n P I l  k i H @ M J I b ~ p a u M I l  ( I ~ ~ O H H K H O B ~ H H ~  HapJ'XHOrO B O 3 A y X a  

B H y T P b  3 A a H M R  qepe3 HenJIOTHOCTM B H a P Y X H b I X  O T P a X A e H M R X  M qepe3 
LLLeJIM B O K H a X ,  a T a K X e  n p M  OTKPblBaHMM ~ ~ e p e f i ) .  ECJIM B KOHAMuMOHMPYe-  

M b I e  I l O M e U e H M R  I I O A a D T  B 0 3 A Y X a  6 0 J I b m e ,  .leM Y n a J I R D T  M3 HMX, T O  B 

n o M e u e H m x  c o 3 ~ a e ~ c ~  M ~ ~ ~ I T O ~ H O ~  A a B A e H M e  (nonnop) , n p e n R T c T B y m m e e  

I l P O H M K H O B e H A D  B 0 3 A y X a  C M ~ @ M . J I b ~ p a u M e f i .  B 3 T O M  C J I y q a e  T e n J I O n p M T O K  

OT M H @ u J I ~ T P ~ ~ ~ ~ M  M O X H O  n P M H M M a T b  P a B H b l M  H y J I D .  ECJIM B KOHAMUMOHM- 

M w ~ b  (rennblfi nepnon rona) 

N! 
noMeqeHun 

n e ~ a 6 p b  (xonon~ui l  nepnon rona) 

IInol~lanb csero-  
B O ~ O  npoeMa ,M' 

Cropo~bl  
r o p n 3 o ~ ~ a  

C 1 CB. C3  I B. 3 1 IOB, 103 1 IO I B . 3  IOB, I03 

Tennonpnro~  
(no ra6n 19 3 )  

Tun 
oCreKneHn8 

IO 

KOB@@RUH~HT 
s a r e n e ~ n n  r Q;E. BT 



~ ~ O U ~ B O ~ C T B ~ H H ~ I ~  6e3 3 K O H  H 40~apefi  40 
6 0 J l b H P i ~ l b l  80 

Ecnu KOHAUUMOHUpyeMOe IIOMelI leHMe 0 6 o p y ~ o a a ~ o  C M C T ~ M O ~ ~  B ~ I T H X H O ~ ~  

BeHTMJIRUMU, TO nJ IR  CO3AaHMR H ~ O ~ X O A M M O ~ O  I lOAIIOpa KOJIUrIeCTBO n O A a B a -  

e M O r 0  H a P y X H O r O  B O 3 n y X a  AOJIXHO 6 b 1 T b  ~ O J I ~ L L I ~  BbITRXKM H a  BeJIUqUHY, 

n p M s e n e H H y m  H M x e  ( B  q-I) :  

H a  O A H y  CTOPOHY 

" nse CTOPOHM 

" T P U  UJIU q e T b I p e  C T O P O H b l  

~ e c ~ A 6 l o i b  



n e r ~ a n  pa6ora cnnn 

Ta6nuqp I 9  4 

nerwan @ n s ~ q e c ~ a n  pa6ora (wac- 147 16 98 95 70  60 47 6 
cnpu, nocernTenn cTonosblx, ma- - - - - - - - - 
Ta3HHOB H np.) 1 1 . 1  13,9 21,4 22.2 32,2 36.0 41,6 55,5 

Pon p a 6 o ~ u  

P a 6 o ~ a  cpen~efi  Taxecru (npo- 157 130 140 112 80 70  47 6 
naBUU MaTa3HHOB. O@HUU~HTH. - - - - - - - - 
y60p1unuu H T n ) 20,8 32.0 34.7 39.0 51,5 55.5 69.5 79,O 

B qHcnHTene - nmue rennosunenennn Qq, (a BT) .  
B s ~ a m e ~ a ~ e n e  - BnaroBuneneHnn W4, . lo6 (a ~ r / c )  

P a c q e ~ ~ u e  TemnepaTypu ~03nyxa  a KoHnnunonHpyemux nomeqennnx, ' C  

Tnwenan pa6ora (nepco~an ropa- 
~ H X  U ~ X O B ,  K ~ X O H ~ ,  pa6oswe o6sa- 198 158 163 130 89 64 35 8 
noqnux, pa3py60qnux H x ~ n o a o q -  37,0 52,7 64.5 80,5 90.5 94.5 
HUX ornene~ufi) 

O ~ O ~ ~ J J O B ~ H U ~ M ,  3 a B U C H T  OT u e J I O r 0  P R A a  IlPMqMH: I IpHMeHReMOrO cnoco6a 
o6orpesa (ra3 MJIM ~ J I ~ K T ~ U Y ~ C T B O ) ,  OCHaLLleHHOCTU A a H H O r O  n p e n n p U R T U R  

o 6 0 p y n o ~ a ~ a e ~ ,  , p e x a M a  p a 6 o ~ b 1  n p e n n p m T a R ,  a T a K x e  OT MOUHOCTM M 
p e X H M a  p a 6 0 ~ b 1  K a X ~ 0 f i  eAMHML(b1 T e X H O J l O ~ U ~ e C K O ~ O  O ~ O P ~ A O B ~ H M R .  

f l n ~  O ~ O P ~ A O B ~ H M R ,  0 6 o r p e ~ a e ~ o r o  n p u p o n H b r M  r a s o ~ ,  n o n c q e T  T e n n o -  

nPMTOKOB OCJIOXHReTCR T e M ,  9 T O  H e  BCR T e n J I O T a ,  n O J I y 9 e H H a R  I l p U  C r O p a H M U  

ra3a, BbIAeAReTCR B IlOMeLLleHMe. q a c ~ b  ee COCTaBJIRIoT n O T e p U  TenJIOTbI  

c ~ X O A R L U U M M  r a 3 a ~ u :  

me QTon - K o j l u s e c T B o  T e n n o T b l ,  s b r n e n ~ e ~ o f i  B T o m e  npu cropaHuu rasa,  K B T ;  Qnom - KOJIU-  

YeCTBO TenJIOTbl, B b l n e J I f l e M ~ f i  O ~ O ~ ~ ~ O B ~ H U ~ M  B IlOMeILteHUM (COCTOUT U3 n o ~ e s ~ o f i  TenJIOTM, 

p a c x o n y e ~ o f i  H e n o c p e n c T s e H H o  Ha n p u r o r o s n e H u e  n u u u ,  u us n o T e p b  T e n n o r b r  H a p y x H M M u  

orpaxneHumu 0 6 0 p y n o ~ a ~ u f l ) ,  KBT;  Qyx - n o T e p f l  T e n n m b l  c y x o n f l r u u M u  r a s a ~ u ,  KBT. 

me Q,,, = BQ; - K o n u q e c r s o  T e n n o r b r ,  s b r n e n ~ e ~ o f i  npu cropaauu rasa,  KBT;  B - 0 6 b e ~ ~ b 1 f i  
PaCXOn r a 3 a  npU HOPMaJIbHblX YCJIOBHflX, M ~ / c ;  Q: - TenJIOTBOpHafl C ~ O C O ~ H O C T ~  1 M~ 

r a 3 a ,  npU HOPMaJIbHblX YCJIOBHFIX, P a B H a f l  35600 K a 2 K / M 3 ;  K- K O ~ @ @ U U U ~ H T ,  Y'IHTbl- 

BaIOIUUfi COOTHOUleHUe M e X A y  Q,,, U Qyx (K = 0.8); KO - K O ~ @ @ U U H ~ H T ,  Y ~ H T ~ I B ~ ~ o I U H ~ ~  
OnHOBpeMeHHOCTb p a b o r b r  OnHOTUnHOrO 0 6 0 p y n o a a ~ u ~ 1  (nJlFI CTOJIOBMX KO = 0,8, AJlH 
PeCTOpaHOB U K a 4 e  KO = 0,6);  Kn - K O S @ @ U U H ~ H T  HCnOJlb30BaHHfl 0 6 0 p y n o ~ a ~ u f l  
( B b l p a x a e T  ITpOnOJIXUTeJIbHOCTb Henpepb lBHof i  pa60Tb l  06opynosa~ufl B T e q e H u e  CMeHM 

B n e p e c q e T e  Ha 1 p a 6 o s u f i  q a c ) ;  3 ~ a q e ~ u f l  ~ T O ~ O  K O ~ $ I ~ U U U ~ H T ~  n p u B e n e H M  

H u x e .  

K H ~ ~ ~ T u J I ~ H N K A ,  K O @ ~ B ~ ~ K U ,  nesu UlalIlJIbl'4Hble, 

3JIeKTpIYTepMOCTaTbl 

T e n n o ~ b r ~ e n e ~ u ~  OT e A u H u u b I  O ~ O P ~ A O B ~ H M R ,  0 6 o r p e ~ a e ~ o r o  napoiv, 
M O X H O  nPMHMMaTb ,  80 AaHHbIM A. A. ~ O ~ O J I M H ~ ,  PaBHblMM 1,3 KBT H a  1 M~ 

HapyXZHOfi  H ~ ~ O J I M ~ O B ~ H H O ~ ~  nOBepXHOCTU, 0,49 KBT- I I O J I U P O B ~ H H O ~ ~  A 

0,33 KBT - AJIR IlOBePXHOCTU,. ~ O K P ~ I T O ~ ~  M 3 0 J I R ~ M e f i .  



r Qsn n s  = N s n . n e K w K o ,  (19.13) 
r A e  EN,, - CyMMapHaR MOWHoCTb BCeX 3 J l e K T p 0 ~ ~ e r a ~ e J I e f i  MexaHHWCKOrO O ~ O P Y & O B ~ H H R ,  KBT. 

~ H ~ Z I ~ H U R  K, AJIR n p e n I I p M R ~ u f i  I INTaHHR IIpMBeAeHbI  BbILUe. H n R  nepe- 
p a 6 a ~ b l ~ a 1 0 ~ u x  UeXOB M R C O K O M ~ H H ~ T O B  IIPUHUMaIOT K, = 0 , 6 5  AJIR 060- 
P y A O B a H U R  M a m U H H b I X  3 a J I O B  (BOAZIKU, K Y T T ~ P ~ I )  M K, = 0 , 2 5  AJIR o6opy- 
AOBaHMR LU~PUQOBOZIHO~~.  

I I p e f i n p ~ F l ~ M f i  I lUTaHUR,  OCHaLQeHHblX TOJIbKO 3JleKTPHqeCKUM TenJ IO-  

BbIM O ~ O P Y A O B ~ H U ~ M ,  3HaZIeHMe QoaMer M O X H O  n P U H U M a T b  P a B H b l M  10% 
Qo6 Ten . 

T e n Y I o n p u ~ o ~ u  OT 3JIeKTpUZIeCKOrO O C B e U e H U R  QocB ( B  KBT) OnpeAeJ IRIOT 

~ P U  JIIoMUHeCQeHTHOM 0CBeUI.eHUM CBeTNJIbHNKU rIaCTO yCTaHaBJIUBaIOT 

B n n o c K o c T u  n o A B e c H o r o  n o T o n K a .  B  TOM C A y r I a e  B n o M e u e H u e  n o c T y n a e T  

T e n J I O T a  B KOJlUqeCTBe 60% TeIIJIOTM, ~ O A C Z I U T ~ H H O ~ ~  no @ o p ~ y J I e  (20.14). 
Onpenenenue cymmap~oii ~enaoeoi i  ~arpyswn. on pen en^^ C y M M a p H y r o  

TenJ IOByIO H a r P Y 3 K y  H a  CUCTeMy KOHAUQUOHUPOBaHWR B 0 3 A Y X a ,  H ~ O ~ X O A U M O  

YrIMTbIBaTb, OAHOBPeMeHHO JIU A ~ ~ ~ C T B Y I O T  T e n J l O ~ P U T O K U  OT Pa3JIUZIHbIX UC- 

TOZIHUKOB. T ~ K ,  T e I l J I O ~ p H T O K U  OT C O J I H ~ ~ I H O ~ ~  P a n U a U U U  B AHeBHOe  B p e M R  

MOrYT H e  C O B n a A a T b  no B p e M e H U  C TenJIOnpUTOKOM OT O C B e U e H M R  BeZIepOM. 

B  TOM cnyqae o n p e n e n m o T  B W H ~ U H ~  o6eux ~ a r p y s o ~ ,  HO B p a c s e T  npu-  
HUMaIoT  TOJIbKO O A H y  M3 HUX - 6 6 ~ b ~ y 1 0 .  ~ O C K O J I ~ K Y  OTAeJ IbHble  COCTaBJIR- 

I o U M e  TenJ IOBOrO 6 a n a ~ c a  B pa3J INr IHbIe  I IepUOAbI r O A a  BXOART K a K  CO 3HaKOM 

E( + W ,  T a K  M CO 3 H a K O M  E( - >, T ~ I I J I o B o ~ ~  6 a n a ~ c  KOHAUUUOHUpyeMO- 

r0 I l O M e U e H U R  COCTaBJIRIOT K a K  AJIR J I e T H e r e ,  T a K  U AJIR 3 U M H W O  n e P U O A O B  

roaa. 
3 19.3. OnPEAEJlEHH E BJlArOnPHTOKOB 

B J ~ ~ ~ O ~ ~ H T O K U  OT MaTepUaJlOB. Ha n p e A n p U R T M R X  n U T a H U R  OCHOB- 

HblMU UCTOZIHUKaMU BJ Ia rOnpUTOKOB RBJIRIoTCR O C T b l B a I O U a R  I I U U a ,  OTKPb1- 

T b I e  IlOBepXHOCTU K a C T p I o J I b  U T .  n. 
KOJIUZI~CTBO B J I a r O n p N T O K o B  

OT n M U N  M O X H O  OPUeHTUPO-  Ta6nuya 19 5 

BOqHO I I P U H U M a T b  w 2 = - B M ~ C T H M O C T ~  nnouxanb Jeprana culnqecrso ncna RwlueRcn 

= 20 . 1 0 - 6  Kr/c Ha oAHo 0 6 0 p y n o ~ a n n ~ .  "1 ncnapenm. M' mar* rr . lo', xrlc  

n o c a A o q H o e  M e c T o .  B J I a r o ~ b l -  125 0.29 2.77 
250 0,50 4.56 

AeJIeHUR OT KaCTPIOJIb npM- 400 0,74 6.40 

B e n e H b I  B ~ a 6 n .  19.5. 
A J I R  I I p e ~ n p ~ f I ~ ~ i i  no n e p e p a 6 0 ~ ~ e  M R C a  KOJIMZIeCTBO BJ Ia rOnpUTOKOB 

M O X H O  n p A H U M a T b  no y ~ e J I b ~ 0 f i  H a r p y 3 K e  H a  1 M~ I lOJIa .  T ~ K ,  AJIR I I O M e U e -  

H U G  no n e p e p a 6 o ~ ~ e  n a p H o r o  M R c a  w = ( 1  1 4 17) ~ r /  ( M ~  - c ) ,  
fjM a c y m a n o K  ~ o n 6 a c  - (30 +- 50) 10- ~ r /  ( M ~  . c) .  



1 19.4. BblGOP I'IAPAMETPOB H KOJIH'IECTBA BOSAYXA, 
I'IOAABAEMOrO B n O M E q E H H E  

Ecna B n O M e U e H M U  C TenJIOBbIAeJIeHRRMN Z Q  M BJIarOBbIAeJIeHMRMM 

2 W BbIKJIIoYMTb YCTaHOBKy KOHAMUMOHAPOBaHMR B 0 3 A Y X a ,  TO eI'0 I I a p a M e T -  

p b ~  6 y n y ~  U ~ M ~ H R T ~ C R .  T ~ K ,  B ~ e n n b ~ f i  n e p M o n  rona T e M n e p a T y p a ,  B n a x -  

HOCTb B 3 H T a J b n M R  B 0 3 A y X a  HaYHYT YBeJMYMBaTbCR,  M OH M3 COCTORHMR, 

x a p a ~ ~ e p u 3 y e ~ o r o  ~ o s ~ o i i  B H a  i - d - n u a r p a ~ ~ e  B n a x H o r o  ~osnyxa ,  ne- 
pefine~ B COCTORHMe B 1  ( ~ ~ H K T M P H ~ H  JIUHMR H a  PAC. 19.2). ~ P O U ~ C C  3TOTO 

U3MeHf!HMR B i - d - A M a T P a M M e  n s o 6 p a ~ a e ~ c ~  n p R M 0 f i  J I k i ~ U e f i ,  npOXOAR-  

Uefi Y e p e 3  TOYKY B IIOA Y M O M ,  COOTBeTCTByIOUMM BeJIMYMHe T e n J I O B J I a X -  

HOCTHOrO OTHOLLIeHUR En no YPaBHeHMIo  (19.17). 

ZQn , 
E "  = - z w  ' (19.17) 

me ZQn - C y M M a p ~ b l f l  n P U T O K  n 0 J I ~ 0 f i  TenJ lOTbl ,  KBT; ZQ, - C Y M M ~ P H ~ ~ ~ ~  n P R T O K  S I B H O ~  ( K y -  
x o b )  TenJIOTbl ,  KBT; Z W - C Y M M ~ P H ~ I ~ ~  B J I a r O n P U T O K ,  KT/C; iw - Y n e J I b H a R  3 H T a a b n U R  

B O ~ R H ~ I X  n a p o ~  ( B  K O X / K ~ )  npu ~ e ~ n e p a ~ y p e  eosnyxa t , " ~ .  - ?E_ . 
i, = 2500 + 1,8t. - 

~ P M  OnpeAeJ IeHMU TenJIOIIpMTOKOB Z Q  H ~ O ~ X O ~ A M O  YYRTbIBaTb  X a p a K -  

T e p  ~ e n n o ~ b ~ n e n e ~ ~ f i :  ecnn T e n n o n p u T o K M  OT M a T e p M a n o B ,  ~ o s n y x a ,  ntoneii 
OIIpeneJIRJIMCb no n 0 J l ~ 0 f i  TeIIJIOTe (no pa3HOCTM K O H ~ Y H O ~ ~  U ~ a Y a J I b ~ 0 f i  

3 ~ ~ a J I b n U f i )  Q,, T O  CJ IeAyeT  n O J l b 3 0 B a T b C R  @ o p M y J I o f i  (19.17). E c n ~  npM 
O n p e n e J I e H M M  3TMX TenJIOnPMTOKOB YYUTbIBaJ IaCb  TOJIbKO R B H a R  T e n J I O T a  Q, 
(no pa3HOCTM K O H ~ Y H O G  U ~ a q a J I b ~ 0 f i  ~ e M I I e p a ~ y p ) ,  CJ IeAyeT  n O J I b 3 0 B a T b C R  

@ o p M y J I o f i  (19.18). 
q ~ 0 6 b 1  T e M I l e p a T y p a  M B J I a X H O C T b  B O 3 A y X a  B I IOMeUeHMH 6b1nki nOCTOFIH- 

HbIMU (T. e. 9~06b1 n O J I O X e H M e  TOYKN B 6 6 1 ~ 0  H ~ U ~ ( M ~ H H ~ I M ) ,  B n O M e -  

U e H M e  H ~ O ~ X O A M M O  n O A a T b  BO3AYX C TaKMMM I T a p a M e ~ p a M M  , ( T o ' ~ K ~  n) ,  
Y ~ 0 6 b 1  I IOCne  CMeLLIeHMR C BO3AyXOM, COCTORHMe KOTOPOI'O X a p a K T e p M 3 y e T -  

CR T O Y K O ~  BI ,  B n O M e U e H M U  BHOBb YCTaHOBMJIMCb 3 a A a H H b I e  I l a P a M e T P b I  

( T O Y K ~  B) .  B J I e T H e e  B p e M R  AJIR 3 T O r 0  IIOAaIOT 6onee X O J I O A H ~ I ~ ~  M 6onee 
cyx0fi B 0 3 A y X ,  a 3UM0fi - 6onee ~ e n J I b 1 f i  M ~ J I a X ~ b 1 f i .  To . r~a  n A O J I X H a  

J I e X a T b  H a  TOG Xe n p R M 0 f i  C HaKJIOHOM, COOTBeTCTByIoUHM En ( J I ~ T o M  - H M X e  

TOsKM B, a 3UM0fi - BbILLIe HW) ,  T a K  K a K  TOJIbKO IIpM 3TOM YCJIOBMM n 0 C -  

J I e  CMeIl IeHUR B O 3 A y X a  C COCTORHMHMM n H BI  M O X H O  nOJIyYUTb  B03AYX 

C COCTORHMeM B. 
~ O J O X ~ H U ~  TOYKM n H a  JIMHUM C HaKJIOHOM, COOTBeTCTBYIOUMM En, 



o i p e n e m e ~ c ~  n o n y c ~ ~ ~ o i i  (pa6o~ef i )  
p a 3 H O C T b m  T e M n e P a T Y P  a tp nPMTOYHOr0 

BO3AyXa M B 0 3 A y X a  B IIOMeLIieHNB (pat- 
CTORHMe M e X A Y  TOYKaMA B A n).  Pa6o- 
Y y D  p a 3 H O C T b  T e M n e p a T y p  B ~ I ~ H ~ ~ D T ,  

MCXOAR M 3  IIPMHRTOI'O cnoc06a P a C n p e -  

AeJIeHMR BO3AyXa,  a T a K X e  B 3aBACM- 

MOCTW OT BbICOTbl nOMeIUeYMR. 

A m  TOPI'OBbIX 3 a J I O B  I I p e ~ n p k i R ~ M i i  
O ~ ~ ~ C T B ~ H H O I ' O  IIATaHAR atp = 
= 4 f 10°C. A J I R  npOU3BOACTBeHHbIX 

n o ~ e u e ~ a f i  npM n o n a q e  ~ o s ~ y x a  B 

pa60sym 3 o ~ y  at, 5 6  f g°C, a npu 
noAase BO3flyXa n 0 A  nOTOJIKOM AOnyC- 

TMMaR p a 3 H O C T b  T e M n e p a T y p  M O X e T  6 b 1 ~ b  

YBeJIMYeHa A 0  12 - 14°C ( M e ~ b I l J P i e  3 H a -  

YeHMR COOTBeTCTBYlOT n O M e U e H A R M  BbI- 

C O T O ~ ~  A 0  3 M ) .  

06%eMHb1fi  PaCXOA B03AYXa L ( B  M ~ / c )  9 Puc.19.2. M s o 6 p a x e ~ u e  npouecca u 3 ~ e -  
~ 0 ~ 0 p b l i i  H ~ O ~ X O A M M O  I I O A a B a T b  B KOHAM- HeHnfl napaMeTpoB ~ 0 3 n y x a  B KoHnuuno- 
q M o H M p y e M o e  n o M e q e H M e ,  onpenemmr H U P Y ~ M O M  r ~ o ~ e ~ l e ~ n ~  B i - d - n e a = p a ~ -  
0661~~0  M 3  YCJIOBAR YAaJIeHAR TenJIOnpMTOKOB: M e  B"axHOrO B03nyxa 

COCTABAEHME CXEMbl 0 6 P A 6 0 T K M  B03AYXA 
M OllPEAEAEHME TEllAOBblX H A r P Y 3 0 K  
HA OCHOBHOE 06OPYAOBAHME KOHAMll,MOHEPA 

5 20.1. CXEMA nPRMOTOqHOR CUB 



M npu  T e M n e p a T y p e  tH n o c T y n a e T  B ( P O P C ~ H O Y H ~ I O  K a M e p y ,  me 0xnaxnae.r- 
CH u O c y u I a e T c R  p a 3 6 p b l 3 r ~ B a e ~ o f i  xonon~ofi  ~onofi,  T e M n e p a T y p a  KOTO- 

p0fi H M X e  TOYKU POCbl  H a p y X H O r O  B O 3 A Y X a .  B p e 3 y J l b T a T e  T e n J I O  - H M a C C O -  

0 6 ~ e H a  B @ O P C ~ H O ~ H O ~ ~  K a M e p e  BO3AYX O X J I a X A a e T C R  A 0  T e M l I e p Z l T y p b I  H a  

1 - 2°C B b I u I e  T e M n e p a T y P b l  t B l l .  n p r l  3TOM er0 OTHOCMTeJIbHaR B J I a X H O C T b  

y B e J I H Y U B a e T C R  A 0  95% ( T O ~ K ~  K , ' ) .  3 a T e ~  B O 3 A y X  I I O n B e p r a e T C R  C y X O M y  

H a r p e B a H m  B ~ o s n y x o ~ a r p e s a ~ e n e  B T o p o r o  nonorpesa no COCTORHHR, xa- 
p a K T e p U 3 y e M O r O  T O ~ K O ~ ~  K I ,  U H a  1 - 2OC - B B e H T U J I R T O p e  U BO3&yXOBO- 

nax. B p e 3 y n b ~ a ~ e  ~ a p y x ~ b ~ f i  ~ o s n y x  c n a p a M e T p a M u  T O ~ K U  H nepeso- 
AUTCR B C o c T o R H u e ,  x a p a ~ ~ e p u 3 y e ~ o e  T O Y K O ~ ~  II, c n a p a M e T p a M H  ~ o ~ o p o i i  
OH n O A a e T C R  B n O M e L U e H U e .  B M ~ C T O  K a M e p b l  OPOlr reHMR AJlR O X A a X A e H U R  

M O X H O  N C l I O J l b 3 0 B a T b  6 ~ 0 ~  T ~ ~ J I O M ~ C C O O ~ M ~ H ~ ,  B C O C T a B  K O T O P O r O  BXO- 
AUT ~ O B ~ ~ X H O C T H ~ I ~ ~  B O 3 A y X O O X J I a A U T e J I b .  

n o c ~ p o e ~ u e  npouecca' 0 6 p a 6 0 ~ K u  ~osnyxa B i - d - ~ u a r p a ~ ~ e  A n c r  



J I e T H e l ' O  P a C r I e T H O r O  P e X U M a  BbInOJIHRIOT B ~ J I e n y l O U e f i  I IOCJleAOBaTeJIbHOCTM: 
1 .  H ~ H O C R T  H a  A U a r p a M M Y  TOqKM H M B, C O O T B e T C T B y I O U W e  JIeTHMM 

P a C q e T H b I M  l l a p a M e T p a M  H a p y X H O r O  M B H y T P e H H e r O  B 0 3 A y X a .  
2. Yepes T O ~ K ~  B n p o B o A R T  n y r I  npouecca M ~ M ~ H ~ H M R  n a p a M e T p o B  

B O 3 n y X a  B n O M e U e H U M  n O A  Y M O M ,  C O O T B e T C T B y l O U U M  3 H a r I e H M K l  T e n J I O B J I a X -  
HOCTHOrO OTHOUleHMR E, AJIR J f e T H e r O  P a C q e T H O r O  P e X U M a ,  K O T O p O e  B b I q U C -  
JIRIOT no @ O P M Y J ~ M  (19.17) UJIU (19.18). 

3. 3 a n a l O ~ ~ R  p a 3 H O C T b I O  T e M n e P a T Y P  B 0 3 A y X a  B I I O M e U e H M M  U n p U -  
T O q H O r O  BO3Aj 'Xa  A t, = f, - tn. 

4.  H ~ H O C R T  H a  A M a r P a M M Y  T O r l K y  n, C O O T B e T C T B y I O U y l O  n a p a M e T p a M  
n p u T o q H o r o  ~ o s n y x a .   OH^ n o n x H a  n e x a n  H a  n e p e c e s e H u n  nyqa npouec- 
C a  C U ~ O T ~ P M O ~ ~  tn = t, - Af,. 

5. Yepe3 T O r I K y  n n P O B O A R T  JfMHUlO d = consf, C O O T B e T C T B Y I O U y l O  
npoueccy H a r p e s a H u R  ~ o s ~ y x a  B ~ o s n y x o ~ a r p e ~ a ~ e ~ ~ e  u B e H T n n m o p e ,  u 
H a  n e p e C e r I e H M U  3~0fi  nMHMM C J I U ~ k i e f i  (P = 0,95 H a X O A R T  T O q K y  KI', CO- 

O T B e T C T B y l O U y l O  I I a p a M e T p a M  B O 3 A y X a  H a  B b I X O A e  U 3  K a M e p b I  O P O U I e H M R .  
T o r I ~ a  K I ,  C O O T B e T C T B y I o U a R  I I a p a M e T p a M  B O 3 A y X a  H a  B b l X O A e  U 3  B O 3 A Y -  
x o H a r p e a a T e n R ,  n e x n T  H a  B e p T u K a n u  I7 - KI', HO H n x e  T O ~ I K U  H a  B e -  

J IMrlUHy n 0 n O r p e B a  B O 3 A y X a  B B e H T M J I R T O p e  M BOBAYXOBOABX ( 1  - 2OC). 
Pacxon xonona ( ~ e n n o ~ y m  ~ a r p y 3 ~ y  H a  B O ~ A ~ X O O X J I ~ A W T ~ ~ ~ )  onpene- 

 RIOT no a o p ~ y n e  
Qo = LHp(iH - iK,l). (20.1 ) 

Pacxon T e n n o w  B ~ o a n y x o ~ a r p e ~ a ~ e n e  B T o p o r o  n o n o r p e B a  

Q I I  = L H  P ( i K , t  - i K  ) . (20.2) 
n o c ~ p o e ~ w e  npouecca o 6 p a 6 0 ~ ~ u  ~ o s n y x a  AJIR S M M H ~ T O  p a c r I e T s o r o  pe- 

X M M B  BbInOJIHRIOT B ~ J I e A y l O I l l e f i  n O C n e A O B a T e J l b H 0 C T U :  
1. H ~ H O C R T  H a  A M a r p a M M y  TOrIKM H U B, C O O T B e T C T B Y l O U M e  BUMHUM 

p a c r I e T H b I M  n a p a M e T p a M  ~ o s n y x a .  
2, Yepe3 T O ~ I K Y  B n p o B o n R T  nyq npouecca M ~ M ~ H ~ H U R  n a p a M e T p o B  

B 0 3 A y X a  B , n O M e U e H M U ,  n a p a n J l e J I b ~ b 1 f i  nMHMM C YrJIOBbIM K O ~ @ @ U U H ~ H T O M  

%, C O O T B ~ T C T B ~ ~ O U U M  B e n U r I M H e  T e l l J l O B J I a X H O C T H O r O  OTHOUIeHMR A n R  ~ M M - '  
H e r o  p a c r I e T a o r o  p e x m a .  

3. 3 a n a m ~ c ~  n e p e n a n o M  T e M n e p a T y p  At, M e x n y  n p u T o r I H M M  BOBAYXOM 
tn U BOSAYXOM B n O M e U e H U M  t, U H a  n y r I  n p O u e C C a  H a H O C R T  TOrIKY n; O H a  
J l e X U T  B b I U l e  TOrIKM B H a  B e J l U r I U H y  Atp. 

4. Yepes T O ~ K ~  n p o B o A m  n n H n m  d = const no n e p e c e q e H n R  c nu-  
~ M e 6  c p =  0,95 B T O q K e  KI', C O O T B ~ T C T B Y ~ O U ~ ~ ~  n a p a M e T p a M  B O 3 n y X a  H a  
B b l X O n e  ki3 K a M e p b I  O p O U l e H U R  (UJlM 6 n o ~ a  T ~ ~ ~ O M ~ C C O O ~ M ~ H ~ ) .  

5. Ha  JIUHUU ~ K I '  H a H O C R T  T O r I K y  K I ,  C O O T B e T C T B Y I O U y I O  I I a p a M e T p a M  
B O 3 A y X a  H a  B b I X O A e  U 3  B O 3 A y X O H a r p e B a T e J l R  B T O p O r O  n O A O r p e B a .  T e ~ n e -  
P a T y p a  B 0 3 n y X a  B 3~0fi T O q K e  H U X e  T e M n e P a T Y P b I  B T 0 4 K e  n H a  BeJIUrIk iHy 
n 0 A O r p e B a  B B e H T M J l R T O p e .  O A H ~ K O  3 a T e M  BO3AYX M O X e T  H e M H O r O  O X J f a -  
A U T b C R  B n P M T O q H O M  B03AYXOBOAf2, n 0 3 T O M Y  A J R  3 U M H e T O  P e X U M a  TOrIKM 
K I  H n M O r Y T  C O B n a A a T b .  

6. Yepe3 TOrIKY H I l P O B O A R T  JIUHMIO d = C O ~ S ~ ,  C O O T B e T C T B Y I O U y I O  no- 
n o r p e B y  ~ o s n y x a  B ~ o s n y x o ~ a r p e ~ a ~ e n ~ x  n e p B o r o  nonorpesa. 

7. Yepe3 T O q K y  KI'  nPOBOAFIT nUHMH3 i = C O ~ S ~ ,  COOTBeTCTBYIOUYIO np0- 
u e C C y  a ~ w a 6 a ~ n ~ e c ~ o r o  Y B J I a X H e H U R  B O 3 A y X a  B K a M e P e  O P O U l e H M R .  

8. Ha  n e p e c e q e H n n  n n H m  d = const n n R  n e p B o r o  nonorpeea n n n H n n  
n p O u e C C a  Y B J I a X H e H M R  i = const H a X O n R T  T O q K y  HI ,  C O O T B e T C T B Y I O U y I O  
n a p a M e T p a M  ~ o s n y x a  H a  H h I x o n e  n3 ~ 0 3 ~ y x o ~ a r p e ~ a ~ e n ~  n e p B o r o  nono- 
r p e B a    OH^ Xe - T O q K a  B X O A a  B K a M e P Y  O P O U ~ ~ H W R )  . 

nocne n o c T p o e H u R  n p o u e c c o B  ~ e n n o ~ n a x ~ o c ~ ~ o f i  o 6 p a 6 0 ~ ~ u  ~ o s n y x a  



~ P M  I I p O e K T U P O B a H f i U  Y C T a H O B K U  K P Y r J I O r O A U q H O r O  K O H A U l l U O H U P O B a H U R  

~ o s ~ y x a  c n e A y e T  Y q u T b I B a T b ,   TO n e p e n a A b 1  T e M n e p a T y p  At,, n p u T o q H o -  

r0  U  B H Y T P e H H e r O  B 0 3 A y X a  AJIR J l e T A e r O  U  3 U M H e r 0  P a C q e T H b I X  P e X U M O B  

I I p U H U M a I O T  p a 3 H b l M U ,  n 0 3 T O M Y  H l I P O U 3 B O A U T e J I b H O C T b  CUCTeMbI  no  B 0 3 A Y X Y  

AJIR 3 T U X  P e X U M O B  p a 3 J I U q H a .  B C B R 3 U  C  3 T U M  non6op K O H A U y U O H e p a  

I l P O U 3 B O A R T  no 6 0 J I b U I e ~ y  U 3  3 T U X  3 ~ a s e ~ U f i ,  a AJIR P e X U M a  C  M e H b U I U M  

P a C X O A O M  B O 3 A y X a  I I P O U 3 B O A R T  I I e p e C q e T  I I a p a M e T p O B  B O 3 A y X a  B  OCHOB- 

H ~ I X  T o w a x  H a  i - d - n u a r p a ~ ~ e .  

4 20.2. CXEMbl CKB C PEqHPKYJlTIIIU.HEA BHYTPEHHErO B O ~ A Y X A  

3 a ~ p a ~ b 1  X O J l O A a  U  TeI IJ IOTbI  B  C U C T e M a X  C  p e u U p ~ y J l R u U e f i  B H Y T P e H H e r O  

B O 3 A y X a  MeHbLLIe,  .leM B  I l P R M O T O q H b I X  C U C T e M a X .  ~ O ~ T O M Y  eCJIU T O J I b K O  C a H U -  

T a p H b I e  H O P M b I  A O n y C K a I O T  P e U U P K y J I R U U I O ,  H ~ O ~ X O A U M O  ee U C n O J I b 3 O B a T b .  

O A H ~ K O  C U C T e M b I  CO 100%-~0fi  p e u U p ~ y J I F l ~ U e f i  I I p U M e H R I O T  TOJIbKO B  C I I e u U -  

a J l b H b I X  C O O P Y X e H U R X  ( r a s o y b e ~ u u a  U  T. I I . ) .  

B O ~ ~ I ~ H ~ I X  CKB I I P U T O ~ H ~ I ~ ~  B 0 3 A Y X  COCTOUT U 3  C M e C U  H a P y X H O r O  B 0 3 -  

A y X a  C  P e u U p K y J I R U U O H H b I M .  n p u  3 T O M  P a C X O A  H a P Y X H O T O  B 0 3 A y X a  I I p U  

P a C q e T H b I X  H a P Y X H b I X  YCJIOBRRX O r p a H U r I U B a I O T  C a H U T a P H b l M  MUHUMYMOM 

(20 ~ ~ 1 . 1  H a  I s e n o ~ e ~ a ) ,  a B n e p e x o n H b I e  n e p u o A b 1  ( ~ e c ~ a ,  o c e ~ b )  
3 K O H O M U q e C K U  uenecoo6pa3~0 P a C X O A  H a p y X H O r O  B O 3 A y X a  Y B e J l U q U T b  

B n J l O T b  A 0  100%. 
~ O T O K M  H a P Y X H O r O  U  P e U U P K y J I R U U O H H O r O  B O 3 A y X a  B  U e H T p a J I b H b I X  

K O H A U U M O H e p a X  CMeLLII?BaIoTCR, K a K  I I p a B U J I O ,  I I e p e A  @ U J ~ T P O M  U  B 0 3 A Y X O -  

H a r p e B a T e n e M  nepeoro nonorpesa.   TO ~ O ~ B O J I R ~ T  o q u u a T b  OT n b I . n u  B e c b  

0 6 p a 6 a ~ b 1 ~ a e ~ b l f i  B O 3 A y X  U  I I p e A O X p a H R T b  B 0 3 A y X O H a I ' p e B a T e J I U  n e p B O r 0  

I I O A O r p e B a  OT 3 a r p R 3 H e H U R .  O A H ~ K O  B  paf io~ax C  H M ~ K O ~ ~  ~ U M H ~ B  T e M I I e p a -  

~ y p 0 f i  n a p a M e T p b 1  T O q K U  C M e C U  M O r Y T  O K a 3 a T b m  B  O ~ J I ~ C T U  T y M a H a  ( H U X ~  
K P M B O ~ ~  ( p = 1 0 0 % ) ,  T . e .  U 3  C M e C U  B 0 3 A Y X a  ~ Y A ~ T  B b I I I a A a T b  B J l a r a .  B 3 T U X  

C J I y q a R X  B H a q a J l e  ~ a p y X ~ b 1 f i  B 0 3 A y X  H a r p e B a D T  B  B O 3 A y X O H a r p e B a T e J I R X  

I I e p B O r O  I I O A O r p e B a ,  a 3 a T e M  C M e U I U B a I o T  C  P e U U P K Y J I R U M O H H b I M .  ~ P M  
O C y U e C T B J I e H U U  ~ a ~ 0 f i  C X e M b I  0 6 p a 6 0 ~ ~ u  B 0 3 A y X a  I I P U H U M a I O T  C n e u U a J I b H b I e  

M e p b I  n p o T u B  p a 3 ~ o p a ~ u ~ a ~ u ~  ~ o s n y x o ~ a r p e ~ a ~ e n e f i  n e p B o r o  nonorpesa. 
B Jl e T  H  U  fi n e p U  0 A  B 0 3 A Y X  A 3  IIOMeLLteHUR p e U U P K y J I R U U O H H b I M  

B e H T U J l R T O P O M  ( n p U  A B ~ X B ~ H T U J H T O ~ H O ~ ~  C X ~ M ~ )  UJIU B e H T U J l R T O P O M  KOH- 

A U U U O H e p a  ( n p U  O A H O B ~ H T U J I R T O ~ H O ~ ~  C X ~ M ~ )  3 a 6 u p a e ~ c ~  U 3  K O H A U u U O H U -  

P y e M O r O  I IOMeLUeHUR,  q a C T U q H 0  Y A a J l R e T C R  HapyX)', a 60nbrua~  q a C T b  

I I O C T y n a e T  B  K a M e P Y  ( C ~ K U M I O )  CMeLLIeHUR K O H A U U U O H e p a  ( P U C .  20.2). T ~ M  
O H  C M e U I U B a e T C R  C  H a P Y X H b I M  B 0 3 A y X O M ,  P a C X O A  K O T O P O r O  O r p a H U 9 U B a I O T  

M U H U M a J l b H O  A O ~ Y C T M M O ~ ~  H O P M O ~ ~ ,  n O C J I e  qer0 C M e C b  B O 3 A y X a  O q U L U a e T C R  

B @u.nb~pe, O x n a x A a e T c R  u O c y w a e T c R  B K a M e p e  o p o r U e H u R  UJIU B nosepx- 
HOCTHOM B 0 3 A y X O O X J I a A U T e J I e  ~ J I O K ~  T ~ ~ J I O M ~ C C O O ~ M ~ H ~ .  

B Y C T a H O B K a X  AJlR ~ O M ~ U ~ H U ~  C  M a J I b I M U  B J l a r O B b I A e J l e H U R M U  ( H ~ I I ~ u M ~ ~ ,  

X U J l b I e  I I o M ~ I L ~ ~ H u F I )  U  ~ e 6 0 J l b I l I P i ~  KOJlUrIeCTBOM n O H M e U I U B a e M O r 0  H a p y X -  

H O r O  B 0 3 A y X a  n a P a M e T P b 1  B 0 3 A y X a  I IOCJle  B 0 3 A y X O O X J l a A U T e J I R  M O r Y T  6 b 1 ~ b  
~ J I U ~ K U M U  K  ~ p e 6 y e ~ b l ~  I I a p a M e T p a M  I IPMTOllHOrO B 0 3 A y X a .  B 3 T O M  C J l y q a e  



B03AYX IIOCJIe BO3nyXOOXJIa&UTeJlR 6e3 ~ o ~ o . J I H M T ~ . J I ~ H o ~ ~  o 6 p a 6 0 ~ ~ ~  n O n a l o T  

B K O H ~ U U I l O H H P Y e M O e  I I O M e u e H M e .  M M ~ H H O  no ~ a ~ 0 f i  CXeMe ~ Z I ~ O T ~ K ~ T  60nb- 
UMHCTBO aBTOHOMHbIX KOHnUUMOHePOB. 

O ~ H ~ K O  B YCTaHOBKaX AJIR I I o M e l I l e ~ U f i  C ~ O J I ~ U I M M M  BJlaTOBbI&eJIe- 

HURMM H ~ O ~ X O ~ A M O  n O n a B a T b  I I P U T O Y H ~ I ~ ~  B 0 3 n Y X ,  B J I a T O C O A e P X a H W e  KOTOPOI'O 

3HaYUTl$lIbHO M e H b U e ,  YeM B I IOMeUeHUM.  3 T O r O  CMeCb  H a p y X H O r O  

M PeUUPKYJlFIUMOHHOrO B 0 3 A Y X a  O X J I a X A a l O T  my6xe, YeM 3 T 0  T P ~ ~ Y ~ T C R  

AJIR KOMneHCaUUU TenJIOnpMTOKOB. ~ O ~ T O M Y  I I e p e O X J I a X A e H H y I O  CMeCb nOCJle  

~ o s n y x o o x n a n a ~ e n ~  nepen nona~efi B n o M e u e s a e  H a r p e B a m T  no T e M n e p a -  

TYPbI  nPMTOYHOr0  B O 3 n y X a  ( C  YqeTOM I I O f l O r p e B a  B B ~ H T u J I R T o ~ ~ ) .  Heo6xo- 
A M M O C T ~  B n o c n e n y m u e M  n o n o r p e B e  B O ~ H M K ~ ~ T  T a K x e  npu o x n a x n e H A u  

B O 3 n y X a  B K a M e p a X  OpOLLIeHMR, U 3  KOTOPbIX B 0 3 n Y X  BbIXOnMT C OTHOCM- 

~ e J I b ~ 0 f i  BJ IaXHOCTbIo ,  6nu3~ofi K rp=0,95. 
B YCTaHOBKaX,  me B e C b  ~ ~ U M P K Y J I R U M O H H ~ I ~ ~  B 0 3 n Y X  C M e U M B a e T C R  C 

H a p y x H b I M  ( c x e ~ a  c nep~of i  p e u u p ~ y n ~ s n e f i ) ,  n n R  nonorpesa ~ o s n y x a  nocne 
ero o x n a x n e H m  u o c y w e H u R  a c n o n b 3 y m ~ c ~  ~ o s n y x o ~ a r p e ~ a ~ e n ~  B T o p o r o  

I I O n O r p e B a .  ~ ~ ~ M M Y ~ ~ C T B O  n a ~ ~ o f i  CXeMbI 3 a K n l O Y a e T C R  B B03MOXHOCTU 

TOqHOrO PeryJIMpOBaHMFl T e M n e p a T y p b I  B O 3 A y X a  B nOMel I l eHUU,  a ee H e n O C T a -  

TOK - B H€!O~XOAMMOCTM nOLl.OrpeBa B O 3 A y X a  naXe B n e T H e e  B p e M R .  ~ O ~ T O M Y  
IIpMMeHRloT CXeMy,  IIO K O T O P O ~ ~  TOJIbKO Y a C T b  p e U M P K Y J I F I ~ A O H H O ~ 0  B 0 3 n Y X a  

I IOCTyI IaeT  n n R  O X J I a X n e H U H ,  a 0 c ~ a J I b ~ o f i  ~ ~ ~ M P K ~ . J I R ~ M o H H ~ I ~ ~  B03AYX I I 0  

O ~ B O A H O M Y  K a H a J I y  6 a f i I I a ~ U p y e ~ ~ R  MUM0 K a M e p b I  OpOLLIeHMR U CMeLUUBaeTCR 

c o x n a x n e ~ ~ o f i  nep~of i  c M e c b m  ( c x e ~ a  c n e p ~ o i  u ~ ~ o p o i i  p e q u p ~ y n ~ q u e f i ) .  
6 J I a r o n a p R  3TOMY B03JJYX M O X e T  6 b 1 ~ b  H a r p e T  no T e M n e p a T y p b I  n p U T O Y H O r 0  

~osnyxa  6e3 a c n o n b 3 0 s a ~ a ~  ~ o s n y x o ~ a r p e ~ a ~ e n ~  B T o p o r o  n o n o r p e B a .  llpe- 
MMYUeCTBO 3~bf i  CXeMbI 3aKJIIOYaeTCR B OTCYTCTBNM nOCTOPOHHNX WCTOYHU- 

KOB AJIR I I O A O r p e B a  B O s A y X a ,  U, CJIeAOBaTeJIbHO,  B ee 3KOHOMWYHOCTM, HeAOC- 

TaTOK -- B TPynHOCTN TOVHOTO I IOAAePXaHUFI  I I a P a M e T P O B  IIPMTOYHOrO B 0 3 -  

n y X a  I IyTeM KOJIAYeCTBeHHOrO p e r y J l U p 0 B a H U R  IIOTOKOB B 0 3 n y X a  CTBOPYa-  

TbIMU K J I a n a H a M U .  K p o ~ e  TOrO,  n p U  TaKOM cnoc06e H a r p e B a H U F I  ~o3nyxa  
IIPOACXOAUT U er0 OAHOBpeMeHHOe JJOyBnaXHeHUe,  YTO C H N X a e T  O C Y U a l O -  

uylo C I I O C O ~ H O C T ~  YCTaHOBKA. ~ O ~ T O M Y  I I p U M e H e H U e  CXeM C nep~ofi  N 

B T O P O ~ ~  p e ~ U p ~ y J l R ~ U e f i  AJIR I I o ~ e l l l e ~ N f i  C 6 0 ~ 1 b ~ o f i  ~ a ~ p y 3 ~ 0 f i  IIO C K P ~ I T O ~ ~  

T e I I n O T e  ( 6 0 ~ l b L L I U ~ 1 . 1  B J I ~ ~ O B ~ I ~ ~ J ~ ~ H U R M U )  H e  M O X e T  6 b l ~ b  PeKOMeHAOBaHO. 



B 3 n M H n R n e p n O A  B CKB c nep~ofi  p e u n p ~ y n ~ u n e i i  c M e c b  pe- 
U . H p K y ~ R ~ H O H H O r 0  n H a p y X H O r O  B O 3 A y X a  OZIULLlaeTCR B @ ~ J l b ~ p e ,  

H a r p e s a e T c R  B ~ o s n y x o ~ a r p e s a ~ e n e  nep~oro  nonorpesa, y s n a x H R e T c R  B K a -  

M e p e  o p o m e H n n  peuup~ynnpyioruei BOAOR ( a n n a 6 a ~ n s e c ~ o e  y s n a x ~ e ~ n e )  , 
H a r p e s a e T c R  B ~osnyxo~a rpesa~ene  B T o p o r o  nonorpesa n n o n a e T c R  B e H T n n R -  

TOPOM B IIOMeUleHHe.  OTTJ'A~ B03AYX 3 a 6 ~ p a e ~ c R  PeuUPKyJ IRUNOHHbIM BeHTU- 

JIRTOPOM, M e H b U l a R  Y a C T b  er0 ( P ~ B H ~ H  KOnHZIeCTBy H a p y X H O r O  B 0 3 n y x a )  

Y n a n R e T C R  Hapyx)', a 66nbura~ ZIaCTb I I O C T y n a e T  O ~ ~ ~ T H O  B K O H n U u H O H e p  

(CM.  PMC. 20.2). 
Ecnn C X ~ M O ~ ~  n p e n y C M O T p e H 0  J'BJlaXHeHne B O 3 n y X a  I I apOM,  B03AyXO-  

H a r p e s a T e n b  B T o p o r o  nonorpesa H e  H y x e H .  

H p n ~ e ~ e ~ n e  B 3 n ~ ~ e e  B p e M R  c x e M b I  c nep~of i  n ~ ~ o p o f i  p e u n p ~ y n ~ u n e i i  
T a K X e  I I03BOJIReT HCKJlioZIHTb B 0 3 A y X O H a r p e B a T e J l H  BTOPOrO I I O A O r p e B a .  

O A H ~ K O ,  K a K  ki B J l e T H e e  B p e M R ,  3 T a  C X e M a  H e  IIO3BOJIReT OCYUleCTBMTb TOZIHOe 

n o n n e p x a H n e  n a p a M e T p o B  ~osnyxa  B n o M e u e a u n .  

H o c ~ p o e ~ n e  n p o u e c c o B  0 6 p a 6 0 ~ ~ u  ~ o s n y x a  B i - d - n ~ a r p a ~ ~ e  cxon~o  
C TaKOBbIM AJlR IIPRMOTOYHbIX CNCTeM. OCHOBHO~ p a 3 J l H Y n e  3aKJl loZIaeTCR 

B TOM, ZIT0 T ~ I I J I O B J ~ ~ X H O C T H O ~ ~  0 6 p a 6 0 ~ ~ e  B KOHAMUHOHePe I l O A B e p r a e T C R  

H e  H ~ P Y X H ~ I ~ ~  B03AYX, a er0 C M e C b  C ~ ~ ~ H ~ K ~ ~ H ~ H O H H ~ I M . ~ T O ~  no- 
C T p O e H H e  n p O u e C C O B  HaZIHHaIoT C O n p e n e J l e H H R  P a C X O A a  H a p y X H O r O  B O 3 n y X a  

L, [ C M .  (POPMYJIY (19.8)], I lpHTOYHOrO & [ C M .  ( P o p M y J I y  (19.19)] U P e u U p -  
KyJIRukiOHHOrO B O 3 A y X a  4 = L,, - I!,,,. 

P ~ C C M O T ~ H M  nOCJIeAOBaTeJlbHOCTb nOCTpOeHUR 0 6 p a 6 g ~ ~ n  B O 3 A y X a  AJlR 

n e T H e r o  p a c q e T H o r o  p e x n M a  H a  pnc. 20.3, H a  KOTOPOM ~ O K ~ ~ ~ H I A  T o n b K o  

annapam,  ysac-rsyloune B o 6 p a 6 0 ~ ~ e .  
Ha i - d - n k i a r p a ~ ~ y  HaHOCRT TOZIKH H, B kl n, COOTBeTCTBylOUUe  

n a p a M e T p a M  H a p y X H O r O ,  B H Y T P e H H e r O  kl nPUTOZIHOr0 B 0 3 A Y X a ,  a T a K X e  

nnaulo nyqa nposecca H ~ M ~ H ~ H H R  n a p a M e T p o B  B O ~ A Y X ~  B n o M e r u e H u n  en 
(CM.  5 19.4). 

A n R  CKB c nep~of i  p e u n p ~ y n ~ u n e f i  nonoxesne TOYKU c M e c n  H a  nn-  
HHU,  c o e ~ ~ ~ n ~ r u e f i  TOYKU B n H, H a x o n m  H a  n e p e c e q e H n n   TOR m H u n  c 

P~c.20.3.Mso6pame~se B i - d - n n a r p a ~ ~ e  npoueccor, 0 6 p a 6 0 ~ ~ ~  B O B A Y X ~  B CKB c peuupKynn- 
uueii ann newer0 pacseworo nepsona: 

a - crpysrypnan cxeua ycranosnn c nepsoil peqnpnynnunefi; 6 - s o  x e .  c nepsofi H ~ropof i  peunpnynnqueil; 
8 - nso6paxenne npoqeccos B i - d-naarpauue 



Aanee npn IIOCTpOeHHH p e X k i M a  o 6 p a 6 0 ~ ~ n  IIPOBOART Y e p e 3  TOYKY n . 
B e p T n K a n b H y l o  n n H u l o  (d = const) no n e p e c e q e H n u  c n n ~ n e a  (p = 0,95 
( T O ~ K ~  K I )  W COeAHHRIOT TOYKU C W KI n p f i M 0 f i  J I E i ~ n e f i .  T e ~ n e p a ~ y p y  B 0 3 -  
A y x a  B T o m e  K ( ~ a  B M x o n e  n3 ~ o s n y x o ~ a r p e s a ~ e n s l  B T o p o r o  nonorpesa) 
I I p H H H M a l o T  H a  1 - 2°C H U X e ,  YeM B TOYKe n. 

Tennosyw H a T P y 3 K Y  H a  B03AYXOOXJIaAHTeJIb  ( B  KBT) O n p e A e J l R I O T  IT0 

O ~ P M Y ~ ~  
QO = L,p (ic - i,,). (20.6) 

Tenno~ylo H a r P Y 3 K Y  H a  B O 3 A y X O H a r p e B a T e n b  B T O p O r O  I T O n O r p e B a  HaXOART 
no O o p ~ y n e  

QII = LP (& - i x , ) ,  (20.7) 
rAe i,, i,, i,, - YReJIbHtde 3HTanbnHH B COOTBeTCTByloIllHX TOqKaX, K ~ x / K ~ ;  P - CPeAHRR 

nnoTHocTb ~ o 3 ~ y x a  B npouecce oxnaxnews H n w  Harpesamx. 

npki IlOCTpOeHHH nposecca 0 6 p a 6 0 ~ ~ u  B O 3 A y X a  B CKB C n e p B 0 f i  ti 
B T O P O ~ ~  p e s n p K y J I R q U e f i  H ~ O ~ X O A H M O  O n P e A e n H T b  KOJlUYeCTBO B 0 3 A y X a ,  np0- 
xonmuero qepes ~osnyxooxnann~enb n 6aiinac &. 

~ ~ U H U M ~ ~ M  B O  BH&iMaHU,e, '?TO n a p a M e T p M  TOYKU K AOJIXHbI  6 6 1 ~ b  OAH- 
HaKOBbl  AJIR 06enx CXeM 0 6 p a 6 0 ~ ~ ~ :  B CI(B C n e p B 0 i i  p e u k i p K y J I R ~ U e f i  3 T 0  
n a p a M e T p b 1  ~osnyxa  nome ~ o s n y x o ~ a r p e s a ~ e n ~  I 1  nonorpesa, a B CKB 
c nep~oii  u ~ ~ o p o i i  p e s n p ~ y n ~ s n e i i   TO n a p a M e T p H  ~ o a ~ y x a  nocne B T O P O ~ O  

c M e m e H u R .  ~ O ~ T O M Y  n p o B o n u M  JIAHUH) BK no n e p e c e g e H u R  c n n ~ n e f i  cp = 0,95 
B TOYKe K2 U U 3 M e P R e M  AJlMHY O T P ~ ~ K O B  K2K Pi KB. C O O T H O I U ~ H H ~  KOJIH- 
YeCTB B 0 3 A Y X a ,  n P O X O A R U A X  Y e p e 3  O ~ B O A H O ~ ~  K a H a n  (6aiinac) H BO3AYXO- 
OXJIaAkiTeJIb ,  HaXOfiRT no n p a B H J I y  CMeUIeHHR:  

L6 KpK - 
LBO BK ' 

O T K y n a ,  C YYeTOM 6 a n a ~ c a  BO3AYLLlHbIX nOTOKOB: 

L6 = 4 - L o .  (20.9) 
COCTORHH~ B 0 3 A Y X a  n O M e  n e p B O r 0  CMeIUeHHR X % p a K T e p U 3 y e T C R  TO'IKO# 

C2, nexaqeii H a  n n H n u  BH. n a p a ~ e ~ p ~  ~ o s n y x a  B 3~0i i  T o w e  H a x o -  

AHM no n p a B N J I y  CMel l l eHHR IIOTOKOB LBO N L,. 
T e n n o s a ~  ~ a r p y 3 K a  H a  B O 3 n y X O O X n a A U T e J r b  B CKB C n e p B 0 6  ki BTO- 

poii p e s U p K y J I R ~ n e f i  

Qo = LBop (icl  - 4:). (20.10) 
M 3  pnc. 20. 3, 8 BAAHO, q T O  B CKB C n e p B 0 i i  ti BTOPO# P ~ U H P K ~ ~ R U H ~ ~ ~  

B03AYX H ~ O ~ X O A H M O  O X J I a X A a T b  6onee rny60~0, YeM B CKB C n e p B 0 f i  
p e s n p ~ y n ~ s n e i i .  T ~ K H M  06pa30~,  ~ K O H O M R  T e n n o T y  H a  n o n o r p e B  ~osnyxa 
B ~osnyxo~a rpesa~ene  B T o p o r o  nonorpesa, M ~ I  n e p e p a c x o n y e M  MOIUHOCT~,  

n 0 ~ ~ 6 n R e ~ y l o  X O J I O A U ~ ~ H O #  Y C T ~ H O B K O ~ ~ .  ~ O ~ T O M ~  C X e M y  o 6 p a 6 o ~ ~ n  B 0 3 -  
A y X a  H ~ O ~ X O A U M O  ~ b I 6 k i p a T b  H a  OCHOBaHNU TeXHHKO-3KOHOMNYeCKOrO C p a B -  

HeHUH B a P M a H T O B .  



Pnc.20.4.M306pame~ue B i - d - n n a r p a ~ ~ e  npoueccoB 06pa60~an ~osnyxa B CUB c peunpaynfl- 
uneh nnfl ~ N M H ~ ~ O  pacqeworo nepnona: 

a - cTpynTypsan cxema npn cmeuleHHH noToKos sosnyxa nepen nepetam nonorpesom; 6 - c ~ p y n ~ y p ~ a n  cxema npn 
cHelueHiiH noToKoa aoanyxa nocne nepeoro nonorpesa; s - nsobpaxe~ne  npoveccos B i - d - n s a r p a u ~ e  

n p o q e c c b 1  T ~ ~ J I O B J I ~ X H O C T H O ~ ~  o 6 p a 6 0 ~ ~ u  B O 3 A y X a  AJIH 3 U M H e T O  P e X U M a  

n p u B e n e s b l  H a  puc. 20.4.  P a c c ~ o ~ p e ~ b r  n B a  B a p u a a T a :  c M e u I e H u e  H a p y x -  

H O T 0  U p e 4 U P K y J I F I U U O H H O T O  B 0 3 A Y X a  C I IOCJIeAyIOUIUM I I Q A O T p e B O M  CMeCU 

U I I p e A B a p U T e J I b H b l M  H a T p e B a H U e M  H a P Y X H O T O  B O 3 A y X a  I l e p e A  C M e I I I e H U e M .  

IlPOEKTMPOBAHME CKB AnFl IlPEAIlPMFlTMA MFlCHOA 
M MOJlOqHOB IlPOMblUlJlEHHOCTM 

n p e n l l p ~ a ~ ~ a  M H C H O ~ ~  IlPOMMlllJleHHOCTH. I ( O H A U ~ U O H U P O B ~ H U ~  H a  I l p e A -  

I l p U R T U R X  M R C H O ~ ~  I lPOMblUIJ leHHOCTU UCIIOJIb3YeTCFI B U e X a X  C 0 3 p e B a H U R  U 

nocona M m a ;  K a M e p a x  p a 3 ~ o p a x u ~ a ~ u ~  M F I C H ~ I X  n o n y T y u  u M F I C O ~ P O -  

AYKTOB,  U3TOTOBJleHUH G a p I I I a ;  O T n e A e H U H X  K O n q e H U H ,  CyII IKU U O C T b I B a -  

HUH K O J I ~ ~ C H ~ I X  U 3 ~ e J l ~ f i ;  U e X a X  n p O U 3 B O A C T B a  T e X H U q e C K U X  @ ~ ~ ~ U K ~ T O B  

u M e A u U u H c K u x  n p e n a p a T o B .  

~ P U  K O H A U U U O H U P O B a H U U  B 0 3 A y X a  B n O M e U e H U H X  ~ H c o n e p e p a 6 a ~ b l ~ a I O -  

U U X  U K O J I ~ ~ C H ~ I X  U e X O B  H ~ O ~ X O A U M O  Y q U T b I B a T b  CJ leAYIOUIUe O C O ~ ~ H H O C T U :  

C p a B H U T e J l b H O  H U 3 K a H  T e M n e P a T Y P a  B 0 3 A y X a ,  AJIH A O C T U X e H U H  K O T O P O ~ ~  

T P ~ ~ Y ~ T C R  H U 3 K a H  T e M n e p a T y p a  0 x J I a ~ ~ a I O U e f i  n O B e p X H O C T U ;  

C p a B H U T e J l b H O  M a J I b I e  3 H a . I e H U H  T e I I J l O B J l a X H O C T H O T O  OTHOIIIeHUH (E  = 
= 5 000 +- 7 000 K ~ X / K ~ ) ,  q T O  0 6 y c n o ~ n u ~ a e ~  H ~ O ~ X O A U M O C T ~  n p u M e H e -  

H U H  B n e T H e e  B p e M R  I1 n o A o r p e B a .  

f l n ~  o c y q e c T s n e H m  npoqecca p a 3 ~ o p a x u ~ a ~ u ~ 1  M H c a  ( n p u  t ,  = 20°C 



Pnc.2l.l. npoueccbl 0 6 p a 6 0 ~ ~ ~  B03AYXa IIpU TeXHoJlOrHseCKOM KB B MHCHOR .~pOMbIUlJIeHHOCTN: . ' 
a - B Kamepax p a s m o p a x ~ ~ l a ~ ~ n  Mnca npm yenaxHenHH nosnyxa B o p o c ~ ~ e n b ~ o l i  Kamepe, 6 - TO x e ,  npm yenas -  
HeHun napoM; B - B Kamepax oxnasneHHn ~ o n 6 a c  

Pac.21.2. C n c ~ e ~ a  KoHnnunoHapoeaHnn eoanyxa npn cywKe nonyKonseHNx ~on6ac:  
a - crpywTypean cxema; 6 - ~ 3 0 6 p a r n e ~ ~ e  npoueccos 0 6 p a 6 0 ~ ~ ~  nosnyxa B i - d - n ~ a r p a ~ m e  



4 3 2 M a  YCTaHOBKU H u 3 0 6 p a ~ e ~ u e  
n p o s e c c o B  0 6 p a 6 0 ~ ~ n  B O 3 A y X a  

n p u s e n e H u  H a  PHC. 21.2. 
~ P U  BOBAYIJJHOM O X J I a X -  I AeHHU B a p e H b I X I U  B a p e H O - K O n -  

q e r i M x  ~ o n 6 a c  T a K x e  ~ e o 6 -  
XOAHMO OCYUleCTBJlRTb np0- 
qecc o x n a x A e H u R  N ocy- 
W e H H R  B H Y T P e H H e r O  B03AY-  

P~c.21.3. ~ A ~ H U ~ O B K ~  uexa CYIUKH ~ o n b a c :  X a ,  HO TenJ IOBJIaXHOCTHOe 
I - cupbesofi uex (12'C): 2 - uoesnan (20°C); OTHOIJJeHUe ( y r J I 0 ~ 0 f i  ~ 0 3 @ -  
3 - cylusnbHas nauepa (l2'C). 4 - uamnesoe ornene- 
ane (20°C) @ U U U ~ H T )  AJIR 3TUX K a M e p  

s b r u r e ,  YeM B K a M e p a x  CYWKH 

IIOJIyKOnYeHbIX ~on6ac .  ~ O ~ T O M Y  AOCTaTOqHO HCI IOJ lb30BaTb  TOJIbKO B03AYXO- 

o x a a n a T e n b  6e3 B T o p o r o  n o n o r p e B a .  

~ ~ ~ A I ~ ~ H R T H H  M o J ~ o ' I H o ~ ~  l l p O M b l ~ J l e H H O C T H .  Ha 3TUX I I p e A n P H R T H R X  B 0 3 -  

~ y x  K o H A u s n o H u p y e T c s r  B sexax n e p e p a 6 0 ~ ~ ~  M o n o K a  n ' c o s p e ~ a ~ n x  MO- 

JIOYHbIX IIPOAYKTOB, a TaK>Ke  B K a M e p a X  C O 3 p e B a H U R  H X p a H e H U R  CbIPOB. 

B ~ a ~ e p a x  c o 3 p e ~ a ~ u ~  C ~ I P O B  H M ~ I O T  M ~ C T O  60~1buue s n a r o ~ b ~ ~ e n e -  
HUH [(0,004 i 0,006) KT/ ( ~ r  . c ) ]  . B p e 3 y J I b T a T e  ~ U O X U M U Y ~ C K U X  

IIPOUeCCOB BhIAeJIReTCR T e n J l O T a  B KOJIUYeCTBe 0,12 - 0,14 B T / K ~ .  
K O H A N I ~ N O H ~ P  A O J I X e H  0 6 e ~ I I e Y k i ~ b  KPaTHOCTb UHPKYJIRUHU 8 - 12 

o 6 a e ~ o ~  B Y a C  B 3aBHCUMOCTH OT B U A a  C b I p a  U 3 a r p y X e H H O C T H  K a M e p b I .  

B J I e T H e e  B p e M R  BO3Aj'X B K a M e p e  H ~ O ~ X O A H M O  O X J l a X A a T b  H O C y W a T b ,  

a B 3 N M H e e  - H a r p e B a T b  N Y B J I a X H R T b .  ~ O ~ T O M Y  AJIR KOHAHUUOHUPOBa-  

H U H  B O ~ A Y X ~  B K a M e p a x  c o 3 p e ~ a ~ u ~  CMPOB n p u M e H m o T  T e x H o n o r n q e c K u e  

KOHAHUHOHePM, OCHaLUeHHbIe Y C T P O ~ ~ C T B ~ M H  AJIR O C y U e C T B J I e H N R  3THX np0- 
q e c c o B .  

npl l~ep .  C I I ~ O ~ K T R ~ O B ~ T ~  YCTaHOBKY KOH&HLlNOHNPOBaHNIi B03AyXa &nR KaMep C Y U r K N  

~on6ac .  M C X O A H M ~  naHHtJe: npOU3BOnRTeJlbHOCTb 0,417 K ~ / C  (1  500 Kc/s), TeMnepaTypa no- 
CTynaloluerO npOAyKTa 40°C, KOnUqeCTBO pa60~a l0~1nx  20 'leAOBeK. ~ ~ ~ H H ~ o B K Z I  UeXa npU- 
BeneHa Ha pHC. 21.3. C ~ T K ~  KOnOHH 6 X 6 M, nnOIqaAb KaMep 320 M, BblCOTa 3,s M. K03@- 
@ N U N ~ H T  Tennonepenase orpaxne~ni i :  HapyXHbIx cTeH 0,7 BT/(M . K ) ,  BnyTpeHHnx nepe- 
roponoK 0.9 BT/ ( M  . K)  , n e p e ~ p ~ ~ a i i  0,6 BT/ (M . K )  . Te~nepaTypa smuenexcauax noMe- 
q e ~ a i i  20°C, HnxenexaqHx 12°C. 

P a c s e ~  npoBonaM TOJI~KO AnR newer0 p e x m a .  P a c s e ~ ~ b ~ e  napaMeTpbr HapyxHoro 803- 
nyxa t, = 28"C, cp, = 40% (nns MOCKB~I) .  

P ~ c ~ ~ T H H ~  IlapaMeTpbl BHYTPeHHerO BO3AYXa IlpNHHMaeM no ~ a 6 n .  19.1: t , =  12"C, 
cpB = 5%.  Onpenenxe~ Tenno- u BnaronpnToKn B KoHnnuaoHnpyeMue noMeueHns. 

T ~ ~ ~ O ~ ~ U T O K B  sepes orpaxneHnfl: 
nepe~pbt~af l -  0.6 320(20 - 12) = 1536 BT; 
n0n - 0 BT (TBK KaK 0 = 0) ; 
neperoponrcn - 0,9 . 84(20 - 12) = 604 BT; 
HapyXHbIe CTeHbl - 0,7 . 95(28 - 12) = 1060 BT; 
OT C O ~ H ~ ~ H O ~  panuaucln sepes HapyxHylo cTeHy - 0.7 . 95 . 5 = 333 BT. 
M T o r o QI = 3530 BT = 3.5 KBT. 
T ~ ~ J I O ~ ~ N T O K U  OT TeXHOJlOrUqeCKHX MaTepRanOB ( O C T ~ ~ B ~ ~ O ~ U X  ~ o n 6 a c )  : 

T e n n o n p n ~ o ~  C HapYXHblM B03nyXOM Q3 = QnHO = 0, TaK KaK KOHANLlNOHep pa60TaeT 
C non~oi i  peLl~pKyJIR4Liefi BHyTpeHHerO BO3nyXa. M~@~JIbTpaqkiefi M O X H O  npeHe6pesb. Tenno- 
npRTOK OT 0 6 0 p y n o ~ a ~ n f l  QI = 0, TaK KaK TennoBbInenRloqero 060pyno~a~nf l  B noMeqe- 
H R R X  HeT. T e n n o n p n ~ o ~  OT oceeuleHnR oseHb Man, n H M  MOXHO npe~e6pesb. 

T ~ ~ J I o ~ ~ R T o K H  OT nloneii Q, = 198 . 20 = 3960 BT = 3,96 KBT. 
~ K C ~ J I ~ ~ T ~ U U O H H ~ I ~  TennO~pRTOKH Q4 = Qo6 + Q,,, + Q, = 0 $- 0 + 3.96 = 3,96 KBT. 
06mee KonesecTBo R B H O ~ ~  TennoTbl, noc~ynaloueii B noMemeHaR, 

CQ, = 3 3 3  + 29.3 + 3,96 = 36,8 KBT. 



Z Q ,  Z Q ,  + Z  W i ,  36,8 + 0,0135 . 2500 
& =-- - - - 

Z W  
= 5230 K ~ X / K I .  

Z W  0,0135 

k i s o 6 p a x a e ~  npoqecc 0 6 p a 6 0 ~ ~ u  eosnyxa B i - d - n n a r p a ~ ~ e .  An8   TO TO HaHOCMM 
na nearpaMMy T O ~ K ~  B, CooTBeTcTBymuym n a p a ~ e ~ p a ~  ~ ~ y ~ p e ~ n e i - o  ~osnyxa  t ,  = 12°C. 
rp,= 0,75. qepe3 TOYKY B IlpOBOnNM J I U H M O  C HaKJlOHOM E = 5230 K ~ X / K T .  3anaBaRcb 
pa3noc~bm TeMnepaTyp B noMeuenuu u npnToqnoro ~osnyxa  Atp = 2°C n n p e ~ e 6 p e r a ~  
nonorpeeoM ~ o s n y x a  B BenTunRTope, HaxonuM TeMnepaTypy npsToqnoro ~osnyxa :  

t , ,  = t" - 2 = 12 - 2 = 10°C 

Tennoeym HarPY3KY Ha OPOCNTe~bHYlO KaMepy PaCCqUTblBaeM no @ 0 p ~ y n e  
Qo = 14,3 . 1,29 (29,O - 21.5) = 138 KBT. 

T e ~ n e p a ~ y p y  cre~amuleH Bow tw2  HaxonsM B Towe, nexauef i  na nepeceqennu nn- 
H U N  BKI  c K P U B O A  (p = 1,O : tw2  = 5,5"C. 

Ha.laJIbHyK3 TeMnepaTypy BOnbI M O X H O  OpNeHTHPOBOqHO OnpenenUTb, npNHRB pa3HOCTb 
TeMnepaTyp noc~ynamlueh u yxonnlueii eonb1 At, = 2 + 4'C: 

t w l  = tw2  - 3 = 5.5 - 3 = 2,5"C. 
Tennoeym ~ a r p y ~ ~ y  Ha ~anopu@epb~  B T O P O ~ O  nonorpeea HaxonnM no 4 o p ~ y n e  (20.2): 

Q l r  = 14,3 . 1,29 . 1 (24,5 - 21,5) = 55,3 KBT. 

Ha nepecese~un N S O T ~ P M ~ I  TaBnuyn 21 I 
t = 10°C c n s ~ n e H  npouecca B 

T n a ~ a  22 
PACqET H I l O A 6 0 P  06OPY,ZI,OBAHHfl 
CHCTEM KOHAHU.HOHHPOBAHHII B03AYXA 

flOMel4eHMH JIeXtcNT. TOqKa n, T o q ~ n  

BAR I I O m e P X a H U H  3 a ~ a ~ ~ 0 f i  T e M l I e P a T Y P b I  U O T H O C A T ~ J I ~ H O ~ ~  BJ IaXHOCTH 

B ~ e 6 0 J I b L U k i ~  O ~ U ~ C T B ~ H H ~ I X  U IIPOU3BOACTBeHHbIX IIOMeIUeHURX IIPUMeHFlIOT 

OTerIeCTBeHHbIe a r p e r a T U p O B a H H b I e  aBTOHOMHbIe KOHnUUUOHepb l  T u n a  KTAl 
C BOAFlHbIM O X J I a X A e H U e M  KOHAeHCaTOPa  H KTA2 - C BO3AYLUHblM (PUC. 22.1, 
~ a 6 n .  22.1). ABTOHOMHM~ KOHAUUUOHePbI J'CTaHaBJIUBalOT HeIIOCpeACTBeHHO 

B KOHAUUUOHUPYeMOM UJIU COCeAHeM I I O M e U e H U U .  B IIOCJIeAHeM C J I y r I a e  KOH- 

A U U H O H e p  COeAAHHIoT C KOHAAUUOHUPYeMbIM I I O M e U e H U e M  IIPUTOrIHbIM U pe- 
UAPKyJIRUUOHHbIM B03AYXOBOAaMA. 

A B T O H O M H ~ I ~  KOHAAUUOHePbI, K a K  U nlo6y1o KOMIIJIeKCHylo XOJIOnUJlbHylo 

MaLUUHy, non6upalo~ IIO 06 ' be~~of i  IIPOU3BOANTeJIbHOCTU KOMIIpeCCOpa ,  BXO- 

f l H U e r 0  B KOMIIJIeKT KOHAUUUOHepa.  n 0 c J l e  no~6opa K O H n H N U O H e p a  H ~ O ~ X O -  
AUMO I IPOBePUTb ,  AOCTaTOrIHbI JIU I I J I O U a ~ b  IIOBepXHOCTU T ~ I I J I o o ~ M ~ H ~  

UCI IapUTeJ lR  U K O H A e H C a T O p a ,  a T a K X e  IIpOU3BOAEiTeJIbHOCTb BeHTUJ lHTOpa ,  

B X O ~ H ~ U X  B KOMIIJIeKT IIOCTaBKU. 

COOTBeTCTBYlolUaR IIapaMeTpaM B 12,O 0,75 6,6 29.0 
npUTOqHOr0 BO3nyXa. n B U r a ~ ~ b  N 3  n 10,O 0.75 5 ,7  24,5 
TOqKN n BepTNKanbHO B H N 3  A 0  K I 7 , 0  0,95 5,7 21.5 

nepeceqeHuR c (p = 0,95, Haxo- 
nuM T O ~ K Y  KI .  n a p a ~ e ~ p b ~  ~osnyxa  B O C H O B H ~ I X  Towax npouecca 0 6 p a 6 0 ~ ~ ~  ~ o s n y x a  CBOnUM 
B ~ a 6 n .  21.1. 

K O J I N ~ ~ C T B O  n o n a ~ a e ~ o r - 0  ~osnyxa  onpenenReM no @ o p ~ y n e  (19.19): 

t .  "C d ,  T / K T  I ,  K ~ X / K T  



a - 06114~8 nun; 6 - cxema; I - Komnpec- 
cop; 2 - Kouneecarop; 3 - nosnyxooxna- 
nsrenb; 4 - no~nyxo~arpena~enb;  5 - 
Q ~ n b r p  B03~YUlHbl8; 6 - YBJaXHHTeJlbHOe 
ycrpo8crno; 7 - neernnflrop; 8 - pacnpe- 
nennrenb xnanoea; 9 - aeHrHnb tepmope- 
ryn~py10114~8; 10 - aeurunb coneuo~nublii 
x n a n o e o n ~ l ;  11 - neurunb coneeo~nuufi 
Ha none; 12 - u s r o e  npn60p~b18; 13 - 
naeenb ynpanneenn; I 4  - UIHT ynpanne- 
HHR;  15 - Qnnbrp xnanoeon~fi 



X o n o ~ o n p o ~ ~ s o n ~ ~ e n b ~ o ~ r b  npH 
reMneparype ospymaiouero sosnyxa 
27 += l a c ,  o r ~ o c ~ ~ e n b ~ o k  BnamHocTH 
50 f 5% H revneparype nonu ~a sxone 
B KOHneHCaTOP 24'C. BT 

nnoluanb rennonepenamuek 
; l o s e p x ~ o c r ~  sosnyxooxnannrenn. M' 

Macca. Kr 

X o n o n o n p o ~ ~ s o n n ~ e n b ~ o c ~ b  npH reMneparype sosnyxa Ha axon? 
s sosnyxooxnannrenb 12°C. KBT 20,O 32.0 50.0 

~ p o n 3 n o n n ~ e n b ~ o c ~ b  no sosnyxy npH nonHoM Hanope 080 l la .  
M3/c (M3/q) 1.94 (7000) 3,6 (13000) 4.4 (16000) 

nnouanb nosepxHocrH ~ e n n o o 6 ~ e ~ a .  M' 
sosnyxooxnanurenn 
~ a n o p ~ $ e p a  

Macca, wr 
so3nyxoo6pa6a~blsalo~uero arperaTa 
uura ynpaeneHnn 



T ~ K  Xe K a K  M aBTOHOMHbIe,  

TeXHOJIOrMLieCKMe KOHAMUMOHepbI 

yCTaHaBJ lMBalOT na60 H e n O C p e n -  

C T s e H H o  B K a M e p e ,  nw60 B cocen- 
HeM nOMeUleHMM. B ITOCJIeAHeM 

C J l y q a e  B C T e H e  KOHAMUMOHMPYe- - 
MOrO IIOMeUleHHR I I p e A y C M a T p M -  

B a m T  n p o e M ,  sepes K O T O P ~ I ~ ~  p e -  

~ M P K Y J I R ~ M O H H ~ I ~ ~  B O ~ A ~ X  ~ O C T ~ -  

n a e T  HenOCpeACTBeHHO B ( P M n b ~ p ,  

a I I p M ~ O q ~ b l f i  BO3AYX n O A a e T C R  

B K a M e P Y  n O  BO3AyXOBOny .  

UMT aBTOHOMHOrO Y n p a B J l e -  

HMR MOHTMPYIOT PRAOM C KOHAM- 

UMOHePOM J I M ~ O  B APYrOM yno6- 
HOM M e c T e .  X O J I O A H ~ I ~ ~  paccon M n a  

X N A K M ~ ~  a M M M a K ,  K a K  IIpaBMJIO, 

n o c T y n a e T  OT u e ~ ~ p a n b ~ o i i  xono- 
n M J l b ~ 0 f i  YCTaHOBKM A a H H O r O  

n p e n n p u ~ ~ m .  O A H ~ K O  B ~ y p c o -  
B ~ I X  M A M n n o M H b I x  npoemax qe- 
nec006pa.3~0 C n p O e K T M p O B a T b  

AJIR 3TMX I leJIef i  MHAMBMAyaJIbHyD 

XOJlOnMJIbHyIo YCTaHOBKy.  B K a -  

q e C T B e  TeIIJIOHOCkiTeJIR n p M M e -  

H R ~ T  r o p ~ q y m  BOAY M J M  nepe- 
r p e ~ b l f i  nap  OT 06uefi CUCTeMbI 

n p e n n p u m m .  

C 6 0 p ~ b l e  U e H T p a ~ ' I b H b 1 e  KOHAMUMOHepbl c o 6 u p a m ~  113 Y H M ~ M U M ~ O B ~ H H O ~ O  

O ~ O ~ ~ A O B ~ H H H ,  n p e n ~ a 3 ~ a s e ~ ~ o r o  A n R  H a r p e B a H m ,  O x n a x n e H u R ,  y B n a x a e -  

HMR, OCYLUeHMR, CMeLIJeHMR, OZlMCTKM KOHAMUMOHMPYeMOrO B O 3 n Y X a  B COOTBeT- 

CTBMM C ~ ~ A ~ H H O G  T ~ X H O J I O ~ M ~ ~ C K O ~ ~  C X ~ M O ~ .  Y C T ~ H ~ B J M B ~ I O T  MX B OTneJIbHOM 

MaLIJMHHOM OTAeJleHMM, KOTOPOe M O X e T  6 b 1 ~ b  y n a J t e H O  OT ItOHAMUMOHMpyeMbIX 

~ I o M ~ u ~ H u ~ ~  H a  3 H a q M T e J b H O e  PaCCTORHMe.  ~ o ~ T o M Y ~ B ~ H T A J I R T O P ,  B X O A H U ~ M ~ ~  

B KOMnJIeKT U e H T P a J l b H O r O  KOHAMUMOHePa, A O J I X e H  0 6 ~ 1 a ~ a ~ b  AOCTaTO4HO 

6onbrue~ H a n O p O M .  ~ ~ C T O  B TOM XZe MalUHHHOM OTAeJleHHH P a C n O J l a r a l O T  

M XJIaAOHOBYIO XOJlOAMJlbHYIO YCTaHOBKY. 

O ~ O ~ ~ A O B ~ H M ~ ,  B X O n R U l e e  B COCTaB U e H T p a J b H O r O  KOHAMUMOHePa, n O A -  

p a 3 A e n R e T C R  H a  OCHOBHOe ( I l O f l O r p e ~ a ~ e J I M ,  I IOBepXHOCTHbIe BO3nyXOOXJla -  

AMTeAM, OpOCATeJIbHbIe  K a M e p b l ,  ( P H J I ~ T P ~ I ,  BeHTMJIRTOPHble a r p e r a T b I  M B 0 3 -  

A y l U H b l e  K J l a I I a ~ b 1 )  M BCI lOMOraTeJ IbHOe  ( ~ a ~ e p b l  O ~ C J I Y X M B ~ H M R ,  K a M e p b I  

Bb lpaBHMBaHMR,  IlpMCOeAMHMTeJlbHble A n e p e X O A H b l e  CeKUHH M Ilp.). 
.B  3aBMCMMOCTM OT cnoc06a C ~ O P K M  P a 3 j l M q a H ) T  KOHAMUMOHePbl: 

OTAeJlbHO Y C T a H a B n M B a e M b I e  M BCTPOeHHble  B CTPOMTeJlbHbIe  KOHCTPYKUMM. 

194 





























I-opon 

Anma - Ara 44 95 8.7 34 - 25 35 68 
Apxanrenbc~ 64 165 0.8 27 ,- 32 63 88 
Acrpaxa~b  - 48 90 9.4 34 - 22 37 79 

- A m x a b a ~  36 16.3 49 - I1 21 65 
- 6 a ~ y  40 14.4 34 - 4 46 72 

E a p ~ a y n  --_-- - 52 210 1.1 - 81 -- T- &9., ,... . 44. 67 
- B ~ T ~ M H  40 14,4 29 - I  7 1 68 ' -  

Bpecr 52 80 7 4 25 - 20 55 82 
BPRHCK 52 100 $:9 30 - 24 53 84 
B H ~ ~ H I O C  56 85 6.2 28 - 23 58 84 - B n a n u a o c ~ o ~  44 4 ,0 23 - 25 75 90 
BnanH~Hp 56 135 3.4 29 - 27 57 85 
Bonorna 60 150 2.2 28 - 31 61 84 
Bonrorpan 48 115 7,6 35 - 22 33 83 
Boponem 52 1 r 0  5.4 33 - 25 47 83 
Bopom~nosrpan 48 80 7.0 33 - 25 39 8 1 
I-OPLKHR 56 155 3.1 29 - 30 56 84 

- I-POIHUR 44 10.1 34 - 16 47 84 
n ~ e n p o n e r p o s c ~  48 90 8.5 33 - 24 43 - 83 
nywan6e 40 142 - 14 24 56 g; Epesan 40 - 11.6 - I9 32 66 
3anopombe 48 85 9.0 34 - 23 42 82 
H e a ~ o s a  56 130 2.7 30 - 28 56 84 

(MPKYTCK 52 r BMr - 1 ,I 78 
Kasanb 56 165 2.8 
Knea 52 170 7.2 3 1 - 21 52 82 

.- 1:: - 83 

- K H ~ ~ ~ H H ~ B  48 9.4 32 - 15 45 76 
Kpacnohap 44 - 10.8 34 - 19 46 79 
Kpacnoapc~ 56 BMI- 0.5 30 - 40 56 69 
KyR6blmes 52 160 3.8 32 - 27 48 84 
KYPCK 52 115 5.4 30 - 24 53 86 
f l e ~ ~ n r p a a  60 120 4.3 27 - 25 59 85 - f lbeos 48 6.7 29 - 19 58 80 
MHHCK 52 90 5,4 28 - 25 56 85 
M o c ~ s a  56 140 4.8 30 - 25 54 83 
M Y P M ~ H C K  68 BMI- 0.0 25 - 28 63 85 
H o s o p o c c ~ R c ~  44 - 12,7 33 - 3 53 72 
H o s o c u 6 ~ p c ~  56 220 - 0,I 30 - 39 56 77 
Onecca 48 - 9.9 32 - 18 55 8 1 
OMCK S6 215 0.0 3 1 - 37 52 - 80 
O P ! ~ X O H H K H A ~ ~  44 7.9 30 - 4 6 1 74 
Open6ypr 52 160 3,9 34 - 29 40 78 
n e p ~ b  56 190 1,5 29 - 34 57 83 
nonraaa 48 80 7.0 3 1 - 22 48 85 
P ~ r a  56 90 5,6 27 - 20 63 83 
Pocron-ma L l o ~ y  48 90 8.7 33 - 22 4 1 84 
Ca~rrpaann 40 - 12.9 37 - 13 25 61 
Caparos 52 145 5.3 33 - 25 41 83 
Csepnnoac~  56 190 1.2 30 -31 54 77 
C ~ o n e n c ~  56 l I0 4.4 28 - 26 60 88 

- COUH 44 13 4 32 - 5 70 68 
T a n n ~ ~  60 - 95 . 5.0- 26 - 21 7 1 85 
Tam600 53 130 4,8 32 - 27 49 - 83 
Tarn~enr 40 13.3 37 - 5 24 62 

- T6unncu 40 12,7 34 - 7 40 59 
TQMCK 56 210 - 0.6 29 - 40 59 78 
T * ~ e n b  56 BMI- 1.3 3 1 - 35 58 78 
G a  56 i 80 2.8 32 - 29 53 82 
Qpynae 44 85 9 3  35 - 23 3 1 
Xa6apoec~  48 100 1.4 32 - 32 67 7 1 

63 , 

Xapb~00  52 100 6.9 32 - 23 47 81 
Xepcon 48 - 9.8 33 - 18 41 83 
L1en~ t~orpan 52 180 1.4 33 - 35 42 80 

I-ny6~na Te~neparypa.  "C I Ornoc~renbnan 
BJlaWHOCTb. q(, , 

pacre+nan 
JIeTHRR 

pacqernan 
3 H M H R R  



Il p w M e r a H H n I. n p n  rnydnne npohep3annn rpyHra Menee 80 cm n c o o ~ s e ~ c ~ s y m ~ u ~ e i i  rpa@ nposepa. 
2. BMr - 3ona sesHomep3nux rpynroe. 

ropon  

~ P F A O X  lBH1llB P 
Texnwsec~nc norasaTcnn cpencrs nexsnnasqnw nPTC-pa6or 

91nn I nnn 

reorpa@sqec~an tunpara 

Ilpunoxe~ue 3 
Tenno@wswrecrae csoAcrsa narepwanon 

T e n n o n 3 o n a u n o n ~ u e  m a r e p n a n w  

n n n r u  u l  nrnonnacra nonncrnponb 40 0.05 n n n  rennonsonnl~nn ~ a p y m n u x  c r e ~ .  
noro I IC8-C ( r o n ~ ~ k n ~ ~ o l  45. 50, neperopouolc, ~ ~ K ~ M T H R ,  nonos ~a 
100 urn) rpynTe, K O ~ O H H  
n n n r ~  us ee~onnacrd nonv l lu~un  100 H   el lee 0.052 To me 
xnopnnlloro I lk3  I 
X e c r ~ n R  nenononnyperail 

n n y  3c 60 0.04 I 
P L ~ ~ I ~ P  40 0,025 - 0.03 

nnu tw r e n n o n s o n n ~ ~ u o n t ~ ~ e  ns mnne 300 0.09 
pa l lb~oh  Bart4 Ha ~ H T ~ M H O M  Len- 100 0,07 
3YK)LllCM ( ~ ~ J l l l l ~ ~ ~ f i  OT 50 Lt0 100 M M  

c nurepeanom 10 MM) 
M~uenun n j  nrencroro Gero~a  (ron 400 0.15 n n n  ycrponcrsa nepelopono~ n npo- 
ULHHOR 80 - 240 MM c nn~epnanom rnsonomap~ux  noncos 
20 M M )  
6 n o ~ n  HJ n e ~ o c r e ~ n a  400 0.14 n n n  TennonJonnunn n o ~ p ~ r n i i  n nonos 

300 0,12 Ha IpyHTe 
200 0.09 

~ J I U T M  llcpnn~oeble ( T O ~ L U U H O ~  40. 600 0.23 TelI~OHJ~JlnllHH n > p e ~ p b l ~ ~ R  H 
50. 60 MM)  ycrpoRcre n p o ~ n s o n o m a p ~ i ~ x  noncos 
IIJIHTI,I ac6ec~o~ep~nKynnroeue  300 0 1 1  To me 
(TO~IIIHHOR 40. 50. 80. 100 MM) 
rpdnnn ~epdm~nrosuR 600 0.20 n n n  rennonsonn~ i~n  nonoe ea ~ p y u r a x  

300 0.13 n yc~poRcrsa el~pae~~noaloluero cnon 
Ulr6cn1, UJ ~ Q M C H I I O I ~  WnaKa 400 0.16 To me 

r u n p o n 3 o n n u n o u u ~ e  m a r e p n a n ~  

~ H T Y M M  l le@rll lMe 1000 0 17 &ln HaKJleHKU PyJlOHHMX IIapOrHApO 
U30JlRIlHOHHblX H TenJlO~30Jl~llUOHHMX 
marepl~anon 

h y 6 n n a  ~~~~~~~~~~ 
CYrnHHHCTwX 
rpyuros, cm 

Temneparypa. "C O ~ ~ o c H l e n b ~ a n  
Bna~HOCTb. % . 

pacrernan 
3HMHIIR 

cpenne- 
rononan PaC'feTHan 

JleTHRR 

pacrernan 
.nerHnn PaC9eTHaR 

3HMHRR 



6eronbl Ha I.paBUn nJlH m e 6 ~ e  n3 npn- 
pOBHOr0 KaMHR 
Xen r306e ron  
n e ~ 3 0 6 e l . o ~  

r a s o  - n ne~o6e roH ,  r a l o  - n l n e ~ o c i l ~  
nuKaT 
K ~ ~ ~ M ~ U T O ~ C T O H  Ha KepaM3UTOBOM nee- 
Ke M K ~ P ~ M ~ H T C J ~ ~ H O ~ ~ T O H  

K n a n ~ a  KUpnHqHaB Ha NCMCHTHOM 
pacrsope 
O ~ J U U O B K ~  llpUpOAHtdM KaMHeM 

umec  rnnK 
T Y @  
MpaMOp 

A C ~ O U C M P H T H ~ I ~  nllCTbl n nJlnTt4 
P ~ C T B O P M  

UeMeHTHO - fleCqaHblfi 
cnomnbl l  ( n e c o ~ ,  nssecrb, l i e ~ e n ~ )  
H3BeCTKOBO - neCqaHb18 

~ P Y H T  p a c ~ u r e n b n b ~ i i  
n e c o ~  

P e s n ~ a  nopncTan 
J len (npn  0°C) 
C ~ e r  

c s e m e s ~ n a s m n i i  
y n n o r ~ e k ~ b l l  
B narlaJle r an i i nn  

600 - 800 0.14 - 0,18 Ann s ~ n o n ~ e n n n  IldpOU3On~llHOHIII~Ix 
cnoen 

600 - 800 0,25 - 0.35 T o  me 
700 - 900 0,25 - 0,35 n.7~ u t ~ r ~ o n ~ e w n n  n a p o n 3 o n n q s o ~ ~ b 1 ~  

cnoes n H ~ X H U Y  cnoes Kposenh 
600 - 800 0.25 - 0.35 A n n  s w n o n ~ e ~ n n  s e p x ~ e r o  cnon c ~ a ~  

HldX KPOBCJh 
! 



!AH 
-quer~osndoJ (dasn~ad) 
wanealrseu vou (neg) ud~o3 

s~qa~luennrdas (dasu~ad) 
wanHausea uou (neg) nL~o3 

gmnxagodr~an 

nun 
- 

an- 
\ 

nllHhEUWWE gm~hnrawda~ 

(war~on 
 agoso so xi.rnsnrnLd~~~o~ 
14u~eaenL sag) dore3~aU~o)l 

, 

wodoruu 
~n~ncagodr~an 

IIIII~ wlq~magod~nan 5 

JO.>eH ' Oil 



Annapar  
L ' lH  O\.ldA 4CIIWH XIIAKOC Betlrnnb. KnanaH per)nwpyio- 

r n  nnn sosnyxa % uun 

n n a  i iarpeadllnn XHAKOC- 
Tepmoperynnpymiuu b e n ~ u n b  

TH nnn s o s ~ y x a  

I l p o ~ e x y r o ~ n t d i r  cocyn 

t I a n p a n . ~ ~ ~ o u n n  annapar  c 
~ V ~ H ~ I M  i p n e o n o ~  ( a m  pery-  
nnposarinn nonaqu srnrunn 

. Topa) 







n p ~ ~ e p  P a C ' I e T a  CHCTeMbl BO3nyXOBOnOB 

P ~ C C ' I U T ~ T ~  C U C T e M Y  BOJAYXOBOj lOB A n f l  K a M e p b l  C O 3 p e B a H U f l  C b l p O B .  Pa3naqa B O 3 n y X a  
n p O U 3 B O n U T C f l  C n O M O m b I 0  6 ~ 0 3 n y ~ 0 p a ~ n p e n e n ~ T e d  T u n a *  B n ,  p a C n O J l O X e H H b l X  no A n U H H b l M  

c T O p 0 H a M  pciMulepbl. O ~ L U B ~  n p O U 3 B O n U T C ? J l h # O e T b  Y C T a H O B K U  n€l B O 3 n y X y  1.8 M ~ / C  (6500 hI3/q), 
T e M n e p a T y p a  n p u T o w o r o  ~osnyxa  10°C, c o n p o T u s n e H u e  K o H n n q u o H e p a  300 Ila. 

P a c q e ~  B N n o n H f l e M  B cnenytouleh n o c n e n o e a T e n b H o c T u .  

H a ~ e q a e ~  p a s ~ e m e ~ u e  K o H n u q n o H e p a  u B O ~ ~ ~ X O B O ~ O B  H a  n n a H e  H paspese K O H A H ~ H O -  

H U P Y e M O r O  I l O M e U l e H H R  H C O C T a B J I R e M  P a C q e T H Y H ,  C X e M y  B O 3 n y X O B O n O B  (CM.  P M C Y H O K ) .  

Pas6usae~ C e T b  B O 3 n y X O B O n O B  H a  Y ' l aCTKU C n O C T O R H H b l M  P a C X O n O M  B O 3 n y X a  U I IOCTOf lHHMM 

n u a M e T p o M  ~osnyxoeona Y ~ ~ C T K U  H y M e p y e M ,  H a w H a f l  c c a M o r o  ynaneworo no M a r u c T p a n s .  
n p u  ~ T O M  B K a q e c T B e  M a r u c T p a n u  n p n H u M a e M  ~osnyxoeon OT c a M o r o  y n a n e H H o r o  n p u T o q H o r o  

O T B e p C T U f l  A 0  B e H T U n R T O p a .  

Onpenenue~ A ~ F I  K a m n o r o  y q a c T K a  n n m y  H pacxon ~ o s n y x a .  
3 a n a s a r l c b  C K O ~ O C T ~ ~  ~osnyxa B npenenax OT 5 M / C  H a  K o H q e e o M  y q a c T K e  u no 8 M / C  - 

y B e H T w n s l T o p a ,  no + o p ~ y n e  (16.19) o n p e n e n s l e M  ~ p e 6 y e ~ y r n  nnouanb c e q e H u f l  ~osnyxoeona 
M B b 1 6 ~ p a e ~  ero + a ~ ~ u r ( e c ~ u A  n n a M e T p  u s  H O ~ M ~ ~ R ~ O B ~ H H O ~ O  p r l n a .  P e s y n y ~ a ~ ~  non6opa 
n U a M e T p O B  n p 0 C T a B n R e M  H a  C X e M e  (CM. PNCYHOK).  

no + o p ~ y n e  (16.20) o n p e n e n x e M  + a ~ ~ u s e c ~ y a  C K O P O C T ~  ~ o s ~ y x a  ua yqac~kax ;  p e s y n b ~ a ~ ~  
p a C q e T 0 B  3 a H O C U M  B ~ a 6 n .  2 n p U n 0 X e H U f l .  

n o  @ o ~ M ~ J I ~ M  (16.5); (16.6); (16.4) P a C C q H T b l B a e M  n O T e p U  n a B J I e H U R  H a  T p e H U e  B K a K A O M  

Y q a C T K e ;  p e 3 y J l b T a T b l  3 a H O C H M  B ~ a 6 n .  2 I I p H J t O H t e H H f l .  

n o  @ 0 p ~ y J I e  (16.7) H a X O A H M  n 0 T e p U  A a B J l e H H R  B M e C T H b l X  C O n P O T H B J l e H U R $  H a  K a H t A O M  

y q a c T K e  ( ~ a 6 n .  1 n p u n o m e ~ u ~ )  

I I Bo3nyxopacnpenenarenb hlapan Brl,  I  oreon 90".  1 r p o i i n n ~  H a  I  . 1.4 + 1.04 . 0 , I  = 1.9 
npoxone 

2 1 T P O A H ~ K  ua npoxone I  . 0 , I  = O , I  

3 2 orsona 90".  1 r p o i n n ~  ~a npoxone 2 . 0 , 4 +  1 . 0 , l  =0,9  
4 1 orson 90". 1 nnr$@y3op nocne s e ~ r u n f l ~ o p a  I . 0.4 + I  . 0.4 = 0 .8  

5 Onpenenntouin~ nsnnercn conpoTneneune KoHnuumrblepa ~ o r o p o e  a a n a ~ o  300 
no ycnoeuaM aanarn 

6 1 ~oaayxopacnpe~ennrenb  ~ a p n u  Bn, I ~ p o i i ~ n n  ~a ornnnresnn  I  . 1 , 4 +  1 . l , 3 = 2 . 7  
7 To me I  . 1 , 4  + 1 . 1 , 3 =  2.7 
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