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rlPEAHCflOdb4E 

H e f l p e p b l ~ ~ b l f i  npouecc COBepWeHCTBOBaHIlR TeXl iOnOrl4in M o6opyno- 
BaHMR I l pOKaTHb lX  CTBHOB, LUMpOKOe flpVYlCHe;4Me l l e f l pepb lB ; l o f i  M 6ec- 
KOH~'IHO~ flPOKaTKM, yBenM'IeHMf? CKOPOCTW M f l p O b 4 3 ~ O R ~ T ~ J l b H O C T M  CTa- 

HOB, a T a K X e  H ~ O ~ X O A H M O C T ~  flORblUleHMR TO'IHGCTM M PaCWMpeHMR COP' 

TaMeHTa f lpOKaTa ~ p e 6 y l o ~  nOCTORHHOr0 pa3BMTM+? WeTOAOB paC'4eTa ~ a n ~ 6 -  
p O B O K  B a n K O B  M CKOpOCTHblX PemMMOB f lpOKaTKin. 

C O B ~ P W ~ H C T B O B ~ H M ~  T e x H o n o r M ~ e c K i n x  P ~ C ' I ~ T O R  C o w a e T  AononHM-  

TeJlbHble BO3MOXHOCTM A n H  I lOBblWeHMH ~$'&P'V. 3HJCTM flpOQeCCa np0- 
K a T K V  M KaYeCTBa flpOnYKL(MM, c n o c 0 6 c r ~ y e ~  COdAdHL'rK' M ~ ~ I C T P O M Y  OC- 

BoeHMto  c o s p e M e H H o r o  n p o K a T t l o r o  0 6 0 p y u o ~ a n ~ ~ t .  

B HaCTORlUee B p e M R  WMpOKO M3BeCTHblMM M, I lO CYTM Aena,  eJlMHGT- 

BeHHblMM aHanMTM'IeCKMMM C ~ O C O ~ ~ M M  PdP'IeTa K ~ ~ M ~ ~ O B O K  BdJlKOB M 

CKOpOCTHblX p e X M M O B  n p M  cop~oeofi I l p O K a T K e  RRnHmTCR MeTOAbl  0 0 -  

O T B ~ T C T B ~ H H O ~ ~  M f l p M B e f l e ~ ~ 0 6  flOnOCbl, a T a K X f  MeTOR OnMCaHtiblX n p R -  

MOYrOJlbHMKOB. C ~ ~ H O C T ~  3TMX MeTOnOB 3aKnH)rlaeTCR 4 TOM, \IT0 np0- 

K a T b l s a e M a R  nonoca c nm6oR ~ o ~ @ ~ r y p a u ~ e l ; l  n o n e p e q n o r o  celcenMF1 vpw- 
BOnMTCR K l lpOCTOMY n p R M O y r O n b H O M Y  MnM KBaAPaTHOMY Ce'IeHMKI. 1 1 ~ ~  
3TOM, COrnaCHO M e T o n y  C O O T B ~ T C T B ~ H H O ~  nOflOCbl, I ;pRMoyrOnbHOe Qe- 

q e w e  MMeeT T a K y m  me, K a K  M y M c x o n H o r o  cereHr?R, n q o u a n b  M COCT- 

HOWeHMe (UMpMHbl M BblCOTbl, a no M e T O A y  n p ~ ~ e n e ~ ~ o k  I lOnOCbl  n p R M 0 -  

y r o n b n o e  M M c x o A n o e  ceqeHmR npn pa~ l io f i  n n o q a n M  MMeIoT OnMHaKOBYH) 

U ~ M ~ W H Y <  6 COOTBeTCTBHM C MeTOLlOM OnMCaHHblX f lpRMOYrOnbHMKOB paC- 

'IeTbl Bblfl0nHRH)TCR nnfl l lOnOCbl f l p A M O Y r Q n b H O r 0  n ~ 6 0  KBaJlpaTHOrO Ce- 

'ieHMR, o n M c a H H o r o  B o K p y r  M c x o n H o r o  n p o @ ~ n a .  

A ~ R  3 ~ 0 k  ~ C ~ O B H O ~ ~  f lOnOCbl C Y'IeTOM COOrBeTCTByDUMX flOflpaBOq- 

Hb lX  KO~@@HUM~HTOR paCCqMTblBaH)TCH BL?nMYMiibl Bb lTRMKM, YUIMPehMFI, 

o n e p e x e H n n  M p a s ~ e p b ~  cerce~wfi flOnOCbl no KneTPM,  K a w  e c n M  6 b 1  ona 
npOKaTb lBanaCb  B r J l anKMX BanKaX.  3 a ~ e ~  no ~ a h ~ e c l ~ b l ~  pa3hrrepaM no- 
n o c b l  onpenenfltmcfl p a s ~ e p b ~  MCKOM~IX  ~ a n ~ 6 p o ~ .  

C03&aHMe YKa3aHHblX MeTOnOB FlBMnOCb KpY f l r l b lM  LU3rOM B HaflpaB- 

neHMM COBepWeHCTBOBaHMfl paCYeTa ~ a n ~ 6 p o e o K  B a n K O B  COpTOBblX M 

flpOBOnO'IHblX CTaHOB, B TOM YMCne 1" Hef l pepb lBHb lX ,  bi C ~ O C O ~ C T B O B B  

no n a n b ~ e f i u e ~ y  nporpeccy n p o K a T H o r o  flcOM3BOnCTBa. O E H ~ K O  MMeH. 

HO nJ lR CnY'IaR l - l e f l p e p b l ~ ~ ~ i i  I l p O K a T K M  B ~ a ~ 6 o n b u e k  CT€fleHM BblRBM. 

n o c b  M H e c O B e p u e H c T B o  BTMX M e T o n o B ,  HX TO'IHOCT~, YXC: CTaBwaR He. 

ROCT~TO'IHO~~ n n R  COBpeMeHHOrO YPOBHH Pa3BMTMR COPTOBO~ I l p o K a T K M  

U ~ H ~ O K O ~  I lpMMeHeHMe MHOrOBanKOBb lX  He f l pepb lBHb lX  CTaHOB nnfl no 
Ay'IeHMR COpTOBOrO I l p O K a T a  I l peL lbRBnReT  I lOBb lWeHHb le  T ~ ~ ~ O B ~ H M R  tc 

TO'IHOCTM PaC'IeTOB TeXHOllOrM'IeCKMX I lZipaMeTPCB IlpOUeCCa I l pOKaTKM 

B T O M  'IMCne K ~ ~ H ~ P O B K M  BanK l iB .   TO 06ycno~ne~o TeM, q T 0  KOMfleH 

Cal,&Ifl OUIH~OK B paC'IeTaX K ~ J ~ M ~ P O R K H  M3MeHeHMeM 3830p013 M e X n Y  B a n  

K a M M  M C K O P O C T ~ ~ ~  ~ P M B O ~ H ~ I X  3 n e ~ ~ p o n ~ ~ r a ~ e n e f i  H a  CoBpeMeHHbl )  

H e n p e p b l B H b l X  CTaHaX (C BblCOKMMM CKOPOCTRMM I lPOKaTKM M 60nbWMh, 

4 

ClM, YCTaHOBKi? qL4CTOBblX ~ ~ O K O B  Ha  COBPeMeHHblX f lpOBOnOqHblX CTB- 

HaX n 0 3 B O n l l n a  ROBblCMTb CKOCOCTb I l p O K a T K M  A 0  90 - 100 M/C. K p o ~ e  
r3r0, nPOKaTHble  G ~ O K H  Ha l l l nM I lPMMeHeHHe B J ~ M T ~ ~ ~ H O - ~ ~ P O K ~ T H ~ I X  arpe- 
r a T a X  A n R  ZpOM3BOnC'rBa. KaTaHKM, COBMeUBlOUMX B O ~ H O ~  HenPePb lB -  

k l 0h  T~XHO~O~M' I~CKO~~ JlMHMM I lpOUeCCbl nMTbR, f l pOKaTKM M CMOTKM TO- 

T O R O ~  npOA'/KqMM. WMWOKOE pa3BMTMe 3 T O r 0  cnoc06a flp0M3BOLICTBa flO.4- 

CTW K a T a t I K u  ~3 CBeTHhlx  M e T a n n o B  n p e n n o n a r a e T  ~ ( i 3 n b ~ e f i ~ M h  p o c ~  
'lMCn3 n n A  V MX i7POM3BOAMTenbHOCTM. Aenato~cfl T a K X e  nOflblTKM PaC- 

np0CTpaH:fTb 3TOT C ~ O C C ~  npOM3UOACTBa KRTaHKM M H a  r l epHb le  MeTannb l .  

H ~ C O B ~ ~ U ~ H C T B ~  C y U e C r R y l O U M X  MeTOnOB p a c r e T a  K ~ ~ M ~ ~ O B O K  B a n -  
KOa B flPMblf?HeHMM K M h O r O K n e T Z B b l M  H e f l p e p b l B H b l M  CTaHaM CTanO Oqe- 

BMnHb lM B flf?PMOP. CO3JBHPR 80 B k l M M ~ e ~ ~ a l ~ l e  f lepBblX OTe'IeCTBeHHblX 

nl'A n n R  nQOM389ACTBa KaTaP iKM n3 UBeTHbIX MeTa f l nOB M CflnaBOB. 

O n b l ~  n p o ~ b l l u n e n k : o r o  B r e n p e H w R  nepeoro T a K o r o  a r p e r a T a  n o ~ a 3 a n .  

'iTO 7POeKTHCiR K ~ J ~ M ~ ~ O B K ~  BaJlKOR t i y m a l T C H  R C ~ U ~ C T B ~ H H O ~  K O p -  

L t e K i M p o s u e ,  nPM4eM B YC~IOBMRX ~ M T ~ ~ H Q - n p o ~ a r ~ o r o  arpera-ra napy- 
LLleHMFl flpOl#?CCa n O O K a T k H  IOMRO&I~M K O C O ~ ~ H H O  3Ha'lMTenbHblM no- 
rep f l s i  n p o n 3 ~ o n c ~ o a .  M c r t p a a n e ~ ~ e  K ~ ~ M ~ ~ O B K M  B nrnl.lop. n y c K a  M na- 
;IS,ilKM 1 7 0 ~ ~ e 6 0 ~ 6 n 0  A ~ l M T e n b H O r 0  BpeMeHM. O ~ H ~ K O  rl B a a n b ~ e h W e ~ ,  

u npouecce 3 ~ c n n y a : a u ~ ~  H e c o e e p w e H c T e o  K ~ ~ M ~ ~ O B K M  B a n K o s  r a c T o  

HnnnnOCb ~PM'IMHO~ HeYnOBneTBOPMTenbHOrO KaYeCTBa KaTaHKM M np0- 
CI oes a r p e r a T a .  

A O ~ O ~ H M T ~ ~ ~ H ~ I M  @~KTOPOM, f l 0Bb lWaH)U I IM  T P ~ ~ O B ~ H M H  K TOqHOCTM 

[JaCYeTOB K a n M 6 p o ~ l c M  BaJlKOG f l pOKaTHb lX  CTaHOB n M ~ e f i ~ ~ - f l p ~ K a ~ ~ b l ~  

i r p e r a T o s ,  RonReTcR H a n u w e  nwoh S ~ ~ O T O B K M ,  tie nonyc~aloulefi  ORB- 

,'+'MU C K O ~ ~ K O - H H ~ ~ A ~  3Ha'lMTenbHblX M e X K n e T e B b l X  H B T R X ~ H W ~  B nep- 
kb :X  KneTRX CTBH8, n O C K c n b K y  3 T 0  IlPMBOAMT K 0 6 p a 3 0 B a ~ M H )  f l0BepX-  

i 0CTHb lX  TpeUBnti  VI 6 p a ~ y  KaTaHKM. 

~PYAHOCTM B OCBOeHMM IlpOL(t?CCa I lpOKaTKM, a T a K X e  3anaqM, CTOH- 

UlLqe n e p e A  6 H u U ~ e ~ ~ a l u e ~  no C03naHMH) M OCBOeHMH) HOBbIX, 60n-e 
'lI)OM3BOLIMTenbHblX f l ~ ~ e h ~ ~ - f l p ~ ~ a ~ ~ b l x  a r p e r a T O B  flpOM3BOACT::a 



K B T B H K M  C M H O r O K n e T e B b l M M  H e n p e p b l B H b l M M  C T a H t M M ,  O ~ ~ C ~ O B M ~ M  H(?- 

O ~ X O A M M O C T ~  COBePWf2HCTBOBaHMR TeXHOnOrMi leCKMX P a C q F r O R .  0coGe i . i -  

HO B ~ X H O ~  6 b 1 n a  npo6ne~a p a 3 p a 6 0 T K M  ~ a n ~ 6 g o s l c ~  c a n b : o c  c T a -  

HOB c T p e x s a n K o e b l M M  ~ a n ~ 6 p a ~ ~ ~  Meronoo p a c r e T a  KOTOP~.IX B rime- 

p a T y p e  H e  M M e n o c b .  

P a 6 0 T a  no CO3AaHMKI  H O B O r O  M e T O f l a  PaCr leTa  TeKHOTlOi 'MqeCKMX na- 
p a M e T p o e  n p M  c o p ~ o e o i  n p o K a T K e  t i a q a T a  6 o n e e  A e c a T M  n e T  ~ a 3 a n .  B 
n a n b ~ e i u r e ~  M e T o f l  n o c T e n e H n o  c o s e p w e H c T B o s a n c a  no Mepe H a K o n -  

n e H M R  n p a K T M q e C K O r 0  O n b l T a  M 3KCnC!?L4MeHTaJlbHblX f laHHb lX  06 OCO- 

~ ~ H H O C T R X  n e @ o p ~ a u ~ ~  B ~ a n ~ 6 p a x .  B csoeM o K o i i l i a T e n b t i o r i , r  B M n e  Me- 
' TOP, p a c q e T a  K ~ ~ M ~ ~ O B O K  B a n K o s  M CKOPOCTH~IX ~ ~ ) K M M O H  n p o K a T K M  

ycneurtio ~ c n o n s 3 o s a ~ b 1  n p M  C O ~ ~ ~ H M M  M o c s o e H M n  pnna i i e n p e p b l B n b l x  

M H O r O K n e T e B b l X  CTaHOB C f l B Y X B a n K O B b l M M  M T p e X B a f i K O R b l M M  ~ a n ~ 6 p a -  
M M  nnfl n p O M 3 B O A C T B a  K a T a H K M  M3 U B e T H b l X  MeTan;lOB, a T a K X e  n p M  np0- 
e K T M p 0 B a k l M M  CTaHOB AnFl C O ~ T O B O ~  M a p ~ a T y p H 0 h  CraJlM. K p o ~ e  T O r O ,  

C MX n O t 4 O U b K l  B b l n O n H e H b l  p a 6 0 ~ b l  no C O B e p W e t i C T B O B a H M K ,  ~ a n ~ 6 p o -  
B O K  B a n K O B  H a  ~ M T ~ ~ H O - ~ P O K ~ ~ T H ~ I X  a r p e r a T a X ,  B B e B e H t i b l X  €3 C T ~ O ~  pa- 
Hee,  qTO n 0 3 B O n M n O  n O B b l C M T b  MX nPOM3BOf iMTenbHOCTb M K a q e C T B O  Kil- 

T a H  KM.  

f l 0 n 0 X M T e n b ~ b l k  o n b m  ~ c n o n b 3 0 s a ~ ~ ~  ~ 3 n a r a e ~ b 1 x  rcnecb  M e T o n o e  

P a C l l e T a  ~ a n ~ 6 p o e o ~  B a n K O B  M K M H e M a T M q e C K M X  n a p a M e T p O B  I l O 3 B O n f l -  

e T  H a n e n T b c R ,   TO O ~ I M  o K a x y T  n p a K T M q e c K y t o  n o M o u b  C n e u M a n M c T a L i ,  

3 a H f l T b l M  K O H C T P Y M p O B a H M e M  M 3K~llnya~aI&lei C O p T O B b l X  H I ~ l p O B O n O q -  

H b l X  n P O K a T H b l X  CTBHOB. 

0 f l a t i H 0 i  p a 6 o ~ e  paCCMaTpMBalOTCf l  B O n p O C b l  paCa4eTa T O n b K o  H ~ M ~ O -  

nee M3BeCTHblX  CMCTeM B h l T f l W H b l X  ~ a n ~ 6 p o e ,  B T O M  q M C n e :  CMCTeMbl  

R U M q H b l X  K ~ ~ M ~ P O B  n P F l M O Y r O n b H M K  K B a A p a T ,  CMCTeM P O M ~  - KBaf l -  

PaT, O B a n  - K B a f l p a T ,  O B a n  - K p y r ,  a T a K X e  B C e X  C y U & ? C T B y K , ~ M X  CidC- 

T e M  T p e X B a n K O E b l X  K ~ J - I M ~ ~ O B ,  a M M e H H O :  c T p e n b q a T b l 6  T P e Y r O J l b H M K  - 
K p y r ,  c ~ p e n b q a ~ b l f i  T p e y r O n b H M K  - LUeCTMYrOnhHMK M T P e Y r O n b H M K  - 
T p e V r O n b H M K .  Cnenye~ O T M e r M T b ,  q T O  XOTR T a K M e  C M C T e M b l  ~an~6po5,  
K a K  POMG - p o ~ 6 ,  W e C T M V r O n b H M K  - K H a A p a T  M H e K O T O p b l e  npyrne, 
a n e c b  H e  p a c c M a T p M s a m T c n ,  o n n a K o  n p e ~ n a r a e ~ t ~ r i  r l o A x o A  K p a c l t e T y  

~ a n M 6 p o e o ~  B a n K O B  n P M M e H M M  M nnfl 3 T M X  CMCTeM K ~ ~ M ~ I ) O B .  

B COOTReTCTBMM C M 3 n a r a e M b l M  3 n e C b  M e T O n O M  paC'4eTa K ~ ~ M ~ ~ O B O K  

l i i l n t c o s  p e a n b H a R  @ o p ~ a  c e q e H M R  n p o K a ~ b l B a e ~ 0 h  n o n o c b l  H e  3 a ~ e ~ ~ -  

I:rcH H a  6onee n p O C T y t o  n p R M o y r o n b H y t o  n ~ 6 0  K s a n p a T n y t o  @ o p ~ y .  Pac- 
QleT B c e x  n a p a M e T p o s  K ~ ~ M ~ ~ O E I K M  ~ P O M ~ B O ~ M T C R  Ann n o n o c b l  nannoi 
KOI~KPI?THO~ K O H @ M ~ Y F ) ~ ~ M M ,  onpenenf le~oi C O O T B ~ T C T B ~ ~ ~ ~ ~ ~ ~  C M C T ~ M O ~ ~  

~ a n ~ 6 p o s .  B b 1 6 0 p  M p a c n p e n e n e H M e  B b l T R X e K  n ~ 6 0  KMHeMaTM' leCKMX K O -  

~ ( ~ ) C ~ ) M ~ M ~ H T O B  CKOPOCTM no K n e T n M ,  a T a K x e  onpenenewe ~ e o 6 x o f l ~ -  
MOI-0 wcna ~ n e ~ e i  B c T a n e  O c H o B b l B a e T c R  H a  o q e ~ ~ e  n p e n e n b H b l x  3 ~ a -  

r e ~ ~ i  n e @ o p ~ a q ~ ~  B ~ a n ~ 6 p a x .  
B ~ a ~ 6 o n e e  n o n H o M  o 6 a e ~ e  p a c r e T  K ~ ~ M ~ ~ O B K M  B a n K o e  B b l n o n n R -  

eTCR A n n  n p o e K T M p y e M o r o  cTaHa,  T a K  K a K  s n e c b  H a p R n y  c p a 3 ~ e p a ~ ~  

~ang6pos M CKOPOCTRMM n p o K a T K M  n0nnexa-r o n p e n e n e H M m  T a m e  na- 
()ahneTpbl ,  K a K  q M C n 0  p a 6 o q ~ x  K n e ~ e i  M f l M a M e T p b l  B a n K O B ,  T M n  n p M B 0 -  

( Q ~ U M ~ ,  ~ P Y ~ ~ O B O ~  M n M  ~ ~ ~ . M ~ M f l ~ a n b ~ b l ~ ) ,  KHHeMaTM' leCKYle  K 0 3 @ -  

( ~ ) M ~ M ~ H T ~ I  CKOPOCTM ~ n e ~ e i  B c n y q a e  06uer0 npmona M T.n. 

P a c r e ~  K ~ ~ M ~ ~ O B K M  B a n K o s  o c y u e c T s n R e T c R  B cnenymulei nocne- 
AORaTef lbHOCTM: 

1.  0 b i 6 0 p  C O O T B ~ T C T B ~ ~ ~ U ~ ~  C M C T e M b l  ~ a n ~ 6 p o s .  
2. P a c n p e n e n e ~ ~ e  n e @ o p ~ a q ~ ~  no K n e T n M  M onpenenewe r l M c n a  ~ n e ~ e i .  
3. P a c r e ~  n n o u a n M  ce remn  n o n n r b l  B ~ a x n o i  K n e w .  

4. P a c r t e r  pas~epos ~anb16pos. 
5. Bnpenenen~e K a T a m q M x  f i M a M e T p o s  M c ~ o p o c ~ e i  M e T a n n a  no K n e T R M .  

f!ocne T o r o  K a K  o n p e n e n e t i b l  B c e  n a p a w c r p b l  K ~ ~ M ~ ~ O B K M ,  paCCl lMTb l -  

H.-1K)T yCMnMR,  n e i ~ ~ I 3 y l O u M e  H a  B a n K M ;  K P Y T F l U l M e  M O M e H T b l  M M O U H O C T b  

flI:Ot<aTKM B O  B C e X  K n e T R X  CTaHa.  

B ~ ~ B M C M M O C T M  OT T M n a  c T a H a  M ero n p M B o n a  n o p R a o K  p a c q e T a  ~ a n ~ 6 -  
OOBKM M O X e T  M M e T b  CBOM O C O ~ ~ H H O C T M .  Ecncl n p M  pacrceTe pacnpenene- 
HMR n e @ o p ~ a q ~ ~  no K n e T n M  M n p M  o n p e n e n e H w  rl.i-na K n e ~ e i  B K a q e -  

c i  ee M ~ D M  n e @ o p ~ a q ~ w  n p w i M M a e T c R  K O ~ @ @ M ~ M ~ H T  B~ ITRXKM,  K a K  3 T 0  

n e n a e T c f l  0 6 h ! q ~ 0  n p M  p a c r e T a x  ~ a n ~ 6 p o e o ~  B a n K O B  H e n p e p b l B H b l x '  CTa-  

IIOR C M H f l M B M f l Y a n b H b l M  n p M B O f l O M  K n e ~ e i ,  TO 3 T M M  C a M b l M  O f l H O B p e M e H -  

IIO r l o n n o c T b m  o n p e n e n R e T c R  M n n o u a n b  M e T a n n a  (Fi) B ~ ~ H H O A  K n e T H .  

I ' r lcre~ C B O ~ M T C R  K n p o c T o M y  r i e p e M H o x e H M m  3 a n a ~ n b l x  3 ~ a q e n ~ h  B ~ I T R -  

)l<c?rc ncex nc ;cne f i y~ l~u~~x  ~ n e ~ e i  c T a H a  B n n o T b  no r ~ c ~ o s o k  K n e w  (A,) 
I l a  . l n o l q a n b  nonepewrjoro c e r e n m  r o T o s o r o  n p o K a T a  (F,) Fi = hi +, X 
.X ?,,; + *  ... h n  Fn. 3 a ~ e ~  c n e n y e T  o n p e n e n e H c l e  pas~epos  ~ank16pos, 
r c n i a m u l . n x  n M a M e T p o s  M C I < O P O C T ~ ~  spauenm B a n K o s ,  0 6 e c n e q ~ ~ a m ~ u ~ x  

~:(.f;~fll<l~C!~L4e 3 a K O H a  nOCTOf lHCTBa C e K Y H f l H b l X  0 6 b e ~ 0 B  M e T a n n a  no K n e T R M .  

P ~ c W T  no n.3 M M e e T  C a M O C T O R T e n b H O e  3 H a q e H M e  T O n b K O  B T O M  !:?I.;'- 

clae,  e c n M  B K a q e c T B e  M e p b l  ~ . e ( t I o p ~ a u ~ ~  M C ~ O ~ ~ ~ ~ ~ T C F I  H e  3 ~ a q e ~ ~ n  dill- 

IRWK, a K ~ K M ~ - T O  npyrcle n a p a M e T p b 1 ,  H a n p M M e p ,  o T H o t u e H M R  CKOPOC- 



~ e h  BCjaueHMR B a n K o s  c o c e n n u x  ~ n e ~ e i ,  ~ a 3 b l e a e ~ b l e  T a K x e  KHHeMaTM- 

WCKMMCI K O ~ @ @ H ~ M ~ H T ~ M M  CKOPOCTH.  TO H ~ O ~ X O ~ M M O  npM PaClleTaX 

~ a n ~ 6 p o e o ~  BanKOB HenpepblBHblX CTaHOB C 0 6 1 4 ~ ~  MnM rpyf lnOBblM 

nC)MBOflOM ~ n e ~ e i ,  HO MOXeT flpMMeHRTbCFl M B CnYqae MHflHBM&Yanb- 

H o r o  npnsona, B ~ ~ C T H O C T M ,  ecnw n p ~  pacreTe no 3 a n a ~ ~ b 1 ~  Bb lTRxKaM 

c y u e c T s y e T  onacHocTt, s b l x o n a  no CKOPOCTRM 3a n p e n e n b l  perynwposa- 
HHR ~ P L ~ O ~ H ~ I X  newrarenei. 

H~CMOTPR Ha OI'flenbHble OTKnOHeHMR, yKa3aHHaR flOCneJlOBaTenbHOCTb 

pacqeTa coxpaHReTcR A n n  Bcex  T M ~ O B  cTaHoe. f l p ~ ~ u n n n a n b ~ o e  oTnMrHe 

pacreTa ~ a n H 6 p o s o ~  HeflpepblEHblX CTaHOB C O~UIHM nPHBOJlOM 3aKnH)- 

raeTcR B TOM, YTO n n R  ~ 0 6 n H ) ~ e ~ f l F i  IlOCTORHCTBa CeKYHAHblX 0 6 b e ~ 0 ~  
MeTanna pacreTt.1 nnouann cereHMR n o n o c b l  B ~amnoh KneTM, p a 3 ~ e p 0 ~  

tcanw6pos, KaTatOuMX AMaMeTpOB M C K O P O C T ~ ~  MeTanna no KneTRM n0n- 
:KHbl BblnOnHRTbCR COBMeCTHblM PeWeHHeM C0OTBeTCTBYH)UMX YpaBHe- 

nnCi, cocTasneHHbtx nnfl Bcex  ~ n e ~ e g  cTaiia. 

P a c l l e ~  K ~ ~ M ~ ~ O B K M  BanKoB B c e r n a  HallMHaeTCR C s b l 6 o p a  CMCTeMbl 

1<an~6pos, o ~ T H M ~ J ~ ~ H o ~  nJlR nat iHblX KOHKpeTHblX Y C ~ O B M ~ .  B~ITRX-  
r lb le CMCTeMbl, ~ c n o n b 3 y e ~ b l e  npM n p o K a T K e  CO~TOBOrO MeTanna M K a -  

TBHKM, OGLI~HO nO~Pa3f lenf lH)T Ha CMCTeMbl C OflHOPO~HblMM ~ a n M 6 p a M M :  

!lpflMOYrOnbHMK - flpRMOYrOnbHMK, P O M ~  - ~ 0 ~ 6 ,  OBan - OBan, Tpe- 

YrOnbHMK - TpeyrOnbHMK M CHCTeMbl C 'IePeLlYDlUHMMCFI ~ a n M f i p a ~ M .  

K 3TOM rpyfine OTHOCRTCR TaKMe CMCTBMbI, K a K  TlPRMOYrOnbHMK - KBaj l -  

paT, p o ~ 6  - KsanpaT, wecTMyroj lbHMK - KsanpaT, osan - KsanpaT, 

OBaJl -- K p y r  H HeKOTOpble ApyrMe, a B CTaHaX C TpeXBanKOBblMM Ka- 

n ~ 6 p a ~ ~  c ~ p e n b r l a ~ b l h  TpeYrOnbHMK - K P Y r  M c ~ p e n b l l a ~ b l i  TpeyrOnb- 

tlMK - WeCTMYrOnbHMK. 

P a c l l e ~  ~ a X A 0 h  M3 3TMX rpynn ~anw6pos MMeeT CBOM O C O ~ ~ H H O C T M .  

0 B ~ I T R X H ~ I X  CMcTeMax c gepenymuMMMcn ~ a n ~ 6 p a ~ n  K a W a R  napa Ka-  

nn6po~, H a n p m e p  p o ~ 6  M nocnenymu~fi  KsanpaT HnH osan H nocne- 
~ Y H ) U M ~  K p y r ,  p.onxHa 0 6 e c n e r ~ e a ~ b  nonyreHMe rMc-roeoro HnM, no ~ p a i .  
~ e i  Mepe, 6 n M 3 ~ 0 r 0  K '4MCTOBOMY KBaJlpaTa MnM KpYra .   TO 0 6 ~ ~ 0 R ~ e n b -  

CTBO o6ycnoe~no npeMhnyu\ec-rsa cMcTeM c qepeAymu\wMM ~ a n ~ 6 p a ~ ~ ,  
rnaDHblMM H3 KOTOpblX FIBnRIOTCR: 

B03MOXHOCTb flOnY'4eHMfl TOTOBOTO ~ ~ P O @ H ~ R  M3 n1060ro npOMeXy. 

T o r n o r o  KsanpaTHoro  MnM K p y r n o r o  ~ a n ~ 6 p a ,  r T o  yMeHbuaeT rMcna 

n e p e s a n o K  M, cnep,osaTenbHo, c0Kpauae. r  n p o c ~ o ~ '  cTaHa npM nepexo. 
nax ++a H O B ~ I ~  p a 3 ~ e p  npoKaTa; 

n y r W M e  B03MOXHOCTM KOHTpOnR IlpaBHnbHOCTM K ~ ~ H ~ P O B K I I  M Ha. 

C T P O ~ K M  cTaHa no @ o p ~ e  c e r e H m  n o n o c b l  nocne KsanpaTHblx HnM K p y r '  

n b l x  uan~6poe. 
bnaroflapfi 3THM flpeMMylUeCTBaM BblTRXHble CMCTeMbl C 'lePeJlyH)UIM, 

MMCR ~ a n M 6 p a ~ M  nonyrMnrr  6onee u M p o K o e  npMMeHeHne B npaKTMKe 

1~;pOKaTHOrO npOM3BOACTBa, O C O ~ ~ H H O  Ha COBpeMeHHblX nPOKaTHblX CTaIiSX. 

O l leBMf l~0 ,  l lT0  Bbt60p CMCTeMbl ~ a n ~ 6 p o s  B 'IHCTOBblX KneTRX n0Jl- 

t r o c ~ b t o  onpenenne-rcn 3 a c ; a n ~ o h  @ o p ~ o A  K o H e r H o r o  n p o n y K T a  ( ~ p y r ,  

KBanpaT. WeCTMrpaHHHK H 7.n.). YTO X e  t:aCaeTCR BblTHXHblX CMCTeM. 

l i i Bb160p  TO^ MnM M H O ~  113 HHX 3a98CHT OT KOHKpeTHblX ycnos~h, Ta- 

KYIX, KaK 3 a f l a ~ ~ b l h  COpTaMeliT, KOHCTpYKTMBHbll? O C O ~ ~ H H O C T W  npOKaT- 

HOrO CTaHa, pa3MEpbl  npOKaTblBaeMblX c e r l e ~ n h ,  nnaCTHVHOCTb MaTepPi- 

;Ifla M T.A. 6 OCHOBe ~ b 1 6 o p a  0 r i r M ~ a n b H o i l  An f l  flaHHbIX Y C ~ O B C I ~  CMCTe- 

Mbl  ~ a n ~ 6 p o s  A o n k n a  6 b l ~ b  0 6 b e ~ ~ l r i ~ ~ a R  0LleHKa ee flOCTOMHCTBa H He- 

AocTarKoB. T a ~ a f l  oLtcHKa BosMomt ia  6 n a r o n a p a  OrpOMHOMy npaKTMre- 

CKOMY OnblTY, HaKOnneHHOMy €3 npOMblWneHHOCTM B pe3ynbTaTe AnM- 

T ~ , I ~ H O ~  3KCnnyaTauMM IlpOKaTHblX CTaHOB M p a 6 0 ~ b l  no COBepUeHCT- 

O.;BaHMm TexHonorHM npoKaTKM. H ~ m e  naeTcA ~ p a T K a d  xapaKTepMcTm- 

I:8 ~ a ~ 6 o n e e  CiaCTO npMMeHRehnblX CMCTehl nBYXBanKOBblX M TpeXBan- 

K O B ~ I X  ~ a n ~ 6 p o s .  

C U C T ~ M ~  .?UJUYHblX ~ a n ~ 6 p o e  (PIIC. 1 ) MCnOnb3yeTCR npOKaTKM 

rlPRMOYrOnbHblX M KRaAPaTHblX C O L ~ ~ H M ~ ~ .  O C H O B H ~ I ~  t?e npeMMyUeCTBa 

~ I C  CpaSHeHHH) CO BCeMll ApYrMMM CMCTt?hlaMM, IlPVMeHReMblMM AJlR np0- 
KaTKb! KBaApaTOB. 3aKflKJrl3WTCR i3 T3M, YTO n n R  TeX X e  c e r e ~ n k  Tpe- 

i ; y e ~ c ~  HaHiweiibuaR r n y 6 n t l e  apes3  o sanrcw, 'ITO n o B b l u a e T  MX npor- 
I-;OCT~, a T a K x e  H ~ M M ~ H ~ W I I G  yron 3axsaTa n p ~  Tex x e  06ma~nflx B Ka-  

~ i ~ i 5 p e .  
Y ~ a 3 a ~ ~ b l e  npeMMyllrsCTBa CMCTeMbl RUJHL(HblX r(anM6p08 B ~ab160nb- 

! u e h  cTeneHM peanM3ymTcn npH n p o K a T K e  K p y n t i b l x  c e r e ~ ~ h ,  K o r a a  peura- 
WUIMMM @ ~ K T O P ~ M H  CTaHOBRTCR Cj3Q'4HOCTb O ~ O P Y ~ ~ O B B H M R  M H ~ A ~ X H ~ I G  
3ilXBaT nOnOCbi BanKaMM. .IT@ b? Onpe~enMJlO o 6 n a c ~ b  IlpHMeHeHMR 3 ~ 0 5  

CYICTePAbl. K p o ~ e  TOrO, npM f lp0KaTKe KpYnHblX c ~ ' I ~ H M ~  B ~ e ~ b l l l e i  CTe- 

rleHYI CKa3blBatOTCR HeA02TaTKM CHCTeMbl Hul l r lk lb lX ~ a n ~ 6 p o s ,  rJlattHbl- 

M W  M3 KOTOPblX RB~IRKJTCR nOBblllleHHilR CKnOHHOCTb nOnOCbl K CBOpa- 

'IMBaHMH) npM npOKaTKe, npnrleh.1 3Ta CKflOHHOCTb nOBblWaeTCR C yBe-  

nnreHMeM B b l n y c K o s ,  a TaKme HepaeHoMepHoe o x n a x n e H H e  nonocbr no 
Sf2LleHMh). 

~ T M  HenOCTaTKM rlPORBnFIt0TCR IlpeXne BCerO n p H  npOKaTKe ManhlX 



c e r e ~ ~ i .  B  TOM cnyrae n o B b i u e t i H a n  n o T e p H  T e n n a  e y r n w  c e r e H m R  

We K O M n e H C M p y e T C R  B H y T p e H H M M  TPr1,VOh.l nOnGCb! .  B M P C T ~  C T e M  y B e n M -  

r e H M e  A o n M  M e T a n n a ,  ~ ~ y u i e i  H a  y l d m p e t l n e ,  k l a 6 n t o ~ a e ~ o e  n p i  n p o K a T -  

K e  M a n b l x  c e r e ~ ~ i ,  ~ b 1 3 b 1 s a e ~  ~ e o 6 x o ~ k l ~ 0 ~ i b  COCT8eTCTBy:2ri.;?l-G yae- 
n M r e H M R  B b l n y C K O B ,  'iTO B CBOH) O' iePkAb f lOBb l lL laeT  BO3MO)tck:;'CTb CEO-  

Pa'IMBaHMR I l O n O C b l  B t c a n n 6 p e .  

C n e ~ y e ~  T a K m e  oTMe7-MTb,  TO B R U M ~ H O M  ~ a n ~ 6 p e ,  s i ;neAcTBne H a -  

~ M ~ M R  B b l n y c K o B ,  H ~ B O ~ M O X H O  n o n y q m b  r e o ; v l e i p a r e c i < n  n p a s n n b ~ b ~ i  

K B a f l p a T ,  n O 3 T O M y  flpkl flpc7KaTr:e KB; iApaTOS HLL(L1qHble ~ a n M 6 p b l  MCr lOnb-  

3yH)TCR T O n b K O  B r e p H O B b l X  K n e T f l X ;  i l a J l b H e i i A i ; i i  i l p O K a T K a  f lF lOBOqVT-  

CR 0 6 b 1 ' 4 ~ 0  B CMCTeMe P O M ~  -- K B a A p a T .  

C U C T ~ M ~  p o ~ 6  - ~8adpaT ~ Q M C  2) I p W M e H s e T C R  QrlF! f l p O K a T K M  r H C -  

T o e o r o  ~ s a n p a ~ ~ o r o  i~po@nnn, a TaKx:: R K a r e c i B e  ~ ~ I T R X H O ~ ,  T a K  K a K  

n 0 3 B O n n e T  n O ? y r a T b  3HaLll4TenbFi019 B b ! T R X K M .  K p o ~ e  TOTO, K AOCTOMH- 

CTBahn CMCTeMbl  P O M ~  - KBaA1:aT M O l K H C  OTHECTM X O P G U Y H )  Y C T O ~ ~ Y M -  

BOCTb ~ ~ O K ~ T ~ I B ~ ~ M O ~  n O i l O C b l  Yak: S P O M ~ M ~ ~ C K O ; I - ? ,  T E K  M 8 K B a A p a T -  

H O M  ~ a n ~ b p a x ;  6onee B b l c O ~ o C ,  ' i e M  P R ~ k l q ~ b ! X  i c a n k l 5 p a x ,  K a r e c T R O  

nOBePXHOCTM n O l l O C b l .  

H ~ ~ O C T ~ T K O M  CMCTeMbl  R B n R e T C R  6 d n b i ~ k l i  I ! O  CP3BHeHklH) C R U M ' l -  

H b l M M  K ~ S I M ~ ~ ~ M M  TOG X e  nJlOLI4aAM B p e 3  B EE?JlKM, r T 0  C H M X a e T  MX np0'4- 
H O C T ~  M yxynwaer 3 a x s a ~  r o n o c b i ,  B ceb3s l t  c reiw c M c T e M a  p c ~ 6  - K B a A -  

p a T  n p M M e H R e T c f l  0 6 b l q ~ 0  AJlR MeH!,UvlX c e r e ~ l k l i ,  l r e M  R U M l r l i b l e  1tann6- 
p b l .  f i p y r n ~  H e A O C T a T K O M  HB.f lR&TCE 6 b l ~ ~ p 0 e  OC'TblOaHMe n O n O C b l  B y r -  
nax npo@~nn, ~ O B T O M ~  . B  K ~ ~ W C T H ~  R~ITRH:HOI;I CMcTerza  p 0 ~ 6  -- man- 
p a T  I l p M M e H R e T C R  AnF l  n p O K a T K l 4  pGSTaTOLIHO KPyI1s tb !X  ~e'ieHLn>. T B K  K a K  

3 f lecb  3 a  c r e T  6 d n b l u e r o  3 a n a c a  T e c n a  ~ e p a i ~ ~ . : > v e p ~ o c ~ s  o x n a w n e H M R  

n p M B o n M T  K ~ e ~ b u r e i  p a 3 ~ ~ 1 ~ e  .;ewgepaT;:.p no c e r e H M w  n o n o c b l .   TO 
O r p a H M r M B a e T  ee n p M M e H e H M e  k3 K d r e C T B E  B ~ I T R X H O ~ ~  r e P H O R b l M M  K n e -  

7 R M M  C O p T O B b l X  CTaHOB. C H C T ~ M ~  p 0 ~ 6  - K s a a p a ?  L;aCTO n p M M e H R e T -  

CR 6 K O M ~ M H B ~ M M  C C M C T ~ M O ~  R u l l q H b l X  !:an~16po~ B n e p B b l X  K n e T R X  

M C C M C T ~ M O ~  O B a n  -- K B a P . p a T O 8  B n O C n e i l , Y m l s M x  r : n e T n x  CTaHa. K p o ~ e  
T o r o ,  o H a  ~ c n o n b 3 y e ~ c ~  e H ~ ~ ~ ~ ~ ~ I B W O - ~ ~ ; ~ ~ T O E O L ; H O ! X  CTBHBX. 

C U C T ~ M ~  08an - ~ e a d p a r  (pMC. 3) n o 3 3 o n ~ e ~  n O n y Y M T b  ~ a ~ 6 o n b -  

u l M e  no c p a e H e H M m  co B c e M n  0 p y " ~ ~ w  CMCTeN13A;lM B ~ I T R X K M  J ~ a n n 6 -  
pax,  TO M noc.nymnno n p n r n ~ o 2  e o  IIIMPOKOTO ~ p I - : ? ~ e H e t l L n R  npi.; !lpo- 

Y X r K e  M e n K O r O  COPT6 M K a T a H K M .  A ~ Y T M M Y :  I lpeMMyLb(eCTBaMM 3 ~ 0 i  CMC- 

1 E M b l  R B n R H ) i C R  AOCT2TOqt!O X O p O U l a R  ~ C T O ~ ~ ~ M B O C T ~  n o n o c b l  n p M  np0- 
r:aTKe K a K  B O B a n b H O M ,  T d K  M R K B a a p Z T H O M  ~ a n M 6 p e ;  6onee p a B H 0 -  

L , , 1 2 p ~ ~ e  D x f i a x A e H M e  n o n o c b l  no nepMs:eTp.,/, r . o c T M r a e M o e  a c r e T  06- 
lioeneHM;l M e T a n n a  B y r n a x  npo@iinn npw n o n e p e M e H 1 i o M  O ~ X ~ T M M  B 

3 B a n b H O M  M K B a A P a T H O M  ~ a n ~ 6 : j a r .  
OCHOBHO~ HEAOCTBTOK C M C T ~ M D !  m a n  - KBBIFI~T s a ~ n m r a e ~ c ~  B ~ e -  

O ~ X O ~ L ~ M O C T ~ ~  R p M M e i l e t i M R  K a s T y I o u M x  ~ P O E ~ O ~ ~ U K .  B TOM Y M c n e  H a  c T a -  

nax C L lep t?AVH)UMMMCf l  r O p M 3 G t i T a J l b t i b i M M  M B e p T M K a n b H b l M M  K n e T R b I M ,  

I T 0  OTPc?t lMrMBaeT e e  M ~ ~ O n b 3 O B a H ~ e  C P a B H M T e n b H O  M e n K M M M  CBreHM-  

.4\4M ( 0 6 b l q ~ 0  A n R  K B a A p a T o B  CO : : ? ~ p o t i o f i  M e W e e  50 MM).  K p o ~ e  TOrO,  

3 7 0  MCKI l tOqaeT B 0 3 M O X H C i C T b  E p M M e H e H M R  CMCTe:,lbl O B a r l  - K B a A p a T  

a c o e p e M e t i H b I x  n p o K a T t r b ! x  Gncuax !,IS-sa M a n a r o  PaCCToRHMR M e x n y  

i n e T R M M .  K H e A O C T a T K a M  3 ~ 0 i  CMCTeMbl  K S ~ M ~ P O B  OTHOCMTCR T a K X e  

; r + a r M T e n b H a n  H e p a R H o M e p H o c T b  B p a c n p e A e n e H M M  H a r p y x ) ~  M e m a y  o s a n b -  

t i b l M  M K B a f l p a T H b l M  ~ a n ~ 6 p a r \ n n .  

C U C T ~ M ~  Clean - KpYZ (PMC. 4; n p M M e H R e T C R  B YMCTOBblX K n e T R X  

c;:p~o~t. ix M n p o ~ o n o r t i b ~ ~ :  c T a H o B  n p M  n p o K a T K i :  xpyrnoro npo@nn~.  
? ? a  CMCTeMa B K a Y e C T B e  B b l ~ ~ X t l ~ i  A13 nCCna?AHeTO B p e M e H M  LUMPOKO 

nn n P l l M e H R I l a C b  M3-3a  M e H b U M X  B b l T f l X H b l X  G O ~ M O X H O C T ~ ~  n0 C p a B H e -  

ikiM!O C C M C T ~ M O ~  O B a n  -- KR2,7Pi?T. +!&~YTMM ee H e n O C T a T K O M  RBnReTCFl  

hledbLUa:-1 ~ C T O ~ ~ M B O C T ~  0 B a i l b ~ 0 l i  r I C n O C b l  B K P y r n O M  ~ a n M 6 p e ,  r e M  B 

K B a A P a T H O M .  

R 7 0  me s p e m  c n c r e m  crsar! - r:pyr M M e e T  CBOM n p e M M y q e c T s a ,  

r P a B H D I M M  M3 K O T O P b l X  R a ~ R W T C R  OTCyTCTBMe H C ~ O ~ X O A M M O C T M  K B H T G B -  

KL! n O n O C b l  B CTakiaX C q!?pC?AYK)UMMMCR : - O P M 3 O H a T a n b H h l M M  M EepT1.1- 

PHC. 4. C w c ~ e ~ a  ~ a n ! 4 6 p 0 ~  osan - - ~ p y  r 
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roh n e @ o p ~ a u u ~  K n e w  npm n p o K a T K e .  Ann C O ~ ~ ~ H M H  ROBMOXHOCTM B ~ I -  

K a T b l B a H M f l  n O n O C b l  n p O T M B  X O n a  n p O K i J T K M  B C n y q a e  B H e 3 a n H o h  OCTa- 

HOBKM c T a H a  qenecoo6paa~o O ~ M H  ~3 P O i l i e K O B  A e n a T b  n o n n p y x M H e H H b l M ,  

n ~ 6 0  n p e n y c M o r p e T b  ero p e r y n u p o e K y  B p a D , M a n b n o M  H a n p a s n e H M M .  He- 
A O C T B T K O M  CMCTeMbl  T p e Y r O n b H M K  - T p e Y r O J l b H M K  RBnReTCf l  T a K X e  ~ e o 6 -  
XOAblMOCTb n p M M e H e H M f l  P O n M K O B b l X  I l P O B O n O K  B O  BCeX K f l e T f l X  CTBHB. 

B €Xl%f3eMeHHblX M H O r K n e T e B b l X  C O P T O B b l X  M npC1.30.3C'khblX CTaHBX 06b1q-  

H O  n p M M e H R t o T  K O M ~ M H B ~ M M  p a 3 n M I I H S I X  B b l T f l X H b l X  CMCTeM, n p M S i € M  B b l -  

60p ~axn0h M3 HMX A O n X e H  OCHOBblBaTbCf l  H a  3HDHMM 432 B O ~ W I O X H O C T ~ ~  

n p M M e H M T e n b H 0  K 4 8 H H O M Y  K O H K P e T H O M Y  C.JIYqBt0. 

C n e ~ y t o ~ M M  3 T a n O M  paC' leTa K~.J IM~DUEIKM R 5 f l K O B  A B n H E T C f l  p a C n p e -  

n e n e H M e  n e @ o p ~ a u ~ ~  no K n e T n M  ( n n n n y c ~ a ~ )  n y o K a T t i o r o  c-rana.   TOT 
s T a n  O A M I ~  ~3 B ~ X Y ~ ~ U I M X ,  O C O ~ ~ H H O  n p M  p a 3 p a 5 o ~ ~ e  T e x H o n o r M M  nnn 
n p o e K T M p y e M n r o  cTaHa,  T a K  K a K  OT T o r o ,  K a K a n  B e n M r M H a  n e @ o p ~ a u ~ ~  
6 y n e ~  I l p M H f l T a  B K a X f l O M  . ~ a n M 6 p e ,  3aBHCMT 'iMCnO K n e ~ e h  B CTaHe, M O U -  

HOCTb n p M B O n H b l X  as~ ra~er reh ,  C T ~ ~ U ~ ~ H O C T ~  n p O u e C C a  n p O K a T K M ,  K a q e -  

CTBO r o ~ o ~ o h  n p o n v K u M M  M T.A. 

2. PACnPEAEnEHME AE@OPM.AYMH nQ KJlETRM CTAHA 

npn p a c q e T a x  K ~ ~ M ~ ~ O B O K  B a n K o e  B K a r e c T s e  M e p b l  f i e a o p ~ a u ~ ~  yno6- 
H e e  B C e r O  n P M H M M a T b  BenM'iMHY B b l T R X K H  B ~ a n ~ 6 p e ,  T a K  K a K  n p M  3 T O M  

cpasy x e  onpenennto-rcn nnouaw nonepernoro c e q e H M n  n o n o c b l  BO B c e x  

K n e T R X  CTaHa. O ~ H ~ K O  !lpM l i e n p e p b l B ~ 0 G  n p O K a T K e  3anaBaTbCf l  3HaqeHM-  

R M M  B b l T f l X e K  f lPaKTMqeCKM 8 0 3 M O X H O  T O n b K O  B Cf lYqae  M H A H B M n Y a n b -  

H o r o  npmona ~ n e ~ e h ,  H a n M r M e  K c T o p o r o  n o 3 o o n ~ l e ~  o 6 e c n e q ~ ~ s  ~ e o 6 -  
X O n M M b l e  CKOPOCTM BpaLUeHMfl  B a n K O B  K ~ > ~ < A o ~  K n e T M  B COOTBeTCTBMM C 

tl$MHflTbtMM 3HaqeHMf lMM B b l T A X e K  M B B K O H O M  nOCTOflHCTBa C e K Y H n H b l X  

o 6 a e ~ o ~ .  B c n y q a e  x e  o6uero M n M  rpynnosoro npnsona ~ n e ~ e h  n p M H f l -  

T b l e  B b l T f l X K M  t le B C e r A a  M O r Y T  6 b l ~ b  F ) e a n M 3 0 D a H b l  L ~ o / ~ ~ o ~ o M  COOTBeTCT 

t 3 y t o q ~ x  3 ~ 6 q a ~ b l ~  nepenar B ~IPWBOAHOM p e n y K T o p e .  

P a c n p e n e n e ~ ~ e  n e @ o p ~ a u ~ ~  no K n e T n M  H a w t i a e T c n  c oripenenetiun 
E e n M q M H b l  06u.eh (EYMMBPHU~) B b l T F l X K M .  

0 6 u a ~ i  B b l m x K a  B c T a t i e  pastia 

Ao = Fo/F,, (1.1) 
rne F o  - n n o q a n b  c e r l e n M n  B ~ ~ O T O E K M ;  F n  - n n o q a n b  c e r e H M n  I-OTO- 

B o r o  n p o K a T a .  

f l n o u h n b  C e q e l i M f l  B a r O T O B K M  onpe.qenflercfl 0 6 b l q H 0  n0 3 a f i a H ~ o h  qi3- 

C O B O ~  npOM3BOJlMTenbliOCTM CTBHB, C O p T a M e t i T a ,  a M H O r n a  M ~ p e 6 y e ~ o h  

n n M t r b i  ru~oao i l  n p o A y K u M M .  B cnyrae: e c n M  p a c q e - r b l  K ~ ~ M ~ ~ O B K M  t ~ b l -  

n o n t i n t o T c R  A n n  c y q e c T s y t o u e r o  npoya-rnoro c T a H a ,  n p M  s b 1 6 o p e  3 a r o -  

T O B K M  H ~ O ~ X O ~ ~ M F A O  Y q M T b l B a T b  n p U A e J l b Y b l e  B 0 3 M O X H O C T M  C T a H i l  no r l p O r -  

HOCTM M YCnOBMf lh l  3 a X B a T a ,  a T a K X e  npOM3E?oAMTef lbHOCTI> M P&' lM(?I Ib l  H a -  

r p e s a T e n b n b l x  ~ C T P O ~ C T B  M x o n o n M n b H M K a ,  n n c l H y  nOf lBOAf lu lMX M OT- 

BOARIUMX p o n b r a t i r o e  M ~.n.  
B B b l T f l X H b l X  CMCTeMaX C ~ e p ~ ~ Y t o U M M M C f l  ~ a n ~ 6 p a ~ ~  K a X A a f l  naps 

~ a n ~ 6 p o s  p a c c M a T p M s a e T c a  K a K  6 b 1  c o c ~ o ~ l u e h  143 n P e n q M C T O B O r 0  (npn- 
M o y r o n b t i o r o ,  ~ O M ~ M ~ ~ C K O O ~ O ,  o s a n b n o r o ,  ~ p e y r o n b ~ o r o )  M ~ M C T O B O -  

r o  ( ~ e a ~ p a ~ ~ o r o ,  ~pyrnoro)  ~ a n ~ 6 p o s .  B C B R ~ M  c JTMM s n e c b ,  H a p f l a y  

C 06ueh B ~ I T F I X K O ~  M B ~ I T R X K O ~  B ~anb16pe. M C n O n b 3 y e T C R  '4aCTHaf l  C y M -  

M a p H a n  B b l T f l X K a ,  npe/JCTaBnf l toLUaH co6oi OTHOlL leHMe nn0LUafleh MC- 

xontioro M K o H e q H o r o  B na~noh nape ~ a n ~ 6 p o s  K s a n p a T a  M n M  K p y r a .  

M T ~ K ,  B e n M q M H a  ~ ~ C T H O ~  C Y M M B P H O ~  B b I T H X K M  nnfl i - T o r 0  M (i + 1)-r0 
~ a n ~ 6 p o s  p a s H a  

3 a ~ a q a  ynpouae-rcn, e c n M  p a c r e T  K ~ ~ M ~ ~ O B K M  o a n K o s  B b l n o n n n e T -  

CR nnn ~ e h c ~ s y t o u e r o  n p o K a T H o r o  c T a n a .  B  TOM c n y q a e  M C K O M O ~  B e -  

~ M ~ M H O ~  R B n n e T c n  cpentiee s ~ a q e ~ ~ e  q a c ~ n o c i  C ~ M M ~ P H O ~  B~ITFIXKM. B e -  

n M q M t i a  K O T O P O ~  o n p e n e n a e T c n  B b l p a x e H M e M  

0 6 u y m  B ~ I T R X K ~  no K n e T n M  c T a H a  u e n e c o o 6 p a 3 ~ 0  p a c n p e n e n m b  ra -  
K M M  0 6 p a 3 0 ~ ,  q ~ 0 6 b l  B n e p s b l x  M nOCnef lHMX K n e T f l X  q a C T H b l e  C y M M a p -  

H b l e  B b l T f l X K M  6 b 1 n M  M e H b U e  cpen~eh B e n M q M H b l .  H ~ O ~ X O A M M O  T a K X e ,  

l l ~ 0 6 b l  60 B C e X  K n e T f l X  n p M t i f l T b l e  3HaqeHMR A x  6 b 1 n ~  M e H b l L l e  M a K C M -  

M a n b H O  n O l l Y C T M M b l X  3 H a l l e ~ M i .  

E c n ~  ~ a n ~ 6 p o s ~ a  s a n K o s  c r a f i a  n p e n c T a s n R e T  co6oci CbICTeMy on 
H O p O n H b l X  ~anb16pos, TO 

rne A - H e K o T o p o e  c p e n H e e  ~ J I R  c T a H a  s ~ a q e ~ ~ e  B~ITFIXKM B ~ a n ~ 6 p e .  
C P  

Ann H e n p e p b l e H b l x  manos, M M e t o q M x  o 6 u ~ h  M n M  rpynnosoi npK- 
B o a ,  B T O M  LlMCne nnfl I l p O K a T H b l X  ~ ~ O K O B ,  K a K  yXe y n O M M H a n O C b  pa- 
Hae, B M e c T o  B ~ I T F ~ X K M  B K n e m x  y~o6nee  3 a n a s a ~ t . c ~  s e n ~ q ~ ~ o i  K M H e M a -  

T M q e C K O r O  K O ~ @ @ M U M ~ H T ~  CKOPOCTM K n e ~ e h ,  nOHMMBf l  n0A 3 T M M  OTHO-  



weme c ~ o p o c ~ e i  B p a u e H M R  B a n K o s  n a ~ ~ o i  M n p e n b ~ n y u e i i  K n e i u .  T ~ K ,  
AnR i   TO^ KneTM K M H ~ M ~ T H ~ ~ C K H ~  K O ~ @ @ H L ( M ~ H T  CKOPOCTM 6 y f i e ~  paECH 

vi = ni/ni-, . 
O r e s ~ n ~ o ,  q ~ o  A n n  nepeoi K n e w  v1 = 1,O. 
CYMMBPHLI~ K O ~ @ @ H ~ M ~ H T  CKOPOCTM B CTaHe n p H  H ~ B ~ C T H O ~  BenH'iM- 

He  o 6 u e i  B b l T R X K H  ( A O )  M O X H O  f l p b I 6 n ~ 3 H ~ e ~ l b ~ 0  OnpeLIenMTb Cnef iy -  

H)UMM o 6 p a 3 0 ~  : 

vo = 772 . ~3 . ~4 -.. vn ( h o / h l )  . (Dl/D,). - (1.4) 

rne hl - Bb lTn rnKa  B nepeoi K n e w ;  Dl, D,, - AMaMeTpbl  B a n K o e  B 

BepluMHe ~ a n ~ 6 p a  nepeoi M nocnen~e i  K n e w  c o o T s e T c T s e H H o .  

B 'lMCTOBblX nPOBOnOqHblX 6 n o ~ a x  BenH'IHHa KMHeMaTH'IeCKMX ~ 0 3 @ -  

@ M ~ H ~ H T O B  CKOPOCTM, a T a K m e  ~ n e a n b ~ b ~ i  n H a M e T p  B a n K o s  0 6 b l ' l ~ o  n p ~ -  
HMMBmT O ~ M H a K O B b I M M  A n R  BCeX ~ n e ~ e i .  B 3 T O M  CnY'4ae C Y M M B P H ~ I ~  

CKOPOCTM 6 n o ~ a  M O X H O  npeJlCTaBHTb B BMAe qb = nn/nl = 
= n  

D 
N = lg ( A o  2 ) /lg q .  (1.5) 

Dn 
f l p ~  pacnpefienetim n e @ o p ~ a u ~ ~  no K n e T n M  c n e n y e T  CTpeMMTbcR 

I< c o 6 n m f l e ~ ~ m  C n e n y m U M x  OCHOBHblX npHH l lMnOB:  

B b l T R X K a  B K a X n O M  ~ a n ~ 6 p e  A O n X H a  6 b l ~ b  n0 BO3MOXHOCTH M a K -  

C M M ~ ~ ~ H O ~  C Yl leTOM Ha3HarleHMR ~anL16pa M H O M e p a  KneTM; 

~ P O M ~ B O ~ C T B O  3 a n a ~ ~ o r o  c o p T a M e H T a  n p o K a T a  n O n X H 0  o c y U e c T s n R s b -  

CR n p H  M H H M M a n b H o M  wcne n e p e s a n o K  M n e p e H a c T p o e K  cTaHa; 

MOUHOCTb I l pOKaTKM BO BCeX KneTRX n O n X H a  6 b l ~ b  nPMMePHO OnM- 

H ~ K O B O ~ ,  '410 C ~ O C O ~ C T B Y ~ T  6onee ~ ~ B H O M ~ ~ H O ~  HarpYXeHHOCTH 060- 
PYnOBaHHR. 

T ~ K H M  0 6 p a 3 0 ~ ,  B COOTBeTCTBUM C T ~ ~ ~ O B ~ H M ~ M  n.1 B b l 6 0 p y  p e X M -  

M a  o 6 m a ~ ~ R  A o n x e H  n p e A l u e c T B o s a T b  p a c q e r  n p e n e n b H o  ~ O I I ~ C T M M L ~ X  ne- 
@ o p ~ a u ~ i  B ~ a n ~ 6 p a x .  

B e n M l l H ~ a  ~ ~ O ~ ~ Y C T H M O ~ ~  ~ ~ ~ @ O P M B ~ M M  B ~ a n ~ 6 p e  3aBMCMT OT MHOrMX 

@ ~ K T O ~ O B ,  r n a B H b l M H  H3  KOTOpblX RBnRl€JTCR nnaCTM'4HOCTb n p O K a T b l -  

BaeMOrO MaTepHana,  nPO'lHOCTb O ~ O ~ Y ~ ~ O B ~ H H R  H MOlUHOCTb I lPMBOna, 

y c n o B m  3 a x ~ a ~ a  n o n o c b l  BanKaMM,  ~ C T O ~ V M B O C T ~  n o n o c b l  B ~ann6pe, 
TOqHOCTb r O T O B o r 0  f lpOKaTa, H3HOC ~ a n ~ 6 p o B .  

B ~ ~ M R H H ~  nnaCTH'4HOCTH MaTepMana  Ha  flOnYCTHMYP3 BenM'4HHY fle@op- 
MauMM B ~ a n ~ 6 p e  OlleBMnHO - lreM MeHbU le  nnaCTH'iHOCTb, TeM MeHbU le  

f l e @ o p ~ a u H H  M O X H O  nOllYCTUTb. O&H~KO, I l O C K O n b K y  IlnaCTHllHOCTb MHO- 

r M x  M e T a n n o a  M cnnasos, K p o M e  X m w q e c K o r o  cocTaBa ,  B 3 ~ a q n ~ e r t b -  

HOG CTeneHM OnpenenReTcR ~ e ~ n e p a ~ y p o i  n p o K a T K H ,  B a x H o  pacsipene- 

n R T b  BblTFlXKM TaKMM 0 6 p a 3 0 ~ ,  q ~ 0 6 b l  MaKCMManbHO MCnOnb3OBaTb @ a ~ -  
TOP ilOnOXMTC3nbHOrO BnHRHHR BblCOKMX T e M n e p a T y p  Ha ~ ~ ~ c T M ~ H o c T ~ .  

C 3 1 0 i  T O ~ K H  3 p e ~ ~ n  B n e p s b l x  K n e T n x ,  rne T e M n e p a T y p a  M e r a n n a  no- 
CTaTOqHO BbICGKa, npHHUMatOTCR H a H 6 0 n b U l H e  Bb ITRXKH.  B n O C n e n y l o -  

LqMX KneTRX B b I T R X K Y  CHMXamT B COOTBeTCTBMM C YMeHbUleHMeM T e M -  

n e p a T y p b :  I lpOKaTKM, f lOCKOnbKy C yBenMl leHMeM T e M n e p a T y p b l  YMeHb-  

cuaeTcH BenMqMHa c o n p o T M s n e H m  n e @ o p ~ a u ~ ~ ,  T a K o e  pacnpenenewe 
B b l T R X e K  06e~r1€! l lMBae~ T a K X e  H ~ H M ~ H ~ L L I H ~  paCXOp, 3HeprHM npbl npo- 
I<aTKe, a, CneflOBaTenbHO, H M M H M M a n b H ~ t O  CYMMaPHYIQ MOUHOCTb n p M -  

B O ~ H ~ I X  3 n e ~ ~ p o n ~ ~ r a ~ e n e i  cTaHa. K p o ~ e  T o r o ,  c n o s b l w e H v . e M  T e M n e -  

p a T y p b l  n p O K a T K M  aa cqeT  6 o n b ~ l o r o  CMRTHR nepentlero K o H u a  n p H  yna- 
pe o sanw ynyruram-rcn ycnoswn 3 a x s a ~ a  n o n o c b l  B a n K a M w ,  r l ~ o  T a K x e  

c 0 3 n a e ~  BO3MOXHOCTM nOBblUleHMFl O ~ X B T H ~  B n e p B b l X  KneTRX.  

~ ~ ~ ~ C T M ~ H O C T ~  M e T a n n a  H ee H ~ M ~ H ~ H H ~  B npouecce n p o K a T K H  nemm 
a OCHOBe c a M b l x  paHHMx MeTOnOB pacnpenenetiw n e @ o p ~ a u ~ i  no K n e -  

TRM ( n p o n y c ~ a ~ )  cTaHa. M ~ T o ~  pacnpenenetiun O ~ X ~ T M ~  B COOTBeTCT- 

awri c n a n e H u e M  T e M n e p a r y p b l  n p o K a T K M  6 b 1 n  n p e n n o x e H  f l .Xeoo~. CO- 
r n a c H o  J T O M ~  M e T o n y  n e a o p ~ a u ~ ~  no K i i e T R M  ( n ~ o n y c ~ a ~ )  pacnpene- 
nRIOTCfl no nHHeL4HOMy SBKOHY, npb1 3TOM HaMMeHb l l l ee  06xa~ue  Ha3Ha- 

'IaeTcR B n o c n e n H e M  'IMCTOBOM n p o n y c K e ,  ~ a ~ 6 o n b u r e e  - e n e p e o h l .  

B COO1 BeTCTBHM C MeTOflOM, n p e n n O X e H H b l M  E. K ~ p x 6 e p r o ~ .  KOTO- 

p b 1 6  CqMTan,  TO nnacTMqwocTb M e T a n n a  n p R M o  n p o n o p u H o H a n b H a  T o n -  

U u H e  n o n o c b l  B A a H H o M  npoxode, O ~ X ~ T M R  p a c n p e A e n 8 m T c R  no K n e T R M  

no napa60nb1'1ec~o~y 3aKOHY. H a ~ 6 o n b w e e  o 6 x a ~ ~ e  IlpMHMMaeTCR 3neCb 

T a t w e  B n e p s o M  ~ a n ~ 6 p e ,  HaMMeHbwee  - B n o c n e n n e M  ~~MCTOBOM ~ a n ~ 6 p e .  
Ro c p a s H e H n w  c MeTOLIOM X e 3 a  M e T o n  Kwpx6epra ~ O ~ B O ~ F I ~ T  M e H e e  

MHTeHCMBHO 3a rPY2HTb  , '4HCTOBble ~ a n ~ 6 p b 1 ,  YMeHblUHTb T e M  CaMb lM MX 

M3HOC M nOBblCHTb TO'IHOCTb lOTOBOrO npo@Hf l f l ,  O ~ H ~ K O  3 T 0  HMeeT  M 

0 ~ p M l 4 a ~ e n b ~ b l h  3 @ @ e K ~ ,  TBK K d K  nPHBOLlHT K H ~ O ~ X O A M M O C T M  C y U e C T -  

B e H H o r o  f lOBbl lueHMR n e @ o p ~ a u ~ ~  B ' I epHoBb lx  K n e T n x ,   TO He  B c e r n a  

BO3MOXHO M3-3a c o o 6 p a ~ e ~ ~ i  npO'lHOCTH O ~ O ~ ~ & O B ~ H H R  M ~ C ~ O B H ~  3 a -  

xBaTa.  

B KOnM'ieCTBeHHOM OTHOUleHHM o6a 3TH MeTOna  BeCbMa l l p H 6 n H X e ~ ~ b 1 ,  

I lOCKOJlbKy OCHOBblBatOTCR Ha  eflHHCTBeHHOM @ ~ K T O P ~  - IlnaCTMqHOCTM 

n p o K a T b l e a e M o r o  MeTanna .  K TOMY Me npw n p o K a T K e  H a  c o s p e M e H H b l x  

Henpepb lBWb lX  COpTOBblX H f lpOBOnOqHblX CTaHaX @ ~ K T O ~  nnaCTHlcHOCTH 

P e n K O  Ol7pef lenRer  AOnYCTMMYH) BenH'4HHY & ~ @ O P M ~ U H M  B ~ a n ~ 6 p e ,  3 a  

HcKnl€J ' ie~MeM, 6 b l ~ b  MOXeT ,  CnYqaeB nPOKaTKM ManOnnaCTMqHblX M a l e -  

p H a n o s  ( o ~ ~ e n b ~ b ~ e  s b l c o K o n e r w p o s a H H b l e  M a p w  cTanM, H e K o T o p b t e  

C n n a B b l  UBeTHblX M e T a n n O B  M ~ . n . ) .   TO O ~ ~ F I C H H ~ T C F I  TeM, qTO n p M  B b l -  

COKMX CKOPOCTRX npOKaTKM B COlleTaHMH C MHTeHCMBHblMM O ~ X ~ T U R M M ,  

~ P M H R T ~ I M M  H a  CoBpeMeHHb lx  C raHax ,  nanewe T e M n e p a T y p b l  n o n o c b l  

no nnme cTaHa ~ e s ~ a r u ~ e n b t i o ,  a c n e n o s a T e n b H o ,  BO B c e x  K n e T n x  M e -  

T a n n  c o x p a H R e T  BLICOKYH) nnacTMqHocTb.  



C o e p e ~ e ~ ~ b ~ e  c n o c o 6 b l  pacnpeneneHMn o 6 x a ~ ~ i  no K l l l b l l l M  c l a t l a  

OcHoBblBatOTcn Ha a ~ a n ~ 3 e  npenenbHbtx 3 ~ a l r e ~ ~ i  A~@OPM.IIIMM. o6yc- 
n o s n e t i t i b l x  p a 3 n ~ w b 1 ~ ~  @ ~ K T O ~ ~ M M ,  B TOM rlMcne n n a c ~ ~ ~ ~ t ~ o ( :  I I,IV npo- 
KaTb leaeMoro  MaTepMana. ~ P M   TOM, n o c K o n b K y  senMwH;I A O I I ~ C T M M O ~  

n e c b o p ~ a u ~ ~  B K n e w  B ~ ~ B M C M M O C T M  OT ee HoMepa, ~ a 3 t i a q e t 1 ~ 1 1  M U p y r M x  

nPMllMH MOXeT Onpe~enf lTbCR pa3HblMM @ ~ K T O ~ ~ M M ,  TO npM t11.1boptr pe- 
XMMB O ~ X ~ T H ~  06bll lH0 MCXO&RT M3 TOTO, KaKHe @aKTophl 11 ~ l d t i t i b l x  

KOHKPeTHblX YCnOBMFIX RBnRKlTCFl OnpenenRtOUMMM. T ~ K ,  ~ L J I M  nnac-  

T M ~ H O C T ~  npoKaTb lBaeMoro  raaTepHana tie nsnneTcR @ ~ K T O ~ U M ,  ~ M M M -  

TMPYIOUMM O ~ X B T H R  B CTaHe, TO BenH'4MHa nPMHMMaeMblX n e @ O p ~ a ~ M f i  

B '4MCTOBblX KneTRX 3aBMCMT 06blqH0 OT ~ p e 6 o s a ~ ~ f i  K TO'lHOCTM n p o K a -  

Ta M M3HOCa BanKOB,, B TO BpeMR KaK B qePHOBblX KneTRX OnpeAenFltO- 

UMMM, KaK npaBMn0, RBnHtOTCfl YCnOBMR 3aXBaTa H HarpY3KM Ha BanKM. 

B OCTanbHblX KneTRX @BKTOPOM, XapaKTePM3YtOUMM BenMlrMHy n 0 n y C -  

T M M O ~ ~  j l e @ ~ p M a ~ M M ,  HapRay C BblLLleCKa3aHHblMH, '4aCTO RBnReTCR YCTOC- 
'4MBOCTb nOnOCbl npM npoKaTKe* ' .  

M e ~ o n  n0nYCTMMblX ~ ~ @ o P M ~ u M ~ ,  B 'IaCTHOCTH, nOnOXeH B OCHOBY pe- 
K O M ~ H ~ ~ U M ~  no 6 b 1 6 0 p ~  pexMMa 0 6 ~ a T M f i * ~ .  ~ . ~ . ~ ~ X T M H O B  M M.M.llI~ep- 
HOB n p e n n a r a m  n o n y q e w b l e  Ha o c H o s e  n p a K T w e c K o r o  o n w a  TMnOBble 

r p a @ ~ ~ ~  p a c n p e n e n e H m  B b l T n x e K  no KneTRM ( n p o n y c ~ a ~ )  A n n  pa3- 

nMlrtiblx CnyqaeB ~ ~ O K ~ T K M ,  npenycMaTpHsatoqMe cHMxetiMe o 6 x a ~ ~ R  
B nepBblx,  HaM60nee Harpyxe t iHb lx ,  M nocnenHMx '~MCTOB~IX KneTRx cTa- 

Ha. ~ P M M ~ H M T ~ ~ ~ H O  K npoKaTKe n o n o c b l  n p R M o y r o n b H o r o  ceqeHtm pas- 
pa60TaHbl c n o c o 6 b l  'paClreTa flOllYCTMMblX O ~ X B T M ~ ,  MCXOflR M3 npenenb-  

H ~ I X  ycnosmi s a x e a ~ a  n o n o c b l  BanKaMM. MOUHOCTM npMBonHblx ~ B M -  

r a ~ e n e i  LI npowiocTM BanKoB. Y q e ~  BTHX @~KTOPOB O C O ~ ~ H H O  B a x e t i  npM 

s b l 6 o p e  O ~ X ~ T H ~  B rlepHOBblX KneTRX CTaHa. 

O r e s ~ n ~ o ,   TO onTMManbHoro pacnpenenetim n e @ o p ~ a u ~ i  no 
KneTRM CTaHa H ~ O ~ X O A M M O  Y'lMTblBaTb T a K X e  M n p y r M e  @ a K T ~ p b l ,  B TOM 

wcne @ a ~ ~ o p  ~ C T O ~ ~ ~ I B O C T M  n o n o c b l  B ~ a n ~ 6 p e .  
M ~ B ~ C T H O ,  qTO ~ C T O ~ ~ M B O C T ~  n p ~ ~ a ~ b l ~ a e ~ ~ k  n o n o c b l  B ~ a n ~ 6 p e .  

npM npO'4MX PaBHblX yCnOBMRX, 3aBMCMT OT COOTHOLLleHMFl M e X A Y  ee Bbl- 

C O T O ~  ( h )  M U ~ M P M H O ~  (b). n p k l q e ~  BepORTHOCTb CBOPS'IMBBHMFI nono- 
Cbl BOKpYr  c ~ o e i  n p o n o n b ~ o f i  OCM 6 y n e ~  TeM 6 o n b u e ,  '4eM 6 o n b w e  OT- 

HOlLleHMe h /b. T ~ K H M  0 6 p a 3 0 ~ ,  npeflenbH0e COOTHOlLleHMe pa3MepOB no- 
n o c b l  onpenenReT MaKcMManbHyta ( ~ 3  YCnOBMR ~ C T O ~ ~ M B O C T M )  BenMqM- 

HY A ~ @ O P M ~ U M M  B ~ a n ~ 6 p e .  B CMCTeMaX ~ank16pos OBan - K p y r  M CTpenb- 

'4aTblfi TPeYrOnbHMK - K P Y r  npo6ne~a 0 6 e c n e q e ~ ~ f l  Y C T O ~ ~ ' ~ M B O C T M  nono- 
C ~ I  CyqecTByeT T a K x e  B c n y q a e  o r e m  M a n b l x  O ~ X ~ T M ~ ,  K o r n a  COOTHO- 

*I 6 BBBHCHMOCTH OT BenHSHHbl O ~ X ~ T H R ,  @OPM~I ~ a n n 6 p o s  H COCTORHMR np0- 

B O ~ K O B O U  aPMaTVPbl NKTOP VCTO~LIHBOCTH IlOnOCbl MOXeT 6blTb 0npeAenFIH)LUHM 

TaKWe B 'IePHOBblX H B SHCTOBblX KneTRX. 

*' 6 a x ~ u ~ o e  6.fl.,  lfl~epnos M.M. KanM6poBKa npOKaTHblX BanKOB. - M.: Me- 

~ a n n y p r n a ~ a ~ ,  1953. 
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wetiwe p a s ~ e p o s  cerleHMR npenr lMcTosoro  osana MnM cTpenbrlaToro Tpe- 

yrOnbHMKa 6 n M 3 ~ 0  K enMHMue.  TO CBR3aHO C TpYAHOCTbHl yAepXaHMR 

B n p o B o n K e  6 n M 3 K o r o  K K p y r y  n p o @ ~ n ~ ,  O C O ~ ~ H H O  npM Manb lx  nMaMeT- 

pax K p y r a .  

~ P M  I lpOKaTKe B BblTFlXHblX ~ a n ~ 6 p a x  COOTHOlLleHMe pa3MepOB no- 
nepeworo cerleHMn n o n o c b l  RsnReTcH s a x H b l M  n o ~ a 3 a ~ e n e ~ ,  x a p a m e -  
pM3YtOUMM He TOnbKO ee Y C T O ~ ' ~ M B O C T ~ ,  HO M BenM'4MHY A ~ @ O ~ M ~ U M M .  

npMl leM B BblTRXHblX CMCTeMaX C 'lepe/lYtOLI4MMMCFI KanM6paMM OTHO- 

ureHMe h/b npenqMcTosoro  n p o @ ~ n ~  O ~ H O ~ H ~ L I H O  onpenenneT KaK Be- 

JlMrMHY ~ ~ ~ ? @ O P M ~ U M M  B ABHHOM npeA'4MCTOBOM. TBK M TY, KOTOPYH) He- 

0 6 x 0 ~ ~ ~ 0  OCYUeCTBMTb B Cnef ly IOqeM qMCTOBOM ~ a n ~ 6 p e .  T e M  CaMblM 

BenMwHa oTHoUreHMn h/b, H a p m y  c ~ C T O ~ ~ M B O C T ~ ~ O ,  npM npowx pas- 
H ~ I X  ycnoBMRx onpenenneT yron s a x e a ~ a ,  ~ a r p y 3 ~ ~  B KneTnx, TO'IHOCT~ 

r o T o e o r o  npoKaTa M M ~ H O C  BanKoB.  B b l p a x e t i ~ ~ l  onpeneneHMR M a K -  

CMManbHblX (M3 ~ C ~ O B M ~ I  3aXBaTa M YCTO~~ '~MBOCTM ~ O ~ O C ~ I )  3HalleHMfi 

Bb ITnxeK ( A E  m a x )  A n n  p a 3 n ~ ~ t . 1 ~  cMcTeM ~ a n ~ 6 p o s  n p u s e n e t i b l  B 

rn. V. @ 0 p M y n a  AnFl paC'4eTa M ~ K C M M ~ ~ ~ H O ~  ' ~ ~ C T H O ~  CYMMBPHO~ Bbl-  

TFIXKM B TpeXBanKOBblX ~ a n ~ 6 p a x  CMCTeMbl ~ ~ p e n b l l a ~ b l ~  TPeYrOnbHMK - 
K p y r  nonyr let ia  ~3 ycnoBMn 0 6 e c n e l l e ~ ~ ~  n p a s ~ n b n o i  @ O P M ~ I  K p y r a .  

,&In CMCTeM C I lepeflYKI~MMMCFI KanM6paMkl paC'leT MaKCMManbHblX 

3tia.letiMi BblTRXeK 6 ~ a n ~ 6 p a x  M MaKCMManbHblX '4aCTHblX CYMMaPHblX 

BblTRXeK, COOTBeTCTBYtO~MX npenenbHOMy COOTHOLLleHMtO pa3MepOB no- 
nepeworo ceqeHM8 n p o ~ a ~ b l e a e ~ o i  nonocb l ,  BblnonHReTcR nocnenoea- 
TenbHO, H a w t i a n  c nocnentiero r M c T o e o r o  ~ a n ~ 6 p a ,  p a s ~ e p b ~  cereHMfl 

n o n o c b l  B KOTOPOM 0 6 b l l l ~ 0  s a n a t i b ~ .  on pen en^^ MaKcMManbHoe m a r e -  
tiMe r a c ~ ~ o i  C Y M M ~ P H O ~  B ~ I T R X K M  B nocnen~e i  n a p e  ~ a n ~ 6 p o s ,  H a x o -  

~ M M  n n o q a n b  cerlet iun nonocbl ,  n p o ~ a ~ b ~ e a e ~ o i  B npennocnen~ei nape 
~ a n ~ 6 p o e  (Fg-2), KOTOPYH) B 3TOM CnY'4ae MOXHO C'4MTaTb MaKCMManb- 

HO B03MOXHOM 

- 
Fn-2 - z max, n - 1  F n r  (1.6) 

'ne ' ~ r n a x ,  n-I - MaKCMManbHOe 3HarleHMe ' 4 a ~ T t i d i  CYMMBPHO~~ Bb l -  

TRXKM B nocnen~e i  nape ~ a n ~ 6 p o e ;  Fn - n n o q a n b  c e r l e t i m  r o T o e o r o  

npoKaTa. 

Aanee a H a n o r M r H b w  0 6 p a 3 0 ~  nposonMTcR pacrleT B e n M w H b l  M a K -  

c ~ ~ a n b t i o i  q a c ~ t i o i  c y ~ ~ a p ~ o f i  B ~ I T R X K M  B n p e ~ n o c n e n ~ e i  nape Ka-  

n~6pos. a s a ~ e ~  ~ c e x  n p e n b l n y q u x  nap, no Tex nop, n o K a  cerle- 

Hue n o n o c b l  He npesblcMT 3 a n a ~ ~ y t 0  n n o q a n b  cerlet im J ~ ~ O T O B K M .  no- 
nyqeHHoe npM  TOM wcno nap ~ a n ~ 6 p o s  0npenenRe-r TO MMHMManbHoe 

wcno ~ n e ~ e R  (nponyc~oe) , K o T o p o e  ~ p e 6 y e ~ c ~  AnR p e a n m a u ~ ~  3 a n a ~ -  

HOrO 3Ha'leHMR 0 6 q e i  BblTRXKM. H ~ O ~ X O A M M ~ I ~  an13 p a c r l e ~ a  A max  3Ha- 
'4eHMFl AMaMeTpOB BanKOB OPMeHTMpOBO'lHO MOXHO OnpeAenMTb 113 COOT- 

H O U ~ ~ H M ~  M e x n y  AMaMeTpaMM B a n K o s  M p a 3 ~ e p a ~ ~  npoKa-rbleaev,bix 

KBanpaTOB M KPYrnblX npo@Mneh, COCTaBneHHblX Ha OCHOBaHMM aHanM- 



A n a ~ e ~ p  pa6ornx Ban- 
KOB, M M . .  . . . . . . . . 250-300 300-350 350-400 400-500 500--600 
P a s ~ e p b ~  npoKaTbleae- 
MblX c e r e ~ n h ,  MM: 

Kpyrnblx. .  . . . . . . 6 - 15 15 - 30 30 - 60 60 - 100 60 - 110 
KBaAPaTHblX . . . . . 6 - 15 1 2 - 3 0  2 5 -  50 5 0 -  80 60 . -  100 

A ~ a n ~ s  npefleJ7bHblX C O O T H O L U ~ H M ~  BblTRXeK BHYTpH A ~ H H O ~  napb l  

AJlR pa3JlMrHblX CMCTeM ~anb16poe BblnOJlHeH B rn. V. C nOMOUbtO ypaB-  

H ~ H W ~ ,  n p m e n e H H b l x  B  TOG rnaee, onpenenneTcn n1.1ana30~ nonycw. 
MblX C O O T H O L U ~ H M ~ ~  BblTRXeK, B npeAeJlaX KOTOpOrO AOnXHbi  HaXOJlMTb- 

CR IlpMHHMaeMble 3Ha'leHMR BblTRXeK B ~ank16pax. n p H  3TOM BblTRXKM 

B nPeflqMCTOBblX ~ a n ~ 6 p a x  K ~ X ~ O A  n a p b l  rlPHHMMatOTCR o f j b l ' l ~ 0  pan- 
HblMM HJlH HeCKOJlbKO ~OJ I~WMMM,  r leM B nOCJleJlytOUkiX KBaJlpaTHblX 

MJlM KpyrJ lb lX  ~ank16pax .  M c K J ~ I O ' I ~ H U ~ M  RBJlReTCR I lpOKaTKa CTpOMTenb- 

HOA apMaTYPbl. 

B   TOM cnyrae a n R  nywuero B b l n o n H e H m  pe6ep npobnnn B~ITFIX- 

KY B rlMCTOBblX KPYrJlblX KaJlM6pax u e n e c o o b p a 3 ~ 0  IlPMHMMaTb He, ?KOnb- 

KO 6 o n b w e h ,  r e M  B n p e n r n c T o B b l x  osanax. 
flocne pacnpeneneHnR neaop~au~w no KneTnM cTaHa cnenyei 0 6 ~ -  

3aTeJlbHO IlpOBepMTb nPMHRTble 3HaYeHMR BblTRXt?K M3 y c J l 0 B H ~  3aXBa- 

Ta ( 6  IlepBYtO Orepeflb B repH0BblX K ~ ~ T R X ) .  &lR HenpepblBHblX CTa- 

HOB B 6 n o r ~ o ~  HCnOJlHeHMM npOBepKy Ha M ~ K C M M ~ ~ ~ H ~ I ~  y r O f l  3aXBa- 

Ta, KBK nOKa3blBaeT OnblT, MOXHO nPOBOnMTb TOnbKO &JlR nepEI0A Kne-  

TM 6 n o ~ a .  B nOCJleAYtOUHX KJleTRX, BBMAY MaJlOCTM MeWKJleTeBblX np0- 
MemyTKoe,  saxeaa 0 6 e c n e l r ~ ~ a e ~ c ~  n p ~ ~ y n ~ ~ e n b ~ o l i  sanalrel i  n o n o c b l  

BanKaMM n p e n b l n y u w x  ~ n e ~ e R .  
Bb160p 3 ~ a ' l e ~ H f i  KMHeMaTMW?CKMX KO~@@MUM~HTOB CKOPOCTM AIlR 

HenpepblBHblX CTaHOB C O~UIMM nPMBOnOM K n e ~ e h  T a K X e  uenecoo6pan-  

HO BblnOJlHRTb Ha OCHOBe PaCreTa flpeneJlbHblX 3 ~ a q e ~ k I h  EIblTRXeK. B 
COOTBeTCTBMM C (1.4) MaKCMManbHaR BeJlML1MHa KMHeMaTH'leCKOrO KO- 

B @ @ H U H ~ H T ~  CKOPOCTM i   TO^ KJleTM CTaHa 6yne~  paBHa 

q i  m a x  (1.7) 

E c n ~  ~ a n ~ 6 p o ~ ~ a  B a n K o e  craHa npencraBnneT co6oli CMcTeMy repe- 
flYtOUMXCR K ~ ~ M ~ P O B ,  BenMqMHy qi max MOXHO npenCTaBMTb B BHAe 

- 
qi m a x  - 4 ( D i - l / D ; + l )  'zmax, ;+I (1.8) 

r A e  Di Di+l  -- AMaMeTpt.1 B a n K o s  no BepwMHe ( i  -1) - M (i +1) - T o r 0  

KpyrJ lb lX  n ~ 6 0  KBaApaTHblX ~ a n ~ 6 p o e ;  h z  ,ax, i + l  - MaKCMMaJlbHaR 

BenHrHHa q a C ~ H 0 f i  C Y M M ~ P H O ~  BblTRXKM B i - T O M  llpeA'4MCTOBOM M ( j + 
+ 1 ) -OM ~HCTOBOM ~an1.16pax. 

B e n ~ r w ~ a  KHHeMaTHqeCKHX K O ~ @ @ H U H ~ H T O B  CKOpOCTH K J l e ~ e i  He 4 O n -  

XHa npeBblWaTb MaKCMManbHblX 3 ~ a l l e ~ H h  qi, O n p e ~ e n R e M b l X  B b l p a X e -  

HMRMH (1.7) MJlH (1.8). B TOM Cnyrae, eCnH KOB@@HUH~HT nPMHRT 

OnHHaKoBbIM A n n  Bcex ~ n e ~ e A  cTaHa (7; = const), ero senwrwna He 

A o n X H a  6 b l ~ b  6 o n b w e  Hal lMeHbUerO H3 3 ~ a l l e ~ H f i  qi nOAC1IHTaHHblX 

~3 (1.7) MnM (1.8) Bcex  ~ a n ~ 6 p o e .  E c n ~  ~ a n H 6 p 0 B K a  B a n K o e  6no- 
Ka npencTaenneT cwcTeMy oean - K p y r ,  a B cnyrae T p e x s a n K o e o r o  6no- 
K a  - c ~ p e n b r a ~ b l h  TpeyrOnbHHK - KPYr,  TO n p H  qi = const, K a K  no- 
Ka3blBaeT aHaJlM3, BblTRXKa B OBaJlbHOM H TpeyrOnbHOM K a n H 6 p a ~  6y- 
AeT HeCt<OnbKO 6 o n b w e ,  r leM B IlOCJleflYtOUleM KPYrJlOM (hi > hi + l ) .  

n p H ' 4 e ~  pa3HHUa B BbITRXKaX 6 y n e ~  TeM 3 ~ a r l H ~ e n b ~ e f i ,  rleM 6 o n b w e  KO- 

B@@HUH~HT H liJlOUaflb CelleHHR IlOJlOCbl. 

H ~ m e  IlpMBeneHbl 3HaLleHMR KMHeMaTMqeCKMX KOB@@MUM~HTOB CKC- 

pOCTH HeKOTOpblX ~ ~ ~ ~ c T B Y ~ O L U H X  IlpOKaTHblX ~ ~ O K O B .  B IlpOKaTHblX. 6no- 
KaX J ~ M T ~ ~ H O - ~ ~ O K ~ T H ~ I X  arperaTOB AJlR npOH3BOflCTBa KaTaHKH H3 UBeT- 

H ~ I X  MeTannoB H c n n a s o B  KOHCTP~KUHH B H M M M ~ T M ~ ~  npHHRt-hl cne- 
nytOU&Ie 3HalleHHR KHHeMaTHqeCKHX KO~@@HUH~HTOB CKOPOCTM K J l e ~ e i :  

B flBYXBaJlKOBblX 6 n o ~ a x  ( C M C T ~ M B  ~an116poe OBan - K p y r )  = 1.25 + 
+ 1.35 (~HCTOBOR w e c ~ ~ ~ n e ~ e e o i  6 n o ~  250) ; 

77 = 1,41 1,51 ( r e p ~ o e o i  L L ~ ~ C T H K ~ ~ T ~ B O ~  6 n o ~  350) ; 
B TpeXBanKOBblX OflHHHanUaTH- H CeMHaAUBTHKJleTeBblX 6 n o ~ a x  (CMC- 

TeMa ~an116poe c ~ p e n b l l a ~ b l i  TpeYrOnbHHK - KPYr,  c ~ p e n b q a ~ b l h  Tpe- 

YrOJlbHHK - UJ€!CTHYrOnbHHK, a T a K X e  TPeYrOnbHHK - TPeYrOnbHHK - 
B n e p s b l x  KneTRx o n H o r o  ~3 arpera~os) q = 1.25 + 1,32. 

B IlpOKaTHblX 6 n o ~ a x  J ~ H T ~ ~ H o - ~ ~ o K ~ T H ~ I x  arperuTOB AJlR UBeTHblX 

MeTannos  H cnnasos, Bb lnycKaeMblx  @ H ~ M ~ M H  "Cay~yaRp" (CUIA) , "KOH- 
THHHYC" ( M ~ a n l l R ) ,  " K O H T H ~ O ~ "  (@Pr ) ,  npHHRTbl IlpMMepHO TaKHe X e  
BenHrMHbl K O ~ @ @ H U M ~ H T O B  C K O P O C T ~ ~ ~ .  Y H C T O B ~ I ~  ~ J I O K H  AJlR I lpOKaTKH 

C T ~ ~ ~ H O A  KaTaHKH npOH3BOaCTBa @WPM "Mopra~"  (CUIA), "Kpynn" 
(@Pr) ,  " C K ~ T "  (TAP),  "KOKC" (@Pr)  H ApYrHX HMetOT HeCKOJlbKO 

M ~ H ~ L L I M ~  3HarleHHR KHHeMaTH'ieCKHX K O ~ @ @ H U H ~ H T O B  CKOPOCTH KJ I~T~~ 

(q= 1,2 + 1,3). 
n p ~ ~ e p b ~  eb16opa pemHMa O ~ X ~ T H ~  nnn n p o e ~ ~ ~ p y e M o r o  M n e A c ~ -  

ByJOLqerO Henpepb lBHoro  CTaHOB K a K  C HHAHBMflYanbHblM, TaK M O ~ U M M  

n p H B o n o M  ~ n e ~ e h  npHaeneHbl B rn. VII. 



r n a B a II. YUIMPEHME M OflEPEmEHME 
flPM IlPOKATKE B KAJlM6PAX 

f l p M  npOKaTKe C M ~ U ~ H H ~ I ~  06beM MeTanna (3a C'Iel O ~ X ~ T M R  Ban-  

K ~ M M )  pacnpeAenReTcR B n p o n o n b H o M  ( n o  OCM ~ P O K ~ T K M )  M nonepeq-  

HOM HanpaeneHMnx. n o c ~ o n b ~ y  npM n n a c ~ ~ r e c ~ o i  n e @ o p ~ a u ~ ~  o 6 a e ~  
~ e @ ~ p M k l p y e M ~ r ~  MeTanna npaKTM'IeCKM He M3MeHFleTCFI, 3T0 MOXHO Bbl-  

pa3MTb B BMAe CneJlytolUerO ypaBHeHMR, Ha3blBaeMOrO ypaBHeHMeM no- 
CTORHCTBa 06beMa:  

AV = AVx + A V v ,  

I-ne AV -- c ~ e u i e ~ ~ b ~ i  BanKaMM o 6 a e ~  MeTanna; A V x ,  AVv - o6ae- 

Mbl  MeTanna, CMeUeHHble COOTBeTCTBeHHO B IlpOJlOnbHOM M nOnepe'IHOM 

H a n p a s n e H m x .  

n o n e p e r l ~ a ~ l  n e @ o p ~ a u ~ ~ ,  ~ b 1 3 b 1 e a t o q a ~  npMpaqeHMe ~ M P M H ~ I  MnM 

ywMpeHMe nonocb l ,  yeenMqMsaeT s a ~ p a r l ~ s a e ~ y t o  pa6o~y, ~ e o 6 x o n ~ ~ y t o  
nnFl nOny'IeHHH rOTOBOr0 npo@MnR, M TeM CaMblM MOXeT OKa3aTb CyWe- 

CTBeHHOe BnMFlHMe Ha TeXHOnOrMto npOKaTKM M COCTaB 060pynoea~~fl .  
O C O ~ ~ H H O  BenMKO BnMFlHMe YlUMPeHMFl Ha K ~ J - I M ~ ~ O B K ~  BanKOB. Onpe- 
neneHMe BenM'IMHbl n o n e p e r l ~ o k  a e @ o p ~ a u ~ n  RenReTcR s a r n ~ e k w ~ ~  yc- 
nOBMeM , TO'IHOCTM paC'4eTa K ~ ~ M ~ P O B K M ,  T.e. COOTBeTCTBMR PaCL4eTHblX 

M @ ~ K T H ~ ~ C K M X  pas~epoe  n p o @ ~ n ~ ,  a A n a  Henpepb lBHoro  cTaHa - ewe 
M C T ~ ~ H ~ ~ H O C T M  IlpOueCCa np0KaTKM. ~ O ~ T O M Y ,  Ha'IMHaFl C p a 6 o ~  E .6~ iac -  
ca, no HacTonu le ro  BpeMeHM B o n p o c  pacnpeneneHMR ~ e @ o p ~ a u ~ ~  npM 

npOKaTKe HaXOnMTCR B UeHTpe BHMMaHMFI. CpenM ~ a ~ 6 o n e e  M3BeCTHblX 

pa6o~ no naHHOMy BOnpOCy MOXHO Ha3BaTb 3KCnepMMeHTanbHble MC- 

cnenoeaHMR ywHpeHMn H.haeua, A.une~ne, M.M.Rasnoea, O . ~ M H K ~  M 

E.naxan~, A . n . q e ~ ~ a p e e a  npM n p o ~ a i ~ e  y rneponMcTb lx  M nerMposaH-  

HblX c~anek ,  a T a K X e  B.Ta@en~ M @.AHK~ npM npOKaTKe MenM M anto- 
MMHMR, M . C . T ~ ~ K M H ~  M h a . k l . 3 n o ~ ~ k l K o B a  - IlpM npOKaTKe MenM. 6 o n e e  

nO3JlHMMM RBnFItOTCFI p a 6 0 ~ b l  t ? . h a . q M r n ~ ~ o s a ,  A.M.~PMUIKOB~, B.H.Ce- 
p e 6 p ~ ~ ~ ~ K o e a  M A.@.haenb~MKoBa n np., a TaKme MccnenosaHMn neaop- 
MauMM flpM npOKaTKe B ~ a n ~ 6 p a x ,  BblnOnHeHHble BO @pefi6eprc~ok Top- 
H O ~  aKaneMMM ( r a p ) .  Hap~ny  C 3KCflePMMeHTanbHblMM MCCnenOBaHMFI- 

MM MMeeTCFl 6 o n b w o e  'IMCnO pa6o-r. IlOCBRUeHHblX TeOpeTM'IeCl<OMy aHa- 

nM3y ~ ~ K O H O M ~ ~ H O C T ~ ~  ne@opMauMM npl? npOKaTKe. H a  OCHOBaHMM 3TMX 

3KCnepMMeHTanbHblX M TeOP,PTM'IeCKMX M C C ~ ~ ~ O B ~ H M ~ ~  nOny'IeHbl MHOrO- 

rMcneHHble @ o p ~ y n b ~  A n n  o n p e n e n e H m  y w M p e H m .  B w c n e  ~ a ~ 6 o n e e  
M3BeCTHblX MOXHO Ha3BaTb @ O P M Y ~ Y  x e 3 a ,  ~ Y ~ K M H ~ ,  T a @ e n ~ l  M Cenna- 
reKa,  3w6enn. Lt,enM~oea, ~ ~ X T M H O B ~  M np. 

O ~ H O ~  M3 CaMblX nepBblX ~ ~ B M C M M O C T ~ ~  AJlR PaC'IeTa YUMPeHHH npM 

1 npoKaTKe RenReTcR M J B ~ C ~ H ~ R  @ o p ~ y n a  X e s a ,  npennomeHHan MM B 

1900 r., 
- Ab= c  A h ,  (2.1 

rae c  - K O ~ @ @ H ~ M ~ H T ,  ~ ~ E M C R U M ~ ~  OT BMna n p o K a T b l e a e M o r o  MaTepMa- 

na, ann cTanH p a s ~ b l k  0,35. 
@ o p ~ y n a  (2.1) npennonaraeT n ~ ~ e i ~ y t o  ~ ~ B M C M M O C T ~  M e x q y  npM- 

paUeHHeM W M P H H ~ I  n o n o c b l  ( A b )  M B ~ ~ M ' I M H O ~  O ~ X ~ T M R  ( A h ) ,  npM- 

rleM nnn cTanM no 3 ~ 0 f i  @ o p ~ y n e  ywMpeHMe n o n o c b l  cocTasnneT 35 % 
O~X~TMFI ,  OCTanbHble 65 % MneT Ha ynnMHeHMe IlOnOCbl. O ~ ~ B M ~ H O ,  'IT0 

@ 0 p ~ y n a  X e 3 a  BeCbMa n p M 6 n M ~ t ? ~ ~ a ,  TaK K a K  He y'IMTblBaeT BnMRHMe 

n p y r H x ,  He MeHee BarnHblx, r leM 0 6 X a ~ ~ e  M BMA MaTepMana, @a~-ropos. 
B HacToRUee sperm oHa npencTasnReT MHTepec He c n p a ~ ~ ~ q e c ~ o k  TO'I- 

KH 3PeHHFI, a CKOpee B nnaHe MCTOPM'IeCKOM, K a K  3Tan Pa3BMTMR HaY'I- 

H o r o  n p e n c T a s n e H m  o n p o u e c c e  npoKaTKH. 

no Mepe pa3BMTMR npOKaTHOr0 npOM3BOJlCTBa M y r n y 6 n e ~ ~ n  ~ H ~ H M G  
o npouecce npoKaTKH H O C O ~ ~ H H O C T F I X  Te'IeHMR MeTanna B BanKax co- 
BeplLleHCTBOBanMCb @ 0 p b y n b l  nJlR paC'IeTa ylUMpeHMR M pOCna MX no- 
CTOBepHOCTb. 

B Ka'IecTse npMMepa 6onee ~ O B ~ H M X  e b ~ p a m e ~ ~ i  nnn pacrleTa y w ~ -  
PeHMFl npM npOKaTKe npHBeneM M3BeCTHYto @ O P M Y ~ Y  3~6enn 

A b =  c l ( A h / h 0 ) I ,  (2 .2 )  

me C l  - K O ~ @ @ H ~ M ~ H T ,  ~ ~ B M c H I ~ M ~  OT BMAa npOKaTblBaeMOr0 MaTe- 

pnana; h o  - BblcoTa n o n o c b l  no npoKaTKH; I  - nnwa n y r M  3 a x ~ a ~ a .  

@ o p ~ y n a  (2.2) nony'IeHa B p e 3 y n b ~ a ~ e  0 6 p a 6 0 ~ ~ ~  naHHbIx, Bb lnon-  

HeHHblX aBTOpOM 3KCflepMMeHTOB no OCaXMBaHMto M npOKaTKe o 6 p a 3 -  

UOB M3 CRMHua M M F I T K O ~ ~  CTanM. B ~ F ~ H H O ~  @0pMyne,  KpOMe 0 6 m a ~ ~ n  
M BMna MaTepMana, yllMTblBaeTCR BnMFlHMe BblCOTbl n p o ~ a ~ b l B a e M 0 f i  no- 
nOCbl M AMaMeTP BanKOB - @~KTOPOB, OKa3blBatoI4MX. KBK nOKa3blBa- 

eT OnblT, CyUeCTBeHHOe B O ~ ~ ~ ~ C T B M ~  Ha BenM'IMHy YWMPeHMR. 

B Ka'IecTse n a n b n e i w e r o  sTana cosepweHcTBosaHMR MeTona pac'Ie- 
Ta YlUMpeHMH IlpM np(JKaTKe MOXHO Ha3BaTb @ 0 p ~ y n y ,  npennOXeHHyH, 

A.~/~.!&?~HKoB~IM, 

rae C b ,  C u  - K O ~ @ @ H ~ M ~ H ~ ~ I ,  Y'IMTblBatoUMe BnMFlHMe UlMPMHbl M Ha- 

TFlXeHMFl nOnOCbl; p - K O ~ @ @ M ~ M ~ H T  TpeHMH B 30He KOHTaKTa nono- 
Cbl C BanKaMM; h l  - BblCOTa nOnOCbl nOCne IlpOKaTKM. 

K p o ~ e  yXe YnOMRHYrblX @BKTOPOB, T.e. O ~ X B T M R ,  BblCOTbl nOnOCbl 

~ ' n ~ a ~ e ~ ~ a  s a n K o s ,  4 o p ~ y n a  (2.3) y'IMTbleaeT BnMRnMe Ha ywMpeHMe 

K O ~ @ @ H ~ M ~ H T ~  TpeHMA, WMPMHbl ~ P O K ~ T ~ I B ~ ~ M O ~  nOnOCbl M BeJlM'IMHbl 

IiaTFlXeHMFI. 

M H O ~ O ~ ~ M C ~ ~ H H ~ I ~  MccnenosaHnR ne@op~aunw MeTanna npw npOKaT- 



Ke, a TaKMe npaKTMKa npOKaTHOr0 npOl43BO~CTBa nO3BOnMnM yCTaH0- 

B M T ~ ,   TO BennrMHa noneper~oh n e @ o p ~ a u ~ ~  onpeaenneTcn cnenyto- 
U&IMM OCHOBHblMM @ ~ K T O ~ ~ M M ,  npMBefleHHblMH HMXe. 

@ o p ~ a  u pa3~epbt ucxodtioci nonocbt. P a c n p e n e n e ~ ~ e  n e @ o p ~ a u ~ ~  

npM IlpOKaTKe 3aBMCMT OT COOTHOWeHMR M e W Y  WMPMHOR (6) H AJlM- 

H O ~  (I) 30Hbl KoHTaKTa MeTanna c BanKaMH. O ~ ~ B M A H O ,  r ~ o  r e M  6 o n b -  

we OTHOlLleHMe b/l, TeM 6 o n b w e  OTHOCMTenbHaR BeJlM'1MHa CHJl COnpO- 

T m n e H m  n o n e p e r H o M y  TereHMto M TeM M e H b u e  nonepewan ne@op~a- 
UMFI. B CBR3M C BTMM BeJlMqMHii OTHOCMTenbHOrO YUlMpeHMR (ab/bO) flPM 

npOKaTKe nOJlOC npFlMOyrOnbHOr0 CereHHR, MMeKIUMX OTHOWeHMe 

bo/ho > 1, MeHbLLle, '4eM npM TeX X e  O ~ X ~ T H R X  nOJlOC KBaflpaTHOrO Ce- 

IleHMR. 

Benuvu~a 06ncaru~. M ~ B ~ C T H O ,  '110 a6conto~~oe (Ab) M OTHOCMTenb- 

Hoe (Abo/bo) npmpauetiwe UHPMH~I n o n o c b l  3a c r e T  y u M p e H m  npM 

npoKaTKe yeenMrmaeTcR c POCTOM O ~ X ~ T M R .  Cornac~o @op~yne  Xesa, 
M e m y  ylUllpeHHeM M O ~ X ~ T H ~ M  MMeeTCR JlM~ehHaFl 3aBHCMMOCTb. 60- 
nee n o 3 n ~ ~ e  HccnenosaHHn ycTaHoeMnM HanMrMe 6onee cnox~oh,  H e m -  

~ e h ~ 0 h  3aBMCMMOCTM M e W Y  3TMMM napaMeTpaMM. f lpM npOKaTKe B Bbl- 

TRMHblX ~ a n ~ 6 p a x  yBeJlMreHMe O ~ M ~ T M R  npM npO'4MX PaBHblX yCJlOBMRX 

npMBonMT K yBenMreHnm s a n o n ~ e ~ ~ ~ l  ~ann6pa MeTannoM, a 3TO Bcerna  

BeneT K y ~ e ~ b w e ~ h t o  n o n M  noneper~oh n e @ o p ~ a u ~ ~  B CBR3H c 603- 

pacTaHHeM conpoTMsneHHn n o n e p e r H o M y  TereHMto MeTanna co CTOPOH~I 

HaKJlOHHblX CTeHOK ~ a n ~ 6 p a .  
A u a ~ e r p  eanttoe. C y e e n w e H M e M  nMaMeTpa B a n K o s  pacTeT nnMHa 

~ O H ~ I  KoHTaKTa M, cneAosaTenbHo, yeenMrv,saeTcR conpoTMsneHMe npo- 
AOJlbHOMY TelleHMH) MeTaJlJla. B CBn3M C BTMM BJlHRHHe AMaMeTpa np0- 
KaTHblX BaJlKOB Ha yWMpeHMe npM n p 0 K a T K e  BnOJlHe OnHOSHa'-!HO, a MMeH- 

HO, l leM 6 o n b u e  nMaMeTp BanKOB, TeM npM npO'4MX PaBHblX yCJlOBMFlX 

6 o n b u e  noneperHaR n e @ o p ~ a u ~ ~  n p o ~ a ~ b ~ e a e ~ o h  nonocb l .  Y ~ e ~ b u e -  

HMe B ~ I T R X K M  npM npoKaTKe B' B a n K a x  6 o n b u e r o  nMaMeTpa oTpaxeHo, 

B YaCTHOCTM, B M3BeCTHOM CpenM npOKaT'4MKOB ~ @ o P M ~ M ~ :  " ~ a n b l e  Ban- 

KM TRHYT, 60nbWMe - KYH)T". 

Pa3Mepbt U @0pMa ~anu6pos. f l p M  I lpOKaTKe B BblTRXHblX ~ a n ~ 6 p a x  

nonepeqHaR n e @ o p ~ a q ~ ~ ,  6naro~apn n o n n M p a t o u e M y  ~ ~ ~ ~ C T B M I O  cTeHoK 

~ a n ~ f j p a ,  MeHbue,  r e M  npM npoKaTKe B r n a n K M x  BanKax.  f l p ~   TOM, 

r e M  6 0 n b w e  yron HaKnoHa cTeHoK ~ a n ~ t i p a  K o c ~  BanKa M nx noampa- 
H)uee ~ 0 3 f l e h ~ ~ ~ ~ e .  TeM MeHbWe BeJlH'4MHa n~llepe'-Ii-l~h ;ie@op~aI.iMM M 

6 o n b u e  BblTRMKa. 

Tpe~ue  M~MY npo~a~bteae~oc i  nonococi u eanttaMu, Y M ~ H ~ ~ ~ ~ ~ ~  
WepoxoBaTocTM noBepxHocTM np0Ka.r H b l x  BaJlKOB, npMMeHeHHe npM npo- 
KaTKe Pa3nMqHblX TeXHOnOrHYeCKMX CMaBOK, CHHXaH)uMX TpeHMe 6 30- 

He MeTanna c m w a M M ,  yMt?HbWaeT ylLlMpeHMe npM n p o K a T ~ e .  

n O - s M n n ~ O ~ ~ ,  3TO O ~ ~ R C H R ~ T C R  TBM, 9TO npM yMeHbweHMM TpeHMR KpM- 
TMqeCKOe WI~-IM~ CMeuaeTcR B C T O P O H ~  BbIXOna M3 BanKOB, 30Ha one- 
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peXeHMFl YMeHbWaeTCR M, CneflOBaTf?nbHO, YMeHbWaeTCfl CQnpOTMBne- 

HMe Te'leHMH) MeTaJlJla B npOnOnhHOM HanpaBneHMM, 'IT0 M nPMBOnMT B 

pe3ynbTdTe K yBenM'4eHMH) n p o n o n b H 0 h  M COOTBeTCTBeHHO K yMeHbWe- 

HMH) n o n e p e q ~ o k  n e @ o p ~ a u ~ ~ .  
f l p a ~ ~ ~ ~ i ?  nOKa3blBaeT, '4TO ~ @ @ ~ K T H B H O C T ~  npMMeHeHMR TeXHOnO- 

TMVeCKMX CMa30K 8 3 ~ a l l M ~ e n b H 0 h  CTeneHH BaBMCMT OT HaJlM'4MR Ha no- 
BepXrlOCTM nOJlOCb1 OKaJlMHbl M KarleCTBa nOBePXHOCTM BanKOB. q e ~  
rpy6ee OKanMHa M HM>Ke 'lMCTOTa flOBBpXHOCTM BaJlKOB, TBM MeHbUe CKa- 

3blBaeTCR IlPMMelieHMe CMa3KM Ha YCJlOBMR TpeHMR B 30He KOHTaKTa M 

TeM, CneflOBaTenbHO, MeHbWe ee ~ @ @ ~ K T M B H O C T ~ .  B qaCTHOCTM, M3Me- 

HI?HMe MMPHOCTM 3MYJlbCHM, ~ ~ M M ~ H H ~ M O ~  B KalceCTBe T ~ X H O J I O F M ~ ~ C K O ~  

CMa3KM npM npOKaTKC KaTaHKM M3 Uf32THblX MeTaJlJlOB M CnnaBOB Ha 

~ M T ~ ~ H O - ~ ~ O K ~ T H ~ I X  LlrperaTaX, O C O ~ ~ H H O  3aMeTHO CKa3blBaeTCR B no- 
CJleAHrlX KneTHX CTaHa, me Ha nOBepXHOCTM nOnOCbl npaKThlleCKM OT- 

CYTCTBYeT OKanMHa, a '4MCTOTa IlOBepXHOCTM BaJlKOB 0 6 b l l l ~ 0  BbllLle, 'IeM 

B llepHOBblX KJleTFIX. M M ~ H H O  B '1HCTOBblX K n e l  FIX nOBbllLleHMe XMPHO- 

CTM 3MYJlbCMM ~ a ~ 6 o ~ i e e  rlaCT0 npMBOnMT K n p o 6 y ~ c o ~ ~ a ~  nOnOCbl B 

BanKax M, K ~ X  cnencTaMe, K " 6 y p e m ~ a ~ "  nonocb l ,  B TO BpeMR K a K  

~ ~ O ~ ~ K C O B K H  B 'ieprlOBblX KJleTFiX ~a6flH)/ laH)~~Fi ~ p a h ~ e  penKO, XOTR 

BenMrMHa O ~ X ~ T M R  M yron s a x s a ~ a  3necb r o p a d n o  Rbrwe. 

Te~neoarypa U CKOPOCTb npOKaTKU. O ~ ~ ~ ~ ~ M H F I T O  CrMTaTb, 'IT0 BnM- 

RHMt? TeMnepaTypbl  M CKOPOCTM npOKaTKM Ha COOTHOlLleHMe ne@0p~a-  
;~crCi onpenenReTcR TeM, t K ~ K O ~  cTenenM M ~ M ~ H ~ H M ~  ~ T M X  napaMeTpoB 

CKaJblBaeTCFl Ha YCJlOBMRX TPeHMR B 30Hk KOHTaKTa MeTaJlna C BaJlKa- 

MM. f l o ~ e p x ~ o c ~ ~ o e  Tpe:iMe B 3 9 ~ e  ~ e @ o p ~ a u ~ ~  npM rop~ reh  np0Ka-r- 

K e  3aBMCMT He TOJlbKO OT WepOXOBaTOCTM BanKOB M IlpMMeHeHMR TeX- 

HOJlOrMYeCKMX CMaSOK, HO M OT HaJlHIIMR, @ M ~ M ~ ~ ~ C K M X  C B O ~ C T B  M Ton-  

UMHbl CnOR OKaJlMHbl Ha nOBePXHOCTM nOnOCbl, qTO B 3 ~ a r l M ~ e n b ~ 0 h  CTe- 

n e w  onpenenneTcn ee ~ e ~ n e p a ~ y p o i  M ycnosMnMM Harpesa  (nponon- 
XMTenbHOCTb HarpeBa, XapaKTep ne'4HCJh a ~ ~ o c @ e p b l ) .  M M ~ H H O  BnMRHMe 

ycnosnh Hdrpeea RonneTcn, no-EMAMMOMY, O C H O B H O ~  n p ~ r ~ ~ o h  Toro ,  

'4TO 3KCnepMMeHTanbHble flaHlit,le nOny'leHHble pa3JlMqHblMM aBTOpaMM, 

OTHOCMTenbliO BJlMRHMFl Ha ylLIMfIetlMe TeMnepaTypbl  n p O K a l K M  CTOnb pas- 
HOpellMBbl. T ~ M  He MeHee ~ O ~ ~ L L I M H C T B O  ~ c c n e f l o s a ~ ~ h ,  a T a K X e  n p a K -  

TMKa p a 6 0 ~ b l  Ha npO<aTHblX CTaHaX nOKa3blBaWT, '4TO nJlR MHOrMX Ma- 

POK cTanM noBblweHHe TeMnepaTypbl  B n p e n e n a x  TeMnepaTypHoro  ME- 

TepBana r o p ~ r e h  np0KaTKM npHBOflMT K YMeHbUBHMH) nonepe'lH0h ne- 
@OPM~UMM. 

3 ~ ~ ~ e p M ~ e ~ ~ a n b ~ b l e  MCCJleflOB2HMR BnLlRHMR TeMnepaTYpb! npOKaT- 

KM Ha yWMpeHMe MeAM M aJlH)MHHHFI, BblnOnHeHHble pa3HblMH aBTOpa- 

MM, n 0 ~ a 3 a n ~ ,  w o  nJin Meflu nosb lweHHe TeMnepaTypbl  B n ~ a n a s o ~ e  

OT 700 no 9 0 0 ~ ~  llpMBOnMT K YMeHbLLleHMH) YUlMPeHMR M, H ~ O ~ O P O T ,  YUM-  

peHMe aJlH)MMHMR B flMana30He ropR'4eh npOKaTKM (350 - 550'~) yBe-  

n;l'4MBat?TCR C POCTOM TeMnepaTypbl. 



B ~ H R H H ~  CKOPOCTM H a  y u l M p e H M e  T a K  Me, K a K  M T e M n e p a T Y P b l ,  o6yc- 
n O B n e H 0  M 3 M e H e H H e M  ycnosclk T p e H M R  n p M  M 3 M e H e H M M  CKOPOCTM np0- 
K B T K M :  q e M  BblLLle C K O p O C T b  n p O K a T K M ,  T e M  M e H b l L l e  C M n b l  TPeHMR H a  

K O H T a K T e  C B a n K a M M ,  a OTClOfia M e H b U e  M n 0 n e p e q H a R  n e @ o p M a u M R .  

Bud n p o ~ a r b ~ e a e ~ o r o  Marepuana. MBB~CTHO,  TO p a s ~ b ~ e  M e T a n n b l  

M M a p K M  CTanM MMetOT p a 3 n H q H Y t O  C K n O H H O C T b  K YUIMpeHHtO.  B 'laCT- 

HOCTM, n e r M p o B a H H b l e  c T a n M  ~ U I M P R ~ T C R ,  K a K  n p a e M n o ,  6 o n b u r e ,  rern 
y r n e p o n M c T b l e .   TO x e  K a c a e T c R  U B e T H b l x  M e T a n n o B ,  TO no M M e m q M M -  

CR A a H H b l M  n p M  r o p n q e k  n p 0 K a T K e  (B npenenax CBOMX T e M n e p a T y p H b l X  

n ~ a n a 3 0 ~ 0 ~ )  M e f i b  YLLlMPReTCfl I l P M M e p H O  T a K  Me, K a K  y r n e p O n M C T a R  

CTanb,  a ~ ~ ~ O M M H M ~  H e C K O n b K O  6 o n b u r e ,  q e M  M e n b .  ~PH'IHH~ 3 T O r O  R B -  

n e H w  3 a ~ n m r l a e ~ c n  B p a 3 n ~ q ~ ~  @ M ~ M ~ ~ C K M X  C B O ~ C T B  K a K  c a M o r o  M e -  

T a n n a ,  T a K  M CnOR O K a n M H b l  H a  n O B e p X H O C T M  nOJlOCb4. 

H ~ C M O T ~ R  H a  M M ~ I O ~ H ~ C R  B J l M T e p a T y p e  0 6 ~ 1 M p ~ b l k  3 K C n e p M M e H T a n b -  

~ b l k  M a T e p H a n  M o 6 ~ n ~ e  PaC'ieTHblX @ 0 p M y n ,  B O n p O C  YUrMPeHMFl n p M  

n p O K a T K e  H e  M O X e T  C'IMTaTbCR M 3 Y q e H H b l M  B CTeneHM, ~ O C T ~ T O ~ H O ~  n J l R  

P e W e H M R  K O H K P e T H b l X  3 a n a q  n p O K a T H O r 0  n p O M 3 B O n C T B a  M, B qaCTHOCTM, 

a n R  paC '4eTa ~ a n ~ 6 p o s o u  B a n K O B .  ~ P M ~ M H  3 n e C b  H e C K O n b K O .  

npe~ne  B C e r O  C n e n y e T  OTMeTMTb, '-IT0 ~ ~ J ~ ~ L L I H H C T B O  3 K C n e p M M e H T a n b -  

H ~ I X  ~ c c n e ~ o e a ~ ~ 2  M M M e t o q M x c R  @ o p ~ y n  nnn p a c r e T a  y w M p e H m ,  B 

TOM wcne M n p M B e f i e H H b l e  s b i u r e ,  OTHOCRTCR K npoc~ekure~y  c n y q a m  

n p o K a T K M  n o n o c b l  n p R M o y r o n b H o r o  c e q e H m  B r n a n K H x  B a n K a x .  3 ~ o  
O ~ ~ R C H R ~ T C R  H e  T O n b K O  6 o n b u r e h  ~ P O C T O T O ~  B b l n O n H e H M R  3 K C n e p M M e H -  

T O B  M a H a n M 3 a  n O n Y q e H H b l X  p e 3 y n b T a T O B  no C p a B H e H M m  C ~ ~ O K ~ T K O ~  

B ~ a n ~ 6 p a x ,  HO T a K x e  M M e T o n o n o r v l r e c K M M  n o A x o f i o M ,  B c o o T s e T c T -  

BMM c KOTOP~IM p a c q e T  ~ a n ~ 6 p o s  C B O ~ M T C R  K p a c q e T y  n e @ o p ~ a u ~ ~  yc- 
n o s ~ o h  n o n o c b l  n p R M o y r o n b H o r o  cerlewn, n p o ~ a ~ b l e a e ~ o k  B rnanmx 
B a n K a x .  

Apyr0e B a X H O e  O ~ C T O R T ~ ~ ~ C T B O ,  3 a T P Y n H R t O U e e  n P a K T M q e C K O e  MC- 

n O n b 3 0 B a H H e  M M e m U M X C R  3 K C n e p M M e H T a n b H b l X  n B H H b I X  no YWMpeHMK3 

B p a c q e T a x  K ~ ~ M ~ ~ O B O K  B a n K o s ,  s a ~ n m q a e ~ c ~  B c a M o M  n o ~ a 3 a ~ e n e  no- 
n e p e q ~ o k  ~ ~ @ o ~ M ~ u M M ,  n p M H R T O M  B 3 T M X  MCCne/lOBaHMRX. B ~ O ~ ~ L L I H H -  

CTBe p a 6 o ~  B K a q e C T B e  M e p b l  nonepe'i~oh n e @ ~ p M a u k l M  n p M H M M a e T C R  

a 6 c o n m ~ ~ o e  y u r M p e H M e  Ab = b1 - bo ( r ~ e  bo, b1  - U r M p M H a  n o n o c b l  

COOTBeTCTBeHHO A 0  M n O C n e  ~ ~ O K ~ T K M ) ,  n ~ 6 0  OTHOCMTenbHOe yLLlMpeHMe 

p, = Ab/bo.  
B e n ~ q ~ ~ a  ~ ~ C O ~ ~ O T H O ~ O  M n M  OTHOCMTenbHCJrO n p M p a U e H M R  UrMPMHbl  

n o n o c b l  M o x e T  C n Y X M T b  B K a r e c i e e  M e p b l  noneperl~ok n e @ o p ~ a u ~ ~  
T O n b K O  A n F l  C n y q a R  n p O K a T K M  n O n O C b l  n p R M O y r O n b H O r 0  n ~ 6 0  K B a f l p a T -  

H o r o  CeqeHMR B r n a f i K M x  B a n K a x ,  na M TO ecnm n p e n n o n o x M T b  p a s H o -  

' M e p H O C T b  3 T O r 0  n P M p a U e H M R  no B b l C O T e  n 0 n O C b l .  T O ~ ~ K O  B 3 T O M  C n y -  

q a e  n p M  M 3 B e C T H b l X  M C X O n H b l X  p a 3 M e p a X '  n o n o c b l  M BeJ lMqMHe O ~ X B T M R  

3 ~ a q e ~ ~ ~  Ab M 0 O ~ H O ~ H ~ ~ H O  o n p e , q e n R m T  B e n M r M H y  n o n e p e q ~ o k  ne- 
Y 

@OPM~UMM. 
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B p e a n b H b l x  y c n o e r i n x  y w M p e H c l e  no B b l c o T e  n o n o c b l  H e  6 b l e a e ~  pas- 
H O M e p H b l M  M n o A  B e n M q M ~ o k  bl n O n p a 3 y M e B a e T C R  0 6 b l q ~ 0  M a K C M M a n b -  

H a R  no Bb lCOTe Cel leHMR LLlMpMHa ~ ~ O K ~ T ~ H H O ~  n O n O C b l .  B 3 T O M  C n Y q a e  

HM a 6 c o n m ~ ~ o e ,  HM OTHOCMTenbHOe n p M p a U e H M e  LLlMPMHbl H e  M O r Y T  C n y -  

m m b  ~ e p o k  noneper~ok n e @ o p m a u ~ ~  name nnn nonoc n p R M O y r O n b H 0 -  

r0 M K B a n p a T H O r O  CeqeHMFI, n O C K O n h K Y  OHM 3aBMCRT H e  T O n b K O  OT B e -  

n M q M H b l  n o n e p e q ~ o k  n e @ o p ~ a u M M ,  H O  M OT @ 0 p M b l  ~ O K O B O ~  I l O B e P X -  

HOCTM n O n O C b l  n O C n e  n p O K a T K M  - ee ~ O ~ K O O ~ ~ ~ ~ H O C T M .  

n p ~  n p o K a T K e  B ~ a n ~ 6 p a x  n p M p a u e H M e  LUMPMH~I  T e M  6onee H e  MO- 

X e T  6 b l ~ b  M e p o i  n o n e p e q ~ o h  n e @ ~ p M a u l . l M ,  T a K  K a K  B BBBMCMMOCTM OT 

@OPM~I  ~ a n ~ 6 p a  M c T e n e H M  a a n o n H e H M R  ero M e T a n n o M  M O X H O  nony- 
V M T ~  6 o n b u r e e  y e e n M q e H M e  LUMPMH~I  n o n o c b l  n p ~  M e ~ b L L l e k  n o n e p e q ~ o k  

n e @ ~ p M a ~ M k l ,  M H ~ O ~ O ~ O T .  ~ O ~ T O M Y  B K a q e C T B e  n O K a 3 a T e n R  YLLlMPeHMR 

n p a B M n b H e e  H C n O n b 3 O B a T b  H e  a 6 c o n m ~ ~ o e  M n M  OTHOCMTenbHOe t l p M p a U t ? -  

H M e  U M P M H b l ,  a B e n M q M H y  O T H O U e H M R  0 6 b e M a  M e T a n n a ,  C M e l U e H H O r O  B 

n o n e p e r l H o M  H a n p a e n e H m ,  t t o  B c e M y  c M e q e H H o M y  n p M  n p o K a T K e  06be- 
MY M e T a n n a .  H a a o s e ~   TO O T H o w e H M e  KOB@@CIUM~HTOM noneper~oi  ne- 
@OPM~UHM, M n M  C O K p a U e H H O  K O ~ @ @ H U M ~ H T O M  Y U l M p e H M R  C K O T O P ~ I ~  

V '  
B b l p a m a e T  H e  n p o c T o  n p M p a q e H M e  UIMPMH~I, a nonm nonepe.~~ok ne@op- 
M a U M M  B o6ueR n e @ o p M a u ~ M  n p o ~ a ~ b l B a e M 0 k  n o n o c b l .  

T ~ K H M  0 6 p a 3 0 ~ ,  K O ~ @ @ M U M ~ H T  CV R B n R e T C R  ~ a M 6 0 n e e  06qeR @0p- 
M O ~  n p e n c T a e n e H m  y u r M p e H M n  M B O T n M q M e  OT A p y r M x  n o ~ a 3 a ~ e n e k  

B c e r n a  O ~ H O B H ~ ~ H O  o n p e n e n n e T  B e n M q M H y  n o n e p e q ~ o h  n e @ o p ~ a u ~ ~  n p M  

n p O K a T K e  K a K  B r n a n K M X  B a n K a x ,  T a K  M B ~ a n ~ 6 p a x ,  He3aBMCMMO OT 

@ 0 p M b l  M p a 3 M e p O B  n p 0 ~ a ~ b l B a e M 0 k  n 0 n O C b l .  

O . ~ ~ B M ~ H O ,  'IT0 n p M  n P O K a T K P  6 8 3  M e X K n e T e B O r O  HaTFIXeHMR (n0n- 
nopa) B e n M q M H a  K O ~ @ @ H U H ~ H T ~  Y U l M p e H M R  B C e r n a  HaXOnMTCR IZ npene- 
n a X  0 < C < 1:  n p M  Cv = 0 - y U M p e H M e  OTCYTCTBYeT, n O n O C a  M M e e T  

Y 
M a K C M M a n b H y t O  B b l T R X K Y ;  n p M  C = 1 - B e C b  C M ~ U ~ H H ~ I ~  o 6 b e ~  M e -  

V 
T a n n a  MAeT B y lLIMpeHMe, B b l T R X K a  I l O n O C b l  OTCYTCTBYeT. 

B e n ~ r ~ ~ y  n p o n o n b ~ o k  n e @ o p M a u M M  M O X H O  n p e n C T a B M T b  K a K  1 - C . 
V" Cnenye~ c ~ a s a ~ b ,  r l ~ o  T a K o e  n p e n c T a s n e H M e  B e n M q M H b l  nonepewon 

/le@opMa~MM n p M  n p O K a T K e  H e  R B n R e T C R  C O R e p U e H H O  H O B b l M .  B qaCT- 

HOCTM, C O O T H O U e H M e  M e W Y  0 6 b e M a ~ M .  C M e U e H H b l M M  B U l M p M H Y  M no 
B b l C O T e  n O n O C b l ,  p a C C M a T p M B a n O C b  B Ka'ieCTBe M e p b l  YLLlMpeHMR M.H.Tap- 
H O B C K M M .  O ~ H ~ K O  n o n 0 6 ~ b l x  p a 6 0 ~  C p a B H M T e n b H O  H e M H O r O  M B b l r n R f l R T  

OHM c K o p e e  M c K n m r e H M e M  ~3 O ~ U ~ ~ ~ M H F I T O ~ O  npaswna s b l p a x a - r b  none- 
pewym ne@opmau~m n o n o c b l  K a K  n p M p a u e H M e  ee UIMPMH~I. 

B H e K O T O P b l X  pa60~ax  B K a r e c T s e  M e p b l  noneper~ok n e @ o p ~ a u ~ ~  
P a C C M a T p H B a e T C R  OTHOLLleHMe n p M p a U e H M R  UrMPMHbl  n O n O C b l  K 06xa- 
TMH) Ab/Ah , ~ a 3 b l ~ a e ~ o e  O ~ ~ I ~ H O  n o ~ a 3 a ~ e n e ~  Y u r M p e H M n .  M c n o n b 3 0 -  

B a H M e  o T H 0 U r e H M R  Ab/Ah B Ka' leCTBe M e p b l  n o n e p e q ~ o k  n e @ o p M a u M M  

M O X H O  CqMTaTb O ~ O C H O B ~ H H ~ I M  n p M  n p O K a T K e  n O n O C b l  K B a n p a T H O r O  ce- 
r e H m  B r n a n K c l x  B a n K a x ,  n p w e h n  e c n M  y u r M p e H M e  no B b l c o T e  n o n o c b l  



6 ~ n t ' ~  PaBHOMepHblM. 7-0nbK0 B 3TOM CnY'lae 3TO OTHOWeHMe MMeeT On- 

p e n e n e ~ ~ b 1 6  @ H ~ M ~ ~ C K M R  cMblcn,  n o ~ a 3 b l ~ a ~  nonw noneper~oR ne@op- 
M ~ ~ M M  B o6qeR n e @ o p ~ a q ~ ~  n o n o c b l  B BanKax.  Bo Bcex ocTanbHblx 

c n y r a H x  npoKaTKM n o ~ a 3 a ~ e n b  Ab/Ah He oTpaxaeT @ a ~ ~ ~ r e c ~ o r o  co- 
OTHOUeHMR M e M y  i l ~ n e p t ' ' d ~ ~ i  M n p o f l o n b ~ o h  A ~ @ O P M ~ ~ M A M M .  ~ ~ R C T -  
BMTenbHO, flaPl(e AflH f lp0~~ehLI~el-0 Cn\/rlan IlpOKaTKM nOnOCbl npHM0-  

y r o n b H o r o  cer leHm s r - n a n ~ ~ x  BanKax M o m H o  n e r ~ c - t  n o f l 0 6 p a ~ b  TaKoe 

COOTHOWeHMe M e M y  ee WMPMHOG M B ~ I C O T O ~ ~ ,  hPM KOTODOM 3TOT no- 
Ka3aTenb OKaXeTCH 6 o n b w e  enC?HMubl, '(TO nPOTMB0PeLIMT @ M ~ w ' ~ ~ c K O -  

MY CMblCnY YWMpeHMH KaK 'IaCTM 06wei &~&IOPM~~~VM nOnOCbl. 

B e n M r M ~ a  0 6 b e ~ o s  MeTannd, cMeLqaeMblx R n p o n o n b H o M  M noneper- 
HOM HanpaBneHMflx, BcnencTBbie nocToaHcTRa 0 6 b f ~ a  MeTanna npw nndc-  

T M ' ~ ~ C K O ~ ~  L ~ ~ @ o ~ M ~ ~ M M ,  3KBMRaneHTHa COOTBerCTByIOlqMM M3UeHeHMHM 

nnoqaw nonepewor0 c e r e H m  n p o t i a ~ b ~ e a e ~ o f i  nunocb l .  O~ctona B co- 
OTBeTCTBMM C OnpeLleJletiMeM, npMReneHHblF.4 Bblwe,  K O ~ @ @ H ~ M € ? H T  YWM- 

peHMR n n q  n p o @ ~ n H  n106oi ~ o ~ @ n r y p a u ~ ~  Gyne~ paeeH 

c = AFYIAF ,  
Y 

(2.4) 

rne AFy - n p w p a q e w e  nnoqann nonepewcro cerleHMH n o n o c b l  3a c r e T  

YWMpeHMH; AF - CMeqeHHaFi npM I lpOKaTKe nnOUaf lb Ce'lCHMR nOnOCbl. 

~OCKOII~KY nC)M nPOKaTK.5 BCerna npOMCXOflMT yMeHhWeHMe nnOUaflM 

nonepeworo cereHMH n o n o c b l  3a cqeT B~ITRXKH,  TO npMpaqeHMe nnoqa- 
AM AF cnenyeT paccMaTpMsaTb R KarecTse y c n o s H o r o ,  T.e. K a K  npesb l -  

Y 
UeHMe @ ~ K T M ' ~ ~ C K O R  nnOUiaflM CeqeHMR nOJlOCbl no CpaBHeHMH) C  TO^, KO- 

T O P ~ H )  MMena 6b1  nonoca nocne n p o n y c K a  npM OTC~TCTBMM noneper~oR 
n e @ o p ~ a u ~ ~ .  

r l p ~ p a q e ~ ~ e  n n o q a g M  n o n o c b l  sa c r e T  ywMpeHMH M o w 0  npenc-ra- 

BMTb K a K  

AF = F 1  - F o l .  
Y (2.5) 

rae Fo ,  F ,  - n n o q a a w  ceQeHvrR nonocbc cooTseTcTseHHo ao M nocne 
n p o n y c K a ;  F o l  - n n o q a n b  cereHMH n o n o c b i  nocne npoKaTKM npM OT- 

C ~ T C T B M M  noneper~ofi ne@op~aum. 
r p a @ ~ r e c ~ ~  n n o q a n b  c e r e H m  F o  npencTasngeT co6oR n n o q a n b  

MeTallna, OrpaHMlleHHYH) KOHTYPaMM naHHOr0 ~ a n ~ 6 p a ,  a B MeCTaX, CO- 

OTBeTCTBytOqMX pa3beMaM BaJlKOB, ItOHTYpaMW HCX0,QHOrO CelleHHH. 

f l n ~  wnntocTpauMM B ~ I W ~ C K ~ ~ ~ I ~ I ~ O ~ O  paccMoTpMM B KarecTBe npn- 
Mepa npoc~eRtu~R c n y r a R  npoKaTKM n o n o c b l  n p n M o y r o n b H o r o  c e r e H m  

B r n a n K M x  BanKax (PMC. 8) .  ~ ~ M H M M ~ ~ M ,   TO n o r i o c a  ceqeHweM F o  = 
= hobo O ~ X M M ~ ~ T C H  3a O ~ M H  npoxop. no c e r e H m  F  = h  l b l ,  T o r n a  nno- 
U a A b  cereHMH F o l  6 y n e ~  FaBHa F o  1 - FABCE = h lbo ;  CMeUeHHaH 

n n o u a ~ b  ~ e ~ a n n a  AF = F o  - FABCE = F, - h,bo;  n p ~ p a q e ~ ~ e  nno- 
u a n M  n o n o c b l  3a c r e T  y w M p e H m  AF = 

Y F ~ , ~ , ~ , ~ , -  F~~~~ = F 1  - 
- h1bo.  

B e n ~ l l M ~ a  ~ 0 3 ( t ) @ k l ~ M e ~ ~ a  YWVspeHMFl 

c Y = ( F ,  - h  lbo ) l (Fo  - h l b o ) .  (2.7) 
l l p e n c ~ a o n e ~ i ~ e  ywMpeHMP t i a K  npMpaqeHMe n n o q a n k l  0 ~ 0 6 1 2 ~ ~ 0  yno6- 

HO npM PaClleTaX ~ a n ~ 6 p o n o ~  HenpepblBHblX CTaclOB. 3r0 CBH3aHO C He- 

O ~ X O ~ M M O C T ~ H )  C O ~ ~ H ) & ~ H H F I  R paC'4eTaX OCHOBHOrO YCnOBMH Henpepble-  

HOG npOKaTKM - 3aKOHa FIOCTORHCTBa CeKYHnHblX O ~ ~ ~ M O D  MeTanJla 

no KneTHM, sb1paxiaerv;oro repes n n o q a n M  nonepeworo cereHnH npo- 
K a ~ b l B a e ~ ~ f i  ilOnOCbl. 

l l p e s b ~ w e ~ ~ e  CKOPOCTM Bblxof ia MeTanna ~3 BantcoB HaA MX O K P ~ X -  

H O ~  CKOpOCTbH) Ha3blBaeTCA OnepeXeHMeM. B COOTBeTCTBMM C 3TMM Be- 

nM'lMHY OnepeXeHMH MOXHO npeACTaBMTb K a t i  S = ( V  1 - v S )  I V ~ ,  me 
v  - CKOPOCT~ B b l x o n a  MeTanna ~3 BanKoB; v B  - OKpymHaH CKOPOCT~ 

BanKoB. 

k lap~ny c yulMpeHMeM onepemet ine  RsnHeTcH TeM napaMeTpoM, OT 

TO~HOCTM o n p e n e n e H m  K o T o p o r o  ~ ~ B M C M T  cooTseTcTBMe s a n a ~ ~ o r o  pe- 
XMMd H B T R P K ~ H V I ~  TOMY peXMMY, ~ 0 ~ 0 p b l f i  Jlefic~BM~enb~o CO3JlaeTCR 

B HenpepblBHOM CTaHe BO BPeMH p a 6 0 ~ b 1 ,  a T a K X e  COBnaJleHMe paC'4eT- 

HblX M ( ~ ) ~ K T V I ' ~ ~ C K W X  BblTHXeK B :<neTHX. K p o ~ e  TOrO, OnepeXeHMe, T o r -  

Hee ero C ~ O C O ~ H O C T ~  M3Mt?hRTbCH n0n A ~ ~ C T B M ~ M  MeXKneTeBblX np0- 
LIOnbHblX CMn, FlBnHeTCH @BKTOPOM CaMOBblpaBHMBaHMH C K O P O C T ~ ~ ~  Me- 

Tanna B cTaHe M, CnenoedTenbHo, OcoeAenHeT 3anac ~ C T O R ~ M B O C T M  npo- 
UeCCa ~ e n p e p b l B ~ 0 h  npOKal'KM. B CBH3M C 3TMM CTaHOBMTCR nOHHTIiblM 

TO 6 o n b w o e  BHMMBHHB, KOTOpOe y f lennnocb  M ynenHeTCH M3Y'4eHMH) HB- 

n e H m  onepemeHMH M C O B ~ ~ H M K I  C ~ O C O ~ O B  ero pacre-ra MHorMMM Hccne- 

p,osaTenHMM npoqecca  npoKaTKM. 

~ P M  npoKaTKe B ~ a n ~ 6 p a x  onepemeHMe MeTanna HsnHeTcH senww- 



H O ~  n e p e ~ e ~ ~ o i  no UrMPMHe ~ a n ~ 6 p a .    TO ~pOHCXOJlHT OTTOrO, r lT0 

T O ~ K M  Ha B a n K e  no n e p M M e T p y  ~ a n ~ 6 p a  MMemT p a 3 n ~ r ~ b 1 e  O K p y x H b l e  

CKOPOCTM B BBBMCMMOCTM OT PaAMyCa B a n K a  B A ~ H H O ~  TOlcKe, B TO B p e -  

MR K a K  M e T a n n  B K a w o M  nonepe t l nohn  cereHMM o r a r a  ~ e @ o p ~ a u ~ ~  ~ B H -  

x e T c R  c H ~ K O T O P O ~  c p e ~ ~ e l ; l  CKOPOCT~K), BenMrMHa K O T O P O ~  onpeaem- 
eTCR YCnOBMRMM nPOKaTKM (JlMa~e~p BanKOB, Benll'iMHa O ~ M ~ T H R ,  BHeLU- 

Hee TpeHMe M T.A.). ~ O ~ T O M Y  3AeCb. B OTnM'lMe OT n p O k a T K M  B rnaJlKHX 

B a n K a x ,  npn p a c r e T e  C K O ~ Q C T ~ ~  M e r a n n a  y ~ 0 6 ~ e e  B M e c r o  o n e p e x e H m  

nOnb30BaTbCR IlOHFlTMeM " K B T B ~ O U I M ~  AMBM~TP' '  MnM " ~ a ~ a H ) L l l ~ f i  p a ~ M y ~ " ,  

n o ~ p a 3 y ~ e s a ~  n o A  BTMM p a A M y c  R p a u e t i m  H ~ K O T O P O ~  T O ~ K M ,  O K P ~ X -  

HaR C K O P O C T ~  K O T O P O ~ ~  pastla CKOPOCTM B ~ B I X O A ~  M e T a n n a  ~3 A a H H o r o  

~ a n ~ 6 p a .  ~ ' ~ ~ B M A H O ,  '4TO ~ a ~ a l o l u ~ i  PaAMyC B 3aEMCMMOCTM OT ~ C J I O B H ~  

~ e @ o p ~ a u ~ ~ ,  @ O P M ~ I  M p a s ~ e p o ~  n p o ~ a ~ b l e a e ~ o f i  n o n o c b l  M ~ a n ~ 6 p a ,  

a T a K X e  BenMllMHbl M e X K n e T e B b l X  CMn M O X e T  6 b l ~ b  p a B e H  paAMyCy nm- 
6 0 i  TO'IKM 0 6 p a 3 y m ~ e i  ~ a s 1 ~ 6 p a ,  6 b l ~ b  6 0 n t r ~ ~ e  paAMyca  B a n K a  no 6yp- 
TY MnM X e  6 b l ~ b  MeHbLUe HaMMeHbl l le rO pa&MyCa BanKa ,  COOTBeTCTBytO- 

ue ro  B e p w M H e  ~ a n ~ 6 p a .  
B e n M l l M ~ y  K a T a I o U e r O  AMaMeTpa B a n K a  HaXOJlMM COBMeCTHblM PeLUe- 

HMeM ypaBHeHMR PaBHOBeCHR rOPM30HTanbHblX n p 0 e ~ u M f i  BHeLUHMX CMn, 

A ~ ~ C T B Y K ) U M X  H a  M e T a n n  B O r a r e  Jle@opMauMM, M YPdBHeHMR nOCTORH- 

CTBa CeKYHAHblX 0 6 b e ~ 0 ~ .  ~ ~ M H M M ~ R  BO BHMMaHMe, '4TO n p O K a T K a  H a  

Henpepb lBHb lX  COpTOBblX M npOBOnOrlHblX CTaHaX npOBOAMTCH n p M  MM- 

HMManbHblX HaTHMeHMRX, HanMllMe KOTOpblX H ~ O ~ X O A M M O  TOnbKO JlnR 

n p e A y n p e x A e H m  noRBneHMR M e x K n e T e s o r o  nonnopa, p a c r e T  KHHeMa- 

TMlleCKMX M CMnOBblX napaMeTpOB M O X H O  BblnOnHRTb HCXOJlFI M3 y C n 0 -  

B M ~  C B O ~ O A H O ~  npOKaTKM, T.e. 6 e 3  M e X K n e T e B b l X  np0AOnbHb lX  CMn. 

E c n ~  n p e ~ e 6 p e r b  BnMRHMeM YlLlMpeHMR, TO n p M  OTCyTCTBMM HaTRXe-  

PHC. 9. C x e ~ a  n e f i c ~ s u u  BHelLlHHX cun u  onepexeHue npu npoKaTKe B ~ a n u 6 p e  

32 

H H ~  ypaBHeHMe PaBHOBeCHR n p o e ~ u ~ k  BHelLlHMX CHn, A ~ ~ ~ C T B Y W U H X  CO 

CTOPOH~I  B a n K a  Ha HanpaBneHHe ABwxeHMR M e T a n n a  B ~ o o p A H H a T a x  

X, y, Z (PHC. 9) ,  He3aBMCMMO OT W C n a  BanKOB, 0 6 p a 3 y t o ~ ~ x  ~ a n ~ 6 p ,  
HMeeT BMA: 

JJ ( r x  - px t g  cp) d x d y  - 2 JJ r x  d x d y  = 0, (2.8) 
S ,  S o  n 

r A e  T X ,  Px  - KaCaTenbHble H HOpManbHb le  HanPRXeHMR Ha f lOBepXH0- 

CTH KOHTaKTa nOnOCbl C B a n K a M H .  

~ P M H M M ~ ~ M ,  '(TO B ~ ~ H M O ~ ~ ~ ~ C T B M ~  M e X A y  ~ ~ O K ~ T ~ I B ~ ~ M O R  nonocoi 
H 6 a n K a M M  B 30He  ~ ~ @ O P M ~ ~ H H  COOTBeTCTBYeT YCnOBMK) CyXOrO TPBHHR, 

T.e. TpeHHR CKOnbXeHMFI M e w y  TenaMH, nOBepXHOCTH KOTOPblX H e  nOA- 

B e p r a m T c R  CMa3Ke.  B 3TOM CnVqae B K ~ X A O ~  T O r K e  K O H T B K T H O ~  nOBepX-  

HOCTM KaCaTenbHble Hanp f lMeHMf l  npOnOpuHOHanbHb l  HOpManbHb lM KOH- 

TaKTHb lM H a n p R X e H H R M  
- 

T x  - P Pxt 
rAe p - K O ~ @ @ M ~ M ~ H T  TPeHHR H a  K O H ' T ~ K T H O ~  nOBePXHOCTH B a n K a  M 

n p o ~ a ~ b l e a e ~ o i  n o n o c b l .  

K ~ ~ @ @ H ~ H ~ H T  TpeHHR n p H  ropflrei n p O K a T K e  3aBMCMT OT COCTORHHR 

nOBePXHOCTH B a n K O B  H n p o ~ a ~ b l ~ a e ~ o i  nOnOCbl, BMAa npOKaTb lBaeM0-  

r0 WaTepHana, HanH'4Hfl CMa3KM B 3 0 H e  KOHTBKTO, T e M n e p a T y p b l  H CKO- 

POCTM npOKaTKM. B e n l l r H ~ y  K O ~ @ @ H U H ~ H T ~  TpeHMR OnpenenRtOT n ~ 6 0  
C nOMOUbH)  3MnMPH'leCKHX @ O P M Y ~ ,  n ~ 6 0  HCnOJlb3yR HMelOUMeCR 3KC- 

nepHMeHTanbHb le  AaHHble. 

M ~ B ~ C T H O ~  @ O P M ~ ~ O ~  JlnR QnpeAeneHHR K O ~ ( ~ ) ( ~ ) H U H ~ H T ~  TpeHHR n p H  

ropnrei n p o K a T K e  y r n e p o n ~ c ~ o i  cTanw n p H  T e M n e p a T y p a x  ~OJ-I~LLIHX 

7 0 0 ' ~  RBnReTCR @ o p ~ y n a  3 ~ e n y ~ ~ a ,  n o n y r e H H a n  H a  o c H o e e  a ~ a n w a  
OnblTHblX AaHHbIX 0 BnMRHHH T e M n e p a T y p b l  n p ~ ~ a ~ b l ~ a l ? ~ ~ ~  nOnOCbl 

Ha B e n H r H H y  n p e n e n b t i o r o  yrna s a x ~ a ~ a .  
@ o p ~ y n a  3 ~ e n y ~ n a :  

1-1 = k l  (1,05 - 0,0005 . t )  , 
r A e  k ,  = 1,0 - A n R  CTanbHblX H '4YrYHHblX B a n K O 6  C W ~ P O X O B ~ T O ~ ~  no- 
BepXHOCTbm; k ,  = 0.8 - Anf l  r n a A K H X  CTanbHblX BanKOB H3 0 ~ 6 e n e ~ ~ o r o  
'4yryHa;  k l  = 0,55 -- n n R  ~ L ~ ~ M @ C I R ~ H H ~ I X  CTanbHblX BanKOB; f - TeMne-  

P a T y p a  npOKaTKH,  OC. 

w . r e n e H  PeKOMeHAyeT  JlnR OnpeAeneHMf l  K O ~ @ @ H U H ~ H T ~  TpeHHfl n p H  

r 0 p R ' l e i  n p O K a T K e  C n e A y K l U H e  BblPaXeHMR, q KOTOPbIX, K P O M e  TeMne-  

D a T y p b l  nOnOCbl, y'lMTblBaeTCfl Bn l lRHHe CKOPOCTM n p O K a T K H  ( V  - CKO- 

POCTb f lpOKaTKH, M/C) : 
Anf l  CTanbH b lX BanKOB 

p = 1.05 - 0,0005 t - 0,056 v ; 
A n f l  '4YrYHHblX B a n K O B  

p = 0,92 - 0,0005 t - 0,056 v ; 
A n f l  ~L~~M@OB~HHI,IX CTanbHblX M l l y r Y H H b l X  BaJlKOB 



~1 = 0,82 - 0,0005 t - 0,056 v . 
~ T M  BbIpaXeHMR f l e L k ~ B M ~ e n b H b l ,  eCnM O K P y X H b l e  CKOPOCTM B p a U e -  

HMR RanKOB t l e  npeBbl lua lOT 5 M/C M T e M n e p a T y p a  I lpOKaTKM 6onee 700'~. 
~ P M H R B  38  OCtIOBY @ O P M Y ~ Y  3 K e n y ~ ~ . a ,  ~ . ~ . ~ ~ X T M H O B  M h ' l . M . W ~ e p ~ 0 B  

I lpef lnOXMnM y'IMTblBaTb BnMRHMe CKOPOCTM I l pOKaTKM M XMMMqeCKOrO 

COCTaBa CTanM C nOMOl4bH) KO~@@MUM~~. ITOB k 2 .  k 3 .  
Y p a s ~ e ~ ~ e  n n R  ~ o s @ @ v l u ~ e ~ ~ a  TpeHMn B  TOM c n y q a e  HMeeT cneny- 

m u ~ h  BMA: p = k l k 2 k 3  (9,05 - 0,0005 t) . 
X a p a ~ ~ e p  M3MetleHMR K O ~ @ @ M L ( M ~ H T ~  k 2 ,  \l'il*1TblBaK)UeTO BntIRHMe 

CKOPOCTM I lpOKaTKM Ha K O ~ @ @ M U M ~ H T  TPeHMR n p M  CKGPOCPRX 6 0 n b l u l l ~  

2 M/C M o m H o  RPenCTaBMTb B Brine cnenymuero ypasHeHHn,  n o n y r t e H H o -  

ro  Y . 3 a ~ n e p o ~  

k2 = 0.4 + 0.6 e 0,2  ( 2 - v  ) . 
~ H ~ ~ ~ H M F I  ~ 0 3 @ @ M I . ( M e ~ t ~ a  k 3 ,  Y'4MTblBatOLl4erO BnMRHMe XMMM'IBCKOTO 

COCTaBa CTanM, I lpMBeneHbl  H M X e :  

~ P M  r o p ~ v e i ?  n p o K a T K e  UBeTHblx  M e T a n n o B  6 8 3  T ~ X H O ~ O T I I L ~ ~ C K O ~  c ~ a 3 -  

KM ( B ~ ~ K M  o x n a w a m T c n  sonoi) BenMqMHa K O ~ @ @ M ~ M ~ H T ~  TpeHMR no 
naHHb lM pa3nMqHblX aUTOpOB HaXOAMTCR B n p e n E n a X :  f lnR MeAM M anm- 
MMtIMR C( = 0.42 0,52; AnR naTVHM /A = 0,44 + 0.45. 

~ P M  r0pR'Iefi n p O K a T K e  C 3 ~ y n b ~ M e h  K O ~ @ @ M U M ~ H T  TPeHMR AnR MeAM 

M anH)MMHMR HeCKOnbKO MeHblLle M COCTaBJlReT 0.25 - 035. 
IIPM n p o K a T K e  B ~ a n ~ 6 p a x  flnMHa n y r M  3 a x ~ a ~ a  I M ~ M ~ H H ~ T C H  no Y 

luMpMHe 3 0 H b l  A ~ @ o P M ~ ~ M M .  M ~ K C M M ~ ~ ~ H ~ R  'nnkl~a COOTBeTCTByeT 06blq-  

t i 0  BephuMHe ~ann6pa ( M c K ~ ~ O ' I ~ H M ~ M  HBnReTCH n p O K a T K a  K B a n p a T a  B 

OllaJlbHOM ~ a n ~ 6 p e ) ,  a no M e p e  n p k 1 6 n ~ r n e ~ ~ R  K K P ~ ~ H M M  TOqKaM 3 0 H b l  

~ ~ € ' @ o ~ M ~ u M M  AnMHa A y r M  3aXBaTa yMeHbluaeTCH. X a p a K ~ e p  M3MeHetiHR 

npoTRrneHnocTL4 nyru s a x e a ~ a  no l u v l p m e  nnn B c e x  cMcTerur B ~ I T R X H ~ I X  

~ a n ~ 6 p o s  BblpaXaeTCR CnOXHbJblM YpaBHetiHRMM, 9TG 3aTp'yAHReT MH- 

TerpMpOBaHMe VpaBHeHMR (2.8). n p M  3TOM B b l p a X e H M n  n n R  K a T a W U H X  

fiMaMeTpOB nOny'IaIoTCR HaCTOnbKO rpOM03AKMMH.  'IT0 npaKTMqeCKM He-  

n p M r o n H b l  n n R  M C ~ O ~ ~ ~ O ~ ~ H M R  R pac'IeTax. 

f in y n p o U e H m  pelueHMR ypas t l eHMR (2.8)  ~ o c n o n b 3 y e ~ c ~  ~ e o p e ~ o f i  
0 c p e n H e M  BHa'IeHMM MHTerpana,  B COOTBeTCTBMM C K G T O P O ~  f lpMHMMaeM 

1 Y = l , t g c p =  t g ( a / 2 ) =  / / D c p ,  

:rfialiMM A n n  n p o c r o T b b  npr lHnMael in  eenl- l r luHy y o ,  npe f i cTaenn loLqym co6oi 
f:Cjcqmccy TocrKM r l epece . reww KOHTVPOB A a w o r o  M npenb l f i yLqe ro  K a -  

! I M ~ ~ O B  flpM HOnOXeMMM MX A p Y r  H a  A p y r a  I3 nn0CKOCTM BblXOna M3 B a n -  

KDE (pacrle~ K9Oi)AMHaT Y o ,  Z g  UnR pa3nMLIHblX CMCTeM I < ~ J ~ M ~ ~ O R  npM- 

!:?AeH H !.:oHue r f i a s t t )  . 
~ p k % ~ M ~ a t ? I b l  TTaKKe, L!'rl) KaCZTeIlbHble kI I-IOPMallbHtrlt? KOHTaKTHble Ha-  

; ~ p r m f ( e t + ~ ~  p a c r l p e n e n e t i b l  rlo nnu;t le M UlMPMHe ~ O H ~ I  KotITaK-ra p a a H o -  

~~.'lr?p~lO, T.e. 

,I::: AT -- ClVlCiLiBHHaR niiOLQaAb GSit?T&ililil ripM l ipol<aTt<e; N -- t ~ ~ ~ ~ i ~  B a n -  

:>a, o G p a s y : ~ ~ ~ ~ x  r<al;tn6p; d, K ~ ~ ( ~ @ M G H ~ H T ,  ~ ~ U V I C R Y W ~  OT c t ) o p ~ h l  

i,i:ilroro n nj>eai,lfiyu!ero 1citnw6prr. 



6 y n e ~  paBH0 pa3HOCTM 3 ~ a q e H M i  KOOpflHHaTbl Z 0 6 p a 3 y m q ~ x  ABYX IlOCne- 

n0BaTenbHblX ~ a n k 1 6 p o s .  

T ~ K  nnfl i - T o r 0  ~ a n ~ 6 p a  Ah . = zi - ,  - z i  . Yl 
AMaMeTp BanKa a MeCTe ~ a n ~ 6 p a  MOXHO flpenCTaBMTb B BMne ypaB-  

H ~ H H R '  D . = D o ;  - 2 2 ; ,  rAC! Doi - HJleanbHblfi AMaMeTp BanKOB B i  TO^ 
Yl 

KJleTM. Y 0 

B e n ~ q ~ ~ y  MHTerpana J ( 1  y / l  o )  dy MOXHO B b l w c n n T b  O ~ H M M  H3 n p ~ -  

6 n M ~ e ~ H b l x  C ~ O C O ~ O B ;  HanpMMep, C llOMOl.UbH) @ 0 p M ~ n b l  I'lpRMOyrOnb-. 

HMKOB nu60 ~ ~ ~ @ o ~ H ~ ~ M T H ' ~ ~ c K H M  cnoco6o~.  
3 n e c b  n p o ~ 3 s e n e ~ n e  2 f l o  yo npencTasnReT c o f j o i  cpeAHtOtO L U M P M H ~  

~ O P H ~ O H T ~ ~ ~ H O ~  npOeKUMM 30Hbl KOHTaKTa nOnOCbl C BanKOM 683 Ylle- 
Ta y u M p e H m .  6 b l p a X a f l  BenMrMtiy c ~ e q e ~ ~ o f i  nnoqann MeTanna B co- 
oTseTcTBMu c (4.41, n o n y r M M  cnenymqym @ o p ~ y n y  A n n  o n p e n e n e H m  

cpen~ef i  nnMHbl ~ O P H ~ O H T ~ ~ ~ H O ~  flpOeKUHM n y r v l  3aXBaTa npM flpOKaTKe 

B ~ a n ~ 6 p e :  

POh46IKBaApaT . . . . . . . . . . . . . . . . . . . . .  0 ,75  
K ~ a n p a ~ l p o ~ 6  . . . . . . . . . . . . . . . . . . . . .  0 . 7 5  
K ~ a n p a ~ l o s a n  . . . . . . . . . . . . . . . . . . . . .  0.85 
O e a n l ~ s a n p a ~  . . . . . . . . . . . . . . . . . . . . .  0.85 
O e a n l ~ p y r . .  . . . . . . . . . . . . . . . . . . . . .  0 .75  
Kpy rlosan . . . . . . . . . . . . . . . . . . . . . . . .  0 , 8 5  
Kpyr/cTpenb'laTblA TpeyrOnbHHK . . . . . . . . .  0.85 
CTpenb'laTblA T P ~ V ~ O ~ ~ H  M K I K P Y T .  . . . . . . . .  0 , 7 5  
CTpenbqaTbliI ~ p e y r ~ n b ~ l n ~ l l ~ l e ~ ~ l n y r ~ n b ~ ~ ~  0 , 7 5  

Anfl T p e ~ r O n b H b l X  ~ a n ~ 6 p o s  B CMCTeMe TPeYrOnbHMK - TPeYrOnbHMK 

MOXHO nPl4HRTb f10 = 1,o. 
~enM'4MHy cpentiero no uMpMHe ~ O H ~ I  A ~ @ O P M ~ U H H  nMaMeTpa BanKa 

onpenenHeM K a K  

Dcp = 0 5 ( D + C Y 0 ) ,  (2.1 3 )  

rae D - ~ M ~ M P T P  BanKa B BepwMHe ~ a n ~ 6 p a .  
f l p H  npOKaTKe k4 ~ a n ~ 6 p a x  nOnOXeHMe HehTpanbH0r0 CeqeHMR M3Me- 

HReTCfl no lUUPHHo ~ a n ~ 6 p a ,  T.e. K a X A O M y  IlpOAOnbHOMy CelreHMtO Oqa- 

r a  f l e @ o p ~ a u H M  COOTBeTCTByeT pa3nMqHaR npOTRXeHHOCTb 30Hbl  Onepe- 

XeHMfl. ~ H H M R  PaBHblX C K O ~ O C T ~ ~ ~  npOKaTblBaeMOr0 MeTanna M BanKa 

npencTasnReT co6oii K P H B ~ ~ O ,  xapaKTep K O T O P O ~ ~  ~ ~ B M C M T  OT @OPM~I  

~ a n ~ 6 p a .  

YpaBHeHMe nMHMH paBHblX C K O ~ O C T ~ ~ ~  Haf ineM M3 YCnOBMR nOCTOFIH- 

( :ma CeKyHnHblx 06beM0B MeTanna B o q a r e  necbop~auw~ 

v x  F x  = LJ I F I ,  (2.14) 

r,qe v l ,  F 1  - cooTaeTcTt3etiHn c t c o p o c ~ b  M n n o q a n b  ceqetibw n o n o c b l  npn 
I lh lxone  ~3 BanKoB, v = RK W; w - yrnoBaR CKOPOCT~ BanKa; vX,  
Fx - CKOPOCT~  M n n c u a n b  MeTanna B c e t l e t i w  x - x. 

flprn x = I uMeeM v x  -- R y  wcos y y,  Fx = F _ ,  rne R y ,  T~ - pa- 
o n  Y 

I ~ M ~ C  BanKa M ~ e i ~ p a n b ~ b ~ f i  yron B cereHMu y - y, g7 - n n o u a n b  cerle- 

IiMH ~ P O K ~ T ~ I B ~ ~ M O ~ ~  IlOJlOCbl npM X = I o n  y .  

AJIR peanbHblx yrnoe saxea~a  BenMrMHa cos yy 6 n ~ 3 ~ a  K eAMHHUe. 

' T ~ K H M  o 6 p a 3 0 ~ ,  npn X = I o n  y ,  fl!lHHMMaR COS yy = 1 ,  M3 ypaBHeHMR 

(2.14) nonvqnnn 

O ~ ~ ~ P H ~ H O ,  'IT0 npM OTCYTCTBMM YUJMPeHMfl ypaBHeHMe H3MeHeHMR nno- 
IuafiM ceqeHnn n o n o c b l  no nnntie o q a r a  ne@op~auw~ p a e ~ o 3 ~ a r l ~ o  ypae- 
HeHMH) M3MeHeHMR BblCOTbl IlOnOCbl MnM ypaEHeHMIO AYrM 3aXBaTa.   TO 
r:npasennMeo T a K x e  M n p ~  npoKaTKe c yuMpeHMeM B TOM cnyqae, ecnw 
CqMTaTb COOTHOUleHMe M e w Y  n p o n o n b ~ o f i  M f l o n e p e q ~ o i  ~ ~ @ o ~ M ~ u H H -  

MM no A n m e  n y r M  s a x s a ~ a  ~ O C T O R H H ~ I M .  

A e i c ~ s ~ ~ e n b ~ o ,  npM c = c y  = const n n o q a n b  n o n o c b l  B cereHMM v x 
X - X MOXHO IlpenCTaBMTb K a K  

F x  = FOX + c y  ( F o  - F O X ) ,  (2.16) 

I ne F o x  - n n o q a n b  n o n o c b ~  B c e q e H w  x - x npw OTC~TCTBMM yunpe- 
)Inn; F o  - n n o u a n b  n o n o c b l  no npOKaTKM. 

~ ~ O C K O ~ ~ K Y  LpM OTCYTCTBIlM YUlMPeHMR YMeHLWeHMe flnOUaAM Cerle- 

IIMR nOnOCbl no flnMHe or lara ~ C @ O P M ~ U H H  6 b 1 n o  6b1  npOflOpUMOHanbHblM 

yMeHbLLleHHt0 ee c p e & ~ e f i  fib LUMpMHI? ;<an~6pa BhlCOTbI, ypaBHeHMe AYrM 

idxBaTa B ~ a n ~ 6 p e  C y W T 0 M  (2.1 1 )  MOXHO IlpeJlCTaBHTb B BMAe 

x Z  - F o l  + R c p 2 N p 0  y o ( l  -.d 1 - _I F o x  - 1. 
Rc P 

3 n e c b  n e n M w H a  x z / f i Z p  < 1 M, cnenosaTenbno,  c n o c ~ a ~ o r ~ o f i   TO^- 

I IOCTbtO MOXHO CqMTaTb, '4TO 

x . l =  1 - X Z .  

O~ctona c y v e T o M  (2.12) ypaBHeHMe n y r M  s a x e a ~ a  npM OTC~'CCTBMM 

~ . s e  F o  1 - n n o q a n b  c e q e t i m  n o n o c b l  nocne s b l x o n i i  ~3 BanKoB npM CI 

I:yTCTBMM YWMPeHHR. 



f l 0 c n e  IlOflCTaBHOBKM 3 ~ a r l e ~ M h  Fox M Fol B (2 .16)  M H ~ O ~ X O & M M ~ I X  
n p e o 6 p a n o s a ~ ~ A  n o n y r M M  ypasHeHMe A y r M  s a x s a ~ a  n p u  n p o K a T K e  c y w n -  
PeHMeM 

F x  = F, + (F, - Fl )(2/12). (2.18) 
K ~ K  BMAMM, y p a s H e H m  nnR ,riyrm 3 a x e a ~ a  n p ~  npoKaTKe c ~ O C T O R H -  

H ~ I M  no n n m e  o r a r a  n e @ o p ~ a u ~ n  K O ~ @ @ M U M ~ H T O M  yLuMpeHm (2.18) 
M f lpM OTCyTCTBMM YWMpeHMFI (2.1 7 )  3KBMBaneHTHbl. 

MI) ypaBHeHMfl (2.18)  npM X = / MMeeM 
o n  Y  

I:" F = F = Fl + ( F o  + F,) , y  . x -Y 

B BblTRXHblX ~anb16pax COpTOBblX M npOBOnOllHblX CTaHOB n 3 M e ~ e ~ ~ e  
nMaMeTpa BanKa B MecTe ~anb16pa cocTasnReT 06b l r~0  HecKonbKo n p o -  
UeHTOB e r o  BenMrMHbl M, Cne&OBaT€!nbHO, He BHOCR C K O ~ ~ K O - H M ~ Y ~ ~  38- 

M ~ T H O ~  n o r p e u H o c T M  B Ion y ,  n ~ a ~ e ~ p  3 B s ~ a ~ e ~ a ~ e n e  n e p e o i i  q a c ~ n  
Y  YPaBHeHMfl (2.19)  MOMHO 3aMeHMTb e r 0  CpeAHMM 3HalleHMeM. 3.~0 fl03B0- 

nMT CyUeCTBeHHO YnPOCTMTb MHTerPMPOBaHMe y p a B H e ~ M f i  (2.91, (2 .10) .  
B  TOM c n y r a e  ypasHeHMe AnR o n p e n e n e H m  nPoTnmeHHocTM ~ O H ~ I  one-  

f l p ~  p = 0 MMeeM r n a n K n e  ( ~ e ~ a n ~ 6 p o s a n ~ b l e )  BanKM. 
B n B y X B a n K 0 B b l x  KneTRX 3TOMY c n y r a t o  COOTBeTCTBYtoT n ~ 6 0  " 6 o r ~ a " ,  

n ~ 6 0  RLUM1IHble Kan l l6pb l .  B TpeXBanKOBblX - TpeyrOnbHble. 
BropoC cnyvalj. B KOOpflMHaTaX y, z o i j p a 3 y t o ~ a ~  ~ a n ~ 6 p a  npenc-rae- 

nReT co6oG nyry O K ~ ~ X H O C T M  p a w y c a  RoBp. 
Y p a s ~ e n ~ e  0 6 p a 3 y t o u e i i  o s a n b H o r o  ~anb16pa MweeT BHA - 

,qnR Kpyrnoro ~ a n ~ 6 p a  

D y =  D + 2 r K ( 1  -dl -GI, 
r K  

r A e  rK - panlrlyc KanbI6pa. 
~ P M  OnpeneneHMM KaTatoUMx nnaMeTpoB npencTasnenMe 3Ha'leHMR 

/I? B BMne (2.26) n ~ 6 0  (2.27)  ~ ~ T P ~ U H R ~ T  MHTerpMpoBaHMe M 3 ~ a r ~ -  
TeSlbHO y c n o x H R e T  BMP. KoHerHb lx  @ o p ~ y n .  O P . H ~ K O  s a ~ a r a  , 2  y n p o u a e - r -  2 

CR, eCnM flPMHRTb BO BHMMaHMe, 'IT0 BenHllMHa OTHOWeHMR Y /RoBp < 1. 
5  TOM cnyrae ,  ~ c n o n b s y ~  n p n 6 n ~ x e n ~ y t o  @ o p ~ y n y  



- Dy = + ( Y ~ / ~ ~ ~ ~ )  r 'yo - + (YE (2 .28 )  

K ~ K  n o ~ a 3 b l e a e ~  rwcnosan n p o e e p r t a  A n n  peanbHblx COOTHOW~HHA 
pa3MepOB n p o ~ a ~ b l ~ a e ~ o h  nOn0Cbl M ~ a n ~ 6 p a ,  IlOrpeluHoCTb, BHOCM- 

MaR npM  TOM B BenMrHHy Dy, He npeebl luaeT ~ o n e h  nporieH-ra. nnn K p y r -  

nblX ~ a n k 1 6 p o e  3Ta nOrpeluHOCTb H ~ C K O ~ ~ K O  6onblue,  OAHaKO O U J M ~ K ~  

B K a T a m u e M  finaMeTpe B  TOM cnyrae T a K x e  ~ e s ~ a r ~ ~ e n b ~ a .  

T ~ K M M  0 6 p a 3 0 ~ ,  ypasHeHMe o6pasytouefi K p y r n o r o  ~ a n ~ 6 p a  6 y ~ e ~ :  

-- 
D 3 g Y2 D 
L=l+J-L ( A -  1 )  ( 1  - 2 q 2  3 tg2 /3; (2 .30 )  

D 4 D~ fi D c p  D 

PeU le~He  3TOrO VPaBHeHHR OTHOCHTenbHO DK/D MOXHO nOJlVSHTb C IlOMOUbH) 
MeTOAa OOCneAOBaTeflbHblX n p u 6 n n ~ e ~ n h .  C I ~ O X H O C T ~  B b l r ~ c n e ~ c l h  KaTaloUUx A M -  
M ~ T ~ O B  c nOMOUbH) BblpaXeHHt? (2.30), (2.31) s a ~ n m r a e ~ c ~  B TOM, 970 nepen 
Ha9anOM B ~ I ~ U C ~ ~ H U ~ ?  HeH3BeCTHO COOTHOWeHHe MeXAY AUaMeTpaMH D " Dy ", 
CneAOBaTenbHO, HeH3BeCTH0, KaKOe H3 JTHX Bb lpaXe~H&? CfleAyeT H~n0nb30Ba#b B 
AaHHoM KoHKpeTHoM cnyvae. I~OBTOMY nepBoHaranbHo ~ a ~ a m u u h  AnaMeTp cne- 
AyeT PaCCrUTblBaTb C nOMOUbI0 BblPaXeHUfl (2.30).  npeABapUTenbH0 OnpeAenHB 
U3 (2.23) BenUrHHY D /D. E c n u  B pe3ynbTaTe OKaXeTCH, r T 0  ~ a h ~ e H H 0 e  3Hare- 

Y o  Hue KaTamuero  nnaMeTpa MeHblue, r e M  Dy (DK/D < Dy /Dl, TO pacreT MomHo 
CrHTaTb 3aKOHSeHHblM. B CJlVqae, IXnU D /b > D /D, PO PaCreT CneAYeT npo-  
AOnXaTb C nOMOUbt0 BblpaXeHHH (2.31) I( HCnOIlb3Yr0B KarIXTBe HaranbHOrO npU- 
6 n u m e ~ 1 . r ~  nonyreHHoe aHareHue DK/D. n o n c ~ a s u s  e r o  B nepsym VaCTb BblpameHuR 
(2.31 1 ,  H a i i n e ~  Hosoe s ~ a r e ~ u e  KaTamqero AuaMeTpa. Cnenymuee  ~ b ~ r u c n e ~ u e  
Ebl~OnHfleM, ~OACTaBilflf l B npaaym r a c i b  BHOBb H ~ & ? A ~ H H O ~  3HareHHe KaTaloUerO 
AUaMeTpa H T.A. B b l ' l H c n e H ~ ~  nPOBOAHM A0  TeX nop, noKa pa3HUUa 3 ~ a r e ~ ~ h  KaTa- 
m U e r 0  AHaMeTpa, nOJlYreHHblX npU AaHHOM H I lPWblAYUeM n p n 6 n u m e ~ u ~ x .  ~ V A ~ T  
MeHbWe n n u  p a m a  s a n a ~ ~ o u  norpeluHocTu. 

n o ~ c ~ a s n ~ ~   TO 3 ~ a r l e ~ ~ e  I On B ypasHeHMe (2 .10 )  M npoeefin MHTer- 

PMpOBBHMe, nOnyqMM: 

1 1 2  DK/D= 1 +' ( A -  1) ( 1  - -  - 1  . ( 2 . 3 2 )  
4 fi  D 

 TO BblpaXeHMe MOXHO MCnOnb3OBaTb T a K X e  finR npefiBapMTenbHblX 

pacreToB KaTamuMX AMaMeTpOB npM IlpOKaTKe B ~ a n n 6 p a x .  

nnfl nOn0C ~ p H M O ~ r O n b H O r 0  (KBaflpaTH0r0) Ce'4eHMR npM npOKaTKe 

B rnaf iwx B a n K a x  M RI,UM~IH~IX ~ a n ~ 6 p a x  

r A e  cpentiee no BblcoTe n p w p a u e H v e  UIMPMH~I n o n o c b l  3a c reT noneper~ok fie- 
C ~ O P M ~ ~ M H  MOXHO npeACTaBMTb KBK 

ab = AFY/h = boAh cy/h 1. 

O T C ~ ~ A ~  BblpaXeHMe AnR KaTatOUerO AMaMeTpa 6y f ie~  MMeTb ~ J l e f i ~ t O ~ M h  

BMA: 

D~ - A h  ( 1  - c ) 
- -  1 + (1 - l J A h / / 2 ~ )  ', ( 2 . 3 3 )  
D 4h1 ( 1  + A h c  Y /hl) f i  

n e r K 0  IlpOBepMTb, r T 0  AaHHOe HblpaXeHMe MOXeT 6 b l ~ b  llOny'4eHO CO- 

BMeCTHblM PelueHMeM YpaBHeHMR C.3Kenyl i f ia  AnR IlpOTRXeHHOCTM 30Hbl  

onpexeHMR M a o p ~ y n b ~  n p e 3 n e ~ a  firm o n e p e x e ~ ~ ~  (2 .20 ) .  



B b l l l ~ ~ n e ~ n R  KaTatOuMX &HJMeTpOB BblnOnHRKlTCR B ~ n k f l ~ ~ ) L U e f i  nOCneflOBaTl?nb- 
HOCTH. nepeonaranbno pacreT n p o n 3 e o n n ~ c ~  c noMoubm sblpamennR (2.341, (2.36). 
3aTeM AenaeTcR cpasnenue sbtrucneHnoro 3 t i a r m n ~  D c sennrntroii n n a ~ e ~ p a  Dyo, 
npeAsapuTenbno naRnetinoR na eb~paxennR (2.281, 72.26). B cnyrae, ecnn DK G 
i Dy,, pacreT crnTaeTcn ~ ~ K O H ~ W I ~ ~ ~ I M ,  ecnn me DK > Dye, Ann ~anbneRwnx pac- 
reTos ncnonb3ym~c~ ypasnenun (2.35). (2.37) n sblqncnennn nposonRTcR c no- 
M O ~ L ~  Mmona flOCn2AOBaTenbHblX npu6nuxebruA. 8 KauecTse naranbnoro npw6nu- 
xetiun ncnonb3ye~c~ 3nsre~ue DK, traRnennoe panee u3 (2.34) nn60 (2.36). flon- 
cTasnnn 3To 3narenue D~ (D(KO) ) s npasym r s  ypasnenui (2.351, (2.37). na- 
XOAHM nosoe 3narenne ~ a ~ a m u e r o  n u a ~ e ~ p a  D B ~ a r e c ~ s e  cnenymuero npu- 

6nnmetin~ ucnonb3ye~cn sennrnna DK, pasnan D(:) = I / ,  (D(!) + D(!!~). n p u  cne- 
~ y m u e i  onepauun sblrucnennn E KarecTse nocnenymuero npn6nume~nn UCnOnb- 

B b ~ r u c n e ~ n n  nomopnew &o Tex nop, noKa 3narenun KaTamuero 4ua~eTpa nsyx 
COCeAHUx npn6nnmenuR He 6y&yr AOCTaTOrtiO 6 n n 3 ~ u  Gpyr ApyrV. 

JJJIFI y n p o q e H m  ~ b ~ r n c n e ~ n k  K a T a m q e r o  AMaMeTpa B cnyrae ,  ecnM 
e r o  senMrMna, ~ a k n e n ~ a ~  ~3 ~ b ~ p a m e t i n i i  (2.301, (2.34) M n M  (2.361, 
OKaXeTCfl 6 0 n b u e  AMaMeTpa BanKa B TOqKe C KOOPAMHaTaMM Yo, ZO, T.e. 
npM DJO) > Dy,, MOXHO nOnb30BaTbCfl KPMBLIMW, npenCTaBneHHblMM Ha 
PMC. 10 M 11. B  TOM c n y r a e  BenMrMHy K a T a m q e r o  nMaMeTpa o n p e n e n a e M  
M3 BblDaX€!HMR 

3~?3'4elikle K O ~ @ @ M ~ M ~ H T ~  6 B 38BMCklMOCTM OT BenMYMHbl OTHOUleHMR 
0'" - D/ (0, - D) n + O P M ~ ~  ~ ~ a n u f i p a  i i a x o n ~ ~  ~3 ~ ~ ~ Q M K o B ,  n p u -  
BefleHHblX Ha p k c .  10, 1 f .  

3nare~1.1~ KoopnnHaT yo, zo T O ~ K M  nepeceqeHuR K O H T ~ P O B  Aat IHoro  
M n p e A b l n y q e r 0  ~ a n n 6 p o s  n p ~  Hano>lteHMM M X  n p y r  Ha n p y r a  B n n o c -  
KOCTM BblXOAa M3 BanKOB HBXOAMM COBWleCTHblM PellleHMeM ~ P ~ B H ~ H M ~  

0 6 p a 3 y m q ~ x  ' ~ a n ~ 6 p o s .  



Pnc. 13. K pacveTy KooPAHHaT yo, zo Ann ~ a n ~ 6 p o s  cucTeMbl osan - Ksanpal 

Cwcre~a  oean - ~ p y z  (puc. 14) 
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yo; = AD tg  30' = (OD - O A )  t g  30' = ' (d;- - - d l ) ;  
J3 2 

- 1 - di . Z o i  - (2.53) 

f lpM IlPOKaTKe no CXeMe TPeYrOnbHHK - KPYr (PHC. 18) KOOP&l- 

H a m  TO'IKH nepeceqeHMn 06pasytouek naHHoro K p y r n o r o  ~ a n ~ 6 p a  c 
0 6 p a s y t o u e i  npenb lnyue ro  TpeyronbHoro ~anbi6pa tiaxonMM cnenyto- 
~ M M  0 6 p a 3 0 ~ :  

ypaeHeHMe o6pa3ytoueh (i + I )  -ro K p y r n o r o  ~ a n ~ 6 p a  - 
2 .  y2 + z2 = r i + l ,  

ypaeHeHMe 06pasytouef i  n p e n b l n y q e r o  ~ p e y r o n b t i o r o  ~ a n ~ 6 p a  -. 

z =  d i - y f i  

Peluafl 3TM ypaBHeHMfl COBMeCTHO, H ~ A A ~ M  

3. PACClET CKOPOCTEU BPAl4EHHR BAJlKOB HEnPEPblBHOrO CTAHA 

K ~ K  yme oTMeranocb B n p e n b ~ n y u e i  rnase, Ann  HenpepbleHblx m a -  
l'OH C MHflMBMAYanbHblM nPMBOAOM K n e ~ e h  ti Ka'leCTBe Mepbl n e @ ~ -  
LAdUHM B ~ a n ~ 6 p e  0 6 b l q ~ 0  npMHMMaeTCfl BenMrMHa BbITflXKM. B 3TOM 

nyrae onpenenetine c ~ o p o c ~ e h  BpaueHMfl BanKoe B KneTnx cTaHa RB- 

lIFie7Cfl 3aKnIO'IMTenbHblM 3TanOM PaClleTa K ~ ~ H ~ ~ O B K M  M BblnOnHReTCR 

Ildcne TOTO, KaK t i a h f l e ~ b l  pa3Mepbl ~ a n ~ 6 p o e .  
P a c v e ~  C K O ~ O C T ~ ~ ~  BpaueHMn BanKoB BblnonHReTcn nocnenoeaTenb- 

I ~ O ,  Hawwan c n o c n e n ~ e h  K n e w  cTatia, C K O P ~ C T ~  BbIxona nonocbl 143 KO- 

I opo i  npennonaraercn M ~ B ~ C T H O ~ .  

CKOPOCT~ BpaueHMn BanKoB n o c n e n ~ e i  K n e w  onpenenneTcn no @op- 
n~. jne 

nn = 60 v n /  (IT DK n ) ,  (2.56) 

npM sb160pe peXMM0B 0 6 m a ~ ~ h  nnfl HenpepblBHblX CTaHOB C 0 6 l l . l ~ ~  
IIO:IBO~OM B KaqecTBe Mepbl ne@op~auwn B ~ a n ~ 6 p a x  yno6~ee npMHM- 

~ ~ r b  tie B ~ I T F I X K ~ ,  a BenMrMHy CooTHoweHm C K O P O C T ~ ~  BpaueHMfl Ban- 

I tOR COCeflHMX K n e ~ e h  HnM, MHalle, K M H ~ M ~ T M ~ ~ ~ C K H ~  K O ~ @ @ M U W ~ H T  CKO- 

OIKTM. B~ITRXKM B Knemx,  a cnenoeaTenbHo M nnouanw noneperHoro 

I IWHMR n p o ~ a ~ b ~ e a e ~ o k  nonocbl, onpenenRtoTcfl B  TOM cnyrae no n p ~ -  
\lnlTblM 3Ha'IeHl3flM KMHeMaTMW?CKMX K O ~ @ @ M U M ~ H T O B  CKOPOCTM. 

kia oCHOBaHMM 3aKOHa nCCT0flHCTBa CeKYHnHblX 0 6 b e ~ o ~  MeTanna 

( 1 0  KneTflM npM ~ e n p e p b l ~ t i o h  npOKaTKf2 IlnOUaflb MeTanna B i  TO^ KneTM 

R ~ I  rteT 6blTb BblpaXeHa CneAYtoUMM o 6 p a 3 0 ~ :  

I\ ' ;  Fi  + I ,  qi + 1  - nflouanb MeTanna M K M H ~ M ~ T M ' I ~ c K M ~  K O ~ @ @ M L W I ~ H T  

( K O ~ ~ C T M  BanKoB B (i + 1) -ii KneTM, qi , , = n,. + l / n i .  
Nk l~ f lmKa  B ( i  + 1 )  -h KneTM 
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-ad1 a tc~~aha3 o~o~q~ro~A~13arn 14 o~ou,Adn wonolo.jec tixlenodu 
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-queao M xenuea x~nUeu~ R ttw~aha3 o.~oli.lAd:i icosolo.!e& e~lenodu 
:xcdgk~lre-zi XlSt-ilL!t?UC) l,1 !:14:43:3hblglhi~d '~19~ 

-hMmtl 'XPYUPS XM)IU~IIJ Cl EMli;jha3 ~.:i!~led'J~t:~ X)iOHOLOJI?E E>~~P)!o~u 
:xedn~uen XISH~L~~~( M 

XPYUPB ~Mntt~U.1 a til.lliahaD c~JoHsL~o.~~(!;N~!c~ XC>SO.iOJEC en~e>~od:: 
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.ttb:~advllinA uwau 

-aWaduo ttuU yawovr~n3~see ~~~3~hMdVli.11~~ %r/llnw,~?111i,1aa1.30fi vl>iloged 

09 

-eed ttuU yoao~3o OUMMAU~OU M anlgnodu ~du ~~hewdo@aU y0Hhadau 
-0U AHM~MU~~ BH aadolne@ XI~H~MUE~~ MMHBMUB 0 91LIUh3 OUMUOaEOU 
XI~HH~U xiq~quel~aw~dau3n aMHauuoneH ao~~aual30~ .U.l M aodguuen 
rsdaweed M ewdoct, 't4MleiK90 eHMhMUaa 'M)IaOlOJBE tiMHaha3 0JOHhada~ 
-ou ewdo@ M lqdawsed >ley 'aodolxe@ xmel ya~hewdo@aU y0Hhadau 
-ou M ~OH~UO~O~U Atmauu anHarnoHloo3 eH aMHttMua M xedg~uen xlqa 
-onueaxadl M x~qaonueaxAaU a anlenodu M~U euuelaw MMhewdo@aii 
M130HHag030 q3kl~ehhsM XM amahodu a 'M~~OWMUOX~O~H L~oH~~~>~Hox 

XMH a t(MHaaOHYMC(E0a adaw OU laU XM)I'lUO>l3aH aMHahal 8 MX3ahMUO 
-ndau 93~u~Uoaod~ M 'arnewlawMMHg oa o~owaea~qlegedeed 'trMHeaou 
-Ad090 OJOH~~>~O~U OJOaOH OIHHa0830 M an Ueue~ 'fn~~eaod~lnaodu 

'A1 'UJ a OHaXOUEM YalaUX V40UoaMdU WMmgO 3 &?He13 OJOHalqd 
-ad~a~ sowuea MxaodgMuen elah3ed Xtt130HHa9030 90 aaH90dU0~ 
'eH13aREM (' j) BU.M@O~U OJ08013Mh qUehoUu Olh 'u3lae~euouUad~ 

bjod010~ trUu 'Mlalr~ yoaol3~hUadu 3 BeHMhPH 't(31attua13ahA30 
euuelaw yauemouu lah3ed ~~M~arn~ucj~du x~q~qualeao~amou euolaw asmow 
-ou 3 oHaWyeH 91199 laxow yM~a~aedA 1qwal3~3 awarnad .wttlaun ou 
PULWlaW aOWa%gO XI'~HUHA>~~~ OSl3HttOl30u auholerned~qa 'ttMHaHaedA 
aXXPl e 'tt~~adMmA a01HaMhM@@€O~ M aodg~uen aodaweed tt~~auauad 
-UO HUU ttM~aH~edA 'aodlawe~u xMhoielen ttUU tc~~a~aedh tcga3 0 ~lAh 
-01C)hOIUNa 'PHel3 Majalr>l Xa38 ttUu X19HHaUSe1303 'yMHaHaedh Awal3~3 
ql~rnad owMUOXgOaH wotfoaMdu w~hgo 3 e~e13 OJOH~IS~~~U~H wt(laun 
ou )~axtt.~~qa M euuelaw t1~~aha3 MUP~OUU ttn~auaUaduo ttuu 'wosedgo 
wM>lel ( d3a) elnelclon 19~0s a~~dclrn ya~Uad3 yamolAal3~aaloo3 'an 
-ho1 a M edg~uen a~~rndaa a enuea 1qdlawe~U 'wonuea 3 euuelaw elnel 
-HOX 19~0~ PHM~H~ M BHMUU aU3Mh wOl a 'aodg~uen 14~~d0@ M aodaweed 
10 1~3naes xtqdolon ekiMhvuaa 'isdlawedeu au~AdU axnel e 'xttlaun n 



-on0 xedAledauwa1 ndu e~~lenodu aohsedgo 913eh 'OJOI awody '30081, 
-0001 ndu eoheedgo 009 amlqa3 o~elenodu oulqg o~a3g '~13 M st 

'32 muel3 EM ww M gz '02 '91 w0dlaweMU amxel e 'ELXE M EL~T 
Muel? EM ww 21 M 11 wodlavue~tt trvl~aha3 OJou~Adn M &LO ~uen3 EM g~ jc 

x 09 '91 x 52 'cj~ y 91 -- (Oq x 04) OJOH~UOJAOWU~U '~13 M 5.p Mue..' 
EH WW 82 M 'OZ 'Cjl '91 '21 ~0~0d013 03 3MHaha3 oJo~~edUeaz! Icihci~, 

-awed 'ede~dalew o~o~uaealqlenodu eUMa 'aohsedgo xlqvuaea~qlewod~~ 
H aonuea ~130~xdaaou 191013Mh '~nlexadu lqdAledauwal 'wouuelaw 
XM tcMHaHuoues ~~iaual3 M aodgnuen 1qwdoCt) 'ao>luea edlawenti 'tc~lew 
-go IqHMhMuas 'aohsedgo tcMHaha3 lqwdoCt) M oodawsed ~~hewdoCt)aU ~oci 
-hada~~~ AHM~MU;:~ eH MMHYMUB ~MH~~AEM - tcMHeaOuaU33!4 quah .WW 0E 
- OCjv aohsedgo ~HMUU 'tcMHMWMUL! M MV3W 'MUe13 ~O>lLj0130~~0~&0ddo~ 
yol3nwodx M 1.j013~11dda~J1f EM tcMHaha3 0~0ti~Adn M OJOH~UOJAOWH~L~ 
'0~0hledUPa~ aaheadgo dnlenodu ~du ~u~Uoaodu n~~paoUau33~ 

'tcnlemgo wa~~arnq~awA 3 ialsed oti~mg en5;Mmo ~ah~dii 
'aaad~e~ wdu A~~uexo a euuelaw qda~o~r 12hA rllqw~ttoxgca~ H31MBq;t 

-el3 ~HM~M~U am YOl€ OU % 01 amqHaW MMleXgO MdU '0~01 awody '"r 

tc~~ad~nh t?l~aMhMCt)Ct)€O>l YMHahPHE XISHSU~~H~WY~~U~~€ MMHallaU7dl~0 
M~U exgumo lael3edsoa onead OJah alelquAsad a 'elruelam Mtfemo!iu 
anlenodu M~U yOHhamaW3 FOHMhMLlaa 3 ~~OWM~~WEMO~ t.31MHOH?13 I J 

tc~~adaws~ q130~madJ0~ xkcMlemgo xnrnwaw   id^ '% 01 laeni~qaad~l 
MnaoloJeE a1031qa 3u anlemgr; 3~u3a 'aehAlr3 a unqunl tc3qlesossuou 
OHXOW MWM olh 'laealqsenou aoheedgo XlqHHele>lOd~ trw~aha3 ntfeln 
-0UU ticlHada~&M 809030U3 XM090 ML~OHIT~~~JOU EOHXOWEOB EMUBHV 

.aaueW Xlqtl~aUaaMdd 'YMH 

-axedl~a x~h1aAal3laaloC)3 EM nutcuaUad~o IC j Mwemouu HMHaneHE 

10,- O, 
zfv --- - - A3 

10, -1, Adv 
: wosedgo WMhlOIhUau3 MUHHUOU198 tcn~adMmA elHaMhMCt)@€0>1 YVHah 

-pH& XIIHlI~LIO lah3ed HMH~~M~A elHa~hVlCt)Cb€~>l MShlOWOLI 3 93elreS 
-MHahO 'sodg~uen MM~~?~AJMC~)HON M tcMHaha3 OJOH~~~~UOU lq~d0Ct) 'sod 
-awed xvc lo own3naeeaH aohsedgo ~nhewdoCt)aU YOH~~~~UOU tcuov 

.tc~~adnrnA elHa 
-kIhMCt)Ct)€0~ YHHahEHE XISHSU~~H~WM~~U~~€ alah3UOU M~u wtcl3o~madi 
-011 WMmqU09 n OUMUOBM~U HMUU aMHamOHl0 &adah ~xlenodu au3oLI eh 
-sedgo tc~tiaha3 MUemouu aM~auaUadu0 '~>luoaodu YoHVoaa EM oJa aUox 
-19s H~U ehsedgo eh~on oJa~Ues tc~~ea~uea~~ aMal3Uau3a 'xtcehAu3 xnw 

-9~~130 Xa3a 08 .xedgasuen s n nel 'xenuee xnnWeuJ a Hen 'anlenodu 
bld~ 91308Hh*13A ~LHHR~XO~ X19H9030U3 'L(H~aha3 OJOUJA~X B0h~~dQ0 
uuU qlu~awwdu ocqmonnadaeA 3 OHmow 1 j elah3ed 9030~3 IjOMel 'H13 
-0H13eh 8 -nnUOaOdu IjOHUOBR EM ehHOn OJOHUBE OJa eUOXl4B aU3OU 44 

aU3Mh W31 El 'en3Auod~ O~a38 aMHahal Xenuea H aMHBW(0UOU aOBHhbjO1 
-3A lau~edxo3 hasedgo Mu3a 'aehAs3 wol a onquol rqleiquAcad alqnmaU 
-pH OHh0lel30~ laeU Anmtcl~qa &adah ~nlenodu aU30U ehcedgo tcMHaha3 
o~o~hadauou Hnemouu tlLIHa~aUad~0 goaou3 '1q11quo nuesenou ney 

'~nlenodu au3ou M 

OU M~!2)13Md hU~t(a~ t(M~tc0133~d e 'ehsedgo AHMUU aH MU~WMHM~U I/ '01 

aswahen a 'vuosedgo IluMnel 'aohHon oJa 10 WW 09 - gp MMHtr0133ed 
eH ehsedgo ~l3o~xdaaou eH MWlqHHa3aHeH '~wen3~d AUmaw trMHtrOl3 
-3ed W~MH~HMK~~ MUeaMHahO ~XMtc11'3~ 'el>laf$Ct)€ OJO~ahHO>l aMHtcMUa 
WMhMUN3M 19901h ' (0 //I /)0 j = 1 j Axmtcllqa &adah q3eutcuaUaduo MY 

-1enodu au3ou trM~aha3 OJOH~~~~UOU sUetnOUU aohsedgo M13eh tcw 
.yM~adaw&M xadl XMlC ~~>13ahMla~Ct)Mdea~ 

-Wad3 aao~30 eH ~uea1ql~h3Uou (1 j 'Oj) ~nlenodu auz~ou M 0U aohsedgo 1 
kjMHaha3 MUemOUU 'UOhHOX lo WW OE; -- gb eH X~hltr01310 'Xe~hOl 8 M 

ehsedgo a~MUada3 a 'o~Haw~ e 'ehsedgo anMuu ou xe~aw xadl a adAl 
-edauwal yokrleHwon M~U ~~~>ldbIhIiaJ~elm oiqh-~owou 3 w~utcdaws~ 
aohsedgo ~lq~~eleM0dLI M XISH~~OX~M YMHaha3 xlqHhada~0~ lqdawced 

.notfoaodu XI~HUO~~ Mnao~el3A M130HqUal 
-em1 q3outrlrattA xellquo a aMHeWMHE a09030 Aw~~E~u 'anlenodu M~U ad 
-9MUeY H 1930UOU ~130~~1h~013/1 M tcMHa)f(OUOU M~~OH~UMB~~U 10 lH3MB 

-E!& HHaUal3 bJOHqUalMheH6 8 a~tiadurnA OU alqHHet/ alq~su~l~awMdau3n€ 
~~~HHs~~uOU Olh 'oH~uBoH~?~~A 011199 yMHeaOuaU33M' eUeheH OJOWB3 3 

.Adeuowda~ OlA~l>lelHO>l ML~~~H~WM~U aoheedgo XlqEaMHMW 
-sue 1qdAledauwa1 tc~~adaw~ll truU :edlawod~u OJO>l3ahMlUO OlqhlOW 

-ou 3 ~utcda~ws aohsedgo x~q~Uaw M x1q~que13 AdAledauwal 'yonlen 
-odu Wadau o~~aol3Uad30~1akr ~utrdawe~ AdAledauwal aohsedgo ~neh e~ 
truodl~on tla .trvuada ~OHH~~~Y\LEM es ehsedgo 1qdA1edauwal tcMHaUeU 
IjoHwhMuaa H eaad~e~ EodAledauwal Amaw ql30H~ed Yen 93eutruaUad 
-uO ~nlenodu edA~edauvual Mhau a adAledauwal ~0~13aas~ M~U   wen 
-uea oJa eleaxes 07 llhau EM ehsedgo tcMtiahaunsM elHawow 10 tcwada 
~utrdaws~ edawoU~b~a3 crqtr~owou 3 aohsedgo x~qwaea~qlenodu xa3a 
tcuU aollquo vlMHaUaaodU M~U warnya~queu a 'ehsedgo 1~~aha3 MUem 
-OUU 10 H~~OWM~MB~F a HMW E - 1 amaha1 a 3 01 - alqUmen sadah 
nh8u EH eheedgo tcwjahaufIsM a1130u ax Aseds ~utrdawes AdAledauwal 
-Hnewade A~LIHMU~ R axAZson eti ehsedgo o~olad~en 1qdAledauwa1 anHaUeu 
smuuuauaduo ~qde'lo~~dal ~OHLX~IHOX MUM edlawod~u o~on3ah~1uo 
~O~Ou 3 edamted oJotf?wn xeheedgo xadl-xAaU OH~I~I)O 'x~nquon3 
-aH en aolnaw~daunnc wa~~aUaaodu Uadau 'o~qual~deaUadu ttnHaUmeu 

1 -xo x~qa~dn tcw~aod~3ou tcuu .tcM~aUmeuxo w~qa~dn w~q~hoaod~del ou 
q3eutruaUaduo mlenodu edhledauwal -sohizedgo ~ltru - xadl aauog aH 

i 



pH=. 19. k p ~ a  n  pasMephl ~ a n ~ 6 p o s  npM H C C F I O A O ~ ; ~ H M M  YWb1<:CHUR: 

P O M ~ U Y ~ C K H ~  K1 K 2  H L i i ~ . ' ~ ~ b i i  K1 K2 K3 
~ a n w 6 p  ~ a n b i 6 p  
h ,MM . . . . . . . .  6.8 8.4 h ,IUM . . . . . . . . .  18 13 13 

P  P  
b p ,  M M  . . . . . . . .  36.0 34.0 b K ,  M M  . . . . . . . .  26 26 26 
P, r p a n  . . . . . . . .  21 28 \o, r p d n .  . . . . . . . .  30 25 12 
r M M . .  . . . . . .  3 5 r , ,  M M .  . . . . . . .  4 3 2 

Pwc. 20. Oop:,:a cl pa3rdepbi octarlhHbcx 
~ a n n t i o o i ~  npM M C C : I ~ ~ ~ R . ~ H L : M  ~ I I I U ~ E -  

HUB, h l M :  

K a n w f j p . .  .K1 K 2  K 3  K4 K5 KG 1<7 K8 

R 0 5 p '  ' ..io,o 15.5 19.0 20.0 20,o 2 2 . 0  30,o 40.0 

h p  . . . . . . .  2.5 2,5 4.0 2,s 5.3 9 4.5 7,5 
b p  . . . . . . .  13,2 16.9 23.3 19.4 27.1 27,7 31.6 46.6 

510 900°c, r T 0  COOTBeTCTBy.21 HMXdeM!/ 3Haqf?HMh) TeMnepaTyl)HOl-0 MH- 

Tepeana r o p ~ r e i  npoKaTKM c-rancl. 

,&lH M3Y'leHMH BnMRHMR Ka'leCTBa nOl3ePYHOCTM r Ip0KaT~:BaeMblX 06- 
p a 3 u o e  Ha BenMrMtiy noneper~oE ~ e @ o p ~ a u ~ ~  r a c r s  06pa3gos  KsanpaT-  

HOrO Ce'leHMR CO CTOPOHaMM 16, 20 M 25 Mrvl MMenM U J ~ ! M & O B ~ H H ~ I ~  no- 
BepXHOCTb. K p o ~ e  TOrO, raCTb KOilflpaTHb!X ~ 6 p i 1 3 ~ 0 9  CO C T O ~ O H O ~ ~  

25 MM 6 b l n a  npoKaTat ia nocne nontioro yaanekinn c MX rlOBL!pXHOCTM 

cnoR n e r ~ o i  oKanMHbl, 0 6 p a 3 o ~ a o u ~ e f i c ~  npM Harpese .  

~ P O K ~ T K ~  ~ e d u  u anwMutiua. i l l c c r i e ~ o s a ~ ~ n  a e @ o p r v l a u ~ n  ~ iposo -  
AMnM npM npOKaTKe B TnaAKMX vl OBaJlbiiblX ~ a n L I 6 p a x  0 f i p a 3 ~ 0 B  K p y r -  

nor0 CeVeHMR AMaMeTpOM 10, 12, 16, 20, 25, 30 M 40 M M  M 3  ME!nM M ?  
M M2 M AMaMeTpOM 10, 18 M 20 M M  M3 ank>F.hMtIMR MapOK A7E M ,441. 
~ P O K ~ T K ~  MeAHblX 0 6 p a 3 u o ~  OcyUeCTBnFlnaCb D f l ~ a n a 3 o ~ e  OT 600 A 0  

850°c, aSltOMMHMeBblX 06pa3uoe - oT 350 A 0  5 0 0 ~ ~ .  Bcero 6 b l n o  npo- 
KaTaHo 6onee 300 06pa3uos .  

d 3aBMCMMOCTM OT &OPM~I  I l O n e p e ~ H O r O  CWeHMR 3arOTOBKM M Ka-  

, l v 6 p a  s ~ a r e ~ ~ ~  nnouam F o  noAcrMTbleann 143 CneAytOlqHx B b l p a x e ~ M i * .  

~ P O K ~ T K ~  o 6 p a 3 u o ~  KBaApaTHOrO M npRMOyrOnbHOr0 CereHMH: 

rnaAKMx B a n K a x  M R ~ M ' I H ~ I X  ~ a n ~ 6 p a x  F o l  = h 1bo, r A e  h 1 - ~ b l -  

1 i T a  o6pa3ua nocne npOKaTKM; bo - WMPMHa 06pa3ua A 0  nPOKaTKM. 

~ ~ P O K ~ T K ~  o 6 p a 3 u o ~  KBaApaTHOrO CereHMR : 
B P O M ~ H ~ ~ C K I I X  ~ a n ~ 6 p a x  

I fie h K O  - AMarOHanb MCXOAHOrO KBaApaTa; h K  1, f ' l ,  0 - BblCOTa, pa- 

i ~ y c  3 a ~ p y r n e ~ ~ ~  M yron HaKnOHa 06pa3ymlqeA p o ~ 6 ~ r e c ~ o r o  ~ a n ~ 6 p a ;  
B OBanbHblX ~ann6pax 

- h o (2u06, - h ,) ,  

r n e  R - paAMyc 0 6 p a 3 y m q e A  o e a n b H o r o  ~ a n ~ 6 p a ;  l? - cTopoHa 
0 6 ~  

r:rxOAHOro KBaApaTa; h 1 - B ~ I C O T ~  o6pa3ua IlOCne npOKaTKM. 

n p o ~ a ~ ~ a  0 6 p a 3 u o s  K p y r n o r o  c e q e H m  : 

me do - AMaMeTp o6pa3ua A 0  npOKaTKM; d l  - BblCOTa o6pa3ua nocne 
npOKaTKM; 



PHC. 21. YLUUpeHne KpYra AnaMeTpCM 10 MM (h4eAb M I ,  M2) flpH 730 - 7 6 0 ' ~  B 
rnaAKUX BanKaX AHaMeTpOM, MM: 

1 - 180: 2 -- 240; 3 - 350 

PHC. 22. YLfinpe~ue Kpyra AnaMeTpcM 16 MM (c~anb 03) npn 1100 - 1 1 5 0 ~ ~  B rnag- 
I<UX BanKaX AUaMeTpOM 240 MM (1)  n350  MM (2)  

KaTKe B TJlaAKHX BanKaX. T ~ K ,  HanpMWep, npM npOKaTKe K p y r a  EMa- 

MeTPOM 10 M M  M3 MeAM M1 B rn i lAKMX BanKaX AMaMeTpQM 350 M M  

(PMC. 21) A o n n  noneper~oh ~ e @ o p ~ a u ~ ~  AocTMraer 74 % 0.1 cMeLueH- 

rioro 0 6 a e ~ a .  T.e. B 2,7 pasa npesbl tuaeT 0 6 a e ~  MeTanna, nepehneuaewo- 

ro  B npoAonbHoM HanpasneHMM. 

2. C yeenMreHMeM AMaMeTpa npoKaTHblx  B a n K o e  A o n n  nonepe.r~oi 
~ e @ o p ~ a u ~ ~  npM npoKaTKe ~ o s p a c ~ a e ~ .  T ~ K ,  npM npoKaTKe K p y r a  Ana- 

MeTPOM 16 M M  M3 CTanM C T ~  B rJlaAKMX BaflKaX AMaMeTpOM 240 M M  

MaKCHMaflbkiaFI BenMrMHa K O ~ @ @ H ~ M ~ H T ~  YlUMPeHMR COCTaBMJla 0,58 ( ~ M c .  

22). B TO BpeMR KaK B BaJlKaX AMaMeTpOM 350 M M  npM TeX X e  yCnO-, 

BMRX npOKaTKM - 0,65. n p M  npOKaTKe MeAHbIX 0 6 p a 3 u o ~  AMaMeTpOM 

10 MM yeenMreHMe AMaMeTpa B a n K o e  co 180 AO 350 M ~ I  (CM. PKC. 21) 
npmeno K yeenMreHMm K O ~ @ @ M U M ~ H T ~  YwMpeHMn B 1,2 pasa (c O,60 
no 0.74). 

A ~ a n m  IlOnylreHHblX BKCIlepMMeHTaJlbHblX AdHHblX OTHOCMTeJlbHO BnM- 

RHHR BblCOTbl M C X O A H O ~  3arOTOBKM ( h o  MnM d o )  M AMaMeTpa IlpOKaT- 

HblX BaflKOB nOKa3blBaeT, qTO B O ~ A ~ ~ C T B M ~  3TMX @~KTOPOB Ha ReJlM'IM- 

HY noneper~oi ~ e @ o p ~ a u ~ ~  MMeeT n p o ~ ~ ~ o n o n o x ~ b ~ h  xapaKTep, OA- 

HaKO B KOJlM'4eCTBeHHOM OTHOUleHMM OH0 IlpMMepHO OaHO M TO Xe. Apy- 
r n M n  CnoBaMM, npMpaueHMe n o n e p e r l ~ o i  ~ e @ o p ~ a u ~ ~  npkl  yeenMreHMM 

BHaMeTpa BaJlKOB n p M 6 n M 3 M ~ e n b ~ o  PaBHO YMeHbLLIeHMK) ee npM TaKOM 

Xe OTHOCMTeJlbHOM yBeJlMlreHMM BblCOTbl H C X O A H O ~  3arOTOBKM. HanpM- 

Mep, K a K  BMAHO ~3 PMC. 22, yeenMqeHMe AMaMeTpa B a n K o s  c 240 no 
350 MM, T.e. B 1.45 pa3a, npMBeJl0 K B03PaCTaHMK) M ~ K C H M ~ ~ ~ H O ~  BenM- 

'4MHbl K O ~ @ @ H ~ M ~ H T ~  YUlMPeHMFI Cy npM npOKaTKe K p y r a  AMaMeTpOM 

16 M M  M3 CTaJlM 45 M C T 3  C 0,58 a0 0.65, T.e. n p M 6 n M 3 M ~ e n b ~ 0  Ha 12 %, 
a npM IlpMMepHO TaKOM YBenM'4eHMM AMaMeTpa MCXOAHO~ 3arOTOBKM (C 

16 A 0  25 MM) MaKCMMaJlbHaR BenMqMHa K O ~ @ @ H ~ M ~ H T ~  C YMeHbLIM- 
Y 

naCb C 0.58 (KPHB~FI 7, PMC. 22). a0 0,50 (KPHB~FI 7, PMC. 381, T.e. Ha 

XapaKTepH3ytOLUerO CyMMapHOe B O ~ A ~ ~ C T B M ~  YK058HHblX ABYX @ ~ K T O -  

pos Ha BenMrMHy noneper~oi  ~ e @ o p ~ a u ~ ~  npM npoKaTKe, MOXHO pac- 
CMaTPHBaTb OTHOWeHMe D/h 0, n ~ 6 o  AJlR 3arOTOBOK KpyrJlOrO CereHMfl, 

D /do .  

3. C p a s ~ e ~ ~ e  p e 3 y n b ~ a ~ o e  n p o K a T K a  B rnaAKMx BanKax 0 6 p a a q o s  

c p a 3 n ~ r ~ o i  a o p ~ o h  n o n e p e r H o r o  cereHMa n o ~ a 3 b l e a e ~ ,  r T o  norm no- 
nepe'4~0i & ~ @ O ~ M ~ U M M  o 6 p a 3 u o s  KBaApaTHOrO CereHMfl 3aMeTHO MeHb- 

we, r e M  06pasqos K p y r n o r o  ceretiwn. T ~ K ,  ~3 PMC. 23, 24 BMAHO,  TO 

MaKCMManbHOe 3HalleHMe K O ~ @ @ M ~ M ~ H T ~  YLUMPeHMFI npM IlpOKaTKe KBaA- 

paTa 20 ~3 cTanM C T ~  cocTaenneT 0,42, a A n n  K p y r a  AMaMeTpoM 20 MM 

B Tex x e  YCnOBMRX 3 ~ a  BenMrMHa paeHa 0.55. AOJIH noneper~oh necbop- 
MaUMM npM npOKaTKe npUMOyl.OJlbHblX 0 6 p a 3 u o ~  npM npOrMX PaBHblX 

ycnoemx onpeAenReTcn CooTHotueHMeM W M P M H ~ I  M B ~ I C O T ~ I  ( b o / h  0 )  

MCXQAHOrO I ~ ~ F I M o \ ~ ~ ' o ~ ~ H o ~ o  C2rlBHMFI: 'IeM 6 o n b t u e  OTHOUleHMe bo/h 0, 

TeM MeHbll le AOnR noneper~ok f i e @ o p ~ a u M M .  T ~ K ,  CpaBHMBafl BeJlHrHHy 

YUlHpeHMR npM n p o K a r K e  KBaapaTOB 16 X 16 M M  M 25 X 25 M M  H 06- 
pasuo~ n p u M o y r o n b H o r o  cereHMa p a 3 ~ e p o ~  (ho X bo) 16 X 25 MM n 
25 X 16 MM (PMC. 25, 26), BMAMM,  TO yeenMreHMe W M P M H ~ I  MCXOBHO~ 

32rOTOBKV C 16 a0 25 MM r1J)MBOaIiT K yMeHbUeHMK) AOnM n o n e p e r l ~ o i c  

~ e @ o p ~ a u ~ ~  c 0,45 no 0,31, r.e. npclMepHo s 1,5 paaa, a y M e H b u e H m  

UJMPMHbl C 25 M M  A 0  16 M M  -- K YBenM'4eHMK) AOnM noneper~oh &e@Op- 

PHC. 24. Ywupenne ~ a r o ~ o s o ~  Kpyrnoro ceqeiiun (c~anb m3, c~2nb 45) rnamnx 
BaflKaX ( D =  240 MM) IlpU 1100 - 1 1 5 0 ~ ~ .  AUaMeTwM, MM: 

1 -  1 6 ~ ~ ;  2 - 2 0 ~ ~ ;  3 - ~ O M M  , 



PHC. 25. Y L ~ H ~ ~ H H ~  3arOTOBOK KBaAPaTHOrO H IlPRMOYrOnbHOrO CWeHnfl ( ~ ~ a n b  C T ~ )  
B rnanltnx sanKax (D= 240 MM) npn 1 100 - 1 1 5 0 ~ ~ :  

1 - KBaApaT 16 X 16 MM; 2 - IlPRMOYrOnbHHK (h X b )  16 X 25 MM 

Pnc. 26. Ywnpeune s a r o ~ o s o ~  KsanpaTHoro u npnMoyronbnoro cerennn npn 1100 - 
1 1 5 0 ~ ~  (cram C T ~ )  B rnanltnx sanKax (D= 240 MM) : 

1 -- KBaApaT 25 X 25 MM; 2 - flpRMOYrOnbHHK (h X b )  25 X 16 MM 

r n a n K M x  B a n K a x  (PMC. 23) n o n R  n o n e p e r ~ o k  n e @ o p ~ a q n ~  c o c T a s n n a  

MaKCMManbHO OKOnO 35% OT C M ~ U ~ H H O ~ O '  0 6 b e ~ a .  B TO B p e M R  K a K  AnR 

K s a n p a T a  12 ~ P M  Tex  x e  ycnosw'nx 3 ~ a  s e n n r l w n a  AocTMraeT 51 %. flpn 
n p o K a T K e  K p v r a  A M a M e i p o M  40 MM ~3 M e a n  M I  B rnanmx s a n K a x  Ha-  

~ 6 o n b w a ~  BenMruHa  noneper~oi n e @ o p ~ a u n M  CoCTaBnneT 0,38 (pnc. 
271, a npu n p o l < a T K e  I c p y r a  n M a M e T p o M  10 MM - 0,66 %. 

5. H e 3 a s n c n ~ o  OT @ O P M ~ I  nonepernoro CelreHnR M C X O ~ ~ H ~ I X  3 a r 0 ~ 0 -  

PHC. 27. Yu~npeune J ~ ~ O T O B O K  tcpyrnoro ceqennn ( ~ e n b  MI, M2) npn 750 + 8 5 0 ' ~  
e rnanvnx eanKax nHaMeTpoM 240 MM: 

1 - 1 0 ~ ~ ;  2 - 1 6 ~ ~ ;  3 - 2 0 ~ ~ ;  4 - 3 0 M M ;  5-mMM 

I IOK A o n n  n o n e p e r ~ r o i r  n e @ o p ~ a ~ ~ m  rlpM n p a t i a T K e  B r n a M K M x  sanltax 
I.i.nMqnsae.icn c ~ O C T O M  O ~ X ~ T M H ,  4 0 c ~ ~ r a f i  M a K c M m y w a  n p M  o 6 x a ~ ~ -  

no s b l c o T e  J a r o T o B K M  p a s h b i x  .35 -- 45 %; naw n a n b n e B u e ~  y o e n M -  

r~l / lM O ~ X ~ T M A  BePMqMI.la I ( O J @ $ M L ~ M ~ H T ~  YUIMPeHHR YMEHbWaeSCR. Ta- 
n xapauiep 3 a s ~ c ~ v o c r ~  n o n e p e q r r o i i  A C $ O ~ M B U M M  or 0 6 x a l M n  CO- 

l,dHReTCR ASIX BCeX MCCSlr'nOBaHrlb.IX hA9Te~7>VdilO5, OAHaKO N I X  MeUHtrlX 

anffiMMHMeBblX 0 6 p a s v , o ~  MaKCMMYM YWH:)C?tlV18 CMeUtPH B CTOFOtIY 

I rUMX O ~ ; ' K I T M ~  no C ~ ~ H H ~ H W ~  c n S p a 3 q a r ~ ~  w.3 ziartw. t?3 CMC. 24, 
/ t3b?&HO, "I0 KS)~@~IMLIM~H i V'Pll/lpE!rlMfl L TaSlbli b iX  0 6 p d 3 ~ m  AOCTl l ra-  

SIRKCMWanhHOrO DHaqeHKfl np l4  0 6 > l t d l M ~ ~  (40 - 45 % j ,  a MeAHblX 

a r l l c lMnrMesb lx  o E i p a 3 ~ l o s  - riou o C i > r t a r ~ ~ r ~ x  o K o n o  35 %. 
6 f l p o r t a ~ ~ d  CTanbHblX o 6 p a ~ 1 4 0 6  RpM p33JlMVHblX TeMPepaTypaX 810- 

r 435na,  TO R ~ M ~ ~ ~ H M F !  Tebqr:epaT\/phi n p o u S T u z  B ~ ~ a n a 3 o n e  900 - 
I 1 3 0 ~ ~  He3YdrlMTPnbHO BrtIAdeT ~d C O O I H O W ~ H M ~  MI?KLI~ norleper~ioi u 
i c )o ,qo~ lb~o i !  AB@Q~?A~U.*~RIVII .~. n p ~ i  l i f jsblW€!HMM reMnQC)dlYPbl  PPOKaT 

l ~ n  06pasuos K p y r n o r o  cerec lv ln  a c l a M e r p o M  16 Rqrn lr3 cTanM 20 M n M a  

C.:poM 25 M r 4  M3 CTallM CT? C 900 110 ~ 1 ~ 3 0 ' ~  (pllc. 25, 383 sOJlX no- 
~ .peq t i ok  n e r $ o p ~ a q v r r i  y iueHl, l l lM~lact,  c 635 no 63 % u c 55 no 50 % co- 
J1 BeTCTSPHrlU C l p b I ~ i e p H ~  TZKaR K e  KBrI)TvlHB n a 6 n m f l a i l a c b  n p M  n p Q K a l -  

\ P  06paj1;o~ KBaApaTHOTO C e q e ~ ~ 6 3  pa3Mt'pOIV1 16 X 16 W M  M3 CTanM C T ~ ,  
( IpOKaTaHl ib lX n p M  900 bq 1 1 ~ 0 ~ ~ .  Y w ~ p e H M e  o b p a 3 u o s  M3 CTaJlM 2x13 
a,,wc 36) n p M  TeMi1F:paTgpox n p o K a T K M  900 M 1 0 5 0 ~ ~  T a K x e  o ~ m a n a c b  

, p d l t T M ~ 2 C t C ~  O~ulHaKi) l?.blM 

~ ~ M R H M ~  TeMl'€?Pc3TYpt-I TlpChBlHM Hci YIIIMPCIIb46' MenM M BJlWMMHMR 

,owe 3 3 ~ e 7  HO, O C O ~ ~ H H O  n p M  Telr,*ne(,aTypax, c o o T a e T c T s y  BLI!MX sepx- 
:v.ny n p e n e n y  TcMneDaTvpHor t ,  w i r e p e a J l 2  r o p s r l e i  n p o K a T K M  BTMX M e -  

, ciJlnoB. B 4dCTHOLTL1, AflR tvlegHhlk o E p a 3 u n s  R9B~- l lg leb iHe T e M n e p a T y p b l  

I POKaTKM C 700 A 0  8 5 0 " ) ~  Gbl3blRaCT yMePblilEHklC? AOnM n o n e p e r H 0 A  

, , a@~~~v lauM!4  n p L 4 6 n M 3 M ~ e ~ ~ ~ 3  bin 7 - 16 %* 8 7 0  BPeNIX K a K  B MHTep- 

. d n e  OT 600 monc unrnnb4t T ~ M R F ? ~ T ~ ' ~ ~ I  HB y u M p e H u e  s a ~ e ~ t t o  

, i e ~ b w e .  Y ~ u ~ l p e ~ ~ e  anlomrlrmretlx c ;Gpas i \oa B mnT2peane  300 - 4 5 0 ' ~  
r a r t x e  M a n o  ~~BI.ICMT OT ~ ~ i w r e p a ~ y p b i ,  O ~ ~ : I K O  n o B b l w e H M e  T e M n e p a -  

y ~ b l  6onee 4 5 0 ~ ~  ~ b 1 3 b l n b e ~  JBMPTHOP y a e r ~ ~ ~ e n c l e  E o n M  noneper~o i  
c i a c b o p ~ a t 4 k ~ ~ .  

7. ~ ~ P O K ~ T K ~  0 6 ~ d 3 4 0 8  C pdiJlMLfHhl:~l Ka'leCTEOM nOBePXHOCTM He no- 
~ d s a n a  s a ~ e ~ ~ o h  r a 3 ~ ~ u b i  F RenwrlMHe n o n e p e r t i o n  n e c b o p ~ a u ~ ~ .  no- 
+MnMMOMY, 3TO O ~ ~ R C H H ~ T C H  rl;ldlUL!MelL1 Ha PoBepXHOCrM o 6 p a 3 u o s  CnOR 

n u a n n n b l ,  K O T O ~ ~ I ~ L  M OZ(J~~(P!IFI~T B ~JCHOBHOM ~CJIOBMR T P ~ H M ~  M e r n n y  

32nKaMM M npOKaTb1Si ' ; 'M~iM Me7aSlflOlLI. Kar< ROKa3an14 OnblTb1, nGr le-  

pe-rnax n e @ o o l ~ a q n n  O ~ ~ ~ ~ L A O R ,  c n o B e p x H o c T v  K O ~ O P ~ I X  nepen npo l<aT-  

<oh 6 b 1 n  ynane;i cnori n e q ~ i o i  Ol ranMl ib l ,  n e ~ k a r i b ~ < o  GOJI~W~,  re^ 06- 
pa3uOB C O K ~ ~ Q M H O ~ .  

8. K ~ K  1.1 c s l e n o s a r l u  OXVInaTb, nori;i norlepernow necbop~au~n np ln  

r i pOKaTKe  B K ~ S I M ~ P ~ X  3 3  CqeT llpOTMB0fieACTBMR CO CTOPOHbl ~ O K O B ~ I X  



CTeHOK ~ a n n 6 p a  OKa3anaCb CyLLleCTBeHHO MeHbWe, r e M  npH IlpOKaTKe 
B r n a n K n x  BanKax.  l l p ~   TOM, r e M  6 o n b ~ e  CTeneHb CTecHeHm ~anb.16- 
pa, T.e, l l eM MeHbWe COOTHOWeHMe M e m y  e r 0  WMPMHOR b l  B ~ I C O T O ~ ,  TeM 
( n p n  n p o r n x  p a e t i b l x  y c n o s n ~ x )  M e t i b w e  ,qonz n o n e p s r t i o i i  n e g o p ~ a -  
unn. V l c ~ n ~ r e ~ n e  npeacTasnReT c n y r a h  n p o K a T K n  0 6 p a s u o s  KBaApaT- 
HOrO CereHMfl B OBanbHblX ~ a n n 6 p a x  C 0 6 m a ~ n f l ~ b 4 ,  Mel-lb!UHMM 1 5  % 
( A h / h o  < 0,151. 3 n e c b  AonR n o n e p e r ~ o f i  ~ e @ o p ~ a u n n  TaKaA m e  M ~ H  

n a m e  H e c K o n b K o  6onbure. r e M  npn Tex m e  0 6 x a ~ n f l x  B rEa , lKnx  B a n K a x  
( ~ M c .  33).  TO MOXHO O ~ ~ R C H H T ~  TeM, r T O  IlpLf flpOKaTKe B OBanbHOM 
~anb16pe KsaApaT nepeocraranbt io 0 6 m n ~ a e ~ c n  He r ~ o  rpat iRM, K a K  B r n a n -  
KHX BanKax,  a n o  y r n a M  n p o @ n n ~ ,  r ~ o  n abtableaeT ysenc l reHne n o n e p e r -  
HOG ~el$OpMauUM. npM 6 0 n b W ~ ~  O ~ X ~ T H R X  3 T 0  yBenMW2Hhe n o l l e ~ ~ 0 ~  
A ~ @ O ~ M ~ U M M  KOMfleHCMpyeTCfl ee IlOCneflylOlqMM qMeHbWeHHeM 3a M T  

f l O A f l L l p a t O ~ e r 0  AB~~CTBMR CTeHOK ~ a n n 6 p a .  

9. ~ P H  IlPOKaTKe B K a n U 6 p a x  BnMRHMe BenM'4MHbl o6ma~b1a H? COOT- 

HOLLleHMe M e m a y  f l ~ f l e p e ' l ~ ~ f i  U I l p~n~nbH~ f i  A ~ @ O P M ~ ~ M R M H  3aBIICHT 
OT @opMbl  ~ a n ~ 6 p a .  T ~ K ,  n p M  npOKaTKr? n p f l ~ ~ y r ~ f l b ~ ~ h  3arOTOBKM 
B R U U ~ H ~ I X  ~ a n n 6 p a x  (pnc .  2 9 )  B e n n r n H a  n o r ~ e p e r i ~ o h  n e @ o p ~ a u n n  
B HCCneAOBaHHOM flHafla30He O ~ X B T M ~ ~  ( A h / h o  = 0.2 - 0,4) M a n o  3a- 
s n c n T  OT s e n l w n t i b l  0 6 ~ a T l l f l  M onpenenPeTcfl B OCHOBH~M yrn0.u Ha- 
KnOHa ~ O K O B ~ I X  CTeHOK ~ a n n 6 p ; l  ( q ) ;  '4eM MeHbWe yrOn HaKnOHa 60- 
KOBblX CTeHOK OTHOCMTenbHO B ~ P T H K ~ ~ ~ ~ H O ~  OCM ~ a n n 6 p a ,  TaM Mel4bWe 
K O ~ @ C ~ ) H ~ U ~ H T  YWHPl2HHfl. K ~ K  BMflHO 113 PIC.  29:  3THOCMTenbHaR Da3- 
Hnua B Bennrwne ~ 0 3 @ @ w u w e ~ ~ a  cy B ~ a n n 6 p a x  c y r n o M  q P~BHLIM 12' 

PHC. 29. Ywrrpe~ue 3arorosoK npnMoyront.uoro LeretiuR (h X b )  40 x 26  MM (c~anb 
C T ~ )  npu 1130 - 1 1 5 0 ~ ~  o rnanKux sanKax (KPHBBR I )  u RUU'IH~IX ltanu6pax. KI 
(2) .  K2 ( 3 ) .  K3  (41 

PM. 32. Y U I H ~ ~ H H ~  KBaWTa 16 X 16 MM (C76nb C T ~ )  npU 1100 - 1 1 5 0 ~ ~  B I"nC!fi,- 
KHX BanKBX Jp4BMBTpOY 240 MM ( K ~ U B B R  1 )  U OBanbHblX ~anu6pax K7 (2). K6 (31, 
K5 (4) 

n 30" a o c T n r a e r  20 %. B p o ~ 6 n v e c ~ ~ x  n oeanbHbix  ~ a n ~ 6 p a x  BnMsnMe 
0 6 m a ~ H f l  Ha B e n u v n H y  n o n e p e r ~ o f i  f i e @ o p ~ a u n n  6 o n e e  s ~ a r n ~ e n b ~ o .  

10. Y W H ~ ~ H H ~  Ppll flp?KaTKe B ~ O M ~ H ~ ~ C K H X  ~ a n n 6 p a x  TeM MeHbLUe, 
r e M  6 o n b u e  yron HaKnOHa 0 6 p a j y . o q e i i  K ~ O P M ~ O H T ~ ~ ~ H O ~  OCH ~ a n u 6 -  
p a  IB) .  T ~ K ,  npm oAHom M TOM m e  06ma~b.1~ ( h h K / h  ,o % 0.3) mnn 
r l o n e p m n o h  n ~ p ~ a u u m  npn n p o K a T K e  B ~ a n n 6 p e  K1 c o c r a e n n e r  OKO- 

no 40 % (pblc. 30) .  a TO BpeMR KaK B ~ a n u 6 p e  K2 - OKOnO 28 %. C 
POCTOM 06mamn AonR n o n e p a r ~ o l  a e & p ~ l a u m m  e ~ O M ~ H ~ B C K O M  ~ a -  
m 6 p e  y u n n u r r c ~ ,  n p w v e u  . r e u  ~~avnren .nee ,  rrm 6 o n b u e  yron & 
Ha pm. 30 e m n ~ o ,  v ~ o  npu yeenuvet ium 0 6 i u a ~ n n  c 0.2 AO 0.36 s e n n -  
r m a  n o n e p a u n o l  ~ C Q o p u a u w ~  np* n p o n a r ~ e  s nanm6pe K1 y ~ c b u a -  
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O c o 6 o e  BHMMaHHe npw n p o u e a e H w  onb lToe y n e n m o c b  0 6 e c n e r e ~ w w  
y ~ ~ o h l l u ~ o r o  nonoxeHHR n p o ~ a ~ b ~ ~ a e ~ o h  n o n o c b i  B ~ a n n 6 p e  BO s p e -  
MR npOnyCKa.  TO CBR3aHO C TeM, 'IT0 B YCnOBHFlX nOnHOrO M n H  nO'4TH 

n o n H o r o  3 a n o n ~ e ~ ~ n  KBaApaTHoro HJIM K p Y r n O r O  ~ a n ~ 6 p a  M e r a n n o M  
n a m e  ~ e ~ ~ a r ~ ~ e n b ~ o e  oTKnoHeHvle n o n o c b l  OT BepTMKanbHoro n o n o m e -  
HHFl I1PWBOnMT K CYueCTBeHHblM nOrpelllHOCTSM npM OnpeneneHHH Be- 
nurnHbl n o n e p e r ~ o h  n e c b o p ~ a ~ ~ w .  T ~ M  t ie Menee, HecMoTpR Ha T u a -  
TenbHyto YCTaHOBKy ~ ~ O B O ~ K O B O ~  apMaTypbl ,  B HeKOTOpblX CnYraRX 
~ a 6 n m ~ a n o c b  csanHsaHne 3 a n ~ e r o  k o t i u a  n o n o c b l  n o c n e  s b l x o n a  e r o  H3 

B B O ~ H O ~  npOBOaKH. 3~0, eCTeCTBeHH0, MCKnk3'4WnO B03MOXHOCTb Onpe- 
neneHMn n n o u a n n  cereHMn ~ T H X  0 6 p a 3 ~ 0 ~  repe3 OTHoueHHe nnMH u c o -  

M e p o s  n o n e p e r H o r o  ceveHHn o 6 p a s u o s  n o c n e  npoKaTKn.  
6 npouecce  ~ c c n e i i o s a ~ ~ h  ~ a y r a n a c b  ~ ~ B M C M M O C T ~  p a c n p e n e n e H m  

3arOTOBKH. 
K ~ K  H npM IlpOKaTKe B TnanKMX BanKaX H OBanbHblX ~ a n u 6 p a x ,  LUl7 

MenHbIX 0 6 p a 3 ~ 0 ~  B KarecTBe T ~ X H O ~ O ~ M ~ ~ C K O ~  CMa3KH HCllOnb30BaJtM 

r n e  F o  - n n o u a n b  cereHHR o6pa3ua no npoKaTKu; A F  -- CMeUeHHaR 
I l n O u a n b  MeTanna npH npOKaTKe B BaHHOM KBanPaTHOM HnM KPYrnOM 
~ a n ~ 6 p e .  

  TO CBR3aHO C TeM, '4TO BblCOTa nOnOCbl, B X O ~ H U ~ ~  B K B a n p a ~ H b l h  
MnH ~pyrnblh ~ a n H 6 p .  KaK npaBMn0, He paBHa UMpMHe npeAUeCTBYk0- 
u e r o  ~ O M ~ H ~ ~ C K O ~ O  Mnw o s a n b H o r o  ~an116pa H, cnenoeaTenbHo, RenR- 
eTcR s e n ~ r w ~ o h  H ~ M J B ~ C T H O A  n a m e  npu M ~ B ~ C T H O ~  n n o u a n n  c e r e t i m  
IlOnOcbl. ~ O ~ T O M Y  MCnOJlb30BaHHe 3neCb B KareCTBe M e p b l  0 6 x a ~ w f l  Re- 
@OPMBUMH n o  BblCOTe ~ ~ ~ O T O B K H  s a ~ p y n ~ ~ n o  6b1 npaKTHrecKoe wcnonb- 
30BaHHe nOny'4eHHblX 3KCnepMMeHTanbHblX AaHHblX B PaCreTaX ~an116- 
~ O B O K  s a n ~ o s .  

BenHr l lHa  n n o q a n M  F o l  nnR 0 6 p a 3 u o e  o s a n b H o r o  cereHun onpene-  
n n n a c b  ~3 C n e n y t o u H x  Bb lpaxeHHh:  

npH npOKaTKe B KBanpaTHblX ~ a r r u 6 p a x  

r n e  h ,  - wHpMHa n c x o n H o r o  o e a n b H o r o  o6pa3ua,  p a s ~ a  BblcoTe o s a n b -  
tior0 KanH6pa, B KOTOPOM 3TOT 06paaeu 6bln IlpOKaTaH; h K  - BblCOTa 
KsanpaTHoro  ~ a n ~ 6 p a ;  

rRe dK - nHaMeTp Kpyrnoro ~ a n w 6 p a ;  

C ~ e n e t i b  ~ a n o n ~ e ~ w ~  < B a n p a w o r 0  Hnn K p y r n o r o  ~ a n ~ 6 p a  MeTannoM 
sb lpaxanacb  oTHoueHweM b l / b K ,  r n e  b,  - W H P M H ~  npoKaTaHHoro  npo- 
@HnFI; bK - WMPMHa ~ a n ~ 6 p a .  

P e ~ y n b ~ a ~ b r  ~ c c n e n o s a ~ w h  n e c b o p ~ a u ~ n  npMseneHbl  Ha p ~ c .  4 7  - 49. 
A ~ a n H 3  3KCnepHMeHTanbHblX AaHHblX nO3BOnHn CAenaTb CneAytouHe Bbl- 

BOAbl : 
1. P a c n p e n e n e ~ ~ e  n e c b o p ~ a u ~ ~  npw npoKaTKe B K p y r n b l x  H KsanpaT-  

H ~ I X  ~ a n n 6 p a x  ~ ~ B U C H T  OT cTeneHu a a n o n ~ e ~ ~ ~  ~ a n n 6 p a  MeTannoM, npw 
r e M  qeM 6 o n b u e  ~ a n o n ~ e ~ n e  ~ a n ~ 6 p a ,  TeM MeHbwe norm n o n e p e r ~ o h  
A ~ @ O ~ M ~ U M U .  H a n p ~ ~ e p ,  npH npOKaTKe B KBaApaTHOM ~ a n n 6 p e  CO CTO- 
p o ~ o h  16 MM (PMC. 4 9 )  npu s a n o n ~ e ~ u n  ~ a n u 6 p a  Ha 90 % eenMrnHa 
K O ~ C ~ ) @ H U H ~ H T ~  ywWpeHHA CocTaBnReT 0,20, a npH n o n H o M  s a n o n ~ e ~ n n  
(b l /bK = 1.0) o K o n o  0.1 6. 

2. ~ P H  O ~ H O M  M TOM m e  s a n o n ~ e ~ n n  ~ a n ~ 6 p a  norm n o n e p e r ~ o h  n e -  
b o p ~ a u ~ w  TeM MeHbwe, r e M  6 o n b w e  p a 3 ~ e p  ~ a n ~ 6 p a .  T ~ K ,  npw n p o -  
K I T K e  MeAHblX 3arOTOBOK (CM. pnc .  4 8 )  B KpyrnOM ~ a n ~ 6 p e  nHaMeT- 

POW 10 MM BenMYMHa K O ~ C ~ ) @ C I U M ~ H T ~  YWHPBHHR npM b l / b K  = 1.0 CO- 
CTaBnReT npMMepH0 0,30, a npH npOKaTKe B . ~ a n n 6 p e  AHaMeTpOM 21 MM 

cocTasnReT 0,18, T.e. yMeHbwaeTcR Ha 40 %. 
3. 1 1 ~ ~  O ~ X ~ T M R X  6 o n b w e  20 % > 0,2) DnHRHHe BenH'lMHbl 

0 6 m a ~ n ~ l  Ha n o n e p e w y t o  ~ e * p ~ a u u l o  B KpyrnoM n KmrCIpaTHoM ~ a n ~ 6 -  
p e  He3HarHTenbHO. npH MeWbUJHX O ~ X ~ T H U X  88nHVHHI n o n e p e r ~ o f i  n e -  



@ 0 p ~ a ~ M M  yMeHbluaeTCR C yMeHblueHMeM 0 6 X a ~ M h .  B JlaHHbIX OnblTaX 

He yJlanOCb YCTaHOBMTb SaBHCMMOCTH MeXJlY K P W B M ~ H O ~  nOBePXHOCTW 

o ~ a n b n o h  ~ ~ ~ O T O B K H  w B~IIHIIMHO~ nonepelt~oh ne@op~auw~ B nocne- 
JlyWUeM KPYrJIOM K n H  KEaJlPaTHOM ~anb16pe, XOTR HanMltWe T B K O ~  838-  

W M O C B R ~ H  M o m n o  n p e n n o n a r a w .  M c ~ n m l t e n ~ e  c o c r a s n R e T  n p o K a T K a  s 
K p y r n b l X  ~ a n ~ 6 p a x  33rOTOBOK, IlpeJlBaPMTenbHO npOKaTaHHblX B rnan- 
KHX s a n K a x .  B  TOM cny-lae n p H  npoltux p a s n b l x  ycnosmx norm none- 
peltnoh n e @ o p ~ a u ~ ~  H e c r t o n b K o  c o n b l u e ,  l t e M  npw n p o K a T K e  saro~o-  
BOK O B a n b H o r o  celtetim. 

4. C o o r ~ o l u e n ~ e  M e m n y  y l u M p e n H e M  M e n n b l x  0 6 p a 2 u o ~  w 0 6 p a 3 u o s  

M3 ~ ~ J ~ ~ ~ O P . H C T O ~  CTaJlM B K P Y r n b l X  ~ a n ~ 6 p a x  npM IlPHHRTblX B OnblTaX 

ycnosmx n p ~ 6 n ~ 3 ~ ~ e n b n o  T a K o e  xe ,  K a K  M n p H  n p o K a T K e  B r n a n K w x  

BanKaX,  T.e. y luMpeHHe MeJlHblX 0 6 p a 3 u o ~  HeCKOnbKO MeHbLLle. 

~ K C ~ ~ P W M ~ H T ~ ~ ~ H ~ I € !  MCCneAOBaHMR npOBOflMnM B TpeXRanKOBblX K n e -  

TRX 280 n M ~ e h H o - n p c ; ~ a ~ H ~ r ' J  a r p e r a T a  M ~ A H O ~ ?  KaTaIiKM. Mccnenosa- 
n a c b  n e @ o p ~ a u ~ ~  c 6 p a 3 u o e  K p y r n o r o  ( n ~ a ~ q e ~ p o ~  12 M 18 MM) M l u e c i M -  

y r o n b t i o r o  ( n w a ~ e ~ p  s n w r a ~ t ~ o i  OKP~XHOCTM - 12 M 17 MM) CelteHMR 

M3 CTanW C T ~  M 0 6 p d 3 ~ 0 ~  K p v r n O r O  CeltSHMR JlMaMeTpOM 10, 18, 40 M M  

M3 MenM M I  'IpV npOKaTKe B Tpey rOnbHb lX  M CTpsnbltaTblX Tpey rOnbHb lX  

~ a n ~ 6 p a x .  ~ o c ~ C !  BblnOncleHMR COOTSeTCTPYK)U\MX M ~ M ~ P ~ H M E  ltBCTb CTanb- 

HblX M MeAHblX 06pa3u0B, npOKaTaHHblA B TtJeYrOJlbHblX M CTpenbltaTblX 

T p e y r o n b H b l x  ~ a n t 1 6 p a x ,  npoKaTbrsanM nocne n o s T o p H o r o  H a r p e s a  B T p e x -  

BanKOBblX K p y r n b l x  ~ d n ~ 6 p a x  JlMtMeTDOM 8 M 12,5 M M .  0 6 p a 3 u b l  Ha- 

r p e s a n u  s r a s o s o h  nerM, T e M n e p a T y p a  HarpeRa K o H T p o n M p o s a n a c b  on- 
TMlteCKMM nMpOMeTpOM. 

0 6 p a 3 ~ b 1  A 0  M noC.le npOKaTKM M3MepRnM TaK Me, K a K  npM MCCne- 

AOBaHMRX n e @ o p ~ a u M M  B ABYXBanKOBblX KJleTRX. OAH~KO, nOCKOnbKy 

nOnepeltHblt? CelteHwR np~@Mnebh,  npOKaTaHHblX I3 TpeXBanKOBblX KanM6-  

p a x ,  MMeWT He ABe, a TpM OCM CWMMeTPMM, JlnR M3blePeHMR MCllOJlb30- 

RaHO ClleuMl3nbHoe y c ~ p @ i ; t c ~ e o ,  n03BOnRtOL4ee M3MepMTb AMaMeTC) O K -  

PYXHOCTW, B ~ W C ~ H H O ~  B Aatikloe celtetine. M 3 ~ e p e H M e  o c y u e c T s n n n o c b  

C flOM'JU4bW bIHJlMVP1 Opa. 

B e n w l t w r a  n n o u t a n n  F , , ,  u ~ ~ B M C M M O C T M  OT @ O P M ~ I  CeltenMR MCXOA- 

H O ~  3arOTOBKM M ~ a n ~ 6 p a ,  o n p e n e n R n a c b  143 s b ~ p a m e n ~ i ? ,  n p M s e n e n n b l x  

mme: 
n p o r t a T K a  B T p e y r o n b n o M  ~ a n ~ 6 p e  0 6 p a 3 u o e  l u e c T M y r o n b H o r o  celte- 

rne =lo -- n w a M e T p  O K ~ ~ X H O C ~ M ,  B ~ W C ~ H H C ~  B M c x o n t i o e  LuecTMyronb-  

h o e  CelteHyle o6pa3ua ;  d l  - JlMaMeTp OKPYXHOCTM, B ~ ~ M C ~ H H O ~  I3 Tpe-  

y r o n b n b l h  ~ a j l ~ 6 p  ( n w a ~ e ~ p  ~ a n ~ 6 p a )  ; 
npClKaTKi3 R TpeyrOnbHOM ~ a n ~ 6 p e  o 6 p a 3 ~ ; o s  K p y l n O r O  CelteHMR - 



npOKaTKa 0 6 p a 3 u o ~ .  flOflepeWOe CereHne KOTOpblX flpeACTaBIlReT CO- 

6 0 A  ~ T p e n b W ~ b l t ?  TpeyrOnbHklK, B TpeXBanKOBOM KpyrnOM ~ a n u 6 p e :  

2vb v 6 
F O I  = ~ d : { l  -1 [ a r c s i n - -  

4 'lr 
R'6p a r c s  in - + 

K di Ro6p  

2v b + -  12%6p - dl)]). 

d3K 

m e  dl - nnaMeTp O K P ~ ~ H O C T M ,  B ~ M C ~ H H O ~  B n o n e p e q t i i e  cereHne MC- 

x o n H o r o  o 6 p a s q a  ( n n a ~ e ~ p  c T p e n b r a T o r o  T p e y r o n b H o r o  K a f l ~ 6 p a .  B KO- 
TOPOM 6b1n npensapnTenbHo npoKaTaH 06pa3eu); dK - +lnaMeTp Kpyr- 
n o r o  ~ a n n b p a .  

B e n n v n ~ y  y b  H a i n e h l  n3 BblpaXeHHR (2 .52) .  P e 3 y n b ~ a ~ b l  3KCnepM- 
M e n r o e ,  npnaeneHHble Ha PMC. 5 0  - 55, n o 3 e o n n m ~  cnenaTb c n e n y m q n e  
BblBOAbl: 

1. 6 n p e n e n a x  n c c n e n o ~ a ~ ~ o r o  n n a n a 3 o ~ a  o 6 x a ~ n i  ( A d / d o  = 0.15 + 
+ 0,301 sennlrnHa n o n e p e r ~ o i  n e @ o p ~ a q n n  npn n p o K a T K e  B T p e y r o n t -  
H ~ I X  ~ a n n 6 p a x  3 a r o ~ o e o ~  K p y r n o r o  n w e c T w y r o n b H o r o  cereHnR ~ o i  
m e  n n o u a n n  n p n 6 n n 3 n ~ e n b ~ o  onHa n Ta x e  (pnc.  50 ,  5 1 ) .  tlpn  TOM, 

K a K  BMnHO 113 KPMBblX, ~ 3 0 6 p ~ ~ e H H b l ~  Ha PHC. 5 0  -. 54, BenM'IHHa 06- 
XaTMR He3HallllTenbHO BnHReT Ha BeklMvklHy 00nepe lcHo i  f i e @ o p ~ a ~ b I L l .  

2. npn n p o w x  PaeHblx y c n o B n R x  A O ~ R  n o n e p e r ~ o i  n e a o p ~ a u ~ ~ n  npn 
flpOKaTKe B CTpenbWTblX TpeyrOnbklhlX ~ a J l n ( i p 3 ~  MeHbUJe, rleM B Tpe- 
YrOnbHblX ~ a n n 6 p a x .  # a ~  BMAHO 1/13 PMC. 5 2  - 54, pa3HMUa B ylul lpeHUM 
TeM 3 ~ a l ( n ~ e n b ~ e e ,  veM 6 o n b u e  B e n n r n H a  0 6 x a ~ n f l .  

3. C p a e ~ e ~ n e  KPMB~IX, npencTaBnet ihblx Ha p n c .  5 2  - 54, n o ~ a a b l -  
BaeT, '4TO npn OAHOM M TOM )Ke 0 6 m a ~ n n  pa3HH42 M e W V  B L ~ M I ( M H O ~ ~  KO- 

PHC. 52. Yu lupe~~ ie  Kpyra AdaMeTpow 1 0  MM ( ~ e n b  MI, 720 - 7 5 0 " ~ )  : 
1 - B TPeYl.OnbHOM Kan:i6pe, D =  274 M M ;  2 - e CTpbnbraTOM TpeyrOnbHOM ~ann6pe,  

D =  274 MM, Rogp = 16 MW 

PHC. 53. Yu lL lpe~~e  Kpyra AMaMeTPOM 18 MM (Meat. M:, 800 -. 850Oc1 : 
1 - R TPCYrOnbHOM ~anu6pc. f)= 268 MM; 2 - B CTpenhqaTOM TpeyrOnbHOM ~anu6pe. 

D =  268 MM. RoBp = 30 MM 

PHC. 54. Ywupe~ue Kpyra AMaMerpOM 40 MM (Me9b MI, 800 - 8t '~Oc)  : 
1 - s TpeyronbHow, ~ann6pe  D = 250 MM; 2 - B cTpenbqarohn TpeyronbvloM ~ann6pe .  

D =  251) MM, RoBp = 80 MM 

~ ' $ @ M U U ~ H T &  VWHpeHMfl f lpM I lpOKaTKe B TpeyrOf lbdOM M CTpenbvaTOM 
TpeyronbHoh l  ~ a n n 6 p e  TeM 6 o n b ~ e ,  r e M  6 o n b u e  CTpenbllaTOCTb ~ a n n 6 -  
pa, 7.e. .;eu MeHblue OTHOWeHMe p a n n y c a  06paayto1!\eR ~ a n n 6 p a  K p a -  
n n y c y  e n n c a ~ ~ o n  B ~ n n n € p  OKJJYXHOCTH. T ~ K ,  npn Ad/do = 0.2 paa- 

HMUa B BenM'lMHe K O ~ C ~ ) @ U ~ H ~ ? H T Z  yUHpeHHR COCTaBnReT f l p M  flpOKaTKe 
3arOTOBOK nblaMeTpoM 10 MM OKOnO 23 % ( ~ M c .  5 2 ) ,  a 3arOTOBOK BM- 
aMelpOM 40 MM (PMC. 54)-  3 0  %. 

4. O C H O B H O ~  OCOGCHHCICT~K) n e C t ) o p ~ a q n n  B TpexBanKoBb lx  ~ a n u 6 p a x  



no CPaBHeHMto C nBYXBaJlKOBblMM RBnFleTCFl 3HallMTenbHO MeHbWaR Be-  

nMrMHa n o n e p e r ~ o i  n e @ o p ~ a u b t ~ .  3 r a  p a 3 ~ ~ u a  B ywMpeHMM O C O ~ ~ H H O  

BMAHB npM CpaBHeHMM pe3ynbTaTOB npOKaTKM B K p y r n b l X  AByXBanKO-  

BblX M TpeXBanKOBblX ~ a n ~ 6 p a x ,  @ 0 p ~ a  KOTOPblX A a X e  npM HanMlcMM 

s b ~ n y c ~ o s  npaKTMrecKvl  o n H a  M Ta me.  Talc, n p ~  n p o K a T K e  a K p y r n o M  

n B y x B a n K o B O M  ~ a n ~ 6 p e  nMaMeTpOf4 13,2 M M  3aTOTOBOK M3 MenM M1 
(CM. PMC. 48) BenMrMHa K O ~ @ @ M U ~ ~ H T ~  y u M p e n M R  npM n o n : i o M  anon-  

HeHMM ~ a n ~ 6 p a  MeTannOM COCTaBnReT 0,24, a B ~ ~ M ~ K O M  n C  AMaMeTpY 

TpeXBanKOBOM ~ a n ~ 6 p e  AMaMeTpOM 12,5 M M  (PMC. 55) BCerO nMWb 0,08. 
5. T a K  Me, K a K  npM n p O K a T K e  B AByXBanKOBb lX  ~anb16pax, C y B e -  

nMreHHeM p a 3 ~ e p o s  c e l t e H m  n p o K a T b l e a e M o r o  o 6 p a 3 u a  BenMrHHa n o n e -  

p e ' l ~ 0 i  A ~ @ O ~ M ~ U M M  yMeHbuJaeTCR. K ~ K  BMAHO M3 PMC. 52, 54, KOB@- 

@ M U M ~ H T  YUlMPeHMR npM npOKaTKe €3 Tpey rOnbHOM K a n M 6 p 2  3arOTOBOK 

H3 MeAM AMaMeTpOM 10 M M  PaBeH 0,19 - 0,22, B TO BpeMR K a K  flpn 
n p o K a T K e  K p y r a  40 MM p a s e H  0,07 - 0,09. 

3 ~ c n e p ~ ~ e n ~ a n b ~ b l e  M c c n e n o s a H m  d e @ o p ~ a u ~ ~ ,  a T a K x e  o n b m  oc- 
BOeHMR M MCCneAOBaHMFl t lenPepblBHblX MHOrOKneTeBblX CTaHOB AJlR np0- 
M3BOACTBa KaTaHKH CO3/lanM B03MOXHOCTb BblRBMTb OCHOBHble 3aKOHO- 

MePHOCTH Te'IeHMFl MeTaJlna n p M  npOKaTKe,  'IT0 n03BOIIMJ10 B KOHWHOM 

wore n o n y r m b  n o e o n b H o  n p o c T b l e  ypasHeHMR onpeneneHMR BenM- 

~ M H ~ I  n o n e p e r ~ o i  n e @ o p ~ a u ~ n ,  c o c T a s n A t o u M e  o c H o e y  p a c r e T a  ~ a n ~ 6 -  
POBKM B a n K o B .  H ~ w e  fiaeTcR K p a T K o e  onMcaHMe M e y o n a  MaTeMaTMre-  

C K O ~  O ~ ~ ~ ~ O T K M  flOnY'IeHHblX 3KCnePLlMeHTanbHblX BaHHblX M COCTaBne- 

HMR y p a s ~ e ~ ~ i  AnH o n p e n e n e H m  K O ~ @ @ L I ~ ~ M ~ H T ~  y U r M p e H m  npM p a 3 -  

JlMLIHblX CnyL(aFIX npOKaTKM. 

f l pM COCTaBneHMM Y P ~ B H ~ H M ~ ,  OCHOBb!BatoUIMXCFl Ha pe3ynbTaTaX 3KC- 

nepMMeHTanbHblX M C C ~ ~ A O B ~ H M ~ ~ ,  H ~ O ~ X O A M M D  CTPeMMTbCR I< TOMY, L(T0- 

6 b 1  3TM VpaBHeHMR He TOnbKO flOCTaTOYH0 TOL(H@ npenCTaBnFlnM 3KCne-  

PMMeHTanbHble AaHHble, HO M YfiOBneTBOPRnH K p a e B b l M  yCnOBMRM, On-  

pe/S?nFleMblM @ M ~ M ' ~ ~ C K M M  CMblCnOM MCKOMOrO I lapaMeTpa,  B naHHOM 

Cnyl tae K O ~ @ @ M U M ~ H T ~  YWMPeHMR, nOCKOnbKy  TOrAa o 6 n a c ~ b  MX npM-  

rOfiHOCTM 6 y n e ~  M ~ K C M M ~ ~ ~ H O ~ ~ .  

B rn. 1 1  yflOMMHanOCb, 'lTO B YCnOBMRX C B O ~ O Q H O ~  MnCl 6 n L 1 3 ~ 0 i I  K 

C B O ~ O A H O A  npOKaTKM, XapaKTepHblX OnFl Henpepb lBHb lX  3arOTOBOqHblX, 

COpTOBblX M nPOBOnOL(HblX CTBHOB, K O ~ @ @ L I L ( M ~ H T  YUlMPeHMR K a K  naps- 
MeTp, o n p e f i e n ~ t o q ~ i  & o n t o  n o n e p e r ~ o i  n e @ o p ~ a u ~ ~  B o 6 q e k  fie@op- 
MauMM n o n o c b l  n p H  npoKaTKe,  RenReTcR B c e r n a  s e n ~ r ~ ~ o i  n o n o m m e r , b -  

H O ~  M M ~ H ~ U J ~ G  eAMHMUbl, T.e. A O n X e H  HaXOnMTbCR B np?AenaX 0 < C < 
V < 1. B COOTBeTCTBMM C 3TMM ~ a ~ 6 o n e e  Y A O ~ H O G  @ O P M O ~  ypaBHeHMR 

AnR K O ~ @ @ M U M ~ H T ~  YLUMPeHllR FlBnReTCR r ~ n e p 6 0 n ~ r e c ~ a ~ l  @ Y H K ~ M F I  

nOCKOnbKy B 3TOM Cny'4ae KpaeBb le  yCnOBMR AnR Cy BblflOnHFltoTCR n p M  

n t o 6 0 ~  flOnOXMTenbHOM 3HareHMM 9.  TO CYtUeCTBeHHO 0 6 n e 1 - 9 a e ~  nOA- 

60p COOTBeTCTBytQL4MX @ Y H K U M ~ ~ ,  OTpaXato l4MX BnMFlHMe Ha BenM'lMHY 

n o n e p e r ~ o i  n e @ o p ~ a q v l ~  K a x n o r o  ~3 ~ e i c ~ u y t o u ~ x  @~KTOPOB. K a K  

n e r K o  nposepn- rb ,  senMrMHa rp npencTasnReT co6oG COOTHOWeHMe M e w -  

ny ~ IPO~OJ~~HOL? M n o f l e p e r ~ o f i  ~ ~ ~ ~ J O P M ~ ~ M R M M  rp = (1 - c,,) Icy .  
Ann T o r 0  ' 1 ~ 0 6 b l  OUeHMTb RnMflHMe K a W O r 0  M3 @BKTOPOB, BCe 3KC- 

nePMMeHTanbHble AaHHble C r p y n n M p O B a 9 b l  TaKMM o 6 p a 3 0 ~ ,  r T 0  BHYTPM 

r p y r l n b l  ~ ~ ~ € ! M ~ H H o G  B e n M r M ~ o f i  6 b 1 n  TOnhKO TOT @ ~ K T o ~ ,  BnMRHMe KO-  

T o p o r o  a ~ q n ~ 3 ~ p o s a n o c b .  n e p e x o n ~  K a ~ a n c l s y  snMFlHMR n o c n e n y t o u M x  

@ a ~ ~ o p o s .  3 ~ a  o n e p a w n  nORTOpRnaCb n y T e M  c o o ~ s e ~ c ~ s y t o u e i  nepe- 
r p y n n M p 0 B K M  3KCnepMMeHTaJlbHblX naHHbIX. n 0 c n e  3TOrO AnR K~x/Io~~ 
r p y n n b l  AaHHbIX flOCTpOeHbl ~ ~ B @ M K M ,  flOKa3blBalOLUMe XapaKTep  3aBM- 

CMMOCTM K O ~ @ @ M U M ~ H T ~  YUlMpeHMFl OT AaHHOrO @ ~ K T O P ~ .  ~ O C ~ ~ A H R R  

or lepauMH a ~ a n ~ 3 a  s a ~ n t ~ r a n a c t ,  B non6ope arm n o n y r e H H b l x  K P M B ~ I X  

~ a ~ f i o n e e  n o n x o n R q M x  y p a w e r i v l i .  

B p e 3 y n b ~ a ~ e  T a K o r o  a ~ a n ~ 3 a  r 3  BceG C C B O K ~ ~ H O C T M  n e i c ~ ~ y t o u ~ x  

@ ~ K T O ~ O B  yf ial lOCb BblaenMTb Te, KOTOpble DYa3blBatoT ~ a M 6 0 n b ~ e e  BnM- 

RHMe ~a 68nMqMHY n o n e p e q ~ o i  n e a o p ~ a u ~ ~  GPM n p o K a r K e  B r n a n K n x  

B a n K a x .  T ~ K M M M  ( b a ~ ~ o p a h d ~  HB~RNJTCR @ o p ~ a  v p a 3 ~ e p b 1  n o r l e p e r H o -  

1-0 CereHMR MCXOACIO~ ~ ~ T O T O B K M ,  A c l a u e T p  B a n K o s  M B e n n w H a  o6wa- 
TMR; B O ~ ~ ~ G C T B M ~  T e M n e p a r y p b l  npoKaTKK,  u a r e c T s a  n o s z p x ~ o c ~ ~  B a n -  

~ o s  vr n o n o c b l ,  BMAa MaTepMana npoRsnReTcR B s ~ a r v l ~ e n b ~ o  ~ e ~ b u e h  

CTeneHM. 

~ P M  n p o K a T K e  B ~ a n ~ 6 p a x ,  K p o M e  neperMcneHHb lx  @ a ~ ~ o p o e ,  6 o n b -  

w o e  ~ o s f i e i c r s ~ e  Ha BenMrMHy noneper~oi ~ e @ o p ~ a u ~ c l  o ~ a 3 b l e a e ~  Ha- 

nMrMe nOnnMpatoUMX CMn CO CTOpOHbl ~ O K O B ~ I X  CTeHOK ~ a n ~ 6 p a .  
K O ~ I ~ ~ ~ C T B ~ H H ~ I ~  a ~ a n ~ 3  p e 3 v n b r a ~ o s  ~ K C ~ ~ ~ M M ~ H T O B  n 0 3 ~ o n ~ n  yc- 

TaHOBMTb, 'iTO @YHKUMH) 9 (3.1), O T p a W a t o u y t o  CYMWaPHOe B O ~ A ~ ~ C T .  

owe B c e x  ~ T M X  @~KTOPOB, M o m H o  npencTasMTs  B BMne n p o ~ 3 s e n e ~ ~ a  He- 

CKOJlbKMX @ ~ H I < u M ~ ,  KamnaR M3 KOTOPblX XapaKTepM3yeT BnMFlHMe Ha  

BenMrMHy n o n e p e r ~ o i  n e @ o p ~ a u ~ ~  ~ a ~ o r o - f l ~ 6 0  n 3  @BKTOPOB: 

r n e  p - @ y ~  KUMR, x a p a ~ ~ e p ~ 3 y t o u a ~  unMRHMe C ~ O T H O U ~ ~ H M R  AMaMeT- 

pa B a n K o s  M B ~ I C O T ~ I  M C X O ~ H O ~  BarOTOBKM; p2 -- @ ~ H K U M R ,  x a p a u e -  
PM3YtUuaR Bn:iRHMe BeJlM'IMHbl 0 6 x a ~ M f i ;  p3 - ( ~ ~ Y H K u M ~ ~ ,  XaF)aKTePM- 

3Y toUaR BnMRHMe COOTHOWeHMR LilMPMHbl M BblCOTbl M C X O ~ ~ H O G  3arCTOP- 

KM; p4  - ~ ~ H K U M R ,  ~ a ~ a u ~ e ~ ~ 3 ~ H ) u a ~  BnMHHMe n o n n c l p a t o u e r o  a e k -  

CTBMR Ha n p ~ ~ a ~ b l ~ a e ~ b l i  M e - r a n n  ~ O K O B ~ I X  CTeHOK ~ a n ~ 6 p a ;  A He- 

K O T O P ~ I ~  K O ~ @ @ H U M ~ H T ,  ~ B B M C R ~ M ~  OT BMaa npOKZTh lBaeMOr0  MaTe-  

pMana  M T e M n e p a T y p b l  nPOK5TKM. 

O ~ ~ C K ~ F I  B c e  npOMeWyTOl lHble OnepaUMM, CBR3aHHble C non60po~ Ha- 

~ 6 o n e e  nonxonnunx ( b y ~ ~ q ~ i ,  O T p a w a w a M x  ~ o s n e 5 c ~ ~ ~ e  oTnenbHb lx  





COOTBeTCTBYeT MeHblLlPM 113 YKa3aHHblX B ~a6n .  1 3Ha'leHHnM TeMnepa- 

TYPbl. K a K  nOKa3blBaeT OnblT, B PaCreTaX ~ a n ~ 6 p o ~ o ~  BanKOB npM np0- 
haTKe CTanll M MeAM AnR BCeX KneTeh CTaHa MOMHO nPMHMMaTb ~ a M 6 0 n b -  

LUMe 3Ha'l@HMR K O ~ @ @ H ~ M ~ H T ~  A,  n(3CKOJlbKY n0 XapaKTepy BnMRHMR Ha 

BeqMrMtiy YUIflPCHIIR yMeHbllleHMe TeMnepaTypbl  n p 0 K a ~ b l B a ~ M 0 ~  nono- 
Cbl no KneTfiM B K ~ V O S - T O  CTeneHM KOMfleHCMpyeTCR n0BblUeHMeM CKO- 

POCTM IlpOKaTKM. 

K ~ K  BMnHO C13 IlpMBeAeHHblX Ha PMC. 21 - 28 ~ ~ ~ @ u K o B ,  BnMRHMe 

O ~ X ~ T M R  Ha senMrMHy noneper~oh n e @ o p ~ d u n n  ~ ~ M ~ T H O  C K ~ ~ ~ I B ~ ~ T C R  

TonbKo n p ~  Manb lx  ( ~ e ~ e e  20 %) M 6 o n b l u ~ x  (6onee 50 %) ero 3 ~ a -  

WHMRX. B AMana30t4e 0 6 b l l l ~ 0  nPMPAeHReMblX Ha I lpaKTMKe BblCOlrMX ae- 
@opMauMh (0.20 < A h / h o  < 0.30) H e 3 a ~ ~ c M M o  OT @ O P M ~ I  M p a 3 ~ e -  

POB n p 0 K a ~ b l ~ a e M i l ~  flOPVCbl M BMAa MaTePMana M3MeHeHMe K O ~ @ @ M ~ M -  

e w a  y w r p e H M n  He n p e s b l w a e T  HecKonbhMx npc iue t i ros .  3 ~ o  0 6 ~ ~ 0 R ~ e n b -  

CTBO n o 3 ~ 0 n ~ e ~  ~ ~ P O C T M T ~  nonyreHHble  ypasHeHMn o n p e n e n e H m  

K O ~ @ @ H U M ~ H T ~  YUlMPeHMFl n?M npOKaTKe B rnaAKMX BanKbX, 3aMeHMB 

B HMX T e K y u e e  3 1 i a r e ~ ~ e  @ y t t ~ l ~ l r n  06)Ka~Mfl  ~a ee cpenHee A n n  4aHHo- 

ro ~ ~ a n a 3 o ~ a  0 6 x a r ~ R  aHaraHwe. B  TOM cnyrae ypaBHeHMn AnR pacre- 
Ta noneper~oi  ~ e @ o p ~ a u ~ ~  npu n p o K a T K e  b rnaar tmx B a n K a x  ~ ~ A Y T  

MMeTb c ~ ~ , Q Y H ) u H ~ ~  .BMA: 

Anfl 3arOTOBOK KBafipaTHOrO CereHMfl 

nonepevna~ de#iopmauu~ npu npoKarKe f: ~anu6pax 

Ha OCHOBaHHH MHOrO'lHCneHHblX M C C ~ ~ A O B ~ H M ~  npOueCCa npOKaTKM, 

a T a K x e  B c e r o  M M e m u e r o c R  n p a K T M r e c K o r o  onma ~ ~ B ~ C T H O ,  r T o  n p ~  
nporux paBHblx ycnoswx BenMrMHa noneper~oi  ~ e @ o p ~ a u u ~  n p ~  npo- 
KaTKe B BblTRXHblX ~ d n l r 6 p a x  BCneACTBMe flOAnMPaH)uerO A ~ ~ C T B M R  CTe 

HOK ~ a n ~ 6 p a  ~ e ~ b ~ u e ,  r e M  Ha r n a A K w x  BanKax.  O ~ c ~ y n n e ~ ~ e ~  OT ~ T O ~ O  

o 6 u e r ~  IlpaBHIla RBnReTCcl npOKaTKJ KBaApaTa B OBaLbHblX ~ a n ~ 6 p a x  
A :, 

C MaliblMM O~) I (~THRMM (- < 0 , l S ) .  B 3TOM Cnyllae BCnMqUHa none- 
h " 

peWC$I ~e@0pMauC1M (CM. pMC. 33) MOXeT 6 b l ~ b  A a X e  i ieCKOnbK0 6 0 n b -  

Ue, W M  npM TeX x e  O ~ X ~ T H R X  B rnaAKMx BanKaX. C ~ ~ ~ ~ K T M Y ~ C K O ~  TOY- 

KM 3peHMR B ~ ) K H O ~  RBnReTCR 0 6 n a ~ ~ b  6onee 3HaLIMTenbHblX 0 6 X a T ~ f i .  KO- 

TOpble B OBanbHblX ~ a n ~ 6 p a x  abblr ; ro npeBbllLlaIoT 15 %. n p M  COCTaBne- 

~ I M Y  YpaBHeHMP AnR o n p e A e n e H m  BenHllMHbl noneper~oli ~ e @ o p ~ a l ; ~ n  
n p ~  npoKaTKe KBanpaTa B oBanbHoM ~ a n ~ 6 p e   TO OTcTynneHne BO BHM- 

MaHMe He nPMHMMan3Cb. 

Hap~ny C @ O ~ M O ~  ~ a n ~ 6 p a  @BKTOPOM, 0 l lpeAWlRH)uMM BenMllMHy 

f l 0 n e p e l r ~ 0 4  A ~ @ O ~ M ~ ~ M M  npM PpOKaTKe B ~anu6pax. RBnReTCR o6xa- 
TMe. McKnIOl le~Me npeACTaBnRlOT KBaApaTHble M K p y r n b l e  ~ a n ~ 6 p b l .  me 
BnllRHMe O ~ X B T H R  Ha COOTHOWeHMe M e m Y  noneper~oi  M n p o n o n b ~ ~ i  

~ ~ @ O ~ M ~ ~ M R M M  (npM A F / F o  > 0.20) He3Ha'iMTenbHO. YTO X e  KaCa- 

eTCR POM~H'I~CKMX, OBanbHblX, CTpenb'iaTblX, TpeYrOnbHblX ~ a n ~ 6 p o s .  TO 

3AeCl BenMrMHa 0 6 m a ~ w a  OKa3blBaeT BeCbMa CylUeCTBeHHOe BnMRHMe Ha 

ywMpeHMe: r e M  6 o n b u e  O ~ X ~ T M ~ ,  TeM M e H b u e  AonR noneper~oi  Ae- 

@opMaullkl.  ~ P M  npOKaTKe R RuM'IHblX M TpeyrOnbHblX ~ann6pax BnMH- 

Hue O ~ X ~ T M R  Ha BenMrMHy noneper~oh a e @ o p ~ a u u ~  C K ~ ~ ~ I B ~ ~ T C R  B 

~ e ~ b w e i  cTeneHw. 

T ~ K M M  o 6 p a 3 0 ~ ,  B o 6 1 u e ~  cnyrae @ ~ H K U M R  q 4 .  x a p a ~ ~ e p ~ 3 y m u a n  

yCn0BMR npOKaTKM B ~anll6pe. 3aBMCMT OT @ 0 p M b l  ~ann6pa. BenMrHHbl 

O~XBIMR M npM n m 6 b 1 x  3 H a r e ~ ~ f l x  B X O A R ~ M X  napaMeTpOB AOnXHa 6 b l ~ b  

6 o n b w e  eAMHMubl. 

Ha OCHOBaHMM aHanM3a pe3ynbTaTOB npOBeAeHHblX 3KCnepMMeHTanb- 

H ~ I X  ~ c c n e a o s a ~ w l i  n o n y r e H b l  ypasHeHI.in A n n  pacreTa BenMrwHbl none- 
pe'4~0S ~ e @ o p M a u M M  npM npOKaTKe B BblTRXHblX ~ a n ~ 6 p a x .  KOTOPble 

PaCCMOTpeH b l  HMXe. 

r A e  D - p,MaMeTp s a n K a  no  AH^ ~ a n ~ 6 p a ;  ho,  bo - BbtcoTa M UMpHHa 

3arOTOBKM; h  1 - BblCOTa nOnOCbl nOCne npOKaTKM; q - y r O n  HaKnOHa 

~ O K O B ~ I X  CTeHOK K B ~ P T M K ~ ~ I ~ H O ~  OCM ~ a n ~ 6 p a  ( y r 0 n  BblnyCKa ~ a n ~ 6 p a )  : 
AFR 3arOTOBOK KBaApaTHOrO Ce'4eHMR 



r k e  h K o  - nmaroHant, M c x o n t i o r o  KBanpaTa; h, - BbicoTa p o ~ 6 ~ r e -  
CKOrO ~ a n ~ 6 p a  6e3 yreTa s a ~ p y r n e ~ ~ ~  y r n a  npu e e p w m e  ~ a n ~ 6 p a ;  

Ah, = h K o  - h,,; D - n n a ~ e ~ p  s a n ~ a  n o  s e p l u ~ ~ e  ~ a n ~ 6 p a ;  - 
y r o n  t iaKnoHa 0 6 p a s y m u i e i  ~ a n n 6 p a  K nHtiMH p a 3 b e ~ a  BanKoB. 

B b ~ p a x e ~ ~ e  (3.10) n o n y r e t i o  npw y c n o s m ,  r T o  panMyc 3 a ~ p y r n e ~ 1 . 1 ~  
y r n a  npH BqX.LIHHe p o ~ 6 ~ r e c ~ o r o  ~ a n w 6 p a  He n p e s b l u a e T  0.2 h ,. 

r A e  dl - AHaMeTp B f l l l ~ a H H 0 h  B 0 ~ a n b H b l i  K8nH6p OKPYXHOCTH, A d  = 
= do - dl. 

O ' ~ ~ B H ~ H O ,  VTO nQHRTHfl BblCOTa ~ a n ~ 6 p a  ( h  ,) H AHaMeTp B ~ M C ~ H H O ~  

OKPYXHOCTM ( d l )  A n n  OBanbHblX ~ a n ~ 6 p o ~  BblpaXalOT OnHy H Ty ;Ke 
BenHrMHy H ~ b l 6 0 ~  n m 6 o r o  H3 HHX AnP XapaKTepMCTHKM pa3MepOB OBanb- 
HOrO ~ a n ~ 6 p a  3aBHCHT OT @ 0 p ~ b l  CelleHHR 3aTOTOBKH. 6 r3CTHOCTH, npH 
npoKaTKe K p y r o e ,  p a 3 ~ e p  n o n e p e r t i o r o  c e r e H m  v r o ~ o p b ~ x  r a p a ~ ~ e p ~ 3 y -  
eTCA B ~ J ~ M I I M H O ~  AHaMeTpa ( d o ) ,  BblCOTY OBanbHOrO ~ a n ~ 6 p a  y n o 6 ~ e e  
0 6 0 3 H a ~ H ~ b  r e p e 3  AMaMeTp B I ~ H C ~ H H O G  3KPYXHOCTH ( d l ) ,  a npn npO- 
K a m e  K s a n p a T o s  -- repe3 h l. B c e  c t t a 3 a ~ ~ o e  nonHot:Tbm OTHOCHTCR M 

K npoKaTtce B r n a n K H x  eanlcax.  
B CnyYae, eCnH OTHOCllTenbHOe o 6 x a ~ ~ e  n o  BblCOTe 3arOTOBKM I lpeBbl-  

u a e ~ '  2 5  %, nnn pacreTa BenwrHHbl n o n e p e r ~ o h  n e @ o p ~ a u ~ n  n p ~  r lpo-  
KaTKt? B OBanbHblX ~ a n ~ 6 p a x  MOXHQ HCilOnb30BaTb ynpOueHHble  Bbl- 

paxeHwfl, n o n y r e w i b l e  ~3 (3.5) M (3.7) : 
I lpOKaTKa KBanpaTa (npH Ah /h 0 2 0.25) 

! YLuupeH~e npU npOKarKe 8 ~py2f lb lx  u K B ~ ~ P ~ T H ~ ~ X  K a 0 ~ 6 p a x  

K ~ K  BMnHO H3 AaHHbIX, T~peACTaBneHHblx Ha pHC. 4 7  -- 49, Benl l rHHa 

n o n e p e r ~ o f i  n e @ o p ~ a u ~ ~  npM npoKaTKe ~ ~ ~ O T O B O K  OBanbHoro CerenHfl 
B KpyrnblX U KBanpaTHblK ~ a n k 1 6 p a x  CyLUeLTBeHHO 3aBllCHT OT pa3Me- 
p o s  ~ a n H 6 p a  H cTeneHH 3 a n o n ~ e ~ ~ ~  e r o  MeTannoM H lvrano ~ ~ B M C H T  OT 

BenMrllHbl O ~ M ~ T H R  ( A F / F o j ,  BO BCRKOM cnyrae ,  npH O ~ X ~ T H R X  6onb- 
U H X  0.2, KOTOpble XapaKIepHbl  P.nR PeanbHblX y c n 0 6 H f i  npOKaTKH Ha 
COpTO3blX H llPOBOnO'4HblX CTaHaX. C I ~ ~ ~ K T M ' ~ ~ C K O ~  TOqKM 3PeHMR, HaC 
n p e x A e  B c e r o  HHTepecyeT BennrHHa n o n e p e r ~ o h  f i e @ o p ~ a u ~ ~  npw non- 
HOM 3anOnHeHHH ~ a n l l 6 p a  MeTannOM, nOCKOnbKy MMeHHO M 3  3TOI-0 YC- 
n o e m  onpenenAtoTcR p a a u e p b ~  KsanpaTHblx  H K p y r n b l x  ~ a n n 6 p o s .  

H a  OCHOBaHHH aHanH3d pe3ynbTaTOB npOBeneHHblX 3KCnepHMeHTanb- 
HL,IX ~ c c n e n o o a ~ ~ h  (CM. VMC. 4 7  - 4 9 )  nonyreH!,l s n e n y m u w e  y p a e n e -  
HWA AnR onpeneneHwA s e n w r m b l  n o n e p e r ~ o h  n e @ o p ~ a ~ n ~  npw IlpOKaT- 
Kt? 3arOTOBOK OBanbHOl-3 CereHHfl B KBanpaTHblX H KpyrnblX ~ a n H 6 p a x  
npH nonc loM M n M  6nn31io~ K n o n H o M y  3 a n o n ~ e ~ ~ m  HX MeTannohn: 

n n R  KBaapaTHblX ~ a n w 6 p o ~  

C = 1 (3.15)  
1 + 1 5 A h K 1 ( 4 4 ,  + 0) 

' 

r p e  h , - s b l c o r a  n a n w 6 p a  ( h  , = h ~ 2 ,  h - c r o p o H a  n ~ a n p a ~ a )  : D - 
a n a u e T p  BanKa B BepuMHe ~ a n ~ 6 p a ;  

A n n  K p y r n b l x  ~ a n ~ 6 p o ~  

Y u u p e ~ u e  npu nb.,KaTKe s ~ p e x s a n ~ o s b r x  ~ a n u 6 p a x  

B e n ~ r ~ ~ a  n o n e p e r ~ o h  ~ e @ o p ~ a q m  npM npoKaTKe B TpeyrOnbHblx 
~ a n 1 1 6 p a x  3 a r o ~ o ~ o ~  U e c T n y r o r i b r o r o  M K p y r n o r o  c e r e w w  (npw Ad/do = 
= 0,15 - 0.30) MOXeT 6 b l ~ b  npe&CTaBrleHa YpaBHeHHeM : 

C = 1 - -- (3.17) 
1 + 2 5 A d 0 / ( 4 d 0  + 0) 

' 



r JI a B a IV. OnPEAEnEHHE PA3MEPOB KAnMGPOB 

Pacre~ pa3~epos ~ a n ~ 6 p o s  3 a ~ n m r a e ~ c ~  B coeMecTHoM pewenHM 
nonyrennblx B n p e ~ b ~ ~ y u e f i  rnase ypae~ien~n, x a p a ~ ~ e p ~ 3 y m u ~ x  pac- 
npeAeneHMe A ~ @ O ~ M ~ U M M  B npononbnohn n nonepewow HanpasnenMax 
M ypas~e~cqR, C B R ~ ~ I B ~ ~ ~ H X  reoMeTpMrecKHe pa3~epb1 M @ O P M ~  Ka- 

nw6pos c napaMeTpaMM n p o ~ c x o ~ ~ u e 5  B HLIX A ~ @ O P M ~ U M M .  

H e s a s u c ~ ~ o  OT @ O P M ~ I  ~ a n ~ 6 p a  cooTnoweHMe Mewy  ero pa3~e -  
PaMM Pa3MePaMM npOKa~blBaeM0fi B HeM flOnOCbl M O X H O  flpeACTaBMTb 
B BMAe cneaymuero ypaetieHm (Ann i -Tor0 ~ a n ~ 6 p a )  : 

FKi - AFKi = Ff - A F  . , 
Y I (4.1) 

rae FKi - nnouiaAb ~ a n ~ 6 p a ;  AFKi - racn  nnouaAw ~ a n ~ 6 p a ,  KO- 

TopaR 6blna 6b1 C B O ~ O A H ~  OT MeTanna npw O T ~ ~ T C T E M M  ywnpenwa; Fi - 

nnouaAb nonepernoro ceretiwu n p o ~ a ~ b ~ e a e ~ o i  nonocbl; AFyi - npw- 
paqewe nnoqaw cerenm nonocbl 3a cqeT vwlr(peHM8. 
8 CooTseTcTsnM c (2.4) BenMrMHa AFvi pasna 

AF . = cvi AFi , v 1 

rne c - K O ~ @ @ M ~ H ~ H T  ywMpeHuR B /'-TOM ~ a n ~ 6 p e .  f l o c ~ o n b ~ y  pa3- v i 
H O C T ~  (FK, - MKi) npeAcsasnReT co6oR nnouaAb nonepernoro ce- 
reHHR flOnOCbl npM OTCVTCTBMM YWMpeHMfl, BenM'lMHa C M ~ U ~ H H O ~  nn0- 
UaAM MeTanna BblPa3MTCR, KaK 

AF. = Fi-l - (FKi - AFKi), (4.2) 
r e  - nnouaAb cereHnR nonocbl np. salxone M 3  npenbuyuero 
~ a n ~ 6 p a .  

O~cmna AFyi = c [Fi-l - ( F K i  - AFKi ) 1 .  f l o~c~asnna  snaren~e 
v i 

AFvi B (4.1). 6 y ~ e ~  MMeTb 

Y ~ ~ B H ~ H M R  (4.1) - (4.7) HOCRT 0 6 ~ ~ 5  XapaKTep M CflpaBeAnMBbl Ann 
nm6oi CMcTeMbl ~an~ f j pos ,  a TaKxe Aria cnyraa npoKaTKw s rnaartmx 
sanKax. OHM RBnRmTcn HCXOAH~IMH Ann cocTaenetiMa y p a s ~ e ~ ~ 5 ,  csa- 
3blsatolqnx pas~epb\ ~ a n ~ 6 p a  c napaMeTpaMM n p o ~ c x o n ~ q e i  B Hew Ae- 
@opMaqMM. ~ T H  ypaBHeHMR neXaT 6 OCHOBe He TOnbKO PaCreTa pa3Me- 
pOB ~ann6po8, H O  M aHanM3a 6blTR)KHblX B O ~ M O M H O C T ~ ~ ~  KaK OTAenbHOrO 



~ a n ~ 6 p a ,  TaK H CMCTeMbl ~ a n ~ 6 p o e  B UenOM, npMBeAeHHoro €3 rn. V, 
Y ' l H ~ b l ~ a F l ,  '4TO BMA BTHX ~ P ~ B H ~ H M ~  3aBMCMT OT @CIF)M~I K ~ ~ M ~ F ) O B ,  CnO- 

~ 0 6  PaClreTa HX pa3MepOB U IlpeAellbHblX 3 H a l r e ~ M k  BblTRXeK (rn. V) Aa- 

eTCR OTAenbHO AnR K a ~ 0 f i  H3 paCCMaTpMBaeMblX 3AeCb BblTRXHblX CHCTeM. 

C M C T ~ M ~ I  RuMrHblX ~ a n n 6 p o s  MCnOnb3YKlTCR B KalleCTBe BblTRXHblX 

0 6 b l l l ~ 0  €3 '4epHOBblX KneTFlX COpTOBblX CTaHOB npM npOKaTKe KPYnHblX 

KBaApaTHblX M npRMOYrOnbHblX npo@~nek. 
Y ~ K  BMAHO 113 PHC. 56, n n o u a A b  i - ~ o r o  R u H r H o r o  ~ a n ~ 6 p a  MOXHO 

npeACTaBMTb CneAylOlUMM 0 6 p a 3 0 ~ :  

ii s t  
- I 

FKi - hKi bKi + - 
2 [ ( I  -,-)ty(Pi K; - 

- 4 r :  i (tgyj -  -Y~) I ,  (4.8) 

i A e  hKi - BblCOTa ~ a n ~ 6 p a ;  bKi - UlMPMHa no AHY ~ a n ~ 6 p a ;  Si  - 3a- 

3 o p  M e x A y  BanKaMM; rli - paAMyc s a ~ p y r n e ~ ~ ~  B y r n a x  ~ a n ~ 6 p a ;  

(P, - yron HaKnOHa 6 o ~ o e o k  CTeHKM ~ a n ~ 6 p a  K B e p ~ M K a n b H o k  OCH 

9 i 
( y i 0 n  Bb lnycKa)  ; Yi = - - . 

4 2 
T ~ K M M  0 6 p a 3 0 ~ ,  AnR IlOCTpOeHMFl RlUH'4HO~O ~ a n ~ 6 p a  H ~ O ~ X O A H N I O  

3aAaTbCR paAMycaMM s a ~ p y m e ~ ~ k  B yrnax ~ a n ~ 6 p a  H Y 6 y p ~ o B  (rli, 

PHC. 56: A e @ o p ~ a u n ~  El ~ a n n 6 p a x  CMCTeMbl npFlMOYrOnbHMK - KElaApaT 
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rii), s e n ~ r w ~ o k  sasopa M e x A y  BanKaMM, a T a K x e  MHorAa s e n ~ r ~ ~ o k  
BOrHYTOCTM AHa ~ a n ~ 6 p a  (fi ) . C n e ~ y e ~  MMeTb B BMAY, qTO OT sb16opa BTHX 

napaMeTpOE3 B 3Ha'IM~enbH0l? CTeneHM 3aBHCYIT C T ~ ~ H ~ ~ H O C T ~  npOUeCCa 

npOKaTKM M B KOHellliOM C'4eTe llPOM3BOAHTenbHOCTb npOKaTHOr0 CTaHa. 

T ~ K ,  HanHrMe s a ~ p y r n e ~ ~ k  B y r n a x  ~ a n u 6 p a  yMeHbwaeT KOHUeHT- 

pawto ~ a n p n x e ~ ~ k ,  3a c reT re ro  nosblwaeTcR A o n r o s e r H o c T b  s a n K o s ,  

a TaKXe CHMXaeTCR t:epaBHOMepHOCTb OCTblBaHHR npo@HnR B y r n a X  M 

Ha rpaHflX. Y K a 3 a ~ ~ b l e  nOnOXMTeJlbHble 3@@eKTbl ~ Y ~ Y T  TeM 3HallMTenb- 

Hee, r e M  6 o n b w e  BenMrMHa panwyca r , . O A H ~ K O  oAHospeMeHt io.  c BTMM 

y e e m r e w e  r BeAeT K YMeHbweHHtO ~ C T O ~ ~ M B O C T H  n o n o c b l  B ~ a n ~ 6 p e ,  

B p e 3 y n b ~ a ~ e  rero nosblwaeTcf l  BepoHrHocTb csanMeaHMR ee npM npoKaTKe. 

B~JIMIIMH~ 3a3Opa M e X a y  BanKaMM M CBR3aHHaH C HMM r n y 6 ~ ~ a  Bpe3a 

R BaJlKM B~I~M~?IKJTCFI  0 6 b l ' l ~ o  MCXOAR M3 Ha3HalleHMR ~ a n u 6 p a ;  '4eM 6 o n b -  

we r n y 6 ~ ~ a  spe3a. TeM s b l w e  Y C T O ~ ~ M B O C T ~  n o n o c b l  B ~ a n n 6 p e  H TeM 

6 0 n b ~ e  MOXeT 6 b l ~ b  BblCOTa 3 a ~ a s a e ~ o k  B ~ a n ~ 6 p  IlOnOCbl. C A p y r 0 i  

CTOPOHbl, C YMeHbUeHMeM r n y 6 n ~ b l  Bpe3a n0BblUlaeTCR nPOrHOCTb Ban- 

K a  M y n y r w a e T c R  s a x s a ~  nonocb l .  K p o ~ e  Toro ,  K o r a a  B ~ a n ~ 6 p e  ocyue- 
CTRnReTCR HeCKOnbKO nPOnYCKOB, 6 0 n b ~ a R  BeJlH'4MHa MeXBBJlKOBOTO 

x i s o p a  n o 3 e o n ~ e ~  nonyran 143 o A t i o r o  ~anb16pa nonocy p a 3 n ~ r ~ o r o  no- 
r ieperHoro  c e r e w a .  

C ~ ~ ~ ~ C T B ~ H H O ~  B O ~ A ~ ~ ~ C T B P I ~  Ha np0UeCC npOKaTKH OKa3blBaeT BOTHY- 

T O C T ~  AHa ~ a n ~ O p a ,  HanMrMe K o T o p o r o  nosbl luaeT ~ C T O ~ ~ M B O C T ~  n o n o c b l  

B ~ a n ~ 6 p e ;  y MeHbwaeT BOSMOX<HOCT~ n e p e n o n H e H m  nocneay m u e r o  

WuMIIHOTO ~ a n ~ 6 p a  M OAHOBpeMeHHO n03BOnfleT YMeHbWMTb B HeM y r O n  

sb lnyc l ta ,  IrTO T a K x e  noBb1wae-r Y C T O ~ ~ M B O C T ~  IlOnOCbr; 0 6 e ~ n e l l H B a e ~  

6onee n n a s ~ b ~ f i  saxsaT n o n o c b l  BanKaMH M, cneAosaTenbHo, cHMxaeT 

AMHaMMqeCKyH) COCTaBnRtOuYtO HaTPY3KM Ha BanKM npM 3aXBilTe. 

Y'IMT~IB~R, 'IT0 B HU.l,M'IHblX ~ a n ~ 6 p a x  npOKaTblBatOTCFI KpynHb le  Ce- 

LleHMR CO 3Ha'lMTenbHblMH O ~ X ~ T H R M H .  B pe3ynbTaTe re r0  O ~ O ~ ~ A O B ~ H M ~  

p a G o ~ a e ~  B ycnosMRx B b l c o K o r o  ~ P O B H R  HarpyxeHHocTM, nocneAHee 06- 
CTORTenbCTBO MOXeT MMeTb OnpeAenRtoUee 3HarleHHe npM nQCTpOeHMM 

RIL\M'IHblX ~ a n ~ 6 p o s .  B M ~ C T ~  C TeM, HeCMOTPR Ha YKa3aHHble npeMMY- 

U(eCTBa BOrHYrblX FIUM'IHblX ~ant16pos no CpaBHeHMtO C nnOCKMMH, npH-  

MeHeHMe MX MOXeT OKa3aTbCR H e ~ e n e ~ 0 0 6 p a 3 H b l M  BCneUCTBMe nOBblUeH- 

HblX nOTepb T e ~ l n a  B y r n a x  n p o Q ~ n ~ ,  l lT0 CTaHOBHTCR O C O ~ ~ H H O  CYUeCT- 

BeHHblM I lpH HM3KMX TeMPepaTYpaX npOKaTKM. 

T a l c l . 1 ~  0 6 p a 3 0 ~ ,  p a a n y c b l  s a ~ p y r n e ~ ~ k ,  r n y 6 ~ ~ a  spesa  B BanKM M 

BOrHYTOCTb AHa ~ a n ~ 6 p a  AOnXHbl  Bbl6Mpa~bC.R C y'4eTOM KOHKPeTHblX 

y c n o s ~ k .  M3 AaHHblX IlpaKTMKM, AnR nOCTpOeHMR RUM'IHblX ~ a n ~ 6 p o s  

peKOMf?HAytoTCfi CneAytCJuMe 3Ha'leHMR y K a 3 W H  blX napaMeTpOB : 



f l o c ~ o n b ~ y  senwqwny sasopa M e m y  BanKaMw, p a n w y c b l  s a ~ p y r n e -  
HMR B y r n a x  ~ a n u 6 p a  BenwrMHy BOrHYTOCTM B b l G ~ p a t O ~  B 3aBWCWMO- 
CTH OT r a 6 a p ~ ~ o e  ~ a n ~ 6 p a ,  pacqeT R ~ H ~ H ~ I X  ~ a n w 6 p o s  s a ~ n t o q a e ~ c n  B 

onpeneneHMM B ~ I C O T ~ I  ~ a n w 6 p a  h  K ,  u w p w ~ b ~  bK M y r n a  B b l n y c K a  ~p.  

H w m e  w 3 n a r a e ~ c ~  c n o c o 6  pacrleTa p a s ~ e p o e  R u w r H b l x  ~ a n w 6 p o s  npw-  
MeHMTenbHO K CMCTeMe IlPFlMO~rOnbHWK - KBaApaT, OAHaKO 3TOT CnO- 
c o 6  MOXHO npwMeHmb M nnfl a p y r M x  c o r e ~ a n ~ i  R ~ H ~ H ~ I X  ~ a n ~ 6 p o s .  

O n p e n e n e ~ w t o  p a s ~ e p o s  ~anb16pos  n o n m e n  npenuecTBosaTb pacqeT 
noneper lHblx c e r e ~ w k  n o n o c b l  n o  KneTRM, n o 3 T o M y  ~ H ~ ~ ~ H H F I  n n o u a n e i  
MeTanna B i-TOM nPflMOYrOnbHOM W B ( i  - 1 )  - M ( i  + 1 )  -M KBanpaTHblX 
R U M ~ H ~ I X  ~ a n ~ 6 p a x  c r w a e M  W ~ B ~ C T H ~ I M W .  P a c q e ~  HaqwHaeM c onpenene-  
HMR pa3MepOB KBanpaTHblX K ~ ~ M ~ P O B .  

~ P M  paCnpeneneHMM Bb ITAXKW M e X n y  npFlMO~rOnbHblMM M KBaApaT- 
H ~ I M M  ~ a n k 1 6 p a ~ ~  B nocnenHwx y n o 6 ~ e e  3 a n a e a ~ b c ~  He n n o u a n b t o  ce-  
qetiwn nonoct.1, a c ~ o p o ~ o i  KsanpaTa, K O T O P L I ~  a o n m e n  6 b l ~ b  n o n y q e n  
B AaHHOM ~ a n w 6 p e .  

f l n o u a n b  cerletiwfl n o n o c b l  B ( i  + 1 ) - M  K B a n p a i H o M  R ~ M ~ ~ H o M  ~ a n w 6 -  
p e  c yqeToM s a ~ p y r n e ~ w f i  B y r n a x  npo(t )wn~ onpenenneTcfi w3 BblpameHwR 

- F ; + l  - h f + l  -.0,86 r f  i + l .  (4.9) 

B b l c o ~ a  K s a n p a T H o r o  n u w w o r o  ~ a n n 6 p a  npMtiwMaeTcR p a e n o i  CTO- 

p o t i e  npoKaTb leaeMoro  B HeM KsanpaTa, T.e. h  K i  + = h  i +  l .  
Ann onpeneneHwR u w p w ~ b ~  ~ a n w 6 p a  (b i + l  ) M y r n a  B b l n y c K a  ( p i + l  ) 

PaCCMOTpMM f l e ( t ) ~ p ~ a ~ M t O  npkl flpOKaTKe B 7; + 1 )  -M ~ a n ~ 6 p e .  
C ~ e u e n n a n  n n o u a n b  MeTanna npw np0KaTKe B ( i  + 1 ) - M  KBaApaT- 

HOM R ~ W ' I H O M  ~ a n w 6 p e  (CM. p ~ c .  5 6 )  paBHa AFi+ = F i  - h  K i + l  hK i.rfle 
Fi  - n n o u a n b  MeTanna B n p e n b t n y u e M  i -TOM n p R M o y r o n b H o M  ~ a i l w 6 -  
pe; h K i  - UJHPMHa 3 a n a s a e ~ o R  B ( i  + 1)-R ~ a n w 6 p  nonocbl ,  p a a n a n  B ~ I -  

coTe i -Tor0 ~ a n w 6 p a .  
f l p e n e 6 p e r a ~  s a ~ p y r n e ~ w e ~  y r n o M  KsanpaTa w npwHwMaR BO BHwMa- 

Hwe,  TO B  TOM c n y r a e  F~ = X i + 1  h  : i + l ,  wMeeM 

Ann 06ecnerlenwn HaAemHoro s a x s a ~ a  w ~ C T O ~ ~ M R O ~ O  n o n o m e n w n  n o -  
nOCbl B ~ a n w 6 p e  Ha OCHOBaHMM IlpaKTHlreCKLIX AaHHbIX PeKOMeHfl~IQTCR 
cnenytou\Me CooTHouteHwR M e x n y  UIWPMHO~ ~ a n ~ 6 p a  M UJMPWHO~~ 3ana- 
s a e ~ o h  B 3TOT ~ a n u 6 p  n o n o c b l :  

AnR n p R M O ~ r O n b H b l X  ~ a n w 6 p o s  bKi = (0,98 + 1,o) h  K i - l  ; 
nnR KBanpaTHblX f lUHqHb\X ~ a n w 6 p o ~  b K l + l  = (0 ,95  i 1,o) hKi . 
~ ~ P M H M M ~ R  AnR nPOCTOTbl bKi = h  K i - l ,  b K i + l  - - h  K i  W nOflCTaBnRR 

B (4.5) s ~ a q e ~ w e  n n o u a n n  A F i + l ,  n o n y q w ~  ypaenetiwe, c s ~ 3 b 1 e a m u e e  
p a 3 ~ e p t . 1  ( i  + 1 )  - r o  K s a n p a T n o r o  nuwitioro ~ a n w 6 p a  c napaMeTpaMw 
n e ( t ) o p ~ a u w ~  

B b l p a x e ~ ~ e  nnn o n p e n e n e ~ n ~  K O ~ ( ~ ) ( ~ ) M U M ~ H T ~  y u w p e ~ w ~  npw ~ P O K ~ T -  

, Ke B ( i  + 1 )  -M KBanpaTHOM R u M ' I H O M  ~ a n ~ 6 p e  B COOTBeTCTBMM C (3.8) 

me bin hi - BblCOTa H UIH()WHa IlOnOCbl, B X O / ~ R ~ ~ ~  B ( i  + 1 ) - h  ~ a n w 6 p  
(h i  = h K i ) ;  D;+l - AwaMeTp BanKa n o  f l ~ y  ( i  + 1 )  - r o  ~ a n w 6 p a ;  

= bi - h K i + l .  

n p w  npOKaTKe no CXeMe ~ P R M O ~ r O n b H W K  - KBaLlpaT BblCOTa M WM- 

pMHa n p R ~ o y r 0 n b ~ 0 k  nonocb t  n o c n e  i -Tor0 ~ a n w 6 p a  6 n w 3 ~ w  no Benw- 
w n e  cooTseTcTseHHo CTopoHaM n p e n b l n y u e r o  ( i  - 1 ) - r o  w n o c n e n y m -  
u e r o  ( i  + 1 )  -ro KsanpaTos;  p a 3 ~ w u a  M e m n y  HWMW 0 6 y c n o s n e ~ a  Tonb- 

KO H a n w w e M  yunpeHwH.    TO ~ O ~ B O ~ R ~ T  683 y u e p 6 a  A n n  TO~HOCTH B ~ I -  

qwcnenwR KO~(~)(~)MI.~H~HT~ YUlHpeHHR I lpWHRTb B (4.12)  

f l o n c ~ a s u e  s ~ a r l e ~ w e  K O ~ ( ~ ) I $ M ~ W ~ H T ~  c ~ ~ + ~  B y p a ~ , i e ~ ~ e  (4.1 1 ) .  no- 

Y r o n  B b l n y c K a  ~ a n u 6 p a  pi-+l  ~ ~ B M C M T  OT BenwqwHbl n o n e p e r n o i  n e -  
@ 0 p ~ a u L I l l  L4 MOXeT 6 b 1 ~ b  HaRfleH kl3 COOTHOUt?blMR 

"Ki+l  ' A F Y i + l .  (4.15) 
f l n o u a n b  ~ a n w c p a ,  0 6 p a 3 0 1 3 a ~ ~ a R  BblnycKaMw, p a s n a  AFK + l  - - 

- 1 
- 7 hLi+1 fg Pitla 

f l p ~ p a u e n w e  n n o u a n c l  Voneper lHoro cerleHwR n o n o c b l  3a crleT y w k -  
PeHMR B COOTBeTCTBUH C (4.4) MOXHO IlpeflCTaBLITb Cfle&ytOUMM o 6 p a 3 0 ~ :  





H ~ I X  ~ a n ~ 6 p o s ,  a cnenoeaTenbno,  M n n o q a n w  cereHun MeTanna B HHX, 

npaKTurecKM npenonpenenenb l  p a 3 ~ e p a ~ ~  n p e n b l n y u e r o  M nocneny to -  
u e r o  KsanpaTos,   TO H ~ O ~ X O I Z W M O  yrwTblsaTb npM pacrlpeaenenww qacT- 
H O ~  CYMM~PHOR BbiTRXKH Me)KAY ~ a n ~ 6 p a ~ w .  

3 ~ a q e ~ w e  B ~ I T R X K H  B n p H M o y r o n b n o M  ~ a n w 6 p e ,  0 6 y c n o s n e t + ~ o e  npw- 
HRTblMW COOTHOUJeHWRMM pa3MepOB flpFsMOYrOnbHblX M KBaApaTHblX RuH ' I -  

H ~ I X  ~ a n w 6 p o s  ( h  Ki X bKi+l, bKi FZ hKi-l), n a i n e ~  c n e n y t o u w ~  06- 
pa3oM. 

n n o u a a b  n o n e p e r n o r o  cereHwR n o n o c b l  n o c n e  i - T o r 0  n p m o y r o n b -  
HOrO ~ a n w 6 p a  COOTBeTCTByeT 

C YreTOM (4.11) M Toro, r T o  hi+l = hc/hi, nonylcwM c n e n y t o u e e  y p a s -  
H e m e  nnn onpenenenwn B ~ I T R X K H  B n p n M o y r o n b n o M  ~ a n ~ 6 p e  

- 'yi+ 1 I 
T ~ K H M  0 6 p a 3 0 ~ ,  BblTRXKa B ~ I M O Y r O n b H O M  ~ a n w 6 p e  6 y n e ~  TeM 

6 o n b l u e  oTnwvaTbcn OT c p e n n e i  (& I ,  r e M  6 o n b w e  p a 3 n ~ u a  B KQ~@@M- 
uweHTax yurwpenwR n a E o r o  w n o c n e n y t o u e r o  ~ a n w 6 p o s ;  npw c = 
- v i  - Cvi+l "MeeM hi = ,/A=. 

A n a n w s  y p a s ~ e n w i  (4.13)  M (4.22) n o ~ a 3 b l e a e ~ ,  r T o  p a 3 n u u a  M e m y  
K O ~ @ @ W U H ~ H T ~ M W  Cyi M Cvi+l 3aBHCMT OT BenH'4WHbl ~ ~ C T H O G  C Y M M ~ P H O ~ ~  

B ~ I T R X K M  w pa3~wu.bl  B nwaMeTpax s a n K o s  D. w 
B csn3w c TeM, r T o  peweHw5ypaBnenA (4 .25)  - s a n a r a  n o s o n b n o  

TpyBoeMKaR, oTHoluenMe hi/,/ hc MOXHO. o n p e n e n m b  143 r p a a ~ ~ a  Ha 

PMC. 57, n o n y r e n n o r o  pewenMeM y p a s H e n m  (4.25)  npw p a 3 n w r ~ b l x  3 ~ a -  
WHHRX hz M OTHOUleHMR q+l/Di = 1 M n M  C f lOMOUbH3 CneBYloUerO 
6 n w x e n ~ o r o  ypasnenwa, n o n y r e n n o r o  n y T e M  i r w c n o e o r o  a n a n m a  y p a e -  
t 4 e H ~ i  (4.1 3 )  , (4.221,  (4.25) , 

C H C T ~ M ~  ~ a n w 6 p o s  p o ~ 6  - KBanpaT IlpMMeHReTCR B TOM Cnyllae, eCnll 
~ p e 6 y e ~ c n  n0nyrMTb ' ~ M C T O B O ~  KEa/lpa~Hbli npo@wnb. K p o ~ e  TOrO, CMC- 
TeMa p o ~ 6  - KBanpaT HCflOnb3yeTCR T a K X e  B Ka'ieCTBe B ~ I T R X H O ~ ~  CMC- 
TeMbl, llPH'4eM O ~ ~ I ' I H O  npH flpOKaTKe KPYnHblX ~ e r l e ~ ~ k  ( 0 6 b l l l ~ 0  A 0  

I ~ s a n p a ~ a  1 5 0 )  . 
Pa3Mepbl  KBanpaTHblX ~ a n w 6 p o s  B ~ I ~ H P ~ ~ ~ T C R  MCXOAR H3 nOnHOrO 

3anonnenwn MX MeTanncrn. Ecnw n n o u a n m  MeTanna B ~ a n w 6 p a x  o n p e n e -  
neHbl, TO npM H ~ B ~ C T H O ~  CTOpOHe KBanpaTa ( h )  BblCOTa KBaApaTHOrO 
~ a n ~ 6 p a  c yqerorul 3 a ~ p y r n e n ~ G  B y r n a x  6 y n e ~  pasHa 

h i  = hv'2"- O,S3 r l ,  (4.28)  

r n e  r , - p a n w y c  3 a ~ p y r n e ~ w k  B y r n a x  K s a n p a T n o r o  ~ a n w 6 p a .  
3 a ~ p y r n e n w n  EI y r n a x  P O M ~ W ' ~ ~ C K M X  M KsanpaTnb lx  ~ a n w 6 p o s  B ~ I -  

nonHRtoT TY x e  ponb,  r T o  w B F I ~ H ~ H ~ I X  ~ a n w 6 p a x .  
n n o u r a n b  K s a n p a T n o r o  ~ a n w 6 p a  c y r e T o M  3 a ~ p y r n e n ~ n  y r n o s  p a s n a  

FK = h 2  - 0.43 r :  - 0 , 5 s Z ,  (4.29)  

r n e  s -- s a s o p  M e m a y  sanKaMw n o  p e 6 o p n a ~ .  
O ~ ~ I ~ H Q  IlpMHHMatoT r  1 < 0,2 .h, S 0,l h. 
P a n w y c b ~  3 a ~ p y r n e n w i  y 6 y p ~ o s  AenatoTcR H e c K o n b K o  6 o n b l u w ~ w ,  

~ ( ~ 0 6 b l  ~ 3 6 e X a ~ b  n o n s n e n w n  "nonpe30s f '  B c n y r a e  nepenonHenwn Ka-  
n ~ 6 p a .  

B ~ I C O T ~  qMCTOBOrO KBaApaTHOrO ~ a n w 6 p a  ~ b l 6 k I p a e ~ c R  C y r e T 0 M  TeM- 
nepaTypHoro  pacuJwpenMn MeTanna M senwrwnbr n o n y c K a ,  onpenenne lv lo ro  
~ O C T O M  wnw T Y .  

h i  = (1,010 i 1,015) { lhHoM - (0.5 + 0.8) A ]  @- 0.83 r , ] ,  



BMT B ~ T P Y A H ~ H M ~ ~ ,  H PaCYeT CMCTeMbl P O M ~  - KBanpaT COCTOMT B Onpe- 
neneHHM p a 3 ~ e p o s  P O M ~ H Y ~ C K M X  ~ a n ~ 6 p o s .  f l p ~   TOM cnenyeT noMHMTb, 

YTO p83Mepbl  P O M ~ H ' ~ ~ C K O ~ O  ~ a n ~ 6 p a  n O n X H b l  0 6 9 ~ f l e Y H ~ a ~ b  IIOnyYeHMe 
~ p e 6 y e ~ o E  nnOUaJlM MeTanJla He TOnbKO B DBHHOM ~ O M ~ H Y ~ C K O M ,  HO 

H B nocneaytoqelvr  KsanpaTHoM ~ a n ~ 6 p e .  
f l n o q a a b  i - ~ o r o  p o ~ 6 ~ r e c ~ o r o  ~ a n ~ 6 p a  c y r e T o M  s a ~ p y r n e ~ ~ i i  e 

y r n a x  ~ a n ~ 6 p a  ( r l i  ) M aasopa M e w y  BanKaMH ( s i  ) pasHa 

r a e  h K i  - BblcoTa ~ a n ~ 6 p a ;  13,. - y r o n  HaKnoHa 0 6 p a 3 y t o q e h  ~ a n ~ 6 -  
p a  K OCM BanKa. 

f l 0 ~ ~ 0 n b K y  BenMYHHbl S i  H f 1 ;  flpHtiMMaH)TCfl B COOTBeTCTBMH C pas-  
MepaMcl npoKaTb leaeMoro  n p o @ ~ n ~ ,  pacreT P O M ~ H Y ~ ? C K M X  ~ a n ~ 6 p o e  6 y -  
aeT 3aKntOvaTbCR B OnpeneneHHH ~ B Y X  napaMeTpoB: BblCoTbl ~ a n ~ 6 p a  
h K i  H y r n a  HaKnoHa 0 6 p a s y r o q e h  ~ a n ~ 6 p a  K OCH BanKa P i .  

onpeaeneHHH BenMrMH h K i  M /5. PaccMoTpHM n e @ o p ~ a u n m  n o n o -  
Cb l  B P O M ~ H Y ~ C K O M  M I IOCnenytOqeM ( i  + 1)  -M KBanpaTHOM ~ a n ~ 6 p a x .  
E c n ~  n p e ~ e 6 p e v b  3 a ~ p y r n e ~ u ~ ~ ~  y r n o B  ~ a n ~ 6 p o s .  TO s e n w r m a  cMe- 
q e ~ ~ o h  n n o q a a w  MeTanna (pclc. 5 8 )  npH npoKaTKe n o n o c b l  KsanpaT- 

- BblcoTa n p e n b l n y q e r o  ( i  - , I )  -ro KoanpaTHoro  ~ a n ~ 6 p a  

n o ~ c ~ a e n ~ ~  3 ~ a u e ~ ~ e  AFi B ypasHeHMe (4 .4 )  M s b l p a x a n  n n o q a n b  
Ce'4eHMH nonoct., F~ = hKZi /2hi ,  n o n y r ~ ~  y p a ~ ~ e ~ ~ e ,  c a ~ 3 b 1 a a t 0 q e e  
r e o ~ e ~ p ~ r e c ~ v l e  p a s ~ e p b ~  p o ~ 6 ~ r e c ~ o r o  ~ a n ~ 6 p a  c n a p a ~ e ~ p a ~ ~  npo- 
~ c x o n ~ q e i r  B HCM B ~ @ O ~ M ~ U M L I I  

( 1  - hKi/hKj-;)2 X. - 1 
-- (4.31) 

1 - ts  Pi A .  ( 1  - - -  c . )  
Y 1 

- BbITflXKa M KOB@@VILII.I~HT yWMpeHI1H B !'-TOM p 0 ~ 6 M Y e -  

E ~ u e  o n H o  ypaBHeHMe ~ a f i f i e ~  M 3  YCIIOBMH H B O ~ X O ~ M M O C T M  nOnYqe- 
HMR KBanPaTHOFO I~PO@MIIFI B nOCnefiy!Ol4eM ( i  + 1) -M KBanpaTHOM Ka- 

nt16pe. 
 TO yCnO€3Me B COOTBeTCTRMM C (4..7) BblPa3MTCR K a K  

r n e  X i + l ,  c y i + ,  - B~ITRX;KB M K O ? @ @ M ~ M ~ H T  y luupeHMn B ( i  + 1) -M 

KBanpaTHOM ~ a n L 4 6 p e .  

Vi3 pat. 59 a w t w ,  YTO n n o l u a n b  AFK j+ l  IWOXHO npencTasMTb cne-  
~ ~ I O ~ M M  0 6 p a 3 0 ~ :  



I l o n c ~ a s n s   TO 3 n a r e n ~ e  AFKi+l  B (4.321, n o n y r H M  ypaBneHMe, CBR- 

s b l e a m u e e  reoMeTpHreCKHe pa3Mepb l  p o ~ 6 n r e c ~ o r o  ~ a n n 6 p a  c napa-  
MeTpaMw ~ e @ o p ~ a u ~ n  B n o c n e A y a u e M  ( i  + 1) -M KBanpaTt ioM ~ a n ~ 6 p e  

(1 -. hKi ) I  

Ki +l  - - ' v j + l  ( ' i+ l  - ' (4.33) 

1 - ts Pi 1 - c  v i+ l  
Pj l~  T o r o ,  r~06b l  ynpocTwTb p e w e n w e  w a n a n ~ 3  n o n y q e n n b l x  y p a e n e -  

link (4.31 1, (4.331, BBcAeM 6123palMepliblf i  K O ~ @ @ H ~ H ~ H T  $i , p a ~ k i b l f i  

$i = h K i / h K i + l .  (4.34) 

K O ~ @ @ W U H ~ H T  J;. x a p a ~ ~ e p ~ ~ y e ~  p a 3 n ~ u y  M e w y  UIMPMHO~~ ( i  + 1) - r o  
KBaApaTHOrO ~ a n w 6 p a  M UIMPHHO~ B X O A R ~ ~ ~  B H e r 0  IlOnOCbl, p a B I i 0 k  
BblCOTe npeAlueCTBytOuer0  p o ~ 6 w r e c ~ o r o  ~ a n n 6 p a .  K O ~ @ @ H U H ~ H T  $;. BCG- 

r A a  A o n x e n  6 b l ~ b  M e n b w e  enHtiMqbl ($ < 1,O); ~ T H M  0 6 e c n e r n ~ a e ~ c ~  
3aXBaT POnOCbl BanKaMH H B03MOXHOCTb YUlHpeHHR B KBaAPaTHOM Ka- 
n ~ 6 p e  6e3  0 6 p a 3 o ~ a n ~ ~  " n a ~ n a c o e " .  

B ~ I C O T ~  p o ~ 6 n r e c ~ o r o  ~ a n ~ 6 p a  6e3 yre1.a s a ~ p y r n e n n i  B y r n a x  p a s n a  

r A e  hi + l  - cTopona n o c n e a y m u e r o  KsaApaTa. 
U l n p ~ n a  p o ~ 6 n r e c ~ o r o  ~ank16pa bKi = h K i  l t g  fl;. 
C y r e T o M  s a ~ p y r n e n ~ k  BblcoTa p o ~ 6 ~ r e c ~ o r o  ~ a n ~ 6 p a  onpenenReTcn 

no c n e ~ y  m u e f i  @ o p ~ y n e  

hAi = h K i  - 2 r  , j  (- 1 - 1 ) .  
cos p; 

P a ~ ~ y c  s a ~ p y r n e n ~ k  B y r n a x  ~ O M ~ M ~ ~ ~ C K O ~ O  ~ a n ~ 6 p a  ( r  l i )  06blrn0 

KOBO.  TO AaeT OCHOBaHHe HCnOnb30EaTb AnR paC'4eTa K O ~ @ @ H ~ . ~ W ~ H T ~  
YLllHpeHMR Cvi + 6 CHCTeMe P O M ~  - KBaApaT VpaBHeHHe (3.1 5) . 

C y r e T o M  (3.15) H (4.34) y p a s n e n n n  '(4.31). (4.33) n o c n e  n e c n o x -  

'h*Ki+l .  
B e n ~ r ~ n a  ~ o s @ @ w u w e n ~ a  ywHpenwR B P O M ~ H ' ~ ~ C K O M  ~ a n ~ 6 p e  o n p e -  

AenReTcR ypaenenMeM (3.10). n p n s e n e ~  e r o  K snay, 6 o n e e  yno6no~y  
A n n  pacqeToe ~ a n n 6 p o s o K .  

~ P H  PaBeHCTBe MAeaflbHblX AHaMeTpOB BanKOB AHaMeTpbl Di H D j + l  

6nH3KH M e w y  co6oC1, 'IT0 llO3BOJlReT B (3.10) nPHHRTb Di = D i + l .  Be- 

nM'4HHbl ah K / h  ] ll h K O  MOXHO IlpeACTaBHTb K a K  
Ah JG 

K - h l < , - l  - 1 = - 1, 
" K I  h ~ i  qi 

I 

C VrleTOM (4.39) VpaBHeHHR (4.37), (4.38) COAepXaT ABa HeH3BeCT- 
HblX: K O ~ @ @ H ~ H ~ H T  $ / ,  ~ a p a ~ ~ e p H 3 ~ ~ ~ H k  BblCOTY P O M ~ H ' ~ ~ C K O ~ O  Ka-  
n ~ 6 p a ,  H t g  fli . Pa3Mepb1 ~ O M ~ M ~ ~ C K O ~ O  ~anL16pa OnpenennmTcR nyTeM 
c o e M e c T n o r o  p e w e n w n  BTHX y p a s n e n n k .  

~ ~ O C K O ~ ~ K Y  (4.37) , (4.39) IlpeACTaBnRmT c o 6 o k  CHCTeMY t-ien~liek- 
H ~ I X  y p a s n e ~ ~ i ,  pewenwe ee MOXHO H ~ ~ T H  ontiMM ~3 n p ~ 6 n c l x s ~ ~ b 1 x  
c n o c o 6 0 ~ .  HanpHMep C r;OMOu(bl€~ MeTOAa IlOCneAOBaTeJlbHblX n p ~ 6 n ~ x e n ~ k .  

~ P H  H3BeCTHblX 3HalleHHRX BblTRXeK ( A z ,  hi ) , OTHOUleHMR D i + l /  
/ h d + l  H K O ~ @ @ W ~ M ~ H T ~  A p e w e n H e  Bb lnon t ineM B c n e ~ y m u e k  n o c n e -  
AOBaTeJlbHOCTH. 

n p w n ~ ~ a e ~  B KarecTse n a r a n b n o r o  HeKoTopoe s n a r e n ~ e  t g  fli H npcl 

tg fli = ( tg  fli ( ' 1  OnpeRenReM HJ (4.38) n a r a n b n o e  s n a r e n ~ e  ~ 0 3 + -  

@ ~ u ~ e n ~ a  $ / .  B ~ I Y M C ~ R ~ M  npw t g  8, = ( tg  0,. lo '  H $i = $(p' c n a r a n a  
K O ~ @ @ H ~ W ~ H T  YUlHpeHHR C v j  H3 BblpaXeHHR (4.39), a 3aTeM, nOnCTaB- 

nnR ( tg fli ) ( 0 1 ,  $(P' W n a f i n e n n o e  3rlarenwe cvi B n p a s y a  W C T b  y p a s -  

n e n m  (4.371, n a i n e ~  n o s o e  3narenHe tg 4 ( tg  4 ) ( '  1 .  n o c n e  3 ~ 0 r o  
CpaBHMBaeM M e X A y  c o 6 o k  IlpHHRTOe H Ebl'4HCfleHHOe 3HalleHHR t g  fli H, 

ecnM pa3nocTb ( tg  (5. ) '' ) - ( tg  (5. ) ( O )  6 y ~ e ~  6 o n b w e  s a n a ~ n o i  n o r p e w -  
HOCTW, BblYHCneHlVl "OBTOpReM ilpH tg fli = ( tg fli ) ( l  B TOR X e  n0Cne- 

AoeaTenbnocTH,  TO M Ha n p e a b ~ ~ y u e k  o n e p a u w n  s b ~ r c l c n e t i n i .  P a c r e ~  
n p o A o n x a e M  AO Tex nop, n o K a  p a 3 n ~ ~ a  s n a r e n ~ k  'tg f l i ,  n o n y r e n n b l x  npcl 
A2HHOM H npeAblJJYueM ~ I~M~~M:K~HHRx,  6 y n e ~  MeHblue HnH paEHa 3aAaH- 
n o i  n o r p e w n o c T H  ~ h ~ r n c n e n ~ k .  
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I l l ~  ~I:I~I~:IIMM Yl)rlL~IIC'IiMI.l MEII.OL\:IM n o c n e n o B a T e n b H b l x  n p ~ 6 n ~ m e ~ ~ i  
0 t j b e M  ~ ~ b l ' i k l ~ n e ~ ~ f i  3aBMCMl OT HB.;IMYMHbI ~ P M H R T O A  I l O ~ p e U H O C T M  4JlR 

MCKOMblX BeflMIIMH, B AaHHOM CI lyYae NnFl tg Pi, M 3 T 0  O ~ C T O R T ~ ~ ~ C T B O  

H e 0 6 ~ 0 n l l l ~ 0  YqMTblBaTb flpM s b ! 6 o p e  TOqHGCTM paClleTa. O r e s M n H o ,   TO 

TO'IHOC-:b p a c r e T a  ~ t .  n o n m H a  Obvrb HH O ~ M U J K O M   ano oh, HM C n M u K o M  

B ~ I C O K O ~ ~ ,  TaK  K a K  B 3XOM CnYqae a n R  peuleHMR ypaBHeHMf i  no~pe6o- 
BanOCb 6 b 1  H ~ O ~ O C H O B ~ H H O  6 ~ ) n b u o e  qMCnO k l ? e p a q ~ : k .  

M c x o n ~  M3 TOSHOCTM Hape3KM ~ a n ~ 6 p o s ,  ~ P M H H T O ~  OflFI COpTORblX 

M TiPOBOnOqHblX CTaWOB, KOTOpaR 06b lqH0  COGTBeTClBYeT 6 --- 7 Kn2CCy 

no OCT 24.001.27--78, n o r p e w k f o c - r b  ~ b ~ r ~ c n e ~ ~ f i  yrna H a K n o H a  o6pa- 
sylouek ~ O M ~ M ~ ~ C K O ~ O  t t a n ~ 6 p a  K OCM s s r l k o s  MOMe? G h ! ~ b  npMHRTa 

pas~oh  

~ M c ~ o B ~ R  npOBepKi3 nOKa3blBo?&T, VTO flOrPeUIHOCTb B b l ' 4 H ~ l l e ~ M ~  KO- 

~ @ @ M U M ~ H T ~  $/ n p M   TOM CocTasMT 

l $ ' i " '  - $j."-"l < 0.001. 

&IYTMM B a X H b I M  @BK.TOPOM, Ofl~)e,QeflRH)U\MM 0 6 b e ~  B ~ I ' ~ M C J ~ ~ H M ~ ~  

I l pM pelLleHMM y p a I 3 H e t i ~ G  MeTOnOM n ~ e p a q ~ f i ,  RBJlReTCR Bb160p  Haqanb-  

HblX 3Ha' leHMi MCKOMblX ~opt ieh.  %?M 6 n ~ ~ e  K MCTMHHOMy 3HarleHMto 

KOPHR Bb l6paH0  n a L l a n b ~ o e  n p ~ 6 n n z r t e n ~ e ,  TeM M e n b u e  n o l p e 6 y e ~ c ~  B ~ I -  

IcMcJ lMTenbH~h p a 6 0 ~ b t .  

B ~ ~ C T H O C T M ,  nnn o n p e n e n e H M n  H a r a n b H o r o  Bt iareHMR tg 4 npn pe- 
lLleHMM ~ P ~ R H ~ H M ~  ( 4 . 3 7 ) ,  ( 4 .38 )  MOXHO PeKOM(?HAOBaTb C n c L l y m U e e  

BblpameHMe, nonyrewoe c n o w o u b m  r M c n o e o r o  aHanMsa 3TMX YP~EH~HM&%:  

K ~ K  no~asana nposeprta, p a 3 ~ ~ u a  e e n u r M H  tg Pi, n a i n e t l ~ b ~ x  ~3 ypae- 
H ~ H M ~  (4 .37 )  , (4.383 M C nOMOUlbH) BblPaWeHHR ( 4 . 4 0 ) .  B UJHPOKOM LIMB- 

nasone s x o n R q M x  n a p a M e T p o s  (A1: = 1,4 + 2,O; Di+ ,/h l,i+l = 5 t 
+ 20; A -= 3,5 - 5 ,5 ) ,  He  r l p e s b l u a e T  1 - 2 %. T a ~ H r d  0 6 p a 3 0 ~ ,  s b l p a -  

XeHMe ( 4 . 4 0 )  M O X H O  HCnOnb3OBaTb H e  TOnbKO AnFl H a X O ~ e H M R  H a r a n b -  

HO:O 3 ~ a q e ~ ~ ~  yr r la Pi , HO M 3 K a r e c T s e  c a ~ o c ~ o n l e n b n o i  c p o p ~ v n ~ ~ ,   TO 

3HarMTenbHO Y f l p O u a e T  p a c r e T  ~ O M ~ H W ? C K M X  ~ a n ~ 6 p o a .  ~ ~ ~ G c T . B M T ~ ~ ~ H o ,  
o n p e n e n w  ~3 (4.40) B e n w r u H y  tg Pi M n o n c T a s b i s  ee B y p a e H e n M e  

(4.38), Cpa3y  HaXOnMM K ~ ~ @ @ M ~ H ~ H T  \I:., a CneAoBaTenbHO, M sb lC0TY 

p o ~ 6 M ' i e c ~ o r o  ~ a n ~ 6 p a .  . 
~ P M  A = 4.5, 'IT0 COOTBeTCTByeT Cny'lalo I l pOKaTKM y rnepon~c~ok 

cTanM n p M  1108 - 1 2 0 0 ~ C  p a 3 M e p b l  P O M ~ H ' ~ ~ C K M X  ~ann6poe M O X H O  

onpenenMTb M3 C n e n y w u M x  ~ b ~ p a x e ~ ~ h :  

76 Ai+l ("  i+l - " + - ) 2  - 1 ;  
A; 

A. ( A .  - 1 )  
I I 

$Ji = 1 - 0,24.\/(1 + .  Di+l ) (Aj+, - 1) (1 -- tg Pi)- 
4 h w ; + i  s., . . 

P e 3 y n b ~ a ~ b l  paCreTa  3HareHMk yrna 0; M K O ~ @ @ M ~ M ~ H T ~  $Ji C f l0MOUbH) 

ypaBHeHMA (4.37), (4.38) f l pM pCi3nMrHblX BenM'4MHaX oTHoLU~HMR 

Df+l/hK.+l M ' ~ ~ C T H O R  C Y M M B P H O ~  Bb lTRXKM f l peAC iaBneHb l  Ha PMC. 

60, 61. k a K  s l a t t o  ~3 r p a @ n ~ o e ,  yron Pi M B b ~ c o T a  ~ O M ~ H ~ ~ C K O ~ O  K a -  

n n 6 p a  yMeHbUlaHlTCR C yBenMreHMeM M OTHOLUeHMR Di+l/h Ki+l 

3 a ~ J l I O 4 M ~ e n b ~ b l ~  3Ta l lOM B ~ ! ' ~ M c J ~ ~ H M ~  RBnReTCR nPOBePKa f l O n y w H -  

H ~ I X  p e 3 y n b ~ a ~ o s .  npoeep~a  o c t i o s b l e a e T c R  H a  TOM,  TO n n o u a n b   OM- 
6 ~ l r e c ~ o r o  ~ a n ~ 6 p a  n p H  H a ~ n e H H b l X  3HareHnFlX K ~ ~ + @ M ~ M F ~ H T ~  $; M yrna 
Pi A o n x H a  6 b l T b  6 0 n b u e  nnbi, B ~ p a i ~ e ~  cnyrae, p a e H a  n n o u a A M  M e T a n -  

n a  B ~ a n ~ 6 p e ,  T.e. F K i  2 Fi . 
f lono~asnn~ c t o n a  3 t t a r e ~ ~ e  FK j  ~3 (4.30) M B b l p a x a R  n n o u a n b  Me- 

PHC. 60. 3 ~ a L l e ~ U f l  y r n a  Pi B 3aBHCUMOCTH OT BenHSUHbl h2; U OTHOUleHMfl D;+l/ 
/h (A = 4.5)  : 

1 - npH Di+~ll/hr.i+l =5; 2 - -  npw Ui+l/hKi+l = l o ;  3 -  n p u  Di+l/hKi+l =20 



L, 

B Lac iHOM cnyuae, nplr hi = hi+, = JC 

C H C T ~ M ~  ~ a n ~ 6 p o s  OBan - KBaApaT MCnOnb3yeTCfl 0 6 b l l l ~ 0  TOnbKO 

K a K  BblTflXHafl,  TaK K a K  flpHMeHeHHe OBanOB 3aTpyAHfleT nonyrleHHe 

y r n O B  KBaApaTa B MeCTaX pa3beMa BaJlKGB. ~ O B T O M Y  npH npOKaTKe KDaA- 

PaTHblX n p o @ ~ n e R  B KaWCTBe IlpeflllHCTOBbIX BMeCTO OBanbHblX npHMe- 

HRIOTCR P O M ~ H ~ ~ C K H ~  KanH6pbl .  T ~ M  He MeHee n p H  o n p e A e n e H m  p a 3 ~ e -  

pOB KBanpaTHblX ~ayb16pos. B TOM qHCne W?pHOBblX, K a K  H B CnY'lae CHC- 

TeMbl P O M ~  - KBaApaT, 6 y ~ e ~  HCXOAHTb H3 YCnOBHfl nOnYueHHfl B K a X -  

AOM H3 HHX npaBHnbHOFO KBaApaTHOrO npo@Hnfi. 

f l o c ~ o n b ~ y  n p H  H ~ B ~ C T H ~ I X  ~ H ~ Y ~ H H R X  nnoua~eh MeTanna no Kne- 

TRM pa3Mepbl  KBaapaTHblX ~ a n ~ 6 p o e  n e r K 0  H ~ ~ T H  C nOMOUlbto Bblpa-  

X l ? ~ L l h  (4.28). (4.29). PaClleT CHCTeMbl OBaJl - KBaApaT CBOAHTCH K 

onpeneneHHm p a 3 ~ e p o s  osanbHb lx  ~ a n ~ 6 p o ~ .  
O e a n b ~ b l h  uan116p npeAcTaenReT co6oR r e o M e T p w e c u y m  @~rypy ,  

0 6 p a 3 0 € 1 a ~ ~ y ~ ,  AByMf l  KpYrOBblMH CerMeHTaMH OAHHaKOROrO PaAHy- 

Ca, CnOXeHHblMH CBOHMH OCHOBaHHflMM. 

M H O ~ A ~  BMeCTO OBanbHblX yno~pe6nf lm~cf l  ~ a n ~ 6 p b l , 6 1 1 ~ 3 ~ H e  K HHM 

no @ 0 p ~ e ,  TaKHe, K a K :  nn0CKHe OBanbHble; AByXpaAHyCHble OBanbHble 

( s n n ~ n ~ ~ u e c ~ ~ e )  H T.A. O u e ~ b  uac-ro, XOTR H He BcerAa, npHMeHeHHe 

3THX 6onee CnOXHblX no K O H @ H ~ Y P ~ U H H  ~an116po~ Bbl3blBaeTCH He ripe- 

HMYUleCTBaMM HX (POPM~I, a RBnReTCR, no CYTH Aena, ~ O ~ ~ I T K O ~  KOM- 

neHCHpOBaTb HeTOuHOCTb paCrfeTa K ~ ~ H ~ ~ O B K H  C O O T B ~ T C T B ~ ~ O U ~ R  KOp- 

P~KTMPOBKOR @OPM bl ~ a n ~ 6 p o ~ .  
f l n o u a n b  i - ~ o r o  o s a n b H o r o  ~ a n ~ 6 p a  c yr leToM s a s o p o s  M e w y  Ban- 

KaMH (s; ) OnpeAenfleTCfl CneAytOuHM BblpaXeHHeM: 

E c n ~  s e n w m a  sa3opa M e x A y  BanKaMH HeeenHKa, TO n n o u a a b  i - T o r 0  

ClBanbHOrO ~ a n ~ 6 p a  (CM. PHC. 62) MOXHO npeACTaBHTb B BHAe yABOeH- 

KOB@@HUH~HT a  i MOXHO PaCCMaTpHBaTb B KarleCTBe nOKa3aTenfl OBanb- 

HOCTH KanH6pa. & ~ C T B M T ~ ~ ~ H O ,  n p H  a  = 1 0 B a n b ~ b l h  ~an116p CTaHO- 

RHTCR K p y r n b l M ,  a npH a i  = n p e s p a u a e T c H  B r n a A K y t o  "6or~y" .  
C yrleTOM (4.47) lUHpHHa H nnOUlaAb OBanbHOrO ~an116pa Bblpa3flTCfl 

K a K  

PHC. 62. Ae@op~auufl B OBanbHOM 
~anu6pe. cucTeMa osan - KsanpaT 01 



HOCTbK) XapaKTepM3YtoTCR AByMFI napaMeTpaMM, a MMeHHO B ~ I C O T O ~ ~  Ka- 
n n 6 p a  h Ki M s e n ~ w ~ o h  K O ~ @ @ M U H ~ H T ~  a . PBCCMQTPHM n e c b o p ~ a u n m  
n0nOCbl  B OBanbHOM M nOCneAYtoUeM KBaApaTHOM ~ a n ~ 6 p e .  

V13 p ~ c .  62 BMAHO,  TO B e n w M H y  c ~ e q e t i ~ o h  n n o u a n n  MeTanna npM 
npoKaTKe n o n o c b l  t ieaApaTHoro  cerleHMn B ;-TOM OBanbHoM ~ a n M 6 p e  
M O X H O  npeACTaBMTb CneAyloulMM o 6 p a 3 0 ~ :  

- 
AFi = F j - l  - 4FQBcE - Fi - l  - + FQAcE 1 1  

r n e  . . 
- - - 1 /7iBpi a r c s i n  h i - l  1 

F ~ s c  2 
-- -. h ; - 1 [RoBp; - 

2R06pi  4 

HMeTb: 
a $$ 

A F .  = h ?  . [I - - a r c s i n  - - 

J2x A 1 - A . C  - (a,. - I )  =L.  I y i  
\i'; Si2 A i ( l - c . )  

' 
Y 1 

I n e  hi, C -- BblTRXKa M K O ~ @ @ M U M ~ H T  YUlMpeHMH B OBanbHOM ~ a n ~ 6 p e .  
Y i  

E q e  o a ~ o  ypasHeHne nonylrMM ~3 ycnoBnR n o n H o r o  3 a n o n ~ e ~ ~ n  Me-  
TannoM n o c n e n y  m q e r o  ( i  + 1 ) - r o  K s a n p a m o r o  ~ a n ~ 6 p a .  

l l p ~  n o n H o M  s a n o n ~ e ~ n ~  MeTannoM ( i  + I )  - r o  K s a n p a T H o r o  ~ a n ~ 6 p a  
o o r n a m o  (4.7) MMeeM 

M3 IJMC. 63 BMAHO, L(T0 nnOLUaJlb mKi+l MOXHO nPeACTaBMTb K a K  
- 

CIFKi+'i = 4FoBc - 4 (FABC - F A B D ) .  

Yo,., 't 

oean - ~ s a f i p a ~  r-A 



2 z o i + ~  (a i  t - 1 - 1 )  - a ;  a r c s i n  2 z o i + l  = 
K i  Qi a . h  

K; 

2 z o i + l  - 1 1 1 - - [ai + - -  1 - d 2 a ;  - ( a .  t-- 
2 'i KI 'i 

r A e  Di - AHaMeTp BanKa B BepluHt ie i - T o r 0  OBanbHoro ~ a n ~ 6 p a .  
E c n ~  BenHrMHa O ~ X ~ T H R  B OBanbHOM ~ank16pe HBXOAHTCR B MHTeP- 

Bane 0,25 < < o,~o ,  TO K O ~ @ @ H ~ H ~ H T  yluHpeHHR M O X H O  On- 
PeAenl'lTb C IlOMOLUbtO y f l p ~ l J . i e ~ ~ ~ f i  @ 0 p ~ y n b l  

7 

C AHaMeTpOM BaJlKOB, MOXHO, B Cnyllae ~ ~ B ~ H C T B ~  MAeanbHblX A U ~ M ~ T -  

HMR MBTOAOM H T e p a ~ M f i ,  AnR VeTO 3aMeHMM MX Ha 3KBMBaneHTHble YpaB- 
HeHHR T M l l a a .  = f l ( a i ,  Gi) H Gi =fZ($., ail. 

C yreTOM 13.1 5 )  flOny'4HM: 

P e l u e ~ ~ e  y p a s ~ e ~ ~ G  (4 .62) ,  (4.63)  s b l n o n t i a e M  B c n e ~ y m q e i i  n o c n e -  
AOBaTenbHOCTM. 

B b 1 6 ~ p a e ~  t ia ranb t ioe  t ~ a v e ~ w e  ~ o r @ @ ~ w I e ~ ~ a  a !a ' y ) )  H n p ~  a = 
- - a (?I H3 ypaBHeHHFl (4.63) HaXOAHM HallanbHOe 3HaLleHMe KO~@@HUM- 
e u r a  6, n p M r e M  B KarecTBe H a r a n b H o r o  n p ~ 6 n ~ x e ~ ~ a  n n a  a i  MOXeT 
6 b l ~ b  IlpHHRTO n m 6 o e  nOnOxHTenbHoe rHcnO 6 o n b w e e  eAHHHUbl. 

n a n e e  np. a i  = a H G = ~ i ( p )  BbaMcnHM cHarana ~3 (4.601 KO- 
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H B B ~ C T H O ~  nnoqanw K p y r a  (Fi+,) nwaMe.rp K p y r n o r o  ~ a n ~ 6 p a  onpene- 
nMTCfl KaK = 1'13 fl;, 

Ann yMeHbUreHm onacHocTW nonanaHm MeTanna B 3a3opb1 Memay 
p e 6 0 p n a ~ ~  BanKO6 M 06pa30Ba~Hfl Ha nOBepXHOCTM n p 0 K a ~ b l B a e ~ o f i  
nonocbl n e @ e ~ ~ o s  B BMne ~ ~ K ~ T O B ,  n o n p e 3 0 ~  H s a y c e ~ u e s ,  + reo6xo&~-  
MO, q ~ 0 6 b l  UMpHHa KpyrnOrO ~ a n ~ 6 p a  6blna HeCKOnbKO 6os1bu~e e r o  Bbl- 

C O T ~ I  ( w a ~ e ~ p a ) .  B CBfl3M c 3THM Kpyrnb le  ~ a n ~ 6 p b 1 ,  M B nepeym ore-  
PeAb .lepHOBble, 06bl'lH0 BblnOnHRtoTCfl He B BMAe npaBWnbHor0 Kpyra, 
a Kpy ra  C ~ O K O B ~ I M H  BblnYCKaMM (CM. PHC. 66). 0 6 b l q ~ 0  BblnYCKH ne- 
namTcfl n o  npFIM0fi. K a c a ~ e n b ~ o f i  K o6pa3ymue f i  ~ a n ~ 6 p a .  

UlHpHHa KpyrnOrO ~anb16pa C nPRMblM BblnYCKOM paBHa 

bK = di'cos cp , (4.66) 

WMPHHa Bpe3a ~anb16pa B BanKM 

b = d i ' c o s c p - s  t g c p ,  
P (4.67) 

r n e  p - y r o n  BblnycKa ( p  = 1 5  + 30') ; s - sasop M e w y  BanKaMM. 
A H ~ M ~ T ~  rMcTosoro K p y r n o r o  ~ a n ~ 6 p a  onpenenAeTcR c yreToM TeM- 

nepaTypHoro PacwHpenm n p ~ ~ a ~ b l ~ a e ~ ~ f i  nonocb l  H MHtiycoBoro n o -  
nycKa dK = (1,010 - 1,015) idHOM - (0'5 + 0 , 8 ) A ]  (me A - MHHY- 

COBOR n0nycK)  Hnl l  n p ~ 6 n ~ m e n ~ o  'npMHHMaeTCfl PaBHblM HOMWHanbHO- 
MY AMaMeTpy npoKaTbleaeMoro K p y r a  (dK = dHoM)  . 

I l o c ~ o n b ~ y  onpeneneHHe p a 3 ~ e p o s  K p y r n b l x  ~ a n w 6 p o s  He npencTae- 
nneT T P ~ ~ H O C T M ,  pacreT ~ a n ~ 6 p o e  cwcTeMbl oBan - K p y r ,  KaK M pac- 
C M O T P ~ H H O ~ ~  paHee CllCTeMbl OBaJl - KBanpaT, CBOJlHTCR, n 0  CYUeCTBY, 
K onpenenetinro p a s ~ e p o s  osanbnblx ~ a n u 6 p o s .  

P~CCMOTPHM n e @ o p ~ a u ~ t o  nonocb l  B i -TOM OBanbHoM w nocnenyto- 
q e M  ( i  + 1)  -M K p y r n o M  ~ank16pe. 

K ~ K  BHaHO ~3 PWC. 67, cMeqet iHyto n n o q a n b  MeTanna npM np0Ka-r- 
Ke nonOCbl K p y r n o r o  CereHHfl B i-TOM OBanbHOM ~ a n H 6 p e  MOXHO ripen- 

CTaBMTb KaK AF i  = 4FBAE = 4 ( F C A E  - /=,,,), r n e  

Y O  i R i ~ p i  Y o i  
AFi = 2r [a rcs in  ----- -- arcs in  - + 

r:-, 5 - 1  R o c p i  
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PMC. 71. 3 ~ a r e ~ n u  ~ o s @ @ ~ u u e t i ~ a  I$; 6 saancuMocTu OT senurnclbt hz u O T H O U I ~  

Hnfl Di+l/di+l (A = 4.5) :  
1 - npu Di+l/di+l = 5;  2 - npn D;+l/di+l = 15; 3 - npu Di+l/di+l ' 30  

K O ~ @ @ M ~ H ~ H T O B  a;  M $,. n o n X H a  6b lTb  6 0 n b u e  MnM paRHa f lnOUaAM M e -  

T a n n a  B A a n H o M  ~ a n ~ 6 p e .  T.e. 

FKi Z F i .  

E c n ~  noAcTaeMTb ctona s ~ a r e ~ ~ e  nnouann o s a n b H o r o  ~ a n ~ 6 p a  ~3 

(4.49), a n n o u a n b  MeTanna  Fi  B ~ I P ~ ~ M T ~  K a t i  

~ O ~ ~ U I M H C T B O  M3 pa60~9to~&I~ B HaCTOPUJei? BPeMfl ~ M T ~ ~ H O - ~ ~ O K ~ T -  

H ~ I X  a r p e r a T o B  A n n  n p o ~ 3 ~ a a c ~ s a  KaiaHtrM,  B TOM wcne B C ~  OTerlecT- 

BeHnble n n A ,  o c t i a q e n b l  POTOPH~IMM ( B ~ ~ ~ ~ ~ U L M M H C R )  ~ p ~ c ~ a n n ~ s a ~ o -  
paMM, IITO 06ycnasn~eae-r c n e u ~ @ ~ ~ ~ e c ~ y t o  K O H @ H ~ ~ P ~ U H K )  CerleHMR 38-  

TOTOBKM, 3 a ~ n t o r l a t o q y ~ ) c ~  5 HanvlrlnM y i c n o H a  ~ O K O B ~ I X  r p a ~ e i  o6ec- 
IlerleHMfl BbIXOl.k3 ee M3 KpMCTannM3aTOpa. B CBR3M C 3THM flOflepellHOe 

CerleHMe 3arOTOBKM AJlR n n A  C ~ R y X B a n K O U b l M  CTaHOM ( ~ ~ O K O M )  MMe- 

eT BMn TpafleUMbl C flnOCKMM n ~ 6 0  3 d t c p y r n e H H b l M  HMMHMM OCHOBaHMeM 

(PMC. 72). K a n ~ 6 p o B K a  EanKOB K a K  OTelteCTBeHHblX, TaK M 3 a p y 6 e x -  

HblX nBYXBanKOBb iX  CTBHOB B COCT2Be n n A  BblnOnHReTCR no CXeMe OBan - 
K p y r .  l l p ~ r e ~  nepswi ~anwfip AenaeTcn  o s a n b H b l w .  

f l p ~  npMMeHeHMM P o T o p H o r o  ~ p ~ c ~ a n n ~ 3 a ~ o p a  i l e n e c o o 6 p a 3 ~ 0  B 'iep- 
B O ~  KneTM cTaHa MivleTb ropM3oHTanbHoe  p a c n o n o m e H M e  pa6orvrx R311- 

KOB.  TO Bbl3BaHO H ~ O ~ X O ~ H M O C T ~ ~ O  nepBOHarlaJlbHOr0 O ~ X B T M R  HMA-  

H e i  rlaCTM ~ M T O ~  YBTOTOBKH, 0 c n a 6 ~ i e ~ ~ o i  ~ C ? ~ C T B M ~ M  PaCTRTMBatoUMX 

H a f l p R m e ~ M h ,  BO3HMKBtoqHX n p M  p a 3 r ~ 6 a ~ ~ ~  3aTOTOBKM B MOMeHT CXO- 

na ee c K o n e c a  ~ p ~ c ~ a n n m a ~ o p a .  l l p ~   TOM K a K  ~ I O K ~ ~ L I B ~ ~ T  onblT,  r leM 

6 o n b l u e  o 6 x a ~ m e  H q e M  p a s n o M e p n e e  OHO no WMPHH~ ~ ~ ~ O T ~ B K M ,  T e M  

MeHbWe BepORTHOCrh 0 6 p a 3 0 s a H ~ ~  TpeiLrMH Ha l l0BepXHOCTH flOJlOCbl n p M  

f l pOKaTKe I3 flc?Cnepytou(MX KneTRX. C 3 ~ 0 G  X e  UenbK, flpM H ~ C T ~ O ~ K ~  

cTaHa c n e n y e T  ~ 3 6 e r a ~ b  nonspenm 8 n e p e b l x  K n e T n x  M e x K n e T e s b l x  

H ~ T H X ~ H M G ,  o c o 6 e ~ ~ o  M e w y  n e p s o M  M B T O P O ~  KneSbK). 

P a c r l e ~  ~ p a r l e u ~ e s l l n ~ o i  3 a r o T o B K M  O C ~ ~ ~ C T B ~ R ~ T C R  nocne onpenene- 
HMR p a 3 ~ e p 0 ~  ~anu6pos M nnoqanei M e T a n n a  BO scex KneTRx,  B TOM 

w c n e  M B nepeoi K n e w ,  n n R  r l e r o  B KarlecTue, ~ ~ ~ O T O B K M ,  K a K  nepsoe 
n p ~ 6 n ~ m e ~ ~ e ,  npMt iMMaeM K p y r ,  c ~ o i  me, r l ~ o  M s a r o ~ o s ~ a ,  n n o u a n b t o  

CerleHMR. 



me Fa - n n o q a n b  ceret iwi 3aTOTORi<M, onpenenReMaR s a n a ~ ~ o i  n p o w 3 -  

BofiMTenbHocTbm a rpe raTa .  

K ~ K  n o ~ a 3 b l e a e ~  o n b ~ r ,  BenMrMHa n o n e p e r t i o i  &ec$op~auMbI B n e p B o M  

o s a n b H o M  ~ a n ~ 6 p e  n p ~  n p o K a T K e  ~ p a n e u ~ e s w , a ~ c i i  s a r o r o e ~ 1 4  npnhnep-  

HO TaKaFl Me, K a K  M npM npOKaTKe K p y r n 0 h  3arOTOBKM P ~ B H O ~  nn0- 
qanu. T ~ K M M  0 6 p a 3 0 ~ ,  A n n  nonyretim B n e p e o M  ~ a n ~ 6 p e  p a c r e ~ n o i  
n n o u a n w  MeTanna  H ~ O ~ X O ~ ~ M M O ,  q ~ 0 6 b l  CPRAHRR urMpMHa T p a n e u M e m n -  

H O ~  ~ ~ ~ O T O B K M  6 b 1 n a  f lpM6nM3MTenbH0 p a s H a  UMannerpy paHee  n p M H m o -  

ro B p a c r e r e  p a e H o B e n M K o r o  K p y r a ,  T.e. 

a + b  
KpYrneHMRMM y r n O B  Y OCHOBaHMR, paBHa Fo - h 0. 

2 
f l o n c ~ a s n ~ ~  s ~ a r e ~ w e  Fo B (4.81), nonyrm TO cooTHoweHMe M e m n y  

c p e f l ~ e i  LUWPMHO~ M B ~ I C O T O ~  3aTOTOBKM, KOTOpOe H ~ O ~ X O L ~ H M O ,  ' I T O ~ ~ I  

n n o q a n b  MeTanna  B n e p e o M  ~ a r 1 ~ 6 p e  c o o r B e T c T 6 o e a n a  p a c r e r ~ o i  

(ao  + b o ) / 2 =  1,27. (4 .82 )  

O n b l T  nOKa3blBaeT, 'IT0 3 T 0  COOTHOLUeHMe MOMHO MMeTb B I l peaenaX 

1,25 + 1,30. 
A n R  06ecnere~1.18 ~ ~ c ~ ~ ~ ~ ~ ~ R T c T B I ? H H o ~ o  BblXOna 3aTOTOBKM M3 KPWC- 

T a n n ~ s a r o p a  ~ e o 6 x o & M M O ,  'iT06bl y r O n  HaKnoHa ~ O K O B ~ I X  CTeHOK 6 a ~ -  
Aama ~ p ~ c r a n n ~ s a ~ o p a  6 b 1 n  He Met iee 10 - 12'. 

~ ~ P H H M M ~ R  0 = 1 lo ( t g  0 = 0,2), MMeeM 

C M C T ~ M ~  ~ T p e n b r a T b l R  TPeYrOnbHMK - K P Y r  ~ a ~ 6 o n e e  WMPOKO npM- 

MeHReTCR n p M  n p 0 K a T K e  I cpy rOB Ha  CTaHaX C TpeXBanKOBblMM ~anw6-  
PaMM M RBnReTCR, no CyUeCTBy,  aHanOrOM CMCTeMbl OBan  - K P Y r  fl0- 
B T O M ~  y p a s t i e H m  AnR pac l reTa  p a s ~ e p o s  ~anw6pos BTMX A B ~ X  c u c T e M  

BO MHOrOM CXOWM Me)l(LIY C O ~ O ~ .  

K ~ K  M A n 8  nBYXBBnKOBblX ~ a n w 6 p o 6 ,  n p M  H ~ B ~ ? C T H O ~  nnOl4aAH K p y r a  

( F )  AMaMeTp K p y r n o r o  T p e x s a n K o s o r o  ~anw6pa 6 y n e ~  paeeH d = 1,13*. 
&lFI YMeHblLleHUR B03MOXHOCTM flepenOnHeHMR K p y r n b l X  K ~ ~ U S ~ O B  

M e T a n n o M  M 0 6 p a 3 0 6 a ~ w ~  Ha nonoce n o ~ p e 3 0 ~  n sayce~ues UJMPHH~ 

K p y r n o r o  ~anu6pa. T.e. p a s ~ e p  no p a 3 b e ~ y  B a n K o e ,  c n e A y e T  AenaTb 

HeCKOnbKO 6 o n b u r e  AMaMeTpa KanM6pa,  1.e. ~ a n ~ 6 p b l  BblnOnHRTb He  B 

BMne n p a B l l n b H O r 0  K p y r a ,  a K p y r a  C ~ O K O B ~ I M H  BblnYCKaMM, KOTOPble 

0 6 b l r ~ 0  n e n a m T c 8  no n p ~ ~ o i ,  ~ a c a r e n b n o i  K 06pasymqei ~ann6pa. 
Yr0n Bb lnyCKa O ~ ~ I Y H O  IlpMHHMaeTCR PaBHb lM 20 - 25O. 

~ ~ H P H H ~  K P Y r n O r O  Tpl?XBanKOBOrO ~ a n ~ 6 p a  C n P R M b l M  BblnYCKOM 

(pwc. 73) pantia 
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E q e  onHo ypasHeHne AnR onpeneneHnR K O ~ ( ~ ) ( ~ ) ~ U ~ ~ H T O B  a i  n $i ~ a i i -  

AeM n3 ycnoBnR nonHoro 3 a n o n ~ e ~ n ~  MeTannoM K p y r n b l x  ~ a n n 6 p o s .  
&fl n o c n e n y l o q e r o  ( i  + 1 )  - r o  Kpyrnoro T p e x e a n K o e o r o  ~ a n n 6 p a  

3T0  yCflOBHe BblPa3MTCR TaK Me, K a K  CI AnR flByXBanKOBOr0, B BHAe: 

M3 pnc.  75 BnnHo, r l ~ o  n n o q a n b  Kpyrnoro ~ a n n 6 p a ,  KoTopaR 0 ~ a 3 a -  
nacb  6b1 He 3 a i l 0 f l ~ e ~ ~ 0 f i  MeTannOM npH IlpOKaTKe 6e3 YUIMpeHHR, MOX-  

HO IlpenCTaBHTb C n e A y l o U n M  0 6 p a 3 0 ~ :  

- 
AFKi+l - GF,c, = 6 ( F o c ~  - F o c ~  - F ~ c ~ ) l  

r n e  
- 1 CD O D .  CD) ;  FoCM - FOCD - T 1 < + l a r ~ s i n  - - 

' i + l  
- 1 CD 

FDCE - [ ~ i ~ ~ ~  a r c s i n  - - CD (Roepi - r i  + O D ) ] .  
Roepi 

O ~ c l o n a  
CD AFKi+ l  = .3r;+1 [ a r c s i n  - - a:  $; a r c s i n  5 X 
' i + l  ' i + l  

Pwc. 75. jJe@opwauw Kpyrnow K% 

n~6pe, cumewe c+panbva+b~Si tpeyronc- 
HHK - KWr 

f l 0 c n e  nOnCTaH3BKH 3HaYeHclR AFKi + B (4.7) nonyrlHM ypaBHeHcle, 
csRpblealotuee p a s ~ e p b ~  cTpenbl taToro T p e y r o n b H o r o  ~ a n n 6 p a  c napa- 
MeTpaMn n e ( t ) o p ~ a u n n  B nocneny toqehn ( i  + 1 )  -M KpyrnoM ~ a n n 6 p e :  

E c n n  flPCIHRTb, VTO r)i = Di+l ypasheHne an3 ortpeneneHnR ~ 0 3 ( t ) -  
@HIIH~HT~ YUlHPeHHR B CTPenbltaTOM TpeyrOnbHOM ~ a n n 6 p e  C yYeTOM 
(4.68) 6 y n e ~  HMeTb Ann: .- 

AJIR p e i u e n n a  . y p a s ~ e ~ n h  (4 .90) .  (4.91 c n o M o u s l o  MeTona n o c n e -  
AOBaTenbHblX n p n 6 n n x e ~ n i i  3aMeHReM MX Ha 3KBIlBaneHTHble ypaBHe- 
H ~ R  B n n a  a i  = f , ( a i ,  $i 1 ,  $i = fz (a i ,  $ i  1 .  C yrleToM (3.19) 6 y n e ~  
HMeTb: 

n A. - 1 
- -- y o ;  f i x  . - 1  l a r c s i n  - - , 

3 A. ( 1 - c  ) vi r i - 1  a i  $i 



Y p a s ~ e ~ n ~  (4.93), (4.94) p e w a m c c l  B TOR H e  nocneAofl,;.i.entHocTla, 
K a K  n ypasHeHuR (4.961, (4.72) npM pacreTe pasbiepou osa-, 

rtrlHblX Ka-  
n~6pos. f l o r p e w n o c r b  s b ~ ~ c n e ~ n l  K O ~ $ & M U M ~ H T O B  a ; .  J ;  o c o o r a e r -  

CTBHH C ~ P H H R T O ~  TO'4HOCThiO M3TOTOBneHMR BanKO€! KIIST~?~ C TpeXBaIl- 

KOBblMM ~ a n ~ 6 p a ~ ~  MOXHO nPMHRTb T ~ K O G  Xe, Kale a:lSl CMCTeMt-,I OHan - 
K P V .  

PelueHHe TPaHCUeHAeHTHblX Y P ~ B H E H M ~  (4.93), (4.94) 
rpe6yeT 6 o n b -  

woro o6ae~a s b ~ u ~ c n e n ~ G  M C ~ L U ~ C T B ~ H H O  y c n o x H n e T  necb  pacreT Ica- 

n ~ 6 p o B ~ 1 . l  BanKOB. q T 0 6 b l  YnpOCTMTb BblllLlCneHMR, Ha'lanbHble 3HarleHMR 

KO~@@HUH~HTOB a ;  M $,. MOXHO Ol'lpeAenflTb C nOMOUbI0 CnenytOqMX 

s b ~ p a r n e n ~ h ,  n o n y r e n n b t x  n y T e M  rMcJaoeoro a ~ a n ~ 3 a  y p a ~ ~ e ~ ~ i ?  (.9.93), 
(4.94) : 

D i + l  a,. = 1 +0,13 ( 2 0 +  d--- 1 ( A E  - 0.55) x 
di + 1 

X ' / + I  ( ' i + ~  
- 1 1 2  -- 

A. ( A .  - I ) =  
I I 

B racTHoM cnyrae, npM A; = x , . + ~  = dX,, 
Di + 1 a,. = 1 + 0.13 (20 + d  - 1 ( A z  - 0.55) 4 .  

di + I  

(4.94). O n b l T  npOeKTHpOBaHMR M oceoenw n w ~ e f i ~ o - n p o ~ a ~ n b i x  arpe- 
r a T 0 6  C TpeXBanKOBbtMM HenpepblBHblMH CTaHaMM nOKa3blBaeT, rlT0 Toll- 

H O C T ~  pacreTa ~ a n n 6 p o s ~ M  B a n K o e  B  TOM c n y r a e  s n o n t i e  AocTaTorHa. 

Pe3ynbTaTbl paCrleTa K O ~ @ C ( ~ M U M ~ H T O B  a ;  M $. C nOMOl4bI0 ypaBHe- 

H M ~  (4.93). (4.94) npeAcTasnenbl  Ha p ~ c .  76 M 77. 
P ~ ~ H O B H A H O C T ~ K )  K ~ ~ H ~ P O B K H  ~ T p e n b r a T b l R  TpeyrOnbHvlK - K p y r  RB- 

JlfleTCR CMCTeMa c ~ p e n b r a ~ b l h  TPeyrOnbHMK - UleCTMyrOnbHMK, npMMe- 

HReMaR 06bl'lHo B '4epHOBblX KneTflX. ~ ~ P ~ H M Y ~ ~ C T B O  UleCTMYrOnbHblX 

~ann6poe no cpaenenwa c K p y r n b l M M  s a ~ n r o r a e ~ c ~  B 6 o n b w e R  ~ C T O ~ -  

rMBocTM B HMX ~ p e y r o n b n o h  nonocbl ;  K p o M e  Toro ,  06nerrae~cfl s a x e a ~  
n o n o c b l  BanKaMM, r ~ o  o c o 6 e ~ ~ o  saxtio A n n  nepeoh KneTM CTaHa. 

PacqeT K ~ ~ M ~ ~ O B K M  UleCTHYrOnbHMK - ~Tpenb l laTb lR TPeYrOnbHMK - 
K p y r  BblnOnHReTCR B ABa 3Tana. f l e p ~ 0 H a r l a n b H 0  PaCCrlMTblBaIoT MCXOAR 

~3 npeAnonoxenMR,  r T o  ~anu6pos~a  B a n K o e  n p o K a T H o r o  cTaHa BO B c e x  

KfleTRX flpeflCTaBnReT co6oh CMCTeMy c ~ p e n b r l a ~ b l h  TpeyrOnbHMK - KPYr, 

MeTop, pacreTa KOTOPOR ~ 3 n o x e ~  Bb lwe.  flocne ~ T O ~ O  AnR ~ n e ~ e k ,  rae 
nMecTo K p y r n b l x  npeAnonaraeTcR npHMeHRTb LuecTMyronbHble ~ a n M 6 p b 1 ,  

AenaeTcR ~ o n o n n w ~ e n b ~ b ~ i  pacrer, K O T O ~ ~ I ~  OcHoBblBaeTcR Ha TOM, VTO, 

6naro~apfl ~ ~ H ~ O C T H  @OPM~I M p a 3 ~ e p 0 ~  w e c r M y r o n b H o r o  M K p y r n o r o  

~anncpa, BenMrHnbt ywMpeHMR, K a T a m q e r o  AMaMeTpa, a cneAosaTenbHo, 

M p t I ~ r e T H 0 6  n n o q a n v l  MeTanna B HMX, MOXHO CrMTaTb OAHHaKOBblMM. 

f l n o q a n b  ( i  + 1)  -ro w e c T M y r o n b H o r o  ~ a n ~ 6 p a  c y r e T o M  3 a K p y r n e -  

~ n h  B yrnax n 3 a 3 o p 0 ~  M e x A y  BanKaMM MOXHO npeAcTaeMTb B Buae:  

= s d ~ ; + ~  - 0.16 r i j r l  - 0,43s;+~,  F K ; + ~  

r&e d,, , j+l - AHaMeTp B ~ M C ~ H H O ~  B U l e ~ ~ M y r ~ n b ~ b l h  ~ a n ~ 6 p  OKPYX-  

. . 

D ; + l / d i + l  ( A ;  = A = 4.5): ' 
- 

7 - npn D i + l / d i  = 5 ;  2 - npn D i + l / d i + l  = 15; 3 - npn Di+1/d i+ l  = 30  

PHC. 77. 3 ~ a r e ~ n u  ~03@@nunen~a  $; a eaencnMocTn OT wennrnHbl A x  n OTHOlUeHWR 

D i + ~ / d i + i  (A; = (A = 4,5) : 
7 - npn D i + l / d i + l  = 5 ;  2 - npn D i + l / d i + l  = 15; 3 - npn D i + i / d ; + i  = J3 



HOCTH (AHaMeTP LLleCTHYrOnbHOrO ~ a n H 6 p a )  ; r ,i + - PaAHyC 3 a K p y r n e -  
H H ~  B y r n a x  M e c T n y r o n b n o r o  ~ a n n 6 p a ;  s - s a s o p  M e w y  BanKaMn. 

npn flOCTpOt?HHH LLlecTHyronbklOrO ~ a n ~ 6 p a  MOXHO npHHRTb 
- - 

'11+1 - 0,2 d u l l + l ;  s ~ + ~  - 0'1 ~ ~ , i + l .  
c y q e r o ~  3TOrO n n o u a ~ b  F ~ ~ +  6 y ~ e ~  p a e ~ a  F ~ , . +  = 0,855 d L i + l .  
M 3  YC~OBHR nonnoro 3 a n o n ~ e ~ ~ n  u l e c T H y r o n b H o r o  ~ o n n 6 p a  WeTan- 

"OM ( F K i + l  = F, .+ l )  nonylcm c n e n y l o u e e  s b l p a x e n n e  A n n  onpeae-  
JleHHR e r 0  AMaMeTpa npH H ~ B ~ C T H O ~  nf lOUaAM PaBHOBenHKOrO K p Y r a  - 

dw,.+, = 1.08 d ~ ~ + ~  = 0,96 d j + l ,  

r A e  dl+l  - p a c q e ~ ~ b l n  AnaMeTp ( i  + 1 )  - r o  Kpyrnoro ~ a n ~ 6 p a .  
U l u p n n y  H r n y 6 ~ ~ y  ~ p e 3 a  B BanKM CTpenb'4aTblX TpeyrOnbHblX ~ a n n 6 -  

POB MOXHO H ~ ~ T H  C nOMOubtO CneAYK)UMX ~ ~ ~ B C I C M M O C T ~ R :  - 
bpi = 2 d h  pi wospi - h pi 1 ; (4.97) 

n o c n e  eblnonHeHnR p a c r e T o e  p a 3 ~ e p o e  e c e x  ~ a n ~ 6 p o e  cneAyeT n p o -  
eepKa.  H~O~XOAHMO,  r ~ o 6 b 1  n n o u a n b  K a w o r o  cTpenblcaToro ~ a n n 6 p a  
F K I ,  BhlqucneHHan Ha ocHoBe n a i ~ e t i ~ b ~ x  ~3 y p a e n e n n i  (4.93) M (4.94) 
3 n a v e ~ u A  K O ~ & ~ $ H U H ~ H T O B  a M $,., 6b1na 6 o n b w e  nnn, no K p a h n e i  Mepe, 
p a m a  n n o u a A n  MeTanna B AaHHoM ~ a n ~ 6 p e  (F,. ) ,  ~ O A C ~ T ~ H H O ~  B CO- 

OTBeTCTBMH C nPHHRTblM paCnpeneneHHeM o 6 m a ~ n R  no KIleTRM CTaHa, 
T.e. ' 4~0661  F K I  > F i  . 

n o a c ~ a e n n n  B  TO HepaseHcTBo s ~ a r e ~ n e  F K i  n3 (4.88) n npencTasnnR 

B cnylcae, ecnH n e p e a n  KneTb c-ratia, s x o n n u e r o  B c o c T a s  ~ M T ~ ~ H O -  

f lpOKaTHOr0 a rperaTa  Anfl npOM3BOACTBa KaTaHKH MMeeT T P ~ X B ~ ~ K O B ~ I ~  

U ~ C T H ~ ~ O ~ ~ H ~ ~ ~  ~ a n n 6 p ,  3arOTOBKa n0Ci le KpHCTannM3aTOpa AOnXHa 
HMeTb He TPaneUMeBHAHYH), a I l R T M ~ ~ O n b H Y H )  0 0 ~ ~ ) '  (PMC. 78 ) .  npM 3TOM 

A n n  TOTO, qT06bl o e e c n e l c n ~ b  C m M e r p n l c H o e  s a n o n ~ e ~ ~ e  B c e x  n o c n e n y t o -  
uU.rX TpeXBanKOBblX ~ a n ~ 6 p o e .  ~ e o 6 x o ~ ~ ~ o  HMeTb CMMMeTPHlcHOe 38- 

PHC. 78. K paCqt?Ty 3arOTOBKH n I 3 I H -  

yronbnoro ceretim nnn n f l A  c Tpex-  
B a n K o e b l ~  c lanoM 

nonHenne n e p e o r o  ~ a n n 6 p a .  M3 pnC. 
78 BLIAHO,  TO A n n  B b l n o n n e n n R  , 
3TOr0 YCJlOBMFl HYXHO, 'tT06bl IlpM 1 
nPHHflTOM COOTHOLUeHHM pa3MePOB I* 
J ~ T O T O B K M  n ee pacnor :oxeHnM B 

~ a n n 6 p e ,  K o r o p o e  onpefienHeTcn 
p a s H o e e c n e M  cnn ,  A ~ ~ c T I ~ ~ ~ O U M X  c o  
C T O ~ O H ~ I  u a w D r o  RanKa, n M e n o  
MecTo c n e a y l o u e e  paeencTBo:  

OA=OB=OC=ro. 
&lR OllpeAeJlt?HHR rg BOCnOnb- 

J ~ ~ M C A  ypauHeHnePn (4.6),  K o T o p o e  
A n n  n e p e o r o  ~ a n ~ 6 p a  B c l y r a e  
nOnHOrO 3anOn HeHMR eTO MeTanJlOM t i y f l e ~  MMeTb Bbln 

Cy ( A ,  - 1 )  
A F K l  = -- F l .  

1 - c  
Y 1 

r o e  d, - finaMeTp r l e p e o r o  r t a n ~ 6 p a .  
~ ~ O A C T ~ B ~ R R  3 T 0  3 ~ a r e ~ n e  A F K l  B (4.1!10) M npOBeAR H ~ O ~ X O A M M ~ I ~  

n p e o 6 p a 3 0 e a ~ n n ,  n o r i y r M M  cneny tou iee  ypasHeHne A n n  o n p e A e n e ~ n R  n a p a  - 
MeTpa r : 



r A e  Fo - n n o u a n b  ceretinrr 3aroToBKM; AF1, AF2 - cMeueHHble nno- 
u a n H  MeTanna COOTBeTCTBeHHO OT HMXHerO M ~ O K O B O ~ O  BanKa. 

Ha ocHosaHnn a ~ a n n 3 a  @OPM~I  n o n e p e q H o r o  c e q e H m  n o n o c b l  nocne 
nepeoi K n e w ,  nposeneHHoro  Ha n ~ ~ e A ~ o - n p o ~ a ~ ~ b ~ x  a rperaTax  c Tpex- 

BanKOBblMH CTaHaMH, ~pOK.3TblBalOl.U,HX KaTaHKy H3 3arOTOBKM nRTHYrOnb- 

HOrO CerleHHR, nOJlOCa npM npOKaTKe B nepBOM LUeCTHYrOnbHOM ~ a n ~ 6 -  
pe s a ~ n ~ a e ~  TaKoe nonomeHHe, npu KOTOPOM HMeeTcR npHMepHoe pa- 
BeHcTBo nnoqanei MeTanna, c M e u e H H b l x  K a w b l M  ~3 BanKoB, 06pa3y- 

munx ~ a n ~ 6 p ,  T.e. AF1 % AF2. 
K a K  BnnHo n 3  pnc. 78, BenMrnHy c ~ e u e ~ ~ o i i  nnouann MeTanna OT 

~ O K O B O ~ O  BanKa MOXHO n p b 1 6 n ~ x e ~ ~ o  Bblpa3HTb K a K  

C y r e T o M  (4.102) n o n y r H M  LM = 2,9 r o  - 0,96 d l ,  rne d l  - ncla- 

MeTp Kpyra ,  p a s H o s e n M K o r o  n e p s o M y  LuecTnyronbHoMy ~ a n ~ 6 p y .  OT- 
cmna AF2 = 0,27 (3r - d l 1 2 .  

nonc~asnrr~ s ~ a q e ~ ~ e  AF2 B (4.103), n o n y r M M  ypasHeHwe nnR on- 
peneneHnR BblTflrnKn B n e p s o M  uecTt.IyrojibHoM ~ a n ~ 6 p e  n p ~  nnTMyronb-  

H O ~  @ O P M ~  Ce'leHHR 38rOTOBKH: 

me r, - PB.QM\/C 3aKpYSJlf?HMF? yrfla V HHXHerO OCHOBaHMR 3BrOTOUKH. 

K ~ K  nOtra3an OnblT p a 6 0 ~ b l ,  &nR YMeHhWc?HMFi BePORTHOCTM nOPB- 

JleHMR TPeUMH Y HMXklei'O OCHOBaHgA 3BrOTC;BKM n p U  npOKaTKe B nep- 
BOA KneTM u e n e c 0 0 6 p a 3 ~ 0  PanHyC r, HblllOnHRTb npMMepHO PaBHblM pa- 
n ~ y c y  a a ~ p y r n e ~ ~ ~  y r p o o  rlepsoro ~ a m 6 p a ;  npM r, =0,2 d : :  

Cclc~ebqa ~ a j 1 v r 6 p a n  TpeyrcnbHMx -- Tpcyrunbr ibt t t  npMMeHReTCA B Ka-  

'IECTBe B ~ ! ~ ' R X H O ~  npbl TIpOKaTK? KBlBHKM B KneTRX C TPeXBanKOBblMM 

i t a ~ i ~ 6 p a i \ n ~ .  K a K  ywe ynrswrwanocb panee, nonepewoe cereHMe nonocb i ,  

n p o ~ a ~ b l B a € ? ~ ~ h  B CMCTePAE 'Tpi?~~O. i Ib~lb iX ~ a n u 6 p o 6 ,  MMWT @ O P M ~  He- 

nPaRMIILHO1.O WeCTMYrOnixHMICil. 

P~CCMOTPMM ~ ~ B & o ~ M ~ L ( M ~ o  !7GnOCbr UJDCTMYrOnbHOrO Ce'leHMR B CHC- 

TeMa TpeyronbHbrx  ~ a n ~ C p o e .  I l n c s ~ u a ~ b  i - ~ o r o  . r p e x a a n r t o e o r o  T p e y r o n b -  

HOT0 ~ a n ~ 6 p a  ( ~ M c .  79) pbL3Ha 

,c = 3 J 3  (d,; - sf  1 ,  (4..108) 
r:; -4- 
di - nMaMt?TD D ~ M C ~ H H O ~  B K ~ D M ~ P  OKPYXi-IOCTw ( f l k l a ~ t ? ~ ~  r ~ a n ~ 6 -  

pa) ; S; - 3 3 0 p  M e x n y  aanKaMM. 

B ~ ~ M V M H ~  3a3OpOa M e m y  RanKaMM Bbl6Mpae~cFi  C yqeTOM TOrHOCTM 

M ~ ~ O T O B ~ ~ H M R  n a n K o B  H BO~MCXHOCTM MX p a n ~ a n b ~ o i l  perynHpoBKM B 



Puc.. 79. necbop~auu~ B rpeyronb- 
HOM Kan~6pe. TpeyrOnbHUK - Tpe- 
YrOnbHUK 

Ecnn B BblpaMeHHH (4.108) n p e ~ e 6 p e r l b  ~ e J l H r l H ~ 0 b  3a3Opa M e W y  

BaJlKaMH BBHay e r O  M_anOCTH fl0 CpaBHeHHm C AHaMeTpOM ~ann6pa, 6y- 

- 3 J 3  d f .  AeM HMeTb F K i  - - 4 
T ~ K H M  0 6 p a 3 0 ~ ,  pa3Mepbl  TpeyrOnbHOrO KanH6pa OflpeAenRmTCR enHH- 

CTBeHHblM flapaMeTpOM - nHaMeTp0M B ~ M C ~ H H O ~  OKPYXHOCTH di . 
~ O ~ C T ~ B ~ R R  3HalleHHR F K i  H AFKi  B (4.3), flOnyrlHM YpaBHeHHe, 

CBR3blBaloulee pa3Mepb l  neyx COCenHHX TpeyrOnbHblX ~ a n ~ 6 p o ~  C na- 
paMeTpaMH n e @ o p ~ a u H H :  

f l n o q a n b  CeltcHHR n o n o c b l  B I'-TOM ~ a n ~ 6 p e  B b l p a x a e M  rlepes nno- 
U a n b  PaBHOBenHKOrO K p y r a  

me dnpi - AHaMeTp K p y r a  flJlOl4anbtO F i  ( n p w ~ e n e ~ ~ b l i  A M ~ M ~ T ~ ) .  

m~ ynpotueHHR n o c n e n y m u H x  ~ b l l l H ~ n e t 4 H R  BBeneM 6 e 3 p a 3 ~ e p ~ b l i  

flapaMeTp a ,  p a ~ ~ b l k  OTHOUleHHH) nHaM€?Tpa naHH0r-0 TpeyrOnbHOrO Ka-  

nn6pa K n p m e n e H H o M y  AnaMeTpy n o n o c b l  B n o c n e n y m q e M  ~ann6pe 

n o n c ~ a ~ n ~ ~  ~ H ~ W H H R  F,  H d l - l ,  di ~3 (4.1 10) M (4.1 11) B ypae- 
HeHHe (4.109) , flOCJle COOTBeTCTBytO~HX n p e 0 6 p a 3 0 ~ a ~ H 6 I  nOnyl lHM 

0 6 b l l l ~ 0  B npOKaTHblX 6 n o ~ a x  C TpeXBanKOBblMH K a n H 6 p a ~ H  3 H a W  

HHR KHHeMaTHrleCKHX KO~@@HUH~HTOB CKOPOCTH COCeAHHX K n e ~ e h  npU-  

HMMaloTCR n ~ 6 0  PaBHblMH, n ~ 6 0  ~ ~ H ~ K H M M  no BenLlrlHHe. B 3TOM Cnyllae 

BblTRMKH B COenHHX ~ann6pax, a CneflOBaTenbHo, n K O ~ @ @ H U H ~ H T ~ I  (Y 

TaKMe 6 y n y ~  HMeTb 6JlH3KHe 3HarleHHR. 

Ecnu B (4.112) npuHRTb t ~ ~ - ~  = ai , n o n y r l ~ ~  cnenymtuee ypaene- 
Hue n n ~  onpeneneHuR K O ~ @ @ M ~ M ~ H T ~  a i-TO~O T p e y r o n b H o r o  ~anu6pa 

f l p e o 6 p a 3 y e ~  e r 0  K BHAy 6onee Y A O ~ H O M Y  n n R  npaKTHlleCKOr0 nc- 
nOnb30BaHHR n p H  PaClteTaX ~ a n r t 6 p o ~ ~ n  BanKOB, nPHHHMaR BO BHHMI- 

w e ,  r l ~ o  n n R  CwcTeMbl O ~ H O P O A H ~ I X  ~ a n ~ 6 p o s .  B TOM r lncne A n n  pac- 
C M ~ T ~ H B ~ ~ M O ~  CUCTeMbl TpeYrOnbHHK - TPeyrOnbHHK, CflpaBennHBO CO- 

OTHOUleHHe 



~ b l k  YABOeHHOMY PBCCTOFIHMK) OT OCM B a n K 2  A 0  OCVl np9KaTKH. 
O ' ~ ~ B M ~ H O ,  l r T 0  B TOM Cn\il4ae, e c h ~  OTHOLUeHMe AMBM'2TPOB D;/d; > !, 

'iTO XapaKTepHO AnFl rMCTO5blX IIPOBOnO~HbiX ~ ~ ~ O K O B ,  BellMrl lHa BblTRX- 
K M  npaKTMrleCKM paBHa KMHeMaTMrleCKQMY K ~ ~ @ @ M ~ M ~ I ~ T \ /  CKOpOCiM KneTM. 

n o c n e  paCrleTa KO3Qt)CPMUMeHTOB a, MCrlO~lb3dH BblpaXeHMR (4.1 1 1 ) . 
OnpeAenf3eM 3HalleHMR GMaMeTpOB BCeX TpeyrOnbHblX ~ a n ~ 6 p o s .  Bb l -  
p a x e w e  (4.1 1 5 )  MOXHO ~ c n o n b 3 0 ~ a ~ b  AnR npent lapMTencHsro o n p e -  
AeneHMA GMaMeTpOB TpeVrOnbHblX K ~ P H ~ ~ O B  I l p M  paclreTe ~ a n ~ 6 p o B K 1 . l  
BanKOB HenpepblBHblX CTaHOB C 0 6 1 4 ~ ~  npMPOLlOM. f l o p p 0 6 ~ e e  06 OCO- 
~ ~ H H O C T R X  pacreTa t c a n ~ 6 p o s K ~  B a n K o s  CTaHOB C O ~ U M M  flpMBOni?M 

M ~ ~ O X ~ H O  B IcotiQe r naBbl. 
n o c n e  onpeneneHMn p a m e p o e  ~ a n ~ 6 p o s  M s b l 6 o p a  s e n M l r w b !  saso-  

p a u  M e w y  uanKaMM cneAyeT nposecTH n p o a e p K y  p a c r e r o s .  H e o 5 x o -  
AMMO, 9 ~ 0 6 b 1  Anf l  BCeX TDeyrOJlbHblX ~ a n M f i p 0 6  E b l ~ O n H R n Q C h  yCJlOBMe 
FK; > F i ,  HnM, MCnOnb3\/R BhcpaXeHMe (4 .108) .  yCnOEMe flpOEepKM 3a- 
nuureTcR R BMne 

nReTcR Kpyr, AMaMeTp e r o  M BenMrMHy BSITRMKM B n e p s o M  ~ a n a . i 6 p e  
HaXOAMM CneAyloUMM 0 6 p a 3 o r ~ .  

B e n M r M ~ a  ' c ~ e u e ~ ~ o i  n n o U a a M  MeTanna npsq nprsrca-rlte K p y r s  5 rpe-  
yrOnbHOM ~ a n ~ 6 p e  (puc. 80) pa6Ha 

--- 

- 3 
AF I = 6 (FOIB - FOCB) - - d :  ( a r c s i n  JI -- 4 

r A e  do - AMaMeT s a r o r o a ~ ~ ;  d l  - m i a M e T p  n e p e o r o  T p e y r o n b H o r o  ~ a n ~ 6 -  %-- pa, d l  = a, 4- R F z .  

F ,  4 F ,  
&IR c n y r a n  npoKaTicl/i ~ p y r - a  B T p e y r o n m o u  ~ a n ~ 6 p e  seriurMHa c 

onpeAenneTcn sblpamekluew (3.1 7 )  . Y 1 

T ~ K M M  0 6 p a 3 0 ~ ,  C y reTOM (3.171, CqMTaR, YTO AMaMeTp nepBOr0  Tpe- 
y r o n b t i o r o  ~ a n ~ S p a  M r l n o u a a b  MeTallna EL HCM OnpeAeneHbl paHee, y p a s -  
HeHMe (4 .117)  COAePXMT OGHY IleM3BeCTHYH) BenMYMHY - do.  P ~ u ~ H M ~  
YpaBHeHUR (4.1 1 7 )  M o m e o  H ~ ~ T M  c n o t a o u b t a  MeToaa nocneAosaTenb- 
HblX n p k 1 6 n ~ r n e ~ ~ i ,  anH r e r o  n p e o 6 p a 3 y e ~  e r o ,  BbrAenMe e neeoA r a c r w  
HCKOM~H) BenurMHy. 

B p e 3 y n b ~ a ~ e  n o n y r m  



4 
= dT F 1 .  B h ~ r w c n ~ e u  npM do = d ( t ) , c H a r a n a  K ~ ~ $ I @ M U M ~ ~ H T  YUIMpeHMfl 

cyl n s b l p a x e n ~ f l  (3 .17) ,  a i a r e u ,  noncrasnfla o ~ a r e ~ n n  d ( i ) w  c ( : /  B 

npasym qacrb  ypaeHeHMn (4.1 1 8 ) ,  HOBUP s ~ a r e ~ ~ e  nndMeToa 3aroToBKn - 
do ( d ' ! )  1 .  n o n ~ o c ~ b m  noaTopnR sb l rMcneeuw np" d9 .- d , j l ) ,  nonyr laew 

H o u o e  sHarleHMe AMaMeTpa - do = d ( $ )  B w s n c n e ~ ~ ~  n p o n o n x a e M  no 
TeX nOp, n 0 K a  pa3HMUa M e X A y  COCeAHMMM ~ ~ M C ~ ~ M X ~ H M R M M  d(gl--  dp- ' I  
6yne~  MeHbWe MnM paBHa 3a,ila~~ofi UOrpeWHOCTM. ~ O ~ ~ ~ U H O C T ~  BblrMCne- 

HMA MOXHO IlpMHRTb, MCXOJlR M3 A O ~ Y C K ~ ~ M O ~  BenMqMHbl OTKJlOHeHMR 

AMaMeTpa K p y r n o f i  3arOTOBKM B COOTB~TCTBVNM C A ~ ~ C T U V H ) U C I M  ~OCTOM. 
n e p e x o ~  OT T p e y r o n b H o r o  K ~MCTOBOMY K p y r n o M y  ~ a n ~ 6 p y  npen- 

cTasnneT onpeAeneHHym cnomwocTb M M o x e T  Bb lnonHmbcf l  n o - p a 3 ~ o ~ y .  

6 'IaCTHOCTH, Ha npOKaTHOM 6 n o ~ e  OAHOrO M3 OTe'leCTBeHlihlX ~ ~ H T B ~ H O -  

npoKaTHbrx a r p e r a T o e  a n m ~ ~ ~ ~ e e o b  KaTaHKM nocne pflna TpeyronbHb lx  

~ a n n 6 p o ~  I lepeA npeArMCToBblM CTpenbraTblM TPeYrOnbHMKOM MMeeTCfl 

l l p o ~ e ~ y ~ o q ~ b l f i  K p y r n b l h  ~anw6p C HeCKOnbKO 6 o n b u w ~ k 1 ,  r e M  y YMC- 

TOBOrO K p y r a ,  ~ O K O H ~ I M C I  BblnVCKaMM. n r ) ~  3TOM OTHOWeHMH CKOPOCTB~ 

spaurennn B a n K o e  Bcex  K n e ~ e f i  6 n o ~ a  (q), B r o M  YWcne YMCTOB~IX, npM- 

HRTbl OAHHaKOBblMM. B TO me BpeMH g v l p ~ a  KOKC 3TY 3aAil'lV PeWaeT 

nnaqe, npenycMaTpwea8 M e w y  nocneaHMM TpeysonbHblM u ~MCTOB~IIWI 

K p Y r n b l M  K a n M 6 p 0 ~  ~ ~ Q M ~ W V T O U H ~ I ~  ~ann6p  B (t)0pt4e CTpenbqaTOrO 

TpeyrOnbHMKa M npMHMMdfi B AByX n0CnenHMX KneTflX MeHhWble, YeM B 

OCTanbHblX KneTflX, 3HaqeHCiR K O ~ ( ~ ) @ M U M ~ H T ~  7. 

Pacver pas~epoe s a z o r o e ~ ~ ~  ~paneuueeud~clzo ceveHuR 
d n ~  n u r e ~ 7 ~ o - n p o ~ a r ~ o z o  azpezara (JlllA) c ~ p e x e a n ~ o e a ~ ~ u  6 n o ~ w  

E c n ~  flnA MMeeT ~ p ~ c ~ a n n ~ 3 a ~ o p  p o T o p H o r o  Tclna, a K a n ~ 6 p o B K a  

e a n K o e  6 n o ~ a  npeAcTasnReT co6oi  CMcTeMy T p e y r o n b n b l x  K ~ ~ M ~ P O B ,  

TO ~an6onee p a u ~ o ~ a n b ~ o A  RBnReTcn TpaneUMeeclnHaR ( t)op~a cereHuR 

3aTOTOBKM, HO C APYrMM COOTHOUJeHM€M BbICOTbI M WMPMHbl, '4eM npM 

AByXBanKOBOM 6no~e .  B ~ x H ~ ~ M  IlpeMMyUeCTBOM ~ p a n e l ( M e t ? ~ l & ~ ~ L ?  3a- 

rOTOBKM no CpaBHeHMtO C n f l ~ ~ y r ~ n b t i ~ f i  RBnReTCfl ee MeHblLlafl BblCOTa 

npu  TO^ me nnoqaan n o n e p e r H o r o  cereHMfl. Bcnenc~s~ le  ~ T O ~ O  neaop- 
MalJMM PaCTflXeHMR, B 0 3 l i M K a t O ~ M e  B HI~?KH€!~~ 'IBCTH Ce'IeHMfl l lpM pa3rl4- 

6e 3arOTOBKM B MOMeHT BblXOAa M3 KpMCTannM3aTOpa, 6 y J l y ~  ~ e ~ b ! l J e f i  

BenHYHHbl, YTO CHMXaeT BePOflTHOCTb 0 6 p a 3 0 B a ~ H F l  IlOBePXHOCTHblX Tpe- 

LUHH. C 3 ~ 0 i  me UenbtO u e n e c o o 6 p a 3 ~ o  MMeTb n&pBYtU KneTb 6 n o ~ a  C 

HHXHHM rOPM30HTanbHblM BanKOM, 

P~CCMOTPMM BU';POPM~~CIKI 3arOTOBKH TpaneUHBBHAHOTO CBqeHUR B 

TpeyrOnbHOM K a n n 6 p e  (pm. 81 ) . q ~ 0 6 b l  0 6 e ~ n e l l ~ ~ b  CHMMeTPHqHOe 38- 

nonHeHne MeTannoM ecex nocnenymqnx ~ann6poe cTana, B TOM rncne 
n Y n c T o e o r o  K p y r a ,  cnenyeT nMeTb C n M M e T p n w o e  s a n o n ~ e ~ n e  nepeoro 
~ann6pa. A n n  q e r o  ~eo6xonn~0 ,  q ~ 0 6 b l  npn n p o K a T K e  e n e p e o M  ~ann6- 
pe 0 6 e c n e q n ~ a n o c b  (CM. pnc. 81 ) paBeHcTBo: 

rne F 1 ,  X 1  - n n o q a n b  MeTanna n BbITRxKa B n e p s o M  ~ann6pe; dl  - 
nnaMeTp nepeoro ~ann6pa. 

Ko3r$( t )n l~ne~~ ywnpennn B n e p s o M  ~ann6pe npn6nnxe~~o onpene- 
n n M  no +op~yne 

- 
Cyl - 

I 

1 + 2 5 A  

4 +% 
P 

rJle dnp - AHaMeTP K p y r a ,  I lnOUaAb KOTOpOrO PaBHa nnOUaAH 3arOTOBKH. 

H a h ~ e ~  COOTHOlUeHHR Me))(AY B ~ ~ H ' ~ H H O ~  f 0 M pa3MepaMbl 3arOTOBKH. 

M3 PHC. 81 BHAHO, 'IT0 UJHpHHY BepxHerO OCHOBaHHR 3arOTOBKH M O X -  

HO IlPeACTaBHTb K a K  

a o =  2 ( M N + A M t g P ) = 2 r o [ c o s f l + ( 1 +  sinfl) tgf l ] .  

K ~ K  H AnR AByXBanKOBblX 6 n o ~ o 6 ,  yron HaKnOHa ~ O K O B ~ I X  CTeHOK 

6 a ~ n a x a  ~ p ~ c ~ a n n n s a ~ o p a  n n R  0 6 e c n e q e ~ n ~  e b l x o n a  B ~ ~ O T O B K H  n o n x e H  

6blTb He Menee 10 - 12O. 



f l p H  0 = 11 (tg 0 = 0 , 2 ) ,  HMeeM 

a .  = 2,42 r o .  (4.120) 
U ~ H ~ H H ~  HHXHerO OCHOBaHHR 3arOTOBKH b0 = a 0 - 2ho t g  0 = 

= 2 ,42ro  - 0 ,4ho.  
B~ICOTV 3arOTOBKH H ~ R & ~ M ,  HCXOnR H3 TOTO, '4TO n n O q a n b  3arOTOB- 

KH H3BeCTHa, TaK K a K  3anaHa npOH3BOAHTenbHOCTb arperaTa.  

f l n o q a b  ceqeHnn s a r o ~ o e ~ n  npn tg  0 = 0.2 6yne~  pasHa 

r A e  r 3  - paflHyC 3 a K p y r n e ~ H R  VrJlOB y HHXHerO OCHOBaHHR 3arOTOBKH. 

06bl ' lHo IlpHHHMaeTCfl r3 % 0,2 h 0. 
f l o n c ~ a e n n ~  ~ H ~ V ~ H M R  - a  o ,  bo H r B (4.121). nocne n p e o 6 p a 3 o ~ a ~ n R  

n o n y r n M  BblpaxeHHe A n n  onpeneneHnn B ~ I C O T ~ I  T P ~ ~ ~ ~ H ~ B H A H O A  B ~ ~ O T O B K H  

Ananns ~ O P M ~ I  nonepewor0 ceveHHn n o n o c b l  nocne nepeoro ~ann6- 
pa, I l p o B e n e ~ ~ b l h  Ha pRne ~ M T ~ A H ~ - ~ ~ O K ~ T H ~ I X  arperaTOB C TpeXBan- 

KOB~IMH cTaHaMH, H M e m q n x  J ~ ~ O T O B K Y  TpaneuHeennHoro  ceveHHn, no- 
KaaaJl, l lT0 n p H  IlpOKaTKe B TpeyrOnbHOM ~ann6pe C HHXHHM rOpH3OH- 

TanbHblM BanKOM 3arOTOBKa 3aHHMaeT B HeM TaKOe nOnOXeHHe, n p U  

KOTOPOM HMeeTCR CneAyH,Uee COOTHOlLleHHe 06XaTHA OT HHxHerO H Go- 
KOBblX ,BanKO6 

Ah, s 0 , 5 A h 2 .  

0 n b 1 ~  n o ~ a 3 b l e a e ~ ,  VTO H ~ A ~ ~ H ~ I A  s a x s a ~  ~paneunee~n~oi7 sa ro~oe-  
Kbl B TpeyrOnbHOM ~ a n ~ 6 p e  6e3 IlpHMeHeHHfl 3 a n a m q e r O  V C T ~ O ~ C T B ~  

ocyqecTsnReTcR npn yrnax s a x s a ~ a  Ha 6 0 ~ 0 6 b l x  BanKax  tie 6onee 20°. 
T ~ K H M  0 6 p a 3 0 ~ ,  MaKCHManbHOe o 6 x a ~ ~ e  OT 6 o ~ o e b l x  BanKoB 6yne~  paBHo 

- Ah 2 ma, - 0,s ( 1  - cos a,,, Dl = 0,03 D l ,  

rne Dl - AnaMeTp BanKa B nepeoR KneTn. 

f l o n c ~ a e n ~ ~  B (4.124) npn Ah, = Ah ,,,, ~ H ~ L ~ ~ H H F I  ao, ho n 3  

(4.120) , (4.1221, n o n y r H M  ypasHeHHe A n n  o n p e n e n e H m  MaKcHManb- 

HOrO H3 y c n 0 6 H f i  3aXBaTa 3HalleHHR BblTRXKH B I lepBOM TpeyrOnbHOM 

~ a n ~ 6 p e  C HHXHHM rOPH30HTanbHblM BanKOM B Cnyqae, eCnH 13arOTOB- 

K a  HMeeT cereHne ~paneu~eenniron @OPMLI: 

B e n H l l H ~ y  r 0 onpenenReM n 3  ypasHeHnn (4.1 1 9 ) .  P a c r e ~  paa~epos 
3arOTOBKH H M ~ K C H M ~ ~ ~ H O ~  BblTRXKH B nepBOM ~anb16pe MOXHO yn- 

7. OCOEEHHOCTH PAWETA KAJlHEPOBKH BAJlKOB 
HEflPEPblBHblX CTAHOB C OEUHM flPHBOAOM WETEA 

P a c r l e ~  ~ a n H 6 p o o ~ n  BanKO6 HenpepblBHblX CTaHOB C O ~ ~ H M  npHB0- 

AOM no CpaBHeHHH, CO CTaHaMH C nHAHBHAyanbHblM npHBOAOM K n e ~ e f i  

HMeeT CBOH O C O ~ ~ H H O C T H .   TO CBR3aHO C TeM, qTO B CTaHaX C O ~ U H M  

IlPHBOAOM BeJlHqHHbl BblTRXeK B KneTRX He 3aAatOTCfl, a OflpeAenRtOTCR 

B COOTBeTCTBHH C IlPHHflTblMH 3HalleHHRMH KHHeMaTHlleCKHX ~ 0 3 @ @ b l -  

uneHToe CKOPOCTH ~ n e ~ e A .  f l o c ~ o n b ~ y  B ypasHeHHRx nnn pacrleTa pas- 
MepOB ~ a n ~ 6 p o s  (~)H~YPHPYK)T 3HaLleHHFI B ~ I T R X ~ K  B KneTRX, HX PeWe- 

HHe BO3MOXHO nHWb COBMeCTHO C VpaBHeHHFIMH, O ~ p e A e n f l l O ~ H M H  Be- 

JlHllHHY BblTRXKH B ~anu6pe. T~KHMH YpaBHeHHRMH RBnRK)TCR ypaB- 

HeHHR nOCTORHCTBa CeKYHLIHblX 0 6 b e ~ 0 6  MeTanna no KneTRM cl ypaB-  

HeHHR AnR KaTaIOqHX AHaMeTpOB. 

P a c v e ~  BblnonHneTcR c n o M o q b m  MeTona nocnenoeaTenbHblx n p ~ 6 n ~ -  
x e ~ n A .  B KaqecTse HavanbHoro np~6nnxe~nf l  B b l T R x K a  B K a w o R  K n e m  



3a HCKnlorleHHeM n e p B 0 i  npHHHMaeTCR P ~ B H O ~  KMHeMaTHlleCKOMy K O ~ @ @ H  

UHeHTY CKOPOCTH, T.e. 

r A e  Fo - n n o u a n b  celtet im B ~ ~ O T O B K H ;  Fn - n n o u a A b  c e q e H m  r o T o -  

B o r o  npo@nnn. 
Aanee paclreT ocyuecTsnntOT B ~ o i  x e  nocneAosaTenbHocTn, KaK n 

AnR HenpepblBHOrO CTaHa C HHAHBHAYanbHblM IlPHBOAOM, r A e  BenH'IHHbl 

BblTRXeK no KneTRM 3aAaHbl, TO eCTb OnpeAenRtOTCR pa3Mepbl  ~ a n ~ 6 p o 6 ,  

BennqnHa K a T a m q n x  AMaMeTpos. n o c n e ~ ~ e i  onepaunei ~ b ~ r l ~ c n e ~ ~ i  

RsnReTcR onpeAeneHne c n o M o u b t O  ypasHeHnR (2 .59)  yTo'rHeHHblx 3 ~ a -  

. r e ~ v l i  Bb lTRxeK B KneTRx ( A ( : )  1. nocne 3 ~ o r o  pacreT B ~ o i  me nocne- 
AOBaTenbHOCTH nOBTOpReTCR n p H  BHOBb H ~ ~ A ~ H H ~ I X  3Ha'leHHRX BblTRXeK 

( A ~  = x ( ! )  n TaK no Tex nop, n o K a  pasHnua B BenMrlrHax BblTRmeK 

AByX COCeAHHX n p ~ 6 n ~ m e ~ n i  6 y n e ~  MeHbUe HnH PaBHa 3 a ~ a ~ ~ 0 i  no- 
TpeWHOCTH. ~ O C T ~ T O ' I H O ~  AnR npaKTHKH TO'IHOCTbtO B b l ' l H ~ n e ~ H i  RBnR- 

eTCR Pa3HOCTb: 

A',!') - A ! " - ' )  = 0,001. 

K o r ~ a  PaC'IeT ~ a n n 6 p o s ~ n  BanKO6 BblnOnHReTCR BpY'IHYtO, TO AnR 

YMeHbllleHHR 0 6 b e ~ a  B b l ' l L l ~ f l e ~ H ~  er0 u e n e c o o 6 p a 3 ~ 0  BblnOnHRTb B He- 

C K O ~ ~ K O  H H O ~  nocneAosaTenbHocTn:  B vacTHocTn, ecncl ~ a n H 6 p o s ~ a  Ban- 

KOB cTaHa npeAcTasnReT co6oA cMcTeMy osan - Kpyr,  paclreT ee npo- 
H3BOAHM CneAYtOUHM 0 6 p a 3 0 ~ :  

. - 

1. f lpbl~bl~af l  B KalleCTBe Ha'lanbHblX 3 ~ a ' I e ~ H i  BblTRXeK B KneTRX 

BenM'IHHbl KHHeMaTH'IeCKHX KOBC$@H~H~?HTOB CKOPOCTH (7)). HaXOAHM 

nnouaaw cerleHnR MeTanna B ~anu6pax B HalranbHoM np~6nnxe~nn.  Pac- 
'IeT BblnOnHfleM nOCneAOBaTenbHO, HallHHaR C ~~~A' IHCTOBO~~ KneTH : 

= 
7),, Fn; 

( 0 )  = ( 0 )  .... .... Do - dn-2  1+1 
( 0 )  3. ~ O A C T ~ B ~ R R  COOTBeTCTByIouHe 3Ha'IeHMR AHaMeTPOB d i +  l ,  D/!~) B 

s b l p a x e ~ ~ e  (4 .77) .  H ~ @ A ~ M  n p ~  hi + = qi + l  ,Xi = v i  ~ a r l a n b ~ b ~ e  3 ~ a r l e -  

HHR K O ~ C $ C $ H ~ H ~ H T O B  a i  AnR BCeX OBanbHblX ~ a n ~ 6 p o s  (a ( 9 )  ) . 
4.  M3 BblpaXeHHR (4.78)  npM a  ,. = a  ( O )  - d ( 0 )  - D ( O )  

- i *  di+l - i++"+l - + 1 

' / + I  - v i + l  HaXOAHM Ha'IanbHble 3Ha'IeHHR K O ~ @ @ M ~ M ~ H T O B  Gi ($'P) 1. 
5.  O n p e ~ e n ~ e ~  B ~ I C O T ~  OBanbHblx ~anb16pos n ~ n a ~ e ~ p b l  s a n ~ o e  n p ~  

p b l  BO BCeX KneTRX paBHbl AHaMeTpaM B a n K o B  B BepWHHaX ~anb16pos 
(DKi = D j O ) ,  D K i + l  = 0;:; ) .  

I T ~ K H M  o 6 p a 3 0 ~ ,  3HarleHHR n n o u a ~ e i  CelreHHR ~ e ~ a n n a  B ~ a n ~ 6 p a x  
B n e p e o M  n p n 6 n ~ x e ~ n ~  6 y ~ y ~  o n p e A e n m b c R  ypaBHeHMRMn: 

HOCTH. n p H  AaHHblX 3Ha'leHHRX BblTRXeK OnpeAenRtOTCR AHaMeTpbl K p y r -  

AenneTcR B e n n w H a  KaTatOunx  AHaMeTpoe BO Bcex  KneTRx H ~3 ycno- 

BMR nOCTORHCTBa CeKYHAHblX 0 6 b e ~ 0 B  MeTanna - HOBble 3Ha'leHHFI nn0- 
u a ~ e i  ceqeHnn MeTanna M BblTRmeK B ~ann6pax. Y p a s ~ e ~ m  n n R  pac- 



Onpenenenwe p a 3 ~ e p o e  oeanbHb lx  ~ a n n 6 p o e  c n o M o u b m  y p a e n e n n i  
(4.75) n (4.76)  B e n n y  n x  O T H O C ~ T ~ ~ ~ H O ~  CnomHocTn u e n e c o o 6 p a 3 ~ 0  
nPOBOAHTb Ha 3aKJltOrlHTenbHOM 3Tane PaCrleTa. 

Y K ~ ~ ~ H H ~ R  nocnenoeaTenbHocTb pacrleTa ~ a n n 6 p o e ~ n  e a n K o e  Henpe- 
PblBHOrO CTaHa C O ~ U H M  npl/lBOnOM COXpaHReTCR nnfl n m 6 o i  CHCTeMbl 
r l e p e n y m u n x c f l  ~ a n n 6 p o e .  

H a i ~ e n n b ~ e  B COOTBeTCTBllln C bl3nOX€HHblM B b l U e  MeTOnOM 3Harle- 
nnn n n o u a n e i  MeTanna no KneTRM n p a 3 ~ e p b 1  ~ a n n 6 p o e  cooTeeTcTey- 
WT peXbIMy C B O ~ O ~ H O ~  IlpQKaTKH. H a . n p a K T n K e  OnTHManbHblM nJ lR He- 
I lpepblBHblX COpTOBblX bl npOBOnOrlHblX CTaHOB CrlHTaeTCR PeXHM C He- 
60nbwb1~ HaTRXCHbleM M e W y  KneTRMH, Hanblrlble KOTOPOrO n p e n y n p e x -  
AaeT t-jonenetine M e m K n e T e e o r o  n o n n o p a ,  co3naean TeM caMblM sanac  
~ C T O ~ ~ ~ H B O C T M  IlPQueCCy npOKaTKH. B CTaHaX C MHAHBHn~anbHblM npMB0- 

AOM H ~ O ~ X O A H M ~ I ~  p e X H M  HaTRXeHHR B CTaHe 06blrlH0 OCYUeCTBnReTCfl 
C O O T B ~ T C T B ~ ~ ~ U ~ ~  K O ~ ~ ~ K T H ~ O B K O ~  CKOPOCTB~ nPHBOAHbIX n e n r a ~ e n e i . .  
B cnyr lae m e  o 6 u e r o  n p n e o n a  eennr lnna  M e x K n e T e u o r o  HaTRXeHHR MO- 

X e T  perynblpOBaTbCR TOnbKO H3MeHeHHeM HBCTPO~KH K n e ~ e i .  T ~ K ,  YMeHb- 
w e i i n e  pacTeopa e a n K o e  e n e p e b l x  n yeennr lenne e r o  B n o c n e n n n x  Kne-  
TRX n p n e o n n T  K P O C T ~  n a ~ n m e n n i  B m a n e  n, H ~ O ~ O P O T ,  npn yeennr le-  
HHH pacTeopa e a n K o e  e n e p e b l x  K n e T n x  C O B A ~ ~ T C R  y c n o e n n  nnn nom- 
n e t i n n  B n o n o c e  n p o n o n b n b l x  c m n M a m u n x  n a n p ~ m e n n i .  E c n n  ~ a n n 6 -  
p o e K a  e a n K o e  cTaHa npencTaenneT c n c T e M y  r l e p e n y m u n x c n  ~ a n n 6 p o 6 ,  
HanpHMep OBan - Kpyr Hnbl c ~ p e n b r l a ~ b l i  TPeYrOnbHHK - KPYr,  yBenM- 
rlenne M e m K n e T e e o r o  HaTflmeHnh M o m n o  AocTnrHyTb TaKme nyTeM y e e -  
nnr lennn pacTeopa e a n K o e  BO e c e x  K n e m x ,  n M e m u n x  K p y r n b l e  ~ a n n 6 p b 1 ,  
3a ncKnmr lenneM r l n c ~ o e o i .  3 a 3 o p b 1  M e W y  e a n K a M n  B BTHX K n e T n x  B ~ I -  

CTaBnRHJTCR HeCKOnbKO 6 o n b w e  PaCrleTHblX, TBK r l~06bl  BblCOTa KPYrnO- 
ro ~ a n n 6 p a  6b1na e 1,02 - 1,03 pa3a 6 o n b w e  pacr leTHoro nnaMeTpa K p y r a  
B A ~ H H O ~  KneTn. r n n  C O B ~ ~ H H R  HaTnmeHnn B n o c n e n n e i  n a p e  ~ a n n 6 p o e  
CneAyeT T a K X e  HeCKOnbKO yBenblrlblTb no OTHOUleHHtO K PaCrleTHOMY PaC- 

TBOP B a n K o e  n p e n r l n c ~ o e o i  KneTn. n e p n ~ y u e c ~ e o  T a K o r o  cnoc06a Ha- 
C T P O ~ K H  cTana, K p o M e  npocToTbI, 3 a ~ n m r l a e ~ c ~  B c 0 3 n a ~ n n  nononnn- 
~ e n b ~ o i  r a p a n T n n  OT nepenonHeHnR K p y r n b l x  ~ a n n 6 p o e  MeTannoM. A a n -  
H b l i  cnoc06 HBCTPO~KH yCnelLlHO IlpbIMeHReTCR Ha OTerleCTBeHHblX n n ~ e i -  
HO-IlPOKaTHblX arperaTaX C nByXBanKOBblMM M TpeXBanKOBblMbl CTaHaMM. 

n o c n e  Toro K a K  p a 3 ~ e p b 1  ~ a n n 6 p o e  n a i n e ~ b l ,  u e n e c o o 6 p a 3 ~ 0  B Ka- 
rlecTee s a ~ n m r l n ~ e n b n o i  c T a n n n  pacrleTa ~ a n n 6 p o s K n  e a n K o s  n p o s e c T n  
pacrleT y r n o e  s a x e a ~ a  B ~ a n n 6 p a x  c u e n b m  n p o s e p K n  HanemnocTn 3a- 
xeaTa n o n o c b l  BanKaMn. t43 n p a K T n K n  HBB~CTHO, YTO n a n e m n b l i  s a x s a ~  
n o n o c b l  npn npoKaTKe B cncTeMax ~ a n n 6 p o s  o e a n  - KeanpaT n o e a n  - 
Kpyr, a T a K X e  B KneTRx C TpeXBanKOBblMH ~ a n n 6 p a ~ n  MOXHO OXblnaTb, 
e c n n  yrnbl s a x s a ~ a  He n p e s b l w a m T  20 - 22'. r n ~  cncTeMbI Runr lHb lX  

~ a n n 6 p o e  n CncTeMbl p 0 ~ 6  - KeanpaT 3nar lennn rrpenenbnblx yrnos 3a- 
XBaTa HeCKOnbKO 6 o n b w e  ( a 0  25'). 

P a c r l e ~  yrnos s a x e a ~ a  npn n p o K a T K e  B ~ a n n 6 p a x  M o m H o  sblnonnn-rb 
c n o M o u b m  e b l p a m e n n i ,  npneenet i t i b l x  Hnme. 

Y r o n  s a x e a ~ a  B npnMoyronbHoM ~ a n n 6 p e  

a, = arcso. ( 1  - h i - l  - hKi  ) s a r c c o s  [I - -  hi+^ X 
Di , Di + 1 

yron 3 a x e a ~ a . e  KeanpaTnoM ~ a n n 6 p e  

a i + l  = a r c c o s  ( 1  - bj - h j + l  1 r 
Di+l  

nnn, eblpamaf l  s b l c o ~ y  npfl~oyronbnoi n o n o c b l  K a K  bi = fibK ~ f , . / h ~ + ~ ,  
h i + l  a;+ = a r c c o s  t1 - - - 111, 

Di+ l  
npn hi = hi+1 n M e e M  ai = 

Y r o n  s a x e a ~ a  B P O M ~ M ~ ~ ~ C K O M  ~ a n n 6 p e  c yr leToM nonnoro 3 a n o n ~ e -  
HHR MeTannoM KeanpaTHblx K a n ~ 6 p 0 ~  p a e e n  

ai = a r c c o s  ( 1  - h ~ i - l  - h ~ i  = a r c c o s  11 - hKi+ l  X 

x ( d y z  - $; 11-  (4.130) 

E c n n  npencTaenTb B ~ I C O T ~  n o n o c b l  P O M ~ M ~ ~ ~ C K O T O  cer lennn npn e x o n e  
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BOAH~IX s n e ~ ~ p o n ~ ~ r a ~ e n e f i ,  Bamtib lM ~ ~ K T O P O M ,  OnpeAenenFImqHM Be- 

JlH'IblHy ~ O ~ ~ Y C T H M O ~ ~  ~ e ( t ) ~ p ~ a l l H H ,  RBJlReTCR ~CTOA'IHBOCT~ IlOIlOCbl B 

ABHHOM ~ a n ~ 6 p e .  @ ~ K T O ~  YCTO~~'IHBOCTH PeAKO BCepbe3 PaCCMaTpHBaeTCR 

B PyKoBoncTBax no ~ a n ~ 6 p o e ~ e  s a n K o e ,  no Bcerna  yrHTbleaeTcfl Ha 

I lpaKTHKe. ~ ~ O C K O ~ ~ K Y  n p H  npO'IHX paBHblX yCnOBMRX CKJlOHHOCTb fl0- 

JlOCbl K CBOpa'IHBaHHto OTHOCHTenbHO f l p 0 n 0 J l b ~ 0 f i  OCM 3aBHCHT OT CO- 

OTHOWeHHR p a 3 ~ e p 0 ~  ee nonepernoro cevetinn, npenenbnoe CooTHotue- 

HHe M e w y  UIMPHHO~~ H B~ICOTOA flOnOCbl onpenenf leT MaKcHManbHyto, 

C TO'IKH 3peHMR ~CTO~~'IHBOCTH, BeJlM'IMHy ~ ~ ( ~ ) o P M ~ u H H .  B 'IaCTHOCTM, 

AnR 0EIaJlbH0fi flOnOCbl B Ka'IeCTBe YCnOBHfl el? ~ C T O ~ ~ ' I H B O C T C I  n p H  flp0- 
KaTKe B KBaApaTHOM HnH K p y r n O M  K a n H 6 p e  0 6 b l ' l ~ o  npHHHMaeTCfl CO- 

OTHOUleHHe BblCOTbl K WHPHHe nOnOCbl paBHblM HflM MeHbWHM ABYX. 

n p e ~ e n b n o e  CooTHouenMe h / b  = 2 0npenenne-r MaKcHManbnyto,  c 
TO'IKM 3peHHfl YCTO~~'IHBOCTM, BefiH'IHHy ' I~CTHO~ CYMMBPHO~~ BblTRXKH. 

Oree~nno, 'ITO natitioe c o o T t i o w e t i ~ e  p a 3 ~ e p 0 ~  OBanbHoro c e q e n m  B 

KalleCTBe KpHTepHR YCTO~~'IMBOCTH nOnOCbl n p H  npOKaTKe RBnReTCR Be- 

~H'IHHO~~ B 3Ha'IH~enbH0fi CTeneHH Y C ~ O B H O ~ ~ .  k13 I lpaKTHKH HBBBCTHO, 

'ITO npw xopouo o ~ p e r y n ~ p o e a ~ ~ o f i  npoeon~oso~  apMaType BU~MOX- 

Ha npoKaTKa nonoc o e a n b n o r o  cesetim c oTHoweHueM B ~ I C O T ~ I  K WH- 

pHt ie B H ~ ' I H T ~ ~ ~ H O  6 o n b w e  A B ~ X .  T ~ M  He Menee nnfl YMetibtueHHfl Be- 

PORTHOCTH "CBOP~LIHB~HHR" nOnOCbl H flOBblWeHMfl C T ~ ~ H J ~ ~ H O C T H  np0- 
UeCCa IlpOKaTKH CnenyeT CTpeMHTbCR K BblIlOnHeHHK) 3TOrO yCnOBHFI. 

myr0fi npo6ne~oR, KOTOpaR B03HHKaeT n p H  paC'IeTe BblTRXHblX CHC- 

TeM C 'IepeAyIoL4HMHCR KanH6pa~L4,  RBJlReTCR PaCnpeneneHHe 'I~cTHo~~ 

C Y M M ~ P H O ~ ~  BblTRXKH M e w Y  KanH6paMH n a ~ H 0 f i  napbl, Haf lpHMep M e X -  

ny OBanOM M nOCnenytoUHM KBanpaTOM HnH K p y r O M  (CHCTBM~I OBan - 
KBaApaT, OBan - K p y r ) ,  P O M ~ O M  H flOCJlenYIolUHM KBBAPITOM (CHC- 

TeMa p o ~ 6  - K B ~ ~ P ~ T ) ,  KOTOpOe, KaK yXe yfl0MHHanOCb B rn. I ,  AOJl- 

XHO 0 6 e ~ f l e ' I H ~ a ~ b  nOJlY'IeHHe B K a X ~ 0 f i  nape ~ a n u 6 p o ~  KBanpaTHOrO 

HnH K p y r n o r o  npo(t )~n~.  f l o c ~ o n b ~ y  BblnonHeHHe ~ T O ~ O  YCnOBMR 803-  

Moncno T o n b K o  B onpenenennoM,  c T p o r o  o rpa t inveHHoM ~ ~ a n a 3 o ~ e  co- 
O T H O U ~ ~ H H ~ ~  BblTRXeK B 'IMCTOBOM (KBBAP~THOM, K P Y ~ ~ O M )  H flPeA'lHC- 

TOBOM ( I~PFIMOY~O~~HOM, POM~H' I~CKOM,  OBanbHOM, CTpenb'IaTOM Tpe- 

y r o n b n o ~ )  ~ a n ~ 6 p a x ,  A n n  n p a s w n b n o r o  pacnpenenennR BblTRrnKH Me%- 

ny KanbI6paMH ~ e o 6 x o n n ~ o  3HaTb rpaHHUbl 3TOrO nVna3OHa.  

- - . - - ' z  
X ( i + l ) m a x  A .  . ' ( ; + I  min 

' i  max ~ m ~ n  

- ' i  max - - '? rnax . 
' m a x  - 

' ( i + l )  rnin ' Z  

' min 
h I :  r r  r -." 

T ~ K H M  0 6 p a 3 0 ~ .  onpeaenenm A o n y c T H M o r o  ~nanaoona COOTHO- 

w e n ~ f i  BblTRXeK B K ~ X A O ~  nape K a n H 6 p 0 ~  AOCTaTO'IHO OIlpeneJlHTb 3Ha- 

'IeHHR M ~ K C H M ~ ~ ~ H O ~ ~  H M H H M M ~ ~ ~ H O ~ ~  BblTRXKH B flPeA'IHCTOBOM Ka-  

nn6pe. B pacveTax K ~ ~ ~ H ~ ~ O B O K  B a n K o e  onpenenenwe 3 ~ a ' 1 e ~ ~ f i  Xi H 

Xi n O n X H 0  IlpeJllLleCTBOBaTb paCflpeAeJleHMto BblTRXKM fl0 KneTRM. 

Aanee ~ a n a r a e ~ c ~  pacreT npenenbt ib lx  3 n a q e n ~ f i  Bb lTRxeK B ~ a n ~ 6 -  

pax, a TaKme MaKCMManbHblX ~3 y c n o a n R  3 a x ~ a ~ a  n ~CTOA'IHBOCTM nono- 
Cbl 'IaCTHblX CYMMapHblX BblTRXeK nnfl ~ab16onee H3BeCTHblX CHCTeM Bbl- 

T R X H ~ I X  ~ann6po~ .  

1. CHCTEMA IlPFlMOYrOJlbHHK - KBAWAT 

f l 0 ~ ~ 0 J l b K y  RUM'lHble KanH6pb l  npHMeHRtOTCR rnaBHblM o 6 p a 3 0 ~  npn 
npOKaTKe KPYflHblX ~e'IeHHfi, ( ~ ) ~ K T O P ~ M M ,  OrPaHH'IMBaIOUHMH 06XaTHf l  

B 3 ~ 0 f i  CHCTeMe KanH6p013, HapRay C YCTO~~' IHBOCT~K) nOnOCbl, flBflRK)TCR 

0 6 b l ' l ~ o  Y c n o B m  3 a x ~ a ~ a  H ~ a r p y 3 ~ a  Ha BanKn. B c r a e n ~ ~  B c T o p o n e  

TaKHe ( t )aK~opbl ,  KBK IlPO'IHOCTb O ~ O P Y ~ O B B H H R  H MOUHOCTb 3JleKTpO- 

flpHBOAa, flOCKOflbKy HX MOXHO Y'IeCTb TOnbKO flPHMeHHTenbH0 K KOH- 

KPeTHOMy CTaHy, PaCCMOTPMM 3aBHCHMOCTb M e X A y  MaKCHManbHblM yr- 
n 0 M  3aXBaTa H npeJleJlbH0fi B~J~M'IHHo~~ 'Iac~noR CYMM~PHOR BblTRXKH B 

CMCTeMe nPRMOYrOnbHHK - KBBAPIT. 

f lpH flPHMePHOM PaBeHCTBe 0 6 m a ~ ~ f i  B i -TOM flPRMOYrOnbHOM H no- 
cnenyrouelu ( i  + 1) -M KsaApaTnobn RUH'IHOM ~ a n ~ 6 p e .  'ITO RsnReTcR 

XapaKTepHblM nJlR ~ a H H 0 f i  CHCTeMbl K ~ ~ M ~ P O B ,  H nHaMeTpOB BanKOB B 

i - ~ ~ f i  H (i + 1) 4 KJleTRX, y r J l b l  3aXBaTa B HHX T a K X e  ~ Y A Y T  flpUMepHO 

OAHHaKOBbIMH. &lfl OnpeAeneHHfl M ~ K C M M ~ ~ ~ H O ~ ~  BenH'IHHbl ' I~cTHo~~ 

C Y M M ~ P H O ~  BblTRmKn no ycnosHf lM.  3 a x ~ a ~ a  AocTaTorno  n p o a ~ a n ~ 3 ~ p o -  

BaTb YCnOBHR 3aXBaTa TOJlbKO B OAHOM M3 ~ a n b 1 6 p o s  naHH0f i  flapbl, Ha- 

flpLlMep B ( i  + 1 ) -M KBaApaTHOM RUH'IHOM ~ a n ~ 6 p e .  
Benlnlruna O~MBTHR B ( i  + ' I ) - M  KBanpaTHOM RUH'IHOM ~ a n ~ 6 p e  paBHa 

Ahi+ l  = bi  - hK i + l ,  (5.1) 

me bi - BblCOTa nOJlOCbl flpH BXOAe B ( i  + 1) -fi ~ a n ~ 6 p ,  paBHaR UIHPH- 

He IlOnOCbl fl0Cne flpOKaTKH B i -TOM flpRMOYrOJlbHOM ~ a n ~ 6 p e ;  h K i +  - 
BblCOTa (i + 1 ) -rO ~ a n ~ 6 p a ,  paBHaR CTOpOHe flpOKaTblBaeMOr0 KBaApaTa 

- 
( h K i + l  - h i + l ) .  



Ecnn CrlHTaTb yWHpeHMe IlOnOCbl B i -TOM f lPRMO~rOnbHOM H (i + 1 )  -M 

KBanpaTHOM ~ann6pe PaBHOMePHblM fl0 BblCOTe, Ben l lq l lHy  bi MOXHO 

nPeACTaBHTb K a K  

rne AFi ,  c - cMeueHHaR n n o u a n b  MeTanna n KOB@@HUH~HT ywnpe- 
Y i 

HHR B i -TOM ~ann6pe; h K i  - h - s b l c o ~ a  (i - 1 )  -ro ~ s a n p a ~ ~ o r o  
n i - T o r 0  n p a u o y r o n b H o r o  ~ann6pa 7X ,. - - 

- h i - 1 ) .  
Bennrn~a  c ~ e u e ~ ~ o i  B i -TOM ~ann6pe nnouann MeTanna p a m a  

AFi = h3-,  - h K i  h i - l ,  

OTcmfla 

bi = hKi-1 (5.2) 
K i  

Bennrn~y h K i  H a i n e M ,  ~ P H H R B  y w n p e H H e  B (i + 1 )  -M ~ a n n 6 p e  pas- 
HOMepHblM no BblCOTe flOnOCbl. 

B  TOM cnyqae 

I 

- 'X ' y i  C y i + l  

f l o n c ~ a e n ~ ~  s ~ a q e ~ n e  bi (B (5.1) n BblpamaR B e n n r n H y  0 6 x a ~ n ~  B 

(i + 1 ) -M ~ann6pe K a K  

= Di+l (1 - cos c ~ ~ + ~ ) ,  

me Di + 

- nnaMeTp s a n K a  no n H y  (i + 1 ) -ro ~ann6pa; ai +-1 - yron 
s a x e a ~ a ,  nony r l n ~  ypaeHeHne, c s ~ 3 b 1 e a m u e e  B e n n r n H y  rlacTHon c y M M a p -  

H O ~  B b l T R x K n  c y r n o M  saxsa~a  B (i + 1 )  -M ~ann6pe. 
&lR CTaJlll I lpenenbHblMH y r n a M H  3aXBaTa flpM flpOKaTKe B RUHllHblX 

~ann6pax 06blqH0 CqHTaDTCR 22 - 25O, XOTR H3 flpaKTHKH H3BeCTH0, 

rlT0 B Cnyrlae CMRTHR n e p e n ~ e i  KpOMKH flOnOCbl H M a J l 0 i  CKOPOCTH npo- 
KaTKH yron 3aXBaTa MOXeT nOCTHTaTb 30' H 6onee. 

~ ~ ~ H H H M ~ R  B Ka'leCTBe MaKCMManbHOrO yr0n (Y ( i +  ) max- = 23'. fl0ny- 
r l n ~  cnefiytouee ypaeHeHne n n R  ~ a ~ c n ~ a n b ~ o i  n 3  y c n o B n n  3 a x ~ a ~ a  y a m -  

H O ~  CYMMBPHO~ BblTRXKH B CHCTeMe flpRMOYrOnbHHK - KBanpaT 

' i + l  = [ I  + 0.08 - 'X maxl - 'X maxl ' y i ,  ~ y i + l ) l ( l  + 

h i + l  

+ cyi d ' z  )12. (5.4) 

Bennrn~y K O ~ @ @ H ~ ~ ~ H T O B  ywHpeHHR B n p R M O ~ r O n b H O M  H KBaApaT- 

HOM RUHYHOM ~ann6pax ~ a i n e ~  n 3  (4.22) , (4.1 3 )  npn AX = hz  m a x  l .  
T ~ K H M  0 6 p a 3 0 ~ ,  MaKCMManbHaR BenMrnHa W C T H O ~  C Y M M ~ P H O ~ ~  BblTRXKH 

OflpeflenReTCR COBMeCTHblM peLUeHHeM ypaBHeHbIi (4.13). (4.22). (5.4). 
Pewe~ne MOXHO nonyrnn c ~ O M O ~ L D  MeTona nocnenoBaTenbHblx npn- 
6nnme~nh. - 

Ecnn n p e ~ e 6 p e r l b  y l u n p e H n e M  n o n q b l  npn flpOKaTKe (cYi = c ~ ~ + ~  
- 

= 0 ) .  s b l p a m e ~ n e  onpenene~n~ A X  maxi 6yne~  nMeTb cnenymunn snn: - 
= (1 + 0.08 " i  + l  

'2 maxl 2 .  
h i + l  

BblpaXeHne (5.5) MOXHO n c n o n b s o e a ~ b  A n n  onpeneneHnR Har lanbHoro 

3Ha'leHHR A X  m a x  flpH PeLLIeHHH ypaBHeHMR (5.4) . 
A P ~ ~ H M  @~KTOPOM, OTpaHHIIHBaDuHM 0 6 x a ~ n e  B ~ann6pax CllCTeMbl 

f lPRMO~rOJlbHHK - KBanpaT, RBnReTCR YCTO~'IHBOCT~ ~ ~ P R M o ~ ~ o ~ ~ ~ H o ~  
flOnOCbl B KBaAPaTHOM RUHllHOM ~ann6pe. 3aBHCRuaR flpM flpOrlHX paBHblX 

YCJlOBHRX OT COOTHOLUeHHR ee BblCOTbl bl WMPHHbl. M3 flPaKTHKH H3BeCT- 

HO, 'IT0 Y C T O ~ ~ ~ H B O ~  nOnOXeHHe f l p R ~ ~ y r ~ J l b H ~ i  flOnOCbl MOXHO OXHnaTb 

npll OTHOWeHHH: 

me h i  - w n p n H a  n o n o c b l  npn sxone B (i + . l )  -i ~ann6p. paman  BblcoTe 

n p e n b l n y u e r o  n p R M o y r o n b H o r o  ~ann6pa ( h i  = h K i  ) . 
&lR KPYflHblX C ~ W H H ~  COOTHOLLleHHe pa3MepOB flOnOCbl MOXeT 6blTb 

HeCKOJlbKO 6 0 n b w n ~ .  T ~ K ,  flpn flpOKaTKe Ha 6 n r o ~ n ~ r e  CrlnTaeTCR, '1TO 

COOTHOlueHHe M e W y  UIHPHHO~ H B ~ I C O T O ~  nOJlOCbl flepep, K ~ H T O B K O ~  He AOn- 

XHO flpeBblLUaTb 1.7 (bi / h i  < 1.7). 
B e n n r n ~ a  bi onpeAenReTcR BblpaXeHneM (5.2). B npenenbHoM cnyqae n p ~  

h i  = bi 11.4 6 y n e ~  HMeTb 

K i - 1  (1 - c y i ) [  1 + 4 1  + 5.6 C ~ ;  b .  = 
2 ( 1  - c . ) l  

I .  
Y 1 

B e n n q n ~ y  h ,  ~ a i n e ~  n 3  BblpaXeHHR (5.3) npn bi = 1,4 h i  
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AeM COBMeCTHblM Pell leHHeM ypaBHeHHfl (5.12) M ~ P ~ B H ~ H M ~  (4.371, 

- (4.38). KOTOpble n p H  Ai = A,. max 14 Ai+l - 
' z 

~ Y A Y T  HMeTb Cne- 

~ y r n u l ~ k  BHA: 'i max 

A .  
(1 -- 

'i max - 1 

D;+l *,- = 1 - 0,26 42 (4 + - ' z 
A - - 1 ( 1 - t ) (5.14) hK i+ l  'i m a x  

B ~ a r l e c ~ ~ e  ~ a r a n b ~ o r o  I I ~ H ~ ~ H X ~ ~ M R  A ~ R  A,. M o m H o  npHHRTb . . . . - . . 
(0) = 

A i  max dG 

WHHR fg 4 H Jli nOACTaBnFleM B (5.12) H nOny'IaeM HOBOe 3HalleHHe 

Aim, . ( ~ P ~ B H H B ~ ~ M  uemny co6oh BblvncneHHoe (AI moxp  1 H ~ P H H R -  

Toe A 3HaueH.R u a n c u ~ a n b ~ o i  B a l r R x n w  w, ecn. *x p a 3 n o c r a  

~ Y A ~ T  I lpeBbll l laTb I1PHHRTYtO IlOrpeWHOCTb ~bl'IbIcneHHh, peWeHHe np0- 
nonmae~ n p ~  c n e n y m u e ~  3HareHHM aimax = A!') max. ~ P H ' I ~ M ,  ecnn o ~ a -  

XeTCR, 'IT0 Ai max > A ,  Bbl'IHCneHMR nOBTOpReM flpH < 
< H H ~ O ~ O ~ O T ,  eCnH hi max < Xi(:)ax, IlpHHMMaeM > 
> ii(;ix. P a c s e ~  npononmaeTcn AO Tex nop, n o K a  P ~ ~ H O C T ~  M e w y  3a- 

naHHbIM H Bbl'IHCneHHblM 3Ha'IeHHRMH M ~ K C H M ~ ~ ~ H O ~  BblTRXKH He 6 ~ -  
AeT I lpeBbl l l laTb ~ ~ P H H R T O ~  IlOTPeLIIHOCTH. 

B e n w ~ ~ y  M ~ K C H M ~ ~ ~ H O ~  ( n p H  AaHHOM 3Ha'IeHHy A,) BblTRXKH B 

P O M ~ H ~ ~ C K O M  ~ a n ~ 6 p e  MOXHO TaKXe OnpeAenHTb Hb CneAylOUerO Bbl- 

p a m e H m ,  n o n y r e H H o r o  c ~ O M O ~ L K )  w c n o B o r o  a ~ a n m a  y p a ~ ~ e ~ ~ h  
(5.12) - (5.14), B WMPOKOM ~ n a n a 3 o ~ e  3 ~ a ' I e H H i  B x o A n u n x  napaMeTpoB 

A D i + l  
A; max = [I + -. c~AT- 1) %hT 

loo K i + l  
~ P H  paC'IeTe M ~ K C M M ~ ~ ~ H O ~  BblTflXKH C flOMOL4bK) y p a ~ ~ e ~ b l i  (5.12) - 

(5.14) BblpaXeHHe (5.15) MOXHO HCflOnb3OBaTb AnR OflpeAeneHHR Ha- 

'IanbHOrO 3HaqeHMR BenH'IHHbl Xi ma_x. 

~'I~BHAHO, 'IT0 MaKCHManbHOH Bb lTRXKe B POM~H'I~CKOM ~anb16pe 

COOTBeTCTByeT H a H 6 0 n b ~ a R  npM AaHHOM 3HaqeHHM Ax BenM'IHHa yrna 
pi. no Mepe YMeHbLUeHMR y r n a  Oi BblTRXKa B P O M ~ H ~ ~ C K O M  ~ a n ~ 6 p e  
npM Ax  = C o n s t  6 v n e ~  YMeHbWaTbCR M AOCTMrHeT MMHMManbHO BO3MOX- 

HOrO 3tialleHMR npM yrne Pi, PaBHOM HeKOTOPOMY npeAenbHOMy 3Ha'Ie- 

HHK) Pirnin, ~ e n ~ r ~ ~ a  K o T o p o r o  onpeAenReTcn ~3 ycnoBMn ~ C T O ~ ' I H B O -  

CTM nOnOCbl npM IlpOKaTKe. 

- A t: 
Y ~ ~ B H ~ H M R  (4.37). (4.38) npM 1,. = ' i rn in.  'i+l - A .  H & =  

I rnin 
=Oi npMMyT cne~yrounh BMA: 

A .  . = 1 
I rnln 1 - c  i 1 -  . Y  ( 1  - - 

1 - t g  0. 
I rnin 

6 CMCTeMe p o ~ 6  - KBaflpaT Y C T O ~ ' ~ M B O C T ~  KBaApaTa npM npOKaTKE! 

B P O M ~ H ~ ~ ~ C K O M  ~ a n ~ 6 p e .  KaK M- p o ~ 6 a  B nOCnenyf f lUeM KBaApaTe, 3a- 

BMCHT OT pa3HOCTM y r n O B  p o ~ 6 ~ r e c ~ o r o  M KBaApaTHOrO ~ a n ~ 6 p a .  q e M  

MeHblue pa3HOCTb yrnOB, TeM 6 o n b w e  V C T O ~ ' ~ M B O C T ~  IlOJlOCbl B ~ a n ~ 6 p e .  
0 6 b l l l ~ 0  ycnosclehn, o 6 e c n e ~ ~ ~ a r o ~ r ! , ~ ~  ~ C T O ~ ~ M B O C T ~  n o n o c b l  n p H  npo- 
KaTKe B ~ a n ~ 6 p a x  CMCTeMbl P O M ~  - KBaApaT nPMHRT0 CL(MTaTb BblnOn- 

HeHMe CneAyIOLllerO HepaBeHCTRa: 

90' - 20i S30°. 

O T C K ) A ~  H ~ O ~ X O A M M O ,  C I T O ~ ~ I  Pi > 30' MSlH 2yl < 120'. 
K O H ~ ~ H O ,  3TM BenHllHHbl y r n O B  p o ~ 6 a  B KareCTBe KpMTepMR ~ c ; T o ~ -  

'4MBOCTM IlOJlOCbl RBnRtOTC~ ~ P M ~ ~ M ~ M T ~ ~ ~ H ~ I M M  M CnyXaT JlMWb OpMeH- 

THPOM npM PaCnpeAeneHMM BblTRXeK M PaCreTaX P O M ~ H ' ~ ~ C K H X  KanM6- 

POB. T ~ K ,  HanpHMep, M3 npaKTMKM M3BeCTH0, qTO HanH'4He nPOROAOK 

flO3BOnFleT nPHMeHRTb ~oM~H ' I~cKM~?  ~ a n M 6 p b l  C yrJ lOM npM BepluMHe 

PaBHblM 130' M 6onee: 

Bb160p M M H H M ~ ~ ~ H O ~  BenMrMHbl yrna OI 3aBMCHT OT pa3MepOB no- 
n e p e r H o r o  cerenm n p o ~ a ~ b ~ ~ a e ~ o i  nonocb l .  T ~ K ,  n p H  npoKaTKe K p y n -  

H ~ I X  c e r e ~ ~ i ,  K o r n a  " c ~ o p a r ~ ~ a ~ ~ e "  n o n o c b l  B ~ank16pe MomeT npH-  

BeCTM K ~ e p b e 3 ~ 0 i  aBaPMH Ha CTatiC? M 3HallMTenbHblM nOTepRM npOM3- 

BOACTBa 38 CreT BblHYXAeHHOrO npOCTOR, y r O n  oi B POM~HYBCKOM Ka- 

n ~ 6 p e  u e n e c o o 6 p a 3 ~ 0  npMHMMaTb He MeHee 30'. n p ~  npOKaTKe 6onee. 
MenKHX c e r e ~ M i ,  r A e  BOnpOC YCTaHOBKM Ha CTaHe C O O T B ~ T C T B ~ K ) ~ ~ ~ ~  

n p o ~ o ~ ~ o ~ o i  apMaTypbl  pewaeTcR Gonee npocTo,  p 0 ~ 6 L I r e c K H e  ~ a n ~ 6 -  
p b l  MOrYT MMeTh 6 o n e e  OCTpble y r n b l  (Oi < 30').  TO n03BOnMT yBenM- 

'IMTb BblTRXHble B03MOXHOCTM CMCTeMbl P O M ~  - KBaApaT, KOTOPble CHM- 

XaK)TCR C YMeHblueHMeM CelleHMR npOKaTa. 

E c n ~  B KarecTBe n p e n e n b t i o r o  MHHMManbHoro yrna PI npHHRTb oirnin = 



= 30°, f lOnyrHM CneAytOUHe ypaBHeHHR AnR OflpeAeneHHR M M H M M ~ ~ ~ H O ~  

npH AaHHOM 3Hal(eHHH Xz BblTRXKM B POM~H'I~CKOM ~ann6pe: 
1 

' im in  = Ji; 
1 - 2,37 ( 1  - cv; 1 ( 1  - - 

1 + 3A  V A z  
- [ l  + 6.7 A (- - 1131  

1 D i + ~  j- ~ i ;  4 + -  
h K i + l  . 

Y ~ ~ B H ~ H M R  (5.18) - (5.20) PeUlaKlTCR C flOMOUbH) MeTOAa nOCneA0- 

BaTenbHblx n p k 1 6 n ~ x e ~ ~ R .  B KarecTse HaranbHoro  3 ~ a r e ~ ~ ~  H C K O M O ~  

Benll'4HHbl Xi MOXHO flPMHRTb 

I rn ln 

3 a ~ e ~  H3 ypaBHeHHR (5.19) flpM Aimin = Xi(:'in HBXOAMM KO~@@H- 

uHeHr $ = $(!) , a 143 (5.20) n p ~  = J,(:) K O ~ @ @ H ~ H ~ ~ T  y w w p e H n a  

cyl. nocne ~ T O ~ O  ~3 y p a s ~ e ~ ~ ~  (5.18) o n p e ~ e n ~ e ~  ~ o s o e  m a r e w e  
M M H M M ~ ~ ~ H O ~  BblTRXKM Aimin p. E c n ~  pa3HOCTb Aimin - h/:Iin OK: 
XeTCR 6 o n b w e  ~ P H H R T O ~  nOrpeWHOCTM, BblllHCneHMR nOBTOpReM B TOM 

Bb l '4Hcne~Ha npoAonmaeM AO Tex nop, n o K a  pa3~11qa M e m y  npHHR- 

TblM H BblllHCneHHblM 3HalleHMeM himin 6 y ~ e ~  MeHbWe HnH PaBHa 3aAaH- 

H O ~  IlOrPeLLIHOCTM. 

P ~ c W T  M H H H M ~ ~ ~ H O ~  BenM'4HHbl BblTRXKM B P O M ~ M I ( ~ C K O M  ~anw6pe 
MOXHO CyuecTBeHHo ~ ~ P O C T M T ~ ,  ecnw AnR o n p e A e n e H m  HaranbHoro  m a -  
'4eHMFl Xi rnin flOnb3OBaTbCR Cnt?AYH)UMM BblpaXeHHeM, f l0nyreHHblM C 

IlOMOUbVJ '4HCnOBOrO aHanH3a ~ P ~ B H ~ H M ~  (5.16), (5.17) - : 

(6- 1 ) '  
, = 1 + 73.7 1/ 3 2 L  - I rn ln A + 2 0  hKi+l 

A z 

T O ~ H O C T ~  B b l p a x e ~ k l h  (5.21), (5.22) fl03BOnReT HCflOnb3OBaTb HX 

He TOnbKO AnR OnpeAeneHklR HaranbHblX 3Har le~HR Aimin, HO H B Kaqe- 

CTBe CaMOCTORTenbHblX @0pMyn.  

~ P M  paCrlpeAeneHHH ~ ~ C T H O ~  CYMMBPHO~ BblTRXKM M e W Y  p 0 ~ 6 ~ q e -  

CKHM W IlOCneAYtOUMM KBaApaTHblM Kan l l6paMH H ~ O ~ X O A M M O ,  ~ ~ 0 6 b l  

senwrwa Xi 0 6 R 3 a ~ e n b ~ 0  HaxoAMnacb B wHTepBane OT Xi min ~o Xi max. 

n p H  3TOM '4eM 6 n n ~ e  BenH'4HHa A; K MaKCHManbHOMY 3HBWHMt0, TeM 

6 o n b l u e  cTeneHb sanonHeHnR p o ~ 6 w r e c ~ o r o  ~an1.16pa MeTannoM ( n p ~  

Xi = Aimax m e e M  nonHoe s a n o n ~ e ~ w e )  w yron O,, TeM, cneAosaTenb- 
HO, BblWe 6 y ~ e ~  Y C T O ~ L ( H B O C T ~  flOnOCbl KBK B P O M ~ H ~ ~ C K O M ,  TBK M B 

KBaApaTHOM ~ a n ~ 6 p e  H, KpOMe TOrO, B 3TOM C n y r a e  MaKCHManbHO HC- 

flOnb3YtOTCR BblTFlXl-lble B03MOXHOCTM CMCTeMbl P O M ~  - KBaApaT. Y ~ M -  
TblBaR, OAHaKO, rlT0 11PW Xi = Aimax CYUeCTBYeT OnaCHOCTb I lepenOn- 

I-IeHHR ~ O M ~ M ' ~ ~ C K O ~ O  ~anw6pa MeTannOM, BblTf lXKy B HeM IlpHHMMatOT 

HeCKOnbKO MeHbWe M ~ K C M M ~ J I ~ H O ~ .  O 6 b l l l ~ 0  3Ha'leHHR BblTRXKW B POM- 

~ H ~ ~ C K O M  H flOCnt?AYtOUt?M KBaApaTHOM ~anw6pe B b l 6 H p a K l ~ ~ f l  OAHHa- 

KOBblMH Xi = Xi+l = 6 C ~ e f l e ~ b  3anonHeHHR ~ O M ~ M ~ ~ ~ C K O ~ O  ~ a n ~ 6 -  
pa MeTannOM (PHC. 83) 3aBMCHT OT COOTHOWeHHR BblTRXeK B K a n ~ 6 -  

pax A ~ H H O ~  flapbl - r e M  6onbure  OTHOWeHHe A; /Xi TCM 6 o n b ~ e  CTe- 

neHb 3aflOnHeHHR. A ~ H H O ~  O ~ C T O R T ~ ~ ~ C T B O  yKa3blBaeT, B 'IaCTHOCTM, Ha 

TO, '4TO npkl B ~ I ~ P ~ H H O M  COOTHOUleHHH BblTRXeK B ~ a n ~ 6 p a x  Henb3R np0- 
H ~ B O ~ ~ H O  3anasaTbcR cTeneHbtO 3anontteHwR p o ~ 6 w r e c ~ o r o  ~anw6pa. 
  TO OTHOCWTCR He TOnbKO K CHCTeMe P O M ~  - KBaApaT, HO H KO BCeM 

ApYTHM CMCTeMaM BblTRXHblX ~an116poe. 
n p H  AaHHOM COOTHOlLleHHH BblTRXeK, HanPHMeP B Cnyqae HX PaBeH- 

CTBa (PMC. 84). CTefleHb 3aflOnHeHHR p o ~ 6 n r e c ~ o r o  ~ a n ~ 6 p a  6 y ~ e ~  TeM 

PHC. 84. ~ ~ B M C M M O C T ~  cTenetivl sanontiennn ~ O M ~ M ~ € ! C K O ~ O  ~ann6pa  MeTannoM npu 
A; = Ai+l OT PaSMePOB KBaApaTHblX ~ a n n 6 p o s  (A  = 4,5, Ax = 1,69) 



H a  PMC. 85 npencTaeneHbl sbl rMcnennble c nOMOUbm y p a s n e n ~ i  (5.12) - 
(5.14) M (5.1'6), (5.17)  3 n a r e n ~ f l  npenenbnb lx  BblTRXeK p 0 ~ 6 n r e c ~ o ~  K a -  

n n 6 p e  npn p a 3 n ~ r H b 1 x  BenMrMnax A x .  M3 r p a @ M K o ~  B M ~ H O ,   TO p a 3 n ~ u a  3na- 
q e ~ M i  M ~ K C M M ~ ~ ~ H O ~  M M M H M M ~ ~ ~ H O ~  BblTRXeK C yBenMreHMeM ~ ~ C T H O ~  CyM- 

M ~ P H O ~  BblTRXKH yMeHblLlaeTCR M n p M  HeKOTOpOM 3Ha'leHMM hz 3 T M  KPM- 

s b l e  nepeceKamTcA. O ~ ~ B M ~ H O ,    TO T o r K a  n e p e c e r e n m  K P M B ~ ~ X  h imax  M 

hi ~ Y L I ~ T  OTseraTb c n y r a m  nonnoro s a n o n n e n ~ ~  MeTannoM ~ 0 ~ 6 1 4 -  
r e c ~ o r o  ~ a n ~ 6 p a  c y r n o ~  hi p a s n b l ~  P i m i , ,  a c o o ~ s e ~ c ~ s y m u e e  e i  
3HaqeHMe hx 6 y n e ~  MaKCMManbHO A O ~ ~ C T M M O ~  C TO'lKM 3peHMR Y C T O ~ -  

SHBOCTM nOnOCbl B ~ J ~ M I I M H O ~  'IICTHO~ C Y M M ~ P H O ~  BblTRXKH A I R  A ~ H H O ~  

n a p b l  ~ a n ~ 6 p o s .  
f l p M  PaCnpeneneHMM no KneTRM CTaHa o 6 u e i  BblTRXKM H ~ O ~ X O ~ M M O ,  

rT06bl B ~ a x n o i  n a p e  ~ a n ~ 6 p o e  s n a r e n ~ e  r a c ~ n o i  C ~ M M ~ P H O ~  BLITRX- 

K M  yAOBneTBOpRn0 HepaReHCTBy hz < hz m a x .  

O r e s n n n o ,  r ~ o  ecnM B ~ a K o i - n k 1 6 0  n a p e  ~ a n ~ 6 p o e  npnnRTaR s e n w i n -  

r e n n e  y r n a  pi 6 y n e ~  Menbure p. m i n .  

Ms y p a s n e n w a  (5.12)  npw 4. = P i  m i ,  M M ~ ~ M  

- - 1  
= max hi max $:. 

t g  P i  rnin 
Bblpamaf l  oTcmna 3 n a r e n n e  h imax  M noncTaBnf lR e r o  B (5 .13) .  (5.14) .  

n o c n e  n p e o 6 p a 3 0 s a n ~ i  nonyrMM c n e n y m q n e  y p a s n e n w n  nnn onpene-  
JleHMR M ~ K C H M ~ ~ ~ H O ~  BenM'IMHbl ' ~ ~ C T H O ~  CYMMBPHO~ B b l T R X K M  B CMC- 

TeMe ~ a n ~ 6 p o s  p o ~ 6  - KsanpaT npw n p o K a T K e  c nonnblM sanonnenn-  
e M  MeTaJlJlOM P O M ~ M V ~ C K M X  KanM6p0B ( h i  = hi m a x ) .  

- - $; ctg P i  
max - (5.231 

1  - ( 1  - c y i )  ( 1  - $ i ) i J ~ z m a x ) Z i ( i  - t g p i m i n )  

. , 
KOTOPOM hz = hx M p. = P .  . 

I m ~ n '  
Y p a s n e n ~ ~  (5 .23r ,  (6.24)  pewamTcA c n o ~ o u b m  MeTona n o c n e n o -  

BaTenbHblX n p ~ 6 n ~ r n e n ~ i .  
Cnalsana ~3 ypasnenwn (5.24)  npM s a n a n n b ~ x  3 n a r e 1 - 1 ~ ~ ~  y r n a  bmin, 

K O ~ @ @ M U M ~ H T ~  A M OTnourenMR Di + l  / h  K i  + T a K x e  MeTonoM n o c n e n o -  
BaTenbHblX n p ~ 6 n ~ m e n ~ i  HaXOflMM BenMrMHy K O ~ @ @ M U M ~ H T ~  $;. 3 a ~ e M .  
s a ~ a s a ~ c b  n a r a n b n b m  3 n a r e n ~ e ~  M ~ K C M M ~ ~ ~ H O ~  r a c ~ n o i  C ~ M M B P H O ~  

Bb lTRXKM x ( : ) ~ ~ ~  M Mcnonb3yR n o n y r e n n o e  3narenHe ~ o s @ @ n u l i l e n ~ a  
$. , onpenenflehn ~3 (4.39) senMrMny ~ o s @ @ n u ~ e n ~ a  yurMpenMA c y i  . 
d0flCTaBnReM n a i ~ e n n b ~ e  3naren.R q W cyi, a T a K x e  h':lmax s n p a s y m  

r a c n  y p a s n e n m  (5.23) , H a x o a n M  n o s o e  snarenvle m a x  ( A  (J Lax)  . 
- ( 1 )  n a n e e  npM Ax - hz ~3 (4.39)  HaxoaMM n o B o e  s n a r e n n e  ~ 0 3 @ -  

@ M ~ M ~ H T ~  c,,;,a M 3  y p a s n e n m  (5.23)  - c n e n y m u e e  s n a r e n ~ e  MaKcM- 
M a n b ~ o i  \raE;noi C ~ M M ~ ~ H O ~  BblTf lXKM M T.A. 8 b l l l M ~ n e ~ M f l  IlpOLlOnXa- 
e M  no Tex nop,  n o K a  P ~ ~ H O C T ~  s n a r e n n i  A= npM n e y x  n o c n e n o s a -  
Tenbnblx n p n 6 n ~ r n e n ~ n x  6 y n e ~  M e n b w e  nnM p a s n a  s a n a n n o i  norpeurnocTM. 

~ O C K O ~ ~ K Y  3nareHMe M ~ K C M M ~ ~ ~ H O ~  BblTflXKM B P O M ~ H ~ ~ C K O M  Ka-  

n n 6 p e  6 n ~ 3 ~ o  K cpenneR ( d T )  BenMrnny  ~ a ~ c w ~ a n b n o i  r a c ~ n o f i  c y M -  
~ a p n o i  BblTRXKM npM h. = hi + l  = ~ T T ~ K ' K ~  MOXHO OnpeBenRTb H3 

y p a e n e n ~ i  (5 .23) ,  (5.241. 
qT06bl YflpOCTMTb BblllMCneHMR, paCWT BenMrMHbl M ~ K C M M ~ ~ ~  WCT- 

H O ~  CYMMBPHO~ BblTflXKM npM hi % h i + l  MOXHO IlPOBOAMTb T a K m  C 

n o ~ o u b m  c n e n y m u e r o  n p ~ 6 n ~ m e n n o r o  BblpamenMn, n o n y r e n n o r o  ny- 

= 1 +  0,07 ( 1 . 3  + A )  
max 

8 Di  + l  ( - - A t : -  ) t g 3  P i m i n  
3  h K i + l  

n e n n i  M BblpamenMA (5.25) .  He npesb lwaeT HecKonbKHx npouenToe.  
B raCTHOCTM, A n n  c n y r a R  npoKaTKM y r n e p o n n c ~ o i  cTanM npn 1100 - 

1 2 0 0 ~ ~  ( A  = 4.5) BenMrMHy M ~ K C M M ~ ~ ~ H O ~  r a c ~ n o i  CYMMBPHO~ BbITfl)K.- 

K M  M o m n o  OnpenennTb ~3 C n e n y m u M x  s b ~ p a m e n n i :  
I l p M  Pi m i n  = 30' 



= 1 +  12,2 - 
' X  rnax  

' 2  + D i + l / h K i + l  

= 1 +  23,2 
' Z  rnax 

l2 + D i + l / h K i + l  

3HarleHHfl M ~ K C M M ~ ~ ~ H O ~  ' ~ ~ C T H O ~  CVMMBPHO~ BblTHXKM, H a k ~ e H H b l e  

1.13 ypa~H€!HHh (5.231, (5.24). npeACTaBneHb1 Ha pMC. 86. M3 rpa@HKa 

BHAHO, 'ITO ~ e n ~ r l ~ ~ a  hx max \;MeHbUlaeTCR C VBenHrleHMBM y r n a  0; H 

OTHOlUeHHR D, + l / h K ; + l .  T ~ K H M  o 6 p a 3 0 ~ ,  r leM 6 o n b l u e  A O I ~ V C T M M ~ I ~  

y r O n  flimin H MeHblLle CTOpOHa flpOKi3TblBaeMOrO KBaApaTa, TeM MBHb- 

U a R  BenHrlMHa C ~ ~ C T H O ~  C V M M ~ ~ H O R  BblTRXKM MOXeT 6 b l ~ b  npHHRTa A n n  

A ~ H H O ~  flapbl ~ a n k 1 6 p o ~ .  

BenHrHHy M a K ~ l l M a n b ~ ~ f i  W C T H O ~  CYMM~PHOR BbITRXKH W3 Y C E O B H ~  

3aXBaTa nOnOCbl BanKaMM B P O M ~ H ~ ~ ~ C K O M  H KBaApaTHOM ~ a n ~ 6 p a x  M O X -  
* 

HO OflpeAenHTb CneAVIOUMM o 6 p a 3 0 ~ :  

MaKCHManbHOe 0 6 X a ~ H e  B i -TOM P O M ~ W ~ ~ ~ C K O M  ~ a n ~ 6 p e  paBH0 

A h i  = h K ; - l  - h K ;  - - h K j + '  (q - $; 1 .  
~ P M H W M ~ ~ ~  HAeanbH ble AHaMeTpbl BanKOB B P O M ~ H C ~ ~ C K O M  H nOCne- 

Ay IOUeM KBaApaTHOM ~ a n ~ 6 p e  OAUHaKOBbIMH 

Ah,. = D,. (1 - cos a ; ) ,  
n o n y r n M  

~ P H H H M ~ R  B KarlecTBe MaKc.ManbHoro yrna n a x ~ a ~ a  yron 
aimax nOnyrtHM BblpaXeHHe A n n  M ~ K C H M ~ ~ ~ H O ~  r laC~H0R CYMMapHOll BblTRXKM 

M3 ~ c ~ o B H ~  3aXBaTa 6 POM~M' I~CKOM ~ a n H 6 p e  

Ann 0 f l p e ~ e n e ~ ~ f l  hc max  VpaBHeHHe (5.26)  H ~ O ~ X O ~ H M O  Pell laTb 

COBMeCTHO C VpaBHeHHRMH (4.37) - (4.39) n p U  hx = hc max M npM- 

HRTOM COOTHOUleHHM BblTRXeK B P O M ~ H C ~ ~ C K O M  H fl0CneAYH)UeM KBaA- 

PaTHOM ~ a n H 6 p a x .  P e l l l e ~ H e  MOXHO H ~ ~ T H  C flOMOUbH) MeTOAa flOCneA0- 

BaTenbHblX n p ~ 6 n ~ m e ~ ~ i .  
EcnH n p e ~ e 6 p e r l b  ywMpeHMeM (B  TOM cnyr lae +bi = 

1.0). TO B e n w r l m a  

M ~ K C H M ~ ~ ~ H O ~  ' ~ ~ C T H O ~  C V M M ~ P H O ~  BblTRXKH KBK AnR P O M ~ H ~ ~ ~ C K M X ,  

TaK H AnR KBaAPaTH blX ~ a n ~ 6 p o ~  flpH ffi max = a(i+ 1 max = 25' 6 v n e ~  
OnpeAenRTbcR Bb lpaxeHneM : 

= (1 + 0,09 Oi + I  
' 2  m a x  

) 2 .  

h K  ( i + l )  

  TO B b l p a x e n w e  MOXHO H C ~ O ~ ~ B O B ~ T ~  A n n  Haxo)t(AeneHHn n a r a n b n o r o  

3HarleHHR h x  max f lpH PellleHHU yKa3aHHblX ypaBHeHHh. 

Onpe~enenwe yrnos s a x s a ~ a  B KBaApaTnblx ~ a n ~ 6 p a x  c y r e T o M  yuw- 
PeHHR BCTperlaeT TpyAHOCTW, CBR3aHHble C TCM, rlTO B P O M ~ H ~ ~ ~ C K L I X  Ka-  

n~6pax B cmyrae nx H e n o n n o r 0  s a n o n ~ e ~ ~ ~  MeTannoM, n a k ~ v l  ~ l n n p ~ ~ y  
n o n o c b l  M, CneAoBaTenbHo, BenHrlMHy O ~ X ~ T H R  B n o c n e A y m q e M  wan- 
PaTHOM KanH6pe MOXHO TOnbKO n p ~ 6 n ~ 3 ~ ~ e n b ~ 0 ,  KaK, HanpMMep, 3T0 

6 b 1 n o  cAenaHo n p ~  BblBOAe VpaBHeHHR (4 .131) .  Ann a ~ a n ~ 3 a  npenenb-  

.HblX ~ H ~ W ? H M ~  BblTflXeK 3TO VpaBHeHHe MOXeT OKa3aTbCR CnHUlKOM He- 

TOrlHblM. 

~ O ~ T O M V ,  IlPHHHMaR BO BHHMaHHe, ClTO n p H  PaBHblX B b l ~ f l X K a X  y r n b l  

3aXBaTa B ~ O M ~ H ~ ~ ~ C K O M  H IlOCneAYtOUleM KBaApaTHOM ~ a n ~ 6 p a x  npH-  

MepH0 O ~ . H H ~ K O B ~ I ,  B T a K X e  TO, 'IT0 B CHCT0MaX P O M ~  - KBaApaT 0 6 b l r -  

HO hi 2 MaKCHManbHble 3HarleHUfl rlaCTHblX CYMMaPHblX BblTRXeK 

AOllVCTHMO OnpeAenRTb H3 ~ C ~ O B H ~  3aXBaTa nOJlOCbl TOnbKO B POM~H- 

rleCKMX ~an l l6pax,  T.e. flyTeM COBMeCTHOrO PeUeHHR ypaBHeHMh (5 .26) .  

(4.37) - (4.39) .  

B B H A ~  T o r o  rlT0 pewenwe CwcTeMbl ~3 r l e n l p e x  y p a s ~ e ~ w i  npenc'ras- 
nReT AOBOnbHO TpYAOeMKYH) 3aAary.  BenHrl l lHy M ~ K C M M ~ ~ ~ H O ~  M3 yCn0-  

B H ~  3aXBaTa ~ ~ C T H O ~  CYMMBPHO~ BblTRXKW B CMCTeMe ~ a n k 1 6 p o ~  ~ 0 ~ 6  - 
KBaApaT MOXHO T a K X e  H ~ ~ T M ,  HCflOnb3yR CneAytOUee BblpaXeHUe, flOnV- 

WHHOe rlHCJlOBblM aHanM30M HCXOAHblX y p a ~ H e H H f i  flpM hi =hi +, . 

- 1 6 + A  ( 5 +  Oi+1 
' C  m a x  

- I+- 
2800 

12 .  
h K i t l  

3. CHCTEMA OBAn - KBAAPAT 

B ~ I T R X K ~  B OBanbHblX ~ a n ~ 6 p a x  B npenenaX n p H H R ~ o i  BenMrlHhbl 

' ~ ~ C T H O ~  CYMMIPHO~ BbITRXKH AOCTHrHCT M ~ K C H M ~ ~ ~ H O ~ ~  BenM'4MHbl flpH 



n o n H o M  s a n o n ~ e ~ ~ ~  ~ a n ~ 6 p a  MeTannoM, T.e. npM Fi = FKI. B  TOM - cnyr lae hi = himax - Fi -,/FKi. 
f l o n c ~ a e n ~ ~  c m n a  ~3 (4.48)  o ~ a r e n w e  n n o u a n M  o s a n b n o r o  ~ a n n 6 p a  

d 2 a  - 1 
hi max = hz l  $; [a: arcsin a - 1 2 a - 1  (5.28) 

a ,  

X (  A =  - 1 )  - 11. 
A .  

(5.30)  

I rnax 

KO~@@MUM~HT y W M p e n m  B OBanbHoM ~ a n ~ 6 p e  cyi OnpeAenneTcu 

ypaeHeHMeM ( 4 . 6 0 ) .  P e u r e n ~ e  y p a o n e n ~ h  ( 5 . 2 8 )  - (5.30) HaxofiMM c 
nOMOUbI0 MeToAa nocneAosaTenbHblx n p ~ 6 n ~ x e ~ ~ i .  E' KarlecToe naqanb- 

HOrO ~ P M ~ J ~ M X ~ H M R  AnR hi MOXHO nPMHRTb A!;;, = J h i  
&InbHefiwMe BblllMCneHMR K O ~ @ @ M U M ~ H T O B  a M $; npM AaHHOM 3Ha- 

r e n w  w hi ,,, = h/;Lx npo.3eon.u c n o M o l u a l o  ypasnenwA (5.29)  , 
(5.30). p e w a R  MX B TOM m e  rlocneaosaTenbnocTM, K a K  M npM pacrere 

pa3MepOB OBanbHblX ~ann6poe CMCTeMbl OBan - KRaApaT, OllHCaHHOM 

B ~ p e A b l n ~ U e k  rnaBe. 

fl0cne TOTO, KaK BenM'IMHbl KO~@@MUM~HTOB a;, '+bi ~ a n ~ e ~ b l ,  nOfiCTaB- 

nReM MX B ypasHeHMe (5 .28)  M o n p e A e n n e M  c o o T s e T c T s y t o u y t o  HM 

BenM'4MHy M ~ K C M M ~ ~ ~ H O ~  BblTRXKM. C ~ ~ B H ~ I B ~ ~ M  M e M a y  co6oh IlpMHR- 

Toe M BblLIMCneHHOe (himax ) 3HareHMR M ~ K C M M ~ J ~ ~ H O ~  Bbl- 

T n x K H  u, ecnH pa3HocTb hi max  - i b )  6 y n e r  6onawe s a n a n ~ o l  no- 
1 m a x  

TpeLUHOCTM, BblllMCfleHMR nOBTOPReM npM HOBOM 3HalleHMH hi max. f l p ~  
 TOM A n n  0 6 e c n e r e n ~ ~  CXOAMMOCTM B ~ I ~ M C ~ ~ H H ~  s ~ a r e ~ ~ e  MaKcnManb- 

H O ~  B ~ I T R X K M  npM C n e n y t o w e M  n p ~ 6 n ~ x e ~ ~ ~  h cneayer ~ b 1 6 n -  

p a n  B CooTBeTcTBMM co C n e n y l o u n M  npasnnohn:  ecnM s b l r u c n e n n o e  sna- 
VeHMe M ~ K C M M ~ ~ ~ H O ~ ~  BblTRXKM (hi mar D )  OKaXeTCR MeHbllle, r leM npH- 

HRTOe npM HaVanbHOM n p ~ 6 n ~ x e n u ~  ()i!:)ax), n e o 6 x o ~ n ~ o  IlpHHHMaTb 

( 0 )  
h > hi n, * a o 6 0 p o ~ ,  npw hi rnax > h;;LX H~O~XOP.HMO,  VTO- 

6b1 h!A)ax < A!:),,. B ~ ~ ~ M c ~ ~ H M R  n p o a o n m a e u  no Tex nop, n o K a  pas- 
HOCTb M e m a y  IlpHHRTblM H nOnYqeHHblM B AaHHOM ~ P M ~ ~ M X ~ H M M  3Ha- 

'4eHMeM M ~ K C M M ~ ~ ~ H O ~  BblTRXKM 6 ~ f l e ~  MeHbWe 3 a ~ a H H 0 h  nOrpeWHOCTM. 

O r e s ~ ~ ~ o ,  r ~ o  npM n o n n o M  s a n o n ~ e ~ ~ ~  o e a n b n o r o  ~ a n ~ 6 p a  MeTan- 

f low K O ~ @ @ H U M ~ H T  DBanbHOCTM MMeeT MMHMManbHO BO3MOXHYH) npM 

AaHHblX yCnOBMRX BenM'lMHY ( a i  = ai rnin), T ~ K  K a K  ~ a n b n e h u e e  ero 

yMeHbweHMe I-IPMBeAeT K nepenonnenMlo ~ a n ~ 6 p a .  rlo Mepe ysenc l re -  

HMA I<o~@(~)HuM~?HT~ a i  RblTfl%Ka B OBanbHOM ~ a n n 6 p e  (npM  TO^ X e  

~ ~ C T H O ~  C ~ M M ~ P H O ~  B ~ I T R X K ~ )  6 y ~ e T  yMeHbWaTbCR M npM ai = U3 ( n p 0 -  

KaTKa KBaapaTa B TllaAKLnX B a n K a ~ )  AOCTMrHeT MMHMMaJlbHOrO 3HaL(eHMR. 

1 1 p ~  ai = m cMeueHHaR n n o u a a b  MeTanna pasna AFi = Fi- - hihi- l .  

f l o ~ c ~ a s ~ ~  s n a q e ~ ~ e  AFi B (4 .4 ) ,  n o r l y r H M  ypasnenme AnR MMHM- 

M ~ J ~ ~ H o G  BblTRXKM 8 OBanbHOM ~ a n ~ 6 p e  

- A 

B b ~ p a x e ~ n e  (3.2) ,  o n p e n e n n t o u e e  BenMrMny K O ~ @ @ M U H ~ H T ~  yurMpe- 

HMR C npM npOKaTKe KRdApaTa B rJlaAKMX BanKaX B @0pMe 6onee yno6- 
v i  

H O ~  AnR B b l l l M ~ n e ~ M f i  himin 6 y ~ l e ~  MMeTb BMA: 

Di + I  I+$ = 1 - 0,26 4' ( 4  + --- 1 - 1) .  (5.33)  
A =  

A h .  
K I + l  A .  I rn in  

Ben~rwna M M H H M ~ ~ ~ H O ~  BblTRXKM OnpeAenReTCR COBMeCTHblM PeWe- 

HMeM ypasnen~h (5.31) - (5.33). P e w e w e  MOXHO H ~ ~ T H  C nOMOUbt0 

MeToAa nocneAosaTenbnb lx  n p ~ 6 n w x e ~ ~ i .  K a K  M n p H  pacreTe MaKcM- 

~ a n b n o f i  B~ITRXKLI, B KaqecTBe H a r a n b n o r o  n p ~ 6 n ~ m e ~ ~ ~  A n n  Xi min M o m -  

HO npMHRTb A;:)~, = q, 
n o a c r a s m e  a ~ a r e ~ ~ e  A/;'~~ B npasylo r a c n  ypasHeHMR (5.331, onpe- 

aenHM BenMrMny K O ~ ( ~ ) @ M ~ \ M ~ H T ~  $. , a 3 a ~ e ~  ~3 (5.31)  n o n y w M  noeoe 



3HalleHMe M H H M M ~ ~ ~ H O ~ ~  BblTRXKM (hi min p ) .  f l o ~ n l ?  3TOrO CpaBHclBaeM 

M e W Y  co6oh npMHRTOe M BblllMCneHHOe 3HalleHMR M M H C ~ M ~ ~ ~ H O ~  BblTRX- 

n. w, ecnw pasHocrb  himin - h/:lin 6 y ~ e ~  6 o n b u e  n p w ~ a ~ o i  norpeu- 
HOCTM, PaClleT IlOBTOpReM npM HOBOM 3HalleHMcl M ~ ~ H M M ~ J ~ ~ H o ~  BblTRXKcl 

hi paBHOM J A ) ~ ) ~ ~ -  A,. p. ~ b ~ r w c n e ~ w a  n p o A o n x a e M  no  ex nop, 
nOKa Pa3HOCTb 3HalleHMM M M H H M ~ ~ ~ H O ~ ~  Bbll'flXKcl B COCeAHUX n p c l 6 n ~ -  

n o ~ a 3 a n .   TO B UJMPOKOM ~ ~ a n a 3 o ~ e  B X O A R ~ M X  B ypasHeHcle napaMeT- 

p o ~  (A, = 1,5 + 2,7, A = 3,5 + 5.5, D i + l / h K i + l  = 5 + 20) n p e ~ e n b -  

Hble 3HalleHMR BblTRXKM B OBanbH.OM ~ a n ~ 6 p e  OnpeAenRtOTCR B OCHOB- 

HOM ~eJlMllM~0h ' ~ ~ C T H O ~  C Y M M ~ P H O ~  BblTRXKM M OTHOlUeHclR Di / h  K i  
H M a n o  3aBHCRT OT BenH'fHHbl K O ~ @ @ H ~ M ~ H T ~  A. 

B p e 3 y n b ~ a ~ e  a ~ a n ~ 3 a  MCXOAH~IX  y p a B H e ~ M k  n o n y r e H b l  cneaymlqwe 
BblpaXeHMR AnR OnpeAeneHMR M ~ K C M M ~ ~ ~ H O ~ ~  cl M ~ ~ H M M ~ J ~ ~ H o ~  BblTRX- 

K i + l  

O T C ~ ~ A ~  npeAenbHble COOTHOlUeHMFl BblTRXeK B OBanbHOM cl nocne- 
AyIOUeM KBaApaTHOM KaJlM6pax 6 y A y ~  paBHbl: 

' i  Di + I  
(- I,,, = [I + L ( 6 -  113 (7 + - 

1 8  
11 2 ,  

' !+I  h K i + l  

K / + I  

Ha IlpaKTMKe npM PaCnpeAeneHMM BblTflXKM M e W Y  OBanbHblM M KBaA- 

PaTHblM KanM6paMM 06bllll-10 IlPMHMMaeTCFl hi > 
Ha ))MC. 87 AaHbl pe3ynbTaTbl PaClleTa MaKCclManbHblX cl MclHMManb- 

HblX 3~ar leHMfi  BblTRXeK B OBanbHOM ~ a n ~ 6 p e .  K a K  BclAMM, AMafla30H 

.Il.OnYCTMMblX 3 ~ a l l e ~ c l f i  BblTFlXeK B OBanbHOM ~ a n ~ 6 p e  yBenMllMBaeTCR 

C POCTOM W C T H O ~  C Y M M ~ P H O ~  BblTRXl<M. 

M3 pMC. 88 BclgHO, 'IT0 CTeileHb s a n o n ~ e ~ ~ ~  ORanbHOrO ~ a n ~ 6 p a  Me- 

I aJinoM onpe,qenneTcR cool r i o w e ~ n e l v :  BblTRXeK B oBanbHoM M n o c n e -  

AylOlqeM KBaApElTHOM KiliIb46pe; npH 3TOM qeFA 6 o n b w e  OTHOWeHcle 

Xi / hi + l ,  TeM 6 o n b u e  cTenenb 3 a n o s i u c ~ 1 1 ~  oeanbkroro  ~ a n c l 6 p a .  

f lpM s b 1 6 o p e  BenM'IMHbl WCTHblX CYMMaPHblX BblTRXeK H(?O~XOAMMO 

nPMHMMaTb BO B!iUIMaHMe Y C T O ~ ~ M B O C T ~  0 ~ a A b H 0 f i  nOIlOCbl npM IlpOKaT- 

K e  B n o c r r e ~ y m ~ q e ~  KsaApaTHoM uan~6pe. KoTGpaq npcl  n p o r c l x  pas- 
HblX YCnOBMAX 3BBclCMT OT COOTHCLUeHMH BblCOTbl M UlMPMHbl OBanbHOrO 

Ce'feHMR. B KaqeCTBe yClloBMH YCTO~~VMBOCTM 06b111140 T:pMHMMaeTCR Cne- 

AylOlqee COOTHOlUZHMe M C X W  B ~ ~ C O T O ~  M L U M P M H O ~  9BanbHOTO CIF)O@M~R: 

bi/hi < 2,O. (5.36) 

f l p e ~ e n b ~ o e  cooTHoweHMe o a 3 ~ e p o ~  (b, /hi = 2.0) 0npeAenRe-r M a K -  

CMMaDbHyKJ, C TOrKM 3peYclfl YCTO~'IMBOCT~~ OBanbHOI-0 npo@MnR, BenM- 

'fMHY ' ~ ~ ' c T H o ~  C Y M M ~ P H O ~  BblTRXKM. 

M o m ~ o  IlPeAnOAOWHTb, 'IT0 B 3aBMCclMOCTM OT COOTHOLUeHclR BblTR- 

X e K  B OBanbHOM M tlOCDeAytBU\eM I<BaALlaTHOM ~ a n ~ 6 p e  AJlR AOCTMXe- 

HMR 0 ~ a n b H O i  t l 0 ~ 1 0 ~ 0 f i  npeAenbHor0  COOTHOlJJeHMR pa3MepOB rlo~pe6y- 
eTCR p a 3 n c l r ~ a n  HenMrclHa r a e ~ ~ o h  cyrvr~ap~of i  B ~ ~ T R X K M .  Ann T o r o  q ~ 0 6 b l  

OnpeAenMTb, npcl KaKMX YCnODMRX ~ o n y c ? M M a R  llaCiHaR CyMMapHaFi Bbl-  

TRXKa 6 y A e ~  MMeTb MaKCMMaSlbHYH) BenMqMtiY, F)BCCMOTpclM ABa KpaG- 

HMX BapclaHTa pacnpeAri let iMR r a c ~ ~ o h  C Y M M ~ P H O G  B ~ I T R X K M  M e w y  

OBanbHblM M KBaAPaTHblM KanL46pOM: 

npM A. = A i  max'  i e. n p H  n o n H o M  s a n o n ~ a ~ ~ ~  MeTannoM osanbHo-  



ro  ~ a n ~ 6 p a ;  B 3TOM CJlYqae npM ABHHOM 3Ha'leHHM hz BbITRXKB B OBaflb- 
HOM ~ a n ~ 6 p e  L\OCTMTHeT M ~ K C M M ~ ~ ~ H O ~  BenM'4MHbl. B TO BpeMR K a K  B 

n o c n e f l y m u e M  KBanpaTHOM ~ a n ~ 6 p e  OHa 6 y p l e ~  M M H M M ~ ~ ~ H O ~ ;  

npM Xi = h i m i n ,  1.e. npM M M H M M ~ ~ ~ H O ~  BblTRXKe B OBanbHOM Ka-  
n n 6 p e  M ~ a ~ c ~ ~ a n b ~ o i  - B n o c n e n y m u e h n  K s a n p a t e .  

O ~ ~ B M ~ ~ H O ,    TO npM n o n H o M  a a n o n ~ e ~ ~ n  urMpnHa n o n o c b l  6 y n e ~  p a e -  
Ha wwpnHe o s a n b H o r o  ~ a n ~ 6 p a  ( n n ~  npOCTOTbl B ~ ~ M ' I M H O ~  3a3opa M ~ X -  

~y e a n K a M n  M o m H o  n p e ~ e 6 p e r b )  bi = bKi = h K i  4- 
~ O ~ ~ C T ~ B ~ R R  B (5.36) 3T0 3HalleHMe b K i ,  IlOnY'IMM 3HaLleHMe ~ 0 3 0 -  

@ H U M ~ H T ~  a i  = 2,5, npM KOTOPOM COOTHOLUeHMe pa3MepOB OBanbHOrO 
n p o @ ~ n n  4ocTMraeT n p e n e n b H o r o  ~ H ~ ~ ~ H M F I  (b;/h; = 2,O). 

~ P M  a,. = 2,5'hz = h z m a x l  M hi = h .  = 'Z m a x 1  ypaBHeHMR 
1 max 2,8 $3 

(4.621, (4.63)  n o c n e  n p e o 6 p a 3 0 s a ~ ~ i  nPMMYT c n e n y t o ~ ~ i  B M ~ :  

- - 2.8 I L f  
' 2  max 1 

ILi J?- (5.37) 
C + ( 1  - c . )  ( 1  - '= maxi 

V I  27,6 $ :  
) 

v i  m _ l  

$i = 1 - 0 . 7 9 1  &/I + 0n213 ( 4 + &  ) (2,8 $7 - 1) - 1. (5.38) 
A K E  +I 

K O ~ @ @ M U M ~ H T  YLLlHpeHMR B OBanbHOM ~ a n ~ 6 p e  C . HafifleM M3 Bblpa-  v 1 
XeHMfl (4.60) n ~ 6 0  (4.61 ) , n p u  a, = 2.5 M h, = h x  m a x  l .  

UMeHTa A M OTHOLUeHMFl D i + l / h K i + l ,  T a K X e  C nOMOlUbl0 MeTOLIa UTe- 
p a u ~ i ,  onpenenflehn cHarana eenMrMHy K O ~ @ @ M U M ~ H T ~  $i .  3 a ~ e ~ ,  s a ~ a -  
BaRCb HarlaJlbHblM 3HalleHMeM hx m a x  l ,  npM HafineHHoM 3Ha'leHMM $,. M 

- - h ( 0 )  
maxl 

, m a x  l ,  a  = 2 5 OnpenenneM ~3 (4.60) BenMrMHy ~ 0 3 0 -  

@ n u w e m a  ywMpeHwa cvi ( c ! ~ )  . @nee, n o p c r a s n n n  3 ~ a u e ~ w a  $ i ,  

maxl 
HaXOnMM HOBOe 3HarleHMe M ~ K C M M ~ ~ ~ H O ~  ' ~ ~ C T H O G  CYMMa H0f i  Bb lTRX-  

~n A~ maxi ( A ! . , . , ~ ~ ~ ) .  n o c n e  3 ~ 0 r o  npn maxi - - X I   an- 

ABHHOM paHee 3Ha'4eHMM K O ~ @ @ M U M ~ H T ~  $; HaXOfiMM HOBOe 3HarleHHe 
( 1 )  - - h ( 1 )  

cvi ( c ' l j  1, a 3 a T e ~  M3 1 5 - 3 7 ]  npw cvi = c  v i  M A, , 
c n e n y n , i e e  3 H a r e ~ ~ e  A, maxi. B ~ I ~ M C ~ ~ H M R  n - p o ~ o n m a e ~  n o  TeX nop, 
n 0 K a  Pa3HOCTb 3HarleHMi h, n a x l  n p M  ABHHOM M npe f lb lnYueM n p ~ 6 n ~ -  
xeHMRx 6 y f l e ~  M e H b u e  M n M  pasHa 3 a n a ~ ~ o f i  norpeluHocTM. 

&lR OnpeneneHMR BenMrMHbl M ~ K C M M ~ ~ ~ H O ~  rlacTH0fi CYMMBPHO~ ,BbI- 

TRXKM g n R  n p y r o r o  ~ p a f i ~ e r o  CnyraR pacnpenenetiMR ee M e w y  OBanbHblM 
M nOCneAYtOuMM KBanpaTHblM K ~ ~ M ~ P O M ,  T.e. npM hi = h i m i n ,  ai = '? 
npMnMMaeM n o n e p e w y t o  n e @ o p ~ a u ~ t o  n p M  npoKaTKe KBanpaTa B r n a n -  
KMX BanKax p a ~ n o ~ e p ~ o f i  no BbIcoTe c e r e t i m .  B   TOM c n v r a e  L U M P ~ H Y  

~ ~ R M O ~ ~ O ~ ~ H O ~  IlOJlOChl Ha BblXOne M3 BanKOB i - T 0 h  KneTM MOXHO r IpM-  
HRTb p a e ~ o k  

bi = Fi /h i .  

f l o n c ~ a e ~ ~   TO 3 ~ a r e ~ ~ e  bi 6 (5.361, n o n y y n M  
6 .  

1 -  Fi - -- -- F i + ~  ' ~ m a x 2  - - 'Z max2 
hi hi2 'imin h : ( i + l )  * T  2 d ~ 7  h i m i n  

~ O ~ C T ~ B M B  3 T 0  3HarleHMe h i m i n  B (5.31) M (5 .33) .  nOnyrMM npM hz = - - A, m a x 2  CflenyK)UUe YpaBHeHMR AnR OnpeLleneHMR M ~ K C M M ~ ~ ~ H O ~  raCT- 
H O ~  c y ~ ~ a p ~ o f i  B~ ITRXKM B c n y r a e ,  ecnw hi = hi m i n :  



'4eM npM h, = h i m i n .  T ~ K M M  0 6 p a 3 0 ~ ,  C TOrKM 3PJeHMR MaKCMManbHOrO 

MCflOnb30BaHMR BhlTRXHblX B O ~ M O X H O C T ~ ~  CMCTeMbl OBaA -- KBaApaT 

u e n e c o o 6 p a 3 ~ 0  MMeTb COOTHOUlC?HMt! BbVFIXeK hi /hi + > 1. BenMrnHa 

MaKCMManbHO A O ~ Y C T M M O ~  ~ ~ C T H O ~  C Y M M ~ P H O ~ ~  BblTHXKM YMeHbWaeT- 

CFI C yB€!nMr€!HMeM OTHOiUeHMR 4. +, / h  K i  b l  YMeHblLleHMeM K O ~ @ @ H -  

UMetiTa A. 
BenMrMHa rac~nok  C\/MMBPHOA BblTHXKM €3 CMCTeMe OBan - KBaAP3T 

MMeeT He TOnbK'3 B ~ P X H M ~ ~ ,  HO H H M X H M ~  npenen. R p M r t ? ~  B OTnllrMe 

OT TaKMx CMcTeM ~ a n ~ 6 p o s ,  t<aK osan -- rcpyr  nnM c ~ p t > n b r a ~ b ~ h  Tpe- 

YronbHMK -- K p y r ,  I-4e MMtwhnanbHaH BenHrMna hz  onpeAenneTcn 803- 

MOXIIOCTFIMM I ~ P O B O A K O B O ~ ~  apMaTypb l  0 6 e c n e r ~ ~ a ~ b  y c ~ o i r ~ s o e  nono- 
meHMe o s a r ~ b h o i  MnM ~ p e y r o n b n o h  n o n o c b l  B K p y r n b l x  K ~ ~ M ~ P R X ,  B CMC- 

TeMe osan - I<saApsT HMXHMG npeAen v a c ~ t i o i  c y r a ~ a p ~ o r i  B~ITFIXKM, 

yrnos npM BepwMHax !csanpaTHoro ~ a n ~ 6 p a .  3 ~ o  ycnoelle ~ p e 6 y e T ,  r T 0 -  

6b1  WMpmHa n o n o c b l  n o c n e  o s a n b H o r o  ~ a n ~ 6 p a  6b lna  6 o n b u e  unM, no 
KpahHeR Mepe, paetia sblcoTe n o c n e A y t o u e r o  KRaApaTt ioro ~ a n M 6 p a ,  T.e. 

M ~ P H O ~ ,  Bbl'TRXKM, PSCCMgTPMM, KBK M flpM OnPeAeneHMM hc m a x ,  ABa 

K ~ ~ ~ H M X  CnyYaH : 
1. RPM hlaKCMManbHOM COOTHOlLleHMM h ; l A i + l ,  T.e. npM flOnHOM 3a- 

n o n H e n w  OBanbHoro K ~ S ! M ~ ~ E  MeTannoM ( F i  = F Xi = Xi . 
2. n p M  MMHMManbHOM COOTHO~E?HMM h i / h i t l ,  T.e. flpM q = h i m i n ,  

a. == rn,  TO coo'l'eerc-royei- rnyrato npoKaTKM KsaApaTa B r n a n K M x  sanKax .  

' E c n ~  npe l ie6pesb  3 a 3 o p a ~ ~  M e w y  sarlKaMM, TO npn F i  = F K i  ClMeeM 

OTCIOA~, IlOCKOnbKy h K i  = Gi h K i  +, MHHMh?anbHOe 3HaWHMe KCJ3@- 

& M U M ~ H T ~  ORanbHscTM, npM KOTOPOM A o c w r a e T c n  a a n o n ~ e ~ ~ e  yrnos 

npn sepwmax (i + 1)- ro KsaApaTHoro  ~ann6pa, 6vne~ pasno a i  = 
= ' I , [ !  + (I/$;)]. 

B cnyqae nonnoro s a n o n n e n ~ ~  MeTannoM i - T o r 0  o s a n b H o r o  ~ann6-  
pa BblTRXKa B HeM 6 y ~ e ~  M ~ K C M M ~ ~ ~ H O ~  npM AaHHOM 3Har(eHHH h x  H 

p a s ~ o i  
h 2 K i + l  - F i - l -  

A. = hi ,ax - ---- A x  mi" ' 
F K ;  2 F K ~  

&lFI HaXOXAeHklR hx 
MeCTHO C YpaBHeHHFIMM . 
= 11 + (I/$) I, hC 
HOM cnyvae nMetoTcR B 

rnin 1  ypasHeHne (5.41) cneAyeT peWaTb COB- 

(4.62). (4.63). B KOTOP~IX B P TOM cnysae a = 
- - h x  m i n  M h .  = ?;. m a x .  YYHT~IBBFI, 'IT0 €3 AaH- 

BMAy Manb le  '3HarenMR ~ e t t ) o p ~ a u n ~ ,  uenecoo6- 

PaBHOMePHblM no BblCOTe, MOXHO IlpeACTaBMTb K a K  

F .  F i + l  b = I = -  = k- . -- Yci+l 
i 

I h i  ' i r n t n  h i  
A .  . r m t n  'Li 

B f l p e ~ e n b ~ 0 ~  cnyrae n p ~ l  b,! = h K i  + (PHC. 90) MMeeM 

PHC. 90. K PaCWTY M U H H M ~ ~ ~ H O ~  WCT- 
HOR C Y M M B P H O ~ ~  B b l T R M K H  B CHCTeMe 
~anb46pos osan - ~ s a n p a ?  



n o ~ c ~ a e n n n  3HalleHMR hC M hi m i n  B (5 .31)  M ( 5 . 3 3 ) ,  n o n y r M M  cne- 
AytOuMe ypaBHeHMR AnR OnpeJleneHMR MMHMManbHO A O ~ ~ C T M M O ~ ~  BenM- 

rMHbl '4a~TH0f i  CYMMBPHO~~ BblTRHKM npM MMHMManbHOM COOTHOWeHMM 

BblTRHeK B OBanbHOM M n0CneAVH)UleM KBaAPaTHOM ~ a n ~ 6 p a x  (hi = 
= A .  . ) :  

I m l n  

- 2 i i  
- -  

' Z  min2 (5 .42)  
. + ( 1  - ) $ i ~ Z ~ h = ; -  v 1 v ;  

' Z  = ' Z  r n i n 2 .  
Y ~ ~ B H ~ H M R  ( 5 . 4 2 ) ,  (5.43) peUIatOTCR C nOMOU4b!+J MeTOJla nOCOeA0- 

BaTenbHblX n p w 6 n ~ m e l i ~ i ,  nOpRAOK Bbl'lMCneHMR T B K O ~ ~  He, K a K  npM On- 

= I +  32 (2  + A )  
max  (20 + D i + l / h K i + l )  

- 1 5  ( 7  + A )  - 
' Z  min  30 + D; + l / h K i . + l  

E c n ~  pacreT He ~ p e 6 y e T  B ~ I C O K O ~  TO'IHOCTM, a COOTFlOLUeHMe BblTRHeK 

B OBanbHOM M n0CneAYH)LUeM KBaApaTHOM ~ a n ~ 6 p e  HaXOAMTCR B MIiTep- 

Bane 1 < h,. /hi+l  < h;max/hc BblpaXeHMR ( 5 . 4 4 ) ,  (5.45) MOXHO MC- 

n o n b a o ~ a ~ b  Unn a n p e A e n e H m  A o n y c T M M o r o  ~ ~ a n a s o ~ a  s ~ a r e ~ ~ f i  npe- 
AenbHblX '4aCTHblX CYMMapHblX BblTRXeK B CMCTeMe OBan - KBaApaT BMe- 

CTO HCXOAH blX ypaBHeHMfi. 

n p H  sb160pe M paCnpeAeneHMM no KneTRM 'IaCTHblX CYMMapHblX Bbl- 

TRXeK H ~ O ~ X O A H M O ,  rlT06b1 MX BenMrMHa 6 b m  B npeAenaX 3TOrO JlMana- 

30Ha. H e s b l n o n ~ e ~ n e  3TOr0 YCnOBMR npMBeAeT n ~ 6 0  K VMeHblUeHMH) YC- 

4. CHCTEMA OBAn - KPYr 

&IR a ~ a n ~ s a  npenenbHblx s ~ a r e ~ n i  BblTnmKM B ~ann6pax cmcTeMb1 

OBan - K p y r  BOCnOnb3yeMCF 'jpaBHeHMRMM ( 4 .75 ) ,  (4 .76) ,  C B R 3 b l l I R -  

~ M M M  p a 3 ~ e p b 1  ~ a n # 6 p 0 ~  c napaMeTpaMn n p o ~ c x o ~ n u e i  B HUX ~e@op- 
MBUMM. 

K a K  Lt Anfi CMCTeMbl OBan ,- KBaApaT, Bb lTRXKa B OBanbHOM KBIIH~PI 

npM A ~ H H O ~  BenMrMHe ~ ~ C T H O ~  CYMMBPHO~ BblTRXKM 6 y A e ~  MaKCHMInb* 

HOW B cnyrae n o n H o r o  3 a n o n ~ e ~ ~ ~  ero MeTannoM 

- 
hi = h imax  - F i - l  / F K i  . (5.48) 
Vlcnonbsyn  (4.48) M B b l p a x a n  n n o u a A b  n p e A b l A y u e r o  K p y r a  KIK 

- 
F ,L l  - n r 3, hz,  n o n y r M M  ypaeHeHMe A n n  M ~ K C M M ~ ~ ~ H O ~  B~ITFIXKH 

B OBanbHOM ~ a n ~ 6 p e :  -- 
J-2" - 1 

hi m a x  = n h Z / 2  $; [a a arcs in - (ai - 1 ) d 2 a j  - 1 1 .  (5 .47)  
i 

BenurMHy M ~ K C M M ~ ~ ~ H O ~  BblTRHKH H a f i ~ e ~  COBMeCTHblM PeWeHHUM 

ypaBHeHMR (5.47) M ypaBHeHH2 ( 4 . 7 5 ) .  ( 4 . 7 6 ) ,  r A e  B 3TOM Cnyllae h, - 
- - ' i  m a x '  'i+1 = ' ~ " i  ma,' Y ~ ~ B H ~ H M R  PeWaIoTCR C nOMOubto  M0TOflbl 

nocneAoBaTenbHblx np~6nwme~ufi. B 
AJlR M ~ K C M M ~ ~ ~ H O ~ ~  BblTRXKM MOXHO nPMHRTb 

H a r a n b ~ b l e  3HalleHMR K O ~ @ @ H ~ H ~ W O B  a i  M $/ H a f i A e ~  H3 Y ~ ~ B H ~ H H ~  

( 4 .78 ) ,  (4 .79)  n p ~  hi = +, = 6. B ~ a n b ~ e f i w e ~  n o c n e ~ o e a ~ e n b .  

HOCTb' Bbl l lM~neHMfi  Ta Xe, qTO H npM paClleTe M ~ K C M M ~ ~ ~ H O ~ ~  BblTRXKH 

AJlR CMCTeMbl OBan - KBaApaT. 

O r e s n ~ ~ o ,    TO n o n H o M y  s a n o n ~ e ~ ~ t o  o s a n b H o r o  ~ann6pa MeTannoM 

COOTBeTCTBYeT HaMMel-IbWaR BenllrMHa K O ~ @ [ ~ ) H ~ H ~ H T ~  OBanbHOCTH. C 
yBenMreHHeM ~ 0 3 [ t ) @ l l q M e ~ ~ a  a ;  BblTRXKa B OBanbHOM ~ a n ~ 6 p e  n p H  

TOM X e  3HalleHMM '4a~TH0fi CYMMBPHO~~ BblTRXKH yMeHbWaeTCR H n p H  

a i  = 00  TO C O O T B ~ T C T B ~ ~ T  c n y r a t o  npoKaTKM K p y r a  B r n a a r t n x  Ban-  

KBX) AOCTHrHeT MMHMManbHOrO 3HarleHMR. 

~ P H  ai = w, hi = h i m i n  M hi+l - - h Z / h i m i n  ypaBHeHHR (4.69) M (4 .72)  
npMMyT cne~ytouwf i  BMA: 

$: $ .  $: arcsin 41 - L - -2 41 - L = " cz Z 

- n - - ' im in  - ' 
h . .  ( 1 - c  ) 

I m l n  v i 



- 7l - - ( (5.49) 
'i m i n  - Cvi + I  

npMBeneM ypaBHeHMR K BMay, y f l 0 6 ~ 0 M y  peLUeHMR MeTO&OM n o -  
cnenosaTenbHblx n p k 1 6 n ~ x e ~ ~ f i .  C  TOR u e n b m  ~3 (5.48)  B ~ I P ~ ~ M M  Be- 
nMllMHY M M H H M ~ ~ ~ H O ~ ~  BblTFIMKH hi a M 3  (5.49) - K O ~ @ @ I ~ L ( H ~ H T ~  
$;; flOCne nOflCTaHOBKM B (5.49) 3HaYeHHR Cvi + l  M3 (3.16) flOnyllMM: 

-- 
2 I)! 

A. . = 1 / [ 1  - ( 1  - cvi) ( a r c s i n  \/I - --i -- 
I mln 

A, 

$ = 
' [ a r c s i n  dl 

- $; - 2 X 
j ,/q 24A 

LleT M e w w e  M n M  paeHa 3 a f l a H ~ o R  ~ O ; ~ ~ U H O C T H  ~ b ~ r ~ c n e ~ ~ i .  n o c n e  3TO- 
r0 n p M  H ~ ~ ~ ~ H H O M  3HalleHMM K O ~ @ @ W ~ H ~ H T ~  $j M3 (5.52)  OflpeflenFleM 

Pnc. 91,. n p e n e n w b ~ e  atia.teHun B ~ I -  
TRMKM B OBanbHOM ~anLI6pe; CMCTe- 
M a  oRan -- Kpyr (L$+l/di+l = 15, 
A = 4.5) 

P a ~ l l e ~  3aK.3HYMBaeTCR, KOi-na Fa3HMUa 3 H a l l e l i ~ i  hi mln, flOny'4eHHblX 
Ha 4aHHoM M n p e n b l a y u e M  3 ~ a n e  BbirmcneHMM, F i y n e ~  MeHhuJe M n M  p a s -  
Ha s a ~ a ~ ~ o f i  n o r p e w t i o c T n .  n o c n e  o n p e a e n e H m  ~ a ~ c ~ ~ a n b ~ o i i  ( 4 . 7 5 ) ,  
(4.76)  M M H H M M ~ ~ ~ ~ H O ~ ~  (5.b) -- (5.52)  B b l T f l X K M  M O X H O  H B ~ ~ T M  TOT 

a ~ a n a s o ~  BblTnrneK B osanhHoM ~ a n ~ 6 p e ,  B npeaenax  u o T o p o r o  npM 
A ~ H H O A  ' ~ ~ C T H O ~  CYMMaPHOM EblTHX(KE BU3MO)KHO flOny~leHMb' K p y r n O -  
r o  n p o @ ~ n R  B nocne,qyroueM K p y r n o h l  ~ a r 1 ~ 6 p e .  O T  PdCnpeaeneHMR Bbl- 
T R X K M  M e m y  05dnbHblM M KpYrJ lb lM ~ a n ~ 6 p o ~  3aHMCRT p32Mf?C!bl M 

CTeneHb 3aflOJlHeHMFI OBanbHOl-O ~ a n ~ 6 p a  MeTaSlnOM. 
P e 3 y n h ~ a ~ b l  PaCreTa npe/JenbHblX 3 ~ a l l e ~ M i  BbiTf lXeK B OBanbHOM Ka-  

n ~ 6 p e  c n o ~ o q b w  y p a o t i e ~ ~ h  (4 .75) .  (4.761, (5.47) M (5.50)  - (5.52) 
npencTaerleHb1 Ha p ~ c .  91 .  

Yl lM~blBaFi, '+TO Onpeflc?neHble BellMllMHbl ~ a ~ ~ l l ~ a n h ~ o f i  M MMHMManb- 
H O ~  8 b l T R X K M  CBP3aHO C ElblflOJlHeHMeM TPYflOeMKMX Bbl l lM~neHMfi  TF)aHC- 
UeHfieHTHblX Y P ~ B H ~ H M ~ ~ ,  CAt?JlaH MX l l M c J l 0 ~ 0 f i  aHaJlLl3 B LUMPOKOM UMa- 
n a s o ~ e  BxoAnuunx  B ypastieHMe napaFneTpos (Ax = 1.4 + 2.5; XI /Ai = 
- -- 0,91 + 1 ,lo; 4. + l/di + l  = 5 -+ 30; A - 3,s + 4,s) .  A ~ a n M 3  n o ~ a s a n ,  
l lTO 3HallPHMR M ~ K C M M ~ ~ ~ H O ~ ~  M MMHLIM~JI~HOR BblTH)KeK B OCHOBHOM 

onpeaenHtOTcR ~ e n ~ r ~ ~ o i  r a c ~ ~ o f i  C Y M M ~ P H O L ~  B~ITR)KKM M M a n o  3 a ~ ~ -  
CRT OT BenM'4MHbl K O ~ @ @ H L ~ M ~ H T ~  A M OTHOUleHMfi ni + ,  /di + , .  

B p e 3 y n b ~ a ~ e  a ~ a n m a  n o n y r e H b l  c n e l i y t o u n e  BblpaxeHMn nnR o n p e -  
fleneHMR npenenhHblX 3HallE!HMfi BbITRWl<M 6 OBanhHOM ~ a n ~ 6 p e  CklCTeMbl 
o s a n  - K p y r .  



















- 20.5 (5 + 530 - 78.545 ) 2 = 1.56; 
m a x  

- 1 +- 
2800 78.5 

= + 0.364 . 5,8' 
m a x  = 1.78. 

- .  4,5 + 
530 - 7 8 , 5 a  

3 78,5 6 
Ha1.16onbua~ n n o u a n b  npenuecTsy toue ro  J ~ ~ H H o ~  nape ~ a n ~ 6 p o s  

KsanpaTa onpenenneTcn y c n o e w M M  3 a x s a ~ a  M 6 y f i e ~  paetia F,-4 - - 

= 1.56 . 6156 9600 MM2, 'IT0 COOTBeTCTBYeT KBaflpaTy 98 X 98 MM. 

B e n ~ q ~ ~ a  MaKCllManbHO n0nYCTHMblX qaCTHblX CYMMaPHblX BblTRHeK 

B n p e n b ~ n y u e i  nape ~an1.16pos: 
M3 YCnOBHR 3aXBaTa nOnOCbl BanKaMH 

= 1 + 20,s (5 + 530 - 98fl ) 2 = 1.45; 
m a x  2800 98 fl 

B e n H r H ~ a  MaKCllManbHO A O ~ ~ Y C T H M O ~  ' ~ ~ C T H O ~  CYMMBPHO~ BblTRHKH 

B n a ~ ~ o h  nape ~ a n w 6 p o e  TaKxe onpenenReTcR y c n o e m M H  3 a x s a ~ a  no- 
nocbl  BanKaMM. O~ctona ~ a M 6 0 n b ~ a R  n n o u a n b  npenuecTsy toue ro  Ksan-  

paTHoro. cereHHR 6yne~  pasHa F -6 = 1.45 9600 = 13920 M M ~ ,  r(T0 

COOTBeTCTByeT KBajlpaTy 1 18 X 1 11 MM. 

T ~ K H M  0 6 p a 3 0 ~ ,  AnR npOKaTKH KBajlpaTa 60 X 60 MM M3 HCXOjlHOrO 

cere t im 120 X 120 MM H ~ O ~ X O ~ H M O  HMeTb B ma t ie  He MeHee u e c w  pa- 
6 0 q ~ x  ~ n e ~ e i .  

Ha ocHosaHMM nponenaHHoro pacreTa npHHMMaeM cnenytouyto  cxeMy 

IlpOKaTKM: 120 X 120 MM ' 100 X 100 MM ' 80 X 80 MM +60 X 60 MM. 

B COOTBeTCTBHH C 3TMM HaXOnMM BenM'lHHbl YaCTHblX CYMMaPHblX Bbl- 

TRxeK B ~ a x n o h  nape ~ a n ~ 6 p o e :  

'1 m a x  = ( 1  + 4 t 5  . 530 - loOJf 0~2') 1.2 = 1,201; 100 l o o n  

/$lR YMeHbUreHHR OnaCHOCTM nepenOnHeHMR P O M ~ H ~ ~ C K H X  ~ a n ~ 6 p o s  
MeTannOM BbITFIHKY B HHX IlpMHMMaeM HeCKOnbKO MeHbWe MaKCMManb- 

H O ~ ,  a M M ~ H H O :  X1 = 1,175; X3 = 1,230; AS = d m =  1,333. 

T ~ K M M  0 6 p a 3 0 ~ ,  nnoqann ceqeHHR nonocbl B ~ a n ~ 6 p a x  6e3 yreTa 

3 a ~ p y r n e ~ ~ h  B yrnax npo@wnR 6 y n y ~  CnenytoqMMH: 

F1 =I2260 M M ~ ;  F2 = 10000 M M ~ ;  F3 =8130 M M ~ ;  

F4 =6400 M M ~ ;  F5 =4800 M M ~ ;  F6 =3600 M M ~ .  

P a 3 ~ e p b 1  p o ~ 6 ~ q e c ~ 1 . 1 ~  ~an116pos onpenennehn c ~ O M O U ~ H )  yPasHe- 

H M ~  (4.37). (4.38). pewan HX MeTOnOM nocnenosaTenbHblx n p ~ 6 n ~ m e ~ ~ i .  
b l c n o n b 3 y ~  BblpaHeHHR (4.40). (4.38). HaXOnHM HallanbHble 3HaqeHMR 

yrna HaKnOHa o 6 p a 3 y t o q ~ x  P O M ~ H ' ~ ~ C K H X  ~an116poe M K O ~ @ @ H U M ~ H T ~  $; : 

1 - 0:') = arctg - 

0.46 0.44' 
I+--- (2,748 + 

3 6 m  ) , 1,226.0.226 
8,52 2.44 1,44= 1.1 75. 0.1 75 



npn npoeepKe pa3~epoe ~ O M ~ M ~ ~ ~ C K M X  ~ a n ~ 6 p o e  H ~ O ~ X O A M M O ,  qT0 -  

6b1 nnouanb nonocbl 6blna MeHbwe nnM pasua nnouancl cooTseTcTsym- 
Uero ~ a n ~ 6 p a .  

nnouaficl P O M ~ H ~ ~ C K M X  ~ a n ~ 6 p o e  (6e3 y r e n  3a~pyrne~wR B yrnax 
M sa3opa Memfiy s a n ~ a ~ ~ )  paeHt.1: 

Pan~ycb~ s a ~ p y r n e ~ ~ i  B yrnax KsanpaTHoro ~ a n ~ 6 p a  npMHMMaeM 
paBHblMM 0.1 h i + l ,  me h i  - CTOpOHa KBanpaTa. ~ ~ P M H H M ~ ~ M  TBK-  

me, VTO panwycbl 3 a ~ p y r n e n ~ ~  6 yrnax P O M ~ M ~ ~ C K M X  ~ a n ~ 6 p o e  paeHbl 

HbIX ~ a n ~ 6 p a x :  r ,  = f 2  = 10 MM; f 3  = r 4  = 8 MM; r 5  = r e  = 6  MM. 

cooTseTcTsytouMM pafiMycaM s a ~ p y r n e ~ ~ R  B nocnenytou\nx KsanpaT- 

B ~ I C O T ~  KBanpaTHblX ~ a n ~ 6 p o e  (C ylreTOM 3aKpyrnC.Hkli I3 yrnax) paBHa: 

h L 4 . z  106.5 MM; hlK6 = 79/9 MM. 

B~ICOTY P O M ~ H V ~ C K M X  ~ a n ~ 6 p o e  c yreToM sa~pyrne~wi i  o yrnax on- , 

PeAeJlFieM C nOMOl4bto BblpameHMFl (4.36) : 

h', = 129,2 - 2 . 10 ( - I ) =  1 2 5 . 1 ~ ~ ;  
c o s  3 4 O  

hPK j = 98,O MM; htK = 70.9 MM. 

BenclrMHy 3a30p0~ Memay sanKaMM npMnMMaeM: 

S l  = S z  = 12 MM; S g  = S q  = 10 MM; S g  = S 6  = 8 MM. 

r n y 6 ~ ~ a  spe3a ~ a n ~ 6 p o e  6 s a n ~ ~  : 

h = 0,5 (125.1 - 12) = 56.55 MM; h p 2  = 60,55 MM; 

h p 3  = 44,O MM; h p 4  = 48.25 MM; h p S  = 31.45 MM; hp6 = 3 5 . 9 5 ~ ~ .  

W M P M H ~  spesa ~anw6pos 6 sanw onpenenflehn no @op~yne:  

bpi = ( h K i  - s i  / tg P i ,  
bp = lZ9a2 - = 173.8 MM; bp2 = 129.4 MM; 

0,6745 

bp3 = 148,2 MM; bp4 = 103,l MM; bps = 121,3 MM; bp6 = 76.9 MM. 

Onpenen~e~  CKOPOCTM BpaqeHw BanKaB. Pacqe~ B ~ I ~ O ~ H F I ~ M ,  Ha- 
rMHaR c nocnen~ei KneTM, c ~ o p o c ~ t  spaueHMn sanKos KOTOPOR onpe- 
flenFIeTCfl 3anaHHoR CKOpOCTbK) npOKaTKM. 

c lac~o~a opaUeHMFI santcos nocnep~ek KneTM paeHa, O ~ / M M H  : 

D K 6  - ~ a ~ a t o ~ ~ k l i i  AMaMeTp riocnefl~eR, L L I ~ C T O ~ ~  KneTM, MM. 

CKOPOCT~ BpaueHm B ~ ~ K O B  npeAblp,yuMx ~ n e ~ e i  onpenenaeM, MC- 

nOnb3yFI yCnOBMe nOCToFlHCTBa CBKYHnHbIX 0 6 b e ~ c s  MeTanna 6 K a X -  

poR Knew: 
6 0 v ,  - - 2 1 , 5 .  l o 3  n 5  = 

" D ~ 5  he D ~ 5  

AHanorM'4HblM 06pa30~ HaXOAVbl:  

Yo1 = f i -  1 2 9 r 2  62.2 MM; 

2  ( 1  - t g '  34O) 

Dyol = 484.8 MM; Dy02 = 492.6 MM; DyO3 = 493,4 MM; 

Dy04 = 498.2 MM; D y O 5  = 503,6 MM; DyO6 = 503,5 MM. 



CpenHHe no UMPHHe 30Hbl ~ ~ @ O P M ~ U H H  B ~ a n ~ 6 p e  nMaMeTpbl Ban- ) 
KOB o n p e n e n ~ e ~  ~3 (2.13) : 4 

DCP 1 = 442,8 MM; Dcp2 = 440,6 MM; DCP3 = 461.3 MM; 

DCp4 = 457.6 MM; DCPs = 480.6 MM; Dcp6 = 473.9 MM. 

14  = 85.1 MM; 1s = 81,l MM; 16 = 85.9 MM. 

f l o f l ~ ~ a ~ f l f l f l  HaineHHble 3HarleHHfl I lapaMeTpOB Y o i ,  Dcpi, 4 B Bblpa- 

eHT TPeHHR Ha IlOBePXHOCTH KOHTaKTa npOKaTblBaeMOr0 MeTanJla H Ban- 

K a  PaBHblM 0,4, f lOlly'4l lM: 

3. CHCTEMA OBAJl - KBAAPAT 

X 14 MM, MaTepuan - cianb 45. npuson ~ n e ~ e f i  cTaHa - u~nusunyanb~b~ii ,  Ka- 
nu6pos~a BanKOB -- OBan - KBaApaT, AUaMeTp (~AeanbHblfi) pa6orux BanKO6 - 
350 MM, TeMnepaTypa npOKaTKU 1100 - 1 1 5 0 ~ ~ ,  CKOPOCTb nPOKaTKU El nOCne4- 
nek KneTU - 10 MIC. Tpe6ye~cfl Onp€!A€!nUTb ~ e o 6 x o n u ~ o e  qUCn0 ~ n e ~ e f i ,  nnOUa- 
AH cerenufl nonocbl B KaxAoM ~anu6pe,  p a s ~ e p b ~  ~anu6poe u c ~ o p o c ~ u  spaue- 
HUfl BanKO9 90 BCeX KneTflX. 

f l p ~  ~ b 1 6 o p e  w c n a  ~ n e ~ e i  H p e x u M a  0 6 x a ~ ~ i  cnenyeT MMeTb B B H ~ Y  

n B a  O ~ C T O ~ ~ T ~ ~ ~ C T B ~  : 
TaK KaK UeJlbH) nPOKaTKM B P.aHHOM CJlY'4ae He RBJlReTCR nOJlY'4eHHe 

'4HCTOBOrO KBanpaTHOrO npo@HflFl, BblTRXKH B KJleTRX. B TOM '4HCJle M 

B nOCneJlHMX, JlOnXtibl 6 b l ~ b  n0 B03MOXHOCTH MaKCHManbHblMH; 

IlOCKOnbKy BCe KJleTH HMetOT O ~ ~ M H B K O B ~ I ~  LlHaMeTp BaJlKOB, TO nnfl 
y n y r u e t i n n  y c n o ~ n i  a a x ~ a ~ a  n 6onee p a ~ ~ o ~ e p ~ o i  HarpyxeHHocTw 060- 
pyJlOBaHHR BblTRXKM B nepBblX KneTRX JlOflXHbl 6 b l ~ b  nPHHflTbl MeHb- 

UMMH, veM B nocnenymqwx. 
OnpeJlen~eM BeJlHqllHy o6qeR C Y M M ~ P H O ~  BblTRXKH A. = (60114)~  = 

= 18.37. 
C nOMOqbtO BblpaXt?HMfl (5.44) HaXOAHM MaKCllManbHble M3 YCJlOBHR 

YCTO~ '~MBOCTH O B W ~ ~ H O ~  nOJlOCbl B KBaApaTHOM ~anb16pe 3HalleHHR '4aCT- 

H O ~  CYMMBPHO~ BblTRXKM ( ~ ~ H H H M ~ ~ M  3HalleHHe K O ~ @ @ H ~ H ~ H T ~  A pas- 
HblM 4,s) . 

n o c n e n ~ e i  napb l  ~ a n k 1 6 p o s  MMeeM 

f l n o q a n b  c e v e H m  npenuec-rsytoqero KBanpaTa n p H  A Z  = A Z  max 6 y n e ~  
PaBHa Fn-2 = 2,00 . 14' = 392 MM2, '4TO COOTBeTCTBYeT KBaApaTy 

19,8 X 19,8 MM. 

E c n ~  B KaqeCTBe c ~ ~ A H L ? ~  nnfl CTaHa ' ~ ~ C T H O ~  C Y M M ~ P H O ~  BblTRXKH 

nPHHflTb BeIlH'4HHY A Z  m a x  = 2.0, TO OpHeHTHpOBO'4HOe llMCJl0 ~ n e ~ e f i  B 

CTaHe 6 y n e ~  paBH0 

M T ~ K ,  nflR npOKaTKM KBaJlpaTa 14 X 14 M M  H3 Ce'4eHHR 60 X 60 M M  

H ~ O ~ X O A M M O  He MeHee B O C ~ M H  ~ n e ~ e i i ,  npMreM B HeKoTopb lx  ~3 HHX 

BblTRXKM JlOJlXHbl 6 b l ~ b  6 o n b u e ,  W M  B nOcneLlHHx KneTRX CTaHa. 

6 CBR3M C 3THM H ~ O ~ X O A H M O  H B ~ T M  BeJlH'4HHbl MaKCMManbHO JlOnyC- 

THMblX UCTHblX CYMMapHblX BblTRNeK AnR IlpeLlUeCTByKIUHX nap Ka-  

n ~ 6 p o ~ .  
f l p H ~ H M a f l ,  qT0 nOnOCa nOCne ~ U ~ C T O ~  KfleTH HMeeT Ce'4eHHe 20 X 20 MM, 

M3 (5.44) nOny'4HM 



O ~ c t o n a  H a ~ 6 0 n b W a R  n n o q a n b  cereHMR n o n o c b l  n o c n e  rleT5epTofi Kne-  
TH 6 y n e ~  paBHa F 4  = 2.37 . 400 = 943 MM', UTO COOTBeTCTBYeT KBafl- 
paTy  30.8 X 30.8 MM. 

K ~ K  BMnHO M 3  BblpaXeHMR (5 .44) ,  B npeJlWeCTBylOLUMX KneTFIX C T o r -  
K M  3PeHMR YCTO~LIMBOCTM nOnOCbl MOrYT 6blTb JlOnyUeHbl 3RaqeHMR '4aCT- 
H O ~  C Y M M ~ P H O ~  B b l T R X K M  6 o n b ~ e  2,37. ~ O C K O ~ ~ K Y  3TOTO He Tpe6yeT- 
CR, PaCrleTbl MaKCMManbHO JlOnYCTMMblX 2 ~ a r e ~ M i  BblTFIXeK J lnR  nepBblX 
r e n i p e x  ~ n e ~ e i  MomHo He npoeonnTb.  

T ~ K M M  0 6 p a 3 0 ~ .  Ha ocHoeaHMM pacreTa npenenbHblx ~ ~ a r e i i ~ i  racT- 
HblX CYMMapHblX BblTRXeK M npMBeAeHHblX BblWe c o o 6 p a m e n ~ i  RPMHM- 
MaeM c n e n y t o q y t o  c x e M y  ripoKaTKM KsanpaTa 14 X 1 4  MM: 60 X 60 + 

+ 4 5 X 4 5 + 3 0 X 3 0 + 2 0 X 2 0 + 1 4 X 1 4 ~ ~ .  
P a n ~ y c b ~  3 a ~ p y r n e ~ ~ i  B y r n a x  K s a n p a w b l x  ~ a n ~ 6 p o e  flpMHMh4aeM B 

COOTBeTCTBMM C pa3MepaMM ~ a n ~ 6 p o o :  r 2 = 5 MM, T 4 = 3 MM, T 6 = 2 VM, 

r g  =1,5 MM. 

n n o q a n n  cerenMR KsaApaToe c y r e T o M  s a ~ p y r n e n ~ 1 ; 1  B v r n a x  n p o -  
@ m n ,  M M ~  : 

PacnpefienReM BenMllMHy W C T H O ~  C Y M M ~ P H O ~  B b l T R X K M  M e W y  OBanb- 
H ~ I M  M n o c n e n y t o q M M  KBanPBTHbIM ~ a n ~ 6 p o M  ~ a w o i  napbl, nnR r e r o  
flpenBapMTenbH0 C nOMOqbto  BblpaXeHMR (5.34) HaXonMM MaKCMManbHO 
JlOnYCTMMble 3HarleHMFl BblTRXeK B OBanbHblX ~ a n ~ 6 p a x :  

7 

- - Lmax - 1,646. - 1.689, h7max = 1,580. 

q ~ 0 6 b l  ~ 3 6 e X a T b  nOpenOnHeHMR OBanbHbl): ~ a n ~ 6 p o 6 ,  BenMllMHy Bbl- 
T R X K M  B HMX npMHMMaeM HeCKOnbKO MeHbUle M ~ K C M M ~ ~ ~ H O ~ ,  HO 6 o n b -  
W e  c p e n ~ e i  B b l T R X K M  (6). &lfl nPOCTOTbl BblTRXYY BO BCeX OBanb- 
H ~ I X  ~ a n c l 6 p a x  npMnMMaeM p a ~ ~ o i  c p e n n e r e o ~ e ~ p ~ r e c ~ o c  K ~ ~ ~ H M X  3 ~ a -  

OflpeJleJlileM pa3Mepbl  ~ a n ~ 6 p o s .  B ~ ! c o T ~  KBanpaTHblX ~ a n M 6 p 0 6  C 

y r e T o M  s a ~ p y r n e n w i  e y r n a x ,  MM: 
- 

hvK2 = 45 \/2 - 0,83 5 = 59,5; h k 4  = 39.9; 

h L 6  26.6; h t K g  = 18,6. 

P a 3 ~ e p b 1  o s a n b n b l x  ~ a r 1 ~ 6 p o s  o n p e n e n a e M  c ~OMOIU~IO y p a e n e n n i  
(4.62) .  (4.63)  . Y p a s ~ e n n ~  p e w a e M  c n o M o q b t o  MeTona nocnenoeaTenb- 

HblX n p ~ 6 n ~ m e n ~ C i .  H a r a n b ~ b l e  3HalleHMR K O ~ @ @ M U M ~ ~ ~ T O B  a ;  M $; Ha- 
XOAMM, MCnOnb3yR BblpaXeHMR (4.64)  M (4.63)  : 



a 3 m i n  =2,27<a 3 ;  a 5 m i n  =2,641 < a  s ;  a 7 m i n  =2 ,779<a7.  

O n p e ~ e n n e ~  B~ICOTY H paAnyc 0 6 p a 3 y m u ~ x  OBanbHblx ~ a n ~ 6 p o s ,  MM: 

h K  1 = 0,804. 45&%51,2; ROBPI  = 0.5 . 1,550 . 51,22 40; 

h K 3  = 31,4; Roep3 = 40; h,s = 19,9; 

Roep = 29; h K 7  = 13,4; RO6p7 = 20. 

B e n n r ~ ~ y  3a3OpOB MeXAy BanKaMH IlpHHHMaeM, HCXOAR H3 BblCOTbl Ka- 

n~6pos. MM: 

S1  = ~2 = 6; S J  = ~4 = 4; s s  = ~6 = 3; ~7 = ~g = 2. 

r n y 6 ~ ~ a  spesa ~ a n ~ 6 p o e  B Ban tu ,  MM: 

51,2 - 6 = 
h P l  = 22,6; h ,, = 59,5 - = 26,8; 

2 2 

bp2 = 45 fl- 6 = 57,6 MM, bp3 = 60.3 MM; bp4 = 38.4 MM; 

bps = 40,9 MM; bp6 = 25,3 MM; bp7 = 28,O; bps = 17,8 MM. 

rAe D K 8  - K ~ T ~ I O L U H ~ ~  AHaMeTp BanKOB I ~ o c J ~ ~ A H € ? ~ ~ ,  B O C ~ F A O ~  KneTH, MM. 

M c n o n b s y ~ l  VCnOBHe nOCTORHCTBa CeKYHAHbIX O ~ ~ C M O B  MeTanJla B 

KneTRX, H a f i ~ e M :  

B e n ~ r H ~ y  KaTamUHX AHaMeTpOB HaXOAHM C IlOMOUbIO BblpaxeHHR 

(2.30) M (2.34). OnpeAenMB npeABapMTenbH0 3HalleHHfl BXOARUHX B 

HHX BenM'4HH. 

3 ~ a r e ~ 1 . w  t:oopmIHaTbl yoj+l onpeaennehn ~3 BblpameHHR (2.46) : 

Yo1 = 30 MM, yo, = ' [ . \ / 2 .  40' - (40 + 45 JT- 5 1 , ~  2 1 - 
2 2 

4'8 ) ] = 25 MM, Yo 3 = 22,5 MM, Yo4 = 15.3 MM, - (40-- 
2 

Yo5 = 15.0, Yo6 = 9.6 MM, Yo7 = 10 MM, Yo8 = 6,4 MM. 

AHaMeTpbl BanKOB B BepUlHHaX OBanbtlblX H KBaApaTHblX (683 YqeTB 

3 a ~ p y r n e ~ n i  B yrnax ~ s a ~ p a ~ a )  ~anb16pos: 

Dl = 350 - 51.2 = 298,8 MM, D2 = 350 - 45 fl= 286,4 M M, 

D3 = 318.6 MM, D4 = 307.6 MM, Ds = 330.1 MM, 

D6 = 321.7 MM, D7 = 336,6 MM, Dg = 330,2 MM. 

302 ) = 325,9 MM; DYol  = 298.8 + 2 .  40 (1 -dl - - 
40 

DYo2 = 286,4 MM + 2 .  25 = 336,4 MM; D y 3 3  = 332,5 MM; 

DyO4 = 338.2 MM; DyO5 = 338,5 MM; DyO6 = 340.9 MM; 

DyO7 = 342,O MM; Dy08 = 343,O MM. 

C p e a ~ ~ i  AHaMeTp BanKos B 3 o ~ e  ~ e @ o p ~ a u n ~ :  

Dcpl = 29818  + 3 2 5 1 9  = 312,4 MM, Dcpz = 31 1,4 MM, 
2 

Dcp3 = 325,6 MM, Dcp = 322,9 MM, Dcp = 334.3 MM, 

DCp6 = 331,3 MM, DCp7 = 339,3 MM, Dcp g = 336.6 MM. 

3 ~ a r e H H H  K O ~ @ @ H ~ H ~ H T ~ B  YlUHpeHHR B ~ a n ~ 6 p a x  HaXOAMM C nOMO- 

q b m  ~ b ~ p a x e ~ ~ i  (4.60). (3.1 5 )  

cV1 = 0,115, c V ~  = 0,112, cV3 = 0,105, cV4 = 0,143, 

cVs = 0,138, cV, = 0,186, cV7 = 0,199, cV8 = 0,235. 

Mcnonbsym BblpameHHe (2.12),  onpenennew cpenHmm nnwiy r o w -  
s o ~ ~ a n b ~ i o i  npoeKuww A y r n  s a x e a ~ a :  

1 3  = 58.8 MM; l 4  = 52,7 MM; I s  = 50,2 MM; 

1 6  = 45.2 MM; 1 7  = 40,7 MM; / g = 37,6 MM. 



K ~ K  BLIAHM, YenHrHHa K a T a t o q e r D  AHaMeTpa  B K n e T n x  Ill, V - V l l l  
6 o n b w e  AMaMeTpa B a n K a  B TQVl<e C KOOPAHHBTBMH Y o ,  Zo ( f i Y o ) .  n 0 3 -  

TOMy 3Ha'leHHFs K a T a O U M X  AHaMeTpOB B 3THX KneTRX O n p e A e n R e M  C no- 
M O U L D  ypaBHeHHR (2.39). B e n ~ v ~ n y  ~ O l l p a B l 3 l l H O r O  K O ~ @ ( ~ ) M L I H ~ H T ~  6 
HaXOAHM H3 ~ P B C @ I K O B ,  ~ 3 0 6 p a x e ~ ~ b l x  H a  pHC. 10, 11, B JBBHCMMOCTH 

OT BenHClMHbl OTHOUleHHFl (DK - D)/ (nYo - D ) .  

Y T O ' ~ H ~ H H ~ I ~  3HarleHHR KBTBOUIHX AMaMeTPOB B KJleTRX 111, 'f - V l l l  
6 y ~ y ~  paBHb l :  

4. CMCTEMA OBAn - KPYr 

n p u ~ e ?  1. B cLiecTuKneTesou senpepbleHoM cTaHe c nHAnsnAyanbnblM npnso- 
nOM ~ J l e ~ e h  neo6xonu~o npOKaTaTb Kpyr AUaMeTpOM 14 MM H3 3arOTOBKH KPVr- 
noro ce.re~t.rn AuaMeTpoM 26 MM. f l p o ~ a ~ b ~ e a e ~ b ~ i r  MaTepnan - yrneponncTaR cTanb, 
TeMnepaTypa npoKaTKn - 1100 + 1 1 5 0 ~ ~ .  nuaMeTp sanKos (~f ieanb~blh) scex Kne- 
~ e i r  - 300 MM, CKOPOCTb npOKaTKH B nocnen~eh KneTU - 10 M/C. 

H a x o ~ n ~  B n e p e o ~  r i p n 6 n ~ x e ~ ~ ~  n p ~  Ax = A, cp n n o ~ a ~ ~  noneper- 
H o r o  CeYeHMR H AHaMeTPbl  I lpOMC?XyTOrHblX K p y r n b l X  ~ a n ~ 6 p o ~ :  

F2 = 262 = 351,4 M M 2 ;  d2 = 21.2 M M ;  
4 . 1,511 

C yr leTOM 3 T O r 0  npHHMMaeM CJleAyOlUytO C X e M y  I l pOKaTKM K p y r a  AMa- 

MeTPOM 14 M M :  K P Y r  26 M M  -+ K P Y r  21 M M  -+ K P Y r  17 M M  + K P Y r  14 M M .  



Onpenenne~ pa3~epb1 ~ a n ~ 6 p o n .  Yron BblnycKa Rcex Kpyrnblx ~ a n ~ 6 -  
pOB npMHMMaeM PaBHblM 25'. U ~ H P M H ~  KpYrnblX K ~ J ~ M ~ P O B  6 y n e ~  PaBHa: . 

b K 2 =  2 1  = 23.2 MM, b K 4  = 18,8 MM, bK 6 = 15,4 MM. 
cos 25' 

H ~ X O ~ H M  BblCOTy ( ~ M ~ M ~ T P  B~IMC~HHO~ OKPYXHOCTH) M PaLIMYCbl 06- 
pa3ylOUMX OBanbHblX ~ a n ~ 6 p o e  : 

d l  = 0,882 . 21 = 18,5 Mn4, d3 = 14,7 MM, d5 = 12,O MM, 
18 5 

R o b p  1 = 2,375 -- - 
2 

- 22 MM, ROBp3 = 18.6 MM, R 0 b p 5  = 14s9 MM. 

~ ~ P H H M M ~ ~ M  : 

R o b p  1 = 22 MM, Roep 3 = 19 MM, R o b p  = 15 MM. 

U ~ H P H H ~  OBanbHblX ~anw6pos 

h p 4  = 7,s MM, h p 5  = 5.25 MM, h p 6  = 6,25 MM. 

C nOMOlUbI9 Bblpaxe~Mi (4.46), (4.67) HaXOnMM WMPMHY Bpe3a Ka- 
n ~ 6 p o e  B BanKM 

b p l z  (18 .5 -2 )  4 ' 2 2  - I=  34,3MM, 
18,5 - 2 

b p 2  = 23,2 - 2 tg  25' = 22,3 MM, bp = 28,4 MM, 

bp 4 = 17.9 MM, bp 5 = 22.8 MM, bp 6 = 14.7 MM. 



A w a ~ e ~ p b ~  BanKoo o B e p l u m e  ~ a n ~ S p o e  

Dl = 300 - 18.5 = 281.5 MM, D2 = 279 MM, D3 = 285.3 MM, 

D4 = 283.0 MM, D5 -- 288.0 MM, D6 = 286.0 MM. 

Dyd3  = 290,l MM, DyO4 = 289.3 MM, DyO5 = 282,O MM, DyO6 =290,9 
MM. 

C P ~ A H M ~  no UJMPMHe 30Hbl A ~ @ O P M ~ U H H  AMaMeTp BanKa 

Dcpl = 281,5 + 283f0 = 284.8 MM, Dcp = 283.0 MM, 
2 

Dcp = 287.7 MM, DCp4 = 286.2 MM. DCp = 290.0 MM, 

Dcp 6 = 288.5 MM. 

BenMvMHy KO~@@HUM~HTOB YLUMPeHMR B OBaJlbHblX M KPYrnblX Ka- 

n~6pax  onpeAenneM npu noMoqM y p a ~ ~ e ~ ~ h  (4.74), (3.16) : 

/ = 28,4 MM, 1 = 31.7 MM, / = 25.1 MM, / = 28.6 MM. 

C nOMOUbKl BblpaxeHMh (2.34). (2.36) HaXOAMM HarlanbHble 3Have- 

HMR KaTatOUMX AMaMeTpOB M CpaBHMBaeM MX C A M ~ M ~ T ~ O M  B a n ~ a  DYo 

DK3 = 293.6 MM, DK4 = 291.4 MM, DK5 = 295.6 MM, DK6 = 293.4 MM. 

DK3 = 296.1 MM; DK4 = 292.3 MM; DK5 = 298,6 MM; 

DK 6 = 295.0 MM. 

~ O A C T ~ B ~ F I R  3TM 3Ha'4eHHR KaTaIOUMX AMaMeTpOB B IlpMBeAeHHble Bbl- 

we Bb lpaxeHm Ann onpeAeneHMn c ~ o p o c ~ e h  BpaUeHuR eanKoe, n o n y w M :  





1 2 .  4-15 - 1 -7 
Yo2 = 1311 . 0,810 

2 O = 4,9 MM; 
2 . 3.15 

Yo3 = 59 MM; Yo4 = 3.6 MM. Yo5 = 4,2 MM; Yo6 = 2,8 MM. 

A M a ~ e ~ p b l  BanKOB B TOllKe C KOOPLlUHaTaMM Yo, Zo : 

D y O z  = 242.9 + 13.1 [l -dl - ( 419 ) 2 ]  = 247.3 MM, 
6,55 

DyO 3 = 250.3 MM; Dy 0 4  = 249,l MM; 

Dyes = 251.3 MM; Dy06 = 250.3 MM. 

Cpenn~i  AHaMeTp BanKoe B s o ~ e  necbop~au~n: 

Dcp I = 
245r4 + 248$6 

= 247.0 MM; Dcp 2 = 245.1 MM; 
2 Dfi2 = 250,6 MM; DK3 = 258.1 MM; DK4 = 252.9 MM; 

DKS = 258,7 MM; DK6 = 254.5 MM. 

n o a c ~ a s f i ~ n  ~ a k n e h n b ~ e  senwwnbl  KaTamqvx nMaMeTpoe B sblpame- 

HMR (4.12'1), BblwcnReM Hoeble ~ H ~ Y ~ H M R  nnolqanei cereHm ~ e ~ a n ' n a  

no :cneTRw: 

Dcp 3 = 249.1 MM; DCp 4 = 247.6 MM; 

Dcps = 250.4 MM; Dcp 6 = 249.2 MM. 

1 3  = 23.6 MM; 1 4  = 27.1 MM; 1 5  = 20,4 MM; 1 6  = 23.2 MM. 
)$iaMe~pbl KpyrnblX ~ank16poe : 

d2 = 13,l MM; d4 = 10.0 MM; d6 = 8.0 MM. 

B e n t l r ~ n b l  VaCTHblX CyMMaPHblX BblTRXeK LI BbiTRXeK B KneTRX: 



3 a ~ e ~  ~ O ~ H O C T ~ K )  noBTopReM pacqeT KaTatoqMx nMaMeTpos M nanee 
no nonyreHncl HOB~IX 3naqe~~ f i  nnouanei? ceretim ilneTanna M BblTRxeK 
B KJleTRX. Bbl'iM~ne~Mfl npononxaeM no TeX flop, n0Ka 3HarleHMR B b l T R -  

XeK npM naHHOhl M fl(leAblnYUeM n p ~ 6 n ~ x e ~ ~ n x  He 6 y n y ~  nOCTaTOclH0 

6 5 1 ~ 4 3 ~ ~  Mew' /  c06oii. Ha nocnenHMx onepauclRx n p ~ 6 n ~ x e ~ ~ ~  senc?w- 
Hbl K O ~ @ @ M U M ~ I ~ T O B  a M $;, HafineHHble C flOMOLqbK) 3aBkI~Mhl0~~efi 
(4.78). (4.79), uenecoo6pasno nposepmb peweHMeM M C X O ~ H ~ I X  ypas- 

H ~ H M ~  (4.75), (4.76). 
n0cne 3TOrO fl0 aHaJlOrMM C flpeAblnyuMM npMMepOM npMHMMaK)TCR 

BenMwHa yrnos BblnycKa M 3a3op0~ M e w y  BanKaMM M onpenenRtoTcR 
OCTaJlbHble pa3Mepbl: WMpMHa ~ a n ~ 6 p o s ,  r n y 6 ~ ~ a  M LUMpMHa Bpe3a E 

BaSlKM. 
q a c ~ o ~ y  BpaueHm BanKos nocnennefi KneTM onpenenReM no Qop~yne :  

q a c ~ o ~ a  BpaueHMn san KOB npenblnyunx ~ n e ~ e f i  : 

n p u ~ e p .  Paccrurarb ~ a n u 6 p o s ~ y  BanKos TpexeanKosoro 6 n o ~ a  nnn npoKaT- 
KLI KaTaHKH ALIaMeTPOM 10 MM H3 3arOTOBKU KPYrnOrO CeqeHHR. f l p o ~ a ~ b l ~ a e ~ b l f i  
Marepnan - a n l o ~ n ~ n i r  Maprtu A7E. TeMnepaTypa naqana npoKaTKn ~ O O O C ,  c ~ o -  
P O C T ~  BblXOAa nonocbl n3 nocnennefi KneTn 12 M/C, B Kaqecrse rextionornqec~oir 
CMa3KH HCnOnbJYeTCfl 3MYnbCYIfl XLIPHOCTbtO 4 - 7 %. ~ H C I I O  Kne~eA B 6 n o ~ e  8, 
n ~ e a n b ~ b l h  AMaMeTp BanKOB 300 MM, OTHOWeHUe C K O P O C T ~ ~  BPZtlqeHUfl BanKOB 
COCBAHUX Kne~ef i  nOCTOflHH0 Anfl BCeX ~ I I e ~ e f i  6 n o ~ a  n paBH0 1,25. H e o 6 x o n ~ ~ o  
onpeaennrb nnourann ceqennn nonocbl u p a ~ ~ e p b ~  ~ a n n 6 p o s  BO Bcex KneTRx 6no- 
Ka, a Tatme AuaMeTp u c x o a ~ o u  ~ a r o ~ o s ~ n .  

~ P M H M M ~ ~ M ,  'IT0 CXeMa K ~ J ~ M ~ ~ O B K M  BanKO6 flepEblX nflTvl Kne~ek 
6 n o ~ a  flpenCTaBnFleT co6ok CMCTeMy nnOCKIlX TpeyrOnbHblX ~anll6po8, 
~ a n ~ 6 p  L U ~ C T O R  KneTM - qepH080k ( ~ 0 ~ r 0 ~ 0 B M ~ e n b ~ b l f i )  Kpyr, ~ a n ~ 6 -  
pbl C ~ A ~ M O ~  M B O C ~ M O ~  ~JleTek - COOTBeTCTBeHHO ~TpenbqaTblfi TpeyrOrlb- 
H M K  M ' ~ H C T O B O ~ ~  KPYr AMaMeTpOM 10 MM. 

O n p e n e n ~ e ~  AMaMeTp Kpyrnora ~ a n ~ 6 p a  6.o i  KneTM, a TaKxe nMa- 
Mel-pbl flpMBeneHHblX KpyrOB nnfl Kne~efi (No 1 - 5) C nn0CKMMM Tpe- 

YrOnbHblMM ~ a n ~ 6 p a ~ ~ :  

dnp = dQ 374,s = 21.8 MM; dnp2 = 19,5 MM; 
n 

dnp3 = 17,5 MM; dnp4 = 15,S MM; 

drips = 14,O MM; dnp6 = 12,s MM. 

~ ~ M H M M ~ R  El  KaqeCTBe Ha'lallbHOrO n p n 6 n ~ ; ~ e ~ ~ f l ,  q T 0  K O ~ @ @ M U M ~ H T  

ff nnR BCeX TpeyrOnbHblX ~ a n ~ 6 p o s  paBeH eAMHMUe, M3 C O O T H O L U ~ H M ~ ~  

(4.111) HakneM HaqanbHble 3HaqF.HMR nMaMeTpOB TpeyronbHblX ~anM6- 
PO6 M nMaMeTpOB BanKO6 K ~ ~ ? T ( ? G  N" 6. 

I dl = dnp2 = 19.5 MM; d2 ;= 17.5 WM; 

d3 - 15,6 MM; d4 = 14,O MM; dj = 12,5 MM; 

Dl = 280,5 MM; D2 = 282,5 M~I; D3 -- 284,4 MM; 

D4 = 286,O MM; D5 = 287,5 MM; C5 = 287,5 MM. 

1 
C V l  = 

-- - - 0,121; cy2 = 0,131; 
25 . 4.5 . 1,25 . 1 9 2 . -  

1 ,  I + -  4 . 1,25 . 19.5 -t 280.5 

cy,  = 0,142; c y 4 '  0,153; c y s  = 0,166. 

M3 BblpaxeHMR (4.115), CqMTan, q T 0  BbITflXKa B nepeofi KneTM TaK-  

Xe PaBHa 1,25, HaX0nb:M yTOqHeHHble 3Ha'IeHMR K O ~ @ @ M U M ~ H T ~  (Y, n M a -  

1 MeTpOB TpeyrOnbrblX ~ a n ~ 6 p o a  M nMZMeTpOB BaflKOB ~nt?Tei  No 1 -- 5: 

1 25 ( 1  - 0,:21 . 1 ,22 l_  = 0 995. 
c i l  = 1,35 d--J---- -- , , 

0,879 ( 4  ~ , ' 1 , 2 5  .- 2 .25)  

c2 = 0,993; a:, 5 0,991; cu4 = 0,989; 0 5  = 0,987; 

'1 dl = 0,995. 19,5= 19.4 MM; d2 -' 0,993. 17,5= 17.4 MM: 
;)I 

i" d3 = 15.5 MM; d4 = 13.8 MM; d 5  -- 12,3 MM; 

4 Dl = 280.6 MM; D2 - 282.6 MM; D3 = 284,5 MM; 



P a 3 ~ e p b 1  cTpenbraToro  T p e y r o n b H o r o  ~ a n ~ 6 p a  c e n b ~ o k  K ~ ~ T M  onpe- 
AenneM c n o ~ o q L t 0  n p ~ 6 n n m e ~ ~ b l x  s b r p a m e ~ n i  (4.95). (4.96) n p ~  
X7 = As = 1.25 n DsjCjg = 29.0: 

Kali n o ~ a ~ a n a  rwcnosan nposepKa,  K O B @ ( ~ ) M ~ M ~ H . ~ ~ I  yWMpeHMR B Tpe- 

YTOnbHblX ~ann6pax flpM YTO'lHeHHblX 3HalleHMRX BblTRXeK MMetOT TY 

x e  BenMrMHy,   TO M n p ~  n p e n b ~ a y q e i  MTepauMti ( n p ~  X = 77). 
~ ~ M H M M ~ R  hl = 1.25, C f lOMOqbt0 u b l p a m e ~ n i  (4.1 1 1 ) .  (4.1 13) HaXO- 

AMM HOBble 3HalleHMR AMaMeTPOB K ~ ~ M ~ P O B  K n e ~ e k  No 1 - 6 :  

d l  = 1.35 d* 307,4 - ' 1.250) = 79,7 MM; 
77 0,879 ( 4  J1.250 - 2,250 

d2 = 17.5 MM; d3 = 15.6 MM; d4 = 13.9 MM; 

ds = 12.4 MM; d6 = 12.6 MM. 

C P ~ ~ H H ) H )  LLIMPMHY 30Hbl KOHTaKTa B ~ann6pax CMcTeMbl TpeyrOnbHMK - 
TpeyTOnbHMK, 3a MCKnt0'4eHMeM nep~ok KJleTM, HaXOnMM M3 BblpaMeHMR 

(2.53). 
Ann f l e p ~ 0 i  KneTM 

r A e  do - AMaMeTp 3aTOTOBKM. 

~ P M  X 1  = 1,250 nOny'4MM do = 24,8 MM; 2yo ' 15,l MM. 

&IFl OCTanbHblX KJle~en C TpeyrOnbHblMM KneTRMM MMeeM: 

2 
2 ~ 0 2  = - (19.7 - 1715 ) = 12,6 MM; 2yo3 = 11.2 MM; 

J3 2 

2y04 = 10,o MM; 2yo5 = 8.9 MM. 

B€!J IM~MH~ 2yo A n n  ~ n e ~ e i  No 6 - 8 BbIrMcnneM 143 ~ b ~ p a m e ~ n k  (2.541, 
(2.491, (2.52) M (2.50) COOTBeTCTBeHHO: 

2y07 = d 1 2 , 6 ~  - 9,52 9.5' = 9,4 MM; 
4 (4,270 - 1) ' 

2yO8 = 9,5 sin ( L  - arcsin ) =  5,8 MM. 
3 9.5 

AMaMeTp BanKa R TO'4Ke C KOOPAMHBTBMM Yo,  ZO HBXOAMM, MCflOnb- 
3YR BblpaXeHMR (2 .26) ,  (2.23) 

-- 
Dy06 = 287,4 + 12,6 [ ?  - d l  - ( ' I~ ) 2 ]  = 291.8 MM; 

12,6 



D y O 8  = 291.9 MM. 

C p e ~ ~ M f i  AMaMeTp BanKa B 30He fle@CJpMa~MM: 

/ = 25.0 MM; 1 = 23.8 MM; 1 = 22,6 MM; 

1 6  = 20,3 MM; 1 7  = 19,O MM; / 8 = 21,0 MM. 

B e n M r M ~ y  KaTatoUMX AMaMeTpOB B Kne'rFIX C IlnOCKHMM TpeyrOnbtibl- 

MM ~ a n ~ 6 p a ~ M  OnpenenFIeM C nOMOUbKl Bb!paXeHMFI (2.32). &lFI Bbl- 

YMCneHMfl KaTatoUMX AMaMeTpOB B KpYrnblX ~ a n ~ 6 p a x  ~ n e ~ e f i  No 6, 8 
M CTpenbYaTOM TpeyrOnbHOM ~ a n ~ 6 p e  KneTM No 7 MCnOnb3yeM BblpaXe- 

HMFI (2.34), (2.36) bl (2.39). ~ P M H M M ~ R  KO~[~)@!~I&I~HT TpeHMR Ha KDH- 

TaKTe Mel'anna C BanKaMM paBHblM 0,3, nOnyYMM: 

D K 2  = 291.2 MM; D K 3  = 293.5 MM; 

D K  - 295.7 MM; D K  = 297.6 MM. 

Hauanbtible 3HaYeHblR KaTBtoUHX AMaMeTpOB ~ n e ~ e f i  6 -- 8 HaXOAMM 

M3 ~ b l p a X e ~ I 4 f i  (2.34), (2.36) : 

D K 6  = 295.3 MM; D K  7 = 295,O MM; D K 8  = 295,3 MM. 

C ~ ~ B H H E ~ ~ M  HaYanbHble 3HaYeHMR KaTatoUMX AMaMeTpOB C AblaMeTp3- 

MM BanKOa B TOYKe C KOOpAMHaTaMM Y o ,  20 M, nOCKOnbKY BO BCeX 3TMX 

KneTRX D K  > Dy,, nOBTOPReM BblYMCneHMR KdTatoUHX AblaMeTpOB C no- 
MDUbto BblpaXeHMR (2.39). B e n b l r ~ ~ y  K O ~ @ [ ~ ) M ~ M I ? H T ~ ~  6 HBXOAMM 113 

r p a @ ~ ~ a  Ha PMC. 1 1  : 

86 = 1.3.i); 67 = 2.65; 68 = 1.90. 
Y T O ' I H ~ H H ~ I ~  3HaYeHMR KaTatoUHX AMaMeTpOB 

D K  6 = 297.7 MM; D K  7 = 302.4 MM; D K 8  " 300,l MM. 

~ ~ O A C T ~ B W B  3HaYeHMR KaTatoUMX AMatdeTpOB B (4.5271, nOnyYbfM HO- 

Bble 3HaYeHMR n n o u a ~ e k  CeYeHMR nOnOCbl M BblTRWeK B KIIeTAX: 

d2 = 17.5 MM; d3 = 15,6 MM; d.; = 13,9 MM; 

ds = 12,4 MM; d6 = 12.6 MM. 

P ~ ~ M ~ F J ~ I  cTpenbraToro r p e y r o ~ i b H o r o  ~ a n ~ 6 p a  npM h7 = 1,269, h8 = 

= 1,242 paBHbl a 7 ' 3.96; $7 = 0,953. 
I O ~ c t o ~ a  d7 .= 9,s MM; RoBp7 ' 19 MM. 

Ha 3TOM paCYeT K ~ ~ M ~ P O B K M  BanKO6 ~ n e ~ e i  No 2 - 8 MOXHO CYM- 

TaTb 3aKOHYE?HHblM, TaK KaK npbl nOCneAytoUMX n p ~ 6 n ~ x e ~ ~ ~ x  3Ha- 

r e H m  n n o u a ~ e i  MeTanna no KneTnM M p a s ~ e p b ~  ~ a n ~ 6 p o s  npaKTM- 

YCCKM He bl3MeHRWTCfl. 

.&jra%le~p ~ p y r n o i  3arOTOBKM HaXOflMlvl M3 YpaBHeHMR (4.1 18). pe- 

man ero weToAoM nocneAosaTenbHblx i l p ~ 6 n ~ X e ~ ~ f i .  B p e z i y n b ~ a ~ e  pe. 
UeHMR ilOnYYUM do = 23,4 MM; F o  = 430 MM'; h1 = 1,104. 

T ~ K  KaK ~ a f i ~ e ~ ~ b i f i  AblaMeTp ~ ~ ~ O T O B K M  M BenMYMHa BblTRXKM B 

I 
nep~o f i  KnUTM CY~eCTBeHkIO OTrMYatoTCR OT npMHRTblX Ha 6onee paH- 

HeM 3Tane B ~ I Y L ~ c ~ ~ H M ~ ,  H~O~XOA~IMO AOnOnHMTenbHO KOppeKTMPOBaTb 

pacrleT nepeoro ~ a n ~ 6 p a  M DMaMeTp saroToeKM. f l p ~  do = 23.4 MM M 

h1 = 1,104 3aHOBO OnpenenfltoTCFI UJMpMHa M AnMHa 30Hbl KOHTaKTa 

~ e ~ a n n a  c BanKaMM, BenwHHa KaTatoUero AMaMeTpa M n n o u a a b  ceqe- 

HMR MeTanna B nep~o f i  KneTbl, a 3aTeM M3 Bblpa;KeHMR (4.118) - HO- 

BOe 3HaYeHMe AMaMeTpa 3aiOTOBKM. f l0cne 3TOrO BblYMCneHMR nOBTO- 

p n t o ~ c ~  npH H O B ~ I X  3HaYeHHRX F 1  M do AO Tex nop, noKa p a 3 ~ ~ u a  m a -  
Y ~ H M G  F l  M do ,  H ~ ~ A ~ H H ~ I X  npvA COCeAHMX ~ ~ M ~ ~ M X ~ H M R X ,  He ~ Y A ~ T  

IlpeBblluaTb 3 a ~ a ~ ~ o f i  nOrpeUlHOCTM. 

O ~ ~ C K ~ R  npONieXyTOYHble 3Tanbl ~b lYMcne~Mf i ,  IlpMBeAeM 3AeCb nMUlb 
I OKOHYaT€nbHble pe3ynbTaTbl: 

d l  = 19.8 MM; F ,  = 395 MM'; D K I  = 285 MM; 

do = 23,7 MM; F O  = 441 MM'; hl = 1.1 16. 

H a h ~ e ~ H b l e  3HaYeHMR AMaMeTpOB nnOCKMX 1peyrOnbHblX ~ a n c l 6 p o s  

H ~ O ~ X O A M M O  np0BepMTb C nOMOLUbt0 yCnOk3MR (4.1 16), pa3Mepbl CTpenb- 

raToro TpeyronbHoro ~anb16pa - ~3 ~ C ~ C ) B M R  (4.59). 
~ ~ M H M M ~ A  BenMwHy sasopa Me)xny eanKaMM pasHblM 0,1 di , a yron 

BblnyCKa Kpyrnb lX ~ a n ~ 6 p o s  --- '20°, c nOMOUbKJ ~ b l p a ~ e t i k l f i  (4.85). 
(4.86) M (4.97), (4.98) HaXOAMM UIMpMtIY M r n y 6 ~ ~ y  Bpe3a B  an- 

KM Kpy rnb l x  M cTpenbYaToro i peyronbHoro ~ a n M 6 p a  - 
i ,  - J 3  12.6 
4 ,  bo6 - - .  - 1,3 cos 40' = 10.6 MM, bps -- 8,4 MM; 

2 cos 20° 
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