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O ~ M C ~ H  ~ @ @ ~ K T M B H ~ I ~  p e c y p c o c 6 e p e r a t o q w F 1  npOu€!CC, 3aKJ l tOYato~c(Mh~R 6 @OPMMPOB~HMM B MHOrOPYYbeBblX 

K ~ I I M ~ ~ ~ X  pa6owx BaJlKOB npOKaTHOr0 CTaHa PaCKaTa, C O C T O R ~ e r O  M3 HeCKOJlbKMX 3arOTOBOK nto6oGi  ~ ~ O C T O ~  
@ O P M ~ I  I lOnepeclHOrO CeYeHMR, COe,4MHeHHblX BflOJlb OTHOCMTeJlbHO T O J ~ C T O ~  n e p e M b l q ~ 0 0 .  ~ P O A O ~ ~ H O ~  

pa3,4eJleHMe MHOrOHMTOYHOrO PaCKaTa OCyqeCTBJlReTCR 6 pa3,4eJlRtOu(eM ~ann6pe npOKaTHblX BaJlKOB MJlM 
HenpMBOAHOM ~ ~ ~ @ o ~ M ~ ~ M o H H o - A ~ J ~ M T ~ J ~ ~ H o M  Y C T P O ~ C T B ~ .  f l 0 ~ a 3 a ~ b l  I lPeMMyqeCTBa   HOBO^ TeXHOJlOrMM 

n p o ~ a ~ ~ ~ - p a 3 p , e n e ~ ~ ~  nepep, " c n ~ r r ~ ~ r - n p o ~ e c c o ~ " .  n p e ~ c ~ a ~ n e ~ b ~  p,aHHble MHoroneTHMx TeopeTMYecKMx M 

3KCnepMMeHTaJlbHblX M c c J ~ ~ ~ ~ o B ~ H M ~  I lpOueCCa IlPOKaTKM-pa3AeJleHMR B np0Mbl lUJleHHblX yCJlOBMRX M er0 
~ @ @ ~ K T M B H O C T M .  n p M ~ e , 4 e ~ b l  CBeAeHMR 0 ~ a J l b ~ t 3 ~ U l e ~  pa3BMTMM n p O ~ e C C a  M paCUJMpeHMM MCnOJlb30BaHMR 

er0 B YCJlOBMRX IlPOKaTHblX UeXOB MeTaJlJlYPrMYeCKMX n p e , 4 I l p M f l ~ M ~ .  

1. Cospemennul yposens w eii B O ~ B ~ ~ T H O - ~ O C T ~ ~ ~ T ~ ~ T L H O ~ O  a n r . I x e H r i R  ~ p p r ~ c ~ a n ~ r r i s a r o p a ;  IIC- 

renaenqwnpaoewrmnnponosoaersa nO,lL30BaHHe.\.I  B KPIlCTa.l .7l.13aTOPe 3.7:leKTPOhlarIIIITHOrO n e p e h l e l l l l l -  

B a H l I R  XII,!~KO~~ CepAUCBlIHLl  OT. lk lBael lLlX 3arOTOBOK; npOnOPT1110-  

3ar0T0BKwr COPTOBOrO npoaonoqHoro I la . iLHldl1  o i ) x a ~ i ~ e h {  3 a I . o T o B o K  n p l l  n p a s l c c ;  p a e H o h r e p s L l s l  os.iax- npowara 
i l e H k l e l l  3 a r O T O B O K  H a  XOJOAl.l;l blIMKe. 

O C H O U H O I ~  ~ e ~ n e ~ l l l l e i i  pX3BIlTIlR npOl33BO.iICTBa 3aTOTOBKI-I A.1R ~ P O H ~ B O ~ C T B O  CO[)TOBOI'O I l p O K a T a  I J 3  H e n ~ e 1 ) l ~ l B H O : l l l T L I X  

COPTOBLIX CTaHOB R B n f l e T C R  I lo ,TyqeH&[e ee H a  h f a w k i H a x  H e n p e p L r B -  rOTOBOK, 110 C p a B H e H l l H )  C KaTaHLlhlH,  0 6 e c n e q r l a a e - r  3KOIIOMMH) Ale- 

I l o r o  . ~ } ~ T L R  :jarOTOBOK (MHJI3). 4 , q ~  B e A y u l i x  n p o l . l 3 ~ o ~ ~ l ~ e , i e ~  ~a-l.na no 20%, c o K p a u l e H l l e  rIklC.leHHOCTkl p a 6 o ~ a r o 1 u n x ,  C H U X e H l r e  

cra:lrl ~ 0 . i ~  ~ c n p e p b ~ ~ ~ o i i  p a 3 : l r l n ~ r r  B o(juesr o t i a e k l e  npo113BOJCT- C p O K O B O K ~ l l ~ e h I O C T l I  n p I l  CU01l!'XeHIIli 11.111 ~ f o ~ e ] ) 1 1 1 1 3 a 1 l l l l 1  t lOBblX 

!%a c ~ a n ~ ~ o i i  ~ ~ ~ O T O B K I - I  COCTaB.lReT, % [I]: B H a c T o g u e e  B p e h l R  >fa- n p e n n p r i n ~ r i i i ,  c H l r m e H l j e  a H e p r o s a T p a T .  Y c p e a t r e r r t r ~ r e  no~a3a~e~ l11  
PO'IHLI# c o p T a h i e H T  pa3nw~ae- pacxoaa p e c y p c o B  n p l i  npon3sonc~~e  H e n p e p L I B H o n r l T L l x  (cneea or 
a r b l x  H a  MHJI3 c ~ a n e #  o x B a -  K O C O ~ ~  q e p ~ b l )  U K a T a H L l X  ( c n p a ~ a  OT K O C O ~ ~  ' ~ ~ [ I T L I )  3 a r O T O B O K  TaKO- 

96-97 M'"' 42-43 T L I B a e T  n p a K T , . l s e c K 1 {  BCK) BL1, K ~ / T :  X I ~ A K O ~ ~  CTaI114 1 0 5 0 / 1 2 7 0 ;  O r H e y n O p o B  9/15; VC.flOBHOrO 

CwA 93-94 CTP~HM CHr 35-37 n p O n y K U w l o  n p o K a T H O r 0  npo- T O n - T n B a  10/75 [2]. 

K H T ~ ~  54-55 P~CCMR 45-50 Ii3BOLlCTBa: OT PRAOBLIX A 0  ne- H e c h l o ~ p ~ l  H a  3 T 0  B p R A e  C T p a H ,  B TOM '4liC;le I t  B Y K ~ ~ U H ~ ,  

r l f p O B a H H b l X  M C n e u u a n b H b l ) (  COXpaHReTCR n O C T a T O q H 0  6 o n ~ w a ~  n 0 J R  K ~ T ~ H O ~  3aTOTOBKM, OCO- 

CTLFb*. 95-96 YrfJaHHa 20-22 c~a le f i  ~ 3 ~ o ~ n e ~ w n p n -  ~ H H O  &TR nPOBOnO'4HblX CTaHOB 131. T ~ X H D ~ O ~ W R  T p a n l l U W O I I H a :  

noaoro H K O H C T ~ Y K U A O H H O ~ O  p a a n n ~ ~ a  c T a n a  B U ~ J I O X H ~ U L I ,  H a r p e B  MCITKOB B H a r p e B a T e n L H L I x  

6pa3~nm 72-74 
C O p T O B O r O  n p o r t a ~ a ,  ~ ~ ~ 6 ,  K O n O n U a X ,  I I p O K a T K a  n ~ 6 0  B O ~ X U M H O - ~ ~ ~ O T O B O ~ H L I X  C T ~ H ~ X ,  ~11460 

penwoe, K o n e c  u T. A. C ~ p e ~ n e ~ ~ e  nOBLICHTL M a c c y  MOTKa n p H B e n o  H a  b.'llouu~rax u ~ e n p e p ~ ~ ~ ~ o - ~ ~ ~ O T O B O ' I H L ~ X  C T a H a x .  

K nOBLlLUeHHH) MaCCLI 3aTOTOBKH 38 C q e T  YBeJIHYeHAR ee C e ' i e H U R  M ~ P M ~ I ~ H R I O T  TeXHOnOTHM I I O n y q e H w I T  3aM)TOBKI.f W3 H e n p e p L I B -  

AnMHbI .  ~ M a n a 3 0 H b 1  p a 3 h f e p O B  p a 3 n w s a e ~ b 1 x  K ~ a f l p a ~ H b ~ x  3 a r o ~ o ~ o ~  H O n H T L l X  c n ~ 6 o ~ .  B o 3 h f o m e ~  ~ P O C T O ~ ~  cnocob n 0 n y . i e H M R  3aTOTO- 

A n R  KOHKpeTHLIX MHJI3 O ~ L I ~ H O  H a x o f i R T c x  B "penenax: OT 100x100 BOK M3 C ~ R ~ O B  - O r H e B a R  n p O A O n L H u  p e 3 K a  cnrr60~. OH u h l e e T  n B a  

A 0  1 5 0 ~ 1 5 0 ~ h l ,  A n M  O T  120x120 no 2 0 0 ~ 2 0 0 h 1 ~ .  C T P ~ U T ~ ~ ~ C T B ~  OCHOBHbIX H e n O C T a T K a .  B o - ~ ~ ~ B L I X ,  A O ~ O ~ H M T ~ ~ L H ~ I ~  ~ O T ~ P H  (DO 

MHJI3 n n R  n u T m  ~ ~ ~ O T O B O K  co C T O P O H O ~ ~  C e q e H u R  M e H e e  1 0 0 ~ ~  1% OT h i a c c b l  pa3pe3ae~oro M e T a n n a  [2]) M e T a n n a .  Bo-BTOPLIX, BLI- 

n p a ~ ~ u s e c ~ u  npe~paueao.  XOA c~ollneawfi n u K s a T o e ,  p a c K a T a H H b l x  nap u H e M e r a n n w s e c K w x  

B b l c o ~ o e  K a r e C T B O  O T n U e a e h l L I x  H a  MHJI3 3 a r o ~ o ~ o ~  o6ecne- ~ ~ J l l o q e ~ u f i  H a  n o B e P X H O C T L  P a c K a T o B .  K ~ o h f e  T o r 0 9  r l p o A o n b H a R  

W i B a e T C R  H a n H s U e h f  YCTPO~~CTB 3 a q H T L l  CTPYW M e T a n n a ,  BLlTeKalO-  p e 3 K a  ~ p y n ~ o r a b a p ~ ~ ~ b 1 x  ~ J I f i 6 0 ~  c B f l 3 a H a  c A o n o n H ~ T e n L H b I M ~  

qax  u3 c ~anepa3nu~os~o ro  u n p o h l e m y T o q H o r o  KoBUIefi;  npawee- 3 ~ e p r e ~ n s e c ~ u h . r ~  3 a ~ p a ~ a ~ u  n p a M e H e H n e h i  c r r e u u a n b H o r 0  060- 

HUehf  B O ~ O U X  KOBLUaX Y C T P O ~ ~ C T B  n n R  B 3 B e m M B a H M R  h r e T a n n a ;  c0- PJ'AOBaH~R- n o  3 T U M  n P M q u H a h , f  O n ~ c a H ~ b ~ f i  cnoco6 ~ u p o K o r O  pat- 

~.TaCOBal lHLIhfM P e X I i M a h l l . 1  Ka ' laHIIR KpI iCTan, lW3aTOpa;  T p a e K T O p I I -  n P O C T P a H e H U R  H e  n0nJnlAn.  
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6 )  B a T b  T O n b K O  KOPOTKHe CnR6b1,  a MeTOAUYeCKUX neveB H a  6 n m ~ u ~ -  
rax, H a  KOTOpblX n p O H 3 B O A R T  p e A y U A p O B a H U e  C ~ R ~ O B ,  HeT.  KO BCe- 

1 M y  3TOMY I lpOUeCC p e A y U M p O B a H A R  ~pe6ye.r A b l l O n H A T e n b H b I X  3a- 
T p a T  3 H e p r U U ,  T p y A a ,  a r n a B H o e  - C O X p a H e H U R  ~ ~ I ~ M U H ~ O B .  T O - e c ~ b  

0 3 ~ a  T e x H o n o r u x  nepcnemm pemesauun H e  u M e e T .  

I O A H ~ K O  H e n b 3 R  H e  YYMTbIBaTb TO, YTO eMKOCTb CTaJle l l J laBHJIb-  

a HbIX a T e r a T O B  I l p O A O J I M e T  YBenHYHBaTbCR.   TO AMKTyeT ~eo6xo- 
AUMOCTb n p t i M e H e H I l R  m e c T a -  U A r n e  BOCbMUpj"4beBblX MHn3,060- 

I PyAOBaHHblX rPOMO3AKIIMK nPOMeXYTOYHbIML4 KOBUlaMU, YTO 0 6 ~ -  
C n o B n u e a e T  pa3~wuy B T e M n e p a T y p a x  p a 3 n u ~ ~ u  c T a n u  no p y w . ~ ~  

.1 A 0  20'C. ~ O ~ T O M Y  IIOnHOCTbIO UCKJIIO'IATb B a P H a H T  I I O n y q e H M R  COP- 

TOBblX 3arOTOBOK U 3  H e n p e p b I B H O n M T b I X  6 n m ~ o s  6 o n b r u o r o  cese- 
HAR H e n b 3 R .  B n O n b 3 y  3 T O r 0  C B U A e T e n b C T B y e T  O n b I T  6enopycc~oro 

I M e T a n n y p r u s e c K o r o  sa~ona  [6]. 

7 
A A M ~ o r o p y Y b e B a J I  n p o ~ a ~ ~ a - p a 3 n e n e ~ t i e  B w r r o s a e T  a o p ~ u p o ~ a -  + f H u e  U 3  3aI'OTOBKU n p o @ U n e # ,  COeAHHeHHblX I T e p e ~ b l ' I ~ o f i  (B ~ a n ~ 6 -  

9 9 p a x ,  COCTORU~MX u3 ABYX u 6onee p a c n o n o x e H H b l x  ~ R A O M  p y r b e ~ )  u 
AX nocnenymmee p a 3 ~ e n e ~ u e  B n o T o K e  n p o K a T H o r o  c T a e a .  Pasne- 

A A n e H H b l e  n p o @ U n H  M O Y ,  nn6o A a J l e e  I IpOKaTblBaTbCR OAHOBpehfeH-  

HO B HeCKOnbKUX HWTKaX B rOTOBbIe  n p o @ k i n l r ,  nu60 RBnRTbCR TO- 

C x e ~ a  nsyxpyvbeeon npo~a~~u-pa3nene~un yrnoeblx 
npo@uneR c npoAonbHblM pa3aene~ue~ pacKaTa Ha 3arOTOBKM 
~ ~ O C T O R  (a) unu cnox~oh (6) Q0p~t.1 ceqeHun. 

Go.iee n e p c n c K -  

TkiBeH cnoco6 n p e A B a -  

l)lITe.l b l 1 0 r 0  C03;1;11111R 

~CI)CSlLl ' leK H a  I)aCK;\- 

-re B ~ O C J ~ ~ ; ~ ! ' K ) U I I I X  

. \ l e c r a s  1)asne:lelillfi c 
nOX1OUbK) C n C U H a . l b -  

I ILIX rpe611eii H a  na.1- 
mx 13 1. C a w  panae- 
. i r H l l e  +rrnrp~oro par- 
K a T a  I I ~ ) O I I ~ B O I T R T  O r -  

~ e ~ o i i  pen~oii. CnocoS 
n 0 3 B O . l R e T .  C)'UlCcT- 

BeHHO CH11311Tb IIOTCPII 

SlcTa.1.la. ~ ~ O % H O  nl)O- 

f110311POBaT1~, ' IT0 BTOT 

cnoco6 T O X e  UlkrpOKO- 

ro p a c n p o c T p a H e H l r R  

H e  nO.lJ 'YllT, XOTR B 

pabore 141 y K a 3 b l B a e T -  

CH H a  ero n p o h w m -  

newoe  onpo60sa~we. 
BOSMOXHO no- 

n y r e a k i e  c o p ~ o n b r x  3a- 

rOTOBOK p e A y U l l p O B a -  

HUChI C ~ R ~ O B  [5]. Xa- 
p a ~ ~ e p ~ o f i  o c o 6 e ~ ~ o -  
C T b D  p e A y U M p O B a H H R  

C J I R ~ O B  R B n R e T C R  H a -  

J I U ~ H ~  3 H a Y M T e n b H b l X  

K O H U e B b l X  H a K a T O B ,  

YTO B b l 3 b l B a e T  A O n O n -  

H U T e n b H b I e  n O T e p S 4  

M e r a n n a .  K p o h i e  T o r o ,  

H e  p e m e H a  npo6ne~a  
H a r p e s a  cnn6oa. B KO- 

. r l o n q a x  MOXHO H a r p e -  

- .  
~ a p ~ 0 f i  npony~uuefi A a H H O r O  CTaHa.  

M H O ~ O ~ I H C . ~ ~ H F ~ M ~  .CXeMbI it B a p t l a H T b l  h l ~ 0 r O p ~ b e B 0 f i  npo- 
~ a ~ ~ u - p a s n e n e ~ ~ ~  (MIIP) no ~ a s ~ a s e ~ i i m  h l o r n r l o  p a 3 n e n u ~ ~  H a  

T p H  OCHOBHble ~ Y f l n b l  ee kiC"OnL30BaHkiS: 

- a n R  ~ 0 ~ 1 e ~ h l l l l r l  M H A 3  C npoKal 'HLI>I  CTaHOAl; 

- AJIR I lOBblUleHHR ~ p O U 3 B O A U T e n b H O C T U  0 6 ~ k i ~ ~ b l ~  A 3 a r O T O -  

BOYIlblX CTal lOB n p l 1  IlpOtiaTKC! C.IlITKOB, OT.lllTblX B II:3.1OXIIIIULI; 

- J.1R ~ O B L l U J e l l l l R  111)011~3~0,11ITC.lbHOCTll COPTOBbIS II n l I O H 0 -  

.70YtlblX CTaHOB, a T a K X e  J.lR IlpOll3BOHCTBa 1leClf.llhleTpII 'IHLI); npo- 
@ ~ ~ : ~ e i i  B c l l a p e l l r r o S l  BIIJC. 

2.I.Cnapenna.u npoKamKa necu-u-~empuun~.~ npo4uneC 
e cdeoennom euae 

O C H O B H ~ W  Ue. lb  IIPOKaTKFI HCCllSlSlYl'PllYHb1S n p o $ l i . ~ e i i  B CJBO- 

CHHOSI B11Je - C T ~ ~ H . ~ I I R I I \ ) ~ B ~ T ~  IIPOlleCC n] lOKaTKIl ,  ) ' . I ~ I I I I I I T I ~  >?C- 

. I ~ B I I S  p a 6 0 ~ h 1  n a . l t i o e  11 n p o t i a ~ ~ o i i  h . ieTl l  B u e . 1 o l l .  

B p a 6 o ~ e  [7] cae.-rar~ ~ H ~ . - I I I ~  sroro npouecca I I  nl)eac-rarc:lellL1 

pC3Y.lbTaTbl OTBOet l l lS  TeSHO.lOTIIII I12 C o p T O n ~ O K a T I i l ~ l S  CT;lH;lS OAO 
" ~ [ O H C U K I I ~ ~  h ~ e ~ a , ~ . ~ y p r ~ ~ q e c ~ l I i j  3a~o.1". Ha  TII IS c T a H a x  6b1.1 ~ C B O C H  

nl)OLICCC nllOKilTKII JCBRTll HeCll.\l.\leT[)II'4IlLK 11[)0(I)l1.1Cfi B CJBOCH- 

HOlI  BllAe. U e c ~ b  I13 HIlXOCBOeHO H a  C T a l l e  400. B YaCTHOCTII, f l a  

3TOhl C T a H e  OCBOeHa I l p O K a T K a  n o r r o c o 6 y . ~ b 6 o s o r o  n p o @ n n R  N?6 C 

n p o n o l r s H b l a r  pa3~e.~e~rre>r B r o p S u e A r  COCTORHIIM B B ~ . T K ~ X  YIICTO- 

BOfi K.1CTII. 

O c ~ o e ~ w e  npouecca c n a p e ~ ~ o i i  n p o K a T w ,  B C p a B H c H k i u  c T p a -  

A M ~ I I O H H O H  ~ex~onorwefi, n o s ~ o . ~ ~ ~ n o  B iloa paaa y n e n u s m b  M a c c y  

3arOTOBKU I i  npOki3BOAllTe.TbHOCTb C T a H a ,  YMeHbUIFlTb paCXOA B a n -  

KOB W 3 j l e K T P 0 3 H e P r M H ,  ~ ~ a 6 ~ : ' 1 1 1 3 1 1 ~ 0 ~ a ~ b  n P O U e C C  npOKaTKM ki 3a- 

XBaT h l e T a J l n a .  OAH~KO, B HaCTORlUee B p e h l R  O n i i C a H H a R  TeXH0,TOrMR 

npOKaTKki  H e  U C n 0 ~ l b 3 y e T C R  kl3-3a  H ~ O ~ X O A M ~ ~ O C T M  BbJIlOJlHeHkiR A 0 -  

I l O n H M T e n b H b l X  0nepa~rifi - n p a B K l l  I l p O K a T a ,  3aYMCTKU M e C T  p a 3 A e -  

J e H k i R  U T.n. , ... 

2.2.Mnozopyubeea.u npoKamKa MenKozo copma, KamanKu 
u apmamypnbrx npo4uneu' . . . . , : ,  : .  

M ~ B ~ C T H L I  A B e  CXeMbI A ~ y x p Y Y b e B o f i  npOKaTKM-pa,3!3nenepcrR 

p a c K a T a .  Ilepsarr c x e M a  n p e n y c h f a r p l m a e r  p a 3 n e a e ~ ~ e ~  p a c K a T a  H a  

n p O C T b I e  n p o @ U n k i ,  B 'laCTHOCTU, O B M b H b l e  (PMC, .la),, I jTOpaR 7 Pa 
c n o x H b r e  n p o @ u n u ,  n p u 6 n u ~ a m u r e e ~  no @ o p b i e  K r o T q g o M y . n p o -  

@unm n p o K a T a  (,put. 16). Aanee npa u c n o n b s o e a ~ ~ u  o6eyx c x e h r . ,  

p a 3 A e J l e H H b I e  n p o @ U J p  l l O H U T O s H 0  IIPOKaTbIBaIOT B T O T O B ~ I ~ ~ ,  np0- 
@Unb.  P e a n k i 3 a ~ U R  TaKHX CXeM I lpOKaTKH H a  C y ~ U ~ T B y l O ~ U X  AByX- 

H M T O Y H ~ I X  h l e n K o c o p T H b l x  c T a H a x  c n p o A o . r l b ~ b ~ ~  p a 3 n e n e ~ n e ~  pac- 



KaTa  B  HOBO# H n H  I lPOMeXY-  H a B n H B a e M b l M  H a  

~ o s ~ o i i  rpynnax ~ n e ~ e f i  H e  s b r x o n e  p a c K a T a  143 

06ecneskiaae.r p e n u s e H A r r  npo- B ~ ~ K O B  ( ~ a  PMC. 3 - a 
A 3 B O A U T e n b H O C T H  C T a H a ,  no p a 3 A e n H T e J I b H b I e  

CPaBHeHHIO C 0 6 b 1 9 ~ 0 f i  ABYXHM- KOHWleCKMe POAM- 

I 
T O ~ H O ~ ~  n p O K a T ~ 0 f i .  no  A ~ H H ~ I M  KA). 

+ A P M ~ I  "Hunno~ KOK~H" (fino- I I p o n o n b e o e  

~ m )  n p u M e H e H a e  T e x H o n o r s H  p a 3 n e n e H u e  p a c r t a -  

A B y ~ p ) T b e B o f i  n p O K a T K H - p a n e -  T a  npOHCXOAAT nOA 

neHMR BOBMOXHO n p U  n p O H 3 -  A ~ ~ ~ C T B H ~ M  BbITaJr- 
f 

BOACTBe KaTaHKM, e C n H  AOnyC- K H ~ a I O l l I e f i  C H n b l ,  

THMO YMeHbLUeHHe MaCCbl MOT- ~ 0 3 A a B a e M 0 f i  np0- 
KaTHbIMH Bi3JILTIK;UIU. 

IIocne p a n e n e H n r r  

l T P O H 3 B O A M T C f i  

n p O K a T K a  K p y r n b I X  

P a C K a T O B  B r O T W  

s b I e  npo@nnu 3a 
nsa nponycxa. 
I I p o n o n b ~ o e  pas- 
n e n e H u e  T p e s H M -  

T o w o r 0  D a c K a T a  

C J I ~ A ~ I O U A M  IIIarOM B pa3- 
BHTHA TeXHOnOl71U nPOKaTK1.I- 

panenesurr mano rpex- A se- 
/m ~ b ~ p e x ~ p a ~ ~ o e  p a3nene~~e  pac- 

nefi M a n b l X  AkiaMeTPOB. T ~ K ,  H a  

OAHOM 113 CTBHOB, B KOTOPOM 

peaJ lH3OBaH n p 0 U e C C  VeTbIpeX- 

H A T O ~ H O B  n p o ~ a ~ ~ u - p a 3 ~ e n e -  

PKH 

M O X e T  OCYIIZeCTB- I , 
Y c ~ p o i t c ~ ~ a w ~  npononb~oropa3~ene~nn 

nrrTbcrr nyreM On- A F k l  TpeXHlTOqHOrO (a), a TaKXl3 
HOBpeMeHHoro B3a- 'ieTblPeXHUTO'iHOr0 (6) PaCKaTOB: 1 - ~ e n n l O ~ U e  

r m H o r o  n e p e M e u e -  KoHurecKne pann~u; 2 - K O P O ~ K ~ .  C ~ p e n ~ a ~ n  

KPasHAX npo- n o ~ a 3 a ~ o  HanpaeneHue nauxeHnR .pacKaTa npn 

npOKaTKe. @~neA B nonepes- 
HOM H a n p a B n e H M H [ 1 1 ]  l l n H  IlOOYepeAHblhl OTAeneHHeM HIlTOK TpeX-  

r r r r~os~oro  p a c K a T a  [ I  21. 

KOHCTPYKUIIII. OH11 COCTOIlT 113 ~ 0 ~ 0 6 ~ 1 1 ,  B ~ O K O B L I X  CTCHKaS KOTO- 

pO<i H a  nOiTIUl1IlHliK;lX KaqCHllR pa3hleLUeHLI OCII XO.1OCTMS pa3,'IC- 

. . ,  

(~ne~el ; i ) ;  PKH - p a 3 ~ e n u ~ e n b ~ b l e  IueCTrIK.leTeBax rpynna COCTOIIT 
KOHM'ieCKUe POnMKM. 113 K.leTeI"I C CO~)lI3OHTa:lbHbl~lll  

a a . w a s r l l  [81. 

Cllll; y B e J l l l r e H l I e  l I p O ~ 3 B O ; ~ l l T e . ~ L H O C T l l  IlI)OKaTHOCO C'l'aHa flj)ll IIC- 

I lOnb30BaHRH hIaKCHMaTlbH0 ~ 0 3 h l 0 ~ ~ 0 f i  CKOPOCTU IlpOKaTKH ti, C.le- 

AOBaTenbHO, )'hleHbIUelllie !lC.JIOBHO nOCTOIIHHb1X paCXOAOB IlO nepe- 
n e . l y ,  yh l eHLrueHr re  y a e . u H o r o  pacsona Ba . iKoa  Ir u p .  Y ~ e , i b ~ b r i i  pac- 
xon s n e ~ ~ p o s ~ e p r r r ~ r  nprr n ~ y x p y q b e n o i r  n p o ~ a ~ ~ e - p a 3 n e n e ~ u 1 1  ap- 
h r a T y p H b r x  npo@unefi y h i e f r i u r a e T c R  na 12+25 %, npu s e - r b l p e x p y s b -  

e ~ o f i  - no 30% [9]. 
2.3.Cnoco6w npoaortb~ozo pcwaenenturpaclcamos 
6 Z0PR'fe.M COCmORHUU 

- nnrr 06ecneseenrr C T ~ ~ H ~ ~ H O I ' O  pa3~ene~wrr B O ~ H H K ~ ~ T  H e -  

Ha ,  CHH3HTb 3 H e p C 0 3 a T p a T b l t  a CJ€!AOBaTe~lbHO, H C ~ ~ ~ C T O U M O C T ~  np0- 
AYKUHH 6e3 3Ha' IkITenbHblX Kal lHTWIbHblX 3 a T p a T  H a  IlpOKaTHbIX CTa- 

0 6 x o ~ n ~ o c ~ b  B @ O P M U P O B ~ H I I W  Ha MHOrOHHTOqHOM P a C K a T e  0 ' 4eHb  

T O H K O ~  ~ e p e h i b I ' l K H  ( O K O ~ O  O , ~ M M ) ,  YTO CHMXaeT  CPOK cnyx6~1 B a n -  

KOB ( H U ~ K ~ R  C T O ~ ~ K O C T ~  @OPMUPYIOU~TO KaTlkfbpa); 

- H a n w s n e  pasnenrrmuero ycrpoficr~a cnox~oi? KOHCTPYKUHW; 

- HU3KaR CTOWKOCTL Pa3AenRIOIUHX WlHHOBHAHblX POJHKOB; 

BOBaH @ U P M O ~ ~  " H A ~ ~ o H  K O K ~ H "  [I 111 U ~ n ~ ~ H ~ ~ - I I P ~ ~ e ~ C ' I  COCTO- 

p a 3 n e n e H m  nemm n p w H u H n  n p o n o n b s o r o  p a 3 A e n e n a f i  p a c K a T a ,  co- 
C T O I I u e r O  ti3 ABYX IInOCKliX OBaJlbHbIX n p ~ @ A n e f i ,  COeAHHeHHbIX TOH- 

KOR I I epeh lb1 ' 4~0 f i ,  KOHH'ieCKHMM (PMC. 5a) H n e  n p ~ @ H n b ~ b l h l H  PO- 



n H K a M k l  (PAC. 56) 3a C W T  H e p a B H O M e p H O -  

ro 0 6 x a ~ u ~  p a c r c a T a  no mllpuee. nocne 
I l p O A O n b H O m  p a 3 D e n e H M R  O B U I b H b l e  nono- 
CbI  n p O K a T b I B a I O T  B r 0 ~ 0 B b l W  n p o $ M n b .  

 TOM^ cnoco6y n B j ' ~ p ) ' Y b e B o #  n p 0 K a T K M -  

p a 3 A e n e H M R  n p H C y I Q H  T e  Xe HeAOCTaTKH,  

 TO M L ' C n m ~ ~ r - n p ~ ~ e ~ ~ y n .  

Y~CTH'IHO B b l m e n e p e s M c n e i i H b I e  H e -  

AOCTaTKM I I p A  n p O A O n b H O M  p Z 3 A e n e H M l l  

p a C K a T a  YCTpaHRIOT C nOMOJIIbH) YCTPO~~CT-  

sa, a K c n n y a T n p y e M o r o  @ap~of i  "Ko6e 
CeW~oce" H a  sa~one  B r.Ko6e (IIno~ax),  
n o ~ a 3 a ~ ~ o e  H a  PMC. 6. P O ~ A K O B O ~  nenki- 
T e n b H O e  ycrpofic~~o W R  n p 0 ~ 0 n b H 0 6  pe3- 
KM I I p O K a T a  H a  A B e  YaCTM Y C T a H O B n e H O  H a  

BblXOAe H 3  'IUCTOBO# q y n n b l  K J I ~ T ~ ~  U HC- 

n o n b 3 y e T c R  B I l p O H 3 B O n C T B e  a p M a ' T y p H b I X  a 

n e @ o p ~ a u n ~  no m u p M a e  p a c K a T a ,  xapamep 
xe ~ ~ ~ B W T U R  n p o n o n b a o f i  a nonepesaoti 
ne@op~auuu o n p e n e n f i m c r l  ~3aa~one t i c~eu -  
e M  6onee H n M  M e H e e  0 6 X k i ~ a e ~ b l x  Y q a C T K O B  

pacrca~a), T a K  a n p o n o n b H o M y  p az~nene~~ro  
p a c K a T a  pa3JlM'IHbIMM cnocoba~u. 

Hap~ny c a r a M ,  B nureparype spe3ab1- 
s a # H 0  M a n o  ~ B e n e H H f i  0 T e O p e T W f e C K O M  a H a -  

n ~ 3 e  ~ T H X  ABYX a c n e K T o B  T e x H o n o r m .  TO 
e C T b  MOIKHO M)BOpHTb 0 H ~ A O C T ~ T O ~ H O ~ ~  W3Y- 

r e a a o c T a  npouecca n p o ~ a ~ ~ u - p a 3 n e n e ~ u ~ ,  
'1TO 3 a T P Y A H R e T  I l P O e K T M P O B a H H e  T e X H O n O -  

l T i U  H a  KOHKpeTHOM C T a H e ,  a B P R n e  C J l y q a e B  

kl ~b160p MeXaHUYeCKOrO O ~ O P Y A O B ~ H A I I  A n R  

pearrwaauaa npouecca n p o ~ a ~ ~ u - p a 3 n e n e -  
HHR. H a m  C A W l a H a  I I O n b I T K a  e C n M  M H e  n0n- 

6 HOCTbIO 3 a K P b I T b  3 T O T  npoben, TO, no ~pafi-  - 
npo@unefi M N ? l O t 6  (171. B~asane  ~ U C -  H e f i  M e p e ,  MaKCMMiWIbHO n p u 6 n a 3 n ~ b c r r  K 

KOBLIMM HOXBMA p a c ~ a ~  ~ a n p e s a l o ~  no C X ~ M ~ I  n p o n o n b ~ o r o  p a 3 n e n e ~ u ~  p a c ~ a ~ a  3TOMY. 

T O J l U M H e  C @ O ~ M ~ ~ ~ O B ~ H H ~ M  T O H K O ~  nepe- KOHMqBCKHMH (a) H ~ p ~ H n M p 0 B a ~ ~ b l ~ M  (6) p0nUKaMH. 

M L I ~ K M  M e m y  npa~ot i  M neeoti 'IaCTRMM. 3. Ananw3, paspa6or~a n 

p a c ~ a ~ a  O T H O C H T ~ ~ ~ H O  ero n e t l o t i  sac~w c ~ O M O U ~ I O  nsyx nap pa3- pamenenra wnoronw~ornoro pac~ara 
I l e C e H H b l X  no BblCOTe A e n M T e n b H b l X  POnMKOB H A B y X  nap TRHYIQHX B ~POK~THUX B a n ~ a ~  
p o n t i r t o n ,  coanaro~~ux H a n p r r x e m e  B n e p e M b r s r t e .  

cara c !.C:IOXIICIIIICSI n ~ c ~ ~ c i [ y r n ~ ~ e i i  I I O I I I I T O ~ I I I O ~ ~  n p u t i a T t i l 1  ~)a:;,xe- A I ~ T ~ . I : I ~ ~ ~ I I I I  I IXI .  3.11. H e t i 1 ) a c o u a  I I A H  S ' ~ ~ ; I I I H L I  (T.IrIhl) 11 I InO 
.'leHHLIX no.loc. K p o a i e  TOrO,  B 51eCTaX p a 3 j l e . l e H r i H  I I p ~ @ l l . l c i i  B 0 3 -  "JIOHIIKC" p a 3 1 ) a 6 0 T a ~ O  hlHOXeCTBO K O J I ~ H H ~ U M ~ ~  W h l O i l l l @ l l ~ a ~ l l i i  

K ~ T " .  K p e T H L l > I l f  ~ C . l O B l t X h I I 1  p a h 0 T b l  I l p O K a T H O r O  C T a H a ,  TI l l lOhl  C T a H a ,  el0 
1 1 0 j ~ B O ~ R  IlTOr, C , l e i l y e T  OThleTIITb,  XITO B hlMl)e l i a i ) . ~ I o ~ a C ! ~ ~ A  C 0 ~ ) T a h l e l l T O h t  11 T.J. f I l l X e  paCChlOT1)eHLI OCl lOBl iLle  c n o c o 6 b 1  U p O -  

~ 0 3 p a c ~ a I O ~ l r l l i i  llHTepC?C K T e X H O d O r l f l l  ~ ~ H O ~ O ~ Y ' I L ~ B O ~  npOKaTKl1-  nO.7LHOrO pa3,Je:IeHliR > l H O ~ O H l I T O ' l H O r O  l )aCKaTa,  ~ a l l 6 0 . 7 e e  P a U I i O -  

pa3Ae.lCHI.IR. KaK B VC;IOBURX O ~ X ~ ~ ~ I H L I X ,  T a K  >le.XKOCOF)THblX I1 h1e.I- H a J b H I J C  K I ICn0.7L30BaHll IO B ~C:1OUlIHS ~ ~ B L ' ~ ) c M B H o ~ ~ ,  nOC.NeAOBa- 

E O C ~ ~ T I I ~ - ~ ~ ) ~ B ~ . T ~ ~ I I I L I X  C T ~ F I O B ,  no~~o .1~10 tue i i  Sen s l i a L l l r r c . i l , t l L l s  ~ c : r ~ , ~ l o i i  II:III I I C ' ~ ~ ) C I ) I , I R H O ~ ~  n p o t i a T K I 1 .  I I O K ~ R ~ I I W  ITS n p C 1 1 y v u l e c T l 3 a  

t i 3 ~ l l T a . l L H L l S  3 a T l l a T  ~ O B b I C I I T 1 ~  n ~ O l l 3 U 0 , l H T e . J L H O C T L  IIl)OKilTHLIX TI HeiIOCTaTKII. 

C T ~ H ~ R ,  CHIIBIITL x ~ a r e p r r a n ~ ~ ~ l e  11 a l ~ e p r e ~ ~ ~ q e c ~ ~ r e  3 a ~ p a ~ ~ 1  no ne- 3.1. P m a e n e ~ u e p a c ~ a m a  cpe3o .~  nepe~brrex 
[)1',1~.1\', ~ ~ U I I O H ~ . ~ L H O  C O ~ C T ~ T L  e~-0 c ~ c n p e p b l ~ ~ o i i  p a 3 . l l l ~ t i ~ f i  C T ~ -  f iar160.1~~ K a s c C T B e H H O e  COCTORHlle l l O B ~ P X H O C T l l : 3 a ~ O T O B O K  B 

.m. n p r ~  sroar can[ npouecc C y u e c T B e H H o  O T . T I I ~ ~ ~ T C R  OT T p a a l I u 1 l -  n r e c T e  pa3ne . i c~11~  o b e c n e q l r ~ a r o r  r n o c o h b r  npojlo.wsoro p a ~ n e . - i e -  

O I I I I ~ I . ~  r l p o u c c c a  n p o K a T K 1 1  K a t i  n p r l  n o , - r r o ~ o ~ t i e  p a c K a - r a  K l)a3~c.1~- I I I I H  p n c ~ a ~ n  I I ~ T ~ M  C O : ~ ~ H I I R  B R o H e  n e l ) e > l b l t l t i I I  ~ l a n l ) ~ m e ~ ~ r i i  c r r o l r -  

Il l  l i 0  ( s ~ ~ [ ) ~ K T ~ ~ ) ~ ~ ~ ! ' c T c R  3Ha.c I I T C . ~ L H O ~ ~  B L I ( ' O T H O ~ ~  Hel)aUHO.\lePHOCTLIO ra. 
CYUHOCTL 3TMX cnoc060~ COCTOIiT B TOM, YTO 

1 2 3 ~ ~ H O ~ O H ~ ~ T O ~ H L ~ ~  P a C K a T  @ 0 p h l l l p y I O ~  C O C T O R ~ l i h l  
113 Pa3HOOCHLIX 3aTOTOBOK. COeilllHL'HHLlX h l e X i l v  

cohoc BAO.IL 0il~0fi 113 r ~ ) a H e f i  " @ ~ ~ K T ~ I B H o ~ ~ "  ne- 
p e h l b l q ~ 0 2  (put. 7). Cpes n e p e n r b r q e K  o c y u e c T B -  

JIRIOT nOBOpOTOM 3arOTOBOK BOKPYI' I l P O l I O n b H b l X  

0cefi ( p l l c .  8) MIlM B3aMhlHblM C h l e U l e H l l e M  3 a r O T O -  

BOK H a B C T P e U V  A P Y r  A P Y r Y  B A O n L  r p a ~ e t i ,  COBMe- 

U e H H b I X  B IInOCKOCTI-I (PUC. 9). ~ O A  " @ U K T A B H O ~ ~ "  

n o n p a 3 y ~ e s a e ~ c ~  n e p e > f b l t l K a ,  m e r o u r a l r  T o n m u -  

HY hn 11, n p a t i T l t q e c t i H ,  H e  I . i h i e m u a n  I I IP~PI IH~I  A 
(CM. PHC.  7). 

B c n y a e  p a 3 n e n e ~ ~ ~  p a c K a T a  n o e o p o T o M  

n p R M O y r O n b H b I X  3arOTOBOK B O K P Y r  n p O A O n b H b l X  

o c e f i ,  AX C O e A H H R l o T  no Y3KlIM r p a H R h i  A (CM. PAC.  

7a), a npw pa3nene~~w p a c K a T a  B ~ ~ U M H ~ I M  c M e a e -  

H A e M  3arOTOBOK - no LUMpOKAM QaHIlM f? (CM. PWC. 

86). n p M  @ O ~ M H ~ O B ~ H U H  MHOrOHUTO'iHOrO pac- 
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hn=(0,1;0,3)B], a 
~ r u p u ~ y  nepe- 
M n s K u  - H e  6onee 
20% OT ee T o n u n -  ,-" 
H ~ I  A << 0,2hn. B 
 TOM cnyvae co- 

x CTW. 

H 3  IIPRMOYrOJIbHbIX 3aTOTOBOK, COeLIUHeHHbIX M e V y  ~060fi Y B e p -  

UrUH " Q ~ K T A B H O ~ ~ "  n e p e ~ b l ~ ~ o f i  (CM. P u C .  7a). Kpy .nr~e#  MOMeHT 

Mrp, 06ecnesu~a~uufi  nOBOpOT 3arOTOBOK, CO3nBloT ITYTeM npano- 

a 6 B r 

COWleHeHHblX IlPRMOYrOnbHblX f lp~@MJlef i  BOKPYr flPOAOJlbHblX 0~e f i  
flpM flp0KaTKe B rJlWKMX BanKaX (a) M flByXpyrbeBblX Kanbl6paX 

I l I e ~ ~ t l y r ~ J l b ~ ~ f i  (6),  OBaJlbHOfi (8 )  U POM~~I~(~CKOA (r )  (POPMU. 

x e H r i x  K p a c n o . x ) x e H H b I a r  no a l r a r o H a . i t r  s e p U r r r H a n r  ~ ~ ~ O T O B O K  ~ C I I -  

. l l l i i  CO CTOPOHLI nPOKaTHLlX Ba.TKOB (PHC. 9). P a 3 n e , l e ~ l l e  h lHOrOHll -  

T o w i o r o  p a r ~ a ~ a  m x e T  O C ~ I I I ~ C T B . I R T I , C R  ~a r .~aa~oii  U I I . - I I I H ; L ~ I I ~ I C -  

C K O ~ ~  ( ~ 1 1 .  PIIC. 8a) 11.711 K O H ~ I ~ I ~ C K O ~ ~  6 0 V K e  Ba.7KOB. .71160 B SlHOrO- 

p ~ f s l , e B b r s  K a . l l l 6 p a s  (car. prrc. 8 6 ,  B, r). B n o c . l e a l r e 1 1  r.lyrae o j t l o -  

u p e a r e l r l r o  c paaaenerrrrelr n p r r a l o y r o . l b e L r s  s a r o ~ o o o ~ ,  11s  0 6 r n i 1 ~ 1 a -  

IOT B n0.7OCbI C O R X l b H b l h l ,  Ul~CTlIJ '~O~lbH61h1 11.TII ] ) O ~ I ~ F I Y ~ C K I I ~ I  ce- 
Ilerrrrear.  B 0 3 ~ 1 o m r r u  r r  , I p y r i l e  napl raHTr , r  @ o p x r r r p o ~ a r r i r r t  11 npo:ro.lb- 

HOrO p a 3 A e n e H M R  MHOI'OHUTOYHOrO P a C K a T a  3TMM MeTOAOM. 

llpu aaxsa~e A B y x a u T o s e o r o  p a c K a T a  B a n K a M u  (puc. 10a) H a  

BepIIIMHbI 3HrOTOBOK A ~ ~ ~ C T B Y ~ ~ T  HOpMZUIbHbIe CAJIbI P, M P, (CO- 

C T a B J I R l o U H e  C!-iJlbl I I ~ o K ~ T K M ) ,  C O 3 A a l o U U e  KpyTRQkie  MOMeHTbI Mw, 
KOTOpbIe  CTPeMRTCR I lOBePHYTb 3afOTOBKA B O K P Y r  UX n p O n O n b H b l X  

M ,  = 0,5m(P, + P,) 
. . 

rne m = Bcosg, - Asin g, . 
A h n  ' 

(2) 
g, = arctg-(1 - -) ; 

B A  (3) 
A a B - BbICOTa ki IUMpMHa IlpRMOyI'OJIbHbIX 3arOTOBOK, COOT- 

BeTCTBeHHO; 9 - Y r O n  H a K n O H a  IUPipOKAX rpa~eG 3arOTOBOK K o6pa- 
aymuefi BUKOB. 

fl0~0poTJ' 3aTOTOBOK B H a Y a n e  n p e n R T C T B y l O T  MOMeHTbl OT CO- 

npOTMBJIeHciR 3arOTOBOK ITnaCTAYeCKOMY CKPY'-IWBaHHK) II OT B 0 3 -  

HkIKaloUMX n O A  ~ I ~ ~ c T B H ~ ~ I  MOMeHTOB Mw B 3 0 H e  IlepeMbI'IKr? P a C -  

mrusalomefi Fa cnsuralouefi Q cun 
M, = z,W,; ( 4 )  F = qna; Q =  q n r ,  (5) 
me qm=0,5hj,, - cpe3ae~w n n o u a n b  c e s e H m  n e p e M b r w i ;  I" - m n H a  

3 0 H b I  C p e 3 a  I IepeMbIYKH. . . 

L(nR n p R M O y r O J I b H O r 0  CeqeHMR MOMeHT IUIaCTAYeCKOTO CO- 

n p O T M B n e H M R  3arOTOBKIl  npki C K p y q M B a H A u  

Wp=(3B-A)A2/6. (6) 
n o  M e p e  n p o x o x n e H w n  p a c K a T a  B M e x s a n K o B o M  saaope npo- 

ACXOnHT CMRTWe B e P U l U H  3arOTOBOK I4, KaK CJIenCTBHe, C M e U e H M e  

T o s e K  npanomeaax p a a ~ o n e 6 c ~ ~ y l o ~ u x  can P, 1.1 P2 K u e H T p y  saro- 
TOBKFI a y , \ r e a b m e e I i e  nnesa m (CM. y p a B H e H a e  2) M o M e H T a  MKp. 

npeee6peran B 0 3 M O X H b l M  C K P Y r n e H W e M  B e p m i l H  3aTOTOBOK A 

I l p l i H k i M a R  n n 0 U a n b  KOHTaKTa ~ p e y r o n b ~ o f i  @OPMLI, I I O n y Y a e h f ,  YTO 

Y C p e j l H e H H O e  no &'lliHe KOHTaKTa I I ~ l e ' 4 0  XlOhleATa Mxp 6 y j p 2 ~  P a B l l O  

mCp=m-(AZ,+M2)(ctg(p-tgcp)/3, (7) 
L1C AZ, )I AZ, - BLlCOTa CXIRTIIR B e P U l l l H  3aCOTOBOK (CSI. p l l r .  106). 

I I ~ J I  c o s n a ~ l r ~ l  yc.los~~ii, 06ecne~ir~alomrrx nocnrxearre K a c a -  

Te.'lbHbrnlCr H a n p R r n e H a R u A  B c e C r e H r r H  n e p e n l b r w w  ~ a n p ~ x e ~ ~ ~ f i  T e -  

K\rYeCTil n p l l  C A B l l r e  (T=T,~) .  HBYHeT npOllCXOal1TL nOBOpOT 3 a r O T O -  

BOK B O K P ~ ~  npojlo.wmx 0 c e i . i  co c n e r r r o h t  nrwanna B p a i i o ~ e  nepe- 
XILIYKII. ~ O B O ~ O T Y  3arOTOBOK T a K X e  n p e n R T C T B y e T  hlOMeHT Mv, C 0 3 -  

a a e a e h r b ~ i i  cri .2aartr T ~ ~ H I W  T, ir T, (chr. PIIC. 106) O T A ~ ~ ~ C T B I I R  K a c a -  

TP.lLHLlX ~ a n p ~ X e ~ l l f i  tn I l a  nOuepX1lOCTll  KOllTaKTa. 

Mmp = 0,5rz‘prn (Fk, + Fk2 ), (8) 
r;rcn = n - 2 ( ~ ,  -+ dZ,)/3;  FA, 11 FA: - n. Iornaa1,  c h l m r r n  

IP 
BepUlklH BaTOTOBKII; n = Bsincp + A C O S ~ .  

11.1~ OIIl)eLle,1CHIIR 3 H a ' i e ~ l l i i  TeXHO. ' IOr l lYCCKll~  n a p a h l e T p O L 3  

I l p o r r e c c a  r r p o n o : r L l l o r o  pasnc.-~er~l-~n paclta-ra p a r c a l o r l ) e r i o  \rc:rosrre 
l)aBIIOBeCI1R CYMMbl XlOXleHTOB OTHOCIITC.lbHO U e H T l I a  3arOTOBOK 

m @ = O ;  Mv-MmP-M,,,-0,5BQ-0,5(A - hn)F=O, (9) 
f l p e o 6 p a 3 0 ~ b r ~ a r r  p a s e H c r e o  (9) c y s e T o h r  s a ~ a c a n l o c ~ e i i  

C y m y  crrn P, a P, MOXHO s a n a c a ~ b  B c n e n y m u e h r  sane 
P, + P2 = s.(F,, + K), (11) 

rfle OH - H O p h l a n b H b l e  H a n p R X e H H R  H a  K O H T ~ K T H O ~ ~  IlOBePXHOCTM. 

3 o ~ b 1  nnac~a ' lec~ofi  ne@op~auun M e T a n n a ,  o6pa3ylouuec~ 
npll CMRTAPI BepUIl lH ~ P I I M O Y r O n b H b l X  3aTOTOBOK, 3Ha ' lHTeJIbHO MeHb-  

Ure  O C H O B H O ~  u ~ H T ~ Z I J I ~ H O ~  H ~ ~ ~ @ O ~ M M ~ O B ~ H H O ~ ~  YaCTH P a C K a T a ,  

' I T 0  CAePXCMBaeT TeYeHZIe CMeIIleHHbIX no BbICOTe 0 6 b e ~ 0 ~  M e T a n J l a  

B nPOlIOJIbHOM HaIlpaBJIeHMll  ( B ~ I T I I X K ~  OTCYTCTBY~T). ~ O ~ T O M ) '  B 

nonepewoni c e s e H w u  p a c K a r a  n p u H r r T a  n n o c K a r r  c x e M a  H a n p m e H -  

H O - ~ ~ @ O ~ M U ~ O B ~ H H O ~ O  COCTORHHR M e T U n a .  A n R  H a X O X A e H A R  HOP- 

MZUIbHOrO H a n p R X e H H R  g H a  K O H T ~ K T H O ~  nOBepXHOCTA B N a c n o n b -  

3 0 B a H  MeTOA IIOCTpOeHHR M PaC' IeTa n0Jlefi ~ M H H ~  CKOJIbXeHHR. B J I R  

p a C Y e T a  HOpMLiJIbHbIX ~ a n p R X e ~ l 4 f i  K O H T ~ K T H O ~ ~  IIOBePXHOCTA C,, H B 

ksin(arccoso); (12) 
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3 " 4 
( 1 + - ~ - 2 p - -  2 lad - ( c t g p + t g p , ) , J ~  a - ~ [ C O P + ( l + - ) S i r g ,  " 2 I '  - 

. . , , 

CUTenbHO napaMeTpOB: hr/A; U , / A  U U 2 / A  OCyllleCTBJleHO MeTO- 

m C x e M a  npononuaro pa3p.eneHuR p.ByXHMTOCIHOr0 pacKaTa, AoM H~IOTOHB. C o s e ~ a ~ u e  s ~ a s e ~ a f i  BxonHaIx a a ~ ~ o p o a :  B/A; R/A; 
COCTOFcUerO H3 nPRMOYrOJlbHblX npCJ@Hneh, ~ P O K ~ T K O ~ ~  6 rflaJlKMX f rr  n ,  n p ~ r  K O T O ~ L I X  pemeHo ypae~esr ie  (20), onpenenello c ricnonb- 
eannax: a, 614 e - nonepevnbte ceretiug pacKaTa no pllnHe ovara 

ne@op~aunn 
~ O B ~ H H ~ M  annapaTa MaTeMaTuuecKoro nnaHwpoaaHuR 3 ~ c n e p n ~ e ~ -  

ra. B p e 3 y , n ~ a ~ e  o b p a 6 0 ~ ~ 1 1  pacqeTHbrs 11~a~e~krr"r  aleToaarrlr per- 
UX(,MI = - k ( l +  n/2),  (13) 

I;le < - yro.1 HaK'IOHa KOHTYpa BN K OCll X; Ol - K O ~ ~ $ I I U I I ~ H T  

( O C d l ) .  

fl,loIl(anll KOHTaKTa B 1)aBeHCTBe (11) XIVXIIO nlJlIHIITL PilBHbI- 

i r r r  (CM. p1.1~. 10) ' 

Fk, = 0,5 Ay, Id,, (14) 
r3e Ag 11 Id - rrllIr)lllia I I  , I .T I IH~ n,Tomanrr cawTrrx B C ~ U I I I I I  :mi-OTOBOK 

( UUTRFTCTBeHHO; i - r1HileKC nJlOLUal[KM CXIRTHR; 

Id, = ,/- , Ay, = U, (ctgcp + tgcp) . (13) 
l.le n=Bsincp+Acorcp (crr. prrc. 10) 

npeo6pa3osb1sa~ VpaBHeHHe paBHOBeCllR Crl.'l tla Be1)TlIKalL- 

~ I \ ~ H )  O C ~  OZno.'lysaenr: Pi -  P, - Qcosj - Fsinj = 0.  
C yyeToM npencTaBneHHb1x Bbllve aaeacrihlocreii Halunir 

<- ,.- - qn [cosp + ( I  + Ir/2)sinp] " '" = 1 + 3 4 2  - 2 p  - arccosn - sin(arccom)~ (IG) 

I f ie  n=Bsincp+Acoscp (pacl 0) 

L J 
~ ~ o ~ ~ c T W M ~ R  BenMsllHa CMRTHII BePUllH 3aI'OTOBOK HafiAeHa B 

vae  HepaseHcTBa a3 YcnoBnR,  06ecnesw~amme1-o cpes nepe~tbts~tr 

n-h.2n,,xhncoscp+AZ,+AZ,, (18) 
r e  n,, - K O ~ @ $ U ~ W ~ H T  HaneXHOCTki, KpaTHblfi TOJIUUHe nepe- 

: blPKW. 

~ P R H W M ~ R  3a30P Memy BaJIKBMU Ha BbIXOAe 113 O'fara Aea0p- 

'UuH h=A, Pi3 PaBeHCTBa (18) HaXOAAM IlpeAeJIbHO AOnyCTMMOe 

a'leHlie CMRTWII BePUIUH 3arOTOBOK 

U, + dZ2 = (n - A - n,, h"cos9). (19) 
A n a ~ a  ~ O H ~ I  cpesa nepeMbrsKn onpeneneHa no s a ~ w c a ~ o c ~ a  

I,, =,/a. 
npe06pa30~blBa5I PaBeHCTBO (19) C Y'IeTOhi 3aBWCIIMOCTU (17), 

q.-ryseao 



PHRM @HJIIepa H C T ~ I O A ~ H T ~ ,  O C T ~ T O ~ H O ~ ~  CyMMe KBaApaTOB IlOKZI- 

3 a n A  aAeKBaTHOCTb y p a B ~ e H H f i  P C r p e C C H U  UCCJIeAOBaHHOrO a a K T 0 p -  

HOrO npOCTpaHCTBa.  

Anx nOATBep?KAeHHR AOCTOBepHOCTn IIOnylreHHbIX y p a B H e H H f i  

CBHHUOBbIe 0 6 p a 3 u b 1  npOKaTblBZlnl i  H a  nOnyI lpOMbImJIeHHOM CTaHe  

250. C ~ ~ B H ~ H A ~  3 K C n e p H M e H T a n b H b I X  3 ~ a s e ~ A f i  O T H O U I ~ H H ~ ~  CTO- 

POH nPRMOYrOnbHbIX n p 0 @ H n e f i  KnUHOBHAHOrO nByXHUTOs-  

~ o r o  p a c K a T a ,  c o o T s e T c T B y l o n i n x  ero p a 3 n e n e H t i m  npu n p o K a T K e  B 

UUnUHApHYeCKHX BWIKaX PZ lMyCOM R=IOOMM, C OTHOUreHAeM CTO- 

POH @/A),,, nOKa3bIBaeT  AX yAOBneTBOpUTenbHyH,  CXOAHMOCTb. no- 
rpeJIIHOCTb PaCWTHbIX H 3KCI IepAMeHTanbHblX  3 ~ a W ~ H f i  OTHOUe-  

HUG CTOPOH B/A H a x o n u T c s i  B npenenax OT -14,5% no +2,3%. 
Y ~ ~ B H ~ H H R  (21), (22) U (23) n03BOnIIIOT 0 U e H H T b  BnUIIHHe 

BXOAHbIX @ ~ K T O ~ O B  H a  YCnOBHR n P O A O n b H O r 0  p a 3 A e n e H H R  PaCKaTa  

M o n p e n e n m b  c m y  n p o K a T K u  npu p a 3 n e n e H a u ,  H a c n o n b s o s a ~ b ~  

A n R  P a C Y e T a  K W U ~ ~ O B O K  B m K O B  n p A  n B y ~ p y l r b e B 0 f i  n p 0 K a T K e -  

pasnene~nu c o p ~ o s b r x  npoaunefi. 
npouecc n p o n o n b H o r o  pa3nene~na M H o r o H m o s H o r o  p a c K a T a  

B KOHH'leCKHX B M K a X  (H~WIOHHMX ~anubpax) O T n H s a e T C n  OT pas- 
AeneHHI I  B IYlaAKMX UHnHHLIPHYeCKHX B a n K a X  pa3nHr IHb lMH CHnO- 

BbIMM YCnOBUIIMH KOHTBKTHOIY) B ~ ~ H M O ~ ~ ~ ~ C T B M I I  M e T a i n a  H B a n -  

KOB. OAHHM M3 XapaKTepHbIX n p H 3 H a K O B  npOKaTKH n p r l ~ o y r ~ n b ~ o f i  

n o n o c b l  B H a K n o H H o M  ~anw6pe R s n x e T c x  nonyseme napanneno- 
r p a M H o r o  nonepeworo cereawa. 

B C n y ' f a e  npOKaTKH I l p ~ ~ ~ y r ~ n b ~ ~ f i  IlOJlOCbl B KOHHYeCKHX 

samax (pwc. 11) n e @ o p ~ i e p o s a ~ ~ b r e  s a c T u q b l  h l e t a n n a  n e p e h z e u r a -  

IOTCR no Hophra . lw K n o s e p x H o c T H  s a n K a  H B C B R ~ M  c t + e c o e n a n e H u e n l  

B e r n o p a  i? MX nepeMeureHCiR  c BeKTopoM r7ii n e p e M e u e H a a  no- 
BepXHOCTU BXTKa, npOCKaJrb3bIBaIOT ( I I e p e h f e ~ a I O ~ ~ 5 I )  OTHOCUTeJIb- 

HO n o c n e ~ ~ e B  B H a n p a B n e H w w  s e p r n ~ ~ b ~  K O H Y C H O ~ ~  n o B e p x H o c T H  

BAOnb BeKTOpa g?. B e n A q H H a  3TOTO ~ P O C K W l b 3 b I B a H H I I  TaKOBa: 

A = 0,5A/r x t g p  , Ah = H - h - o6xa~lrc  n o n o c b r  no t i oph l a . l r i  K 

IIOBf2PXHOCTII KOHH'leCKOrO B a J K a ;  (P - YCOd HaK.1OHa 06l~a3~10ueii 
n o s e p x H o c n r  sama K ero OCM. Kpoare s r o r o ,  m e e T  arecro nonepes- 

H o e  n e p e M e u e H n e  M e T a n n a  B u e n c T s I i e  y m a p e H u R .  

3n10pa nonepes~oro n e p e M e u e a m  M e T a n n a  H a  n o s e p x H o c T H  

K o H w s e c K o r o  sanm R s n a e T c g  C Y M M O ~ ~  3n10p nonepewom n e p e M e -  

meam M e T a n n a  B p e 3 y n b ~ a ~ e  ero y m H p e H u R  B u n n u H n p H s e c K H x  

BaJlKaX C COCTaBnRloUHMH YJIIUpeHHR Ab, = db,  = 0,Sdb (Ab - 
y U I M p e H H e  M e T a n n a  B UHnMHApH'leCKIlx  B ~ K ~ X )  H npOCKanb3b lBa -  

HUA MeTaJ IAa  H a  K O H H Y ~ C K O ~ ~  IIOBePXHOCTR BaTlKa A (PWC. 12). Pe- 
3 y n b ~ u p y m m a e  cocrasnmune y n r u p e H u r r  M e T a n n a  y K O H T ~ K T H O ~ ~  

n O B e p X 9 0 C T H  KOHH'leCKOIY) B m K a  CO CTOPOHbI 6 0 n b m e r 0  A H a M e T p a  

BanKOB YBeJIH'IUBaIOTCR, a CO CTOPOHbI MeHbI I I e rO  A A a M e T p a  BanKOB 

- yMeHbLUaIOTC5l H a  B e n U Y H H y  b: 
Ab; = 0,5(Ab + Ah x tgp) ;  Ah; = 0,5(Ab - Ah x t g p )  
~ ~ U H H R  H y n e B b I X  I I e p e ~ e ~ e H H f i  M e T U l n a  H a  K O H T B K T H O ~ ~  no- 

BepXHOCTH C M e U a e T C S  OT ~ ~ o A o ~ ~ H o - B ~ ~ T R K ~ ~ ~ H o ~ ~  OCH CHMMeT- 

B CBR3A CO CMelUeHUeM JIHHHH H y n e B b l X  I T e p e ~ e I U e H H f i  nORB- 

nae-rcrr H e y p a s H o s e u r e H H r u r  n o n e p e s H a R  coc-raanamuan c n n b l  T p e -  

H H ~  T(cM. PAC. li), H a n p a a n e H H r u r  B c ~ o p o ~ y  6 o n b m e r o  n M a M e T p a  

B m K a .  n p H 3 H a ' l e H H H  y ITIa  l@ll'~ctgC HMeeT  MeCTO OAHOCTOpOHHee 

l lPOCKUlb3bIBaHMe MeTa.ilna B H a I I p a B n e H H H  B e p U H H b I  K O H ~ C H O ~ ~  no- 
BepXHOCTM B a K a  M PaBeHCTBO p e 3 y n b T H ~ ~ I O U l e f i  n 0 n e p e q H 0 f i  CO- 

C T ~ B J I R I O U I ~ ~ ~  CHnb1 TpeHHR T=fl (f- K O ~ ~ C $ A U W ~ H T  I lOnepeYHOrO 

T P ~ H M R ) ,  H ~ I I ~ ~ B . W H H O ~ ~  B ~ p O T M B 0 ~ O n O ) K H y I O  CTOPOHY 3TOMY np0- 
C K ~ J L ~ L I B ~ H H I O .  n p ~  92arsctgC 3 ~ a q e ~ n e  Ten .  

llonaraa,  TO p e 3 y n b ~ w p y m u a ~  nonepewaa c o c T a s n R r o u r a a  

CHJlbI TpeHAI l  I l p O I I O p u l l O H a n b H a  pa3HOCTH n J I 0 u l a ~ e ~  KOHTaKTa 3 0 H  

p a 3 ~ o ~ a n p a e n e ~ ~ o r o  n o n e p e s H o r o  n e p e k r e u e e c m  M e T a n n a ,  COOT- 

H o m e H u e  s ~ a s e ~ u f i  p e a n b H o  neficrsymuefi p e 3 y n b ~ ~ p y m u e f i  no- 
~ ~ e p e s ~ o i i  coc~a~; ra~oule i~  C I I ~ L I  TPe l i l lR  T I I  . \ I ~ K C I I > I ~ J I L I I O  U03.\10X- 

H o i i  ~ 0 ~ ~ a l l . l ~ I O ~ l e f i f l  hLOXHO IlPeiICTaBIlTL B Bl l i le  K O T ) @ @ H U I ~ ~ H T ~  

. - 
me Sf  II S, - n n o u a n l r  KoHTaKTa SOH p a 3 t 1 o ~ a r 1 p a ~ , l e 1 { ~ o r o  no- 

n e p e v t i o r o  n e l ) e x r e m e r r r i a  x1eTa.q.Ja; S - n . l o u r a a L  K O H T ~ K T H ~ ~ ~  no- 

n e p e v e q e r l u r r  are7anna KOHII'ICCKIIX Ba.ilKax p a B H o  

b, - Ab, - A b + A h x g p  
b; ~ b ;  Ab-Ahx tgp '  (25) 

npeo6pasosas y p a e a e H e e  (24) c y q e T o n 1 ( 2 5 ) ,  no.ilyqcrhr 

C x e ~ a  n e a o p ~ a u u ~  A B y x H m o s H o r o  p a c K a T a  B K o H u s e c K a x  

BanKaX n O K a 3 a H a  H a  p H c . 1 3 .  &IR yI lpOlueHHR PHCYHKa CHJIOBOe B3aH- 

~ o n e f i c ~ s ~ e  p a c K a T a  n B ~ K O B  n o ~ a 3 a ~ o  H a  on~ofi  s a r o T o B K e .  npsr 
3axsa~e p a c K a T a  B a n K m n  (CM. PHC. 13a) B M e c T a x  KoHTaKTa  3aro~o- 
BOK H IIOBePXHOCTH BanKOB BO3HHKaIOT H O p M M b H b l e  CHnbI  N f  H N,. 
~ O A  A ~ ~ ~ C T B U ~ M  3THX CHn  CO3AaeTCR KP)'TRUM~~ MOMeHT Mw, CTpe-  

M I I U U ~ ~ C R  nOBepH ' jTb  3arOTOBKW BOKPYr HX ~ P O A O J I ~ H O ~ ~  OCH 

M, = 0,5m(N,  + N , ) ,  (27) 

me nz = Bcosy - Asin y - nneso cun N, M N,. 
3 ~ o ~ y  n o B o p o T y ,  B OTn l i sP l e  OT n e @ o p ~ a u ~ t i  B u r r . i l l w p a s e -  

MET 



CKAX BaJIKaX, C ~ O C O ~ C T B Y ~ T  MOMeHT C H n  T p e H A H  Mmp, H n p e n R T C T -  

B y e T  MOMeHT COnPOTUBneHHR Ce'IeHHH BBI'OTOBOK nnaCTU4eCKOMJ' 

CKp)WfBaHI IH)  M,,, (CM. Y p a B H e H U e  4) 
M,", = O,Sn(T, + T2) ,  (28) 

me TI = fl ,K; T2 = fN2K; n=Bsincp+Acoscp. 
O ~ H O B ~ ~ M ~ H H O  n 0 n ~ e f i C T ~ H e ~  K p y T R u e r O  MOMeHTa My B 3 0 H e  

I I epeMbIsKM B03HAKaH)T paCTRIT3BaH)UaR CMna  F w CABI?TaH)UW C U n a  

Q (CM. YpaBHeHMe 5), T a K X e  ~ p e M T C T B Y I O ~ H e  IlOBOPOTJ' 3arOTOBOK 

B O K p y r  npOAOnbHbIX oceB 
no  M e p e  n p o x o m e H u R  p a c K a T a  B M e x B a n K o B o M  aasope npo- 

SICXOAHT CMHTUe BepUIHH 3arOTOBOK (CM. PHC. 136). n p U  CMRTUU 

B e p u a H  T O ~ K U  n p u n o x e H n R  c U n  N, A N2 mew m H n KP~TRJUUX 

MOhleHTOB MIC H Mmp CMeIUaIOTCH K U e H T p Y  3arOTOBOK H YMeHbUla-  

IOTCR AO 3 ~ a v e ~ ~ f i :  m, = m - (4/3)AZ(ctgcp-tgcp); n, - 2 4 2 .  
n p U  CO3naHUU y C J l o ~ H f i ,  06ecnesa~alouax PaBeHCTBO K a U -  

T e n b H b I X  H a n p R X e H n f i  B C e 4 e H H H  n e p e M b I 4 K M  H a n p R X e H U f i M  C p e 3 a  

(z, = r,), npoa3ofine.r n p o n o n b H o e  p a 3 n e n e H u e  p a c K a r a  co c p e s o ~  
I l epeMbl 4KH.  

A n f i  o n p e n e n e H u n  n a p a M e T p o B  A s y x H H T o s H o r o  p a c a a T a ,  o6ec- 
~ ~ V U B ~ K I I I I U X  ero c ~ a 6 w n b ~ o e  n p o n o n b a o e  pa3neneerre, p a c c M o r p e -  

RO YCnOBUe PaBHOBeCUR MOMeHTOB OTHOCUTenbHO n p 0 ~ 0 n b H 0 f i  OCU 

BaTOTOBKU 

XM,=O; M,+M,,-Mw-0,5BQ-O,S(A-h,)F=O. (29) 
n p e o 6 p a 3 0 ~ b l ~ a ~  paBeHCTB0  (29) C p e T O M  ~ ~ B H C H M O C T ~ ~ ~  (27) 

H (28), n o n y l r s n H  

N, + N, = [ 2 ~ ,  - BQ + (A - h, )~ l / (m,  + KfN,). (30) 
M3 YpaBHeHHR PaBHOBeCUR ~ P O ~ K U ~ I ~  Ck1.V H a  OCIt OX U OY 

~ a f i ~ e ~ b l  B b I p a X e H U R  A n R  C r l n  F n  BO3HUKaloiUlIX B n e p e h t b I 4 K e  

F = (N, - ~ , ) ( s i n c p - ~ f  coscp); 

Q = (N, - ~,)(sincp-~fcoscp); (31) 
O ~ u o r n e ~ ~ r r e  c11.1 Frr Q c yt leToAr ~ ~ l p a x c ~ r ~ i i  (31) paerro 

K ,  = FlQ = (tgcp-Kf)/(i +K&tgcp). (32) 
C y4eTOhf  ~ ~ B ~ I C M S ~ O C T ~ ~  (5) 11 (32) paBeHCTB0  (30) IIpHHlihta-  

e T  B l l n  

N ,  + N ,  = {2wPzs + r,,q,,[~ + (A -h,,).~cpl}/(m,+~fN,,). (33) 
Aonyc~arr PaBHOhll'PHOCTb P a C n P e A e n e H M R  KOHTaKTHbIX I t a n p R -  

~ \ e f l l l i i  H a  n0Bel)XHOCTll KOHTaKTa hIeTa,l.lIa I.1 BajlKOB 11 [XlBeHCTBO 

1 1 1  Ill>e,Te.TV TCK!~lleCTll (p  =a,), n p l l  ne . lCHll I l  IMBl'HC'TBa (33) tli3 a,- 
Ir0.lV'leHO 

F, + +F, = {2Wp(~</o")+0,5(~,/~<)~"[B+(A-hn)Kcpll/(mJ+KfN,,),(34) 
T.lC Ff 11 F, - n . lOUa , lb  KOlITaKTa C>lRTIlR BepLUll l l3arOTOBOK C Ba.lKa- 

3111. 

I l p e 0 6 p a 3 0 ~ b l ~ a ~  y p a s H e H r r e  p a a t r o o e c t r r r  K ~ V T R U ~ I I S  h loh l e l l -  

ron o T H o c r i r e . i b i i o  u e l ~ ~ p a  nepehcb1sKr i  srhleehr 

N,(Bcoscp-0,5hnsincp)-Ndcincp+(T,+T,)dxcoscp-M,=O 
c yqeTOhl3aBUCUhlOCTH ( 2 8 ) ,  I lOny l i eHO 

N, = (N,C + Wp r,/a,)/D, (35) 
iire d = A - 0 , 5 h n ;  C=d(sincp-Kf COST); 

D = Bcoscp-0,5hnsincp+dK coscp. 
P a s n e n ~ ~  y p a e H e H u e  (35) H a  a', n o n y q a M  

F2 =(FIC+Wp ~, /Q,) /D.  (36) 
~ ~ ~ A C T ~ B H B  n n 0 U W b  F, B aHaJIHTW4eCKOM BHAe 

F, = O,S[dZ(tgcp + coscp)]JR?I,, 
I IpUHRB OTHOLUeHHe Ts /a, = z/A, U Pe l I l aR  COBMeCTHO pa- 

VCHCTBa (34) U (36), n O n y 4 U h f  

flnx 0 6 e c n e r e ~ ~ ~  C T ~ ~ H ~ ~ H O C + U  npouecca p a 3 n e n e ~ ~ ~  p a c K a -  

:.a B e n U 4 H H a  B3aMMHOrO C M e U e H H R  3aTOTOBOK A O n X H a  ITpeBbl l I laTb 

n- h-2AZ2n,hncosq,, (38) 
r e  h - 3wop M e m y  B a n K a M u  H a  B b I x o n e  u3 osara ne@op~aum;  
nHsiif ,5 - K O ~ @ @ H U I I ~ H T  HaL(eXH0CTH. 

A o n y c ~ w ~ a H  BeJ IAWiHa  CMHTHR BePUIUH 3aTOTOBOK H a f i n e H a  

ti3 Y C T I O B ~  (38), ~ U H H M W  A=h. u ~ e e ~  
dZ = O,S(n - A -  n,h,,cosp). 

P e U I e H U e  ~ e n F i ~ e f i ~ o r 0  y p a B H e H H H ( 3 7 )  OTHOCUTeJIbHO h,, / A  
U ~ / A O C y U e C T B n e H O  4HCneHHblM MeTOAOM npll pa3nH ' IHb lX  CO- 

V e T a H u f i x  a ~ a s e ~ ~ f i  B X O A H ~ I X  a K T o p o s  npouecca pasnenee~s: 
XI= f;X2=B/A;X,= 9 R/A;X,=$q,;X,=n,, onpene- 
n R e M b I x  c H C ~ O J I ~ ~ O B ~ H U ~ M  a n n a p a T a  M a T e M a T n s e c K o r o  nnaeapo- 
B a H H R 3 K C n e p U M e H T a .  

~ o c J I ~  0 6 p a 6 0 ~ ~ u  pe3yJ IbTaTOB p a C 4 e T a  MeTOAOM p e r p e c c U o H -  

~ o r o  a~anu3a n o n p e H b 1  C n e n y m u H e  YpaBHeHt iR  p e r p e c c u A ,  ~ e f i c ~ -  
B H T e n b H b I e  n p U  CJIenyIOlUMX 3 H a 4 e H H R X  @~KToPoR: f E (0,3 i 0,5); 
B/A ~(1,5+2,5); R/AE (iOi50); tg E 0,15;0,55; nH E ( l t i i , 5 )  

h,, / A  = 0,4084 + 0,3709B/ A + 0 , 0 5 2 5 m -  0,9426n, - 

p H  (B/ A), npRMOVrO.UbHblX n p o @ U , ~ e i i  KJrFiHOBliAHOrO A B F H I i -  

T o s H o r o  p a c l t a r a ,  c o o T e e r c T a y 1 o u u x  ero pa3~ene~rr10 n p r i  n p o K a T K e  

H a  n a 6 o p a ~ o p ~ o ~  CTaHe  B KOHA4eCKUX BaJIKaX CO CpeAHMM P W U y -  

roar R = l O O h l h ~ ,  c pacveTHbrx f  113 npeo6paso~a1111oro y p a s l l e l r r l f l  (40) 
OTHOLUeHUehl CT0I)OH (B/L~)~, nOKa3b lBaeT ,  4TO IlOrPeLUHOCTb H e  npe- 
BblLUaeT -14,5%. 

A1ra.1113 B.TIIRIIIIR BSOZHLIS n a p a > r e T p o B  XJiX5 I ra  XIO;[C.III~YC- 

mre hn/A 11 U / A  110~a3a.1, YTO y e e . ~ r r ~ e a l r e  s ~ a l r e ~ i l i i  ecex exon- 
HLIX n a p a h r e T p o B  Xf+Xj cnoroGc~sye~  vae. . r r l l leer i lo  n p e a e . ~ b a o r o  

: ~ l l a 4 e l i l l R  O T H O C I I T ~ . ? ~ H O ~ ~  TO.lUIIHM nepe> lb l1 lKI I  11, C. leJOBaTe. lbH0,  

\ v . l yqu re l r r l r o  ~ C . T O R I I I I  n 1 1 0 ~ 0 . 7 ~ ~ 0 r o  p a 3 f i e . i e 1 1 1 1 ~  p a c K a r a .  

kIa1160.1ee aKTllBtlblA1 @ ~ K T O ~ O ~ I ,  B~lliRIOUlkl.\l I l a  l lpei le , lLHyK,  

TO.IUIIIHY I l e p e x I b r w H ,  11, c . i enoBaTe . lLHo ,  o n p e i I e . i R m u 1 r h l  VC.IOHIIR 

n p o n o a b H o r o  p a 3 n e . i e ~ r l ~  ilBYXHMTO4HOrO p a c r t a r a ,  c o c T o n u e r o  113 

:jaTOTOBOK nI)R~IOyrO. lbIIOI 'O CeqeHHR,  RB.1ReTCR OTHOLUeHlle CTO1)OII 

npR.\lO!'rO.lbHLlS 3RrOTOBOK B/A. n p l l  BO.3paCTaHllll C0OTHOUIeHIIR 

CTOPOH OT 1,23 A 0  2 ~ a 6 . l l o n a e ~ c ~  POCT >laKCHhlanbHO B O ~ ~ I O X H O ~ ~  

B T O P ~ I ~ I  no 3 ~ a q e x r o c r l . r  Re;rReTcR n a p a ~ e ~ p  RIA. n o  h r e p e  

y s e n u s e H s R  o T H o c c r T e n b H o r o  panayca B ~ K O B  y s e n a s n s a e T c n  nno- 
U a A b  K O H T ~ K T H O ~ ~  nOBepXHOCTH, U, CneAOBaTeJIbHO, yMeHbLUaeTCR 

CMRTUe BePUIUH 3aTOTOBOK ( ~ h l .  PUC. 13), q T O  C ~ O C O ~ C T B Y ~ T  Y B e n l i -  

4eHHIO B3aHhfHOrO C M e U e H U R  IIPRMOYrOnbHbIX 3arOTOBOK M cnoc06- 
c T B y e T  pa3nene~wm 6onee ~ o n c ~ o f i  n e p e M b I r K B .  

B n a a ~ u e  n a p a M e T p o s  X,=tgcp H X,=nl H a  U ~ M ~ H ~ H H ~  OTHOCH- 

~ e n b ~ o f i  TOnIUUHbl  n e p e M b l 4 K U  n p R h 1 0  n p O n O p u U O H a n b H 0  BO BCeM 

I i c c n e n y e M o M  nuana30~e. H a u ~ e ~ b m e e  s n m H u e  H a  3 ~ a s e ~ ~ e  o-c- 
H O C U T ~ ~ ~ H O ~ ~  TOnIIIUHbI I I epeMbIqKH OKa3bIBaeT K O ~ @ @ U U W ~ H T  no- 
n e p e s H o r o  T P ~ H U R J  

I I p o n o n b ~ o e  pa3nene~ue h i H o r o H m o s H o r o  p a c K a T a  c p e a o ~  ne- 
p e M b I 4 e K  n v e M  nOBOpOTa  B O K P Y ~  npOAOJlbHbIX O C ~ #  pa3HOOCHbIX 

npo@~nefi n p o ~ a ~ ~ o f i  B ~anu6pax n o ~ a 3 a ~ o  H a  puc. 14 u 15. I I ~ H  
3TOM " @ H K T u B H ~ ~ ~ "  n e p e h f b l s K U  H a  MHO~OHMT04HOhf p a C K a T e  @0p- 



3aXBaTe  BWKZ3MA ABYXHATO'IHOrO PaCKaTa,  COCTORIUerO I13 ABYX lIJI0- 

CKMX O S W b H b I X  nOnOC, COeAMHeHHbIX "@HKTIIBHO#" n e p e ~ b l q ~ ~ f i  

no 6 o n b n r a ~  OCRM, B MeCTe KOHTaKTa BOSHHMIOT H O p M W b H b I e  C l tnb I  

6 N f  A N2, CO3AaIOQMe KpyTRIIIMe MOMeHTbI Mv, CTPeMRIIIMeCR n O B e p -  

H y b  O B m b H b I e  IIOnOCbI BOKPYr AX IIPOAOJlbHbIX 0cefi. c Y e T O M  

CMRTUR BePUIWH OBajIbHbIX IIOJIOC B MeCTe KOHTaKTa C BanKaMU 

Mw=0,5mw(Ni+NJcos~, (41)  
me mcp=a-(U,+AZ,)sinq/3; a - m w p a H a  n p ~ ~ o y r o n b ~ o f i  q a c T u  

OBanbHOrO n p o @ W I R ;  bZ, U bZ, - CMRTMe BeplIIMH npo@kine# B n O n b  

OCM Oz (P - YrOn  HaKnOHa  06pasy10uax pq"IbeB AByXpq"IbeBOr0 Ka- 

ncr6pa K OCM B U K a .  

B ~ O B O ~ O T ~  nOnOC B H a ' l W e  IrpeIIRTCTByIOT MOMeHTbI OT COnpO- 

TMBJIeHAR I l p ~ @ M J I e f i  n n a C T W l e C K O M '  CKPq"IABaHAl0 Mw M MOMeHTbl 

OT BOBHHKaIOIIIHX IlOA A ~ ~ ~ C T B H ~ M  M_ B 3 0 H e  IIepeMbI'fKM PaCTRrM- 

C x e ~ a  npononbHoro pa3nene~uu nByxHmoworo 
pacKara nyTeM nosopoTa LuecruyronbHblx npo@uneA BoKpyr 
nP0AOnbHblX OCeh BnByXpyYbeBOM Kani46pe C Py'ibUMU, 
HaKnOHeHHblMU K OCRM BanKOB. 

h r a p y m c r r .  KaK npasu- 
30, l l y T e M  H e p a B H O -  

M e p H o r 0  o 6 x a ~ u ~  no 
m M p n H e  npo@wneii 
p a c K a T a  c nonepes- 
HLIBI n e p e M e u e H u e h 1  

h reTa r lna  B pa f io~  ne- 
p e n r w I e K  II obpaso~a- 
HlleXf 2BYXCTOpOHHMX & I 
3aKaTOB. 

B npouecce 
CKpy'fbiBaHHR IIleCTU- 

y r o n b H b r x  npo@snefi 
B O K P y r  I IpOAOJIbHbIX 

I 
oceii n p o e c x o n w T  cpea 
nepeMbll leK asmorus- 

%z?zzzB 
1 
t 

HO Bbl!=eOnHCaHHOMY - npo@umme 
cnoco6y. O A H ~ K O  no- P O ~ K J '  
cne BbIxoAa  pasnenee- 
H ~ I X  npoaunefi u3 

B ~ K O B  OHM nponon- 
X a m T  C K P Y s A B a T b c R  -..-.-.-.-.-.-.-.-.-.-.r 
BOKPYr  npOAOJIbHbIX 

00% B MeXKneTeBOM 

n p o M e x y T K e .  Yron 
1 1  

CKPY'fMBaHUR 3aBI4CAr 

OT yrna a H a K n o H a  

pybee  paanen~mqero 
~ a n u 6 p a  K IOPWJOH-  C X ~ M ~  &3yxpy'ibeBOR flpOKaTKH- 
~ a n b ~ o f i  ocu B ~ K O B  u p a 3 n e n e ~ u n a p ~ a ~ y p ~ b 1 x n p ~ u n e A c n p o ~ o n b ~ b 1 ~  
YCTaHaBnWBaeMOrO 3a- p a 3 ~ e n e n u e ~  pacKaTa n o e o p o ~ o ~  nnocKux 

OBanbHblX npo@unek B neyXpyrlbeBOM 
3opa M ~ K ~ Y  ~ Y P T ~ M U  ~anu6pe. 

~ a l o u e f i  F M C A B U E ~ I O ~ ~ ~ ~  Q CMA. M O M ~ H T  nnaCTMSeCKOT0 COnpO- 

TMBneHAR nnOCKHX O B m b H b I X  I I p ~ @ l t n e f i  n p H  CKpylrMBaHMU, n p A -  

B O ~  @OPMY c e q e H u R  nonoc K n p ~ ~ o y r o n b ~ o f i ,  o n p e n e n e H  cornac- 

n e p e M b l r K u  ~ a n p ~ x e ~ u f i  TeKyl recTn  npu cnmre (FT,), H a 4 H e T  npo- 
HCXOAHTb nOBOPOT 3arOTOBOK BOKPYr IIPOAOJIbHbIX 0 W f i  CO CABMrOM 

M e T M n a  B pafio~e IIepeMbI'lKU, KOTOPOMY A O ~ O n H M T e n b H O  HaVHeT 

npouecca n p o n o n b H o r o  p a 3 n e n e ~ u ~  p a c K a T a  p a c c M o T p e a o  ycnosse 
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CP, = 0; (Nf - NJcosq - (T, - TJsing - Q = 0. (45) cnoco6o~ u ~ e e ~  cne- 
B p e s y n b ~ a ~ e  n p e o 6 p a a o ~ a a u r t  pasewma (44) c y e - r o M  ypaa- nyroucre n p e u k f y u e c r -  

HeHMR (45) U ~ ~ B R C R M O C T ~ ~ ~  (41)+(43), n O n y l l e H 0  Ba: BO3MOXHOCTb np0,- 
n o n b H o r o  p a3nene~~h  
p a C K a T a  B I lpOKaTHblX 

o , s k ( l + o , 5 x 2 J n i ) -  1~31- (46) BaJIKaX C O n H O B p e M e H -  

- ( m q / h ~ c o s p -  f sinq,X~/h' + 2 ~ , ~ / h ~ ) c o s a  = 0 ,  H O ~  ner$op~auuek  

me m, /h=  X I  - 2 X 4  - (AZ2/h+AZ, /h)s inq, /3;  
p a 3 n e J I e H H b I X  npo@u- 
J I e f i ;  K a q e C T B e H H O e  

s / h 2  = 0 , 2 8 7 5 ~ ~  J m / ( c o s q ,  - f sin q,). c o s a ;  pa3nene~ue pacea~a  

Fk b .  R .  n y T e M  C O 3 n a H U R  B' j 
~ ~ ~ 1 d ~ ; ~ ~ = - ,  X 2 = ~ ; x 3 = - ,  -5; - = 0,s--- 

h2 h h  h h 
A 4 - 3 o ~ e  pa3nene~~11 Ha. ' 

2 n p f i x e ~ u f i  cn~ura;  ~ e z  
3 3 H a W i T e n b H b 1 f i  B p e 3  b • 3kJ / 

4 3  = [(4%)i + 0,1016 x2dk%]'; BZiJlKII p)'YbeB @OPMM- -- 
h ~ ( c o s  q, - f sin p )  pyioqero I? pmnen~io- 

A = l / s i n q , + 2 X 4 c o s q , + 2 X , s i n p x t g ( ~ + p ) ~  uero K ~ J I M ~ ~ O B ;  B 0 3 -  

M O X H O C T ~  n p o n o n b -  a 

p = arctg2X4; Ay2 / h = A M 2  / h; Id2 / h  = H o r o  p m n e n e H w x  MHO- 

r o H e T o q H o r o  p a c K a T a  
C O S ~ =  I - ( o , s / x , ) ( I - I / C O S ~ + X , $ ~ ) .  C H e O r p a H U V e H H b I M  

Yron g H a K n o H a  06pa3yiouefi P Y q b R  HBYXpYYLeBOrO ~ a n u b p a ,  Y M C ~ O M  C o B M e N e H H b I x  

06ecness~aiouufi c ~ a 6 u n b ~ o e  n p o n o n b H o e  pasneneaee p a c K a T a  on- n p o @ a n e f i ;  B O 3 M O X -  

p e n e n R  C H e p a B e H c T B O  
&&osp + smrr- h]cosp  2 n,,hn +LIZ, + M 2  (47) 

HOCTb OCYIlIeCTBJleHHII 

C K p y q U B a H R R  p a 3 A e -  

men,, - KOB~$@HUU~HT HiUeXHOCTM, K p a T H b l f i  T O n I I I A H e  I I e P e M b I q K U .  n e H H b I X  npo@snefi BO- 

P e l U e H ~ e  ~ 0 J I ) " f e H H O K I  Y p a B H e H A R  (47) OCJ'IIIeCTBJIeHO 'IMc- K p y r  n p O A O J b H b l X  1 2 
, l e l iHbIM MeTOAOhl. B pe3yJlbTaTe 06pa6or~n P a C q f l H b l x  3 ~ a q e ~ ~ f i  ocefi nptr BblXOAe M3 8 0 3 ~ 0 ~ ~ b l e  CXeMbl ~ B Y X P Y ' ~ ~ B B O ~  
M e T o n a M a  P e r p e c c H o H H o r o  aHaJIn3a n o n y l r e H b 1  Y P a B H e H H R  Perpec- BaJIKOB R K o H T p o n R  n p o ~ a r ~ u - p a 3 g e n e ~ u ~  apMaTypHblX npo@uneR c 
C H I I  j.1~ o n p e ~ e . ~ e ~ ~ r i ~  n p e i l e . ~ b ~ ~ o i i  0 ~ 1 1 0 ~ 1 1 ~ e . l b ~ O f i  TO.~UIIIHLI nepe- Hm HUM. p a 3 ~ e n e ~ ~ e ~  A B Y X H M T O ~ H O ~ O  p a c ~ a ~ a  c p e a o ~  

M b l r K K  h,/h R OTHOCMTeJIbHOlX CMRTAII B e P U I R H  OBaJIbHblX n p o @ R -  nepeMblrKu. 1 - nOBOpOTOM corneHeHHblx np@nneR 
OcyulecTB- eOKpyr IlpO~OnbHblX oceR. 2 - 83aMMHblM 

7efi AZl/h 11 AZl/h ~ P I I  1)a3rrc.7c~111[ J R Y S A ~ ~ T O ~ ~ ~ O ~ O  P ~ C K ~ T ~  BJBYY- .TCII I IR  n p o ; I o n L 1 1 O r o  CMeUeHHeM npo(t)~neA BnOnb CMeueHHOn FpaHu 

I)V'lbeBOkl K a J I l l b p e  C HBKlOHHbIMM PYYbRhl t l ,  L I ~ ~ C T B I I T ~ J I L H L ~ ~  B 11kla- p a 3 1 [ e . l e ~ l l ~  p a c K a T a  
na3oae s ~ a q e ~ ~ f i  @~KTOPOB: (P E ( i r+3r) ; f  E (0,1+095); X,=b/h E c p e s o h i  n e p e h r b l q e r c  nyeu B . j a r r u H o r o  chler r reHriR s a r o ~ o e o ~  a r H o r o -  

( 2 4 ) ;  X1=hn~(0,1+0,3); X3=R/A ~(15+35) npw X,=c/h=0,3 w n,,=i 
AZ, / k = 0,0524 + 0,182tgp - 0,0156 f - 0,0042b/ h + 
+ 0,0576hn / h -  0,0004R/h + 0,133 f x g p -  

- 0,0023(R / h)fgp; 
(48)  

AZ, / h = 0,0592 + 0,175tgp - 0,0156 f - 0,0044b/ k + 
+0,0144hn/h-0,0004R/h+O,127 f x t g p -  

(49)  
- 0,024(R / h)tgp. 

n p e a e n ~ ~ o e  a ~ a l r e ~ ~ e  O T H O C I I T ~ . I ~ I I O ~ ~  TO.~LUIIHM n e p e h l b l q K I I ,  

l r p r r  ~ o ~ o p o i i  np0113of i~e~ n p o n o w H o e  p a 3 ; r e . q e ~ r r e  A R \ ~ X H I I T ~ ~ I I I O ~ ~  

j l a c l t a r a  n p l r  a a n a t ~ ~ b r x  n a p a h w p a x  p a c K a T a  11 pa3ne.1~1omero navx- 
p y l b e B o r o   anl lib pa, MOXHO o n p e n e n m b  11s y c n o B m  (47) 

" 5 -  I - - 2 - - + c o s p (  - - 2 -  s i n p - I )  . 
h n,, I [  h dZ2  h ( ) ] (50) 

P e I I I e H t r e h l  COBhfeCTHO y p a B H e H 1 i f i  (50), (48) H (49) H a f i n e H O  

n p e A e J I L H O e  3 H a q e H M e  O T H O C H T ~ ~ ~ H O ~ ~  TO.rlulWHbl IIepeMblYKkf 

i 0,8884 + [ (b /  h - 0,6)sinp - Ilcosp - 
"$1 - -- I - 0,357tgp+ f (0,312 - 0 , 2 6 9 ~ )  + 
h 0,072+n, 1 +(R/h)(O,OO8 +0,0047tgp)+ 0,0086b/h --------- - -  

(51) 

Mshle~1151 YrOJI 06pasyiouefi p)'YbeB ABYXpylrbeBOrO ~ a n ~ 6 p a  

M O X H O  l i 3 M e H X T b  YrOJI CKPYYUBBHUR p a 3 A e n e H H b l X  n p o @ M n e f i  BO- 

K p y r  IlpOAOJlbHblX 0cefi M MCnOJIb3OBaTb 3TOT 3@@eKT BAR KaHTOBKM 

rrpo@wnefi npu aanase ux B BMKU cnenyio~qefi Knew. 
C X ~ M ~  n p O K a T K R  COpTOBblX npo+uneR C U C n O n b 3 0 B a H U e M  TeX- 

d i  2 1 

HOnOrMM n ~ y ~ p y ~ b e ~ o f i  I IpOKaTKR C I I p O ~ O n b H b l M  p a 3 n e n e H U e M  P a C -  x e ~ b l  ~ ~ ~ C T B H R  c ~ n  ~a A B Y X H M T O ~ H ~ I ~  P ~ C K ~ T  B orare 

K a T a  n)'TeM C K p y q R B a H R I I  n p I I M O y r O n b H b I X  npo@tmefi B O K P Y r  np0- ~ e ( t ) o p ~ a l l ~ u  n p ~  ~ ~ O A O ~ ~ H O M  pa3flene~uu P ~ C K ~ T ~  B ~ ~ M M H ~ I M  

a o n b H b l x  ocefi n o K a 3 a H a  H a  PMC. 17. CMeU(eHHeM flpRM0)TOnbHblX flpi3@Mneh BnOnb CMeueHHblX rpaHeR 

B noneperHoM (a) u B npononbHoM (6) ceqetiunx oqara n o  C p a B H e H R l o  C H3BeCTHblhlU a H a n O l X M A  p a 3 p a 6 0 ~ a H ~ b l f i  6 n o ~  
ne@op~aquu 
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H H T O ' I H ~ I ~ ~  p a C K a T  O ~ ~ I ' I H O  (POPMHPYIOT COCTOILUUM A 3  n p R M O Y r O n b -  ~ O A  A ~ ~ ~ C T B U ~ M  CUn P, n p A J I O X e H H b l X  K Y3KAM T p a H R M  3aW- 

HblX 3aI'OTOBOK, COeAHHeHHbIX "(PAKTMBHo~~" n e p e ~ b l Y ~ o f 4  B A O n b  JIIA- TOBOK, B 0 3 H H K a e T  MOMeHT M_ = PI ( 3 ~ e ~ b  f = B - PaCCTORHAe M e w  

POKUX rpa~efi (PAC. 76). H e ~ o ~ o p b I e  B a p U a H T b l  COBMeLUeHUR n p R -  

MOYrOnbHbIX 3PrOTOBOK B MHOrOHATOYHOM P a C K a T e  n O K a 3 a H b I  H a  

puc. 9. 
n p o n o n b ~ o e  p a 3 n e n e H u e  M H o r o p y r b e s o r o  p a c K a T a  MOXHO OCY- 

U e C T B J I R T b  n p a K T U W C K U  n p A  n106o~ YACrle  3arOTOBOK n y T e M  ynep- 
X A B a H U R  OAHHX 3arOTOBOK M C M e l 4 e H H R  OTHOCATenbHO U X  A p Y l X X  

3arOTOBOK. n p A  3TOM MOIYT Y A e p X U B a T b C R  Y e T H b I e  3arOTOBKI4, a 
CMeIUaTbCR H e Y e T H b I e  A n A  Y A e p X l i B a T b C R  CpeAHRR 3arOTOBKa,  a ~pafi- 
H H e  CMeLUaTbCR OTHOCATenbHO ee B IlpOTUBOIIOJIOXHOM H a n p a B n e -  

H A M  c passoti CTOPOH~I, n p u u e M  6onee y A m e H H b I e  OT cpen~eii saro- 
TOBKU C M e m a I O T  H a  6 0 n b ~ 1 y 1 0  BeJIA'IUHy. 

B cnyrae n p o n o n b H o r o  p a 3 n e n e ~ u ~  T p e x H I i T o s H o r o  p a c K a T a  

C M e U e H M e M  K P ~ ~ H M X  3arOTOBOK B IIPOTUBOIIOJIOXHOM H a n p a B J I e H M U  

OTHOCMTenbHO c~t 'n~ef i  B 0 3 H A K a e T  o ~ P o K & ~ A ~ I B ~ I O I U H ~ ~  MOMeHT OT- 

H O C A T e n b H O  I I ~ o A o J I ~ H o ~ ~  OCA P a C K a T a ,  K O T O P M ~ ~  AOCTBTOYHO np0- 
~ ~ ~ M ~ T W H O  K O h i n e H C A p O B a T b  I I ~ A B ~ J I K o B o ~ ~  ap~a~ypo f i .  Ann er0 
y c T p a H e H u r r  uenecoo6pa3~0 U ~ M ~ H A T ~  H a n p a B n e H u e  can, n p A w r a -  

A b l B a e M b I X  K C M e U a e M b I M  3arOTOBKaM, H a n p U M e p ,  p e 6 p o ~ b l ~  06x3- 
T H e M  MHOrOHHTO'IHOrO P a C K a T a  n ~ 6 0  ~ p a f i ~ ~ e  3 a r O T O B K A  CMeU&?ITb 

OTHOCUTeJIbHO ~ p e ~ ~ e f i  BO B3aHMHO-nepneHAUKynRpHOM H a I T p a B n e -  

HAU. 

n p y  n p o n o n b H o M  pa3nene~w~ n n y x H m o s H o r o  p a c K a T a  (puc. 
96), er0 I lOB0paYklBaK)T B O K P Y r  ~ P O A O ~ ~ H O ~ ~  OCM A 0  n O n O X e H A R ,  

I l p U  KOTOPOM C O B I I a A a I O U A e  JIIUPOKUe I p a H U  3arOTOBOK CTaHOBRTCR 

n e p n e H n n K y n R p H b m r M  n p o n o n b ~ o f i  ocu BMKOB, a p a 3 n e n e ~ ~ e  npo- 
M3BOnRT B ~ a n ~ 6 p e  CO CMellleHHbIMM B n O n b  ~ O Y K M  B M K O B  n p R M 0 -  

YrOnbHbIMW P P b R M U  (PIIC. 18). 
B npouecce O ~ X ~ T M R  p a c K a T a  n a . w a h l r 4  noa n e f i c ~ ~ ~ e h r  panw 

aJ'IbHblX CUJI P IIPOUCXOAUT B3aWMHOe C M e U e H U e  I l P R M O Y r O n b H b I X  

:3arOTOBOK B2IO.rl.L UIkipOKAX rpa~efi C B03HCIKHOBeHWeH C L I B M T O B O ~ ~  

a e @ o p a r a u r l l r  h r e T a n n a  B paf io~e  n e p e h l b r q r c l r .  n p l r  s a x ~ a ~ e  n a y x a t i -  

TO'IHOTO P a C K a T a  H a  K O H T P K T H O ~ ~  nOBePXHOCTH hleT&lJIa  C B M K a h l A  

BO3HkiKaloT H O p M a J l b H b l e  CH.lbl P, ~ ~ ) O I l O P U k I O H a , l b H b l ~  COIlpOTHBne-  

HIIK) n P R h l O ~ r O . 7 b H b I X  3arOTOBOK n ~ l a C T I 4 Y e C K O l l y  1 i 3 r l l 5 y  11 C O n p O -  

T1rn:reHrIm n e p e h r b r q l t r r  cpesy. B n e p ~ o e a ~ a ~ ~ b ~ b ~ i i  ) rohleHT 3 a x ~ a ~ a  
Cll.lbl P llPeOiIO.TeBaK)T C O ~ P O T I I B . l e H L l e  XICOTOBOK I l . T a C T I l ~ e C K O h l y  

1 1 3 n r b y ,  ~ 0 T O ~ b l i j  P a B e H  

MU = avW,,,, (52) 
r & e  w",= BH / 4 - hIO.\ICHT COIlPOTIIB.leHIIR ~ . 1 a C T l l 1 l e C K O h l ~  113rII- 

6y I I ~ F ~ ~ I O ~ ~ O . ~ L I I O ~ ~  n o , i o c b I .  

Ha n~opoii  c T a a r r l 1  a a x n a ~ a ,  c r I a q a , l a  11sr116a s a r o r o ~ o ~ ,  803- 

HCIKaeT COnl)OTlIB.'leHlle I l e p e h i b l ' I K H  C D B I I N ,  B b l p a X a c h l O e  c l l . l o f i  

F=t,.qn. (53) 
IIonarax, 'ITO KOHTYP n p o n o . i b H o r o  c e q e H l f R  n e p e x l L l s K n  B s o ~ e  

c A o M r a  o r p a e u y e a  napabonoii, n n o u a n b  sroro c e s e H r r R  aroma 3a- 
nl lcaT11 B B m e  

4,, = 2l,,h,, 3 . (54) 
n p e o 6 p a s o ~ b r a a r r  @ o p b l y n y  (53) c y s e T o x r  (54) e c P e T o h l  

rS = us /3,nonysuns 
F = 2 ~ ~ l , , h , ,  / 3 &  (55) 

IIonara~, YTO H a q a n o  ~ O H L I  n n a c T k r q e c K o r o  asrwba ~ B ~ O T O B O K  

U H a ' I M O  3 0 H b I  C l I B U r a  ITepeMbI'IKH COBIlaHaK)T, hIOXHO 3 a n M C a T b  

Mw=Mq=FZq, (56) 
me lq= 1,,/3-IIneYo p a ~ ~ ~ ~ e f i ~ ~ ~ y l o l u e f i  CUnb1 C p e 3 a  n e p e M b 1 Y K U .  

M3 p a B e H c T B a  (56) c y v e T o M  (52) onpeneneaa nnnea ~ O H ~ I  

c n B u r a  n e p e m r s K H  

l,, = 1 , 9 5 ~ , / B / h , .  (57) 
Torna cuna cpe3a n e p e M b l ' I K A  F 6yne.r 
F = 2/3& oS hm 1,95H z 0 , 7 5 6 ~ ~  H m. (58) 
~ ~ B H O A ~ ~ ~ C T B ~ D U ~ R  C a n  COlIpOTABJIeHUI 3arOTOBKA I l n a C T A -  

YeCKOMy ~ 3 ~ 6 y  COCTaBEiT 

BeK'fOpaMU CUJI P (CM. PHC. f8), K O T O P ~ I W  C ~ O C O ~ C T B Y ~ T  C K p p U B a -  

HMIO P a C K a T a  BOKPYr I I P o A o J I ~ H o ~ ~  OCH.  TOM^ MOMeHTY nPOTWBO- 

~ e f i c ~ ~ y l o ~  MOMeHTbl, C O 3 A a B a e M b I e  C A n a M A  T p e H U e M  H a  KOHTBKT- 

H O ~  ITOBePXHOCTU 5' Pfl A CUJIaMH ~ P O T A B O A ~ ~ ~ C T B A R  CKPYYUBa- 

HHIO P a C K a T a  T, A ~ ~ ~ C T B ~ I O U R M I ~  CO CTOPOHbI CTeHOK P p b e B  H a  B e p -  

U I U H ~ I  3 a r o T o B K u .  Anx onpeneneam s ~ a s e ~ ~ f i  zux can ~ c n o n b 3 0 -  

BaHO Y p a B H e H H e  PaBHOBeCUR n p 0 e ~ I I A f i  C U n  H a  OCb OY 
D y = O ;  Q - T y - T / = O m ~ Q - T , - P f = 0 ,  (60) 

r A e  Q - C M n a  B 3 a H M H O W  BAaBnABaHWR ~ p R M O y r O n b H b I X  3arOTOBOK B 

M e C T e  ITepeMbIYKU BAOJIb OCA OY, BO3HAKaIOIUZl  K a K  K a K U U R  OT 

c A n b I  T. 
n p H  n O C T A X e H A U  HOPMa3IbHblMA H a n P R X e H U R M U  (TZ B 3 0 H e  

p a 3 A e J I e H U R  IIepeMbIYKH I I p e A e n a  T e K y q e C T A  0 , H a q H e T  IIpOACXOnMTb 

B m T u e  n p m o y r o n b H b I x  npoaanefi npyr B npyra c n p e K p a a e H H e M  

npouecca p a 3 n e n e ~ ~ ~  A ~ o s p a c ~ a ~ u e ~  c K p p u t l a I o u e r o  M o M e H T a  OT 

C U n b l  P.  TO B KOHeYHOM H T O R  I I P H B e A e T  K CKPY'IUBaHAlO ABj'XHU- 

TOYHOW p a c K a T a  B o K p y r  n p o n o n b ~ o i i  OCH B p a 3 n e n x m ~ e ~  ~ann6pe. 
B CBH3A C 3 T A M  n p e A e n b H 0 - A O t I y C T A M O e  3 H a Y e H H e  C H n b l  Q 6 y n e ~  

Q = 2 / 3  x qna, = 0,867usHJBh,.  (61) 
I/I3 (60) C U n a  ~ ~ o T A B o ~ ~ ~ ~ c T B U R  CKPYqUBaHHIO P a C K a T a  CO CTO- 

POHbl  B M K a  

T y = Q - f P .  (62) 
Y ~ ~ B H ~ H u ~  PaBHOBeCUR l T p 0 e ~ ~ A f i  C A n  H a  OCb OZ TaKOBO 

pz = 0; F+G-P-T,=O sinti F+C-P-Tsine=O. (63) 
npe~e6pe1-a~ n p o ~ 3 ~ e n e ~ u e ~  Tsin8 ( B  CBRBA c hranOCTLK) yrna 

BbII lyCKa CTeHKM p y Y b R  8)  H 3  Y p a B H e H U R  (63) ~ a f i n e ~ a  p e 3 y n b T M -  

p y K ) U a R  C U n a  P ~ ~ ~ ~ C T B A X  BCeX B e p T t r K M b H O  H a n p a B n e H H b l X  CMn: P 
=F+G. 

~ O A C T ~ B J I R R  3HaYeHMIl F U  G A 3  (55) U (59), ~ a f i n e h f  C U A y  

A m  o n p e n e n e H u r r  n p e n e n b H o  n o n y c T H M b l x  s ~ a s e ~ n B  T o n u r r i -  

Hbl  ~ e p e M b I Y K 1 1  ACnOJIb30BaHO Y P a B H e H l l e  PaBHOBeCMR hlOMeHTOB, 

neiic~syiomnx co C T O ~ O H L I  BXTKa H a  n p l ~ h l o y r o n b ~ ~ ~ f i  npo+11.1~ OT- 

- T , . ( H  - h , , / 2 - A h / 2 ) + T z B =  0 ,  (65) 
I - ~ e  Ah - i t o t l e ~ l i a ~  o e ; l l r r l r s a  B s a r r a r H o r o  c . \ reucrr t r r t  a a r o r o n o K .  

P e U I a R  Y p a B H e H l l e  (65) 0THOCIITe.VLHO TO;IU11111b1 I l e p e h l b I ~ K I I  C 

!TleTohl y p a ~ ~ e ~ ~ r f i  ( 6 2 ) ,  (64) 11 (61) (c u e . l b m  v n p o u r e H r l r r  pcmc- 
HrrR c o c ~ a ~ n ~ l o m e f i  T, n p e ~ e b p e r n k r ) ,  n o n y s e t l a  npene . . rLHo nonyc- 
TiIhIaR OTHOCItTei lbHaR TOnUlMHa n e p e h f b l Y K M  

h 0,867 - 1,147B/ H L= 
H 0,433 + 0,867Ah/ h,, ' (66) 

n p e o 6 p a 3 0 ~ a ~ a e h r  3 a ~ w c ~ n i o c ~ ~ 1 ( 6 6 ) ,  o n p e z e n e H a  M a K c u h r a n b -  

@r.ieii B ~ B Y X H I I T O ~ H O . \ I  p a c K a T e  

B /  H = 1,133-(0,378+ 0,756Ah/h,)hn / H .  (67) 
Ha OCHOBaHUU a~a.le3a Y p a B H e H U R  p e r p e C C A k l ( 6 6 )  Pi (67) y C -  

T a H O B n e H  X a p a K T e p  B,?lMHUR @ ~ K T O ~ O B  n p O K a T K l 1  H a  h,/H. Y p a B -  

HeHUR I I C I l O n b 3 p T  n p U  pa3pabo~~e  ~ a n u 6 p o ~ o ~  B M K O B  n n R  ABVX- 

p y s b e ~ o f i  I lpOKaTKA (AnP) a p M a T y p H b l X  n p o @ W I e k .  

n p a ~ u l i n u a n b ~ a n  c x e M a  AnP a p M a T y p H b l x  npo+anefi c uc- 
n O J I b 3 0 B a H U e M  cnoco6a IIpOnOiIbHOrO p a 3 A e J I e H U R  p a C K a T a  B3aAhI-  

TOBOK ( U @ ~ ~ ~ U ~ ~ b ~ e "  n e p e h l b 1 Y ~ A )  n e X M U  no O n H y  C T O p O H y  OT r0- 
P U ~ O H T M ~ H O ~ ~  AUarOHaJIA ~ p e ~ ~ e f i  3aTOTOBKA (CM. PUC. 9 ~ ) .  Bcnen- 
CTBAe TOTO, ' I T 0  C U n b l  I IpOKaTKU CO CTOpOHbI BaJlKOB H a  M e T a J l n  p a B -  

H b l  M e W y  ~0608, ~ ~ B C T B Y I O T  H a B C T p e Y y  npyr A p y v  A I I n e Y A  npa- 
J I O X e H W l  3TKX C A n  p a B H b 1  (CM. PAC. 176), MOMeHT, OnpOKWIbIBaIO-  

mati p a c K a T ,  o r c y T c T e y e T  u pa3nene~11e p a c K a r a  npoucxonn'r yc- 



T O ~ ~ ~ M B O .  MeHTaJIbHO YCTaHOBneHO, 'IT0 PaUCIOHanbHO nPOH3BOAHTb npOKaT- 

OCHOBH~IM napaMeTpoM, onpenenrrlolanM pa3nenedue, naris- ~y-paanene~ue  npu TonquHe nepeMblseK MeHee 15% TonueHbI 3a- 

eTCR BenAqWHa B3aHMHOfO CABUEl 3arOTOBOK.  PA HCCJIenOBaHUflX rOTOBOK, H3MeHeHUe pa3Mepa CTOpOHb1 3arOTOBKA npIl3TOM COCTHB- 

[18], npOBeneHHblX Ha CBUHUOBHX H CTabHbIX o6prwuax npki pa3- nReT 2t4%. n0cne AOCTIIXeHUR TOnUlAHbI Memy pa3nenReMbIMH 

AMsHblX TeMnepaFjpaX MeTaJIna B MOMeHT pa3AWIeHHH, YCTaHOBne- YaCTRMbi 40+60% n e p ~ o ~ a s a J l b ~ 0 f i  ee TOnIIlHHbl YTRXKa 3arOTOBOK 

HO, YTO ma c ~ a 6 u n b ~ o r o  pa3neJleHHR f i p a ~ ~ u s e c ~ u  npe~pamae~cn u peane- 
H ~ O ~ X O A N M O  06ecnewi~b B3aHMHOe 3yeTCR HenOCpeACTBeHHO pa3neneHUe. 

c ~ e u e ~ n e  ~ ~ ~ O T O B O K  ~a B ~ ~ H ~ H Y ,  Anrr nOBbIWeHAR ~ C T O ~ ~ ~ ~ ~ B O C T U  np0- 

paBHylo A B ~ K ~ ~ T H O ~ ~  TOnLUMHe nepe- a U ~ C C ~  p a 3 n e n e ~ ~ ~  u K O M ~ ~ H C ~ U U H  

M ~ I Y K A .  Yaenuse~ee ~pe6ye~oi i  Be- )'TRXKA npH IlpOeKTUpOBaHUA K U H ~ -  

nUsuHbI CMeUeHUR 3amOBOK, B CpaB- pOBKIl H ~ O ~ X O A M M O  I'IpeAyCMaTpHBaTb 

HeHUU C YCnOBHRMU HAeaJIbHOrO Cpe- 06xa~ue  CMeUaeMblX 3arOTOBOK CO 

3a npki CnBUTe, CBR3aHO C OAHOBpehieH- CTeneHblo A ~ @ O ~ M ~ U M M  2 4 % .  
H ~ I M  HaJIusueM B 3 o ~ e  pasneneam Ha- 6 Pa3pa60Ta~bl u npyrue aapnaa- 
n p r t ~ e ~ ~ f i  cpe3a u P ~ C T R X ~ H U R .  ~ b l  ~ ~ O A O ~ ~ H O ~ O  p a 3 n e n e ~ l i ~  MHOTO- 

n o ~ o p o ~  cMeuaeMbIx ~ ~ ~ O T O B O K  H W T O ~ H O T O  p a c ~ a ~ a  c p e a o ~  nepe~br-  

B O K p Y r  IIepeMblYeK, ~ 0 3 ~ l i ~ a l o l U ~ f i  9eK. 

npu AX CABure, MOXHO YMeHbmuTb H 3. 2. Pasaenenue p a c ~ a m a  
nOnHOCTblo YCTpaHUTb 38 C'leT YMeHb- ~ ~ ~ P M B O M  t w p ~ b l ~ ~ ~  
LUeHAR lllWIa MoMeHTa. Ann n o r 0  ue- npononb~oe  pa3nene~ue MHOTO- 

necoo6pa3~0 @ o p ~ a p o s a r b  nortanb- r H H T O ~ H O ~ O  p a c ~ a ~ a  MOXHO o6ecne- 
HLre  npononaHbre yTonlaeHux muso- s u ~ b  n y ~ e ~  c o 3 n a ~ u ~  B s o ~ e  nepe- 
snn~ofi  @ O P M ~ I  ~a r p a ~ ~ x  c ~ e u a e -  M ~ I Y K M  p a c ~ ~ r n ~ a m 1 ~ 1 u x  ~ a n p x m e ~ u f i  
MblX 3aTOTOBOK, paC~OJIOXeHAb1X nep- 39 CqeT B3aHMHOTO CMeUeHIlR COeAM- 

n e ~ n l i ~ y n n p ~ ~ ~ a n p a ~ n e ~ ~ l o ~ ~ ~ ~ r a .  HeHHblX 3HrOTOBOK nOA ~ e f i ~ ~ ~ l i e b l  

R  TOM c n y ~ a e  B M O M ~ H T  S ~ X B ~ T ~  ~ e -  OCeBbIX CHn,  C03AaBaehfblX ~ ~ O K ~ T K O #  

-ra.l.na B ~ I I I C T ~ B O M  ~ a n r 1 6 ~ e  nemoHa- 

'IT0 YMeHbUIaeTCIl ITneqO CbinbI npOKaTKli, H H ~ M ~ H ~ ~ T C R  ee HanpaB- ux IlpOAOnbHMX 0cefi B npOTHBOnOnOXHbIe CTOPOHbI 1.mH u 3 r n 6 0 ~  

. I C I I I I C  B n o n e p ~ ~ r ~ i o h ~  C C ~ I C I ~ I I I I  ollam ;rc+ol)sln~r~~r~ raK. <rro c.c npo- ~ ~ C , ~ I I I I ~ I I I I L I S  snroTouoK B Ilonepctrlioal rranpas.ierlrrrr rlpl~ obrso,~c 

jonmealre npoxonrlT sepes nepealbrwy (plic. 198). B s-roar c,lyqae 113 sa;rKoB nyresl pe6poooro 06XaTllrl slsorolwrosaoro pacKaTa. 

oTcyrcTsyeT usrrl6amqeR h1ohreH-r npH cnaMre ~ ~ ~ O T O B O K ,  u peanu- Aanee paccalorpeH ~ari60.7ee npoc~ofi B pea.rusaurrrr n e p ~ a ~ f i  cno- 
n y e ~ c x  cse~ra, 6 .7~3Ka~ K Y F I C T O B O > I ~  c p e y  nprl cnorrre. cob. 

~3 .1~ npoe~~111)o~a~rrrc  pa3j~e.~~wurero  a ~ ~ o r o p y q ~ e e o r o  ~a.7116- H X I I I O ~ U P ~ L C B L I S  tirl.1116l)as ( ~ ) O ~ ) ~ I I I ~ ! ~ H ) T  p a c ~ a ~ ,  C O ~ T O R U I I I ~ ~  

pa rpebye~cn J H ~ H I I ~  pasalepo~ 11 +oprr~r y~onu~er~rr i i ,  Koropble on- 113 neys 11.711 Tpex s a r o ~ o o o ~  poalbrfscc~oii, oaanb~oi i ,  mecrllvronL- 
peae.iesbl uvTeal yc.looHoro ~I~. ICHIIR npouecca pasne.-~erirlx rrepe- ~ o i i  II.III ~pyr.1017 @ O P ~ I  nonepeillloro cesesrlx, coearrHeHHbrs hie- 

\ I I , I~ICK H R  .IBC rmnllll. nepliolralra.i~,~ro npor1cso;lrr-r csrfirrle pro.1- x;i! co6o1i nepehrl,lqhavll wo.ib ala. ibls  .~l~ai.o~~a:~cii. I'a:j;rc.ic~r~e 

111el11rii rra rpallrrx calcurac>lr3rs ;jaroroeoK, a 3arear nefl~oph~arlrrrr no- srHoroHrIToqtioro pacKaTa, O C ~ I I I ~ C T B . ~ R K ) T  ny-rehr ero I I P O K ~ T K I I  13 

1'a:me.ic~rre pacKara rpenohj nepchrbllrcrc r5!7,1e~ IIXICTL hrcc~o 6.1113~11ii K 90'. 

! I ~ I I  ~ J ~ B . T C T B ~ ~ C F I I I I ~  HCpaBeHCTBa: PCP< PC", 32ee1) Pcp - ell.la, ~ e 0 6 -  Alla.1113 csealbr rlpoao:lb~oro ~ A ~ J ~ : I C H I I R  ~ ~ ~ I . I ~ I I ~ I I I I I , I S  aaro- 
soallMax nnx pa3pymeHux n e p e ~ b l s ~ r i  npn cnsnre ~ ~ ~ O T O B K M ;  PC." - TOBOK IIvTehl pa3pb1sa nepearblsKn nonepecrHml1r p a c ~ r t r n s a r o u l ~ i ~ r ~  

IlpOeKUMFl Cl4nLl ChlRTUR )'TOJILII~HA~~ H a  BePTMKWlbHylO nl70CKOCTL. CWJIPMII nOKa3blBaeT. 'IT0 BeCb IlpOUeCC hlOXH0 YCJrOBHO pa3neJIMTb 

AnR roro, s~o6br  crina nocToRHHo n e i i c ~ ~ o ~ a . i a  ~6nn311 H a  ~ p ~ i  c-ranrrli. n e p s o ~ a q a . 1 ~ ~ 0 ,  no Mepe s a n o . 7 ~ e ~ ~ 1  osara ne+op- 
JOHLI CO'lneHeHHII 3aTOTOBOK, YTOJIUIeHHR AOnXHLI HMeTb TpeyrOJIb- hlaUllH,  HapaCTaIOT ~OPI.I30HT&7bHble COCTBB;IRH)U[kIe CHJIb1 npOKaTKrl 

liylo @0phfy C YIYlaMLi HaKnOHa  rpa~ef i  YTo.rlmeHA# K VaHM 3XO- 1% npOllCXOAIiT OAHOCTOpOHHee CMIlTMe BePUIliH BXOTOBOK (CM. PMC. 

TOBKM PaBHblMH 9 H 0, (CM. PHC. 19r). no.  Mepe npOABHXeHLiR ne- 20a). n0cne AOCTWXeHHR paCTRnlBaKlUHMH CHnaMH K ~ H T H ~ ~ C K O ~ ~  

peatier0 Topua pacKaTa no osary ne+op~auuu npoucxonnr o6xa-  BenrrsuHbI, ~brsb~~arourefi  nnacnrqecKoe TeseHne MeTanna B 3 o ~ e  

rk~e y ~ o n u e ~ n f i .  n e p e ~ b ~ s ~ u ,  npoucxonn~ nonepesnoe nepehteue~ue ~ ~ T O T O B O K  ti 

T ~ o ~ ~ T M . ~ ~ c K o ~  pellreHue ycnoeufi TeseHm hleranna B osare panfixerlire nepehrblsrtu s n n o n  no ee paspbrea. 3 a ~ n m s u ~ e n b ~ a x  

n e + o p ~ a u a ~  n o n y e ~ o  y p a a ~ e ~ a e  cranun npouecca emmsaer ne@op~auuro p a s n e n e ~ ~ b r x  S ~ ~ O T O B O K  

h ,  2 (r, as h, tgv  . (68) B ~ m ~ 6 p a x  u 3 n e c ~  ~e pacchta~pu~ae~cr t .  n p u  a a x ~ a ~ e  p a c ~ a ~ a  s a -  
K ~ K  133BeCTH0, OTllOWeHUe Tgl /=, COCTaBJlR€T0,7+0,8, nO3TO- KaMu B MeCTaX KOHTaKTa BO3HMKaH)T HOPMaJILHLle CMnbl N, n0A nefi- 

M y  An2 IlpaKTHseCKOrO IIpHMeHeHHR @ 0 p ~ y n y  (68) ~ ~ 0 6 ~ 0  ripen- CTBHehi KOTOPblX OCYIUeCTBnReTCIl IIJlaCTHYeCKaSI A ~ @ O P M ~ U H I I  Bep- 
CTa3MTL B BHAe n 0 n y 3 ~ n H p ~ q e ~ ~ 0 f i  3aB&iCHMOCTrt: WMH 3arOTOBOK. B CBR3U C IlepeMeLUeHHeM A ~ @ O ~ M H ~ ~ ~ M ~ I X Y ~ C T H U  

h, = (0,7 + 0,8)h,tgc~. MeTZUIna no HOpMallll K IlOBepXHOCTM BZUIKOB npH npOABHXeHMbi 

KoMneHcauuu ne@op~auuu ynepmnBaehtblx s a r o ~ o a o ~  He- pacKaTa no osary ne@op~auen  npoucxonu-r nonepewoe npocltanb- 

0 6 x 0 ~ ~ ~ 0  H a  MX PaHIIX flpeABapuTenbH0 @ O ~ M M ~ O B ~ T ~  MeCTHbIe 3blBaHue MeTanna C B03HMKHOBeHAeM CHn TPeHIIH T=fl. 
IIpOnOnbHble YTOnlaeHHR, TOnUHHa KOTOPblX H e  nPeBOCXOAHT nono- BepTuKaJIbHble P M OCeBbIe Q COCTaBnRloUHe CUn 

B U H ~ I  T O ~ ~ U H ~ I  nepeMbruKu. PAC. 20a):P= Rcos(9-P); Q=&in(q-P). 3necbR= 

k i ccne~o~a~we  npononbHoro pa3neneHeR TpexHuTosHoro pac- p a ~ ~ o n e f i c ~ ~ y i o u m  can N a P = arctg(f) - yron Tpeeua; cp - yron 



TItB.;leHlle n e p e h t ~ ~ r ~ l - r  p a c r a m e H i r w ,  TO C ~ T L :  Q = o,s(G, + G, ) ,  me 
G ,  It G, - CII.lLI C O ~ ~ O T I I B . l e l I l l R  3al.OTOBKII I l . l i lCTl l ' i eCKOhI~ 1 1 3 ~ 1 1 6 ~  

I1 I l e P e h l L l ' i K l l  p a C T R X e H I I I 0  C O O T B e T C T B e H H O :  GI = a,w,,/;'; 
G,  = nOna,," F,,[,I;'. 3 , l e c b  I ,  - p a c c r o r c H l r c  or HalIa ; ra   OHM p a c T R -  

m c H l l R  n e p e h r l i l w a t f i o  TO'IKII n p l l n o m e l I l l R  ~ ~ B I I O ; I C ~ ~ C T B ~ K ) I I ~ ~ ~ ~  oce- 

~ x e ~ a o q a r a ~ e g o p ~ a u n ~  npupa3~ene~wu ~ ~ C K ~ T ~ ~ P ~ ~ H I I M H  
BanKo8: a - e 3 a u ~ ~ o e  nonoxewe saroToeoK; 6 - cxeMa noneperHblx 
cun; B - npouonbtcoe ceqeHne ~ O H ~ I  pacTnmetiMR nepeMblrKn; r - sntopbl 
nOflepeqHblX CMn B 30He PaCTRXeHMR IlepeMblqKM. 

r o p a a o ~ ~ a ~ ~ b ~ o i i  n n o c K o c T w c  y a e n u s e H u e M  o c e s b I x  cun Q no 3 ~ a -  

'4eHHR 0,5G,. n p H  3 T O M  B e p T H K a J I b H a R  C O C T a B n R I 0 U U l  C H n  P ~ o c T H -  

T a e T  3 H a Y e H H R  

P, = 0,5G,ctg(q, - P). (69) 
B CBR3W C T e M ,  q T O  n p U  CMRTHH B e P I l I H H  3 a r O T O B O K  KOHTIKT- 

H b I e  H a n p r r m e H n R  noc~u ra lo~  npenena T e K y l r e c T H  M o m 0  sanuca~b 
P, = I,15n,osFkI, (70) 

me 1,15 - K O ~ C ) @ W U H ~ H T  JOA~; Fk, - S l n O U a l l b  K O H T ~ K T H O ~ ~  I IOBepX- 

HOCTU. - .  

3 0 H T a n b ~ 0 f i  rIJIOCKOCTH H a Y I l H a e T C R  ~ ~ c T R X ~ H H ~  n e p e M b I s K H  B n n O T b  

A 0  ee p a 3 p b I B a ,  YTO c n o c o 6 c ~ ~ y e ~  y ~ e & s & P i I 0 ' B e p ~ U ~ & b ~ 0 f i  CO- 

c T a s n R I 0 u r e R  c w n b t  P H a  senusmy T: P,=0,5 G;ctg(cp - P). 
3a c s e T  n p w p o c T a  cmbr P AO B e r l n s n H b r  P, y B e n u s w s a e T c r t  

nnOJ.UWb CMRTHR B e p I U U H  3arOTOBOK A 0  3Ha ' ieHFiR 

Fk2 = ( P I  + pz)/1,15ng 0, (71) 
3 ~ a ~  a H a n a m s e c K y r o  ~ ~ B U C U M O C T L  n n R  o n p e a e n e H c r R  nnoua- 

A H  K O H T ~ K T H O ~ ~  nOBepXHOCTU Fk, M O X H O  O n p e n e n H T b  B e p T M K a I I b -  

HYI0 C O C T ~ B J ~ R I O I ~ I ~ I O  CMRTFIR BepUIMH 3aTOTOBOK H a  P a 3 j l M Y H b l X  CTa- 

n n l r x  n e p e M e r u e H a R  nepemero ropua p a c K a T a  no osary n e @ o p h i a -  

urrrr no s a u t ~ c r i a l o c ~ ~ a ~ :  A, = f(F,,); A, = f(Fk2 ), a T a m e  j . 7 r i t i y  

SOH CMXTUR ld =a, ld2 =a, rne R, - pannyc B ~ K O B  B 
1 r e r T e  3 a x ~ a ~ a  i ) a c ~ a ~ a .  

B c B a s l l  c r e h i ,  YTO P a c T R m e H l t e  n e p e h l b t s l t r r  0 6 e c n e ~ r 1 1 ~ a e ~ c ~  

TOBOK 1rjrri6y It  h lOhleHTa,  C 0 3 A a B a e h l O M  I ) ~ B H O A ~ ~ ~ C T B ~ K ) U ~ ~ ~  CH.1bI 

C O ~ p O T l l B . l e H 1 I R  n e p e h l b l q K I t  p a 3 p L I B Y  

\VPs = f,Gp = ty,IpGn , ( 7 2 )  
I;xe v,,= 0,5+0,7 - n.leuo n p r l . w m e s r r R  p a ~ ~ o a c i i c ~ ~ ! r w u r e i i  CII.ILI 

p a s p b l n a  Gm B sone p a c T R m e H r r R .  

T e . l t , r i o r o  yil .-i l tHeHIrn n e p e M b I ' i K I I  nprr p a 3 p b r s e ;  k - ~ e . - r r l l l r l ~ a  nepe- 
X r e u e H a x  p a 3 a e , i e ~ ~ b r x  s a r o ~ o e o ~  B n o n e p e s s o h r  H a n p a s n e H p l r r  H a  

BLlXOAe H 3  BaalKOB. 

Panrryc K ~ I . I B I I B H ~ I  p a 3 ~ e n e ~ ~ b t x  B~TOTOBOK nocae B b l x o n a  143 

KOCTI.~  H a m n M  no a H a n o r r ? u  c ~pwsaa~oir  A ~ O ~ H Y T O ~ ~  6an~1.1 

R,  = (1 + 6 2 h ~ / ~ ~ ) 1 v 5  l : / 6  h,. 

me I, - n n m a  BOHLI n e @ o p M a u w w  p a c ~ a ~ a ,  ~3~e~~10111arrcrr OT lp npa 
saxsa~e p a c K a T a  no 1- npn y c T a H o a a s r u e M c r r  npouecce IIpOKaTKH.  

1.l3-a~anuaa ~ ~ B ~ C A M O C T U  (73) c n e A y e T ,  s ~ o  npw saxsa~e  pac- 
K a T a  B a r r K a M a  B C B R ~ A  c M H H M M ~ ~ H ~ I M  3 ~ a s e ~ a e ~  I,=$ c H n a  npo- 
KaTKA Pobu, U M e e T  M a K C H M i b l b H O e  3 H a q e H U e ,  YTO C ~ O C O ~ C T B Y ~ T  MBK- 

C U M a n b H O M y  CMRTCIIO B e p I U H H .  no  M e p e  n e p e X O A a  K YCTaHOBUBiIIe- 

M ~ C R  npoueccy I I p O K a T K H  A n w H a  ~ O H ~ I  n e @ o p ~ a u a ~  I y s e n H s a s a e T -  

CR A 0  3 H a s e H t i R  fm, B CBR3M C ' ieM YMeHbLUaeTCR C U n a  I l p O K a T K H  P,,, 



Ann onpeneneHun CKOPOCTR PacTnxeHun 

none nunun CKonbxeHufl npu pacrflxenuu nonocbl, 
ocna6ne~noA KJlUH006pa3HblMW flBYXCTOpOHHUMU Bblpe3aMU. 

II BenHYkfHa CMRTHR BePIUHH 3aTOTOBOK. 

B CB11311 C 3KCTpeManbHblMII YCnOBkiRMH pa3neneHHII nepeAHe- 
ro KoHua pacKaTa u, K a K  npasuno, H a n a s w e M  HaKara H a  ero Topue, 

n:na no ycnosuxM pasneneaun nepemero KoHua, npenycMaTpusm 
H Z K O T O ~ ~ I G  sanac nonepesHoro nepeMeueHun S ~ ~ O T O B O K  

C Uenbm M ~ T ~ M ~ T H Y ~ C K O ~ O  OnucaHux npouecca paapywe~crn 
l:epeMblYKFi, B YaCTHOCTH OnpeAeneHAR OTHOClrrenbHOrO YAnHHe- 
am  nepeMblrKu 6, paccMoTpeea sanasa o pacTxrneacra nonocbl, oc- 

3 ~ 0 i j  pa6o~e none n a ~ u f i  CKonbxeHJin COCTOMT u3 ABYX 06nacreii 
paBHOMepHOr0 HanpRXeHHOrO COCTOXHHR (MOB ACOfl) kl CO- 

(!,YllHRIOUIeI'O IIX UeHTPHPOBaHHOrO Beepa BOC. 
M3 pr~c.  22 c;leiryeT, r ~ o  n AAOB yro.1 HaK.lotia .IIIWIIII  il K 

OTpl-IUaTeJlbHOMy HanpaBXeHkiK, OT Z paBeH 0=-n/47.  r;laBHoe Ha- 
nl)RmeHlie c, H a  n.volrranKe, napa.lr.le.v~~oir rpaHrrue AB, olreBrinHo 

paBH0 H~.TH): yC.lOBMR 1l.laCTMYHOCTkl Tpec~a  C.?eiryCT, YTO BTO- 

poe r.7aaHoe HanpnxeHrle 0,=2k, me k - npenea TeKvsecT11 H a  mslrr. 

O~clona no.lysae.\l, s ~ o  cpeasee Hanpmenlre c=0,5(c,+c,)=k. 

( 74 )  
2k 

B o6.1ac~li AOCA: 6) = -3, 4. 
Renllslr~a napalre-rpa 6 B sroii ob.?acr~i TaKaR me, K a K  rl B 

:,\AOB. O~ciona ana onpene.?e~r-IR ~os@$~.tl[lre~lra mecTKocTr1 Ha-  

rlpRX<eHHOrO COCTOXHHR 77 = (dk),,, B ~ T O ~ I O ~ ~ ~ C T I ~  MhleehI 

:.ICIlOnb30BaHWeM COOTHOIIIeHMR: k: = h,/h,. 
I Ionc~ann~rr  cmna ezu3  CooTHouieHun (76), nonysaeM: 

I;,, = -2v. 
npennonoxw~, 'ITO npu npoxomeeau pacKaTa ~ e p e s  ~ a n u 6 p  

::2mnoe ero ceseaae, opToroHanaaoe ocu npoKarKa, nocnenoaarena- 
-13 IIPOXOAHT CTa411X ~e@0p~up0BaHli5l aH~Orkl'IHbIe PaCCMOTpeH- 

Ann CKOpOCTH ne@opMaukiu CnBHra B IipOU3BOnbHOM CeYeHUU 

osara ne@op~auua 

C uenbm onpeneneeun KoopnwHaTbr MecTa paspblaa onpenene- 
tia Be.nlisuaa Y ucsepnaerw pecypca nnacTusHocTrr MeTan.?a B 06- 

B 3T051 I1 ~0C.led~IOUIIIX COOTHOllIeHIIRS UITpIISOhI O ~ O Y H ~ ~ C -  

HLI .711HefI~ble I)a351epbI. OTHeCeHHbIe K T0;ILUIIHe IIO.POCb1 H. 
B !'paBHeHt!ll(81) npIfHRTb1 C.'ICd~K)UlIle 0 6 0 3 ~ a ' l e ~ l l ~ :  

Ap - n.lacrlrlrHocrL are~n.i:ra, ~ o ~ o p a ~  cor.iaclro [20] 2.w yr.le- 
I)onllcTbrx c~a.lcii B !~c.loslrrrs ml)nlreii rre@opnlaurrr~ onpeaenReTcR 
no @opal~mc 

K O O ~ A H H ~ T ~  MeCTa pa3pbIBa ITepeMblYKII X; OIlPeAeJlReTCR KBK 

pemeHue ypaBHeHuR y(xZ ) = 1. 
Eiespa3~ep~an TonquHa nepelribrrlcu B hsec-re p a s p b ~ ~ a  h& on- 

PeAeneHa C MCnOnb30BaHHeM COOTHOUIeHMR (79) IlOCne IIOACTaHOB- 

Pesynb~a~br pacreToB napaMeTpoa p a s p y m e ~ u ~  nepeMbIsKu 

npli pa3pblBe nOnOCb1 C nBYXCTOPOHHUMU K ~ H H O O ~ P ~ ~ H L I M W  BMpe- 

3 a ~ u  noica3anu, YTO paspyme~ue nepeMbIsKu npoucxonnT B C ~ M O M  

Hasane osara ne@op~auuu.   TO C B R S ~ H H O  c oseHb 60nbmofi xecT- 
K O C T ~ O  HanpnxeHHoro COCTORHUR MeTaJrna B n.lacT1iLrecKu ae@op- 



M H ~ o B ~ H H O # . ~ ~ ~ ~ M ~ I ' I K ~ .  

C U e n b I O  I l p O B e p K U  M O A e n U  6 b 1 n n  B b I n O n H e H b l  3 K C n e p U M e H -  

T a J I b H b I e  UCCneAOBaHUR no p a 3 p b I B y  nnocmx 0 6 p a 3 ~ 0 ~  C rny6o~u- 
M U  KJIHHOBUAHbIMU B b I p e 3 a M u ,  HMeIOIIlHMU C K p y r J I e H H b I e  OCHOBa- 

HHX H a  W C I I ~ I T ~ T ~ J I ~ H O ~ ~  MaLUAHe T U n a  WMB-30. Y C T ~ H O B ~ ~ H O ,  
'ITO s K c n e p H M e m a n b H b I e  ~ H ~ U ~ H U R  n o K a 3 a r e n X  ~ e @ o p ~ a u u u  nepe- 
MbI'IKU J T e X a T  BblLUe PaCYeTHbIX.  TO CBX3PHO C T e M ,  UTO papa60- 
T a m a x  M o A e n b  n o 3 ~ o n ~ e ~  o n p e n e n m b  M o M e H T  n o m n e H t i I i  B nepe- 
MbIYKe n e p B 0 f i  M a K P O T p e U M H b l ,  a p a 3 p b I B  I I e p e M b I U K U  IIpOUCXOAHT 

H e c K o n b K o  no3n~ee. Ann yima srom R s n e H u R  npennoxeeo B s e c r u  

~03@@uuuew g nepen x, . Conoc~asne~ae p a c s e r s b l x  s ~ a s e ~ u i i  
n O K a 3 a T e J I R  A ~ @ O ~ M ~ U N U  C er0 3KCnepUMeHTaJIbHbIMU3HaUeHURMM 

no3~onuno o n p e n e n w b ,  u ~ o  H a u n y s m e e  cornacne reopuu c a K c n e -  

PHMeHTOM AOCTUraeTCR I l p M  g = 0,93. 
l l p o ~ e n e ~ e b r e  T e o p e T m e c K U e  u a K c n e p n M e H - r m a H b I e  uccne- 

AOBaHUR n O 3 B O l l l m U  C @ O ~ M ~ ~ H ~ O B ~ T ~  p R A  BXKHbIX A n n  n P a K T U K U  

BbIBOAOB. 

C YMeHbLUeHUeM P W K Y C a  C O I l p R X e H H R  3arOTOBOK r YMeHbUIa-  

e T c R  B e n n w H a  3ayce~ua H a  ~ ~ ~ O T O B K ~ X  npu papbree. ~IOBTOMY Be- 

n U W i H y  r C n e A y e T  n p H H U M a T b  MHHUMaJIbHO B O ~ M O X H O ~ ~  n0  YCJIOBCI- 

R M  CTO~~KOCTH BaJIKOB. n J I R  I lOJIyl reHUR KaqeCTBeHHbIX 3arOTOBOK 

OTHOLUeHUe r/h, H e  A O n X H O  IIpeBbILUaTb 0,5. 
~ ' I U T ~ I B ~ H ,  ' I T 0  I I p H  @OPMIIPOB~HUU P a C K a T a  B M H O r O p y V b e -  

BOM ~ a n u 6 p e  B e n n s m a  pmwyca rpe6eefi no M e p e  u 3 ~ 0 c a  B ~ K O B  

3arOTOBOK B 3 0 H e  C O ' l n e H e H H R  B BHAe AByXCTOpOHHerO 3 a K a T a .  3 T a  

onepaum M o x e T  ~ H T L  OCyLLleCTBneHa B n p e n r u e c - m y n u e h i  pasnene- 
HUIO ~mu6pe  wnti B M e x K n e T e e o M  n p o M e x y r K e ,  H a n p w b r e p ,  3a cse-r 
pe6po~oro 06ma~t1n p a c K a T a  UAU n o n e p e ~ ~ o i i  n e @ o p ~ a u r i l l  hgeTa.7- 

J I a  I I p U  JIOKaJIbHOM O ~ X ~ T U H  BepIIIHH 3arOTOBOK. 

Ann o6ecneserrrrn c ~ a 6 r r . 7 b ~ o r o  p a s n e . l c ~ r i ~  p a c r t a r a  p a 3 p b 1 -  

BOM ITepehi l , rwII  B e n 1 i t l m i a  C A I ~ I U ~ H ~ I X  ~ ~ ~ O T O B O K  no.lmea ~ I J T ~  60.71,- 

rue 1,254,. C ue..rblo y . 7 y s u r e H r i n  K a s e c r s a  h l e c T  p a 3 n e . 1 e ~ ~ ~  saro~o- 
BOK uenecoo6pa3~0 n p o n o , n H o e  p a 3 a e . l e ~ l i e  ;IB~XHIITOYHOI-o pac- 
K a T a  OC~ULeCTB.1RTb nl )H ~ l a K C l l h I ~ ' l b H 0  B O ~ . \ I O X H O ~ ~  TO,lULIIHe nepe- 
hlbIIIKII. 

Y c ~ a r ~ o s , l c ~ o  T a m e ,  q r o  c l r n a  n e @ o p a r r ~ p o ~ a ~ r i x  cocTaB.7rre-r 

85+90% OT cyxrarap~oii clr.ibl n p o l t a r t i l r .  nprr n p o K a r K c  p d s a e . l e r ~ -  

l l b l S  JarOTOBOK H ~ ~ : I K ) , ~ ~ ~ T C R  H a l ) a T T a H l l e  C11.lbI n p 0 K a T K H  110 Xle1)C' 

3anO. lHeHHR O Y a n  , 3 ~ ~ O [ ) h l a ~ l l l l  C ~ O C T O X I ~ H O ~ ~  CKOpOCTbK). 

B u e . l o a l  ~ ) c ~ ~ . - I ~ T ~ T L I  aua.irrsa npouecca I l p o K a T K 1 1 - p a j a e . l e -  

l l l l R  H a  CTaTII1leCKIIS .\IOAe.lfiX I I O ~ I T B ~ P K ~ I J ~ I I  COOTBeTCTBlie I l p l l H R -  

T b l S  t I o . l ~ ~ C ' ~ l l f i  n p l l  BbIBOJe TeOpCT&ll leCKllX 3 a n l l C l 1 > 1 0 ~ ~ e f i  @11311- 

t lecK1l>I  O C O ~ ~ H H O C T R L I  I I p o u e c c a .  nepeoeaw.~~ao ue@opa~aurrrr .lo- 
KaJI l i3yeTCR B M a n b l X  0 b n a c T X x  BeptUCiH 3arOTOBOK. n o  M e p e  n p O X 0 -  

x i l e H m  nepemero K o H u a  p a c K a T a  no irnnse osara n e @ o p h l a u ~ ~ ~  

t 1 a w i a e T c f i  p a c T R x e H I 1 e  n e p e a r b l w r i .  0 t i o ~ s a r e . i ~ ~ o e  p a a l ~ y r u e a l ~ e  

n e p e h l w q m  npocrcxoam nocne n o c r A m e H m  n p e n e n b H o r o  n o n e p e q -  

H o r o  n e p e M e m e H r i R  aaro-roBoK.  llocjle pa3nene~w~ n e p e a H e r o  T o p u a  

p a c K a T a  p a 3 n e n e ~ ~ b r e  ~ ~ ~ O T O B K U  113rtlba10~cfl B ~ O P U ~ O H T ~ . T ~ H O ~ ~  

n.lOCKOCTH, UTO n P A B O A B T  K AOnOJIHHTejIbHbIhl  P a C T X r U B a I O U M h i  H a -  

n p r r x e H m M  B 3 o ~ e  n e p e M b r s K c t .  Pa3pyure~~e  n e p e h l b I s K a  nocne H a -  

q a n a  c T a u w o H a p H o r o  npouecca n p o K a T m  npoucxonm 3a npenena- 
~ I M  r e o M e T p U s e c K o r o  osara ne@op~auun H a  en, sxone. 

n p o n o n b ~ o e  pasnene~we M H O ~ O H U T O ~ H O ~ O  p a c K a T a  M o x e T  

O C y U e C T B n R T b C R  C OAHOBpeMeHHbIM 0 6 m a ~ u e ~  p a 3 A e n e H I i b I X  3 a r O -  

TOBOK WAN 6e3 O ~ X ~ T H R .  n p e ~ ~ y w e c ~ s a  pa3pa6o~a~~o1-o cnoco6a 
no CpaBHeHUfO C U3BeCTHblMR aHanOTaMW: BO3MOXHOCTb n p O A O n b -  

HOrO p a 3 A e n e H U R  P a C K a T a  B I IPOKaTHblX Bi3JIKaX C O A H O B ~ ~ M ~ H H O ~ ~  

n e @ o p ~ a u U e f i  p a 3 A e n e H H b I X  3aTOTOBOK; ~ ~ ~ ~ H T u ~ o B ~ H H ~ I #  I IpRMO- 

J I U H e f i ~ b l f i  BblXOA p a 3 A e n e H H b I X  3arOTOBOK U 3  BaTIKOB; KaUeCTBeH- 

H o e  pamene~ue  p a c K a r a  B cnysae n p e n e a p n ~ e n b ~ o f i  n o ~ a n b ~ o i i  no- 
nepes~ofi ne@op~aunu M e T a n n a  B paf io~e n e p e M b I r K a ;  c!-iMMeTpnq- 

H Z 3  @ O P M ~  A B y X p y V b e B b l X  ~ a n u 6 p o ~  U OTCyTCTBUe OCeBHX y c c t n l l f i ,  

A ~ ~ ~ c T B ~ I O U H X  H a  BaJIKU, Y n p O U a I o U U X  HBCTPO~~KY B M K O B ;  HaJleX- 

CO CTOpOHbI ~ O K O B ~ I X  I I o B e p X H o c ~ e f i  rpe6aefi MH0rOP) 'YbeBbIX Ka-  

na6po~, B H e A p R e M b I X  B M e T M n  ( ~ U C .  23). ~ Y T ~ M  H 3 M e H e H U R  T o n -  

u n H b 1  n e p e M b 1 w u  aanasae~oro p a c K a T a  s 3a3opa M e m y  r p e 6 ~ ~ ~ n  
Bi3JIKOB p a 3 A e n R I O U l e r O   andp pa M O X H O  M e H R T b  P a A U y C  KPMBU3HbI 

U e p e A H R X  KOHUOB pa3AeJIeHHbIX l l p o $ I ~ n e f i  H a  BbIXOAe u3 BaJIKOB Fi 

H a  ycno~urr p a 3 n e n e H u n  p a c K a T a .  OTC~TCTBM~ B M e c T e  p a 3 n e n e H u x  

npo@unefi m e f i ~ ~  p a 3 p b l e a  n e p e M b r s K u  no3~on~e.r  n o n y V s T b  K a q e -  

C T B e H H W  nOBepXHOCTb rOTOBOI'0 llpCI@UJIR n p U  MMHUMalIbHOht 'IUC- 

ne nOUIeQ'IOIIlUX IIpOXOAOB C o 6 m ~ k i e ~  MeCT p a 3 A e J I e H U R .  B CBX3H 

C 3TUM cnoc06 n P O A O n b H O r 0  P a 3 A e n e H H X  P a C K a T a  KOHTPOnRPYeMbIM 

p a 3 p b l B O M  PeKOMeHAOBaH K A C n O n b 3 0 B a H M I O  B 'IUCTOBMX I P y n I I a X  

~ n e ~ e f i  MenKOCOpTHbIX CTaHOB. 

B M H O r O p p b e B O M  ~an1i6pe @ o p ~ U p y i O T  p a C K a T ,  COCTORIJIU~~ 

u3 A B ~ X  S ~ ~ O T O B O K  n106ok @ O P M ~ I  nonepewor0 c e s e H m  (~anpw- 
M e p ,  ~ ~ a J l p a T ~ 0 f i  U n U  I I I ~ c T U ~ ~ O ~ ~ H O ~ ~ ) ,  COeAMHeHHbIX M e X A y  CO- 

608 B A O n b  O A H O ~ ~  U 3  0 ~ e f i  ( ~ U a r o H a n e f i )  OTHOCATenbHO T O ~ C T O ~ ~  

n e p e ~ b ~ s ~ o f i .  Pa3nene~ue A B ~ ~ H U T O Y H O ~  p a c K a T a  o c y r u e c T s n m T  

B ABYXpYYbeBOM ~ane6pe C p p b R M k f  C O O T B ~ T C T B ~ I O ~ ~ ~ ~  @ O P M ~ I .  B 
ornuwe OT cnoco6a n p o n o n b H o r o  p a 3 ~ e n e ~ u ~  p a c K a r a  p a s p ~ ~ o ~  
n e p e M b 1 Y K U  Y r n b I  HalUIOHa BHYTPeHHUX ~ a ~ e f i  AByXHUTOsHOrO P a C -  

KaTa 9 U rpeb~efi p a 3 A e n R I O U e r O  ~ a n ~ 6 p a  cp BblIIOJlHRloT PaBHbIMM 

Ii.lH ~ ; L ~ ~ ~ K R M W  A P Y r  APYrY.  B CBR3H C BTWM, B MOMeHT 3 a X B a T a  P a C -  

K a T a  BaJIKaMU H B n e p U O A  YCTaHOBHBLUerOCX IIpOUeCCa I IpOKaTKU 

KOHTaKT M e T a n n a  H BanKOB OCyUeCTBnR€!TCR no ~ c e f i  UrMPHHe BHYT- 

p e e a H x  rpe6~efi p a c K a T a ,  UTO C ~ O C O ~ C T B ~ ~ T  Y B ~ ~ W U ~ H H I O  pecypca 
B3aNMHOrO I l e p e M e U e H A R  3aTOTOBOK. 

n p ~ r  3 a x ~ a ~ e  p a c K a T a  s a - q ~ a h r r i  B h l e c r e  K o H T a K T a  hte-ra.'i.la 11 

C x e ~ a  npononbnoro pa3~enenun AeyxnuToclnoro 
PaCKaTa KOHTponUpyeMblM Pa3PblBOM: a-MOMeHT3aXBaTapaCKaTa 
sanKaMu; 6 - @op~npoeanue Bornynlx no~epxnoc~el  3a- 
pomqamqelcn Tpequnbl B oclare pe@op~auuu; B - pa3nenennble 
npmnnn npu sblxone u3 ovara ne@op~aunu 



BmKOB BO3HUKaK)T HOPMWbHble CAnbl N H COOTBeTCTBYIOlIlUe HM 

cunbr TpeHIlR T=fN, HanpasneHHbre K BepmuHaM rpe6aeG. Coc~aa- 
ARIolu&ie BepTHWbHbIX P Pi OCeBblX Q CHIT OlTpeAenRroTCII 

MOCTIIMA: P = RCOS (q-$); Q=Rsin (q-$). 3necb R = N 7- I + f - 
paeaone#craymLua cma; $=arctg f - yron nonepewioro TpeHwrr; 

9-yron HawroHa 06pa3yroueR rpe6aa ~anu6pa  K ocu BWKOB. 

OceBble. CHJIbI Q, BCTpeqaIoT COnpOTHBneHHe 3XOTOBOK nna- 
cTwyecKoMy u31-146~ A conpoTuBneHue nepeMHsKu pacTnxeHuro. 

Cuna conpoTuBnesun KsmparHbrx npo@une# nnacrnqecKoMy u3- 

ru6y G = M , / l =  CT,W,,/~, me WUy - MOMeHT COnPOTllBneHUR 

ceseHwR npo@une# nnacTurecKoMy m ~ 6 y ;  1 - meYo npnoxeHus 
cunbr conpoTusneHun. Cuna conpoTwsneHnrr nepeMblrKu pac-raxe- 
IIHD F=u 4 (3~ecb up - cpenHee HanpnxeHwe conpoTusneHu2 nepe- 

P n 
MbIYKH paCTRXeHAI0; 9"- IInOIUWb IIpOAOnbHOM) CeYeHUII IIepeMbIY- 

KW B 3 o ~ e  ee p a c ~ ~ x e ~ u ~ ) .  
B Hasane osara ne@op~aunu B CBRBA c TeM, YTO e<G+F, me- 

eT MeCTO ITnacTMYeCKa A ~ @ O ~ M ~ U H R  PaCKaTa C He3HaYllTenbHblM 

O ~ X ~ T U ~ M  BHYrpeHHHX rpa~efi n p ~ @ ~ n e #  y nepeMblrKH rpe6~11~u  
~anw6pa. n 0  Mepe J'TOIteHUR IIepeMbIYKA r p e 6 ~ ~ ~ u  BanKOB YMeHb- 

maeTcR cuna conpoTusneHurr nepeMbrrKw pacTmeHum F H c MO- 

MeHTa, KOrAa Q>G+F, Ha'lAHaeTCR PaCTRXeHHe nepeMbIqKki, COnpO- 

BomaeMoe B B ~ U M H M M  nepeMerrreHueM KsanpaTHbrx npo@unefi B 

nonepesHoM HanpaBneHuu. OAHOBP~M~HHO c pacTRmeHweM nepe- 
:4blqKH OCyIlIeCTBnReTCR ee o6ma~ue I ~ ~ ~ H R M H  BmKOB, YTO C ~ O C O ~ C -  

TByeT KOHTpOniO ee @ O P M ~ I  Pi pa3MepOB. Ha BblXOAe ti3 OYara Ae- 
Q o p ~ a u n u  ITPOHCXOAUT pa3pyUleHHe nepeMbIYK8. 

C UMbIO IlOnyYeHWR aHanMTAYeCKHX ~ ~ B U C W M O C T ~ ~ ~ ,  OnpeAe- 
.nRromux @ o p ~ o n s ~ e ~ e ~ u e  M aHeprocunoable napaMeTpbr B npouec- 
ce npoAonbHoro paaneneewrr A B ~ X H A T O Y H O ~ O  pacKaTa KoHrponupye- 
hfblhl  pa3pblROM, npOBeAeHbl BKCnePMMeHTanLHlJe KCCJeAOBaHMR Ha  

nOny~p0MblUlneHHOM npOKaTHOM CTaHe 250. Mccnefiosanu npononb- 

Hoe pa3AeJfeHIie ABVXHIiTO'1HbIX PaCKaTOB C KBaApaTHLIhiri I'Ipo$ll- 

. ~ R > I H ,  coeAmeHHblnru no nwaroHanrr nepenlbrs~oir ~ o n r n a ~ o i i  OKO- 

,I0 nOnOBPiHb1 UlMPWHM V a H M  KBWpaTHOrO npo@nnR. 
~ ~ B ~ X H U T O Y H ~ ~ ~  PaCKaTbI, C @ ~ M M ~ O B ~ H H ~ I ~  B AByXp)'YLeBblX 

rcannbpax, nonsepranu npononbHoMy pa3~eneento B pa3pe3~blx K a -  
~cr6pax. C x e ~ a  npononbHoro p a 3 n e n e ~ u ~  pacKaTa B paanen~mlr re~  
~an146pe n o ~ a 3 a ~ a  Hagac. 24. 

npa npononbHoM paanene~wu pamaroe uccnenosanu: h=a/a, 
QTHOCPiTenbHOe o6xa~ue CTOPOH KBiUIpaTHOrO T I P O ( ~ ) U ~ R ;  p - ~ 0 3 0 -  

@ H U I ~ ~ H T  B~ITIIXKA; w = M/2Pfd - ~ o e @ @ a u M e ~ ~  nneqa paeaonefi- 
s ?BylolIlefi CUnbI IIpOKaTKA; no = P/F,s, - K O ~ @ @ M U ~ ~ ~ H T  HallpRXeH- 

Hero COCTORHHR MeTanna B ~ann6pe .  3~ecbl ,=[(h~-t)Ru]~~~ - MaKCki- 

; r l a b ~ m  AnuHa orara ne@op~auua B p a 3 p e s ~ o ~  wu6pe; Fk=0,5 
(C+C,) f, - HJIOluWb KOHTaKTa (C U Co- COOTBeTCTBeHHO PaCCTOR- 

!!Me MeWy OCIIMLi PyYbeB Pa3AenRH)UIerO ~anu6pa  u KBWpaTHbIMU 

npo@unrr~w AayxHuTosHoro p a c ~ a ~ a ) .  

npononb~oe pasnene~ue A B ~ X H ~ T O Y H ~ I X  pacKaroB ocyqecTa- 

nxnu npu pa3~oii BenusuHe saaopa t Memy r p e 6 ~ 1 1 ~ u  pa3pe3~01-o 

~anu6pa. 0 6 p a 6 0 ~ ~ y  pe3ynbTaTOB 3KCIlepF4MeHTaJIbHOrO ACCneAO- 

BaHHR n p o n 3 ~ o ~ ~ n u  MeTOAOM PerpeCCLIOHHOrO aHmki3a;Ha 3BM. 
IIonylre~b~ cnenyrorrrue ypasHeHu2 perpeccuu 

7/13 npl-IBeAeHHbIX AaHHblX BMAHO, YTO IlOJyqeHHble YpaBHellMR 

perpeCCI4H AOCTaTOYHO TOYHbI. 

B IlpOUeCCe HCCJleAOBaHAR npOAOJbHOr0 pa3AeAeHMR AByXHM- 

TO'IHOI-o pacKaTa B pa3nenrrlome~ ~anu6pe (CM. puc. 24) ycTaeoane- 

HO, YTO B 3;1BUCBMOCTH OT BeJIUYHHbI 3a3Opa hfeXAy ~ P ~ ~ H I I M A  B a n -  

KOB t, I I~OI ICXOAIIT  u sa re r~e t~~~e  K ~ I I B I I ~ H ~ I  rlepenHlis KOHIIOB pasfie- 
.-ICHHLJX KBaApaTHbIx npo$~~.~ei i  rlpli eblxoae 113 BXIKOB. 11p11 ala.ioar 
:jHaseHlirt mops t=0,5h1)1 ~emy rpe6~mllr  pa3pe3~oro ~a.7116pa 

rlpolirxo,.rllT 1131-116 pas.1e.lelllll~ls :jarOTOBOK HaRCTl>e1lY Apvr Ap!'?. 
C yee.lrrqeHllelc s a ~ o p a  ~a6.'lKIilaeTc~ yee.lllqetlrte I)aillryca KPIIBHS- 

HLI 113r116a ~ n . 7 0 ~ ~  20 n p ~ ~ ~ ~ o . - i ~ ~ ~ e i i ~ o r o  Bblsola I ) ~ ~ ~ ~ . - I ~ I I H L I X  3a1-0- 

TOROK (t=I.4?.131). nl)ll ,la.lb~efiLU~31 ~Be.7lI~eHIll1 :ia3Opa, Bn.7OTb ;[O 

rlpeKpalrtcrirln pa3;[e.ier111n. rlpor~rsoallr 1131-116 ~ ~ ~ , I C . - I C H I I L I S  K B ~ A -  

paTHLIx npo+~~.-re~' B n p o ~ r ~ s o n o . i o m r ~ ~ ~ e  C T O ~ O H M .  T a ~ o e  noeeae- 
Hlle nepemrrs K O H U ~ B  p a 3 a e . 1 e ~ ~ ~ r s  a a r o ~ o a o ~  0 6 y c ; l o ~ . ~ e ~ o  COOT- 

B ~ T C T B ~ K I I U I I A I  11); C L I . ~ ~ B ~ I S I  B J ~ I I ~ I O ~ ~ ~ ~ C T U I I ~ ~ I  r ~ O K ~ B ~ I A I I I  C T ~ I I K A -  

alrr pa3ne.~rrlouero ~a.31rhpa. 

I I p ~ r ~ u r l n ~ r a . n ~ a ~  cseJla pea.1113aur111 p a 3 p a 6 o ~ a ~ ~ o i i  TesHu- 

.lOrIIkl A B Y X P ) " I ~ ~ B O ~ ~  npOKaTKII-paJile,TeHllR C IlPOAOnbHblM pane-  

.leHkiehl PaCKaTa KOHTpOnllp!'ellbIhl pa3pblBOhl nepeMbIYK&i B YCJIO- 

BIIRX hle.7KOCOPTHOTO CTaHa nOKa3a.la Ha PIIC. 25. Mcxon~oii 3arO- 

T O U K O ~ ~  h1oxe-r c n y m l ~ ~ b  npobremy~oq~~i i  pacKaT npnhroyro~wioro 

KlH KBaApaTHOI-0 CeYeHkIR. M3 B T O ~  3arOTOBKM B ABYXPYYbeBOM Ka- 
nu6pe @ o p ~ w p y r o ~  ~ B ~ X H ~ T O Y H ~ I I ?  pacKaT, n p e n c ~ a ~ n ~ r o r n ~ i i  co- 
60Fi ABa KBaApaTHbIX npo@llnII, COeAAHeHHble MeXny co6oii nepe- 
hibl~~oii .  H a n u ~ u e  OTHOCMTejlbHO 6onbu1oro 3a3Opa Memy rpe6aa- 
MU B ~ ~ K O B  @op~upyrouero ~ a n u 6 p a  0 6 e c n e s ~ i ~ a e ~  cabfoUeHTpwpo- 

BaHIle 3a~aBaeMofi ~ ~ I I M o ~ ~ o J I ~ H o ~ ~  3arOTOBKU ~ O K O B ~ I M M  CTeHKaMU 

~anu6pa.  
Hpononb~oe pa3nene~ue pacKaTa ocyuecTsnrrmT B CuhiMeT- 

PNYHOM Pa3A~JlRIOll(eM ~anu6pe,  06ecne~w~amrrru~ CaMOUeHTpclpO- 

same n ~ y x ~ n ~ o w o r o  pacKara r p e 6 ~ ~ ~ u  B ~ K O B .  Paanene~~bre  

KBaApaTHbIe 3arOTOBKU IIOCJle pa3BeAeHAR B ~ O P H ~ O H T ~ ~ ~ H O #  M n M  

B ~ ~ T u K ~ J I ~ H o ~ ~  IlnOCKOCTki C nOMOUbf0 B ~ I B O A H O ~  A B ~ X K ~ H ~ ~ ~ H O #  

IlPOBOAKU nOHRTOYH0 lTP0KaTbIBaH)T B TOTOB~I# npo@unb B COOT- 

BeTCTBllU C PUC. 25. 

B O ~ M O X H ~ I ~  CXeMbI peanU3aUUU TeXHOnOrUU A B Y X P J ~ I ~ ~ B O #  

npOKaTKH-pa3AeneHUXC KOHTpOnMpyeMbIM Pa3PblBOM IIepeMblYKH B 

YkiCTOBbIX rpynnaXKJe~e# COBpeMeHHbIX MenKOCOPTHblX CTaHOB 



n p M B e A e H b 1  H a  pMC. 26. Ha pMC. 26a M 

266 n O K a 3 a H b I  CXeMbI n B y x p y b e B 0 f i  

n p o ~ a ~ ~ u - p a 3 n e n e ~ u n  nnn M e n K O -  

COPTHbIX CTaHOB, BKJIIO'IPIOQMX TPM 

r p y n n b l  me~efi, B TOM sucne s s c ~ o -  
B y a  rpynny a3 r u e c T u  K n e ~ e f i  c sepe- 
AYIOUMMUCX BepTMKanbHbIMU M r O p U -  

3 0 H T W I b H b l M M  BalIKaMM. KOHCTPYK- 
u ~ r r  ~nereii s ~ a x  c T a H o B  no3~onr re~  
tIPOU3BOAMTb 3 a M e H y  BepTMKWIbHblX 

KJIeTef i  H a  rOPM30HTWIbHbIe ,  n p M  H a -  

JIMYMM TaKOBbIX. B RPOTMBHOM CTly- 

sae H a  BTMX c T a H a x  MOXHO n p u M e -  

HMTb C X e M y  ~ B ) ' X p y b e B o f i  n p O M T K U -  

pa3nene~un, n o K a 3 a H H y m  H a  pnc. 26e 
(nocnen~ne l u e c T b  me~efi). Ha PAC. 

26~+26e ITOKa3aHbl CXeMbI ABYXPYSb-  

c ~ p o f i ~ y  B~JIKOB; UIAPOKM# nnana30~ 
TOnlZIMHbI n e p e M b I q K U  n p M  IIpOnOJIbHOM 

1 p a 3 n e n e H u u  p a c K a T a ,  c noco6c~~prnu f i  
YMeHbWeHMIO 'iMCJIa n P O n Y C K O B  U y B e -  

nM'4eHMIO C p O K a  M y ~ 6 b 1  BaJIKOB; OTCYT- 

c T s a e  luef i~u p a s p b ~ a a  B M e c T e  pa3nene- 
2 HIiR 3arOTOBOK; H w e X H O e  CaMOUeHTpM- 

POBaHMe P a C K a T a  B LIBJCXPJWbeBOM Ka- 

nu6pe; OTHOCMTeJIbHO H e r J I y b ~ K M f i  B p e 3  

P y b e B  M H O r O p y s b e B O ~  ~ a n ~ 6 p a  B BWI- 

KW, C I I O C O ~ C T B Y I O ~ I I ~ ~  C H H X e H H I O  MX 

p a C X O n a ;  OTHOCMTeJIbHO 6 o n b u r o f i  yron 
( I I ~ ~ u M ~ U I ~ C T B ~ H H O  90") y BepUIUH rpe6- 
~ e f i  A B j ' X P y b e B O r O  ~anubpa, IIOBbIWaD- 

IIlMfi CPOK c n y x 6 b 1  BWIKOB; B 0 3 M O X -  

H O C T ~  K o H T p o n r r  ( y n p a s n e ~ u r t )  npouec- 
COM pa3AeJIeHMR P a C K a T a .  

e~o f i  n p o ~ a ~ ~ u - p a 3 n e n e ~ ~ r r  B y ~ o -  MCXOAR ~3 a ~ a n u 3 a  M ~ B ~ C T H ~ I X  

BMRX MWIKOCOPTHbIX CTaHOB, BKJIIO- 

samruux n ~ e  r o v n n b l  ~ n e r e f i .  B TOM ~ a ~ a  cnenye~ a a ~ n r n s a ~ b ,   TO paspa60- . d 

sucrre ~MCTOBYKI rpynny 113 B O C ~ M I I  1 1 I 1 T a ~ ~ b l f i  cnoc06 n P O A O n b H O r 0  p a 3 A e J I e -  

~ n e ~ e f i  c s e p e n y ~ ~ u ~ n c r r  B ~ ~ T M -  HMS p a c K a T a  K o H r p o n M p y e M b I M  p a s p b l -  

KWIbHblMM U TOPM30HTanbHblMM We- BOM n e p e M b 1 s K M  R B n R e T C R  ~ a ~ 6 o n e e  
TI1MM. KOHCTPYKUHII B e p T U K i 3 J b H b l X  ~ P M ~ M ~ ~ M ~ I M  n n f i  P ~ ~ J I M ~ ~ U M M  ~ B Y X -  

~ n e ~ e f i  ~ T H X  c T a H o B  H e  no3~0nr re~  p y s b e ~ o f i  n p o ~ a ~ ~ u - p a ~ n e n e ~ ~ r r  B yc- 
n ~ o u 3 ~ e c ~ w  ux s a ~ e ~ v  H a  ~ O D M ~ O H -  noswnx ~ M C T O B H X  rpynn ~ n e ~ e f i   en- 

MeCTO H e M C n O n b 3 y e M b l X  B e p T M K M b -  

IiLIX K . I C T C ~ ~  )'CTaH2B.IIIBaK)TCII T p a l l C I l O p T l i L I e  xte.106~1. C Ut. I I>lo  

cionee K o h r n a K r H o r o  pacnonoxesrrn ~ c n o ~ r o r a r e n ~ ~ o r o  0 6 0 p y ~ o B a -  

H a r r  n p o n o n h H o e  paanene~cre p a c K a T a  h * o x e T  O c y w e c T B n R T b c I I  B B a n -  

KaX B ~ ~ T I I K ~ ~ L H O ~ ~  KIIeTI-I ( ~ h f .  PMC. 26r) M ~ l l 4  AByXHIITOqHaR n p 0 -  

K a T K a  p a 3 A e ~ l e H H b I X  3 a r O T o B O K  npOM3BOAIlTCH B ~ ~ ~ ~ A Y I ~ c T o B o ~ ~  B e p -  

T l 4 ~ a . I I b ~ o f i  K n e T l l  H a  AByX TOpM30HTLLlLHLlX YpOBHIlX (PMC. 2 6 ~ ) .  Ha 
prrc. 26e n o ~ a 3 a ~ a  c x e n l a  p e a , l w s a u w l r  n s y x p y q b e ~ o i r  n p o ~ a ~ ~ r i - p a s -  
.le.lcHIIR c I I C ~ I ~ . ? ~ : ~ O B ~ H I I ~ > ~  B C e s  ~ . i e ~ e l i  ~ I I C T O B O ~ ~  r p y n n b l  c r a H , 1  

n.111 n p o K a T K k 1  o q e H L  ;\1e,lKIix n p o @ i m e i i ,  H a l r l x l h i e p  a p h l a r y p r l o r o  

r1po@i1.1~ M8, 11.111 n p I 1  y s e . w r q e H r r l r  c e l r e H r l n  rrcxon~ofi B ~ ~ O T O B K I I .  

P a s p a 6 o r a l l ~ b r i i  cnoco6 o6.lanae.r c . i e n v l o u r ~ h ~ r ~  n p e r n r ! l m e c T -  

B a h f l l  nepen ~ I ~ B ~ C T H ~ I M ~  a H a n o r a m :  c r r > r h l e T p M s H a x  aopaia A B ~ S -  

[ > ~ L l b e B b l X  ~ a . 7 1 1 6 p o o  11 0TC)lTCTBIlC OCeBLIX ClI.1, v n p O I U a l o m I l e  H a -  

n a r b  BLlBOJ 0 TOM, 'lTO p a 3 p a 6 0 ~ a H b 1 ,  C U C T ~ ~ I ~ T M ~ U ~ O B ~ H ~  M npo- 

1)aCKaTOB B nl)OKaTHLlX BaAKaX: Cpe'JOhi n e p e h l b l ' I e K  n y T e h l  IlOBOpOTa 

CO~l . leHeHHLlX pa3HOOCHbIX n p o @ l l ~ e f i  B O K p y r  ~ p O 2 O . l L H L l X  0ceI"l ll.711 

I I X  B ~ ~ I I N H L I ~ I  c b I e u e H l l e > i  B , ~ o . I ~  C o B a r e u e H H b l x  rpa~ei i ;   LIBO LIB ON 
I l e p e a l L 1 q e K  ny-rear n p o t i a r K l r  B ~ a . l l l b p a x  c y B e n l r q c H H r a h r  IIL~CCTOH- 

Hl lehl  AleXA)' OCFlhlll p y q L e B  n0 CPaBHeHllKJ C PaCCTORHMehl h l e X 2 \ '  

O C R ~ I I I  I ) ~ ~ A ~ : I ~ ~ A I L I X  n p o @ l r . i e i i ;  K o H T p o . i l l p y e a l b l a l  p a 3 p b l ~ o a 1 .  Oue- 
HeHLl I Ipe l ihIylZIeCTBa p a 3 p a 6 0 T a ~ H b l X  cnoco6oa no CpaBHeHIiKJ C 113- 

BeCTHblhlkl aHa.UOrahlH I1 MX HenOCTaTKM. 

H a  B O ~ M O X H L I  p a 3 n ~ g ~ ~ e  @OPMLI nonepeworo cese- 
HMR n p o @ H n e f i  M B a p H a H T b l  MX COBhleLUeHMR B bIHOr0-  

- HHTO~IHOM pacltare. l lpn p e m e H u M  s a n a q  no onpene- 

1 2 1 2  1 2  1 2  1 2  
r H ~ i 3 J b ~ 0 f i  KOHCTPYKUMU. MH@OPM~UWK) OAHOBPe-  - 6 - - - M e H H O  0 T p e L  B3aMMHO I l e p l l e H & M K y n 5 I p H b I X  COCTaB- 

A 
n n a U H x  n e p e M e u e H u n  M e T a n n a  n o n y a m  c n c n o n b -  

~ ~ ~ M O X H ~ ~ ~ C X ~ M ~ ~ ~ ~ ~ ~ H ~ ~ U M M ~ B ~ P ~ ~ ~ B O ~ ~ ~ O K ~ ~ U - ~ ~ ~ ~ ~ ~ H U ~ ~  KOHTpOnUpyeMblM 3 0 B a H M e M  K O O ~ ~ U H ~ T H O ~ ~  CeTKM, 0 6 p a 3 0 B a H H O f i  B H a -  
pa3pblBOM (a + e) B 9UCTOBblX rpyflnax me~eA MenKOCOpTHblX CTBHOB: CXeMbl paCflOnOXeHHfl KnoHeHHofi npOAOnbHOfi orit cocTaBHoro 06pa3ua 
KJle~ei (1) M K ~ ~ ~ U ~ P O B K ~  BanKOB (2) 
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~JTOCKOCTU Ce'IeHUR. 

C O C T ~ B H ~ I ~  o6paaubr usro~a~neaa-  
n U  nn0CKUMH A n U  n p ~ @ k i n b ~ b l ~ U  C 3a- 

naa~ofi @OPMO# nonepe'IHorO ceueHMR. 
n0CJIe np0KaTKA H ~ A ~ @ O ~ M U ~ O B ~ H H ~ ~  

' I X T ~  06paua u OTneqaToK oyara ne@op- 
Mauua pa3pe3an~ no AnHHe AACKOBOC~ 
QpeaoR Ha HeCKOnbKO IlOnepeYHbIX TeM- 

nneToa. IIonyeasble TeMnneTbl h ~ o r p a -  
@ H ~ O B ~ ~ I U  U B YBenU'IeHHOM ~acmra6e 
npoeuwposann Ha MUJInUMeTpOByIO 6y- 
hlary. Hamanblsm c e ~ e f i c ~ ~ a  BepTUKWb- 

HLIX U rOpU30HTaJIbHblX n u ~ u f i  cKJlefi~U 

o n ~ o i i  nnocKocTH nonepewbrx ceseanfi 
o6pasuo~, nonylranu KOOPnUHaTHYH) CeT- 

KY. Hama4b1saA A~@OPMUPOB~HHYIO CeT- 

KY (n0cne ~ ~ O K ~ T K H )  H a  H ~ A ~ @ O ~ M U ~ O -  

BaHHym (no n p o ~ a ~ ~ n ) ,  n o v a n u  nepe- 
MeUleHUR y3nOB CeTKU B IlpOlleCCe ~ e @ p -  
hiaUUU (PHC. 28). o~KJIa~blBa5l BepTU- n 
KmbHble U l'OPU30HT~bHble nPOeKLlUU 

nepeMeueHuA ysnoe ceTKcr OT nx Haqanb- 

Horo nonoxeHm, CTpoHnu 3nmpb1 sep- 
TMKanbHblX H TOpU30HTanbHLIX COCTaB- 

~ R I O ~ H X  n e p e ~ e u e a ~ f i  IracTw MeTanna 
( ~ U C .  28). Ha OCHOBaHWM IIOny'IeHHblX 

m o p  nepehreule~ufi CTpOUJIll n0.m sep- 

A H ~ J I U ~ A ~ H H ~ I X ,  npenc~annessbnt' 

H a  P U C  31 M 32 nomaan, 'ITO xapaKTep 
nonepe~eofi ne@op~auau MeTanna B 

AByXppbeBOM ~ a n u 6 p e  C IIIeCTUyrOnb- 

H ~ I M U  P ~ ~ R M A  onpenennucrr pesynb- 

TaTOM B ~ ~ U M O A ~ ~ ~ C T B A R  6onee 0 6 ~ ~ -  

MaeMbIX YYaCTKOB MeTanna (B QeH- 
~ p a n b ~ o i i  uacru non rpe6se~ u y ~ p o -  
MOK nOn HaWrOHHbIMU CTeHKaMH ~ a n ~ 6 -  

~ a )  A hleHee 06~UMaeMbl~ FfaCTKOB. 

KU xapa~~ep113ym~c~ nonepesHblM pac- 
TRxeHueM Meranna, a MeHee 06xu~ae-  
MbIe ( ~ e 0 6 ~ U ~ a e ~ b l e )  yWiCTKll- none- 
Pe'IHbIM CXaTUeM MeTWIJIa. Ha 3nmpax 

nonepessblx n e p e ~ e u e ~ ~ f i  rpaHUubI 

3TWX YYaCTKOB COBIla4aIOT C 3KCTPeMY- 

MaMH n u ~ ~ f i  3n10p. B Haqane oyara ne- 
@0pMauUU UMeeT MeCTO o6nac~b OTPA- 

UaTenbHblX I I e p e ~ e ~ e ~ U ~ ,  npOTUBOIl0- 

nomHblx HanpaeneHum ~ ~ ~ B R T U R  YWA- 

PeHUR, OrpaHUqeHHaA nkiHURh1I.i Hyne- 
B ~ I X  noneperHbIx n e p e ~ e m e ~ ~ i i  1-1 A d- 
d U pa3BATaR no Rcefi BbICOTe PaCKaTa. 
Y sbrxona 143 orara n e @ o p ~ a u ~ u  aTa 

06.lac~b BLIK.IIIHIiBaeTCH B ~e6onb~1ym 

T I I K ~ J I L H L I X  A n o n e p e ~ ~ b l x  C O C T ~ B ~ R I O -  IlPUKOHTaKTHYH) 30HY, Ol-paHW'IeHHYIO 

U J I ~ X  nepe~eue~wfi  uacmu MeTanna B no- 
XHble CXeMbl peanU3arlUU JJ8yXpy'Ibe60h 

nki~kiefi Hyneabrx nepe~eme~cr t i  I-d. 
I I ~ P C ~ H L I X  C ~ ' I ~ H W R X  llO~lOCbl (p ic .  29). neHuflco~Toeblxno~nne~BycnosUflxcoDTosblx ~ I J  aHa1ma peay.rlblaTotl ktcc;le- 

, , 

O ~ ~ H K Y  TO'IHOCTU K O O ~ A ~ ~ H ~ T H O ~ ~  C ~ ~ H O B  p a 3 n U q ~ ~ r ~ ,  ~ ~ n a l  a+ X - BapMaHTbl p&lU3a14U~. ' AOBaHUR KUHeMaTUKW Te'IeHUR MeTaJI- 

c.crtilr 1lp0il3~ojkl~1k1 no pe3y:lb~a~ax1 1-13- .;la A I ~ X I I O  Ill)eilllO.~lWKllTl,, q ~ o  n 11011~- 

h r e p e ~ ~ r i i  KoopnltHaT cnaeK o n ~ o i l  1l.Trr H ~ C K O ; ~ L K H X  n.lacTI1H TO- I)elliiohr C ~ ~ I ~ I ~ I I I I  osara ,~c+opa~aurtr~ rr>lelor alecro cse>lLl r:raellbrs 

C T ~ B H O ~ ~  'laCTI1 0 6 p a 3 ~ 0 ~  OTHOCIITe.lL1lO IIX np0~0. lb~0ii  OCll C1111- ; ~ e @ ~ ~ h l a ~ l i $ ,  npeJCTaB.7eHHble H a  ptiC. 33. 
hierparr c I I C ~ O . ; I ~ ~ O B ~ H U ~ ~ I  MeTonoa h ~ a ~ e ~ a ~ n r r e c ~ o ~ " ~  cTaTIIrT11KK. R ob-behre ~ c e r o  orara ~ ~ ~ O ~ A I ~ U H I I  B ~ ~ O ~ I O . ~ I ~ I I O > I  ~ a n p a ~ n e -  
O T H O C ~ ~ T ~ . ~ L H ~ R  hlaKCMMa.rlbHaA CYMhiaPHaR IlOrpeUIHOCTb HaHeCe-  HI111 hleTa.l.7 nOABepXeH ~e@~paIaUkfll paCTRX€!HI%R. Ha BbIXOAe 113 

H l f R  Ii 113hlePeHIIR K O O P A H H ~ T H O ~ ~  CeTKIi Ii I13r0TOU.leHIIR KOOpiIll- O'ial-a iIf2~0phlaLlll1l (~11. pllc 336) BeCb 06.behl >ICTa.l.la B BepTll- 

;iar~oK pewerKrl Ire npesblma.la 50.6%. Ilorpclu~ocn, nocTpocHrrR tia.lbtiou rrahpan.-reHllrr lrrnLlrbrRaeT ae+opslau1110 cxaTlrR. R none- 

-io ( I )  lo nocne (2) npoKaTKM npnMoyronbHoro o6pasqa B 
&*)'XPYqbeBOM ~anu6pe C UleCTHYrOnbHblMM PYqbflMU 

TOK ( ~ o  11 nor.le 
r ~ p o ~ a ~ t i ~ ~ )  11 B 

3~BIICIIlIOCTII OT 

TO.1IIIIIIILI .11111llfi 

I I  hracu~raba no- 
CTpOeHllR CO- 

C T ~ B ~ R ~ T  

0,1+2~lhl. no -  
rpeU1HOCTL no- 
cnenymuero no- 
rTP0eHMR 3nWP 

. .; I I C ~ O ~ ~ ~ O B ~ H A R  c uenbm a ~ a n ~ 3 a  xapanepa TeqeHm b i e ~ a n . ~ .  

4. I. Terenue memanna 8 asyxpy%e8om xanu6pe c 

pclrrlo\~ rlanpaB:relrrlrr rrn 60 lee o6~11~rac\11,rx ysncrl;as (olmp, cdfe. 
prrc. 33) rrawer alecTo ae+opsraulra pac-rl;rxeHrrn, a ria areHcc 06x11- 
~ I ~ ~ ~ I L I S  ! Y ~ C T K ~ X  (lefm) - ~e$opr t au r r~  rmarrlx. Ha nso,w e osar 
~ c $ o p i l a u l r ~ ~  (CAI. pric 33a). B or.lrvrl!c o~ npemJytuero. 1ceia:l:r n 
neprr$eprrir~~is a o ~ a s  ~ r e o b m r l ~ l a c a i ~ ~ x  )nrac-rKos (el,  mf) B sepTI1- 

:,ST; B-x/L=IO (x - TeKyaee 3HaqeHMe mHHbl oqan ne@opMau& - ' COCTaBnflIOUIMX n e p e ~ e q e ~ ~ 1  ~ e ~ a n n a  nocne ~ ~ O K ~ T K M  
npmoyronbHoro o6pa3ua e p,eyxpyqbeeoM ~ a n u 6 p e  c 

:- ero sxona; L - nnriea osara ne@ophiaurlri). 
UJeCT~rOnbHblMU PY~bRMU. 



HblMW PybfiMki Bpe3aHHblhiH H a  AP~I'oHL~JI~ 

a (pwc. 308): 06pa3ubr cocrorrnu 143 nnacraH . . 

42. Teuenue memanna e a e y ~ ~ e o ~  < O ~ U W H O ~  2 ~ ; f  w m e n u  (POPMY ABYX ~ p y -  
~crnudpe c a u a z o n ~ b ~ b u t u  ~ 8 a a p a m ~ b u t u  TOB COeAHHeHHblX nepeMblqK0fi I4 CMeUeH- 

P Y ' l w u  .- Hb1X OTHOCMTenbHO T O P H ~ O H T ~ ~ ~ H O ~ ~  OCU Ha 
~ ~ ~ @ O ~ M ~ U W I O  IIpRMOyrOnbHOrO 06- Y 2 MM. AAII ACCneAOBaHWII ~ ~ I J I U  0 ~ 0 6 p a ~ b 1  

pa3ua C ~ Y ~ H U ~ M  H x B = I ~ x ~ ~ M M  ~PONSBO-  TeMlTneTbI H a  PaCCTORHliXX: a-x/L=Ol033; 
nanu B A B Y X P Y Y ~ ~ B O M  ~ancr6pe c OCHOB- 6-x/L = 0,45; B-x/L=i or ~ a s a n a  osara ne- 
H ~ I M A  p a a ~ e p a ~ ~  B,=34m, h h r = i 7 , 7 ~ ~ ;  

~"=SMM (PAC. 306). O b p ~ 3 ~ b l  nnrr U C C ~ ~ -  B P ~ ~ Y J I ~ T ~ T ~  U C C ~ ~ A O B ~ H U #  YCT~HOB- 

AOBaHWII TeYeHMII MeTanna ~ ~ I J I W  BblnOn- neH0, YTO MaKCAManbH%l BblCOTHU Ae@p- 
HeHbl B BWAe ABYX Gpycbe~, COCTOnUWX 113 6 MaUWR ~a6nronae~crr B ueH~paJbH0fi YaCTA 

nnaCTWH CO B3aAMHbIM WX CMeUeHHeM OT- PyYbeB ~anw6pa U YMeHbIllaeTCR B H ~ I I P ~ B -  

HOCHTenbHO Apyr Apyra no AJIMHe 06pa3- J e H A U  UepeMbIYKW W ~ O K O B ~ I X  Y ~ C T ~ ;  np0- 

ua. I Ionyqe~b~ nonrr nepe~eme~wrr  ~ e ~ a n -  @~nefi .  n o n n u ~ e  osara n e @ o p ~ a u ~ ~  c ~ e -  
na w n e @ o p ~ a u ~ ~  rrsee~. IIo @ o p ~ e  rpa- neHb B ~ I C O T H O ~ ~  A ~ @ P M ~ U M I I .  MeTanna ~ 0 3 -  

@UKW aHanornsHb1 PWC. 31 M 32 n H ~ M W  H e  pacTaeT no Mepe yeenweHerr ~~COJI IOTHO-  

IlpUBOARTCrr. r0 O ~ X ~ T W ~ !  W UIWp%iHLI O ~ X C M M ~ ~ M ~ I X  p a -  
Ha OCHOBaHAU a ~ a n ~ 3 a  pe3ynbTaTOB CTKOB. B O ~ L U ~ M ,  KOHeVHYH) (Ha BbIXOAe W3 

WCCneAOBaHWR TeYeHkiIT MeTaJIna MOXHO 0kilX A ~ @ o ~ M ~ u W U )  BepTHKaJIbHylO A€!@o~- 
npennonoxw~b, YTO B oqare ne@op~auucr MBUMK) ~ e ~ a n n a  no sblco~e p a c ~ a ~ a   om- 
UMeeT MeCTO CXeMa rJIaBHb1X A ~ @ O ~ M ~ U M ~ ,  HO CqkiTaTb P ~ B H O M ~ ~ H O ~ ~ .  0 6  3TOM CBWAe- 
I I O K ~ ~ ~ H H ~ R  ~a put. 34. BO B C ~ M  06.be~e Tf3bCTBYloT IIO'ITW OAAHaKOBLIe IIpMpaIUe- 

osara n e @ o p ~ a u ~ u  ~ e r a n n  nonsepme~ El HUH BepTAKanbHoro n e p e ~ e ~ e ~ w r r  MeTZlII- 

B ~ I C O T H O R  ne@op~auuw cmararr e npo- 4: na no sblco~e o6pa3ua ~a anropax e e p ~ u -  
nonb~ofi ne@ophfauuw pacTrrmeHwrr. B ueH- K ~ T ~ H ~ I X  n e p e ~ e u e ~ ~ f i  w nosm paBHontep- 
TpanLHblx o6~rac~rrs  pyqbea ~anr16pa, or- H ~ R  no B L I C O T ~  norapr.r+artrsec~a~ B L I ~ ~ T -  

PaHWqeHHLlX ~7liHIlXhl11 a - b , f e  rr 1 - k, C-d H ~ R  A ~ @ O ~ A ~ ~ U H R  H ~ C ~ K .  M a ~ c l l h l a ~ ~ b ~ a ~  

(cnr. PMC. 34), ~ e r a n n  n o n ~ e p x e ~  nonepes- B L I C O T H ~ ~  ne@opl\rauwrr ~ a 6 n ~ n a e ~ c r r  B 

lioii ne@opa~aur~lr cxar l~n ,  a B p a i i o ~ ~ e  lie- u e r l ~ p a i ~ ~ o i i  I I ~ C T I I  ti~)yr.ib~x ~lpo@~r,icii 

P e M b l U K U  (obnac~b, OrpaHWYeHHaR JIUHWrt- (pyllbe~ K ~ ~ H ~ P O B )  W YMeHblUaeTCR K Kpae- 
all1 e - f ~ ~  k-T), r r  y Gob-on~ls no~cpsrroc~cii  
no.Tocb1 (o6.1ac~ll a-b, c-d) are~a-1.1 rlo;r- 
s e p m e ~  nonepelreoil ae@ol)ataurr~~ pacrrr- n ~ ~ ~ o ~ r ~ n b ~ b l ~ ~ n ~ a r o ~ a n b ~ b l ~ ~  (B) P Y ~ ~ R M U .  IIonepelr~arr ae@opnraurr~ ~\re~a.~:ia 
X ~ H I I R .  3 0 ~ 1 ~  nre~a.-~.~a v B C ~ U I I I H  ~ V Y I > ~ U  x a p a ~ ~ c p 1 1 3 v e ~ c ~  ~a..rrlqllear J ~ I I F I I ~ I I  11v.le- 

~an116pon (m-n, o-p ,  r-s, t -y)  HU.WIIOTCH Oi).lil(.~11.\111 a a ~ j > v z ~ e ~ ~ o i i  BMX nepeateulet~lrii, ilalen)meii alecTo n o  uceii a.wee ollara ae@op- 
R ~ I C O T H ~ ~ ' I  ne@opuaullr~. 

4.3. Teue~iue nremanna npu npoltarnrce as,y.rtlumourrozo 

I1  B KOHe'lHO.\I C'leTC OIIp?.lC.lXCT !'Ulll- 
I 

peH11e aleTa.ma B  TOM pylrbe. Ilp11  TOM 
z z B 4 e ~ ~ p a ; l ~ ~ o f i  3OHe Kailll6pa hIeTXl.1 
6 6 .xr160 ~e noasepme~ nonepe~r~ofi  ac- 
4 a 4 a + O P A I ~ L I I I I I ,  ;11160 r1crIbITLlBaeT nonepel{- 
2 2 

HYlo iIe@~phla~lflO CXaTIIR. R OCTa.lb- 
o o ~ ~ f i  I I ~ C T I I  ~an116pa hfe~a~3.q nonoepme~ 

r Z 
nonepes~oii ae@oparauurr pacTRmeHIIn. 

2 2 Z. ~ c ~ n l o s e ~ n e  c o c ~ a e n a e ~  ~paeeoii ysa- 
d 6 d- 6 

g 4 6 CTOK npaaofi 3arOTOBKIl (06~1ac~b. 0q)a- 

z 2 2 ~ r ~ s e ~ ~ a r r  ne~aef i  c - c, cnr. pilc. 30), 
m i4 

0 2 4 6 8 10 12 14 16 18 y 0 2 4 6 8 10 12 14 16 18 Y rne n1eTa.rI.T IvxLITblBaeT nonepewylo 

" .  ne@oparaurrm cxa-rrrrr. KaK yme OTnle- 

Z qmocb,  TO B ~ I ~ B ~ H O  n e p e n o n ~ e ~ ~ e a r  
6 npa~oro pysbrr ~ a ~ u 6 p a  no luuprl~e ki 
4 B CAepXWBaHWeM CBO~OAHOI-0 IIOIIepeYHO- 
2 ro nepeMeueHm hieTanna B yurapecrrre. 
0 2 4 6 8 10 12 14 16 18 Y Ha OCHOBaHWkl aHanW3a De3VJlbTa- . < 

TOB MCCneAOBaHIiII TeYeHAe hleTanJIa 
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a 3 0 B a H b l  n p U  pa3pa6o~~e B H p T y C i J I b H O ~  

nonn c~opoc~eG n e p e ~ e u r e ~ ~ f i  H ~e@op-  
~ a u l l f i  M e T m a  n p M  TeOpeTUYeCKOM UC- 

CJIeAOBaHHH npOKaTKH B MHOTOPY'IbeBOM 

~anu6pe C p a 3 J I H ~ H o f i  @0p~0f i  p J V b e B  H 

n p O K a T K I 4  AByXHUTOYHOrO P a C K a T a  B 

U Z J K H X  B m K a X .  
6 T ~ K H M  O ~ ~ B O M ,  B n e p B b I e  UCCJIeAO- 

B a H o  T e q e H u e  M e r a n n a  B osare ne@op~a- 
UUH n p U  ~ ~ O M T K ~  IIPRMOYrOJIbHLIX 38- 

rOTOBOK B A B Y X P F b e B O M  ~ana6pe C WeC- 

THYrOnbHbIMH W KBWPaTHbIMH PYYbRMU 

U ABYXHHTOYHbrX PaCKaTOB B AByXpJVLe-  

BOM ~anu6pe  C n P R M O ~ O J I L H b l M U  A U a r O -  

HaJIbHblMA PYYbRMU: U H a  MZJKO# UH- 

J I H H A ~ H Y ~ c K o ~ ~  6 o s ~ e  BanKOB. U o J I y l l e H -  

H b I e  p e 3 y n b T a T b I  BKCnepHMeHTaJ ILHOrO 

I ‘!I mm11, MM ACWIeAOBaHUR TeYeHHR MeTaJIJIa UCnOnb-  

3 0 B a H b I  AJIR OnpeAWleHUR P a H A Y H L I X  YC- 

~ ~ ~ c n e p u ~ e n ~ a n b n b ~ e  nonn nonepequblx cocraennlouux nepeMeueuun MeTanna (1) u ~ O B H #  npw pa3pa6o~~e B H P T Y ~ ~ H L I X  no- 
norapu@~urec~an nonepewan aeaop~aqun n r e e ~  (11) s noneperlnblx cerlenunx (a i s) npn~oyronbnoro n e ~  cKopocTe~ Ae+OPMmUfi npH Tea- 
o6pasua flOCne flpoKaTKM B ASyXp)PibeSOM ~ a n ~ 6 p e  C UIeCTUyrOnbHblMU Pr(bRMU. 

PeTHYeCKOM HCWIeAOBaHHU npOKaTKU B 

RMH Bpe3aHHbIMU H a  A A a r O H m b  MOXHO CYHTaTb, YTO BO BCeM o6me- 
MC O Y a r a  A ~ @ O ~ M ~ U H U  MeTaJlJ l  UCnbITLIBaeT BLICOTHYH) A~@OPMB- m n e  k r  
UWK) CXaTUR H ~ P O A O J I ~ H Y I O  A ~ @ O P M ~ U M I O  PaCTRXeHUR. B U e H T p m L -  

S 

HOG YaCTU y ' n e p e ~ b l ~ ~ k i  MeTaJ In  UCnbITb lBaeT  nOI IepeYHyIO Ae@op-  

M ~ U M H )  c x a T m ,  a B OC'T;LT~HOG s a c T u  nonepeworo c e s e H l m  p a c K a T a  

- n o n c p e s H y l o  ne@op~aunro p a c T R x e H n R .  

4.4. Tmenue memanna npu npoKamKe deyxnumounozo 
pacxama znaa~ux sanxax 
A c u r e n o ~ a ~ a  n n a c r u s e c r t a x  ~ e @ o p ~ a u u ~  M e r a n n a  npu npo- 

KaTKe ~ByXHIITOr IHOrO PaCKaTa ,  COCTORluerO 113 KPJT.1WS I l p~$ l l . l e i i ,  

c o c a r l H e H H b r x  T O I I K O ~  n e p e a r r , r q ~ o f i .  n r n a n K l l s  sa.-rrtas. OGpaaul,~ 
CK'IellBa.lIll N3ABYX ~O.'IOB~IH CO B3aUhlHO I I e ~ ~ e H A l l K Y I [ R P H L l M I I  n.l.a- 
c r l l l l a a l l r  a @pesepo~awr B npo$rr.~~, coc~orrur~ii 113 A B ~ S  I r o n y -  

KI>!'r.7LIX ~ p ~ ~ l ~ l ~ l e ? ,  COeAIlHCHHbIX T O H K O ~ ~  n e l ) e h l L ~ ~ K ~ i i  (p1-1~. 35) .  
~ ~ I ) O K ~ T K ~  iIBYXHATOYtiOr0 06pa3ua OCYUleCTB.IR.~M H a  r n a ~ ~ o f i  60s- 0 P f  I t  Y 
Ke  Ra.l.KOB C paAMyCOhl 1251111. ~ 1 i p l . l H a  0 6 p a 3 l l a  B = ~ ~ x I ~ I ;  RblCOTa ~ C X D M ~  r n a s ~ b ~ x  f leaop~auur i  s ovare 
H=23 AI>I: ~ o , i u r r t e a  n e p e ~ r b i ~ r ~ l r  h f l=2 ,6h l a r ;  u b l c o r a  p a c ~ a ~ a  1 1 o c . 7 ~  fieQop~auuu npu n p o ~ a ~ ~ e  npn~oyronb~oro o6pa3ua B 

n p 0 K a T K l i  h=i2xru. r l 0 . W  BCpTi1Ka.VbHbIS 11 ~ 0 n C ~ ) C ~ l H b I S  COCTaB.1RIO- flByXpy'cbeBOM ~ a n ~ 6 p e  C KBWpaTHblMU PY'ibRMM. 

LI:IIS n e p e h l e u r e ~ ~ . ~ ?  sacnru h r e T a n n a  C T ~ O I ~ X I I  B T p e x  n o n e p e w b l x  

c ,ecre l j r lRs  orara n e @ o p h r a l u t ~ r ,  p a c n o a o r n e ~ ~ ~ , r s  R H ~ ~ I ) ~ B . ~ ~ H I I I I  npo- J o y s p g l l b e o b l s  ~a . l r~Gpas  11 , m g s H I I . r o t r H o r o  1)aCKaTa B ~ . T ~ J K I I S  ~ 2 . 7 -  

K ~ I T K I I :  a-x/~=d,39; 6-x/~=O,78; B-X/L=I. K ~ S ,  a B nan~~efirneac n.in p a c ~ e ~ a  ~ a . l r 1 6 p o ~ o ~  B ~ J K O B  np11 pea .7113a-  

A ~ a . 1 ~ 3  pe3y-1bTaTOB I1CC.leAOBaH~lR TetrCHliR AlCTa.T-Fl nI)lt  np0- Ull l l  npO1leCCa h l l l ~ r ~ ~ ) ~ ~ l l e ~ ~ i i  npOKaTKII-~)a3Je.7eHIIR. 

KaTKe iIByXHkITO'IHOr0 o6pasua C KPYrr lLlhl l l  ~ ~ ~ ( t ) l l ; l R h l l l  B r.lalanK&lX 

i r a n ~ a x  n'o3Bonun ~ ~ ~ A C T ~ B U T L ,  YTO BO B C ~ M  06xe~e  osara ne@op- 5. ~opmoutmewewue u 3weprocunosb1e 
L ~ I I H M  h 1 e ~ a . m  n o n ~ e p x e ~  B L I C O T H O ~ ~  n e @ o p % t a u r + e  c x a ~ w ~  n npo- napamerpsi npu n p o ~ a r ~ e  meranna B 
2 0 , 7 b ~ o i i  A ~ @ O P M ~ U M I I  p a ~ ~ R & e H l i f i .  B 3 0 ~ e  h l e~&! . l a ,  np1IhlbIKaIO- MHOlOpyWseBbiX ~anubpax 
rriero K n e p e M L l s K e  0 6 p a 3 u a ,  u M e e T  M e c T o  n o n e p e s e a f i  n e @ o p ~ a u n R  

( ~ ~ T I I R ,  a B o c ~ a n b ~ o f i  s o ~ e  h t e ~ a n n a  - nonepes~ax ne@op~au, r~  n o n y s e ~ ~ b ~ e  u n 3 n o m e ~ ~ b r e  HMme p e 3 y n ~ ~ a ~ ~ 1  A c c n e n o a a H w x  

p2CTRXeHUR.  P e 3 y J l b ~ a ~ b l  HCCJeAOBaHUR TeYeHUR M e T a J l ~ l a  UCnOnb-  npOKaTKU B AByXpyYbeBLIX ~anrr6pax C p a 3 J I H ~ H o f i  @ 0 p h l 0 f i  p y Y b e B  

6 a 3 & i p y m ~ c ~  H a  p a 3 p a 6 0 ~ a ~ H b l x  cnoco6ax npOAOJ lbHOM pa3nene- 
HHR p a c K a T a  u T e x H o n o r u s e c K u x  c x e M a x  n ~ y x p y s ~ e ~ o f i  npoKaTKcr -  

p a 3 ~ e n e e l . i ~ .  P e m e ~ ~ e  aanaqu o n p e n e n e H a r r  n a p a ~ e ~ p o ~  ne@op~a-  
UUlX MeTaJ Ina  U BHeprOCAnOBbIX ~ C ~ O B U #  B A B ~ X P ~ ~ ~ B L ~ X  ~ m ~ 6 -  
pax o c y u e c T s n e s o  c w c n o n ~ 3 o ~ a ~ ~ e h 1  B a p u a u r r o H H o r o  n p H 1 i u u n a  

B03MOXHLIX H 3 ~ e ~ e H U f i  A ~ @ O ~ M A ~ ~ ~ M O ~ O  COCTORHUR, pa3pa6o~a~- 
HOrO I/I.~.T~PHOBCKUM W er0 . . YYeHAKaMU. C UenLKJ YI IpOUeHUR pe- 

: 
W ~ H H R  npusma M o n e n b  + e c ~ ~ o n n a c ~ m e c ~ o G ~ .  c p e n b r ;  onpenenrre- 
Ma% B b I p a X e H H e M  T Ts, T - UHT~'HC?UBHOCT~ K ~ C ~ T ~ ~ L H ~ I X  Ha-  

n p ~ m e ~ u k  .. . 

a 6 5.1. Llpo~am~apamama e aey~pyvbisalr ~anu6pa.r cpom- 
6memoii u urecmuyzomnoii @opmou'pyvbee 

C x e ~ b ~  r n a e ~ b ~ x ~ e ~ o p ~ a u u f i  s noneper~b~xcerenunx ~ Y U T ~ I B ~ R  CXOACTBO r e o h f e ~ p u s e c ~ o f i  @ O ~ M M  ogara ~ e + o p h r a -  
tia Bblxofle (a) u Ha S X O A ~  (6) oqara A ~ @ ~ M ~ U M U  npu f l p o ~ a ~ ~ e  UHll  n p I i  npOKaTKe  B A B ~ X ~ ~ ~ ~ B ~ I X  K ~ U ~ P ~ X  C p ~ ~ 6 ~ ~ e ~ ~ U ~ U  ( K B ~ -  
npmoyronbnoro o6pa3ua B nsyxpyrbesoM ~ a n ~ 6 p e  c 
UJeCTMYrOnbHblMU PYqbRMM A ~ ~ T H ~ I M M )  I1 WeCTHyrOnbHbIM1+ PYqbRh l l i  (PAC. 36),  a T a K X e  0 6 1 ~ 1 i e  

.. . .  . 



3aKOHOMePHOCTR T e -  

Y e H m  h i e - r a n n a  B 

HHX, O C O ~ ~ H H O  B nep- 
~ ~ ~ a s a J I b ~ b l #  I l e p H -  

OA O ~ X B T U R  RCXOA- 

HOG ~ ~ R M o ~ ~ o J I ~ H o #  

HeMaTHYeCKOrO M e -  

X a H R 3 M a  (Pop~01.13- 

2 MeHeHHX MeTaJIJIa  B 

3THX ~mubpax  enki- 
HblMH 3aBACNMOCTII- 

MU. 

n p u  paspa6or- 
C x e ~ a  npoKarKu np~~oyronbnoii nonocbl e 

pa3pe3HOM ~anubpe: I u II - 30nb1 orlara ne@op~aquu. 

K e  B H P T Y a J I b H O r O  

IlOJIH C K O ~ O C T ~ ~ ~  no- 
3 n e p e ~ ~ o e  c e s e ~ u e  z., = H ~ ( I - ~ . E ~ + M ~ ~ ( I - $ ) ~  B, - d  (88) 

n ~ O @ r m r r  P ~ ~ ~ ~ T ~  H a  - nOBepXHOCTb BaJlKa Z, H a  TOPkI30HTanbHOhi  y q a C T K e  
2 ~ O H ~ I  no ruwpme 
osara: 1-(Y=Oi id), z., =h ,+dh . , ( l -$ r  (89) 
11- (Y=dsB), ~ a 3  me H, - ITOJIOBUHa BblCOTbI P Y Y b R  ABYXpYqbeBOTO ~ a n k i 6 p a ;  
yacTKa n p H  O n H c a -  BK = B +(2hK -h,,)/tgP - LURpHHa ~ a n ~ b p a  no OCM CkiMh4eTpHN; 
HkiH T e o M e T P H q e -  d = O,$BK - h,, / tgp) - paCCToIIHWe OT OCki K ~ J I H ~ P  no OCH p y b n ;  

@ O P ~ I ~ I  oqara h, = (Bn - B,)tg(P - T O A U I i H a  6 0 ~ 0 ~ 0 f i  KpOh1KI.i p a c K a T a  H a  i b l x o n e  113 
J ~ @ O P M ~ U I . ~ H .  ~ a n u b p a ;  Ahmax- h l aKCHMMbHOe  H 3  ~ ~ C O . ? H ) T H ~ I X  06xa~irii n e p e h i b r q -  

floneperubte cerenun cocrasnoro n . 7 ~  o n r l C a H 1 l a  K I I  11,111 6 0 t i o ~ o i i  K ~ O X I K I I .  
cnowcioro nsyxHurorlnoro obpasqa npu npoKarKe B @OpblbI 04ara Aegop- 
rnanKux eanKax (1 + 4 - notdepa cerlenuii no mune A ~ R  C J I j T a R  p o h l 6 u ' l e ~ t i o i i  ( K B W P ~ T H O ~ ~ )  ( t ) ~ p h i b l  PYYbR BbICO- 

orara fle@op~aqnu). %faUli!4 nPI iHRTb1 C.W- ~a ~an116pa C yVeTOhl CKpyr i r eHHR BepUrHHM hK RB.7ReTCR nPOH3BOJ- 

a y n ) l l l r l c  y p a u 1 i e l l l l n  H U M  pa3h1epoh1  hK = H~ - r ( l / c o s y ,  - I ) ,  rirc r - p a n l l y c  c K p y r x -  
n l l ~ ~ f i  H n o ~ e p x 1 3 0 c ~ e f i :  HMII, a B A B y X p y q b e B O M  ~anu6pe  C U r e C T I l ~ ~ O n b I l b 1 M H  PYsbI Ih lH  hN - 

- IIOBC'~)XHOCTI. :i3TO'I'OBKII: Z<,= II,,; ~ C I I O R I I O ~ ~  p a 3 ~ e p ,  n 1-0 B ~ ~ X I H  KBK pa3~1ep H,: HB:IH~TCH 11po113no1 -  
- I I O U C L I ) S I I ~ ~ T I ,  1 i a . 1 ~ 3  Znl II;I IILIK:IOIIIIL,IS y t ~ ; ~ r ~ 1 3 x  IIL,IXI: Hw = 0,5(h,,+BKtgcp). 

~ ~ I I H R T O ,  'IT0 OCIIORIIbI>III pa3hIL'l)a>lll  ;IBySl)!r'lllrCBblX K ~ : I I I ~ -  

!)on ((.)I. ~ I I C .  36) nri.:InmTCn HI;. Bs, h,;, h,,. (P I I  R,, . a pas>le l ) l , l  :caw- 
TOUKII OIIIICl~lI3~lC)TCR H, ,11 B,,. nl11l  BTO>I I)a;lll!.C I. CKP!'T.1CIIIIR BCJI- 

I U I I H ~ I  p0~1611sec~oro py11,11 o n l ) r i I r . i R c T c n  113 rIpIIRr.1cI{IIoi-o R ~ I I I I ~  

COOT1101U?HllR. 

I'as>rcl)~,~ . Inyspy t r l , coo r -o  ~a:1116pa I I  :InroTorrK11 o6yc:1ort.1111{;1- 

K).I. C:I~; I~IOII[VIO C I I ~ T C S I ~  r c o a l e T p I I I I c c t i I I x  ( 1 ) i l t i ~ o p o ~  olI;lr;I ,TC'(I)O~)- 

.\1;1111111: 

(3 i)/3y.v~)!j~11,(~fjo.11 ~ / 1 . 7 1 1 6 p ~  (. ~ ) O . I ~ ~ ~ I I I ( J C K L I . I I ~ I  ~!/III,;I.~III 

m,=tg (~  ; m,=h,,/H,;; m,=RM/h,,: m,=h,:/H,:: 
m5 = h,:/H,, ; mti = b,,/h,, ; m7 =B,,/B.; (!)(I) 
B i I n y x p y s b e n o X 1  ~x1116pe  c I J I ~ C T ~ I ~ I . O : I ~ I I ~ I S I I I  I ) \ ' V ~ H > I I I  

m,=tgcp;m,=h,,/h~;m,=Rfi,,;m,=hJBI; 
m, = hl ; /H, ,  ; m, = b,,/h,, ; m7 = B, JBK. (91) 
P e l l l e l l l t e  Bapl laUl lOHHOTO y[)aBHeHllR 0cyIUCCTB:lcI~O B TOtlKaS 

I $ ~ K T O ~ H O ~ O  I lpOCTpaHCTBa B AIIana:$OHe 

APK c ponf6u~ec~u.~ru PljYb9~3fU 
m, ~ ( 1 , 0  ... 1,7); m, ~ ( 0 , 2  ... 0,6); m, ~ ( 2 5  ... 45); 
m, ~ ( 0 , 9 0  ... 0,95); m, ~ ( 0 , 8  ... 0,90); m7 ~ ( 0 , 6  ... 0,8); 

air8 /IPK C UeCmUljZOilbHblAiU pljYb8Af U 

m, E(I,O ... 1,7);m2 ~ ( 0 , 3 5  ... 0,65); m, ~ ( 3 5  ... 70); 
m, E (0,50 ... 0,60); m5 ~ ( 0 , 7  ... 0,s); m7 ~ ( 0 , 7  ... 0,8). 
P e 3 y ~ r b ~ a ~ b l  npOBepKki  aneKBaTHOcTkl h l a ~ e ~ a ~ l i ~ e c ~ o i i  hlOAe- 

.la npOKaTKIf  B ABYXp)"lbeBOXI ~ a n k 1 6 p e  C p 0 h f 6 H Y e ~ K ~ h l I I  PYYbRhlI.l 

n o ~ a 3 a n 1 < ,   TO n o r p e U r H o c T b  n o r a p ~ @ h ~ ~ ~ e c ~ o r o  K O ~ @ @ I I U I I ~ H T ~  

BbITIIXKH COCTaB.IIReT OT -11,5% A 0  +19,9%, YLLIWpCHI4II - OT-19,5% 
a0 +21,1%, CPiJbl  IIpOKaTKH - OT -20,3% A 0  +20,8%, MOMeHTa np0- 
KaTKkI - OT -21,4% A 0  +10,4%. 

~ O C J ~  o6pa60~~1.1 pe3yJIbTaTOB peIIIeHHII  B ~ ~ M ~ U H O H H O ~  YpZiB- 

H e w n  non~oii MOUHOCTH c ~ c . n o . n b 3 0 ~ a ~ ~ e h ~  a n n a p a T a  I \ raTehiaTn-  

s e c K o r o  n n a H I . r p o a a H u I I  MaLLIrltiHoro B K c n e p r r n i e H T a  h l eTonah f r1  hra- 

T ~ ~ I ~ T M Y ~ C K O #  CTaTHCTHKI.1 I I O n y e H b I  CneAYIOUIHe 3aBPICM?riOCTII: 
n ~ ~ ~ O y r 0 n b ~ O f i  3arOTOBKU B ~BYXPYrlbeBblX ~ a l l ~ b p a x  C 
p 0 ~ 6 ~ ~ e c ~ O f i  (P) u u~ec~uyronbnoh (LU) @op~ofi  pyrlbes. a.va a ~ ~ ~ p y l r b e s o ~ o  K U . ~ U ~ ~ U  c po,~r6ulrec~u.~ru p y l r b ~ ~ i  
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L y O -  M H O r O K p a T H a R  n p O K a T K a  B T P e X -  

p y Y L e B O M  ~ a n w 6 p e  C ~ O M ~ A Y ~ C K M M H  

~ ~ Y L R M U .  MCXOAR u3 a ~ a n m a  T e s e H m  

s r e T a n n a ,  osar ne@op~aueu n e n n n c l r  H a  

YWCTK11 I i VI ( ~ U C .  44) C P e T O M  CHM- 

h i e T p U U  M H O r O p y Y L e B O r O  ~mu6pa.  no 
h!epe s a n o n ~ e ~ n ~  M e T m n o M  M H o r o p y L -  

C B o r o  ~ a n u b p a  UIMpHHe kI BLICOTe p a -  - 
CTKIl I, IV U V yBen11YWBaloTCR 38 CYeT 

~ > I e H L U I e H U R  CMeXHLIX C HUMH YYBCTKOB, 

H n p c I  H O ~ M ~ ~ L H O M  3 a n o n ~ e ~ ~ u  M H o r o -  

p y Y L e B o r o  ~ane6pa  IlMeeTCR TOnLKO T p U  

3 blUJeyKa3aHHLIX Y a C T K a .  

A ~ R  o n p e A e n e H n R  H a n p x x e H H o r o  

COCTORHMR M e T a n n a  H C n O n b 3 O B a H  MeTOA ''; :- 

nocnenosa-renmoro p e r u e H u R  Y @ B H ~ H ~ #  

paBHOBeCMRUypaBHeHliRnnaCTU9HOCTW. 

3 a ~ a s a  p e u r e H a  n a c K p e r H o  AJIR r p y n n b 1  

\.qaCTKOB K W O r O  p y Y L R  ~anubpa.  B pe- 
n p o ~ a ~ ~ e - p a ~ e n e ~ u u .  

iv .1bTaTe aeanusa n o n w e H H L r x  D a c s e T -  

;b!S 3nmp H ~ I I ~ R x ~ H u ~  YCTaHOBneHLI C J I e A y l o I 4 k i e  o 6 4 1 1 e  3aKOHO- 

;!?pHOCTU H ~ ~ ~ R x ~ H H o - A ~ @ o ~ M ~ ~ ~ o B ~ H H o ~  COCTORHMR M e T a n n a .  

Ha H ~ O ~ X U M ~ ~ M L I X  YYaCTKax P ~ C K ~ T ~  nOCTORHH0 ~ ~ ~ c T B ~ K ) T  

n ? o r r u n L e L r e  P a c T r r r m a r o u p e  H a n p r l x e H x q , ,  B s ~ e ~ ~ r o y ~ e c r r  no 3a- 
!,-2iry, ~ ~ M ~ K O M Y  K J I k i H e f i H ~ ~ y ,  MaKCMManLHaR ~en$&iHa KOTOPLIX 

:!\!eeT MeCTO H a  BLlXOAe 113 O Y a r a  A ~ @ O  M&~ALI U hfMH11ManLHaX - H a  

.\ox h f e r a n n a  B *anKw loa[ = cr, I&. c y B e . w l s e H I i e h l  n e n e H l i  

. : r + o p > r a s r r ~ ,  npy' n p o s l r x  p a B l r b i x  . y c n o ~ r ! ~ X ;  ca ~ o s p a c ~ a e ~ .  B 
' ; ? ~ ~ ~ H I I x  p y q L R X  ~ ' ~ O A O ; I L H L ~ ~  H ~ I I ~ R x ~ H ~ R  H ~ C K O J L K O  BLIUIe, s e a 1  B 

; : ~ ~ l l I ! X ,  q T O  O~IRCHHCTCII  HMII'IIICAI 6 6 . x ~  3llaYllTe.lLllLlX l I 0 l l e -  

;e.iHbrx nepe~euesati M e T a n n a  B ~ p a i i ~ ~ x  P Y ~ L R X .  A ~ H  noc-raxe- 
>:!E Be.TrlslrllL1 c p e n r i e r o  K O ~ @ + I I U P I ~ I I T ~  BLITRXKII, B o c H o B H o n r  on- 

.'. 1 . 1 ~ 1 1 l a n  R L I C O T H ~ R  y T R x K a  h l e r a . l n a .  no h l e p e  ~ ~ ~ O . T H ~ H I I R  h i ~ o r o -  

. :%iLeeoro ~anrr6pa, nprr npowx p a B a w x  ~ C . - I O B I I R X  p a c T c T  u e a l r v i l -  

3 : ~  ~ ~ U J O . ~ L , H ~ I , I ) ;  p a c T n n 1 B a r o u l I x  ~ a n p x x e ~ { l ~ i i ,  11 u o s p a c ~ a e ~  u e p o -  

>T!iOCTL I laPYUIeHllR C ~ ~ . ~ O U I H O C T W  M e T a J . l a  B B e p u I I l H a X  3arOTOBOK. 

~ r . - l ; l ' l l l I i a  I l p o n o : i b l l o r o  l l a r l p n m e H r r R  a1o.ih;e.r JOCTlIraTL sr - laI rer i l lR 

,i:l>OTIIB.leHUR a ~ c ~ i u , i a  i l e $ o p b ~ a u ~ ~ i i .  I l a . l ~ r q r i e  H a  1ierrarp!rxeii- 

;i,.:i~ n o B e p x H o c T u  n p o n o . n r r L r x  p a c ~ ~ r r r ~ a r o m ~ l x  ~ i a n p f i m e ~ r ~ i i ,  p a B -  

l X  I l p e a e . T y  TeKyYeCTlr ,  3KCnepl~ihleI iTa . ' l  bHO i lOKa3aHO.  n03TOhl) :  

\:r!ii;!iO PeKOhieHAOBaTL &A11 ~ O J l > ~ Y e H I I R  KaYeCTBeHHOTO n p O K a T a  113- 

,' >.-;ITL [ I ~ C T I I M S  KOJ$@IIIIIIFI~TOB BLITRXKII 6o:lee t1e.v 1,3 j o  mno.1- 
. . . . t : ~ r r i  xeTa:i:loal ~a:1116pa IIO owore  I I  n p l r a l e H n T b  s ~ a ~ c r r a f a . - ~ ~ ~ o  

; : I I : ~ C T I I ~ I ~ I ~  O ~ X ~ T I I R  l i o c . i e  ~ ~ ~ O : I I ~ ~ I I I I H  ~a.11161)a a l e r a . ~ ~ o s l .  Xa- 
; ' . ~ ~ e p  p a c n p e a e . l e m R  n o n e p c s t i L 1 x  ~ a n p ~ x e l i ~ ~ i i  noiroherr pacnpe- 
.:e-!c-!irrro n p o n o n b e s l x  ~ a n p r r x e ~ ~ i i .  

Il..tocrtan p a 3 ~ o l i h r e ~ ~ a n  c x e a l a  H ~ ~ X I ~ . T L H L I X  ~ ' a n p A x e l i 1 1 i i  I I O  

a; cii A. l r tHe II u r i p c r H e  ~ e 0 6 ~ 1 ! ~ a e h l b l ~  ~ Y ~ C T K O B '  AIOXCT ~ e S . ~ a r o -  
il!jllRTHO B.XURTL [ l a  KaYeCTBO n p O K a T a .  ~ 0 3 ~ 0 ~ 1 ~  B UeHT])aALHblX 

iZ(.?ilX @ O ~ M M P Y ~ ~ I L ~ X :  3BrOTOBOK YXyAIlIafOTCR yC.1OBIIR yn;IOTlle- 

? i i R  SlaKPOCT~lYKTYPLl  hleTa.llna, Fi H e  11CK.TloYeH P O c T  HaC.!IeirCTBCH- 

i i a s  n e @ e ~ ~ o ~ .  ~ . U R  n p e n y n p e x n e H l r R  0 6 p a 3 o ~ a ~ r r ~  ne@e~ros r1e- 

. -!~coo6pa3~0 Y e p e n O B a T L  YqaCTKU C p a 3 ~ 1 1 1 ' 1 ~ 0 i i  HHTeHCIIBHOCTbK) 

~ L I ~ O T H O ~ ~  ~ e @ o p ~ a u n ~  no u r u p u H e  p a c K a T a .  Ha 6o~oeoii n o B e p x -  

' ~ ~ C T I I  p a c K a T a  B n e p s b l x  n p o n y c K a x  m e e T  h r e c T o  0 6 a e ~ l e a r r  pasao- 
, iXleHHaR c x e M a  H a n p r r x e H H o r o  COCTORHHR, T a K  KaK era< 0. Heo6- 
. i r : l> laeMLle  YYaCTKR I l p e n C T a B J R l o T  coboii ~ O K O B L I ~  " B H ~ ~ H H ~ "  30HL1, 

.33.lliY H e  KOTOPLIX n p H B O A A T  K P O C T y  K O ~ @ @ H U A ~ H T ~  H a n p R X e H H O -  

:I: COCTORHHR M e T a n n a  B M H o r o p y s L e e o M  ~anw6pe. 
H o p h . ! a n b ~ b ~ e  KOHTaKTHLIe H a I I P R X e H I l R  H a  O ~ X A M ~ ~ M L I X  y a -  

CTKaX p a C n p e A e n e H L 1  H e p a B H O M e p H O  KaK no IIIUpUHe,  T a K  LI no &lH- 

.;? osara n e @ o p h i a r r e u .  f l n ~  B c e x  n p o n y c l c o r ,  x a p a K T e p H o  p e a ~ o e  
303I)aCTaHMe BenUYMHL1 KOHTaKTHLIX H a n p R x e H U f i  B 3 0 H e  I I e p e X O n a  

-.T ~ e 0 6 x l l h l a e ~ ~ l x  K 0 6 x ~ h l a e ~ ~ l s l ' y l a r ~ ~ a h t  c h r a ~ c l l h l y ~ o h ~  B 06- 

n a c T U  BepUIUHLI rpe6~eti. M ~ K C A M Z ~ J I L H O ~ O  3 H a Y e H H R  H O p M a n L H L l e  

H a n p R X e H U R  A O C T H r a m T  B H ~ ~ ~ T P L ~ ~ I L H O ~ ~  T O q K e ,  11 MaKCAMYM P a C n O -  

n o x e H  6nuxe K n n o c K o c T U  B x o n a  B a a n ~ u .  IIo h l e p e  s a n o n ~ e ~ u ~  
~anu6pa  a y T o H e H m  n e p e M L 1 s K u  p a c K a T a  U ~ M ~ H R ~ T C R  x a p a K r e p  

enrop H O P M ~ L H L I X  p a n U a n L H L 1 x  H a n p R x e H r I t i ,  OHM nprro6pe~alo~ 
p e 3 K O  B L I ~ ~ X ~ H H L I ~  MaKCWMYM. 6 0 ~ 0 ~ ~ 1 ~  Y a C T K O B  P a C K a T a  Xa-  

p a K T e p e H  p e a ~ r l i i  p o c ~  H o p h l a , ~ b H L l x  ~ a n p ~ x e ~ t l i " ~  1.1 c~a6~i .~usaurra  
IIX H a  OAHOhl YpOBHe.  

nprr n e y x ~ ~ i ~ o q ~ o t i  n p o K a T K e  o s e a l r n H o  H a n l i s u e  ~ 0 . 7 6 ~ 0  ysa- 
CTKOU I 11 IV p a c s e ~ l ~ o i i  c x e a i b l  (CN. PIIC. 44). 

B C n y a e  VeTHOl-0 Y H C n a  OJlHOBpeMeHHO I lpOKaTLlBaeMLlX 323- 

rOTOBOK I l l l e e T  J leCTO CIi~ISIeTI) l I% ~ i H 0 ~ O P ) ' ~ b C B O ~ O  ~a.lrr6pa OTHO- 

a~cra.-r.-~a B ~ e p ~ r l ~ a . n ~ o i r  n n o r K o c T l r  cr rs rarcr l ) l l r l .  P a c s e ~ ~ a r r  c x c h r a  

B  TOX XI c . 7 y s a c  ao-lxea BK.TK)Y~TL B C ~  U I C C T ~  ~ Y ~ C T K O B  c p a 3 ; 1 1 1 ~ 1 1 ~ 1 -  

a111 n e @ o p h ~ a ~ u r m . l r l ,  a ile@oparau~r~ alera:l:la I i a  y L r a c T K a x ,  np1i:le- 

r a r o u l l x  K OCII c r r a r h r e r p r i r l  h i H o r o p y r b e B o r o  Ka.?r r6pa ,  6 v n e ~  a H a n o -  

r l r T r H a  ~ C . ~ O B I I R M  Z C ( ~ ) O [ ) ~ I ~ U I I I I  ~a y l a ( m a x  \- 11 \:I. H c:ryllae s l r i o -  

r.opys weuoii ~ ~ o K ~ T K I I - ~ ~ ~ ; I ~ . I ~ I I I I ~ ~  c 1 l e s e T l l b l . v  YIIC.:IOJI B L I ~ O T O U O K  

iionee T p e s  y c . i o n r l ~  n e + o p a r a ~ l r r r  I \ le ra . i . ia  B c e p e n r r a e L r x  3 . i e ~ e ~ -  
T a p H b l X  ~ a . 7 1 1 6 p a s  Gyayr O ~ H O T H n H b l h l l I  l l  a H ~ . 7 0 ~ I I t I H b l h l l I  fiCd)Ol>- 

h r a u r i r r  MeTa.7.m B cpe .wie>l  pywe T p e x p y v b c B o r o  ~ ~ ~ 1 ~ i 6 p a .  I I o 3 ~ o h 1 y  

I)aCcleTHaR C X e a l a  I I l l e e T  BCe U e C T l ,  S a p a K T C p H b l S  !"IaCTltOB C jIv6.111- 

1)oBaHlrcar  yrarmos V 11 \'I. 
6.2.3~cnepunlenmanb~bie u c c n e a o ~ a ~ m  npoKamKu 
MenlUJJla 8 MHOZOplj'ibe6blX ~anu6pa.x 
3 ~ ~ ~ e p l l h l e ~ ~ a ; 1 b ~ b l e  IlCC,7eAOBaHIiR ~ 0 p h i 0 l l 3 b l e ~ e ~ ~ R  11 3 H e p -  

~OC11.70RLlS Y C . ~ O B H ~ " ~  I lPOKaTKll  B h l l l O ~ O P V 1 l b e B O h l  Ka.711i)l)e 111)0113- 

BCUeHb1 H a  ~ T ~ ~ O ~ ~ T O ~ H O ~ I  C T a H e  100 I1 nO.rlyn~)OhlLlll!JleHllOhl CTBHC 

250. C X ~ M ~ I  pa3Aki t lHLlX BapMaHTOB n e @ ~ p h l a ~ ~ H  hleTaJ .Ta B T p e X -  I! 

n a y x p y q b e e b l x  ~ a ~ k 1 6 p a x  n o ~ a 3 a ~ u  H a  pnc. 45. 
B p e 3 y . n ~ a ~ e  0 6 p a 6 0 ~ ~ ~  3KCIIepl43leHTa.ILHLlX fiaHl1LIX MeTO- 

n a h r l i  A ~ ~ T ~ A ~ ~ T ~ ~ Y ~ c K o I ?  CTaTFiCTllKli BblRB.'leHLl J'paBHeHlrR p e v e C -  

C l l l i  

hc;/(2hp+h),=[0,33I3-0,1406 Hk/H+0,2428H/2hp+(0,079-0,0028H/ 
hi)H/hiIn,'; (128) 

hxi/(2h +h)i=[-3,431+(4,ii4-~,777~~~-0,876~/~K-~,547~ /2h,,- 
0,0343k~)x~~~+i,058~/~~+0,88i~/2h~+0,09~/h~-0,00i7(~/ 
4)2losS; (129) 

bi/BK=5,67+(0,29BI/B+0,335H/HK+i,03)H/HK-0,i91(2hp/ 
H)+(i0,i9iH/Hx+0,32BM /B+0,254(2hp /H)+0,058hi /H-0,845)hi/ 
H+(2,405BK /B-6,446)BJB; (130) 

P C ; = - i , 8 2 3 + 7 , 5 5 H K / H + 0 , 8 7 6 B / B I - 4 , 2 3 H / 2 h c /  
H)'+1,471(H/2hp)'+(-0,37-0,1iH~/H+0,245B/BK+0,38H/2hp- 



H / hKi=4,6-4,265HK / H  -l,78B/BK-0,881H/2hp-O,0625H/ 
hi+1,473(HR /H)(B/BK)+0,89i(HK/H)(H/2hp)+0,0545(HJH)(H/ 
hi)+0,054(H/2hp)(H/hi)+0,854(HK/H)2-0,0026(H/hi)2, (133) 
me hc / ( 2 4  + h); hK / (2hp + h) H b / BK - O T H O C M T e n L H b l e  3anon~e-  
HHR h l e T M n O M  C p e n H e T O  M K p a f i H e r 0  P Y Y L e B  n O  BbICOTe M ~anu6pa 
no U I a p F i H e  COOTBeTCTBeHHO; pz - C y M M a p H M  BbITRXttw 3a i - ~ o e  
' f H C n 0  n p 0 n y C K O B ;  H/h, M H/hK - OTHOCMTenLHOe Y M e H b U I e H H e  BbI- 

COTLI c p e ~ ~ e f i  U K p a f i H e f i  3arOTOBOK COOTBeTCTBeHHO; H h; - K03@- 

M J i p O B a H U e  H a n n b l B O B  H a  m k l p O K U X  I Q a H R X  ~ ~ R M O ~ T O J I L H O ~ ~  3 a r O -  

TOBKH H Y B e n M Y e H H e  MX O T H O C M T ~ J I L H O ~ ~  BblCOTbI C ~ O C O ~ C T B Y ~ T  3@- 

@~KTUBHOMY 3 a I l O n H e H H I 0  K P ~ ~ H M X  P)'YbeB T P e X P Y P L e B O r O  K a - 7 ~ 6 -  

\;Klil HaK.1OHa CTCHOK ~ ) O ~ l i ) l f ' l e ~ ~ ~ l X  I ) y l b e B  ~IHO~OP!l~lLeBOCO K&'llli)l)a 

110 XO;l!l rlpOKaTK11. K l ~ ~ c ~ l a ~ l l ~ c C ~ l l ~  VC.TOBllR n1)OKaTKIl B iIBYX- 

~=0,938+0,114Hnr/h,,p+0,381cp-0,039B/B~,3398+0, 1560.H,,r/hY- 
0,46Gcp~B/BK-0,348cp'0+O,2110~B/Bh+O,l69cp2+O,l7l8', (13s) 

S=-45,924+57,678Hnr/hn -2,8589-0,039B/BK-13,9730-14,81(H,r/ 
hnp)(~/~~)+9,4140~~np/~np+8,778cpcP0-16,147(~npfinP)2-7,753cp2- 
3,151W, (136) 
r;re S - onepexerrue h l e T a l . l a  non rpe6~car ~ a . l l l b p a ;  HltP 11 h,,; 

I l p i I B e J e H H a X  K U I I I P H H e  BLICOTa o6pasua 20 11 nOC;le  I lpOKaTKll :  

HIlp/hllD - K O ~ + @ ~ I U ~ I ~ I I T  n p r l ~ e n e ~ ~ o i i  B L I C O T H O ~ ~  ne@op~rauwa; cp - 
v r O . 7  HaK. lOHa CTeHOK P y Y b C B  ABYXPYqLeBOhl  Ka-lkIbpe K OClf BaJIKOB 

B p a A 1 i a H a x ;  B/BK - 0THOCIITe.IbHaR U I I I p I I H a  I ~ C X O A H O ~ ~  3aTOTOBKIl; 0 
- yroJ H a r c v o H a  rpa~efi  s n e n r e H T o B  3 a n a ~ a e ~ o r o  oGpasua B paarra- 
H a x ;  B A BK - U I M p A H a  k1CXOAHOrO o6pasua 14 ~a.nr16pa. 

Y ~ ~ B H ~ H M R  P e r p e C C I f H  ~ ~ ~ ~ C T B M T ~ ~ ~ H L I  B A M a n a 3 O H e  BXOnHLlX 

n a p a n l e T p o B  Hllp/ h,,,,~ (l,i+i,5); (p E (0+1,05); B / Bk E (0,7+0,9); 
8 E (0+1,05). C T ~ T L ~ C T ~ ~ ~ ~ C K H ~  OUeHKM y p a ~ H e H l 1 f i  p e r p e C C M H  (134)s 
(136) n O K a 3 U l k l  i l X  y A O B n e T B O p M T e n b H y I 0  TOYHOCTL. 

O o p ~ o r l a h r e ~ e ~ r r e  nie-ranna npa n p o K a T K e  n p R u o y r o n b H b l x  

p a C K a T O B  B ABYXpY' lbeBOM ~m116pe C K B a A p a T H L l M U  A i i a T O H U l b H M -  

nrrr ~ ~ Y L R ~ I H  (CM. P ~ I C .  4 5 4 ,  l i c n o n b 3 y e ~ o ~ i  npprl n ~ y x p y s i e ~ o f i  npo- 
~ a ~ ~ e - p a s n e . q e ~ ~ a r  a p a l a T y p H L 1 x  n p o @ l r n e f i  c KotiTpo.-rripyehrLl,laI pa3- 

h/~~=0,402+0,834a/~+0,889a/~-i,279(a/~)(a/~)-3,997(a/ 
H)(a/R,)+i2,664(a/R6)2, , I !, .. (140) 
me ~ / B K  - 0 ~ ~ 0 ~ k l ~ e n b ~ 0 e . 3 a n 0 n ~ e ~ H e . ~ ~ ~ 6 p a  UIMpMHe; P=b/B 
- KOJ@@WUU~HT nonepe~~of i  netpop~ausa; h/HK - o r H o c w T e n L H o e  

3 a n O n H e H M e  ~anw6pa no BblCOTe; a/B - O T H O C U T e n b H M  UIUPMHa 3a- 

rOTOBKH; a/H - O T H O C ~ T ~ J I ~ H M  BblCOTa 3aTOTOBKH; a/R, - OTHOCU- 

~ e n b ~ b l f i  P W H y C  BaJIKa; a - C T O p O H a  K B U p a T H O r O  P P b R  ~ a ~ 1 ~ 6 p a ;  
R, - p W A y C  B&7Ka no 6 y p ~ y  ~ann6pa; Bl H HK - COOTBeTCTBeHHO 

U M p l l H a  M BblCOTa ~ a n n 6 p a  no " ~ K e n e T y " .  

Y p a a ~ e ~ n x  perpeccun:nefic~sw~en~~br B C n e n y m u e M  nuana- 
s o ~ e  B x o n l r b r x  n a p a M e T p o s :  a/B~(0,5+0,64); a/H~(0,64+0,78); 
a/R6 ~(0,5+ 0,64). C T ~ T H C T M ' I ~ C K H ~  OUeHKM y p a ~ H e H k i 8  perpeccaki 
(137)+(140) n o K a 3 m ~  U X . y n O B n e T B O p H T e n L H y I 0  TO'lHOCTb. Ha OC- 

HOBaHHM y p X ? H e H P I f i  (137) i (140) I IOCTpOeHLl  HOMOrpaMML1 A n X  

o n p e n e n e H m  K O ~ @ @ H U H ~ H T ~  B b r r R x K u  M e T a n n a  M n a p a M e T p o B  ac- 
xon~ofi  S ~ ~ O T O B K W ,  06ecne.ie~a10rne# J ~ A ~ H H L I ~  ~ H ~ Y ~ H H R  sanon~e-  
HMR JI.BVXPV'4beBOrO ~an116pa n0  UlMPMHe M BblCOTe. BHXR.I~HO, YTO 

RLITRXH,aX C ~ O C O ~ I I O C T L  JB>rXp)'YLeBOI'O ~a.ir.16pa HY3HaYIlTe.lLHO 

3 a B l l C l l T  OT I l a p a M C T p a  a/R,, HO MHTeHCllBHO ~ B ~ ~ I I Y ~ ~ B ~ ~ T C ~  C 803- 

p a c T a H i l e a 1  paaa~epoa l r c x o ~ ~ o f i  B ~ ~ O T O B K I I  B H H. 
C11;la 1' u R I O A I ~ I I T  M I I ~ O K ~ T K I I  B X I H ~ I . U ~ ~ ~ I L L ' B O ~ I  t ix1116l )e  

o n p e z e n e e b l  no B ~ B H C U M O C T R M  

P = q k F p ;  (141) 
M = ~L,.,Pv, (142) 

r A c  k= i  ,i5ql (a,, - I I C T I I H H L I ~ ~  n p e z c . 7  T c V r c c T l l  a le ra . i . i a ) ;  Lcp - 
C ~ C J I I R R  ; ~ . I I I H ~  n p I I B c a c H H o r o  o q a r a  ne+ophla111111.  

K 0 3 ~ ~ l l ~ l l e ~ ~ L l  I i a I l p ~ X C H H O r O  COrTOXHllH hlcTa.l .Ta 11 I1:le'in 

p a ~ i ~ o ; r c i i c r s y ~ ) u r e i i  c l 1 . 1 ~ 1  n p o t i a T K I 1  n p l l  ~ ~ ~ o r o ~ p a r l l o i i  1 1 1 ) o ~ a r ~ c  
~ ~ ] ) ~ a r o y r o . l ~ t ~ o r o  pBCK;IT;I R T p F S [ ) ~ q b e l 3 0 3 1  K a : 1 1 1 6 ~ ~  0IIJ)FAC.lC'HbI 112 

O C l l O U ~ H l l l l  ;Ih'TII131101'0 C l l . ' l a l l l l l ) O U ~ l l l I O I ~ O  3KCllC )IIAll'1IT;I 
17, = 5,86 7 + (0,571 - 2.4 73Lcp/1t, - 2,482b,,,Jh,, + 6,85b/B, - 

-3.95I(b/B,)(HA / H)+0,8(b,, /b,,,)(b/ B,): ( 1  4 3 )  

Y = 5,695 + 1,14SL,, /Itcp -3,891b/Bk.+ (5,07 + 2,251,,, /It', - 

- I,71L, / h ,  + 2,78b/ B, + 1,634/7,) 1/71,,, - 1,68H, / H + 
+ 1,377(b/ B,)(H, / H). ' 

(144) 

B x o ~ ~ r u e e  B y p a B H e H l l R  (143) 11 (144) Gc3l)a3arep11~1e n a p -  

hcp = O95(hnp,., + h ,  );hnp = ',,on "0. 

3 n c C b  hllp - n p l l B e 2 e H H a R  BLlCOTa P a C K a T a  I10 I l l I l p l l H e  3 0 H M  

KoHTaKTa;  Rllp - n p r r e e n e ~ ~ u f i  ~ a ~ a r o u r ~ ~ f i  p a n r l v c ;  F,.,,,- n.ilo1uaiIb 

nonepewioro c e Y e H i r n  p a c K a T a ;  b, r r  b,, - m i p r l H a  0 6 ~ 1 1 n r a e x r ~ l x  11 

~ e o S r n ~ l ~ t a e n ~ b r x  y s a c T K o n  p a c K a r a  H a  B b l x o n e  113 o ~ a r a  n e @ o p h r a -  

U l i l l .  

A ~ a n H 3  BnMRHkiR BXOAHblX I I a p a h l e T p O B  H a  K O ~ @ @ H U ~ I ~ H T  H a -  

I I p R X e I ~ H O r O  COCTORHMR nu C B I i n e T e I l L C T B y e T  0 CXOAHOCTll I l p O U e C C a  

h l a o r p y s b e e o k  n p o ~ a ~ ~ t r - p a 3 n e n e ~ r i ~  c n p o ~ a ~ ~ o f i  B pa3pe3~~1x  K a -  

n116pax. Y c ~ a ~ o ~ n e ~ o  T a m e ,  s ~ o  c y a e n m e H u e n l  @ a ~ ~ o p a  LC,,&,, 
3 H a L I e H I i e  nu \rhleHbILIaeTCR, T a K  K a K  YhIeHLILIaeTCR C T e n e H b  BAHRHiiR 

BHeUrHMx  OH p a c K a T a .  Xapamep e n i i m a n  b,Jb,, H a  K O B @ @ H U ~ ~ ~ H T  
no n p o r a n o n o . ~ o H t e l i  B O ~ ; ~ ~ ~ ~ C T B I I I O  + a ~ ~ o p a  + O ~ A I L I  o11ai-a ae@op- 



srauuu. ~ ~ B I K H M O C T L  K O ~ C ~ ~ J H U A ~ H T ~  nnesa pa~~one8crayromeii OT 

B H e l U H U e  3 0 H b I .  npu  M H O ~ O P Y ' ~ ~ ~ B O ~ ~  n p O K a T K e  H M e l o T  h l e C T 0  BbICO- 

K14e 3 H a q e H U 5 l  B n e p B b l X  n p 0 n y C K a X .  no M e p e  C H W X e H U R  H e p a B H O -  

h r e p H o c T u  ~ e @ o p ~ a ~ u u  no m u p u H e  p a c K a T a  s ~ a s e ~ w r  v npubnu- 
xamcrr K 0,5. 

KO~@@UUU~HTLI  nnesa p a ~ ~ ~ ~ e f i ~ ~ ~ y l o ~ l l e f i  U H a n p X X e H H O r O  

COCTORHUfl n p U  I I p O K a T K e  B A B y X p p b e B O M  K a n e b p e  C ~ O M ~ H ~ ~ C K U -  

hf l l  p y b ~ ~ u  (CM. PAC. 4 5 )  n o J i y e H b 1  H a  O C H o B a H ~ U  0 6 p a 6 0 T K ~  A a H -  

H ~ I X  no B H e p r o c u n o e b I M  n a p a M e T p a M ,  o n p e n e n e H H b l x  npu o c y m e c T -  

S J I e H U U  BKTkfBHO C n n a H k i p O B a H H O r O  3 K C n e p H M e H T a .  n p u  O n p e A e n e -  

HMM ns H C T H H H ~ I ~  npenen T e K y s e c T u  c B m u a  onpenenrrnu H a  ocao- 
h a H U H  ~ ~ ~ H C H O I - 0  AaBJleHkIR. 0 6 0 3 H a ~ e ~ b i f i  A a H b I  H a  PHC. 45 

Y = 2,085 - 1,547Hnp / h, + 1 , 3 6 3 ~  - 2,939BBk + 

( ) ~ ~ ~ I I ~ ~ I ( A I I I I H  13 ~ I ~ ~ B I I C ~ I I I I ~ ~ X  ~ C ~ ~ C > ~ ~ I I I I  (147) 11 ( 1 4 8 )  ;\II;I:IO- 

i.i1l!Ii[>l : ~ a u l l c l l ~ 1 o c T n . \ 1  (137) + ( I  40). 
I I c ~ . ? c ; ~ O R ~ H I I R ~ ~ ~ ~  13 . ' l a i ) O l ) a ~ ~ ~ ) ~ b l ~  ~C.1OBIIRX ~ C T ~ H O l l . I l ' l l 0 .  ' IT0 

I I [ ) I I  > ~ ~ ~ v ~ . o ~ l ) a - r ~ l o i i  I I ~ O K ; I I . K C  r3 > I I I ~ I . ~ \ ) ~ ~ I L C I ~ L I S  K ~ I : I I I ~ ~ : I X  (. ! I I I ~ -  

I ! )RI  j)!"ll,CB 2 f .: CVIUL'CTBVC'T l)C3KOe ~ O B l ~ l I I I C H l l e  ~ 0 3 ( ~ ( t ) l l l l l l t ! l l ~ ~  

~ ~ ~ ~ ~ ~ p ~ x e ~ ~ ~ l o r o  ~ O C T O H I I I I R  I I ~ I I  1 1 e p e s o : ~ e  0.s ;~I+JX ti ~ l ) e s ~ ~ ~ i . r o ~ ~ ~ ~ o i i  

,:!)oKa'rKe I I  a ~ ~ ~ r i c i i u r c c  cro HC3Ha~111Ted1bl10c  I l o u L l m e r l u c  c y a e a l l -  

r ? l l l l e M  'IIiC.'la BBTOTOBOK, n p l f  npO1l l lX p a B H b 1 S  yCJIOBI4RX. ~ ~ ) l l ' I l l -  

r ; i ; i i  C K ~ ~ I K O O ~ ~ ~ ~ H O ~ O  y e e a l l s e H r r r r  it, n p l i  nepcxone K T p e x l i i l T o v -  

il!:ii Il1)OKaTKe RB.1ReTCR C H I I X e H l l e  O T H O C I I T ~ . ~ ~ H O ~ ~  n 0 f l e p e 1 l l l O i i  Jc- 
\ ~ O p l a 1 1 4 3 I - i ,  B ~ I ~ B ~ H H O ~ ~  I l a n l l q l 4 e M  C P ~ A H ~ G  3arOTOBKM, nl)OKaTLI- 

~ ' ; ~ ~ h f ( l i i  CO CTeCHeHHblM YUIkIPeHMehl. C J I ~ A C T B ~ ~ ~ M  3 T O r O  RB.!lReTCR 

'JOCT n o n e p e w b l x  c x l m i a r o r c n x  13 H O ~ M ~ ~ A L I X  K o H T a K T H L l x  r t a n p r r -  

/ n e ~ b ~ f i .  A a n b ~ e f i r u e e  y e e n u s e H u e  rucJa s a r o ~ o ~ o ~ ,  1i3~1eerrrr ~ 0 3 4 ) -  

. j ) ! ~ ~ ~ r r e ~ r ~  H a n p r r x e H H o r o  C O C T O R H I . ~ ~ ~ ,  K a q e c r s e H H o  H o a o r o  B ~ l l I R H l i f l  

1:' O K a 3 L l B a e T .  

A ~ a n u s  BnMXHllX M H O ~ O ~ ~ I ~ ~ B O ~ ~  n p 0 K a T K k i  H a  3HeprOCii, ' lO- 

,:,:e n a p a M e r p w  no c p a a H e H I i r o  c n p o ~ a ~ ~ o i i  B c o n o c T a a n h r b r x  ycno- 
-:lHX T e X  Xe obpasuoa H a  r n m K 0 f i  6 o s ~ e  CBUAeTeJlbCTByeT,  ' I T 0  B 

~ T C p B b I X  n p O n y C K a X  K O ~ @ @ U U ~ ~ ~ H T  H a n p X X e H H O m  COCTOXHkIR n p l i  

i:ioropys~eaoR n p O K a T K e  p a 3 A e n e H M f l  3 H a ~ l U T e n b H O  BLlIlIe,  Y e h i  H a  

:ran~oti bos~e .  3 a ~ e ~  ~abnronae~crr c6nuxe~rre  3 ~ a s e ~ u l ' i  n,, HO 

i 2 K  no ~ ~ C O ~ I O T H O ~  B e n U q M H e ,  T a K  U B OTHOCMTenbHbIX n O K a 3 a ~ e -  

i ; rx  3 ~ e p r o c e n o ~ ~ 1 e  n a p a M e T p L 1  npu ~ ~ o r o p y s b e s o f i  npoeame 
: ~ : u r e .  

H ~ ~ ~ B H O M ~ ~ H O C T ~  ne@op~auuu no l u r i p n H e  p a c K a T a  npw npo- 
. a T K e  B M H O T O P ~ b e B b l X  K a n a b p a x  n p I 4 B O A U T  K B b l ~ a X e H H 0 f i  H e p a B -  

i * ) h r c p ~ i o c ~ r r  T e S r n e p a T y p H o r o  noarr no n e p r r h r e r p y  p a c l c a r a .  3 ~ c n e -  
. . .. 

p k i M e H T a J I b H H e  @OTO- 

M e T p u s e c K u e  uccne- 
noearrm T e M n e p a q p r  

p a c K a T a ,  n p o a e n e H H b r e  LLk$iJl a B n p O M b l U l J I e H H b l X  YC- 

nOBAIIX, n O K ~ 3 a T I U ,  ' I T 0  ---.-*I .. . . . 

n p H  @ O P M M P O B ~ H U M  

MHOTOHWTO'IHOTO P a C -  

K a T a  3a H e C K O n b K O  a' 
I T p O n y C K O B  B MHOTO- 

p y q b e B 0 M  K a n u b p e  

U M e e T  MeCTO ITOCTORH- 

H o e  n p e B b r l u e H u e  T e M -  

n e p a T y p b I  M e T a n n a  B 

M e c - r a x  n e p e M L r s e K  

 an ~ e ~ n e p a ~ y p o f i  M e -  

T a n n a  B B e p m u H a x  sa- 
TOTOBOK. O T M e ' I e H H a f l  

T e H n e H U k l R  X a p a K T e p -  

H a  nnn B c e x  nponyc- 
KOB,  Y C H n U B a R C b  K 

'IHCTOBOMY n p o n y c K y ,  

t i  C O X P a H R e T C R  A n R  

B c e r o  u c c n e n y e M o r o  

C O p T a M e H T a  P a C K a T O B  $' .L 

pa3nus~brx h l a p o K  cra- 
.~efi .  Ta~of i  x a p a K T e p  .l 

T e h i n L ' p a T y p H O r O  n 0 i l R  

n p M  ~ H o r o p y q b e B o f i  r 
I l p o t t a - r t i e  G ; I ~ I . ~ I I ~ I I -  

RTHO OT~aXaeTCR Ha m c X e u b l  n e e o p ~ a ~ ~ ~  M e r a n n a  B 

: ) I I c I ) ~ O ( ' I I . ' I O U ~ ~ S  1la l )a -  rpexpyqbesblx K a n W 6 p a ~  n p n  npoKaTKe n n o c n o i  (aj 

T;I.I.I~ ,~c+opsraru~rr B IICCT;IS I I ~ I I ~ ~ O : I L ~ I I C ' I . ~  ~ G ~ ; I T I I R .  ~ K C ~ C ~ I I S I V I I -  

T2.11,IiO VCTallOB.lCH0. ' IT0 nOK;l:laTe.7L ~ , l ~ . l b l l O i i  3Hel )TOeI lKOCTIl  I l p O -  

1lecc.a :1e@ol)ala111111, sul)n~~c.pr~:jy~)~~~~~ii yac.-rr,Hr,rc : j a . r p a r b l  : ) H ~ ~ ) ~ I I I I  

:ia n l x ) ! i y c t i .  111111 ~111oro1)y~11,~1%oii I I ~ O K ; I T K C  I I C C K ~ . I L K ~  T ~ I ~ I I I I ~ .  O:LH;I- 
t i o  I I ~ ) I I  > 1 1 w r o 1 ) y 1 ~ ~ t i o i i  III)OK;ITK(: pa:j;1e:le1111~ T I ) C ' ~ ) ~ C S I ~ H  IIC:III'IIIII;I 

~ C ( f ) O ~ > h l ~ l l l l l l  .7.7R IIO.1V~IC'HIIR 3arOTOBOK 3 ~ ~ ~ ~ 1 I I I L l S  pa3Xle1)01% !'.\1(1111>- 

IIl2cTCH I l ~ ~ O l l O ~ ~ l l 1 1 0 1 1 ~ 1 . 1 1 ~ 1 1 0  '111c.7!' 0;IIIOBl)CSICIIIIO ~ ~ > O K L l T L l l ~ ~ l C ' . \ I I ~ ! X  

: $ a r o ~ o u o ~ ,  n o 3 ~ o a l v  KaK r l o  o6urear!~, T ~ K  11 n o  !rae . - r~r loary  I)acso;ry 
: ~ l l t ~ ~ ~ ~ l l l l  1 l~)OI lCCf  ~ l l l O l ~ O ~ > ~ ~ l l ~ e R O i i  l1~)Ot i i lTt i l l -~)  2 : % ; [C. '1e l l l l~  : ~ K O l l o > l l l ~ l -  

[lee cymecrny~oureii T~SI IO . IO~I I I I .  

T a K l l h r  0 6 p a s o a r ,  p e l u c H b 1  , r a n a q l r  o n p e n e n e s r l n  n a p a l l e T p o o  

I r p o K a T K r l  B > I I I o r o p y q L e B L 1 x  ~ a n r l c i p a s  11 non!lseHLr y p a n l l e l r l l r r  per- 
1)cccr l r r  LIH o n p e a e . l e H l r r r  n a p a s l e r p o B  + o p s r o l ~ s > r e ~ e ~ ~ ~ r r r  I I  etiepro- 
CIlAOF3MX y C n 0 ~ l l r " r  I IpOKaTKIl .  P ~ ~ ~ , I L T ~ T L I  cpaBHIlTe .7bHOI-0  aHa.31.13a 

n O K a 3 a J l k l  yAOB~leTBOpi lTe .J lbHyI0  CXOilllMOCTL p a C ' I e T H b l X  no nO.Ty- 

q e H H b l M  3BBIICLlMOCTfI~f 11 3KCneJ)I-IMeHTa.lbHb1X n a l ) a h l e T P O D  n p O -  

KaTKH. 

l l o . q y q e ~ b l  T a K x e  ~ I ~ T ~ M ~ T I I Y ~ C K I ~ ~  M o n e n l i  A.~IR y c T a e o s . l e -  

HASI 0 b % e h l H 0 ~ 0  p a c n p e n e n e H u r r  H o p M a n b H t r x  ~ a n p x x e ~ ~ r i i ,  @opt.ro- 
I I ~ M ~ H ~ H I ~ R  h l e T a n n a  ( a a n o n ~ e ~ w e  ~ a n , r G p o ~  paaeoii @ O ~ ~ I L I ,  C Y ~ I -  

h l a p ~ l l f i  K ~ ~ @ @ M U M ~ H T  B b l T X X K l I  W AP.). 
T a ~ k i b f  obpasoar, cosnaea T e o p e T r i s e c K a r r  6a3a nnrr pacge-ra K a -  

~ 1 1 6 p o e ~ l i  B ~ K O B  nnrr peanusauirrr npouecca h r e o r o p y ~ r b e e o f i  npo- 
K a T K u -  pasnene~urr. 

7. Pacqer K ~ ~ U ~ ~ O B O K  sanKos npw 

P ~ c ' I ~ T  K & J I M ~ ~ O B O K  B W K O B  npOU3BeAkITCR n P 0 T M B  XOAa npo- 
K a T K n .  O C H O B H ~ I ~  n a p a a r e T p L 1 ,  ~ e o b x o n u ~ b r e  nnn p a c s e T a  ~anubpo-  
BOK BXIKOB:  p a 3 h l C p  CTOPOHbI  K B ~ A ~ ~ T H O ~ ~  3arOTOUKIr  n O C ~ 7 e  p a 3 A e -  



KOB Il0 r p e 6 ~ 1 1 ~  ~ a n ~ 6 p a  R H 3mOp MeXAy 6 y p ~ Z i ~ ~ - ~ a n ~ ~ ~  t. Pa3- 

p a 6 0 ~ a ~ b 1  MeTOAPfKa ki UrOpUTM PaCYeTa IUUPUHbI H BbICOTbI Ka- 

nu6poe, rny6seb1 ~pe3a  PylrbII B Ten0 B U K a ,  MeXOCeBbIX PaCCTOR- 

~ ~ f i  Mewy pylrbx~u ~anu6pa, pmuyco~  aa~pyrne~uf i ,  yrnoB Ha- 

KTlOHa ~ a n u 6 p o ~  U TOnIIIHHbI ITePeMbIYKU. Y ~ T ~ H O  TeMnepaTYpHOe 
pacmupeHue MeTanna. 

OnpeAeneHUR 'iUCna H ~ O ~ X O A U M ~ I X  I'IpOIIyCKOB B MHOTO- 

PylrbeBOM ~anu6pe,  CJIeAyeT UCXOAUTb M3 TOTO, YTO npouecc XapaK- 
TepH3yeTCR 3~aY~TeJIb~0fi HepaBHOMepHOCTblo B ~ I C O T H O ~ ~  ~e@opMa- 
uua MeTanna no urupuHe 3 ~ 0 r o  ~anu6pa,  ablab~aarouefi B~ICOTHYH) 

6a, po~6usec~oro  OBaIla, KOTOpbIe B nOCneAYIOUeM nOHMTOqH0 npo- 
KaTbIBaIOT38 HeCKOJIbKO IlPOnyCKOB B COpTOBble lTpo@unki Tuna KBW- 

paTa, mecTurpaHHuKa, Kpyra, nprrhfoyronb~ofi nonocbl, yronm u np. 
A0 @ o ~ M & ~ ~ o B ~ H H I I  ABYXHHTOYHOrO PaCKaTa U nOCJle er0 npOAOnb- 

HOrO Pa3AeneHHII MOXHO I+CnO~'lb30BaTb nlo6ylo M3BeCTHYlo CIqCTeMY 

oTHoureHue aLlarolia.~eii 

poxr6a nocne paane.~e- 
A l I R  Hp,/BI,,=tgV, I I  pa- 6 
nrryc sama no 6 y p ~ a h r  
KZI116pa ,aR,,. K ~ K  11 B 

pa3pa60TaHbl h1eTOAMKa 

11 anroprnar pacse-ra 
Bcex paahrepoe Ka.qll6- 

POB, YKa3aHHbIX H a  PI4C. 

46. 
Kanu6pos~a sa.v 

KOB npkl IIpOKaTKe Cop- 
T O B ~ I X  npo@unefi c npo- 
AOnbHbIM pa3Ae.TeHMeM U 

-a 

pacrta-ra B AByxppbe- 
- 

BOM ~anu6pe C HaKJIOH- 
b,, = ,  ,& 

HblMU K OCM B a n K O B  

pysbaMu n o ~ a 3 a ~ a  H a  

puc. 47. 
Mcxon~ofi  saro- 

AByXpylrbeBOM pa3pe3HOM F4 ABYXPYYbeBOM @OPMAPYIOIU~M ~ a n ~ 6 -  
pax. npu  IlpOlcaTKe IIpIIM0yIQJIbH0fi 3arOTOBKH B AByxpJ'YbeBOM p a -  
p e 3 ~ 0 ~  ~ a n u 6 p e  c annun~usec~of i  @op~oA pysbea 06ecne.r~~ae~c11 
CaMOUeHTpUpOBaHlie 3aJlaBae~ofi ~ ~ I I M o ~ ~ o J I ~ H o ~ ~  3arOTOBKH 6 0 ~ 0 -  

BbIMH CTeHKaMA ma6pa.  n p ~  lI0~neAyl0I4efi IlPOKaTKe ABYXHU- 

TOYHOrO PaCKaTa B AByxp-WbeBOM @Op~kipyIOUeM ~ a n u b p e  @OPMA- 

pyeTcn A B ~ X H I I T O ( I H ~ I ~ ~  pacxar, cocrroarrrafi 113 n ~ y x  snnnnTnsecKnx 

(Kpymb1~) npo@kiJIefi, OXXNHeHHbIX n0 r0pki30~~ZlJIbIi0fi OCK TOH- 

KO# n e p e ~ b ~ r ~ o f i .  C o v e ~ a ~ u e  @op~br nonepesHoro ceseHurr pacKa- 
Ta nocne pa3pe3~oro uehrpupyloaero ~anu6pa  u ~ o ~ @ u r y p a q n u  

@Op~MpyIOUero ~anu6pa  06ecnesa~a lo~  CaMO4;eHTpUpOBaHUe PaC- 
KaTa u nonylreHue cuMMerpusHoro nonepesHoro ceseHHx. 

nocne @op~upymnrero ~anu6pa A B ~ X H H T O V H ~ I ~ ~  pacKaT npo- 
KaTblBaloT B I7ImKMX llnU K ~ H ~ ~ O B ~ H H ~ I X  BmKaX, B pe3ynbTaTe 

sero nonylraeTcR A B ~ X H K T O Y H ~ I ~ ~  pacKaT, coc~orraufi us nsyx nno- 
c ~ u x  oaanb~b~x unu o s a n b ~ b ~ x  o ~ ~ o p m u y c ~ b ~ x  npo@snefi, coenu- 
HeHHbIX no TOPki30HTanbHbIM OCIIM T O H K O ~ ~  nepeMb19~0#. n p ~  3TOM 

y nepeMblYeK @ o ~ M u ~ ~ ~ T c I I  KOHUeHTpaTOp ~ a n p I I ~ e ~ I 4 f i  B BuAe 
AByXCTOpOHHerO 3aKaTh 06pa30BaHHb1fi B3aAMHbIM IIOnepeYHblM ne- 
peMeueHueM Me-ranna npu HepaBHoMepHoM 0 6 x a ~ u u  snncrnTnse- 
CKHX npo@wneR MHoroHuTosHom pacrtara. 

IIocnenyrouree npononbHoe pa3neJIeHAe MHoroHuTosHoro pac- 
mTa Moaer ocymecTengeTcn c p e s o ~  nepeMbrseK nyTeM B ~ ~ U M H O ~ O  

nOBOp0Ta OBanbHbIX npo@unefi BOKPYr IlpOAOnbHblX 0~ef i  B OAHOM 

HanpaBJIeHHu, 06ecnesu~ae~oro K ~ ~ H ~ P O B ~ H I I ~ ~ M A  XOJIOCTbIMM PO- 

nMKaMn cneuuanbeoro yc~poficrsa B Mexwre-reBoM npoMexyrKe, 

I lnU I ~ ~ o K ~ T K o ~ ~  M H O r O H H T O ~ H O r O  paCKaTa B MHOrOpyYbeBOhl ~an116- 

pe C HaKnOHHblM paCn0nOXeHHeh.r PyYbeB. n p H  3TOM c~oeo6pa3~arr 

@ o p ~ a  ~ ~ y x c r o p o ~ ~ u x  K O H L I ~ H T ~ ~ T O P O B  ~ a n p ~ l m e ~ ~ i i  y nepem-  
XreK 06ecne~1jaae.r B O ~ H I I K H O B ~ H I I ~  B Te.le nepchiwierc ~anp~xel i r i f i  

CABlira II KaYe~~BeHHblfi UX Cpe3. np!4 pa3AeneHHH OBaJIbHbIe np0- 

~11 .711  CtipytlllBaloTCR 

noKpyr npoao. l~soi i  
ocrr H a  yron, o6ecne- 
'111~amu1ifi I I X  noc-le- 
itylOlllCe C K p ~ ' l I ~ l B a H l l e  

nd 
- I 

( K ~ H T O B K ~ )  H a  90' npll B, 
~ x o n e  B saxti11 c.x- , d~ - 
J\'K)U[ell k.leTII, rAC 

O H I I  ~ O H I I T O P H O  npo- 2 0 ; ;  a= ,t 1 

KaTbIBaloTCR B TOTO- & 

Bblfi 11p0@11.7~. I .-rL 
P a 3 p a 6 o r a ~ b 1  L B "  

sleronllKa 51 a.lroplrTal 

pacqeTa Bcex pame-  
poa ~ a n ~ 6 p o e  B~JIKOB,  :l-g~ a 

nOKa3aHHLIX H a  p1ic. 

47. L-L- 
K a . 1 ~ 6 p o ~ ~ a  B, 

BanKOB ITpA ABYXPYYb- 

enoA n p o ~ a ~ ~ e - p a 3 n e -  

neHm pacKaTa cpesohr 
nepeMbrseK nyTeM 

npOKaTKU B rJlaAKHX 

uunnHnpwsecKux ean- 
Kax npneeneHa H a  puc. 
48. MCXOAH~IMU AaH- 

H ~ I M U  nnR pacseTa Ka- 
n u 6 p o ~ ~ n  BWKOB IIB- 

nnloTcrr pamepbr CTO- 

POH IlPRMOYrOnbHbIX 

I- D,, npo@unefi h, u b, no- 
npOKaTKM B A s p -  



48r) ki PaUHyCbl  B U K O B  KO KneTrlhi  RE. P a a p a 6 o r a ~ b 1  MeTOAHKa I1 

a J l rOpATM p a C s e T a  BCeX pX3MepOB K U M ~ P O B ,  I IpUBeAeHHbIX H a  PHC. 

48. 
Kma6poem BUKOB npn npom~~e-pa3nene~aa c o p ~ o s b r x  npo- 

anneii c pasnene~we~ p a c K a r a  cpeso~  n e p e M b r s K u  IIyTeM n p K a T K k i  

B ABYXp)YbeBOM ~ a n u 6 p e  C ~ p r l M O y ~ O n b H b I M U  P)YbRMM n O K a 3 a H a  

H a  pUC. 49. I / ICXOAH~IMH AaHHbIMM &lI9 p a c s e T a  K U I U ~ ~ O B K H  BUIKOB 

RBJIRIOTCR p a 3 M e p b I  C T O p H  ~ p H M O Y r O ~ L H b l X  npoa~nef i  h, H b, no- 
CJIe npOKaTKH B ABYXpyllbeBOM ~ane6pe C npr lMOyrOJIbHblMH py '4bR- 

MM ( ~ u c .  4%) I4 p a n U y C b 1  B U K O B  no KneTRM RE. 
' 

T ~ K H M  06pa30~, CO3naHa  MeTOAUKa p a c s e T a  ~ a n a 6 p o e o ~  B a n -  

KOB M Bb lBeneHbI  3aBHCUMOCTH AJIR Ol lpeAeJ IeHHR p a 3 M e p O B  ~anki6- 
~ O B  A ~ R  YCTIOBH~~ T p e x -  M n s y x p y l r b e ~ o i i  n p o ~ a ~ ~ w - p a 3 a e n e ~ n ~  cop- 
T O B O ~ ~  KBaApaTl to f i  3PrOTOBKU H a  3aTOTOBOYHbIX CTaHaX M A n R  ABYX- 

py~eaof i  ~ ~ O K ~ T K U - ~ ~ ~ A ~ J I ~ H H R  a p M a r y p H b l x  npoaanefi H a  MWKO- 

8.1. Mnozopy.ibeem npo~am~a-pa3denenue copmosoii 
3 a 2 0 M O 6 K U  

ITpo~am~a-pa3ae,7enue pacr;amos Ha . I U H ~ P H ~ L ~  cmanax 
B n e p s b r e  B ~ t r p o e o f i  n p a K T u K e  acc.ienosanae r p e x p y s b e a o ~ l  

rlj)OKaTKki C ~ ~ ~ O T X O A H ~ I M  p a 3 A e n e H k l e Y  PaCKaTa  B npOKaTHLIX B&l- 

KaX n p O B e n e H 0  H a  TpeXKJleTeBOhl KPYnHOCOPTHOM CTaHe 850 OAO 
" M a ~ e e ~ c ~ e f i  ~ e ~ a r m y p r n s e c ~ ~ t i  K O M ~ W H ~ T "  ( M ~ R M K )  npa npo- 
113BOACTBe K B ~ A P ~ T H O ~ ~  3aTOTOBKH CO C T O P O H O ~  5 8 b i ~  [21]. C T ~ H  
850 ITpenCTaBnrlJl ~060fi J I U ~ e ~ ~ b l f i  CTaH. B COCTaB KOTOPOTO BXOAl.1- 

-1W O ~ X M M H ~ S I ,  s e p H O B a R  H 'IWCTOBBII KJleTH TpHO. 

~ ~ ~ O T O B K ~  np0KaTLlBaJlll. A 3  ~J IK)MOB 3 0 0 ~ 3 0 0 M h l  CTaJIIi C T ~ C ~  
i i  C T ~ K ~  a c n a r K o B  370/370 ( ~ r i m ~ e e ) ;  320/320 (sepx~ee c e s e ~ l l e )  

I I J  c r a n k 1  C r l ~ n .  3 a r o ~ o s ~ u  pa3nenxn11 paspL1,laohr n e p e h l b l r e K  ny- 

Tear  vBe. i l lc1eHlrn  p a c c r o r l ~ n r c  h r e r n n y  o c m r r l  I)VqI)t?B ~ J I C T ~ B O ~ ~  ~ a -  
:1116pa. I . I cc .~enoea~~~~e  h l a t i l ) o c r p y t i r y p M  I 1 o i l e p e w i b 1 x  T ~ X I I I . I ~ T O B  

n(JC.lC r.1yho~oro TpaB.leHl1rl BLlrlBlI.10 Ha.111~l le  . I I I K B ~ U ~ ~ O H H O ~ ~  3011bI 

n a l c r r a x  pa3ac.ic~rr~ : j a r o T o n o t i  113 t i ~ ~ n x t u c i r  r r a . l l r .  Ila a a r o r o B t i a s  

II:< ( - 1 1 o ~ o i i 1 1 o i i  C T ~ : I I I  : ~ ~ ~ ~ ~ u a 1 ~ l ~ o ~ ~ ~ ~ ; ~ n  :<OII;I I < I > I I ) ~ I X ( ! I I ~  c.1:16o. I lr~i-  
TI)bI 3 0 H b l  ( t ) l l :111~0-~11~11 i~e~~Ol~  H e O ~ H O ~ ) O ~ H O T l 1  Ha t i 1 ) a i i ~ l l X  :3al.O- 

TOBtiilS CU~LLICHIII ti  >IC'CTa>I P;I3;IC.TC!HIIIi. AH~\.IO~-II'IHO i)bl.lli n])OKa- 

Talllrl  KBaATpaTlll,le LI~I~OTCIRKII CO ~ ~ 0 ~ ) O l t O l ~  5 8 > l > l  113 C.1IITKa >lX( .Oi i  

1.7 TOHIibl, CTB.11, C T ~ K I ~ .  ~ C T ~ I I O R : I ~ H O .  '4TO B ~0 .10~110i~  IIaCTII C.1IIT- 

t ia  I c e r K o  sl,ll)amelll,l  : I I I t i f ia l [ l lo l l l lb le  CKOII . ICI I I IR .  R ~ p e , - t ~ t c i j  I I  LTOH- 

~ o i i  ~ I ~ C T H S  T ~ I I  C K O I I : I ~ I I I I H  ~ ~ ~ U L I T L I  3llaqirTe:lbllo > I ~ I I L U I ~ .  H SICC- 

T a x  p a 3 n e A e H H R  3aTOTOBOK I l \ l e eT  3ieCTO " ~ L l ~ . ~ l l l l i l ~ a ~ k l e "  ,'llfKBaUll- 

OHHOrO KBaApaTa .  Kasec r~o  nOBepX1lOCTrl I1 pa3hlepLl32lrOTOBOK CO- 

OTBeTCTBOB2..lII T ~ ~ ~ O B ~ I I I I R \ ~  H O ~ > I R T I I B H O - T ~ X H ~ I ~ ~ C ~ ~ O ~ ~  aOt iy> IcH-  

TPUkikI. 

M3 OIILITHMX KBailPaTHLlX 3BTOTOBOti CO C T O P O H O ~ ~  5 8 h i ~  H a  

npOBO.~OsHOAi CTaHe  250-1 OAO " M a t i M K  n p O K a T U l . 1  KaTa l IKy  

0 6 , 5 h l h l .  M e x a ~ u s e c ~ ~ e  U C ~ ~ I T ~ H I . I R  n o ~ a 3 a n i l  n o n H o e  cooreercr- 
BHe  ee C B O ~ ~ C T B  T ~ ~ ~ O B ~ H H R M  rOCT 380-94. 

B n e p n b ~ e  TeXHOilOrUlO nB)Xp!,'ibe~ofi I lpOKaTKH K B ~ L ~ ~ T H O ~ " ~  

3arOTOBKH CO c ~ o p o ~ o f i  6 0 h l ~  C h e 3 0 ~ ~ 0 ~ ~ b l h l  ~pOAOJ lLHLlk f  p a 3 A e -  

, leHl lehl  B n1)OKaTHLIX B a K a X  UCC.rleilOBa.Tl4 H a  KpYllHOCOPTHOhi JlI.1- 

Hef iHohl  CTaHe  600 OAO "Ma~bfK".  ~ ~ O K ~ T K Y  ~ p O k i 3 B O A A A l l  113 

3arOTOBOK C e q e H a e M  1 5 6 ~ 1 5 6 ~ h 1  B 0 6 m ~ h f ~ o f i  a ~ M C T O B O ~  wrerax. 
A B ~ X H ~ ~ T O ~ H L I ~  p a c K a T  pa3nen~nu prwp~~aosi n e p e h l L r s e K  rryTehl  yse- 
n u s e H k i R  paCCTORHMR M e X A y  OCRhfH P y ' i b e B  VHCTOBOI'O ~ana6pa. 

C UeJlblO BbIRBneHHR BAUHHArl Y C ~ I O B H ~ ~  I lpOKaTKH H a  KaseCT-  

BO hfeCT pa3AeJIeHll r l  3aTOTOBOK W3h4eHllJlCI: TOJlUIHHY IIePeMbl9KkI  B 

npenenax 4-8h ih i ,  T e h l n e p a - r y p y  M e r a n n a  B K o H q e  n p o K a r K n  B npene- 
nax 9 5 0 - 8 0 0 ° C  (ny-re~ n o n c ~ y x n ~ a ~ r - I R  p a c K a T a  H a  p a c K a T H o M  n o n e ) ,  

VrOJl h i e X A y  rPaHRMM 3afOTOBOK B 3 0 H e  I l epeh lb I sKk i  11 P e X H h l 0 6 X a -  

~ i i f i  B ~ ~ ~ A ~ I I C T O B O ~ I  ~ a . r l ~ 6 p e .  n p o ~ a r ~ ~ e a n ~ l  cra.xi C r 3 c n ,  C T ~ K ~ ,  



45 u 65. E n r o ~ b ~  nepen n p o ~ a ~ ~ o f i  H a r p e s a n a  no cyruec~eym~efi 
TeXHOJIOrHU. O n b l ~ ~ b l e  3arOTOBKM 83 CTaJIU CT~CIT, C T ~ K ~  U 45 6e3, 
A O ~ ' I O J I H N T ~ J I ~ H O ~ ~  3aYUCTKU I lpOKaTaJIU H a  COpTOBbIh C T a H a X  330 U 

280 OAO "M~KMK" no c y m e c ~ ~ o ~ a ~ m e f i  H a  TOT nepuon B p e M e H u  

~ e x ~ o n o r u i  H a  KPYM. 0 2 1 , 2 3  u 2 5 ~ ~  Y no* C e v e H U e M  50x8, 
50x4 H 2 5 x 8 ~ ~ .  ~ ~ ~ O T O B K U  A 3  C T U U  65 n p 0 ~ a ~ a J I U  H a  npoeonos- 
HOM C T a H e  250-1 OAO " M a K M K "  H a  K ~ T ~ H @  0 6 , 5 ~ ~ .  M $ K ~ o -  ki 

M U K ~ O A C C J I ~ ~ O B ~ H U ~ M U  BCeX n p o @ U n e f i  I I p O K a T a  YCTaHOBneHO OT- 

CJTCTBUe nOBepXH0CTHbIX n e @ e K T o B ,  I l p U ' l U H ~ f i  KOTOpbIX M O r n a  6 b l ~ b  

cneua@u~a n p o ~ a ~ ~ u - p a 3 n e n e ~ n ~  o n b I T H b l x  B ~ ~ O T O B O K .  Mexa~u-  
' I e C K U e  C B O ~ ~ C T B ~  BCeX rOTOBblX n p ~ @ U J I e f i ,  n p O K a T a H H b I X  U 3  O n b I T -  

HblX 3aTOTOBOK, COOTBeTCTBOBanU T P ~ ~ O B ~ H A R M  HOPMaTUBHO-TeX- 

H A ' I ~ C K O ~ ~  AOKJ'MeHTaUUH. 

n p o ~ b 1 U I n e ~ H b I e  U C C n e n O B a H U R  ~By~p'J"ibe~08 U T p e X p Y Y b e -  

BO# ~ P O K ~ T K A - ~ ~ ~ A ~ J I ~ H H R  KB&UpaTHbIX 3arOTOBOK H a  J I l l H e f i ~ b l ~  

C T a H a X  ITOKil3anU B 0 3 M O X H O C T b  Y B e n U Y e H U R  UX n p O U 3 B O n U T e n b H O -  

CTM H a  12 - 15% U n H  ITpOKaTKU JWOTOBOK MeHbUlWX p a 3 M e p O B  6e3 
YMeHbLUeHHR l l P O M 3 B O ~ U T e n b H O C T H .  

B b l n ~ n ~ e ~ ~ b l e  UCCJIeAOBaHUR IlO3BOJIUnU YCTaHOBUTL IIpUH- 

UUnU&JIbHyIO B03MOXHOCTb'U ~ @ @ ~ K T M B H O C T ~  ~ ~ ~ P ~ ~ O T ~ H H O I Y )  np0- 
uecca n p o ~ a ~ ~ u - p a 3 n e n e ~ u ~  B n p o K a T H b l x  B a n e a x ,  s ~ o  cosnano T e x -  

HU'IeCKYIO U ~ C H X O J ~ O ~ Z I Y ~ C K Y I O  6a3y AJIR A a n b H e f i U I e r 0  B b I n O n H e -  

HUR p a 6 o ~  U U C C J I ~ ~ O B ~ H U ~ ~  B n p O M b l l u n e H H b I X  YCnOBHRX HOBOrO 

IlpOUeCCa. K p o ~ e  3 T O r 0 ,  H a  OCHOBe a H a n M 3 a  Pe3YJIbTaTOB IIPOMbIIII- 

n e H H b I X  U n a 6 0 p a T 0 p H b 1 ~  U C C J I ~ J I O B ~ H U ~ ~  M H O ~ O P Y ' I L ~ B O ~ ~  n p O K a T -  

K U - p a 3 n e J I e H U R  R P ~ ~ P ~ ~ O T ~ H H ~ I X  TeOPeTUVeCKMX ~ O J I O X ~ H W ~ ~  ripen- 

CTaBd'IeHbl OCHOBHLle peKO>leHLIaUlill .  KOTOpLle ~ e o 6 x o a r 1 h r o  YYIiTLl- 

BaTL n p H  p a s p a 6 o ~ ~ e  K Z U I U ~ ~ O B O K  B a l K O B  A n R  CTaHOB J ~ M H ~ ~ ~ H o ~ o  

T u n a  H HenpepbIBHO-3a~OTOBO'IHLIX CTaHOB. 

Ilyo~urnxu-pu3c3e~~enue pacKalnoo Ha yeeeycuenont 
d q m e m e e o ~  cmane 
I I C C . ' I ~ ~ O B B H I I H  h l ~ ~ ~ . ~ [ ) y q b e B O i i  IIPOK~Tkll-Pd3;I~.l~HllR t IpOBe-  

ae l r r , l  H a  anyxrc.Ie-reeolr 06mrla1~0-3aro~oao~1~ohr C T a l l e  950/900 
OAO "Ao~eu~r i i i  h i e r a . 1 . 7 y p r r r q e c ~ 1 1 i i  sanon" (AM3) [22]. 

I I p l i  ~pexpvsiesofi npo~a~~e-pa3nene111rl.1 113 c.lrrTrta c ~ a . ~ e i i  
09r2 11 35 h l a c c o f i  5 , 5 ~  B K.leTII 950 npOKaTLIBaJl11 c . 7 ~ 6  C e ' I e H l l e h l  

300 x 2 5 O x 1 h 1 3 a  11 I I P O X O ~ O B .  3 a ~ e ~  B T P ~ X ~ ~ ~ L C B O X I  ~ a . l l 1 6 p e  me-  
TI1 900 3a BOCehlL nl)oXOJOB @ o ~ ) h l l l ~ ) o ~ a . 7 1 1  T p l i  C O t l . l e H e H H L l ~  > [ e m -  

.I! co6o1i tiunjlp'Irir1,lc j a r o r o s h l r  co c ~ o l ) o ~ o i i  13.5 I I  100~1\r. BIIJ\.- 
a.7LHLlfi OChlOT[) L I H O ~ ~ H I I T O ~ I I L I X  PaCK;\TOU Ii.3 XIHOrOp!"ILeBO~O K a -  

.1116pa llOKa3a.l OTCyTCTBlle ~ O B ~ ] ) Y H O C T ~ ! L ~ S  ; [ ~ @ ~ K T o R .  ~ ' ~ I K P O C T ~ ! ' K -  

T!~)CI p a c K a r a ,  1 1 3 y q e ~ ~ a ~  H a  O T U ~ ) ~ ~ H I I L I S  noc.-~e ~ ~ ~ . ~ I I ~ I I L I X  npoxo- 
JOB TChln.'leTOB, ~ a p a h ~ L ' ~ l l > ; ~ a . l a ( . b  Te.\l, 'IT0 B c p e ~ l { e f i  3Bl-OTOBKe 

. l I I K B ~ U l l O H t l a H  3011a l l \ l ~ . ? a  BliJ I l C h a X c I i H O r O  KBaJl)JTa. a ~ p d l i l l l l ~  

- I lCKaXeHHbIX T ~ ) ~ ! ' ~ O . ~ ~ H I ~ K O B ,  CXOJflIUIlXCR BCpl l l I lHa>l l l  K nepe- 
hlLl'lKe. T o g e q H a ~  H ~ O A H O ~ O ~ H O C T ~  I l O C n e  C)'hlalapHOrO K O ~ @ @ M U H -  

c H T a  BLITRXKII, p a a H o r o  6 , 5  o u e l t e H a  6 a . 7 n o h r  2 no rOCT 10243-75. 
C [ ) ~ B H I I T ~ . ~ L H ~ R  3 a r O T O B K a  TOTO XL' C W e H l l R  11 113 CTa.lll  T 0 f i  X e  

M a p K U ,  U p O K a T a H H a R  no c ~ I U C C T B O B ~ B U I ~ ~ ~  TeXHO.qOrU~1, X a p a K T e p K -  

3OBXilaCL RBHO B b l p a X e H H L l M  JIHKBaUHOHHLIlt KBaApaTOhl  U IIRTHM- 

C T O ~ ~  . r l U ~ B a U t i e f i ,  OUeflllBaeMLlMI-1 COOTBeTCTBeHHO 6 & 7 n a ~ 1 1  3 11 2. 
A ~ a n 1 1 3  hleXaHU4eCKMX C B O ~ C T B  11 C O A e p X a H I l R  HehleTaJl.7UqeCKMX 

B K , T H ) Y ~ H M ~  no c e q e H w m  p a c K a T a  no~asan M X  o a ~ o p o n ~ o c ~ ~ .  Xa- 
PaKTePACTMKU npo6, B3RTLlX M3 p a 3 n M q H L I X  Y'IBCTKOB P a C K a T a ,  H e -  

3 H a q U T e n b H O  pa3JIU'iaIOTCR h l e X A y  ~060W U BblUle  AOnyCTUhIblX 3 H a -  

Y ~ H M ~ .  

n 0 c J I e  n p O K a T K H  TpeXHWTO'IHble P a C K a T b l  p a 3 A e n R n t i  B np0- 
AOJILHOM H a n p a B J I e H M H  H a  O T n e J l b H b I e  3arOTOBKH r a 3 0 K U C n O p O n H b I -  

MU p e 3 a K a M U  B H e  UOTOKa c T a H a .  O n b l ~ ~ b l e  U C p a B H U T e J I b H b I e  3 a r O -  

TOBKU ~ P O K a T b I B a h U  H a  K P Y r U  050,27 U 1 7 ~ h f  H a  COPTOBLIX C T a H a X  

OAO ''nM3". O C O ~ ~ H H O C T ~ #  B MaKpOCTpyKQ'pe 06paauos, o~o6paa- 
HblX OT K p y r O B  0 2 7  A 1 7 ~ ~  0 6 ~ a p y X e ~ 0  H e  6b1no:  M e T a J I n  6 b 1 n  

IIJIOTHLIM U OAHOPOAHblhl,  C K O n n e H H R  JIAKBaTOB OTCJTCTBOBanU. B 
c p a B H u B a e M b I x  o6pasuax K p y r a  0 5 0 ~ ~  p a c n p e n e n e t i u e  n m s a T o s  

no C e q e H U I O  6 b 1 n o  p a B H O h l e p H b I h 1  C H e 3 H a 9 M ~ e n b H o f i  I l ~ n e p e ' i H ~ f i  

H ~ O ~ H O ~ O ~ H O C T ~ I O :  B OnLITHLlX 06pa3uax IlhleJlCR cna6o B b l p a X e H -  

~ b l f i  J I H K B ~ U W O H H ~ I ~ ~  K B a A P a T  ( 6 h a  1). DO B e n U q U H e  06esyrnepo- 
X e H H O r O  cnok, 3 a r p R 3 H e H H O C T M  HeMeTaJlJIUYeCKHMU BKJIIOqeHURMU 

U MeXaHUUeCKUM C B O ~ ~ C T B ~ M  CYUIeCTBeHHbIX p X 3 J l U ~ U f i  M e X n y  OnblT-  

HblMU ( K ~ ~ ~ ~ H I I M U  H C ~ ~ A H M M A )  U C P a B H M T e n b H b l M H  06pa3ua~n HeT. 

~ T H  p a 3 n A ' I U R  IIOnYqaIOTCR T e M  MeHbUIUMH, Y e M  6 0 n b u e  nocne- 
nyIOq%l C c y M M a p H m  BbITRXKa.  

Ha c r a H e  950/900 o ~ p a 6 o r a ~ a  T a m e  T e x H o n o r u r r  M H o r o p p b -  

eaoi; n p o ~ a ~ ~ s - p a 3 n e n e ~ ~ ~  npu a c n o n b 3 0 e a ~ ~ l i  B K a s e c - r s e  saro- 
TOBOK H ~ ~ ~ ~ P ~ ~ B H o J I H T ~ I x  C J I X ~ O B  [23]. C n x 6 b 1  C e Y e H U e M  150+180 X 

4 0 0 ~ ~  IlPOKaTbIBaTIU B KJIeTU 950 C C Y I U ~ C T B Y I O ~ I I ~ ~ ~  ~ a n U 6 p 0 ~ ~ 0 f i  

san~oe.  Aea n p o d y c K a  - n p o r n m u ~ a m ~ a f i  A n n  CIIRTUR B o n H n c T o -  

CTU M K O H T p O n R  T O ~ I U H H ~ I  11. pe6po~oii AJIR @ O ~ M U ~ O B ~ H M R  H a n n b l -  

BOB H a  UIWPOKAX I ~ ~ H I I X  c n ~ 6 a  OCYUIeCTBnRJIH COOTBeTCTBeHHO H a  

rnan~ofi 6 o s ~ e  A B RIUUYHOM ~anu6pe. H a n n b l s b 1  @ o p ~ u p o ~ a n u  
A n %  06ecneqeaud R'aqeCTBeHHOrO 3 a n O n H e H U R  K P ~ ~ ~ H A X  PY'IbeB MHO- 

rOp'J"ibeBOr0 ~anu6pa  no BbICOTe U luUp!-iHe. B K n e T U  900 n p O K a T K y  

B e n U  B MH0IY)p'J"ibeBOM ~anu6pe,  COCTORUeM 113 T p e X  C O B M e U e H H b l X  

no U I U p U H e  0 6 6 1 ~ ~ ~ 1 ~  K B W p a T H b l X  K ~ J I U ~ ~ O B  (p'J"ibe~), CO C T O ~ O H O ~ ~  

3&7M OTCYTCTBl4e IlOBePXHOCTHblX A ~ @ ~ K T O B  K a K  B K P ~ ~ ~ H M X ,  T a K  H B 

c p e n H u x  s a r o ~ o ~ ~ a x .  npu n o c n e n y r o r u e M  nepenene ~ ~ ~ O T O B K H  H e  

.3aYlllIlB;IlI. d.1~ IICC.lt!ilOBaHIIR >lBhpOCTI)) 'KT~PLI  n p U K a T a  Bbl6pa.111 

c e v e ~ ~ ~ i i  ~ I I I , I T H L I X  ~ ~ T O T O B O K  n o n e p e q H L l M  c e q e r l r r e h l  100 x 1 0 0 i 1 a t  

x a p a ~ ~ e p t r 3 y e r c r r  r i o e ~ ~ ~ u e ~ i t ~ o i i  o r e ~ o i i  PLIMOCTLIO, c p e a t i r r f i  Gann 
K O T O P O ~ ~  2 , 2  B C p e A H l i X  13 1,s B K p a f i H l i x  3arOTOBKaX,  'iTO 0 6 ' L R ~ l l R e T -  

CR C p a B t l l l T e . l L H 0  HII3K11hl K ~ ~ ~ ( ~ ) H u ~ ~ ~ H T o > I  ~ ! ' h l h l a ~ l l ~ i i  BLITIIXKII - 
2.3 - 2.4. Oceunn I I O ~ I I C T ~ C T L  I I  ; L C ( ~ ) ~ K T ~ I  H ~ ~ ~ U I C I I I I R  Cn:rouIIIocTrI 

O T C ~ T C T B ~ W T .  B U e H T p e  ~axaoi i  BB COTOBKII ~ a 6 . l m a a e - r ~ ~  %PKO B ~ I -  

C.7?laRX, K O r i I a  I lpOTRXeHHOCTL J ~ ~ ~ K B ~ U ~ I O H H O ~ ~  3 0 H b I  H e  n p e B L I U l a -  

e T  30 - 35% U l t l p o ~ o f i  V a H l l  r . m 6 a ,  BLlXOX X ~ I K B ~ U M O H H O ~  3 0 H b l  H a  

~ O B ~ ~ ~ H O C T ~ I  3arOTOBOK 0TC)'TCTByel. 

C o p ~ o s b r e  3 a r o T o B ~ 1 1  n p O K a T L l B a i l u  H a  c T a H e  300 OAO "AM3" 
B K p y r l i  018,25 U 3 0 h l h l .  ~ P O K ~ T K Y  B e i l H  B q e P H O B b l X  RIUHYHLlX 

~a.1136pax I* B c u c ~ e h i e  osan - p e 6 p o s b r i i  osan 3a 13-15 n p O n y C K O B  c 

HLIW a~an113 h l e x a H w i e c K H x  x a p a m e p n c T n K  n p o + ~ n e f i ,  n o n y s e r l -  

HblX 113 K p a f i H U x  U C p e n H U X  3XOTOBOK, n O K a 3 U  MX I l O n H J W  UAeH- 

n a p T w c r  H e  y c T y n a n  n p o K a T a H H o M y  no 0 6 b r s ~ o f i  T e x H o n o r U u  H co- 
OTBeTCTBOBan A ~ ~ ~ c T B ~ I O ~ I ~ M M  C T a H A a p T a M .  

Ha B T O ~ O ~ ~  C T W u U  n p O M L I U I n e H H b I X  ~ccnenosa~crt i  onpo6oaa- 
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roToBKn.  ~ P U H U H ~  pa3nene~u~  saro~oao~,  npenyc~a~pusarouuii K e  H ~ a p e s ~ e  ~anki6poe O ~ ~ I Y H Y I O  TO'IHOCT~, 06ecneskiaae~ ynosne- 
nx ~ 3 a H ~ H b l f i  CABHI' n 0 A  Y r n O M  K OCH Ban% I l p e A n O n a r a e T  CXeMy TBOpUTWlbHOe KaYeCTBO npOKaTa .  

'IUCTO~O cpe3a "@HKTABHO?' n e p ~ b l q ~ r ? .  np0mma-pa3~ene~~e pat- n p H  A B Y X P ) ~ I ~ ~ B O ~ ~  IIpOKaTKe HOpMaTHBliYIO TOnOBHYH) o6pe3a 
KaTOB B npOMblIIIJIeHHblX YCJIOBURX OCYIQeCTBnRnaCb Y C T O ~ ~ ~ A B O ,  6e3 YMeHbllIanH H a  10-15%, a AOHHyIo W C T b  p a C K a T a  ~ o o 6 u e  H e  3 a q U -  

n p o 6 y ~ c o ~ o ~ .  B MeCTaX p ~ 3 A W l e H U R  3arOTOBOK 0TC)'TCTBOBiUW Ae-  Lttann. n p U  ~ p e x p j " f b e B 0 f i  UpOKaTKe YCTaHOBJIeHa B03MOXHOCTb CHII- 

( b e ~ ~ b l  HapYIIIeHHR CnnOUIHOCTA, 3aKaTb1, "YC~I". X e H H R  PaCXOAHOrO K O ~ @ @ H U U ~ H T ~  M e T M J l a  no CpaBHeHHH) C T p a -  

no & ~ ~ c T B o B ~ B U I ~ ~ ~  H a  MOMeHT H C U I ~ A O B ~ H U ~ ~  TeXHOJIOTHH ~ U ~ U O H H O ~ ~  T ~ X H O ~ O ~ U ~ ~ ~  3a C W T  COKpaIQeHHR BenM'tUHbI ~ O ~ O B H O ~ ~  

npOX3BOACTBa r I epeneJ IbH0f i  3aTOTOBKU H a  O ~ T U M H O ~ ~  KJIeTH 950 UIU-  obpesu K P P ~ ~ H A X  3arOTOBOK. ~ A @ @ ~ ~ ~ H U H ~ O B ~ H H ~ S I  o 6 p e a b  Kpa f i -  

TOK M ~ C C O ~ ~  5,s TOHH IIpOKaTbIBanH H a  6 n w ~  Ce' ieHUeM 2 0 5 x 2 0 5 ~ ~  HUX H CpeAHUX 3arOTOBOK n 0 3 B O n R e T  CHU3MTb CYMMBPHYH) o 6 p e s b  

U nanee H a  ~ ~ ~ O T O B O Y H O ~ ~  W e T H  900 - 3a CeMb npOXOAOB B 3arOTOB- H a  0,8 - 0,9 % 6e3 )'XyAUIeHHR KaqeCTBa  npOKi3Ta. 

B ~ a y a n b ~ b ~ f i  OCMOTP OnbITHbIX 3aTOTOBOK no- 
C n e  IIpOKaTKH U 0XAa)KAeHUR nOKa3WI  OTCYTCTBHe 

IIOBepXHOCTHbIX n e @ e K ' T o ~ ,  T p e U H H ,  n O p ,  PBaHHH A 

T.A. T ~ x H o ~ o I ' H ~ ~ c K U ~  n p o 6 b 1  H a  50%-HYIO r o p R -  

qym OC2iAKy OT OnbITHbIX 3arOTOBOK U ITpOKaTaH- 

HblX no ~ y f l l e ~ ~ ~ y l 0 l U e f i  TeXHOnOrHH H e  BblRBHnU 

M e m y  HHMU panusan. Bo B c e x  cny rux  H a  no- 
BepXHOCTU npo6 HapyI I I eHAR CnnOIIIHOCTki MeTi?l.lIna 

H e  ~ a 6 n r o n a n o c b .  r e o ~ e ~ p ~ s e c ~ a ~  @ o p ~ a  nony.lee- 
HLlX 3aTOTOBOK COOTBCTCTBOBaJla CTaHAapTaM H a  ne- 
p e n e n b e y r o  ~ ~ ~ O T O B K ~ .  

K ~ Y ~ C T B O  rOTOBOr0 n p O K a T a  U 3  3arOTOBOK, 

n1)OKaTaHHLIX hlllOrOp)"ILf2BLlhI hleTOAOhl, IICC.lea0- 

sancr n p A  n p o K a T K e  H a  c T a H a x  250 a 350 OAO 
"JM3". H a r p e ~  3arOTOBOK II IIX ITpOKaTKy se.7rr no 
c y 1 1 1 e c ~ a y m r u e i i  T e x H o . l o r r i a .  M e c ~ o  p a 3 n c n e ~ 1 i ~  

a iro~os& HC 3asr.iuarl11. nocne H a r p e e a  B hleTonM- 

rec~oii  n e s r i  no T e n t n e p a T y p b l  npo l t a - r l ca  HecKo2iL-  

KO OnLITHLlX 3arOTOBOK OX.rlaAll~7 il. B r l s v a n ~ ~ b ~ i i  
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Ha CTaHe 950/900 0 ~ p a 6 0 ~ a H a  11 TeSHO.lOrHR n ~ ! ? X p y ~ b e B O i i  HUYeCKMe XapaKTep!lCTIiKH rOTOBOr0 n p O K a T a  nO.VHOCTbtO ynOl3ne -  
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!iC pa3pbIBOM n e p e h i b l W K  C OAHOBpeMeHHbIM @ O ~ M H ~ O B ~ H H ~ M  K B m -  O C B O ~ H H ~ I ~  H a  CTaHe 950/900 TeXHOnOrUU W Y X -  H TPeXPYqb-  

F a T H b l x  s a r o ~ o e o ~ .  esofi n p o ~ a ~ ~ n - p a 3 n e n e ~ u ~  non~sepnunu B O ~ M O X H O C T ~  H ueneco- 

~ 'o~anefi  nonepeworo c e s e H w n  c o c T a a n r m a  2,7-4,2 % H O M U H ~ ~ ~ H O -  H U K O B O ~ ~  cmanu c ydanmue,u nutcsaquonnoii ~ O H ~ I  

1.0 pa3~epa CTOpOHbI, P O M ~ C N H O C T ~  0TC)'TCTBOBana. K ~ U B H ~ H ~  H C e p -  H ~ O A H O K ~ ~ T H ~ I ~  H IUUpOKO U3BeCTHbIe nOnb lTKH nOny ' l eHWl  

rlOBUHHOCTb 3arOTOBOK I lOCne  pa3AeJ IeHUn H e  IlpeBbIILIaeT 3HaqeHUf i ,  KaqeCTBeHHOrO COpTOBOrO I lpOKaTa  A 3  HenpepbIBHOnATblX CJIHTKOB 

rIpeAyCMOTpeHHbIX CTaHAapTOM. k l ~ ~ n e n 0 B a H H b l f i  cnoco6 pa3nene- C T M U  LUX-15 A O n r O e  BpeMI l  H e  llpMBOAAJlU K n 0 n O X U T e n b H b l M  pe- 
FIUR M a n o  'IYBCTBHTeJIeH K H3HOCY BWIKOB, ~ p e 6 y e ~  n p H  HX H ~ C T P O ~ ~ -  3 y n b T a T a h I  B CkMy TOI'O, ' I T 0  MHOrO'iUCJleHHbIe nOnb lTKH no n p U h l e -  



HeHHIO pa3JIHYHblX MeTOAOB B O ~ A ~ ~ ~ C T B A I I  H a  T R X ~ H H R  n e p e ~ b l ~ e ~  no p a 3 p b l ~ a  M B H ~ C ~ -  

K ~ A c T ~ ~ J I A ~ ~ D I I I A ~ ~ c R  CJIMTOK A ACnOJIb30-  H H e M  KOHueHTpaTOpOB H a n p R x e ~ A f i .  n p A  

B a H H e  H3BeCTHbIX IIpUeMOB n p H  n n a c T w Y e -   TOM 3a30p no 6 y p ~ a ~  m n 6 p a  H a  10-12% 
CKOB A ~ @ ~ P M P U A I I  M ~ T ~ T I ~ ~  6 a 3 ~ p o ~ a j l ~ c b  H a  MeHbILIe, YeM M e W J  ~ ~ ~ H R M A  BanKOB, q T 0  

mee p a c c p e n o T o q e H c m  ~ O H H  @ M ~ M K O - X H M ~ -  LJ- HCKJIIOYaeT 0 6 x a ~ t r e  I lepeMbIYKH ki cra6a- 
Y ~ C K O G  HeOnHOpQAHOCTEi no BCeMy o 6 a e ~ y  J I A ~ H P Y ~ T  ~ ~ O U ~ C C  P ~ ~ A ~ ~ ~ H U S I ,  KOTOP~I# 

~ e ~ a n n a .  ( P ~ K T M Y ~ C K H  n p o T e K a e T  no sxona B mar ne- 
M A ~ R  IIpHMeHeHMR TeXHOnOrAA MHO- @ O ~ M ~ U U M .  ~ ~ O U ~ C C  @ O ~ M H ~ O B ~ H H R  A pas- 

r o p j " l b e ~ 0 f i  n p O K a T K H - p X 3 l I ~ e H ~  AaJIO B03-  A ~ ~ ~ H H R  ~ ~ O H C X O A H ~  ~CTO#YABO 6e3 cep- 
MOXHOCTb H e T p ~ U U A O H H O ~ O  PeILIeHHR np0- 2 A f l ~  n n e H A R  A CKpy'iABaHHfi. 

6 n e ~ b 1  I IOJIyYeHIlR BbICOKOKaseCTBeHHOrO no p e 3 y J I b T a T a M  0 U e H K H  KaYeCTBa Me- 

n p Q K a T a  H 3  HenPePblBHOJIUTblX CnHTKOB CTa- 
I 

T a n n a  3 a m o ~ o ~  n n R  n a n b ~ e f i m e r o  nepene- 
nek C rUUPOKHM T e M n e p a T y p H b I M  UHTepBa-  -v-uv . . . - - - - - - - na 6 b 1 n o  YCTaHOBJeHO, ' IT0  MaKPOCTPYKly-  

 no^ ~ p a c ~ a n n u s a q n ~ .  pa ~wanna nnoram, on~opon~aa  (pac. 52), 
T ~ o ~ ~ T u ' I ~ c K u ~  U 3 K C n e p M M e H T U b H b I e  6mn no I I o A ~ c ~ . A o Y H o ~ ~  ~ H K B ~ U A H  6 6 1 ~ 1  pa- 

uccneno~a~nrr  ne@op~aunn  ~ e ~ a n n a  npu I 
I 

BeH 0. no 3avX3HeHHOCTM HeMeTaTInUIIeCKH- 

ITpOnOnbHOM p a 3 n e n e H H A  PaCtcaTa  B B U K a X  MA BKnIOYeHURMH IIOJIf leHHble  3arOTOBKA 

I lpOKaTHOrO C T a H a  BblIIOJIHeHbl C I IpHMeHe-  
3 OTnAYaJIHCb n o ~ b r m e ~ ~ o ~  'IWCTOTOW: 6 m  
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P a 3 ~ H ' T n e  K O H U ~ ~ T ~ ~ J I ~ H O ~ ~  CXehlbI  UAR H MMKPOnOPWCTOCTb ITOnHOCTbIO OTCYT- 
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MOyrO.TbHOI-0 n O n e p e Y H O r 0  CeYeHAR. B b l -  M H O ~ O P Y ' ~ ~ ~ B O ~ ~  flPOKaTKM-Pa3AeneHUR PaCKaTOB C 15 C r  C y n a n e ~ ~ ~ f i  J I H K B ~ U A O H H O ~ ~  3 0 ~ 0 3  
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SaCOTOBKa~l l l  - KRW.I)PT CO CTOpOHa.\III 9 0 - 1 2 0 a l h l  I1 cl)e;l~eii 3 a r O -  '4eCtilIC vC,IOBlTR T Y - 1 4 - 1 - 4 3 6 0 - 8 7  H a  K ~ A I ~ ~ P O B ~ H H V H )  11 XO.1OnHO- 

T O B K O ~ ~  KBafipaTrlOrO I lJ l l l  LUeCTIIyI'O.TbHOr0 CeYeHHR. TRH!'T>'K) npOBO.TOKV I13 CTB.111 m > ( - 1 5 Y  11 uX-15CI'-v. 
np~r ~ T O ~ I  K ~ . ~ I I ~ [ ) ~ B K ! '  B ~ ; I K O B  ( ~ r a  p r r c .  51 n o ~ a s a ~ a  +ol)sra n p o ~ o a r r . 7 1 1  c p a ~ r l r ~ r e . i ~ ~ ~ , ~ e  ~ rccnenosar~~~n  alera.i:la 113 CT~:III 

~ a n r 1 6 p o ~ )  I I  pexLrxr o 6 s a ~ l i i r  n p o e r t r r r p o n a . m r  r r  p acc t r r r rb rBa . l r r  ra- UIX-15Y ( n o . r l y i c ~ ~ o i i  h ieTorronl  a ~ s o r o p y i b e ~ o i i  npoKa-rKrl  c yaa- 
K ~ I  o i ) l )a30~1,  ~ I T O ~ L I  3a r r l e T  Ilepel)aclrpeile.ieIirlR oGmarrrii a l c x a y  :reHllcal . I I I K B ~ U ~ ~ ~ H H ~ ~ " ~  : % O H ~ I ) ,  3leTa.q.qa 1.13 H C I I I ) C ' I ) ~ I B I ~ O . ~ ~ I T O ~ ~  c ~ a -  
~ p a l " l ~ r r a r 1 1  rr c p e n H r r a l  p y w r r n u l  n o c T M r a n o c b  cyxwrrc JOHLI ~$11311- .III UIX-15 npo113~oacr~a OAO " O C K O ~ ~ ~ C K I I ~ ~  ~ A ~ K T ~ O B I ~ T ~ A J ~ Y ~ ~ ~ I -  

K O - X M ~ ~ H Y ~ C K O ~ ~  HeOnHOpOAHOCTU. T e o p e ~ A s e c ~ P i e  A 3 K C n e p H M e H -  '4ecKHfi ~ 0 h l 6 k i ~ a ~ "  M: BaKYYMHPOBaHHOTO hleTaJIJIa 113 CTaJlM LUX-15 
Ta.'lLHLle IlCC.7eAOBaHJiR 12.51 no OUeHKe BO3MOXHOCTll ynpaB . l eHI rR  npOIl3BOZCTBa OAO "AM3", OT.7kiTOrO B l i 3 ~ 7 0 X H I l U b l .  

npoueccoar3OXH npIi ~ I H O ~ O P Y ~ L I ~ B O ~ I  npOKaTKe-pa3; le . leH1lI l  n o -  n o  p e : < y . l b ~ a ~ a ~  ~ ~ C C ~ ~ A O B ~ H A ~  Y C T ~ H O B ~ ~ ~ H O  [26, 271, YTO 

Ka3a;II.I. qTO D e a n b H O  D ~ ~ V J ~ P I D O B ~ H M ~  nOI l eDe ' IHOr0  TeYCHWR ?ileT%l- CTa.7b mX-15Y 
S " .  

~ 1 a  TaKAhl  06pa30~,  ' 1 ~ 0 6 b 1  LUWPMHa 3QXH y ; \ f e H b U a J a C b  no X O n y  

npOKaTKA. C O B ~ ~ ~ C T H O ~  PeILIeHMe y p a ~ ~ e ~ k i f i  paBHOBeCUR h f e T a ~ l n a  B 

O l r a r e  h l H O r O p y q b e B O r 0  ~ann6pa  I.1 y p a ~ ~ e H k i l " l  nnaCT1lYHOCTH A,lR 

B c e x  x a p a K T e p H b r x  y s a c T K o B  no wipaae osara n e C $ o p h i a u u u ,  n o l t a -  

3 a 0 ,  YTO ~ati60nee CYWeCTBeHHOe BJIMRHUe Ha  BblXOn 3aTOTOBOK 

6e3 YCaAO'iHbiX M ~ K ~ O A ~ @ ~ K T O B  OKa3bIBaeT K O H @ H ~ ~ P U ~ I R  p p b e B ,  

B KOTOPbIX IIPOMCXOnI.1T JtOKaTIM3aUHR ~ W K B ~ U C I O H H O ~  3OHbI. ~ P M -  
MeHeHMe UeHTpaJ IbHMX p)'TbeB U ~ ~ C T I I Y ~ O J I ~ H O L ?  @0ph lb l  o6ecnes A- 

B a e T  38 CYeT CO3AaHIiR 3 0 H  ~ ~ T P Y A H ~ H H O ~ ~  n e @ o p ~ a U A ~  B o6nac~u 
C o q n e H e H u R  3a1-OTOBOK n p e n R T c T B u e  n n R  n e p e T e K a H u r r  M e r a n n a ,  060- 
I'aIUeHHOI-0 JIMKBaTahiA B 3arOTOBKA, R3HaYa.JIbHO ~ ~ 0 6 0 ~ H b l e  OT HAX. 

B a p b u p y ~  Y r n b I  H a K n O H a  CTeHOK IUeCTHyrOnbHbIX p f l b e B  MOXHO 

A O ~ H T ~ C R ,  B C o y e T a H u A  c n p y r u M H  @ a t m o p a h f a ,  06pa~aoro T e s e H t i R  

M e T a n n a ,  YTO I l 0 3 B O n l l e T  CYYleCTBeHHO YBenMYUTb BblXOA TOAHOTO 

BblCOKOKaYeCTBeHHOm IIpOKaTa: 

P a 3 n e n e H A e  M H O ~ O & W ~ O ~ ? O ~ O  PaCKaTa  H a  3arOTOBKW npOl l3BO-  3HaYHTeJlbHO OA- 
M a ~ p o c r p y n ~ y p a  saroToeKu ceqeHueu 

n 1 . m ~  3a OAIIH npoxon npri T o n l u r m e  n e p e h l b r w u  6-9arhr  n y e u  pac- H o p o n H e e ,  s e h r  1 15x7 ISM,, wx - 15 - Y 
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a H a n o r u ,  YTO R B n R e T c n  n p e n n o c b u r ~ o f i  AJIR n o n y l r e H w R  B ~ I C O K U X  P~IBHYIO rpynny wrerefi nyo. n p o ~ a ~ b l s a n u  ~ ~ ~ O T O B K H  c p a 3 M e p a M u  

c n y x e 6 s b l x  C B O ~ ~ C T B  U 3KCnJIYaTaUMOHHblX XapaKTepUCTUK rOTOBbIX 3 7 ~ 5 0 ~ 2 5 0 0 ~ ~  H 3  CTaTlefi 10 U 45. 
U 3 n e n U f i .  ~ H ~ Y U T ~ ~ ~ H O  IIOBbIIIIaeTCH Y p O B e H b  MeXaHUYeCKUX n p ~  ~ P O K ~ T K ~  B nep~0fi K ~ ~ T H  C T ~ H ~  280 @ O ~ M U ~ O B ~ T ~ H  pat- 
CBO~~CTB.  T ~ K ,  YAapHiUl BR3KOCTb BO3paCTaeT H a  20-30%, n p O K U l U -  

BaeMOCTb H a  2550% no CpaBHeHUK, C IIpOKaTOM, n0JI)"RHHbIM N 3  

CJIUTKOB, OTJIUTblX B M3JIOXHUUbI. 

Bnepsbre B MCIpoBofi I IpaKTUKe B MaCCOBOM npoU3BOACTBe 6 b m ~  

nOJIyWHb1  IIIapUKH AJIR IIOALIIAIIHUKOB C rapaHTUPOBaHHbIMA IIOKa- 

3 a T e n R M U  JIOJIrOBeYHOCTU. Ha ~ O C ~ J I ~ ~ C T B ~ H H O M  ~OJIIIIUIIHAKOBOM 

3 a B O n e  (rn3-1) 6b1na  B b I l ' I ~ e H a  OnbITHiUl n a p T U R  ITOnLIIUnHUKOB 

KaYeHUR T u n a  6-50307K C IIIapUKaMCI AUltaMeTpoM 1 4 , 2 8 8 ~ ~  U3 OIlbIT- 

HOE CTaJIU. CpaBHeHUR 6 b r n a  ACnOJIb3OBaHbI pe3yJ IbTaTbI  p a H e e  

ACnblTaHHblX IIapTUfi  aHaTlOrUYHblX n0ALIIUnHUKOB U 3  M e T m a  3JIeK- 

TpOLIIJIaKOBOrO I I epenJ IaBa .  C T e H A 0 B b l e  U HaTypHbIe  UCnbITaHHR no- 
Ka3&lIU, ' IT0 IIO HaAeXHOCTU U AOJIrOBeYHOCTki 0 I I b l ~ ~ b I f i  MeTaTln B 

2-3 pa3a IIpeBOCXOAUT CTaTlb LUX-15 0 6 b 1 ~ ~ 0 f i  TeXHOJIOrHA npOU3-  

BOACTBa U HaXOAUTCR H a  YPOBHe MeT&lIna 3JIeKTpOILIJIaKOBOrO nepe- 

KaT, ~ 0 C T o R ~ l l f i  U 3  aB)'X IIOnOC n p R M o y r o J I b ~ 0 f i  @ O P M ~ I ,  COeAUHeH- 

HbIX M e a n y  ~060fi n e p e M b 1 ~ ~ 0 f i .  BO B T O P O ~  KneTM 0CyUeCTB.nRJIU 

p a 3 A e n e H U e  PaCKaTa  H a  ABe  HUTKCI CI OAHOBpeMeHHO @ O P M M P O B ~ ~ H  

A 3  IIpRMOY~OJIbHbIX nOJIOC PaCKaTbI OB&lIbHOrO CeYeHUR. B YACTO- 

B 0 f i  U e T U  U 3  OBaTlbHbIX IIOJIOC npOKaTbIBUlCI apMaT)'p~bIfi n p o @ U J I b  

N12 U n H  K p y r  0 1 3 ~ ~ .  n p 0 K a T a H H b l e  no 0 n b l T H o f i  TeXHOJIOrUU r0- 
TOBbIe n p o @ W I U  n p O K a T a  U 0 ~ 0 6 p a H H b I e  no IIpOnyCKaM TeMIIneTbI  

nOnBepraJ I t i  M ~ T ~ O ~ ~ @ U Y ~ C K O M ~  UCCJIeAOBaHUIo. ~ J Y ~ O K M M  TpaB- 

n e H U e M  H a  npo6ax KpJTJIOm I IpyTKa  0 1 3 ~ ~  U H a  HenOKaTaX BblRB- 

n e H a  n.lIOTHaSl CTpyKTyPa  C ~ O K O ~ ~ H O ~ O  MlTaJIJIa, ~ U K B ~ U U O H H ~ I ~ ~  K B U -  

p a T  npaKTUYeCKU H e  0 6 ~ a p y X e H .  M ~ ~ p o c ~ p y ~ ~ y p a  rOTOBbIX np0- 
@unefi mena  c p e p p ~ ~ ~ o - n e p n ~ ~ ~ o e  c l p o e H u e  c senaw~ofi  a e p ~ a  7 
- 8 6anno~. n p U  BU3yUlbHOM OCMOTpe apMaT)'pHOrO np0@UJIR  N 12 
u K p y r a  B u n a M b l x  ne@e~ros H e  06~apyxe~o .  reo~erpurr a p M a T y p -  

nnasa. ~ o r o  n p o @ ~ n ~  u ~ e x a ~ u ~ e c ~ n e  C B O A C T B ~  ~ O T O B ~ I X  npo@anefi ynos- 
~ ~ o M ~ I L I I J I ~ H H ~ I ~  n a p T U U  MeTanJ Ia  U 3  C T M H  WX-lSY M ~ C C O ~ ~  JIeTBOpRJIU T ~ ~ ~ O B ~ H U R M  H O ~ M ~ T H B H O - T ~ X H ~ ~ C K O ~ ~  AOKyMeHTauUU. 

6onee 3000 TOHH ~ O C T ~ B ~ ~ H ~ I  ~a rn3-1, m3-4, rn3-8, rn3-11, Ha OCHOBaHHH pe3yJIbTaTOB o ~ ~ I T H o - ~ ~ o M ~ ~ L I I ~ ~ H H o ~ ~  npOKaT-  

IIOnUlHIIHWKOB Pa3nWYHbIX TAIIOB C TeJlaMCI KaqeHUR M3 CTaTlH MX- 
15Y. 

A n l r  CO3AaHUR ~ ~ ~ O T X O A H O ~ O  IIpOUeCCa M H ~ r ~ p y l r b e B ~ f i  npo- 
KaTKM-pa3AeJIeHUR C YAaTIeHAeM ~ U K B ~ U U O H H O ~ ~  30HbI  W n0BbILUe- 

HHR ero T ~ X H U K O - ~ K O H O M U ~ ~ C K A X  no~a3a~enefi 6 b m a  wccnenoaaea 
M pemnsoea~a H a  n p a K T w K e  y ~ u n u s a u a ~  S ~ ~ O T O B O K  c n o ~ a n ~ 3 0 -  
B ~ H H O ~ ~  30~0fi  @ H ~ U K O - X C I M H ' ~ ~ C K O ~ ~  HeOAHOpOAHOCTM. OAHHM k13 

IIepCIIeKTUBHblX BapUaHTOB yTUJIU3aUUU 3arOTOBOK C pa3BUT0f i  no- 

l rMc  C~IIITKA n p o K a T b r s a n r r  B KpVr  n l l a h i e r p o h r  45arhr .  M ~ K ~ O C T ~ V K -  ~rrs sep~osoi i  r p v n n b l  H a  KpVr  037arar. n v ~ e h r  n o c . ~ e n o e a ~ e n b ~ o i i  

rypa ne~op~i r rpo~aseoro  areTa..ma nowe 3UIn o T . v l q a q a c b  n.7o.r- n p o ~ a ~ ~ l r  Kpyr ,Toro  n p o @ ~ l n ~  B r,?anK1qx sa.wax n no j roToe l rTe .x , -  

HLlXf OZHOPOAHLIXI CTpOeHllel l ,  l le l lTpa. lLHaR IIOpllCTOCTb I1 T O q e 4 -  HOhl pa3pe3HOhl  ~ a . 7 1 1 6 p e  OC?;UeCTB.lR.71l @ ~ ~ x ~ I I ~ o B ~ H I ~ ~  oc , lab.~e~-  
! l a x  H C O ~ H O P O ~ H O C T ~  HC npCr ib1ua io . r  0 , 5  6a,1;1a. Ilo x i i a l l l l r ec t i oa ly  11or.o ce.rcHlr8 B u e ~ ~ p a r ~ b n o i i  q a r T l l  pacKa.1.a. ila.:~ee c/leaosaao ero 
COCTaBy, hIaKp0-  M blUKpOCTp'jKTYpe ~ O J ~ I I ~ H H ~ I ~ ~  C O ~ T O B O ~  IlpOKaT pa3ite,WHLle l i a  ABe  OTi re~ lbHbIe  3arOTOBKIl B npOKaTHbIX BaJIKaX C 

HO~.\!OXHO kICnO.~b30UdIllIC! 3al"OTOBOK C . ~ ~ K ~ . ' I I I ~ o B ~ H H o ~ ~  30- 

itoii ~ 1 1 : 3 1 1 t i 0 - ~ l l h l l l ~ l ~ ' ~ ~ ~ f i  H~OAIIOPO;IIIOCTII nOc,Te J I H ~ ~ O P ~ ~ L ~ B O I " ~  

t rpo~a~~1r-pa3aene1111~ aw n p o 1 1 3 ~ o n c ~ t l a  u e . l l o u l l l s  u a i ) o B  no rOCT - - 
1.124-83.11.711 nPOtI3BOilCTBa BICJIloUIMS l l laPOB 3arOTOBKbl C .lOKa.ltl- 

m s a ~ j ~ i o i i  . ~ ~ r ~ ~ a u ~ ~ o s r i o i i  3 o ~ o i i  IIpOKaTLIBa.lll I la  c T a H c  400 OAO 
JM3" B K p v r  AIla.\leTpOhi G O ~ f h l ,  K O T O P L I ~ ~  H a  LUaPOnPOKaTHOhl CTa- 

1lC 40-80 OAO " A s o e c ~ m b "  be3 U3MeHeHHR A e f i ~ T B y I o U l e f i  TeXIIO- 

x o r s t i  n p o K a T b m a n u  B w a p b l  nWaMeTpoM 6 0 ~ ~  c nocnenymueii 3a- 
ka.7IKoii C npOKaTHOr0  H a r p e B a .  C ~ ~ A H R R  TBepnOCTb IUapOB COCTaB- 

nxna 530 HB, YTO a ~ a s n ~ e n b ~ o  s b l u r e  ~ p e 6 o s a ~ n f i  n e ~ c ~ ~ o ~ a ~ r n t ~ x  

LTaHAapTOB. ~ J I Y ~ U H ~  cnon C TBepAOCTbIO 440 HB C o c T a B n R n a  10- 
1 ~ M M ,  pa36p0~ 3HaqeHUf i  TBepAOCTU IIO IIOBepXHOCTM lllapa H e  ripe- 

Pr;ruran 9%. k i c c n e n o ~ a ~ u ~ 3 ~ c n n y a ~ a u ~ o ~ ~ b 1 x  n a p a M e T p o s  M e n l o -  

uux u l a p o B  ~3 O n b I T H o r o  M e T a n n a  n o K a 3 a n w ,  s ~ o  CTORKOCT~ a6pa- 
SPiBHOMy R3HOCY U Y A ~ P O C T O ~ ~ K O C T ~  BO3POCJlU B 4-5 pa3. 

H a ~ e ~ e ~ ~ a r r  peKoacTpyKur?R  MHJI3 H a  OAO A M 3  co3nae.r 
VCnOBUR AJIR ~ O B T O P H O ~ ~  p e a n ~ 3 a U l i U  p a 3 p a 6 0 T a H H 0 f i  U O T n a a e H -  

:13# H a  n p a K T A K e  TeXHOJIOrMU Tpexpy . ibeB0f i  I lpOKaTKU-pa3AeneHUR 

CaCKaTOB C J I o ~ a T l U 3 a u U e f i  3 0 X H  B cpeJIHefi 3arOTOBKe. 

8.2. Aeyxppeeaa  npo~am~a-pmaenmue 
copmomx npo@uneii 
U p o ~ a m ~ a - p d e n e n u e  pacxamos co cpe3on nepenblwu 

: nosopomom c o m e y e n n m  npo@unai 

C x e ~ a  pacnonomeHuR ocHoeHoro 060py~oaa~ur1 u cxeMa 
npoKarKu apMaTypHoro npo@unrI Ha cTaHe 250 HCM3: I - 
HarpesaTenbHbre new; I1 -newne HOXHHU~I; Ill - XonoAunbnuK; 1 +I0 
-Knew; a - o&opy.rbeaan npoKama; 6 u B- c pasnene~ue~ pacKaTa 
B B ~ P T u K ~ I I ~ H o ~ ~  8 UnU r 0 ~ ~ 3 0 H ~ a i l b ~ 0 f i  7 KneTRX COOTBeTCTSeHHO 



T a n n a ,  ~ A K B ~ U H O H H ~ I ~ ~  K B a A p a T  n p O R B n 5 I n C R  cnabo. M ~ x ~ H U W C K U ~  

c ~ o f i c ~ s a  a p M a T y p H o r o  npo@ann, a T a m e  K o H T p o n u p y e M b r e  pame- 
p b l  n e p H O A W ' l e C K O ~ 0  IIPO@IIJIII no n U a M e r p y  C T e p X H R  !-i BbICOTe rpe6- 
H R  COOTBeTCTBOBanA T ~ ~ ~ O B ~ H E I R M  rOCT 5781-82. Macca 1 nor. M 

npo@wnx c o o T a e T c - r B o a a n a  T ~ ~ ~ O B ~ H U R M  c T a H n a p T a  B npenenax no- 
I I y C K a e M O r O  MUHYCOBOrO OTKJIOHeHUH. 

npli n p O U 3 B O n C T B e  a p M a T y p H O r 0  n p o @ W l R  N 9 1 4  A B y x p y l r b e -  

~ 0 f i  ~ P O K ~ T K O ~ ~ - P ~ ~ A ~ ~ ~ H H ~ M  W C O B a J I  nPOU3BOAMTenbHOCTb C T a H a  

250 y a e n u r a n a c b  H a  25-30%. 6naroztap~ penuseauro CKO~OCTU 

n p o K a T K t i  n o s T u  B A B a  pa3a B s e p e o ~ o l  w r u a x ~ a ~ ~ o f i  rpynnax 
K J I e ~ e f i  C T a H a  C H U 3 U n U C b  I l O T e p A  T e n n a  PaCKaTOM, I lOBbICUnaCb T e M -  

n€!paTypa KOHUa n p O K a T K U  H a  4 0 - 5 0 ° C  U YMeHbIUUnCR y ~ e n b ~ b l f i  

pacxon mepraw B ~ M C T O B O W  rpynne me~efi. 
Ilpouamm-pmaenenue pacxamoe s 3 a u ~ n a m  
c m e y u e m  npoqbuneti 
A~yxpyw,e~yro n p o ~ a ~ ~ y - p a 3 n e n e ~ u e  a p M a T y p H o r o  npo@nn~ 

N14 H 3  C T m U  35rC T a m e  OCyIJleCTBWlki H a  I I O l l y H e n p e p b l B H O M  C T a H e  

250 HCM3. ~ P O K ~ T K Y  B O ~ X U M H O ~ ~  U e T A  TPAO, Y ~ P H O B O ~  H e n p e -  

P ~ I B H O ~ ~  w m a x ~ a ~ ~ o f i  rpynne ~ n e ~ e f i  o c y m e c T a n r m u  a H a r r o r H s H o  

OIlUCaHHOMy P a H e e .  npu  T p a H C l I O p T U p O B K e  no O ~ B O A H O M ~  annapa- 
TY nocne pe6poaoro o6xa~us  p a C K a T  CHOBa K a H T O B m U  H a  90' n B 

KJleTM 7 I 'IpOKaTblBaJIU B AB)'XHWTO~H~IC? P a C K a T ,  ~ 0 ~ ~ 0 R l l l U f i  U 3  ABYX 

IIpRMOyrOJIbHbIX 3arOTOBOK, C O e n U H e H H b I X  M e X A y  ~060ii no UIMpO- 

KUM r p a H R M  n e p e ~ b l q ~ o f i  ~0nIJ lPfH0f i  2 -~MM. n 0 C J I e  K n e T H  7 A B y x -  

H U T 0 9 ~ b l f i  P a C K a T  C I l O M O U b f O  B ~ I B O A H O ~ ~  K ~ H T Y H ) U ~ #  T P Y ~ K R  KaH- 

T O B a n I l  H a  90" U p a 3 A e n R n A  B3aUMHbIM C M e l l I e H l l e M  3 X O T O B O K  B 

BXflKaX K n e T U  9. P a 3 ~ e n e ~ ~ b l e  n p R M O y r O n b H b I e  n O n O C b l  p a 3 B O A U A l i  

B ~ o P U ~ O H T U I ~ H O ~ ~  IlnOCKOCTU C n O M O l l l b l 0  C I I ~ U M U I ~ H O ~  B ~ I B O A H O ~ ~  

I lpOBOnKH U n O H U T O 9 H O  AOKaTbIBUlU B ~ U C T O B O ~ ~  K n e T U  B a p M a T y p -  

~ ~ i i  n p o @ ~ n b  co C K O ~ O C T ~ K I  8-~M/c. nocne n p o K a T K w  B ~ w c ~ o ~ o i i  
K n e T U  06e HUTKU rOTOBOrO n p O K a T a  OAHOBpeMeHHO pe3anki H a  M e p -  

HLle  A.flHI1M 6 a p a b a H ~ b 1 h l 1 ?  , T e T y l U M I l  HOXkIUUah4U, T p a H C n O p T H p O -  

~ a . 1 ~  ~a XO,~OAII,.I~HIIK 11 C O B > ~ ~ C T H O  o x n a x n a . m i  B on~oi i  r l ~ e l i ~ c  

pee4 H O r O  XO.TOAU.lbHllKa. 

0 6 p a 3 u ~ ~  r o T o B o r o  a p h r a r y p r r o o r o  npo@rr.w Xol4 o c x i a - r p r i a a -  

.TI{, npoBoaII .11i  h l e x a H I l q e c K l r e  I-IcnbI-raHIlfi, T p a e n e H e e  $1 n o n o n a l l -  

T e . l L H 0  TOPR'fYK) OCaAKY H a  1/3 ~ ~ ~ B o H ~ Y ~ ~ T L H o ~ ' ~  BLlCOTbI 06pa3ua Ii 

3arr1by H a  90" XO.'IO;IHOh1 COCTORHIIII. n p l l  T ; I ~ ~ O K O X I  T P ~ B A e A I I I I  

I l o n e p e Y I i L l x  C C ~ I C H I ~ ~ I  o6pa3uo~ 1~0TOBOrO IlpOKaTLl BLlRB.leHa n.'lOT- 

H a %  c T p y l t r y p a  w e T a n . l a ,  n ~ ~ ~ a u r r o ~ ~ b ~ i i  K B a i r p a T  cnario n p o c a l a r -  

p l iBa. lCR.  B I - I ~ ~ ~ . - I ~ H L I ~ ~  OChlOTP IlOBepXHOCTH llPOTpaB.'leHHblX, OCa- 

HteHHLlX II 3aTHYTblX 06pa3u0~ IIOBePXHOCTHLIX A C @ ~ K T O B ,  RB.1RD- 

UI4XCR CJleXCTBllehl llpOAO.rlbHOTO pa3Ae.TeHlIR p a C K a T a ,  H e  BLIRBll.1. 

P ~ ~ ~ ~ L T ~ T L I  C p a B l i l i T e J b H b l X  l i ~ n ~ l ~ a ~ l i f i  hIeXaHllYCCKllX C B O ~ ~ C T B  

a p h f a T y p H b l X  I I p o @ U n e f i ,  I lpOKaTaHHbIX U 3  C T U U  35rC O A H O ~ " ~  n J I a B -  

KW OAHOpyYbeBblM !4 flByXp)"4beBblM c n o c o 6 o h f  n O K a 3 X l U  l iX UAeH- 

TIIYJlOCTb U COOTBeTCTBHe T P ~ ~ O B ~ H I I R H  rOCT 5781-82. P e 3 y . l b ~ a -  

Tbl  o b h t e p o ~  KOHTpOnMpYehibIX p a 3 M e p O B  n e p U O A H Y e C K O r 0  n p 0 @ 1 < -  

,TR: A U a M e T p a  C T e p X H R ,  BbICOTbI rpe6arr U MaCCbI OAHOrO n O r O H H O r 0  

M e T p a  n p o @ l m R  COOTBeTCTBYloT T P ~ ~ O B ~ H U I I M  rOCT 5781-82. B 
n p O U e C C e  M C C ~ ~ A O B ~ H A ~  YCTaHOBneHO, YTO TeXHOJIOtTiR ABYXP)"4be- 

B 0 f i  I l p O K a T K U - p a 3 A e J I e H R R  a p M a T y p H O r 0  I I p o @ U n R  x14, l I 0  C p a B -  

HeHUIO C OAHOHUTOYHO~~ I ~ ~ o K ~ T K o ~ ~ ,  c n o c o 6 c ~ ~ o ~ a n a  yBe.WiYeHUI0 

Y ~ C O B O ~ ~  npOU3BOAUTenbHOCTW C T a H a  H a  25-30% 3 a  C ' f e T  Y h l e H b U e -  

HUH U U K n a  n p O K a T K U .  

P e 3 y J I b T a T b 1  H C C J I ~ A O B ~ H U ~ ~  p a 3 p a 6 o ~ a ~ ~ o f i  TeXHOTlOtTiU A B F -  

p y s b e ~ o f i  n p o ~ a ~ ~ u - p a 3 n e n e ~ u x  n o 3 ~ o n ~ n u  p e K o M e H n o s a T a  ee K 

ACIIOJlb30BaHUlo H a  MenKOCOpTHbIX CTaHaX A n R  npOU3BOACTBa a p M a -  

T Y P H ~ I X  npoaunefi M U I ~ I X  c e r e ~ ~ f i .  
npo~am~a-pa3denenue pacKamoe Konmponupyemaut pa3pbleo~ 
H ~ Y A H ~ R  C 1985 r0na AoHHTY ki HnO  OHMKC" KC" OCYIUeCTB- 

n R n w  pa3pa6o~~y,  UCCJIeAOBaHUe U OCBOeHAe T e X H O n O M k i  A B ) ' X p p b -  

e ~ 0 6  ~ ~ O K ~ T K U - ~ ~ ~ A ~ J I ~ H H R  H a  OCHOBe HOBbIX C ~ O C O ~ O B  l I p 0 A O n b -  

HOrO p a 3 A e n e H A R  MHOTOHUTO'IHOTO P a C K a T a  B I l p O K a T H b I X  B U l K a X  H a  

MenKOCOpTHbIX C T a H a x  KWMK " K p u ~ o p o ~ c ~ a n b "  [29,30]. 
C o p ~ a h l e H ~  MenKOCOpTHbIX CTaHOB Kr rMK " K p u ~ o p o x c ~ a n b "  

B OCHOBHOM BKJIIOqaeT a P M a T y p H b I e  Klpo@UnU A n n  X ~ ~ ~ ~ O ~ ~ T O H H ~ I X  

K O H C T ~ ~ K U U ~  N10-N28 npOU3BOAkiMbIe  B npy?.MX, n p U 3 T O M  H a A -  

6 o n b m w i i  o 6 5 e ~  n p O U 3 B O A c T B a  ITPHXOAUTCR H a  a p M a T y p H b I e  npo- 
@ ~ n w  M e n m i x  ceseeufi (NNIO-16). Cnenye~ O T M e T w r b ,    TO no 
M e p e  P a 3 B U T U R  PblHOYHbIX O T H O L U ~ H U ~ ~  3 T a  T e H A e H U A R  ycyry6n~e~-  
CR: e U H  B 1990 I'OAy o 6 5 e ~  npOU3BOACTBa a p M a T y p H b I X  n p o @ U n e f i  

N N 2 1 0 - 1 4  c o c T a s n l r n  52,7% OT B c e r o  o65e~a  ee ~ ~ O U ~ B O A C T B ~ ,  TO 

K KOHL[Y 1996 r O A a  O H  COCTaBWl yXe 81,5%. B CBR3H CO 3 H a V A T e n b -  

HbIM 0 6 ' b e ~ o ~  nPOA3BOACTBa a p ~ a T Y p H 0 f i  CTaJlU MenKOCOpTHbIe  CTa-  

HbI  (MC) 250-1,3,4, U 5 6 b m a  C n e U H a n U 3 M p O B a H b I  H a  npOU3BOACT- 

B e  Y3KOrO A A a I l a 3 O H a  a p M a T y p H b l X  n p o @ U n e f i .  B CBR3U CO C I I U O M  

nPOU3BOACTBa 3 H a Y U T e n b H O  B 0 3 p O C n a  c e 6 e c ~ o u ~ o c ~ b  M e T a J l n O n p O -  

AyKUMU U 06ecnereewe p e H T a 6 e n b ~ o r o  npOU3BOACTBa a p ~ a T y p H 0 f i  

cranu no~pe6oaano C H M x e H n R  p a c x o n o B  no nepeneny.   TO MY B cy- 
U ~ C T B ~ H H O C ?  M e p e  cnoco6c~~o~ana  T e x H o n o m r r  n a y x p p b e a o f i  npo- 
KaTKU-pa3AeJIeHUR,  p e a J I U 3 0 B a H H W  H a  C T a H a X  250. 

n p F i H ~ P i n U a n b H a J I  C X e M a  nByxp)"4beBofi n p O K a T K H - p a 3 A W l e H U R  

a p M a T y p H b I X  n p o @ W l e f i  C U C n O n b 3 0 B a H U e M  K O H T p O n U p y e M O r O  pa3- 
p b I B a  n O K a 3 a H a  H a  pMC. 54. M3 I ~ P I ~ M O Y ~ O ~ ~ H O ~  U n U  K B W P ~ T H O ~ ~  

3arOTOBKH B ABYXPYgbeBOM ~anu6pe @ o ~ M U ~ ~ I O T  P a C K a T ,  COCTOR- 

unfi 1.13 ABYX npo@anefi p o ~ 6 m e c ~ o f i  wnw ~sanpa-r~ofi  @OPMM, 

COeAHHeHHbIX M e X A y  co6oii B A O n b  O A H O ~ ~  113 nnaro~anefi n e p e M b I ' 4 -  

K O ~ ,  a n p o A o n b H o e  p a 3 A e n e H w e  p a c K a T a  ocywec-rsnrrror B n a y x p y 1 i b -  

eBOM ~anw6pe B B U I K a X  r 0 p A 3 0 H ~ a n b H 0 f i  (PHC. 54, 5 )  U n U  B e p T U -  

~ a n b ~ o f i  (PUC. 5 4 ,  A) ~ n e ~ e f i .  I I ~ A  n p o n o n b H o M  pa3~enea1.i~ pama- 
T a  n p 0 U C X O A U T  pa3pyme~ue I l e p e M b l Y K U  6e3 0 6 p a 3 0 s a ~ ~ ~  B M e C T e  

p a 3 a e n e ~ ~ ~  sayce~uee B B w e  u ~ e f i ~ ~  p a ~ p ~ ~ ~ a .  P a s n e n e ~ ~ b l e  man- 
p a T H b 1 e  n p o @ A n A  IIOCJle p a 3 B e A e H U R  B T O P W ~ O H T & I I ~ H O ~ ~  nn0CKOCTl.I 

OAHOBpeMeHHO np0KaTLIBaK)T B A B e  HUTKA n O C J e A O B ~ T e . ~ b H O  B O B a n b -  

HblX 'IWCTOBLIX ~ a n ~ 6 p a x  B ~ O T O B ~ I ~ ~  I l p ~ @ A J l b .  H o ~ b l f i  cnoc06 
n p O K a T K l l  I l O 3 B O n R e T  OCylUeCTBJIRTb @ O ~ M H ~ O B ~ H H ~  U n p O A O n b H O e  

p a s ~ e . - i e ~ i r i e  A B y x H I i T o q H o r o  p a c K a T a  nprr H m r i q l i r r  n ~ y x  c n e u 1 r a . x -  

HLlX AB)'XpYYLeULlX K ~ , ~ I I ~ P O B ,  t l h l e e T  I l O F J b l U I e H l i ~ D  I I ~ H O C O C T O ~ ~ -  

KOCTb Ba-lKOB, 0 6 e c n e Y l l B a e ~  U e l i T p M p O B a H M e  p a C K a T O B  B AByXpVIIL- 



eBbIX ~ann6pax n nOny.IeHlie 6e3ne@m~ofi nOBepXHOCTH rOTOBOr0 

IIpoKaTa, OTnUX4eTCR ~ ~ O C T O T O ~ ~  Hac~p0fi~1.1 BanKOB I? ~ ~ U B ~ K O B O ~ ~  

apMaTypbI. 

AByxppbeBaR n p o ~ a ~ ~ a - p a n e n e ~ l i e  apMarypHoro npo@unx 
.?$?lo BHenpeHa Ha MC 250-3. C T ~ H  COCTOUT A3 ' ~ ~ P H O B O ~ ~  rPYnnbI, 

BKjllO'IaloIIp3fi CeMb IIOCJIeAOBaTenbHO paCnOJIOXeHHbIX rOpU30HTWIb- 

H ~ I X  me~ei ,  u ~ ~ y x  ~ U C T O B ~ I X  rpynn Kjle~eii, COCTORLUUX u3 B O C ~ M U  

qepenylomUXcR BeprUKaJIbHMX U TOpU30HTaTlbHbIX pa6owx KJIe~efi. 

IIpom~lcy B Y ~ P H O B O ~ ~  rpynne wte~efi ocymecranxm B nee HUTKU H 

B qUCTOBbIX rpynnaX - B OAHy HUTKY. P ~ X M M  0 6 m ~ u i i  IlpABeAeH B 

~ a 6 n .  2. Harpe~ 3al3TOBKU H IIpOKaTKZl B q e p ~ 0 ~ 0 k  rpynne Kjle~eii 
npn nayxpy'Ibeeoii n p o ~ a ~ ~ e - p a n e n e ~ u n  aeanornssbl rpa~wu~oa-  
H O ~  CXeMe O A H O P ) ~ ~ ~ ~ B O ~ ~  IIpOKaTKH. MCXOAHYH) KBaApaTHYI0 3X0- 

TOBKY CO C T O P O H O ~ ~  8 0 ~ ~  IIPOKaTbIBalOT 38 CeMb I'IPOXOAOB B 'IepHO- 

~ o i i  rpynne B pe6poaofi oean a nepenaroT pacKaT B sacToByro rpyn- 
ny wre~efi. C x e ~ a  ABy~py'lbeB~fi n p o ~ a ~ ~ ~ i - p a 3 ~ e n e ~ r n  apMaryp- 
~ o r o  npo@~nn B YHCTOBOB rpynne me~efi MC 250-3 noKaaHa H a  

PAC. 54, A. 
B 8-5 U e T U  113 pe6poaoro OBana npOKaTblBaIoT po~6nsec~kii i  

npo@Unb 39x18 MM, a 3aTeM B KJleTU 9 (POPMUPYIOT KBCfApaTHylO 

3aTOTOBKY CO CTOPOHO# 2 0 ~ ~ .  n0cJIe TpaHCnOpTUpOBKU PaCKaTa 

'4epe3 10-I0 KJleTb OCYUeCTBnReTCR @ O P M H P O B ~ H A ~  nBYXHUTOYHOr0 

pacaa-ra B ~ O P M J J O H T ~ ~ L H O #  Knem 11. M3 @ o p ~ ~ p y r o ~ ~ e r o  ~ a n ~ b p a  
BbIXOAHT ABYXHMTO'IH~I~~ PaCKaT, C O C T O R ~ U ~ ~  U3 AByX KBaApaTHbIX 

npo@Unek COeAHHeHHbIX no AUarOHaJIU llepeMbI'fK~fi, U TpaHCnOp- 

mpyercx no x e n o 6 a ~  qepes 12-10 KneTb. npononb~oe pasneneaile 

nByXHIiTO'IHOr0 PaCKaTa OCyIUeCTBJrRlOT B pa3Ae.lRMUIeSI ABYXPY'lb- 

e B O M  ~anu6pe ~ O P H ~ O H T Z ~ J I ~ H O ~  13-a KJIeTW, KOTOpaR BblnOnHeHa 

IIpeABapUTenbHO H a l l p R ~ e H H ~ f i .  

Ta6n~ua 2 
P e m u ~ b i  obma~nCi npu neyxpyrlbesol npoltame- 

p a 3 n e f i e ~ u u  apMaTypnoro n p o @ u n ~  N.10 Ha MC 
250-3 

l l p ~  ~ n y x p y ~ b e ~ o i i  n p o ~ a ~ ~ e - p a 3 n e n e ~ ~ ~  aphraTypHoro npo- 
'$linSi N10 AOCTEIrHyTO YBenH'feHUe npOU3BOAUTenbHOCTU MC 250- 
'? H a  35%, a apMaTyDHOr0 npo@UnR N 1 2  - Ha 26%. npU BHeApeH- 
I ~ L I X  pexuwax n~yxpyrbeaofi n p o ~ a ~ ~ n - p a 3 n e n e ~ u ~  c r r ~ 3 ~ n u c b  

\i,lenbHbIe 3HeprO3aTpaTbI H a  A ~ @ o ~ M ~ u U I O  MeTaJlna H a  20,5-30,5%, 

y+ienr,~brii pacxon B~JIKOB Ha 19-30%. 3a cqeT yhieebureerill yrapa 
i.leTanna npa Harpese u o ~ a n ~ ~ o o 6 p a 3 0 ~ a ~ w ~  npa npoKaTKe sb~xon 

l.onHoro ysenasmm H a  2 - 4 ~ r / ~ .  
Ha MC 250-4 peannsoeaaa nnyxpybeBaa n p o ~ a ~ ~ a - p a m e n e -  

!14le apMaTypHOr0 npo@UnR J\r?12. M e n ~ o c o p ~ ~ b ~ f i  CTaH 250-4 CO- 

>:TOIIT ~3 Tpex rpynn ~ n e ~ e f i :  s e p ~ o ~ o i i ,  swriosa~oueii c e w  nocne- 
. ? o ~ a ~ e n b ~ o  pacnonoxeHHbIx rope301i~anb~b1x ~ n e ~ e i i ;  npoMexy- 
XYIHofi, C O C T O R U ~ ~ ~  U3 YeTblpeX ~OPU30HT~bHbIX pa60'1ux KJle~ek, 
V ABYX 'IHCTOBbIX, BKJIIO'IPIOUUX lUeCTb I'IOCJIeAOBaTenbHO PaCnOJIO- 

XeHHblX BePTUKiUlbHbIX A rOPU30HTaJlbHbIX KJle~e#. B Y ~ P H O B O ~ ~  U 

~ ~ o M ~ x ) ' T o ~ H o #  rpynnaX KJIe~efi OCyUeCTBnRIOT AByXHUTO'4HyIO 

IlpOKaTKy 3arOTOBOK, B 'IUCTOBbIX IQynnaX KJleTefi - B OAHy HUTKY. 

MCXOAHYKI KBaApaTHYK, 3arOTOBKy CO C T O ~ O H O ~ ~  8 0 ~ ~  IlpOKa- 

TbIBaIOT 3a AeBRTb lTpOXOAOB B s e p ~ o ~ o i i  U ~~~oM~KJTo ' IHo# rpyn- 
nax me~eii B pe6poaofi osan n nocne npoicaTKu B 12-ii KjleTu s ~ c -  
TOBOB rpynnbl nonyraroT po~6asec~uf i  npo@mb 4 6 x 2 0 ~ ~  ( p e m u ~  
06xa~uii npABeAeH B ~a6n .  3). C X ~ M ~  nByxp)nlbeBofi IIpOKaTKU-pa3- 

nenesm ap~a-ryp~ofi  cranu B suc~oeoii rpynne ~ n e ~ e f i  MC 250-4 
n o ~ a 3 a ~ a  H a  p ~ c .  54, E. 

B 13-fi KJleTU U3 p o ~ 6 a  @opMUpylo~ KBaApaTHyIo 3arOTOBKy 

co c~opoaoii 2 4 ~ ~ .  O o p ~ a p o s a ~ u e  AeymriroqHoro pacKaTa ocy- 
UeCTBnRIOT B ~ O P I I ~ O H T ~ J I ~ H O ~ ~  KneTU 14. ~ B Y X H U T O ' I H ~ I ~ ~  PaCKaT 

COCTOAT U3 ABYX KBaAPaTHbIX IlOnOC PaCnOnOXeHHbIX Ha AUarOHaJIb 

Pi COeAMHeHHblX nepeMblq~o#. np0~0nbH0e pa3AeneHUe ABYXHHTO'I- 

HOrO PaCKaTa OCylueCTBnRIOT B rOPR30HTaJIbHbIX BanKaX 15-# Kne- 

TW. nocne pa3nene~un KsanpaTHbIe nonocbI c noMombm ~ ~ y x ~ a -  
H ~ ~ H O #  IlPOBOAKA pa3BOART B ~ O P H ~ O H T ~ T I ~ H O ~ ~  ITnOCKOCTU A B ABe 
HUTKU IlPOKaTbIBaIOT B OBanbHblX K Z ~ J I U ~ P Z  16-fi r0pki30H~anbH0fi 

CTORHHe 1 9 0 ~ ~  U B ABe HUTKA IlPOKaTblBaHlT B 'IACTOBO~~ meTu B 

a p a ~ a ~ y p s ~ ~ i i  npo+lr.lb JV12. O~lamtciro~~re roToebrx npo+~qaeii npll 

~ I B ~ x ~ ~ ~ ~ B o u  npOKaTKe-pa3Ae~leHliFI aphfaT'jpHOr0 n p 0 ~ ~ ~  N12 
aHaJlOTW'lH0 npriBe~e~H0fi Bblme TeXH0~10nlU ~Byxpy'ibeBofI np0- 

~a~~rr -pa3ne .~e~r r r r  apbra~yp~oro npo+n.w Ng10. 

IIpu nayxpysbeaofI n p o ~ a ~ ~ e - p a 3 n e n e ~ 1 1 ~  aphrarypHoro npo- 
@UnR N12 npOU3BOnkiTeJIbHOCTb hIe.~KOCOpTHOrO CTaHa 250-4 no- 
BblCUnaCb Ila 33%. npU BHeApeHHbIX peKAMaX ~ByxpyqbeBofi npo- 
KaTKM- pa3AeneHUR CHM3UnUCb YAenbHble 3HeprO3aTpaTbI Ha&e@op- 
hlaUUI0 MeTMna Ha 22,5%, yne~bliblfi PaCXOA BanKOB Ira 20-30%, 
ynenblibrii PaCXOJl YCJIOBHOrO TOnnUBa Ha  2.530%. 3a CYeT YhleHb- 

lueHcrrr yrapa Meranna npu Harpeee u o ~ a n w ~ o o 6 p a 3 0 ~ a ~ n ~  npA 
npOKaTKe BbIXOA rOnHOr0 YBenU'IllnCR H a  2 - 4 ~ r / ~ .  

C H U X ~ H U ~  YAenbHbIX 3aTpaT 3neKTp03HePI'MM npU AByXppb- 

esofi n p o ~ a ~ ~ e - p a 3 n e n e ~ u w  apwa-rypeoro npo@ann B OCHOBHOM noc- 
TUraeTCR3a CVeT yMeHbUIeHHR B 2 pa3a K O ~ @ @ U U M ~ H T ~  C Y M M ~ P H O ~  

B~ITRXKU us-sa npononbHoro pasneneeti~ pacKaTa u yBeneqeHcrR 

CKOPOCTA IIpOKaTKM B KneTRX, IlpeAlUeCTByIOlURX npOA0nbHOMy pas- 
neAeHUI0 PaCKaTa. 3a CqeT YMeHblUeHUR nOTepb TenJIOTbl MeTaJInOM 

B MeXKJIeTeBblX ITpOMeXYTKaX npU O A H H ~ K O B O #  CKOPOCTH npOKaT- 

KR B Z I U C T O B O ~ ~  KneTU nLiAeHUe TeMnepaTypbI MeTanna yMeHbluaeTCR 

H a  25-30%. C H H X ~ H H ~  IlOTepb TennOTbI MeTWnOht npki AByxpPbe- 

B0fi npOKaTKe-pa3AeneHUM c n o c o b c ~ ~ y e ~  U yMeHblUeHUI0 pa3HOCTtl 



COOTBeTCTByeT T ~ ~ ~ O B ~ H M H M  CTaHAapTa. T ~ K ,  ~ o n e 6 a ~ u ~  MaCCbI On- 

Horo noroHHoro MeTpa apMavpHoro npo@una No14 cocraBanu 54 
rpaMMa U no OTHOUIeHAIo K CpeAHeMy 3HaseHUlO H e  IlpeBbILUaKur 

@Ann, npoKa-raHHbIx B ne~ofi  A npa~oi i  H A T K ~ X ,  H e  npeBbIcAna 

?1,25%. Pa3HFfua Memy 3HaYeHARMU rOpU30HT&JIbHOrO AAaMeTpa 
apMaTypb1 U3 IIeBofi U npaB0fi HUTOK IT0 OTHOUIeHUM K CpeAHeMy 
3HaYeHAlO COCTaBnReT k 0 , 3 3 ~ ~  @,I%), a BepTAKUbHOrO AUaMeTpa 

e AA - + O , ~ ~ M M  (1,1%). @ -------------- --i--L- 

7 r '  '&"&" l T p ~  n~yxpyvbe~oii  n p o ~ a ~ ~ e - p a 3 n e n e ~ u a  apMaTypeoro npo- 
(PIZTIII IIpOU3BOAUnA UCCJIenOBZlHUe XapaKTepa H3HOCa KOHTYjlOB $ 0 ~ -  

MwpyIoruero A pa3neJJnwero nByxpy.rbeBoro ~ans6pa. Ha puc. 56 

n-7 0 llOKa3aH U3HOC IlOBePXHOCTI? ABYXPYYbeBOrO ~ a n ~ 6 p a  nocne npo- 
KaTKkl B HkIX 2 5 0 ~  CTmM M a p K U  35rC. B ~ ~ L U U H ~ I  rpe6~efi (POPMU- 

g ------- C PyIoIUerO AByxpyllbeBOrO ~ankf6pa 1iMelOT U3HOC B 1,5-2 pa3a 60nb- 1 [ I 
me, 'IeM OCTmbHbIe YaCTH ~anu6pa  (PHC. 56,a) B CBR3U C IlpeBaJlA- 

I 
I pOBaHAeM s b r c o ~ ~ o f i  ne@p~aIlAU MeTaJlJIa IIOA HHMA. OcTaJlb~aR 

nOBepXHOCTb ~ a n ~ 6 p a  U3HaLUKBaeTCR OTliOCATenbHO PaBHOMepHO. 

Ha6nmnae~crr n0~blIIIe~~blf i  M3HOC HHXHeTO BmKa IT0 CPPBHeHHIo C 

@ BepXHAM, OqeBUAHO, no IIpUqUHe MeHblIIerO nOCTyllneHHR H a  Her0 
I 

I 
oxnamnaloqeii ~onbr. Pa3nenx~mufi neyxpybe~ofi  ~ a n u 6 p  (PAC. 

! I I 

B pe3ynb~are npoeeneHurr MexaHcrsecKnx ucnb~~aauii  u Me- 

~a . i . iorpa+rr~~ec~<~rs  ~rcc.ic.~ooarlrrii ycralton.iclro, (rro >latipoc.rl)yK- 

Typa xrcTa,ina B nonepeclllerx C ~ Y C H I I I I X  npohlemyTo11~~1~ pacKaToB 1-1 

ro~oabrx apMaTypHelx npoauneir xapa~~epu3ye~crr nnoTHblnr cTpoe- 

Hlrehl. ~ H ~ ~ ~ H I I R  no~a3are.lcii klcxaHri~lertillx c ~ o i i c r ~  roroeoro npo- 
KaTa, nO.?>lY(!HHorO O ~ I H O ! ) V Y ~ ~ B O ~ ~  npoKa~Kor"r If ~ I B v x ~ v ~ ~ L ~ B o ~ ~  npo- 
~a~~oi . i -panne . r l e~ t~e>~ ,  a TaKme .-renoii 11 npasoii HIITOK rTaHa n0c.1~ 

npoao.lbHoro pa3ne:re~lt~ 6.7113~11 n[)vr K JPVI? H COOTRCTCTB~IOT 

rpe6ona111rrrar I'OCT 11 T?'. 
OCBOella TaKXe ,lB!~Xl)!"lLCtlAH Ilp~KaTKa-part,l?.lCHllC al)hlilT!rp- 

Hen) npo41r.m So14 11a craHe 250-4. & y s p y l ~ ~ e e y ~ ,  npo~artilr-pa3- 

rep~oaoii rpynne ~ n e ~ e f i  3a cellb npoxoaoe flpOKaTb1BaIoT Kpyr 035 
XIXI. B r~lanKliX BanKaX KneTIi 8 113 KpjT.rl0fi 3arOTOBKPI +OP~IMPYK)T 

~ J O C K M ~ ~  OBm, ~ 0 ~ 0 p b l f i  sepe3 T ~ ~ H C ~ O P T H ~ I ~ ~  ~a.mi6p KjreTA 9 ne- 
penam K Y U C T O B O ~ ~  rpynne Kne~eW. IIy-re~ pe6po~oro O ~ X ~ T I I R  n~ioc- 
KOrO OBana B Baj lKaX B ~ ~ T A K ~ ~ L H O ~  UeTH 12 flOnylialoT npRhl0- 

yronb~blfi  PaCKaT C pa3hlepahlkl ~ O X ~ ~ M M ,  A3 KOTOPOrO B CJIeAyM- 

UOB IlOBePXHOCTHblX A ~ @ ~ K T O B ,  BbI3BaHHblX nPOllOJIbHblM pa3~&Ie- 

HAeM PaCKaTa, H e  BblRBneHO. 3 ~ a s e ~ 1 . l ~  noKa3aTenefi MeXaHUYeCKMX 

C B O ~ ~ C T B  roroeoro npoKaTa, nonysemoro on~opysiesofi n p o ~ a ~ ~ o f i  
u nayxpysbeaofi n p o ~ a ~ ~ o i i - p a 3 n e n e ~ a e ~ ,  a Tame ne~oi i  A npa~ofi 
IIMTOK c-raHa nocne npononbHoro p a 3 n e n e ~ ~ ~  6nu3~cr npyr K npyry 
11 COOTBeTCTBylOT T ~ ~ ~ O B ~ H M H M  rOCT 1.1 TY. @ ~ K T I < ' ~ ~ c K ~ R  TOq- 

H O C T ~  roToBoro npo@rmn npu nayxpysbeeoii npo~ar~e-pa3nene~n1r 

.56.6) Il3llallllll3acTC5l TO.1bKO ll0 nOBC'PXHOCTI1 ~])~i)lleii, 'IT0 CBH3aHO 

c oco6erirloc~b1o npono.iLHoro pa3nc.ic~lrsr pacrtaTa KOIIT~O.III~!JC- 

hfLlhl pa3pLlBOhl. ~ H O C  nOBePXHOCTl1 rpe6~ei l  p a ~ ~ o u e p ~ b l i i .  3 ~ 0  

cnoco6c~eye~  ysenHreHaia BpehreHM ero sKcnnya-rauuci. C uenero 
yse.lrl.reHrIR cpoKa c.iym6b1 nnnvxpysbeBux ~ a . i l l b p 0 ~  ue.lecoo6pas- 
110 nOBLlCllTb MHTeHClIBHOCTL OX.K3XAeHtlR A X  B O A O ~  I I  CktCTehlaTII- 

'ieCKll KOHTpOnHpOBaTL PaBHOhIepHOCTb ee nOAaqA Ha  ~ a n ~ 6 p b l .  

B CBR3H C U3nOXeHHbIh1, npOKaTHLIe BanKII, B KOTOPblX OCyule- 

cTs,iReTca ~ a p e a ~ a  nByxpysbeeelx @op~~pyIoruero II pa3nena1orue- 

ro ~ a n ~ r 6 p a ,  uenecoo6pa3~0 M3rOTaB.rlUBaTb A3 jlerWpOBaHHOTO 9y- 

rylia C ~ O B L I U I ~ H H O ~ ~  I ~ ~ H O C O C T O ~ ~ K O C T ~ I ~  CnXH-60 AJlH BbICOKO- 

npoworo syryHa CUIXH. 
Ha MC 250-1 OCBOeHa A IIOCTORHHO nPOII3BOAkITCII AByXPY'Ib- 

eaan n p o ~ a ~ ~ a - p a 3 n e n e ~ l r e  apnfarypHoro npoc)an~ M8. C T ~ H  He- 
npepbla~blfi A B ~ X H A T O Y H ~ I ~ ~ .  C x e ~ a  nsyxpysbe~ofi n p o ~ a ~ ~ u - p a 3 -  

AeneHurr apMaTypHoro npo@unn N98 B YACTOBOW rpynne mere5 
MC 250-1 n o ~ a 3 a ~ a  Ha PAC. 57, a pexitwM 06xa~ufi  - B ~a6.n. 5. 

Tex~onorurr nayxpyqbe~ofi n p o ~ a ~ ~ w - p a 3 n e n e ~ w ~  nosaonrlna 

3a CYeT YhIeHbUIeHMR B ABa pa3a K O ~ @ @ U ~ H ~ H T ~  C Y M M ~ P H O ~ ~  BbI- 

TRXKU (~3-3a  npononaHoro pa3aene~w~ p a c ~ a ~ a )  OcyurecTsnTb npo- 
KaTKY MeJIKOrO apMaTYpHOM I~~o@HIIR M8 CO C ~ ~ A H ~ V ~ C O B O #  np0- 

H3BOnMTeJIbHOCTbIo O A H O ~ ~  CTOpOHbl CTaHa OKOnO 35T/q 6e3 YBenll- 

qeHm w c n a  ~ n e ~ e f i .  npii OcBoeHHLIx pexwhrax neyxpy.rbesoii npo- 



cTaHe 280 apMa- Ta6n~ua 5 
ryp~oro npo@a- P~XHMLI 06xalu i  npH ~eyxpyqbesoi 
na N? 10. T ~ K  npo~ame-pa3~enenwn apmavpnoro npo- 
KaK pe3epBbI no @HJlSI N98~a MenKOCOPTHOM CTaHe 250-1 
y s e n n s e H n r o  
B ~ I T ~ X H O #  cno- 
c o 6 ~ o c r u  Ka- 
nubpoa wcsep- 
naHb1, AOCTUYb 

YMeHblIIeHUfl Ce- 
YeHUX npOICaTb1- 

BaehfbIX IIpo@u- 

ne# MOXHO pea- 
nn3auueii pa3- 

JIA'iHbIX MePo- 
npearu#.  AH^- 
nu3 n o ~ a s a n ,  
s ro  ~ a u b o n e e  
PaUMOHWIbHbIM 

BapHaHTOM SB- 

naerca npuMe- 
HeHue TeXHOnO- 

rr?M AByXpy'ibe- 

BOG IlpOKaTKR-pXJAeneHUI1. n p h l  I'IpOKaTKM KBaApaTHOrO paCKaTa 

B ABYXPYYbeBOM ~aJlPibpe @opMPipyeTcSI . A B ~ X H M T O ~ H ~ I #  PaCKaT, CO- 

C T O R U H ~  113 AByX npo@unefi BbInOnHeHHbIX B BuAe p o ~ 6 n s e c ~ o r o  

nuaro~anefi ~oncroii nepe~brq~ofi .  llocnenyloulee npononbHoe pas- 
MJHOC Konvpa (Pop~upy~oqero (a) u pa~nennlouero (6) 

AByXpyrbeBblX ~anH6p0e. AeneHlle AByXHMTOtlHOrO PaCKaTa OCyUeCTBnaIOT B ABYXPYqbeBOhl 

paane.lrrromes~ ~anribpe cnocobohl "~o~rponwpgenroro" paspbrea. llp1.r 
KaTKM-pa3AeneHMH apMaTypHOr0 IIp0@11n~ Ni8 YAenbHble 3HeprO3a- IIpOAOnbHOM pa3AeneHMki, B CBR3W C 3aPOXAeHMeM MaKPOTPeUAHbl 

'SaHOB,leHO, YTO hlaKPOCTPYKTYpa hleTa3.Ta 

rOTOBblX aphlaTypHblX npo@n.ieii XapaKTepki- 

.gye~cn n.lorslaar cTpoeaJrerl. 311aqerrllfi IIO- 

tia3a~e.liii hlCXaHIlYeCKklX C B O ~ ~ C T B  rOTOBOr0 

IrpoKaTa, noayseHHoro nsyxpyrbe~oir npo- 

! 7alie llpOKaTblBaIOT aphlaTypHbIe IIpo@rin11 O A H O ~ ~  113 O C O ~ ~ H H O C T ~ ~ ~  hIaKp0- 

hi 12 14 M14 ua yrneponuc~oii M ~ ( 1 3 ~ o n e r ~ -  B @ crpyn~ypl* c n l r ~ a  yrneponacrb~x cranes 
,!Y~aHHofi CTaJIl.1 113 K B ~ A ~ ~ T H O #  3aTOTOBKH HBnXeTCII HaJIMslle u ~ H T ~ ~ J I ~ H o ~ ~  3OHaJIb- 

::CYCHAeM 1 5 0 x 1 5 0 ~ ~ .  B 06Xkih1~0# KneTH 
EI! 

H0fi .'lMKBaUUM, ~aubonee IIPKWhl IIpORB- 

t i 3  3BrOTOBOK 1 5 0 ~ 1 ~ 0 ~ ~  IlOnYYaIOT KBBA- r El @ @ @ nesweM ~oropofi,  nsnaerca ran Hameae- 
iAT CO C T O ~ O H O ~ ~  4 2 ~ ~  38 7 IIPOnYCKOB. Ka- Mblfi " ~ M K B ~ ~ H O H H ~ I ~ ~  KBPAP~T".  U ~ H -  
, I ! ! ~ ~ o B K ~  B U K O B  Y ~ ~ H O B O ~  JIHHMM BbInOn- TpaJIbHaX 30Ha CnRTKa XapaKTepM3yeTCX 

.fF.Ha 110 CMCTeMe UreCTMrPaHHMK - KBaApaT. B 00 noab~meesoii ~ o ~ u e ~ ~ p a u u e #  HeMeran- 
3 ~ r e p ~ o ~ o i i  nuHnM nenaerca rpu nponyc~a. 
~ ~ J I ~ I ~ ~ O R K ~  BaJlKOB YMCTOBOB nUHMM CTaHa 

0 neHm KOTOP~IX, K a K  npanuno, Huxe, IreM 
a l r r i o n ~ e ~ a  no cncTeMe o~an -manpa r  u r n @ @ @ TeMneparypa masneHnn OCHOBHO~O hie- 

?mn-~pyr.  ~ P O K ~ T K Y  PaCKaTa BO B T O P O ~ ~  qep- TWIna. ~ P H  uCIlOnb30BaHHM TpaAMUMOH- 
I : O B O ~  K ~ ~ T H  M ~ ~ P B O #  YMCTOBOB K ~ ~ T W  OCY- HbIX CXeM npOKaTK11 OCeCUMMeTpHYHbIX 
,i.l?CTBnXIOT no ~enpepb1~~0f i  C X ~ M ~  C CO~JIIO- A 6 I I P O @ H J I ~ ~  ( ~ p y r ,  KBWpaT, apMaTypHb1fi 

:?XHeM PaBeHCTBa CeKyHAHbIX o ~ ' ~ ~ M o B ,  'IT0 IIpo@unb M AP.) nHKBaUWOHH%4 30Ha CO- 
Cxe~t.1 pacnonoxenun san~os (A) H nonepe'.(Hblx 

! BJIIleTCH O C O ~ ~ H H O C T ~ K )  IlpOKaTKM Ha 3TOhl 
pacKaToe (5) 

npH AByxpyrbeeoA npoKaTKe- x p a ~ a e ~  C B O ~  nonoxeeue B U ~ H T P ~  cese- 
,~-raHe. pa3~ene~uu a p ~ a r y p ~ o r o  n p o @ ~ n ~  s rwc~oeoA rpynne HMR PacKaTa, He BbJxoAa H a  noBePxHocTb. 

B CBR3A C T P ~ ~ O B ~ H ~ W M H  PblHKa 803- wlereR MenKOCOPTHOrO CTaHa 250-1: B - BePTHKanbHble  TO H e  OKa3bIBaeT BpeAHOrO BnHRHMR H a  

 ma ~eo6xo~uhfocrb B ~ ~ O H ~ B O A C T B ~  H a  MeTu; r-ropn30HTanbHble~e~~~~n@pbl-H0MepaKneTeCl c . r l y x e b ~ b r e c ~ o ~ c ~ ~ a  npoKaTa, HanpwMep, 
(npoxo~oe). 



H a  KOppO3HOHHyIO C T O ~ ~ K O C T ~ .  

npouecc n p o ~ a ~ ~ u - p a 3 n e n e ~ u ~  npu n p o a s ~ o n c ~ ~ e  c o p ~ o s b r x  

n p o @ ~ J I e f i  C y U e C T B e H H O  ki3MeHHeT X a p a K T e p  TeYeHHH MfXaJtJla n p U  

A ~ @ O ~ M ~ U H H  M, COOTBeTCTBeHHO, e r O  CTPYKTYPY IIO CeqeHUIO.  ~ U K -  

B a U U O H H a R  3 0 H a  n p r ?  3 T O M  BblXOAAT H a  nOBePXHOCTb M e T a J I n a  B 06- 
nacru ero n p o n o n b t i o r o  pa3nene~u11, YTO M o X e T  n p u B e c T u  ~.yxyn- 
U e H H I O  cnyxebebrx X a p a K T e p R C T M K  rOTOBOI'0 IIpOKaTa, 

O ~ H ~ M  n3 ny~ef i  p e n r e H u n  aanas n o s b I m e H n n  c ~ p y ~ ~ y p ~ o f i ,  
@ u ~ F N ~ c K o ~ ~  ki X M M U ' I ~ C K O ~ ~  OnHOpOnHOCTIl O C ~ B O ~ ~  3OHbI  CJlATKa HBA- 

n a C b  TeXHOJIOI'HH, I I p e A y C M a T p F i B a l o U i l R  B B e A e H I l e  B W3JIOXHUIJY 

m T a H l T i  ( C T ~ ~ X H ~ B O I ' O  M ~ K ~ O X O ~ O A ~ ? ~ ~ H U K ~ )  n p I 4  pa3JIkiBKe CTaJtU. 

T a w  TeXHOJIOrkiR n 0 3 B O n R e T  IIOBbICHTb OAHOpOAHOCTb M e T a J n a ,  B 

TOM wcne no ~aubonee n n K B a p y m r n u M  a n e M e H T a M  - cepe u yrne- 
PO@' ?i Y B e n U Y A T b  BbIXOn r O A H O r 0 .  BHYTP~HHA~ C T e P X H e B b I e  XOnO- 

AUJIbHMKR LUlATenbHOe B p e M  H C n O n b 3 y I O T  B ~ H T ~ ~ ~ H O M  npOH3BOA- 

CTBe npki IIOnJTeHMM oco6o M O X H b I X  OTJIMBOK AJIR a P M M P O B a H H R  W 

YCKOPeHUR KPACTaJIJIM3a4Uti  OTBeTCTBeHHbIX y3JIOB ki3neJlEifi. 

B C B H ~ A  c A B ~ O X ~ U H ~ I M  6 b 1 n a  n o c T a B n e H a  sanasa - n o n y u T b  

a a r o ~ o e ~ u  c " ~ a p ~ e p o ~ "  B oce~oW s o ~ e  L U ~ H  aaanwsa ~ n u r t d u r t  nna- 
c T u s e c K o r o  ne@op~wposa~ux  M e r a n a  B npouecce n p o K a T K u  H a  

@ O ~ M O H ~ M ~ H ~ H H ~  O C ~ B O ~ ~  J ~ H K B ~ U U O H H O ~ ~  3 0 H b I  3arOTOBKA CJlYeTOM 

o c o 6 e ~ ~ o c ~ e f i  n p o ~ a ~ ~ w - p a 3 n e n e ~ u ~ ;  n p o e e p r t a  BOBMOXHOCTII 

y n p a B n e H U H  JIUKBauPiOHHbIMH n p 0 U e C C a M H  Ei I lOJlJTeHHrt  3PrOTOBOK 

C I IOHAXeHHbIM C O n e P X a H A e M  HeMeTWIJlHqeCKMX B K J I I O Y ~ H ~ ~ W  B OCe- 

BOW 3 0 H e  38 CVeT MCIlOJlb30BaHkIR MaKPOXOnOAUnLHWKa I l p H  K p H -  

c ~ ~ n u 3 a u u u  M e - r a n n a .  

M c C . r l e n 0 ~ a H ~ R  B L l n O n H e H L l  C UCnO.ZL30BaHkieM HenOKaTOB,  no- 
n J T e H H b l X  H a  p a 3 n H q H b I X  Y'iaCTKaX C T a H a  280 n p M  npOM3BOnCTBe 

a p h f a T y p H O r 0  n p o @ J U l %  N ? 1 0  ki3 C T m M  35rC. 
Ha n e p B o h l 3 T a n e  I.ICGleaOBailk1 hlaKPOCTPYtiTYPY nPOXleXYTO'I-  

HbIX TeMIIneTOB,  O T O ~ ~ ~ H H ~ I X  H a  YqaCTKaX nepen &i I l O C n e  n p 0 n O n b -  

rroro p a s ; r e . ~ e ~ ~ ~ r ~  p n c t i a r a .  Ha c e p u L r s  o T n c q a r K a s  no 5ay~rarry (prrc. 
58) n o n e p e s H o r o  ce t1eHrrR T e h r n . T e r o B  BMAHO,  TO K H a q a n y  npo- 
nonmoro pasne.~e~wn p a c K a T a  B c n e n c T B i l e  n.rrac~usec~ofi ne@op- 
l l a U U M  MeTil'l.la JIMKBaQllOHHiLR HeOAHOPOAHOCTb B U ~ H T P Z ~ ~ ~ H O ~ ~  3 0 H e  

C e Y e H m  p a c K a T a  B 3 ~ a s r r ~ e n ~ ~ o B  h r e p e  c r . i l a m e H a  11 H e M e T a n . l u q e -  

cmre B K n a q e r r u R  p a c n p e n e . ? e H b r  p a B H o x r e p H o  no ceseaua o6pa3- 
UOB. M U K P O C T V K T ~ ~ H L I I ~  a H X l 1 1 3  T a K X e  H e  Bb1RBM.In CYLUFCTBeHHOrO 

pa3.111rlilR SUAe]>XaHllR HehlCTZL1.llltleCKllX ~ ~ . ' I I O ' l e ~ l l f i  B 3 0 H e  !)as- 
a e . 1 e H u q  . & c ~ a r &  c o o ~ ~ e ~ c ~ ~ y r o u r e i i  I I C H T ~ ~ ~ ~ ~ H O ~ ?  3 o ~ e  C e s e H r I R  

C.TJITK~ 11 ~ ~ C X O A H O ~  S a r o T o B K I i ,  1-1 B n e p ~ ~ @ e p ~ r f i t r b ~ x  y q a c r K a x  ceve- 
HIlR p X K a T a  3 ~ 0  BO hIHOrOh1 CBH3aHO C HII3KlIhI COLIepXaHlleAl  C e p L I  

B I ~ C X O ~ I H O ~ ~  ~ ~ ~ O T O B K ~  113 c n o ~ o f i ~ o i i  c T a n u  35TC rr, c . l e n o e a r e n L -  

HO, C H ~ B ~ I C O K O ~ ~  C T e n e l I L K )  .lIIKBBUIIII ~ ' I I I T L I B ~ R  TO, ' I T 0  B n0.7!'- 

C ~ O K O ~ ~ H L ~ X  CTB.1RS . I I I K B ~ U i I O H H L I e  RB.leHHR B L l p a X e H b l  6 o . 7 ~ ~  IIeT- 

KO, B IIOCJlelIYIOLUI.1X MCC.leAOBaHURX liCIIOJIb30BaHbI T a K X e  HeDOKa-  

Tbl  H 3  ~ o . ~ Y c I ~ o K o ~ ~ H o ~ ~  CTL?I,?H C T ~ ~ C .  
Ha BTOPO~I  3 ~ a n e  ~ i c c j ~ e a o ~ a ~ r r i ?  n p o t i a ~ a . l r r  ~os1no3uuao~-  

C T e p X H e B b l M  MaKpOXO.TOilHnbHMKOM - B C T ~ B K O ~ ~  K B a l I p a T H O r O  Ce'Ie- 

HMR ~ ~ O X ~ ~ O M M  H 3  TOW Xe CTaflM, n p e n B a p u T e n b H 0  B B ~ ~ ~ H H O ~  B 

usnox~auy .  Ha pnc. 59 n p e n c T a B j l e H a  h r a K p o c T p y l c . r y p a  T e M n n e T o B ,  

O T O ~ ~ ~ H H ~ I X  O T  3arOTOBOK CeYeHMeM 1 5 0 ~ 1 5 0 ~ ~  U 3  c~a;refi C T ~ ~ I I C  
I4 35TC. Ha PMC. 59 BHnHO, YTO HaJIUYHe XOJlOnU.XbHHKa ( ~ I ~ C C H B -  

HO# u ~ H T ~ U I ~ H O ~ ~  BCT~BKII)  H 3 M e H R e T  p a C n p e A e J I e H H e  B K ~ I O ~ ~ H M ~ ~  

c e p b l  B n o n e p e w o M  c e s e H u u  S ~ ~ O T O B K H .  npn   TOM, e c n M  B nony- 
~ I l 0 ~ 0 f i H o f i  C T m U  C T ~ ~ C  @OPMIIPY~TCR O C e B M  3 0 H a  C RPKO B b l p a -  

X ~ H H O ~ ~  ~ O H I ~ X ~ H H O ~ ~  K O H U ~ H T ~ ~ U A ~ ~ ~  BKJIIOYeHEifi (pklc. 59a), T O  B 

Ma~pocrpyltrypa nonepevnblx TeMnneToe roroeoro 
pacltara, 0~06pa~nbrx nepen pa3nenenue~ pacKaTa (a) LI nocne 
o6pa3oea~un nepeMblrKu (6) npu n p o u 3 ~ o ~ c r ~ e  apMarypHoro 
npo@~nfl  NQIO c u c n o n b ~ o ~ a ~ u e ~  npouecca npoKaTKu- 
paweneHuu 

UIIU B I I C X O ~ H O M  Me- 

T a j l . l e .  C H M X ~ H M ~  

KOHUeHTPaUlIM HCMe- 

TaJ.VlI9eCKIIX BK.1H)Ye- 

krrrii u oceuoii 3 o ~ e  :%a- 
~ O T O B O K ,  no. l ! rwehtwx 

113 C.1IITKOB C hlaKPO- 

SO.1O;III.1 L H I l K ~ h I l l ,  

o c o 6 e ~ ~ o  B a X H O  n p l r  

I IpOKaTKe T a K i l S  3 a r O -  

TOBOK C pa3iIC.lCHHehI. 

q a c ~ b  n 0 n y Y e H H b I X  

K O M ~ O 3 A U I I O H H b I X  38- 

1 5 O x 1 5 O ~ h r  6 ~ 1 n a .  ne- 
p e K a T a H a  B 3 a r o T o a K l i  

c e . r e H u e M  8 0 x 8 0 ~ ~ ,  u3 

KOTOPLIX H a  H e n p e -  

PLIBHOhl IZPOBOn09HOhl 

c r a H e  250 n p o K a T a n u  

a p h l a ~ y p ~  bl  fi r l p o @ ~ J I b  

N ? 1 0  no T p a A U U U O H -  

HOW c x e M e  - 6e3 npo- 
non ~ H O ~ O  p a 3 n e n e ~ n ~  
p a c K a T a .  M3 o c - r a n b -  

HblX 3aTOTOBOK n p O H 3 -  

BOAUnFi a p ~ a ~ y p H b 1 f i  

n p o @ u n b  MI0 H a  c T a -  

JIOAWnbHWKa I[aeT BO3MOXHOCTb nOJI)"IUTb CJlllTOK C M e H b l l l e f i  KOH- H U e h l  I I p O K a T K H - p a 3 -  I I 
0 

U e H ~ ~ a u 1 . l e f i  HeMeTaTlJlH'leCKWX BKJ~IO'I€!HCI~~ B O C ~ B O ~ ~  3 0 H e .  n p ~ q e ~  
Ma~poc~py~rypa noneperHblx TeMnneToe 

AeneHlm. 'pH "OM !FKR~~HU~M 1 5 0 x  150 M M : ~ - c T ~ ~ I ~ c T ~ ~ ~ c ;  
3TOT B@@KT n p O H B n R e T C H  Ten4 3 a h l e T H e e ,  q e h l  BbIIUe C T e n e H b  JIHKBa- 0 ~ 6 1 3 p a n u  T e h l n n e T b r  6 - cTanb 3 5 ~ ~  



OT 3al3TOBKU CeqeHMeM 8 0 x 8 0 ~ ~  U rOTOBOr0 

npoKaTa (puc.60). 
Apyr0fi 3 ~ a q e f i  3KCnepUMeHTanbHOrO 

HCCne~OBaHUR XBnRnaCb IIpOBepKa B03MOX- 

HOCTM MCnOnb30BaHHII U ~ M ~ H ~ H H O ~ ~  O C ~ B O ~ ~  

3o~t.1 B ~ ~ O T O B K U  B KaqecTBe cBoero pona " ~ a p -  
~epa", oTMeqalomero nonomeHue oca ~ ~ ~ O T O B -  

KU npn npoKaTKe c pa3neneHIieM. Ha puc. 61 
npencTasneHa hmpocTpyIcrypa MeTaruIa rOT0- 

Boro aphia-rypeoro npo@unn N10, npOKaTaH- 

HOrO U3 K O M ~ O ~ H U H O H H O ~ ~  3arOTOBKA IIO Tpa- 
f i e u u o ~ ~ o t i  cxeMe - 6e3 npononbeoro pane-  
neHtix DacKaTa B s n ~ o ,   TO Dacnpe~eneeue 

- ... -. --..-... -. . . - . . . - - -~ 
r - - - - r ~ - - - - - -  

rOTOBOM npo@une. O6pamaer Ha ce611 BHUMB- 

Hue TOT @ ~ K T .  970 B MaKpOCTPYKTYpe 06pa-  

UOB 143 CTUA 35rC c &nee O A H O ~ O A H ~ I M  uc- 
X O A H ~ I M  pacnpenenexiueM cepbI, rpaHuua Me- 

XAY OCHOBHbIM MeTaJlJIOM H M ~ M ~ H ~ H H O ~ ~  OCe- 

~ 0 f i  30~0f i  6onee pa3MblTa no CpaBHeHUlo C 

~a~~ocTpylcryp~i ' i  0 6 p a 3 ~ 0 ~  u3 crana C T ~ ~ C .  
BUAHO, VTO U ~ M ~ H ~ H H ~ X  oceBax 3 o ~ a  pacno- 
.TOXeHa HeCUMMeTpHsHO OTHOCUTenbHO np0- 

nonbeofi ocw npoKaTa (puc. 61, a). 3 ~ 0 , 8 0 3 -  

MOXHO, CBX3aHO C HepaBHOMePHOCTblo TeYe- 

py.rbe~oE n p o ~ a ~ ~ u - p a s n e n e ~ u x  apMaTypHoro 

npo@ma h510 ocBoeHa H a  cTaHe 280 u nocro- 
IIHHO wcnonLciyercx npu tianusmi 3 a ~ a 3 0 ~  H a  

15Ox150~h1 Ha cTaHe 280 ' npononbHbrM p a 3 n e n e ~ ~ e ~  pacKaTa, 

I I O K ~ ~ ~ . T I I  c~enymuee :  lIpouecc npo~a~~rr-pa3ne.qe~1m ~osrnosriu~i- 

O H H O ~ ?  3aTOTOBKM O C Y ~ e c T B n R n C I I  6e3 KBKHX-3~60 HeFaTCIBHMX OCO- 

b e ~ ~ o c ~ e i i .  P a ~ c ~ l o e ~ u e  MeTanna M npyrue n e @ e ~ ~ b ~ ,  06yc.rlonjrea- 

sb re  ~ ~ H T ~ H C I ~ B H O ~ ~  ne+opnrauacii k r 3 s r e ~ e ~ ~ o i i  ocenoii ~ O H L I  381-0- 

TOBKM, H e  ~a6nlo~anucb. Ha puc. 62 npenc.Taanesa hIaKpocTpyKTypa 
?OTOBOrO aPhfaTYPHOr0 ~ ~ O @ U X R  Ml0, ITpOKaTaHHOrO M3 KOhlIl03M- 

i l l l 0 ~ 1 1 0 ~  3XOTOBKII CTaTLi 35rC C HCnOnb30BaHlleM npOUeCCa np0- 

KaTKM-pa3AeneHkIX. M3 CpaBHeHWIl PUC. 61 N 62 BMAHO, qT0 IIHTeH- 

c m H a R  nnacTuqecKax ne@op~auux B 3 o ~ e  pa3nene~1.r~ npuBonMT K 

~aJbHe8lrrehly pa3htbITiIK) . ~ W K B ~ U A O H H O ~  HeOAHOpOAHOCTM ti ee Cma- 
XHBaHMIO. B HeKOTOPblX YqaCTKaX 06pasuos ( ~ u c .  62, 6), npune- 
faIOI4IIX K IlOBePXHOCTU.rOTOBOr0 IIpOKaTa, Ha6nloAaeT~II He3HasH- 

TeJIbIlOe 0 6 0 r a u e ~ ~ e  MeTWlna CepHMCTbIMli BKnIOVeHMXMA, OAHaKO 

CTeIIeHb CeCperauUU HeBbICOKa H H e  BblXOART 38 IlpeAenbI AOnyCTM- 

~ 1 0 f i .  M H K ~ O C T ~ ~ K T ~ ~ H ~ I ~ ~  aHanM3 H ~ M ~ T ~ W I ~ R ~ ~ C K O ~ ~  @a3b1 He BbI- 

3BUn HeAOnyCTUMOrO COCpenOTOseHHII HeMeTaJI~U'ieCKAX BKnlo'fe- 

~rufi B 3 o ~ e  pa3nene~u11. 

A ~ a n a a  pe3yna~aros nccnenoaa~ufi no~asan, YTO yaenuYeHue 
o6mero K O ~ @ @ H U H ~ H T ~  B~ITII~KKu Mmanna npa npoKaTKe cnoco6c~- 
ByeT YnyYmeHliIO CTPYKTYPbI Pi cnyme6~blx XapaKTepACTAK rOTOB0- 

1.0 npOMTa, nOnq"IeHHOr0 MeTOAOM npOKaTKU-pa3AWleHHH. 

I I o n y s e ~ ~ w e  MaTepuanbr nonesebr nnn neTanbHoro u Bcecro- 

a 

M a ~ p o c r p y ~ r y p a  nonepewblx TeMnneToe roToeoro 

apMaTypHOr0 flp@Unfl NQ~O,  npOKaTaHHOr0 M3 K O M ~ O ~ U ~ M O H H O ~ ~  

~ ~ ~ O T O B K U  u3c~aneir h 5 r n c  (a) M 35rC (6) ~ O T ~ ~ , ~ M ~ M O H H O ~ ~ C X ~ M ~  

DoHHero aaanuaa npouecca n p o ~ a ~ ~ u - p a 3 n e n e ~ ~ 1 1 .  O C O ~ ~ H H O ,  ysu- 
T L I B ~ I I  TO, 'ITO C ~ U T K O B ~ I ~  nepenen erne c o x p a ~ r r e ~ c ~  ~a ~ e p p a ~ o -  a 6 
par? CTpaH CHT. 

n p e n ~ a p u ~ e n b ~ b l e  n p o p a 6 0 ~ ~ u  nO3BOnHnu pa3paboTaTb Tex- Ma~poc~pylc~ypa noneperHblxTeMnneTos roToeoro apMarypnoro 

HonorMm npouecca npoKaTKw Ha cTaHe 280 OAO U E M ~ W  apMaTYP- npO@Unfl~10, npOKaTaHHOrO M3 KOM~~O~U~MOHHO~~ 3arOTOBKU M3 CTaJlU 

35TC c pa3~enenue~: a n 6 - pa3nene~nble npo@unu, nony.cennble n3 
HOrO I I ~ o @ U ~ X  MIO. P ~ X H M ~ I  o 6 m ~ u f i ,  IIpHMeHRMbIe B COOTBeTCT- ~ ~ ~ o f i  J~~OTOBKM.  
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Ta6nnqa 6 HCXOAHaR 3arOTOBKa HCXOAHaR 3aTOTOBKa 

P ~ X U M ~ I  o6xa~uCi ~ P U  ~ ~ y x p y q b e ~ o f i  npo~ame- 8 0 x 8 0 ~ ~  1 0 0 x 1 0 0 ~ ~  
pa3aene~uu apMarypHoro npo@unn NnlO Ha ~ = 6 7 7 2 ~ ~ '  F = ~ ~ O O U M ~  

~ H H ~ ~ H O M  CTaHe 280 a 6 

tt tt . ; 

PaCKaTbl PaCKaTM 

cerleHue 19,3x19,3 MM . ceqeHue 19,3x19,3 MM 

Cyqecrsy~oqau (a) u npeplraraeMaR (6) c x e w  npoKaTKu pacKaroe B 

. l e p ~ 0 ~ 0 8  rpynne ~ne~eL"4 craHa 250 OAO "EM3". Uu(t)pb~ EI KpyxKax - HoMepa 
POM 6,5,8,9,10 FI 1 IMM u a p ~ a ~ y p ~ ~ e  npo@unu N98 u Nc10. ~ n e ~ e f i .  

Dnn ero ~ o n e p ~ u s a q w u ,  06ecneuu~amueI7 pacmupeHcre 
ropTahrerua, yeenusewe nraccbr s a r o ~ o s ~ r r  (3a cueT ysenl<ueHkrR ee n o n ~ 3 0 ~ a ~ r r r i  B ~ ~ O T O B K W  cerleHuehl 80x80 &IN. naaee P ~ ~ H O C T ~  Tell- 

~ e ' l e ~ ~ f f ) ,  a CAeAOBaTenbHO, H MaCCbl hlOTKa A0 2T, IlOBbILUeHHR TOq- nepaTyp COXpaHReTCR. C H H X ~ H H ~  CpeAHerO COnpOTHBneHHJl MeTU- 

HOCTR npOKaTKI4 @UPMOW "CKET" ( ~ ~ ~ M ~ H M I I )  COBMeCTHO C M q M  Ja  n e @ ~ p t v f a ~ k i ~  nptl HOBO% cxehle IlpOKaTKU 06%acaarorcrr nshre- 
6b1no pa3pa60~aHO HeCKOJlbKO BaPMaHTOB peKOHCTPYKUiII1, HO BCe III1BIlIMMCR 'IIIUIOM PaCKaTOB 110 HMTKahI, 344etiTa MCnOnL3UBaHklR 

OHU ~pe6osanu AnH peWlU3aUUU 3Ha'IUTeJIbHLIX 3aTpa~. np0UeCCa npOKaTKki-pa3neJleHHR U ~OBbIUIeHUR TehfnepaTypbl np0- 

~ O C K O ~ ~ K ~  B COBpChICHHbIX YC.'IOBLlHX ~ ~ I I K U I I O I I ~ ~ ~ ) ~ B ~ H I ~ C  K X K I I .  

IlpeAnpllRTllR B03MOX110 TOJILKO n p A  yC.TOBlI14 er0 p e ~ ~ a 6 e ~ 7 b ~ o i i  BblnOnHeHa OUeHKa  TO'IHOCTH IlPOKaTKII Ilp1.l llC~O.lb30BaHIIlI 

pa6o~bl. TO B nepeyio oqepenb 6 ~ 1 n o  nprlHRTo peuleHue o c-rpolr- npouecca n p o ~ a ~ ~ 1 f - p a 3 n e n e ~ l r ~ .  Y C T ~ H O B ~ ~ H O ,  uro acwhmeTpllfi 

Te.lLCTBe H a  OAO "EM3" M H J 3  n.W IiCK.7K)'leHIIR CjIllTKOBOrO pacKaTa H e  npeBbruraeTAon~~cTrihrbIs HOPhI. 

nepeae~la,  TO 06ecne'IllT cyuecTaeaHoe cr-llrrnewle cebec~orr~roc~rr 
IlpO~VKUMli. npli'Ieh16blnO Cpa3y peweHo CO3AaBaTb COBpehleHHylO 

M H A 3  c ornrra~oi i  S ~ T O T O B O K  ceqeHlre3l 150x150; 120x120 w 
100s1001ra1.  TO rr  no r~as r lno  3uaqy  o6ecne~lcrrrra ~ o s a r o m ~ o c ~ l ~  i\ 

l~CnO.lb3OBaHIIR H a  CTaHe 250 3arOTOBKll Ct?'leHlle\l 100~100~lh l  C 
,A 

hlllHIihlaJbHbIbl06%e~f0h1 H ~ O ~ X O ~ ~ ~ ~ ~ L I X  TeSHII~leCKIIS ~lep0np11~~1lf i  

I I  3 a ~ p a ~ .  C 3 ~ 0 i i  ue,n[o MZIM npc;cnomcHo r l c n o . l b 3 0 ~ a ~ ~  npouecc 
n p o ~ a ~ ~ r r - p a 3 n e . ~ e r f ~ ~ ~  [31, 321. O C O ~ ~ H H O C T ~ D  npouecca nporcar- 
K I I - ~ ~ ~ J ~ ~ ~ H I I R ,  pa3pa60TaHHOr0 MZIM, m.-ifiercrr TO: s ~ o  nonro- 
ToBKa pacKaTa K pasne;rer~r~io ~ a u ~ r ~ a e ~ c ~  B 5-ii KneTsr vep~onoii 
rpynnbr, a cahio paanenerrwe - nocne cenb~oir  KrreTll craHa c no,\ro- 
ubm CneuuanbHoro HenpuBonHoro ne@opvupymue-nenwrenb~oro 
~ C T ~ O ~ ~ C T B ~  (HAY), YCTaHOBneHHOrO Ha B ~ I X O A H O ~ ~  CTOpOHe KJleTPi 

7 w r~cnonbsyrourero pesepa cun TpeHufi B ee ( ~ n e ~ 1 . 1 )  ouare ne@op- 
hiaunu nnrc AononHwTenbHoro @ O P M O H ~ M ~ H ~ H H R  pacKaTa c uenm 
nonroToaKu ero K pa3nene~um. Cyurecreymurarr (a) w npennoxea- 
Hax (6) c x e m  npoKaTKn pacKara B ~ ~ P H O B O ~ ~  rpynne ~ n e ~ e I 7  cTaHa 

250 npkiBeAeHbl H a  PUC. 63, a H a  PHC. 64 - ~ a n u 6 p o e ~ a  BWlKOB 

sep~oeoii rpynnbl ~ n e ~ e i r .  

Ha PAC. 65 npeAcTasneHb1 napaMeTpbr, nonyueHHbIe n y e M  Ma-  

TeMaTMYeCKOrO MOAenAPOBaHHR npOUeCCa IlpOKaTKM KaTaHKH AMa- a 
AieTpOM ~ M M  W3 CTmU C T ~ .  M3 PHC. 65 BHDHO, KT0 MOUHOCTb npo- 
KaTKW A0 4-fi KJIeTIl OnWHaKOBa AnR o6ewx CXeM, B 5-17 KJIeTM, me 
HasuHaeTcrr nonroTosKa npo@unlr Ann p a 3 n e n e ~ u ~  - yeenusuBaeT- 

CR AnR  HOBO^ CXeMbl, a AiUee AnR HOBOI~ CXeMbI - HAXe BnnOTb A0 

10-i r n e ~ n .  B vcnon p a c m ~ a a  M O U H O C T ~  n p o ~ a ~ ~ x  ~a narc npx @ 
T ~ ~ ~ U U M O H H O ~ ~  CXeMe bonbme, Y e M  no HOBO# H a  14,65%. 

5onee sbIcoKan TeMneparypa npoKaTKn no H O B O I ~  cxeMe (CM. 

pUC. 65, 6) O ~ ~ R C H R ~ T C R  TeM, 'IT0 np&i UCnOnb30BaHUH 3arOTOBKU I ' Kanudpoe~a BanKoe qepHoablx ~ n e ~ e t i  npoeonoworo craHa 
ceqeHHeM 100xlOO MM ~~~~~~n~ M O ~ e H T a  pa3neneaua w ~ e e r  KO "EMY npu IxnonaxnaHuu ucxonHnx 3aroTosoK CeqeHMeM 
mee c e u e ~ u e  u ~ ~ O K ~ T H B ~ ~ T C R  c 60nbmeB C K O ~ O C T L ~ ,  set.! npu MC- 1 0 0 x 1 0 0 ~ ~  c npuMeiieHuet.4 npouecca npo~antu- pa3nene~uu. 



npoaene- npw ero u c n o n b s o ~ a -  

H ~ I  nccne~osa-  HUH TPYAHO A O C T M ~ ~  

H M R  nposecca , 6 I l p O H 3 B O A M T e J I b H O C T U  

n e p e p a 6 0 ~ ~ u  < 110 ~ O O T / Y  n p H  I l p O K a T K e  

KaTaHKM B np0- 10 5 npo@~nefi M ~ J X ~ I X  ce- 

BOJIOKY " C ~ n y p "  H a  OAO (r. ov :zL 100 1 3 5 7 9 1113151719 qe~tifi .  nPOKaTHbIX Ha C T a H a X  H O B ~ ~ ~ U U X  CTB- 
KneTH 

X a p U b l 3 ~ ~ ) .  KneTH na 0 6 6 1 9 ~ 0 f i  n P O H 3 B O -  

'IIpr?  TOM no ~ M T ~ ~ ~ H O C T ~  

HOBOB T e x H o n o -  :p6 100- i iO~ / s .  A ~ c 6 a -  
rwa 6 b r n a  no- n a H C  n P O H 3 B O A H T e n b -  

c r a s n e ~ a  nap- r HOCTH npw n p o K a T K e  

TMR K a T a H K H  M e H b U l H X  H 6 0 n b u . 1 ~ ~  

n M a M e T p 0 M  8 ' " 10 c e q e ~ ~ f i  ~ P O K ~ T ~  B ~ I -  

MM M ~ C C O ~ ~  55,7 d 3 b l B a e T  H e  T O n b K O  no- 
T, a C p a B H H T e n b -  5 T e p I o  B@@~KTUBHOCTA 

I r a %  n a p T a R  
1 3 5 7 9 11 13 15 17 19 M C l T O n b 3 0 B a H H R  np0- 

Knern 
( I I ~ o M ~ B ~ A ~ H H w  

KneTH K a T H O r O  C T a H a ,  H O  H 

no T p a A H U H O H -  P a w e ~ ~ b l e  napa~e~pbl  n p l t a ~ ~ n  no neAcmymqeA (1) u pa3pa6o~a~~oR (2) c x e ~ a ~ :  a - MOUHOCT~ B b I 3 b I B a e T  TPYAHOCTH B 

Ho fi TeXHOnO - "OKaTKM; 6 - cpemeMaccoBaR TeMnepaTypa pacKaTa Ha sblxoAe u3 ~neTeA; B - CKOPOCT~ npOKaTKM s rePHOBblx peaJXw3asMM T e x H o n o -  

rMM) - MaccOfi weTnx; r - cpeuHee conpoTusneHMe MeTannaueQop~auuu r m  ropmero nocana 
58,2~. Bxon~ofi 3 a r O T O B K H ,  a T a K X e  

K O H T p O n b  IIOKa3aJI,  ' I T 0  no @ H ~ H K O - M ~ X ~ H H Y ~ C K H M  U C n b I T a H H R M  H lTpRM0fi  IIPOKaTKH. OAHMM U 3  C ~ O C O ~ O B  IIpeOAOJIeHMR nwcbanaeca 
XMMMqeCKOMy COCTaBy 06e IIapTHM KaTaHKH COOTBeTCTByDT ~pe6o- npOH3BOAUTWIbHOCTH IIpOKaTHOrO C T a H a  a B T O p b l  p a 6 0 ~ b 1 [ 3 4 ]  B M M T  

BaHHRM ASTM A510M-96 H rOCT 30139-95, a M a K p O -  H MHKpO- B ~ ~ ~ M ) p p b e ~ ~ k ( b ~ n e e  VeM ~ p e x p y q b e ~ o f i )  IlpOKaTKe-pa3AeJIeHMM. 

C T p y K T y p a  KaTaHKM ynOBneTBOpMTe.7IbHaR. n e p e p a 6 o ~ ~ a  K2TaHKI.i H a  B qaCTHOCTH AOCTHqb ~ ~ o H ~ B o A M T ~ J I ~ H o c T ~ ~ ~ O O T / Y  hfOXHO n p M  Y e -  

npOBOJIOKy o ~ n n s k i k  M e x n y  n a p T u m w  ne no~asana, a K a q e c T B o  n 3 -  ~ b r p e x p y ~ b e ~ o f i  n p o ~ a ~ ~ e - p a 3 n e n e ~ ~ n .  I l l ) ~ ~ u ~ n n a n b ~ a ~  cxeara 
T O T O B J I ~ I I H O ~ ~  IlpOBOnOKH COOTBeTCTBOBUIO HOphlaTHBHbIMnOKYMeH- T a K O r O  n p O U e C C a  Pi p e W I H 3 y K ) l U a R  er0 TeXHOJIOrHR p a 3 p a 6 0 T a ~ b i  

T a M  [33]. @ M P M O ~ ~  " H M ~ ~ o H  KOKPH". T e x ~ o n o r a ~  B H ~ A P ~ H ~  ~a T P ~ X  C T ~ H ~ X  R 

T ~ K R M  0 6 p a 3 0 ~ ,  m~ c T a H a  250 OAO "EM3" pa3pabo~a~a rex- CLUA, Dx~oii Kopee M Erkin~e. B n a n b ~ e f i m e f i  n e p c n e r t m s e  ~ 0 3 -  

H o n o r m  n p o m ~ ~ ~ - p a 3 n e n e ~ m ,  ~ c n o n b 3 y e ~ a x  n p A  npow3x~onc~se M o x t i b r  n m u  M m e c T t i p p b e B b r e  n p o u e c c b r  n p o ~ a ~ ~ ~ - p a a n e n e ~ u a .  
K a T a H K l l  c n p r i a l e e c a r r e a r  ne@opa1arl11o1i11o-pa3ne~1~~)~~ero yc~poi i -  I l o n ~ e p t i r ~ ~ a e ~ c ~ ,  s ~ o  B o c H o s H o a 1 ,  npouecc 6y,1y~ npriMeHrr-rL nprr 
c w a ,  n o t i a 3 a ~ a  BOB~IOXHOCTL ee r ~ c n o . ~ ~ s o ~ a ~ r r r r  11 n o n y s e t i b l  nolo- npori3noac~se a l ) . \ i a T y p l i b l x  npo@naeii aramx p a s a i e p o s .  

X I I T e J b H b I e  p e 3 y J l b T a T b l  no K a q e C T B y  ~ O T O B O ~ ~  n p O n y K U k l l I .  P a 3 p d -  ~ ~ T B ~ P T ~ X  rpynna C I I O C O ~ O B  R R ~ R ~ T C R  C Y U ~ C T B ~ H H L I ~ I  ~ C O -  

/)OT;IHHBR T e x H o i l o r r i x  cosnae~ B o s l r o m t r o c T r r  nepeoona c r a ~ a  250 B e p l r l e H c T B o n a H l t e a r  " c , ~ ~ ~ ~ ~ r r ~ r - n p o u e c c a " .  npri ero pea.~~rsar~rrrr HC- 

H a  HeIIpepblBHO.TMTyl0 3 a r O T O B K y ,  < I T 0  B KOHe'IHOM I4TOTe C ~ O C O ~ C T -  I IPMBOAHO~ ~ e ~ 0 ~ h l l l ~ ~ K ) 1 U e - ~ e . ' I l 1 ~ e ~ b ~ 0 e  ~ C T ~ O ~ C T B O  K p O h l e  $I)IHK- 

B y e T  O T K a 3 y  H a  OAO "EM3" OT C.WITKOBOr0 nepeAe,Ta.  ~ 1 1 1 1  p a 3 n e n e ~ 1 1 ~  MMeeT eule bl @ Y H K U I ~ K )  @ O P M O R ~ S I ~ H ~ H E I R  p a c K a T a  

:,a e y e r  M C ~ O . - I ~ : ~ O R ~ H T I R  c1i.q T p e H i I R  B o r l a r e  n e + o p a r a r i r r r ~ ,  c ~ o n ~ u e f i  
9- nePcneKTwBs1 npHMeHeHHa npoqeccoB I Iepef i  1,llhl ti.IeTl1, TO-eCTL B b l l l o . l l l f l ~  L1;lCTb ~ & O T L I  I l ~ ) l l B O ~ k i b I X  pa- 
~Horopyqbe~~f i  IIpOKaTKbl copToBblX ~ O Y I I X  ~ . l e T c f i  6e3 yBe.l1l1leHPlR paCXOJa 31leprMLI. B YaCTHOCTll3TOT 

np-nnem H npo~a~~n-pa3~3ene~wa cnoco6 n p r r N e n e H  H a  c T a H e  250 0.40 "EL13" r lp l r  npol l3BOilCTBC 

P ~ C K ~ T O ~  KaTaHKII. 
A ~ r y a ~ b r r o c ~ b  a a - r b ~ e i i m c r o  ~ ~ ~ B I I T I I R  r r  r r c n o . - 1 ~ 3 o ~ a r 1 r r ~  11po-  

uecca n1)o~a~~11-l)asne.7elllr~ nonrncpxrcaae-rcn T e J t ,  sro ;IO.-IR rrpo- 
l I p e n c ~ a s . l e ~ ~ b r e  B o63ope a r a - r e p t r a n b l  IIO~BO.-IRK)T r r p l m T r 1  ti  +rr.lefi a l e n l t r i x  c e q e r l r r i i  n p o K a T a  c o c T a B n a e T  60.7ee 50% (351. 

C.TeA)'K)~HM BbIBOnaM. 9.1. f lp0~360d~m80 ~0pm0606 ~ U Z O ~ O ~ K U  ~3 

M ~ o r o p y q b e s a r r  n p o ~ a - r ~ a  c o p ~ o ~ b r x  npo@eneii n p e n v c h r a ~ -  nenpegblenonumozo wenlaA.Ml 
i ) l l B a e T  q e ~ b l p e  r p y n n b l  cnoco6on p a 3 n e n e ~ b i ~  ~ ~ C K ~ T O B :  n p 0 ~ 0 J I ~ a e T  OCTaBaTbCR aKTYaJlbHbIXl n[IOUeCC I l p O K a T K l i - p a s -  

1) n0C;le I IpOKaTKIl  B XO.IOAHOh4 COCTORHMM; AeJleHMR H H a  O ~ X M M H ~ I X  CTaHaX,  YTO O ~ Y C , T O B J ~ ~ H O  rnaBHb1h.l o6pa- 
~ ) H ~ ~ O C ~ ~ A C T B ~ H H O  n p M  I l p O K a T K e  B p a 3 A e J I H T e n b H b l X  ~ a n H 6 -  3 0 h i  H ~ O ~ X O ~ H M O C T L K )  Y C T p a H e H l l R  ~ ~ @ ~ I U U T ~  COPTOBO# 3arOTOBKI.I. 

pax B npHBOAHb1X B a n K a X  p a 6 o q w x  me~efi CTaHa;  T a r t ,  B pa6o~e  [34] n p e A n O X e H 0  nO.2)IqaTb COPTORYH) K B a n p a T -  

3 ) C  nOMOlUbI0 aBTOHOMHblX pa3Ae.r lATenbHbIx Y C T P O ~ ~ C T B  C H e -  HYH) 3arOTOBKY 113 HeIIPepbIBHOJlMTblX C ~ R ~ O B  B B U I K a X  6 n r o ~ u ~ r a .  
l lPI lBOnHbIh1 p a 6 0 q M M  MHCTPYMeHTOM; Ha OCHOBe BbIIIOJIHeHHblX H C C J I ~ ~ O B ~ H M ~ ~  PeKOMeHAOBaHO paapabo- 

4) C nOMOIULK) HenpkiBOAHbIX Ae@0pM~pyl0lUe-~enH~enbHb1~ THHHYK) T e X H O J I O ~ U I O  I I P U M e H R T b  AAR I l O n y l r e H H R  ~ J I I ~ M O B  M 3 a r O T O -  

ICTPO~~CTB.  BOK, I l p e n H a 3 H a ' l e H H b I X  A n R  npOki3BOACTBa @ ~ C O H H ~ I X  M KPYrJIbIX 

H e p B y K )  rpynny cnoco6os P a U M O H a n b H O  IIPMMeHRTb npki np0- n p o @ c i J I e k  113 CTaJXM O ~ ~ I K H O B ~ H H O ~ O  Ka'ieCTBa. 

K a T K e  HeCMMMeTpHqHbIX n p o @ M n e # .  Pa3nene~kie 0 6 b l ' i H 0  npOM3BO- ~ ~ O U ~ C C  ~ ~ ~ r ~ p y ' i b e ~ ~ f i  npOKaTKM H e n p e p b I B H O J I M T O r O  hie-  

a R T  C IIOMOUlbH) p a 3 n A Y H O M  T H n a  YCTaHOBOK 0 r H e B 0 f i  pe3KM h l e T L 7 -  T U I J i a  n p H  n P O H 3 B O n C T B e  C O ~ T O B O ~ ~  3arOTOBKU C e V e H A e M  125x125 
na, pexe - ~ e x a ~ ~ s e c ~ o f i  pe3~u.  Cnoco6 m a p o K o r o  p a c n p o c T p a a e -  M M  peanmoeaa H a  O ~ X U M H O M  c T a H e  850 6enopycc~oro M e T a n n y p -  

HMII ~e n 0 n p 1 . f ~ .  rk iYeCKOr0 3aBOAa.  B H ~ A ~ ~ H H ~  n p O U e C C a  C T P O ~ H H O ~ ~  n p O K a T K H - p a 3 -  

B~oparr rpynna cnoco60a peanmosa~a  H a  O~THMHO-3a1-OTO- n e n e H n R  H a   TOM xe c T a H e  no3~oneno n o n o n e u - r e n b s o  y n y . r r u w r b  

UOYHblX H COPTOBbIX C T a H a X  pa3JIMYHOrO T U n a  AJR IlPOH3BOACTBa Ka'IeCTBO I I p O K a T a  OTBeTCTBeHHOrO H a 3 H a q e H H R  ( M e ~ a J X n o ~ o p n a ,  K a -  

:?arOTOBKH H MenKOCOPTHblX a P M a T y P H b I X  npo@lmefi. H ~ T H O ~ ~  IlpOBOJIOKM U np.) 3a C q e T  B b I A e n e H H R  C p e n H H X  3arOTOBOK 

"Cn~rra~r-npouecc" ( T P ~ T ~ H  rpynna cnoco60~) npononmam ~ c e f i  n n a B K a  B o T n e n b H y i o  n a p T H r o  H n e p e ~ a 3 ~ a s e ~ ~ ~  IIIX H a  M e H e e  

a K T H B H 0  MCnOJIb30BaTb 38 P Y ~ ~ X O M ,  HeCMOTPR H a  P R A  IIPHCYUMX OTBeTCTBeHHble  3 a K a 3 b I  [35]. 
e h i y  H e n o c T a T K o e .  K HHM B n o c n e n H n e  r o a b r  n o 6 a e ~ n o c b  M TO,  TO 9.2. Coeeputencmsoeanue npoyecca mnozopylrbeeoii 



C X ~ M ~ I  p a 3 e n e ~ n ~  npu ~\eyxpyrbeeoir (I) u Tpexpy.lbe80R (2) 
npOKaTKe-pa3flefleHUU: A - HeKOHTpOJlUpyeMblM pa3pblBOM nepeMblqKU; 6 
- KOHTPOnUPYeMblM Pa3PblBOM nepeMblqKU: B - no HOBOMY CnocOby: ICM - 
WUna ~ O H ~ I  CMRTUR noBepxHocTU pacltara. 

npo~am~cu-pmdenenm 
H ~ K O I L J ~ H H L I ~ ~  onbn npilhlcHeHllR npouecca hl~oropysbeeoii 

npo~a~~11-pa3ne.ge~rrlr no3~on11n YcTaHoBIiTb,  TO cnoc06 pasae.~e- 

TO'IHOTO PaCKaTa C OTHOCHTenbHO TOJICTblMH nepeMbIqKaMH B npH- 
BOAH~IX BanKax, nombeofi  n e @ o p ~ a u u ~  nepeMbrseK B npoMemyT- 
Ke M e w  @ O P M A P ~ D J ~ H M  u pa3AenRrouIuM nponycKaMu A nocne- 
nyrolneM pa3neneHsu pacKaTa B HenpuBonriblx ponaKax wnu npa- 
BOAHbIX BanKaX B 3aBHCHMOCTH OT 0 6 5 e ~ ~ a  npkipHeHUX (CM. pUC. 

66 B). &R HOBOfQ cnoco6a pa3AeneHq KBWpaTHbIX 3arOTOBOK xa- 
PaKTepHO npaKTHseCKOe OTCyTCTBHe U ? i M e H e h U I I ~ p ~ ~ e p ~ ~  CTOPOH 

3arOTOBKH. ~ ~ u W M  cnoco6 MOXHO U-CllOJlb30BaTb K a K  npH ManbIX 

A H ~ M ~ T ~ ~ X  ponw~0B AeJlH~&lb~bl~ ycrpoiih~, TaK U B 06bl'lHbl~ npH- 
BOAHbIX BmKaX. 

Ha ociiose a~anu3a  canoBoro s a a m o n e i i c ~ s ~ l ~  pacKaTa c san- 
KaMa B oqare n e @ o p ~ a u ~ a  pa3aenrrmlnero ~ a n ~ 6 p a  nonyeea Mare- 
MaTusecKax Monenb npouecca paneneHHn, n o 3 ~ o n ~ r o u a ~  onpene- 
nRTb YCJIOBHII pa3pbIBa IIepeMbIqKli, IlqaMeTpbI @ O P M O H ~ M ~ H ~ H U X  

U pa3MepbI PaCKaTa nOCJIe pa3AeneHHR. 3 ~ 0  IIBnXeTCR 6 ~ 1 0 8  mR 
p a 3 p a 6 o ~ ~ u  MeTOAHKH PaCYeTa 0nTHManbH0fi @ O P M ~ I  H pa3MepOB 

ClTeUHUIbHbIX MHOrOppbeBbIX me6poe, HCnOnb3yeMbIX npU np0- 

~ a ~ ~ e - p a 3 ~ e n e ~ n a  

B I I q M  pa3pa6o~a~o TexHugecKoe npennosetiue no opraeu- 
3aUHH H OCBOeHHlO nPOH3BOACTBa ~ P M ~ T Y P H ~ ~ X  MI4 M Mi6 H ym0- 

BblX ~ O X ~ O X ~ + ~ M M  np~@?lJlek C HCllOnb30BaHUeM npOUeCCa IlpOKaT- 

KM paanene~cr~ pacKaTa B noToKe cTaHa 550-2 OAO "A~enponer- 
P O B C K U ~ ~  ~ e ~ a n n y p r ~ r e c ~ n i i  3 a ~ o n  HM. IIe~poac~,oro" [37]. C x e ~ a  
pacnonoxeHun ocHoeHoro o b o p y n o s a ~ ~ ~  YacTKa neqet'i H Heno- 
CpeACTBeHHO CTaHa nOKa3aHa Ha PHC. 67. 

C T ~ H  550-2 npeAHa3HaqeH nnrl np0kl3~0~cTBa MOXHbIX @a- 
COHHGIX Ilpo@ki,let'i npOKaTa AdlR aBT0- ki CenbXO3MaUHHOCTpOeHlirr, 

a TaKxe cop~osbrx M nepuoaHYecKHx npo@nnefi npomra. 3aroroa- 
Ka nocTynaeT c pen1,co6anos~oro c ~ a s a  800. nnrr parpesa saro~o- 
BOK IlhfeeTCR nBe hleTOAUYeCKHe IleqH C IlIaTaIOLUHMM 6anKahl~. Ton- 
nwBo - npuponsb~ti ra3. 

0 KaqeCTBe 6a30~0r0 6blJ npl1HHT BapMpHT Tpexp)'Ybe~~fi npO- 
haTK1l-pawe:lerlIln apalarypHoro npoI$ll.lrr xi16 113 ~ u a n p a ~ r ~ o i i  3a- 

rOTOBKIi Ce.leHliehl 100~100h lh l .  ~ O A ~ O T O B K ~  TpeXpyqbeBOrO paCKa- 
Ta K pa3ne.le~11~) AO.lXHa 6b1~b 3aKOH1IeHa R K.leTII N2.5, a 3a Hcfi 

HllR MHOrOHIITO'IHOrO paCKaTa pa3pbIBOhf T O H K O ~ ~  ~epehlbl'4Kll o6ec- .lReT~hleHbUrMTb naAeHlie TehlnepaTypW PaCKaTa. nepen K,leTbKl h57 
nCV11BaeTCX nTCal CO3J;laHIIR p~CTII~1iB~H)ULlIS 1 l a t I p ~ X ~ t l ~ ~ i  I3 PC-  ~CTaHaB.lllBaeTCR ~ ~ l c ~ p y ~ l b e ~ ~ i i  TpafibannapaT, ~Ha6XeHHblfi CO CTO- 

3YdbTaTe B3allYHOTO ChleLUeHIIR COCAkIHeHHbIX 3arOTOBOK B none- POHbl BblXOna TpehiR KaHTYlOUItihlII PO.ltlKOBLlhlll npOBOAKahlH. b e -  
pes~orr  ~anpaailer~~iri non nefic~n~rear ocen~lx  c11.1. TII No6 11 N!7 oc~amalo~crr ~os~n-~c~cahr r i  B B O ~ H O I ?  11 B ~ I B O ~ H O ~ ~  rpes- 

O C H O B H ~ I ~ I  HeiLOCTaTKOXI 3~0fi  h l ~ ~ l l @ l l ~ a ~ l l l l  pa3pbIBa HB.7H- H I I T O V H O ~ ~  ~ ~ ~ I B ~ . I K O B O ~ ~  aphIaTypbl. ?I3 K.leTll x!7 Ha 1IO.lbraHT no- 
ercR H H B K ~ I I  C T O ~ ~ K O C T ~  B X ~ K O B  B @ O P X I I I ~ Y K ) U ~ ~ S ~  ~a.lt16pe 113-3a crvnaer naKeT 113 Tpex no.loc n n ~ r ~ o i i  37-38hi. 

~a,lriqarr oc~pr;rx rpe6seii B ao~re pa3nene~r1~. B~opofi ~ e n o c r a ~ o ~  no  a~a.lon~saofi cxehre h1oxe.r B ~ I T ~  o p r a 1 1 ~ 3 0 ~ a ~ a  n p o ~ a ~ ~ a  
3aKnlOqaeTCR B HCKaXeHHH KpyrJI0fi @0pMbl OTAeneHHbIX 3aTOTOBOK aPhiaTYPHbIX npo@Hnefi 60nbruwx pa3hiepOB, a TaKXe aphlaTypHOrO 

npM CXaTIill HX POnUKaMM Ha BenHqAHy Ad (chi. PHC. 66 A). nptt npo@H.XR N14. np0~aTKa aphlaTypHblX npo@uneR h[eHbUtlX pashie- 

pa3nene~u1r TpexHllroqHoro pacKaTa ~ p a f i ~ l l e  tr cpenHm H I I T K I ~  h10- 

ryT ~ i h i e ~ b  P~B,TII'IHYKI n i louan~ nonepeqaoro ceqeem 113-sa rlcrta- 

XeHMR @ O P M ~ I  KpafiHPix HHTOK. 

Anrr cnoco6a KOHTpOnHpyeMOrO pa3pblBa XapaKTepHo @ O ~ M M -  

pOBaHHe KBaApaTHbIX, UleCTHyrOnbHblX HnH 6nus~clx  K HHM n0 ($0~- 

h le  SarOTOBOK, COeAHHeHHblX TOJICTbIMH nepehibIsKaMH B B&'lKaX C 

yrJrOM rpe6~efi ~ ~ U ~ K A M  MJIM PaBHblM 90'.  TO YnYVUlaeT H3HOCO- 

C T O ~ K O C T ~  r p e 6 ~ ~  @op~upyrouero ~anu6pa.  
O C H O B H ~ I ~ ~  HeAOCTaTKOM 3TOrO cnoc06a IBnReTCR ~e06xonu- 

MOCTb HCnOnb30BaHUII nPUBOAHbIX BanKOB B Pa3AenRIOUeM IlpOnyC- 

Ke, pa6ora101u~x npuhfepeo C 5-10% H a ~ y 3 ~ 0 f i  H a  nPHBOA. Q)OPMB 

pHC. 66 61 H b2).  TO M3MeHeHHe pa3Mepa SaTOTOBOK, iIpHBOArtLUee 

K pa3~uue nnour~efi  ~ p a f i ~ u x  M cpen~eii 3 a r o ~ o ~ ~ a x  (npu Tpex- 
ppbeB0k ~ P O K ~ T K ~ )  H ~ O ~ X O A H M O  YqHTbIBaTb npki IIpOeKTHpOBaHMll 

~ann6pos. 
B HnO "AOHHKC" p a 3 p a 6 o ~ a ~  ru6pun~blfi cnoco6 ItpOKaTKH- 

pa3A€!JIeHHR, ~0~1eTam~Hfi  3neMeHTbl H npeHMylneCTBa OnHCaHHblX 

BbIUe ~0nki@llKa~klfi (361. OH COCTOHT B @OPMUPOB~HIIU MHOrOHH- 

poe n o ~ p e 6 y e ~  npnMeHeHuR ~~~~~~~~~~~~~~~~o npouecca np0rta.r- 

Kll-pa3Ae.leHlrR, n~r6o YhieHbUreHItR CeqeHllR H C X O A H O ~ ~  3arOTOBKl1, 

YTO IIOBne'leT 38 ~060fi PRA HeraTIiBHbIX ~ O C J I ~ A C T B H ~ ~ .  

npennome~~e  no opra~u3auuu M OcBoeHum ~ P O M ~ B O A C T B ~  pae- 
HO~O.'lO~HOrO YrOJlKa 7 0 ~ 7 0 ~ 6 + 7 h t ~  C HCnOnb30BaHHeM npOUeCCa 
neyxpyqbeaoti ~ I ~ O K ~ T K H - ~ ~ ~ A ~ ~ ~ H H R  HaMeseHo BMecTo n p 0 ~ 3 ~ o n -  

CTBa TaKOrO YrOnKa no TeXHOnOrAH ~efi~TByI0lUefi B HaCTORUee Bpe- 
MII O ~ H O H H T O ~ H O ~ ~  IlpOKaTKH. 

~ O ~ M U ~ O B ~ H H ~  CABOeHHOrO npo@Hn~ PaCKaTa l4 IlOnrOTOBKa 

ero K npononbHoMy pa~nene~wm ocymecninnercn B KneTnx N2, 
No4 u N5. IIpononb~oe p a 3 n e n e ~ ~ e  cnBoeesoro pacKaTa nponaso- 
nw~crr c noMombm HenpuBonHoro ne@op~upyrorue-nenu~enb~oro 
ycrpofic~sa, ycTaaaaneaaeMoro H a  sblxone n3 mew fi5. nocne- 
nyIO~yl0 npOKaTKy B KneTRX N?N6-8 OCyIQeCTBnH!OT B ABe HHTKA 

no nefic~~ymLuefi Ha CTaHe 550-2 ~ a n u 6 p o ~ ~ e  BanKOB. ~ ~ ~ O T O B K ~  

MOXeT 6blTb nn60 IlpIIMOYrOnbHOrO (Hanpti~ep 7 2 ~ 1 9 4 M M ) ,  n ~ 6 0  
Q a c o ~ ~ o r o  ceseHHR c napaMerpaMu, 0 6 e c n e ~ u ~ a r o l n ~ ~ a  UeHTpOB- 

KY nonocbl H PPBHOMepHYH) A ~ @ O P M ~ U U I O  B ~mn6pe KJIeTH N22. 
P a c q e ~ b ~  no~a3anu, sro o r p a ~ ~ r e ~ u f i  no HarpeBy 3arOTOBOK, 

TeMnepaTypHO-CKOpOCTHbIM U 3Aep~OCHJlOBbIhl napahteTpaM IIpOKZlT- 



K U  H e T ,  T a K  K a K  no- 
noca u3 ABYX yron- 
KOB 7 0 ~ 7 0 x 6 ~ ~  no rpynnoii ~ n e ~ e k  
M ~ C C ~  I I O r O H H O r O  Y C T a H a B n U B a l o T  

M e T p a  U P e X M M Y  Ae-  O T A e n b H O  C T O R -  

@ O ~ M ~ U U U  6nu3~a  K U Y I O  A B y X K J l e T e -  

y C n O B U R M  n p O K a T K U  B y l o  O A H O H A T 0 9 -  

msennepa i6n, npo- HYIO H e n p e p b I B -  

U ~ B O A H M O ~  H a  c T a -  HYIO rpynny ~ e -  
~e 550-2,  TO ~ a n u -  ~ e i i  c abrnayefi 
T W ~ H ~ I X  a a ~ p a ~  AJIR p a c ~ a ~ a  B nonor- 
A O O C H a U e H S l R  C T a H a  p e ~ a e ~ b l a  T ~ P M O -  

U CBR3U C OCBOeHAeM CTaT. Henocpencr- 
H a  H e M  A B y X p y ' i b e -  B e H H O  I l e p e A  C y -  

noii npomw-pane-  uec~~ytoureii yep- 
J e H U R  Y r O n K O B  H e  

~ O T P ~ ~ Y ~ T ~ H .  Ilooc- . . 
H a u t e m e  xce ~ Y A ~ T  5 - npue~nb~n ponbiit~r; 6 - 06xu~nan pempcuitlan ~ n e ~ b ~ o ;  7 - ~ a n ~ o e a ~ e n u - ~ a ~ w n ~ n R T o ~ b ~ ;  8-13 - pa6owe n u B a I O T  A B e  M e T H  

c O c T O R ~ b  H3rOTOB- nepeeepcmnble KneTn m o  c npenBapmenbno nanpnmennblMn cTaHunaMu; 14 - pa€kxan nepeeepcnenan KneTb c r o p M 3 0 H T a n b H b I -  
nyo ~ ~ ~ u o ~ u W C K O A  npoKaTKn; 15 - nnna ropnqei p e 3 ~ u ~ n  0~60pa npo6; I 6  - nepeKnanblealoqee yc~poAcm; 

neHuU AenwTenbHblx I7 - XOflO~UnbHUK; K - KaHTYH)U(Ue -KH. 
MU BaJlKaMU, B KO- 

Y C T P O ~ ~ C T B  c KOM- T O p b l X  n p O K a T K Y  

IlJleKCOM 3 a n a C H b I X  % c T ~ #  H 6 6 1 ~ ~ ~ 0  113HaJ.IIHBaeMblX 3JIeMeHTOB;  

U e H T p a J I b H b I X  p a 3 n e n U T W I b H b I X  ~ O P T O B  AJIR p 0 n b r a H r O B  M e w  KAe-  

T H M H  .JV?J\T?6-7 U 7-8, a T a K X e  H a  A P y r U X  Y s a C T K a X  T p a H C n O p T U p O B a -  

H i i H  n a K e T a  U 3  A B y X  YrOAKOB H a  )"-laCTKe O T  KJIeTM Nc8 A 0  X O J l O n H n b -  

HHKOB; HOBbIX 3 n e M e H T O B  ~ ~ U B ~ J I K O B O #  a p M a T y p b l  C K O J I b X e H U R .  

06um CTOHMOCTL s a ~ p a ~  H e  n p e a b 1 u r a e - r  20-~OTLIC. r p u s e H .  

[)f?AeJly; a T a K X e  3a CYeT C H l f X e H I I R  3 H e p r O 3 a T p a T  H a  npOKaTK\T H 

pacxona B ~ ~ K O B  B K n e T x x ,  n p e n m e c T B y m u u x  pa3~ene~u10. K p o h i e  

:+TOTO, CTBHOBWTCR uenec006pa3~0ij n p O K a T K a  y r O 3 K O B  h t e H L l u H X  

c e ~ l e ~ I l r " l ,  BO3MOXHLlhl  11CnO~TL30BaHklC 3 a r O T O B K l I  ~ B C . l l r q e H H O r U  C c -  

xleli14R, ' I T 0  O ~ L I ' I H O  I l p U B O n l l T  K n O ~ 0 ~ 7 H H T e ~ b H O h l y  C H A X e H M I O  C e -  

~ ~ ~ T O I ~ ~ ~ O C T N  n p o i 1 3 u o n c ~ ~ a  n p o K a T a ,  3a c s e T  c H t l m e H I r r r  yrapa rre- 
ra:r:la nprr rrarpeee. 

~ ~ O C O ~ H O C T U  n p O A y K U l . i l t  H a  P L l H K e  hfeT&il~1OnpOKaTa.  

9.3. Upumenenue npoyecca npoicamwu-pa3aenenua npu 
PeKOHCmplJtcyllU npO6OJlO'iHblX U MenKOCOpF?lHbLX CmaHO6 
Cnoco6 h ~ ~ o r o p y s b e e o i i  n p o ~ a ~ ~ u - p a 3 n e n e ~ n x  n o 3 ~ o n x e ~  ne- 

; ) e 0 6 0 p y n 0 B a ~ b  hreJ lKOCOpTHble  C T a H b l  H a  I l p M e M  3 a r O T O B K H  6 o n b m e -  

r0 CC'leHIfR !i hlaCCbI C hfMHlihfa,'IbHLlhlll 3 a T p a T a h f l i .  

T ~ K ,  ecnu H a  MenKOCOpTHLlX CTaHaX Kr rMK " K ~ ~ ~ B o ~ o x c T Z U I ~ "  

k i C n o n b 3 O B a T b  H e l l p e p b I B H O n H T y I O  3 a r O T O B K y  C e Y e H H e M  1 5 0 x 1 5 0 ~ ~  
iln lec- ro  8 O x 8 O h l ~ ,  ee u c x o n H o e  c e y e H n e  ~ o s p a c ~ a e ~  B 3,5 p a s a ,  a nnx 
,vcnoar?#  n p o B o n o q H o r o  c T a H a  250 OAO E M 3  c 3 a r o T o e K s  ceseeu- 
c ' h l 8 0 ~ 8 0 ~ ~  H a  3 a r O T O B K y  C e Y e H H e M  1 2 5 ~ 1 2 5 ~ h l -  B 2,44 pa3a.  TO 

Bap~am I. neeen cyuzec~syrorueii wenlo MI sep~osoii rpyn- 
- ~ 

nb1 p a C n 0 n a r a l o T  ' f e T b I p e  n O n O n H U T e n b H b l X  K n e T U  A, 6, B, I', B KOTO- 

GLIX IIPOH3BOAIIT ABYXHHTOqHyIO nPOKaTKY.  P~CCTOHHH~ M e W y  K n e -  

- m M U  A U 6; 6 I? B - no 3 7 5 0 ~ ~ ,  M e X W  K n e T R h i U  B H r 111 - n0  
. 3 5 0 0 ~ ~ ,  T O  e C T b  B C e r O  14, 5 ~ .  3 ~ 0  n 0 3 B O n R e T  P a 3 M e C T U T b  Ipynny 
~ n e ~ e i i  I I p e A B a p U T e J I b H O r O  ob~ararr H a  c y l l l e c ~ ~ y l o ~ e f i  I I J I O U W K e  

c T a H a  250. 

n p O U 3 B O A R T  B A B e  HUTKU. 0 6 ~ ~  AJIHHa T O ~ O B H O ~ ~  Y a C T U  C T a H a  

( B H O B ~  Y C T a H a B n U B a e M b l e  KJIeTU, T e p M O C T a T  U C y U e C T B y I O U M  yep- 
H O B M  C e M U K J I e T e B M  rpynna) C O C T a B n R e T  5 2 ~ .   HOBO^ 06opyno~a- 
H u e  T a m e  p a 3 ~ e q a e ~ c ~  H a  u ~ e l o q e t i c ~  n n o l q a A K e ,  HO ero M a c c a  

CylUeCTBeHHO Y B e n U ' l U B a e T C R  no C p a B H e H U I O  C B a p U a H T O h l  I. 
Bapuam 111. B n o n o n H e H a e  K B a p w a H T y  I1 3a K n e T b m  A ycra- 

HaB.rlHBaIOT H e n p U U O n H y I O  KJIeTb C rOpH3OHTZUIbHbIMI.r BZUIKaMH, a 323 

K n e T L I O  B - A B e  H e n p M B O A H b l X  KJleTM C B e p T W K a n b H b l M H  BaJIKaMA. B 
9TO\I C.I)'Yae K.leTL r I l e  yCTalIaB. l l lBaIOT,  HO 3a3lCHRIOT .1lfHIIIO n p l l -  

BOAa c y I U e c T B y l o L U e #  pa6osefi K n e T A  Nl U C a M  I l p R B O n  H a  6onee 
\IOUIHLII"I (680 KRT),  n c p e p a c n p e n e . w m T  H ~ ~ P V ~ K I I  h r e m . l y  cynrerr- 
U ~ l O l U k l 3 l H  KneTHhIi l  Y ~ ~ H O B O ~ ~  r p V n n b 1 .  CAL?AV~T OThieTl lTL,  s T 0  B 

I l e p B L I X  ABVX B a p A a H T a X  P e K O H C T p y K U i i l I  I l l tKaKl iX 1 1 3 h i e ~ e ~ H f i  B C y -  

l n e c r n y r o r u e i ' i  s e p ~ o ~ o f i  rpvnne ~ . r l e ~ e i r  H e  n p o i r c x o n w .  0 6 u 1 a ~  nna- 
H a  ~ O . I O B H O ~ ~  q a c T r r  C r a H a  c o c T a B l r T  4911.  l l a c c a  o6opynoaa~rrrr no 
u a p l l a ~ ~ y  111 S r e H b m e ,  q e v  no s a p r r a H T y  11, HO 60:1bme, q e h r  no saprr- 
a H T y  I ,  HeChlOTpR H a  TO. ' IT0 h laCCa H ~ ~ P ~ I B O J H O I ?  K.7eTII COCTaB.'IReT 

0 , 3 - 0 , 4  SlaCCLl 1 l p i l ~ o , 7 1 l O f i  K.leTII ( 6 ~ ~ 1  y t I C T a  SlaCCLl o~)o[)> ' JOB~HIIH 

. ' I I IHMII  r . l a B H o r o  nl)rreoaa n p i r s o n ~ o i i  K . ~ ~ T I I ) .  

B a p e a ~ ~  IV. B OCHOBV s a p i r a H T a  no . iometr r , r  ,ma IIOBLIX ,T"-IR 

c r a H a  250 r e x r i o . q o r r r . r e c K l i x  p e m e H l t n :  i l c n o . l L s o s a H i l e  ~ e n p t . i s o ; [ -  

H b r x  p a 6 0 q ~ x  ~ 7 e ~ e h  1.1 n p i r h l e e e n n e  npouecca n p o ~ a r ~ n - p a 3 n e ~ ~ e -  
HHR. R a p l l a ~ ~  11' n p e n y c h l a T p r l s a e T  r : c n o . l L s o s a H r i e  o n ~ o ~ r ~ ~ o s ~ o i i  
I r p o K a r K r r  u K.yleTHX NNl-7 cyruecraywmel"l ~epeoeoii r p y n n L 1  r r  
KJleTHX .N!JW~ U 9 np0hleX)'T0'4~0r' i  r p y n n L l ,  YCTaHOBKY Y e T L I p e X  

H e n p H B O A H b I X  ~ n e T e l " l  C BepT!fK&lbHLI&lM BaJIKaMH t i  I IpOUeCC np0- 
~ a ~ ~ ~ - p a s n e n e ~ u ~  nocne K n e T r r  So9 c r ~ c n o n ~ a o ~ a ~ r r e ~  H e n p m o n -  

H O r O  ~ ~ @ P M ~ ~ ~ ~ o H H o - ~ I ~ J I A T ~ ~ I ~ H o ~ o  Y C T ~ O ~ ~ C T B ~ ~  ( ~ h l .  PIIC. 68). B 
K n e T R X  MN10 S l  11 n p O H 3 U O n U T C R  AByXHUTOYHaR I I p O K a T K a  CO CKO- 

POCTIIMU, COOTBeTCTBYIOUHMW CYLUeCTBYIOUHhl. 061ua~  A n U H a  rO-  

J ~ O B H O ~ ~  q a C T H  C T a H a  C B H O B b  Y C T a H a B n H B a e h I b l M  O ~ O ~ ~ A O B ~ H U ~ M  H e  

H3MeHReTCR IT0 C p a B H e H U I O  C c ~ u ~ c T B ~ I O U ~ ~ ~  c x e h l o f i ,  06UM M a C C a  

06opyno~a~m no c p a a H e H m  c ~ e i i c ~ ~ y r o l u e i i  c x e h i o 2  y s e n H s c r e a -  

eTCR H e 3 H a ' l H T e n b H O .  

A B T O P ~ ~ ~ A  p a 6 o ~ b r  B b l n O n H e H  c p a B ~ U T e n b H b l f i  a H a J I H 3  rrpen- 
J l O X e H H b l X  B a p U a H T O B  P e K O H C T p y K U U U  [39]. ~ ~ C X O A H ~ I M H  6b1nu npw- 
HRTLI: C e ' i e H U e  3 a r O T O B K H  1 5 0 ~ 1 5 0 ~ ~ ;  CKOPOCTb n p O K a T K U  B YUCTO- 

BOG KJleTH 1 8 ~ / ~ .  P a c Y e ~ b l  B b l n O n H e H b I  A n R  ~ c J I o B u ~ ~  nP0KaTKI. r  ap- 
h r a T y p H b l x  n e p U o n u s e c K w x  npoanneii N12 H M16. 

P a c q e ~ b ~  no~asana,  TO npu peanusauu~ B a p u a H T a  I T e M n e p a -  

T y p a  I l p O K a T K U  B K n e T R X  1-7 C H U X a e T C R  n O q T H  H a  1 5 0 ° C  n p O T U B  

cyuec-rsylouero pemma, s ~ o  npm0na.r K neperpya~e no MOLIIHO- 

CTU r n a B H O r 0  n p H B O A a  pa6oseii KJIeTU 4, no MOMeHTY I l p O K a T K H  - 
me~eii N2 n N 9 3 .  C n e n o a a ~ e n ~ ~ o  mrr peanu3auuu   TO TO B a p u a H T a  

~ e o 6 x o n n h r a  peKOHC.TpyKUUX n p a K T U s e C K H  BCeX ~ n e ~ e f i  rep~oaoii 



0 TenbHblx ~ n e ~ e k  nepen anu  B y e p ~ o ~ o i i  rpynne m e ~ e k ,  
Ws yxynuamurw ~ e ~ n e p a ~ y p ~ b ~ f i  pemuM npoKaTKu;' 

- 06ecne~n~am~c11  MUHUMaJIbHbIe KanMTaJIb- 
Hble 3aTpaTb1 Ha peKOHCTpyKUW0 YYaCTKa IlpOKaTKH; 

- 06ecnesusae~cn CyUeCTBeHHaR 3KOHOMRR 

3HeprO3aTpaT npW npOKaTKe 3a CqeT kiCnOnb30BaHHH TeX- 
Honornu n ~ y x e p a ~ a o i i  n p o ~ a ~ ~ n - p a n e n e ~ u r r .  

OAH~KO,  HaHnpUIUM IT0 ~@@~KTMBHOCTU .BapHaH- 
I I 

m c x e u a  pacnonoxeHwn 060pyfl08a~~R mnos~oa qacm craHa 250 no sapwamau TOM PeKoHcTPYK~~~ 250 RBngeTcn BapwaHT, He Tpe- 
PeKOHCTPYKUMM I+ IV: 1+11 -CNeCTEYtOUIMe KneTU; 12-nePeBOUHaRCTpBnKa: I ~ - T ~ P M O C T ~ T ;  ~ V I O U I U ~ ~  U3MeHeHUR TeXHOnOrUVeCKHX UOTOKOB Ha COD- 
nLU6 - HarpesaTenbHaR neqb c luaraoquun ~ ~ A K ~ M u ;  A + r - AOflOnHMTenbHble npusouHble TOBOM nepeAene A MaKcuManbHo ucnonb3yIouufi cyuecT- 
Knew; HnY -~enpnsou~ceuenmenb~oe yc~pofic~so; HK- HenpueombleKnew. npemarae~oe 
K ycTaHoeKe AononHmenbHoe odopynosaHne no~a3ano sanuaKoR. Bymulee 060pynosa~ue ti0~6kiHaTa.  TO BapMaHT YaCTHq- 

. . 
rpYmIb1. n p u  peanu3auau sapuawa I1 cHuxeHue Tehtneparypbl B Horo nepenena (H3C) nnn nepeKaTa ~ e n p e p b ~ ~ ~ o n u ~ o f i  s a r o ~ o a ~ u  
KneTRX NcN01-7 COCTaBnReT 6onee 100°C M 3TO HeChfOTpR Ha Hanu- Ha Tpe6yeMble paa~epbl.  B YUIOBHRX K r r M K  " K p ~ ~ o p o m c ~ a n b "  

- - 

YHe TepMOCTaTa. B ~ ~ u ~ H T  PeKOHCTpyKUHIi 111 XapaKTepki3yeTCR na- BOnJIOUIeHMe 3TOrO BapUaHTa MOXeTe BbIrnRAeTb CneAyIOUWM obpa- 
neHneM TeMnepaTypbI B s e p ~ o ~ o a  rpynne w e r e 8  HecKonbKo Hume  OM. 

100°C npoTuB c y u e c ~ ~ y i o u e r o  ~ e ~ n e p a ~ y p ~ o r o  p e x u ~ a .  3 a r p y 3 ~ a  MHJI3 nepeofi osepenu cTpouTenbcTsa 6 y ~ e ~  uMe.rb ~ p u  KPM- 

e n e ~ ~ p o n ~ u r a ~ e n e i i  rnaaHoro npuBona ~.~e-reri S?Ni2,5  ti 6 yeens- c~annu3a~opa  c pahrepahlu, cooTaeTcTeymuaM1t H ~ ~ I ~ ~ ~ L I B H o ~ M T o ~ ?  
wisaeTcR, HO  TO HoxeT ~ L I T L  ycTpaHetio nepepacnpene.leHrrehr 06- s a r o ~ o e ~ e  ceseHtiehr 2SOx390h1~. 0 6 e c n e q e ~ ~ l e  MemocopTHbIx I I  

x a ruh  no Knerrrhi sepaoaoi? rpynnbr. Pacverb~ no~asa;ru, YTO npu npoBonosHbrx cTaHoB s a r o ~ o s ~ o f i  150x150 w 8Ox80hrhi MomeT ocy- 
peanw3auus IV BapuaHra coxpaHrrercR HopllanHaR sa rpy3~a  cyure- uecTenRTLcrr cyuecrsymunnlu H3C,  nepeKaTL1,rsaromuhru Henpe- 
CTDyiOluHX 'iepHOBLlX Kj1eTei.i tl l iX nPIIBO.lOB. TO eCTL 3TOT BapMaHT pblBHOnklTyI0 3arOTOBKY 110 T P ~ A H U M O H H O ~ ~  TeXHOnOrkltI. rI1)1-l'lehl 
~aw6onee ~ ~ U U O H ~ ~ H .  npOM3BOACTBO 3amTOBKU CeYeHue~ 8 0 ~ 8 0 ~ ~ ~ u e n e c 0 0 6 p a 3 ~ 0  OCY- 

nl)OKaTKH-l)a3Ae.leHllR B K.1C'TRX Xi9 I1 .\IS. CSehla 3TOrO BapllaHTa - CHII311TL 31iep~03aTpaTIJ Ha nPOI13BOiICTRO 3arOTOBOK MC.1- 
1 1 o ~ a 3 a ~ a  ~a prrc. 69 [40]. KIIX cere~rr i i ,  T ~ K  K ~ K  q r r c ~ o s a ~  rpvnna ~ n e ~ e i i  H3C-1 (6  ~ . ~ e ~ e i i  c 

. I~? .  S'JC.-I~HLIC sHeprojaTpaTL1 Ira npotiaTKy no 3~031y naltllallry Ila lloal Irs 3~cn. iya~au1111 6:llo~lurlra S i l ;  
12-18% HIIXC,  11c~l no ~apllall~a.\ l  I 11 11  (~11. ~ 1 1 ~ .  68). - ~AleHbLUIlTL napK Ba.lKOB 11 11s [)aCSO,l Ila TOIItly I~OAHOrO 92 

Alla.lr13 !rc.loal~ii pa6or~t  Iroxirrlu, ycra~~on.-rcirtr~,rs :in lreprlo- ever nL1no.m 113 :+Kcn:l!laTalillll r~~~~~~~~~~ rpynll ti.le~eii H3C-1 11 

rioii rpy~rnoii ~ n c ~ e i i ,  no~asa:~, v ~ o  B csaarl c IlosLluicHrlcal rearne- H3C-2. 
pa~ypbl p a c ~ a ~ a  no 1100°C r r  c ~ ~ r x e ~ r ~ e ~ r  c ~ o p o c ~ r i  n p o ~ a ~ t i 1 1  B T ~ K M ~ I  obpasohr, n p t r h r e ~ e ~ ~ l e  ~ex~o. lorr r r r  npo~a~tili-pa3ne.m- 
KneTe 7 no 1,5 hl/c crrna pesa nprr o6pe3~e  KOHUOB pacKaTa csrrma- HIIR Ha Tpex .wacTeax ~ e x ~ o . l o n < s e c ~ o ?  nrlHlrll ( n p ~ i  n p o 1 1 3 ~ o n c ~ ~ e  

HOCTM ~ x e ~ ~ p o n ~ ~ i r a ~ e . ~ ~ ,  0 6 e c n e q ~ ~ a ~  B O ~ ~ ~ O X H O C T L  nopes~rr ce- npo+mefi u pa3neneelrri pacKaTa csasma  B npohlemy~oseoii, a no- 
s e ~ l l f i  pacKaTa no 5 0 0 0 ~ ~ 1 ' .  O C H O B H ~ I ~ I  HenocTaTKoSI npeu.iaraehro- TOM B IIHCTOB~IX rpynnax ~ne re i i )  n o s ~ o , l ~ e ~  nepesecTi1 neiic~uym- 

npklBOAMT K nOBLIUIeHUf0 06uero BpehIeHll np0CTOeB CnHa npli C ~ O R X  YeHHOrO CeWHkiR. 
~a n m 6 0 ~  y q a c ~ ~ e  ~ e x ~ o n o r r r ~ e c ~ o r o  n o ~ o ~ a .  n p a ~ ~ u ~ a  no~a3b l sae~ ,  YTO c onrioii c ropo~br ,  np1MeHeHne 

A~ancis  npOCTOeB CTaHa MC 250-4 
K K M K  "Kpwsopomc~anb" no~asan ,  YTO c 

KneTn N& 
yqeTOM ynp0LUeHWl IlpOUeCCa npOKaTKI< B 

r ep~oso i i  rpynne ~ n e ~ e i i  ( o n ~ a  H I I T K ~  m e -  17 15 13 
cro nsyx), noablmettua npocToee Bcero cTa- 
Ha no npAYMHe 6ype~uf i  no O A H O ~  I43 HH- / 
TOK W CHUXeHMR npOCTOeB CTaHa nyTeM 
OpraHM3aUHU OAHOBpeMeHHblX IlepeXOnOB 
C ~ a n u 6 p a  Ha ~ a n ~ 6 p  Ha o 6 e ~ x  HHTKBX, 
0 6 ~ ~ 8  POCT BPehieHU ITpOCTOeB hfOXeT CO- 

Hn-2 



npouecca IIpOKaTKU-pa3AeJIeHHff uenecoo6pa3~0 H a  A ~ ~ ~ C T B Y I O U H X  

MtXKOCOpTHbIX CT;LHaX C OTHOCHTeJIbHO H H ~ K o ~ ~  CKOpOCTbK) h p 0 K a T -  

KH, a c npyrofi CTOPOH~I, ero peanu3auu~ ~ p e 6 y e ~  c o r n a c o s a H u R  

WMeIOlIJHXCH TeXHOJIOrHVeCKUX y ~ n 0 B H f i  I IpOKaTKH C HMeIOUMMUCR 

XapaKTepHCTUKaMH O ~ O P Y A O B ~ H M I I  KOHKPefHOrO CTaHa  H IIPOnyCK- 

H 0 f i  c n o c o 6 ~ o c ~ ~  OTAeJIbHblX er0 Y'IBCTKOB. 

B CBH3H C 3THM B HnO "AOHUKC" C HClTOnb30BaHHeM pmpa60- 
TaHHbIX MaTeMaTHYeCKAX M o n e J I e f i  H O n b I T a  pea J lU3aULiH  ITpOUeCCa 

n p o ~ a r ~ u - p m n e n e ~ u ~  p a c c s a - r a e b l  CKopocTHbIe ,  T e M n e p a T y p H b I e  H 

3HepTOCUJlOBbIe n a p a M e T p b 1  ~ C J I O B H G  npOKaTKM a p M a W H b T X  np0- 
@ U n e f i  J$!x12, 14, 16 H a  YCJIOBHOM AeBHTHaIUlaTMKneTeBOM CTaHe  

300 [41]. 
Ha PAC. 70 n o K m a H a  c x e M a  p a c n o n o m e H H R  o c H o B H o r o  o6opy- 

AOBaHHR CTaHa  300. P~CCTORHA~ M e m y  ~POM~X) 'TO'- IHO~~ M YHCTO- 

soti r p y n n a M u  mn nesofi HHTKM B 2,5 pma 6 o n b m e ,  s e M  AJIH npa- 

B M u p e  u c n o n b 3 y r o . r  npouecc n p o ~ ~ ~ ~ - p a 3 ~ e n e ~ ~ x  p a c K a T o s  

KaK n p H  npOA3BOACTBe 3aTOTOBOK, TPK H rOTOBOrO IIpOKaTa,  npM'4eM 

O C O ~ ~ H H O  lUHPOK0 - COPTOBOTO. 32 p y 6 e x o ~  AJIH 3~0fi U e n U  I IpHMe-  

HRIOT "cnrn~~~r-npouecc",  K O T O P ~ I ~ ~  n o K a  x apa~~epu3ye fc~  PRAOM 

HeAOCTaTKOB: 

- HaJlH'fHe l u e f i ~ ~  p a 3 p b l B a  I l e p e M b I s K H  B MeCTe p a 3 A e n e H H H  

p a c K a T a  y x y n m a e T  K a s e n B o  r o T o B o r o  n p o K a T a ;  

- H H 3 K a  CTOWKOCTL @ o P M H ~ Y I O I U ~ ~ O  ~ a n ~ 6 p a ;  
- H a n u s u e  p m n e n R m r u e r o  yc~pofic~sa crroxsoii KOHCTPYKUHH; 

- H U ~ K ~ S I  CTOGKOCTI P ~ ~ A ~ ~ R H ) I U U X  KJIUHOBHAH~IX POAUKOB; 

- H U B K ~  n p o n o n b H a R  y c ~ o h u a o c ~ b  p a c K a T a  nepen p a m e n l r i o -  

U ~ M M  YCTPOWCTBOM; 
- CnOXHOCTb PeI'yJIHpOBKH B B O A H O ~ ~  n p l l B a n K 0 ~ 0 f i  a p M a T y p b 1 .  . - 

BOG. B KaYecTBe  H C X O A H O ~ ~  3arOToBKM npw 
p a c s e T e  H c n o n b a o B a n H  K s a n p a T  co c~opoaoti 
9 . 5 ~ ~ .  

~ P H H H J I H ,  9 T 0  n p H  0 ~ ~ 0 p ) " 4 b e B 0 f i  np0- 
KaTKe  a p M a T y p H b I e  npo@HJIH  NcN14 1116 no- 
A)'lraIOT 3a 17 IIPOXOAOB C AByMH XOJlOCTblMU 

n p o n y c K a M u  B memx N 9 1 6  H N17 H sbrnyc- 
KOM HX H 3  KJIeTK N~19 CO CKOPOCTbIO 1 5 ~ / ~ .  
P ~ C C M O T ~ ~ H ~ I  BapHaHTbI  npOKaTKH C p a 3 A e -  fg f~ f4 f2 
J l eHUeM H a  A B e  HHTKH B ~ P O M ~ X Y T O ~ H O ~ ~  a H ' a $ $ !  Y M C T O B O ~ ~ ,  6 rpynnax me~efi. B B a p u a a T e  a 
n p e i r y c + ~ p e ~ b r  paanene~ne p a c K a r a  B me- 
TI1 9 v, B ~ I I I ~ C K '  rOTOBOrO I~PO@I~JIR 113 K n e T l l ,  I 

h r 915 ,  6 , B a p H a H T e  6 - XOnOCTbIe ~ ~ O X O A ~ I  B 
19 l!7 I S  13 

sepil~l~~rL~!'wx K.TeTRs % I 4  I' '"'8 c x e ~ a  paasonoxen~a N H O B H O ~ O  06opyflo~an~n c ~ a ~ a  300 I Y ~ I , I  - HoMepa me~eU/ .  
n e ~ u e  p a c ~ a ~ a  B " ~ ~ T P I  Ni7 H B L I ~ ~ C K  TOTO- 

1301-0 ~ P O @ I I . T R  113 K . I C ~ I I  h"19. B ~ O H ~ U K O X I  nO.l1lTeSHll ' leCKO~1 IIHCTIITyTC (HLIHC f l 0 H C u K l l f i  

Alia.y1:3 . . R ~ ( ~ ) ~ K T I I B I I O C T I I  b l l l ~ r ~ p ~ l l ~ e ~ ~ i i  ~ ~ o K ~ T K I I - ~ ~ : ~ ~ T ~ . I P -  H ~ ~ ~ ~ ~ ~ H ~ . I I ~ H I ~ I ~  T C S H I I ~ I ? ~ K ~ I ~ ~  ~ I ~ I ~ R C ~ I C I I T ~ T )  panpahorarr 1 1 0 ~ 1 ~ 1 ~  pe- 
wra B ~ ~ B F ~ C I I ~ . I O C T ~ I  OT h re ' c i a  p a m e , ~ e ~ ~ ~  r r  n p o + r ~ . i e p a a h r e p a  npo- c ! r p c o c G c p e r a l o u ~ ~ i i  r e s ~ o . ~ o r r ~ v e c ~ ~ r i  l l p o u e c c  1 r p o ~ a ~ ~ ~ - p a 3 , 1 e . ~ e -  

. , 

ReJC!H,-C.TO1lKH 3peHIlR,I lOBl~l ! . I lCH~lR T C > l n e p a T y p L l  KOl lua  IIpOKaTKll. HIIH [IaCtiBTOB. 3 a ~ . l K ) ~ a K ) l l l l l i i ~ R  B ( t ) ~ p h l l l ~ ~ ~ a ~ l l l l  B AIHO~OPY'ILC- 

c l - l l lmei l l l r r  yne.TLIlblx s l r e p r o 3 a ~ p a r  11 BTOPII~IHOI'O o t i a . ~ l ~ ~ o o 6 p a 3 o -  BLIS tia.-rrlGpas pa6o~11rs Ba.lKOB Ill)OKaTHOrO CTAHiI [)aCKaTa, COCTOH- 

s a p r r l x  n p l r  a1~oropy~1~eeoil:npo~a~~e-pa3aene~1111 no c p a B H e H u w  c lucro ria Hec t i o . 1b t i u s  ~ ~ ~ O T O B O K  . 7 ~ 1 6 0 i l  l ~ p o c ~ o i i  (PO~XILI  n o r l e p e v -  

c o o T B c T c T s y l o m r i m  n a p a i r i r p a h l l r  oaaopy~~ceoi i  rIpoKaTKlI .  l l o r o  C ~ ~ ~ I I I I R ,  C O ~ ; L I I I I ~ I I H ~ I ~  B ~ [ o . T ~  02~0i i  1[3 oceii o ~ t r o c r r ~ e . ~ ~ ~ ~  

Pacve~~,r r ~ o t i a ~ a . ~ ~ ~ .  ~ I T O  uprr  I I C I ~ O : I ~ : ~ ~ I , ~ I ~ I I I I  , ~ ~ r o r o l ) g l ~ b e a o i i  . ~ . o : l c~n i i  ~ ~ e l ) e x l b ~ l ~ t i o i i .  ~ ~ O ; I O : I L H O ~  ~ I ~ ~ J ~ . T ~ H I I C  T a t i o r o  h IHO~OHII -  

I l l )OP~~TKI1-~ )~ :3 ; l e . l e l i l l ~  I IOULlUl~Hl l e  ~ e ~ l f l e l ) ; l T y ~ ) b l  KOHU3 IlI)OKBTKII TOIIIIOrO IIaCKaT3 OC!'LLlCCTB.lRC!TCR B pX3JC:1RK)lllC~I K a . l l l 6 l ) ~  111)0- 

t'Oc;.aB.lReT 5-6%, YTO C O O T B ~ T ~ T B V ~ T  4 0 - 7 O o C ,  nlIllIlCh1 H a  >IcHbLUllS KaTHblX Ba.qKOB, n P l I  3TOSI Uf2tiTPIIPOBiIHIIe , lB~SI l I ITO ' lHOI~O p a C K a T a  

~~l)o~)~r. iel)a: inrel 'ax 3 T a  B~.TI !YIIH?  6 o . 7 ~ w c .  Y,IC.II,II~IC' 3Hf2111.03aTpa- ~ ~ ~ C I I ~ ' I I I I ~ ~ ~ T C R  T ~ I C G I ~ R \ I I I  :+TOI.O c a . ~ 1 1 6 p a .  

1.1,r npu  I I ~ ~ O . T L ~ O B ~ H I ~ ~  h ~ ~ o r o p ? , l ~ ~ e ~ o i i  ~ ~ o K ~ T K I I - ~ ~ ~ ~ ~ . ? ~ H I I H  co B npouecce ~ e o p e ~ ~ ~ v e c ~ r ~ s  11 3 ~ c n e p l r a r e ~ n . 1 ~ ~ ~ 1 ~  rrrc.~ei(o- 
CI(0pOCTbKI O , ~ H O P ~ ~ L C B O ~ ~  I I p 0 ~ a T ~ 1 1  ~> lcHLUla lOTCR l i a  20-34% 11 l l a l l l l i i  p a 3 p a 6 o ~ a r l b l  I1 IlCC.lCJOB~llb1 p a 3 ~ I I I Y l l b l e  ~ 1 1 0 ~ 0 6 b l  nl)OilO.lb- 

: ~ ~ B I I C R T  OT n o n o x e H I I ?  p a 3 i 1 c ~ 7 ~ 1 o ~ e r o  n p o n y c K a  r r  npo@r~.lepaa~rc- uoro p a 3 a e a e 1 1 1 1 ~  b r l l o ro l r r rTov l cb r s  p a c K a T o o .  B n e p a ~ ~ e  no.qyeeu 
pa. Pa3nene~ne pac~aTa B n p o ~ e ~ w o s ~ o i i  rpynne ~nerefi no cpaa- ~ t a ~ e h i a ~ u s e c ~ r r e  ~ o n e . r ~ l r  onpenene~r r~  o n - r r - r ~ a n b s b ~ x  p a s h i e -  

HetIHlO C ' 1 ~ ~ ~ 0 ~ 0 ~  h f e H e e  ~ @ $ J ~ K T H B H O  no y n e l l b H b l h l 3 H e p r O 3 a T p a -  pOB I I epeMbl ' I eK  I1 @0pa lb1  COBhleUeHHLlX 3arOTOBOK, KOTOPbIe no- 
'ia31 ( H a  4-7%). K p o h t e  TOrO, O p r a H H 3 a U l I R  I ~ B v x H ~ ~ I T O ~ H O ~  UpOKaTKil  3BO.rIflloT ~ p O 4 l 3 B o ~ l l T L  I l pOeKTl lpOBaHl l e  11 n p O r l l O 3 l l p O B a H l l e  TeX- 

I; YeTb1,lpeX KJIeTHX Y H C T O B O ~ ~  r p y n n b l  C '4epeAylOUUhlUCR TOPH3OH- HOJIOIUU H K ~ L ~ H ~ P O B O K  BXIKOB A.qR Pa3.rIlIYHLIX y c n 0 B b l f i  I lpOKaT- 

TanLHblMU H BePTHKanbHblh iH  KneTIIMH YCnOH(HReT pa60-ry CTaHa.  HbIX CTaHOB. 

!I, H ~ K O H ~ U ,  I I ~ M ~ H ~ H ~ I ~  n o n o x e ~ u ~  ~ b ~ n y c ~ a l o u e r o  npoxona npn- B n e p a ~ l e ~ p e s p y r ~ e ~ a ~  n p o ~ a ~ ~ a - p a 3 n e n e 1 1 ~ 1 e  K B W ~ ~ T H O G  sa- 
:<OAHT K H ~ O ~ X O I I U M O C T U  CYIUeCTBeHHOrO M3MeHeHMR CKOpOCTHOrO TOTOBKI? 113 ~ ~ I H ) M O B  6 b 1 n a  OCBOeHa H a  J ~ M H ~ ~ ~ H O M  KpyIIHOCOpTHOM 

l ? e X H M a  B C O O T B ~ T C T B Y I O U ~ ~ ~  KneTH,  q T O  M O X e T  C ~ O C O ~ C T B O B ~ T ~  ne- CTaHe  850 OAO " M ~ K ~ ~ B c K u ~ ~  ~ e ~ ~ . ~ y p r H ~ e ~ ~ H f i  K O ~ ~ ~ U H ~ T " ,  a 
perpys~e npaaona. B T o p u s H o e  o ~ a n ~ ~ o o 6 p a 3 0 ~ a ~ w e  npa u c r r o n b -  n s y x p y q b e s a n  n p o ~ a ~ ~ a - p a 3 ~ e n e ~ u e  ~sanpa r~of i  ~ ~ ~ O T O B K M  ~3 6n10- 
3OBaHHM ~ ~ 0 r 0 p ) ' Y b e ~ o f i  npOKaTKH-pa3AeJIeHHR n p c l  ~ O C T O R H H O ~ ~  hlOB -Ha  J I H H e ~ H 0 h l  CTaHe  T o r 0  ~ o b 1 6 u r r a ~ a .  ~ ~ O C T H ~ H ) ' T O  IIOBblUIe- 

K1)aTHOCTA C H H W e T C R  H a  61-62% He3aBUClIMO OT n p o @ ~ J I e p a 3 M e p a  H u e  npOU3BOAHTenbHOCTH CTaHOB H a  10-15%. ~ T U  I l e p B b l e  UCCJIeAO- 

>i ~ O ~ O X ~ H M R  P ~ ~ A ~ J I H I O U ~ ~ O  ~ P O ~ Y C K ~ .  BaHHH B n e p B b l e  B M H p e  nO3BOnHJIH YCTaHOBHTb npHHUUl lHanbHYIO 

P a c ' f e T b l  nOKa3WIH,  ' IT0  I IPH I l e p e H O C e  M H O ~ O ~ Y Y ~ ~ B O ~ ~  np0- B03MOXHOCTb M ~ @ @ ~ K T A B H O C T ~  HOBOF0 cnoc06a IlpOKaTKM-pa3Ae-  

x a ~ ~ a - p a 3 n e n e ~ ~ ~  B n p a B y m  s e c T o a y r o  HHTKY, K;leTH K O T O P O ~ ~  pac- neaen, YTO coanano T e x H w s e c K y m  H n c u x o n o m n e c K y m  6my nnx 
n o n o m e H b l 6 n ~ x e  K npo~exy.rosaofi, x a p a K T e p  M ~ M ~ H ~ H H H  no~a3a- n a n b a e f i m e r o  B b r n o n H e H u H  pa6o.r H uccneno~a~ufi .  
renefi ~ @ @ ~ K T H B H O C T H  HH KaYeCTBeHHO, HH KOnH'leCTBeHHO H e  H3-  T e x ~ o n o r u ~  T P ~ x P ) " ~ ~ ~ B O ~  I I P O K ~ T K M - P ~ ~ A ~ ~ ~ H H H  c n o ~ a n t r -  

MeHReTCR. 3 a u H e f i  3 0 H b l  @ H ~ H K O X H M H ' ~ ~ C K O ~ ~  HeOAHOpOAHOCTH B cpen~efi 3a- 
B pe3yJIbTaTe npOBeAeHHblX ~ c c n e n o ~ a ~ w f i  OTMeYeHbI A B a  @aK- rOTOBKe 66118 OCBOeHa B 1986r. H a  O ~ X U M H O - ~ ~ ~ O T O B O ~ H O M  CTaHe  

Ta :  n p H M e H e H H e  npOUeCCa  ~ H o r o p y ' l b e ~ ~ f i  I l pOKaTKH-pa3AeneHHR 950/900 OAO AM3 COBMeCTHO C H e n p e p b I B H b I h t  J IUTbeM GTHTKOB 

~ @ @ ~ K T ~ B H O  H er0 uenecoo6pa3~ee BCerO n p H M e H H T b  B ~ U C T O B O ~ ~  n p H ~ 0 y r 0 n b h 0 r 0  CeYeHHH I I p H  npOH3BOACTBe IIOAIIIHnHMKOBbIX CTa- 

rpynne ~ n e ~ e f i .  nefi, YTO 3 H a V R T e n b H O  PaCIUHplIJIO COpTaMeHT MHA3. 



Asyxpyvbee~ n p o ~ a ~ ~ a - p m n e n e ~ a e  b ~ ~ n a  p e m u 3 o ~ a ~ a  H a  me-. 
AyIOUUX MenKOCOPTHblX CTaHaX: 

- 300/280 O ~ ~ ~ T H U H C K O ~ O  M ~ T ~ ~ ~ ~ ~ I u Y ~ c K o ~ o , ~ ~ B o A ~ ;  

- 250 H n x ~ e -  Cepre~c~oro  MeTannyprenecKoro sa~ona;,..., 

- 280 OAO " E H ~ K H ~ B C K W ~  M~T~JIJXY~~UY~CKM# 3aB0nn. 

Hasa~an  c .I985 r. AoHHTY, npn amaBHoM r i a c ~ a u  HUO 
"AOHUKC" O C ~ ~ ~ C T B ~ ~ ~ T C I I  pa3pa60TKa, u c c n e n o ~ a ~ u e  a ocBoeeue 
TexHonoraa nnyxpylrbe~oii npKaTKwpa3neneHrn H a  ocHose ~osb1.x 

cnoco6oa npojtonb~oro-'pa3nue~fifl pacKaTa B npoKaTHblx 

H a  BbICOKOnpOU3BOAUTenbHblX, HellpepbIBHblX ~ ~ ~ ~ K O C O ~ T H ~ I X  cT~-, 

HaX K ~ I I B O ~ O X C K O ~ O ' ~ O C ~ ~ ~ ~ C T B ~ H H O ~ O  rOpH0-MeTmnyprUYeCKOrO. 

K O M ~ H H ~ T ~  " K ~ u B o ~ o ~ c T ~ ~ " .  Tex~onorm AByxpyqbeB08 IfpOKaT- 

~ a - p a 3 n e n e ~ a ~  peanasona~a H a  c~aeax: 
- 250-1 npM npOU3BOACTBe apMaTYpHOr0 npo@anR N8; : 

- 250-3 npU npOu3BOACTBe apMaTypHOr0 npO@lmR N910; 

- 250-4 npu npoa3aonc~ee apMa-rypaoro npo@an~ N212. 
Y C T ~ H O B ~ ~ H O  YBenUYeHMe ~pOFi3BOnbiTCTbHOCTki CTaHOB ,Ha 

30%, C H H x e H A e  yAe.lrbHblX 3HeprO3aTpaT Ha 20-30%, yAenbH0r0 paC- 
xoaa s a n ~ o e  H a  20-30%, ynenbHoro pacxona ycnoeHoro TonnasaHa 

10-30%, yMeHbUIeH0 O K ~ J I H H O O ~ ~ ~ ~ O B ~ H H ~ .  h ' f a ~ p o C T p y ~ w  M~TWI- 

na B nonepeqHbIx CeseHwRx npoMemyosHbrx pacKaroa u ro-roeblx 

apMa7ypHblx npo@aneii, nonylreaeblx no ~ o ~ o i i  TexHonoruu xapalc- 
TePkiJYIOTCII nnOTHblM CTpOeHHeM. Me~aHbiYeC~iie CBO%CTB~ rOT0- 

BOrO npOKaTa, nOnYYeHHOr0 O A H O ~ Y ~ L ~ B O ~ ~  ~ ~ O K ~ T K O ~  U ZBYXPyYb- 

€!Boa ~ ~ O K ~ T K O ~  pa3neneHUeM 6 n a 3 ~ a  Apvr K lpvl?' A COOTB~TCTBY- 

IOT T P ~ ~ O B ~ H M I I M  H O P M ~ T A B H O - T ~ X H W ' I ~ C K O ~ ~  IOK?'SIeHTaUAU. 

MHCTHTYTOM Y ~ P H O ~  hleT~~.'lpp~IIli ~11.3.M. HeKpacoBa HAH 
YKpallHbl pa3pa60~aH, MCCneAOBaH if OCBOeH npOUeCC IIpOKaTKlt- 

pa3AeJleHkiR npM npOki3BOACTBe KaTaHKIi Ha HeUpepblBHOM npOB0- 

.ioq~ioal cTaHc 250 OAO "E~a~lleectilrii sle~a:l . lypnlqec~~~ii  aauod". 

O C O ~ ~ H H O C T ~ ~  npouecca Rsnr re rcR pa3ne.leHIte pacm-ra B vepHo- 
~ o i i  rppnne ~aere i i  c IIORIOULIO C ~ C U I I ~ . I ~ H O ~ O  ~~C@O~\IIIP~K)UIC'-;IL'- 

.i~rre.-~brioro yc~pofic~sa.  B ne@opscrlp!.olue-~e:~~~~e.ib~o\~ yr~po i i -  
cTBe 3a cYeT I I C ~ O . ~ I ~ ~ O B ~ H U I ~  peaepsa cr1.i ~ p c x r w  B oxrare ne4ophta- 

UIII I  npc~~r;[yuleii n p o ~ a ~ ~ i o i i  K,ieTlr O C ~ : U F C T B . ~ R ~ T C I I  ,IU~O.XHIIT~.TL- 

[roe +oparo~rahre~c~rte C C ~ C H I I R  pacKaTa r r  cro npJo.ibHne pa3ne.ie- 

HHe  B .11IHIIII CTalIa Ges AO~O.lHl1TC.7bHOrO paCXO.la 3Hepl3tIl. nepc- 
ROC ' I ~ C T I I  o6uefi n e + o p ~ a u ~ r r ~  5leTa.l.ia B Hellplleorrbroe ~ C T ~ O ~ ~ C T -  

130 1103BO;IR~T IIORl~l('llTh (.TOI"IKOCT~ ~ ~ ) O ~ . \ I I I I ) ~ X O : ; ~ I ! X  Ka.7lli)~O~ 11 [)aR- 
JC.7liTe.7LHblX 1)0.111k.OU ~~@o~)~~II~~K)uIc'-.~c..~;!Tc.~LHoFo !'CT~O~'ICTBB, 

a TaKxe co:jaaearL B xiecTe pa3,1e.:lex11~ Ilepevbr.ttiy rleoSxoa~rhloii 
~ ~ l l ( ~ l l l ~ ~ a l l l l l l  11 TO.1IUIlHLI. P ~ : ~ ~ ) . ~ ~ ~ T ~ H I I J H  TeTbIO.:OrlIR flO:1UO.lH- 

L eT YBt'nHYWI'b CeYeHkie H C X O A H O ~  3aTOTOBKEi, YTO O C O ~ ~ H H O  aKTy- 

mbeo B C B R ~ A  c nyCKOM H a  OAO EM3 MHlI3, a npa  TOM CHH- 
' ' 

3MTb.nOYTU. Ha .15% PaCXOA 3HeprHH H a  IlpOKaTKy. 

: ( T ~ x H o ~ o ~ T ~ I  npOKaTKIi-pa3AWIeHHS?, pa3pa60TaH~aR B MqM, . . 
peaJIki3OBaHa Ha HenpepbIBHblX MWIKOCOpTHblX CTaHaX 3ancw6~er- 

' ' . K O M ~ A H ~ T ~  , 1.1 MWTKOCOPTHO-nPOBOn0YHbIX CTaHaX 320/150 k n o -  
pycckoro n ~ o n n a ~ c ~ o r o  MerannyprusecKux J~BOAOB.  

B .MYM pa3pa60~aHb1 Tame npennomeHwrr no opra~a3auaw 

npouecca npo~ar~u-pawene~arr  H a  c-raae 550 OAO " A ~ e n p o n e ~ -  
p o ~ c ~ u i i ~ e ~ m n y p r ~ ~ e c ~ a i i   BOA MM. ~T~TPOBCKO~O" npa npoas- 
BOACTBe YmOBbIX U apMaTypHbIX ITpo@~ne8. 

MqM, HnO "AOHIIKC~ ki AoHHTY npeAnoxeH0 npMMeHXTb 

~ ~ O U ~ C C  npOKaTKH-pa3AeneHU9 npcl PeKOHCTpyrtUUU MenKOCOpTHblX 

R nPOBOnOYHblX CTIHOB, YTO n03BOnReT UCnOnb30BaTb Ha CTaHe 38- 

rOTOBKII 60JIbUIer0 CeYeHHR II MaCCbl C MMHUM&llbHbIMIl3aTpaTaMH. 

T ~ K U M  O ~ P ~ ~ O M ,  pa3pa60TaH naKeT T ~ X H O ~ O ~ H ~ ~  npOH3BOACTBa 

cop~o~of i  3arOTOBKU Ha HenpepbIBHbIX, ~ U H ~ # H ~ I X  H PeBepCHBHblX 

CTaHaK COpTOBbIX npo@meii H a  HenpepbIBHbIX, IIOnyHenpepbIBHbIX, 

ntrHe8Hblx A ApylXX TAnaX CTaHOB U3 PRAOBbIX, HH3KOneTHPOBaH- 

HbIX U nerHpOBaHHblX MapOK CTmH. ~ ~ O U ~ C C  IlPOKaTKU-pa3AMe- 

HRR RBnReTCR ~ O C T O R H H O ~  T ~ x H o ~ o ~ T ~ ~  IIPOU3BOACTBa aPMaTYP- 

HbIX npo@ane8 Ha-CTatIax 250-1, 250-3 ki 250-4 K K M K  "Kpaeo- 

p0~CTZlJlb". no  3 ~ 0 8  TeXHOJIOTMII Ha 1 RHBaPR 2003r. npOKaTaH0 

.. , .. , bonee 8 MJIH. T apMaTYpAbIX npo@~neii .  ~ K O H O M W Y ~ C K U ~ ~  3@@eKT 
.,: no KITMK "Kpa~opoxc~anb" 3a rOAb1 npHMeHeHMR npouecca npo- 

~ a ~ ~ a - p a 3 n e n e ~ a ~  (1995-2002) cocrannn 87,7 MnH. rpuseH. . . 
Pa3pa60~a~a  nporpahma pacmwpesriR BHenpeHriR pecypcoc- 

; beperaroqero npouecca ~ ~ O K ~ T K M - ~ ~ ~ ~ ~ J I ~ H M R  H a  npoKaTHLrs cra- 
Hax A o ~ e u ~ o i i  w A H ~ ~ ~ o ~ ~ T ~ o B C K O ~ ~  obnacreii H a  nepnorr 2003- 
2005r.r. 

Ha T ~ X H O ~ O ~ U K ,  B UenOM, ee 3JIeMeHTbl 11 ~ C T ~ O ~ ~ C T B ~  ee 0kC- 

newlBaroultle Iro:r!rqeHo OKO:IO 200 ~ B T O ~ C R I I S  CBII;ICTC.~LCTB 1 1  rra- 
Telrron CCCP, Y K ~ ~ I I H ~ I ,  GC.-IOI)~CCIIII, B C . T I I K O ~ P L I T ~ I I I ~ I L  K a i ~ x ! .  

Arlueaal~ri Ira npaBo I I C ~ O . ~ , ~ O B ~ I ~ I I R  aeyxpyq~esoii npO~a~Kll-p~3- 

ac.icarrn npoaaHLl B r e p ~ l a ~ ~ ~ ~ ,  11 Ky6y. 
, I ' ~ ~ ~ . - I I , T ~ T I , I  Tcopc-rlrsccKlrs 11 ~ ~ ) O ~ I I ~ I I I I . ~ C I I I I L I S  I I C C : I ~ ~ O B ~ H I I ~ ~  

I . I O C B O ~ I I I I ~  llpouecca xlrtoropy~beooil npo~ar~11-pa3ne.ie~1rn npc.~- 
c-raa.:lcril,l B Tpes voeorpa+rtas I I  60.1ee, .re11 s 100 nr.raT1lblx pa60- 
TnS, of icyx,~e~~,r  H a  rrayIlH0-TCSHII1lOCKIIS ~ O t l f ~ ~ ~ ' ~ ? l l l ~ l ~ ~ ~ .  Ce\llfHa- 

pas, C ~ B ~ U I ~ H I I H S ,  COCTOHULUIIXCH u Y ~ p a ~ l t ~ e .  POCCIIII, l 'el)\lau~~~r, 

T ~ ~ U I I I I ,  UIseu~l~l.  
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