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CHCTEMA C H I P A  H OBPAE3OTIUI HHWPMAI&lH 



B m e p n o f i  meprernKe y n e n ~ e ~ c ~  oco6oe BnnMmne uccneno~amma 
paJ@W@fo~Iiofi CTO~~KOCTH MaTepHWIOB H npt3KAe BCerO HX MeXaHHlIeCKHM 

CBO~~CI'B~M. ~ P H  3TOM C B O ~ ~ C T B ~  06nyqenm.1~ Mt?TWIJIOB H3vaK)TCR XI0 nm- 
HbIM KpaTKOBPeMeIiI-IbIX H c K l M T d  Ha  PaCTFIXCeHHe C ~ O C ~ Y ) R H H O ~ ~  CKO- 

POCTblo nel$OpM~poBaIUiR. B 3TOM CJIyPBe H3MePReTCR HaIIpJDKeHSie KaK 

@YHKUHR n e @ o p ~ a w i n  u = f (c) . K p o ~ e  mro, npH ~cnarraxumx MaTepHanoB 
perncrpnpye~c~ H npyrm r n @ o p ~ a r p i r r :  nnomocTb noToKa n a c m ,  nosa 
06nyqem, TentnepaTypa o6pmuo~. 

b y " I W 3  H3MMenHe llaEapaMeTpOB 3- ~ ~ Q H C H M O C T ~ ~ ~  OT yCJI0BSd 06JIy- 
qenm H H C I I ~ X T B H ~ ,  MOXHO nonylarrb r n @ p ~ a m w  o xapamepe npoueccoe, 
llpOHCX0-X Ha  MHKPOYPOBHe B HCCJIenYeMQM MaTepHWIe. 

P e r u c r p a u ~ ~ ~  namm Ha HcnmaTenanwx ~aurmax I I ~ O H ~ B O ~ C R ,  

K ~ K  npaemo, c n o M o I 4 b m  c a ~ o m c u p .  n o c ~ o n b ~ y  pywm 0 6 p d o ~ ~ a  
IIOJryeHHhIX 3aBUCSiMoC?& npenCTaBJWeT C O * ~  BecbMa TpynOeMKylO 3Wa- 
w, B03HHKaeT H ~ O ~ X O ~ M O C T ~  ~ 8 3 p a 6 0 ~ 0 ~  BBTOMaTH3~OBBHHbIX CHCTeM 

c60pa H 0 6 p a 6 0 ~ ~ ~  ~ 1 - h  /I/.  
B nac~o~rueii pa6o~e omcmaeTcR ~ B T O M ~ T H ~ H ~ ~ B ~ H H ~  CucreMa 

chpa,  H a K o n n e m  H 0 6 p a 6 0 ~ ~ ~  H H @ ~ P M ~ W U ,  nonyqae~oii B xone sKcne- 
pnMenma no H I ~ ~ H H K )  Mexmmecmx CBO~~CTB 0 6 n y e ~ ~ u x  MeTannoB. 

Pacc~a?pmae~m csicreMa C O C ~ H T  ~3 ucnma~enb~oii  MawnHbI 

I N S T R O N - 1 1 2 1  H pmpa6o~an~oro H3MePHTenbHOrO @ H ~ H P ~ C K O ~ O  M o n y n R  
Ha h e  M H K P O ~ B M  M E R A - 6 0 / 4 6 ,  armapaTypb1 B c m a a p e  KAMAK H 

npobremo-op~~~~po~annoro  nporpaMMHoro 06eCnmenm "PUIIC". 
B n o ~ c x e ~ a  s~oii  C H ~ M ~ I  npenmamena ~a puc.1. no H& M O ~ O  

B 061ue~ BHne npocnerurra sa s ~ a n a m  us~epenm,  HaKonnenm H npensa- 
p u ~ e n a ~ o k  06pa60~m p e r u c ? p n p y e ~ o f i  HH@PMBLMH. 

A n a n o r o a ~ e  CHlWaJIbI C BbIXOnOB naTnHKOB H ~ l l b t T a ~ e J I b ~ ~ f i  MaIUHHbI, 

ycrpoiicr~ mamomm WKOB HOHOB (0) H ~ J I O K ~  KOHTPOJIR TeMnepa- 
VpbI 0 6 ~ 8 3 ~ 0 ~  (T) npMCTaBJwoT ~ 0 6 o f i  MeJUlt3IHO MeHRIolUHeCR HanpR- 

XC-. k BMIIJlHTYnbI HBXOMTCR B mBnB30He 0' f 0 B, a MaKCHMWIbHm 

c ~ o p m  H ~ M ~ H ~ H H R  10 B 3a 10-I C. 

b ~ e p e n u e  s ~ a n e n n i i  a M m y n  cumanoa H HX spe~ennoii 3 8 8 ~ ~ ~ -  

M ~ H  0 6 e c n ~ a e ~ ~ ~  I ~ - ~ ~ ~ R J X W S M  AUn mmerptipywruero H T a t h e -  
p o ~ .  Towocrb npeo6p830~mm BHMOFOB~IX C H M ~ ~ O B  COCTBBJIR~T 0,05%, 
a mTerpanbiian norpeuurocrb umepenm speMenHoro mTepsana H e  60nee 
0,1%. M u ~ ~ ~ a n b ~ b r i i  s p e ~ e n n o f i  mar Memy nocnenoeaTenanbIm ~ 3 ~ e -  
~ ~ H H F I M H  puten 0,l C. ,Ibmb~e H ~ K ~ ~ J I U B ~ K J T C R  B 6yNpe 3 B M  B pemMe 
n p e p b m w n g .  E ~ ~ o c r a  6 y e p a  ~ ~ H H ~ I X  cocrmmeT 4 K c n o ~ .  

3 t l h - d t S V  
@ 0 6 w a m e ~ i r  mcnrryr  ~ " H ? s J ~ % * Q "  1988 f I 1 

6&5W!STEH,+ 



o6pa3uo~; 
2) nHa.JIOr ( H H T ~ ~ ~ K T H B H O ~  ~ 3 t l k i M o n e f i c T E ~ e )  3KCnepHMeHTaTOpa C 3BM; 
3) 3KCrIPeCCHOe w306pame~ue W H @ O P M ~ ~  H a  3KPSLHe @iCllJIeH; 

4) nHaTHOCTZiKY p a 6 0 T b 1  CHCTeMbI; 

5) npenBapHTC?JIbHyH, 0 6 p a 6 0 ~ ~ y  H a I C a n J I I i ~ a e ~ o f i  U H @ O ~ M ~ ~ ~ H .  

h r 0 p H T M  06pa6o~m AWHbIX KPaTKO 0lTIiCaI-I HkDKe. 

K ~ K  W3BeCTH0, B 3aBkiCkiMOCTU OT T U n a  ~ p H c T a n n m W ~ 0 f i  p e U e T K k i ,  

a TaKXCe OT CTPYKTYPHOrO COCTORHWl MaTepUaJIa  ki ~ U I O B ~  HCnbITaHKH 

W a T p a M M b I  ' ~ a n p ~ x e ~ a e  - n e e o p ~ a u m  ~ ~ J I C I T C C I  H a  nsa T w n a  I*'. &CI 

n e p B o r o  mna x a p a m e p e H  ~ a ~ ~ b ~ f i  nepexon OT yrrpyrofi ne@op~aum 

I A @ o p ~ w m  A ~ P M W ~  
I 

Ptrc.2. Jwpa.umbr narrpmaye - de@pmayuu (cxema). 0 6 0 ~ m e n u u  e TeKcTe. 

I 
K ~ ~ J I ~ c T H ¶ W K O ~ ~  (~uc.!&), m l 3  BTOpOrO T H n a  ~ a 6 n m n a e ~ c ~  T a K  H a 3 b w a e M b r i i  

I "3~6" TeKY¶eCTH ( P W C , ~ ~ ) .  B 3aEUCWMOCTH OT  ma W W p a M M b I  Ei Bb16wpa- 

p e m M  0 6 p a 6 o ~ ~ u  i m @ o p ~ ~ & i ~ .  
IIPH  TOM o n p a q r n ~ c ~  cnenymwe n a p a M e T p b r  (pwc.2 a, 6) : 1 ow - Ilpenen IlpOIlOpLiHOHaJIbHOCTH; 

2) uO2 - ycnosmm npaen  T e K y u e c m  ( m ~  W a r p a M M  n e p B o r o  ~wm) ; 
3) a,,, - sepmnii npenen T e K y s e c m  (WH n ~ a r p a ~ ~  B T o p o r o  ~wm) ; 
4) a,,, - HH)KIIW~~ n p e n W I  T e K v W T H  ( m l 3  A U W p a M M  BTOPOrO T H m )  ; 
5) On, - WenW ~$%vHoCTW, COOTB~TCTBYH)I~(H~~ HaIlpRXeHHH) HaH60JIbUlefi 

H W P Y ~ K U ,  n p e , a ~ e c ~ ~ y m u e f i  p a 3 p y ~ l e ~ n m  06pa3ua; 
6 )  an - H a n p m c e H u e  p a 3 p y m e H m  06pa3ua; 
7) f p  - PaEHOMepHOe OTHOCUTWbHOe YJiJIHHWlie, T.e. OTHOUleHHe a6m- 

n m T H O r 0  YJlJIHHeHWl 06pmua A 0  0 6 p a 3 0 ~ a ~ n ~  U l e f i ~ k i  K er0 HasaJIbHofi  

Anme; 
8 )  e n  - o614ee OTHOCUTWIbHOe Y ~ U H e I - l H e ,  T.e. OTHOUleHwe a6conlo~~oro 

YAnHHWHR o6pa3ua K ero HaUJTbHofi  WIUHe; 

9) a a2 - K O ~ @ @ H ~ ~ H T ~ I ,  OfUICbIB(IIOmIIe A I I W p a M M y  B H a q a n b ~ o f i  06- 
naCTH l l J I ~ ~ T l i W X K o f i  A @ o ~ M ~ ~ ~ I H ,  (npu o ~ c y ~ c ~ s u ~  "3y6a" T ~ K ~ W T U )  

B npewonoxceiuin, ¶TO ~ ~ B ~ C W M O C T ~  a ( € )  w M e m  aenymmf i  BW: 

npki 0 6 p a 6 0 T K e  n k I a r p a M M  B a r n 0  KOppeKTHO OrIPeAWUTb T W r e H C  

yrna H a K n o H a  n p R M o n m e f i ~ o r o  y q a c T K a  w ero rpmnlsbr. I I o u c ~  nsaefiaofi 
06nacrw IlpOXOJJliT B ABa 3 T m .  



Ha n e p B 0 M  3 T m e  rpy6o orpa- 
HIluHBaeTCH o 6 n a c ~ b  n o H c K a .  T 0 q k  

m H m B ~ I ~ U P ~ T C H  B KarIeCTBe 

rpaxiaq nmeiisoii 06nac~a,  ecnu 
JJJIH HUX BbIlTOJTHHIOTCR YCJIOBUH 

A@OPM~UUU ~ a f i n m ~ o e  s ~ a s e ~ u e  yrna ~ a ~ n o ~ a  
K ~ C ~ T W ~ H O ~ ~  ( p H c . 3 ) .  

Ha BTOPOM 3~ane  YTO'IHH~TCH 3 ~ a r l e ~ u e  t g ( a O )  , p a B H o e  d o  / d c  H a  

~ H H ~ ~ ~ H O M  V a C T K e ,  H HCXOnH H3 ITOJImeHHOrO 3 H a q e H w l  H a X O m T C R  TPaHHUbl 

n u ~ e h o r o  ysacma. llpu  TOM ~ a x n o i i  i-ii T o w e  pmee o n p e n e n e H H o r o  

YllaCTKa CTaBHTCH B COOTBeTCTBHe 3HaqeHHe 

me 2 ( n  + 1 )  - ruar nu++epwuuposmm, Ac - o m o c u T e n b H o e  y w u -  
H e W e  o6pa3ua 3a B p e M H  M e X A y  D Y M H  ~OCJIeAOBaTeJIbHbIMH H3MepeHHHMH, 

nocromwoe B T a m u e  B c e r o  u c n b r T m m .  &IH H a x o x n e H m  n p o m ~ o x ~ o i i  
( d u  / d c  )l , C O O T E J ~ T C T B ~ I O ~ ~ ~ ~  n U H e h 0 M y  P a C T K y ,  IYpOBOAHTCH aHZ3Jln3 

p a c n p e n e n e H m  ( d u / d c )  . O n p e n e n m o ~ c f f  C Y M M ~ I  S j  ( j = 1, ..., 1 0 )  : 

1, ( j + 9 )  . D / 2 0 . < ( d o / d ~ ) ~  < ( f  + l o )  D / 2 0 ;  
me bi = 

0 ,  ( j + 9 ) . D / f # ) > ( Q / d c ) i m w  ( j + l O ) - D / 2 0 < ( d ~ / d c ) ~ ;  
a D  - ~ a ~ c u ~ a n b ~ o e  s ~ a q e ~ u e  ( d o /  d c )  . 3 ~ a q e ~ u e  S = S,, CWTB- 

eTCR COOTBeTCTByIoI4iM n U H e h 0 f i  o6nacm. 3 n W b  HCnOJIb3yeTCR TOT @am, 
a o  ( d o / d c )  M a K c n M a n b H o  H a  n m e h o ~  W a c r K e .  Torna s H a r e H u e  npoa3- 
BOZWO~~, C O O T B ~ T C T I ~ ~ I ~ ~ ~ ~  JIHH~~%HoMY W a C T K y ,  p a B H 0  

( d u / d c )  = S /N , max 
me N - WCJIO nPOM3BOAHbIX, naBUlHX B K n W  B S 

nanee lTpOH3BOP,UTCH YTOqHeHHe r p a H U 4  n U H e h 0 r 0  JWaCTKa A H W p a M -  

M ~ I .  npu   TOM n m e i i ~ m  o 6 n a c r b  o r p m n s m a e T c H  T O ~ K O ~ ~ ,  H a q m a F I  c KOTO- 

poii ycnosne ( d o /  dr)  < 0.95 . ( d u / d c )  s b r n o n m e ~ c n  p.rtn ( 2 n  + 1 )  no- 
CneAOBaTWXbHO C T O H W X  TOqeK. 

&Iff O n p e A e n w H H  tg ( a o  ) H co l lpOH3BOmTCH IIOArOHKa n p R ~ 0 f i  H a  

B ~ I ~ ~ ~ H H O M  YqaCTKe no M e T o n y  HLUiMeHbLUUX K B m p a T O B  C HCllOJIb30Ba- 

H u e M  n p o r p a M M b r  "FUMILI". 
H a r r p H x e ~ u e ,  npu K O T O ~ O M  npoucxonn~ paspyruesue o6pa3qa (ma ) , 

o n p e n e n H e T c H  u3 y c n o B u H  

me k = 10. 
Bepx~uii  ITpeneJI TeKyqeCTH uBnT 0 n p e n e n ~ e ~ c ~  K ~ K  n e p ~ b ~ f i  M ~ K C H -  

MYM nocne nmefi~oro ysacma, a ~ u m u i i  npenen T e K y s e c m  o,,, K a K  

M ~ H M Y M  nocne uBnT . 
npenen npOqHOCTH ( a  ,, ) p a B e H  MaKCHMUIbHOMY 3Ha'IeHnIo BeJ'IHYUHbl 

0 .  ( 1  + 6 )  , me 6  - llJ'tacTHqWKOe yD,rImeHHe o6pa3ua, OTHWeHHOe K Ha- 

s a n b ~ o i i  wme. 
P ~ B H O M ~ ~ H O ~  YnnHIieHHe e p  = 6  JJJIH O n ,  , H e a  = 6  JJJIH Ud . 

T o w t o e  onpenene~ue a,, , k! , " npe6ye~ n o n o n ~ u ~ e n b ~ o i i  H H @ O P M ~ ,  

H nOJIyqaeMb1e  3HaqeHHH MOrYT PaCCMaTPHBaTbCR n H U b  K a K  OPHeHTUpO- 

BO'IHbIe. 

K O H C T ~ T ~ I  a , a OnpenWXRIoTCFI n y T e M  llOArOHKH 3KCnepHMeH-  

T U b H b I X  TOlleK no M e T o n y  HWiMeHbUUX KBaApaTOB C HCnOJ53OBaHHeM np0- 
r p a ~ ~ b r  "FUMILI". 

Onwcm~oe n p o r p a M M H o e  06ecneqe~ue s m u M a e T  24Kcno~  o n e p a m ~ ~ o i i  
n a m m  3BM, c o n e p m T  40 nupemm ynpmnmm n 0 6 p a 6 0 ~ ~ u .  

C U C T ~ M ~  HaXOJXHTCR B OXI~ITHO~~ 3 K C W l y a T a U H  CO B T o P O ~ ~  llOnOBHIibI 

1987 r .  H IYpHMeHHeTCH B 3KCnepHMeHTaX no H3Y'leHHKJ PWHaUUOHHOrO 

Y n p O W i W W I  MeTanJIOB, 0 6 n y q e ~ ~ b 1 ~  BbICOKO3HepreTHYHbrMII T R X e n b l M H  

HOHaMH. 
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