


npki 3KCnepUMeHTaJIbHOM MOneJIHpOBaHPiH p a 6 0 ~ b 1  CBep~pOBOp,fIII&iX 

MarHUTOB B YCnOBARX UMnYnbCHbIX 3 H e p r o ~ b I n e J I e ~ P i f i  ~au6onee ll lUpOKOe 

p a c n p o c T p a H e H u e  nonywna nsa T u n a  a K c n e p u M e H T a n b H b I x  06pa3qo~. B nep- 
BOM cnysae a c n o n b s y e ~ c ~  ~ o ~ o n p o ~ o n ~ I I & i i i  M a T e p u a n  c c o n p o T u s n e H u e M ,  

MaJIO 3aBHCRLl@iM OT T e M n e p a T y p b l  (T) " I .  T e M l I e p a ~ y p a  llOBepXHOCTki On- 

p e n e n R e T c R  c I I O M O ~ H )  n p u K p e n n e H H b r x  K ~ e k  n a T W K o B .  BO BTOPOM cnysae 
MaTepMaJI ~enJIo~bIAenflIoI& llOBepXHOCTkI o6passa o6naaae~ CyWeCTBeHHO 

3aBkICRII&iM OT T COnpOTUBJIeHMeM, s T 0  MOXeT HCnOnb30BaTbCR A n R  OnHOBpe- 

MeHHOrO U3MepeHEIR T llOBePXHOCTki. ~ P H  UCCnenOBaHHRX np0UeCCOB TelTJIO- 

nepenasu B K a s e c T B e  n a p a M e T p a  o6b1w-10 u c n o n b 3 y e ~ c ~  MOWOCT~,  ~ O ~ T O M Y  

T ~ ~ ~ O B ~ H H R  K Y C T P O ~ ~ C T B ~ M  llkiTaHHR ~ a r p e ~ a ~ e n e f i  3THX n B y X  TUnOB o6pa3- 
UOB COOTBeTCTBeHHO ~ Y ~ Y T  OTnHsaTbCR A P Y r  OT npyra. n e p B Q M  BapHaHTe 

n o c T o R H c T B o  M O ~ O C T H ,  ~ b ~ n e n ~ e ~ o f i  B H a r p e s a T e n e ,  n o c r u r a e T c R  u c n o n b s o -  

BaHAeM CTaHAapTHbIX YCTPO~~CTB nHTaHHR CO c ~ a 6 u n u ~ ~ ~ f i  TOKZL HnA HanpR-  

XeHUR B H a r P Y 3 K e .  BO BTOPOM BapkiaHTe, C YseTOM 3aBki4kiMOCTJ3 COnPOTMB- 

JIeHUR H a r p e B a T e n f I  OT T e M n e p a T y p b I ,  IIOCTORHCTBO MOWOCTM HQJIXHO o6ec- 
IIesMBaTbCR lIpkiMeHeHUeM ~ C T ~ O ~ C T B ~  nUTaHHR CO c~a6m~i3wuefi MOWOCTEl 

B ~ a r p y 3 ~ e .  
B A ~ H H O ~  pa6o~e o n u c b m a e T c R  y c u n u T e n b  MOrrViGCTH (YM) , ~ x o n ~ w f i  

B HOACUCTeMY nHTaHUR 3KCnepPiMeHTaJIbHOrO 06pa3ua1' I ,  npMMeHReMOr0 

n n R  u c c n e n o B a H u R  ~ e c ~ a q u o ~ a p ~ o k  T e n n o n e p e n a s u  K H O P M ~ J I ~ H O M Y  u 
C B e p X T e K y s e M y  I'eJIkiIo npki UMnyJIbCHbIX TenJIOBbIX H a r p y 3 K a X .  

B 3aBUCUMOCTA OT ~ o c T ~ B ~ ~ H H o ~ ~  3WaW ~ K C ~ ~ ~ U M ~ H T ~ J I ~ H ~ ~  06paseq 
MOXeT C O n e p X a T b  OT OAHOrO DO LUeCTU raJIbBaHAlIeCKH pa3BR3aHHbIX TelTJIO- 

BbmenRIoII&iX a n e M e H T o B  (TB3) I' I. TB3 U3rOTOBJIeHbI B B m e  TOHKHX me- 
HOK U3 ymepona, KOTOpbIe UCllOJlb3yIoTCR B KaseCTBe MaJIOHHepLlUOHHbIX 

~ a r p e ~ a ~ e n e k .  B e n u w ~ a  c o n p o T m n e H u R  TB3 x a p a ~ ~ e p a 3 y e ~  T e M n e p a T y p y  

n o B e p x H o c T u .  B p a 6 o s e ~  nnanaso~e T e M n e p a T y p  c o n p o T u m e c r a e  TB3 MeHR- 

eTcR OT 6 no 1 KOM (npa p o c T e  T e M n e p a T y p b I  c o n p o T u s n e H u e  naaam) , spe- 
MR ~ e n n o ~ o i i  p e a K s u u  M e H e e  100 HC. Akiana30~ y n e n b ~ o k  MOLUHOCTU, sbme- 



J U I e ~ o f i  C e w  nOBepXHOCTU TB3, H a x o m c s  B Wenenax OT 100 A 0  

60000 B T / M ~  '2'. C YqmOM pa3MepOB ~ e n r r o s b l n e n m m e i i  nosepxHOcTH 

HYXHO, w06b1 YM 06~ne-an. Ha  ~ a r p y s ~ e  HanproIceHue no 200 B c MaKCH- 

~aJIbEI0fi  MOWOCTbH) OKOnO 40 BT. &If3 llpOBeneHHR ~ O J I ~ I I I U H C T E ~  3KCnepU- 

MeHTOB T P ~ ~ Y ~ T C R  M H H U M ~ b H O e  3HaqeHUe @POHTOB RMIIynbCOB MoUVIOCTH 

B TB3 - He &nee 20 MKC C WHTWIbHOCTbIO HMIIynbCOB OT 100 MKC a0 Ae- 

CRTKOB CeKyHn. H ~ C T ~ ~ ~ H O C T ~  MOWOCTH rrpH H3MeHeHHH COnpOTIlBJIeHHR 

TB3 B IIpoUeCCe H m p e B a  AOIlyCKaeTCH B HeCKOJIbKO IIpOUeHTOB. Ynpasne~ue 
YM H m M e p e H a e  C o n p o T m n e H m  TB3 nonmo o c y w e c T B m n c s  cepafmo B ~ I -  

IlyCKaeMbIMH ~ J I O K ~ M E I .  K ~ o M ~  TOrO, B YM H ~ O ~ X O W M O  IlpenYCMOTpeTb 

3a14my OT neperpy30~ c c o o ~ ~ m c ~ ~ y m w e f i  w ~ ~ a u n e f i .  

C ~ p y  KTYPH~R c x e M a  YM npencTaBneHa  Ha  p ~ c . 1 .  KOHCTPYKTHBHO YM 
BbInonHeH B M e x m u K e  c T m n a p T a  KAMAK, wo 06neruam n3ro~osne~ue  
U COBMeCTHMOCTb YM C l l p ~ ~ e H F l e ~ 0 f i  Ha KpHOreHHOM cTeHne t3  ' anllapa- 
~ypofi  B cTmnap . r e  KAMAK. 

YM COCTOUT H3 IMTH ~J IOKOB,  COe,lJHHeHHbIX U I E I H O ~ ~ ,  KOTOpaFI pacnono- 
x e H a  Ha 3amux nmensx ~JIOKOB.  Ynpasne~se pa60~ofi YM, C B R S ~  c ~ a r p y 3 -  
~ 0 f i  H C'beM CUI'HaJIOB, npOnOPIJJ3OHaJIbHbIX TQKY H HaIIpfiXeHUIO B HarPY3Ke,  

p e a n m y I o T c R  no nepeneefi naaena. YM m-rae-rcs OT c e T n  220 B, 50 rq. 
n o T p e 6 ~ 1 ~ e ~ a R  M O W O C T ~  120 BT. &Is yMem,meHwI B ~ ~ I M R  n o M e x  " 3 e ~ -  
ns" c x e M  YM ~sonsposma OT Koprryca .  YM HMee.c penuiMbI  c~a6m113aw 
MOLIVIOCTH m u  H a n p s x e H u s .  Ha ~ a r p y s ~ e  1 + 6 KOM ~rarnsoa  B ~ I X O A H ~ I X  

~ a n p s x e ~ ~ i i i  YM c o c T a s n s e T  0 + 100 B H 0 + 200 B c pa60sum 0 6 n a c ~ ~ f ~ u  

20 100 B H 100 200 B COOTBeTCTBeHHO, MaKCHMabHaR MOUJHOCTb YM 
40 BT, H ~ C T ~ ~ E Z ~ ~ H O C T ~  MOLLMOCTH < 4%. M l ; n a r ~ m b ~ a n  WmWIbHOCTb   OH- 
TOB ~ ~ r r y r n c o ~  MOLIVIOCTR He  n p e B b I u l a m  20 MKC, a B p e n u i M e  c~a6unu3auau 
HallpRXeHwR < 10 MKC. M ~ K c H M ~ J I ~ H ~ F I  AnHTenbHOCTb HMnynbCOB H e O r p m H -  

qeHa  (on~enense~cs  T o n b K o  vc- . - 
~ O B ~ M H  s ~ c n e p n ~ e ~ ~ a ) .  tuuw YM 

B n o ~  T ~ ~ H C @ O ~ M ~ T O ~ O B  

(BT) n 6 n o ~  m m w x  Harrps-  

xwufi (BnH) 06ecnesmm~ na- 
-came c x e M  n y r r p a B n e H a e  penui- 
MaMH pa&Tbl YM. rJIaBHb1fi 

y3m YM pacnonaramcs B 6 n o ~ e  
ycunu-rem MOLLMOCTH (BYM) . 
B n o K  cornacomm (BC) o6ec- Puc.1. C z p y ~ r y p n m  cxeMa ycullurmrr MOW- 

nesmam m M e p e H a e  B e n a s m b I  HOCTU. 

COnpOTUBneHMR TB3 B OTCyTCTBHe RMnynbCOB MOLLMOCTM. ~ J I o K  HarPY30K 

H 3awHTbI  (BH3) COAepXHT ~ a 6 o p  C o n p o ~ H B n e ~ u f i  a3 pa6osero Anana3OHa 

nns ~ a c ~ p o f i ~ n  H n p o B e p K u  p a 6 o ~ b 1  BYM H ~ C T ~ O ~ ~ C T B O ,  OTBeqamwee  3a 38- 

m u ~ y  YM OT n e p e r p y s o K .  

CTPYICTYPHAFI M nPMH4MnMAJIbHAR CXEMbI 

Ha pac.2 ki306pame~a C T P Y K T Y P H ~  c x e M a  BYM, p a 3 p a 6 o ~ a ~ a a f l  nns 
npOBeneHwI  HccJIC!,UOB~~HU~~ HeCTaI.IHOHapHbIX TelUIOBbIX IIPOLIeCCOB. 

OCHOBHO~~ y3en CxeMbI, 0 6 e c n e q u s w ~ ~ f i  B b I n a s y  c ~ a 6 u n ~ 3 a p o ~ a ~ ~ o f i  
MOU@XOCTH B HarPY3KY (RH) , COCTOUT H3  CJIeAYH)UHX 3neMeHTOB: 

- 0 n e p a ~ R 0 H H b 1 f i  YCwIHTenb 3 (OY3), O c y r ~ e c ~ B n ~ ~ o U f i  YCkLneHUe 

r P ~ ~ H O C T H  ynpasnsmwero c u r H a n a  H c a r H a n a  0 6 p a T ~ o f i  C B R ~ R ;  

- B ~ I X O A H O ~  T ~ ~ H ~ E I C T O P  (T) , y c u n n ~ a m ~ f i  no M O ~ O C T U  curaan 
c OY3; 

- U y H T  R1,, , B K J ' I K ) ~ ~ H H ~ I ~ ~  IIOCneAOBaTenbHO C RH ; 
- n e n u T e n b  H a n p s x e H m  (It, R, ) ; 
- CXeMa o 6 p a ~ ~ o f i  CBR3H ( O C ) ,  B KOTOPO~I n'OH3BOAWTCR nepeMH0-  

x e H u e  c u r H a n o B  c A e n u T e n s  H a r r p s x e H w I  H myma  c q e n b r o  n o n y q e a m  

csrsana, n p o n o p m o s a n b a o r o  MOLLMOCTH B ~ a r p y s ~ e .  
Y n p a E n ~ ~ o I I l U f i  C H r H a ,  0npeneJIJ31ol4Hfi YpOBeHb H nnHTenbHOCTb HM- 

r rynbca  MOWOCTU Ha H W p y 3 K e ,  @ O ~ M U ~ ~ ~ T C R  C nOMOLLl,bK) KJ'IIOqa IC R 6 ~ -  
@ep~oro O y l .   TOT c u r H a n  n p u x o n n T  Ha O ~ H H  u3 BXOnOB OY2, s b m o n m I o -  

U e r O  p O n b  CyMMaTOpa. Ha ~ p y r o f i  BXOA CyMMaTOpa nOCTynaeT C 6 y a e p ~ o r o  



YCKJTHTWIR 0 Y 4  C H r H a  K O p p e K -  

UHH. T ~ K H M  06pa30~, H a  BXOAe 

d OY3 6 y n e ~  n0nHOCTbH) C@OPMH- 

p o ~ a ~ i ~ b ~ f i  y n p a s n ~ m u ~ i i  caraan. 

< O n e p E i W i ~ ~ ~ b ~ e  YCUJIkiTeJIH 
W ( P I = g C ,  1 iTk T=flc 

OY5 u OY6 HOPMHPYI~T c u r ~ a n b ~ ,  
npOnOpUHOHaJlbHbIe TOKy I U 

I ~ a n p ~ x e ~ u m  V B ~ a r p y s ~ e ,  n n ~  
6 n o c n e n y ~ o u e r o  ~ s ~ e p e ~ w r  HX 

a ~ a n o r o - s a @ p o ~ b ~ ~ u  npeo6paso- 
BaTWIRMH. O J I , H O B ~ ~ M ~ H H O ~  H3MepeHHe CkirHaJlOB V H I n a e T  T a K X e  BO3MOX- 

HOCTb KOHTPOnHPOBaTb npaBUJIbHOCTb p a 6 0 T b 1  m. 
P a 3 p a 6 o ~ ~ a  n p a s s a m a n b e o C i  c x e M b I  @ O ~ M H ~ O B ~ H U R  y n p a s n R I o u e r o  

c x r H a n a  H c x e M b I ,  o ~ ~ e ~ m u e i i  3a C u r H a n b I  V u I, H e  n p e n c T a B n R e T  0c06ofi 
CJIOXHOCTU. B ~ e m e  C T e M  p a 3 p a 6 0 T K a  ~ ~ H H U V ~ ~ K U I ~ H O ~  CXeMbI OCHOBHOrO 

ysna BYM (OY3, T, OC, R n l ,  R n 2 ,  R,,, , RH ) B ~ I S ~ I B ~ ~ T  O n p e n e n e m b I e  

TPYWOCTU. C B F I ~ ~ H S )  3 T 0  C H ~ O ~ X O ~ H M O C T ~ I O  0 6 e c n e r 1 u ~ b  ~ C T O ~ ~ ~ I I B O C T ~  

YCKJTUTWIR C o 6 p a T ~ o f i  CBRSbH), HCXOAH H 3  H ~ O ~ X O ~ H M O ~ O  ~ ~ I C T P O ~ ~ ~ ~ C T B U ~ I  

a TOWOCTH ~~a6magarpla .  &IR peruesm ~ T O ~ Q  B o n p o c a  W H ~ I ~  y3m 6 b m  

p a 3 6 ~ ~  H a  TPU 3 ~ e ~ a  u u3 HUX CocTaBneHa MORC?IIL ~ J I R  a~anma .  Ha  TOG MO- 

AWIU ( P U C . ~ ~ )  nepenaTOYHOe 3BeHO Wl(p)  COOTBeTCTByeT OY3, W2(p) - T, 
W3(p) - CXeMe OC. ]B IIepBOM npki6nkixe~~u 3TV 3BeHbR MOXHO IIpenCTaBHTb 

a l7epHOW'IecKI lMH 3QeHbHMH n e p B O r 0  IIOpRAKa. l4 I ,  OnHCbIBaeMbIMH IIepe- 
naTOYHbIMH @YHKWMU B m a  W(p) = K / ( l  + Tp), me K - K O ~ @ @ U W ~ H T  

nepenass 3~e1ia, T - nocTofrHHarr B p e M e H u ,  p = jw - onepa-rop. npu   TOM 

HaAO OTMeTHTb, 'IT0 anepHOAU'IeCKOe 3BeHO n e p B O r 0  n O p R n K a  MOXeT MOne- 

n HpOBaTbCR RC-4enb1o.  

C y u e c ~ s y e ~  HeCKOnbKO KpUTepUeB YCTO#'IUBOCTU: anre6pausec~ufi 
(Payca - r y p ~ ~ s a ) ,  Muxaiino~a, ' I ~ C T O T H ~ I G  ( H ~ # K B U C T ~  - Muxahosa) 
k~ n p . I 5  I .  Hau6onee ruupo~o n n R  o n p e n e n e H u R  ~ C T O ~ H B O C T H  ~ a ~ o f i  c a c T e -  

MbI, KilK YCHJIEiTWIb C 0 6 p a ~ H o i i  CBRSbH), IIpHMeHReTCR KpHTepkifi H ~ ~ ~ K B U C T ~  
C HCnOJlb30BWUeM ~ O ~ ~ ~ H @ M U P ~ C K H X  aMnnHTYAHO-'IaCTOTHbIX XapaKr'epHC- 

THK ( n u )  H ~ o ~ ~ ~ u @ M u ' I ~ c K H x  @ ~ ~ O B O - ' I ~ C T O T H ~ I X  XaPaKTePHCTHK ( n 4 X )  
P ~ ~ O M K H Y T O ~ ~  CHCTeMbI. KpHTepHfi  YCTOA%~HBOCTH n0 B H n y  nAX H JIOX 
3aKJTH)'IaeTCR B TOM, 'IT0 3aMKHYTaR CHCTeMa YCTO#PHB~, eCnH H a  'IaCTOTe W ,  

JIJlH ~ o ~ o p o f i  ~ a 6 e r  @ ~ ~ O B O ~ O  C n B H r a  PaBeH 180°, OpnHHaTa JIAX Pa3OMK- 

H Y T O ~ ~  CHCTeMbI 0 ~ p ~ a T W I b H a ' ~  I .  

me K = K l K 2 K 3  - K O ~ @ @ H U H ~ H T  n e p e n ' I H  p a 3 0 ~ K H y T 0 f i  CHCTeMbI. n 0 C T p 0 -  

eHHe JIAX H nOx npOU3BOnUTCR no B b I p m e H m M  

* ( w )  = 180 - arctg(oT1) - a r c t g ( o n )  - arctg(oT3). 

K O S @ @ H ~ ~ H T  nepenaw ~ ~ ~ O M K H Y T O ~ ~  CHcTeMbI o n p e n e n R e T c R  m y c n o ~ m  
o6ecnese~m T o w o C T H  c ~ a 6 ~ ~ 1 ~ 3 a r p l 1 . 1  (He  xyxe 2 + 4%) H ~ b 1 6 ~ p a e T c R  

PaBHbIM K > 120. ~ O C T O R H H ~ I ~  BpeMeHH SBeHbeB, BXOnRI4UX B COCTaB 

CHCTeMbI, Ol lpeHeneHHbIe  K a K  3KCnePHMeHTanbH0,  T a K  H ?i3 nHTepaTypHbIX 

n s u ~ ~ b n t ' ~ "  I ,  HMeIOT 3HaPeHHR T1 = 3,2 MKC, T2 = 2,5 MKC, T3 = 3,O MKC. 

Ha p ~ c . 4  n p e n c r a B n e H b 1  p e 3 y n b ~ a ~ b 1  n o c T p o e a m  IIAX H JIOX JIJ~R He- 

KOTOPbLX 3Ha'IeHHfi nOCTORHHbIX BpeMeHH 3BeHbeB CUCTeMbI, me 1 - T1 = 
= 3,2 MKC, T2 = 2,5 MKC, T3 = 3,O MKC; 2 - T1=  500 MKC, T2 = 350 MKC, 

T3 = 3,O MKC; 3 - T 1 =  350 MKC, T2 = 150 MKC, T3 = 3,O MKC. M3 KPH- 

BbIX n A X  U n@x B m H O ,  'IT0 n p H  YKa3aHHbIX nOCTORHHbIX BpeMeHH 3BeHbeB 

CHCTeMbI R n R  KpUBbIX 3 3aMKHYTaR CHCTeMa 6 y n e T  ~ c T o ~ I ~ B ~ .  

~ ~ ~ B U J I ~ H O C T ~  PaC'IeTOB 6bma nOnTBepXJleHa H a  aHaJlOT0~0fi MOAeJM 

H a  OnepaLlUOHHbIX YCHJIHTWIHX ( p H c . 5 ) .  C J ' I ~ A O B ~ T W I ~ H O ,  nOJry'IeHHbIe 3Ha- 

'IeHUH CIOCTORHHbIX B p e M e t u I  H ~ 0 3 @ @ H r p l e H T b 1  nepeAa'IH MOrYT HCnOJIb- 

30BaTbCH B Ka'IeCTBe UCXOmbIX n8HHbIX I lpH p a 3 p a 6 0 ~ K e  IlpHHUbfrIUaJIbH0fi 

CXeMbI YCWIUTWIR MOUWOCTU. 

Ha puc.6 n p e n c r a a r r e H a  n p m w m a n b H a R  c x e M a  BYM, rne M 1  - 
K155JIAB, M2 - M4, M8, M 9  - K140YA8A, M5, M6 - K574YAlB, M7 - 
Kr02-YA1, M I 0  - K155Ar3, TI ,  T4 - KT608B, T2 - KT907A, T3, T5 - 
KTBOSA, A1 - AII307A, A2-A6 - KA521A, K 1  - nlT-1-lB, K2, K 3  - 
P X 5 5 A ,  Tp - T ~ ~ ~ H c @ o ~ M ~ T o ~  H a  c e p n e l m u K e  MlOOOHM C O ~ M O T K ~ ~ M U  

no 40 BHTKOB. C UenbH) YlTPO4eIiUR H e  ~ 3 0 6 p m e ~ b 1  3neMeHTbI CXeMbI AJIR 

nEiTSLHW3 p U I e  U MHKpOCXeM, 3neMeHTbI CXeMbI 3aIUUTbI OT l l e p e r p y 3 O K  

H 3 n e ~ e ~ ~ b 1  c x e M b I ,  O T B e r I a m m i e  3a u s ~ e p e ~ ~ e  c o n p o m B n e H m  ~ a r p y 3 ~ ~  
B OTCYTCTBUe MO4HOCTU. 

K O H ~ ~ H C ~ T O ~ ~ I  C1, C2, C3  OTHOCHTCR K K0pPeKTUPYH)LUHM. B M ~ C T ~  
C 3neMeHTaMH CXeM O m  C 0 3 n W T  H ~ O ~ X O ~ H M ~ I ~  IIOCTORHHbIe BpeMeHIi  

y s n o B  n p r n ~ r m ~ s o f i  c x e M b I  ~ J I R  06ecnenem ~ C T O ~ H B O C ~  Y C ~ H -  



P e m M  p a 6 0 ~ b 1  MOI4HOrO BbIXOnHOrO 

T p m 3 a m o p a  T3 x a p a ~ ~ e p ~ 3 y e - r ~ ~  TeM, 

YTO B H c x o n H o M  COCTORHHH OH sanep~ ,  
a nocne r r o n a n H  y n p a s n c I m u e r o  c s r H a n a  

OH n e p e X O p H T  B aKTkiBHYm 0 6 n a c ~ b  

40 'l EB!&l B O ~ ~ ~ ~ ~ C T B H F I  H B cny~ae  OKOHY~HHH TptiH3HCTOp ynpasn~muero T3 CHOBa lie- 

't', f~ pexopm B 3anep~oe COCTORHH~. 17pu 
fa 3TOM AJIHTeJIbHOCTb 3aJJJIerO @ ~ O H T ~  

H M n y n b c a  MOIIIJ-IOCTH H a  ~ a r p y 3 ~ e  6 y n e ~  
o r r p e p e n m b c R  B OCHOBHOM ~ O C T O R H H O ~ ~  

B p e M e m  T =  C2RH. &IR T o r 0  9~06b1 

90 CyWeCTBeHHO COKpaTHTb AJIHTeJIbHOCTb 

s q ~ e r o  @ p o ~ ~ a  (< 20 MKC) , n p a M e -  

H R ~ T C R  ysen, c o c ~ o ~ ~ a f i  a3 M10, T4, 
Tp, T5. I7pmrr~n pa6o~bl 3~0ro  y3na 

0 OCHOBSI H a  TOM, YTO W 3kUHerO @ ~ O H T ~  

ynpasnmowero H M n y n b c a  @OPMUPY~TCR 

i UMlTYnbC OTnHptiH&U3 W R  TPZLHBHCTOpa 

T5. T ~ K U M  06pa30~, n a p a n n e r r b H o  RH 
-90 

n o p K n m s a e T c H  COrrpOTHBneHUe R=68 OM 
O ' ld *' H B p e 3 y n b T a T e  3TOrO lTOCTORHHafl B p e -  

MeHH 3HaYHTeJIbHO C O K p a u a e T C H ,  a 3mkifi @POHT HMIlynbCa MOuHOCTH H a  

~ a r p y s ~ e  H e  npesb1luae-r  s ~ a s e ~ u e  < 20 MKC. 

K ~ K  OTMeYtlJIOCb, 6 n o ~  BYM MOXeT p a 6 0 ~ a ~ b  B p e m M a x  c ~ a 6 m u ~ w m  
H a n p F i x e H m  ma MOLIUIOCTU. He n p e a c T a s n H e T  oco6oro T p y n a  a peana3wm 
p e m M a  c~a6masa1.uiu T o K a .  

I l p m e ~ e ~ u e  n B y x  a u a n a 3 o H o B  (no B ~ I X O W ~ O M Y  ~ a n p m c e ~ m )  &lo0 B 
H &200 B (C ~ ~ ~ O Y H M H  O ~ ~ ~ C T F I M H  20 f 100 B H l o o +  200 B) BbISBaHO 

H ~ O ~ X O ~ U M O C T ~ ~  YAOBJIeTBOPeHHR n0CTaBneHHbIM T ~ ~ ~ O B ~ H H R M  K n a p a M e T -  

p a M  EiMlTynbCOB MOIIIJIOCTH H a  H a r p y 3 K e .  



B CBR3A C TeM, 9TO A3MepeHkie 3HaWHAR COllpOTABJIeHAH RH ( ~ J I e n o ~ a -  

TeJIbHO, A T e M n e p a T Y p b I  n0BepXHOCTA TB3) npOA3BOnATCR n y T e M  O m O B p e -  

M e H H o r o  A ~ M ~ ~ W A R  H a n p s x e H A s  A T o m  B ~ a r p y s ~ e ,  ~eo6xonki~o  pacnona- 
r a T b  3aBACAMOCTRMA M e X P Y  B W I k i r ~ k i ~ ~ f i  H a n p R X e H A R  ( T O K ~ )  Ha H a r p y 3 K e  

A B ~ J I A W H O ~ ~  H a l I p R X e H m  H a  BbIXOne V(1). A H ~ J I A ~  3TAX ~ E ~ B H C W M O C T ~ ~ ~  

nOKa3aJI ,  qTO B p a 6 0 s e ~  W a l X i 3 O H e  AX M O W 0  allllPOKCAMApOBaTb @ y ~ K ~ e f i  

B w a  VH = V, + K (V,, , - Vo ) , rne VH - H a n p R x e H A e  H a  ~ a r p y 3 ~ e ,  K - 
K O ~ @ @ A ~ A ~ H T  HaKJIOHa, p a B ~ b 1 f i  K = (VHO 1 )  - VHO)/(VO 1 1  - VO),  VHO 1 1  M 

VH - HanPRXeHAR Ha HaTPY3Ke, OrIPeAeJIRIoILMe HarIaJIbHyIo M KOHe9HYW 

T O ~ K A  n ~ a n a 3 o ~ a ,  VO1l A VO - H a r r p s m e H m  H a  B b I x o n e  V BYM, COOTB~TCT- 

B Y I o W e  3TAM TOBKBM, VTeK - T e K Y U e e  3 H a s e H A e  Ha  BbIXOne V. Heo6xon~- 
MbIe  B e n m m i b I  AJIR K a H a n a  ~ 3 ~ e p e ~ m  T o K a  B ~ a r p y 3 ~ e  O n p e n e n m o T c R  

a ~ a n o r m o .  M a K c A M a n b ~ a s  n o r p e m H o c T b  m M e p e H u R  V, ( IH)  n p ~  r r p a M e -  

H e H m  T ~ K O G  M ~ T O A A K A  H e  n p e B b I m a n a  0,5% Ha B c e x  nwanaso~ax. 

OllMCAHklE BT M BllH 

RBJIHeTCR H ~ C T ~ ~ ~ H ~ H ~ O B ~ H H ~ I M  H AJIR CHkDKeHZiR MOLqHOCTA H a  TpNi3UCTOpe 

B b I x o m o r o  K a c K a n a  n M e e T  pas~oe  s ~ a s e ~ ~ e  B K a x q o M  naanasoae. 
O p r m m a w  n n T a H m  A sb160pa pexmta pa6o~b1 YM n p m e n e H a  H a  

pkic.7. BT C O n e p X A T  ABa T ~ S C @ O ~ M ~ T O ~ ~  Tp A T p 2 ,  KOTOpbIe C llOMOUJbIo 

~ y ~ 6 n e p a  K n o n K n I o a a I o T c s  K c e T a .  P a s n e n b ~ o e  nmmae ynpasmwueii 
A C W I O B O ~ ~  sac~efi YM n o 3 ~ o n ~ e ~  o c n a 6 m b  snumae csno~ofi  sacm H a  yrrpas- 
J l H I o U y I o  no IMTaHAIo. K p o ~ e  3 T O r 0 ,  B BT COnepXHTCR c e ~ e B 0 f i  @kinbTp. 

B BnH A3 nepeMeHHbIX ~ a r r p f l ~ e ~ k i f i  CO BTOpAYHbIX 0 6 ~ 0 ~ 0 ~  Tpl  A Tp2 
B ACTOYHAKaX ~ U T a H W I  Mnl, M l l 2 ,  M l l 3  @OPMHP~H)TCR ~ p e 6 y e M b 1 e  JJJIR pa- 
6 0 ~ b 1  YM H a n p R X e H A R .  

C x e ~ a  ynpasnems (Cy) 06ecnesmae~ s a m ~ ~ y  OT B O ~ M O X H ~ I X  nepe- 
r p y 3 0 K  3JIeMeHTOB CXeM n p A  nepeKJlIoseHkiA nACilTa30HOB kiJIA npki K3MeHeHAA 

p e X A M a  cra6mu3ama. &Is O n e p a T A B H o r o  KOHTPOJIR rrpaBWIbHOCTA p a 6 0 ~ b 1  

YM B CY c o n e p x u T c s  r e H e p a T o p  yrrpasnmowx a M n y n b c o B  A perynapye- 
~ b ~ f i  MCTOYHAK n o c T o R H H o r o  H a n p H x e H A r r  +0+5 B. Ynpmne~ae B ~ I ~ O P O M  pe- 
x A M a  A n ~ a n a 3 o ~ a  p a 6 o ~ b 1  YM n p o ~ 3 ~ o n m c s  c nepemefi nmena BllH. 

BJIoK BH3  n p e n ~ a s ~ a s e ~  nnrr 3 a w ~ b 1  ~ J I ~ M ~ H T O B  BYM OT neperpyso~ 
A 06ecnese~m ~ K B A B ~ J I ~ H T H O G  H a r P y 3 K H  n p A  I I p O B e p K e  pa6o~ocnoco6~oc~a 
YM. npki 3TOM 3KBABaJIeHTHaR H a r P Y 3 K a ,  K p O M e  ~ e o 6 x o n a ~ o r o  n A a n a 3 0 H a  

COnpOTABJIeHkiR A ~ o ~ I Y c T A M o ~ ~  MOLqHOCTki, H e  A O n X H a  BbIXOnATb 321 lIpeAeJIb1 

pa6osero naanaso~a npa n e p e K n I o s e H m i  OT o n H o r o  3 ~ a q e ~ 1 . w  K n p y r o M y .  

B ~ ~ O T A B H O M  c n y q a e  n p A  ~ c n o n b s o ~ a ~ ~ a  p e x u i M a  c ~ a 6 u n u 3 ~ u  M O ~ ~ H O C T H  

npo~3oi iqe~ neperpys~a no B ~ I X O ~ O M Y  H a n p s x e H m o .  l l o 3 ~ 0 ~ y  mMeHeHI.re 

H a r P y 3 K A  ~enec006pa3~0 OCYUeCTBJIRTb W T e M  nOnKJIIo9eHEiH IIapaJIJIeJIbHO 

MaKCkiMaJTbHOMY 3HaqeHHKI COllPOTHBJIeHAR H a r P Y 3 K U  COOTBeTCTBYIOUerO 

HOMHHaJIa. 

&IR nposepm p e a K r s u a  ycunmens M o w o c T a  H a  c T y n e m a T o e  k i 3 ~ e -  

HeHkie C O l l p O T E i B J I e H ~  H W p y 3 K k i  M O X e T  ACllOJIb30BaTbCR CXeMa ~ K T I I B H O ~ ~  

H a r p Y 3 K H  ( p A c . 8 )  , r A e  OB - O ~ O B A ~ ~ ~ T O ~ ,  T - TPZLH3ACTOpY T - TPZLHC- 
P 

$ o ~ M ~ T o ~ ,  A - TApAcTOp. CKOPOCT~ A 3 M e H e H m  H W P y 3 K k i  OT 3 H a q e H m  

RH = R2 no 3 ~ a s e ~ m  R, =RBI IIR1 
O n p e ~ W e T C R  B p e M e H e M  BKJIIoqe- 

~m T A p w r o p a  A A n n H  mpa- 
c T o p a  T a n a  KYlOlE H e  6onee 
2 M K C ' ~  '. B b l ~ 1 0  YCTaHOBJIeHO, 

f ic.8. CX~MU U K T U ~ H O ~ ~  HUZPY3KU. Rf R l  



qTO Y M  YCTOR'IABO p a 6 0 ~ a e ~  A BpeMR pC?aKWki Y M  Ha H3MeHeHAe H a r P Y 3 K H  
(C 3.9 A 0  1,95 K O M )  H e  npeBblulaeT 20 MKC.  TO OTBeBaeT IlOCTaBJIeHHbIM 

T ~ ~ ~ o B ~ H H R M  K Y M .  
YCTPORCTBO 3 a V T b I  Y M  BbInOJlHReT CneAyIoLl@ie @YHKWH: 
- 3aIUJiTy OT neperpy30K 3neMeHTOB B y M  npki KOPOTKOM 3aMbIKa- 

HHA Ha BbIXOAe A OT IlpeBbIuIeHMR pa6osero A H a n a 3 0 H a  H a n p R X e H H R  Ha 

BbIXOAe Y M ;  
- OTKnIoqeHHe BbIXOna Y M  OT H a r P Y 3 K H  npH nOCTynJIeHUU CUrHk3lIa 

o s b n r o n e  ~ a r p y s ~ a  113 pa6osero ~ ~ a n a 3 o ~ a .  
Ha pnc.9 n o ~ a s a ~ a  o p r m ~ 1 3 a q ~ ~  ~ ~ U H T ~ I  Y M ,  rne C Y  - cxeMa ynpm- 

neHuR, OC - C U r H a n  C o  CXeMbI o 6 p a ~ ~ o R  CBJ33U, TI ,  T 2 ,  T3 - TpaH3HCTOpbl,  

O Y 1 ,  O Y 2  - oneparuloHHbIe ycHnHTenH, P3 - pene B ~ H T ~ I ,  K 1 ,  K 2  - KOMM- 

paTOpbI,  T, - TpHrrep, OBI,  OB2 - O ~ O B H ~ ~ ~ T O P ~ I .  

3aLLIJ4Ta 06ecnesmae~c~ C n e A y I o V M  06pa30~.  ~ P H  npeBbIllleHHH 

TOKa I, > I M a K c  BKJIKIrIaeTCH CXeMa OrpaHHBeHkiH TOKa H a r p Y 3 K H  ( T 2 ,  R3 ) , 
c p a 6 a ~ b r s a e ~  KOMnapaTOp K 2  H T, YCTaHaBJlHBaeTCH B nonoxeHHe "1". 
Pi3 3~01-o cnrHana @OPMHP~IOTCR c H r H a n  "3anpe~", K O T O P ~ I ~ ~  H e  I T O ~ B O ~ R ~ T  

npoxonmb y n p a a n a m U e M y  curHany H a  O Y  1, A CHrHaJI " A s a p ~ ~ " ,  nocne 
sero pene P, BKnIosaeTcR H a  P ~ ~ M ~ I K ~ H A ~ .  B cnysae VH > VHMaKC s a w m a  
06ecnewsae~c~  aHanorHsHo. P i c n o n b 3 o ~ a ~ ~ e  pene P3 nosbImaeT Hanex- 
HOCTb 3alIU.ITb1, TaK KaK B C n y Y a e  n p o 6 o ~  ~ P O X O W I O r O  TPaH3HCTOpa A 3aMbI- 

KaHUU KOnneKTOpa H a  3MHTTeP ( 0 6 b 1 ~ a ~  H ~ U C ~ ~ ~ B H O C T ~ )  3aUHTa IT0 Bxon- 
HOR qem H e  c p a 6 0 ~ a e ~ .   TO npuseneT K TOMY, 'ITO Bce HanpRxeHne mTa- 

~m En,, 6 y n e ~  npkinoxeHo K ~ a r p y s ~ e .  
~ P H  IlpOBeAeHHH 3KCnePHMeHTOB MOXeT CnOXHTbCR CHTYWkW, K O r A a  

~ a r p y s ~ a  s b r f i n e ~  u3 pahsero n ~ a n a a o ~ a  ( ~ a n p u ~ e p  n p e K p m e H w e  oxnax- 
neHm M ~ . n . ) .  B TO xe sperm Y M  He  n e p e r p y r r c a e T c R .  C n e n o s a ~ e n b ~ o ,  cy- 
UeCTByeT OnaCHOCTb IleperpeBa TB3. Ha pAc.10 ~ 3 0 6 p a ~ c ~  OAHH U3 BapHaH- 

TOE oprmk13arul~ 3 a u ~ b 1  ~ a r p y 3 m  B ~ T O M  c n y s a e .  AJIR Kamoro YPOBHR 

B ~ I X O A H O ~ ~  MOII~IOCTH ycTaHaBnHBaeTcH OnpeneneHHoe s ~ a s e ~ n e  BbIxonHoro 
H a r r p R x e H m  q ~ @ p o a ~ a n o r o ~ o r o  npeo6pa30sa~en~ ( U A n ) .  n p ~  s b r x o n e  
conpoTMsneHm RH ~3 pa6osero ~ ~ a n a 3 o ~ a  ~ o a p a c ~ a e ~  TOK B ~ a r p y s ~ e  I, 
cpa6a~blsaeT KOMIlapaTOp K H TpUrrep T, YCTaHaBnHBaeTCR B nonoxe- 

, Hkie "0".  TOT CurHan npu nOCTylVleHAU H a  BXOn BH3 (BXOA RH < Rmi, , 
p~c .9)  BbROBeT cpa6a~bIEa~He 3awTbI. 

AIIR yno6c~sa 06~apyxe-  
HUH UCTOWAK~ neperpysm 

Puc. 10. O p z a ~ w a y u ~  ~UU(UTE.I R,,. I 
e a p a  



a 

C llOMOU&Io BC H3MePReTCR COnpOTUBJIeHUe H W P Y 3 K H  B OTCyTCTBHe 

MOI4HOCTU B Hefi. M 3 ~ e p w U e  OpraHU3OBaHO CJIeAyIoI4UM 06pa30~  ( p U c . 1 1 )  . 
B MOMeHTbI, K O r m  MOLUJIOCTb B H a r p y 3 K e  OTCYTCTByeT, n O P , m T C R  U3MePH- 

T e n b H b I e  C T P O ~ ~ I  (CT) . kZ3 3TUX CTPO~OB C HCnOJIb30BaHHeM O ~ O B H ~ ~ ~ T O -  

P O B  OBI, OB2, OB3 @ O ~ M U ~ ~ K ) T C R  HMllyJlbCbI HallPRXeHHH H a  HZWpY3Ke 

(c a~nnmynofi  6 B u a n a ~ e n b ~ o m b ~ o  10 + 20 MKC) u mp06b1 CT AJIR sanyc- 
K a  AUn H a  H3MepeHHe.  T a K  K a K  H a  H W P Y 3 K Y  n O P , m T C R  HMIlyJIbCbI H a n p R X e -  

HUX, TO HJIR U3MePeHHH COlTpOTUBJIeHUX H a r P Y 3 K H  P,OCTaTOYHO 3HaTb B-U- 

W H Y  TOKa B H a r p y 3 K e .  n p U  3TOM W R  I IOBbII l IeHm TOYHOCTU U3MePeHUR 

CHI'HaJI, I I ~ O I I O ~ U U O H ~ J I ~ H ~ I ~ ~  TOKy H W P y 3 K H ,  C BbIXOAa 1 6 ~ 1 o ~ a  6 Y M  YCH- 

JIUBafXCR OY3. C nOMOU&H, PeJIe  P YCTaI-I~JIUBafXCR KO~@@UIW~HT YCWIe- 

HUX OY3, C O O T B ~ T C T B Y I O I I D ~ ~ ~  n H a M 3 0 H y  pa6o~b1 YM. C o c ~ o ~ q m  U 3  K n I o s a  

K H Rorp uem y c ~ p a ~ x m  n e p e r p y 3 ~ y  OY3, K o r a a  H a  ~ a r p y 3 ~ y  ~ O R ~ ~ O T C R  

UMnyJIbCbI MOLUJIOCTU. 

P a 3 p a 6 o ~ a H H b 1 e  u CO3naHHbIe YM BXOWT B comm I I I ~ C T U K ~ I - I ~ J I ~ H O ~ ~  

s ~ c n e p u ~ e ~ ~ a n b ~ o f i  C U C T ~ M ~ I ~ ~  I ,  u c n o n b s y e ~ o i i  nnx accneno~mafi H e m a -  

u ~ o ~ a p ~ o f i  T e n n o n e p e n a w  K HOPM~JI~HOMY H C B e p x T e q n i e M y  renm n p H  

UMlQ'JIbCHbIX TeIIJIOBbIX H a r p y 3 K a X .  C llOMOII&Io 3~0fi  CHCTeMbI 0 6 ~ a p y x e ~ a  
0 6 n a c r b  TellJI0~0fi H ~ Y C T O ~ ~ W ~ E O C T U ,  B n p W e J I a X  K O T O P O ~ ~  H ~ ~ ~ K ) P , ~ ~ T C X  

pRP, HeJ'IUI-IeihrbLX ~ @ @ ~ K T O B / ~  B CHCTeMe " T B ~ ~ A O ~  T e n 0  - H o p ~ a J I b H b I f i  

r W I H ~ " .  n p U  U3yYeHUH TeIIJIOBbIX P e X U M O B  TBePAOrO T W a  B CBepXTeKyYeM 

~ U I H H  0 6 ~ a p y ~ e H  CPbIB HHTeHCIIBHbIX MOP, nepeAaYH TerIJIa, ~ b 1 3 ~ ~ b 1 f i  

p a 3 ~ m u e ~  COCTORHUR c ~ e p x ~ e ~ y q e f i  T ~ ~ ~ ~ J I ~ H T H O C T H ~ ~  O I .  B H a c T o w e e  

B p e M R .  CHCTeMa HCnOJIb3yeTCR JUIX HCCJIeAOBilHUR UMIlyJIbCHOfi TerIJIOnepe- 

P,aYH B CHCTeMaX, KpUOCTaTHpyeMbIX P , B ~ x @ ~ ~ H ~ I M  rWIUeM. 

flNTEPA TYPA 

I. Iwasa Y., Apgar B.A. - Ciyogenics, 19 78, v. 18, p.26 7. 
2. Munaur~un B.0. u dp. - Coo64enue ONflNP1088-902,Jy6na, 1988. 
3. Ma~ed0eN.C. udp. -N0X,  1983, T.XIV, 15, c.725. 
4. wuo B.JI - nuneiinble un~e2pwanbze cxmaz e pabuowe~rponnori annapavpe. 

M.: Coee~c~oe  paduo, 19 79. 
5. E ~ c ~ K ~ ~ c K u ~  B.A., n 0 m e  E.n. - Teopu CUCTeM aeTOMalUVeCK020 pezynupoeanm. 

M.: Hay~a,  1975. 
6. X O ~ O ~ U ~  n, XUfl Y. - N c ~ y c c ~ e o  CxeMOTeXHUKU. M.: Mup, 1984. 
7. Aponoe B.n. u dp. - ~oflynpoeodnu~~ebze npu6opbi: TpUH3UCTOpbZ. Cnpaeovnu~. 

M.: ~ H ~ ~ ~ O U T O M U ~ ~ U T ,  1985. 
8. Eato~oe B.A. u dp. - noflynpoeodnu~oebze npu6opbi: duodbi, mpuc~opbz, onro- 

weKrponnble npu6opbz. Cnpaeovnu~. M.: ~ H ~ ~ ~ O ~ T O M U ~ ~ U T ,  1984. 
9. M u ~ m e e  B.M. u dp. - B c6.: Tpydbt XIII Mexdynapodnoii ~on@epenyuu no y c ~ o -  

PUTeflRM vacmy ttb1COKU.X 3nep2uii H O ~ O C U ~ U ~ C K :  Hay~a, 1987, T.2, c.53. 
10. Filippov Yu.P. et al. - In: Proc. 12th Intern.Ciyog. Engineering Conf , UK, 1989, 

p. 297, Butterworth. 


