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B ~ O U I e m e e  AWRTKlleTHe c ~ W ~ C T B ~ H H ~ I ~ ~  I T P ~ K T H Y ~ c K ~  HHTepec  Wen- 
CTaBTIRKJT pe3yJIbTaTbI s ccneao~a~n8  T ~ ~ I J I o @ H ~ H Y W K H X  npOUeCCOB B CHCTe- 

M a x ,  KpHOCTaTHPYeMblX C nOMOIWH) BbMYWXeHHbIX IIOTOKOB Tl?Jl&iR. &lTe-  

peC K 3~05 TeMaTHKC? 0 6 y c n o ~ n e ~  H ~ O ~ X O A E I M O C T ~ H I  IlOJIYrIeHW3 WH@OPMB- 

usa m~ n p o e m a p o B m m  n manssa pa6o~b1 r a K H x  Y C T ~ O B O K ,  KILK YJ3K, 
KEK, NET, HERA, TORE  SUPRA''-^ ' H T.A. 3 ~ a w i T e J I b ~ a K  s a c r b  ny6nu~a-  
~ H f i  CBff3aria C 3KCllepHMeHTUlbHbIMH HCCJleAOBaHuRMH A B ~ X @ ~ ~ H ~ I X  nOT0-  

KOB (an). Hawacr  C 1981 rOAa,  HCUIeAOBaHHfl an r W u R  npOBO&KJlHCb 

n Ha  KpEfOrWHOM CTeHae OHM0 O m H ,  YTO OTpaXeHO B pa6o~ax'~- '  a '. 
O ~ ~ K O  CBeAeHkiFl 0 npliMeHKBUleMCR O ~ O ~ ~ A O B ~ . H U H ,  npeACTaBJIRWWUe, 

Ha H a m  B 3 m f f A ,  n p a ~ ~ H q W K M f i  HHTepW mff 3KClTepHMWTaTOpOB, U3JIOXeHbI 

B 3THX n y 6 n a ~ a ~ ~ x  BeCbMa KOHCIICKTMBHO. B CBR3H C W H M  B H ~ C T O F I ~ ~ $  

pa6o~e npeAcTal3neHo CpaBHHTf?IIbHO noapo6~oe OlBVXlitre MeTOAHK &i 060- 
pyAOBaHHfl, np%¶MeHffeMbIX npn U3y9eHHH an rf?IIHff. 

OCHOBH~IMU XaPaKTePHCTHKalMEl A B Y X @ ~ ~ H ~ I X  IIOTOKOB CJIyXaT: rWpa8- 
n m e c K o e  c o n p o T n s n e H H e  APAa, M a c c o B o e  p a c x o n H o e  napoconepxmne X 
( o ~ ~ o m e m i e  M a c c o B o r o  pacxom r a 3 o ~ o l  ( P ~ w ~ I  K n o n H o M y  pacxo~y) ,  

n c - r m H o e  061,e~noe napoconepmsne qj ( o ~ ~ o r r r e ~ a e  ceuesm, ~ ~ H K T O ~ O  

r a so~o l  Wsoii, K n o n H o M y  n o n e p e s a o M y  c e s e H u m  ~mana) ,  a T a r c x e  pew-  
M ~ I  TeqeHHx n o T o K a  (xapax~ep pacnpenenetiwn @a3 no cewmim ~ m a n a ) .  

lTpHqeM, KpOMe P U m, O ~ ~ I ~ H O  BapbHpyKJTCff OpHWTalWH,  r eOMeTpHsWKHe 

p a 3 ~ e p b 1 ,  @ p ~ a  Kar i ana ,  u c c n e a y e T c n  m m x e  ~eamia6a~llwomn n o T o K a .  

Bce 3 T 0  lTPUBOAWT K CYlUeCTBeHHOMY 0 6 ' b e ~ y  m H b I g  H ~ p e 6 y e ~  3HarlEITeJIb- 

HOrO BpeMeHM HaKOKlJIeHHR. npoqecc c6opa 3 K c n e p k i ~ e ~ T ~ b ~ 0 i i  I . M @ ~ M ~ -  

Urn M O W 0  3HaqHTeJIbHO YCKOpUTb, WISH HCnOJIb3OBaTb OL4HOBpeMeHHyJO ' perampaurn B c e x  x a p a K T e p H c r a K  npn n p o x o m e H n a  n o T o K a  sepes s K c n e -  



/ p e M e H T m w b I e  M o n y n a  pnmt ro ro  ~ a s ~ a s e ~ m .  C n e n y e T  T a K x e  O T M W ~ ,  

I wo AJIH onpeAeJIeHacI ~ s a a ~ o c ~ c 1 3 e f i  M e w y  x a p a K T e p a m a K a M a  $1~3yx@imHbIX 

IIOTOKOB H ~ O ~ X O A H M O  OAHOBpMeHHO npOH3BOAHTb K O H T P O ~  w p a M e T P O B  

B OAHOM H TOM Xe YsaCTKe 3KCnepHMeHTaJIbHOrO K a H m a .  ~ O ~ T O M Y  llpm- 
, n O ~ H T ~ b H 0  HCnOJIb30BaTb M H o ~ o @ ~ H K U H O H ~ ~ J I ~ H ~ I ~  KpIIOCTaTbI, ~ o ~ B O J I R I O -  

w e  perHCTpHpOBaTb HeCKOnbKO XapaKTepUCTUK, 4TO ~ I ~ H B O A H T  K wbH&- 

I l l eMy Y B e J I K Y M W  n 0 T O K a  H H @ o ~ M ~ I I P u  H eCTeCTBeHHOMy n p a ~ e H e I M I 0  

~ B T O M ~ T H ~ H ~ O B ~ H H O ~ ~  CHCTeMbI c6opa H 06pa60~~11 AWHbIX. 

Ha OCHOBe IIpHBeAeHHblX BbIIlle ~ 0 0 6 p m ~ a f i  6 b m  pa3pa6o~a~ a C 0 3 A W  

~ K C ~ ~ ~ H M ~ H T ~ J I ~ H ~ ~  CTeHA, BCe y3JIbI KOTOpOrO M o m 0  YCJIOBHO pa3AeJIHTb 

Ha TPH OCHOBHbIe CHCTeMbI : 
1) 3KCnepHMeHTWlbHbIe KpHOCTaTbI (MOAYIIW) , V e A H a 3 H a g e H H b I e  pt?rH- 

CT- p a s n m b ~ x  x a p a K T e p a n a K  All ram; 
2) K p a o r w H a H  r e n a e B a H  y c r a H o B K a  ( K r Y )  a CHCTeMa 0 6 e c n e 4 a m  wip~y- 

muaa n o T o m  c ~ ~ A ~ H H ~ I M I I  n a p a M e T p a M a  X, m a P; 
3) CHCTeMa c6opa a o 6 p a 6 o ~ ~ a  3KCnepHMeHTalIbHbIX AWHbIX. 

OCT~HOBAMCH H a  K a m 0 8  a3 3THX CHCTeM 6onee nonpo6~0. 

MH@o~M~I&HH 0 C T p y I c r y p e  A B ~ X @ ~ H ~ I X  nOTOKOB B OCHOBHOM 6 b m a  

n o n y s e H a  n o c p e n c T B o M  ~ b ~ c o ~ o c ~ o p o c ~ ~ o f i  @ o ~ o m e ~ ~ a .  l l p e m a 3 ~ a s e ~ ~ b 1 e  

&lIR 3 T O r 0  ABa KpHOCTaTa HMeKlT K a H W b I  KpyTJIOrO H UeJIeBOrO C W ~ H H ~ ~ .  

B PeaJIbHbIX KOHCTPYKWHX C B e p X n p O B O , D , R ~  YCTPO~~CTB I1 - I HCnOJlb3YH)T- 

CH, K a K  npasmo, = W ~ I  K p y r n o r o  a K o n b u e B o r o  cese~a8, HO T.K. ~ m y a n b -  

HaH ~ ~ I - I T H @ H K ~ I J M H  P X H M O B  Te'IeHklR B KOJIbUeBbIX K W N I a X  3aTpyAHeHa,  

TO BMeCTO HHX W H  H3yseHHf3 CTPyKTYPbI nOTOKa IiC~OJIb30BNIEICb KaHaJIbI 

uenenoro c e s e H m  co c x o m b I M a  r w p o m a M a s e c K a M a  x a p a I c r e p a c T a -  

ICaMkil9 I .  

06wfi BW K p a o c r a m  c ~ W O M  u e n e B o r o  c e 4 e H m  r r p e n c T a s n a  

H a  p~c .1 .  B m y m b ~ b ~ f i  y s a m o K  r a a e B o r o  K m a n a  (CM. pac.2) B ~ I C O T O ~ ~  

30 MM, 3a3opo~ 1 MM a mmo856 MM o 6 p a 3 o ~ a ~  A B ~ M H  c T e K n a M a  1 M a p m i  

nK-5, BKnWHHbIMLi B HHBapoByKl 0 6 e ~ & ~ y  2. P ~ C I I O J I O X ~ H H ~ I #  n e p e A  Bki3y- 

~ J I ~ H ~ I M  YWCTKOM K a H a n  a3 crma X18HlOT a M e e T  T a K o e  xe  cewmae, 
a c o r r p H x e H a e  B b I n o J m e H o  T a K a M  o6pa30~, wo 0 6 e c n e 4 m a e r  D m e H a e  

nOTOKa n p a I c r K Y W K a  6e3 rWpoAHHaMKYWKHX B O ~ M Y ~ ~ H H ~ ~ .  r e r u l ~ b 1 f i  

KWW O K p y X e H  a30THbIM 3KpaHOM 3 Ii BaKYYMHbIM KOPllyCOM 4. B a30THOM 

3 K p e  CAenaHbI OKHa p a 3 M e p O M  70x30 MM. ,&'If3 YMeHbIlleHHH TeWIOrrpHTO- 

KOB U3JIyseHHeM 3TH OKHa " ~ ~ c T ~ K J I ~ H ~ I "  C n e W W b H b I M H  CTeKnaMH 8 

P ~ c . 2 .  KOHCTPYK~UR warn= JUIR e ~ 3 y a n ~ -  
3aum r e q a i m  W Y X @ B ~ H O ~ O  r e n m  e Kana- 
ne weneeoro ceqet im.  1 - m e ~ n ~ ~ m r i i  

RUCK $356 M M ,  6 = 8 M M ;  2 - meapoean 
06eqaiirca; 3 - 830r~b1ii 3KpaH; 4 - ea- 

~ y y ~ ~ b ~ i i  Kopnyc; 5 - @ n m u e s ~ e  coe- 

R H H ~ H ~ ;  6 - pe3moean npoKnauya; 
7 - ITpOKn~Ka H 3  H H W ;  8 - CTBKIIRH- 

H ~ R  m a m m a  80x40 M M ,  6 = 1 M M ;  9 - 
r$o~oannapar; 10 - C T ~ K ~ R H H ~ I ~ ~  ~ C K  

C-49-1, 80 M M ,  6 = 8 M M ;  11 - 3 e p ~ a -  

no; 12 - H C T O ~ H H K  ceera. 

. 
c nOMOI4bKl y m o T H e ~ a f i  a3 r n ~  7. T a ~ m  K O H C T P Y K U ~  06ecnesmae~ 
K a K  X O ~ O I ~ ~ K &  T e m 0 ~ 0 f i  KOHTaKT M e m y  CTeKnOM H 3KPaHOMy TaK H Ue- 

JIOCTHOCTb KOHCTPYKIUiH npIi TepMkirIeCKHX YCWTKaX. B KOpl lyCe 4 CAeJIaHbI 

lTOCaAOWIbIe M e c T a  n 0 A  CTeKJIa 10 AHaMeTpOM 80 MM. ~ ~ P M ~ T H W O C T ~  Ba- 

KyYMHOrO 0 6 5 e ~ a  0 6 W n e w i ~ a e ~ c n  npHMeHeHHeM pe3HHOBbIX ~ P O K ~ ~ A O K  6. 
MCTOWIHK CBelX 12 IIpeACTaBJIneT co608 OCBeTkiTeJIb OT MHKpOCKOTm, 

B KOTOPOM YCTaHOBJIeHa HMlIynbCHan J I a M n a  ki@K-120. ~ ~ C T O W A K  IIHTaHMR 

JIaMnbI 06ecnewi~ae~ AJIHTenbHOCTb BCnbILUKH OKOJIO 8 MKC. B C ~ I U I K ~  
cmxpo~a3apo~ma c S~TBOPOM ao~oannapa~a  9. 



Kpkioc~a~  c K ~ H W O M  K p y r n o r o  c e s e H u R  npencrasnm H a  puc.3. BH- 
3yaJIbHbIt i  YYaCTOK K a H W a  - ~ p y 6 ~ a  U3 M O ~ U ~ ~ ~ H O B O ~ O  C T e K n a  AJIkiHofi 

OKOnO 400 MM. nepea BH3yaJIbHbIM YYaCTKOM npt?AyCMOTpeH YYaCTOK 

~ H A ~ o ~ H H ~ M H Y ~ c K o ~ ~  c~a6rzna3~m nOTOKa D,JIkiHofi OKOJ'IO 200 M M  ( M a -  

T e p H W  - CTaJIb X18HlOT). C o e ~ k i H e ~ H e  CTeKnRHHOrO A CTUIbHOTO YYaCT- 

KOB KaH5UIa ()CyUeCTRUReTCR n0CpenCTBOM " B B ~ ~ ~ H H ~ I X "  M e q y  HAMM 

KOBapOBbIX BCT5LBOK. A B O T H ~ I ~ ~  3 K p W ,  OKHa, B ~ V Y M H ~ I ~ ~  KOpIIyC H 060py- 
AOBaHAe A n R  ~ O T O ~ ~ ~ U C T ~ ~ H  PeXkiMOB TeYeHHR AneHTHYHbI COOTBeT- 

C T B Y I O ~ M  y3naw K p H o c r a T a  c K ~ H W O M  u r e n e B o r o  c e s e H w r .  

n p H M e H e H ~ e  COe,&HHeHMri "I lIap - K O H ~ C "  C UenbH) CTbIKOBKH ~ W I H e B b I X  

K a H W O B  H OTKaTbIBafO~HXCR M Y ~ T  AJIR COenHHeHUR BaKyyMHbIX ~ o J ' I o c T ~ ~ ~  

lT03BOJWer OTHOCHTWlbHO J l e r K O  neMOHTHPOBaTb MOayJlH H MeHRTb p a 3 M e p b I  

3KCnepHhV?HTaJIhHbIX YYaCTKOB . 
~ O M H M O  B H 3 y U b H b I X  H a 6 n 1 o a e ~ k i f i  06a KpkiOCTaTa MOrYT HCnOJIb30- 

BaTbCR AJIR H3MepeHHR TkiJJP~BJIHYeCKOrO C O l T p O T ~ J I e H U R  AP. B M O A y n e  

C KaHaJIOM K p y r J I O r O  CeYeHElR (PAC. 3 ) ,  K p O M e  TOrO, YCTaHOBneH naTYHK 

HCTkiHHOTO 061,emoro napOCOAepXaI-IEIR, H a  KOTOPOM OCTaHOBHMCR n0ap06- 
H e e  B c n e a y m m e M  pasnene. 

K ~ K  6bmo n o ~ a 3 a ~ o  B"", ~ J I F I  n 3 ~ e p e ~ m  s c T m H o r o  o61 , e~~oro  
~ p O C O n e p X C a I 3 ~  (kIOn) r W I m  ~enecoo6pa3~0 HCnOnb30BaTb MeTOA, 

O C H O B W H ~ I ~ ~  H a  pa3HHUe BeJ'IkiYkTH A H ~ J I ~ K T P M Y ~ C K O ~ ~  npOHHUaeMOCTH ma- 
KO% €, H ra3006pa3~0ii Er aa3" ' I .  n p S 4  3TOM CpenHRR nA3neKTpUYeCKaR 

npOHkiL&23eMOCTb W Y X @ ~ H O ~ ~  CMeCH en+ 3aBHCHT OTBWIHYHHbI kIOn. n0~e -  
W R  n~yxaa3~b1f i  nOTOK B 3neKTpHYeCKOe none E MMepHTeJIbHOrO KOH- 

AeHCaTOpa, no ki3MeHeHkiKl eTO eMKOCTM C ( e n + )  MOXHO OnPeaeJ lHTb COOT- 

B m c T s y m u e e  a ~ a y e ~ a e  4. H e n o c p e n c ~ ~ e ~ ~ o e  u 3 ~ e p e ~ a e  3~0f i  e M K o c T H  

r r s n R m c H  nOBOJIbH0 CnOXHbIM, n03TOMY MbI H C ~ O ~ b 3 0 B W H  6onee yn06~b1fi 
B ~ I C O K O Y ~ C T O T H ~ I U  MeTOa,  n p k i ~ e ~ f I ~ l l l k i f i ~ f i  H n p y T H M H  ~ B T O P ~ M H I '  I .  

 TOT MeTOA COCTOHT B TOM, YTO eMKOCTb Cn+ (en+ ) BKJ'IIOYaeTCR B HeKOTO- 

pb~A p e 3 0 ~ a H ~ ~ b 1 f i  KOHTYP, C O ~ C T B ~ H H B R  YaCTOTa KOTOPOrO COOTBeTCTByeT 

B n o n H e  o n p e n e n e H H o M y  s ~ a s e ~ a m  4 (en+)  . 
I C x e ~ a  n a ~ s a ~ a  WOn c K ~ H ~ O M  ~ o n b s e ~ o r o  cese~wr npasene~a ~a 

p H c . 4 .  0 6 K n a n ~ a ~ H  ckirHaJIbH0fi eMKOCTH CJ'IyXaT HenOCpeACTBeHHO CTeHKH 

KaHaJIa.  k I 3 ~ e p k i ~ W I b H b 1 f i  p e 3 0 H a T O p  0 6 p a 3 y e ~ c ~  n y T e M  nOAKJIIoYc?HwI K 

' 3~0f i  eMKOCTH HHAYKTHBHOTO 3J'IeMeHTa B BHAe 3aKOPOYeHHbIX OTPe3KOB 

KOaKCHaJIbHbIX J'IMHHfi. ~ ~ ~ K T ~ o M ~ ~ H H T H ~ I ~  ~ o n e 6 a ~ ~ f 1  B AaTYHKe ~ 0 3 6 ~ ~ -  
naMTCR r e H e p a T O p O M  ~ a Y a I 0 ~ e f i c R  YaCTOTbI. C o6enx CTOPOH H ~ M ~ P H T W I ~ H O ~  

, YacTH naTYkiKa P a C n O n O X e H b I  YYaCTKIl ~ A ~ ~ O ~ H ~ M U Y ~ C K U ~ ~  c ~ a 6 m m u m ,  
I B A ~ T Y A K ~  n a p o c o a e p x a ~ a ~ :  c K ~ H ~ J I O M  ~ p y r n o r o  cese~wr (pac. 5) 

i Anr i  CO3naHHR ki3MepHTenbHOrO p e 3 0 H a T O p a  HCnOnb30BaH npyrofi HpkiH- 

1 rTllnl' I .  Ha nOBepXHOCTU YaCTH KaHaJIa  a3 C T ~ K ~ R H H O ~ ~  T P ~ ~ K H  4 HaHOCHTCFl 
I 

M W A ~ O B ~ R  " ~ n k i ~ ~ a ~  nmui~ ' '  3. n p ~  ~ 0 3 6 y w e ~ m  B 3~0f i  ~ U H U H  C T O H Y ~ ~ ~  

I B o n H b I  pacnpenenesae n o T e H m a n a  norm U H a  n o s e p x H o c T a  T P Y ~ K H  B He- 

KOTOPOM c e q e H m  z = const 6 n a 3 ~ 0  ( m ~  nep~ofi  r a p ~ o ~ a ~ a ) +  K cmycos- 

1 n a J I b H 0 M y .   TO 06ecneuu~ae~ BbICOKYlo OAHOPOJ&HOCTb llOJ'IR E npki AOCTa- 

~ 0 Y H 0 f i  A.JIkiHe M e a H A p a  H OTHOCHTWlbHO 6 o n b m o ~  YHCne nPOBOAHHKOB 

I B n m H H .  

C ~ U ~ C T B ~ H H O ~  n p e k i M y U e C T B 0  o6osx naTYHKOB COCTOEiT B TOM, YTO 

npu pa6o~e H a  renm ax pa6osacr x a p a K T e p a c T a K a  n p a K T w e c K u  nmefisa, 
a K W H ~ ~ O B K ~  n p e n e n b s o  npoc~a"  I .  



K ~ K  OTMeYWO BbIUle,  B KPMOCTaTaX C BH3YNlbHbIMH Y Y a m K a M H  ripe- 

nyCMOTpeHa BO:3MOXHOCTb H3MePeHHR THnpaBJlH'leCKOTO COnpoTHBJleHwI.  

j lp~ 3~01-o B W H a n e  K p y r n o r o  c e s e H n R  (pac. 3) c n y x a T  K a M e p b r  o~6opa 
naBJIeHEIR C BlX3RHHbIMki B HHX H M ~ n b C H b I M N  T P Y ~ K ~ M M .  

C ~ Y ~ H H ~  KpHOCTaTa CO w e n e B b I M  K a H a n O M  (pHc.1)  C X e M a T H w O  rrpen- 
CTaBneHO H a  p~c.6 .  3 ~ c n e p F i ~ e ~ ~ a J I b ~ b l f i  KW-WI CeYeHkieM 30x1 MM, AJlHHofi 

400 MM EI3rOTOBJleH H3 C T a m  X18HlOT. qepe3 P m H b I e  n p O M e X y T K H  H a  HeM 

YCTaHOBJleHbI UleCTb HMnYnbCHbIX T P Y ~ O K  AJlR o~6opa  ,L@l3SIeHHR. Hepen 
3KCnepHMeHTanbHbIM KaHaJIOM P a C n O n O X e H  YYaCTOK T M ~ ~ ~ ~ H H ~ M W I ~ C K O ~ ~  

c~a6mu3a1viu n 0 T O K a  LLJIHHofi 100 MM. 

B O ~ M O X H O C T ~  k i 3 ~ e p e ~ m  r k i n p a B n H s e c K H x  c o n p o ~ ~ s n e ~ u f i  npeny- 
CMOTpeHa K a K  B a n k i a 6 a ~ ~ b 1 ~ ,  TaK H ~ e a n H a 6 a ~ ~ b l ~  YCnOBZltIX. 0 6 o r p e ~  
KaHaJIa OCyWeCTBnRJICR 3a CYeT H3JIyYeHHR OT MeAHbIX 3 K p a H O B  3 C H a r p e -  

BaTenRMw W 1  u W 2 I 1  1 .  npu nonase onpenene~~ofi  MOLUHOCTH H a  H a r p e -  

B a T e n b  W 1  MO4HOCTb H a  W 2  n o n 6 u p a e ~ c ~  TaK,  Y T O ~ ~ I  T e M n e p a T y p a  3 K p m O B  

6 b m a  o n m a ~ o ~ o f i .  B  TOM c n y q a e  BCR 3 ~ e p r u ~ ,  n o n a B a e M a F I  H a  H a r p e s a T e n b  

W 1 ,  u s n y s a e ~ c ~  H a  r e n ~ e s b ~ f i  K a H a n ,  YTO ~ I O ~ B O ~ R ~ T  TOYHO p e r y n u p o B a T b  

H IIpOCTO O n p e A e n R T b  BeJlHYMHy nn0THOCTM T e M O B O r O  nOTOKa K TC!JTTIUH) 

Pac.6. Ceseeae y a c m a  n n ~  W ~ M ~ ~ ~ H H R  r m -  

paenmecKoro conpoTmneHaR B KaHane 

WeneBoro ceseem.  1 - rennesb~ir ~ruran; 
2 - B ~ K Y Y M H ~ I ~ ~  KOptlyC; 3 - 3KPaI-IEI AnR 
noABoAa ~ennoaof i  e a r p y 3 ~ a ;  4 - a30~IIbIii 

3KpaI-I; 5 - T ~ Y ~ K U  AlIR nonasa a3oTa; 6 - 
TepMonapbi; W1 a W 2  - HarpeaaTena. 

(B n H a M 3 0 H e  OT - 1 no - 1500 B T / M ~  ) . 
T e ~ n e p a ~ y p a  3 K p a H O B  KOHTPOJIHpyeT- 

CR C n O M O w H )  nBYX Meab-KOHCTaHTa- 

H O B ~ I X  T e p M o n a p  6. 
Ann ki3MepeHHR rkinpal3JIHYeCKOrO 

COnpOTHBneHHR B ~py6ax  npki anua6a~- 
HbIX H ~ e a n E i i 3 6 a ~ ~ b 1 ~  YCJIOBHRX ripen- 

~ a s ~ a s e ~  ewe on= K p u o c T a T .  3 ~ c n e p ~ -  
M ~ H T W I ~ H ~ I ~ ~  YYaCTOK 3 T O r 0  M O w R ,  

npenc~asn~roukifi co6oii ~ p y 6 q  !35,03x 
~ 0 , 2 1  MM ~ J I M H o ~ ~  2 M H 3  CTaJIH 

X18HlOT, HMeeT TpH K a M e p b I  o~6opa  
DaBneHHR, p a c n o n o x e H H b I e  H a  paccron- 
H a u  1 M npyr OT npyrall ' I .  O6orpe~ 
OCyWeCTBnReTCR HenOCpenCTBeHHbIM 

lTpOrIyCKaHHeM 3JleKTpHYeCKOrO TOKa 

sepe3 ~ p y 6 q .  
B K a s e c T s e  ~ s ~ e p u ~ e n e f i  r s n p m n a s e c K o r o  c o n p o T m n e H m  BO B c e x  

K p a o m a T a x  u c n o n b 3 y m ~ c ~  npeo6pa30~a~ena ~ ~ ~ H O C T H  n a ~ n e ~ u f i  "Can@up- 
22AA". 

3. CMCTEMA OBECnErIEHMR IJMPKYJIRUMM rEJIkiR 

C x e ~ a  K p a o r e H H o r o  c T e H n a  n p a s e n e H a  H a  pac.7. B COOTBeTCTBMH c 
3~0f i  C X ~ M O ~ ~  IIOTOK r W H R  H 3  YCTLIHOBKH Kry-250/4,5 llpOXOLWT ApOCCenb- 

HbIe  BeHTWIH 2 H 3, KPHOCTaT 15, nOCnenOBaTCVIbH0 COenZMeHHbIe 3KCnepH-  

MeHTWIbHbIe M O n y n H  4 - 9, 3 a T e M  B03BpaIUaeTCR B C ~ O P H A K  1 Kry.  3a CYeT 

pa3HOCTM na~ne~ki i i  B KpHOCTaTe 15 H ~ e r L l ' I 0 0 6 1 1 1 e ~ ~ k i ~ e  14  IIOTOK rWIkiR 

o x n a x n a e T c R  no CocToRHkiR ~enorpmofi ~ ~ K O C T H .  Heo6xona~oe paspe- 
x e H H e  B KPHOCTaTe 15 c 0 3 p a e ~ c R  3 X e K T O P O M  11. B KpHOCTaTe 15 T a K X e  

; y c T a H o e n e H b r  n ~ a a p a r ~ b ~  LLJIR u 3 ~ e p e ~ m  pacxona 13 a a o p ~ ~ p o ~ a ~ e n b  

I B x o n H o r o  n a p o c o n e p x a H u R  12. n o n r w ~ ~ a  K p a o c T a T a  15 r e n a e M  ocyuecr- 
/ BnReTCR sepe3 MarHCTpaJIb 16. 



4. A B T O M A T M 3 M P O B A H H A H  C M C T E M A  
CBOPA M O E P A B O T K M  nAHHbIX 

CTPYKTYPH~R CXeMa CHCTeMbl c6opa H o 6 p a 6 o ~ ~ u  HaHHbIX n p H B e A e H a  
H a  p11c.8. Bce 3neKTpOHHbIe 6 n o ~ ~  BbIIlOnHeHbI B CTaHAapTe  KAMAK. c ~ R 3 b  

M e X A y  3 B M  H ~ H H o ~  K A M  AK O C y ~ e C T B n R e T C R  Yepe3 KOHTpOJIJIep Kpek~a  
Tllm 106A. M 3 ~ e p t i T e J I b H a R  YaCTb CMCTeMbI COCTOHT 213 T p e X  OTHOCHTenbHO 

aBTOHOMHbIX IlOACIICTeM, npeAHa3HaYeHHbIX Df3 PerHCTpawH C H r H U I O B  

c A a T s a K o s  n a p o c o n e p m a H m ,  A a s n e H u R  H TeMnepaTypbl. 

P ~ c . 8 .  C T P Y K T Y P H ~  CXeMa B B T O M ~ T H ~ H ~ O B ~ H H O ~ ~  CHCTeMbl c60pa H 06pa60~- 

KH n a x m b l x :  E M  - 6 n o ~  HHauKauaa, r K Y  - r e w e p a r o p  ~ a s a m u e i i c ~ :  sacrorbl; 

B3II - 6 n o ~  3axea~a n a K a ;  Y M  - W a c r o T o M e p  Y 3 - 4 7 A ;  LIB - uac$po~o8 

BOnbTMeTp; K A  0 0 4  - KOMMYTaTOp; C A M  4 . 0 6  - H ~ ~ e r p H p y m U ? k i i i  A w  

C A M 4 . 0 6 - 2 1 ;  1 0 6 A  - KOHTpOJIJlep ~pe i i r a  K A M A K ;  K A  029 - m ~ e p a e f i c  

qseTHoro TeJIeBH3HOHHOTO MOHHTOpa; - qaer~oii  MOHHTOP; K B  002 - 
BblxoXHof i  perHCTp; U r  - U B ~ ? T H O ~ ~  r p a ~ n ~ ~ l p o a ~ e ~ b ;  H r M n  - HaKOllHTeJIb 

H a  ~ H ~ K H X  MWHHTH~JX n s c r c a x ;  I I Y  - n e w a T a m u e e  YCTPO~~CTBO; B K K  - 
6 n o ~  KOHTpCBJlJIepa KaHana o6uero nOnb30BEUiliR ( K O n )  ( H H T e p a e 8 ~  

I E E E I K A M A K )  . 

KOYaCTOTHbIM KOMMYTaTOPOM. ,&IR OrIpeneneHUH p e 3 0 H a H ~ H 0 f i  YaCTOTbI 

u c n o n b s y ~ o ~ c c r  x a p a m e p u o r p a @  XI-43, 6 n o ~  s a x ~ a ~ a  n u K a  B3Il u sac-ro- 
T O M e p  ' 4 3 - 4 7 A .  CsU~bIBaHlie naHHbIX C YaCToToMepa B MarHCTpaJIb KAMAK 
n p o u s ~ o n ~ ~ c c r  sepes 6 n o ~  m ~ e p @ e f i c a  1EE~-488"  I .  l 7 p ~  nepenase caraa- 
noB OT n p e o 6 p a s o ~ a ~ e ~ 1 e f i  naBneHuH K ~ 3 ~ e p m e n b ~ o f i  samu u c n o n b s y e ~ c c r  
T O K O B ~ I ~ ~  B ~ I X O ~  " C a n @ u p o ~ " ,  mo cnenmo nnH n o s b r u I e H m  n o ~ e x o y c r r o f i -  
WBOCTM. nUalla30~ H3MepReMbIX TOKOB 0-20 MA. K o M M Y T ~ ~ U ~ ~  CMrHWIOB 

O C y ~ e C T B n R e T C H  peJ Iehb1~  KOMMYTaTOpOM KA-004'' I .  n e p e ~  KOMMYTa- 
me2 TOKH npeo6pasy1o~c~ B H a n p R x e H m  H a  H ~ ~ P Y ~ O ~ I H ~ I X  pauc-ropax ~ u n a  
nTMH-0,5+200 OM. M s ~ e p e H m  npOU3BOnRTCH H H T e ~ p H p Y I o ~ H M  A 4 n  
CAM 4.06-21" O I .  



k l 3 ~ e p e H U e  ~ 0 l l p 0 ~ H B J l e ~ U f i  TePMOMeTPOB, Y C T ~ O B J l e H H b I X  H a  CTeHAe, 

llpOH3BOAHTCR BOJIbTMeTPOM "Keithley-181" no 4 - l T p 0 ~ 0 ~ 0 f i  CXeMe. M 3 ~ e -  
p ~ m b ~ b r i i  TOK - 10 MKA. B o J I ~ T M ~ T ~  CBR3suI C U U H O ~ ~  KAMAK Wpe3 6 n o ~  
m~ep@efica IEEE-488. 

Ha OCHOBe lTo~a3aI-IUfi AaTrMKOB AaBJIeHHX, T e M n e p a T y p b I ,  UCTUHHOI'O 

0 6 ' b e ~ ~ o r o  IIapOCOAepXaHUR H BWIUsHHbI MOIUHOCTU, B ~ I A ~ J I H ~ M o ~ ~  B @OPMA- 

POBaTWIe l lapOCOAepXaHkiR,  aBTOMaTki3HpOBaHI- I~  CUCTeMa nPOA3BOAAT 

P a C s e T  OCHOBHbIX XapaKTepMCTUK lTOTOKa. H e o 6 x o ~ ~ ~ b 1 e  TepMOAHHaMU- 

s e c K a e  CBOHCTB~ r a m  ( ~ a n p ~ ~ e p ,  n n H  B b I s u c n e H m  pacxona G a pacxon- 
HOrO MaCCOBOrO napOCOAepXaHUR X) OlTpeAWIRIoTCR MeTOAOM J I U H ~ ~ O G  

XIllpOKCUMaL&HU lT0 T ~ ~ J I H u ~ M ' ~  ' I ,  KOTOPbIe B B e A W b I  B OlTepaTUBHYIo 

lXiMHTb 3BM. ~ O ~ ~ ~ W H O C T H  orrpeAf?JleHkifi 0CHoBHbIX XaPaKTePHCTUK CneAyIo-  

uue:  pacxona - H e  6onee 6 + 7%, pacxomoro M a c c o B o r o  napocoaepxmm - 
9 + lo%, TeMlTepaTypbI  lTOTOKa - I%, klon - 5%, r m p a s n a s e c K o r o  COlTpO- 

THBJIeHUH - 2%. 
B XOAe 3KClTepUMeHTa pe3yJIbTaTbI  U 3 ~ e p e ~ U f i  U PaCqeTOB B b B O m T C R  

H a  usmofi  MOHUTOP BKY-42U u / m u  r p a @ o n o m p o a ~ e n b  WX4675, s ~ o  
n o 3 ~ o n ~ e ~  nonysan M H @ O P M ~ ~ I O  B y ~ 0 6 ~ 0 f i  @ o p ~ e .  Y n p a ~ n e ~ ~ e  MOHU- 

TOPOM u r p a @ o n o c ~ p o u ~ e n e ~  o c y r q e c ~ ~ n ~ e ~ c ~  sepes 6 n o ~ u  KM-02912 / 
u KB-00212 I .  

n p o r p m ~ ~ o e  06ecneseaue H a m c m o  H a  ~ 3 b 1 ~ a : x  FORTRAN u MACRO- 
11 C UClTOJIb3OBrlHUeM n a K e T O B  GRAFOR'~ * ', CAMLIB" S / .  ~ ~ ~ A ~ C M O T -  

p e H 0  q e T b I p e  P e X I i M a  pa6o~b1 CUCTeMbI: " ~ ~ H H w ~ J I u ~ ~ w " ,  "C60p9', "PHCO- 
~ m ~ e " ,  " 3 a m c b " .  B p e x u M e  "MHUYJH~JIU~~~SUR" o r r p e n m R I o T c R  n a p m e T p b I  

3 K ~ l T e p U ~ e ~ ~ a l I b ~ 0 f i  CUCTeMbl: K O H @ U ~ ~ ~ ~ ~ M R  arllXipaTYPb1, KOnHqeCTBO 

o n p a w a s a e M b I x  A a T s a K o B ,  u M e H a  crryxe6m1x @ a h o ~  H T.A. B p e X I i M e  

"C60p" O C y ~ e C T B n H e T C R  H e l l p e p b I B H O e  C K Z U 3 U p O B ~ H e  CHrHaJIOB C AaTsH- 

KOB. M 3 ~ e p R e ~ b 1 e  BWIHsHHbI 3allHCbIBNOTCR B K0,nbUeBbIe 6 y @ e p b 1 ,  OTBe- 

AeHHbIe LUIR K a X A O r O  AaTrIUKa B 0 l T e p a ~ U ~ ~ ~ f i  naMRTU 3BM. n p U  n p O B e A e -  

HUH 3KClTepkiMeHTa B C e r A a  lTpUCYTCTBYIoT HeKOTOpbIe  $ U I Y K T Y ~ ~ H  lTOTOKa 

B CTeHAe. q~06b1 UCKJIIorIUTb UX BnURHHe H a  p€!3yJlbTaT, B PeXUiMe  PAC COB^- 
Hue"  IIPOBOAHTCH CTaTUCTHqeCKaR o 6 p a 6 0 ~ ~ a  C O ~ P ~ H H ~ I X  AaHHbIX. n p U  3TOM 

npf?AlTOna~aeTCR, W O  U 3 M e p R e M b I e  CJIysafi~b~e BeJIMsHHbI kiMeIoT HOpMalIbHOe 

PaClTpeAeneHHe.  n o J I y q e H ~ b 1 e  3KClTepUMeHTaJIbHbIe 3aBUCUMOCTki BbIElOARTCR 

H a  r p a @ ? i q e c ~ U e  ~ C T ~ O ~ ~ C T B ~ .  n J I R  CpaBHeHUR T a K X e  MOIYT 6 b 1 ~ b  BbIBeAeHbI 

pe3yJ lbTaTbI  p a C s e T a  XapaKTepUCTUK an lT0 H a U 6 o n e e  P a C l T p O C T p ~ e H H b I M  

TeOpeTWleCKHM 3aBUCHMOCTRM. B PeXUiM "3XIUcb"  3KClTepllMeHTaJlbHbIe 

A m H b I e  3alTUCbIBaKlTCR H a  r k i 6 m f i  M ~ ~ H H T H ~ I G  BUCK KlIU MXHHTHYW JIeHTy.  

HOrO nOTOKa reJIHR npW 

P=125 ~ n a ;  a )   man we- 
neaoro ceserrm 30x1 MM, 

X = 0,23, m = 66 Kr/M2/c ;  

P = 138 ~ n a ,  ~ a ~ a n  uene- - 
aoro c e s e r r m ;  4 - @ ( X ) ,  

m = 110 Kr/M2/c,  P = 

= 160 ~ n a ,  ~ a ~ a n  urene- 

B o r o  cesexim; 5 - 4 ( X )  

paC9e'I no ~ O M O ~ ~ H H O ~  MO- 

n e n a  n p a  P = 160 ~ n a ;  
6 n 7 - 4 ( X )  W G ( x ) ,  

pawe7 n o  3 a a a c n ~ o c r r ~ ~ ~ ~  I 

nnn paccnoeHHoro Tereiiwr 

rrpn P = 138 ~ n a .  



AUalli33OHe M3MeHeHwI PeXHMHbIX IEipaMeTpOB ( A L ~ B J T ~ H H ~  HaCbIUeHkiR 100 - 
200 ~ n a ,  pacxon K p a o a r e m a  0,5-15~10-~ ~ r / c ,  napoconepmue 0 - 1 ) .  

OCTSLHOBUMCH Ha A B y X  XapaKTepHbIX n p U M e p a X .  Ha PUC. 9 llpkiBenC?HbI 

@o~orpa@uu A B Y X @ ~ ~ H ~ I X  n o T o K o B  B K m a n a x  K p y r n o r o  u U e n e B o r o  c e q e -  

HH# COOTBeTCTBeHHO PaCCnOeHHOM r J I W K 0 M  U ITpepbIBUcTOM p e X H M a X  

T ~ Y ~ H ~ I ' ~  l9 I .  Ha OCHOBe TaKUX @0~0rpa@kifi MOrYT 6 b 1 ~ b  lTOCTpOeHb1 KapTbI 

p e m M o B  T e q e H m ,  ~ O ~ B O ~ R K I U H ~  o n p e n e n f i n  x a p a r c T e p  pacnpenenemm 
@a3 B nOTOKe n0 H3BeCTHbIM PeXHMHbIM lXipaMeTpaM ( c M . ' ~  l 7  I ) .  Ha pEic.10 
lTpeACTaBneHb1 3aBHCHMOCTH nPUBeAC?HHOTO rHApaBJILiWCKOr0 COnpOTUBJIe- 

HBR &P = (AP,+ - AP,) / ( A P ~  - A P ~ )  " ' I a anlamoro o 6 a e ~ ~ o r o  napo- 
conepxmm @ OT M a c c o B o r o  pacxomoro n a p o c o n e p x a H a R  X.  kis p u c y H K a  

B m O ,  YTO MaCCOBaR CKOpOCTb CyWeCTBeHHO BJIwIeT H a  B m  ~ ~ B H C H M O C T ~ ~ ~  

&p (X) ki @ (X) , YTO 06ycno~ne~o  ki3MeHeHaeM P e X H M a  T€YeHwI an. 
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