
METOAVlKA Vl3MEPEHVlfl TOKA 

YCKOPflEMOrO llYC1KA aA30TPOHA 



1 0 ,  1 - C p e n H H e  3HarIeHUR TOKa n y I K a  COOTBeTCTBeHHO H a  paffIlyCe 

OKOH'raHHR n e p B O r O  @ Z ~ ~ O B O ~ O  K O J I ~ ~ ~ H H R  H H a  npenBbIBOnHbIX p a H y C a X ,  

iBblB- TOK BbIBeneHHOrO V q K a .  TOK i 0 H3MePReTCR C llOMOIIIbH) KOJIJIeK- 

T o p H o r 0  AaTYPiKa, n p R M b I e  Xe I13MePeHHR TOKOB 1 1 ,  iBbl, C nOMOII&IO 

KOJIJIeKTOpOB B 06nac~u 3Heprkif i  npOTOHOB B COTHH M3B COlTpRXeHbI C 

T p y n H o c T R M a  n o n H o r o  c6opa sapma n y s K a .  Ann n s ~ e p e ~ n k  H a  B b m e n e H -  

HOM W Y K e  IIPOTOHOB C T ~ K O ~  3 ~ e p r H e f i  UIHPOKO npHMeHRloTCR KUfOpH- 

MeTPbI H a K T H B a H O H H b I e  HeTeKTOpbI / I / .  O H H ~ K O  nJIR H 3 ~ e p e ~ r d i  Ha sup- 
K y J I U p y I o u e M  l lyYKe npaKTHqeCKH HeB03MOXHO IIPHMeHHTb KUfOPHMeTpbI,  

u s ~ e p e ~ n e  x e  T o K a  nywa no a K T u s a q H u  a o n b r  cs~3a1-10 c H ~ O ~ X O ~ M O C T ~ H )  

o n p e n e n e H n R  K p a T H o c n i  n p o x o m e H n R  n p o T o H o B  n y s K a  sepea aonary. 
B n a H ~ 0 f i  pa6o~e n p e n n a r a e T c R  M e T O m K a  H3MePeHHR TOKa YCKOPFIe- 

MOrO IIyYKa nPOTOHOB no aKTHBaI&k¶H T O H K O ~  40JIbrki. M ~ T O R H K ~  HaLllJIa 

n p a M e H e H a e  npa H s M e p e H a R x  H a  n y s K a x  n p o T o H o B  a a s o ~ p o ~ a  ORRM /2 / ,  

H M e I o U X  3~eprnm OKOJIO 680 M3B npu TOKe BbJEeneHHOrO n y Y K a  no 
2,5 MKA. 

rne n - KpaTHocTb n p o x o m e H n R ,  1 - cpemee s ~ a s e ~ u e  T o K a  n y s K a .  

Hac UHTepeCyeT BWIHWiHa i . B pa6o~e "/ nOKa3aI-IO, YTO KPaTHOCTb 



me d - p a m a n b ~ b r f i  p a a ~ e p  @ o n b r a ,  F(R) - s a c T o T a  y c K o p a I o w e r o  BY- 
n o n R ,  v(R)  - C K O P O C T ~  pamanmoro n e p e M e r r l e H u a  n y s K a ,  R - p a n u a n b -  

H o e  n o n o x e H a e  @ o n b r a  ( r r y s ~ a )  . 
L I ~ R  nOJIHOTbI H3JIOXeHMR IIpkiBeneM c o o 6 p a ~ e ~ a ~ ,  H a  OCHOBe KOTO- 

PbIX 6b1n0 nOJIyqeH0 COOTHOUleHkie ( 2 ) .  Y C K O P R ~ M ~ I ~ ~  n y q O K  nPOTOHOB C 

KOHerIHbIMU nOnepesHbIMki  a IIpOAOnbHbIM p a 3 M e p a M H  06pawae~ca B Ka-  

M e p e  c s a c ~ o ~ o f i  F(R) a n e p e M e u a e T c a  OT s e H T p a  K o6nac~u B b I B o n a  co 
C K O P O C T ~ ~  v(R) .  P a c c ~ o ~ p e ~ k i e  o r p m u w i B a e T c R  0 6 n a c ~ b m  p a n a y c o B ,  rae 
p a n u a n b H o e  n e p e M e m e s u e  nywa  3a 0 6 0 ~ 0 ~  

v (R) AR = -<< A r ,  
F(R) 

Ar - p a ~ a a n b ~ b ~ f i  p a s ~ e p  n y s K a .  B H a m e M  cnysae  TO c n p a s e n n a B o  A n n  pa- 
n k i y c o B  6onee 60 CM (Wp > 25 M3B). 

O s e ~ u n ~ o ,    TO npu H ~ I I ~ M ~ H H O M  p w u a n b a o ~  p a c n p e n e n e H u k i  a a p ~ n a  
n y s K a  u(R) sepe3 0 6 n a c ~ b  AR 3a OnHH n0nHb1fI  UHKn YCKOPeHkiR npofine~ 
3apFln, p a ~ ~ b ~ f i  3aPRAY n y q K a  qo , a MMeHHO: 

O T K y n a  CneAyeT COOTHOUleHkie (2 ) .  
A a H H o e  paCCMOTpeHHe H e  YWiTbIBaeT MHOrOKpaTHOrO KyJIOHOBCKOrO 

PaCCeRHIlR IIPOTOHOB @ ~ J I b r ~ f i ,  a T a K X e  O C O ~ ~ H H O C T ~ ~ ~  nBkiXeHHR qaCTHU 

n p H  YCKOpeHMki. Y ~ C T W U ~ I  n y s K a  COBepUlaIoT OKOnO ~ ~ B H O B ~ C H O ~ ~  TpaeKTO- 

PAPI 6eTaTp0HHbIe  H CHHXpOTpOHHbIe ~ o n e 6 a ~ a f 1  C H3MeHeHHeM @a3b1 K o n e -  

G a ~ ~ i f i  3a 0 6 0 ~ 0 ~  COOTBeTCTBeHHO 2nQr H 2nT/T@ ( 3 ~ e c b  T = 1/'F , '$, 2 - 
= 30 MKC - nepaon C U H X ~ O T ~ O H H ~ I X  ~ o n e 6 a ~ a i i )  a a M n n a T y n a M a  AD a a,. 

Pacnpexene~ue szcr13q  no @ a a a ~  T e x  M Spyr'Kx ~ 0 n e 6 a H n f i  c s a T a e M  PaBHO- 

MepHbIM. npa n e p e M e w e H a u  p a ~ ~ o s e c ~ i o f i  T p a e K T o p a a  B nkianasor-le pway- 
COB (PHC. 1) 



TO eCTb CKJIElAbIBaKITCR A B a  ~one6a-  
HkiR C aMlTJIMTYAaM?i U a a 3 a ~ M  CO- 

OTBeTCTBeHHO A k, 4 k EI AA , O . M ~ I  
nonomna, wo n a p a M e T p b l 6 e ~ a ~ p o ~ -  

HbIX ~ 0 J I e 6 a H k i f i  MrHOBeHHO MeHRWT- 

CR n p H  paccemnu, B TO s p e M R  

K a K  a H a n o r E i r M b I e  n a p a M e T p b 1  c u ~ x -  
POTPOHHbIX ~ o n e 6 a ~ u f i  MeHRIoTCR C 

I IOCTOHHHO~~ B p e M e H U  T @ 30 MKC. 

k I 3 ~ e H e ~ U e  aMnJIMTyAbI 6 e~a -  
TPOHHbIX ~ 0 n e 6 a ~ U f i  n p H  paCCeRHMH 

OnpeAeJIRt?TCR COOTHOllleHURMU 

R R AA, = -  .tgao =--.a . R 
M Z = -  - a o  , 

r Qr z 

We ag - c ~ ~ A H ~ K B E ~ A ~ ~ T M w ~ ~  YrOJl  PaCCeRHUH B I ' o ~ u ~ o H T ~ J I ~ H o ~ ~  ( U ~ H  

~ e p T M K a J I b H 0 f i )  MOCKOCTM 

y HaC Z =13, A= 27, X =  2,3 r .  CM", PV, - @YHKW 3HePIWM 

n p o T o H a  Wp(R). @ o n b r  c ~ o n w i ~ o f i  x M e H e e  1 M r  C M - ~  cnenye-r 
nOJTb30BaTbCR COOTHOUleHHRMU M o n b e p  15/. B ~a6naue  npUBeAeHb1 paccw- 
TaHHbIe  no COOTHOUleHURM (11) - (13) BeJIHIIIMbI a. ,m , m , A n R  Pa3HbIX 

P~AEIYCOB n p M  o n H o K p a T H o M  npoxowema sepes @ o n b r y  c x = 2 M r  - CM -2  

(namb~e no Q, , Q, B S R T ~ I  ~3 pa6o~  I6# 9. n p ~  n n p o x o x A e H n R x  yron 
PaCCeRHAR H M3MeHeHAe a M M U T Y A  OnpeAeJIRIoTCH COOTHOUleHURMM 

R . chi , M3B AEi. ~ 3 8  so, pan 
P Q Z  A A ~ , M M  Q,  AA,,MM 

C J I ~ ? R Y ~ ~ T  OTMeTUTb, YTO I3 COOTBeTCTBIlU C (11) a M n n U T y A b l  BepTIiKaJIbHLIX 

( ~ ? T ~ ? O H H ~ I X  ~one6a~aCi B a a s o ~ p o ~ e  OHRM p a c T y T  npu paccemuw cy- 
IqeCTBeHHO 6 b 1 c ~ p e e  P i l n I i ~ b H b l X  (Q, - 1,016-1,20, Q Z  = 0,156-0,322) . 

Monenupo~aaue npOUeCCa MHOrOKpaTHOrO npOXOXiAeHHH n y q K a  q e -  

pe3 @ o J I b r y  C YYeTOM CTaTUCTUqeCKOrO X a p a K T e p a  KyJTOHOBCKOrO PaCCeH- 

H U R ' ~ '  n o ~ a ~ a n o ,  YTO c p e A H e e  s ~ a s e ~ u e  K p a T H o c T a  l7pOXOXQetiHR nywa  
qaCTUll C pa3HbIMM HaYaJIbHbIhlU 3HaqeHUHMH @a3 ~ o n e 6 a ~ n f i  f$O, 9 H e  

0 
3aBUCHT OT P.IX aF' lnnHTyA A. , a. , eCnk1 PaCCeRHUe H e  npIlBOAUT K IIOTepHM 

YaCTMU. 

HC~V~XOAHMO O ~ P ~ T W T ~  BHIIMaHUe, qTO kiOHI~3aUUOHHLIe n O T e p I l 3 H e p r U I l  

nPOTOHOB M O r y T  UPkIBOAHTb K a a 3 0 ~ b 1 ~  n O T e g R M  qaCTl4I.I ITyllKa H a  paJ(Uy- 

C e  YCTZHOBKU ~ o J I ~ T M .   TO, B CBOH) O q e p e A b ,  M O X e T  npkIBeCTI1 K 3aBbIIUe-  

HHH) I7.+,Mepf?HHOrO 3HaYe!IUH TOKa 38 CYeT B ~ I C O K O ~ ~  KpaTHOCTU npOXOXCAe- 

HUH  TUX BacTUU. B H a m e M  c n y q a e  @ o n b r a  y c T m a R n m a n a c b  H a  panuyce 
* 250 CM, me 3 ~ e p r u ~  npOTOHOB COCTaBnReT 587 M3B, a WOHU3amOHHbIe  no- 

T e p H  npa OAHOM n p o x o x c ~ e ~ u ~  a o n b r u  (:< = 2,3 . 10 -3 r . C M - ~ )  - o K o n o  

1 5 K ~ B  n O ~ e p P i  3HeprMrf  3a o6opor COCTaBRT B CpeAHeM 
J 



M AnFI a  = A = 5 MM H d = 1 MM <m > 10,24 K ~ B / O ~ O P O T .  T ~ K H ~  n o T e p H  

3 H e p r H H  38 0 6 0 ~ 0 ~  K0MIIeHCHPYH)TCFI 38 CYeT IIpOIJeCCa ~ B T O @ ~ ~ H P O B K M .  

n 0 ~ e p b  IIJ'YKa H a  P W H y C e  250 CM HeT. M ~ M ~ ~ ~ H H H ,  n p 0 B e n e H H b I e  OnHOBpe- 

MeHHo c H C ~ O ~ ~ ~ O B ~ H ~ M  n u ~ a n - - s n e ~ ~ p o n o ~  I " ,  n o ~ a 3 a n ~ ,  YTO p a c c e H -  

HHe Ha @ 0 n b r e  H e  IIpHBOnHT K 3aMeTHbIM H3MeHeHHFIM P W H a n b H O r O  H np0- 
n o n b H o r o  pacnpenene~sfi s a p ~ n a  nywa .  

CKOPOCT~ p a n u a n b a o r o  n e p e M e w e H m  n y w a  v ( R )  u 3 ~ e p s n a c b  c no- 
MOLUbH) BTOPHrIHO-3MHCCHOHHOr0 AaTYHKa H a  OCHOBe ~ a ~ 0 f i  Xe @ 0 n b r H  "/. 

Cnenye~ OTMeTHTb, YTO C K O P O C T ~  p a 4 H a J I b H o r o  n e p e M e q e H n H  v (R)  onpene- 
JIFIeTCK MWHHTHbIM n O n e M  H 3aKOHOM M3MeHeHHFI YaCTOTbI YCKOPFIIOIIJeTO 

HanpFIXeHHFI M H e  3aBHCHT OT er0 aMnJIUTyRbI U g ( R ) .   TO 6b1no T a K X e  

IIpOBepeHO 3KC e HMeHTaJlbHO H3MePeHHFIMH v ( R )  n p I l  pa3JIHYHbIX 3PBMCH- 
79B 

MOCTFIX Ug ( R )  . 

2. A K T M B A L l , M O H H b l ~  AETEKTOP 

OCHOBH~IM T ~ ~ ~ O B ~ H H ~ M ,  npen'bFIBlIfXeMbIM K aKTHBaIJHOHHOMy ReTeK- 

T O p y ,  FIBnFIeTCFI er0 MHHHMalIbHOe BnHFIHHe Ha Y C K O P F I ~ M ~ I G  nyYOK. B Ka-  

YeCTBe AeTeKTOpa HCnOnb3yeTCFI y3KaFi ( - 1 MM) nOJIOCKa ~ J I H ) M M H H ~ B O ~ ~  

@0JIbr&i ToJTUJ,HHO~~ 6 = 6 MKM, X = 2,3 . 10 -3 r C M - ~ .  MOHHTOPHPOBB- 

HHFI n c n o n b s y e T c n  pearcum 

n p H  K O T O P O ~ ~  06pa3ye~csi ~ ~ H O ~ K T M B H ~ I ~ ~  H30TOn 2 4 ~ a  C IIepHOnOM IIOlIy- 

pacnana TI,, = 15,Ol q a c a =  54036 c. O 6 n y ~ e ~ ~ e  n p o B o n H T c R  B TeqeHHe 

BpeMeHH 

Y H C ~ O  FInep  2 4 ~ a  B KOHIJe O ~ ~ Y Y ~ H H F I  3a BpeMFI At (y HaC At = 60 C)  nyY- 

KOM IIPOTOHOB C 3 ~ e p r H e f i  W p ,  TOKOM i OlTpeneJIFIeTCFI COOTHOLLIeHHeM 

me n, = N ~ ~ .  M-I - KOHIJeHTPaIJHFI FIneP Al, NAB = 6,022 -10 23 ~ 0 J I b - l ,  

M = 27 r . ~ 0 n b - ' ,  p = 2,7 r CM -3, 6 - T O n I W H a  @ 0 n b r H  (CM) , 0 (Wp ) - 

1 Q = -. n . i l  
sin /3 

rne /3 - yron H a K n o H a  @ o n b r ~  K nymy,  a n n a e T c H  c o o T H o m e m e M  (2) .  
McnoJIb3yFI O Y e B U ~ O e  COOTHOLLIeHHe: 

rne ma$ - M a c c a  (r) u nnma (CM) A e T e K T o p a ,  n o n y q a e M  c o o T H o l u e H n e  

( RnFI TOKa YCKOpFIeMOrO IlyYKa: 



@ o J I b r o ~ b I R  ~ K T M B ~ ~ H O H H ~ I ~ ~  AeTeKTOp C IIOMOUbW n p 0 6 ~ H ~ a  YCTZlHas- 

n k i s a e T c n  H a  paaayce 250 r ~ .  Bo a36ema~ae ~ e n n o ~ o r - o  paapyrue~~~r r  @crib- 
r H  YCKOpUTe?Jb BKJIMqaJICR C(I CKBaXIIOCTbM 1 :16, qTO n03BOnRJIO p a 6 0 ~ a : . b  

C HOMHHaJIbHbIMA HMIIYJIbCHbIMH TOKaMPi n y q K a .  b b I ~ e n e ~ ~ 6 1 ~  TOK COCTN3- 

JIFIn 0,2-0,25 MKA, ~ @ @ ~ K T w B H ~ I ~ ~  u U P K Y J I I ? P Y M ~ U ~ ~  TOK nPOTOHOB r Iepe3  

@onmy (c y q e T o h l  K p a T H o c m  n p o x o n c n e ~ ~ ~ )  - 16-20 IMKA. 3 ~ e p r r - r ~  rrpcj- 
TOHOB H a  T TOM p ; W w c e  Wp = 587 &13B, ceqeHMe p e a r c w k i  u ( R p  ) = 10,8 + 
f 0,5 ~ 6 ,  CKOpOCTb v(R) = 0.44 1 0,02 Mill MKC - I ,  qaCTOTa F- 15.05 I\.IKC-t 

B p e M R  06nyse1rumAt = 60 t 1 c, yron 1-3 = 4 5 O  (onpenen~e~ca  K O H C ? P ~ I Z -  

TkiBHbIMU O C O ~ ~ ~ H O C T H M W  n p 0 6 H k i K a ) .  k I 3 ~ e p e H M R  aKrMBHOCTII o 6 n y q e i : -  

HbIX @0JIbr  BbInOlII1fUIkiCb C I I O M O I ~ M  nO~!7nPORO,r~lJHKOBO~O CIIf?KTPOMeT- 

pd panHOXkiMkiqeCKOr0 OTAena  fin C 10qHOCTbM ? 1%. n p k i  Pi3&!epeHHHX 

TOKa B h I B e ~ e H I l O r O  IIyYKa @ 0 J I b r a  YCTaHaBJILIBaeTCR 3a BhIBOnHbIM OKIiOM 

HOPMaJIbHO K nY9KY. 

1. n p e n J l 0 X e H a  MeTOnHKa H3MepeHHR TOKa YCKOpReMOrO W q K a  @a- 
30TpOHa. 

2. C nOMOU&M n p e n J I 0 X e H H 0 f i  MeTOnHKH BbInOJlHeH q H K n  k i 3 ~ e p e H k i k ,  

n o 3 ~ o n a ~ m a f i  o n p e n e n m b  cnenymwe x a p a m e p H c T H K u  @ a s o ~ p o ~ a  OMHW: 
a) K O ~ @ @ U ~ H ~ H T  nPOBOnKH n y Y K a  C p m H y C a  60 CM A 0  250 CM CO- 

CTaBJIReT 0,80 f 0,08; 
6) K O ~ @ @ H U H ~ H T  BbIBOna n y q K a  M3 K a M e p b I  C P a n U y C a  250 CM n p H  

yA&TIeHHOM H3 H e e  C - 3 J I e K ~ p o n e  COCTaBJIReT 0,52 ? 0,04; 
B) K O ~ @ @ H U H ~ H T  BbIBOHa n y r I K a  H3 K a M e p b I  n p H  YCTaHOBJleHHOM B 

~ e f i  C - s n e ~ ~ p o n e  c o c T a s n f i e T  0,48 +0,04; 
r) K O ~ @ @ U ~ U ~ H T  BbIBOHa n y q K a  C B K J T I ~ ~ ~ H H o ~ ~  C H C T ~ M O ~ ~  er0 B p e -  

M ~ H H O ~ ~  PaCTRXKM ( ~ ~ C T R H Y T O ~ O  n y q ~ a )  COCTaBJlReT 0,33 2 0,03. 

JWTEPA TYPA 

-2 -2 
r e  6Q 5 5 1. lo-', 6~ < t 2 10 H m,,,  5 t 6  10 . 

n p H  OUeHKe OLLIH~KEI  OnpeneJIeHHR ~ @ @ ~ K T U B H O C T H  BbIBOAa qBbB HCK- 

JIIosaeTCR o r u u 6 ~ a  6 0 ,  IIOCKOJlbKy 3Ta o r u u 6 ~ a  CHCTeMaTHqeCKUI, a DJIR 

H3MepeHHR TOKOB K a K  BbIBeaeHHOrO, T a K  H H3MepReMOrO ny'4KOB HCnOJlb- 

3yeTCR O n H a  H T a  Xe M e T O W K a ,  n03TOMY 
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