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@u~uqec~ni?  HHCTHTYT ~~.f l .H.f le6e&eea AH CCCP, H o c ~ e a  

6 . f l a c ~ n p q a ~ ,  M . C ~ M ~ H ,  n.lllau~op 
HHCTHTYT s ~ c n e p n ~ e ~ ~ a n b ~ o G  @ H ~ H K M  CAH, Kownue 

Ha n p o T n m e H u u  M H o r u x  n e T  H e  ocna6eeae~  u H T e p e c  K n o B e A e H w 0  

B O J ~ H O B O ~  @yHKuMM n p o c T e k u e r o  aTOMHOi-0 R A p a  - A e k T p o ~ a  H a  Ma-  

JlblX PaCCTOflHMRX / ~ e H b ~ e  1 OM/. ~ O ~ ~ ~ U M H C T B O  nOCBf l~eHHb lX  3TOMY 

BOnPOCy 3KCnePMMeHTOB npOBe f l eH0  H a  CneKTpOMeTpaX .  CpeAM HMX 

~au60nee  M3BeCTHblMM flBnfllOTCfl OnblTM fl0 Heynpy i -OMy PaCCeflHMK) 
i 

~ ~ ~ K T ~ O H O B / ' /  M M3MePeHMIO AM@@epeHuManbHblX nO l l epeqHb lX  ce l re~bl f i  
p e a ~ ~ k l k  CTPMnn H r a  6 b l ~ T p b l ~  A ~ ~ ~ T P O H O B  C BblXOAOM nPOTOHOB no4 
ManblMM Yr f l aMM , C ~ o k  B K f l a g  B nOHMMaHUe npOblCXOAf l~MX 

BHeCflM KOpPenf luMOHHble MCCfleAOBaHMH B 3KCKnK)3MBHOM 

n o A x o A e  . 
BO B c e x  a K c n e p u M e H T a x  ~ a 6 n m ~ a e ~ c f l  n p e e M l u e H u e  w c n a  ~ 0 6 b l T M k  

HaA  paCW?TaMM, CAeJlaHHblMM MCXOAFl M3 06blqH0 HCnOflb3YeMblX BOn-  

HOBblX @ Y H K ~ M ~  A e k T p o ~ a ,  B 06nac~u  MMnyJlbCOB Bbllue 200  M ~ B / c  
B CMCTeMe flOKOfl R A p a .  

T ~ O ~ ~ T M K M  06 I1 f l ~H f lK )T  3TOT 3@@eKT Pa3HMMM MeXaHM3MaMM / U ~ M  

MX COBOKY H O C T ~ K ) / :  I lOrnOUeHMeM 

H y K n o H o B  '/, ~ 0 3 6 y u ~ e ~ M e ~  ~ 3 0 6 a  p ~ b l x  

nyJlbC~0k K O M ~ O H ~ H T O ~  B O ~ H O B O ~  @ ~ H K ~ M M  

IlOnblTKM M 3 B f l e q b  UleCTMKBaPKOBYK) KOMnOHeHTY . 
f l p e ~ c ~ a e n e ~ ~ b ~ e  B A B H H O ~ ~  p a 6 o ~ e  p e 3 y n b ~ a ~ b 1  n o n y r e H u  n 3  cpae- 

HeHMR pf3aKuMk Ilp + ppn- M dp + pppn -, MCCneAOBaHHblX C nOMOUjbK) 

ef lw~ok MeTOAMKM - BO&OPOAHO~~ n y 3 b l p b K 0 ~ 0 k  KaMepbl  - B YCnOBMflX 

4n - r e o ~ e ~ p u n  .Bb16op p e a K u u u  c B~IXOAOM n - ~ e 3 0 ~ a  n B n R e T c R  H e  cny - 
4 q a f i ~ b l ~ .  B p a 6 o ~ a x  no U3YqeHMK) dp- M Hep - B ~ ~ M M O A ~ ~ ~ C T B M ~ ~ ,  np0- 

BeAeHHblX H a   TO^ M e  YCTaHOBKe, 6b1n0 n o ~ a 3 a ~ 0 ,  UTCI B 6 e 3 ~ e 3 0 ~ -  

-1 HblX PeaKuMf lX ,  O C O ~ ~ H H O  B o 6 n a t ~ u  npOMeMyTOqHblX 3 ~ e p r M k  

( -1  ~ ~ B / c / H Y K ~ o H ) ,  Ha BblCOKOMMnYnbCHYH) 'AaCTb C f l eKTpOB HYKnOHOB 

i CMJlbHOe BflMflHMe OKa3blBalOT T - O ~ M ~ H H M ~  npOqeCCbl  / l o / .  C P ~ B H ~ H H ~  
pea~uuf i  C n-Me30HOM B KOHeqHOM COCTOflHMM n03BOJlfleT YMeHbUMTb 

3 T O  BnMflHMe M CPaBHMTb nOnyYeHHb le  AaHHble C PaCqeTaMM, McnOflb-  

3YK)UMMM M3BeCTHble BOJlHOBble @YHKuMM A ~ ~ T P O H ~ .  

npe~narae~b lk  IlOAXOfl A a e T  c s o e o 6 p a 3 ~ b 1 k  TeCT  H a  KOPPeKTHOCTb 

O ~ M ~ H O  n c n O f l b 3 y e M O r O  OnpeAe f l eHMf l  HyKJ loHa-CneKTaTOPa .  

B p a 6 o ~ e  p a c c M o T p e H u  TaKme npoueccu, n p u B o A n u u e  K noflsne- 
HMK) " H ~ C ~ ~ ~ K T ~ T O ~ H ~ I X "  ~ 0 6 b l T M k .  
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O C H O B H ~ R  W C T b  3 ~ 0 f i  p a 6 0 ~ u  OCHOBaHa H a  a H a n n 3 e  c x 0 ~ C T B a  

H p a 3 n M U n R  AaHHblX, nOnYqeHHblX H a  O ~ H O M ~ T ~ O B O ~  ~ o ~ o p o ~ ~ o k  n Y -  

3 M p b ~ 0 ~ 0 f i  K a M e p e ,  0 6 n y q e ~ ~ o f i  B OAHOM 3KCnepMMeHTe  n y q ~ O M  

f l e f i T p 0 ~ 0 B  M B R p y r O M  3KCnepMMeHTe  - I l y q K O M  K B ~ ~ U M O H O X P O M ~ T M -  

I qeCKMX H ~ ~ ~ T ~ O H O B  H a  CMHXpO@a30TpOHe JlB3 OMAM. Bennqn~a MM- 

n y n b c a  n y q K a  f l e f i ~ p o ~ o e  / 3 , 3 4 - f  0,08/  r3B/c no c p a e ~ e ~ n w ,  c MM- 

nynbc0t-i H ~ ~ ~ T P O H H O ~ O  n y q K a  / I  ,73 5 0,05/ raB/c A a e T  npn6nn3n- 
T e n b H O  OAMHaKOByO 3 H e p r M O  H a  HyKnOH.  

n p 0 B e ~ e ~ ~ b I e  3KCnepMMeHTbl  nO3BOnROT C p a  BHMT b M e X A y  co6ofi 
3 n e M e H T a p H o e  n p - ~ 3 a w ~ o ~ e f i c ~ ~ n e  n K B ~ ~ M C B O ~ O A H O ~  ' h "pesan~o-  
A e f i c T B n e  H a  ~ e f i ~ p o ~ e ,  CBR3aHHOM B f l ~ p e - ~ e k ~ p o ~ e .  

B 3 n e M e H T a p H o M  ~ ~ - B ~ ~ M M O ~ ~ ~ ~ C T B M U  npu P = 1,73 raB/c n - ~ e 3 o -  

HM POMflaOTCR B 3 - n y q e B b l x  seesflax. C O O T B ~ T C T B ~ ~ ~ ~ ( M ~  C O ~ ~ I T M R ,  

npOMCXof l f lqMe H a  ~ e f i ~ p o ~ e ,  CBR3aHHOM B A e f i T p ~ ~ e ,  ~ Y A Y T  b - n y q e -  

BblMM. C 0 6 b l T ~ f l  H3MepRnMCb H a  CKaHMPYIOueM a B T O M a T e  HPD M n O n Y -  

aBTOMaTaX  nYOC. ~ ~ O M ~ T P M ~ ~ C K ~ R  PeKOHCTPYKQMR M n f leHTM@M~aQMf l  

np -~3an~oae f i c~sn f i  B M n o n H R n n c b  no npo rpaMMaM/ "  * 12/ . M a ~ e ~ a ~ n -  
q e C K a f l  0 6 p a 6 0 ~ ~ a  d p - B 3 a M ~ 0 f l e f i ~ T B n f i  npOBOAMnaCb C flOMOI4blO C n e -  

~ H ~ ~ M ~ H ~ o B ~ H H o ~ ~  B M C O K O ~ B T O M ~ T M ~ M ~ O B ~ H H O ~ ~  CMCTeMbl I lPOrPaMM /13/. 
8 ~ a 6 n . l  n o ~ a 3 a H o  K o n u q e C T B o  C O ~ ~ I T M ~ ~  B KMHeMaTMqeCKM n0n- 

H O C T ~ I O  B o c c T a H a B n n B a e M b l K  K a t i a n a x , a  T a m e  o614ee wcno C O ~ M T M ~ ~ .  

P P ~ - / P P P ~  
- 4 4570 2973 

ppn-n0/pppn-n 1 170 8 4 
pnn+n-/ppnn+n- 1 7 6 3  552 
Bce C O ~ ~ X T U R  /BKJIIOV~R HO&UT/ 6801 4195 

06a 3 T M  K a H a n a  /4C-@MT/ CTaTMCTMYeCKn caMbIe 6 0 r a T M e .  C06~-  
THR /a/ n p e A c T a B n f l o T  67% B c e x  3 - n y q e e b l x  ~ P - B ~ ~ M M O  e f i c ~ ~ ~ z  
M /b/ - 70% 4-nyqeeux d p - e 3 a n ~ o f l e f i c ~ ~ n f i .  A ~ a n n 3  B 4 1 4 1  n o K a l a n ,  

B p e a K U H H  d ~ - -  pppn-/a , 6 /  
WI 
co 2 
a e p e a K u H H  np- ppn- / ~ , r /  AJ~R 

d I t 1  < 0,02 ( ~ B / c ) ~ .  z 
0 
\ 4 
Z q T O  B C e  ~ 0 6 b l T M f l  /a /  HAeHTM@MQM- 

2 PYOTCR OAHO3HaqHO. M c n o n b a o e a -  

HMe YCKOPeHHbIX A ~ ~ T ~ O H O B  cnoco6- 
CTBYeT  TOMY, q T O  rMnOTe3,  KOHKYPH- 

py~unx  /b/ ,  o q e H b  M a n o  /I%/. 
I 9 pag Ycnoen~ 4 n - r e o ~ e ~ p n n  noaeonu- 

n M  n O n y q M T b  3KCnepMMeHTanbHb le  

AaHHble 6 e 3  3HaqMTenbHblX n O T e P b .  O A H ~ K O  Mbl nOnMTanMCb OQeHHTb 
I MX B o6enx MCCJleAOBaHHblX PeaKQMf lX .  

I O C H O B H ~ I ~  nOTepM B03HMKaOT AnR TpeKOB MeAneHHbIX qaCTMQ,  BM- 

n e T a n q n x  n e p n e t i A n K y n R p H o  K n n o c K o c T n  K a A p a .  OHM 0 6 y c n o e n e ~ ~  
C O ~ ~ I T M R M M  C ManblMM n e P e A a l l a M M  MMnyAbCa npOTOHY-MMWeHM. o ~ ~ a -  
KO 3TM I lOTepM flOJlKHbl 6b lTb  MeHblJJe, L(eM n p M  Y n p y r O M  MnM KBa3M-  

y n p y r o M  p a c c e R H n n .  

O Q ~ H K ~ ,  CAenaHHaR H a  OCHOBaHMM aCMMMeTPMM a3MMYTanbHblX P a C -  
I 
1 npef lene~nf i  M e A n e H H u x  n p o T o H o e  n n - ~ e a o ~ o e ,  n o ~ a a a n a  ,  TO npn 

u M n y n b c a x  n p o T o H a  o T A a q u  B n a 6 o p a ~ o p ~ o f i  c n c T e M e  M e H b w e  

0 ,  I 4 r 3 B / ~  MnM MMnYnbCaX R-Me30Ha  MeHblJJe 0,10 r 3 B / ~ ,  KOTOpMe 

C o o T B e T c T B y n T  n e p e A a q a M  4-n~nynbca , M e H b u m ,  q e M  0,02 ( r 3 ~ / ~ ) <  
n 0 T e P M  COCTaBJlROT AJlR PeaKQMM /a /  MeHbWe 1 %  M A ~ R  P ~ ~ K ~ M M  

/6/ - Met ib lue  0,5%. Ha PMC. I n p e ~ c ~ a e n e ~ u  ~ T M  p a c n p e ~ e n e ~ n ~  
' f lnR nPOTOHOB O T A a q M  / a , B /  M n - M e 3 0 ~ 0 B  /6 , r / .  B ~ ~ x H M ~  TMCTO- 

rpaMMbl  OTHOCRTCR K peaKQMM /b/ - 28 C O ~ M T W ~ ~ ,  HMMHMe OTHOCRTCR 

K p e a K u n n  /a /  - 43 C O ~ ~ I T M R .  K p o ~ e  T o r o ,  ~ T H  n o T e p n  pacnpeAene- 
H ~ I  no n e p e A a q e  q e T b l p e x M e p H o r o  n M n y n b c a  A o c T a T o q H o  p a s H o M e p H o  

M n03TOMY H e  BHOCRT C K O ~ ~ K O - H H ~ Y A ~  3aMeTHMX M C K ~ M ~ H M ~ ~ .  B a m ~ o  
TaKme ,   TO n o T e p n  B /a /  nnn /b/  o q e H b  M a n o  p a 3 n u q a n ~ c ~ .  

M 3 - 3 a  ~ a n o f i  3 H e p r M M  CBR3M ~ e f i ~ p o ~ a  MOXHO C q H T a T b ,  q T O  CBR- 

3aHHble HYKJlOHbl HaXOARTCR nOL4TM H a  M ~ C C O B O ~  nOBePXHOCTM,M OHM- 

A a T b ,  q T O  B OCHOBHOM B ~ ~ M M O ~ ~ ~ ~ C T B ~ ~ T  TOnbKO OAMH HYKnOY,  

a B T O P O ~ ~ ,  T a K  ~ a 3 b l B a e ~ ~ f i  H Y K ~ o H - C ~ ~ K T ~ T O P ,  H e  Y q a C T B Y e T  

, BO B ~ ~ M M O A ~ ~ ~ C T B M M .  T ~ K ,  B MMnYnbCHOM ~ ~ M ~ ~ M M ~ H M H / ' ~ / /  n P e A n 0 -  

n a r a e T c R ,   TO y c n e K T a T o p a  nocne B ~ ~ M M O A ~ ~ ~ C T B M R  C o x p a H R e T c R  

TOT me M M n y n b c ,  K a K  no B ~ ~ H M O A ~ ~ ~ C T B M R , ~  MMnynbCHoe  pacnpegene- 



HMe HyKJ lOHOB-CneKTaTOpOB MOXHO n p O C T 0  nOJ lyqMTb M3 B O ~ H O B O ~  

@YHKuMM A e k ~ p o ~ a  : 

r A e  - ~ e f l e c ~ b l k  Y rOJ l ,  B KOTOPOM Bb lJ leTaeT HyK f lOH-CneKTaTOp  

B CMCTeMe nOKOR A ~ ~ T P O H ~ .  B 3 K C n e p M M e H T e  C O ~ ~ I T M R  C HYKIIOHOM- 

CneKTaTOpOM B KOHeqHOM COCTORHMM B ~ ~ ~ H ~ ~ I O T C F I  K a K  C O ~ ~ I T M R ,  B KO-  

TOpblX MMny f l bC  XOTR 6~ OAHOTO HyK f lOHa  B CMCTeMe nOKOR R A p a  M a n ,  

a C n e K T a T O p  0 6 b l q ~ 0  O n p e ~ e f l f l e T C R  K a K  c a ~ b l i  ~ e ~ f l e ~ ~ b l k  HyK f lOH  

B 3 ~ 0 i  CMCTeMe. A e n a O ~ c f i  pa3Hb le  0 6 p e 3 a ~ u ~  H a  MMnyf lbC 3 T O r O  

H y K n O H a  B KOHue  C n e K T p a , q ~ 0 6 b l  YMeHbWMTb npMMeCb H e C n e K T a T O p -  

HblX C O ~ ~ I T H ~ .  06qan KapTMHa  YCJlOXHReTCR CJleAYIO~MMM ~ @ @ ~ K T ~ M M :  

I /  @epMM-ABMXeHMeM HyKJlOHa-MMWeHM, KOTOpOe BHOCMT 3 H a q M -  

~ e f l b ~ b l k  p a 3 6 p o c  ~ o J ~ H o ~  3 H e p r M M  B CMCTeMe U e H T p a  MaCC M M3Me-  

HReT  KMHeMaTMKY PaCCMaTpMBaeMblX I lpOueCCOB;  

2 /  3aBMCMMOCTbO CeqeHMR HYKflOH-HYKJIOHHOTO B ~ ~ M M O ~ ~ ~ C T B M R  

OT 3 ~ e p r u u ;  
3/  M3MeHeHMeM MHBaPMaHTHOrO @ J ~ I O K C - @ ~ K T O ~ ~  Monnepa n p M  p a 3 -  

JlMqHblX K O H @ M T Y P ~ ~ M R X  MMnyJlbCOB HyKJlOHa-MMUeHM M n a A a O q e i  qa- 
CTMubl; 

4 /  B H ~ M ~ C C O B O ~  n p M p 0 ~ 0 h  CBR3aHHblX HYKJlOHOB. 

Ha OCHOBaHMM C K a 3 a H H O r O  MOXHO OXMAaTb CTpeMJleHMR K CXOACT- 

BY M ~ M  p a 3 n u q ~ 0  B P ~ ~ H M X  a c n e K T a x  np- M " n " p - B ~ ~ M M O A ~ ~ C T B M ~ .  
C ~ ~ B H ~ H M ~  'k'' p - B ~ ~ M M O ~ ~ ~ C T B M F I  /b/  M 3 f l e M e H T a p H O r O  np -B3aMMO- 

~ ~ ~ C T B M R  /a/ nO3BOJl f leT  BblKJlIOqMTb 3 m e ~ T b 1 ,  KOTOpble npOMCXOART 

H a  CBO~OAHOM H ~ ~ T P O H ~ .  T ~ K M M  n y T e M  MOXHO BblAef lMTb B K f l a A  LtMCTO 

RAepHblX R B J ~ ~ H M ~  M, C A p y ~ 0 k  CTOpOHbl, n p O B e p M T b  e b l 6 o p  C n e K T a -  

TOpHblX ~ 0 6 b l ~ ~ i .  

COflOCTABnEHME XAPAKTEPMCTMK PEAKIJMU np M "np" 

TPM npOTOHa ,  Bb lJ leTaIO~MX B KOHeqHOM COCTORHMM B PeaKuMM /b/ ,  
pa3AeJlMM H a  n p O T O H - C n e K T a T O p  / c a ~ b l k  ~ e ~ f l e ~ ~ b l k  B CMCTeMe no- 
KOR A ~ ~ T P O H ~ /  M H a  A B a  OCTaJlbHblX n p O T O H a ,  KOTOpble CqMTaeM np0- 

,# ,, 
AYKTaMM P - B ~ ~ M M O ~ ~ ~ C T B M R .  A O B O ~ ~ H O  XOpOUee  p a 3 A e J l e H M e  C n e K -  

T a T o p a  M A P Y r M X  n p o T o H o e  n o ~ a m e a e ~  pwc.2a, H a  KOTOPOM n p e A -  

CTaBJ leHO MMnyJlbCHOe p a C n p e A e J l e H M e  BCeX  npOTOHOB B na6opa~op-  
H O ~  CMCTeMe. n e B a R  q a C T b  PMCYHKa 6 e 3  C n e K T a T O p H O r O  nMKa  COB- 

n a A a e T  C COOTBeTCTBYIOqMM MMnyJlbCHblM P a C n p e A e f l e H M e M  npOTOHOB 

u 3  /a / .  
I ,  

CpaBHeHMR np- M n " p - p e a ~ u M i  ~ ~ 0 6 ~ 0  MCnOJlb30BaTb CMCTe-  

MY U e H T P a  MaCC CTaJlKMBaIO~MXCR HYKJlOHOB n -P .A f lR  3 T o r o  H a A o  on- 
PeAeJ lMTb ~ - B ~ K T O P  3 H e p r M M - M M n y f l b C a  AJlR H ~ ~ T P O H ~  , C B R ~ ~ H H O ~ O  

Pac.2. MMnynbc~oe p a c n p e a e n e H a e  n p o T o H o B  a 3  p e a K q a a  

dp + ppp IT- B n a 6 o p a ~ o p ~ o 1 ' 4  CHCTeMe KOOPaHHaT:  a - &IIH 

1 
B c e x  c o 6 b l ~ H f i ,  6 - a n R  ~ 0 6 b 1 ~ ~ i f i  C IIPOTOHOM, CaMbIM 

Me&IIeHHblM B CHCTeMe nOKOH a e f i ~ p o ~ a ,  JIeTHQUM I I O a  YrJ lOM 

6 o n b m e  npeaenbaoro. 

B ~ ~ ~ T P O H ~ . Y ~ M T ~ I B ~ R  CXOA ~ e i ~ p 0 H a  C M ~ C C O B O ~  nOBepXHOCTM,B K a -  

q e c c B e  ero 4 - s e ~ ~ o p a  a ~ e p r u u - u ~ n y n b c a  u c n o n b 3 y e ~  P, = 
= (-P, , IIld -E,). 6 3TOM MeTOAe  COXpaHf leTCFl 3Hep rMF I ,  HO H e 3 H a -  

L(MTeJlbH0 YMeHbUaeTCFl MaCCa H ~ ~ ~ T P O H ~ " ~ !  B C f lYqae  /a /  Bb160p  

C . u . M. O A H O ~ H ~ L ( H ~ I ~ .  

Ha puc.3 n p e A c T a e n e H b l  y r n o e b l e  p a c n p e A e n e H u n  n y o T o H o e  M IT- 

Me30HOB M3 CpaBHMBaeMblX np - M " ~ " ~ - B ~ ~ M M o ~ ~ ~ c T B M ~ ~  B CMCTeMe 

U e H T p a  MaCC A n f l  BCeX  ~ 0 6 b l ~ M i .  0 KaqeCTBeHHOM CXOACTBe 3 T H X  

p a c n p e ~ e n e ~ w i  CBMAeTe f l bCTByOT T a K X e  ~ 0 3 @ @ M u M e H T b l  aCMMMeTpMM, 

nOKa3aHHb le  B ~ a 6 n .  2 .  



P w c . 4 .  MMnynbcsoe pacnpegenesue 
IIPOTOHOB B C . q .M.  nP - B ~ ~ E I M O ~ ~ ~ ~ C T -  

I 

B H R :  ----- - u p ,  - -  "n "p . 
- 1 0 1 

cos 0; 

- 1 1 
cos 0; 

YL(MTMB~FI  n e p u c b e p u w o c T b  np - M "n"p -pea~uuk,  M O ~ H O  C B R ~ ~ T ~  

BTOPMqHble npOTOHbI C OAHMM M3 H a W n b H b K  HYKIIOHOB.  POTOH OH, CBR- 

3aHHblk C ~POTOHOM-MMUleHbIO, MJM nPOTOH OTAaqM, OnpeAenReM K a K  Ca - 
Mblk M e ~ n e H H b I k  B n a 6 o p a ~ o p ~ o k  CMCTeMe, a npOTOH, ~ B R 3 a H ~ b l k  

C H ~ ~ T P O H O M - ~ Y U K O M ,  MnH J ~ H A M P Y I O ~ M ~  npOTOH ,-KaK 6onee 6blcTpb lk  

B 3 ~ 0 k  CucTeMe.  

M M n y n b c H u e  p a c n p e A e n e H u R  n p o T O H o B  M ~ - M ~ ~ O H O B  143 np- unn 
,/ ,, 
u ~ - B ~ ~ u M o ~ ~ c T B M ~  B C.U.M. np I l peACTaBneHb l  H a  pMC.4 M 5. 

K O H Q ~  CneKTpOB 3 A e C b  3aMeTHO PaCXOflf lTCR.  TO nOHRTH0 n p M  Y q e T e  

@ e p ~ u - ~ e u ~ e ~ u ~ ,  n o T o M y   TO n p e n e n b ~ u k  u M n y n b c  C.U.M. ~ ~ B M C M T  

OT ~ o J ~ H o ~  3 H e p r M M  S B 3 ~ 0 k  CMCTeMe,M OHa MeHfleTCR BCneACTBMe 

@ e p ~ u - ~ e u r n e ~ u ~ .  K e a A p a T  non~ok 3 ~ e p r u u  BupamaeTc f l  cnenymuek 
@OpMynok : 

015. . r ~ e  s,- K B ~ A P ~ T  non~ok Btjept-MU 

{ z  
C B O ~ O A H O ~ O  HyKJlOHa , W - 3HePrMR 

0 z . -1: CBf l3M A ~ ~ T P O H ~ ,  PI , T f ,  c 0 ~ 6 ~  - 
Z 

010- MMnynbC,  KHHeTMqeCKaR 3HePrMR + M n o n ~ p ~ b l k  yron B u n e T a  c n e K T a T o -  

pa. 3 ~ a  Oop~yna  n o ~ a 3 u e a e ~  snm- 
HMe @ePMM-ABM)KeHMR M 3 H e p r H H  

CBR3M ~ e k T p 0 H a .  OTCIOA~,  YqMTbI- 

BaR,   TO p a 3 n u q u e  B n p e A e n a x  

p a c n p e ~ e n e ~ u k  06ycnoene~o T o n b -  

KO @ e p ~ u  - ~ ~ u m e H u e ~ ,  B u w c n R e M  

o 02 0 4  p;; I~~BICI B~PXHOK)  r p a ~ u u y  u ~ n y n b c a  ~ e k ~ p o -  
' 

H a  B R a p e  ~ e k ~ e p ~ f l .  P a c q e T ,  OC- 

H O B ~ H H ~ I ~  Ha pa3nMqMM CneKTpOB npOTOHOB, COBnaAaeT C OUeH- 

K O ~  no n p e A e n b H o M y  H M n y n b c y  T - M ~ ~ O H O B .  

n R e T c f l  n p e ~ e n b ~ u k  yron eb lneTa  npOT0HOB B na60paT0pH0k  c u c T e M e .  

O A H ~ K O  ~ ~ B M C M M O C T ~  3~01-0 y rna  OT non~ok 31iepruu B C.U.M 6onee 

- 
8 
max n p o ~ .  3 ~ c n e p .  60 - 63 60 - 63 
lrpanl B ~ I Y H C ~ .  6 1 65 
P 
max n p o ~ .  s ~ c n e p .  0,63 -0,64 0,89-0,90 

~ B / C  B ~ N H C J I  . 0,64 
BbNHC.TI. a e p M ~ - I i M n .  0,56 ? 0 , l O  

P 
max n - ~ e s .  s ~ c n e p  . 0,43-0,44 0,61- 0,62 

rsB/c. R~I=IEICJI .  0,44 
B b l Y H C n .  $epMPi-HMII.  0,54 f  O , l l  



H 'h"p 0 BKJlaAe RAepHMX ~ @ ~ K T o B  B /b/ Mbl nOCTpOMJlM p a C n p e A e -  

- 4 - 4  -, -4 

(P l x p t  1 .(pi xpn- 1 
A = arccos --- I -, -, I 

B M J ~ ~ T ~ I O ~ U X '  n p O T O ~ O B .  C ~ K M M  o 6 p a 3 0 ~ ,  A e C T b  Y r O n  MeMAy I l nOC-  
-4 -4 K ~ c T ~ H )  POMAeHMR P l  M P t  M nJlOCKOCTb0 PI, P,-, npMqeM OCb H a -  

+ ., -4 
npaenena B A o n b  p t +  p,= pi. Pacnpe~enenne CuMMeTpuqHo OTHOCM- 

T e n b n o  n, u nO3TOMy n p e A c T a e n e H o  B M H T e p e a n e ( 0 ,  n )  . C ~ T O ~ ~ I  
K a p T u H a  a n e M e H T a p H o r o  np - B ~ ~ M M O A ~ ~ C T B M R  H e  ycnowflna x a p a K T e -  

Ha puc .6a ,6 n p e A c T a e n e H b 1  a T n  p a c n p e A e n e H u f l  nnn B c e x  c o 6 b 1 -  

HOM 6 b l ~ ~ p b l e  B n a 6 0 p a ~ o p ~ o k  CMCTeMe npoToHb l .  K p o ~ e  o6qero CXOA- 

nonaran,  TO   TO C B R B ~ H O  c n A e p -  

HblMM ~ @ @ ~ K T ~ M M ,  Mbl flOflblTaJlMCb 

YMeHbWMTb MX BnMRHMe 0 ~ 6 p a c b l ~ a  - 
HMeM C O ~ ~ I T M G ,  B KOTOpblX y np0- 
~ o ~ a - c n e ~ ~ a  ~ o p a  u ~ n y n b c  6b1n 

6 o n b w e  200 MaB/c. K a q e c ~ s e ~ ~ o e  
p a 3 n u q u e  npn 3TOM B C ~ - T ~ K M  o c T a -  

nOCb . 
B~opoe n p e A n o n o m e H n e  a a ~ n o -  

q a n o c b  B TOM,  TO n p u q u H a  pac- 
XOMAeHMR CBf l3aHa  C H e K O p p e K T -  

E 
H O C T ~ C  o n p e A e n e H w n  c n e K T a T o p a  I 
Pwc .6. Pacnpe,qene~we no  a s m y -  ' TanbHOMy yrny CI IHpanbHOCTH : 

' a - anfi np - B ~ ~ U M O ~ ~ ~ I % C T B H ~ ~  , 6 - 
anfi 'n "p - ~ s a w ~ o ~ e i i c ~ s w f i ,  B - 

. b ,, ,, 
anfi p - B 3 a ~ M o f i e f i c T ~ ~ f i  C BbLJIe- 

I TOM CaMOrO MeAJleHHOrO H 3  HyKnO-  

HOB, non y r n a M w  6 o n b m e  npeaenb- 
1 "12 F HOrO.  

K a K  c a M o r o  M e A n e H t i o r o  H y K n o H a  B c u c T e M e  n o K o R  H A p a .  Y T O ~ M  no- 
Hf lT b BflMRHHe f lepef lyTblBaHMR ~ ~ I C T P O T O  npOTOHa M3 ' h " p - B ~ ~ M M O -  
A ~ ~ C T B U R  C nPOTOHOM-CneKTaTOPOM, MM MX MCKYCCTBeHHO nepeCTaBM-  

nn MecTaMu.  npu 3 T o M  npeeb l tueHue B O K p e c T H o c T u  n T O ~ ~ K O  yeenu- 
q u n o c b .  Cyqec~eo~anue  n p e A e n b H o r o  yrna sbcne-ra n p o T o H o e  n 3  "n"p 
B na6opa~op~ok  C u c T e M e ,  a TaKme M B c u c T e M e  n o K o H  H A p a  A ~ H  H a -  

WMX K u H e M a T u q e c K u x  ycnoenk n o 3 ~ o n n e ~  n a 6 e m a ~ b  3 ~ 0 r o  n e p e n y T u -  

BaHHR. Bb16pa~ ~ a 6 o p  C O ~ M T H ~ ,  B KOTOPMX ~ a ~ b l k  ~ e ~ f l e ~ ~ b l k  B CM- 

c T e M e  ~ O K O R  R A p a  n p o T o H  n e T u T  B 3 ~ 0 k  C n c T e M e  n o A  y r n o M ,  aaee- ,, 
AOMO ~ O ~ ~ W H M ,  UeM n p e ~ e n b n ~ k  yron B u n e T a  n p o T o H o e  n ' ' p - ~ 3 a n ~ o -  

A ~ ~ C T B M R .  ~ @ @ ~ K T M B H M M  OKa3MBaeTCR 0 6 p e 3 a ~ u e  H a  Y r O n  80 O / B  A a n b  - 
~ e k w e ~  - e u n e T  ~ a a a ~  B C u c T e M e  n o K o n  ~ e k ~ p o ~ a / .  C q u ~ a e ~ ,   TO 

 TO " M C T M H H ~ I ~ "  c n e K T a T o p .  Pacn p e ~ l e n e ~ u e  no a 3 u ~ y ~ a n b ~ o ~ y  yrny 
CnMpaJlbHOCTM ~ n f l  3 T 0 r 0  ~ a 6 o p a  f l o K a 3 a H o  H a  pMC.66 .  Mom~o 3 a M e -  

T M T ~  K a u e c T B e H H o e  CXOACTBO 3 ~ 0 r o  P a c n p e A e n e n n n  n p a c n p e A e n e H u H  

AJlR 3 n e M e H T a p H O r O  nP - B ~ ~ M M O A ~ ~ C T B M R ,  qTO CBHAeTenbCTBYeT  

B f l O ~ l b 3 Y , T O r O ,  YTO C O ~ M T M R ,  e b 1 6 p a ~ ~ u e  TaKMM C ~ O C O ~ O M  M3 / b / ,  
f lpOMCXOAflT KaK  np Ha  ~ 6 0 6 0 ~ ~ 0 ~  HyKJlOHe H RAepHbIe ~ @ @ ~ K T M  

H e  OKa3blBaIOT CYqeCTBeHHOrO BflMRHMH . 

XAPAKTEPMCTMKM CnEKTATOPOB 

~ O H R T H O ,   TO 0 6 b l q ~ o  n p u H R T o e  O n p e A e n e H u e  c n e K T a T o p a  KaK  ca- 
MOrO MeAJleHHOrO HyKJlOHa B CMCTeMe flOKOH ~ e k ~ p o ~ a  RBJlHeTCH YC-  

JlOBHblM M HMeeT @ M ~ M L ( ~ c K M ~ ~  CMblCfl , K O r A a  C n e K T a T O p  3HaL(MTeJlbHO 

MeAJleHHee OCTaflbHMX npOTOHOB. n p ~ u e ~ ~ b l ,  B KOTOPMX B ~ ~ M M O A ~ ~ ~ C T -  

BYIOT 06a HyKJlOHa H 3  A ~ ~ T P O H ~  / A B Y K ~ ~ T H O ~  paCCeHHMe, ~ 3 a u ~ o ~ e k -  

CTBMe B KOHeqHOM C O C T O R H H M ~  M HHTeP@ePeH~HOHHMe ~ @ @ ~ K T M  O r p a -  

HHqMBaIOT B03MOMHOCTb TOqHOrO YKa3aHHR C n e K T a T O p a .  B ~ H R H M ~  K p a T -  

H O r O  paCCeRHMR M B ~ ~ U M O ~ ~ ~ C T B U R  B KOHeqHOM COCTORHMM npOHBJlHeT- 

CR qepea y e e n u q e H u e  qucna T a K  o n p e A e n e H H u x  c n e K T a T o p o e  c 6 0 n b -  

UHMH MMnyflbCaMM. 06blqH0 f l03TOMY M C f l O f l b 3 Y e T C ~  0 6 p e 3 a ~ u e  

200 MaB/c H a  M M n y n b c  c n e K T a T o p a .  O A H ~ K O  u 3  n p e A u A y q e r o  RCHO, 

qTO 3TOT K P H T ~ P U ~  RBJlf leTCR HeAOCTaTOqHblM. O ~ U C ~ H H M ~ ~  BMUe B M ~ O P  

CneKTaTOpHMX C O ~ M T M ~  CMJlbHO n0f iaBf l f leT H H T ~ ~ @ ~ P ~ H ~ M O H H ~ I ~ ~  3@' 

@ e K T .  Puc.26 n o ~ a 3 b l e a e ~  M M n y n b c H o e  pacnpeaenenue B c e x  T P e x  

npOTOHOB B na6opa~op~of i  c n c T e M e  A ~ R  3 T O r O  ~a6opa .  Mem~y npo- 
TOHOMcCneKTaTOPOM M APYrMMH 3 A e C b  y M e  H e T  I l epeKpMTHR.  ~ P U  C K a -  

3aHHOM OrPaHHqeHMM MM OAHOBPeMeHHO qaCTMqH0 YCTpaHHeM BJlMRHMe 

B ~ ~ M M O ~ ~ ~ ~ C T B M R  B KOHeqHOM COCTORHHM, KOTOPOe YBef lHqHBaeT KO- 

JlMqeCTBO CneKTaTOpOB,  JleTflqHX B CMCTeMe nOKOR A ~ ~ T P O H ~  B f l e p e A .  

Ha PMC. 7 n p e A c T a e n e n o  yrnoeoe p a c n p e A e n e H u e  c n e K T a T o p o e  

B CMCTeMe noKof l  ~ e k ~ p o ~ a  ~ f l  B c e x  C O ~ M T M ~  H AnH C O ~ M T H ~ ,  a KO- 

~ o p u x  u M n y n b c  c n e K T a T o p a  M e n b u e  200 MaB/c. B n p ~ ~ ~ e b % U e f i  mp~e 
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LteHMfl a =/0,044+0,002/ r 3 B / c  ,@/0,171? 0 + 0 1 5 /  r 3 B / c  npM X 2  =O ,92. 
B M ~ ~ H O ,  q T 0  I lO f l yqaeTCf l  XOpOlJee OnUCaHMe nOBeAeHMfl  MMnyf lbCHOrO 

p a c n p e A e n e H u R  n p a K T w q e c K u  BO ~ c e k  0 6 n a c ~ n .  Anfl cpaeHeHmR npu- 
BOAMM eue T e o p e T u q e c K o e  s ~ a q e ~ ~ e  n a p a M e T p a  : a = 0,045 raB/c.  

Ha p M c . 9 6  C MMnYflbCHblM PaCnpeAeJleHMeM CneKTaTOpOB,  f l e T f l -  

~ M X  ~ a a a ~ ,  c p a s H u B a e T c H  6onee p e a n u c T M q e c K a R  e o n t i o e a f l  OYHK- 
UMfl, a MMeHHO flapMMCKafl BOJlHOBafl OYHKuMfl /"/ . ~ ~ M ~ T H O ~ O  pas-  
n u q n f l  B n o B e A e H u u  o6eux B O ~ H O B ~ I X  O Y H K ~ M ~  H e  BMAHO. 

B ~ a 6 n . 4  npMeeAeHa AonR C O ~ M T M ~ ,  B KOTOP~IX MMnynbc  c n e K T a -  

T o p a  n p e B u w a e T  200 MaB/c A n f l  T p e x  ~ a 6 o p o e  AaHHblX: a /  ~ n f l  B c e x  

C O ~ ~ I T M ~  ,6/ T o n b K o  A n n  " c n e ~ ~ a ~ o p a "  ,ne~nuero e n e p e A ,  B /  ~ o n b ~ o  

~ n n  c n e K T a T o p a ,  n e T f l u e r o  ~ a s a ~ ,  M n p e ~ c ~ a 3 a ~ ~ f l  BO~HOBLIX OYHK- 
uuk X i o n b ~ e ~ a  M n a p u m c K o r o  n o T e H u M a n a .  

Ha OCHOBaHMM 3TMX AaHHblX MOMHO YTBepMAaTb ,  q T 0  B PeaKuMM 

/b/ CaMble MeAfleHHble B CMCTeMe nOKOfl ~ e k ~ p 0 H a  nPOTOHbl, BblJleTatO- 

uue ~ a s a ~ ,  R B ~ R K ) T C R  CneKTaTopaMM. C n e ~ o e a ~ e n b ~ o ,  Ha B c e  ~ p y -  
r M e  ~ @ @ ~ K T M  B B ~ ~ C O K O U M ~ Y ~ ~ ~ C H O ~  qaCTM C n e K T p a ,  TaKMe KaK no- 
r f lOueHMe BUpTyaJlbHblX n -Me30HOB, B 0 3 6 y M ~ e ~ ~ e  HeHYKJlOHHblX C T e -  

netlefi C B O ~ O A ~ I ,  BblCOKOMMnyflbCHylO q a C T b  B O J ~ H O B O ~  @YHKuMM A e k ~ -  
POHa , 6 ~ - K O M ~ O H ~ H T ~ ,  OCTaeTCR MaKCMMYM - 1 % ~ 0 6 b l T M k  . 

C ~ p y r o k  CTOPOH~I,  us ~ a 6 n . 4  M pMC.7 BMAHO, UTO C y u e c T B y e T  

AOBOflbHO 6 o n b u o e  npeBbllUeHMe KOflMqeCTBa ~ 0 6 b l T M k  HaA n p e A C K a 3 a H -  

HbiM A n f l  " C ~ ~ K T ~ T O ~ O B "  C MMnyflbCaMM 6 o n b u e  qeM 200 MaB/c, ne- 
T R ~ M X  B n e p e A .  B a ~ o k  0 6 n a c ~ u  MemAy BuneTaiouMMM n p o T o H a M u  HeT  

6 o n b w o r o  pa3f lMqMf l  B MMnyJlbCaX M MOMHO OMMAaTb, '-IT0 OHM f l B -  

flflK)TCR npOAyKTaMM KPaTHOrO B ~ ~ M M o / ~ ~ ~ c T B M ~ ~ .  

qT06b l  nPOBePMTb TaKytO MHTepnpeTauMtO, Mbl MCCJleAOBaJlM a3MMy-  

TaJlbHble KOppeJlRuMM MeMAy BCeMM TpeMf l  IlpOTOHaMM no n a p a M  

e 3 ~ 0 k  0 6 f l a ~ ~ ~  /B /  M A ~ R  cpaeHeHMH TaKme B 0 6 n a c T f l x  co c n e K T a -  

TOPOM H a 3 a A  /A/  MnM CfleKTaTOpOM B n e p e A  C MMnyflbCOM MeHbWe 

200 MaB/c /6 / .  K03@@MuMeH~b i  acuMMeTpMM p a c n p e ~ e n e ~ ~ k  no a 3 u -  

MyTanbHuM y r n a M  p a s n e ~ a  nap n p o T o H o e  n p u s e A e H u  B T a 6 f l . 5 .  

3 A e c b  0 0 6 0 3 ~ a q a e ~  npOTOH OTAaqM, fl - npOTOH-SlMAep M C - npo- 
TOH-CneKTaTOp.  Koppennu~n MeMAy CneKTaTOpOM M OCTanbHUMM np0- 
TOHaMM B ~ a 6 o p a x  A M 6 cna6an M OAHOTMnHaR, B TO BpeMR KaK 

MeMAy HeCneKTaTOpHblMM npOTOHaMM OHa CMnbHaR,  TO CBMAeTeJlbCT- 

B y e T  B n O f l b 3 y  npMMeHMMOCTM MMflyf lbCHOrO n p u 6 n u ~ e ~ u ~ .  K a p ~ u ~ a  
CyueCTBeHHO M3MeHReTCR AflR C O ~ ~ I T M ~  C MMnyflbCOM CaMOrO MeAf leH-  

H o r o  n p o T o H a ,  n e T R u e r o  B n e p e A ,  6 0 f l b ~ e  200 MsB/c. Koppennuun 
MeMAy BCeMM TpeMR napaMM llpOTOHOB Bef lMKa, O C O ~ ~ H H O  p e 3 K O  

OHa YCMflMBaeTCR MeMAy " C ~ ~ ~ K T ~ T O ~ O M "  M nPOTOHOM OTAaqM. M O ~ H O  
C K a 3 a T b ,  qTO 3TOT ~ a 6 o p  HeCfleKTaTOpHblX C O ~ ~ I T M ~  ~ e f i ~ ~ B M ~ e J l b ~ 0  

6 n u m e  T f l r O T e e T  K KPaTHOMY B ~ ~ M M O ~ ~ ~ C T B M K ) .  

f l p o e e ~ e ~ o  c o n o c T a s n e H u e  pnAa x a p a K T e p u c T u K  p e a ~ u u k  np -r ppn- 
M Ilp + PPPR- B OAMHaKOBblX 3KCnepMMeHTaJlbHblX YCflOBMRX. B M ~ O P  
3TMX pea~uklk - C n-Me30HOM B KOHeqHOM COCTORHMM - CyueCTBeH-  

HO CHMMaeT BKJlaA BHYTPMRAePHOrO nOrJlOueHMR nMOHOB. 

flpu o 6 u e ~  K a q e c T s e H H o M  c o r n a c M u  n o e e A e H u n  n p o ~ y ~ ~ o e  p e a K -  

u ~ k  ~ a 6 n e ~ e ~ b l  p a c x o M A e H n n  B r p a H n u a x  ~ ~ n y n b c ~ u x  c n e K T p o e  

M B p a C f l p e ~ e J l e H M R X  fl0 a3MMyTaf lbHOMy yrny CnMpaflbHOCTM. 

E C ~ M  nepeuk 3 @ @ e ~ T  MOr  6 ~ ~ b  CBR3aH C BnMRHMeM @epMM-ABMMe- 

HMR , TO B T O P O ~  YAaflOCb ~~IIRCHMT~ TOnbKO HeKOppeKTHOCTbK) 0 6 b l q ~ 0  

npMHMMaeMOr0 o~6opa  Cf leKTaTOpa  KaK CaMOrO MeAf leHHOrO M3 HYKflO- 

HOB B CMCTeMe flOKOR A ~ ~ T P O H ~ .  
C y r e T o M  n p e A e n b H o r o  yrna BblneTa H ~ K ~ O H O B  B u s y r a e ~ u x  pear<- 

~ M R X  6uno ~ c n o n b s o e a ~ o  Apyroe o n p e 4 e n e H u e  c n e K T a T o p a ,  ~ . e .  H a -  

n o m e H o  A o n o n H u T e n b H o e  ~ p e 6 o e a ~ u e  B u n e T a  c a M o r o  M e A n e H H o r o  HY-  

KnoHa  noA y r n a M w ,  n p e e u u a e u u M n  n p e ~ e n b ~ u k .  

f l o n y q e ~ ~ o e  n M n y n b c H o e  p a c n p e A e n e H w e  c n e K T a T o p o 6  y A a n o c b  xo- 
pOUO OflMCaTb K ~ ~ C C M ' - ~ ~ C K O ~  B O ~ H O B O ~ ~  @ Y H K ~ M ~ ~  X I O f l b ~ e H a ,  npM'4eM 

Ha AOflK) BCeX 3K30TMqeCKMX 3@@eKTOB OCTaJlOCb H e  6onee 1 %  CO- 

6 b l ~ ~ k .  



noKa3aH0, YTO nORBfleHMe HeCneKTaTOpHblX C O ~ ~ I T M ~ ~  C BblJleTOM 
CaMblX Me&lleHHblX B PeaKUMU HyKflOHOB C MMnyflbCOM 6onbwe 
200 M3B/c npu y r n a x  Metibure npeAenbHoro c e ~ s a ~ o  c s @ @ e ~ T a ~ u  
n e p e p a c c e ~ ~ u ~  . 
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