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C n e ~ ~ p b ~  anpo~oa, sme~mrrurx B 3 a . a ~ ~ ) ~ )  nonyc@epy npn a s m ~ o -  
~ e i i c r ~ m i  ~ ~ ~ R T H B H C T C K H X  q a m m  c m p a m  npn 3 ~ e p r m  E > 3 f 5 r3B, 
n e M o H m p n p y r o T  noseneme, c o o T s e T c m y m u e e  n p e n c K a 3 a m R M  r u n o ~ e 3 b 1  

n p e ~ W I b H 0 f i  @ ~ w M ~ H T w ~ ~ / ~ /  DJW U C T H ~ - @ ~ ~ ~ M ~ H T O B  MHUleHH: @ 0 p ~ a  
cnempa H ~enuwma H O P M H P O B ~ H O ~ O  H H B a p u m m o r o  c e q e m i n  c n a h  
3aBHCRT OT COPTa H 3 H e p r m i  H a J I e ~ a I O u e f i  'IaCTHUbI. 3 ~ a  O C O ~ ~ H H O ~ T ~  nose- 
neHHR CneKTpoB 6ama OTMelreHa B nePBbIX 3KCRepHMeHTaX no KYMYJIR- 

TUBHOMY PO)WeHUH) nPOTOHOB H nOJIyYWIa Ha3BaHHe " 9 9 e p H 0 r 0  C K ~ ~ H H -  
ra*' 12/. O m a ~ o  B n o c n e n c T B n H  c o n o c T a B n e H n e  A ~ H ~ I X  no K y M y n R T m -  

HOMY O ~ ~ ~ ~ O B ~ H L H H H )  n n o H o B  npn s ~ e p r m  8,9 I ' ~ B / ~ /  H 400 I'~B/" n o K a -  

sane cyuecmemoe pasnuwe B ~ e n n r M H e  Cer I eHm H H a m o H e  X ~ C T K O ~ ~  

WCTH CneKTpoB IIHOHOB: n p H  KYMYJI5TTUBHOM rlHCne 2 CerleHUR O T J I U W C b  

Ha nopmorc s e n u m b 1 .  3ro nocrasmo non c o M s e m e  c n p a s e A n m o c T b  

C K ~ ~ H H ~ O B O ~ O  nOBt?neHHR npHMeHHTenbH0 K KYMyJImHBHbIM IlHOHaM. 

B 3KCnePHMeHTe, BbInOnHeHHOM HBMH H a  nPOTOHHOM YCKOpHTene 

M@B3 (Ceprryxo~), n p o s e n e H o  nccnenosawie K y M y n m m H o r o  o6pa30- 
BMR ~ I I ~ H O B  B m e p B a n e  3~eprHii n e p e n r M b I x  n p o T o H o B  15 + 61 r3B. 
Om0k H3  OCHOBHbIX 3U89 3KCnepHMeHTa GLIJIO TL48TenbHOe H3yWHHe 

s ~ e p r m s e c ~ o i i  B~BHCHMOCTH c e r ~ e ~ u i i  B ~ K ~ ~ ~ H H O M  H H T e p s a n e  s~eprnii, 
r A e  HCCJIeHOBaHHe KYMYnRTHBHbIX nPOUeCCOB P a H e e  H e  npOBOLUuIWb. 

Conoc~asneme c n ~ y w  c y u e c m y ~ ) u v x ~ ~  H a 6 0 p a ~ u  n a i u i b m  (npu Eo< 
< 10 r3B H E = 400 r3B) n m m o  6 b m o  npoRCHHTb CTeneHb npu6nnxe- 

HM K c~e i inmry .  



fit. 1.  C n e ~ ~ p o M f f p  KYMYflJITU8HbZX ad- 
ponoe r i a  e r i y ~ p e ~ t i c f i  m u u i e r i u  Y-70. 
M - M U u i e H U ,  MC - MOHUTOpHbZe C W T -  

W K U ,  s1g - CYUHTUIIflJI4UOHHbZe CVCT- 

VUKU.  DR1+5 - dpt?fi@ot?bze K a M e p b l ,  

E l ,  t'2 - V e p e r i K o e c K u e  CVeTVUKU, AM - 
a r i a n u 3 u p y r o u f u f i  MUZHUT. 

h c .  2. @opma c6poca t?HYTp&HHeZO 

n y V K a  n p O T O H O e  y C K 0 p U T e n R  H a  M U -  

u i@r tb  yCTUHO6KU CKA npu H a p a c r o H u u  

3 r i e p z u u  H a  nodaeme M a z n u T r i o z o  

n o f l a .  

P u c .  3. 3 a e u c u ~ o c ~ b  a K c e n T m c a  cnenpo-  
M e T p a  CKA OT u w n y f l b c a  n u o H o s  npu T p e x  ' Oa2 O6 O8 l2 ' r*'c 3 H U W U J t X  "OAR 8 U i f a / l u 3 U p y K l l 4 t W  MUZHUTI. 

CHH3kiTb M H O ~ H e  CHCTeMaTHWCKHe IIOTpeUIHOCTH, BbI3BaJlHbIe B P ~ M ~ H H O ~ ~  

H e C T a 6 m b ~ o C T b I o  p a 6 0 ~ b 1  EUInapaTypbI. C X ~ M ~  3KCnepHMeHTa n o K a 3 a H a  

H a  p ~ c .  1. Ha PHC. 2 ~306pame~a  a o p ~ a  c6poca r r y s K a  H a  B H Y T ~ ~ H H I ~ H )  MH- 

U e H b  - Y m e p O A H y I o  HHTb T O J I U H H O ~ ~  0,3 MM. B KalIeCTBe TPeKOBbIX AeTeK- 

TOPOB B CKA HCnOJIb3OBaJIHCb ~ p e f i a o ~ b ~ e  K a M e p b I  C KOOpJJJIHaTHbIM 

p a 3 p e m e ~ ~ e ~  150 MKM. W ~ n y n b c ~ o e  p a 3 p e m e H H e  o n p e n e n m o c b  B OCHOB- 

HOM MHOrOKpaTHbIM PaCCeHHHeM B B e U e C T B e  AeTeKTOpOB H COCTaBJIcIJIO 

2% W R  m O H O B  C HMnyJIbCOM 250 t 1000 M~B/c.  H a n p a ~ n e ~ n e  T F K a  pe- 
THCTPHPOBaJIOCb A 0  H nOCJIe MWHkiTa, W O  AaBaJIO BO3MO?XHOCTb, HCnOJlb3yR 

~ p m e p ~ f i  " C ~ H B K H "  ~anpasnemifi 
TPeKOB B U e H T p e  MarHkiTa, CyUeCT-  

1000 M ~ B / c  17/, n p H  3TOM MeAJIeHHbIe llOJIOXHTt?JIbHbIe WCTHIlbI (P, d, t )  , 
n0TOKH KOTOpbIX H a  ma n 0 p R A K a  llpeBbIUIalOT BbIXOA HHOHOB, nOAN3JIlUIHCb 

~ J I ~ K T P O H H K O ~ ~  3aI lyCKa.   TO 06ecnewsano CHMMeTpHtO ~ 3 ~ e p e ~ H f i  &JIR 

n+- H n--Me30HOB H a  YpOBHe T p H r r e p a ,  WCJIO 3allyCKOB H MepTBOe BpeMfX 

a l I I lapaTypb1 n p H  CMeHe 3 H a K a  H 3 ~ e p e H H f i  OTJIHWJ'lHCb He3HaWTWlbHO. C ~ 0 f i  
Xe UeJIbIo - CHH3HTb C I I ~ W ~ ~ H ~ I ~  H CHCTeMaTHWCKHe IIOrpemHOCTH B OTHO- 

CHTeJIbHbIX n+/ ? T - - H ~ M ~ ~ ~ H H R x  - llpHMeHfUIOCb WCTOe qepeAOBaHHe "+I-" 
c e p H f I  HyTeM KOMMYTWHH TOKa B O m O M  MarHHTHOM 3JIeMeHTe - aJlailH3H- 

, pyIoLl@?M MarHHTe, K O T O P ~ ~ ~  pa6o~an B MHrKOM peXGiMe (H 0,3 Tn) ,  
n p H  3TOM PeXGiMbI p a 6 o ~ b 1  ~m6onee  3 a r p y X e H H b I X  A e T e K T O P B ,  PaCnOJIOXeH- 

HbIX A 0  MaTHHTa, OCTaBaJIHCb HeH3MeHHbIMH. 

npki H3MepeHHH 3 ~ e p r e ~ H q e c K o f i  3aBHCHMOCTH ~ e r ~ e ~ ~ f i  O T B ~ T C T B ~ H H O ~ ~  

n p ~ ~ e ~ y p ~ f i  RBnReTCR HOpMHpOBKa n o K a 3 a H ~ f i  MOHHTOpOB B pa6one~ 
HHTepBaJIe 3 ~ e p r ~ .  f i n  3~0fi  UeJIH HaMH B n e p B b I e  6 b m a  n p H M e H e H a  MeTO- 

AHKa ~ ~ c o J I I ~ T H o ~ ~  HOPMHPOBKH MOHHTOPOB, OCHOBaHHaR H a  nOJIHOM nepe- 
CeW3-IliH BHYTPeHHerO n y q K a  MHmeHbIo.  M ~ M ~ P ~ H H ~  BbIXOAa KYMYJIRTHBHbIX 

WCTHU BbInOJIHeHO H a  rpynne Rnep. B ~ a H ~ 0 f i  pa6ore nPHBOARTCR pe3yJIbl.a- 

T ~ I ,  n o n y s e H H b I e  H a  mpe ymepona. 

A 
1.0 

HCllOJIb3OBaJlbI AaJlHbIe m Y X  CeaHCOB C O ~ U H M  WCJIOM nOJIe3HbIX C O ~ ~ I T H ~ ~  - 106. B nuana3o~e 3 ~ e p r ~ f i  n p o T o H H o r o  nyma  E, OT 15 no 61 r s B  BCR 

CTaTHCTHKa 6 b m a  PaClIpeAeJIeHa no 7 HHTepBaJIaM CO cpemefi 3 H e p r H e f i  

E i , p a B ~ o f i  17,  22, 34, 41, 47 H 57 r3B. uar no HMnyJIbCy nH0HOB q COCTBB- 

n m  50 M3B/c. B more KH@OPMWHR p a c n p e n e n m a c b  no - 100 (EI. q)-m- 
TepBaJIaM, H CTaTHCTUWCKaR O L L L H ~ K ~  B 6 o n b m e f i  WCTH HMlTyJIbCHOrO CneKT- 

pa p a B H m a C b  1 1,5%. O m ~ 6 ~ a  MOAeJIMpOBaHHR aKCenTZiHCa 17' ,WIR pa3- 
n H W b I X  HMrnJIbCOB COCTaBJIRJIa 2,5%, TaKIiM O ~ P ~ ~ O M ,  CyMMapHaR o m ~ 6 ~ a  
C T a T n c T H s e c K o r o  x a p a K T e p a  - 3%. Y c p e m e ~ ~ e  cese~nii no p a 3 n ~ ~ b 1 ~  

CePHRM ~ 3 ~ e p e H k i f i  nOKa3bIBaeT,  OAHaKO, q T 0  PeaJIbHaR o m n 6 ~ a  ~ 3 ~ e p e H M f i  

C YqeTOM paa6pca pe3yJIbTaTOB OTAWfbHbIX cepkifi 6 b m a  H a  Y P B H e  4 + 5%. 
C ~ ~ ~ C T B ~ H H O ~  YBWHqeHHe O U I H ~ O K ,  o ~ ~ c J I o B J I ~ H H o ~  YMeHblueHHeM CTaTHC- 

THKH, H M e n O  MeCTO AJIR q > 800 M ~ B / c .  H ~ T O ' M O C T ~  OnpeAWIeHHJ3 ~ ~ C O J I I O T -  

~ 0 f i  BWfHWHbI ~ e q e ~ ~ f i ,  CBR3aHHU3 C O U M ~ K O ~ ~  ~ ~ c o J I I ~ T H o ~ ~  H O P M H ~ ~ B K O ~ ~  

noKa3a1-Uifi MOHHTOpOB H O U H ~ K O ~ ~ ,  o ~ ~ c J I o B J I ~ H H o ~ ~  HeTOWbIM ( - 1%) ' 
3HaHHeM HHTerpaJIa  MarHHTHOrO nOJIR, 0UeHHBaeTCR H a m  B 15%. 06e 3TU 

o m ~ 6 ~ ~  H e  H C K a m I o T  3 ~ e p r e ~ H W c K o f i  3aBMCMMOCTH ceqe~L&. 

M ~ B ~ C T H O ,  W O  CneKTpbI  KYMYJIRTUBHbIX WCTHU B n e p B O M  n p ~ 6 n ~ x e -  
HHH Y A O B ~ ~ T B O P H T ~ J I ~ H O  OmCbIBalOTCR ~ K C ~ O H ~ H T O ~ ~  no K H H ~ T H ~ ~ c K o ~ ~  

- BeHHO CHH3kiTb @OH B X ~ C T K O ~ ~  WCTH 

cnempa, me wcno T p s r r e p o B  H 

WCJTO nOJIe3HbIX C O ~ ~ I T H ~ ~  OTJIHlIanHCb 

H a  ABa H O p R n K a  16/. C ~ ~ K T ~ O M ~ T ~  
OIJ - 

HMeJI m ~ p o m f i  H ~ r l ' y J I b ~ ~ b ~ f i  3BXBaT, 
H'3 K ~ C  H AJIR BbIPaBHIIBaJlHR C T ~ T H C T H B ~ C K O ~ ~  

0 6 e c n e s e ~ ~ o c r ~  p a 3 n m - i b r x  n ~ r r y n b -  

0.6 - CHbIX HHTepBaJIOB H3Mepl?HkIR n p O B 0 -  

HzZ KrC AWIHCb n p H  TpeX-WTbIpeX 3HalIeHHRX 

TOKa B aHaJIH3HPylOUeM MWHkiTe 

o!+ - (PHC. 3) .  H p H  H3MepeHHH BbIXOAOB 
IlHOHOB B CXeMy 3 a n y C K a  B K n I o s a -  

JIHCb W?peHKOBCKlie C W T W K H  C n O p 0 -  
ti-1 K ~ C  

TOM PerHCTp-H AnR nPOT0HOB BbIIUe 
0.2 - 



h c .  4 .  Nnsapuanmoe cevenue 0 6 p m o s w ~ ~  
~ y m y m m s n b z x  n+-, n' - ~ e 3 o n o s  npoTonaMu 
c sneprueir 17 u 5 7  r 3 B  (nu urKa/le x flesbri 
Kp46 OTMeTOK 6f3IUVUHbZ C O O T ~ ~ T C T ~ ~ ~ T ~ ~  r 3 B ,  

'. :Z !::Is- npusbr ir - 5 7 r 3 8 )  . 

3HeprHH q a C T W  T WrA IT0 KyMyJIKCHB- 

HO# n e p e ~ e ~ ~ o i i  X . rips BbmacneHHH 

X J&JIR C n y W H  mOHOB MbI HCnOJIb30Ba- 

nu c o r n a c H o  / 3 /  cooTHomeHHe  

1 - p+;s*;l; - - - : rne E , q , m ,  0 - nonsm 3~eprsfi, HM- 

n y n b c ,  M a c c a  H yron BblneTa naosa; 
lo5 EO, p O ,  W O  - TO xe  AJIR H a n e T m u e r o  

npoToHa .  B ~ameii  o6nams 3~eprsii 
m aa o 12 u. * Eo X Hl33HaUlTeJIbHO OTnHqaeTCR OT He- 

DO 200 300 LOO y ~ )  600 I O O $ . Y ~  ' pehireHH0fi CBeTOBOrO KOHyCa a =(E - - q .  F))/M 0 H X F- @ ~ ~ ~ H M ~ H O B C K O #  

~ a c m ~ a 6 ~ o i i  nepe~emofi. 
Ha puc. 4 n p e n c T a s n e H b 1  mBapHilHTHbIe CerIeHuR ( ~ / ~ ) d o / d {  B 3 a ~ ~ -  

CHMOCTH OT K H H ~ T H ~ ~ c K o #  3HePITiH n+- H n--Me30HOB AJIR K p & I H X  3 H e p r e -  

THqeCKIlX HHTepBiUlOB 17 U 57 r 3 B  ( C ~ ~ ~ H U H  AJIH OCTUIbHbIX HHTepBalIOB 

S ~ H H M ~ T  n p o M e x y T o m o e  nonoxe~ue) . BIWHO,  TO B e n H w H a  c e q e m #  n p H  

BO3paCTaIUiH E i OT 17 A 0  57 r 3 B  PacTeT '0qeHb He3HawTeJIbH0, a @0p- 
M a  CneKTpa  npaKTHqeCKk4 H e  MeHReTCR. C n e n y e T  OTMeTHTb H3MeHeHkie HBKJ'IO- 

Ha  T - C ~ T ~ K T ~ O B  m O H O B  ~6~111311 K ~ M ~ ~ T H B H O ~ ~  rpilHkiUb1 (X = 1) nps 'I 
= 380 M3B (q = q 500 M3B/c). Kpki~epsti x n o ~ a 3 b m a e ~ ,  s ~ o  nps 

W3MeHeHHH T OT 138 110 850 M3B CneKTpbI IIJlOXO llpeACTaBJISXIOTCR e m o R  
~ K C ~ O H ~ H I J U ~ U ~ ~ H O #  3i3BHCHMOCTbIo, OllHCaHHe CneKTpa  CyLUeCTBeHHO ynyr l -  

WaeTCR n p H  a n l l p O K C H M ~  He3aBHCHMbIMH 3KCnOHeHTaMH B M R ~ K O #  

(9 < 9 0 ) H X ~ C T K O #  (q > q o )  'IaCTRX CneKTpa. npki 6onee H l i 3 ~ 0 f i  3Hep- 

run ~ O A O ~ H O ~  nOBeneHHe H ~ ~ J U O A ~ ~ T C R  nps  Eo = 8,9 r 3 B  B p e a K w H  p + A l +  - 
-t n + X, AJIR KOTOPO# HMeIoTCR CTaTWCTHqeCKki XOPOlIlO 0 6 e c n e s e ~ ~ b 1 e  

AaHHbIe npu yrne 0 = 1 6 8 O  13/.  m R  O l l T H M H 3 ~ H  r p a m L w I  ~ ~ I J I O  PaCCMOT- 

p e ~ o  noseneme x 2 B S~BHCHMOCTH OT q AnR B c e x  3 ~ e p r e ~ s r 1 e ~ m x  m e p -  
B ~ O B ,  MHHHMYM 2 oTMeqaeTcR npn q 0 = 500 M3B/c (psc. 5). npa oma6- 
K a x  s3~epemfi  cesemti, Y K ~ ~ ~ I - I H ~ I X  BbIme,  HX A s y x n a p a M e T p m e c K o e  om- 
came C l,e exp(-T/T 1.2 ) ,  oTne.JIbHo B A O K ~ M ~ ~ R T H B H O ~ ~  (q 1 < q 0 ) H 

~ y ~ y n n m ~ o t i  (qe  > qo)  qacTRx  cnempa, n a e T  6nwme K emnuwe 3 ~ a -  
remm '/ NDF . n o s e n e ~ ~ e  c 1,2 H * * ~ e ~ n e p a ~ y p b ~ "  cnercrpos T i ,2 B S ~ B H -  

CHMOCTH OT HaqanbHofi  3HeprHH E o  nOKa3tlHbI H a  psc.6a, 6. 3 n e c b  Xe 
lTpHseAeHb1 A W b I e  aHanorHYH0fi al l t lpOKCHMaWH AJIR pea~cqd p + + 

1 1 1 1 1 1  1 , , , 
s 10 50 ~ r n  wn L,~,B 

PUC.  6.  3 a s u c u ~ o c ~ b  MPaMeTPOB 3 K C -  

n o n e w  C 1 , 2  u T ~ , ~  OT 3nepruu nep- 
8UVHbZX npOTOH06 Eo. n p ~  E = 

* = 8.9 T3B u Eo =400  T3B npusede- 
HbZ 3Hl lVCHUR nUpllMeTPO8 COOT6eT- 
CTseHHO 9 p e l l ~ y ~ l i  p + A1 + 

-t n'(168O) + x / ~ / u  p + l %  + n+(1609+  
/ 4 /  + x  . 

h c .  5 .  3 4 8 l l ~ u M 0 C ~ b  X20T ZpUHU4bZ qopi?3- 
d e f l e n u  06flacreii c ~ ~ J I U Y H ~ L M U  napmer-  
paMU 3KCnOHeHT, 4nnpOKCUMUpyH)~UX UH- 6 
64PUUH THbZe CeVeHUR. 

5 
-t n- (168') + x npa ~ ~ = 8 , 9  F ~ B ' ~ '  
H p + C -+ n+ (160 O )  + x npa f, 

400 r3E/4 ' .  MOXHO O T M ~ H T ~ ,   TO 

T e M n e p a T y p a  c n e K T p o B  n p H  u 3 ~ e -  3 

H e H W  Eo OT 15 A 0  61 r 3 B  MeHReT- 2 
CR He3HaWiTeJIbHO B 06eux 'IaCTRX 

cnempa. 3 ~ a s e ~ a e  TI H e n n o x o  cor- 1 
nacyeTcf i  KaK c ~ ~ H H ~ I M H  npa Eo = 

= 8,9 r3B,  TaK H npri E o  = 

hrc.  7. ~ ~ ? ~ ~ U C U M G C T ~  un6apuaH~HoZO 
cevenu,q 06pa30sanu~ nuonos s peax- + 
Y U R X  p + C ( A 1 )  -r n - + x 0 T  KUHCTU- 

vrch-uli 3nepzuu nuolios no d a n n b l ~  
Tpc2.T 3h.('nc'pU.UCHT06 npll Eo= 8,9 T3B "', 
E o  =37 T3B (nauru d l l ~ ~ b l e )  u Eo= 
= 400 T3B '*;. 

- 17f&3,9it 
- --- 49r3e?+ 

- - - - -  9 r3 B,c?I+(A~ I ; i,57r3BF- i:.. 
- -----' 

. '\ ---;/ 
- A  

I . , .  

= 400 r s B ,  A n n  K ~ M ~ J I R T H B H O #  300 100 500 600 %,M38/c 



TeMnepaTypbI T2 ca?yauan man  - ee s~acre~ae npa Eo  = 8;9 rsB a E = 15+ 
+ 61 r3B C y q e C T B e H H O  H W X e ,  Y e M  npu E o  = 400 r3B.  TO O T p m a e T C R .  

COOTHeTCTBeHHO B H a p a C T a H H H  C YBenUYeHUeM HMnyJIbCa paCXOXJXeHuR. 

3 ~ a r l e ~ ~ f i  HHBaPWaHTHbIX cerle~kifi 06pa3osa~an KYMYJIHTUBHbIX m O H O B  

npa E o  < 60 rsB H Eo =. 400 rsB,  YTO xoporuo BHAHO H a  pac. 7 ,  me co- 
nOCTaBJIeHb1 AaHHbIe B C e X  TpeX 3KCnePWMeHTOB. 

B p a 6 o ~ e / ~ /  lTOKa3aH0, YTO npki HaJ'IllwU CneKTaTOpHOrO MeXaHH3Ma 

p o w e H H R  KYMYnRTHBHbIX nHOHOB 38BWCWMOCTb HHBaPkiaHTHOrO CeYeHWR 

OT K Y M Y J I H T W B H O ~ ~  n e p e ~ e ~ ~ o f i  X npki 8 = 180° AOnXHa OTpmaTb KBapK-  

napTOHHyH, CTPYKTYPHYH) @ ~ H K L W O  RAPa 

5.2 : 

PI5 

410 

H a  puc. 8 a306pame~o noseneme napaMmpa ~ K C ~ O H ~ H T ~ I  ( 3 )  AJIR p e a K -  
wii p + C (Be,  Al) -+ n+ x B ~ ~ a n a 3 o ~ e  E o  OT 8,9 no 400 r3B. B K Y M Y -  

J ' I ~ T H B H O ~ ~  o6nac~a ( X  o= X2 ) napaMeTp X 0 YMeHbUaeTCR. A0 10,5 npH 
ysenaseHaa 3Heprnn OT 8,9 no 57 rsB,  npa n o M  B o6nama E 0 = l b 6 l  rsB 
sa~aca~ocrb  OT wepraa npa6namamcn K norapa@~asec~of i .  3 ~ a u e ~ a e  
X 0 = X 2  npki 400 r3B HeCOBMeCT'HMO C pe3ynbTaTaMH npki k n e e  HW3KHX 

3HeprkiRX.  TO 3aTPYAHReT OUeHKY aCkiMITTOTkiYeCKO~0 3HaYeHUR X o ,  K0T0p3qe onpenennm c r p y ~ ~ y p ~ y m  @ Y H K ~ H K I  nnpa CornacHo y ~ a 3 a ~ ~ o f i  rano~e3e . 
A 6 c o n m ~ ~ m  BenawHa cese~&i npa @ a ~ c a p o s a H ~ o ~  s ~ a ~ e ~ m  q Men- 

JIeHHO, KBK O T M e Y e H O ,  YBenHrMBaeTCR C POCTOM E OT 15 A0 61 r3B ( P H C .  9 ) .  
E -3aBkiCkiMOCTb M O X e T  6b1~b napa~mpki30~a~a B BHAe 

fic. 8. 3 a s u c u ~ o m  napme~pa 3~cnonenm.bl 

. t X1,2 OT navaabnoir snep2uu E, npu onuca- 
* + 4 4 * 4 4  t HUU cewenufi vepe3 ~ymym~usnyto  nepaen- ' 

4 t nyto X .  JJpu snepzuu E ,, = 10,l f3B npu- 
. i s d e p  dmnbte 181 h a  pea~yuii p + ~ e - +  

" . c r . ,  + n-(120') + x (O - n-,m -n3u p + a1 -+ 
k c +  - .P~-vXI~ a 
1 * % c . ~ ( - x / x ~ I . s .  8 + n'(1209 + x ( v - n - ,  7 -  n + )  . ,&ROC- 

~aabnblx 3nep~uP 0603navenu~ Te xe,  v ~ o  na 

3~acremn C a B npa E * = 37 rsB  ( c p e n ~ ~ n  3~ep1-HR Hauero E,,-nmna30~a) 

npencrasneHb1 B ~ a 6 n .  1. T e ~ n  pocTa cere~&i, xapa~~epa3ye~b1B B ~ B H C H -  

M O C T ~ K I  napaMmpa B OT q (pac. l o ) ,  MeHReTcn c ~ O C T O M  HMnynbca nao- 
HOB npaMepHo BnBoe. 3 ~ a ~ e ~ a e  aHsapatWrHbxx c e ~ e m f i  B COOTB~TCTBHH 

c ( 4 )  ysemwsamcn H a  15 + 25% c pocro~ lco OT 15 no 61 rsB a H a  30 + 
+ 60% c ysenasemeM E o  no 400 rsB. 3 ~ o  s a ~ e m o  BbIrue ysenaremm non- 
Horo Heynpyroro ceseHm 0 ~ O ~ T O M Y  HopMapoaKa mapmmnbIx  ce- 
cremfi H a  o He KoMneHcapyeT HX pocra. B TO me a p e m  npencTaBnReTcn 

5 10 YI rm ' wroer* PUC. 6. 

eCT'eCTBeHHbIM, YTO yKa38H~ba POCT 
10' ma MeHbUe YBeJIHYeHHFI nOJIHbIX m- : : I ,,,,,,,,,, , , , , , I I IUI/I I~/II I / I  1 

K J - U O ~ H B H ~ L X  cerle~nii pOmeHnn mo- 
HOB B pN -+ n p e a K W X ,  KQTOpoe 

Boo 
06ycno~neso B OCHOBZ~OM p-OM 4 ,j , 4 4 6 4 , s l l l l l l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  1 
MHOXeCTBeHHOCTU pOX,€&eHHFI W O H O B  

B ueIfTpaJIbHbIX B ~ ~ U M O J I ~ ~ ~ C T B & ~ J ~ X / ~  < 
3 ~ c ~ p a n o n n w i ~  K E ,-, = 400 rsB 
AaeT B03MOXHOCTb OUQHWTb I I p H M e -  10 20 LO 100 2 0 0  boo 

H H M O C T ~  ( 4 )  K onuc8~mo pmynbm- E..M 

TOB ABYX 3KCnePUMeHTOB. B AOKY- 

M ~ ~ R T H B H O ~ ~  o ~ J ' I ~ c T H  ( X  < 1, q < 
< 500 M ~ B / c )  pe3ynbTaT 3KCTpanOJImHw 6 ~ ~ 3 0 ~  K pe3ynbTaT8M ~3Mepe~Iifi  

npH E o  = 400 r3B, B K Y M Y ~ H T H B H O ~ ~  06nac~a ( X  > 1, q > 500 MsB/c )  
aMeer Memo pacxommne, HapacTamqee c ~ C T O M  q ( m a  X )  . llpa AOCTO- 

BepHOCTH W b I X  3T0 BbIHymaeT npeElnOnWaTb, 'IT0 AJIR X > 1 npH 3Hep- 

r H R X  E 0 > 60 r3B HaVHHaeT C m e C T B e H H O  YBeJIHrMBaTbCR BKnW KaKOrO- 

TO HOBOrO MeXaIUi3Ma 06p830~8H~R KYMYJIRTHBHbIX m O H O B ,  C 6onee CHJIb- 

HOG, cleM norapa@~acrec~an, ~ ~ B H C H M O C T ~ K I  OT 3~ep1-m B 3 ~ 0 f i  06nac~a 
( K ~ K ,  HallpUMep, B CJfyrlae pomeHHFI ' I a p ~ a ) ,  OAHaKO K W m a T a  H a  3TY 

ponb C P e A M  H3BeCTHbIX HaM npOueCCOB, n o - B H A H M O M Y ,  HeT. 

T ~ K H M  06p830~,  cna6oe a 3 ~ e ~ e m e  ( - 20%) HHKm0311BHOrO Ce'IemR 

P O m e H H R  KYMYJIRTHBHbIX m O H O B  npH &nee Y e M  T p e X K p a n l O M  YBeJ'IH'Ie- 

HIM 3~epraa nepBawbIx npoToHoB ( 1 5  + 61 r3B) ~ O ~ B O J I R ~ T  3 a ~ n m ~ ~ b ,  

YTO E-saeaca~oc~a pealcum ( 1 )  
AeMOHCTpkipyeT n p u 6 m m e ~ ~ e  K 

c ~ e i i n a ~ r y  manormo n o s e n e m  
WHKnH)311BHbIX c e ' I e ~ ~ f i  "3~30~n'Ie-  ' 
CKWX" (no K B ~ H T O B ~ I M  rlncna~) O,C 

pC?aKIpffi 06pa30~a~ikin WpoHOB BO 

@ ~ W M ~ H T W O H H O ~ ~  06nacm, KOTO- 0.2 - 

h c .  9. ~ ~ ~ U C U N O C T ~  UH8UpUWTHblX Ce- 

fic. 10. 3asucu~ocrb napme~pa HUKAOHU I . . . . . .  
B OT u~nyAbca WOHOU . 300 COO 500 600 700 800 ~ ~ ~ 3 0  

venuir d m  n+(@)Fu n't01~e3onos npu zloo ~ , - S O O M ~ W C  6. 

pa3~uwblx UMnyAbCUX q OT snepruu npo- _: a , -,,#H~M~~IIIIIIIIUMIIIIII: 

'3 Ton08 EO. I - COOT6eTCrB)rlOU(Ue CeYeHUll 3 
r 
- 400  

d m  nkue30nos npu 3Hepruu 400 f3B /'I. 
b a ) , , , . I ~ w l ~ ~ ~ ~ l ~ ~ n s ~ r ~ ~ ~ ~ ~ ~ ~ ~ l I l l l l l H I I I I  

W ~ ~ U X ~ ~ M U  nOKa3W pe3YJlbTUT 3KClpUnO- 
d, 

i 

myuu cevenulj K E o =  400 f3B npu !$ m * a , ',,,, ,,,,,, , " " " " I I I I I I I I ~ ~ R U ~ ~ ~  

onucanuu ux n o 2 a p u ~ ~ u v e c ~ o u  saeucu- 
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Ta6fl u ifa 2 
n a p a ~ e ~ p b 1  ~ ~ p O K C H M ~ H H  E - H q - ~ ~ B H C H M O C T ~ ~  

OTHOrUeHHR R(-?+) 

AWIaTb Y T B e p W e H H e  0 HaJIHWH B P e a K q H H  (1) R B H O ~  3aBHCHMOCTH OTHO- 

u e H u R  B~IXOAOB n--u n+ - M ~ ~ O H O B  OT H M n y n b c a  n u o H o B  B m T e p s a n e  OT 

300 A 0  900 M ~ B / c  kl o T  3 H e p r H H  n e p B U W b I X  nPOTOHOB B AHalTa30He Eo OT 15 
no 61 r sB .  

BbI B O W  

1. B KYMynRTHBHOM 0 6 p a 3 0 ~ a H H H  m O H O B  n p H  B ~ ~ U M O ~ ~ ~ C T B H H  np0- 
TOHOB c s~eprueii  OT 15 no 61 r s B  c mpmu yrnepona ~ a 6 m o n a e ~ c ~  npu- 
6nuxeme K " ~ H ~ ~ ~ ~ T H s ~ c K o M ~ "  c ~ e h n m r y  - H H s a p u m m o e  c e s e H u e  c poc- 
TOM 3 H e P r H H  BO3paCTaeT He3HasHTeJIbHO ( - 20%), T e M n e p a T y p a  ( H ~ K J I o H )  + 
CneKTpOB n--Me30HOB C TOrMOCTbH) 2% nOCTORHHa B KYMYJIRTHBHO~ ( X >  1 ) 
WCTH CneKTpOB. 

2. H ~ K J ' I o H ~ I  CneKTpOB n p H  3Ha'leHHRX KYMYJIRTUBHO~ n e p e ~ e ~ ~ ~ f i  
X > 1 H X < 1 CyueCTBeHHO Pa3nHYHbI. MoXHO npC?AllOJIOXUTb, YTO CMeHa 

T e M n e p a T y p b I  CneKTpOB ~ 6 n m u  K H H ~ M ~ T H ~ ~ ~ C K O ~  rpaHHUb1 X = 1 CBR3aHa 

c n e p e p a c n p e n m e H u e M  smma p a 3 n n w b I x  M ~ X ~ H H ~ M O B  06pa3osmm nuo- 
HOB npu nepexone B KYMYJIRTHBHYH) 0 6 n a c ~ b .  

3. BWIHYHH~I C ~ Y ~ H U ~  H HaKnOHbI CneKTpOB npn Eo =15+61 I'sB 6nm- 
KH K ?i3MepC?HHbIM n p H  6onee HH3KHX 3 ~ e ~ r ? i ~ 3 ~ / ~ /  B HCCJIenOBlLHHOM HH- 

TepBaJIe  UMlTynbCOB nkiOHOB E p H  H3MeHeHHH KYMYJ'IRTHBHO~ n e p e ~ e ~ ~ o k  
X OT 0,6 A 0  2. O A H ~ K O  B 3KCnepHMeHTe,  BbInOJIHeHHOM n p H  3 H e p r m  npo- 
TOHOB EO = 400 r 3 B  I*', ~ a 6 m ~ a n o c b  CyueCTBeHHO HHOe l lOBeAeHHe 

cnempa n u o H o B  npu X >  1. 3 ~ o  pa~nusue ~ p y w o  cornacosan c o w a e -  
MbIM I l O B w e H U e M  c ~ W ~ H H G  B p e X H M e  t i p e n W I b ~ 0 k  ~ P ~ ~ M ~ H T W U ,  K O T O ~ ~ I ~  

npORBJIReTCR B KYMYJIRTHBHbIX npOq€?CCaX n p H  3HeprkUIX E 0 > 3 5 r3B.  
B 3 ~ 0 k  CBR3H H ~ O ~ X O A U M ~ I  nOnOJIwlTeJIbHbIe 3KCnepHMeHTaJIbHbIe AaHHbIe 

AJIR llpORCHeHkiH 3 ~ e p r e ~ H S e c K o f i  3aBHCHMOCTH HHKJXIO3HBHbIX C e s e ~ k i k  

B K Y M Y J I ~ T H B H ~ I X  npoqeccax npu E > 60 r s B .  

+ 4. Omome~ne  B ~ I X O A O B  n-- u ~ + - M ~ ~ O H O B  B pea-M p +I% + 

+ R-(159')  +x H e  BbIRBJIReT 3aBUCUMOCTH OT 3 H e P r H H  nePBHrMbIX n p O T 0 -  

HOB H ~ ~ B H O  B c p e n H e M  R(-/+) = 0,93. 
A B T O ~ ~ I  6naronapn~ M . A . l l l a @ p a H o s a ,  3 . M . M m b u e ~ a  H COTpyAHHKOB 

OTneJIOB HBOBK nB3 ti C H 3 0  O m M  3a IIOCTORHHYH) n O A q e p X K y  npn np0- 
BeAeHHH 3KCnepHMeHTa.  

JIWTEPA TYPA 

1. Benecke J., Chou T.T., Yang C.N. - Phys. Rev., 1969, v.188, p.2159. 
2. ~ Q H Z K O S  H]J. U dp. - A@, 1974, T.19, C.1266; 

JIec~un T.A. - B c6.: T D V ~  XVIII Mexdynapodnne ~on6epenifuu no @ u s u ~ e  sb l -  

c o ~ u x  snepruii. J1,2-10400, T.I. Ay6na: OWAW, 1977, c.A-63. 
3. Baldin A.M. et al. JINR, E182-412- Dubna, 1982. 
4. Nikiforov N A  . et al. - Phys. Rev. C, 1980, v.22, p. 700. 
5. 6mRee W.M. u dp. - B c6.: Tpydbl coee&anu~ no uccfledoeanum 6 o6flac~u pefla- 

T U ~ U C T C K O ~ ~  Rdepnoi @ U ~ U K U .  A2-82-568. A Y ~ H Q :  OWAN, 1982, c.114. 
6. 6 m ~ e e  W.M. u dp. Coo6qenue OWAH, P187-429,1987. 
7 . 6 m ~ e e  W.M. u dp. Coo6qenue OWAW, 13-87-104,1987. 
8. 60Rp~H06 C.B. u dp. Ii'penpun~ WT30  N05. M., 1987. 
9. ~ P U ~ U U H  B.r. kfHKfl~)3~6lible npOifeCCbl 6 Q ~ P O H H ~ ~ X  B ~ U ( L M O ~ ~ ~ C T ~ I L R X  npU 6blCOKUX 

3Hep2URX. M.: ~ H ~ ~ ~ O Q T O M U ~ ~ Q T ,  1982. 
10. Ee f l~ee  H.M. u dp. - B c6.: K ~ Q T K U ~  coo6qenu~ OW7kiN08-85,Ay6na: ON/ki, c.29. 
11. K o n d p a ~ l o ~  n.A., ~ M U T U K O B  M.X. - -0, 1985, ~ . 4 1 ,  6.2, c.498. 


