
JI .C . A x r ~ p e # ,  M .K .B3opo~,  B .H .&MHPOB, II .B . 3 p e n o ~ ,  
B.B.MB~HoB, h i . A . M r ~ a ~ e ~ ~ o ,  H).A.KOX~BHHKOB, 
A .C . K y 3 ~ e q o ~ ,  3 .M ynac , C .B .Pasm,  r .A . C ~ o n e ~ o B  

CIIEKTPY AEATPOHOB, MCIIYCKAEMYX 

C BOnbIllMMM IIOIIEPEVHYMM MMllYJlbCAMM 

B COYAAPEHMRX AE~~TPOHOB C RAPAMM 

BOAOPOAA, A E ~ ~ T E P M R  M YFJIEPOAA 

IIPM 9 T'sB/c 



Mccnenosam CTPYKTYPH rrnpa a M ~ X B H H ~ M O B  rrnepHm pea~mfi  c 
noMouiO IIDKOB PemTrnHcTcKax nnep B prrne cnyuaea meiOT npemymecTaa 
no c p a m e m  c onHTaMM, B KOTOPHX aaysaeMHe nnpa noltorrTcrr. T ~ K ,  B 

OIIHTaX IIO @paparMeHTaL&I~ YCKOpeHHHX finep paCUHpfleTCfi iTOCTyIIHafi LU3 

ElCCJIeROBaHElfi 0dJIacTb BHYTPHHL(ePHHX HM~YJI~coB.@P~J?M~HToB, a CaMEl IIM- 

nefi~po OB C HMIIyJIbCOM 9 raB/c B npOTOHH n0Q y r n m  

H I ~ R M E ~  HYKJIOHOB B n e f i ~ p o ~ e ,  noayqeHmim B wax aKcnepmeHTax EI cnew* 
UMMIl E13 O ~ W H O  IICIIOJIb3YeMHX IIOTeHmanbHHX Mo~enefi HYVJIOH-HYKJIOHHOl?O 

~ 3 a r n o ~ e f i c ~ ~ m ;  n p n u m ~  aTax pacxo~~~ne~ai l  eqe npeacToaT od'bncm~b. 

npH ElCCJIe~OBaHMX KOl?epeHTHHX B3aIfM0fiefi~TB~fi PeJLRTKBHCTCKIIX JTnep 
CyuecTBeHHo o b n e r u a ~ ~ c r r  BOBMOWHOCTH BHnenem ~ T H X  npoqeccoB Ha @He 
Q Y r H X  RnepHHX p e a r t ~ h ,  IIOCKOJIbKy I I ~ o B ~ ~ L ~ ~ ~ o ~ ~ ~ ~ c T B o B ~ B ~ ~  K O r e p e H T H O  

finpa WeDT donee X ~ C T K X ~  CIIeKTp HMIIyJIbCOB. Kot'epeHTHHe B ~ ~ ~ o u ~ ~ ~ c T B H H  

U ~ ~ ~ T P O H O B  c r rnpm,  npoacxowme c d0JIbUolMM nepewqam m y n b c a ,  npa- 
sneKamT a m a m e  accnenosa~enefi no prrw npaum. IIpenine Bcero, c noMo- 
UiO IlpOqeCCOB T a K O r O  Tans HaReiOTCfi OdHBpYlgElTb IIpORBneHHe HeHYKJIOHHHX 

c ~ e n e ~ e i 4  C B O ~ O P ~ ~  B rrnpax, TaK K a K  KaxeTcn npaspononodm,   TO ecm 
TaKaR "PLUUI~M" CLICTeMa, K a K  @TPOH, cnocod~a C nOBOJIbH0 d0JIbUI0fi Be- 

POJTTHOCTbiO TePHTb 3Ha%lTeJlbH~h IIMIIyJIbC, He pa3BWMBaRCb, TO 3a 3TO 

nOJIW dHTb OTBeTCTBeHHH KaKHe-TO CII~L@I@&N~CKH~ MeXaHH3MH. C npyroh 
CTOPOHH, nefiTp0~ RBJLfIeTCJ3 IIpocTehefi HYKJIOHHO~ C H C T ~ M O ~ ~ ,  H e r0  ~ ~ 0 6 ~ 0  

HCIIOJIb3OBaTb W E13Y4eHWI IIPOTeKBg)UW( B O m O M  H TOM we FiQe IIpOqeCCOB 

p o x g e m  H nepepaccerrm K O P O T K O ~ ~ ~ K B Y U P ~ X  ~ ~ ~ O H ~ H C H K X  COCTOEIHM~~ Ha HYK- 

JIOHaX, HH@~PM~LP?II 0 KOTOPhIX H ~ o ~ x o R I I M ~  W-R pa3BBTIIR KBaPKOBHX 

~onenefi. 

P a ~ e e  uccnegosam ynpyrax d - p  a d -d paccemfi B U M P O K O ~  

o d n a c ~ ~ l  a ~ e p r ~ f i  (cM., ~ a n p m e p ,  pa do^^ lP9/ a l ~ ~ ~ p s a q m  Tm mTe- 
p a ~ y p y ) ,  a TaKlge Ksaswnpyroro paccerrm u e f i ~ p o ~ o ~  H a  anpax npH npo- 



MewTOsIIhUC B H e P m i x  / I 0 *  , IIOKa3-, ¶TO OCHOBHHe 38ROHObf0pHOOTB 

a T E X  4pOqeCCOB MOrYT 

 OH-~yxnoru~oro paccemm 
COIIOCTaWI0HEe CIIeKTpOB A~PTPOHOB H I l p T O H O B ,  H 3 M e p e H H U  COOTBBTCTBBB- 

HO B p e a ~ r w u  pp + Xp n pd + X d  B 06 
n p H  a H 0 p m  IIpoTOHOB 50, I80 H 275 I'aB 
IIpH 5 P 2800 r d  /7/, O T C T J W I ~ H I U  OT I IPOCTO~ BepCBH M O a W E  MHOFO- 

KpaTHOPO paCCeRHHR H a W e J o T  ~ a 6 m g a T b C f I  JElmb UpH 

20 raB, B 0 6 J r a c T H  3na9e~~i t  1 t 1 , n p e s m m  -- 0,4 ( ~ B / C )  . 

OAH0a E13 0 ~ 0 6 e H H 0 ~ T e f i  BH3hIBaeMHX ~ ~ ~ T P o H ~ M H  pea-  A(d ,d )x 
m m i e T c R  TO, ¶TO c n c T e M a  X odpasye~ca B onpeaenemoaa c o c ~ o j i n ~ ~  no 
H3OTOIIHSeCKOlry ClDfHY, 3HaYeHHe KOTOpOrO COBIIa@eT C H3OCIIEHOM MEU0HE. 

Hemao n y w ~  geii~poxio~ c K m e T m e c m m  a H e p m m m  2,29 , 2,W H 

I,65 raB HCIIOJIb3OBaJIHCb RJlR IIOHCKa 

C-OM, pm- 0, B p e a K m  '~ (c l ,d )~  
Y3KEX pe30HE1HCOB B BTUX OOILbITaX IIOJly¶eHO H e  6 ~ 0 ,  a aKCII0pEM0HTalI.hHH0 

/@H.We YAUIOCb, B OCHOBHOM, YaOBJI0TBOPHTeWHO B paaaKU 

MOa0JIE MHOrOKpaTHOrO HyHJIOH-HyKJrOHHOrO paCCeRIIElrr 

B p e a =  I H ( ~  ,d )X c H o T e M a  ~ e a a 6 m a a e ~ ~  s a c T w  m e e T  H s o c m m  

1/2, H OTKpUBaeTCR BO3MOEHOCTb IIOJIYg0HHII EH@wm 0 B ~ U O ~ ~ ~ ~ C T B H R X  

HyKnORIIhIX PeSOICBHCOB C EIBOCIIHZIOM 1/2 C HYKJIOHabUi. &a B03MOKHOCTb 

OCHOBUBa0TCR TOM, 9 T O  pe30HBHCHOe COCTORHHe, ~ I A e r u I O e  H a  OWOM H 3  

H~IUIOHOB aehpom, M o x e T  no c B o e m  pacnaga nepepaccemaca ae BTOWM 

Hyxnoae, H X a p a m e p n c T m t n  a T o r o  nepepaocem MOKHO n o m T a m c a  H a  

OCHOBe @ p ~ a J I E 3 h T a  MHOrOKpaTHOrO PaCC- H3BJIe¶b  H 3  AaHHHX 0 p e a X 4 E E  

IH(d ,d ) B  TO^ o d n a c ~ ~  nepems wlnywca, rae m m p y e T  m y K p a T a o e  

paccemue /IS/ 

MY p o I A e E E I l  a T E X  CHCTeM H a  R Q B X  (cM., HaIIpHMep, 0 6 3 0 ~  

@pdaQEE 0 M*- N B ~ ~ E M o ~ ~ ~ ~ c T B B R x  IIpH BTOM IIOZJTeHO H e  6 ~ 0 .  YK~sE+. 

HHA H a  ~036yxaeme N'(1410) H N* 1680) B p d  c o y g a p e m  6tunr 
n o w e m  npn 50, I80 a 2'75 b B  /Ib, ammo a m  g a m e  OTHOCRT~R K 

o d n a c ~ ~  MU amsemd n e p e g m  EMIIYJISCOB, rae N *  ~ o a 6 y . w c a  B 

OCHOBHOM B OmOKpaTHHX CTaRXHOBeHIUU( HJWIOHOB. 

B H ~ c T o X ! ~ ~ ~ &  p a 6 0 T e  C O O ~ U B U T ~ R  p e 3 y J I b T a T H  aKCII0pEMeHTOB IIO H3M0- 

p e H H n  C I I e K T p B  A ~ P T ~ H O B ,  HCI[YCKa0KHX IIOg YrJIOM 0,139 pan  BO B 3 U O -  

aeBcTBaRx ~ ~ P T ~ ~ H o B  C EMUyJIbCOM 9 &B/c C SiRpaMH B O a O p o U a ,  JleB~epESi H 

ymepo w, n H n e p e ~ a ~ a x  wmynaca a e P ~ p o ~ a ~  B m T e p s a n e  I t 1 "-- I, 4 - 3 I,7 (raB/c) . &H paxime ~O~OJUJYF H a m  n p e u u R y m e  nccneaosamm 
RaepHXX B ~ U O ~ ~ ~ C T B H P  g e f i T p o H 0 B  IIpE 6,3 11 8,s ra8/~, 
pE¶HHe ¶aCTlUJH PeI 'ECTpHpoBaJIECb I IOa yI?JrOM 0,103 p a n  
COOTBeTCTBOBWIO nep0 w¶&l EMIIyJIbCa 0,4 kl 0,8 - 0,s ( r a ~ / c ) ~ ,  

B a K c n e p m e H T e  acnanaao~awcb m e m  ~3 CH2 , CD2 n C , a pe- 
3yJLbTaTH, OTHOCRtUEeCR K d -P H d -d C O y r [ a p e W ,  6w41 IIOZJTeHH 

IIOCp0aCTBOM BLIYHTaHHA CIIeKTPOB OT C O O T B e T C T B y U , ~  MEmeHeiI. 



h c .  I. MMnynbcme cneKTpv n e l i ~ p o ~ o ~ ,  s a p e r x c ~ p n p o ~ a ~  noa yrnoM 
0,139 pan BO saamouelic~sllrrx A ~ ~ ~ T P O H O B  c s g p m  Bonopona, 
A ~ P T ~ P ~  a yrnepom npa 9 I'aB/c. l i l ~ p m o ~ ~ e  xpmue - pesynb- 
TaTH aIlIlpOKCMMaqElra YYaCTKOB CneKTpOB OT 5 , s  a0 7.0 I'aB/c 
m a B m  ~ p m m .  

U p  odaynemim amp  yrnepom geil~poaaara c mny.ubcw 9 raB/c 3na- 
neme ~ m w a m e c ~ o i l  r- a c n y c ~ w  npoTonoB I I O ~  ymoM 
0,139 pan cocTawmeT 8.11 raB/c; cnerrTpH BTOPWHHX P ~ C T H ~  mime aToro 
atlasem odycaomem uefi~poaam. B mTepsaae KMIIYJ~~COB OT 3.3 go 
8.11 M/c BTOpE¶HHe u ~ ~ ~ T F € ~ E L U  OTgWWIECb OT IIPOTOHOB WTeM E3MepeHHR 
EX m a y a c a  E Bpeaaem nponeTa na dase m i ~ o f i  oKono 22 M. 

~ C O J X I T H O ~  MOHHTOPHPOBaEIHe ~ I ~ & T ~ I I H o I ' o  IIyTKa IIpOH3BORanOCb WTeM 
amepe- megeatrofi ~RTEBHOCTH Rgep 2 4 ~ a  B TOHKEX ammmeBm 

nbrax, obargse- B MecTe pacnanorem ramuem. Ceseme p e a x w  
'u jU(d , I ) ~ ~ N ~  3BeCTEO gefiTpoE0B C mnynscoM 3.8 raB/c C TO¶- 

H O C T ~  10% /25[ 

H3uepemiie B mTepsane mnynbcoB OT 5.5 go 9 raB/c cneKTpu 
g e i l ~ p o ~ o ~ ,  aapemcTpxposamuix nog yraoM 0, I39 pag BO saawaogefic~smx 
gei l~poao~ c m m y a c o ~  9 raB/o c RQMMI ~ogopoga, uefi~epru H yrnepoga, 
UOKa3aH.U HB P O .  I. B CIIeKTPe ~ ~ ~ ~ T P O H O B  OT d -P ~3aEMogefi~TB~fi npkl 
8.21 raB/c pacnoHoxeH IIHK, O T B ~ P ~ ~  ynpyroMy d - p  p a c c e m .  non~aix 
mpma aToro m a  Ha IIOJIY-EHCOT~ x a p a ~ ~ e p ~ 3 y e ~  HMnynbcHoe paapememe 
YCTaliOBRH H COCTaBNIeT 97 &B/c. 

B ClIeKTpe gefiTp0~0~ OT d-d B S ~ E M O ~ ~ ~ ~ C T B H ~ ~  BHllWlJWXJl ma IIEKa, 
HBaeuaTweora oTsenamme y n p y m  d - N a d -d p a c c e m  ( n p ~  8,2I 
H 8,59 r a / c  COOTBeTOTBeHHO). Y e ~ u  IIEK8MkI HaM8PaBTCR ~e60JIb~0fi 
npana~. C ~ p y x ~ y p  aToro pacTxa cnexTpa noxora Ha ~adw~a~urymca p e e  
B B Y O O R O ~ X b C E k U  PBOTRX CIIeXTPOB ~ B ~ T ~ ~ H O B ,  HCIIyCKaBIYhM UOg YrJIOM 

0,103 p g  a d d  B ~ ~ ~ ~ ~ M o Z @ ~ ~ C T B H R Y  UPE 6.3 kl 8.9 r d / c  

C a e ~ a  OT ~ O B  ynpyroro d -p H maa~ynpyroro d -d paccemfi  
U ~ O C T E ~ O J K  HeUpept4BH.U~ pOUpe~8JIeHlW gefiTpoHoB, ECTO¶HEKOM KOTOPhUC 
n C J 3  EOrepeHTHHe (IIpoS¶oXO~e dea pa3BW HeJreTaXUWX gefiTpoH0B) 
HeDpyFEe UQOJJeCCH. M T ~ H ~ O B H ~  KpHsHe Ha CneKTpaX gefiTpoH0B OT d -p E 

d -d ~ a a n w o g e g c ~ s ~ i ~  e m r p o ~ c ~ ~ ~ p y ~ ~  senpepmme p a c m a  aTax cneKTpoB 
B m ~ e p a a a x  OT 5.5 go 7 raB/o a upmegem rn Toro, s ~ o d ~  npoge- 
aroaoTpHposaTh npoRBJreme B mqacabo t  mTepsmax OT 7.1 go 7.8 raB/c 
ooobe~~ooreP, cmsarmbur c o b p a s o ~ a m e ~  nepshuc ~ 0 3 d y x u e ~ ~ h ~  COCTOJI&I 
EyRJI0E.a. 



3.1. Ynpyrtre d -p u d -d paccemm 

&@epewanb~tie c e s e m  d ~ / d t  npoqeccon ynpyroro paccemm 

~ ~ ~ ~ T P O H O B  C EIMIlyJlbCOM 9 h B / c  Ha Y r O A  0,139 pan H a  IIRpaX BOAOpOaa I? 

aeP~epm, onpegeneHme no I I J I O ~ ~  noA CooTseTcTBymumm B T ~  npo- 

qeccm matm B cnempax, c o c ~ a s m  (5,IO 2 0,39) u ( I ,39 2 0,20) 
M H ~ H / ( ~ B / c  )2  CooTBeTcTBeHHo; nocae mee aHaseme yxe ncnpaBneHo Ha 
npmecb Ksaar?ynpyroro d - N  paccemm B odnac~b m a  OT ynpyroro d -d 
paccemm (CM. paanen 3.2). Ha p ~ c .  2 u 3 nowseHHMe aaHHne conocTaB- 
JLRBTCR. C aaHHNMkl apyrKx 3KCnepiVdeHTOB, BklnOJIHeHHHX npU 6JIE13~m 3Ha- 

s e m  HasanbHoro mnynbca ~ ~ # T P O H O B .  

FUC. 2. M H B ~ ~ I ~ ~ H T H O ~  w@$epe~rnanb~oe cese- 
me ynpyroro d - p  paccemm sdnkl3~ 

9 raB/c B 3aBIICEIMOCTU OT KBaApaTa 

nepeAaHHoro Pmnynbca. [7 - AaHme 
no ynpyroMy p d  pacceamm npr? 4 55 
raB/c /4/, o - a a ~ m e  pado~n /If / 

- pe3ynb~a~  HacToauero a~cnepx- 

MeHTa. CIUIolw€M KpHB€M - pe3ynbTaT 

pacseTa cornacso Mogem IuroroKpaT- 

HOP0 HYKJOH-HYKnOHHOrO paCCei3HlW. 

PUC. 3. M H B ~ ~ ~ ~ H T H O ~  rn@$epe~man~lb~oe ceqe- 

me ynpyroro d -d pacceam s 6 n n 3 ~  

9 raB/c B 3aBmxmocTx OT KBaApaTa 

nepem oro Pmnynbca. j- - a H e 91y pa60TMHt)5/, 0 - ZaHHhle pad0TM , 
- pe3yJlbTaT H ~ C T O H U ~ #  pa60TM. 

Cnnolwm K ~ H B W  - p e 3 y n b ~ a ~  pacseTa 

COl?JIaCHO MO UeU MHOl?OKpaTHOrO HYK- 
I 

ZOH-HyKnOHHOrO PaCCeflHHR. 

Ha pac. 2 npmeaem aKcnepmeHT-me n a m e  o aaaacmocTa m e  
@eperiw-~oro c e n e m  ynpyroro d -p paccemim OT KsaupaTa nepea /?- HOP0 ¶eTHPeXBMIWJIbCa. ba~paTEKahlE odoamnew AalWHe p a d ~ ~ ~  , 
n w e m e  npx HanamHoaa EMII nbce ~ ~ O T O H O B  4,54 raB/c, a cseTnm 
~ p m o ~  npa I t 1 = 0.8 (raB/c 1' - onpeaenemoe  am 
OTHOCRmeeCR K HaPNLLHOMY EMUYJISCY aehp0~0B 8,s ~ B / c  . 

Ha pac. 3 noKa38fu a w e  o ~~BHCPIMOCTEI m m e p e w m b ~ o r o  cese- 
IIHII ynpyroro d -d p a c c e m  OT KsaqpaTa n e p e w o r o  seTHpemmyRbca. 

3gecb KpecTHxam odoamnemi p e a y m ~ a ~ ~ ,  nongseme c nouoma %YP" K O B O ~ ~  KaMepH I I p  HBPalIbHOM EMUyJIbCe ~ ~ ~ T ~ O H O B  7,s raB/c , a 
I t  1 = 0,8 (raB/c12 COOTBeTCTByeT E13MePeHKRM =pH 

8,9I'aB/c . 
CMOUIHHME KPKBHhfK PHC. 2 H 3 UOKa3aW PeSYJIbTaTH PaCseTOB, 

BhmOJlHeHHhur Ha OCHOBe MOAWIE M H O ~ O K ~ T H O I ' O  HyxJrOH-HyKJIOHHOrO PaC- 
CMHEJl ,  C YgeTOM KB~RPYIIOJL~HO~~ U @ p ~ a Q 5 3  geaTp0Ha /26 *27/e B aTEX 

pacneTax am.m~ym ynpyroro HD~OH-wmomoro paccemm napa~e~pa3o-  

B-Cb, KBK Odb19~0, B Bane 

npmeu B KagecTBe naweTp0B acnonbao~a~mcb cneAylowe ycpemeHwe 
wu  p p  a n - p  p a c c d  alranem: nomoe ceqeme N - N  ~ 3 m o -  

U ~ ~ C T B K U  6 = 42 ~ 6 ,  OTHOllIeHEe pembH0a EI MHBMo~ ¶acTea aMILIIHTYW 

IIOA o0 = -o,a, IIaweTp H-OHa 8 = 7,8 (ra~/c)-'. bJG3 caepa- 
4eCKOrO E KBaRpy~WBHOI 'O  @ O ~ T O ~ O B  

TwecKxe npeucTaanem, no.ny¶eme B p a d o ~ e  
4EE ~eaTp0Ha EP~CCWUI, KepaHa H F'ydma. 

M3 pEC. 2 H 3 BEIAHO, 9TO BCR COBOKYWOCTb W H H X  no YnpyrOMy 

WCCefffiHXl nelbTp0~0~ C Ha¶aJIbW EMIIyJIbCWH B ~ W ~ E I  9 raB/c H a  R R p U  

~ouopom a geil~epmx, BKWM H n a m e  mc~omei l  pa do^^, xopomo corna- 
cyeTcR c pac4eTaMa BO ~ c e a  o 6 n a c ~ ~  paccuoTpeHmx a~anema KsaupaTa 

n e p e w o r o  4--yaca, aa acKwsemeM ToneK npa ~t 1 = 0,8 (ra~/c)'. 
b M  Upe@TaBJl.KeTCR, 4TO HaEdonee B~~ORTHOP IIplFIEHolb BiUIaneHHR aTEX 

TOWK RaRReTCR HWlEGie C E C T ~ M ~ T H ~ ~ C K O ~ ~  O ~ ~ K E ,  muyuemoil IIPE adco- 

JIDl'H0ff HOmpOBKe IIpH HanMbHOM EMIIyJIbCe A ~ ~ T ~ ~ H O B  8 9 raB/c. 
IIO~TOW acnonaaye~~e B n m b ~ e h e u  aHaJmoe p a m e  pad or^ I"/, OTH* 

CJ?UEeCR K I t 1 = 0,8 (raB/c 12, 6- YMHOiiteHbI Ha KO~@@Q¶~HT 0,53 aT0 

amneme ~ o a - e ~ ~ a  non!meao ~3 y c n o ~ m  CoBnauem s ~ a s e m i l  mme- 
pem-wx cenemil ynpyrax d -p a d -d paccemxd npa It 1 = 0,8 
(raB/c l2  C pe3yJIbTaTaMH paC9eTOB IIO MOU- hGiO~OKp~THO~0 paCCe-. 



3.2. Ksas~ynpyroe d -d pacceme  

Ha PHC . 4 npe AcTaaneHa sncoKoir;snynbcHaR W C T b  cneKTpa ueil~po- 
HOB, s u e r m u m  nou yrnoM 0,139 pa8 B d -d s s a m o n e ~ c ~ s u ~ x  npH 
9 r 3 ~ / ~ .  iIpmeneHHHe aHcnepmeHTanbHne AaHme CooTseTcTBysor 3 ~ a s e m m  
KsaApaTa nepemmioro seTnpemnyJrbca B HHTepsane or -I,45 no 
-I, 50 (r3n/C $. 

K ~ K  ynre oTMesanocb so BseueHm, ~ 1 3  pacueTon, nwomeamx Ha oc- 
~ o s e  pa3sii~oro B pa6o~e  /'I/ G o p ~ a m s ~ a ,  cneuosmo ,  TO npH nepe WH- 
Hbor 4-mnynbcax, npewuamm -1.2 ( ~ B / c ) ' ,  n cnempax R ~ ~ ~ T P O H O B  OT 

h c .  4. B n c o ~ o ~ n b c ~ a ~  %CTb CIIeHTpa A ~ ~ ~ T P O H O B ,  BHJIeTaKXUEX I I O A  

KPaTHOrO N - N paCCeRHaR. U T ~ E X O B O ~ ~  K P E I B O ~  UOKaW BKJIaA 
~aasnynpyroro d -N p a c c m  B odnac~b m a  OT ynpyroro d -d 
paccerrmarr. 

Pe3yJIbTaTH paC¶eTOB WIJ3 YrJIa 0,139 
g e l ~ p o ~ o ~  9 raB/c s m o m e m u  cornacao p a d o ~ a ~  
d d + d p n )  H 12'/ (IVIR yupyrom d -d pacce-. ilaomem OCHOB- 

~ 0 i 4   mag B IIEK n p ~  8.59 raB/c), n o ~ a 3 a ~ ~  na p ~ c .  4. 

B pacseTax maapanTHoro m@$epemanb~oro c e s e m  peaxqm 
d d + d p n  ~ M W I E T ~ ~ ~  ynpyroro N - N p a c c e ~ r m ~  n a p a ~ e ~ p n 3 0 s ~ a c b  B 

Bxge (I), c npmegemmm B pa3aeae 3.1 3nase1imt.m napmeTpoB, a B 

KasecTse BOJIHOBOB Qmrpm a e l ~ p o ~ a  6wa  ~cnonbaosana DyxrayccoBcKm 
n a p a u e r p T y r  BOJUOBO~ @ymw Pelga c MLTUW KOWM IVIR $ -coc~ormaa 
get~pona . P e s y a b ~ a ~ a  pacseToB, smomeHnnx c DeToM aKcnepmeH- 
Tanaaoro muynbcaoro paspemem yc~aaosm,  no~a3a1.u Ha p ~ c .  4 cmorn- 
~ 0 i 4  ~ p m o l .  I l l~p~xo~oB KPKBOB no~asaa  smcnemwfl BKnag ~sasnrynpy- 
roro d - N paccemm B odnacrb m a  OT ynpyroro d -d paccemm; 
OH COCTaaRReT 24% OT IIOJIIiOfi WIOIWm UOg IIBHOM. 

M 3  N C .  4 BERHO, ¶TO B 4eJlOM pe3YJIbTaTH paC¶eTOB, IIpOBegeHHsur 
be3 KBKHX-~60 C B O ~ O R H ~ ~ X  UapaMeTpOB, HBXO&3TCII B pa3YMHOM COrJIaCEE 0 

aKcnepmeriTamuum RBHH~IMH, XOTR u p  wmgabcax B ~ J I E ~ H  OT 8.45 raB/c, 
rue Haaadarree cymecTsea s ~ n a u  TpemtpaTm N - N c~anxaosemfk, KOJIE- 

secwemoe cormcHe H He uocmaeTm. Ee3 g o u o m m T e ~ m  ~ c c n e a o s ~  
~ p y w o  yxa3aTb upmmy aToro p a c x o x u e ~ .  O m e ~ m  wmb, s ~ o  mbarree 
c y u e c ~ ~ e ~  ~3 u p 6 n ~ x e ~ d t ,  CII~JI~HHHX u p  Bmone sapaxend4 B pa60- 
Te /'I/, m m m m  npeaedpexeme cm-HSOCIIHEOBOB 3mxcmocTbD m- 
TYW -OH-HYKJIOHIIO~~ paccemm, npeae6pexeme ma~pynananoB ge@p 
~ a e B  g e B ~ p ~ a ,  a Tmae I I ~ E ~ ~ E I ~ H H R ,  c m s a i i ~ ~ e  c H C U O J L L R ~ ~ O B ~ H E ~ M  MO- 

n e w  moroKpaTaoro p a c c e m  n p ~  6o,n&nrax uepegasax ntmysca. 

K ~ K  yxe oTMesanocb B pasgene 2, B n o ~ a ~ a m i t u  Ha PHC. I cneKTpax 
g e B ~ p o ~ o ~  OT p e a @  d p + d x H d d + d x nesee IIHXOB, COOTB~T-  

CTByIlJIWX ynpyJ3Qd d - p  H d-N paCCeruIHIIM, H ~ ~ J I D ~ ~ ~ O T C ~ !  O C O ~ ~ H H O C T H ,  

KOTOpHe eCTeCTBeHH0 EHTepUpeTHpOBaTb KBK IIpORBJIeHEle B036y~~eHlW 
HJXJIOHHhIX Pe30HaHCOB B paCCWlKEE PeJLRTElBHCTCKklX R~&TPOHOB HJXJIOHBMH, 

IIWHCXO@XQeJ?O be3 pa3BUla HaJIeTalOnWr I I ~ ~ T P O H O B .  A ~ a ~ ~ o m m e  oco6e~- 
HOCTH lIa6ilDgaJIE~b w e e  EI B CneKTpaX A ~ ~ T ~ ~ H O B ,  HCIIYCKaeMkLX IIOg YrJlOM 



C I I ~ K T ~ H  HefiOCTaBWX MaCC LW3 npOqeCCa d p + dx, COOTBeTCTByB2- 
m e  yrnm perxcTpaqm p , e B ~ p o ~ o ~  0,103 II 0,139 pas, n o ~ a 3 a m  Ha p ~ c .  
5. BIIAHO, 9 T O  O C O ~ ~ H H O C T H  pe30HaHCHOrO TIIna H ~ ~ J I L I A ~ ~ c H  B o6nac~11 
3 ~ a s e m t i  Macc, o~~esanue i4  I I ~ B ~ C T H H M  COCTOIIHMIIM N * ( I ~ I O I  , N*  (1520) 
EI N * ( I ~ o ) .  

h c .  5. CneK~pt4 HeilOCTWWX MaCC iLRR. IIpOqeCCa d p + d X, COOTBeTCTBy- 
mme yrnm perHcTpaw p,eP~po~oa 0,103 M 0,139 pap, B ~ T I M ~ M  
9 I?aB/c. CnnoIIIHHe KPHsHe - pe3yJIbTaTH aIIIIpOKCWa@lM AaHHHX 
BHpalreHHelH ( 2 ) ,  UTpHXOBHe KpKBHe - BKJIaJH 0TJ;eJIbHHX WIeHOB 
s u p a a e w  ( 2 )  . 

(aaecb n - Macca HyKnoHa, p, - ~ a s a n b m f i  mnynbc p ,ef i~po~a) .  S ~ a s e ~ m  
MaCC EI IliElPIIH HYKJIOHHHX pe30HaHCOB 6~ BH6pa~t4 6 ~ 1 ~ 3 ~ l l ~ 1 1  K 3Ha4eHKRM, 

HaXOWJLklCb IIO MeTORy HaHMeHbW KBaZpaTOB. Z ~ H  aHaJIU3e CneKTpa AJE3 

yrna 0,103 pap, ~ 3 - 3 a  HenocTaTKa naHHbU: B ysacme cnempa, npmtmae  
4eiM K O ~ J I ~ C T M  pe30HaHCOB, ~HJIII ~ ~ [ ~ E I K C M P O B ~ H M  M ~03@@fL@!e~Tbl ak.   TO 
BHOCIIT UononmTenbHym HeonpeneneHHocTb B npoqewpy pa3nenem~ BKnaaos 
pe30HaHCOB H  OH^. 
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~ O X O U  C H T y a q a F I  E M e e T  MeCTO E U p  U0IIHTKa.X H 3  mHtIhlX 0 Y o r e - -  

P ~ H T H O ~ ~  D @ ~ B K I @ ~ O H H O ~  ~[EICCOW- a W H o B  H a  onpegemm cene- 
BBBBMOR~~~CTBKR O r o Y a c T w w x  C E C T ~ M  c H ~ ~ ~ O H B M H  (cH., H a n p m e p ,  

0 6 3 0 ~ ~  /a*34@ 35r;(: E 3 B n e K a e W  B MOg- b V i O I ' O K p a T H O ~ 0  P a C C e J T H U  

~ H ~ ~ ~ H H J I ,  XBK npaawro, o~asmamca M e i s m e ,  n e M  c e n e m  s3awaogeficT- 
~d ~ C C O ~ p y I X @ l X  4 a C T  C HYKJIOHBMPI. B O ~ M O X I ~ H ~  lIpE¶iUW a T O r O  DO- 

~ p o d ~ 0  O~CYI(P&IIHC~ B 13' E C m 3 a H U  0 KOHe¶HKM B P e M e H e M  @ O w p ~ B a -  

BTOPWH~IX n a c T a  if c n p o R a n e m e M  H e g n p y m  a w m q m B o K .  npx pacc lu raT-  

pmae~nx suech a ~ e p m  BJMRHM~ K O H ~ P H O ~ ~  mmw @ O w p o ~ a ~ ~ u  eue HBCY- , 

ILIecTBemio.  ¶TO K a c a e T c R  H e y n p y m  a ~ p a m f p o ~ o ~ ,  TO B m@pm@omioil 
r[EICCOIplaQ53 OHEI IIpoRBJMWTCII B T e X  C J I J T W ,  KOI'IIQ o d p a 3 y e H w i  

H e  JXBJMeTCII H e U O C p 0 ~ T B e H H O  ~ a d J D I l @ e ~ o i l  Y a c T ~ q e B  klJIH P03OHaHCOM . 
I I O ~ T O M ~  ose- n w  ce~ema  P ~ ~ O H B H C O B  NI(1520) E N *(I@o) 
I I p e f i C T m T C s l  HeOlEIRaHHHMI!i. 

T a x m  odpa30~, nonYgetLHble  ~ a n w  p e 3 y n ~ a ~ ~  no onpegenemm no,nma 
cenemiit N*- N ssamogetic~~mil corxaoymcsi c n p e g c ~ a ~ ~  mapzosnx 
l a 0 ~ 0 J I e f d  N*(I~IO)  E U p o T E B O p 9 ¶ a T  EM &lM N* (1520) E ~'(1680). 
Hapar~y o o~~enemtoa  B pasgene 3.3 a e o n p e w e H H o c T a m  B npoqeaype s~ue-  . 
nema n m a g o B  ~BSOI I~HCOB 1x3 w ~ p ~ ,  O T H O ~ C S I  K yrny 0,103 pau, 
~ o 3 a r o m m  npmmam y ~ a 3 a m ~ x  pacxoxued arorm dst dmb ombowma 
H R B H T E @ X ~  O C O ~ ~ M I O C T ~ ~  B C U e K T P a X  He&(OOTaLWEX H a C C  K a K  ¶Ecru D 1 3  
E 315 o o c ~ o d ,  a T a K x e  B o w o x m e  (H H e y w e m a d e  B paonerax) 
pa3nwaR M e X W  aMLWTJrR8MH p X R 0 H H R  p 8 3 0 E l i H O O B  B p p  E L-p 
CTOJMHOBeHHRX. 

n o m o  pacmpeuw H y T o s H e m  a K c n e p m e H T a n b H o r o  M a r r e p H m a ,  n o a y r I H T b  

donee nonme c s e g e m  06 a m . m T y g a x  P O l a e H K F I  a T n x  ~ ~ ~ O H ~ H C O B  B N - N  
coygapetam. 3 ~ o  ~ o m o  cgenam n y T e M  ~ a y r ~ e m a  T e x  5e p e a r t w i i  

' ~ ( d  ,d N* n p ~  MW nepegaqax mmynbca. 

B p a d 0 T e  O m C a H H  P e 3 y J I b T a T H  H 3 M e p e H K R  IlMIIyJIbCHHX C n e K T p O B  fiefiT- 

POHOB, O ~ P ~ ~ Y M U M X C H  nog y r n o M  0,139 pau B p e a K m  A(d ,d )X H a  agpax 
BO.EOpORa, ge f iTepI f i3  Jf Y P J I e p O n a  IIpH H a r I m b H O M  HMnyJ lbCe  ~ ~ ~ ~ ~ T P O H O B  

9 r~B/c .  Ha o c H o s e  a T H x  1 1 3 ~ e p e m i 4  onpeaenem m@@epe~mmbme c e r I e m  

C J I e W u M x  BKCKJIkIBHBHhK p e ~ ~ p l f i  B ~ ~ E I M O ~ ~ ~ ~ ~ T B E I R  a e f i T p 0 ~ 0 ~  C HfipaMLl BO- 

nopoaa H ge i i~epm npx nepegasax mnynbc6 g e f i ~ p o ~ y  I , 4  - I ,5  ( r a ~ / c ) ~ :  
d p * d p, d p -+ d ~ * ( 1 4 1 0 ) ,  d -L d ~ * ( 1 5 2 0 ) ,  d p + d N * , ( 1 6 8 0 ) ,  
d d + d d, d d -+ d p n .  I I o ~ a a a ~ o ,  s ~ o  m@epe~manbme c e r I e m a  yn- 
pyrm d -p H d -d paccemii ,  a T a m e  E u v m y a c H o e  pacnpegeneme fieii- 

TPOHOB B peaxma d d -+ d p n, nonpesme B HacTocruIElx a K c n e p m e H T a x ,  

B M e c T e  c a H a n o r H r I w m  , q a H m ,  n o ~ e H m m  p a H e e  n p H  H a s a n b H o M  m n y n b -  

C e  ~ ~ ~ ~ T ~ O H O B  8,9 raB/c H COOTBeTCTBYUUOlMIl I I e p e m s a M  I lMnyJIbCa  B d J l L f 3 ~  

0,8 ( ~ B / c  )', ygOBJXeTBOpHTeJIbH0 OIIECHBaUTCH B p-ax MOgeJlH MHOI'O- 

K P a T H O r O  HYI(JI0H-HflJIOHHOI'O paCCeS3Hkul. 

M3 ga- o peaK- ' ~ ( d  ,d ) N * Z ~ H  donhum nepeaasax m n y n b c a  

BTOPHrIHOMY I I ~ ~ T P O H J ' ,  C O O T B e T C T B ~ U P l X  o ~ J I ~ c T H ,  rue fiOrVMHllpJlOT D Y K p a T -  

H H e  a l lpOH-aapOHHbIe  C O y a a p e H W i ,  H a  OCHOBe @p~€lJUi3Ma MHOrOKpaTHOI'O 

p a c c e s m  cgenam o q e m H  n a p a M e T p o B  w ~ y g  p a c c e m  K O ~ O T K O W ~ L B ~ U I L I X  

HYKJIOHHHX p e 3 0 H a H C O B  ~ * ( 1 4 1 0 ) ,  ~*(1520),  N * ( 1 6 8 0 )  H a  HyKJIOHaX. h 
C O C T O ~  ~'(1410) n o n y r I e H H o e  a ~ a s e m e  noworo c e s e m  saamonefic~- 
BIlR er0 C HYI(n0HOM H e  IIPOTHBOPerIHT IIpegCKa3aHEIRM CYUeCTBflUMX KBaPKO- 

BhIX M O A ~ &  aU@OH-alIPOHHbIX B ~ ~ E I M O ~ ~ ~ ~ C T B ~ .  , b 3  donee ~ a l l e F i H 0 f i  OqeHKJf 

n a p a M e T p o B  p a c c e m  COCTOWII N*(1520) H ~*(168o) H a  H y K n o H a x  

wll~~hl donee T o r I m e  a K c n e p m e H T a n b m e  , q a H m e  o pea- I H ( ~  ,d N*  
B IWPOKOE o d n a c ~ ~ l  nepems mmysca. 

Am donee nagexnoro onpeuwem n a p a r r e T p o B  ~ M M H T ~ ~  p a c c e R H a R  

H ~ ~ O H H H X  ~ ~ ~ O B B B C O B  c HSOCIIHHOM I/2 HB ns na~wrnr o peamgm 
* ~ ( d  ,d N* B ~ C T H  donramax nepem mngnca xeaerannao d w o  d ~ ,  



1. Andereon 1. a t  a l .  Phye. Rev. C,  1983, v.28, p.1224. 
2. moponeq C.A. E np. B KH.: Tpm W ~ e q m i a p o w . c e ~ a p a  no npob  

JIeMaM @sma BHCOKRX aaepmrfi. OZIFM, P3,2-86-668, Wsa, 1987, 
c. 341. 

3. Axmpefi I.C. a rrp. RO, 1987, T. 46, c. 1134. 
4. Priedee J.L. e t  a l .  Phye. Rev. Lett . ,  1970, v. 24, p. 677. 
5. &mhawA.T. e t  a l .  Phye. Rev. Lett . ,  1970, v. 25, p. 249. 
6. Ibipple  B.T. e t  a l .  Phye. Rev. ktt., 1981, v. 47, p. 774. 
7. M t a g m  J.O.M. e t  a l .  Nucl. Phym., 1978, v. B132, p. 365. 
8. a. e t  a i .  N U C ~ .  ~ h y ~ . ,  1979, V. ~ 1 4 9 ,  p. 413. 
9. Warren Q. m t  a l .  Nucl. Phye., 1982, v. B207, p. 365. 

10. Ashgirey 1.8. e t  el. Iluol. Phym., 1978, v. U05,  p. 397. 
11. Ammeit I.C. E rrp. RO, 1978, T. 27, a. 1027. 

m e f i  I.C. a JQ. R@, 1979, T. 30, a. 1578. 
12. Qlauber R.J. Ina koturem i n  theoret ioal  phyaiom, v. 1 ,  ad. 

W.B.Brittin and L.G.hnham (Intmrmoimnoe, KY., 19591, p. 319. 
13- C H T ~ H M ~  A.r. Ym, 1959, T. 4, 0. 152. 
14. WV Y. P h y ~ .  ROV. Lett., 1975, 1. 35, Pa 763. 
15. A o p m  C.M., Kan~apa I.D., TETOB A.M. R@, 1985, T. 41, a. 5I2. 
16- Me~eprmoB M.r. B m.: TpYJlJJ TI M ~ p O J I E . O e M E H a ~  If0 lIP06JIeMs~r 

~ ~ H K H  BHCOKBX 3~epmrB. Om, AI,2-81-728, Was, 1981, a. 260. 
17. 00~lbem Y.P. a t  .1* Nucl. Phy~.,  1984, V. A431, p. 703. , 

18. Ballot J.L. e t  81. Buol. Phy~., 1984, V. A431, p. 713., 
19. Pridman A. Fortmohritte der Phyeik, 1975, V. 23, P. 243. 
20. Matthiee G. Ina Multiparticle Produotion on Wole i  a t  Very High 

Bnergiem, IIEI-3W-21, Triemte, 1977. 
21. Ashgirey L.S., Raein S.V., Taramov A.V., Ushimky V.V. m, 

B2-12683, Dubna, 1979. 
22. Axmpeft I .C.  a rrp. nT3, 1987, 5 4,  a. 84. 
23. Axrnpefi I .C .  E rrp. OMRII, PI-85-749, Ay6~8, 1985. 
24. Axmpe8 Z.C. a m. Coodqeme OZIRII, 13-86-52, Ay6n9, 1986. 
25. Banalga J. e t  a l .  N,cl. Inetr .  b t h . ,  1971, v. 95, p. 307. 
26. Pranco V. , Glauber R. J. Phye. Rev. Lett. , 1969, v. 22, p. 370. 
27. Alberi G., Bertocchi L., Blalkoweki 0. Muol. Phye., 1970, v. B17, 

p. 621. 
28. B l a i r  I .M.  a t  al. Phye. Rev. Lett., 1966, v. 17, p. 789. 
29. Edeletein A.M. e t  al. Phye. Rev., 1972, v. D5, p. 1073. 
30. Allaby J.V. e t  a l .  Nucl. Phye., 1973, v. B52, p. 316. 
31. Rooe LI. e t  a l .  Phys.Lett., 1982, v. 111B, p. 1. 

32. Oh Y.T. a t  81. Phy~.  ktt., 1972, V. 42B, p. 497. 
33. Eulthein L., Sugarare M. Ilandbuah der Phyeik, 1957, v. 39, P. 1. 
34. Tapaco~ A.B. 3 W ,  1976, T. 7 ,  C. 771. 
35. HHKonae~ H.H. 3 M ,  1981, T. a ,  c. 162. 
36. A e ~ m  E.M., @~HKQPT A.I. h c a ~ a  B 1965, T. 3, C. 105. 
37. IeBEH E.M., P H C ~ H  M.r. m, 1981, T. 34, C. 1114. 
38. n a ~  A.C., C-OB H.O., Tapaco~ A.B. i3Q, 1985, T. 42, c. 975. 


