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1 • BBEAEHHE 

Ha 8a)!(HOeTb H3y4eHHR npolleeeo8 83aHMOAei1eT8Hfl aAPOH08 8bJeoKoi1 
3Heprl-11-1 e fiAPaMI-1, eonp080)!(AaiOII\I-1Xefl 8blileTOM 11 KYMYilfiTI-18HbiX 11 4ae
THL\*, 1-1 I-IX e8fl3b e K8apK-napTOHHOH eTpyKTypOH RAepHOH MaTepl-11-1 
8nep8ble yKa3ail A.M.6aJlAI-1H Ill, HeeKOilbKO n03AHee r .A.neKeHH 121 

o6pall\ail 8HHMaHHe Ha PRA He06bJ4HbiX 3aKOHOMepHOeTeH, Ha6JlJOAaeMbiX 
8 npol.leeeax rny6oKOHeynpyroro B3aHMOAei1eTBHR aAPOHoe 1-1 y-K8aH
TOB e fiAPaMI-1, KOTOpbJe 6bJill-1 l-IM Ha38aHbl 11RAepHbiM e KeHili-1HrOM11

• 

B noeneAHee 8peMR HHTepee K RAepHbJM 83aHMOAei1eT8HRM nenToHo8 
1-1 aAPOHOB eyll\eeT8eHHO no8bleHneR 8 e8R3H e o6Hapy)!(eHHeM 8 UEPHe 
TaK Ha3bJBaeMoro EMC-3$$eKT a npl-1 paeeeRHI-11-1 MIOOHOB Ha HAPaX 131• 

Bee 6onbwee 4Heno $H3HK08 eKilOHHeTeR eei14ae K MblenH, 4TO 
3TH 1-1 MHOrHe APYrHe $aKTbl eneAyeT e8R3blBaTb e HOBblMH 1-1 noKa ell\e 
He nOHfiTHblMI-1 e8oAeTBaMH KBapK-napTOHHOA eTpyKTypbl RAep, oeo6eH
HO 4eTKO npOR8IlfiiOII\1-1MI-1efl 8 eOyAapeHHfiX 4aeTHL\ e Ha4aJlbHblMI-1 3Hep
rHRMI-1 BblWe : 1 r3B 1-1 eonpOBO)!(AaiOII\HMHefl 60ilbWOH nepeAa4eH HM
nynbea. 0TMe4aeTefl, 4TO I-IX HeeneAOBaHHe MO)!(eT OKa3aTbefl 8a)!(HblM 
111 Ailfl AailbHeAwero pa38HH1fl KXA 14 1 • 
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eTBeHHbiH enoeo6 H3y4eHHfl AHHaMHKI-1 B3aHMOAeHeT8YIOII\I-1X 4aeTHL\, TO 
eneAyeT m:<HAaTb, 4TO l-13y4eHHe enHH08biX e TeneHeH e8060Abl B npo
l.leeeax BblneTa 4aeTHL\ 8 K30 oKa)!(eTefl 4yBeT8HTeilbHblM enoeo6oM 
nony4eHHfl HHijlopMal.\HI-1 o6 3THX npol.leeeax. B HaeTORII\eA pa6oTe eAe
naHa nOnblTKa o6paTHTb 8HHMaHHe Ha 8a)!(HOeTb, 803MO)!(HOeTb, a TaK
me He06XOAHMOeTb AailbHeHWHX 3KenepHMeHTailbHblX HeeileA08aHHH nonR
pl-13al\HOHHblX 3$~eKT08 8 npol.leeeax ebl6H8aHHR 4aeTHL\ 1113 RAeP a K30 
npH 8bleOKI-1X 3HeprHfiX. 

2. MOAEnH MEXAHH3MOB HCnYCKAHH~ 4ACTHU B K30 

K HaeTORII\eMy epeMeHH npeAilO)!(eHo 6onbwoe KOilH4eeT80 MOAeneA 
MexaHH3M08 o6pa3o8aHHR KYMYilRTHBHblX 4aeTHL\. 6onee AeTailbHblH 
pd36op 1-1x MO)!(HO HaATH 8 o63opax·16~ Bee OHH MoryT 6blTb pa3Aene
Hbl Ha TPI-1 rpynnbl, pa3Jlill4al011\l-1eefl Me)!(AY eo6oA OeH080H AHHaMH4e
eKoro noAXOAa. nep8aR 1-1 eaMaR MHor04HeneHHaR rpynna pa6oT oe-

*B IlHTepaType npHHfiTO TaK)!(e Ha3bl8aTb HenyeKaHHe TaKHX 4aeTHL\ 
BblJleTOM 8 KHHeMaTH4eeKH 3anpell\eHHYIO o6naeTb /K30/ npl-1 B3aHMO
AeHeT81-11-1 HaneTaJOII\eA 4aeTHL\bl e OTAeilbHblM MeAileHHO A8H)!(YII\111Mefl 
HYKilOHOM fiAPa . ----

@ 06beAHHeHHbiH HHC THTt'" ~{t ~c!i~ri,olJ.t{.ftl i y6Ha, 1984 
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HOBaHa Ha HAee, cornaCHO KOTOpOH o6pa30BaHHe KYMYnHTHBHOH 4aCTH
~~ npOHCXOAHT Ha MaCCHBHOM, aApOHOnOAOfiHOM OfiDeKTe /QnyKTOH -
no A.H.5noxHH~eey 161 , KYMYnH~HH- no A.M.5anAHHy 171 , KoppenH
~HH, KnacTep H T.A./, cy~eCTBY~~eM BHYTPH HAPa AO B3aHMOAeHCT
BHH C HaneTa~~eH 4aCTH~eH. CornaCHO BTOpOMY nOAXOAY KOppenH
~HOHHble CHn~ B03HHKa~T B npo~ecce B3aHMOAeHCTBHH 4aCTH~bl C HA
POM. HaKOHe~, K TpeTbeH rpynne OTHOCHTCH MOAenH, cornacHO KOTO
p~M QnYKTOHbl B03HHKa~T nocne aKTa Ha4anbHOrO B3aHMOAeHCTBHH Ha
neTa~~eH 4aCTH~~. npH nocneAY~~eM pacnaAe o6pa3oeaeweHcH e pe-
3ynbTaTe 3TOro B3aHMOAeHCTBHH CHCTeM~ 4aCTH~ /QaHpfion, KnacTep, 
Tpy6Ka H T.A ./. 

2.1. QnyKTOHHaH MOAenb /5noxHH~ee , E$peMoB /1976// 

nepBaH rpynna pa6oT OCHOB~BaeTCH Ha rHnoTe3e A.H.5noXHH~e
Ba 0 KOrepeHTHOH QnyKTya~HH HAepHOH MaTepHH - QnyKTOHe, B~ABH

HYTOH HM enepe~e AnH o6DHCHeHHH npo~eccoe e~6HBaHHH d, T H He 
H3 HAeP IS/ H B03PO>KAeHHOH A.M. 5anAHHbiM AnR o6DHCHeHHH KyMy
nHTHBHoro 3$$eKTa 11 ·71 • KeapK-napTOHHaH MOAHQHKa~HH QnyKTOHa 
6~na enepe~e pa3pa6oTaHa A.B.EQpeMoB~M H AP.191 . CornacHo HX 
nOAXOAY QnYKTOH o6pa30BaH He rpynnoH HyKnOHOB KaK TaKOBbiX, 
a aHcaM6neM KBapKoB. HcnycKaHHe 4aCTH~ e K30 MomeT npoHCXOAHTb 
,......, ,..,,.,.......,. ............... .-~ ....... IIT .... III'"I.O l't\n\II'"T' ....... It-. , • ..,,_, ,... .... ,..,,.....,T '"OrTV,.....,-,..... ,_,.....,,n-.P"'to..-.IIIA .... -- -·-· ..... .--···-···-..,···· ,.- . .,.,._ .. _ ...... _...., -·-· ···--···-·- --..~~-.--······ 

KBapKOB nepBH4HOH 4aCTH~~ H napTOHOB QnyKTOHa /CM. pHc.1a/. 
0AHH H3 KBapKOB {b) HaneTa~~eH 4aCTH~~ CTanKHBaeTCH C napTO-
HOM (a) H PO>KAaeT napToH (c) c 6onbWOH nepeAa4eH HMnynbca Ha3aA. 
nocneAHHH pacc~naeTCH Ha aAPOH~, OAHH H3 KOTOp~X M~ perHCTpH
pyeM. MaTpH4H~H 3neMeHT npo~ecca Bbi4HCnHeTcH e paMKax KXA, 
H pe3ynbTaTbl npeACKa3aHHH AnH nonHpH3a~HH KYMYnHTHBHbiX 4aCTH~ 
OKa3~Ba~TCH cneAY~HMH/9/: 

a/ nonHpH3a~HH 4aCTH~ cna6o 3aBHCHT OT COpTa 4aCTH~ B ny4Ke 
H MHl!leHH; 

6/ npH pa3yMH~X npeAnOnomeHHHX nonHpH3a~HH npOTOHOB p p MO-
meT 6~Tb pasHa nonHPH3a~HH PA A -4aCTH~; 

B/ Ha4HHaH C Ha4anbH~X 3HeprHH E > 50 r3B nonHpH3a~HH 4ac
TH~, Hcny~eHH~X B K3Q, He 3aBHCHT OT 3HeprHH; 

r/ yrnoeaH 3aBHCHMOCTb Pp e 3TOH MOAenH HMeeT BHA PP -
- sinO/(£-pcosO), rAe f- 3HeprHH KYMYnHTHBHoro npoToHa, p
era HMnynbC B n.c. nonHPH3a~HH AOCTHraeT MaKCHMYMa B paHOHe 
0 ~ 90° n.c., y6~BaH C pOCTOM HMnynbca KyMynHTHBHOH 4aCTH~~. 

AononHHTenbH~e HHTepecH~e eonpocbl, B03HHKa~~He e paMKax 
3TOH MOAenH, CBH3aH~ C B03MOmHOCTb~ HaxomAeHHH CTPYKTypHbiX 
QYHK~HH HApa H QnyKTOHOB, a TaKme KOnneKTHBH~MH 3QQeKTaMH. 
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PHc. I . Bo3MOJKHbie cxeMbi MexaHH3-
MOB HCITYCKaHHR,qaCTH~ B K3Q Ha 
Rgpax: a/ Mogenh c JKeCTKHM coy
gapeHHeM napToHOB B npo~ecce 
B +A ... C + x; 6/ ocBo6oJKgeHHe 
CneKTaTOpa B CHTibHO KOppenHpO
BaHHOH NN -nape BHYTPH Rgpa; 
B/ MexaHH3M AMago-BonomHHa c ne
peBogoM 6bJCTporo BHYTPHRgepHoro 
HYKTIOHa B K3Q B pe3yTibTaTe ero 
B3aHMoge:iicTBHR c nagawwe:ii qacTH
~e:ii. 

2. 2. MoAenb ManoHyKnOHHbiX 
KoppenH~HH /MHK/ 
/CTpHKMaH, QpaHKQypT/1977// 

3Ta MOAenb/10/HBnHeTCH penHTH
BHCTCKHM o6o6~eHHeM 6onee paHHHX 
rHnoTe3 XaHAeMaHa-neeHHAmepa/11/ 
0 napH~X KOppenH~HHX HyKnOHOB 
e HApax, cornacHo KOTOP~M npo-

~ecc o6pa30BaHHH KYMYnHTHBHOH 4aCTH~~ npOHCXOAHT B pe3ynbTaTe 
Bbi6HBaHHH HYKnOHa-cneKTaTopa KOppenHpy~~eH napbl /eM. PHC. 16/, 
7~ :.~-;-;.. ;-;~ .. , .=ru~~~nnnYt naJtt:; 1 OIVlL\C;; Md )1.L·U.JU "'fdl.. 1 114bl Hd HYK1lOHe 

nap~, neTH~eM e TOM me HanpaeneHHH. CornacHo 1101anbTepHaTHBHaH 
B03MOmHOCTb pacceHHHH Ha BCTpe4HOM HyKnOHe nOAaBneHa. HeTPYAHO 
BHAeTb, 4To e MOAenH HHK nonHPH3a~HH KyMynHTHBHoro HyKnoHa
cneKTaTopa 3a C4eT OCHOBHOrO MeXaHH3Ma OTCyTCTByeT. KaK noKa-
3~BaeT on~~ 12~ He6onbwaH, /5-8/%-HaH, nonHpH3a~HH MomeT B03HH
KaTb nHWb 3a C4eT BTOPH4H~X npo~eCCOB, He HMe~~HX OTHOWeHHH 
K HCXOAHOMy, HanpHMep nepepacceHHHH HyKnOHa-cneKTaTopa MOryT 
fiWTb OAHHM H3 HHX. 

AononHHTenbH~H HHTepec CBH3aH c pacceHHHeM npoToHOB Ha no
nRpH3oBaHH~x AeHTPOHaX: p + d -> p t + .•• , nOCKOnbKY B~XOA npOTOHOB 
e K30 onpeAenHeTcH penRTHBHCTCKOH eonHoeoH QyHK~HeH AeHTepHH. 
3Ta QYHK~HH HeH3BeCTHa. 3KcnepHMeHT~ C nonepe4HOH H npOAOnbH~
MH KOMnOHeHT aMH nonRpH3a~HH AeHTepHR He06XOAHM~, 4T06bl cor nac
HO/l0/0AH03Ha4HO BOCCTaHOBHTb BOnHOBY~ QYHK~H~ AeHTepHR B S-
H D-cocToHHHRX AeHTPOHa Ha ocHoee on~TH~x AaHH~x. 

2. 3. ~loAem AMaAo-BonowHHa /1977 I 

K MOAenH MHK TecHo npHM~KaeT MexaHH3M/13~cornacHo KOTopoMy 
BblneT 4aCTH~ e K30 ocy~ecTBnReTcR e peaynbTaTe eaaHMOAeHCTBHR 
naAa~~eH 4aCTH~~ C OTAenbH~MH 6~CTPOABHmy~HMHCR BHYTPH RAPa 
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PHc. 2. 3KcnepHMeHTanbHbie 3aUl1CH

MOCTH ll0llHpH3a~HH llpOTOHOB P 
B npo~ecce p + 12 C -> p t+ ... / T H 
p- 3HeprHH H HMllYllbC B n,c, 

BTOpHqHblX npOTOHOB/! a/ npH 3Hep
rHH 640 M3B; 6/ npH 3Heprnn Ha
qanbHoro nyqKa I 000 ~bB. )J;nH yrna 

(} = I 09° n. c. npHB e~eHbl npe~cKa-

3aHHH P1141 Ha H~pe ~errTepHH. 

HYK11oHaMH /eM. pHc.le/. B nepeoM npH611HmeHHH no11RPH3ai..IHR 
KYMY11RTHBHOrO npOTOHa 6y,QeT O,QH03Ha4HO CBR3aHa C n011R

pH3aliHe~, B03HHKaiOllle.:i e NN -coyAapeHHRX. ,lleTa11bHble pac4eTbl 1141 

noKa3~BaiOT, 4TO B Ae~CTBHTe11bHOCTH /CM. pHc.2/ OHa He npee~waeT 

/10-15/% e o611acTH 3HeprH~ ,1:10 1 I3B B npo1..1eccax p +A ... p + ... , 
cna,QaR ,1:10 /5-10/% npH 3HeprHRX /3-10/ 136. 

npeACKa3aHHR B 0611aCTH 6011ee B~COKHX 3HeprH~ OTCYTCTBYIOT 
H3-3a Heonpe,Qe11eHHOCTH HaWHX 3HaHH~ 0 n011RPH3ai..IHRX HYK110HOB 
e aKTax NN -> NN npH 3HeprHRX 10-20 I3B. 

2. 4. HoAe11b MHoroKpaTHbiX LIBeToBbiX nepe3apR,QOK /MUn/ 
/Kone11HOBH4-HH,QepMa~ep /1982// 

He HCK11104eHo, 4TO e~6HBaHHe 4aCTHLI e K30 Henocpe,QCTBeHHO 
CBR3aHO C KOH~a~HMeHTOM. Ha 3~~eKTHBHOM HCn011b30BaHHH LIBeTOB~X 

c~-111 ocHoeaHa MO,Qe11b MUn, aeTop~ KoTopo~ ,~:~eMOHCTPHPYIOT ee Ha 
npHMepe peaKLIHH p + d ... p t + ... 11 5/ I eM. ,QHarpaMMY Ha pHc. 3/. 
Ha11eTaiOlliH~ npoToH B3aHMO,Qe~cTeyeT O,QHOepeMeHHO c o6oHMH HyK-
110HaMH ,Qe~TepHR. B pe3y11bTaTe HYK110H~ e ,~:~e.:iTpoHe oKa3~BaiOTCR 

LIBeTo3apRmeHH~MH Ha HeKo~ ,Q11HHe L, noc11e 4ero npoHcxo,QHT HX 

PHc.3. CxeMa MHoroKpaTHOH ~Be
TOBOH nepegapH~KH AITH npo~ecca 
p + d ... p + ... • H~eKc C 03Ha
qaeT ~BeTo3apH~eHHbrn HYKnoH. 

p 

d 

c 

c 

p' 

N, 

N2 

LIBeToBaR He~Tpam13ai..IHR. Bo3HHKaiOlllaR Ha ~11HHe L LIBeToBaR cTpy

Ha /cH11bHOe B3aHMO,Qe~cTBHe/ coo6111aeT o6oHM HYK110HaM N 1,2 npo
THBono11omH~e HMny11bC~. 6 3TO~ MO,Qe11H n011RPH3ai..IHH o60HX HYK110HOB 
HMeiOT 0,1:\HHaKOB~e 3Ha4eHHR, HeBe11HKH H ,QOCTHraiOT npHMepHO Be11H-

4HH no11RPH3ai..IHH, B03HHKaiOlliHX e NN -pacceRHHH /::=.1 0%/ npH Bbtco
KHX 3HeprHRX. no11RPH3ai..IHR COr11aCHO /15/ 3aBHCHT OT yr11a HCnycKa

HHR HyK110HOB, HO He H3MeHReTCR C yBe11H4eHHeM Ha4a11bHO~ 3HeprHH 
CTa11KHBaiOlliHXCR 4aCTHI..I. 3~BHCHMOCTb OT HMny11bCa KYMY11RTHBH~X 

HYK110HOB p p HMeeT BH,Q (Pmax - P p) O, 7 , TO eCTb C11a6a. 

Cpe,QH 6o11ee paHHHX MO,Qe11e~ 3TO~ rpynnbl Heo6XO,QHMO OTMeTHTb 
MexaHH3Mbl 11co6HpaHHR 11 HYK110HOB R,Qpa B K11acTep 6. H. Ka111f!HKHHa 
1-1 ,~:~p. 1161 • O,~:~HaKo aeTop~ 3THX pa6oT He 3aTparHBaiOT eonpoc~ no-
11RPH3ai..IHH 4aCTHLI· 

2. 5. t1o,t~e11H Tpe_T_b_t!_~ rpynn~ 

HaKoHell, HecK011bKO c11oe o noc11e,1:1He~ rpynne pa6oT/17~3,~:~ecb 
HCXO,QHaR noc~11Ka 3aK11104aeTCR 8 TOM, 4TO KYMY11RTHBH~e a,QpOH~ 
no11y4aiOTCR e pe3y11bTaTe TepMO,QHHaMH4eCKoro pacna,Qa TRme11biX 
K11acTepoe H11H ~a~p6o11oe. BH,QHMO, no11RPH3ai..IHR npo,QyKToB pac
na,~:~a 3,t~ecb He ,Q011>~Ha HMeTb MecTa, KaK 1-1 e MO,Qe11H, HanpHMep MHK. 

npeACKa3aHH~ H OlleHOK B 11HTepaType Ha 3TOT C4eT HeT. 
K HaCTORlileMy epeMeHH HH O,QHH 1-13 nepe4HC11eHH~X B~We nO,QXO,QOB 

K OnHCaHHIO HCnycKaHHR 4aCTHLI B K3Q He MomeT npeTeH,QOBaTb Ha 
no11HOTy. He11b3R HCK11104HTb, 4TO noHHMaHHe 3THX npolleccoe npoH3o~
,QeT B pe3Y11bTaTe C11HRHHR KaKHX-TO OT11H4HTe11bH~X OC06eHHOCTe~ 

PR,Qa nepe4HC11eHH~x e~we MOAene~, eo3MOmHo, He 6e3 y4eTa ece-
B03MOmH~x npOI..IeCCOB MHOrOKpaTHOrO nepepacceRHHR npoMemyT04H~X 
npo,QyKToe peaKLIH~ c HcnycKaHHeM KYMY11RTHBH~x 4aCTHLI /1Sal. 

TaKoea o6111aR CHTYaliHR c MO,Qe11bH~M onHcaHHeM no11RPH3ai..IHOHH~x 

3~eKTOB e npo1..1eccax KYMY11RTHBHoro o6pa3oBaHHR 4aCTHLI· He3aeH
CHMO OT Toro, CYlileCTBYIOT 1-1111-1 HeT TeopeTH4eCKHe MOAe11H HCC11e,Qye
MOrO Ha on~Te npo1..1ecca, 6~110 6~ eamHo 3KcnepHMeHTa11bHO npoeeCTH 
noHcK Hoe~x ~H3H4eCKHX 3~~eKToe. B 4aCTHOCTH, Kpa~He no11e3HO 
6~110 6~ e~no11HHTb cpaeHeHHe no11RPH3ai..IHH KYMY11RTif!BH~x 4aCTHLI 
H aCHMMeTpH~ A11R 3TOrO npOI..IeCca /nOA aCHMMeTpHe~ C11e,QYeT nOHH
MaTb 3aBHCHMOCTb ce4eHHR o6pa3oBaHHR KYMY11RTHBH~x npO,QYKTOB 
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peaK~HH 6T HanpaaneHHR Cn~Ha HaneTa~eH 4aCTH~~ HnH MHWeHH/, 
4TO npHHecno 6~ TaK~e Ba~Hy~ HH$OpMa~H~ 0 MeXaHH3Me HCCneAye
M~X RBneHHH. 3Ta yaepeHHOCTb OCHOB~BaeTCR Ha TOM H3BeCTHOM $aK
Te/1B6I,cornaCHOKOTOpOMY paaeHCTBO Me~y nonRpH3a~HeH H aCHM
MeTpHe~ B~nOnHReTCR nHWb B fiHHapH~X peaK~HRX BCneACTBHe npHH
~Hna T-HHBapHaHTHOCTH cHnbH~x aaaHMOAeHCTBHH. C 3TOH T04KH 
3peHHR npoaepKa COOTHOWeHHR Me~AY nonRpH3a~HeH H aCHMMeTpHe~ 
npo~ecca eCTb AOCTaT04HO HH$OpMaTHBH~H cnocofi H3y4eHHR Mexa
HH3Ma peaK~HH. 

3. 0630P 3KCnEPHMEHTAJlbHbiX ,LV\HHbiX no nOllf!PI13AUHJJM A.aPOHOB 
B nPOUECCAX 06PA30BAHI1fl 4ACTHU B K30 
nPH HA4AllbHbiX 3HEPrHf!X H~IJKE = 1 r3B 

nocKOnbKY PRA MOAeneH, paccMoTpeHH~X B~we, npeACKa3~BaeT 

He3aBHCHMOCTb nonRpH3a~HH OT 3HeprHH Ha4anbHO~ 4aCTH~bl, TO 
ecTb caoeo6pa3H~H cKeHnHHr, TO ~enecoo6paaHo paccMoTpeTb TaK~e 
ofinaCTb Man~X 3HeprHH, XOTR OHa, CTporo roaopR, H HeYAOfiHa AnR 
HHTepnpeTa~HH. 

HHTepaan 3HeprHH 0,3+1,0 r38 HccneAOBaH 6onee HnH MeHee 
nOAP06Ho. CxeMaTH4HO peaynbTaT~ oTpa~eH~ a Ta6n.1. 

HaqaJibHa.si 
3Hepi'H.si,f3B Ilpor.r;ecc 

H3Mep.sieMa.si 
BeJIHqHHa 

0,316 
0,516 

0,640 

0,800 

pt + 12c __. P+ ••• { ~c~~~eTpH.si 

{ 

ITOJI.flpH3aiJ;H.si, 
p + A __. p t + ••• A-3aBHCHMOCTb 

IT0JI.sipH3aiJ;HH 

{ 

aCHMMeTpH.si, 
p t +A -> p + ••• A-3aBHCHMOCTb 

aCHMMeTpHH 

Ta6nmr;a I 

06JiaCTb 
yrnoB,n.c. CchlJIKa 
rpap;ycbi 

131 
157 

58-150 
90-130 

75-120 
-"-

TRIUMF/19/ 

OHIDf /20,21/ 

LAMPF/22/ 

I ,00 
P+A->Pt+ ••• 

IT0JI.f!PH3ar.r;Hfl, 59,109,145 llHR~/2S/ 
A-3aBHCHMOCTb 

PHc.2 H 6 Hnn~cTpHpy~T noaeAeHHe aaaHcHMOcTeH nonRpH3a~HH 
p H acHMMeTpHH (j KaK $YHK~HH nafiopaTOpHoro HMnynbca HnH 

3HeprHH 4aCTH~, HcnycKaeM~X a K30. 

3.1. YrnoaaR H HMnynbcHaR 3aBHCHMOCTb 

Mo~Ho C4HTaTb ycTaHo8neHH~M, 4TO npoTOH~, HcnycKaeM~e 8 K30, 
npHofipeTa~T 3aMeTHY~ nonRPH3a~H~ nHwb Ha4HHaR c yrnos HcnycKa
HHR (Jp::: 110°8 n.c. B o6nacTH 80°~ (Jp :s 110° 8 n.c. 8enH4HHbl 
KaK nonRpH3a~HH, TaK H aCHMMeTpHH (j finH3KH K Hyn~. QfinaCTb 
(Jp > 150° B n.c. OCTaeTCR HeHccneA08aHHOH H, ecTeCTBeHHO, npeA
CTaBnReT fionbWOH HHTepec AnR aHanH3a cnpa8eAnH80CTH pa3nH4H~X 
MOAeneH. 

Cor nacHo .aaHHbiM, nony4eHH~M. npH 3Her.·rHRX 316, 516 H 
4 /19·21"/ (1) ~ 6 0 M38 /eM. pHc.2 H 6/, J(u) 3aMeTHa nHWb y AOCTaT04HO 

''~eCTKHX 11 npoTOHOB, HMe~IJ.IHX HMnynbCbl Pp :? 500 M38/c. ,llnR 6onee 
11MRrKHX11 HMnynbC08 8 npo~ecce P + A -> P+ ••• nonRpH3a~HR 8 npeAe
nax T04HOCTH H3MepeHHH 6nH3Ka K Hyne80H. 

Heo6XOAHMO ofipaTHTb 8HHMaHHe Ha $aKT OfiHapy~eHHR 4pe38~4aHHO 
6onbWOH acHMMeTpHH y npoToHoB c P > 1000 M38/c npH 3HeprHH 
800 M38, rAe OHa AOCTHraeT /60+80/% ;pH norpeWHOCTRX H3MepeHHH 
+25%. 

3.2. A-3a8HCHMOCTb 

CyiJ.IeCTBY~IJ.IHe AaHH~e yKaa~sa~T Ha cHnbHY~ A-aaBHCHMOCTb 
nonRpH3a~HH. 3TO OfiCTORTenbCTBO MO~eT fi~Tb npOHnn~CTpHpOBaHO 
~·~-= . 1 ~, :-,;;: ;o;:,.,o::."'H"'nDI '"'"'~YJib raTbl AnR :i, nony4eHH~e npH 3HeprHRX 
640 H 1000 M38 H ycpe~JHeHHble 8 HHTepsane 3HeprHi1/120+235/M38/00,23( 

8MeCTe C TeM CHilbHaR A-3aBHCHMOCTb nOilRPH3a~HH MO~eT H He 
HMeTb OTHOWeHHR K 11 nepBH4HOMy 11 MeXaHH3MY B03HHKH08eHHR nOilRPH3a
~HH y npoTOH08, HcnyiJ.IeHH~x s K30. TaK, cornacHo 1241 Ha6n~llaeMaR 
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LJ;HH KyMyJIHTHBHbiX ITpOTOHOB ITPH 
E = 640 M3B. 

PHc.5. A -3aBHCHMOCTb a3HMYTaJib- • 
HOH aCHMMeTpHH ITPOTOHOB,KBa3H
ynpyro pacceHHHbiX Ha H,r:r;pax npH 
HaqaJibHOH 3HeprHH 640 M3B. 

e,% 

8 

~ + 

+ + + 
+ 

o2t-~-~. 
•27·""· c. 

? t 
+ + 1 
Cu CJ 
If 

A 'I. 
7 



3aBvtCVIMOCTb p OT aTOMHOrO HOMepa .RAPa MO>KeT yKa3biBaTb Ha TO, 
4TO He3aBvtCVIMO OT 11 nepBvt4HOr0 11 MeXaHvt3Ma vtcnycKaHvt.R KYMYJl.RTvtB
HbiX npOTOHOB B03HVIKWa.R npvt 3TOM noll.Rpvt3al..lvt.R 11 pa3MbJBaeTC.R 11 B pe-
3YllbTaTe BTOPVI4HbiX npOI..IeCCOB /nepepacce.RHVI.R, B3avtMOAeJIJCTBVI.R 
B KOHe4HbiX COCTO.RHVI.RX VI T.A./, KOTOpble Ha4vtHa~T vtrpaTb BCe 60llb
Wy~ ponb no Mepe pocTa A .RAPa Mvt~eHvt. Ha 3TO o6cTO.RTellbCTBO 
HenocpeACTBeHHo yKa3biBa~T pe3YllbTaTbJ, nony4eHHbJe a 124/ no A-
3aBvtCVIMOCTVI nOll.RPvt3al..lvtVI npOTOHOB, KBa3vtynpyro pacce.RHHbiX Ha 
RAP ax d , Li , Be , C , Al vt Pb I eM. pvtc . 51. 

3.3. ConocTaaneHvte c TeopeTvt4eCKvtMvt npeAcKaaaHvt.RMvt 

Ecnvt He y4vtTbiBaTb A-3aBvtCvtMOCTvt non.Rpvt3al..lvtJIJ /acvtMMeTpvtJIJ/, 
CB.R3aHHOH C HaJlvt4vteM BTOpvt4HbiX npOI..IeCCOB, ConpOBO>KAa~IJ.IVIX BbJJleT 
npOTOHOB vt3 .RApa} 60JlbWa.R 4aCTb AaHHbiX, B 4aCTHOCTVI pe3YllbTaTbl 
Ha .RApe ~eJIJTepvt.R 22~coaepWeHHO HeABYCMbiCJleHHO OTBepra~T rvtno
Te3y MHK 101 vt P.RA MOAelleA, nocTpoeHHbiX B AYXe Knaccvt4ecKoA 
$vt3vtKvt RAPa /MexaHvt3M Be6epa-Mvtnnepa HanpvtMep/. Pac4eTbl/14/ 
yKa3bJBa~T Ha AOBOJlbHO Xopowee Ka4eCTBeHHOe, a 80 MHOrvtX cny-
4a.RX vt Ha KOllvt4eCTBeHHoe cornacvte c MOAellb~ AMaAo-BonowvtHa, 
OCHOBbiBa~IJ.IeJIJC.R Ha y4eTe BbiCOKOvtMnyllbCHOJIJ KOMnOHeHTbl BOJlHOBOJIJ 
$YHK1..1vtvt RAPa vt npvt6llvt>KeHvt.R AvtarpaMMbJ 1131 /cM. pvtc.1a/. 3To vtn
n~cTpvtpy~T, HanpvtMep, KpvtBble Ha pvtc.2,6. AaHHble pac4eTbl He co
Aep>KaT KaKvtx-nvt6o aapbvtpyeMbJX napaMeTpoa. oeavnbTaThl nrnfiPH'-""' 
xopowo cornacy~TC.R c onbJTOM1 ~~~ B cny4ae HavtnpocTeJIJwero .RAPa -
Aei1Tepvt.R. 

1 
80 100 itO lifO 

T ,t-138 

a 
PHc. 6. 3KcrrepHMeHTaribHhie 3aBH
CHMOCTH aCHMMeTpHH B rrpo~ecce 
p t + 12c ... p + .•. ; Ha<rarrbHaJI 
3HeprHJI 516 M3B /a/ H B peaK~H
JIX Pt + 1l?c .... p + ••• ; pt + D ... p + •.• 
ITpH 800 M3B/6/. 
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3.4. 06aop 3KcnepvtMeHTallbHbiX AaHHblx 
no nOll.RPvt3al..lvt.RM aApOHOB 
npvt BbiCOKVIX 3Heprvt.RX Ha4aJlbHbiX 4aCTVII..I 

B o6nacTvt 6onee BbiCOKvtX Ha4allbHbiX 3HeprvtJIJ cvtTYal..lvtR MeHee 
onpeAelleHHa.R. CBOAKa nony4eHHbJX pe3YllbTaTOB npvtBeAeHa B Ta6n.2. 
HeKOTOpble vt3 Hvtx 6onee nOAP06Ho npeACTaaneHbl Ha pvtc.]-9. 

ro.o; IIpo~ecc 

1967 P+A->Pt+ ••• 

1980 P+A-> Pt+ ••• 

1978 rr- + (C8 H8) .... A + ••• 

1980 Tf- + 12 c .... p t + ••• 

Ha<raJibHaJI 
3HeprHJI HJIH Hccnep;yeMaJI 
HMITYJibC BeJIH'l:HHa 

2; 3,66 r3B ITOJIJIPH3a~HJI, 
(} = J37°B JI.C. 

678,5 r3B/c ycpep;HeHHaJI 

2,9 r3B/c 

ITOJIHpH3a~JI, 

(} = 162° 

ITOJIJipH3a~HH 

A -rHrrepoHa, 
, , -n 
v / '-t I J::J Jl • C • 

/1,575/ r3B/c ITOJIJIPH3a~HJI, 

Ta6Jm~a 2 

CchmKa 

HT3Cl> 125/ 

-"- :/26/ 

/9'71 

(} = 162° B n.c.; 
1261 

A-3aBHCHMOCTb -"-
1983 -"- I ,5+ A-3aBHCHMOCTb, 

.!_0,0T5 r3B/c (} = 110°' 135° -"- 128/ 

3.5. PeaKI..Ivtvt, B036Y>KAaeMble npOTOHaMvt 

MH$opMal..lvtR o6 vtHK11~3vtBHOJIJ nonRpvtaal..lvtvt npoTOHOB B 3Tvtx peaK
Livt.RX 6eAHa 3KcnepvtMeHTallbHbiMvt $aKTaMvt. B caMoM 1=1e11e, a paHHeJIJ 
pa6oTe A.~.£a~KoBa vt AP·/251coo6IJ.Iallocb o aHa4vtTellbHoJIJ nono>Kvt
TellbHOJIJ non.Rpvt3al..lvtvt npoTOHOB c vtMnynbcaMvt PP = 550, 645 M3B/c, 
vtcnyiJ.IeHHbJX a K30 noA yrnoM 13? B n.c. /eM. pvtc.]a/. 3To, Ka-
3anocb 6bJ, HaXOAVITC.R B COOTBeTCTBVIVI C AaHHbiMVI 06 3TOH BeJlvt4vtHe 
npvt 3Heprvt.RX ny4Ka E < 1 r3B. 0AHaKO n03AHee npvt ::: /678/ r3B 
Te >K€ aBTOPbl nOllY4vtllvt npOTVIBOnOJlO>KHO€ no 3HaKy 3Ha4eHvte, p = 
= -0, 17.!_0, 09, npaBAa, ycpeAHeHHoe no RAPaM C , Cu vt Pb. 0Tpa
>Ka~T Jlvt 3TH ABa pe3yllbTaTa HeMOHOTOHHOCTb B 3HepreTvt4€CKOH 3a
BVICVIMOCTVI noll.RPvt3al..lvtVI B VIHTepaane 3HeprvtJIJ /0,378/ r3B vtllvt $aKT 
paanvt4vt.R a 3Kcnepvtr~eHTallbHbiX ycnoavt.Rx vt3MepeHvtR oAHoA vt ToR >Ke 
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yroA. 'J8. PQcceR#, ~ron _98.~occe11, 
PHc.7. 3aBHCHMOCTb nonHpH3aQHH 6wcTpwx npoToHoB B npou;ecce 

p + A -+ pt + ... npH Ha'lanbHbiX 3HeprHHX ny'!Ka 2 H 3, 66 f3B 

/a/ H noJKHbJe acHMMeTpHH pacceHHHH 11 BBepx-BHH3 11 125/ /6/. 

PA 
1,0 
0.5 
0 

-q5· 
.. f/1 

tl 
45° 

.___ 

I 

1.0° 135 

f 1 
I 

~2011 CJ,IJ1. 
PHc.8. YrnoBan 3aBHCHMOCTb rro

nHpH3BQHH A -rHnepoHoB, PA , 
HCITY!IIeHHblX ITOA yrnoM (} > 4 ] 0 

B peaKD;HH 17 - + C -+ A t + ••• npH 

2,9 f3B/c. 

10 

P, '1c ,-------~ 

+O 
20 

a 

Lc C 
t3 A 

PHc. 9. 3aBHCHMOCTH rronHpH3aJ,m1 

KYMYnHTHBHbiX Bp;pOHOB B npou;ec
ce 17- +A ... pt + ... npH HMrrynhcax 

/1,575/ f3B/c H 1,500+ 
~0,015 f3B/c. -

Py,% 

p 100 
y•% .-,.~,·--~·--~·--~-r~~~~==· I I I • I I I 

1't0 f80 

f3D~ C 
IDO t'tO fBO 

T.I'13B 

BenH4HH~ - npH AOCTHrHyTOH T04Ho
eTH on~TH~x AaHH~x HeReHo. Be
PORTHee Beero, HanH~O HeAOeTaT04-
HaR T04HOeTb H3MepeHHH *. no 3TOH 
npH4HHe HHTepean 3HeprHH/1-8/ r3B 
eneAoeano 6~ HeeneAOBaTb 6onee 
T~aTenbHo. B 3TOH o6naeTH 3Hep
rHH o~eHKH, oeHOBaHH~e Ha Mexa
HH3Me /l3, 14~ npeAeKa3~BaJOT 3Ha4e
HHR nonRpH3a~HH, He npeB~WaiO~He 
:15% /eM. pHe.10/. 

PHc.IO. Ou;eHKH 3HepreTH'leCKOH 

3BBHCHMOCTH nonHpH3BD;HH KYMYnH

THBHbiX ITPOTOHOB rrpH 3HeprHHX 

I 279/ f3B B npou;eccax p + d -+ p + ... 
H p + 12 C ... p + ... cor nacHo Mop;e

nH/13, 14/: KPHBaH I - 3HeprHH ny'!Ka 

2 f3B; 2 - 5 f3B; 3 - 9 f3B. 

3.6. PeaK~HH, eoa6ymAaeM~e nHOHaMH 

Cy~eeTBYJOT yKaaaHHR Ha 6onbWYJO nonRpHaa~HJO KYMYnRTHBH~x A -
4aeTH~ e npo1.1eeee 17- + 12C -+A(O> 47°) + ... /eMf2 7/ ,pHe.8/. Co
rnaeHo MOAenH E<t>peMoea 191 3Ta nonRpH3ai.IHR P A AOnmHa 6~Tb 6nHa
KOH K PA A-rHnepoHoe, o6paaoeaHH~x e 6onbWHMH nonepe4H~MH 
HMnynbeaMH Ha RApax, H On~T, nO-BHAHMOMy, 3TO nOATBep)f(AaeT. 
BeneAeTeHe eamHoeTH 3Toro <!>aKTa AnR <t>nyKTOHHOH MOAenH 14• 91 me
naTenbHO ey~eeTBeHHO noe~eHTb T04HOeTb H3MepeHHR B np01.1eeee 
17 + A -+A c+ ... , KOTOpaR AO eHX nop 6~na oeHOBaHa nHWb Ha 208 
eny4aRx Ha6nJOAeHHR KyMynRTHBH~X A -rHnepoHoB /27/. 

Ha6nJOAaewaReR paHee 1261 6onbwaR nonRpH3a~HR npoToHoe, AOCTH
raewaR =50% e npo1.1eeee 17- +A ... p + ... /eM. pHe.9/, HeeneAoeaH
HoM Ha WHPOK03HepreTH4eeKOM ny4Ke /1 ,5+5/ f3B/e, He nOATBepmAe-

* KaK H3BeeTHO H3 npaKTHKH nonRpH3ai.IHOHH~X H3MepeHHH, OAHHM 
H3 He06XOAHM~X yenOBHH KOppeKTHOeTH H3MepeHHR HOpManbH~X KOM
noHeHT nonRpH3ai.IHH RBflReTeR KOHTPOnb 3a paeeHeTBOM HynJO neeo
npaB~X nomH~X aeHMMeTpHH. B1261 TaKOH KOHTpOnb 6~n 3aMeHeH H3-
MepeHHRMH nOJKH~X aeHMMeTpHi1 11BBepX-BHH311 /eM. pHe,]6/. 

II 



Ha noCJleAHVIMVI VI3MepeHVIRMVI npVI <!>VIKCVIpOBaHHOM Ha4aJlbHOM VIMnyJlbCe 
1 ,5 13B/c1281• TaK, corJlaCHo 3TVIM nocileAHVIM AaHHbiM Ha onbiTe He 
YAailOCb o6HapymVITb <!>aKTa pe3KOH VIMnYilbCHOH, a TaKme A -3aBVIcVI
MOcTeH noilRPVI3a~VIVI y KYMYilRTVIBHbiX npoTOHOB npVI VIMnYilbce 1,5 I3B/c. 

3 . 7 . BbiBOAbl 

Bee 3To no3BOI1ReT 3aKI1~4VITb, 4TO 3KcnepVIMeHTaJlbHaR CVITya~VIR 

c VI3MepeHVIRMVI noi1RpV13a~VIVI KYMYilRTVIBHblx aAPOHOB npVI 3HeprVIRX 
E > 1 13B secbMa HeonpeAeJleHHa. 

Bo3MomHo, 4TO VICCileAOBaHHaR o611acTb 3HeprVIH /178/ I3B e~e 
He RBJlReTCR 11CKeHJlVIHrOBOH 11 VI HeT OCHOBaHVIH OmVIAaTb He3aBVICVIMO
CTVI nOI1RpV13a~VIH OT 3HeprVIH VI COpTOB HaJleTa~~VIX 4aCTVI~ VI MVIWeHeH. 
B 3TOM Cily4ae CJleAOBaJlO 6bl npOAOilmVITb VICCJleAOBaHVIR B 06JlaCTVI 
6o11ee BbiCOKVIX 3HeprVIH, CKameM >10 I3B, AOCTynHbiX Ha CVIHXpo<!>a30-
TpoHe OH~H. He VICKI1~4eHo TaKme,-4TO AeHCTBVITeilbHble noilRPVI3a~VIVI 
B yme VICCJleAOBaHHbiX npo~eccax MaJlbl, -/5710/%, KaK 3TO CJleAyeT 
V13 MOAeileH/l7/, a AOCTVIrHyTble T04HOCTVI V13MepeHVIH noKa HeAOCTa
T04Hbl AilR nposepKVI 3TOrO o6CTORTeJlbCTBa. no3TOMY, Ha HaW B3rJ1RA, 
CJleAyeT npVI nilaHVIpoeaHVIVI 6YAY~VIX VICCJleAOBaHVIH cy~eCTBeHHO yee
JlV14VITb T04HOCTb VI3MepeHVIH /B 376 pa3 no KpaHHeH Mepe/. 

4. B03HOl'{HQCH1 AOCTH)!(EHH~ AAilbHE~I!JEIO nPOIPECCA 
B ~13MEPEHH~X non~PW~AIIH~I /AriAMMFTPIA~II 

KYMYJl~THBHbiX 4ACTHI..l 

KaKOBbl npVIH~VInVIaJlbHble B03MomHOCTVI AilR cy~ecTBeHHoro noeblwe
HVIR T04HOCTVI VI3MepReMbiX nOilRPVI3a~VIH? HeKOTOpble V13 HVIX MOryT 
6b1Tb CBR3aHbl CO CJleAY~~VIM: 

1 • Heo6xOAVIMbl VIHTeHCVIBHble nepBV14Hble ny4KVI npoToHos VI APYrVIx 
aApOHOB BbiCOKVIX 3HeprVIH C nOTOKaMVI He HVIme 108 4aCT./C. 

2. KpaHHe meJlaTeJlbHO VIMeTb ycKopeHHble AO BbiCOKVIX 3HeprVIH 
nOJ1RpV130BaHHble ny4KVI npOTOHOB. 

3. B VI3BeCTHOH Mepe ailbTepHaTVIBHbiMVI nyHKTaM 172 6biJlVI 6bl 
ycKopeHVIe VI BbiBOA VIHTeHCVIBHOro AeHTpOHHOro ny4Ka C 3HeprVIeH 
1710 13B VI Bblwe. EcTecTeeHHo, noilRPVI3osaHHble AeHTPOHbl 6o11ee 
npeAn04TVITeJlbHbl. 

4. HaKoHe~, e~e o~Ha B03MOmHOCTb VI3MepeHVIR nOilRPVI3a~VIVI Ky
MYilRTVIBHblx npoToHos IAeHTpoHoe/ MomeT 6b1Tb CBR3aHa c VI3MepeHV~eM 
KOppeilR~VIOHHbiX <!>YHK~VIH nap TOmAeCTBeHHbiX 4aCTVI~ C 6JlVI3KVIMVI 3Ha4e
HVIRMVI no VIMnYilbCY'/291_ nonbiTKa o~eHVITb 3TVIM CnOCOfiOM nOilRPVI3a~VI~ 
npoToHos e npo~ecce 11 + A ... p + p + ••• 6b1Ila nposeAeHa s pa6oTe 13°1. 
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3ynbKap~eea P. R. , KyTyea P.X. 1-83-860 
CnHHOB~e 3~eKT~ a npo~eccax HCnycKaHHA KYMYnATHBH~X 4aCTH~ 

npHBeAeH aHanH3 OCHOBH~X TeopeTH4eCKHX MOAeneH H 3KCnepHMeHTanbH~X 
pe3ynbTaTOB no OnHCaHHO H H3MepeHHO nonApH3a~HH /aCHMMeTpHH/ aAPOHOB, 
HcnycKaeM~x a K30 Ha AApax. AHanH3 ony6nHKoBaHH~x a nHTepaType AaHH~x 
no H3MepeHHO HHKn03HBH~X nonApH3a~HH H aCHMMeTpHH npOTOHOB, a TaK*e npeA
CKa3aHHH AnA 3THX aenH4HH Ha OCHOBe TeopeTH4eCKHX MOAeneH MeXaHH3Ma B~6H
BaHHA 4aCTH~ B K30 nOKa3an, 4TO B o6naCTH Ha4anbH~X 3HeprHH COYAapeHHA 
AO 1 r3B CnHHOBWe 3~eKT~ B AAePHWX npo~eccax C 4aCTH~aMH, HCn~eHH~MH 
B K30, AOCTaT04HO XOPOWO onHC~BaOTCA MOAenAMH AMaAo-BonOWHHa C y4eTOM BTO
pH4H~~ ~eKTOB nepepacceAHHA . ~aHH~e AnA o6naCTH 6onee B~COKHX 3HeprHH 
CKYAH~ H npOTHBOpe4HB~ H HY*AaOTCA B A8nbHeHWHX /B 3-6 pa3/ YT04HeHHAX. 
Q6pa~aeTCA BHHMaHHe Ha HeOOXOAHMOCTb npoBeAeHHA On~TOB C 6onee HHTeHCHBH~MH 
nepBH4HWMH ny4KaMH 4aCTH~. 

Pa6oTa a~nonHeHa a Jla6opaTOPHH AAepH~x npo6neM OH.RI1. 

Coo~eHHe 06~eAHHeHHOro HHCTHTyTa AAePHWX HCCneAOBaHHH. ny6Ha 1983 

Zulkarneev R.Ya., Kutuev R.Ch. 1-83-860 
Spin Effects in the Cumulative Particle Emission Processes 

Review of basic theoretical models and experimental data on descrip
tion and measuring of polarization (asyrrrnetry) of hadrons emitted from 
nuclei into kinematically forbidden region is made. The analysis has shown 
than an experimental spin effects in such reactions demonstrate the vali
dity of Amado-Woloshyn's type models at energies up to 1 GeV. Experimental 
data are contradictory and poor at higher energies. Experiments with 
a higher intensity of beams are needed in order to make data more precise 
(up to 6 times) at E > 1 GeV._ The necessity to perform experiments with 
more intense particle primary beams is pointed to. 

The investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 

Commun ication of the Joint Institute for Nuclear Research. Dubna 1983 
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