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A H H o T a u H R 

npn: UOMOWH .llHcPcPY3HOHHOA KaMepbl BbiCOKOf'O .llaBneHHR HayqanOCb p~cceR

HHe npoToaoa aa Hapax renHH npH aaeprHH 630 Maa. ViaMepeHbi nonaoe ceqeaHe, 

ceqeHHSI ynpyroro H Heynpyroro paCC9SIHHSI 1 KOTOphle OKaaanHCb COOTB9TCTB9HHO 
-27 2 -27 2 . -27 2 

paBHbiMH: /150.±,13/•10 CM 1 /24±.5/•10 CM H /126±.14/• 1-0 CM • nonyqea-

aoe yrnoeoe pacnpe.nenean:e ynpyroro pacce.siHHSI y.noaneTBopHTenbHO onn:CbiBaeTcR 

Ha OCHOBe OllTHqecKOA MO,llenH C KOMnneKCHbiM noTeHnHanoM npH v~ =30 MeB 1 . 

,, R -13 -VI =-/34t.4/ H = 1,45•10 .. eM. BbmH Bbi.lleneHbi peaKUHH KBaaHynpyroro 

paCCeSIHHSI npOTOHOB Ha npOTOHaX H KB63HCB060.llHOf'O B3aHMO,ll9fiCTBHR npOTOHa 
. -27 2 

c HetlTpoHoM. CeqeHHSI yKaaaHHbiX peaKUHA cocTaBHnH /15±_2/•10 eM H 
. -27 2 . ' . 

/24.±,2/ •l 0 CM Ha HyKnOHo noKa3aH01 qTo B 20% cnyqaea npOHCXO.llHT HnH 

pa3BHTHe KaCKa.na1 HnH ~e nepBHqHaB ~aCTHUa npeTepneaaeT CTOnKHOB9HHe C 

' ~-
rpynnoa ayKnoaoe. Bbi.neneHbi cnyqaH c po~.neaHeM :J l -Meaoaoe a pn -
CTOnKHOB9HHBX H yCTaHOBneH0 1 qTo ceqean:e STOI'O npouecca HaO,llHH HetlTpOH 

-27 2 
COCTaBnBeT /1 13.±,015 / • 10 CM o 

' 



BBeaeHue 

B HacToSiruee BpeMSI BbmonHeH pSI.Il uccneaoBaHHil:, nocBSirueHHbiX BaauMo-

.ll eil:CTBHIO HyKJIOHOB C SI,IlpOM reJIHSI. 3J'H paOOTbi npOBO,IlSITCSI 1 B OCHOBHOM 1 B 

.llBYX HanpaBJieHHSIX. nepBOe HanpaBJieHHe CBSI38HO C HCCJie,llOBaHHeM CTpyKTyphl 

Siapa He'~ • Yia cTpyKTypHbrx cBoil:cTB Hau6onbwee BHHMaHHe yaenSieTcSI uav

/11 
'!eHHIO p83Mepa SI,Ilpa H BHyTpHSI,IlepHOJ"O ,llBH:>KeHHSI HYKJIOHOB 1 ITOHCK8M B036y-

,;/2 3 4/ 
:>KJleHHbiX ypoBHeu ' ' • K aToMy :>Ke HanpaBneHuro· npHMbiKaroT paooTbi no nayqe-

/5/ 
HHIO pacnpeaeneHHSI 38pSI,Il8 B SI,Ilpe • Ko BTOpOMY HanpaBJieHHIO cneayeT OT-

HeCTH paooTbr, nocBSirueHHbre uay'!eHHro MeXaHH3Ma BaanMoaeil:cTBHSI obrcTpbrx 

H ~/6 7/ 
'!8CTHU C SI.IlpOM e 1 

• 3ro SI,IlpO HMeeT ,ll0CT8TO'!HO CJIO:>KHyiO CTpyKTypy, 

'!TOOhl B npoueccax pacceSIHHSI BhlSIBJISIJIHCb OCHOBHhle qepThl B38HMO,Il9il:CTBHSI 

ObiCTpbiX '!8CTHU CO CJIO:>KHbiM SI,IlpOM, H B TO :>Ke Bp9MSI OHO HM99T He 0'!9Hb 

6onbwoe '!~cno HyKnoHoB, 'ITO noaBonSieT aeTaJibHO paao6paTbCSI B npupoae Ha-

6nroaaeMbiX SIBJieHHil:. nony'!a9Mbie B T8KOJ"O poaa OITbiT8X CBe,ll 9HHSI MOT'YT 

CJIY:>KHTb ,llJlSI OOOCHOB8HHP. TeopHH HMITYJlbCHOJ"O npHOJIH:>KeHHSI HJIH onTH'!9CKOil: 

MOaenu1 onHcbrBarorunx Baa.aMO.Ile1l:cTBHe ObiCTpbrx '!aCTHU c KonneKTHBOM HyKno-

HOB. 

XoTSI uay'!eHHIO BaanMoae1l:cTBHSI HyKnoHoB c SiapoM He4 
nocBSIIUeHo aHa

'!HTeJibHoe qucno paooT, B o6nacTH 6onbwHx aHe.prnil: /cBbrwe 300. MaB/ HMeroT

cSI TOJibKO oTpbiBO'!Hbre aaHHbre. B aToM auanaaoHe aHepru1l: BbmonHeHo TOJibKO 

aBe pa6oThl
16•71• B nepBo1l: paooTe uay'!anucb nonSipuaauuSI u ynpyroe pacceSIHHe 

npoTOHOB c aHeprue1l: 315 MaB, a BO BTopoil: - TOJibKO ltpoueccbr o6paaoBaHHSI 

rr--Me30HOB B coyaapeHHSIX Heil:TpOHOB c He"' npH 9HeprHH 300 MaB. 

C He
., 

CneayeT aaMeTHTb, '!TO uccneaoBaHHe npoBO.IlHTh TpyaHee, 

'19M C .llPYT'HMH nef'KHMH SI,Ilp8MH, ITOCKOJibKY C03.1l8HHe MHWeHH H3 

:>KH.IlKOro renust He Bceraa SIBJISieTcSI npocToil: aaaaqeil:. K HacTOSIIUeMy BpeMeHH 

/1 6/ 
TOJlbKO ,llBe paoOThl 1 npoBe,lleHbi C :>KH,IlKo-renHeBOil: MHWeHbiOo 

B aaHHOil: paooTe ObiJIH npoBeaeHbr HaMepeHHSI npn aHeprHH npoTOHOB 

630 MaB npH ITOMOIUH .llH!lJcpy3HOHH01l: KaMepbr. 8biDp8HH8SI• MeTO,IlHK8 IT03BOJllfJla 

paccMoTpeTb B O.llHOM onbrTe npoueccbr KaK ynpyroro pacceSIHHSI, TaK H Heynpyro

ro B38HMO,IleiiCTBHSio YJa Heynpyr•oro B38HMO,Ileil:CTBHSI H8HOOJlbWHii HHT'epec npea-
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CT8BnstnB B03MO:>KHOCTb H3ylJeHHSI peaKilHH Kl383HCBOOOL{H0f'O paccestHHst, a T8K:>Ke 

· nony'IeHne cBeaeHn:ii: o npoueccax KpaTHoro BaanMoae:ii:cTBHst l3 nerKoM stape. 

nocT8HOBK8 OllhlT8 

PacceHHHe npoToHob uay'Ianocb npu noMoruu aucpcpyauoHHO:ii: KaMepbi 
1
noapo6-

- . . 181 . 
HO OllHC8HHO:ii: paHee BMecTe CO BCllOMOf'8TenbHO:ii: annapaTypo:ii: B paOOTe • nua-

MeTp pa5oqe:ii: oonacTH c'&cTaBnstn 30 CM 1 BbiCOT8 '£YBCTBHTenbHOf'O cnoH 5-7 CM. 

KaMepa HanonHstnacb renHeM ao aaBneHHst 15-20 aTMoccpep. 

Ha puc. 1 noKaaaHa cxeMa pacnono:>KeHnst annapaTypbi npH npoBeaeHHH _. 
Ollbi'ra. npoTOHbi nonyqanHCh OT CHHXpOcp830TpOH8 05'beL{HHeHHOf'O HHCTHTyTa 

staepHbiX accneaoBaHnil. BbiBoa qacTHU Ha KB.Ml'!Phi ycKopHT_enst nponaBoauncst 

c noMOIUbro BHyTpeHHeil MHllleHH. Bnaroaapst aToMy HMenacb B03MO:>KHOCTb oaHo
f'i't-

BpeMSHHO paooTbi apyroil ycTaHOBKH B ny'IKe :J L -MeaoHoB_, .nony'IaeMbrx oT 

Toil :>Ke MHWeHH. OaHaKo SHepru5I npoTOHOB obma HecKonhKO HH:>K e MaKcu-

M8nbHOit1 ,aaBaeMO:ii: YCKOpHTeneM, H COCT8Bnstna C y'IeTOM HOHH38UHOHHhlX llOTepb 

/680.:!:15/ MaB. J.1HT9HCHBHOCTb nylJKa npoToHoB 5hma cooTBeTCTBeHHbiM o5paaoM _ 

YM9HbiUeHa TaK, lJTOObi 38 OL{HH UHKn B aucpcpyaHOHHYIO KB.Mepy nocTynano 

HecKonbKO aec5ITKOB 'IacTuu. Bbrweawue ua ycKopuTenst npoTOHbi oTKnoHstnnch 

0 '·"· H8 yron 19 Ot{HlU8lOIUHM M8f'HHTOM H HanpaBnstnHCb qepea. KonnHM8TOp paaMepOM 
2 . 

3 x 10 CM B aucpcpyauoHHyro xaMepy. Dnst yMeHbWSHHH cpoHa nocTopoHHero uanyqe~ 

HHSI K8M9pa p83M9IUanaOb B 5eTOHHOM L{OMHKe C TOniUHHO:ii: CTeH 0,5 M · H ,at>non

HHTenbHO 38IUHIU8n8Cb CBHHUOBbiMH 5nOK8MH. C{:)oTorptUpHpOBaHHe npOH3BOL{HnOCb 

qepea Ka:>Kabie 15-20 ceKyHa. CTepeo¢oToannapaT HMen 5aay 120 MM u C'b9MKa 

BenaCb C paCCTOSIHHst 800 MM Ha nneHKy 11 naHXpoM-X", qyBCTBHTenhHOCThlO 

So,ss""' 1 ooo ea. rocT. 

HaeHTHcpHKauHst cnyqaeB BaaHMoaeilcTBHH 

B npouecc.e aKcnoaupoBaHH5I KaMepbi 5bmo nony'IeHo oKono 20.000 cTepeo- · 

cpoTorpacpu:ii:. 0T5op cnyqaeB. Baa~Moae:ii:cTBHH nponaBoauncg nyTeM TpexKpaTHoro 

npo.cMoTpa 'Iepea cTepeonyny. B peaynhTaTe npocMoTpa obrno o5Hapy:>KeHo 444 , 

cnyqaa paccestHHH npoToHoB Ha stapax renHst. B aTo qucno He Bownu 6 cnyqaeB, 
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KOTOpble 6blnlf OTHeCeHhi K B3aHMO.llei!:CTBHIO. C SI.QpaMH C Hnlf 0 t BXO.QSJllllfMlf 

B cocTaB MeTHnoaoro cnHpTa. H aaaeaaoe 'IHcno aaaHMOLl eiicTBHA c stapaMH npH

M9CH npH6nH3HTenbHO cornacyeTcst c oueaKaMH anst O*H.QaeMoro 'IHcna TaKHX co-

6 hiT Hi!:. 

Pacnpea eneaHe cny'laea aaaHMO.ll eftcTBHst )IPOTOHOB c renHeM no 'tJHcny nyqea 

npeacTaaneao a Ta6nHue 1. 

K onH"tJeCTBO 
B3aHMO.ll eiicTBHA 

1 

0 

T a 6 n H u a 1 

2 3 

204 228 

4 5 

8 4 

L{nst nony"tJeHHSJ nonaoro ce"tJeHHSJ aaaHMoaeiicTBHSJ 6hmH oTo6paHhi ny.'tJUlHe 

napTHH nneaoK, Ha KoTopbiX 6bm npoHaaeaea c"tJeT 'IHcna cneaoa. C y"tJeTOM aeo6-

XO.llHMblX nonpaBOK anst nonaoro ce"tJeHHst 6blno nony"tJeao aaa'leHHe 
r= -27 2 
on=/150 .±.13/•10 eM • 

MaMepeaHe npocTpaacTBeHHbiX yrnoa, a TaK*e anHH cneaoa Bhmonastnocb 
/9/ 

C nOMOlllbiO penpoeKTOpa, onHCaHHOI"O paaee B pa6oTe • B HeKOTOphiX cny'laSJX 

npoHaaoaHnacb oueaKa HOHHaHpyromei!: cnoco6aocTH 'laCTHU nyTeM aaanHaa ¢oTo-
. /10/ 

rpaMM cne.QOB, CHHMaBUllfXCSJ Ha MHKpo¢oTOMeTpe M ¢>-4 • 

npH pacceSJHlflf IIpOTOHOB c aaeprHeii 630 MaB Ha slapax renHSJ' MO*eT 

H.llTlf 6onblllOe 'tJHCnO peaKUHi!:. L{nst y .ll06CTBa H.ll eHTH¢HKaUHH MX MO*HO noapaa

aenMTb Ha OT.llalbHhie rpynnhi, 06'be.QMHSJeMhie e.QMHbiMM npHeMaMH o6pa60TKMo 

npHBe.QeHHhie B Ta6nMue 11 peaKUHH 1 rpynnhi1 npe.QcTaBnSJIOT C06oft 

KpoMe peaKUMH ·4, KOMnnaaapHble aayxny"tJeBble aae3.llhi M Bhi.llenstroTcst no KHae-

MaTH'tJeCKMM ycnOBHSJM paaneTa. 



·rpynna 
1 

.. 6 -

Ta6nnuall 

PeaKUHSJ 

1 p+ He4
- p +He~ 

2 -d +He 3 

3 -.fC++Hes 

4 -+rta+ L i 7 

l.Jncno cnyqaeB 

- ' 

66 
/1/x/ 

0 

0 

rpynna peaxujfi, npHBeaeHHaSJ B TaonHUe 111, BKnro'laeT B ce6SJ COOhlTHSJ -
Tax:me axoastmHe B coc-x:aa aayxny'leBbiX aaeaa. OcHOBHyro Macey cnyqaea ao 

BTopoa rpynne 6yaeT cocTaangTh xaaaHynpyroe pacceSJHHe npoToHa Ha HeftTpoHe 

/peaKUHSJ 1 I. OcTanhHbie cny'laH, sa HCKnro'leHHeM peaxuHD 2 H 4 1 OTHOCSJTCSJ 

K xaaancao6oaHoMy aaaHMoaeDcTBHro npoToaoa. B aaHH:oii pa6oTe He yaanocb 

oTaenHTb peaxunro 1 oT apyrnx peaxu~fi aToft rpynnhl~ 

T a 6 n H u a Ill -
PeaKUHSJ l.Jncno cnyqaea 

rpynna 1_1 1. p +He <f - p + n + H e3 

2. 
.. H <i ~:rr. + n + e 

3. ___...Jr .. +(2n)+ He 3 
;>- 136 

4. ~rro+p+He~ 

5. ~rto+ (p,n)+ He3 

!pynna peaxuHD 1 npHaeaeaHaSJ B Ta6nnue IY, axoaHT a cocTaB Tpexny

'leBhlX aaeaa H BKnroqaeT B ce6st He TonbKo cny'laH xaaaHcao6oaHoro aaaHMoaefi

CTB:HSJ DpOTOHOB C npOTOH8MH, HO TaK>Ke H apyrHe npoueCCbi C Y'I8CTHeM BO 

x/ 
B cxo6xax aaecb H HH>Ke npHBoaHTCSJ 'IHcno He anonHe aocToBepHhiX' 

.cnyqaea H3 o6mero 'IHcna HaeHTH¢HuHpoBaHHbiX coobiTHtl:. 
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aaaHMoaeiicTBHH 6ollbmero qucna HYKliOHoB. 

T a 6 n H u a 1Y 

PeaKUHSI Y:ncno cnyqaeB 

rpynna 111 1. p+Hei_.p+p+H 3 
88 /19/ - -fi"++ (3 n,2p) 2. 

3. ~11° + (2n, 3 p) 
124 

4. -+p +(2n,2p) 

J.1a peaKUH1i aTo1i: rpynnbi obmo l3biLJ;eneao KaaaHynpyroe pacceSiaHe npoToHa 

Ha npoToHe /peaKUHSI 1 I. 0T6op cnyqaea KBaaHynpyroro pacceSIHHSI npoBOLJ;HliCSI 

no COOTB8TCTBYIOI.IJ:eii KOppeliSIUHH B yrnax paaneTa qacTHU, a TaK)Ke IJO. HX HM

nylibCaM B KOHeqHOM COCTOSIHHH. npoueaypa OTOOpa TaKHX CliyqaeB aHaliOI'IfqHa 

TOit1 KOTOpaSI HCnOlib30B81IaCb npH HLJ;8HTH!}lHKaUHH 
f'i'1 

C8SIHHSI ~ l -Me30HOJ3 Ha npoTOHaX H IIOLJ;pOOHO 

cnyqaeB KBaaHynpyroro pac

onHcaaa B paooTe 111 I. 

CneLJ;yiOI.IJ:YI0 1 1 Y rpynny peaKUHA COCTB:BliSIIOT cnyqaH 1 OTHOCSII.IJ:H8CSI K po)K-

LJ; 8HHIO 

paCCMOTpeHHbiX peaKUHii, IIp8LJ;CTaBliSIIOT COOOit qeTbipex- H nSITHliyqeBbi8 3B83LJ;bl0 

B TaonHue Y npHBeaeHhl peaylihTaTBI OT6opa. peaKUHA STOA rpynnbio 

T a 6 n H u a Y 

PeaKUHSI 4Hcno cnyqae:B 

rpynna 
1Y 

1. p + He., ~ rr-+ p + p + He 3 

2. -+ n-+ p + p + p + d 
7/3/x/ 

4 

xl 

Bcero 11/3/ 

B CK06Kax yKaaaHhl cnyqaH, KOTOpbie MoryT HHTepnpeTHpoBaTbCSI TaK*e KaK 
r.-:-o 

po*g.eaHe :JL -Meaoaa c nocneayiOI.IJ:HM pacnaaoM ero Ha aneKTpOHHYIO napy H 
£-KBaHT. . 
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npH saaHMO,llei!:cTSHH npoTOHOS c Sl,llpOM renHSI npH aaeprHH 630 Mas 

MO:>KeT npOHCXO,llHTb TaK:>Ke napaoe pO:>K,ll9HHe 11 -Me30HOS 1 KOTOpoe MO:>KeT 

,llaSaTb SKna,ll S '19Tbipex- H llSITHny'I~Sbi9 3S93,llbl, 0.D.HBK0 1 KBK cne,llyeT 113 pa-

/12/ 
6oTbi . , ce"l:eaHe TaKoro po.D.a npoueccos secbMa Mana .D.a:>Ke npH aaeprHH 

800 Mss 11 ae npesbxwaeT 0,2 MHnnH6apa/ayKnoa. Mo:>Kao nonaraTb1 'ITo. sKna.D. 

oT napHoro pO:>K.D.eHHst n}m sfieprifH 630 Mas 6y.D.eT npe~e6pe:>KHMO Man H ero 

MO:>KHO He y'IHTbiSBTb npn OT6ope paCCMOTpeHHbiX rpynn peaKUHi!:, npH aHanHa.e 

llSITHny'leSbiX 3S93,ll 6bin o6aapy:>KeH scer0 O,lliiH cny.'lai!:, KOTOpbii!: MO:>KeT HHTepe 

npeTHposaTbCst KaK sepostTHbiA cny'lai!: napaoro po:>K.D.eHHSI Meaoli:os. Ero <PoTo

rpa<PHsr npHSe,lleHa aa pHc, 2. 

Ynpyroe paccestaHe 

Yrnosoe pacnpe,lleneHHe ynpyroro paccesrHHSI npe,llcTasneao Ha piic, 3. MH-
• '0 

HHManhHbiA yron perHcrpaUHH cocTasnstn 5 s CHCTeMe ueaTpa Mace. Bea nonpas-

KH aa o6nacTb ManbiX yrnos .D.nst nonaoro ce'leHHst ynpyroro paccestHHst 6bmo 

nony'leao cne.D.YIOlllee aaa"l:eHIIe 

~ -27 2 u.,np /22,0 ~ 4,5/• 10 eM • 

/13/ 
EcnH socnonbaosaTbCSI· onTH'IecKoii TeopeMofi , To MO:>KHO c.D.enaTb 

OU9HKY .D.nst MHHHMMbHOA nonpaBKH K Ce'leHHIO Ha 06naCTb ManbiX yrnoB. C y"l:e

TOM llOIIpaSKH ce"l:eHHe 6y.ll9T pocTasnstTb 5JIIfp /24~0t_5 10/"l0-27cM:2 HnH 0,16 'oT 

nonaoro ce'leHHH p~He saaHMO.lleAcTsiist. 3ro peayribTaT yKaai.maeT aa To, 'ITO 

ce'leHHe ynpyroro pacceHHHH OCTaeTCSI npaKTH'I9CKH UOCTOHHHbiM npH nepe-

XO.lle o'r aaeprHH 315 MaB K 630 Mas. /YlaTerpHposaaHe yrnosoro pacnpe.D.ene-
/6/ c:' -27 2 

HHH, nony'leaaoro B pa6oTe npH 315 M ss .ll aeT u,np=19•1 0 CM I. 

OneHKH KynoHOSCKOT'O paccestHHSI llOKaaanH 1 'ITO OHO, S OCHOSHOM 1 COCp9,llOTO• 
' 0 

'leHo B HHTepsane yrnoB 0-5 H noaTOMY ero SKna.D. s npHse,lleaaoe yrnosoe 

pacnpe.D.eneaue 6y.D.eT npeae6pe:>KHMO ManbiM. 

B paMKax onTH"l:ecKoii MO.D.enH. 6blnH npose.D.eHbi pac'leTbi yrnosoro pacnpe

.ll eneHH11 ynpyroro paccesi'HIDI. Pac"l:eTbi Bbiriona£nHcb s 6opaoscKoM npH6nH:>Ke

HHlf ·6ea y'leT'a cnH~op6HTanhaoro H. KynoaoscKoro saaHMO.D.eiic'rsHii. PacceHsaiO~ 

mHA noTeauHan 6pancH ;e BH.lle npstMoyronbaon stMbi c pa.D.HYCOM R H rny6HHOi!: 

.....I 
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V=v\V,.'("-t 1\{\z.'. Bu.n: yrnoBoro pacnpe.n:eneausr, .coaMecTuMoro c onbrTHbiMH 

.D:8HHblMH 1 OK83blB89TCSI' B9ChM8 'IYBCTBHTeneH K Benutiuae pa,n:uyca .H ·nOT9HUHana, .. ·... ' ,. . . . .... 

npueMn9Mbi9 pacnpe,n:eneHHSI nony'laiOTCSI C pa,n:HyCaMHi ne>Kall{HMH B HHTepBane 
. . . . . . -13 '• . . ·. 

/},3-l,l)5/•10 CMo npu 9TOM. B03MO>KHbi9 .. 3Ha'I9HHSI rny6HHbi. nOT9HUH8nhHOit 

SIMbi COCTaBnstroT 4D-:'50 MaB, LJ:epea 9KcnepHM9HT8nhHbi9 TO'IKHe Hauny'llliHM o6pa-

v R -13 
a oM npoxo.n:uT KpHBasr, .n:nsr KoTopoii: = 45 M aB H = 1,45• 10 . Cr.f /puc.3 I • 

.. Ecnu BocnonhaoBaThCSI BenH'IHHoA ce'leHHH .n:nsr aeynpyrux npoue·ccoB, To npu 

R · =' 1,45•10,_13cM .n:nsr MHHMOA qacTH noTeauuana nonyqaeTcSI auaqeu~e 
\lx =--/34. ±_ 4 I M aB • .lleitcTBHTenhHaSI 'laCTh noTeauuana oKaabrBaeTcSI Tor.n:a 

paBaoA \fR = 30 · MaB. 

Aaaiwru'IHbre pacqeTbi 6brnH Bbmo·nueabr HBMH .n:nsr auepruH npoTOHOB 315 MaB; 

Ha TOM :m.e puc. 3 npe.n:cTaBneHbi peaynhTaTbi uaMepeHHSI ynpyroro paccesruusr no-
. . . .. . "'. . . . /6/ 

nsrpuaoBaHHbiX npoTOHOB ua sr.n:pax He , nonyqeaable LJ:eM6epneaoM u .n:p. 1 a 

R . -13 . v 
TaK:m.e uaueceuo pacnpe.n:eneuue, Bbi'IHcneuuoe .n:nsr =1,9'10 CM u . =17 MaB1 

ny'lllle ·Bcero npoxo.n:srmee qepea aKcnepuMea-ranhHbie TO'IKH~ Ecnu npHHSITh 

R -13 .. 
"'" 1,9•10 CM H nono:>KHTh K09cpcpHUH9HT ronb,n:6eprepa '{ =0,8, TO H3 non-

HbiX ceqeuuA p p H p n . ~pacceSIHHSI npu auepruu 315 MaB LtnSI MHHMOA '18CTH 

noTeuuHana rtonyqaeTcSI Vr = -18 MaB, T.e. \li. oKaabrBaeTcSI no'ITH paBuoA 

Mo.n:ynro nonuoro • no-reuuuana. 

B Bbi6ope . r· HM99TCSI H9KOTOp8SI Heonpe,n:eneHHOCTh1 T8K KaK OTCYTCTBYIOT 

c:ae.n:euusr o ceqeuuu ueynpyroro paccesruusr npu 315 Mas~ O.n:uaKo aTa ueonpeLte

neuuoc'l'h He MO>KeT HaMeHHTb BbiBO,n:a 0 ManocT·H .n:e'ttcTBHTenhHOit '18CTH noTes-. 

UHana i:IpR a~oA aueprRR. TaKoA peaynh'l'aT uaxo.n:HTCH :a cornacHH c pacqeTaMH 

.n: eAcTBHTenhHOA 'laC'l'H ueuTpan&uoro no'l'eHUH ana, BbmonHeHHbiMn PHaeu¢enh.n:OM 

n BaTcouci~/141 · Ha ocuoae cllaaoBbiX c.n::aill:ro:a npz HyKnou-uyKnoHHOM pacceHann. 

Cornaco:aaliuocTh peaynhTa'l'OB .n:nsr aaeprnn Sl6 'Ma:a :a paMKax npnHSIToit cxeMbi 

onncaa:iut Mo:m.e'l' yKaabiBaTb Ha To, 'ITO npn aaeprnn 630 Ma~ npnHSIToe onncaune 

6y.n:eT .docTaTO'IHO npaBnri&HbiM~ Tor.n:a MO:lKHo aaKmO'l:liTb1 'ITO rieitcTBnTenhHas 

qacTh noTeaunana c noBbruie.HzeM aaeprnn Boapac'tae'l'. 

Cne,n:yeT O'I'MeTn'l'b1 'ITO B paMKax npoBe.n:eaaaro. paccMoTpeans ae .y .n:aeTcs 

onncaTh yrnoBbie pacnpe.n:eneunsr npPI aueprHsx 300 PI 600 Ma:a c o.n:HPIM PI 'l'9M 

:m.e pa,n:PiyCOM ,n:nSI SMblo 
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· Heynpyroe pacceHHHe 

KpaTH hie CTOJIKHoBeHHH B Hnpe renHH. H."" . K Hnpy e MO)}{Ho npHMeHHTh 

npencTaaneaHe o KacKanHI>IX npoueccax, paaBHToe 
' /15/ . . 

ronhn6eprepoM • PaaBHTHe 

K8CK8A8 npH p8CCM8TpHBaeMOH aaeprHH MO)KeT o6ycnOB1IHB8ThCH UOBTOpHbiJ.\.111 

CT01IKHOBeHHHMH KaK HYK1IOHOB; T8K H MeaOHOB 1 o6paaOB8BlllHXCH B nepBOM coy

napeHHHo HaneTaiOI.r.:(He HyKnoHbi ·MoryT ·TaK)Ke CTanKHBaThCH c rpynnoii: HyKnoHOB 

stnpa. npH 3TOM Bbi6HTbie HYK1IOHbi OKaab!BaiOTCH K8K CBHaaHHbiMH 1 Ta!{ H He CBSI

aaHHbiMH B. KOHeliHOM COCTOSIHHH. B nocnenHeM c·nyliae C06biTHe 6yneT Bbir'1IHAeTh 

T8K1 liTO Ha OUbiTe OKa)KeTCSI aeBOaMO)KHbiM YCT8HOBHTh UpOH30ll11IO 1IH paaBHTHe 

K8CK8A8 H1IH )Ke HMeno MeCTO coynapeHHe C KOMnneKCOM HyKnOHOB. npoueCCbi 

onaoapeMeHHoro HnH nocnenoaaTenhaoro aaaHMoneii:cTBHH HaneTaromeii: liaCTHUbi 

C HeCK01IhKHMH HYK1IOH8MH Mbi 6y neM B A am,Heii:llleM HaabiB8Tb npoueccaMH 

Kp8THOI'O Ba8HMOneii:c;:TBHSI. Y.Ja A8HHbiX 1 UpHBeneHHbiX B Ta6nHue 11 MO)KHO OUe

HHTb axnan TaKHX upoueccoa • 

.II 

06oaaaliaH liepea Npn nonHoe liHcno cTonKHOBeHHii: aaneTaromero upoToHa 

C He1iTpOH8MH Hnpa 1 Mbl MO)KeM. H8DHC8Tb: 

" . NK N' N I( N pn = N P" + pn = 2. + "i + N 5 + N pn 

rne Npn - liHcno cnyliaea KBaaHcBo6onaoro aaaHMoneii:cTBHHi N~ liHcno nayx• 

nylieBb!X aBean, HCKnroliaH cnyliaH ynpyroro pacceHHHH; 

pex H nHTHnylieBbiX · aaean, cooTBeTcTBeaao, a N;n 
N-4 11 Ns -li~rcno lieTbr-

liHcno cnyliaea, B KOTopb!X 
fl . 

npoHaolllno KpaTHoe aaa·HMoneii:cTBHe. TaxaH paanenhHaH aanHcb Npn aoaMO)KHa 

T01IhKO Ha-aa TOI'0 1 liTO cpenH nayxnylieBbiX aBean npaKTHlieCKH OTCYTCTBYIOT 

cnyliaH, CBSiaaHHbie C npoueccaMH KpaTHOr'O aaaHMOneitcTBHH. nro6bie UOBTOpHbie 

CT01IKHOBeHHH 6ynyT npHBOAHTb K yBenHlieHHIO liHCna nylieii:1 B peaynbTaTe 

liero co6b!THe 6yneT aaperHcTpHpoBaao KaK TpexnylieBaSI aaeana. Y.JcxnrolieHHe 

COCTliBnHOO.T peaKUHH p+ He-t-Jr0+ p + He 4 H p+ He~--JL++ n +He~ • B KOTo-

pbiX paaBHTHe xacxana MO)KeT ae npuaonHTb K yaenHlieHHIO liHcna nylieii:. Onaa-
. 

6 
n1 · 

KO 1 ecnH BOCUOnbaOB8TbCH peaynbT8T8MH pa OTbi 1 TO MO)KHO y6enHTbCHt liTO 

x/ 
BKnan OT aTHX peaKUHH 6yneT Man • 

x/ ,..,- · He+ -- p He• ~, npH aHeprHH 300. MaB BbiXon Jl.. -MeaoHOB OT peaKUHH n+ ~.:tl+ + . 
cocTaBnHeT MeHee 6% oT Bcero celieHHH Meaoaoo6paaoaaHHH. 

........IIi 
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B qucne TpexnyqeBbiX. sBes.n N3 co.nep)KaTcSI He TOJihKO cnyqau KBasucBo

·oo.nHoro BsaHMO.lleiicTBHSI npoTOHOB c npoToHaM~· Npp , no TBK)Ke u cnyqau 

KpaTHOro B38HMO.lleiicTBH.II N ~p H. N ;n • noaTOMY 'iHCJIO CTOJIKHOBeHHii npOTO

HOB c. npoToHaM~ N, pp M:o:>KHO HanucaTh: 
.. 

N;p- Npp +. NPKP = N3 --:.N;n ·--

p 83YMHO npe.nnoJIO?KHTh1 'iTO Ce'ieHHSI KB83HCBOOO.llHOI'O pacce.IIHHSI HYKJIOHOB 

OTHOCSITCSI KaK COOTBeTCTBYIOIUHe ce'ieHHSI ,llJISI CBOOO.llHbiX HYKJIOHOB.Tor.na, BOCUOJih-

30B8BlllHCh 9THM 1 MO:>KHO OUeHHTh BKJIB.ll npouecCOB KpaTHOI'O B38HMO.llefiCTBHSI 

npH pacceSIHHH npoTOHOB Ha H e4 : 

£_ (Np~ + Np~) 
(Np~ + N;n) 

N3 ~N~ -N~-Ns 
N3 + N~ + N-t +_N s 

0,22 ..± 0,07 • 

nonyqeHHbifi pe3yJihT8T yKa3biBaeT Ha 38MeTHYIO pOJih npoueccOB KpaTHOI'O 
·. 4 ... 

BsauMo.neiicTBHSI ·.na:>Ke a TaKoM nerKOM SI.npe KaK He . CymecTBeHHaSI ponh 

TaKHX· npoueccoB 6bma ycTaHoBneHa · HaMH TaK:>Ke ·npH r-rsyqemm pacceSIHHSI 6brCTpbrX !lf -
He4 /11/ 

M930HOB Ha • ,_. 

KBasucBooo.nHoe pacceSiuHe npoToHoB 

B TaonHue Yl npuBe.neHbi ceqeHHSI .llJISI pa3JIH'iHbrX peaKuuii, Bhr.neneHI!biX 

npu_ u.neHTHcPHKauuu cnyqaeB B3aHMO.lleiicTBHSI. CpaBueHue nonHoro ceqeHHSI He-
-~ ~- . . '-- . - . . . . .. . ' . 

ynpyrHX npouec_coB c. CYMMOfi HYKJIO~HyKJIOHHbiX Ce'ieHHfi .naeT _.llJISI BeJIH'iHHbl 0 
suaqeHHe 0.82. 3roT pesynhTaT yKa3biBaeT Ha To, qTo .na:>Ke. npu aHepruu 

; '.· . . ,· ·. ) .. - . ' . ' . 

HaneTaromefi qacTHUhi oKono 600 MaB u Ha ne,rKHX SI.npa:x. ueo6X<?.ll.HMO 3Hanue 

BeJIH'iHHbi r . 'iTo'obi MO:>KHO ObiJIO oueHHBBTh BeJIH'iHHy. CBOOO.llHOI'O npooera, 

UOJih3YSICh cyMMOH HYKJIOH-HYKJIOHHbiX ceqeHH:ii. npu aueprim npoTOHOB 970 MaB 
. .. 

BeJlH'iHHa . r ,llB:>Ke ,llJISI .zleiiTpOHB Bee eme He .llOCTHraeT l H COCTaBJISieT 

0,91 1161 • 
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11 a 6 n H u a· Y1 

Ce"'eHHe Ce"'eHHe Ce"'eHHe 
PeaKUHSl Ha Sl,llpO H a HyKnoH Ha HyKnOH 

6' 10-27 CM2 l0-27cM2 c nonpaBKOH 

% Ha KpaTHbie 'f=-
6' npoueccbi QNN 

ONH 6( 

1 ~ H eynpyroe pacceBHHe 1126:±,141 0,82 

2.p•He• .. p+n+He
3 

} 

3. -+ n+n+ n +He 3 
146±.41 123+21 

4.. _,.rt"+(p,n)+He 3 

5. ~.1L+p+p+He3 11,3"t.:..0,71 J 11,3~0,51 
6. ~Jr+ p+p+ p-t-d I 1 ,3±.017 I 

7. CyMMapuoe KBaaH-
cao6o.llHOe pn -aaaHMo- 148±.41 124+21 0,65 129±.31 0,78 
.ll eflcTBHe 

. 3 
8. p+ He-t~ p+p+ H 128.±31 115~21 0,6 118+21 0,73 

B cTpoKe 7 Ta6nHUbl Y1 npuae,lleHbi cBe.lleHHSl o KBaaHcBo6o.llHOM paccesmHH 

npOTOHOB Ha Hef1TpoHaX Sl,llpa renHSlo nonuoe ceqeHHe KBa3HCB060.llHOT'O pacceB

HHSl CCCTaBnSleT 6ea yqe~a npouecc::oa KpaTHOT'O B3SHMO.llef1CTBHSI TOnbKO 0,65 OT 

cooTaeTcTayromero ce"'eHnB .llnB cao6o.llHbiX uyKnouoa. Auanorn"'HbiH peayni.TaT 

nonyqaeTcH u .llnB. KBaauynpyroro pacceBHHH npoTouoa ua npoTouax lcTpoKa 81. 

BBe,lleHne COOTBeTCTBYIOllleA nonp!aBKH Ha KpaTHOe B3aHMO,lleHCTBHe ,llaeT ,llnH 

r npH6nH3HTenhHO TaKyiO me BenH"'HHy 1 KaK STO nonyqaeTCSl H3 nonHOT'O ceqe

HHSI ueynpyroro pacceBuua. 

KaK BH.llHO 23 CTpOK 5 H 6 TOft me Ta6nHUbl ceqeuue pO)K,lleHHSl Me30HOB 

B CTOnKHOBeHHSIX UpOTOHOB CO CBSl3aHHblMH Hef1TpoHaMH COCTaBnBeT 
-27 2 

11,3 ±.0151•10 CM 1 'iTO npH6nH3HTenbHO C::OBUa,llaeT C ce"'eHHeM 1 nony"'eHHbiM 
117 18/ 

B pa60Te 1 ,llml CB060.llHbiX Hef1TpOHOB. 

--
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Ha puc. 4 noKaaaHo yrnoBoe pacnpeaeneHue npoToHoB, oTneTaiOII.UIX npu 

KB83Hynpyi'OM ,t)8CCeSIHHHo .[{JISI CpaBHeHHSI H8 STOM :m:e pHCYHKe npHBe,lleHO YI'JIOBO€ 

pacnpeaeneHue ynpyroro pacceSIHHSI npoTOHOB Ha npoToHax npu aHepruu 630 ~aB. 

Yfa conocTaBneHHSI npuBeaeHHbiX pacnpeaeneHHii BH.llH0 1 'ITO npir KBaauynpyroM 

pacceSIHHH HMeeT MeCTO BblObiBBHHe HeKOTOpOI'O 'IHCJia HYKJIOHOB KBK B OOJiaCTH 
0 

ManbrX yrnoB, TaK H npu yrna:x, omraKHX K 90 • Ha6niO.llBIOII.IeecSI paanH'IHe o6':'" 

YCJiaBnHBaeTCSI BepOSITH01 B OCHOBHOM 1 npHHUHnOM 0aynH. 

¢opMa yrnoBOI'O pacnpeaeneHHSI npoTOHOB OhlJia. pacc'IHTaHa c yqeTOM CBSI3H 

MeTO.llOM cnyqaiiHbiX ucnbrTaHuii. OpH pac'IeTe BHyTpHSiaepHoe pacnpeaeneHHe HyK

noHoB no HMnynbcaM 6pc.nocb B Bnae pacnpeaeneHHSI ¢epMH c r'paHH'IHbiM HMn~nb

COM 220- ~ aa/c; npoueccbr KpaTHoro BaaHMoaeiicTBHSl He y'IHTbiBanHcb. Peaynb

TaTbi pac'IeTa npeacTaBneH;E>I Ha TOM :m:e puc. 4. KaK BH.llH0 1 yrnoaoe pacnpeaene

HHe, nony'IeHHoe Ha on biTe, y .llOBJieTBopuTenbHO cornacyeTCSl no cpopMe c paccqu

TaHHbiM pacnpeaeneHHeM. TaKoe cooTBeTCTBHe yKaabrBaeT Ha To, 'ITO npoueccbr 

Kp8THOI'O B38HMO.ll eiiCTBHSI; npOHCXO.llSIII.IHe B renHH B 38MeTHOii .llOne CJIY'IaeB 1 

CHnbHO He HCK8)K810T cpOpMbl pacnpeaeneHHSl 1 a npHBO.llSIT K npaKTH'IeCKH IIpOIIop

UHOH8JlbHOMY Bbi6biB8HHIO npOTOHOB no BC9M yrnaM. 

B 38KJIIO'IeHHe aBTOpbl 6naroaapSIT A.f'. OoTeXHHa, B.¢. noeHKO aa nOMOII.Ib 

B nocTaHOBKe aKcnepHMeHTa1 a TaK:m:e E ~A. WBaHeBy a a IIOMO-II.Ib B o6pa6oTKe 

OnbiTHbiX .llBHHbiX. 

PyKonHcb nocTynuna B uaaaTenbCKH:li oTaen 3 ceHTSI6pSl 1959 r. 
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PHc, 1. CxeMa pacnono>KeHHH annapaTypbi, 



•aoHoe:aw_ Jl BHHeaoe:edgo o.:roHden :Beh..\uo o.:roH.r.Bodaa BH-cped.:ro.r.oct> '0 'Oild • • ,. -· ' < --

-91 -
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Puc. 3. YrnoBoe pacnpeaeneHue ynpyroro pacceBHH£ npoTOHOB Ha rennn. 

a - SKCll8pHMSHTanbH08 pacnpeaeneHH8 npH SHeprHH 630 ~SBj 
/6/ 6 - sKcnepnMeHTanbHoe pacnpeaeneHne npu SHeprun 316 ~sB ; 

B - yrnoBoe pacnpeaeneHHe an£ sHe.prnn 630 ~sB, paccqnTaHHoe pg 
onTnq~cKoii Moaenn c napaMeTpaMH V = 46 MsB, R =1 ,6•10- eM; 

r- yrnoBoe pacnpeaeneHne an£ SHeprnu 316 ~s~, paccqnTaHHoe no 
onTuqecKoii Moaenu · c napaMeTpaMH V =17 ~sB, 

-13 2 R = 1,90 X 10 CM 0 
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PHc. 4. YrnoBOe pacnpeaeneHHe KBasHynpyroro pacceHHHH npoToHoB Ha npoTo
Hax. 

a - aKcnepHMeHTanbHoe pacnpea eneHHe; 

6 - pacnpea eneHHe, pacc'IHTaHHoe MeToaoM cny'laliHhiX HCnhrTaHM:if; 

B - yrnoBoe pacnpeaeneHHe pacceHHHH npoTOHOB Ha cBoooaHhlX 
iipOTOH8X. 

---


