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Peµ;KIIH II30TOil ~gv OTHOCIITCH K BeChMa HeMHOrO'IIICITeHHOH rpynne 

He'IeTHO-He'!eTHhIX Hµ;ep. IlpII 3aXBaTe. HeiiTpOHa 06pa3yeTC.lI COCTaBHOe 

Hµ;po 51 V c MarII'!eCKIIM 'IIICITOM uenTponoB (N =28), 'ITO µ;omKHO cnoco6-

c'I'BOBaTh IIcnycKanmo uenapuoro npoTona. 

Ha6moµ;enIIe peaKn;IIII 
50V(n,p) 50Ti Ha TenIToBhIX uenTpouax (1-3] 03Ha

'!aeT, 'ITO cocTaBuoe Hµ;po 51 V c 0HeprIIeii B036y,Kµ;emrn Bn = 11, 05 M0B 

IICilhITh!BaeT npoTOHHhIH pacnaµ; C op6IITaIThHhIM MOMeHTOM L = 6. ,I(eH

CTBIITeIThHO, CITIIH II 'IeTHOCTh OCHOBHoro COCTOHHII.ll 50V pr = 6+ II COCTa

BHOe Hµ;po 51 V MO)KCT HaXOl];IIThC.lI B IJ;BYX COCTO.lIHlI.lIX C J7r = 13 ;2+ II 

11;2+' l];O'Iepuee Hµ;po 50Ti - B COCTOHHlllI o+. CTOITh BhICOKlIII MOMeHT 

BhIITeTaIO~ero npoTOHa KaK 6h! o6'hHCHHeT MaITOe Ha6ITIOµ;aeMOe Ce'IeHIIe 

µ;aHHOH peaKD;IIII npII En = 0, 025 0B: ( 400 ± 20) MK6 (1], (277 ± 42) MK6 

[2] II (710±40) MK6 (3], a cy~eCTBYIO~ee IlOHHMaHIIe npoTOHHOro pacnaµ;a 

yKa3h!BaeT, 'ITO eCITII 6h! npoTOH yHOCIIIT MeHhllIIIH op6IITaIThHhIH MOMeHT 

L, TO Bepo.HTHOCTh peaKD;IIII B HeKOTOphIX CITY'IaHX 6h!ITa 6h! 60ITbllle, TaK 

KaK npoHIIn;aeMOCTh IlOTeHn;HaITbHOro 6apbepa yBeITH'IIIBaeTC.lI µ;ITH MeHh

IIIHX BeITII'IIIH L [ 4]. 8To MO,KHO npoBepIITh Ha6ITIOµ;enIIeM Bh!xoµ;a npoTo

HOB II3 yKa3aHHOH Bh!llle peaKD;IIII B II3MepeHIIHX Ha ueiiTpOHHhIX ny'IKaX 

C 0HeprIIHMII HeCKOITh1W µ;ecHTKOB II COTeH K0B, npII KOTOphIX B03MO,KHO 

o6pa30BaHIIe COCTaBHoro Hµ;pa OT p- IIITII d-HeiiTpOHHhIX BOITH, a 3Ha'IIIT, 

B03MO,KeH npoTOHHhIH pacnaµ; C op6IITaIThHhIM MOMeHTOM, MeHhllIIIM 6. 
ABTopaMII 6h!ITII npoBeµ;eHhI l];ITIITeIThHhie IlOIICKII µ;aHHOH peaKn;IIII npII 0Hep

rIIHX HeHTpoHOB 55 II 144 K0B Ha peaKTope BBP-M B KIIeBe. EcITII ce'!e

HIIe peaKD;IIII 60ITbllle 100 MK6, TO MO)KHO 6h!ITO 6bI Haµ;e)KHO ee Ha6ITIO}:laTb. 

OgHaKo 0TII noIICKII, KaK II rpynnh! B Jioc-AITaMoce, npoBOIJ;IIBllleii: II3Me

peHIIH MeTO):IOM BpeMeHII npoITeTa B gIIana3oHe go 100 K0B (5], He yBeH

'IaITIICh ycnexoM. 0TMeTIIM, 'ITO pac'!eThI ycpegneHHoro ce'!eHII.lI peaKD;IIII 
50V(n,p)5°Ti rrpn 0HeprIIII Heii:pOHOB 30 K0B (6] < anp >30= 480 MK6. 8TH 

o6CTOHTeIThCTBa 3acTaBIT.lIIOT nepeCMOTpeTh 60ITee T~aTeITbHO Bonpoc 0 

npOTOHHOM pacnaµ;e COCTcLBHOro Hµ;pa 51 V. 
Mbl npoBeITII BhI'IlICITeHIIe BOITHOBhIX <pyHKD;IIH npoTOHa C 0Heprnen: He

CKOIThKO M0B µ;ITH pearrncTII'IHOro noTeHn;narra Hgpa 
51 V II on;euKy nocTO.HH

Hoii npoTOHHoro pacnaµ;a. BhIIT npnMeHeH noTeHn;IIarr Bygca-CaKcoHa c na

paMeTpaMII µ;ITH 06ITacTII 35 ::; A S 65 (7]. IIcnoITh30Barrach TpexTo'Ie'!HaH 

cxeMa pellleHIIH paµ;narrhHoii: '!acTII ypaBHeHII.H illpeµ;1mrepa (8]. ,I(ITH µ;oKa-

3aTeIThCTBa pearrIICTII'IHOCTII BhI6paHHOrO IlOTeHn;IIaITa µ;ITH Hgpa 
51 V 6bmII 



Bhl'IIICJieHhl IIOJIO:lKeHII.lI o;o;Ho'IaCTH'IHbIX rrpoTOHHbIX ypoBHeii IIpII Ep < 0 

(B M3B): 1s112-33, 28; lp3; 2-26, 3; lp112-23, 3; ld512-l 7, 99; 2s1;2-12, 64; 

ld3 ; 2-12,57; lf1;2-8,33; 2p3;2-2,44; lf5;2-0,93; 2p1;2-0,6l. Ilo;o;o6HaJI 

rrocrre;o;oBaTeJihHocTb rrorry'IeHa II B pac•1eTax ;o;pyrIIx aBTopoB ( CM., Harrp., 

[91). K ;o;aHHoi'r rrocrre;o;oBaTeJibHOCTU ypoBHe11 6rrIInKa rrocrre;o;oBaTeJihHOCTh 

o;o;Ho'IaCTII'IHhIX ypoBHeii 50V, c IIOMOl.qbIO KOTOphIX rrerKO o6'bJICHJIIOTCJI 

CIIHHbI OCHOBHhIX COCTOJIHIIH 50V J = 5+ ( no O)];HOMY He'!eTHOMY rrpoTOHY 

JI lieHTpoHy Ha ypoBHe lh;2) .II 51 VJ" = 7 ;2- ( o;o;1rn He'!eTHhlrr rrpoToH 

Ha .YPOBHe lf7; 2). 8TH ;o;oKanaTeJibCTBa Tpa;o;m~IIOHHhl ;o;rrJI o6orro'!e'IHOII 

Mo;o;erru. 

,II;pyrnM, 6orree TOHKIIM ;o;oKanaTeJibCTBOM rrpaBIIJibHOCTH pac'!eTOB c Bhl-

6paHHbIM IIOTeHIJ;HaJIOM CJIY:lKIIT pac'!eT :mepruu O)];HO'!aCTII'IHOro rrpoTOH

Horo COCTOJIHIIJI B HerrpephIBHOM crreKTpe ;o;mr Bon6y:lK;o;emrn, COOTBeTCTBy

IOl.qero naxBaTy TerrrroBbIX HeHTpoHOB 50V. B crry'!ae, ecrru Ha o;o;HoM rrpo

TOHe CKOHIJ;eHTpnpyeTC.lI BCJI rmeprIIJI Bon6yM;o;emrn, TO 0HeprIIJI 0Toro rrpo

TOHa, OTC'IIITaHHaJI OT ypoBHJI lf7; 2, ;o;orr:lKHa 6h!Tb paBHOII 2,72 M3B. I:fo 
Mace H;o;ep aHeprirn uny'!aeMoii: peaKIJ;IIII Qp = 2,989 ± 0, 003 MaB [10], 3Kc

rrepnMeHTaJihHaJI BerrII'IIIHa Qp = 2,984 ± 0, 010 MaB (3]. 

IlocTOJIHHYIO pacrra;o;a MO:lKHO BbPUICJIIITb, lICIIOJib:JYJI ypaBHeHne Herrpephl

BHOCTII ( CM., Harrp., [ll ]): 

i.!!::_ {U dU* _ U* dU} 
,\ _ 2M dr dr __ r=_R 

- JtU*Udr 
(1) 

r;o;e u II U* - KOMIIJieKCHO-COIIpJI:lKeHHbie perneHIIJI pa;o;uarrbHOro ypaBHeHIIJI 

B BIIp;e: 

U" 2A1 (u _ E _ .!!_ L( L + 1)) U = + 1i2 2M r2 0. (2) 

Cyr.qecTBYIOT ;o;Ba HenaBIICIIMble pernemrn ypaBHeHirn (2): F - peryrrHpHoe 

u G - HeperyrrHpHoe rrpu r=O. KoM6mran;1rn ;o;Byx 3TIIX cpyHKn;u11 B BIIAe 
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;o;aroT 061.que perneHH.lI pa;o;uarrhHOH '!acTII ypaBHeHHJI IIlpe;o;uHrepa, KOTO

pbre rrpu r - oo IIMeIOT KOHKpeTHhIH qnmn'IeCKIIII cMbICJI - Bhrxo;o;JI1.qe11 u 

2 

:/ " ' 

~ 

,, 

Bxo;o;JI1.qei'1 BOJIH. Ilpm,IeHIITb perneHnJI (3) ;o;rrJI BhI'Incrremrn ,\ He rronBorrJieT 

HeperyrrHpHOCTh G B Hyrre. Ho BHYTPII H;o;pa cpyHKIJ;IIJI G 1m HeperyrrHpHo

cTu npn r=O 6bICTpo rra;o;aeT K nHa'ICHIIIO, 6.nnnKoMy HYJIIO, TaK 'ITO BHYTPII 

H;o;pa F > > G, noaToMy )l;JIJI pac•rcToB ,\ ncnorrb:JoBarracb naMeHa HIDKHero 

npe;o;erra UHTerparra B (1) Ha HCKOTopy10 BClIIl'UIHY rua•1 = 0,15+0,55 <pM. 

HaxoM;o;eHne F II G MO:iKHO BbIITOJ11!IITb c noMor.qbIO TpexTo'!e'IHOII cxeMbI 

[8] perneHirn ;o;uqicpepeHIJ;IlaJibHOro ypaBHCHIIJI (2). B Ka'IeCTBe Ha'IaJibHbIX 

nHa'IeHIIH <pyHKIJ;HII F II G npn r 11a" ncnorrhnoBarrnch HX Bblpa:lKeHIIJI 'Iepen 

0lICMCHTapHbIC <pyHKIJ;IIII )];JIJI :JHa'!eHIIJI ITOTCHIJ;Uarra U ( r &a'I) II COOTBeTCTBY-

101.qeii 3Heprmr E. HopMnpoBKa qiyHKIJ;IIII F u G cocTOIIT B TOM, 'ITO npu 

r - 00 IIX MaK.CUMaJibHbIC :JHa'!CHIIJI Hop11,mpyIOTCJI Ha 1. 

Pacc'!nTaHHaJI nocToJIHHM npoToHHoro pacna;o;a ;o;rrJI 51 V rrpn E=3 l\faB 

Haxo;o;IITCJI B o6rracTH :JHa'IeHHII ,\re•• = 1016 --;-1019c-1(rtac'I. = 6--;--6000 aB). 

IlocTOJIHHaJI ,-pacna;o;a )];lIJI 0Toro H;o;pa ,\~Kell. = 1015c-1(r~Kcn. = 0, 6 aB). 

CooTHOlllCHHC ;.~ac'I. > ,\~Ken. JIBJ'IJICTCJI panyMHbIM B TOM CMbICJie, 'ITO ecmr 

6hl HepaBeHCTBO 6bIJIO ;o;pyroro :JHaKa, TO peaKIJ;UJI 50V(n,p) 6bIJia 6hl He

BO:JMO:lKHOH. 

B o6rracTII uenpepbIBHoro cneKTpa npu E > 0 cyr.qecTBYIOT cocToJimrn, 

BOJ'IHOBbIC <pyHKIJ;HII KOTOpbIX o6rra;o;aIOT crre;o;yIOr.qIIMII oco6eHHOCTJill,UI: l\IaK

CIIMyM ee Haxo;o;UTCJI BHYTPII H;o;pa, a B o6rracTH ITOTCHIJ;IlaJibHOro 6apbepa 

OHa IIMCCT BU)]; 0KCITOHCHTbI - 0TO TaK Ha:JbIBaCMbIC KBanucTan;uoHapHbIC co

CTOJIHHJI, OTJ1U'IaIOr.q1recJI OT O)];HO'IaCTil'IHbIX COCTOJIHHII B o6rracTII E < 0 

TOJ'IbKO pacna;o;oM, CBJI::JaHHbIM C npoHIIKHOBCHIICM 'IaCTIIIJ;bI •repen ITOTCH

IJ;HaJibHbIII 6apbep (puc.la). Ho BOJ'IHOBble q>JHKIJ;IIII no;o;aBrrJI101.qe11 •rncTn 

COCTOJIHIIll HenpepbIBHoro CITCKTpa UMCIOT TaKOII Bil)];, Kor;o;a MaKCIIM.)'M 

BOJIHOBOH <pyHKIJ;IIII Haxo;o;nTCJI BHC npe;o;eJIOB H;o;pa (puc.16). 

Ha puc.lB IIOKanaH ITOJIHbIII IlOTCHIJ;IIaJI H;o;pa 51 V )];JIJI"npoTOHa CL = 4, 
J" == 9 /2+, Ha pnc. la, 16 - peryrrHpHaJI '!aCTh norrHOBOII cpyHKIJ;Im ;o;rrJI 

aToro cocTOJIHIIJI u 0Heprm1 rrpoToHa E=l.86 MaB II E=3 MaB. IlocKorrbKY 

nHa'IIITeJ'IbHaJI '!aCTb COCTOJIHUII HMeeT MaKCHMYM BOJIHOBOI
0

I qiyHKIJ;IIII na 

rrpe;o;erraMH H;o;pa, TO npn BbI'IIICJICHIUI ,\ BemPmHa R B <pOpMyrrc ( 1) 6bma 

npHHJITa paBHOI
0

I 40 qJM. Pac'ICThI ,\ noKanarru, 'ITO ;o;rrJI L :S 3 ;o;rrJI Ka'!e

CTBCHHhIX Oll;CHOK xopornnM npu6mDKCHIICM JIBJIJICTCJI naBIICUMOCTb MC:lK;D;Y 

,\P n Koa<pqiun;nenToM npom1n;acMocTII P(E,L): 

>.P = 1, 27 · 10
20

cxp{-l, 33 · P(E, L)}(c- 1 
), (4) 

3 



r;a;e 

P(E L) = j ✓2M(U - E - !!_ L(L + l) dr. 
' ~ 2M ~ 

Ha puc.2 cnrrolllHOII Kp1rno11 noKaoaaa naBncnMocTh .A OT L, a rrm.mao11-

pac'!eT .A no <popMyrre (1) ;a;mr E=3 M3B u cocTOHHHII c L+l/2. CnrrhHoe 

panrrn'lne Me:iK;a;y )l;BYMH naBIICIIMOCTHMU CBHnaHO C TeM, 'ITO Ha'UIHM C 

L=4, OTTaJIKIIBaIOlllHII noTeH:a;narr npmmBO)l;IIT 6orrhlllee Bon;a;ei'icTBIIe Ha 

npoTOH, '!eM npIITH:iKeHne, II no3TOMY npoTOH BhITaJIKUBaeTCH na npe;a;errhI 

H;a;pa. ,UrrH 51 V npoToH c E=3 M3B II L=6 ( Jrr = 11/2+) UMeeT nocTOHH

Hyro npoTOHHOro pacna;a;a .A~aC'l. = 3, 4. 1017 c~1(r~ac't. = 224 3B). EcrrII Bee 

Ha6rrro;a;aeMoe ce'!eHIIe peaK:a;nn 50V(n,p) B TenrroBofr o6rracTn npnnIIcaTh 

oTpII:a;aTeJihHoMy penoHaacy c 11r = 11/2+ n 3Heprne11 E0 = -16 3B, TO 

r;"=· = 4, 4 MK3B. CpaBHHBaH rrc'I. C r;"cn·, MO:iKHO roBOpUTh O BepOHTHO

CTII o6panoBaHirn B 51 V o;a;Ho'!acTH'IHOII npoTOHHOH KOH<pIIrypa:a;IIII ill /2 

c 3Hepruefr 3 M3B: 

( = r;mr-jr~aC'I. ~ 2 • 10-8, 

Ha pnc.3 noKanaHa 3HepreTII'leCKM naBHCIIMOCTh ,\ ;a;rrH cocTOHHIIH c L=0 

(r = 1/2+) II L=4 (r = 9/2+). Ecrrn )l;JIH L=0 noCTOHHHaH pacrra;a;a 

yBeJIII'IIIBaeTCH C pOCTOM E, ;a;ocTnrM rrpe;a;erra ~ 5 . 1020c-1' 'ITO COOT

BeTCTByeT BpeMeHII rrporreTa rrpOTOHOM paCCTOHHIIH 20 + 30 q>M, TO )l;JIH 

L=4 xapaKTep rr0Be;a;ea1rn rrocTOHHHOH pacrra;a;a HHOH. 8To cBH3aHo c Ha

JIII'IIIeM KBanncTa:a;uoHapHoro cocTOHHHH rrpn E=l,86 M3B. To'IKH 2 II 3 

Ha pnc.3 oT;a;arreHhI OT TO'!Kn 1 Ha BeJIH'IIrny ±1 3B. IIocTOHHHM rrpoTOH

Horo pacna;a;a )l;JIH 3TOro KBa3HCTa:a;noHapHoro COCTOHHHH ill/2 C 3Hep

rneir Ep = l,86 M3B paBHa .AP= 1,6 • 1016c~1(fp = 12 3B). EcrrH C'IH

TaTh, 'ITO )l;JIH 51 V pa;a;Ha:a;noHHaH lllHpHHa r 'Y = 0, 6 3B, TO ;a;a:iKe ;a;mr KBa-

3HCTa:a;noaapHoro COCTOHHHH npOTOHHhIII pacrrap; HBJIHeTCH npeo6rrap;aro

lllHM - CKOpOCTh ero pacrra;a;a npHMepHO B 20 pan Bhlllle, '!eM )l;JIH raMMa

pacrra;a;a no BCeM B03MO:iKHhIM KOH<pnrypa:a;nHM. 

Mn BhillleI1nrro:iKeHHoro MO:iKHo c;a;erraTh crre;a;yroI.QHe BhIBO)l;hI. 

1. O:a;eHKa BepoHTHOCTH (n,p)-peaK:a;Hn ;a;m1 Berrn'IHHhI op6HTaJihHoro Mo

MeHTa 6orrhllle L=2 no npoan:u;aeMOCTn 6apbepa ;a;rrH rrerKIIX II cpe;a;HHX J.C;a;ep 

( <popMyrra( 4)) He Bcer;a;a o6ocHoBaHa Im-na nHa'lnTeJihHoro BonpacTaHIIH 
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Puc. 1. PeryilllpHrui: 'IaCTb BOJIHOBOH cpyttKUim a)lpa Batta)ltta-51 

0 5 1012 52 

9+ . 
A - L=4, J" = - , Ep=l.86 M::iB; 

2 
9+ 

B - L=4, J"= - , Ep=2.7 M::iB; 
2 · 9+ 

C - noTeHUHaJI )lIDI npoTotta c L=4, J"= -
2 
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Pnc. 2. IIoc-rmlHHall npOTOHHOI'O pacna,aa 11.(c-l) BaHa,allil-51 B 3aBHCHMOC'fH 

OT op6HTaJihHOI'O MOMCHTa 
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Pnc. 3. 3ttepreTH'IeCKllll JaBHCHMOC'fh noc-rmmttoii: npornmrnro pacna,aa 11.(c-1) 

JlJUI L=O H L=4 6 

OTTaJJKnBaIOrn;ero noTCHQHarra B Hµ;pe. Ilo ::noi°I npIPIUHe npoTOH c 6mih

llIHM op6HTaJ1hHhIM MOMeHTOM 6bICTpee BhITaJJKUBaeTC.H Im Hµ;pa HeCMOTp.H 

Ha yBem!'IeHne QeHTpo6e:llrnoro 6aphepa ( CM.pnc.2: IIJiaBHaJI KpUBaJI - pac

'leT no q>opMyrre (4), rroMaHaJI - pac'!eT no q>opMyrre(l)). 

2. BemI'IUHhI IlOCTO.HHHhIX npoTOHHOro pacnaµ;a HaMHOro 6oJibllle IlOCTO

.HHHhIX raMMa-pacnaµ;a. IIo::iToMy MhI Ha6rr10µ;aeM peaKQIIIO ( n,p) Ha rrerKIIX 

u cpeµ;Hnx Hµ;pax, Korµ;a Bc.H ::rncprirn Bo:J6y)Kµ;emrn Hµ;pa cKom~eHTpnpyeTc.H 
Ha Ol];HOM npoTOHe. 

3. IIoncK peaKQIIU (n, ,p) HY)KHO BCCTU Ha o6'beKTax, rµ;e IlOCTO.HHHhle 

pacnaµ;a /];JI.fl napQIIaJ'IhHhIX raMMa-nepexoµ;oB cpaBHIIMhI C noCTO.HHHOII npo
TOHHoro pacnaµ;a. 

4. BemI'IIIIIhI ce'!eHni°1 peaKQnu (n,p ), orrpeµ;erremre r Pu ux cpaBHeHne c rro

CTOHHHhIMII npoTOHHoro pacnaµ;a, BhIIIOJIHCHHhIMU c IIOMOlll;bIO noµ;o6HhIX 

pac'!eToB, µ;aIOT B03MO)KH0CTb OQCHKII BepO.HTHOCTII o6panoBamrn Ol];HO'la

CTll'IHhIX npOTOHHhIX COCTO.HHIIi°I C onpeµ;erreHHhIMU J" B KOHq>IIrypaQII.HX 
cocTaBnoro Hµ;pa. 

8Ta pa6oTa BLmo11ue11a B paMKax nporpaMMLI 11crnep;o0au11it, nop;p;ep)Kal!IIOtt 

Me)Kp;yuapop;HLIM 11ay'l11b1M cjlo11J.10M (rpa11T N~ RFIOOO). 
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