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(HpeRcTaB~eHO: Z. Gyu]ai - -  HocTyny:~o: 23 ~eKa£ 1957 r.) 

~aHa oueHKa BKnaaa 0TAeJIbHblX yp0BHe~ B qb0T0a~IepHhm peaKlmH (7p) IIaTH ~erKnx 
naep (B lo, C12, N~~, 016, Sa2), rI0Y[yqeHHbIX rio TeopeMe aeTanbHoro paBHoaecnn n3 0£ 
(PT) peaKunfi. Ma~cmaa~bHbie ceqeHn~ 7p-peaKunfi c o6paaoBanneM KoneqHoro uapa B 0CHOB- 
H0M COCT0~IHHH Hn0r~a Ha MH0r0 pa3 npeBb~mamT MaKcHManbHb~e ceqeHH~ npn (,rnraHTCKOM,) 
pe30HaHce. [dHTeFpanbHbIe ceqeHH~ COCTaBJDtlOT IIpH‰ 10% HHTeFpanbHh~X CeqHHfi 
B ((FHFaHTCKOM,) pe3oHaHce. Ylpn cpaBHr cneKTpa H yr.qoBoro pacnpeaeaeHn~ qb0TOHyK.rIOHOB 
c pacqeTaMH CTaTHCT~IqecK0~ Te0pHH, Hy~H0 HMeTb B BH;ly 3Haq~ITebHblfi BKJIaJI 0TjIeJ1bHbIX 
yp0BHen. 

3a  nocae~H~e ro;Ib~ Ha 0qeHb ‰ qHcJ]e npHMep0B n0)ITBep:~ReH0 

cyIKeCTBOBaHHe TaK Ha3bIBaeMoF0 M'HFaHTCKOF0(( pe30HaHca (l)0T0~[~(epHblX (Ha- 

npn~ep, ~,n- ~ 7p-peaKuufO. 
Honymnprma 3TORO (~FI/IFaHTCKOFO)> pe3oHaHca COCTaBYi~teT HecKoYibKO 

Mge, a ~aKcnMyM ceqeHn¡ pacno~araeTcs npn aneprnn 7 - -  KSaHTOB 15--25 
Mge. FIpH Tar(nx aneprn~x Boa£ aa~e  a~n cambix nerr(nx naep paCCT0u 
HHe ~e~~ty  yp0BH~Mri He npeBbiluaeT HeCK0.IIbKHX K38, H.I]H ,/~eC~tTKOB /~98~ a ,~.nfl 

60~ee T~Ih~e.rlb~X fl,aep 0T)Ie./IbHbIe yp0BHrl, HeC0MHeHH0, IlepeKpbIBaIOTC~. 1-10- 

3TOMy IIO.rlO)i<eHHe H ~0pMa ((FHFaHTCKOF0~) pe30HaHca 0‰ CBYt3bIBaIOTCfl C 

Ha.rIHqHeM B C00TBeTCTBytOI/~e~ 0‰ 3HepFI4~ UeHTpa T~h'<eCTH 3.JIeKTpHqecKHx 

,aHrl0m, Hb~X yposnefi (1), Boa6ywjlaem,lX rlpn rlor~olaeHrm ~~po~ 7-KBaHTOB. 
0aliado, a ~ a  Toro qT0£ 0)IH03HaqH0 rl0~TBep~IVlTb )IHrl0YibHb~~ ( E l )  

xapaKTep IIOFJIOII~eHH~I ~'-KBaHTOB B 06~aCTH FHFaHTCKOF0 pe30HaHca c~eRo- 

Ba.rlo ~hi yCTaHOBHTb npHpo,ay KoHeqHbIX C0CT0~IHH~ ~,~ep, a TaK>Ke I, icc~ejIOBaTB 

yr~mBoe pacllpe;ie~eHrte ncnycKae~b~x qb0ToHyr<~0H0S. Me~ay Te~, B pa£ 
HOCB~III~eHHblX ~b0T0~UlepHblM peaI<ttH~M, Tal<He Ha£ Kai< npamt~o, 0T- 
CyTCTBylOT. 

H3~epf[ft BblX0~ ~OTOIIp0TOHOB H (pOTOHe¡ HJIH per t l cTpnpy~ aKTI4S- 

HOCTb pa~II40aKTIIBHbIX IIp0RyKTOB ~0TO5l~lepHbIX peaI<Ilnn, eCTeCTBeHHO HeJ1h351 

yCTflHOBHTb, 06pa3yeTc~ Jm KOHeqH0e fl~pO B OCHOBHOM HJIH KaKOM-JIH60 B03- 

‰ COCTOf[HHH, T. e. He HCIIyCKaIOTCfl JIH Hap~;ly C (p0TOHyKJ[OHaMH eme 
14 7-KI3aHTbl. l"[OCKOY[bKy HCC.rleROBaHH~t ~0T0~RepHb~X peaKRHfi FIp0BOR~TC~t 

O‰ C He/]pepbIBHMM clqeKTp0M T0pM03HOF0 1/13~qyqeHH~t, TO ,~a)Ke H TaKvle 

*Z[oaoz~ceno 3 ~e~a£ 1957 r. Ha cHMno3nyMe no naepno¡ dp}t3nKe B Mampaxaae 
0praHH30BaHHOM (DH314qecI~HM 06IJIeCTBOM HM. fI0paH;I 3TBem. 

12 Acta Physica IX/1--2 
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Ba:>KHbIe ROI10J]HHTeJ]bHble HCTOqHHKH rIHqb0pMaIIHH, KaK yF~OB0e ti 3HepFeTH- 

qecKoe pacnpe~e~enHe ~0TOHyK.qOHOB Bce e~e  oKa3bIBaeTcfl He)IoCTaTOqHbIMH 
RJ]fl pa3rpaHnqeHH~ c~yqaeB o£ KoHeqHblX ~)Iep 8 pa3JmqHblX COCTO~- 
HH~IX. 

B HacTomttee BpeM~ Bonpoc o xapaKTepe HOFJIOIIIeHH51 7-KBaHTOB I]pI4 
I4CHyCKaHHI4 (1)0TOHyKJIOHOB npHo£ eiae ,~0HO.IIHHTeYlbHbI~ HHTepec B CBfl3H 

c o£ MexaHH3Ma npsMoro z~epHoro qbOToaqbqbeKTa, T. e. np~Moro 
B3aI4MO]ICfiCTBH~t y-KBaHTOB C fl)I~pHbIMl4 nyKJ]0HaMH, He CBfl3aHHOFO 

c o£ COCTaBHOFO ~~pa. l-lpn TaKoM o£ mHpoI<O I4CHOYlb- 
3yeTc~I COHOCTaBYleHI4e yF.rIOBOFO 14:3HepFeTHqeCKOF0 pacnpe)IeJ]eHg~ qb0TOHyK~0- 

H0B C pe3yJ]bTaTaMH, npe)icKa3bmaetab~Mg CTaTI4CTHq~cK0~ Teopne~, T. e. 6c3 
yqeTa nH~IHsn~ya~bHbIX CBO¡ OT)Ie.rlbHblX ypoBHe¡ H nX sKnaaa B o£ 
KapT~Hy dpOTO~/tepHoro B3artMo~Ie¡ 

Me>v4Iy TeM, HaqHHaYl C 1952 r. rpynne xana~IcKnx qbH3~KOB (2, 3, 4) 6~a- 
ro)lapn BbICOK0¡ cTa£ 3Heprnn ycKop~eMblX B £ 39]eKTpOHOB 
y)Ia.rlOCb BbuIeYlHTb B ((rnraHTCS:O~~) pe3oHaHce 7n-peas:t~Hfi ~ln~ HecK0YlbKI4X 

n e r x n x  s.~ep ( L i  7, C ~~, 0 ~~ H F ~~) ttenb~¡ pn~I 0T~IenbHblX pe30naHCHblX yposnefi .  
TaK Hanpn~ep,  B peai<ttrm 016(7II) 015 (nopor 15,6 Mg~) npH hv = 15,9--21,9 
M3B Ha£ (3) ~IeB9Tb OT]IeYibHblX pe3OHaHC0B C HHTeFpaJIbHb~MH ceqeHr~~Mr~ 

OT 0,06 ~0 7,5 M 9 e  ~nnnn6apH, )iamm~x ~ CyM~e a . . , .  = 14 M g e  M6apH. 
Hp~ BceM ~HTepece yToqHeHrtUlX accae~oBaHnfi Haao, OaHa~O OT~eT~Tb, 

qTO n npg ~3yqeHrm OTaeabH~lX pe3oHaHcoB qbOTO~nepHuIX pearm~fi Bonpoc O 
KoHeqHblX COCT0flHH~X o£ ~nep OCTa3~cfl OTKpb~TblM. FI03TOMy OCTa- 
.rIOCb HeBbI9CHeHHbIM, ~aKoBa MyJIbTHHOJIbHOCTb nor3~o~ae~b~x B 0T~e.rlbHbIX 
pe3oHaHcax 7-~~aHT0~ H KaI<n~, C06CTSeHH0, ~Oa~HO 6bITb yraoBoe pacnpe-  
~leneHrte r~cnycKaeMblX qbOTOHy~nOHOB. 

B HacTo9IJIeM C006~eHHrl Mbl XOTHM OTMeTHTb, qTO p~~ CBe~eHI4~, HHTe- 
pecHblX ~~~ nOHHMaH~n qbOTO~aepHu~X - -  7p-pearmnfi ,  H0 ~0 CnX nop He 
rlOYlyqeHHblX ~3 Henocpe~CTBeHH0rO ~x  Ha6JllO~eHrlfl (B 3Haql4Te~bHO~ CTeneHH 

- -  ~3-3a cKy]~H0CTII HCTOqHIdKOB MOHOXp0MaT~qecKHx ~'-KBaHTOB) MOM(HO 

3aHMCTBOBaTb H3 3Kcl]epl4MeHTa.qbHb~X ~IaHHblX 0 ceqeHH~X 0‰ - -  PT- 
pear~Im¡ Haymnx ‰ ~ac~a~Horo HcrIyci<aHnn 7-KBaHTOB. 

CeqeHn~ 7p-pea~~Infi c o£ OCHOBHblX C0CTO~IHMH KoHeqHbIX 
~)Iep - -  avp CB~I3aHbI C ceqeHH~Mn py - -  peaKIln~ lqpOCTblMH C00THOIIIeHI4~tMI4 
~IeTa~bHoro £ HanpnMep, ~I~~ pea~ttnn 0 x~ ( T p ) N  ~~ nMeeM : 

16 m c 2 ( h v - - Q )  2 I N +  1 
%0 = aPN " 2 . - - .  

15 (hv)*" 2 Io -k  1 

3~Iecb : 

I N ( =  1/2) I~ lo ( =  0) - -  CrInHbl ~~Iep N ~5 I~ 016, m - -  Macca np0TOHa, Q (--- 
= 12,11 M3B) - -  Ten~qoB0¡ 3qb(1)eKT peaKuHn, hv ~ 3Heprn~ 7- KBaHTa, CBg3aH- 
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Hafl C a n e p r n e ¡  rlpoToHa B P7 - -  pea~qnn  (Ev) CooTnolneHHeM : hv = Q -}- 1 5 E  
16 P" 

H3 aHa~n3a nMemnlnxcn s ~nTepaType RaHHblX MO)KHO rIOJIyqnTb pfl)I CBe~eHHH 
o ~,p-peaKun~x c o£ OCHOBHbIX COCT0~HIdH KoHeqHblX ~l~ep ~IYlSt 
YlflTH YleFKI/IX ~)Iep : B 1~ C 12, N 14, 016 n S a2. 

CsoaKa pe3y~bTaTOB npnnoRnTCn B Ta£ 1 n Ha pnc. 1 - -6 .  
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U'u,,-~v~,74 /"73�91 ,,.,*:Qo~ 

20 

Puc. 1 

CeqeHHe peaKRnH B& (p7)B lo B nepBoM MaKcnMyMe ~IaHO B (5), a 3Haqe- 
HHYI O" ~ISI~I ~Ipyrnx ypOBHe¡ no~yqeHu  nepecqeToM BblXO)IOB 143 TOJICTO~ MmneHn 
(7, 8). CeqeHn~I peaKRnn Bn(py)C 1• npn Ep < 2,8 M9e 3anMCTBOBaHbl Ha (5, 9), 
a6conmwn3atlnfl ceqeHn~ npH £ BblC0KnX aHeprnf lx  no~yqena  conocTaB~e- 
u n e n  peaynbTaTOB (9) n (10) npn  Ep = 2 - - 2 , 8  M9e. 

CeqeHn~ B pe3oHai/iCHblX MaKcnMyMax peaKt~nn Cla(py)N 14 BanVbl na (5), 
a a~n  nHTepnonflRni/i ~yi/II<RI/IH Bo36y;tr M e ~ a y  nnKaMn pe30i/iaHC0B 
ncno.nb3osanHcb ZaHHbm (11). HaKoHeTa, a£ qbynKt~i/iH noa6ynr  
peaKImn Pa~(py)Sa2, a a n n o n  B (14), npon3Boan-qacb no aanm,IM pa6oTU (16), S 
KOT0pOª npnBoj],nTcn ceqeHne pa~naRnoi/iHOrO 3axBaTa pa l  np0TonoB C aHeprHe¡ 
1,265 M3B. 

~aHnbm npnBoanMbie B Ta6~nt~e, He Tpe6ymT ocofibIx n0C~HeHH~. 3aMe- 
THM YlHIIIb, qT0 cpe~H BO3MO)KHblX 3HaqeHn~ op6nTa~bHblX MOMei/ITOB ~OT0npo- 
TOHOB C CBfl3n C MaYlOCTbIO 3HepFi/i4n yKa3anbi ~ n m b  l = 0, 1, 2. 

PHc. 1 - - 5  HenocpeRcTBenHo nolJ1mCTpHpymT CBe~IeHHSt, npnBeaeHi/ibie B 
Ta£ 1. H a  pnc. 6 pacqeTnbie aannble  o TOHKO¡ cTpyKType 7p'peaKrln¡ C0- 
nOCTaBJI~IIOTC~I C pe3ynbTaTaMn na£ (~FnFaHTCKOFO)) pe3oHaHca. 

I~a~ ~IBCTByeT H3 Ta£ n pncynKoB, MaKcnManbHbie ceqenn~ 7P- 
peaKun¡ c o£ OCHOBI/IblX COCTO~IHn¡ KOi/ieqHblX fl)Iep, CBfl3annblx c 
OTae.rlbHbIMn yp0BH5tMg, H0~IqaC BO MHOrO pa3 rIpeBocxoAsT Ma~cmaa~bHbm 

12" 
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ceqeHHfl B ((rHraHTCKOA4)) pe3oHaHce. HHTerpa~bHble ceneHn~ Ta~:~X peam~Hfi, 
o6yc~oBaeHHbIe OTReYlbHblMrf ypOBHRMH, )IOCTHraIOT npHMepHo I 0 %  OT I4HTe- 
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rpaabHblX ceneHHfi r pe30HaHca, 0XBaTbIBaIOII~I4X BCeBO3MO)KHble 
C0CTO~IHH~ KOHeqHblX ~~ep. bCa}( npaBH~O, ~3MepeH~~ ceqeJm¡ (~rHraHTcKoro~) 
pe3oHaHca 7P "peaKtm~ IFIpOH3130JI)qTC~l JIl4IIIb Haq~Ha~ C 3HeprH~ 7" KBaH- 



0 7p--PEAKIAI4,qx C OBPA3OBAHHEM OCHOBHblX COCTO~HHITI ,r 181 

TOB, npeBblLuamumx nopor Ha HecKoYlbKO Mas (CM., HanpHMep, pnc. 6). HOaTOMy 
~pnBeAeHHue 3;lec~ pe3y~qbTaT],1 ;laIOT r~e BI<~qa;l 7p-peaKttr~fi c o£ 

2O 

1O ~8 
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2 

f u i - )  
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I I 

~ 5  

0 ?6::p} M ~5 

G u~ r-~ �91 �91 /r191 ,'-~YODH 
Q:72M 
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72 13 :3,5 hv M3674 

Puc. 4 

:~ot ~i-:,> i 

I n " u  "- 

9,5 9 3 : 0  qQ2 70,4 Z?6 7q8 17 ::2 hv Mev 

Puc. 5 

0CHOBH0r0 COCT0~IHH~I KoHeqHbIX n~ep B rHraHTCKH~ pe30HaHC, a )iono~HeHHe K 
3TOMy pe30HaHcy. TaI<HM 0‰ aHa.rlrl3 CBeAeHH~ 0 p7-peaKttHnX npHB0- 
~HT K HeKoT0p0My yBeJ]HqeHHr0 3KclqeprIMeHTa~bHbIX BeYIHqHH ceqeHH~ H0r~0- 
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PeaKa~a 

Bt~ (TP) Be~ 
3 + 

C 18 (~/p) B 11 
0 + ~ - -  

N~4 (TP) C*a 1. 
1+ ~ - -  

016 (719) N 1~ 
0 + �91  2 

S3~ (TP) P~* 
0 + * 

CCbl.rlKH 
Hopor 
(M~e) 

HHTepBan 
9HeprHH 

A hv (M~e) 

6,58--11 

15,95--21 

7,54--9,2 

12,11--13,5 

8,85--11,2 

MOMeHT 
DHeprH~ H XapaKTep 
yp0BH~ qeT- InornomeHH~ 
(A/Da) H0CTh 7-KBaHTa 

yp0BHa 

M2 

E l  

MI  
? 

E2 

M2 

E l  

E2 
? 

? 

? 

? 

Op6H- 
Ta.qbHblkl o rlHTeFpaYl 
MOMeHŸ (M3a. M6apH) 
npoToHa 

sDSD ~1,1 ] 

p } 1,4 
? 0,3 

8,2 

E l  

M1 

E l  

E l  N0,6 

4,4 E l  

M1 (El)  

M1 (El) 

E l  

E1 (MI) 

E l  

E1 

MI  (EI) 

MI  (El) 

SO(P) 

P 

P(SD) 

P 

P 
SD(P) 

SD(P) 

0,0031 
0,01 [ 
2,3 

0,8 

1,3 

3,5 

* Yposem, 06Hapy~<eH Tm<~e B peaKtmH C lg (•n) C 11 [2] 
** YpoBem, o6Hapy>KeH Tm<>i<e s peaKurm N 15 (pa) C *~ [5] 

IJ/eHI/iYl '),'-KBaHTOB (av) H K yMeHblJJeHHtO pa3.rll,IqI4~l Me~~y Te0peTl4qecI<HMI4 
14 9KcHepHMeHTa.~bHblMI4 3HaqeHl4fl/Vll4 (av)rmT. ,~~~I m r K H x  ~~ep, 0TMeqeHHOF0, 

nanpnMep, B 15. CJteRyeT mHpoKo npHB.rleKaTb 3KcrlepHMeHTa.YlbHbIe ,/IaHHbIe 

o P7" n nT-  peaKtmsx ~I~~ He3aBHcrilvlofi npoBepi<n pe3yabTaTOB ~0TO~Ulep- 
HbIX HCCYie)IOBaHH~, I3p0B0)IHMbIX, KaI< npaBH~0, C mrlp0Kr~MH cneKTpa~4r~ 7 
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KBaHTOB. E}blYI0 6bl, B qaCTH0CTH, I:IHTepecH0 H3yql, lTb n0XO‰ peaKRm~ H B 

o‰ <r pe3oHaHca. AHa.IH3 ~,aHHblX 0 pT-peaKRHsx £ Kac- 

Kaanoro ~cnyc~anns  7-r~sanTOB n03BOn~eT c~enaTb onpe~e~eHHbi~ SbIBOa 
0 npeo£ (xoT~ n He ncr<mOqnTe~bHO~) E l  - - n o r ~ o m e H n n  7-K~anT0S 
B 3T0~I 0£ 3HepFHH. B p~I:Ie cayqaeB H3 3THX )IaHHblX ~0)KH0 c)Ie~aTb TaK)Ke 

3aK.rlloqeHHe o ceqeHId~X aHH30Tp0flHOFO ~cnycK aH l~  HpOTOHOB B 7p-peat<- 
ttn~x. Hanpn~ep,  nHTerpam, Hoe ceqenne ~ns ypoBne~ 3, 5 n 6 B peaKttn~ 

20 

IQ 

yy 

:3 7~ 151~/Mah G~~O'a~B)N ~ 

, , , ~ / CŸ =7' I 

r '~::p)N I l / I 8,3370/2£ 

/ \ 
:,9 1,9 20 21 22 23 2r hv.#Ta�91 

Puc. 6 

S32/~,p/P 31, COOTBeTCTByIOII~HX ncnycKaHruo flpOTOHOB B p-COCT0~tHI414 : a.H T. : 4,5 

M3B MH:~~H6apH. CJ~eAyeT npnHHMaTb BO BHHMarme BK~a~I 0TAe~bHbIX ypOBHe~ 
B aHH3OTpOflH0e HcrlycKaHle ~0TOHyKJIOHOB npH COrIOCTaB~eHHH cneKTpa 
yF3IOBOF0 pacnpe~e~eHH~ 3THX HyK.rIOHOB C pacqeTa~~ CTaTHCTHqecKo~ TeopHH 
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ON (TP) REACTIONS W I T H  FINAL NUCLEI  1N T H E  GROUND STATE 

By 
V. I. GOLDANSKIJ 

S u m m a r y  

I t  is es t imated the  con t r ibu t ion  of ind iv idual  levels to photonuclear  (p7) react ions  
on f ive l ight  nuclei (B 1~ C 12, N 14, 0 le, S s2) which can be ob ta ined  by  detailed balance me thod  
from exper imenta l  da ta  regarding reverse (PT) reactions. 

The m a x i m u m  cross sections for (TP) reactions wi th  the  format ion  of ground s ta te  
f inal  nuclei  sometimes exceed by  a very  large factor the  m a x i m u m  cross sections in ~~giantr162 
resonance.  The in tegral  cross sections amoun t  to about  10~o of the  in tegral  cross section in  
~~giantr resonance.  

One mus t  keep in mind  the  marked  cont r ibut ion  of ind iv idua l  levels in comparing the  
spec t rum and  angular  d i s t r ibu t ion  of photonucleons wi th  calculat ions f rom stat is t ical  theory .  


