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nono8 IO.n. H AP· P3 - 12750 

H3y4eHHe ~yKTYallH~ HHTeHCH8HOCTeH raMMa
nepeXOA08 npH 3ax8aTe HeHTPOH08 8 pe3oHaHcax 

95 Mo H t57Gd 

npH80ARTCR pe3ynbTaTbl aHanH3a CTaTHCTH4eCKHX CBOHCTB 
HHTeHCHBHOCTeH BTOpH4HbiX raMMa-ne~eXOAOB, o6ycnoeneHHbiX 
pe3oHaHCHbiM 3axeaTOM HeHTPOHOB e 5 Mo H 157Gd. 06Hapy~eHo, 
4TO HHTeHCHBHOCTH BTOpH4HbiX raMMa-nepeXOAOB COCTaBHOro RAPa 
158 Gd ~nyKTyHpyiOT C~nbHee, 4eM 3TO npeACKa3b1BaeT CTaT~C
T~4eCKaR MOAenb KacKaAHOro raMMa-pacnaAa. B cny4ae 

96 
Mo 

~MeeTCR 3Ha4~TenbHaR BepORTHOCTb KOppenR4~~ np~BeAeHHbiX 
He~TpOHHbiX W~p~H S-pe30HaHCOB C ~HTeHC~8HOCTRM~ raMMa
nepeXOAOB C KonneKTHBHOrO ypOBHR J" =3- C 3Hepr~eH 
2,2345 M3B. H3MepeH~R npo80A~n~cb MeTOAOM epeMeH~ nponeTa 
Ha ~MnynbcHOM peaKTope H6P-30. B Ka4eCTBe raMMa-cneKTpo
MeTpa ~cnonbsoeancR repMaH~~-n~T~eBbiH nonynpoBOAH~KOBbiH 

AeTeKTOp. 

Pa6oTa BblnOnHeHa B na6opaTop~~ HeHTPOHHOH ~3~K~ OHRW. 

Coo6Ulel!H8 06'bellHH8HHOrO HHCTHTyTa !UI8pHbiX HCCneaoB&HHA. lly6H8 1379 

Popov Yu.P. et al. P3 - 12750 

Study of Fluctuations of Gamma-Transition 
Intensities at the Neutron Capture in 95

Mo 

and 157 Gd Resonances 

Results of analysing the statistical properties of 
secondary gamma-transition intP.nsities due to resonance 
neutron capture in 95Mo and 157 ad are given. It has been 
discovered that the secondary gamma-transition intensities 
of 158 Gd compound nucleus fluctuate stronger than that 
predicted by a statistical model of cascade gamma-transit i
on. In the case of 96 Mo a probability exists for the corre
lation of reduced neutron widths of s-resonances with inten
sities of gamma-transitions from the collective level J=3-
with 2.2345 MeV energy.The measurements were performed by 
·the time-of-flight method on a pulsed IBR-30 reactor.As 
a gamma-spectrometer a Ge(Li) semiconductor detector was 
implemented. 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 
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1. BBEAEHHE 

HccneAyR MrHo8eHHoe raMMa-H3ny4eHHe npH 3ax8aTe He~Tpo
H08 8 H3onHpo8aHHbiX pe3oHaHcax 149 Sm , 111 Cd , 113Cd 1 ~ 1 

Mbl 3aMeTHnH, 4TO npol..leCcbl KacKaAHoro raMMa-pacnaAa y co
cTa8HbiX RAep 150

Sm pa38H8aiOTCR 8 HeKOTOpOM CMbiCne HHa4e, 
4eM y RAep 112 Cd H 114Cd: ecnH AHCnepCHH OTHOWeHH~ HHTeHCH8-
HOCTe~ raMMa-nepeXOA08 Me~AY HH3KOne~a~HMH COCTORHHRMH RAep 
l12Cd H 114 Cd He npe8b1WaiOT 3Ha4eHH~, npeACKa3aHHbiX no CTa
THCTH4eCKO~ TeOpHH, TO 3KcnepHMeHTanbH~e 3Ha4eHHR AHCnepCH~ 
y 150Sm 3aMeTHO 6onbwe pac4eTH~x. 3a8~WeHH~e 8 cpa8HeHHH 
C pac4eTH~MH AHCnepCHH OTHOCHTenbH~X HHTeHCH8HOCTe~ raMMa
nepeXOA08 Me~AY HH3KOne~a~HMH COCTORHHRMH 6~nH 06Hapy~eH~ 

TaK~e Ha RApax-MHWeHRX 147 Sm 121, 175 Lu H l76 Lu l S I 

TaKoe pacxo~AeHHe TeopHH H 3KcnepHMeHTa MO~Ho o6bRCHHTb 
HCXOAR H3 npeAnOno~eHHR 0 TOM, 4TO raMMa-nepeXOA~ C pe3o
HaHCHbiX COCTORHH~ Ha 4aCTb yp08He~ npH AOCTaT04HO 8biCOKHX 
3HeprHRX 8036Y~AeHHR HAYT C ropa3AO 6onbWe~ HHTeHCH8HOCTbiO, 
4eM Ha COCeAHHe yp08HH TOrO ~e CnHHa H 4eTHOCTH • ~H3H4eCKaR 
npHpOAa TaKOrO YCHneHHR HHTeHCH8HOCTH raMMa-nepeXOA08 MO~eT 
6~Tb C8R3aHa C 60nbWHM 8KnaAOM 8 80nH08~e ~YHKI..lHH 4aCTH 
yp08HeH TeX ~e npoCTbiX KOH~Hrypal..lH~, KOTOpble npOR8nRIOTCR npH 
83aHMOAe~CT8HH He~TPOH08 C RAPaMH. 

HeKoTop~e AeTanH TaKo~ TpaKT08KH 6~nH paccMoTpeHbl 8 pa6o
Te 14 1 . B cny4ae RAeP niOTel..lHR H caMapHR, HaXOAR~HXCR 8 o6na
CTH 4S -MaKCHMyMa HeHTPOHHO~ CHn080~ ~YHK4HH, ecTeCT8eHHO 
O~HAaTb npOR8neHHR OAH04aCTH4HbiX KOMnOHeHT COCTORHH~. YcH
neHHe HHTeHCH8HOCTH nep8H4HbiX raMMa-nepeXOA08 nHWb Ha 4aCTb 
npoMe~yT04HbiX COCTORHH~ 3K8H8aneHTHO COKpa~eHHIO 3~~eKTH8HO

ro 4HCna KaCKaA08 H yMeHbWeHHIO 11 8HAHM0~11 npH raMMa-pacnaAe 
nnOTHOCTH npOMe~yT04HbiX COCTORHHH 8 cpa8HeHHH C o6~e~ nnoT
HOCTbiO ypo8He~. Ol..leHKH, npo8eAeHHble AnR t5°Sm, noKa3anH, 
HanpHMep, 4TO cornaCHe Me~AY 3KCnepHMeHTanbHbiMH H pac4eTHbi
MH 3Ha4eHHRMH AHCnepCHH OTHOWeHH~ HHTeHCH8HOCTe~ raMMa-ne
peXOA08 MO~eT 6b1Tb AOCTHrHyTO npH yMeHbWeHHH 11 3~~eKTH8H0~ 11 

nnOTHOCTH yp08He~ Ha nopRAOK. 
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B AaHHO~ pa60Te npOAOllmaeTC~ 1113y4eHIIIe OTHOWeHIII~ IIIHTeH
CIIIBHOCTe~ raMMa-nepeXOAOB B pe30HaHCaX ~Aep B pa~oHe MaK
CIIIMyMa Ill MIIIHIIIMyHa ClllllOBbiX !I>YHKL\111~ An~ S -He~TPOHOB. 8bi6pa
Hbl C$eplll4eCKOe ~APO 95Mo Ill Ae$OPMIIIPOBaHHOe ~APO 157 Gd. 

2. 3KCnEP~~1EHT 1-1 06PA60TKA l\AHHbiX 
95 

~3MepeHIII~ raMMa-cneKTpoe a 11130ll~poaaHHblx pe3oHaHcax Mo 
Ill 157 Gd 6bllllll BblnOllHeHbl Ha ny4Ke He~TpOHOB IIIMnyllbCHOrO peaK
TOpa ~6P-30, pa6oTaewero a pemiiiMe 6ycTepa-pa3MHOmiiiTell~. 
He~TPOHHble pe3oHaHCbl $111KCIIIpoealliiiCb no MeTOAY speMeHIII npone
Ta np111 pa3peweHIIIIII 70 HC/M. CneKTPbl raMMa-lly4e~ 1113Mep~ll111Cb 
c noMOlllbiO Ge(Li)-AeTeKTopa c 3Hepren14eCK~1M pa3peweHIIIeM 
OKOllO 5 K3B All~ E~- 800 K3B. ~CnOJ1b30Bam1Cb o6pa3L\bl 1113 pa3-
AelleHHbiX 11130Tonoe 95 Mo 111 157 Gd a $QpMe Ill X OKIIICe~. Tollllii-!Ha 
o6pa3L\OB COCTaBllBlla 2,6.10-3 aT/6 Ill 1,2•10-3 aT/6 All~ 95 Mo 
Ill 157Gd COOTBeTCTBeHHO, Yroll MemAY HOpMallbiO K noaepXHOCTI-1 
o6pa31..1a H HanpaBlleHIIIeM Ha AeTeKTOP COCTaBll~ll B cpeAHeM 30° 
nplll 1-13MepeHIII~X C MOlli-!6AeHOM Ill 12° npH 1113MepeHIII~X C raAOJli-1-
HIIIeM. 

l\ey~epHbl~ cneKTP /apeM~ npolleTa - aMnlliiiTYAa IIIMnyllbCa/ 
3aniiiCbiBallC~ Ha MarHIIITHYIO lleHTY. no OKOH4aHIIIIII L\IIIKlla 1113MepeHIII~ 

npOIII3BOA111llaCb rpynnlllpOBKa AaHHbiX, Ill All~ KamAOrO 11130lliiiPOBaH
HOrO pe3oHaHca nolly4allc~ cso~ aMnlliiiTYAHbl~ cneKTP. no nllo
lllaA~M ni-IKOB 3TMX cneKTPOB 6blllM Ha~AeHbl MHTeHCMBHOCTM HaM60-
nee ClllllbHbiX BTOPIII4HbiX ~rKIIIX raMMa-nepeXOAOB ~5 nepeXOAOB 
An~ cocTaeHoro ~Apa 96 Mo 111 9 nepexoAOB An~ 1 8

Gd I. /now 
po6HO npOL\eAypa o6pa60TKIII 3KCnepiiiMeHTallbHbiX AaHHbiX 6bllla 
1113llOmeHa HaMM a pa6oTe I 11 I . .nn~ 96 ~.1o 6bllla onpeAelleHa TaKme 
IIIHTeHCMBHOCTb np~Moro raMMa-nepeXOAa C Ey = 6919 K3B, 3ace
J1~10lllero COCTO~HIIIe 3- C OKTynOllbHbiM TlllnOM B036ymAeHIII~. Ha 
p111c. 1 111 2 npeACTaBlleHbl cxeMbl 3HepreTM4eCKMX ypoeHe~ 96 Mo 
111 15Bact c-IIICClleAOBaHHbiMIII raMMa-nepexoAaMIII. B 3Ha4eHIII~ IIIH
TeHCMBHOcTe~ 6bllllll BHeCeHbl nonpaBKIII Ha Bm1~HIIIe COCeAHIIIX pe-
30HaHCOB C y4eTOM $yHKL\I-IM pa3peweHM~ M 3HepreTIII4eCKO~ 3aBIII
CIIIMOCTIII 3$$eKTIIIBHOrO Ce4eHIII~ 3axBaTa. Bb16paHHa~ reoMeTpM~ 

/ny4oK-o6pa3el.I-AeTeKTOp/ no3BOll~na He y4111Tb1BaTb Blliii~H~~~~ 
nOrllOUieHM~ raMMa-ny4e~ Ha $llYKTya1..1111111 OTHOWeHM~ MX IIIHTeHCIIIBHO
CTe~ B pa3llM4HbiX pe30HaHcax. 

np111 AallbHe~we~ o6pa60TKe Bbi4MCll~llMCb ClleAYIOlliMe BellM4MHbl: 
a/ R - OTHOWeHM~ MHTeHCMBHOCTe~ raMMa-nepeXOAOB K ~H

TeHCMBHOCT~M HaH60llee CMJlbHbiX nepeXOAOB: C Ey=-182 M 
96 

Ey =944 K3B All~ 158 Gd 111 c Ey= 720 M Ey ""778 K3B gn~ Mo; • 
6/ a:T - AMCnepCMIII OTHOWeHM~ R, o6yCllOBlleHHble $llYKTya-

LIIIIe~ IIIHTeHCMBHOCTe~ nepBM4HbiX raMMa-nepeXOAOB 1113 pe30HaHCOB 
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C ,'1aHHbiMIII 3Ha4eHM~MIII CniiiHa J, 111Ha4e rOBOpR, M3 nOllHO~ 3KCne
PIIIMeHTallbHO~ AIIICnepCMM MCKlll04allaCb 4aCTb, CBR3aHHaR CO CTa
TMCTMKO~ OTC4eTOB M APYrMMM 3KCnepMMeHTallbHbiMM norpeWHOCTR
MM /MeTOA OnMCaH B pa6oTe 1 ' /; 

B/ ycpeAHeHHble no pe30HaHCaM AaHHOro CnMHa J 3Ha4eHMR 

<~ > 
<R '> J 

a 
Ha~AeHHble 3Ha4eHMR < _L_!__ > 

<R '> J 
cpaBHMBallMCb C pe3yllbTa-

TaMM paC4eTOB no CTaTIIICTM4eCKO~ MOAellM, MeTOAMKa TeopeTM-

aPT 12 3 1 4eCKMx pac4eTos aellM4MH < > onMcaHa a pa6oTax · . 
<R> J 

n03TOMy 3AeCb OTMeTMM lliiiWb MCnOllb30BaHHble HaMM MCXOAHble 
npeAnOCblll KM . 

a/ Y4MTbiBanMcb TOllbKO raMMa-nepexOAbl MYllbTMnOllbHOCTe~ 
El ,E2 M Ml. 

6/ 3HepreTM4ecKa~ 3aBMCMMOCTb napLIMallbHbiX paAIIIal\MOHHbiX 
WMPMH npiiiHRTa no MOAelllll Ba~CKOn$a ry(Ey)-E~L+l gnRE2- Ill 

Ml -nepeXOAOB M no MOAellM rlll r aHTCKoro 3lleKTPM4eCKoro Alii -
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4 
151 Ey 

non bHOro pe3oHaHca lr3AP I ry (E y.>- 2 2 2 ~ 2 AJlfl E 1 -
(E0 -Ey) +ro y 

nepeXOAOB, Eo 1-1 ro - 3Heprl-1fl 1-1 Wl-1pi-1Ha r'JAP COOTBeTCTBeH-
HO. Pac4eTbl AJlfl 96 Mo BblnOilHeHbl npl-1 Eo = 16,2 M3B 1-1 ro = 
= 6, 3 M3B / 6/ . Aflfl 158Gd y4TeHO paCIJ.IenneHI-ie r3AP 1-1 npi-1Hf!Tbl 
CileAYIOIJ.IIoie 3Ha4eHI-1fl napaMeTpoef71: Ey = 11,7 M3B, r~~2,6 M3B, 

E a = 14 '9 M3 B ' r G - 3 ' 8 M3 B • 
el 0THOWeHI-1fl cpeAHI-1X npi-1BeAeHHbiX WI-1PI-1H raMMa-nepeXOAOB 

pa3Ili-14HbiX MYilbTI-1noilbHOCTei:1 onpeAeileHbl no 3Kcnepi-1MeHTailbHbiM 
AaHHbiM 0 nepBI-14HbiX raMMa-nepeXOAaX Ha HI-13KOile>Ka[i},l-1e COCTOfiHI4fl, 
nony4eHo ry (E1): ry (M1): ry<E2)= 1 : o , 15: o, oo 5 Ailfl 1 8 Gd 1-1 
ry(E1):ry(M1): ry(E2) = 1:0,1:o,oo15 Ailfl · 96 Mo . 

rl B o6naCTI-1 3Hepri-1M OT 3Heprl-11-1 CBfl31-1 AO 3Ha4eH14fl Er AJlfl 
nnOTHOCT14 YPOBHeM I-1CnOilb30BaHa $OpMyna 

p(E,J)=2J+"1 _!_exp[-(_{2J+1)2 +Eo-E)]. 
2a~ T0 8a2 T0 

3Ha4eHI-1R napat~eTpa To npi-1HRTbl paaHbiMI-1 0, 73 1-1 0,6 M3B AilR 
96Mo 14 158Gd COOTBeTCTBeHHO , Eo onpeAeilRilOCb nyTeM Hop-

MI-ipOBKI-1 $OPMYilb1 no paCCTORHI-110 Me>KAY pe30HaHCaM14 181• napaMeTp 
o6pe3aHI-1R Cni-1Ha a= 5 · npl-1 3Hepri-1RX B036Y>KAeHI-1R H14>Ke 3Ha4eHI-1M 
E r IE r= 1,9 M3B AJl.R 158 Gd 1-1 E r = 2,8 M3B AJl.R 

913
Mo I 1-1C-

nonb3oeanacb 3Kcnepi-1MeHTailbHafl cxeMa ypoeHei:1 1-1 3Kcnepi-1MeHTanb
Hble 3Ha4eHI-1R BepOf!THOCTeM raMMa-nepeXOAOB I 7 •91. 

AI npi4H.RTO, 4TO pacnpeAeileHI-1e nap~loiailbHbiX W14P14H nepBI-14-
/ 10/ 

HbiX raMMa-nepeXOAOB Oni-1CWBaeTCR 3aKOHOM nopTepa-ToMaCa · 

3. PE3YnbTATW H 06CYmAEHHE 
1(182 K3B ) 

Ha p1-1c. 3 l-13o6pa>KeHbl oTHoweHI-1R R = AIIR pe3oHaH-
157 1(944 · K3B ) ~ 

COB Gd 1-1 3KCnepi-1MeHTailbHble norpeWHOCTI-1 3TI-1X OTHOWeHI-11-1, 
ropi-130HTaJ\bHble KOPI-1A0Pbl Ha pi-1CyHKe COOTBeTCTBYIOT 3Ha4eH14RM 
<R>J ±aPT, rAe <R> J- cpeAHee 3KCnep14MeHTaJ\bHOe 3Ha4eHI-1e 
Ailfl pe3oHaHcoe AaHHoro cn1-1Ha, a aPT- 3Ha4eHI-1e cpeAHero 
KBaApaTI-14eCKOrO OTKilOHeHI-11'1 <R>J , Bb14>1CileHHOe no CTaT>1CT>1-
4eCKOM MOAeil14. 

3Ha4eHI-1R cn~t~HOB pe30HaHCOB, 
coanaAaiOT c AaHHbiMI-1 pa6oTbl 1 11 1• 

pe30HaHC Eo= 96 ,6 3B, KOTOPOMy 

onpeAeileHHble no OTHOWeHI-110 R, 
HCKI1104eHI-1e COCTaBilReT Ili-1Wb 
no HaWI-1M AaHHbiM CileAyeT np1-1-

ni-1CaTb Cni-1H J=2, 
1

(737 ) 
P1-1c, 4 noKa3biBaeT OTHOWeHI-1R R _ K3 B AJlfl pe3o-

95 1(778 K3B ) 
HaHcoe Mo.Aflfl 3Toro RAPa He YAanocb npoeecTI4 1-1AeHTI-1$1-1Ka~l-1to 

16 

• 

CnHHOB pe3oHaHCOB, no3TOMy >1CnOilb30Baili-1Cb 3Ha4eHI-1fl Cn14HOB, 
npl4 BeAeHHble 8 KOMnl-iilfl~l-11-1 / 8 / , 

1147) 
1( 2 -) 

2 

r 

f.-

f-

I 
t 

f 

157 158 
Gdln.rl Gd 

l ~ :1=2 ~ 
T I I I 

I I t I f T -

J = 1 + ~ 1 . 

+ -

I 

0 100 50 Eo 
P~t~c. 3. 0THoweH~t~R I-1HTeHC14BHOcTei:1 raMMa-nepexOAOB e 157Qd 
R= 1(182) / 1(944) a 3aBI4CI4MOCTI4 oT 3Heprl-1~t~ pe3oHaHcoe 

I E 0 - 3BI. x - AY6IleTbl, He pa3peweHHble HaMI-1. 

15 Mo (n, y 116Mo 

0,1 

1(7371 
117781 

0.05 

. 
-

-

• 

P~t~c, 4. 0THOWeH~t~e ~t~HTeH
CI-1BHOCTei:1 BTOP>14HbiX raMMa
nepeXOAOB B 96Mo R=1(737)/I(778) 
8 3aB~t~CHMOCT>1 OT 3Heprl-11-1 
pe3oHaHcoe IE o- 3BI; 

0 
e - pe30HaHCbl C J 77= 3+ , 
X - pe30HaHCbl C J 77 = 2+, 
0 - p -pe30HaHCbl, 

-0.05 

500 1000 
Eo 

B Ta6n. 1 conocTaeneHbl TeopeTI-14eCK~t~e 14 3Kcnep~t~MeHTailbHble 
aPT 96 

3Ha4eH~t~R een~t~41-1Hbl <--->. Y RAPa Mo. HaXOAflll.leroc.R s Ml-iHI-1-
<R> J 

MYM€ Clt!IlOBOM $yHK~I-114 AJlfl S -HeMTPOHOB, 3KCnepi-1MeHTailbHOe 

7 



a 
3Ha4eH~e < <PRT>_ J He npeBbrwaeT TeopeT~4eCKoro. Y ~'~APa >Ke 
158Gd v 

6 3Kcnep~MeHTanbHble 3Ha4eH~R 3TO~ sen~4~Hbl onbwe Teo-
peT~4ecK~x.TaK~M o6pa3oM, nOATBePA~nocb Ha6n~AaaweecR paHee 
pa3n~4~e 8 B€11~4~He <)JnyKTya'-l~H ~HT€HC~BHOCT€H BTOp~4HbiX 

raMMa-nepeXOAOB Allfl RA€P ~3 o6nacT~ MaKC~MyMa ~ M~H~MyMa 

C~JlOBbiX <)JyHKI..l~H Anfl S -HeHTPOHOB. KaK OTMe4anOCb BO BBeAe
H~~, 3TO 06CTORT€JlbCTBO MO>KHO paCCMaTp~BaTb KaK KOCB€HHOe 
nOATB€P>KA€H~e Bll~RH~fl OAH04aCT~4H~X KOH<)J~rypa'-l~H Ha npo-
4€CC~ KaCKaAHOro raMMa-pacnaAa pe30HaHCH~X COCTORH~H. 

Ta6n~4a 1 
a 

3Kcnep~MeHTanbHble < -:-J_!_ -, ~ TeopeT~4ecK~e < IL '> J 

3Ha4eH~fl <)JnyKTYa4~H OTHOWeH~H ~HT€HC~BHOCT€H 
raMMa-nepexOAOB /a npo'-leHTax/ Allfl pe3oHaHcoa 

RAPO J 
aPT aM 0 PT <--> <- ·· J --rr-:- . < R '- J RM J 

96Mo 2 2,0_2:),9 14 3 6, 1~1 ,9 
158Gd 1 6' 1~2 ,2 1,9 2 4,0~0,8 

Ta6n~4a 2 

aM 
< -- '> 

RM 
BTOp~4HbiX 

CO cn~HOM J 

aM , _ -, 
. RM 

9,9 

1 '4 

CpeAH~e 3Ha4eH~.f! OTHOWeH~H ~HTeHC~BHOCT€H BTOp~4HbiX raMMa
nepeXOAOB c 3Hepr~RM~ E}; = 73 7 ~ E Y z 778 K3B a pe3oHaHcax 

M011~6AeHa-95 

J E Pac4eT 3Kcnep~MeHT 

3 0 0,04 0,040~0,007 
2 0 0,04 0,020~0,005 

1-4 1 0 ,06* -0,0006+0,0048 

*YcpeAHeHO no BCeM B03MO>KH~M 3Ha4eH~flM cn~HOB 
HaHCOB. 

p -pe3o-

8 
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AanbHeC1w~C1 aHan~3 ~HTeHC~BHOCTeC1 raMMa-nepexOAOB e RAPe 
96 Mo BblflB~Jl OTCTynneH~fl OT CTaT~CT~4€CKOC1 MOAell~ peaK'-l~~ 
paA~al..l~OHHOrO 3axaaTa HeHTPOHOB. B ra6n. 2 np~B€A€Hbl OTHO
WeH~.f! ~HT€HC~BHOCT~ nepeXOAa C Ey = 737 K3B, 1-1AYill€rO C KOJllleK
T~BHOro OKTynOJlbHOrO COCTO.f!H~fl J" =3- C 3Hepr~eC1 B036Y>KAe
H~.f! Er = 2,2345 M3B, K ~HTeHc~BHOCT~ nepexoAa Ey = 778 K3B 
M€lKAY nepBbiM B036YlKA€HHbiM ~ OCHOBHbiM COCTORHI-1€M fl,[lpa 

96 
Mo 

/eM. p1-1c. 1/. Pac4eTHble 3Ha4eHI-1R 3TI-1X OTHOweHI-IH OAI-!HaKoBbl 
An.R s -pe3oHaHcoe o6o1-1x cn~HOB ~ HeCKOllbKO Bblwe Allfl P -pe3o
HaHcoe. 3Kcnepi-!MeHTanbHble 3Ha4eHI-1.f! An.A s -pesoHaHcoa cornacy
~TC.R C paC4€THbiMI-1, HO AJl.f! p -pe3oHaHCOB OH~ Ha nOPRAOK M€Hb
we pac4eTHbiX. 3To osHa4aeT, 4TO a npo'-lecce raMMa-pacnaAa 
p -pe30HaHCOB n04€My-TO He 3aC€Jlfl€TC.f! KOJ111€KT~BHbiH ypoBeHb 
3~ XOTfl no npeACKa3aH~flM CTaTI-!CTI-14€CKOH TeOpl-11-1 OH AOJllK€H 
1-1HT€HCI-1BHO 3aC€Jl.f!TbCfl. 

C ypoBHeM 3- , Er = 2,2345 M3B , cB.R3aHO €1Jl€ OAHO OTCTyn
Jl€HI-1e OT CTaTI-1CTI-14€CKOH TeOpl-11-1. KaK ~3B€CTHO, OHa OTPI-1'-laeT 
B03MOlKHOCTb KOppell.f!l..ll-1~ nap'-ll-laJlbHbiX W~PI-IH pa3Jli-14Hb1X KaHallOB 
peaKI..l~H. AHanl-13 OTHoweHI-IH R All.R 1-!HTeHc~aHocTeCi nepexoAa 
Ey = 737 K3B, I-IAYillero c ypoBHR 3-. yKa3biBaeT Ha cyiJleCTBoea
HI-!e KOppell.RI..l~l-1 M€lKAY nap'-ll-lallbHbiM~ paA~a41-10HHbiMI-1 WI-IPI-!HaMI-1 
~ npHBeAeHHbiMI-1 HeCiTpOHHbiM~ w~p~HaM~ pesoHaHcoa. HarnRAHOe 
npeACTaaneHI-!e o Halll-14~1-1 Koppen.RI..ll-1~ AaeT p1-1c. 5, rAe ~so6pa-

I(737 K3B ) . 
>KeHbl OTHOW€HI-1.f! R= -- B 3aB~CI-1MOCTI-1 OT np~BeAeHHbiX 

R 

0,075 

I 
0,051-

. .,~·\! 
0 

P~c. 5. 0THoweH~e 
R = I(737) / I (778) 

I (778 K3B ) 

95 96 
Moln.rl Mo 

I l 
H 

10 20 r: 
1-!HTeHCI-IBHOCTeH BTOpl-141-lbiX raMMa-nepeXOAOB 

B 3aBI-1C~MOCTI-1 OT 3Ha4eH~R r: 
s -pe30HaHCOB I r; - M3B/. 
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R 

Q4 

Q2 

0,4 

Q 

0 

HeC1TPOHHbiX W~P~H peaoHaHCOB rl~ . Ko3<l><l>~4~eHT Koppenfll.l~~' 
onpeAeneHHbiC1 no 12 peaoHaHcaM o6o~x cn~HoB, p(R. f~ ) 2 0, 85. 

AnR socbM~ peaoHaHcos c J17 = 3 + OH paBeH 0, 75. BepoRTHOCTb 

cny4aC1Horo nORBSleH~fl 3Ha4eH~C1, paBHWX 3KCnep~MeHTanbHWM 
~n~ npeBbiWaiOIJI~X ~x np~ ~CT~HHOC1 HynesoC1 Koppenfll.l~~ ,pasHa 

1,5· 10-
6 

a nepsoM cny4ae ~ 2·10- 3 - so BTopoM. Koppenfl4~fl 
c HeC1TpOHHbiM~ w~p~HaM~ B03MO>t<Ha Ailfl npRMbiX raMMa-nepeXOAOB 

Ha KonneKT~BHWC1 yposeHb 3~ HeAOCTaTo4HaR CTaT~CT~4eCKaR 
T04HOCTb He noason~na onpeAen~Tb ~HTeHc~BHOCT~ npRMoro nepe

XOAa /E y ~ 6919 K3B/ Ha 3TOT ypoBeHb Ailfl ~HA~B~AyanbHbiX 
pe3oHaHCOB C ! '~ < 15 M3B, n03TOMy aMnilHTYAHble cneKT-

pw 6wn~ npocyMM~posaHw 
~ 6 6 M3 B < l ' 0 .' 1 4 M3 B tj I 

' II 

8 HHTepsanax 1 ,~ <- 6,4 M3B 

Ha p~c. 6a np~BeAeHbl OTHOWeHHR R = l<6919 K3~2s aas~CHMo-
I (778 K3 B ) 

CT~ OT ~~ . KaK B~AHO ~3 P~CYHKa, CyiJieCTByeT HeKOTOpaR 

sepoRTHOCTb KoppenRl.ll-1~ I~ ~ ~~TeHCHBHOCT~ nepB~4HOro nepe

XOAa E }' = 6919 K3B Ha yposeHb 3 . AnA cpaBHeH~fl Ha p~c. 66 

1(6919 K3B ) 
~306pa>t<eHbl OTHOWeH~R R = -------- 8 3aBJ.1C~MOCT~ OT rno. 

I (737 K3B ) 
3To OTHoweH~e a npeAenax 3KcnepHMeHTanbHwx norpewHOCTeC1 He 

3aB~C~T OT Ben~4~Hbl r~ , n03TOMy MO>t<HO 3aKni04~Tb, 4TO J.1HTeH

C~BHOCT~ KaCKaAOB raMMa-nepeXOAOB Ha 3TO COCTORH~e, B~A~MO, 

TaK>t<e KoppenHpyiOT co 3Ha4eHHeM I ~ 

KoppenR4HR npHBeAeHHWX HeATpoHHwx WHP~H peaoHaHcos _ 

H HHTeHCJ.18HOCTeC1 raMMa-nepeXOAOB C KOnneKT~BHOro YPOBHR 3, 
B03MO>t<Ho, He R8nfleTCfl HCKI1104HTenbHoC1 oco6eHHOCTbiO RAPa 96 Mo. 
06pa6oT Ka AaHHbiX Anfl nRTH H~lKHJ.1X pe30HaHCOB J 17 

: 1 + flAP a 
111

Cd, nony4eHHWx a pa6oTe 1 11 • noKaaana, 4To 1-1 8 3TOM 

6/ 

++ -+-

-+-

a/+ 
10 20 r~ 

10 

PHc. 6. 0THOWeH~e HHTeHC~8Ho

CTeC1 raMMa-nepexoAOB R /oTHo
CHTenbHWx eA~HH4/ 8 3a8HC~MO-

CTH OT r~ pe3oHaHCOB /r~- M3B/; 

a/ R = 1(6919)/ 1(778) , 
6/ R=I(6919) / I (737). 

.. 

.
II 

D 
a: 

0.03 

0.02 

0.01 j 
0 

1 

2,5 5,0 7.5 

PHC. 7. 0THOWeH~e HHTeH

CHBHOCTeA raMMa-nepeXOAOB 

R~l(659)/1(617) 8 3aBHCH

MOCTH OT 2gr~ pe30HaHC08 

tllcct 1 2 gr~ - M3B/. 

2 9 r~ 

C11y4ae BepORTHa KOppeilfll.IHfl r'it 1-1 OTHOCHTe11bH0171 HHTeHCH8HO

CTH raMMa-nepeXOAa,pa3pfl>t<aiOIJiero ypo8eHb J 77 =3- . COOT8eTCT8yiO

IJIHe AaHH~e H306pa>t<eH~ Ha PHC. 7. nony4eHHOe 3Ha4eHHe K03<!>

<Il1H~HeHTa KOppeJlRLIHH p ( r~ . R ) "' 0 '73. BepoRTHOCTb cny4aA-Horo 

nOR811eHHfl p >...0, 73 np~-1 HCTHHH0171 Hyneso171 KOppeilRI.IHI-1 p ~ 

= 1 '7·10- 2 • . 

npeACTaBJlReT HHTepec HCC11eA08aTb, CyiJieCTBYIOT 111-1 aHanor!-14-

H~e K0ppe11Rl.IHH 1-1 AnR APYrHX RAep H3 0611aCTH MHHHMyMa Cl-111080171 

<!JyHKI.II-11-1 AJlfl S -He171TpOH08, TeM 6011ee 1 4TO npl-1 3aX8aTe Ten11o

~X He171TpOH08 RAPaMH 87 Sr , 91 Zr , 115 •97 Mo , 131Xe 1-1 
137

Ba 

06Hapy>t<eH~ CH11bH~e npRMble nepeXOA~ Ha COCTORHHR J77 ~ 3- 1 12 ~ 
Ha11H4He KOppe11Rl.IH171 MelKAY r~ H OTHOUJeHHRMH HHTeHCHBHO

CTe171 R 03Ha4a110 6bi, 4TO 1-1 8 o611aCTH MHHHMyMa Cl-111080171 

<I>YHKI.II-11-1 AJ1R S -He171TpOHOB 8 np04eCcax paAHal.IHOHHOrO 3aX8aTa 

3aMeTHa P011b npOCT~X KOH¢~rypa41-1A 8 CTPYKType RAePH~X co

CTORHI-1171. 

4. 3AKil104EHHE 

CyMMHpyeM KOPOTKO pe3y11bTaTw AaHHo171 pa6oT~. 

1. npl-1 HCC11eA08aHHH raMMa-H311~4eHHR OT pe30HaHCHOrO 3a

XBaTa He171TpoH08 RAPaMH 
95 Mo 1-1 

15 
Gd 6~11 noATBep>t<AeH 8bi80A 

pa60TW / t / 0 TOM, 4TO xapaKTep <!J11yKTYal.IHA oace11eHHOCTH HI-13KO

Sle>t<all\HX COCTORHHj;j np~-1 KaCKaAHOM raMMa-pacnaAe pe30HaHCHbiX 

COCTO.RHI-1171 pa3SlH4eH A11R RAep 1-13 0611aCTH MaKCHt-lyMa 1-1 RAeP 1-13 

0611aCTH MHHHMyMa Cl-111080171 <!JYHK4HH AJlfl S -HeATpOH08, 

11 



<)6 2. 06HapymeHo, 4TO raMMa-pacnaA cocTaBHoro RAPa · Mo, 
npOXOAR~~~ 4epe3 KOnneKT~BHOe OKTynonbHOe COCTORH~ e C Jn- 3-
~ Er = 2,2345 M3B, He noA4~HReTcR 3aKoHoMepHOCTRM cTaT~CT~-
4eCKO~ TeOp~~. 0TCTynneH~e OT CTaT~CT~4eCKO~ Teop~~ B~pama
eTCR B Han~4~~ KOppenR~~~ MemAY 3aceneHHOCTb~ YPOBHR 3-
~ l~ pe30HaHcos, a TaKme B aHoManbHO ManoM 3aceneH~~ ypos
HR 3 - np~ 3axsaTe He~TPOHOB B p -pe3oHaHcax. Bo3MOmHo, 
4TO KOppenR~~~ 1; ~ 3aceneHHOCT~ COCTORH~R 3- ~Me~TCR TaKme 
y RAPa 112Cd. 

0TMe4eHH~e s~we $aKT~ noKa e~e He Hawn~ TeopeT~4ecKoro 
06oRCHeH~R, no3TOMY HaM npeACTaBnReTCR ~enecoo6pa3HbiM npo
AOnm~Tb ~ccneAOBaH~R B yKa3aHHbiX HanpaeneH~Rx c lj enb~ nony-
4eH~R HOB~X $aKTOB ~ AOCT~meH~R ~X 60nbWe~ AOCTOBepHOCT~. 

AeTop~ e~pama~T 6naroAaPHOCTb 6.n.Oc~neHKO ~ 3.B.Bac~nbe
eo~ 3a ~3 roTosneH~e Ge (Li) - AeTeKTopos. 
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