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BBe;QeHHe 

Hccne;QOBaHHR B3aHMO;QeHCTB= HeHTpOHa C R;QpOM B OT;Qen:&HliX pe-

30HaHcax cnyxaT HCTOqHHKOM HOBOH HH~OpMaQHH, Heo6xo;QHMOH ;QnR onHca

HHR MexaHH3Ma pacna;1:1a cocTaBHoro R;Qpa. ~KcnepHMeHTan:&HHe ;QaHHHe 06 

oco6eHHOCTRX ;1:1eneHHR, H;Qy~ero qepe3 pe30HaHCHlie KOMnayH;Q-COCTORHHR 

HYXHli ;QnR BliRCHeHHR npHpO;Qli KaHanoB H MO;Q ;1:1eneHHR. OHH MoryT OKa-

3aT:&CR none3HliMH ;QnR DOHHMaHHR ;QHHaMHKH npoQecca ;1:1eneH=-

B pR;Qe pa6oT Ha6nm;1:1anHc:& oco6eHHOCTH MaccoBoro pacnpe;1:1eneHHR 

OCKOnKOB ;QeneHHR R;Qep 2330 1 
2350 H. 239Pu pe30HaHCHliMH HeHTpOHaMH. B 

O;QHOH H3 nocne;QHHX pa6oT sToro HanpaBneHHR [ 1] H3yqanoc:& MaccoBoe. 

pacnpe;QeneHHe OCKOnKOB ;QeneHHR 2350 TennOBliMH H pe30HaHCHHMH HeHTpo

HaMH, KaK B OT;Qen:&HliX pe30HaHcax, TaK H B HHTepBane SHeprHH OT 0,3 

;QO 25,6 sB. KaK DHWYT aBTOpli, STOT HHTepBan COBDa;QaeT c HHTepBanoM, 

H3yqeHHOM B pa6oTe [2], r;Qe Ha6nm;1:1ancR pocT BHxo;1:1a acHMMeTpHqHoro 

;QeneHHR npHMepHO Ha 6% ;QnR MaCCli 133 H OKono 14% ;QnR MaCCli 131 OT

HOCHTen:&HO ;1:1eneHHR Ha TennOBliX HeHTpOHax. B pa6oTe [l] 6HnH HaH;QeHH 

pa3nHqHR KaK ;QnR acHMMeTpHqHoro TaK H ;QnR CHMMeTpHqHoro ;QeneHHR. 

BliXO;Q OCKOnKOB c MaCCOBliMH qHcnaMH OT 114 ;QO 122, COOTBeTCTBYID~HX 

CHMMeTpHqHouy ;QeneHHID, OKa3ancR HHXe npHMepHO Ha 15%. ~nR aCHMMeT

pHqHoro ;QeneHHR B o6naCTH Mace OT 84 ;QO 96 HOT 140 ;QO 152 OTMeqeHO 

yMeH:&meHHe BliXO;Qa, a ;QnR Mace OT 96 ;QO 108 HOT 128 ;QO 140 - BliXO;Q 

B03pacTaeT. IlonyqeHHlie B pa6oTe ;QaHHlie npHBe;QeHH Ha pHCYHKe 1 • B 

BepxHeH qacTH ero DOKa3aHH SKcnepHMeHTan:&Hlie TOqKH H KOMDOHeHTli 

MaCCOBOoro pacnpe;1:1eneHHR, COOTBeTCTBYID~He TpeM pa3nHqHHU MO;QaM ;Qe

neHHR Ha TennOBliX HeHTpOHax. B HHXHeH qacTH npHBe;QeHa pa3HOCT:& Mac-. 

COBoro pacnpe;1:1eneHHR ;QnR pe30HaHCHliX H TennoBHX HeHTpOHOB. MaKCH

Man:&Hlie OTKnOHeHHR BliXO;Qa ;QnR aCHMMeTpHqHoro ;1:1eneH= COCTaBnRIDT 

npHMepHO 4%, a o6~HH BH;Q pa3HOCTH roBOpHT o TOM, qTo ;QnR ;QeneHHfI 

pe30HaHCHliMH HeHTpOHaMH ;QBa MaKCHuyMa HaXO;QRTCR 6nHze ;Qpyr K ;1:1pyry, 

qeM ;QnR TennOBliX HeHTpOHOB. 

no MHeHHID aBTOpOB pa60Tli [l] HX pe3yn:&TaTH cornacymTCR C ;QaH

HliMH 6onee paHHHX pa6oT, npOBO;QHMliX C HCDOn:&30Ba1meM R;qepHHX B3pli

BOB B KaqecTBe HCTOqHHKa HeHTpOHOB. B HHX Ha6nm;1:1anHC:& e~e 6on:&mHe 

OTnHq= B MaCCOBOM pacnpe;1:1eneHHH OCKOnKOB ;QeneHHR TennOBliMH H pe3o

HaHCHHMH HeHTpOHaMH ;QnR ;1:1pyroro'R;t1pa - 239Pu. B03NOXHOCTH npHNeHeHHR 

s~eKTHBHOH MeTO;QHKH pa60Tli [l], HCDOn:&3yro~eH ;QBOHHYID HOHH3aQHOHHYID 

KaMepy I CHn:&HO orpaHHqeHH npH H3yqeHHH SToro R;Qpa Bcne;QCTBHe ero 

BliCOKOH a-aKTHBHOCTH. 

C Qen:&ID nonyqeHHR ;QononHHTen:&HliX ;QaHHliX 06 oco6eHHOCTRX pe3o

HaHcHoro ;1:1eneHHR B HacTo.mqett pa6oTe npoBe;QeHH cpaBHHTen:&Hlie H3Nepe-. 

h~i;.r.a;h,.Q r;~::--.lr_vii', 
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PHC .1. BBepxy - MaCCOBOe pacnpe;i:ieneHHe OCKOnKOB ;i:ieneHHSI 235_U Tenno

BillMH HeHTpoHaMH. BHH3Y - pa3HOCTb MaCCOBUX pacnpe;i:ieneHHH ;i:insi 

pe30HaHCHUX H TennoBUX HeHTpOHOB. PHCYHKH B3SIT9 H3 pa60T9 

[ 1] • 

HHS! cneKTpOB MrHOBeHHOro raMMa-HsnyqeHHSI OCKOnKOB ;i:ieneHHSI 239Pu Ten

nOBillMH H pe30HaHCH9MH HeHTpOHaMH. IlpHMepeHHe MeTO;Qa raMMa-cneKTpo

CKOnHH npH HsyqeHHH ;i:ieneHHSI STOro Sl;Qpa [3] nosBonsieT H;QeHTH!pHQHpo

BaTb ocKonoK-c a6conroTHillM paspemeHHeM no uacce H sapsi;i:iy. HsBeCTHue 

HHTeHCHBHOCTH nepeXO;QOB poTaQHOHHOH nonocu B036yJC;QeHHH ;i:insi qeTHO

qeTHUX OCKOnKOB psi;i:ia ;i:ienSil!IHXCSI SI;Qep, nonpaBneHHUe Ha KOS!pipHQHeHT 

BHyTpeHHeH KOHBepcHH, HcnonosyroTCSI npH STOM ;QnSI onpe;i:ieneHHSI a6co

nroTHoro BUXO;Qa OCKOnKOB. 

IlpoBe;QeHHe SKcnepHMeHTOB 

9KcnepHMeHT9 npoBO;QHnHCb Ha HMnynoCHOM peaKTOpe HBP-30, pa6o

TaBmeM B coqeTaHHH c YCKOpHTeneM flY9-40. qacTOTa HMnynoCOB HeHTpo

HOB COCTaBnsina 10 0 rQ , a ;QnHTenHHOCTb - 4 MKC • ,llnsi H3MepeHHH 6un 

HCnonb30BaH y-cneKTPOMeTp Ha OCHOBe 6UCTpOH HOHH3aQHOHHOH KaMepu 

;i:ieneHHSI [4], co;i:iepJCa111eH B KaqecTBe MHmeHH 1.6 r. H30Tona nnyTOHHSI-

239, H Ge(Li)-;QeTeKTOpa, BKnroqeHHUX Ha COBna;i:teHHSI. IlponeTHaSI 6asa, 

Ha KOTOpo8 npOBO;QHnHCb H3MepeHHSI, COCTaBnsina 57 M, paspemeHHe no 
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BpeMeHH nponeTa HeHTpOHa - 61 HC/M, SHeprHSI peQHKnHqHux He8TpOHOB -

0.17 sB. B XO;Qe H3MepeHHH npOBO;QHncsi MHOrouepHUH aHanH3, no;i:io6HUH 

onHCaHHOMY B pa6oTe [SJ, c perHcTpaQHeH Tpex napaMeTpOB Ha KallC;QOe 

co6uTHe: BpeMeHH nponeTa HeiiTpoHa, BU3BaBmero ;i:ieneHHe, sHeprHH y

KBaHTa ( Ey) , HcnyllleHHOro OCKOnKOM H BpeMeHHoro HHTepBana MellC;QY pe

rHCTpaQHeH OCKOnKa H y-KBaHTa ('t). IlpH STOM HHTepBan SHeprHH perHCT-' 

pHpyeuux HeHTpOHOB COCTaBnsin ( 0, 4 + 220) sB, raMMa-KBaHTOB - Ey= 

(100 + 2300) KSB, a ;QHan030H BpeMeHHOro napaMeTpa 't - 1 MKC. 0THO

CHTenoHaSI SipipeKTHBHOCTb Ge(Li)-;QeTeKTOpa COCTaBnmia 12%, a SHepre

THqecKoe paspemeHHe ;i:insi SHeprHH 129 KSB - 1.7 KSB. 

IlOCKOnbKY na;i:iaro111He Ha MHmeHb HeHTpOHU c SHeprHeH .HHllCe 0.17 sB 

B ycnoBHSIX SKcnepHMeHTa 6unH peQHKnHqHI:,IMH, ;i:insi BU;QeneHHSI ;i:ieneHHH, 

HHHQHHpyuux TennoBUMH HeHTpOHaMH, He y;i:ianocb Bocnonb30BaTbCSI BpeMSI

nponeTHOH MeTO;QHKOH, a npHMeHsincsi MeTO;Q Ka;QMHeBOH pa3HHQU. Ka;QMHe

BOe OTHOmeHHe COCTaBnsino BenHqHHY 0.213. 

KallC;QaSI H3 4-x npoBe;QeHHUX B SKcnepHMeHTax cepHH COCTOSina H3 

naps H3MepeHHH, B O;QHOM H3 KOTopux B nyqKe na;i:taIDlllHX Ha MHmeHb HeH

TpOHOB noue111ancsi Ka;QMHeBUH ipHnbTp. IlpH cpaBHeHHH H3MepeHHUX B TaKOH 

nape cnexTpOB raMMa-KBaHTOB norpemHOCTb OTHOCHTenoHUX pesynoTaTOB 

6y11eT MeHome qeu npH cpaBHeHHH a6conroTH9X ;QaHHUX H3-3a OTCYTCTBHSI 

BKna;i:ia norpemHOCTH SipipeKTHBHOCTH raMMa-cnexTpOMeTpa. 

06pa60TKa ;QaHHUX 

B CBSl3H C He;QOCTaToqHoH CTaTHCTHqecKOH npe;i:tcTaBHTenbHOCTbID 

H3MepeHHUX raMMa-cneKTpOB ;i:insi OT;QenbHUX pesoHaHCOB, npH o6pa60TKe 

pesynoTaTOB npoBe;QeHHUX SKCnepHMeHTOB npOBO;QHnCSI HHTerpanbHUH cpaB

HHTenbHUH aHanH3 raMMa-HsnyqeHHSI OCKOnKOB H3 TennoBoro H pe30HaHc

Horo ;i:ieneHHSI, r;i:ie B KaqecTBe pesoHaHcHoro B3SIT HHTerpan no cnexTpy 

HeHTpOHOB OT 0,3 ;QO 220 sB. B ;i:ianoHeHmeM 6y;i:teM Hcnonb30BaTb cne;i:iyro

l!IHe o603HaqeHHSI: cneKTpu, nonyqeHHUe H3 Ha6opa C ipHnbTpOM, 6y;i:teM 

Ha3UBaTo cnexTpaMH (nres,f)-peaKQHH, cneKTpu, nonyqeHHUe H3 Ha6opa 

6e3 ipHnbTpa, cneKTpaMH (Ilsum,f)-peaKQHH. 3;QeCb HH;QeKC "sum" 03Ha

qaeT cyMMapHoe B3aHMO;QeHCTBHe C pe30HaHCHillMH H TennOBillMH HeHTpOHa

MH. HHTeHCHBHOCTH y-xBaHTOB H3 cooTBeTCTBYIDlllHX cneKTpoB 6y;i:ieu Hasu

BaTo HHTeHCHBHOCTSIMH ( Ilres, f) -peaKQHH H HHTeHCHBHOCTSIMH ( llsum, f) -

peaKQHH. H3 pa3HHQU STHX HHTeHCHBHOCTe8 npH yqeTe Ka;QMHeBoro OTHO-· 

meHHSI 6y;i:tyT nonyqeHU HHTeHCHBHOCTH (Ilth,f)-peaKQHH, T. e. HHTeHCHB

HOCTH ;QnSI ;i:ieneHHSI nnyTOHHSI TennOBUMH He8TpOHaMH. 

Ha nepBOM STane o6pa60TKH npOBO;QHnacb copTHpOBKa HaKonneHHUX 

B sxcnepHMeHTax MHorouepHUX ;QaHHUX c nocTpOeHHeM 8-MH ;QByxuepHUX 
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MaTpHI;i Ey x 't c pa3MepHOCTI,IO 4096xl024, HHTerpnpoBaHHl,IX no BpeMeHH 

nponeTa HeHTpOHOB. Ilpe}:ICTaBneHHa.R B TaKOM BH}:le HHqJOpMaQH.R YA06Ha 

}:In.JI xpaHeHH.R H }:lanI>HeiimeH 06pa60TKH, T. K. no3BOn.ReT nonyqaTI, O}:IHO

MepH!,!e cneKTp!,! raMMa-KBaHTOB B n1060M HHTepBane napaMeTpa 't. liHTe

rpanI>Hl,IH cneKTp no 3TOMY napaMeTpy, npe}:ICTaBn.RIO~HH cneKTp BpeMeHHl,IX 

COBila}:leHHH KaMepa }:lenHH.R - raMMa-}:leTeKTop, IlOKa3aH Ha pHCYHKe 2. 

N 
1 

20000 

10000 

0 
200 800 n 

Pnc.2. liHTerpanI>Hl,IH cneKTp napaMeTpa 't, nonyqeHHl,IH B nepBoH cepHH 

H3MepeHHH: N - qncno oTcqeToB, n - Houep KaHana (QeHa KaHana 

1.1 HC). 

C061,1TH.R, 3aperncTpHpOBaHHl,le cneBa OT IlHKa COBila}:leHHH, .RBn.RIOTC.R cny

qaHHl,IMH COBila}:leHH.RMH, a cnpaBa - Ha cnyqai1H1,1e COBila}:leHH.R HaKna}:ll,IBa

lOTC.R HCTHHHl,le 3ana3}:ll,IBaIO~He COBila}:leHH.R C raMMa-KBaHTaMH C ypoBHeH, 

HMeIO~HX BpeM.R JCH3HH 6onI>me 14 HC. 

~n.R pa3nHqHl,IX HHTepBanoB 3HaqeHHH napaMeTpa 't CTpOHnHCI, raM

Ma-cneKTp!,! cnyqaHHl,IX ( nepB!,!H HHTepBan - cneBa OT IlHKa) H HCTHHHl,IX 

COBila}:leHHH {BTOpOH HHTepBan - npaBa.R qacTI> cneKTpa, BKn10qa10~a.R nHK 

cona}:leHHH). CneKTp-1 H cneKTp-2, COOTBeTCTBYIO~He 3THM HHTepBanaM 

}:In.JI O}:IHOro H3 H3MepeHHH nepBOH cepHH, npe}:ICTaBneH Ha pncyHKe 3. B 

cneKTpe cnyqaHHl,IX COBila}:leHHH npo.RBn.RIOTC.R IlHKH, conyTCTBYIO~He a-pac

na}:ly .RApa 239Pu. 

IlpH o6pa6oTKe nonyqeHHl,IX TaKHM o6pa30M cneKTpOB npHMeH.RnacI> 

IlO}:lrOHQqHa.R nporpaMMa SPANAL [6]. IlporpaMMa HaXO}:IHT Ha cneKTpe He

CHMMeTpHqH1,1e IlHKH. wopua IlHKOB 3a;QaHa KaK rayccOBCKOe pacnpe}:lene

HHe, CBepHyToe C sKcnoHeHTOH, y61,1Ba10~eH B CTOpoHy MeHI>mHX 3HeprHH. 

IIosTouy KaJC):11,lH nHK HMeeT cne}:lyIO~He napaueTp1,1: nono:aceHHe, nno~a;QI>, 
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1000 

0 I I I . --~·---1 I t 1 " I O I 
8000 

6000 

4000 

2000 

100 300 
n 

2 

500 700 

PHc.3. rauua-cneKTp1,1, nonyqeHH1,1e B H3MepeHH.RX 6e3 ij_JHnI>Tpa B nepBoH 

cepHH: 1 - cneKTp cnyqaHHl,IX COBna}:leHHH (cneKTp-1), 2 - cyM

MapH!,!H cneKTp HCTHHHl,IX H cnyqaHHl,IX COBila}:leHHH (cneKTp-2). N 

- qHcno oTcqeToB, n - HOMep KaHana. 

nonymHpHHa H aCHMMeTpH.R. Ilo}:lrOH.RnC.R cneKTp-1 H HaXO}:IHnC.R nonHHOM 

}:In.JI aCHMMeTpHH. ~anee cneKTp, nonyqHBmHHC.R B pe3ynI>TaTe 3TOH no):1-

roHKH, HOpMHpoBanc.R cornacHo mHpHHaM HHTepBanoB no 't cneKTpa-1 H 

cneKTpa-2 H B1,1qHTanc.R H3 cneKTpa-2. TaKHM cnoco6oM nonyqaeTc.R 

cneKTp-3, oqH~eHHl,IH OT npHMeCH cnyqaHHl,IX COBna}:IE:HHH. cneKTp-3 H3 

H3MepeHH.R 6e3 qJHnI>Tpa B nepBOH cepHH noKa3aH Ha pHC. 4 • BH}:IHO, qTo 

nHKH HaXO}:l.RTC.R Ha Bl,ICOKOM qJOHe KonoKonoo6pa3HOro BH}:la. ~n.R no}:lrOHKH 

cneKTpOB TaKoro Tnna Hy:acH1,1 }:lononHHTenI>H1,1e npe}:lnono:aceHH.R o ij_JopMe 

no}:lnozKH. IlpH o6pa6oTKe cneKTpoB-3 H3 Bcex Ha6opoB HcnonI>30BanocI> 

npe}:lnono:aceHHe, qTo no}:lnOJCKy MOJCHO onncaTI, nnaBHOH KpHBOH, He HMeIO

~ea noKanI>Hl,IX oco6eHHOCTeH mHpHHOH 30-50 KaHanoB. TaK KaK cneKTp-3 

.RBn.ReTC.R pa3HOCTI,IO cneKTpa-2 H no}:IOrHaHHoro cneKTpa-1 , npH no}:lrOH

Ke cneKTpa-3 B KaqecTBe cneic~pa AHCnepcna ncn6nI>3oBanc.R cneicTp-2. 

Han6onI>my10 cno:acHocTI> npeAcTaBn.ReT no}:lroHica HaqanI>Horo yqacTica 

cneKTpa AO 600 KSB {B paHOHe 600 ICSB BH}:IHa CTyneHI,Ka OT Heynpyroro 

pacce.RHH.R 61,1cTp1,1x HeHTpOHOB Ha Ge) • B nporpaMMe SPANAL no}:lnOJC!Ca 

H~eTc.R B BHAe napa6on Ha 3a}:laHHl,IX yqacTicax. Ha rpaHnr;iax cmnBaIOTC.R 

3HaqeHH.R napa6on H HX npOH3BO;QHl,IX. IlpH no;i:iroH!Ce HHTepBana OT Haqana 

):10 600 KSB nporpaMMa pa6oTana c qJHICCHpOBaHHl,IMH nonymHpHHOH H dCHM-
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PHc.4. raMMa-cneKTp HCTHHHlilX COBilaAeHHH, nonyqeHHlilH B H3MepeHHH 6e3 

~HnbTpa B nepBOH cepHH H3MepeHHH. IlOAilHCH HaA nHKaMH - SHep

rHH y-nepeXOAOB B KSB. IlnaBHaR KpHBaR - IlOATIOJKKa, nonyqeHHaR 

npH IlOArOHKe. N -- qHcno OTCqeTOB, n -- HOMep KaHana. 

MeTpHeft. 3aAaBanocb 6- 7 yqacTKOB ATIR napa6on. B KaqecTBe rpaHHq 

yqacTKOB Ha cneKTpe 3aAaBanHCb TQqKH, npeAnonOlKHTenbHO neJKa~He Ha 

ypoBHe ~OHa. .QnR ABYX Ha6opoB KalKAOH cepHH 3aAaBanHCb OAHHaKOBlile 

rpaHHQlil yqacTKOB. IlOArOHKa qacTH cneKTpa c SHeprHeH Blilme 600 KSB 

npo~e, TaK KaK TaM noAnOJKKa MOHOTOHHO y6NBaeT. B nporpauue SPANAL 

3aAaBanacb qyBCTBHTenbHOCTb IlOHCKa nHKOB 2.d.S, T. e. HCKanHCb nHKH, 

nno~aAH KOTOplilX 6!ilnH 6onbme YABOeHHOH OWH6KH nno~aAH • .Qanee B TeKC-

6 

Te cneKTp-1 6yAeM Ha3lilBaTb cneKTpOM cnyqaftH!ilX COBnaAeHHH,a cneKTp-3 

cneKTpOM HCTHHHlilX COBnaAeHHH. 

.[ITIR onpeAeneHHR SHeprHH HaHAeHHlilX nHKOB B KaJKAOH cepHH B3Me-· 

peHHH Aenanacb Kann6poBKa no nHHHRM: 94,65; 129,28; 375,02 n 413,69 

KSB H3 pacnaAa 239Pu, a TaKJKe 1778,90 KSB H3 3aXBaTa HeHTpOHOB Ha Al 
H 2223,25 KSB H3 3aXBaTa Ha BOAOPOAe. 

.Qanee 6!iln npoH3BeAeH OT6op.nHKOB Ha cneKTpax HCTHHHlilX COBna

AeHHH ATIR AanbHeHmero aHanH3a • .QnR SToro H3 TB6nnq pa60T!il [7] 6!ilnH 

B!i16paHlil 32 qeTHo-qeTHlilX OCKOnKa, BlilXOAlil KOTOpNX npeBlilWdIDT 3HaqeHHe 

0, 3 % • :9TO 3HaqeHHe 6!ilnO B!i16paHO H3 cneAyID~HX coo6paJKeHHH. MaKCH

ManbHlile BlilXOAlil OCKOTIKOB B n3yqaeMOH peaKqHH paBHlil 3% ._ 5%. -qT061i1 

nonyqnTb 3HaqeHHR STHX BlilXOAOB C TQqHQCTbID He xyJKe 10%, HaAO 3HaTb 

B03MOlKHlile BKnaAlil B nno~aAH nHKOB Tex OCKOTIKOB, BlilXOAlil KOTOplilX 0,3%. 

B Ta6n. I npHBOARTCR AaHHlile 06 OT06paHHlilX OCKOnKaX:. 3HaqeHHR peKO

MeHAOBaHHlilX BlilXOAOB H3 pa60T!il [7], SHeprHH B036YlKAeHHH ypoBHeH 2+, 

4+ H 6+ n CClilTIKH Ha COOTBeTCTBYID~He pa60T!il. 3HaqeHHR peKOMeHAOBaH

HlilX BlilXOAOB OCKOTIKOB nonyqeHlil B pa6oTe [7] pacqeTHNM nyTeM Ha OCHO

BaHHH onpeAeneHHOH MOAenn. B KaqecTBe HCXOAHlilX AaHHlilX 6!ilnH B3RT!il 

108 SKcnepnMeHTanbHlilX 3HaqeHHH BlilXOAOB OCKOTIKOB npH AeneHHH 239Pu 

TennoBNMH HeHTpOHaMH C HX omn6KaMH, H B pe3ynbTaTe 6!ilnH nonyqeHlil 

3HaqeHHR BlilXOAOB H HX omH60K 6onbme qeu 830 OCKOTIKOB. B Ta6n11qe 

3HaK * CTOHT OKOno TeX 3HaqeHHH BlilXOAOB, KOTOplile 6panHCb H3 SKcne

pHMeHTOB, OCTanbHlile 3HaqeHHR nonyqeHlil pacqeTHNM nyTeM. H3 AaHHlilX 

Ta6n. I 6!ilnH onpeAeneHlil. sHeprHH nepexo)'.loB 2+ ➔ o+, 4 + ➔ 2+ H 6+ ➔ 

4+_ '.9HeprHR 4041 KSB H3 pacnaAa 132sn 6lilna OT6pomeHa, TaK KaK STOT 

AHana30H SHeprHH Y-KBaHTOB B SKcnepHMeHTax He perncTpnpoBancR, 

SHeprHH HHJKe 150 KSB He paccMaTpHBanHCb, TaK KaK H3-3a cnoJKHOCTH 

cneKTpOB B STOH o6naCTH SHeprHH TPYAHO nonyqHTb HaAeJKHYID HH~OpMaqnm 

0 nno~aARX nHKOB. H3 nonyqeHHlilX TaKHM o6pa30M 82 nepeXOAOB B cneKT

pe c Han6onbmeft CTaTHCTHKOH 6!ilnO o6HapylKeHO 45 nepeXOAOB. IlepeXO)'.llil 

602, 605 H 620 KSB H3 aHanH3a 6!ilnH HCKnmqeHlil, TaK KaK OHH HaXO)'.IRTCR 

B cneKTpax Ha CTYneHbKe OT peaKQHH Ge(n,n'y), H H3-3a Manoft CTaTHC

THKH B H3MepeHHRX c ~HnbTpou STY CTYneHbKY He y)'.lanocb HaAeJKHo o6pa-

6oTaTb npH IlOArOHKe. IlHK 511 KSB He o6pa6aTlilBancR, TaK KaK SHeprHR 

nepeXOAa B 106Mo COBnaAaeT C SHepraeft aHHHrHnRQHH Il03HTpOHa • 

TaK KaK B CilHCKe SHeprHH HeKOTOplile nepeXOAlil HMeIDT 6nH3KHe 

3HaqeHHR SHeprHH, pa3pemeHHe Ge(Li)-AeTeKTOpa He Il03BOnHno BX pa3-

AenHTb, H nno~aAH PRAa nHKOB Ha cneKTpax OTpaJKaIDT cyuuapHlile HHTeH

CHBHOCTH nepeXOAOB H3 pa3HlilX OCKOTIKOB. 

B Ta6n.II npnBeAeHlil AaHHlile O COOTBeTCTBYID~HX OCKOnKax ATIR qe-
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Ta6n.I. ~aHHUe O qeTHo-qeTHUX OCKOnKax, OT06paHHUX AflR aHanH3a 

OCKOflOK BuxoA,% 

Se 

Kr 

Kr 

Kr 

Sr 

Sr 

Sr 

Sr 

Zr 

Zr 

Zr 

Zr 

Mo 

Mo 

Mo 

Ru 

Ru 

Sn 

[7] 

84 0.31(03) 

88 0.79(03)* 

90 1.18(05)* 

92 0.34(02)* 

92 1.06(06)* 

94 3.12(16)* 

96 1.90(09)* 

98 0.33(12)* 

96 0.55(10)* 

98 2.85(14)* 

100 4.76(24)* 

102 1.19(12)* 

102 1.68(12)* 

104 4.12(21)* 

106 2.05(10)* 

108 1.24(06)* 

110 0.50(06) 

128 0.59(07) 

~HeprHR ypoBHR Jn, KSB 

2+ 4+ 6+ 

1455.110 

775.310 

707 .130 

769.000 

814.980 

836.910 

814.930 

144.225 

1750.900 

1222.830 

212.531 

151. 770 

295. 920 

192,.300 

171.548 

242.230 

240.670 

1168.830 

1643.870 

2146.000 

433.770 

2857.900 

1843.340 

564.491 

478.410 

743.030 

561.000 

522.400 

665.140 

663.800 

2000.350 

867.300 

3483.200 

2490.920 

1062.400 

965.200 

1327.130 

1081.000 

1034.200 

1238.000 

1239.900 

ccunKH 

8 

9 

10 

11 

11 

12 

13 

14 

13 

14 

15 

16 

16 

17 

18 

19 

20 

21 

Sn 130 0.85(17)* 1221.260 1995.660 2257.000 22 

Sn 132 0.49(09)* 4040.800 4415.800 4715.200 

Te 132 2.36(07)* 973.900 1670.710 1774.140 

Te 134. 4. 70(52) 1279. 700 1576.800 1692.000 

Te 136 

Xe 136 

Xe 138 

Xe 140 

Ba 140 

Ba 142 

Ba 144 

Ce 146 

Ce 148 

Nd 152 

0.66(19) 

3. 02 (36) 

4. 08 (33) * 
1.55(09)* 

0.90(18) 

3.27(36) 

2.09(23) 

0.95(11) 

1.09(12) 

0.38(04) 

605.910 

1313.030 

588.825 

376.657 

602.345 

359.596 

199.326 

258.470 

158.468 

75.900 

1029.000 

1694.390 

1072.530 

834.287 

1130.580 

834.810 

530.240 

668.330 

453.430 

240.600 

8 

1381.000 

1891.710 

1554.000 

1416.000 

1466.100 

961.900 

1171.300 

839.700 

487.900 

23 

23 

24 

25 

25 

26 

27 

27 

28 

29 

30 

31 

32 

T&pex TaKHX DHKOB. OXHAaeMaR HHTeHCHBHOCTb, onpeAenReMaH KonaqecT

BOM raMMa-KBaHTOB Ha aKT AeneHHR, 3AeCb H Aanee B&qacnRnacb cornac

HO H3BeCTH&M SKcnepHMeHTanbH&M AaHH&M o 3aceneHHOCTH. HHXHHX ypoBHe8 

poTaQHOHHO8 nonocu AflR qeTHo-qeTHUX OCKOflKOB. H3MepeHHlie B PRAe pa-

6oT HHTeHCHBHOCTH nepeXOAOB MeXAY HHMH AflR pa3nHqH&X AenR~HXCR 

RAep, B&paxeHHUe B npoQeHTax, npeACTaBneHU HHXe. 

0+ - 6+ 

23Su ( nres , f) 

248Cm( sf) 11 

2s2cf (sf) 20 

6+ - 4+ 

40 

39 

45 

4+ - 2+ 

70 

74 

75 

2+ - o+ 

100 

100 

100 

p-,4-) [33]; 

(0+) [34]; 

co+i £35J. 

B Kpyrnux CK06Kax yKa3aHU 3HaqeHHR CDHHa H qeTHOCT~ AenR~erocR RA

pa. B AaflbHe8meM HaMH HCDOflb3OBanHCb AaHHUe pa60TU [35]. IlOCKOflbKY 

OAHa H3 HHTeHCHBHOCTe8 B cnOXHUX DHKax RBnReTCR AOMHHHpy10~ea, TO 

Beeb DHK npHDHCUBancR COOTBeTCTBYJO~euy ea OCKOnKy, a OXHAaeNaH HH

TeHCHBHOCTb DHKa npHHHManacb cyMMapHo8. 

nonyqeHHUe B pa6oTe AaHHlie O HeKOTOpux OCKOnKax OKa3anHCb He 

nonH&MH, TaK KaK qacTb nHKOB 6una Ha8AeHa He BO Bcex qeT&pex cepH

RX. HeKOTOpue DHKH He 6unH Ha8AeHU B H3NepeHHRX C q>HnbTpma H3-3a 

HeAOCTaToqHo8 CTaTHCTHKH. B STOM cnyqae OXHAaeMaR HHTeHCHBHOCTb 

npeACTaBnRnacb ee OQeHKO8 - 3HaqeHHeM omH6KH nno~aAH DOAflOXKH B co

OTBeTCTBYJO~eM HHTepBane cneKTpa. Taicae OQeHoqHue 3HaqeHHR 6unH 

BKn10qeHu B aHanH3Hpyeuue pe3ynoTaTu. 

IlonyqeHHe pe3ynoTaTOB H Hx o6cyxAeHHe 

nonyqeHHUe 3HaqeHHR nno~aAe8 H HX omH6OK AflR BU6paHHUX DHKOB, 

Ha8AeHHUe npH DOArOHKe BOCbMH cneKTpOB HCTHHHUX COBDaAeHH8, aHanH-

3HpOBanHCb C QenbJO nonyqeHHR OTBeTa Ha ABa Bonpoca: 

1. cy~eCTBYIOT nn pa3naqnR B BUXOAe OCKOflKOB AeneHHR 239Pu pe3o

HaHCHUMH H TennoBUMH He8TpOHaMH? 

2. B KaKo8 CTeneHH BUXOA Ha6n10AaeMUX B SKCnepHMeHTe OCKOflKOB Ae

neHHR 239Pu cornacyeTCR C peKOMeHAOBaHHUNH AaHH&MH [7]? 

AHanH3 AaHHUX, CBR3aHHU8 C nepBUM BonpocoM, npOBOAHflCR B He

CKOilbKO STanoB. 

Ha nepBOM STane 6una nonyqeHU OTHOCHTenbHUe HHTeHCHBHOCTH BU-

6paHHliX DHKOB BO Bcex BOCbNH cneKTpax HCTHHHUX COBDaAeHH8. ~nR STO

ro nno~aAH DHKOB HOpMHpoBanHCb Ha BenaqnHy nno~aAH DHKa 129 KSB H3 

pacnaAa 239Pu, Ha8AeHHYJO npn DOArOHKe cneKTpa.cnyqa8HUX COBDaAeHH8 B 
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Ta6n.II. CocTaB cnolKHUX nHKOB 

OlKH;QaeuaH HH-
OCKOnOK Jf ➔ Ji Ey, KSB TeHCHBHOCTI> 1 % 

---
Ce 148 4+➔2+ 294.962 0.82(09) 

Mo 102- 2+➔0+ 295.920 1.68(12)* 

Cy!Ola Mo 102 2+➔0+ 296 2.50(15)* 

Mo 106 4+➔2+ 350.852 1.54(08)* 

Zr 100 4+➔2+ 351.960 3.57(18)* 

Te 136 6+➔4+ 352.000 0.30(08) 

Cy!Ola Zr 100 4+➔2+ 352 5.40(21)* 

Sn 130 4+➔2+ 774.400 0.64(13)* 

Kr 88 2+➔0+ 775.310 0.79(03)* 

CY!Ola Kr 88 2+➔0+ 775 1.43(13)* 

Sr 96 2+➔0+ 814.930 1. 90 ( 10) * 

Sr 92 2+➔0+ 814.980 1.06(06)* 

Cy!Ola Sr 96 2+➔0+ 815 2.96(12)* 

COOTBeTCTBYID~eM Ha6ope. IlpH HOpMHpOBKe yquT&BanacI, mHpHHa HHTepBa

noB no 't, H3 KOTopux Gunn nonyqeH& cneKTp cnyqafiHux coBna;QeHHH H 

cneKTp HCTHHHUX coBna;QeHHH. B omu6Ky OTHOCHTenI>HOH HHTeHCHBHOCTH 

BXO;QHT omu6Ka nno~a;QH IlHKa , OTHOCHTenI>HaH HHTeHCHBHOCTI, KOToporo 

paccqHTUBaeTcH, H omH6Ka nno~a;QH HOpMHpOBoqHoro nHKa. 0603Haquu OT

HOCHTenI>HUe MHTeHCHBHOCTH B ABYX Ha6opax KalK;QOH cepHH ~k H "i:k • 

3;QeCI> HH;QeKC i 03HaqaeT Houep cepuu, HH;QeKc k -- Houep nepexo;Qa, 

HH;QeKc "s" 03HaqaeT Ha6op 6e3 qmnI>Tpa, a HH;QeKc "r" -- Ha6op c 
~HnI>TpOM. ~nH Toro, qTo6u o6HapylKHTI> CMe~eHHe "i:k OTHOCHTenI>HO ~k 

B O;QHY CTOpOHY BO Bcex cepHHX, MeTO;QOM HaHMeHI>WHX KBa;QpaTOB HCKa

nocI> Haunyqmee 3Haqem1;e OTHomeHHH Rk = <"i:k / v~k)i ~nH pemeHHH 

STOH HenHHeHHOH 3a;Qaqu Ha H3UKe FORTRAN-77 6una C03;QaHa no;QnporpaM

Ma RELAT, B KOTOpOH MeTO;QOM HTepaQHH H~eTCH Haunyqmee 3HaqeHHe OT-

IO 

!, 

.I 
1 
! 

. \ 

J 
i1 

HOWeHHH R ;QnH ;QBYX Ha6opoB rayccOBCKHX BenuquH H BsqucnHeTCH ero 

omu6Ka Q. ~= Kax;Qoro nuKa BsqucnHnacI> 
(R 1)2 

BenuquHa Pk = k ~ 
Qk 

Ilpe;QnonaranocI>, qTo omH6Ka Qk uueeT rayccoBCKHH xapaKTep. B pa6oTe 

BU6paH ypoBeHI> ;QOCTOBepHOCTH runoTe3U 95%. OH HcnonI>3yeTCH BO Bcex 

nyHKTax, r;Qe npuueHHnCH ueTO;Q HaHMeHI>WHX KBa;QpaTOB, H r;Qe paccMaT

pHBancH x2-KpHTepHH OQeHKH runoTe3U. IlonyqeHHOe 3HaqeHHe Pk cpaBHH

BanOCI, c BenuqHHOH 3,841 (95%-HUH ypoBeHI> ;QnH qucna CTeneHeH CB06o

;QU n=l). 3HaqeHHH Pk ;QnH nHTH nHKOB, npeB&WaID~HX si,y BenuqnHy. npH-. 

Be;QeHU B Ta6n.III. 

Ta6n.III Pe3ynI>TaTU cpaBHeHHH OTHOCHTenI>HUX H a6conIDTHUX HHTeHCHB-

HOCTeH Is H Ir B peaKQHHX (nsum,f) H (nres,f), COOTBeT-

CTBeHHO, ;QnH me~TH nHKOB ;QO H nocne KOppeKQHH 

--
0CKOnOK ;Qo/nocne THll 

Jf➔Ji KOppeKQHH KOppeK-

Ey,KSB Pk Sk QHH Is,% Ir,% 

Sn 130 6+➔4+ 261 6.87 4.95 00 

6.87 4.95 0.96(11) 0.42(22) 

Mo 102 2+➔0+ 296 5.34 7.28 01 

0.18 2.11 2.07(16) .2.79(47) 

Zr 100 4+➔2+ 352 9.46 4.56 30 

6.57 2.47 5.07(42) 4.26(31) 

Xe 140 2+➔0+ 377 4.28 9.21 30 

2.85 6.49 1. 33 ( 24) 2.28(28) 

Xe 138 6+➔4+ 482 12.35 4.64 20 

1.52 0.41 2.00(43) 1.66(30) 

Kr 90 2+➔0+ 708 2.75 3.86 00 

2.75 3.86 1.92(19) 2.77(39) 

Ha BTOpOM sTane BsqHCnHnHCI, a6conIDTHUe HHTeHCHBHOCTH BU6paH-

HUX IlHKOB Iy C ucnonI>30BaHHeM cne;QyID~Hx BspaxeHHH: 

H 

Nf 

I = Ny X (1 + a.) 
T 

Nf X Ey (Ey) 

Nl29 x (1 - ka) 
mpu X ra. x I129 x Ey (129) x t.'t 

II 



rAe Ny -- nno~aAb nHKa B cneKTpe HCTHHHNX COBnaAeHHii:, HHTeHCHBHOCTb 

KOTOporo onpeAen.R:eTCR, a -- KOSqx]JHQH8HT BHYTP8HHeii: KOHBepcHH AnR 

AaHHoro y-KBaHTa, E-y(Ey) H E-y(l29) -- a6conIDTHNe sqx]leKTHBHOCTH A8TeK

TOpa An.II SHeprHii: Ey H 129 KsB, Nf -- sqx]leKTHBHOe •mcno AeneHHii:, 

N129 -- nno~aAb nHKa 129 KSB B cneKTpe cnyqaii:HNX COBnaA8HHii:, ka -

nonpaBKa, yqHTNBaID~aR qyBCTBHTenbHOCTb KaMepu AeneHHR K a-qaCTHQaM 

H3 ecTeCTBeHHOii: paAHOaKTHBHOCTH 239Pu, mpu= 1 , 6 r -- KOnHqecTBO Pu 

B MHmeHH, ra=2 ,27*109 r-lc-1 -- YAenbHaR aKTHBHOCTb Pu,. I129 

6,2*10-5 -- HHTeHCHBHOCTb nHHHH 129 KSB, A't -- · mHpHHa BpeMeHHoro 

HHT8pBana no 't, AnR cneKTpa cnyqaii:HNX COBnaAeHHii:. 

B Ta6n.IV npHB8A8HN 3HaqeHHR sqx]leKTHBHOro qHcna AeneHHii: Nf 

AnR KaXAOro H3 BOCbMH H3MepeHHii:. 

Ta6n.IV. qHcno AeneHHii: Nf x 10-8 

Houep (nsum,f) (nres,f) 

cepHH 

1 3.25 0.64 

2 1.91 0.64 

3 0.89 0.19 

4 2.70 0.85 

B omH6Ky a6conIDTHOii: HHT8HCHBHOCTH BXOAHT omH6Ka a6conIDTHOii: 

sqx]leKTHBHOCTH An.II SHeprHH 129 KSB, KOTOpaR paBHa 3%, H omH6Ka a6co

nIDTHOii: sqx]leKTHBHOCTH AnR AaHHOii: SHeprHH. ~nR BCex SHeprHii: STa omH6-

Ka npHHHManacb paBHOii: 5%. IlOSTOM}' K omH6Ke OTHOCHTenbHOii: HHT8HCHB

HOCTH KBaApaTHqHUM o6pa30M A06aBnRnacb omH6Ka 6%. BNnH nonyqeHN yc

peAH8HHNe no cepHRM 3HaqeHHR a6conIDTHOii: HHTeHCHBHOCTH KaXAOro nHKa 

B H3MepeHHRX 6e3 qJHnbTpa H B H3MepeHHRX C ipHnbTpOM (Isk H Irk). 

OHH cpaBHHBanHCb M8XAY co6oii:. CpeAH8KBaApaTHqHoe OTKnOH8HH8 ABYX 

H3MepeHHNX BenHqHH npH npeAnonoxeHHH I qTQ OHH HMeIDT CAHO cpeAHee 

3HaqeHHe I BNpaxaeTCR TaK.: 

Il - I2 

./of +D~ 
X. (.1) 

3A8Cb I1 H D1 -- nepBaR BenHqHHa Hee OmH6Ka, a I2 H 02 BTOpaR 

BenHqHHa Hee omH6Ka. ~= KaXAOro nepexoAa k BNqHcn.11nacb BenHqHHa 

Sk = x,2, KOTOpaR nonyqaeTCR H3 BNpaxeHHR (1) npH npeAnonoxeHHH, qTQ 

HHT8HCHBHOCTH nHKOB B H3MepeHHRX 6e3 qJHnbTpa H B H3MepeHHRX C 
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ipHnbTpOM OAHHaKOBN. ~nR meCTH nHKOB nonyqaIDTCR BenHqHHN Sk, npeBN

maID~He 3HaqeHHe 3,841. B Ta6n.III AnR STHX nHKOB HapRAY c Sk npHBO

ARTCR 3HaqeHHR Pk, nonyqeHHNe Ha nepBOM STane aHanH3a. Ilocne aHanH-

3a a6conmTHNX HHTeHCHBHOCTeii: B Ta6n.III A06aBneHo 3HaqeHHe Pk AnR 

llHKa 708 KSB. 

AHanH3 OTKnoHeHHii: Is H Ir OT HX cpeAHHX no cepHRM 3HaqeHHii: 

noKa3an, qTo AnR 15 nHKoB nonyqHncn cnHmKoM 6onbmoii: pa36poc An.11 Is, 

HnH Ir, HnH Is H Ir OAHOBpeMeHHO.B CBR3H C STHM Ha TpeTbeM STane 

npOBOAHnacb KoppeKQHR Is H Ir, HMeID~HX 6onbmo8 pa36poc. IlpHMeH.R:nacb 

KOppeKQHR Tpex THllOB: 

1. OAHa H3 HHTeHCHBHOCTeii: OT6pacuBaeTCR H B AanbHeii:meM aHanH-

3e He yqacTByeT. TaKaR KOppeKQHR npHMeHRnacb TOnbKO AnR 3HaqeHHii: Ir 

B Toil: cepHH, B KOTOpoii: n~H llOArOHKe cneKTpa HCTHHHNX COBllaA8HHii: co

OTBeTCTBYID~Hii: nHK He 6un Haii:AeH H 6uno Hcnonb30BaHO OQeHoqHoe 3Ha

qeeHHe. 

2. HCKnmqaeTCR H3 aHanH3a HHTeHCHBHOCTb, 6onbme, qeM Ha ABe 

cpeAHeKBaApaTHqHNe omH6KH YAaneHHaR OT cpeAHero 3HaqeHHR, a DmH6Ka 

cpeAHero 3HaqeHHR OCTanbHNX HHTeHCHBHOCTeii: HeCKOnbKO 3aBNmaeTCR. 

3. CpeAHee 3HaqeHHe He MeH.R:eTcR, aero omH6Ka yBenHqHBaeTCR 

Ha KOSqx]JHQHeHT y: 

Y = ✓c2 / n 

3A8Cb c2 -- 3HaqeHHe x.2 OTKnoHeHHii: a6conIDTHNX HHTeHCHBHOCTeii: OT HX 

cpeAHero 3HaqeHHR, a Il -- qHcno BenHqHH, yqacTBYID~HX B ycpeAHeHHH. 

Ha STOT xe KOSqx]JHQHeHT yBenHqHBaIDTCR omH6KH HHTeHCHBHOCTeii:, yqacT

BYID~HX B ycpeAHeHHH. 

TaKHM o6pa30M 6unH CKoppeKTHpOBaHN HHTeHCHBHOCTH 13 llHKOB B 

peaKQHH (nsum,f) H 5 nHKOB B peaKQHH (Ilres,f). rrocne KOppeKQHH yBe

nHqHnHCb omH6KH HHTeHCHBHOCTeii:. OmH6KH 16 HHTeHCHBHOCTeii: yBenHqH

nHCb B 1,5 + 3 pa3a. Ilocne KoppeKQHH CHOBa 6unH pacqHTaHN 3HaqeHHR 

Pk H Sk- B Ta6n.III yKa3aH THn KoppeKQHH H HOBNe 3HaqeHHR Pk H Sk

B KOnOHKe "THn KOppeKQHH" nepBoe qHcno onpeAen.11eT KoppeKQHID Is' a 

BTOpoe -- KoppeKQHID Ir- BenHqHHa "0" 03HaqaeT, qTo KoppeKQHR He 

npoBOAHnacb. KaK BHAHO H3 Ta6n.III, An.II nHKOB 261 H 708 KSB KoppeK

QHR He npoBOAHnacb, H Pk H Sk OCTanHCb HeH3MeHHNMH. BenHqHHN Pk H 

Sk nHKOB 296 H 482 KSB yMeHbmHnHCb H CTanH M8Hbme 95%-Horo ypoBHR 

AOCTOBepHOCTH. ~nR nHKa 352 KSB OCTanocb yBenHqeHHNN 3HaqeHHe Pk, a 

An.II nHKa 377 KSB OCTanocb yBenHqeHHNM 3HaqeHHe Sk- B ABYX nocneAHHX 

KOnOHKaX Ta6n.III npHBeAeHN ycpeAH8HHNe no cepHRN HHTeHCHBHOCTH nH

KOB B peaKQHRX (Ilsum,f) H (Ilres,f) nocne KOppeKQHH. HHTeHCHBHOCTH 

nHKOB 261 H 352 KSB B (nres,f)-peaKQHH NeHbme, qey B (Ilsum,f)-peaK-

13 



QHH. Ta!Coe pa3nH•me NOJKeT 6&TI, CBJI3aHO C HeAOCTaTO',!HOH !COppe!CTHO

CTI,ID noArOHICH cne!CTpOB HCTHHHl,IX COBnaAeHHH. Ta!C Ka!C cneKTp!,1 B Ha6o

pe c ~HnI>TpON BO Bcex QHKnax HNeIDT NeHI>myID CTaTHCTHKY, qeu B Ha6ope 

6e3 ~HnI>Tpa H3-3a NeHI>mero KonnqecTBa HaHAeHHl,IX nHKOB ypoBeHI, ~OHa 

B cne!CTpax HCTHHHl,IX COBnaAeHHH H3 Ha6opa c ~HnI>TpON NOJKeT npoH'l'H 

HeCICOnI>KO B&me, H nnomaAH HaHAeHHl,IX nHKOB OKaJKYTC.11 3aHHJKeHHl,INH. Ta

lCYID Ba3NOJKHOCTI, Hen1,3.11 HCKnID',IHTI, An.II nHKa 261 K3B. OTnnqne HHTeH

CHBHOCTH nHKa 352 IC3B Hen1,3.11 06~.IICHHTI, TaKHN 3~e!CTON, TaK KaK co

CeAHHe c HHN nHKH 331, 360 H 369 K3B HNeIDT HHTeHCHBHOCTH, xopomo 

coBnaAaIDmHe B peaKQH.IIX {Ilsum,f) H (nres,f). 

Ta!CHN o6pa30N npoBeAeHHl,IH cpaBHHTenI>Hl,IH aHanH3 OTHOCHTenI,Hl,IX 

H a6conIDTHl,IX 3HaqeHHH HHTeHCHBHOCTH raNNa-nHHHH, COOTBeTCTBYIDWHX 

Bl,IXOAY qeTHO-',!eTHl,IX OCKOnlCOB, noKa3an, ',!TO 4 H3 41-0H Ha6nIDAaeNOH 

raNNa-nHHHH Bl,IXOA.IIT H3 95%-Horo KOPHAOpa COBnaAaIDmHx B TennoBON H 

pe30HaHCHON AeneHHH. IlpH 3TON norpemHOCTI, nonyqeHHl,IX nocne KOppeK

QHH 3HaqeHHH COCTaBHna (15-30)%. 

c QenI>ID cpaBHeHH.11 nonyqeHHl,IX B pa6oTe AaHHl,IX c peKONeHAOBaH

Hl,INH [ 7 ] H3 a6conIDTHl,IX HHTeHCHBHOCTeH B&6paHHl,IX nHKOB B peaKQH.IIX 

(nsum,f) H (nres,f) (Is H Ir) 6&nH Bl,l',!HCnJinHCI, a6conIDTHl,le HHTeHCHB

HOCTH y-nepeXOAOB An.II OCKOnKOB AeneHH.11 TennOBl,INH HeHTpoHaNH (It) 

cornacHo ~opuyne: 

I - Is - kcd X Ir 
t -

1 - kcd 

3AeCI, kcct = 0,213 -- KaANHeBoe OTHOmeHHe~, 

(2) 

B Ta6n.V npHBeAeH& a6conIDTHl,le HHTeHCHBHOCTH y-nepeXOAOB Ir H 

It, nonyqeHHl,le B HaCTOJIWeH pa6oTe, OlKHAaeu1,1e HHTeHCHBHOCTH Iw, no

nyqeHH&e Ha OCHOBe peKONeHAOBaHHl,IX AaHHl,IX O Bl,IXOAe OCICOnKOB AeneHH.11 
239Pu TennoB&NH HeHTpOHaNH H3 pa60Tl,I "'[ 7] H BenH',IHHl,I Xk, KOTOp&e Bl,l

',!HCn.lIIDTC.11 no B&paJKeHHID (1) npn cpaBH~HHH BennqnH It H Iw- H3 Ta6n.v 

BHAHO, ',!TO NHOrHe 3HaqeHH.II Xk no . , a6conIDTHOH BenH',IHHe npeB&maIDT 

1,960, ',!TO roBopHT o TON, ',!TO COOTBeTCTBYIDmHe 3HaqeHHJI Bl,IXOAJIT H3 

95%-Horo ICOPHAOpa coBnaAaIDmHx. B Ta6n.VI npHBOAHTC.11 CBOA!Ca Bcex pe-

3ynI>TaTOB aHann3a BennqnH Xk An.II Tpex rpynn nepexoAOB: qncno ToqeK, 

nonaAaIDmHx B ICOPHAOP ±1,960, qncno TO',!eK B&me 3Toro KOpHAOpa H ',!HC-

no TO',!eK HHJKe 3TOro KOpHAOpa. 

H3 Ta6n. V BHAHO, ',!TO 6onI>mHHCTBO OlKHAeN&X HHTeHCHBHOCTeH, 

6nH3KHX K 1%, OTnnqaIDTC.11 OT H3NepeHHl,IX. Il03TONY 3TO 3HaqeHHe NOlKHO 

C',!HTaTI, OQeHKOH qyBCTHTenI>HOCTH ncnonI>30BaHHOro NeTOAa B ycnOBH.IIX 

npoBeAeHHoro 3KcnepnueHTa. AHanH3Hpy.11 AaH&e Ta6nHQ& V, cneAyeT npH

HJITI> BO BHHNaHHe CeAyIDmHe 06CTOJITen1,cTBa. 

1. IlpH o6pa6oTKe cneKTpOB HCTHHHl,IX COBnaAeHHH HcnonI>30Banoc1, 
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Ta6n.V.A6conIDTHl,le HHTeHCHBHOCTH y-nepeXOAOB H3 peaKQHH (nres,f) 

(Ir) H (nth,f) (It), nonyqeHH&e B HacTonmefi pa6oTe, OJKHAae

N&e HHTeHCHBHOCTH H3 (nth,f)-peaKQHH no AaHHl,IN [7] (Iw), H 

3HaqeHH.II X, nonyqeHH&e npH cpaBHeHHH It H Iw- HHTeHCHBHOCTI, 

onpeAenneTC.11 KonnqecTBON Y-KBaHTOB Ha aKT AeneHH.11 

0CKOnOK Jf➔J¥ Ey Ir It Iw 

Kr 88 

Kr 90 

Sr 94 

Sr 94 

Sr 96 

Zr 98 

Zr 98 

Zr 100 

Zr 100 

Zr 100 

Zr 102 

Zr 102 

Mo 102 

Mo 104 

Mo 104 

Mo 104 

Mo 106 

Ru 108 

Ru 108 

Ru 110 

Sn 130 

Te 132 

Te 132 

Te 134 

Te 134 

Xe 136 

Xe 136 

Xe 136 

Xe 138 

Xe 138 

Xe 138 

Xe 140 

2+➔0+ 775 0.74(53) 

2+➔0+ 707 2.77(39) 

2+➔0+ 837 2.07(38) 

4+➔2+ 1309 0.92(66) 

2+➔0+ 815 1.22(40) 

2+➔0+ 1223 . 1. 78(46) 

0.64(38) 

4.68(29) 

4.26(31) 

1.21(28) 

2.03(23) 

1.22(29) 

2.79(47) 

5.61(31) 

1.09(34) 1.43(13)* 

1.70(25) 1.18(05)* 

2.52(27) 3.12(16)* 

0.93(38) 2.34(12)* 

1.25(25) 2.96(11)* 

2.03(29) 2.85(14)* 

1.45(26) 

4.98(24) 

5.36(46) 

1.19(20) 

2.23(18) 

1.61(20) 

2.11(24) 

5.80(26) 

1.28(06)* 

4.76(24)* 

5.40(21)* 

2.14(11)* 

1.19(12)* 

0.53(05)* 

2.50(15)* 

4.12(21)* 

6+➔4+ 

2+➔0+ 

4+➔2+ 

6+➔4+ 

2+➔0+ 

6+➔4+ 

2+➔0+ 

2+➔0+ 

4+➔2+ 

6+➔4+ 

648 

213 

352 

498 

152 

487 

296 

192 

369 

520 

2.72(28) 2.46(21) 3.09(16)* 

1.50(29) 1.72(21) 1.86(09)* 
2+➔0+ 172 

2+➔0+ 242 

6+➔4+ 573 

2+➔0+ 241 

6+➔4+ 261 

2+➔0+ 974 

4+➔2+ 697 

2+➔0+ 1280 

4+➔2+ 297 

2+➔0+ 1313 

4+➔2+ 381 

6+➔4+ 197 

2+➔0+ 589 

4+➔2+ 484 

6+➔4+ 481 

2+➔0+ 377 

3.47(25) 

2.14(24) 

1. 76(33) 

1.19(21) 

0.42(21) 

2.35(41) 

2.82(38) 

3. 71(49) 

4.41(33) 

1.23(51) 

2.12(27) 

2.40(37) 

3.58(75) 

2.63(31) 

1.66(30) 

2.28(28) 

2.90(37) 

2.40(18) 

1.51 (22) 

1.27(15) 

1.10(16) 

2.01(43) 

2.13(26) 

4.32(35) 

4.41(44) 

0.94(30) 

1.57(20) 

2.19(25) 

4.19(53) 

2. 20 (38) 

2.15(53) 

1.13(31) 
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2.05(10)* 

1.24(06)* 

0.56(03)* 

0.50(06) 

0.38(08)* 

2.36(07)* 

1.77(05)* 

4.70(52) 

3.52(39) 

3.02(36) 

2.26(27) 

1.36(16) 

4.08(33)* 

3.06(25)* 

1. 84 ( 15) * 
1.55(09)* 

X 

-0.93 

2.01 

-1.93 

-3.58 

-6.25 

-2.51 

0.61 

0.68 

-0.08 

-4.18 

4.93 

5.10 

-1.38 

5.10 

-2.45 

-0.61 

2.22 

6.06 

4.21 

4. 71 

4.13 

-0.82 

1.34 

-0.60 

1.50 

-4.41 

-2.04 

2.76 

0.19 

-1.92 

0.57 

-1.33 



Ta6n.V.(IlpOAOnXeHHe) 

OCKOnOK Jf➔Jf Ey Ir It Iw X 

Xe 140 6+➔4+ 582 1.01(33) 1.47(23) 0.70(04)* 3.38 

Ba 142 2+➔0+ 360 2. 77(28) 3.01(57) 3.27(36) -0.39 

Ba 142 4+➔2+ 475 2.49(29) 1.87(37) 2.45(27) -1.27 

Ba 144 2+➔0+ 199 2.76(24) 2.52(18) 2.09(23) 1.51 

Ba 144 4+➔2+. 331 1.76(25) 2.45(34) 1.57(17) 2.33 

Ba 144 6+➔4+ 432 1.12(26) 1.63(19) 0.94(10) 3.21 

Ce 146 2+➔0+ 258 0.86(23) 1.24(27) 0.95(11) 0.99 

Ce 146 4+➔2+ 410 0.70(25) 1.04(18) o. 71(09) 1.66, 

Ce 148 2+➔0+ 158 5.10(34) 4. 99 (30) 1.09(12) 12.15 

npeAnonoxeHHe, qTO noAnOXKY MOXHO onHCaTb nnaBHOH KpHBOH, He HMero-

11108 noKanbHUX oco6eHHOCTeH mnpHHOH 30 - 50 KaHanoB. EcnH Ha caMOM 

Aene PRA nHKOB HaXOAHTCR Ha noKanbHOM nnaBHOM "XOJI.Me" I TaKa.sI noA

rOHKa AaCT 3aBumeHHUe 3HaqeHHR nno111aAeH. H3 Ta6n.v BHAHO, qTo BCe 

nHKH Ha yqacTKe 170 - 220 K~B HM0IDT 3aBumeHHUe no cpaBH0HHro c Iw 

3HaqeHHR It- B HHXHe8·qacTH pnc.4 noKa3aH STOT yqacTOK cneKTpa HC

THHHUX coBnaAeHHH H3 nepBoro QHKna C noAOrHaHHOH KpHBOH noAnOXKH • 

H3 pncyHKa BHAHO, qTo nHK 172 KSB AOCTaToqHo H30nHpOBaH, H 6onbmoe 

3HaqeHHe ero nno111aAH He MOXeT 6UTb CBR3aHO c noKanbHUM BU6pocoM 

noAnOXKH. OcTanbHUe nHKH uoryT nexaTb Ha noKanbHOM "xonue", HO B 

cneKTpe eCTb RCHU0 orpaHHqeHHR Ha BUCOTY SToro "xonua" 1 H OQ0HKH 

noKa3UBaroT, qTo nno111aAH nHKOB uoryT yueHbWHTbCR npHMepHO Ha 10 % , 

qTO H0AOCTaToqHo An.Ii o6~RCH0HHR pa3nnqn8 It H Iw An.Ii STHX nHKOB. 

Ta6n.VI. Pe3ynbTaTU cpaBHeHHR 3HaqeHHH It H Iw H3 Ta6n.v 

2+➔0+ 4+➔2+ 6+➔4+ Bee 

Bume KOPHAOpa 7 1 6 14 

B KOPHAope ±1,960 11 6 3 20 

Hnxe KOpHAOpa 3 3 1 7 

nro6oe 3HaqeHHe 21 10 10 41 

2. IlpeBumeHH0 3HaqeHHH It HaA OXHAaeMOH HHT0HCHBHOCTbro Iw, 
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MOXeT 6UTb CBR3aHO C TeM, qTo B yKa3aHue nHKH AaIDT BKnaA nepexoAU 

H3 Apyrnx OCKOnKOB HnH ~OHOBUe. TaK 3aBumeHHOe 3HaqeHHe It nHKa 172 

KSB MOXHO 06~.sICHHTb BKnaAOM nepeXOAa 170 , 5 KSB H3 98Y [ 14 ] , BUXOA 

KOToporo no AaHHUM [7] 2,25%. 3aBumeHHOe 3HaqeHH0 It nHKa 192 KSB 

MOXHO CBR3aTb c nepeXOAOM 191 , 1 KSB H3 92Rb [ 11 ] , BUXOA KOTOporo 

1,62%. 

3. HanHqHe B Ta6n.V 3HaqeHHH It M0HbmHx, qeu OXHAaeuue Iw, 

MOXeT 6UTb CBR3aHO C npORBneHHeM AOnnnepoBCKoro s~eKTa. oueHKH no

Ka3UBaroT, qTo AOnnnepOBCKOe pacmHp0HHe IlHKOB H3 OCKOnKoB, C SHeprH

eH ~100 MsB, paBHO 4,5%. IlOSTOMY Y-KBaHTU, BUneTaro111He H3 ABHJKYl!lero

CR RApa, MoryT HMeTb SHeprHro, cHnbHO OTnHqaro111yrocR OT sHeprHH y

KBaHTOB, BUneTaro111nx H3 noKORl!lerocR RApa, H co6uTHR, CBR3aHHUe c 

STHMH y-KBaHTaMH, uoryT He nonaAaTb B COOTBeTCTBYIDIIIHH IlHK Ha cneKT

pe. CTeneHb BnHRHHR AonnnepoBcKoro s~eKTa onpeAen.sieTcR reoueTpHeH 

cneKTpoMeTpa H BpeMeHeM XH3HH COOTBeTCTByro111ero ypOBHR RApa-OCKOnKa. 

BnHRHHe AOnnnepOBCKoro s~eKTa Ha nonyqaeuue TaKHM M0TOAOM pe3ynb

TaTU Tpe6yeT cneqnanbHOro paCCMOTp0HHR. 

4. HaKOHeQ, 3HaqHTenbHa.sI qaCTb peKOM0HAOBaHHUX BNXOAOB B pa-

6oTe [7] nonyqeHa pacqeTHNM nyTeM. IlOSTOMy K HHM HaAO OTHOCHTbCR c 

H3B0CTHOH OCTOpOXHOCTbro. HanpHMep, 3HaqeHHe BNXOAa 104Mo H3 pa60TN 

[7] 4,12% 3HaqnTenbHO pacXOAHTCR c pe3ynbTaTOM pa60TN [36] 

5,19%, qTo 6nHxe K nonyqeHHOMY B HaCTORl!l0H pa6oTe 3HaqeHHID 

3aKnroqeHHe 

B pa6oTe npOB0A0HN cpaBHHTenbHNe H3MepeHHR HHT0HCHBHOCTH xa

paKTepHoro raMMa-H3nyqeHHR, COOTBeTCTByro111ero BNXOAY qeTHo-qeTHNX 

OCKOnKOB AeneHHR 239Pu TennOBNMH H pe30HaHCHNMH Heil:~poHaMH, pa3pa6o

TaH anropHTM aHanH3a SKcnepHM0HTanbHNX AaHHUX C Qenbro o6HapyxeHHR 

npeAnonoraeuux oco6eHHOCTeH. 

Hail:A0HHUe pa3nHqHR An.II HeKOTOpNX raMMa-nHHHH He MoryT cnyXHTb 

OCHOBaHHeM An.Ii HaA0XHNX BUBOAOB B CBR3H co cnoXHOCTbID o6pa60TKH an

napaTypHUX raMMa-cneKTpoB, H0AOCTaToqHOH ToqHOCTbID H 3HaqHTenbHNM 

pa36pocoM nonyqeHHUX 3HaqeHHH. IlpH cpaBH0HHH H3MepeHHNX a6conroTHNX 

HHTeHCHBHOCTeH raMMa-H3nyqeHHR, conyTCTByro111ero AeneHHID Ha TennOBNX 

HeHTpOHax, C HHTeHCHBHOCTRMH, OXHAaeMNMH H3 peKoMeHAOBaHHNX AaHHNX 

pa60TU [7], HaHAeHO MHOro cy111ecTBeHHO OTnHqaro111HXCR 3HaqeHHH. npnqH

HOH pa3nHqHft MoryT cnyxHTb HapRAY C norpemHOCTRMH o6pa6oTKH cneKT

poB, KaqeCTBO KOTOpux onpeAen.sieTCR napaMeTpaMH cneKTpOMeTpa, BnHR

HHe Aonnnep-s~eKTa, HeAOCTaTOK cneKTpOCKonnqecKHX AaHHNX 06 OCKOn

KaX AeneHHR H B03MOXHa.sI HeToqHOCTb peKOMeHAOBaHHNX 3HaqeHHH BNXOAa 
OCKOnKoB, nonyqeHHNX pacqeTHNM nyTeM. 

Ji 



AnR npoBepKH nonyqeHH&X pe3ynbTaTOB Tpe6yeTCR cy~eCTBeHHOe 

noB&meHHe TQqHQCTH H HaAeXHOCTH SKcnepHMeHTanbH&X AaHH&X nyTeM 

ynyqmeHHR KaqecTBa Hcnonb3yeuoro rauua-cneKTpoueTpa. 

ABTopu 6naroAapH& AOKTopy YBe rocy 3a npeAnoxeHHR 

neHH~ sqxpeKTHBHoro qHcna AeneHHH, A.B.IlonoBy 3a none3H&e 

H ~.H.KonrHHy 3a noMO~b npH npoBeAeHHH SKcnepHMeHTOB. 

Pa6oTa B&nonHeHa npH IlOAAepxKe POCCHHCKoro WOHAa 
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