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IlpH p;erreHHll Kp;ep o6panyIOII.\HeCK OCKOlIKll Haxop;KTCK n non6y)Kp;eHHOM 

COCTOKHllll n panpK)KaIOTCK 11ocpep;CTBOM llt3lIY'IeHIDI HeiiTpOHOB ll raMMa

KBaHTOB. Cyll.\eCTBonaHHe o6lll~pHoii c11eKTpocK011n1IecKoii nmpopMan;n:n o 

cxeMax non6y)Kp;eHIDI H nacerremi_o~.II yponHeii Kp;ep 11onnoITKeT 11pIIMeIDIT1> 

MeTop; raMMa - ClleKTpOCKOIIIIII 11ric0Koro panpellleHIDI p;lIK 11p;eHTIIq>mm

n;1rn ocKorrKa 110 rmeprIIII raMMa-KnaHTa H 011pep;erreHIDI ero BhlXop;a 110 IIH

TeHCIIBHOCTII raMMa-n:nrry'IeHIIK. HapKp;y c 11pIIHn;n:rmarr1,uoii npocToToii 

11pen:Myll.\eCTBO 0TOro MeTop;a t3aKlIIO'IaeTCK B BOt3MO)KHOCTII 11ponep;eHIDI 

auarrn:na pac11pep;erreHIDI 11poµ;yKTOB p;erreHIDI He TOlil>Ko rio Macce A, HO II 

110 napKp;y z C a6COlIIOTHhlM panpellleHIIeM. 

KaK no BCKKOM KocneHHOM MeTop;e, 11pn: 011pep;erreHIIII BhlXop;a ocKoiI

KOB MeTO)];OM raMMa .;_. ClleKTpOCKOIIIIII. COIIYTCTBYIOII.\ero n:nrryqeHIDI ·cYII.\e

CTByeT OllaCHOCTI, BOt3HIIKHOBeHIDI CIICTe1rnTII1IeCKOH OlllII6KH penylil>Ta

TOB. 8HepreTII1IecK11ii c11eKTp raMMa-KnaHTon, co11yTCTBYIOII.\HX p;erreHIIIO· 

Kp;ep, OTlIII'IaeTCK o6IIlIIIeM n BhlCOKOH lllIOTHOCTl>IO; q>OTOIIIIKOB .• He;n;ocTa

TO'IHO BhlCOKaK panpelllaIOII.\aK CIIOC06HOCTI> ClleKTpOMeTpa llpIIBO~lIT K 

TOMY, 'ITO B annapaTypHOM ClleKTpe t3Ha'IHTelil>HOe 'IIIClIO IIHKOB cmma:. 

eTc.u, o6pany.s: crrrrollleyro 11op;1IO)KKY n oTp;elil>Hhle "6aM111,1". Cyll.\eCTBeH

Hhlii BKrra;n; B 11oµ;rro)Key BHOCKT rai.1:Ma~KBaJIThl q>oHono~o nnrry'IeHH.lI, pe~ 

rIICTpn:pyeMhle BCliep;CTBHe CliyqaHHhlX COBllap;eHIIii C .aKTaMH p;erreHHK, a 

TaK)Ke raMMa-KBaHThl,'IIHIIn;HnpyeMhle HeHTpOHaMII p;erreHHK. Ecrrn y'IeCTI>. 

TaK)Ke, 'ITO HapKp;y C HMII'IIIeM B ClleKTp~ q>OHOBhlX raMMa-lIIIHIIH Be~a 

nepOKTHOCTI, HalIO)KeHIIK IIHKOB OT raMMa-KBaHTOB 6lIHt3KHX 0Heprnii, CTa.: 

HOBIITCK O'IeBH)];HOH ClIO)KHOCTI> lI Heop;HOt3Ha'IHOCTI> 11pon;e;n;yp1,1 lIOBlie'Ie

HIIK Ht3 TaKoro ClleKTpa IIHq>OpMan;IIH O Het3aBIICHMOM BhlXOp;e OCKOlIKOB. 



KpoMe Toro, B aKcnepIIMeHTax, npoBOp;IIMhlX Ha IIMllJlibCHOM IICTO'l

HIIKe C lICllOlibt30BaHIIeM MeTO)J;HKlI cneKTpOCKOlllIII HeHTpOHOB no BpeMeHII 

nporreTa,µ;JUI Bhlp;erreHIDI a<J><J>eKTOB, CB.lmaHHhlX C peooHaHCaMII ' BepO.lIT

HOCTI, CIICTeMaTII"'IeCKOH onrn6KII BOOpacTaeT B CBJIOII C BOOM02KHOCTbIO cy

IQeCTBOBaHIDI BpeMeHHOH OaBIIClIMOCTII ypoBHJI q>oHa 11·HalI1I'lIIeM BhlCOKOH 

lIMllYlThCH_OH oarpyoKII raMMa - cneKTpoMeTpa B oTµ;errbHhlX peooHaHcax. 

IIoaToMy npep;cTaBJUieTCJI Heo6xop;IIMhlM npoBep;eHIIe aKcnepIIMeHTa, pe

OJlII,TaThl KOTOporo M02KHO cpaBHlITb C :lKCnepIIMeHTalibHhlMII p;aHHhlMll, 

norry'leHHhlMII µ;pyrIIMII MeTop;aMII, II TaKIIM o6paooM npoBepIITI, pa6o

TOCllOC06HOCTI, MeTop;a II Bcero KOMnrreKca annapaTyphl. C aToH n;err1,ro B 

pa6oTe 6hllIII npoBep;eHI,I IIOMepeH1IJI raMMa - cneKTpa OCKOlIKOB npII µ;erre

HIIII TelllIOBhlMII HeHTpOHaMII. 

2.<I>opMIIpOBaHIIe ny11Ka TelllIOBhlX HeHTpOHOB 

TenlIOBhle HeHTpO,Hhl µ;JUI npoBep;eHIIJI Jip;epHO - q>IIOII"'IeCKIIX aKcnepll

MeHTOB ,MoryT 6hlTI, norry11eHhl nyTeM oaMep;rreH1IJI 6hlCTphlX HeHTpOHOB, 

po2Kp;aIO~CJI B aKTIIBHOH OOHe peaKTOpa,IIlIII nplI CllOHTaHHOM µ;erreHIIII 

pap;IIOaKTIIBHhlX lIOOTOllOB_. B Ka'leCTBe OaMep;lIIITeJUI HCllOlII,OyeTCJI Bop;o

poµ;ocop;ep2Ka1Qee BeIQecT:eo, npII pacceJIHIIII Ha .llp;pax KOToporo 6hlcTphle 

HeHTpOHhl "c6paChlBaIOT" aHeprIIIO II TepMalIIIOJIOTCJI. 

B pa6oTe IICUOlII,OOBarroc1, HecKOlibKO cnoco6oB <J>opMIIpoBaH1I.ll ny11Ka 

TenrronhlX HeHTpoHon. CxeMa op;Horo HO HIIX noKaoaaa Ha pIIc.1. HeH

TpOHhl p;erreHIDI OT IIOOTOUHoro IICTO'lHHKa 252Cf (1) C aK'J;'IIBHOCTI,IO 

2,3xl07 H/c TepMalIHOJIOTC.ll n 6rroKe OaMep;lIHTeJUI (2) HO napaq>IIHa c pao

MepaMII 40x40x20 CM. B HeM IIMeeTcJI HIIllla µ;JUI KaMephl µ;erreH1I.ll (3). Pac

CTOJIHIIe Me2Kp;y lICTO'IHIIKOM HeHTpOHOB II n;eHTpOM KaMephl COCTaBJUieT 

8 CM. ThK 
0

Ka.X cneKTp HeHTpOHOB µ;erreHIDI µ;ocTaTO'lHO "2KeC~KIIH"' a p;oJUI 

TepMarrHOOBaHHhlX HeHTpOHOB B TaKOM OaMep;rrIITelie He npeBhllllaeT 20%, 

lllIOTHOCTI, llOTOKa 6hlcTphlX HeHTpOHOB B6lIHOII KaMephl BhlCOKa II COCTa

BJUieT OKOlIO 2xl04 H/c. BbICTphle HeHTpOHhl, nonaµ;aa: Ha p;eTeKTOp (4), 

BhlOhlBaIOT B KpIIc!arrrre repMaH1IJI pap;IIaD;IIOHHhle llOBpe2Kp;eH1IJI, nep;yIQIIe 

K CHII2KeHIIIO ero a<J><J>eKTIIBHOCTII II paopelllaIOIQeH cnoco6HOCT1I. I'paHll"'.1-

Ha.H BelIII"'IIIHa <J>rrroeHca, npIIBop;JIIQero K pap;Han;IIOHlThlM llOBpe2Kp;eH1IJIM, 

COCTaBJUieT 109 - 1010 H/cM2 [1, 2] . .il:JUI Toro 'IT06hl 06ecne1IIIT~ BOOMO)K

HOCTI, p;lIIITelII,HhlX IIOMepeHIIii: Op;HIIM p;eTeKTOpOM II II06e2KaTb npu :)TOM 
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Pnc •. 1. CxeMa OKCnepnMeHTa C llCilOJib:JOBaHIIeM pa):IIIOllt30TOilHOrO IICTO'IHIIKa HCIITpo

HOB 

pap;IIaD;IIOHHbIX noBpe2Kp;eHIIH, Tpe 6yeTCJI npep;ycMOTpeTb oxpaHHhle Mephl. 

C. aTOH n;err1,ro Ge(Li)-p;eTeKTop yµ;arreH oT KaMephl n oT. IICTO'lHHKa Heii

TpOHOB Ha pacCTOJIHIIe 28-30 CM lI oaIQIIIQeH aKpaHOM ·IIO· 6opnpOBaHHOro 

norrIIaTIIrreHa TOlIIQHHOH 10 CM (5). CBIIHD;OBhlH Korrrr11MaTop (6) npep;Ha-

0Ha11eH p;IDI oaIQIITbI oT raMMa-<J>oHa, B TOM 1111crre OT 1 -KBaHTOB c aHepr11eii 

477 KaB II 2,2 ~foB, cBJitlaHHhlX c BOaIIMop;eHcTBIIeM HeiiTpOHOB c .llp;paMII 

6opa lI Bop;opoµ;a B MaTepnarrax oaIIJ.IIThl II oaMep;mITerrJI. 
BTopoH cnoco6 norry11eH1IJI TelllIOBhlX HeHTpOHOB npeµ;ycMaTpIIBaeT IIC- . 

norr1,00BaHIIe B K_a11ecTBe ncTo,11HIIKa 6hlcTphlX HeIITpoHOB!peaKTopa IIBP-

30. Ha nporreTHOH 6aoe peaKTopa 57 M ycTaHctBlIIIBaeTcJI KOMnoo11n;1ra, no

KaoaHHM Ha pII~.2. C<J>opMIIpoBaHHhlii KOlilIIIMaTopaMn ny110K HeiiTpoHOB 

p;Ha~eTpOM 8 CM norraAaeT B · 6rroK oaMep;rrIITeJUI (1) 110 napaq>11Ha. 3aMe

µ;rreHHhle He:iiTpoHhl, "BhlTeKaroIQ11e" 110 oaMep;rrIITeJUI, nonap;aIOT n KaMepy 

µ;erre~IDI, oc1, KOTopoH nepneHp;IIKyrr:npHa ocII ny'lKa. PaccTOJIHIIe Me2Kp;y . . 
n;eHTpoM KaMephl II oc1,ro ny11Ka cocTaBJUieT 30 CM. ThMMa - p;eTeKTop 

Ge(Li) oTCTOIIT OT KaMephl µ;erreH1I.ll Ha 9 CM. OH oaIQIIIQaeTCJI OT Hen-
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PJic. 2. CxeMa axcrrepJIMeHTa c Jicrronb00BaHIIeM HBP-30 B Ka'!ecTBe lICT0'IHIIKa 6bI

cTpbIX HeHTpOHOB . 

TpoHOB ;u;erremra, po2K;D;aIOII.\IIXCJI B KaMepe, napa<J>IIHOBOH nrracTIIHOH ( CH) 

TOlI~IIHOH 3 CM IMlKpaHoM II3 MeTalllIII'Iecxoro 6Li.' ,Il;lliC tlall.\IITLI ;o;eTeK

Topa OT raMMa - KBaHTOB, po2K;o;aIOII.\IIXCJI npII 3axBaTe TeIIlIOBhlX HeHTpO

HOB B 3aMep;lIIITelle, IICIIOllbtlyeTC.H CBIIHD;OBhlH KOlllIIIMaTOp (2) TOlIII.\IIHOH 

10 cM. Crre;u;yeT oTMeTIITb, 'ITO B TaKoir cxeMe n;errecoo6paaHo npIIMeHe- · 

HIie TaK HatlLIBaeMoro "rpe6eH'IaToro" tlaMe;o;rrIITelliC [3]; IIcnorrbayeMoro 

Ha IIMIIJllbCHhlX peaKTOpax B ,Il;y6He ;D;lliC yBelIII'IeHII.H IIOTOKa TeIIlIOBhlX 

II xorro;o;HLIX HeirTpOHOB. Tax KaK Hapi;u;y c TenrroBLIMII HeirTpOHaMII aa

Mep;rrIITellb .HBlliCeTCj[ IICTO'IHIIKOM II 6orree BhlCOK03HeprlI'IHLIX He:iiTpOHOB, 

Heo 6xo;o;IIMo IIpOBO;D;IITb ;u;na II3MepeHII.H, B O;D;HOM II3 KOTOphlX IIpIIMeH.HTb 

Kap;MIIeBLIH q>IIllbTp ;D;ll.H HeHTpOHOB, o6lIJ'IaIOII.\IIX KaMepy p;erreHIIH. Ka;o;

MIIeBoe OTHOWeHIIe ;D;lliC. KaMephl. p;elleHII.H B IIepBhlX ;D;BJX II3MepeHIIHX CO

CTaBIIlIO 7,8. 

ilpIIHD;IIII "Kap;MIIeBOH pat3HIID;hl" IIpIIMeH.HlIC.H II B TpeTbeM BapIIaHTe, 

IICIIOllb3YJOII.\eM TeIIlIOBhle HeHTpOHhl, po;o;IIBWIIeC.H B 3aMep;lIIITelle IIMIIJllb-

4 
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Puc. 3. Komtm:ryp~mr crreKTpoMeTpa c "aKTJIBHoii:" oa~JITOH 

CHoro peaKTOpa. Heo6xo;o;IIMOCTb aToro CB.HtlaHa c TeM o6CTO.HTellbCTBOM, 

'ITO ;o;rr.H nporreTHOH 6aaLI 57-60 M, Ha KOTopo:ii pacnorra:rarrc.H raMMa - cneK

TpoMeTp,.npII 'IaCTOTe IIMIIJllbCOB peaKTopa 100 c-1 aHeprII.H pen;IIKlIII'I

HhlX HeHTpOHOB COCTamrneT 0,17 aB II BCllep;CTBIIe aToro HeB03MO)KH0 

BLI;D;elIIITb TeIIlIOBhle HerrTpOHhl no BpeMeHII nporreTa. B cxeMe cneKTpOMe

Tpa ;D;ll.H TpeTberO BapIIaHTa II3MepeHIIH, IIOKa:JaHoii Ha pIIcyHKe 3, npIIMe

H.HllaCb "aKTIIBHa.H" 3all.\IITa, IICIIOllb3JeMa.H B aHTIIKOMIITOHOBCKIIX cneK

TpoMeTpax ;D;lliC YlIJ'IllieHllH Ka'IeCTBa cneKTpa. B TaKIIX cneKTpOMeTpax 

KOMIITOHOBCKa.H IIO;D;lIO)KKa M02KeT 6LITb IIO;D;aI3lleHa B 10 - 15'pao IIpaKTII

'IeCKII 6e3 IIOTepb ;D;lliC <J>oTOIIIIKOB IIOJIHoro IIOrlIOII.\eHII.H' [4, 5). B cneK

TpoMeTpe, cxeMa KOTOporo IIOKatlaHa Ha pIIc.3, B Ka'IeC':l'Be "aKTIIBHOH" 

3all.\IIThl Ge-;o;eTeKTOpa IICIIOllbtlOBalIIICb TpII 6rroKa IIllaCTII'IeCKoro cn;im

TIIllll.HTOpa c paaMepaMII 20 x 20 x 40 CM" II raMMa - ;o;eTeKTOp Ha OCHOBe 

NaI(Tl) - cn;IIHTIIlllliCTOpa c paaMepaMII ~15-10 ,cM. Terrecm.iir yrorr oXBaTa 

Ge-;o;eTeKTopa cocTaBlliClI (0,65-0, 7) OT 41r. B Ka'IeCTBe naccIIBHOH oall.\IITLI 

IICIIOllbOOBalIC.H 6opIIpOBaHHhlH IIOlIII3TIIlleH TOlIII.\IIHOH 5 CM, 8<J><J>eKTII

BHOCTb TaKOH KOM6IIHIIpOBaHHOH Oall.\IIThl IIpOBep.HllaCb 
0

:lKCIIepIIMeHTallbHO 

IIpII IIOMepeHII.HX B peallbHhlX ycrrOBII.HX ;D;lliC paOlIII'IHhlX KOH<J>IIrypan;n:ii: 

cneKTpoMeTpa [6). Koa<J><J>IIn;IIeH'r no;u;a~rreHII.H no;u;rro2KKII ;D;lliC IIHTepnarra 

3HeprII:ii raMMa - KBaHTOB OT 170 ;u;o 370 KaB COCTaBIIlI 2, 6 - 0, 2. 
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2.IIpone;a;eHIIe axcrrepIIMeHTa 

B xo;a;e axcrrepIIMeHTa 6blrro rrpone;a;eHo TPII cepIIII II::lMepeHIIn crrexTpa 
raMMa-II::lll)''IeHllll OCKOlIKOB µ;erreHllll TeIIlIOBbIMII HeHTpOHaMII C IICIIOllb:3O
BaHIIeM ncex oIIIIcaHHbIX napIIaHTOB. IIorrHoe npeMll II::lMepeHII:ii cocTanIIrro 
24 cyT, ~crro 3aperIIcTpIIponaHHbIX ;a;erreHIIn - 2,2-109. lfoMepIITerr1>Hblll 
Mo;a;yrr1, o6ecrre~narr perIIcTpa:r~IIIO Tpex xapaKTepIICT~ecKIIX rrapal\rn
Tpon: Er - aHeprIIIO ra:MM:a-KBaHTa, T-y - npeMeHHoii IIHTepnarr Me)K;a;y pe
rlicTpan;IIei'I aKTa ;a;erreHlI.ll Ka:Mepoii II raMMa - KBaHTa Ge(Li)-;a;eTeKTopoM, 
a TaK)Ke Tn - IIHTepnarr npeMeHII Me)K;a;y CTapTOBbIM IIMIIYlil>COM peaK
Topa (rrplI IICIIOllb3OBaHIIII II::l~TOIIHOro IICTO'IHIIKa HeiiTpOHOB OH IIMIITII
ponarrcH C IIOMOI.QI,IO reHepaTopa) II CIIrHalIOM OT KaMepbI ;a;erreHIIJI . IImpop
MaJJ;IIJI 3aIIIICbIBarracl> Ha MarHIITHbIH HOC1ITerr1> II o;a;HonpeMeHHO copn1po
narrac1>: CTpOIIlIIICb IIHTerparrl>Hble crreKTpbI p;lI.lI aHeprIIII E-y II npeMeHII 
T-y. IIpono;a;IIrrcJI e)KecyTo~blii aHaITII::l IIHTerparr1>H1>1x crreKTpon. KpoMe 
Toro, rrep1Ioµ;II'IeCKII KOHTporrIIponalIIICb IIHTerpalil>Hble C'IeTHble xapaK
TepIICTIIKII: IIHTeHCIIBHOCTb C'IeTa KaMepoii ;a;erreHIIJI OCKOlIKOB I1 II <pOHa, 
CBJI::laHHOro C per1IcTpan;1Ie:ii "HalIO)KeHHl>IX" IIMIIYlil>COB OT a-'IaCTIID; Io:; 
1IHTeHCIIBHOCT1> rroITHoro c'IeTa 1-xnaHTOB _Ge(Li)-AeTeKTopoM Ir, C'IeTa 
C pe2KeKD;1Ieii Hal1O2KeHHbIX IIMIIYlil>COB I;ej II C'IeTa rrp~ rro;a;anrreHIIII KOM
IITOHOBCKOH rro;a;rro2KKII :r.;:ed; IIHTeHCIIBHOCTb C'IeTa conrra;a;eHIIH IIMIIYlil>COB 
c Ka:MepbI II raM:Ma - ;a;eTeKTOpa Ic. KoHTporr1> IIHTerpalil>HbIX c'IeTHbIX 
xapaxTepIICTIIK .II3MepIITellbHOH CIICTeMbI rrpono;a;IIJICJI B. IIHTepaKTIIBHOM 
pe2KIIMe; Ha:plicA rrpIIBep;eHbI·<J>parMeHTbI arrrrapaTypHbIX raMMa - crrex
Tpon ·. ;a;mr Tpex· pa3lIII'IHbIX napIIaHTOB crreKTpOMeTpa. <l>oHOBble ycrroBIIJI 
II K8:'ICCTBO CIICKTpon p;lI.lI HIIX cy~eCTBCHHO pa3lIII'IaIOTCJI. ,U:rrJI II3Mepe
HIIJI c IICIIOlil>::lOBaHIIeM xa;a;MIIenoii pMHIID;bI Ha rry'Ixe IIBP-3O 6e3 ;a;orrorr
HIITClil>Horo ::la:Mep;lIIITClIJI. 6olil>IUe IIHTCHCIIBHOCTI> . ;a;erreHII:ii, MCHl>Ille 3a
rpy3Ka CIICKTpOMeTpa II JIY'Illie OTHOllICHIIC IIIIK/rro;a;rro.iKKa B crreKTpe co
nrra;a;eHIIH. 

3~AllalIII3 ral\O,:la - crreicTpa II orrpe;a;emiHIIe. a6COlIIOTHOro Bblxo;a;a 

lIHTCHCIIBHOCTb. C'IeTa KaMepbI ·;a;erreHllll• II3Mep.imacb 6bICTpbIM C'ICT
~KOM' KC-O14; lIHTerpalil>HbIH· c'IeT ero oa npeMll ·1I::lMepeHIIJI MO)KCT 
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Pnc. 5. BpeMeHHoii cneKTp coBnaµ;eHnii KaMepa µ;eneHIUI-raMMa-µ;eTeKTop 

6bITb n:cnorr1>::lOBaH µ;IDI HOpMIIpOBKII Bhlxoµ;a Ha 'IIIcrro µ;erreHn:n:. IIpeµ;no

'ITIITem,Hee, oµ;HaKo, nplIMeHemie TaK HatlhlBaeMOH ":nHyTpeHHen:" HOp

MIIpOBKII, npn: KO Top on: 'IIICITO µ;erreHJIH oripeµ;eIDieTC.H no' O)J;HOH IIITII He

CKOITbKIIM raMMa - 1IIIHII.llM ecTeCTBeHHOH paµ;IIoaKTIIBHOCTII nrryTOHII.ll II3 

cneKTpa CIT)"IaHHblX COBnaµ;enn:n:, COOTBeTCTBYIO~ero IIHTepBarry "a" Bpe

MeHHOro napaMeTpa Tr Ha pnc.5·. Ilrro~ap;b rmxa B aToM cneKTpe µ;orr

)Klla COOTBeTCTBOBaTb paCC'IIITaHHOH no q>opMyn:e (1) BeITII'IIIHe N~. ,Il;IDI 

y'IeTa B03MO)KHOCTII noTepn: IIHq>OpMan;IIII II3-3a npoc'!eTOB Bcrreµ;cTBIIe 

orpaHII'IeHHocTn: 6hlcTpoµ;en:cTBII.ll raMMa - xanarra crreKTpoMeTpa B nee 

Heo6xoµ;IIMo BHeCTII K00q>q>IIIJ;IIeHT npoc'!eTOB kr, aHarrorlI'IHhlH ".)KJIBOMY 

BpeMeHII". Ilpn: II3BeCTHOM 'IIICITe OTC'IeTOB KaMepon: µ;errenlI.ll 3a BpeM.H 

II3MepeHII.ll. 0TOT Koa<f>IJ>n::a;n:eHT MO)KeT 6b1Tb onpeµ;erreH II3 MO)];II4>1ID;IIpO

BaHHOH IJ>opMYIThl µ;IDI rrrro~aµ;n: nn:Ka raMMa - ITIIHIIII rrrryTOHII.ll: 

Nf =Na· kI; · N1 ·Er· tl.r · k~, (1) 

rµ;e Na - 'IIIcrro arrblJ>a-pacnaµ;oB B MJIIIIeHII 3a cexyHµ;y, k~ - IIHTeHcn:

BHOCTb raMMa-rrepexoµ;a, NI - 'IIICITO OTC'IeTOB KaMepoii µ;eIIeHII.ll, 

Er - a!J>IJ>eKTIIBHOCTb perIICTpan;IIII,· /j, T - IIHTepBarr BpeMeHII, B Te'IeHIIe KO

Toporo pern:cTpn:pyroTC.H raMMa-KBaHTbl. Ilpn: a4>4>eKTIIBHOCTII perHCTpa-
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Il;IIII OCKO!IKOB KaMepoii: µ;erreHII.ll Ha ypoBHe 60% He yp;aeTC.H noITHOCTbIO 

nop;aBIITb C'IeT OT Q'.-'IaCTIIIl; II3 - 3a a!J>IJ>eKTa HaITO)KeHJIH. Koaq>q>IIIl;IIeHT 

narro2KeHJIH Bhl'IHCIDieTc.H II3 IIHTerpa1IbHblX xapaxTepn:cTIIK ka=Ia/11 II 

rro3BOIDieT onpeµ;errIITb 'IIICITO 3aperncTpnpoBaHHblX B axcnepIIMeHTe ;u;e

rrenIIH. IlpoII3Beµ;eHIIe 'IIIcrra ;u;erreHn:n:, 3aperncTpn:poBaHHblX KaMepoii µ;e

rreHII.ll, NI • (1 - ka) Ha xoaq>q>IIIl;HeH'! rrpoc'!eTOB ~' npeµ;cTaBITeHHoe B 

Ka'IeCTBe aq>q>eKTIIBHoro 'IIIcrra µ;erreHJIH 

. NP ) 
Neff= Ni• kc. (1- ka) = N. kP fj, (1- ka ' 

/ r a· r·Er· T 
(2) 

MO)KeT 6b1Tb IICII01Ib30BaHO µ;IDI HOpMIIpOBKII'nOrry'IaeMblX pe3y!IbTaTOB. 

Bhlxoµ; Bhlµ;erreHHblX raMMa - 1IIIHIIH OCKOITKOB onpeµ;elllIITC.H II3 cneKTpa, 

rrony'IeHnoro nocrre Bhl'IIITaHII.ll crreKTpa crry'IaiiHblX coBrraµ;eHIIH H3 crrex

Tpa raMMa - KBaHTOB, Koppe111Ip0BaHHblX C µ;erreHIIeM (HHTepBa!Ihl "b" ,"c", 

"d" Ha pnc.5). 

,Il;IDI 6011bI1Ien: '!acT:n: axcrrepIIMeHTaITbHblX p;aHHbIX Bhl'IIIcrrenn:e nrro~a

µ;e:ii: q>OTOillIKOB npOBO)];IIITOCb IIO IIHTepBarraM, coµ;ep2Ka~ He 6orree 100 

xanarroB crreKTpa, c ncnorrb30BaHIIeM nporpaMMhl FUMILI. B Ka'IeCTBe 

IICXO)];Hl,IX- µ;aHHblX 3aµ;aBa1IOCb K01III'IeCTBO lI 02Kilp;aeMoe norro)KeHIIe IllI

KOB. Mx IJ>opMa npeµ;norrararracb rayccoBcxon:, q>opMa rroµ;rro)KKII - noIIHHOM 

BTopon: II1III TpeTbeii cTeneHn:. MeToµ;oM MIIHIIMII:Ja:a;mI x2 - IJ>YHK:a;IIoHarra 

onpep;eIDirracb nrro~ap;b nIIKoB, n:x no1102KeHIIe II norryllin:pn:na. 

'9:acTb µ;aHHblX o6pa6aTblBarracb c ncrro1Ib30BaHIIeM opTonoIIHHoMJiarrb

Ho:ii: arrnpoKCIIMaIJ;IIII noµ;ITO)KKII. 3To OKa3blBaeTC.S: _i:i:orre3HblM BO BCex crry

'IaJ£X, Korµ;a nocTpoeHIIe pa3YMffOH MaTe:MaTII'Iecxon: Mop;e1III :JaTpyp;HII

TeITbHO II3-3a C1102KHOCTII II3MepeHHoro crreK'I'pa [7]. Ilpn: arrnpoKCHMan;IIII 

noµ;rro~KII no 30 - 35 penepHbIM TO'IKaM p;IDI yqacTxa cneKTpa Er :5400 xaB 

onTHMaITbHOe 3Ha'IeHIIe CTeneHII nOIIHHOMa 16 - 19, a Ha Y'JaCTKe 

Er ~400 xaB - 5 - 6 rrpn: 15 - 20 perrepHbIX To'!Kax. IlpaBIIITbHOCTl> npoBeµ;e

HII.H noµ;rro)KKII M02KeT 6b1Tl> npoBepena no nrro~aµ;n: q>oHOBblX raMMa - 1III

HIIH nrryTOHII.ll, H~ HHTepq>epn:pyro~ c raMMa - 1IHHH.HM1I OCKOITKOB. Pn:c.6 

IIITITIOCTpIIpyeT npIIMeHeHIIe µ;Byx arrropIITMOB IIOCTpO~HII.H noµ;1102KKII npII 

o6pa60TKe cneKTpOB. Ha OCHOBaHHII II01IY'!eHHblX TaKIIM o6paooM nrro~a

µ;e:ii: q>OTOillIKOB Nr, 3HaHII.ll a!J>q>eKTIIBHOCTII raMMa - crreKTpOMeTpa Er lI 

noTepb Ha BeyTpeHHIOIO KOHBepcHIO kic, COCTaB!I.HIO~ B p.Hµ;e C1IY'!aeB 
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gec.lITKII npo~eHTOB [8), onpegemmc.s: a6colIIOTHhlll Bhlxog raMMa - lllIHHH 

Y,,: 
Y,, = N,,(I + kic) 

E,,•N;'f . 
(3) 

4.MgeHTmpIIKa~II.H OCKOJIKOB II orrpegeJieHIIe IIX He::laBIICIIMOrO J:31,lXOga 

MgeHTmpIIKa~n.s: OCKOlIKOB II Bhl'IIIClleHne IIX IIHTerpam,Horo BhlXOga Ha 

ogHO acpcpeKTIIBHOe gerreHIIe np0Bogm10c1, C IICnOllb::lOBaHIIeM II::lBeCTHhlX 

crreKTpOCKOnII'IeCKIIX gaHHbIX 06 aHeprilII raMMa - nepexogoB E,, II IIX IIH

TeHCIIBHOCTII k1 no cpopMyrre 

yint - y: /k - N,,(I+ k;c) 
fr - 1' 1' - k Neff' 

. 1·E1· f 
(4) 

CyMMapHrur norpeIIIHOCTb onpegerreHII.lI IIHTerpallbHOro BhlXoga OCKOlIKa 

CKllaghlBaeTC.lI II:3 HeonpegerreHHOCTeii BXOAJII.QIIX B Bhlpa)KeHIIe ( 4) IIHrpe

gneHTOB. Ecrrn npeHe6pe'Ib norpeIIIHOCT.lIMII IIHTeHCIIBHOCTII raMMa - ne

pexoga II KOacpcpII~IIeHTa BHyTpeHHeii KOHBepCIIII, TO BelIII'IIIHa OIIIII6KII 

6y,'leT orrpe):leJISITbCSI. TO'IHOCTbIO II::lMep.lieMhlX B aKcnepIIMeHTe BelIII'IlIH no 

cpopMyrre 

~yint 
fr -

yint -
fr 

(~NN1')2 + (~E1')2 + (~N;'f)2. 
1' E1 Neff 

f 

(5) 

BcrregcTBne BhlCOKOII nogrro2KKII B cneKTpe HaII6orrbIIIHII BKllag B cyMMap

HYIO norpeIIIHOCTb BHOCIIT OIIIH6Ka nrro1.QagII cpoTonIIKa ~N,, - OT 4 go 

20%. IIorpeIIIHOCTb acpcpeKTilBHOCTII cneKTpOMeTpa ~E1 , :JaBIIC.lII.QaJI OT 

'IIIcrra raMMa - lIIIHIIH CTaHgapTHhlX IICTO'IHHKOIJ, ncnorr1,:3onaHHhlX npn 

KalllI6pOBKe, TO'IHOCTII nx nacnopTHhlX xapaKTepIICTIIK II KalIII6poBO'IHhlX 

II::lMepeHHH, COCTaBlI.lilla OT 3 go 10%. IIorpeI.irnocTb acpcpeKTIIDHoro 'IIIClla 

gerreHnrr, CD.lI::laHHaJI c HeonpegerreHHOCTbIO KOlIH'IeCTBa nrryToHn.s: B KaMepe 

gerreHn.s:,He rrpenhlIIIarra 2 - 2,5%. 
B Ta6rr.l Hap.s:gy CO ::lHa'IeHII.lIMII IIHTerpallbHOro BhlXoga 'IeTHO - 'IeT

HhlX OCKOlIKOB ' II::lMepeHHhlMII B Tpex pa::lllll'IHI,IX KOHcpIIrypa~n.s:x crreK

TpOMeTpa Y;?1
•
2

•
3

, rrpIIBegeHhl IIX .' cpegHeB:3BerneHHI,Ie BelIII'IHHhl v;? Il 

peKOMeHgoBaHHhle nHa'IeHn.s: Y,Kc [9). 
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Ta6rr. !- _13I,IX_Q_~ q>parMeHTOB ~erremur 239Pu TeillIOBhIMII Heii:TpOHaMII 

zFr A E,. yerpl 
th 

yerp. 
th 

yerp.> 
th 

yerp 
th Y;hc [9) 

K:3B %±~% %±~% %±~% %±~% %±~% 
36Kr 88 775 0.8 ± 0.21 1.08± 0.62 0.83 ± 0.20 0.79 ± 0.03 

90 707 1.10 ±0.19 1.71 ±0.69 1.14 ± 0.18 1.18±0.05 
3sSr 94 837 2.92 ±0.32 2.92± 0.82 2.31 ± 0.57 2.79 ± 0.26 3.14 ± 0.16 

98 1223 2.75 ± 0.28 3.57± 0.89 3.15±0.84 2.85 ± 0.25 2.85 ± 0.14 
40Zr 100 212 4.5 ± 0.23 4.85± 0.39 4.99± 0:28 4.72 ± 0.16 4.76 ± 0.24 

102 152 1.19 ± 0.15 2.37± 0.28 1.45 ± 0.13 1.19 ± 0.12 
◄2Mo 104 192 3.99 ± 0.20 4.81 ± 0.53 5.42 ± 0.28 4.50 ± 0.16 4.12 ± 0.21 

106 171 1.80 ± 0.20 2.28± 0.16 2.10± 0.27 2.09 ± 0.11 2.06 ±0.10 
s2Te 132 974 2.32 ±0.28 2.29± 0.59 1.31 ± 0.53 2.13 ± 0.23 2.36 ± 0.07 
s4Xe 136 1313 2.86 ± 0.30 0.88± 0.80 2.62 ± 0.28 3.02 ± 0.36 

138 589 3.89 ±0.27 4.08 ± 0.57 4.23 ± 0.75 3.95 ± 0.23 4.08 ± 0.33 
s6Ba 142 359 3.09 ± 0.25 3.01 ± 0.27 2.72 ± 0.45 3.01 ± 0.17 3.27± 0.26 

144 199 2.39 ±0.14 2.42 ± 0.36 2.59± 0.26 2.43 ± 0.12 2.05 ± 0.23 
ssCe 146 259 0. 79 ± 0.13 1.27 ± 0.29 0.87 ± 0.12 0.95 ± 0.01 

148 159 1.29 ± 0.12 3.20 ± 0.37 L47 ± 0.11 1.09 ± 0.12 
Cp~HeKBa~paTU,!HOe OTKlIOHeHIIe x2 /n 1.07 

IIp1rneµ;eHHoe TaM )Ke ::ma'Ie:mrn x2 /n, Bhl'IIIcrureMoe no q>opMyrre 

x2/n = fE7=1(Yiii"'p- :r;;:ec)2/(~Yi,Yl/n, (6) 

xapaKTepII3yeT cpeµ;HeKBaµ;paTII'IHOe OTKITOHeHIIe norry'IeHHhlX B 3KCne
pIIMeHTe BhlXO)];OB OT peKOMeHµ;oBaHHhlX 3Ha'Ie:mm )];ll.ll Been: COBOKynHOCTII 
npeµ;cTaBITeHHhlX )];aHHhlX. 

BKITIO'IeHHhle B Ta6rrm:i;y 3KCnepIIMeHTam,Hhle 3Ha'IeHII.ll BhlXO)];OB, no
rry'IeHHhle npII cy~eCTBeHHo pa3ITII'IHhlX q>OHOBhlX ycrroBII.llX II 3aI'PY3Kax 
cneKTpoMeTpa, Ka'IeCTBe annapaTypHhlX cneKTpOB II arrropIITMax o6pa-
6oTKII, B 6om,IIIIIHCTBe CBOeM corrracyIOTC.ll Me)Kµ;y co~on:. BrrII3KaJI K eµ;II
HIII~e BelIII'IIIHa cpeµ;HeKBaµ;paTII'IHOrO OTKITOHeHII.ll x2 / n cpeµ;HeB3Be
IIIeHHhlX :ncnepIIMeHTam,HhlX 3Ha'IeHIIH OT peKOMeHp;OBaHHhlX CBII)];"eTem,
CTByeT 06 OTCYTCTBIIII CIICTeMaTII'IeCKOH OUIII6KII. 

5. 3al(_ITIO 'IeJlll e 

C n;em,IO anpo6an;IIII npIIMeHeHII.ll MeTO)J;IIKII raMMa - cneKTpOCKOnIIII 
OCKOITKOB µ;rur onpeµ;erreHII.ll IIX He3aBIICIIMOro Bhlxoµ;a npII µ;erreHIIII 239Pu 
npoBeµ;eHhl II3MepeHII.ll Ha TenrroBhlX Hen:TpoHax. 

12 
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IIpoµ;eMOHCTpIIpoBaHO TPII BapIIaHTa q>opMIIpOBaHII.ll ny'lKa TenrroBhlX 
HeiITpoHon, no:JBorurro~IIe IIcnorr1>:JOBaT1> KaK IIMnyllbcHblll peaxTop 
IIBP-30, TaK II II30TOIIHl>IB IICTO'IHIIK cnoHTaHHoro µ;erreHII.ll 252Cf. IIpoBe
µ;eno cpaBHeHIIe IIHTerpallbHhlX C'IeTHhlX xapaKTepIICTlIK cneKTpOMeTpa 
II Ka'IeCTBa norry'IaeMoro cneKTpa, OTMe'IeHa npeµ;no'ITIITellbHOCTb II3Me
peHIIll Ha pen;IIKITII'IeCKHX HenTpoHax peaxTopa·c IICnOlThOOBaHIIeM xap;-MII-

eBoii panHIIIJ;hl. ~ 
0TCYTCTBIIe CIICTeMaTII'IeCKOll oµIII6KII, BhlTeKaIO~ee II:3 peoyllbTaTOB 

npoBep;eHHoro cpaBHemra norry'IeHHbIX peoyllbTaTOB C peKOMeHµ;OBaHHhlMH 
OHa'IeHII.llMII, Y'IIIThlBaIO~IIMII µ;pyrIIe 0KcnepIIMeHTallbHhle µ;aHHhle, noµ;
TBep)Kµ;aeT BOOMO)KHOCTb npIIMeHeHIDl MeToµ;a raMMa - cneKTpOCKOIIIIII 
µ;ll.ll IIOMepeHII.ll HeOaBIICIIMOro BhlXOµ;a OCKOITKOB, pa6oTocnoco6HOCTb IIC
norr1>oyeMOll annapaTyphl II npaBIIllbHOCTb Bhl6opa arrropIITMOB o6pa60TKII 

3KCnepIIMeHTallbHhlX µ;aHHhlX. 
Pa6oTa BhlllOITHeHa npII noµ;µ;ep)Kl{e PoccIIiicxoro q>oHµ;a q,ynµ;aMeH

Tarr1>HhIX IIccrreµ;oBaHIIH no rpaHTY 94-02-05121. 
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I'yHAOp11HH.A. 11 AP· - _ 
OnpeAeJ1en11e ne3as11c11Moro BhIXOAa OCK0JIKOB Aenen11si 239Pu 
TellJIOBblMl1 HeihpoHaMlf C 11Cil0Jlh30BaHiieM cneKTpOCKOillfH 
MrlIOBeHHOl'O raMMa-113Jly'leHl1SI 

P15-94-526 

C LI,en&ro anpo6au.1111 np11Merien11si MeTOAHK11 raMMa-cneKTpoi:Kon1111- ocKC>JIKOB AJJSI onpeAe~ 
Jl(!HI-ISI l1X He3aB11Cl1MOl'O BhIXOAa ni,11 AeJ1emm 239Pu nponeAeHhl 113Mepe,msi Ha TellJIOBblX neii:Tp07 

-Hax. PaccMaTp11BalOTCSl'Tpl1_Bap11aHTa q>OpM11pOBaH11SI riy'l~a TellJIOBblX HeHTpOHOB, Il03B0JISIH?IIJ.l1e 
11Cil0Jlb30BaTb KaK lfMIIYJlhCHblH peaKiop HliP-30, TaK tt 1130TOilHblH 11CTO'IH11K 'cnoHTaHHOl'O Ae
'neHlfSI 252Cf. 3Kcnep11MeHTaJlbHhle pe3yJlhTaTbl cpaBH11BalOTCSI_C peKOMeHAOBaHHblMlf Jll1Teparyp
_Hb1Ml1 ~aHHb!Mlf, -OTcyTCTBHe ClfCTeMaTH'leCKOH 011111:6Ktt IlOATBep~aeT 3q>q>eKT11BHOCTb. MeTOAa 
'raMMa..-cneKTpOC~Oill111 AJISI 113MepeHl1SI He3aB11Cl1MOl'O BbIXOAa -OCKOJIKOB; -pa6oTOcnoco6HOCTb 
· 11cnoJ1&3yeMoi1: annaparyp&111 npasHJl&H~CTh BL16opa anrop11TMOB 06pa60TK11 :1Kcnep11MeHTaJ1hHhIX 

' . ·,1, - ' . { ' . 

Pa60Ta BblUOJIHeHa B Jia6opaTOp1111 Hei1Tp0HH()H !pl1311Kl1 lfM.Jf.M.<l>paHKa OIUIH np11 IlOA
Aep)KKe POCCl1HCKOl'O q>OHAa IPYHAaMeHTaJlbllblX l1CCJ1eAOBa1111i1 (rpaHT 94:02-0512!). -

· Coo611J.e1111~ Ofu.eA1111enmiro 1111crnryTa S1Aep11&IX 11cCJ1eAona1111i1·. -.D:y6na, 1994 _ 

IlepeBOA aBTOpOB 
- . ? 

Gundorin N .A. et al. - _ . _ , ____ _ _ , 
The Measurement of Independent _Yields of 239Pu Fission Fragments Induced 
by Thermal Neutrons Using ye Ray Spectroscopy - · · 

,: ' • < 

- Pl5-94-526 

. The independent yields of 239Pu fission fragments i~duced by'therm~I neutions_were measured 
in order to verify the efficiency of gamma-spectroscopy method. Different ways of the thermarneutron 
beam production, both the reactor IBR-30 and the radioactive-isotope source 252Cf, were used. -
Comparative analysis of the experimental results with the recommended literature data was performed. 

The absence of the systematic discrepancies confirms the reliability of the experime;;-tal equipment, 
correctness of the data analysis and efficiency of the method being used. - -
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