
PlS-94-53 

H.A.fytt,11,0pHH 

TTPI1MEHEHI1E r AMMA-CTTEKTPOCKOTTI1I1 

OCKOJIKOB ,UJI51 I13YqEHI151 ,UEJIEHI151 239Pu 

PE3OHAHCHhIMI1 HEt\:TPOHAMI1 



f'y1111opttH H.A. 
IlpHMeHeHHe raMMa-cneKTpocKOnHH OCKOJIKOB 

Mll H3y'leHHll 239Pu pe30HaHCllblMH 11eihpo11aMH 

PlS-94-53 

PaccMaTpHBalOTCll MCT0)1H'leCKHC Bonpocbl npHMCIICIIHll nlMMa-cneKTPOCKOmm OCKOJIKOB Mll 
H3Y'ICIIHll OCOOCIIHOCTeii )1eJJeHHll 1111ep pe30HaHCllblMH HCiiTpo11aMH 11a ny'IKC MBP-30. )l.nll npe-
0)10JleHHll B0311HKalOII.\HX npH 3TOM TPYAHOCTeii 11ap11AJ C Heo6x0)1HMOH onTHMHJa1.111eii reoMeTpHH 
cneKTpOMeTpa B COOTBeTCTBHH C KOHKpeTHblMH q>OHOBblMH YCJJOBHllMH H npe,11,11BJ1e1meM BblCOKHX 
Tpe6oaaH11ii K napaMeTpaM Ge-11eTeKTopa, onpe11en11io111ero Ka'lecrno cneKTpoMeTpa, npeMaraeTCll 
HCnOJJb30BaHHe «aKTHBHOii• 3all\HTbl Mll no11aBJJCIIHll KOMnTOIIOBCKOH nOMOlKKH B H3Mep11eMOM 
cneKTpe. BKJ110'le1me B MIIOl'OMepHblH aHaJJH3 3KCnepHMCIITaJJbllblX 11a1111b1X 11onOJJIIHTeJ1bllOl'O 
napaMeTpa, xapaKTepH3YIOII.\el'O BpCMll lKH3IIH B036yJK)1CllllblX COCTOllHHH H)1el1THCPHL1HpyeMblX 
OCKOJIKOB, ll03BOJllleT yaeJJH'IHTb HHq>OpMaTHBIIOCTb 3KCnepttMeHTa H pacwttplleT MeT0/1H'leCKHe 
B03MOJKIIOCTH a11aJJH3a noJJy'laeMblX )1aHHblX. 
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Gamma Spectroscopy of Fragments to Investigate 239Pu Fission Induced 
by Resonance Neutrons 
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Some methodological aspects of using the gamma-spectroscopy of fission fragments for 
investigating the peculiarities of the resonance neutron induced fission at IBR-30 are discussed. 
To overcome technical complications in addition to optimizing the geometrical parameters of the setup 
in accordance with actual background conditions and high requirements for the parameters of Ge 
detector, which determine the quality of the spectrometer, we propose that an «active•shielding would 
be used to suppress the Compton-underly in the measured spectrum. By including in the multi
dimensional analysis the experimental data on an additional parameter, characterizing the life-time 
of excited states of the fragments to be identified, one would increas the volume of experimental 
information and extend the possibilities or the analysis. 

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

Communication of the Joint Institute for Nuclear Research. Dutina, 1994 



1.Bae,u;emi:e 

Cpeµ;II napaMeTpoB, xapaKTepIInyrow;mc npou;ecc µ;erremIJI .Hp;pa II 0Tpa2Ka10-

I.U;IIX OC06eHHOCTII Hp;epHoro B:JaIIMOp;eHCTBII.H IIpII p;erreHIIII, TaKIIe KaK MaCC0-

B0e II nap.Hp;0B0e pacnpeµ;erreHIIe 0CK0JIK0B, ;meprII.H II MH0)KeCTBeHH0CTb conyT

CTBYIOI.U;IIX µ;erreHIIIO raMMa-KBaHT0B nacrry2KIIBaIOT npIICTaJibH0ro BHIIMaHIIH. 

llHTerpaJII>Hhle xapaKTepIICTIIKII raMMa-II:JJiy'IeHII.H Ba2KHhl p;lIH 0IITIIMaJIII

nau;IIII napaMeTp0B .Hp;epHbIX ycTaH0B0K II pap;IIaD;IIOHHOH naw;IIThl. Hap.Hp;y C 

3TIIM, 0HII IIrpaIOT cyw;ecTBeHHYIO p0Jib IIpII II:Jy'IeHIIII MeXaHII:JM.1, p;IICCIInau;IIII 

II aHepreTII'IecKoro 6arr.anca B npou;ecce µ;erreHIIH Hp;pa. 

Mny'IeHIIe cneKTpa raMMa-KBaHT0B, npeµ;rneCTBYIOI.U;IIX ;a;erreHIIIO II CB.H:JaH

HhlX C cyw;ecTB0BaHIICM (n,')'f)-npou;ecca [1, 9] M02KeT µ;aTb IImpopMaD;IIIO 0 

BhlC0Te II CTpyKType 6apbepa µ;erreHII.H II 0 CIICKTpe nepexop;HbIX COCTO.HHIIH 

nap; 6apI>epoM. 

BonM02KHOCTI> na6rrroµ;emrn oco6eHHOCTCH 3TIIX xapaKTepIICTIIK npII µ;erre

HIIII 'Iepen penonaHCHhle K0MnayHµ; - C0CT0.HHIIH npeµ;cTaBJIHCT O'IeBIIp;HbIH IIH

Tepec. 

IlpII IICCJIC/J;0BaHIIII MaCC0B0ro pacnpeµ;erreHIIH BbIX0p;a 0CK0JIK0B B pa6oTax, 

II0CB.HI.U;CHHhlX II:Jy'IeHIIIO C00TH0lllCHIIH aCHMMeTpHqHoro µ;erreHII.H K CIIMMC

TpII'IH0MY (P /V) p;rr.H .Hp;ep 233U' 235U' 239Pu [2, 3, 4, 5] II onpeµ;erreHIIIO Bhlxoµ;a 

0CK0JIK0B µ;erreHII.H Hp;ep 235U [6, 7] noµ; µ;e:a:CTBIIeM penoHaHCHhlX He:a:TpOHOB, 

na6rrroµ;aJIIICb :JHa'IIITeJibHhle qirryKTyau;IIII II:JMep.HeMhlX napaMeTp0D n 0T;D;CJib

HhlX penonaHcax. PenyJII>TaThl 3TIIX pa6oT CBIIp;eTCJibCTBYIOT O cyw;ecTB0BaHIIII 

oco6eHHOCTe:a: µ;erreHIIH, IIp;yw;ero 'Iepen penoHaHCHhle K0Mnaynµ; - C0CTO.HHIIH, II 

.HBJI.HIOTCj[ y6ep;IITCJibHhlM M0TIIB0M p;lIH npop;0JI2KeHIIH II0IICKa II II:Jy'IeHIIH 3TIIX 

oco 6eHHOCTe:a: . 

.il:JIH II:Jy'IeHII.H oco6eHHOCTe:a: µ;erremIJI H;a;ep pe:J0HaHCHhlMII He:a:TpoHaMII B 

JIH<I> OM.HM Ha lIMIIYJII>CH0M IICT0'IHIIKe He:a:TpOHOB MBP-30 npIIMemreTC.H Me

T0;D; raMMa-crreKTp0CK0IIIIII 0CK0JIK0B. MeTOp;II'IeCKIIC 0CH0Bhl npoBe~eHIIH 3KC

rrepIIMeHTa II o6pa6oTKII penyrrI>TaT0B 6I>IJIII narro2KeHhl B pa6oTaX IIO II:JMe

peHIIIO crreKTpa raMMa-KBaHT0B µ;erreHIIH 235U [8] . .Il:arrI>He:a:rnee pa:JBlITIIC 3Ta 

MeTop;IIKa norry'IIIJia n CBH:JII c noIIcKaMII oco6eHnocTe:ii: µ;erreHIIH .Hp;pa 239Pu. 

Bonpochl MCTO/J;II'IecKoro lI IIHCTpyMeHTaJII>Horo o6ecne'ICHIIH 3KCIIepIIMeHTa 

06cy2Kp;a10TCH B aToii: pa6oTe. 



2.l1pl!_H_Il;HllliaJibHaJI OCHOBa MeTo;a;a 

MeTO/J; raMMa - crreKTp0CK0IIHH 0CH0DI,IBaCTCJI Ha H3MepeHIIII II aHamme 

CIICKTpa raMMa - KDaHT0D C HCII0l1I,30DaHUCM TCXHIIKII ( "( - f) - CODIIaiJ;CHIUI. 

.il:llJI perIICTpa~u raMMa-rry'IeII 'IaIIIe iJ;pyrIIX rrpIIMCHJIIOTCJI iJ;CTCKT0pbl Ha 

ocIIoDe )KIIiJ;KIIX IIllII rrrracTn'IecKux cu;uIITIIllllJITopon, KpncTarrrroB N al(Tl) 1rnn 

BGO D co'IeTaHIIII c cpoToyMHO)KUTerreM. B '!acTH0CTII, B pa6oTax rpyrrrrhl 

JU]JI<I>, IIccrreiJ;ODan~eII (n,1f) rrpou;ecc rrpn /J;CllCHHII JiiJ;pa 239Pu pe3oHaHCHhIMII 

HCIITpoHa:MII [9] , 11cnoJib3osa.n11cb Nal(Tl) - /J;CTCKTop1,1. OTrrII'IMCh n1,1c0Koi'r 

3qJq>CKTHDHOCThIO,GTH /J;CTCKT0pbI IIMCIOT HII3K0C 3HeprCTII'ICCKOC, pa3pelllCHIIC 1 

cocTaDllJIIOIIIee iJ;CCJITKII KGB, u H·e II03DOl1JIIOT Ha6rrroiJ;aTh T0HKYIO CTPYKTYPY 

CIICKTpa raMMa - KDaHT0B, C0IIYTCTDYIOIIIIIX iJ;CllCHilIO. 

Ilpn IIcrrorr1,3onaHHII Ge(Li)-iJ;eTeKTopon, · o6rraiJ;aIOIIIHX cyIIIeCTDCHH0 MCHh

rnei'r Gq>qJCKTilBHOCTI,IO, GT0 CTaH0BIITCJI B03M0)KHI,IM: D CDJl3Il C yrry'IIllCHIICM 

GHepreTII'ICCKoro pa3pernemrn /J;0 HCCK0llI,KIIX KGB. Ilpu GT0M MO)KeT 6bITI, 

II0lly'IeHa iJ;0II0llHIITCllhHalI lIHq>OpMaIJ;IIJI 0 rrpou;ecce /J;CllCHUJI. 

TaKM B03M0)KH0CTI, rrorry'IeHHJI iJ;aHHhlX O He3aBIICIIM0M IlI,lX0/J;C 0CK0llK0B 

c orrpeiJ;CllCHfilIMll 3IIa'ICHHJIMII Z u A /J;CM0HCTpnponarrac1, B pa6oTaX [10, 11]. 
Oua CBJI3aua ~ IIcrrycKamreM

0

r~MMa - KBaHT0B rrpu pa3pJiiJ;KC B036y)K/J;CHHhlX co

CTOJIHIIII 0CK0llK0B. B TOM crry'Iae, K0riJ;a Il3DCCTHa cxeMa yponueII B036y)KiJ;CH-

HhIX COCTOJIHIIII II IIX 3acerreHH0CTh, M0)KH0 roBopIITI, 0 C00TDCTCTBIIII MC)KiJ;Y 

IIHTeHCIIDHOCTI,IO raMMa-KBaHT0D BhI/J;CllCHHOII GHeprmI II 'IIICll0M o6pa3oBa

DI11IIXCJI 0CK0llK0D [11]. 8To 0TH0CIITCJI n IIOllHOII Mepe K 'ICTH0-'ICTHhlM .liiJ;paM, 

TaKnM KaK 100zr II 104Mo. Ha pIIcyHKe 1 rroKa3a111,1 cxeMhI ypoBneII u 1mTencII

nnocTII rrepeXO/J;OD /J;llJI GTHX JI/J;Cp. XapaKTCpllhlf rrapaMeTpbI ;Q;llJI pJiiJ;a 0CK0ll

K0B, I:lMCIOIIIHX uau6ollhl11HII DI,IX0/J; rrpu iJ;CllCHilII 239Pu HCIITpouaMH, npIIBC/J;CHhl 

B, Ta6rruu;e 1. 
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Ta6mu:;a 1. XapaKTepHbie napaMeTpbI paop.HAKII .B036y;>KJ1eHHblX COCTO.lIHIIH "IeTHO-"IeTHbIX 
OCKOJIKOB 11eJieHII.lI 

<l>parMeHT 8Heprm1 XapaKTepIICTHKa l:IHTeHCllBHOCTb BpeM.lI JKlmHn 
Z-X-A raMMa-nepexo11a nepexo11a nepexo11a [11] T112 [12] 

E..,{KeB)[lO] 6.J" % HC 
36-Kr-88 775 2+ - o+ 100 
36-Kr-90 707 2+ - o+ 100 
38-Sr-92 815 2+-0+ 100 
38-Sr-94 837 2+-0+ 100 
38-Sr-96 815 2+ -o+ 100 
40-Zr-98 1223 2+ -o+ 100 
40-Zr-100 212 2+ - o+ 100 0.71 

353 4+ -2+ 75 
497 5+ _ 4+ 45 

40-Zr-102 152 2+ - o+ 100 2.2 
327 4+ - 2+ 75 
486 5+ _4+ 45 

42-Mo-102 296 2+-0+ 100 0.11 
447 4+ -2+ 75 0.012 

42-Mo-104 192 2+ - o+ 100 0.91 
369 4+ - 2+ 75 
520 5+ _ 4+ 45 

42-Mo-106 172 2+ -o+ 100 1.2 
351 4+ -2+ 75 

44-Ru-108 242 2+ -o+ 100 0.34 
423 4+ -2+ 75 

44-Ru-110 241 2+ - o+ 100 0.34 
664 4+ - 2+ 75 

52-Te-132 974 2+ -o+ 100 
697 4+ -2+ 75 
103 5+ _4+ 45 140 

52-Te-134 1280 2+ - o+ 100 
297 4+ - 2+ 75 
115 5+ _ 4+ 45 160 

54-Xe-136 1313 2+ -o+ 100 
381 4+ -2+ 75 
197 5+,5-_4+ 2800 

54-Xe-138 589 2+ -o+ 100 
.484 4+ -2+ 75 

54-Xe-140 377 2+ -o+ 100 
458 4+ -2+ 75 

56-Ba-142 360 2+ - o+ 100 0.07 
475 4+ -2+ 75 
632 5+ _4+ 45 

56-Ba-144 199 2+ -o+ 100 0.70 
331 4+ -2+ 75 
432 5+ _4+ 45 
511 8+ -6+ 20 

58-Ce-146 259 2+ -o+ 100 
58-Ce-148 159 2+ - o+ 100 
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• 
B rro;a;aBJIHIOUJ;eM 6om,IIJHHCTBe crrri:aeB rrpn ;a;erremm o6pa3yIOTCH OCKOJIKII B 

B036YJK/WHHOM COCTOSIHHH. licTO'IBIIKOM 3Toro B036y.JKp;eHIIH ClIY.lKIIT pa3HOCTh 

;rnepnrn CBH3Il HYKJIOHOB B ;a;em1w;eMC.lI .!Ip;pe II B OCKOJIKaX. Ilocrre pa3phlBa KOM

rrayH;a; - .!I;a;pa 3HeprlI.lI B036y.JKp;eHII.lI OCKOJIKOB orrpe;a;err.lieTC.lI ;a;eqiopMau;uei"1, CB.lI-

3aHHOH c IIX .lKeCTKOCThIO. IIocKOJihKY .lKeCTKOCTh 3anncuT OT cTpyKTYPhI .!Ip;pa, 

T.e. 6JIII30CTH 3aIIOJIHCHHhlX o60Jiff'ICK HeIITpOHOB II rrpoTOHOB, TO 3HeprII.lI B03-

6y.JK;a;emrn ::rna'lIITeJihHO OTJIII'laCTC.lI )];ll.lI pa3HhlX OCKOJIKOB. 

IlpII CHHTHII B036y.lKp;CHH.lI KaCKap;bl raMMa-KBaHTOB II3lIY'laIOTC.lI OCKOJIKaMH 

BCJIC)]; ::m 3MIICCIICII HCHTpOHOB, Kor;a;a 3HeprlI.lI B036y.lKp;CHIIH .!Ip;pa OKa3hlBaCTCH 

MCHbIIJe llX 3HeprIIII CB.lI3II. I'aMMa - KBaHThl YHOC.lIT OCTaBIIJYIOC.lI 3HCprIIIO B03-

6y.lKp;eHII.lI. OcHOBHaH llX )J;Oll.lI II3lIY'laCTC.lI OCKOJIKaMII B TeqeHHe 10-12 - 10-10c 

IIOCJIC HX o6pa30BaHirn, 'ITO COOTBCTCTByeT pa;a;uau;noHHhIM rrepexo;a;aM HII3KOH 

MYJihTIIIIOJihHOCTH - El,Ml,E2 - c ypoBHCII Bo36y.JK;a;emrn ;a;o HeCKOJihKIIX MaB. 

3Ha'lIITCllhHO MCHhlllaH 'laCTh raMMa-KBaHTOB II3lIY'laCTC.lI 3a apeMSI rropHp;Ka 

10-8c ll 6orree C caMhlX HII.lKHIIX ypoBHell HJIII II3 ll30MCpHhlX COCTO.lIHIIH. 

Ilpeu;nmrnHHOC II3MepeHIIC CIICKTpa rrpn II3BCCTHOII aqicpeKTHBHOCTII pern

cTpau;IIII raMMa - KBaHTOB II03BOll.lICT Ha6rr10;a;aTb pa3p.!Ip;Ky B036y.lK)];CHHhlX 

ypoBHCll OCKOJIK0B n orrpe;a;eJI.lITh a6coJIIOTHYIO IIHTCHCHBH0CTh rrepexop;oB. 

1:.fucrro 3aperIICTpIIpoBaHHhIX raMMa - KBaHT0B rrpu pa3p.lI)];KC ypoBH.lI C Bpe

MCHeM .lKII3HII T M0.lKCT 6hlTh rrpep;CTaBJICH0 Bbipa.lKeHHeM: 

Nr - N * JYAe-tfrdt * k * E , ,- f Z -Y ,"Y· (1) 

3;a;ech: N1 - 'IHCJI0 IIp0II30IllC)J;IlllIX ;a;erreHHH, y t -BhIX0)]; IICK0Moro 0CKOJIKa, 

T - BpCMH .lKH3HH B036y)K;a;eHHOro ypoBH.lI, k, - 3acerreHHOCTh ypoBHH, f-y - acp

q>eKTHBHOCTb· perncTpau;un. 

IIpe;a;cTaBll.lIH TaKIIM o6pa30M a6COJIIOTHYIO IIHTeHCIIBH0CTh raMMa - rrepe

X0IJ;0B Ha 0CH0BaHIIH II3BCCTHhlX crreKTp0CK0IIII'lCCKIIX ;a;aHHhIX, M0.lKHO orrpe;a;e

ll.lITh BhIX0IJ;hl 0TIJ;CllhHhlX 0CKOJIK0B, II3Mep.lI.lI IIHTCHCIIBH0CTh :mrry'leHII.lI BhllJ;C

rreHHhlX raMMa-mrnni. 

OcHOBa MCTo;a;a, IICII0llh3JIOUJ;Cro raMMa-crreKTpOCK0IIIIIO OCKOJIKOB IJ;ll.lI orrpe

lJ;ClICHII.lI IIX He3aBIICIIMoro Bhlxo;a;a, 0TJIII'laeTc.lI rrpnHu;1i':rrnarrhHOH rrpocToTon. 

B TO .lKe npeMH, KaK BC.lIKIIH KocneHHhIH MeTo;a;, oH co;a;ep.lKIIT B ce6e p.!Ip; Heorr

pe;a;erreHHOCTen II TpYIJ;HOCTell, CB.lI3aHHhIX, B 6oJihlllCH CTCIICHII, C ero TCXHII'IC

CKIIM 06ecne'lCHIIeM npII npoBe;a;emm a:iccrrepIIMCHTa Ha IIJ'lKe HCHTpOHOB. 
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3.<PaKTOJ2hl, 3aTpy;a;mnow;ne rrpnMeHeHne MeTo;a;11, 

3.1.BhlCOKaH HaChlUJ;eHHOCTh CIICKTpa raMMa-KBaHTOB 

IIpe;a;cTaBJICHHhlll Ha pIICJHKC 2 cneKTp raMMa-KBaHTOB II3 MIIIIJCHII, co;a;ep

.lKaw;en: l.6r 239Pu, o6rry-qaeMon HCHTpoHaMII, xapaKTepmJyeTc.lI BhlCOKOH ua

ChlUJ;eHH0CThIO IIIIKaMII. HapH/J;Y C raMMa-KBaHTaMII, m.mJ'laCMhlMII OCKOJIKaMII 

IIOCJIC pacrra;a;a K0p0TK0.lKIIBJI.Il;lIX B036y.JKgeHHhlX COCTO.lIHIIH, B 3TOM crreKTpe 

rrpIICJTC:TBJIOT raMMa - JIIIHIIII, CBH3aHHhie C pa3p.lIIJ;KOH BOt36J.lKIJ;CHHhlX COCTO

.lIHIIH rrp~IJ;YKTOB ;a;erreHII.lI nocrre IIX ,B-pacrra;a;a, (n,,) II (n,n',) peaKIJ;Il.lIMII. TaK 

KaK 'lncrro raMMa - JIIIHIIH O'lCHh BeJIIIKO, MHorIIe II3 HIIX B Ha6rr10;a;aeMoM crrei

Tpe He pa3peIIJaIOTCH, a rrp0.lIBJl.lIIOTC.lI B BII/J;C CIIJIOIIJHOH II0IJ;lI0.lKKII II OTIJ;Cllh

HhIX "6aMrroB". Cyw;ecTBCHHhlH BKrra;a; B rro;a;rro.JKKY BH0C.lIT raMMa - KBaH'rhl, 

HCIIhITaBIIJIIC K0MIITOH0BCKOC pacce.lIHIIC, II0TCp.lIBIIJHC 'IaCTh CBOeH ·aHepnm II 

tlaperIICTpHpoBaHIIhle BCJI;):\CTBHe 3T0ro B 6orree M.lirKOH o6rracTII CIICKTpa . 
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' 3.2. <l>oHonoe raMMll.-II3lIY'IeHIIe, CBJI3aHHOe C Hei'ITpoHaM:II 

IlpII ,:ierremrn JI;a;pa HapJI;a;y c raMMa-KnaHTaMH pmK;a;aIOTCJI 6bICTpbie Hell
TpOHhI. Hx nnamrn;a;ei'ICTBile C JI;a;paMII ::meMeHTOB, nxo;a;JIIIl,IIX B COCTaB caMoro 
;a;eTeKTOpa Il KOHCTpyKD;IIOHHhIX 1rnTepnarron 3KCIIepnMeHTalibHOII ycTaHOB.irn, 
rrp1rno;a;IIT K perncTpau;nn raMMa-KBaHTOB, He IlMeIOIIl,IlX OTHOilleHIIJI K OCK0lI
KaM. B Ta6rrIID;e 2 IIOKa3aHbI xapaKTepncTIIKII OCHOBHhIX Im 3TIIX B3aIIMo;a;e:ii
CTBIIH, B OCHOBHOM, - no ;a;aHHhIM pa60ThI [13]. Ec.rrn ~pII II3MepeHilllX raMMa
crreK~pa H?' CIIOHTaHHO ;a;errJIIIl,eMCJI JI;a;pe 252Cf [10, 11 L BKrra;a; 3THX q>OHOBhIX 
raMMa - 'lIIIHIIH orrpe;a;eITJieTCJI TOlibKO aKTIIBHOCThIO O 6panu;a, TO rrpH 1myqe
HIIH ;a;erreHHJI, BhmBaHHoro HeiiTponaMII, B03HIIKaeT ;a;orrOlIHHTelibHhIH BKrra;a;. 
OH CBJI3aH c peaKn;HJIMII naxnaTa II Heyrrpyroro pacceJIHHJI Hei'rTpoirnn IIj''IKa 
Ha JI;a;pax KoncTpyKD;IIOHHhIX MaTepnarron u Ge-;a;eTeKTopa. Berrnq1rna aToro 
BKrra;a;a orrpe;a;errJieTCJI IIlIOTHOCThIO Hei'rTpOHHOro IlOTOKa B rryqKe, ycrrOBHJIMII 
KOlilIIIMaD;IIII II reoMeTpH'IeCKHMH q>aKTOpaMII. HecMOTpJI na' TO, "ITO raMMa -
II3rryqemre OT HeHTpOHOB IIY'IKa He K0pperrnponaHO C aKTOM ;a;erremrn JI;a;pa -
Mnrnemr, nepoJITHOCTh perncTpaD;IIII ero ;a;ocTaTO'IHo nemIKa ncrre;a;cTnIIe crry
qa:i\:HhIX conrra;a;emri'r. 

Ta6m1~a 2. ¢ioH, cB1t□aHHhIH c HenTpoHHO - 1t11epHhlM B□a1IM011encTB1IeM 

8HeprHJI HcTO'IHHK 
raMMa-KBaHTa II3rryqeHIIJI 

E11:.1wB . ,' 

139.88=0.07 75':'Ge;IT;T1; 2 = (45.8=3.l)c 
197.91=0.07 7lmGe; IT; T1;1 = (21.5=0.4)Mc 

472.6=0.2 27Al(n,a--y)24Na 
478.4=0.3 10 B(n, a)7 Li*;6 Li(n,--y)7 Li 

511.00:!:0.3 aHHIIrmiJID;IlJI 
596.06=0.10 74Ge(n, n');73 Ge(n,--y)74 Ge 

609.0=0.2 74Ge(n, n');73 Ge(n,--y)74Ge 
693.4=0.8 72Ge(n,n') 
834.5=0.2 72Ge(n,n') 

843.62=0J4 27 Al(n, n') 
1014.4=0.2 27Al(n,n') . 
1039.5=0.3 70Ge(n, n') 
1779.1:!:0.2 21 Al( n,--y)2B Al 

1293.5 115 J n( n, --y)ll6m In 
1097.3 115 J n( n,--y)ll6mJ n 
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3.3.I'aMMa - KBaHThI ecTeCTBeHHOII pa;a;noaKTIIBHOCTII JI;a;pa - MIIllleHII 

Crryqa:i\:Hhle conrra;a;emrn JIBITJIIOTCJI TaK)Ke rrpn'InHoii Toro, 'ITO n II3MepJI
eMoM cneKTpe rrpncyTCTBYIOT IIIIKII, COOTBeTCTBYIOIIl,He raMMa-KnaHTaM ecTe
CTBeHHoi'r pa;a;noaKTIIBHOCTII JI;a;pa-MnrneHH 239Pu. KaK y ncex HecTa6IIIThHhIX 
JI;a;ep, ncnhIThIBaIOIIl,IIX a-pacna;a;, OH conpona)K;a;aeTcJI xapaKTepHhIM raMMa -
II3lIY'IeHneM. lIHTeHCIIBHOCTh 1mrryqaeMbIX raMMa - KBaHTOB onpe;a;eITJieTCJI KO
lIII'IeCTBOM pa;a;uoaKTIIBHhIX JI;a;ep B MIIllleHn II npeMeHeM )KII3HII. Ilepuo;a; norry
pacnaAa ;a;rrJI 239Pu 0THocnTerrhH0 HenemIK: OH cocTanrri:reT 2.4131-104 rreT (;a;rrJI 
235U - 7.038-108 rreT, ;a;ITJI 233U - 1.5911-105 rreT). KopoTKoe npeMJI )KII3HII IIn'o
Torra nrryTOHIIJI-239 ;a;erraeT ero "Hey;a;o6HhIM" o6'beKTOM nccrre;a;onaHIIH no pH;a;y 
rrpII'IIIH. O;a;Ha II3 HHX, cylll,eCTBeHHaJI ;a;rrJI rrpIIMeHeHirn crreKTpOCKOIIII'IeCKIIX 
MeTo;a;on, - IIHTeHCIIBij0e raMMa-1mrryqeHue. B Mnrnemr, co;a;ep)KaI11,e:i'1 lr miy
Tomrn, npoucxo;a;nT oKorro 2:27-109 arrbq>a-pacna;a;on n ceKyH;a;y. 8Heprirn n oT
HOCIITerrhHhIH BhIXo;a; Han6orree IIHTeHtIIBHhIX raMMa - lIIIHHII conyTCTBYIOI11,ero 
II3lIY'IeHirn IIOKa3aHbI B Ta6rrnu;e 3. HapJI;a;y C ;a;aHHhIMII Ta6JIIID;hl II30TOIIOB 
[12] n Hei'1 npe;a;cTanrreHhI pe3yrrhTaThI o;a;Ho:i'11rn 6orree rro3;a;il:ux opnrnHarrhHhIX 
pa6oT [14]. 

Ta6m1~a 3. I'aMMa-KBaHThl ecTeCTBeHHOll °' - pa1111oaKTIIBHOCTII 239Pu 

8Heprirn Bbixo;a; 0THOCIITelihH0 
raMMa-KnaHTa a-aKTIIBHOCTII (%) 

E1 ,KaB [12] [14] 
51.6 0.0208 0.027(5) 
98.8 0.0013 
103.0 0.000179 
115.4 0.000676 
116.2 0.000596 
129.3 0.0062 0.00641(5) 
144.2 0.00029 
203.5 0.00056 0.000568( 4) 
204.9 0.0002 
225.4 0.0000163 
237.7 0.000015 
243.3 0.000023 
255.3 0.000080 
263.9 0.000025 
332.8. 0.000505 0.000492( 4) 
375.0 0.00158 0.001547(12) 
413.7 · 0.00151 0.001455(9) 
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' 3.4.BhICOKall IIMIIJITbCHall 3arpy3Ka crreKTpOMeTpa II orpaHIPieHIIe ero 6bI-

CTpO)];eHCTBIDI 

IlpII IIITOTHOCTII IIOTOKa Hei'ITpOHOB 2 . 103 • E-0.9HeiiTp./cM2 c 38 Ha MHIIJeHH 

l.6r 239Pu )];IDI crreKTpoMeTpa Ha ocHoBe Ge(Li)-AeTeKTopa c o6'heMoM 50 cM3 , 

Y)];aITeHHOM OT MIIIUeHII Ha paCCTOHHUe 9 CM, IIMIIJITbCHall 3arpy3Ka rrpeBbIWaeT 

5 . 104 c- 1• TaK KaK MepTBOe BpeMH )];eTeKTOpa COCTaBITHeT )];eCHTKII HaHoce

KYH/J:, TaKaJI 3arpy3Ka He rreperpy2KaeT )];eTeKTOp, a orpaHII'ieHIIe 6hICTpO)];eII

CTBIIH crreKTpOMeTpa, rrpIIBO)];Hlll,ee K IIOTepe IIH<pop1>rnQIIII, orrpe)];eITHeTCH xa

paKTepIICTIIKaMII GITeKTpOHHhIX 6ITOKOB II3MepIITeITbHOH CIICTeMbI crreKTpOMe

Tpa. CyMMapHoe MepTBOe BpeMH IICIIOITb3JeMhIX B Hen: crreKTpOCKOIIII'ieCKoro 

ycIImITeITH ORTEC - 572 II aMIIITIITY/J:-HO - QII<ppoBoro rrpeo6pa3oBaTeITH co

cTaBITHeT OKOITO 20 MKC )];ITH raMMa - KBaHTOB C GHcpn1ei1 500 KGB. Ilpu GTOM 

rrpoc':IeThI crreKTpOMeTpa MoryT COCTaBIITb 60ITee 50%. 

4/I'2e60BaHH.H K TeXHHqecKOMY o6ecrreqeHHIO 0KcrrepHMeHTa 

B CBH3II C BhICOKOH IIHTeHCIIBHOCTbIO q>OHa )];ITH BhI)];erreHIIH raMMa - KBaH

TOB Il3 OCKOITKOB He06XO)];IIMO IICIIOllb30BaTb TeXHIIKY COBIIa)];eHIIH. B Ka':Ie

CTBe ycTpon:cTBa, perncTpnpyrow.ero aKT )];erreHIIH II 3artycKaror.u.ero cxeMy co

BIIa)];eHnn:, IICIIOllh3YIOTCH IIOHII3aQIIOHHbie KaMepbI )];elleHIIH, CO)];ep2Kar.u.ue )];e

JUII.IIYIOCll • MIIWeHb ((15],(16]). °lfIIClIO BhI)];elIHCMhIX lIIIHIIII B raMMa-crreKTpe 

COBIIa)];CHIIH orrpe)];CITHCTCH, rrraBHbIM o6pa30M, pa3pewarow.en: crroco6HOCTbIO 

raMMa-)];CTCKTopa II ero Gq>q>CKTIIBHOCTbIO. Ha pIICYHKe 3 IIOKa3aH arrnapaTyp

HhIH crreKTp raMMa-ITy'ien: ocKorrKoB )];erreH1rn 235U, 1mMepeHHhIH B pa6oTe (8] BO 

BpeMCHHOM OKHC COBIIa)];CHIIH 32Hc. Ilrror.u.a)];b q>OTOIIIIKOB IIOlIHOro rrorITOIIl,CHIIJ'.I 

B HCM )];ITH Han6orree HpKIIX raMMa-mrnun: OT OCKOlIKOB He npeBbIWaeT 15% OT 

rrrror.u.a)];II IIO)];ITO)KKII. 
N 
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Puc.3. CneKTp raMMa-ny"Ien:, conyTCTBYIOllIHX µ;eneHHIO 235U 
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4.1. OIITIIMII3aQIIH napaMeTpOB rll:MMa-crreKTpOMCTpa 

O':IeBII/J:HhIM; Tpe6oBaHIICM, rrpe)];'bHBIDICMbIM K rrapaMeTpaM CIICKTpOMCTpa, 

B rrepByiq O'iepe)];b HBlIHCTCH ero MaKCIIMallbHall pa3pemarow.aa crroco6HOCTb 

II Gq>q>eKTIIBHOCTb. :.:hn xapaKTCpIICTlIKII orrpe;a;eIDIIOTCJ'.I Ka':IeCTBOM IICIIOITb3Y

eMoro raMMa-)];eTeKTopa. B HacToHr.u.ee BpeMH rnIIpoKo rrpIIMeHHIOTCH Ge-;i;eTeK

iophl C 3HepreTH'li:CKHM pa3pemeHHeMi 1.1£.= (1.8-1.9)_ .K3_B no JIHHHH 1332 K3B 

60Co. H C OTHOCHTeJibHOll. 3qxpeKTHBHOCTblO K~,~ = (30-:-40)% II 6orree, rrpo

II3BO)];UMhie pH)];OM q>IIpM II3 CBCpX'iIICToro repMaHHH Il-TIIIIa. 8TII )];CTCKT0phI 

·He Tpe6yIOT II0CTOHHH0ro oxrra2K;a;eHIDI u 0TlIIMaIOTCJ'.I IIOBhIWCHHOU pa;a;IIaQII

OHHOil CTOUKOCThIO K Bo3;a;e:iicTBIIIO 6hicTphIX HCHTpOHOB. IlocITe;a;Hee o6_cToH-

. TCllbCTBO oco6eHHO Ba)KH0 rrpII II3MepeHIIHX Ha IIY'!Ke HCHTpOHOB peaKT0pa. 

B Ta6rruQe 4 rroKa3aHhI rrapaMeTphI rrpIIMeHHeMoro n crreKTpoMeTpe Ge(Li) -

)];eTeKTopa, rrocTaBIDieMoro -06'be)];IIHeHneM II3OTOI1 : DGDK-110. T~~ 2Ke, 

)];ITH ,cpaBHCHIIK, rrpIIBC/J:CHhI napaMeTphI Ge - )];CTCKTopa no cBepx'iIIcToro rep

MaHIDI, rrpoII3B0)];IIMoro <f>upMo:ii ORTEC: GR3019. 

Ta6lin1Ia 4. XapaxTepHCTHKa repMamreBI,IX µ;eTeKT0p0B 

IlapaMeTp DGDK-110 GR3019 

OTHOCIITCllbHaH 

Gq>q>CKTIIBHOCTh1 12 30 

% I 

8HepreTIMCCKOe 

pa3perneHne 

122 KGB 1.4 - . 0.9, 

{KaB FWHM)· 

1332 KGB 2.3 1.9 

.- (KGB FWHM) 

IlnK/KoMrrToH .. 24 I -48 

· Pa;a;.cTOHKOCTh 

·• 
<PlIIOGHC 109·[17] 2 1010, [18]- ,' 

(Heii;p./ ct.t:2) 

CTOIIMOCTb(Ha 1989r.) 30 T.py6. · 48.5 T.;a;orr; CIBA, 

. Cyrn;eCTBCHHO 60llbillaH Gq>q>CKTIIBHOCTb II. IT)''!Wee GHepreTil'iCCK0e pa3pe-
, ' - ' - . - -'.' 

rneHHe ;a;eTeKT0pa GR3019 MoryT OHa':IIITCITbH0 pacwupIITb IIHq>OpMaTIIBHOCTb 

3KCIIepIIMCHTa, IIOOB0IT.lUI BhI)];ClIJITb 60ITbWCe 'iIIClI0 raMMa-lIIIHIIH II YBClIII'IIIBaH 

_cTaTIICTII'iecKyro oHa':IIIM0CTh rrorry':IaeMh!x ;a;aHHhIX. BoITee 'ICM ;a;eCHTIIKpaTHoe 

JBCITII'iCHIIe pa;a;IIaQIIOHHOll CTOHKOCTII IIt}6aBIIT OT HeIIpIIHTHOCTe:ii, CBHOaHHhIX 

C II0BpmK)];CHIIJ'.IMII )];CTCKT0pa rrpu rrp0BC)];CHIIII IlOMepeHIIH. 
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4.2. Iloµ;am1eHIIe KOMITToHoncxo:u noµ;rro2KKH n raMMa-cneKTpe connap;eHIIlI 

BhlcOKaJI noµ;rro2KKa n raMMa-cneKTpe connaµ;emm: (puc.3), 3aTpyp;HHIOll.laJI 

ero aHaJIII3, D 3Ha"IIJTeJil,HOH Mepe CBJI3aHa C perHCTpan;IIe:u raMMa-KnaHTOB, 

IICilhlTanwmc KOMilTOHOBCKoe pacceJIHIIe C IlOTepeii :nieprIIII. Op;nH II3 B03MO)K

HhlX cnoco6oB noµ;anrreHIIJI 3Toro a<f><f>eKTa npIIMeHeirnrrcJI B pa6oTe (8]. OH 

6atmpyeTCJI Ha amiapaTHOM OT6ope IIMilJJibCOB, Il_OCTynaIOll.lHX c µ;eTeKTOpa, 

no <f>opMe IIJIII BpeMeHII HapacTaHHH [19] II Il03BOJIJieT ytrnHblIIIITb KOMITTOHO

BCKJIO noµ;rroiKxy Ha 25-50% npII He3Ha"lnTeJibHOII IIOTepe IIHTeHCl~BHOCTII n 

<f>oToi:mxe (5-20%) (20]. 

,I(pyroi'r cnoco6, wupoxo npuMeHJieMbIH n raMMa-cneKTpoMeTpax, npeµ;no

JiaraeT ucrroJib30Ba~IIe TaK Ha3hlBaeMoi'1 "aKTIIBHo:u" 3all.lIITbI. OH ciiop;IITCJI 

K OKpy2KeHIIIO Ge µ;pyruM p;eTeKTOpOM, a<f><f>eKTlIBHO perJICTpupyIOll.lHM raMMa

, KBaHTbI, IICIIbITaBmrre KOMIITOHOBCKOe pacceJIHIIe. BKJIIO"leHHhlH D. cxeMy aHTII

COBIIap;eHIIH, TaKoii p;eTeKTOp Il03BOJIJieT IlCKJIIO"IHTb H3 cneKTpa IIMilJJibCbI, 

COOTBeTCTBYIOll.lHe HellOJIHOMY norJIOI11eHIIIO 3Hepruu raMMa-KBaHTa B Ge - µ;e-

. TeKTOpe. ThKHM o6pa30M KOMilTOHOBCKaJI IlO)J;JIO)KKa MO)KeT 6bITb noµ;anrreHa D 

10-15 pa3 6e3 noTepb )J;JIJI qJOTOIIllKOB IIOJIHOro norrroI11eHI1JI (21, 22]. 

Ilocrrep;HIIH cnoco'6, JIBJIJIJ!Cb 6orree a<f><f>eKTHBHLIM, .CBJI3aH C ycJIO)KHeHIIeM 

cneKTpoMeTpa II yBeJIII"leHHeM KOJIH"leCTBa KOHCTPYKD;IIOHHhlX MaTepuarron D 

1 HeM. Ilpu 3TOM B03pacTaeT HHTeHCIIBHOCTb HeHTpOH.HO-Jip;epHbIX B3am.10µ;eii

CTBIIII, 'ITO nep;eT K ynellII"leHmo BKrraµ;a <f>oHOBhlX raMMa-JIIIHIIH, npIInep;eHHhlX 

n Ta6rrIIn;e 2, II IlO)J;JIO)KKII BO BpeMS!IIpOJieTHOM cneKTpe. EcrrII HeirTpOHhl, HC

IlblTaBWHe Heynpyroe pacceJIHIIe n Ge-p;eTeKTope, per:ricTpIIpyroTCJI "3all.lIIT

HhlM" p;eTeKTopoM, TO IIHTeHCIIBHOCTb 3THX JIIIHIIH MmKeT 6bITb noµ;anrreHa 

aHarrorII"IHO noµ;anrreHIIIO KOMIITOHOBCKOH nop;JIO)KKII D cneKTpe. 

IlpII 1knoJib30BaHIIII "aKTIIBHo:u" 3all.lIITbl cnexTpoMwrpa Ha HeiiTpoHHOM 
, I 

IIJ"IKe Heo6xo;a;IIMO Y"IIIThlBaTb, .'ITO npII 3Ha"IIITeJibHOM yponHe raMMa - <f>oHa, 

CBH3aHHoro c He:uTpOHHO - Hp;epHhlMII n3a1IMop;eiicTBIIJIMII, BbICOKaJI a<f><f>eKTII

BHocTb "3all.lIITHOro" p;eTeKTOpa ne~eT K 6oJiblIIOH IIHTeHCIIBHOCTII C"leTa D 

KaHarre aHTIICOBnap;eHIIH. BCJie):ICTBHe crry"laHHhlX connap;eHIIH IIMilYJibCOB OT , 

3TOro p;eTeKTopa II Ge - p;eTeKTopa n· OKHe aHTIICOBIIap;eHIIH MO)KeT 6h!Tb IIO

Tep.irna "laCTb IIH<f>opMaD;IIII. 

B CBJI3II C 3TIIMII o6CTOJITeJibCTBaMII IICIIOJib30BaHIIe "aKTIIBHoii" 3all.lIIT~I 

)];JIJI YlIJ"irneHII.ll xapaKTepncTIIK ciieKTpoMeTpa Tpe6yeT µ;onOJIHIITeJibHOH OIITII

MII3aD;IIII ero KOHCTPYK,D;IIII II 3KCIIepniieHTaJibHOH nponepKII a<f><f>eKTIIBHOCTII 

npnMeHeHIIJI 0TOfO MeTop;a p;JIJI K~JHKpeTHhlX <f>oHOBhlX ycrrOBIIH. 
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4.3. OnTIIMiman;irn reoMe'rpnn cneKTpoMeTpa n axcnepnMeHTarrbHOH ycTa

HOBKII Ha IlJ"IKe HeIITpOHOB 

',I(JIJI CHil)Ke~rn IIHTeHCIIBHOCTII <f>oHa, CBJI3aHHoro C HeiiTpOHHO-JI;a;epHbIMII 

B3aMop;e:ucBirnMII, Heo6xo;a;n1rn, rrpe2Kp;e ncero, MIIHIIMII3IIponaTb KOJIII"leCTBO 

KOHCTPYKD;IIOHHhlX MaTepnarron 3KcnepnMeHTaJihHOII ycTaHOBKII, o6rry"laeMbIX 

HeHTpOHa:!.rn. cho Tpe6onam1e, OTHOCH.I11eecJI K TOllll.lIIHe BXO)J;Horo II BbIXO

p;Horo OKOH, TOllll.lIIHe IIO)J;JIO)KKII C KOHBepTepoM 113 p;eJIHI11erocJI trnTepIIarra, 

HaJIII"IIIIO )J;IICTaHD;IIOHIIPYIOll.lIIX Karren; II ;a;pyrIIX KOHCTpyKTIIBHbIX oco6eHHO~ 

cTe11, J"IIITbrnairocb rrpn 1mr,0TonrreHm1 ;a;errnT~JibHoi'r KaMepbI c239Pu [16]. 

Ilpu KOlllIIIMIIpOBaHI~II HeIITpOHHoro IIY"IKa Heo6xo;a;HMO co6JIIOCTII ;a;na ycrro

BIIJI. Bo-rrepBbIX, µ;naMeTp IIJ"IKa )J;OJI)K.eH 6b!Tb TaKIIM,- "IT06bI IlOJIHOCTb.IO 

"OCBeI11arracb" KaMepHaJI~ MIIIIIeHb, a OCTaJibHble KOHCTPYKTIIBHbie 3JieMeHTbI 

KaMepbI Haxoµ;1rnncb n "Temr". B_o-BTOpbIX, 6rrn2KaiiIIInii KOJIJIIIMaTop ;a;orr,KeH 

. 6bITb yµ;arreH OT crreKTpoMeTpa HaCTOJibKO, "IT06bI pacceJIHHbie B HeM Heii

TpOHhl iie nrr:irnm1 Ha yponeHb <f>oHa. 

,I(rrJI yMeHbIIIeHIIJI <f>oHa OT nepepacceJil:IHbIX He:UTJ?OHOB )KeJiaTeJibHO o6ecrre

"IHTb MaKCIIMaJibHOe yµ;arrem1e cneKTJ?OMeTpa OT CTponTeJibHblX KOHCTpyKD;IIII 

axcrrepuMeHTaJibHoro rranurrnoHa (rrorr, rroTorroK, cTeHnI) II rrponoµ;~y KorrmrMu

ponaHHoro ny"IKa C IICilOJibQOBaHIIeM naKyJMIIponaHHOro _HeiiTpOHOBOp;a, 

Ilpu co6rrro;a;emrn a·TIIX ·ycrronnii ·yponeHb noµ;rro,KKII no BpeMsrnpoJieTHOM 

crreKTpe II cTerreHb Bbip;erreHIIJI OT)J;CllbHblX pe30HaHCOB 6y;a;eT orrpep;eJIJITbCJI IIC

KJIIO"IIITeJibHO "Ka"leCTBOM" HCIITJ?OHHoro IICTO'IHIIKa. 

,I(rrJI yneJIII"leHHJI acpq>eKTIIBHOCTII CllCKTpoMeTpa II o6ecrre'IeHIIJI Teti ca

MblM JIJ"IIIIeH CTaTIICTII"ICCKOII 06ecrrw1eHHOCTH 3KcrrepHMC!fT_a J:TpeMJITCJI MaK

CHMaJibHO rrpu6rrH3IITb raMMa-p;eTeKTop K KaMepe ;a;erreHIIH. Ilpn 3TOM no::1pac

TaeT IIMIIJJibCHaJI .3arpy3Ka cneKTJ?OMeTpa II pa;a;uan;noHHaJI'Harpy3Ka Ha ;a;e

TeKTOp. HarrnT.uie MepTnoro .npeMeHII D 113MepIITCJibHOII ci1cTeMe ·µ;erraeT Hen;e

rrecoo6pa3HhlM "ICpe3MepHoe. yMeHbllleHne paCCTOJIHIIJI Me)Kµ;y KaMepoii II µ;e

TeKTopoM, 'ilp11nop;HI11ee K cyI11ecTBCHH01r noTepe uHcpop~rnn;mr II3-3a npoc'Ie

TOB npn O)J;HOBpeMeHHOM yneJIIPieHIIII nepOJITHOCTII pa;a;nan;noHHbIX rronpe)K;a;e-

, m1i'1 Ge-;a;eieKTopa. B CBJI3II c 3TIIM Heo6xop;nMo orrTIIMI13IIponaTb reoMeTJHIIO 

crrexTpoMeTpa c J"ICTOM acpcpeKTIIBHocTH II paµ;nan;noHH-011 cToiiKoCTII raMtm

;a;eTeKTopa. 

Ha pIICJHKax 4 II 5 cxeMaTII"leCKII IIOKa3aHbl ;a;ne KOH<fmrypan;nn raMMa~ 

crreKTpOMeTpa Ha 5-M KaHarre peaKTOpa MBP-30 11 CIICKTp ('y - f) conna;a;eHIIII 

no npeMeil:u nporre,Ta HeiiTpoHon n IIHTepnarre 3Heprnii OT lfaB ;a;o 96aB. .. 
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HOMep KaHana 
Pttc.5. CrreKTp (1 - f) c0Brrap;em1ii: rio BpeMeHII rrpoJieTa B IIHTepBane OT llaB p;o 960B 

Ifa cpaBHeHiur IIpIIBeµ;eHHhlX B Ta6mm;ax 5 II 6 OTHOUJeHIIIT 'IIIClla 0TC'leTOB 
B. MaKCIIMJMe II MIIHIIMJ?vl:e Ie (IIIIK/IIpOBall) ;!l;ll.l[ pe30HaHCOB . , BpeMYilpo.rieT~ 

Hl>IX cneKTpOB. ( 'Y - f) COBna;a;eHIIIT II KaMephl ;a;erreHII.H crre;a;yeT' 'ITO J OIITIIMII-
3IIpyJI Komimrypan;mo crieKTpoMeTpa Ha IIJ'IKe HerrTpOHOB I MO)KHO · IIOHII3~TI, 

- ypOBeHl> cpoHa oT nepepacce.inrin,1x HeHTpOHOB: Ilprr 0ToM ;a;ll.l[ icoH<pIIrypan;IIII 
"B'? y;a;aeTCJI CHII3IITI, IIO;D;ll02KKY B cneKTpe KaMephl ;a;erreHII.H Ha 10%, a B CIIeK
Tpe COBna;a;eHIIIT - Ha 20% II TaKIIM o6pa30M yrry'IUJIITI> ycrrOBIIJI ;D;lIJI aHalIII3a 
CIIeKTpa raMMa-KBaHTOB B OT;D;ellbHhlX pe30HaHCax. 

Ta6nm~a 5. OTHOIIIeH!Ie IllIK/npoBaJI )J;lUI BpeMlIIlpoJleTHOl"O crreKTp,a COBrrap;eHIIM 

KoH<pIIrypan;II.H 8HeprII.H HeIJTpoHHoro pe3oHaHcar 0B 
cneKTpoMeTpa 90.75 74.95 41.66 32.31 17.66 7.82 

1=9cM 
It(A) Vae = 50cM3 1.7 14 8.3 5 37 43 

6.T'Y = 240Hc 
1=28cM 

Ie(B) Vae = 50cM3 2 18 11 6 41 49 
6.T'Y = 1000Hc 

It(B)/It(A) 1.17 1.3 1.33 1.2 1.1 1.15 
Cpeµ;Hee It(B)/It(A) 1.2 ±0.03 

\ 
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Ta6mn:(a 6. 0THOllleHIIe rrnx/rrpOB!lJI p;mI BpeMimpo.neTHoro crreKTpa Ka.Meph! µ;erremrn 

-
Komimrypan;illl 8Heprilll HeIITpoHHoro pe3oHaHca, aB 
crreKTpoMeTpa 90.75 74.95 41.66 32.31 17.66 7.82 

l=9cM 
If(A) Vae = 50 CM

3 1. 7 16 8.6 5.5 35 38 
~Tn == 8192Mc 

l = 28cM 
If(B) Vae = 50cM3 2.0 18 9.5 5.8 41 39 

~Tn =8192MC ' \ 

It(B)/It(A) 1.17 1.14 1.1 1.05 1.18 1.3 
Cpep;Hee If(B)/If(A) 1.1 ±0.02 

B rrocrreµ;HeM BapnaHTe crreKTpoMeTpa paccTOJIHHe KaMepa µ;erreHilll - Ge
µ;eTeKTOp yBelIII'JeHo C 9cM µ;o 28cM. TaKaJI reoMeTpilll II03BOITJieT OTp;elIIITI, 
qr~:rnOBhle raMMa-KBaHTbI, po2Kp;eHHhle IIJ>II B3aIIMO/J;CIICTBHII 61,rcTphlX HCIITpo
HOB µ;erreHIIJI c µ;eTCKTOpOM, IIO BpeMCHII rrporreTa. Ha pIICJHKe 6 IlOKanaH Bpe..: 
MCHHOH CIICKTP COBIIaµ;em1ii KaMepa µ;erreHIIJI - CD;HHTillllIJID;IIOHHbIH µ;eTeKTOp 
Ha ocHoBe .2KIIp;KocTII NE-213, µ;ITJI paccTOJIHilll KaMepa-µ;eTeKT?P 31cM B reo
MeTpmr, poKa3aaaoii Ha BCTaBKe. KpoMe ocHOBHoro IIIIKa, cooTDCTCTBYIO~ero 
raMMa-KBaHTjl.M H3 OCKOlIKOB, B ,crreKTpe rrpIICJTCTBJCT .IIIIK OT HCHTpOHOB µ;erre~ 
HIIJI, cµ;mmy:hlH Ha 12-13 He, Tpe6yIO~IIXCJI µ;rrJI rrpeoµ;orreHIIJI IIMII paccTOJIHlIJI 
KaMepa - µ;eTeKTOp. 

PHc.6. 
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HOMep KaHana , 
CrreKTp coBrraµ;eHnii Ka.Mepa µ;erreiurn - NE-µ;eTeKTop. IJ;eHa xaHarra LlHc 
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4.4. IIpnMeHemre MHoroMepHoro aHamma rrpn nponeµ;eHIIII aKcnepIIMCHTa 

B pa6oTaX no Il3MepeHIIIO CIICKTpa raMMa-KBaHTOB Il3 OCKOlIKOD µ;erremrn 
235U penoHaHCHbIMII Her'iTpoHaMII Ha MBP-30 [8] nponoµ;urrcJI ,11eyxMepHhlii 

aHamm c perucTpan;ueii BpeMeHu rrporreTa T n, n aHepruu raMMa-KBaHTa Er µ;rrJI 
q>IIKCupoiiaHHoro OKHa coBrraµ;emn'i µ;rrn'[erri,HocTI,IO ~T1 =32Hc. PacwnpeHue 
'IUCITa rrapaMeTpOD µ;o Tpex C D;Clll,IO perucTpan;un µ;oIIOlIHIITClll,HOil xapaKTe
pUCTIIKII Tr - IIHTCpBarra BpCMCHII Me2Kp;y MOMCHTaMII perucTpan;mr OCKOlIKa 
KaMepofr µ;erremrn 11 raM~Ia-KBaHTa Ge-µ;eTeKTopoM - npn HeKoTopoM ycrro:arne
HIIH CIICKTpOMCTpa, pacwnpJieT MCTO/J;II'ICCKIIe D03M02KHOCTII aKcnepiiMeHTa . 

Ha pucyHKe 7 noKanaH npeMeHHOII cneKTp c0Bnaµ;em1ii KaMepa p;erremrn -
raMMa-p;eTeKTop, COOTBCTCTDJIO~IIII 3TOMY napaMeTpy, IIHTerpnpoBaHHI,III IIO 

l 
aHeprm1 HeIITpoHoB u raMMa-KnaHTon. 1:3 rrenyro _'IaCTb cneKTpa (a) nonaµ;aroT 
_c06hlTIIJI, CBJI3aHHhlC co ClIJ'fallHI,IMII COBrraµ;emrnMII IIMIIJlII,COB C µ;eTCKTopa II 
KaMepi,r µ;erremrn. ~lIIK B n;eHTparrbHOII 'JaCTII (b), D OCHOBHOM, COOTBCTCTDJCT 
panpJIµ;Ke KOpOTKO.lKIIBJ~IIX B036y2Kp;eHHhlX COCTOJIHIIII OCKOlI.KOB, ero wnprrna 
xapaKTepnnyeT DpeMeHHOe panpeweHue CIICKTpOMCTpa. Ha y'IaCTKC crreKTpa 
( C ), HapJIµ;y C pacrraµ;oM Bon6y2Kp;CHHhlX ypoBHeii C DpeMCHCM )Kll3HU 6orree lOHc, 
nHa'IHTerreH BKrraµ; iwppem1ponaHHhlX c µ;errem1eM ( n,n '7) nnanMop;eiicTBIIII. B 
rrpanoii 'IacTu ( d) HapJIµ;y co crry'Ia1'itt1,rMu connaµ;emrnMu rrpeµ;cTaBrretti,r co-

- . 
. 6hlTirn, COOTBCTCTBYIO~Ile panpJIµ;Ke ypoBHCII C BpeMeHaMu 2Kil3HII µ;o 100Hc 
II 6orree. Ha p11cyHKe 8 IIpirneµ;eHbI CilCKTphl raMMa-KBaHTOB /l;lIJI Ka2Kp;oro II3 
3TIIX BpCMCHHhlX IIHTCpBalIOD. 

12000 
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rauMa-crreKTpbI µ;nH paonU'IHI,IX lIHTepBanOB IIO BpeMeHHOMY rrapaMeTpy T-y 
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IIpoBO/J:IIMhIII B pe2KIIMe off-line paoµ;errhHhlll aHarruo GTIIX crreKTpoB rro-

3BOlllieT BhIµ;emITh co6hlTII.a:, CB.ll:3aHHhie C paop.a:µ;KOll KOpOTKO2KIIDYlll,IIX BO3-

6y2Kµ;eHHhIX COC'J'.OKHIIll (b ), ycTaHOBIITh IICTO'IHIIK II orrpeµ;emrTh IIHTeHClIBHOCTh 

raMMa-JIIIHIIH q>oHa crry'laHHhIX c0Brraµ;em111 (a), qioHa OT (n,n'1 ) peaxn;11n, Kop

perrupoBaHHoro c aKTOM µ;erreHn.a: ( c ), Ha6moµ;aTh pacrra11: OTHOCIITeJihHO 11:orrro

)KIIBJIIJ,IIX Bon6y2Kµ;eHHhlX COCTOKHIIII OCKOJIKOB ( c,d). BpeM.a: )KII3Hll 3TlIX co

CTOKHIIll orrpeµ;err.a:eTc.a: II3 BpeMeHHhIX CII(,KTpoB, rroµ;o6HhlX rrpe/];CTaBJieHHOMY 

Ha pIICJHKe 7, 11:rr.a: Bhlp;erreHHhIX mrnllll crreKTpa d pIICJHKa 8. · PeoyrrI>TaThl 

TaKoro aHaJIII3a, COIIOCTaBlI.lieMhle C H3BeCTHhlMII crreKTpOCKOIIH'leCKlIMII µ;aH

HhIMII, IICIIOJih3YIOTCK µ;rr.a: IIOBhillleHn.a: Hap;e2KHOCTII nµ;eHTHq>IIKaIJ;IIII OCKOJIKOB. 

B p.a:11:e crry'!aeB 3TO cyIIJ,eCTBeHHO, TaK KaK raMMa - crreKTp CJIO2KeH II He Bee 

JIIIHIIII B HeM IIOJIHOCThlO paoµ;err.a:IOTC.a:. Hap.a:11:y C 3TIIM o6CTO.S:TeJihCTBOM, IIO

rry'IeHIIe HOBhIX µ;aHHhlX O BpeMeHII 2KII3HII Boo6y2K/];eHHhlX COCT05IHIIll OCKOJIKOB 

11:errenu.a: rrpeµ;cTaBrr.a:eT caMOCTO.a:TeJihHhlll IIHTepec. Bo3M02KHOCTh rrorry'Ienu.a: 

TaKIIX /];aHHhlX HJIJIIOCTpHpyeTc.a: pucyHKOM 9. Ha HeM IIOKanaHhl BpeMeHHhie 

crreKTphl (no T-y-rrapaMeTpy) 11:rr.a: raMMa-JIIIJIHH c aHepruen E1=296KaB, _cooT

BeTCTBJIOIIJ,en paop.a:p;Ke COCTOKJIIIK 2+ .a:µ;pa 102Mo C BpeMeHeM 2KIIt3HII T=O.11Hc 

[12] (a), II µ;pyron JIIIHIIH C 3Hepruen E-y=2O4KaB, OTBe'!aIOIIJ,ell pacnaµ;y COCTO-

KHHK 7 /2+ B .a:µ;pe 95Sr (b) C BpeMeHeM )Kll3HII T=21.8Hc [12]. ' 
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Pnc.9. BpeMeHHbie crreKTpbI l];n.!I Bbip;eneHHI,IX raMMa-lIUHim µ;Byx OCKonKOB µ;ene-

HlI.!I.D;eHa KaHana 1.lHC. 
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4.5. HcIIOJII,tlOBaHIIe raMMa-mrnni'I ecTeCTBeHHOII pap;noaKTHBHOCTll 239Pu 

)];llll KOHTpOllll na rrapaMeTpaMII. crreKTpOMeTpa rrpII rrpoBep;eHnII IInMepeHilli II 

KoppeK~II penyrri,TaToB 

EcTeCTBeHHaJI pap;IIoaKTIIBHOCTI, 239Pu, CB.lmaHHaJI C ero a-pacrrap;oM, co

np;aeT t3Ha'IIITeJII,HI,Ie TpY)];HOCTII rrpn Bbip;erreHIIII curHaJIOB C KaMephl p;erremrn 

OT OCKOJIKOB Ha q>OHe HaJIO)KeHHbIX IIMIIYllbCOB OT_ arri,cpa-'IaCTIIIl; [16]. raMMa

KBaHThl, corryTCTBYIOUJ.IIe arri,cpa-pacrrap;y, .HBJI.H.HCI, q>OHOBhlMII rrpII aHamme 

raMMa-IInrry-qeHH.H IIIJ OCKOJIKOB, OKani,rnaIOTC.H rrorrenHblMII )];JI.H Kll.TIH6poBKII II 

orrpep;erremrn acpq>eKTIIBHOCTII crreKTpoMeTpa, )];JI.H KOHTpOll.H na pa60TOII IIt3-

MepIITeJII,HOH CIICTeMI,I B pe2KI1Me "on-line". ITIIKII B raMMa-crreKTpe (a) Ha 

pIICYHKe 8 COOTBeTCTBYIOT HaI16orree IIHTeHCIIBHhlM raMMa~rrepexop;aM, COIIYT

CTBYIOUJ.IIM a-pacrrap;y IIJIYTOHII.H. IlpoBO)];.H IItlMepeHIIe rrop;o6Horo crreKTpa BHe 

IIy<IKa HeHTpOHOB II OCHOBhlBaJICI, Ha p;aHHbIX Ta6JIIID;I,I 3, MO)KHO IIOJIY'IIITI, p;aH

Hble O peaJII,HOH acpcpeKTIIBHOCTII cneKTpOMeTpa C TO'IHOCTbIO, orrpep;err.HeMOII 

nHairneM KOJIII'IeCTBa IIIJOTOIIa IIJIYTOHU.H B CJIO.HX KaMephl p;eJICHJI.H. CpaBHe

HIIe GTIIX p;aHHhlX C penyrroTaTaMII rrpIIMeHeHU.H cTaHp;apTHOH MeTO)J;IIKII, OCHO

BaHHOH Ha IICIIOJII,IJOBaHIIII KaJIII6poBO'IHblX raMMa-IICTO'IHIIKOB c pac'IeTOM KO

Gq>q>Iln;IIeHTOB rrorrrolll,eHH.H IItllIY'IeHII.H B CJIO.HX MIIIlleHII II KOHCTpyKD;IIOHHI,IX 

MaTepilarrax MeTO)J;OM MoHTe-Kaprro [23], IIOIJBOJI.HeT on;eHIITI, npaBIIJII,HOCTI, 

no crrep;HIIX. 

Ilpn rrpoBep;eHIIII IIt3MepeHIIH Ha ny'IKe HeHTpOHOB 'IIIcrro corryTcTBYIOUJ.IIX 

a-pacrrap;y raMMa-KBaHTOB N~, perncTpIIpyeMbIX BCJie,1:1cTBne crry'IaHHhlX co

Bnap;eHIIII, MmKeT 6hlTI, paCC'IIITaHO no cpopMyrre: 

Nf =No:*k~*N1 H 1 */J,,.r . (3) 

3p;eci,: No: - 'IIICJIO arri,cpa-pacnap;oB B MIIIlleHU na ceKyHp;y, k~ - IIHTeHcII

BHOCTb raMMa - nepexop;a, N f - 'IIICJIO naperIICTpIIpOBaHHI,IX p;erreHIIH, E1 -

acpq>eKTIIBHOCTI, perIICTpan;lllI, /J,,.r - )];JIIITeJII,HOCTI, OKHa cxeMhl COBnap;eHIIII. 

EcrrII KOJIIl'IeCTBO IIJIYTOHlI.H B MIIIlleHII COCTaBJI.HeT M ( r), TO 'IIICJIO pacrrap;oB 

na ceKyHp;y cocTaBnT: No:(c-1) = 2.27 * I09(c-1r-1) * M(r). TaKIIM o6panoM,no 

q>OpMyJie (3) OIIpep;eJI.HeTC.H 02Kil)];aeMaJI lIHTeHCIIBHOCTI, q>OHOBhlX raMMa-JilIHIIH 

ecTCCTBeHHOH pap;noaKTIIBHOCTlI B IIt3Mep.HeMOM crreKTpe npII llt3BeCTHOH acp

q>CKTlIBHOCTll crreKTpoMeTpa. CpaBHeHIIe 02KIIp;aeMOH IIHTeHCIIBHOCTII C llt3Me

peHHOH B xop;e GKcnepHMeHTa p;aeT BOt3M02KHOCTI, on;eHIITI, noTepn IIHq>OpMaD;lllI 

nn-na rrpoc'IeTOB lIJIII p;pyrux BOt3M02KHhlX npII'IlIH II BBeCTII rronpaBKlI B KOHe'I

HI,III penyrri,TaT. Hcnorri,noBaHne TaKon "BHyTpeHHen HOpMIIpOBKn" nonBolllleT 

CHHIJHTI, Bepo.HTHOCTI, CIICTeMaTH'IeCKHX own6oK. 
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§ .Arrpo 6a:o;n:11 MeTO,IJ;IIKII II TeXHIIKII 0Kcrrepn:MeHTa 

B CB.H3II C _TeM, 'ITO MeTO)]; onpep;erreHU.H BI,IXop;a OCKOJIKOD p;erreHII.H C IIC

IlOJII,IJOBaHIICM IIX raMMa - CilCKTpOCKOilIIII .HBJI.HeTC.H' KOCBCHHI,IM, cop;ep2KIIT 

p.Hp; Heonpep;erreHHOCTeII II B03MO)KHI,IX IICTO'IlIIIKOB CIICTe11aTU'ICCKlIX own6oK, 

npep;cTaBrr.HeTc.H Heo6xop;IIMbIM npoBep;eHne ero anpo6an;un. 8To Mo:,n:eT 61,1Tb· 

cp;erraHo B p;onommTerroHOM aKcnepnMe~Te no onpep;erreHIIIO BbIXop;a ocKoJIKOB 

p;eJICHII.H 239Pu TenJIOBI,IMII HCIITpoHaMII. CyUJ.CCTBYCT )];OCTaTO'IHOC KOJIIl'IeCTBO 

TaKIIX_p;aHHI,IX, IIOJIY'ICHHblX p;pyrnMII MCTO)];aMU. CpaBHeHIIe C HIIMII penyrri,

TaTOB GKCIIepIIMeHTa )];JI.H 'ICTHO - 'ICTHI,IX OCKOlIKOB ( Ta6rrun;a 1) II03BOJI.HeT 

y6ep;UTI,C.H B KoppeKTHOCTII rrpIIMCHCHII.H MCTOp;a II OTCYTCTBIIII CIICTe1IaTJI'Ie

CKIIX OillIIfiOK. Pc3yJioTaTbl TaKoro 3KCIIepIIMCHTa )];JIH OCKOJIKOB C He'IeTHblM Z II 

A·, COIIOCTaBJICHHhlC C peKoMeHp;onaHHI,IMII nHa'IeHII.HMII BI,IXOp;a, p;aIOT BOIJMO)K

HOCTI, IIOJIY'IIITI, HOBI,Ie cncp;emrn O nacerreHHOCTII Bon6y:,n:p;eHHI,IX ypoBHCII p.Hp;a 

OCKOJIKOB II IICIIOJII,IJODaTI, IIX B p;arrbHCIIIllCM )];ll.H orrpcp;erreHU.H BhlXop;a OCKOJIKOB 

p;erreHII.H penoHaHCHI,IMII HCIITpOHaMn. 

6 . _3_ aK n IO q eau e 

Hn paccMOTpCHHhlX B pa6oTe BOilpOCOB MeTO)];IIKII crrep;yeT, 'ITO CIICKTpOCKO

IIIIH raMMa - 1mrry'IeH1rn, conyTCTBYIOUJ.ero p;errem1ro 239Pu, rrpep;cTaBJI.HH, co60:i'1 

rrpnHD;IIIIIIallbHO npocTOII II oq>q>eKTIIBHhlH MeTop; orrpep;erremrn iicnaBucnMoro 

BI,IXop;a OCKOJIKOB, rrpn rrpaKTll~IeCKOM ee npuMeHCHIIII B GKCilepIIMCHTax Ha IIM

nyrroCHOM i:irue HeIITpOHOB OCJIO)KHHCTCH p.H)];OM TpY)];HOCTeII, OCHOBHI,IMII IIt3 

KOTOpbIX .HBlllIIOTCH : 

l.BhlCOKaJI HaCI,IllJ,eHHOCTI, cneKTpa raMMa-KBaHTOB Il3 qcKOJIKOB., 

2.<f>oHoBoe raMMa-nnrry<ieune, cBHnau1rne c ueynpyTIIM pacce.HH11e11 Hei'ITpo--. .. . ' .. 
HOB. 

3.HHTeHCIIBHOe raMMa-nnrry•1em1e ecTCCTBCHHOi°I pap;noaKTIIBHOCTII MIIIllCHII 

239Pu. 

4.BoICOKaJI IIMIIYJII,CHall narpynKa CIICKTpOMCTJ)IPICCKoro KaHctJia. 

· 5:Pap;uan;noHHhle rronpe:,n:p;emrn Ge-p;cTeKTopa rrop; B03p;ei°H,:Tm1c~ 61,1~Tp1,1x 

HCHTpOHOB. 

3ua'IIITCJII,HI,IH ypoBeHI, KOMIITOHODCKOll IIO)J;JIO)KKII B 1It3MCJ)HCMOM raM1Ia -

CIICKTpe, HC)];OCTaTO'IHOe GHepreTU'ICCKOC panpewenue )];CTCKTOpa II 61,1cTpo

p;eHCTBIIe crreKTpoMeTpa, ucrrorri,nyeMoro B nccrrcp;onamrnx na IIBP - 30, cy

UJ.eCTneHHO orpaHn~urnaIOT 'IIICJIO 11/];CHTIIq>IID;IIpyeMI,IX OCKOJIKOB II TO'IHOCTI, 

onpep;crremrn ux Bhlxop;a. 
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• 
C u;em,IO conepIIJeHCTBOBaHirn MeTOIJ;IIKII npu Il3MepeHIIII cneKTpa raMMa -

n3rry'IeHIIJI, conyTcTnyromero µ;erreHIIIO 239Pu, BBOIJ;IITCJI µ;onorrHnTem,HhIII npe
MeHHOII napaMeTp, onpeµ;errJIIOI11IIII npeMJI perIICTpau;uu raMMa - KBaHTa OT
HOCIITellhHO aKTa µ;erremrn. Iknollh30BaHIIe. 3TOro napaMeTpa He TOllhKO pac
lllIIp.lieT B03MO:lKHOCTH aHalIII3a cneKTpa npII uµ;eHTII<fHIKaD;IIII OCKOlIKOB, HO II0-
3BOll.lieT, TaK:iKe, onpep;ell.lITh npeM.lI :lKII3HII HeKOTOphlX µ;orrro:iKIIBYllllIX B03-
6y:iKp;eHHhlX COCTO.lIHIIII. KpoMe Toro, npII o6pa60TKe 3KCIIepIIMeHTallhHhIX µ;aH
HhlX IICIIOllh3YIOTC.lI raMMa-lIIIHIIII ecTeCTBeHHOH paµ;IIoaKTIIBHOCTII 239Pu /J;ll.lI · 
KOHTpOll.lI 3a napaMeTpaMH cneKTpOMeTpa npII nponeµ;eHIIII II3MepeHIIII II Kop
peKD;IIII pe3yllhTaTOB. TaKIIM o6pa30M yµ;aeTC.lI CHII3IITh nepo.lITHOCTh CIICTe
MaTII'IeCKOH OIIJII6KII n onpeµ;erreHIIII IlhlXoµ;a OCKOlIKOB. 

KpoMe 3THX MeTOIJ;II'IeCKIIX npIIel\rnB, IJ;ll.lI IIOBhIIIJemrn a<f>q>eKTIIBHOCTII Me
TOIJ;HKII, yrry'!IIJeHIIJI xapaKTepIICTIIK cneKTpoMeTpa, ynerrII'IeHIIJI TO'IHOCTII II 
Hap;e:iKHOCTII norry'!aeMhlX µ;aHHhIX, HapJIµ;y c O'IeBIIIJ;HhIMII Tpe6onaHII.lIMII npn~ 
MeHeHIIJI BhlCOKOKa'!eCTBeHHoro raMMa - µ;eTeKTopa H3 cnepX'IHCToro repMaHH.lI 
C IIOBhlllleHHOII paµ;nan;IIOHHOII CTOIIKOCThIO II KOMIIlleKTaD;HII cneKTpOMeTpII'Ie
CKOro KaHarra 6rroKaMH 6hlCTpoi\: (HaHOCeKyHµ;HoII) arreKTpOHIIKlI BhICOKOII Ha
µ;e:iKHOCTII, MO:lKHO peKOMeHµ;onaTh BhIIlOJIHeHHe crreµ;yromux ycrrOBHII npII npo
neµ;eHIIlI aKcnepnMeHTa: 

1.Ilponeµ;eHIIe OIITIIMH3aD;IIH reoMeTpIIII cneKTpoMeTpa C y'IeTOM KOHKpeT
HhlX ycrroBIIH Ha ny'!Ke HeHTpoHoB. 

2.IlpnMeHeHIIe OIITHMallhHhl;_ MeTOIJ;OB IJ;ll.lI noµ;anrremrn KOMIITOHOBCKOH noµ;
lIO:lKKII B raMMa - cneKTpe . 

3.Anpo6an;IIJI MeTOIJ;IIKII, annapaTyphI II arrropIITMOB o6pa6oTKII 3KCIIepu
MeHTallhHhlX µ;aHHhlX nyTeM nponeµ;eHIIJI IJ;OIIOlIHIITellhHOro 3KCIIepIIMeHTa no 
onpeµ;erreHIIIO. BhlXOp;a OCKOlIKOB µ;erreHII.lI TeIIlIOBhlMH HeHTpoHaMII II cpaBHeHIIJI 
norry'!aeMhIX TaKIIM o6pa30M pe3YllhTaTOB C peKOMeHµ;onaHHhIMH IJ;aHHhlMII, 
norry'IeHHhIMII ;a;pyrIIMII MeTop;aMH. 

AnTop rrry6oKo rrpII3HaTerreH JI.B.IluKeJihHepy, A.B.Ilorrony, A.A.Borp;3errro, 
JI.KrrIIMaHy II ll.KpIIIIJTIIaKY 3a rrrrop;oTnopHhle o6cy:iKµ;eHIIJI paccMoTpeHHhlX 
B pa6oTe BOIIpOCOB II IIOlle3Hhie 3aMe'!aHIIJI. 
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