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BBeAeH·ne 

HccneAOBaHHH B3aHMOA8HCTBHH HeHTpOHOB C AenHlllHMHCH .wt

paMH B nocneAHHe I'O/lbl HHTeHCHBHO pa3BHBa!OTCH Ha HMilYnbCHbIX 

.. /1,2,3/ HeHTpOHHblX cneKTpOMeTpax no BpeMeHH nponeTa • OHH 

CTHMynnpyroTCH He TonbK0 pacTyWHMH Tpe6oBaHHHMH peaKT0pHOH 

¢H3HKH B OTH0W8HHH ToqHOCTH H3MepeHHH napunanhHbIX H8HTpoH

HhIX ceqeHnll, HO H B03M0lKHOCTb!O conocTaBneHHH· paannqHbIX 3K

cnep_HM8HTanbHhIX xapaKTepHCTl;{K CaMOI'O npouecca •AeneHHH C Teo

peTnqecKHMH MO/lenHMH. 

TeopeTnqeCKHe npeACTaBneHHH O aaBHCHMOCTH npouecca Ae-. 

neHHH OT. J TT ' (cnnHa qeTHOCTH) COCTSBH0I'O H/lpa OCHOBhlBBIOTCH 
/10/ . 

Ha Konuenunn O.Eopa 06 'oxna>KAeHHOM' AenHllleMCH H11pe 

B nepeX0AHOM COCTOHHHH, COOT.BeTCTBY!Olll8M KpHTHqecKOH Ae¢op

MaUHH. 8HepreTnqecKHe ypoBHH (KaHanbI) TBK0I'O H/lpa onpeAeng

lOTCH 'na6bITOqHoH" sHeprneH aoa6ylKA8HHH HaA HaHHH3WHM Aenn

TenbHhIM. 6apbepoM. Ha-aa Hannqng sHepreTnqecKoH wenn B qeT

Ho-qeTHhIX COCTaBHhlX H/lpax KaHanbI HyKnOHHOH H KonneKTHBHOH 

npnp0Ahl paaAeneHbl Ha BennqHHY "' 1 ,5 +- 2 M3B "· Il03TOMY aoa6y>K-

A8HHH, CO0TBeTCTBY!OWHe HHlKHHM KaHanaM (AeneHne S -HeHTpO-

HBMH), HM8IOT KonneKTHBHy!O npnpo11y • 

llo nocneAHero BP8M8HH B 3KCnepnMeHTaX: C. peaoHaHCHbIMH 

HeHTpOHaMH CB8A8HHH O cneKTpe H npnpoAe OTAenbHhlX KaHanoB 

6bmH nonyqeHhI, B OCHOBH0M, H3 aHannaa napaMeTpOB ypoBHell 

n, B qaCTH0CTH, H3 pacnpeAeneHHH AennTenbHhIX WHPHH H HX cnn

H0BOH 3aBHCHMOCTH. OTcyTCTBHe KonnqeCTB8HHOH TeOpHH He·noa-
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Bommo npeAcKa3b1BaTb aaBHCHMOCTb pacnpeAeneHn51 sHeprnH, pea-

m1ayeMoi1 B AeneHnH qepea KaHanhI c onpeAeneHHbIMH J H "• 

KaK H3BeCTHO, OCHOBHYJO '!aCTb nonHoro sHeP.rOBbIAeneHH51 npH 

AeneHUH COCTaBn51IOT KHH8TH'l8CKa51 SHepru51 Ek H SH8pI'H51 B03-

oyJKA8HH51 E *o OCKOnKOB. nocneAH5151 xapaKTepuayeTC51 KOnH'!8CT-

BOM ucnymeHHbIX MI'HOB8HHbIX HeliTpOHOB i7 • Ha B03MOlKHYIO 

CB513b npnpoAhl AenHTenbHoro KaHana c pacnpeAeneaneM saepruu 

MeJKAY Ek H Et -BnepBb!e ObinO oopameao BHHMaHue B.H.AHApe-
/11 / -

eBbIM • 11aMepeHH51 ~ k u E*0 npH AeneHnH 51Aep peaoHaac-

HbIMH HeliTpOHaMH Il03Bonunu Obi npoBepHTb HanH'IHe npeACKa3bIBae

MOH CB513H MelKAY "KBaHTOBb!MH xapaKTepucTHKaMH 51i:tpa HenocpeA

CTBeHHO nepen pa3AeneHHeM H COCT051HH51MH oopa30B8BIIIHXC51 OCKon

KOB cpaay nocne paaneTa. 

B npoBOAHMb!X c 1963 f'OAa B naoopaTOpHH HeHTpOHHOH ¢H-

3HKH 011Hl1 HCCneAOBaHH51X ocymecTBn51nacb TeHA8HUH51 oonee non

HOI'O H3y'leHH51 CBOHCTB B030YlKA0HHbIX ypoBHeli nyTeM H3MepeHH51 

napIIHanbHbIX Ce'!eHHH B3aUMOA0HCTBH51 pe30H8HCHbIX Hei1Tp0HOB 
· 74,5,6,7,8-9/ C Aen51IllHMHC51 51ApaMu npH yMepeHHOM paapemeHHH , ' • 

8 AHCCepT8IIHH OilHCbIBalOTC51 MeTOA H peaynbTaTbl HCcneno-

BaHHH napuuanbHbIX ce'!eHuli 
235 

U u 
239 

Pu B .o6naCTH suep-

f'HH B38HMoneliCTBYIOillHX HeHTpOHOB OT 1 SB AO 10 t-30 KSB. 

B oonaci:H BbIIUe 100 SB ObinH nonyqeHbl cpeAHHe Ce'leHH51, 

a (E) H pe30H_aHCHhie HHTerpanbio 8TH ·BenH'IHHbl Ii, B '18CTHOCTH, 

Benn'IHHa a (E). ,, HMelOT B8lKHOe npnKnanHoe 3Ha'!0HHe_ B Mep-

'.iOH SHepreTHKe. 

B AHCCepTaIIHH TaKJKe npHBeneHbl peaynbT8Tbl OTHOCHTenb-

HbIX H3MepeHHH II An51 neneHH51 235 U "239 Pu H3 COCT051-

HHli c J=l
0

±.1/2 (rne 

MHIU0HH). 

lo - CilHH OCHOBHOI'O cocTogaHg 51i:tpa-

B rnaBe AHccep.TaIIHH npHBeneH o6aop nHTepaTypb1 no 

HayqaeMoMy Bonpocy. 

4· 

MeTOAHKa H3MepeHnli H H3MepeHH51 

B rnaBe II AHCcepTaIIHH OilHCbIBaeTC51 _ MeTOAHKa uccneAO-

BaHnli napnnanbHhIX ce'!eHHli nengmuxcg 51Aep peaoHaHCHbIMH aeli

TpoHaMn C HCnonb30BaHH9M BpeMeHH nponeTa. 11aMepeHHg npOBO

nHnHCb Ha HMnynbCHOM ObICTpOM peaKrope (HEP) 011Hl1 c paa

pemem<eM = 0,05 MKCeKIM. 

,Ung nonyqeffHg BbICOKOH aoconJOTHOH s.¢¢eKTHBHOCTH peI'HCT

paIIHH aKTOB neneHHg H panuannoHHoro aaxBaTa ob1n paapa6oraa 

H H3I'OTOBneH JKHnKOCTHbIH Cl!HHTHnng11noHHbIH neTeKTOp 061,eMOM 

500 n Ha OCHOBe Tonyona c BBeneHHb!M B paCTBOp npOilHHOBOKHC-
/12/ 

nbIM KanMHSM 

IlpHHIIHil peI'HCTPBIIHH AeneHHH" paAHaIIHOHHblX aaxBaTOB 

OCHOBaH Ha TOM ¢aKTe, '!TO Aeneane 51i:tpa conpoBOJKAa8TC51 uc-

nycKaHHeM MI'HOB0HHb!X Y ,-nyqefi H HSil'fpOHOB, a panHaIIHOHHblH 

aaxBaT - ronbKo y -ny'leil. TorAa per~cTpaIIHH aKra neneHHg 

COOTBeTCTByeT aaneplK8HHOe CoBnaneHHe MeJKny 1) ucnycKaHHeM 

MI'HOBeHHblX Y -nyqeil neneHug, ¢HKCHPYIOl!lHX MOMeHT neneHH51, 

H 2) 3aXB8TOM KanMHeM onaoro H3 3aMeAnHBIIIHXCg HeliTpOHOB ne

neHH51, ¢uKCHPYIOillHX CaM aKT neneHng, H AaJOl!lero B peaynbTaTe 

KaCKaA B cpeAHeM H3 '10Tblpex y -KBaHTOB C cyMMapHOH sa"ep

I'H0H = 9,2 MsB. BpeMg, paanengJOmee STH co6b1T~, ,onpeneng

eTcg cpenHHM BpeMeHeM JKH3HH aeil_rpoaa B AeTeKTope no aaxBa

Ta, KOTOpoe paBHO 8 MKCeK. PanHaUHOHHblH 3aXBaT HeliTpoaa 06-

paa110M conpoBoJKnaercg HcnycKaHneM y -ny'leli c nonaoli sHep-

I'Heil, paBHOH SHepI'HH CBg3H HeHTpOHa B oopa30BaBIU8MCg gnpe. 

B 38BHCHMOCTH OT pe~HMa pa60Tbl nereKTopa noporH perHCT

paIIHH y -nyqefi AeneHug H panHaIIHOHHOI'O aaxBaTa ycTaHaBnHBa

nHCb TaKHMH, 'ITOObl s¢¢eKTHBHOCTH perucTpaIIHH aKTOB neneHHH 

H pannaIIHOHHOI'O 3aXBaTa COCTaBngnu f I ~ 0,40 H ly ;:: 0,20. 8TOT 

neTeKTOP noaBqnM B reoMeTpHH, onH3KOil K 4" • npoBOAHTb 
235 239 - 2 H3MepeHHg c. oopaanaMH U u Pu nnomanbJO no 250 CM 

H OOl!lHM BeCOM no 200 rp. ,Ung yMeHbIUeHug 'IYBCTBHTenbHOCTH 

nereKTOpa K paccegHHbIM oopa3IIOM HefiTpOHaM MeJKny 'oopa3IIOM 

H neTeKTOpOM noMemanHCb ¢HnbTpbI H3 Li
6 

F TOnl!lHHOH AO 3cM. 
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EcTeCTBeHHblll <j)on neTeKTOpa npn nopore AHCKPHMHHSUHH 

0,3 Msa COCTaBmlll ""20 HMn/ ceK no KaHany perHCTpaUHH PslAHa

UHOHHblX aaxaaTOB H Menee 0,3 HMn/ceK - no nenuTenbHOMY. Ka

nany. 

B cxeMe neii:Tponnoro cneKTpOMeTpa neTeKTop pacnonaran

csi na nponeTnoM paccTosinun 1000 M. Curnanh1 nonaaannch B 

HBXOASITCSI MHoroKananbHbie HaMepnTenhHb1il uenTp nH<I>, r.ne 
/13/ 

ncnonbaoaanacb Ka6enbHasi CBSl3h apeMeHHhie ananuaaTopbI 

c sneKTPOHHO-Bbl'IHCnuTenbHOH MBWHHOH ( 3BM), c noMOillblO KO

Topoii: npoaonunacb OKOH'laTenbHaSI o6pa6oTKa peaynhTaTOB H3Me

penuii:. H3rOTOBneHHblll AeTeKTOp 6hm TaKJKe ucnOl}h30BaH B H3Mepe

HIISIX cpe.nnero 'IHCna MrHoBeHHhlX neii:TpOHOB na aKT neneHHSI (v) 

a oTnenhHbIX peaonancax 
235 

U u
239 

Pu • H3MepeHHSI npOBOAHmtCb 

no cnenyromeii: cxeMe: cnrnan, <j)nKcnpyromnii: MOMenT nenenusi ( OT 

.nennTenhHOH KaMepbl unu MrHOBeHHbIX y -ny'leii: nenennsi)' OTKpbl

Ban IIOpManhHO aanepTble BOpOTa .nnsi nponycKa!IHSI HMnynbCOB OT 

3aXBaTa KaAMHeM Mr!IOBe!IHblX neii:TpOHOB, lliupiina BOpOT KOne6a

nacb OT 10 .QO 25 MKCeK, nocne npOXOJK.Qe!IllH i:iopoT HMnynbCbl 

3anOMHIIanHCb TpeMSI Tp11rrepaMH. CocTOSIHHSI TpHrrepoa C npH3Ha

KOM "s<j)<j)eKT" napannenbHO nepeHOCHllHCb na 20-pa3pS!AHblii: perHCT-
/14/ -paTop C naMSITblO na MarHHTHOii nenTe •. 3aTeM Tpurrepbl 

B03Bpawanucb B ncxonnoe COCTOSIHHe, Llnsi H3MepeHHSI $OHa BOpo

Ta OTKpbrnam1cb BTOpH•IHO 'lepe3 40 MKCeK nocne MOMeHTa nene

llll·SI, H <j)onOBbie l!MnynhCbl nepeC'll1TblBan11cb TeMH JKe Tp11rrepaMH • 

CocTOHHHSI Tpurrepoa c npu3HaKOM "<j)on" TaKJKe nepenocunnch na 

20-pa3psinnh1ii: perncTpaTop, TTp11 o6pa6oTKe i:lewu<j)p11py10mee ycT

poii:cTao MnoroMepHoro aHanuaaTopa no3BOnHno nony'IBTh apeMeH

Hb1e cneKTpbI, COOTBeTCTBYIOillHe perHCTpaunn 0,1,2 ... 7 Heli

TpoHoB' Ha aKT nenenusi. TTony'leHHasi un<j)opMau11si nepenaaanach 

Ha 3BM "MHHCK-22 "', rne npoBOAHll8Cb nepBH'!HaSI o6paoOTK8 c 

ucnonb30BaHl!eM Bbl'IHCllHT.enbHOH Cl!CTeMbl C BH3yallbHblM KaHanoM 
/15/ CBSl311 B Bl!Ae ocunnnorpa<j)a co CBeTOBbIM KapannawoM • OKOH-

'laTellbHaSI o6pa6oTKa npoaomrnach Ha 3BM M-20. 

6 

B .QHCCepTaUHH nonpo6Ho onHCb!BaIOTCSI Kann6pOBKH neTeK

TOpa u uccnenoaaHHSI ero xapaKTepHCTHK, O6cyJK.QaIOTCH TaKJKe aon

POCbI, CBSl3aHHble co cneuu<j)HKOli H3MepeHIIH napuuanhHblX ce'le-

HHH B Hll3K03HepreTH'leCKOH o6naCTH H B o6nacTH snepruii BblWe 

1 K3B, MeTOAbl onpe.neneHHSI <j)OHOB np11 pa60Ta10meM. peaKTOpe, 

HOpMllpOBKH Ce'leHHH u HeliTpOHHblX noTOKOB, KOHTpOllb CTa6unbHOC

TH pa60Tbl annapaTypbl II T.A. 

PeayllbTaTbl uccneAOBaHHH 0THOC11TenbHblX 
- ' 235 239 aapuauuli v nnsi U u Pu u 11x o6cyJKAenusi 

B rnaae III nnccepTaUIIH np11aeneHbl peaynbTaTbl H3Mepe!IIIH 

v nnsi 235 U H 239 Pu Llnsi KalKAOrO pe30Hanca 6hma 

nony'leHa BellH'IHHa (v £ ) 
n I 

B COOTBeTCTBIIH C BblpalKeHHeM 

7 
m-tk m-tk ~ n (N - w cf> - F (ii, ) = ~ (v £ ) = ~ n=O nl I nl nl ( 1) n I J=m n l J=m i ' 

cf> - F Qnoc-O(NnJ-wl nj nj 

r.ne N nJ -nonnoe 'IHcno cny'laea per11cTpau11u n HMnyllhcoa .ne-

TeKTopa B j -TOM KaHane apeMeHnoro anann3aTopa, cf> - 'IHC-
- nJ 

no cny'laeB per11cTpaUHH n -<j)OIIOBblX HMnynhCOB ( "nepeMeHHblH 

<j)oH" cny'laliHhix coana.neHuii), Fnj -'IHCllO cny'laeB perHCTpaUHH 

n -<jioHOBblX HMnynbCOB, CBSl3SHHblX C $OHOM o6pa3ua H panno

aKTHBHOCTblO noMemeHHSI ( ~nocTosiHHblH <j)on")' , n -s<jiqieKTHBHOCTb 

perncTpauu·u neiiTpoHa .neneHHsi, (<) I -nonpaBO'IHblH Kos<lx!>nuHeHT 

Ha s<lx!>eKT sHepreTH'leCKoro CMellleHHSI npe perecTpaun.H nepeMeH-

Horo <j)oHa MeTonoM 3a.nepJKaHHbIX coananeHuii, Q -nonpaBO'IHblH . 

K03<1x!>HUH8HT, Y'IHTb1BaIOI1lHH npoc'leTbl, CBSl3aHHble C paapewaro

lUHM BpeMeHeM KaHana perHCTpaUHH HeliTpOHOB neneHHH. __ CyMMH

poaaHHe npoeaaoneTcsi no KaHanaM apeMeHnoro aHane3aTopa, 

BKllIO'laIOIUHM paCCMaTpHBSeMhlli pe3oHaHC. 

TaKHM o6pa30M, 3HaMeHaTenb BblpalKe!IHSI ( 1) npe.ncTaBnHeT 

'IHcno 3aperHCTpHp0B8HHbIX aKTOB neneHHSI, a 'IHCllHTenh - COOT-

7 
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BeTCTByromee 'IIICno aaper11cTp11poBaHHhIX HeHTpOHOB, PeaynbTaThl 

cepafi 11aMepeH11H c KaMepofi !leneHIISI H 06paauaM11 cornacyroTcsr 

MelK!lY co6on B npe!lenax ow1160K, B KaJK!lo.n cep1111 aaMepeHafi,"' 

xapaKTep11ayeMOH TOnIUIIHOH o6paaua H Benll'IIIHOH 6hin nony-

'leH Ha6op Ben11'!11H ;:;1 / <i7
1 

> , r!le <v~ > -cpeaHee no BCeM 

11ccne!loBaHHhlM peaoHaHcaM !lnsr 11ccneayeMoro aaoTona, OKOH'!a

TenbHasr Ben11'lHHa . v 1 / <v 1 > ansr KaJKAoro peaoHaHca nonyqanacb 

Kalt cpe!1HeB3Be]IIeHHaSI no BCeM cepllSIM 113MepeHllfi, cllOHhl B 113-

MepeHHSIX c 06paauaM11 He npeBh1wan11 30% OT nnoma!l11 6onbWIIH

CTBa pe30HaHCOB H onpeaensrn11Cb B OCHOBHOM.noCTOSIHHOH COCTaB

nsrromefi if>oHa, 

B a11ccepTau1111 noapo6Ho o6cyJK!laIOTCsr ynpomaromae npe!lno

noJKeHHsr, acnonbaoBaHHhie npa o6pa60TKe peaynbTaToB, MeTO!l 

onpe!leneHHSI norpewHOCTefi H nonpaBOK Cu 1 II Q • 8T11 non-

paBKH 6binH He3Ha'!aTenbHhl, Ha p11c. II 2 noKa3aHhl Bap11au1111 

~ I <i; > Ansr Bcex 11ccne!lOBaHHhIX peaoHaHCOB 235 U H 239 Pu 

B 06nacT11 9Hepr11fi (1 t-40) 9B 11 (5t-85) 9B, cooTBeTCTBeHHo, Ha 
/16 17 / pa.cyHKaX TaKJKe np11BeaeHhl !laHHhle O cn11HaX pe30HaHCOB · 1 

~ /18/ II Bh!XOlle OCKOnKOB CIIMMeTpll'lHOII MaCChl MC/Ma B OT!lenb-

HhIX peaoHirncax • .llnsr MaTeMaT11'leCKOH oueHKII CBSI3H MelK!lY 

;;- / <i7 > g -lf>aKTopoM ( cnaH), M / M , a TaKJKe napa-1 I 1 c a 
0 . 

MeTpaMII ypOBHeH r n I , r II II (o 
O
r,) I 6bm IICnOnb30BaH 

MeTO!l KOppenSIUIIOHHOro aHan11aa II paCC'IIITaHHhle K09~11UlleHThl 

Koppensru11a np11BeaeHhI B Ta6n11ue 1, 

OTCyTCTBlle KoppenSIUIIH MelK!lY ii /<v > , r O H (o r ) 
• I I nl O f I 

roBOpllT O TOM, 'ITO paan11'1IISI B Benll'IIIHaX HefiTpOHHhlX H Aen11-

TenbHhlX Ce'1eH11fi B OT!lenbHhIX peaoHaHcax He npHBO!lSIT K c11c

TeMaT11'!eCKHM ow116KaM np11 per11cTpau1111 Mr.HoBeHHhlX HefiTpOHOB 

!leneHIISI, 

B !lllCCepTaUIIH Ha OCHOBe peaynbTa,oB Ta6n11Uhl I !lenaeTCSI 

3aKnIO'leH11e O cn11HOBOH 3aBIICIIMOCTII ii 11 B Ta6n11ue II np11-

Be!leHbl cpe!lHlle 3Ha'leHHSI i\ / <v"j > !lnSI llBYX rpynn YPOBHefi 

CO CnHHaMH 3- II 4- !lnSI 
235 U . II 0+ 11 1+ !lnSI 289 Pu, 
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1.00. 

o,,, 
0,98 

0,9'1 

0,96 

0,95 

o,,-
0,'3 

o,~ 
0,91 

XO!l OCKOnKOB npeHMymeCTBeHHO CIIMMeTpll'IHOH ( ac11M
MeTpll'lHOfi) Ma':Chl /18/, a,o __ peaynbTaThl KOCBeH
HOro onpe!leneHIISI CnllHOB ( J = 4- 11 3-) /16/, 

Pu-£39 

I + 
1 

'f ! 

CAlAAA A A CA) A A A C (CJ A C 

~~~~~~,~~~,~,~~····~ C: a ::I :!i :!i ~ ::. ~ :6 ::C ~ S ~ S( :t &; st ~ lC :l loH 

Pac,2. 3Ha'!eHIISI 
JKe /18/, 
1+) /17/ 

v~ /<i71 > !lnsr peaoHaHCOB 239 Pu • C,A .:.. To 
□ Q - onpe!leneHHe g -lf>aKTOpa ( j = 0+ , • 
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Ta6nena 1 

3Ha~eHHSI KOSqi$HIIHeHTOB KOppensmRH 

llnSI 
235 

U H 
239 

Pu 

'i ( ai. Ct.) U -235 PU' -239 

v,¼ . OTHOCHT8JII,HuiJ: Bli-- '.!i). XO~ OCKOJIKOB CHU- 0,42±,0,!6 MeTpuquott uaccu, -0,59:t0,I5 
Me/ He... 

;(- cIIHH ypouuett 0,34:t0,IB 
L Vi~ <3 -waKTop) 0,50+0,I?b~o 

- 2 3B) 

0,84:tO,0B 

Y0v.;~ ' r;. i. -0,46±_0,!6 -0,56±(),!5 

Y.:/~ ~·.). > ;;,; -0,II:tO,W -0 ,02:tO ,22· 

V:.·/4 v·~ L l f (f';,,r;h -0,07±0,20 0,04:t0,22 

Ta5JIHIIa II 

CpeJlHHe aHa'leHHSI ;;, l<V.. > H r, Jln.H 

llBYX rpyrrn ypoaHeA 
235 

U H 
239 

Pu 

Cnoco6 Y1./ L Ve:.). U -235 v.-"J_vl,::..- Pu -239 pa3~8JI8HHll 
rpynna I rpynna 2 rpynna I rpynna 2 

V.· 
Ilo BeJIHQHH8 ;c-ii,l I,007:t0,OOI 0,983:t0,00I I,0!3±,0,003 o,'962:to,oos 

Ilo cnuui £.j_ - aKTOp) I,005±,0,002 0,990:t0,002 I,0I4;t0,003 0,977:t0,005 

Ilo OTHOCHT6JibHOMY 
BHXO~ OCKOJIKOB 0Q7+Q 00 0,990;t0,002 I,007±,0,003 0,973:tO,OOB ClllWCT{HQHOtt . I, - ' 2 
uaccu H.,/ Ht.. ) 

Ilo B8JIHQHH8 ~'1-> U -235 <fl.> Pu -239 V . . :;L. ~:-> 3I±,3 -'7CJ:t6 50;t8 432±85 

10 
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8. J:mccepTSUIIII paccMaTpl!BSIOTCSI pa3llll'IHbie B03MOlKHbie 

061,ncHeHl!SI Ha6n10L1aeMOI'O aq)(peKTS Cill!HOBOH 38B1!CIIMOCTII ;; • OL1HO 

113 061,ncHeHl!H OCHOBSHO Ha KanellhHOH MOL1en11, npeL1nonara10meii KBa-

311CTSTl!qHOCTb J:IBl!lKeHl!SI SIJ:lpa B paiioHe ceanoaoii TO'IKII ll Hapy

IUeHne KBS311qacTll'IHOCTll npn cnycKe C 6apbepa LleneHUSI K Toq-

Ke pa3pb!B8 HS LIBS OCKOllKa, PacCMSJ'pl!BalOTCSI paann'IHble Me

xaH113Mbl nepeXOLla U36bITO'IHOH HSLI L1en11TellbHbIM 6apbepoM SHep

I'IIII B SHepr1110 B036YlKLleHl!SI OCKOllKOB, ca·naaHHble C BpeMeHeM 

n xapaKTepOM o6MeHa SHepr11eii MelKLIY KonneKTIIBHblMII II HYKllOH

Hb!Mll CTeneHSIMII CB060L1bl np11 cnycKe c 6apbepa, y'IeTOM BSl3-

KOCTII S1J:1epHOH lKIILIKOCTII np11 pa3L1eneH1111 Ha OCKOllKII II T.LI. Pac

CMOTpeHbl TaKlKe 061,ncHeHnn, npeLlllOlKeHHbie LIPYI'IIMII aBTopa-
/11 19/ • MIi ' Ha OCHOBe KSHS/IOBOII Teop1111, KOHKpeTl!31!py10m11e 

cneKTp II np11poL1y aen11TenbHblX KaHanoa. O6cylKL1SeTCSI SHTl!Kop-
- .:. 235 /20/ pennUIISI V II E LlllSI u 

k 

Ha OCHOBe IlOllY'IeHHblX LISHHblX CL1eliaHa oueHKS pa3HIIUbl 

L'i.E* B ·SHepr11nx B036ylKJ:leHIISI OCKOllKOB np11 L1eneH1111 qepe3 coc-

TOSIHIISI 3-: II 4- LlllSI 
235 U II 0+ 11 1+ 239 Pu L'i.E*= 0,31 + 

:, 0,04 Maa 11 1, 13:; 0,39 Msa, COOTBeTCTBeHHO. (TTp11aneKalIIICh 

113BeCTHble 3Ha'IeHIISI dv/ dE a o6naCTII HeCKOllhKIIX
0 

Msa). Be-

n11q11Hbl L',. E* HaXOLISITCSI B xoporneM cornacnn c nocneL1HHMH LISH-

HbIMH o 6aphepax L1eneHnn, nony'IeHHbIMn na.. aHannaa (d ,pf) 
ll (t,pf} peaKUHH / 2 l/, 

nocne aaaeprneHnn LISHHoii pa60Tb1 nocTynnno coo6meHne na 

na6opaTopnn OKpHLllK8 0 TOM, 'ITO TSM 6binll TaKlKe npoBeL1eHbl 

H3MepeHnn Bapnaunii V Il0LI06HOH MeTOLIHKOH ann 235 U H 239 Pu 
B sitepreTn'IeCKOM L1nanaa0He, qacTH'IHO nepeKpbrna10meMcn c Ha-

rnnM,· .ilnn 
235 u npn paa6poce OTLlellbHbIX 3HS'IeHHH ;; 

L10CTnra10mn.x (2 t-3)%, He Ha6n10L1aeTcn B npeL1enax ornn6oK paa-

L1eneHnn Ha LIBe rpynnhI ypoBHeii • .ilnn 
239 

Pu Ha6n10L18IOTCSI 

L1Be rpynnb1 ypoaHefi, n aqiqieKT cocTaBnneT 2,6%, Ho B cpeL1HeM 

3HSK aqiqieKTa o6paTeH Ha6n10L1aeMOMY B HSCTOSIIUefi pa6oTe, B 

LIHCCepTaunn 06cylKL18IOTCSI B03MOlKHbIE! rrpn'IHHbl He<i:ornacnn 3TIIX 

peaynbTaTOB C HSllillMH, npn'IeM Ha LISHHOH CTSJ:lllll nccne!IOB8HHSI 
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I 

'!! 

Helll>3SJ YTBep>KllSTb, "ITO Me>KllY HHMH HMeeTCSI npoTHB0pe"!He. 

Tax, M0>KH0 npenonaraTb, "ITO a 0KPHll>KCKOll pa6oTe, BbIIl0ilHeH

HOll c_ 60ilbWOll HHTerpanbHOll nenHTelll>HOii KaMepoii, 38 C"leT Bbl

C0KHX noporoa perHCTpaUHH OCK0ilK0B neneHHSI OT6Hp8IOTCSI onpe

neneHHbie rpynnbl 0CK0ilK0B (a "IBCTH0CTH, OCK0ilKH c 6onhweii, 

B cpenHeM, KHHeTH"!eCKOii SHeprHeii), K0T0pbIM C00TBeTCTBYIOT 

V , 0TilH"IBIOWHeCSJ OT V , ycpellHeHH0MY no BCeM BHllBM' 

neneHHSJ. B Haweii >Ke pa6oTe BeilH"IHHbI v 

BHll8M neneHHSI. 

-ycpenHeHbI no aceM 

Pe3yilbT8Tbl Hccne110B8HHii napUHBilbHbIX 

Ce"!eHHll 
285 

U H 
289 

Pu H HX 06cy>K11eHHe 

rnaaa IV nocBSJl!leHa HCCilell0BBHHSIM napUHBilbffbJX Ce"!eHHii 

H a 235 u H 
239 Pu B o6nacTH SHeprHii OT 0, 1 .. 30 K<lB. Oco6oe 

BHHMBHHe ynenSJeTCSI o6cy>KlleHHIO B0npocoB, CBSl38HHb!X co cneuH

c!>HKOii H3MepeHHii npH, Bb!C0KHX SHeprHSJX H y'IeTOM cf>oHOB. 

' M3MepeHHSI npH He6onbWHX BpeMeHaX nponeTa OTH0CHTeilbH0 

HeiiTpouuoro HMnynbca peaKT0pa npen~SJBilSIIOT >KeCTKHe Tpe6oBBHHSI 

K T0"IH0CTH Y"l-eTa cf>oHOB. nocTOSIHHbie cjJ0Hbl onpeitenSJilHCb ll0CTa

T0"IH0 T0"IHO B H3MepeHHSIX 6e3 pa60T8IOl!lero peaKTopa. !pOHbI 

npH pa6oT810llleM peaKTope MBKCHMBilbH0 nonaBilS!IlHCb C n0M0lllblO 

1) cjJHilbTp0B H3 B H 
6 

Li C napacjJHH0M, 0KPYlKBIOlllHX o6pa-

3eU (yMeHbWeHHe scf>cf>eKTHBHOCTH perHCTpBUHH pacceSJHHb!X o6pa3-

U0M HeiiTpOHOB}, 2) 06opy11oaaHHSI Ba.KyyMHoro TpBKTa BHyTpH ne

TeKT0pa (yMeHbWeHHe pacceSJHHSI Ha B03llYXe}, 3) cf>opMHpOBBHHSI 

HeiiTpOHHOro ny"IK8 C n0M0lllblO K0ililHMBT0p0B H cf>HilbTPOB 38 npe

nenaMH 3KCnepHMeHT8IlbH0ro noMel!leHHSI (yMeHbweHHe pacceSJHHSI 

6bICTpb!X uel!TpOHOB HMlffilbCS peaKTopa ua KonnHMBT0pax, KOH-

- CTpyKUHOHHbl~ MSTepHSilSX H T.ll.) • 3T0 BCe n03B0IlHil0 yMeHb

WHTb CYMMBpHbiii cjJ0H B KSHane perHCTpauHH PBllHSUH0HH0r0 38X

B8Ta C 50% B nepBbIX H3MepeHHSIX ll0 "'30% B nocne11y10mHX llilSI 
285 u (noCTOSIHHblll cf>ou .. 20%) H C 70% ll0 <><40% - llilSI 

239
Pu 
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( Il0CT0SIHHblii cf>oH "' 30';b J B o6naCTH IO t- 20 KSB. <l>oHbl npH p~6o

T8IOl!leM peaKT0pe onpenenSJilHCb c. Il0M0lllblO *"lepHblX' c!>Hlll>TpOB 

Ag • Co ' Mn •. Na ' Ti ' nepeKpblBS!OlllHX HeiiTpOHHblii ny"I0K. 

11Hcno 0TC"leToB B llSHH0M BpeMeHH0M KSHane aHanH3aTopa no 

KaHanaM perncTpaUHH neneHHii H panHaUH0HHbJX 3aXBBT0B npH yq

TeHHblX cf>oHax paBHSleTCSI 

N,=n,<,, 

N =n < +n < 
c Y y I ty 

rne n, n y "IHCil0 neneHHii H pSllHSUH0HHbIX 3aXBaTOB B 06-

pa3ue, ' , • ( y • ' ,y - sc!>c!>eKT.HBHOCTH perHCTpaUHH neneHHii, 

pallHSUHOHHbIX 38,XBaTOB H neneHHii B KaHane perHCTpaUHH pallHa-

UHOHHb!X . 38XBaTOB. BenH"IHHS a ( i) nnH. i -Toro KaHana aHa-

IlH38Topa M0>KeT 6biTb 3SnHCaHa B BHlle 

a ( i) = A 
N (i) _c_ -B 

N, ( i) 

rne _KOHCTaHTbl A H B onpenenSJnHCb MeT0llOM HSHMeHbWHX KBSll-

paT0B H3 HO))MHPOBKH Ha H3BeCTHbie 3Ha"leHHSI a llilSI H30IlHp0-

BSHHbIX HH3K03HepreTH"leCKHX pe30HSHCOB.· M3MepeHHSI BpeMeHHOii 

3SBHCHMOCTH "IHCila neneHHii HCil0ilb30B8IlHCb llilSJ nony"leHHSI ·a, (E); 
HOpMHp0BKa npoB0llHnacb TaKJKe no pa3peweHHblM pe30HaHC1;1M C 

xopowo H3BeCTHblMH napaMeTpaMH H no TenilOB0MY ce"leHHIO. OT

HOCHTenbHblii XOll HeiiTpOHHoro IlOTOKS onpenenSJilCSI H3 H3MepeHHii 

c 6opHblMH C"leT"IHKSMH. B llHCCepTSUHH no~po6HO o6cyJK.QSIOTCSI 

B0np0Cbl, CBSJ3aHHbie C Kann6pOBKOii annapaTypbI, 'H0PMHpOBKOii 

Ce"!eHHSI neneHHSI H H0pMHpOBKOH a • TTpOBOllHTCSI 8H8IlH3 BilHSI-

HHS! cf>oHOB H IlOITp8B0K HS MH0roKpSTHbie B38HMOlleiiCTBHSI B o6-

pa3Ue, npH"leM oco6oe BHHMBHHe o6pamanocb Ha KoppeKTHyro oueH

Ky MeT0llH"!eCKHX OWH60K, T.K. CTSTHCTH"leCKHe OWH6KH Mailbl 

H He npeBbIWaJOT 3%. nony"leHa T0"IHOCTb 15 t-20% B onpeneneHHH 
a llilSJ 235 U H 239 -Pu 

• 'B llHCcepTaUHH npOB0llHTCSI cpaBHe

HHe nony'teHHbIX llSHHbIX no a (E) C llSHHbIMH npyrHX aBTOp0B 
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1. 

H o6CylKJ:tSIOTCSI B03MOlKHbie npH'IHHbl HecornaCHSI peaynhTSTOB nng 
239. . 

Pu B o6nacTH 3HeprHil: 3 t-15 K3B (pHC. 3,4). 

OcHOBHLie peaynhTaTbl llHCCepTSUHH COCTOSIT B cnenyroIUeM: 

1. CoanaHa H npHMeHeHa B 3KCnepHM8HT8X no BpeMeHH npo

neTa s#eKTHBHSSI M8TOllHK8 perHCTpSUHH SKTOB neneHHSI, pa11Ha

UHOHHOI'O 38XB~Ta H MI'HOB8HHbIX Heil:TpOHOB neneHHSI C noMOIUblO 

500-nHTpoeoro lKHllKOCTHoro CUHHTHnnSIUHOHH0I'O ll8T8KTOpa HS 

OCHOBe Tonyona C nponHOHSTOM KSllMHSI. 

2. npoBelteHbl H3MepeHHSI Bapaauail: v OT pe30H8HC8 K 

pe30HaHcy nng 235 u ( E = 11-40 3B) H 239 Pu ( En=5_t85 3B) 

C TO'IHOCTblO 0,2 t- 1 %. O6HapylKeHo, 'ITO npH ll8J!8HHH 'lepea coc-

TOSIHHSI 4- nng 2UU H 1 + t1nS1 
239 Pu HcnycKaeTCSI B cpen-

H8M Ha 0,048 H 0,147 Heil:TpOHOB Ha SKT neneHHSI 60nbllle, '18M 

ltnR COCTOSIHHH - + 
3 H O ' CO0TB8TCTB8HHO. npennolKeHO K8'18CT-

B8HHOe 06bSICH8HHe nony'leHHOro peaynbTaTa, .. 
3. npoB8ll8Hbl H3MepeHHSI a (E) H u, ( E) B o6naCTH SHep-

I'Hil: OT HeCKOnbKHX SB llO ., 30 KSB nng 235U H 239 Pu • llaH-

Hhie no a (E) nnR 
235

U B npenenax TO'IHOCTH H~MepeHHil: corna-

CYIOTCSI C 6onee n03llHHMH peaynbTSTSMH rpynn Xapyanna HOK-
/22 23 24 25/ 239 

PHAlKa ' ' ' • llaHHhie no a (E) t1nS1 Pu cornacyroTCSI 

C peaynLTaTSMH, nony'leHHblMH Ha aneKTpOCTSTH'leCKHX reHepaTo

pax B o6nacTH SHeprHil: BbIIIIe 15 KSB, H HS 30 t- 50% HHJKe llSHHhIX 

rpynn Xapyanna B o6naCTH 3 t-10 K3B. 

OCHOBHMe pe3ynhT8Thl HSCTOSIIUeil: llHCCepTSUHH 6hlnH ony6-
t4 5 6 7 8 9 12/ . 

nHKOBSHbl B· pa6oTaX ' ' ' ' ' ' --- H llOKnSAbIBanHCb Ha MelKltY-

Hap0AHblX H BcecoJ03HblX KOH<!>epeHitHSIX H pa(>O'IHX COBeIUSHHSIX. 
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Puc.3. 3aBHCHMOCTb a ( E) llnSI au u 
,-o-- .a.aHHble, npuBe,lleHHble B JlHCCepTaUHH Jlml ABYX 

cepuR H3MepeHidl, 
- - - - - .0.8Hffbl8 pai:soTbl /22/, 
•••• - JlBHHhJe pa60TbJ /23/' 

• ~ JIBHHhl8, nonr1eHHbte Ha aneKTpOCTBTHtteCKHX 

I"eHepa Topax, 
cnnoWHhI0 KPHBbie - pactteT no KBH81IOBOii TeopH_H, 

~o-i-----+it-it------+-it-1------

toj ~JJ i)-,+-':t:,,," i,_u. r=Ff . :(,;;-.'C i 

qsl - I Ffttt~- I 

0 
uo, 

qi f,O UJO EK,g 
Puc,4, 3aBHCUMOCTb a(E) Jl.1IR 

239 
Pu • .,X.,0,&-.naHHhre, 

npHB8Jl8HHble B JlHCCepTaUHH JlnR cepHA: H3MepeHa'1 C o6-
pa3II8MH pa311H'IHOH Ton.W:HHbl, _.._.,_ - .ttaHHble pa60Tb(24,25( 
cnnoWHb1e KPHBhl8 - pactJeT no xananoaoit Teopuu. 
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