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Bseaenue 

HaMepeHHe aeAcTsy~mero cneKTpa HeATponos noasonReT Hau6onee 

TO~HO onpeaenHTb paanH~Hhle XapaKTepHCTHKH HeftTpOHHOro H3ny~eHHR, on

peaenHTb Tpe6osaHHR K ll03HMeTpaM HeftTpOHOB, OUeHHTb a$¢eKTHBHOCTb 

aamHTbi H T.a • .llnR STHX H3MepeauA npeacTasnReT HHTepec npaMeHeHHe 

Ha6opa noporOBbiX lleTeKTOpos, OCHOBaHHbiX Ha HCITOnb30BaHHH peaKUHH ae

neHHR TRJKenbiX gaep HeATpoHaMH. Hau6onee pacnpocTpaHeHHbiM RBnReTCR 

Ha6op XepCTa, COCTORmHA H3 238 U , 237 Np , 239 Pu 3a !j>HnbTpOM 

2 1o B 32 S /1 I . 2,2 r/cM H aononaeHHbiA • Aaanor&~Hbre aa6opbi c np&Me-

HeHHeM 23su BMeC TO 
2 39 Pu , ~To aenaeT 6onee 6eaonacaoa pa6oTy 

C lleTeKTOpaMH H3-3a MeHbiUeft anb!j>a-aKTHBHOCTH H TOKCH~HOCTH, OITHCaHbi 
/2,3/ IT . 

B pa6oTaX o ony~eHHbie TaM pe3y.i'lbTaTbi npaKTH~eCKH OllHHaKOBbi, 
235 2 39 

ITOCKOnbKY pa3n&~HR B Ce~eHHRX aeneHHR U H Pu cpaBHHTenbHO 

Hesen&KH, .llnR onpeaeneHHR ITOTOKOB TennOBbiX HeftTpOHOB HCITOnbay~T 
63

Cu , 197 Au ana 
235 U • ITo o6ny~eHH~ ux s KallMHH H 235U s 6ope 

MOlKHO HaftTH ITOTOK HeftTpOHOB B o6naCTH OT KallMHesoft rpaHHUbi llO nopo-
2 35 10 

rosoii: aaepruu cncTeMbi U + B . 

YKaaaHHbie H30TOnbi noasonR~T nepeKpbiTb 6onbiUOA HHTepsan anep

ruii: Heii:Tpoaos. KpoMe Toro, TaK KaK TO~HOCTb onpeaeneHHR ce~enuA ae

neHHR RBnReTCR. CaMOH BbiCOKOA no cpasHeHH~ C apyr&MH gaepHbiMH peaK-
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IlHSIMH, TO OHH JlBIOT HBH6onee TO'IHbie JlBHHbie 0 cpe)lHHX )lH«jl<flepeHUHSnb

HbiX noTOKBX HeliTpOHOS S onpe)leneHHbiX HHTepsanax SHeprHH. 0co6eHHO 

STO OTHOCHTCSI K o6naCTH SbiWe nopora JleneHHSI 2 37 Np , KOT0p8SI SISnSieT

CSI OCHOSHOli npH o6ny'leHHSIX Ha OTKpbiTbiX ny'IKSX peaKTOpHoro HSny'leHHSI 

HnH sa cpaSHHTenbHO TOHKOlt samHTOli. 

ITepeXOJl oT noKasaHHlt JleTeKTopos K noToKy Tpe6yeT HeKoTophlX 

npeJlnono*eHHli o xapaKTepe HSMepSieMoro cneKTpa. 06bi'IHO ero npeJlcTaB

nSIIOT S BHJle. MSKCSennOSCKOrO cneKTpa TennOSbiX HeliTpOHOS, cneKTpa 

11 E s o6nacTH OT 0,4 as JlO 0,75 Mas H cneKTpa JleneHHSI Sbiwe 

0,75 Mas. 0JlH8KO 9TH npe)lnOnO}KeHHSI MOryT SISHTbCSI HCTO'IHHKOM OWH60K, 

nOCKOnbKY HCTHHHbie cneKTpbl HeltTpOHOS '18CTO SHS'IHTenbHO OTTiH'IBIOTCSI 

OT cneKTpa "'1/ E H cneKTpa JleneHHSI, oco6eHHO s o6nacTH 0,01 t- 1 Mas. 

KpoMe Toro, s o6naCTH 0,01t-0,75 Mas neHHOCTb HSMepeHult cpeaHero 

JlH$$epeHnHanbHoro noToKa HeliTpoHos HesenuKa, TaK KaK onpeJlenSieMbie 

no noTOKy, HanpHMep, llOSHMeTpH'IeCKHe XapaKTepHCTHKH HeATpOHOS SHS'IH

TenbHO HSMeHSIIOTCSI C SHepruelt, a <flopMy cneKTpa yKaSSHHbie JleTeKTOpbi 

nony'IHTb He noasonSIIOT. IToaToMy s aaHHolt pa6oTe noJlpo6Ho paccMoTpe-

Hbl XapaKTepHCTHKH Ha6opa JlaTeKTOpOS S npHMeHeHHH K peanbHO 

syiOmHM cneKTpaM HeltTpOHOS Ha npHMepe Ha6opa, COCTOSIWero 

2ssu+Cd " 2ssu • 2s~P • 238 u " 32 S Sa $HnbTpOM 1 

cywecT

HS 23 SU. 
2 

r/cM 

10 B , H npeJlnO}KeHa HOBBS! HHTepnpeTaUHSI ll8HHbiX HH}Ke nopora )lene-

HHSI 237 Np , nossonSIIOmaSI nosbiCHTb TO'IHOCTb cneKTpoMeTpH'IeCKHX us

MepeHult. B ocHosy paccMoTpeHHSI hono*eH pac'leT a$$eKTHSHbiX ce'l:eHnil: 

H noporOSbiX SHeprHlt JlnSI paSHbiX, CHnbHO OTnH'IaiOmHXCSI cneKTpOS HeltTpo

HOS H onpeaeneHHe onTHManbHbiX SHa'leHHli aTHX napaMeTpos anSI Ha6opa 

cneKTpos. 

4 
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Pacqer cnexrpowerp1 qecxux xapaKrer 

noporOBwx RQteKtopoB 

ITpu perncTpanuu HeltTpoHos noporosbiM JleTE 

semeCTBa JleACTSHTenbHYIO SSSHCHMOCTb Ce'leHHSI 

TpOHOS (E) '18CTO SaMeHSIIOT 9cfl<PeKTHSHblM Ce'leHJ 

aHepreTH'IeCKOro nopora C'IHTSIOT fiOCTOSIHHhlM, a 

HyniO. ITpH STOM CSSISb a<fl<fleKTHSHOro Ce'leHHSI u 

Ill! nopora E onpeJlengeTCSI cooTHomeHHeM nop 

00 00 a <PeP. 
U X J cll(E)dE= Ju(E)cll(E)d 

E nop. 0 

rile ell (E) - JlH$$epeanuanbHbrA noToK HeATpoHos. 

KaK cneJlyeT us onpeJleneHHSI, u a<flcP H E 
noJ 

$yHKilHH cll(E) • IToaToMy npeJlcTasngeT HHTepec pat 

$yHKilHIO E JlnSI pasnn'IHbiX JleAcTsyiOmux cneK~ 
nop 237 238 

XOJlHMbie JlBHHbie o ce'leHHSIX JleneHHSI Np 
/4 5/ 

nony'leHbi us pa6oT ' • TaK KaK paccMaTpusanc 
237 

Np HaXOJlHTCSI sa <PnnbTpoM 1 r/cM2 10 B • 1 

JleneHHe He Y'IHTbisanu. 

Pac'leTbr 6brnH BbmonHeHbr JlnSI 20 cneKTpos. C 

HHSI, pac'l:eTHbre H aKcnepHMeHTanbHbre cneKTpbr Kpu· 

aKTopos Godiva , Vinca , c pacTsopoM UO 
2 

F 
2 16+8/ 

pa, HPRR , aHepreTH'IeCKHe cneKTpbr HeliTpOil 
/9/ 

peaKTopax VERA , BBP c pasnn'IHblMH <PnnbTp. 

cneKTpbi, HSMepeHHbre MHorowapOSbiM MeTOJlOM Ha p 
. /12/ 

Rachel , cneKTpbi HCCne)lOSaTenbCKOrO SOJlOBC 
/11/ /15/ 

ypaH-rpa$HTosoro , HPT-1000 , cneKTpbr H 

/16/ MepeHHbre 38 pasnH'IHbiMH samHTSMH , H Jlp, 
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OHH ]laiOT Hau6onee T0'1Hbl9 ]laHHbl9 0 cpeJlHHX JlH¢l4JepeHilHanb

KaX Heil:rpoHoe e onpeJleneHHbiX HHTepeanax aHepruu. Oco6eHHO 

HTCSI K o6naCTH ebiiii9 nopora JleneHHSI 
2 37 

Np , KOTOpaSI SienSieT

oil: npH o6ny'leHHSIX Ha OTKpblTbiX ny'IKaX peaKTOpHOI'O H3JIY'I9HHSI 

ipaeHHT9nbHO TOHKOil: 3aiUHTOil:. 

eXOJl OT noKa3aHHil: Jl9T9KTOpOe K noTOKY rpe6yeT H9KOTOphlX 

>KeHHH o xapaKrepe H3MepSieMoro cneKrpa. 06bi'IHO ero npellcrae

Hil9 MaKceennoecKoro cneKrpa rennoebiX Heil:rpoHoe, cneKrpa 

o6nacru or 0,4 ae JlO 0,75 Mae H cneKrpa ]leneHHSI ebiiiie 

0JlHaKO 9TH npeJlnOnO>K9HHSI MOI'YT SieHTbCSI HCTO'IHHKOM OIIIH60K, 

HCTHHHbl9 cneKTpbl Heii:TpOHOe 'laCTO 3Ha'IHT9nbHO OTTiH'IBIOTCSI 

"'1/E 
u cneKrpa JleneHHSI, oco6eHHO e o6nacru 0,01 • 1 Mae. 

roro, e o6nacru 0,01 • 0,75 Mae ueHHOCTb H3MepeHHil: cpellHero 

HnuanbHOI'O noroxa Heil:rpoHoe Heeenuxa, raK xaK onpellenSieMbie 

Ky, HanpHMep, Jl03HM9TpH'19CKH9 xapaKTepHCTHKH Heii:TpOHOe 3Ha'IH

H3M9HSIIOTCSI C 9Heprueil:, a lj)opMy cneKTpa yKa3aHHbl9 Jl9T9KT0pbl 

b He noaeonSIIOT. TioaroMy e ]laHHOil: pa6ore noJlp06Ho paccMorpe

KTepucrHKH Ha6opa Jl9T9KTOpOe e npHM9H9HHH K peanbHO cyiiieCT-

Ha6opa, COCTOSIIII9I'O H3 
2 3 SU, 
2 cnexrpaM Heil:rpoHoe Ha npuMepe 

d H 235U , 23'Np , 238 U H 
32 S 3a lj)unbrpoM 1 r/cM 

t H npeJlnO>KeHa HOeaSI HHTepnpeTaUHSI JlaHHbiX HH>K9 nopora ]lene-

1 
no3eOnSIIOIII8SI noebiCHTb TO'IHOCTb cneKTpOM9TpH'19CKHX H3-

0CHOey paccMorpeHHSI nono>KeH pac'leT alj)lj)exrueHbiX ce'leHuil: 

OehiX 9H9pi'Hil: ]lnSI pa3HbiX, CHnbHO OTnU'ISIOIUHXCSI cneKTpoe Heil:rpo

onpeJleneHH9 onTHMSnbHbiX 3H8'19HHH 9THX napaMeTpoe ]lnSI Ha6opa 

oe. 
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Pac'ler cnexrpoMerpH'Iecxux xapaxrepucrux Ha6opa 

noporoewx perexropoe 

TipH pei'HCTpaUHH Heii:TpOHOB nopOI'OBbiM Jl9T9KTOpOM H3 JlenSIIUei'OCSI 

eemecrea ]leii:CTeHTenbHYIO 38BHCHMOCTb C9'19HHSI JleneHHSI OT 9Hepi'HH Heii:

'ISCTO 38M9HSIIOT 91j)lj)eKTHeHbiM C9'19HHeM, KOTOpOe Bbiiiie TpOHOe (E) 

9HepreTH'I9CKOI'O nopora C'IHTSIOT nOCTOSIHHWM, a HH>K9 paBHbiM 

Hynro. TipH 9TOM CBSI3b 91j)lj)eKTHBHOI'O C9'19HHSI u alj)$ H 9H9pi'9TH'19CKOI'O 

nop 
nopora E 

/11/ 
onpe]lenSieTCSI COOTHOIII9HH9M 

9$$. 
U X j"' cll(E)dE= ju(E)«<l(E)dE, 

E nop. 0 

rile ell (E) - Jlulj)lj)epeHuuanbHbiA norox HeArpoHOB. 

KaK cneJlyer 13 onpeJleneHHSI, u a$$ H E 3SBHCSIT or BHJla 

(1) 

nop 

lj)yHKUHH cll(E) • TioaroMy npeJlcraenSieT uHrepec pacc'luTaTb u a$$ KaK 

lj)yHKUHIO E AnSI pa3nH'IHbiX Jleil:creyromux cnexrpoe HeArpoHOB. Heo6-
nop 237 238 32 32 

XOJlHMhie JlaHHbie o ce'leHHSIX ]leneHHSI Np , U H peaxuuu S (n,p) P 
/4 5/ 

nony'leHhi H3 pa6or ' • Tax KaK paccMarpueancSI eapuaHT, B xoropoM 

237 Np HaXOJlHTCSI 3a $HnbTpOM 1 r/cM
2 10 

B , ro ero no]lnoporoeoe 

JleneHue He y'IHTbiBanH. 

Pac'leTbl 6hmu ehmonHeHbl AnSI 20 cnexrpoe. CpeJlH HHX cneKrp Jlene

HHSI, paC'I9THbl9 H 9KCnepHM9HTanbHbl9 •'cneKTpbl KpHTH'I9CKHX C60pOK H pe-

SKTOpOB Godiva , Vinca , c pacreopoM UO 2 F 2 , rennoeoro peaxro-

/6t8/ pa, HPRR , 9HepreTH'IeCKHe cnexrphi Hei!.rpoHOB, H3MepeHHhie Ha 
/9/ /10/ /14/ 

peaKropax VERA , BBP c pa3nH'IHhiMH lj)unhrpaMH , GTR 

cneKTpbi, H3MepeHHbie MHoroiiiapoBbiM MeTOJlOM Ha peaKrope Naiade H 
. /12/ /13/ 

Racha , cnexrpw uccne]loearenhCKoro BOJlOBOJlSIHOro peaKropa 
/11/ /15/ 

ypaa-rpalj)uroeoro , HPT-1000 , cnexrpbi Heil:rpoHoB JleneHHSI, H3-
/16/ 

MepeHHbi9 38 pa3nH'IHbiMH 38IIIHTSMH , H llP• 
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PeayJibTaTbi pac'leTa rrpellCTasneHbi ll"l puc. h· 3 B BHlle aasucuMoc

TH scpcpeKTHBHOI"O ce'leHHR OT rropOI"OBOi!: saepi"HU ( KpHBbie 1 ) • KpHBbie 2 

Ha 9THX pHCYHKaX IIOK83biB810T M8KCHM8JlbHOe OTKJlOHeHHe 9cpcpeKTHBHOI"O 

Ce'leHHR OT ei"O MellHSHHOI"O 3H8'1eHH.9: llJ1.9: pa3HbiX IIOpOI"OBbiX 9Hepi"Hi!:. ''~ 

KaK BHllHO U3 pucyHKOB, llJ1.9: KS~llOI"O U30TOIIa MO~HO yK838Tb T8K09 3Ha

'19HHe IIOpOI"OBOi!: 9HeprHU, IlpH KOTOpOM pa36poc scpcpeKTHBHOI"O Ce'leHHR 

6ylleT MHHHMSJlbHbiM. B ll8J1bHei!:weM OHH rrpHHHMaJIHCb paBHbiMH llJlR 
2 37 N p 

1,55 6apa (~2%) H 0,56 Mss, llJIR 
238 U - 0,525 6apa (±.4%) H 1,4 Mss, 

llJlR 
32 S - 0,28 6apH (~5%) H 2,8 Mss. He6oJ1bwoil: paa6poc B scpcpeKTHB-

HbiX Ce'leHHRX 06'b.9:CH.9:9TC.9: TeM, 'ITO llJ1.9: 238 U H 
3 2 S CIIeKTpbl Heil:-

TpOHOB OTJ1H'I810TC.9: He3H8'1HTeJlbH01 IIOCKOJlbKY ~OpMa CIIeKTpa Hei!:TpOHOB 

lleneHHR BbiWe 1,5 ~3 Mss Mano H3MeHReTCR npH rrpoxo~lleHHu paaJIH'IHbiX 

2 37 
aawHT • .Qng Np ce'leHHe lleJieHHR BbiWe rropoi"a H3MeHReTCR aeaHa'IH-

TeJibHO B 06JlaCTH cyweCTBeHHOI"O U3MeHeHH.9: CIIeKTpOBo 

2 
XapaKTepHCTHKU CHCTeMbi 235 U + 1 r/cM 10 B , KOTOpag IlpHMe-

HReTC.9: llJ1.9: OIIpelleJleHH.9: IIOTOK8 Hei!:TpOHOB HH~e IIOpora pei"HCTpaUUU U30-

TOII8 237 Np , TaK~e 6b!J1H pacc'IHTaHbi llJlR aa6opa cneKTpos. Heo6xollH-

M8.9: llJ1.9: 9TOI"O 38BHCHMOCTb Ce'leHH.9: lleJleHH.9: 
235 U 38 cpHJlbTpOM 

2 
1 I"ICM 10 B oT saepi"HH aei!:TpOHOB paCC'IHTbiBanacb B rrpellrrono~eauu 

/18/ 
9KCIIOHeHUH8JlbHOI"O IIOI"JIOweHUR aei!:TpOHOB B 10 B U rrpellCT8BJleHa 

Ha puc. 4. ilOCKOJlbKY IIOJly'leHH8.9: 38BUCUMOCTb a(E) llSJleKa OT Toil:, 
I 

KOTOpag llOJl~Ha COOTBeTCTBOB8Tb Ulle8JlbHOMy IIOpOI"OBOMY lleTeKTOpy, 

2 7 
B9Cb UHTepB8Jl 9HeprHil: OT 10 llO 10 9B pa36HB8J1H Ha llBe 06JlaCTU: Oll-

Ha HU~e HeCKOJlbKUX COTeH K9B, a llPYI"8.9: - BbiWe, U xapaKTepUCTHKH CHC

/19/ 
TeMbl paCCMaTpHB8JlH OTlleJlbHO llJ1.9: 9THX 06JlaCTeii • fpaHHUeil: Me~llY 

2 37 
HHMU 6hma Bbi6paaa nopoi"oBaR saepi"HR Np , pasaag 0,56 Mss. 

.Qng saepi"HU BbiWe 0,56 Mss pac'leTHoe MellHBHHoe ce'leHHe lleneHHR 

235 u 
COCT8BJ1.9:9T 1 ,21 ~ 0,02 6apH ( Ta6nuua 1). 8 06JlaCTU HH~e 0,56MsB 

38BUCUMOCTU scpcpeKTHBHOI"O Ce'leHUR OT IIOpOI"OBOi!: 9H9pi"UU He Bbi.9:BJ1.9:10T 

6 

11111111-llll--..w_-L._J,.,.._..._ _________ , __ 

2,5 

2,0 

J-
( 
J r 
C1) 

~~~~~~~~~ 
~ q4 Q,6 ~· nopotDOOg .9Hqnul' Ms6 

2' 
Puc. 1. 3cpcpeKTHBHOe ceqeaue lleneaug · 

ei"O M8KCUM8JlbHOe OTKJlOHeHUe OT MellUI 

'leHH.9: (2) ,'lJ1.9: pa3HbiX CIIeKTpOB Heil:TpO 

MOCTH OT IIOpOI"OBOii 9Hepi"HU. 
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TaTbi pac'leTa rrpeJJcTaaneHbi na pHc. h· 3 B BHJJe saBHCHMOc

aHoro ce'leHHst oT rroporoaoA aHeprHH ( KpHBbie 1 ) • KpHBbie 2 

HKaX IIOKa3biBaiOT MaKCHManbHOe OTKnOH9HH9 aifxlleKTHBHOI'O 

ei'O MeJ]HaHHOI'O 3Ha'I9HHSI J]nst pa3HbiX IIOpOI'OBbiX aHepi'HH. 

pHCYHKOB, J]nst Ka*/lOI'O H30TOIIa MO*HO yKa3aTb TaK09 3Ha

aHepi'HH, IlpH KOTOpOM pa36poc a$$eKTHBHOI'O C9'19HHSI 

rHManbHhiM. B JJanbHeihiieM OHH rrpHHHManHCb pasHbiMH JJnst 
2 37 

N p 

0,56 Mas, JJnst 
238 U - 0,525 6apH (±.. 4%) H 1,4 Mas, 

Mas. He6onbwoli pas6poc s a$$eKTHS-

238 U H 32 S crreKTpbi ae:il:-

IOTCSI H93Ha'IHT9nbHO, IIOCKOnbKY ~OpMa CII9KTpa H9HTpOHOS 

pa3nH'IHbiX 

Ce'leHHe J]eneHHSI SbiWe rropora H3M9HSJeTCSJ He3Ha'IH-

CyWeCTS9HHOI'O H3M9H9HHR CII9KTpos. 

2 
tcT'<>n"'~"""KH CHCTeMbi 235 U + 1 r/cM 

10 B , KOTOpast IlpHMe-

H9HTpOHOS HH*e rropora pei'HCTpaUHH H30-

' TaK*e 6hmH pacc'IHTaHhi JJnR aa6opa crreKTpoa. Heo6xoJJH-

0 3aSHCHMOCTb Ce'leHHR JJeneHHR 
235 U 3a $HnbTpOM 

OT aHepi'HH He:ii:TpOHOS paCC'IHTbiSanacb S rrpeJJIIOnO*eHHH 

aoro rrornoweHHR HeATpoHos a 
10 B 

/18/ 
H rrpeJJCTaaneaa 

a(E) J]aneKa OT TOH, 

a COOTB9TCTBOSaTb HJ]eanhHOMY IIOpOI'OBOMY /l9T9KTOpy, 

2 7 
10 JJO 10 as pa36HsanH Ha JJSe o6nacTH: Oil-

KaS, a JJpyraR - BbiWe, H xapaKT9pHCTHKH CHC-

/19/ • 
JJnR aTHX o6nacTeH • fpaHHUeH M9*1lY 

2 37 
Bbi6paHa rroporosaR aHepi'HR Np , pasHast 0,56 Mas. 

aHeprHH SbiWe 0,56 Mas pac'leTHoe MeJJH8HHoe ce'leHHe JJeneHHR 

raansteT 1,21 ~ 0,02 6apH ( ra6nHua 1). B o6nacTH HH*e 0,56Mas 

a$$eKTHSHOI'O C9'19HHR OT IIOpOI'OSOH aHepi'HH He BbiSJSnstiOT 

6 

_.. 

fll!, 

2,5 

2JJ 

~ J-

1 ~t 
5 

J r 2 ·j 
a, 

5 

0 ~L_~~~~~~~,u~~~ 
o,t ~4 nopow&u 9llefJZUI, Msu 1.11 

237 ( ) 
PHc. 1. 3$$eKTHSHOe ce'leHHe JJeneHHst Np 1 H 

91:'0 MaKCHManbHOe OTKnOH9HH9 OT M9J]HaHHOI'O 3Ha

'19HHSI (2) .':WR pa3HbiX CIIeKTpOB HeHTpOHOB B 38BHCH

MOCTH OT IIOpOI'OSOH aHepi'HH. 

7 
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n opow6aR 3Hepu.LJ, MaS 

PHC, 2, 3.p¢eKTHBHOe Ce'leHHe JleneHHSl 
238 U ( 1) H ero MBK

CHMBnbHOe OTKnOHeHHe OT MeJlHBHHOrO 3H8'leHHSl (2) JlnSl 

pa3HbiX ClleKTpOB HefiTpOHOB B 38BHCHMOCTJ! OT noporOBOH 

9HeprHH, 

8 

~· 

• 

Q& 

Q' 

J 

I 
ju 

0 2.0 ~0 n.,da. MJnW~, rtb& 

PHc. 3, 3~~eKTHBHoe ce'leHHe peaKUHH 32 ~ 
(1 ) H ero M8KCHManhHOe OTKnOHeHHe OT I 

'leHHSl (2) JlnSl paSHbiX cneKTpOB B 38BHC~ 
roaofi aHePrHH. 
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• 2. 3!fl¢eKTHBHOe Ce'IeHHe t:~eneHHSI 2 38 U ( 1) If ero MaK

ManbHOe OTKnOHeHHe OT Met:IH8HHOro 3H8'IeHHSI (2) t:~nH 

HeiiTpOHOB B 38BHCHMOCTH OT ITOpOrOBOH 
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PHc. 3. 31jlljleKTHBHoe ce'ieHHe peaKUHH 32 S (n, p ) 32 P 
( 1) H ero M8KCHManbHOe OTKnOHeHHe OT Met:IH8HHOrO 3Ha

'ieHHSI (2) tlnH pa3HbiX CIIeKTpOB B 38BHCHMOCTH OT IIOpo

rOBOA SHeprHH. 
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PH c. 5, 3cW>eKTHBHoe ce'leHHe aeneHHSI 23 5 U ( 1) H ero 

MaKCHManbHOe OTKnOH9HHe OT Me.llHaHHOrO 3Ha'leHHSI (2) 
,llnSI pa3HbiX CI19KTpOB H9HTpOHOB B 3aBHCHMOCTH OT IIOpo

rOBOH 3HeprHH, 
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Ta6nHua I 

CeqeaHe ~eneHHH 286 U B o6nacTH saeprHH or 

0,56 ~o 10,0 Mas ~nH pa3HbJX cneKTpos aellrpoaos 

--------------------------------------------------------------N9N9 nn CneKrp ! CeqeHHe ~eneHHH, 6apa 

----- ~--------------------------- -------------------------
I '!:fT~ I,22 
2 llO~~ I,23 
3 .YocltlfQ... I,22 
4 TennoBol peaK!op I,I9 
5 BP-5 I,I9 
6 lft:R.A I,2I 
7 Ypaa-rpa~BfOB~I peaxTop 1,22 
8 B B P I,22 
9 BBP + CBMHen I,2I 

I 0 BBP + CBBHen + nonHSTBnea I,2I 
I I HPT - IOOO I,2I 
I 2 A lSD ~ a.cl 'lO I,20 
I 3 lfiht.O..... I,22 
I 4 HPft~ I,2I 
I 5 ;JSPilR I,23 

HeiTpoa~ ~eneHi!H sa sami!tol: 
I 6 30 CU fiOXBSTBn8H8 I,2I 
I 7 40 cu zeneaa I,23 
I 8 50 CU rpa~HTS I,22 
I 9 50 CM K8p6H~8 6opa !,23 
2 0 30 CU BO~hl I,20 

Me~Maaaoe aaaqeHHe I,2I .±. 0,02 
Paa6poc, % !,7 
CneKTp ~eneHi!H I,22 

12 
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'• 
~,·· ~ 
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I' 

' 

OITTHMBnhHbiX 3H8'18HHA a~~ H E , n pas6pc 
a nop 

HHH nnH nro6oro GHa'leHHH E npaKTH'IeCKH onnE 
nop 

( pnc. 5). H aMn ncnonhGoBanoch B nanhHei!:llleM GHa• 

npH E = 400 aB. l13MepHB ITOTOK Hei!:TpOHOB C a nop 

neTeKTopoM c 
23~p H ncnonh3YH npnBeneHHhie ce~ 

MO*HO OITpenenHTh ITOTOK Hei!:TpOHOB B o6naCTH OT 4 

Heo6xonnMoe nnH onpeneneHHH noToKa Hei!:Tpo!l 

nHaHHoe ce'leHHe neneHHH 235 U Ohino pacc'IHTaHo n 

( Ta6nnua 2) H paBHO 33,4 + 1,5 6apH • ..UnH CITSKTpa"" 

lllee GHa'leHHe a a.p¢ paBH~ 34,9 6apH. Ce'leHHe ne1 

M8KCBennOBCKOrO CITSKTpa Hei!:TpOHOB B o6naCTH 0,01t
/20t 

pa6oTe • 

TaKHM o6pasoM, paccMoTpeHHhii!: Ha6op nopor01 

nHeT C JJ.OCT8TO'IHOi!: TO'IHOCThro onpenenHTh ITOTOK HE 

aHepreTH'ISCKHX 06naCTHX\ 0,01 ~ 0,4 aB, 0,4 ~ 400 aB 

0,56~1,4 MaB, 1,4~2,8 MaB, 2,8~10,0 MaB. Pasne1 

aHepreTH'IeCKoro HHTepBana, MO*HO onpenennTh cpe! 

Hbli!: ITOTOK B K8*JJ.Oi!: o6naCTH. 

TaKoe ycpenHeHHe HMeeT CMbiCn npoBOJJ.HTh HH)I 

TepHCTHKH J_Iei!:TpOHOB, HaiTpHMep, JJ.03a, npaKTH'ISCKH D 

0,56 MaB, rne HX H3MeHeHHe OTHOCHTenhHO HeBenHKO 

0,56 MaB onpeneneHHe xapaKTepHCTHKH no ycpenHeHH 

'. ITpHBSCTH K 3H8'1HTenhHbiM OlliHOKaM, ITOCKOnhKY H3Me 

~ B 9TOi!: o6naCTH 6onblllOe. noaToMy BMeCTO OObi'IHOr 

~ 
1 

paBHOMepHOM pacnpeneneHHH Hei!:TpOHOB B lllKane norl 

l' a Toil: o6nacTH MO*HO npenno*HTh npyryro HHTepnpeTa: 
) 

J 
I 

:· 

l 
jl 

synhTaTOB. 

.Qei!:CTBHTenhHO, H3 CpaBHeHHH pasnH'IHbiX H3Mep 
/6~16/ 

CITSKTpOB Hei!:TpOHOB BHJJ.HO, 'ITO eCnH ~H~~epe 

13 



Ta6nuua 1 

Ce'leHHe AeneHHSI 
285 U B o6nacTH aaeprHH or 

0,56 JlO 10,0 MaB AnSI paaHhiX cneKTpOB aeli:rpoHOB 

-----------------------------------------------------CneKTP ! Ce'leHHe }leneHHSI, 6apa 

---------------------------

peanop 

paH-rpaWB!OEHM peaKTOp 
B p 

BP + CBHH61\ 
.BP + CBBH61\ + fi01IBS!rB116B 

PT - IOOO 

!o~cul 'lo 
c.nt.a... 
PftR.. 

ISPilR 
e«TpOHH ~eneB14H sa samH!ol: 

CU fi01IHSTBJI8B8 
cu Eenesa 
cu I'p8WH!a 
cu xapCSH~a dopa 
CU BO~H 

e~H8HH08 SHaqeBHe 
aaCSpoc, % 
neKTp ~8118HHH 

.,. 
12 

-------------------------
1,22 
1,23 
1,22 
1,19 
I,I9 

1,21 
!,22 
!,22 
1,21 
1,21 
I,2I 
!,20 
1,22 
I,2I 
!,23 

I,2I 
!,23 
!,22 
!,23 
!,20 

I,2I .t. 0,02 
I,? 
I,22 

;; 

:.. 
/I 

r 
( 

' ! 

' .it 
"i 

t 

onTHManhHhiX aHa'ieHHll: a a¢!¢! H E , H paa6poc a¢!¢leKTHBHoro ceqe-
nop 

HHSI nng niD60I'O 3Ha'ieHHSI E npaKTH'ieCKH OUHHaKOB H paBeH 10% 
nop a~ 

(puc. 5). HaMH ucnonh30Banocb B nanhHeil:rneM 3Ha'leRHe a =2,05 6apH 

npH E = 400 aB. l1aMepHB noToK Rell:rpoHOB c aReprueil: Bhillle 0,56 MaB 
nop 

neTeKTopoM c 237Np H Hcnonhayg npHBeneRHbie ce'leHHSI anSI 
235 U 

MOMHO onpenenHTh noTOK Heil:TpOHOB B o6naCTH OT 400 aB no 0,56 MaB. 

Heo6xonHMoe nng onpeneneHHSI noToKa Hell:rpoHoB HHMe 400 aB Me

nHaHHoe Ce'ieHKe neneHHSI 235 U 6binO paCC'IHT8HO no Ha6opy cneKTpOB 

( ra6nHua 2) H paBHO 33,4 + 1,5 6apH. LlnR cneKTpa "'1/ E 

mee aHa'ieRHe a a<!$ paBR-o 34,9 6apH. Ce'ieHHe neneHHSI 

COOTBeTCTBYID-

235 U nn.s~ 

MaKCBennoacKoro cneKTpa Heil:TpOHOB B o6nacTH 0,01t-0,4 aB npnaeneHo B 
/20/ 

pa6ore . • 

TaKHM o6paaoM, paccMoTpeHHhill: Ha6op noporoBbiX nereKTopoB noaBo

n.HeT C UOCTaTO'IHOil: TO'iHOCThiD onpenenHTh nOTOK Heil:TpOHOB B cnenyiDIUHX 

aHepreTH'ieCKHX o6nacrgx: 0,01 t- 0,4 aB, 0,4 t- 400 aB, 400 a at- 0 ,56 MaB, 

0,56t-1,4 MaB, 1,4t-2,8 MaB, 2,8t-10,0 MaB. PasnenHB HX Ha BenH'IHHY 

aRepreTH'ieCKoro HHTepaana, MOMHO onpenenHTh cpenHHil: nH<I$epeHUHanh

Hhiil: noTOK B K8MUOil: o6naCTH, 

TaKoe ycpenReHHe HMeeT CMhiCn npoBOUHTh HHMe 400 aB, rne xapaK

repHCTHKH !feil:TpOHOB, RanpHMep, noaa, npaKTH'ieCKH noCTOSIHHhi, H Bbillle 

0,56 MaB, rne HX H3MeReRHe OTHOCHTenhHO ReaenHKO. B o6nacTH 400 as t-

0,56 Mas onpeneneRHe xapaKTepHCTHKH no ycpenReHHhiM noToKaM MOMeT 

npHBeCTH K 3H8'1HTenhHbiM OlliH6KaM, nOCKOnhKY H3MeHeHHe XapaKTepHCTHK 

B aTOil: o6naCTH 6onhlliOe. floaTOMy BMeCTO 06hi'IHOI'O npennonoMeHHSI 0 

paBHOMepHOM pacnpeneneHHH HefiTpOHOB B lliKane norapH¢JMOB aHeprHH B 

aTOil: o6naCTH MOMHO npennoMHTh npyryiD HHTepnpeTaUHID nonyqaeMhiX pe-

aynbT8TOB. 

Lleil:CTBHTenhHO, H3 CpaBHeHHSI pa3nH'IHbiX H3MepeHHil: neil:CTBYIDIUHX 

" /6t-16/ ,h,h " 
cneKTpOB HeHTpOHOB BHUHO, 'ITO ecnH llH'!''!'epeHUHanbHbiH noTOK 
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Ta6nuua 2 

Ce'leHHe AeneHHH 
28 5 

U B o6nacru 9HeprHH oT 

0,4 AO 400 9B AnSI pa3HbiX cneKTpOB Heli:TpOHOB 

-------------------------------------------------------------

I 
2 

3 

4 

5 

6 

7 

8 

9 

IO 

CneKTp ! Ce'leHue AeneHHH, 6apH 

-------------------------------- -----------------------
PHS 

BP-5 

HPT-1000 
~TR, 

YpaH-rpawz!o»HI paaK!Op 

HaATpOHH ~anaHHR sa aa~!ol: 

Jfo.. (o.a 

R,o. che t 
Yrnapo~ 

C»HH6~ 

Bo~a 

31,9 

31,8 

32,8 

34,9 

3!,8 

33,0 

34,2 

33,4 

34,7 

33,9 

-------------------------------------------------------------
Ma~HaHHoe aHaqeHze 

Paa<5poc, % 
CneKTp "' I/E 

14 

33,4 ± !,5 

4,5 

34,9 

.. 

./ 
;'i'~ 

" 

Ill, 

HeATpoHos s o6nacTH 400 sst- 0,56 Mas 6ollhwe, q, 

TO STO ysenH'IeHHe npaBHllhHee DpHDHCaTb He -BCeA 

a ee 'laCTH, npHMepHo OT 40 KSB H Bbiwe. OueHHM 

HOB s sToA o6nacTH. DnH sToro npeacTaBHM ee s 

nn~c ao6asKa, o6ycnosneHHaH HenonHOCTb~ aaMeal 

Ha pHc. 6 npeacTasneHbi paccMaTpHBaBwHeCH BbiWE 
/6t-16/ 

CDeKTpbi HeATpOHOB , H3 KOTOpb!X Bbl'ITeH Bl 

KOTI!>pble HOpMHpOBaHbl Ha oaHHaKOBbiA nonHbi:ll: DOT< 

t- 0,56 Mas. KaK BHaHo, npH TaKOM npeacTasneHHH 

~TCH s aosollhHO yaKo:ll: o6nacTH Me*aY cnnowHbiMI 

H snonHe aonycKa~T sseaeHHe HeKOToporo ycpeaHe 

HOB B STOA o6naCTH SHeprHH (wTpHXOBa9 nHHHH Ha 

paC'IeTe Ha eaHHH'IHbiA DOTOK HeATpOHOB B o6naCT 

MO)I{HO npeaCT8BHTb SMnHpH'IeCKH C TO'IHOCTb~ (St 

4>(1g E)= 2,8· 10-6 
( E-10 )(2000 -E 

rae 4> (lg E ) - noTOK HeATpoaos Ha eaHHHilY nora] 

) ; 

E - saeprHH aeATpoHos (Kss). 

To'IHOCT& onpeaeneHHH aH~peHnHan&Horo no 

anH HeATpOHOB C SHeprHeA 100 KSB COCT8BnHeT !2l 

To'IHOCTb H3MepeHHH cpeaHero aH~peHuHan1 

o6naCTHX SHeprHH H HHTerpanbHOrO DOTOKa HeATpO. 

cneKTpa H anH cneKTpos c paanH'IHbiM BKnaaoM Me 

HbiX H 6biCTpbiX HeATpoHos 6yaeT paaHoA. PacC'IHTae 

paKTepHbiX cneKTpOB HeATpOHOB, npeacTaBneHHb!X HB 
Ill/ 

neHHH, ypaH-rpa!jJHTosoro , soaosoaHHoro peaKT' 

peaKTopa Rachel 
/12/ 
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Ta6nuua 2 

Ce'leHHe AeneHHH 
28 5 

U B o6nacTH saeprHH oT 

0,4 AO 400 9B AnSI pa3HbiX CUeKTpOB Heli:TpOHOB 

-----------------------------------------------------
CneKTp Ce'leHHe AeneHHH, 6apH 

--------------------------- -----------------------

paH-rpa~B!OBHi peaK!Op 

e~TpOHH ~eneHBB 88 SS~TOI: 

ll. ~a. cU._ 
o. che. t 

e~BSHHoe aHaqeaue 

14 
.,..: 

3!,9 

3!,8 

32,8 

34,9 

3!,8 

33,0 

34,2 

33,4 

34,? 

33,9 

33,4 ± I,S 

4,5 

34,9 

t: 
..1 

~l 

• 

/b, 

aeATpoaos B o6nacTu 400 as• 0,56 Mas 6ollbwe, "'eM a o6nacTB 0,4•400 as, 

TO a TO ysenu"'eHBe npaBUllbHee npunucaTb He BCeA o6naCTB 400 as• 0,56Mas, 

a ee "18CTU, npUMepHO OT 40 KaB U BbiWe. OueHUM .popMY cneKTpa Heil:Tpo

HOB B aTOll: o6naCTU. Jlng aTOI'O npe/lCT8BBM ee B BUlle cneKTpa "" 1/E 

nn~c /l06asxa, o6ycnosneaaag aenonHOCTb~ aaMe/lnBBWUMBCSI aeATpoHaMB. 

Ha puc. 6 npe/lCTasneHbi paccMaTpusaswuecg BbiWe llu«P.PepeauuanbHhie 
16•161 

cneKTPhi aeATpoHoB , ua KOTOphiX Bhi"'TeH sxna/l cnex Tpa "'II E B 

KOTOpbie HOpMUpOB8Hhl Ha 0JlUH8KOBhiil: nonHhiA nOTOK B o6naCTB 40 KaB• 

• 0,56 Mas. Kax BU/lHO, npu TaKOM npe/lCTasneauu ace cneKTpbi paaMema

~TCSI B JlOBOllbHO yaxoil: o6naCTB M9)1(JlY cnnoWHhiMU KpBBhiMH Ha puc. 6 

H snonae Aonycxa~T BBe/leHBe aexoToporo ycpe/lHeHHoro cnexTpa aeATpo

HOB B aToA o6nacTH aaeprBH (wTpuxosaR nBHBH Ha aTOM pucyaxe). B 

pac"'eTe aa eAHHB"'Hhiil: noTOK aeATpoaos B o6nacTB 0,05.;.(),56 Mas ero 

MO)I{HO npe/lCT8BHTb ·aMnHpH'19CKH C TO"'HOCTb~ (8 •5)% B BHJl9 

<ll(lg E)= 2,8· 10-6 
( E-10 )(2000 -E), 

rile <II (lg E ) - noTOK aeATpoaos Ha eAUHHUy norapu.PMa aaeprBH, 

1 
21':-); 

CM lgE 

E - aaeprBH aeil:Tpoaos (xas). 

(2) 

To'IHOCTb onpe/leneHHH llB«P¢epeauuanbaoro noToKa TaxuM MeTO/lOM 

JlnH Heil:TpOHOB C 9Hepraeil: 100 KaB COCTaBnHeT !28%, a 400 KaB - !14%. 

To'IHOCTb H3MepeHHH cpe/lHero llB«P«Pepeauuanbaoro noToxa B /lpyrux 

o6naCTSIX aHepi'HB H HHTerpanbHOI'O nOTOK8 HeATpOHOB 38BUCUT OT BHJl8 

CneKTpa U AnSI cneKTpOB C pa3nH'IHhiM BKna/lOM M9AneHHhiX, npoMe)l{yTO"'

HhiX u 6biCTphiX aeATpoaos 6yJleT paaaoll:. Pacc'IHTaeM ee /lnH aecKonbKHX xa

paKTepHhiX cneKTpOB H9il:TpOHOB0 npe/lCTaBneHHhiX H8 pHCo 7 o 3TO cneKTpbi ll9-
/ll/ /13/ 

neHHS1 0 ypaa-rpa4lHTOBOI'O , BO/lOBO/lSIHOI'O peaKTOpa H 38 38WHTOil: 

peaxTopa Rachel 
/12/ 
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nnH pacq~Ta onpe~enHnacb senHqHHa ITOTOKa HeHTpOHOB C HCITOnb-

30B8HHeM rronyqeHHhiX BhiWe acl>cl>eKTHBHhiX ceqeHHH C yq~TOM HX TOqHOCTH 

H cpaBHHBanaCb C BenHqHHOH, rronyqeHHOH qHcneHHhiM HHTerpHpOBaHHeM 

CITeKTpa BHyTpH COOTBeTCTBYIDwero 9HepreTHqecKoro HHTepsana. PesynbTa

Thl pacq~Ta, rrpHBe~eHHhie B Ta6nHue 4, ITOK83hiB8IDT0 qTO OWH6Ka orrpe~e

neHHH Cpe~Hero ~Hcl>cl>epeHUHanbHOro ITOTOKa He rrpeBbiWaeT 5 ~ 14%, a HH

TerpanbHOrO ITOTOKa HeHTpOHOB C 9HeprHeH BhiWe 0,4 9B - 3 ~ 7%. 

MeTO~HKa HSMepeHHH H pesynbTaThi 

PaccMoTpeHHhiM Ha6opoM ~eTeKTopos 6hin HSMepeH crreKT p HeHTpo-

/21 I 
HOB HMITynbcHoro peaKTOpa J1BP 0!1Hl1 • l13MepeHHH rrpOBO~HnHCb Ha 

paCCTOHHHH 10 M OT 8KTHBHOH 30Hhl C 38Me~nHTeneM 4 CM BO~hl. Ha6op 

ITOpOrOBhiX ~eTeKTOpOB p83Mell{anH B UeHTpe rryqKa. nnH CpaBHeHHH ITOKa-

38HHH B o6naCTH HH3KHX 9HeprHH O~HOBpeMeHHO C HaPOpOM o6nyqanH 30-

6 
nOTbie ct>onbrH H TepMoniDMHHecueHTHhie cTeKna c Li • 

KoHCTpyKTHBHO Ha6op rroporoBhiX neTeKTopoB BhmonHeH B BH~e wa-

Io " 2 
poBoro ci>HnbTpa H3 B TonwHHOH 1 r/cM • BHyTpH wapa rroMeweH KanMH-

eBhiH CTaKaH, B KOTOpOM pacrronO)!{eHhi Ta6neTK8 H3 S H MHWeHH H3 

238 237 235 
U • Np H U B KOHT8KTe C rrnaCTHHK8MH H3 CHnHK8THOrO CTeK-

na TOnwHHOH 1 MM. 3TH nnaCTHHKH HBnHIDTCH neTeKTOp8MH OCKOnKOB ~e

neHHH. flnowanb neTeKTOpOB H J'1HWeHeH 1 CM
2 , TOnwHHa nenHwHXCH MHWe-

2 ' 
HeH - 0,5 fo 1,0 Mr/cM • B 9TOM nHarrasoHe TOnlllHH act>cl>eKTHBHOCTb pe-

rHCTpauHH OCKOnKOB neneHHH ITO panHaUHOHHhiM ~ecl>eKT8M B CTeKne rrpaK

/22/ 
THqeCKH ITOCTOHHHa • 0CHOBHOe H83HaqeHHe ci>HnbTpa COCTOHT B cl>opMH-

pOB8HHH rroporoBOH XapaKTepHCTHKH H30TOIT8 
235 U 2 37 

• l130TOIT Np 

rroMeweH sa ci>HnbTp, qTo6hi Hs6e)!{aTb BnHHHHH rronrroporoBoro ~eneHHH, 
/23/ 

KOTOpoe, K8K H8MH 6bin0 ITOK838HO paHee , He IT03BOnHeT HCITOnbS0-

237 
BaTb Np B KaqecTBe rroporoBoro neTeKTopa HeHTpoHoB, ecnH HeT 

18 

Ta6nHua 3 

MaKCHMam.H&Ie owH6KH onpeaeneHHH 

B OTJ;tellbHbiX HHTepsanax aHepi'HH J:l, 

I 
I MaKCHMan&H, 

Harepsan aaeprHH 

2,8 + IO,O llaB 

I,4 + 2,8 llaB 

0,56 + I,4 llaB 

400 Sll + 0,56 

I 
I 
~ 

I 

CneKTP 
aeneHHH -

5 

8 

II 

I4 

0,4 + 400 SB I 0 _______________________ _j ________ _ 

I 
HHTerpanbHHA fiOTOK ·1 
HeATpOHOB C SHeprHeA 
BHW6 0,4 Sll 3,2 

----------------------- --------

19 
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6,2 

9,3 

I0,4 

5,3 
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pacqeTa orrpe~eJ'IHJ'I8Cb B9J1HqHHa ITOTOK8 H9HTpOHOB C HCITOJ'Ib-

~ rronyqeHHhiX Bhii!le 9cpcpeKTHBHhiX ceqeHHH C yqeTOM HX TOqHOCTH 

Banacb C B9J1HqHHOH, rronyqeHHOH qncneHHh!M HHTerpHpOB8HH9M 

BHYTPH COOTBeTCTByromero 9HepreTHqecKoro HHTepBana. PeaynbTa

Ta, rrpHBe~eHHhie B Ta6J'IHU9 4, ITOKa3hiBaiDT1 qTO OI!lH6Ka OITpe~e-

r~Hero ~HcpcpepeHUHaJ'IbHOrO ITOTOK8 He rrpeBbii!laeT 5 ~ 14%, a HH

oro ITOTOKa H9HTpOHOB C 9HeprHeH Bb!I!le 0,4 9B - 3 ~ 7%. 

MeTOAHKa H3MepeHn:il: H peaynbT8Tbi 

CMOTpeHHbiM Ha6opOM ~eTeKTOpOB 6b!n H3MepeH CIT9KTp Heii:Tpo-

/2} I 
nbcHoro peaKTopa JIIEP OJIIH!If • llfaMepeHHH rrpoBo~nnn:cb Ha 

~H 10 M oT aKTHBHoil: 30Hbi c aaMe~nHTeneM 4 CM BOltbi. Ha6op 

X ~eTeKTOpOB pa3M9I!lang B U9HTpe rryqKa. nnH Cp8BH9HHH ITOK8-

b6naCTH HH3KHX 9HeprHH OAHOBpeMeHHO C HaPOpOM o6nyqann 30-

lnbrH H TepMOJ'IIDMHH9CU9HTHbl9 CT9KJ'Ia 6 c Li • 

TPYKTHBHO Ha6op ITOpOrOBbiX ~eTeKTOpOB Bb!ITOJ'IH9H B BHJ:te IIIa-

10 2 
J'IbTpa H3 B TOJ'II!lHHoil: 1 r/cM • BHyTpn: I!lapa rroMe!IleH KaAMH- • 

~aH, B KOTOpOM paCITOJ'IOlK9Hbl Ta6neTKa H3 S H MHI!l9HH H3 

237 235 
Np H U B KOHTaKTe C ITJ'IaCTHHKaMH H3 CHJ'IHKaTHOro CTeK-

~OH 1 MM. 3TH ITJ'IaCTHHKH HBJ'IHIDTCH A9T9KTOp8MH OCKOJ'IKOB Ae-

" 1 2 OI!la}:tb A9T9KTOpOB H MHI!l9H9H CM 1 TOJ'II!lHH8 A9J'IHI!lHX<;H MHI!le-
2 . 

t- 1,0 Mr/cM • B 9TOM ~Harra3oHe TOJ'I!IlHP. scpcpeKTHBHOCTb pe-

OCKOJ'IKOB A9J'I9HHH ITO pa}:tHaUHOHHbiM AecpeKTaM B CT9KJ'Ie rrpaK
/22/ 

OCTOHHHa • 0CHOBHOe Ha3HaqeHHe cpHJ'IbTpa COCTOHT B cpOpMH-

" 235 237 
oporoBoH xapaKTepn:CTHKH H30Torra U • JlfaoTorr Np 

~a lPHJ'IbTp, qT06hi H36eJKaTb BJ'IHHHHH ITOAITOpOrOBOI'O A9J'I9HHH
1 

/23/ 
aK HaMH 6b!J'IO ITOKa3aHO paHee , He II03BOJ'IH9T HCITOJ'Ib30-

Np B KaqecTBe rroporoBoro ~eTeKTopa Heii:TpoHoB, ecnn HeT 

18 

... 

t 

Ta6nHua 3 

MaKCHMSnbHbie OWH6KH OITpe.QeneHHSI ITOTOKS Heii:TpOHOB 

B OT.QellbHbiX HHTepsanax 9HeprHH .QJ'ISI p83HbiX cneKTpOB 

--------------------------------------------------------------
MaKCHManbHaH owH6Ka, % 

11HTepean aaeprHR r Ypaa-rpa- ! Bono-BO.QSI- ! 
CneKTP 

neneHHSI 
( ljiHTOBb!il: pe-! ROil: ! Rachel 

--------------: ! aKTop I peaKTop ! ___ _ I , . 

2,8 + IO,O MaB 5 

8 

II 

!4 

5 

6,2 

9,3 

!0,4 

!,4 + 2,8 MaB 

0,56 + !,4 MaB 

400 SB + 0,56 

0,4 + 400 SB I 0 5,3 ______________________ _j _________ j ________ _ 
I 

HH~erpa~DHHl no~oK ·1 
HelTpOHOB C SHeprHel 
BHWe 0,4 SB 3,2 5,! ----------------------- ________ j ________ _ 
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4,8 5,4 

3,6 5,6 

!0,4 !0,3 

5,0 5,! 
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Ta6nHua 4 

noTOKH HeATpOHOB HB eAHHHUy norapH~Ma 9HeprHH 

B pa3nH~HhiX HHTepsanax aaeprHH ans cnexTpa 

aeneHHH H HBP 

------------------------------------------1 
HHTepsan aaeprHH, 

Mas 

I noTOK HeATpOHOB, OTH.ea. 

I CnexTp aeneHHH I HBP c 3BMeAnHTeneM 

---------------~ 1 4 CM BOAhl 

2,8 + IO 

!,4 + 2,8 

0,56+ !,4 

0,04+ 0,56 

I 

20 

0,24 

0,3! 

0,30 

0,!5 

O,IO 

0,!8 

0,36 

0,36 

I 
"-

npeJlBapHTenbHOH HHijlOpMaUHH 0 cneKTpe. 238 U 

ljlHnbTpOM, noCKOnbKy B Ka~eCTBe MHWeHeA HCnon 

ypaH, H ljlHnbTp n03BOnsm HCKnJO~HTb JlOnOnHHTem 

235 
HeATpOH8MH 0 o6ycnoaneHHOe U • JleTeKTO~ 

pacnonaranH npH o6ny~eHHH PHllOM c 6opHhiM wap 

9KpaHHpOBanHCb 0 llocne o6ny~eHHSI CTeKna TpaBHl 

C KOHUeHTp8UHeA 5% B Te~eHHe 9 MHHyT H npOCN 

ME11-9 c yaenH~eHHeM x150. 

llo 8KTHB8UHH 30nOTbiX ljlonbr onpeJlenSinCSI 

4,9 9B H cpeJlHHH TIOTOK MeJlneHIJbiX HeATpOHO 10 H 

I'HH B npeJl nono)Ke!lHH, ~TO HX cneKTp 6nH30K K 

Ho H3 H3MepeHHii: c~eT~HKaMH c BF 
3 

HCnonb30B8HHhiX ljlonbr COCT8BnHna 

llonpaBKH Ha CaMonornomeHHe 

no apeMe 

20 MI'/1 

{3 -~aCT 

HHpOBKY HeATpOHOB BBOJlHnHCb Ha OC~OBBHHH pa6o 

onpeJlenHnH C TIOMOWbiD 4rr -nponopuHoHanbHOI' 

ll 0 pa3HOCTH TIOK838HHH nHTHeBhiX TepMOniD~ 

KBJlMHH H 
10 B aaanorH~Ho JleTeKTopaM c 235 1,; 

JlHijlljlepeHUHanbHbiH noTOK HeATpOHOB B o6naCTH 0,· 

HbJe CTeKna HMenH JlHBMeTp 8 MM0 TOnWHHy - 1 I 

2% 
6 

Li • BxnaJl raMMa-Hany~eHHSI onpeAenHnH 

eM CTeKon 11C-7, He coJlep)KamHx nHTHH:. CTeKna 

11KC-A 
1261

• 

KanH6poaKy JleTeKTopoB c MHWeHSIMH H3 
2 3 ~ 

npoBOJlHnH no Pu - Be HCTO~HHKYt C noMOWbiD 

aljlljleKTHBHOCTb pei'HCTpaUHH Heii:TpOHOB COOTBeTCTI 

y~eToM paanHqHH B aljlljleKTHBHNX ce~eHHHX. B qac 

HCTOqHHKa aljlljleKTHBHOe ce~eHHe 237 Np paBHC 

0,68 6apH If 
235 U - 1,22 6apH. TaK xax HCTIOJl 

meHHeM 90%, To npH onpeJleneHHH noToKa aeATpoE 

0,56 Maa y~HTbiBanH BKnaJl JleneHHH npHMeCH 

21 



Ta6nHua 4 

DoTOKH HeATpOHOB H8 eAHHHUY norapH~Ma SHepPHH 

B paanH'IHbiX HHTepaanax aaeprHH AnB crreKTpa 

AeneHHB H HEP 

~-----------------------------------------------------1 
paan aaeprHH, 

Maa 

f DOTOK HeATpOHOB, OTH,eA, 

,------------------~,-----------------i CrreKTp AeneHHB J HEP c 3aMeAnHTeneM 

1----------~ ' 4 CM BOAbi 

~0 0,24 O,IO 
2,8 0,3! 0,!8 
1,4 0,30 0,36 
0,56 O,IS 0,36 

20 

..,.,.. 

. ~ 

l 

npeJlB8pHTenbHOH HH<fJOpM8UHH 0 cneKTpe, 238 U T8K~e H8XOJlHTCR 38 

<fJHnbTpOM, llOCKOnbKY B Ks'leCTBe MHIIieHe:i!: HCnOnb30B8nH ecTeCTBeHHbi:i!: 

ypaH, H <fJHnbTp ll03BOnRn HCKniO'IHTb JlOllOnHHTenbHOe JleneHHe MeJlneHHbiMH 

235 235 
He:i!:Tp0H8MH, o6ycnoaneHHOe U • lleTeKTOpbi C U B K8JlMHH 

pacnonaranH llpH o6ny'leHHH PRJlOM C 5opHb!M 1Ii8p0M T8K, 'IT06bi OHH HM He 

9KpaHHpOBanHCb, nocne 06ny'leHHR CTeKna TpaBHnHCb B nnaBHKOBOH KHCnOTe 

C KOHUeHTp8UHe:i!: 5% B Te'leHHe 9 MHHyT H npocMaTpHBanHCb Ha MHKpOCKOne 

MB11-9 c yaenH'IeHHeM x150. 

no 8KTHB8UHH 30nOTbiX <flonbr onpeJlengncg llOTOK HeHTpOHOB C 9HeprHeH 

4,9 9B H cpeJlHHH llOTOK MeJlneHHbiX Hefi:TpOHO B Ha eJlHHHUy norapH<fJMa 9Hep

rHH B npeJl nono~eHHH, 'ITO HX cneKTp 6nH30K K E -o,g (nocneJlHee H3Becr-

Ho H3 H3MepeHH:l!: C'leT'l:HKaMH c BF 
3 

HCnOnb30B8HHbiX <flonbr COCT8Bngna 

no apeMeHH nponera). TonmHHa 

2 2 
.. 20 Mr/cM , nnomaJlb - 1 eM • 

nonpaBKH Ha CaMonornomeHHe f3 -'18CTHU B <flonbre H C8M09Kpa-

/24 25/ 
HHpOBKY He:i!:TpOHOB BBOJlHnHCb Ha OC~OBBHHH pa60T ' • AKTHBHOCTb ~Onbr 

onpeJlenRnH c noMOillbiO 4rr -nponopuHoHanbHoro C'leT'IHKa. 

no p83HOCTH llOK838HH:i!: nHTHeBbiX TepMOniOMHHeCUeHTHbiX CTeKOn B 

K8JlMHH H 10 B aHanorH'IHo JleTeKTopaM c 235 U H3MepRnH cpeJlHHH 

JlH<fJ<flepeHUHanbHbi:i!: llOTOK HeHTpOHOB B o6naCTH 0,4 t- 400 9B, J1cnonb30B8H

Hb!e CTeKna HMenH JlH8MeTp 8 MM, TOnll{HHy - J MM H COJlep~anH OKOnO 

2% 
6 

Li • BKnaJl raMMa-Hsny'l:eHHR onpeJlenHnH OJlHOBpeMeHHbiM o6ny'l:eHH

eM CTeKon J1C-7, He COJlep~ailiHX nHTHH, C TeKna o6C'l:HTbiBanH Ha npH6ope 

11KC-A 
1261

• 

KanH6poaKy JleTeKropoa c MHIIieHSIMH H3 235 u 237 
Np H 238 U 

npoBOJlHnH no Pu - Be HCTO'l:HHKy, C llOMOillbiO KOTOporo onpeJlenSinH 

a<fl<fleKTHBHOCTb perHCTpaUHH HeHTpOHOB COOTBeTCTBYIOiliHM JleTeKTOpOM C 

y'l:eToM pasnH'l:HSI B a<fl<fleKTHBHI>tX ce'leHHSIX. B 'lsCTHOCTH, JlnSI Pu - Be 

HCTO'IHHKa a<fl<fleKTHBHOe Ce'leHHe 237 Np paBHO 1,66 6apH, 2 38 U _ 

0,68 6apH If 
235 U - 1,22 6apH. TaK KaK HCnonb3oaanH 2 35 U c o6ora-

meHHeM 90%, ro npH onpeJleneHHH noroKa He:l!:rpoHOB B o6nacrH 400 aa -

0,56 Maa Y'IHTbiBanH BKnaJl JleneHHSI npHMeCH 
238 U 6biCTpbiMH HeH:rpoHaMH. 

21 
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nHTH9Bh!e CTeKna H HC-7 K81IH6poBaJIH rro 10!In0Bb!M HeATpoHaM OT Pu-Be 

HCTO'IHHKa B rrapalj:IHHOBOM aaMeanHTene H no raMMa-Hany'leHHIO 6° Co. 

PeaynbTaThr H3MepeHHR cnexTpa HeATpoHoB HMrrynbcHoro peaxTopa 

HBP OH.HH c aaMeanHTeneM rrpHBe.[leHhr aa pHc. B. Ling cpaBHeHHR Ha 

STOM PHCyHKe flOKa3aH H9HCKB)f{9HHhiA CrreKTp .119119HH5l ( !UTpHXOBag 1IHHH5l) • 

Kax H cneaoBano O)f{HJ1aTb, cnexTp HeATpoHoB HBP MRr'le, 'leM cnexTp 

aeneHHH, Ha-aa c6poca saeprHH B aKTHBHoA aoae H aaMeanHTene. BepoRT

HaR sneprHg 6hrcTphrx neATponoB cocTaBnHeT 0,8 +- I ,0 MsB ( B lllKane nora

pH!jJMa SHeprHH), B TO BpeMg KaK .111151 H9HCK8)!{9HHOI'O Crr9KTpa .119119HH5l 

ona paBHa 2,0 MsB • 

.lleljlopMaUH5l crreKTpa Tlp05lB115l9TCg T8K)f{e B YM9Hb!U9HHH 0THOCHT91lb

HOI'O BKnaaa HeATpOHOB c 60Jib!UHMH SHeprHRMH. 8 Ta6JIHUe 4 I1pHB9.119H 

llOTOK HetfTpOHOB B pa3JIH'1Hh!X HHTepBaJiaX SHepi'HH .111151 H3MepeHHOf'O CrreKT

pa H Cl19KTpa ll9119HH5l (HOpMHpOBKa rrpoBe.[leHa Ha 0.1IHH8K0Bhltf llOTOK Bb!IU9 

40 KSB). B o6naCTH Bhrme I,4 MsB H oco6enno 2,8 MsB Ha6nrollaeTcg ana-

'IHT91lbHOe YM9Hb!U9HHe flOTOKa, 'ITO CB5l38HO C paCC95lHHeM B 38M9ll1IHTene 

H neynpyrHM pacceRHHeM B aKTHBHon aoae peaxTopa H nepexoaoM HeHTpo

HOB B HH3KOSHepreTH'IHYJO rpyrrny. flo STOH )1{9 llPH'IHHe OTHOCHT91lbHhiA 

BKJia.[l HenTpOHOB B 06JiaCTH 40 KSB +- 0,56 M&B B03paCT8eT. 

PeaynbTBThr H3Mepeimn cpeanero aifljlljlepenuHanbaoro rroToKa Mellnen-

HbiX HeATpOHOB B o6naCTH 0,4 +- 400 SB ll9T9KTOP8MH C 2 35 U , 1IHTH8Bhi-

MH TepM01l!OMHH9CU8HTHh!MH CT9K118~1H H 30JIOThlMH ljJOJibf'8MH ll81IH COOT-
• I. 

BeTCTBeHI:Io cneayroulHe OTHOCHTeJibHhre ai:Ia'leHHR: I ,02 ~ 0,09, I ,OI ~ 0, I2 H 

0,97 ~ 0,06 ( 38 9llHHHUy rrpHH5lTO cpeai:Iee apH!jJMeTH'IeCKOe 3H8'18HHe Tpex 

M8T0.1IOB). KaK BH.[lHO, B rrpeaenax 01UH60K H3MepeHH.ll: OHH C0Bfl8.[18IOT. 

ABTOphr rrpHaHaTeJibHbr H.B. KeHpHM-MapKycy aa HHTepec K pa6oTe 

H rroneai:Ihre o6cy)f{J1eHHR, H.A. BO'IBap H T.H. fHMalloBon aa rrpeaocTaBnei:IHe 

H orrpeaenenHe rroKaaai:IHA JIHTHeBhiX TepMOJIJOMHHecuei:ITHhrx CTexon, H.H. Lie-

' HHCOBy H f.Yf. COKOJIOBOA 38 orrpeaeneHHe 8KTHBHOCTH 30JIOThiX ljlo.rrbr, 

H. T. XoTbKo aa rroMO!llb rrpH H3MepeHHRX. 
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creKna H 11C-7 KanH6posanH rro l·c-rmoBhiM HeArpoHaM or Pu-Be 
60 8 rrapa¢HHOBOM 3aMeAJIHTene H no raMMa-H3ny~eHHID Co. 

CIT9KTpa HeHTpOHOB HMITYllhCHoro peaKTOpa 

C 38MeAJIHTelleM npHB9AeHbl Ha pHC. 8. nnSI CpaBHeHHSI Ha 

ITOK838H H9HCK8)1{9HHhiH CIT9KTp AeneHHSI ( IIITpHXOB8SI liHHHSI) • 

0)1{HA8Th, CIT9KTp H9HTpOHOB 11EP MHr~e, ~eM cneKTp 

c6poca saeprHH B aKTHBHOH 30He H 3aMeAnHrene. BepoHT-

HeHrpoaos cocrasnHeT 0,8 + 1,0 Mss ( B IIIKane nora-

BpeMSI KaK AliSI HeHCKa)l{eHHOro CIT9KTpa A9li9HHSI 

npOSIBliSI9TCSI T8K)I{9 B YM9Hhiii9HHH OTHOCHT9llh

HeHTpOHOB c 6onhiiiHMH saeprHHMH. B Ta6nHue 4 npHBeAeH 

OHOB B pa3liH~HhiX HHTepBallaX SHeprHH AliSI H3MepeHHOrO CIT9KT

Tpa AelleHHSI ( HOpMHpOBKa npoBeAeHa Ha 0AHH8KOBhiH ITOTOK Bhiiiie 

B o6nacTH Bhriiie 1,4 Mss H oco6eaao 2,8 Mss Ha6JIJOAaercH 3Ha-

yMeHhiiieHHe ITOTOKa, ~TO CBSI38HO C paCCeSIHHeM B 38MeAJIHTene 

pacCeSIHHeM B 8KTHBHOH 30He peaKTopa H nepeXOAOM H9HTpo

TH~HYIO rpynny • Tio STOH )1{9 ITpH~HHe OTHOCHTellhHhiH 

B o6nacTH 40 KSBt-0,56 Mss B03pacraer. 

llhT8Thi H3MepeHHH CpeAHero Alf¢¢epeHUH8llhHOro ITOTOKa M9Ali9H-

B B o6naCTH 0,4 + 400 SB A9T9KTOpaMH C 2 35 U , liHTH9Bhi-

!OMHHeCUeHTHhiMH CT9Kli8MH H 30liOThiMH ¢onhraM~ A~liH COOT-

0 Cli9AYIDIIIHe OTHOCHTellhHhie 3Ha~eHHSI! 1,02 ~ 0,08, 1,01 ~ 0,12 H 

(3a 9AHHHUy ITpHHSITO CpeAHee apH¢MeTH~9CKOe 3H8~9HH9 rpex 

KaK BHAHO, B npeAenax OIIIH60K H3MepeliH:ii OHH COBIT8A8IDT. 

npH3HaTenhHhi 11.E. KeHpHM-MapKycy 3a HHTepec K pa5ore 

e o5cy)I{AeHHH, 11.A. Eo~sap H T.l1. fHMaAOBoA 3a npeAocrasneHHe 

HHe ITOK838HHH JIHTH9Bb!X TepMOliiDMHH9CU9HTHhiX CT9KOll, 11.11. ne-

onpeAeneHHe 8KTHBHOCTH 30JIOTbiX ¢o.rihr, 

38 ITOMOIIIh ITpH H3MepeHHSIX. 
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