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O6Il(NI XAPAKTEPMCTMKA PA6OTbl 

ArqyarrbHOCTb rrpo6JTeMbI. Tpu ,n:ec.SITIUiemH 6ypHoro pa3BIITHH H,n:epHOli 3Hep
feTHKH CMeHHJTHCb a cepe,n:uHe 80-x rrepuohoM rrepeOCMbICJTeHHH rrpoil:,n:eHHOro 
rrym H Bbipa60TKH HOBbIX rrpuopHTeTOB B pa3BHTHH .11:,n:epHOli 3HepreTHKH. Ha 
rrepBblli IIJTaH BbIIUJIH 3a,n:aqu C03JlaHHH H,n:epH0-3HepreruqecKHX ycraHOBOK IIO
BbIIIIeHHOli 6e30IIaCHOCTH, a TaIOKe rrpo6JTeMbl rrepepa60TKH (ymnmaUHH) H 3a
xopoHemrn H.D.epHbIX OTXOJlOB. Crnno oqeBHJlHbIM, qro ,SIJlepHaH 3HepreTHKa KaK 
OJlHO H3 MarHCTPaJibHbIX HanpaBJTeHHli pa3BHTHH COBpeMeHHOli 3HepreTHKH MO
,KeT coxpaHJITbCH TOJTbKO B TOM cnyqae, ecJTH CMO,KeT COOTBeTCTBOBaTii cyme
CTBeHHO B03pOCIIIHM TPe6oaamurM K 6e3onacHOCTif acero H,n:epHoro UHKJTa (BKJTIO
qaH ,n:eMoHTa,K o6opy,n:oaaHHH u 3axopoHeHue OTXOJlOB) npu coxpaHeHHH npHeM
neMbIX 3KOHOMuqeCKHX IIOKa3aTeneil: ,n:o6brnaeMOli 3Hepruu. PerneHHe 3THX 3a
,n:aq BO MHOfOM 3aBHCHT OT IIOBbillleHHH roqHOCTH H.D.epHbIX .n:aHHbIX. 

JJ:mpq>epeHUHaJibHbie xapaKTepHCTHKH .SIJlep_238U H 237Np HHTepecyroT B rrep
BYIO oqepe,n:b pa3pa6o~HKOB .SIJlepHbIX peaKTopOB HOBOro IIOKOJTeHHH. 

Cpa3y CJTeJlyeT OTMeTIITb, qro CHryauHH C 3KCIIepuMeHTaJTbHbIMH JlaHHbIMH 
JlJlH 3THX JlByx H,n:ep ,n:uaMeTPaJTbHO rrpOTHBOIIOJTO)KHa. 

238U HBJTHeTCH OCHOBHbIM KOMIIOHeHTOM TOIIJTHBa H.[(epHbIX peaKTOpOB, II0-
3TOMY ceqeHHH Heyrrpyroro pacce.R:HHH Heil:TPOHOB Ha ero OT,n:eJTbHbIX ypOBHHX 
Heo6XOJlHMbI, a nepayro oqepe,n:b, JlJlH pacqeroB CIIeKTPa Heil:TPOHOB 6bICTPbIX 
peaKTopoB. HecMOTPH Ha MH0fOJTeTHHe YCHJTHH 3KCIIepHMeHTaTOpOB H oueHmH
KOB, rrpaKTHqeCKHe IIOTPe6HOCTH 0CTalOTCH Hey,n:oBJTeTBopeHHbIMH: 3Hepremqec
KHli xo,n: ceqeHHH a6nu3u rropora 6bm H3MepeH acero B TPex pa6ornx, a pacxo)K
,n:eHue ,n:aHHbIX p~HbIX pa6oT JlOX0JlHT Jl0 30-50% (puc.1 ). 3ro u rrpHBeJT0 K TOMY, 
qro ceqeHHH Heyrrpyroro pacceHHHH 6bIJTH BKJTIOqeHbl u a IIOCJTeJ{HHli CrrHCOK 
MupOBbIX IloTpe6HOCTeil: a .H,n:epHbIX JJ:aHHbIX (WRENDA 93/94), u a High 
Priority Nuclear Data Request List, rrpuHHTblil: Ha 3ace,n:aHHH B Mae 1995 roJla. 
ComacHo 3THM ,n:oeyMeHTaM, TPe6yeMaH roqHoCTb ceqeHuil: Heyrrpyroro pacce.11:
HHH Ha 0TJleJTbHbIX yp0BHHX C0CTaBJTHeT 5 % B JlHaTTa30He 3Heprnil: rra,n:a10mux 
Heil:TPOHOB OT rropora peaKUHH Jl0 5 M3B • 

HanpOTHB, 237Np (KaK, BrrpoqeM, H 0CTaJTbHbie MHHOpHbie aKTHHHJlI,I (MA)) 
urpaer cyry6o aropoCTeneHHYIO pony, B o6oux Hau6onee Ba,KHbIX TeXHuqecKHX 
rrpHJT0,KeHHHX (H.D.epHaH 3Hepremrra H H.D.epHoe op~ue), Il03TOMY H,n:epHO-q>H3H
qecKHe KOHCTaHTbl JlJlH Hero HCCJTe,n:OBaHbl ropa3J{O ~e. qeM JlJlH ypaHa H IIJTYTO
mrn. KpoMe 3roro, cymeCTByIOT qucro TexHuqecKHe npo6JieMbI - n106b1e 3Kcrrepu
MeHTb1 C 237Np Kpail:He CJT0)KHbl H3-3a ero BbICOKOli a-aKTHBHOCTH (2.6. 107 6Kir). 
POJTb .11:,n:epHbIX ,n:aHHbIX JlJTH 237Np KOpeHHbIM o6pa30M MeHHeTCH, KaK TOJTbKO Mbl 
nepexo,n:uM K npo6neMe nepepa6oTKH o6nyqeHHoro H.D.epHoro TOIIJTHBa. MnHop-
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Puc. 1. 3KcnepnMeHTaJibHhle naHHhie n oueHKH ce'leHIDI Heynpyroro paccellHIDI Heirrpo
HOB Ha nepBOM yposue 238U (Ha MOMeHT IlOCTaHOBKH pa6oTbI - 1990 ron) 

Hr:,Ie 8KTIIHli,llbI (H B nepByIO oqepe,ni:. - 237Np) OTBeTCTBCHHbI 38 Han60JihmyIO 

qacTb .llOJII"O)KHB)'IUCH aKTHBHOCTH, OCTaromeiicH B orpa6oTaHHOM TOilJIHBe noc

Jie H3BJieqeHHH_ H3 _Hero H30TOilOB ypaHa H nJIYTOHHH. 3ro 03Haqaer, qro JII06oii 

cueHapnii rpaHcMyraunn HIHJIH 3axopo11eHHH pa.nnoaKTHBHhIX 3arpH3HeHnii cy

mecTBeHHhIM o6pa30M 38BHCHT OT roqHOCTH Hamero 3HaHMH OCHOBHbIX sr.nepHO

q>lf3HqecKHX KOHCTaHT MA. )lJIH 237Np, IlOMHMO H3MepeHHH xapaKTepllCTHK npo

uecca .neneHHH ( CBhIIIIe 70 pa6oT) lf noJIHoro ceqeHHH (6 pa6oT), H3MepeHo TOJih

KO ceqeHlfe ynpyroro pacceHHHH: He.nocTaroqHasr TOqHoCTb cymeCTByIOIUlfX oue

HOK no,nqepKHBaJI8Cb B psr.ne Me)K,!tyHapO.llHbIX .llOKYMeHTOB, qTO C.lleJiaJIO 3a,naqy 

yroqHeHlfH ynOMHHyrbIX ceqeHlfll lf CilCKrpOB Half60Jiee npuopHTeTHOH K M0MeH

TY Bbin0JIHCHlfH HaCTOHIUeii pa60TbI. 

3,necb CJie,nyeT OTMeTHTb, qro noCTaH0BKa Ka)K,!toro H3 3TIIX 3KcnepnMeHT0B 

conpH)KeHa co 3HaqHTeJihHbIMH Mero,nnqeCKHMH TPY.llH0CTHMIJ: .llJlSl 238U 3TO -

MaJiaH 3Heprn.ll B036y)K,!tCHlf}I nepBbIX ypOBHeii (44.9, 148.4 H 307.2 K3B .llJlSl po

TaUlf0HHhIX COCTOHHlfll i+, 4+ H 6+ COOTBeTCTBeHH0 ); .llJlSl 237Np 0CH0BHbIMH npo-

6JieMaMH 6hIJIH: He06XO.llHMOCTb IIpOBC.llCHHH H3MepeHHll C 0KlfCHbIM o6pa3UOM 

(NpOz), KpaHHe"BbICOKaH a.-aKTHBH0CTb (H, CJie.ll0BaTeJihH0, y-aKTHBHOCTb) 06-
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pa3Ua n He06XO.llHMOCl'b KOppeKTHOro OT,lleJieHHH cneKrpa Heynpyropacce.l!HHbIX 

HeiirpOHOB OT cneKrpa MrHOBeHHbIX HeiirpoHOB ,lleJieHHH. 3a 6onee qeM copoKa

neTHIOIO HCTOpHIO CBOero pa3BHTH.ll cneKrpOCKOilH.ll HettrpOHOB MeTO.llOM BpeMe

HH nponeTa npaKTuqecKH ncqepnana B03MO)KHOCTH CBOero COBepmeHCTBOBaHH.ll 

38 cqer ynyqIIIeHHH xapaKTepHCTHK HeiirpOHHbIX HCTOqHHKa H .lleTCKTOpa, Il03TO

MY npu pemeHHH Cq>OpMynupoBaHHbIX BbIIIIe 3a,naq Ha nepBbIH nJiaH BhIXO.llHT 

He06XO.llHMOCTb ,neTaJibHOro nccne,noBaHH.ll xapaKTepHCTHK OCHOBHbIX 3JieMeH~ 

TOB HeiirpoHHoro cneKrpoMerpa c nocne.nyromeii caMocornacoBanHoii npoue.ny

poii nocrpoeHm1 ero q>yHKUHH OTKJIHKa KaK uenoro Ha ocHoBe nonHoMaCIII~a6-

Horo MaTeMaTuqecKOro MO.llem~poBaHHH. 

lleJII> pa60ThI cocroHna B H3MepeHHH ceqemrn Heynpyroro pacceHHHH HeiiT

poHOB Ha nepBbIX ypOBHHX 238U C TOqHOCTbIO nopsr,nKa 5 % H o60CHOBaHHH ,noc

rnrnyroii TOqHocn1, a TaK)Ke H3MepeHHH cneKrp0B H ceqeHuii Heynpyroro pacce

HHH.ll 6bICTPbIX HettrpOHOB H,npaMH 237Np. ,lv!H peIIIeHH.ll 3THX 3a,naq norpe6oBa

JIOCb KOMnJieKCHOe HCCJIC.ll0BaHHe xapaKTepuCTHK C03.llaHHOro HCHTPOHHOro cneK

Tp0Merpa H C03,llaHHe nporpaMMHbIX KOMilJieKCOB .umr MO,llenupoBaHHH npouec

C0B nepeHoca npOTOHOB H HeiirpOHOB MeTO.ll0M MoHTe Kapno. 

HOBH3Ha. pa60TbI • .[{eTanbHOe HCCJie,nOBaHHe xapaKTepHCTHK HettrpOHHOro 

cneKrpOMerpa Il03BOJIHJIO IlOBbICHTb TQqHOCTb 3KCnepHMeHTOB. BnepBbie pa3pa-

6oTaHbI H pean1noBaHhI .MemoouKa caMocornacoeaHHoro nocrpoeHHH q>yHKUHH 

0TKJIHKa cneKrp0Merpa 6bicrpbIX HettrpOHOB {IO BpeMeHH nponern Ha 0CH0Be 

IlOJIHOM8CIIITa6Horo MaTeMaTnqecKoro M0.llCJIHp0BaHHH H 6a3npyromHeCH Ha Hett 

cnoco6bl H3BJieqeHHH sr,nepHO-q>H3JiqecKOii HHq>OpMaUHH 83 aHaJIH3a H3MepHeMbIX 

3MHCCH0HHbIX cneKrp0B .llJlSl Hel\,toH03HepreTHqecKoro HCTQqHHKa HettrpOHOB n/ 
HJIH MH0fOK0Mil0HCHTH0ro COCTaBa uccne.nyeMoro o6pa3Ua. CeqeHHH Heynpyro-

. ro pacceHHIHl HettrpOHOB na nepBbIX yp0BHHX 238U H3MepeHbI C TQqH0CTbIO, npe

BbIIIIaIOmeii: ToqnoCTb paHee ony6mIKOBaHHbIX pe3yJihTaTOB. BnepBbie H3Mepe

Hbl cneKrpbI H ceqeuHH Heynpyroro pacceHHH.ll 6bicrpbIX HeiirpOHOB sr,npaMH 237Np. 

HaygHall H npaKTnqecKaH 3HaqnMOCTb pa60TbI. TipoBe,neHHbie B pa6oTe HC

cne,n0BaHHH paCIIIIIpHJIII HaIIIII 3HaHHH 0 HeynpyroM pacceHHHH HettTpOHOB ll.llpa

MH 238U H 237Np. 

Pa3pa60TaHHhitt cnoco6 caMocornacoeaHnoro nocrpoeHHH q>yHKUIIH OTKJIII

Ka cneKTp0Merpa HBJIHCTCH cymecTBeHHbIM pa3BHTHeM 3KCnepnMeHTaJibHOll Me

TO.llHKH, qrn (nOMHMO Il0BbIIIIeHHH TQqHQCTH H3Mepemrn sr.nepHbIX ,llaHHbIX) npe.n

CTaBmleT co6oii caM0CTOHTeJibHYIO ueHH0CTb. 

3KcnepHMeHTaJibHbie pe3yJibTaTbI, nonyqeHHbie B HaCTOHIUeii pa6oTe, nepe

,naHbI B PoccuiicKHtt l{eHrp ~epHbIX .[{aHHbIX (<1>311) H M0fYT 6bITh HCil0Jib30-

BaHI,I .llJIH nocrpoeHHH H0BbIX q>aiinoB oueHeHHhIX HCllTJ)OHHbIX .ll8HHbIX ~ 238U 
H 237Np. 
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ABTop npenCTaBJUieT K 3amHTe cne.nyromne OCHOBHbie JJOJIO)KeHH.ll H pe3yJibTaTbJ: 
1) BpeM.s1npone-rH1,1ii cneKTPOMeTP Ha 6aJe ycKopHTeJI.ll 3f-l <1>311 c MeTaJIJIH

qecKOii JIHTHeBoii MHilleHbJO B Kaqecrse HCTOqHnKa HeHipOHOB, JJ03BOJI.llJO
IUHH pemc-rpnpoaaTb MHOroMepHbie pacnpe.neneHH.sI noczynaJOIUHX co61,rrnii, 
.neTaJibHOe HCCJie,noBaHne OCHOBHbIX ero xapaKTepHCTHK, Heo6xo,nHMbIX .nJI.ll 

pacqeTHOfO MO,nennpoBaHH.ll <pyHKUHH OTKJIHKa cneKTPOMe-rpa. 
2) MeTO,nnKa caMocornacosaHHoro noc-rpoeHH.sI <pyHKUHH OTKJIHKa cneKTPOMe-rpa 

Heii-rpoHoB no speMeHJI nponern n 6aJnpyIOIUHec.s1 Ha Heii cnoco6bl ll3BJieqe
HH.ll <plI3HqecKOH HH<pOpMaUJIH ll3 Ha6JIJO,naeMbIX annapazypHb1X CJJeKTPOB ,wrn 
cnyqaeB HeMOH03HepremqecKoro HeHipOHHOro HCTOqHnKa WHJIH MHOfOKOM
JJOHeHTHOfO COCTaBa HCCJie.nyeMoro o6pa3ua. 

3) Pe3yJibTaTbI mMepeHnii ceqeHnii Heyrrpyroro pacce.sIHHH Ha nepBbIX ypoBHHX 
238U C TOqHOCTbJO ~(5~6) % B .nnanaJoHe 3Hepmii rra.naJOIUHX Heii-rpOHOB 230-
600 K3B. 

4) Pe3yJibTaTbI mMepeHnii ceqeHnii peaKUHH (n,n') H crreKTPOB Heyrrpyroro pac
ceHHH.ll Heii-rpoHoB H.npaMH 237Np B .nnanaJoHe HaqanbHbIX 3Hepmii 1-2.5 M3B, 
a TaK,Ke H3MepeHHH CJJeKTPa MrHOBeHHbIX Heii-rpOHOB .neneHHH 237Np. 

O61,eM IlHCCepTaIIllll. ,l{uccepTaUHH COCTOHT m BBe,neHHH n qeTbipex mas . 
OcHOBHOH TeKCT HanHCaH Ha 96 c-rpaHHUax, BKJIJOqaJOIUHX s ce6H 3 Ta6JIHUbI H 
51 pncyHOK. Ero .norroJIHHIOT 3 TipttJIO)KeHHH (B TipHJIO)KeHHH 1 H3JIO)KeH MeTO.n 
pacqeTa cneKTpOB MrHOBeHHbJX HeHipOHOB .neneHHH Ha OCHOBe HOBOH CHCTeMa
THKH 3KCrrepHMeHTaJibHbIX .naHHbIX - 4 Ta6JIHUbI ll 13 pHCYHKOB, B TipHJIO)KeHHHX 
2 lI 3 rrpHBe.neHbI qHcJieHHbJe .naHHbie O CMH,D;, a TaK,Ke 3MlICCHOHHbie Heii-rpoH
Hbie CJJeKTPbI, CJJeKTPbI ll ceqeHHH Heyrrpyroro pacceHHH.ll HeHipOHOB m:lpaMH 237Np 
- scero 7 Ta6JIHU) lI 06IUHii CJJHCOK JIHTepazypbI lI3 74 HattMeHOBaHHH. 
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CO,l{EP)I(Afll1E PAEOThI 

Bo aseneHHH 06ocHoa1,rnaeTcH ai-."l)'aJibHOCTb a1,16pamioii TeMLI nccnei(oaa
Httii, .naeTc.ll KpaTKoe co.nepiKaHHe pa6oTbJ no rnaaaM, <popMynnpyIOTC.ll ueni, pa-· 
60TbJ H OCHOBHble JJOJIO)KeHH.ll, BbIHOCHMbie Ha 3amnzy.. . 

B rrepsoii rnase .naHo o6IUee onncaHne crreKTPoMerpa 6bICipbIX Heii-rpoHon, 
rrpHse.neHbI xapaKTepncruKH HMJJ)'JibCHOr<> ncTOqHHKa rrpOTOHOB H:BcnoMoran~.iib~ 
HbIX .neTeKTOpOB ( MOHHTOpOB ), HCJJOJJb30BaBillHXCH .nJI.ll KOHlpdiui J<aqeciaa HMrryJTh
CHOfO pe)KHMa ll COCTOHHH.ll HeiiTPOHHOfO ncroqHHKa (Mnmenn)'. . , . .. 

HeHipOHHbJe CJJeKTPbI. HJMep.llJIHCb MeTO.!lOM BpeMeHH rrporreni mi: CJJeicrpO-. 
Me-rpe, co:maHHOM Ha 6a3e ycKOpHTe.IDI 3f-l <1>311, pa60TaJOitiero _s nMiiyn1,cHoM 
peiKHMe. TiapaMe-rpbI rrpOTOHHOfO rryqKa Ha BbIXO,ne ycKOpIITeJI.ll: ,nmrteJThHOCTh. 
HMJJ)'JibCa ~ 1.5 HC, 3HeprH.ll ycKOpeHHbIX rrpOTOHOB ~ 1-3.5 ?v13B,,cpe,nHHH TOK Ha• 
MHIIIeHH 4-6 MKA, OTHOCHTeJibHaH HHTeHCHBHOCTI, npOTOHHOI'O IIy'IKa ~1eamy cry-
CTKaMH He rrpeBbiillaeT 5: 10-4. ~ . . . . . . 

OcHOBHOH ,neTeKTop rrpe.ncTaBJIHJI coooii MaCCHBHbIH KpllCTaJIJI B<W>po.nco:ziep
iKamero CUHHTifJIIDITOpa, rrpocMa-rpnaaeMbIH 0.!lHllM llJill .!lB)'MSI <pOTOyMHO)KI!TeJI.ll~ 
MH ( <1>3 Y). ,l{JI.ll 3aIUIITbl OT Hett-rpOHOB, BbJJie'faIOIUHX Herrocpe,llCTB~irno ll3 MHJIIe~ 
Hll, a TaIOKe YMeHbmeHHH <pOHa HeHipOH0B n y-nyqeii, pacceHHHblX o6opyno~mi: 
eM H CTeHaMH 3KCJJepnMeHTaJibHOI'O 3aJia, )leTeKTOp JJOMeJUaJICH B rroµsmKHbJH ko,n~· 
JIIIMarop, H3fOTOBJieHHbJH ll3 CMeCH rtt.npn.na JJHTIIH C rrapa<pHHOM MlIHHMaJibH0ii 
TOJIIUHHoii ~30 CM. O6nacTb a6nmH ,neTeKTopa H3IDTOBJieHa H3 CBIIHUa TOJIJUII- · 
Hoii~l0cM. · , .. ·· .. 

B KaiK.!lOM II3 3Kcrrep11MeHT0B H3MepIDIIICb cne.nyromue cneKTPbI m:11Ip0Hos: 
i) ll3 MIIilleHH (HeHipOHHOfO HCToqm1Ka) rro.n pa3HblMH yrnaM11; . 
ii) OT HCCJie,nyeMOfO o6pa3Ua JJO.!l ymoM 120°; 
iii) OT ymepo.nnoro 06pa3ua, 11crron1,3oaasmerocx B KaqeCTBe CTaH.naprn paccex

HH.sI, rro.n ymoM 120° (.nJI.ll orrpe.neneHH.sI JJOTOKa neii-rpoHoB, rra,naJOIUero_ Ha 
IICCJie,nyeMbIH o6pa3eu); 

iv) 6e3 o6p_a3Ua rro.n ymoM 120°; 
v) OT KaMepbI ,neneHH.ll CO CJIOeM 252Cf ( CTaH.naPT HeHipOHHOro CileKTPa; lICJJOJib-

30BaJICH .nJI.ll IIccne.nosaHIIH <pyHKUIIII OTKJIIIKa OCHOBHOro Heii-rpoHHoro .ne
TeKTopa - 3HepreruqecKOii 3aBHCHMOCTH 3<p<peKTHBHOCTH pemc-rpaUHII II Bpe'
MeHHOfO pa3pemeHHH). 
B KaiK.ZlOM 3aMepe HaKaJJJIHBaJIHCb .!lBYMepn1,1e pacrrpe.neneHH.sI "speMH rrpone

TaxaMJJJiirry.na" (TOFxPH) - 512xl28 KaHaJIOB .nJI.ll OCHOBHOro ,neTeKTOpa (ueHa· 
apeMeHHOfO KaHana 1.005 HC), a TaK,Ke 0.!lHOMepHbJe npeMHrrpOJieTHbie lI aMJJJIH
T)'.nHbJe MaCCIIBbJ ,!lJUI MOHlITOpHbIX .!leTeKTOpon. 11CJJOJib30BaHIIe MHOroMepHbIX pac
npe.neneHHH .nae-r cyIUecTBeHHbie rrpenMYJUeCTBa KaK rrpII OTJia,nKe anrr!1pazyp1,1 
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(KOH'rpom, IlpaBHJThH0CTH HaCTpOHKlf n q>yHI<I.{HOHHpOBaHWI "6bICTpOH" ,nereKTOp

HOH 3nercrpOHHKH), TaK H Ha '.)Tane npe,naapHTenbHOB o6pa6oTKH (B03MO)KHOCTh 

perncrpnpoBaTh ece co6hITIDI, a "BbI6I1paTb" 3HaqeHI1e nopora He Ha JTane taMe-, 

peHuii; a no3)Ke, Ha 3Tane o6pa6omKU, npe,naapHTem,Ho oueHIIB - KaK!UI qaCTh IIH

Tepecyromero Hae 3q>q>eKTa M())KeT 0Ka38TbCSI Il0TepaHOH npII TOM HJIH IIH0M 3Ha

qeHIIII nopora pemcrpaumi; Kp0Me TOro; cyru:ecTByeT o6naCTh cnercrpa - BbIC0K!UI 

aMnmrry,na npOTOH0B OT,naqH .nnSl 6onbIIIIIX BpeMeH nponi:Ta ~ B KOTopoii He .MO
:m:em 6bITh co6bITIIB, Bbl3BaHHbIX HeirrpoHaMII; o6HyneHHe 3TOH o6nacrn npIIB0-

,nIIT K cymecTBeHH0M)' CHil)KeHIIIO q>oHa· II, cne,noBaTenbH0, K Il0BbIIIIeHIIIO T()q

H0CTU B HaI16onee Tpy,nHoii ,nna Il3MepeHIIH o6nacrn ManbIX JHepruii pacceaH- _ 
Hb!X HeHTpOHOB):. 

B KaqecTBe IICTOqHIIKa HeITTpOHOB IICil0nI,30BanHCb peaKUHH Li(p,n) II T(p,n) B 

TBep,nbIX MifllleHSIX c B0,nSIHbIM oxna)KJJ:eHileM. 3Hepre1WleCKHe II yrnoBbie pac

npe,neneHIISI Heirrpo~oB Il3 MI1I1IeHI1 6hmII mMepeHbl JKcnepI1MeHTanbH0 II M0,ne
nI1poaanI1cb pa3pa60TaHHoii HaMII nporpaMMOH TARGET, yqIITbIBaIOll(ett cne,ny

!Oll(Ile qiaKTOpbI: npocrpaHCTBeHime pacnpe,neneHHe H 3Hepre1WleCKHH pa36poc 
. . - . ' 

na,na!Oll(HX npOTOH0B, 3HepreTH'IeCKHe IlOTepII npOTOH0B B MIIIIIeHH BCne,nCTBHe 

ee HeH)71eBoii TOnIUHHbl, pacnpe,neneHI1e SJ,nep TpHTHSJ (nmwr) no my6I1He MHIIIe

HH, 3Hep~ecKHii H yrnoBoii pa36poc nporoHOB B MHIIIeHH, B03HHKa!Oll(He 3a 
cqi:T MHOroKpaTHblX B3aHMo,nettCTBHH, a TaIOKe He0,nHopo,nH0CTH MHIIIeHII, H3Me
HeHWI 3HepruH HeHTpOHOB H ceqeHWI peaKUHH OT yrna BbineTa H HaYJ:anbHOH 3Hep

rHII nporoHa. KpoMe TOro, 6bmO )'YJ:TeHO pacceSJHile HeHTpOHOB Ha KOHCTpyKUHSIX 
MIIIIIeHII (nporpaMMHbie KOMnneKCbl MULTIC II BRAND, Mo,nenupy!Oll(Ile nepe-

HOC HettTpOHOB Mero,noM MoHTe Kapno ). . . 
I-fa cpaBHeHWI CileKtpOB HefrrpOHOB H3 MHIIIeHII, H3MepeHHblX OCHOBHbIM ,ne

TeKTOpOM no,n yrnaMH 0, 20, 40 II 60°, c pe3ynhTaraMI1 pacYJ:i:Ta (puc. 2, 6onbllieM)' 

HOMepy KaHana COOTBeTCTB)'eT 6onbIIIM 3Heprwr HeHTpOHOB) 6bm c,nenaH BbIBO,n, 
YJTO Ha6nIO,naeMbie HeHTpOHHbie cneKTpbl He MOryT 6bITb onncaHbl KaK C)'MMa BKna

,noB OT "MOH03Hepre1WleCKOro" HCTOqHHKa H pacceSJHWI Ha KOHCTp)'KUWIX Mmne
HII (TOYJ:eYJHM nHHIDI). DbinO o6Hap)')KeHO, 'ITO npe,nnono)KeHile () HanHYJIIH HeKOTO

poro KOnH'IeCTBa TpllTWI, paaHoMepHo pacnpe,neneHHoro B no,nno)l(Ke _MmneHII ("qio

HOBbttt" TpHTiltt), xopoIIIo onIICb!BaeT qiopM)' cnercrpa JTHX ",nononHHTenbHbIX" 

HeITTpOHOB (nyHKTllpHM nHHWI Ha {)IIC. 2), TO eCTb 6hma ripe,nno)KeHa.Mo0e'lb 06)-X
Ka\tnOHeHmHOZO HeiimpOHHOZO UClnO'IHUT<a: 

IloCTaBneHHM Ja,naqa - I13MepeHI1e cnercrpoB II ceqeHHH Heynpyroro paccea

HWI HeHTpOHOB - B 3HaYJHTenbHOH CTeneHII OCilO)KID!eTCSI npHcyTCTBHeM B H3Mepa
eMbIX cnercrpax 3HaYJHTeJII,H0ro BKna,na ynpyropacceSJHHblX HeHTpOHOB (.nna 237Np 

,nononHHTenbHbie Tp)'.llHOCTH B03HHKaIOT eme II H3-3a TOro, 'ITO IICil0ilb30BanC.Sl 

OKHCHbiii: o6paJeu NpO2; 6onee no,npo6Ho 3TOT aonpoc ocBemaeTcH B rnaBe 3). 
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speMeHHOCi KaHan 
Puc. 2. 3KcnepHMeHTaJJhHbIH H paC'IeTHhle Bper.umpOJieTHhie cneicrphl HeH-rpOHOB H3 TPH

THeBOH MHllleHJI 

Ilo3TOM)' B KaYJ:eCTBe HeITTpOHHbIX HCTOYJHUK0B npHIIIB0Cb npIIMeID!Tb ,n0CTaTO'IH0 

T0HKHe ( 10-30 K3B) MllIIIeHII, BbIX0,n HeHTpOHOB H3 KOTOpbIX Man, 'ITO, B CBOIO OYJ:e
pe,nb, nOTpe6oBano I1cnonh30BaHllH ,nocTaTOYJHO MaccHBHbIX (comn rpaMM) nccne

,nyeMbIX o6pa3UOB. 
,Lllrn KOppeKTHoro yqeTa MHOroKpaTHbIX npoueccoB B TaKnx 06pa3uax npnxo

,nHTCH YJHCneHHO peIIIaTb ypaBHeHIIC nepeHoca, HnII, roBOp.Sl ,npyrnMH cnoBaMtt, 

YJHCneHHO KOHCTp)'HpOBaTb ,jJyHKlJUIO omlUluKa HeiimpOHHOW cne,cmpo.wempa 6 

lJe!lO,H, K0TOpM 3aBHCHT KaK OT CBOHCTB HCHTpOHH0ro HCTO'IHIIKa H .n;eTeKTopa, 

TaK HOT pa3MepoB II .Sl,nepHO-q>H3HYJ:eCKHX CBOHCTB nccne.nyeMoro o6pa3Ua, a TaK
)Ke OT B3aIIMH0ro pacnonmKCHH.Sl 3neMeHTOB cneKTpoMeTpa (reOMCTpH.Sl "IICTOYJ

HHK-o6pa3eu-,neTeKTOp "). 
DbinH .3anncaHbl OCHOBHbIC coomoIIIeHWI ,nnSl pacqi:THoro M0.n;enup0BaHWI <i>YH

KUHH OTKnHKa cnercrp0MCTpa B uenoM, Bblpa)KeHHblC qepe3 xapaKTepHCTI!Klf OT
)J;CJII,HbIX ero h--OMil0HeHT (nMnynbCHhlll HOHHblH HCT0'IHHK, MHIUeHb, o6pa3eu, Hefi

TpOHHbIH ,neTeKTOp), n no.npo6Ho onncaHa npoue,nypa I1ccne.noaauID1 JTHX xapaK

TepnCTHK. CpaBHCHile 3KCnepnMeHTanbH0ro H paCYJ:eTHI,IX cneKTp0B HeHTpOHOB, 
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ynpyro paccesmm,IX yrnepo,nHI,IM o6pmuoM (3ro ceqeHue mBeCTHO c TOqHoc
TLIO nyqrne 1 % u npHIDITO B KaqeCTBe CTae,naPTa pacce»mrn BnnOTb .no 3Hepnm 
na,naromux HeirrpoHoB 4.8 M3B) no,nTBep,K,llaeT c,nenaHHLitt paHee Bbrno.n - onuca
m1e Ha6nro,naeMbIX cneKipOB B03MO)KH0 TOilbKO B paMKaX Mo,nenu ,nByxKoMnOHeH
rnoro HeirrpOHHOI'O ucroqHuKa, a Heyqe-r "cpOHOBOtt" KOMnOHeHTbI ,nae-r 3aBbIIIIeH
HOe Ha 3-5% 3HaqeHue HettTJ)OHHOro noroKa. KpoMe roro, coBna,neHue cpopMbI 
pacqeTHoro cneKipa c 3KcnepuMeHToM no3BOn»eT c,nemrn, BLrno.n o TOM, qro pac
qeTHa» Mo.nenr, a,neKBaTHO O'Tpa)KaeT Bee oco6eHHOCTH peanLHOro cneKipOMeTJ)a. 

Me)K)l)' TeM, ucnonr,3yeMLie B pacqe-rax 51,nepHo-cpmuqecKue xapaKTepuCTu
KH ucCJ1eoye.11t0zo o6pmua (a HarneM cnyqae: ceqeHnH pacce»HIDI u ux ymoBLie 
3aBUCUMOCTH, 3ailO)KeHHble B 6u6nuOTeqHI,IX cpaifnax oueHeHHbIX ,naHHbIX) Moryr 
cymeCTBeHHO OTnuqan,c» OT CBOUX (HeH3BeCTHbIX HaM) UCTHHHblX 3HaqeHHH. ITo-
3TOMY .nnH roro, qro6bl u~aneqr, 3TH HHTepecywmue Hae xapaKTepuCTHKH m H3Me
peHHbIX cneKipOB, MO)KHO ucnonb30BaTb cne.I()'IOIUHe ,naa cnoco6a: 
i) BbinOnHHTh cepuIO pacqeTOB, HTepaUHOHHbIM o6pa30M H3Meffjljl 3aKna,nbIBae

Mbie B Ka,K)lblH cne.I()'IOIUHH pacqe-r cpattnbl oueHeHHbIX ,llaHHbIX, C TeM qro61,1 
,no6HTbC51 COBna,neHIDI Ka,K)loro H3 pacqeTHI,IX cneKipOB C 3KcnepuMeHTailbHO 
mMepeHHbIM. 3ro - Hau6onee nornqecm 6e3ynpeqHr,1if cnoco6, o,nHaKO ero 
rrpIIMeHUMOCTh B p».ne cnyqaea cymeCTBeHHo orpaHuquaaeTcH 6onr,rnuM quc
noM U B3aUMHOH · KOppemuIIett BapbIIpyeMbIX napaMeTJ)OB, a TaK)Ke KpattHe 
BbICOKOH TP~OeMKOCTbIO. 3roT cnoco6 npuMeH51IlCH npII o6pa60TKe cneKipOB 
pacceHHH51 HeirrpoHOB Ha OT,ZJ;eilbHbIX ypOBiffiX 238U II OIIIICaH 6onee no.npo6Ho 
B rnaae 2. 

ii) ~ Ka,K,llOI'O H3 H3MepeHUH BbIIlOilHHTb nap)'. pacqe-roB, B nepBOM H3 KOTOpbIX 
MO,nenupyeTCH peanbHM 3KCIIepIIMeHTanbHM cmyaUIDI (MHOroKpaTHbie B3aII
MO.D:ettCTBH51 HeIITJ)OHOB II3 ,nayxKoMnoHeHTHoro IICTOqHnKa C yqe-roM ocna6ne
HH51 II MHOro3neMeHTHOI'O COCTaBa o6pmua), a BO BTOpOM - HeKHH e,neanmupo
BaHHbIH 3KCnepIIMeHT (TOilbKO 0,llHOKpaTHbie B3aIIMO,ZJ;ettCTBH51 HeHTJ)OHOB U3 
O,UHOKOMIIOHeHTHoro "MOH03HepreTHqecKoro" ucroqHIIKa C o6pa3UOM, COCT0-
51IUUM TMbKO H3 UCCne.nyeMOI'O 3IleMeHTa C peanbHOH IlnOTHOCTbIO, HO 6e3 yqe
Ta ocna6neHH51), a 3aTeM BBecnI B II3MepeHHbIH cneKrp rronpaBKY, paBeyw OT
H0IIIeHuIO 3THX .llBYX pacqeroa. 3roT cnoco6 npIIMeH51IlC51.nnH maneqeHH51 cneK
TJ)OB MrHOBeHHblX HeHTJ)OHOB .n:eneHU51 II pacce51HUH H,npaMII 237Np, II roqHOCTb 
BBO,UIIMOH nonpaBKU cymecTBeHHO 3aBIICHT OT ,neTanbHOCTII OIIIICaHUH Bcex 
oco6eHHOCTeH H3MepHeMbIX crreKipOB (CM. TaK)Ke rnaay 3). 

Bo BTopoif maae onucaHLI 3KCrrepIIMeHTanLHoe uccne.noaaHIIe Heynpyroro 
pacceHHIIH HettTJ)OHOB Ha nepBbIX ypoBH51X 238U II Mepbl, npe,n:npUH51Tbie ,llnH 060-
CH0BaHIIH ,UOCTIIrHyroii roqHQCTU pe3ynLTaT0B. 
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,[{.rrH ,n:eTeKTupoBaHH51 HettTJ)OH0B UCITOilb30BailCH nnaCTuqecKUH CUUHTHnnH
rop (nonucrnpon, aITTuaupoBaHHLitt napaTepcpeHunOM u POPOP) ,nuaMeTJ)0M 
80 MM u TOnIUHHOH 20 MM. CuuHTunnHTOp.npocMaTJ)HBanCH .UBYM5! cporoyMHO
,KHTenHMII <I>3Y-143, pa60TaIOIUUMII B pe)KUMe COBITa,lleHIIH (aenuqnHa "oKHa" 
cxeMbl COBna,neHIIH C0CTaBnMa 15 HC). ITpII 3TOM nopor ,neTeKTopa C0CTaBn.!UI 
~ 100 K3B, qTQ IT03B0nuno o6ecneqIITb yaepeHeyIO pernCTJ)aUIIIO HeirrpoHOB C 
3Heprneif ~ 150-200 K3B npII nonH0M no.n:aaneHHH co6cTBeHHbIX rnyM0B <I>3Y, a 
apeMeHHoe pmperneHIIe (ITIIIITB) mMeHHeTCH OT 2.3 He a6nII3II rropora perncT
paUIIH .n:o 1.4 HC ,ZJ;n51 6onee BbICOKIIX 3Heprnif. 
~ nonyqeHIIH HettTJ)OHOf! c 3Heprneif 300-600 K3B 61,mu pmpa60TaHbl Me

TannuqecKaH nIITneaa» MIIrnenr, II cnoco6 ee HanLrneHHH Henocpe,ncTBeHH0 B 
BaKYYMHOH CIICTeMe ycK0pUTen51. ,[{.rrH II3MepeHHH HCIT0ilb30BanIICb MHIIIeHII ron
IUHHOH OT 0.13 Mr/cM2 .no 0.20 Mr/cM2• 

PacceIIBaIOIUIIe o6pa3Ubl 12C u 238U 61,mu BbIIT0nHeHbl B BH.ne ,UIICK0B ,nIIa
MeTJ)0M 46.2 MM u TOilIUIIHOH IO MM, Macca ypaH0B0ro o6pmua COCTarurnna 
301.52 r, a ymepo,nHoro - · 52.305 r. O6pmur,1 pacnonaranucr, Ha paccro»HIIII 
10. 7 CM OT IICTQqHnKa HettTJ)OHOB, a OCH0BHOH HeHTJ)OHHblH ,neTeITTOp - Ha pac
CT051HIIU ~200.5 CM OT IICcne,nyel\,lOI'O o6pmua no.n ymoM 120° 0TH0CIITenbHO 
HanpaaneHII51 rrpOT0HHOro nyqKa. HopManb K noaepxHocrn o6pmua pacnonara
nacr, B ITil0CK0CTH MUIIIeHb-06pmeu-,neTeITTop H 6r,ma ITOBepHyTa Ha yron 30° no 
0THorne1mro K na,nawmeMy rryqKY, qro o6ecnequaano nyqrnee apeMeHHoe pmpe
rneHne 3a cqeT YMeHbIIIenu» pm6poca nponernblx ,nnuH. 

.[{.rr» Mo.nenupoBaHH51 rrpouecca nepeHoca HettTJ)OH0B HaMn 61,m C03.D:aH npo
rpaMMHbitt K0MnneKc MULTIC, IT03Bon»IOIUIIH Henocpe.ncTBeHH0 ucnonr,3oaaTb 
UH!pOpMaUIIIO 06 3HepreTuqecKOH 3aBUCHM0CTU napuuanbHbIX ceqemt:if u yrno
BbIX pacrrpe.nen.eHH51X BTOpttqHbIX HettTJ)OHOB U3 cpaifnoB oueHeHHbIX H,nepm',IX 
.naHHbIX B cpopMaTe ENDF. IlpII 3TOM BblqIIcnMIICb cpyHKUIIH OTKnHKa .nnH Ka)K
.noif II3 B03M0)KHbIX peaKUHH (ynpyroe pacceHHIIe, Heynpyroe Ha 1-M yp0BHe, 
Heynpyroe Ha 2-M u T.,n.) C B03M0)KH0CTbIO He3aBIICIIM0I'O II3MeHeHH51 nro6oro II3 
napuuanr,Hi.1x ceqeHnii. 

CneKipbl neirrpOHOB, pacceHHHbIX yrnepO.D:HblM n ypaH0BblM o6pmuaMu, 61,mn 
U3MepeHbI ,nnH qeTbipex 3Heprnif na,naIOIUHX HeirrpOH0B: 312,387,474 u 569 K3B. 
lihMepeHH51 c yrnep0.llHbIM o6pa3UOM 61,mII ar,monHeHbI .nnH a6conronnaum1 Heii
Tp0HHoro noToKa Ha IIccne,nyeM0M o6pmue 238U, a TaK)Ke .nnH rrpoBepKu KoppeK
TH0CTII npoue.nypbI IT0CTJ)0eHIDI cpyHKUIIII OTKnUKa Bpel\,UIITponeTHOI'O CITeKip0-
MeTJ)a. 

,n:m oueHKII CTenemt: BnIIHHIIH HettTJ)OHHbIX ,naHHbIX, 3aKna,ZJ;bIBaeMblX B pac
qeT, na oKOnqaTenbHLie BenIIqIIHbI U3B.,7eKaettblX ceqeHuif 61,mu BbmonHeHbI pac
qe-rr,1 c IIcnonb30BaHIIeM 6II6nIIoTeK 6POH,n:-2, JENDL-3 II ENDF/B-VI. 

9 



0.15 -,-----,----.--.....----,-----.-----,....---.------, 

E1 =569 IOB 

---...... _ 

0.10 

··-. 

0.15 -t--""T""--,----.-----,--~----,__;_;-..,:___J 

E0 =474KJB i 
:i: 
ttl a 0.10 
ttl 
c.. 
Q) 
I-,. 
Q 
:i: 
c.. 
~ 0.15 

··--..... 

g I E0 =387 KJB 

:i: 
Q) 
-:r 
~ 0.10 

0.15 

0.10 

E0 =312 IOB 

... ·· ------------ . ------------------·--

... -·· 
------- _ ...... - ------

.. -··· 

-- ENDF/13-6 

----- 6POll.!I-2 

·········· Jfllo'DL-3 
0 H3ct00Uall pa&mi (ENDF/13-6) 
lJ. R3Cf0lllll3ll pa&mi (6POll.!I-2) 

V •aero•~ pa6on (JENDL-31 

----- , .. -·· . ---

0.05 
-1.0 -0.5 0.0 

cos( 0) 

0.5 1.0 

P11c. 3. CetieHHll 11eynpyroro paccel!HHJI neurponos na nepsoM yposne 238U na yron 120", H3BJieKa
eMLie ll3 3l(Cilep1IMeHTllJILHbIX ,!{aHHbIX C IICilOJIL30BaHHeM pa3HLIX 6116n110TeK oueneHHbIX naHHLIX 
(CHMBOJILI) II yrJIOBble pacnpe.!{eJieHHJI, 33JIOlKeHHble B 3Tll 61IWIIIOTeKH (KplIBLie). Tiorpernnocrn 
IIJBJieKaeMLIX nennqnn onnnaKOBbl .ll.'lll scex rpex na6opos II nOTOM)' noKaJam,1 TOJILKO nJIJI peJyJIL
TaTOn, no_;iyqennMx c 1IcnonLJosa111IeM oue11Kli ENDF/B-Vl 
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Ymoable pacnpe.n:enemrn: HeiitpOHOB pacceHHHH Ha nepaoM ypoBHe 238U, 3a
no)KeHHh1e B 3TH 6116nH0TeKH, IlOKa3aHbl Ha pHC. 3 BMeCTe co 3Ha'!eHHHMH ce'!e
HHH pacceHHHH 

0

Ha yron 120°' H3Bne'!eHHblMH H3 Hamero 3KcnepHMeHTa C IlOMO
m1,ro OilHCaHHOH BhlWe HTepaUHOHHOH npoue.n:yp1,1. BH.D:HO, 'ITO H3BneKaeMbie 
BenH'IHHbl Ce'!eHHH, nonyqeHHble C Hcnonb30BaHHeM 6H6nHOTeK EPOHJ:{-2 H 
ENDF/B-VI, comacyroTcH Me)K.D:y co6oii B npe.n:enax ~2 %. 

B TO ,Ke apeMH ncnon1,3oaaHHe oueHKH JENDL-3, B KOropyro 3MO,KeHa 6on1,
WM aHH301J)OilHH pacceHHHH, .n:aeT CHCTeMaTH'!eCKH 3aHH,KeHHbie Ha ~-10 % 
3Ha'!eHHH H3BneKaeMbIX ce'!eHHH pacceHHHH. Cne.n:yeT TaK,Ke OTMeTHTh;\iro He
YtJeT "<pOHOBOH" KOMilOHeHThI .n:ai:T 3aBbIWeHHOe (.n:o 25 %) 3Ha'!eHHe cetJeHHH He
ynpyroro pacceHHHH. . 

TaK KaK H3MepeHHH 6binH BblnOnHeHbI .n:nH e.n:HHCTBeHHOro yma pacceHHHH, TO 
B Ta6Jrnue npe.n:CTaBneHbl napbI 3Ha'!eHHH <pYffKUHHH B036~eHHH nepBbIX .n:ayx 
ypOBHeii: B npe.n:nono,KeHHH H301J)OnHoro ymoaoro pacnpe.n:eneHHH pacceHHHbIX 
HeHTJ)OHOB ( 1 ), 'ITO nparintJecKH coOTBeTCTBYeT oueHKe EPOHJ:{-2, H c Hcnon1,30-
BaHHeM ymoaoro pacnpe.n:eneHHH, 3MO,KeHHoro B oueHKY ENDF/B-VI (2). 

Ceqemui pacceHHHH HeiitpoHOB .ii.n:paMH 238U · 
-

u,~:i, 6apH U;~~ , 6apH 
£ 0 ,K3B 

l 2 I 2 
312 1.39±0.09 1.43+0.09 
387 1.38+0.07 1.43+0.07 
474 1.66±0.08 1.74+0.08 0.202±0.013 0.210±0.13 
569 1.39±0.06 1.46±0.07 0.237±0.013 0.249±0.014 

IlpIIBO.D:HMbie B Ta6Jrnue norpeIIIH0CTH CKna.D:bIBaIOTCH KBa.D:paTH'IHbIM o6pa-
30M H3 cne.n:yromnx KOMil0HeHT: 
i) Heonpe.n:eneHHOCTb 3HaHHH 'IHCna H.n:ep B o6pa3ue ~0.5 %; 
ii) Heonpe,neneHHOCTh 3HaHHH ceqemui ynpyroro pacceHHiIH Ha ymepo.n:e ... 1 %; 
iii) norpemHoCTb onpe.n:enenm HeiitponHoro noroKa na o6pa3ue ~4 %; 
iv) norpeIIIHOCTb H3BnetieHHH nonpaBO'IHblX K03<p<pHUHeHTOB H3 npoue.nyp1,I no.n:

roHKH no,nroHKUpacqi:Ta K 3KcnepnMeIITy (DKnIO'laeT B ce6H TaK,Ke H CTaTHC
TH'leCKYIO own6ey) ~2-5 %; 

v) · Heonpe.n:eneHHOCTb 3HepreTH'leCKOro xo.n:a 3<p<peKTHBHOCTH HeHTJ)OHHOro .n:e
TeKTopa ~ l %. 
Pe3yn1,TaTbl, nony-qeHHbie B npe,nnono,Keunn H30tponHoro ymoaoro pacnpe

.n:enenHH pacceHHHbIX Hei'rrpOHOB ( l\."OnOHKa 1 ), Il0Ka3aHbI Ha pHc. 4 BMecTe c ony6-
nnKOBaHHbIMH B 1994 ro.n:y pe3ynbTaTaMH pa6on1 6eJibrHHC1'."0H rpynnbl; TaM )KC 
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Puc. 4. PeJyJibTaTbl HaCTOlUUeH pa60Tbl H 6eJibfHHCKOH rpyllllbl BMeCTe C pa3JIHqHblMH 
oueHKaMH ceqeHilll Heynpyroro pacceirnm1 Hei'rrpoHoB Ha nepBOM ypoaHe 238U 

npirne,netthl oueHKH EPOH,[{-2, JENDL-3 n ENDF/B-VI, a TaIOKe BhlilOJIHeHHrui: 
B 1998 ro,ny ouettKa MacnoBa, BKJIIO'IHBlllrul B ce6J1 n ,nattm,1e noc11e,nm1x ,nByx 
pa6oT. Bn,nHO, 'ITO ,naHHhle HaCTOJlw;eii pa60Thl H ,naHHhle MoKCOHa H .np. no,n
TBepiK,LlaIOT oueHKY ENDF/B-VI c TO'IHOCThIO ~5 %. 

TpeThJI masa IlOCBJIIIl;eHa BhlilOJIHeHHhIM BnepBhle H3MepemrnM cetJeHHH pe
aKUHH (n,n') If cneKTPOB HeiiTpOHOB, Heynpyro pacceJIHHhIX: ll,LlpaMH 237Np. 

O,nHOH H3 KJIIO'leBhlX npo6J1eM npH npoBe,neHHH 3TOfO 3KcnepnMeHTa 6hrna 
He06XO,LIHMOCTh perncTpaunn OTHOCHTeJlhHO pe,nKHX HeiiTPOHHhlX co6hITHH B 
npHCYTCTBHH HHTeHCHBHOfO y-cpoHa. IT03TOMY 6hrn H3fOTOBJleH ,n:onycKaromnii 
n-y pa3,U:eJleHHe no cpopMe HMil)'JlhCa HeiiTpOHHhlH ,n:eTeKTop Ha OCHOBe MOHO
KpHCTaJIJla CTHJlb6eHa ,nnaMeTpOM 70 MM n TOJIW:HHOH 50 MM, npocMaTPHBae
MhIH cpoTOYMHO)KHTeJleM <1>3Y-30 . .[(ml H3MepeHnii 6hrn BhI6paH pe)KHM, o6ec
netJttBaIOmnii ~ 10-KpaTHOe no,naBJ1eHne y-co6h1Tnii npn nopore perncTPaunn 
HeHTPOHOB ~ 150 K3B. KpoMe 3TOfO, ,n:JIJI CHll)KeHml 3arpy3KH ,U:eTeKTopa HCilOJlh-
30BaJICJI CBHHUOBhlH <pHJlhTP, ycTaHOBJleHHhlH BffYTPH 3alil;HTHOro KOJIJIHMaTO
pa Henocpe,ncTBeHHO nepe,n: HettTpOHHhlM ,n:eTeKTOpOM. CKopOCTh cqi:ha 
y-KBaHTOB H3 o6p{l3Ua COCTaBJIJIJla ~ 1.9. 104 c·I npn pacCTOJIHHH "o6pa3eu-,n:e-
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TeKTop" 204.8 CM; ycTaHOBKa CBHHUOBOro (pHJlbTPa TOJIIIl;HHOH 20 MM Il03BOJIH
Jla CHil3HTh 3arpy3KY ,no npneMneMoro 3HatJeHHJI ~60 c·I• BpeMeHHoe·pa3pewe
Htte ,U:eTeKTopa COCTaBJIJIJIO 1.5-2 HC. 

llcrotJHHKOM HeifTPoHoB c 3Heprneii 1-2.5 M3B CJIY)KHJla peaKUHJI T(p,n) B 
TBep.noii THTaH-TPHTHeBOH MHJlleHH. llcnOJlh30BaJIHCh MJI_JlleHH Ha MOJIH6,n:eHO
BOH n Me,U:HOH IlO,n:J!OlKKax TOJIIIl;HHOH 0.3 MM, Ha KOTOpble 6hrn HaHeceH CJIOH TH
TaHa TOJllllHHoii ~0.4 MrlcM2, HaChlllleHHhiii TPHTHeM. MnllleHb OXJ1a)K)J;anacb CJIO
eM IlpOTO'IHOH BO,U:bl TOJllllHHOll 0.3 MM, orpaHH'leHhIM CTaJlhHOH KpbllllKOll TOJl
lllHHOH 0.3 MM . .l{HaMeTp nepeqncneHHhlX Bhlllle 30H COCTaBJIJIJI ~15 MM. 

237Np o6pa3eU 6hm H3roTOBJleH H3 nopOlllKa NpO2, IlOMew;eHHOro B UHJIHH,LlpH
qecKHH KOHTeiiHep m Hep)KaBeiomeii CTaJIII (BhlCOTa UHJlliH,n:pa 45 MM, ,U:IIaMeTp' 
47 MM; TOJlllllIHa 6oKOBhlX CTeHOK 0.1 MM, TOJIIIl;HHa OCHOBaHHJI 0.3 MM). Bee nyc
roro KOHTeiiHepa paBeH 19 .9 r, Bee nopolllKa 237NpO2 - 189.1 r. Yrnepo,1un.1ii o6pa-i 
Jeu mroroBJ1eH B Bn,ne nonoro UHJIIIH,n:pa c l3HelllHIIM ,n1IaMeTpOM 4 7 MM, BHYTPeH-, 
HIIM ,U:IIaMeTpOM 27 MM II BbICOTOH 45 MM .. O6pa3Uhl pacnonaranlICh Ha paCCTOJI
HIIII 11.8 CM OT MHllleHII. Bee cneicrpbl 6h1J11I H3MepeHb1 no,n: ymoM 120° )J;JIJI ceMn 
pa3HhlX 3Heprnii na,narow;HX HeHTPOHOB B L11IanaJ0He OT 1 M3B ,no 2.5 M3B. .[(ml 
,nByx Ha'laJlhHhlX 3Heprnii (E ~ 1 M3B II ~ 1.5 M3B) mMepeHHJI 6hmlI noBTOpeHhI. 

0 .-· .... • 

llccneeyeMhlH 06pa3eu co,n:ep)KHT JI.Lipa Np, 0 II Fe-ii/~oornollleHIIH 1:2:0.5, 
Il03TOMY Mhl He MO)KeM BOCilOJlb30BaThCJI ,U:OCTaTO'IHO ·iipocToii.npoueeypoii - Bhl
tJHTaHIIeM cneKTPOB, II3MepeHHhlX C nyCThIM KOHTeiiHeP,OM, 1h-ri6hl IlOJIY'IHTh 'IIIC
ThlH 3cpcpeKT OT B3am,m,n:eiicTBHJI HeHTPOHOB c NpOi. BKJ1a.il pacceJ1HHJ1 Ha J1L1pax 
Fe II O 6blJI onpe,neneH paCtJeTHhIM TTYTeM c IlOMOIIl;hIO IIOJIHOMaclirra6Horo MO,n:e
JIIIpOBaHHJI 3KCilepm.teHTa MeTO,U:OM MoHTe Kapno. HeifTPOHHhle ,naHHhle ,n:JIJI JI.Llep 
Np, Fe, C, 0 II H 6hmH B3JIThI H3 6n6m10TeKn ENDF/B-VI. 

.l{JIJI roro qrofa1 H3BJle'lh HHTepecyrolllYIO ttac HHcpopMaUIIIO ( cneKTPhl II ceqe
HHJI pacceJIHHJI Hei'rrpOHOB JILlpaMII 237Np) H3 II3MepeHHblX cneKTPOB (cMeCh CMH,[{ 
II pacceJIHHUJI Ha JI.Llpax HCUTYHIIJI, KllCJIOpo,na H )KCJleJa C yqeroM MHOrQKparnoro 
pacceHHHJI II ocna6.rreHHJI B o6pa3ue), HCilOJlb30BaJICJI MeTOLI, OilHCaHHhill_B_mase 1 
- H3MepeHHhlH cneKTP ,LIOMHO)Ka,1cJ1 Ha nonpaBO'IH)'IO <pYffKUHIO, paBHyro OTHOllle
HHIO .LIByx pactJeTOB ( CM. pnc. 5), B nepBOM H3 KOTOphlX MO,U:eJ11IpOBaJ1aCh pea.JlbHrul 
3KCnepHMeHTaJlhHaH CHTyaUHJI), a BO BTOpOM - He.KUH 1I,neanmnpOBaHHhlH 3KC:Ile
pnMeHT ( ooHoKpamHwe B3am.m,neiiCTBHJI HeiiTPOHOB m ooH01<.o.MnoHeHmH020 ''Mo
H03HeprcrnqecKOro" HCTO'IHHKa c o6pa3UOM, cocTOHIUHM mo.'lbKO m nccneeyeM·o~ 
ro 3JleMeHTa C pe{JJ/bHOU 11JIOmHOCmb10, HO 6e:J y'lema oe,w6,wHWl), 'ITO Il03BOJIJleT. 
nonyqHTh 'IUCmbzu 3.AtuccuoHHbzu cne,anp ,n:JIJI 237Np, paBHblH CJMMe cneKTPOB yn
py2020 u Heynpy2020 pacceRHWl, a TaK)Ke cne1<.mpa AtZH06eHHblX HeiimpoHo6 ae'le
HWl 3TOfO JI.Lipa. 
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Pnc. 5. lhMepeHHhle (no BHeceHmI KoppeK!lHH) H pacqerHbie cne:icrp1,1 JlJUI HerrrymieBoro 
o6pa3!la Jl)UI :meprnH na]la!OUlHX Herp0H0B £0=1.46 MJB 

qrn61,1 nonyqllTh HHTepecyiomHe nae ceqemrn H c11eicrp1,1 Heynpyroro pacceH
HHH, 6bIJill BbIIIOJIHeHbl H3MepeHHe ll oueHKa cneicrpa MHLJ: 237Np (MeTOJl pac'IeTa 
CMH,ZJ; no.npo6Ho om1caH a-TipIUimKeHHH 1 ). Cneicrp Heil:TpoHoB JlJIH npoueccoa 
ynpyroro ll Heynpyroro pacceHHHH (pe3yJibTaT Bbl'IllTaHHH CMHLI: H3 3MllCCHOH
HOro cneicrpa) JlJIH 3Hepmll IlaJlaIOIUHX Heil:TpoHOB ~ 1.5 M3B npHBe.nen Ha pHc. 6 
BMecTe c oueHKaMH ENDF/B-VI, JENDL-3 H IiPOHLJ:-3 (TOJibKO Heynpyroe pacce
HHHe). 

Haurn ,naHHbie IIOJlTBep)KJlaIOT cymecTBOBaHHe IIHKa, CBH3aHHOro C pacceHHll
eM Ha rpynny ypoBHeii c 3Hepmeii B036y)l(JleHHH ~0.2-0.5 M3B. B TO )Ke BpeMH, 
oueHeHHbie ,naHHbie YKaJaHHblX 6H6JIHOTeK 3aBbilllaIOT ceqeHJie Heynpyroro pac
ceHHHH JlJIH o6Jiacm 3Hepmii ao36y)l(JleHHH 0.5-0.9 M3B. 

Cne.nyiomHe q>aKTOpbI 6bIJIH BKJIIO'IeHbl B IIOJIHYIO OUIH6KY 3KCIIepttMeHTaJib
HbIX ,naHHbIX: 
i) CTaTHCTil'IeCKaH TO'IHOCTb - H3MeHHJiaCb OT~ 1 % JlO >50 % B 3aBHCHMOCTH OT 

3Hepmu nempOHOB (c HattMeHbUieii TO'IHOCTbIO 61,m H3MepeH yqacTOK cneKT- . 
pa HeiiTPOHOB .neneHHH c 3Hepmeii >7 M3B); 

ii) neonpe.ueneHHOCTb HopMHpOBKH ,naHHbIX H noJio)KeHHH o6pa:ma 3.3 % 
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Pnc. 6. Cne:icrp HeilrpoHoB H3 peaKUHH ynpyroro n Heynpyroro pacceaHHH .ZVIH Haqan1,
HOH JHeprnH E

0
~1.5 MJB 

iii) TOtJHOCTb 3HaHHH cetJeHHH ynpyroro pacceHHHH na yrnepo.ne - 1 % 
iv) Heonpe.neneHHOCTb tJHCJia g,nep 237Np a o6paJue 2 %. 
V) neonpe.neneHHOCTb 3<p<peKTHBHOCTH JleTeKTOpa COCTaBJIHJia -(20-10)% 

(E=0.2-0.6 M3B), ~2% (0.8-4 M3B) H >5% (4-10M3B). 
Cne.nye-r IIOJltJepKffYTb, tJTO HeBKJIIOtJeHHe B aHaJIH3 BKJia,na "<pOHOBbIX" neiiT

pOHOB MO)KeT npHBeCTH K JlBYKPaTHOMY 3aBbIUieHHIO cneKTpOB neynpyroro pacce
HHHH. 

B Hallie~ 3KcnepHMeHTe 61,ma IDMepeHa TOJibKO tJaCTb cneicrpa neynpyroro pac
ceHHHH. qaCTb HeH:TpOHOB C MaJIOH: 3Hepmeii (£<0.25 M3B) TepHeTCH 113-3a nopo
ra pemCTPaUHH nempoHnoro .nereKTOpa, .npyrag - c 3Hepmeii E~E 

O 
- HeOTJleJIHMa 

OT IIHKa ynpyroro pacceHHHH. Ilo3TOMY JlJIH cpaBHeHHH 3KCnepttMeHTaJibHbIX II 
oueneHHbIX cetJeHHii Heynpyroro pacceHHHH cneicrp1,I BrOpHtJHbIX nempoHoa 6bIJIH 
11poumerpnpoaan1,I B o6JiaCTH 3Hepmii OT 0.25 M3B .no (£

0
-0.25) M3B. ,ZJ;u<)><)>e

penuuanbHbie cetJeHHH neynpyroro pacceHHHH Ha yron 1200 npHae,neHbI Ha puc. 7. 
3KcnepHMeHTaJibHbie ,naHHbie ITOKa3bIBalOT ycroiitJHBOe yaeJIHtJeHne cetJeHHH pac
ceHHHH npH yaeJIHtJeHHH HatJaJibHoii 3HepmH OT 1.5 M3B .no 2.5 M3B, tJTO OTJIHtJa
eTCH OT oueHeHHbIX 3aBHCHMOCTeH:. O.nnaKO, HMeH B BllJlY OTMetJeHHbie Bblllle 3KC-
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PHc. 7. Ce'leHHe Heynpyroro paccel!mrn:, npoHHTerpHpoeaHHoe no cnercrpy OT 0.25 MJB 
,no (E0-0.25) MJB, JlJlll yrna 120° B JaBHCHMOCTH OT Ha'laJihHOH JHeprnH 

rrepHMefITaJibHbie TPYJlH0CTH, cne.nyeT IIpH3HaTb YJl0BJit!TB0pHTeJibHbIM cornacHe 
Me)K.!ly JKcrrepnMeHTan:bHbIMH pe3yJibTaTaMH H oueHKaMH EPOHJ];-3, JENDL-3 B 
o6nacrn JHepmii 1.7-2.5 MJB. 

H, HaK0HeU, B qeTsepTOH rnase H3JI0,KeHbI 0CH0BHbie pe3yJibTaTI,I H BbIB0.!lbI. 
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OCHOBHblE PE3YJibTATbl PAEOTbl 

OcHOBHbIMH pe3ym,nrraMH HaCTmrmeii pa60TbI HB.IDIIOTC1I: 
1) Pa3pa6ornH speMHrrponrnbIH crreK'Ip0Me'Ip Ha 6aJe ycKOpHTeJIH 3r-I cI>3H 

C MeTan:JIHqeCKOH JIHTHeBOH MHIIIeHblO B Ka'leCTBe HCTO'IHHI<a Heii'IpOHOB. IIpo
se.neH0 .!leTaJibH0e HCCJie.nosam1e 0CH0BHbIX ero xapaKTepHCTHK, Heo6xo.nH
MbIX .!lJl$I pac'leTHoro Mo.nenHposaHHH ipyHKUHH 0TKJIHKa crreK'Ip0Me'Ipa. IIo
KaJaHbI rrpeHM)'llleCTBa, KOT0pbie .nai:rr HaKOIIJieHHe rrepBH'IHOH JKCIIepHMeH
TaJibHOH HH<pOpMaUHH B BH,!le MH0roMepHblX pacrrpe.neneHHH KaK rrpH OTJia,!lKe 
arrrrapaTYPbI, TaK u Ha JTarre o6pa60TKH. 

2) Brreps1,1e cipopMyJIHposaHa H pean:HJosaiia MeT0.!lHKa caMocornacosaHHoro 
II0C'Ip0eHHH <pyttKUHH 0TKJIHKa crreK'Ip0MeTpa HeH'IpOHOB II0 BpeMeHH rrpo
JieTa H 6a3upy10mHeCH Ha Heii cnoco61,1 H3BJie'leHHH !pH3H'leCKOH HH!pOpMa
mrn HJ Ha6JIIO.UaeMbIX anrrapa-rypHbIX cneK'Ip0B .!lJl$I cnyqaes HeM0H0JHepre
THqecKoro HeH'IpOHHOro HCT0'IHHKa H!HJIH MH0roK0MII0HeHTH0ro C0CTaBa 
Hccne.nyeMoro o6paJua. 

3) IIpose.neHbl H3MepeHHH Ce'leHHH Heyrrpyroro pacceHHIIB Heii'IpOHOB Ha 0T,!leJib
HbIX yp0BHHX 238U B .nnanaJ0He JHepmii rra.naIOIUHX Heii'IpoHOB 230-600 KJB. 
HTepaUHOHHaH rrpoue.nypa o6pa60TKH H3MepeHHbIX CIIeK'Ip0B C HCII0Jib30Ba
HIIeM K0MIIJieKca MULTIC noKaJan:a BbIC0KYIO ycTOHqHBOCTb HJBJieKaeMbIX 
Ce'leHHH 0TH0CHTeJibH0 H3MeHeHIDI 3aKJia,!lbIBaeMbIX B paC'leT 6H6JIHOTeK oue
HCHHbIX .naHHbIX (EPOH,[(-2, JENDL-3 H ENDF/B-VJ), 'ITO noJB0JIHJI0 060-
cuosaTb .!l0CTHrnyT)'IO TO'IH0CTh (5-6 % ) II3BJieKaeMbIX ce'leHHH. IIonyqeHHhie 
pe3yJibTaTbI H .uaHHbie pa60TbI [33] II0,!lTBep')K,llalOT npHBe,!leHHYIO B 6H6JIHO
TeKe ENDF/B-VI oueHey ceqeHHH Heyrrpyroro pacceHHHH Ha rreps1,rx .usyx 
yp0BHHX 238U H Il03B0JIHIOT c.ueJiaTb BbIB0.ll 0 TOM, ~o Ha cer0,llHHIIIHHH ,lleHb 
3TH ce'leHHH H3BeCTHbI C T0'IH0CTblO nopH,!lKa 5 %. 

4) BnepBbie BbIII0JIHeHI,I H3MepeHHH Ce'leHHH peaKUHH (n,n') H cneK'Ip0B Heyrr
pyroro pacceHHHH HeH'IpOHOB H.!lpaMH 237Np. Heo6XO.!lHMOCTb H3BJie'lemrn HH
TepecyIOrueii <pHJHqecKOH HH<pOpMaUHH ( Ce'leHHH II CIIeK'Ip0B Heynpyroro pac
ceHHHH) H3 JMHCCH0HHbIX CIIeK'Ip0B, H3MepeHHhIX C HCII0Jib30BaHIIeM MH0ro
KOMII0HeHTHoro o6pa3Ua, IIO'Ipe6oBaJia rrpose.nemm HJMepeHHH crreK'Ipa Mrno
BeHHbIX HeH'IpOHOB .neJieHHH H HOBOH oueHKH CIIeK'Ipa MHJJ: 237Np, a TaK*e 
rrpm,1eHeHHH pa3pa60TaHHbIX B HaCTOHmeii pa60Te MeTO,ll0B, 0CH0BaHHbIX Ha 
pac'leTHOM M0.!leJIHp0BaHHH !pyttKUIIII OTKJil!Ka CIIeK'Ip0Me'Ipa. IIony'leHHhie 
.n;aHHble o ce11en1111 Heynpyroro pacceHHIUI Ka'lecTBeHno II0,llTBep')K)laIOT 3a
BHCIIMocru, 3aJI0,KeHHhre B oueHKH 6H6JIHOTeK EPOH,[(-3 n JENDL-3. 
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Anpo6amrn pa6oTI,I II OCHOBHbie ny6JIIIKaUIIII. OcHOBHbie pe3yJibTaTbl, npe.n
CTaBneHHbie B .llIICCeprnUIIII, .llOKJla,llbIBaJIIICb Ha Me)K,ll)'HapO.llHbIX KOHcpepeHUII
HX II ceMIIHapax, a TaIOKe 6bIJIII IICilOJII,30BaHbl .llJIH IlOCTPOeHIIH oueHKII Heynpy
roro pacceHHIIH HeHTPOHOB H,npar.m 238U II ony6JIIIKOBaHbl B cne,nyIOIUIIX pa6o
Tax: 
1. KopHHJIOB H.B., KaraneHKO A.Ii., Eapb16a B . .51., EanIIUKIIii A.B., Py.neHKO A.IT. 

CnercrpoM~ HeiiTPOHOB no BpeMeHH nponern Ha 6a3e ycKopIITeJIH 3f- l: ITpe
npuHT <1>3H-2174, O6HIIHCK, 1991. 

2. KopHIDIOB H.B., KaraneHKO A.6., )];p)')KIIHIIH B.H., XapIIroHOB A.K., MIIHKO 
IO.B., MIIpoHoB A.H. CIIcTeMa pernCTPaUIIII II o6pa6oTKH ,naHHbIX cnercrpo
M~a Heil:TPOHOB no BpeMeHII nponeTa Ha 6a3e ycKOpIITeJIH 3f-l: ITpenpIIHT 
<1>3li-2165, O6HIIHCK, 1991. 
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