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Olill.J,AH XAPAKTEPMCTMKA PAliOThl 

AtcryaJibHOCTb TeMbl .r.ncceprnunn 

3ana:3.r.b1BaIOIUIIe uei:i.Tp0HhI (3H) IIrpaIOT Ba)KuyIO pOJih a ynpaBJieHIIII 

11..r.epHbIMII peaKTOpaMII. MexaHII3M IIX ncnycKaHIIH II03BOJIHeT C03AaBaTb CIICTeMhI 

ynpaaneHIIH, no,rmep)KIIBaIOrn:IIe ueihpouu~1i1 6anauc Ha ypoaue, ueo6xo,nIIMOM 

MH ycTOWIIIBOro npoTeKaHIIH ueIIHOH peaKUIIII .neneHIIH, HBJIHIOIUeHCH OCHOBHblM 

IICTO'IHIIKOM 3HeprIIII, uarpeaa10rn:ei1 TeIIJIOHOCIITeJib, KOTOpb!H B IIOCJieACTBIIII 

IIpIIBOAIIT B ABII)KeHIIe ryp6IIuy, reuepIIpy10rn:y10 3JieKTPII1JeCKIIH TOK. 

B HaCTOHrn:ee apeMH cyrn:ecTByeT MHO)KeCTBO pa6oT, uanpaaneHHblX Ha 

113yqeuIIe xapaKTepIICTIIK 3H npII ,neneHIIII TH)KeJihIX 11.,nep HeHTPOHaMII B o6JiaCTII 

3HeprIIH OT TeIIJIOBblX 3HatieHIIH ,no HeCKOJlbKIIX M3B. Ha6op IICCJie,nyeMblX 

HYKJIIIAOB II 3HepreTII1JeCKII~ ,nIIaIIa30H (,nIIaIIa30H 3Hepmi1 HeHTPOHOB, 

BhI3bIBaIOrn:IIx ,neneHIIe) onpe,neJIHIOTCH IIOTPe6HOCTHMII 11.,nepHOH 3HepreTIIKII II 

IIpIIKJia,nHbIMII acneKTaMII IICIIOJlb30BaHIIH CBOHCTB 3H. 

Ilo Mepe 3KCIIJIYaTaU,IIII 11.,nepHblX 3HepreTII1JeCKIIX ycTaHOBOK npOIICXOAIIT 

HeMIIHyeMoe HaKOIIJieHIIe AOJirQ)KIIBYIUIIX 11.,nep MIIHOpHbIX aKTIIHIIAOB, 

06pa3yrorn:nxc11. B pe3yJILTare peaKUIIH 3axaarn uei1TPOHOB 11.,npaMII TOIIJIIIBHLIX 

3JieMeHTOB C IIOCJie,nyrorn:IIMII IIX 11.,nepHblMII npeaparn:eHIIHMII. O6pa3yrorn:IIeCH 

11.,npa MlIHOpHbIX aKTIIHlIAOB HBJIHIOTCH AOJirQ)KlIBYIUIIMlI 11 o6na,naIOT BbICOKOH 

pa,nlIOTOKCII1JHOCTbIO. Ilo3TOMY 3a,na1Ia YTIIJill3all,IIII 11.,nep MIIHOpHbIX aKTIIHIIAOB 

HBJIHeTCH OAHOH 113 KJIIO'IeBbIX B 3aMbIKaHIIII 11.,nepuoro TOIIJIIIBHOro UlIKJia. K TOMY 

)Ke cetieHIIe ,neneHIIH HeKOTOpb!X 113 HIIX IIMeeT noporoBhIH xapaKTep, 'ITO 

orpaHII1JIIBaeT B03MO)KHOCTb IIX YTIIJill3au,mI nyreM ,no6aBJieHIIH B TOIIJIIIBO 

peaKTopoB Ha TeIIJIOBhIX HeHTPOHax. 

O,nHlIM 113 IIOAXOAOB K o6parn:eHIIIO C MlIHOpHb!MII aKTIIHII,naMlI HBJIHeTCH 

,no6aBJieHlle nx a COCTaB 11.,nepHoro TOIIJllIBa 6hICTPhIX peaKTOpOB c ueJibIO nx 

TPaHCMYTaUlllI. JJ:pyrnM cnoco6oM YTIIJilI3aQlllI MO)KeT 6b!Tb IIX lICIIOJlb30BaHlle B 

rn6p11,nHhIX peaKTopax, COCTOHIUIIX 113 3HeproreHep11py10rn:ei1 1IaCTlI (aKTlIBHOH 

30Hhl peaKTOpa) lI TepMOH,nepHOH HeHTPOH-reHep11pyrorn:ei1 1IaCTlI, a TaK)Ke B 

c11cTeMax, ynpaanxeMLIX ycKop11reneM (ADS c11cTeML1). CneKTP Hei1TPOHOB a 

m6p11,nHLIX peaKTOpax 11 ADS ClICTeMax ornII1JaeTCH OT cneKTPOB HettTPOHOB 

peaKTOpOB H_a TeIIJIOBhlX 11 6bICTPhIX HeHTPOHax. KpoMe Toro, xapaKTepIICTlIKlI 3H, 

11cnycKaeMbIX B pe3yJILTaTe ,neneHIIH pa3JIII1JHhIX 11.,nep, MOryT OTJllI'IaTbCH B 

HeCKOJihKO pa3, II03TOMY npll lICIIOJlh30BaHlllI peaKTOpHoro TOIIJllIBa C 

,no6aBJieHlleM 11.,nep MlIHOpHbIX aKTlIHlIAOB Heo6xo,nIIMO KoppeKTIIpOBaTh 

KOHCTaHTbI IIO 3H c yqeTOM KOJIII1JeCTBa 11 MOpq>OJIOrHlI ,no6aaneHHhIX HYKJIIIAOB. 

JJ:nx 3TOro IIpII npoeKTllpOBaHlllI lI pac'IeTe 11.,nepHblX peaKTOpOB HOBOro IIOKOJieHlIH 

Heo6xo,nIIMhI BblCOKOTOlJHhie lI ,neTaJihHbie ,naHHLie no peaKQIIHM B3alIMO,nei1CTBIIH 

HeHTPOHOB C 11.,npaMlI, BKJIIO'IaH ,naHHhie, CBH3aHHbie C apeMeHHbIM IIOBe,neHlleM 

no,no6Hh!X ClICTeM, HaIIplIMep, MIIKpOCKOIIII1JeCKlle 11 MaKpOCKOIIII'IeCKIIe 

xapaKTepIICTlIKII 3H, a II!Vj@IIII0 0TH0SHT@JH,HLI@ BLl}W,'H,I j: H II nepIIOAhl 

nonypacna,na nx 51._nep-npe.nµlti:aiylfffWBr<JW-lfflqeieiwmH 3H, rpynnoab1e 

cneKTph1 3H. I 6H6JIHOTeKa 

OHSIH 



O63op cymecTByIOIIJJIX )],aHHhIX no 3H nomnarr, qrn a o6nacTH 3Hepmii 

nepBttqHhIX HeiiTP0H0B OT 5 )],0 20 M3B )],aHHhie BpeMeHHhIX xapaKTepHCTHK 3H 

( 0TH0CHTeJihHhIX BhIX0)],0B 3H Il nepH0)],0B nonypacna)],a IIX .smep

npemnecTBeHHilKOB) npH )],eJieHHil .s!,1],ep 236U, 237Np, 241Am HeiiTPOHaMH C 

3HeprH.sIMil 14 M3B 0TCYTCTBYIOT, xorn IlX 3HaHHe Ba)l(H0 C TQqKil 3peHH.sI 

IlCil0Jih30BaHH.s! .s!,1],ep )],aHHhIX 3JieMeHTOB B rtt6ptt,1],Hh!X peaKTopHhIX CilCTeMaX Il 

CilCTeMax, ynpaBJI.s!eMhIX ycK0pHTeJieM, a TaK,Ke )],Jl.s! pa3BHTH.s! MeT0)],0B 

Hepa3pyrnaromero K0HTP0JI.s! )],eJI.sIIUHXC.s! aemecTB B 3aKphIThIX KOHTeiiHepax. 

CneeyeT 0TMeTHTh, qrn cymecTByromtte a ,lJ,ttana3oHe OT 4 )],O 22 M3B 

)],aHHhie 0TH0CHTeJihHhIX BhIX0)],0B 3H II nepII0)],0B nonypacna)],a IIX .sI,1],ep

npe,1],llleCTBeHHHK0B 3Ha•mTeJihH0 paCX0MTC.s! )],Jl.s! 0CH0BHhIX )],eJI.sIIUIIXC.s! .s!,1],ep 

(mu, 238U). Pa3nuqIIe a 3HaqeHH.sIX cpe,1],Hero neptto)],a nonypacna)],a .si,1],ep

npe,lJ,rnecTBeHHIIK0B 3H, nonyqeHHhIX pa3Hh!Mll aBTOpaMII, 3HaqIITeJihH0 

npeBhilllaeT YKa3aHHhle aarnpaMH Heonpe,1],eJieHH0CTII )],aHHhIX II )],0CTIIraeT 100% 

tt 6onee, YKa3hJBa.si TeM caMhIM Ha CIICTeMaTuqeCKIIe Olllll6KH, )],0nymeHHhie npII 

npoBe)],eHHH C00TBeTCTByIOIUIIX II3MepeHHH. 

Ba)KHhIM acneKT0M pa3BHTH.s! npe,1],CTaBJieHIIH 0 npouecce )],eJieHH.sI .s!BJI.s!eTC.s! 

HaJIIIqIIe Ha)],e)KHhlX TeopeTuqeCKIIX MO)],eJieii Il0Be)],eHH.sI .sI,1],epHO-q>Il3IIqecKIIX 

xapaKTepHCTilK B 3aBIICIIM0CTII OT 3HepmII nepattqHhIX Hei1TP0H0B. O,1],Hy H3 

Hatt6onee CJI0)KHhIX 3a)],aq .sI,1],epH0H q>Il3IIKII npe,1],CTaBMeT 3KCnepHMeHTaJihH0e 

IICCJie)],0BaH11e peaKUIIH )],eJieHH.sI Il0)], )],eHCTBHeM HeHTPOHOB, conp0B0,K)],aIOIUIIXC.s! 

MH0,KeCTBeHHhIM IICnyCKaHHeM HeHTP0HOB. .D:aHHa.si 3a)],aqa He M0,KeT 6hITh 

pemeHa 6e3 TeopeTuqecKoro aHaJIII3a 3KCnepHMeHTaJihHhIX )],aHHhIX. Ha npaKTHKe 

He cymecTByeT 3KCnepIIMeHTaJihHhIX MeTO)],0B, K0T0phie M0rJIII 6hI Il0)],TBep,1],IITh 

HarnII 3HaHH.sI o rnaHcoaoi1 CTPYKType ceqeHHii )],eJieHII.si. 

OTCYTCTByeT e)],IIHhIH KpIITepIIH BhI6opa Hatt6onee Ha)],e,KHhIX )],aHHhIX 

xapaKTepHCTHK 3H: MIIKp0CK0nuqeCKIIX )],aHHhIX Bh!X0)],0B npoeyKT0B )],eJieHII.s!, 

)],aHHhIX BpeMeHHhIX napaMeTP0B 3H cpe,1],II cymeCTByIOIUIIX Ha6opoB, 

npe,1],CTaBJieHHhIX a 6tt6JIHOTeKaX oueHeHHhIX .sI,1],epHhIX ,l],aHHhIX, a TaK,Ke )],aHHhIX 

aepo.siTH0CTeii IIcnycKaHH.sI 3H H neptto)],0B nonypacna)],a .si,1],ep

npe,lJ,rnecTBeHHHK0B, npe,1],CTaBJieHHhIX a ony6JIIIKOBaHHhIX pa6oTax, )],Jl.s! 

lICil0Jih30BaHH.sI B pacqeTHhIX M0)],eJI.sIX, 0illlChIBaIOmIIX Il0Be)],eHHe )],eJI.sIIUIIXC.s! 

CIICTeM. 

OnIICaHHOe BhIIIIe o6ycnaBJIHBaeT mcryam.HOCTb TeMhl )],IICCeprnuIIH lI ee 

TeopeTuqeCKyIO II npaKTuqecKyIO 3HaqHM0CTh. 

U:eJJb paoOTbl 3aKJiroqaeTC.s! B pa3pa60TKe K0MilJieKCH0ro MeT0)],a 

II3MepeHHii 3HepreTIIqecKoii 3aBIICIIM0CTII BpeMeHHhIX xapaKTepIICTIIK 

3aila3)],hIBaIOIUIIX HeHTPOHOB npH )],eJieHIIH .si,1],ep aKTHHII)],0B 6bICTPhIMII 

HeiiTP0HaMII C yqeT0M 3q>q>eKTOB, IICKa,KaIOIUIIX pe3yJihTaThl, II C03)],aHIIII MeT0)],0B 

aepIIq>IIKaUIIH oueHeHHhIX .sI,1],epHO-q>H3ttqeCKIIX )],aHHhIX C lICil0Jlh30BaHHeM 

nonyqeHHhIX pe3yJihTaTOB II peK0MeH)],0BaHHhIX )],aHHhIX. 
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.D:JI.si )],0CTII,KeHH.sI Il0CTaBJieHHOH ueJIH 6hIJIH pemeHhl CJie,lJ,yIOIUIIe 38)],aqn: 

1. Pa3pa6oTaTh MeT0)], II3MepeHH.sI apeMeHHhIX xapaKTepHCTIIK 3aila3)],hIBaIOmIIX 

HeHTP0H0B npII )],eJieHIIH .s!,1],ep 235U B )],ByxK0MII0HeHTH0M CIIeKTPe 11epaIIqHhIX 

Hei1TPOHOB, reHepIIpyeMhIX B peaKUHH D(d,n)/D(d,pn). 

2. Ilpoaecrn II3MepeHHe 3q>q>eKTIIBHOCTII 41t-)],eTeKTOpa HeHTPOHOB. 

3. IlpoBeCTH II3MepeHH.sI BpeMeHHhIX xapaKTepHCTIIK 3aIIa3)],h!BaIOmIIX 

HeiiTP0H0B IIpII )],eJieHHH mu HeiiTPOHaMH B )],HaIIa30He 3Hepmii OT 0,42 )],0 8 M3B. 

4. Ilpoaecrn oueHKY 11apaMeTP0B 3aIIa3,lJ,hIBaromIIX HeiiTPOHOB IIpII )],eJieHIIH 

.s!,1],ep mu B )],ByxK0MII0HeHTH0M CIIeKTPe 11epaIIqHhIX HeHTPOHOB, reHepttpyeMhIX B. 

peaKUIIII D(d,n) Ha TBep,1],oii MIIrneHII. 

5. IlpoBeCTH H3MepeHIIe BpeMeHH0H 3aBHCIIM0CTII Clla)],a lIHTeHCIIBH0CTII 

3aIIa3,lJ,hIBaromttx HeiiTP0HOB 11ptt )],eJieHIIII .si,1],ep 2360, 238U, 237Np, 241Am 
HeiiTPOHaMH B )],tta11a3oHe 3Hepmii OT 14 )],O 18 M3B. 

6. Pa3pa60TaTh MeTO)], yqeTa 3q>q>eKTa )],0II0JIHHTeJihH0ro IICTOqHIIKa II 3q>q>eKTa 

6JIOKHpOBKII )],eTeKT0pa IIpII II3MepeHIIII 0TH0CIITeJihHhIX BhIX0)],0B 3H Il 11epII0)],0B 

II0JiypaCIIa)],a IIX .sI,1],ep-11pe,1],I1IeCTBeHHIIK0B, o6pa3yIOIUIIXC.s! IIpH )],eJieHIIII .s!,1],ep 
236U, 238U, 237

Np, 
241 Am HeiiTPOHaMH B ,lJ,IIaIIa30He 3Hepmii OT 14 ,lJ,0 18 M3B. 

7. Ilpoaecrn oueHKY 11apaMeTP0B 3aIIa3)],hIBaromttx HeiiTPOHOB IIPII )],eJieHIIH 

.s!,1],ep 
236U, 238U, 237Np, 241Am HeHTPOHaMII B )],IIaIIa30He 3Hepmi1 OT 14 )],0 18 M3B 

8. Mccne,lJ,oBaTh mattcoayro CTPYKTYPY ceqeHIIii 3MHCCII0HHoro )],eJieHII.si 238U 
HeiiTP0HaMII B )],HaIIa30He 3Hepmi1 OT 14 )],0 18 M3B C lICII0Jih30BaHIIeM 

II3MepeHHhIX 3KCIIepIIMeHTaJlhH0 )],aHHhIX 110 3aIIa3)],hIBaIOIUHM HeiiTPOHaM. 

9. Pa3pa6oTaTh MeTO)], aepIIq>IIKaUIIH 6tt6JIIIOTeK oueHeHHhIX .sI,1],epHhIX )],aHHhIX, 

C0,1],ep,Kam_IIX BhIX0)],hl 11po,1],yKT0B )],eJieHH.sI, Ha 0CH0Be 3KCIIepIIMeHTaJlhH0 

II3MepeHHhIX 3HaqeHIIH cpe,1],Hero 11epH0)],a II0JiypacIIa)],a .sI,1],ep-11pe,1],I1IeCTBeHHIIK0B 

3aIIa3)],hIBaIOmIIX HeiiTPOHOB. 

Bee 3a)],aqll 6hIJIII pemeHhl aBTOp0M B C0CTaBe rpyIIIIhl IIpH onpe,1],eJI.sIIOIUeM 

JillqHoM yqaCTIIII. 

HayquaH HOBH3Ha. B uacrn.simeii pa6oTe a11epah1e: 

1. Pa3pa6ornu II IIpHMeHeH MeT0)], II3MepeHH.sI BpeMeHHhIX xapaKTepIICTIIK 

3aIIa3)],hIBaIOIUIIX HeiiTP0HOB IIpH )],eJieHIIII .s!,1],ep 235U B )],ByxK0MII0HeHTH0M 

c11eKTPe 11epattqHhIX HeiiTPOHOB B peaKUIIII D(d,n). 

2. IlonyqeHhl H0Bhie )],aHHhie 3HepreTuqecKoii 3aBHCIIM0CTII 0TH0CIITeJihHhIX 

Bh!X0)],0B 3aIIa3)],h!BaIOmIIX HeHTPOHOB II 11epII0)],0B 11onypac11a)],a IIX .sI,1],ep-

11pe,1],I1IeCTBeHHIIK0B IIpII )],eJieHIIII .s!,1],ep mu HeiiTpoHaMII C 3HeprIIeii OT 0,42 )],0 

8 M3B C yqeT0M CIIeKTPaJihHhIX xapaKTepIICTIIK IICT0qHIIKa HeHTPOHOB Ha 0CH0Be 

peaKUIIII D(d,n) Ha TBep,1],oii 110)],JI0,KKe. 

3. 113MepeHa 3q>q>eKTIIBHOCTh H0B0ro 41t-)],eTeKTOpa HeiiTPOHOB. 

4. IlonyqeHhl 3HaqeHH.sI apeMeHHhIX 11apaMeTP0B .sI,1],ep-npeJJ:rnecTBeHHHK0B 3H 

npH )],eJieHIIH .sIJJ:ep 
236U, 237

Np, 241Am HeiiTPOHaMII C 3HeprmIMII OT 14 JJ:0 18 M3B. 

5. IlpoBeJJ:eHa He3aBHCIIMa.si oueHKa ceqeHIIH 3MIICCH0HH0ro JJ:eJieHH.s! .sIJJ:ep 238U 
HeHTP0HaMH C IlCII0Jlh30BaHIIeM 3KCnepIIMeHTaJlhH0 II3MepeHHhIX JJ:aHHhIX 

3HepreTIIqecKoii 3aBIICIIM0CTII BpeMeHHhIX 11apaMeTP0B 3aIIa3JJ:hIBaIOmIIX 

HeiiTPOHOB. 
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6. BenwmHa cpe,!l;Hero nepttoAa nonypacna,!J;a HAep-npe,!l;IIIecrneHHBKOB 3H 
lJCilOJih30BaHa B 3a.!(aqe BepmpttKaUBlJ 6tt6JilJOTeK oueHeHHbIX H,!l;epHbIX .!(aHHhIX. 

JlnqubIU BK.Ila,!( 
ABTOp npIIHIIMaJI Henocpe,!l;CTBeHHOe yqaCTIIe B nonyqeHIIII OCHOBHblX 

pe3yJihTaTOB ,!J;IICCepTaUlJOHHOH pa60Tbl. C 2014 no 2020 rD,!J;bl Bhicrynan C 

,!J;OKJia,!J;aMII Ha Me)l(eyHapO,!l;HhIX II pOCClJHCKlJX KOHcpepeHUBHX. JlIIqHoe yqacTIIe 

aBTopa B nonyqeHIIII II3JIO)l(eHHhIX B ,!(lJCCepTaUIIII pe3yJihTaTOB IlO,!J;TBep)l(,!l;eHO 

coaBTOpaMII. 

Ilonomeum1 H pe3yJihTilThI, BhIHOCIIMble Ha 3aIIJ,IITY 
1) Y COBepIIIeHCTBOBaHHaH MeTO,!J;lJKa npoBe,!J;eHBH 3KcnepttMeHTa no 

IIJMepeHmo xapaKTepIICTHK JanaJ,!J;bIBaIOIUIIX HettTPOHOB, IIcnycKaeMbIX nptt 

,!(eJieHHH TH)l(eJibIX H,!l;ep HeMOH03HepreTnqecKIIMH HeHTPOHaMH. 

2) MeTO,!( H3MepeHBH II o6pa60TKH 3KCnepttMeHTaJibHbIX ,!J;aHHhIX BpeMeHHbIX 

xapaKTepIICTHK 3anaJ,!J;hIBaIOIUIIX HeHTPOHOB C yqeTOM cneKTPaJibHblX 

xapaKTepIICTHK HCTOqHlJKa nepBttqHbIX HeHTPOHOB. 

3) Ilo.!(XO,!J; K H3MepeHHIO BpeMeHHbIX xapaKTepIICTlJK JanaJ,!J;hIBaIOIUHX 

HettTPOHOB npn ,!J;eJieHIIII TH)l(eJihIX H,!l;ep HeHTPOHaMH, reHepIIpyeMhIMII B peaKUIIII 

T(d,n) Ha rnep,!l;ott TPIITIIeBoii MIIIIIeHn. 

4) MeTO,!J; HCCJie,!J;OBaHBH 3HepreTttqeCKOH 3aBlJCHMOCTII ceqeHIIH 

3MIICCHOHHOro ,!(eJieHHH 2380 C HCilOJib30BaHHeM 3KCnepIIMeHTaJihHO H3MepeHHOH 

3HepreTIIqecKoii JaBttCHMOCTH cpe,!l;Hero neptto,!J;a nonypacna,!J;a H,!l;ep

npe,!l;IIIecrneHHBKOB 3aila3,!J;bIBaIOIUIIX HettTPOHOB. 

5) IlO,!J;XO,!J; K Bepttq>IIKaUHlJ 6II6JIIIOTeK oueHeHHbIX H,!l;epHbIX ,!J;aHHhIX c 

ncnoJih30BaHtteM BeJittqIIHhI cpe,!l;Hero nepIIo,!J;a nonypacna,!J;a HAep

npe,!l;IIIecrneHHHKOB 3aila3,!J;hIBaIOIUIIX HettTPOHOB. 

6) 3KcnepIIMeHTaJihHhie pe3yJihTaTbl 3HepreTttqeCKOH JaBIICIIMOCTH 

BpeMeHHbIX napaMeTPOB 3ailaJ,!J;hIBaIOIUHX HettTPOHOB nptt ,!J;eJieHHH H,!l;ep 2350, 2360, 
23so, 231Np, 241Am. 

CTeneHb ,!J;OCTOBepHOCTII pe3yJihTaTOB npOBe,!J;eHHblX HCCJie,!J;OBaHHH 

IlO,!(TBep)l(,!(aeTCH HX BOCnpOII3B0,!J;HMOCTbIO nptt 0,!(HHaKOBbIX napaM~ax 

3KCnepIIMeHTa; ny6JIHKaUIIett OCHOBHhIX pe3yJihTaTOB pa60Thl B peueH3IIpyeMhIX 

)l(ypHanax, OTHOCHIUHXCH K cnttcey BAK. 

Anpo6a1.urn pa6oThl 
IlonyqeHHbie pe3yJihTaTbl II OCHOBHhle noJIO)l(eHBH ,!(lJCcepTaUIIOHHOH 

pa60Tbl 6hJJIH npe,!l;CTaBJieHhl Ha HayqHhIX ceMIIHapax rHQ P<l>-<l>3M II 

AOKJiaAhIBaJIHCh Ha Me)l(eyHapo,!l;HhIX KOHcpepeHUIIHX ISINN-22, HeiiTPOHHKa-

2014, ISINN-24, ND-2016, ISINN-25, ISINN-27. 
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Ily6m11.:au1111 
Ilo TeMe ,!J;lJCcepTaUHlJ aBTOpOM ony6JIIIKOBaHo 6 CTaTeii B peueH3ttpyeMbIX 

HayqHhIX )l(ypHanax, BHAeKcttpyeMhIX B 6a1ax AaHHhIX Web of Science II Scopus, 

Te3lJCbl 4 ,!J;OKJia,!J;OB Ha HayqHhIX KOHcpepeHUIIHX. 

CTpytrrypa II oo'heM A11ccepTau1m • 
,[(ttccepTaUBH COCTOIIT H3 BBe,!J;eHBH, qeTbipex rnaB, 3aKJI10qeHIIH II cnttcKa 

HCnOJihJyeMhIX IICToqHIIKOB H3 85 HaIIMeHoBaHIIH. Co,!l;ep)l(aHIIe pa60Tbl II3JIO)l(eHO 

Ha 110 CTPaHnuax, BKJIIOqalI 50 pttcyHKOB tt 19 Ta6JIHU, 
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CO.ll:EP)KAHHE P AEOTbl 

Bo BBe)],eunn lf3JIO)KeHbl aJCTYanbHOCTb, uenb pa6oTbI, HOBII3Ha pernaeMblX 

Ja)],a'f, TeopeTII'feCKOe II TipaKTII'feCKOe 3Ha'feHIIe )],aHHOH pa60ThI, TIOJIO)KeHmI, 

KOTOpbie BbIHOCHTCH Ha 3aIQIITY, a TaK)Ke TipIIBO)],IITCH o63op 3KCTiepIIMeHTaJibHbIX 

pa6oT, TIOCBHIQeHHbIX II3Mepemuo OTHOCIITeJibHbIX BblX0)],0B II TiepII0)],0B 

TionypacTia)],a H)],ep-Tipe)],rnecTBeHHIIKOB 3H. 

B TiepBOH rJiaBe TipIIBO)],IITCH OTIIICaHIIe 3KCTiepIIMeHTa, TIOCTaBneuuoro C 

uenblO II3MepeHIIH 3HepreTII'feCKOH 3aBIICIIMOCTII BpeMeHHblX xapaKTepIICTIIK 3H 

TIPII )],eJieHIIII H)],ep 235U B ycnoBIIHX o6ny'feHIIH IICCJie)],yeMbIX o6pa3QOB B 

)],ByxKOMTIOHeHTHOM CIIeKTPe nepBII'IHbIX HeHTPOHOB IIpII IICIIOJib30BaHIIII peaKQIIII 

D(d,n) Ha TBep)],OH )],eiiTepIIeBoii MIIrneuII. Tipe)],CTaBneua cxeMa 

3KCnep11MeHTanbHOH ycTaHOBKII, co6paHHOH )],IlH IIpOBe)],eHIIH II3MepeHIIH 

BpeMeHHbIX xapaKTepIICTIIK 3H. 0IIIICaH IIO)],XO)], K IICCJie)],OBaHIIIO BpeMeHHblX 

xapaKTepIICTIIK 3H B ycnOBIIHX 06nyqeum1 IICCJieeyeMbIX o6pa3QOB 

MOH03HepreTII'feCKIIMII HeHTPOHaMII reHepIIpyeMbIMII B peaKQIIHX Li(p,n) II D( d,n), 

a TaK)Ke B cnyqae, KOr)],a CIIeKTP HeMOH03HepreTII'feCKIIH. CxeMa ycTaHOBKII 

npe)],CTaBJieH<!_Ha pIICYHKe 1. 

Ell - 6JIOK mnamrn; EHil - 6JIOK HH3KOBOJibTHOro IIUTaHHll; mq - rrpeo6pa30BaTeJib 

TOK-qaCTora; Il - ycrpoiiCTBO rrpepb!BaHHJI rryqKa 3apJ1lKeHHbIX qaCTHI-1; )]; - ,!IHa<fiparMa; 

M - HeiirpOH reHepHpYJOil-lall MHilleHh; 0 - Karrcyna co.11eplKaII-1aJ1 HCC!Ie.!IJeMbIH 06paJe1-1; 

,ll;Il1, ,ll;Il2 - .11arqHKH IIOJIOlKeHllll HCCJie.11yeMoro 06paJ1-1a; K,ll; - KaMepa .11eneHHJ1; 
TTY - rrpe.11ycHJittTeJib; C - CI.\HHTHJIJIJII.\HOHHbIH crreKrpOMerp Ha OCHOBe KpHCTaJIJia 

CTHJih6eHa; Y1, Y2 -ycHJittTentt; K-B03.!IYlliHhiii KOMrrpeccop; Kl, K2-:meKrpoMarHHTHhie 

KJiaIIaHbl rro.11aqu ClKaTOro B03,!lyxa; EYil - 6JIOK yrrpaBJieHHJI IIHeBMaTttqeCKOH CHCTeMOH 

rpaHcrropTttpOBKH 06paJI-10B; )];3H- 41t-.11ereKTop 3H; IlY,ll;1, IlY,ll;i, IlY,[1;3 - rrpe.11ycHJIHTeJih; 
ycHJIHTeJib H ,!IHCKpHMHHaTOp. 

PttCJHOK 1 - CxeMa 3KcrrepHMeHTaJibHOH yCTaHOBKH ,!IJIJI HCCJie,!IOBaHHJI xapaKTepHCTHK 3H 
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Co6pauuaH B MIIllleHHOM Jane ycKopIITeJIH Tau)],eM-3M ycTaHOBKa 

II03BOJIHJia ynpaBJIHTb YCTPOHCTBOM npepbIBaHJIH nyqKa 3apH)KeHHbIX 'faCTIIU, 

KJiaIIaHaMII IIO)],a'III C)KaTOro B03)],)'Xa B uanpaBJIHIOIUYJO TPY6Ky IIHeBMaTII'feCKOH 

CIICTeMbl TPaHCIIOpTIIpOBKII IICCJie)],yeMbIX o6pa3UOB, 3aIIIICbIBaTb BpeMeHHbie II 

aMIIJIIITY)],Hbie pacnpe)],eJieHIIH IIMIIYJibC0!3, reuepIIpyeMbIX )],eTeKTOpaMII B 

pe3yJibTaTe B3aIIMO)],eHCTBIIH C HeHTPOHaMII, q>IIKCIIpOBaTb IIOJIO)KeHIIe o6pa3Qa. 

B uem1x II3MepeHJIH BpeMeHHbIX xapaKTepIICTIIK 3H 6bIJIII IIpOBe)],eHbl 

II3MepeHIIH BpeMeHHOH 3aBIICIIMOCTII IIHTeHCIIBHOCTII 3H nocne 3KCII03IIUIIII 

IICCJie)],yeMoro o6pa3Qa B IIOTOKe nepBII'IHbIX HeHTPOHOB B Te'feHIIe 

q>IIKCIIpOBaHHOro IIHTepBana BpeMeHII (180 C ). Bcne)],CTBIIe ue60JiblllOro BbIXO)],a 

3H, )],IlH nonyqeHJIH CTaTIICTII'feCKII 3Ha'IIIMOH KpIIBOH CIIa)],a IIHTeHCIIBHOCTII 3H, 

II3MepeHIIH IIpOBO)],IIJIIICb B UIIKJIII'feCKOM pe)KIIMe. B Ka'feCTBe MOHIITOpa 

HeHTPOHHOro IIOTOKa IICIIOJib30Banacb KaMepa )],eJieHJIH C pa60'IIIM cnoeM II3 239Pu 

C II3BeCTHbIM 'IIICJIOM H)],ep. KaMepa ycTaHaBJIIIBanacb B uenocpe)],CTBeHHOH 

6JIII30CTII K IICCJie)],yeMOMY 06pa3uy TIO.LI yrnoM 0° TIO OTHOllleHIIIO K HaTipaBJieHlIIO 

IIYlfKa IIOHOB. 

.ll:nH o6ecrre'feHIIH ny'flllIIX q>OHOBblX ycnOBIIH perIICTPaUIIII 3H TIOCJie 

OKOH'faHIIH ceaHca o6nyqeHJIH TIY'IOK 3apH)KeHHblX 'faCTIIU ycKOpIITeJIH 

rrpepbIBanCH II IICCneeyeMblH o6pa3eQ rrocpe)],CTBOM IIO)],a'III C)KaToro B03)],yXa B 

uarrpaBJIHIOIUyio Tpy6ey rrueBMaTII'feCKOH CIICTeMbl TPaHcrroprnpOBKII 

rrepeMemancH ua II03IIQlIIO II3MepeHIIH (B 41t-)],eTeKTOp HeHTPOHOB). BpeMH 

rrepeMeIQeHIIH o6paJua COCTaBJIHJIO OT 0, 18 )],0 0,2 C B 3aBIICIIMOCTII OT )],aBneHJIH 

C)KaToro B03)],)'Xa Ha Bb!XO)],e II3 6annoua uaKOIIIITeJIH. 

B Tipouecce IICCJie)],oBaHIIH 3HepreTII'feCKOH 3aBIICIIMOCTII xapaKTepIICTIIK 

3H Ba)KHYIO ponb IIrpaeT 3Heprn» rrepBII'IHbIX ueiiTPOHOB. B uenHX TO'fHoii 

1Ip1IBH3KII rronyqaeMbIX 3Ha'feHIIH xapaKTeplICTIIK 3H K 3Ha'feHJIHM 3Heprn1I 

TiepBII'IHbIX HeHTPOHOB BO BpeMH q>a3bl o6nyqeHIIH C IICIIOJib30BaHIIeM 

CQIIHTIIJIJIHQIIOHHOro crreKTPOMeTPa c KpIIcTanJIOM CTIIJib6eua pa3MepoM 40x40 MM 

rrpOBO)],IIJIOCb II3MepeHIIe crreKTPa rrepBII'fHbIX HeHTPOHOB, reHepIIpyeMblX B 

TBep)],oii )],ettTepIIeBoii M1Irneu1I no)], )],eiicTBIIeM ycKopeHHbIX )],eHTPOHOB. .l1:JIH 
yMeHbllleHJIH qioua Hett:TPOHOB II y-nyqeil:, pacceHHHbIX o6opy)],oBaHIIeM II CTeHaMII 

3KCrrepIIMeHTanbHOro Jana, )],eTeKTop IIOMemancH B IIO)],BII)KHb!H KOJIJIIIMaTop, 

II3rDTOBJieHHblH II3 CMeCII rII)],plI)],a JIIITIIH C rrapaq>IIHOM MIIHIIManbHOH TOJIIQIIHOH 

30 CM. Me)K)],y )],eTeKTopoM II MIIllleHblO 6blJia YCTaHOBJieHa CBIIHQOBaH 3a!I{IITa 

TOJIII{IIHOH 10 CM. 

PerncTPaUJIH 3H ocymecTBnHJiacb c IIOMOII{bIO 4n-)],eTeKTopa HeiiTPOHOB, 

pa3pa60TaHHOro II II3rDTOBJieHHOro )],IlH pa60Tbl B ycnOBIIHX cpaBHIITeJibHO 

ue60JiblllIIX IIOTOKOB HeHTPOHOB . .D:eTeKTop rrpe)],CTaBJIHJI co6oii c6opey 113 21 3He

C'feT'fIIKa, pacnpe)],eJieHHblX B TIOJIII3TIIJieHOBOM 3aMe)],IlIITeJie B BII)],e )],Byx 

KOHQeHTPIIlfeCKIIX OKp~HOCTeH c pa)],eycaMII 105 II 149 MM. BHYTPeHHHH 

OKp~HOCTb CO)],ep)KIIT 7 3He-c'feT'fIIKOB, BHelllHHH OKpy)KHOCTb - 14 C'feT'fIIKOB. 

BttelllHIIH )],IIaMeTP JaMe)],IllITeJIH paBeu 510 MM, MIIHa - 630 MM. EnoK 

3aMe)],JIIITeJIH OKp~eH Ja!I{IITOH II3 Kap611)],a 6opa, JIIICTOB Ka)],MIIH II 

6opIIpOBaHHOro IIOJ1II3TIIJieua )],JlH 3a!I{IIThl .L(eTeKTOpa OT TeTIJIOBblX HeHTPOHOB, 
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pacceHHHhIX B 3KCnepIIMeHTaJihHOM IlOMeIIIeHIIII. CxeMaTIIqecKoe ll306pa)KeHIIe 

.n.eTeKTOpa, a TaK)Ke cxeMa IlO.[IKJIIOqeHIIH II IlIITaHIIH cqeTqIIKOB npe.n.cTaBJieHbl Ha 

pIICYHKe 2. 

PHC)'HOK 2 - PacrronoJKem1e HarI0JIHeHHhIX 3He cqeT'JHK0B a 4rr-,1J;ereKTope. Cneaa -

rrorrepequoe ceqeHne ,1J;ereKTopa, crrpaaa - cxeMa rro,1J;KJI1OqeHHll cqeTqHK0B H rro,1J;aqn BhIC0K0ro 

HariplllKeHHll rr11TaH1Ill (HV) . 

CqerqIIKII, HaDOJIHeHHhie 3He, pa6oTaJIII B nponopu,IIOHaJihHOM pe)KIIMe npII 

HanpH)KeHIIII nIITaHIIH -2100 B. B ueHrpe .n.eTeKTopa npe.n.ycMoTpeHo ornepcrne 

.[IIIaMeTpOM 120 MM, npe.n.mrmaqeHHOe AJIH ycTaHOBKII IICCJie.n.yeMoro 06pa1ua. B 

ornepcnrn pacnoJIO)KeH CBIIHUOBhlll !pllJihTP TOJIIIIIIHOH 30 MM, npe.D.Ha3HaqeHHhlll 

AJIH IlO.[laBJieHIIH raMMa-KBaHTOB, IICnyCKaeMhIX 06.JiyqeHHhIM o6pa3UOM II 

KOHTettHepoM. 

3.JieKrpOHHble KaHaJihl perncrpall,IIII AJIH BHyrpeHHero II BHeurnero PHAOB 

cqeTqIIKOB COCTOHJIII II3 npe.n.ycllJIIITeJieii, ycllJIIITeJieii II .[IIICKpIIMIIHaTOpOB. 

I1MnyJihChl C nocJie.[IHIIX IlOCT)'IlaJIII B CIICTeMY HaKODJieHIIH .n.aHHhIX. 

XapaKTepIICTIIKII .n.eTeKTopa HeiirpoHOB (Meprnoe BpeMH perncrpau,IIII 

HettrpOHOB, 3cpcpeKTIIBHOCTh perncrpall,IIII HeiirpOHOB, BJIIIHHIIe B03.[leHCTBIIH 

nepBlJqHOro IlOTOKa HeiirpOHOB Ha cqeTttyIO xapaKTeplICTIIKY .[leTeKTopa) 

IICCJie.[IOBaJIIICh B OT.[leJibHhIX 3KCnep1IMeHTaX. 

Meprnoe speMH nplI MaKCHMaJihHO B03MO)KHOH BeJilJqlIHe TOKa 3apH)KeHHhlX 

qaCTIIU Ha MIIIIIeHII COCTaBllJIO 6,85· 10-7 C. IIpoBe.[leHHOe IICCJie.[IOBaHIIe cpyHKll,lllI 

6.JIOKIIpOBKII Il0Ka3a.JIO He3HaqIITeJihHOe OTKJIOHeHIIe CKOpOCTII cqeTa .[leTeKTopa 

IlOCJie npephIBaHIIH nyqKa nplI 3KCil03IIll,IIII BttyTPII .n.eTeKTOpa II30TOilHOro 

IICTOqHIIKa HeiirpoHOB. BeJIIIqIIHa 3cpcpeKTIIBHOCTII 4n-.n.eTeKTOpa no cneKrpy 3H 

COCTaBllJia 41,56%. 

TpaHcnopTIIpOBKa 06pa1ua C Il03IIll,llII 06.JiyqeHIIH B .n.eTeKTOp HeiirpOHOB 

ocymecTBJIHJiaCb C IlOMOillhlO nHeBMaTIIqecKOH CIICTeMhl, nHeBMOnpOBO.[I KOTopoii 

npe.n.CTaBJIHeT co6oii TOHKOCTeHttyIO rpy6ey ll3 Hep)KaBeIOIIIeii CTaJIII c BHeIIIHIIM 

.[IIIaMeTpOM 14 II TOJIIIIIIHOH CTeHKII 1 MM. IloJIO)KeHIIe 06pa1ua <pIIKCIIpOBaJIOCh C 

IlOMOillhIO BT)'JIKII co cneu,IIaJihHhIM ycrpOHCTBOM raIIIeHIIH CllJihl y.n.apa 

ABII~merocH o6pa3u,a. 
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O6pa1eu, IICilOJih3YeMblll B 3KCnep1IMeHTe, npe.[ICTaBJIHJI co6ott Kancyny II3 

AIOpaJIII .[IIIaMerpoM 8,5 MM, BhICOTOH 24 MM, HanOJIHeHttyIO 3aKIIChIO-OKIIChlO 

ypaHa 235U, ynaKOBaHHYIO B rpaHcnopTHhlll KOHTeiiHep C Hapy)KHhIM .[IIIaMerpoM 

11,5 MM. 

YnpaBJieHIIe 3KCnep1IMeHTOM, c6op II o6pa60TKa 3KCnep1IMeHTaJihHhIX 

.n.aHHhIX ocyIIIeCTBJIHJIIICh C IICilOJih30BaHIIeM CIICTeMhl, OCHOBaHHOH Ha MOAYJIHX 

National Instruments [1 ]. B HaCTOHIIIeii pa6oTe IICDOJih30BaJICH KpeiiT NI PXle 1082 

c KOHTPOJIJiepoM PXI-8880. CIIrttaJihI co cqeTqIIKOB nocryna.JIII Ha npe.n.ycllJIIITeJIII, 

YCllJIIITeJIII, .[IIICKpIIMIIHaTOpbl II cpopMIIpoBaTeJIII, B pe3yJihTaTe qero Ha BhIXO.[le 

IlOCJie.n.Hero cpopMIIpOBaJIIICh TTL CIIrHaJI~I BhICOKOro ypOBHH C qacTOTOH, 

COOTBeTCTBYIQIIIeii CKOpOCTII cqeTa .n.aHHOro II3MepIITeJibHOro KaHaJia 47t

.n.eTeKTOpa. TTL CIIrHaJihl C II3MepIITeJibHhlX KaHaJIOB .n.eTeKTopa no.n.aBaJIIICh Ha 

TattMep-cqeTqIIK PXI-6602, KOTOphIH 1IcnoJih30BaJICH AJIH perncrpall,HII BpeMeHHoii 

3aBIICIIMOCTII IIHTeHCIIBHOCTII 3H ( C rnaroM 10 MKC ), BpeMeHHOH 3aBIICIIMOCTII TO Ka 

3apH)KeHHhIX qacTIIU Ha MIIllieHII, a TaK)Ke reHepall,IIII CIIrHaJIOB .[IJIH ynpaBJieHIIH 

CIICTeMOH OTKJIOHeHIIH nyqKa II reHepaUIIII TaKTOBOro IIMnyJihCa CIICTeMbI. 

CIIrttaJihl OT CUIIHTIIJIJIHI.l;IIOHHOrO .[leTeKTOpa II KaMepbl .n.eneHIIH 

3aDIIChIBaJIIICh C IICilOJih30BaHIIeM MHOrocpyHKll,llOHaJihHOro MO.[ly.JIH PXl-6251. 

MHorocpyHKI.l;IIOHaJihHhlH MOAYJih TaK)Ke IICilOJlh30BaJICH .[IJIH reHepau;IIII CIIrHaJIOB 

ynpasneHIIH KJianaHaMII no.n.aqII C)KaTOro B03.D.yxa II3 KOMnpeccopa B 

HanpaBJIHIOIIIYIO nHeBMaTlJqeCKOH CIICTeMbl rpaHcnopTIIpOBKII. 
900 
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PHC)'HOK 3 - CrreICTphl rrepanqnhJX HeHTp0H0B 

11crrycKaeMhJe TBep,!l;0H TiD MIIJIIeHhJO B pe3yJihTaTe 

6oM6ap,!l;1IpOBKH ycKopeHHhIMH ,IJ;eHTpOHaMH, 

H3MepeHHhle C HCII0Jih30Bam1eM CIJHHTHJIJillIJH0HH0ro 

,IJ;eTeKT0pa c KpHCTaJIJI0M CTIIBh6eua, o6pa6oTaHHhle c 

yqeTOM 3<1>cl>eKTHBHOCTH ,IJ;eTeKT0pa, a TaKJKe <l>YHKIJHH 

rrporrycKaHHll HeHTpOHOB qepe3 CBIIHIJ0ByJO 3UIIJIITY 

(10 CM) 

BpeMeHHhIX napaMerpoB 3H, 

nposo.n.llJiaCh o6pa6oTKa II3-

MepeHHhIX BpeMeHHhlX 3aBII-

CIIMOCTeii cna.n.a IIHTeH-

CIIBHOCTII 3H C IICilOJih-

30BaHrreM IITepaurroHHoro 

MeTO.[la HaIIMeHbllIIIX KBa.[1-

paTOB [2] 

~.rrn nonyqeHIIH cneKT

pos nepsIIqHhIX HettrpOHOB, 

II3MepeHHhie aMilJIIIT)'.[(Hbie 

pacnpe.n.eJieHIIH IIMnyJihCOB 

CUIIHTIIJIJIHI.l;IIOHHOro cneKrpO

Merpa C KpIICTaJIJIOM CTllJih-

6eHa 6bIJIII o6pa60TaHhI C 

IICilOJih30BaHIIeM no.n.xo.n.a, 

onrrcaHHoro B pa6oTe [3]. 

PaccMarp1rnaH nonyqeHHhre B 

pe3yJihTaTe o6pa60TKII 

cneKrpbl nepBlJqHbIX HeiirpOHOB (CM. plIC. 3) MO)KHO C.[leJiaTb BhIBO.[I, qTo c 

yseJilJqeHIIeM 3Hepnrn HaJieTaIOIIIIIX .n.ettrpOHOB B03pacmeT .[10.JIH HettrpOHOB C 

3HeprI1HMll Hll)Ke OCHOBHOH rpynnhI, qTo BHOCIIT Heonpe.n.eJieHHOCTh B BeJirrqrrHy 

3Heprrrrr nepBlJqHhIX HettrpOHOB, BhI3hIBaIOIIIIIX .n.eJieHrre, 3HaHrre TOqHoro 
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3HaqeHIDI KOTOpoii BaiKHO B IICCJie,noBamrnx :mepreTttqeCKOii 3aBIICIIMOCTII 

xapaKTepIICTIIK 3H. 

,nrr.ii: yqern BKJia,na HII3K03HepreTIIqecKoii KOMIIOHeHTbI CIIeKTpa IIepBIIqHbIX 

HeiiTpOHOB IIpII II3MepeHIIII BpeMeHHbIX xapaKTepIICTIIK 3H IIpII ,neJieHIIII 235U 
HeiiTpOHaMII B ,nIIaIIa30He 3Hepmii IIepBIIqHbIX HeiiTpOHOB OT 4 .no 8 M3B, C 

IICIIOJib30BaHIIeM II3MepeHHbIX CIIeKTPOB IIepBIIqHbIX HeiiTpOHOB, C IIOMOIIJ,blO 

BbipaiKeHIIii (I) II (2) paccqlITbIBaJIIICb cpe,nHIIe 3HepmII E ..... ' En,dpn II 3HaqeHIIH 

IIJIOTHOCTII IIOTOKa HeiiTpOHOB (f)E,(im), (f)E,(dpn)' COOTBeTCTBeHHO, OCHOBHOii 

KOMIIOHeHTbI CIIeKTPa IIepBIIqHbIX HeiiTpOHOB II3 peaKQIIII D(d,n) II 

HII3K03HepreTttqeCKOii KOMIIOHeHTbI, IICToqHIIKOM HeiiTpOHOB KOTopoii. HBJI»:eTCH 

peaKQIIH pa3BaJia ,neiiTpOHa D(d,pn) (CM. pIICYHOK 4). 

f En,dpn •Ndpn(En)dEn f En,dn •Ndn(En)dEn 
E - En E - -'Enc,__ _____ _ 

n,dpn - f N (E )dE ' n,dn - f N (E )dE 
(I) 

dpnn n dnn n 
En En 

rpEn(dpn) = f Ndpn(En)dEn, rpEn(dn) = J Ndn(En)dEn (2) 
En En 

;D(d,n) 

D(d,pn) 

AKTIIBHOCTII 

COOTBeTCTBYJOIIJ,IIe 

HII3K03HepreTwrecKOii 

HaCbIIIJ,eHIDI 

OCHOBHOll 

3H, 

II 

KOMIIOHeHTe 

IIepBttqHbIX HeiiTpOHOB, BbfqIICJIH-JIIICb C 

IICIIOJib30BaHIIeM Bbipa-iKeHIIii, 

.,,,,. IIpe,nCTaBJIHIOIIJ,lIX IIp0lI3-Be,neHIDI qIIceJI 

r \ »:,nep IICCJieeyeM0ro o6pa3Qa, 3HaqeHIIll 

J -.-_ II0JIHoro Bbl-xo,na 3H, coorneTCTByJOIIJ,IIX 

f 
'-._ ,-. paccqIITaHH0ii Ha ~CH0BaHIIII II3M':?eHHbIX 

-~ • CIIeKTP0B cpe,n:HeII 3HepmII HelITpOH0B 
O ot--.....,_-~2---~4----'6;e"l"'-'---,8--l KaiK,n:Oii KOMII0HeHThI CIIeKTpa, 3cpcpeKTIIB-

E,,MJB 

PHCYJIOK 4 - CneKTp nepBII'IHbIX HeHTJ)OHOB m 
peaKIJIIII D(d,n), :rnepnrn .z:1eil.Tp0H0B cocraruuma 
5M3B 

H0CTII pemcTpaQIIII HeiiTp0HOB, ceqeHIDI 

peaKQIIII .neneHIDI »:,nep IIccneeyeMoro 

o6pa3ua II IIJI0TH0CTlI II0TOKa HeiiTpOHOB, 

OIIpe,neneHHOii C IICII0Jib30BaHIIeM 

II3MepeHHbIX CIIeKTP0B. 

KpIIBaH CIIa,na IIHTeHCIIBH0CTII 3H, II3MepeHHa»: B 3KCIIeplIMeHTe, 

IIpe,nCTaBJI»:eT co6oii cyIIepII03IIQlIIO KpIIBbIX, IIonyqeHHbIX IIpII ,neneHIIII 

HeiiTpOHaMII, IIMeJOIIJ,IIMII pacIIpe.neneHIIe, npe,nCTaBJieHH0e Ha pIIC. 4. qIICJIO 

OTCqeToB N B KaHane h, 3apemCTpIIpOBaHHbIX IIpII II3MepeHIIII BpeMeHH0ii 

3aBIICIIM0CTII IIHTeHCIIBHOCTII 3H IICCJieeyeMoro o6pa3ua C IICil0Jib30BaHIIeM B 

Kaqecrne IICTOqHIIKa HeiiTp0H0B peaKQIIII D( d,n), M0iKH0 IIpe,ncTaBIITb B BII,ne 

cyMMbI qIIceJI oTqeT0B ,neTeKTOpa, C00TBeTCTBYJOIIJ,lIX K0MII0HeHTe IIepBIIqHoro 

HeiiTpOHHOro Il0TOKa, o6ycJIOBJieHHOro HeiiTpOHaMII II3 peaKQIIII D( d,n)-:- Nd,n(h) II 

qIIceJI 0TcqeTOB ,neTeKT0pa, CB»:3aHHblX C KOMII0HeHTOii HeiiTpOHHOro II0TOKa II3 

peaKQIIII D(d,pn) - Nd,pn(tk). 3a,naqa no OIIpe.neneHIIJO «qIIcToro» 3cpcpeKTa Nd,n(tk) 
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3aKJIJOqaeTCH B IIpe,nsapIITeJibH0M 0IIpe,neJieHIIII 3cp<peKTa Nd,pn(h) C II0CJie,nymIIJ,IIM 

BblqIITaHIIeM II0CJie,n:Hero II3 CYMMapHoro 3cp<peKTa N(tk). 
Mo.nenIIpOBaHIIe KpIIBOii CIIa,na MH HII3K03HepreTttqeCKOii rpyIIIIbI 

HeiiTp0HOB Nd,,,,(t,) IIp0B0.D:IIJI0Cb C IICII0Jib30BaHIIeM Bb!paiKeHIIH (3) C 

IIapaMeTpaMII, aHaJI0rII4Hb!MII IICil0Jib30BaHHb!M B 3KcnepIIMeHTe: BpeM»: 

o6nyqeHIDI, BpeMH II3MepeHIDI IIHTeHCIIBH0CTII 3H, qIICJI0 UIIKJI0B II3MepeHIDI: 

n ( a ) Nd,pn(tk)=A}i T; · A: •exp[-A; ·td·(l-exp(-A; ·Md) +B·Mk, (3) 

r.ne 

_ [ n I-exp[-n· t..; · Tn]l T; -{1-exp[-t..;-t;,,]) · [ f exp[-t..; · T]· 2 I-exp -A.;·T (1-exp[-t..;·T]) 

IIpe,nCTaBJI»:eT BbipaiKeHIIe, Oill1CbIBa10mee IICTOpIIIO o6nyqeHIIH, BKJIJ0qa10mee B 

ce6.ii: TaKIIe IIapaMeTpbl, KaK: qIIcJio QIIKJIOB n, nepIIo,n o,n:Horo QIIKJia II3MepeHIIii T 
II BpeM»: o6nyqeHIDI t;,,. 

A =En ·cr rq>•Nj"vd, 

r.ne Nd,pn(lk)-1IIICJIO 0TC4eT0B (HeiiTpOHOB peaKQIIII (d,pn)), 3apemCTpIIpoBaHHb!X 

,neTeKT0p0M BO BpeMeHH0M KaHane h ,nJIIITeJibH0CTblO dh, A - aKTIIBH0CTb 

HaCbIIIJ,eHIDI (HaBe,neHHaH aKTIIBHOCTb) »:,nep-IIpe.nrnecTBeHHIIKOB 3H, Vd- II0JIHblll 

Bb!X0.11: 3H Ha .neneHIIe; B - IIHTeHCIIBHOCTb HeiiTpOHHOro !pOHa, A; II a; -
II0CTOHHHa»: pacIIa,na II OTHOCIITeJibHbiii Bb!X0.11: i-ii rpyIIIIbl »:,nep

IIpe,nrneciBeHHIIKOB 3H; n - 1JIICJI0 QIIKJI0B; m - 1JIICJI0 rpyIIII »:,nep

IIpe.nrnecrneHHIIK0B 3H, T - IIp0.D:0JiiKIITeJibH0CTb 0.11:H0ro QIIKJia, BKJIJ04aJOIIJ,aH 

o6nyqeHIIe II II3MepeHIIe; En - 3cp<peKTIIBHOCTb ,neTeKT0pa HeiiTpOHOB; q> - IlOTOK 

HeiiTpOHOB, cr1 - ceqeHIIe ,neneHII»:, Ni - tJIICJI0 .ii:,nep IIccneeyeMoro ,nen.ii:meroc.ii: 

ttyKJIII,na. 

OTHOCIITeJibHble Bb!X0.11:bl II IIepII0.11:bl II0nypacIIa,na »:,nep-npe,nrnecTBeHHIIKOB 

3H MH cpe,n:Heii 3HepmII HII3K03HepreTttqeCKOii rpynIIbI HeiiTpOHOB, II0nyqeHHOii 

C II0M0IIJ,blO BbipaiKeHIDI (3), 6bIJIII IIonyqeHbI B 0T.D:eJibH0M 3KCneplIMeHTe IIPII 

IICil0Jib30BaHIIII peaKQIIII Li(p,n) B Ka11ecrne IICT0lJHIIKa HeiiTpOHOB [2]. 
OueHKa 0TH0CIITeJibHbIX BbIX0.11:0B 3H (a;) II nepII0.11:0B II0nypacIIa,na lIX »:,nep

npe,nrnecTBeHHIIKOB (T;) np0B0.D:IIJiaCb C IICII0Jib30BaHIIeM Mero.na HaIIMeHbIIIlIX 

KBa,npaTOB H'a 0CHOBaHIIII BbipaiKeHIIH (3). Pe3yJibTaTbl II3MepeHIDI BpeMeHHbIX 

IIapaMeTp0B 3H IIpII .neneHIIII »:,nep 235U HeiiTpOHaMII npe,ncTaBJieHbI Ha pIIC. 5 B 

TepMIIHax 3HepreTttqeCKOii 3aBIIClIM0CTII cpe,n:Hero IIepIIo,na nonypacIIa,na <T> 
»:,nep-IIpe.nrnecrneHHIIK0B 3H 

<T>=I_a. ·T I I, 
i 

r.ne a; - 0TH0CIITeJibHblll Bb!XO,n i-ro IIpe.nrnecTBeHHIIKa 3H IIJIII OTH0CIITeJibHblll 

Bblxo.n i-ii rpyIInhI 3H, a T; - IIepIIo,n IIonypacna,na i-ro IIpe.nrnecrneHHIIKa 3H IIJIII 

i-ii rpynIIhI 3H. 
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--ENDF/B-VII. 1-BROND-3.1 
~ <1>3H O Keepin, 1957 
<3 Rose, 1957 ♦ Loaiza, 1997 
0 Charlton, 1998 V Cox, 1968 
■ Besant, 1977 I:;. Gudkov, 1989 
► East, 1970 4s Auguston, 1969 
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PIIC)'HOK 5 - 3HepreT11qecKID1 3aBIICIIMOCTb cpenHero rrep11ona IIOJiypaCIIMa llnep

rrpenrneCTBCHHIIKOB 3H rrp11 neJICHIIII llnep 
235U HeihpoHaMII 

Btt)].HO, qTo JHaqeHttll cpe)].Hero neptto)].a nonypacna)].a ll)].ep-

npe)].UieCTBCHHttKOB 3H, nonyqeHHbie )].pyrttMll aarnpaMll [2, 4, 5, 6, 7], a TaK:)KC 

)].aHHhie, nonyqeHHbIC B pe3yJihTaTC pacqeTa C llCTIOJib30BaHHCM ceqeHttii 

3MttccttoHHOro )].eJieHllll tt3 606nttoTeK ENDF/B-VII. l tt BROND-3.1, nptt )].eneHtttt 

ll)].Cp 235U HCHlpOHaMll B npe)].eJiax Heonpe)].eJICHHOCTeii cornacyIOTCll C 

nonyqeHHh!Mll B HaCTOlllll,CH pa6oTe 3HaqeHllllMll. 3HepreTttqCCKall 3aBllCllMOCTb 

cpe)].Hero neptto)].a nonypacna)].a ll)].ep-npe)].UiecTBCHHHKOB 3H, paccqIITaHHall c 

llCTIOJib30BaHtteM ceqeHttii 3MIICCllOHHOro ,l]_CJICHllll, npe)].CTaBJICHHblX B 

6II6nttoTeKax ou,eHeHHhIX H)].epHhIX )].aHHhIX ENDF/B-VII.1 0 BROND-3.1, 

COBIIa)].aeT C TQqHQCTblO ,l]_O 3HaqeHttii 3Hepmii. 

.D:aHHhie pa6oT fy)].KOBa II noatt3hl [8, 9] B o6nacrn 3Hepmii OTO ,l]_O 2,5 M3B 

JIC)KaT BbIUie nonyqeHHhIX 3HaqeHttii, )].aHHhIC MaKCIOTCHKO IIMCIOT 3HaqIITeJihttylO 

,l]_IICI1epc010 3HaqeHttii B o6naCTll 3Hepmii nepBttqHbIX HCHlpOHOB BbIUie 4 M3B; 

BbIUie nepeqttCJICHHOe MO)KCT 6b!Tb Bbl3BaHO He ,l]_OCTaTOqHbIM yqeTOM 3q>q>CKTOB, 

B03HttKaIOIIl,llX B npou,ecce II3MepeHttii • .D:aHHhie, nonyqeHHbie C llCIIOJib30BaHtteM 

GEF KO)].a, cornacyIOTCll C 3KCnepttMCHTaJibHhlMll )].aHHbIMll B o6naCTII ,l]_O 1,5 M3B, 

B OCTaJibHOii o6nacrn 3Hepmii nepBttqHblX HCHlpOHOB - JIC)KaT Hll)KC 3HaqeHIIii, 

nonyqeHHbIX 3KCIIepIIMCHTaJihHO, qTQ TI03BOJillCT C,l]_CJiaTh BhIBO,l]_ 0 KaqeCTBe 

cymecTByIOIIl,llX MO,l]_eJieii pacqeTa BbIXO,l]_OB npO)].yKTOB ,l]_CJICHllll. 

Bo BTopoii rJiaBe IIpIIBO)].llTCll OIIttCaHtte 3KCnepIIMCHTa, IIOCBlllll,CHHOro 

ll3MepeHlllO BpeMCHHbIX xapaKTepttCTIIK 3H nptt ,l]_CJICHIIII ll)].Cp 
236U, 238U, 237

Np, 
241 Am HeiilpOHaMtt, reHepttpyeMhIMtt B peaKU,IItt T(d,n). CxeMa 

3KCnepttMCHTaJihHOH ycTaHOBKll npe)].CTaBJieHa Ha pttcyHKe 6. 
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TTY~ - rrpenyc11n11Tenh, ycHJIIITeJih II n11cKp11M11HaTOp, C - CYMM11pyiorn11if Monynh, 

TTY - rrpeeycHJI11TeJih II ycHJI11TeJih, IIK - 3JieKrpoMarn11THh1if KJiarraH, ~II - narq11K 

IIOJIOlKCHllll o6pa3l\a, EY - 6JIOK yrrpaBJICHllll, JlTq - rrpeo6pa30BaTCJib TOK-qaCTOTa, 

AJ..Ul - aHanoro-nmlipoBoif rrpeo6pa3oBaTeJih, IIYC - rrporpaMMHo-yrrpaBJil!CMhitt cqerq11K, 

MKC - MHOfOKaHaJibHblll cqerq11K, r - KBapl_\CBblll reHepaTOp IIMIIYJibCOB, Err - 6JIOK IIIITaHllll, 

11 - rrpepbIBaTCJib, 3M - 3JICKTPOMarHIITHblll rrp11Bon rrpephIBaTCJill, ~ - n11aipparMa 

IIOHOIIpOBona, M - MIIIIICHb ycKOpllTCJill, ~ - KaMepa neneHllll, E - neTeKTOp IIOTOKa 

rrepBllqHbIX HettrpOHOB, 113fOTOBJICHHblll Ha 6a3e cqerq11Ka C TBCPnhIM 6opHblM PMllaTOpOM, 

pa6oTaIOIIIllll B rrporropl_\llOHaJibHOM pelKIIMC, C 1 - cqerq11K C rrpenycTaHOBKOll 3HaqeHllll 

3KCII03111_\1111, C2 - cqerq11K IIHTCrpaJibHOro q11cna IIMIIYJibCOB C rrpeo6pa30BaTCJlll (J1Tq) II 

neTCKTOpa IIOTOKa rrepB~HblX HettrpOHOB E, C3 - cqerq11K q11cna IIMIIYJibCOB C 

rrpeo6pa30BaTeJill JlTq II neTCKTOpa IIOTOKa rrepa11qHblX HettrpOHOB E B 3MaHHblX IIHTepaanax 

BpCMCHII 

PIIC)'HOK 6 - EnoK-CXCMa 3KCIICp11MCHTaJibHOll yCTaHOBKII 

Ilpou,e)].ypa ll3MepeHIIll BpCMCHHbIX 3aBHCllMOCTeii cna)].a llHTCHCllBHOCTll 3H 
6hma aHaJIQfllqHa OTIIICaHHOii a nepaoii rnaBe )]_Jlll ,l]_CJICHllll ypaHa-235 HCHlpOHaMII. 

OTJillqIIll ,l]_aHHOro 3KCIIepttMCHTa 3aKJIIOqaJIIICb B llCIIOJib30BaHIIII B KaqecTBC 

qyBCTBllTCJihHOro 3JICMCHTa ,l]_CTCKTOpa HCHlpOHOB cqeTqllKOB C TBep)].blM 6opHbIM 

pa)].IIaTOpOM B KOJittqCCTBe 30 IIITYK, pacnpe)].eJieHHblMII B IIOJill3TllJICHOBOM 

JaMeMttTene 0 CIICTCMhI ynpaaneHttll 3KcnepIIMeHTOM Ha 6aJe Kpeiirn KAMAK. 

,n:irn reHepaU,IIII HCHlpOHOB llCTIOJih30BaJiaCb TBep)].all lpllTllCBall MllllICHh, 

6oM6ap)].ttpyeMall ycKopeHHb!Mll ,l]_CHlpOHaMtt. 
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B npouecce npoBe,!l,eHIDI II3MepeHIIH. BpeMeHHhIX xapaKTepttCTlIK 3H nptt 

,!l,eJieHtttt H,!1,ep 236U, 238U, 237Np, 241 Am HeiiTPOHaMtt c :rneprnHMtt oT 14 ,!l,O 18 M3B, 

reHepttpyeMb!MlI B TBep,!1,0H. TPHTtteBoii MttIIIeHtt, 6hIJIO o6Hapy)l(eHO, qrn CKOpOCTh 

cqem ,!l,eTeKTopa c MOMeHTa nona,!l,aHttH o6nyqeHHOro o6pa3Ua B ,!l,eTeKTop 

B03pacTaeT ,!1,0 onpe,!1,eJieHHOro MOMeHTa lI Jllilllh IlOTOM HaqttHaeT cna,!l,aTh, qTO 

CBtt)J,eTeJihCTBOBaJIO O HapyIIIeHttlI cqeTHhIX xapaKTepttCTlIK ,!l,eTeKTopa B MOMeHT 

OKOffqaHttH o6nyqeHIDI. 

0,!1,HOH. lI3 B03MO)l(HblX npttqttH Il0,!1,06Horo paCXO)l(,!l,eHttH MO)l(eT 6h!Th 

3<p<peKT 6JIOKttpOBKlI ,!l,eTeKTopa, TIOMeIQeHHOro B cpeey BhICOK03HepreTttqeCKlIX 

HeiiTPOHOB. 

BbICOKO 3HepreTttqecKtte HeHTPOHhl npOHlIKaIOT qepe3 JamttTY ,!l,eTeKTopa lI 

C03,!1,aIOT HaJIO)l(eHHhJe ttMnyJihChl B 6opHbIX cqeTqttKax. BCHKlIH. pa3, KOr,!1,a npeBhl-

I 50MKAI 

f I 
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"l t :~ 1-JOMKAJ : :; I 5 JO 15 20 25 30 

·~~---~--~--~ l::::::1~ 
0 5 10 15 W 25 30 
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PHc)'HOK 7 - CKopoCTh cqern Heii'rpoHoB Am-Li 
HCTOqHHKa 3aperHCTpHpOBaHHM ~eTeKTopoM 

HeiiTPOHOB IlOCJie ero BhI~eplKKH B IlOTOKe HeHTPOHOB 

pmimqHoii HHTeHCHBHOCTH m peaK1(HH T(d,n)4He. 

(3HaqeHHJI TOKa HOHOB 6h!JIH yCTaHOBJieHhl Ha yposue 

10, 20, 30 H 50 MKA) 

IIIaeTCH eMKOCTh npe,!1,yCJUittTe

Jieii ,ll,JIH o6pa6oTKlI OT,!l,eJibHOro 

cttrnana, npottcxo,!l,ttT ,!1,erpa,!1,a

UttH CKOpOCTlI cqeTa ,!l,eTeKTopa 

HeiiTPOHOB. BoccmHoaneHtte 

HOpMaJihHOH. CKOpOCTlI cqeTa no

cne IlhIKJIIOqeHIDI nyqKa 3aHtt

MaeT HeKOTOpoe BpeMH II 3aBttClIT 

OT IIHTeHClIBHOCTII II 3HeprIIII 

nyqKa nepBttqHhIX HeiiTPOHOB. 

,Alm yqem BJIIIHHIDI ,!l,aHHOro 3<p

<peKTa 6hIJI IlOCTaBJieH ,!l,OilOJIHlI

TeJibHhlH. 3KCnepttMeHT, B KOTO

poM BpeMeHHaH 3aBttCIIMOCTh 

CKOpOCTII cqem HeiiTPOHOB Am
Li lICTOqHttKa II3MepHJiaCb Cpa3y 

nocne o6nyqeHIDI ,!l,eTeKTOpa no

TOKOM HeiiTPOHOB II3 peaKQIIII 

T(d, n)4He npII pa3JittqHOii BeJIII

qIIHe TOKa IIOHOB. nhIJIO BhlHCHeHo, qTo 3aBIICIIMOCTh CKOpOCTII cqeTa HeHTPOHOB B 

ycJIOBIDIX npe,!1,BapttTeJibHOro o6nyqeHttH ,!l,eTeKTopa a IlOTOKe HeiiTPOHOB HOCIIT 

3KCTIOHeHQIIaJihHhIH. xapaKTep II MO)l(eT 6b!Th OTIIICaHa aHaJilITttqeCKlIM 

Bb!pa)l(eHtteM (4) (CM. pIIC. 7). 

y= Yo +A1(l-e-xlt1 )+A2(l-e-xlt2 ), (4) 

K03<p<pttutteHThI Yo, A1, 11, A2 , t2 - onpe,!1,eJIHIOTCH B npouecce onIIcaHIDI 

II3MepeHHhIX 3aBttCIIMOCTeii CKOpOCTII cqeTa. 

IlonyqeHHOe Bb!pa)l(eHIIe Il03BOJIHeT nonpaBIITh lI3MepeHHhie KplIBhJe cna,!l,a 

IIHTeHCIIBHOCTII 3H. B ueJIHX MIIHIIMII3aQttlI 3<p<peKTa ,!1,erpa,!1,aQIIII CKOpOCTII cqeTa 

,!l,eTeKTopa HeiiTPOHOB ace II3MepeHttH BpeMeHHhIX xapaKTepIICTlIK 3H 
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] 
) 

] 

npOBO,!l,JUilICh nptt MlIHlIMaJihHOM (B ,!l,aHHOM 3KCnepIIMeHTe) TOKe ,!l,eHTPOHOB 

(10 MKA). 
TaK*e B npouecce npoae,!l,eHttH II3MepeHttii apeMeHHhIX xapaKTepttcTIIK 3H 

nptt ,!l,eJieHIIlI H,!1,ep 236U, 238U, 237Np, 241Am HeHTPOHaMtt C 3HeprttHMII OT 14 ,!1,0 

18 M3B, reHepIIpyeMb!MlI B TBep,!1,0H. TPHTtteBoii MttIIIeHtt 6bIJI o6Hapy)l(eH pOCT 

q0cna HeHTPOHOB, reHepIIpyeMhIX MttIIIeHbIO C TeqeHIIeM BpeMeHtt. 

bhIJIO C,!l,eJiaHO npe,!1,TIOJIO)l(eHIIe 06 o6pa30BaHIIII ,!l,OilOJIHIITeJihHOro 

IICTOqHttKa HeiiTPOHOB B pe3yJihTaTe lIMTIJiaHTaQlilI ,!l,eiiTPOHOB B IlO,!l,JIO)l(KY 

MttIIIeHII. ,lJ;aHHhIH. 3<p<peKT 6hIJI IICCJie,!1,0BaH B OT,!l,eJihHOM 3KCnepIIMeHTe, B 

KOTOpOM BMeCTO MttIIIeHtt IICTIOJih30BaJICH IIIa6JIOH, II3roTOBJieHHhIH. no TOH )l(e 

TeXHOJIOrIIII, HO 6e3 ,!1,06aBJieHIDI H,!1,ep )J,eiiTepIIH JUIII TPIITIIH; nepe,!1, IIIa6JIOHOM 

ycTaHaBJilIBaJICH 06pa3eu ypaHa-238, KOTOpb!H. o6nyqancH B TeqeHIIe 3a,!l,aHHOro 

BpeMeHtt, nocne qero npOBO,!l,JUIPCh II3MepeHIIe HaBe,!l,eHHOH. aKTIIBHOCTlI H,!1,ep

npe,!1,IIIeCTBeHHlIKOB 3H. 11ccJie,!l,OBaHIDI IlOKa3aJitt, qTo 3HaqeHIIe aKTIIBHOCTII 

pacTeT ,!l,O _aenIIqIIHhI HaKoTIJieHHoro 3apH,!1,a ~27 Kn (cM. pttcyHoK 8), nocne qero 

Bh!XO,!l,IIT Ha HaCbIIQeHtte. 

JO~-~-~~-~-~-~-~~-~-~ 

~ 
b 
>< 4 
'<: 

JO 15 ID ~ W H • 

l.Q, KJI 

PHCYHOK 8 - 3aBHCHMOCTh aKTHBHOCTH JI~ep

npe~ureCTBeHHHKOB 3H o6pm~a 
238U OT 

HaKOITJieHHOro Ha MHIIIeHH ycKOpHTeJIJI 3apJI~a 

~eHTPOHOB 

IlonyqeHHbie ,!l,aHHhJe 0 

3aBttCIIMOCTII aKTlIBHOCTlI H,!1,ep

npe,!1,IIIeCTBeHHlIKOB 3H o6pa3Ua 238U 
OT HaKOTIJieHHOro Ha MlIIIIeHtt 

ycKopIITeJIH 3apH,!1,a ,!l,eiiTPOHOB 

A(~Q) npII o6nyqeHIIII o6pa3Ua a 

noTOKe HeiiTPOHOB lI3 peaKQIItt D(d, 
n )3He KoppeJIIIPYIDT C ,!l,aHHhIMII 0 

3apH,!1,e IIOHOB, HaKaTIJIIIBaeMOM Ha 

MIIIIIeHII ycKOpIITeJIH, II Il03B0JIHIOT 

yqeCTh 3<p<peKT OT B03HIIKaIOIQero 

,!1,0TIOJIHIITeJihHOro lICTOqHttKa 

HeiiTPOHOB B II3MepeHIIHX 

OTHOCIITeJibHh!X Bh!X0,!1,0B 3H II 

neptto,!l,OB nonypacna,!l,a HX H,!1,ep-

npe,!1,IIIeCTBeHHlIKOB npII ,!1,eJieHttlI 
238U HeiiTPOHaMtt B IIHTepaane 3Heprni1 OT 14 ,!l,O 18 M3B. 

Ilocne aBe,!l,eHIDI nonpaBoK, yqIIThIBaIOIQIIX onIIcaHHhie BhIIIIe 3<p<peKThI, 

3KcnepIIMeHTaJihHO II3MepeHHhJe BpeMeHHbie 3aBttClIMOCTII cna,!l,a IIHTeHCIIBHOCTII 

3H nptt ,!l,eJieHIIlI H,!1,ep 236U, 238U, 237Np, 241 Am HeHTPOHaMII B ,!l,IIanaJOHe OT 14,23 

,!1,0 17,98 M3B 6bIJilI o6pa6oTaHhl C ueJibIO oueHKlI BpeMeHHhIX napaMeTPOB 3H. 

IlonyqeHHhie Ha6opbl BpeMeHHhIX napaMeTPOB 3H npe,!1,CTaBJieHbl Ha pIICYHKe 9 a 

TepMIIHax 3HepreTIIqecKoi1 JaBIICIIMOCTII cpe,!1,Hero neptto,!l,a nonypacna,!l,a <T> 
H,!1,ep-npe,!1,IIIecTBeHHlIKOB 3H. 

Hayquo-TeXHHqecKaH 
6n6nuoTeKa 

OHRH 
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B TpeTheii rJiaBe npHBe.U,eHO OilHCaHHe MeTO.U,a HCCne.u,oaamrn 

'.}HepreTWieCKOH 3aBHCHMOCTH ceqeHHH 3MHCCHOHHOro .u,enemrn H.u,ep 238U 

HeiiTpoHaMH C HCilOIlh3OBaHHeM IlOJI)"IeHHOH 3KCnepHMeHTanhHO BenHqHHhl 

cpe.u,Hero neptto.u,a nonypacna.u,a H.u,ep-npe.u,rnecTBeHHHKOB 3H. 

3KcnepHMeHTanhHOe Hccne.u,oBaHHe HettTpOHHhIX peaKQHH, 

conpOBO"lK.U,aIOmHXCH MHO"lKeCTBeHHhIM ttcnycKaHHeM HeHTpOHOB, npe.u,CTaBnHeT 

co6ott o.u,ey H3 cnO"lKHeHIIIHX 3a.u,aq H.u,epHOH !pH3HKH, KOTOpaH He MO"lKeT C 

.U,OCTaTOqHoii CTeneHbIO Ha.U,e"lKHOCTH 6bITh perneHa 6e3 TeOpeTWiecKoro aHanma 

3KCnepHMeHTanhHhIX .u,aHHhIX. Ha npaKTHKe He cymecrnyeT IIpHMhIX 

3KCIIepHMeHTanhHhIX MeTO.U,OB, C IlOMOIUhIO KOTOpblX MO"lKHO 6hill0 6hr npoaepHTh 

cnpaae.u,nHBOCTh npe.U,CTaBneHHH O rnaHCOBOH CTpyKrype ceqeHHH .u,eneHHH [10]. 
CymecTByIOT nHIIIh .u,aHHhie IIO BKna.u,y ceqeHHH nepaoro IIIaHca B ceqeHHH peaKQHH 
235 U(n,j), nonyqeHHble C IlOMOIUhIO .u,aHHhlX IIO MHO"lKeCTBeHHOCTH HettTpOHOB 

!pOTO.U,eneHHH 236U [11], a TaK"lKe Ha OCHOBaHHH 3aBHCHMOCTH IIOnHOH 3HeprnH 

MrHOBeHHOro raMMa-H3JI)"IeHHH OT cpe.u,Hero qttcna MrHOBeHHhIX HeHTpOHOB 

.u,eneHHH [12]. 
IlpH 3HeprnH B036y"lK.u,eHHH (E*), npeBhIIIIaromeii cyMMY 3HeprnH CBH3H 

HettTpOHa B H.U,pe Bn H BhICOThl 6apbepa .u,eneHHH EJ-I H.u,pa A-1 

E* >EA-l +BA 
- f n' 

IlOHBnHeTCH BepOHTHOCTh npOTeKaHHH npouecca 3MHCCHOHHOro .u,eneHHH, T.e. 

.u,eneHHH H.U,pa C npe.u,aapttTenhHhIM ttcnycKaHHeM O.U,Horo HnH HeCKOilhKHX 

HettTpOHOB. IlpH 3HeprHHx BhIIIIe nopora E* Ha6nro.u,aeMbie xapaKTepHCTHKH 3H 

HBnHIOTCH cpe.u,HHMH aenttqHHaMH no cneKTpy HeCKOilhKHX .u,enHIQHXCH H.U,ep, .u,nH 

cnyqa»- .u,eneHHH 2380 HettTpOHaMH - 2390*, 238U*H 2370*. lfaBeCTHO, qTO BenHqHHa 

cpe.u,Hero neptto.u,a nonypacna.u,a H.u,ep-npe.u,rnecTBeHHHKOB 3H <T(A, En)> 

O.U,HO3HaqHO CBH3aHa C ttyKnOHHhIM COCTaBOM .u,en»-merocH KOMnayH.u,-H.u,pa H ero 

3Heprnett B036y"lK.u,eHHH [13]. B o6nacTH 3MHCCHOHHOro .u,eneHHH cpe.u,HHH nepHO.U, 

nonypacna.u,a H.u,ep-npe.u,rnecTBeHHHKOB 3H onpe.u,enHeTCH cyMMOH cpe.u,HHX 

nepHO.U,OB nonypacna.u,a H.u,ep-npe.u,rnecTBeHHHKOB 3H, o6pa3yIOIUHXCH a 

pe3ynhTaTe .u,eneHHH Ka"lK.u,Oro H3 KOMnayH.U.-H.U,ep C BeCOM, nponopUHOHanhHhIM 

coorneTcrnyromeMy naputtanhHOMY ceqeHHIO .u,eneHHH. 

II03TOMY cpaBHeHHe HHTerpanhHhIX 3HaqeHHH <7>, nonyqeHHhIX B npHMOM 

OilhITe, C COOTBeTCTByIOIUHMH 3HaqeHHHMH, BhlqHcneHHhIMH C HCIIOilh3OBaHHeM 

Bbipa"lKeHHH (5) Ha OCHOBaHHH npe.u,nonaraeMOH IIIaHCOBOH CTpYKTYPhl ceqeHHH 

.u,eneHHH H cpe.u,HHX nepHO.U,OB <T(A, En)>, <T(A-1, En1)>, <T(_A-2, En2)>, 
COOTBeTCTByIOIQHX .u,en»-IQHMCH KOMnayH.U,-H.U,paM 2390*, 2380* lI 2370*, IlO3BOIlHeT 

cy.U,HTh O IlOBe.U,eHHH naputtanhHhlX ceqeHHH .u,eneHHH B 3aBHCHMOCTH OT 3HeprnH 

nepBWIHhIX HettTpOHOB En: 

< T(A,En) > an,11· < T(A,En) > +an,n'f' < T(A-1,Eni) > +an,2n'f' < T(A-2,En2) >, (5) 
a 1(En) 
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r}].e <J 1(En) = <Jn,fl + crn,n'f + crn,2n'f' crn,fl' <Jn,n'f' an,2n'f - cooTBeTCTBeHH0 

ce11emrn napummhHhIX peaKUIIii (n, fl), (n, n'j), (n, 2n'j); En1, En2 - 3Heprm1 

nepBII11HbIX HeiiTPOHOB B napumUihHbIX peaKUirnX (n, n 'j) II (n, 2n 'j), 
C00TBeTCTB)'IOIUaH 3HepmII B036)')1(}].eHirn K0MIIa)'H}].-H.!1.ep 238U• II 2370• IIpII 

3MIICCII0HH0M }].enemrn H}].pa A HeiiTP0HaMII c 3Hepmeii En. 
,Alm BCex II3)'11eHHbIX H)'KJIII}].0B BeJIII'IIIHa <I> B nepB0M npII6JimKeHIIII 

JIIIHeiiH0 yMeHbIIIaeTCH C yBeJIIIlleHIIeM 3HepmII nepBII11HblX HeiiTPOHOB ( CM., 

HaIIpIIMep, [2]). TI03TOMY IIH!pOpMaUIIH 06 3HepreTII11eCKOii 3aBIICIIM0CTII cpe}].Hero 

nepII0.!1.a nonypacna}].a H.!1.ep-npe}].IIIecTBeHHHK0B 3H <T(A, En)> MH }].eJIHIUHXCH 

H}].ep-MHIIIeHeii 238U, 2370, 236U fihIJia II0JiyqeHa II)'TeM 0IIHCaHHH II3MepeHHbIX 

paHee 3KCIIepHMeHTaJibHblX }].aHHbIX JIHHeiiHoii 3aBHCIIM0CTblO 

<T;(A-i, En;)>=c;+d;·Eni, r}].e IIH}].eKC i = 0, 1, 2 0TH0CIITCH C00TBeTCTBeHH0 K 

peaKUHHM (n,fl), (n, n'j), (n, 2n'j). 
3Kcnep0MeHTaJihHO II3MepeHHbie 3Ha11eHirn cpe.!1.Hero nepIIo}].a nonypacna}].a 

H.!1.ep-npe}].IIIecrneHHHK0B 3H npII }].eneHHH H.!1.ep 238U II 236U [2, 14] 0 

annp0KCHMaUH0HHhie npHMble npe}].CTaBJieHbl Ha pHC)'HKe 10. 
3HatieHIIH <I> }].JIH 237 U, C00TBeTCTB)'IOIUHe 3HepmII 6hICTPhIX HeiiTPOHOB 

(-1 M3B), nony11eHbl C II0M0IUblO CIICTeMaTHKlf cpe}].Hero nepH0}].a nonypacna}].a 

H}].ep-npe.!1.IIIecrneHHHK0B 3H <I>=exp(a+b·(AJZ)·92), r}].e Ac H Z - MaccoBoe 

lllfCJI0 II 3apH.!1. K0MIIa)'H.!1.-H.!1.pa (CM. pHC. 11) [15, 16]. 3HatieHIIe HaKJI0Ha d; }].JIH 

3HepreTII11eCK0ii 3aBHCHM0CTlf <T(237U)> npHHHT0 paBHblM 0, 125 c/MJB. 

u 

9,0~~~~-~~~~---~~~~-~ 

8,5 

8,0 ----------7 5 r d<T>/dEn=-{0,109±0,019) c/f\.bB 
' <To>=S,06±0,07 c 

7,0 

~-- 6,5 V 
6,0 

5,5 

t______ ____ 
5,0 ~ d<T>/dEn=~0.125±0,0Jl)c/M,B 

4,5 <To:=5,7~,12~ I I 

u u ~ u u u u u u u u 
E.,M,B 

CilJIOIIIHaJI JlllHIUI - JlllHeHHaJI 
arrnpOKCHMa~llJI 3KCnep11MeHTaJibHblX 

3HaqeHllli 
PttC)'HOK 10 - 3HepreT11qecK11e 
3as11c11MoCT11 cpe,nHero nep110,na 
nonypacna,na n,nep-npe,n111ecrneHHHKOB 3H 
nptt ,neJieHllll 238U (KBa,npaTbl) 11 236U 
(Kp)')KKll) 6bICTpblMH HeliTpOHaMH 

u 

~ 

16 
15 
14 
ll 
12 

II 

10 

• •HlOTOTiblU 

0 ·HlOTO!ILIPu 

'v, •HlOTOIILIAm 

t::,. -Th-232 
& -Np-237' 

- -CHCTCMIITHKII <T>=exp(a+b(Ac/Z)92) 

233 234 235 236 237 238 239 

(A/2)92 

CilJIOIIIHaJI JIHHHH - arrnpOKCHMa~IUI 
CHCTeMarnqeCKOli 3aBJICJIMOCTblO 

<7>=exp(a+b·(AJZ)·92) 
PHC)'HOK 11 - CJICTeMaTJiqeCKaJI 3aBllCJIMOCTb 
cpe,nHero nepno,na nonypacna,na n,nep
npe,n111eCTBeHHHKOB 3H np11 ,neneHHll n,nep Th, U, 
Np, Pu, Am 6bICTphIMH HeliTpoHaMJI OT 
napaMeTpa (AJZ)·92 ,nennmerocl! llJipa [15, 16] 

3HatieHHH En1 lf En2 6blJIII oueHeHbI Ha 0CH0Be 3HepreTII11eCK0ro 6anaHCa 

peaKUHii, CBH3bIBaIOIUero 3HepmH B036)')1(}].eHHH lfCX0}].H0ro E~ lf 0CTaT0'IH0ro 

H}].pa E~-1 B npouecce IICII)'CKaHirn npe}].paBH0BeCHbIX HeiiTP0H0B 

20 

* ,,. * 
EA = Enl + Bn,A lf E-A-I =EA - En - Bn,A, 

C 3HeprirnMlf CBH3II HeiiTPOHOB Bn lf3 pa60Tbl [17] lf 3Ha11eHirnMlf cpe}].HHX 

3Hepmii npe}].paBH0BeCHbIX HeiiTP0H0B lf3 pa60Tbl [18], oueHeHHblMlf }].JIH peaKUIIH 
238U(n,j). 

,Alm BblllIICJieHirn cpe}].Hero nepH0}].a nonypacna}].a H}].ep-npe}].IIIeCTBeHHIIK0B 

3H IIpII }].eJieHHlf H}].ep 238U C II0M0IUbIO BbipmKeHirn (5) B HaCTOHIUeii pa6oTe 6hlJilf 

HCII0Jib30BaHbl 3HepreTII11eCKHe 3aBHCHM0CTlf ce11eHHii }].eJieHirn lI3 606JIIIOTeKH 

ENDF/B-VIl.1 [19], a TaK)l(e ce11eHHH lI3 pa6oT [18, 20]. 

Pe3)'JlhTaThl paClleT0B npe}].CTaBJieHhl Ha pHC)'HKe 12 (3Be3}].hl, poM6hl, 

TPeyroJibHHKH, Kp)')l(KII C OTJIHBOM) BMeCTe co 3Ha11eHirnMII, II3MepeHHbIMII 

3KCIIepHMeHTaJibH0 (KBa}].paTbI). 

7,0 

6,5 

6,0 

u 
,.: 
f--
V 5,5 

5,0 

..:.■-H l aCTOllllIM pa6 · 
,+- 6oliKOB 11 OTa 
+'•-EN ,np., 1991 

-:t'if- DF/8-VII.l i 
j_*_ ENDF/8-.VIII.O] - i -

HruaTIOK 11 , , , 
-o- Mo.nw" .np., 1990 ' I i i ·1 

-i-1__: 'I'· ,HruaTIOK I ! i ].' 
, e====r-<~~l l ! , I T . 

g ' 

A 

i *-=======::!::= 
! ♦-;--...:...--.!--

---- i ----,---- T -- __ L ♦ 

4,5 "-----"'-----'--'----'---'-__.___,___,____.__~_.___~._____.___.__,___,___,___, 
14,0 14,5 15,0 15,5 16,0 16,5 17,0 17,5 18,0 18,5 

E",M3B 
PttC)'HOK 12 - CpaaHeHJie 3HepreTJiqeCKJIX 3aBJICJIMOCTeli cpeJIHllX nepl!OJIOB nonypacna,na 
llJiep-npe,n111eCTBeHHJIKOB 3H npn ,neJieHJIJI 2

38U, ll3MepeHHblX 3KCnepHMeHTaJibHO, a TaIOKe 
paccq11TaHHhlX a HaCTollmeli pa6oTe 

BH}].HO, 11T0 paCClllfTaHHbJe Ha 0CH0BaHHlf }].aHHbIX 6H6JIHOTeK lf pa60T [18, 

20] 3Ha11eHirn cpe}].Hero nepHo}].a nonypacna}].a ne,r<aT Hlf)l{e nonyqeHHblX 

3KCIIepIIMeHTaJibH0. TipH11lfHOii paCX0)l(}].eHirn M0r)'T HBJIHTbCH 3aHlf)l{eHHhie 3Ha-

11eHirn ce11eHHii peaKUIIII (n, 2n 'j) B nepetIHCJieHHblX BbIIIIe pa6oTax. ,Alm 
cornacoBaHHH 3KCIIepHMeHTaJibHblX II BbllllfCJieHHblX 3Ha11eHIIii <I> 6h1Jla 

BhIII0JJHeHa BapIIau,Irn napu,IIaJihHhIX ce11eH0ii. (n, fl) H (n, n 'j), a ce11eHIIe (n, 2n 'j) 
6bIJIO nonyqeH0 c II0M0IUbIO Bblp~eHHH (n, fl)+ (n, n'j) + (n, 2n'j) = (n, j). B 

pe3)'JihTaTe 6brno nonyqeHo pa3JI0)KeHIIe nonHoro ce11eHirn }].eJieHirn Ha 

napuHaJibHb!e C0CTaBJIHIOIUHe (CM. pIIC. 13), K0T0poe II03B0JIIIJI0 npIIBeCTlf B 

C00TBeTCTBHe 3KCIIepHMeHTaJibHbie 3Ha11eHirn <I> C BbllllfCJieHHblMlf. 3HatieHirn 

<I>, BbllllfCJieHHhie C lfCII0JJb30BaHHeM MO}].II!plfUHpOBaHHOro pa3JI0)KeHHH 
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nonHoro ceqemrn aenemrn Ha napu,ttanhHhie (npeacrnsneHhl Ha pttc. 12 OTKphIThIMII 

Kpy)KKaMtt), COBila,ll.aIOT C ll3MepeHHhIMll 3HaqeHIDIMll cpe,ll.Hero neptto,ll.a 

nonypacnaaa H,ll.ep-npearnecTBeHHIIKOB 3H B npeaenax HeonpeaeneHHocreli. 

1.6 --(n,f)HrHaTJOKHllP- 1990 B qeTBepTOU rJiaBe 
• (n,fl)--(n,fl)HrHaTIOKHAP-, 1990 npttBe,ll.eHO onttcaHtte MeTO,ll.a 

1.4 A-(n,n'f)· ·(n,n'f)HrnaTJOKHAP-, 1990 •-• ,h 6 6 
-, (n,2n'f) ... - (n,2n'f) HrnaTIOK u AP-, 1990 .--- neptt'l:'llKaIJ,llll ll JlllOTeK 

u ~~ 

1.0 ,··········--· 
! J ............ - ~.., 
,_......_~ J..11,.~-A-Jl.6---& 

---i~,,--- - ···- . ____,, - -... - ... --------

~ 
~ 0,8 

. '° 
b 0.6 

0,4 -~ .... ,,.. -----
0.2 '.... "Y -~--- '4 • • • 

O,Q -•-:!:.v • T •¥TT T • Y'Tr/ ,

0

' 

10 12 14 16 l!S 20 

E.,MaB 

PHC)'HOK 13 - CpaaHeHHe MO,IIH.Pmu1poaaHHOro 

pa:3JIO)KeHHJI IlOJIHOro ceqeHHJI ,lleJieHHJI Ha 

rrapl.(HaJihHhie ceqemrn peaKl.(11ii (n, jl), (n, n'j), (n, 
2n 'j) C COOTBeTCTBYJOll.(HMH ,11aHHblMH 113 pa60Tbl 

[20] 

ou,eHeHHb!X 

npoayKTOB 

,ll.aHHblX BhIXO,ll.0B 

aeneHIDI c 

ucnOJih30BaHtteM ll3MepeHHhlX 

3KCnepUMeHTaJihHO 

MaKpOCKOnttqeCKllX ,ll.aHHh!X no 

3ana3,ll.h!BaIOIIJ,llM HeihpoHaM ,ll.JIH 

nepttq>IIKaIJ,Hll 6tt6JIUOTeK 

ou,eHeHHb!X ,ll.aHHh!X Bh!XO,ll.0B 

npOJI.YKTOB ,ll.eJieHIDI. 

MeTO,ll. 3aKJIIOqaeTCH B 

BhlqucneHllll MaKpOCKOnuqecKIIX 

xapaKTepttCTllK 3H, TaKllX KaK 

noJIHhIH BhIXO.ll. 3H u cpe,ll.Httli 

nepuoa nonypacnaaa ,iaep-

npearnecTBeHHllKOB 3H, Ha OCHOBaHttll ,ll.aHHbIX MllKpocKOilUqecKIIX 

xapaKTepttCTttK: nepo,irnocTeli ttcnycKaHIDI 3H (Pn) u nepttoaon nonypacnaaa IIX 

H,ll.ep-npearnecTBeHHllKOB (T112) ll KyMYJIHTllBHh!X BhIXO,ll.0B npOJI.YKTOB ,ll.eJieHIDI 

(CY). IlonHhiii BhIXO.ll. 3H (vd) u cpe,ll.Httii nepuoa nonypacnaaa H.ll.ep

npearnecrneHHIIKOB 3H ( <T112>) MOryT 6b!Th pacc1IIITaHbl MeTO,ll.OM cyMMttposaHIDI 

C llCnOJib30BaHHeM MllKpOCKOnttqeCKllX xapaKTepttCTllK (CM. Bblpa)KeHIDI (6)) 

L(Pni ·CY; ·1i12J 
V d = I(Cl'; · Pn;), < 1i12 >= i L(P. -CY) ' (6) 

I nl I 
i 

rae CY; - KYMYJIHTUBHhlli BhIXO.ll. i-ro H,ll.pa-npearnecrneHHttKa 3H, Pn; -
BepOHTHOCTh ucnycKaHIDI 3H i-M H,ll.pOM-npearnecTBeHHllKOM, T112 i - nepttO,ll. 

nonypacnaaa i-ro H,ll.pa-npearnecrneHHttKa 3H. 

Bo3MO)KHhJe pacxo)K,ll.eHIIH B pe3yJihTaTaX Hau6onee nepOHTHO HBJIHIOTCH 

pe3yJihTaTOM HeonpeaeneHHOCTeii 6a3 ,ll.aHHhIX KYMYJIHTllBHhIX Bh!XO,ll.0B 

npOJI.YKTOB ,ll.eJieHIDI (CY;) u Ha6opon MllKpOCKOilttqeCKllX ,ll.aHHblX (Pn,Tw). 
Il03TOMy oqeBll,ll.HO, qTo B cnyqae Hll3KOH -qyBCTBUTeJihHOCTll paccqlfTaHHblX 

napaMerpon 3H K Ha6opaM ,ll.aHHhIX (Pn,T112) MeTO,ll. cyMMllpOBaHIDI MO)KeT 6b1Th 

IICnOJih30BaH ,ll.JIH onpe,ll.eJieHIDI Hatt6onee Ha,ll.e)KHOH 6a3hl ,ll.aHHbIX Bh!XO,ll.0B 

npOJI.YKTOB ,ll.eJieHUH, KOTOpbie npe,ll.CTaBJieHbl s 6u6JIIIOTeKax ou,eHeHHhlX H,ll.epHblX 

,ll.aHHhIX ENDF/B, JEFF, JENDL. 
CyMMllpOBaHtte npOBO,ll.llJIOCh no BCeM H,ll.paM-npearnecTBeHHllKaM, 

npe,ll.CTaBJieHHhIM n KOHKpeTHOM Ha6ope ,ll.aHHhIX. ,lvrn pacqernn n Kaqecrne 

BBO,ll.HhIX ,ll.aHHhIX llCilOJib30BaJillCh KyMYJIHTllBHhJe Bh!XO,ll.hl 368 H,ll.ep

npearnecTBeHHllKOB 3H, coaep)KaIIJ,tteCH n 6tt6JIIIOTeKax OIJ,eHeHHblX H,ll.epHblX 
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aaHHhIX JEFF-3.1.1, ENDF/B-Vll.1, JENDL-4.0 [21]. TaK)Ke ucnoJih30BaJIIICh 

qeThlpe Ha6opa aaHHhIX nepoHTHoCTeii ttcnycKaHIDI 3H u nepuoaos nonypacnaaa 

H,ll.ep-npearnecTBeHHllKOB 3H: Ha6op ,ll.aHHhIX, nonyqeHHbIH c IlOMOIIJ,hlO 

CllCTeMaTIIKll KpaTu,a-XeppMaHHa [22]; ou,eHeHHhie 3KCnepuMeHTaJihHble ,ll.aHHhie 

Py,ll.CTaMa [23]; OIJ,eHKa, Bb!IlOJIHeHHM Ha OCHOBaHllll 3KCnepuMeHTaJihHhIX ,ll.aHHhIX 

tt CllCTeMaTIIKll [24]; ,ll.aHHhie, nonyqeHHhie n·ceKIJ,llll H,ll.epHbIX ,ll.aHHbIX MAfAT3 

Ha OCHOBaHllll ncex cymeCTBYfOIIJ,llX 3KCnepuMeHTaJihHhIX ,ll.aHHhIX K 2010 roey 

[25]. 
PaccqttTaHHhJe MeTO,ll.OM cyMMttpoBaHIIH nOJIHhie BhIXO,ll.hl 3H u cpe,ll.Hlle 

nepttO.ll.hI nonypacnaaa H,ll.ep-npearnecrneHHttKon 3H cpanHttnanttch c 

COOTBeTCTBYfOIIJ,llMll peKOMeH,ll.OBaHHh!Mll 3HaqeHIDIMll [26, 27]. CTeneHb cornacilll 

paccqurnHHh!X 3HaqeHuii C peKoMeH,ll.OBaHHhIMll Il03B0JillJia C,ll.eJiaTh BhlBO,ll. 0 

Kaqecrne uccneeyeMhIX Ha6op.on ,ll.aHHhIX Bh!XO,ll.OB npo,ll.yKTOB ,ll.eJieHIDI u 

onpeaenttTh HallJiyqrnttii. Hau6onee Ha,ll.e)KHhIH Ha6op ,ll.aHHhIX (P0 ,T112) 6hm 

Bh16paH no pe3yJihTaTaM BhI1IttCJieHttH cpe,ll.Hero nepuoaa nonypacnaaa Haep

npearnecrneHHttKon 3H, TaK KaK OH MO)KeT 6b!Th 3KCnepuMeHTaJihHO ll3MepeH C 

60JihlIIei1 ToqHOCThIO, qeM IlOJIHhIH BhIXO,ll. 3H. 

CpaBHIITeJihHh!H aHaJill3 IlOKa3aJI, qTO 3a llCKJIIOqeHtteM cnyqa,i aeneHIDI 
239Pu 6bICTµh!Mll HelirpoHaMtt nyqrnttM o6pa30M ce6,i Il0Ka3hIBaeT Ha6op Bh!XO,ll.OB 

tt3 6tt6nttoTeKtt JEFF. Cpe,ll.tt Ha6opon MttKpocKonttqecKIIX napaMerpos (P0 ,T112) 

Hau6onee Ha,ll.e)KHhIM ,inmeTCH Ha6op MAr AT3. 

C yqeTOM nonyqeHHhIX 3HaHHH O HallJiyqlIIllX Ha6opax MHKpOCKOnttqeCKllX 

napaMerpos 3H .ll.JIH onpeaeneHIDI Hau6onee Ha,ll.e)KHhIX Ha6opon ,ll.aHHhIX npeMeH

HhIX napaMerpon 3H (ai,Ti) cpe,ll.H npe,ll.cTanneHHhIX B 6u6nttoTeKax ENDF/B
VIII.0, JENDL-4.0, JEFF-3.3, MeTO.ll.OM cyMMttponaHttH 6hmtt paccqIITaHhl 3Haqe

HHH cpe,ll.Hero nepuoaa nony

pacnaaa H,ll.ep-npearnecTneH

HHKOB 3H Ha OCHOBaHIIH: 

MllKpOCKOntt1IeCKllX napa

Merpon (KBa,ll.paTbI), ,ll.aHHhIX 

npeMeHHhIX napaMerpon 3H, 

npe,ll.CTaBJieHHhlX s 6tt6JIIIO

TeKax ENDF/B-VIII.0, 
JENDL-4.0, JEFF-3.3 (oT

KpbIThie rpeyroJihHllKll, 

poM6bI tt IlHTttyroJibHllKll, co

OTBeTCTBeHHO ), TaK)Ke Ha pu

cyHKe Kpy)KKaMtt npe,ll.CTaB

JieHbl peKoMeH,ll.OBaHHbie 3Ha

qeHIIH [28]. 
Ilo CTeneHu pa3JIH1Iilll 

3Ha1IeHui1 (rucrnrpaMMa), 

nonyqeHHblX MeTO,ll.OM 
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P11c)'HOK 14 - PeJyrrhTaThI pacqem cpe,11Hero rrep110,11a 

rrorrypacrra,11a J1,11ep-rrpe,111uecTBeHHHKOB 3H c 

HCITOJib30BaHHeM MeTO,lla C}'MMHpOBaHHJI Ha OCHOBaHHH 

nocrre,11Hero, peK0MeH,110BaHHoro MArAT3, Ha6opa (Pn, 

T 112), a TaK)Ke BhIX0,110B rrpO,ll)'KTOB ,11erreHHJI ll3 6116JIHOTeK 

ol.(eHeHHhIX ,11aHHhIX ENDF/B-VIII.O, JENDL-4.0, JEFF-
3.3 

cyMMttponaHIDI C llCilOJih30BaHtteM MllKpOCKOilttqecKIIX ,ll.aHHblX C ,ll.aHHhlMll, 

paccquTaHHh!Mll MeTO,ll.OM cyMMttponaHIDI Ha OCHOBaHllll Ha6opon npeMeHHhIX 
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napaMeTpOB 3H, ,!UUI Ka)KJ],OH II3 paCCMOTpeHHbIX JJ,emIIUlIXC.H CIICTeM onpe.D,eneHhl 
nyqurne Ha6opbl BpeMeHHbIX napaMeTpOB 3H. ITpII JJ,eneHIIII .H.D,ep 235U TennOBbIMII 
II 6hICTJ)blMII HettTpOHaMII HaIInyqllIIIM .HBn.HeTC.H Ha6op BpeMeHHbIX napaMeTpOB 
3H, npe.D,crnaneHHhIH B 6II6nIIoTeKe JEFF-3.3, npII JJ,eneHIIII .ii.D,ep 238U II 239Pu 
6hICTJ)blMII HeHTpOHaMII HaIIn)"IllIIIM .HBn.HeTC.H Ha6op BpeMeHHbIX napaMeTpOB 3H, 
npe.D,crnsneHHhIH B 6II6nIIoTeKe ENDF/B-VIII.0, npII JJ,eneHIIII 239Pu TennoBbIMII 
HettTpOHaMII HalIJI)''lllIIIMII .HBn.HIOTC.H Ha6opbl BpeMeHHbIX napaMeTpOB 3H, 
npe.D,crnaneHHhie B 6II6nIIoTeKe JEFF-3.3 II JENDL-4.0 (cM. pIIc. 14). 

B 33KJJIOqemrn KpaTKO II3nO)KeHbl OCHOBHhie pe3ynhTaTbl II BbIBOJ],bl 

BbIIlOnHeHHOH pa60TbI: 
1. y COBeprneHCTBOBaHa MeTOJJ,IIKa II3MepeHII.H BpeMeHHhlX 

xapaKTeplICTlIK 3aml3JJ,bIBalOIUIIX HeHTpOHOB JJ,n.H JJ,eneHH.H .H.D,ep 235U 
HeMOH03HepreTil'leCKIIMil HeHTpOHaMII. CymeCTByIOIUa.H ycTaHOBKa 6bma 
JJ,OnOnHeHa cneKTpOMeTpOM noTOKa nepBII'IHbIX HeHTpOHOB JJ,n.H OIIeHKII 
xapaKTeplICTIIK 3HepreTII'leCKOf0 pacnpe.D,eneHII.H. ITpoBeJJ,eHIIe Il3MepeHIIH 
cneKTpOB nepBil'IHhIX HeHTpOHOB II3 peaKUIIII D(d,n) Ha rnep.D,OH MIIllleHII 
no3BOnIInO o6Hap~lITb KOMnOHeHry cneKTpa, 06na.D,a10my10 6onee Hll3KOH 
3HeprIIei1, Ha'IIIHM C 3HeprIIIl ycKopeHHbIX JJ,eHTpOHOB 3,5 M3B. 

2. Pmpa60TaH lI npIIMeHeH MeTOJ], o6pa60TKII 3KcnepIIMeHTanbHhIX 
JJ,aHHhIX C yqeTOM cneKTpanhHhIX xapaKTepIICTHK lICTO'IHIIKa nepBII'IHblX 
HeHTJ)OHOB. 11cnonh30BaHIIe JJ,aHHOro MeTOJJ,a n03BOnIIno npoBeCTil Il3MepeHil.H 
BpeMeHHhIX xapaKTepIICTlIK 3ana3JJ,hIBalOIUIIX HeHTpOHOB B ManOII3yqeHHOM 
JJ,Hana30He 3Heprni1 nepBII'IHblX HeHTpOHOB OT 4 J],0 8 M3B, reHepIIpyeMblX B 
peaKUilll D(d,n) Ha rnep.D,OH MllllleHII, lI II36e)KaTb CIICTeMaTH'leCKlIX Olllll60K, 
JJ,OnyIUeHHbIX B paHee ony6nlIKOBaHHbIX pa6ornx. OnIICaHHbIH MeTOJ], n03Bon.iieT 
nonHOCTblO lICnOnh30BaTb JJ,ocrynHhIH Ha ycKOpIITene TaHJJ,eM-3M JJ,IIana30H 

3HeprIIH ycKopeHHhlX JJ,eHTpOHOB. 
3. ITonyqeHHbie JJ,aHHbie apeMeHHbIX xapaKTeplICTlIK 3ana3JJ,bIBalOIUIIX 

HeHTJ)OHOB nOKa3bIBaIOT, a OTnll'IIIe OT paHee ony6nlIKOBaHHbIX JJ,aHHbIX, 
OTCYTCTBIIe pa36poca 3Ha'l.eHIIH lI JJ,eMOHCTJ)IlpyIOT pocT Benll'IIIHbl cpe.D,Hero 
nepIIoJJ,a nonypacna.D,a .ii.D,ep-npe.D,rnecrneHHHKOB 3H Ha 12% B o6nacTH OT 5 JJ,O 
7 M3B, 'ITO CB.H3aHO C pOCTOM BKnaJJ,a peaKUilll 3MIICCIIOHHOro JJ,eneHH.H 235U(n,n'f). 

4. ITpe.D,nO)KeH HOBbIH no.D,XOJJ, K Il3MepeHlIIO BpeMeHHbIX xapaKTeplICTlIK 
3ana3JJ,bIBalOIUIIX HeHTpOHOB npll JJ,eneHilll T.H)KenbIX .H.D,ep HeHTpOHaMil, 
reHepnpyeMhIMII B peaKUIIII T(d,n) Ha rnep.D,oii MllllleHH. 

5. 3KcneplIMeHTanbHO Il3MepeHa 3aBlIClIMOCTb naJJ,eHH.H CKOpOCTII C'leTa 
JJ,eTeKTOpa HeHTpOHOB OT TOKa JJ,eHTpOHOB, 6oM6ap.D,IIpyIOIUlIX HeHTpOH
reHepIIpyIOIUyIO MllllleHb. 3KcnepHMeHTanbHO II3MepeHa BpeMeHHa.H 3aBIIClIMOCTb 
HaKonneHII.H JJ,eHTpOHOB B MIIllleHII Ha rnep.D,OH noJJ,nO)KKe. 

6. B pe3ynhTaTe npoBeJJ,eHH.H 3KCneplIMeHTanbHbIX nccneJJ,OBaHIIH C 
lICnOnh30BaHileM pa3pa60TaHHOf0 no.D,XOJJ,a nonyqeHbl JJ,aHHbie BpeMeHHblX 
napaMeTpoB 3H npn JJ,eneHIIII .ii.D,ep 236U, 238U, 237Np, 241Am Hei1TpoHaMII c 
3HeprH.HMII OT 14 JJ,O 18 M3B. ,D;aHHhie JJ,n.ii 236U, 237Np, 241 Am B JJ,aHHOM JJ,IIanmoHe 
3HeprIIi1 nepBil'IHblX HeHTpOHOB nonyqeHbl BnepBbie. 
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7. Pa3pa6oTaHbl no.D,XOJ],bl K BepIICfJilKaUIIIl oueHeHHhIX .H.D,epHbIX JJ,aHHblX 
C lICnOnh30BaHIIeM 3KCnepIIMeHTanbHbIX lI peKOMeHJJ,OBaHHblX MaKpOCKOnll'leCKlIX 
JJ,aHHhIX no 3ana3JJ,bIBalOIUIIM HeHTpOHaM. BnepBbie JJ,n.H 3TOro lICnonh30BaHa 
aenll'IIIHa cpe.D,Hero nepno.D,a nonypacna.D,a .ii.D,ep-npe.D,inecrneHHlIKOB 3H. 

8. B TepMHHax cpe.D,Hero nepIIOJJ,a nonypacna.D,a 3H 'o6Hapy)KeHo, 'ITO 

cymeCTByIOIUile oueHKII 3HepreTH'leCKOH _3aBIICIIMOCTil napunanhHbIX ce'leHlIH 
3MIICCIIOHHOfO JJ,eneHH.H JJ,alOT 3aHII)KeHHhie 3Ha'l.eHH.H OTHOCHTenbHO 
3KcnepIIMeHTanhHbIX JJ,aHHhIX. Ha OCHOBaHIIII 3KCnepnMeHTanbHbIX JJ,aHHblX 
BblJJ,BIIHYTa rIInOTe3a O B03MO)KHOM noBeJJ,eHIIII 3HepreTH'leCKOH 3aBlICIIMOCTil 

ceqeHIIH (n,fl), (n, n 'J) II (n, 2n 'j). 
9. ITpe.D,nO)KeH nOJJ,XOJJ, K BepIICplIKaUIIII 6II6nIIOTeK oueHeHHhIX JJ,aHHhIX 

BblXOJ],0B npo.D,yKTOB JJ,eneHII.H, OCHOBaHHhlH Ha lICnOnb30BaHlIII MeTOJJ,a 
cyMMIIpOBaHH.H lI peKOMeHJJ,OBaHIJI,IX JJ,aHHbIX MaKpOCKOnll'leCKlIX xapaKTeplICTlIK 
3ana3JJ,hIBalOIUIIX HeHTpOHOB. Pe3ynhTaTbl nOKa3anll, 'ITO HaIInyqurne JJ,aHHbie 
BbIXOJJ,OB npo.D,yKTOB JJ,n.H ncnonb30BaHII.H B paC'leTax npll JJ,eneHIIII .H.D,ep 235U 
TennOBhIMII n 6bICTJ)blMII HeHTpOHaMil CO.D,ep)KaTC.H a 6II6nlIOTeKe JEFF-3.3, npII 
JJ,eneHIIII .ii.D,ep 238U n 239Pu 6bICTJ)hIMil HettTJ)OHaMH - B 6II6nnoTeKe ENDFIB
VIII.0, npn JJ,eneHHil .ii.D,ep 239Pu TennOBhIMII HettTpOHaMII - B 6II6nIIOTeKax JENDL-

4.0 lI JEFF-3.3. 
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