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Pa6orn BbinOJJHeHa e AKUHOHepHOM o6mecTBe «focynapcTBeHHbIH Hay<IHbIH ueHTp PoccHHCKOH 

<l>enepaUHH - <l>H3HKO-:rnepreTH'ICCKHH HHCTHTYT HMCHH A.H. JleJ;inyHCKOro». 

Hay'l ttbrii pyrrneomlTeJJb 

O lj>11 u 11aJJbt1 bre onno11et1Tbr 

nHKCaHKHH BmUIHMHp M11xaHJJOBH'I. 

KaHllHllaT <)>H3HKO-MaTeMaTH'ICCKHX 11ayK, eenyutHH 

Hay'IHblH COTpYllHHK na6opaTOpHH 11nep1-10-qJH3H'ICCKHX 

HCCJICllOBaHHH nenapTaMeHTa 3KCnepHMCHTaJJbHOH 

11nep1-1oi1 <j>HJHKH OTneneHHll np11KJ1anHOH <j>H3HKH. 

AKUHOHep1-1oe o6uteCTBO «focynapCTBeHHblH Hay'IHblH 

ue11Tp Pocc11i1cKOH <l>enepauH11 - <l>H3HK0-

311epreTH'1ecKHH HHCTHTYT HMCHH A.H. JleHnyttcKoro». 

n11TKOB IOpHH BaCHJlbeBH'I. 

llOKTOp qJH311KO-MaTeMaTH'ICCKHX HayK. npoctieccop 

OTneneHHll 11nep11oi1 <IJH3HKH H rex11onorni1 o<)>Hca 

o6paJoeareJJbHbIX nporpaMM HHCTHTYT 11nep110J;i <)>11J11K11 

H TeXHOJJOrHH Hau110HaJJbHbIH 11ccnenoeaTeJ1bCKHH 

11nepHbIH yHHBepcHTeT « MH<l>H ». 

<l>ypMaH Banbrep HnbH'I, 

KaHllHllaT <j>H3HKO-MaTeMaTll'IeCKHX 11ayK, eenyutHH 

Hay'IHblH COTpYllHllK Jla6opaTOp11H HeHTpOHHOH <j>H3HKll 

HM. 11.M. <l>paHKa 06bellHHeHHOro llHCTHTYTa 11nepHblX 

HCCJJenoeaHHH . 

c 3JleKTpOHHOH eepCHCH llHCCepTaUHH MOlKHO 03HaKOMHTbCll Ha o<IJHUllaJJbHOM caiiTC 

06bellHHCHHOro HHCTHTYTa lll\CpHblX HCCJ1enoeaH11H B llH<j>OpMaUllOHllO-

TeJJeKOMMYHHKaUHOHHOH cern «HHTepHeT» no anpecy: http://www.jinr.ru/disser/ . C ne'laTHoii 

eepc11ei1 nHccepTau1111 MOlKHO OJHaKOMHTbCll B Hay'IHO-TeXHH'ICCKOH 6H6JJHOTeKe OH51H 

(r.)zy6Ha. MocKoecKa11 o6naCTb. yn. )l{onHo-KJOpH, n. 6). 

Y'leHblH ceKpeTapb n11ccepTaUHOHHOro COBCTa, 

KaHllHllaT <j>H311KO-MaTeMaTH'ICCKHX HayK 
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Olill(MI XAPAKTEPl1CTl1KA PA60Tbl 

AKT)'aJibHOcTb TeMhl JlHCCep TaUHH 

3ana.JllblBalOI.l.(He HeihpOHbl (3H) HrpalOT Ba)l<HYIO pOllb B ynpaBJleHHH 

HllepHblMH peaKTOpaMH. MexaHH3M HX HcnycKaHHH no3BOJlHeT C03llaBaTb CHCTeMbl 

ynpaBJleHHH, noMep)f<HBalOI.l.(He HeihpOHHblH 6anaHC Ha ypOBHe, He06XOllHMOM 

Ll.JlH ycTOH'IHBOfO npoTeKaHHH uenHOH peaKUHH ue11eHHH, HBJlHIOI.l.(eHCH OCHOBHblM 

HCTO'IHHKOM 3HeprnH, Harpesaiow.eH TenJlOHOCHTeJlb, KOTOpblH B nocJlellCTBHH 

npHBOllHT B llBH)KeHHe ryp611tty, reHepHpyiow.yio 3JleKTpH4eCKHH TOK. 

B HacToHw.ee speMH cyw.ecTsyeT MHO)KeCTBO pa6oT, Hanpas11eHHb1x Ha 

H3y4eHHe xapaKTepHCTHK 3H npH ue11eHHH TH)KeJlblX Hllep HeHTpOHaMH B 0611aCTH 

3Heprni1 OT Ten11osb1X 3Ha4eHHH uo HeCKOJlbKHX M38. Ha6op 11cc11euyeMblX 

HYKllHllOB H 3HepreTH4eCKHH u11ana30H (u11ana.JoH 3HeprHH HeHTµOHOB, 

Bbl3blBalOW.HX ue11eHHe) onpeue11HIOTCH noTpe6HOCTHMH HuepHOH 3HepreTHKH H 

npHKllallHblMH acneKTaMH HCnOJlb30BaHHH CBOHCTB 3H. 

no Mepe 3KCn11yarnUHH HllepHblX 3Heprenr4eCKHX yCTaHOBOK npOHCXOllHT 

HeMHHYeMoe HaKOnJleHHe llOJlfO)KHBYW.HX Hllep MHHOpHblX aKTHHHllOB, 

06pa3y10W.HXCH B pe3yJlbTaTe peaKUHH 3axsarn HeHTpOHOB HllpaMH TOnJlHBHblX 

3JleMeHTOB c noc11eJJ,y10W.HMH HX HllepHblMH npespaw.eHHHMH. 06pa3ylOW.HeCH 

Hllpa MHHOpHblX aKTHHHllOB HBJlHIOTCH llOJlfO)KHBYW.HMH H 0611aua10T BblCOKOH 

pallHOTOKCH'IHOCTblO. no3TOMY 3alla4a YTHJlH3aUHH Hllep MHHOpHblX aKTHHHllOB 

HBJlHeTCH OllHOH H3 KJllO'leBblX B 3aMblKaHHH Hllepttoro TOnJlHBHOro UHKJla. K TOMY 

)Ke Ce'leHHe ue11eHHH HeKOTOpblX H3 HHX HMeeT noporOBblH xapaKTep, 4TO 

orpaHH'IHBaeT B03MO)KHOCTb HX yTHJlH3aUHH nyTeM uo6as11eHHH B Ton11HBO 

peaKTOpOB Ha TenJlOBblX HeHTpOHax. 

0UHHM H3 nouxouos K o6paw.eHHIO c MHHOpHblMH aKTHHHllaMH HBJlHeTCH 

uo6aBJleHHe HX B COCTaB HllepHoro TOnJlHBa 6blCTpb1X peaKTOpOB c ueJlblO HX 

TpaHCMYTaUHH. lJ.pyrnM cnoco6oM YTHJlH3aUHH MO)KeT 6b1Tb HX HCnOJlb30BaHHe B 

rn6pHllHblX peaKTOpax, COCTOHW.HX H3 3HeproreHep11pyiow.eH 'laCTH (aKTHBHOH 

30Hbl peaKTOpa) H TepMOHllepHOH Hei1TpOH-reHep11pyiow.eH 'laCTH, a TaK)Ke B 

CHCTeMax, ynpaBJlHeMblX ycKOpHTeJleM (ADS CHCTeMbl). CneKTP HeHTpOHOB B 

rn6pHllHblX peaKTopax H ADS CHCTeMax orn114aeTcH OT cneKTpos HeHTpOHOB 

peaKTopos Ha Ten11osb1x H 6b1cTpb1x Hei1TpoHax. KpoMe Toro, xapaKTepHCTHKH 3H, 

HCnycKaeMblX B pe3yJlbTaTe ue11eHHH pa311H4HblX Hllep, MOryT OTJlH'laTbCH B 

HeCKOJlbKO ·pa3, n03TOMY npH HCnOJlb30BaHHH peaKTOpHOro TOnJlHBa c 

uo6aBJleHHeM Hllep MHHOpHblX aKTHHHllOB He06XOllHMO KOppeKTHposaTb 

KOHCTaHTbl no 3H c y'leTOM KOJlH'leCTBa H MOpcpo11ornH uo6asJleHHblX HYKJlHllOB. 

,lJ,JlH 3TOro npH npoeKTHpOBaHHH H paclJeTe HllepHblX peaKTOpOB HOBOfO noKOJleHllH 

He06XOllHMbl BblCOKOTO'IHble H ueTMbHble uaHHble no peaKUHHM B3aHMOlleHCTBHH 

HeHTpOHOB c HllpaMH, BKJllO'laH uaHHble, CBH3aHHble c speMeHHblM noseueHHeM 

nouo6HblX CHCTeM, HanpHMep, MHKpOCKOnH'leCKHe H MaKpOCKOnH'leCKHe 

xapaKTepHCTHKH 3H, a HMeHHO OTHOCHTeJlbHJi!e RJ,1-XQ,!lll '3lol II !!8fll>1"J:llm" - , 

no11ypacnaua Hx Huep-npeuwecTBeHHHKOB, noi l-ib1e BblXOllbl 3t1c-r.aiYinll<;2.'~liil~~r ~ · 
cneKTpb1 3H. •tnnllfR~ ~\tS\. u.!ll~~ 'Hl'r · 1 
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Ofoop cyw.ecTBy10LU11x .n.aHHblX no 3H noKaJa.n, 4TO 8 0611acrn :rnepr11i1 

nep8114HblX Hei1TpOH08 OT 5 .n.o 20 M38 .11.aHHb1e 8peMeHHblX xapaKTep11cT11K 3H 

(oTHOC11TeJ1bHb1X 8b1xo.11.08 3H 11 nep110.11.08 no11ypacna.11.a 11x ll.ll.ep­

npe.11.wecTBeHHl1K08) np11 .11.e11eH1111 ll.ll.ep 236U, 237Np, 241 Am Hei1TpoHaM11 c 

3HepnuiM11 14 M38 oTcyTCT8YIOT, xorn 11x 3HaH11e 8a)l(HO c T04Kl1 3peH11ll 

11cnOJ1b308aHl1ll ll.ll.ep .n.aHHblX 3JleMeHT08 8 r116pl1JlHblX peaKTOpHblX Cl1CTeMax 11 

Cl1CTeMax, ynpa8JJlleMblX ycKop11TeJ1eM, a TaK)l(e JlJlll pa3811Tl1JI MeTO)l08 

Hepa3pywa10LUero KOHTpOJJll )leJlllLUHXCll 8eLUeCTB 8 3aKpblTblX KOHTeHHepax. 

C11enyeT OTMeT11Tb, 4TO cyw.ecTBylOLUHe 8 mianaJoHe OT 4 no 22 M38 

.n.aHHble OTHOCl1TeJJbHblX 8blXO)l08 3H 11 nep110.ll.08 no11ypacnana HX ll )lep­

npenwecT8eHHHK08 3Ha4HTeJlbHO paCXO)lllTCll JlJlll OCH08HblX .n.eJJlllUl1XCll llJlep 

(235U, 238U). Pa31111411e 8 3Ha4eHHllX cpenHero nep11ona no11ypacnana llJlep­

npenwecrneHHl1K08 3H, no11y4eHHblX pa3HblMH a8TOpaMH, 3Ha4HTeJlbHO 

npe8b1waeT yKaJaHHble a8TOpaM11 Heonpene11eHHOCT11 .n.aHHblX 11 nocT11raeT I 00% 

11 6011ee, yKaJbJBall TeM caMblM Ha c11cTeMaT114eCK11e ow116K11, nonyw.eHHb1e np11 

npo8e)leHl1H COOTBeTCT8YIOLU11X H3MepeHl1H. 

Ba)l(HblM acneKTOM pa38HTHJJ npencTa811eH11i1 o npouecce ne11eH11S1 ll8J1lleTcll 

HaJl11411e Ha)le)l(HblX TeopeTl14eCKHX MO.ll.eJJeH no8e)leHl1ll llJlepHO-QJH3114eCKl1X 

xapaKTep11cT11K 8 Ja811CHMOCT11 OT 3Hepr1111 nep8H4HblX Hei1TpOH08. 0.n.Hy 113 

Ha116011ee CJIO)l(HblX 3a.n.a4 ll.ll.epHOH Ql113HKl1 npe)lCTa8JJlleT 3KcnepHMeHTaJlbHOe 

11cc11eno8aH11e peaKu11i1 ne11eH11S1 non nei1cT811eM Hei1TpOH08, conp080)1(JlalOLUHXCll 

MHO)l(eCT8eHHblM 11cnycKaH11eM Hei1Tp0H08. .lJ:aHHall 3a)la4a He MO)l(eT 6b1Tb 

peweHa 6e3 TeopeT114eCKOro aHa.n113a 3Kcnep11MeHTaJJbHb1x .n.aHHblX. Ha npaKTl1Ke 

He cyw.eCT8yeT 3KcnepHMeHTaJlbHblX MeTO.ll.08, KOTOpble MOrJJH 6bl nonrnep.ll.11Tb 

Haw11 3HaH11S1 o waHC080H cTpyKType ce4eHHH .11.e11eHHll. 

0TcyTCTByeT e)lHHblH Kp11TepHH 8b16opa Ha116011ee Ha.n.e)l(HblX )laHHblX 

xapaKTepHCTHK 3H: MHKpOCKOnH4eCKl1X )laHHblX 8blXO)l08 nponyKT08 ne11eHHll , 

naHHblX 8peMeHHblX napaMeTp08 3H cpe.11.11 cyw.ecrny10LUl1X Ha6opo8, 

npe.n.cTa8JJeHHblX 8 611611110TeKax 01..(eHeHHblX ll)lepHblX naHHblX, a TaK)l(e .n.aHHblX 

8epoHTHOCTei1 11cnycKaHHll 3H 11 nep110.11.08 no11ypacnana llJlep-

npe.n.wecT8eHHl1K08, npe.n.CTa8JleHHblX 8 ony6JJHK08aHHblX pa6ornx, JlJlll 

11CnOJJb308aHHll 8 paC4eTHblX MO)leJJHX, on11Cb1Ba10LUl1X no8e.n.eHHe .n.eJJllLU11XCll 

Cl1CTeM. 

On11caHHoe 8b1we 06yc11a811118aeT atrryaJJbHOCTb TeMbl n11cceprnu1111 11 ee 

TeopeTH4eCKYIO 11 npaKTl14eCKYIO 3Ha411MOCTb. 

1..1,eJJb paOOTbl 3aKJll04aeTCll 8 pa3pa6oTKe KOMnJJeKCHOro MeTo.n.a 

H3MepeHHH 3HepreTl14eCKOH 3a811CHMOCTH 8peMeHHblX xapaKTep11CTl1K 

3ana3)lb1Ba10LUl1X Hei1TpOH08 np11 ne11eH1111 ll)lep aKTHH11.ll.08 6blCTPblMl1 

HeHTpOHaMH c y4eTOM 3cjlcjleKT08, HCKa)l(alOLUHX pe3yJJbTaTbl, 11 C03)laHHl1 MeTO)l08 

8ep11cjl11Kau1111 oueHeHHblX ll.ll.epHO-QJl13114eCK11X )laHHblX c HCnOJJb308aH11eM 

noJJy4eHHblX pe3yJJbTaT08 11 peKOMeH.ll.08aHHblX )laHHblX. 
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.ll:JJll )lOCTH)l(eHHll noCTa8JleHHOH ue1111 6blJll1 peweHbl c11eny10LUHe 33)l3<JH: 

l. Pa3pa6oTaTb MeTOJl H3MepeHHll 8peMeHHblX xapaKTep11cT11K 3ana3Jlb1BaJOLUl1X 

HeHTpOH08 npH .11.e11eH1111 llJlep 235U 8 Jl8YXKOMnOHeHTHOM cneKTpe nep8H4HblX 

Hei1TpOH08, reHep11pyeMb1x 8 peaKu1111 D(d,n)/ D(d,pn). 

2. npo8eCTl1 113MepeH11e 3QJQJeKTH8HOCTl1 4rr-)leTeKTOpa HeHTpOH08. 

3. npo8eCTl1 113MepeHHll 8peMeHHblX xapaKTep11CTl1K 3ana3)lbl8alOLU11X 

HeHTpOH08 npH )leJJeHl111 235 LJ HeHTpOHaMl1 8 )lHanaJOHe 3Hepr11H OT 0,42 JlO 8 M38. 

4. npo8ecrn oueHKY napaMeTpo8 3ana3Jlb1Ba10w.11x Hei1TpOH08 np11 ne11eH1111 

ll)lep 235U 8 Jl8YXKOMnOHeHTHOM cneKTpe nep8114HblX Hei1Tp0H08, reHep11pyeMblX 8 

peaKu1111 D(d,n) Ha T8epnoi1 M11weH11 . 

5. npo8eCTl1 113MepeHHe 8peMeHHOH 3a8HCHMOCTl1 Cna)la HHTeHCH8HOCTl1 

3ana3Jlb1Ba10LUHX Hei1TpOH08 np11 ne11eH1111 ll.ll.ep 236U, 238U, 237Np, 24 1 Am 
Hei1TPOHaM11 8 n11anaJ0He 3Heprni1 OT 14 .n.o 18 M3B. 

6. Pa3pa6oTaTb Mernn y4ern 3cjlcjleKTa nonoJJHHTeJJbHOro HCT04Hl1Ka 11 3cjlcjleKTa 

6JJOKHp08Kl1 )leTeKTopa np11 113MepeHHH OTHOCl1TeJJbHblX 8blXO)l08 3H H nep110)l08 

no11ypacnana 11x llJlep-npenwecTBeHHHK08, 06pa3y10LUHXCll np11 ne11eH1111 llJlep 
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36U, 238U, 23 7Np, 241 Am HeHTpOHaMH 8 n11ana30He 3Hepr11i1 OT 14 JlO 18 M3B. 

7. npo8ecrn oueHKY napaMeTp08 3ana3Jlbl8a10LU11x Hei1TpOH08 np11 ne11eH1111 

llJlep 236U, 238U, 237Np, 24 1 Am Hei1TpoHaM11 8 n11anaJ0He 3Heprni1 OT 14 no 18 M3B 

8. Vlcc11eno8aTb waHC08YIO CTPYKTYPY ce4eH11i1 3M11cc110HHoro ne11eH11S1 238U 
HeHTPOHaMH 8 )lHanaJOHe 3Hepr11i1 OT 14 JlO 18 M38 c HCnOJJb308aH11eM 

H3MepeHHblX 3KCnepHMeHTaJJbHO .n.aHHblX no 3ana3.ll.b1Ba10LUHM HeHTpOHaM. 

9. Pa3pa6oTaTb MeTO.n. 8ep11cjl11Kau1111 611611110TeK oueHeHHblX HJlepHblX naHHblX, 

conep)l(aLU11X 8blXO)lbl npo.n.yKT08 .11.e11eHl1ll, Ha OCH08e 3KCnep11MeHTaJJbHO 

113MepeHHblX 3Ha4eH11i1 cpenHero nep110.11.a no11ypacnana llJlep-npenwecrneHHl1K08 

3ana3.ll.bl8alOLUHX HeHTpOH08. 

Bee 3ana411 6b11111 peweHbl a8TOpOM 8 cocrn8e rpynnb1 np11 onpene11S110LUeM 

Jll14HOM y4aCTHH. 

Hay<1Hasi HOBHJHa. B HaCTOHLUei1 pa6oTe 8nep8b1e: 

I. Pa3pa6ornH 11 np11MeHeH Mernn 113MepeHHll 8peMeHHblX xapaKTep11cTHK 

3ana3.ll.b1Ba10LUl1X Hei1Tp0H08 npH ne11eHHH llJlep 235U 8 Jl8YXKOMnOHeHTHOM 

cneKTpe nep8H4HblX Hei1TpOH08 8 peaKu1111 D(d,n). 

2. no11y4eHbl H08ble )laHHble 3HepreTH4eCKOH 3a8HCHMOCTH OTHOCl1TeJlbHblX 

8blXOJl08 3ana3)lb1Ba10LUl1X Hei1TpOH08 H nep110Jl08 no11ypacnana 11X ll.ll.ep­

npenwecTBeHHHK08 np11 ne11eHHH llJlep 235U Hei1TpOHaM11 c 3Heprnei1 OT 0 ,42 JlO 

8 M3B c y4eTOM cneKTpaJJbHblX xapaKTepHCTl1K HCT04Hl1Ka Hei1TpOH08 Ha OCH08e 

peaKu1111 D(d,n) Ha TBepnoi1 nOJlJIO)l(Ke. 

3. Vl3MepeHa 3cjlcjleKTH8HOCTb H080ro 4rr-)leTeKTOpa HeHTpOH08. 

4. no11y4eHbl 3Ha4eHHll 8peMeHHblX napaMeTp08 llJlep-npenwecTBeHHl1K08 3H 

np11 ne11eH1111 llJlep 236U, 237Np, 241 Am Hei1TpoHaM11 c 3Hepr11S1M11 OT 14 no 18 M3B. 

5. npo8e)leHa He3a811CHMall Ol(eHKa ce<JeHHH 3Ml1CCl10HHOrO )leJJeHHll ll)lep 238LJ 
HeHTPOHaM11 c 11cnOJ1b308aH11eM 3KCnepHMeHTaJlbHO 113MepeHHblX )laHHblX 

3HepreTl14eCKOH 3a8HCHMOCTl1 8peMeHHblX napaMeTp08 3ana3)lb1Ba10LUl1X 

HeHTPOH08. 
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6. BeJJ11411Ha cpeimero nep11ona noJJypacnana nnep-npenwecrneHHl1KOB 3H 
11cnoJJb30BaHa B 1ana4e sep11Cp11Kau1111 6116JJ110TeK oueHeHHblX nnepHblX naHHblX. 

JIH'-IHbIH BKJ13.ll 

AsTop np11H11MaJJ HenocpencTBeHHOe y4acT11e B noJJy4eH1111 OCHOBHblX 

pe1yJJbTaTOB n11cceprnu110HHOH pa6oTbl. C 2014 no 2020 ronb1 BblCTynaJJ c 

llOKJlallaMl1 Ha Me>KllyHapOllHblX 11 pOCCl1HCKl1X KOHcpepeHU11HX. n114HOe y4aCTl1e 

aBTOpa B noJJy4eHl111 113JlO>KeHHblX B lll1CCeprnu1111 pe3yJlbTaTOB nonrnep>KlleHO 

coaBTOpaMl1. 

noJJO'.IKCHHSI H pe3yJJbT3TbI, BblHOCHMbIC Ha 33lUHTY 

I) YcosepweHCTBOBaHHaii MeTOlll1Ka nposeneH11ii 3Kcnep11MeHTa no 

113MepeHl1!0 xapaKTep11CTl1K 3ana3llb1Ba10W,l1X HeHTpOHOB, 11cnycKaeMblX np11 

neJJeHl111 TH>KeJlblX nnep HeMOH03HepreTl14eCKl1Ml1 HeHTpOHaM11. 

2) Mernn 113MepeH11» 11 06pa60TK11 3Kcnep11MeHTaJJbHb1x naHHblX speMeHHblX 

xapaKTep11CTl1K 3ana3llb1BalOW,11X HeHTpOHOB c y4eTOM cneKTpaJJbHblX 

xapaKTep11CTl1K 11CTOLIHl1Ka nepB114HblX HeHTpOHOB. 

3) nollXOll K 113MepeHl1IO BpeMeHHblX xapaKTep11CTl1K 3ana3llblBalOW,11X 

HeHTpOHOB np11 neJJeHl111 TH>KeJlblX iinep Hei1TpoHaM11, reHep11pyeMblMl1 B peaKU1111 

T(d,n) Ha rnepnoi1 Tp11rnesoi1 M11weH11. 

4) MeTOll 11ccJJenosaH11ii 3Heprern4eCKOH 1as11c11MOCT11 ce4eH11tt 

3Ml1CCl10HHOro neJJeHl1H 238U c 11CnOJlb30BaH11eM 3KCnep11MeHTaJlbHO 113MepeHHOH 

3HepreT114eCKOH Jas11c11MocT11 cpenHero nep11ona noJJypacnana iinep­

npenwecTBeHHl1KOB 3ana3llb1Ba10W,l1X HeHTpOHOB. 

5) nonxon K sep11cjJ11Kau1111 6116JJ110TeK oueHeHHblX nnepHblX naHHblX c 

11cnoJJb30BaH11eM seJJ11411Hb1 cpenHero nep11ona noJJypacnana nnep­

npenwecrneHHl1KOB 3ana3llblBalOW,11X HeHTpOHOB. 

6) 3Kcnep11MeHTaJlbHble pe3yJlbTaTbl 3HepreTl14eCKOH 3aBl1Cl1MOCTl1 

BpeMeHHblX napaMeTpOB 3ana3llb1Ba10W,l1X HeHTpOHOB np11 neJJeH1111 iinep 235 U, 236U, 
23su, 231Np, 24 1Am. 

CTeneHb nocToBepHOCTH peJyJJhTaTOB nposeneHHblX 11ccJJenosaH11i1 

nOllTBep>KnaeTCH 11X BOCnp0113BOlll1MOCTblO np11 Olll1HaKOBblX napaMeTpax 

3KCnep11MeHTa; ny6JJ11Kau11ei1 OCHOBHblX pe3yJlbTaTOB pa60Tbl B peueH311pyeMblX 

>KYPHaJJax, ornocnw.11xcii K cn11cKy BAK. 

Anpo6auusi pa6oTht 

noJJy4eHHble pe3yJlbTaTbl 11 OCHOBHble nOJlO>KeHl1H lll1CCepTaU110HHOH 

pa6oTbl 6b1JJ11 npencTaBJJeHbl Ha Hay4HblX ceM11Hapax fHU. P<l>-<1>31-1 11 

llOKJlallb1BaJJ11Cb Ha Me>KllyHapOllHblX KOHcjJepeHu11iix ISINN-22, Hei1TpoH11Ka-

2014, ISINN-24, ND-2016, ISINN-25, lSINN-27. 

6 

nyfiJJHK3UHH 

no TeMe ll11CCepTaU1111 aBTOpOM ony6Jll1KOBaHO 6 CTaTeH B peueH311pyeMblX 

Hay4HblX >KYPHaJJax, 11HlleKrnpyeMblX B 6a3ax naHHblX Web of Science 11 Scopus, 

Te311Cbl 4 llOKJlajlOB Ha Hay4HblX KOHcjJepeHU11HX. 

CTpyKrypa " o6beM nucceprnuuu 
)J;11ccepTaUl1H COCTOl1T 113 BBeneH11H, 4eTb1pex mas, 3aKJll04eHl1H 11 cn11cKa 

11cnoJJb1yeMb1x 11cT04Hl1KOB 111 85 Ha11MeHosaH11H. Conep>KaH11e pa60Tb1 113JlO>KeHo 

Ha 110 cTpaH11uax, BKJll04aH 50 p11cyHKOB 11 19 rn6JJ11u. 
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co,n:EP)!{AHHE p AEOTbl 
Bo BBe}leHHH H3JlO)l(eHbl aKTYaJibHOCTb, ueJlb pa60Tbl, H08H3Ha pewaeMbIX 

3a}la'l, TeopeTH'leCKOe H npaKTH'leCKOe 3Ha'leHtte .naHHOH pa60Tbl, noJJO)l(eHHH, 

KOTOpbie 8blHOCHTCH Ha 3aW,ttTy, a TaK)l(e nptt80.D,HTCH o63op 3KCnepttMeHTaJlbHbIX 

pa6oT, nOC8HilleHHbIX H3MepeHl1IO OTHOCHTeJlbHbIX 8bIXO}l08 11 nep110.no0 

noJJypacna.na H.nep-npe.nwecrneHHl1K08 3H. 

B nepBOH rnaBe np1100.n11TCH on11caH11e 3KcnepttMeHTa, nocrn0JJeHHoro c 

ueJJbIO 113MepeHHH 3HepreTH'leCKOH 3a811CHMOCTl1 8peMeHHbIX xapaKTep11CTl1K 3H 

npH .D,eJleHl111 H.D,ep 235 LJ 8 YCJl08HHX o6JJy'leHl1H 11CCJle.D,yeMbIX o6pa3U08 8 

Jl8YXKOMnoHeHTHOM cneKTpe nep811'lHbIX HeihpoH08 np11 HCnOJlb308aHl111 peaKUH11 

D(d,n) Ha rnep.noi1 .nei1Tep11e0oi1 M11weH11. flpe.ncrnBJJeHa cxeMa 

3KCnep11MeHTaJlbHOH ycTaH08Kl1, co6paHHOH JlJlH npo8e.D,eHl1H 113MepeHl1H 

0peMeHHbIX xapaKTep11cT11K 3H. On11caH no.nxo.n K ttccJJe.no0aH1110 0peMeHHbIX 

xapaKTepHCTl1K 3H 8 YCJ10811HX o6.rry'leHl1H HCCJJe.nyeMbIX o6pa3U08 

MOH03Heprern'leCKl1MH HettTpoHaMH reHep11pyeMbIM11 0 peaKUHHX Li(p,n) 11 D(d,n), 

a TaK)l(e 0 cJJy'lae, Kor.na cneKTp HeMOH03HepreT11'leCK11i1. CxeMa ycTaH08Kl1 

npe.ncrn0JJeHa Ha p11cyHKe 1. 

En - 6JlOK m1TaHHll; EHn - 6JlOK HH3KOBOJlbTHOro nHTaHHll ; nTY - npeo6pa30BaTeJlb 

TOK- 'laCTOTa; n - yCTpOHCTBO npepblBaHHll nyc1Ka 3apmKeHHblX 'laCTHU; )J, - )l.Ha(llparMa; 

M - HeHTPOH re1-1epHpYJOU1all MHWeHb; 0 - KancyJla CO)l.epl!<alllaH HCCJle)l.yeMblH o6pmeu; 

.LJ,n, , .LJ,n2 - JJ.aTYHKH 110JlolKeH1-1111-1ccJJeJJ.yeMoro 06pa3ua; K.LJ, - KaMepa JJ.eJleHm1; 

f1Y - npeJJ.yCHJlHTeJlb; c - CUHHTHJlJlllUHOHHblH cneKTPOMeTp Ha OCHOBe KpHCTaJlJla 

CTHJlb6e1-1a; Y 1, Y2 - ycHJlHTeJJ1-1 ; K - B03JJ.YWHblH KOMnpeccop; KI , K2 - ::lJleKTPOMarHHTHb1e 

KJlanaHbl noJJ.aYH ClKaToro B03JJ.yxa; EYn - 6JloK ynpaBJleHHll nHeBMaTH'1ecKoi1 c1-1cTeMoi1 

TPaHcnoprnpOBKH o6pa3UOB; .ll,3H - 4n-)l.eTeKTOp 3H; f1Y .ll,1 , ny .ll,2, ny )J,3 - npeJJ.yCHJlHTeJlb; 

yCHJlHTeJlb H Jl.HCKpHMHHaTop. 

P1-1cyHOK I - CxeMa :wcnepHMeHTaJlbHOH ycrnHOBKH Jl.Jl ll 1-1ccJle)l.0BaHHll xapaKTepHCTHK 3H 
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Co6paHHaH 0 M11weHHOM 3aJie ycKop11TeJJH TaH}leM-3M ycrnH08Ka 

n0380JlHJla ynpa8Jll1Tb ycTpOHCT80M npepbIBaHKH ny'lKa 3apmKeHHblX 4acn1u, 

KJlanaHaM11 no.D,a'll1 C)l(aToro 803.D,yxa 8 Hanpa8JlHIOillYIO Tpy6Ky nHe8MaT11'leCKOH 

Cl1CTeMbl TpaHcnopTHp08Kl1 11CCJle.nyeMblX o6pa3U08, 3an11Cb1BaTb 8peMeHHble 11 

aMnJll1Ty.D,Hbie pacnpe.neJJeHl1H 11MnyJJbC08, reHep11pyeMblX .neTeKTOpaMl1 8 

pe3yJlhTaTe 83al1MO.D,eHCT811H c HeHTpOHaMH, <\>ttKC11po0aTb nOJlO)l(eH11e o6pa3ua. 

B ueJJHX 113MepeH11H 0peMeHHbIX xapaKTep11crnK 3H 6b1JJ11 npo0e.neHb1 

113MepeHl1H 0peMeHHOH 3a811Cl1MOCTl1 11HTeHCl18HOCTl1 3H nOCJle 3KCn0311U1111 

HCCJle.nyeMoro o6paJua 8 noTOKe nep8H'lHbIX HeHTPOH08 8 Te'leH11e 

<\>tt1<c11po0aHHoro 11HTep0aJia 0peMeH11 (180 c). 8CJJe.ncT011e He6oJJhworo 8b1xo.na 

3H, JlJ]H noJJy'leHl1H CTaTl1CTH'leCKl1 3HalJHMOH Kp1180H cna.na 11HTeHCH8HOCTl1 3H, 

H3MepeHHH np080.D,11Jll1Cb 8 U11KJll1'leCKOM pe)l(ttMe. B Ka'leCT8e MOHHTopa 

HeHTpOHHOro noToKa 11CnOJlb308aJlaCb KaMepa .neJJeHl1H c pa60'll1M CJlOeM 113 239Pu 

c 1130ecTHbIM 'll1CJloM H.nep. KaMepa ycTaHa0JJ110aJiacb 0 Henocpe.ncT0eHHol1 

6Jll130CTl1 K 11CCJJe.nyeMOMY o6pa3UY no.n yrnoM 0° no OTHOWeHl1IO K Hanpa0JJeH11IO 

ny'lKa 110H08. 

.ll:JJH o6ecnelJeHl1H JJY'lWl1X cjJOH08blX YCJ10811H perncTpau1111 3H noCJle 

OKOH'laHHH ceaHca o6JJy'leHl1H ny'loK 3apH)l(eHHbIX 'laCT11U ycKop11TeJlH 

npepbIBaJICH 11 11ccJJe.nyeMbIH o6paJeu nocpe.ncT80M no}la'l11 C)l(aTOro 003.nyxa 0 

Hanpa8JlHIOillYJO Tpy6Ky nHe8MaT11'leCKOH CHCTeMbl TpaHcnoprnp08Kl1 

nepeMewaJicH Ha no311u1110 113MepeH11H (0 4rr-.neTeKTOp HettTpoH00). BpeMH 

nepeMeweHl1H o6paJua COCTa8JlHJlO OT 0 , 18 .no 0,2 c 8 3a811Cl1MOCTH OT .D,a8JleHl1H 

C)l(aToro 803.D,yxa Ha 8blXO.!l,e 113 6aJIJlOHa HaKon11TeJlH. 

B npouecce ttccJJe.no0aH11H 3HepreT11'lecKoi1 3a011c11MocT11 xapa1<TepttcT11K 

3H Ba)l(HYIO pOJJb 11rpaeT 3HeprnH nep011'lHbIX Hei1Tp0Ho0. B ueJJHX TO'lHOH 

np118H3Kl1 noJJy'laeMbIX 3Ha'leHHH xapaKTep11CTHK 3H K 3Ha'leHl15IM 3Hepr1111 

nepB11'lHbIX HeHTpOH08 BO BpeMH cjJaJbl o6JJy'leHl1H c 11cnoJlb30BaH11eM 

CUHHTl1JlJlHU110HHOro cneKTpoMeTpa c Kp11CTaJ1JlOM CTl1Jlb6eHa pa3MepoM 40x40 MM 

npOBO.!I,11JlOCb 113MepeHHe cneKTpa nep811'lHbIX HeHTPOH08, reHep11pyeMbIX B 

TBep.noi1 .nei1Tep11e0oi1 Ml1WeHl1 no.n .nettCTBl1eM yc1<opeHHbIX .nei1TpOHOB . .ll:JJH 

yMeHbWeHl1H cjJoHa HettTpOHOB 11 y-JJy'leH, pacceHHHblX 06opy.no0aH11eM H CTeHaM11 

3KCnep11MeHTaJlbHOrO 3aJia, .neTeKTOp noMewaJICH 8 nO}lBl1)1(HbIH KOJlJll1MaTop, 

113rOTOBJleHHbIH 113 CMec11 rn.np11.na Jll1Tl1H c napacjJ11HOM M11H11MaJlbHOH TOJlilll1HOH 

30 CM. Me)l(.ny .neTeKTOpOM 11 MHWeHbIO 6bIJla ycTaH08JleHa C811HUOBaH 3aw11Ta 

TOJlilll1HOH 10 CM. 

PerncTpau11H 3H ocywecTBJJHJlaCh c noMOillbIO 4rr-.neTeKTopa HettTpOH08, 

pa3pa6oTaHHOro 11 113rOTOBJleHHOro Jlj]H pa60Tbl 8 YCJ10811HX cpa8Hl1TeJlbHO 

He60JlbWHX noTOKOB HettTpOH08 . .D:eTeKTOp npe}lCTa8JlHJl co6oi1 c6opKy 113 21 3He­

C'leT'll1Ka, pacnpe.neJJeHHbIX B nOJll13Tl1JleH080M 3aMe}lJll1TeJle 8 811.D,e .n0yx 

KOHUeHTP111-1ecK11x oKpy)l(HOCTett c paJl11ycaM11 105 11 149 MM. BHyTpeHHHH 

oKpy)l(HOCTb co.nep)l(11T 7 3He-c'leT'll1KOB, 8HeWHHH OKPY)l(HOCTb - 14 c'leT'll1K08. 

BHewH11i1 .n11aMeTP 3aMeJlJlHTeJJH pa0eH 510 MM, Jllll1Ha - 630 MM. EJJoK 

3aMe.D,Jll1TeJlH OKpy)l(eH 3ailll1TOH H3 Kap611.na 6opa, Jll1CTOB Ka.D,M11H 11 

6op11po0aHHoro nOJll13Tl1JleHa .D,JlH 3awl1Tbl .neTeKTopa OT TenJJOBbIX HettTpOH08, 
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pacceHHHbtX B 3KCnep11MeHTaJlbHOM noMeLUeH1111. CxeMaT11YecKoe 11306pa)l(eH11e 

JJ,eTeKTOpa, a TaK)l(e cxeMa nOJJ,KJll04eHl1ll 11 n11TaHl1ll C4eT411KOB npeJJ,CTaBJleHbl Ha 

p11cyHKe 2. 

HanY +H pv 

P11cyHOK 2 - Pacno110JKeH11e 1ian011HeHHblX 3He C'leT'IHKOB B 4n-t1eTeKTOpe. Cnesa -

nonepe'-!Hoe ce'-!eH11e t1eTeKTopa, cnpaBa - cxeMa not1KJll0'1e1-11111 C'-leT'-IHKOB 11 not1a'-!11 BblCOKoro 

HanplllKeHHll llHTaHHll (HY) 

C4eT411K11 , HanonHeHHb1e 3He, pa60Tan11 s nponopu110HaJlbHOM pe)l(11Me np11 

HanpH)l(eH1111 n11TaH11H -2100 B. B ueHTpe JJ,eTeKTopa npeJJ.ycMOTpeHo OTBepcrne 

JJ,11aMeTpOM 120 MM, npeJJ.Ha3Ha4eHHoe JJ,Jlll ycrnHOBKH 11ccneJJ.yeMoro o6pa3ua. B 
OTBepCTl111 pacnOJlO)l(eH CB11HUOBblH cp11JlbTp TOJ1LU11HOH 30 MM, npeJJ,Ha3Ha4eHHblH 

JJ,Jlll noJJ,aBJleHl1ll raMMa-KBaHTOB, 11cnycKaeMblX o6ny4eHHblM o6pa3UOM 11 

KOHTeHHepoM. 

3JleKTpOHHble KaHaJlbl perncTpau1111 JJ,Jlll BHyTpeHHero 11 BHewHero pHJJ.OB 

C4eT411KOB COCTOl!Jll1 113 npeJJ.yCl1Jll1TeJleH, YCl1Jll1TeJleH 11 JJ,11CKp11Ml1HaTopoB. 

11MnyJlbCbl c nocJleJJ,HHX nocTynan11 B Cl1CTeMy HaKOnJleHl1ll JJ,aHHblX. 

XapaKTep11cT11K11 JJ,eTeKTopa Hei1TpoHoB (MepTBoe speMH perncTpau1111 

HeHTpOHOB, 3cpcpeKTl1BHOCTb perncTpau1111 HeHTpOHOB, BJ111l!Hl1e B03JJ,eHCTBl1ll 

nepB114HOro noTOKa HeHTpOHOB Ha C4eTHylO xapaKTep11CTl1KY JJ,eTeKTOpa) 

11CCJleJJ,OBaJ111Cb B OTJJ,eJlbHblX 3KCnep11MeHTaX. 

MepTBoe speMH np11 MaKC11MaJlbHO B03MO)l(HOH sen11Y11He TOKa 3apH)l(eHHb1x 

4aCT11U Ha M11WeHl1 COCTaBl1JlO 6,85 · J0·7 C. CTpoBeJJ,eHHOe l1CCJleJJ,OBaH11e cpyHKU1111 

6JlOK11pOBKl1 nOKa3aJ10 He3Ha411TeJlbHOe OTKJlOHeH11e CKOpOCTl1 C4eTa JJ,eTeKTopa 

nocne npepbIBaH11H nyYKa np11 3Kcno311u1111 BHYTPl1 JJ.eTeKTOpa 1130TOnHoro 

11CT04Hl1Ka Hei1Tp0HOB. 8eJll1411Ha 3cpcpeKTl1BHOCTl1 4n-JJ,eTeKTOpa no cneKTPY 3H 

COCTaBHJla 41,56%. 

TpaHcnopT11poBKa o6pa3ua c no311u1111 06nyYeH115! s JJ,eTeKTOp Hei1TµOHOB 

ocyLUeCTBJ151JlaCb c noMOLUblO nHeBMaT114eCKOH Cl1CTeMbl , nHeBMOnpoBOJJ, KOTOpOH 

npeJJ,CTaBJllleT co6oi1 TOHKOCTeHHYIO Tpy6Ky 113 Hep)l(aBeJOLUeH CTaJ111 c BHeWHl1M 

JJ,11aMeTpOM 14 11 T0Jlllll1HOH CTeHKl1 I MM. noJlO)l(eH11e o6pa3ua cp11KC11p0BaJ10Cb c 

noMOLUblO BTYJ1Kl1 co cneu11anhHblM ycTpOHCTBOM raweH11H c11nb1 yJJ.apa 

JJ.Bl1)1(YLUerocH o6pa3ua. 
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06pa3eu, 11cnoJlb3yeMb1i1 B 3Kcnep11MeHTe, npeJJ.CTasmlJl co6oi1 Kancyny 113 

JJ.1-0pan11 JJ,11aMeTpOM 8,5 MM, BblCOTOH 24 MM, HanOJlHeHHYIO 3aKl1CblO-OKl1CblO 

ypaHa 
235 U, ynaKOBaHHYIO B TpaHcnopTHblH KOHTeHHep c Hapy)l(HblM JJ,11aMeTpOM 

11,5 MM. 

YnpasneH11e 3Kcnep11MeHTOM, c6op 11 o6pa6oTKa 3KCnep11MeHTaJlbHb1x 

JJ,aHHblX ocyLUeCTBJll!Jll1Cb c 11cnOJlb30BaH11eM Cl1CTeMbl, OCHOBaHHOH Ha MOJJ.ym1x 

National Instruments [I]. B HacTOHLUei1pa6oTe11cnoJlb30BaJlCH Kpei1T NI PXle I 082 

c KOHTponnepoM PXl-8880. C11rnanb1 co C4eT411KOB nocTynan11 Ha npeJJ.yc11n11Ten11, 

yc11n11Tem1, JJ,11cKp11M11HaTopb1 11 cpopM11posaTen11, s pe3yJlbTaTe Yero Ha BbtXOJJ.e 

nocneJJ,Hero cpopM11posan11cb TTL c11 rnanbt BblCOKoro yposHH c 4acT0Toi1, 

COOTBeTCTBYIOLUeH CKOpOCTl1 C4eTa JJ,aHHOro 113Mep11TeJlbHOro KaHana 4n­
JJ,eTeKTOpa. TTL c11rttanb1 c 113Mep11TeJlbHbtX KaHanos JJ,eTeKTopa noJJ,asan11cb Ha 

Tai1Mep-c4eT411K PXl-6602, KOTOpbtH 11cnonh30BaJlCH JJ,Jlll perncTpaU1111 speMeHHoi1 

3aBl1Cl1MOCTl111HTeHCl1BHOCTl1 3H (c waroM I 0 MKC), speMeHHOH 3aBl1Cl1MOCT11 TOKa 

3apH)l(eHHblX 4aCT11U Ha Ml1WeHl1, a TaK)l(e reHepau1111 Cl1rHaJlOB Jl,Jlll ynpaBJleHl1ll 

Cl1CTeMOH OTKJlOHeHl1ll ny4Ka 11 reHepau1111TaKTOBOro11MnyJlbCa Cl1CTeMbl. 

C11rttanb1 OT cu11HTHJ1JlllUl10HHoro JJ,eTeKTopa 11 KaMepb1 JJ,eJleH11H 

3an11cbrnan11cb c 11cnoJlb30BaH11eM MHorocpyHKU110HaJlbHOro MOJJ.YJlH PXl-6251. 

MHorocpyHKU110HaJlbHbtH MOJJ.YJlb TaK)l(e 11cnoJlb30BaJlCH JJ.Jlll reHepau1111 c11rnanos 

ynpasneH11H KnanaHaM11 noJJ,at111 C)l(aToro B03JJ.yxa 113 KOMnpeccopa s 

HanpaBJllllOLUYIO nHeBMaTl14eCKOH Cl1CTeMbl TpaHcnopT11pOBKl1. 

900 C uenbJO oueHK11 
~ 800 
~ l 700 ~ --<- E,~3 M>B ,,. E,~2, 5 M>B 

"' -•-E ~2 M>B g_ 600 d 
~ -•- Ed= I M3B 
u 500 * co .., 
~ 400 

} 300 

'" " :i: 200 . 
UJ z 100 

0 

0 I 2 3 4 S 6 7 8 9 10 11 

E,,, M38 

P11cyHoK 3 CneKTpbl nepBH'IHblX HeihpoHOll 

11cnycKaeMble rnept10H TiD MHWeHblO B pe3yJJbTaTe 

60M6apt111pOBKH ycKopc1-11-1b1M11 t1eihpoHaM11, 

113MepeHHble c HCllOJlb30Bal·IHeM CUHHTHJJJlllUHOHHOrO 

t1eTeKTOpa c KpHCTaJJJJOM CTHJJb6eHa, o6pa60TaHHble c 

y<leTOM 3CIJCIJeKTHBHOCTH ,[leTeKTopa, a TaKlKe cl>YHKUHH 

nponyCKal·IHll HeihpOHOB <1epe3 CBHHUOBYIO 3all.IHTY 

(I 0 CM) 

speMeHHblX napaMeTpOB 3H, 

npOBOJJ,11JlaCb o6pa60TKa 113-

MepeHHblX speMeHHblX 3aBl1-

Cl1MOCTeH cnaJJ,a 11HTeH-

Cl1BHOCTl1 3H c 11cnOJlb-

30BaH11eM 11Tepau110HHoro 

MeTOJJ,a Ha11MeHbWl1X KBaJJ,­

paTOB [2) 

,[Vrn nonyYeH11H cneKT­

pos nepB114HblX HeHTpOHOB, 

113MepeHHbte aMnJ111TYJJ.Hble 

pacnpeJJ.eneH11H 11MnynbCOB 

CU11HTl1JlJlllU110HHOro cneKTpo­

MeTpa c Kp11CTaJ1JlOM CTl1Jlb-

6eHa 6b1J111 o6pa6oTaHbt c 

11cnOJlb30BaH11eM nOJJ,XOJJ,a, 

on11caHHoro s pa6oTe [3]. 

PaccMaTp11BaH nonyYeHHbte s 

pe3yJlbTaTe 06pa60TK11 

cneKTpbt nepB114HblX HeHTpOHOB (CM. p11c. 3) MO)l(HO CJJ,eJlaTb BblBOJJ,, lfTO c 

yseJ1114eHl1eM 3Heprn11 HaJleTalOLUHX JJ,eHTpOHOB B03pacrneT JJ,OJlll HeHTpOHOB c 

3HeprnHMl1 Hl1)1(e OCHOBHOH rpynnbt, 4TO BHOCl1T HeonpeJJ,eJleHHOCTb B BeJll1411HY 

3Heprn11 nepB114HblX HeHTpOHOB, Bbl3bIBalOLU11X JJ,eJleH11e, 3HaH11e T04HOro 
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~ 700 
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~300 
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3Ha4eHHH KOTOpOH BmKHO B HCCJle,llOBaHHHX :rnepreTH4eCKOH 3aBHCHMOCTH 

xapaKTepHCTHK 3H. 

Aim y4eTa BKJla,lla HH3K03HepreTH4eCKOH KOMnOHeHTbl cneKTpa nepBH4HblX 

HeHTpOHOB npH H3MepeHHH BpeMeHHblX xapaKTepHCTHK 3H npH ,lleJleHHH 
235 LJ 

HeHTpOHaMH B AHana30He )HeprnH nepBH4HblX HeHTpOHOB OT 4 AO 8 M3B, c 

HCnOJlb30BaHHeM H3MepeHHblX cneKTpOB nepBH4HblX HeHTpOHOB, c noMOIJ.lblO 

Bblpa)f{eHHH (I) H (2) paCC4HTblBaJlHCb cpeAHHe 3HeprnH E •. .n, E.,d,,. H 3Ha4eHHH 

nJlOTHOCTH noTOKa HeHTpOHOB (/JE,(dn)· (/JE,(d1m)' COOTBeTCTBeHHO, OCHOBHOH 

KOMnoHeHTbl cneKTpa nepBH4HblX HeHTpOHOB H3 peaKuHH D(d,n) H 

HH3K03HepreTH4eCKOH KOMnOHeHTbl, HCT04HHKOM HeHTpOHOB KOTOpOH HBJlHeTCH 

peaKUHH pa3sana AeHTpoHa D(d,pn) (cM. pHcyHOK 4). 

f En,dpn. Ndpn(Ell)dE,, f En,dn. Nd,,(En)dEn 
£ E,, E -''~n ______ _ 

ndpn = ' /1 dn = , f N dpn CEn)dEn , f NdnCEn)dEn 
,,.,, En 

<pEn(dpn) = f NdpnCEn)dEn' rpE (dn) = J NdnCEn)dEn 
~ n ~ 

D(d,pn) .,,. -. ' . • • • 

: D(d,n)• 

• 
· 1 

• • 

• • 

AKTHBHOCTH 

COOTBeTCTBYIOIJ.lHe 

HaCbllJ.(eHHH 

OCHOBHOH 

(I) 

(2) 

3H, 

H 

• ·-. ' ' 

HH3K03HepreTH4eCKOH KOMnOHeHTe 

nepBH4HblX HeHTpOHOB, Bbl4HCJlH-JlHCb c 

HCnOJlb30BaHHeM Bblpa-)f{eHHH, 

npeACTaBJlHIOIJ.lHX npOH3-Be,lleHHH 4HCeJl 

HAep HccneAyeMoro o6pa3ua, 3Ha4eHHH 

nOJlHOro Bbl-XO,lla 3H, COOTBeTCTBYIOIJ.lHX 

paCC4HTaHHOH Ha OCHOBaHHH H3MepeHHblX • ~ 
' . 

.-. : #!ti' v v • 
~ ~· ·~ cneKTpOB cpe,llHeH 3HeprHH HeHTpOHOB 

0 
0 ~ ~ 6 i Ka)f{,llOH KOMnOHeHTbl cneKTpa, 3cpcpeKTHB-

E,, M38 

PHcyHoK 4 - CneK'fp nepswrnhIX HelhpoHos HJ 
peaKl.lHH D(d,n), :meprnll ,11e lhpo1-1os cocTas.rrnJia 
5 M:iB 

H3MepeHHblX cneKTpOB. 

HOCTH perncTpauHH HeHTpOHOB, Ce4eHHH 

peaKuHH ,QeneHHJi HAep HccneAyeMoro 

o6pa3ua H nJlOTHOCTH nOTOKa HeHTpOHOB, 

onpe,lleJleHHOH c HCnOJlb30BaHtteM 

KpHBaH cna,Qa HHTeHCHBHOCTH 3H, H3MepeHHaH s 3KcnepHMeHTe, 

npe,llCTaBJlHeT co6oH cynepn03HUHIO KpHBblX, noJly4eHHblX npH ,lleJleHHH 

HeHTpOHaMH, HMelOIJ.lHMH pacnpe,lleJleHHe, npe,llCTaBJleHHOe Ha pHC. 4. 4HCJ10 

OTC4eTOB N B KaHane fk, 3aperncTpHpOBaHHblX npH H3MepeHHH speMeHHOH 

3aBHCHMOCTH HHTeHCHBHOCTH 3H HCCJle,QyeMoro o6pa3ua c HCnOJlb30BaHHeM B 

Ka4eCTBe HCT04HHKa HeHTpOHOB peaKuHH D(d,n), MO)f{HO npe,llCTaBHTb B BH,lle 

cyMMbl 4HCeJl OT4eTOB ,lleTeKTOpa, COOTBeTCTBYIOIJ.lHX KOMnOHeHTe nepBH4HOro 

HeHTPOHHOro noTOKa, o6ycnosneHHOro HeHTpOHaMH H3 peaKUHH D(d,n) - Nd,,,(lk) H 

4HCeJl OTC4eTOB ,lleTeKTOpa, CBH3aHHblX c KOMnOHeHTOH HeHTpOHHOro nOTOKa H3 

peaKUHH D(d,pn) - Nd,pn(h). 3aAa4a no onpeAeJleHHIO «4HCTOro» 3cpcpeKTa Nd,,,(h) 

12 

3aKJlJ04aeTCH B npe,QsapHTeJlbHOM onpeAeneHHH 3cpcpeKTa Nd,pn(h) c nocneAyJOIJ.lHM 

Bb1•1HTaHHeM nocneAHero H3 cyMMapHoro 3cpcpeKTa N(tk). 
MoAenHposaHHe KpHBOH cnaAa AJlH HH3K03Heprern4eCKOH rpynnb1 

HeHTpOHOB NJ,,,., (t, ) npOBOAHJlOCb c HcnOJlb30BaHHeM Bblpa)f{eHHH (3) c 

napaMeTPaMH, aHaJl0rH4HblMH HCnOJlb30BaHHblM B 3KCnepHMeHTe: speMH 

o6ny4eHHH, speMH H3MepeHHH HHTeHCHBHOCTH 3H, 4HCJ10 UHKJlOB H3MepeHHH: 

n ( a ) Nd,pn (tk) =A·;~ T, ·A; · exp(-A., ·tk ]·(1-exp(-A, ·6.tk )) + 8 · 6.tk , (3) 

r,Qe 

[ 
n 1- exp[- n ·A. ·T ]J 

T;=(l-exp[-A.;t;,,.])· [ ] exp[-A.;·T]· ' "2 I - exp -A.; ·T (1 - exp[ -A., ·T]) 

npeACTaBJlHeT Bblpa)f{eHHe, OnHCblB3l011.lee HCTOpHIO o6ny4eHHH, BKJll04aJOIJ.(ee B 

ce6H TaKHe napaMeTPbl, KaK: 4HCJ10 UHKJlOB n, nepHOA 0,llHOro UHKJla H3MepeHHH T 
H speMH o6ny4eHHH /;,,. 

A= En ·a r<p· Nj"vd ' 

rAe Nd.pn(lk) - 4HCJlO OTC4eTOB (HeHTpOHOB peaKUHH (d,pn)), 3aperncTpHposaHHblX 

AeTeKTOpoM so speMeHHOM KaHane lk AJlHTeJlbHOCTbJO /:;.lk, A - aKTHBHOCTb 

HaCbllJ.(eHHH (HaBe,lleHHaH aKTHBHOCTb) H,llep-npe,llWeCTBeHHHKOB 3H, Yd - nOJlHblH 

BhlXOA 3H Ha AeneHHe; B - HHTeHCHBHOCTb HeHTpOHHOro cpoHa, A; H a , -

nOCTOHHHaH pacna,Qa H OTHOCHTeJlbHblH BblXOA i-H rpynnhl H,llep­

npe,llwecrneHHHKOB 3H ; n - 4HCJ10 UHKJlOB; m - 4HCJ10 rpynn HAep­

npe,llwecrneHHHKOB 3H, T - npOAOJl)f{HTeJlbHOCTb OAHOro UHKJla, BKJll04al011.(aH 

o6ny4eHHe H H3MepeHHe; En - 3cpcpeKTHBHOCTb ,lleTeKTOpa HeHTpOHOB; <p - noTOK 

HeHTpoHoB, cr1- ce4eHHe AeneHHH, Ni- 4Hcno HAep Hccne,QyeMoro AeJlHIJ.lerocH 

HYKJlHAa. 

0THOCHTeJlbHble BblXO,llbl H nepHO,llbl nonypacna,lla 51,llep-npe,llwecTBeHHHKOB 

3H ,llJlH cpe,llHeH 3HeprnH HH3K03HepreTH4eCKOH rpynnhl HeHTpOHOB, nony4eHHOH 

c noMOIJ.lblO Bblpa)f{eHHH (3), 6blJlH nony4eHbl B OT,lleJlbHOM )KCnepHMeHTe npH 

HCnOJlb30BaHHH peaKUHH Li(p,n) B Ka4eCTBe HCT04HHKa HeHTpOHOB [2]. 
OueHKa OTHOCHTeJlbHblX BblXOAOB 3H (a;) H nepHOAOB nonypacna,Qa l1X H,llep­

npe,llwecrneHHHKOB (T;) npOBO,llHJlaCb c HCnOJlb30BaHHeM MeTO,lla HaHMeHbWHX 

KBa,llpaTOB Ha OCHOBaHHH Bblpa)f{eHHH (3). Pe3yJlbTaTbl H3MepeHHH speMeHHblX 

napaMeTPOB 3H npH ,lleJleHHH HAep 235U HeHTpOHaMH npe,llCTaBJleHbl Ha pHC. 5 B 

TepMHHax 3HepreTH4eCKOH 3aBHCHMOCTH cpe,QHero nepHOAa nonypacna,Qa <T> 
HAep-npeAwecrneHHHKOB 3H 

<T>= "a ·T ~ l ,, 

i 

r,Qe a; - OTHOCHTeJlbHblH BblXOA i-ro npeAwecrneHHHKa 3H HJlH OTHOCHTeJlbHblH 

BblXOA i-i:i rpynnh1 3H, a T; - nepHOA nonypacnaAa i-ro npeAwecrneHHHKa 3H HJlH 

i-i:i rpynnh1 3H. 
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E,,, M3B 

P11cyHOK 5 - ch1eprern'-leCKIDI 33BHCHMOCTb cpelmero nep11011a nonypacnal(a lll\ep­

npe11weCTBeHHHKOB 3H nptt 11e11e1m11 ll l\ep 235U HdiTpOHaMH 

BHilHO, 4TO 3Ha4eHHH cpeAHero nepHo)la noJJypacna)la HAep-

npe)lwecTBeHHHKOB 3H, noJJyLJeHHble ilPYrHMH aBTOpaMH [2, 4, 5, 6, 7] , a TaK>Ke 

)laHHble, noJJyLJeHHble B pe3yJJbTaTe pacLJeTa c HCnOJJb30BaHHeM celJeHHH 

3MHCCHOHHoro )leJJeHHH H3 6116JJHOTeK ENDF/ B-VI LI H BROND-3. I , npH )leJJeHHH 

HAep 235U Hei1TpoHaMH B npe)leJJax Heonpe)leJJeHHOCTel1 cornacyioTCH c 

noJJyLJeHHblMH B HaCTomuel1 pa6oTe 3Ha4eHHHMH, 3HepreTH4eCKaH 3aBHCHMOCTb 

cpeAHero nepHO)la noJJypacna)la HAep-npe)lwecTBeHHHKOB 3H, paccLJHTaHHaH c 

HCnOJJb30BaHHeM Ce4eHHH 3MHCCHOHHOrO )leJJeHHH, npe)lCTaBJJeHHblX B 

6116JJHOTeKax oueHeHHblX HAepHblX )laHHblX ENDF/ B-VILI H BROND-3. I, 
COBna)laeT c TOLJHOCTblO )lO 3HaLJeHHH 3Heprnl1. 

.n:aHHble pa6oT ry)lKOBa H JloaH3bl [8, 9] B o6JJaCTH 3HeprHH OT 0 )lO 2 ,5 M38 

JJe)f(aT Bb1we noJJyLJeHHblX 3Ha4eHH11, )laHHble MaKCIOTeHKO HMelOT 3Ha4HTeJJbHYIO 

)lHcnepc11io 3Ha4eHHH B o6JJaCTH 3Heprnl1 nepBH4HblX Hei1TpoHoB Bb1we 4 M38; 

BbJWe nepeLJHCJJeHHOe MO)f(eT 6b1Tb Bbl3BaHO He )lOCTaT04HblM yYeTOM 3cjlcjleKTOB, 

B03HHKaJO!UHX B npouecce H3MepeHHH . .n:aHHble, noJJy4eHHble c HCnOJJb30BaHHeM 

GEF KO)la, cornacyioTcH c 3KcnepHMeHTaJJbHblMH )laHHblMH B o6JJacTH AO 1,5 M3B, 

B OCTaJJbHOH o6JJaCTH 3Heprnl1 nepBH4HblX HeHTpOHOB - JJe)f(aT HH)f(e 3Ha4eHHH, 

noJJyLJeHHblX 3KCnepHMeHTaJJb HO, 4TO n03BOJJHeT C)leJJaTb BblBO)l 0 KaLJeCTBe 

cymecTBylO!UHX MO)leJJeH paC4eTa BblXO)lOB npOAYKTOB )leJJeHHH. 

Bo BTopoii rnase npHBO)lHTCH on11caH11e 3KcnepHMeHTa, nocBH!lleHHOro 

H3MepeHHIO speMeHHblX xapaKTepHCTHK 3H npH )leJJeHHH H)lep 236U, 238U, 237Np, 
24 1Am Hei1TpoHaMH, reHep11pyeMblMH s peaKUHH T(d,n). CxeMa 

3KCnepHMeHTaJJbHOH ycTaHOBKH npe)lCTaBJJeHa Ha pHCYHKe 6. 
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KOHTpOMep 

KpeiiT 
KA MAK 

ny .lJ. - npe11yc111111TeJlb, YCHJ!HTeJlb H l\HCKpHMHl!aTOp, C - cyMMHpylOU1HH MOl\YJlb, 

ny - npel(yCHJ!HTeJlb 11 yCHJ!HTeJlb, nK - JJleKTpOMarHHTHblH KJianaH, .D,n - l(aT'-lHK 

CTOJ!OlKeHHll o6pa3Ua, oY - 6J!OK ynpaBJleHHll, nTL! - npeo6pa30BaTeJlb TOK-'laCTOTa, 

AUn - a HaJIOro-umjJpOBOH npeo6pa30BaTeJl b, nyc - nporpaMMHO-ynpaBJllleMblH c•1eT'IHK, 

MKC - MHOroKaHaJibHblH C'leT'-lHK, r - KBapueBblH reHepaTop HMCTYJlbCOB, on - 6J!OK nHTaHHll , 

n - npepblBaTeJlb, 3 M - 3JleKTpOMarHHTHblH npHBOl\ npepb1B3TeJlll , .lJ. - l\HaC)lparMa 

110Honpo0011a, M - MHWeHb ycKop11TeJ1ll, K.D. - KaMepa 11e11eHHll, 6 - 11eTeKTOp noToKa 

nepBH'IHblX HeHTpOHOB, H3rQTOBJleHHblH Ma 6a3e C'leT'IHKa c TBepl\blM 6opHblM pa1111aTOpOM, 

pa60Taiom11i1 B nponopu110HaJibHOM peJK11Me. C I - C'-leT'IHK c npe11ycTaHOBKOH 3Ha'le1mll 

3KCn03HUHH, C2 - C'leT'-lHK HHTerpaJibHOro 411c11a HMllYJl bCOB c npeo6pa3osaTem 1 (nT4) 11 

11eTeKTopa noToKa nep011'-!Hb1x HeHTpOHOB 6 , C3 - c•1eT'-lHK 411c11a 11Mny11bCOB c 

npeo6pa30BaTeJl ll nTL! 11 l\eTeKTOpa CTOTOKa nepBH'IHblX HeHTpOHOB DB 33l(aHHblX HHTepBaJiaX 

epeMe1m 

P11cy HOK 6 - 6110K-cxeMa 3KcnepttMeHTaJi bHOH ycTaHOBKH 

npoueAypa H3MepeHHH speMeHHblX 3aBHCHMOCTeH cna)la HHTeHCHBHOCTH 3H 
6bJJJa aHaJJOrH4Ha OnHCaHHOH B nepBOH rnase )lJIH )leJJeHHH ypaHa-235 HeHTpOHaMH. 

0TJJHLJHH )laHHOro 3KCnepHMeHTa 3aKJJIOLJaJJHCb B HCnOJJb30BaHHH B Ka4eCTBe 

4YBCTBHTeJJbHOro 3JleMeHTa )leTeKTOpa HeHTpOHOB CLJeT4HKOB c TBep)lblM 6opHblM 

paAHaTopoM B KOJJH4eCTBe 30 wTyK, pacnpe)leJJeHHblMH B noJJH3THJJeHOBOM 

3aMe)lJIHTeJJe H CHCTeMbl ynpasJJeHHH 3KcnepHMeHTOM Ha 633e Kpel1rn KAM AK. 

.D:JJH reHepaUHH HeHTpOHOB HCnOJJb30BaJJaCb TBep)laH TPHTHeBaH MHWeHb, 

6oM6apAHpyeMaH ycKopeHHblMH )leHTpOHaMH. 
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B npouecce npose.ueH11H 113MepeH11l1 speMeHHblX xapaKTep11crnK 3H np11 

,ueJ1eH1111 H.Uep 
236U, 238 U, 237

Np, 241 Am Hel1TpoHaM11 c 3HeprnHM11 OT 14 .uo 18 M38, 

reHep11pyeMblMl1 B rnep,uol1 TPl1Tl1eBOH M11WeHl1, 6bJJIO 06Hapy:>1<eHO, YTO CKOpOCTb 

CYeTa .ueTeKTOpa c MOMeHTa nona,uaHl1H o6JJylJeHHOro o6pa3ua B ,ueTeKTOp 

B03pacTaeT Jl.0 onpe,ueJJeHHOro MOMeHTa 11 Jl11Wb nOTOM HaY11HaeT cna,uaTb, lJTO 

CBl1,UeTeJJbCTBOBaJJO 0 HapyweHl111 CYeTHblX xapaKTep11CTl1K ,ueTeKTOpa B MOMeHT 

OKOHYaHl1H o6JJyYeHl1H. 

0,uHOH 113 B03M0)!{HblX np11Yl1H no.uo6Horo paCX0)!{,UeHl1H MO)!{eT 6b1Tb 

3cpcpeKT 6JJOK11pOBKl1 ,ueTeKTOpa, noMeLUeHHOro B cpe.uy BblCOK03HepreT11•1eCKl1X 

HeHTpOHOB. 

Bb1C0Ko 3HepreT11YecK11e Hel1TpOHbl npoH11KaioT Yepe3 3aLU11ry ,ueTeKTopa 11 

C03,UalOT HaJJO)!{eHHble 11MnyJJbCbl B 6opHblX CYeTYl1Kax. BCHKl1H pa3, KOr,ua npeBbl-

- 50 \IKA 

5 JO 15 20 25 30 

o -J0 -~1KAl 

l !· :; f 5 10 15 20 25 30 

I ~ ' -20M•A 

0 5 10 15 20 25 30 

:~r== w~ ~~~ IOM~w 
0 5 JO 15 20 ZS 30 

PHCYHOK 7 
HCTO'lHHKa 

l , c 

CKopOCTb C'leTa uei1TpoHOB Am-Li 
3aperHCTpHpOBaJIHaJI Jl.eTeKTOpOM 

Hei1TpOHOB nocne ero BbIJJ.eplKKH B nOTOKe Hel1TpOHOB 

paJJIH'lHOH HHTeHCHBHOCTH H3 peaKUHH T(d,n)4He. 

(3Ha'leHHJI TOKa HOHOB 6blJIH ycTaI·IOBJieHbl Ha ypOBHe 

I 0, 20, 30 H 50 MKA) 

waeTC51 eMKOCTb npe,uyc11J111Te­

J1el1 Jl.Jl51 o6pa60TKl1 OT,UeJJbHOfO 

c11rHaJJa, np011CXOJl.11T .uerpa.ua­

U1151 CKOpOCTl1 CYeTa ,ueTeKTOpa 

Hel1TpoHoB. BoccTaHOBJ1eH11e 

HOpMaJJbHOH CKOpOCTl1 CYeTa no­

CJJe BblKJllOYeHH51 nyYKa 3aHl1-

MaeT HeKOTOpoe BpeM51 11 3aBl1Cl1T 

OT 11HTeHCl1BHOCTl1 11 3Hepr1111 

nyYKa neps11•1HblX Hel1TpOHOB. 

.ll:JJ51 yYeTa BJll151Hl151 ,uaHHOfO 3cp­

cpeKTa 6b1J1 nocTaBJJeH .uonoJJH11-

TeJ1bHb1l1 3KCnep11MeHT, B KOTO­

poM speMeHHa51 3aBl1Cl1MOCTb 

CKOpOCTl1 CYeTa HeHTpOHOB Am­
Li 11CTOYHl1Ka 113Mep51JJaCb cpa3y 

nocJJe 06J1yYeH11H ,ueTeKTopa no­

TOKOM Hel1TpOHOB 113 peaKU1111 

T(d, n)4 He np11 pa3JJl1YHOH BeJ111-

Y11He TOKa 110HOB. bblJIO Bbl51CHeHO, YTO 3aBl1Cl1MOCTb CKOpOCTl1 CYeTa Hel1TpOHOB B 

ycJJOBl151X npe.usap11TeJ1bHOro o6JJyYeHl151 .ueTeKTopa B nOTOKe Hel1TpOHOB HOCl1T 

3KCnoHeHU11aJJbHblH xapaKTep 11 MO)!{eT 6bJTb on11caHa aHaJJl1Tl1YeCKl1M 

Bblpa)!{eH11eM (4) (CM. p11c. 7). 

y=yo+A,(1-e-xlt1)+A2(1-e-xlt2), (4) 

K03cpcp11u11eHTb1 Yo, A, , t" A1 , t~ - onpe,ueJJHIOTCH B npouecce om1caH11H 

113MepeHHblX 3aBl1Cl1MOCTel1 CKOpOCTl1 CYeTa. 

noJJyYeHHOe Bb1pa)!{eH11e n03BOJJHeT nonpas11Tb 113MepeHHb1e Kp11sb1e cna.ua 

11HTeHCl1BHOCTl1 3H. B ueJJHX Ml1Hl1Ml13au1111 3cpcpeKTa .uerpa.uau1111 CKOpOCTl1 CYeTa 

,ueTeKTOpa HeHTpOHOB see 113MepeHl1H BpeMeHHblX xapaKTep11CTl1K 3H 
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1 
) 

1 

npOBOJl.11Jll1Cb np11 MHHl1MaJJbHOM (B ,uaHHOM 3KCnep11MeHTe) TOKe ,uel1TpOHOB 

(10 MKA). 
TaK)!{e B npouecce npose,ueHHH 113MepeH11l1 speMeHHblX xapaKTep11crnK 3H 

np11 ,ueJ1eH1111 51,uep 236U, 238 U, 237
Np, 

24 1 Am Hel1TpoHaM11 c 3HeprnHMl1 OT 14 .uo 

18 M3B, reHep11pyeMbJM11 B rnep.uol1 Tp11T11esol1 M11weH11 6b1J1 o6Hapy)!{eH pocT 

Yl1CJJa HeHTpOHOB, reHep11pyeMblX Ml1WeHblO c TeYeH11eM BpeMeHl1. 

bblJIO c,ueJJaHO npe,unoJJO)!{eH11e 06 o6pa30BaHl111 .uonOJJHl1TeJJbHOfO 

11CTOYHl1Ka Hei:fTpOHOB B pe3yJJbTaTe 11MnJJaHTaUl111 ,uel1TpOHOB B no,UJIO)!{KY 

Ml1WeHl1. .lJ:aHHblH 3cpcpeKT 6blJI 11CCJJe,UOBaH B OT,UeJJbHOM 3KCnep11MeHTe, B 

KOTOpOM BMeCTO Ml1WeHl1 11cnOJ1b30BaJJC51 wa6JJOH, 113rOTOBJJeHHblH no TOH )!{e 

TeXHOJIOfl111, HO 6e3 ,uo6aBJJeHl151 51)].ep .uel1Tep1151 HJl11 Tp11T115I; nepe.u wa6JJOHOM 

ycTaHaBJJl1BaJJC51 o6pa3eu ypaHa-238, KOTOpblH o6JJyYaJJC51 B TeYeH11e 3a,uaHHOro 

BpeMeH11, nocJJe Yero npOBOJl.11JIOCb 113MepeH11e HaBe)].eHHOH aKTHBHOCTl1 51,Uep­

npe.uwecTBeHHl1KOB 3H. l1ccJJe,UOBaHl151 nOKa3aJJl1, YTO 3HaYeH11e aKTl1BHOCTl1 

pacTeT Jl.0 BeJJl1Yl1Hbl HaKOnJJeHHOro 3ap51,ua ~27 Kii (CM. p11cyHOK 8), nOCJJe Yero 

BblXOJl.11T Ha HaCblLUeH11e. 

10~~~~~~~~~~~~~~~~~~~ 

~ 

·~ 4 

""' 

10 15 20 25 30 35 40 

lQ. K" 

P11cyHOK 8 - 3aeHCHMOCTb aKTHBHOCTH JIJJ.ep­

npeJJ.wecTBeHHHKOB 3H 06pa3L1a 238U OT 

HaKOnJieHHOro Ha MHWeHH ycKopHTem1 3ap11JJ.a 

JJ.eHTPOHOB 

noJJyYeHHble ,UaHHble 0 

3aBl1Cl1MOCTl1 aKTl1BHOCTl1 51,Uep­

npe.uwecTBeHHl1KOB 3H o6pa3ua 238U 
OT HaKonJJeHHOro Ha Ml1WeHl1 

ycKop11TeJ15I 3ap51,ua ,uel1TpOHOB 

A(LQ) np11 06eyYeH1111 o6pa3ua s 

noToKe HeHTPOHOB H3 peaKu1111 D(d, 
n)3He KOppeI111py10T c ,uaHHblMl1 0 

3ap51,ue 110HOB, HaKanJ111BaeMOM Ha 

Ml1WeHl1 ycKop11TeJ15I, 11 n03BOJ151IOT 

yYeCTb 3cpcpeKT OT B03Hl1KalOLUero 

,uonOJJHl1TeJJbHOro 11CTOYHl1Ka 

HeHTpOHOB B H3MepeHl151X 

OTHOCHTeJJbHblX BblXO,UOB 3H 11 

nep110,uos noJJypacna,ua 11x 51,uep­

npe.uwecTBeHHl1KOB np11 ,ueJJeHl111 
238U Hel1TpOHaM11B11HTepsaJJe 3Heprnl1 OT 14 Jl.O 18 M3B. 

nocJJe sse,ueH115I nonpasoK, yY11Tb1Ba10LU11x on11caHHb1e Bb1we 3cpcpeKTbl, 

3KCnep11MeHTaJJbHO 113MepeHHble speMeHHble 3aBHCl1MOCTl1 cna,ua 11HTeHCl1BHOCTl1 

3H np11 ,ueJ1eH1111 51Jl.ep 236U, 238U, 237Np, 241 Am Hel1TpoHaM11 B )].11ana30He OT 14,23 

.uo 17,98 M38 6b1J111 06pa60TaHb1 c ueJJblO oueHKl1 speMeHHblX napaMeTpos 3H. 

noJJyYeHHble Ha6opbl BpeMeHHblX napaMeTpOB 3H npe,UCTaBJJeHbl Ha p11CyHKe 9 B 

TepM11Hax 3HeprernYecKol1 3as11c11Mocrn cpe.uHero nep110.ua noJJypacna,ua <T> 
51,Uep-npe)].wecTBeHHl1KOB 3H. 
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B TpeTbeii nrnBe np1rne,ll,eHo om1caH11e MeTo,ll,a 11ccJ1e,ll,0BaHHH 

:rnepreTH4eCKOH 3aBHCHMOCTH Ce4eHHH 3MHCCHOHHOro ,ll,eJJeHHSI H,ll,ep 238 U 

HeHTpOHaMH c HCnOJJb30BaHHeM noJJy4eHHOH 3KCnepHMeHTaJJbHO BeJJHLIHllbl 

c pe,ll,Hero nepHo,ll,a noJJypacna,ll,a H,ll,ep-npe,ll,wecTBeHHHKOB 3H. 

3KcnepHMeHTaJJbHOe HCCJle,ll,OBaHHe HeHTPOHHblX peaKUHH, 

conpOBO)l{,ll,a!Oll.lHXCSI MHO)l{eCTBeHHblM HcnycKaHHeM HeHTpOHOB, npe,ll,CTaBJJHeT 

c o6ol1 O,ll,HY 113 CJIO)l{HeHWHX 3a,ll,a4 H,ll,epHOH <j>H3HKH , KOTOpasi He MO)l{eT c 

,ll,OCTaT04HOH CTeneHblO Ha,ll,e)l{HOCTH 6b1Tb peweHa 6e3 TeopeTH4eCKOf0 aHaJJH3a 

3KcnepHMeHTaJJbHbIX ,ll,aHHhlX. Ha npaKTHKe He cymecTByeT npsiMblX 

3KCnepHMeHTaJJbHblX MeTO,ll,OB, c nOMOII.lblO KOTOpblX MO)l{HO 6blJIO 6bl npoBepHTb 

c npaBe,ll,JIHBOCTb npe,ll,CTaBJJeHHH o waHcosol1 CTPYKType ceYett11si ,ll,eJJeHHH [IO]. 
CymecTBYIOT JJHWb ,ll,aHHb1e no BKJJa,ll,y ceYeHHH nepBoro wattca s ceYeHHH peaKUHH 
235 U(n,j), noJJy4eHHble c nOMOII.lblO ,ll,aHHblX no MHO)l{eCTBeHHOCTH HeHTpOHOB 

<j>oTo,ll,eJJeHHH 236 U [ 11 ], a TaK)l{e Ha octtoBaHHH 1aBHCHMOCTH noJJHOH 3Heprn11 

M fHOBeHHOfO raMMa-H3Jlyl.feHHSI OT cpe,ll,Hero 4HCJJa MfHOBeHHblX HeHTPOHOB 

,ll,eJJeH HSI [ 12]. 
npH 3 HeprnH B036y)l{,ll,eHHSI (E*) , npeBblWalOII.leH CYMMY 3 HeprnH CBSl3H 

He HTpoHa B H,ll,pe Bn 11 BblCOTbl 6apbepa ,ll,eJJeHHH Et H,ll,pa A- I 

E*-c. EJ-1+B:, 

n OSIBJISleTCSI BepOHTHOCTb npoTeKaHHSI npouecca 3MHCCHOHHOro ,ll,eJJeHHSI, T.e. 

neJJeHHJI H,ll,pa c npe,ll,BapHTeJlbHblM HcnycKaHHeM 0,ll,HOfO HJIH HeCKOJlbKHX 

HeHTpOHOB. npH 3 HeprHHX BblWe nopora E* Ha6JJIO,ll,aeMble xapaKTepHCTHKH 3H 

SI BJISllOTCSI cpe,ll,HHMH BeJJH4HHaMH no cneKTPY HeCKOJlbKHX ,ll,eJISllI.lHXCSI H,ll,ep, ,ll,JISI 

CJJYl.faH ,ll,eJJeHHSI 238U HeHTpOHaMH - 239U *, 238U *H 237 U *. i13BeCTHO, 4TO BeJJH4HHa 

c p e,ll,Hero nepHO,ll,a noJJypacna,ll,a H,ll,ep-npe,ll,wecTBeHHHKOB 3H <T(A , E11)> 
O,ll,H03Ha4HO CBSl3atta c HYKJJOHHblM COCTaBOM ,ll,eJIHII.lerocsi KOMnayH,ll,-H,ll,pa H ero 

3 Heprnel1 Bo16y)l{,ll,eH11si [13]. B o6JJaCTH 3MHCCHOHHoro ,ll,eJJeHHH cpe,ll,HHH nepHO,ll, 

n oJJypacna,ll,a sinep-npe,ll,wecTBeHHHKOB 3H onpe,ll,eJJsieTcsi cyMMOH cpe,ll,HHX 

n ep110,ll,0B noJJypacna,ll,a si,ll,ep-npenwecTBeHHHKOB 3H, 06pa3y10m11xcsi B 

p e3yJJbTaTe ,ll,eJJeHHSI Ka)l{,ll,Oro H3 KOMnayH,ll,-Sl,ll,ep c BeCOM, nponopUHOHaJJbHblM 

COOTBeTCTBYIOII.leMy napUHaJJbHOMY Ce4eHHIO ,ll,eJJeHHSI . 

no3TOMY CpaBHeHHe HHTerpaJJbHblX 3Ha4eHHH <T>, noJJy4eHHblX B npHMOM 

OnbITe, c COOTBeTCTBYIOII.lHMH 3Ha4eHHSIMH, Bbl4HCJleHHblMH c HCnOJJb30BaHHeM 

Bb1pa)l{eHHH (5) Ha ocH0BaH1111 npe,ll,nOJJaraeMoi1 wattCOBOH CTPYKTypb1 ceYeHHH 

,ll,eJJeHHH H cpe,ll,HHX nep110,ll,OB <T(A , En)>, <T(A-1 , E11 1)>, <T(A-2 , En2)>, 
COOTBeTCTBYIOII.lHX ,ll,eJISllI.lHMCSI KOMnayH,ll,-H,ll,paM 239U *, 238U * H 237U *, n03BOJJHeT 

cy,ll,HTb 0 noBe,ll,eHHH napuHaJJbHblX Ce4eHHH ,ll,eJJeHHSI B 3aBHCHMOCTH OT 3HeprnH 

n epBH4HblX Hei1TpOHOB En: 

a,, 11· < T ( A,E,,) >+a ,, ,,.1 · < T ( A- 1, E,,1) >+a,, 211 •1 · < T ( A- 2, £,,2 ) > 
< T(A, £ 11 ) >= · · · ' 

a 1 ( En ) 
(5) 
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r.LJ,e crf(En)=crn,fl +crn,n'f+crn,2n'f, (Jn,fl> (Jn ,n'f• Gn,2n'f - COOTBeTCTBeHHO 

ce4eHlrn napumUlbHblX peaKu11i1 (n, fl), (n, n'J), (n, 2n'J); £111 , £,,2 - 3HeprnH 
nepB114HbIX Hei1TpOHOB B napu11aJibHbIX peaKL(l1HX (n, n 'J) 11 (n, 2n 'J), 
COOTBeTCTBYI-OlllaH 3Heprn11 B036y)((.LJ.eHl1H KOMnayH.LJ.-H.LJ.ep 238u· 11 237u· np11 
3M11cc110HHOM .n.eJJeH1111 H.LJ.pa A Hei1TpoHaM11 c 3Heprnei1 £,,. 

,[Vrn scex 113y4eHHbIX HYKJJl1.Ll.OB seJ111411Ha <T> B nepsoM np116J111)((eH1111 
Jll1HeHHO yMeHbWaeTCH c yseJJl14eHl1eM 3Heprn11 nepB114HbIX HeHTPOHOB (CM. , 
Hanp11Mep, [2]). Do3TOMY 11HcpopMau11H 06 3Heprern4eCKoi1 3as11c11Mocrn cpe.n.Hero 
nep110.n.a noJJypacna.n.a H.LJ.ep-npenwecrneHHl1KOB 3H <T(A , £,,)> .Ll.JIH neJJHUl11XCH 
H.Uep-M11weHei1 238U, 237U, 236U 6b1J1a noJJy4eHa nyTeM on11caH11JI 113MepeHHblX 
paHee 3KCnep11MeHTaJlbHbIX .n.aHHblX Jll1HeHHOH 3aBl1Cl1MOCTblO 
< T,(A- i, £,,;)> =c;+d;' £,,;, rne 11H,UeKC i = 0, I, 2 OTHOCl1TCH COOTBeTCTBeHHO K 
peaKul1HM (n,fl), (n, n'J), (n, 2n'J). 

3Kcnep11MeHTaJibHO 113MepeHHbie 3Ha4eH11JI cpenHero nep110.n.a noJJypacnana 
H.LJ.ep-npenwecrneHHl1KOB 3H np11 .n.eJJeH1111 H.LJ.ep 238U 11 236U [2, 14] 11 
annpoKc11MaI.ll10HHb1e npHMbie npencrnsJJeHbl Ha p11cyHKe I 0. 

3Ha4eH11H <T> .UJJH 237 U, coorneTCTBYI-Ollll1e 3Heprn11 6b1cTpb1x Hei1TpOHOB 
(~ I M3B), noJJy4eHbI c noMOUlbI-O c11cTeMaT11K11 cpe.n.Hero nep110.n.a noJJypacna.n.a 
H.Uep-npe.n.wecrneHHl1KOB 3H < T>=exp(a+b·(AJZ)·92), r.n.e A c 11 Z - Maccosoe 
411CJJO 11 3apHn KOMnayH.U-Hnpa (cM. p11c. 11) [15, 16]. 3Ha4eH11e HaKJJOHa d; .UJJH 
3Heprern4eCKOH 3aBl1C11MOCTl1 < T(237U)> np11HHTO paBHbIM 0, 125 c/M38. 

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

8,5 

8,0 

7,5 ~ d<T>/dEn~-(0, 1 09±0;-;)c/f\hS-- ----.._• 
<T

0
>=8,06±0,07 c 

7,0 

e •. 5 

6,0 

5,5 

. -- ----·----S,O d<T>/dEn"'-(0, 125±0,03 1) c/M30 

45 
<T

0
>=5,79±0, 12c 

0,0 0.5 1,0 1,5 2,0 2.5 .1,0 J.S 4,0 4,5 S.O 

E •. MJB 

CnnowHM n 111rnll -J1H11ei!HM 

annpOKCHMaUHll JKCnepHMCHTaJlbHblX 

3Ha'ICHHH 

P11cyHOK I 0 - 3HeprernYCCKHC 

3aBHCHMOCTH cpe.zIHero nepHO.lla 

nonypacnMa ll .llep-npe.llwecmeHHHKOB 3H 
np11 .llCJleHHH 238 LJ (KBMpaTbl) 11 236LJ 
(KPYlKKH) 6blCTpblMl1 HeHTPOHaMH 

16 

!11 ~ 
• •KJ010l1M{ 1 

0 ·H'JOTOlll41'U 

'V -H:tOT'Olll~Am 

I:!. -Th-232 
... -:-:p-237 

--CHCTe,WITHl(.I T exp(a+b(.\e/)92) 

10 

u 9 e , 

233 234 235 236 237 2]8 239 

(A/Z)92 

CnnowHaJI JIHHHll - annp0Kc11Mau11ll 

CHCTeMaTH'ICCKOH 3aBHCHMOCTbl0 

<7>=exp(a+b·(AJZ)·92) 
P11cyHoK I I - CHcTeMaT11YeCKM 3aBHCHMOCTb 

cpem~ero nepHO.lla nonypacnMa ll .llCP­

npe.llwecmeHHHKOB 3H npH .lleJleHHH ll.llCP Th, U. 
Np, Pu, Am 6b1crpb1M11 HCHTPOHaM11 OT 

napaMeTPa (AJ Z)·92 .llefl l!Ulerocll ll.llpa [15, 16] 

3Ha4eHl1H £,,, 11 £,,2 6bIJll1 oueHeHbl Ha OCHOBe 3HepreTl14eCKOro 6aJiaHca 

peaKu11i1, CBH3bIBaI-OUlero 3Heprn11 B036y)((.LJ.eHl1H 11CXO.Ll,HOro E; 11 OCTaT04HOro 

H.Ll,pa £_;_, B npouecce 11cnycKaHl1H npenpaBHOBeCHbIX Hei1TpOHOB 

20 

* * * EA = Enl + Bn,A 11 EA- I= EA -En -Bn,A• 

c 3Heprl1}(Ml1 CBH311 Hei1TpOHOB B,, 113 pa6oTbI [17] 11 3Ha4eHl1HMl1 cpenH11x 

:meprni1 npenpaBHOBeCHbIX HeHTpOHOB 113 pa60Tbl [ 18], oueHeHHbIMl1 .Ll,JIH peaKUl111 
23SLJ(n, f). 

,[Vrn BbI411CJJeH11H cpe.n.Hero nep11ona noJJypacna.n.a H.LJ.ep-npenwecrneHHl1KOB 
3H np11 .n.eJJeHl111 H,Uep 238 U c noMOUlbl-0 Bbipa)((eHl1JI (5) B HaCTOHUleH pa6oTe 6bIJll1 
11CnOJJb30BaHbl 3HepreTl14eCKl1e 3aBl1Cl1MOCTl1 ce4eHl1H neJJeHl1H 113 6116J1110TeK11 
ENDF/B-VIl.I [19] , a TaK)((e Ce4eHl1H 113 pa6oT [18, 20]. 

Pe3yJJbTaTbI pac4eToB npe.n.cTaBJJeHbI Ha p11cyHKe 12 (3Be3.LJ.bI, poM6b1, 
Tpey roJJbH11K11, KPY)((Kl1 c orn11soM) BMecTe co 3Ha4eH11HM11, 113MepeHHbIMl1 
3KCnep11MeHTaJibHO (KsanpaTbl). 

u 

~· 

7,0 ~----------------~ 

6,5 

6,0 

-•- HacTOl!lUall pa6orn 
-+- bOHKOB H ,up., 199 1 
_ _.,_ ENDF/B-Vll. I 
-Q- ENDF/B-VllI.0 
-•- 11rnaTIOK H .up., 1990 T I 
• T Mo.uH<jl. 11rnaTIOK l----! __ -~ 

~- l 

v 5,5 
Q Q-

-Q--i 

5,0 '-

t * ... ---::===-- . ·---- . •'=-- • 

4,5 Li~__L~~~~~~~~~~~~ls 
14,0 14,5 15,0 15,5 16,0 16,5 17,0 17,5 18,0 18,5 

E
0

, MJB 
P11cy110K 12 - CpaBHeHHe JHepreTH'JeCKHX JaBHCHMOCTett cpe.llHHx nepHO.llOB nonypacna,l\a 

ll.llep-npe,l\weCTBeHHHKOB 3H npH ,l\eJleHJ>IH 238U, 113MepeHHblX ) KCnepHMeHTaJlbHO, a TaKlKe 

paCC'IHTaHHblX B HaCTOHU(ett pa6oTe 

811.LJ,HO, 4TO paCC411TaHHble Ha OCHOBaHl111 .LJ,aHHbIX 6116JJl10TeK 11 pa6oT [18, 
20] 3Ha4eH11H cpenHero nep11ona noJJypacna.n.a JJe)((aT Hl1)((e noJJy4eHHbIX 
3KCnep11MeHTaJlbHO. np11411HOH paCX0)!(.Ll,eHl1H MOryT HBJIHTbCH 3aHl1)((eHHble 3Ha-
4eHl1H ce4eH11i1 peaKu1111 (n, 2n 'J) B nepe411cJJeHHbIX BbIWe pa6ornx. ,rvui 
cornacosaHl1H 3KCnep11MeHTaJlbHbIX 11 Bbl411CJJeHHbIX 3Ha4eHl1H <T> 6bIJJa 
BblnOJJHeHa sap11au11JI napu11aJibHbIX ce4eH11i1(n, jl)11 (n, n'J), a ce4eH11e (n, 2n'J) 
6bIJJO noJJy4eHo c noMOlllblO Bb1pa)((eH11H (n, fl) + (n, n 'J) + (n, 2n 'J) = (n, f). B 
pe3yJJbTaTe 6bIJJO noJJy4eHo pa3JJO)((eH11e noJJHoro ce4eHl1}( .n.eJJeH11H Ha 
napu11aJibHb1e cocTaBJJHI-OUl11e (CM. p11c. 13), KOTopoe no3BOJJl1JJO np11secrn s 
COOTBeTCTBHe 3Kcnep11MeHTaJlbHbie 3Ha4eHl1H <T> c BblLf11CJJeHHbIMl1. 3Ha4eHl1H 
<T>, Bbl411CJJeHHbie c 11cnOJJb30BaH11eM MO.L1,11cp11u11posaHHOro pa3JJO)((eHl1H 
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nOJlHOro Ce4eHHH .ueJleHHH Ha napU.HaJlbHble (npe,UCTaBJleHbl Ha pHC. 12 OTKpblTblMH 

KPY)l{KaMH), cosna.ua10T c H3MepeHHbIMH 3Ha4eHHHMH cpe.uHero nep110.ua 

nollypacna.ua H.Uep-npe.uwecrneHHHKOB 3H B npe.uellax Heonpe.ueJleHHOCTei1. 

1.6 [ • (n,f) Hrnano K 11 JtP 1990 
• (n ,fl)- (n, fl ) HrnaTIOK1t ~p., 1990 

IA A {n,n'f) (n,n'f) HrnaTIOK 11 .np., 1990 • 

• (n,2n'f) {n,2n'f) HruaTtOK 11 .np., 1990 • • · 
1.2 • .. 
1.0 ............... 

~ ' ~ 0.8 ,. 
b~ 0.6 

0.4 

............ ~~ A • & & 

----~~<::--~ 
,~ '·.i. ~ ... 
" .,. -..-n.;" 

0.2 

0.0 fF'? : ·-. 
10 12 14 16 18 20 

E,, M>B 

PHcyHoK 13 - CpaBHCHHe MO.UH<!iHUHpoaain1oro 

pronoJKeHHH nonHoro ce4eHHH .ueneHHI! Ha 

napumlJlbHble CC4CHHH peaKUHH (n, jl ), (n, n 'j) , (11, 

2n 'j) c COOTBCTCTBYIOU(HMH ,UaHHblMH HJ pa60Tbl 

[20] 

B <JeTBepTOH rnase 
npHBe,UeHO OnHCaHHe MeTO,Ua 

sepHcjrnKaU,HH 6H6JlHOTeK 

ou,eHeHHblX 

npo.uyKTOB 

,UaHHblX BblXO,UOB 

,UeJleHHH c 

HCnOJlb30BaHHeM H3MepeHHblX 

3KCnepHMeHTaJlbHO 

MaKpOCKOnw1eCKHX .uaHHblX no 

3anaJ.Ub1Ba10lUHM HeihpoHaM .UJlH 

sepHCjJHKaU,HH 6H6JlHOTeK 

ou,eHeHHblX .uaHHblX BblXO,UOB 

npo.uyKTOB ,UeJleHHH. 

MeTo.u 3aKJll04aeTCH B 

Bbl4HCJleHHH MaKpOCKOnH4eCKHX 

xapaKTepHCTHK 3H, TaKHX KaK 

nOJlHblH BblXOJl 3H H cpe.UHHH 

nep110.u nollypacna.ua H.Uep-

npe.uwecrneHHHKOB 3H, Ha OCHOBaHHH .uaHHblX MHKpOCKOnH4eCKHX 

xapaKTepHCTHK: BepOHTHOCTeH HCnyCKaHHH 3H (P11) H nepHO,UOB nollypacna.ua HX 

H.Uep-npe.uwecTBeHHHKOB (T1 2) H KYMYllHTHBHbIX BbIXO.UOB npo.uyKTOB .ueJleHHH 

(CY). noJlHbIH BbIXO!l 3H (vd) H cpe.UHHH nep110.u nollypacna.ua H.Uep­

npe.uwecrneHHHKOB 3H (<Ti 2>) MoryT 6b1Tb paCC4HTaHbl MeTO,UOM cyMMHpOBaHHH 

c HCnOJlb30BaHHeM MHKpOCKOnH4eCKHX xapaKTepHCTHK (CM. Bblpa)l{eHHJI (6)) 

L,(Pn; ·CY; ·7112;) 

Vd=l:(CJj·P11;), <7112 >= i L,(P ·CY'' , (6) 
I nt I 

r.ue CY; - KYMYllHTHBHbIH Bb1xo.u i-ro H.Upa-npe.uwecTBeHHHKa 3H, P,11 -

sepOHTHOCTb 11cnycKaH11H 3H i-M H.UpOM-npe.uwecrneHHHKOM, TJ/2 ; - nep110.u 

nollypacna.ua i-ro H.Upa-npe.uwecrneHHHKa 3H. 

8o3MO)l{Hble pacxo)l{,UeHHH B pe3YllbTarnx Ha1160Jlee sepoHTHO HBJlHIOTCH 

pe3yllbTaTOM Heonpe.ueJleHHOCTei1 6a3 .uaHHbIX KYMYJlHTHBHbIX Bb1xo.uos 

npO.UYKTOB ,UeJleHHH (CY;) H Ha6opOB MHKpOCKOnH4eCKHX ,UaHHblX (P11, T1 2). 
003TOMY 04eBH,UHO, 4TO B CJly4ae HH3KOH 4YBCTBHTeJlbHOCTH paCC4HTaHHblX 

napaMeTpOB 3H K Ha6opaM ,UaHHblX (P11, T1 2) MeTO,U CYMMHpOBaHHJI MO)l{eT 6b1Tb 

HCnOJlb30BaH JlJlH onpe,UeJleHHH HaH60Jlee Ha,Ue)l{HOH 6a3bl .uaHHblX BblXO!lOB 

npo.uyKTOB ,UeJleHHH, KOTOpble npe,UCTaBJleHbl B 6H6JlHOTeKax ou,eHeHHblX H,UepHblX 

.uaHHbIX ENOF/ 8, JEFF, JENOL. 

CyMMHposaHHe npoBO.UHJlOCb no sceM H.UpaM-npe.uwecTBeHHHKaM, 

npe,UCTaBJleHHblM B KOHKpeTHOM Ha6ope .uaHHblX. ,Z:Vrn pac4eTOB B Ka4eCTBe 

BBO!lHhIX .uaHHbIX HCnOJlb30BaJlHCb KYMYJlHTHBHbie BbIXO.UbI 368 H.Uep­

npe.uwecTBeHHHKOB 3H, co.uep)l{alUHeCH B 6H6JlHOTeKaX ou,eHeHHhlX H.UepHblX 

22 

.uaHHbIX JEFF-3.1.1 , ENDF/ 8-VIl.l, JENDL-4.0 [21]. TaIOKe HcnOJlb30BaJlHCb 

<1eTblpe Ha6opa .uaHHblX sepOHTHOCTeH HcnycKaHHH 3H H nepHO,UOB nollypacna.ua 

H,Uep-npe.uwecTBeHHHKOB 3H: Ha6op .uaHHblX, noJly4eHHhlH c nOMO!UblO 

CHCTeMaTHKH KpaTu,a-XeppMaHHa [22]; ou,eHeHHbie 3KcnepHMeHTaJlbHhie .uaHHbie 

Py.ucTaMa [23]; ou,eHKa, BbinOJlHeHHaH Ha ocHoBaHHH 3KcnepHMeHTaJlbHbIX .uaHHbIX 

11 cHcTeMaTHKH [24]; .uaHHb1e, nolly4eHHbie s ceKU.HH H,UepHbIX .uaHHbIX MAr AT3 

Ha OCHOBaHHH scex cymecTBylO!UHX 3KCnepHMeHTaJlbHblX ,UaHHblX K 20 I 0 ro.uy 

[25]. 
Pacc4HTaHHbie MeTO.UOM cyMMHposaHHH noJlHbie BbIXO.D:bI 3H H cpe.UHHe 

nepHO!lbI nollypacna.ua H.Uep-npe.uwecrneHHHKOB 3H cpaBHHBaJlHCb c 

coorneTCTBYIOlllHMH peKoMeH.uosaHHbIMH 3Ha4eHHHMH [26, 27]. CTeneHb cornacHH 

paCC4HTaHHblX 3Ha4eHHH c peKOMeH,UOBaHHblMH no3BOJlHJla C,UeJlaTb BblBO!l 0 

Ka4eCTBe HCCJle.uyeMblX Ha6opoB ,UaHHblX BblXO,UOB npo.uyKTOB ,UeJleHHH H 

onpe.ueJlHTb HaHJlY4WHH. Ha1160Jlee Ha,Ue)l{HbIH Ha6op .uaHHbIX (Pn,TJ/2) 6bIJl 

Bb16paH no pe3YllbTaTaM BbI4HCJleHHH cpe.uHero nep110.ua nollypacna.ua H.Uep­

npe.uwecTBeHHHKOB 3H, TaK KaK OH MO)l{eT 6b1Tb 3KCnepHMeHTaJlbHO H3MepeH c 

60JlbWeH T04HOCTblO, 4eM nOJlHblH BblXO,U 3H. 

CpaBHHTeJlbHbIH aHaJlH3 noKaJaJl, 4TO 3a HCKJll04eHHeM cJly4aH .ueJleHHH 
239Pu 6bICTpblMH HeHTpOHaMH llY4WHM o6pa30M ce6H nOKa3blBaeT Ha6op BblXO,UOB 

H3 6H6JlHOTeKH JEFF. Cpe.uH Ha6opos MHKpOCKOnH4eCKHX napaMeTpos (Pn,T1 12) 

Ha1160Jlee Ha.ue)l{HbIM HBJlJ!eTcH Ha6op MAr A T3. 

c y4eTOM noJly4eHHblX 3HaHHH 0 HaHJlY4WHX Ha6opax MHKpOCKOnH4eCKHX 

napaMeTpos 3H !lJlH onpe.ueJleHHH Ha1160Jlee Ha,Ue)l{HbIX Ha6opos .uaHHbIX speMeH­

HbIX napaMeTpos 3H (ai ,Ti) cpe.u11 npe.ucrnsJleHHbIX B 6116JlHOTeKax ENDF/ 8-

VIIl.O, JENDL-4.0 , JEFF-3.3, MeTO,UOM cyMMHposaHHH 6bIJlH pacc4HTaHbI 3Ha4e-

HHH cpe.uHero nep110.ua nolly­

pacna.ua H.Uep-npe.uwecrneH­

HHKOB 3H Ha OCHOBaHHH: 

MHKpOCKOnH4eCKHX napa­

MeTpOB (Ksa.upaTbl), ,UaHHblX 

speMeHHblX napaMeTpOB 3H, 

npe,UCTaBJleHHblX B 6H6JlHO­

TeKax ENOF/ 8-Vlll.0, 

JENOL-4.0, JEFF-3.3 (oT­

KpblTbie TpeyrOJlbHHKH, 

poM6bl H nHTHyrOJlbHHKH, co­

OTBeTCTBeHHO), TaK)l{e Ha pH­

cyHKe KPY)l{KaMH npe.ucrns­

JleHbl peKOMeH,UOBaHHble 3Ha-

4eHHil [28) . 

00 CTeneHH pa3llH4HH 

3Ha4eHHH (rncrnrpaMMa), 

noJly4eHHblX MeTO,UOM 
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PHcyHOK 14 - PeJyJlbTaTb1 pac4eTa cpe.uHero nepHo.ua 

nonypacna.ua H.Uep-npe.uwecTBeHHHKOB 31-1 c 
HCflOJlbJOBaHHCM MCTO,Ua cyMMHpOBaHHH Ha OCHOBaHHH 

nocnem1ero, peKOMCH.UOBaHHoro MAf AT3, Ha6opa (Pn, 

T 112), a TaKJKe Bb1xo.uos npot1yKTOB t1eneHHH HJ 6H6JlHOTeK 

oueHeHHblX t1aHHblX ENDF/B-Vlll.0, JENDL-4.0, JEFF-
3.3 

cyMMHpOBaHHil c HCnOJlb30BaHHeM MHKpOCKOnH4eCKHX .uaHHblX c .uaHHblMH, 

paCC4HTaHHblMH MeTO,UOM cyMMHpOBaHHil Ha OCHOBaHHH Ha6opoB BpeMeHHblX 
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napaMeTpOB 3H, .llJUI Ka)f(.llOH 113 paCCMOTpeHHblX .ueJHIU.(11XCH Cl1CTeM onpe.ueJJeHbl 
JJY4Wl1e Ha60pb1 BpeMeHHblX napaMeTpOB 3H. flp11 .UeJJeHl111 H.llep mu TenJJOBblMl1 
11 6blCTpb1Ml1 Hei1TpOHaMl1 Hal1JJY4Wl1M HBJJHeTCH Ha6op BpeMeHHblX napaMeTpOB 
3H, npe.uCTaBJJeHHblH B 6116J1110TeKe JEFF-3.3, np11 .ueneHl111 H.Uep 238U 11 239Pu 
6blCTpb1Ml1 Hei1TpOHaMl1 Hal1JJY4Wl1M HBJIHeTCH Ha6op speMeHHblX napaMeTpOB 3H, 
npe.ucrnsneHHblH B fo16n110TeKe ENDFI B-VIII.O, np11 .ueneH1111 239Pu TenJJOBblMl1 
Hei1TpOHaM11 Hal1JIY4W11Ml1 HBJIHIOTCH Ha6opb1 BpeMeHHblX napaMeTpOB 3H, 
npe.ucTaBJJeHHble B 6116J1110TeKe JEFF-3.3 11 JENDL-4.0 (CM. p11c. 14). 

B 33KJllO'ICHl111 KpaTKO 113JIO)f(eHbl OCHOBHble pe1yJ1bTaTbl 11 BblBO.llbl 
BblnOJJHeHHOH pa60Tbl: 

I. YcosepweHCTBOBaHa MeTO.lll1Ka 111MepeH11H speMeHHblX 
xapaKTep11CTl1K 3ana3.llb1Bal01Ul1X Hei1TpOHOB .!lJIH .ueJJeHl1H H.Uep 235U 
HeM0Ho:rnepreT11YecK11M11 Hei1TpoHaM11. CymecTByiomaH ycrnHOBKa 6b1na 
.uonOJJHeHa cneKTpOMeTpOM noTOKa nepB114HblX HeHTpOHOB .!lJIH oueHKl1 
xapaKTep11CTl1K 3HepreTl14eCKOrO pacnpe.UeJJeHl1H. flpOBe.UeH11e 113MepeHl1H 
cneKTPOB nepBH4HblX Hei1TPOHOB 113 peaKu1111 D(d,n) Ha rnep.uoi1 M11weH11 
no3BOJll1JIO o6Hapy)f(l1Tb KOMnOHeHry cneKTpa, 06J1a)lal01UYIO 6onee Hl13KOH 
3Heprnei1, HaY11HaH c 3Heprn11 ycKopeHHblX .ueihpoHOB 3,5 M3B. 

2. Pa3pa6ornH 11 np11MeHeH MeTO.u 06pa60TK11 3Kcnep11MeHTaJJbHb1X 
.uaHHblX c yYeTOM cneKTpaJJbHblX xapaKTep11CTl1K 11CT04Hl1Ka nepB114HblX 
Hei1TpOHOB. 11cnOJJb30BaH11e .uaHHOro MeTo.ua n03BOJll1JIO nposeCTl1 113MepeHl1H 
BpeMeHHblX xapaKTep11CTl1K 3ana3.llb1Bal01Ul1X Hei1TpOHOB B MaJJOl13Y4eHHOM 
.u11ana30He 3Heprni1 nepB114HblX Hei1TpoHoB OT 4 .uo 8 M38, reHep11pyeMb1x B 
peaKU1111 D(d,n) Ha TBep.uoi1 Ml1WeH11, 11 1116e)f(aTb Cl1CTeMaTl14eCK11X ow1160K, 
.uonymeHHblX B paHee ony6n11KosaHHb1x pa6ornx. On11caHHb1i1 MeTO.u no3BOJJHeT 
noJJHOCTblO 11cnOJ1b30BaTb .uocTynHblH Ha ycKop11TeJ1e TaH.ueM-3M .u11ana30H 
3Heprni1 ycKopeHHblX .uei1TPOHOB. 

3. floJJyYeHHble .uaHHble speMeHHblX xapaKTep11CTl1K 3ana3.llb1Bal01Ul1X 
Hei1TpOHOB nOKa3blBalOT, B OTJll1411e OT paHee ony6J111KOBaHHblX .uaHHblX, 
OTCYTCTBl1e pa36poca 3Ha4eHl1H 11 .ueMOHCTp11py10T pOCT BeJJl1411Hbl cpe.uHero 
nep110.ua nonypacna.ua H.llep-npe.uwecTBeHHl1KOB 3H Ha 12% B o6nacrn OT 5 .uo 
7 M3B, 4TO CBH3aHO c pOCTOM BKJJa.ua peaKU1111 3Ml1CCl10HHOro .ueJJeHl1H 235U(n,n'f). 

4. flpe.llJIO)f(eH HOBblH nO.UXO.ll K 113MepeH11IO BpeMeHHblX xapaKTep11CTHK 
3ana3.llb1Bal01Ul1X Hei1TpOHOB np11 .ueneHl111 TH)f(eJlblX H.Uep HeHTPOHaM11, 
reHep11pyeMblMl1 B peaKU1111 T(d,n) Ha TBep.uoi1 Ml1WeHl1 . 

5. 3Kcnep11MeHTaJJbHO 113MepeHa 3aBl1Cl1MOCTb na.ueHl1H CKOpOCTl1 C4eTa 
.ueTeKTOpa Hei1Tp0HOB OT TOKa .uei1TpOHOB, 60M6ap.u11pyiom11x Hei1TpOH­
reHep11pyiomyio Ml1WeHb. 3Kcnep11MeHTaJJbHO 113MepeHa BpeMeHHaH 3aBl1Cl1MOCTb 
HaKOnJJeHl1H .uei1TPOHOB B M11WeHl1 Ha TBep.uoi1 nO.llJIO)f(Ke. 

6. B pe1yJ1bTaTe npose.ueH11H 3Kcnep11MeHTaJJbHblX 11ccne.uosaH11i1 c 
11cnOJ1b30BaH11eM pa3pa60TaHHOro no.uxo.ua noJJyYeHbl .uaHHble speMeHHblX 
napaMeTpOB 3H np11 .ueneHl111 H.Uep 236U, 23 8U, 237Np, 24 1Am Hei1TpOHaMl1 c 
3HeprnHMl1 OT 14 .uo 18 M3B. ,lJ,aHHb1e .!lJIH 236U, 237Np, 241 Am B .uaHHOM .u11ana30He 
3Heprni1 nepB114HblX Hei1TpOHOB noJJyYeHbl snepBble. 
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7. Pa3pa6oTaHbl no.uxo.uh1 K sep11cp11Kau1111 oueHeHHblX H.UepHblX .uaHHblX 
c 11cnOJ1b30BaH11eM 3KCnep11MeHTaJJbHblX 11 peKOMeH.UOBaHHblX MaKpOCKOn11YeCKl1X 
.uaHHblX no 1ana3.llblBa101Ul1M Hei1TPOHaM. Bnepsb1e .!lJIH 3TOro 11cnOJ1b30BaHa 
seJ111Y11Ha cpe.uHero nep110.ua nonypacna.ua H.llep-npe.uwecrneHHl1KOB 3H. 

8. B TepM11Hax cpe.uHero nep110.ua nonypacna.ua 3H o6Hapy)f(eHo, YTO 
cymecTBYIO!U11e oueHKl1 3HepreTl14eCKOH 3aBl1Cl1MOCTl1 napU11aJJbHblX ce4eHl1H 
3Ml1CCl10HHOro .ueneHl1H .uaJOT 3aHl1)f(eHHble 3Ha4eHl1H OTHOCl1TeJJbHO 
3Kcnep11MeHTaJJbHblX .uaHHblX. Ha ocHosaH1111 3Kcnep11MeHTaJJbHblX .uaHHblX 
Bbl.llBl1HYTa rnnoTe3a 0 B03MO)f(HOM nose.ueHl111 3HepreTl14eCKOH 3aBl1Cl1MOCTl1 
ceYeH11i1 (n,fl), (n, n 'j) 11 (n, 2n 'f). 

9. npe.!lJIO)f(eH no.uxo.u K sep11cp11Kau1111 6116JJl10TeK oueHeHHblX .uaHHblX 
BblXO.llOB npo.uyKTOB .ueneHl1H, OCHOBaHHhlH Ha 11cnOJ1b30BaHl111 MeTo.ua 
cyMM11pOBaHl1H 11 peKOMeH.UOBaHHblX .uaHHblX MaKpOCKOn11YeCKHX xapaKTep11CTl1K 
1ana3.llb1Baiom11x Hei1TpoHoB. Pe1yJ1bTaTb1 noKa3aJJ11, 4TO Ha11ny4w11e .uaHHble 
BblXO.llOB npO.llYKTOB .!lJIH 11CnOJJb30BaHl1H B paCYeTaX np11 .UeJJeHl111 H.llep mu 
TenJJOBblMl1 11 6blCTpb1Ml1 Hei1TpOHaM11 co.uep)f(aTCH B 6116Jil10TeKe JEFF-3.3, np11 
.ueneH1111 H.Uep 238U 11 239Pu 6b1cTpb1M11 Hei1TPOHaM11 - s 6116n110TeKe ENDFI B­
VIII.O, np11 .ueneH1111 H.Uep 239Pu Tennosb1M11 Hei1TpoHaM11 - B 6116n110TeKax JENDL-
4.0 11 JEFF-3.3 . 
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