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Y11eHhlH CeKpeTapb )];IICcepTaQIIOHHOro COBCTa, 

KaH):IHAaT cpII3IIKO-MaTeMaTI111eCKHX Ha)'K ~ A. r. IIOIIEKO 

OEII.(AJI XAP AKTEPHCTHKA P AEOTbl 

AKTVaJihHOCTh pa6oThI. 3MIICCII11 Heii:TpOHOB II npou:ecc )];eJieHIIH 5IBJI11IOTC5I 

npeo6Jia)];a10m11MII cnoco6aMII pacna)];a B036y)K)];CHHhIX T5I,KeJihlX 5I)];ep: C p0CTOM 

:meprIIII 60M6ap)];IIpy10mIIx qacTIIU:, Hap5IAY C )];eJieHIICM IICX0)];Horo C0CTaBHOro 

51):lpa A, CTaH0BIITC5I :meprer1111eCKII B03MO,KHhIM )];eJieHIIe ero 6onee JICfKIIX 1130-

T0nOB A - X - 0CTaT011HhIX 51):lep II0CJie IIcnycKaHirn 0)];H0ro X =1 IIJIII HeCK0JihKIIX 

HeHTpOHOB x=2, 3, ... Ilpou:ecc )];eJieHII5I 51,[(ep np1106peTaeT 3MIICCIIOHHhIH xapaK~ 

Tep. B TaKOM 3MIICCII0HH0M npou:ecce Tpa)];~U:IIOHHO paccr."rn1]JIIBaeTC5I )];Ba IICT011HII

Ka HeiiTpOHOB, conpOBO,K)];aIOmIIx )];eJieHIIe 5I)];ep. Heli'I'pOHhI, IIcnymeHHhie ):10 )];eJie

HII5I 51):lep A-_x, no o6menpIIH5ITOH TepMIIHOJIOfIIII Ha3hIBaIOT npe):l):leJIIITCJihHhIMII, 

a HeH'I'pOHhl 3MIICCIIII II3 IIOJIHOCThIO ycKopeHHhIX B036y,r<neHHhIX OCKOJIKOB )];eJie

HII5I HAep A, A -1, A - 2 II T.)];. - nocT,[leJIIITeJihHhlMII. 

,no nopora 3MIICCIIOHHOro )];eJieHIIH B II3MepeHHhIX cneKTpax II cpe)];Heil: MHO

)KC~TBCHHOCTII HeiiTpOHOB )];eJieHII5I 'oTcyrcTByeT npe.r:1)];eJIIITeJihHa5I KOMIIOHeHTa. 

Heil:TpOHhl IIcnycKaIOTC5I npem,rymecTBeHHO II3 IIOJIHOCThIO ycKopeHHhIX OCKOJIKOB 

)];eJieHIIH IICX0)];Horo COCTaBH0ro 5I)];pa A. <I>opMa cneKTpa MfHOBeHHhIX HeiiTpOHOB 

)];eJieHII5I, 0,[IIIHaKOBa5I ITO)]; JII06hIMII yrnaMII, KO~)];a Bee HanpaBJieHII5I pa3JieTa. oc

KOJIKOB paBHOIIpaBHhI, BhlrJI~)];IIT HaII6onee npocTO II 6JIII3Ka K pacnpe)];eJieHIIIO 

MaKcBeJIJia. TaKoii cny11aii peaJIII3yeTc5I npII .zieneHIIH TeIIJIOBhIMII Heii:TpoHaMII II 

npII CIIOHTaHHOM )];eJICHIIII 5I)];ep. 

HcnycKaHIIe IIOCT)];eJIIITeJihHhIX HeH'I'pOHOB OKa3hIBaeT He6oJihIIIOe -BJIII5IHIIe Ha 

Ha6JIIO)];aeMhie xapaKTepIICTIIKII npou:ecca ,[leJieHII5I, KOTOpoe MO,KHO y11eCTh C IIOMO

moIO COOTBCTCTBYIOmIIx nonpaBOK. K 6onee cephe3HhIM ·cJie)];CTBII5IM Be)];CT IIcnycKa

HIIe npe):l):leJIIITeJihHhIX HCH'I'pOHOB, OKa3hIBa5I rno6aJihHOe B03):J;eHCTBIIe Ha Bech npo

u:ecc )];eJieHllil. OHO cpopMIIpyeT HOBhie B03MO,KHOCTII AJI11 )];eJICHII5I, B_ IIrpy BKJII011aIOT~ 

C5I HOBhie peaKQIIII, B KOTOphIX )];CJI5ITC5I 5I)];pa C MeHhIIIeii Maccoii II 3Heprneii B036y,r<

)];CHllil. 3TO C03)];aeT cephe3Hhle TPYAHOCTII )];JI5I II3Y11CHllil 3HepreTII11eCKOH 3aBIICIIMO

CTII xapaKTCP,IICTIIK npou:ecca )];CJICHllil. 

PocT 3HeprIIII 60M6ap)];IIpymmIIx qacTHQ conpoBO,KAaeTC5I TaK,KC yaeJIII11CHIIeM 

BKJia)];a HepaBHOBCCHhIX MeXaHII3MOB peaKQIIH, J)KCCT'laIOmIIx CIICK'I'p IIcnycKaCMhIX 

'laCTIIU: II3 co_CTaBHOro 51):(pa A . Oco6eHHO BCJIIIKa pOJih HepaBHOBCCHhIX npoiieccoB 

npII pacna)];e Bo36y,r<)];eHHhIX H)];ep B TOM npaKm11ecKII Ba,KHOM cnyqae, KOr)];a TaKOH 

'laCTIIQCH B o60HX KaHaJiaX peaKQIIII (BXO)];HOM II BhIXO)];HOM) 5IB;u;CTC5I HCH'I'pOH.· 

II03TOI\JY BIIOJIHC ecTeCTBCHHO, 'ITO IIMCHHO npII )];eJieHIIII 6hIC'I'ph1MII HCH'I'pOHaMII 

11):J;ep-MIIiIIeHeil: 
232 

Th , 235 U, 238 U, 237 
Np BnepBhie 6hmo Ha6JIIO)];eHo Ha cpoHe CTaH

)];aprnoro CIIeKrpa nOCT)];eJIIITCJihHhIX HCHTJ)OHOB npIIcyrcTBIIe ,KCCTKOH HepaBHOBCCHOH 

KOMIIOHeHThI, CB5I3aHHOH ~~Y'lffO:JlF~If~~,peaKQIIH (n,n'J). B )];IIC-

IiHEn1'0TEKA 
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cepTaIIIIII IIOKa:3aHo, qTo, orpaHIIqIIBaJICb II3MepeHIIHMII IIHTerparrbHbIX CIIeKrpOB Heii

TPOHOB N(E,En)' HO o6ecneqIIBaH Heo6xo,LUIM)'IO TOqHOCTh OTHOCIITellbHbIX II3Mepe-

HIIH IIX qiopMbI, MO)KHO nonyqIITh 3KCIIepIIl\leHTa.JibH)'IO IIHq>OpMaIIIIIO, cyru;ecTBeHHO 

o6orarn:aIOII()'IO npeLJ:CTaBneHIIH o npeL{L{enIITenhHhIX HeiirpoHax. 

HOBhIH q>aKT 6nm )'CTaHOBneH npII COBMeCTHOM 3KCIIeprrMeHTallbHOM II3yqe~ 

HIIII OTHOIIIeHIIH R(E,En)=N(E,En)/ Ncr(E) cneKTpoB HettTpOHOB N(E,En), co-

IIpOBO,KL{aIOIT(IIX L{eneHIIe HLJ:ep 
232 

Th, 
235 

U, 
238 

U, 
237 

Np HettrpoHaMII c ::iHeprIIeH 

En =14.7 II 2.9 M::iB, K cneKTPY HeiirpoHOB Ncr(E) cIIOHTaHHoro L{eneHIIH 
252

Cf. OH 

COCTOIIT B Ha6nIOL{eHIIII ABYX Ba,KHbIX 3q>q>eKTOB, KOTOpbie He )'L{aBanocb paHee Bbl

HBIITb II3-3a HeL{OCTaToqHoH ToqHOCTII II3MepeHIIH II ynporn:eHHhlX MO;IJ;eneii, npII

MeHHeMhlX IIpII aHanII3e pe3)'llbTaTOB onhITa. 

B ;IJ;IIccepTaIIIIII IIpIIBO;IJ;HTCH pe3)'llbTaTbl Bcero IIIIKna IIccne;i:i;oBaHIIH. OH 061,

e;IJ;IIHHeT 3KCnepIIMeHTanbHhie ;i:i;aHHhle, nonyqeHHbie B e;IJ;IIHOM no;i:i;xo;i:i;e npII pa3-

HbIX 3HeprIIHX nepBIIqHhlX HeiiTpOHOB ;IJ;llH qeThlpex H;IJ;ep-MIIIIIeHeH 
232

Th 

(En= 2.9, 14.6, 14.7, 17.7 M::iB), 
235

U(2.9, 14.7 M::iB), 
238

U(2.9, 5, 6, 7, 13.2, 

' 237 
14_.7, 16, 17.7 M::iB), Np(2.9, 14.7 M::iB). IlepBoHaqarrbHo HaIIeneHHbie npe-

IIMyru;_ecTBeHHO Ha y;i:i;oBneTBopeHIIe npaKTIIqecKIIX IIOTpe6HOCTeii, 3TII 3KCIIepIIMeHTbI 

B )];a.JlbHeHIIIeM npIIo6penII 3HaqIITellhHbIH q>IIJIIqecKIIH IIHTepec. 

HayqHa$1 HO_BII3Ha II npaKTIIqecKaH ueHHOCTb pa60TbI CBH3aHa C o6Hapy,Ke

HIIeM HeII3BeCTHbIX IIllII He)J;OCTaToqHO OC03HaHHbIX paHee II3MeHeHIIH q>OpMbI 

3HepreTIIqecKIIX pacnpe;i:i;eneHIIH BTOpIIqHhlX HeHTpOHOB IIpII yBenIIqeHIIII En 3a 

nopor peaKIIIIII (n,n'J), Kor;i:i;a npo11ecc L{eneHIIH CTaHOBIITCH 3MIICCIIOHHbIM, HanpII

Mep, nprr 3HeprnII nepBIIqHI,IX HeHrpOHOB En= 14. 7 M::iB 3TII II3MeHeHIIH npmiBnH

IOTCH B xapaKTepHOM yBenIIqeHIIII BbIXO)];a· HeiiTpOHOB B ;IJ;B)'X o6naCTHX 3Hepr:im 

E BTOpIIqHhIX HeiirpoHoB. B ,KeCTKoii qacTII cneKrpa Ha6mo;i:i;aercH ;i:i;ocTaToqHo pe3-

KIIii Kpali_ B BIIL{e "czyneHhKII" npII 8-9 M::iB, a B MHrKOH - IIO;IJ;beM, IIpIIBO)J;HIT(IIH K 

cyru;ecTBeHHoMy m6hITKY HeiirpoHo_B npII E < 2 M::iB no cpaBHeHIIIO c pacqeraMII no 

c;raTIICT~qecKOH TeopIIII B paMKax MOL{enII ;IJ;Byx IICTOqHIIKOB BTOpIIqHbIX HeiirpOHOB, 

Y CTaHOBneHO, qTo 3Ta MO;IJ;enb cornacyeTCH C 3KCnepIIMeHTa.JlbHOH 3aBIICIIMOCTbIO 

cpe;i:i;neii MHO,KeCTBeHHOCTII l\ffHOBeHHbIX HeiirpOHOB ;i:i;eneHIIH V(En) ;IJ;nH IICcneeye-

MbIX H;IJ;ep BTinOTh ;IJ;O 3HeprnII En =8-9 M::iB, HO IIpII 6onee BbICOKIIX 3HeprIIHX 

En> 9 M::iB 3KCnepIIMeHTa.JlbHhie ToqKII pacnonaraIOTCH BbIIIIe pacqernoii KpIIBOH. 

Bonpoc O npIIpoL{e )'Ka:3aHHbIX OTCT)'IIlleHIIH B nep~OM cnyqae 6nm BbIHCHeH B 

nepBbIX HaIIIIIX pa6oTaX.• CaMo. CBOHCTBO nOHHTO KaK''cne;IJ;CTBIIe HepaBHOBeCHOH 

4 

3MIICCIIII HeHrpOHOB II3 B036)',K;IJ;eHHOro H;i:i;pa A C nocne;i:i;yIOIT(IIM ;i:i;eneHIIeM OCTa

TOqHoro H;IJ;pa A -1 B6nII3II nopora (n,n'J) -peaKIIIIII. Bo BTOpOM cnyqae BKnIOqe-

HIIe B MO;IJ;enhHbIH pac"leT TpeThero IICToqHIIKa, CBH3aHHoro C B03MO,KHOH 3MIICCII

eii HeiiTpOHOB II3 cqiopMIIpoBaBIIIIIXCH OCK~llKOB ;IJ;O IIX pa3;i:i;eneHIIH (neycKopeHHhie 

OCKOllKII), no3BOllIIllO OIIIICaTh Ha6nIOL{aeM)'IO qiopMy 3HepreTIIqecKIIX pacnpe;i:i;e

neHIIH B o6nacTII HII3KIIX 3Heprnii E < 2 M::iB. IlpII 3TOM y;i:i;arrocb ;IJ;OCTIIrH)'Th co

rnacIIe pacqera c ;i:i;aHHhIMII 3KCIIepIIMeHTa no V(En) IIpII En> 9 M::iB. 

3HaHIIe IIIaHCOBoro crpoeHIIH 3HepreTIIqecKOH 3aBIICIIMOCTII ceqeHIIH ;i:i;eneHIIH 

eCTb HenpeMeHHOe ycnOBIIe MH npoBe;IJ;eHIIH q>IIJIIqecKII o6ocHOBaHHOro aHa.JIII3a pe-

3)'llbTaTOB 3KCIIepIIMeHTa B o6naCTII_ 3Heprrrii 3MIICCIIOHHoro ;i:i;eneHIIH. AHanm IllaHCO

BOro crpoeHIIH 3HepreTIIqeCKOH 3aBIICIIMOCTII ceqemrn ;i:i;eneHIIH aKTlIHII,!UU,IX H;IJ;ep IIHTe

peceH C IIpaKTIIqecKOH II nayqHOH TOqKII 3peHIIH. IlpaKTIIqecKIIii acIIeKT COCTOIIT B TOM, 

qTo cneKrpbI BTOpIIqHhlX HeiirpOHOB, IICII)'CKaeMhlX B peaKIIIIHX (n,xn'J) )];O II nocne 
.. , 

;i:i;eneHIIH, pa:1nIIqa10TcH 3HaqIITenhHO, II, ne 3HaH, KaK ;i:i;enIITCH nonnoe ceqemre 

a/(E .. ) Ha napIIIIa.JibHhie BKlla;IJ;bI a/A-x(E.), Henh3H KoppeKTHO 3a;i:i;aTb 3Hep,reTII~ 

qecKoe pacnpeL{eneHIIe· IIcTOqHIIKa B 11eIIHoii peaKIJIIII ;i:i;eneHIIH. 3naqenIIe npe;IJ;BapII

TenhHoii 3MIICCIIII HeiirpOHOB ;IJ;nH q>II3IIKII ;i:i;eneHIIH ern:e 6onbIIIe. TonbKO IIpII 3HeprIIHX 

B036)',K;IJ;eHIIH E. = En + BnA < E; =EI A-I + BnA .( En <EI A-I = 6 M::iB) ·;i:i;o nopora 

3MIICCIIOHHOro L{eneHIIH na6n10;i:i;aeMbie xapaKTepIICTIIKII crporo OTHOCHTCH K COCTOH

HIIIO ~ napaMerpaMII E* II A ( E /A-I II BnA - COOTBeTCTBeIDIO BbICOTa 6apbepa ;i:i;eneHIIH 

H;IJ;pa A - l II ::ineprIIH CBH3II HeHTpoHa coCTaBHoro H;IJ;pa A). IlpII 3HeprIIHX BhIIIIe 3TOro 

nopora, OHII fillJUIIOTCH ycpe;IJ;HeHHbIMII BenIIqIIHaMII IIO ;i:i;eneHHIO H;IJ;ep, KOTOpbie o6pa-

3)'IOTCH B pe3ynnTaTe IIcnycKaHIIH X (0 ::; X::;; Xmax) npeL{L{enIITenbHhIX HeiiTpOHOB. 

Ee3 3HaHIIH IIIaHCOBOH crpyKT)'phI ceqeHIIH ;i:i;eneHIIH TaK)Ke HeB03MO,KeH Koppe~

Hblll aHa.JIII3 3HeprerIIqecKOH 3aBIICIIMOCTII CBOHCTBa IIpoIIecca ;i:i;eneHIIH. B pacq~HI,Ie 

q>OpM)'llbI BXOMT OTHOIIIeHIIH cr f A-x<E*) I a 1<E*), onpe;i:i;enHIOIT(IIe BKna;IJ; Ka)K)];or~ 

IIIaHca B myqaeMbIH qJ)'HKIIIIOHa.JI. ,ll,oCTIIrH)'T onpe;i:i;eneHHbIH nporpecc B OIIIICaHIIII 

3KCIIeprrMeH;Ta.JihHhlX L{aHHhlX IIO ceqeHIIIO ;i:i;eneHIIH Bhlllle nopora 3MIICCIIOHHOro ;i:i;e

neHIIH II TeoperIIqecKOH OIIeHKII ceqeHIIH, MH KOTOpbIX IIMeeTCH llIIIIIb CK)';IJ;HaJI IIllII 

IIpOTIIBopeqIIBaH IIHq>OpMaIIIIH. B OCHOBe OIIIICaHIIH ceqeHIIH ;i:i;eneHIIH II ero IIIaHCOBOH 

crp)'KT)'phI paccMaTIJIIBaeMbIX 3;IJ;ech aKTIIHII;IJ;HhlX H;i:i;ep
232

Th, 
235

U, 
238

UII 
237

Np ne

)KlIT MeTO;IJ;, anpo6IIpOBaHHhlll HaMII IIpII aHarrme ceqeHIIH ;i:i;eneHIIH a 1(En) IIenoqKII 

II30TOIIOB OT 
233

U ;IJ;O 
238

U neiirpoHaMII C 3Heprneii En )];O 20 M::iB II CIIeKrpOB HeH

rpOHOB peaKIIIIH 
238

U(n,xn'J) II 
238

U(n,xn') rour· En'= 14 - 15 M::iB. 
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3Ham1e nJI0TH0CTII ypOBHeil: p(U,J) KaK cpyttKIJ;IUI :mepnrn: B036y)K,[(eHIDI u II 

yrnoBoro MOMeHTa J JI,[(ep Heo6xo,[(IIMO ,[(JIJI MHoroqIIcJieHHhIX npHJIO)KeHIIH CTaTII

CTIIqecKOH TeopIIII JI,[(epHI,IX peaKIJ;IIH, BKJIIoqaJI aHaJIII3 ceqeHIDI .r:i:eJieHIDI aKTIIHII,[(HbIX 

JI,[(ep, HO, HeCMOTPJI Ha 60JibIIIOe 3HaqeHIIe :noil: xapaKTepIICTIIKII, corJiaCOBaHHOe onII

caHIIe ee B IIIIIpOKOH o6JiaCTII JI,[(ep LIO CIIX nop OTCYTCTByeT. TaKoe noJIO)KeHIIe CJIO

)KHJIOCb KaK BCJie,[(CTBIIe HecoBepIIIeHCTBa TeopeTIIqecKIIX MO,[(eJieil: (nocJie,[(OBaTeJib

Hhie TeopeTIIqecKIIe pacqeTbI nJIOTHOCTII ypoBHeil: CJIIIIIIKOM CJIO)KHbl II rpoM03,[(KH ,[(JIJI 

MaCCOBOro noJib30BaTeJIJI), TaK II II3-3a TPY.D:HOCTeil: noJiyqeHIDI npJIMOH 3KCnepIIMeH

TaJibHOH IIHcpopMaIJ;IIII O nJIOTHOCTII ypoBHeil: B036~.r:i:eHHbIX JI.D:ep. B o6JiaCTII, r.r:i:e 

npIIro,[(HO CTaTIICTII'JeCKOe onIICaHIIe p(U,J), 3Ta IIHcpopMaIJ;IIJI npaKTIIqecKII IIcqep-

nhIBaeTCJI .r:i:aHHbIMII O Ha6mo.r:i:aeMOH nJIOTHOCTII HeHTPOHHblX pe30HaHCOB npII 3Hep

rIIII CBJI3II HeHTPOHa U = Bn .. B pe3yJihTaTe 3Haq11TeJihHoe pacnpocTPaHeHIIe noJiyqII

JIII cpeHOMeHOJIOrIIqecKIIe MO,[(eJIII, CIICTeMaTIIKH, pa3Hoo6pmIIe KOTOpbIX BeCbMa Be

JIIIKO II cooTBeTcTBYeT IIIIIpOK0MY cneKTPY noTPe6HocTeil:. TeM" He MeHee IIX KJiaCCII

<pIIKau;IDI He BhI3bIBaeT TPY.D:HOCTeiI: 3T0 JIII6o 3MII11pIIqecKIIe CIICTeMaTIIKII, 'JaIIJ;e BCe

ro He npe.r:i:CTaBJIJIIOIIJ;IIe IIHTepeca, JIII6o CIICTeMaTIIKII, OCHOBaHHhie Ha reopeTIIqeCKIIX 

MO,[(eJIJIX, KOTOpbIX cpaKTIIqecKH ,[(Be - MO,[(eJih cpepMII-rma (M<I>f') II 0606IIJ;eHHllil 

cBepxTeKyqaJI·Mo.r:i:eJih (OCM). 

TeM He MeHee, M<I>r 6Jiaro.r:i:apJI npocToTe II TPa,nm~IIJIM oqeHh pacnpocTpaHeHa II 

no MaCIIITa6aM IICnOJih30BaHIDI He II,[(eT B cpaBHeHIIe C OCM. OTqacTII 3TO onpaB,[(aHo: 

COOTHOIIIeHIDI .D:BYX MO,[(eJieil: 6JIII3KH npII B036~.r:i:eHIIJIX BbIIIIe KpIIn1qecKOH 3HeprnII 

cpa30BOro nepexo.r:i:a H3 CBepxTeKyqero C0CTOJIHIIJI B HOpMaJihHOe (cpepMII-ra30BOe), 

u > Uc = 6 - 8 M3B. O,[(HaKO ITpaKTIIqecKIIe II MHorne HayqHbie IIHTepeChl cocpe.r:i:oTO

qeHbl npeIIMYIIJ;eCTBeHHO B o6JiaCTII HII3KIIX 3Heprnil: ( u < Uc), II 3TO o6JI3bIBaeT'K OT

BeTY Ha BoITp0ChI: KaKoil: u;eHoil: npIIBO.D:IITCJI pacITJiaqIIBaThCJI 3a ynpoIIJ;eHIIJI M<I>r II 

qTO npeITJITCTBYeT 6oJiee IIIIIpoK0MY BHe.r:i:peHIIIO OCM? 

B .r:i:IIcceprnu;IIII npoBe.r:i:eirn · TeCTIIpoBaHIIe cIIcTeMaTIIK nJIOTHOCTII ypoBHeil: B 

paMKax YKa3aHHblX MO,[(eJieil:, no3BOJIJIIOIIJ;aJI He TOJlhKO OTBeTIITb Ha nocTaBJieHHbie 

BOnpOChI, HO II ou;eHIITb B U,eJIOM COCTOJIHIIe cpeHOMeHOJIOrIIqecKoro onIICaHIIJI ITJIOT~ 

HOCTII ypOBHeil:. K aHaJIII3Y ITpIIBJieKaIOTCJI 3KCnepIIMeHTaJibHhie .r:i:aHHbie 0 IIJIOTHOCTII 

HeHTPOHHbIX pe30HaHCOB, IICnapIITeJihHbIX cneKTPaX HeHTPOHOB, .r:i:eJIIIMOCTII JI,[(ep, pe-

3YJibTaTbl TeopeTIIqecKIIX pacqeTOB p(U,J) II .r:i:pyrIIx xapaKTepIICTIIK JI,[(ep. 

UeJih HacTOmueil: pa6oTbl K0HKpeTHO 3aKJiroqaJiacr, B cJie.r:i:yroIIJ;eM: 

- B nocTaHOBKe 3KcnepIIMeHTa ITO II3yqeHIIIO cneKTPOB MrHOBeHHblX HeHTJ)OHOB, 

conpoBO)K,[(aIOIIJ;IIX .r:i:eJieHIIe aKTIIHII,[(HblX JI,[(ep, II peaJIII3aIJ;IIII MeT0,[(IIKH II3MepeHIDI, 

KOTopaJI n03BOJIJIJia 6hI Ha,[(e)KH0 BbI,[(eJIJITb KOMnOHeHTY npe.r:i:.r:i:eJIIITeJihHbIX Hell-
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TpOHOB Ha cpoHe noCT,[(eJIIITeJibHbIX HeHTPOH0B B IIHTerpaJibHbIX CITeKTpax 3MIICCIIOH

HOro .r:i:eJieHIDI, He npII6eraJI K Tpa.r:i:IIIJ;IIOHHOMY pm.r:i:eJieHIIIO IIX no yrnoBhIM pacnpe.r:i:e

JieHIIJIM; 

- B pmpa6oTKe CTaTIICTIIqecKOro onIIcaHIDI ceqeHIIJI .r:i:eJieHIIJI II aHaJIII3e ero IIIaH

COBOll CTPYKTYPhl .D:JIJI aKTIIHII.D:HhIX JI.r:i:ep, HaII6oJiee noJIHo orneqaroIIJ;ero TeopeTuqe

CKHM npe.r:i:CTaBJieHIIJIM O !pII3IIKe npou;eccoB .r:i:eJieHIDI II 3MIICCIIII HellTPOHOB npII pac

na.r:i:e B036~.r:i:eHHhIX COCTOJIHIIll; 

- B TecrnpoBaHIIII MO,[(eJiell IIJIOT!{OCTII ~OBHeil: JI,[(ep p(U,J) Ha OCHOBe Teope

TIIqecKHX ou;eHOK .II aHaJIII3a pa3JIIIqHoH 3KCITepIIMeHTaJibHOH IIH!pOpMaIJ;IIII, n03BO

JIJIIOIIJ;IIe ou;eHIITb B u;eJIOM COCTOJIHIIe cpeHOMeHoJior11qecKoro on11caHIIJI nJIOTHOCTII 

ypoBHeil: B paMKax o6o6IIJ;eHHOH CBepxTeKyqeil: MO,[(eJIII II MO,[(eJIII cpepMII-rma; 

- B TeopeTIIqecKOM aHaJIII3e IToeyqeH?OH 3KCITep11MeHTaJibHOH IIH!pOpMaIJ;IIII C u;e

JlbIO o6'hJICHeHIDI !pll3IIqecKOH ITpIIpO.D:bI Ha6JIIO,[(aeMblX .D:BYX Ba)KHbIX 3cpcpeKTOB, KO

TOpble He y.r:i:aBaJIOCb paHee BbJJIBIITb II3-3a He,[(OCTaTOqHOH ToqHOCTII II3MepeHIIH II YIT

poIIJ;eHHbIX MO,[(eJihHhIX ITO,[(XO,[(OB, IICnOJih3yeMbIX ITpII aHaJIII3e pe3yJibTaTOB OIThITa. 

Ha 3amIITV BhIHOCJITCJI CJienyIOmIIe nOJIO)KeHIIJI II pe3VJibTaTbI: 

1. HoBbie 3KCnepm,teHTaJibHbie .r:i:aHHoie CIICTeMarnqecKoro IICCJie,[(oBaHIIJI 3Hepre

TIIqecKIIX pacITpe.r:i:eJieHIIH l\lrHOBeHHbIX HeHTPOHOB, conpOBO)K,[(aIOIIJ;IIX ,[(eJieHIIe JI,[(ep 
232

Th, 
235 U' 238 U' 237

Np HeHTPOHaMII C 3HeprIDIMII En< 18 M3B II o6Hap~eHIIe 

HeII3BeCTHbIX HJIII He,[(OCTaToqHo OC03HaHHhIX paHee II3MeHeHIIH ·cpopMbI CITeKTPOB 

Heil:TPOHOB .r:i:eJieHHJI ITPII yBeJIIIqemm En 3a ITOpor peaKIJ;IIII (n,n'j) .. 

2. Pe3yJihTaTbl CTaTIICTIIqecKIIX pacqeToB ceqeHIDI ,[(eJieHIDI II ero IIIaHCOBOH 

CTPYKTYPhI 
232 

Th, u;enoqKII ypaHOBhIX II30TOITOB 
233

-
238 U, JI.D:pa 

237 
Np, ocHoBaHHhIX 

Ha pacqernx O,[(HoqaCTIIqHbIX cxeM JI,[(epHblX ypOBHeil: B .r:i:ecpopMIIpOBaHHOM ITOTeHu;IIa

Jie By.r:i:ca-CaKCOHa, TIJIOTHOCTII ypoBHeil: B OCM c IIcnoJih30BaHIIeM cpopMaJIII3Ma Xay-

3epa-<l>eIII6axa II 3KCIITOHHoil: Mo.r:i:eJIII npe.r:i:paBHOBecHoro pacna.r:i:a .D:JIJI yqeTa BKJia.r:i:a 

HepaBHOBeCHhIX ITPO u;eccoB. 

3. Pe3yJioTaTbI TeCTIIpoBaHirn MO,[(eJieil: nJIOTHOCTII ypoBHeil: JI,[(ep, IToeyqeHHhie Ha 

OCHOBe TeopeTIIqecKHX ou;eHOK II aHaJIII3a 3KcnepIIMeHTaJibHbIX .r:i:aHHhIX O cpe.r:i:HeM pac

CTOJIHIIII Me)Key HeHTPOHHhIMII pe30HaHcaMII, ITO cITeKTPaM HeiiTpoHoB (p,n)-peaKIJ;IIH 

II cnoHTaHHoro .r:i:eJieHIDI 
252

Cf, .r:i:eJIIIMOCTII JI.r:i:ep B pail:oHe CBIIHIJ,a - OT 
201

Tl .r:i:o 
213 At; 

,[(aHHhIX ITO MaCCOBblM pacITpe.r:i:eJieHIDIM ,[(JIJI .r:i:eJieHIIJI 
201 

Tl B peaKIJ;IIII 
197 Au(a,f). 

4. Pe3yJibTaTbl aHaJIII3a ITOJiyqeHHOH 3KCITeplll\leHTaJibHOH IIH!pOpMaIJ;IIII, n03BO

JIIIBIIIIIe o6'bJICHIITh oco6eHHOCTII B cITeKTPaX MH,ll; ITpII En > 13 M3B: 

a) B )KeCTKoil: qacrn 3HepreTIIqecKIIX pacnpe.r:i:eJieHIIH HeHTPOHOB ITpII 3Hepnm 
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E = Ei11' = En - EI A-I KaK Tipmrnnemre 3<p<peKTa 06pe3amrn HepaBHOBecHoiI KOMIIOHeH

Tbl HeHTPOHOB peaK11Jrn (n,n') TioporoM peaKQIIII .n:enemrn (n,n'J); 

6) ll3fo,rroqm,Ili BhIXO.D: l\UJ:rKIIX HeHTPOHOB B BII,n:e TIO,n:beMa B cneKTPaX npII 

E <2 M3B B npe.n:naraeMoiI Mo,n:enII TPeX IICToqHIIKOB HeiITPOHOB. 

Anpo6aum1 pa6oThI II rry6JIIIKaUIIII. MaTepIIaJibl, BOIIle,n:IIIIIe. B ,n:IIccepTaQIIIO, 

npe,n:CTaBJifillIICh Ha HayqHhJX ceMIIHapax fH~ P<D-<D3H, Ha I Me)K.n:yttapo,n:HoiI KOH

<pepeHQIIII (KIIeB, 1987), International Conference in Nuclear Data for Science and 

Technology (Mito JAERI, 1988), Ha Me)K.n:yttapo,n:HoiI KOH<pepeHQIIII"l{eneHIIe H,n:ep -

50 neT" (JleHIIHrpa.n:, 1989), International Nuclear Data Committee in Nuclear Data for 

Science and Technology (Vienna, 1993), The XIV International Workshop on Nuclear 

Fission Physics (Obninsk, 1998). Co.n:ep)KaHIIe ,n:IIccepTaQIIII OTPa)KeHo B 32 HayqHblX 

pa6ornx B BII,n:e CTaTeiI, ofoopoB B )KypHanax II TPY.n:ax KOH<pepeHQIIH. 

CmyKzypa II o6beM !lHCceprnUIIII. ,[{IIccepTaQIIH cocTOIIT ll3 BBe,n:eHIIH, 4 rnaB, 

3aKJI10qeHIIH II cnIICKa JIIITepaTYPbl II3 276 HaIIMeHOBaHIIli. O6IQIIli o6beM ,n:IIccepTa

QIIII - 314 CTPaHHQ, BKJIIOqag Ta6JIIIQhl - 21 II pIICYffKII -84. 

CO,[{EP)I{AHHE P AEOTbI 

Bo BBe)leHIIII o6ocHOBhIBaeTCH aKzyaJioHOCTh TeMbl, <popMyJIIIpyeTCH QeJih IICCJie

)];oBaHIIH. OTMeqeHa 'Ha.yqHM II TipaKTIIqecKaH QeHHOCTh pa6oThI, nepeqIIcJieHbl oc

HOBHble TIOJIO)KeHIIH, BhIHOCIIMhie Ha 3aIQIIzy. 

IlepBaH rnaBa TIOCBHIQeHa nOCTaHOBKe 3KCnepIIMeHTa TIO II3yqeHIIIO 06IQIIX 3aKO

HOMepHOCTeli, CBH3aHHblX C II3MeHeHIIeM <popMhl 3HepreTIIqecKIIX pacnpe.n:eneHIIli 

MrHOBeHHblX HeHTPOHOB .n:eneHIIH aKTIIHII.D:HhIX H,n:ep TIPII YBeJIIIqeHIIII IIX 3HepmII 

B036~,n:eHIIH 3a TIOpor peaKQIIII (n,nJ). PaccMaTPIIBaIOTCH MeTO,n:IIqecKIIe Tipe,n:TIO

ChIJIKII II CTIOco6 II3MepeHIIli, TI03BOJIHIOIQIIe Ha,n:e)KHO Ha6JIIO,n:aTh TaKIIe II3MeHeHIIH 

<popMhl B 3KCTiepIIMeHTaJihHhIX CTieKTPaX MH,[{. l{aeTCH OTIIICaHIIe cxeMhl 3KCTiepII

MeHTa, ,n:eTeKTOpOB OCKOJIKOB .n:eneHIIH (KaMepa ,n:eJieHIIH) II HeHTPOHOB, 3JieKTPOHHOli 

aTITiapazypoI, ocymeCTBJIHIOIQeiI c6op II npe,n:BapIITenmyio o6pa6oTKy ,n:aHHblX. OQe

HIIBaeTcH B03MO)KHOe BJIIIHHIIe HeKornpbIX <paKTOpOB Ha pe~yJihTaThl II3MepeHIIH. Ka

qecTBeHHO o6c~,n:aIOTCH Ha6JIIO,n:aeMbie B 3KCTieplil\IeHTe OCHOBHble CBOliCTBa II'oco-

6eHHOCTII <popMbI CTieKTPOB MH,[{, KOTOpble He y,n:aBaJIOCh paHee BhlHBIITh, IIX cpe,n:IiII~ 

3HeprIIII B 3aBIICIIMOCTII OT 3HeprHII Tia,n:aIOIQIIX Ha .MIIIIleHh HeHTPOHOB. 

IIocTaHOBKa 3KCTiepIIMeHTa TIO ll3yqeHIIIO CTieKTPOB MrHOBeHHblX HeHTPOHOB .n:e

JieHIIH OTIIIpaJiaCh Ha ,n:Be Ba)l(Hble MeTO,n:IIqecKIIe Tipe.n:nochIJIKII, KOTOphie TI03BOJIIIJIII 

Ha,n:e)KHO Bbl,n:eJIIITh KOMTIOHeHTY Tipe.n:,n:eJIIITeJihHhIX HeiITpOHOB Ha <pOHe TIOCT,n:e

JIIITeJihHhIX HeHTPOHOB B IIHTerpaJihHhIX cneKTPaX 3MIICCIIOHHOro ,n:eJieHIIH, He TipII6e-
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raH K TPa,n:IIQIIOHHOMY pa3,n:eJieHIIIO IIX TIO yrJIOBhIM pacTipe.n:eneHIIHM. OHII COCTOHT B 

cne.n:yiomeM. 

1. il3MepeHIIH TipOBO.D:IIJIIICh OTHOCIITeJihHO xopomo II3BeCTHOro CTieKTPa MH,[{ 

CTIOHTaHHoro .n:eneHIIH 
252

Cf., TIPII 3TOM IIccne.n:yeMbIH N(E,En) II OTIOpHblli Ncr(E) 

CTieKTPbl ll3yqaJIIICh O.D:HOBpeMeHHO. XapaKTepIICTIIKII MrHOBeHHblX HeHTPOHOB CTIOH

TaHHoro .n:eneHIIH 
252 

Cf IIMeIOT CTazyc HeHTPOHHhIX CTaH,n:apTOB II B 3TOM KaqeCTBe 

IICTIOJih30BaJIIICh B II3MepeHIIHX. 

2. il3MepeHIIH TipOBO.D:IIJIIICh ,n:JIH .D:BYX ~apaKTepHhlX o6nacTeiI 3HepmiI - Bblllle 

II HII)Ke TIOpora 3MIICCIIOHHOro .n:enemrn, qTo .n:ano B03MO)KHOCTh HeTiocpe,n:CTBeHHO 

conocTaBJIHTh CTieKTPbl, COCTOHIQIIe IIX Tipe.n:,n:eJIIITeJihHblX II TIOCT,n:eJIHTeJihHhIX HeiI

TPOHOB (IIPH+IICH), co cTieKTpaMH nocT,n:enIITeJihHblX HeiITPOHOB (ITCH). Ilocne.n:

HHe B CTieKTPe HeHTPOHOB,. COTipOBO)K,n:aIOIQHX 3MIICCHOHHOe .n:eneHHe H,n:ep, CJIY)KHJIH 

KaK 601 «<pOHOM», Ha KOTOpOM pa3oirpbIBaIOTCH IlCCJie,n:oBaBII!IIeCH 3<p<peKTbl, CBH-

3aHHhJe c ttcnycKaHtteM IIPH. 
- . 

3KcTiepttMeHTaJihHhie IlCCJie,n:oBaHIIH CTieKTPOB MrHOBeHHhIX HeHTPOHOB. TIPH Bhl-

~.n:eHHOM ,n:eJieHIIII, Tipe,n:CTaBJieHHble B HaCTOHIQeiI pa6oTe MO)KHO ycJIOBHO pa3,n:e

JIIITh Ha TPH QHKJia. 

I. 3KCTiepIIMeHT 6orn BhlIIOJIHeH Ha HeTipeph!BHOM IIyqKe HeHTPOHHOro reHepaTopa 
. . 

Hf-400 Pa,n:IIeBoro HHCTIITYTa .D:JIH ,n:Byx xapaKTepHhIX 3HeprniI En =14.7 H 2.9 M3B -

Bblllle Il HH)Ke nopora 3MIICC~OHHOro ,n:eJieHIIH .D:JIH qeTblpex H,n:ep-MHII!eHeli 232Th, 
235 U' 238U' 237

Np. HeiITPOHhl C 3HepmeiI 2.9 Il 14.7 M3B TIOJiyqaJIIICh B peaKQHH 

D(d,n)3He H 
3
H(d,n)4He cTBep.n:oIMII DTi-tt TTi-MIIII!eHHMII. 

IL ilJMepeHIIH 6ornH npoBe,n:eHhI B <D3H Ha cneKTPOMeTpe TIO BpeMeHH Tipo

JieTa, C03,n:aHHOM Ha 6a3e reHepaTopa Kf-2.5, ·C IICTIOJih30BaHHeM BblllleyKa3aH

HhlX B nyHKTe I peaKQHH ,n:JIH nonyqeHIIH MOH03HepreTIJqeCKHX HeHTPOHOB. IIpoBepe

Ho BOCTIJ)Oll3Be,n:eHHe pe3yJioTaTa TIPH TIOBTOpHOM Il3MepeHIIIl CTieKTPa MrHOBeHHhIX 

HeiITPOHoB·3~HccttoHHoro .n:eneHIIH H,n:ep 232 Tb rrpaKTHqecKH TIPH TOH )Ke 3HeprttH 

.D:JIH En=)~.6-M3B. IlonyqeHhI H.OBble 3KcnepHMeHTaJihHhie ~aHHhie no cTier<TpaM 

' 232 ·. . · 
MH,[{ ,n:JIH H,n:ep~MHIIleHeiI Th npII 3Hepmtt TiepBttqHhix HeiITpoHoB 17.7 M3B H 
238 U TIPH ·5, M3B (Htt)Ke) H 13.2 , 16,0, 17.7 ·M3I3 (Bo1111e Tiopora peaKQHH 

(n,n'J) ). B 3THX 3!~nepIIMeHTaX cTieKTPhI HeHTPOHOB II3MepfillIICh cTieKTPoMeTPOM no 

BpeMeHH Tiponern B ,n:IIaTiaJOHe 3HepmiI Emin - Emax = 0.25-13 M3B. OH BKJIIOqaJI B ce-

6H ,n:ereKTop ocKOJIKOB .n:eneHIIH, ,n:eTeKTop HeHTPOHOB c JaIQIITOH II aTITiapaTYPY, 06ec

TiequBaIOIQYIO c6op Il Tipe,n:BapIITeJihHyIO COPTHPOBKY 3KCTiepIIMeHTaJihHOli IIH<popMa

QHII. 
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III. CrreKiphI HelhpoHOB LVJH H,ll;pa-MIIIIIeHII 
238 U rrpII En =6 II 7 M3B II3MepeHhI 

MeTOAOM BpeMeHII rrponeTa Ha crrerapoMerpe 6hIC'fl)hIX Hell'fl)OHOB, C03AaHHOM Ha 6me 

3nerapocraTIIqecKoro rrepe3ap~oro ycKopIITeJIH 3fII-10M B <I>3H, B ~arra30He 

3Heprnii BTOpIIqHI,JX Hell'fl)OHOB E=0.1~15 M3B. llcToqHIIKOM rrepBIIqHI,IX Hell'fl)O-

HOB CJIY)KIUia rmoBaH 'fl)IITIIeBaH MIIIIIeHh C IICIIOJih30BaHIIeM peaiaurn T (p, n )3 He • 

Ha pIIC. 1 IIOKa3aHhI reoMerpIIH 3KCIIepIIMeHTa II KOHC'fl))'KU:IIH 3aIIJIIThI Hell'fl)OH

Horo AeTeKTopa, IICIIOJio3yeMoie B 3KCIIepIIMeHTe I. ll3MepeHIIH rrpoBQAIIJIIICh Ha rrpo

nernoii 6me 205 CM II IIOA yrnoM 90° K rryqKy rrepBIIqHI,IX HellTJ)OHOB. Heii'fl)OHhI pe

rIIC'fPIIPOBaJIIICh B COBIIaAeHIIII C OCKOJIKaMII AeJieHIIH. ll3MepeHIIH crrerapa Hell'fl)OHOB 

CIIOHTaHHOro AeJieHIIH KanmpopHIIH OAHOBpel\,feHHO C IICCJieeyeMhIM Hell'fl)OHHhIM crreK

'fl)OM II03BOJIHeT IICKJifOqifTI, CIICTeMaTIIqecKIIe rrorpeIIIHOCTII, o6ycnoBJieHHhle ApeiiqJOM 

rrapaMerpOB KaHana perIIC'fl)aIIIIII Hell'fl)OHOB (HeCTa6IIJihHOCTh rropora Heli'fl)OHHoro Ae

TeI<ropa, ~eiiqi "HyJIH" BpeMeHII II T. A.). 

B 3KcrrepIIMeHTax I - III AeTeKTopoM ocKOJIKOB AeJieHIIH cny)KIJJia qeroipexceKUII

oHHaH · MHOroCJIOllHaH IIOHII3aU:IIOHHaH KaMepa, KaJKAmI ceKU:IIH KOTOpoii coeAIIHHJiaCh 

C OTAeJihHhIM BpeMeHHhIM KaHaJIOM. TpII ceKU:IIII KaMepoI COAepJKaJIII IICCJieAyeMhili 

II30TOII IIO 12 CJIOeB B ceKU:IIII. Cnou Aenmu:erocJI BeIIJeCTBa (TOJIIIJIIHa 2 Mr!cM
2
, 

AIIaMeTp 100 MM) HaHOCIIJIIICh Ha o6e CTOpOHhI IIOAJIOJKKII II3 aJIIOMIIHIIeBOll qJOJihrII 

TOJIIIJIIHOll 0.05 MM. O6IIJIIll Bee IICCJieAyeMoro II30TOIIa B KaJKAOll ceKU:IIII COCTaB

Jij!JI 1.87 r. 1leTBepTaH "MOHIITOpHaH" CeKU:IIH COAepJKana ABe OAHOCTOpOHHIIe· MIIIIIe

HII II3 IICCJieeyeMoro II30TOIIa (TOJIIIJIIHa 2 Mr/c~, AIIa!,1e'fl) 100 MM), B KOTOphie paB-

HOMepHo BHe~HJICH II30TOII 
252 

Cf. HcIIOJih30BaHIIe "MOHHTOpHoii" ceKU:IIII II03BOJIHeT 

I .w 
\ L/,,,,1 
~ 
/". 
;/~\d 
-~ 

i \ 4 

Puc. 1. TeoMeipIDI '.lKcriepIIMeHrn u 3aIIJIITa Hell'fl)OHHoro ,n;ereKTopa: 
I - IIOHII3aU:IIOHHaJI KaMepa ,n;eneHIDI; 2 ·:_ ,n;ereKTOp Heii'fl)oHoB; 3 - CBIIHeu:; 

4 - 6opIIpOBaHHhlll rrapaqJIIH; 5 - JKene30; 6 - MIIIIIeHh ycKOpIITellil 
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II36aBIIThCH OT Heo6XOAIIMOCTII pacqera rrorrpaBOK Ha pacceHHIIe Hell'fl)OHOB Ha KOH

C'fPYKU:IIOHHhIX 3JieMeHTax Ka!',IephI, Ha AeTaJIHX KOJIJIIIMaTopa, a TaKJKe, qTo oco6eH

HO BaJKHO, OT pacqera IICKaJKeHIIH HettTpOHHOro crreK'fl)a, o6ycnoBJieHHOro He 100% 

3qJqJeKTIIBHOCThIO pernC'fl)aU:IIII OCKOJIKOB AeJieHIIJI. 

B II3MepeHIIHX I II II AeTeKTopoM Hell'fl)OHOB JIBJIHJICH MOHOKpIICTaJIJI CTIIJio6eHa 

COeAIIHeHHhlli KOHIIqecKIIM aKpIIJIOBhIM CBeTOIIpOBOAOM c qJOTOYMHOJKIITeJieM <I>3Y-30. 
0

B II3MepeHIIHX III c IICIIOJih30BaHIIeM rmoBOll 'fPIITIIeBoii MIIIIIeHII Heii'fl)OHHhiii AeTeK

rnp coCToHJI II3 KpIIcTanna rrapaTepqieHIIJia II <l,JoTOYMHOJKIITeJIH <I>3Y-143 ("KpeH"). 

B paccMa'fl)IIBaeMoii IIOCTaHOBKe 3KCIIepIIMeHTa HaII6onee IIOCJieAOBaTeJihHO 

peanII30BaH OTHOCIITeJihHhlll crroco6 II3MepeHIIll - 3qJqJeKTIIBHOro cpeACTBO AJIH rrpe

OAOJieHIIH pa3JIIIqHhJX TPYAHOCTeii, B03HIIKaIOIIJIIX rrpu peIIIeHIIII IIOCTaBJieHHOll 3aAa

qII (IIOAaBJieHIIH HecTa6IIJihHOCTII, CBJl3aHHOli C AOJirOBpeMeHHhIMII II3MepeHIIHMII 

crreK'fl)OB, orrpeAeJieHIIH 3qiqieKTIIBHOCTII perIIC'fl)aU:IIII BTOpJiqHI,IX Hell'fl)OHOB II Ap.). 

C yKmaHHoii u:enhIO II3MepeHIIH. rrpoBOAIIJIIICh B B03MOJKHO 6onee 6nII3KIIX ycnoBIIJIX 

OAHOBpeMeHHO AJIH BhIH)'JKAeHHOro AeJieHIIH IIccneeyeMoro HYKJIIIAa II xopoIIIO II3y

qeHHOro CIIOHTaHHoro AeJieHIIH 
252

Cf. ll3MepeHHhle OTHOIIIeHIIH R(E,E;,) II crreKTp 

Ncr(E), rrpIIHHThlll B KaqecTBe CTaHAapTa, orrpem:-nJIIOT crreKTphI MrHOBeHHhIX Heii

TpOHOB AeJieHIIH IICCJieAyeMhIX HAep 

N(E,En) = R(E,En)NCf(E). (1) 

"CeMett:cTBo" 3KCIIepIIMeHTaJihHhIX pacrrpeAeneHIIM R(E,En) AJIH qeThlpex J1Aep, 

AeJIJIIIJIIXCH rrpII AByx 3HeprIIJIX En= 2.9 II 14.7 M3B (HIIJKe II BhIIIie rropora 3MIICCII

OHHoro AeJieHIIH), IIOKa3aHo Ha pIIC. 2. 

1. Ha6JIIOAaeMhle R(E,En) II arrrrpoKCIIMIIpyroIIJIIe pacrrpeAeneHIIH 

R(E,T)= NM(E,T) =(TCf/T)3/2exp[- Tcr -TE] 
NM(E,Tcr) TcrT 

(2) 

rrpII En= 2.9 M3B BeAYT ce6H c II3MeHeHIIeM E 6nmKo K JIIIHeiiHhIM 3aBIICIIMOCTJIM, qTo 

TeM ToqHee, qeM MeHoIIIe pmHOCTh TeMIIeparyp Tcr - T, KOTopoii orrpeAeJIHeTCH II TaH

reHc yrna HaKJIOHa III'fl)IIXOBhIX JIIIHIIll K OCII a6CI.(IICC Ha puc. 2. 3TOT yron YMeHhIIIaeTCH 
c pocTOM AeJIIIMOCTII no Mepe YBeJIIIqeHIIH napaMerpa T II c6JIIIJKeHIIH 3HaqeHIIM T II 
Tcr . CpeAHIIe 3HeprnII BTOpifqHhIX Hell'fl)OHOB £,Ken II TeMrreparyphI T, Hatt:AeHHhle co

rnacHo T = 2E,mJ3, rrpIIBeAeHhI B Ta6n. 1 (LVJH CTaHAaprn Ecr=2.13 M3B, 

T=l.42 M3B) BMeCTe C rrapaMerpaMII, xapaKTepII3YJOllIIIMII BepoHTHOCTh AeJieHIIH co-
. 2 

CTaBHhIX H,ll;ep: Z IA II AeJIIIMOCThIO Pf- OTHOIIIeHIIe ceqeHIIH A03MIICCIIOHHOro AeJie-

HIIH (n,f) K ceqeHIIIO o6pmoBaHIIH COCTaBHOro ~a. 
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OrHoIIIemrn :meprerHqecKHx pacrrpe,neneHHii HeiilJ)OHOB ,nenemrn R(E,E.) 
,[(JUI C0B0KynHOCTll Jl:,[(ep-MlIIIIeHeii 

2321b, 235U, 238U, 237
Np. 

Cne_Ba En = 2.9 M3B'. IIIlJ)lIX0Bhie JIIIHIIll - 0TH0IIIeHIIJI R(E, 1) MaKCBeJIJI0BCKHX 

pacrrpe,neneHIIii. CrrpaBaE. = 14.7 M3B (TeMHhie T04KH) II 14.3 MJB [1, 2] (cBer

Jihie KBa,npaThI) 

12 

JleBaJI qacTh pIIC. 2 )].eMOHCT))IIpYeT BhICOKOe Kaqecrno mmcaHIDI 3KCrrepIIMeHTam.

Hb!X OTIIOIIIeHIIil R(E,E.) rorn E. = 2.9 M3B ornoIIIeHIIeMMaKCBeJ1JIIIaHoB (2). 3ro 03-

HaqaeT, 'ITO q_)ym<IJ:IDI q_)OpMhI, yqIIThIBaIOmaa OTKJIOHeHIDI caMIIX CIIeKipOB OT pacnpe)],e

JieHIDI MaKCBeJIJia O)].Ha II Ta iKe ~H CIIOHTaHHOro )].eJieHIDI 
252 Cf II Bh!HJ)K)],eHHOro )],e

JieHIIH aKTIIHII,[(HhIX H)].ep. 

2. IlpII nepexo)].e K E. = 14.7 M3B pacnpe)].eJieHIDI R(E,E.) 3aMeTHO ycJIOiKHH

IOTCH )].BJMH 3q_)q_)eKTaMII: IIOHBJieHIIeM MaKCIIMYMa npII E = 8.5 M3B II IIO)],'beMOM IIpII 

E <2 M3B co cKopocTLIO, KOTopaH 3HaqIITe~LHO 6oJILIIIe npoII3B0)].HOli jdR! dEj, xa-

paKTepmYIQmeil HaKJioH IIITPIIXOBLIX KpIIBLIX B npe)].LI)].ymeM cnyqae (En= 2.9 M3B). 

Ta6nuu;a 1. HeKOTOpLie napaMeTphl IICCJie)],OBaHHhIX H)].ep II npou;ecca IIX )],eJieHIIH 

I-lcxo,nHoe Ero rrapaMeTp ,ll;eJIIIMOCTh EOKCil' T, 
C0CTaBH0e a,npo Z 2 /A pf M3B M3B 

233Tb 34.7 0.()45 1.928±0.027 1.285 ±0.018 

239u 35.4 0.175 1.998±0.024 1.332 ±0.016 

236u 35.9 0.400 2.016±0.023 1.344±0.015 

23sNp 36.4 0.515 
. 

2.054±0.023 1.369 ±0.015 

OTMeqeHHbie 3q_Jq_JeKThI B03HIIKaIOT IIpII nepexo)],e qepe3 nopor 3.MIICCIIOHHOro )],e

JieHIIH, II03TOMY IIX ecTeCTBeHHO CBH3LIBaTh C BKJIIOqeHIIeM peaKD;IIli (n,n'j), (n,2n'j) 

II C IICIIYCKaHIIeM B HIIX npe)],)],eJIIITeJILHLIX HeHrpOHOB. TOJihKO KoppeKTHLIH KOJIIIqeCT

BeHHhlli aHaJIII3 pacnpe)].eJieHIIli R(E,E.) npII En =14.7 M3B B paMKax rpa)].IID;IIOHHOli 

MO)],eJIII )].Byx IICTOqHIIKOB BTOpIIqHLIX HeHrpOHOB II03BOJIIIJI BLIHBIITL HeCOOTBeTCTBIIe 

MO)].eJILHoro onIIcaHIDI II )].aHHLIX 3KcnepIIMeHTa B o6JiaCTII HII3KIIX 3Heprnil E <2 J\,faB_-
Ha pIIC. 3 IIpIIBO)].IITCH COBOeyIIHOCTh 3KCIIepIIMeHTam.HbIX OTHOIIIeHIIli R(E)I.) 

)].JIH H)].pa 
238 U , II3MepeHHhIX Ha cneKipOMerpax <1>3II ( CM. BLIIIIe nyH~I II, III) npli 

En= 5, 6, 7, 13.2, 16 II 17.7 M3B. C yqeToM pe3yJILTaTOB 3KcnepIIMeHrn, npe)].CTaB

JieHHLIX Ha puc. 2 )].JIH En= 2.9 II 14.7 M3B, Mhl MOiKeM Ha6JIIO)].aTL KaqecTBeHHYIO 

KapTIIHY II3MeHeHIIH q_JopMLI pacnpe)].eJieHuil R(E,E.) c pocToM 3HepmII B036J)K

)].eHIIH E* == E. + BnA COCTaBHOro H)].pa A=
239U. O6pamaeT Ha ce6H BHIIMaHIIe IIO

HBJieHIIe B pacnpe)].eJieHIIHX R(E,E.) ~JIH E. =6 II 7 M3B BKJia)].a npe)].)],eJIIITeJILHLIX 

Heilip~HOB ~ BII)].e irnKCIIMYMOB B HII3K03Hep;~TwqecKoil qacTII cneKTpoB. 3TO KOH

TpacTiipyeT c IIOtJTII _JIIIHeliHOli 3aBIICIIMOCTLI<l R(E,En) )].JIH En =2.9 M3B (pIIc.2) 

II 5 M3B ·B TOH iKe o6JiaCTII 3Hepmil BTOpIIqHLIX HettTpoHoB. IlpIIqeM aMIIJIIITy)].a 
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MaKCHM)'Ma Bo3pacTaeT npu nepexo,n;e K 3Heprmi En =7 M3B. Ilpu 6onee BbIC0KIIX 

3Heprmrx BTOpIIqHbIX HeilTpOHOB E~l M3B ,n;mr En =6 M3B JI E~2 M3B ,n;mr 

7 M3B, pacnpe,n;eJieHIIH IIMeIOT II,D;eHTJiqH)'lO cpopMy, xapaKTepHyID ,ll;JIH Il0CT,D;eJIII

TeJibHbIX HeilTpOHOB npII En =2.9 II 5 M3B. 
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Pnc. 3. 3Kcrrepm.1eHTaJibHhre 0TH0IIIeHHH R(E,En) nccne.z:i;oBaBIIIHXCH crreKrp0B Heihpo

H0B .z:i;eneHHH 
238 U + n K crreKrpy HeiirpOHOB CII0HTaHHOro .z:i;eJieHHH 252 Cf ,[IJIH 

3Ha'IeHHM3HeprnnrrepBH'IHbIXHeiirpoHoB: En=5,6, 7, 13.2, 16H 17.7M3B. 

llirpl!XOBLie JIHHHH - arrrrp0KCHMaU:HH C0OTH0IIIeHHeM (2) 

14 

Ha pnc. 3 BH,n;Ho, qro cpopMa pacnpe,n;eneHIIM R(E,En) MH 3MIICCHOHHOro ,n;ene

HIIH H,n;ep 238 U HeHrpOHaMJI C 3HepmHMII En=l3.2, 16, 17.7 M3B IIMeeT Te ,Ke OC0-

6eHHOCTII, KOTOpbie o6cy,K,D;aJIIICb BbIIIIe npII paccMorpeHIIII R(E,En) ,n;JIH H,n;ep 

232
Tb, 

235 U, 238 U, 237
Np c En=l4.7 M3B (pnc. 2) II 

232
Tb npII En=l4.6, 17.7 M3B. 

Cpe,n;HHe 3HepmII, onpe,n;eneHHoie cornacHo 

E(En) = JEN(E,En)dE ( JN(E,En)dE = 1) 
0 • 0 

(3) 

MH En= 6, 7, 13.2, 16, 17.7 M3B, ,n;aHbI B ra6n. 2. O6paIIIaIDT Ha ce6H BHHMaHIIe HII3KIIe 

3HaqeHHH E >Ken ,nJIH 3MIICCIIOHHOro ,n;eneHHH Mep, _na,Ke HecKoJibKo MefilIIIe BeJIHqifH cpe,n;Heil 

3Heprnrr MI-1,lJ; ,nJIH En =2.9 H 5 M3B. IloH~JieHIIe BToporo IIcTOqHIIKa - npe,n;,n;enIITeJib

HbIX HeilrpoHOB rpe6yer OTKa3a OT rpa,n;ttU:H0HHbIX, HO yrrpoin:eHHbIX 3MIIHpJiqecKIIX 

no,n;xo,n;oB K onncaHIIID crreKrpOB HeilrpoHOB npH 3MHCCHOHHOM ,n;eneHIIH B IIOJib3Y 

6onee CJIO,KHOro aHaJIH3a. B CBH3II C 3TIIM, Heo6xo,n;HMO OTBeTIITI, Ha BOrrpoc KaK 

rpa,D;IIU:HOHHaJI MO,D;eJib ,n;Byx HCToqHIIKOB MH,[( cornacyercH C pe3yJioTaTaMH OIILITa? 

Ta6nuu:a 2. Cpe,n;HHe 3HaqeHHH 3Hepmu 1ffHOBeHiiI,IX HeilrpOHOB ,n;eneHHH Mep 238 u 
En,M3B 2.9 5 6 7 13.2 14.7 16 17.7 

E,Kcn,M3B 
2.00 2.02 1.99 1.87 1.97 1.96 1.90 1.96 

±0.03 ±0.03 ±0.03 ±0.03 ±0.04 ±0.03 ±0.04 ±0.04 

O6cy,n;uM noKa3aHHbie Ha pnc •. 2 (cnpaBa) 3KcrrepttMeHTaJILHbie 3HeprerIIqecKHe 

3aBHCHMOCTH OTHOIIIeHHM R(E,En) MH 3Hepmn 6oM6ap,n;npywmrrx HeilrpOHOB 

En =14.7 M3B. CBOIIMH cneu:mjmqecKHMH oco6eHHOCTHMH, KOTop1,Ie 6um1 OTMeqeHI,I 

BbIIIIe, OHH COCTaBJIJIIDT KOHrpacT npOCTbIM, noqrrr JIIIHeMHbIM 3aBHCIIMOCTHM R(E,En) 

MH En = 2.9 M3B. O,n;Ha II3 3TIIX oco6eHHOCTeil C0CTOIIT B cyiu:ecTBOBaimII MaKCHMY

M0B OTHOIIIeHHM CIIeKrpOB R(E,En) H COOTBeTCTBeHHO cryrreHLKII B caMHX cneKrpaX 

N(E,En), npHMepHOM C0Brra,n;eHHII HX IlOJIO,KeHHM B6JIH3II ToqeqHoil BepTIIKaJibHOM 

JIHHIIII E = 8.5 M3B. IIoporoBaH 3HeprHH ncrrycKaeMLIX npe,n;,neJIIITeJII,HI,IX HeHrpOHOB Eth 

COOTBeTCTBYeT npe,n;eny, Bblllle KOToporo npou:ecc ,n;eneHHH OCTaTOqHI,IX JI)];ep A-1 He

B03MO,KeH, ecJIH IIrHOpIIpOBaTL TYHHeJibffYID npoHIIn:aeMOCTI, 6ap1,epa. QqeBH,ll;HO, qro 
fu • fu npII E = E1 3HeprHH B036~eHHH OCTaTOqttOro JI,n;pa A - l U = E - BnA - E1 paBHa 

BLICOTe ero 6apoepa ,n;eneHHH EI A-I• H3 qero, ecnn yqecTh paBeHcTBo E* = En + BnA, 

cne,n;yer 
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E£h =En-El A-I· (4) 

lfaBeCTHa cna6mr 3aBllCIIMOCTb BbICOThI 6ap1,epa ~e.rremrn EI = 6 M3B OT H)'KJIOHHO

ro COCTaBa Mep B o6JiaCTII aKI1IHII,D;OB. Em n orrpe~eJUilOTCj! o6c)')K)]:aeMbie CBOHCTBa Ha-

6JIID~aeMbIX cneKTpOB HeH'rpOHOB 

N(E,En) = Np,e(E,En) + N post (E,En)' (5) 

a IIMeHHO BeJill'IIIHa ll CTa6llJibHOCTh rpaHII'IHOH 3Hepnm E1th 
nepBoro cnaraeMoro (5) -

crreKTpa rrpeMeJillTeJibHbIX HeH'rpOHOB Npre(E,En). ,lvur En = 14.7 M3B ll E1= 6 M3B 

no.JIY1IllM ll3 (4) _Et= 8.7 M3B. O~aKo HeH'TJ)OHOB c TaKOH 3Heprneu B crreKTpe 

Np,e(E,En), eCJill 6h1 OH 61,rn 1IIICTO ncnapIITeJibHbIM, 6h!110 61,1 Hll1.IT0j{(ff0 MaJIO. Ifa-3a 

:noro ll ll3-3a 3KCnoHeHIIllaJibHOro na~emrn noCT~eJIIITeJibHOH 1.1aCTII Npost(E,En) B (5) c 

pOCTOM 3Heprnn E o6Cy')K~aeMbIH 3cpcpeKT 61,rn 61,1 HeHa6JIID~aeM, eCJill 6u He rrpnMeCb 

HepaBHOBecHoro MexaHll3Ma. ,lvur Hero xapaKTepeH ropa3~o 6onee )KeCTKIIH cneKTp nc

ny~KaeMbIX HeHTPOHOB II3 COCTaBHOro H.[(pa A . B 3TOH o6naCTII 3HeprIIH N pre ( E, En) , KaK 

nOKa3aHO B ~ncceprnn:nII, BOCIIpOII3BO~llTCj{ KOJIII'IeCTBeHHO B paMKax Teopnn Xa3epa

<Dern6axa C 3KCllTOHHOH MO~eJibID ~ onncaHllj{ HepaBHOBeCHOro MexaHII3Ma pacna~a 

B036)')K)]:aeMbIX Mep. 

KaK 3aBIICllT llHTeHCllBHOCTh 06c)')K)]:ael\10ro 3cpcpeKTa (BbICOTa MaKCllM)'Ma) npn 

E::E1th 
OT H)'KJIOHHoro COCTaBa j{~pa? OTBeT Ha 3TOT Bonpoc ll3 pnc. 2 no.rry'IIITb HeJier

KO B CIIJIY pj{~a rrpII'IllH: HeT OT1IeTJillBOH KOppeJij{n:nn Me~ YKa3aHHbIMll xapaKTepII

CTIIKaMII, 6bICTPO na~aeT CTarncrn1.1ecKM TO'IHOCTh Ha BbICOK03HepreTII1.leCKOM «XBO

CTe» crreKTPa. C nocne~Hett TO'IKII 3peHIIH 6onee 6narorrpnj{THa o6nacTh Hll3KIIX 3Hep- . 

mu E < 2 M3B, B KOTopott rrpoj{BAAeTCj{ ~yrM oco6eHHOCTh cneKTPOB HeHTPOHOB 

31\[llCCIIOHHOro ~eJieHllj{ - HaJill'Ille KOMIIOHeHThI aHOMaJibHO l\lj{rKIIX HeHTpOHOB B B~e 

ll36hnKa B Ha6nm~aeM pacrrpe~eneHIIII N(E,En) B cpaBHeHIIII c pac1.1eTHbIM cneKTPOM 

MH,l], npn YKa3aHHbIX E (En = 14.7 M3B). ,l],aHHbie Ha pnc. 2 II B rn6n. 1 no3BOJij!IDT 

3aKJIID'IllTb, 'ITO cyin:ecTByeT BnOJIHe. O'flieTJIIIBaj{ TeH~eHU:llj{ yMeHhIIIeHIIH OTHOCll

TeJibHOro BbIXO~a aHOMaJibHO · l\lj{rKOH KOMnOHeHTbl cneKTPa HettTpOHOB ~eJieHllj! C 

yBeJIII'IeHIIeM ~eJIIIMOCTll j{~pa. 

BTopaj{ rnaBa IIOCBj!JD:eHa pa3pa6oTKe onncaHllj! ce1.1eHIIj{ ~eJieHllj{ ll30TOIIOB 

ypmia, Topnj{ n Herrryttllj{. 3HaHne rnaHcoBoro CTPOeHllj{ 3HepreTn1.1ec1<ott 3aBncn:Mo~ 

CT_ll ce1.1eHllj{ ~eJieHllj{ aKTllHll~HbIX j{~ep Ba)KHO ~ KOppeKTHOro onncaHllj{ cneKTPOB 

ll BbIXO~OB MH,l], B o6JiaCTll 3Heprntt B036y')K~eHllj{ E* > E; BbIIIIe nopora 3MllCCllOH

HOro ~eJieHllj{. CooTHOIIIeHllj{, 3a~amin:ne 3HepreTII1.lecrym 3aBIICllMOCTb BbIXO~OB no,-

16 

CT~eJIIITeJibHbIX, npeMeJIIITeJibHbIX He~TPOHOB ll HeHTPOHOB 3MllCCllII II3 HeycKopeH

HbIX OCKOJIKOB, co~ep)KaT BeCOBble OTHOIIIeHllj{ a I A-x I a I' KOTOpbie onpe~eJij!IDT 

BKJia~ Ka)K~Oro IIIaHca B 3MllCCllOHHOM npon:ecce ~eJieHllj{. AHaJIII3 3KCnepnMeHTaJib

HOH IIH<pOpMaU:IIII o cneKTpax n BbIXo~ax MH,l],, npe~CTaBJieHHhIH B 1.leTBeprott rnaBe, 

BbIIIOJIHeH Ha OCHOBe pac1.1eTHO-TeopeTII'IeCKOro onncaHllj{ 3KCnepnMeHTaJibHbIX ce1.1e

Hllll ~eJieHllj! aKTIIHll~HbIX j{~ep HeHTPOHaMll C on:eHKOH napn:nanbHbIX BKJia~OB Ka)K

~oro rnaHca a I A-x(En) B nonHoe ce1.1eHne 

Xma,(En) 

af(En)= I:atA-x(En). (6) 
x=O 

qncny HeHTPOHOB x=O COOTBeTcTByeT nepBbIH rnaHc ~eJieHllj{, x= xmax cooT

BeTCTByeT IIIaHC Xmax + 1; Xmax (En) - MaKCllMaJibHOe 1.lllCJIO npe~~eJIIITeJibHbIX Hett

TPOHOB, KOTopoe B03MO)KHO Mj{ ~aHHOH 3Heprnn En. 

Pac1.1eTbI ce1.1eHIIH ~eJieHllj{ B CTarncTII1IeCKOM_ rro~o~e rrpoBo~ch no rrporpaMMe 

STAPRE; B KOTOpOH peanll30BaH· cpopMaJill3M Xay3epa - <Dern6axa, Y'IllThiBaIDJD:llH 3a

KOHbI coxpaHemrn MOMeHTa II 1.leTHOCTII npII Bcex cnoco6ax pacna~a j{~ep (~eneHne, 

3MllCCllj{ HeHTPOHOB ll r- KBaHTOB). IlpII'IeM npe~rronaranocb, 'ITO HepaBHOBeCHbIH Me-

xaHII3M pacrra~a "pa6oTaeT
11 

Jllllllb Ha nepBOH cTyneHII 3MIICCIIOHHoro KaCKa~a, a Ha 

Bcex OCTaJibHbIX j!BJij!eTCH 1.lllCTO ncnapIITeJibHbIM. 

Ilpn CTaTllCTII'IeCKOM onIIcaHllll ce1.1eHIIH ~eJieHllj{ B rrpe~I~X pa6oTax llC

nOJib30BaHo npaKTII'IeCKII Bee pa3H006pa3lle rrpe~cTaBJieHIIH O ITJIOTHOCTII BttyTPeH

HIIX B036y~eHIIH P.
8
(U,J): Mo~eJIII nocTOj{HHOH TeMnepaTypbI II cpepMn-raJa, 

CBepxTeKy'Iaj{ MO~eJib, KOM6IIHaTOpHbie paC'IeTbI, rn6pn~Hbie no~XO~bl, 061,e~IIffj{ID

in:ne B O~HOM onncaHllll pa3Hbie MO~eJIII. 3To O~IIH II3 OCHOBHbIX IICT0'IHllKOB pacxo

~eHIIH pe3yJioTaTOB paC'IeTOB II IIIaHCOBOro aHaJill3a a1(En). 

B HaIIInx pa6orax MbI rron1,nannc1, ll36aBIITbCj{ OT 3Mrrnpn3Ma B CTaTIICTII1.1ecKoM 

orrncaHIIII P.
8
(U,J). C 3TOH n:enhID co3~aH II ncnoJih30BaH KOMITJieKc nporpaMM, 

06ecne1.1nBaIDJD:llX paC'IeTbI O~HO'IaCTll'IHOro cneKTpa ~Jlj{ ~ecpopMnpoBaHHOro noTeH

U:IIaJia By~ca-CaKCOHa, a Ha ero OCHOBe - noTeHU:IIaJibHOH 3Heprnn ~ecpopMan:nn ITO 

MeTO~Y 06ono1.1e1.1HOH norrpaBKll CrpyrIIHCKOro [3, 4] ll nJIOTHOCTll BHyrpeHHllX B03-

. 6y)K~eHIIH no CBepxTeKyqett MO~eJIII. Ilpn 3TOM B napaMeTPll3aU:IIll cpopMbI j{~pa ll 

BbI6ope napaMeTPOB TeOpllII (napaMeTpOB cpe~Hero IIOJij!, MO~eJIII )KII~KOH KaIIJIII, 

KOHCTaHT napHoro B3allMO~eHCTBllj{ ll ~p.) Mbl CJie~OBaJill pa6oTaM IIarnKeBII'Ia [5, 

6]. B pac1.1erax P.8 (U,J) ncnon1,30Banoc1, npn6JIII)KeHIIe MaJihIX yrnoBbIX MOMeH

TOB. B1,1pa)KeHne OCM 

· p(U,J) = P.8 (U,J)Kpcrr(U)K.86 (U), 
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KOTopoe yqHTbIBaeT BKJia,[lhI BH6paIIHOHHOro K."6 (U) · If pornIIHOHHOro Kpor (U) YBe

JIIfqeHHH rorn pa:mlfqHhIX qiopM ClfMMeTplflf H,!:lpa, IfCIIOJlh3OBaJIOCb ,!:IJIH OIIHCaHHH 

IIJIOTHOCTKypOBHeii H,!:lep C paBHOBeCHOH ,1:1eqiopMaIIHeii If IIJIOTHOCTif nepeXO,[IHhIX co

CTOHHifH Ha BepIIIHHax BttyTpeHHero H BHeIIIHero rop6oB ,[leJieHHH. 

Ha pHC. 4 PaJJIIfqHhJe BapHaHTbI pacqcra cpaBHifBaIOTCH C 3KCIIepHMeHTaJibHhIMH 

,1:1aHHhIMif O IIJIOTHOCTif ypoBHeH H,!:lpa 
238 U B paBHOBeCHOM COCTOHHiflf. Pe3yJibTaTbl 

pacqeTa If If3MepeHHH npe,!:ICTaBJieHhI B Blf,[le IIOJIHOH (npoHHTerpHpOBaHHOH IIO J) 
IIJIOTHOCTif ypoBHeii 

PnoIDI(U) = f p(U,J)dJ • (8) 
0 

llfCTorpaMMa IIOJiyqeHa IIO,[ICqeToM qifcJia If3BeCTHbIX ,[llfCKpeTHbIX ypOBHeii Ev 
6ro OrpaHHqeHHH IIO CIIHHY If qeTHOCTif, 3HaqeHHe PnorrH(Bn) BbJqlfcJieHO If3 ,[laHHbIX 0 

cpe,1:1HeM paccTOHHiflf Me)K,Lly HeHTpOHHhIMif pe3oHaiicaMH. KpHBhie Ha pHc. 4 cooTBeT

CTBYJOT pa3HhIM 3HaqeHHHM K03qJqJHIIIfeHTa KOJIJieKTIIBHOro YBeJIHqeHifH 

KKorr=p(U,J)/pBH(U,J):1- KKOJI =: 1, 2- KKOJJ.= KPOT=al '3- KKOJI=alKBH6• 

4 - KplfBOH 3, ,1:1onoJIHHTeJihHO JMHOlKeHHOH Ha KOHCTaHry c. B cpe,!:IHeM oHa coCTaBJIH

eT 2.5 ,[IJIH qerno-qeTHbIX H,!:lep ypaHa (A= 234,236,238), 1.5 ,[IJIH HeqeTHhIX (233,235, 
237,239) If 1 rorn Heqerno-Heqernoro H,1:1pa HemyHHH (239). 

1016 

~· 1012 

c:l . 

~ 
s 
~ 10~ 

J 
10'. 

4 
J 
J 

10<> f<iC • 1 • , t • , • • . , 
() 5 10 15 20 

U,MJB 

Prrc. 4. IloJIHM IIJIOTHOCTb ypOBHeii PnoJIH(U)H,1:1pa 
238 U nprr paBHOBeCHOH ,1:1eqiopMaIIHil. 

f'HCTOrpaMMa - IIJIOTHOCTh Hil3KOJielKffiIIIlX ,!:IIlCKpeTHbIX ypoBHeii; O- Pnom, (Bn). 

CnJIOIIIHhie KpIIBhie: 1 - KKoo. = 1 , 2- Km,= Kpor = al , 3 - KKoJI = al K."6, 
4 - KpHBM 3, ,1:1onoJIHHTeJihHO yMHoJKeHHM Ha KOHCTaHTy c 
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Pacqen,1 IIJIOTHOCTH ypoBHeii MH ,1:1pyrnx ar<TUHH,!:IHHX H,!:lep: 
230 Th, 232

Tb, 

240Pu (qeTHo-qeTHhIX), 231,233Tb, 239,241,243Pu (HeqeTHhix) If 232,234Pa, 242,244 Am(He-

qeTHO-HeqeTHhlx) ,1:1aIOT B cpe,1:1HeM TaKHe lKe 3Haqemrn K03qJqJifIIIfeHTa C W1H H,!:lep 

COOTBeTCTBYJOIIIeii qeTHOCTil. TaKHM o6pa30M, MlfKpOCKOIIIfqecKHe pacqeThI C qieHOMe

HOJIOrnqecKHM yqeTOM KOJIJieKTIIBHOro YBeJIIfqeHHH IIJIOTHOCTif ypOBHeii ,[IJIH HeqeTHO

HeqeTHbIX H,!:lep cornacyioTCH C pe3oHaHCHOH TOqKoii, a WlH H,!:lep ,1:1pyroii qeTHOCTil TaKOe 

cornacHe c Pnorrtt(Bn) Tpe6yeT ,!:IOIIOJIHHTeJihHOe JMHOlKeHHe Ha c > l. HpOHCXOlK,!:leHHe 

HeCOOTBeTCTBifH Me)K,[ly 3KCIIepHMeHTaJibHOH If TeopernqecKH paccqHTaHHOH IIJIOTHOCTblO 

ypoBHeii, ycTpaHHeMoro C IIOMOIIIhlO HOpMHpyioIIIero MHOlKifTeJIH C, 06cylK,1:1aeTCH TaK

lKe B pa6oTax ,1:1pyrnx aBTOpOB [7, 8]. IlplfqlfHY ero IIOHBJieHHH MOlKHO CBH3bIBaTb C 

He,[IOCTaTOqttOH TOqHOCThlO pacqeta JII06oro m COMHOlKHTeJieii (7). 
B ,!:llfcceprnIInn pe3yJihTaThI pacqeTOB ceqeHHH peaKIIHH ( n, xn'f) If ( n,2n'), a 

- ( ') 23su TaKlKe CIIeKTpOB HeHTpOHOB B n,xn -npoIIeccax ,[IJIH H,!:lpa-MHIIIeHif cpaBHif-

BaIOTCH C 3KcnepnMeHTaJibHhIMif ):(aHHhIMif. B pacqeTe cr 1<En)' KOHKpeTHo IIpH IIOifC

Ke E ft, MbI opHeHTHpOBaJIUCh Ha CHCTe~mTHKif If ,1:1pyryio HHqJ0}1MaIIHIO o 6apbepax, 

KOTOpbie IfCIIOJlh3YIOT HaH6oJiee IIOJIHYJO COBOKynHOCTh ,[laHHhIX O MrHOBeHHOM If 3a

,1:1eplKaHHOM ,[leJieHiflf. 

HeKOTOpbie 3aMeqaHHH OTHOCifTeJibHO BeJIIfql{H 6apbepoB ,1:1eJieHHH, KOTOpbie IIO

nyqeHhI B ,[llfCCeprnIIIflf, Ha OCHOBe TeOpeTifqecKoro IIO,[IXO,[la. B pacqeTax 3HeprHif 

,1:1eqiopMaIIHH V(a) = V(a,a1,a4), npoBo,!:llfBIIIHXCH no MeTo,1:1y CTpyrnHcKoro [3, 4] 

(MeT0,1:1 o6onoqeqHoH nonpaBKif). IlpH 3TOM IfCIIOJlh3OBaJiaCb napaMeTpmaIIHH qiop

Mbl H,!:lpa c IIOMOIIIblO OBaJIOif,[IOB KacCHHif (KaK H B pa6oTax IlaIIIKeBifqa [5, 6]), B 

KOTopoii yqlfThIBaJIIfCh TPif TlfIIa napaMeTpOB ,1:1eqiopMaIIHif: a-ocHOBHOH (KBa,[1-

PYIIOJlhHOH) ,1:1eqiopMaIIHH, xapaKTepH3YIOIIIeii YMHHeHHe H,1:1pa, a 1 - OKryIIOJihHOH 

(Macc-aCHMMeTplfqHoii), a4 - reKca,1:1eKaIIOJlbHOH. IIapaMeTphI, COOTBeTCTBYJOIIIIfe ,1:1O

JIHHe ,[leJieHHH, T.e. min V( a,apa4) IIpH qJifKCHpoBaHHhIX 3HaqeHifHX a' 6y,1:1eM o6o-

3Haqan, <l1 If <X4- Ha pHC. 5 npe,!:ICTaBJieH 6apbel) ,[leJieHHH, T.e: V(a,a1,<l4) = V(a), 

,[IJIH H,!:lpa 
239 U. Ha pHCYHKe IIOKa3aHa 3aBHCifMOCTh IIOTeHIIIfaJihHOH 3HeprnH V (a) 

OT OCHOBHOH ,1:1eJIHTeJihHOH (KBa,1:1pyIIOJihHOH) ,1:1eqiopMaIIIflf a' xapaKTepmyIOIIIeH y,1:1-

JllfHeHIJe H,!:lpa. IlpH 3TOM napaMeTphI OKTYIIOJih~OH ( al = &1) If reKca,1:1eKaIIOJihHOH 

( a4 = &4) ,1:1eqiopMaIIHH COOTBeTCTBYIOT ,1:1ey ,[IOJIIfHhI ,[leJieHHH. 

Ha pHc. 5 ,!:IJIH ,r,1:1pa 
239 U KpoMe KpHBoii 6apbepa V(a) If ee cocTaBJIHIOIIIeii 

8W(a) (o6onoqeqHoii IIOIIpaBKif) IIpHBe,[leHhl 3HaqeHifH KoppeJIHIIIfOHHhIX 4JYHKIIIfH 
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PI:Ic. 5. a - 6ap1,ep ,L1eneHI:1}! V(a) ».Lipa 
239 U (c11nonrna») n ero o6onoqe'IHM coCTaBIDI10-

ma» OW( CX) (mrpllXOBM), 6 - K0ppeAAIIlf0HHbie ql)'HKIIHlf ,LIJIH IIpOTOHHOH A02 

(CIIJIOIIIHM) nHettTpOHHOM AoN (lll'fPHXIIYHKTHPHM) K0MIIOHeHT, (lll'fPllXOBM)-

3<p<peKTHBHbie 3HaqeHJJjJ: O,LIHOKOMIIOHeHIIIOM CHCTeMbl (9). 
Be3,Lle CX1=&1 If CX4 =&4 

)];JI}! npoTOHHOH ( A02 ) II HeHrpoHHOH ( A0N) K0Ml10HeHT, Bh1q1IcneHHhie )];JI}! oT

,!l;eJihHhIX CX ( al = &1, CX4 = &4) II C0e)];IIHeHHhie orpe3KaMII JIOMaHOH JIIIHIIII. TaM )Ke 

l10Ka3aHbl K0ppeJI}llIII0HHhie q>yHKIIIIII 3KBIIBaJieHTHOH 0,LIHOKOMl10HeHTHOH M0,L(eJIII 

A0 = [(A~N + A~z(Z I N)113
) I (1 + (Z / N)l/3)]1/2 , (9) 

PmyMeeTCH, 3HaqeHIIH E fl, K0T0pbie CJie.L\YIOT II3 11pOBe,L1eHHhIX B .L(IICCepTaIIIIII II 

.L\pymx amirromqHbIX pacqeToB 3Heprmi .L(eqmpMaIIIIII, 6ecCMbICJieHHO l1hITaTbC}l IIC

l10Jlh30BaTb B 0111IcaH1III ceqeHIIH ,L1eneHll}l. HorpellIHOCTh pacqeToB 110 MeT0.L\Y o6ono

qeqHoiI 11011paBKH 0.5-1.0 M3B.. TaKoiI Bap1IaIIIIII, Ha11p1IMep, E JB B peaKIIIIII 

238 U(n,f) cooTBeTCTBYeT II3MeHeHIIe cr f B o6naCTI! 11epBoro 11naTO B 2--4 pma. B pac.: 

qerax cr lEn) 3TII Ben1Iq1IHhI .L(0JI)l(HhI ocTaThC}l B KaqecTBe cBo6o.L(HhIX 11apaMerpoB. 

Ha p1Ic.6 11pe.L(CTaBJieHa 3aBIICI:IM0CTh a 1 (En,A) .L\JI}I II30T0110B ypaHa B o6naCTII 

En< 20 M3B II A = 233+239. ToqKaMII 110Ka3aHbl 3Kc11ep1IMeHTaJihHhie 3HaqeHII}l. 

20 

CTIJIOllIHbie KpI:!Bhie 0l1I:!CblBaIOT pe3yJihTaTbI pacqeTa l10JIHhIX ceqeHI:lli )];eJieHI:l}l 

CTj(En)' llITPI:IX0Bhie 3KCrpa110AAIIIIH I:IX C0CTaBJIHIOIIII:IX: CTJA(En), 

(jfA(En)+afA-1 (En) II T.11. 

B Ta6JI. 3 .L(AA II30T0110B ypaHa 11pI:1Be,L(eHhl 3HaqeHII}l BhIC0T rop6oB 6apbepoB 

,LleJieHII}l E Ji= E;;op, K0T0pbie CJie.L(yIOT II3 Hallll:IX TeopeTIIqecKIIX pacqeT0B V(a) 110 

2 
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Pnc. 6. 3aBHCHMOCTh a 1 (En,A) mororroB U. ToqKH-3KcrrepnMeHTaJihHble3HaqeHHH, _ 

KpnmJe - pacqer 
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MeT0)zy o6onoqeqHoll IIOTipaBKH H BeJIHqHHhI E fl• TionyqeHHhie H3 aHanH3a 3KCTiepH

MeHTMhHhIX ,naHHhIX TIO ceqeHHIO ,neneHHH ,[(ll}I TeX )Ke H,[(ep (pHC. 6). 

Ta6nmi;a 3. Bhrcorn rop6oB 6apbepoB ,neneHHH E Ji, M3B 

Teop* 
Pe3ynhTaThI aHanma Ej~""~ 

A 
Pe3ynhTaTI,I Teop1111 E1; 

Ef1 EJB Ef1 EJB 

233 3.7 5.7 5.7 5.9 

234 4.0 5.7 5.6 5.7 

235 4.5 5.9 5.7 5.8 

236 4.6 5.9 5.6 5.9 

237 5.1 ' 6.2 5.7 5.9 

238 5.2 6.3 6.1 6.1 

239 6.0 6.6 6.0 6.1 

* E'r/('P = V(a;)-V(ag)-hwg I 2, hwg I 2= 0.5 M3B - 3HeprIDI HyneBI,rx Korre6aHHii, g- nH).1eKc 

paBH0BeCH0ro C0CT0l!HlliI ll).1ep. 

Pe3yJihTaThI pacqeTa H aHanH3a Ha6nIO,naeMhIX ceqeHHll ,neneHHH ,[(ll}I BhIC0T rop-

6oB 6aphepa E;Jan, Hermoxo cornacyIOTCH Me)K,ny co6oiI, oco6eHHO MH BHenrnero 

rop6a jj (rn6n. 3). B 3TOH CBH3H 0TMeTHM, qTo ,[(JI}I TipHHHThIX HaMH Tipe,nTIOJIO)KeHIIll 

o CHMMeTpHII rop6oB pacqeTHaH BenIIqHHa ceqeHHH ,neneHHH B cepe,nIIHe TiepBoro 

TIJiaT0 BTpoe MeHee qyBCTBIITeJibHa K H3MeHeHIIIO E JA, qeM K E JB TIPH 

o1jj =E11 -E
1

jj = -0.l M3B, II 6onee qeM Ha TI0pH,noK B cnyqae OAR= -0.3 M3B. 

Ilo3TOMY pe3yJihTaTbI a_HMII3a ,[(JI}I BHYTpeHHero rop6a 3HaqHTeJihH0 MeHee Ha,[(e)K

HhI, qeM MH BHenrnero. KaK II B ,npyrnx aHanornqHhIX pa6oTax, B ,nIIccepTaIJ;HII oIJ;e

HIIBaeMM TiorpeIIIH0CTh E JB = ±0.2 M3B. 

KaK H MH H30T0TI0B ypaHa, pacqeT ceqeHHH ,neneHII~ 
237

Np H 
232Th TipoBo,nnncH 

TIO TiporpaMMe STAPRE (crnrnc:IIqecKHH Tio,nxo,n Xay3epa - <DeIII6axa) B paMKax 

M0,[(eJIII .[(Byrop6oro 6apbepa. OcHOBHhIMH TiapaMeTpaMII B 3THX pacqernx 6bIJIH BhI

C0ThI rop6oB A II B . 
CJIO)KHOCTh aHanH3a <T1(En)H 0Tipe,neneHIIH ero IIIaHC0B0ro CTp0eHIIH H,npa-

MHIIIeHH 
237

Np C0CT0HT B TOM, qTo HeT 3KCTiepm,leHTaJihHhIX ,naHHbIX TIO ceqeHHHM 

,neneHHH coce,nHHX c HHM II30T0TI0B 236 Np, 235 Np B 0TJIHqne OT H30T0TI0B ypaHa H 

TIJIYT0HHH. 3TO He TI03B0JI}leT Tip0BeCTH TeCTHpoBaHHe 6apbepoB ,neneHIIH H30T0TI0B 

HeTizyHIDI Ha ocHoBe -caMocornacoBaHHoro 0TIIICaHHH IIX ceqeHHH ,nenJiiHH. KaK BII,n-

22 

HO Ha pHC. 7' r,ne Tipe,ncTaBJieHa BhI6opKa 3KCTiepm,1eHTMhHhIX ,naHHhIX TIO ceqeHHIO 

,neneHHH 237 Np II3 6II6JIIIOTeKII EXFOR, B o6nacTII BToporo rnaHca ceqeHHH ,neneHIIH 

Ha6JIIO,[(aeTCH 3HaqIITeJihHhlll pa36poc 3KCTiepm1eHTMhHhIX 3HaqeHIIll. KpoMe Toro, 

TipaKTIIqecKII HeT Tip0HBJieHIIH TpeThero IIIaHca, CBII,[(eTeJihCTBYH KaK 6hI 06 "yraca

HIIH" rnaHCOBOH CTpYKTYPhI a f (En) TIPH BhIC0KHX 3HeprHHx En. IlpH 0TIHCaHIIII ce-

qeHIIH ,neJieHIIH II pa3JI0)KeHIIe ero Ha 0T,[(eJihHhie IIIaHChI Mhl opIIeHTIIp0BaJIHCh Ha 

CIICTeMaTHKY 0 6apbepax ,neneHHH :61,epXOJibMa II JlIIHHa [12], K0T0paH IICTI0Jih3yeT 

Han6onee TI0JIHYIO C0B0KYTIH0CTh ,naHHhIX 0 MTHOBeHHOM H 3a,nep)KaHH0M ,neneHIIH. B 

TaK0M 0TIIICaHIIH HeT CBo6o,nHhIX TiapaMeTp0B. 

a(E,) ,6H 

4 
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En, M3B 

P11c.7. CeqeHIIe nornoIIJ;eHHll HeiirpoHa Will R.[(pa-MIIIIIeHH 237Np (rurpIIXOBaR KpIIBal!) II 
· 237 . 

ceqeHIIe ,neneHHll Np. ToqKII - BhI6opKa 3KCnep11MeHTaJihHhIX 3HaqeH11iI; KpIIBhie: 

1 - cr 1238 , 2 11 2' - cr 1238 +cr 1237 , 3 11 3' - cr 1238 +cr 1237 +cr 1236 (pacqeT 1, 2, 3 

II 1, 2', 3' 0TJII1qa10TCR 3HaqeHIIeM 6apbepa ,neneHHll 237Np BO BT0p0M IIIaHce ); 

ToqeqHaR KpIIBal! - 011eHKa 6116n110TeKII ENDF/B-VI 

TOJihKO ynyqIIIemre CIIzyaIJ;IIH C 3KCTiepIIMeHTaJihHOll IIH<popMaIJ;Hell 0 ceqeHHII 

,neneHHH Ha pIIC. 7 TI03B0JIIIT TipoBeCTII TeCTIIp0BaHIIe IICTI0Jih3YeMhIX 6ap1,epoB ,nene-

HHH. CTIJIOIIIHhIMH KpIIBhIMII 1 - <Tf238(En), 2(2') - <Tf238(En) + <T1237(En), 3(3')-

a1238(En) + <T1237(En) + (jf236(En) TI0Ka3aHbI pe3yJihTaThI 0TIIICaHHH IIIaHCOBOll 

CTPYKTYPhI ceqeHHH ,neneHIIH 
237 

Np • IIapaMeTphI rop6oB· A II B ,naHhI B Ta6n. 4. 

23 



Ta6mu~a 4. BucoTa rop6oB 6apr,epoB ,n:eneHIDI E fi ( i = A, B) 

.51;:J:po 23sNp 231Np 236Np 

EfA'M3B 6.1 5.7 5.8 

E1jj,M3B 6.0 5.4 (5.6) 5.6 

Pac'IeTHbie KpIIBble 2' II 3' coOTBeTCTB)'IDT 3aMeHe rrapaMeTpa E fB = 5 .4 M3B 

)];JUI 
237

Np (BTOpOH JIIaHC ,n:eJieHIDI), Ha 3Ha'IeHIIe 5.6 M3B, npIIBe,n:eHHOe B CK06KaX. 

3To II3MeHeHIIe B rrpe.n:enax rrorpeIIIHocrn ±0.2 M3B orrpe.n:eneHIIH 6apr,epoB .n:eneHIIH 

II3OTOIIOB HeIIT)'HIIH B CIICTeMaTIIKe Er,epXOJibMa II JlIIHHa. B o6nacTII BTOporo IUaHca 

II Ha'IaJie TpeTbero KpIIBaH 3' rrpoxo.n;IIT 6JIII3KO K OQeHKe ce'IeHIDI Oj(En) B 6II6JIIIO-

TeKe ENI?F/B-VI (To'Ie'IHaH KpIIBaH). Pa3JIII'IIIH Me,K.n:y ,n:Bywr BapIIaHTaMII pac'IeTa 

(2' 3 II 2'' 3') rrpII cyrn;ecTByrorn;eM IIOJIO)KeHIIII C 3KCIIepIIMeHTaJII,HI,IMII ,n:aHHbIMII 

He CTOJII, cyrn;ecTBeHHbI, 'IT06bl roBOpIITb B IIOJib3Y Toro IIJIII ,n:pyroro BapIIaHTa pac

'IeTa. lIITpIIXOBOH KpIIBOH Ha pIIC. 7 IIOK83aHO ce'IeHIIe rrornorn;eHIIH HeHTpOHa 

O'abs(En) BXO)];HOro KaHaJia peaKQIIII. 

Ha pIIc. 8 HaIIIII pe3yn1,raTbI pacqeTa ce'IeHttii peaKQIIH (n,xn'J) II (n,2n') ,n:JIH 

232 " , 
H,n:pa-MIIIIIeHII Th cpaBHIIBaIOTCH C 3KCIIepIIMeHTaJII,HI,IMII ,n:aHHI,IMII, B3HTbIMII II3 

6II6JIIIOTeKII EXFOR. 

CornacoBaHHOe OIIIICaHIIe B e,n:IIHOM rro.n:xo.n:e Ce'IeHIDI .n:eneHIIH II ce'IeHIIH peaK

QIIII (n,2n')' KOHKypIIpyrorn;eii C rrpOQeCCOM .n:eneHIIH, CBII,n:eTeJibCTBYeT O TOM, 'ITO 

rrapaMerpbI MO)];eJibHOro OIIIICaHIDI B rrpe.n:enax rrorpeIIIHOCTeii 3KCIIepIIMeHTaJII,HI,IX 
' •' I 

,n:aHHbIX BbI6paHI,I rrpaBHJibHO II IIOBe,n:eHIIe rrepBoro IUaHca IIO KpaiiHe Mepe .n:o 

20 M3B COOTBeTCTByeT .n:eiicTBIITeJibHOCTII. 

Ha OCHOBaHIIII rrony'IeHHOro OIIIICaHIIH ce'IeHIIH .n:enemrn II ero IUaHCOBOH 

crpyKrypbl B. 'IeTBepTOH rnaBe rrpe,n:CTaBJieH aHaJIII3 crreKTpOB MH,ll; II rronyqeHa 3a

BIICIIMOCTI, cpe.n;Heii 3HeprIIII II cpe.n;Heii MHO,KeCTBeHHOCTII HeHTl)OHOB, corrpoBO)K

TTaromiJ:x rreneHIIe 232Tb 235u 238u 237N 
,... ..., ,... ' '· . ' p. 

B ,n:IIccepTaQIIII Ha rrpIIMepe peaKQIIII 
238U(n,xn'f) 61,mo IIOK83aHo, 'ITO aHruIII3 

3KCIIepIIMeHTaJII,HI,IX Ce'IeHIIH .n:eneHIIH aKTIIHII)];HI,IX H,n:ep, II3MepeHHI,IX B IIIIIpOKOM 

,n:IIanmoHe 3Heprnii 6oM6ap.n;IIpyrorn;IIx HeiirpoHOB (.n:o En -50-100 M3B), MO,KeT TaK,Ke 

CJIY)KliTI, HCTO~HKOM HH<popMaQIIII O BeJIH'IHHe K03qJqJHQIIeHTa BH3KOCTII H,n:epHOH Ma

TepHII. Cne.n:yer yqe~TI,, 'ITO HCIIOJII,3OBaHIIe .D:HqJqJY3IIOHHOH MO,n:eJIH rrpII OIIIICaHIIII 
< ' ' ' • ' : ' ' 

,n:eJIHMOCTII rrpe,n:CTaBJUieT HeKOTOpbie rpy,n:HOCTII, CBH3aHHbie C rrpaKTII'IeCKII IIOJIHI,IM 

OTCYTCTBIIeM Teopern'IeCKHX II 3KCIIepHMeHTaJII,HI,IX CBe,n:eHIIH O TeMrreparypHOH•3aBH-

24 

CHMOCTII K03qJqJHQIIeHTa BH3KOCTII. B o6JiaCTH HH3KHX TeMIIeparyp, COOTBeTCTByrorn;eii 

En < 20 M3B, MO,KHO rrpe,n:IIOJIO,KHTh, 'ITO 3TOT K03qJqJHQHeHT 6JIH30K K ttyJIIO, TaK KaK 

3,n:eCI, CTaTHCTII'IeCKaH Mo,n:eJII, .n:aer BIIOJIHe npHeMJieMoe OIIHCaHIIe 3KCIIepHMeHTaJII,

HI,IX ,n:aHHI,IX. B o6JiaCTH BI,ICOKIIX TeMIIeparyp, COOTBeTCTByrorn;eii En > 20 M3B, C'III-

- TaeTCH, 'ITO K03qJqJIIQHeHT rpeHIDI 60JibIIIe ttyJIH II rrpaKTH'IeCKH He 3aBHCIIT OT 3HeprnII 

B036~,n:eHIDI. B rrepeXO,n:HOH o6naCTII, Me~ .D:BYMH 3Ha'IeHIIHMII (HOJII, II KOHCTaHTa) 

K03qJqJIIQIIeHTa BH3KOCTH, 3HepreTII'IeCKaH 3aBHCHMOCTh K03<pqJHQHeHTa TpeHIIH MO,n:e

JIHpOBaJiaCI, C IIOMOill;blO <pyttKQIIII . 3aryxaHIDI )];IIHa~rnqecKHX · 3<p<peKTOB IIpII HH3KHX 

3HeprIDIX. <l>yHKQIDI IIMeeT BII)]; crna,KHBarorn;eii cryrreHI,KH H o6ecrre'IHBaeT HerrpepbIB

HOCTh pac'IeTHI,IX xapaKTepHCTHK BO BCeM HCCJie.n:yeMOM ,n:IIaII83OHe 3Heprnii En rrpH 

rrepexo.n:e co CTaTHCTII'IeCKOH BeTBII pacqera Ha .D:II<p<py3HOHHyro. 
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Pnc. 8. a - pe3ym.mn,1 TeopernqecKoro omi:camrn ce'IeHHH ,n;eneHHH HeiiTpoHaMH wi:pa-

' MHIIIeHH 232Th (KpHBh1e: 1- a 1233 ; 2 - a 1233+a1232,3- <1'1233+0'1232+0'1231, 

4- <1'1233 +<1'1232 ;<1'1231 +0' 1230 ); 6 - pe3yJihTaThI pacqera ceqeHHH peaKIIHH 

232Th(n,2n') (CIIJIOIIIHaH KpHBaH). To'IKH - BhI60pKH 3KCIIepHMeHTaJihHh!X ,n;aHHhIX 

)];JUI O' lEn) H <1'n,2n'(En)H3 6n6mIOTeKH EXFOR 
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Ha pHC. 9a npe;::t;CTaBJieHI,I pe3yJibTaTbl aHaJIH3a ceqeHIDI ;::t;eJieHH.!I 
238U Kero IIIaH

COBOll CTP)'KTYPbI )];JI.!! ;::t;Byx BapHaHTOB pacqern: 1) CTaTHCTHqecKoe OIIHCaHHe (IIITPH

XOBa.!I KpHBa.!!) C a;::i;na6aTHqecKOll 011eHKOll K03«pqm11HeHTa pOTallHOHHOro ysemrqeHH.!I 

IIJIOTHOCTH ypoBHeil:; 2) pacqeT B paMKax )];HqJqJY3HOHHOll MO;::t;eJIH C yqeTOM 3aTJXaHIDI 

acm,iM~HqHoll MO)];bl )];JI.!! Kprrr(U) B Ce)];JIOBOll ToqKe. Y;::t;OBJieTBOpHTeJibHOe:OIIHCaHHe 

( CIIJIOIIIHa.!I 1qmBa.!1) 3KCIIepHMeHTaJibHblX ;::t;aHHblX BO BCeM HCCJie;::t;yeMOM ;::t;HaIIa30He 

3Heprnil: En )];OCTHraeTC.!I C,K03qJqJHIIHeHTOM TPeHH.!I f3=4.lxl021 
c-

1
, eCJIH He yqHTbIBaTb 

3aTJXaHHe acm,D.i~HqHoll KOl\filOHeHTbl )];JI.!! Kprrr(U), TO npeBbIIIIeHHe CTaTHCTHqecKO

ro OIIHCaHIDI Ha;::t; 3KCIIepHMeHTaJibHblMH TOqKaMII TaIOKe MO:lKHO KOMIIeHCHpOBaTb B 

paMKax )];HqJqJY3HOHHOll MO;::t;eJIH, HO . npH 6oJibIIIHX 3HaqeHIDIX K03qJqJHIIHeHTa 

f3=10x1021 
c-1. Pe3yJibTaT OIIHCaHIDI IIOKa3aH Ha pHC. 96. 

Pnc. 9. 

O'_r, 6H a 

2 -~~=~=~~~~::~~==~~~:~~= 

IJ ·~ --~"-------- -0 ---r-----------, I 

2 

6 

--
,,----------------

,..,,. ,-r• .ooo~ 

0 ._.,_ __ _.__ __ -'----'---__,_ __ ___,_ __ ___. 

0 20 40 60 

En,M3B 

Pe3yn1,Tan,1 TeopenrqecKoro p_acqera cetieHHH .n:enemrn 
238U Heil:rpoHaMM. 

a - oj(En) ll ero COCTaBJIJIIOIIIMe: OJ239 - KpllBbie 1, OJ239 + OJ238 - KpllBbie 2, 
Oj239 + Oj238 + OJ237- KpllBbie 3 lI T . .n:.; mrpllXOBb!e KpllBh!e - CTaTMcTMqecKoe Oilll

caHtte; CilJIOilIHhie KpllBh!e - B paMKax'.n:mpq>y3MOHHOll MO,!l;eJill (P=4.lx1021 
c"

1
) C 

)"IeTOM 3aryxaHIDI acMMM~llqHOll KOM_IlOHeHThl ,!l;JI.!I Kpo,(U) B ce.n;noaoil: TOqKe; 

6 - IlITPllXOB!UI Kpttsa.sr ro )Ke, 'ITO_ n Ha a; CilJIOilIHa.sr KpllB!UI - pacqer oJ<En) s paM

Kax ,!l;llq>q>y3MOHHOH MO,!l;eJill C 13=10xl021 
c"

1 
n a.n:na6aTM'leCKOll 011eiiioil: K03q>q>ll

IIHeHTa poni1IMOHHOro yaeJIM'leHll.11 IlJIOTHOCTll ypOBHeil:. 

ToqKll ( 0) - CTaH.n;apTHhie 3HatieHll.ll Ce'leHIDI .n:eneHIDI 
238U Heil:rpoHaMll 
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1 
i) 

} 
) 

I 

TaKMM o6pa30M, aHaJIH3 Heil:TpOHHbIX ceqeHllll ;::t;eJieHH.!I MO)KeT ;::t;aTb )];OIIOJIHH

TeJibH)'I-0 H He3aBHCllM)'ID HHqJOpMa11mo O BeJIHqllHe npHBe;::t;eHHOro K03qJqJHIIHe~Ta 

TPeHIDI [3. 3TO oco6eHHO Ba:lKHO, yqHTbIBa.!I, qTo CBe;::t;eHIDI 06 3TOM rrapaM~e )];HqJqJy-

3HOHHOll MO;::t;eJIH .!IBJI.!IIOTC.!I HecosepmeHHbIMH. ,ll;o CHX nop HeT o6merrpHH.!!TOro npe;::i;

CTaBJieHH.!I O MeXaHH3Me .!l;::t;epHOll B.!13KOCTH. IIpe;::t;IIOJIO)KeHIDI O ;::t;ByxTeJibHOM H O)];HO

TeJibHOM MexaHH3Me B.!13KOCTH npHBO)];.!IT K 3HaqeHH.!IM [3, OTJIHqaIOIIIHMC.!I Ha IIOp.!!;::t;OK. 
' . ·' 

3HaqeHH.!I [3, 011eHeHHbie B HaCTO.!IIIIell pa60Te, H pe3yJibTaTbI aHaJIH3a BbIXO;::t;a Heil:TPo-_ 

HOB B peaKIIHHX c TH)KeJim.m HOHaMH (HI,xn.(), ;::i;a10mne 011eHKY f3 :?:5x1021 
c·1, BH;::t;H

MO, CBH;::t;eTeJibCTBYJOT B IIOJib3Y CBepxKpHTHqecKoro 3aTJXaHH.!I. 

B :rpeTbell rnase paccMaTPHBaeTC.!I COCTO.!IHH.!I Bonpoca O cpeHOMeHOJIOrHq
1

eCKOM 

OIIHCaHHH IIJIOTHOCTH ypoBHell .!l;::t;ep Ha OCHOBe rrpoBe;::t;eHHoro TeCTHpOBaHH.!I Ba)K

HellIIIHX MO;::t;eJiell - MO;::t;eJIH cpepMH-ra3a (M<I>r) H o6o6meHHOll CBepXTeKyqeil: MO;::t;e~ 

JIH (OCM), a TaK)Ke nx MO;::t;HqJHKarinu:. Ha ocHoBe H3JIO)KeHHbIX B rnase TeopeTwie

CKHX rrpe;::t;CTaBJieHHll O IIJIOTHOC!M B036y)K;::t;eHHbIX ypoBHell M aHaJIH3e 3KCIIepHMeH

TaJibHbie ;::t;aHHbie H pa3JIHqHI,IX xapaKTepHCTHK, CB.!13aHHbIX C OIIHCaHHeM IIJIOTHOCTH 

ypoBHell KaK qJYHKIIHH 3HeprnH B036y)K;::t;eHH.!I,. HYKJIOHHOro COCTaBa M qJOpMbl .!l;::t;ep 

H3yqaeTcH sorrpoc o rrocTPOeHHH cncTeMaTHKH IIJIOTHOCTH yposHeif B paMKax OCM 

)];JI.!! IIIHpOKOH o6JiaCTH .!l;::t;ep. 06cy)K;::t;aIOTC.!I TPYAHOCTH Ha 3TOM IIY™ H B03MO)KHOCTH 
.• . - .. ' . 

HX rrpeo;::t;OJieHH.!I. Oco6oe BHHMaHHe y.[leJIHeTC.!I BeJIHqHHe BKJia;::t;a KOJIJieKTHBHbIX MO)]; 

B IIJIOTHOCTI, yp~BHell (7) ~ ero 3aBHCHMOCTH OT rrapaM~a ~ecpopMaIIHH .!!;::t;pa. 

PeanbHble H;::t;pa HMeIOT Heo;::i;Hopo;::t;Hblll o;::i;HoqacTHqH1,1il: crreKTP H o6onoqeqHYJO 

CTPYKTYPY - TecHo CB.!13aHHble Me)K.[ly co6oil: cBottcTBa. Cne;::t;cTBHeM nx HBJI.!leTC.!I 

3HepreTHqecKaH 3aBHCHMOCTb rrapaMeTPa IIJIOTHOCTH ypoBHell a(U) , KOTOpa.!! orrpei(e

AAeTC.!I COOTHOIIIeHHeM 

a(U,Z,A) = a(A){ 1 + oW(Z,A)[l-exp(-1.U')] / U'}, (10) 

- r;::i;e a(A) - acHMIITOTHqecKHll (rrpu 6om:,mnx U), cooTBeTCTBYIOIIIHH Mo;::t;eJIH )KH;::t;Koil: 

KaIIJIH (M)KK) rrapal\IeTP IIJIOTHOCTH yposHeil:; oW(Z,A) - o6onoqeqHaH rrorrpasKa K 

3HeprHH CB.!13H H;::t;ep; A- rrapaMeTP, orrpe;::t;eAAIOIIIHH cKopocTb 3aTJXaHH.!I o6onoqeq

Hblx 3qJ«peKTOB; 

{ 
u-o )];JI.!! M<I>r 

U'-
U-E0 MH OCM U>U .c 

(11) 

U' - 3«p«peKTHBHIDI 3Heprtrn B036y)K;::t;eHH.!I, o - rrorrpaBKa Ha crrapusaHHe, E0 - 3Hep

rm1 KOH;::t;eHca11nu, Uc - KpHTnqecKa.!I 3HeprIDI qJa30Boro rrepexo~a H3 csepxTeKyqero 

COCTO.!IHH.!I B HOpMaJihHOe (cpepMII-ra3oBoe). 
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Ha pIIC. 10 rorn HeCKOJibKIIX H.n:ep, OTJIIIqa10mIIXCH BeJIIIqIIHOH o6oJioqeqHOH no

npaBKII oW(Z,A), noKaJaHa 3HeprenrqecKaH JaBIICIIMOCTb a(U)/ A, noJiyqeHHaH lI3 

TeoperIIqecKIIX pacqeTOB II corJiaCHO o6eIIM"CIICTeMaTIIKaM. MIIKpOCKOnIIqecKIIe 

pacqeTbl MH noTeHil;IIaJia MO)J;eJIII o6oJioqeK By,n:ca - CaKCOHa aBc(U) II pe3yJibTaTbl 
-" 

,n:JIH CIICTeMaTHKII OCM aocM(U) 6JilI3KII no 3aBIICIIMOCTII OT u II no a6coJIIOTHOH 

BeJIIIqIIHe. 3HaqeHIIH rorn M<Dr aM<Dr(U) pacxo,n:HTCH c HII.l\lli Ha 50% II 6oJiee, qTo He

npIIeMJieMo, eCJIII npIIHHTh BO BHIIMaHIIe 3KCnOHeHll;IIaJibHYIO- 3aBHCilMOCTb P.H(U,J) 

(7) OT napaMerpa a(U) . 

B )];IICCepTall;IIIl B paMKaX q_)~HOMeHOJIOrHqecKOro BapttaHTa QC~ nJIOTHOCTil 

ypOBHeH . np9,Be,n:eH aHaJIIl3 3KCnepIIMeHTaJibHblX ,n:aHHbIX O cneKTpax MrHOBeHHblX 
u • 2s2Cf u HellrpOHOB Il3 OT,n:eJibHbIX OCKOJIKOB cnOHTaHHOro ,n:eJieHHH , KOTOpbIH onpe,n:eJIHJI 

acHMIITOT~qecKIIH ~apa~erp IIJiornocTH ypoBHeH a I A =aMHA = 0.082 M3ff
1

• 3m 

3a,n:aqa,- eCJIIl He cqllTaTb npH6JIH)KeHHYIO Oll;eHKY KOJIJieKTilBHbIX II o6oJioqeqHblX 3q_)

<j)eKTOB B .n:pyrttx pa6oTax, nocTaBJieHa Il pemeHa BnepBbie. OIJHcaHHe 3HepreTHqe

CKOH JaBHCHMOCTH BepoHTHOCTH ,n:eJieHIIH c<j)epIIqecKHX H,n:ep (.[(C.51) B paH:oHe Pb, 

BbIIIOJIHeHHOe B HameH pa6oTe, npHBO)];IlT K BeJIIIqIIHe <X,.n:cJI=0.086 ±0.009 °M3ff
1 

)];JIH 

OCM. AHaJIII3 MaCCOBbIX pacnpe.n:eneHHH (MP) MH .n:eneHIIH COCTaBHOro H,n:pa 
201Tl 

. . ·.· : . I . . . 
)];aJI 3HaqeHHe (XMP =0.090 M3ff . lfa CIICTel\laTHKII 3KCnepHMeHTaJibHbIX ,n:aHHbIX no 

IIJIOTHOCTH HeH~OHHbIX ·pe3oHaHCOB (IIHP) B paMKax TOH )Ke OCM cJie.n:yer 3HaqeHHe 

aIIHP=0.093 M3B"
1 

• Y~H<)BJieHHbie 3Haq~HllH ai B npe,n:eJiax 3KCnepHMeHTaJibHblX 

norpemHOCTeii 6JI~3~Il K TeoperHqecKOMY 3HaqeHHIO aBC = 0.090 M3ff
1 

WU! Mo,n:eJIIl 

~ 
< 
so,1 
'6' 

0 

/. 
/ 

',,,,... / -- a 6 -- .,.,,,,,.--------------

/././ y-· 208Pb 111w 

100 0 
U,MJB 

100 
U,MJB 

PHC. 10. 3aBHCHMOCTH rrapaMerpa IIJI0TH0CTH ypOBHeH a(U)/A OT :meprnH B036y)K,n;eHIDI U 
,n;mr 

208
Pb (a) H 

181W (6). KpHBbJe: mrpmmyHKTHpHaH -MHKpOCKOIIHqecKHil: pacqeT 

)l;JIH IIOTeHil;HaJia M0)l;eJIH o6oJioqeK By,n;ca - CaKCOHa, CIIJI0lliHaH - CHCTeMaTHKa 

OCM, mrpHX0BaH - CHCTeMaTHKa M<I>r 
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By.n:ca - CaKcoHa. Cornactte 3HaqeHHH: M0)KHO paccMarp1rnaTb KaK KOJIHqecTBeHHbIH TeCT 

B noJib3Y OCM, KOTOpaH nocJie,n:oBaTeJibHO yqttThIBaeT cnell;Hq_)HKy crpoeHIIH peaJibHbIX 

H,D;ep ri CBHJaHHbie C Hell 3q_)q_)eKThI: napHble KoppeJIHll;IIB ttyKJIOHOB, o6oJioqm Il KOJIJieK

THBHbie B036~eHIIH H,D;ep. AHaJIH3 IlHP B paMKax Mef>f npIIBO,n:HT K BeJittqHHe 

aM<llr=0.154 M3ff1, KOTOpa,r cymecTBeHHO 6oJibllie Teopen1qecKHX oii:eHOK. 

qeTBepTaH rJiaBa noCBHmeHa aHaJIIl3Y 3KCnepHMeHTaJibHbIX ,n:aHHblX no cneK

rpaM, cpe,n:ueii MHO)KeCTBeHHOCTil Il cpe.n:HIIM 3HeprHHM MrHoBeHHbIX HettrpOHOB, co

npOBO)K)J;aIOmHx ,n:eJie,HHe aKTilHil)];HbIX ,r,n:ep •• 

B, paMKax rpa,n:Hll;IlOHHbIX npe,n:CTaBJieHHH paccMarpHBaeTCH ,n:Ba IlCTOqHIIKa Heii

TPOHOB, conpoBO)K)];aIOmHx 3MIICCilOHHOe ,n:eJieHHe H.n:ep: 1) nOJIHOCTblO ycKopeHHbie 

OCKOJIKil ,n:eJieHIIH H,n:ep-Il30TOnOB A, A-1, .•. , A-xmax(En) - IICToqHilK nocT,n:eJIH-

TeJibHbIX HeiirpoHoB; 2) caMH ,n:eJIHmHeCH ,r,n:pa .n:o Toro, KaK OHil yrpaqHBaIOT CBOIO 

ii:eJIOCTHOCTb, - IlCTOqHilK npe,n:.n:eJIHTeJibHblX HettrpOHOB. CooTBeTCTBeHHO Ha6JIIO

.n:aeMbIH ,n:H<j)<j)epeHll;IlaJibHbIH BblXO,n: BTOpllqHbIX HettTpOHOB 3anttmeTCH B BH,n:e cyM

Mbl ,n:Byx KOMnOHeHT 

dv(E,En) = dvfar(E,En) + dypre(E,En) 
dE dE dE 

(12) 

3HepreTHqecKoe, pacnpe,n:eJieHHe nocT,n:eJIIITeJibHbIX HettrpOHOB Il3 nOJIHOCThlO 

ycKopeHHbIX OCKOJIKOB npe.n:cTaBJIHeTCH cyrrepn03Illl;Heii MaKcBeJIJIIlaHOB 

av (EE) Xmax(En) cr (E) 
~far , n = a '° v (E )µ(E)N (E T ) f A-x n 

dE L, J A-x nx M ' x CJ (E ) 
x~ f n 

(13) 

B OTJIIlqlle OT IlCXO,n:Horo COCTaBHOro ,r,n:pa. A (H.n:po-MHllieHb+HeiirpoH, x=0, 
- . Eno =En) c MOH03Heprtteii B036~,n:eHHH E = En + BnA, OCTaToqHbie ,r,n:pa 

A - X (x?: 1)' o6pa30BaBmHec,r nocJie 3MllCCilll X HettrpOHOB, IlMeIOT pacnpe.n:eJieHHe 

no 3HepmH B036y)K)];eHHH U = E* - L;=oBnA-i - E 

FA_x(U)=dcrnx(E* - J.:.;=0BnA-i -u)/dE, (1~) 

r.n:e dcrnxCE)/dE - cneKrp HeiirpoHoB, Bhmernromttx II3 B036~.n:eHHoro H,n:pa 

A +1 - X ( OCHOBHOH K0Heypttpy10mIIii KaHaJI npoii:eccy ,n:eJieHIIH ,r,n:pa A + 1- X ). 

Cpe,n:ueii 3HepmH B036~,n:eHHH 

E*-'i,X B /E*-IX B 
[jA-x = 7 nA-:x UFA_x(U)dU 7 nA-x FA_x(U)dU 

, EJA-x EJA-x 

(15) 

H,n:pa A - X, HCnbITbIBaIOmero ,n:eJieHHe, C00TBeTCTByeT 3HeprHH nepBilqHbIX Heiirpo-
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- - ' 
HOB Enx = u A-x - BnA-x ll cpe,[lmIJI MH0,KeCTBeHH0CTI, MrHoBeHHbIX HeiITpOHOB Ha aKT 

,[\eJieHIDI VJA-xCEnx) ll3 II0JIH0CThIO ycKopeHHhIX 0CK0JIK0B, 

O11eHKa cpe,I:\Heii MH0,KeCTBeHH0CTII HettTPOHOB VJA-x(Enx) B (13) ocH0BbIBaJiaCb 

Ha llCII0Jib30BaHllll CllCTeMaTllKll XoBepTOHa [13) ll ee 3KCTPall0JUillllll B o6JiaCTb 

3Heprnii 3MllCCll0HH0ro ,[\eJieHIDI En > E f A-I' KoHCTaHTa a B (13) BBe,[\eHa ,[\JUI 110,[\-

roHKll 110,[\ 3KC11epllMeHTaJibHbie ,[\aHHbie ll K0MlleHcaIIllll Hell36e)KH0ll HeToqH0CTll 

0llllCaHllH v JA-x(E"'), ocHoBaHHOH Ha CllCTeMaTIIKe v lEn). AHanornqHaH Heo11pe-

,I:\eJieHH0CTh llpllcyma llCII0Jib30BaHlllO CllCTeMaTllKll TX, B CB513ll C qeM, BeJillqllHa 

TX = 2[3E ft I 3 {16) 

BapbIIpoBanach c II0M0IIIhIO KOHcTaHTh~ [3 B 11pe,[1enax 3%. BenllqIIHY E ft M0)KH0 011-

pe,I:\eJIIITh 110 qiopMYne TeppeJIJia 

·E=a+b(v+1)112 {17) 

c YHIIBepcanhHhIMll ,[\JIH Bcex 51,I:\ep 11apaM~aMll a=0.75 M3B II b=0.65 M3B. 

.ll:IIqiqiepeHllliaJibHblll BbIX0,[\ 11peMeJ1liTeJibHbIX HettTPOH0B llpll 3MllCCll0HH0M 

,[\eJieHllll M0)KH0 11pe,[1cTaBllTb C00TH0llleHlleM 

pre ' n , L L Nx;(E) f A-1 n 
c/v (EE) XmaxCEn)[Xmax(En) (j .(E )) 

dE x;J i;x (j lEn) 
{18) 

B qiopMYne (18) 

N .. (E) dcrnx(E,En) l".(E E )! Jdcrnx(E,En) l".(E E )dE 
x1 , dE J; ' n dE J; ' n 

E 

(19) 

HOpMIIpoBaHHhitt K e,I:\llHIIIIe c11eKTP HettTPOHOB, ll~nyqeHHhIX H,I:\paMll A+ 1- x (11pll 

qJllKCllpOBaHHOM 3HaqeHllll x=l;' 2, 3, ... ), C TaKllM Ha6opoM 3HaqeHllll 3Heprllll E, qTo 

3HepreTIIqecKII B03M0,KH0 11ocne,[ly10111ee ,[leJieHIIe ocTaToqHb1X H,I:\ep A - i , o6pa3o

BaBlllllXCH II0CJie II0CJie,[\0BaTeJibH0ro ll3nyqeHll51 i HeHTPOHOB (i ~ x). <DyHKIIll51 o6-

pe3aHll51 J;(E,En) eCTb Bep0HTH0CTb ,[\eJieHll51 51,I:\ep A- i, 11pe,[1CTaBJieHHa51 B llIKane 

3HeprIIll E BbIJieTa10111Hx HettTPOHOB: 

. . "'i J;(E,En) = pf A_;(U; = E - L..x;JBnA-x+I - E). (20) 

C TQqHQCTblO ,[\0 3qJqJeKTOB ryHeJibHOll llp0HllIIaeM0CTll 6apbepa ,[\eJieHll51, 11pll 

3HeprIIHX U; :'.5: EI A-i HeT ,[leJieHIDI 51,I:\ep A - i. IIpoIIcxo,[IIIT o6pe3aHIIe c11eKTPa Heii-

TpoHoB dcrnx(E,EJ/dE(l:'.5:x:'.5:i) qiyHKIIIIeii J;(E,En) llpll 11oporoBoii 3Heprnll 

th E* °"; B -E .. E=E; = - L..x;J nA-x+I JA-1 
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.ll:IIqiqiepeHIIllaJibHOMY C00TH0llleHllIO (12) C00TBeTCTByeT llHTerpanbH0e Bblpa

)KeHlle 

V(En) =itr.r(En) + Vp,e(En), (21) 

K0T0poe 011pe,I:\eJIHeT cpe,I:\Hee qIICJI0 HeiiTpOHOB Ha aKT ,[\eJieHll51 B 11pe,[1II0JI0)KeHllll 

,I:\Byx llCTQqHllK0B HeiiTpOHOB. B (21) 11epBblll qJieH 

- X,,,,x(E~ - afA-xCEn) 
Vrar = ~:VJA-x(Enx) (E) 

x=-0 af n 

(22) 

011pe,[1emieT cpe,[IHIOIO MH0,KeCTBeHH0CTb II0CT,[\eJillTeJibHblX HettTPOHOB ll3 II0JIH0CTblO 

ycKopeHHbIX 0CK0JIK0B (fat), a BTOpoii -

xmax(En) a (E ) Xm,x(En) a (E ) 
vp,e(En) = L X JA-x n = L X JA-x n - (23) 

x;J af(En) x;O . af(En) 

11pe,[1,[\eJIIITeJibHbIX HeHTPOHOB (pre). 

CTaTIICTllqecKa51 M0,[\eJib B C.Boeii o6blqHoii qJOPMYJillpOBKe He yqIITbIBaeT B03-

M0)KH0CTb 3MllCCllll qacTllll 3a BpeMH 11epexo,[\a CllCTeMbl OT Ce,[\JIOBOH KOHqJmypaIIllll 

,[\O TQqKll pa3pbIBa. IlpllHHTO cqllTaTb, ~o 3T0 BpeMH 51BJI51eTC51 HaCT0JibK0 K0p0TKllM 110 

cpaBHeHlllO co BpeMeHeM 3MllCCllll qacTllll, qTo He M0,KeT 601Tb llCrryIIIeH0 CK0JibK0-

HII6y,I:\h 3HaqllTeJihHOe llX irncJIO. B llpllHlllllle Ha6JIIO,[\aeMblll ll36bITOK MHrKllX Hett

TP0H0B E < 2 M3B B 3Kc11epIIMeHTaJihHhIX pac11pe,I:\eJieHIIHX R(E,En) 11pll BbIC0KllX 

:meprIDIX En> 13 M3B B cpaBHeHllll C 0llllCaHlleM B paMKax CTaH,[lapTHOll M0,[\eJill ,I:\Byx 

llCToqHllKOB m:iiTPOHOB M0,KeT 601Tb CBH~aH ·c yBeJIIIqeHlleM BpeMeHll )Kll3Hll cm:reMhI 

llpll 11epexo,[\e OT Ce,[\Jla K TQqKe pa3pbIBa. ,n:o6aBoqiroe ll3JiyqeHtte qacTllll CaMa 110 ce6~ 

He llpllBeJia 601 K HellpllMeHllM0CTll CTaTllCTllqecKOll M0,[\emr, llCII0Jih3yeMbIX 3,[\eCb co

OTHOllleHllll ll He ll3MeHllJia 6bl pacqeTHI,IX 11ap1IllaJibHbIX ceqeHllll (j f A-x. 

C11eKTP ,[lo6aBoqHbIX HettTPOHOB M0,KH0 paccqIITaTb 110 cTaTIICTllqecKoii M0,I:\eJill, 

HO BeCbMa 11po6ne1mTnqHo, KaKllM o6pa30M 011pe,[1em1IOTC51 TellJI0Bble 3Heprllll B03-

6~,[leHllj{ B 11po11ecce 11epexo,[\a CllCTeMbl OT Ce,[\JIOBOH KOH<pllrypaIIllll K pa3pbIBHOll. 

3a,[laqy MO)KHO y11poCTllTb, CBe,[\51 ee K 011pe,[1eJieHlllO ClleKTPa HeHTPOHOB ll3JiyqeHHbIX 

ll3 CllCTeMbl, ,I:\BYX cqiopMllpoBaBlllllXC51 0CK0JIK0B B TQqKe pa3pbIBa. Ilpll 3T0M 11pe,[1-

II0JiaraeTCH, qTo 11pll 11epexo,[\e 51,[lpa OT Ce,[\JIOBOll ToqKll K KOHqJllrypaIIllll C0llpllKa-

caIOIIIllXC51 ocK0JIK0B II0HBJIHeTCH 3HeprIIH B036~,I:\eHIIH L Eta BHYTpeHHllX cTe11e-

;;1,2 

Hett CB060,[lbl (TellJIOBa51 3Heprll51) ,[\0II0JIHllTeJibHbIX 0CK0JIK0B. C He.ii Mbl CB513bIBaeM 

3M_llCClllO HellTPOHOB ll3 HeycKopeHHbIX 0CK0JIK0B, eCJill 3T0 3HepreTllqeCKll B03M0)K

H0, a C Hett 11051BJieHlle Hll3K03HepreTllqecKoii aH0MaJillll B 3KC11epIIMeHTaJibHbIX ClleK-
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-rpax IIpII BhIC0KIIX :meprm1x nepBIIqHhIX Hell'TpOHOB En > 13 M3B. 3,D;eCh II0,!l; aHoMa

JIIIeii II0HIIMaeTCH II36hITOK HeiiTpOHOB C E< 2 M3B B 3KCIIepIIMeHTaJihHhIX pacnpe,D;e

JieHIIHX IIpII cpaBHeHIIII C pacqeraMII, nonyqeHHhIMII B paMKax -rpa,D;III.l;IIOHHOll MO,D;eJm 

.ll:BYX IICTOqHIIK0B Hell'TpOHOB (12). 

OTCYTCTBIIe "JIIIIIIHIIX" Heii-rpoHOB, HaIIpIIMep, IIpII En = 2.9 II 5 M3B II llX IIOHB-
<' 

JieHne npn 6onee BhICOKIIX 3Hepnrnx En >i3 M3B YKa3hIBaeT Ha TO, qTo LE;o 3aBn-
i;J,2 

CllT OT 3HeprnII 60M6ap,!l;llpy101o;IIX Heii-rpoHOB, CJie,D;OBaTeJihHO, OT 3Heprnn B036y,K,D;e

HllH ,D;eJIHIIJerocH H,D;pa. YnpoIIJaH, 3a,D;aqy, npe,D;IIOJI0)KllM, qTo 3Ta 3aBllCllMOCTh JIHHeii

HaH, a 3Heprn,i: B036y,K,D;eHIIH Me,K,D;y .ll:BYMH 0CKOJIKaMll pacnpe,D;eJIHeTCH nponopu;no

HaJihH0 llX MaccaM. IIpn 3TOM Ha,D;o C,D;eJiaTh npe,D;IIOJIO,KeHlle, qTo B TaKOll .ll:BYH,D;epHOll 

CIICTeMe cqiopMHpOBaBIIIllXCH OCKOJIKOB' CYIIJeCTBYeT CTaTllCTnqecKoe' paBH0Becne II0 

BCeM CTeIIeHHM CB060,D;hl ll BpeMH )Kll3Hll CllCTeMhI ,!l;OCTaToqHo ,D;JIH 3MllCCIIll OCKOJIKOM 

A; (i = 1,2) Heii-rpoHa, eCJIII ero 3Heprn,i: B036y,K,D;eHllH Y.ll:0BJieTBOpHeT ycJIOBlllO 

·• ( )A. 
.E;o =C En +BnA ~ >BnA;• (24) 

r,D;e BnA• - 3Heprn,i: CBH3ll Heii-rpoHa B ocKOJIKe A;. Kmq>q>IIo;neHT C noKa3hIBaeT, Ka-
' ' ' 

KaH ,D;OJIH 3HeprnII Bo36y,K,D;eHIIH E*. = En + BnA cocTaBHoro H,D;pa A nepeIIIJia B TeIIJio

BYIO 3Heprn10 B036y,K,D;eHIIH .ll:BYH,D;epHOH CIICTeMhI Cq>OpMllpOBaBIIIllXCH OCKOJIKOB K 

M0MeHTY llX pa3,D;eJieHllH. 

B paMKax CTaTllCTHqecKOH MO,D;eJill MO)KHO paccqnTaTh CIIeK'Tp Heii-rpOHOB, ll3JIY-
' - ',, ' - . , .. 

qeHHhIX ll3 TaKOll CllCTeMhI HeycKopeHHhIX OCKOJIKOB (nat) ,D;eJieHIIH COCTaBHOro H,D;pa A 

av~ar(E,En) 
dE 

a f A " f * * [" * l .: . -. L.,Y(A) G(E;0 ,<Ei0 >)x L.,P(4,Zj)N(E,,4;,Zj,Ei0 dE;0 ,(25) 
a f A; E7o zj 

r,D;e Y(A;)- .MaccoBoe pacnpe,D;eJieHne OCKOJIKOB ,D;eJieHHH,,HOpl'..rnpoBaHHOe K ,!l;BOllKe, 

G(E;:,<E;•o >)- HopMttpOBaHHoe K e,D;HHIIIJ;e q>YffKIJIIH pacnpe,D;eneHIIH 3Heprnn B03-. ., 

6~eHIIH, P(A;,Zj)- HOpMnpoBaHHOe K e,D;llHllIJ;e 3apH,D;OBOe pacrrpe,D;eJieHne OCKOJI-

KOB C q>llKCllpOBaHHhIM 3HaqeHneM A;, KOTOphIM, KaK npaBllJIO, CO0TBeTCTBYJOT He

CKOJihKO H,D;ep-n3o6ap, N(E,A;,Zj,E;*0 )- HOpMnpoBaHHhiii K e,D;nHno;e cneK~ ~eii-

. 'TpOH0B ll3 OCKOJIKOB C q>llKCllpOBaHHhIMll 3HaqeHIIHMII A;, Z j , E;o . 

C yqeroM -rpeThero llCTOqHnKa Heii-rpOHOB (25), 3aIIHIIIeM COOTHOIIIeHne MH 

.ll:llq>q>epeHIJ;llaJihHOro BhIXO,D;a Heii-rpOHOB ,D;eJieHHH 

dV(E,En) dVrar(E,En) dVpre(E,En) dVnar(E,En) 
--==----"-'-+--'-----+--==-----'-'-. 

dE dE dE dE 
(26) 
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IIepBhie ,D;Ba qJieHa B (26) onpe,D;eJIHIOTCH TeMll )Ke COOTHOIIIeHIIHMll (13) II (18), 
qTQ ll B MO,D;eJill .ll:Byx llCTOqHIIKOB (12). Ko3q>q>IIIJ;IIeHT C B (24), OT KOTOporo 3aBHCIIT 

)KeCTKOCTh cneK-rpa (25), npII OIIllCaHIIII 3KCIIepIIMeHTaJihHhIX pacnpe,D;eJieHIIH 

R(E,En) npn En> 13 M3B C yqeTOM -rpex llCTOqHllKOB Heii-rpOHOB (26) 6hIJI II0,D;ro

HOqHhIM napaMe-rpoM. 

C yqeTOM -rpeThero llCTOqHnKa Heii-rpoHOB cpe,D;HHH MHO)KeCTBeHHOCTh MrHOBeH

HhIX Heii-rpOHOB Ha aKT ,D;eJieHHH ll cpe,D;HHH 3Heprn,i: IIO CIIeK-rpy (26) COOTBeTCTBeHHO 

llMeIOT Bll,D; 

v(En) =Vrar(En) + vpre(En) +vnar(En) (27) 

E(En) = (vrar<En)Erar<En) +vpre<En)Epre<En) + vnaf<En)Enaf<En) )jv(En) · (28) 

Ha pnc. 11 IIOKa3aHhI 3KCIIepnMeHTaJihHhie ll pacqeTHhie 3aBIICllMOCTll 

dv(E,E ) I dE V V 

R(E,En) n ,D;JIH 3Heprnn nepBHqHhIX Hen-rpoHOB En =6 n 7 M3B. 
v(En)Ncr(E) . 

Cneu;rrqinqecKaH oco6eHHOCTh B MHrKOH qacTll 3KCIIepnMeHTaJihHhIX pacnpe,D;e

JieHllll B q>opMe KOJIOKOJia COCTaBJIHeT KOH-rpacT. noqTn JillHeHHOH 3aBllCllMOCTll 

R(E,En) ,D;JIH En =2.9 n 5 M3B B TOH ,Ke o6n·aCTn 3Heprnii BTopnqHhIX Heii-rpOHOB. 

IIpn 6onee BhICOKllX 3Heprn,i:x E > l M3B ,D;JIH En =6 M3B ll E > 2 ivfaB MH 7 ~faB 

pacnpe,D;eJieHHH llMeIOT ll,D;eHTllqHYJO' q>OPMY, xapaKTepHYJO ,D;JIH IIOCT,D;eJillTeJihHhIX 

Heii-rpoHoB. Oco6eHHOCTh B qiopMe pacnpe,D;eJieHrrii ,D;JIH En = 6 II 7 M3B ecn, npoHB

JieHIIe BKJia,D;a npe,D;,D;eJIHTeJihHhIX HeiiTpOHOB. IlpII 3TIIX 3Heprn,i:x HapH,D;y C peaKo;IIeii 

(n,f) CTaHOBIITCH B03MO)KHhIM peaKo;IIH (n,n'f). 

TaKIIM o6pa30M, B paMKax MO,D;eJill ,D;Byx IICTOqHIIKOB C IIOMOIIJhlO COOTHOIIIeHIIH 

(12) y,D;aeTCH OIIllCaTh 3KCIIepIIMeHTaJihHhie pacnpe,D;eJieHIIH Heii-rpOHOB- IIpll 3MIICCII

OHHOM ,D;eJieHIIII H,D;pa-MIIIIIeHII 
238 U Heii-rpoHaMII C 3HeprIIHMll 6 II 7 M3B. M3MeHe

HIIe q>OpMhI pacnpe,D;eJieHIIH BhIXO,D;a Heii-rpoHOB B o6naCTll Hll3KIIX 3HeprIIii IIpII cpaB

HeHIIII C q>OpMOH R(E,En) ,D;JIH En =2.9. II 5 M3B IIOJIHOCThlO 06bHCHHeTCH BKJia,D;OM 

npeMeJIHTeJihHhIX Heii-rpOHOB. Pe3KOe IIa,D;eHHe BhIXO,D;a npe,D;,D;eJIIITeJihHhIX HeiiTpo- . 

HOBB CTopoey BhICOKIIX 3Heprnii E KaK pe3yJihTaT o6pe3aHIIH CIIeK-rpa nepBhIX Hett-. 

'TpOHOB q>yttKo;IIeii J;(E,En), MHrKOCTh IIX cneK-rpa no cpaBHeHIIIO c 6onee ,KeCTKIIM 

CIIeK-rpOM IIOCT,D;eJIHTeJihHhIX Heii-rpoHOB' ,D;aeT B03MO,KHOCTh Ha6JIIO,D;aTh ero Ha q>OHe 

IIOCT,D;eJIIITeJihHOH KOMIIOHeHThI B II3MepeHHhIX 3aBHCHMOCTHX R(E, En). 
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R(E,E.) 
I 

1.4 

R(E,E.) 

I 
En= 2.9 {o) H 5_M3B (•) 

1.2 

1.2 

""~~~"!'1t+M'·H I.Of-

0.8 

0.4 

1.4 En=6!1faB 

1 
1.2 

0.8 ---
1.0 

- .. ·-+-... ___ _ 

0.4 

1.4 E.=7M3B 

1.0 

::: :: :: ::: ::: ::: 

~
1~t1d.JjJ _ .. _ 

0 ·••••· 

0 0.4 0.8 1.2 1.6 2.0 0 4 8 12 16 
E,M3B 

PIIC. 11. OTHOIIIeHIIH R(E,En) IIccne,n:oBaBIIIIIXCH crreK1J)0B HeihpoHOB ,n:eneHifll 
238

U+n K 

cneK1JlY Hett:IpOHOB cn0HTaHHoro ,n:eneHifl! 
252

Cf. TO'IKII - 3KCnep1IMeHrnm,Hue 

3HatJeHJrn. ToqeqHM (/:IAA En=2.9 M3B) II III1J)IIX0BM (,n:nH 5 M3B) KpIIBhie - OTH0-

IIIeHMH MaKCBeJIJI0BCKifX pacrrpe,n:eneHHll (2). CnnoIIIHhie II III1J)IIXJIYHKTIIpHhie Kp!I· 

Bhle - pa3JI!ItJHble BapIIaHThl 0JIIICaHifl! 3KCnepMMeHTaJihHhIX pacrrpe,n:eneHIIll /:IJI.H 

En= 6 II 7 M3B: 

llIIpIIXOBhie JIIIHIIII - ypoBeHh JIOCT,n:eJIIITeJihHOll K0MJI0HeHTbI 

AHanlI3 oco6eHHOCTen <popMhI R(E,En) MH 3MHCCH0HHoro ,[(eJieHHH H.D:pa

MHIIIeHH 238 U HeifrpoHaMII C 3Heprneii En =13.2, 14.7, 16.0, 17.7 M::iB npe,[(CTaBJieH 

Ha,J?HC. 12. 
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14.7M,B 
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17.7 M>B 
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PIIc. 12. OTHOIIIeHifll R(E,En) IICCne,n:oBaBIIIIIXCH crreKip0B Hell1J)OHOB ,n:eneHIIH B.peaKIJIIII 
238 U(n,xn'l) K cneKTPY Hett:1J)0HOB crroHTaHHoro ,n:eneHIIH 

252
Cf. 

, TotJKM - 3KCrrepIIMeHTaJihHI,Ie 3HatJeHifll. lli1J)IIXOBhle JIIIHIIII J - K0MJI0HeHTa no

CT,n:enIITeJihHhIX Hell1J)OHOB II3 JI0JIH0CThlO ycKopeHHhIX 0CK0JIK0B. 

KpIIBI,Ie 2 II 3- pactJeT B Mo,n:enII /:IBYX ~ ~ex IICTOtJHII~OB MH,[( C00TBeTCTBeHH0. 

ToqetJlllJe KpIIBhie '_ 0JilICaHIIe C q>yttKIIIIII o6pe3:iHIIH J; (E,E.)' MO,n:e;mpyeMOll B 

BII,n:e cryneHI,KM co crna)KeHiii,IM KpaeM, cnno~1,re - orrpe,n:eneHHOH cornacHo (20) 
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IlpnMeCh ,KeCTKOll K0Mil0HeHTbl (H3-3a HepaBH0BeCHoro MexaHH3Ma 3MHCCl111 

nepBbIX HettTpOHOB C BblX0)],0M Ha HeCK0JibK0 nopH,D,K0B BbIIIIe, qeM rrpn 11cnap11TeJih

H0M MexaHl13Me) )],eJiaeT B03M0,KHblM Bll3YaJibH0e Ha6mo,D,eH11e pe3KOll BepxHeH rpa

H11Ilbl 11 BblC0K03Heprer11qecKoro MaKC11MYMa npe)].)].eJI11TeJibHbIX HettrpOHOB. Oco-

6eHHO oTqeTJil1B0 npoHBJIHeTCH B 3KCrrep11MeHTaJibH0M pacnpe,D,eJieHl111 )],JIH 

En=l4.7 M3B Ha p11c. 12, 113MepeHH0ro C )],OCTaToqHOll CTaTl1CT11qecKOllTOqHOCTbIO, 11 

Il0)],TBep,K,D,aeTCH pe3yJihTaTaMl1 TeopeTHqecKoro pacqeTa C 11Cil0Jlb30BaHl1eM 3KCl1-

TOHHOll M0)],eJil1 npe,D,paBH0BeCH0ro pacna,D,a )],JIH onncaHl1H ,KeCTKOll K0Mil0HeHTbl 

nepBbIX HettrpOHOB. KaK 3T0 Bl1)],H0 Ha p11c.12 np11 113MeHeHl111 3Heprn11 60M6ap,D,11-

py10mnx HettrpOHOB En, BepXHAA rpaH1111a 11 MaKC11MYM npe)],)],eJI11TeJibHbIX Hettrpo

H0B B pacnpe,D,eJieHl111 CMern;aeTCH no IIIKaJie 3Hepr1111 B C00TBeTCTBHl1 C C00TH0IIIeHH

eM E = E1
th 

= En - E /A-I, no,D,TBep,K,D,aH · npaBl1JihH0CTh BhI6paHHOtt 11HTepnpera111111 

Ha6JIIO,D,aeMoro 3qiqieKTa. 

Ha p11c. 12 Kp11BbIMl1 2 Il0Ka3aH0 on11caH11e 3KCnep11MeHTaJibHbIX pacnpe,D,eJieH11ll 

R(E, En) )],JIH H,D,pa 
238U np11 En=l3.2, 14.7, 16, 17.7 M3B C yqeroM ,D,Byx 11CTOqHl1K0B 

HettrpOHOB. TaKHM o6pa30M, 113 aHaJil13a 3KCnep11MeHTaJibHbIX pacnpe,D,eJieHHll 

R(E, En) B pm,rnax M0,D,eJI11 ,D,Byx 11cToqH11K0B B03Hl1KaeT npoT11Bopeq11BaH c11zya1111H. C 

O)].HOtt CT0p0Hhl, qiopMa 113MepeHHoro pacnpe,D,eJieH11Jr R(E,En) B ,D,ByXIIIaHCOBOtt pe

aK11n11 ,D,eJieH11H np11 En=7 M3B, K0TopaH cooTBeTCTBYeT HaqaJiy BToporo nJiaTo B ce

qeH1111 )],eJieHl1H, xop0III0 cornacyeTCH C pacqeTHOM qiopMOll. C ,D,pyroii CT0p0Hhl, B 

3Kcnep11MeHTaJihH0M pacnpe,D,eJieH1111 R(E, En) )].JIH TOM ,Ke ,D,ByXIIIaHCOBOM peaK111111 

np11 En=l3.2 M3B 11 B R(E,En) )].JIH rpexIIIaHCOBOll peaK111111np1114.7, 16.0, 17.0 M3B 

Ha6JIIO)],aeTCH ll36hITOqHbIM BbIX0)], MHrKl1X HeHrpOHOB C E<2 M3B Ha)], pe3yJihTaTaMl1 

pacqera. EcTecTBeHHO npe,D,IT0JI0)Kl1Th, qTo Me,K,D,y 7 11 13.2 M3B BCTynaeT B 11rpy 

rpeTl1M l1CToqH11K, 113Jiyqaiom11ii: HettTpOHbl C MHrK11M 3HepreT11qecKl1M cneKTp0M. B 

KaqecTBe TaKoro l1CToqH11Ka B ,D,nccepTa111111 paccMaTpIIBaeTCH ,D,BYH,D,epHaH Cl1CTeMa 

cqiopM11poBaHHbIX conp11KacaIOIII11XCH 0CK0JIK0B K M0MeHry pa3i(eJieHHH (HeycKopeH

Hbie OCKOJIK11). CooTHOIIIeH11e (25) Il03B0JIHeT paccq11TaTb cneKTp ,HeHTpOHOB, 113JIY

qeHHbIX 113 0CK0JIKOB B Heyci<'opeHHOM COCTOHHl111. Ilpn 0)],H0M 3HaqeHl111 napaMeTpa 

C=0.53 M0,KH0 Il0JiyqHTb Y,D,OBJieTBopiITeJibHOe cornac11e Me)K,D,y 113MepeHHhIM~ 11 

pacqeTHhIMl1 pacnpe,D,eJieHl1HMl1 R(E,En) np11 En=l3.2, 14.7, 16.0, 17.7 M3B )].JIH H,D,pa 

238 · • '. u• · · ' • u ~o BCeM HCCJie,D,yeM0M 11HTepBaJie 3,tteprnii: E' BKJIIOqaH _11 o6JiaCTb H113Kl1X 

3~eprnii: E<2 M3B. Pe3yJihTaThI oilllcaHHH 3Kcnepn_MeHTaJihHhIX 3HaqeH11ii:, R(E, En) c 

yqeT0M ipex HCT0qHl1K0B Il0Ka3aHbl Kp11BbIMl1 3 Ha p11c. 12. BKJI10qeH11e B onncaH11e 
. . . 

rperhero ncToqHnKa Heii:rpoHOB (25) npn aHaJIII3e R(E, En) )].JIH H,D,pa 
232 

Th, 
235 U 11 

237
Np no3B0JIHeT TaK,Ke onncaTh ,D,aHHble 3KcnepnMeHTa npn E <2 M3B. 
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Ha pnc. 13 npe,D,CTaBJieHa BhI6opKa 3Kcnepm.1eHTaJibHbIX )],aHHbIX V(En) )],JIH 

H,D,ep-M1111IeHeii:: 
232

Th )],O 3Heprn11 En =20 M3B 11 
235 U' 238 U' 237

Np )],O 15 M3B. B 

o6JiaCTl1 3Heprnii: En <E/A-1 ""6 M3B O)],HOIIIilHCOBOH peaKII11II (n,f) vpre(En)=0 11 

V(En)=VrarCEn)=V1A<En), )],JIH napaMerp113a111111 KOTOpoii: IICil0Jib30BaJI0Cb C00TH0-

IIIeHl1e Cl1CTeMaTHKl1 XoBepToHa. Ha6JIIO)],aeTCH noqTn Jil1Heii:HaH 3aBIICl1M0CTb V(En) 
. . . . 

B npe,D,eJiax 3KcnepIIMeHTaJihHbIX norpeIIIHOCTeii: ,D,0 3Heprn11 En ""6 M3B •. 

v(E.) 

5.0 

4.5 

4.0 

3.5 

3.0 

2.5 

2.0 J4 
,·' 

,.-<~<~ 

,,r 
2.01 I I I I i 

0 4 8 12 16 E.,M3B20 

2l7Np 

"'u 

'"u 

"'Th 

P11c. 13. Cpe,QIDIH MH0)l(eCTBeHH0CTb MrH0BeHHbIX HeihpoHOB ,QeJieHHH KaK qiyma.iHH 3Hep

mII rrepBHtJHhIX HettrpoHOB. To~II - BhI6opKa 3KcrrepIIMeHTaJihHhIX.3HatJeHIItt. 

~H H,Qpa 
232

Tb: KJ)IIBhie 2 II J- cpe,QIDIH MH0)l(eCTBeHH0CTb HeH1J)OHOB V(En) B 

M0,[{eJIII ABYX II 1J)eX IICT0tJHIIK0B MH,[( C00TBeTCTBeHH0, KpIIBaH 4 - B OIIHCaHIIH 

YtJHThlBaJICH BKJia,Q Vnar<En, A-1) BT0poro IIIaHca ,QeJieHHH II BKJia,[{ K0MIIOHeHTbl 

tJeTBepTOro IIIaHca ,QeJieHIIR ( xmax ( E,;) =3). ,[(AA H,Qep 235U' 238U, 237Np: CIIJIOIII~Ie 

KpHBhie - 0IIHCaHIIe B MO,[{eJIH ABYX, III'ipIIX0Bhie - 1J)eX IICT0tJHIIK0B MH,[( 
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B o6rracTII 3Heprnii 3MIICCH0HHoro ,n;erreHIDI En >EI A-I = 6 M3B K BhIX0Jzy 

Yrar(En) ,n;o6aBmieTCH BKJia):( npeMeJIIITeJII,HI,IX Hett:TPOHOB vp,e(En). PacqeT BeJIII

qIIH Yrar(En) (13) II Vp,e(En) (18) IIp0B0):(llJICH C ceqeHIIHMII al II afA-x• IIOJJyqeH

HbIMII II3 0IIIICaHIIH II0JIHbIX ceqeHIIli ,n;erreHIIH C pa3JI0)KeHIIH. Ha 0T):(eJII,HI,Ie IIIaHCbl 

(CM. pIIC. 6-8). 
CIIJIOIIIHbIMH KpIIBbIMII Ha pIIC. 13 II0Ka3aH pe3yJII,TaT pacqeTa cpe):(Hero qIICJia 

HeiiTPOHOB Ha aKT ,n;eneHIDI OT 3HeprIIII En B M0):(eJIII ):(Byx IICT0qHIIK0B. IloHBJieHIIe BT0-

poro llCT0qHIIKa Hett:T{)OHOB oTqeTJIIIB0 BII):(H0 B 3KCIIepIIMeHTaJII,HI,IX pacnpe,n;eJieHIDIX 

vexp(En) II II0):(TBep,K):(aeTCH pe3yn1,TaTaMH pacqeTa. HaqIIHaH C 3HeprIIII En=6 M3B ):(0 

7 M3B IIp0IICX0):(HT CTJIIeHqaToe II3MeHeHIIe 3HepreTIIqecKoii 3aBIICIIM0CTII V(En). 

3TOT 3<p<peKT np0HBJIHeTCH CIIJibHee Bcero B 3aBIICIIM0CTII V (En) ):(ml H):(pa 
232

Tb. 

Ha pnc. 13 BII):(H0, qTo BbIIIIe 6 M3B 3KCnepm,teHTaJII,Hble ,n;aHHbie II 0QeHeHHbie 

3HaqeHIDI, yqHTbIBaIOIQHe ):(Ba IICToqHIIKa Hett:T{)OHOB, cornaCYfOTCH BilJI0TI, ):(0 

En =8 M3B ):(JIH H.n;pa 
232

Tb II 9 M3B ):(ITH oCTaJihHhIX H,n;ep. Ilpn 6onee BhIC0KIIX 3Hep

rHHX 3KCnepIIMeHTaJII,Hbie 3HaqeHIIH •v(En) npoxo):(HT HeC!<0JII,K0 BbIIIIe pacqeTHbIX 

CilJI0IIIHbIX KpHBbIX. 

CooTBeTCTBeHHO, pacqeT HHTerpan1,Hoii xapaKTepIICTIIKII V(En) ):(JIH H,n;pa 
232

Tb 

c yqeT0M T{)eTbero IICTOqHIIKa (25), IlOKa3aHHblli Ha pIIC. 13 IIITpHXOBOli KpHBOli 3, 

cornacyeTCH c ,n;aHHbIMII 3KcnepHMeHTa BilJI0Th ,n;o En= 16 M3B. IlpII En> 16 M3B 

3KcnepIIMeHTaJII,Hble T0qKH V exp (En) 0TKJiaHHIOTCH BBepx OT IIITpHXOBOli KpIIBOli 3. 

YqeT 3MHCCHII HeiiTp0HOB ll3_ HeycKopeHHI,IX 0CK0JIK0B ,n;eneHIIH 0CTaToqHoro H):(pa 

A-1 npH En;;:: 16 II qeTBepTOro IIIaHca ,n;eneHIDI (xmax(En)=3) npH En> 18 M3B B 

pacqeTe (KpIIBaH 4) Il03B0JIHeT ynyqIIIIITh cornacIIe C 3KCnepIIMeHT0M. 

Ha pIIC. 13 IIITPIIX0BbIMII KpIIBbIMH Il0Ka3aHa 0QeHKa cpe,n;Hell MH0,KeCTBeHH0-

CTII Hell.TpOHOB ):(ITH H):(ep 
235 U, 238 U, 237

Np C yqeT0M _BKJia,n;a HeiiTpOHOB Vnar(En) 

II3 HeycKopeHHbIX 0CK0JIK0B (TPeTIIll lICToqHIIK). Bn,n;Ho, qTo C00TBeTCTBYIOIQIIe pac

qeTHI,Je IIIT{)IIX0Bbie KpIIBbie cornacyeTCH C ,n;aHHI,IMlI 3KcnepIIMeHTa ):(JIH H,n;ep 
235 

U , 
237 Np, HO ):(ITH H,n;pa 

238 U KpHBaH npoX0):(llT HeCK0JII,K0 BbIIIIe 3KCnepIIMeHTaJII,HhI.X 

3HaqeHHll (cIIJIOIIIHbie TQqKII). ~ 6JIH)Kall.IIIeii 0KpecTH0CTH En =14 M3B, r,n;e HMeeTCH 

Ha6op ,n;aHHI,IX ):(JIH 
238 u pa3HbIX II3MepeHIIH, 0QeHKa (27) cornacyeTCH C ,n;aHHI,IMII 

0):(HlI)(. 3KCnepHMeHT0B, II ):(a)Ke np0X0):(IIT HH)Ke 3HaqeHHH, nonyqeHHbIX B ,n;pyrIIX. 

3KcnepnMeHTaJihHOH HH<popMaQIIH o V(E:), nonyqeHHoii T0JihK0 B o,n;Hoii pa6oTe 

):(JIH-lIHTepBana En=7-14 M3B, HBH0 He,n;oCTaToqHo ):(ITH Ha):(e,KH0ro TeCTIIpoBaHIIH co

OTHOIIIeHIIll MO,n;eneii ):(BYX II Tpex lICToqHIIK0B Hell.T{)OHOB. 

38 

B nepB0M npH6JIII)KeHIIII ll3 aHaJIII3a cpe,n;Heii MH0,KeCTBeHH0CTII Hett:TpOHOB, 

npHMeM 3HaqeHHe noporoBoii 3HeprnII E:;3 = 9 M3B, BhIIIIe KOTopoii noHBJIHeTcH TP·e

TIIH ncToqHIIK HeHTPOHOB c l\IBrKIIM 3HepreTIIqecKIIM cneKTP0M. ToqHee BeJIHqHHY 

E;!'3 
M0)KH0 onpe,n;enIITh, H3MepHH II aHaJIH3IIPYH pacnpe,n;eneHIIH R(E,En) B IIHTep

Bane En= 8-14 M3B. 

Ha pIIc. 14 Il0Ka3aHbI BeJIHqlIHbI cpe,n;HHX 3Heprnii Eex/En) (rnqKH), nonyqeH

Hbie II3 aHaJIH3a 3KC_l!epIIMeHTaJII,HI,Ie cneKTp0B MrH0BeHHI,IX HeHTpOHOB ,n;eneHIIH aK

TllHH):(HbIX H,n;ep. BII,n;Ho, qTo 3aBIICIIM0CTh cpe,n;Heii 3HeprIIII E(En) ,n;o nopora peaK

QIIH (n,n'J) (En= 6 M3B), M0H0T0HH0 B03pacTaeT c yBennqeHHeM 3HeprnII nepBHq

HhIX HeHTPOHOB. Burne nopora 3MlICCII0HH0r0 ):(~,JieHIIH Il0HBJIHeTCH K0Mil0HeHTa 

npeMennTeJibHhIX HeHTPOHOB. PacqeTHhie KpIIBhie 2 Ha pIIc. 14 nonyqeHbI B TPa,n;II

QII0HH0M no,n;xo,n;e Mo,n;enII ,n;Byx ncToqHIIK0B. KpHBhIMH 12 
noKa3aHa 3aBHCIIM0CTh 

cpe,n;Heii 3HeprHH Erar(En) ):(ITH nocT,n;eJIIITeJihHOH K0Mil0HeHTbI HeHT{)OHOB II3 Il0JIH0-

CThIO ycKopeHHbIX 0CK0JIK0B B M0):(eJIII ):(Byx IICT0qHIIK0B. 

BcryrmeHIIe B nrpy BT0poro IICT0qHIIKa Hell.T{)OHOB (npeMeJIIITeJihHbIX) oTqeTJIH

B0 np0HBJIHeTCH B pe3K0M na,n;eHHll 3aBIICIIM0CTll E(En) (KpHBaH 2) npII II3MeHeHIIII 

3HeprHII nepBIIqHI,IX HeHTPOHOB En OT 6.0 ,n;o 7 M3B, qrn· cooTBeTCTBYeT nepexo;zy c 

nepBoro Ha BTopoe IIJiaTo B ceqeHHII ,n;eneHHH. IlpII 3T0M cpe,n;HHH BI,IX0):( npeMeJIII

TeJII,HI,IX Hell.T{)OHOB vp,e(En) = afA-1(En)/<i1(En) B03pacTaeT OT HYJIH ):(0 MaKCH-

MaJibHOll BenHqHHhI. Cpe):(HAA 3HeprIDI E(En) YMeHbIIIaeTCH B ocH0BH0M II3-3a BKJia,n;a 

K0Mil0HeHTI,I npeMeJIHTeJII,HI,IX HeHTPOHOB, cocpe,n;oToqeHHOll B IIHTepBane 3HeprIIH 

0::; E::; En - EI A-I. He6on1,rnoe na,n;eHIIe cpe):(Heii 3HeprnII nocT,n;enIITeJibHhIX HeHT{)O-

- 2 
HOB Erar(En) (KpHBbie ] ) B 3TOM cnyqae CBH3aHo C BKJia):(0M Hell'fl)OHOB II3 II0JIH0-

CTI,IO ycKopeHHbIX 0CK0JIK0B BT0poro IIIaHCa ,n;eneHHH, T.e. c ,n;eneHIIeM H,n;ep A -1. 

C yBemrqeHIIeM En OT 7 ,n;o 13 M3B cpe,n;HHH 3HeprnH E(En) HeiiTpoHOB (KpH

BaH 2) pacTeT. Qqepe,n;Hoe na,n;emre E(En) M0,KH0 Ha6n10,n;aTb npII H3MeHeHIIII En OT 

13 ,n;o 16 M3B. OHo CBH3aHo c noHBJieHne TIJeThero maHca B ceqeHIIII ,n;eneHIIH. IIc

nycKaHne npe.ruieJIIITeJihHbIX Hett:Tp0HOB, K0T0p0~ !pOpMIIpyeT H0BI,Je _ B03MO,KHOCTII 

):(ml ,n;eneHIIH HJIII . IIIaHCbI, 3HaqIITeJihH0 ycJiO)KHHeT 3HepreTIIqecKYIO 3aBHCHM0CTI, 

cpe,n;Hell 3HeprIIII l\trH0BeHHbIX HeHTpOHOB ,n;eneHIDI no cpaBHeHIIIO C npoCTOll CIICTe

MaTIIKOll Teppe.iuia (17) ):(ITH IlOCT):(eJIIITeJII,HbIX Hell'fl)OHOB. lliTPIIXOBbIMll KpIIBbIMII 

1M II 2M C00TBeTCTBeHH0 Il0Ka3aHbI 3aBIICHM0CTH cpe,n;Heii 3Heprmr Il0CT):(eJIIITeJII,HI,IX 

HeiiTpOHOB · Erar(En) II IlOJIHOH 3HeprnH E(En) (nocT,n;enIITen1,

Hh1e+npeMeJIIITe.JibHble}, nonyqeHHbie B ClICTeMaTIIKe [14]. 
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Pnc. 14. Cpei:1mrn :meprmr Heu:rpoHOB MH,[( HAep-MnIIIeHeii 
232Tb, 238U, 235U, 237

Np, KaK 

qlYHKII1IH :meprrm rrepB1IqHhlX HeHTJ)OHOB En, ToqKII - 3KCrrepuMeHTaJihHhie 3Haqe

HHH. CIIJIOIIIHhle KpHBh!e - pe~yJihTaThI, pacqeroB: 12 
u 13

-:- cpe):IIDIH. 3HeprHH rro

CT):leJIHTeJihHh!X iieiirpOHOB H3 IIOJIHOCThJOYCKOpeHHh!X OCKOJIKO~ E(En) = Erar(En) 
,, ' • ' ' • ' ' • J.\ •• 

C00TBeTCTBeHH0 B M0Ae!1H ABYX H rpex ucroqHHK0B HeiirpOHOB; ,'. 

2 - E(En) = Efaf+pre<En)c yqeroM BKITa):la rrpeAD,eJIHTeJihHhIX Heiirp011,<>B (ABa HC-

TOqHHKa); 3 -E(En) = Erar+pre+naf(En) c yqeroM BKJiai:1a rrpeA,D;eJIHTeJihHhIX Heiirpo

H0B H HeiirpOHOB H3 HeycKopeHHh!X 0CK0JIK0B (rpu 1ICT0qHHKa HeiirpoHOB). 

KpHBh!e IM u 2M - orreHKa CHCTeMaTHKII [14] B M0):leJIH ABYX HCTOqHHK0B 

40 

Ilpn cpaBHemm cooTBeTCTBYIOIIIHX 3aBHCHMOCTeii ErarCEn), E(En), nonyqeH

HhIX B Mo;:i:emr .D:BYX 1ICTOqHHKOB MH,n: B pa6oTe [14] n ,!l;IICCepTaQmI Ha6JIIO,!l;aIOTCH 

HeKOTOphIX KOJIIIqecTBeHHhie paCXO)K,!l;eHIIH. B TO)Ke BpeMH, IIMeeT MeCTO rro;:i:o6IIe B 

- M 2 - M 
noBe;:i:eHIIII OQeHeHHbIX <pyttKQIIOHaJIOB ErarCEn) (KpIIBbie 1 , 1 ) II E(En) (2 , 2) OT 

:mepnm En, Ha pIIC. 14 BII.D:HO, qTQ II CIICTeMaTIIKa [14] [14] (KpIIBble 2~ II pe3yJioTa-. 

Tbl Harrmx pa6oT (KpIIBhie 2), nonyqeHHble B 1\10,!l;eJIII .D:BYX IICTOqHHKOB HeiiTpoHOB, 

;:i:aIOT o.QeHeHHble 3HaqeHIIH E(En) .D:JIH En> 13 M1B 3aMeTHO npeBhIIIIaIOIIIIIe 3Kcne

pIIMeHTaJihHhie_ BeJIIIqIIHI,I. 

KpIIBbIMII 3 Ha pIIC. 14 npe,!l;CTaBJieHbl pacqeTI,J cpe;:i:HeH 3HeprnII B MO)];eJIII 

rpex IICTOqHIIKOB. IlOHBJieHIIe rpeThero HCToqHIIKa HeHTJ)OHOB C MJITKIIM 3HeprerIIqes . . . 
CKIIM cneKrpOM (25) npII 3HeprnHX nepBIIqHI,IX HeHrpOHOB En >8 M1B onIICbIBaeT 

<pOPMY 3KcnepIIMeHTaJihHhIX pacnpe;:i:eneHIIH MH.D: B o6naCTII HII3KIIX 3Heprnii 

E<2 M1B (KpIIBbie 3 Ha pIIC. 12) H COOTBeTCTBeHHO npHBOJJ:IIT K noHII)KeHHIO cpe;:i:Heii 

3HepTIIII (KpHBbie 3 Ha pIIC. 14) no cpaBHeHIIIO C OQeHKOH B MO,!l;eJIH JJ:Byx IICTOqHHKOB 

(KpIIBhie 2). Ha pIIc. 14 KpIIBbIMH 13 
.D:JIH H,!l;ep 232Tb, 238U noKa3aHa 3aBIICHMOCTI, no

CT,!l;eJIIITeJibHOH KOMnoHeHTI,I B cnyqae yqera TJ)eTbe:o IICToqHIIKa. IlpH 3TOM cpe,!l;HHH 

MHO)KeCTBeHHOCTb MH,n:, paccqIITaHHaH B MO)];eJIII rpex IICTOqHHKOB (cM. pIIC. 13), co

rnacyerc,r C ;:i:aHHbIMH 3KcnepIIMeHTa .. 

Ha. pIIC. 15 cpaBHIIBaIOTCH Halim pacqeTHhie 3HaqeHIIH cpe;:i:HeH 3HeprHII MH,n: 

(IPPE) 11 OQeHeHHhie BeJIIIqIIHhI E(En) H3 .D:PYJ:'IIX HaQHOHaJihHbIX 6II6JIIIOTeK 

(BROND, pa3Hbie Bepc1111 JENDL ENDF/B). OQeHKII BROND Ii paHHeii BepcIIii 

JENDL-3.2, noKa3aHHbie Ha pIIC. 15 .D:JIH H,!l;ep 
235U II 238U, npe;:i:CTaBJIHIOT co6oii npo

CryIO 3KCTpanOJIHQ.IIIO 3aBIICIIMOCTH B oqnacTII nepBoro IIJiaTO ceqeHIIH ;:i:eneHIIH 

En< 6 M1B B o6nacTb ~hICOKIIX 3Heprnii. TaKIIM o6pa:mM, 3;:i:ec1, HrHOpIIpyerc,r BJIHH

HIIe IIIaHCOBOH crpyKzypol ceqeHIIH ;:i:eneHIIH npH En~ 6 M1B Ha cneKrp noCT,!l;eJIII

TeJibHbIX HeHrpOHOB H He yqIITbIBaeTCH BKJia)]; np_eMeJIHTeJibHbIX HeHTJ)OHOB. 

B ornIIqIIe OT cIIcTeimTIIKII [14] II oQeHeHHhIX KpIIBhIX, HanpnMep, B ENDF/B-VI 

II JENDL-4.0 pacqerttue 3aBIICIIMOCTII E(En) (IPPE) nonyqem1 HaMH c yqeroM 

rpeThero IICToqHIIKa HeiirpoHOB npII En > 9 M1B. 

Ha pIIC. · 15 BII,!l;HO, qTo 3HaqeHIIe cpe;:i:HeH 3HeprnII MH,l], 
235U .D:JIH TeIIJIOBOli 

3Heprnn nepBIIqHI,IX HeilrpoHoB, K KoTopoil no CYTII ;:i:ena npIIBH3aHhI KpIIBhie E(En), 
OQeHeHHbie B 6II6JIHOTeKax ENDF/BcVI, -VII 11 JENDL-3.3, -4.0, OTJIIIqaIOTCH OT 3KC

nepIIMeHTaJihHoro 3HaqeHHH Eexp(O)=l.97±0.015 M1B . .ll:aHHhie Eexp(En) .D:JIH ,r;:i:pa 
235 · , · U B 3aBIICIIMOCTII OT 3HeprHH E~, nonyqeHHhie C nOMOIIIblO KaMepbI ;:i:eneHIIH, noKa~ 

3aHoI TeMHbIMII 3HaqKaMII.· OHII BKJI10qa10T B ce6H ''TermoByIO Toqey" Eex/0), ocHo-

BaHHyIO Ha ;:i:ecHTKe C JIIIIIIHIIM xoporno corJiaCYIOIIIIIXCH pe3yJioTaTOB II3MepeHIIH. 
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P 15 C ~ . ~ 235 U 238 U ,1-. nc. . pe,1:1mrn :meprm1 tteurpoH0B ,1:1enemrn »,1:1ep-MHilletten n KaK '±'YH~H» 

:rneprnn rrepBnqHJ,IX Heihp0HOB En. ToqKH - 3KCIIepnMeHTanbHhie 3HaqeHHH (TO-
)Ke, qTQ Ha pnc. 14 MH 3THX_ »,1:1ep ). CrrnOilIHa» =pHa» KpnBa» ~ pacqeT <1>3II 
(IPPE), ,1:1pyrne KpHBhie - ou;eHKH H3 ,1:1pyrnx 6n6nnoTeK 

B CB0e BpeMH CIIeKTJ) MH,n; 235 U AAH TeIIJIOBI,IX :meprnil: rrepBIIqHhIX Heihpo

H0B B BII,[(e 

, qi(E) = e-(Ela\h(bE)112 . 

(a=0.988±9.011 M3B, b=2.249±0.045 M1ff1) co cpe.[(Heil: 3Heprneil: 

E (0) = l .5a + 025ba2 
=2.031 M1B 
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(29) 

(30) 

6hln BhI6paH B ENDF/B-V BMecTO crreKTpa Heil:TpoHOB 

</J(E) = E112e-(EIT) (31) 

(T=l.32 M3B) c E(0)=l.ST=l.98 M3B B rrpe)l<Heil: BepCIIII 6II6JIIIOTeKII ENDF/B

IV. IfaMeHeHIIe <popMhI crreKrpa (31) B II0Jib3Y (29) 6bmo C,[(eJiaH0 Ha 0CH0Be TeCTIIp0-

BaHIIH pe3yJihTaT0B IIHTerpaJibHhIX "benchmark" 3KCIIepIIMeHT0B, K0r,[(a cpaBHHJIII Be

JIIIqIIHhI ornomeHIIH CALI EXP_ pacqeTHhIX II 3KcrrepIIMeHTaJihHhIX 3HaqeHIIH B BepcII

HX ENDF/B-V II ENDF/B-IV. B 6II6JI1IOTeKe ENDF/B-VI, me rrpII orrIIcaHIIII o6cYE

.[(aeMoil: 3aBIICIIM0CTII rrpe,[(II0qJIII M0,[(eJII,Hhle .pacqeThl crreKTJ)0B ,[(eJieHirn 3MIIIIp1Iqe

CKliM CIICTeMaTIIKaM, cpe,[(HHH 3HeprnH crreKrpa MH,[{ AAH TeIIJIOBOH T0qKII TaK)Ke co

oTBeTcTByeT (30). Hama OIJeHoqHaH KpIIBaH Ha p1Ic. 15 B o6JiaCTII ,[(0 3MIICCII0HH0ro 

,[(eJieHIIH (En< 6 M3B), 0CH0BaHHaH Ha pe3yJihTaTaX ,[(II<p<pepeHIIIIaJibHbIX 3KCIIep1I-

MeHT0B II0 II3MepeHIIID crreKTJ)0B MH,[{. 235 U II0M0IIIhID KaMepbl ,[(eJieHIIH IIMeeT rrpII

MepH0 0.[(IIHaKOBhIH HaKJI0H c OIIeHKOH ENDF/B-VI. 3TO cornacIIe He cnyqail:Ho: II M0-

.[(eJih Ma.[(JiaH,[(a [15], II pacqer TeppeJIJia; rrpIIBe,[(IIIIIH K CIICTel\rnTIIKe (17), 0CH0BaHhI 

<paKTIIqecKII Ha 0,[(H0M II TOM )Ke Te0peTIIqecK0M <pytt.[(aMeHTe, BKJIIQqaH IIpII6JI1I)KeHIIH 

II rrapaMerpbI. Bo3MO)KHOCTeil: ,[(JIH Bap1Ia1I1III II0CJie,[(HIIX BII0JIHe ,[(QCTaToqHo, qT06bI 

II3MeHIITh BenIIqIIey E MeHee qeM Ha 3%, He rrorpeIIIIIB rrpOTIIB Teop1I1I. lil\1eHHO Ha 

CT0JihKO Ha,[(o YMeHhIIIIIThE, qT06h1 cornacoBaTh KpIIBYID ENDF/B-VI B 06naCT1I rrep

Boro maHca ceqeHIIH ,[(eJieHIIH C 3KCrrepIIMeHTaJibHbIMII ,[(aHHbIMII Ha pIIC. 15. 

.HcHO, qTo He CT0IIT cqIITaTb · IICCJie,[(0BaHIIH ITO ycTaH0BJieHIIID 3HepreTIIqecKOH 

3aBIICIIM0CTII E(En) ,[(JIH H.[(pa 235 U B ,[(llaIIa30He 3Heprnil: 0:5:En:5:20 M1B II0JIH0CThID 

rrp0HCHHIDIIIIIe CIITYaIIIIID B 3T0M B0IIpoce. ,[{JIH II0,[(TBep)K,[(eHIIH 3Toro Ha pIIC. 15 rrpII

B0MTCH 3KCIIep1IMeHTaJibHhie ,[(aHHhle 0 cpe,[(Heil: 3Heprn1I MH,[{ ,[(JIH H.[(pa-MIIIIIeHII 
238 -

U II Ham pacqeT 3HepremqecKoil: 3aBIICIIM0CTII E (En) . .[(0 3HeprnII En = 20 M1B c 

yqeT0M Tpex IICToqHIIK0B HeHTJ)OHOB (26), K0T0pbie cpaBHIIBaeTCH c ou;eHeHHbIMII Be

JIIIqlIHaMII E(En) B 6II6JIIIOTeKax ENDF/B-VI, - VII II JENDL-3.3, -4.0. He HCHhI <plI-

JIIqecKIIe rrpIIqlIHhI, no K0T0phIM E(E;) B 61I6JIIIOTeK1I ENDF/B-VII ,wrn H.[(pa 238 U 

TaK CHJibH0 CTaJia 0TJIIIqaTbCH OT 0IIeHKII 3TOH BeJIIIqIIHbI B rrpe.[(bI.[(yIIIeil: BepCIIII 

ENDF/B-VI., 

OCHOBHbIE PE3YJibTATbI PA.60Tbl 

B rrpou;ecce BbIII0JIHeHIIH pa60TbI 6bIJIII rronyqeHbl CJie,[(yIDIIIIIe pe3yJihTaTbI II 

C.[(eJiaHHhie Ha IIX 0CH0Be BbIB0,[(hI. 

1. Ha 6a3e crreKTJ)0Merpa 6hICTJ)hIX Heil:TpOHOB II HeHTJ)OHHbIX reHepaTOp0B 

Hr -400, Kf'-2.5, 3JieKTJ)0CTamqecKoro rrepe3apH.[(Horo ycKopIITeJIH 3f'II-10 6bmII 
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C03,D;aHbI ycTaH0BKll, II03B0JillBIIIlle Ha C0BpeMeHH0M yp0BHe ll3MepHTb crreKrpbI Hell

TP0H0B, corrpoB0)K,D;aIOIIIlle ,n;eJICHIIe aKTIIHll,!J;HbIX H,D;ep rrpn ::meprnn rrepBnqHbIX HeiI

Tp0H0B En= 2.9, 5, 6, 7, 13.2, 14.7, 16, 17.7 M3B. ~JIH ,D;0CTll)KCHllH 3TOH U:CJIII 6hIJI 

IIpOBC~eH K0MIIJICKC pa6oT II0 BhI6opy re0MCTPIIll 3KCIICpIIMCHTa, COBepIIICHCTBOBa

•HIIIO ll 0IITlll\III3aQHll 3aIIIIIThI ll K0JIJIIIMaT0p0B )];JIH ,!J;eTCKT0p0B HeilrpOHOB, llCII0Jih-

30BaHHIO aBTOMaTII3HpOBaHHOll MHOroKaHaJibHOll CllCTCMbI c6opa II rrpe,n;BapIITCJibHOll 

o6pa60TKII ,D;aHHhIX. C QCJihIO II0BhIIIIeHHH T0qH0CTll ll3MepeHllll IIpIIMCHeHbI pa3JIIIq

HhIC MeT0,D;hI ,n;JIH orrpe,n;eJieHnH ocHOBHhIX rrapaMeTpoB 3KcrrepnMeHTa. 

2. lfarOTOBJieHa qeTbipexceKQlIOHHaH MHorocJIOHHaH llOHII3aQHOHHaH KaMepa ,n;e

JICHIIH (,n;eTeinop 0CK0JIK0B ,n;eJICHIIH): TPII CCKU:HII co,n;ep)KaJIH llCCJie,n;yeMbill.II30TOII, 

a qeTBepTaH «M0HIITOpHaH» CCKU:IDI co,n;ep)I(aJia )];Be 0,!J;H0CT0p0HHlle MIIlliCHII ll3 TOro 

)KC H30Torra, B KoTophie paBHoMepHo BHe,n;pIDicH moTorr 
252

Cf. 3To rroJB0JIHJI0 Brrep

Bhie peaJIH30BaTh MeT0,!J;IIKY rrpHMoro II3MepeHHH . OTHOIIICHIIH 

R;(E,En)=N;(E,En)INcf(E). crreKrp0B HCHTPOHOB BhIHY)K,!J;CHH0ro ,!J;CJICHIIH H,D;ep 

i=232To, 235U, 238U, 237
Np K crnH,n;apTH0MY crreKrpy HeiirpoHoB crroHTaHH0ro ,n;eJieHHH 

252
Cf. IlpII 3T0M orropHhIH N cf ( E) II IICCJie~eMbltt N; ( E, En) · crreKrphr myqaJIIICh 

0,!J;H0BpeMeHH0. 

3. IloJiyqeHa H0BM 3KCIIepHMCHTaJibHaH nmpopMaQHH 06 3HepnfrnqecKOll 3aBH

CllM0CTII , cpopMbI pacrrpe,n;eJieHIIll R(E, En) MH BbIIIIeyKaJaHHhIX H,n;ep B. IIIHp0K0M 

,n;IIaIIa30He 3HepmiI rrepBnqHbIX ll BT0pIIqHJ,IX HCHTpOHOB. BrrepBbie Ha6JIIO,D;aJICH B 

3KCrrepnMeHTaJihHhIX pacrrpe,n;eJieHHHx·R(E,En) ,D;JIH En= 14.7 M3B MaKCIIMYM n cooT-

BCTCTBeHH0 czyrreHbKa' B caMIIX crreKrpax N(E,En) rrpII 3HeprnII E = Et = En· - E I A_:_1 • 

BrrepBhre rroKaJaHo; qTo rrpoHBJieHIIe 3Toro 3cpq>eKTa CBH3aHH0 c MexaHH3MOM HepaB

HOBecHoiI (rrpe,n;paBHOBecHoiI) 3MIIccnn rrpe,n;,n;eJinTeJihHhIX HeiirpoHOB, a 3HepmH Et 

C00TBeTCTBYCT rrpe,n;eJiy, BhIIIIe K0Toporo rrpou:ecc ,n;eJieHIIH 0CTaT0qHbIX H,n;ep A - 1 
3HepreTIIqeCKll HCB03M0)KCH, ecJIII IIrnopnpOBan, TYHHCJibHYID ~p0HIIn;aeM0CTb 6apb

epa. Ilponcxo,n;IIT o6pe3aHIIe crreKrpa rrpe,n;paBH0BCCHhIX HCHTP0H0B IlpII rroporoBOll 

3HepmII Ei". IlpIIMCCb HepaBH0BCCH0ro MeXaHH3Ma, MH K0T0poro xapaKTepeH 6oJiee 

)KCCTKIIH crreKTp IIcrrycKaeMbIX HettrpOHOB no cpaBHCHIIIO C IICIIapIITCJibHbIM CIICK

TP0M, II03B0JIHeT Ha6JIIO,D;aTb o6cy)K,n;aeMhlll 3!p!pCKT B II3MepeHHbIX pacrrpe,n;eJieHIIHX 

rrpn BhIC0KIIX 3HeprIIHX En. BrrepBbie ll3MepeHhI C BhICOKOll T0qH0CThIO B ,n;narraJ0He 

3HepmiI BT0pIIqHhIX HeiirpOHOB E=o.14.:..15 M3B pacIIpe,n;eJieHHHR(E,En) rrpII 3Hep

rnn 'rrepBnqHbIX HettTpOHOB En= 6 ll 7 M3B (Ha rropore ll BhIIIIe rropora 3MllCCII0HH0-

ro ,!J;CJICHHH). 3TO II03B0JIHJI0 oTqeTJillB0 Ha6JIIO,D;aTI, CIICKTP MHrKIIX rrpe,n;,n;eJIIITCJib

HhIX HettrpOHOB B Bll,!J;C K0JI0K0Jia (MaKCIIMYMa) Ha !pOHe 6oJiee )KCCTKoro crreKrpa rro

CT,!J;CJillTCJibHhIX HettrpOHOB II3 II0JIH0CTbIO ycKopeHHhIX 0CK0JIK0B ,n;eJieHIIH. 
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4. Ha 6aJe MIIKp0CK0IIIfqecKHX pacqeT0B IIJI0TH0CTll H,D;epHbIX ypoBHeiI B 3aBII

CllM0CTII OT ,n;ecpopMaQHII H,D;pa peaJIII30BaHo 0IIIICaHIIe ceqeHHH ,n;eJieHHH II ero IIIaH

COBOll CTPYKTYPhI H,n;pa 
232Tb, u:erroqKII II30T0II0B 

233
-
238U II H,n;pa 

237
Np HeiITp0HaMII C 

3HeprIIHMII En ~ 20 M3B. , 

5. BrrepBbie Ha 0CH0Be MIIKp0CK0IIIlqecKHX pacqeT0B IIJI0TH0CTll ypoBHeiI II 3KC

rrepIIMCHTaJibHhIX ,n;aHHbIX II0 IIJI0TH0CTII HettrpOHHhIX pe3oHaHC0B MH aKTIIHll,!J;HbIX 

H,D;ep rroJiyqeHa arrrrp0KCIIMaQIIH MHKpOCKOIIllqecKOll IIJI0TH0CTII ypoBHCll cpeHOMCHO~ 

JiomqecKIIM BapIIaHT0M OCM: p(U,a)=(c) PocM(U,a,Ao), r,n;e a= 0.084A M3ff1; 

At= (AtN + A~z(Z I N)i/3)/(1 + (Z / N)i/3) c A02 II A0N II3 II0JIYMIIKp0CK0rrnqecKIIX 

pacqeT0B B,n;oBIIHa n ,n;p.; < c >=2.5 ,!J;JIH qeTHo-qeTHbIX, 1.5 HeqeTHbIX II 1 HeqeTH0-

HeqeTHbI~ H,D;ep. 

6. YcTaHOBJICHO, qT0 rrpII 0IIIICaHllll ceqeHIIH ,neJieHIIH aKTIIHII)];HhIX H,nep He y,na

CTCH IIOJIHOCTbIO·m6e)KaTh CBo6o,n;HhIX rrapaMerp0B II rro,nr0HKll. B 3TOH CBH3II CJie

,[(yeT II0,[(qepKHYTh 3HaqeHIIC cornacoBaHH0CTII pe3yJihTaT0B, ,[(0CTllrHyThIX rrpII 0IIll

caHIIII pa3HhIX 3KCIIepnMeHTaJihHbIX ,[(aHHbIX. OH 3acrpaX0BaJI rrpoBe,[(eHHhlll aHaJIII3 

rrpII En < 20 M3B OT cyIIIeCTBeHHhIX HeToqHOCTeiI ll M0)KCT paccMaTpIIBaTbCH KaK 

apryMeHT B II0Jih3Y IICII0Jih30BaHH0ro B HCM M~Kp0CK0IIIlqecKoro II0,[(X0,[(a MH 

pacqeT0B IIJI0TH0CTll ypoBHeiI H,[(ep B 0CH0BH0M II rrepeX0,[(HbIX C0CT0HHHHX. 

7. IloKaJaHo, qTo 6e3 BKJIIOqeHIIH MexaHII3~m HepaBHOBCCHOll (rrpe,npaBHOBec

HOtt) 3MllCCIIII rrpe,n,neJIIITCJihHbIX' HCHTPOHOB rrpn pacrra,ne C0CTaBHoro H,D;pa (rrepBbill 

IIIaHC ,D;CJICHIIH) peaJIIl3aU:HH pacqeT0B ceqeHIIH )J;CJICHIIH B o6JiaCTII BhIC0KllX 3HeprIIiI 

rrepBnqHbIX HettrpOHOB (En >6 M3B) HCB03M0)l(Ha. BJIHHHlle HepaBHOBCCHOll 3MllCCllll 

rrpe,n;,n;eJIIITCJibHhIX HCHTpOHOB Ha rrpou:ecc ,neJieHHH 61,1crpo YBCJIIlqIIBaeTCH C poCT0M 

En II E- 3HeprHHMll rrepBIIqHhIX ll BT0pIIqHhIX HCHTpOHOB. 

8. BrrepBbie IICCJIC,D;0BaH0 BJIHHHIIC ,D;IIHaMnqecKIIX 3cpq>eKTOB Ha orrncaHIIe ceqe

HIIH ,neJieHHH II cpe,n;HeiI MH0)KCCTBeHH0CTll rrpe,n,neJIIITCJibHbIX HCHTPOHOB rrpn BhIC0-

KIIX 3HeprHHX B036y)K,D;CHIIH. y CTaH0BJICH0; qTo B TeCHOll CBH3ll C IIpHMeHHM0CThIO 

,D;Il!p!pY3IIOHHOll M0)];CJIH · MH 0QCHKll ceqeHHH ,n;eJieHIIH rrpn BbIC0KIIX 3HepmHX rrep

BilqHbIX HettrpOH0B CT0IIT B0IIpoc 0 BhI6ope ll TCCTHp0BaHIIII rrapaMerpoB ,necpopMH

poBaHH0ro 0IITIIqecKoro II0TCHQIIaJia ,!J;JIH pacqeTa BeJIIIqIIHbI ceqeHHH rrorJI0IIIeHHH 

HettrpOHOB BO BX0,D;H0M KaHaJie peaKQllII. IloKaJaHo, qTo pacX0)K,lJ;CHlle MC)K)];y Te0pII

eiI II 3KCIIepIIMCHT0M rrpn BhIC0KllX 3HeprIIHX M0)KH0 paccMarpnBaTb KaK rrp0HBJICHIIe 

,D;IIHaMIIqecKIIX 3!p!pCKTOB, o6ycJIOBJICHHbIX H,nepHbIM rpeHIIeM II yqnTbIBaeMbIX B 

paMKax ,nncpcpy3~0HHoiI Mo,neJIII. BBe,neHa cpyHKQHH 3aryxaHHH ,nnHm,rnqecKIIX 3<p

q>eKTOB rrpII HII3KIIX 3HepmH B036y~eHHH, qTo6bI o6ecrreqIITb HerrpephIBH0CTb pac

qeTHbIX xapaKTepIICTllK rrpn rrepexo,n;e OT cTaTHCTllqecKoro 0IIIICaHHH K ,D;IIHaMnqe

CK0MY. YqeT )];IIHal\rnqecKHX 3!p!pCKTOB rrpII BhIC0KIIX 3HeprIIHX HettrpOHOB II03B0JIHeT 
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ormcaTh ceqemre ;::i:enem:1e 1:1 rronyq1:1Th I:IH<popMaumo o BeJI1:1q1:1He np1:1Be;::i:eHHoro Ko-

3<p<pI:IIII:leHTa H):(epHOll BH3K0CTI:I (TpeHI:l}I) f3. 3Haqemrn 13, 0IIeHeHHhie B HaCTOH:IUell 

pa6oTe, a TaK)Ke I:13 aHaJII:13a BhIX0):(a npe;::i:;::i:eJII:ITeJihHhIX Heu:TpOHOB B peaKIII:IHX C TH

)KeJihIMI:1 I:I0HaMI:I I:I MaCC0B0-3HepreT1:1qecKI:1X pacnpe;::i:eneHIIll, CBI:l):(eTeJihCTBYIO:IUI:IX 

B Il0Jih3Y CBepxKpnn:1qecKoro 3aTyxaHI:IH. C;::i:enaH BhIBo;::i:: C0BMeCTHhie 3KcnepI:IMeH

TaJihHhie nccne;::i:oBaHIIH ceqeHI:l}I ;::i:eneHIIH I:I cpe;::i:Hell MH0,KeCTBeHH0CTI:1 npe;::i:;::i:en1:1-

TeJihHhIX HeHTPOHOB I:I I:IX B1am,rncornacoBaHHhIH aHaJII:13 B peaKIII:l}IX c HeHTPOHaMII 1:1 

JierKI:IMI:1 3apH,KeHHhIMII qacTI:IIIaMI:I M0,KeT 0Ka3aTbC}I BeCbMa IlJIO):(OTB0pHhIM KaK ):(JI}! 

TeCTIIpoBaHI:l}I il:I:l<p<py3I:IOHHOll M0):(eJIII, TaK I:I ):(JI}! ee "cThIKOBKI:I" co CTaTI:ICTHqecKI:IM 

onncaHI:IeM npI:1 HI:13KI:IX 3HeprI:1HX. 

9. BnepBhie pa1pa60TaH KOM6I:IHI:1pOBaHHhlll «3KCnepIIMeHTaJihH0-TeopeTI:lqec

KIIH» MeTO;::i: onpe;::i:eneHIIH a6coJIIOTHOll IlJI0TH0CTI:I ypOBHeu: B ):(0CTaT0'-IH0 IIII:lp0K0M 

;::i:nana10He 3Heprnu: Bo16y)K;::i:eH1:1H U~IO M3B, B KoTopoM napaMeTphI Li0 H a Haxo

il:HTCH II3 aHaJII:13a 3Kcnep1:1MeHTaJihHhIX cneKTP0B HeHTpOHOB (p,n), a 0CTaJihHbie 3a

;::i:aIOTC}I TeopenrqecKou: Mo;::i:enhIO OCM. IloKa3aHo, Hanp1:1Mep, qTQ ormcamre I:1cnap1:1-

TeJihHOH KoMnoHeHThI cneKTP0B HeHTPOHOB B paMKax OCM HBMeTcH· 6onee noJIHhIM 

I:I a;::i:eKBaTHhIM, qeM B M0):(eJII:I <pepMI:1-ra3a, IIII:lp0K0 I:ICilOJih30BaBineu:cH B npoIIIJI0M 

npI:1 aHaJII:13e HeHTPOHHhIX cneKTP0B. M<I>f' ;::i:aeT CJII:IIIIK0M rpy6oe on1:1caHI:1e npI:1 

HI:13KHX 3HeprnHx B016y)K;::i:eHI:1H ( U < Uc), H B 3THX cnyqaHx OT ee 1:1cnoJih30BaHHH 

,KeJiaTeJihH0 Bo1;::i:ep,KI:1BaThcH; XoTH cooTH0IIIeHI:IH OCM 6onee · CJI0)KHhre; q1:1cno na

paMeTpoB, Il0):(Jle,Kam1:1x onpe;::i:eneHI:IIO np1:1 aHaJII:13e 3KCnepI:1MeHTaJihHhIX ;::i:aHHhIX, 

0CTaeTC}I TaKI:IM )Ke, KaK npH <pepMI:1-ra30BOM OilI:ICaHI:II:I. Y;::i:oBJieTBOpI:ITeJihHOe 0ill:1-

caHHe paBH0BeCHhIX cneKTP0B B IIII:lp0K0M ):(I:lana30He 3Heprttu: na;::i:a10mttx I:I BhIJie

TaIOIUI:IX HeHTPOHOB, B03M0)KH0CTh 0IIeHKH Ba,KHhIX <pI:13I:lqecKHX napaM~OB OCM, 

' peaJII:ICTI:lqH0CTh caMOll M0):(eJII:I roB0pHT 3a ee IIII:lp0K0e npI:IMeHeHI:le npI:1 · aHaJII:13e 

3Kcnep1:1MeHTaJihHhIX ;::i:aHHhIX. 

10. IIpoBe;::i:eHo Tecn:1poBaHI:1e o6o6meHHou: CBepxTeKyqeu: Mo;::i:entt (OCM): 

- Ha 0CH0Be Il0CJie):(HI:IX I:I Hatt6onee I:IH<pOpl'>rnTI:IBHhIX 3KCnepttMeHTaJihHhIX ;::i:aH

HhIX 0 CileKTPaX HeU:TpOHOB I:IX 0T):(eJihHhIX 0CK0JIK0B CilOHTaHHOI"O ):(eJieHI:IH 
252

Cf. 

3Ta 3a;::i:aqa, eCJII:1 He cq1:1TaTI:, npI:16JII:1,KeHHYIO 0IIeHKY K0JIJieKTI:IBHhIX I:I o6onoqeqHhIX 

3<p<peKTOB B ;::i:pyrnx pa6ornx, nocTaBJieHa 1:1 peIIIeHa BnepBhre. Onpe;::i:eneH ac1:1Mmo

TttqecKI:1H napaMeTP nnoTH0CTH ypoBHeu: a(A) I A =aMH):(=0.082 M3ff); 

- Ha 0CH0Be ;::i:aHHhIX 06 3HepreT1:1qecKOll 3aBI:ICI:IM0CTI:I Bep0HTH0CTI:I ;::i:eneHI:l}I 

c<pepttqecK1:1x H;::i:ep B pau:oHe Pb. IIonyqeHo 3HaqeHI:Ie a.,[(cH=0.086 M3B-
1

; 

- YCTaH0BJieHo, qTo TPI:I He3aBI:ICI:IMhIX I:ICToqHI:IKa 3KCnepI:1MeHTaJihHOll I:IH<pop

MaIII:II:I 06 a-napaM~e: aM1m=0.082 M3ff
1 

- I:13 aHanma cneKipoB MH,lJ; B paMKax 
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OCM, 3HaqeHI:Ie <XnHP =0.093 M3ff
1 

- I:13 no;::i:roHKI:I coornoIIIeHI:lll OCM ):(JI}! TIJI0TH0CTI:I 

ypoBHell K 3KCnepI:1MeHTaJihHhIM ;::i:aHHhIM ):(JI}! IlJI0TH0CTI:1 HeH:TPOHHhIX pe30HaHC0B, I:I 

3HaqeHI:le d,[(CH= 0.086 M3ff
1 

- I:13 aHaJII:13a 3Hepren:1qecKOll 3aBI:ICI:IM0CTI:I BepoHTH0CTI:I 

;::i:eneHI:l}I c<pepI:IqecKHX Mep B pau:oHe Pb cornacYIOTCH, B npe;::i:enax norpeIIIHocreu:, c reo
pen:1qecKI:1MI:1 0IIeHKaMH 3Toro napaM~a a=a I A=aBc=0.090 M3ff

1 
):(JI}! o;::i:Hoqac-

TI:lqHhIX ypoBHeu: noTeHIIttana By;::i:ca-CaKcoHa. 3To cornacI:Ie noKa3hIBaeT, qTo Bee oc

H0BHhre npe;::i:CTaBJieHI:l}I 0 CTPYKTYPe B036~eHHhIX COCTOfilllill Mep ):(0CTaTOqHo Il0JIH0 

0TPa,KeHhI B <peHoMeHonornqecKOM Bap1:1aHTe OCM TIJI0TH0CTI:I MepHhIX ypoBHeu:. CrnH

;::i:apTHhIH Bap1:1aH~ CI:ICTeMaTI:IKI:I M<I>f' npI:IB0):(I:IT K 3HaqeHI:IIO <X<I>r=0.154 M3ff1, K0-

Topoe 3H~q1:1TeJihH0 npeBhIIIIaeT TeopeTI:IqecKI:le pe3yJihTaThI. 

11. BnepBhie BhIIl0JIHeHa 3KCnepI:1MeHTaJihHa}I rrpoBepKa npe;::i:cTaBJieHI:lll 0 3ary

xaHI:II:I Kpor/(U) il:M rrepexo;::i:Horo cocT0HHI:l}I: 

- II0Ka3aH0, qTo 3HepreTI:1:ecKa}I 3aBI:ICI:IM0CTh q1:1cna ;::i:eJII:ITeJihHhIX KaHaJI0B, 

BOCCTaHOBJieHHaH I:13 3KCIIepI:1MeHTaJihHhIX MaCC0BhIX pacrrpe;::i:eneHI:lll ):(JI}! ;::i:eJieHI:l}I 

201 Tl, Bo16~;::i:aeMoro B peaKIIHI:I 
197 Au( a,f), xopoIIIo cornacyeTcH c orr1:1caHI:1eM B 

paMKax OCM. IIonyqeHo 3HaqeHtte a I I A =0.09 M3B, cornacy10mI:1ecH KaK c c1:1cTe

MaTI:1Kou: IIHP, TaK I:I c aHan1:110M oKonorroporoBou: ;::i:en1:1M0CTI:1; 

- nonyqeHH0e 0ilI:ICaHI:le He Hy)K;::i:aeTC}I B yqeTe HI:I 3aTyxaHI:l}I Kporf (U), HI:I 3a

MeTHhIX pa3JIHqI:l}IX napaMeTP0B a f I:I an . 
Pe1yJihTaThI aHaJII:13a rronyqeHHhIX 3KCIIepI:1~eHTaJihHhIX ;::i:aHHhIX no crreKTPaM 

MH,l( aKTI:IHI:1/:(HhIX H;::i:ep II03B0JII:IJI.I:1 c;::i:enaTh cne;::i:y10mI:1e BhIB0):(hI. 

12. IloKa3aHo, qTQ <popMa Ha6n10;::i:aeMhIX 3HepreTttqecKI:IX pacnpe;::i:eneHI:IH 

R(E,En) MH E~ =6, 7 M3B BocrrpoI:13B0il:I:ITCH pe1yJihTaTaMI:1 pacqern B paMKax ~a

il:HIII:IOHHOH M0):(eJII:I ;::i:Byx I:ICToqHnKoB HeHTPOHOB. B paMKax 3TOH Mo;::i:enI:1: 

- yCTaH0BJieH0, qTQ BepXH}I}I rpaHHIIa crreKTPa rrpe;::i:;::i:eJIHTeJihHhIX HeHTPOHOB 

peaKIII:II:I (n,n'f) np1:1 HI:13KI:IX En CBH3aHa C o6pe3aHI:leM I:lcnapHTeJihHOll K0MII0HeHThl 

Heu:TpOHOB peaKIII:II:I ( n, n') nptt rroporoBou: 3Heprn1:1 E = Eil, = En - EI A-I , B TO Bper,rn 

KaK rrpI:1 BhIC0KI:IX En C o6pe3aHI:leM crreKTPa rrpe;::i:paBH?BeCHhIX HeHTPOHOB; 

- II0Ka3aH0, qTo cryrreHqaToe I:13MeHeHHe 3KCIIepI:1MeHTaJihHOll 3aBI:ICI:IM0CTI:I 

Vexp(En) IIpI:1 I:13MeHeHIIII 3HeprnI:1 nepBI:lqHhIX Heu:TpOHOB En OT 6 ):(0 7 M38 CBH3aH0 

c II0HBJieHtteM I:ICToqHHKa npe;::i:;::i:enttTeJihHhIX HeHTPOHOB rrpI:1 En ~ 6 M3B; 

- BIIepBbie 06bHCHeHO, rroqeJl,ry 3<p<peKT CI:IJihHee IIp0HBMeTCH B V(En) IIpI:1 ne

pexo;::i:e OT 6 ;::i:o 7 M3B ):(JI}! H;::i:pa 
232Th, qeM B aHanornqHhIX BenttqI:IHax MH 

235U, 238U, 
231Np; 
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- ycTaH0BJieH0, qTo M0,n:em, .D:BYX llCT0qHllK0B MH,[{ cornacyeTCJI C 3KCrrepnMeH
TaJII,HOli 3aBHCllM0CTI,IO v(En) ,!l;JIJ! nccneeyeMbIX Jl,!l;ep BIIJI0TI, ,!l;0 3Heprnn 
En =8-9 M3B, HO npn 6onee BblC0KHX 3HeprnHx En > 9 M3B 3KcrrepnMeHTaJibHhle 
T0lJKll pacrronaraIOTCJI BbIIIIe pacqeTHOli KpllBOU; 

13. BnepBbie Ha 0CH0Be CllCTeMaTnqecKoro aHaJIH3a 3KCIIepnMeHTaJII,HI,IX 0TH0-
IIIeHllli R(E,En) rrpn En> 13 M3B BbIJIBJieHo cne,z:i:ymu~ee: 

- qiopMa 3KcrrepnMeHTaJibHbIX pacnpe,z:i:eneHnii B Hll3K03HepreTnqecKoii qacrn He 
0llllCbIBaeTCJI pe3yn1,TaTaMll pacqera B paMKax M0,!l;eJIH .D:BYX IICT0qHHKoB; 

-- nMeeTCJI H36hlToqHI,Ili BbIX0,!l; MJirKIIX HeiiTpOHOB E< 2 M3B B 3KCIIepnMeH
TaJibHbIX CIIeKTpaX 110 cpaBHeHHIO C TeM, qTo ,z:i:aeT pacqeT; 

. - II0Ka3aHo, qT0 CllCTeMaTHKa cpe,n:HIIX 3Heprnii·MrHOBeHHblX HeliTpOHOB ,z:i:ene
HllJI, 0CH0BaHHM Ha C00TH0IIIeHHJIX Tpa.D:IIUllOHHOli M0,!l;eJIH ,n:Byx llCT0qHllK0B Heii
Tp0H0B npn 3MIICCH0HH0M ,n:eJieHllll, K0TopaJI cornacyeTCJI C 3KCIIepn~e~TaJibHbIMll 
,n:aHHbIMH E(En) MH En =6 II 7 M3B, ,z:i:aeT_ 6onee BbIC0Klle 3HaqeHHJI cp~,n:Heii 3Hep
rnn II0 cpaBHeHHIO C pe3yJibTaTaMll 3KCIIepnMeHTa ,!l;JIJI En> 13 M3B. 

14. IIpe,!l;lIO)KeHo BKJIIQqllTb B OllllCaHire TpeTllli llCTOqHllK MR,[{ C wirKHM 3Hep
reTnqecKIIM crreKTp0M HeiiTpoHoB MH cornacoBaHHJI 3KcrrepnMeHTaJibHOli ttHqiopMa
unn 0 R(E,En) ll v(En) npn En> 9 M3B C pe3yJibTaTaMll TeopernqecKbr~ aHaJIH3a. 
BrrepBbie B KaqecrBe TpeTbero ncToqHHKa paccMoTpeHa B036J)K,n:eHHM cncrel\-m 
cqiopMnpoBaBrnnxcJI ocK0JIK0B ,z:i:o nx pa3,z:i:eneHHJ1 n B paMKax cTaTIICTniiecKou' :r...io,z:i:e
nn nonyqeH0 C00TH0IIIeHHJI .,!l;JIJI CIIeKTpa HeiiTpOHOB 3MllCCllll ll3 TaKOli CIICTeMbI. 
IlpOBe,n:eH aHaJIH3 3HeprernqecKnx pacrrpe,z:i:eneHnii R(E,En), cpeMIBx ·3Heprnii 
E(En)n cpe,n:Heii MHO)KeCTBeHHOC;ll v(En) B paMKax M0,!l;eJIH Tpex ncTOqHnK~B ll 
c,z:i:enaHbl BblB0,!l;bI: 

- yqeT TpeTbero llCTOqHnKa HeiiTpOHOB II03B0JIJ!eT 061,JICHllTb Ha6n10,z:i:aeMyIO 
qiopMy 3HepreTnqecKHX pacnpe,z:i:eneHHli MJI En > 13 M3B B o6JiaCTll Hll3KllX 3Heprnii 
E<2 M3B ,!l;JIJI Bcex llCCJie,n:yeMI,IX JI,!l;ep; 

;.:_ CllCTeMaTHKa cpe,n:HHX 3Heprnii MrH0BeHHbIX HeiiTpOHOB ,z:i:eneHHJI Ha 0CH0Be 
Mo,n:enn Tpex IICToqHnKoB cornacyeTCJI c 3KcnepnMeHTaJibHbIMH ,n:aHHbIMH E(En) rrpn 
En>13 M3B; 

- yqeT TpeTbero nCToqHii:Ka cym;eCTBeHHo ynyqrnaer cornacne pacqeTa c ,n:aH
HbIMH 3KCIIepnMeHTa II0 cpe,n:Heli MH0)KeCTBeHH0CTll MrH0BeHHbIX HeliTpOH0B ,z:i:ene
HllJI vex/En) IIpII En> 9 M3B. 
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