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06w;rui xapaKTepHCTHKa pa60Tbl 

AKTYaJihHOCTh T0Mhl 

)J;uccepTall,H~ IlOCBJIIII,CIIa TCOJ)CTH'ICCKOMY ll3Y'ICHl1IO cpOTOHYKJIOHHhIX pe

aKrr,nil. Ha cpe,II,UHX U TJI)KC,llhlX H,!1,ep B mnpOKOM ,mepreTH'lCCKOM ,I],1Iana.1one: 

OT ny1rnonnoro nopom ,rr.o nopora p0>KJ.1emrn 1r-Me,3ona. AKTJaJibHOCTb ,Ir,aunotl: 

T('Mbl o6yc.lJOB.TICUl1 .rr.nyMH o6CT011TCJlhCTBl1MH: Bo-nepm,Ix, TCM, 'ITO ,II,O cux nop 

ue JI0JIY'ICH0 a,rr,eKBclTJIOl'0 onucamrn <l>OTOHYKJIOlUlhlX peaKII,Hii na JIJ.I,pax C ll(,'-

3a.MKHJThIMH o60JlO'lKaMH Il OKpeCTIIOCTH rnranTCKOJ.'0 ,n.1-mom,noro pe3onauca 

(I',11.P), HCCM0TpJI Ha TO, 'ITO fIOIIhlTKH B 3T0M nanpaBJJCHlUl npo,rJ,0JJ::d(aJOTC1I 

y,-KC 60J1ee meCTUJ.l,CCJITU JieT, a, B0-ll'I'0pblX, TeM, 'ITO B o6JHlCTH 3a ruranT

CKHM )I,HIIOJlhHbIM pe3omrncoM B036J)K,ll,t'Hllb!C imepHhl(' COCTOJIIIIUI pacna,II,a

JOTCJI r.11aBHbTM o6pa30M C ncnyc1muneM HCCK0.HbKUX (,'l.0 10) <pOTOHJKJIOHOB, B 

pe3yJih'l'clTC •1ero MCT0).I,I,I Hp1IMOI'O ,IJ,CTCKTHponamrn nyKJIOH0B 0Kcl3b!Ilcl!0TCH, 

no cyur,eCTBY, ueIIpl1MCHHMbIMU. 

PaccMa:rpnmteMyJO ::rnepreTn•IecKyIO 06m1cn, M0)Kuo ycJwnuo pa:i6nTh na 

,ll,BC 'lilCTH: E, HH)KC H BbIIIIC 40 ~faB. Ilpu l1113KHX 3Hepnrnx ,Y-Irnarna, KOI'..JJ,a 

;r.mrna 9,!JCKTpoMarnu-ruofi nom11,I npem,ImaeT pa.3Mepr,I 1r;:r.pa, no36y)K;'J,aI{lTC.H 

Till( Hcl3hIBaeMhlC rnraHTCKHC pe30llclHCbl (I'P), npe;1,cran.irn10ur,ue KOJJJICKTl1B

m,1ii 0TKJIUK H,Ir,pa na 9,!JCKTpoMarHIITIIOC B03MJIIJ,eHHC. Cpe,!l,U 3TIIX J)C30H/UIC0B 
; ~ A 

11/lliOOJlhlllHfi mrna;:r, H ce•wnue 'i)0T0il0I',JIOUI,ClllIR ).I,~lCT H30BeKTO}Hlhitl: I'lII'aHT-

CKHii ;1,uno.1n,m,1tl: pe3omrnc (HBI',l];P), OTKpbITbifi eur,e n 40-x roJr,a.x npomJ10ro 

1wKa.. B 311epreT11•rncKotl: 06J1acTJI E, > 40 1faB KO.H.lICKTHBHJ,Iii OTK.!JHK 1I;r,pa 

HrpaeT HC3Wl'UiTem,nyI0 pom,, YMCHblllaI0UI.YIOCH C poCTOM 3IICpI'IIH 'Y-KBaIITa, 

0,IT,HRK0 upn 3TOM ne Ilp011CXOJ.I,IIT nepe,na•m ncefi 3Uepnrn B036J)l{,Il,CHlrn O,l],H0My 

nyK.Tiony, 'ITO npornnope•rnJrn 61,1 3aKony coxpauemrn UMnym,ca. Boa6y)l<:,.[l,en

u1,1tt uy1rno11 06MeuunaeTe11 n111nya.m,HI,IM IIlI0H0M C COCC,ll.1111.M IIYKJIOIIOM, B 

pe3yJI1>Ta:re 'Iero no36y)J,J.I,aeTc11 1wppe.1rnponam1ru1 npoToH-netiTponua11 napa, 

'WCHhI KOTOpofi, {)/1:'JJICTaJICh B pa3HhIC CTOJ)0HhI, 06ccne•rnna10T BJ,1110.IJIICIIHC 

3aKOH0B coxpane1111R 3Heprun 11 HMilYJlhCa. QTOT MCXaUH3M cpoTOTIOI'JIOJII,emrn 

Hcl3bIBaeTC11 KBa31IJ.I,CfiTpomn,IM. <I>enOMCHOJIOl'H'ICCKclJJ M0).I,CJib 3T0fO npo11,ecca 

nnepm,1e 61.>ma npe;1,JIOJKCHa .TI:enttn)lrnpo~t [1]. 

106'1e,JJ;IfH€JIH1Ilf HHC'l'H -

l
isr.n;e~rmx nccJfe11on.aHH[; 

BHBTIHO'l'.Lff A ; 



3a;.\c\\Ia ;:i;cTaJ11,uoro om1cauuJI MHmKecTnemn,1x: <l)OTOHYKJIOHm,1x: peaKI\nfi 

ocTaeTC.H noKa nepemennofi. IlmnoMy npu pac'JeTe TaKnx pea1uitttl: o6bI'IHO nc

IIOJib3YIOT noc,ryml:T Bopa [2], C'IlfTcUl, 'ITO .H,ll.Cpnym pcaKUHIO MO)KHO npn6m1-

)KCUHO pa36HTb ua ,IT.Be Ue3aBnCIIMbl(' CTa,rr,1m: o6pa30BclllIIC COCTamrntl. CIJCTCMbl 

II pacna;.1, 9TOfi CHCTeMbl na npOJ.l,.YKTbl peaKI{HH. Ilpu 9TOM IIOJIHOC CC'l('Illie cpo

TOIIOI'JIOll{('HlUl npe.n.cTanmICTC.H n BII,rr,e cyMMhI ce•ICIUUI o6pa3onamrn HBf,[I,P, 

KOTOJ)OC m160 OUCUHBaCTCH It3 9KCUepm,IeH'raJibHbIX ,rr,aHHbIX: m160 Bhl'·lUC.ilHCT

c.n C IIOMOil\blO TOfi IIJUl ltHOtl IIOJIYMHI<pOCKOilll'l('CKOtl MO,IT,eJm, 11 <penoMCHOJIO

rH'ICCKOro CC'ICIHIJI KBa:JU,rr,etl.Tpounoro q)OTOIIOI',,10li{('Hll11. IIocJIC,ll.ylOII~llfi )Ke 

pacna,n cocnumotl CHCTCMhl OllHChIBclCTCJI n paMKax KOM6.nnm~nu UCIHlJ.HiTC.JJb

nofi lt npe,npamJOBecuofi MO,IT,eJietl: ci>OTOIIYKJIOHHblX peaKIU1tl. 

,[I,annaH cxeMa pac•rnTa MllmKeCTBCHIH,JX <i>oTOHYKJIOHHhIX peaKil,Hfi IIMCCT 

pn.n; cym,eCTBCHllbIX IIC,l].OCTaTKOil. TaK, B uefi HC Y'IHTbIIJaCTC1! IlKJia,l]. B ce<reHHJI 

q)OTOIIJKJIOH!If,IX peaKI{Hti f P, OTJIH'IHI,IX OT HBf,[I,P. Me1K,ny TCM HMCIOTCH 9KC

nepuMeHTaJII,HhIC .n.anm,1e, YKa3bIIlaIOmHe Im TO, 'ITO B 9HepreTH'ICCKOfi 06J1aen1 

20 < E-y < 40 Mau ueo6x:o;:iIIMO Y'IIIThIBaTh nJu1.mrne H3oBeKTopuoro Kna)],py

no.JibHoro pe3omrnca (HBrKP) n nepnoro o6epTOna HHr,z:i;p (HBr,[I,P2). 

Ilpu OJillCaIIIIH q>OTOHYKJIOIUiblX peaKUUfi Tpe6yeTC.H BHCCTII TaK:tKC JUI/{ 

nonpanoK n MOJlem, npe.n.pauuonecuoro pacnMa H ncnapnTeJ11,11y10 MOJI_t\111,, no-

3Bom11ou~nx y<rne,•r1, cneu;ncl>1m:y r,rr,P-1muaJm peaK1urn: Ko,;1J1eKT11nuy10 npIIpo

,ny Bx:o,nuoro lplh-cocTOJIUHJI n nmrnnue H30CIIHnon1,1x 9¢q)eKTOB [3]. H 'I;o 

n .n;pyroe OKa3hJBa('T CYII\CCTBemwe nmunrne na qJOTOHYK.lIOHJH,!(' peaKil,HH n 

o6JmcTH E-y < 30 MaB. Tm<, KOJIJJCKTHIHI3aI\ILH nx:o,rurnro lplh-cocTo.Hmrn yne

JIH'IHBaeT BJ)el\rn ero )l{H31111, II TCM CaMhIM cnoco6crnyeT BI,IJieTy 60J1ee 9HCp

I'U'IHblX neprm•UihIX <pOTOUJKJIOHOB, a coxpaHCHHC 1130CillUia IIJ>Hll0/1.JIT K TOMY, 

'ITO T> -KOMUOH('HT/1 r,rr,P pacna.n;aeTCJJ npeuMyIUeCTBCIUIO no npoTOHHOMY Ka

na,JJy. 

IJ;eJib ,ll;HCcepTan;HOHIIOii pa60Tbl 

K uacTOJIUJ,eMy MOMeHTy C03,l].aH p.H,I.l, )],OCTaTO'IHO 9<})q)eKTUIHlhIX IIOJIYMII

KpOCKOIIH"ICCKUX H CT/lTHCTU'leCKHX: MO/{('JICtl:, OUHCbIU/lIOil{IIX pa31Ibie 9Tam,I 

<}JOTOHYK.TIOHHbJX peaKUUfi. Ilpmm10 npel\rn C,ll_(')HITb CJie,IJ,JlOIIUlfi CCTeCTilCHHI,Ifi 
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mar: o6'b(',I{HIUITb 9TH MOJJ;e.rrn B C;J;JJHhitl: cor.rmconanHblfi KOMIIJICKC, U03BO.l1.HIO

ll~Htl: y•ICCTI, nee rnanm,1e <lmKTOphl nJrn1110mue ua <llOTonyK,JJoun1,1e peaKllHH n 

91rnpreTI1'JeCKOM mnepna..'le OT nopora oT;r.1,e,JJemrn uyKJ1011a ,n:o nopora po.iK,rr,e

mrn rmoua, H/l'IHHaJI co CTH)],HH o6pa30Bamrn Il036y)KJ\CUHOI'O COCTOJllIH.H JI,II_pa 

II KOil'I/111 pacna,.1.1,oM aTOI'O COCTOJIIIIJ}l C ncnycKaHIICM npO,I.l,yKTOB peaKUHH. 

IJ,em,10 IlllCTOJUileil pa6oTbl JIBJI.He'l'C.H pa3pa60TKa T/lKOtl. KOM6mrnponan

uofi MOJle.nn u npm.1enenne ee K onucamuo c11oficTn MIIO.il(ecTneuu1,1x <l>oTony

KJIOIIHhIX peaKuutl: ua cpe,n;rmx l1 TJI)Kem,IX JI)],CJ) ( B TOM "IHCJJ(' llaJl('KUX OT 

IIOJIOCI,1 /J-<~ra6HJII,IIOCTH) B 31IepreTll'lt'CKOM HHTepna~'Ie OT HYKJIOIIHOI'O nopora 

)W nopora J)OiKJ:{OIIIUI M('30HOB. 

OcHOBHbJe pe3yJihTaTbI, II0Jiy'leHHbJe B ,r:,;HccepTan;HH 

1. B paMKax MO,!lC,JJJI ,n;nyXKOMTIOHCHTIIOtt JI,ll.epnofi )KH,IT,KOCTil nnepBhlC UCCJie

AOBano nmumHe KBa,1.1,pynom,nofi ,ne<.j)OpMa11,1rn 11,n;pa ne TOJibKO na HBr,[(P, 

no H na npmrnnom,m,Ie U30llt'KTOJHihIC EL-KoJ1e6a1rnJI. IloJIY'IOHhI ymmep

Ca.JihilhIC KpHBI,Ie, OI111CblllaIOlllHC 3/llll1CllMOCTh 9Hepnrn pa.:.mhIX L,,-MO,!.\ 

KOJ1e6a.nntl. OT napaMnpa Kna;.~pynom,uofi 1,:e<l>opMallHII J ;vrn HBr,[(P, 

HBfKP JI nep11oro o6epTona HBr,[(P (HBr,[(P2), C IIOMO!Ilh!O KOTOJlhIX 

MmKno pacc•mTaTb ,ri:e<f>opMan;i-ronnoe pacn1em1enne 3Tnx pe3onaucon. Ilo

Ka3auo, •no ,necj>opMar{HR .H,!lpa umrneT na HBf,[I,P2 3lHl'IHTOJihHO c,1a6ee, 

'IeM na ocnomwtl pe301rnnc IIBf,[I,P. 

2. II01rn:.3ano, 'ITO Tpam:cf>opMat\H.H C(pepH'ICCKOI'O OTITll'H\CKOl'O IIOTeHI\Ua

.r1a C r.rJ06aJihllhIMll napaMeTpal\-JH, U3B.JJC'{{'JIHhIMH H3 ,n;amn,IX no uy1rnon

.HJ.~QpH0My pacce.aumo, B ccpepou,na~'1I,HJ,Itl IIOTCHll.Hcl.lI II03BOJUieT HCUOm,-

30BclTh ero lf..lIJl m1;i:e.ilrnofi OUCHKU .n;ec}>opMa1um 11.n;ep Il OCII.OBHOM COCTO

RIUlll B nrnpoKOM HHTepBa.Jle 3Hll'ICIIHtt Macconoro 'lHCJia (10 ;S A ;S 240), 

BK.'IJO'Ia.H cq>epU'lCCl{H(', nepexo).\HhIC H CHJIJ,HO ;:1ec}JopM11ponaum,re 11,IJpa. 

OTO II03BOJI.HCT Bl,IllO.!IHJITb pae•ICTbI <i>oTOHJKJIOHHI,IX CC'J('fHlfi ,I.l,.1JI JI)J;Cp. 

JlllllHblC O Jle<f>opl\HU\IIU KOTOJ)T,JX JIH6o noo6u~e OTCJTCTBYIO'.f, m160 HOC.HT 

np0Tnnope•rnn1,1tl xapaKrep. 

3. Ilpu paCCMOTpemrn <pOTOHYKJIOHHblX peaKuntt nnepBhl(' 6hI.'1!1 Y'ITCHbI MO-
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,r1,h1 <JlOTono36y)K.l\eIIHR 1~pa, onm•mue OT HBfL(P H KBa.3H,lT,CfiTpouno

ro Mexauu3Ma q>oTonor'JJOIII,emrn: HBI'KP H nepm,1fi o6t•prnn HBI',[l;P. 

Cpanm•nuc 9KcnepuMeHTa.flbHhlX U Bbl'UiCJICHHI,IX CC'ICllHfi peaiGI,lllI (,,p) 

JJ;JUI TJDKC.Jlf,IX R)l;Cp CBU,lWTC.'IhCTBYCT O 31H1'IHTCJihH0M BJIIU!Hllll ua npo

IWCCbl <l>0Topacrne1mcrnrn lIBfl{P n HBf;UP2 n 9HeprcTwrecKofi 06:iacTH 

E, ~ 20-35 1faB. 

4. Bncpnr,Ie npn onncamm <l>oTOHYK,TJOHHbIX peaKII,llfi 6bIJIO Y'ITCH0 BJIHRIHIC 

H30CIUIH0BblX 34><l>cKTOB IGlK na C'I'a,lI,lfH <l>oTOIIOI'JIOIII,('lllUI, TaK H na CTa

JI,11H pacna,r1,a cocTannofi cHCTCMhI. IloKa3ano, 'ITO n3ocmmon1>1e 3<l><l>eKTI>I 

.nrpaIOT cynI,CC'l'BCHHY!O p0Jib B <l>oTOUpOTOHHOM KHlJa.lJC peaKII,Illl, TaK KaK 

T>-Ko1,rnone11Ta HBI',U:P pacna,r1,acTcn npem,1yn1,ecTneHno c uenyc1<auueM 

nponma. 

5. Hcc.1IC)l;OBaHhI oco6enuocTH <l>oTonyK.iwnn1,1x peaK11,ufi ,11,.rrn 11,r1,ep ;:i:a.nerrnx 

OT II0.;1:0CI,I ,J-cTa6HJihHOCTl1. C 3TOfi 11,('J[bIO 6MJIH BI,PIHCJICHhl CC'leilllll pe

aKlUfti (1,kp+ln) )l;.nn nec..x H30Tonon 0JJOBa (
101

-
135Sn), JJ,JW KoTopbIX H3-

necn1r,1 noporH 0T,ll,('JICIIHR IIJ)OTOH0B H ne.fiTpOIIOB, B 3iiepreTJPH!CKOM IIH

Tepna.rre 2 ::; E, ::; 140 JvhB. B paMKax 3KCUTonnofi M0)J.CJIU 61,rmf nnepn1,ie 

y•rrem,r KO.'IJICKTnnnMe cnoticTna BX0AHhIX lplh-cocTOJIHHfi ;vur rnra!I'r

CKHX pe:muancon, 'ITO TI03B0JU1JIO IIJ>OB0,lI,HTb pac'l('Tbl ;i.nn uefiTJ)0HU0- H 

IIJ)OTOHIIO-J,I36hITO'IHblX 11,lWP, n KOTOpblX lll\WCT l\f('CT0 cum,nan KOIIKypeu-

11,HR Me)K,IJ.Y 0J:I,HOHYIWOHHhIMH H l\nIOl'OHYKJIOHHbIMH paena)l;aMn npu cpaB

HUTC.TiblIO HU3KUX 3Heprrrnx B036y:;,K)l;CHHR 1~pa. IloKa3auo, 'ITO K0JIJieK

'l'I1BH3al\lUI BX0,II,HbIX COCT0RHUti fp CYIII,CCTBCIIHO CHmKaCT BblX0,lI, MII0I'O

'laCTH'IHhIX <pOTOHYK.JIOHHI,IX peaKI\llfi B 06.mlCTU HBr;UP J.VUI 11,II,ep ,II,aJie

KHX OT ll0JIOCbl /J-cTa6nJU,UOCTH. Yeranonmmo, 'ITO K0HKypemI,HR MC'.iK)W 

IIJ)0T0UHbIM II HefiTpOHHhlM Kaua.rJaMH peaKII,HJI U THKJIX 11;:i:pax IIJ)0HCX()J.\UT 

B OCH0BH0M Ha CTa)l;llH TeIIJIOBOI'0 panuonecun: npn ncuapemrn <JaCTUII,. 

6. IloKa3ano, 'ITO npn cp0Topacu1,em1enm1 H3oTonon 0JIOna c 6om,muM JI,C

cfnu1,uToM HC.fiTpOHOfl (Tarrnx, KaK 101- 108Sn), UM<.'IOII.~llX IH13KlW noporu 

0TJI,CJIClllUI nponmon, npH ncex 3HCIH'U1IX B036y_;i(,[1,('HlUl HJ~pa }.\OMHHHpy-
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n, necMoTpR na no;.1,anmnou1,nfi 3<l)(l>eKT KyJiouoncKoro 6ap1,cpa, np0Ton

n1,1fi KaHa.'1 pacna)l;a. Ilpn <l>oTopacUI,('JTJICHilll ll30T0U0B 0,lJ0Ba C 6oJiblUHM 

H3fo,JTKOM HCfiTpOHOB, HMeJ0IIJ,HX Hll3KUC noporu 0T}:t;<'~'I('Hl!R HCfiTponon, 

pe3K0 B03pacTcteT cpe,ru1ec 'lHCJ!0 ncfiTp0HOB, ncnycKael\H,IX 3a 0JI,HII aKT 

pcainum. 

7. YcTaIIOBJJ('IIO, 'ITO n cpe,rurnx n T1DKCJlhIX JqplLX 3Ha'ntTCJlbllc11I 'IaCTb npo

T0HHOl'O Bb!XO,lla o6yc.rron.neua pacna,J,WM T> -JWMllOHCHThI r,n:P, 'ITO CBH

,)],CTeJibCTByer 0 lla)KHOCTU J'ICTa. H30CIUIH0BbIX 3q>q>CKTOD IIpH OIIHCclHHH 

UpOTOHHOI'0 Kamt..im_peaKUHH. 

HayqnaH HOBH3Ila pa6oTbl 

Bnepm,Ic uponeJJ,CH0 TeOpCTll'l('CK0(' paccMOTpCHHC C(''lCHHtt MHOI'0'JaCTIPI

HhIX cp0Tony1<.1:onu1,1x peaKI(nfi n npomuerpuponamn,rx no yrJIY 3nepreTn

'IeCKHX CIICKTpOll q>OTOHYI<.1:0HOB )l;.JIR 6om,moti BbI6oprrn cpe,II,JIHX u TmKe

JiblX RJI,ep ( 40 :5 A :5 240) B 3HcprenPieCK0M llHTCJ)BaJIC OT nopora OT}.\C

;JICUirn nyrmona. 11,0 nopora po)K,r1,emrn 7r-Me3ona. Cyn(cc'TBem10 pacnmpem-1 

06.T1a.CTI, ucc.'IeJI,0Bamrn: BIICJ)Bbl(' paCCM0TpeHI,I JI,[tpa. ,r1,a.neKUC OT IIOJIOCbI fJ
CTa6uJU,HOCTH. B TJ)cl)]Jll\IJOHHbJe M0).l:e.1111, oru1c1,rnaIOllI,HC pacnaJ\ B036y:>KJJ,eH

uofi H,!lepnofi CHCTCMbI: M0JleJJb npeJI,paBHOB('ClJOI'0 pacnaJl/1 H HCIHtpHT('JJbIIYfO 

M0Jle,1n,, Bll(•cen pH,lI, nonpaBOK, II03ll0.1rnlOII.J,HX Y'IeCTI, K0.lIJieK'l'HHHYI0 npnpo;.zy 

Bxo;:i;m,1x lplh-cocToJnmfi H n3ocmmon1,re 3<f><peKTI,I. O606nw1m ;1,ecl>opMau11-

onnan M0).(CJ!b ;Uanoca-O1rnMOTO ua CJiy•mfi npOH3BOJibHhJX mmneKTOJ)HhlX EL

KOJre6anni1 1mpa. PMUH'I:a cxcl\m pac•wra JI,eq>opMa11,1111 JI,llpa, 6a,mpyromaiw . .a 

na rJJo6a.m,uoti OJITJPlCCKOt!. MO)J;C.;1:11. 

IlpaKTHqecKaH 3HaqHMOCTh pa60ThI 

IlpaKTH'JCCKaJI 11,efIHOCTh pac•teT0B l\fHO)KCCTHCHHhIX <}>OTOHYK.JJOJIHblX pe

aKI(Hfi onpe,LI,e.JJRCTCJI 'l'eM, 'ITO B uaCTOJIJII,CC Bpeirn COOTlleTCTBY!OIII,HC 3KCIIC

pHM<.'HT~1JlbHJ,Je ~ri,aum,re OTCYTC'l'BYIOT J.J,JUI 6oJiblUHHCTBa Jl)J.Cp. Mc:;,I{...'1,}' TeM 

Ta.Kne rri,am11,ie II03BOJUUOT nporH03Hponan, )l;OCTIDKHMI,l(' KOIUJ,eJITpau,uu nelt

TpOHO)J;C(plUI,HTHhlX JJ)l;Cp n pa:3.JIIl'IHbIX MIUirnII.HX, fl0J(BCpruyTblX o6.lly<IC1IIUO 

HHTCHCHBHhIMH IIOT0KaMH BI,ICOK031Iepl'IPIIIhIX <l>OTOHOB, 'ITO neo0XO,!lHMo, na.

npuMep. )l;JUI nporH03Hponamrn paJJ;IIaII,HOHHOfi o6cTaHOBKU Im 3JieKTpOHHI,IX 
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ycKop1nc.11Rx c 9nepnrnMH ny'IKa E"t ~ 30 lvfaB. 

Pc3YJlhT,1TbI, IIOJIY'lCHHbl(' npn I13Y'J('Ill1H CBOfl.CTB n,n;ep, y,n;a.11eHIJblX OT no

JTOChI ,B-cTa6nm,nocTH, npe)].cTaUJUIIOT HeCOMHeimbdi ImTeJWC JVUI acrpmfm3l!

KH, a TaK)Ke Moryr 6bITh ncnom,3onam,I IIJH1 pa3pa6oTKc nporpaMM p,IBpyme

mrn ,rioJJI'O)KHBYII~ltX IIpOAJKTOB pa,n,uoaK'l'llBllbIX OTX0,!~OB, o6pa:JyIOII~IIXC1l npII 

pa6on• il,ll('J)llbIX peaKTOJ)OB. 

Ilpone,n,eunoe B ,!IHCCeprau1rn: HCC.lJe)J;0BcUIHe cnofl.CTB MHO)KeCTlleHHbIX <po

TOHYKJIOHHblX peaKUHi1 JI03B0,JUieT n.11a1rnponaTb pe3JJlhTa'l'bI aKTHBaUII0HHblX 

3KenepnMCHT0B, 'ITO HMeeT npaKTll'I('CK0e 3Ha•ienne ,l]}UI pa:mnTUR MeT0,!IIIK 

C03,il;cHIHR pa)].110cl>apM11pem1panm B Me.1.~nu1me. 

Jln'IHhIH BKJIM aBTopa 

Anrop pa3pa6ora.,1. lf3JIO:il{enuyro n ;iMccepTaivm "KoM6mmponaunym MO

,n,em, c}>OTOIIJKJIOIIIIhIX peaKI~n:li"' a TcllGKe I:lbllIOJIHHJI nee paC'IeTbl no neil: n 

pa6oTax, ony6JllfKOBamiblX COI:IMeCTHO c ,ripyrnMH coa1:1TopaMH. 

,ll;ocTOBepHOCTb pesyJibTaT0B 

,IT,ocTOBCpHOCTb IlOJIY'•leHHblX B ;l_llCCCpTal\llH pe3YJihTHTOll IIO)J,THep)KJ,~aeT

CR nx COI'JiaCHeM C 4>0TOHettTp0HllbIJ\1H pac•1eTaMn, BbllIOJHielUil,IMH n paMKaX 

H3BeCTHhIX nporpaMM GNASH H TALYS, a TaK}Ke ua,n;mKHblM onncanneM HMe-

10nv1xcR 9KCIIeJ>l1MeIITaJlbHblX ,n;aHHbIX )];JUI cpe,rurnx H TmKeJibIX }I}l,ep: Ce<IelIHtt 

q)OTOlICfiTpomn,1x 11 cpoTOIIJ)OTOHHhIX pear{liHfi II am•preTU'IeCKHX CIICKTJ)OB cf>0-
TOIIYKJI0HOB npu aueprnnx E1 ~ 140 MaB. 

Arrpo6aa;n.a pe3yJihTaT0B 

Ma:repIIaJlbI .r.1;nccepTat~HII AOK.ilclAbIBaJIHCb n o6cy)KAaJIHCI, na nay•mhIX 

ce~muapax HIUUicI> ivirY, a TaK2Ke na poccufic1mx II Me)K;,zyuapo,ll.llbIX Koml)e

pemurnx, conemamrnx n cer,mnapax: 

1. 53-59 (2003-2009 rr) Me:;K,rzynapo,n;nue Conemamrn no 51;1,epuofl. CneKTpo

cKomm u CTpyK-rype ATOl\moro 5I;~pa. 

2. The International Conference "Nuclear Structure and Related Topics" 

(Dubna, June 13-17, 2006). 

3. BocbMan BcepoccuikKan nay•man K0Hq>epeuu1rn "9JieKTponui,w 6u6.rrno

TeKn: Il('f)CJJeKTUBHbH) MeTO,I~hl H Texuo;110rm1, 3JieKTpOUIIble KOJIJICKI.~UH", 
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Cy3,D;HJH,, Pocc1rn, 17-19 OKTR6p11 2006 r. 

4. International Conference on Nuclear Data for Science and Technology, 

April 22·-·27, 2007, Nice, France. 

5. XII International Seminar on Electromagnetic Interactions of Nuclei 

(Moscow, September 17-20, 2009). Institute for Nuclear Research of the 

Russian Academy of Sciences. Moscow, Russia. 

6. LX International Conference on Nuclear Physics NUCLEUS 2010 

"Methods of Nuclear Physics for Femto- and Nanotcchnologies", July 6-9, 

2010, Saint-Petersburg, Russia. 

7. LXII International Conference NUCLEUS 2012 "Fundamental Problems 

of Nuclear Physics, Atomic Power Engineering and Nuclear Technologies", 

June 25-30, 2012, Voronezh, Russia. 

8. The International Conference "Nuclear Structure and Related Topics'', 

July 3-7, 2012, Dubna, Russia. 

CTpyKTypa ,!J,HCCepTaD;UH 

~nccepnuurn COCT0UT ltcl BB('JJ.emrn, IUITH r.nan, :JaKJUO'Iemrn n CIIHCKa ,!Uf

Tepa:rypb!. O6·h('M pa60TbI COCTaB.TIR!OT 194 erpamm TeKCTa, BKJIIO'IaIOIIllfX 66 

pucyHKOB, 3 Ta6JIHHbI u 186 CChI.lJOK ua JIHTepa:rypy. 

CO,ll;EP)KAHHE PABOTbI 

Bo BBe,!J,eHHH o6ocnom,mae-rcR aK'ryam,noCTb pa6oTbI, npoeJIC)KUBaeTcn 

HCTOJ)HJ~ pa:nmnrn cl>OTOHJI.epnux uccJ1e;1.onanuil:. <DopMyJmpyeTCR I~c.ru, .1J,uc

cepTaru10unott pa60TbI. IloKa3aHbI mrna;.1, arnopa B npone,I(eunoe HCCJie,IJ,OBa

une, CTeneHb HOBII3HJ,l H npaKTH'JCCKaJI 3Hl:l'UJMOCTb IIOJIYT-ICHHbIX pe3y.,'lbTa

TOB, a TclK)KC nepe•mc.JJeHbI 3TaIII,I anpo6a11,1m ,ll.HCCCf>1'clUHU H IIJHfBe,IJ,eH CIIHCOK 

OCH0BHbIX pa6oT, ony6JIHKOBclHHI,IX no ee TeMe. 

B rrepBOH rJiaBe /,(HCCCpTa1um B paMKax II0.IJJMHKJ)OCKOIIH'-ICCKO:fi ~nviem1 

KOJ1e6auntt (IIl'vfK) OJIHCbIBaJOTCJI OCHOB!Ible xapaKTepHCTIIKil 3JieTpIPiecKoro 
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H30BeKTopnoro rurauTcKoro ,DJIIl0Jihuoro pe3ouauca (HBr)];P), xopaKTepinyc

Moro 1rna1rrom,rMH 'IHCJial\m J = L = 1, S = 0, T = 1, Tz = 0 n 'if= -1. 

B TIMK npeuc6peramT KomJmrypau:nomihIM pacuwmiermcM nxo.r.u1b1x co

cT01mnfi B cpe,;umx U TJDK<.'JlbJX 11,11pax H HCII0Jlb3YI0T ,I].JUJ orrneamrn ,ll.HH0.1II,HbIX 

KOJie6arrntt II c<t>epOit,!'.l<lJlbllOM JIJ.IPC C q)IIKCHJ)OBamn,IM 3Ucl'ICIIH<.'M npoeKIJJUi 

opowram,noro M0MenTa Lz = 11:l npocTott nn6pa1i:uoum,dt raMUJihT0mrnu [4, 5] 
1 

Han6(Af) = L sM,,CitµcM1, + ·t<M L P0.11,,F1M1µ, (1) 
µ I' 

r,11,e Y-M -- K0HCTaHTa ,111mom,-,!'.lllII0.llbH0rO B3aUl\IO,lI.CikTBHJij 

A 

Fu11,, = L(2tµrYu.f(r)h = lu,,c!1,, + (-1)1
11+1'/.,,.1-,,C-M-11 (2) 

k=I 

-·- l130Bt'KTOJ)lll,Ii1 onepa:rop ,1.1,lUI0JihH0l'0 M0MenTa; 

c!
1

µ - Kmmuoo301rnuft onepwrop pmK,LJ,emrn na•1a.:1buoro (nxo,n:noro) no3oy

,.1<;..1.emrn cf1,,l'.11,To) (To - 1nocn11H ocnonnoro eoc-ro11um1 .n,n:pa-Mrrmem1) c op-

611'ra,1mn1,1M M0MCIIT0M L = 1 Af 11 n3ocnuuoM T = 1 µ., oTne•nuoni:nfi rpyrme 

0,LIH0'Jal'TH'UlhIX ,l'J:HJI0JlhHb!X nepexo,11,on C 3aII0JIHCllllblX (10)) ua 1Ie3afIOJUJ('[l

m,1e (jct)) C0CT0IIHIUI 0,ll.H0'IUCTIPUI0I'0 II0TCHUHa,11a. C ,rneprueft nepexo,na 

E'(so - €g)l(al2tµrYiM(r)lf3)1 2 

o,/J 
€Mp= E'l(aj2tµrYiM(r) l/3) 12 ( 

N-Z ) + µ Vi 2A - EfS.y;i. (3) 

n,/3 

3,ri,ecr, €,j -- 9HepnUI nonepHyToro B l130CIIUH0B0M IIJ)0CTpancTBC C0CT0JIHIUI 

If)) CX t,,lfJ), TaK 'ITO pa3II0CTh Co - €!J ue C0,l'J:Cf))KHT 'lJl('H0B, ooyCJJOBa1<.'1UlhIX 

f)l13JII1'U1('l\1 neftTponnoro H IIJ)0T0HH0r0 JI0TellllHaJIOB. OTO pa~lJlll'll1C y<JHTI,I

naeTC.H BT0JH,J.M (',.narat'MhIM B npanotl 'l<lCTII C00TH0llieIUrn (3). r,r.1,e F1 ~ 100 

1-faB - H0TCHIJ,lHlJI CHMMeTpHn 11,JJ.pa H EfS.ylJ - epe,LIIUUI KJJIOH0BCKalI aneprmr 

o,r.i:uoro npoToHa. 

,1];uaronaJIU3Hpy11 raMU.'lbT0HHaH (1) C H0M0il(b!O KaH0IHPieCK0I'0 npeo6pa-

30Bamrn 

Cc,+ - V C'+ Jr C M1, - •"-M1, ;\111 - M1, ·-M-1,, (4) 

liafi,I(CM 9Hepnrn SMµ 11 aMIIJIHTYl.J:J,1 BCp0JI'l'l!0l'TH B036pK)J,CUIUI i,\fµ uopMH .. iJh

HI,JX M0J.l KOJieoauutl ct1,,IT0To)-

10 

Ko.11eoaHHR c Jt = 0 0Tne•1a10T o6hl~moMy cpoTope3onaucy. O1m rcnepupy

JOTCJI ,IlJUI0JlbHblMU nepexo,JJ.a:MH C t::i..Tz = 0. Mo,JJ.J,I /1 = ±1 0TBC'Ia!OT 3apH,!.l0B0-

O0MCIJHhlM KOJie6amurM nyrrnonnofi CHCTCMbI, npu K0T0f)hIX 0,LIIUI IIJ)0T0H npe

npani:aeTCJI n uefiTpoH IIJIH uao6opo~- (t::i..Tz = ±1). 

IlapaMeTpa1'vm M0}{CJIH HBJIJII0TCJI 0JJ,H0'IaCTWIHhlC 31Iepnm s,¥ U C0CT0JI

mrn ja), n:oucTaHThI xlMI, oTne•iamni:ne KOJ1e6anHJIM u;.wm, (IJ11 = 0) H nep

nen,;~m,y:rnpuo ( jAfj = 1) K ocu CHMMCTp11u JIJ.lpa, noTeIU(Ha.JI c11MMCTp1111 Vi, 
napaMeTp KBl1,LlJ)Yil0JlbH0fi J\C<pOpMaI.IJU1 .H,[lpa. 6 u KYJIOH0BCKaJI aneprmr EfS.yJI• 

Iloc.ne,1.1.1rnn, BIIJ)0'IC.M, ue BJIIUJCT Ha J)C3YJlbTaTI,I Bhl'U1CJieHHtl B nefhpam,noM 

<pOTOJI).{CJ)HOM 1mmw1e. 

.D;Jrn pac•rnTa 0,IUIO'Jal'TH'UU,IX CO("fO}IIIllfi U('JI0Jlb30JJ/lJICJJ ;.ieq)OpMUf)OBIUJ

Hblit II0T<.'IIUHaJI HnJihCCOH/1 [6]. E:oncTaHTbl XJ, Xo BaJH,llp0BaJll1Ch TllKHM o6pa

c30M, •ITo6u /{JUI BI>I6paunoro 3mt'Jemrn napaMeTpa <> npam1m,uo noenpo1:1ano.ru1-

JIIIch ,n:e<pop11un1,nonuoe pacmerwenue r,nP, onpe,11eJrneMoe cl>opMyJJotl ,1];a.noca

OKoMoro [7, 8], H ero 9HCfH'CTH'.1CCK0C IJ0JJO)KCHHC. 9nepnrn r,a:P ouemmaJiaCh 

C IJ0M0II(h!0 I'U,T.(po,11,1maMH'IeCKOfi cpopMy.111,1, Y'IHThJBa1oui:ett .nmrnnne Ha ;:i:n

H0.!IbHJ,I(' KO.'le6a.mrn ,11mf>cl>Y3HOCTH 11;1epno.fi uo.nepxnocTH. [9]: 

E/J,Hll ~ 86✓(1 + ;r2e)/(1 + 101r2e /3 + 7rr4f1/3) .4-l/
3 TvhB, (5) 

r;1,e (=a/Ro, a.~ 0.55 <l>M n Ro~ l.07A-1l3 <l>M. 

9m cpopMyJia YJWB.iieTB0fHfT<.'JU,H0 ( c uorpelIIH0CTI,JO ±0.2 1-faB) 0IU!CbIBa

CT no.110)1<enne r,a:P u Macconofi 06.11acw 12 $ A. $ 250 TvfaB. TaKnM o6pa3oM 

ll paceMa:rpmmeMofi M0JJ,CJIH 0CTcWTC11 T0.llhK0 0,T.(HH CBO0O}J,Itbltl napa.MCTp -

napaMeTp ,11,ecpopMaIJ:Ull J, K0T0pMit Mo:arno 0lJ:CHHTb 113 ,lll1HllhIX 06 9.JJCKTJ)H'IC

CKIJX CTaTH'ICCKlJX KBa.,n:pynom,HI,JX M0MCHTax [10] Jm6o Bbl'll1C.HHTh TC0pen1-

'lCCKH (cM. r.rrnny 3). 

B ,Il,-'1HH0B0JIH0B0M IIJ)HOJIH)KCHHII HHTerpaJII,H0(' ce•1emre 9.lJCKTpH'ICCK0I'0 

U30Bt'KT0J)H0I"0 II0I'.'IOilJ:ClIHR My.JJbTHII0.lJI,H0CTU J = L, s = 0, T = 1 T: = 0 H 

r. = (..:.. 1 )L ,JJ..115! ,IJ:oeTaTo•uro Y3Koro pe3onauca ja) MmKuo npe,.ucramn1, n Bu;:i:e 

2 3 2 L 1 
. _ 7r e + 2L-1"" . , 2 

CTnm(EL, a) - (lic)2L-1 L[(2L + l)!!]2 Epe-3 L l(n, J.flF1,M1o(Epe-,3)I0)j, 
. M 

(6) 
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r;w nu,1zyr.1,uponaunoe 1m6par\nonnoe noJie Funo(Ep,,-3 ) ecTh (JL=0)-KoMno11enTa 

113oneKropuoro M0MenTa 

. .Jl<'31 L • • ,1 [ k2 .2 ] 
Fu,n1,(Epe-,) = ~ 2tµ(l- 2(2£+3) +··•)r l-u1(r) i, (7) 

Er,e3 - ::iueprHR pe301m11ca, kpe-3 = EP"3 /(lic) - nepe,11,an11b1ti 11,11,py uMnym,c. 

Ocuonm,rM l\JO)J,aM KOJ1e6annl1 oTne•raeT nepnoe cJiaraeMoe n (7). IIo)l.CTa

B.irn11 n Bblpa)KCUUC (6) Bf',JIJJlHUlhl 6.uo H !Mo nati;.1,eM mITerpa.i!bll0C CC'lCIIHC 

l'IBr,[I;P: 
A NZ , 

lT11m(El) ~ {1+a:)6 4 ~ (1 + a) 6 A :WfaB<I>M2
, (8) 

r,1.\e y•neno nmunme 3a1rnc11MOCTH 1111,epuoro n3aHMOJJ,eticnnrn OT cKopocTefi uy

KJIOH0B (c II0M0llLblO ,lJ,0II0.TIIlllTCJJJ,HOro l\1110.,KHTCJUI (1 +a:), O' ~ 0.3), a TaIGKe 

nmuurne R,r.1,epuofi 0T,r1,a•rn npn N-:/= Z. 

lfaocrrnnonoe pacu1,enneune HBr,[I;P. CocTo.nmrn IWM1,) c 11 = 0, -1 co;\ep-

2m:1T KOMIIOIWUThl C pa3.TIIPlllhlMH 3Ha'IeHIUlMH U'.30CIIHmt T. B 'HlCTU0CTH, co

CTomurn IWMo), OTBe'lamu1,11e c}>oTope3ouancaM, co;1,ep>KaT KoMnoneuThI c H30-

cmmaMH T< = To 11 T> = To + 1: 

l'11,i10) = 9M(To)I\J!Mo(ToTo)) + 9M(To + l)l'11.i10(To + lTo)), (9) 

r,LI,e IWMo(ToTo)) n IWJ10(To + lTo)) - nopMttponmm1,1c noJmoni,ie c}>ynKI\UH, 

OIUICbllHU0U~IIe C0CTOJIHHH CT= To, T; = '.Th 11 T =To+ 1, Tz = 1(), C00TBCT

CTBenno. 

By;1,eM c•mTaTI>, •no cocToRmrn IW,uo(ToTo)) n IWMo(To + lTo)) xapa1<

Tepn3ym-r T< - 11 T> -murn, rm K0To1n,1e pac111,enm1.eTcR c}>0Tope3onanc jW;1.:10)

IIcnoJ11,3y_a 061,1•my10 Texmrn:y nonopOT0B B U30CIIIIHOB0M npocTpaHCTBC C no

M0lllblO 133clHMHO COIIpmKeHHbIX OIIepa:TOpOB T± = Tr ± i'.l'i1, MCHRIOlllHX z

npoeKIJ;IllO H30CIUUia COCTORlllUI ua ±1, liail:JWM 

IWMo(To + 1To + 1)) = 1 
T+ct10 IToTo). (10) 

9M(To + 1) ✓2(To + 1) ' 

OrKy,Ila cm•,rzyeT, 'ITO 

Yl1(To+l) = 
2

(T.
1 

l) (ToTol[cMo, L][T+, c!IollToTo) = ~ 1
1
lt.+

1 
XJro, (11) 

o+ .Lo+l MO 

12 

CocT0111me {10) noJry•raeTCR n3 cocT01mm1 l'11Arn(To + 11h)) nonopoTOM n 

H30CIIHH0B0M npocTpaucTBC. Ero :,meprHJJ 01:JHPiaCTCR OT 3Heprnn II0CJIC,IJ,llero 

TOm,Ko H3-3a ll3MCHemrn KYiIOIIOBCKOti 3HeprHH .H,ll})cl, npH npenpa111,e111rn npo

T0Ha B uefiTpou. Y•mTb!Ban 3TO 06c:ro11TeJibCTBO uafi,n:eM 

Euo(To+l) = (\J!Mo(To+l)ILtM,,ct11,cMµIWMo(To+l)) = 
JI 

= (sM,+1 +E1,y,1)XX1,+1 (12) 

TaK KaK gl,(To) + g~1(Tti + 1) = 1, TO cooTnomeuuR (11) n (12) II03B0JUUOT 

pa3)1.CJIHTb r,n;P na T;c H T:,.-KOMUOHCHThl. 

Bo BTopoii rJiaBe Jl.HCCepTallUH paCCl\iOTpeuo no.rryMHKJ)0CKOIUl'ICCK0e 

orrncamrn HBrKP u nepnoro o6epTOna HBr,n;P (HBr,[I;P2), a ·ra1OKe ,LI,e<pop

Mm.1,uounoe pac111,eilJl('Il.lfe np0U'.3BO.JII,IIh!X 3JICKTp11'ICCKHX H30BCKTOpIIb!X rP B 

cc}>epoH,il/lJlbHbIX 11.,ilpax. 

B c(}>epu•1ecKHX JI)l.pax ucnoJ11>3011amrn IIMI{, 6a311py10111,efic1r ua c(pepu

•recKOM rapM0HH'ICCK0M 0CllH,lIJUl'l'0pe, npHBO).l,llT K CJleJJ..YIOU],lIM Bhipa)l(eHHllM 

,Il,JUI 9HCJH'HH H 0CllHJIJUIT0fHIOti CIIJlbl H30BCKTOpHOI'O EL-q>OTOpC30Hanca: 

. ✓-2 . 12 €L = cL +2Y-L€L L• (2L + l)tr]J, = (2L + l)sLfi = SKmicc(EL), (13) 

I',1.],e CL = Lliw -- 3Hepnrn BX0,Il,HOI'O B030J)K,Ilemrn; li.w ~ 41.4-1/3 -·- 9HCJ)l'lrn 

Kuaum oc1u1J1JrnTopnoro noJrn; sr, = Epe3 (EL) -- 9IICpnrn EL-pe3onanca; Ji n 

fl ·······- nepoRTnocTu 11036y>KJlemrn 0;1,uofi H3 £ 2 -KoMnoneu-r, 111,1po2K,.'1,enur,1x no 

9HepruH, BXO,IUIOil: H H0pM,LlihHOti MO)l. EL-KOJIC6anufi; 

rrVi 
XL= A(r2L) 

-- KoucTanTa L-My.1.1,T1mom,-L-Mym,T1mom,m,1x cmr [4] n 

S (EL) = L(2L + 1)2 fi2 A(r2L-2) 
K,'Jacc 47l' 2ni 

(14) 

(15) 

- KJiaCCil'l('CK0e npanmrn cyMM 0Cl],HJIJIJJTOpHI,IX CHJJ JlJIJI EL-KoJ1e6annfi [4]. 
~h'OOhl no.rry•rnTh pea.nucT1P1ecKoe 3m1•rnu11e ::inepr11H Epe-

3
(EL), nopMH

pyeM BC.!JH'UIHY Vi, •rnpe3 KOTopym Bhlpa}ImfOTC11 K0UCTaI!Thl XL, no 9Hepnm 

Epe3(El) = E;urn, C,;1.('r'J,JIOil];eti H3 cj>0pMy.rn,1 (5): 

Vi = ;; [(E1~1111 - (Fiw)2](r2). (16) 
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C II0M0lllhlO C0OTU0IIICHUfi (6), (13)-(16) n /llf('CepTalll1H II0JIY'H~Hbl 

npoCThlC auaJIHTHqecKUC q)OPMYJihl /lJUI ,mepnm If IHJTerpcl.llhH0I'0 ce<Jel{lf}I 

HBfKP: 

Epe3(E2) ~ 9.12 (80.8 + Vi)112.4-l/:I 1faB, (17) 

CTmJT(E2) ~ (1 + o:) 5.6810-6 Ei,e-:_,(E2) A513 
<DM

2 NfoB. (18) 

O6epTOH HBf.D;P2 o6ycJIOBJJ.eH 3liw-o,ru10,mcnPmh1Mu nepeX0Jlal\m, nr,1-

31,rnaeMhIMH 'WeJJOM nponopI\ll0HaJihllhlM r3liu(f) B nn6pa1w01u10M Il0Jie 

Fu11o(Ere-_,) (cM. (7)). 9TOT 'l.f!CH, 0)1,HaKo, npHBOJJ,llT 11 K HH3K03HCl)I'I1'IHhlM 

lhw-no36y2K;.i:emrnM. t.J,ro6h! 0TJle.1rnTh BhICOI<09Heprw1rn>1e KOJ1e6amu1 OT mn

Ko::,neprwrnhlx, ncuo.r11,3yeM n Ka'IeCTBe npo6uoro no.fin [11] 

A 

:Tu110(r1) = L)2tz(17 - r2
) rYaf(f));, (19) 

i=l 

r,ri:e I{()H(''I'aIITY 1J nr,16epeM TaK, 'IT06hI CJMMa 0Cl\HJI.'UIT0fHif,JX CllJJ, OTBC'lafO

IllllX l!Jf)KUeMy pe3onaucy, 61,ma MilllHMaJII,Ha. 

B c<f>epw1ecKoM .n;.i:pe KOJie6aun>1 c Af = 0, 11c•rnpm,rna10uu1e 1/3 cyMMM 

0CIJ,HJIJUl'l'0p!H,lX CUJI, MOl'YT 6bITb np116.'JH,KCHHO orrncam,I C UOM0IIlhI0 raMHm,

TOUHana 

1 
H = liwctci + 3liw4c2 + 2x(TJ)!J°1010(17):Tfo1o(TJ), (20) 

I',ile ct - Kna3u603oum,1e onepa:rop1,r pmK;.1,emrn nxo;.i:n1,1x cocTomurn 410) (k = 
1, 2) ;vrn HH3Ko2>nepr11•1m,1x n Bf>ICOK0::mepr11•m1,1x nepexo;wn n 

;rVi 
x(rJ) = A. [l,2(r2) _ 2q(r4) +-(rG)]' (21) 

- K0HCTclHTa MY,flbTHII0.f!IrMJJlhTUII0.HhHOI'O B3clHM0;1CfiCTilIUI. 

,[l;uarona.;,u311pyn ral'.mm,Tomran (20) Hafi;.i:eM ::,1rnpnm n aMII.f!HTY.ll;hI nepo

RTHOCTU J.lJUl nopl\H1JihHblX M0,n: KOJIC6amrfi ctl0), k = 1,2. HBI'JJ;P2 OTBC'IaeT 

TaKOMY BhI6opy napaMCTpa T/, npn KOTOpOM npaKTH'ICCKH BC}! CHJia :fuH0(17)

nepexo,I\0ll cocpe,!l,oro<mnaeTcJI no nepxueM pe301mnce lo6ep) = cf IO). ,1];.rrn 

.n,n:pa 208Pb ::,To ,Il0t'THraeTcJJ npn 3na,wnu11 11 = 51.6 <DM2. Ilpn 3TOM ::,nep

r11>1 Eooep = 32.5 1:hB. II0;1,cTan.rmn no.r1y<reuuo(• cocT01m11e lo6ep) n q_)opMy:1y 

14 

(6), nafi,ueM, Y'HIThlflaJI nTopofi '-men p,13JJO)KCHHR oneparnpa F1u10(E0c,,,p) (H 

KoppeKTHpymu:i;ufi MHO)KHTCJU, (1 + o:)) nuTerpa,flbnoe ce•iemte HBf;D;P2. 

)]:ecpopMallJIOHHOe pacII~Cll.f!CHHC 3.'lCKTf)ll'It'CKHX H30BCKTOpIIJ,IX I'P. 

B MO):(P,.;1lf ;.i:nyXKOMilOHCHTHOfi 1IJl('J)HOfi )KlI/lK0CTH H30llCKTOp!II,Ie KO.f!e6a

mrn TpaKTYIOTC1l KclK m16pai,11u B03MYIIleIUf.lI pa3HOCTH IIJIOTH0CTefi uetl:Tpou

nofi n npoToIIuofi )Kn;urncTefi p1(r) = o(p,,(r)- />p(r)), y;:i;on.r1ernop1uou~ne BOJI

IIonoMy ypannenmo 
2 2 'i:J PI + k f/1 = o, ap1 I = o. 

iJn uonepx 
(22) 

r,ue k = E/(hn) -- no.rmonoe •mc:10, E ·-- 311eprm1, u ~ JVi/(2m) ·-- CKO
D 

poCTh pacnpocTpauemrn nom1pn3a1immHhIX KOJJC6a1rnfi B 1-1;1,pe 11 : 1 I 
un JJ()IICJ>X 

UpOH3B0/UHlR OT /11 no nanpa1mem110 H0f)l\HlJIH K H/lC{.HI0fi II0BepXHOCTU. 

Ilp11 yMepem11,1x OTK.JIOIICIIH}IX OT ccpepu•1ec1wfi CUMl\-!eTpm1 pememrn 9TO

ro ypannemrn Pi(r) M0)KH0 paccM1npnna:r1, KaK noaMyu,emrn peme1mfi P1(r) = 
iL(k,,Lr)Yn1(f) ,rvrn ccpepwrec1rnro 11,n:pa (knL - co6cTJwnm,re 31m•rn1rnn no.11-

nonoro B(~KTOpa )lJHI llaHHOI'0 3Ua<JCHIUJ op6HTaJlhUOI'O M0MeHTa L). 

B aKCIH1JihHO-CHMMCTpH•IHOM 11,npe ( C 0CJ,IO CIIMl\teTJHlll Z) pememrn, 0TBC

'IaJOII~ne pa:.mbJM 31Hl'ICIUI1IM KB/UIT0BOI'O •me.mi i\1 = L; 6y,.ayT pacn~eJI.'1HThC.H 

no 3ueprm1 E:,u,,, = 11 hk~EM, I'.Ile u - CKopocTI> pacnpocTpauemrn noJUJJHt3a-

1~nom11,1x KOJJe6annfi. 

Hcn0Jn,3y11 mrrerpa.m,11y10 TeopeMy fpuua, MO)lmo nor<asaTb, •uo npn 

lol :s o.s 

k:?Ll\1 f IP1l2 dV ~ f I 'i7 P1l2dV: (23) 

1·<R(O) r<R(0) 

r,,1e R(0) - cpyHKIW1I, OIIHChUHlI0I{laH II0BCJ)XIIOCTI, Cq)ep011,na. 

)]:aunoe eooTHOllICIIl1(' 6b!JJO llCIIO.llh30Bano JVUI OllCIIKH ).J:Cq>opMclllHOHHOl'O 

pacn~eIIJICHHR HBr,.U:P, UBr,.U:P2 11 HBfKP. Ha np1mo;1,HMI,IX HIDKC pncy1max 

noKas,rno, KaK H3Me1rneTc11 oTnomeune 9Heprufi E;,LAJ / E,,L B 3anucnMoCTH OT 

ne.TI1Pmm,1 napaMeTpa ,n:eq>opMarum 6. ,D;n11 ncex paccM0Tperm1,1x K0.>1e6annfi 

BbIIIOJHrneTcR cooT11omenue I: M E;,Llif / L ~ E,.L npu -0.3 :s;; 6 :s;; 04, 'ITO cnu

;:i:wrem,(·rnyeT o pannoMepnoM pacupe;:i:eaemm ocrin.,,.1111Topnofi cuJ11.,1 no nceM 

J:/-Mo;.i:a:M pe301muca. 
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uf 1.6 

----i 
Ill 1.4 

1.2 

0.8 

0.6 

..().5 -0.4 -0.3 -0.2 -0.) 0 0.1 0.2 0.3 0.4 0.5 
0 

P11c.l. 0nmmenne 3uepn1l! noner>e•mofi n npoll,0J1hno'1 MQ!.\ Ko,1e6amm HBI:EU' ,i:.,1H pa:m1,1x 3Ha•ie111d\ 

napaMe-rpa KBa.npyno.rn,1101! Jle<popMa.u,.11n JUlpa li. Cm10uman Kpmian - pac•mr no <J:,opMy.1e (2:J). 

nrrpnxonaa Kp1rna11 - pac•mr [7, 8] 

lll=I.4 

---
Ill-! I.J 

1.2 

l.1 

0.9 

0.8 

0.7 

---------~ .,_, .... ' 

, ...... ,,,"· 

~-~~-~--~~~--~~~--~ 
-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 

0 
Puc.2. Orno111e11m• anepmfi nonepe•rnwx n npo,L\O,,hm,1x /\llllOJlhHhlX Ko,ie6a1111t! /J,.rrn HBI',llP2 (cnJ10111-

nan Kpunan)u HBI'JW (u1Tp11xona11 Kpnnaa) i;aK (pyHKllHH napaMeTpa ne(popMa.I(llll o. 

Ill 
~ J.2 

1.15 

l.1 

1.05 

0.95 

0.9 

0.85 

0.8 

......... ~ .... 

-0.3 -0.2 -0.l 0 

•.•. M=±2 

M=0 

0.1 0.2 0.3 0.4 0.5 
0 

Puc.:J. 3aBIICl!MOCTh OTIIOllleHJrn 3Heprnu H30BCKTO()llhlX KB3ll,PYII0.1lbHhlX Ko.1w6anuf! B C<pepoli.rlaJllr 

HOM H/.tpe (E') K 311epnm TaKHX Ko.1e6aunl1 B c<J:,epn•JecJ{OM HJlpe (E) 01' BCJll!'IIUH.d napaMeTpa ,'J,e

<J:,opMal(lf!{ /j )1;1JI pa3Hh!X :ma.•mnult npoeKI~l!II lJ,f op6HTaJll,IIOro MO~tel!Ta L. 

1G 

li 

[ 
i 
! 

B TpeTbeii: rJiaBe ,ILHCCepTau;mr Ollf!CbJBaeTC.H MCTO,IL OJJ,CHl(If KDa.IJ,pynoJib

nott ,n;ecpopMaJJ,Illl aTOMHhlX R.Il;Cp c IlOMOIILhIO r.rrn6a.rJhHOI'O OIJTH'JeCKOI'O IlOTen-

1,1rn.,,1a. 

<I>opMa JJJJ;epuott nouepxnoc-ru O1<a31,mae-r cyuiecruemrne B,'lfl}II!Ue ua 

c-rpyK-rypy rnraHTCKHX pe3omu1con. IlpH ee Teope-rw1ecKoM onucamm 061,Prno 

HCIIOJlh3YIOT O,ILHH H3 J~nyx IIOJJ;XOJ~OB: .rm6o nponoJ,RT Bhl'IUC.T!Clllrn cpe,n.Hero 

caMocor.imconanuoro noJw rnna C1mpMa-XapTpH-<i>o1m, Jm6o BBO,Il.HT IteKo

TOpMti MO.IJ,('.llbllhlti aUH3OTpOIIHbI:lt o60,)10'H''UlhI:lt IIOTen~mlJI II IH1XO,ILIIT pan

uouecny10 .r.wcl>OJ)Mll.I\JUO 11,Ilpa, MUHH.MJl3Hpy11 cyMMy OJJ,HO'IaC'I'lf'IHhJX ::nieprHtt 

nyK,lIOHOB EoJJ,n• 

B naC'rom1,el1 pa6o-re npu 1<oncTpy11pouamrn Ta.Korn noTeHI\HaJJa 3a ocnony 

6blJI m,16pana peam,HMI 'IaCTh rJ106a.1n,noro ccpepH'JeCKOI'O OIITH'ICCKOI'O UOTen-

1u-rn~1a H3 pa6m•1,1 [12], 3KCTpanoJrnponanuoro K cpe,n;neti 3Hepnm HyKno1m ua 

nonepxHocrn <I>epMH t ~ -8 !vfaB: 

Re[Vom(r, t)] = -U1(t)fi(r) + 4U2! dhl(r) l • s + ½,yn{r), 
r < r 

(24) 

I',ILe 1 
f;(r) = -1 +-ex-·p.,,....[(-r --R-,-;)/..,....a....,..;] (25) 

-- pa;.lml.llhHhle <l>opMcj)aKTop1,1 By,rica-CaKcona ;vrn 1viepuoro JI cn11n-

op611Ta.JH,noro B3aJIMO,IIeticTBHti (R; = r;.4113, i = 1,2), t,;_y,1 ......... KYJIOUODCKHit 

noTemiHa.JI pannoMepno 3apmKennoro mapa pa;.1;11yca RKy,1 ; U1(E'), U2, ri, r2, a1, 

a2, RKyn ----- napaMeTphr r.1106ru11,uott OJITil'IecKo:lt Mo,IIe.1.111 PananOJ)Ta. 

Ecmr TOJm,mm ,IImpcpymrnro c.r1011 n;.1,epuott mmepxnocTu Ma.Jia. no cpan

uemuo .c pa,IIHycoM 11,r.1,pa, To -rpanccpop1\H1.JlHIO mo6am,uoro ccpepU'JeCKoro no

TCHI(Ha..rra. (24) K r.TJo6aJII,UOMy cc})CJ)OHJJ;aJlbHOMY IIOTem,na.rry MO)KHO conep

lUHTb, 3aMen1rn ccj)epH'Iecr<utt KJJIOHOBCKHtl UOTeHI~IlaJI l/Ky.,(r) na UOTem,HaJI 

½,y.~(r,0) u nwrponm,re <IJOpMqmKTop1,1 /;(r) = {1 + exp[(r - R;)/a,]}-1 na. 

aIJH3OTf)OllHhie cj)opl\HpaKTOpbI 

];(r, 0) = {1 + exp[(r - R;(0))/i't;(0)]}-1 (26) 

c. co6.1m>J~enneM ycaonnii coxpauemur ofrheMa ,IIecpopMHpyel\roro noTemiHa.Jia u 

noc-ro11ucrna ero rpa,IIHCIITa ua R,IIepno:tl nonepxnocn1: 
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(grad f,);.=iW) = (grad /i);=R; = l:a~ . 
• 

(27) 

BbPIUC.lJCHHC 0,i]JIO'JaCTH'UlbIX COCTOHHliil ;:I..lJH ccpepon,IJ,a.TJhUOfO IlOTCHl].U-

am1 KOHC'IHOtt rJiy6IUibl IIJ)(',[l,CTaB.lJRCT, noo6m,e ronop11. CJIO)IUIYIO M,tTeMaTU

'lCCKYIO npo6.TJeMy. O,a,naKO IIJHl Bbl'IHCJICIIHII pannonecnott J.I.Cc})opMaUHH 1111:pa 

-rpe6y10TCJl T0JU,K0 3ano:me11UbIC (n 0CH0BH0M COCTORH11H) 0J.].HO'IaCTH'IIlbl(' op-

0UTaJm. 2ho - CBJ13aJHlbIC C0CT0JUilfR, II03T0MY HX M0)KU0 annpoKCH.MHpona:n, 

Kmie•rm,r.M ua6opoM cmnannr,1x opnmopMnponanm,,x cpymn:i.ntt. 

MM ucnom,3omwm npu ;1.narow1Jrn3a11.uu ccpepom:i.am,noro mo6n.rn,noro 

raMHJihT0Hmrna yce'ICilHbifi OCI.].UJIJIRTOpm,1tt 6a3HC ci>YHKI].Hlt Hum,ccoua [6]. 
Ma.KCI1l\-JclJlbHOC OCI].lfJIJIRTOpH0C 'IHCJlO No, npu K0TopoM o6pbIBaJICR 0a3HC, 

onpe;:i.e,JJHJIOCb yCJroBm'M No = N11a.,, + 6, r,11.e Nna:r - oc11.n:1JrnTopnoe 'IlICJIO 

llaJICHTHOfi O0OJIO'lKH 111].J)a. 

Pan11onecua11 )l.ecpopM,HJ.IUI 11;:i.pa. <5 onpe11.emwacr, no MUHHMYMY q)yur-,:11.nn 

A 

Eo,1u(c5) = I:si(J), (28) 
i=l 

l',l,].e E;(5) - Bbl'IHCJICHHl,I(' ::meprnu O,Il.H0'UlCTll'IHhIX COCTo.mnrtt n ccpepon;U1JU,-

H0M IIOTCIIl].llaJIC. 

,[J,annrur npoi:i.e;rypa urnopupye-r umrnnne na cpopMy R,Ilpa cnapuna:re.rn,m,1x 

(tt ;:i:pyrux) 0CTU:l'0'llibIX CH.I]. lfro6hJ J'ICCTJ, B Ka.Kofi-TO 1\tepe 3TOT 3cl)(pCKT, 

cyMMHponamre n (28) upoH3B()/].HJIOCh T,U<, 'lT06bl B0CII})0il3BO,LI.H.TIJICI, 3KCIH'JHI

MCUTa.m,m,1e 3Hcl'ICIIHH 'le'l'H0CTH 7r H cnnna J RJ].pa (npell,IIO.lJHl'cl.!'JOCh, 'ITO Il 

0CH0BH0M C0CT01Ull1H crnm J paneu cuoefi npoeKI].HH ua OCb CHMl\teTpHll JI/IJ)a 

K = I:7=1 n;). 
KouKpeTHl,lC paC'IeTbI II0Ka3hlllclIOT, 'ITO IIOCTpOCHHblfi fJIO0ll.HbUI,ltt ccl)e-

pon,Il.aJlbllhlfi U0TCHllflcl.!I MO)KCT 61,ITh C ycnexoM HCfIOJib30BclH ,[].JUI 01].CHKH 11e

cj>0pMal].HH R,LI.ep B 0CHOBHOM C0CTORHIIH Il IIIllpOK0M mn·epBaJIC 3Ha'IelUifi Mac

conoro ,mc.rra (10 :S _4 :S 240), JJKJIIO'Ja1I c<})epIPiecKue, nepcxo;i:m,1e H cm11,110 

Aecl>OJ)MHponamn,1e RJ\{Ja, OTO ItJIJIIOCTpttpyeT npHllOJ.].HMa.H HH)KC ne6om,mru1 

Ta6m1ua, r;1.e 1.·eopeTH'ICCKUe 3m1•1eunR napaMeTpa c5 cpanrurna10Tci1 c ero ouen

KHMH, Il3BJJ(''lCllllhlMH H3 .U.aIUH,IX 0 c:raTll'ICCKHX 1rna.u.pynoJihHhlX MOMCIITax Q 

HU3KO.JJC)IGUl].HX yponnefi Jl/ll'P-

18 

l ., 
!I 

I 
~ 
I 

' 

Ta6nnn;a. I<:na;.'I.pynom,naH .21.ecJ>0pMaiurn 1mep 

01iemm na.pa.Merpa J 
JT)ipo E»o'36, J" Q, dQ, ITO Q ,n:anna.H 

l\hB «l)M2 ¢M2 pa6ora 

un 0.00 3/2- • -1.07 0.03 0.498 0.276 
2-1Mg l.37 2+ -17.:l0 1.10 0.425 0.429 
2ssi 1.78 2+ 16.70 1.20 -0.326 -0.346 
32s 2.2:J 2+ -14.80 2.10 0.2:37 0.202 
:i.1s 0.00 3/2+ -7.40 1.40 -0.167 -0.118 

54Cr 0.83 2+ -21.00 8.00 0.172 0.235 
55Mn o.oo 5/2- 32.00 2.00 0.199 0.288 
56J,'e 0.85 2+ -21.00 8.00 0.156 0.201 
sssr 0.00 9/2+ 28.90 2.90 0.0(i2 0.071 
91 Zr 0.00 . 5/2+ -20.60 1.00 -0.061 -0.021 
umsn 0.00 5/2+ :ll.00 10.00 0.0G6 0.107 
l23Sb 0.00 7/2+ -49.00 5.00 -0.072 -0.055 
rnsxe 0.00 3/2+ 21.40 0.70 0.065 0.092 
146Nd 0.45 2+ -78.00 9.00 0.142 0.141 
1s9Eu 0.00 5/2+ 266.00 30.00 0.350 0.2!)8 
wocd 0.08 2+ -208.00 4.00 0.335 0.296 
rnsu0 0.00 7/2- :m.oo :M.00 0.lll3 0.299 
1s2Ta 0.00 3- 260.00 30.00 0.2::11 0.221 
18/lW 0.12 2+ -160.00 ao.oo 0.202 0.181 
l85pt 0.00 9/2+ 385.00 50.00 0.242 0.25:J 
229Ra 0.00 5/2+ 310.00 20.00 0.22!) 0.178 
23su 0.00 112- 457.00 161.00 0.243 0.24(i 

241Am 0.00 5/2- :iso.oo 120.00 0.251 0.252 

B ~ieTnepToit rnane ,n;ttcceprn1.~1-m c})opMy:rnpyerc11 KoM61rnttpomnrnan 

1\10).J.CJU, cpoTOHJKJIOHHbIX pearumtt (KMc])P). 

Ilpu omrcarnm MU0)I(CCTBCHHblX cJ>oTOHYKJIOHHblX pea1u1rrtt Ha cpe,I].HHX II. 

TJDKCJibIX }I,i].pax II HaCT0JUUett pa6oTe UCII0.llh3YCTCJI IlJ)!;'.11.lIOJIO)KCHHe Bopa, co

r.JiaCH0 KOTOpOMY llJJ.CpHUC pea1nurn Mory-r fo,ITh np116.1JH)KCJJHO pa36IITbl na 

1113€' HC3aBHCI1Mhie CTa,1].Ull: o6pa30BaHHC coc:ramwtt ClfCTCMhl J-l pacna;:i: 3T0fi CH

CTCMbl Ha np0JJYKThl peaKUIIH. TaKHM o6pa30M, 'IT06hl ormcan, pa3Jllf'UlbIC 

cpOTOHYKilOHUbIC pea1nim1, B03HHKaIOU].HC npH IIOI'JJOII].CHlUl JIJJ.P0M c})OTO!Hl C 

3Ueprnett E,. neo6XO,llU1\IO: 1) Bhl'IHCJU1Tb CC'IeHm• cl>OTOUOI'JlOII.J:CHHH O'nor(E,) 

H 2) paCCM0TpCTb B03MO)KHl>Ie rrpOI].CCCbl 9MHCCl1U ny1rnOHOB npn ;1:auuofi 3Hep

I'HH uo36y)I(lJ:CHIUI JI;:i:pa-MHIIICHH. 

B ,u.ttccernaI~HH ;:i:.1rn pememrn 3THX 3aJJ.a'J ncno.1Jr,3yeTcJ1 KOM6mrnponannaR 

Mo;1.eJ11, <1>0-rouyKs101rnMx peaKunfi (KM<I>P), KOTopa11 mWJO'IaCT u cefo,: 1) 

I!) 



paccl\toTpe1my10 pauee noJ1yl\111KpocKonwrecKy10 Mo,u_em, Ko.Jie6amd1 (IIMK), 2) 

KBa3H)l,CtiTponnym M0,llt'Jlh cl>oTOIIOI'JIOII~emrn: (K,IJ;M), 3) :-.lKCilTOHUYIO M0J~em, 

(3M) .ll 4) ncrrnpmeJ11,11y10 Mo,r~eJib (HM). 

t.Ien,rpe cocTanJunomne KM<DP oxBa:n,ma.mT Bee CTaJlH.ll ¢0TonyKJ1onnott 

peaKr~nu: OT IIOIVIOll.WIIH.!l 1-1rnaina AO BblJICTa uyKJIOlia. O~1.uaim UJ)0CT0C MC

xanu'leCK0(' o6'l,C,LI.HHCH.llC 9TIIX MO,[l('JJeti IteB03M0)Kll0. Ilpc)K,11,C neo6xo,u_uMO 

penmTh Tpu npo6sJCM1>1: ouemrrh 11.mpnnh1 rP, om1c1,maeMhIX IIMK, 6e3 'ICro 

HCB03M0)KH0 II0CTpOHTb na nx OCH0BC ce•rnmrn cpoTOIIOI'JIOlll,Cmrn; 3c1TCM ua,[lo 

Y'ICCTb B pa.MKax 9KCHTOHHOtt H ncnapitTCJJbHO.fi MO,lWJIH H30CIIHII0BbIC 9cp¢eK

Tbl, 'ITO urpaeT cy1necTBCimy10 poJih npu om1camrn cl)oTonpoTonnoro KamtJia 

pea.Kl\UH B o6JJaCT.ll r,n;P lf, llllK0Ht'll,, Hc1,Il0 cor.nacoua:n, K0J'I.lICKTlUlHblC acrwK

Tbl BX0JJ,Uh!X lplh-)],llIIOJlbHbIX COCTO.HHHfi co CHl:THCTlf'ICCKHM xapaKTCJ)0M 9K

CHTOHJIOtl: M0,LI.CJIH npe,LI.pannonccnoro pacna;:i_a, 6Jiaro,11,ap.n 'ICMY no1m.TIHCTCH 

no3MO:iKH0CTb ncnoJJh30Ba:rh l{M<DP ;vrn orrncamrn cl)0Topa.cmem1eu.1u1 9K30T;t

'IeCKHX Jl,ll,('J), ,[laJl('KIIX OT U0JIOCbl /1-cTa6.llJlhHOCTU. IlocJie pememUJ 9T.llX npo-

6.r1eM no.ny•rneTc.n MOJJ,e.111, c ymHtm1.~nponaum,1M na6opoM napaMeTpon, u3n,r1e-

1u1eMhIX 113 rmpaMeTpon C0C'HtBJI.HIOllllfX C(' KO.MII0HCHT, Il03B0,llJUOlll<1}I 0IIHChI

nan, .MHO)KCCTBCllllbie cpOTOHYKJJOl!Hbie peaKIU1H na CpCJl,HHX lf T1DKCJlhlX 1mpax 

B 9UepreTU'l('CKOfi o6JiaCTH IUUKC nopora f)O)K,LJ,emrn l\te30H0B. 

Ilomroe ce<ieuue clJ0Tonor.11011(eunH onpe,L1.eJUIJroc1>, KaK cyMMa Ct'."Ienntt rP, 

KOTOpbIC annpoKCHMHpona.1rncb :ropeuuenbll\llf KpHHhll\IH, lf CC'Iel!H.!l KBa3.ll.I(Cfi

Tpouuoro q>OTOUOI'JIOII.J,Cmrn. 

lllnpmn,I rP onpC)\C.JIH.iJHCb C Il0J\1011.1,hIO 9KCHTOHHOfi J\10,Ll.('Jlll. 

,/:LJUI HBI',Il;P no:1y•1ena noJIJ9l\Uinpu•wc1G111 cl>opMyJm, J'lllThmamn.1,aH 

YMCHbllICHm• na nepmpepnn H.I(pa ll,TIOTHOCTH 2p2h-coCTOHHHfi, na KOTOpbIC MO

)KeT pacnaJJ,a.'l'hCH J..llHJOJihH0C B036y)K)],CIUie: 

[ 
12 22] 22 2 , I';.,m ~ 0.0293 1- 3,(1 + 7r"' /3)/(1 + 7r () /(1 + 7r' )E,ann• NfaB, (29) 

I'.lW (=a/ Ro, a~ 0.55 <DM 11 Ro~ 1.07-4-1
/

3 <DM. 

Kua3H}],efiTponna.H J\10/J.e.rn, cl>OTOIIOI'JIOlllCHIUI. 

Ilpu E7 ~ 40 !vfaB na•rn1mcr A0J\nurnpouan, Mcxam13M Knamljletl:Tpou

uoro ( 1{,IJ;) cl)oTonorJIOIIlemrn. Mo;.1,CJih 9Toro npouecca unepBhJC 61,IJia. pa3-
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pa6oTana ,TlcmnDKepo.M [l]. B KM<DP ucno:11,3yeTCH yconepmeuC'rnonaHm,1ti 

napmHIT 9TOti MO.I(t'.JIH [13], H K0TOpOM B paMKax M0,l(CJIH cpepl\rn-rroa Y'ITCH0 

BJUIHUHe 6.110Kmir-9cl)(l>cKTa Ilaym1 11a no36Y)KJ.1,enne 1<0ppeJrnponannott npoTon

uefiTpouuott napr,1 nnyTpn H,LI,pa. 

3KCl1TOlllH111 lf ucnapHTt'JlhHRH J\10,I(('JJU. 

Ilpol.\CCC ncnycKamrn cl>OTOHYKJIOHOB .ll3 cpe.I(HllX II TJI)KCJlblX H.I(Cp MO:iKHO 

np116.1rn311TeJibHO pa36HTb Ha ,n;ne CTa,I(HH: npe,Ilpa.nnoBecuyIO 11 UCIHlJ)UTC.fibHYI0. 

Ha npe.I(pannonecnotl crn,11:rm ocnonuym po.Tlb urpaIOT npo11,eccb1 ,u_ucc11-

nar.1,m1 9Hepruu B036J:iK,ll,CHIUI 1l;lpa 3a C'ICT pO)K)~CH.llH nee H0BI,IX .ll 110-

BblX 'HlCTll'lHO-}l,hIJ)0'lllbl'.' nap II 9J\1IlCCIU1 nyKJIOH0B 113 npoMC)KYT0'lllbIX m-

9KCIITOHHblX COCTO.HHHfi. B KOHC'UIOM C'ICTe Bt'J>0.HTHOCTH pO)K,Ilemrn .ll amm

l'UJl11l.l,HU nap ypanuonennmaIOTCJI H Jrn6o n HCXOJ\HOM, JIII6o B OJ.l,H0M H3 OCTa

TO'lHblX ,HJ.1,Cp ycTaHaBJIHBaeTCJI TCII,10130C pamIOBCC.llC, II0CJJe 'ICl'O na•rnnaeTCJI 

np01 . .1,ecc ncuapeuttH nyKJIOHOB, K0Top1,1fi MmKeT 61,n1, onncan n pal\m.ax ucna

fHITem,nofi MOJ\em,. 

Ilpe;.q>a1monecnan 9Muccu.n nyKJJOnon cxoJUfT na neT 3a}l,om·o ;.w ycTauo

BJieHn.a pamrnuec1rn II09T0MY npn ee onncmmtt MhI 6y;..leM npene6pera:n, o6pa:r

HblMH (m ➔ m - 2) nepexo.I(al\m, CB113aJIHhll\IH C ammrUJUll(HCfi 'lllCTlf'IHO

l..lblp0'IHblX nap. 

BcJI(',ll,CTBHC 9MUCC11H HYKJIOH0B 9KC.llTOIIHhJ(' COCT0JIHIUI o6pa~lYIOTCJl B pa.3-

JlHLIHhIX 11,11,pax. Bne,LI.eM •rncJm dp, dn, YKa31>rna101nne CKOJihK0 npe,r~pannoncc

HhIX npOTOHOB H nefiTpOHOB Bb!JICTCJIO H3 11,LI.pa-J\J.lllllCHH { z, N} Jl,0 Toro, KaK 

B03HHKJIO m-9KCIITOHH0C C0CTO.lUI.HC C 9Hepruetl B036y.>KJJ,emrn u. II o6o3Ha'IUJ\1 

'1Cl)C3 P(U; dp, dn, m) - mroTnocTh nepoHTHOCTH 06p,13onamrn TaKoro cocTo

murn. 

Il:rnTnocTH nepo1ITHOCTII P(U; dp1 dn, rn) MO:iKHo Bhl'IHCJ111Tb, ttcnoJib3YH 

peKyppeunroe COOTHOllIE.'HIIC, KOTopoe CB1l3hIBaCT nx C nepOHTHOCTJll\fH o6pa-

30Bamrn 3KCllT0HHbIX cocT01m11tl: na 6oJiee pammx CTaJJ,HHX npeJJ,pannonecuoro 

np011,ecca. B 9TOM cooTnomennn Hcno.r11,3yeTc11 061,puu,ie clmpMy.11,1 [14] }l,JIJI 

IW0THOCT.11 ncpoHTHOCTII pacn~1.a. B t'Jl,lUIHIJ:..V BJ)CMCHH m-3KCHT0HHOI'0 COCTOJI

mrn C HCIIJCKaH.llCM nyK,lJOJia nma /.; (npoTOH/1 mm ucttrpo1ia) C Kllllt'TH1WCKOtl. 
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a1wprneti E = E- U - B1,(dp,dn): 

(
C' _. . ) _ 2s+l - oop("'" w(U; dp + okp,dn + <51,,11 ,m-l) . 

>..1,,~,E,dp,dn,m - 2h,1 Jtcak ~,dp,dn) (Edd ) ,(30) 
'IT' • w ; p, n,m 

n .IJ:JUI c1wpocTu nnyrprrn,nepnhIX nepexo.r:i:on m ➔ m + 2: 

hI'.t,(E; dp, dn, m) = 2'1l'M2 w+(E; dp, dn, m) (31) 

(rt(E; dp, dn, m) - crrpe,TJ,onan mupnna cocro1IHHH IE, dp, dn, rn) ). 

Hcnap1ue.JJbHble npoI~CCCbl paccM,l'l'JH!UaJiltCb B pm.max MO,IIeJm 

Batic1rnrnpa-8mrna c IIJIOTHocTm,m yponneti w(E; dp, dn), ,nanaeMbIMH KOM

IJ03HI\HOHUoti <popMy.110ti r11m,6epTa H KaMepoua [15], ('IlOJUIIIl('fiCJI npn 

MaJIMX aneprnax no36y;.K,n;ermH a,1pa K <l)opMy.rre ,n.JJH nocro1mnoti 11,1.wpuofi 

TeMnepaTypbl H IIPH 6oJiblUHX ,meprnnx B036y)K,llCHIUI K <pCpMn-ra."JOBOfi 

<l)YHKllIIli. 

<DyuK11nu '.P(U; dp, dn), om1c1,ma10n111e IIJIOTHOCTb nepOHTHOCTII JIOCTH:iKe

mrn pannonecuoro cocTonmrn n n11,pe {Z -dp,N - dn} npu anepruu U, MoryT 

6blTh uafi,n:euhl c IlOMOill;hIO peKyppeHTHoro COOTHOUICHIUI, ana.JIOI'li'IHOI'O COOT

HOIIICJUIIO ,r:i;Jrn <l)YHKI\Ufi P(U; dp, dn, rn). 

Hcnom,3y1r <l)YlIKlIUH P(U; dp, dn, m) U '.P(U; dp, dn) MO)KJIO paCC'IHTaTb 

TaKHC xapaKTepHCTHKU <pOTopacn1em1emrn Jl,I]_pa, KaK <l)OTOHflOIOJJHI,I(' peaK-

11m1 c 11cnycKanneM np01nnom,noro •mc.11a nyK.JJonon :n npomnerp:nponanm,re 

no yrJIY auepreTU'IeCKllC cneKTJ)hl <pOTOHyK,llOHOD, a T,llOKC pa:.vrt•JIIITh llKJiaJlbI, 

o6yC,JIOBJICIIHbIC npe;ipaiHJOB('CHbIMU II ncuapHTCJlbllbll\111 npo11ecc,nm. 

Y•reT H30CIIHHOBbIX ~ct)<t)eKTOD 

Ilp11 paccMoTpenmr I',D;P-Kana.JJa <l)oTonyK.JJonn1,1x pea1uu1t1: ueo6xo,nn1110 

y•mTbIBaTb nmunme u3ocnnnonr,1x 9<l)(l)eKTon, TaK KaK T>-KOMIIOJieHTa I')];P 

pacna,naeTCJI upeUMYIIICCTHenuo nyTeM :ncnycKaHHR npoTOHOll. 

Ifaocrumon1,1c 9<l)c})eKTI>l MoryT 6r,1T1, Y'ITeHhI nyTeM Mo,1,mlHm:a11un ,n:.JJH 

netl:Tponnoro T> -Kam1.na peaKilitu nJioTuocTefi 9KCHTOHIIbIX (w(U; dp, dn, m)) 

:n nom11,1x ( w(U; dp, dn)) cocT011uuli Kone•moro JI,TJ.pa, 06pa3y1on1erocR nociIC 

m,i.rrnTa ny1wona, c noMOII\hIO 3aMe11r,1 U ➔ U - Lir( dp, dn), r:u.e Lir( dp, dn) -

9neprun no36pK,n;eunn nepnoro ypomrn R,npa { Z - dp, N - dn} c H."JocnnuoM 

na e,numuzy 6om,me, 'ICM H30CIIHH OCHOBHOI'O ('OCTOJIHHJI 9TOro 11µpa. 
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~anm,1e 3al\it'Hbl II031lO.lUUOT y<ICCTh YMCHbIUeuue IIJIOTHOCT(•ti T> -

CO(TOHllllfi no cpanneHHIO C IIO.JJHblMH llJIOTUOCTHl\lU 3a c<JCT HX 9HepreTil'IC

CKOfO C,ll;Bllra BllCJ)X 11a nc:m•nrny ~ ilT(dp, dn). 3aMCTUM, 'ITO 11eo6xo,nUMO 

H3MCIIHTb TOJlbKO IWOTUOCTII KOU(''HlbIX ('0CT01fllHli, TaK KaK 11 HCliTpOHHOl\1 

T;:,,-1<aua:1e peaK1111u mrnTnocTu ml'I,WibllbIX cocTOJrnnil u ce•rcuue a;:6P(c; dp, dn) 

YMCllblUaIOTC1l B o,n:nna.Konotl: Mepe no cpaBHCHI1lO e ux JIOJIHbll\tn 3JJa<JCHHJfMU. 

Bmrnnne 113ocnuHon1,1x 9<lJ<l)eKTon m1mocTJmpyeT p11c. 4. 

'§ 100 t 48ca 
t:) 80 

(y,n) 

60 

40 

20 a 
0 

25 
(y,p) 

20 
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10 

5 6 

0 5 10 15 20 25 30 35 40 

I;, M3B 
Pnc. 4. Pac•1eT CC'!el!Hll pea.KI~nll ( 'Y' ll) H (~r' p) /l./111 Hi~pa 48Ca C Y'!eTOM ( Cll.1IOIIIIIUC KJ>HBUC) n 6e:3 

Y'ICTa (UITpHXOBl,le K(>l!Bl,Je) 11onpa110K Ha ll30CIIIIHOBl,!e 9(1:>cl:>eKTbl. 3KcnepHMCHT - [Hi), 

'Y'H'T KOJI.JJCKTUBllblX 9<p<l)CKTOB 

Ko.rweKTUllHbIC ,IJ:HIIOJlhllhIC COCTOJUUUI CHJlbHO B3HHM()JieticTBYIOT C 1m6pa

IIIUIMH' 11,nepnoil IIOBCpXHOCTii, B pe3yJibT,lTC •1ero onn pacna):J;aIOTCJI B OCHOB

HOM ua KO.'JJI('KTUBHblC 2p2h-COCTOHHU1l Tmm "J~IHJO.JJhllbltl: <pOHOH + nonepx

HOCTIIhifi KnaJJ:pynoJlhllhitl: qJonon". 2ho llJ)llBO,UHT K TOMY, 'ITO n lH\'laJlb

HbIX nuyTp1rn,nep111,1x nepexoJiax MaKcuMa.i'I1>Ha.H anepnrn pacceunaiomeficn <ra

cTm~1,1 :n.JJn ,n1,1pKU yMen1>maeTcH (no cpanuemuo c aneprm•li no36y;,1memrn 

E) na llC.JJfJtllllIY KOJIJJeKTHHHOI'O ,Tl;UIIOJibHOI'O c,11,nura il1wm1, 1ITO llbl3hIBaeT 

yMcu1,menne cnpe,n;onoii 1m1pmu,1 ,nnnom,noro cocTOJIHHH (cM. <l)OPMJ.;'ly (31)). 

Y 'HlTbll3aJI, •ITO creneHb KOJIJICKTUB113cUl;flli BXOJJ;HOI'O lplh-cocTOJJJHIJI nocTe-
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neuno na;iaeT no Mepe y.ll,a.Tie1rn11 oT MaKcHMyMa pe3onanca, npm,1epuo, 1rnK 

R(E) = CTi;up(E)/CTr,rw(E;1nn), noJIY'IHM cmvzyronzyro ouenKy .ll,.TJJI cnpe,rr,onoi1 

urnpIIHhI nxo.ll,uoro lplh-cocToRmrn 

r+(E;0,0,2) = 2riM2w+(E-R(E)~KOJl,1;0,0,2). (32) 

Ko.rr.rreKTHBII3arurn nxo;.vmrx lplh-cocromrntt cyu~ecrnenno cmnKaeT BhI

xo,1.~ MlIOro•iar:rH'IHhlX cpoTOHYKJIOHHhIX peaKI.~Ufi B o6Jiac:ru IJBrLJ;P ,n;Jrn m:i;ep 

;:i;a.neKIIX OT II0JIOChI /J-C'ra611m,uocTJI. 

B 1u1Toii rnaae ,ru1cceprauIIn KM<I>P 61,ma ncnoJI1>3oBaua .ll,Jrn IIcc,rn,rr,o

Bamrn oco6emroereti cporonyKJIOHUI,IX peaK1~uti ua cpe;~m1x H nDKC.!If>IX 1u.i:pax 

ll :iuepreTH'Jt'CK0l\I IIHTepBa.rie OT uyK.TI0IIHOI'0 nopora .ll.O nopom pO)K.ll,CHH.ff MC-

30II0B. 

Ilpone,rr,euo cpamrn1rne BbI'UfCJICHHblX II 9KCIICJ)UMt'HTaJll>UbIX qJOTOHYKJIOH

HhIX ce•telIHtt JVUI npe,rr,eramITCJibIIOfi BI,r6opKU m~ep c 40 ~ A :::;; 235. ,l);.TIJI Ka

)K)J;0ro H3 pacCM0TJ)CHHhIX 11,TJ:CP IIJ)UBC.ll,CHhl naIJ6o.rree 3na<JHMJ,Ie BJ,I'JIJCJICHHI,Je 

ce•ienIIR B 9HepreTH'JecKoM HHTepnaJ1e 7 ;$ E, ;$ 140 lvfoB. B1,mom1eno uecrwm,

K0 pac•-ICT0B npomnerpnponaum,1x no yrJIY qJOTOIIpOTOHHbIX II q>OTOHCfi'I'pOH

HbIX ,rneprenPICCKUX CIICKT})0B C YKa3alllH.'M BKJJa,I(a B HHX ncnapwreJII,HhIX H 

npe,r~panuonecm,rx •mcnn~. Ilpu m-1.11wnm :1Kcnepm,teHTaJibHhIX Jlaum,1x npono

llHJI0Ch cpanuemre BI,I<JHC.rJeIIHbIX II Teopenl'H\CKHX cm·KTpon. 

Oocy)KJ.{CHHC pe3JJihTa'f0H pa(''rnT0B l1JJ.,1fOCTpIIpJIOT 47 pucy1m:ou H 0,IllHt 

Ta6Jrnua. 

Bmuume neJm•nm1,1 Hettrpomrnro JI30hITKa. 

t{'l'O0bI npoCJIC,ll,HTI,, l{al( MCHRJOTCJI xapaKTt'J)HbIC oco6ennocTH pa3JUJ'I

HhIX <})OTOHYI{JIOHHJ,IX ce<JeJIHfi npu nepexo;.~e o·r uettTponuo-.u:e<t>HI(HTHhlX K 

uett'rpouuo-U30blTO'·IIlhI.l\I 11.u:paM, 6UJIH IH,l'IHCJJ('IlhI q>OTOUJKJIOHHbIC ce•ICHHJI 

n :11rnpreTH'ICCK0M mrrepna..rre 2 $ E..r :::;; 140 M9B ,U:Jrn ncex H30Tonon o.r10na 

( 101 - 135Sn), ,U:Jrn J(OT0J)b!X H3BeCTilhI noporn 0'.I)lC.iICHHJ[ npoT0U0B H ue:fiTpOHOB. 

KaK OTM(''i/1.!IOCb panee, .u:.rrn R.ll,ep ,u:a;1eKUX OT Il0JIOCbl ,[:l-cTa0U.;1bHOCTH 

na21mo Y'JHTJ,IBUTI, IW.'JJICKTHBIIYIO npup0,IlY nxo,ru10ro ,rumom,uoro C0CT0.HlIHJI. 

3To n.rrmocTpttpyeT pnc. 5. 
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Puc. 5. Bmuurne K0JJ,1eKTHBm,1x acj,cj,e.r-roa ua proy,,hTl'tTI,i pac,1eTa ce,1emrn peaK!(Hn (1,, 2n) + 
(;,2n+p) A-'Ul 1130TOIIO!l O.'!Olla c A== 112, 116, 120, 124, 128, 132. Crmomnan Kf)HBan - paC'fCl' c 

Y'-!Cl'OM KOJ!Jlt'!a'Ulll!blX ::Jcj,cpeKl'OB, UITpllXOBan - 6e3 Y'R•ra. lHHX aq,q>eKTOII, 
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KaK BH,IJ,HO 113 wroro pncymrn, npn yneJJH<JCUHH HCfiTJ)OHHOro H36bITKa MaK

CIIMYM ce<JCJIHR peaKu1m ('y, 2n) + ( 1, 2n+p) c71,nuraeTcR n cropouy MaKCHMyMa 

I')l;P, 'ITO IIJ)l1BO,IJ,HT K llepeOI.1,CllKC BMXOr'la 3TOfi pea!Ul,HH, CC.JHI He Y'IHTbIBaIOTCR 

KO,lIJH~KTHllHJ,l(' cnoikTna BXOJJ,HOro ;umom,noro COCTO.HHHR. 
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Puc. 6. 3an11cHMOCTI, mnerpa.'11,n1,1x ce•rn1mfl cr.,.T('y,p), cr.,.T('y, n) 11 CJ)('.'nmx •mce.JJ ucnycKaeMux 

<j)OTouy,rnonon s,,, 5rn, BI,i'IHC.llt'lllll,IX.n.,'lH 311CpreTH'feCKOJ'O lllUX'plla.'la E-, = 0-30 '1-.·hB, OT Mi1CCOB01'() 

'IIICJJa .4 U30TOna OJIOBa. a: 110,llllOe <POTO!IJ)Ol'OIIHOC lll!'rerpa.'JbllOC ce•rnum•, 6: HOJll!Oe 'POTOHell:Tpou

HOe mnerpa.·u,noe ce•1enue, n: cpe;.ume •1m·;m HcnycKaeMux npoTonos, r: qwJJ,11ee •mc,'lo ucnyn:aeMux 

nefiTJ)OIIO!l. CHJIOUJHan K[>!Ulail - IIO,'lHM llCJIH'U!Ha; TO'!e'IHaJ! i;pnnaJI •..... llKJia;J., o6yc,'lOB.lleI-lllhlfi 

paena;!IOM 1> -1-0MIIOHCHTbl I'):J:P. 

2(; 

Ha puc. 6. llOKa.'JaHO, KaK H3MCfUIIOTC.H C yHeJIH'ICllH('M MclCCOBOI'O •mc...rm 

OJIOUa IlOJlllhIC ci>OTOIIpOTOHIU,Ie n ci>oTOIICtiTJ)OI!llhIC HIITerpa..rthllhIC CC'leillUI n 

cpeJJ,IIHC 'IHCJta ucnyc1rneM1>1X B peaKl],llH npoTOIIOU II ll('t\Tpouon, BhPHlC..'IeHHblC 

JJ..irn 3HepreTH'ICCKoro mnepBa..rta K, = 0-30 1faB. 

l{aK c.rre;zyeT H3 3Toro pncymrn; npn <p0Topacn(en.1rnuuu 1130-ronon Sn c 

60.TJ.hlIIllM AC<pHI.(UTOM uefiTponou H3-3a Ma.JIOCTI1 npoTOl!HblX uoporon ,l.l,OMUHli

pyeT, HCCMOTJl.U Ha IIOJJ,aUJUIIOI.11,HTl acpcpeKT KJJIOHOUCKOI'O 6ap1,epa, IIpOTOHHbitl: 

KcllHhll pacna.rr,a. C ,l.l,pyrofi CTOJ)Ollhl, B .H.rr,pax c 6oJihlIIHM Il36bITKOM HefiTpOHOB, 

HMCIOII(IIX HH3KUC noporu 0Tjl,C.11CllHR uet\'rpouou, pe3KO B03pacTaCT CJ)Cjl,H('C <rn

CJIO nefi-rponon, ncIIycKae~11,1x 3a OJJ.HH aKT peaK1(nu. To•rn•rnhrn Kpmn,1e ua pu

cym<e YKa3hIBcllOT BKJHl,IJ, npol(CCCOU, Cfl1!3aHHI,IX C pacnaJJ,OM T> -KOMIIOHCHThl 

~JJ;P. B11.rr,110, •no :ma•rnTCJlbUa11 <men, npo-rornrnro BhIX0;1,a 06yc.110H.11eua pa.c

na,11,oM T> -KOMIIOHCUThI I';IJ;P. 2ho l'OBOJ)HT O Bcl-)KHOCTH Y'ICTa H30CIIHHOBblX 

3(j)(pCKTOB npH om1ca1nm npoTOIIHOl'O Kana.na peaKIJ,HH. 
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PHC, 7. Bhl'UICJIE'llllLIC <j)OTOII(>OTOl!llhlC CIICKT[>U, llCHYCKaCMUe ll,LJ,J)a!IH 102311, 118Sn U 13·1Sn Upll 

OOJ!y<ICHUH HX ;-KllallTaMll C 9Hepmel! E-y = 30 n-hB. Cn."JOUlllaJI KpllllM - uom11,1l! cneKTP, lilTpHX-

HYHKTHpHaJI ··-- ncnap1ne.m,11a.H l<OMHOIICHTa. CllCl{Tpa, !UTpHXOBM - UI<.,"Jal\ nepnoro npe,!!,paBJIOllCC

HOl'O npo1·0Ha. £ - 3Hepnrn ncnynrn.eMOI'() nporona. 
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e,M3B 
P11c. 8. 81,Pm<:.l!emu,IC c)mnmet!Tpomn,IC CITCKTphl, 1-ICTIYC:Ka('Ml,IC ll.npaMn 102S11, 118Sn 11 134Sn npn 

06.rry,iemm ux -y-1rnaU'raMn c auepruel! B-, = 30 Mal3. ToJJcTaJI c11J1om11aH 1qmnan ·-- no,;mMfi cneKTp, 

1111JlltXf!YIIK'rHpl!an - 1-!Cl!aptt'l'CJlhHaJI J{OM!IOIICH'.ra. cm,KTpa, lllTf)IIXOBa.JI - Ul(,.'lll,l.\ nepnoro npe,n.

pa.nuonecnoro uel!Tpona, To•-1e•-maH - nK,JaJl nToporo npe,!lpa.n11onen10ro 11eitTpo11a. o - '.:lnepriu1 

ucnycKae~mro nel!Tpoua.. 

Ha JHf('.7 n 8 noKa.3ano, Ka.K MeIUICTC.H 3HeJ.>rCTlf'f{'CKHli crreKrp ucnyc

KaCMhIX IIJ)OTOHOB 11 nettTpOIIOB npn ncpeXOJlC OT uettTpOHIIO-.llCCpm.~nTHhfX K 

uettTpOUIIO-H30hITO'IHI,IM H30TOIIaM O.Jiona.. Bu;:r:no, 'ITO C pOCTOM uefiTpouuo

ro H30hITKa nopor 01';.'l;CJiemrn npoTOlia yne.JIJl'IHBaCTCH JI fIJ)OHCXOJlH'I' OhlCTpoe 

YMCHhmerme <UJCJia ncnycKaCMh!X IIJ)OTOHOB (n OCHOBHOM 3a C'ICT ucnap1INH,IX 

•racnm). ,IJ;.1rn uefiTpOHOB HaOJIIO,I{aeTCR 06pan1ru1 TCH,11,CHIUUI. 3aMCTHM Cllle, 

'ITO BhICOK03HCprIPUJaR 'IaCTb CUCKTpOB 06yc.1IOD.1ICHa ucnycrrnuueM nepnwrnott 

npe;lf)aBHOBCCHOfi 'laCTIHlhl. 

BhI'Uf('Jll)lflJbie H 3KCIWpHMCHTcl,HhlU,Ie <t>oTOHJKJIOllllble Ce'-IClfH.H. 

Ilpu ucnoJib30narmu H3BCCTHhIX nporpaMM GNASH u TALYS no3HHKamT 

CCpbe3UJ,Ie TPY)lHOCTH IlpH ormcaHHH <f>OTOIIl)OTOHHOI'O KaHclJia. peaKI.l;IIU, Tai( 

KaK B 3THX rrporpaMMax HC Y'-IllTbUlaIOTCJI li30CUIUIOBbIC 3q)(J)CKTbl n 06.rrncrn 

IIBI',[(P. IloaToMy 61,mo oco6cHuo mncpecuo nponecTn cpaBHCIIHC 3Kcnep11-

MCHTaJibH1>JX n UhPIHCJICHHI>IX (B paMKax KM$P) <lJOTonpoT01mMx ce•reuutt. 
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P11r. 9. Ce•mmie pearni,1111 (r,p) rra llAPC 90Zr. 8KC!Il'pllMCHT: cBeTJU,!C KPYMKII [17], TCMlll,JC Kpy,KKII 

(18), KBa,ll,paTIII(U C ropH3O11TaJll,JILIMII omu6J<a-MII [19]. Teopllll: CIJJIOIIIHMI Kpuna11 -11O,moe ce•ierme, 
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TO'l("!Ha.Jl - BKJlaJ( HBI'KP. 
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Pnc. 10. Ce'-1e11m, pea.Kl.(1111 (r,p) ua Jl.rlP(' 142Nd. 3KcnepuMeH'r: [20]. TeopuH: rnJ1O111na.JI Kpmia.n 
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Pnc. 11. Ce•renne peaimnn (-r,p) ,u.,1JI n..,:pa. 208Pb. 8KcrrepuMe11T: [21). Teop11JI: To,1nrur c1mo11111a11 

Kpnnrur - JlOJIHOC ce•1erme; TOHJ(IIC Kpl!B!,JC, IIITpHXIIYHI,IHplla.Jl - BJ<Jla,[( T<-l{OMIJOH(,HTl,I lfBI',11,P, 

nnpuxoaan - nI<.'laJ.l T>-KOMHOJICHThl HBI',IJ,P, TO'·Ie'IHaJI - m,,1a,a IJBI'KP II cm1011111ru1 - nKJ1a,t:1 

rmr:rw2. 
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KaK BU,IUIO H3 pnc. 9-11, na6.TJIO,LI.aeTC11 Y.llOBJieTBOplITC,1hHOe cor.,,ac11e 

3KcnepHMCIITa,TJbHhIX H Hhl'IHCJICHHI,JX ce•1e1rnfi peaKI(IIH (,,p) B umpo1wfi Mac

couofi o6Jmcnr. B11,n:no TaK:,Ke, •no c pocToM Macconoro 'lHCJia A HKJia,I( B 3To 

CC'JeUUe T<-KOMJIOHCHTbI r,n:P TIOCTCJICIIIIO yMem,maeTCJJ. 9KcnepHMCIJTa.m,noe 

ce•rn1me 208Pb(1 ,p) o6uapy)KmmeT p.a,n: cTpJKTYIHU,IX oco6ennocTefi n 311ep

reTH'ICCKott o6JTaCTil 20-35 :tvfaB, B 'HlCTHOCTH, 'JCTKO Ilf,Ipa)KC!Ull,Ifi IU1K npu 

3Hepnrn E, ~ 25 ?vfoB, K0Top1,1tt airrop1,1 pa6on,I [21] mrrepnpeTnpona.rm KaK 

T>-KoMnom•nTy HBf)],P. Ilpone;1,em11,1fi pac'JCT noKa'.lhmaeT, 'll'O 11a6mo;1,ael\m11 

CTpyKTypa MO}Ke'l' Ob!Tb o6·b.HCHC!Ja eynepll03lUU1t>fi CC'It'Hllfi pea.KIU1lt, o6yc"TJO

BJICilllhlX HBPKP, T>-KoMrronenTofi nnr)],P n nnr,n;p2. 

Pm:. 12. H.ll.llIOCTJmpyeT BKJia/( pa3JIJilJHbJX Kl.l.IHWIOB B036J)K,ll(~JIH.H 11;1,pa B 

06.nacn1 E, ~ 40 1.faB B ce•iemui q)oTouettTpomfhIX peaKu,uii (,, n) + ('y, n+p), 

(,, 2n + p) n ('y, 3n) /(./JR JIJW/1 lStlW. 
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Pm:. 12. Ce.•1eHnH q>oronelhpo11max pea.K1~11l! ,vrn 11.npa 186\V. 8Kcnep11MenT: [22]. Teop1rn: TOJICTa.H 

CIIJlOWHaJI KpnoaJI - IlOJIHOC Ce'iellne, WTpl!XOBaJl - BKJJaJI KBa3HJ.1ellTpOH1IO!\ KOMllOIICl!Tbl peaK-

111111, IIITJlHXnyHKT11p11a11 - mrna,{ HBI',IlP, rn•1e•111a11 --- BK,1a;1 HBI'KP, TOHKaJI CIJ.TIOJJJHa.11 - BKJ1a,1 

o&,pTona I1 Br,n;P. 
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fpynua 113 Caime, IIpOIW,l.1,11 pa3J.l:('JlCIUIC nefiTpOHilhIX BhIXO,D:OB pa::mwmoil 

l\.UIO)KCCTBennocTH, n3Mepmm. ce•1eu11R u;(E7 ) = Ll=O Lk=j u('y, lpkn; E, ), 2 :5 
j ~ 11 peaKIJ,Hfi, Jl,LI.Jll(JIX c ucnycKa.HIH'M n KOHTIUIYYM j HJTil 6oJie(' nefiTpOHOB 

IIJJIOC mo6oe 'll1CJJO 31.l.l)R)KCHHLIX 'la("THI(, ;vrn na:rypam,uoro OJIOna, l\Cplrn, 

TaHTaJl/1 H CBHHl\l.l. B 3HCf)l'()'I'H'ICCKOl\.i HHTepmlJ1e 25-132 1.faB [23]. 
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E1, M3B 
P11c. 13. Ce•iemrn uj(E"!) q>OTOHYKJIOIIHldX pt•aKU,Hl!. /:VU! TaHTa..'la, HiJ.YllU1X C nc11yc1m11neM j, j + 1, ... 

netiTpouoB HJlIOC npol1380JlbllOe KOJIWleCTBO 3apmKCHllb!X 'IacTUJI. 8KCJlepuMeIIT [2:l]. Teop11a: 

CIIJlOllilllde Kpl!Bble ··-·-· II0.1Hble ce'iemrn, mrp!IXOBlde .. __ BKJla,Ll. 1rna:3n,nel1Tponuol! KOMllOIICll'fbl pc

aKI{UH, mTp11x11yHKTnpm,1e - BK,1ar1 HBl;lP, -ro•re•mue --- BKJ1a.,1 HBl'KP, TOHKue cn;1011m1,1e -

BKJia.,1 o6ep'l'Olla JIBr,m>. 
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Ha pnc. 13 TeopeTw1ecKue ce•iemrn o'j(E,) ,1vrn 181Ta cpamuma10rc11 c 3KC

nepttl\teHnumnhIMH ,n:ammIMH .JJ;Jrn uarypa.rn,uoro Tanra.,1a. }fa pucyuKa nn.n;no, 

'ITO npn E7 > 40 MaB l\UimKecrnennh!e cpo-rouyK.r10nnhle pea1u1un onpe.n:em1-

IOTc11 Il 0CH0JJHOM KB1l3HJJ,C.11TpOHHI,TM MCXaHU3M0M <pOTOpacu1erweuu11. 

Bbl'IIIC.HCHIIhW H 3KCIICJ)UMCHTll.,IJbliblC q)OTOHJK.JIOHHI,TC CIICKTpbI. 

B .rurrepa:rype HMCCTCJI orpaHIFielIHblfi na6op 3KCIIepnMCHTa..'lhHI,TX ;i:an

HblX no cl>o1·onyK..r10nm,1M anepreTwrneKnM cneKTpaM JIJUI cpe:rnux n THn{eJThIX 

JI;lep. Oco6enuo 9T0 IrncaeTCJI q)OTOIIpOTOHHf,IX CIICKTp0B. TeM ne Menee cpan

uennc 'l'eopnu n 3Kcnepm,rn1rra uce :iKe MmKuo nponecTu. 

B npe,n:pannonccm,1x M0JICJHIX B03HIIKaJOT 6om,nme 1·py/1:r1ocTu npn pac

'WTC yr.nom,rx acpcl)eK'l'OH, fl03T0MY 6r,f.lm Bbl'UfCJieHJ,I T0.,JbK0 npomI'.rerpupo

namn,1e no JI'JIY 9HCJ)f'CTH'IeCKUC cneKT{H,l BhIJICTaI0IIJHX HJKJIOHOB. Ux MO}K

H0 cpammBaTb .rm6o C TaKHMU )KC 9KCUCJ)UM('HTaJlhUhlMU CIIeKTpaMH :rn6o C 

YMIIO)KCHIH,IMH ua 41r CIICKTpaMu, H3Mepenm,IMH IIOJI qmKCHponanm,IM yrJIOM 

n mrrepna.ne OT 60° ,IIO 90°' ClWKTJ)aJibllcUI <t,opMa K0TOl)hIX 6JIH3Ka K rrpomrre

rpnponaHIJ0MY no yrny cneKTpy. 

,l];pyroe o6cTOHTCJibCTBO, K0Topoe rrpuxo,IJ,UTCR Y'HITbIBaTh npu cpannemm 

CfieKTpon, C0CT0JIT B TOM, 'ITO nee HMeJOUUteCH 3KCIICpHMCHTc1.lH,HbI(' ,JJ,aHm,Ie 

61,mu II0JIY'fCHl,I B ll3MCpemrnx Ha TOpM03HbIX IIY'IKax ')'-KBaHT0B. 

B pa6o-re [24] ;:i:.rrn JlHJJa cpe,ll.HHX n TJDKCJihIX .HJ{ep (Cu, In, Sn, Ta, 

Pb, Bi n U) 61,wu U3Mepem,1 no,,'.'!; yr.JioM 67.5° cpoTonefiTponnr,1e cneKTphI 

<f2a~0 P(e, E7Mar<c)/dn dE npH E"jM6KC = 85 u 55 MaB. HcuoJib30IJaHJil,I(' B 3THX 

H3MepeHHHX T0J)M03Hb!C ')'-CITCKTphl 6r,r.rrn nopMttponam,I K pannoMy 'JHCJIY <po

T0H0B npu aueprm1 E, = 18 MaB, noc.rre •1ero 6hlmI HhPrnc.rren1,r 3<pcf)eKTHBHI,IC 

J)a':3HOCTHI,re HCfiTp0HHI,IC CffCKTpb!, 0TBC'lill0IIIHC P<L'1HOCTH0MY cneKTPY 06.rry

'leHIIJI. 

Ha p:nc. 14 3TH CllCKTJH,I cpanmmaIOTCJI C BbPIHCJICHHf,IMH npomrrerpnpo

BaUIIhlMH no JI'JIY pa3IIOCTIJI,IMH CIWKTpaMU, ).I;CJieHIU,Il\Hl ua 41r. KpoMe no..rr

noro BhPIUC.JICHH0I'0 cneKTpa Ha pncymH• yKa3lUlhl Ta1O1rn cro K0MII0HCHTbl, OT

BC'HH0U\HC pa3Hbll\1 CTaJIIrnM HCUJCJ(aHHH ne.11TponoB. KaK Bll,[UIO ll3 pucynKa, 

BO ncex CJ1y•m11x, 3a HCKJl!0'ICillteM, 6bJTb l\f())l{eT, 20iPh, na6mo,11acTCH y:i;oB.Jie

TBOpHTeJihHOC corJiacne Teopuu 11 9KCnepUMCHTa. 
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E,M3B 
Puc. 14. f'a3uocn11,re q:,orondtrpoum,re meKTp1,1 [24), l!3Mepemn,1e ua ropM03H0M ny•1Ke no;~ 

yr,'.IOM 67.5° C £'-,Ma.kc = 85 H 55 l'vhB (TO'IKH C ourn6J<aMtt) li pa:moCTlll,Je TCOpC'Ill'R'CKUe CllCKTpbL 

(Kp1m1,ie) ,1<'lll 63Cu, 115In, 118Sn, 181Ta, 207Pb, 209Bi u 235U. Cn./lomnal! KpttBan - nom1ul! 

cne1np, mTp11xoBan - BK.11a;'.J, B uero nepnol! n1x•.nparmomicnoll: •1ac-rmu,1, !IITpuxnyHKTllpllan -

BKJ!a).l ,nopol! npe,,1paB1IOBCCUOl1 'lac:Tm~1,r, TO'lt"l!IMI Kpuna» - llC!lapHTem,na» '!a<:1'b CllCKl'pa. 

!: - anepnu1 ucnycKaeMoro HellTpoHa. 

B 3aKJIIO''IeHHH nepe'mc.TieHbl 0CH0HHhIC P<'3JJlbTaThI, IIOJIY'IeHHble B JlllC

cepTaIJH0HJIOtt pa6oTC. 
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