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BHI1MA HHlO ABTOPOB 

Pe.rtaKLUIH 11/T c6opH1tKa "BonpOCbl aTOMII0II 1-HIYKll JI TeXHIIKII" cepI111 "<Dli311Ka H.LlepHblX peaKTOpoa" 
npocIrr au, opoa, IianpaanH10LUIIX CTaTbll B ,Kyp11a1I, 11p11nep"iK11Ba1 bCH c11e,uy1ou111x upaa11J1. 

l. Awrop npc.n.crnsn.sieT B pc.n.aKu11I0 2 JK3eMrurnpa CTaTb11 c attHOTau11ci1 Ha pyccK0M 11 

aHfJ111HCKOM .!13btKaX 11 pecj)cpaTOM. TcKCT 1rn611paCTC.s! Ha K0M0blOTCpe (wp11qn HC MeHee 12 
nyHKTOB) HJlll IlC0JaTaeTC.R Ha MaWHHKe Ha O,D.HOII CT0J)0IIC ntlCTa ¢op1v1arn A4 '!epe3 ,D.Ba 11HTepaana. 

PCKOMeH,D.YCMbltt 06bCM CTaTbl1 - HC 6onee 25 CTpa,rnu yKaJaHH0ro Q)OpMaTa, BKn!OYa.si p11cyHKll. 

Bee CTpaHJIUbl .n.omKHbl 6bJTb npoHyMcpoBaHbl. PyKOflllCb ,D.0ll;J(Jla 6bJTb no.n.n11caHa BCCMl1 

aaTopaM11. 

B cnyyac K0MilblOTCj)H0ro Ha6opa B pe.11,aKUHJ0 TaK)KC ncpc.n.acTC.R (Ha ,D.11CKCTe Hnl1 no E-mail) 

coorneTcrny10w11il TCKCTOBhtil ¢attn B cj)opMaTe Win Word HJJH B LA TEXc ( c 11cnonb30BaH11eM 

crnH.n.aprnoro CTI!n.R aiticlc). 

2. CTaTb.s! ofonaTCllbHO .n.om,rna corrpOBO)l(,D.aTbC.R pa3pCWCHl1CM Ha ony6n11KOBaHHe OT 

opraH113au1111, B KOTOpoj:j BblllOnHeHa pa6orn. Ha.3B8HJ1e CTaTbll 11 cj)aMJ1J11111 aBTOp0B, )'Ka3aHHb1e 

B pa3pCWCHl111, ,D.0Jl)KHbl nonHOCTblO COBna.n.aTb C YKa3aHUblMII B npe.n.crnaneHHOH PYKOI111CJ1. 

3. Ha3BaHHC CTaTbH nomKHO 6bJTb KOHKpeTHblM 11 naKOHl1"1HhJM. Tiepe.n. Ha3B8Hl1CM CTaThl1 

Heo6X01ll'IMO YKaJaTb HH,UeKC y ,l],K. Pa3,D.CJibl H no.n.pa3.UCllbl TCKCTa .uomKI-lbl 11MCTb JarOJIOBK.11. 

4. Heo6xo11m,10 co6mo.n.aTb C.UHHCTBO TCpMIIIIOnon111, 3aKpenneHHOC COOTBeTCTBY!Qll{HMJ1 

CTaH11apTaMII no TeMe CTaTbl1. E.UHHIIUbl q)11311'iCCKl1X BCnil'iHH ,D.Oll)l(Hbl C0OTBCTCTBOBaTb 

Me)l(.D.yHapo.uttoi1 c11cTeMc e1111H11u. CI1. 
5. P11cyHKl1 110Jl)l(Hbl 6bJTb '!eTKIIMl1 11 o6.R3aTCllbllO HMeTb no.up11cyttOYllbJe 110.U□HCH. P11cyHKH 

TaK)l(e HCo6xo.n.HMO npe.ucTaBJ1Tb B B11,D.C rpaq)11'iCCKHX cj)aHJIOB (npe.unO'iTHTCJlbHbl cpopMaTbl .tif 

H .bmp). TeKCTOBblC Ha11n11c11 Ha caMl1X p11cyHKaX HC peK0MCH.UYIOTCH, l1X 3aMeHHIOT U11q)p0Bb!MH 

o603H3LICH11HMJ1, KOTOj)hle 06b.s!CH.s!lOTC.s! B TCKCTC HnH no.up11cy1-1o'!HOH 00,D.l'IHCH. 

Ta6JI11Ubl .uomKHbl HMeTb 3arOJJOBKl1. 3Haqemrn 011HOI1 11 TOH )KC q)11311'-ICCKOH BCJil1'-111Hbl 

a Ta6ntrnax peKOMCH.UYCTCH rrpe.UCTaBll.HTb c O.UJ!HaKOBOil TOYH0CTb!O. 

Ha ace Ta6Jil1l.J.bl 11 pHCYHKH B TCKCTe CTaTbl1 ,D.OJI)l(Jlbl 6b1Tb CCblJIKII. 

6. ct>opMyJlhr , Ha KOT0j)blC 11Me!OTC.H CCblJJKH B TeKCTC, H}'MCPYIOTCH B B03pacrn1ow.eM nopH,uKC. 

<DopMynbJ, Ha K0TOJ)ble HCT CCblJlOK, HC Hyr.1epylOTC.R. 

7. Tip11 BBe.UCHM11 o603Ha01emu1 BeJIH"ll1H HC06XO.U11MO CTpCMI1TbC.R K npOCT0Te. Bee 

o603HaYCHl1.H .uomKHbl pacw11cjJpOBbIBaTbC.s! . O6o3H3YCH1'UI 0.UH11X 11 TCX )!(C sen11q11H B TCKCTe, 

cpopMynax, p11cyHKax H Ta6m:11.1,ax )].0JI)l(Hbl 6b!Tb 01111.1-IaKOBhie. 

CnenyeT IlOMe'-laTb CTpO'iHhie (MaJlh!e) 6yKBbl JJ.BYM.R YCpT0'-1KaM11 CBepxy (11anp11Mep, 

·UJ1e) - .llBYM.R qepTO'!KaMJr CH113Y (HanpHMep, C K, Z, 0 ), ecn11 0H11 He 

Heo6xo.u111110 Ta!OKC 110MCTJ1Tb rpcqecK.11e 6yKBhl, CXO.UHble no 

,11111ep, a X, v ). )],om1<HbI pa3n11ciaThc.si no Han11caH1110 c.u11tt111.J,a, 

TaK)l(e 6yKBbl e 11 / , / }I J, 6yKBa O 11 u11q;pa 0. Heo6xo1111MO 

HJIH CTJ)CJil(Oll) BCKT0pHbIC BeJJl1'il1Hbl. B oco6bIX CJl)'YMX 

HbIX o6o3Ha<JeH1111 cncJJ.ycr .uenaTb Ha noAAx PYKOn11cH. 

mKCH 6b1Tb COCTaBJICH no nop.R.UKY CCblJIOK B TCKCTC. Ka)l(llbl.M 

aanpaTIIhie CK06Kl1 . CCblJJKl1 11a HCony6m1KOBat111hte pa60Tbl He 

CKOC on11carn1e HCT0°IHHKa o6.R3aTeJibllO BKJII0°Ia10TC.s! QJ3M11Jll111 

KHllrll HJIII CTaTbH. ,l],AA Kl-IHI' YK33blBclCTC.s! ropo.u, I13118TCJlbCTBO 

rnaH11e )l(ypHaJia, ro.u 113.U3HWI TOM, BblllYCK (HOMcp), CTp8Hl1L(bl 

; aI11rn IIIIOCTp8HllhlX HCTO'iHHKOB 110Jl)l<Hbl 6b1Tb 11anec1aTaHbJ 

.HTbCH no a1ipccy: 

?pOOCf,Oi'I 06.1., 11p. Mupa, 37, P<l>f!Ll,-BHM/1':J(/), fl peoaKLfUIO 
'!JJllbJX p ea,onopoe". e-mail: koleso1•@cxpd. rniie.fru 
I11aJIOB 11eo6xo,n11l\lO yI<a:.ia1 b flO"ITOBblC II '.)JICKTp0HllblC a.npcca, 

>p013. 
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Pc,ilaKUIIOIIJl3SI h'.OJIJICfll}l ccp1111: 

A. JO. rarap1mc1rnii (rnaBHhlil pe.naKrnp). 
C. M. 3ap11U1<11fi (:!UM. rnaBH0f0 pc.a,aKTOpa), 
8. CD. KOJTCCOB, C. ,LI,. MaJU(IIH, T. n. <t>enocecsa (OTB. CCK))CTapb) 

P eaaicu1101rnas:i KOJ1J1enrn B1>myc1rn: 

B. <D. Konccos (rnaBHbrH pe.naKTOp), E. B. Kynll'•-IKOBa (om. ceKpeTapb), 
A. M. Bov1HOB (3aM. rnaB1roro pe.a,aKTOpa) M. M. KyB11IBHOB, 
Jtl. C. Tiorpe6oB, B. M. Tanb1111H, B. A. Tcpex,rn, B. 11. IOcpcpes 

B cep1uI "<D11J111<a it11ep11b1x peat..,opos" ny6nu1<y10TCH MaTep11anb1 no cJ1e,zry10ll(IIM sonpocaM: 
- Teopw1 II MeTOJlbl pacLJeTa ll.UepllblX peaKTOJ)OB. 6JJaHKeTOB TepMOllAepHb[X peaKTOpOB, pa)l.J18Ul10HIIOH 38ll(l1Tbl, 

nepe1-mca 1nnyYem1i1; 
- npo6ne.MbI o6ecneLJeHllll pacLJeTHbIX 11 :>1<cnep11MeHTaJ1bHbIX 11ccne.uosa1111ii nporpaMMaM11 .llJUI 3BM; om1ca1:11rn 

11 aHHOTaUJIJI nporpaMM, KOMnJJeKCOB IL CIICTe.M nporpaMl',t; 
- pacLJeTHbie uccne.uosaHl1JI no cp11311Ke ll,llepH.blX peat..'TOpOB, 6na111<eTOB TepMOll,llepHblX peaKTOJ)OB, pa.u11auHOHHOH 

JaLUHTbl, nepettoca H3JJyLJeHitH; HCCJie,UOBaHllll OT.UeJIMlblX acneKTOB p83811Tllll Jl,UepHOH :mepreTJ1KH; 
- JKCnep11.MeHTaJlbHble MeTO,Ubl II JKCnep11MeHT8JlbHhie HCCJ!e,UOBallllll no cp1131uce ll.UepHb!X peaKTOJ)OB H B nepeYHC­

neHHblX CMe)l(HblX o6nacrnx; 
- MaTeMaT11LJec1<11e npo6neMhI TeopI111 nepe11oca II Teop11H pea1,.,opos. 
B BblllYCKax '·I1i.myJJbCHbie peaKTOpbl 11 npOCTble KpllTIILJeCKHe c6op1m" ny6m1Ky10TCll CTaTbH, OXB8TblBalO[Ulle 

cne.uy10w11e KOH1<pernb1e npo6neMb1; 
- Kl1HeT111<a H JlHHaMHKa IIMnynbCHbLX pea1-,,·opOB II 6ycTepoB anepHO,UI1LJeCKOro .uei1CTBIIJI; 
- KOHCTpy1<um1 11 cp1nw1ec1<He xapaKTep11CTILKH .ueiicrny10w11x 11mI npoeKT11pyeMblX mmyJJhCHhIX peaKTopos; 
- OrlblT 3KCIUtyaTaUHll llMflYJlbCHblX peaKTOpoa; 
- J\leTOJlllKH H pe3yJibT8Tbl npOBOJl)IMblX C rIOMOll(blO HMllYJ!bCHb!X peainopos 3KCflepu.MeHTOB; 
- KpllTIILJeCKJte II .upyrue HeiiTpOHHO-lp113IILJecrrne xapaKTep11CTllKl1 npoCTblX c6opOK 113 )leJllUUJ[)(CJI aemecrn; 
- HCIIOJlh3OBaHJte IIHTerpanbHblX 3KC11epHMeHTOB Ha npOCThlX Kpl!TIIL!eCKJIX c6opKax ,UJUI 11pOBep1<11 MHOrorpynn-

flOBblX HeiiTpOHHhlX KOHCTall1; 
- ll,uepHfill 6e30flaCHOCTb HMIIYJJbCHhIX peaKTopos H npOCThlX Kp11TJ1LleCICHX c6opoK. 

Materials related to the topics described below are published in series" uclear Reactor Physics"; 
- theory and calculational methods for nuclear reactors, fusion reactor blankets, radiation shielding and radiation 

transport; 
- codes for calculational and experimental investigations; descriptions and abstracts of codes. code complexes and 

systems; 
- calculational analysis of reactor. blanket and shielding performances and radiation transport; calculational analysis 

of some nuclear energy development aspects; 
- experimental methods and experimental analysi · in field of nuclear reactor physics and other above mentioned 

items; 
- mathematical problems of transport and nuclear reactor theory, 
Materials related to the concrete topics described below are published in issues "Pulse Reactors and irnple Critical 

Assemblies"; 
- kinetics and dynamics of pulse reactors and boosters of aperiodic action; 
- designs and physical characteristics of working and projected pulse reactors; 
- operational experience of pulse reactors; 
- procedures and results of experiments performed with pulse reactors; 
- critical and other neutron-physical characteristics of simple assemblies of fissile material ; 
- integral experiments as applied to simple critical assemblies to test multigroup neutron constants; 
- nuclear safety of pulse reactors and simple critical assemblies. 

© <DrYn "P<D5JU-BI IHH3<D", 2005 
CC Pocc11iicK11ii 1iar111b1i1 u.ernp 

"KypY,ITOBCKllii IIIIC rmyr'', 2005 
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BOCCTAHOBJIEHl1E HEHTPOHHblX CilEKTPOB 
no AKTJIBAU.110IIHblM l13MEPEHJHIM B B11)],E N-CnJIAl1.HOB 

P. <I>. HcJJaMryJJoB, B. )],. JlapQeB 
<t>rYil P<D5ll..{-BIII1HT<D. 456770, a/JI 245. r. CHe)l(HHCK 

Tipe.llJ]OiKeH ll HCCJJeJIOBaH HOBbltt ITOJIXOJI K BOCCTaHOBJJeHIIIO 11eiiTpOHHblX cnehTpOB peal\TOpllblX ycTaHOBOK no aKTHBaUHOHHbTM 
H3MCpCHHllM. Bae.neua HOBall napaMCTprr:muw1 HCilTpOHHOro CITCKT]1a. KOTOpb!ii npcncTaBJJllCTCll B Bll)le cncu11am1111poBaHHOrO "HCHT­
pOH!-IOro" cnnaiina. 8 K3'1CCTBe MeTOJia BOCCTaHOBJJCHJ!ll IJCITOJlbJyeTCll 0606wem1b1ii anropHTM MCTO)Ia Mlll!l1MJl3aUJm Hanpaa11e1rnoro 
pacxmKJieHIJll . .[{JJll aHaJJIIJa B03M0)1(Jl0CTeii pa3pa6orn1rnoro ITOJIXO.'la npoBe/leHO BOCCTaHOBJJeH11e cneKrpOB pearropHblX ycTaHOBOK 
EAPC-5, 11fPHK u 51TY AP no paHee npoae.neHRblM aKT1rnau11O11HbIM 11111-1epe111u1M. Cpae11e1111e c paHee noJJY4eHRblMH pe3y111,Tara.'.m 
noKaJaJJO JIOCTaTO'IHO xopowee COOTBeTCTBlle BOCCTallOBJJeHHblX cnerrpoa. 

RESTORATION OF NEUTRON SPECTRA BY ACTIVATION ME UREMENTS IN FORM OF N-SPLINES / R. F. ISLAM­
GULOV, V. D. LARTSEV // The new approach to re torat,on of neutron spectra by activation method is offered and investigated. New 
parametrization of a neutron spectrum which is represented as the specialized "neutron" pline is entered. The generalized algorithm of 
directed divergence minimization method is used as a method of restoration. For the analysis of the developed approach opportunities 
spectra restoration of reactors BARS-5, IGRIK and Y AGUAR by earlier measurements have been carried out. Comparison with earlier 
received results has shown good enough conformity of restored spectra. 

BBe,netrne 

ITpu H3MepeHl1H 11eihpOHHhlX cneKTpOB peaKTOpHblX 

ycTaHOBOK WHpOKO HCil0JlhJyeTC$1 MeTO,!l 8KTHB8UIIOHHblX 

H3MepeHHil, KOTOpblH 11p11 H8,ll.J]C)l(all.leM Bb16ope aK11rnau11-

0HHhlX HH.l(MKaTopoB (All) Il0JBOID!eT 113MCp$1Th crreKTp 

B WHpOKOM :mepreT1t'-!eCKOM IIHTepBaJIC - OT O .no 20 M3B 

[I, 2). Onpe.nenemre cneKTpa HefrrpoHOB cp(E') np11 3TOM 

CBO.l(IITCj! K peweHlUO CIICTeMbl HHTerpaJlhHhJX ypaBHCHl1J1 

B11.,!la 

cc 

Qi = f ai(E)cp(E)dE, i = l, ... ,N, 
0 

(1) 

r.ne £ - 3HeprAA HefrrpOHOB; i - HOMep JIH.[lHKaTOpa; cr,{£) -
CC'-!CHJ1C aKTnBauru, i-ro IIH.[lHKaTOpa B HCHTJ)OHHOM (11-) 

none; N - '-!HCJlO HHt(HKaTopoB, HCIIOJlbJYCMblX B IIJMepe­

HilJ,I; Q; - '-!HCJJO peaKUJ1H Ha 1 Jl.llPO OCHOBHOro l130TOlla 

i-ro Hll.l(HKaTopa, ll3MepeL!HOe C norpewHOCTblO llQ, ( I cr). 
Cyll.lCCTBOBaI[IIC peweHll$1 3a,na•rn (]) rapaHrnpyeTC$1 

ee <pHJll'-ICCKIIM co.uep)KaHlleM, 0.[\HaKO, KaK HJBCCTHO, Otta 

OTHOCIITCj! K Knaccy HeKoppeKTHO noCTaBJICllllbJX 38,[{a'!, 

'!TO CB$13aHo C orpaH!l'ICHHblM 'IJICJlOM IIH.l(HKaTopoB, 

crna)l(HBalOll.lHM .neilCTBlleM ll.Upa cr,(£), 11 C ow116KaM11 

JKCIIeptlMCIITa l!.Q; [1- 3]. B K0Hel.fl!OM CLJeTe C0BOKyn­

HOCTb )TllX H .npyr11x cj>aKTOpOB npltBO,ll.llT K T0MY, LJTO yKa-

3UHHYI0 Ja.uaLJY ~IO)l(HO pacc~rnrprrnaTh KaK 3cp<peKT1rn110 

He.uoonpe.uene1rny10 II. cne)lOBaTeJlbH0, Ile IIMCI0UlYIO 0/l­

l!0JHa'IHOro peweHl!$1. 

.ll.Jrn 0ilH03Ha•rnoro Bb16opa pe111eH1rn (npaBJtJIO m 60-

pa) CIICTeMhl (I) 11eo6xo.um10 BBeCTII il0II0Jllll!TeJlhHYIO 

3 

anpuopHyto HHQ)OpMal.(HIO O CllCKTpe HCHTpOHOB. CymecT­

BYIOll.lHe K HaCTO~eMy speMCHM .UOBOJlbHO MHOrD'!HCJJeH­

Hbie MeTO)lbl peweHJtJI Ja,na'lJ1 (1) OTJlll'!aIOTC11 MeJKilY co-

6oi1, $18HO JLJ1J1 HCJIBHO, 811.[\0M HCITOllhJYCMOH anpHOpHOM 

.111-u:popMau1111 II cnoco6oM ee BBe.l(CHl{j!, LfTO H COCTaBID!eT 

cyll.111ocTh npoueJ1yp1,1 ee perynj!p11Jau1111. TaK, Hanp1tMep, 

11apj!.ny C llOJlOJKl,ITCJlbHOCTblO IICKOMoro peweHJlj! '!aCTO 

HaKJla.l(b!13atOT Tpe6oaaH11e "rna.aKOCTll
11 cp(E), 6JIJ130CTH 

ee K HeKOTOpOtt upo6HOH cpyHKUIUI <p(O)(E) 11 1 . n. (CM. pa-

60Tbl [J-4]). 
OTMernM, LfTO so BHI111T<D Bb16opy ua'!aJihHOro 

11p116J11DKCHl1$1 cp<01(£) acer.aa 11pu.11.aBaJIOCh 60JlhWOC 3Ha­

LfCHIIC . .ll.JUl :noro 3Hal.feH11e <p(O)(E) oape)lCJl.llJIOCb C IT0MO­

ll.lhlO c11eu11aJlhHO 11pose.11.eHHhlX pac'!eTOB MC'l 0.11.0M MoH­

Te-Kapno )lJlj! Ka)l(.aOro KOHK]JCTHOro CJJY'!aj! 113MepeHl1ll 

HCl1TpOHHOro cneKTpa (11-cneKTJ)a). ITp11 TaKOM 110.l(XO)le 

K pewCHlllO Cl1CTeMbl (]) Ja,naya onpe)leJleHllj! cneKTpa 

cp(E) CBO,ll.llTC$1 K HaXO)l()].elllllO nonpaBOK K Ua'!MbHOMY 

np116mDKCHJUO no peJyJlhTaTaM aKTHBaUII0llltblX H3Mepe-

Hl1i1 { Q, } r , LJTO ,ll.eJiaeT MCT0,!l aI<TIIBaUII0HHblX HJMepe!IH0 

HeilTjJOllllblX cneKTJ)OB 6onee TO'-lHblM ll 8 MCHbWeii CTe11e­

HH JaBIICHMblM KaK OT 'IIICJla IICl10JlbJYeMblX l[HJ]IIKaTopoB, 

TUK H UT cy6beKTHBHblX npeJ.lrlOJ10)KCHlli1 0 xapaKTepe IIC­

KOMOro CJICKTpa. 

no.l(XO.l($1ll.llli1 Bbl6op lp(O)(E) oco6e11110 BU)KCH (KaK 1TO 

II 6y.ue·1 11pOIIJIJJIOc-rp11posaH0 HlliKe) B 06J1ac1 ll ')Hcprnii 

IO K'.l B ::;; E :,; 0,6 MJB, 'ITO CB$1Jm10 rnas111,1~1 o6pa30M co 

c1ia6or1 1t11cl)OpMau110HHoi1 06ecneL1eHHOCTbi0 JToil o6nacrn 

cueKTpa cyutecrny1oll.111M11 Ha6opaM11 All. 



Llm1 pewe1111H JaJH:tLJtt (I) Yac10 11cnoJ11,1yKn rpy11110-

0oe 11pe:1cTaBJll.!HJII.! CJteJCJ pa <p(£). II 3a11a4a CBOJlllTCH 

K pcwe111110 CJICTCJ\lhl JIIIHCii111,1x ,1J1re6pa11LJCCKIIX ypa011e­

HHii (CflAY), Kurnpa11 e eeKrnp110-11-1a-rp114111,1x 060JJ1aL1e-

11w1x 3a1111c1,rnacrc11 e 1m11e 

a -F = Q, (2) 
rne 

E,- 1 
ail, f a,(E)!f(E)dE / Fk> i=l, .. . ,N. k = I. .... M; (3) 

£, 

£, I 

Fk = I <p(E)dE; 
£, 

Eb k = I, ... , M + I - y3110e1,1e T0-4Kl1 pa3fo1e111U1 3Heprern­

<1ecK011 WKaJlbl Ha rpymibl. 

lh (3) cnenyeT, 4TO Fi - IUJTerpan flOTOKa 11eiiTpOHOB 

e k-H rpy1111e, a a;, - cpe,u1ee 3J1aL1c1111e ceL1eHHJ1 peaKu1111 

aKnrnaum-1 i-ro IIH.llllKaTopa 8 k-ii rpynne. MaKCl1MaJJbHOe 

3Ha'iem1e :mepnm HeihpOHOB np11ID1TO paBHblM EM - I = 
= 20 M:>B. 

lle)lOCTaTKOM TaKoii napaMeTpH3aUJUI 3a)l34H .srnm1eT­

C/I TO, '!TO cneKTp HeHTpOHOB <p(E) 3apa11ee HCH3BeCTeH Ii 

JlJUI pac'!ern JJICMeHTOB M3Tplll.(bl a 06bl'iHO HCTTOJlbJyeTC/1 

HCKOTOpM 11po611a11 4JYHKl..ll1/I <p(O)(E). nocKOJlbKY ceyemrn 

MIIOJ'HX peaKl.(11tt AH HMeJOT pe30H3HCHblii xapaKTep, 'illC­

JIO rpynn M )lOJDKllO 6b1Tb JlOCTaTO'iHO 60Jibll!IIM, 'iT06bl 

KBa.uparypHa.si 11orpewHOCTb npu nepeXO.lle OT (I) K (2) 
6b!Jla Mana 8 cpaBHCHllM C ow116KaMH H3Mepe1rnii .1Q. 3To 

npllBOJlllT K Cl!JlbHOH 11e.uoonpeneneHHOCTI1 (mm BblpO)K­

)leHHOCTII) CJIAY (2) (M » N) . 
.ll,n.si yMeHbWeHIU! <111.cna HCKOMblX napaMeTpOB B pa-

6ornx [4, 5] 113 anp11op111,rx coo6pmKe111111 o THTTH'iHOM pe­

aKTopttoM cneKTpe npennmKe110 11cnoJ1h30BaTh 3a.ua11111,1ii 

11a6op MO)leJlbHblX cpyHKl.lHH HJIIJ KYCO'iHOe npe.UCTI1BJ1eH11e 

11-cneKTpa. B noc;1en11eM cnyyae no wKane :rnepr1111 cneKTp 

pa:i611eaeTCH Ha HeCKOJlbKO xapaKTepHbIX 'iUCTeii, Ha K3)K­

.ll011 H3 KOTOpblX IICTTOJlb3yeTC.s! no.uxo.u.simee aHanHTH4e­

CKOe Bbipa)KeHHC )lJI.s! <p(E) C HeKOTOpbll\-111 HeonpeneneH­

HbIMII KO'.lQ)Q)11UHeJITaMH. TaK, 11a11p11Mep, cneKTp TeTTJJO­

BbIX. H HU.UTCTTJIOBblX HeHTpOHOB 33nl1Cb!BaeTC.s! B BM)le 

(4) 

rnc 11e113secTHb111111 111:1Jrn1mcH 11apaMeTpbl C1, T. C2, £ 1, £ 2. 

.ll,n.si npoMe)KYTO'iHblX II 6bJCTpblX. HeiiTpOHOB IIC110Jlb3YI01-

C/I .npyme a11amtTll'iCCK11e a1,1pa>Ke111111 (6011ee no,npo6110 

CM. f 5]). 
B .upyrnx pa6o-rax. TaK)l(e OTMeLJaCTC.!I, <1To 11-cneKTp 

6hICTpb1X peaKJ OpHblX ycTaHOBOK 6Jlll30IC K CllCKTPY .ucne­

HIIJI, KOTOpblH C uorpeWHOCTb!O 11e 6tlJlee IO % 01111CbJBa­

eTC/I ijlopMynoii [6]: 

<p(E) = 0, 77✓£ cxp(-0, 776£) . 

6once rnro, B pa6oTe [7] BO BHYTp11301111Mx o6nacrnx 

pcaKTopOB C MCTaJJmI'ICCKOII a Kl IIBIIOH JOHOii npC.!lJlaracT-

4 

c .sr 11cno: 1bJOBa1 b .auyxKO~ITTOIICll"IIIOC npCJ1CTaBJ1eII1IC Hel!­

TJ)OIIl!Oro Cl1CKTpa 

KUK KOM61Iuau1110 CTTCKTpOB MaKCRCJJJla 8 Q)OpMe 

KOTOpa.si omtCbIBaeT cneKTp HeihpOHOB .11.enettllll, l1 B cpop­

'!e 

om1c1,1aa1-0meii cneKTp 11eynpy ro pacce.siHHhIX. ttefiTJJOHOB 

C 11e60JJblilllM (acero 4) 'iHCJIOM HCH3BeCTHblX napaMeTpOB 

a 1, a 2, a,. a2. 
.ll,JU! TTOJIHOTbl OlMCTHM TaKlKe, lJTO HettTpOHHbIH 

cneKTp KaJlll!pOpmtesoro HCTOLfHIIKa, npHH.s!TOro B Ka'ieCT­

ae onopHoro 80 MHOrllX. CTp3!-JaX., .llOCTaTOLJHO xopOll!O 

annpOKCIIMllpyeTC/1 B 3Ulll1CH Ma1-1xaprn cpopMynoi1 [8] 

{0,6680✓£ exp(-0, 704£), 0 < E < 6; 
<p(E) = 

0, 7947✓£ exp(O. 734£), E ~ 6. 

Bo ecex. npnee,ueHHblX. arutpOKCHM31.ll1JIX HeH38eCTHbJe 

napaMCTpbl non611pa10TC.s! TaK, 4T06bI B l.lCJIOM cneKTp 6hrn 
11enpep1,rn11oii QJYHKU11eii. Ilp11 1-111cne uapaMeTpos, MCHb­

we111 4HCJia aKTIIB31.lllOHHblX ,ueTCKTOpOB, 33.lJa'ia HX TT011CKa 

cpopMaJlbHO MO)KeT CT3Tb KOppeKTHOH. KaK OTMeYalOT 313-

TOpbl [5], TaKOtt MCTO.ll ,naeT 6onee yCTOH'iHBOe BOCCT3HOB­

JJeHIJC cneKTpa 8 CJIY'!ae 11e60J1bll!Oro 'illCJla HHTCll)aJJbHblX 

)leTeKTOpOB H rD.llHTC/1 .llJIJI .llOCTaTOYHO WHpOKOro, HO nee 

lKC orpa1111<1e1-1Horo Kpyra l1CKOJ\lbIX cneKTpOB. 

3.necb cne,nyeT .no6aBlrlb, LfTO np11 T3KOM TTO)IXO,llC HC­

KOJllbiii cneKTp <p(E) 8 60JJbWOtt CTenCHH 38BUCHT OT YJ.l3'i-

110cn1 BbI6opa attaJJJITII'iCCKJIX. Bbipa)l(eHl!tt Ha KUlKJ.lOH 113 

4UCTefi :rnepreTH'iCCKOW WK3Jlbl. KpoMe Toro, 3a,na'ia CTa-

1-!0BIITC.s! HCJIHHCHHOH no IICKOMblM napaMeTf)aM, '!TO 33-

TPY.lllllleT ee pewemte. 

B pa6oTe [6] OTMe'!aeTC.s!, '!TO MeTO.ll npe.llCT3BJleHJ1/I 

cneK'rpa JHlHeiiHOH KOM611.11auuew 33J13HHblX QlYHKUHtt He 

o6ecnC'illBaeT .llOCTaTO'iHOH TO'il!OCTH BOCCTaHOBJleHH.s! 

cneKTpOB. IlpueMJJeMbte pe3yJJbTaTbl TTOJIY'!3!0TCH JIIIWb 

Tor.ua, KOr.lla CIJCTe111a 6aJOBblX Q)YHKUIIH 6JtH3Ka K llOJIHOll 

no OTHoweumo K 11ccne.uyeM0My cneKTpy. TI0:>TOMY np11 

nepexo,ne OT o.uuoro KJJacca 11ccne,nye1111,1x. cneKTpOB K J.lpy­

roMy Tpe6yeTCH 3aHOl:IO TTO)l6HpaTb Cl1CTCMY 6a.JOBblX. 

QJYHKl.l~ili . 

Bee BbJWCCK833HHOe, a TaK)l(e conepweHCTBOBaHHe 

npoi-paMM pac'!eTa HeHTpOHHhJX cneKTpOB peaKTOpHbIX. 

ycTaHOBOK MCT0.11.0M MottTe-KapJlO H B03J)OCWl!e 803MOlK­

HOCTII Bbl41ICJllffCJlbllOII 1ex111001 .llCJlUIOT 11eo6XO.llHMblM 

YTO'iHIITb 11 pacwHpllTb B03~10)KIIQCTII cyw.ecTBYIOW.HX 

~IeTO.llllK BOCCTaHOBJICHll/1 pea1nopHbIX 1/-ClleKTpOB. 

B .ua1111oii pa6oTe 11pe.llJIO>Ke11 II IICCJJe,'.\OBaH HOBbIH 

11011XOJ.l K BOCCTaHOBJICH.111-0 HCHTpOHJiblX CIICKTJ)OB. ilp11 

BOCCTallOBJJeHIIII IICf10Jlb3YeTC/I o6o6w.eHHblii aJJropliTM Me­

l o.ua 11u1111111-1maum1 11a11paeJ1c1111oro pacxoil(Jlem1.s1 [9]. 
B cpam1e111111 c 11pe/.lbI.llyuu1M1-1 pa6orn11111 1n11-1e11e11a napa-



~IcrpiriaIurn 11di1pom10ro CIIC.:KTpa, KOTOJ)blii npe,l.lClallJl}{CI­

C}{ 8 811,Ue C11CUllaJlll311p0B.UIH0IO "11eiirpo111101 o" (CM. lllliKe) 

cr1.1aii11a. B11e,/.lc1111e 11eiiT]JOH11oro 11-c11, iaii11a no3no1IJieT cy­

u1ccrne11110 y MeHblJlln b LJIIC,10 llCK0MblX 11apaMeT))0B . 

.llm1 a11amna B0JMOiKH0CTci\ p,:npa6ora1rnoro Me1ona 

II cpas11e11I1J1 ero C tlPYI'IIMH Mel0,/.lllKaMII I13MepeHll.ff peaK­

T0J)llblX CIICKTJ)0B 11po11e,/.lCH0 B0CCTaH0BJleHHe CIICKTf)0B 

peaKT0pHblX ycrnH0B0K oAPC-5, l lfPllK 11 51fYAP 110 

pa.Hee npoBe,/.lellHbJM aKT1IBau11011HblM ll3~1epe1tllll:\l B flCK0-

T0J)l,JX 06JtaCTSIX IIX [JKTlfBHhlX JOH. 

nott•tepKHeM, '-IT0 II B H0B0M [10,/.lX0,/.le anp110()H3SI IIH­

qiop:-.taullSI oG HCK0M0M cneK7 pe q,101(£) BO MH0l'0~I o6y­

C,10BJJetta npen,sap11TeJ1hHblMII pac'-leTaMII 110 MeT0Jly MoH­

Te-KapJIO C yc1eT0M MaTep11anbH0ro C0CTaBa, K0HCTPYKWIII 

c6opK11 II MeCTa paCII0JI0iKeHllll Al I. Xou Ta KIie paC'-ICTbl 

l!H0l ,1a II TPYJ.l0eMKII, HO IIX IICl10Jlb'.l0Ba1-111e ,neJ1aeT MCT0,'.1 

aKT11Bal.ll!0HHblX l13MepeHHH HeiiT])Ol!HhlX cnet<T])0B 6onee 

TO'-IHbtM . KaK or111e'-letto B o6Jope [IO], a CWA 11p11 co­

aepweHcTsosa111m aKTIIBclUII0HH0ro MCT0,/.la H3Mepe11I1S1 

HeHT))OHllbJX noneJ1 pea1'.'T0pHblX ycTaH0B0K TalOKe 60Jlb­

woe Bfll!Mal!He y.D.eJU1eTCS1 pacLJeTY 11-c11eKT))a B MCCTe 

pa3Mew,e11w1 o6pa3UOB. 

1. HefiTpOHHhltt CnJlattH 

Mern,n M0,lleJlbHbJX cne1,.-rpos (CM. pa60Thl [4, 5)) no-

3B0JUleT Jlta'ilrreJlbH0 C0Kpan-tTb ':lllCJIO l1CK0~lblX napaMeT­

poa a cpaaHeH1111, Hanp11Mep, c rpy1moah1M npe.ucrnsne1111-

eM q>(E). )],nll 11peo,11011eHW! Hell0JIH0TbJ CHCTeMbl 6aJOBblX 

cpyHKlHUi B HaCTOSILL(eii pa6oTe npe,1111araeTC}{ IICfl0JibJ0-

BaTb HeHrpOHHblil cnnaJ1H (n-cnnafltt) N(E) c 6aJOBblMII 

cpyttKl.lHSIMH BH,!la 

Nk (£) = Ak£qk exp(r kE) = exp(uk + qk in£+ r kE); (
5

) 

Ek ~ E ~ Ek +l • k = 1, ... ,M. 

3.uecb Et, k = 1, ... , M + I - Ja)laHJ1b1e yJnbI cunai-iHa. a ae­

Jll1'-IIIHbJ a1. q. H /'t SIBJlSII0TCSI ero napaMeTpa.MJt H HaX0,llSIT­

Cll H'.l ycnos11i-i , HaKJia,nb1aaeMbtX Ha N(E). KaK Bllt lH0 In 

(5), :no C00TJI0We1111e 11p1t onpe.ueneHHbJX 3H3LJeHIISIX lla­

paMCT))0B TaKoro cmra1111a 0I111cbrnae1 see pattee 11p1rne­

t1eHHbte BO BBe,/.leHJIII a11aJ1J1TIILJec1rne Bb!pa)l(eHJlll M0.!lCJlb­

HblX QJYHKUIIII. 

np11 annp0Kc11Mau1111 11-cneKTpa q,(£) cnnaiiH0M N(E) 
6y,l.leT ecTeCTBeHH0 llOT))t:0OBaTb Henpepb1BH0CTl1 KUK ca­

Moro cnnai111a 

ak- ak - l +udqk - qk _,)+Ek (rk-rk - 1) = 0, 

k = 2 . ... ,M, uk = lnEk. 

Ta.K H ero IIJ)0113B0,llll0ii 

(6) 

BO BHy-rpe11IuIx y 311ax p:n611emrn JIU! pre1 ll ' ICt:KOJI UJKa, Jhl. 

Ou1e II1M , LJT0 .UIIS! 1-1e11pepbm1-1ocn1 c11J1aii1-rn H 11po1uaott­

Hoii dN/dE C00TII0UleHJlll (6) II (7 ) .U0JliKllhl 8bll!0JIIIS!TbCSI 

0 JIII0BpCMCHH0. BBO.!lll ,nsyx,1111aro1-1aJ1bHblC t,taTpllllbl A, 8, 
C pa1Mc.:p11ocTII (M - I) x A/ 

5 

Ar -, _, l 
[

-

112 

-11:

12 

113 l 
B = ' 

. . . . 

- UM lift! 

C = r - £2- £3£2 £3 l 
-EM EM 

(8) 

H Be1'.'T0pb1-napaMeT])bJ a, q, r 

[
al l [q' l [r1 l a2 q2 r2 

a= q= r = 

a~ qA; , 
1
A1° ' 

(9) 

C00TH0WeHJtSI HenpepblBH0CTII (6) M (7) M0)l(l-10 3arrncaTh 

B 811,lle 

A•a + 8-q + C-r = 0, 
A-q + C-r=O. 

(l 0) 
( 11) 

)],JISI y.uo6crna .uanbtteHWIJX 3aru1ce11 cpopMyn sse,neM 

TaJOKe cne,ny10w,11e BCJIHL!HHht: 

B 

A 
( 12) 

3.uecb MaTpI-Iua D 11MeeT pa3MepH0CTb 2(M - 1 )x3M, 
a aenop IICK0MbIX napaMeT))0B X - 3M. Tor,na yc110BHll 

HenpepblBII0CTJt 11-cwiai\tta M0)l(H0 3a1111carh cne.uy!Oll.lllJ\,I 

o6pa3oM: 

D·X = O. ( 13) 

OTMeT11M cne.uy10w,ee. Ecmt -rpe6oaaTb TOJlbK0 tte-

11pepblBHOCTH 11-cwiaiitta, TO 8 BblpaiKCHIUI ,/.lJUI M3T])lll.lbl 0 
B ( I 2) CJte.uyeT 0CTaBIITb TOJlbK0 11epayI0 CT))OKy (pa3Mep­

ll0CTb D 6y,.'.le·, pas11a (M - I) x 3M). B HeKoTOpbIX cJJyYa­

SIX M0iKH0 0TKaJaTbCSI 11 OT 11e11pepb1BH0CT11 N(E), rnr.ua D 
cnettye1 CLI11TaTb 11ycToi-i MaTp11uei-i. TaKIIM 06pa10M, Ha 

3M HCIl3BCCTllhlX napa!I-ICTJ)0B (pa:u.iep110CTb X) HaKJtailbJ­

BaCTCSI N0 orpa1-111•1e1111ii, r,ne Nv = 2(M - I). Kor.ua 11e11pe­

pblBHbl 11-c11JJaiiH II ero npo113sowrn11, N0 = (M I), Kor.ua 

ttenpcpb!BCH T0JibK0 /1-CnJlaiill , II NI) = 0, Kor.ua II-CJJJl8iiH 

t,I0iKeT 6h11 b pa3pb1BHOi1 tpy1-tKUJleii. 

n.pew 1araCMhlii 11-CnJtallH MO)KCT IICB0Jlb'30Ba I bCSI 

II JX13Jlll'-lllblX ueJISIX. 8 ,uallll0M pa3,Ut:JIC paCCM0T))IIM 3a,na­

'IY a1111p0KCllt>taUIIII 110 I 0'-ICYH0 3a;.iaHH0IO 11- cneKTpa 

(14) 



riie £1 < =, :S £1/ I, i:, - 0TII0CIITCJll,JWjf 11oq1e1uH0Clb 3Ha­

LJe1-111ii .Ii = q,(=1) . O60311a,111M YcpeJ E1,;, i = I .... ,1111,. re JHa­

'1e1111}1 =j • JlJl.!1 K0T0pl,IX Bh1110Jlll.!IIOTC.!I ycJIOlllUI 

E,, < ::,:S £,., 
JIIl.!I HCKo-toporo JJiaL1e1111.11 k. To, 11a 11cxoJ1.Hy10 coB0Kyn­

H0CTb 3Wl'ICH11ii l=rl,, i:1 } M0>KHO Janr1caTb a s11ne 

{£1,,,/1,1,i:kt},k = l, ... . M,i= l. ... ,1111,. (15) 

TaKIIM o6pa:ioM, JLMeeM 

( 16) 

Jlorap11q.>Mllpy11 o6e Y3CTII ( 16) II 880).Vl 060Jua,1ett1U1 

y1,, = lrif.i,, 111,, = ln£1,,, II0ilyYaeM OTH0CtrreJlbll0 IICK0~1blX 

napaMeTp0B CJICTeMY rutHettHblX anre6pa11YeCKJIX ypaa11e­

Hllll 

Ykt = a1, + 111,,q1, + £ 1,rk, k = I, ... , M, i = I ..... 1111,. ( 17) 

YMHO)KruJ K3)KJIQC 113 ypaatteHIIII ( 17) Ha COOTBeTCT­

sy10w.11e BCC0BbJe MHQ)l{lflem1 W1,,= Iii:,,, II BB0Jl.!I BeKTOpHO­

MaTpH'llihlC o603HaYCHJIJl 

jjk =[wkl 11kl , ... ,wk1111, llk1111,f; 

- T 
Ek =[wkl Ekl, .. ·, 1%11k Ekmk] ; 

[- - Jr Y = 1'1, .. ,Ym ; 

I =diag(fi, ... ,iM ); U = diag(ii1, ... ,iiM); 

R = diag(£1 , ... ,EM). 

r11e [t o6o3HaYaeT orrepau1110 i-paHcnoHHposaH11H MaTp11-

Ubl, Ma1l)lll.lbl I, u, R - 6nOYHO-,llllaroHaJibHhJe, ypaBHCHHJl 

annpoKCliMclltllll ( 17) 3arn1Cb1BaeM B Bl1!1C 

I-a+ U-q + R-r = y 

HJlM Yepe3 BCKTOp X B BH}le 

G-X=y, (18) 

rne G = [I U RI - Mm-p11ua pa.3Mepo111 11 x 3M. TaK11M o6-

pa.3oM, ,IIJJj( HaxolK,llett1Jj( X H111ee111 cnenyiowyio CJlA Y: 

( 19) 

l.f11c110 ypaBHCIIIIH B ( 19) 6yneT 60JlbWe '-!HCJla He113BeCT­

HblX np11 11 + NJ > 3M. Ec1111 Tpe6ouaT1, ttenpep1,1sttocrn 

KaK ca111oii an11pOKCIIMllpyeMOII q.>ylll<Ullll, TaK II ee npotl3-

BO,llHOII, TO /.1011,KHO 6bnb 11 ~ M + 2. 
OJMCTIIM, '-!TO K ypaBIICll!fjfM HenpepblBII0CTll cnnaii­

Ha D·X = 0 B pa3JJll'-!Hb1X YaCTHblX CJtyYaJtx M0,KH0 Jl06a­

BHTb Te IIJIII l111ble ).J.0II0JIHHTl!JlbHble orpaHJ!Ye!IIUI 11a llC­

K0MbJe napaMel ])bl. Ha11p11Mcp, np11 annp0KCIIM3UIIII TCII­

Jl0BblX HCIITJ)OH0B M0,KII0 IIH0rna 11011araTb (]1 = I IIJLIL l'J = 
= - 1/T, r.ue T - Janam1oe 311aYe1mc TeM11epaTyp1,1 Heii­

TP0HH0ro l'U3a. 81,16op Y3JJ0B /1- CnJlaiiHa. KaK II ll .upyr11x 

Tllll3X CIIJJHIIHOB, cywecTBeH ,UJIJI ).J.0Cl lliKeHll}I Heo6xon11-

M0JI T0'-!H0C'l 11 a1111p0KCll~taUIIII up11 CpllKCllpOB311HOM 'IIIC-

6 

Jlt' 11apa.,1eTp0B. EcTeCTBCHHO, l 0'III0CTb a1111poKCllMau1111 

6y.uc·1 II0BblWaTbC}I C yBeJlll'-!CllllCM 'lllCJla YJJIOBblX T0'teK 

c1 u1ali tia Al. 

2. Onpe11.ene1111e napaMeTpOB 11-cnnai-i11a 

113 aKTl1133UHOllllblX HJMepe,mit 

O61,1y110 Jana,111, no.uo6111,1e (I), napaMeTp113y10TCJ1 

ll pewa!OT CH nyreM MHHl1Mlt1au1111 HeK0T0pblX 110.UX0}lff­

LUIIX cjiyHKUHOHHJIOB 0TH0CllTCJlbH0 llCK0MblX 11apaMeTp0B 

(Ha11p11~1ep, MCT0}.I Ha11.MeHbWl1X KBanpaT0B, H3llMCHbWl1X 

~IO.uynefi II T . n.). Tipll IICll0JlbJ0BaHJHI B KaYeCTBe Her1-

TP0llH0ro cne1crpa <p(E) 11-cunaiiHa N(E) c11cTeMa ypasHc­

H11ii (1 ), a 3H3'-!llT, ll MIIHllMll1llpyeMblll q.>yllKUliOHaJI CTa­

ll0BfflCH HeJllLHefrHblMll 110 llCK0MblM napaMeTpaM 

X = (a, q, r). 3 ro npHB0.UIIT K n0JJBJlCHIIIO JJ0K3JlbHhlX Mll­

llllMYM0B MllHJlMH31LpyeM0ro q.>yHKUIIOllaJLa H K 60J1blll011 

3aBIICIIM0CTl1 HarmeHHoro peweH}fjf OT H3'-!a.JlbH0ro rrp1161111-

)Ke1Jlfjf x<O). 1ho6b1 H36Cll(3Tb 110).l06HOJI npo6neMb1, 

B HaCTOffLUeii pa6oTe 33}lUY(I 011pe,ueJJeIDU1 11apaMeTp0B 

n-cnnaiiHa CB0JlHTCH K paCCMOTpeHHoii B pa3.UeJle I 33Jl8'-!C 

annp0Kc11Mawm llOT0YeYH0 Ja,11aH110ro 11-cneKTpa ( CM. ( 14)). 
B C00TBeTCTBJll1 C H0}lX0.U0M, ll3JIO)l{eHHblM B [9], 

npeo6p,nyeM 11cxontty10 c11cTe111y (I) c11eny10w.11M o6pa-

30M. Bse,ueM o6o3HaYemfjf: 

y(E) = w(E)<p(E) , 
N a;(E) 

wN(E) =LP; --.r---'-----

i= l f a;(E)<p(E)dE 

0 

(20) 

(21) 

YMHO)l{M o6e YaCTM (!) Hap; 11 11c11on1,3yjf o6o3Ha'!eHJfjf 

(21 ), nerKo nonyYaeM c11eny10wyio c11cTeMy ypaBHett1u1 : 

co 

P; = f Ci(E)y(E)dE. 
0 

Tip11 TOM Bb!II0JUUIIOTCH C00TH0WeHHff 

N 
LC;(E) = l; 
i= I 

'.X;, 

f y(E)dE =I, 
0 

(22) 

(23) 

YTO 1103B0JLJteT, CJJeJlyJJ pa6oTaM [9, I I]. BBCCTl1 ')HTp0lllllO 

F peweHIIH y OTH0CHTeJlbH0 Ha'-!aJLbH0ro 11p116JJ1DKCHl1" 

)'o(E): 

F= - f y (E)ln y (E) dE 
o .l'o(E) 

(24) 

11 11a11pasJ1em1oe pacX0)ICJleH11e MC)l{llY neBOH II npasoii 

LlaCT.!1~111 CIICTCMbl ypaUIICHllll (22) 



N ( pN;) H = L pN; - Pi - P, In -- ' 
1=1 P, 

(25) 

r,Lle 

"-
pN; = f C;( E)y(E)dE. 

0 

11w.eM pewem1e CIICTeMbl ypae1-1eHJUI (22) MaKCII­

ManbHOH JHTpOITI-Ul, Ml1IIHMll311py101Uee cpyttKJ.J.IIOHaJI H. 
no a1-1aJJOrl1ll C pa60TOII [9] MO)l{l-10 IIOJJYLJl1Tb 11Tepau1101-1-

Hbltt npouecc no11cKa peweH11.!I 

cp(11+l\£) = cp(II) (£)( J -ti.µ(11) () _ R(11) (£))) ; 

no.[lo6Ha.!I npouc.llypa IICHOJlb10BaHJUI MCTOtHl Mllllll-

Ml13aUJfJ1 1-1anpaBJ1CJ-tHOrO paCXO)KJ].Cllll.!1 If Crfl3)1{JIBaHJ-fj( 

cneKTpa Ha K3)1{.ll0tt uTepauu11 c no~IOIUbJO 11-cnnafi1rn no-

3BOrnlCT m6e)l{a1 b TPY.lll lOCTeH, CB.!1331-IHblX C HCJlHHettHO­

CTblO 33.[l3'-lll, II B80.llllTb anp110p11yio 11HcpopMaJ.J.IIIO O CllCK­

TpC C nOMOW.b!O napaMeTpOB 11-cruiattHa. 

B nporpaMM11011 peamnau1u1 ,Lla1111oro anrop11TMa np11 

38.ll8Hl111 TO'-ICK £, 8 KOTO[)b!X [)8CC'-IIITblBaCTC.!I cp(")(E), Bbl-

611paeTCH .llOCTaTO'IHO nO.ll[)06HOC pa3611cm1e 1-1cprCT11'JC­

CKOro JIBTcpeana [0, 20) M::iB, BKnJO<iaJOutcc JHepr1110 oc-

HOBHbLX pe30ll8HCOB 11Cl10Jlb3YCMblX aKTJIB8UHOHHbfX JIH­

.llllKaTopoB. 

bC3 yYCTa IICK3)1(CHJIII, BHOCIIMbIX ll3MCpllTCJibHOtt 

R(11 ) (£) = wN(n) (E), 
(26) KOHCTpYKU11Ctt 3KTIIB8UIIOHHblX .llCTeKTOpOB, COOTHOWCHHC 

(I) .!IBJI.!leTc.11 np116m1)1{CHHhIM. Eonee TO'-IHO ero cnc.llyeT 

w(E) 

r..ue cp(ll+I) (£) II cp(II) (£) - cneKTpbl Ha (11 + 1 )-rt 11 /7-tt 

HTepau11.11x COOTBCTCTBeHHO; ti.µ<•) - np11pamem1e MHO)l{ll­

TeJI.!I JlarpaIDKa, B61611paeMoe 113 ycnoe11.11 

(27) 

31-1aY:e1rne ti.µ~') 6epeTCH T3KIIM, '-IT06bl ,llJI.!I JII06oro 

ti.µ< 11>dH 
3118'-leHJ!H £ BblDOJltUIJIOCb 1-1epaeeHCTBO O << J , 

w(E)dcp(E) 

11 B .[l8HHOH pa6oTe 6epeTCH paBH.blM ti.~1~1) = 
0, I (11) 

(I I) 
, a ti.µI Ha3H8'-laeTCH 113 ycJIOBl1.!I 

sup r 1 - R(n) (E) 

H(n+I) -H(II) = Ho -H(n) 

It Bbl'-IIICJI.!ICTC.!I no <pOpMyne 

(H(n) -Ho) 
ti.µf") =-CX)--------"-----

J cp<11l (E)w(E)(l - R(n) (£))2 dE 
0 

8 K8'-ICCTBe Kp1-rrepH.!1 OCT8HOBKl1 1nepau110HHOro 

npouecca e 1-1acTOautel1 pa6oTe np11m1To Bhmon1-1c1-111e O.ll­

Horo 113 CJ1CJlYIOW.11X HepaBCHCTB: 

Ha K3)1(,[l011 IJTepaum, no HaJ!.[lCHHbTh1 3H3L(CHl1.!I I 

cp(11 l (£) cneKTp npc,Llcrnen.!ICTC.!I B BH.llC 11-cnna1ma no­

cpC.llCTBOM DOTO'-IC'-IIIOH annpOKCIIM8U1111 (crna)l{l!BaHil.!1), 

KaK )TO on11ca1-10 B p33.[lCJie I . 3a H8'-18JlbHOe npH6Jlll)l(CIJIIC 

np111111M8CTC.!I annpOKCl1M8UIIB HCttTpOHHblM cnnaiiHOM 

cnc,crpa, noJiy<ICIIHOrO C nOMOLUblO pac<JCTOB no I\ICTO.llY 

MoHTc-Kapno. 

7 

1arn1caTb B 011.ne 

CX) 

Q, = f a;(E)cp;(E)dE, i=I, ... ,N, (28) 
0 

r.[le cp,(E) - cnCl\'Tp B i-M .llCTCKTOpc. CneKTpbl cp,(£) HCMJ­

BCCTH.bl J,f 3aBHC51T OT 11cnOJ1b3YCMOH CXCMI,J 8KTJIBaUIIOH­

H.bLX H3M CpCHJ,f}I. 

TTpeo6pa3oeae npaByi-0 t.JaCTh (28) 
CX) CX) 

f a;(E)cp;(E)dE= f a;(E)S,(E)cp(E)dE, (29) 
0 0 

r.uc S,(£) = cp;(E)/cp(E). □epem1weM cncTe11-1y ypae11eHHH 

(28) CJlC.llYIOlUMM o6pa30M: 

:x, 

Q, = f a,(E)Si(E)cp(E)dE. 
0 

(30) 

ITonpaBO'nlblC ql)'H.KUllll S,(£), yYHTblBaJOI.l(JIC HCKa-

. )K8!0U(CC BJ111J!HJ1e H3MCp11TCJ1.hHOH KOHCTPYKJ.J.HH, encpm,1e 

6b!Jlll BBC.[lCllbl B pa6oTe [12) . Pacct.JHTL!Ba.!I MCTO.llOM 

MoHT!,!-Kapno C M8KC11MUJlbHblM yYCTOM KOHCTpYKUHH pe­

aKTOJJHOtt ycTaHOBKII H 113MCp11TCflbHOH cxeMbl C□CKTpbl 

cpf1 (£) 11 cpA/ (£), 6y.n.eM nonaran 

Al 
S, (E) "' <p; (E) . 

cpAf (E) 

Ecm, B (30) noJ10)KJ1Tb S,(E) = l, TO Mbl B03BpamaeMc.!I 

K Ja.llaqe (I). 
0TMCTIIM, •no BbJ6op Y3Jl0B 11-cnna11Ha, KaK H B cny­

t.Jae .upynlX TllnOB cnnai'nioe, CYutCCTBCHHO BJlll.!!CT Ha TOLJ­

HOCTb annpOKCHM3Ullll II .!IBfl.!ICTC.!I O,llHHM 113 OCHOBHblX 

cnoco6os peryn.!!p1nau1111 3a,aa'IH . .D:nil KOIITpOJl.!I 1a np11-

c~rneMOCTb10 BOCCTaHOBJICHM.!I 11CnOJlb3yeTC.!I 3H8'ICHllC 

cpC.llHCKBll,.UpaTH'-IHOii HCB.!13Kll nevsr, KOTopa.11 Bbl'-IIICJI.!ICT­

C.!I no c!iopMync 

nevsr = ,, _!__ L Q,i - Q; N ( J2 
~ N i=I ti.Q, 

(31) 

r.[lC ti.Q, - a6COJ110Tll8.!I cpe.D.HCKB8.llJJ8Tll'IH8.!I norpCillHOCTb 

113 1epeHIIH Q,; Qr, - paCC'-IIITaHHOC no BOCCTaHOBJ1e1rnoMy 

cneKTpy 3113L[CHIIC 8KTHB8UIIOHIIOro l!HTerpana. 

! 



8 COOTBCTCTBIIII C npaBIIJ13MJI MUTCMU'l 11'-leCKOfi cm- KapJIO qiy11Ku11it S,( E) IICnOJlb30BUJ111Cb IIX c pe)lJIIIC 3IIUYe-

TIICTI IKJI )1Jlll HOpMaJlbHO pacnpc.n.cneHllblX HCJUBllCIIMblX 

cnyYattHblX BCJ11IYl1H Q, npllCMJICMblMII 6y.n.cM C4JITaTb 

JHaYCHll ll nevsr , Y.D.OBJlCTBOpl!IOUlllC HepaBCIICTBY (CI\I. 

HanpttMep , [ 13, 14J): 

n evsr~ l+J};- . (32) 

YKa3aHJlbl tt aJJTOJ)HTM pCaJJl130BaH B KOMnncKCC npo­

rpaMM, KOTOj)b ll1 noJBOJlJICT paCCYl lTblBaTb 11-cneKTP 

B n p011380JlbHO JanaHHOM rpynnOBOM npcncrna11e111111. Pac­

c•m TblBaJOTCll Ta10KC TaKIIC cjlyHKUJIOHaJJbl BOCCTaHOBJlCll­

HOrO c n eKTpa, KaK qJJlJOCHC, MIITCrpanbHbl tt cnCKTJ) Fa.I 

c :rnep rnei1 Hei1,poHOB E > 0, I MJB, cpenHHJI :rnepriU!. 

HCHTJ)OHOB B cneKTpC, Jq>cjlen11BHOC CC'3CHJte HHKCJlCBOfO 

HH.llHKaTop a 
58Ni(n, p) (ecn11 OH, CCTCCTBCHHO, 11cnoJ1b3yeT­

Cll np11 BOCCTaHOBJleHtrn) 11 cpenttec CCYCHHC pcaKUllll 
58N i(n,p) no c n Ch'TJJY c J Heprnei1 HCttTJJOIIOB E > 0, I MJB. 

C n OMO!llb lO <(LJJICJlOBblX JKCnept1MCHTOB» l!aXOL{JITCJI KO­

sap11aUHOHHaJ1 M a,pn ua oum 6oK HCKOMoro c n eKTpa a Ma­

n orpynnoeoM npencrasnettmI H n orpemttocTH ynOMllH)'­

TbIX Bbl lllC cjlYJ-IKl.{110HaJlOB. B naHHOM pa6oTe HaXO)lHTCll 

KOMrtOHCHTa o um6im, JIBJIJ!lOI..Ual!CJI 'fYBCTBHTCJlbHOCTbJO 

MCTO)la K OWH6KaM HCXO)lHbIX )laHHblX Q,. 

3. BoccTaHOBJJenue ll-CneKTpOB peaKTOpOB 

JiAPC-5, HrPHK, ~IrY AP 

OnHCaHH.blH TIO)lXO)l 6h1Jl npHMCHCH )1J1JI BOCCTaHOB­

JlCHIDI. cncKTpo e s KaHanax pcaKTopoe 6APC-5, JirPl1K, 

5lrY AP [ 15, 16] H Ha n osepXHoCT11 pcaKTopa I,ffPJIK no 

p attec npOBC)lCHHblM a1,.11-i:eauHOHHblM ll3MepCHHJIM. H3MC­

pe~IBblC 3HaYCHIUI a1rmsau110HHI,IX HHTCrpanoB Q, H HX 

cp C.llHCKBa.a.p am'IHbJC norp eWHOCTH t1Q; npt lBC.D.CH.bl e [ I 2]. 

Cet.JCHJUI peaKUHM A.11 6pam1cr, HJ 6116mmTeK 

r ccc,n:, IRDF-90, ENDF/B-Vl, ADL-3 11 .a.p. e TOM s11)1c 

(MHOrorpynnosoe npe)lCTaBJ1Cl-ll1C 11JIII mrnei1Hal! TTOTOYCY­

Hal! l1HTepnOJUU.J,lfJI), B KaKOM OHH npe)lCTaBJlCHhl B JTHX 

6 11611110TeKaX. 

3.1. Cne,crp B icanane peaKropa JiAPC-5 

):{AA BOCCTaHOBJlCHHJI cncKTpa B KaHaJIC peaKTopa 

.6APC - 5 HCnOJlbJOBaJll ICh JHa•JCHIIJI paHee l13MCpCHHhlX 

aKTI1Ba1UJOHHblX l!HTCrpanoe. 8 KaYeCTBe Ha•JaJJbHOro 

CTTCKTpa <p(O)(E) 6brn B3l!T pacl£eTHbl H cneKTJ) <pM(E) B nyc­

TOM KaHane pca1rropa. <DyttKUIIH qi,"f(E) II <pA/(E) 6blJlH pac­

C'111TaHbl MCTO)lOM MoHTe-Kapno np11 ycnOBIIJIX, no 803-

MO>KHOCTII MaKCHMaJJbHO 611113KHX K peanbHblM ll3MepeHH­

lrJ\1. YYHTbIBaJIHCb CTCHbl, non II nOTOJIOK peaKTOpHoro Ja­

na, pacnOJlO>KCHl!hlC J)l!JlOl\f C aKTJIBHOH 30HOH anJOMJIHlle­

BblH CTOJl II BCCBOJlllOBbl tt .D.CTeKrop (nomtJTIIJICIIOBhJH 

6noK B K3)1M IICBOJI 0601101..JKC), a TUIOKC >KCJlC3IIUll KOHCT­

PYKUl1JI Hall 11J.Mep1ITenbHbIM KmtaJIOM pcaicropa .6APC-5. 

MaKCllMUJlbHO TOYHO Janasanacb 113MCj)I ITCJlbllaJI KOHCT­

PYKUIUI llCTeKTop os )1J1JI Ka)KJloit c6opK11. 

8 )laHIIOH pa6oTc, KaK II B [ 12], np11 BOCCTaHOBJlCHlll1 

cneKTpa <p(E) BMCCTO paCCYHTaHllblX MCTO.D.OM MOHTC-

8 

Hill! 

r)le 

OM s _, 
, = (OJ , 

Q. _, 

X, 00 

(33) 

Q/" = f a,(E)<p~1 (E)dE, Qrll = f a;(E)c.pM (E)dE . (34) 
0 0 

JTO Bbl3BaHO HCTOYHOCTblO paCLJCTa S,(E) )1J1JI HCIITJJOHOB 

c Jttcprneit E < I0-2 
MJB II E > 7 MJB. 

8 COOTBCTCTBIIH C BbJWCCKa33HHblM BMCCTO (28) pc­

WaJlaCb Cl1CTC.Ma I1HTerp,lJJbHhlX ypaBHCHlltt (I), r )le B Ka­

YCCTBe Q, H t1Q, 6pan11Cb BCJlH'IIIHbl 

Q? [t1QQ,3? ]2 +( t1sS,·; J2 Q, = --=-' L1Q; = Q; 
S; 

(35) 

t1Q? 
3.D.CCb 

03 _, 
t,.S 

11 -
S; 

- OTHOCIITCJlbllb!C (Ia) norpewHO-

V Q,::> CTH H3Mepemm II norpeWHOCTl1 paCYeTa MCTOllOM 

Mome-Kapno 31-1aLteH11i1 S; . Cne.a.yeT OTMCTIITh, 'fTO np11-

BC.D.CHHb1e JHa'lCHWI aKTJ.IB3UHOHHbl X HHTerpanoe Q? no­

JlyYeHbl 6e3 BHCCCHWI nonpaBOK Ha caMOJKpam1posamIc 

aKTIIBaUHOHHblX HHW,IK3TOpOB H 6e3 yYeTa reoMeTpHH 113-

McpeHll11, a cetJCHHJI aKTHBa.UHOllllblX JlCTCl-.'TOpOB O; (£) 

6panHCb 6e3 yYCTa Ka)lMHCBOrO JKpaHa. Cf)aKTIIYCCKJ.I :no, 

a TaK)KC B3aHMHOe BJ1HJIBJ1e HH)lrLKaTOpOB apyr Ha npyra 

H Ha cneKTp B KaHanc peaKTopa YlfTCHO paCYCTHbIM MCTO­

llOM nonpasKaM11 S; . 

TTp11 BOCCTaHOBJlCHHH 6b1J1H np11HJ!Tbl CJlCJlYIO!llHC 13 

YJllOBbL'{ TOLJCK LlJ1JI 11-cn11a1rna: 

£4 = [ l · J0-10· l 3 -10-7· 3 83· 10-7. 8· I o -6· 2· IO-s. 3 · 10-s. 
7,3-10-5; 3',2-'io-3; 3',8.'io- I ; o ,95 ; 7; 1'1; 20J ~-13B. ' 

Cpe.l{IIHC 3Ha'lCllllJI HCBll30K )lJlJI npHHJITOro Ha6opa 

IIH.D.IIK3TOpOB Ha HaYaJlbHOM ap116mDKCHllll H Ha BOCCTa­

llOBJICHHOM cneKTpC COCTaBHJIH COOTBCTCTBCHHO 

nevsr(
0>= 1,25 ; nevsr = l ,21. 

JTO rosopHT O TOM, YTO pacCYHTaHllblJI no MCTOJlY 

MoHTc-Kapno cncKTp ;10cTaTO'lHO xopowo cornacyeTCll 

C pe3yJlbTaTaJ\11I aKTHBaUHOHHblX ll3Mepe1rnii. 

Ha p11c. I OOKa3aHbl IJ-CTTCKTJ)hl : Hal£aJlbHOe np1-16m1-

)KCHIIC c.p<0>(E), BOCCTaHOBJlCHHblH CTTC1''TJ) c.p(E) II paHec 

113MCpCHHhUI cnCKTp 113 pa6oTbl [ 12] . MapKepOM * (KaK 

II Ha p11c. 3- 5) TTOMClJCHI,J Y3Jlbl 11-cnJ1a11Ha. 3aMCTHOC pac­

XO)l{)lCIIHC MCn<..D.Y TIOCJlCL{HIIM II cneKTpOM B 811.D.C 11- cnnafi­

Ha Ha61110.D.aCTCll e Tennosoit o6nacrn. 

)].n JI HJIJllOCTJ)au1111 Ha p11c. 2 TTOKa3aHhl OTIIOWCHIIJI 

Qr -Q 
1 1 

(HCBJl3K11) )lJIJI rtpHHJ!TblX K BOCCTaHOBJlCHIIJO AJ1. 
t1Q, 

Bll)lHO. l£TO OTKJIOHCHJUI Qr, OT Q; HOCH cn yqattllhlH xa­

paKTep ("11ecMCll(eHHOCTb
11 

paCYCTHblX Qr,) II HC npeBbl­

lltalOT 2,5a. 



Pnc. I. HeirrpOHHblH cneicrp s KaHane pearrropa EAPC-5: I soccTaHosneHHbltt cne1-rrp; 
2 - ornopM11posattHb1ii MC P-cnei-.--rp; 3 - cncKrp HJ pa60Tb1 [ 12) 

(Qr - Q)/ Q 
3 

2 

0 

- I 

-2 

-3 L.1...1..J...I..J..J..J...L.LJ...L.L.L.1...1.J...J...,..J..J...L.LJ...LI...L.1...1..L..L..J..J...L.LJ...LI...L.1...I..L..L..J..J...L.LJ...U...L.1...1..J....I.J..J..J... 

0 10 20 30 40 50 

Puc. 2. OTKJJOHCffiUI paC'ICTHblX 3h'TllBllilll0HHblX IIITTCrpanoB OT IIJMepeHHbCX 3HalfeHIIii 
0THoc11TenbH0 ow1160K 1nMepett11ii B KaHane pcaKTopa EAPC-5 

BoccTaHOBflCHHblH cneKTJ) n 14-rpynnOBOM npe.n.c-ras­

ncHHl1 np1rne.n.eH B Ta6n. I . TaM >KC np11ne.n.eH pa11cc aoc­

CTaHOBflCHHbitt cnCKTJ) H3 pa60Tbl [ 12). 
CpaBIIIIBaJI 11X rpynnOBblC HHTCrpanbl, JlCTKO 811)].CTb, 

'ITO OHJI cornacyioTc.SI MeiKlly co6oil a npe.n.enax owu6oK 3a 

ucKJ11O,1eH1tCM rpynn c E < 0,01 M B. 3 roro MO>KHO 6binO 

9 

O,Kll)].UTb BCJIC.D.CTBHC MMOCTII nOTOKa HCttTpOIIOB B '.>TOH 

06nacn1 :rnepr11J1 . Mo)l(UO OTMCTHTb xopornec cornac11c 

~JnlOCHCOB II cpc.n.1mx )HCprntt no BOCCT3HOBJlCHHhlM 

B HaCTO.SI LUCfl pa601 e II pa6oTe [ 12] cnCKTpaM. 



Ta6n11ua I 

6APC-5, Ka11a11. Boccrn11oenc1111b1C HeJIT)JOHHbJC cncKTpbr (rpynnoe1,1c 11HTcrpa11b1 F1) 

PaHCC BOCCTaHOB.qeHlfblH CIICKTp BoCCTaHOBnCHHblll B Ha-
r 121 

b.Ei , MJB b.Fi, 
Fd12] 

%( I cr) 
0--4· I 0·3 3,07· lO·J 55 

4· I o·J_I • to·' 1,21 · 10·- 58 
I· I 0·2- 5• I 0·2 2,65 ·10·1 23 
5· Io·'- 0, I 6.09·10·1 21 

0,1-0,3 3,03 11 
0.3- 0,6 3,61 18 
0,6-1,0 3,20 8 
1,0- 1,5 2,48 10 
1,5- 2,0 1,57 5 
2.0- 3,0 1.80 8 
3,0--4,0 9,3 1·10· ' 5 
4,0-6,0 7,51·10· 1 7 
6,0-8,0 1,87·10·1 6 
8,0- 18 5,83-10·1 4 

<t>moeHc FL, 
18,5 3 

0TH. e.!].. 

Ecn, M3B 1,27 2 

O"Ni, M6 52,5 3 

<t>moeHc FLo,1, 17,6 3 
0TH. e,n. 

O"Ni O I, M6 55 3 

3.2. CneKTp a KaHaJJe H Ha noaepxHOCTII peaKTOpa 

IITPHK 

Ilp11 BOCCTaHOBJleHIDI cneKTpOB perucropa ffi'PHK qJym<­
um-1 q,;M(E), q,/1(£) 6b!Jll-! paccl.£1fl'aHb1 Mero,uoM MoHTe-Kapno 
rrp1-1 ycnOBJ,U[)(, no BOJMO)KHOCTif MaKCHManbHO 6ml3KJIX K 

peanbHbIM HJMepCHIDlM. 11pH BOCCTaHOBJlCIDtH qJ}'HKUHI-1 S,(£) 
11CITOJJ.b3OBaJl11Cb B rpynnoBOM npe,UCUIBJICHHJ1 

Ek+J 

f cr;(E)q,f1 (E)dE 

S- = _E---"k'--------
1,k Ek+I 

f a1(E)q,'t (E)dE 
Ek 

r.ue t:,,.s = {Ek} t - np11W1TOC paJ611em1e 3HepreTH'-ICCKOH 

WKaJlbJ Ha llO,!lblHTCpBaJJ.bl (rpynnbl). 

B COOTBeTCTBl111 C BbillleCKaJaI-!Hb!M BMCCTO Cl1CTeMbl 
(30) pewanacb Cl1CTCMa ypaBI-!CI-1.1111 

L Ek+I 

Q, = I S;,k f a,.(E)j(E)dE, (36) 

k= I Ek 

B KOTOpOH JHalJemm Q, rrpHBe,UeHhl 6e3 norrpaBOK Ha C8MO3K­
paID1pOBaHl1e H reOMCT))1110 113MepeHIIH, a CC'-ICI-OUI aKTI1aam1-

OHHblX .UeTCKTOpOB cr,. (£) -6e3 yqera Ka.!].Ml-!CBOro 3KpaI1a. 

Ilp11 pacYeTe nonpaao,u-10ii MaTpl1UbI S,_4 KaK a Kattane, 
TaK II a 6oKOBOM OKHC peaKTopa IICllOJJbJOBaJJOCb 

CTOllutCii pa6oTe COCKTJ) 
Fk [12)/ Fi 

b.Fi, 
Fk 

%( lcr) 
2.39-10·3 4 1.28 
I .00·I0·- 4 1,21 
2,51·10. 1 4 1,06 
6,27·10·1 5 0,97 

3,36 3 0,90 
3,41 3 1.06 
2.67 5 1,20 
2.28 3 1,09 
1,57 2 1.00 
1,87 2 0,96 

9,28•10· 1 2 1,00 
7,02·10· 1 I 1,07 
1,81·10_, 2 1.03 
6,06· 10·2 2 0,96 

18,0 I 1,03 

1,27 1 1,01 

53 2 0,99 

17,l 1,8 1,03 

55,8 2,2 0,99 

9-rpyrrrrosoe pa3611eHl1C :)HeprCTl1'JeCKOH WKaJll,1 

t:,,.s: l · 10- 10
; O,6· l 0--6; 10--6; 400· 10-\ I · 10-3

; 17 · IO 3
; 

l; 5; 10; 20 M3B. (37) 

Bb16op TaKoro pa1611ettID1 t:,,.5 o6ycnosneH Ham11J11eM 
113Mep11TCJlbHblX rraKCTOB B Ka.UMl-lCBbIX 3Kpa11ax 11 rrorpern­
HOCT.11.MM pacYeros MCTO.UOM MoHTe-Kapno. YJJJ.bl 11-cnnaii­

Ha 6burn Bb16paHbl CJJC.U)'lOU.U1M o6pa30M: 

£1 = [1 ·10- 10· 2·10-8 · l · 10-7· 3· 10-7· 1 ·10--6. 3-10--6· 
) · 10-5• 1 5· 10-4· 3-10-4· 6· 10-4· 6·10-3• 0 27· 1·'2 7· 7.' 

, 1 ' ' , ' ' ' , ' , ' 

13; 20) M3B. 

Cpe.UHIIC 3Ha'-lemui HCBJl3OK ,!lJJ.JI npmUITOro Ha6opa 
1-!H.!lHI<aTopoB Ha Ha'-laJlbHOM np116mrn<CHJII-! 11 Ha BOCCTa­
HOBJJCHHOM CllCKTpC COCTaBlfnH COOTBCTCTBCHHO 

nevs/0
> = 2, 7; nevsr = 1,0 I. 

3To rosopHT O TOM, '-ITO pacccnrraHHbIH MeTO.UOM MOHTC­
Kapno cneKTp .uocTaTO'-IHO xopowo cornacyeTC}[ c peJyJJ.b­
TaTaMH aKTHBaUHOHHblX H3Mepemtii. 

Ha p11c. 3 llOKaJaHhl HaLJaJJbHOe npH6JJl1)KCHIIC q,<0>(£), 
BOCCTaHOBJlCHHblO CllCKTp q,(£) H B3JITblH 113 pa60Tbl [ 12) 

paHee H3MepCHHblH crre1-.--rp. BH.UHO, '-ITO CllCKTpbl q,<0)(£) 
H q,(£) .ueiiCTBIITCJJbHO 6n11JKII Me)l()ly co6oH. HeBJl3KII 
npllWITblX K BOCCTaHOBJICHHIO AM HOCJIT TaKOH )KC xapaK­

Tep, KaK 11 .UJJJI peairropa EAPC-5. BoccrnHoaneHHbIH 
cnei---rp B 16-rpynrroBOM npe,UCTaBJJeHHl1 npHBe.UCH 
B rn6n. 2. 



(j)(£). 1/MJB 
10 1

() 

10•10~--~~--~---~---~---~----
10·10 

P11c. 3. Hei'rrpou11b1tt cneKTp s Kattane peaKTopa vlrPl1K (060JHa'-!cm1J1 TC )Ke, '-!TO ua pHc. I) 

Ta6n11ua 2 

HfPHK, KaHan. BoccrnHosnc11m,111 cneKTp (rpynnosbie HHTerpaJJhI) 

Pattee BOCCT3HOBneJIIJbltt BoccTaHOBneHHbltt B Ha-

ti£,, MJB 
cncr-.,p 121 CTOlllllCU pa6oTe cneKTp 

M., F4[12]/Fk 
Fd12J tJ.F4, %( I cr) F. 

%( 1 cr) 
0- 5·10- I 3.20 8 3,18 9 1,01 

5-10-7- 1· 10-l 4,32 14 4,32 12 1,00 
l · 10--4 1· 10 - 4,48 29 4,58 9 0,98 

1-10-2-0, 1 2,43 51 2,42 30 1.01 
0,1 - 0.5 3,37 116 3.39 56 0,99 
0,5- 1,0 2,86 34 2,72 40 1,05 
1,0- 1,5 2,02 27 2,06 40 0,98 
1,5- 2.0 1,50 26 1,53 29 0.98 
2,0-3,0 2,02 12 2.00 16 1.01 
3,0-4.0 9,50 · 10- 1 9 9.84· 10 I 12 0,97 
4,0-5,0 4,94 -10- 1 9 4.86·10-I 11 1,02 
5,0- 6,0 2,60 ·JO I 11 2,50·10 I 8 1,04 
6.0- 8.0 1,98 •10- I 7.0 2,00· 10-I 7 0,99 
8,0 10 4,70· I0-- 9 4,69· Io-• 10 1,00 
10 14 l.32·10-- 4 1,30· I0-2 3 1,01 
14-20 7 ,08· I 0--4 18 7,38· 10--4 18,2 0,96 

cJ.)moeuc Fl. 
28,2 10 28,2 6 1.00 

OTH en. 

£ ." ,MJB 0.78 7 0,78 5 1.00 

cr"•· ~,6 35.7 9 35,7 6 1.00 
<I>n10cHc Fl0_1, I ~.8 19 13,7 11 1,01 

0TH. en. 

cr~;o1,M6 73,2 15 73,5 11 0.99 
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CpaB111rnal! llX rpy11nOBblC IIIITCrpaJJLl, JJCI KO Rll!lCTb. 

YTO <H111 xopowo cornacyio1cl! ~1c;K;iy co6oii. I lm160JJbll1Ce 

()T;]ll411C rpynnoRblX llllTCrpa!!OB Ha6mo.uacTCll B llHTCpBa­

JiaX 0,5- 1,0 MJB. '.)roro MOiKIIO 61,1110 OiKllJl3Tb, rnK KaK 

JTll rpynn1,1 ('JTO OTMCLiaJIOCb IICO!llfOKparno B .apyrnx pa-

6ornx) l!BJllll-OTCll 11H4)0pM8UIIOHHO Heo6ecrte'ICHHblMII cy­

W.CCTB)'IOW.llMll Ha6opa1'111 A~I. MoiKHO OTMeTI!Tb cosna­

.ae111 IC llllTCrpaJlbHblX xapaKTCf)IICTllK CllCKTpOB. 

ITpll 1nMepe111t.ffX B 60KOBOM OKJIC pca,rropa B COOT­

BCTCTBJlll C [ 12) H3-3a cna6ofi aKT1maum1 HCKOTOpblX llH­

.IlllKaTopoB 11a6op !{CTCKTOpOB 6bJJJ COKpaw.cH no 23 IIH.Illf­

KaTOpOB. Y3JJbl 11-cnJJailHa 6LIJJl1 Bb16pa111,1 cne.ayJOW.lfM 

o6pa3oM: 

£. - [1·10 10; 2·10 ; l·L0 7
; 2·10-

7
; 3·10-6; 5·10...j,; 

2,5· IO 4
; 0,6; 0,8; 1,5: 2, 7; 7; 11,5; 14; 20). 

Cpemmc 3H8LJCHll.ff HCBl£3OK .UJJll npllmrroro 11a6opa 

IIH.Illl1<8TOpOB Ha H8LJaJlbHOM np116JJJDKCH!lll II BOCCTaHOB­

JJCHHO~I cnci-..,pe COCTaBlJJJH COOTBCTCTBCHHO 

2 

ncvst'J 4.69; ncvsr = 1,09. 

I3 .!lUHl!O 1 cnyyac paCC'lllTallllblil no nporpa IMC 

MCNP l..ncKTp 11ccKOJJbKO xy;Kc cm nacycTCll c pc·1ym,rn­

rnM11 113MCpc1111ri, 'ICM npll IIJMCJ)Clfll.ffX B KatWJJC peaKTopa 

r.ae ncvsr(IJ) -= 2,7. BoJMOiKIIO, JTO CBJl38llO C HCOD.HOpO.UHO~ 

CTblO 11cfirpo1rnoro nOTOKU no paccTOJIHIIIO OT OCII a!CTIIB­

HOri 3Ollhl peat-..,opa . 

Ha pllC. -I nOK83allbl HU48JlbHOC np116mtiKCHllC q,10>(£), 

BOCCTallOBJJCHHblfi CllCKTp q,(£) ll cnct-...p 113 pa60Tbl [ 12). 

Pc3yJJbTaTbl BOCCTallOBJJCHll.ff cnct-...pa nOKa1a111,1 

a ra6.n. 3 a 16-rpynnoBOM npC,llCTaBJJCHllll. 

MOiKHO OTMCTIITb npat-..,H4CCKll TO41JOC conna,ue1111e 

IIHTCrpaJJbHblX xapaKTepllCTllK cneKrpa B Bil.UC 11-cnnaihta 

If pa11cc BOCCTaHOBJJCHHOrO cne1-..pa 113 [ 12]. 

fpynnoabrc mrrcrpan1,1 TaKiKC cosna.aaior a npe,uenax 

ou11160K. Ha116on1,wce pa1m1•mc Ha6nionacrc.H npn JHep­

nu1x £ > 8 MJB. 

£, M,B 

P11c. 4 . HeiiTp0Hllbli1 CITCKTP O 60KOBOM OK!le pcaKTopa lffPliK (0601Ha<1em111 Te )KC, '!TO Ha p11c. I) 

12 



Ta6n11ua 3 

l1fPJIK. BoCCT31iOBJICHIILltt cncKTp 8 60KOBOM OKHC peai,.,opa (rpynnoBLIC 111ncrpaJ1bl) 

Pancc B0CCTaHOBJlCHHLifi CITCKT[J Boccra1101rnc1111L1ii e na-
r I 21 crol!111cfi pa6orc cncr..'Tf) 

F1[ I 2)/F1 6.£,., M:>B 6.F,, 
Fkfl2) t:,F1, %( I cr) F, 

%(1 cr) 

0- 5·10 7 1.17 II 
5· IO ' I· I 0-1 3,84 6 
I ·IO -1_ I · 10-- 6.49 6 

1·10 -- 0,1 6,73 26 
0, 1- 0,5 9,57 30 
0,5- 1.0 6.29 30 
1.0- 1.5 3.96 19 
1,5- 2,0 2.42 13 
2,0- 3.0 2,43 20 
3.0--4,0 0,90 14 
4.0---5.0 0.50 18 
5,0 6,0 0,28 17 
6.0- 8,0 0,23 14 
8,0- 10 0,055 12 
10- 14 0, 18 4 
14- 20 0,68· 10-j 23 

<t>m-0eHc FL, 
44,9 10 

orH. en. 

£=· M:>B 0,70 8 

CTN,, M6 24.7 12 

Wmoe11c FL0_i, 
26,6 13 

OTl-1. Cll. 

O"N1 O 1, M6 41.6 16 

3.3. Cne1,,.,p e i-:a11ane peai--ropa 51I'Y AP 

KaK H D,Jlll pcaKTopa lli'PMK, nonpasotJHLIC cpj'HKUlm 

S,(E), }"lHTb!BalOIUJIC BJIIDIH.HC H3MCpHTCJlbHOII c6op1rn, 

npH BOCCTaHOBilCH.HU 11cnonb30Bam1Cb 8 ManorpynnOBOM 

(9 rpynn) npeacrnsncmm. B COOTBCTCTBHH c )TUM perua­

nacb CIICTCMa (36). 8 KOTOpOH Q; npI1BC)lCHbl 6c3 nonpaBOK 

Ha caMO Kp8H11pOBaHHC H reOMCTpHIO 113MCpCHIIH, a cetJe­

lllUI a1,.,11B8UHOHHblX )],CTCKTOpOB - 6c3 }"lCTa Ka.n;~rnesoro 

KpaHa. 

J1pH paCtfCTC nonpaBO'fHOIJ M8TJH1Ubl S,J IICOOJlb30Ba­

JIOCb TO )KC caMoe, 'ITO II JUlll pcaKTopa l,ff Pl1K, 9-rpyn­

nosoc pa36IICHIIC :mepreTJIYCCKOii WK8Jlbl 

6.5: I· I0 10
; 0,6· 10 ••: IO· I0--0; 400· IO 6

; I · 10 3
; I 7·10-3

; 

I; 5 ; 10; 20 M3B. 

Y3Jlbl n-cnnaiiHa 6&IJIJI Bb!6pa11bl CJIc,nylOIUHM o6pa30JIJ: 

£1 = [1·10 '
0

; 2·10 \ 1·10 7
; 6-I0-7; 1·10 

6
; 3·10-6; l ·I0-5

; 

4,3 · 10 5
; I,8·I0-t; 6,3 ·10-t; 5 · 10 '; 0,6; 0,8; l; 2,5; 7; 11 ; 

13; 20]. 
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I.II 6 1,05 
3,65 14 I.OS 
6,07 7 1,07 
6,73 50 1.00 
9J3 28 1.03 
6.56 30 0,96 
3,89 14 1,02 
2,56 18 0,94 
2.31 15 I.OS 

9,63·10- I 11 0,93 
4,86·10 I 9 1,03 
2,54·10 I 14 1,10 
2,27·10- I I 8 1,01 
5,07·IO- 27 1,08 
1,60·10 -, 4 1,13 
5,62·10-I 22 1,21 

44,2 13 1.02 

0,71 IO 0,99 
24.6 II 1.00 

26,6 12 1,00 

40,9 12 1,02 

Cpe.D.HHC 3H8'lCIUUI HCBll30K )],JUI npliHllTOro 11a6opa 

HH,D.IJKaTOpOB 11a Ha'faJibHOM np116nmKCHIIH II BOCCTaHOB­

JICHHOM cneKTpC COCTaB~IJIII COOTBCTCTBCHHO 

ncvsr<
0

> = 2, I ; ncvsr = I , I, 

T. C. paCC'-IHTaHHbltt no MoHTe-Kapno CITCl<T(J JJ.OCTaTO'IHO 

xopowo cornacyeTCll C pe3yJILT8TaMH 8KTI-188UIIOHHblX 113-

MC))Cllllll . JTO TIO.!lTBC()iKll8CT II (JIIC. 5, r.ne noKa38Hbf Ha­

YanbHOC np116J1mKeH11e <p(O)(E), BOCCT8110BJICHHblH CTICKT() 

<p(E) II BJl!Tbli1113 pa60Thl [12] paHee Jf3MC(JCH1lbUI cneKTp. 

BocCTaHOBJICHHhill cneKTp 8 I6-rpynnOBOM npe.n;crnB­

flCHl111 npl!BC)],Cll B ra6n. 4. 

CpaBHl188)1 rpynnoBblC IIHTCrpaJlbl fl(JC,!l,CTaBJICHllblX 

cneKTpOB, ner KO Bll.ll.CTh, '-!TO OHll xopowo cornaCy!QTC)I 

MC)f(,!l,y co6oii . Ha116onhwee oTmrtme rpynnoe&rx llHTerpa­

noB Ha6mo,nacn:n B 11ttrepaane 14-20 MJB, 'lTO, no­

s11.nIIM0My, llBJIRCTCll cne.n;CTBJIC/\1 BbI6opa Y3JIOB cnnaiiHa 

£,. M0)1(1J0 OTMCTIITb xopowcc conna,D.CllllC IIIITCrpanbHblX 

xapaKTCpllCTIII( cnCICT(JOB. 



1p(£), 1/tvbB 
IO 10 

1 

J()-10~--~---~---~---~--~--
IO - 10 10 .g 10 -2 

10 ° E, M3B 

Puc. 5. HeiiTpoHHbiii cncKTp B KaRa.ne peaKTopa 51.rY AP (060JHa,1eH11l! Te >KC, '!TO Ha p11c. 1) 

Ta6m1ua 4 

51fY AP, KaHaJJ. BoccTaHosneHHhIH crrcKTp (rpynnoBhie 11HTerpanb1) 

PaHee BOCCTaHOBneHHblii BoccTallOBJICHHblii B HaCTOllutCii 
CneKTp f 12] oa6oTe cncKTP 

F1[ 12)/F, 
llEi., M:>B /lFk, llFi, Fi[l 2) 

%( I cr) 
Fi 

%( I cr) 
0-5·10- I 9.11 · 10- ' 5 9,16·10 I 5 0,99 

5·10 7-1· 10-4 4.04 5 3,97 4 1,02 
I · I 0-4- 1 · JO-- 4.05 9 4,00 9 1,01 

l·J0---0, 1 2,77 17 2.80 7 0,99 
0,1-0,5 4,15 50 4,19 14 0,99 
0,5- 1,0 4,10 21 4,32 23 0,95 
1,0- 1,5 2,52 15 2,56 12 0,99 
1,5-2,0 1.70 16 1.77 15 0,96 
2,0- 3,0 2, 12 II 2.10 10 1.01 
3,0-4,0 9,33 ·t0~1 10 9,63·10 I 3 0,97 
4,0- 5,0 4,83 -10-1 14 4,73-10~1 7 1,02 
5,0- 6,0 2,57 -10- 1 13 2,40-10- 1 11 1,07 
6,0- 8.0 1.90 · I 0- 1 4 1,90- 10 I 4 1.00 
8,0-10 4,36 .. 10-2 5 4.46· 10-1 8 0,98 
10-14 1.15-· 10-~ 3 I , 12-10-2 5 1,03 
14-20 6.68·· 10-4 13 7.35-10-4 13 0.91 

cJ'JJIIOCHC FL, 
28,3 8 

OTR. Cl!. 
28.6 5 0,99 

E,n, M:>B 0,85 5 0,85 3 1,00 
O':,i, ~16 35,5 7 35,0 5 1,0 1 

cJ)nIOcHc Flo.1, 
16.5 12 16,9 9 0.98 

OTH. ea. 

cr~1 n,.~16 60,8 10 59.2 9 1,03 
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3aJ,JIIO'IC'II JIC' 

B IIallH0II pa6oTe npC.IUI0iKCII If IIcc:1cnoea11 HOBbll! 
no.rixon K B0CCTall0BnCHJ110 HCttl p0HHblX cnCKTp0B. 

8 cpaBIICHllll C npC.!l.blI!Yll.lll!l-11I pa6orn~111 I13\ICIICHa napa­
MCTPJIJaU.JHI HCiiTf)OIIIIOfO Cf!Cl<Tpa, KOTOJ)blll npcncrnen.R­

CTC.Sl e BIIJIC cncw111mrn1poeail!loro 11Hci1Tpo1111oro" cnnafi­

Ha. 8BCJlCHIIC 11ci1 rpomtoro cnnaiitrn n03B0.ll.SICT Cyu.tCCT­
BCIIH0 Cllll311Tb 4l1Cno IICK0J\11,IX napaMCTP0B. 

8bt6op 6a1oe1,1x q>y1mu11i1 11-cnnai111a N(E} HC c.11Y4a­

eu, a 0CH0BaH Ha anpII0()HblX coo6pa:>KCHl!.SIX 0 HITTJ.P.IH0J\! 

peaKTop110M cnCKTf)C. 6:non1,1~ <l>y11Kur111 N(E) no q>op 1c 
n04Tll coenaJl8IOT C Ha6opoM M0,llCJlbHhlX (j)ymuu1i1. npe.n.­

.lJ0iKCllllblX B pa6ornx [ 4 , 5), 0IU-f8K0 llOBC,llCHIIC CflCKTpa 11a 
KaiK,ll0M 113 )'4UCTK0B pa3fo1c1111.S1 HcpreTlflfCCKOfi UJKanht 

3apaHee He cp11Kc11pyeTC.Sl . I1cnOJ!b3)'CMU.Sl CIICTC~ta 6a30BblX 
qJ)'HKUIIII 11-cnnaii11a 6mt3Ka K nonHOIJ no 0TH0WCHIIIO 

K I1ccne}lyeMOMY cncKTpy no)T0MY np11 ncpCX0JlC OT o.n­
HOro Knacca 11ccne.nyeMhlX CllCICTp0B K npyroMy HC -rpe6y­
CTC.II non611paTh ee 3a1-1oeo. 

)].J!.11 )"JCT3 BJ!ll.SIHll.11 H3MCp11TCnhHOii KOHCTf))'KUHJI 

6bIJJII BBCJlCHbl nonpaB0'IHblC q1yHKUHl1 S,(£), K0TOphlC 
Ta!OKC paCC'-IIIThlBaJJHCh MCTO,ll0M MoHTe-Kapno C M8KCH­
M3JlbHblM )'4CTO~f ycnoe11i1 113MepemtH, cocrnna II K0HCT­

PYKU11H c6opKH. 
OmrcaHHbtii Bb!WC no.axon nOHCKa pelllCHUll no 3KI11-

B3U.110HHblM 113MCpemoot peamt30B8H B K0MllJICKCC npo­

rpaMM. TTpn BOCCTaHOBJ!CHllli qi(£) no 8KTl183UII0HHb[M 
H3MCpCH11.SIM paccllJffhIB3IOTC.II r<aK napaMCTJ)bl CTIJ13Hll3 

N(E), 4TO nae.T B03M0)KHOCTh 3H3JllITl14CCK0ro npe,ncrne­

J!CHJI.Sl qi(£), TaK n rpynnoeoe npellcTaenem1e 11-cneKTpa 

npu np0113B0.llbH0 331I;3HH0M pa1611emm :rneprCTlllJCCKOH 

WK31Ihl. 8 IT0CJ!CJlHCM C.11)'':taC MCTOJl0M CT8TIICTl14CCKHX 
l!CIThlT8Hlltt H3X0Jl]!TC.II T3IOKC KOBap11au.110111rn.11 M8Tf)HUa 

ow1160K IICK0M0ro cnCKTJ)3. B ,naHHOii pa60TC H3XO.lI;lffC.II 
K0Mll0HCHTa oum6Kll BOCCT8H0BJJCJHUI, o6yc.JJOBJJCHHa.SI 

4)'BCTBHTCJlhH0CTblO MCT0)la K Olllll6KaM IICX0J].Hb!X ,naH­

HhIX !J.Q,. 
)].AA 11CCJJC)l0881Ill.Sl B03MOiKHOCTCfi Me-rona 6bIJJJI B0C­

CT3HOBJJCHbl HCHTpOHHhJe cncKTpbI pcarrropoe 6APC-5 
(Kattan), lffPl1K (KaHaJJ H noeepxttocTh) 11 51fY AP (Ka­
Ha.11). TTpOBCJlCHHOC cpaBHCHIIC C pauce nony4eHllblMJI pe-

3)'JlbT3TaMl1 [ 12) n0K83aJJO, lJTO H36JJIO)l8CTC.II .nocnlT04H0 
xopowee (B npc.rienax OWH60K BOCCT3HOBJ!C1111H) COOTBeT­
CTBIIC K3K lll!TerpanbHblX xapaKTepllCTIIK cncKTpa, TaK 

H rpynnoBbL'{ HHTerpaJJOB. 
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PACl..JETHhIE BAPMAHThl 11MTTYJihCHOfO PEAKTOPA 
C KOMEMH11POBAHHOM AKTMBHOM 30HOM 

B. X. XopyiKHu, B. <I>. KoJJecoB 

P©5IU-BH11113©, 607188, r . Capoa H11)1(eropo.ncK011 0611. 

PacCMOTpeHbl eap,rnHTbl l!MnyJJbCHOro peaKTopa C BHYTPCHHCTT o6naCTblO aKTHBHOH 3Ollbl 113 ypatt-rpacjmrneoro rnnmrna II BHelll­
HCH o6naCTblO 113 ypaH-Mom16J1eHoeoro cnnaea. TToKaJaHo, '!TO, KaK Ii B pattee IICCJlel!OBaHHb!X eapHaHTaX, KOM611m1poeam1e yKaJaH­
ffblX MaTepHaJJOB nO3BOJJSleT cymecTBeHHO yMeHblllaTb .llJIIITCJlbHOCTb IIMnynbca JleJJeHHil npH cpaBHIITCJlbHO He60JrblIIOM CHH)f(CHIUI 
!pJJIOeHCa HeihpOHOB 3a HMnym,c. 

CALCULATED VARIANTS OF PULSED REACTOR WITH COMBINED CORE/ V. Kb. KHORUZHI, V. F. KOLE­
SOY II Variants of pulsed reactor wiLh Lhe core internal area made of carbon-uranium fuel and external area made of uranium­
molybdenum alloy are considered. It is shown that, as in the earlier studied variants, combination of mentioned material allows a sig­
nificant reduction of fission pul e duration at comparatively insignificant lowering of neutron fluence per pulse. 

Bse}leune 

B pa6oTax [ l, 2] paCCM0TpeH.bl JIMOYJJbCHbltt peaK­

T0p 11 6ycTep C KOM6J.uu-1poeaHHblMl1 aKTllBH.blM11 30HaMI! 

(A3): B [l] npe.ucTaeneH 11MnynhCHbJH peaKTop c A3 113 

ypaH-MOJll16)leHOBOro cnnaea H MeTaJIJJH'ICCK0ro nnyTO­

mu1-239, B [2] - 6ycTep 113 .!ll!0KCHA0B ypatta 11 Henry­

HHJl-237. bblJIO 00KaJaH0, '!TO HC00Jlb30BaH11e B A3 yKa-

3aHH.blX ycTpOHCTB DpHH.UHlla KOM6J.urnpoeaHl1.SI JOH 

C pa3Jlli4HblM11 .nemlll . .{11M11C.SI MaTep11aJJaMl1 0TKpbJBaeT 

803M0)l(H0CTb JHalfHTeJJbH0ro YK0p04eHII.SI .!lJIIHeJlbH0CTH 

HM0YJJbC0B II-, y-113Jl)"-leHl1H. 

B HaJBaH.H.blX pa6oTax pe4b 11.AeT 0 KOM6mmpoeaHIU1 

npI1Bbl4HblX 8 06nacn1 HM0YJJbCH0ro peaKT0pOCTpoeHHJI 

ypaH-MOJ1116.neaoeoro cnnaea H .UH0KCl!)la ypaHa C :>K30-

TllLfHblMJI nnyrott11eM II Henrytt1IeM. Ilpe.L-1CTaBJ1.S1eT TaJOKe 

HHTepec eonpoc 0 803M0)KH0CTII YJl)"-IWeHH.SI napaMeTp0B 

HMllYJJbC0B C fJ0M0LUblO KOM611HHpOBaHIHI 8 A3 peaKTopa 

JOH T0JlbK0 HJ npHBbl4HblX ,L.{JlJI 06nacT11 mtnyJlbCH0ro pe­

aKTopoc-rpoeHll.R MaTepHM0B. 3TOT B0llpoc paCCMo-rpeH 8 

ttacTO.HLUett cTaTbe, rne 11ccne.11osattbI xapaKTepHCTHK11 pe­

aKTopoe, BHyTpeHH.R.SI 0611aCTb 8 A3 K0T0pblX Bbin0JIHeHa 

113 ypatt-rpaq>HTOBOro MaTep11ana, a BlleWH.R.R - 113 ypaH­

MOJ1116.neHOBoro CnJJaBa. KaK fl0KaJaJill pac4eTbl, ycTpoii­

CTB0 C TaKOtt KOHqrnrypau11eii, no.uo6Hoe 60J1ee CJlOlKHblM 

ycTpOttCTBaM pa6oT [I, 2], TaK)l(e o6Jrn.naeT JHa4IITCJlbHblM 

KOJq>q>IIUIICHTOM raweHII.R peaKTIIBH0CTII H II0JB0JH!eT cy­

LUeCTBCIIH0 C0KpamaTb .nmneJJbH0CTb ll~tnYJJbCa .nene1111i1. 

T ,I, - 7 I o's .. / 2 aK, np11 't'Jl!OCHCe 11emp0H0B 38 ll~IIIYJJbC ' HClfll). CM 

aKTope EI1fP. B CTaTbe np11ee.nettbI TaK)l(e .uaHHbie 110 xa­

paKTep11cT11KaM peaKropoe, MaTepuanoM o6eux o6nacTei:i 

A3 8 K0T0pblX .RBJI.SleTC.R ypaH-MOJlJl6,L.{eHOBblH cnJJaB. O60-

rall.{eHJte ypana s .ueyx 06nacTJ1x B :>TOM cnyYae pa:moe. 

3Ta CHCTeMa T8K)l(e H.MeeT X0T.R H Mettee JHa'IHTeJlbH0e, 

upe11Myll.{eCTB0 110 .llJIHTeJlbH0CTl1 11MIIYJlbCa ,L.{eJJeH.1111. 

HeiiTpoHHbie 11 .L-IHHaMll4CCKJie xapaKTepwcnurn pac­

CMaTpHBaeMbJX yc1i,ottCTB npocJJe)l(eflbl B CTaTbe Ha npu­

Mepe peaKT0p0B 6eJ o-rpa)l(8TCJI.SI H C 0'fPIDK8TeJJeM HeH­

'fP0H0B c A3, HMCIOLUeH ueHTpaJJbHYIO ll0JI0CTb .nuaMeTp0M 

20 CM II Ha6pa1-1HOH 113 nonyccpepH'leCKHX o6oJJ04eK. 

l.MeTOJlblpacqeTa 

Kp11TIILJeCKl1e pa3MepbI CIICTeM onpe,L.{eJJ.RJJII C noM0-

lUh!O nporpaMMbJ C-95 MeTO.na MoHTe-Kapno [3]. B pac­

lfernx noJty4eHbl cpe,L.{HJle BpeMeHa )!UiJHH MrH0BeHHblX 

Hett-rpoHos II pac11pe.neneHJ1e .uenettnii no o6beMy aKT11B-

1-1oi-i J0llbl. 3ry nporpaMMY IICfl0Jlb308aJJl1 T8K)l(e J.I.JI.SI oueH­

KII KO:>qJq>llUlleHTOB raweml..R peaKTIIBH0CTl1 peaKT0p0B. 

napaMe-rpbl IIM0YJJbC0B ,L.{eJ1eHIIH 011pe.neJJ.RJIH C ll0M0LUblO 

4IICJICHH0ro peweHHJI ypaeHeH.HH pcaKTopH0H KHHeTIIKII 

[ 4]. )l11HaMll4CCKJ!e Tep111oy11pyme Hallp.R)l(CHIL.R, B0JHJI­

KaIow.IIc B 11onyccjJep114ecK11x 06ono<1Kax A3, pacc<m1b1Ba­

m1 C II0~I0LULIO aH8JIIITll4eCKOro peUJCHJUI, np11se,L.{eH11oro 8 

pa6oTe [ 5] . MaKCIIMaJibHO ;ionyCTl!Mble IIM0YHbCbl .ne1Ie-

1111i1 B peaKTopax onpenen.RJJII s 11pe.11110J10lKeH111I, 4T0 TeM-

11cpa·I ypa A3 II aMflJIIITY)la 111exaH1t4CCKIIX HanpJ1)1(e1111ii 8 

pac4eTJl8.SI )lJIIITCJlbll0C'lb IIMIIYJlbCa ).lene1111i't 11ony<Ie11a ypaH-~IOJllt6.11e11oeux o6oJIOLJKax He npe8bIwaI0T C00TBeT-

Mettee 400 MKC, 410 60J1ee L(CM 8 5 pa3 ~ICl-lbWe, <JeM B pe- CT8eHH0 700 °c II 500 Mna. 
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2. Pea1ffop 6eJ oTpaJKaTeJrn 11cuTpo11on 

AKTIIB!laH 30Ha COCTOIIT 113 Bepx11ero II IIIDKHeJO 6no­

KOB. B Ka)KJlOM 6JJOKe B CTaJJbHOM KOp11yce paJMClltellbl 

eoceMb nonyccpepl!4CCK1-IX o60JIOLJeK: lli!Tb BHyrpCHHl1X 

o60JI04CK BblITOJll-!CHbl 113 ypaH-rpacpllTOBOro TOllJll !Ba, 

110.no6Horo Toruurny peaKTopa GHfP, a TjJll eHew1-111x 113 

ypa1-1-11,1om16.neHoeoro cnnaea c 06ora!lle1111eM 110 ypa-

1-1y-235 20 % H Maccoeofi JlOJleH MOJ1H6J1e11a 9 %. CxeMa­

TI14ecK11 BC[)Tl1KaJlbllhlH pa3pe3 eepxHero 6noKa 11[>11BC.UCH 

Ha pucyHKC. 

3 

CxcMaHl'lCCKHii eepTHKaJTI,lfblH pa:ipc3 eepXHero 6JJOKa peaITTopa 
6e3 0TpaJK3TCJlll HCTTTJ)OHOB: I - CTa/lbHOii Kopnyc; 2 ypaH­
MOJIH6LleHOB3ll nonycqiep11<1eCKaJI 060/JOLJKa; 3 ypaH-rpacjJH-

T0B3ll nonycqiepll'lCCKall o60Jt0'-IK3 

CpeJIHee epeMJI )KH3HH MrttOBeHHblX HCHTJ)OHOB t = 
0, 143 MKC, KO:>cpqrnu11eHT raweHJUI peaKTl1BHOCTII A = 

= 3,5-10-
11 .n.)K-I

. B MaKCJ1MaJlhHOM HMllYJihCe cpmoeHC 

HCttTpOHOB 38 11MITYJibC B UCHTJ)aJJhHOH IIOJJOCTl1 paeeH 

7,9· 10
15 

HCHTp.lCM
2

. PaJMCpbl nonyccpepw-1eCK11X 060110'-leK 

JI np11pa!llemui t:.T HX TCMneparypbl B MaKC11MaJlbHOM HM­

nynbce np1rnenettb1 e rn6n. I. 

Ta61111ua 

XapaKTepacTHKH no11yccpep11t1ecK11x 060110'-leK 

peaKTopa 6e3 OTJ)8)KaTCIDI HeiiTpOHOB 

MaTcp11an Paimyc, CM t;.T, °C 

UO2+C 10,6 13,6 674 
UO2+C 13,7 - 16,7 639 
UO2+C 16,8 - 19,8 600 
UO2+C 19,9- 22,9 529 
UO2+C 23,0 - 26,0 460 

U+Mo 26,1 - 28,6 680 
U+Mo 28,7 - 31.2 457 
U+Mo 31.3 - 33,8 255 

Cne.nyeT OTMCTIITb, 4TO ec1111 He npllHJITb CllCUllaJib­

HblX Mep, TO H3-3a 60JibllJOro KOJqiqmwteHrn rawe1111J1 pe-

8KTIIBHOCTII 1'taKCHMaJibHO JlOllYCTIIMblH no TeI1mera-rype 

H~mynbC 6yneT 11aCTOJlbKO Y3KHM, lJTO B ypa11-

MOJ11t6ne11oeoii o60JIOL(KC B031111KHYT CJlllWKOM 3Hal(JITCJlb­

llblC MCX8Hll4CCK11C H8ll[)Jl,KCHIUI. B JTOM CJJY4UC, a TUK)KC 

np11 HCK010pb!X 6011cc HHJKIIX HeprOBblllCJlCIIIUIX 11eo6xo-

17 

).(IIMO 3UMe).(Jll!Tb pcaKrnp, T. e. 11cKyccTee111I0 YBCJJll'IIITb 

cpen11ce epCMJI iKIIJHJI MrHOBCHHblX Heii1 [>01-108 11yreM 

pa3MCJL(CIU1H e6Jll1311 UKTHBHOii 301-lbl 110.llXO}lJl!llCro 3UMC)l­

JU1TCJlll HCtt1p01108 (t-+ t\ n[)ll JTOM yeeJJll4IITCJI ).lJJl1-

TCJJbHOCTb m111ynbca ).(0 ypOBHJI, np11 KOTOpOM MexaI1114e­

CKJIC ttanp~:;i-;cHIUl 11e nreeJoi:i)lyr ).(onycrn tb111 npe.nen. 

ITapa~tCTJ)bl .no11yCTIIMblX liMllYJlbCOB ).(enc1mii 11p11 pa3-

illllJHblX cpmoettcax HeiiTpoHoe np11ee.neHh1 e rn6n. 2 . 

Ta6n11ua 2 

ITa[>aMC111bl .llOIIYCTIIMblX 11MllYJibCOB l(CJlCHIIII 

B peaKTOpe 6e3 OTpa>KaTeJIJI HeiiTpOHOB 

Bpe~rn iKHJ1111, ©/1IOCHC, no11yw11p1111a, 
MKC Heihp./cM2 MKC 

0.296° 7· 10 15 359 
0,235. 6·10 15 342 
0,112· 5· 10 15 311 
0,143 4·10 15 345 
0,143 3· I 0 15 546 
0,143 2·1015 11 80 
0,143 I ·10 I5 ~6·103 

n pH Me 'l 3 H II e. 3BC3LlO<!Ka 0JHatJaCT rrpucyrcrn11e 33MCLl­
JIBTCJUI HCITTpOII0B. 

3. Pea1ffop co cTaJJbHblM oTpaiKaTCJJCM 
11eihpo110B 

B :>TOM cnY4ae nonyccpep11'!ecKaJ1 tJaCTb Kopnyca 6no­
Koe aKTIIBHOii 301-lhl o6opynye-rcJI np1mera10!lll1M CTaJlb­

HblM nonyccpepHlfCCKllM CJIOCM TOJlll.l,HHOii 9,5 CM. PaJMCpbl 

81CTIIBHOH 30Hbl np11 JTOM yM.eHbWa!OTCJI. Cpe.n1tee epei.UI 

)K!13HII MrHOBCHHblX HCUTJ)OHOB T = 0, 145 MKC, K03cpcpmu1-

eHT rawettmt peaICTJJBHOCTII A = 3,7 .lJ.,K-1
, cpmoenc 11eii­

TJ)OHOB 3a HMllYilbC BO BHyTpeHHeii JIOJIOCTl1 paeeH 

6,6· J 0 15 
tteitTp./CM

2
• TIO UHaJYOr1111 C pa3l(eJIOM 2 B Ta6JJ. 3 

np1rne.nettb1 pa3MCpbI 11011yccpep114ec1mx o6onotteK 11 npu­

pa!llCHIIJI TeM 11eparypbI B HJIX 8 cny4ae MaKCHJ\.laJlbHO no­

nycTJIMOro HMIIYJlbCa. 

B Ta6n. 4 IlJ)IIBC)lCl-lbl napaMe-rpbl .nonyCTJIMblX IIM­

nynbCOB }lCJJeHIUI np11 [>a3J1JllllJblX (pJIIOCHC8X HCiiTpOHOB. 

Ta6n11ua 3 

XapaKTep11cT11K11 nonyccpep114ecK11x o6onotJeK peaKTopa 

co CTaJibHblM o-rpa)KaTeJleM HCll'fPOHOB 

MaTepuan Pa.uuyc, CM 
t;.T 

(Y == 135 M)lJK), °C 
UO2 + C 10,6 - 13,1 584 
UO2+ C 13,2 - 15,7 560 
UO2+ C 15,8 - 18.3 519 
UO2 + C I ,4 20,9 493 
UO2 C 21.0 - 23,5 426 

U +Mo 23,6 - 25,6 680 
U+ Mo 25,7 - 27,7 528 
U+Mo 27,8 29.8 391 



Ta6J111ua 4 

napaMeTpbl ).lOIIYCTl1MblX IIMllYJlbCOB )leJ1eH11ii 8 peaKTOpe 

co CTaJlbHblJ\l OTpa:>t<aTeneM 11efiTpOHOB 

BpeMll iKIIJHJf, 
<PmoeHc. nonyw11p1ma, 

MKC 
HeiiTp./cM2 MKC 

0.195' 6· 10 15 333 
0,147. 5· 1015 311 
0, 145 4· 1015 433 
0,145 3· 1015 700 
0, 145 2· 1015 1450 
0,145 I · 1015 -104 

n p JI~• e ci a H JI c. 3se:inottKa 0JHattaeT np11cy-rcrn11c JaMcn­

m1Te1111 HCIIT()0H0B. 

4. PeaKTOp C TOHKHM ypa11-rpa(J>JtTOBblM CJJOCl\l 

C ueJiblO 113)"-leHH.S! BJUIJlHl1.S! KOJil1LJeCTBa ypaH­

rpaqlliTOBoro Tonmrna Ha napaMeTpbl 11MnyJ1bCOB .nene1111fi 

paCCMOTJ)l1M CJ!Y,-taH, Kor.na 8 CTaJibHOM Kopnyce pa:iMelUe­

Hbl .nee ypatt-rpacjrnTOBh!e o60JIOLJ.KJ1 11 weCTb ypaH-MOJ1116-

.neHOBbIX o6onoLJeK. 8 :)TOM CJI)"-lae cpe.nHee BpeMJl )1{113HH 

MrHOBeHHbIX HeihpOHOB "[ = 0,0636 MKC, K03q>q>l1.U11eHT ra­

weHl1.S! peaKTHBHOCTH A = 4,85 · 10-11 ,[(lK-1, qHu-OeHC Heihpo­

HOB BO BHyTpeHHe11 llOJIOCTJ1 pllileH 5,19· 10
15 

Hei1Tp./cl\?. 

B Ta6n. 5 npuBe,lleHhI pa3Mepb1 nonyccpep11LJec1mx o6ono­
LJeK 11 np11paweH11.S1 TeMneparypb1 a HIIX s cnyLJae MaKc11-

MaJibHO )lOllYCTl1MOro HMllYJlbCa. 

B rn6n. 6 rrp11se)leHbI napaMeTpbI ,llonyCTl1MhIX HM­

nyJlhcOB .neneHHH npu pa:im1LJHhIX <jlmoettcax tteilTpOHOB Ja 

IIMTTYJlhC. 

Ta6n11ua 5 

XapaKTep11CTH.KH nonyc<jlep11LJecKHx o6onotteK peaKTopa 

C TOHKHM ypatt-rpacj)IITOBb!M CJIOeM 

MaTepHM Panwyc, cM 
!:i.T 

( Y = I 05 M}l)f(), °C 

UO2 + C 10,6 - 13, 1 419 
UO2+C 13,2 - 15,7 400 

U+Mo 15,8 - 18.l 680 
U+Mo 18,2 - 20,5 576 
U + Mo 20,6 - 22,9 474 
U + Mo 23,0 - 25,3 367 
U+Mo 25,4 - 27,7 258 
U+Mo 27,8 - 30, I 149 

Ta6n11ua 6 

TTapaMeTpbl .U0llYCTIIMblX llMllYJihCOB .uene111u1 8 peaKTope 

C TOHKIIM ypatt-rpaqmTOBb!M CJIOeM 

BpeM11 <PmoeHc, nonyw11p11Ha, 
)KIIJHH, MKC Hci1Tp./cM2 MKC 

0, 169° 5· 101) 260 
0, 115· 4 ·1015 235 
0,0636 3· 10 15 200 
0,0636 2· 1015 360 
0,0636 I · 10 15 - 2000 

TT p JIM e 'la H JI e . 3BC3ll0'!Ka 03H3'13CT np11cy-rcTBHC 38Mell­

m1Tcn~ HCiiTpOHOB. 

18 

5. Pea,nop 113 ypaH-Mom16Jle11osoro cmrana 
C I\IaCCOBbll\l CO)lcp;ica1rnel\l MOJ1lt6)le11a 9 % 

B 11pe.llblJ.1YlllllX pa.3,llenax 110KaJa110, 'ITO co cttmKeH11-

eM KOJIHL(eCTBa ypatt-rpa<jJHTOBOro TOflJIHBa yMeHbWalOTC.11 

.nn11TeJibHOCTb IIMllYJibCOB ,lleJieHl1H II <jlmoeHC HeihpOHOB 

8 JlOJI0CTll A3. Y'IIITbIBa.11 :>ry TeH,lleHUll!O, IIOllb!TaeMC.11 

.nanee yMeHbWaTb .DJ]HTeJibHOCTb 11MllYJlbCa )leJieH11tt, He 

npeTeH.llY.11 Ha BblCOK.1-1.H cpn!OeHC HeHTJ)OHOB. ,[(JUI :noro 

paCCMOTJ)l1M sap11aHTbl, Kor.ua see B0CeMb o6onoLJeK Bhl­

nonHeHbl 113 ypatt-Mom16)le11osoro cnnaaa. 

5.1. Bap11aHT C Jl0CTOJIHHblM (paBHbIM 20 %) o6ora­

[ileHHeM no ypaiw-235. B JTOM cny,-tae cpe.11Hee speM.11 

)l(J13Hll l\ffHOBeHHhlX Heihp0HOB "[ = 0 ,0445 MKC, cpn!OeHC 

HeHTpOHOB B ueHlJ)aJibHOH JlOJIOCTII B M8KCHMaJihllO .L(0nyc­

TIIMOM no TeMnepmype HMnyJibCe paaeH 5 · 10
15 

Hei1TJ)./CM
2

• 

Ha116onee KopoTKHH H .1.1onycn1Mb1il no ttanp.11)1(ett11.11M HM­

nyJlhc HMeeT 11111p1rny Ha nonyBh!COTe 0 112 = 177 MKC. Pa:i­

Mepbl nonyc<jlepnLJecKHx o6onoLJeK peaKTopa 11 np11pawe­

HaJl IIX TeMneparypbl B M8KCHMaJibHO .nonyCTHMOM HM­

nyJlhce np1-rne.n.eHh1 B Ta6n. 7. 

Ta6n11ua 7 

XapaKTep11crnKJ.1 nonyc<jlepHL1ecK11x c6opoK ypatt­

MOJIJ,f6)lettoaoro peaKTopa c llOCTOJIHHh!M (paBHb!M 20 %) 
o6oralUettHeM no ypatty-235 

MaTep11M Panuyc, cM !:i.T 
( Y = 46,5 M}l)f(), °C 

U + Mo 10,6 - 12,74 367 
U + Mo 12,84 - 14,98 351 
U + Mo 15,08 - 17,22 320 
U + Mo 17.32 - 19,46 280 
U + Mo 19,56 - 21,70 232 
U + Mo 21 ,80 - 23,94 181 
U + Mo 24,04 - 26, 18 129 
U + Mo 26,28 - 28.42 76 

5.2 . Bap11aHT c nepeMeHHhlM 06orawett1ieM no ypa­

tty-235 . C uenb!O ll0BhJWeHH.11 KOJQ)qJHUHeHTa raweml.11 

peaKTHBHOCTH ,llBe BHel1IH11e, H8HMettee HarpeaaeMble o6o­

J!O'IKl1 BblllOJIHeHbl 113 cnJJasa C o60ralUettHeM no ypa­

Hy-235 25 H 36 % COOTBeTCTBeHHO. 8 JTOM cnyttae cpe,ll­

Hee apeMJI )l(HJHII MrHOBeHHblX HeM.TjJ0HOB , = 0 ,0420 MKC, 

KOJQlcp11UHeHT raweHl1.S! peaKT11BHOCTH A = 5,8· 10- I I ,[()1(- I , 

<jln10e11c 11eiirp0H0B 8 MaKCltMa.IlhHO .L(OnycTHMOM no Ha­

llp.S!)l(eHWIM llMIIYJibCe .neneHHtt B ueHTpaJ!bHOtt llOJIOCTH 

paseH 2 ,4· 1015 
Heiirp.lcM

2
• lla116onee KOpOTKHi-i IIMflYJlbC 

,lleJieHuii IIMeeT WHp11Hy Ha nOJJYBblCOTe 0 112 = I 63 MKC. 

Pa.JMepbl IIOJiyc<jlep11LJeCKIIX o6oJIOLJeK peaKTopa H np11pa­

lUeHII.S! IIX Tel\mepaTyphl 8 MaKCIIMaJlbHO )lOllYCTl1M0M no 

Hanp.S!)l(eHJUlM ll~lllYJlbCe .11ene111111 llp!lBe).leHbl B Ta6n. 8 . 



Ta6J1uua 8 

XapaKTe[)HCTIIKll !10J1yccjiep114CCKIIX o60JIO'leK peaKTopa 

113 ypaH-MOJ1116neHosoro cnnaoa 

MaTepuan Pan11yc, c~ 
t:,.T 

( l' = 45.1 M}.].;K). °C 
U(20) + Mo 10.60 12,65 326 
U(20) + Mo 12.75 14,80 31 1 
U(20) + Mo 14.90 - 16,95 288 
U(20) Mo 17.05 - 19.10 253 
U(20) + Mo 19,20 - 21.25 214 
U(20) + Mo 21 ,35 - 23.40 171 
U(25) + Mo 23,50 25.55 150 
U(36) + Mo 25.65 - 27. 70 123 

n p II Me •ia 1m e. B cK06Kax yKaJaHo 06oramett11e no ypa­
Hy-235 8 npOUCHT3X. 

6. PeaKTOp H3 ypaH-MOJ1Jt6)lCHOBOro CnJtaBa 

C l\13CCOBhll\t CO/J.Cp?KalllfCl\t MOJJH6)].Clla 3 % 

YpaH-MOill-16.UeHOBhlH cnnaB C MaCCOBblM co.uep>KaHH-

eM MOJut6.ue1:1a 3 % no cpaaue111110 co c11nasoM c co.uep>Ka­

m1eM MOJ11!6.UeHa 9 % IIMeeT 60J1bWftll KOJQ)cj)11u11eHT Jlli­

HeiiHoro TeIUIOBOro pacw11pe111,01, '!TO np11BO.U11T K 6011ee 

BhJCOKOMY KoJq>cj)11u11eHTy rawemrn peaKTHBHOCTH. CTpH 

o.u1111aKOBhJX pa:mrpeaax H .umITenbHOCTJJ.X HMnyn1,ca ,11e-

11ettHii B HeM pa3BHB8IOTCJl 60JJee 3H8'lll1eJlhHhle HanpRJKe­

Hll5!, HO 11 np04HOCTb y Hero 6onee BbJCOKaJl. PaccMOTµIIM 

aap11aHT, KOr)ta ace BOCeMb o60J10LJeK BhlllOJlHeHbl 113 ypaH­

MOJ1116.ueHOBOro CflJJaBa C MaCCOBblM co.uep>KaHlteM MO­

mt6)leHa 3 % c nepeMeHHhlM 06oraweH11eM no ypa­

tty-235. B JTOM CJl)"lae cpe.uI1ec Bper..rn )Klt3HII MrHOBeHHhlX 

HeihpOHOB T = 0,0367 MKC, K03CpqlHUlleHT rawem-rn peaK­

THBIIOCTII A = 1,5 J. 10- 10 ,ll)K I' cpmoe11c tteihpoHOB B ue11-

TpanbHOH !10Jl0CTl1 B MaKCHMaJlbHO .uonycTHMOM JIO Ha­

npR)l(eHJUIM m,myn1,ce .ue11e1-1m1 paseu 1,05-1015 HefiTµ./cl\/, 

Wllpmta Ha llOJIYBblCOTe 0112 = 128 MKC. Pa3Mepb1 !10Jlyccjie­

[)114eCKJlX o6onoYeK peai-.:Topa II npupameH.Irn 11x TeMnepa­

ryp1,I npILBe)leHbJ B Ta6JJ. 9. 

Ta6J111ua 9 

XapaKTCpHCTIIKH nonycq1ep11LICCIUIX o60JIO'ICK peaKTopa 113 

ypaH-Mo1m6.ueHoaoro cmIasa 
(Maccosoe co,D,ep)Kattae MOIJ116.uc11a 3 %) 

MaTcpmw Pa,1111yc, CM t:,.T 
(}'= 19,3 MlllK), °C 

U(20) + Mo I 0,60 - 12.45 184 
U(20) + Mo 12.55 14,40 178 
U(20) + Mo 14,50 - 16,35 164 
U(20) + Mo 16.45 - 18,30 146 
U(20) + Mo 18.40 - 20,25 123 
U(20) + Mo 20,35 22.20 100 
U(25) + Mo 22.30 24.15 88 
U(36) + Mo 24.25 - 26, I 0 74 

Tip11McYa1rnc . B cKu6Kax yKa3aHo 06oramett11e no ypa-
11y-235 a npoue1m1x. 
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3aKJIIO'-ICIIIIC 

Bb111.on 11el1bl paC'JClbl KIIHe J ll'leCKIIX II TC[)MOMexa11II-

4CCKJIX xapa1<·I epI ICTIIK lll\.:CJ H Irnp11a1-110B 6bICT]1blX IIM­

uyJJhCHhlX peaKTOpOD C KOM611Hll[)OBaHJIOii aKTIIBHOH 30-

IIOii. PaccM011Je111,1 sapIrnHTbl pcaKropa GeJ OT]Ja)lrnTeJIR 

II co CTUJlbHhlM OTJ)a)l{aTeJIeM HeiiT]10HOB. 3a,na4eii BblllOJl­

HCllllOl'O a1-1a11II3a )lllJLHJLOCh 11ccnenosm111c aoupoca o soJ­

MO)l{HOc111 yn)"{WCHIIJl apeMeHHhIX 11apaMeTpOB m111yJtb­

COB .uene1-111ii B peataopax c KOM6111111posa1rnoii A3 6e3 

llJ)IIBJle4CHIIJl, KUK '.)TO c.uena110 B pa6ornx ri, 2], '.)KJ01W-l­

Hb!X )lJlll IIMIIYJlbCHOJ'O peaKIOJ)OCTJ)OCHIUI nHYTOHIIJl JI 

HeJJTYHI IJl. 

TToKa3aHO, '-lTO TaKoii >Ke, KaK B pa6oTax [1, 2], XOTJl 

II MeHee 3lla411TeJJbHhlii, Jcj)cj1e1-., MO)l{CT 6bITb ,llOCTl1-rHY-f 

B CJI)"lae KO.M6111111pOB8HJ-1Jl 8 A3 TpaJIIIUIIOIIHblX )lJlll o6-

JI8CTH mrnynhCHOro peaKTOpOCTµOeHJIJl MaTCJ)llaJJOB - JlllC-

11epc1-1oro ypaH-rpacjmTOsoro TOIUJIIBa 11 ypatt-Mom16-

)lettosoro cnnasa Im11 TOJlhKO ypatt-Mon116.ue1-10Boro cnnaIrn 

C paJH.blM BO Bttyrpe11tteii J-I BHCllJH.CH 30llaX o6oraJUCHIICM 

ypaHa. 

)l!J pactieTOB cne.uyeT, 'ITO B cny4ae sap11aHTa 6e3 OTJ)a­

>KaTeJUI HeHTJ)OHOB B03MO,KHO )lOCTIDKCIDlC cj)JllOCHCa HCIITJ)O­

HOB 7· I 015 Hefrrp./cr.t2 npH wIrpI1He IIMnyJlhca Ha JIOJl)'BhlCOTe 

359 MKC IIJLII cpmoettca Heii-rpOIIOB 5· I 015 1-1eArp./cr.i2 npI1 

w11p1111e HMnym,ca Ha nonyBblCOTe 311 MKC. Bap11aHT 

C OTpIDKaTeJleM HeHT[)OHOB o6ecne4~1BaeT 1-1eKOTOJ))'IO JKOHO­

MIIIO .uemU.1.lHXCJl HCH.TµOIIOB, HO H.MCeT HeCKOJlhKO xy)lWJ1e 

napaMCTµht 11;,,myJlhcos .ueJJe111u1. Bapua1-rr c TOHK11M cnoeM 

ypa1-1-rpacpmoaoro TomI1-rna 06ecne1111BaeT cpmoeHc 11eihpo­

HOB 5- !015 tteiiTµ.lcM2 np11 110;1yw1-1p11He 11.'>myn1,ca .ue11eHJu1 

.260 MKC HJil1 cpJ110CHC HCiiT[)OHOB 3-) 015 Hett-rp./c;,,? llj)Jl 110-

nyWHpHHe lll\,lllYJJbCa nene1-111ii 200 l-,IKC. 

ABTOJ)bl CLIJJTalOT CBOIIM .uonroM Bb!J)a.Jlffb llJ)IIJHa­

Tei lbHOCTb T. 11. EpeMtrnoii 38 nOMOll.(h B pac4eTax no npo­

rpaMMe C-95. 
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Y)J,K 539.125.5.03 

lilCCJIE,L(OBAHlfE XAP AKTEPl1CTHK MA KET A 
KOMMYT.11.PYEMOrO rn Pu - Be HCTQqHHKA HEHTPOHOB 

B. E. A6J1ecnMOB, A. A. ,L(py;1mmrn, B. H. Bsil.fun, M. IO. MaJ.c11MoB, B. H. Muxccn, ll. B. IloJJe11on 
P¢51.IJ,-BHJ.1H3<l>, 607188, r. Capos H11)1(eropo,ucKoi1 o6n. 

Ha OCHOBC npcnapaTa ~JRpll BblCOKOH CTeneHII ll30TOITHOII 'll!CTOTbl (99,7 %) I{ MCTarulll'ICCKOro 6cp11nnm1 113fOTOBJJCH neMOHCT­

pa11110HHblH o6pa3Cll (MaKCT) KOMMyr11pycMoro ltCTO'IHl!Ka HeiiTpoHOB. MaKClt~laJlbHblIT Bb!XO}l Hei1Tp0HOB ltCCJIC}lOB3JIHOro M3KCTa 

COCTaBJJllCT e paC'ICTC Ha I r nnyrOHHll I, 1·107 
HeiiTp./(c•r) ~JR Pu. <l>OJIOBblll Bb!XO}l HeiiTpOHOB HC npeBbJWaCT 1,5-2 % OT BblXO}la tteii­

TµOHOB B COCTOllH11H 11BKJIIO'ICHO". MaKCHMaJlbH3ll MOUlHOCTb Jl03bl raMMa-1!3JIY'ICHHll B ITOJJQ)KCHlfH "BblKJIIO'ICHO" COCT3BHJJa: BTIJJOT­

HYfO 130 MK3s/ •1, Ha pacCTOllHHII 20 CM - 5 MK3B/'1. 

RESEARCH OF CHARACTERISTICS OF THE DEMO, TRA TIO, AMPLE WJTCHABLE mPu - Be EUTRO, 
SOURCE/ V. E. ABLESJMOV, A. A. DRUZHINL'II, V. N. VJACIII , M. J. MAKSIMOV, V. . MIHEEV, I. V. POLENOV II 
The demonstration sample of a switchable neutron source is made on the basis of a preparation 

238
Pu a high degree of iso­

topic purity (99.7 %) and metal Be. The maximal yield of neutrons of the investigated sample in position "on" is I. J · l0
7 

neutron/s per I gramme of 238Pu. The background yield of neutron in position "off' does not exceed 1,5- 2 % from an out­

put of neutrons in position "on". The maximal doze rate of gamma-radiation in position "off' is closely 130 µSv/h, on dis­

tance 20 cm - 5 µSvn1. 

BBei.enue 

J130TOl1Hhle .H.CTO'IHHKU, llOCTO»HH0 H3Jl)''-!al011\He 

HeHTjJOHbl. TI0Jl)"IIUlH illHp0K0e pacnp0CTjJaHeHHe B pa3-

JJH'!Hb1X o6nacrnx HayKn H TeXHllKli (!]. ITo cpaBHeH1110 

c HHMH C)'ll\eCTBeHHblMH apeHMyll\eCTBaMH M0ryT o6na­

.uaTb 1130T0Til(ble HCT0'IHIIKH C H3MeH»CMhlM (nepeKJIJO'!ae­

MblM) BbfX0.U0M HCHTJJ0H0B, 11paKTJ['leCKl1 OT Hynesorn 

Bhixo.ua .uo MaKC11ManbHoro (~ 106- I07 
Heihp./c). O,u1LH 113 

803MO>KHblX sapnaHT0B 110.uo6Horo 1130T0lllJ0ro IICT0'!H.KKa 

0OliC8H B (2, 3]. TTepeKIJIO'!eH11e HeHTf)OHHOr0 BbIX0.Ua 

B HeM ocyll\eCTBJllW0Cb nepeMell\eHHCM 110 0Kpy>KH0CTII 

3aKpenneHHOH Ha OCH 6epHJlJJJ1esoii MJWJeHJJ, 113rDT0BJJeH­

IIOH B s11.ue ceKT0pa Kpyra, MIIM0 Hen0,UBll>KH0ro ~l3JJ)"Ia­

TCJJ» aJJhqJa-tJacn1u, TaK)l(e Bblll0JlHeHH0ro B B~Ule CCKT0pa 

Kpyra. 

TlpHMeHeHHe K0MMY'fHpyeMblX IICT0'IHIIK0B 11epcueK­

TIIBH0 np11 11ccne.uosaillUlX KIIHeTJ1'!CCKHX xapaK'repHCTIIK 

aKTIIBHhlX 3011 11.aepHhlX peaKTopos. OcttOBHa.H 3a,aa1Ia np11 

HCCJ1e.uosa1111H pa3MH0)l(aJ011\IIX CIICTeM 3aKJJIOI.JaeTC.H 

B oupe.ueneHIIII ee C0CT0.HHIIJI 0TH0Cl1TeJlbH0 KpllTIII.JH0CTJI. 

O.UHHM 113 KJ1acc11•1eCKl1X MeTO.U0B pcJJJeHJUI .ua11HOl1 3a,ua1.J11 

.HBJJlleTC.H MeT0,U "c6poca" IICT0'IHIIKa HeHTjJOIIOB 113 no.u­

Kp11TIII.JCCK011 pa3MHO)Kal011\CiicH CIICTeMbl, HaX0,4811\etlCll 

B paBH0BeCII0M C0CT0»HIIII . EcrecrneHHO, I.JT0 nocne y.ua-

2 1 

neHl1» HCT0I.JHJIKa pa3MH0lK810lUaRCH CllCTeMa Ha'!mrneT 

penaKCHp0B8Tb K H0B0MY paBII0BCCH0MY COCT0llHHIO, npH 

:HOM xapaKTep nepexo.n;Horo rrpouecca 6y,ueT 0lUI03Ha'-IH0 

CB»3aH C :>¢¢eKTHBHbIM KO:>qJ<pllUHeHTOM ee pa3MH0)KeHIUI. 

Tpa,UIIUHOHHhJII cnoco6 ll1MeHeIDUI M011\H0CTl1 IIC­

T0'IHl!Ka HeHTjJ0HOB JaKJJIO'!aeTCH B 6blCTJJOM y,uanel:iJ,111 

(npH6Jlli)l(eHIU!) HCT0'IHI!Ka OT pa3MJ10)1(3IOLUCH CIICTeMbl 

nocpe.uCTB0M HeKoii MexaHHI.JeCKOii (nHeB taTJ11.JeCKOii) 

CIICTeMbl, '-IT0 B 3aBHCHM0CTII OT ycnos11ii: )KCnep11Mel1Ta He 

scer.ua nerKo ocyll\eCTBHM0. Tio:>ToMy aJJhTepttaT11BHb111 

H30TOHHblll IICT0'IHHK HeHTjJOHOB, H3MeillUOLUl!tt CB0IO 

M0ll\H0CTb 3a C'-leT BHew1-1ero Mexatt111.JeCK0ro ynpa13neH}UI 

peaKUJ1eri (a, 11) s wianaJotte OT 104 
.uo 107

c-
1 

11 11Me1omuft 

xapaKTepHbiii pa3Mep ~ 5 CM, MO>KeT CJJY)l(J1Th .U0CTaf0I.JH0 

np0CTbJM II MOll\HblM HHCTJJ)'MeHT0M rtpH perneHJIII 3a,ua•1 

KJLHeTl!KH peaKTopa. 

ITpaKT111IecK11 KOMMy-r11pyeM.h1H H30T0HHblll 11efiTJJOH­

Hb1ii reHeparnp (KJ1Hf) M0)KeT 6b1Tb Bblll0JJHeH Ha 0CH0Be 

TaKHX aJlbcpa-aKTIIBHblX 1130T0nOB, KaK 2.lRpu WU! 241 Am, 
II MHWeH.JJ 113 JICfK0ro Bell\eCTBa, Hanp11Mep 6epllJJJlllll. 

1-leKOTOpble CBOHCTBa :n11x aJibqJa-aKTIIBHblX 1130T0II0B 

11p1rne.ueHbl s 1 a6JI. I • 



Ta6n11u,a l 

AJJbcj1a-113JJy1.Ja!OLUlle lI30T011bl II l1X CBOiicrna [ 4, 5] 

Cpc.a- Y ,1CJlbHbJi1 B1,1- YncnbHb1i1 

llcp11on Ai..,IIBHOCTJ, {A), fl/I/I xon ( )), 11ei1Tp./ I Oh 8b1X0,1IIJI/I llep11on BbIXOll HCII-

lboTOn anbcpa- EK/r 111cpnu1 Q-LJaCTIIU TOHKOro CITOHTam!Oro TpOHOB CITOH-

pacnana, an bcpa- ;vrn ~111weH11 CJJ0/1 (N), Z1eneH1111, ron TaHHOro llC-

roll LJaCTJIU, 

M1B 
23Rpll 87,7 ± 0,3 6,338· 10 11 5.487 
241

Am 432,2 ± 0,7 1.270• 10 11 5.479 

3aBllCHMOCTb y.ueJJbl!0ro BblX0.Ua 11eihpOHOB y B BC­

mecrne OT Hal.JaJJbHOii :>Heprn11 aJJbcpa-1.JaCTIIU,bl Eo npH 

ycJJ0BIIII, 1.JT0 0Ha TT0Jlll0CTblO T0pM03IITC/I OT Hal.JaJJbHOii 

:)Hepnrn .uo HYJl/1 T0JlbK0 Ha aT0Max :noro Bel.LI,eCTBa, .uaeT­

C/1 Bbtpa)KeHHCM [5] 

Y = kEo' (11eihp./l 06 
aJJbq>a-'-!acmu,), 

r.n.e 

k = 0,080; 111 = 4,05 .UJIJI 4, I < £0 < 5, 7 M:>B; 

k = 0,80; m = 2,75 JJ.Jl/1 5,7 < £0 < I 0,0 M:>B. ( I) 

Bb!XOJJ. HeihpOHOB J.lJUI T0HK0fO CJl0/1 aJJbcpa-H'.lJlY'-la­

TeJ!/1 paCC'-IHTbIBaeTC/1 no cpopMyne 

N= AYQ/106
. (2) 

O6o3Hal.JeffiUI Te )KC, '!TO B rn6n. I, MH0lKJ1TCJlb .n 
Y'IHTh!BaeT :>cpcpeKTIIBHblll TeneCHbJM yron Bb!X0JJ.a aJ1bcpa­

'-1aCT11U. Tip11 HMHI.JHII so3,uyw110ro npoMe)Ky-rKa MelK.ny 

113ny'-laTeneM II J1u-lli1elib10 1.JaCTh :rnepnu1 aJlbcj)a-1.JacT11u, 

11ornomaeTC/I s BO'.lJJ.yxe. TI0Tep11 :rneprm1 aJlb¢a-1.Jacrnu. 

npH np0XO)KJ.lCHJLH 803.UYWHOro npoMe)Ky-rKa MC)KJJ.Y nna­

CTHHaMII npl1B0,D./IT B COOTBCTCTBIDI C Bblpa)KeHHCM (I) 
K yMe1-u,weH1110 y.n.enhHOro BbJxo.n.a HefrrpoHOB H3 r.rnweua. 

TaK11M )Ke 06pa10M BJll1Jl!OT n0Tep11 :rneprn11 npu npoxo)K­

,neHJ111 anhcpa-1.Jacrnu. s Bell.lecrne cno/1 rulbcpa-H3J1Y4aTeJI/I . 

HIDKe npaB0,U/ITC/1 pe'.lyJJbTaTbl 113Mepeffitii 0CH0BHblX xa­

paKTepllCTHK 11'.lroT0BJICHHOro HaMH JJ.CM0HCTpau.uoHH0l'0 

06pa1u.a (MaKern) K0MMyrnpyeMoro HeihpOHHOfO IICTQLI­

HHKa C pacl:feTHhlM Bb!X0AOM HeiiTpOHOB np11MepH0 

- I 04
HeiiTp./c. 

3KcnepHMCHT u peJyJJ1>TaTbl 

.[:leM0HcTpau110H11b1H 06pa3eu KHHra (cM . p11cy110K) 

11pe.ucrns11/ICT co6oii u,1Im1H,np1l'lecKyI0 Kaccery 11:i opr­

cTeKJJa .u11aMeTp0M 66 MM II BbICOTOH 40 MM. BHYT]JII Hee 

pa1Mell.leHbI : 1 - 11JJ1y'-laTeJ1b a11b¢a-1.Jacrnu, (238PuO2); 2 -
6ep1111Jmesa/l MIIUICHb B BllllC llHCKa AltaMeTpOM 20 J\IM 

11 TOJlll.lllllOii 0,13 MM II 3 - 3arnop 11'.l Hep)KaBCKJLUeii CTaJJl1 

TOJlll]IIHOii 1,2 MM B Blt)le II0JI0CKII AJJIIHOfi 70 MM u w11p11-

HOii 32 J\IJ\I. ra6ap11Tbl J\laKeTa 6btJIII Bh16paHbl TaKJtMII, 

1.JT06h1 KIIHr pa:iMecrnnc}I s 11JMepI11eJJbH0J\I KaHaJJe yc­

TaH0BKII JJ.Jl/1 Cl.fern HeiiTJ)OliOB (n11aMeTp Kal-!a.Jla 80 MM). 

Bo 1n6e)KaH11e caM011poII3soJ1btt0ro nepcMell.leHH.ll 3arnopa 

B K0I-ICTJJYKU.1111 o6pa:iua upe.uycJ\I0TpeH C IOTTOJ)Hblii BIIH r , 

KOT0pbiit cp11Kc11pyeT TT0JJ0:iKClille 3arnopa 13 pa6o'leM II He­

pa6o<teJ\l C0CTQ}IIIII/IX 06pa3u,a. 

11'.l Be HCilTp./(c·r) JJCIIJI/1 , 

HCilTp./(c·r) 

79 2,50· 107 4.7-10 10 2.61-10' 
79 5,08-106 1,15-1014 1,19 

2 
066 

0 
...... 'SI' 

,...: 
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CxeMa Z1CMOHCTpau110HHOro 06pa3ua KMHfa 

B Kal.JCCTBe 113JJY4aTeJI/I a.JlbclJa-'!aCTJILI, B HaCTOJ!lLI,eM 

MaKeTe 11CIIOJlb3YeTC/I TOHKllfi cnoii pa.n.11oaKTl1BH0ro 1130-

Tona 
238Pu, HaHeceHHblii Ha MeTaJJJJH'-leCKHH AIICK U'.l TIITaHa 

HJlll TaHTaJla ,D.l1aMCTpOM 24 MJ\1 II TOlliUIIHOii 0,2 MM. ):l11a­

MCT]) "aKTIIBHOro" TT/ITHa paseH 18 ± 0,2 MM. Bcero 6b!Jl0 

11'.ll'OT0BJJeHO LJCTblpe H3JJy<laTeJI/I Mbcpa-1.Jacrnu, (rn6n. 2). 
Tiocne.n.oaaTenb110 noMell.lrui 11x s Kopnyc KJ.1Hfa (cM. p11-

cy110K), 6h1n11 11011y4e11b1 1.JeTbIpe sapHaHrn KlifHfa JlJ!/1 

HCCJlellOBaHHii. PacCTO/IHlle H Me)KJJ.y cnoeM-11'.lJJY'laTeJJeM 

11 6ep11JJJu1eBb!M AHCK0M 6blJJO BbI6paHO paBHb!M 7, 17 MM. 

C MHWeHb!O N!! 2 6hJJJII nposeJ.1eHhl H'.lMepeH11/I np11 

pacCT0/IHHII H = 2,87 MM . 
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j:lJIJI 11'.lroT0BJJeHH/I H3JJy4aTeJl/l aJJbcpa-1.JaCT11U 6bJJ1 
1 38p - -83/IT npeuapaT - U BhlCOK0II CTeneHll H30TOIIH0J:l I.JHCTOTbl 

(99,7 %), TTOJ1Y4eHHblH s 1993 rony Ha 3JJeKTp0MarHJITHOM 

cenaparnpe 11'.lornnos C-2 [ 6]. Ilny-romtfi :>J1eKTpo1111rn1.Je­

CK11M cnoco60M H'.l cn1tpTOBOro paCTB0pa 6bIJI HatteceH Ha 

II0)lJIO)f(KII 113 T1rra1rn II TaHTaJJa. Tipe.usap11TeJ1bHO HCX0JJ.­

Hbli-i npenapaT nny-r0Hll.ll 6b!JI 01.JlllLI,CH OT pam1oaKTHBHhlX 

11 11HepTHbtX npuMeceii. Oca:>KACHJle rn1yroHJ1/I nposom1-

11ocb TJ111 pa:ia Ha on11y II TY )KC 110.u1I0)l(KY 1n n1rnHa. Ta­

KIIJ\l cnoco6oM 6blJ1 11'.lroTOBJLeH aJJb(pa-113J1y<1aTeJlb C no­

CJIC.UOBaTCJlbll0 yseJIIII.JltBatOll.lCIIC/1 Maccoii IIJIY'fOllll/1 

(M11weH11 N~ I, 2, 3 ). CaMbtii "TOHKui1" 11JJiy1.JaTeJ1 b N!! 4 
6bUI H3r0T0BJJell 0AIIOKpa-t 1-lblJ\I 0Ca)K.ue1111eJ\l nnyroHJ!/1 Ha 

TaHTaJl0BYI0 ll0J.lJIQ)l(Ky. 



Oripe,ACJ1e1111e MaCCbl IIJl)'T0HIUI 11a HJr0T0BJlellllblX 

l13Jl)''!aTCJUIX npoB0.[U1JI0Cb MeTOJ.l0M ra~1:,1a-cneK1po:.1eT­

p1111 11yreM IIJMepeHll~i IIHTe!ICIIBHOCTII co6CTBe1rnoro raM­

Ma-113Jl)''-ICHWI mPu c Jtteprneii 99,9 11 152, 7 KJB, m.1eio­

LUero KBallTOBbJC BblXOJ.lbl (7,35 ± 0,08)· l O 3 
II 

(9,37 ± 0, IO)· l 0-4 % cooTBeTcrne,rno. Pe3)'JlbTaTbl 113111e­

pe111111 np11se,AeHbl B Ta6JJ. 2. )lm:1 K0HTJ)0Jl.!I Macca IIJl)'T0-

Hll.!I, 1-1a1-1eceHHoro 1-1a 11111wettb N2 4, 6b1Jia onpeJ.1ene1-1a .Apy­

n1M MCTOJ.lOM - no 11HTCHCIIBII0CTII anbcpa-llJJl)'LJCHWI, HJ-

111ep.11eMoii MeT0)l0M C'iCTa aJJbcpa-LJaCTIIU B KaMepe C Ma­

JlblM TCJICCHblM )'rJIOM. BHJlHO, '-!TO JJCJ)'JlbTaTbl 113 1epe­

Hllii, nOJJ)ILICHHblC pa3Hb!Ml1 MeTO)laMII, cornacy10TC.!1 MClK­

Jl)' co6on. 

Ta6;wua 2 

'38 
A6con10T1-1a.11 aKTl1BHOCTh (111acca) - Pu 

B 113ny<taTene anhcj>a-YaCTl1U MaKera KMHf'a 

HoMcp AlrrliBHOCTb 238Pu, £1< (x 108
) Macca 

MHWCHII raMM8- AJlbcpa-
238Pu, MKr 

caeKTJ)OMeTPHll pamroMCTPHll 

I 1,88 ± 0,10 - 297 ± 15 

2 3,74 ± 0.20 - 590 ± 32 

3 5,35 ± 0,32 - 844 ± 50 

4 0,396 ± 0,020 0,363 ± 0,0 I 0 58 ± 2 

Hccne[looauue xapah."TepHCTIIK KHllfa 

)ln.11 KalK.uoro H3 '-ICTblpex BapliaHTOB KI1.Hfa 6btn H3-

Mepe11 BblXO.Ll HCIITJJOHOB. HJMepeHWI CTJJ0B0)lllJIIICb Ha 

C'-ICT'll!Ke HCHTpOHOB "KopoHa" [7], COCTO.!ILUCM HJ 20 6op­

Hb!X C'ieTYIIKOB CHM-11 B napacp111-1oaoM JaMeJlJIJ,1TeJ1e. 3a­

MC.llJlltTenh 11MCCT 811.ll Ky6a J)aJMepOM 450 x 450 x 450 MM, 

B ueHTpe KOToporn 11MCCTC.ll CKBOJHOli ropH30HTaJJbHblll 

Kattan )lHaMCTJJ0M 80 MM )lJJ.11 paJMCll(CHliJI atta.run11pyeMb!X 

o6paJUOB. BoKpyr Kattana [10 J.18)'.M K0HUCHTPHLJCCK!IM 0K­

J)}')KHOCUIM pa,LlH)'COM 65 u 85 MM pacn0JIO)KCHbl c<JeT'illKH 

CHM-I I, pa60Ta10ll(lle B pelK11Me 1<opo1-11-1oro pa1p.11,Aa. 

BbtXO.lt HCHTpOHOB 113 MaKeTa KI1Hfa onpe,LlenJ1J1CJ1 

no cpopMy11e 

(3) 

r.ue N_, - cpCJ.lHllll CK0J)0CTb c•1ern 11p11 113 1epeHIIJIX MaKCTa 

KJ,11 Ira Ha )'CTUIIOBKC "Kopo11a", 11111n./c; E - J(pq)eKTHBIIOCTb 

C'-ieTa HCIITpOHOB )'CTaHOBKll "Kopotta", oupe)lCJIJICMall 110 

11eii-rpOHHblM '.)TaJJOHl-lblM IICTQLIIIHKaM; K - 11onpasKa 11a 

pa.31111<111e CllCKTJJ0B HCiiTpOH0B MaKCTa II JTaJIOlla. 

3cpq>eKTl1BHOCTb C'-!ern "r." onpe,LlCJl.!IJlaCb c ll0MOlllblO 

IICT0'-IHl1KOll C 113BCCTHblM BblX0)tOM HCiJ.TpOHOB. B HU­

CTO.!ILUeii pa6oTe IICTTOJlb30BaJlltCb CJIC,U)'IOll(lle 3TaJJ0Hbl'. 

!3
9
Pu-Be 11cTOLJHIIK c BhtXO.LlOM HeHTpoH0B ( l, 130 ± 

± 0,045)· l 0~ HCiiTp./C II )lBU 3TaJJ0Ha Ha 0CH0BC Cll0HTaHH0-
252Cf 2~4C ~ ,LlCJIJllllHXCll 1130TOfl0B 11 n1 C HCIITJJ0IIHblM BblX0-

.Ll0M (1,544 ± 0,038)-10
4 

II (1,J4 ± 0,03)·10
3 

HCH.Tp./C COOT­

BCTCTBCHl-10 (B pacYeTe Ha cjJeapanb 2005 ro.na). 3clitpeK­

nrnttocTh pernCTpaui111 HCTTT[)OHOB II q>OH 6bJJJll npaKTHLJe­

CKII 00CTO.IIHl:lblMII B nepuo)l npoBe)leHllll 113Mepe1-111il. (JlBC 

He)lem1) H COCTaBIIITH E 1,90 ± 0,04 %, N,pou = 
= 0,041 ± 0,005 HMn./c. 

Pe3)'ITbTaTbl 113Mepett11il. HCHTpOHHoro BblX0,Lla MaKeTa 

Kl1Hfa CTJJHBC,UCHbl B rn611. 3. 811,UHO, LJT0 pe3)'JlbTaTl,J H3-

MepeHH.H H paCYCTa HCl!TpOHHOro Bb!X0,Ua MaKeTa KHHfa 

B npe.uenax ~ 10 % cornacy10Tc.11 .upyr c .llpyroM. B pe3)'Jlb­

TaTbJ HJMepem1i1 BBe)leHa IIOCTpaaKa Ha paJJlll'-IHe cneKTp0B 

11eiiTpOHOB H3Mep.11.e111oro MaKeTa KMHfa 11 TaJJOH0B Ha 

oc11ose 
252

Cf 11 
244

Cm. IlonpasKa 6bU1a onpe,LleJietta JKc11e­

p11MeHTaJJbH0 ll)'TCM 113MepeHJIJI cpcj>eKTHBHOCTCH perncT-
.. D9p B 

paUIIH HeltTpOII0B JTaJJOHHOfO u - e HCTO'-IHiiKa, 

liMCIOUlCfO CilCKT]) HefiTpOHOB, npaK11t'ICCKH TO)K,llCCTBCH­

HblH cneKT])y HeHTJJOHOB KMHfa, H JTa.r101-1os Ha oc110Be 

Cfl0HTaHH0 )leJIJILUIIXCll ll30TOfl0B 
252Cf 11 

244
Cm. O1-ta C0-

CTaB~IJla K1 = E {252
Cf) / E (

239
Pu - Be) = 1,57 ± 0,08. 3cj>cj>eK-

. THBHOCTb pernCTpaurn1 HeihpOHOB ,!l.fUI JTaJJ0HOB Ha 0CH0Be 
'5'Cf ,,i.iC - - JI - m B npe,uenax JKCnept1MCHTII./IbHblX 11orpelllHO-

CTCH 6bma upa.K"n11.1ecK11 O.llJIHaI(OBa: K2= E (252Ci) / E (2-1-lCm) = 
= 1,03 ± 0,06. 

Ta6n11ua 3 

PeJyJlbTaTbl IIJMCJJCHll.!I BbJXO)la HC11TJ10HOB 113 MaKeTa KI-IHra 

CT<OpOCTb CKopocn, 3Kcnep11111ett- 8bJXOil Heii-
Macca 23KPu B A1,,'THBHOCTb c•reTa B nono- ct.Jern B aono- TaJlbHblii Bbl- Pact.JCTllblii 3KcnepH- TIJOHOB Ha 
11Jny<raTene, 2JRPu. iKCHIIM 

11
BlCJ1

11
, )l(CHHl1 xon Hcihpo- BblXO,ll Hefi- MCHT/pactJeT I r 238Pu, 

MT-.T DK 11Mn./c 11
BhJKJJ

11
, HOB, TpOHOB, X I 06 

II Mn.le HCl!Tp./c ttcii-rp./c ueilTp./( c· r) 

PacCTQllHIIC MC>Kny HJny<1aTcncM II 6ep11nn11eM 7' 17 MM 

58 3,96E+07 2,686 0,060 ± 0.008 222 219 1.01 3,83 
297 I .88E+08 13,S 0,16 ± 0.04 1116 1039 1,07 3,76 
590 3.74E+08 27,603 0,427 ± 0,027 2281 2067 LIO 3,87 
844 5.35E+08 34.503 0.627 ± 0,046 2851 2957 0,96 3,38 

PaccTO/IHIIC MCiKJlY 113ny11aTenc~1 II 6cp1rnm1CM 2. 7 M I 

297 l,88E+08 38, I 0.1 0 ± 0,013 3148 2888 1,09 10,6 

297 I ,88E+08 39,4 0,180 ± 0,013 3254 2888 1,13 11,0 
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Pac'lel BhlX0/Ia IICfiTpOIIOB l(JHI rc0Ml!TJ11111 )KCIICpll­
MeHTa y<ll1ThlBaJI IIOrJI0ll(CHJle )HCp1111I an1,q1a-YaCTJIU 
B B03llYWH0~1 11poMe)l{yrKe II COOTBeTCTBYI0ll(ee CHll)l{CHJle 
yneJlbH0IO BblX0lla HefiTpOIIOB 113 MllWellJI. no 11porpaMMe 
MK [8] pacc4Irr1,rna1Ioc1, pacnpenene1111e 110 ocTaTOYII0MY 
11po6ery 4HCna '!aCTIIU, 11epeccKalOll(IIX 11o~epx110CTb Mll­
weHtl. )J.a;1ee, cnenyJ1 [9], 011pe11enJ1JJaCb ocTaT0YHM 3Hep­
nut anbq>a-Yacnm, nona11a10ll(t1X Ha 6epum1Hesy10 Mll­
weHb, JlJlll Ka)KJlOH rpynrtbl aJlbcpa-LJaCTllU onpeneJtJlJlCJl 
BblX0.ll HeiiTpOllOB cornacH0 Bblpa)l{eHJIIO (2) II cyMMllp0-
BaHHeM HaX0lll!JlCJI llOJ!HblH paCL(eTHb!H BblX0Jl HeHTpOHOB 
HJ MaKeTa. PacYeTHbtH yJ1eJ1bHbIH s1,1xon 113 r.rnKern np11 
paCCT0JlHIIH Me)l(.ny unacnrnar.rn 7, 17 MM COCTaBIIJl 
37,9 HeHTp./106 aJlbcpa-YaCTIIU, npH paCCTOJIHIIII 2,87 MM -
56,4 HeHTp./ I06 anb(pa-YaCTJIU rtpll 3llaLJeHl1Jl ::iqi<jleKTHBHO­
ro TeneCHOro yrna COOTBeTCTBeHH0 0, 146 11 0,272. 

3Kcnep11MeHTailbHaJl nposepKa BilliJlHIUI ll0J"JlOU(eHtUI 
an1,cpa-YaCTIIU B 803.llYUJH0M npoMe)l(yTKe Me)l(JlY cnoeM 

m p B -0KHCH - U II MHWeHblO 113 e Ha senll4I111Y Bb!X0.[la Hell-
TP0H0B 61,ma npose,D.etta cne,D.yIow11M o6pa30M. 

J,lcnonb30B8nCJl sapHaHT MaKeTa N2 3 C MHllieHhlO H3 

nny-r0HJUI (844 MK.r), HaXO,/J.JlllJ.eHCJI Ha pacCTOJ!Hlll1 
7' 17 MM OT 6epHnm1eBOH nJJ8CTl1HbJ. MaKeT 6blII p83MeweH 
BHYTPM MeTanJmYecKoro cocy.D.a ( ~ 2 n), coe,D.atteHHoro 
C 0TKaYaHHblM 6ycpepHblM COCY/J.0M 06beMOM IO Jl. BcJI 
c6opKa pac11onaranac1, y nepeJ1Hero rnpua napacpHHOsoro 
Ky6a ycTaH0BKH "Kopotta". 

Ilepsoe H3MepeHI1e 61,rno rrpose,D.eHo np11 aTMoc(jJep­
H0M J(asneHHH BHYTPH nepsoro cocy.D.a, a cneJ(osaTeJibHO, 
11 s MaKeTe KH.Hra. Ilocne,D.yiomee - nocne c1-111)1(emui 
J(asneHHJI /J.0 0,35 aTM (no MaH0MeTpy 0.6MB 1-100) 3a 
CLJeT C0eJ(HHeHJUI nepsoro cocy,D.a C 6ycpepHblM. I1p11 CHll­
)l(eHHH J(asneHHJI B03Jlyxa B MaKeTe KMHfa OT an.10cqiep­
ttoro ( I a-ra) Jl0 0,35 aTa BblXO,/J. HeMTpOHOB yseJJJ-14HJJCJI B 
1,82 ± 0, l 3 pa3a. TTonyYeHHOe 31-1aLJe1-111e xopowo cornacy­
eTCJI C paCLJeTHblM yseJll,(LJe1-111eM B I , 70 p83a BblX0,D.a Heii­
Tp0H0B 113 MaJ<eTa rrpI1 CHIDKeHJIH J(asneHHJI B B03/J.YWH0M 
npoMe)l(y-rKe JlO yKaJaHHOH BeIDl'-lJ-1Hbl. 

)].nJI H3f0T0BneHH0J'0 B 11aCTOJ1LUeH pa6oTe MaKeTa 
KMHfa B J1IrnnaJ011e MaCCbl nnyTOHIUI OT 60 Jl0 844 MKr 
cpe,D.Hee 3HaLJeHHe BblX0J(a HefrrpOHOB MaKeTa npH H = 
= 7,17 MM cocrns11no 3,7-106 tteii-rp./(c·r) 238Pu, np11 H = 
= 2,87 MM - 10,8-106 Heii-rp./(c·r) 238Pu, YT0 xopowo co­
rnacyeTcJl C pacYeTHhlMH 3HaLJeHIIJlMH. 

Y - I nsp MeHbWeHHe BblX0l(a HeHTpOHOB Ha r u ,/J.JlJI 
MHWeHJJ N2 4 MO)l(H0 CBJl3aTb C ll0rIIOll(eH11eM :rnepn111 
anhcpa-YaCTHU B MaTepmu1e caMoro CII0Jl. 

TaKHM o6pa.30M, pe3yJlhTaTbl H3MepeHl1l1 H pac'leT0B 
Bhixona 11e11TpOHOB MaKe-ra KB I-Ira npaKT11LJeCKH cosnUJ.1a-
10T, 4T0 fl0JlTBep)l(JlaeT cnpasel(Jll!B0CTb 0CII0BHblX 11on0>Ke­
HJIH II oue110K, Bbln0JJlleHHbJX 11p11 o6cy-JKJleHJIII xapaKTep11-

'38p B -CHU< K0MMy11Ipye~10ro - LI - e HCT0'-IHIIKa HellTp0H0B. 

8bl80Jlbl 

I . Ha 0CH0Be IIMelOLUerocJI npenapaTa mPu BblCOKOii 
CTeneHII 1130TOnHOii LIIICT0Tbl (99,7 %) II MeTaJU(IILteCK0ro 
6ep11nn11Jl 113fOT0BJlell neMOHCTpUUIIOllllblll 06pa1eu (Ma­
KeT) K0r.1MyI11pye,Iorn 11c·I 0LIIIIIKa HeihpoHOB. 
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2. C IICII0JJb30BaImeM yc"IaH0BKII "Kopoua"" (6opHblC 
CLIeTL11IK11 CIIM-II s 11apacjmHOBOM 3aMenrnrrene) npose­
JleHo H3Mepc1-111e BblX0Jla 11eiiTp0HOB B COCT0JlHIIII "BKJJIO­
L[e110". )].HJ! 113l'OT0BJleHII0ro B HUCTOJ!ll(eii pa6oTe MaKeTa 
Kl IHfa a n11anaJ011e Macc1,I IIJJY'f0Hl1Jl OT 60 110 844 MK.r 
cpeJ1Hee 3HaLJe1111e BhtX0.D.a HeiiTpoH0B MaKern npu H = 
= 7,17 MJ\I C0CTaBHJl0 3,7-106 He11-rp./(c·r) 238Pu, npH H = 
= 2,87 MM - I 0,8· I 06 11eiiTp./( c·r) 238Pu, YT0 xopowo co­
rnacyeTcll C pacLJeTHblMH 3HaLJeHHJIMH. 

3. TI pH CIIH)KeHJU-1 naaneHIUI 803.[lyxa B MaKeTe KMHra 
OT an.wccpepHoro ( l am) /l0 0,35 ara BblX0/J. 11ef.i-rpOHOB 
ysem1LJuaaeTCJ1 B 1,82 ± 0, 13 p83a. 3m xopowo cornacy­
eTCJl C pacYeTHblM ysen114e1111eM B I, 70 p83a BblXO,D.a Heii­
Tp0H0B 113 :VlaKeTa npH CHH)l(eHIIII nasJJeHJIJl B 803/J.YWHOM 
npo.\.fe)l(y-rKe no yKa.JaH1-1oii senHYIIHhI. 

4. BblXO,/J. HeHTp0H0B s C0CTOJlHJ1l1 11BblKJllO'-leH011 He 
npes1,IwaeT 1,5- 2 % OT BblX0J(a HeHTpOH0B B C0CTOJlHl111 
"sKJJIOLJeHo". 

5. Il3MepeHa M0ll(H0CTb Jl03bl raMMa-H3JlyLJelliUI B no­
JJ0)l(eHH1I 11 Bb1KJJJOLJeH0 11

• OHa C0CTaswna co CT0p0Hbl ,D.Ha 
MaKeTa: BM0THYIO 130 MK3B/4, Ha paCCTOJlHl1JI 20 CM -
5 MK3B/LJ. 

6. ITp11MeHeHJ1e K0MMY'fHpyeMoro HeHTpOHHOro IIC­
T0LJHHKa cyll(eCTBeHH0 CHH)l(aeT Jl030BYIO Harpy3KY Ha 
11epCOHaJI, CMJlrLJaeT -rpe6osamui K 3all(HTe HCT0'-IHHKa npH 
TpaHcnopTH])0BKe B BblKJllOLJeHH0M C0CTOJIHHH. 
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Ji13Yt.J:EHHE MET0)J,0M Il03Ji1TP0HH0M AHH11TJilJUIIJJ10HH0M CilEKTP0CK0IIHH 
CilJIAB0B Pb - Sn 

0. M. IipllTKOB, B. H. rpa<t>ynrn', o. B. J1Jll0Xlflta., r. r. Msicmn.ena', T. JI. PaJHHKOBa*, 
E. n. CneTJIOB-IlpOKOnheB*, C. n. TttMOlUCIIJCOB, JO. B. <J>y11T1IKOB., H. 0. XMeJJeBCKlltt. 

MocK0BcK11ii rocy.napcTBeHHhJii 11HCT11Tyr JJJeKTPOHHoii TexH11Ku (Ml13T), 

3e11e11orpaJJ,, np. 4806, .n. 5, 124498, MocKBa 

• <I>rYn fHU. Pct> HHcTmyr Teopcrn•iecKoii II JKcnepm,teHTanbHOtt cpu3aK11 

HM. A. YI. Am1xattoaa, 117259, MocKaa, yn. £. YepeMywK1111cKa11, 125 

8 pa6oTe npeJ1np111urn,I JKCnepnMeHTaJil,llbJe IICCJJCJl083HIIJI TT0311TpOIIBOH aHHlfnfJTllUIIII 8 nomn,7JIICT3JlJU!'lecKHX o6pa:iuax 

JIB0iiHblX CHCTeM ce111Ieu - 011080 C ueJJblO 81,IJICIIC!ll!JI oco6eHHOCTClf MCXaHH3Ma 3HHllrHJlllLtHH H onpeJlCJlCHHJI napaMCTpoe EF, Zc H /Ip 

II !IX J3BHCIJM0CTei1 OT npHp0.'lbl MeTaJJJJ0B II C0CTaea cnnaea. npoeeactto cpaetteHIIC JI0JJ)"-leHHl,JX pC3YilbTaT0B C paC'leTHblMII BCJlll'III­

HaMH, JI0Jl)"-leHHl,JMII B paMK3X Teopmr ceo6omwro JJeKTp0HH0ro raJa. 

STUDY BY METHOD OF POSITRON A, IHILATJO PECTROSCOPY OF Pb - Sn ALLOYS I O. M. BRJTKOV, 
V. I. GRAFUTIN, 0. V. JLYUKHI A, G. G. MYASI JJCHEVA, T. L. RAZINKOVA E. P. SVETLOV-PROKOP'EV, 
S. P. TIMOSHENKOV, YU. V. FUNTIKOV, N. 0. KHMELEV KU// In the present work we have investigated the positron annihi­

lation to visualize peculiarities of the mechanism of annihilation in polycry talline binary lead-tin alloys. We have obtained the numbers 

for the Fenni energy and electron concentration rn the conduction band and tudied their dependencies vs. The nature of the ample and 

their content. Comparison between experimentally obtained values and those calculated theoretically in the frameworks of the free elect­

ron gas model is presented. 

MeTO)l 3HHl1rllIHILU1H fl03HTPOHOB 003B0JlRCT 011pe)le­

JU1Tb TaKHe Ba)f(Hb!C xapaKrepHCTIIKII MCTanJJOB, KaK pac­

npe,neneH11e 3JlCKT()OHOB no l{MflYJibCaM, HCprltR ypoBHR 

C))epMH tF (JB), y.neJibHOe '-lllCJlO CB060)lHb!X 3JICKTpOHOB 

z,, upILXO.llRIUIIXC.!I Ha 0,/J,IIH aTOM MCTa.TJJla, 11 liX KOJ-IUCH­

TPaUllJI lip (cM-
3
) B JOHC npOBO,llHMOCnt [ 1-4]. 3TII xapaK­

TepHCTJIKII, KaK H3BCCTHO, BO MHOrOM onpe,neJUIIOT Mexa­

HH'-ICCKHC, :)Jlel<TpH'-lCCKHC II MarHIITHbte CBOHCTBa MCTa.TI­

JlOB. 4.ucna 3JICKTPOHOB Zc It HX KOHUCHTPaUWI lip ,llJIR 11,ne­

aJll,J-lbIX H peaJibHblX (1-1anp11Mep, nomucp11cTanJ11t'-leCKHX 

o6pa3UOB) MeTanJlOB, HCCOMHCHHO, pa3JJH'-lalOTCll. B ll8H-

110H pa6oTe npellflPHWITa nOilblTKa npoaepl!Tb 803MO)KH0-

cn, 11p11MeHeHill1 TeopI111 CB060llHOro )JlCKTpOIIHOro ra3a 

(TC3r) ilJUI pac'-lern KOHUCHTP8UHH 3Jte1<TpoI-1oe a 30He 

npOBO)lHMOCTII llBOiiHhJX CIICTe.M CBHHeu - OilOBO nyTeM 

cpaatteHIU1 napaMeTpoa, noJ1y'-leHHhlX 113 TC3f 11 Kcne­

p11MeH faJlbJ-lblX )laHHblX 110 IICCJle)lOBaHHIO yrnoaoro pac­

npe.neneH~lJI a1-11111rnn11u1101tHbIX QJOTOHOB (YPA<l>) B rnx 

c11cTeMax (p11c. I). C JToii ueJlhlO 6b1m1 11poae,ne1-11,1 InMe­

pe1-111.H yrnoaoro pac11pe,neJ1CHllJI a1111IU"JUJJIUIIOHHblX q>OTO­

HOB a cruiaeax Pb - Sn 1-1a ycTaH0BKe c napruu1e11b110-

1UCJ1eaoit (p11c. 2) re0Me·1p11eii c pa1pewc1-111eM 

0,2 Mpa).1/KaHan. HCTO'-IHIIKOM fl0311TflOH0B CJIYiKIIJI pa.n110-

aKTIIBHblii Jt30TOII tw(U. YIICJJO COB1Ia,ne1111ii B MaKCllMYMC 

C0CnlBJHIJIO ~ 8000. O6pa3Ubl. 11Cll0Jlb30BaHHble B pa6oTe, 

81,IIIJIUBJlllJll(Cb B BaKyyMe, (jJa'lOBblii COCTaB KOHTflOIIllpO­

BaJIC.!I lt3MCJ)CHHeM rtJIOTH0CIII II JlJl.!1 '-lllC1JI o6pa3Ll08 peII r-
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reHOCTpyKTypHb!M 3HaJll130M . Ha pHC. 3 11pe.ncTaaJ1e11a 

. )KcnepHMCHTaJlbHO 113Mepe1rna.!I 38BIICIIMOCTb □JIOTII0CTH 

cnnaBOB (p) OT ILX COCTaJla (TO'-IKII). C1mowHaR JIIIHILJI Ha 

JTOM pucy1-11<e llOJIY'-ICHa pac•teTOM li3 upe,nnOJIOiKCHlill , '-ITO 

COCTa13JUIIOIUIIC CflJiaBa He o6pa3ylOT IICTl1HHOro pac l sopa 

(pacTBOpUMOCTII 11p11 ,naHHOii TeMneparype - MeHee 3 %), 
a caM cnnas npe.ncTaBJUICT co6oii Mexa1-1u•IecKy10 cMecb 

COCT8BilRIOIJ.lHX KOMJIOHCJIT0B C IIJIOTH0CTblO p, paCC'-IIITbl­

BaeMyJO no cpopMyrre 

(I) 

r.ne Psn Ii Prb COOTBCTCTBCHHO ill10THOCTl1 OJIOBa H CBIIH­

ua, a Crb - aecoaa11 KOHUe11TPa1.u1H caI1HUa. 

811).lHO, 1-ITO pe3yJihTaTbl paC'-ICTa ,llOCTaTOlfHO xopowo 

OnJICbIBaJOT 3KCflCJ1IIMeHTaJlbHblC .namr&Ie. XC'-ta ycraHOB­

KII .nnH 113111cpeIm.H yrnoBhlX pacnpe,nerrem111 aHHJtr1tJU1Ull-

01111bIX cpoi-011oa npe,nCTI1ane1-1a Ha p11c. 2. JI0111TPOHbI 113 

pa.n11oa1'.TIIBH0ro IJCT0'-IHHKa 2 nona.naioT B o6pa3CU IICCJie­

.nycMoro BCIJ..(CCTBa 3 II aHHllnIJlllp)'IOT TaM C 11cnycKalll1CM 

)lByx y-KBaHTOB. 3n, KBallTbl paJJICTalOTCJI B pa311b[C CTO­

p011bl no.n IICK0TOpblM yrnolll npyr K .npyry II per11cTp11py­

lOTC.!1 ,llCTCKTOpc!MII I, 4. C11rnaIIbl C )lCTC1'.TOpOB I , 4 '-ICJ1C3 

YCIIJIIITCJTb 6, ,llllCJ<pllMIIHa10p 7, CXCMY coanallCHllii 8 no-
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P uc. I . Yrnosb1e pacnpc.n.eJJeHJUI aHHJffltJillUIIOHHbJX q>oTOHOB s cnnasax Sn (61.9 %) + Pb(38,9 %): l - 1qmsall YP ACl>, nocrpocHHrui no 

JKcnep11Me1mun.HbJM TOl.fKaM (TeMHbJe TOl.firn) (C}'M~Ja KOMilOHCI-TTOB); 2 - napa6omll.feCKM KOMIJOHeJ-TTa cneKTPa CJJJJasa; 3, 4 - raycCOBbl KOM­

n o HeHTbJ cnnasa Pb - Sn COOTBeTCTBeHHO. no OCII a6CUHCC OTnOiKeHbl KaHaJibl aHaJTH3aTopa (ucHa KaHa.na 0,2 ~rpa.u), !JO OCII Op.D.HHaT -

1.fHCno C06bJTIIU 

Pb 
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PHc. 2. CxeMa ycrnHOBKH .i1.ID1 Ha6mo.neHJUI yrnoson KOppenllUHII aHHHTI!nllUliOHHb)X y-KBaHTOB: 

1 - !JO.llBlllKHhlii .n.eTeKTop; 2 - HCTO'IHHK nO311TpOHOB; 3 - o6pa3eu; 4 - HCnO.D.BHiKHblii .neTeKTop; 

5 - CUHHTl1MJITOp; 6 - ycumrreJib; 7 - .UIICKJ)HMllli8TOp; 8 - cxeMa cosna.n.eH11i1; 9 - C1ICTl.fHK 

xi~ "\t,.. 'o<:::, 'o~ cfl O;t,..'? 
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Puc. 3. 11JMepCHHbJe nJIOTHOCTI! o6pa3UOB cnnaBOB (TO'IKII) B cpas11eHJJH C pacc 1 11JTaHHblMII (cnnoornall KpllBall) 

JJCXO.llll 113 11pe.nnonOiKCHllll, LJTO B3811MHall paCTBOpllMOCTb KO~InOHCHTOB pas11a Hymo. 

no OCH a6cu11cc OTnOiKCHa KOHUCHTpaum1 onosa B CBIIHUC. no OCII opmrnaT - nJIOTHOCTb cnnasa 
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na.nmoT lia CYeT'-JIIK 9, pCr11CTJ)11py101u11ii C06blTIUI, CBJIJaH­

HblC C O.llHOBpCMCHHbl~I nona.naHIICM aHHIIrllnJIUJIOHHbfX 

y-1ma11TOB B o6a .neTek.TOpa I, 4. BXO.ll,Hble OKHa .llCTCKTO­

pOB y-KBmITOB npc.n.cTaBJUIIOT co6oi1 IUCJIH c yrnOBblMH 

pa3MepaMII 0.., 11 0:, pacnoJIO)l(eHJlblC napanneJibllO .n.pyr 

.npyry 11 nJIOCKOCTII 06pa3ua no pa3Hb!C CTOpOHbl OT o6pa3-

ua. Ycnosm1, HanaraeJ1n,1e Ha 0, 11 0:, HMeJOT s11.n. 

r,[le 11p,., 11P: - propeweHJUI ycrnHOBKH IIO npoeKUIUIM HM­

nynbca p.. 11 P:; me - Macca :rneKTP011a; c - cKopoCTb csera; 

Pmax - MaKC11MaJibl!aJI BeJIHYIIHa 11MIIYJlhCa :meKTJ)Ol·ta 

B seLUecrne. llucn o y-KBaHTOB, pernCTPHpyeMbJX .llBYMJI 

.neTeKTopaMH O,l.lHOBpe111ett110 ( OT6op TaKHX cnyY.aeB ocy­

meCTBJIJleTCJI cxeMOH COBlla,[leHHH 8), OllHCb1BaeTCJI Bbtpa­

)l(eJrneM 

r.ne A - HOpMHpOBO'fHaJI KOHCTatlTa; lle(px, P_v, P=) - ruJOT­

HOCTb pacnpe.neneHHJI JJJeKT)JOHOB no HMTIYJJbCaM B UCCJie­

.nyeMOM semecTBC. Y'flffblBaJI ycJIOBJiJl (2), MO>KHO nepc­

m1can, (3) B BH.D.e 

+oo +<x> 

Nc(O) = Al1p;: f f lle(Px,Py ,PJdPxdPy . (4) 
-00-00 

06bflIBO s Ka'fecrne YPAcD 1-1cnonhJycrcJ1 nc N,(0), 
a /(0) (aepOJITHOCTb), Bbl6Hpast HOpr.rnpOBO'IHYJO KOHCTaH­

TY A TaKOH, <rro6br BblllOJJIDUlOCb ycJIOBHC HOJ)llllipOBKll 

+rt/2 

3BOJIHCT B upu11u1111e onpet1CJIJI rb IIMIIYllbC e 
I 
e -nap bl. 

3neK'q)OHbJ npoBO)l.llMOCTII 11Me10 r IIMIIYJlbCIIOe pac11pene­

JJeH11e 

-12111)-f. 

[ [ 

1 l l-1 ne(P) = exp (p kaT F + l (7) 

me Er - :>Heprnll CJ)epJ1L11; k8 - 11ocTOJ1HHall EonhuMaHa; T -
a6co11JOTHaJ1 Ter.meparypa. ,/],JUI H113KHX TeMneparyp :no 

pac11pe.neneH11e 6JIJ13KO K llJ)llMOyrOJJbHOMy. 0TCIOJ{a CJie­

.1.lyeT, YTO B KpllBblX YPAcD HOJil1Kj)IICT8JI.JIIIYCCKHX MeTaJI­

JJOB )l.OJl)Klla Ha6JJJO.ll8TbCJI napa60JIHYeCKaJI KOMHOHeHTa 

(8) 

)],ei'kTBHTeJlbHO, 3Ta KOMflOHeHTa xoporno ITJ)OJIBJJ.HeT­

Cll .IIJ]JI scex MeTaJlJIOB .lla)KC np11 KOMHaTHoii TeMIIepazype [ l ]. 
Ha p11c. I npnse.n.ett O.llHH 113 cneKTPOB YPAcD, nony­

YeHHblH B HaWHX JKCnepHMCHTax, C J)aJJJO)l(eJrneM Ha na­

pa60JIH'leCKYJO 11 .nse rayccOBbl KOMilOHeHTbl. OcTaBWaJICJI 

nocne Bbl'1J1TaH1U1 napa6onb1 3a011c11MocTb Jg (0) .nocra-

rnq110 xopomo OnIICbIB8eTCJI CyMMOM .n.syx rayccOBhlX 

KplIBbIX B11.ll,a 

(9) 

3necb I g - llHTeHCl1BHOCTl1 COOTBeTCTByJOIUeH rayccOBOH 

KOMHOHeHTbJ, Yl1CJJeHHO paBHble OTHOCHTem,HOH nnOIUa.lll1 

)laHHOH KOMTIOHeHTbl B cneKTPe YPAcD, np11'!eM 

1 P + 1 gl + 1 g2 = I ; 0g - .n.11cnepcilll rayccosou Kp11aou; 

0 /J - yron nepeCC4CHHJI napa6ono11 OCH a6CU11CC 0. BblCO-

KaJI JUITCHCIIBHOCTb napa60Jll-NCCKOH KOMJlOHeHTbl no cpa.s­

HeHl1IO C rayccOBOM, ll0-BJ1Jll-lMOMY, CBH.lleTeJJbCTByeT O TOM, 

f /;(0)d0 = I. 
-rt/2 

(5) 4TO l103HTPOH Bbl3bIBaeT 38 CYeT KYJIOHOBCKOro npHTJl)KCHl1JI 

yaeJIH4eJUte JJOKanbHOH KOHUCHTPaJ.J.J,[JI JJieKTJ)OHOB B o6nac-

IlpH aHHl1nlJJJII.UIH :meKTJ)OH-TIOJHTPOHHOM napbl Bhl­

nOJIHJltoTCJI JaKOHhJ coxpatteHIDI HMnynhca 11 :rnepnrn. Tip11 

2y-a11m1rHJ1.JII.UfH OHH HMCIOT BH.ll 

k1 + kz = p = 2mv; k1c + kzc = E = 2mc2
, (6) 

r.n.e m = m0 I✓ I - v
2 I c 2 

; m0 - Macca noKOJI JJJeKTJ)Otta; 

k1 H k2 - uMnynbChJ y-KBaHTOB; E - JHeprHJ1 e+e- -11apb1; v -
CKOJ)OCTb .llBll)KCHIIJI ueHTPa Mace napbl s JJa6opaTOJ)HOi1 

CllCTCMC OTCYeTa. EcJJH UCHTP 111acc napbl HCfl0.l1B11JKCH 

(v = 0), TO o6a y-KBaHTa pa3l JCTaJOTCJI s npornBOJlOJIO)KJ-lblX 

HanpaBJICJ-11-UIX (yron 0 = 0) C 0.ll,JIHaKOBOii :rnepmeH 

k1c = k2c = m oc
2 = 0,5 11 MJB. Ecn11 v 1'- 0, TO yrnb1 MC)KJ.lY 

HanpaanemUIMII pa3JICTa y-KB8IITOB 6y.l.lYT OTJIHlfaTbCJI OT 

180°, a 11x :rnepnrn y)Ke 11e 6y.ner paotta 0,5 11 MJB. Ecn11 

HMllYJJbC napbl p << ll1oC, TO yron 0 011peneJIJ1eTCJI COOTHO­

wett11eM s in O:::: p 1_/1110c. TaK11111 06pa30111, HJ111epe1-t11e 

ynia 0 (OTKJIOlleHIIC yrna pa3JieTa y-KBaHTOB OT 180°) no-
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TII csoero 111eCTO!laXO)K,[(CIDUl. 

B lJJ,ICTblX MeTaJIJiax aHHHrHJIJIUHJI nOJHTPOHOB npo­

l1CXO.ll,l1T Ha 3JJCKT)JOHaX npOBO.ll,HMOCTH 11 JJJeKTPOHaX 

IIOHHblX OCTOBOB. MOACJ!b cao60.n1-1oro JJJeKT)JOHHOro raJa 

npe.nnoJiaraeT, YTO aTOMhl MeTanna OT)l.8IOT B 30HY npOBO­

.llllMOCTH see BaJICHTHblC JJJeKT)JOHbl, r.n.e OHll 06061UCCTB­

JUIIOTCJI. TaKHM o6pa30M, KOHUeHTPaUHJI nocne.nHHX B 30He 

npoBOAILMOCTH 6yACT pastta np0113BeJ{eHHIO 8TOMHOII KOH­

ueHTPaUJUI Ha saneHTHOCTh: 

Zc=11AZuruic1rr• r.ne 11A =¼ANA•orn11po' (10) 

B cnyyae 611ttapHblX CnJlaBOB (B YaCTHOCTl1, B CJiyYae CIIC­

TeJllbl CBHHCU - OJIOBO, HCCJIC.llOBaHHOII a AaHHOH pa6oTe) 

JIIO>KHO nOJJaraTb, YTO o6a MeTaJIJJa 6y.11yr OT,l.laBaTb see 

BaJJellTllble 3JICKTp01Lbl B o6myJO 30HY IlpOBO,l.lllMOCTH. 

Ko11ue11rpau11J1 JJie!C'll)OHOB B 3011e llJ)OBOAl1MOCTII 6yneT 

paoHa cyMMe KOHUeHTpaw1fi ')JJCKTJ)OHOB, OTJ18HHbJX o6ou­

JIIH MeTaJJJJ8JIIII 



rne 11 1, 112 - KOHUettTpau1111 aTOMOB I 11 2, a b1, h2 - 11x sa­

ne1-1Tt IOCTi!. 

Bb1pa)Kett11e ( 11) MO)f(HO 11epc1111ca I b B n11ne 

(
c/Ji c2h2) 

Zc = pNA•rn•npo M, + M2 • (I 2) 

rne p - nJJOTHOCTb cunasa; A11, M2 - MOJ1eKyJU1p11b1e seca 

KOMnOHeHTOB cnnaBa, a CJ, C2 - llX KOHUeHTPaUJUt. 

TaKHM o6pa30M, KOH1te1-1-rpauio1 :>neKl-pOHOB 8 30He 

npOBOJ(HMOCTl1 6yneT· 3as11ceTb OT nJJOTHOCTH c1rnasa (p), 
BeCOBblX KOHUeHTPaUHII, MOJieKyilllpHblX secos MeTaIIJIOB II 

HX saneHTHOCTett. B LJaCTHOCTII, JlJIJI Pb 11 Sn, 11cc11e,nyeMhIX 

B ,!laHHOH pa6oTe (saneHTHOCTb 06011x MeTaJIJIOB pasHa 4): 

Zc = 4p N AoorniP<• (~ + ~) · 
M1 M2 

( 13) 

KOHUeHrpaulUI ::>JJeKrpOHOB B 301-!e npOBO.D.IIMOCTH Oll­

pe,neJl.lleT Ta1me napaMerpbl cnnasa, KaK :meprID! (sF) 
11 l1MIIYJlhC <l>epMH (PF) (cM., Hanp11Mep, [I]): 

½ ? ? ½ 
PF =h(31r2zc) 3

; EF = PF =!3:_(~zc) 3
. 

2m 8m 7t 

(14) 

y roJI O pa3JleTa y-KBaHTOB 11p11 llMflYJJbCe nap bl 

p ((m0c 011pe.nem1eTcH com Howe11ueM sin 0 = PI 11 /m0c 
C8$138H C 11poeKu11eii 111\lflYJJbCa '.)JleK-rpOHa, 1aK KaK 60JJb­

WIIHCTBO nOJIITfJOHOB K MOMCHlY a111111riumu1111 ~e TCpMa­

JIIIJOBaHbl (spel\rn )f{H3HJI ll0311TPOHa B cpe,ne J-ta HeCKOJ!bKO 

IIOpH.UKOB 60JJbWe speMe1111 TepMaI1113au1m ( CM. [I, 4)). 
AHllllrlUUIUIIH no3HTJ)OHOB 8 crurnaax 6y.ueT npo11cxo­

.D.IITb KaK 11a '.)Jlell."TJ)OHax o6mefi 30Hbl npOBOJ(l1MOCTII, TaK 

l1 Ha )JJeKll)OHax, HaXOJJ.HmllXCH Ha UOHllblX OCTOsax aTo­

MOB. Pa3JlO)KeHlle cne1<."TJ)a yp A<l> Ha COCTaBJJHIOm11e npo-

80.ll~lJJOCb 11a 3BM, nplflfeM .UJJH nOBblWelll!H TOLJHOCTII 1-13 

UJeCTII napaMCTPOB (no .usa Ha Ka)K.IJ.y!O KOMflOHeHry) .usa 

(n11c11epc1111 rayccHaHOB) QHtKCHpOBaJJJICb paBHblMH, nony­

'ieHHbJMII 11pensap11TCJlbHO .UJUI lJHCTblX CBIIHUa l1 OJlOBa 

COOTBCTCTBeHHO. 

Bbl'fllCJ1eHHh1e 113 YP A<l> napaMei-pbl cnJJasos 11 cooT­

se-rcrsy1om11e pacLie-rttb1e 311aLJeHJlH up~rne.ueHbJ s rn6mwe. Ha 

p11c. 4 COIIOC'faBJJeHbJ '.)KCnepHMeHTaJlbHbJC .uaHHbJe C paCLJeT­

Hblr.U1 3H8LICH11JIMH )Hepn Ui <l>epMH ,!lJUI CflJlaBOB CBl1Hl.la II 

OJJOBa. MaKCHMaJlhHOC OTKJIOHCHJ,fe 3KCnep11MeHTaJJbHbIX .uaH­

Hb!X OT nOJly<leHHbIX pacLJeTOM He npeBbJWaeT 4%. fu cpas­

HCHIDI '.)KC1lep11MeHTaJJbHbIX .llaHHblX H .uaHHblX, ITOJJYYCHHblX 

paCLJCTOM, HCXOJJ.$1 113 TCOpHH cso6oattoro '.)JJeKi-pOHHOro ra3a 

MO)f{HO c.uenaTb 3aKJllOLJeH11e o np11MCH11MOCTJ1 nocne,nttei1 JlJUI 

6irnapHbIX CfUlaBOB CBUH.Ua II onosa. 

TiapaMerpbI crmasos, nonyYeHHbJe c noMOIUblO YPA<l> 11 pac'!e1os 

Tipoue11r Tinornocrb p , KoH11ettrpau11J1 Kottuett-rpaJ.111J1 3ttcpnU1 3q>cpCKTHBHal! 
Sn r/cM3 Zc 10-22, CM-J - paC'fCT no Z, · I 0-22, CM .J - '.)KC- <l>epM11, '.lB saneHTHOCTb 

cpopMyne (I) nepl!MCHT 

0 11 ,34 13 ,18 13.33±0,6 9,46±0,25 4,05 
5 11,03 13,30 13,63±0,6 9,6±0,25 4,10 

9,67 10,74 13,42 13,67±0,6 9,62±0,25 4,07 
14,9 10,47 13,53 13,82±0,6 9,69±0,25 4,09 
26 9,89 13,71 14,16±0,6 9.85±0,25 4,13 

33,3 9,58 13,88 14,29±0.6 9,91±0,25 4,12 
41,97 9,19 14,04 14,61±0,6 10,06±0,25 4,16 
48,6 8,91 14,15 14,66±0,6 10,08±0.25 4,14 
85 7.7 14,63 14,88±0,6 10, 18±0,25 4,07 

94,6 7,42 14,74 14.94±0,6 10,21±0,25 4,05 
100 7,29 14,79 14.94±0,6 10,21±0,25 4,04 

-----..--•-H- 10,8 
----''+ 10,6 ~ 

10,4 

~~ I_ I_~-~-~-§-~~~-~-~-3-~-~-~-~-~-~-~-§-~-~~ ~-~-10.2 
10 
9,8 
9,6 
9,4 

,..._ ________________ ,___ __________________ + 9,2 

----~--------------"---..,.__---+-----------µ. 9 
Pb 

:,;: 
2 
C. 
C) 

e 
5 
C 
C. .., 
:,: 
n 

Puc. 4. 3Kcnep11McttTanbHall 1as11c11Mocrb '.lt1epr1111 <l>cpM11 (ro•1K11) s cpas11e111111 c pacc•mra1rnoii (cnnowttal! mrn1111) 11cxon11 111 reoprm 
cso6onttoro ,nc1-:rpOIIHOfO ra1a. no OCII a6cu11cc OTJlOiKCHa KOHl.lCIITpau11ll OJIOBa B CBIIHl.lC, no OCII Op.D:l!HaT '.)HCprHR 

28 



BblB0/1.hl 

B J:taHHOH pa6oTe 6bLJlll npe11npHHHTbl JKCnepHMeH­
TaJibHbJe HCCJte,nosaHllH 11031JT)JOHHOII aH!lllrllJIHUJIII 8 110-
JlllKpHCTaJIJIIILJeCKIIX 06pa3uax ).180111-!blX CJICTeM CBJIHCU -
011080 C ueJtblO BblHCHe!IIIH oco6e11110CTeH J\leXallllJMa aH­

Hlll"IIJlHUJIII II onpe,neJJeHJ,tH napaMCTpOB f.F, Zc H IIµ H IIX 
JaBIICHMOCTell OT rrpMpO.llbl MeTaJIJlOB II COCTaBa cnnasa. 
CpasHeHJte JKCnepHMeHTaJibl-lblX ,naHHblX C pacLJeTOM, npo­

Be.D.eHHblM B paMKax MO.D.enn CB060.D.HOro JJJeKT)JOHHOrO 
raJa, 1103BOJLHeT c,nenaTb JaKJIIOLJeHHe O np~lMeHHMOCTl1 
Bbl6paHHOJI MO.llCJJII K pacLJeTy fotHapHblX cnnasos CBI1HU8 
11 onosa. 

8 .llaJ:LbHeilweM amlJlOntLJHbte HCCJle.llOBaHJ-tH ll/laHJ-1py­
eTCH nposeCT11 Ha cnnasax CBHHUa H BMCMYTa, npe.D.CTaB­
IIHIOWJ1X, B LJaCTHOCTI,(, 11HTepec KaK rrepcneKTHBHble Tell/10-
HOClffeJJH .llJlH aTOMHblX peaKTopoB Ha 6bJCT)JblX HeHT)JOHax. 
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TEOPHJI IlOPOrOBbIX JLBJIEH.1111 )if CITEKTPOCKOilJHl JIErKHX $1,l(EP 

JI. M. Jia3apcB 
P(!)5Ill.-8Hvll13<D, 607188, r. Capoe HrnKeropo,ucKoiJ o6n. 

Tcopw1 noporOBblX llBJlCHIIII np11Me11S1eTCll JlJlll am1J111Ja )KcnepJIMCHTaJJbHblX Jl811HblX JI ')KCTpanonnum1 Ce'-leHWI B o6naCTb HYJJJI 
:rnepnm. Ha116onec nontto npoa11aJJ11J1rpoea110 J1Ifferpanb11oc ce•1c1111c peaKmm 7Li(I, p)9Li(T = 3/2) B 0611acrn neyx noporoa peaKUHII 
7Li(t, ,1)9Be(T = 3/2). 8 pCJYJlbTaTC nonyYeH 60JlbWOii ofrbC~I BblCOKOTO'-llfblX Jl8HHblX 06 HJ06ap1r-1cCKOM MYJlbTIInJJeTe l!)lep C HJOTO­
nll'-leCKIIM cnHHOM T = 2 II MaCCOBblM '-lllCJJOM A = l 0. Ycnewuo nposene11 QlaJOBblH aHaJJlf3 ynpyroro pacce)!Hf111 npoTOHOB lfa )!Jlpax 
7Li, T, 3He e6nHJH noporoB pa3Jllf4HblX peaKUJili. C MIIHIJMaJlbllOii norpCWHOCTblO onpencneH aCTpocpH3ll'!eCKHii So-QJaKTop TepMO­
)!JlCpHOII peaKUHif T(d, n)4He. 

THEORY OF THE THRESHOLD PHENOMENA AND PECTROSCOPY OF THE LIGHT NUCLEI / L. M. LAZA­
REV // The theory of threshold phenomena i applied to the analysis of experimental data and extrapolation of a cross section in region 
of zero of an energy. The most plenty an integrated cross section of a reaction 7Li (1, p) 9Li (T = 3/2) in the region of two threshold reac­
tions 7Li (1. n)9Be (T = 3/2) is analysed. In consequence large volume of highly exact data about an isobaric multiplet nuclei with T = 2, 
A = 10 is obtained. The phase analysis of elastic scattering protons on the nuclei 7Li, T, 3He is successfully spent near to various of 
threshold ofrcactions. With a minimum error the astrophysical S0 factor of the reaction T (d, 11)4He is denned. 

BBE,l(EHHE 

Teop1U1 noporoBbIX .R.BJJeH11il (TllJI) [I, 2], nocTpoeH­

Ha.R. aBT0pOM Ha OCHOBe MHI<pOCKOllil4eCKOH Teop1111 <Dew-

6axa [3], .R.BillleTCJI BbJC0KO'IYBCTBl1TCJJhHhIM H T04Hbllll 

IIHCT()YMCHTOM IICCJJe,nosamu1 CTpyK'rypbl Jl,Uep H Mexa­

HH3Ma npOTeKaHJiJI Jl,!1,epHblX peaKUlltt. O11a HCl10Jlh3YCTCJI 

TalOKe np11 )KCTpa□OilllUHII CeYeHlltt H npe,ncKa3aHJ1H ,!l,11-

HaMHKII pa3BHTIDI npouecca, onpe.nenJ1eMoro :>tteprneft 

CHCTeMbl. W11pOKIIH cneK'rp np11MeHeHIUI Teop1111 o6bJICIUl­

eTC.R. B03M0)KHOCTb!O 11pe.ncrnsnemui B 061rncn1 nopora 

npouecca )Hepren11.JeCKOH 33B11CIIM0CTII BOJIHOBOit QlYHK­

U1111 B attaJUITll4eCKOM BH,!l,e. TaKoe npe,!1,CTaBJJe1-111e JIBJJJleT­

CJI OCHOBHblM ,!1,0CTH)KettlleM Teop1111, 113 KOTOporo cne.uyeT 

B03M0)KH0CTb 0,UH03H84110ro B0CCTaH0BJJCHILJI BOJJHOBOtt 

QlYHKUlil1 113 )KCnepHMeHTaJlbHhlX ,!l,3HHblX [4, 5] B cJJy4ae 

MX 00JJHOTbl. ,l],JJJI peaKUllii C 6eCCILllHOBblMll YaCT11uaMII 

OOJJHbltt OflblT co.nep)KIIT 11a6op Jllltp<pepeHUIIaJJbHbIX Ce4e­

Hl1H so scex Kattanax [4, 5]. B 061.1.(eM cJiy4ae B Hero sxo­

,!l,JIT TalOKe n11cjiqiepeHUHaJlbHble COI-IHOBble Koppeill!UJIII [5] . 
AHaJJIITH4eCKJUi BH,U 33BIICIL~10CTII OT :>Hepnrn B6JJII3ll 

nopora no3BOJUieT onpe,nem!Tb H3 :>Kc11ep11MeHrn napaMeT­

pbI TeOpllH npH pa3JlH4HblX CTene11J1X HeprHll. TTapaMeTpbl 

CBJl33Hbl C IIHTerpanaMII nepeKpblTIIJI B0Jlll0BbIX <j1yHKUIIH B 

pa3JJIILlHhIX Ka1-1rurnx peaKu11it. Bapb11posa1111e napaMeT))0B 

110 Mernny HatIMCHbUJHX KBa,nparns (MHK) 11p11 annpoK­

c11Maui111 )KCnep11MeHTaJJbllOtt QlYHKUIIII TeopeT114eCKlll\l 

tpyHKUIIOHaJJOM :>tteprn11 OK33bll3ae rel! ycneWHbtM 11p11 

ypoBtte )KC11ep11MeHTaJlbHOii II0fl)CWH0CTII He BblUIC 1- 3 % 
11 pa3peweH1111 no :>Heprn11 11y•1we IO KJB. 

Ha116onee 11epcneKTIIBllbll\lll .[lJJJI IICCJJC,!l,083Hllii JIB­

JUIIOTCll llOpOIOBble oco6eH110c·rn ce•1eHIUI B6JJII3ll 11eit-
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TpOHHOro pacna,na COCTaBH0ro ll,!1,pa. O6JiaCTb HettTpOHHO­

ro nopora oco6etttto npocrn .nnJl a11amua, nocK0JlbKY T04Ka 

nopora JIBJUleTC.R. TO'IKOtt BCTBJICIIHJI Ha ,neHCTBHTeJJhHOH 

0CII :>Hepn111. ,[],JUI 33plllKeHHbIX 43CTIIU 011a llMeeT cyl.l.(eCT­

Bel-IHYIO oco6eHHOCTb )KC0OHCHUJtaJJbHOro HJUI norap11q>­

Mll'ICCKOro Bll,!l,a. Teopent4CCKHJ1 3H3JUl3 cjiy11KUHH BOJ6y­

)K,UeHIUI npOB0JlHTCll s o6JJaCTII noporoB peaKUIIH 

Eq ± 1 M:>B (Eq - noporosaJl :>Hepntll) HJlll Me)K,ny cocen­

Hlll\lH □oporaMII . B )TOH 06nacn1 ll3BeCTtta aHaJIIITH4CCK3JI 

33BllCIIM0CTb MaTpllUbl CTOJJKHOBCHIIH OT :>11epr1111, a CJJe­

,!1,0BaTeJibHO, II <jJyHKUllli B036y)K!lCHl1JI. onaro,napll :>TOMY B 

0611acT11 noporoa onpe,neJUIJOTCJI 11p1rne,neHHb1e 3Ha4eH11J1 

ILHTerpanoB 11epeKpblTIUI BOJJHOBblX QlYHKUlltt KaHaJJOB, 

B TOM 'lllCJJe np~me,neHHbie napUHaJJbHble WHpl1Hbl II Jl0JJ­

HbJe WHpllHbl ypostteit COCTaBH0ro ll,!1,pa, opfomUTbHhle 

MOMeHTbl II •teTHOCTII ypOBHeH, COOTHOWeH11e BKJJa,UOB 

npl!MblX 833lll\10JlCHCTBl1H 11 BJallMO,!l,eiicTBHtt 4epe3 co­

CTaBH0e ll.!lp0, pa,llHYChl .R.,!1,ep. 

B6Jlll311 nopora H3 0OJJH0ro OflbJTa MO)KHO 0.!1H03Ha4-

HO 011pe,neJ1II1b BOJlH0BYIO QlYHKUIIIO CllCTel\lbl. O,uHaKO 

1-1a~1 Hell3BCCTHht )KCUep11MeHTaJJbHble .naHHbJe, KOTOpble 

COCTaBJI.R.Jlll 6bJ OOJJHbltt O□hlT no BCeit C0B0KYllHOCTII ,naH­

HblX. Oco6em10 3H3411TeJJeH ,lleq>KUIIT B ,uaHHbIX no ,!1,Hq>­

¢epeHUllaJlbllbIM CC4CHHJIJ\l, COCTaBilll!Ol.l.(~IM 0CH0BY noJJ­

IIOl'O 0llhITa, a T3K)Ke T04HOCTII II 0OJJHOThl IIX onpe,nene­

llllJI . TTo:>TOMY B K3)f()l0M K0HKpeTHOM CJJY4ae pewaeTCJI •1a­

CT1lall Ja,lla4a. 3 ,necb paCCl\l0T()CHbl T))H Ha116onee BalKHhte 

II xapaKTepllblC WU! Tr151 JaJ:ta'III, B K0T0pblX ll3BCCTHbl npe­

UI13IIOHHble ~t JlOCTaT04HO IIOJJllble )KCnep11MeHTaJihHbie 

,[l[IHllbie: I) 3llaJlll3 QlYllKUllll B036)'lKJlCHIUI llHTerpaJJhH0l'O 

CC4CHJL)I peaKUIIII 
7Li(,, p/Li; 2) cj>a30Bblii aHaJIII3 m1qiq1e-



pCIIUJ!aJJbHOfO CC'-ICIJIJ$l ynpyroro paCCCJIIIIUI IIJ)OTOIJOB 11a 

ll.apax 
7
Li, T, 31 le; 3) JKCTpa1101IJ1uIIJ1 1111Terpanh11oro ce1.Ie­

Hllll peaKI!1111 T(d, 11)4Hc s 06:iac·1 b 1-1y11l! :ml!pru11. 

PE30IIAHCllblE IJOPOfOBhlE AIIOMAJJHII 
R HIITEfPAJlhHOM CE4EHl111 B PEAKUIHlX 

HA JIEfKHX .H)],PAX 

B 1eopeT11•IecKnx pa6orax [4, 6] 6b111a .llOKa3atta so3-

MO)l{HOCTb 6e3.MO.llCJlbHOro pewemlJI 3a,UaYJI no '.)IJeprent­

YCCKOH JaBHCII.MOCTII ceYelHJJI peaKU1111 B6Jlll3l1 nopora 

ll,uepHoro npouecca. B pa6ornx [7-1 0] 113yyamIcb qiyHK­

umI so36yil{.lleHw1 peaKu11i-i 
7
Li(3He, p)9Be, '

0
Be(a, p) I3

B 

II 
7
Li(t, p)9

Li, 8 KOTOpblX o6Hapy-MeHbl noporoBbte aHOMa­

JUJH 6oJlbwoii a.Mnm1ry,ub1. B pa6oTe [IO] 6htno BbJCKll3aHo 

npe.nnoJJO)l(CHMe, '!TO npllYIIHOH RBJlRCTCll pe30H3HC co­

CTaBHOro Jl,Upa B OKpeCTHOCHJ nopora. )],JIJI llOKa.JaTeJtbCTBa 

:noro npe.nnoJJO)l(eH.m1 a pa6oTe [11] 6btJia npen11pt1HHTa 

flOllblTKa J)a.JBIITIIJI pe3011aHCHOII TI1JJ, o6o6IU310IUCi1 He­

pe30UaHCHYJO Teopmo [4]. 

B ,uaHHOii pa6oTe npOBO.llHTCR aHaJJll3 noporoBhlX 

aH0Man1111 a ¢YHKU1111x soJ6~.neH1111 peaKU~tii 
7
Li(t, p )9Li 

[IO] 11 
7
Li(3He, p )9B e [7] a6mn11 HefrrpoHHhtX noporoa 

peaKUHH 
7
Li(t, 11)

9
Be• (T = 3/2) H 

7
Li(3He, 11)

9
Be• (T = 3/2) 

8 npe.nnoJJO'lKCHHH, 'lTO B npoMe)l{yrOYHOM COCTORIDll1 06-

paJylOTCR cocTaBHhJe 11.npa 
10

Be(T = 2) 11 '
0B(T = 2). Onpe­

llCJ1"10Tc11 :mepm,i 11 W11pHHbl pe30HaHCHblX COCTOllH1111 

COCTaBHblX 11.D.ep, a TaJOKe napu11anhHbJC WHJ)HHbl pacna.D.a 
10

Be (T= 2), r.D.e T- li30TOl1HYeCKHH cmtH Jlllpa '
0
B. 

TTpose,neHHhttt aHanm noJsomrn c,D.eJJaTh pll.ll nporno­

JOB OTHOCHTCJJbHO nepBblX .nsyx ypoBHeii C T = 2 )lJUf 1130-

6apHYCCKOfO MYJibT11nnern A = I 0. TTo-811.D.HMOMY, rnraHT­

CKHC noporoBbJe aHOMaJJHl1 MOJKHO 0)1(11,llaTb 11 llJUf 6onee 

BblCOKOB036~.neHHhIX ypoaHeii C T = 2, a TaK)l{e ll11" ttpy­

rux H30Cl1HHOBblX COCTOJIH11H :)Toro II COCCllHHX MYJlbTH­

rtJICTOB. TIO.D.TBep)l(J.lCHHCM CJJY)l(HT pa6orn [8], a KOTOpoi-i a 

¢YHKu1111 so36y)l{.llCID111 peaKu1111 
I0

Be(a,p)
13

B o6Hap~e­

HhI .!I.BC aHOMaJJHII 60JJhWOi1 a~HIJIIITYJ.lbl B6Jlll311 HCttTJ)OH­

HblX noporos peaKUHH '
0
Be(a, 11)

I3C (T = 3/2). 3rn J.laHHhie 

1103BOnJ1Jll1 npe.unoJJO)l(l'!Th, '-ITO riff8HTCKHC 3HOMMHH 

B6Jlll311 HeiiTpOHHblX noporoB npettCTaBJUflOT Tt1n111.rnoe 

JIBJICHlle J.lJUI Jl,D.ep p-o6oJJOYKH. Hx CJICllYCT O)l{H)laTb llJIJI 

scex A, HaYHH3ll C A = 7, It AJ]R pe3oHaHCHblX COCTO/fHIOI 

COCTaBHOfO Rttpa C np0113BOJlhHbIM 1130Cl1HHOM. 8 JTOM 

y6e)l{,D.aeT aHaJJH3 ypoBHCII JICl'KIIX Rttep, npOBCACHHbl H 
spa6oTax[12, 13]. 

3an11c111\t0CTL cetJe1111it peaicu11it OT ::,11epn111 

Haii.11eM JHeprenIYecKyI0 JaBJICliMOCTb IIIJTerpa.,1bHblX 

CC'-ICHI-111 peaKUHH s6m1311 HCHTJ)OHHOfO 11opora II CB513b 

napaMCTJ)OB TeopI11I C BCJIHYIIHaMJI, onpetteJUICMblMH 113 

')KCIICpllMCIJTa. OrpatmYHMCll paCCMOTJ)CHHCM llByxYaC­

TH'iHblX KaHaJIOB peaKl.l(lll II cnrmeM BhlJleTa 11eii-rp0Ha 

C op611TaJ1bHblM MOMCIITOM /,, = 0. 
0603HaYIIM Yepe3 i,/, q HaY,UlbHbltt, KOHCYHblH II 110-

poroBbltt KaJtaJlbl peaKUlitt. 

3Hepren111ecKaJ1 3UBIICIIMOCTb HCIIOporoBoro IIHTe­

rpaJibHOfO CC'iCHIIR peaKUl\11 (i,/) 8 06nacn1 B6IIJl3ll 11opo­

ra 11aXOJ.lllTC$l 113 Tn51 [I] 
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1 { (B>)I 
1
1n a 1 = - A+ - £-£ + 

I £ B < I/ 

[i-(£::.)1£-£ 11/2] Do+D1E }c2c2 + <f 2 2 1 [• 

C < ( E - EQ ) + ( r Q /2) 
(I) 

rtte EQ. r Q - 11epn1J1 11 "w11p11Ha
11 

ypoBHJI Q 51,npa; c1L,1-

so1IbI ">" II "<" o60JHa'iaJOT o6JtaCTb J11epn11I BblWC 11 HJOKC 

11opora Eq. KynoHoscKoe BJa11Mo.D.ei-icrn11e y•ntTbIBaJIOCh 

JJyTeM YMHO)KCllllll CC'-!CHl\ll (I) Ha QlYHKWIIO C?C}, f',llC [14] 

C2 = 2m1[cxp(2m1)-l)-I; rJ = Z1Z2e2µ/ '12r 1 

(A, B, C, Do, D 1 - napaMeTpbt Teop1111). 

A11am13 noporoBblX att0Man11it 

npoaHa1111311pyeM :mepren14ecKJ1i-i xo.11 ¢YHKU11ii ao3-

6~ea1111 B peaKUI111x 
7
Li(t , p )9

Li [9 IO] H 
7
L i(3He, p )9B e 

[7] s6m1JH noporoa peaKUIIH 
7
Li(I, n}9Be.(T = 3/2) 

11 
7
Li(3He, n)

9
B'(r = 3/2). B Ka)Knoii 113 HI1x 113yqeHhI no 

nae noporOBble aHOMaJJHH, rJffaHTCKHe aMIIJUITY.D.bl KOTO­

pb!X CBH,llCTCJibCTBYIOT, nO-Bll)lllMOMY, 0 cyIUeCTBOB3HIIII 

pe30HaHCOB COCTaBHOfO ll.D.pa C T = 2 B6JIJl3H K3)1(llOro HJ 

noporos. ,ll,JIJI aHaJJIIJa noporOBblX a110MaJ1Hi1, H3YYCHHhlX 

JKCnep11MeHTaJJbHO B [9, IO], IICl10Jlb308aJJl1Cb TeopeTll'-!e­

CKl!e CCYCHHJI (I). TTapaMCTJ)bl CC'-ICHlltt sapbHpOBaJJl1Cb no 

MHK a uemIx llOCTIL)Kettnll tta11nyqwero on11cam111 JKcne­

pHMCHTaJJhHbtX .uaH.HblX. 3aTeM 113 napaMCTJ)OB ceYeHHH 

6b1J111 onpe,llenelib1 napaMeTJ)bl Teopm1 11 ¢11311yec1rne ae­

JIIIYHHhJ. 

A. <l>yHKUIUI BOJ6y,K,llemrn peaicu1111 7Li(l,p)9Li. 
B6n11311 HCHTJ)OHHoro nopora peaKUl!H 7Li(t, n)9Be' (£' = 

= 14,393 M:>B, fsc = 3/2, T = 3 / 2) ¢YHKU.110HaJJ HeprmI 

HMCCT B~l)l CC'-!CHllll peaKUIIII 
7
Li(t, p)9Li, OflHCbJBaeMoro 

¢opMy11oi1 (l ), B KOTopoi1 Ha.uo rIecTb KYJIOHOBCKOe BJa11-

MOJ.leficTs11e BO BXO,llHOM (t) 11 Bh!XO.D.HOM (p) KaHa.JJax. 

TTOJJHbltt MOMCHT II YCTHOCTb B noporoBOM KaHaJie 

IIMelOT ,llBa 3HaYeH~: J1[ = 2-' 1- np11 op6HTaJJbHOM MO­

MCHTC / = 0. PaclJeTbl no o6onO'IC'-lllOH MO.!J.CJIH [ 15] noKa-

3aJJl1, 'ITO pC30HallCHOMY COCTOJIHHIO COCTaBHOro 11,llpa OT-

BCYaCT Jt0 
= r . 8Topoe 3HaYCHIIC MOMCHTa .flt = 1-

0TBCYaCT Hepe30J-IaHCHOM)' noporOBOMY COCTOllHIIIO. Co­

rnacHO npaBIIJJY CJl0il{CHH$l MOMCHTOB s6mrn1 nepaoro 

HeiirpOHHoro nopora op61na.nbHbie MOMCIITbl TJ)ITTOHa 

11 npOTOHa MO)f(HO npe.D.CTaBIITb KaK 

(2) 

311aYCHHll MOMCHTOB IICTIOJJb3083JlllCb npII H8XO)l(lle­

Hlll1 TCOpernYCCKI IX napaMeTpOB 113 KOHCTaHT ceYeHl!JI ( J) . 
TTpc,llnOJJaranoCb, '-!TO BKJla,llO~I MOMCHTOB (2), OTJIIIYHblX 

OT IIYJIJI, MO)l{IIO npcHc6pC4b no cpaBHCHIIIO C ,, = / p = 0. 

B paCCMaTJ)JlBaCMOii pcaKU.111I H3 AaHHblX no HHTerpanb­

HhlM CC'-ICIJIJll I HCBOJ IO)f(HO onpe,D.CJIJJTb TO'-lllblC 3lla'-ICHIIJI 



napaMCTJ)OB Teop,ut. )lm1 )TOIO Ha.110 113MCJ)IITb yrJJOBblC 

pacnpe.11cneH11J1 . OmrnKo y11<1eTcJ1 1-rnfirn cji11311yccKy10 06-

nacTb IIX onpe.11CJJCHIIJI, YT0. 11a 11aw BJrJJJl.11, JIBJJJleTCJI HC­

MaJJOBa)K!lblM. rpaHJIUbl QJ113JILJCCKOtt 06nacT11 napaMeTpOB 

npHBC.llCHbl e rn6JJ. I . 
B6rnn11 BTOporo HCttTpOHHOfO nopora peaKUIIII 

7Li(t, 11/Bc' (£'= 16,976 MJB, fsc = 1/ T, T = 3/2) cpyi1K­

u11ottan :>Hepnm 6b!Jl Bb16paH B TOM iKC B11.llC, YTO H B6mn11 

ncpnoro nopora. O.11m1Ko yrnOBblC MOMCHTbl pa3Jlll"Ga!OTCJI. 

PeJOHaHCHOMY COCTOJIHIIIO COCTaBHOfO n.11pa COOTBeTCTBy-

eT J8° , T, Hepe3011aHCHOMY COOTBeTCTBYeT - J11 = o- . 
Op61tTaJJbllble MO~teHTbl M,llpa TJ)lfflUl II 11pOTOHa paBHbl 

10°=1- , 1,,tp=0,2; J 11 =0- t,Jµ=2. (3) 

TipH pacyernx YYl1TblBaJJCJI BKJla.11 MHHHMaJJbHblX op6wraJl.b­

HblX MOMeHTOB. !1HTepBaJJhl cpH311YCCKOtt 06JiaCT11 onpe.ne­

neHJUl napaMeTJ)OB Teop111I TaIOKe np11se.nettb1 B Ta6n. J. 
113 3Ha'-!eHHJ1 napaMCTpOB, onpe.11eJieHHblX B6Jlll311 

nayx HCHTJ)OHHblX noporoa, BblTCKaeT J)Jl.11. fIOJIC3HbJX cne.11.­
CTBHH. B TOM )KC np116mt)l(eH.1111 B o6JiaCTH nopora MO)l(H.0 

HaHTH pe30HaHCHbJH MaTJ)H'-lHbltt )JleMeHT 

v?o11
0 = Mj11

0 [ 1- aJ11
0 ( E -Eq )"

2
] x 

f £-£;.·:rQ/2 l £;£,. 

r.11.e M, a, A - KOMfIJICKCHbJC fJOCTOJIHHhle. 

I lapu11ru1bHble WI1pI1llbl MOlKHO 011pet1eJ111Tb no cne­
.lIYIOWll~I cliopMynaM [ 14 ]: 

M1:? rto A1::,rro = Jr1r R exp[i( 1 + t.R )]; r R = r Q-r,, 

riie t., 11 r, - cjrn3a 11 "w11p11Ha
11 

B Kattanej = t, p, 11. TTpuee-

2 -.UCllllble WIIJ)l!Hbl y oupe.ueJIJIIOTCM 113 COOTHOWCHHIL 

r/1 =2plly~; lg =2pgC~y~; Pg =kga; 

Cl= 2,5· 10-l3CM; g = l,p. 

npu BbllfJICJJeHJlll 11apU1laJJbHbJX Wllpl-lH BKJla.1).0M pe­

aKUIIH (I, p ,) npette6peraJIOCb, TaK KaK Ce'-!eHHe )TOH peaK­

U1111 HC npeBblUlaeT 10 % OT ceYeHl1JI peaKUHM (t,po) [16]. 
11cnOJib3YH naHHbie Ta6n. l , HaXO,!HIM HHTepBaJJbl .11.JlJI np11-

ae,11eHHblX napu11ru1bHboc wHp11H (MJB) 

0,008 ~rt> 0,005] 0,008 s; yt < 0,012] 

0,128::s;y; <0,129 m160 o,12s~r: >0,126 . 

0, 376::s;y~ <0,377 0,376~y~ >0,375 

OTClO,lla O'-leBH.UHO, '-!TO HeHTJ)OHHaJI WHpl!Ha JIBJlJICTCJI 

o.uttoYacT11<1ttoi1. 

Pe3yJtbTaTbl OilJ1CaHJ-Ul :>KcnepHMeHTaJJbHblX .118HHblX 

no MHK c noMOIUb!O TeopernyecKoil cpyttKUHH :>Heprn11 

B6JlH311 .nayx HeHTJ)OHHbIX noporoa np11ae,11eHbI Ha pHC. J 
11 2. napaMeTJ)bt EQ, r Q ypoatteii J1,11pa '

0
Be onpe.neneHbI 

Ta6nuua I 

XapaKTepHCTHKH yposttei'.i J1.Uep 
9
Be(T = 3/2) 11 

I0
Be(T= 2) 11 HHTepBaJJbl 3Ha'1eHliH 

napaMeTJ)OB TeopHH B peaKUHH 
7Li(I, p)9Li B6JIH3II HCUTJ)OHH.blX noporoB 

peaK.Ullli 
7Li(t, n)

9
Be.(T = 3/2) 

HoMep Ypos1m 98c Yposmt 10Be rQ Eq IM~o11012 IMJ01to AJono 12 M 8 2 
Ip Ip • J 

nopora 

MJB 

14,393 21,218 (2,5- 9)· 10-2 
11m1 

I 
111 = 31 r Jorro = r 0,112 21 ,205 0,65- 1 

(2,5- 0, 7)-10 2 

16,976 23,034 0, 765- 1,808 llnH 
2 111 = I I T Jorro = 1- 0,84 23,788 0,155- 1 

0, 765- 0,323 

HoMep R AJono ImAJorro R Jo1to JM~11J2 Real11 JMJrrJ2 lmaJn C Ip 
tp e a1P If) Ip 

nopora 

MJB M'.lB- "' 
(-5,8- -2,13 )· l 0 2 

I (-6, 97- -4,53 )· I 0-2 
IIJIII - 1.414 2,46-3.29 1,61 

(-5,8- -9.36)- 10-2 

2 2. 16----0,335 
-4,418-0,452 Jlnll 

-1.525 28,6-48,8 27.4 
-0,418- - 1.19 

n p11 Me 'Ja H II e . 3Ha•1c1111c JHCprtlll .naHO B CL(! I ( ClfCTCMa u e,rrpa t1Hepu1111). 
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i 
f 

e norpew11oeTblO J.10 HeeKOJJbKllX npo11eHTOB. OeTaJlbHbJe 

napaMeTpbl ce4e1-nn1 ( J ) onpeneneHbJ e norpewHoeTblO He 

60J1ec 60 %. 
Ji. <t,y 11K1.1.1rn n0Joyil.)lc111rn pcaK1.1.1111 

7Li{3He, p)9Be. 
JHepreTJJYeeKaH JaBJfCllMOCTb eeYeJJIUI peaKUlfH B6IIIJ3H 

Hei11po1JJ1oro nopora peaKUJ111 7Li(3He,ptB'<£' = 14,66 MJB, 

f 1 = 3 I r, T = 3/2) onpe,ueJ1lleTell ce4e1-111eM ( l ) c Kyno-

0,M6 

~ 
O O 

26 

23 

20 

11peJ.1J10JJ0,KeJi11.!I If pac4e1 bl no M0)lCJIJf o60JIO' ICK [ 15], 
c11paeeJ.1J1 lfBble OTHOeJtTeJibHO BOJIHOBbJX (jJyHKUlli1 H.Uep, 

yciacrny1ow11x e peaKu1111 7Li(t, p)9Li, 110-e11.n11M0My, c11pa­

eeJ.1JU1Bb1 11 n1ui peaKUillJ 
7Li(3He, p)9

Be. 

no yeJIOBHllM 3KCnep11MeHTa BbJWe 11epeoro H6irpoH­

HOro nopora J13Mepllnaeb cyMMa ee,1e1111i1 peaKUHH 
7
Li(3lle, p)9Be H 

7
Li(3He, n)9B 

5,4 5,6 5,8 E, M3B 

Puc. I. Teope1w1ecKoe on11caH 11c qiym<mm so36y-A<JICHHJ1 peaK1.urn 7Li(t, p)9Li s oKpeCTHOCTII nepsoro nopora 
peaKUJrH 7Li(t, 11/Bc (T = 3/2), £01 = 5,65 M:iB (3Ha'ICHHC JHepnm naHo s na6opaTOpHoil CHCTeMe - JT. c.). 

3Kcnep11MCHTaJTbHbie naHHble 83J!Tbl H3 [ I OJ 

7 8 9 
£,M3B 

PHc. 2. TeopCTll•JeCKOC onncaHIIC qJ)'HKUIIII B036y-A<.'lCHllll peaKUIHI 7Li(I, p)9Li B OKpCCTHOCTH BTOporo 
nopora pcaKUIIH 7Li(I, 11 )

98e (T = 3/2). £01 = 9,339 M:iB (n. c.). 
3Kcnep11MCHT3JTbHblC naHHblC B3J!Tbl H3 [IO] 

'l 2 
HOBeKllM q)UKTOpOM Cj~reCp B npeJ.IJJOJI0)KeHIJJI, 4.T0 B6JJH-

a BbJWe BTOporo HeHTpOHHOro nopora C)'MMa ceYeHHH 

(4) 

(5) 

3H 11opora peaKUIII I (3He, 11) Heifrpo11 06pa3yeTel1 C opfo1-

T8JlbHblM MOMeHT0M I,, = 0. ,QeitCTBltTeJlbHO, peaKUl1ll, pae­

eM3TpllBaeMbJe B IIYHKT3X A H D e TO'JHOeTblO J.10 K)'JI0HOB­

eKoro B3am,oneiteTBltll H pa3HOeT Jf Mace 3He II , , nOJIHO­

CTbJ0 JKBIIBaJleHTHbl ~le)KJ.ly co6oit. B IIIIX coena.uaioT see 

KBaJJT0Bble 411ena II JHepnU! 8036)',K)lelllrn. noJTOM)' see 

3neeb TaK ,Ke, KaK H a nyHKTe A, npeHe6peraeTeJ1 ce4em1-

eM peaKUIII I (3He, p ,), TaK K3K OHO MH0ro MeHbWe eeYeHJJJI 
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peaKUIIH (3He. p 0). 31-1epreT11L1ec1rnJ1 3a1:111c11MOCTh noporo­

llbIX ceYeHHl1 peaKUM.11 (3He, 11) naeTCJI cj,opMynofi 

, 
yMHO:a<eHHOH Ha Circ; b, d0 , d1 - .nei:icrn11TeJJbHh1e KOH-

CTaHTbI. 

B KaYecrne Teoperni1ecK11x qiyttKUHH ::n1epnrn HH)l(e 

nepaoro 1-1eihpott1-1oro nopora HCflOJib3osanocb ceYettHe 

peaKL(llJ,l (3He,po), Me,KJlY nepBbJM 11 BTOpblM noporaMH -

cyMMa (4), Bblllle BTOporo nopora - cyMMa (5). Pe3yJJbTaTbl 

aapb11poaaHM.J1 napaMeTpoa no MHK c ueJlblO .nocrn)l(ett1t.11 

HaHJiyYUlero OflHCaHM.JI )KCnep11MeHTaJibHblX )laH.HblX npe.n­

CTaBJieHbl Ha p11c. 3 11 4. 

N, 0TH. CJl. 

5 

3 

5 6 7 8 
£ , M38 

PHc. 3. TeopeTH'ICCKOC orrncaHHe qJ)'HKl.lHH B036}')1(JlCHHJI peaKmn, 
7Li(3He, p)9Be (T= 3/2) s OKpecTHocrn nepsoro nopora peaKUHJ{ 

7Li(3He, 11)98 (T= 3/2), Eu,= 7,58 M:>8 (n . c.). 
3KcnepHMCHTaJibHblC naHHblC B31lTbl H3 [7] 

N, onr. en. 

8 

7 

6 I 
I 

9 10 11 12 
£, M38 

PHc. 4. Tcopen1<1ecKoe on11ca1me <jlym:uirn so36y)l(J1CHJ11l peaK­
um1 7Li(3He. p)YBe (T= 3/2) a 0Kpc1.,'THOCT11 aroporo nopora peaKu1111 

7Li(3He, 11)98 (T= 3/2), £01 = 11,033 (n. c.). 
3Kcnep11MCHTaJlbllblC Jl3HHblC B3l!Tbl H3 [7] 

B rn6n. 2 nprrnenettbl nrrwb pe3yJibTaTbJ nm.1 EQ 11 

r Q, noCKOJlbKY OCTaJlbHbJC napaMeTpbl onpeneneHhl C no­

rpeWHOCTJIMH, npeBblW!IIOll(ltMJI car.111 3HaYeHHJI. Dapa-
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MeT]1bl TeopHH II 11apu11aJ!bHblC Wllp11Hbl HCJlb3JI onpene­

JIHTb BBII.UY He,!lOCTaTOYHOII )KC11epr1MeHTaJJbHOH o6ycJIOB­

neHHOCTH 3THX BemtYHH (Mano JKCnep11MeHTaJlhHblX 

TO'!eK). 

Ta6nHua 2 

XapaKTepHcrnKH ypoaHeii Hnep 
9
B (T= 3/2) 11 

10
B (T= 2) 

s peaK111111 
7
Li('He, p)9Be 1:16rut3H He11i-poHHblX noporoe 

peaKUHH 
7
Li(3He, 11)

9B• (T = 3/2) 

Ypostt11 9B YpoaHH 108 rQ Eq 
HoMep 
nopora M:>B 

I 14,66 22,7 1, 1 23,095 

ITC= 3/r loo= 1/T 

2 17,076 24,4 2,3 25,511 

ITC= 11r loo = 1/T 
I"= 3/T 

Tio)lBMCM lffOnl }lJlJI H306ap Jl)lep C A = 10. no­

B11.llHMOMY, ci-pyKTypa nepBhlX .nsyx yposttei-1 c T = 2 .11.JIJI 

MYJlbTHfUleTa 6y.n.eT cneny10ll(e.H : OCTOB H3 .nesJITH HYKJlO-

HOB c ITC = 3 / r JlJlJI nepaoro ypoBHJI H c [TC = 1 / r JlJlJI 

sToporo yposH.J1 c r = 3/2 11 3anoJ1HeHJ-1eM o6onoYeK 

(ls)4(lp)5 nn10c sttewHHH HYKJIOH (cna6ocsHJaH.HbIH HIDI 

HeCB1l.3aHHbrn) Ha o6ono'iKe (2s Id) [ 11]. l11-1Tepsan 3tteprHH 

Me)f(Jly 3Tl1MH ypOBH.JIMH cocTaaJIJleT I ,8-2,0 M:>B. Enaro­

napJ1 TOflOJJOrIDI ypOBHeH c T = 2 MOJKHO C)lenaTb .llOCTa­

TO4HO Ha.n.e,KHble nporH03hl OTHOCHTeJlbHO )HeprH.H CBJl311 

llilll CTOJIO)l(eHHJI yposHeH. 

TaK, ttanp11Mep, nepsb1i-1 yposetth c T = 2 s H.npe JOC 
)lOmKeH HMeTb 3ttepnuo ~ 23 M:>B, a srnpoi1 - 25 M3B. 

51.n.pa '
0
Li H '°N 1l.BJIJIIOTCJI 3epKaJihHhIMl1. 3HllJI, YTO )Hep­

rM.JI CB1l.3H ttei1.i-potta s 
10Li pastta En = - (0,03-0,23) M3B 

[ 11 ], MQ,KHQ npe.n.noJJO,KHTb, Y.TO :rnepr11.J1 CB1l.3H npOTOHa 

s J1.D.pe '°N TruoKe 6illlJKa K HYJllO. KaaHTOBhie Y11cna / TC, 

T = 2-' 2 JlJIJI OCHOBHOro COCTO11HM.JI Jl.llep 
10Li 11 '°N, I7t' 

T = ,- , 2 .11.JIJI MX nepBoro s036y)f(JleH11oro COCTOJIH.HJI. 

0 B031\f0,KII0CTH 11a6mot1.emrn nopor0BblX HBJleUHII 

B nenrnx H.n.pax 

A1-1an113 HJo6apwYecKoro MYJlbTHnnern A = IO no3so-

11J1eT c.nenaTb BblBO)l, YTO 11a6n10)leH.J.1e JlOCTaTOYHO CHJlb­

HblX noporOBbIX aHOMaJIHW BOJMO,KHO npH BblflOJIHeHHH 

cne.nyJOIJ.lllX ycnOBHH: 1) noporoBblH KaHaJJ JIBJUleTCJI Hett­

l"pOHHblM (c BblJleTOM S-HeH.l"pOHOB); 2) B6JJH3H He.Hi-pOH­

HOro nopora eCTb pe3OHaHCHOe COCTOJIHJ1e COCTaBHOro 

HJipa c IEq -EQI < r q; 3) 11oporoaoe 11 peJonattcttoe co­

CTOJIHIUJ 6nH3KJI no ci-pyKType (60JlbWUJI uapu11anbHaJ1 

lllllpHHa y~ ); 4) e noporOBOM Kattane KOHeYHOe Jl)lpO )lOJI­

rm1msywee (f,.• << f q ); 5) IIMCeTCJI CJIJlbHaJI CBJ13h Me,K.D.Y 

Hei1TpOHHblM II npOTOHHblM Ka11anaMJI. 3Tli ycnOBl1JI Bbl­

[IQJIHJIIOTCJI JlilJI 11Jo6ap11YecKoro MYJlbT111u1eTa A= 14, LfTO 

nOJlTBep)KJlaeTcsi pa6oToi-i [8]. B Heit o6Hapy)l(eHhl .n.se rn-



ra111cK11e a110Mam111 11 <l>YIIKUJll1 so,6y >Kt1e1-11rn peaKUJIII 
1013 ( )uB 6 -e a. p B JIHJH Hell rpOHl-lblX nopor oH peaKUIIII 

wBe( a. 11) 13C ( T = 3/2). KaaHTOBbre y11c11a .usyx pe301-1a1-1c-

11b1x COCTOlntllil HJ.lpa 
13C ( T = 2) JI noporOBblX COCTOHHllfi 

13C ( T = 3/2) Te )Ke caMble, 4 ro II B MYJihTrrnne-re A = I 0. 
MO)KHO 0)Kllll31 b, YTO 11epeLIJICJJeHHble Bbl We YCJIOBIUI 6y­

nyi· BbUIOJIHHTbCH II JlJljj .upyrnx 11306ap11YeCKHX r-1ynbTll-

11neTOB C pa3JJHYHblMII KBaHTOBblMII xapaKTepucntKaMII. 

B .necHTKax cnrrneB 6bIJIII OTMeYeHbl 11011apHbJe KOppenH­

Ullll ypoa11efi cociaa11oro .ll)lpa A II KOHeY1-1oro 51.npa (A - I) 
a HeibµoH1-1or-1 Kamu,e s6m1311 nopora pac11a.ua A-+(A - I) + 11, 

T. e. 1£1/- £QI< rt/. B 6011bw11Hcme cnyyaea op611TaJJb­

Hbrfi M0~1e1u Hefrrporrn In = 0 a 11oporoeoM Karta11e [ 17]. 

lloporn c I,, > 0, flO-Bll}lllMOMY, 6yny-r CIIJibHO MaCKllpO­

HaTbCH pe30H8HCHOfi c-rpyKTypoit lpYHKl.lll0 B036y)K.LlCHIU! . 

llp1me.ue11Hble pe3yJJbTaTbl H3JIO)Kellhl B pa6oTe [17]. 

)],a11bHei1w11e 11ccne.uosaHHff mo6ap11YecKoro MYJ1bT11nnern 

.ll.Uep c T= 2 11 A = IO Jt3JJ0,KeHbl B pa6ornx [18-20] . 

AJIAJUl3 AHOMAJIHH 8 <l>YHKIJ,HH 
B03liY)K)],EHIUI PEAKU,HH 7Li(t, p)9Li 

B pa6ornx [l 0, 17, J 9-23] 6brna ofoiapy-A<eHa II no.u­

po61-10 11ccne.uosaHa c-rpyKTy-pa attoMaJlhHoro s11.ua B no11-

HOM ceYeHHH peaKU1111 
7Li(t p)9Li e6m1311 :)Hepnrn Tf)HTO­

HOB £1 ;; 5, 7 MJB. O1-1a 6hwa 111-1Tepnpernposa1-1a s 

[21, 22] KaK noporOBa.ll 8HOMaJII-Ul, Bbl3881IH8/I 0TKJ)bITHeM 

KaHaJia 
7Li(t, 11/Be (T = 3/2, £ . = 14,393 MJB). )],;rn 06b-

11c1-1eHJUJ 1-1a6mo.uaeMOH cpopMhJ II IIHTeHCHBHOCTII aHOMa­

JIIIH 6b1J10 cnena1-10 npet111onmKe1111e, LJT0 e6n11311 JToro 

nopora Hax0.UHTC.ll COCTO.lll-U1e C0CTaBHOro .ll,Upa '
0
Be C 1130-

CIIIIHOM T = 2 - a1-1anor OCH0BH0ro COCTO.llHJUI 11.upa '
0Li. 

B pa6oTe [21 J Ha ocHoBe a11an~na qiopMbl noporoeoi1 Kp11-

aoi1 0blJIO 110Ka3aHo, LfTO nopor, Bb13aasw11i1 a1-10Manaio, 

/IBJljfeTC.ll s-noporoM. 3TO o6CTO.llTeJJbCTBO 1103BOJHICT yc­

TaJIOBIITb, LfTO LleTHOCTh npe.unonaraeMoro COCTO.llHll/1 co-
103 IT -cTas11oro 11.upa e oTpHuaTeJlhHa.ll. 011yYeHHhr11 pe3ynb-

TaT cornacyeTC.ll C 060110YeLJJIO-MO.UeJ1bllblM 8HaJIH30M 

CTpyKTypbl ypos1-1ei1 nerKIIX 1111ep, npose.ueHHblM B [ I 5]. 113 
IOL· KOTOporo cnenyeT, LJTO OCHOBHOe COCTO.llHl1e .ll,Upa I 

n.r,1eeT Ko1-1qi11rypau1110 (Is)\ lp)5(2s I d) 1 
11 0611a11aeT cm,-

HOM II YeTIIOCTblO (IT = 2- . TeopeT11•1eCKJIH aHanl13 (\Jop­

Mbl <!Jy1:1KUJ1H B036y"A<lleHII.J! peaKUIIH 
7Li(t,p)9Li, npose­

neHHbJJ1 B [22] C llOMOW.blO S-Ma-rpHYHOro q,opManH3Ma 8 

paMKax Teopuu 803MyW.eHl1.ll, ll03BOJJJU! llOJl)'LfllTb :)Heprn!O 

11 w11p111-1y nepsoro cocTO.llHMJ! ll.Upa 
10

Be c 113ocrn11-10M T = 2. 

,lla11b1-1ei1wee JKC11ep11 1eHTaJLbHOe 11cc11e.uosa1-111e pe­

aKu1111 
7Li(t,p)QLi [23] 11p11seno K 0611apy)l(e1-11110 B ee 

cpyHKUIIII B036y)K)lelltl.ll ew.e 011110fi aHOMclJlbllO0 CTJ)YJ<TY­

pbl u 06m1crn £1 = 9.339 M1B, 11 6blJIO c.uemrno npe11no-

JLO;KeH11e, YTO npupo.ua JToit c-rpyKTYPbI a1-1a11onrL1Ha a~LO­

ManH11 np11 £, = 5,7 MJB. T. e. :no TO)Ke noporoaa.11 aJlo­

Man1111. Bbl3BaHH8ll OTKpblTIICM KaHaJia 
7Li(I, n)9

Be (T = 3/2, 

E, = 16,98 MJB). BbrcoKaH IIHTe11c11BH0CTb rrpmrnneHJL.ll 

aH0MaJJIII I, KaK 11 B npe.UblllYW.CM c11yyae, 803MO,KHO, o6y­

CJIOBJleHa H8J111YlleM B0JIIIJII JTOro noporn COCT0SIIIIUI 11.upa 
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10
Be c T = 2. KoppeJI.llUI-l.ll B 11ono)KeH1111 11oporos KaHairos 

11
B e • ( T = 3/2) + 11 11 cocTOl!HIIH 11npa '0Be c T = 2 MO)f(eT 

6bll b 06b.l1Clle11a. eCJll1 npennoJIO)KJITb, YTO JTII COCTO/IHll.ll 

11pe.UCTa8Jll!IOT co6ofi ll.U))O 
9
Bc 8 nepsor-1 II BTO))OM B036y­

)KlleHHbJX COCTO.llHll.llX C T = 3/ 2 llJIIOC cna60CB51.3aHHblJI 

JKCTf)UHefi-rpoH. 

Biop.ui 8ll0MaJIIUI Bbl3BaHa, 110-BHlll!MOMY, TaK )l(e, 

KaK 11 11epea.ll, s-noporoM. B TaKOM c11y4ae 11a6nio11aeMoe 

COCT0.llHl!e 
111

Be C T = 2 l!MeeT orp11uaTeJ1bHYIO YeTHOCTb. 

'.3TO cornacyeTC/1 C pe3ynhTaTaMl1 [ 15], 113 KOTOpblX cne,uy-

eT, YTO OHO o6Jra.uaeT 1 1[ = 1-. 
B pa6oTe [J 9) no11yye1-1a JaB!ICIIMOCTb ceYellll.ll peaK­

UIIII 
7Li(t, p)9Li OT JHepnrn a6J11131111oporoBbIX aH0Manr1i1 s 

11pe11noJ10)l(CHHl1 aHanHTHLIHOCTH aMnJJHTYAbl peaKl.lllH Ha 

11Jl0CKOCTH KOMIUleKCHOM :)Heprm1 C noc11e11osaTeJ1bHblM 

yYeTOM KaK .usyx-, TaK II -rpex- II LfeTbipextJaCTIIYHblX KOH­

Kyp11py101UHX K8HaJ108 peaK1..111ii. 3Ta 38BIICJIMOCTb HCllOJlh-

3yeTC.ll .LlJI.J! a1-1an113a noporoBbIX aHOMan11i1 c uen&10 11ony­

Ye1-11ui cneKTpOCKOl1HYeCKHX xapaKTepHCTIIK ypos1-1ei1 .ll.Upa 

'
0
Be c T = 2 11 JT[ = 2- 1- 11 oueHKH :rneprn11 CB.ll311 .R.Upa 

'
0Li II ero B036y"A<.UeHHoro COCTO.llHH.ll C OTJ)llU8TeJlbHOH 

YeTHOCTblO. 

TeopuH noporoBhlX HBJlCllltii 

Tipu CTOJIKHOBeHJrn 
7Li + I c :)Hepr 11ei:i £, = 5- 10 MJB 

OTKJ)blTbr 6onee nee.Rm nsyx- (i), -rpex- (j) 11 YeTbrpexYac­

Tl14HbIX (g) KaHaJIOB peaKUllll. Bee Tllfibl KaHanOB .llOJl)KHhl 

6&JTb BKJIIOYeHhr B TITJI [4]. B pa6oTe (24] 6bIJia onpe11e­

ne11a Ma-rp11ua CTOJIKHOBeHIIH U 1111.ll CIICTeM C OTKpblTblMH 

nsyx- Ii -rpexYaCTHL[Hb!MH KaHanaMJI. 3nt pe3yJlbT3Tbl pac-

11poc-rpaHHM TalOKe II Ha YeTbipexl.laCTHLfH.bJe KaHaJlhJ. 

3aKOH coxpaHeHH.ll l.lHCna Lf3CTHU npHB0.UHT K y1-111Tap­

_HOCTII Ma-rpHUbl CTOJIKHOBeIDtii 

(6) 

r.ue J - llOJIHhJH MOMeHT CIICTeMbl. nopor11 peaKl.lHII 
9
Be + 17 OTJIJIYalOTCH OT llByxLI8CTIILfHb1X noporos TeM, LJTO 

.llllpO 
9
Be 8 paccr-ia-rp1rnaeMb!X COCTOl!Hl1.llX T = 3/ 2 11MeeT 

KOHeLIHOe sper-1.J! )KIIJHII [ 13]. Pacna.u COCTO.lll-1110 onpe.ue­

JIHeTC.ll pe30H8HCOM COCT88HOro 1111pa, YTO 1103BOJI.lleT 11po­

secT11 111-1Terp1-1poaa1-1_11e no Jttepn111 s11y-rpe1-111ero .usrOKe­

Hll.ll (4, 24]. B pe3ynbTaTe H8XO)lJIM ceYemte peaKUHH 
7Li(t, 11)

9
Be s6m1311 nopora q 

(7) 

n1e l::q 11 y I/ - :)Hepnrn II w11p1111a yposH.ll 
9
Be; MJ - KOM-

1urcKc11a11 KOHCTaHTa. 



OTJll1'-llle Ce'-leHJUI pea1au111 (7) OT J.lByx•racTM'-IHOrO 

noporosoro ce'-leHHll O'-leBM)lllO: :JHepnu1 HBJllleTCH KOM­

aneKCHOit. Cne)lOBaTeJJbHO, nopor "pa1Mb!T
11 

B HHTepsane 

-yq. 

Ecm1 s6mm1 nopora peaKu1111 
9Be + 11 06pa3yeTCH co­

CTaBH0e JIJ.lpo 
10

Be c Jtteprndi E = EQ - if Q /2 , cnHH0M 

11 '-leTH0CTblO 11[ = 1;0 , TO 31-1epreT1t'-leC1<aJI 3aBHCMM0CTb 

ce'-leHIDI peaKu11.11 
7Li(t, 11/Be }.lom,rna 6bITb npe.llcrns11e1-1a 

B BH)le 

( . Jl/4 ( J l 2 Jo J iyq B o 
a11, ~ M O E-Eq +- l+------ , (8) 

2 E-EQ +iI' Q/2 

r.ne M 10 J,f B 10 - KOMllJleKCHbJe ITOCTO.slliHbie. 

O'-!eBH,D;HO, '-ITO pe30H3HCH3JI CTJ))'KT}'P3 ,noJDKHa npo­

j[BJ,fTbCJI BO scex 0CTaJlbHblX 3neMeHTaX MaTJ)HUbI CTOnKHO-

J ·o 
sem1i1 u = u J • C IlOMOI.UblO paseHCTBa (8) J,f C0OTH0-

1I1eHJ1J1 YHJ1TapHOCTH (6) H3X0,!1;11M 3HepreTH'-leCKYJO 33BH­

C11MOCTb 

lu/~012 = 

=1-MJo(E-E +iYq)l/4(1+ BJo )2 
q 2 E-EQ+irQ/2 

-c10(1+ nJo )(1-a1o)(E-E /YqJ
1122 

E - EQ + ir Q /2 q 2 ' 

(9) 

r)le cjo, Dj0 ' a10 - KOMnneKCH.hle ll0CTOJIHHbie. 

TTocne.nHJ,IB '-lneH s paBeHCTBe (9) cyMMHpyeT BKna,ll 

scex K0HKYPKPYIOJ.Ul1X KaHa.JJos peaKu11i1: 3a HCKJU-O'-leHHeM 

paccMaTJ)JIBaeMblX KaHanos (t, p) 11 (t, 11). Ecmr rroporosoe 

C0CTOllHtte 
9
Be + 11 o6pa3yeTCJI np11 HeCKOJlblGIX 3Ha'leHHJIX 

11[ ' TO ,!J;JIJI 11[ :I; 1;0 3HepreTH'-leCK3ll 33B11CHMOCTb 

lu~ 12 
onpe,lleJIJ1eTCJ1 113 pase1-1crna (7) 11 cooT1-1owe1-11-1J1 

ymnapH0CTH (6) 

lv1~J2 = ,-JM1 ( E-Eq +irq/2)114J2 

-lc1 (1-c/ ( E -Eq +iyq 12 (
2 r (10) 

QqeBH)lHO, 'ffO paseHCTBO ( I 0) MO)KHO cpopManbHO nony­

'IBTb 113 (9), llOflO)KJ-IB B nocne)lHeM aMTinl-lTY,D;bl pC30HaJ·Je-

HOro B3a11Mo.n.ei-lcTBIIJ1 Bj0 , D jo pasHhlMH 1-1yn10. Bee oe-

Tanb11b1e JneMCHThl M3TJ)IIUhl eTOJIKHOBCHHit e 1,1[' :/; 11[ , 

1;0 B o6naeTH nopora He 3aBIICllT OT JHepru11. vlcnonb3YJI 

JT0 06eTOJ1TeJ1heTBO, e llOMOLUblO paBeHeTB (9) II ( I 0) Ha­

X0)lllM JHepreTlt'-leeKylO 3as11e11MOeTb ee'-leHIIJI peaKUIIII 
7Li(t, p)9Li s6m1311 nopora peaKu1u1 

9
Be + n 

36 

(1 I) 

Pe3yJJbT3Tbl '-IHCJICHHoro auamt3a 

MeTO)lOM Ha.HMeHbWl1X KBa.n;paTOB ITT q>OPMYJlbl (11) 
HaX0,!1.IIM l.fHCJleHHbie 3Hat.JeHJIJI napaMeTJ)OB. 113 rn6n. 3 
BH,!l;HO, '-ITO I) nepBblH ypoBeHb eoeTaBHOfO Jl,D.pa 

10
Be e 

(T = 2) eoBna,naeT e 3Hepr11ei-1 aepBoro rropora peaKUHH 
7Li(t, 11)9Be (T = 3/2), a BTopow ypoBeHb eoeTasHoro JIJ.lpa 
10

se (T = 2) e)lBl1Hyr 0TH0eHTeJibH0 BT0poro nopora peaK­

UIUi 
7Li(t, n)9

Be (T= 3/2) Ha 638 K3B s eTopo1-1y MeHbWHX 

3Heprni1; 2) 1I111p111-1a BToporo yposHJI 
10

Be (T= 2) no'-ITH Ha 

nopJl,llOK 60J1bUie UiltpHHbl rrepB0ro yp0BHJI, '-IT0, no­

B11,!1.HMOMY, MO)KHO OTHeeTH Ha Cl.feT poeTa e 3HeprHeH HeH­

TJ)OHHOH 11 npOTOHHOlf UIJ,1p1rn. 

Ta6nuua 3 

31-1a'-1eHJ1J1 napaMeTJ)0B cj>opMyJibI (11) 
s o6naCTH rropor0BblX fillOManrn'i 

HoMep 
Ypos1-111 9Be Ypos1-111 10Be rQ 

nopora q 
MJB 

I 14,393 21,207 0, 14 ± 0,028 

2 16,976 23,150 1,224 ± 0,04 

O6cy"'l1,ettue pe3yJJLTaT0B 

Tpernit qJJeH e qmrypm,1x CK06Kax ( 11) eornae1-10 (9) 
cyMM1tpyeT B ee6e BepOJITH0CTH paena,D.OB eoeT0JIHHJI ll,D.pa 
10

Be (T = 2) BO see 1<a1-1anb1 peaKUHM, Ja MeKn10'-leHJ1eM 

(t, p) 11 noporosoro Ka Hana (t, 11 ) . Een11 TJ)ernfi '-IJleH B ( I J) 

paseH HYJlI-0, TO B (9) KOJ<p<pHUHeHT D10 = 0 11 paena)l BO 

see KaHaJlbl, Kp0Me paeeMaTJ)HBaeMblX (t, p) H (t, 11), He 

npo11exom1T. noJ TOMY OTH0WeHKe TJ)eTbero •rneHa K nep­

BOMY B ( I I) eny)Kl1T Mepoit sepOllTHOeTH. paena,ua eocroll­

HUJ! 
10

B e C (T = 2) BO see KaHaJlbl Kp0Me (t, p) 11 (t, 11 ) • 

.[lJtJI 11epsoi-1 a1-10Man1111 K1 = 0,1 ; .D.JIJI sTopoi-1 - K1 = 
= 1,6. 0 reJO,ua M0)KHO e.n.enaTb npe.uBapHTeJihHblit BbtB0,!1. 0 

TOM, LJT0 nepeoe eoeT0JIHlle Mi.pa 
10

Be JIBnJleTell )l0CTaT0•1-

HO 'lllCTblM 110 113oem11-1y. Pacna,D.bl B KaHanbl C T 'F 2 ,ua!OT 

He60JlbWOH BKJia.n. Brnpoe eoeT0JIHlle 11,llpa 
10

Be TaK)Ke 

M0)KeT 6b1Tb 'llleTblM no H30Cn111-1y, HeeM0TPJI Ha 60JibWYIO 



BCJlll'IHHY K1, TaK KaK B K2 BCJIIIK BKJ!a)l Kat1ana peaKUIIII 

(t, no) C 60JtbWOtt HCttTpOIIHOtt W11pHHOtt. 

Xopowee on11caH11e JlBy>. noporoBblX aHOMam1it 

c y4eTOM pe3O11aHcHoro yc11ne111uI now sep>KJlaeT CJ1ena11-

11oe Ha~111 npeJ1nOJIO>KeHt1e O cyw.ecTBOB3llllll B llJlpe 
10

se 

/.lBYX COCTOJIHlltt C ( T = 2), 7t = - I , £, = 21,207 ± 0,005 
11 23,150±0,011 M B, KOTOpbIe JIBJUIIOTCJI ai-mnoraM11 oc-

11OBHoro II BOJ6Y>KJlCHHOro (£.l0
Li)) = 1,9 MJB COCTOJIHlltt 

I0
Li. Pac4e·1 bl no Mo.uemI 0601104ei-; [ I 5] /.l3IOT .UJI.ll Jn1x 

ypoBneit 
I0

Li JHa'leHH.JI J7t = T, I COOTBeTCTBeHHO. II011-

11aJ1 w11pI11rn BTOporo COCTO8HIUI B 9 pa3 60JlbWe, LJeM Wll­

pt1Ha 11epBoro. Ct1J1bHOe yBeJJJ14eHt1e llOJJIIOtt WHpHHbl 11pu 

cpaBHJITCJlhHO He60JlbWOM pocTe JHeprn11 LJaCTllU BO 

BXO)lHOM ll BblXO.UHOM KaHanax 06yc110BneHO npe>K.ne acero 

pe3KIIM BOJpacrnHlleM BKJia.na llCHTpOHHOH WHpllHbl KaHa­

na 11 + 9Be• (T = 3/2. E., = 14,393 MJB). 

B HaCTO8W.eM aHaJIIIJe 11e 6blJJO Y4TeHO BOJMO>KHOe 

BJIIUll:Ll1e Ha cpopMy cpyHKUHH BOJ6y>K)leHIUI B paifoHe BTO­

poit aHOMaJIHH HettTJ)OHHblX noporoa Ha ypOBHli 
9
Be· 

c Ex = 16,671 M3B (5/2'") 11 17,298 MJB (7/2+), XOTJI no 

.naHHblM [25] OHM HMelOT 3H8411TeJJbHYIO np11MeCb KOHcpH-

rypaumJ c T = 3/2. Pacna.n coCTOJ1H11J1 11t = C, T = 2 Ha 

)TII ypoBHII CIIJlbHO no.naBJJeH 113-Ja Toro, 4TO BblJleTruourne 

HettTJ)OHbl .UOJDKHhl UMeTb ,. = 1 HJIII 3, flO:>TOMY HX BJJIIJI­

HHeM MO,KIIO npeHe6pe'-l.b. 

3Heprnll CBJl311 HettTpOHa B ll)lpe '
0
Li onpe.neJ]jjeTCJI 

cpopMyJIOH 

En(lOLi) = LiEc(IOLi _ lOBe)­

- Ex ( T = 2 1 o Be) + SP (1 O Be), 

r.ue t:. Ec('
0
Li - '

0
Be) - JHepnui KYJJOHOBCKOH nepecTpow­

Kt1; E _r(1°Be, T = 2) = 21 ,207 MJB - JHepnui BOJ6y:>K.D.eH1ui 

aHa.aora OCHOBHOro COCTO.IUUUI ll,llpa '
0
Li; s p = (

I0
Be) = 

= I 0,636 MJB [ 13] - :mepnUI OT)leneHJUI 11poTOHa a 
I0

B e. 

B Ka'!ecrne oue11KJ1 Mc BO3bMeM Jt1a'leH11J1, nony-

'!eH11bIe no 1l3BeCTHOtt CHCTeMaT11Ke Mc(A,Z) [ 13] C JKC­

TpaJlOJ]jjUHeii KA = I 0, Z = 3 no cpopMyne [26] 

Mc =a.(Z+l / 2)/ i 13 +J3 . 

C11creMaT11Ka no '-1.eTHhIM A )IaeT JHaYeHH.JI t:. E/
0Li -

I0
Be) = 1,342 MJB, a no 1-1e4ernbIM - 1,539 MJB. Pa:1n11-

'!11e Me,KJly HIIMII cmIJaHo c JcjJcfieKTOM cnapnBaHHJI [26]. 

JTILM 3Ha'!elllUIM Mc COOTBCTCTBYIOT En (I
O 

Li) = -0,229 

11 - 0 ,032 M:>B. TaKHM o6pa3oM, .ll.Upo 
10

Li 1-1ecrn611J1bHO 

OTHOCIITeJlbHO pacnana 
9
Li + 11. OueHKa i::,, no CIICTeMaTH-

Ke !::.Ee ,UJUI He4eTJlblX Jl)lep JIMeeT CMbJCJI, ecmI yqecTb, 
10 • 10 • 

4TO J1L1pa Li II Be (T = 2), BOJMO>KHO, HMe10T cTpyK"rypy 

T111ta OCTOB 
9
Li IIJJII 

9
8e• (T = 3/2) flJIIOC HettTJ)OH C OTJ)II­

UaTeJlbHOtt )Heprneit CBJl311, 6Jlll3KOil K HYJIIO. B JTOM CJ1y-

4ae c1Ie.uye1 Q)KJl.llaTb, 'ITO JHCpr1111 KYJIOJIOBCKOtt nepe­

CTpOttKJI JIJJJI nap '
0
Li - '

0
Be 11 

9
Li 

9
Be 6yJiyT 6m1JK11M11 . 
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IIA 111 3 IIEftTPOHHblX ITOPOfOBbl 
0 T0}{ 1H111 ~ .LI.PA 1u8e 1130CIU1 ll01\1 T= 2 

8 pa6o rnx [9, IO] 11CCJte)lOBaJIIICb pea KUii ii B3aHMO­

)lettCTBIIJI .RJiep TJ)IITHJI C 
7
Li B .uua11a3O11e )Hep, 1111 HaJie­

TaIow.11x TpllTOIIOB £1 = 3-10 M:>8. np11 f8KOtt JHeprn11 

OTKpblTO MIIOiKeCTBO KaHMOB peaKUlltt. Ha1160J1bWlltt 1111-

Tepec Bbl3bIBaeT peaKUIUI 
7
Li(I, p/Li, B IIH'rerpa.nbllOM ce-

1Ie111111 KOTOpoit Ha6nt0.nat0TCJI aHOMaJIIIH 60JlbWOH aMflJIH­

TYLlbl B6m1J11 noporoB peaKU11it 
7
Li(I, 11)

9
8e· (T = 3/2), oT­

BelrnJOw.11x J11epr1111 T))IITOHOB 5,649 ll 9,339 M 8 . B celIe­

I11I8x J1pyI If IICCJJC.UOB8HllbJX KaHaJIOB peaKUJltt OTC)"TCT­

BYIOT llpKO Bb!pa>KeHHble 3HOM,IJJIIII. TaK, 1-1anp11Mep, 

qiy11KUIIH B036y>KJ1emU1 HenoporoBblX peaKUlltt (t, 11) II 

(t, a) JIBJIJIIOTCJI npaKTHYeCKII llOCTOJIHHblMH BO BCeM IIH­

Tepeane Jttepn111. <l>yHKUJlJI B036Y>K.ueHIUI peaKUIIII (t , d) 
MOHOTOHHO pacTeT OT noporoBOH :)lleprn11 £, = 6,035 MJB. 

Ee cpopMa onpe.uej]jjeTC.ll rnas1-1bI111 o6paJOM npo1rnuae111O­

cI blO KYJIOHOBCKOro 6apbepa B BblXO.lll-lOM Ka11ruIe. I1p11 

J11epnu1 £, = 7,253 MJB OTKpbmaeTc.11 Ka1-1aiI 
9
Li + p I , Ky­

nottoBcKoe B3al1MO)lettCTBHe B KOTOpOM TaK>Ke onpe.ueJ]jjeT 

J1-1epreT11LJecKy10 3aBl1Cl1MOCTb cpy11KUHl1 B036y>K.ueHII.JI. He 

11ccne.uoeaH Kattan yrrpy-roro pacceJ11-1.Iui TJ)llTOHOB. TaKHM 

o6pa30M, JKcnep11MeHTaJihHb1e .naHHbte npe.uonpe.ueJ]jjJUf 

MbJCJlb O B03MO>KHOCTH OJlHOK3J-laJibHOfO aHam13a ce'!eHH.JI 

peaKUHll 
7Li(t,p)9Li. 

TToporoeb1e aHOMaJIIJH 6hJJIH npoa11an113I1posaHbJ 

B pa6ornx [ 17, 19] c noMOUJ.blO pe301-1attcttoi1 TIUI [I, 11]. 
6b11ta omIca11a CTJ)yKT)'pa ce'!eHIm B6Jll13H noporoB Eq ± 

± 0,5 MJB ( Eq - JttepnU1 nopora). TI0KaJa1-10, '!TO 6onh­

wa.J1 a111ru111TyJ1a a1-10Man1111 06b8CHJ1eTC8 ycunettHeM nopo­

roBbJX COCT08HILH 6mt3Jle>KaW.11MH pe3OHaHCaMJI COCTaBHO­

ro 8Jlpa 
I0

Be (T = 2). ob1m1 O11pe.ueneHhI J1-1a'!ett11.J1 Jttep­

nu1, l1OJlllble II napU11aJihHble WllpllHhl JTHX pe3oHaHCOB. 

Attan113 npOBO)lHJJCjj B ynpow.eHHOM Bap,rnHTe. He npHHH­

MaJJIICb 8 pacYeT cne.ny10w.He MOMeHTbJ : J) KYJIOHOBCKOe 

B3aHMO)leHCTBl1e 4aCTl1U BO BXO.UHOM Kattane noporoeoii 

peaKuIm 
7
Li(t, 11)

9
Be• (T= 3/2); 2) noporOBbJe cocToHH11J1 c 

I > O; 3) MHOroKattaJlbHOCTb peaKu1111 
7
Li + t; 4) Tpl1 tteft­

TJ)OllllbIX nopora peaKUHH 
7
Li(t, 11)

9
Be• (T = 1/2) a6JU1J11 

BToporo pe3O11a11ca llJipa 
I0

Be (T = 2) (4]; 5) pa3MbITlle 

1-1ei1TJ)OHHhJX noporoe, 06ycnosne1-11-1oe KOHe4HOH w11p11ttoH 
- 9B • ypoBtteu 8.Upa e . 

B 11aCT08W.eH pa6oTe npOBO.llllTCJI rlOBTOpHbltt 8HaJ1113 

Kc11epILMe11TaJ1bHblX Jl8HHbtX [9, I OJ, B KOTopoM ycTJ)aHe­

llbJ yKaJaHHbIe tte.uocTaTKH a1-1cUJ11Ja [ 17, 19]. Ue11& pa6o­

Tbl - )"TO'IHHTb cneK"rpOCKOfllfLJeCKJte xapaKTep11CTILKH pe-

3OHaJ-ICOB COCTaBHOrO ll.npa II oueHHTb BJ11l$1Hlle 11a HHX 

BlleCeHHblX B a11an113 H3MeHeHl!tt . 

:)u eprent'l eCh:a H JaBIICIIMOCTb IIIITerp aJl b llOro 

ce'-1.CIIIIH 

lltt1erpaJtbHOe ce'lett11e peaKu1111 
7
L1(t, p)

9
Li MO>KHO 

11peJ1CTaBIITb B CJJeJ1yt0w.eM Bil.Ile: 

7t 
crp, =-~ g_z)2J + l) x 

k- 1111 



+- ll, ( E, i( ~ll. (£,,JIM,{," I' + ~ ll, ( E, llM;',"ll 
(12) 

r.11.e g = 1/8 - CTaTllCTJ1<JeCK~lii cj>aKTop, 3HalJemie KOTOporo 
onpe.11.eJUICTCll cm1HaMH ll.D.ep f ( 1/2; 11 7Li(3/2); 11 - IICiiT­

pOHHblC KaHam,1; r - KaHaJibl peaKU1111. qHCJIO paccMaTpli­

saeMbIX napu11aJibHblX BOJIH BO BXO.D.HOM KaHane orpaHH­

'11188eTCll TPCMll ' = 0, I, 2. lJeTHbJe BOJIHbl B036)')K.ll.alOT 
COCTOll.Hl1ll COCTaBHOrO ll.D.pa 10Be C OTpHUaTeJibHOH <JCTHO­
CTblO, HelJeTHb[e - C noJIO)l{l!TCJibHOM. 

Ta6m1ua 4 

YposHH ll.D.pa 9B e s l!HTepsanax E, = 14-I 5 
H 16,5- 17,5 MJB 

£,, MJB Jrr T r c1.111, K3B (E,)nc, MJB 

14,3922 3/2 - 3/2 
0,381± 

5,649 
±0,033 

14,4± 
- 800 5,66 

±0,3 - -

16,671± 
(5l2J (1 /2) 41 ± 4 8,904 

±0,008 

16,9752 1/2 - 3/2 
0,49± 

9,339 
±0,05 

17,298± - ( 1/2) 200 9,8 
±0,007 (5/2) 

17,493+ 
(712t (1 /2) 47 10,079 

+0,007 

B ReiiTpOHHbIX noporoBb!X KaHanax .D.OCTaTOqHo 

yqeCTb .II.Be napUHanbRbie BOJIHbl c '" = 0, I . B HenoporoBbIX 
HeffTPOHHbIX 11 a-KaHanax npomruaeMOCTE, He 38811CHT OT /. 

B .11.effTPOHHOM KaHane 6brn11 nplffillTbI B pac1reT I ~ 2 . Pe-

8KUl-UI 7Li(t, pi)9Li° He paccMaTPHBanacb BBH.D.Y ManocTH 
ce<JeIDUI (MeHee IO% ce<JeHHll peaKU1111 (1, p0) [9, 10]). 
ll11cno noporoBbIX HeHTpOHHbfX KaHanOB B paCCM8TP11Bae­
MI,[)( HHTepsanax JHeprn11 E, = 5- 6,3 11 8,5-10 MJB onpe­

.11.enlleTCll lfHCJIOM COCTOll.HTiii ll.D.pa 9Be (rn6n. 4) [ 13]. 
B 06nacr11 nepsoro Hei-iTpoHHoro nopora peaKUim 

11 + 9Be. (T = 3/2) B036)')K.ll.aCTCll pe3OH8HCHOe COCTOllllHC 

ll..ll.pa 10Be(T, 2), s o6nacrn sToporo - ll..ll.pa 10Be(l-, 2). 

Auamn 3KcnepHMCHT3JlbllhlX Jl311HblX . 

l11rrerpan&Hoe ce1JeH11e peaKl.{KH 7Li(t,p)9Li s o6nac­

rn nepsoro Eq1 = 5,649 M38 11 BToporo Eq1 = 9,339 M3B 
noporos peaKUJ111 

7Li(t, 11/Be' (T = 3/2) om1cb1BaeTcll 
c noMom&IO <!>YHKUml (12) no MHK. B Ka4eCTse sap&11-
pyeMbJX napaMeTpOB l!CnOJib3YJOTCll KOJ~)cj>HUl•leHTbl npI1 
paJJI],!qHb[)( CTeneHllX JHCprn.11. BbITIOJIHCHO \JeTblpC sap11-

aHTa paC4eTOB. 
8apHaHT f (IO napaMCTpOB) COOTBCTCTBYCT \JJICJICII­

HOMY aHanHJY, npose.11.cH11OMy s pa6ornx [ 17, 19]. B cc'le­
HHH ( 12) onyrueHbl sec \JJJeHbl s CYMMC no r, a s CYMMC no 
n OCTallJICHbl lJJICHbl c ,,, = 0. Omwme OT paClJCTOB [ 17, I 9) 
COCTOHT B TOM, \JTO B noporosofi peaKUJII! 7Li(t, n)9Bc' 
(T = 3/2) YtJTeHo KYJIOHOBCKOC s3a11MO.D.CiiCTBJ1e BO BXO.D.-
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11OM KaHanc. B sap11aHTC II ( 12 napaMCTPOB) n cyMMC no 11 
( 12) np1tlll1Tbl B pac4eT T8K)l{C •rneHbl C ,,, = I . Pac\JCTbl sa­

p11airra m ( 15 napaMeTpos) npose.11.eHE.1 s o6nacrn nepsoro 
nopora c yi1eTOM scex KaHanos r B cetJemm (12). 8 sap11-
aHTc IV ( 19 napaMCTpOB) B 0.11.HOKaHaJJbHOM np116JJH)l{CHHl1 

paCCMOTpCIIO .n.ei1CTBHe TpCX ".11.onOJJHHTCJI_E,HbLX" HCHTPOH­
HblX noporos peaKu1111 7Li(t, n)9Be' (T = 1/2) Ha napaMCT])bl 

pe3OH8HCHOfO COCTOllHHll H.lJ.P8 108e ( 1 1t = 1- ' T = 2) 
s 06naCT11 sToporo nopora. J.h Ta6n. 4 BH.D.HO, 'ITO s o6nac­
TH nepsoro nopora ecTb ".11.ononH11TCfilH&111 yposem," ll.,n.pa 
9Be C £, = 14,4 11 r ;::: 0,8 MJB. Ero BmUIHHCM Ha pC3O-

H8HCHbie napaMCTpbl yposHll ll.D.pa I0Be ( J rc = 2-, T = 2) 

MO)KHO npcHe6peq1, BBIL.ll.Y Toro, 'ITO f >> f 2- . 

3asHCIIMOCTb napaMeTpOB pe3oHattcos )l.lJ.j)a 
10

Be (T = 2) 
OT sap11aHTOB pactJeTa np1rne.11.eHa s rn6n. 5. TaM )l{e npe.11.-

cTasneHbl 3HatieHIDI x2 .ll.Jill. cpaBHCHHll. Ka11ecTBa OUHCa­

Hl1ll. t:f11cno JKCnepHMCHTanoHbIX TOlJCK B o6JiaCTH nepsoro 
11 BTOporo noporos pasHO COOTBCTCTBCHHO 135 11 82 
[26-29]. 

Ta6n11ua 5 

ilapaMCTp&I yposuei:i H.n.pa 10Be (T = 2) .ll.Jill. paJJIWIHbrx 

sap11aHTOB attanl13a ce"tJeHl1ll. peaKQl-111 7Li(t, p)9Li 

BapHaHT 

IlapaMe-rp no [2] 
I( I 0) I rrc12) Jlll(l5)1 rv (19) 

YpoeeHh 
ioBc 

nopor Eql 

£2- , MJB 5,669 5,773 5,669± 5,673 - 2 1,216± 
±0,03 ±0,03 

f !-, KJB 160 290 115 +4 113 - 80±30 

x2 - 1701 1368 1363 - -

nopor Eq2 

£ 1
-. MJB 8,263 8,695 8,447 8,462 8,405± 23,138± 

±0,2 ±.0,14 

r 1
- , K3 B 1200 1668 1444 1149 702±55 490±178 

> x- - 1113 1088 1069 1041 -

n p II MC 'I a H II e. 3Ha4CHIHI JHepruH naHbl B JI.C. Ja HCKJTI0-
4CH11eM ypoeHctt 10Bc. 

O6cy"'-1).em1e pe3yJlbT8T0B 

Cpas11c1111e no Ta6n. 5 napaMeTpOB yposHett )l.ll.pa I0Bc 
(T = 2), nonyqeHHblX s pa3ruI4HbJX sapuattrnx aHamna, 

C pC3YJibTaTa~rn paClJCTOB B pa6ornx [ 17, 19) TIOK83bl88CT 
cneayromcc: 

] ) KYJIOHOBCKOe B38HMO.lJ.CliCTBHe BO BXO.D.HOM KaHaJie 
noporosoi1 peaKu1111 7Li(t, 11)9B e • (T = 3/2) "BhITaJIKJraaeT" 



ypo!!HII llLtpa ll!Be ( T = 2) Ha 0, l 0,4 tvbB B!!epx no :mcr­

n111 11 "yw11pl!CT" IIX Ha 80-40 °A, (Bap11aHT I B rn6n. 5). 
JTII pe3y,1hTaThl MOiKHO 0Obl1Cllll1 h Yl\lCllbUICIIJielll llblXO,LJ.a 

HCiiTpOHOB 11 pOCTOIII 01 IIOCHTCJlbHOII !!CpOllTHOCTII o6pa-

3OBamtll 33J)JliKeHHblX 4ac11iu; 

2) np11Hl!TIIC I! paCLJCT HCpC3Olla11CllhlX noporoBblX 

HClrrpOHOB C ,,, = I B ,LJ.OnonHeHite K noporOl!blM HCIITl)OHaM 

C ,,, = 0 l!C,ll.CT I( nOIIIDKCHl11O Ha 0, 1-0,2 MJB JHeprllll 

ypoBHCII ll,ll.pa 
10

Bc (T = 2) n ~ICHbWCHIIIO IIX urnplIH s 2,5 

pa3a ,LJ.nll ypOBllll c JT[ = 2- , r,LJ.C 'Eql - Er I~ r2
- , 11 Ha 

IO % ,LJ.nll ypo1111l! c J" = 1- , rn.c nopor ynane1-1 OT pe3O-

11a11ca 6oncc LJCM Ha WllpllHY ypoBHll. 3ni cp¢cKTbl CBll3a­

llhJ C KOHKypCHUIICII BbTXOAa S- If P - HCIITpOHOB If ncpcpac­

npCJlCJTCIIIICM HettTpOJrnoro CC4CHIIJI MeiKJlY napu11aJTbHbl­

MII noporoBbll\lM CClJCHllllMII, 111\JCIOLUIIMH pa3JTH4HbJC JHCp­

reTJfLJCCKIIC JaBHCHMOCTIJ; 

3) MHOroKaHa.ITbHbTH paC<tCT co BCCIIUI KaHaJTal\lJI r 
B CC4CHH11 (32) He ,LJ.aeT KalJCCTBCHHOro yny<tWCHIUI on11ca­

HJ,U1 II cna6o BntlllCT Ha napaMCTl)bl pe3OHaHca COCTaBHOrO 

ll}lpa. 11p11411Ha JaKmOlJaeTCll B cna6oH JHeprenflJCCKOH 

JaBHCHMOCTII q:>yttKUHH B036)')KJlCHWI B KaHanax r; 
4) BKJ1I04CHIIC B paCLJCT Tl)CX ,ll.OflOJTHJITCJlhHhlX nopo­

roBhlX Katianos peaKU,1rn 
7
Li(r, n)9Bc• (T = 1/2) s OKpecT­

Hocrn BTOpOro nopora (ra6n. 4) rrpllBCJTO K ~1CllbWCHH10 

Ha 75 % wup11111,1 yposW! »Jlpa J
0
Be ( Jrt = 1-, T = 2). 

.DOJlhUIYJO pOJTb wrpaer Kattan C 06pa30saH1ICM ll}lpa 

9Bc • ( Jrt = 5 I 2+ , T = I /2), nopor KOToporo Ha 0,3 MJB 

6 9Be• Hl-l)f(C OCHOBHOro nopora C O pa3oBaHl!CM 

11( Jrt = 1 / 2 , T = 3/2) 6m1)f(C K peJoHaHcy ll,ll.pa JoBe( 1-, 2). 
Pacna}l ll,ll.pa 

1
°Bc B JTOT KaHaJJ ,LJ.aCT HCHTl)OHbl C ,,, = 1, a 

B OCHOBHOH KaHan - C /,, = 0. 0THOWCH11C COOTBCTCTByJO­

LUIIX KBa,LJ.paTOB napu11anbHbL'< np11Be}lCHHhlX w11p11H paBHO 

0, 14. Pacna,LJ. J
0
Bc s noporosbte 1-1e1rrpoHHhIC Kauanbl 

c 06pa3osa1-111eM 9Be • (5/Z-, I /2) 11 
9
Bc • (7 /2 , l/2) Manose­

pOllTCH no npwmHaM Bb!COKHX op611TanbHblX MOMCHTOB 

HeiirpOHOB (/,, = 2 11 3 COOTl!CTCTBeHHO) II 60JTbWCII y,LJ.a­

JTCHHOCTII IIX IIOporoB OT pC3OHaHca no cpaBHCHIIIO C ncp­

Bbl HI ,LJ.ByMll . 0,LJ.H3KO HCKJIIOlfCHIIC IIX 113 paCLJCTa B sap11-

aHTC Ill yscm1tJ11no w11p1rny pe3oHaHca ll,ll.pa u,Bc ( 1- 2) Ha 

60 %, a OTHOWCHHe KBanpaTOB nptIBC,D.CHHblX napu11anb­

llblX W11p1111 8O3pOCJTO JlO 0,4. 
CpaBllllTCJlbllblii aHanH3 pa3JllllfHblX sap11atffOB pac­

lfeTa noKa3aJI, lfTO see llBJTCH11ll CYLUeCTBeHHO BntUIIOT 1-Ja 

3HalfCIIIIJI napa\lCT])OB pc3OHallCOB ll.Upa 
10

Be. McKmOlJCHIIC 

COCTaBJTllCT YlfCT MHOroKaHUJlhHOCTH pcaKUHII . .[(m1 BblflOn­

HCHllll 6once nOJTHOro aHan113a HC06XO.UIIMO npOBCCTll )KC­

ncpllMCJITaJTbllOC llCCJTC,UOBaHIIC ynpyroro paccel!HHll 
7
Li + r. 

TiapaMCT!JbI yposHeH H,LJ.pa 
11
i8c (T = 2) nonyt1eHbI, KaK 

8 pa6orax [ 17, I 9), 8 o.m-1OKaHaJTbllOM at-ta.'1113C. 311alfCHllll 

BCCX napaMCTJ)OB KJ)OMe r1 
cornacyJOTCll C anaJTOrt14Hbl ­

MII napaMeTp3MII [ 17, 19) B 11pc.ucnax IIX norpCillHOCTeii . 

napaMCTI) r1 
OTJllf<IaCTCll nOlfTII 8,UBOC OT a11aJTOrtl'fllOfO 

napaMcTpa I! pa6ornx [17, 19] 11 .uaneKo Bb1xo.u11r 3a npc­

,ucnb1 norpeWIIOCTCII. CJTC,.'\OBaTCJlbllO, npll onpc,ll.CJTCIHIII 

xapa11.,cp11CTIIK YJ)OBHCJI COCTas11oro ll,llpa He06XOJlllMO 
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Y'-lllThlBaTb BCC 6JT11JJTCiKaUlIIC 11ciiTJ)Olllll,JC nopont. Pacnan 

JOB (" ") - - -COCT()lllfJlll llApa e - ' - B nopoIOBblll HClllpOIIHblll 

Jmuan 11 + 9Bc (3/Z-, 3/2) He 11apywacT ero <111cTOTbl no 

1nocn11Hy. To iKC car.10e OTIIOCIITCll K pacnany COCTOllHIUI 
10Bc( 1 , 2) ➔ 11 + 9Bc (1/2, 3/2). O,u11aKo BTopall BCTBb 

pacna,ua toBc ( I , 2) ➔ 11 + 9
Bc (5/2'-, 1/2) s1-1oc11T 12 % 

npJIMCCII C 113OCnHHOM T = I. 

KBAllTOBb1E XAPAKTEPJ1CTl1Kl1 
JI CTPYKTYPA Hl13KOJIE)KA~l1 POBHEH 

Jl,LI.PA 10Li 

8 nocne}lHlle ,D.CCllTJIJTCTllll IIIITCJICIIBHO H3y<t3IOTCH 

ncrn11e JKJOTir4CCK11e H.Upa c NIZ > I . Heo6bllfHOCTb 3THX 

l!JlCp 1-1a<J1rnacTcll c NIZ"" 2, Kor,ua 06HapYJKHsacTcJ1 OTKJTO­

Hem1e OT 060JTOlfClfHO-MO,LJ.CJlbllOII CXCMbl 33CCJTCHIUI ypos­

HCH, 11anp11Mep, s ll,LJ.pe 
11

Be. B ll,upax c NIZ:::: 3 (8
He, J 1Li) 

1-1a6n10nacTCll HCIIT))OHHOC "rano" 11 CBl!3aHHhIH C HHM aHO­

Ma.ITbllO 6onbwo11 paJlifYC. B o6nacrn NIZ z 2,5 (ll,upo 
10Li) 

CTIJYKTYPa H,LJ.pa npc,ucrasnl!eT co6oii ocTOB (A- I) s ocHOB­

HOM COCTOHIDIH nmoc cna60CBll3al!HblH KCT])3HCHTl)OH. 

3TO HCnOJTHOC nepC411CJICHl1C paHee HCl13BeCTHblX CBOHCTB 

ll,D.ep rosop11T O TOM, 'ITO ll,ll.CpHaH qnrn1xa npHCT)'lll1Jl3 

K llCCJTC,ll.OBaHHIO o6naCTJ1 ll,D.Cp C HOBblMH CBOHCTB3MH. 

llalfaJTO MO)f(HO OTHCCTH K rry6mtK3UHH B 1966 r. pa60Thl 

[29) no cpparMe1-1Tau11H ll,ll.pa ypa1-ia nporoHaM11 c :rneprnefi 

5,3 13B, 8 pe3yJTbTaTC KOTOp011 perncrp11posa.n1tCb ll,ll.pa 

113OTOnOB JICfKlfX JnCMCHTOB. fl LJaCTHOCTH, B cncKTpe JTIIX 

l!Jlep m1K llJlpa 
10

Li HC 61,rn 061-1apYJKCH, 1!3 lJero 6b1JT c,ue­

na11 BbfBO,D. 0 Hecrn611JTbHOCTII 
10

Li OTHOCHTCJlhHO ncnycKa­

llllll IIYKJlOIIOB llJTH HYJUIOHHblX accou11auni1. ,[(anbHCHWHe 

11ccnc.nosamur no,L1.TBep,ro1m1 JTOT BblBOJJ.. B HaCTollmee 

BpCMll HCIITJ)OHll}'JO 1-1ecTa611nhHOCTb ll}lpa JOLi MO)f(HO ClJH­

TaTb ycraHOBJTCHHOtt. 

B 1969 r . 6ap1-1cc Ha KOHC!)epeHUHll no ll,ll.CpHor.-ry 113O­

cmmy [7] np1rnen peJyJTbTaTbI Jl3Mepemrn q>yttKUIIH so3-

6y-,KJJ.cH1lll pcaKUllll 
7
Li(3He, p )9

B c s6m□11 1-1eiirpo1-1Horo 

nopora 11 + 9B. (Ex = 14,66 MJB, Jrt = 3/T, T = 312). 
ITpc.nnonarael\lblH ypOBCHb COCTaBIIOro ll,D.pa B6JTH311 HCH­

T))OHIIOrO nopora ,D.OJT)f(CH HMCTb 60JTbWYJO npllBC,D.CHHYJO 

HCHT))OHl-lyJO WllJ)IIHY pacna}la 11 H3OCnHH T = 2, OTBClJaJO­

LUllii CTl)}'1'.,YPe ».upa JoB s B11,LJ.e Kopa 
9B. (T = 3/2) 11 Heii­

rpoHa Ha BHCWHCH op611Te. 3TO COCTOllHIIC ll,ll.pa JOB llBJlll­

eTCll aHanOroM COCTOllHJUI ll,D.pa JOBc co CT])yt<TypOH 

11 + 9
Be• (£, - 14,3922 MJB, J"' = 3/T, T = 3/2) H co­

CTOllHlill ll,ll.pa JOLi co CT])}'l\.,YPOII II + 
9
Li ( .IT[ = 3 Ir' T = 

= 3/2). Kop ll}lpa ,D.OIDKeH 6h11 b B OCHOBHOM COCTOllHHH, 

nOCKOnhKY o6cy-,KJlUCMhlii ypOBCHb JOB llBJTJICTCll Hl1)K3ll­

tuJIM 113 ypOBHCII C T = 2. BcKope nOllllllJTIICb pa60Tbl, 

B KOTOpbIX IIJMCpCHbl q:>yllKUJlll 8036)')1{,D.CHIUI pcaKJ..\HH 

T(Li, p)
9
Li [30) 11 

7
Li(t,p)

9
Li [9, 10] s6mnu HciirpoHHoro 

nopora 11 -'-
9
8e

0

{E, = 14,39 MJB, Jrt = 3/ T, T = 3/2), 11 

o6nap)')KCH yposcHb cocTal!Horn ll,npa 
10

Be (T = 2), HB­

nllIOLUlliiCll aHanoroM OCHOBHOro COCTOllHIHl ll,ll.pa JOLi. 

8 pa60TC [21] OllpC,ll.CJTeH op611TaJJbHblll MOMCHT noporo­

BblX IICttT])OHOB l = 0. 3TOT J)C'3YflbTaT OKa1aJTCll Heo;1m­

;_ta l11IbJJ\I , TaK KaK npJIBO!lllT K OTJ)l!UaTenbHOii lfCTHOCTll 



aHanorosoro COCTOllHWI l()Bc(T = 2) II OCIIOBHOro COCTOll­

Hr-UI 
10

Li. CornaCHO pUC4CT8M 11a OCIIOBC MO,L\em1 o6on04CK 

[31] 3TH COCTOllHIUI ,L\OJDKHbT 11MCTb nOJIO)KlffCJlhHYJO 4CT­

HOCTb. no :mepnIH a11anorosoro cocTOllHHJI onpe.ncncH 

.necf)eKT Maccb1 ll.Upa 
10

Li, pas11b1tt 33 M'.JB [32] . 

0.l{HaKO 8 1975 r. B 3KCnep11Me11T8JlbHOII pa6oTe [33] 

s peaKlll1H 
9
Be(

9
Be, RB)

10
Li nonyqcH .L\CcjJeKT Macchi H,npa 

10
Li, paBHbrn. (33,83 ± 0,25) MJB 11 ycrn11osnc1-ia nono)K11-

TeJ11,H8ll tJeTHOCTb. TTpo111BopcqHBOCTb .[\8HHblX [9, 21] 

H [33] np1mena K .UHCKYCCJIII no KOH4l11rypau11H OCIIOBHOfO 

COCTOllHllir ll,npa '
0Li [ I 5, 34] 11 CTHMym1posa111110 o6ono­

qeqHo-Mo,nenbHblX pac<JeTOB ypOBHCII JlCrKl!X ll.UCp, .nane­

KHX OT CTafornhHOCTl1 [35]. B pa6ornx [ I 5, 34] Ha OCHOBe 

o6onoqeqHO-MO,lleJlbHbIX pacl!CTOB [36] 6blJl0 BbJCK838HO 

npe.nnono)KeH11e o Ha6mo.nemrn [33] R,npa 
10

Li B lllt)KaM­

weM B036)')K.1lCHHOM COCTOllHl111 C HOpM8JlbHOH (nonm1rn-
l0L· TCfilHOH) 4CTHOCTI,IO. 0CHOBHOe COCTO.surne I, no-

BH,lll1MOMY, HMCCT K011cjmrypaw110 1s
4 

Jp52s H paCITOJlO)KC­

HO Ha 0,8 M38 HJ1)KC Ha6mo.naeMoro s pa6oTc [33]. 

Eonee ITO3,l{HHC JKCnep11MeHT8JlhHbIC pa6oTbl 6b1m1 

HanpaBJlCHbl Ha YTO411Clll1C 3H84eHJIH .neqJeKra M8CCbl ll,n:pa 
10
Li cmrna 11 4CTHOCTl1 ero OCHOBHOfO 11 B036)',K.D.eHHhIX 

COCTO.SUUIB. B pa6oTe [37] 6brm1 no.nrnep)K)lCHbl pe3yJlbT8-

TI,[ [9, 21]. B pa60TaX [38-40) 8BTOpbI He pcumJlHCb c,ne­

Jl8Tb onpe.neneHHbie BbfBO,Ubl OTHOC11TeJ11,HO OCHOBHOro 

COCTORHIUI IOLi 113-38 HC.UOCT8T04HOH CT8THCTHJ<H. J:1 H8KO-
I0L· 11eu, B pa6oTe [ 41], r.ne HJyqanocb MPO 1 s .nnyx p83-

.JllilffihIX peaKl.{]1JIX: 9Be('3c,t2N)IOLi H 13C(l4c,t7F)'OLi, YT-

IOL· 6 sep)K,ll8CTCH, tJTO ,r.npo J 48CTlfllliO HCCT8 HJlhHO H HMCeT 

ypOBHH Ha,n HCHT()OHHI,IM noporoM C JHeprnei,i 0,42 11 

0,8 MJB, KOTOpbie C Ha116onblllett BCpOHTHOCTblO r,r,neHTM-

4)HllHPYJOTCll K8K .n:y6nCT I +;2+ C KOHCjmrypauHett 

[1tlp3/2®vlpl/2), npH )TOM COCTOllHHC I + llBJlllCTCll oc-

HOBHhIM. TTocne.l{Hee YTBCp>K.1leH11e nponrnopetJJlT CYilleCT­

BYJOlUHM 3KCnep11MCHT8JlbHblM ,naHHbIM, 8 T8!0Ke TCOpCTil­

qeCKOMY 8HaJlH3Y [ 17' 19] cpyttKU1111 8036)',K.D.eHlfll peaKllHH 
7
Li(t,p)

9
Li [9, 21]. 

qT06I,J pa306paTbCll B CJlO)KlffillleHCll 3any,-am1oi1 CII­

T)'8U11H, rpe6yioTCJI C.1lllllblTT no.n:xo.u K JKcncpllMCIITaJlb­

HhIM ,naHHbIM H Kmoq .llJlll nOHHM8Hllll. B H8WMX PYK8X 

OK838JI8Cb 6e3MO,L\CJlbH8ll TIUI, CT03BOJIHBIIJ8ll C e,nHHbL"( 

no311u11w nocMorpeTb Ha cymecrsyiomne .naHHble no ll.llPY 
10Li, a T8K)KC npeUH3HOI-IHb[C 3KC11CpHMCHT8JlbHblC .1l8HHI,IC 

no .n:BYM Hl1)1(8ttWHM ypoBH.R.M R,Upa '
0
Be c 113ocmmoM T= 2, 

HBJllllOI.UHMCR a11anoraMJ1 OCHOBHOro H nepsoro B036)')1(-

- IOL· - 6b1Jl .ne1rnoro COCTOllHHII ll.Upa I , C noMOlUblO KOTOpbIX 
u u IOL· 11 Haii,neH no.nxo.u K paCKJ)blTHIO CBOIICTB ypon11e11 I. Mell 

Heo6xo,UHMbIC cpc.ucTBa, Mb! pellilUlH npoaHaJIH311pOB8Th 

H8KOITJlCHHbIH M8TCp11an no CBOttCTBaM OCHOl311Of0 II 8O3-
u IOL· 6 6)',K.D.CHHblX COCTO.l!HIIII ll.11()8 I II y C.L\11TbCll B IICITJ)OTII-

BOpC4lffiOCTIJ )KCneplIMCIITaJibllbIX ,1lUHHbIX. B 1994 r. 6b1Jl 

npose.neH TeOpCTH4CCKl111 8HaJ1113 [20] ')KCnepIIMCHTaJib­

Hb[X ,naHHbIX [ I OJ, 06J1a,naI01UHX pa3peweHHCM no ')Hepnur 

20 KJB, MMOH norpeUIHOCThIO (MCIICC 0,5 %) II JIC3118411-

TCJlbHblM p836pOCOM TO4CK. B OTnll4HC OT npe,nb1,nyiucro 

8HaJ11138 [] 7, 19] .L\IJYTIIX 1KCITCpI1MeHTUilbHbIX .ll8HHbIX .ll.Jlll 
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TOli )KC pcaKUHH 
7
Li(L, p)'ti B6Jll1311 nopora pcaKUIIII 

7
Li(I, p)9Be8(Ex= 14,3922 M'.JB, Jrr = 31 T, T= 312) 61,1no 

o6Hclp)')KCHO ,naa (a HC 0.llllH) )'1KIIX YJ1O8Hll COCTaBHOfO 

ll.Upa 
10

Bc. W11pm-101 ypos11cir 60JJ111 MCHhWe l 00 KJB 11 

HMCJlll OTpHU8TCJibHYJO 4CTHOCTb. ObIJIO YCTal-1O13JlCHO, l!TO 

')Tl! ypOBHII HMeIOT ll3OCllllll T = 2 11 llBJllllOTC.ll 8HaJIOf8MII 
u I0L· 

OCHOBHOfO 11 ncpsoro B036)"'A<.nem1oro ypOBHCH ll,npa I. 

Onpe.neneHbI JIICpnrn 11 WH()IIHbl JTIIX ypOBHCH, a T8K)KC 

OUCHCHhl IIX HCHTpOHHblC w11p11Hhl. ITonyqeHHbIC cne.uemlR 
IOL· u CTO3BOJIHJl11 Hafi'rn ,llCQ)CKT M8CCbl .R.,npa I , COBIT8.ll8l011.U-IH 

C .ll8HHbJMH [ 17, 19), a T8K)KC 3HCpr1110 M urnpl-lHb[ OCHOB-
u IOL· HOfO II ncpsoro B036)"'JK~CHHOfO COCTOl!HHH I, yCT8HO-

BIITI, ux LfCTHOCTb, CTPYKTYPY H 06onot1eqttyio KOHtpHrypa­

UillO. 3TH pC3YJlhTaTbl B ,nam,HeHIIJeM 3H84HTCfilHO o6ner­

qJIJlll 8HaJIII3 OCT8JlbHblX JKCnepHMCHTaJibHbIX ,naHHbIX. 

TEOPETlflfECKHM AHAJIH3 <l>YHKIJ,HH 
B03.liY)K)],ElllUI PEAKUHM 7Li(t, p )9Li 

B.liJIH3H UOPOf A 

CooTHOUJellHH Teop1111 noporoBblX SIBJiellHH 

3KcnepHMCHT8JlbHbIC pC3YJlbT8Thl no HHTCrpaJibHOMY 

CC4CHHIO peaKUHH 
7
Li(t, p )9

Li, nonyqeHHblC B HerrpepblB­

HOM pe)l{IIMC H3MCpCHHll [21 ], o6na,nalOT Bb!COKOH TO<f'HO­

CThlO (:::: 0,5 %) 11 CT86J1JlbHOCTblO, T. e. MaJII,fM p836pocoM. 

3TH pe3ynbT8Tbl IlOCJl)')KHJIH OCHOBOH .llJlj! TeopenNeCKOfO 

8H8Jll138. OHM co.nep)K8T 99 3KCnepHMeHTaJibHbIX TOtJeK 

s6mrn1 nopora peaKUIIH 
7
Li(l, p)9Li (Ex = 14,3922 M3B, 

Jn = 3/ T, T= 3/2). 

MeTo,noM aHam1Ja IJOCJI)')KHna TIU!. Cornactto 3TOH 

TCOpHH 11HTerpaJibHOe ce~1eHHC pC8KllHH 
7
Li(t, p)9Li npe.n:­

CTaBJJRCTCll B CJie.n:yJOIUCM Bil.Ile: 

cr p., a k,' ( ;:,! _ 1) { Xo ( 31M~lo,iol' + 51MJ2o,,iol')+ 

+X1 ± ~::{21 + l)IMt/:,.,sl + 
J=O ss' 

+X2 Jt0;;(2J + l)IM;s-:-2,cs/12}' (13) 

r.ne X0 = 1, X 1 = (kD)2 + 1/4; X2 = X1 [ = (kD)" + 1/16)/ 9; g = 
= I /8; D = (2/n1r1

• 

Ce4CHHC (13) IICITOJlh3OB8JlOCb B K84CCTBC annpOKCH­

MHpyiomew (pym<.UHH .l]JUI OI111C8HHR 3KCITepHMCHT8JlhHOH 

Q)yttKUHH B036)',K.D.CHtlll, npC.1lCT8BJlCHHOfi B pa6oTe [21] 

II Ha pnc. 5. BapbHp0B8Jll[Cb napaMCTpbl 

I 11 I 

. (ma)ij Jrr Jn 
111;; , aij , rue cos I I' £ , f 

111,jaij 

II K03qiijrnuHeHTbl 11p11 pa3JJH4HbIX CTCllCIUIX JHepr1111. 06-

iuee LIJlCJIO napaMCTpOB KOne6ru10cb OT 19 (.Ullll S-Hei-iT­

pOHHOro nopora) .110 21 (.UJill p-HellT()OHHOfO nopora). 
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Pwc. 5. Tcopenl'-ICCKOe ormcaHHC cjlyHKUllll B036)')Kl{eHJ1/I peaK­

UHII 
7Li(t, p)9Li o oKpecrnocnr nepooro nopora Eq = 5,65 MJB 

(n.c.) pea1ni:m1 ;Li(1, 11)
9
Be

8 (T = 3/2) s npc.unonolKemrn ttamP-11111 

llBYJ( pe10HaHCOB C 'ICTHOCT/IMH COCTO/IHl1ii: cnnoWHOii nmmeii 

060JHa'!e110 nonOlKCHl!e 06011x yposHeii C 'ICTHOCT/IMI! -,- ; nyHK­

THpHoii - C l.feTHOCT/IMH +,- ; TO'IC'IHOH - C tfeTHOCT/IMlf +,+. 
)KcncpHMeHTaJlbHble .naHHb!e 83/!Tbl 113 pa60Tbl [ 10) 

'lltCJICJIJlblH aH3JJH3 <j>ymcuuu B036y;imeHHH 

l{eJiblO 8Ha.JHl38 )KCnepHMeHTallbHblX JWHHbJX llBJU!eT­

Cll 0TBeT Ha .usa aonpoca: I) CK0JlbK0 ypoaHeH C0CTaBH0ro 

ll.llpa 
10

Be Haxo.nHTC.H B wcc11e,uyeMoii rcoporosoi1 o6nacrn 

E, = 5,4-5,95 M3B H 2) KaK0BbJ 11x KBaHTOBbJe xapaKTep11-

CT11KJ,1 11 B rcepay!O O'lepe.D,b 'leTH0CTII. Orner M0lKeT ,IJ,8Tb 

8HaJIH3 JKCnepHMeHTaJlbHbJX ,IJ,8HHblX 110 MHK C IJ0M0lUblO 

annpoKCHl\111py10mew cpyHKUllH ( 13) c o.nmrM 11;n1 .D.BYM.!l 

pe30H8HCHblMH M8Tpli'lHbJMH JJieMeHT8MIJ M 1
TT co sce-

803M0)KHbJMl1 KOM611H8LJ.JUIMH YeTH0CTeil. 

B npe.nn0JI0)f(eHHH cymeCTB0B8HIUI nsyx ypoaHeH ll)l­

pa 
10

Be a6JIH3II uopora 8HaJIJ.1311p0Bam1cb Tpll B03M0)f(HbJe 

c11Tyaum1 [41): 

l)1t1 = 1t2 = -; 2)1t1 = - ,1t2 = +; 3)1t1 = 1t2 =+. (14) 

8 CJIY'-18JlX C 0.llllH8K0BblMII 'lCTH0CTJII\U1 He 8HaJIH3H­

p0BaJJHCb CHTyaum1 C 11 = 12' K0r)la .ll0JJ)l{HbJ Ha6mo.11aTbC.!l 

IIHTcpcj>epe11uJtoHHblC 1cjicjleK1 bl nsyx pe30ll8HC0O. B :>KC­

IIC[llll\lCIITC IIIITepcjlcpcHUll/1 lie Ha6mo).laJJaCb. 

Pe·1y11bTaTb1 aHaJJJt3a -rpex c111yau11ii (14) npem:rnsne­

Hhl O Ta6JI. 6. 
J13 np0BC).lCHII0ro 8H81Jll38 M0lKH0 ycTaH0BJ1Tb cne­

J.lYJOlllllC q)8K1bl: 1) 0,/J,IIH pe30WIHC JJe)KJI(' scer).la cnesa OT 

HefrrpoHH0ro nopora £",, = 5,649 MJB, a ornpoi1 - cnpaoa, 

He38BIICIIM0 OT '-ICTH0CTII pe30H8HC0B; 2) pe30H8HC C 0Tpll­

uaTeJJbHOi'i YeTH0CTblO, ccmt OH eCTb, JIC)KJIT scer).la Bb!We 

nopora; 3 )□0JI0)l(e1111e BT0porn pe30118HCa BO scex CJIY'laJIX 

pa3Jlll'-18CTC/I HeCY!llCCTBeHH0, a l1MeHH0 B npe.nenax 40 KJB, 

'-!TO M0)KH0 0THCCTH 38 C'-!eT T0Jl!llllHbl Ml!WeHH, C0CT8B­

JI/IBWCtt 6onee 20 KJB, 11 norpewHocrn a onpe.neneH1111 

JHepr1111 pe30HaHca; 4) WJtpllHbl BT0poro pe30llaHC3 npaK­

Tll'-!eCKII coonana!OT. OTHOCJITeJJhHO pe30H8HCa m1)Ke no­

pora M0JKH0 roa0pllTb 0 npHHUllllllaJlbll0M p83nJllJHJI xa­

paKTepHCTIIK np11 pa3JJH'IHblX YeTH0CT.!!X. ,l],JIJl nposep1rn 

cornaCIIJI ·rpex TeopeT11<1ecKHX r11n0Te3 C JMn11p11YeCKHMH 

naHHblMII 11Cfi0Jlb3088JICJI F-KpHTepni'i [ 42] 

F = X (h) X - (Ji ) = 2 66 . 2 / ? 

31 h Ji , ( 15) 

3.necb f - Y11c110 cTeneHei1 cso60D,h1 ; x2 
- pacnpe.neneH.illl. 

l13 n16m1uh1 KBattrn11ea F-pacnpe.neneHII.H [42] HaxoD,11M, 

'-!TO BTOpofi II TpeTIIH aapHaHThl (14) 0TBepra!OTC.!l c sepo­

JlTH0CTblO 6onee 99 %. 
TipennonolKHM Teneph, 'ITO B 11ccnenyeMOM JHepren1-

YecKoM 11HTepsane E, = 5,4-5,95 MJB HMeeT MeCT0 0JlHH 

yp0BCllb ll.D,pa 
10

Be. TTorn,naeMCJI orcpeneJJHTh ero YeTH0CTb 

. llyTeM cpaBHCHJUI .nayx rH□0Te3: ] ) yposeHb HMeeT 0TpH­

uaTeJlbllYJO lJeTH0CTh; 2)'ieTHOCTh yp0BHJI □OJJ0)l(HTeJlbHa. 

Annp0KCIIM8UJUI JKCnep11MeHTaJlbHhlX )l311HblX [21] qJ)'HK­
UIICH ( 13) C 0)lHIIM pe30H8HCHblM M8Tpl1'-IHblM JJleMeHT0M 

C0OTBeTCTBYJOlllei'i YeTH0CTII no MHK ,IJ,aJJa pe3yJibTaTbl, 

upe.D,CT8BJ1el1Hble B Ta6JI. 7 B nepBblX .llBYX CTp0K8X. CpaaHe-

1-UIC no F-Kpmepnio naer F21 = 1,6. 3rnT pe3ym,raT 03HaYa­

eT, '-!TO TIUI0Te3a 06 OTpllll8TenbHOH '-leTH0CTII B 0,/J,H0yp0B­

HeB0M 0flllC8HHJ1 np111111MaeTCll C aep0i!TH0CTbJO 6onee 95 %. 

Ta6nuua 6 

XapaITep11cT1001.nsyx ypoa11ei1 cocraa11oro ll.Upa 
10

Be B o6nacrn JHeprnil £1= 5,4-5,95 MJB B n.c. £Ul 

II pil - pe30H8HCHbJe JHepnm II UIHpHHbl ,IJ,Jl/1 COCTO/IHHfi C MOMeHTOMj = 1,2 

lJucno 
~(I) ~(2) a<2J ? £') ) f-11 ) F.:-1' r<2> 0 (1) 

TT11t2 napa- x- ap, ,,, ap, Ill 

MCTpOB 

- - 19 127,5 5,595 0, 114 5,687 0,086 0,019 0,020 0,023 0,059 

+, 21 23 ,3 5,326 1.220 5,651 0.083 0.8 10 0, 100 0,023 0.169 

+ ' + 21 337,9 5.250 1,578 5,695 0.080 1,099 0,034 0.011 0,291 

n p II MC 'I a H II e . 311a<1e1111c ')HCJ)rllll )l:lliO B M 8 
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Ta6nuua 7 

TTapaMeTpbl 0.llH0ro peJ01ia11ca >1;1pa 
10

Be 

B 0611acT11 11opora 

qHCJIO 
9ucno 

JKcnepH- 9CT-
MCIITaJJb- HOCTb ..; napa- Ell fill 

MCT-
Hb!X ypOBHII 

TO'lCK 
pos 

99 [ I OJ H 332,6 13 5,725 0,146 

99 [1 OJ (+) 526,9 15 5,538 0,094 

135 [21] H 1382 13 5,685 0,146 

135(211] (+) 1818 15 5,715 0,117 

n p 11 Me 'I a H II e . 311a,1cm111 'JHcpnr11 nam,r s MJB B na6opa­

Top11ofi CHCTCMC. 

CpaBHl1M Tenepb Hait60J1ee sepo.HTHbJe f.lill0TeJbl B 

.l(ByxyposHeB0M Joi 0.llH0yp0BHeB0M on11caHH.HX .LIJI.H nony-
- 108 '!elUUI OTBeTa Ha sonpoc: CK0JlbKO yp0BHeH ll.llpa e 

s HHTepsa11e :mepnrn E, = 5,4-5,95 MJB. Jib nepBbJX 

CTJ)0K Ta6JJ. 6 11 7 HaX0,lJ.IIM F 21 = 2,62. YIJ Ta6JIHU KBa!ITll­

JJeH cne.L1yeT, '!TO c BepO.HTH0CTblO 6onee 99 % 'IIICJIO 

ypostteH paBHO .llByM. l.JeTHOCTH 06011x ypos11ei1 onpe.u.e11e­

Hhl pa1-1ee: Olli o-rp1ruaTeJtbHble. 

TaKHM o6paJOM, 113 aHam13a JKCnep11MeHTaJJbHblX 

.u.aHHblX fi0JIY'!eH 0TBeT Ha o6a sonpoca. A KaK 0TH0Cl1TbC.H 

K 6onee 1103,lJ.HllM JKcnepHMeHTa.JlbHbJM .llaHHblM [IO], 110-

Jl)"leHHblM B HMIIYJJbCH0M pe)KIIMe? AnnpoKCHMaUltll HX 

4JYHKU11eH ( 13) B 0.llH0yp0BHeB0M oru1ca1U111 ,lJ.aJJa peJyJJb­

TaTbl, np11Be.L1eHHh1e s Ta6n. 7 e TpeTbeH H 'leTBepTOii CTp0-

Kax. O4eBl1.L1Ha 6rutJOCTb peJyJtbTaT0B annp0KCl1Maui1H 

JKCnep11MeHTaJJbHblX .L1aHHblX [IO] H [21 ], 4T0 ll0JB0JI.HeT 

roaop11Tb 06 l1X a.L1eKBaTH0CTH. O.L1HaKo Il0llb!TKa 01111caHJUI 

.u.aHHhIX [IO] B .llByxypOBHeBOM aap1-1aHTe He yseH'!aJJaCb 

ycnexoM no np1141rne pa36poca TO'leK HH)Ke Hett-rpo1111oro 

nopora. B .llaJlbHeHweM 6y.u.eM nonaraTb ycTaH0BJJeHHbtM 

TOT cpaKT, 4TO B6JJH3H HeJITpOHHOro nopora HMelOT MeCT0 

.u.sa ypoBIUI C 0TpltUaTeJlbllblMH '!eTHOCTJIMH 11 napaMe-rpa­

MH, YKaJa!IHblMl-1 s nepBOH CTJJOKe Ta6n. 6. KpoMe TOrO, 

B 'IHCJJeHH0M aHaJJHJe JT0rO sap1-1aHTa nony'leHbl C00TH0-

weHJUI .LIIIJI npirne,neHHblX Hepe30HallCHblX aMUJlllT}'.ll 

✓2J1 + 11111~~1 =0,0662 ;-f2J2 + lm{i; = 1,19; I = 0, s = J. 

( 16) 

J,IJ HIIX M0>KH0 n0ilbJTaTbCll caenaTb oueHKY nOJJHblX MO­

MeHT0B 11 11 12, xorn ci-poroe 11x onpe,neJ1e1111e 113 HHTer­

paJJbH0ro Ce4eHHJI HeB03J\10)KH0. TaK KaK CllllH l!)l.ep 
7Li, 

9 98 • 6 Li B 0CH0BHOM COCl 0>1111111 , a TaK>Ke ll)l.pa e , 0 pa3y10-

U.lHeCl1 B Hel!TJ)OIIHOM 11opo1 0B0M Kattane, paB!Ibl 3/2, 
a '!eTH0CTII IIX 0Tp11uareJlbllbl, TO BO acex Tpex paccMaTpll­

BaeMblX Kattanax 11p11 / = 0 nOJIHbllt M0Mel!T npllHHMaeT )).Ba 

JHa•1eHHJ1 : J = 1,2. 
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I 13-.Ja 60JJbWOro KO JIit 'leCTBa OTKf)bll b]X Kaf-la.JlOB 

C paJJIII'IHblMII KBaHT0BblMII xapaKTepiICTHKaMlt MO)KH0 

0)K11ll8Tb, 4 ·10 .usa O,UII0TIIIIHblX pe30H8HCHblX C0CT0.HHIUI B 

0)l.ll0M II "J0M ,Ke Ka11ane .ll<UlYT cpaBHHMblll BKJJa)l.. Mbl He 

pac1101iarneM )l.al!HblMII, .uoc1aT0'lllblMl1 ,l.lJlll onpe.u.enemUI 

BKJta.lla scex 0CTaJlbHblX KaHaJl0B KpOMe p-Kattana, 'lT06bl 

BOCII0Jlb30BaTbCll CO0THOWeHIIeM YHHTapH0CTH, KOTOpOMY 

y.uosnernoplleT MaTpm.1,a CT0JlKHOBeHIIii. lb ycn0Bllll cpaa­

H11.M0CTII aMnm11y.L1 ( 16) HaXO)l.llM 

11 = I , 11 = 2 . ( I 7) 

T aK11M o6paJoM, ypoaHIO .H.llpa 
10

Be, JJC)KameMy H11>Ke 

nopora, 11p11IUICb1BaCTC.H MOMeIH I, a ypOBIIIO Bb!We nopo­

ra - M0MCHT 2. B .Ua.J]bHeiiweM 6y.ueM nOJlb30BaTbC.H JTOII 

oueHKOII, xorn 0Ha He .HBJll!eTCll HU.lle)KHOH. O)).HaKO cyme­

CTBCHH0 0Ha He BmU!eT Ha 11aw11 ,lJ.aJlbHeHWlle paC4CTbl 

H Bb!B0,Ubl. 

Ha11)l.eM 0TH0WeHHe 11p11Be,neHHblX HeiiTpOHHOii 

11 npOTOHHOtt napUJiaJlbHbJX wupHH 113 peJ0l:laHCHhl>. 

aM1UlllTY.ll s Ta6n. 6: 

( ~; r ~ 3. 324( 5. 540){ 1; r ~ 32. 902(19. 74 I). (18) 

B CK06Kax np11Be,lJ.eHbJ peJyJJbTaTbl .ll.JI.H CJJY'!all, o6paTHOro 

( 17), T . e. Kor.u.a nom1oporOBblH ypose!lb HMeeT MOMeHT 2, 
a 11a.u.noporosb1H - M0MeHT I . Tipa nepexo.u.e 4epeJ nopor 

O'leBH,lJ.eH CHJlbHblH pocT HeliTJ)OHHOH MO,lJ.bl .l(BJOKeHH.H 

(a 0601-1x CJly'lallX). no.uae.u.eM HTOrH HCCJle)l.0BaIDUI B6JlH3H 

nopora yposHeH .H.D.pa '
0
Be. O6a yposH.H 0611a.u.a10T wHp1-1-

HaM11 Mettee I 00 K3B s CQI1, 11 Ha octtosaHI-111 l1X MaJlhlX 

WllpHH H noporosoro 1130CfiHHa T = 2 HM M0,KH0 np1m11-

caTb H30CHIIH T = 2. XapaKTepHCTHKH JTHX ypoBHCH npH­

Be,!leHbl a Ta6n . 8. ,ll,n.H oueHKH napUliaJlbHblX WHpHH M0)K-

J J 
HO npe.D.IIOJI0)KIITb, '!TO y I = y p, 'IT0 BeCbMa sep0.HTHO 

B c,rny 3Ha411TeJlhHOH. y .1J.aJ1eHH0CTl1 noporoa KaHaJJOB l Hp 
OT HettTJ)OHHoro nopora. Tor.ua HJ Ta6JI. 6 HaX0,lJ.IIM 

( y{ )2 = ( y~ )2 = IO KJB, ( y~- )2 = 336 10B, 

(y~- )2 = 38 KJB, r( = 20 KJ B , r~ = 8 KJ8, rr = 28 KJB, 

(19) 

}13 npuae.u.eHHblX uapUHa.JlbHblX W11pHH c11e.1.1yeT, LJT0 

ace M0)l.bl .LIBIUKeHJIJI JIBJI.HIOTC.H KOJIJleKTJiBHb!Mll Ja HCKJIIO­

'leHHeJ\I 11efrrpOHHOII MO.Ubl B ua.u.noporoB0M ypoBHe T, r.u.e 

napUllaJlbHall w11p1rna ( y~- )2 6JlHJKa K 0.LIHO'laCTH'IHOII . 

3To C0CT0.HHlte ,i,upa l()Be upe.u.cTaBJllleT co6ow OCT0B 113 
9Be· (£, = 14,3922 M JB) 11 cna6ocB.H3aHHb111 uewi-poH. 

O6a yp0BHll B 06ono4e<JIJO-MO.L1eJ]bHOtt Teop1111 npe)l.­

CTaBJIJIIOTC.H KOH<jrnrypau11eii ts41/2s C 1-rnpyweHHOH no­

CJJe,U013aTCJlbH0CTblO 3aceJICHIUI. 



Ta6J111ua 8 

Xapai,·Tep11CTJ1Klt CIIIIIIOBOro .ny6J1e1a ypoe11eii .!1.Upa 
'
0Bc B6Jllr311 nopora £" = 21,205 MJB pac11a1ia 

'0Be ➔ 11 + 913e (J" = 3/2, T= 3/2 , £_1 = 14,3922 M:iB) 

£,.M18 Jlnl' T r , K1B J J 2 (y,,/yp) 

21,168 ± 0,050 (I) , 2 80 ± 45 3,324 (5,540) 

21,232 ± 0,018 <2r, 2 60±40 32.902 (19,741) 

AHAJJOfOBhlH IlPOrU03 CBOHCTB 
YPOBIIEl1 JlllPA 10Li 

Onpe.neneHHbJe H3 )KCnepllMeHTa.JlbHblX .uaHHblX [2 I] 
ypOBHH .!!l1pa '0Be npe./lCTaBJl.!IIOT HJ,01<a11w11e COCTO.!IIIH..sl 
c T = 2, T. e . .!IBJUIIOTCH aHanoraMJ1 OCHOBHOro 11 nepsoro 
so36y)f{./leHHOro cocTostHJLII H.n,pa 10Li (a TaK)l(e I°N). Boc­
nonb3yeMCH 11306ap114eCKHM MYn.bTHnneTHblM MaCCOBblM 
ypastteHHeM {IMME) 11 cucTeMan1Koi-i JHepr1111 Kynottos­
cK011 nepecTpOIIIUI [43] MH )KCTpanon.!IUUH xapaKTepll­
CTHK ypos1-1ew C T = 2 113BeCTHblX H.D,ep 10s II '

0Be Ha cna-
60H3y'ieHHble .!1.llpa I0Li, '°C, 1°N. Maccosoe ypas1-1eHHe 
3am1we111 a s11..ne 

M(A, T, TJ = a(A, 7) + b(A, T)T:+ c(A, 7)T/. (20) 

KoJcjJcjJ1LU11eHT a BKJUO4aeT cpe.D,HIOIO KynoHOBCKYIO 
JHepnuo .n,mi .n,a1-11-1oro 11306ap114ecKoro MYJlbTImnern. OH 
paseH .n,ecjJeKTy MaCcbI H.Upa I0B nmoc JHcpnIB so36y)l{,L1e­
HJl.!I nepsoro yposH.ll c T= 2. CornaCHo [44] 

a(A = IO, T= 2) = [12,051 + (23,1 ± 0,1)] MJB = 
=(35,151±O,l)MJB. (21) 

Ko3cjJqJHUHeHT b nOJJJ'{eH s [43] no,LlroHKOH no JKcnep11-
MeHTMhHblM .naHHblM 

b(A, T) = (-0,7335A213 + 1,77l)MJB =-1,6336 MJB. (22) 

Ko3cjJcjJ11uHeHT c onpe.nemiJtC.!I 113 m111e1LHOH 3aBJICIIMOCTII 

b 
ornowemrn -- OT A .nnH T= 3/2 11 2 

C 

b 
- -=O,97A-4,33; c=O,3O4 M:>B. (23) 

C 

Maccosoe ypas11e1-111e c KOJ<pcjJ11u11e1-1rnMH (21 )-(23) 
C TO4HOCTblO ./lO HeCKOflbKIIX .neCH1KOB KltnOJJleKTpOllBOJlhT 
Onl!CblBaeT MaCCbl scex 4JteHOB MynbTltnneTa c A = I 0, T = 2. 
)lJJH Bbl4HCJJemrn nOJlO)KeHJ,fjj ypos11e11 Clll1HOBOro .uy6nern 
er. T) B H.D,pe I0Li Heo6xonm10 l·tal1Tl1 JHeprnlO KYJIOHOBC­

KOl1 nepecTpO11K11 Mc ,LlJJJI nap coce./lHIIX H.D,ep '
0
Be 

-> I0Li 11 9 Be ➔ 9Li. )lm, 11ocJ1en11e11 11apbI IIMee1cS1 Kcne­
pI-IMeHTanh11oe 1Ha0IeH11e [43], KOTOphtM H socnonb1yeMCH: 

ti£,. (A = 9, T= 3/2, T= = 1/ 21 T== 3/2) = 1,569 M B. (24) 

)l I0B IOL · .. Jljj napbl S!Jlep e -> I :>11epI IIH KYJIOIIOBCKOII 
uepecTpo11K11 onpe.nellle1cS1 111 :1syx ypa1J11c111111: 
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,,/{- h(A, 7) = (T - 1/2) 6£,.(A, T, T - 21 T - I) ­

- (T - 3/2) 6£,(A , T, T - II T)· 

6,,11 = 0,782339; 2c(A, 7) = 6£,. (A, T, T - 21 T - 1) -

- 6£,. (A, T, T - 11 7). (25) 

Jtl3 TIIX ypaBHeHIIII HaXOJlllM 

6Ec (A= 10, T= 2, T== 1J T== 2) = 1,444 MJB. (26) 

3Ha4eH11e HCpntll KynoHOBCKOll nepecrpOHKll (26) 6yneT 
11cnonh3OBaThCH nmr JKcrpanoJtS!Uf.111 nonnoporosoro 

ypoBHH 1- HJ.lpa 10Be, a 311alIeID1e 11£, (24) - JlJIJI JKCTpa11O-
2- JOB J1J1u1111 11a.nnoporoeoro ypoBH.!I , nocKonbKY Hnpo e 

B )TOM COCTO.!IHHJI IIMeeT c-rpyKTypy "ao36y)K.[.{eHHblll OCTOB 
9Be. flJIIOC cna6ocBH3aHHblH HCH.T!)OH 11

• ,Umi ueneii )KC'rpa­
non.!IU~UI IICIIOJlbJYCM COOTHOWeHJre 

)lecjJenht Mace H.llpa '0Be .llM cnn11osoro .ny6nern I II T: 

}" = 1-; b.Afc2 = (12,607 + 21,168) M:>B = 33,775 M:>B; 
(28) 

J" = r; t1Mc2 = (12,607 + 21,232) MJB = 33,839 M:>B. 
(29) 

flO.llCTaBJIJIH 3TH 3Ha4eHH.!I 11 3Hepntl0 KYJJOHOBCKOII rrepe­
CTpOIIKII (26) II (24) B ypasHeHHe (27), HaXOJl11M ,L{ecpeKTbI 
Mace H./lpa 10Li nmi paccMa-rpHsaeMoro .ny6nern 

J" = 1-; 6M (1°Li)/ = (33,775 - 1,444 + 0,782) M:>B -
- 33,113 MJB; (30) 

J" = T; t:i.M ( I0Li)} = (33,839 - 1,569 + 0,782) M:>B -
- 33,052 M:>B. (31) 

B H./lpe 10Li ypOBHII CIDiHOBOro .n:y6nern noMeHJIJHICb MeC­
TaMH: yposeHb 2 .!IBJtJICTC.!I OCHOBHblM COCTOJI.HlleM H,llpa 
I0Li, yposel!h 1- - nepBblM B036Y',K./lCHH.hlM COCTO.!IHJ-IeM 
c )Heprnen 6 l KJB. Ecm, .llilll )KCTpaaonHUHH ypOBHJI 2 
.!!J.(pa HCllOJlh3OBaTh 3Ha4CHlle )Hepn11I KYllOHOBCKOH nepe­
CT!)OIIKl1 (26), KaK 11 .nm, ypOBHH ,- . TO nonJ'{KM .necpeKT 
Mace 

TeM caMhJM onpeneneHhJ Hll)KHJIJI (31) H sepxW!.!I (32) rpa­

HJLUbt 6M 11axo>K11e1111J1 yposHH T a H./lpe '0Li. TaK KaK H.ll­
po 10Li Heii.-rpo11Ho-Hecrn611J1hHO, TO, sepoHrnee scero, ero 
OCHOBHOe COCTOHHl1e onpe.nenRe fC.!I HIDKHeH rpaH}LUeH. 
HaH,UCM :rneprHIO OT.L(eneHJLJI ueiiTpOHa s,, OT Hnpa I0Li no 
cpopMyne 

S,,(A, Z) = (M(A - I, Z) + M,, - M(A, Z))c2, (33) 

rtte M,, = 1 ,008665 a.e.M. = 939,508 MJB - Macca Heihpo­
Ha. 31-1eprnS1 OTJlCJU!HMH l·teiiTpoHa OT Hnpa '0Li, HaXO./lSILUC­
rocH 8 OCHOBIIOM T H ncpBOM B036J)K.llCHIIOM 1- COCTO.!1-
HILJIX, pas11a Jn = 2 , S,, = - 27 K3B, J" = 1- , S,, = - 88 K:>B. 

Haw11 pac<feTbl Hepn111 Hfl)f{aii.w11x ypOBHCH H,llpa 
I0Li Ga311py!0TCH Ha CIICTeMaTl!Ke xapaKTep11CTILK COCTOH­
Hllll 113eccT11bIx nerK11x Hnep. OueHKY wup11H yposHe11 2 , 
I CII 111 IOBOro ny6J1eTa B S!Jtpe I0Li MOiKflO flOJIY'-IIITb 113 



oueHeHHblX 11pIrne.ue1111b!X napu1I,UJbl-lblX WIIJ)llll :noro )Ke 

.uy611ern B H.Upe 
I0

Be. 11pe.u11O1iaraH IIX 4JJCTblMI1 110 113O­

CJJHHY T = 2 ( 19): 

( 2-)'.! y,, = 0,336; ( 
,_)'.! 

y,, =0,040. 

T IOL· - -aK Ka.J< pacnan, H,!lpa I C n,ayx IHDK3JIWJIX ypoBHelf H,UeT 

no e,UHHCTBeHHOMY HefripOHHOMY KaJ-!aJlj. TO nOJlHaH WH­

pHHa 3THX ypoe11ett paBHa ttefripOHHOH w11p11He 

,, 
J J I ( J )-r =I'n = 2 z,,J y,, , 

r.ue Jz,, J = k,, R ; R - pa.uuyc H.upa 
I0

Li. OuemtM pa.u11yc 

IOL· b ,i,npa I no napaMeTJ)aM II c a npe.unoJtO)Kemrn o.n.1-1O-

po.u1-10113apH)KeHHOH ccj)epbl [43) 

0,6(A-l)q2 
R ( b) = --=--------'-- = 3, 2 q>M ; 

t,.nli -b 

0 6 2 
R(c) = -'-q_ = 2,84 Q>M , 

r.ue q - 3apH.U 3JieK-rpo1-1a. 

)].JIH R = 3cpM 

C 

r?,- = 68,5 K3B; r:; = 14,5 K)B. 

I-horn ,IJ.JIH Bbl 1-111CJieHHbJX xapaKTepltCTHK ypOBHeH 

,i,npa I0Li np1-rne,neHb1 B rn611. 9. 
Ta6nHua 9 

XapaKTepHCTHKH OCHOBHOro 11 nepeoro BOJ6y)K.ue1-11-1oro 

cocTOHHl1tt. JI,npa 
I0
Li 

E •. M3B J'•>, T r = r., K3B y;,, K3B -S., K38 

g.s. T? ' - 68 336 27 

0,061 ,-. 2 14 40 88 

il pH MC 1-Ja H H C. g. S. - OCHOBHOC COCTOJllfllC. 

CPABHEHHE CBOHCTB IlPOfH03MPOBAHHhIX 
YPOBHEH Jl.l(PA 10Li 

C 3KCITEPHMEHTAJlhHb1Mli )].AlfHhlMH 
11 MO)lEJlhHhlMlf PAC4ETAMl1 

)].a1-111b1e rn6n. 9 He rrponrnope4aT :>Kcnepm1eHTaM 

rpynllhJ AMenHHa [37) H M11Y1u·attcKoro yHIIBepc11TeTa 

[39]. TIHK e6mt3lf MaKCJU,1anbHOH :>Hepn m npOTOHOB B pe­

aKUHH 11B(n-, p)I0Li [3 7) (p11c. 5) [20) lfMeeT w11pm1y 

Me11ee 0,4 MJB 11 HaKpbrnaeT o6a ypos1U1 )ly6neTa r, 1-
,i,npa IOLi s6mrn1 11ym1 :>Hep n111. 3Hepnrn :noro 11J.IKa co-
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CTaBJIHeT (0, 15 ± 0, 15) M38 OTIIOCIITCJfbllO 1-1ciiTpOHHoro 
IOL· 9L· C nopora I ➔ I + II. MeU.tCHlle pe3OHUHCa B CTOpm1y 

60JJbWJIX :)Heprnit BOJ6y)K,D.e111rn 110 OTHOWeHJJl-0 K .uy6JJery 

2 , 1- MO)Kel 6b1Tb o6bHCHeHO cyu.teCTBOBa!IIICM .n.pynix 

ypoa11eit H,npa 
I0

L i B 1111Tepaane :>11epnm 0-0,4 M:>B BbJWe 

1-1ei1TJ)OH11oro uopora. )].cikTs1ne11bHO, B pa6oTe Eone1-1a 

H .up. [41) B peaKUI111 9Be( I3C,12N) I0
Li np11 £,,ao = 336 MJB 

II B peaKUHII 
13C( I4C, I7F) I0

Li rrp11 E,a6 = 337 M:>B o6Hapy­

)f(eHhJ ypoaeHb I - rrp11 JHeprrn1 (-0,42 ± 0,05) M3B c w11-

p11Hoii (0,15 ± 0,07) M:>B II ypoaeHb 2+ np11 JHeprn11 

(-0,80 ± 0,08) MJB c w11p1rnoi1 (0,30 ± 0,10) MJB, cooT­

eeTCTBY10u.t11e ypOBHIO, o6Hapy)KeHHOMY B pa6oTe [33). 
TaK11M o6paJOM, pe3OHa11c 0-0.4 MJB s pa6oTe [37) Ha­

KpbtBaeT, BO3J\JO)l(HO, TJ)H (T, 1-, I"'), a MO)KeT, 11 LieTbtpe 

(2- 1- 1· 2+) - 101· , , , tt11)1(a1rnmx ypoBIUI ,i,npa 1. 

06paTJJM BHIIMaH11e 11a peJyJihTaTbl pa60Thl rpynrrhl 

.fuira 11 .n.p. [39]. BepxlUIH rpaHJJUa cneK-rpa JtJ\rnynbCOB 
8B 

B peaKum1 11 B(Li,8B)'0Li (£,,,6 = 130 M3B) 11MeeT .L(Ba y3-

KJIx llHKa (puc. 6) ['.W], ueHTJ)Ol[Jl KOTOpblX HaXO,llHTCH B 

06nacn1 )Hepnm OTHOCIITCJlhHO 11opora HettTJ)OHHOro pac­

na.n.a 6onee - I 00 K3B, H urnp1rna JToro .ny6nernoro O6pa-

3oaaHHJ1 OUeH11BaeTCH f ,,a6 < 230 K:>B. 3TH ,D.aHHbte O4CHb 

xopowo cornacyWTCH c pe3yJibTaTaMH HaWHX pacYeTOB 

(CM. Ta6JI. 9). BTOpoe MOu.tHOe 06pa:mBaH11e Ha p11c. 6 [20), 
KOTOpOMY aBTOpbl npHIDICaJIH 3Hepntl0 aa.n rroporoM HeH­

TJ)OHHOro pacna.ua (-538 ± 62) K3B H WHPHHY r,,a6 = 
= (-538 ± 23) KJB, no-BH.D.HMOMY, BKJIJ-04aeT s ce6,i He 

pa3peweHHbJH .uy6neT ypOBHei-1 I+, 2+, 0611apy)KeHHhllt 

B pa6oTe [4 1 ]. 
B pa6ornx 6oneHa 11 .n.p. [20, 41) B cneK-rpax peaKUHH 

9Be(I3C,12N) I0Li (puc. 7) H 13C(I4C,I7F) I0
Li (pHC. 8) s6JIJIJH 

Hyneaoi-1 :>Heprn11 ao36y)K)J.eIDU1 E, ,i,npa 
I0Li 0611apy)l(11Ba­

eTCH 110 O,AHOMY MOu.tHOMY llHKY, Ka)K,UblH 113 KOTOpblX Ha­

KpbJBaeT no Kpai'rneit Mepe 4eTblpe HJ,[)l(alll.lIHX ypOBIUI ,i,npa 
101· 6 -I , rrpe.ucrnBJUIIOll.tllX .nae napbl .uy nenlblX ypOBHeH 

c OTJ)HUaTeJibHOii (T, I ) 11 rroJIO)KHTCJlhHOH (I+, 2+) YeT­

HOCTHMII. 

8 e,llHIICTBeHHOH :>KcnepHMeHTaJ!bHOH pa6oTe ~a 

11 .up. [39) JTli .nee rrapbl ypoatteit paJpeweHbl. B pa6ornx 

Al\1emrna 11 )Ip. [3 7] 11 EoneHa 11 .np. [ 41] o6e nap bl ypoe11ei1 

co.uep)KUTCH B O.D.HOM llltKe, II pa3,l(enem1e HX Ha rpynrrbl 

(T, I ) H (I+. 2J npe.ucrnsAAeTCH .n.ocrnTO4HO -rpy.n.Hott 

3a,na4.ei1. 

Eonee no.n.po6Hoe 11 rronHoe 06cy)K.ue1-111e rrpo6neMb1 

MO)KHO Hafirn 8 pa6oTe [20). 0TMeTllM, '-I.TO Haw aHaJJH3 )10 

llaCTOHu.tero epeMeHll HBJUleTCH Ha116onee TO4HblM (11y4we 

I % no CC4eJIHIO), xorn OH He OTHOCIITCJI K npHMOMY HC-
101· B CJJe,UOBaJHllO 11.upa I. ce rrpHMbJe 113Mepe1111>1 Ce4eHl1H 

o6pa30BaHWI '°Li HMelOT norpewHOCTH 6onee IO %. Ee3 

flOBb!WeHHH TO4HOCTH 3KCJJepHMeHTa TPY.UHO paCC'-1.HTbl­

BaTb 1-1a ycnex. 
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Pwc. 6. TeopeTl!'leCKOe O□l!CaH.He [45, 46] JlllQ>cj>epeHUUaJlbHOH cj>ymcrurn B036y-tKL!eHIHI yrrpyroro pacce/lHJ:UI npOTOHOB 
Ha 7Li B oKpeCTHOCTI! JlByx ncps&rx noporos peaK.mm 7Li(p, 11)7Be s rrHTepsa.iie 3Hepn111 npoTOHa EP = 1,35- 3 M3B (n.c.) 

)lJUI yrnos pacCCJIHHJI 90 (a) It 150 rpaJlyCOB (6) B CI..(11. 3Kcnep11MeHTaJlhHWe JlaHHble B3l!Tbl 113 pa6oTbl [47] 
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P11c. 7. TeopCTll'-ICCKOC O□IJC8H!le [46] ,1111cj>cj>epeHUllaJlbHOH cj>yHKUHll B036j')KJlCHHJI nonl!p1133UIIH ynpyropaccel!HHbTX npo­
TOHOB Ha 7Li B OKf)CCTHOCTII JlByx ncpBbIX noporoa pcaKQHll 7Li(p, 11)7Bc B JrHTepsane :>Hepnm npOTO!la Ep= 1,35- 3 MJB 

(n.c.) }lJlll yrnos paccel!HHJI 90 (a) II 150 (6) rpaJlyCOB B CI..(H. 31<cnep11MCHTa.IlbHblC Jl3HHblC B3l!Tbl 113 pa60Tbl [48). 
[ lcnpcpbrsHall JITIHl!ll JlJlll Ip, I,, pas Ha 0, I; nymcn1p11all - 0 
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Puc. 8. Tcopenr'JCCKOC om1ca1-111c [49] yrJJ0BblX pacnpeI1CJJCHlllf ynpyropacccl!Hllb!X np0T0H0B Ha 
3
He 

lUIJI Ep = I M:>B (n.c.). 3KcncpllMCHTa.JJbHblC .ll3HHblC B3l!Tf,J 113 pa60Tbl [50] 

<l>A30Bhl11 AHAJIH3 CELJEHHii YTIPYroro 
PACCE$1HIDI JJErKHX JJ.llEP. 

AHAJlH3 YT JIOBblX PACilPE.llEJIEHHM 
B YilPYfOM P ACCEHHHH 7Li + p 

B6JIH3H IlOPOTOB PEAKU,IIH 7Li(p, 11)7Be 

B ttaCTOJllUCH pa6oTe Tfl5l. 11p11MeHeHa K orn1caHJuo 

ynpyroro pacceJ1.HIIJl 
7Li + p a cJJO)l(H011 c11ryau1111, Kor,na 

e6nH311 nepBblX llByx HeihpOl!HblX noporoe peaKUHil 
7Li(p, n)7Be, oTBe'-!aIOmux 06pa.Joea111110 HL1pa 

7
Be a oc­

HOBHOM 11 nepBOM B036y?K,ll,CHHOM COCTOl!HllllX, 8 KUHane 

ynpyroro pacce.HHl1JI npHCYTCTBYIOT '-!CTbtpe pe30HaHca. 

PeKOMCH,UOBaHHble 8 pa6oTe [ I 3] 31Ja'-!CHWI napaMCTpOB 

pe30HaHCOB COCTaBHOJ'O J!Jlpa 
8
Be npltBCJlCHbl 8 rn6J1. I 0. 

311epn1J1. nepeoro H ernporo tteHTpOHHhtX 11oporoe pae11a 

cooTBeTCTBCHHO Eql = 1,645 MJB (Ep = 1,88 MJB) 11 Eq2 = 

= 2,0742 M B (E,, = 2,3705 M:>B). B CK06Kax .nattbl :rnep­

n111 npOTOHOB 8 na6opaTopHoii CIICTCMe p + 7Li, OTBC'-!aJO­

WIIC :)Hepn111 noporoe. 

Ta6n11ua I 0 

TTapaMelpbl pe3011attcoe cocrne1-1m·o J1Jlpa 
8
B e [ I 3] 

e6mt3H flCpBblX LIBYX 11eihpoHHblX noporoe peaKUHII 
7Li(p, 11)

7
Be, a TaK)Ke :)Hepnrn npo10HOB £,, B JJ. c . 11 B C~Il 

( EQ ), oTBe'-!a1omaH peJ011attcaM 
8
Be 

Q £.,M:>B !", T rg. 108 £,,, MJB EQ. M1B 

I 18,91 T.O 48t20 1.893 1.656 

2 19,07 J'.l 270.±20 2.075 1.8 16 

3 19.24 3·_ 0 230±30 2.270 1.986 

4 19.4 1-.0 65±0 2.453 2,1 46 

46 

B pa6oTe [47] 11 Ha p11c. 6 npencrneneHbt pe3ynhTUTbI 

HJMepe1-11ui cpyHKu1111 e036y)K,llemui ynpyroro paccesiH11J1 

nporo11oe 11a J1L1pe 
7Li B HHTepeane :)Hepnm E,, OT 1,35 ,no 

3 M:>B ,LlJlJl wecrn yrnoe pacceSIHJIJI (0/J = 70, 90, no, 130, 
150 II 167,1 °). 3rn .UUHllblC 8 COBOKyn11ocrn C JKcnep11-

MCHTUJlhHblMII )laJIHblMH no HIITerpaJJhHblM CC'-ICI-UUiM pe­

UKllllll 
7Li(p, 11)

7Be [51] 11 HJMepeHJUIM noJJJ1.p1nauHOHHOH 

aHan1n11pyIOll.lCtt cnoco6HOCTH npH ynpyroM paCCCSIHHH 
7Li( p p)7Li ,LlJJSI 11epelJJ1CJlCHHblX Bb!WC yrnoe paCCCl!HHll, 

KpOMe 0p = 16 7' I O
' npoaHMH311pOBaHbl Tpa,Ll111.(HOHHblM Me­

TOJIOM cj)aJosoro auamna a pa6oTe [48]. 6onhwoe LtHCJIO 

(COTHII) eapb11pyeMblX napaMCTpOB BC,UCT K HCYCTOH41180-

CTl1 pewe1111l1 3a):{a'-!II. B [ 48] He paCCMOTpCHO TaK)KC BJJIIJI­

HHC noporoe Ha napaMCTpbl peJOHaHCOB. 

B ttaweM attamne c nOJ\IOWbIO Tl15l [I] onpe,nenetta 

JHepren1•1ecKaJ1 3llBIICJL\LOCTb J\laTplll.lbl CTOJIKHOBCHl1tt. 

3TO BCJlCT K YMCHhWCIIHIO llllCJJa eapbupyeMblX napaMeT­

pOB 8 .necStTKII PaJ B 3aBHCHMOCTII OT l[J-1CJJa 3KCnepHMCH­

TMbl lblX TOL(CK 8 pacc~1a·rp1rnaeMOM HHTepeane 3Hepnm. 

no )TOH npH'-!IIHC Haw MCTOJl 1103BOJJJI.CT HaXO,Lll1Tb ycToii­

'-!HBbte pewe1111J1 6onee CJJO)KHblX Ja)la'-! C MCHbWHMH Ja­

TpaTaMII. 

J II epreT11•1ec1rnH 33BIICII MOCTb i.11cf>cf>epe111.-1HaJ1 blf Oro 

ce'temrn 

.[l.11cpq,epeHUHaJlbllOC CC4CHJJC, ycpC.UHCHIIOC no Ha­

lJaJlbHbl~I CIIIIIIOBblM COCTOSIHIUIM s II npocyMMllpOBaHHOC 

110 KOlle'-!JlblM CIIILHOBblM COCTOllllllJl~I s: pae110 [27] 

dcr , 2 ~=glfc+fNI; g=[(21,+ 1)(2/2+ l)r1
, (34) 

t/0./1, 

r .ue 1, II / 2 - Clll!Hbl ClUJIKJIBUJOll(JIXCJI '-!UCTIIU. KyJIOIIOB­

CKUfl j; II Sl)lep11asi /,· 4aCTII UMIIJJIITY.Llhl 11pCJlCTaBJ1SIJ-OTCSI 

H c ;1c,'.l.y10meM Bll)lC: 



T/1'.sl = exp(2iror )8s'/',sl -U:/'.sl; 

I w, = cr, -cro = I arctg(11/11); Wo = 0, 
11=1 

r.ne J - flOJIHblH MOMeHT CHCTeMbI; / - op61rraJ1bHblH MO­

MeHT; S - Crtlffi KaHana; M, 111 , V - npoeKUIUI 3TliX MOMeH­

TOB; U - Mffrp11ua CTOJll<HOBeHHH; ko - BOJIHOBOe •mcno; 

µ - np,rne,ueHHal! Macca; o - <pa3a KYJIOHOBCKoro paccell­

mu1; 8,, H n/J - nom1pHblH H TeJJeCHblH yrnbl pacce.HHJUI. 

llhpHX O3HaqaeT, qTo sem-t•il-lHbl OTHOCl!TCll K BblXO,!lHOMY 

Kamu1y peaKu1111. 

3HepreTHLJeCKal! 3aBHCIIMOCTb aMIUlHTY.!lbl s6nH311 

nopora peaKUHH a ttenoporosbtx KaHanax onpe,neJ1.HeTcl! 

MarpHY.HhlMH :rneMeHTaMH BH.!la [I] 

ulrr MJrr 
s'l',sl = s'/',sl x 

x I+ · ' I-a E-E ( 
A;,; sf )[ Jn ( )/'+1 / 2] 

E-EQ +1TQ/2 s'l',sl q 
(36) 

B npen11OJIO)Ke111111, LJTO BTOpoil LJJJe11 B KBUJl)1UTllblX CK06-

Kax M11oro MeHbWe nepsoro. AMllJIIITy.!lbl M, a, A s6m1311 

nopora 11e conep)l{aT :mepren1LJecK11x oco6ettHOCTeil 11a 

KOMIIJJeKCHOII □JIOCKOCTII 3Hepnrn E II MOryr 6b1Tb pa3nO­

)KeHbl 8 pll.!l llO ueJlblM CTeIJeHllM £. B cny<iae /' = 0 
II np11 BblJIOJ1He111111 c.uenaHHOro npe.nnoJJO)KeHHJI UMIUlllTY­

Jlbl M, a, A MO)l{HQ c•111TaTb flOCTOllllHblMII sem1LJ1lHaMII. 

PeJyJihT3Thl 3113111133 3KCnep11MCHT3JlhHhlX .!l3HllhlX 

11 ttx o6cy)KJletme 

41 ICJleHHbJ H aHaJIH3 ,u11qi¢epeHUHa.JlbHOrO CeY.eHHll 

ynpyroro paccellHHJI 
7Li + p, 113MepeHHoro a pa6o-re [ 45], 

nposonHnc.11 no MHK. B KaLJeCTBe sapbHpyeMOH cpyHKUIIM 

JHepr1111 HCflOJlb3OBaJiaCb ¢op.Myna (34) C aMTTJlHT)'JlaMI! 

(35). l.ft1CJIO sapb11pyeMbJX napa~1erpOB paBHO 28, 113 HIIX 8 
napaMeTpOB EQ, f Q f Q (Q = l, 2, 3, 4) ,!lJlll '-leTblpex pe-

3OH811COB He .!lOJl)l{Hbl 3aBJICeTb OT yrna pacceHHltil. Ilo­

rpewHOCTb 3KCnepHMeHnUJbHblX Jl8HHhlX COCTaBJI.HJJa 

1-3 % B 3UBl1CJ1MOCTH OT sen11qJ1Hhl ceLJeHJ,UI. l.f!ICJIO 3KC­

nepnMeHTaJibHblX TOY.eK H w11p1rna HHTepsana no JHepnrn 

npoTOHOB HeCKOJlbKO OTJIH'-laJIHCb OT yrna K yrny (rn6n. I I) 
' ,UJJ.H Ka)l{.!loro yrna MHHHMYM x- OTbICKHBaJ!Cll OT.!leJib-

HO. 3Ha'-leHHll min x.2, OTHeCeHHhJe K 0.!lHOH TOl:JKe, Hapac­

TaJIH a cpe,uHeM OT I ,8 ,!lJl.ll yrnoB 70-110° .no 5,3 ,!lJJ.ll yr­

JJOB 150- 167, 1°, T. e. OTKJIOHeHHe pacLJeTHOH KpHBOH OT 

)KCnep11MeHTa.JibHb!X TOLJeK He BblXOJllff 38 npe,neJlbl JlBOH­

HblX ou11160K. KaqecTBO OilHC8IDJ.ll 3KCITep11MeHTa.JlbHhlX 

JlaHHh!X HJIJUOcrpupyeTcl! Ha p11c. 6. 
Xopowo OflHCb1BaeTCll o6naCTb CHJlbHOH HHTepqie­

peHl.(JIH H3OCf111HOBOro .ny6nern COCTO.l!HH11 Jn = 3+, T = I 
11 P = 3+, T= 0 a ll,upe xBe. 

Ta6nJ1ua 11 

TTapaMeTpbl pe3OH8HCO8 113 aHUJIHJa .!lHqJcpepeHUHaJlbHOro ce<1eIDll1 ynpyroro paccellHHll npOTOHOB Ha llllpe 
7Li 

IIJill pa3JJH '-! HbIX yr nos 8 

Yron pacccs1HHJ1 (Cll,M) B rpan. 
Cpe,nHee 

Tiapa~1eTp JHaLJe- )],aHHble [ 13] 

70 90 I LO 130 150 167,l 
Hl1C 

lfHCJIO TO'!CK 74 97 73 79 69 73 - -

£,M:>B I , 18- 2.32 1,2-2.6 1,2-2,3 1,2- 2,6 1,2-2,3 1,2- 2,4 - -

minx.2 107 263 92 306 318 545 -

£1, M:>B 1,654 1,65 1,657 1,654 1,664 1,67 1,658 1,656 

r,. K3B 49,5 4 48,5 48 74 75 57 48 ± 20 

£2, M:>B 1.803 1,804 1.809 1,803 1,789 1,8 1,801 1,816± 0,03 

r2, KJB 280 300 275 290 318 301 294 270 ± 20 

£ 3, M:iB 1,965 1,965 1,96 1.964 1,95 1.98 l.964 1.986 ± 0,03 

r l, 108 210 206 210 208 192 194 203 230 ± 30 

£4, M:iB 2,144 2,146 2.142 2,144 2,147 2,148 2, 145 2,146 

r4, KJB 650 637 636 649 641 626 640 650 
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B rnGJI. 11 11peJlCTUBJ1ellbl rIOJlytleHllbie B HaCTOSJUleM 

a1-uu1113e 3HaL1e1-urn Eg. r Q llJlll LJCTblpex pc30IIUHCOB flJ)JI 

wec111 yrnax paccel!H1u1 JI JIX cpenH11e 3HULJemrn. TaM )Ke 

np1rneneHbl peKOMeHllOBUI-Hlbie B [ 13] JIIULJCHJ1.ll 11apaMCT­

poB pe30HaHCOB. B11.UHO, LJTO pa:i6pOCbl 3HaLJe1111ii 11apa­

MeTpOB MaJlbl, LJTO yKa3bJBaeT 11a YCTOtt'-lllBOCTb MIIOrona­

paMelJHJL[CCKOro ai-1c1J1111a no MHK. 3aMeTHO 11J!\,te1111J1acb 

TOJlbKO w11prnia 11epsoro pe301-rn11ca np11 yrna>. 0p = 150 
J1 167, I 0 , r.ue )TOT pe30HaHC npOllBJl.lleTCSJ 3HaLl!fTCJlbllO 

CJ1a6ee. TloJTOMY ,UJlll Hero cne.uyeT np1m11Marb BO atrnMa­

IDte JHULJelllUl .lUUI e,, < 150°. flOJlyYellllbie ,uaHHble 110 Eo ' 
r O coana.ua10T c peK0Me11.uoaaHHhJMH B npe)leJrnx yKa3a11-

Hoii a [13) TQL!HQCTl1 . .lly6neT 3+ OKa3anCH CMCUlCHHbJM Ha 

15-20 KJB 110 :rnepn111 , LJTO, no-aH.UJIMOMY, MOJKHO o6bHC­

IDITb npeHe6peJKeHIICM 11opor◊Bbll\1H COCTOlJHJHIMl1 C I' = I 
B Ma1'pl1'-lHbJX JJICMCHTaX C Jn = r. 

B 3aKJl!O'-lCHl1C OTMCHIM, LJTO npoae.ueHHblll npei.iaa­

p11TCJlbHb!H aHaJ111J JKcnep11MeHTaJlbHb!X ,UallHb!X [47) 6e3 

YLJCTa BTOporo HCHTJJOHHOro nopora JI pe30HaHCHOrO co­

CTOl!HJUI 1n = 1- llllpa RBe 11e llaJl KaLJCCTae1-11-1oro orrncaHJUI, 

a napaMCTJ)bl peJOHaHCOB BblXO)llUIJ1 3a 11pe,lleJ1bJ 3KCnepH­

MCHTaJlbHblX ow1160K. Ha OCHOae JToro MO)Kl-10 c.uenaTb 

BblBOll O Heo6XO.Ul1MOCTl1 yLJeTa Koppenl!UIIH MCJKllY nopo­

rOBblMH H pe30HaHCHblMH COCTOJIHl1JlMl1. 

<l>A30BhlH AHAJIH3 YIIPYroro PACCEID-JWI 
IIPOTOHOB HA 51.UPAX 7Li BliJl113lf IlOPOrOB 

PEAKU.HH 7Li(p, 11)7Be 

Teop~ui noporosbtX JJanel:lHH [I, 6, 52) npnMeH.lleTcJJ 

(45) .llJl.ll qJaJOBOro aHaJlil3a llllqJqJCpeHUHaJlbHblX CCLJCHJ1tt 
7
Li(p,p)

7
Li a 111-1Tepaane J11eprj,fJ1 £,, = 1,35- 3 MJB (47). 

Tip11 JHepn111 £ 111 = 1,88 MJB 11 £112 = 2,3705 MJB 1-1axo­

.U.llTCll )laa nopora peaKUHH 
7
Li(p, n)7Be, OTaeLJUIOLJll1C 06-

pa:ioaaHHIO H,llpa 
7
Be B OCHOaHOM 11 nepaoM ao36y)KJlCHHOJ\1 

COCTOJIHWIX. <l>a:ioabii'i attaJU13 OCJIO)KHJICTCJI npHCYTCTBIICM 

'iCTb!pex pe30HaHCHblX COCTOJlHIIH COCTaa11oro .H,Upa RBe 

[13), a 1a10Ke 01Kpb1Tb1Ml1 KOHKypupy1om11M1I KaHaJJaMll 

peaia.ulii (p, p, y) , (p a). (p y) [ I 3). 
B pa6oTe [48) cpa3oab1ii attrurnJ abmonHeH noTOLte'i-

11b1M TPa.U11Ull0HHblM MeTO)lOM. B llaHHOfi pa6oTe 6blJl0 

peweHo abmonm1Tb ¢a3oab1fi aHan113 no Teopm, 11oporo­

abtX JlaJleHltH C yYeTOM noporoBb!X COCTOllHIUI a Hefi'rpOH­

HOM KaHane C op611TaJlbHblMJI MOMeHTaMII / = 0, I. 

311epren1•1ccKaJJ 33BHCll!\IOCTb 

MaTpllltbl CTOJIKIIOBe1111ii 

B paCCMUT))l183CMOM 1111TepBaJJe JHepn111 MO)l{HQ or­

paHJILJHTbCll op61tnlJlbHblMII MOMemaM11 / ::; 2. B JTOM CJIY-

LJae Ka,K,UOMY Ha6opy LIHCeJI /7[ 6ynyr OTBeLJ3Tb He 6011ee 

TJJCX KaHrutoa ynpyroro pacce.RHMH, LJTO cne.uye-r 1u rpe­

yroJlbHtLKa cyMMbl MOMCHTOB I = I + s, COIIHa KUHaJia 

s = 2,1 1-1 JaKOHa coxpm1e1111J1 LJCTHOCTII. Cornac110 [ 48) 
11 [53) MUTJ)llUa y11pyroro paCCC.llllllll MO)KCT 6bJTb npe.u­

crnane11a B TCJ)MllHUX co6cTBCIIHb!X cjJa3 8 II ACfiCTBHTCJlb-

HblX opTorOHUJlbHbJX \taTpHU u1rr. 
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U /rr. "' / 7[ /7C (2·s:. /1C ) c(m). c(n) = L, llp111 llp11 exp iuc(p) , 
p = I 

(37) 

rue c(i) - MCTKa KaHana, 011pe,llCJlJIIOUlUll KOM611HUUlllO LJH­

cen s,, I; a i-ii co6crncH11ofi cpa3e 8c(p). Marp111J,bl u1
1t 

llalOTCll a TepMl!HaX napaMeTpoa CMew11aa111rn E, ~. 11 : 

u11 = cos17cosl;; u12 = sin 11cosl;; 1113 = sin 1;; 

1121 = - cos csin 11 - sin Esin !;cos 17 ; 

l/22 = COSECOS11-Sincsin/;sio l'] ; U23 =SinECOSS ; (38) 

LI 3 I = s j 11 Cs in 11 - cos Es in s cos 11 ; 

u32 = -sin Ecos11-cosEsin~sin11 ; u33 = cosEcoss. 

I1apaMeTp E .llBJl.llCTCJI Mepott CMCW118aHJUI Clll-lHOB Ka­

Hanoa s 6e3 /-cMeU111Ba111rn, s - Mepa /-cMewuaaHJ1.ll 6e3 

S-CMCWl1BaHHll 11 11 eCTb Mepa CMCWHaaHJUl napu11aJJbHbIX 

aOJIH C pa3lliILJHblMl1 / 11 S. 

Korlla IJMCIOT MCCTO TOJlbKO .uaa KaHana ynpyroro 

pacceJIHIUI llJl.ll JallaJ-lHblX I " C 803M0)Kllb!M CMellllIBaHIICM 

CilWHOabIX KaHaJIOB, ypaaHeHwe (3 7) ace e1Ue MO)KHO wc­

OOJlbJOaaTb, [IQJlQ)KJ18 a HCM LJJlCH C p = I paBHb!M HYJllO 11 

B ypaaHCHll.llX (38) 11 = s = 0. EcJm a03MQ)l(CH TOJlbKO 

o.u111-1 KaHan ynpyroro pacce.RHl1.ll, TOr,lla U = exp( 2i8 ) .llllJI 

JTOro KaHaJla. I1cKJIIO'ieIDte COCTaaJl.lleT CJiyYaH. Irr. = 3+ , 
r)le B 0,lll!OM K3HaJJe s, I = 2, I CYIUCCTByeT lly6neT COCTOll­

HHH cocrnaHoro ll,llpa 
9
Be c T = l. Cornactto Teop1111 JJllep­

HbJX peaKUIIM [3] COOTBCTCTBYIOlllllM JJlCMCHT MaTPJLUbl 

CTOJJKHoaeHHH MO)KHO upe.ucTaaHTb a au.ue CYMMbl llayx 

'iJlCHOB 

(39) 

31-1epren1LJCCKa.ll 3aa11CHMOCTb co6CTBeHHb!X ¢a3oabIX 

C)lBIIJ'OB 

5:./1[ !1t 5:./1[ 
0 c( p) = !).c(p) + 0 c(p).Q + 

i "' tn ( )/+I / 2 [ I ( /7C ( ) )] +27'ac(p).k E-Eqk 1+3 ac(p),k E - Eqk 810 , 

(40) 

r.ue 8~f p),Q - cpa:m pe301-1aHc1-1oro pacceJ1lil1.ll , 

s:. t1C rQ 
uc(p),Q = arctg ( ) . 

2 EQ-E 
( 41) 

B CJlytrne OTCY1'CT8l1H peJOHaHca .LIJJll ,lla1111oro Ha6opa 

LJHcen I " BKJiall pe3oHaHCHOH cpa3bl noJiaraeTCH paaHblM 

HYJllO. <DaJOabIC c.ua11rn ( 40) 11pe.1-1crnam110T co6oi1 pa3JlO­

lKCHlle cpyHKUIIII JHepn111 a pH,n 110 CTenetrnM £ llO £3'2, 
flOCKOJlhKY HaMII Y'ill'l blBUIOTCll noporoable COCTOJlfilUl 

c I = 0, I. CJ1e.uosa1enb110, cpa3a noTe11u11anbHOro pacce_11-

HJU1 !). JIBJJ.llCTCll m111eiiHofi (uenoii) ¢YHKUHCH JHepnrn. 

,llJIH COKpaweHIUI '-ll1CJla napaMeTpoa 6bJJlO yc;10aneHo CLIII­

TUTb /). IIOCTOHIIIIOM BCJIJl'-lHHOfi , ycpei.iHeHIIOJI no JHepre-



/re 
Tll'leCKOMy l!HTepnaJJy. napaMCTpbl ac(p),k Clll!311 (p. 11)-

KaHaJIOI! l!BJUll-01 CS! )leikTBIITeJJbHbJMIJ llOCTORllllblMIJ 0e1u1-

'-IJ1HaMJI. Mm p11ua aMHJUITYJlbI pacceimrn1 M a npeJlCTaB­

JJellltJI CllllHa Kal-laJia CB1!Ja1-1a C 1'taTp11ueri U COOTllOWelut­

eM [48] 

✓n 
Msll'!.s,•(0) = k x 

x [-C(0)8s,· l8v, I + iJ)2l + 1)112 
( slv0j Iv)( s,11 v1 v- 1•1 j 11-) x 

11/1 

X exp H ro, + ro,, )}( 8ss1 8//1 _u:17i ,s/) Y11.1•-•·1 (0. 0) l (42) 

r.D.e C(O) 11 ro - aMm111ryaa H cl>aJa Ky11011oscKoro pacce11-

m111; k - BOJJHOBoe 'IHCJJo; 11 - npoeKuiui crnrna KattaJJa s. 
,LI.Hcpcjiepe1-1u11aJ11,Hoe ceYettue ynpyroro pacce111111S1 onpe­

)lemie-rc11 B [48] LJepe3 KBa)lpaTbl a6cOJll-OTHbJX 3Ha'-leHH1t 

( 42) c TO'-IHOCTblO .no CTaTIICTJl'-leCKOro cpaKTopa I /8. 

Onpe.ll,ene1111e napaMeTp0B cj>aJOBblX C.ll,Blff0B 

OnncaHJ,1e ,D,11q>cpepe1-1u11aJlb1-1oro ceye1-1t111 
7Li(p, p) 7Li 

nposo,D,11noc1, 110 cpopMyJJe (4) s pa6o-re [48]. r,D,e Ma-rp,rua 

pacceRHIUI (42) s COOTBeTCTBlll1 c '-IHCJlOM CflllHOBbJX co­

CTORHl!.11 llMeeT pa3MepHOCTb 8 x 8. Cxo,D,CTBO 1-1aU1ero 

no.D.XO,D,a 11 no.ll,xo.na B pa6oTe [ 48] npH pewemm Ja,na'-IH 

q>a30BOro a1-1aJJHJa JaKJUO'-laeTCR B TOM, '-ITO Ofll1Catt11e npo-

80,!lllTCR B TepMJJHaX co6cTBellHhlX q>aJ 81
1( H ).leJlCTBJI­

TeJJbHhlX opTorOHaJJhHblX Ma-rpm.1. u 1
1( . OattaKO eCTb H cy­

w.ec113eHllbJe pa3llil'-IIUI B 3HlX L!Byx fiO).lXO,LlaX. 

B pa6oTe [ 48] q>aJOBbJe C,D,BllrH aapbllpOBaJJJICb 110 

MHK KaK 1-1e1nsecT11b1e cpy1-1Ku1111 J1-1eprn11. B 1-1awei1 pa6o­

Te :)Hepren1YecKa11 3as11c11MOCTh cp:n onpe.nene1-1a TeopeTll­

YecKH, a napaMe-rpbl t.. , a'£,~- 'l ' RBJUII-OLUHeCR cpaKTH'-leCKII 

nOCTORHHbJMH BeJll1'-111H3MII , sapbHpOBaJJIICb. 3TO 3H3CJH­

TeJlbHO 06J1er'-1aeT cj>aJOBblH aHaJ1113. KpoMe Toro, B pa6oTe 

[48] ,uy6neT COCTORHIIH 11,upa RBe C ]rt = 3+ II T = 1,0 01111-

CbJBaeTCR 0,1.(HOJl q>aJOJl paCCeRHIIR O~t (5 I's). Y HaC JJ.y6-

IleT OfiHCblBaeTCR JJ.Byt.ut Q)aJaMII O~t ,Q me Q = 2.3. 

B pa6oTe [ 48] BKJlaLI KOHKyp11py1-0IUJ1X KattaJJOB pea K­

UH ii (p, 11), (p,p,). ( p, a) yYHTbJBaeTCR BBe,lleHJteM MHII-

MblX '-laCTeH B C06CTBeHHbie cj)aJbl 0/rc, np11YeM MHHMbJe 

Yacrn q>a3 TaK,Ke aap1,11posan11cb. B 11arue11 pa6oTe KattaJJbJ 

peaKUIIJl (p, 11), naJOUllLX HaH60JlbWIIH BKJJa,ll, y<ITeHbl T0'-1-

HO ny-reM 1me,D,em111 B cpa31,1 (40) noporosoit :)HeprernYe-

cKoii 3a811CIIMOCTH C napaMeTpaMJI a1
'1(. BKila,n KaHaJIOB 

peaKUlltt (p, P l). ( p , Cl) Ja,D,aeTCR 'lHCJleHHO CJie.uy101UllM 

o6pa3oM. 
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C JIOMOU.lblO COO"I llOWeHJIR yHJ-tntpHOCTII B6Jllt311 11ep­

soro Heii-rporn1oro nopora a6coJ110THa11 aem1,111Ha coorneT­

cTsy10LUI1X 3JleMellTOB MaTJ)IIUbl pacce11mU1 Bbl'IltCJJReTCR 

IICXO)ll! 113 113BeCTl-lblX 3H3'-le~lllii ce'!elll!Jl :)TJ1X peaKIJ,llll. 

TaK, JJ,IIJI peaKUJIJI (p, Pr) 6bIIIO Bbl'il1CJ1e110 311a,1e1111e 

lv~~IO.pl0i2 ""0,467 [54], OTKy.ua CJJeJJ.yeT, '1T0 MaTJ)ll'-1-

- u'-11b111 JJJe.~1e1-1T pl0,pl0 1-1a.uo YMHO,KIITb Ha 0,730. Ilp11 

)TOM npe,D,noJJaraeTCR, '-ITO JHepreTJI'-leCKaR JaBllCllMOCTb 

cpa30BOro C,D,Bitra ( 40) He MeHJleTCR. 

Bonpoc O TOM, BJJJUleT Jlll KaHaJI peaKUIIH (p, P l ) H8 

.upyrne JJJeMellTbl Ma-rp11Ubl pacce111111S1, OCTaeTCR OTKpbl­

TbJM. 3aKOHbl coxpaI-JeHl1SI MOMeHTa II 'leTHOCTII He npenJIT­

CTByl-OT :)TOMy. Hawe orpaHll'ieHJie O,D,HIJM :lJieMeHTOM 

U~~O,plO RBIIReTCR IIIIWb npaB,llOTIO,D,06HblM .D.OHYW.eHJteM, 

BblTeKaIOUlliM 113 cpaK"ra cna6oit aHll30-rpOill1Ji .B yrnoBOM 

pacnpe.D.ene111111 npoTOHOB p 1 [54]. A.1-ianornYuoe .uonyLUe­

m1e c.uemuw B pa6oTe [48]. 
Cnolfrnee o6cTOIIT aeno c onpe,D,ene1rneM BKJJa,D,a Ka­

Hrurn peaKUllH p, a . 113-Ja CJIJlhHOJl attH30-rpOITIIII B yrno-

BOM pacnpe,D,eJleHJ1H a-'-lacnru [54] npHXO}lHTCR YYIITblBaTb 

op611TaJlhHb1e MOMeHTbJ I = 0,2. lh .nmpcpepe1-1u11ru11,I-Joro 

Ce'-leI-JIISI peaKUJ1Il ( p , a) HeJlb311 O).llIOJila'-IHO onpe,D,eJJJ1Tb 

a6COJII-OTHbJe JHa'-leIDUI 3JleMeHTOB .Ma-rpl-iUhl peaKUJJii . TTo-

3TOMY CHa'-lana 6blllil HaiiaeHhJ npe,D,eJlbl 113Me1-1e111111 11X 

3Ha'-leHJ1H, a flOTOM Bb16paHbI cpe,D,ttl'le 3lla'ieJJl1JI. Ilpu OII­

pene11e111111 a6comoTHhlX 31-1al.fett11it :me.MettTOB MaTJ)11Ub1 

pacce11HJUJ C fIOMOIUbl-0 COOTHOWeHJUI YH11T8pHOCTII cyiue­

CTBeHHO JJCI10Jlb30BaJJC1! TOT q,aKT, '-ITO napaMe-rp CMeWH-

aaHJ!R CfLIIHOB KaHaJJOB i:
2+ ""0. B pe1yn1,TaTe 6bJJJJ1 Bbl-

6pa11bl cne.nyJ-OW.lle a6COJII-OTHbie 3!-Ja'-1.eHIUI: 

B pa6oTe [48] BJlllRHlle peaKUHH ( p , a) llCflblTblBaeT 

TOJJbKO 0,1.(HH cpa30Bbl Jl C,D,Bllr o?t. BJHIJI HlleM peaKIJ,1111 

( p, y) Ha cpa3oa1,1e C.D.B11rn y Hae 11 s pa6oTe [48] npeHe6-

peraJJOCh. BMeCTO nony'ieHHbIX '-IHCeJI (43) 10'lKHO 6hrno 

BBeCTll B COOTBeTCTBYIOLUJJe q>a30BbJe CJlBllrl1 ,1.(0fiOJll-JH­

TeJlbHO sapb11pyeMbie 11apaMe-rpb!. Mb! OTKa3aJJJICb OT )TO­

ro nyTll, tte )f(e11a11 neperpy-A<aTb 11 6e3 Toro CJlO,KHyio 3a­

,D,a,1y. ct>a3os1,1e CJlBIIrH conep)f(aT 17 napaMeTpos t.. , 13 
11apm1eTJ)OB CBRJII (p, 11)-KaHaJIOB a II 9 napaMe-rpoB CMe­

IUHBaI-JIUI e, ~ , 'l np11 Heo6xo,uHMOCTII napaMe-rpbl peJo­

ttaHCOB Eo II r O (Q = 1, 2, 3, 4) TaK')f(e MOfYT sapb11po­

BaTbCl!. B Ta6JI. 12 CBe,D,eHbl see 39 napaMe-rpoB q>aJOBblX 

CJlRHroB, no11y,1eHHblX B pe3yJlbTaTe ttalUIY'-llllero Olll1C3Hil11 

:lKCnepHMettTaJlbHbJX JJ,aHHhJX l 4 7] 110 JJ,11cpcj,epeHUHa.JibHO­

MY ceye111110 pacce11111111 
7Li(p, p)7 Li. 



r s, I 

o- 22 
o• 11 ,- 10 

22 
12 

I+ II 
21 

2 20 
12 
22 

2· II 
21 

r 22 
12 

3+ 21 
21 

4- 22 

Ta6J111ua 12 

napaMel pbl CjJa30HblX CJ.18l tr0B [551 

!!. '" 
In /1t r/" ;"1 11'~ sf a.,/.1 a,1.2 

-0.08 
0.227 -0.414 -1.211 
-1.367 0,956 0,122 
-1.841 -1 ,35 -0,8 -0, 14 
-2.152 
-0,576 -0. 181 0,89 
0,263 -0,278 1,565 
-4,666 0,048 
0,048 3,06 0,23 1,56 
0,254 
0,149 0,563 -4,106 
-0.202 -2.159 -0,036 
0,181 
0,005 1,17 

3 
1,335 -2,027 

-1,569 1.628 
-0,064 

npuMe<IaH11S1. !!.,i;,l;,11 - a paimairnx, a1
- - s M::iB-11

\ 

a1+ - B MJB-312• 

AHaJJIIJ If 06cy)K,lle1111e peJyJJbT3TOB 

TTpoattam1311pyeM peJyJlhTaTbl LfllCJJeHHhlX pacLfeT0B 

11apaMe-rpoB clJa30BblX C.UBILr0B. I,fa Ta6JJ. 12 cne.uyeT, LfT0 

cj>aJbl noTeHUllaJJbH0ro pacce.HHIIH /1 MaJlbl no a6com01 H0ll 

BeJJJ,tL(].lHe .UJU! op6HTaJJbHblX M0MeHT0B / = 1,2, LfT0 HBJJHeT­

CH ecTeCTBeH!lblM .UJUI paCCMaTpHBaeMOH o6JtaCTII llll3KOII 

:rnepnrn HaJJeTalOJ.J.J.IIX 11p0T0H0B. J1CKJU04eHHe C0CTaBJLII-

IOT C0CT0llHIUI C /re = 1- II 3+_ ,D.nH CJIYLf8H C /re = 1- ')TO 

CBll33H0, 110-Bll,ll11M0MY, C HeK0ppeKTHblM yLfeT0M K0HKy­

p11py1omero Ka.Hana peaKu1111 (p, p 1), Kor.ua era .ueficTB11e, 

comacH0 C00TH0wemuo YHHTapH0CTH .UJJH MaTplW,bl pac-

ce.RHIUI, nepeH0CIITC.ff Ha 0./U·IH Ma'I PIILfHblll '.)JleMeHT U ,_ 
ynpyroro pacce.RHIIH. 3aKOHbl coxpaHellJUI M0Me11Ta II lle1-

II0CTl1 1103som11111 pacnpe.uemtTb :no .ueficrn11e Ha 14 MaT­

pH4HblX :)Jlel\leHT0B. ,D.pyroe l1CKJIIOLJe1111e B CHyLfae C 

,re = 3+ CBH3aH0 C TeM, LfT0 ll30T0lllllleCKllll ,'.iy6m~T co­

CTOllHHfi C T = I CIIJlbJI0 B3311MO}lettcTByeT Me)K.UY co6ofi. 

3 ... T- 1 l,. T- 0 
Pa3HOCTb cj,a3 11

21 
• - - 11

21
' - = 2, 9 6m1JKa K n, LJT0 

CBJl,lleTeJJbCTByeT 06 IIX CIIJlbHOII l1HTepcpepe11u1m. 

Pa3.ueJ1bllblll aHllJlll3 cpa30Bb1X C.UBIII'0B /1 )lJl.ff II0Jl0"iKII­

TeJlbHblX II 0Tp11uaTeJ1bHblX LfeTH0CTett ll0Ka3bJBae r CJ1e­

ny10mee. ,lJ.JJH OTpllUaTeJlbH0ll LfCTH0CTII II / = 2 cjlaJbl 

11~2 > 11{2, T. e. noTettu11anbH0e paccesn1He 6011ce 1111Te11-

c11B110 B C0CT0.ffllllll C napanJJeJJbllblMII CflllH8MII np0T0II0B 

H .11.upa-M11we1-111 (s = 2), LfeM c mm111apru111eJ1bHbtM11 cn11-

11aM11 (s = I). ,lJ.Jl.11 )laHH0l'0 r 311aKII y QJa'.l /1~2 ,11{ 2 0./.lll­

HaK0Bbl. ¢a3bl C / = 0 0TpHl..taTeJlbHbl II BeJlllKII 110 aGco­

JIIOTHOfi BeJIIILflllle, Lf"I0 xapaKTep110 l lJl.ff S-cjJa3 pacce}Hlll.ff. 
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)J.! IH IIOJJO)l(IJTe,JbllOll LJeTH0CIII cjia3bl /1 C 11apruu1eJlb­

Hbl~1JI II am 1111ap,U1J1CJ!bllbll\llt CJIIIJ1a~111 IIJ\ICIOT np0TIIB0-

II0JIQ)l(HblC 311al(JJ, IIJ)JllleM )lJl.ff S = J LJeT!lblM / 0TBC'-la!0T 

fl0JI0)l,JJTeJJbllblC 3llaKII. HeLJeTllbll\l / - 0Tp11uaTeJJbHblC. 

,D.11.11 1· = 2 ') ra lJ0CJle)l0BaTeJJbH0CTb o6paTHaH. 

PaccMOTJ111M napaMeT]Jbl cr.1ew1rnatt11S1 e, l;, 11 . Bo 

ucex C0CT0HIIIIHX Kp0Me 2' 11po11cxo.u11T IIHTeHCl1BH0e 

CMe1111rna1111e B0JIII C pa3JIJll[Hbl~lll c111111aMII, II Jlllillb 

e2+ "= 0 . 3, OT qiaKl 6bJJJ IICJJOJ!b30BUH np11 pacnpe.ue11en1111 

BJIIIHHIJ}I Kau.l.lla peaKUIIII ( p, a) Ha :meMeflTbl MaTpllUbl 

y11pyroro pacceH1111H (43) c /rt= 2 ... Bem1Lf1tHa napaMCTJ10B 

l;. cMeumaaiow11x cocT0HHIUI c pa31111Yttb1M11 op611TanbHbJ­

M11 I0MeHJaMII, yKa3bJBaeT Ha 3H3LIHfeJJbHYIO ponh neueH­

TpaJlbllbJX CJIJI 8 KaHaJJe p + 7Li, X0T.ff C0CTUBll0e ll,llp0 ~Be 

HBJISICTCl! YeTJJQ-lleTHblM II BKJJa.u TeH30pHblX CIIJI nomKeH 

6bJTb 6Jlll3KIIM K HYJllO. 3HaLIJlTeJ1e11 TaK)l{e BKJia,ll CIIJl, xa­

paKTep1nyeMblll napaMeTpaMH 11, CMew11Ba10WHMII co­

CT0Hllll.ff C pa3JIH4Hb!MII op611TaJlhHblMll II CJIIIH0BblMII M0-

l\lCHTa~lll. I I HTepeCH0 0TMeTl!Tb, '-!TO see Tpll JJapaMeTpa 

CMewuaamui B C0CT0l!HHH C /re = ,- HMelOT o-rpHUaTeJib­

Hblfi 31taK, 8 B C0CT0.RHIIII T - nOJJO"iKIJTeJlhHblfi. 

DOJJbWOfi HHTepec JlJU! HCCJJe)loBaHJl.ff HJlepHblX 83811-

MO)lettCTBllfi npe.ucrnBJJ.RIOT napaMeTpbl CBll3H (p, 11)­
KUHUJ!0B. OapaMe-rpbl, npnBe)leHHble 8 Ta6JJ. 12, l103B0JUI­

IOT Bb!LJJ1CJU!Tb 8J\1nJIHTY.llbl (p, 11)-peaKUIIII C fl0M0lllblO 

C00TH0WeHIIH ymnapH0CTII Ji CB.ff3bIB3Tb IIX C al\lllJJHryJla­

Mll pacce.11H11.11 
7
Be(n, 11/Be. 

ilpose.ueM cpaBHeH11e H3WIIX pe3yJibT3TOB C pe3yJJb-

TaTaMII pa60Tbl l48). S-cpa3bl o~o II O~o B [48) He JIMelOT 

pe30HHIICJI0ro xapaKTepa. CJ)a3a O~Q HMCeT "Kacn" B 06-

JJaCTII nepBoro HCfiTpOHH0ro nopora. B OCTaJlbHOii 061iac­

Tll :rncpr1111 o6e S-cjla3bl HBJUIIOTC.ff 11pa1<T1ILfeCKII ll0CT0.RH­

HbJMII, 6m1JKIIMJ1 K HYJJIO. B Hawitx pacLternx S-cpa3bl 

IIMelOT 60JlbWlle 0TpllUa 1eJlbHbJe 31JaLfeHJUI, a 8 06nacn1 

pe30H8IIC0B B03pacTalOT Ha 7t, np11LJel\1 B T0LfKaX HeHTJ)OH­

HblX uoporoB TepruiT 
11

113JIOM" ~(£ - £,/ '2 
cornaCH0 C00T-

H0WeHJJIO (40). D-cpa3bl B C0CTO.RHWJX /
71 = 0-, r , 4-

n0CT0l!HHbl, a 8 COCT0.RHIU!X /
71 = 2- , I- .RBJI.RIOTC.ff pe30-

flaflCHJ,JMII . Bee 0HII He HMe!0T nopor0BblX oco6eHHOCTefi . 

B pa6oTe [ 48) D-cpa3bl He 11puse.ueHbI. 

Cpaa11em1e P-cpa3 noKaJbrnaeT, LfT0 a pa6oTe [ 48) nae 

s:"+ 1+ 
P-clia:.1b1 u 21 11 Oi I nMe101 aH0Ma11bH0e nose.ue1111e. ,D.n.11 

'+ Oz I :no CBl!'.la110, n0-BllilllM0MY, C nepeyYeT0M BKJJa.ua 

KaHana pcaKUIIII (p, a) a C0CT0.fflllle 2+. HeperynHpHOCTb 

P-cjJaJbl B C0CT0HIIIIII 3' 11po11CX0.UIIT 113 Toro cj>aKTa, '-!TO 

IIJOTOllll'iCCKllii ny611eT COCTO.ffllllii C T = I 0llllCbJBaeTCH 

B [ 48] 0,llJIHM q>aJOBblM C,llBltr0M BMeCT0 .uayx. B ttawefi 

I 
1 , 

pa6oTe P-1 JaJ0BbJe C)lBJIJ'll ~(£ - £,,) - . a .UJlll 1130T0flllLfe-

CK0ro ,uy6;1e,a 3 + .RBJIHIOTCll eme II pe30HaHCHblMH. l1wre­

pecH0 cpaUIIIJrb H8WII pe:.iyJJbT8lbl C pe3yJlbTaTaMII cpa:.10-

B0fO aml.'1n:.1a (a, u)-pacceHHII.R , 11p1rne.ue11HblMII B paGoTe 

[56). B cjia1ax 80 , 82 , 84 0TL1ern11uo BIIJ.lllbl 11oporoab1e 



atto,1ar11111 nru E .c. 38 MJH, ornc4a1ow11e 11epso~1y II w, o­

poi-1y 11eihp0HllblM nop01 ai-1. ') rl1 JKC11ep11Me1rra.JlbHble 

JlaHllble IIJ1SIM0 CBIIJlCTen1,c·1 ay101 0 cywecTBeHH0M amrn-

111111 Ha tjla30Bbli1 8HaJJll3 11oporo1JblX C0CTOS!fllli1 C BblCOKII-

MII M0MeHTal\111 1= 1(80 ,8:d 11 1=3(8 . .i). 
Orn11 1111e Bbl411CJleH!lblX }ta~lll 4la3 01 c!rn:i pa60Tbl [48) 

o6MICIUlt:TCSI lie fOJlbK0 pa1Jlll4Hhl~III n0,.'.lX0JlaMII, HO II 

'-IIICJIOM QJa30llblX C.[Ulllr0B, 8 KO I 0pblX Y411Tbl8810TCSI r<a11a­

n1,1 paccel!1111si 11 pa3JJ11L1111,1x pear<u11i1. fl.; 1J1 cpaa11euw1 11p11-

ae,ueM JTII L(IICJla COO'! BeTCTBCHHO .[l;IJI Hawei1 pa60Tbl 

11 pa6or1,1 (48]; B paccesiH1111 (p,p) - 17 11 16, a a pear<U1111 

(p, 11) - 9 II 3, B peaKUIIII (p, a) 3 II I, B peaKUIIII (p,p,) -
I 11 I. 

l-lucneHHble 3JlaLJCHIU! qiaJOllblX napaMeTp0B, 11p11ae­

.[leH!lble B Ta6Jl. 12, 61,in11 IICII0Jlb3088llbl JlJISI pac4eTa 110-

nsip1uau1111 11poT0Hoa, ynpyroro paccesiHflJI Ha H.Upax 
7Li Ha 

yrm, 70, 90, 110, 130 n 150°. 3r<c11ep11MeHTaJ1bHhte JHa'-le­

HHsi II0JISIJ)ll38UHJI .ll)UI TCX )f{e yrnoa 11p11Be)leHbl B pa6oTe 

[ 48]. Ha pile. 7 llj)Ol1JUHOCTJ)11p0BaH0 Ka'lecrneHH0e corna­

CHe Te0plUI H JKC11ep11MCHT8. 

C p0CT0M yrna paccesimui cornacue CT8H0BHTCSI K0-

Jlll'ICCTBeHHhlM, LfT0 rosop11T 06 a.ueKBaTH0CTH Teop1111 

11 Jl0CTaT04H0 Ha.[leiKHhJX oueHr<ax 11apaMerpoa 
11

J1i.1epHoro" 

pacceJIHIUI. Ha )TOM )f{C pucyttKC WTJ)IIX0B0i1 Kp11B0i1 11p11-

BCJlCHhl pactJeThJ 110J1Slp1138UH11 C Y4eT0M T0JlbK0 S-no­

poroBblX COCT0J!Hlli1. 5ICHO, '-!TO JTII pactJeTbl He 0TBC'-!a!OT 

JKCnep11MCH1)'. Ha Halli B31'JUl./l, flOCJlC)lHHi1 peJyJlbTaT JIB­

JISICTCSI HC0)Kl!,llaHHblM, TclK Kar< B nopor0B0M KaHane 11 

B r<aHane ynpyroro pacceJ!Hllll Bl<Jl8Jl OT P-BOJlH HCBCJUiK 3a 

HCKJllO'-ICHUCM peJ0HaHCHhlX C0Cl0l!Hlli1 3· H30T0l1Jl'leCK0-

ro .uy6nern. TioJTOMY Ka)l(eTCJI Yi.lltBHTeJJbHhlM, '!TO CBJl3b 

(p, 11)-KaHaJIOB B C0CTOSJmUI C I = I K0peHHblM o6p830M 

MCtuleT II0JIS1p113au1110 np0T0H0B B i.1pyr0M KllHaJie. 

<l>A30BhlH AHAJIJ13 CE4EII11H YITPYroro 
PACCEHIIIDI p3He, pT B OliJIACTH 3HEPrl1H 

0-20 M38 

Y 11pyroe paCCCJIHJle SJ)lep C z < 3 Ha JlerKIIX ll)lpax 

c A < IO 11p11 JHepnrn 0-20 M:>B xapai<Tep113yeTCll Ha6o­

poM napUHaJibHblX B0JlH C op611TaJlbHb!WI M0MeHnt1'111 

I < 3-4. BKna)lOM 6onee BblC0KIIX M0MCIIT0B M0)KH0 npe-

11e6pe'lb. no JTOi1 np1141111e paJJ101Ke1111e m1q1cpepeHmia11b-

11oro ceLteHJIJI a pll.ll no ccpepw1ecr<11M cpyHKUIUlM yrnosoro 

M0MeltTa JIBJlJICICJI 0f!THM8JlbHblM. CJIO)l\llee .ueJ!O o6CTOIIT 

C npe,UCT88JlCHHeM ')Hepre1 Jf'-!ecr<oii JaBHCIIM0CTII CCLlCHIISI. 

O6hl'-IHO MaTp11uy pacceSJHIUI onpe.llCJlJIIOT 4epc3 cJJa30BblC 

C)lBllrll [ l 4], '!TO 1103B0JlJleT CBCCTII LfllCJl0 11apaMeTp0B 

pacceHHIISI K MILHIIMYMY, 3aTeM 11apaMCTJ)bl pacceJll!IIJI Bbl­

'IIICJlJIIO'ICH B Tex T04r<ax :rnepr1111, 8 K0T0J)blX ')KCnep11Me11-

TaJlbll0 113MepCHbl Jl!a'-!eHl!SI ce4e1111i1. )lByMep11al1 Ta6m1ua 

napaMCTJ10B pacCCSIHIIJI no yrnoBblJ\I II J11epreT11 11eCKIIM 

11epeMe1111b1M npe.ucrns;1sie 1 .u11qicj>epe11w1an1,1-1oe ce,1e1-111e 

ynpyroro pacCCJIHIIJI. TIH1ep1101rnw1J1 CC'IClll!ll B npoMe)Ky­

T0'lllblC 3Ha'leHIUI napaMeTp0B pacCCJIIIIISI np0B0,.'lllTCSI, r<aK 

11paBIUJO, 110 J111Hei1110My llnll r<sa.upa 1 ll'ICCK0MY 3aK0Hy. 

3apaHee 0'ICBll)lH0, 4T0 B ocoGblX 1HepreTll'!eCKIIX T0'!KaX, 

·1aKIIX K8K 11opo111 pcar<u11ii II pe 1011a11Cbl C0CT8B110!'0 S!,!.lpa 
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[2, 46], TaKUSI IIHTCptl0JIJIUIISI l\,IQ)l{Cl llj)IIBCCTII K 60JILW11~1 

OU!II0KaM. TT0JTO~ty npe.llCTaBJIJICTCSI pa3yMl!h!M 011pe.ue­

JIIITI, JaBIICIIM0CTb cJJaJOBblX CJlBllr0B OT 111epn111, 'IT0 1103-

BOJlll1 IIJQC)KaTb ow1160K np11 IIHTepnOJUIUllll. Eo;1ce Toro, 

I !OSI Bl1TCSI peaJthHllil B03M0iKH0CTb JKCTpallOJIS!UIIII CC'ICHHi1 

y11pyroro paccesitt11J1 a o6Jiac·rn, 11e 11ccnei.1oaa1111b1e )r<cne­

p11MeHrnnbHO, B LJaCTH0CTII, B o6JlaCTb IIYJUI JHepnm [57). 
I leco1-111e1111oi1 sb1ronoi1 Tar<oro 011pei.1eneHJ1si 6y.L1eT pc3Koe 

Y~ICHbWe1111e (s )lCCSITKII II C0THH pa3) 'IHCJla napaMCTJ)0B 

paccesiH11si. 

,D.o 11acrnsill(ero speMe1111 pa6orn no 011pe.ueJ1eH1t10 

)HepreTll'leCKOi1 JaBIICl!M0CU1 cj>aJOBhlX C)lBIU'0B 8 wupo­

K0M IIIITepsane JHeprn11 He Bbl!I0JlHJIJlaCh. 3tta'-!HTCJlbHO 

6011ee npocTaJI, '-ICM a y11pyror-1 paccesi1rn11 p + 7Li, :)Hepre-

1w1ecr<aH crpyk.Typa ceLJem1ii ynpyroro paccesiHJrn p, p, 
p, D; D; D; D, T 11 .upyrnx 11ap B0.llopona 11 

4
He 61,rna oL111-

caHa [58] aHaJil!TH4CCKl!Mll cj>yHKUl1S!Mll JHeprHi1, Bll)l K0-

T0J)blX 48CT114H0 3a11MCTB0BaH 113 TC0J)HH Btu-Hepa [6] 
a6m1311 11opora. B pa6oTe (58] npecne.uoaruiac1, ue111, npo­

CTblMH cpe)lCTBaM11 0fll!C3Tb JKCnep11.MeHT8JlbHble .naHHbJe, 

He scer.[la CJIC.llYJI. crporoi1 TC0pHII. PeJynbTaT 0Ka3aJlCJI 

Yi.l0BJ1eTBop11TeJlbHblJ\I 6naro.uapJ1 np0CT0Te JIJlCJ)Hh!X Cl1C­

TeM. B 6onee cJI0)K.l!blX c11cTeMax rnna 
8
Be [ 45, 46] 6e3 

CTporoi1 Te0pllH TPYJlHO paCC'-lllTbJBaTb Ha ycnex. 

<t>aJOBbJtt 8H8Jlll3 Ce'-!CHHJI ynpyroro paccel!HIISI /He, 

110-811.llHM0MY, anepBble np0B0.llllJICll B pa6ornx [50, 59) 
C IICII0JlbJ0BaHJ1eJ11 JKcnep11MCHTaJlhHblX ,U8HHblX 8 o6naCTJI 

JHepn111 I - IO MJB. B HIIX ll3Y4aJ1CS1 06MeHHbli1 xapairrep 

SJ)lepHblX CIIJI 6e3 npllBJlCL!CHHll JHepreTl!'-!eCKOH 38Bl!CH­

J\10CT11 cpaJOBblX C)lBlff0B. ,ll.aJlhllCttWHe HCCJIC.U0B8HIUI yn­

pyroro paccesi1-11ui p 3
He B JT0M uanpaaJ1em111 nposom11111cb 

8 pa6oTaX [ 49, 60). B pa6oTe [60) IICII0Jlb30BaJl0Cb M0)ll1-

cj>11u11poaaHHOe np116m1)KeH11e Jcj>cj>cKTIIBHOro pam1yca )lnJI 

napaMeTpJ138UIIII cpa30Bb1X C)lBHT0B 11 napaMeTp0B CJ\lew11-

88HIUI qia3 [61 ]. npe.ncrnBJlll!Oll(IIX cpyHKUllll K0TllHreHca 

cj>aJ 11 TaHreHca napaMeTpa CJ\lCWHBaHllJI B 811)..(e PJl)l08 !LO 

ueJlblM 110Jl0)Kl!TeJibHblM CTeneHJIJ\I JttepnlH. B TaK0J\I 

npc,llCT8BJICHlll1 B cpe.uHeM 6h1Jl0 .ll0CTl1rHYT0 ynosJ1eTB0-

p11TeJ1bH0e 01111caH1ie JKCnep11MeHT8JlbHblX .uaHHblX B IIH­

Teps,UJe J11epnu1 0-12 MJB. ITpe;.u1onaranoc1,, '-!TO BKJia­

.U0M ce4eHHi1 peaKUlltt p + 3He ➔ D + 2p BbJWe JHepnm 

11opora 7,3 MJB 11 p + 3Ile ➔ 11 + 3p sb1we nopora 

I 0,3 MJB s QJ83bJ ynpy1 om paci.:el!HIISJ M0)KH0 npe1-1e6pe'lh 

snnoTh no 20 MJB 113-3a J11aH0CT11 cetJe111-1?i peaKU11i1. Mc-

11011h3osaiu1e )HepreT11'-!eCKOH 33811CIIM0CTII cj>aJ II napa­

J\ICTJ)0B CMew1rnaHJ1J1 B [60) '.lHaL!IITeJlbH0 o6ner411Jl0 q>a30-

Bbli1 aHaJ1113 I 085 JKcnep11MeHTaJlbllbIX T0'-leK II ll0380Jll!JI0 

K0J\lrt8KTH0 npcncraBIITh m1tjicpepeHUl!aJlbHOe ceqeH11e yn­

pyroro paccel!1111J1. 

EcTCCTBCHHO, '-!TO II0JryrcopeT11'-1eCKlle npe,llCT3BJICHIIJI 

3aa11c11 IOCTi! qJa30BblX Cl(Blff08 OT J11eprn11 B pa6ornx 

[58. 60] ue M0ryr )')l0BJleTB0pHTb no npll'IHIIC IIX Hecrpo­

rocTII 11 )l8)KC np011380JlbH0CTJI. ] [eo6xO)lUM 110CJJe,ll0Ba­

TCJ!bHbli1 1eopeT11LJecr<11i1 110.llX0/1, C no I0ll(blO K0Toporo 

M0)f{II0 K0IITJ)0Jll!posaTb BI!Jl 11epreTIILleCKOH JaBl!CII 10-

CTII cpa3 II CeLICHIUI y11pyroro pacceSJHHSI 1-1 npOBOJlllTb )l0C­

TOsepHble paCLICTbJ C 3a)l8HHOH CTene!lblO T0'-IHOCTH. ITp11 

JT0M 3apaHee J\10)1(110 onpe.uemrrh 411cno Heo6xo.lll!MblX 

napa~leTp0B B paCCM8TJ)l1BaeJ110~I IIHTepsane Hepn111, eCJUI 



113Bec, Hbl OC06bte l0YKII 11a IUI0CK0CTl1 K0~mne1<c11oi1 

J11ern111. 3Kc1 panomIw110 B tte11cc1Ie.uosattHyio 0611acn, 

M0)KH0 ocyll.(eCTBl1rb 3llaJJIITltYeCKIIM npO,UOJl)Kett11eM. no­

CKOJlbKY Heprcn1YeCKall 33BIICIIM0CTb onpe,ueJUICTCR op-

61rraJJbHbJM MOMeHTOM II He 33811CIIT OT CJIIIH3, cpopMyJJJt­

poaKa ceYeH1111 yupyroro pacceRHHR s ,uaHHOH pa6oTe 6y­

.UCT 011pe,ueJU1TbCR T0JJbK0 op611TaJJbHbll\.111 l\.l0Mel!TaMJI. 

B JTOM CJiy<me 6y.ueT 0TCyTCTBOBaTb pacll.(ertJICHJLe cjJa30-

Bbl X C.!IBlfroB 11a CIIIIHOBbte MYilbTltrtJieTbJ. Y11c110 napaMeT­

poB coKraT11Tc11 np116mrn1TeJ1bHO arpoe .!IIIJI paccMarpI1-

saer.IbtX CHCTeM co Crtl!H3Ml1 0, I, HeCKOJlbKO OCJm611B TOl(­

H0CTb 0IIHC3HIHI Jl)lR 33.!13HHOro YJ1CJia napUllaJlbHblX BOJlH. 

TeM He Mettee coxpaHJITCR cpyHKUIIOHaJJbH31! 33BIICJIMOCTb 

OT :rnepn111, KOTopa11 6yner aeptto nepe.uaoaTb see .nernn11 

:mcpreTHYeCKoro XO.Lia CeYeHJUI. 

::h1e p rent'-ICCh:3 H 33BIICIIM OCTb (j>a30BblX C.!IBlffOB 

B reopIrn 11.nepHblX peaKUHi1 3aBl!CILMOCTb 80JIHOBOi1 

Q>YHKU1t11 OT :meprnu 113aecTHa a 06nacn1 nopora peaK.UmI 

kR << I, TJ >> 1 (k - aonHoaoe 411cno, R - pa,nttyc 11npa, TJ -
KYJIOHOBCKIIH napaMerp) II B6Jlll3II pe30HUHC3 COCT3BHOro 

11.upa. TToporoBbJe TOlJKH JJe)KaT Ha .aeii.CTBHTeJlbHOi1 OCH 

llJJOCK0CTII JHepnLH, nomoca pe30113HCOB H3XO,llRTCR B 

Hli)KHeH llOJJYllJJOCKOCTH Heq>ll3HYeCKOfO ill1CT3 [62]. 
8 noporoBblX T04Kax BOJlHOBru! Q)YHKUIUI He RBJIJleTCR atta­

JIHTIIYeCKOH. O.nHaKO Me>K,ny noporaMII peaKUJLH HeT np11-

lfHH CYIITUTb B0JlHOBYIO Q>YHKUILIO He3HaJJJ1TH4eCK0II [4]. 
TIOJTOMY a o6JJ3CTH Me)K,lly noporoBblMH oco6bJl\.UI TOYKa­

MH 6y,neM npe,llllOJJ3r3Tb BOJIHOBYIO Q)YHKUIHO, npeJJ,CT3B­

nemry10 pJ1,naM11 Jlopa1-1a no ueJJbJM cTeneHJIM :ittepnm, 

Ha<!IIH31! OT nepBOM orp11uaTeJtbHOii CTeneHII, OTBelf3l0t.Uei1 

llOJJIOCHhlM pe30HaHC3M COCT3BH0f0 11.upa C ll0JlO)l(IITCJlh­

HOH tteprueii BOJ6y>K,UCHIUI, 11 33K3Hlflf83ll 6onee Bb!COJ(J(­

MH CTeneHRMH. TToporOBble oco6eHHOCTH B .!IBYXlf3CTIIY­

HOM K3HaJJe H3BCCTHbl. 0~111 RBJIJIIOTC.ll TOlfK3MII BCTBJleHJIJI 

BTOporo nop.ll,UK3 B tteiirpOHHOM K3HaJJe HJlll JKCllOHeHUH­

aJlbHOII Q>YHKI.U-1eii B K3HaJJe C KYJlOHOBCKHM OTT3JIKll83Hl1-

eM. 3tteprentlfeCK3JI 33811CIIM0CTb Q)330BOro C,ll811T3 HJlll 

ceYeHHJI ynpyroro pacce51HJIJI 11MeeT a11.u 

( ) ) 
. 2m1 

fl c(E)=fr 11(£) g((E,N)Lc(E; fr= ( ) ; 
exp 2rc11 - J 

E C+l/2+( N - 2)312 

gr= (44) 

r.ue z,, Z2 - 3apRllbI; 1111 , /112 - l\.taCCbl 833HMO,UettcTBYIOll.l11X 

H,Uep; N - YIICJJO c}lparMeHTOB B KaHane pea Kill Ill ; r, II £, -
WllpHHa II J Heprnl! ypOBHR coc IUBHOIO 11.upa. Pl!.U Jlopatta 

l(E) co.uep,KUT CTOJlbKO l(Jlel!OB 11, 110 IIOJJO:>KlllCJlbHbll\.l 

CTeneHJIM Jtterri11I, CKOJlbKO IIX tteo6xo.n11MO Ytlep:>K3Tb JlJUI 

y.110BJ1e·I BOJJllTCJlbHOl'O OIIHCaHJ(jj ceYeHIIR. YJICHbl C OTJ)l1-

uaTeJ!bHbJMII CTerteJUl~lll JHepnllt llBJll!IOTCR ap1yMeJ-1TaMII 
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tj)y111<u1111 apKTattreHca, TaK KaK B J'I Oil (j>UpMym1poBKe OHH 

11r1106peTalOT QH13114eCKJli1 CMblCJJ cpa·3oaoro C.UBIff3 . Cy111-

Mllpoua1111e no j BKJll043eT ace COCTORHl151 COCTaBHOro 11).lpa 

B paccMarp11aae1>10M IrnrepsaJIe JHeprn11. <l>yHKu;ui .Ii xa­

paKTep113yeT KYJlOHOBCKIIII 6apbep 83311MO,lleiicTBy1oll.(HX 

.ll.llCp. ,[J,;rn Hefrrpottttoro KaHana oHa o6pall.(aeTCJI a e.n11HH­

uy. <Dy1IKUIIR g, OIIIICbJB3eT noporoByto oco6eHHOCTh 

8 Hei1"1 p0HHOM K3H3Jle. B TOM YIICJle II B MH0rOlf3CTl-llfH0M 

(N > 2), r.ue 411CJIO 33pR)KeHHblX qiparMeHTOB He 6onee 

O)lHOro. 

Ecm1 a MH010<1acTH<JH0M (N > 2) KaHane 411cno 3ap.S1-

>Ke11HbIx qiparMeHTOB 6onee .neyx. TO BIIJJ. 11oporoaofi oco-

6eHHocrn ycJJO)KH.lleTCR. KaK noKaJaHo B pa6oTe [63 ], 
B Ka11ane 113 rpex 3ap.ll>KCHHhlX q>parMeHTOB BOJI.HOBaJI 

cpyHKU!OI npeJlCTaBJJReT cy1>1My rpex <rneHOB, OTBClf3lOll.(IIX 

UllKJll!lfeCKOii nepeCT3H0BKe KOOp.U11H3T cpparMeHTOB. 011-
pe,ueJJIIM ::lHepreTIIYCCKYIO 33BHCIIMOCTb B TOlfKe nopora 

cne,ny10J.Ul1M o6pa30M. Bse}J.eM CIJCTeMy 0THOCHTeJlbHblX 

KOOpJJ.IIHa'f MC)K.!IY 33pIDKeHHblMH q>parMeHTaMII I 11 2 11 

ueHTpOM TR>KeCTII I + 2 11 3 H npe.nnonO>Kl1M, lfTO ueHrp 

33p.ll,Ua 1 + 2 C08ll3JJ,3CT C HX ueHrpOM rn>KeCTl1. B JTOM 

CJJY4ae HHTerp11poaan11e BOJIH0BOII cpyHKUIIH CHCTCMbl rpex 

Ten B6JJJt311 nopora no JHepn111 OTHOCHTeJlhHOro ,llBll>KeHll.ll 

110,llCHCTeMbJ I + 2 M0>KHO ocyll.(eCTBIITh MeTO,l.lOM rrepeea­

Jl3. Tioporoaal! oco6ettttocTb HMeeT cne,uyJOll.lHH BH,ll: 

TolfKa nepeeana ~ ouettuBaeTC.ll c xopowei1 TOlfHO­

CTblO, T3K K3K llO,llblHTerpanbH3ji Q>YHKU11.ll j!BflJICTCR .nocrn­

TOlf HO ocrpoii. 

noporoa3JI oco6eHHOCTb (45) 6eJ UIIK.J!HlfeCKOH nepe­

CT3HOBKll KOOpJJ,HHaT 6y,neT npe.nnonaraTbCR ,UOCT3TOYHOH 

.!IJIJI Of!HC3Hl1$1 JHepren1lfeCKOH 33BHCIIMOCTH q>a3 B K3H3JJe 

C TpeMJI 3ap11>KeHHblMH cpparMel!TaMII. 

Bb1we nopora peaKUI11t q>a3a pacce.llmui ,U0Jl)KH3 6hITh 

KOMnJJeKCHOtt BeJJJ1lf11HOii B COOTBCTCTBIIH C COOTHOWeHll­

eM YH11T3pHOCTII [I], HaKJJ3llbJBaeMblM Ha Marp11uy pacce.ll­

tt;ui. MHHMaR lf3CTb (jJaJbl .llBJJ.lleTC11 llOJIO>KIITCJlbHOii , YT0-

6bJ a6COJIIOTHOe 3H34CHIIC M31'pl1YHOl'O JJJeMeHTa ynpyroro 

pacce.lllll!R OCT3BaJJ3Cb MeHhWe e)lllllllUbl. 3TO orpalKaeT 

BKJiaJl ce4e1111i1 peaKUllii a celfett11e y npyroro pacce.llHH.ll. 

<l>aJOBblii c.ua11r B IIHTepsane JHeprHH 0- 20 M::iB MO>KHO 

npe)lCT3B11Th cpyHKUIICJI 811)13 

M 

o,(E)=fl,(E)+ L D1111(E111)0(Em); 
m=I 

( ) {
l,E > £ 111 } 

£ 111 =E-Eqm, 0 £ 111 = , 
0,E<E,11 

(46) 

r.ue ,ne11CTBIITCJlbH3.ll lfUCTb Olll1CblBUCTC11 QlOpMyJJaMH ( 44) 
c N = 2. Mtt11J1.ra.S1 YaCTb co,nep)KJIT cyr-IMy qJaJ no KaHanaM 

pcaKu11i1; Af - lfllCflO K3Hanoe peaKUllH. ,[{AA pacce.SIHll.ll 

npoTOHOB 113 
3Hc q>aJa K3HaJJa D + 2p BKJJIOlfaeTC.ll BhlWC 

nopora £q1 = 7,3 M::iB (5,494 MJB B CUII) 11 om1cbrnaeTc.S1 

QJ)'IIKUllett 



<I>a1a Ka1rn.rrn 11 + 3p ,naCT si-cian RI,11uc nopora £ ,,, = 
= 10,3 M,8 (7,718 MJB s CUlf) 11 xapaKTcpInyeTc.11 

cjJyllKUllcit 

Dn ( £2) = 1~ ( E2, 1;1) it ( £2, N = 4) L1 ( £ 2 ), £2 = E - El/2; 

Fi (E2) = ft (111'1' (E2 ))fc> (112,,.,, (l;2E2)). (48) 

PRnb1 J1opa11a B cpa1ax (46)-(48) concp;KaT no 4CTbIpc 
1rnc11a, OTBClJafOU!llX o6pa30B3HIIIO pCJOHaHCHblX COCT0.11-

Hllii COCTaBHOro RD.pa ~Li. o6Hapy.-KCHHbIX 113 .naHHblX no 

CC'ICIIH.11 1 II Cnlll!OBbIM KOppCJIJIUIHIM [60] ynpyroro pac­

CC.11I¾11.11 [64J. B Jrnx p.11~ax p,nnu4aI0Tc.11 napaMCTpbI b 
II A;, napaMCTJ)bl £, H r, KaiK~Oro COCTO.IIHIIH BO BCCX cpa1ax 

0.llllH3KOBJ,J. XOTJI noporn pcaK!Uli1 JlC)l(aT BbllUC JICKOTO­

pbIX ypos11ci1 COCTaBHOro .11.npa, BCC yp081-LII MO>KHO ocrn­

Bl!Tb B cpa1ax pcaKu1111 113-33 06pe1a1owcro <j>aKTopa 0(£). 
B .11.ncpHOH CIICTCMC pT np11 l:.JJ > 0 HMCIOT MCCTO lJC­

TblpC nopora KaHanos peaKUI111 (M = 4) n + 3
He, d -r- d, 

d + p + 11, 2p + 211 H .nec.11Tb yposHci1 cocrnsHoro .11npa ~He 

[ 64 J <Da308bli1 C.llBllr npe.ncTaBJI.IICTC.11 QlYJIKUHCII Bll}la ( 46) 
C MHHMOII 43CTblO 113 'lCTb!pCX Q>a3 Dim no 411CJIY OTKpbl­

TblX Ka11anos peaKu11ii B o6nacm 1Hcpnu1 0- 20 M,B. Bbt­

rue nopora Kauana 11 + 3Hc (£,11 = 0,763 M,B Cl.l;J1) cpa1a 

D11 OITIICbIBaCTC.11 cjlOpMyJIOII (44) C cpyuKUIICtt/j = /. 8biillC 

srnporo nopora Ka11ana d + d (E,,2 4,033 M1B) cjia1a D 11 

J.l3CTCH (44). llocnc TpCTbcro nopora KaHana d + p + 11 

(Eu3 = 6,257 M::1B) cpa1a npCJlCTaBJI.IICTC.11 q>YJlKUHett (44) 
c N = 3, a nocne ':lcrneprnro nopora Ka Hana 2p + 211 (E,14 = 
= 8,482 M38) - cpyH.KUHCtt (44) C N = 4. <J:>a30Bblll CJlBltr 

ynpyroro paCCC.IIHll.11 p + T (JlCIICTBIITCJlbH3SI 43CTb) naeTCSI 

cpyuKUHefi (44) JlJ1JI N= 2. B pH:.rn,1 J1opaHa L1(E) sccx cpa1 

BXO}l.llT no IO pe30H311CllblX 'IJICHOB, OTBC43!011.llIX B036)')K­

}lCJIHblM ypOBH.IIM COCTaBHOro .ll}lpa llapaMCTpbl £,, f, }lJI.11 

Ka)l,JlOro ypOBHJI om1HaKos1,1, napaMCTpbl h, A; pa3Jllfl£Hbl. 

Ce'-lc1111e ynpyroro paccem11rn 

.!{11cjicjiepc11u11an1,11oc cct1c1111c ynpyroro pacceH:H11.11 

B 1Iaru11x paC4CTaX npe}lCTaBJICHO CJICJlYJOmci1 <p)'HKU11Ci1 

:mcpnm [27]: 

do I dO. = g jA(0,£)j
2

; A(0, £) = fc (0, £) + .f,, (0, E), (49) 

r}lC 3J\1nJIIITYJlbl KYJIOIIOBCKOro II SIJlCpllOIO paccemm.11 

IIMCIOT CTaHJlapTHbli1 Bl!Jl 

fc ( 0, E) = -11 exp(-2il1 ln(sin( 0 / 2))) /(2k (sin(O / 2)) 2 ) ; (50) 

Ji (0, £) = -
1
-. L (2/ + l)e2irn, (e~;r,, - 1) Pi (cos 0) ; 

2,k 1 
I 

ro1 = :Z::arctg(17/s). w0 = 0. 
<=I 

3.necb g - CTaTIICTll'ICCKllii MIIO)l(IJTC)lb; 0 yron pacceH:Hll.11 

B Hanpasne111111 TCJICCHOro yrna .Q; w, cj1a3a KYJIOHOBCKO­

ro paccc.111111.11 ; P, - nontlllOJ\1 Jlc>Ka11npa. 3aBIICIIMOCTb cjia-

30BUro CllBflra OT JHCpn11I onpCJlCJIClla qiopMyna11111 (44) 
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( 48). Jlapa~1c I p1,1, a,o.a.11w11e B <l>aJ1,1, sapb1Iposan11cb no 

MH K C llC !!,JO llOCT11iKCIIIIJI OflTIIJ\HIJlbHOro on11ca1111.11 JKC­

ncp11111c11TaJJbliblX }laim1,Ix no ccYcMI110 ynpyroro paccc.11-

1111.11 JJ.aimble C TIOJll!p1130BaJJllblWI 43CTIIUUMII 8 paC'lCTbl 

IJC IIJ)IIBJICKflJIIICb. 

<J:>a1001,1ii anamn p + 3Jk cc'-1c111rn ynpyroro pacccmnrn 

n [)CJ.lB3p11TCJlbHblll qlU308bli1 3H3Jlll3 npOBO}ll!JIC.11 Tpa­

lllllUIOHHblM IC ro}lOM: B K:JiKJlOII TO'IKC mcpn111 no 1KCne­

()llMCJITaJibHbll\1 ll3HHblM onpCJlCJIJIJIIICb cj}a30BblC C}lBIITTI 

'lJl.11 op611Tan1,11b1x MOMCHTOB I = 0, I, 2. Teopent4CCKlltt 

811;'.J. CC"ICIIIIJI 6bIJI 83.!IT H3 pa60Tbl [ 49], r}le CC4CllllC npCJl­

CTaBJICHO cyMMOi1 BOChMII 4JICJIOB OT KBa;J.pa10B a6conJOT­

HblX 3HattCJJHii a mm,ry,n;, OITl!Cb!B3I0UlliX BOCCMb HC3aBII­

CIIMblX llJICHOB B nom1oil aMnJIJITYJlC no B03MO>KHhIM cn11-

HOBblM KOppefUIUll.111\1. C Y4CTOM Cll!IHOBblX MYJibTl1nJICTOB 

lJIICJIO <IJa308b!X C}lBltrOB paBHO 11 nmoc O}lllH napaMCTp 

CMCWHB3HIIJI. Ecm1 npcHe6pC4b CillUJOBOJI 33BllCHMOCThlO, 

4HCJIO cpa308blX C}lBllfOB paBHO T))CM nmoc OJl]IH napaMCTp 

CMCWHBaH11.11. Ilp11 :mepnm EP = 1,4 MJB B 06011x cnyqa.11x 

on11caime yrnoBhIX pacnpe,n;cnem1fi OTJ1114acTc.11 3Ha411-

TCJTbHO (c 1. pHC. 8, 9). Ka4CCTBO on11cam1.11 yrnoBhlX pac­

npeJlCJICHIIH cymecTBCHHO ynY4waeTC.!I C BBC}lCHJ!eM 

B paC4CTbl napaMeTpa CMCWHB3HH.II K3K 8 CJIY4ae I I cpa3, 

TaK II B CJIY4ae 3 cpa3. To':IHOCTb OIIHC3Hl1.II 113MCHJICTC.II 

8 CpCJlllCM OT 15 J.lO 5 %. 
B }laJibHCJIWCM paCtJCTbl npOBO.llllJIIICb no cpopMynaM 

(49)- (50) C cpa30BbTMII CJl8Jtr3Ml1, 3381JC.lllll11Ml1 OT JIICpn111 

( 44) ( 48). Ila p11c. 10, 11 npe.ncrnsneHbl pc3yn1,Ta11,1 pac-

4CTa yrnOBblX pacnpe.neneHIIH yrrpyropaCCC.IIHHblX npOTO­

HOB Ha H:}lpax 
3
He np11 TCX )KC 3H84CHl1.!IX JHCpnm £,, = I; 

4 M1B, ':ITO H Ha p11c. 8, 9, B uem1x cpasHeHI1J1. c pac4eTaMH 

no MCTo.n;y pa60TbI [ 49]. l-h cpasHCHIIJI p11c. 8, 9 c I 0, 11 
CJICJlYCT, '-ITO BBC}lCHlle B cpa308b!e C}l811rll TCOpeTlllJCCKOfi 

33BHCIIMOCTII OT JHCpnm C)'lllCCTBCllHO ynY4ruacT onnca­

HIIC CC4Cllll.11 ynpyroro pacceH:HIIJI. riapaMCT))bl cjlaJOBblX 

C}lBllfOB 8 rn6n. 1 B pa60TC [65] onpc,n;eJICHbl no JlBYMCp­

HOMY Macc1rny JKCnCpl!MCHTanbHbIX }lal!Hh!X 113 241 T04KII 

( CJ\t. rn6n. 2), B3HTOtt 111 QlYHKllllii so16)')KJJ.CtlllH: 11 yrnoBhIX 

pacnpc,n;encm1H pa6oT [66--68]. qncno napu1mnbHhIX sonH 

nonaraJIOCb paBHhlM TpClll. / = 0, 1, 2. lh rn6n. 2 [65J cne­

JlYCT, 'ITO T0'-1.HOCTh om1caHHJI COCTaBJI.IICT HCCKOJTI,KO npo­

UCHTOB II JlHillb OT}lCllbllblC TOlJKJ1 }l3JOT OTKJIOHCHll.11 no­

p.!!}lKa 20 %. IlapaMCTphl ypOBHCII COCTaBIIOro H:Jlpa OTCYT­

CTBY!OT, TaK KaK omIcam1c .D;IIQlcjlcpc11u11anbHOro Ce4CHJI.II 

HC H)')l(.ll,aJIOCb B !IX npliBJICllCHIUI. TTo )TOIi npll'-IHHC B p.11-

}laX JlopaHa L,(E) OCTaJIJICb cp11ryp11poBaTb KOJcjlq>IIUIICHTbl 

b npH nOJTO>KIITCJlbHblX CTCnemrx 3HCpn111. 

B o6nacrn JHepnm HIJiKC ncpsoro nopora (Ev CUliI < 
< 5,494 M18) 411cno napaMcrpoa pas110 6: TpH Ko1cpqmm1-

curn h JlJl.11 onpe}lenc1111.11 cjla11,1 o0 np11 11ynesott, 1Jepso11 

II BTopofi CTenCHJIX ::111eprm1, }lBa KO cjlcjJHUHCHTa b np11 

11yncsoi1 11 nepsofi CTcnemrx 111cpru11 JlJ1JI onpe}leneHJUI 

cjlaJbI 81 11 o,n11H KOJ<l><lmu11c11T h np11 uynenoi1 cTcne111I 

111epn111 JIJIH onpcnene1111J1 82 . TaKofi nopHJlOK 1a}laH11.11 

Ko1q>cjlllUl!CIITOB b 61,rn npllH.!IT }lJI,SI 8btpaBHIJB3HllJI CTcne­

lJCII 111epr1111 np11 onpellCJICIIIIJI 111eprcn1•1ccKOJI 33BIICII-
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Pttc. 9. Teopenl'-!eCKOe 0ITTIC3HllC [49] yrnoBblX pacnpe)leneHHH ynpyropaCCCSIHHb!X np0TOH0B Ha 3He 
MJI £0 = 4 M:>B (n.c.). 3KcnepHMCHTarrblfbie )lalIBble B3l!Tbl HJ pa6oTbJ [SO] 
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Puc. 10. Teopern'leCKoe on11cam1e [65] yrnosb1x pacnpe)lenem1ii ynpyropacceHHHbIX npoT0H0B 
Hap+ 3Hc ll/lJI £0 = 1 M:>B (n.c.). 3Kcnep1iMCHTaJII,Hb1e )laHHbJe B3l!Tbl HJ pa6oTbl [SO] 

MOCTH <Pa30BhlX C.D:BHfOB C pa3llWIHblM11 op61!T3llhHh[l\,Hf 

MOMeHTaMH. TlHh napaMeTJ)OB b 61,rno JaJ:taHO B rrepBoM 

OTKpblTOM KHHaJJC pcaKU,1111. KpoMe Toro, B K3>KD,OM OTl<pbl­

TOM MHOf048CTIIYHOM Katiane C o6pa30B8Hl1CM B KaHane 

TJ)CX 3apSDKCHHh!X cjJparMeHTOB noRBJUICTCR no OllHOMY 

napaMCTJJY ~- llocncimue MOfYT 6bITb onpe.neneHbI no Me-
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rnny nepeaana np11 J1HTerp11poeaH1111 11n11 no MHK npH 

eapbHpO83HHH napaMCTµOB. B naHHOM pa6oTe napaMCTJ)hl 

~ saruIpoaam1cb Ha tta4anbHOM :nane no.nroHKM, a JaTeM 

6b1m1 JacjJHKCHpOBaHbl Ha npIrne,nCH1-lhlX 8 rn6n. l (65) 3Ha­

lfCHIUIX 1lilJI ycKopeIDUI npouecca BapbHpOBaITTUI. 
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Yron pacceJ1ttm1, rpru:i. 

P11c. 11. Teopem'!ccKoe om1ca1me [65] yrnoBblX pacnpcnene1mii ynpyropaccel!mlhrx npoT0R0B 
Hap+ 3He JlJlll EP = 4 MJB (n.c.). 3Kcncp11MeHTanbttb1c natt11b1e BJllTbl 1n pa6on,1 [58] 

<l>aJOBhlU a11an 113 ce'lemrn pT ynpyroro pacceHHIUI 

B 8H8JIJl3e npeHe6peranOCb 38BHCl1MOCTblO cpa30BblX 

c,naHroB OT cmrna KaHaJia. PacqeTbl npoao.u11m1cb no cpop­

MynaM (49}-(50) c yqeTOM opfoITaJibHblX MOMeHTOB / = 
= 0-4. l1crroJ1b30B8JiaCb Tcopen1qecKa/l 38BHCllMOCTb cpa-

30BbTX C,UBHTOB OT :rnepn111 (44}-(48). Han11\fl,fC 1.feTbipex 

noporoa peaKUHH (M = 4 a ( 46)) 11 .uec/lTI! YJ)OBHei-i co­

crnaHoro .H..Upa cymecTBCHHO yaem1411saeT q11cno napaMcT­

poB. ,[(JUI ynpomeHH/1 paC4CTOB BJlll/lHHCM ypOBHCl1 co­

CT8BHOro .H..upa 
4
Hc npette6pcranocb: A; = 0 B cpyHKUHH 

LI(£). KoJcjicpm.111eHTb1 bI OTJlH'lfHhr OT eymI .un11 Hmr<aihmrx 

crenette11 JHepmi-i n = 0 ,UJl.51 acex I, m H 11 = I ,UJl/1 I = 0, I, 
a T8K)KC /I = 2 ,UJlJI I = 0. Bcero BOCCMb napaMCTpOB B K8)1(­

,UOM K8H8JIC HC38B11Cl1MO OT "IIICJia cpparMCHTOB B KaHaJie, 

T8K K8K q11cno 3api!)KCHHblX cpparMCHTOB B K8H8JlC He npe­

Bb!W8CT .uayx, T. e . napaMeTp ~ !IC BXO,UHT. B o6nacTH 

:rnepm11 Ef) = 2, 12-4,6 M:>B [ 69, 70] oTKpb!TbJ .uaa Ka Hana, 

H C llOMOW.bIO 16 napaMCTpOB (CM. T86Jl. 4) (65] ,UOCTHTHy­

T8 T04HOCTb om1caHl1/I I{Hq>cpepeHU118JlbHOro CC'-fCH11.51 

B HCCKOJlbKO npOUCHTOB (CM. Ta6JI. 5) (65). 

3aKJll0'1 CIIIIC 

cDaJOBbl H attam13 ce•1eH1111 ynpyroro pacce/lHH.51 /He, 
pT C HCl10Jlb'.IOB8HHCM TCOpeTH'lCCKOH 3aBl1CIIMOCTl1 q>a:io­

BblX C,UBHfOB OT 3HeprnH nOl<a3aJI npem.1ymecTB8 nepe.u 

Tp8.UHUIIOHHblM llOT04C4HblM 4)8'.IOBblM aHallll'.IOM. Tipe­

HMytUCCTBa JaKJil048!0TC.51 IIC TOJlbKO B 6011cc BblCOKOM 

Ka4CCTBC om1cam111, HO T810KC II B 6onee KOMl18KTHOM 

npCJlCTaBJlCHHII m1qicpepeH1J,H8JlbHOro CC4CIIH.51. 8 Tpa}lH­

UIIOHHOM 01111caHHJ1 CCYCH11e npe.ucTaBJllleTC/1 B Bll}lC .uay­

MCpHoii Ta6JlltUbl no yrnoBbl~I H 3HeprCTl1tJCCKllM nepc­

MeHHblM. KpoMC attaJIOrH'-IHOro npe,UCTaBJlCHIUI B H8WCM 

MCTO,UC ce•rc1111e II qia'.IOBblC C,UBHrJI ynpyroro pacce.11111I11 
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MOryT 6b1Tb 3an11caHbl B aHaJilffJ,fCJCCKOM Bil.UC C nprrnoJKe­

HHCM rn6rutll,bl '.IH8YCHHH napaMCTpOB. qHCJIO napaMCTpOB 

COCTaBJlJleT HeCKOJlbKO }lCC.l!TKOB, B TO BpCM.51 KaK rn6ml4-

HOC npe,UCTaBJlCHlfC Ce'-fCIDUI co.uepJKHT TbJC.11411 411CCJI. 

B Tpa}lHU110HHOM qia30BOM 8H8JIH3e HCJll,J/1 6h1Tb yaepeH­

HblM B npaBI1JlbHOCTH HHTepno.ruun,rn, He HMC.51 TeopCTHl:ie­

CKOH 38BHCI1MOCTH ceqemu, OT JHepnm. Harn MCTO.ll rro­

JBOJI/ICT npOBO,UHTb yaepCHHO HC TOJlbKO IIHTeprIOJUIUlll-0, 

HO TalOKe '.)KCTp8110JI/IUl1.IO B o6naCTb ttyJUI JHepn111. 3KCT­

panOJl/ll.ll1/I a o6nacTb BbICOKJ1X JHeprnH Tpe6ycT JlOlIOJIHII­

TCJlbHblX IICCJIC,UOB8HMH, O,UH8KO H8UIH pac4eTbl C nony-

4CHHblMH 3H84eHll/lMl1 napaMCTpOB llOKaJaJlH BO'.IMO)K­

IIOCTb JKCTpanon11poaaTb Ha 1-2 M:JB BblWC no JHepnm 

C TaKOII >KC T04HOCTblO. Tor QJaKT, 4TO B )l8HHOH pa60TC 

npette6pe>KCHHC JaBHC11MOCThlO cpaJOBblX C,UBlffOB OT Cllll-

11a I<aHana He llOMeurano OIDIC8HHIO CC4eH!l.51 C BblCOKOH 

T04HOCThlO, roaopl1T O cna6oii JaB!1CHMOCTH CC4CHl1/I OT 

crurna. EcJrn BJIH.51HHCM ClIHHa rrpette6pc% HCJlb3.ff., KaK, 

Hanp11Mep, npH OlIHCaHHH paCCC/IHll/1 ITOJl/lp1130B8HHblX 

1.f8CTIIU, TO H B JTOM cnyqae 38B11CHMOCTb cp830Bb!X C,UBH­

roa OT :rnepnI11 OCTaeTC/1 npeJKHCH. 3aarfCliMOCTb napaMeT­

pa CMCllIJ!BaHH/1 OT 3HeprmI HC 11CCJ1C}l0B8Jl8Cb. OTMCTJIM 

TOT q>aKT, 'ITO ecmI 01111cam1e ynpyroro paccerunui p + 3He 

B 0611acrn :>Hepnm 0,3- 11 M:>B .uano xopolllHc pe3ynhrn­

Tb1 6eJ BKJII04CHIUI B q>OPMYllbl (44)-(48) llOJIIOCHblX qne-

110B, xapaKTCp113yiDIUIIX ypOBHII COCTaBHOrO .51,Upa, TO 011H­

C8HIIC pacce/llfll/1 p + T a o6nacTH JHcprrm 0,3- 2 MJB [71] 
noKa3aJio ttam1411e Heperyn11pHocrci-i B noae.nemm napa­

MCTpOB. 3TOT QJ8KT YK83b!B8CT Ha Heo6XO,Ul1MOCTb BKJ110-

4CHII/I B paC4CTHblC cjJopMyJlbl llOJIIOCHblX qJlCHOB. B 06-

nacrn :mcpn111 2, 12-4,6 M3B, r.ue OTCYTCTBYK>T ypos1-111 

COCTaBHOro n.upa 
4
He, napaMCTpbl /IBJl/llOTC.ff. KOHCT8HT8MII, 

xopouro OllllCb!BaK>W.HM11 JKC11Cp11MCHT8JlbHblC .uaHHbJC 6e3 

BKJlK>'ICHH/1 B paC4eTHblC cjJOpMYJibl llOJllOCHblX '-fJICHOB. 



O6pan1M BH11Mam1e Ha puc. 12, r,uc npc.uc-rae11eHa 

:rneprCTHLJCCKal! 38BHCIIMOCTb ~)a30BblX C]lB~lrOB paCCCl!Hlfll 

p + 3He a 11HTcpea11e :rneprn11 11mKe nepeoro nopora peaK­

m111. CpaBHCIIIIC C pacttCTaMII, npOBC.UCllllbIMII B pa6oTC 

[49], nOK83bIB:.JCT, lfTO 3HULJCIIIUI cj)a"lOBblX c.ue11ron HC COB­

na.uaroT .II.JUI o.rumx II Tex )KC op61mUlbllblX MOMCHTOB. 60-

11ee Toro, JHaK11 coena.n.aioT TOJJbKO y o0 qiaJbI. IT0-

e11,u11M0My, npC.UflO'-ITCHliC MO)f{IIO OT,UaTb HUWCMY Ha6opy 

<j}a3 no nprrttllHC Jl}"lWCro omrcaHllll )KCITCpllMCHTUJlbHl.,IX 

.n.aHHblX B npe.nCTaBJJCHllll CCLJCIIIlll ynpyroro paccel!!IIUI no 

qiopMyJJaM ( 49)-(50). 

0,6 

0,0 

-0,6 - - :... - -
;=j 
a. 
'- -1,0 
oi 
:,: 
:,: 

"' u -1,6 u 
u 
'" a. 
c::: 
0 
'- -2,0 ;:,-, 

-2,6 

-3,0 0 2 

[74, 75) 8 0,llllOypOBHCBOM np116mr,KCHIIII .uo611TbCll y.uoe­

JlCTBOp!ITCJlbH0ro on11ca111ui IIC Y.UaJJ0Cb. 8 MeTo.ue pe30-

HllPYIOlllllX rpynn (MPr) [76] peJoHaHC on11cbrnaeTc}I 

8 0.[I,l!0yponHCB0M .unyxKaHUJlbHOM np116J11DKCIIIH1. Cyw.e­

CTBYIOT T:.JIOKC pacx0il(,UCIIIUI B onpe.UCJJCHIIH CI!Jlbl C8}1311 

KaHaJJ0B II 8 JKCrpan0JUIUIIII CCLICHll}I 11Jl1l acrpocp11311'-IC­

CK0ro S-clrnKTopa a 0611acTb HYJJJ! :mcpn111. CJJO)l(HBWa}!Cj! 

c1nya1.1,11ll Tpe6yeT npO.UOJl)KCHHll !iCCJlC.ll.0BaHIUI peaKU1111 

T(d, 11/Ile np11 Ma110Ji :rncprm1, cpaeHCH11J1 peJyJJbTaT0B 

- - - - - - - - -

4 6 Ep, M:iB(CI..{H) 

P1-1c. 12. 3aBHCHMOCTh OT JHeprm, <j>a30BblX CllBlffOB ynpyroro paccelr!UUI llpOTOHOB 

Ha 
3Hc [65] 

3KCTPATTOJUIUIDICEqEHlUIPEAKl.J.Hl1 
T(d, n/He B OliJIACTh E = 0 

PcaKu1m T(d, 11)41-Ie y.n.em1eTCj! np11crn11b11oe BHJtMa­

HJJe KaK OCH0BHOH TCpM051.UepHOM peaKUllll np1-1 C03.ll.8Hl11-1 

TCpM051.UepHoro op~l1J! 11 TCJ)MOjj.lJ.CpHbJX pcaKTopoB. AB­
T0J)OM 6b!Jl0 1-13yqeH0 BJllUIHHe 11eK0Toporo "IHCJJa napa­

MCTJ)OB II J1X K0ppCJJ}!Ul-111 Ha JKcrpan0JJl{l(HIO CCLJCH11J! pe­

aKI..\HII 
3H(c/, n )4

Hc a 0611acr1., Ec1 = 0 no Teop1111 noporoe1.,1x 

}IBJJCHHH [72). Ee 113YLJClll110 ll0CB}llUCHhl Il,CCJ!TKII JKCflC­

p11MeHTaJlhHhlX 11 TCOpCTUlJCCKIIX pa6oT. bOJJhWaJI LJaCTb 1-13 

HHX YKaJaHa B o63opHOH CT8Tbe [73). OD.H8KO Il,O CHX nop 

He CJ10iKl1Jl0Cb C.lJ.IIH0ro fl0Hl!M8HHJ! MCX8Hl13Ma npoTeKa­

mui JTOH peaKUHH e6nm11 nopora KaHana T + D. HcD.ocTa­

T0YH0 xopowo li3Yt.JCHbl pC30HaHC 3;2• C0CTaBHOro llll,pa 
5
Jie (£., = 17,76 M3B) [44] 11 ero napaMerpbr . .11ccne}loea-

s 
HJIC C0CTO}!Hllll . He B pa3m1LJHblX TC0pCTHLJCCKIIX no.uxo.nax 

.n.aeT pa3JJll'illblC 3H8LJCIIJUI cro napaMCTJ)OB II pa3JlllLJHblC 

Mcxatt11JMbt 06pa:ioaa1111J1. TaK, 11anp11Mep, a TTT51 [2] pc­

J0HaHc 3/2' xopowo 0fll1Cbl88CTC}I B Oil,H0yp0BHCB0M MIIO­

roKa11anbHOM np116m1iKCHH11 [72]. B R-MaTJ11IYHOH Tcop1111 
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11 BbUICHeHIUI np11'IJIH llX pacX0)l(.lJ.CH11J! B pa3ID!'iHhlX TC0-

pernYCCKJlX no.nxo.n.ax. .l{aHHaJI pa6oTa Tl0CB}llUCHa JTilM 

eonpocaM. 

Teopent'ICCK3.8 <j>yHKJJ.IUI CC'ICHIUI 

J.1trrerpanhttoe cetJeH11e peaKUHH e6m1J11 nopora M0-

)KCT 6b1Tb npe.n.CTaBJJeHO B CflC.ll.)'!01.UCM BH.D.C [2]: 
., 

a,,d(E,t)= tcg ) L (2J+l)jM,~v'/',dsl l2 Xi;(51) 
kj e2

rr11 - I Jls/'s' 

Xo = 1, Xi= (kD)2 + 1/ 4, X2 = X1 [(kD)2 +1 / 16 ]/9; 
g=l / 6, D=(2/o1)- 1

, 111 =Z1Z2e22µ/lik, 

rll,C g - CT3Tl1CTil'iCCKJlH <j)aKTop; µ - np11BCI1,eHH8}1 Macca 

j!.lJ.CP T + D; k - aomioaoe YHcno a Cl.lM; k,1 - a n.c.; Z1 Z2 -

3ap.ll.Ubl Hll3K0 HeprcrntteCKHX j!.lJ.Cp; / - op611TaJJbHbIH M0-

MCHT; S - Cflllll 1<aHa11a; J - flOJJHblll M0MCHT; M - np11ee­

Il,CHHbli1 Marp11°tllblll JJJCMCIIT, CBl!JaHHblll C r.rnrpuueii 

CTOJJKII0BCHlli1 I/ C0OT!I0WCHIICM 



u . = 2 112 M 2 112. 
I} I I) I ' 

.I 
J J au I ., I J J Mu =111,1 + . 

1
. al} "'Y;Y;. 

E-E,. +,r 2 
(52) 

.JJ:m1 k,D << I MaTp11ua Z JaBHCHT OT :)Hepnm cJ1c­

JlYlOLI.IHM o6pa30M: 

(k
1
D)2';+I 

z, =~-'---Q,(11); 
I [ ( 2/; + l ) ! !] 2 

Q1(11)=Ctrfl(1+1//111
2

)exp(2ico1), CJ= 
2

ml .(53) 
m=I e2m1 -I 

B CJl)"lac k,D ~ I l\,laTPIJUa /z/ "'const"' I ; 

ffi/ = cr1 - cr0 - cpaJa KyJ1011osc1<oro pacceirnm1; E, - peJo­

HaHcHall :)Heprnll; Y; - aMnmJTy,na np11aeneHH011 napun­

aJ1hHOii W11pH11hl pacna,n:a. 0Ha CBll33Ha C napu11anbHOH 

urnpllHOH f, COOTHOWeID!eM 

(54) 

Anamo 3KC11ep11MeHT3JlbllblX .naHHblX 

113 2520 JKcnep11MeHT3JlhHhJX T04eK aHanll3y 6r,1m1 

nOJ].BCprHYThl 25 HIIJK03HCpreTJ1'-ieCKIIX T04CK, HJMCpeH­

HhIX B Jioc-Ana~10ce a 1984 r. a peaKUHII D(t, n}4He (17 

T04CK B HHTepBaJIC E, = 12,5- 117 KJB) [74] II B 1987 r. 

B peaKUHH T(d, 11)4Hc (8 TO'iCK a HHTepaanc Ed = 80-

116 KJB) [7 5] npH O,llllHaKOBhl.X ycJ1omrnx J,I C IICTIOJlh30Ba­

HlJeM OJJ.HOJ1 1-1 rnfi ')l(C Texm1qec1<011 armapaiypb1. lbMepc­

HIUI xapaI<Tepn3yroTCll Bb!COKOH Ha,llC)K}{QCThlO, M8JTblM 

pa:i6pocOM TO'iCK II norpCWHOCTllMll, HC npeBbJW8IOU{IIMM 

I %, 38 HCKJIIO'leHneM nllTII I-IH3K03HepreTHqecKl1X T04CK 

[74] . 3TH ,n:aH!lhlC H3IUJY4llillM o6pa30M cornacyroTCll C 

J].3HHh!Mlt pa6on,1 [77), 11 C IJX TIOMOUJ.h!O 17 HIIJKOJ11epre­

TH4CCK1IX TO'iCK 6b!Jlll nepeHOJ)Ml1J)OB3Hbl C KOJQlQ)IIUllCH­

TOM N1 = 1,01781, a OCTMhllb!e 8 T04CK [75] C KO' 4JQllfU11-

CHTOM N2 = 1,02495. 3rn 25 TO'iCK HaKpblBalOT IIHTCpBan 

no :)Heprm1 Ed= 8- 116 KJB. 

Pacqcn,1 npoBO,llllJU-ICh llJUI 3CTp0Qlll3H4CCKOrO S-qiaK­

rnpa, CBllJaHHOro C CC4CHUCM (51) COOTHOWCHIICM 

S = 0,599626£exp(l,40411 E';j112 ), (55) 

r)].e CC'ICHHC J].aCTCll 8 6apHax, a JHepnui Ed B MCfaJJICl(­

TJ)OHBOJlhTaX B JI.C. Bo BXO,llHO~I KaHaJIC T + D ' II ICJlO nap­

U113JlhHhIX BOJIH orpaHll4118aCTCll TPCMll / < 2. C )"ICTOM 

cm111a K8Ha.rra nOJIHbli1 MOMCHT J = 1/2 - 7/2. lJeTHOCTh 

CIICTCMhl onpc,ncJlllCTCll 4CTHOCTh!O /. l-b npC,UhlJJ.ymcro 

aHaJIJl38 [72) H3BCCTHO, 4TO MO')l(HQ paccMaTp11B8Th 0,llHO 

peJOHaHCHOC COCTOllH IIC 3/ 2+ ll)].pa 
5
Ilc, npe11e6pcrall BJJJ!ll­

HIICM 60J1ee BhlCOKOB036Y,KJJ.eI-IHOro COCTOllHl!ll 5/ 2
4 

[76). 

TT 
J Jl'l+ 

OJTOMY ace peJOHaHCHblC 8MTIJJIJTY,llbl Cl K))OMC a - no-
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1iaraJJ1tCh paBJlh!~!!I 11yn10. Kaa.npaT J)C30113HCHOro np11se­

,llCHHOro ~!aTp!IL[HO!O JJleMCHTa (52) c J " = 3/2 MO,KHO 

napaJ\ICTJ)ll311))083Th CJ!C.ll)'lOLI.IIIMH .ne11CTBIITCJ!h!lhlMH na­

J)8MCTJ)8M I!(/ = 0,2): 

I 3/ 2+ I 3/2+ ( //IC/ J
3

'

2

+ 
m ns'fdsl • <p = arccos /ma/ ' 

Y3/ 2T y3/2+ £ 
II , d,/ , r · (56) 

)lJlll OCT3Jll,HhlX 3H84CHl!i1 J" npHBC,llC!Ulh!C MaTplP-1-

IlhfC JJ!eMCIIThf llOJ!aramtcb paB!lh!Mlf noCTOllHHOJf BCJJll4H-

HC lm1
n I · B pcJyJlhTaTc CCYCHHe pcaKu1m (51) 11rn1 

S-qJaI<Top (55) onMCh!BaJJl!Ch Cp)'lIKUHei1 JHCpnm c 11 na­

p3MCTJ)8MH. 

TTapaMeTphl aapr,u poaamtch no MHK c uem,10 JJ.OCTH­

>KeHHll 11aHny4wero on11ca11 11l1 JKCnepIIMCHTaJJhHhl.X ,naH­

HhlX. TiapaMCTJ)hl pe30RaHCHh1X MaTJ)Jl'-IHhlX JJleMeHTOB 

npuac,neHbl a Ta6JI. 13: a ncpBOH CTJ)OKC nprrne,nellbl pc-

3YJlhTaTl,J .n:aHHOH pa60Tbl , 80 BTOpOH - peJynhTaThl YeT­

aeprnro aap11aHTa aHanHJa 113 pa6oTht [72], Ha1160J1ee 

6m1JKoro K peJyJihTarnM ,naHHOH pa6oTur, :rnepnur E,1 -
8 JI. C. TTOJIH8K w11p 1111a f B nepBOH CTJ)OKe Bhl4J!CJleHa no 

cjiopMYJ18M (54) .llJlll pc3oua11cHou 3Hcpnm E, = 77,3 KJB 

B JI. C. 

/z0 / = 0,0203, /Z2 / = 0,000644, y~ = 70 KJB; 

r3o =145 K3B, Y~2 =25 KJB, rn= 140 KJB; (57) 

r ~ = 5,88 K3B, r d2= 35 KJB. 

J.h rn6n. 13 cJ1e,nycT, 'ITO )"!CT JHeprernqecKoii Jaa11-

c11MocT11 w11p1rn pe30H8HC8 npHBCJI K H3MCHCHJIJO Jllepnm 

peJoRaHca II nom1ofi m11p1mh1 11a ~ 20 %. 11HTepec110 OTMe­

Tl!Th TaIOKe 60JlhWOH BKJl8.ll uepeJOHaHCHbfX npoueccoa 

a COCTOllHJ!C 3/2+ (6onee 70 % no aMnJJl1Ty.llC .llJlll / = 0 

11 ~ 50 % .llJlll / = 2). PaJHOCTJI qia:i cp MCiK.!l.Y HCpC30HaHCHOfi 

JI pC30118HCHOH a~mrn1ry.na~m 6nMJKJ! K rr./2 .llJ!j[ / = 0 II 

3rr. / 4 .llJlll I = 2. OrnocmeJlhHO umpw1 peJ011anca 3/2+ 

38MCTIIM, LJTQ TOJlhKO ( y 11 )2 onpe11.eJlllCTCll CTafotJibHO C 

') 

T04HOCThlO ~ l O %. liJHp11Ha ( y do r Bhf4HCJlllCTCll C no-

? 
rpcwHOCThJO ~ 50 %, a U11tp1111a yd

2 
- I 00 %. Br,11mcJ1c1111e 

( y t/2 )2 IIC HMeeT CMh!CJla 8811.UY npCBb!WeHlUI TO'iHOCTlf 

p8C4CTOB. TaKIIM o6pa30M, np!IBC,UCHHhIC napUH8Jl1:,HblC 

WIIJ)l!Hh! B o6C)')K,U8eJ\fbIX paC4CT8X paBHbI (B Jl.c) : 

2 ( )2 (y 11 ) = 70 ± 10 K 8; Ydo = 145 ±70 KJB. (58) 

3KCTPanoJlllUllll S-qmrropa (55) a 06J1aCTh HYJlll JHcp­

nm nomaep;mna pe3yn1:,TaT, nony•reHHhlH a pa6oTc [72] : 

S0 = 12,355 ± 0,005 MJB·6. (59) 



,I 

I 

II 

Ta61111ua 13 

TTapaMCTpbl 0J)IIBC,UCHHb!X ~lHTJJlf<JHblX JJJC~ICIITOB lJ.JlJI J " = 3 / r II/ = 0,2 II B CJJy4aC JaBIIC.SIU.J,Ctt II HC JaBHCJIIJ..{efi [72] 

OT )IICprllll OOJlllOtt WllpHHbl r 

I J / 2+1 111[=0 
,nJ / 2+ 
't'/-0 

·y3/2+y3/ 2+ 3/2+ 
11 cl,/=0 111!=1 

,n3 /2+ 
't'/=2 

3/ 2+ 3 / 2+ 
Yn Y d,/=2 

15,24 2,78 1.46 IOI 10,56 

16,05 4,111 1,138 241 6.792 

CpaBIICllltC 3KCrtCp11MCUT3Jll,llblX It l eopCTll 'ICCKIIX 

peJyJJbTaTOB 

CpaBHHM peJyJJhTaThl, TIOJl)''JeHHblC B -rpex Teopcn1-

1:recKJ1X noaxo.nax II a JKcnep11MeHTe. TTonbnaeMCJI ycrnHo­

BHTh npH'rnHbl l1X cornaCIIJ{ H HCCOBnaaeHHJI, .l).nJI 11arJJJ1JJ.­

HOCTH napaMe-rpbl peJOHaHca 3 / 2 + BCCX aap11aHTOB cae.ne­

Hbl B rn611. 14, OTC4CT JHepnm BCJJ.CTCJI OT nopora T + D­
KaHana B CUM (K3B), B R-Ma-rp1-1<IH0M noaxo.ne npHBOJJ.JIT-

2,38 1390 77,29 145,9 

2.309 2372 97,87 143,8 

BXOJJ.HOMY II Bb[XO,UHOMy KaHany JJ.JlJI 11t = 3 / 2 + c 

S = S' = 3 I 2 11 l = 0, I' = 2 11 KnacTepb1 a oc110BHhIX :mep­

ren14CCKHX COCTOJIHll.!IX [76], CBeJJ.CHHC MHOrot:JaCTH4HOH 

JaJJ.a4H K HCKOTOJ)OM KBaJHJJ.Byx<mCTWl'HOH np11aeno K 3Ha-

411TCJlbHOM)' yur_11peHH10 peJOHaHca H HeaepHOMY TIOHHMa­

HHIO ero cjJopMHJ)OBaHIUI BO BXOJJ.HOM KaRane Ha KYJJOHOB­

CKOM 6apbepc (T + D) [76], CornacHo TJUI H R-MaT­

p114Hoir Teopm1 [75, 79] peJoHaHC cjJopM11pyeTCJI B Bb!XOJJ.­

HOM Kattane 11 + 4He (6onolllaJ1 napu11am,11a.11 wHp11tta r. 

Ta61rnua 14 

3KcnepHMCHTaJJhHblC JHat:JCHHJI napaMe-rpOB 3/ 2 +-peJOHaHca JJ.JlJI Ce4emoi II TCOJ)eTH4CCKHC lJ.JlJI S-cjJaKTopa 

BapnaHT TTomoc E, r,, 

T(d, 11)4He ('.>Kcnep11- 3/2+ 60 ± 130 -
MCHT) 

11 + 4He (JKCnepHMCHT) 3/2+ - 37±5 

TlliI 3/2+ 46,37 84,9 ± 12,3 

MPr 3/2+ 81 90,7 

R-MaTpH4Hblii aeyx- M 48,10 48,39 
ypOBHCBblIT s 78,94 0,42 

R-Marprl'rnb1ii ~rnoro- M 46,97 46,51 
ypOBHCBblIT s 81,57 0, 17 

c.si aattHblC KaK JJ.JlJI rnaattoro A1-nomoca, TaK H lJ.JlJI shadow 

S-nonioca [75, 78] , I-13 Ta6n, 14 CJJCJJ.)'CT, 4TO peJynbTaThl 

.naHHOH pa60Thl He nponmopc4aT )KCTICJ)l1MCHT8JlbHblM 

3Ha4CHJUIM Ja IICKJJJO<JCHIJCM napUllaJJbHOtt WIIJ)llllbl f,,. 
CpaBHCHHC C pc3yJJbT8TaMII JJ.pyrnx TCOpCTil4CCKIIX TIOJJ.XO­

JJ.OB: C MPr - cornac11c TOJlbKO B napu11anbHOH WIIJ)l1HC r,,; 
c R-Ma-rpu411oi1 Teop11eir - cornac11e a £, 11 r lJ.JlJI rnan11oro 

M-ypOBHJI H pacXO)l(llCIIHC B OCTaJlbllb[X BCJlll4llllaX, 

B cuTyau1111 c MPr OJJ.Hoir 113 rnastthIX npH4Hll pac­

xo)l(lle11HJ1 J1BJJJ1eTCJ1 ynpomc1111b1il aap11airr Mo,nem1posa1111J1 

pcaKUHH T(d, 11)
4
He, a KOTOpoM Y4llTbIBam1cb no o.n110My 

rd r Rea,q>M So, M3B-6 CCblJIK3 

100 ± 50 [ 13) 

76 ± 12 [82) 

3.53 ± 1,77 88,4 ± 14.1 - 3,72 12,355 ± 0,005 [83) 
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98,6 189,3 - 79,0 11,8 [76) 

25,77 74.16 
11 ,45 ± 0,08 (75) 

16,10 16,52 

27,69 74,20 
11 ,71 ±0,08 [75) 7,11 7,28 

TIO CpaBHCHlllO C r,1) II JIBJJJICTC.!I MHOrQ4aCTl-l':ll-lbJM JqJqJeK­

TOM, cna6o CBJl38HHb!M C K)'JlOHOBCKHM 6apbepOM B T + D­
KaHaJJC, Ha caMOM ,nene npliBCJJ.CHllblC Wl1J)llllbl B o60HX 

Ka11anax JIBfilUOTCJI BCJ111411HaMH OJJ.llOro nopJIJJ.Ka (58) 

II TOJlbKO MaJJaJI JHepnlJI a6mrn1 nopora T + D npHBOJJ.Jff 

K Manoi! 11a6mo.nacMott w11p1111c rd= 3,5 108 (c111. Ta6n. 14). 

TToJTOMY BXOJJ.11011 KaHaJJ T8IOKC HrpaeT J)OJlb B cjJopMHpo-

881111H peJOHaHca 3/2+_ B ClJ.lC 60JJbWCII CTC0CHl1 JTO OTHO­

CIITCJI K pC3YJJbTUTaM, TI0JJY4CHHblM B R-MalpH4HOM aHanH­

JC, J'll.C OTHOUICHHC f ,1/f ,,;::; 1/2 Ha TIOJ)JIJJ.OK BbillJC aHaJJO­

ril4HOrO OTHowe111rn a TTUL 



4 
Cl.>a... <j,opM11pOBHHIHI pe30HU!ICa B /I + I le-Karn.u,e 

J10J.lTBep)l(}.laeTCH JKC11ep11,te1IT3JlbHO 11a6JllO!te1-utel\l Cl'O B 

nOJIHOM CC'-!CHIIII /I + 4He-BJaHMOt\eiteTBlJ)l [ 80]. TcM 11e 

Mettee B pa601e [81] MCTOJ.l pe1011aHCHhIX CB.H3aHHblX KaJW­

nOB J.taeT 11peo6m1J.tatt11e T + D-c11cTeMc B 0Gpa1osatt1u1 

3 / Z--pe3otta11ca s 
5
He. 3ro1 pe:iy11brnr, 11a 11aw B31Jll1Jl, KaK 

H s c11yYae c pac'-!eTaMII 110 MPf, MO)t(CT 6bJTb on1ece11 

K Ype1111ep11oii yupOIUCHllOCTIL MO}.lCJIII peaKUllll. BmUJHlle 

MHOro'-!aCTH'-IHOCTH :iana'-111 CJLa6o llpOCJJe)KlJBaeTC.ff B J"t IIX 

MOnen.Hx. TToJTOMY Tpy.u110 c.ueJJaTb 1aKJ110'-!e1111e o uKJtat te 

s pe101taHc 3/2 '" coc roJ11-111J1 cocnurnoro llJlpa (rnK H33bl­

saeMoro "ro11oro" cocTOJ1H1LJ1 
51 le). nonxo.n TTT51 - 6e1Mo­

neJJbHb111, OH CO.llCJJ)Kl1T u ce6e llll(jJOpMaUIIIO O scex 4>11111-

'-!eCKIIX npoueccax. Bonpoc 06 11x pa1.ne;1e111u1 11e J1BillleTcii 

upoCTblM. OnHaKO OU.CHll1 b BKJta}l KU)l(I\Oro npe11crnBJIJICl­

C.ff B03MO)t(HblM. 

B npe.nhll\YIUCM pa:i.nene 6blno OTMe•1e110 ( c111. Ta611. 13 ), 
L[TO u COCTOJlHHe 312· 6oJlbWOii BKJla,/l ,/lUIOT 1-1epe101-1aHC­

Hbie npou.ecCbl. 0THOWeH!le KBa11paTOB Hepe1011a11c1-wii 

K pe30HUHCHOH upuae.neHllblX aMilJJ11T)'Jl paBHO 

TaKl1M o6pa30M, BK118J.l npllMblX 11 Hepe30118.HCHblX npou.cc­

COB B'-leTBepo npeBblllJ3CT BKJ18Jl COCTaBHOro 11.npa. PaJ­

HOCTb q>a3 MC)l(J.ly a11mm1rynaMl1 JTllX npoucccOB COCTaB­

flJICT 1,46 paJ.l, T. e. MCHbWC •JeTBeprn .un1mb1 BOJIHbl T + D. 
Cnc.nosarem,Ho, cpopM11posatt11c pc101ta11ca B 60JI1>I11cfi 

Mepc npOIICXO.llHT 33 npe.ncnaMl-f cmurJll!Jl .llByx KnaCTCpOB 

B COCTaBHOC SIJ.lJJO. 

TI15l- i1 R-111arp11Yttoe orn1ca11m1 HC sinnJ110TCR MO­

J.lCnbHb!Mll B co6cTBCHHOl\l 3Ha•JCHlllt :noro CJJOBa. OHi! 

0,5 

11 

t 
] 

, l 
~ 

C <-;, ~ J 

~ 

j 
< 

0,9 

.naJOT Ol(l:HKll (jllt311'-ICCKIIX .1rnnc1111ii B pc3ynbTaTe a11amna 

JKCI1Cj)ltl\lCHTaJlbHhlX .na111JblX. Xo nt o6a TCOpenJ'-ICCKIIX 

OO)l.XO,/la OCHOBaHbl Ha CTJ)OrlIX TCOplutX Jl,llCpllblX pcaKUltfi 

[3] 11 [27], ott11 He aD.cKBarn1,1. Tcopw, Cl.>cw6axa [3] 11 TfUI 
[2] lll\lCIOT 1-(eno HCllOCpCJlCTBeHHO c Marpuu.cfi CTOJIKHOBC­

Hllfi, 3aBIICIIMOCTb KOTOpOtt OT JHcpn111 a6mt311 nopora 

1<a1tana pcaKUIIH xopowo H3Becrna [2] . R-MaTpnua cssi1a11a 

c MaTp11uefi cTonKHosctt11ii qcpe1 MaTp11u.y (I-RL)-1
, nre 

L - l\IaTp11ua rpa1-rn•IHblX ycJJOBl1fi. TOJJbKO B 11poc-refiw11x 

cmyal.lllJlX (He 6onee .nayx KaHaJIOB II TpCX ypOBHeil) MO)t(-

HO HaHT11 MaTp11uy (I -Rl)- 1 
6e3 .[.(onom111Te111>HL1x ynpo­

uw1ow11x npe.nnono:lKeHHfi. 

B pe:iyJlbTaTe np116JI11)l(eHHOro IIHBCJJTllpOBaHJtil l\taT­

p11UhJ ( I - RL) B 061UCl\l cny'-!ae HeT COrJIUCIL.ff JHepreni•1e­

CKOil 1as11c11MOCTIL s6m1311 uopora B TIUl II R-MaTpll'-IHOM 

11onxo11e. 3TO npllBOJlllT K 5- 7 %-HOMY HCCOl'JlaCl110 B JKC­

TpanOJIJIU.1111 S-q,aKTopa B o6nacTb ttynesort Jttepr1111 (cM. 

Ta6n. 14), np11YeM MHoroyponttesoe on11catt11e 11pH6mOKa­

e·1 CR K pe3ynbTaTy TTIJl B OTJlll'-!l!e OT J.lByxypoBHCBOro. 

3a1110KeHHoe, Ha Haw B3rJIJ1Jl, 1tta•1ett11e S0 B R-MaTpH'!HOH 

JKCTpanonlll(IIH ofrbRCHJleTC.!I ttea}leKBaTIIOII JKCnep11MeHT)' 

TeopeTll'-!CCKOH annpOKC11MHJJYIOIUCH <PYIIKUllefi, Jl8IOl.l.(eil 

CIICTCM3Tll'-ICCKH 38Hll)f(eHH.blC pe3ynbTUTbl B 06nacn1 l\18-

JIOH JHepr1111 H 38BblWCHH.bJe B BblCOKOJHepreTll'-!eCKOH 

'-!aCTH S-ipaKTOpa [75]. 0TKJJOHeHHC TeopeTWICCKHX 311a•1e­

Hllll s OT JKC11ep1LMCH1anbHblX rrpeBOCXO,/lllT l ,4o. B pac­
'-ICTaX no Til51 JTO OTKJIOHeH11e paBHO 0,80 (pHC. 13). B TO 

:lKe spelll.!I on11ca11.ue pe1011attca 3/2+ B TIU! J.lOCTltraeTc.11 

B OJlHOypOB!iCBOl\l rrpa6m1)t(eHJ1.11, Yero He yJ.laeTCJl ,LlOCnIT­

HYTb B R-MaTpll'!HOM rlOJ.lXO.[.(e. 

100 E, KJB 

PIie. 13. OnI1cm111e (72. 83) pcJouauc11oro cocTOlIIIIlll 3/2. ( 17, 76 M1B) Mpa 
5
1 le no Tllll 

x21(11 - I) -= 0. cr (72,10] II R-~1aTpll'I1Ioii Tcop1111 -/!(11 - I) = ( 1,4- 1.8) cr [74, 75] 
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MHoroypOBIICBOe om1ca1111c .nacT B03MO>KH0CTh 

"CKOHCT])YllPOBUTb" "qlOl·IOB)'lO" R-MaTp11uy C 00,!IXO,!IJl.ll(eJi 

3HCprCTil1.JCCKOii 3aBIICIIM0CTblO, cnoco611oii BHCCTJJ KOp­

peKTl!Bbl B O,!IH0yp0BIICB0e om1ca1-111c ,!IJIJI. ,!IOCTIDKCJll!.R 

np11eMneMoro cornac11J1. C JKCnepHMCHT0M. TTOllBJIJllOLUJlii­

CJI. B MH0royp0BHeBOM on11ca1-1m1 S-nOJIIOC C napaMeTJ)aMII, 

)'l<a3aJmbIMl1 B Ta6JI. 14 11 HaX0ID!UUIMHCJI. Ha HCQlll31l'le­

CK0M JIIICTe p11Mattoaof1 noaepXH0CTH, He npHH8,D.JIC)l(aLUCH 

HCQ)ll3111.JeCKOMY ru1cry peaKUHII, TJ)Y,!1110 OTHCCTII K K8KOH­

TO q>l13111.JCCKOH pcanbHOCTII [75, 79, 8 I], T8K K8K cro npo­

llCXO)Kll.CHJ!e MO)l(CT 6b1Tb CB5!38HO C MaTCM8Tl11.JCCKOii 

npouc.nypoil npH6Jlll)l(CHHOro Bbl1.JIICJICHIIJI. M8TJ)lfUbl 

(l -RL)- 1
• Ha nocne,/lttee 06cTO.HTCJ1bCTBO YK83hrnaeT 111-

MeHe1-111e napaMeTJ)OB S-nomoca 8 3a8l!CH IOCTl1 OT 1·fl!CJla 

ypos1-1eii, np111-111MaeMbIX a pac,1cr npH on11ca1-11111 JKcnep11-

MCHT8J1bH&1x ,!I8HHblX. 

B JaKJIJOLJCID!e OTMCTHM, 1.JTO 3KCnep11MeHTbl C nom1-

pH3088HHbl~UI ,!ICIJTJ)OH8MII H 8H8JIJl3 11X MCTO,!IOM pC30ll11-

p)'lOIUMX rpynn [84] nOKa38Jll1, 'ITO pe30HaHC 3;2• 11MCCT 

npHMCCb COCT05!HJIJI npOTIIBOllOJIO)l(HOtt 1.JCTHOCTH. lb)"-IC­

Hl l C JTOro 5!8JICHIUI MCTO,!IaMH TfUI II R-MaTJ)IIYHOM Teop11n 

noMO)l(eT BhlJI.CHCHIIIO 06ono1.Je1.JHOII CTf)YKTY!Jhl BbIC0K0-

8036~.ncHHblX cocrn511mfi .R,npa 
5
He. 

BhlBO.ll.hl 

M11KpOCKOITH1.JCCK8H TC0pHjj 51,!IepHhIX peaKUHH <Dern-

6axa npC,!ICT88Jlj{e'f y,naYHO ccpopMYI1HpOB8HHhlH TC0peT11-

<JeCK11H annapaT, ycneillHO OOl!Cbl83JOI.Ulltt 51,nepHb!e npo­

ueCChl np0113B0JlhHOro nma: np5!MblC H <Jepe3 C0CT8BH0C 

jj,!Ip0, .nayx- II MHOro1.JaCTll"!HhlC, C o6pa30B8Hl1CM raMMa­

H3Jl)"-ICHll5!, H)'lUIOIIOB II KJlaCTepoa II ,!Ip. 0TCYTCTBIIC no­

lUITHJI. pa,uuyca KaHana J,f npe~OJIO)l(CHIIH CTaTJICTIJYCCKOfi 

Teop1111 .nenaeT TCOpll!O <Dcw6axa MO,!ICJlbHO-IIC38Bl1CJIMOfi. 

OHa l1MeeT ,!ICJIO HCnocpc,nCTBCHH0 C M8TpHUCH CT0JII<HO­

BCHJ1fi U, 1.JTO BhirO,!IHO OTJlll1.J8CT ee OT 60JlbWIIHCTBa pe3o­

H8HCHblX TCOpllfi, B TOM 1.Jl1CJIC OT R-M8Tpll'-IHOJI, 8 KOTOpOfi 

MaTpnua U - (1-RL)- I R. CnO)l(H3H 3as11c11MOCTh He 110-

JB0JIJICT np11MCHIITb R-M8Tpll1.JHYIO TCOpmo K 60JlbWMIICTBY 

peaKUHH C MH0'iKCCTBOM OTKpb!TblX K8HaJIOB II pe30H8HCOB 

COCTaBI-IOrO .R,npa, a TalOKC K MHOroLJaCTIIYHblM KaHanaM. 

Tcop115! c()cw6axa O,D.Ha 113 HCMHOrl!X, CCJIII HC C,!IlfHCTBCIJ­

HaH, nOJBOIDICT onpC,!ICJlj{Tb noporoayto 38Bl1CllMOCTh OT 

:)Heprn11 B aHaJII JTl11.JCCKOM Blf,!Ie B np11cyrcrnm1 npOHJ­

BOJlbHOro 1.JHCJla pe30H8HC0B C0CTaBHOro H,!Ipa. AHaJll!TH-

4CCK8H 38BJJCl1MOCTb OT JHeprn11 .nacT B03MO)l(HOCTb OLlll0-

3H8LJHOro BOCCTaHOBJleHll5! BOJIHOBOH cpyt!KU1111 B6Jlll3ll 

nopora 113 no.rmoro onbrra, 111-1TepnonJ1.uu11 If JKCTpanon11-

urn1 cp113ll1.JCCKOH BeJIIIlJIIHbl II npouecca B HCllCCJICLlOBall-

1-fYIO o6naCTb. lb Hell0JIHOro OllblTa MO>KHO nOJIY'-JHTb pa3-

H006pa3ll)'10 11 6oraT)'IO llH(pOpM8UIIIO, KOTOp)'lO HC B co­

CTOJI.Hllll Ll8Tb ,npyraH TCOpllH . 3HcprCTIILJeCK8Jl 38BJICll­

MOCTh B 8H8JIIITll4eCKOM 811,!IC noJBOJIHeT COBCpWllTb o6xoa 

noporosoit oco6e1-11-1ocrn 113 Haanoporosoit o6nacrn B no;'.l.­

noporonyt0 11 o6parno. l{M HCfiTporn1oro nopora 1T0 .nc­

naCTCJI. npocrnii 3aMeHon k ➔ ilk I [ 4 J. B cny<rac nopora 

pO)l(,!IeHlfj{ .nnyx 33pH)KClfllblX 1.J8CTIIU o6xo.n cosepwacTCH 
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6on cc cnO>KHblM o6paJO~l [4) . tCJIII s noporc CO,!ICp)l(IITCJI. 

J1orap11q>Mlf-y'CCK8H oco6c1111ocTb, KaK JT0 l!MeeT MeCTO np11 

pOiK,UCHIIII Tf)eX 1.J3CTIIIJ, ,!lBC 113 KOTOpblX O,!IHOIIMCHHO 33-

pH)KCHbl, TO 1TOT CJIY'-J8TT paCCMOTJ)CH B pa60TC [85]. TaKIIM 

o6paJOM, OT!JlC,!ICJICHHe BOJIHOBOH Q)YHKUl111 113 3KCnep11-

MCHTa s orpa1-111LJe1-11-1ofi ua.nnoporosoii o6nacrn 31-1epnm 

noJB0JIHCT HattTH ee 3H8L(Clll1C B 110.nnoporosoii o6naCTl1 

aHaJIHTll4CCKIIM npo.nomKCHIICM. Henocpe,!ICTBCHHO C aHa­

JllfflllJCCKIIM npo.nomKCHllCM CB5!33Ha OllTiflJeCKaJI M0)l.eJlb 

ynpyroro (11 neynpyroro) pacccHHH5!, BbITeKaIOIUaH HJ Teo­

pll11 Cl)CfU6axa [3]. 3m 33,!I84a paCCMOTpCHa B pa6oTe [86] 
,D.JIH paCCCHHIIH llpOTOH0B Ha H30TOnax Jl11THJI.. MaTp11ua 

CTOJIKHOBC!ll1tt onpe.neneHa 8 II0JIIOCHblX TOLJKax pe30HaH­

COB COCTaBHOro 51,npa. OHa He y1-111TapHa. npe,nCTOMT Bbl­

seCTII ee Ha ,!ICHCTBHTCJlbHYIO OCb 3Heprn11 3HaJIIITl[4eCKJfM 

npo.nomKeHl!CM. 

OT11oc11TeJlhHO CTpaTern11 Hccne,noaaHrrn CBOTTCTB ner­

Kl'IX H,!ICp C llOM0IUbIO TfUI cne,nyeT CKaJaTb, tJTO 1-1a116onee 

paUHOH3JlbHhlM JI.BnJleTC5! H3y1.Je1-111e He OT,!ICJlhHbIX 51,!Iep, a 

Jl.,nepHblX ll306apHYCCKIIX MYJlhTJmneTOB, KaK 3TO .nenaCTCH 

B ,!I8HIIOH pa6oTe. lhY'-JeHHe HeCKOJlhKJ!X M)'JlhTHllJICTOB, 

1-1anpm1cp, c A = 10, 14, 18 6y.neT eme ¢cpeKT11BHe11, TaK 

KaK 003BOJIHT flYTCM HX cpaaHeHHJl onpe,nemITb C Jl)"-IWCH 

TOlJHOCTblO xapaKTCJ)HCTIIKH H306ap11'JeCKHX MYJlhTilllJIC­

TOB, nep110,!Ill1.JHOCTh CBOTTCTB nerKI1X 11.nep C .1A = 4 11 110-

cne.noaaTCJlbHOCTb ypOBHCH jj,!Iep C pOCTOM lfX Maccosoro 

YHcnaA. 

11cpcncKTima proa11T1rn Teop1111 <l>ew6axa 11 uccneao­

aamrn noporoBb!X JI.BJICHIIM, 110-BH.!UIMOMY, He MMeeT rpa­

HliU. B "13CTHOCTII, asTopoM pa3BMBaJl3Cb OllTWICCKaJI. MO­

,neJlh ynpyroro pacce5!HHJI B o6nacTu nerKHx 51,nep 

(p + 6•
7Li) [86, 87) , r.ne BJIMHHHC pe30Ha!IC0B COCTaBH0r0 

51,npa H'BllileTC5! C)'lJlCCTBeHHhlM np11 onpeaenemm napaMCT­

poa Teop1111. Pc301-1a11c11a11 o6nacTb cc1.Jc1-1u51 ynpyroro pac­

cemnm Ep = 1- 10 MJB omica1-1a c T01.JHOCTu10 5 %. Ilapa­

MCTpbl CTaHLl8pTHOH OIITll4eCKOH MO,nen11 B paccMaTpMBae­

MOii pC30ll3HCHOII MO,!ICJJJI OCTaJIIICh npe)l(HJIMH. 

Tcop1151 noporoBhIX HBJICHllfi 6burn ycneWHO np11Me-

1-1eHa aaTopoM ,nn.R om1ca1-1ID1 ceLJCHHH peaKu;1111 ( p, y ) Ha 

HJornnax jj,!ICp C. N, 0 11 JKCTpanom1111111 ce4eHJJJr s 06-

nacTu 1-1ynJ1 JHepnnr [88]. Pacc~JaT!)lIB8JICJI. rnIOKe aonpoc 

0 npllMCllCllllll TCOplJJI <l>cw6axa ,!Illil onpe.ncnCHIUI cna6oii 

JHepreTill.JCCKOH 38BIICIIMOCTl1 aCTpOrj)II3H1.JCCKOro S-cpaK­

TOpa [89]. 
J flrTcpec npe,llCT88JljjCT 11p11MeHeHJIC TruI K cneKTp0-

CKOlll lll ')K30Tll1.JeCKID( JICrKHX 51,!ICp (
9
He, 

13
Bc). 6&1m1 npo­

a1-1am1311pOB8f-lbl :)l-leprCTll4CCKJIC C0CKTµhl jj,!Iep, lf3MCpe11-

llhlC B JKCllCJ)IIMCHTaX Ha UHKJIOT!)OHllblX 0Y'-JKax B pa3-

n11LJHblX na6opaTOp11.RX Mllpa [20, 90]. AHaJIHJ TIOJBOJUleT 

onpc,ncn11Tb 1ueprnio 11 noJIHblC WHpl!HbI ypoa1-1e11 51,nep, 

a TaK)KC MX op611TaJ1bHble M0MCIITbl, T. e . 4CTHOCTI1. O,nHa­

KO HIIJKaH CLJClllOCTb ,naHHblX II pa3pCWCHllH no J11epn111 

f-lC ! Ia!OT B03M0)KHOCTII ,!IOCTOBepHO onpc.ncmlTb 1TH xapaK­

TepllCTIIKJl. 

B Tfl51 OCTa!OTCH OTK(JblTblMll sonp0Cbl JllCprcTIILJC­

CKOii 38BIICIIMOCTII BOJIIIOBOfi q>yttKUllll B MHOf01.J8CTll1.JllbIX 

KaHUJHIX C 'lllCJI0M JapH)l(Clfl-lblX qiparMCllTOB T!)H H 6once. 

3ry npo6m:My c n c.nyeT pcwaTb BblWe ll HIDKC nopora. 
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