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AKTYaJibHOCTb TCMbl. ··:· 

,ll,aHJia.H pa60Ta IIOCB.HJJJ;CHa TCOpeT11'!eCKI1l\l UCCJIC,LI,OBaHU.HM CIIOHTaHHblX .H,LI,ep

Hb!X upOL\CCCOB, TaKHX KaK a-pacrra.n; 11 KJiacTepHa.H pa,LI,IiOaKTliBHbCTbi (:KP.j,"I~p(}..'· 
. . - : . . 

TeKaiOIL\HX rrpn HH3KHX 3HCJJrHHX. KP ·-'-'- · HBJieHne crtOHTaHHOfi · 9MHccim' u3 • 5i,!l,ep · 
' ' .. 

nerKHX cpparMeJiTOB (KJiaCTepoB), T.H:IKCJiee Q-'!aCTHL\bi, _HO JICI''!C IIJ?OAYKTOB CHOH-

TaHHOro .n;e~eHu.H, rrpuHa,n;JJe)lmT rpyrme pe~Kux .HBJieHuii. Ha cero,n;H.HlllHHii .n.eHb 

3KCIIepuMeHTaJ!bHO o6Hapy)!(el!O OKOJJO ,li;BJX ,n;eCHTKOB pacrra,LI,OB C Bb!XO,LI,OM Jiel'KHX 

KJiacTepoB OT 14C .n;o 34Si 113 .H,LI,ep _GT ·221 Fr .n.o 242Cm, H3MepeHHbie uep110,LI,hi uoJI.Y-
. ~ '·: 

pacrra,Ll,a Tl/2 ,n;mi KOTOpbiX JJe)!(aT B 11HTepBaJJe OT LTX:'lQB cekyii.n.'i.I.o ~.8 X 1027c' 

ceKyH.n;. ,ll,JIH OKOJIO .n.ecHTKa pacua,LI,OB ycTaHOBJJeH H11)!(HI1ii Iipe.L\eJI T1; 2. Haupu

Mep, ,ll;JIH peaKL\HI1 114Ba-t 14C OH paBeH 1.2 X 104 ceKyH,LI, .. 

B CB.H3H c 6oJiblllHM BpeMeneM, Heo6xo,LI,HMbiM ,LI,JIH npoBe,LI,eHuH 3!j:CIIep!1MCHTOB 
. . •. ' t ~ ; . - • ;: . i • • • ) ' . 

no KP 6oJihlllOe 3Ha'!eHHe rrpuo6peTaeT TeopeTu'!ecKoe u3y•IeHHe KP ,LI,JI.H uoHuMa-
. ' ... . 

HHH cpyn,n;aMeHTaJibHbiX rrpo6JieM KJJacTepHbiX HBJienuii. HaupuMep, ,LI,O cux rrop He 
• . : • T"1 ' ' . . 

o6'b.HCHeHo HBJieH11e TOHKOii cTpyKTypbi KP. O.n;noii 113 nepelllCHI;IbiX,np()6JieM, pace. 
,. l. :· .. ·, . · .. _ ... ' . • '~ ·' : ~- ~ .,. . .I. ' • 

CMOTpeHHbiX B ,n;aHHOH ,IJ.HCCepTaL\HOHHOH pa6oTe, .HBJI.HeTCH aHOMaJillH acpaCII~,LI,a 
• • ~ ~ ' • • • • .. ' • 1 ' ; ) . • • \ ' • ' • ' • ' . . • : ; 

Hei1TpOHHO-,n.ecp11L\HTHbiX u30TOIIOB Po u Rn, r,n.e 3KcrrepuMeHTaJihHO Ha6mo.n;aeTCH 

oTKJioHeHiie T1; 2 OT u3BecTHoro 3aKOHa feilrepa-HeT'rom't (fH). CI1JihHbie pa3JIIi

'li1H B: 11CXO,ll;HbiX rrochiJIKax TeopeT11'!eCKI1X IIO,LI,Xb,ll,OB,: OII11ChiBaJOrn;ux KP yKa:3bi

BaJOT Ha He06XO,ll;I1MOCTb 60JJee l'JIY?OKO!'O IIOHIIMaHI1.H. cp11311/<11 113Y~IaCMOI'O. HLlJil'

HI1.H. C ,n;pyroit CTOpOHbl, HCCMOTpH Ha 6ciiiee·'ICM ·CTOJIC'THIOIO .. I1CT0p1110 11C~JIC,ll,O

BaH11H a-pacrra,n;a, IIOKa He' cyrn;eCTBJCT TeOpllll, KOTOpa.H II03BOJ!llJia 6bl B. e,L1,11HOM, 

HO,ll;XO,ll;e OflllCbJBaTb a-pacrra,ll;bl Ccpep11'!eCKI1X ll C.I1JlbHO,ll;ecpopM11pOBaHHbDC •IeTHO-

.. 'IeTHbiX;, Ji~'!CTHbiX•: 11. H,e'!CTH<rHe'{eTHhiX; WJ;Cp. :I30JICC T,OI'O, · He. CJUJ;CCTByeT;·06w,eii . 

MO,ll;eJII11 paCC'II1TbJBatorn;eii O,ll;HOBpeMeHHO BepO.HTHO.CTll a-:,11, ):OlaCTepHb~X,._pf1CIIa- . 

,n;oB p!i3JIH'IHhix ·H.n;ep. TaKuM o6pa3oM, aKTYaJihHoit 3a,Ll,a'!eii: .HBJIHeTC.H' aHaJIH3 c 
- - " -· - .. ·-

e,n;HHb!X rlo311L\Hi1 a-pacrra.n;a · u KP: :IJ paKTI1'IeCKI1 OTCJTCTBYJ01'< CHCTe~mni'IeCKne 1 

3KCrrepHMeHTaJibHbie 11 TeOpeTU'leCKlle ·ucCJie,ll;OBaHHH n- 11 KJiaCTepHbiX paCIIa,Ll,OB 

. i~ 
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113 CJra6oHo36y)K)l.eHHhiX H.n;ep. 

B uacTOm.IJ;ee apeMH a-pacna.n;, KP, cnouTaHuoe .n;eJreu11e 11 HI13KOJie)f<aiiJ;I1e KOJI

neKTI1BHbre COCTOHHI15l IIp11BJieKa!OT 3Ha'li1TeJibHOe HHI1MaHI1e B CBH311 C 11CCJie).l.OBa

HI15IMI1 crpyKTYPhi TH>KeJibiX 11 caepxTH>KeJrbiX H.JJ.ep. Hanp11Mep, 11CXO.JJ.H 113 3Kcue

p11MeHTaJibHOi1 TO~Koi1 cTpyKTYPbi a-pacna).l.a 11JIH KP, MO>KHO oupe).l.eJIIJTb c;IIHibJ 

11 'leTHOCTI1 HI13KOJie>KaiiJ;I1X COCTOHHI1H H).l.ep. Ilpe).l.CKa3aHI15l uep110).l.OB IJOJiypac

lla,D;a IIp11 3MI1CCI111 O'-'laCTI1IJ; He06XO).l.HMb/).l.J!H 11).l.eHT11cPI1Kal..l,l1~ HOHb!X 1130TOIJOH 

TH>KeJibiX H)J;ep 11 CHepXTH>KeJJblX 3JieMeHTOH. J1cCJJe)J;OBaHI15l I1pOHBJieHI1H KJiaCTep

HbiX 3cPcPeKTOB B CTpyKType HI13KOJie)f<aiiJ;I1X COCTOHHI1H TH>KeJibiX 11 CBepXTH>KeJiblX 

H.n;ep HBJIHIOTCH aecbMa aKTYaJibHhiMI1. KnacTepubrit rro.n;xo.JJ. rro3BOJIHeT .n;ocTaTO'lHO 

npOCTO OIII1CaTb pOTal..l,110HHbie f!OJIOCbl aJ!bTepHaTI1BHOH 'leTHOCTI1 B aKT11HI1)J;ax 11 

ft 
CBepXTH>KeJib!X 3JJeMeHTax. 

IJ;eJibJO pa6oTbi HBJIHeTcH uocTpoeu11e MO).l.eJIII ).l.JIH mmcaHIIH KP 11 a:-pacua).l.a, 

Bbl'll!CJieHl!e C ee IJOMOIIJ;b!O uepl!O).l.OH l!OJiypacua).l.a H).l.ep OTHOCI1TeJibHO Bbl.lleTa 0'

qaCTlll.J; II Jlel'KI1X KJiaCTepOH H o6JH-tCTHX "clll!Hl..l,O!lOti:" II ''O.l!OHHHHOti:" pH)lHOHKTIIBHO-

CTei1, o6'bHCHeHl!e TOHKOH CTPYKTYPhi 3THX upol..l,eccoa 11 upe.JJ.CKa3aHIIe BOJMO>KllbiX 

).l.Jm ua6mo.n;eHIIH peaKJ.l,I1H KP 11 a:-pacrra.n;a. 

Hay'IHrui HOBH3Ha H npaKTH'lecKrur IJ;eHHOCTh. 

• Pa3pa6oTaua HOHaH Mo.n;eJih KJiacTepuoro pacna.n;a, H KOTopoit npe).l.nonara-

eTCH, 'ITO OCHOBHOe KHaHTOBOMeXaHI1'leCKOe COCTORHI1e H)J;pa 11MeeT MaJlbie 

KOMIIOHeHTbl KJiacTepHb!X COCTORHI1H 11 BKJIIO'laeT B ce6R IIOHRTI1e )J;BOHHOH 

R).l.epHOH Cl!CTeMbl (,Il,.HC). ,Il,Jm OIJIICaHIIR IIpe.JJ.Pa3pb!BllbiX npol..l,eCCOB IIpli

MeHReTCR ypaHHeHl!e llipe).l.IIHrepa 110 KOJIJieKTIIBHOH KOOp).l.l!HaTe 3ap5I).l.OBOH 

(MaCCOHOti:) aCl!MMeTpllll. B MO).l.eJJII l!CIJOJ!b3YCTC51 e).l.IIHb!H IIOTeHIJ;HaJI ,J,.:UJ 

o6;racTei1 c:PopMHpoHamm 11 pa3JreTa c:PparMeHTOB. B OTJJH'II1e OT JlPYI'HX o-

paciia).l.Hb!X MO).l.CJICH H HCH 11CIIOJJb3YIOTCR Jlllll.lb KOJIJICKTIIBHbiC KOOp).l.l!HaTbl 

, , 11. OIII1Cb!Ha!OTC}! C C).l.llHb!X II03lll..l,11H Q- 11 KJiaCTepHbiC pacua).l.hl ).l.J!H lllllpG

KOH o6JiaCTII R,ll;ep I!Cp110)J;ll'leCKOH Ta6Jll!l..l,hl 3JICMeHTOH: 'leTHbiX, HC'leTHbiX, 

CcPepH'leCKI1X 11 CI1JlbHO.LJ:ec:PopM11pOHaHHblX. 

2 

,. 

e IloHHJieHIIe B MO).l.eJIII c:PaKTOpa, Y':lllTbiBaiOIIJ;ero HaJJll'llle H ,Il,.HC op611TaJJb

HOI'O MOMeuTa, II03BOJJHJIO xoporno OIIIICbiBaTb TOHKyro CTPYKTYPY KP 11 n

pacna).l.a 'liiTHhrx' 11 rie'leTUbrx · H.JJ.ep. Y'leT ·a~TyiioJJbuoi(codnwJJ5J'JOu~~i1 .JJ.e

c:PopMal..l,llll ).l.O'IepHero H).l.pa r£o3BOJJHJI OIIHCaTb a~iiepeXO).l.bl Ha ypOBIIII J.to•!ep

Hero. 5I.n;pa, l!MeiDri.J;He. 'leTHOCTb, npOTI1BOIIOJIO>KHYI0. 'leTHOCTII MliTepuHCKOI'O. 

H.JJ.pa. Mo.n;e;r6 ue TOJibKo' no3aonHeT-'IIpe.JJ.CKa3biBaTb witpHHbi pacr;ahoi, Ho 

u pernaTb o6paTHYID 3a.n;a~y - onp~.JJ.eiui:Tb cnuuhi~-'l~Hocril 11 .n;ec:PopMall,ull 

OCHOBHOI'O II B036y>K.n;eHHbiX:COCTOHlll!H)I,O'IepHero H.n;pa.'no\~KCrrepl!Me!ITaJlb

HOMY pacrrpe.n;eneml!O wujmu Tou~oii c~pyKTypir a-pacrra,n;a.' Mo.n;enh npuMe

·aur.ta .rr.'JIH OIU1Ca!ll!Hll aHaJil!3a TClHKOii. CTpyi<Typbl 11 'w11p11!1 a- ll KJiaCTejmoro 

pacna,n;o'a c fio36y>K).l.eHhi.rx ccicTonH11i1 H.JJ.ep 11 113 Iiai·p~Thl;_ H).l.ep. 

• AHaJIIi3 3Kcnepl!MeHTaJibHhiX ).l.aHHhiX uo cuoHTaHuoMy ).l.eJieHIIIO 11 KP uo

Ka3aJI KOppeJIH~IIIO Me>K.JJ.Y IIai?l..l,llaJibHblMl1 UepHQ).l.aMII, IIOJI.Ypacua).l.a. CIIOII

TaHHOI'O ).l.eJie_l:ll!fl. ).l.J!H KOHKpeTHblX 3!1a'rei;IIIH uapaMeTpa ).l.CJII!MOCTIJ Z2 I A II 

nepl!o).l.aMII no;rypacna).l.a KP c cooTaeTCTBYIOlllH~m 3Ha'IeHIIHMH aCIIM~reTpllll 

,Il,.HC. 9TO .n;aeT Ha)J;e>K.JJ.Y Ha )303MO>KHOCTb C)J,IIIJOI'O O!ll!CaHim CIJOHTaHHOl'O 

.n;e;reHI1H, a-pacna,n;a 11 KP B paMKax MO).l.eJm,,Il,.HC. 

Anpo6aiJ;HH pa6oTbi. Pe3yJibTaThi, npe).l.CTaBnemrl,ie B ).l.l!ccepTall,mi, .n;oioia).l.bi

BaJIIICh II o6cy)f().l.aJillCb Ha ceMmrapax, Me)K)J;YHapO)J;Hb!X KOHcPepeHJ.l,IIHX II.ll.lKOJ!llX, 

npoxo).l.IIBWIIX H·Jia6opaTOp1111 TeopeTH.•recKoi1 cPII3iiKII liM. H.H. BoroJr!06oBa 06·b

e.n;IIHeHum·o 11HCTIITyTa· R).l.epubrx IICCJre.n;oHaHI1i1 ( r·. ,IJ,y6tia), cel\1HHapax ·u TucceH

CKOM yuHaepcHTe;e 11Metiii Ioc-Tycii' JI~6m·a (r. f'Hcc~H, fepl\uiHHR), ~~e>K;wlrapo;r-. . 

HhiX KOHcPepeHIJ;I1R~ no R.JJ.epHOH cPII311Ke B 3aKOr.iaue (r. 3aKo'uaHe, IToJibUia, 2008). 

,Il,e6p11l..l,CHe (r. · ,Il,e6piil..l,CH, Beurp11R, 2005), CTpac6yp1·e (I'. Grpac6yp1\ q;J:niiutuH. 

2008) 11 illaTa Ka.n,apawe (r. llia;o Ka.n,apamc, cDpaHI\1151, 20013) 

IIy6JIHKaiJ;HH. ITo r-mTepiianaM .JJ.IICcepTaiJ;UII ouy6JmKormuo 9 pa6oT. 

06'beM II CTpyKTypa )J,HCCepTaiJ;HH. ,Il,uccepm~im ~OCTOl!T 113 'leTblpCX l'JiaH 

11 .LJ:BYX IIp11JIO>KCHllH 06~11~1 06'bCMOM 112 CTpaHI1IJ;·, lll~JI;O'IaR 46 ~a6JJ~1~, '40 IlllCJII

. KOB 11 CIIIICOK ~11T11pOJ3aHHOH JII1TCpaTypbl 113 7 4 HaHMCHOHaf!llH. : ··' 
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Co.n;ep)f(aHHe pa6oTbi 

Bo BBe,n;eHHH o6cy)K)l;aeTc.a aKTYaJihHOCTh pa6oTbi u MOTI1Bau;mi ITposo,n;I1MhiX 

11cCJie.n;osaHI1ii, ,n;aeTca KpaTKUii o63op ITO TeMe .n;uccePTaJJ;I111. 

B nepBOH rJiaBe o6cy)K)l;aeTCH IIOCTpOeHne HOBOH MO,IJ.eJII1 KJJaCTepHOJ'O paCIIa

,n;a. KP paccMoTpeH B ITpe,n;ITOJJO:)KeHnn, '-ITO Jtei'KUii KJiaCTep o6pa3yeTc.a a KOJI-

. JieKTUBHOM )l;BU:a<eHHH ITO KOOp,IJ.HHaTe 3apH.LI;OBOH (MaCCOBOii) aCUMMeTp1111 C IIOCJJe

)JYIOiu;HM TYHHeJmposaHneM qepe3 KYJIOHOBCKHH 6apbep. Bso.n;aTca KOJIJteKTI1BHbie 

KOOp.LI;HHaTbl 3apH.LI;OBOH aCI1MMeTpHU )1,5IC H OTHOCUTeJibHOJ'O paCCTOHHI1H Me)f()J,y 

u;eHTpaMU MaCC KJiaCTepoB, CTpOUTCH fJOTeHJJ;HaJJ B3aHMO.LI;eHCTBHH .a.n;ep ,Il.5IC. 3a

,n;a!OTCH BOJIHOBOe ypaBHeHHe ,n;JIH BHyTpeHHefi 06JiaCTI1 cpopMHpOBaHHH KJiaCTepoB 

11 MeTO)l; paC'-!eTa ITapaMeTpa HHepJJ;11H ITO KOOp,Ll;HHaTe 3apH,n;OBOH (MaCCOBOH) aCHM· 

MeTpHU. Ilpe,n;JiaraeTCH HOBbiH MeTO)l; Bbl'-IHCJJeHHH CITeKTpOCl(OrJW!eCKOI'O cpaKTOpa. 

)1,aeTCH aHa.JIHTU'-!eCKI1H Bb!BO)l; lliHpHHbl pacna.n,a C yqeTOM ITepeHOCa op6HTa.JlbHOJ'O 

MOMeHTa (o6ru;ee npe,n;cTaBJieHne Mo,n;enu). Ilpe,n;cTaBJieH MeTo.n; Bhl'li1CJJeHUH KP 113 

CJia6oHarpeTbiX .a.n;ep. 

)1,eTa.JibHO 11CCJiepyeTCH pOJib cpaKTOpa ,n;ecpopMaJJ;UOHHOH IIOllpaBKU K IIpOH11JJ;a

eMOCTU llOTeHJJ;HaJibHOI'O 6apbepa U, O)l;HOBpeMeHHO, 3aiipeTa Ha IIepeHOC op611TaJlb-

- - 2 . 
HOfO MOMeHTa IX1f <l>n311'-!ecKnii CMbiCJI cpaKTopa IXd 3aKJIIO'IaeTC.a B TOM, 'ITO 

OH OTo6pa:a<aeT HaJIH•me B ITOJIHOH BOJIHOBOH cpyHKJJ;UU pacna,IJ.a!Oiu;eiicH ,IJ.5IC op-

611Ta.JlbHOH KOMITOHeHThi. MnHI1Ma.JlhHhili 3anpeT noJiy'-!aeTcH rrpu l = 0. A ecJiu 

H.n;pa )1,5IC CHJibHO .n;ecpopMUpOBaHbi, TO 3TO 3cpcpeKTHBHO CrJia:a<I1BaeT B03MyiJJ;eHUe 

OT B03MO:a<HOrO Op6HTa.JlbHOJ'O )l;BU:a<eHI1H. C pOCTOM napaMeTpOB KBa,IJ.pynOJibHOlf U 

OKTYITOJibHOH ,n;ecpopMau;uii )l;O'-IepHel'O H)~pa fJ21 U (33/ cpaKTOp 1Xd2 paCTeT (P11c. 1). 

ECJiu rrapaMeTpbi ,n;ecpopMau;ulf o•JeHh MaJihi, TO e.n;nHCTBeHHhiM KaHaJIOM pacua.n;a 

OCTaeTCH KaHa.JI C l = 0, KOI'.LI;a CII11H .n;o'IepHe!'O H.n;pa paBeH CIIUHY MaTep11HCKOI'O 

.a.n;pa. B cJiyqae o'-!eHb MaJihiX {331 KaHaJihi paciia.LJ.OB c He'-!eTHhiMI1 l CI1JihHO uo;~all

JI~Hhi. BeJII1'-IHHa 1Xd2 ne 3asucnT OT 3HaKa {331 . Ilpe.n;cKa3aHo, 'iTO np11 MaJihiX iJ21 

:-nepe.xo,n, c l = 1 6y,IJ.eT ITO.LI;aBJieH no cpasneHnJO c IIepexo.n;oM c l := ~-
Bo BTopoii rJiaBe npe,n;JIO:a<eHHaa MO.LI;eJih npuMenena K onucaHI1JO n-pacua.n.os 
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p_., 

- 2 
Puc. 1: 3asucnMOCTH IXd OT cpaKTopa Cde/2 (ITpOITopu;uoHa.JieH fJ21) u /33/. ITpn 

YK83aHHblX pa3JII1'-!HblX 3Ha'-!eHI1HX op6!1Ta.JlbHOI'O MOMeHTa l. = 0, 2, 4 ( CITJIOlllHbie 

JIHH11H) 11l = 1, 3, 5 (ITYHKTHpHble JIIiHHH) (a) )l;JIH BCeX l, (b) TOJibKO ,n;JIH He'-!eTHbiX . . ~ 

l, (c) )l;JIHBCeX l ITp11 Cd~/2 = 1, (d) TOJibKO )l;JIH He'-!eTHblX l ITp11 Cdef2 = 1, (e) )l;JIH 

scex l ITPH Cdef2 = 2.5, (f) TOJlbKO )l;JIH He'-!eTHblX l ITPH cde/2 = 2.5. 

H3 OCHOBHblX COCTOHH~H a,n;ep. )1,aHbl pe3yJibTaTbl Bbl'-IHCJieHHH nep110,Ll;OB IIOJiypac

IIMa 1130Ti>IIHhiX ~eiTo'-!eK Po ~- Rn 11 o6cy)K)l;eHne B031\fO)j(~~-~ IIPI1'li1Hhi OTKJIOHeHitH. 

T112 oT 3aKoHa feiii'llpa-IIrno.ira ,n;JIH Hei1TpoHiio-,n;ecpl1u;11THhD( Po 11 Rn.· Ilp~se,IJ.e

Hhi pe3yJibTaTbl Bbl'-IHCJieHHH ITO TOHKOH CTpyKType a-pacna.n.a Ha ITpm.:e~e ~eTHbiX 
'... ., 
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1.8 [ 
35/2' 2s3No - - 29/2. 

1.6 23/2'_ 27/2" -
1.41- 31/2' 2512' 

"[ 
19/2' 23/2' 

-- 21/2 

~ft 1.0 . 
27/2' 

!2G' - -
17/2' 15/2' 

J:Il 0.8 -
.,_ 

1512. 
23/2' 13/2. -

- 1112' 0.61- I 1/2' 912' ---19/2' 
0.41- - -

17/2'_ 
15/2' 

0.21- - - _13/2'_ 

- 11/2_-- eo 
0.01- - -

9/2"[734] 

exp. th. exp. th. th. th. 

Puc. 2: Bbi'fHCJreHHaH B paMKaX MO,ll,eJm )J,5IC poTau,noHHaH IIOJIOca aJibTepHaTHB

Hott 'feTHOCTU (th.) H,ll,pa 253No B CpaBHC!lliH C 3KC11CpUMCHTaJibHblMI1 ,ll,aHHblMil 

(exp.). 

u He'feTHhlx H,ll,ep 22aRa, 224,226,228,23oTh, 2ar Pa, 225-230,232-2asu u 241 Am. B Ta6Jr. l.l 

fiOKa3aH Jle3YJibTaT paC'feTa TOHKOH CTJlYKTYJlbl a-pacrra,u.a 228U B cpaBHCHllll C 3KC-

nepnMCHTaJibHblMll ,ll,aHHbiMll. B Ta6JI. 1.2 npnBO,ll,llTCH npnMep aHaJIOI'll'fHblX pac-

'feTOB ,li,JIH ~p~ 226Th. 

Pacc.MaTpnaaKJTCH TaKJKe uoCTpoeHne poTau,uoHHhrx cHeKTpoa rurbTepHaTuauoi1 

'feTHCJCTun a-pacna,ll, u3 B036y)f(,ll,eHHhiX poTau,uoHHbJX COCTOHHnil H,ll,ep. Ha P11c. 2 

upuBO,li,HTCH upuMep upe,li,CKa3aHnH poTau,uoHHOI'O cueKTpa H,ll,pa 253No. Ha Puc. 3 

IIOKa3RHbi Bhi'fllCJICHHbie 3RBllCllMOCTll CIICKTpOCKOIIH'ICCKOI'O cpaKTOpa Sa a-'IRCTHLlbl 
-t: 

OT ciinHa M~TepnHCKoro H,ll,pa 220Th n Hepno,ll,a uo;rypacua,u.a T1; 2 a-pacua,ll,a OT Clln-
; , :-'• ,· J ·,I ,, . . 

Ha MaTCJlllHCKOro H,ll,pa 236U. 0TMC'fReTCH xapaKTepHb!H "rnmoo6pa3Hb1tl" Bll,!J, o6cnx 
. . ' ' ~: :l. 

3aBl1CllMOCTCH. 
,; 

B TpeTbeA rnane ,ll,aHhi pe3yJihTaTbi Bbl'lllCJieHnii no KJiaCTepHott pa,u.uoaKTHB-

6 

0.2S (a) "t~ (b) 
14 

0.2 13 

AAAAMMAA 
3 

.., 0.15 ~ 12 

"' o-;. 
0.1 ffu 

10 

0 s 10 IS 20 0 5 10 
ll II 

Puc. 3: 3aaucuMocTu Sa ,!J,Jm H,ll,pa 220Th (a) u T1; 2 a-pacua,ll,a H,ll,pa 
236U (h) OT 

CIIUHa f2 MaTepuHCKOrO H,ll,pa. 

HOCTU B paMKaX UpC,!J,CTaBJICHHOH MO,li,CJIU. I1oKa3aHO KaKUC BCJ!Ii'-lliHbl CIICKTpo-

CKOIIU'fCCKUX cpaKTOpOB, Bbl'fUCJICHHblC npu pemeHUU ypaBHCHUH llipe,li,UHI'Cpa 110 

KOOp,li,HHaTe 3aJlH,li,OBOil acuMMCTJlllll, XapaKTCIJHbl B o6JiaCTHX "cBUHI~OHOif" ll "OJJQ-

BHHHott" pa,!l,noaKTUBHOcTetl (Puc. 4). IlpiiBO,ll,llTCH orrMcaHne H3BCCTHbiX KP 'leT-

Hb!X H,li,Cp (Ta6JI. 1.3). 0TMC'i8Ha upe,!I,IIO'iTUTCJ!bHOCTb paCJia,!I,OB C Bb!XO,!I,OM 6oJiee 

TH)f(CJihix KJiacTepoa u3 6o;iee TmKeJihiX u30TOIIOB Pu u Cm (Puc. 5). )J,aKJTCH 

I!pC,li,CKa3aiiJIH rrepHO,!I,OB IIOJiypacrra,ll,a ,li,JIH 06JiaCTeif ."CilHIII~OBOH". H "o.IOilHJIJIOif' 

KP (Ta611. 1.4 u 1.5). IIOJry•mHHhie pe3yJibT~TbJ o6cy)f(,ll,aKlTCH B cpaBHCllllll c pP-

3YJibTaTaMu, IIOJIY'fCHHblMU paHee, B paMKRX YIIJlOlll,CHHbiX upe,!I,CTaBJIC!IUH MO,!I,C

Jlli n ,ll,pyrux cyw.eCTayKJw.nx MO,!I,CJietl. PaccMaTpnaaeTCH TOHKaH CTpyKTypa KP 

223Ra-+ 14C + 209Pb (Ta6Jr. 1.6). C,!J,eJraH BbiBO,!J, o TOM, 'ITO uepaoe B036yJK,!I,CHHOe 

' COCTOHHUC ,!J,O'iCpHero H,ll,pa 
209

Pb ,!I,OJIJKHO UMeTb QOJ!blilYKl. KBa,!l,pyuoJibHYKl ,ll,ecpop-

MRLI,llKl, 'fCM OCHOBHOC COCTOHHllC. 

B 'IeTnepToii rnane rrpe,li,CTaaneHhi pe3yJJbTaTbi Bbi'fllCJICHHH ,!I,JIH KP B paM

Kax yrrpOlll,CHHbiX IIJlC,!I,CTaBJ!CHllH MO,li,CJIH )J,5J:C, 1',!1,8 HC Y'li1TbJBaeTCH IICJlCHOC op-

6uTaJib,HO!'O MOMCHTa. IlpOHllLI,aeMOCTb IIOTCHLl,HaJlbHO!'O papbepa C'U1TaeTCR B 0,!1,

HOMCpHOM BKB-upu6JmJKeHnn. I1pon3BO,!I,HTCH aHaJIH3_ H3BJIC'ICllllbiX 113 3KCuepu

MeHTaJibHbiX ,ll,aHHb!X CIICKTpOCKOIIH'ICCKllX cpaKTOIJOB G Y'ICTOM II 683 Y'IC'J'Cl )lC(jlOp

MaLI,llll H,ll,ep )J,5IC. I1oKa3aH 3KCIIOHCHLI,llaJihHbJH xapaKTep y6bmaHuH Sx c pocTOM 
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P11c. 4: 3aBI1C11MOCTb cireKTpocKOnl1qecKoro <PaKTopa aT MaccoBoro q11CJia A MaTe-. 

p11HCKoro H.npa AITH o6JiacTe:tt "cBI1HIJ;OBo:tt" (a) 11 "oJioBHHHo:tt" (b) pa,n;11oaKTI1BHO

creil. 

3apH,ll;a 11 Macchi KJiacTepa. .I(aHo cpaBHeHI1e uoJiyqeHHhiX !leJIIi'-IHH Sx c )J.aHHbi

MI1 .JJ.pymx 11CCJie)J.oBaHI1il. C)J.eJiaH llbiBO.JJ. o CI1JihHOM llJIHHHI111 .JJ.e¢opMaiJ,I111 Ha 

B€JII1q11HY Sx AITH KJiacTepOB c 6oJihiiii1MI1 Zx 11 Ax. TaiOKe, on11paHCb Ha 113BJieqeri

Hhie 113 3Kcnep11MeHTaJihHhiX nep110.JJ.OB rroJiypacrra,n;a 3HaqeHI1H Sx, 6hm C)J.eJiaH pH.JJ. 

1Ipe)J.CKa3aHI1il ·)J.JIH B03MO:lKHh!X KJiaCTepHbDC paCII8,ll;OB B o6JiaCTHX 11CBI1HIJ;OBO:tt" 11 

"OJIOBHHHO:tt" paMOaKTI1BHOCTe:tt. 0T:MeqeHO OTJII1ql1e rrpe~cKa3aHI1il ;in_g 06JiaCTI1 

"oJioa£Iimi:tt" p~t.JJ.IIO~Kmin~ocrn o:r Pe3YJibTaTo~, · rroiry~eHHbiX B_ paMKax .npymx Mo

.JJ.Mei:t.'· · 

· · Ilpoae)J.eHbi' BhiqrtCJieiii1H cneKTpocKom!qecKiix ¢aKTOpoB c IIoimmhio · peiUeHI-iR 
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P11c. 5: 3aBI1CI1MOCTh pacqeTHoro nep11o)J.a IIOJiypacua)J.a Tx (c) OT MaCChi MaTep11H

CKoro H,lij>a)J.JIH llbiXO)J.OB 1130TOIIOB H€0Ha (qepHhi€ TpeyrOJibHI1K11), Ma!'HI1H (qepHhie 

poM6hr) ll KpeMH11H (3Be3)J.QqKn) 113 IIJIYTOH11H (BepXH11ti: rpa¢11K), 11 Ma!'HI1H, KpeM

HI1H 11 cephi (CBeTJibie TpeyroJihHI1K11) 113 KIOp11H (H11:lKHllil rpa¢11K). 0KOJIO TQqeK 

yKa3aHhi MaccOBhie q11CJia JierKHX KJiacrepoB. 

ypaBHeHI1H Illpe)J.I1Hrepa rro KOOp.JJ.11HaTe 3apH.JJ.OBOii aci1MMeTp1111. On11paHCb Ha 

HI1X, paccqi1TaHhrnep110.JJ.hi noJiypacua,n;a MH yme 113BeCTHhiX peaKu;~ii KP ll c'pall

HeHI111 C 3KCII€p11M€HTaJihHhiMI1 )J.aHHbiMI1 ll C,U.eJiaHhi IIp€)J.CKa3aHI1H uepHO)J.OB !IOJiy

pacna,n;a AITH 60JibiUOro KOJII1qeCTBa MaTep11HCKI1X H)J.ep 113 06JiaCTt'l1 "nli1HUOHOit'" ll 

"oJIOBHHH~:tt" KJiacrepH:ott. pa,n;11oaKTI1BHOCTH., ··:. 

Ilpe)J.CTaBJieHbi pe3yJibTaTbi pacqeTOa no KJiaCTepHoMy pacua,Lzy c;ra6oHarpeThiX 

H)J.ep. IloKa3aHo pe3Koe yBeJII1qeHI1e crreKTpOCKOnl1qecKHX. <PaKTOpOB. KJiacrepoa n 
""'~" ,- - ... -~.»~-.· ~ ,_, ...... "~ 

eru;e 6oJiee pe3KOe yMeHbiii€H11e rrepHO)J.OB IIOJiypacrra,n;a c 'poCTOM 3Hepriil ao36y:lK

)J.€HI1H MaTep11HCKoro .H;zwa. ·ITo cp~BHElHI1IO ·co cnercrpocKormqecKI1MI1 ¢aKTOpaMI1 
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).l.JIH 6onee Tm!<eJibiX KJJacTepoa Sa ~nn a-pacrra~a yaenwmaaeTcn Me~JJeHHee. 

.LJ:a!OTC51 ou;eHKll 3aTpaaoqHbiX aecoa KJiacTepHbiX KoHq:mrypau;llfi, o6pa3yJOiu;llX

C51 rrpll CIJOHTaHHOM ~eJJeHllll aKTllH~OB ll 51BJJ51!0Iu;llXC51 BXO~Hb!Mll COCT051Hll51Mll 

).l.JIH ~aHHoro rrpou;ecca. 

B 3aKmoqeHHH cyMMllPYJOTC51 Pe3YJJbTaTblj Bbi~BllraeMble Ha 3aiu;llTy. 

B nepBOM npHJIO:>KeHHH 

c<jlopMyJJllpOBaH MeTO;iJ. BbJqllCJieHll51 KOJ!Ii'feCTBa_HyKJIOHOB JJJeHKI1 ~te)K)J.y 51~paw1 .. 
.LJ:5IC. 

Bo BTopoM npHJIO:>KeHHH paccMoTpeHo •mcJreHHOe peJJJeHHe aomroam·o ypaa-

HeHim IIO KOOp~11HaTe 3ap51~0BOH aCI1MMeTp1111. 

.. 

Ta6Jmu;a 1.1: ToHKBH CTPYKTypa a-pacua,n.a 228U. B cToJI6ll,ax npc,n;CTBBJICHhi: CIIHH-'Iii'fHOCTh I" 

ypOBHH ,ll;O'ICpHCrO H,n;pB, 3HCprHH pacna,n;a Q HB COOTBeTCTByiOlll,IIH ypOBCHb ,1\0'ICpHCrO H,n,pa, yHo

Cl!Mbli!Op6HTBJlbHblii MOMCHT l, <iJaKTOp 1Xd2 3anpeTa HB nepCHOC op6HTBJlhHOro MOMCHTB, CUCK

~OCKOIIH'ICCKHii ¢aKTOp Sa, Bhl'IHCJICHHhiii nepHo,n, noJiypacna,n.a Tf12 B KBHBJie c op6HTBJihHhlM 

MOMCHTOM l, Bbl'IHCJICHHblC (3KCUCpHMCHTBJlbHbie) OTHOCH'fCJibHBH umpHHB a-pacna,n.a r (r•"'P), 11 

UOJIHhlii IICpHO,ll, IIOJiypacna,n.a T1/2 (T;;n. 

I"~, Msi l 

o+ 6.8050 0 

2+ 6.7069 2 

4+ .6.5209 4 

6+ '6.2703 6 __._ 

IXd2 

2.87 

0.6642 

6.45 x 10-2 

3.36 x 10-3 

S"' 

0.0181 

> 

., 
~ 

Tf/2' c r,% rexp,% T1/2• c r;;:, c 

. 418 73.22 70 

, 1.16 X 103 26.35 29 
306.22 546 

7.22 X 104 0.42 . 0.56 

3.16 X 107 ~.70 x 10-4 -

10 

Ta6Jmu;a 1.2: ToHKaH crpyKTypa a-pacna,n.a 226Th. Ilo;mwii ucpHO,lJ, uoJiypacua;i.a T 112 = 1483 

C. 9KCIICpHMCHTBJlbHblJI r:;: = 1834 C. 

I" Q,MaB I IXd2 Sa T112• c r,% rexp,% 

o+ .6.451 0 2.741 0.018 1871.89 79.21 75.5 

2+ 6.340 2 0.55.6 0.016 7786.27 19.04 22.8 

1- 6.209 1 0.146 0.016 178752 0.83 1.26 

4+ 6.150 4 0.070 0.015 514386 0.29 0.187 

3- 6.134 3 0.163 0.015 243076 0.61 0.206 

(W 5.978 5 0.037 0.014 9.02 X 106 0.02 -
(6+) 5.901 6 0.010 0.013 1.13 X 108 1.31 x 10-3 -

Ta6nllu;a 1.3: CpasHCHHe aKcuepHMCHTBJihHO H3McpcHHhlx ucpHo.n;on·uoJiypaciia,n.a WIH KJmncp

Holl PBAHOBKTHBHOCTH Tfh C TCOpeTH'ICCKHMH T 112• Q - 3HeprHH peaKll,liH. 

A-t A.,+ AI Q,MaB Tf/2• c T112• c 

222Ra -t14C + 2ospb 33.05 1.7 x'1011 2.3 X 1011 

22sTh -t2oo + 2ospb • 44.73 5.4 X 1020 5.1 X 1020 

232U -t24Ne + 2ospb 62.32 2.5 X 1020 2.7 X 1019 

234U -t26Ne + 2ospb 59.48 1.2 X 1025 2.1 X 1025 

236U '-t3oMg + 2ooHg 72.51 3.8 X 1027 8.3 X 1026 

236pu -t28Mg +. 2osPb' 79.85 3.5 X 1021 3 .. 4 ~ 1020 

23Bpu -t32Si + 2ooHg . 91.20 1.9 X 1025 1.1 X 1Q25 

242Cm -t34Si + 2ospb 96.52 1.4 X 1023 4.8 X 1023 
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.Ta6mn~a 1.4: Ilpe,n;cKa3aHI1H B03MO:lKHhiX peaKU,Iti!. pacna,n;a B o6nacTir "cBHHU,OBott" 

pa,L1;110aKTllBHOCTll. 

A-+ Ax+ A1 Q,M3B TI/2·-C 

22oRa -+12c + 2o8pb 32.02 2.8 x-1011 

224Th -+160 + 208pb 46.49 6.6 X 1013 
' 224Tli -+24Ne + 2ooHg )i5.46 4.3 X 1024 

226Th -+180 + 208pb 45.73 4.3 X 1016 

226Th -+24Ne + 2o2Hg 56.50 7.0 X 1022 

23oTh -+220 + 208pb 43.34 4.1 X 1024 

23ou -+24Ne + 206pb 61.35 2.1 X 1019 

23ou -+28Mg + 2o2Hg 73.98 1.9 X 1021 

234pu -+24Ne + 2IOp0 62.26 5.8 X 10~ 

234pu -+28Mg + 206pb 79.33 4.9 X 1019 

234pu -+328i + 2o2Hg 91.78 4.5 X 1024 

236pu -+328i + 2o4Hg 91.68 4.0_x 1025 

24opu -+348i + 2o6Hg 91.04 1.6 X 1027 

240Cm -+30Mg + 210p0 76.56' 8.1 X 1026 

24ocm -+328i + 2o8Pb 97.56 2.5 X 1021 

24ocm -+368 + 204Hg 107.09 2.6 X 1027 

244Cm -+348i + 210pb 93.15 4.1 X 1028 

244Cm -+388 + 2o6Hg 106.27 3.3 X 1029 

12 

Ta6nuu,a 1.5: Tipe,I~cKa3aHii>l B03MO)KHbiX peaKWfH pacna,I~a H o6Jiacrn "oJIOB>IHHolt" pa,n;noaK

THBHOCTH. 

-A~A, + A1 Q,M3B Tl/2• c 

112Ba ~12c + wosn 23.17 3.2 
114Ba ~12c + 102Sn 21.11 1.6 X 104 

116Ba ~12c + Io4Sn· 17.15 8.1 X 1014 

usBa ~12c + J06Sn 15.29 8.0 X 1020 

u4Ba ~I6Q + 9scd 27.98 3.5 X 1010 

116138 ~I6Q + woed 24.65 2.8 X 1018 

usBa ~I6Q + 102ed 22.13 1:9 X 1025 

usee ~16Q + 102sn 30.55 1.1 X 1010 . 
usee ~2oNe + 98Cd 34.64 2.1 X 1016 

usee ~24Mg + 94pd 39.63 8.5 X 1021 

122Nd ~24Mg + 9sCd 46.20 1.2 X 1016 

124Sm ~24Mg + wosn 51.97 2.3 X 10U 
126Sm ~24Mg + 102Sn 50.53 1.6 X 1013 

Ta6nuu,a 1.6: Pac'leT TOHKol! CTPYKTYPhi pacua,n;a 223Ra~ 14e+209Pb. 

. I" Q, M313 l 1Xd2 
T1/2• c %!' 

g+ 4 0.004 5.12 X 1016 16.34 
2 31.839 

6 4.09 x 10-6 6.94 X 1019 0.01 

u+ 4 0.5580 9.99 X 1015 83.47 
2 31.060 

6 0.0019 4.66 X 1018 0.18 
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Ha 3arn;HTY Bbi,n;nnraiOTC.H. cJie.n;yiOrn;ne pe3YJibTaThi. 

• Tipe.LJ.JIO)KeH MexaHI:!3M KJiaCTepuoro pacna,ll.a H3 XOJIO.LJ.HhiX H nai'PeThiX n,ll.ep H 

uocTpoeua !IIO.LJ.enh ).l.Jm mmcauHH ,ll.auuoro npo~ecca. Bonuoaan ¢yuK~Hn Ma

TepHHCKOro H).l.pa upe).l.CTaBJieHa B BH).l.€ cyrreprr03H~IUI ).l.BOHHb!X H).l.epHb!X CI:!

CT€M. KnaHTOBOe .LJ.HHaMH'feCKOe KOJJe6aHI:!e no KOOP.LJ.HHaTe 3apn).l.OBOH (111aC

COBOi1) aCHIIIM€TpHH OIIpe).l.eineT BMH'fHHY Cfl€KTpOCKOlll:!'f€CKI:!X cpaKTOpOB, 

a TYHH€JIHpOBaHI:!€. IIO KOOp,ll.!:!HaTe O!fiOCI:!T€JibHOI'O paCCTOHHI:!H oupe,ll.eJmeT 

ae;m•muy upoun~aeMOCTH 6apbepa H.LJ.pO-n.LJ.epuoro uoTeHIJ,HaJJa B3aHMO.LJ.ei1-

CTBI:!n. I10Ka3aHO, 'iTO y'feT OKTYIIOJibHOH ,ll.ecpOpMaiJ,HH .LJ.O'IepHe!'O H,ll.pa CHH

MaeT UOJ!Hblll 3aiipeT Ha uepeHOC ue•hiTHb!X op611TaJ!blibiX MmiCIITOB. I1 pe)~

CKa3aHhl 3aupeT pacua~a B036y)K.LJ.eHHOI'O 5I.LJ.pa Ha .LJ.Ba o•Jellb cJm6o ;wqJOp· 

MHpOBaHHb!X KJiaCTepa 11 IIO).l.aBJieHHe Q-UepeXO,ll.a _c ·z ~ 1 110 cpaBHeHH!O C 

nepexo).l.OM c l = 3 upu MaJibiX ,D;e¢o'pMaiJ,Hnx .LJ.O'iepHero 5I.LJ.pa. 

e J10Ka3aHO XOpornee COI'J1acue Me)K).l.y 3KCIIepHMeHTaJibHb!Ml1 !:! Bbl'll:!CJieHHbi

MH nep!:!o).l.al\11:! nonypacna).l.a .LJ.JIH a-pacna.LJ.a. l1poae,n;eHh1 pac'feThi TOHKOit 

cTpyKTYPhi a-pacua.LJ.a 'feTHhiX u ue'feTHhiX H.LJ.ep 223Ra, 224•226·228•230Th, 231 Pa, 

225- 230•232- 238U 11
241 Am. Tipe.LJ.CKa3aHbi TOHKHe CTPYKTYPhi a-pacrraioa 224·226U. 

)J,Jm 'feTHO-'feTHhiX Th mmcaHbi a-uepeXO.LJ.hi ua poTaiJ,HOHHYIO uoJwcy aJihTep

HaTHBHOti '!eTHOCTI:!. J10Ka3aHa pOJ!b 3aUpeTa Ha uepeHOC op6HTaJibHOI'O 1110-

MeHTa. )J,Jm G-paCU~.LJ.OB HeihpOHHO-,ll.ecpHLI,HTHb!X H,ll.ep 194·196Rn 06'bHCHCHO 

OTKJIOH€HHe OT 3aKOHa feitrepa-HeTTOJia. 

• Ha ocnoae MO.LJ.eJIH xopowo ouucan npou;ecc KJJaCTepuoro pacua.LJ.a H3 •IeTno

'feTHbix MaTep!:!HCKHX H,ll.ep, naXO).l.H~l:!XCH B OCHOBHOJ\1 COCTOHHHH. Y'fTena 

B03MO)KHOCTb pacrra,ll.a C pa3Hb!MH OpH€HTaiJ,HHMl1 KJiaCTepOB. J10Ka3aHbl 3a

BHCHMOCTH nep!:!O).l.a IIOJiypacUa,ll.a !:! ClleKTpOCKOilH'feCKHX cpaKTOpOB OT MaC

COBO!'O 'fHCJm MaTepuncKoro n,ll.pa. Onucana TOHKan CTPYKTypa KJiacrepnoro 

pacna).l.a 223Ra-+ 14C. 

• B ynpo~eHHOM upe.LJ.CTaanemm MO.LJ.eJIH upoae,ll.en anrum3 H3BJie'feHHbiX H3 

3KCI1€p1111!€HTaJ!bHb!X ,ll.aHHb!X CII€KTpOCKOIII1':!eCKIIX cpaKTOpOB. J1pe,t(CKa3aHbl 
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neo6uapy)Kennhie noKa pacna).l.bi n ou;euenhi HX nepnO.LJ.hi rroJiypacna).l.a. O~e

ueubl Beca 3aTpaao•moi1 )J,.HC B BOJIHOBOH cpyHKIJ,HH OCHOBHOI'O COCTOHHHH ,ll.e

Jm~HXCH aKTHHH.LJ.OB. PaccMOTpen KJiacrepHbiit pacna.LJ. CJm6onarpeTbiX n,ll.ep. 

Ha npuMepe 118Ba n 232U uoKasano pe3Koe yae;m•mu11e cueKTpocKoiiH'IecKux 

cpaKTOpOB KJiaCTepoa C pOCTOM 3!jepi~HI1 B036y:ai:.iJ;eHHH 1\IaTepHHCKO!'O 5l,ll.pa 11 

e~e 60JJee pe3KOe yaeJIH'feHHe ll.IHpim paCIIa).l.a. J1p11 3TOM CIIeKTpOCKOIIH

'feCKHH ¢aKTOp So. .LJ.JIH a-pacrra).l.a yneJIH'fHBaeTC5! ropa3.LJ.O Me,ll.Jleuuee, '!eM 

CIIeKTpOCKOIIU'feCKHe cpaKTOpbl ,ll.JIH 6onee TH)KeJih!X KJJaCTepOB. 
. ' 

• Mo).l.eJih npuMeneua ).l.JI51 orrucaunn "po'l'a~noHHhiX nonoc aJibTepuaTnanoti 'feT

HOCTH B TH)KeJib1X H).l.pax. )J,aeTC5! npe).l.CKiJ.3anHe ,ll.JIH pOTalJ,HOHHOti liOJIOCbl 

aJibTepHaTHBHOH 'feTHOCTH H.LJ.Pa 253No. J1pe).l.CKa3aHhl Bpell!eHa a-pacua).l.OB C 

'poTalJ,HOHHb!X liOJIOC H,ll.ep 236U 11 254No. 
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