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, B HaCTOffillee BpeMII 'Ha OCHOBe IIOJiyJ',<IJ:KpOCROIIHIJeCROro rro,nxo,n:a 

B paMRax CBepXTeKyqeii MO,rteJIH R.I(pa lllllpORO rrpoBO,rtHTCH H3Y'temie 

CBOHCTB KOHRpeTHHX H.I(ep. 

B OCHOBe cBepXTeRY'teH Mo,tieJIH .ll;rtpa JieJKaT MaTeMaTl:l'leCRlie , 

MeTo.r(IJ, paspal5oxamrue B Teopna cl'IcTeM MHoriix '!acTim H.H.EoroJ1I0-

6owrlI/ ll ,lijt.Bap.I(mIDM, JI.KyrrepoM, .n,it.lllpHqqiepor/2/, a Tarute HO

We qiH3Il!JeCRlle l1,lleH, Racruan11eca sqqiem:'HBHoro D3aHMO.I(9HCTBIDI 

HyKJIOHOD Jl;,l:(pa. B / 3/ H.H.Eoromo6oB JKa3aJI Ha CYII18CTBeH11y10 pOJI:E, 

CBepxTeRY'tllX scpIJeRTOB D ,nnepHoii MaTep1rn; O.Eop, E.MoTTeJIMOH, 

.n.rranH/ 4/ 06CYJir,rtaJIII I.l9Jiecoo6pa3HOCT:E, rrpUMeHeiHIR M9'.l'O,I(OB Teop,rn , 

CBepxrrpOBO.I(l'IMOCTll B 113y'!eHHl'I CBOHCTB ROHetJHHX ,nnep. B.r.CoJIOB:E,e

wr/5/ H C. T.EeMenm/6/ cos.naHa Teopl'III rrap1rux Roppe.7UIUmi CBepx

npoBo.I(Rmero TIDia B aTOMHHX H.IU>ax. Teopl'III·rrapHllx Koppe.7IJIUHii ol5'b.A'c

Hlt7Ia MHOrHe CBOMCTBa ,nnep, KOTOplle He 61rn11 IIOHRTI!H paHee, l'I IIOJIO

JKHJia Ha'!aJIO WllpOKOMJ H3ytJemno R.I(epnoti CTpJRTYpll Ha OCHOBe M11Kp0-

CKOIIW!eCKoro llO.I(XO,rta. Ilpl'IMeHeHlle, MeTo,na rrp116JIIDKeHHOro BTOPWIHOro 

KBaHToaaHvra H.H.EoronnOoaa111 nosaonvrno rronyqvrTb rronJMvrxpocxonvr

tJecKoe · ommaH11e B11c5pan110HHHX cocToRH1ti:i a_np/7 I. B /Bl npe,nJioJKeH 

l,'ieTo,n, II03BOJJHlCiI\mt IIOJiy'iU:TL HepOT8.UHOH!rue COCTOHIIl'III HC'leTHoro 

R.I(pa C yqeTOM B3al'IMOI(CHCTBl'IR KBa3WiaCTHI.l C KOJiec5aHMM~ 'l9THO

'l9THOI'O OCTOBa, IlOJIYMIIKpOCKOllWiecKOC Olll1CaHl'Ie Hepo•1·annoH!IDX coc

TOJiHllH cqiepWieCKllX II .I(9!pOPMHpOBaH!IDX H,nep paspaOaTHBaJIOCL BO 

MHornx pae!o'.l:ax l'I mi1160Jiee noJIHo rrpe.I(cTaBJieHo B MOHorpacpm/9/. 

. B HacTomuee BpeMll Ha OCHOBe pa3BVITVIR ~ett II M9'.l'O,I(OB CBepx

TeKyqeil MO.I(eJI11 Jl;.I(pa, .I(amroro ✓101 , paspaoawnaeTcR noJiyMHKpo

cRorrwiecRIIH llOJtXO,rt K ommamno WCOKOB030y}l!,IteHH!1X COCTORHl'.lli 8.TOM

HllX H,ne/III. 
IIo.nyMHKpOCKOIIIIIJ9CKIIH IIO!l;XO,rt rrp:IBJieKaTeJieH TeM, 'ITO IIOMl1MO 
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pa3BHTIDI OCHOBIIHX MaTeMaTli'JeCKIDC MeTO.ll;OB pemeHIDI 38,ItatJH MHormc 

TeJI 11 YTO'IHeHIDI 131Ul;a 3qxpElKTllBffilX CHJI, npoHCXO~ero no Mepe 

HaKOnJiemm HOBHX 3KCnepHMeHTaJil,Hl,lX ,ItaHffilX, noSBOJllleT no.nytJaTl, 

KOJIHtJeCTBeHIIHe pe3yJILTaT&, odMCHllllll\He COOTBeTCTByxxnlie 8KCrrepR

MeHTaJILHHe ,l{aHffile H .n;eJiaTI, rrpe)tcKaSaHIDI, tJTO ,B CBOIO OtJe_pe,n;I>, 

CTHMyJIHpyeT 3KCnepHMeHTaJII,ffile HCCJie.n;oBaHID!. 

HacTOJilllWI JtHCCepTS.UIDI nOCBJillleHa HSytJemno nepOT8,UllOHffilX 

COCTORHlfil f!Jtep B o6JiaCTH aKTHHIUl;OB B paMKax CBepxTeKytJett MO.n;eJIH 

JI.n:pa. Mo,n;eJII,ffilH raMWILTOHliaH BKJimaeT, Hapimy co cpeJtHHM noJieM 

5mepEHX CM, OCTaTO'lHOe B:JaHMO.l(eHCTBHe, llplmO.Itffillee K napffilM KOP

pe~IDIM CBepXIIpOBO.zvmtero THna, H JtaJII,HO.n;eiiCTBynllee 3qxpElKTlmHOO 

B3aliMo,n;eiiCTBlie B Be;n;e MYJII>TliIIOJII,-MYJII>THIIOJII,HllX CM. Cpe)tHee 

IIOJie OlIHC&BaeTC.ll IIOTeU:ItliaJIOM CaxcoHa-I3y.n;ca. 

J{HccepTauli.ll cocToHT HS BBe.n;emm, tJeTUpex rJiaB H 3axJmtJemm. 

Bo BBe.n;eHHH HSJIOZeHbl OCHOBH&e IIOJIO~eHli.ll CBepxTeitytJeii MO)t8JIH 

5mpa B TOM 06'beMe H B TOM BIUl;e' Kalt OHH npHM8HJI.lllfCI, HaMH npH 

KOHKpeTHOM H3y'!JeHHH COCTO.IIHd paccMaTpHBaeM!lX 5mep. IlpnBe.n;e.llll Sl)aB

HeHM TeopHH napmx 1toppe~liii H ceKyJllipirue ypaBHearui ir BHpaze

mm, orrpe.n;eJI.1Innne 3Heprmi: H CTPYKTYPY HH3KOJie~ruc HepOTS.UHOHllllX 

COCTO.IIHIIB tJeTHO-tJ0TffilX H H8tJ0TH&X 5mep. Bo BBe)teHHH Ta.Rlte orrpe

Jt8JieHO MOCTO pa6oT, JieJKa~HX B OCHOBe JJ:aHHOli JtHCC8PTS.UHH, cpeJtH 

pa60T, IIOCBJillleHH&X usy-qeHHJO HepoT8,UlWHffilX COCTOmtml aTOMHHX 5mep 

B pru.1rr,ax OBepxTeitytJeft MOJJ:8JIH C HCIIOJII,30BaHHeM IIOTeHIJ;HaJia Caxoo

Ha-By)tca. PaHee B TaKOM IIOJtXO.n;e H3ytJaJIJIICI, HH3ltOJie~He Hepo

TartHOHlllle OOCTO.IIHWI JtOq>OpMHpOBaHH&X 5mep peJtKOSeMeJII,HOH 06JI8.C

T';/I2/ H tieTITO-tJeTffilX H pH.IJ;a HetJeTH!lX 5mep aKTHIIIUl;OB B o6JiaCTR 

234~A~ 252/I3/. HaMH IIOJt06paH& rrapaMeTp!l IIOTeHIJ;HaJia CaKooHa-

By)tca H IIOJiytJeHH OJtHOtJaCTHtJffile BHeprHH H BOJIHOBHe ~yHKIJ;HH AJIR 

o6JiacTeft 224~A~234 H 250~A~260. J{JIJI 1mep aatJaJia 06.11acTH 
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aKTHHH.l{OB paccqHTaH& B8JIH'lHHH paBHOB8CH&X KBa,11;pynOJibH08 H reKca

.1te1taIIOJII,HOil JtecfiopMaUHH H OOOTBeTCTBYRII1He CTaTHtJOCirn:e MOM8HT& 

/I
4
,I5/ (rJI. I). B OJtHOq>OHOHHOM npHMIDKeHHH lIO.nytJeHo OIIHC~He 

KOJIJieKTUBHHX ltBa.ztPYlIOJlI,HllX H OKTJilOJII,HHX COCTOIDIHH .R.n;:ep natJana 

o6JiaCTH rutTime;n;oi/
15

/ If TpaHCK!OpH8Bl1X 3JieMerITo/I6/. JlnYXKBa-

3HtJacTHl:JHlW COCTOJIHHJI JtO BHeprmr 2,0-2,5 M3B pacctJHTaH11 c 

ytJeTOM sippeKTa 6JIOKHpOBKH (rJI.II). B IIpH6Jilmemrn, ytJHT&BfilWler,; 

BSa11M:>.1te.licTBHe KBa3HtJaCTHit C qJOIIOHaMH I! CMellJHBaHHe 0JtHOKBa-

3HtJaCTHl:JHllX ypoBHeii, llOJJytJeffil TeopeTHtJecrrne Cll8KTpl1 Hll3KOJie

~HX IIepOT3.qHOHHHX COCTO.IIHHH 28 HetJeTHHX SIJtep B IIIHpOROH 0~ 

JiaCTll, BKJIIO'laIWlefi Bee aKTID!lW:J (225~A~2sr/IS,I?,I8/ (rJI.lll). 

B par.max MeTOJta, II03I!OJIHIW1ero ytJeCTI, BH6paqHOHH&e H pOTartHOII

H!le .I(BD8Hli.ll, pacctJHTaHH !IJIOTHOCTH B036Yll';D;8HH&X COCTOruIIDi rrptt 

BHeprHH CBll3H HefiTpoHa JtJIH 5mep Ha'IJaJia o6JiaCTH ar,Tlml:l,I(OB. Ha 
2:soT1 

IlpHMepe h llCCJie,n;oBaHa 3aBHCHMOCTL IIOJIHOi! IIJIOTHOCTH COCTOJ!-

Hilii OT BHeprHH Bos6yll';n;emm/19/ (rJI.IY). Bee IIOJJY'I8HHl1e TeopeTH

'I8CKHe pesyJII,TaTH CpaBHl!BaJOTC.ll C_COOTBeTCTBYJll!IHMH BRCnepHMeH

TaJil,HllMH )taHH!lMH • 

B rJiaBe I, n. I rrpe.n;tlTaBJieHil peayJILTaTu pemeHHJI o.n;HotJacTHtJ

aoil 38,ItatJH )tJlll SIJtep HatJaJIB. 06JiaCTl'l aKTHHIUl;OB (224~A~234} H 

TpaHCKDpHeBHx. aJieMeHTOB (250 ~A~ 261). YpaBHeHM lllpe)tHHrepa 

(.n;.,m !IpOTOHOB H HeATpOHOB) C noTeHD;HaJIOM'CaKCOHa-By)tca pemaJIHCI, 

'IHcJieHIIo c noM~w no.nyaHaJIHTHtJec1toro MeTo.1ta, paspaOoTaHHoro 

B1201. <ropMa IIOBepXHOCTH JteqJOpMHpOBaHffilX .R.n;ep IlplmHMaJiacI, 6JIH8-

KOI K en~JIIIIC01ln;Y. BpameHIDI C KBaJtpyIIOJll,HOH H reKca,n;eKanoJII>HOH 

.IteqJOpMall;HIIMll. 

IlpH Bl:l6ope rrapaMeTpOB IIOTeHIJ;HaJia CaKCOHa-By~ca Y'lHT&BaJIHCL 

3KCIIepHMeHTaJII,H!Je .n;amrue no OCI!OBHNM If HH8KOJ18lltallll'IM B036yl!U(eHffilM 
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COCTO.flllll'.J'IM HetJeTHllX JI.Ilep .!{8.HHOil oCSJiaCT.I, npWJeM cprumemw C 

3KCIIep1me1ITOM npOBO,l{WIOCb ITOCJie J'leTa B3aRMo,neilCTBWI KBa3l{tJ8C-,. 

Tllr( C qJOHOHaMH. IlpH 3TOM Ta.Kl!te H3J'l8J!aCI, 3aBHCID/IOCTl> pe3yJII,

TaTOB onHCaHIDI HepOT~HOHHHX COCTO.fllllm paccMaTpHBaeMHX tJeTIIO

'leTH!lX ll HetJeTHHX mi;ep OT napaMeTpOB noTeimHaJia. Pe3yJil>TaW 

pactJe'l'OB OJ~HO'laCTWJHllX :meprmi ll BOJlHOB!lX qiymmltii npeJJ;CTaBJieH!l 

B JJ;liCCepT~lllr B Dl-l;ll;e ,nmirpaMM, IIOKa3HBanI!llX IIOBe,nemre 0,lJ;HOtJac

TlltJHHX ypomrnii B 3aBHCllMOCTH OT BeJill'Illlill KB!l.~YIIOJibHOii IJ;eqJOpMa

nmr. 

06JiaCTI, 224 ~A~234 xaprucTepHa TeM, 'ITO B Hee BXO,Itl!T 

nepexo,IJ;HHe smpa. )Lim .H,D;ep 3Tott oCSJiaCTH paCC'lllTa.HH (MeTOJJ;OM 

CTpyTmIC~toro c yqeTOM cnapHBrunmI2 I/) BeJIWJHH!l pa:BHOBeCH!lX 

KBa.IJ;pynOJibHOH ll reKca,IteKanonbH08 ,neqiop~llli ll COOTBSTCTBYKl!llle 

cTaTiflrecKHe MoMeHTH (rr. 2, rJI.I). Pe3yJil>TaTH noKa811BruoT, 'ITO 

3TU R.n:pa MOJKHO paccMaTpllBaTl> KUK ,neqiopMllpOBa.HHlle; HMSKl!lHe qiop

MY BllT.flllyToro 3JIJillllCOl1.ll;a. BeJili'JHHa KBU,ll;pyrrOJll,IIOll ,neqiop~UH 

yueJI!1"IUBaeTCJI npn yBeJIHtJeHllll A OT 3HatJeHllii O,I2-0,I3 JJ;JlJI 

A::224 JJ;O 0,2I-0,22 JJ;JIJI A=232,234 ll yBeJIU'lllBaeTC.FI c pOCTOM 'lllC

Jia H61!Tp0HOB JJ;Jl.FI JJ;aHHoro 3JieMeHTa. Sa:allCllMOCTI, IIOJIHOH :mepr1rn 

OT /340 11
M.FirKruI" • PaCC'lllTamrue BeJili"IHHll CTaTH'!eCKHX KBa.IJ;pynOJII,HllX 

ll reKCa.IJ;SKarrOJII,HllX MOMeHTOB xopomo corJiacymc.FI C IIOJiy'lemruMl1 

l!3 3RCnepHMeHTaJil>HllX ,namrux. 

OJJ;HO'laCTHtJHble 3Hepr1rn 11 BOJIHOB!le <PYI~liU ITOTeimira.na CaK

COHa-By,IJ;CO. 11CITOJII,3YIOTC.FI Kalt OJJ;HO'IO.CTlltJHllH 6a3liC B· JJ;aJibHeiimirx. 

ITOJIJMHRpOCKOIIH'leCRllX pacqeTax COCTOHHH8 'l6THO-'l6THHX H HetJeTHHX. 

R.IJ;ep. 

B rJiaBe I1 paccMaTpHBaIOTCJI Hl13KOJieJKallllle HepoxanHOHHHe 

COCTO.FIHH.FI 'leTHO-tJeTHHX .R',IJ;ep B 06.JiaCTJIX 224 ~A~ 234 It 250 .$A~ 260. 
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KB~yrrOJII,Hlle H OKTYilOJII,H!le COCTOJIHlI.FI c K" =0+,2+,o-,r~.2-,3-

0ITltCHBa.IOTCJI qJOIIOHaMlt COOTBeTCTByT{lQeil MyJil>TllllOJll>HOCTl1. CeKyJI.Fip-

HHe ypaBHeHHH.pemanHCb tJHcneHHO,npH 3TOM HaXO~HnHCb 3HeprHH H pac

cqHTHBanach KBa3HtJaCTH'l,HaH cTpyKTypa O~HOqJOHOHHl1X COCTOHHHI1. B11-

'IHCJI.FIJil1CI, TaxJKe BeJill'IHHl1 rrp1IBe,neHH11X .BepoJITHOCTeil E}.. -rrepexo.noB 

B 3TH COCTO.FIHH.FI 113 OCHOBHoro. KoHCTa.HTH MYJil>Tl1ITOJII,-1,(JJil,TlllIOJII,-
().) 

Horo B3UHMO.D;eiicTBH.FI 3e mCSHpaJIHCI, TaK, 'ITOCS!l HaH60Jiee TO'IHO 

nepe.D;aTI, aKcrrepHMeHTaJII,Hlle 3HeprllH rrepBHX KBa,IJ;pynoJII,HllX H OKTy

IlOJlbHllX COCTO.FIHHH BC6X tJeTHO-'leTH!:lX JI,n;ep paCCMaTpHBaeMoii 06-

JiaCTK. 

B n.I rrpe.D;CTaBJieHJ,J pe3yJil>TaTH ,JJ;Jl.FI 'leTHO-'IeTHL!X R.n:ep 

o6JiaCTl1 224 ~A4234. · B /IS/ noJiytJeH!l O.IJ;HOqJOHOHHhie KB~~PYITOJil>

H!le 11 oKTyrrOJil>HHe cocTo.FIHH.FI n:n;ep 224,226Ra. _i:?26,228,230,232Th, 

228,230,232,234 U . 
Ha1160JibIDIDi. 11HTepec npeI(CTaBJI.FIRlT rrepB11e B03l'.5J.li\I(8HHHe 

. K" + ,,+ rf'" r- 2-cocTomrlI.FI c =0 , .. ,u , , • 3T11 COCTOJIHH.FI HMeRJT, P.:aK npaBHJIO, 

cymeCTBeHHO KOJIJieKTHBHY!O rrp1tpo_n;y H, r.ooTBeTCTBel!HO, ClJOlKHylO 

KBa3lfllaCTHllHy!O CTpJKTYPY. B Ta6Jrnn;e I B KatJeCTBe npm11cpa IIpeIJ;CTaB

JieHll pe3yJII>TaTH J.(JI.FI nepBHX KBa.~yrroJII,HJlx cocTOJIHIL: c K"=2+. Be-

JIHllHHll B(E2, 0~ - 2.+ 2.) npHBe.D;eH11 B O.IJ;HotJaCTll'IHl,!X CJJ;l1Hllr(ax 

11/3 a. d:J " Bq,. (E2) = 0,3 A e T ,.µ. • B KOJiomte "CTpJKTypa" np11..:.. 

BeJ.(eHH (B %) JJ;JlJI K~oro O,ll;HOqJOHOIIHOrO COCTOJIHlfil mecn Hatt60JII,

lllHX .D;BYXKBaSHtJaCTWJHllX ICOMIIOHeHT ( t'lt'\-HCHTpOHillie' pp-npOtOHHHe). 

3HatJeHH.FI Be.Jlltt!IDI B (E2) B IIecKOJILKO e.1.(11Hillt COOTBeTCTBYRlT cy

mecTBeIIHOMY ycHJiemno E2-uepeXOJJ;OB B 3TII COCTOJIHH.FI 113 OCHOBIIOro. 

ITO Cpa.Bueumo C OJJ;!IO'laCTiflIHlJMl1. B·rop11e O.D;HOqJOHOHHlle cocTomnm, 

KaK IIOKa3!:lB8.lC'I' paCtJeTll, ROJJJieICTiIBH3llpOBaHll ropa3n;O CJia6ce, 6oJiee 

Bl1COKHe - rrpaKTifl!CCKl1 .IJ;BYXRBa3HtJaCTHtJH!le. 3To OTHOCl:ltC.fl TaKl!Ce 

KTt rr- - -K nepBl:IM 11 CJie,izy.ianHM OKTYITOJibHHM COCTOIDUilIM c =u , I ,2 

paccwtpHBaewx n~ep. 
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Ta6Jim~a I. 

3Hepr1m l1 cTpJKTypa rrepBHX rma.IUJYITOJIT>HHX cocToRHmi c K" =2+ 

~ ~ 8{E2) 8(E2.) 
C•T p y RT y p a(%J i{D;po 3KCil. Teop. 3KCil. Teop. 

(xsB) (xaB)_ 

224R~ 840 4,8 tn,752t50IH8 rr402,660t 7 
hh503!770tl2 """"743t76It 6 
n11176It50I! 9 i7p532l530t 5 

226RG\. 920 4,9 ~11752t50I!II l,,k743t76It 9 
l'\11163It63I!II fP4021660t 8 
.,.,.633l63IlIO Ff532l530t 6 

226Ti, 820 4,4 >111752t 50IH9 i,,11t743t76It 7 
....,,503!770tl3 p~532l530t 5 
ni--76It 50H IO "'"'50It 770t 5 

228Th 977 930 4,5 (,'\\.1?52t50HI3 k1A?43t?6It IO 
1111163lt63HII lp532l530t 6 
l'l"1633!63IHI k503P70t 5 

230Th 782 780 2,9±0,3 4,4 vt111633'63U26 rf 532l 530t 5 
i,,1163It63U20 "'"'752t50H 4 
l'\l-\743t76It 8 l,\IA734t?52t 3 

232Th 786 780 2,9,±0,2 3,4 h111633'63H39 tp532l530t 4 
n11163It63Il2I "'?34i7521 3 
1A111?43t?6It 5 rp402!660t 2 

228u 770 4,3 tn,752t50U20 hk. 743t 76It 7 
11k.503l770fI4 i,,11t50It770t 5 
"'"'76rt5oruo rr532f 53ot 2 

230U IOSO 3,0 i,.i..752t50UI4 ..,...,743t76It II 
hi..63It63IH3 ~03· 770t 5 
11111633,63!!!2 ~p532f530t 3 

232u 867 .930 3,0 Vl\,'\633~63'.U30 ~"" ?52t50H 4 
i,,,,,63It63IJ23 \.\1.1734t752t 3 
1'11117431-76It 8 fi7532f530+ 2 

234U 927 900 2,9±0,3 2,3 hl-\633f63H44 h111734t 752t 3 
IA\.\63H63U23 ~r,532{530t 2 
h"k743t.76If 5 p642t400♦ I 

lliITepeCHIJMlI B o6JiacTl1 224 ~A~234 RBJllIIOTCR nepwe OKl'YITOJII,HHe 

cocTOJIHlIR c K":::□-, KOTop1,1e lIMeIOT aHOMaJIT>HO Hl13Kl1e · (200-500 KaB) 
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3Hepr1m B H30TOilax Pa.IlllR l1 JierKllX J,l30TOnax TOpM H yprum. KaK 

BMlJO H3 pe3JJIT,TaTOB, npe.rtCT8.BJ!emrux B .Itl1CCepT81Uill, B O.JtHO<fiO
(.S) 

HOIIHOM npa6JIIDKeHlll1 c q>RKCHpOBaHHoil ItoHCTfilI'l'OH ~ Y.n:aeTCJI npa-

BllJIT,HO nepe~aTr, ll3B8CTHI,I8 aneprHR nepBHX o-..:COCTOHIImi nnep 

228,230,232Th ' 232,234 U. 0,ItHaKo CWIT>Hoe .noH!IDKeHne 3Tl1X 

~ COCTOHH!m B Ji.rtpax c A:::224,226 nepe1taeTCJI JllllllT, Ita'IeC'l'BeHHO, IIoJID

Jieime HRRKHX □--cocTOllHlm B H30ToHax c N :::!36;!38,140 06'.bJic~eT

cR CWU,HI,IM BJIMHReM ~Byx HmKaiillUlX rroJIIOCoB "'"'[633U [752fl 11 

,., 

r 

"'111[63! t] [761 t] • 3TH noJIJOCa pacnoJioJKeHI,I Hl13Ko no sHeprna 11 cooT

BeTcTBYJOOIHe l1M MaTpH'nrue, sJieMeHTU OT onepaTopa MyJIT>Tl1ITOJIT,HOro 

MOMeHTa C "Ar =30 HMeIOT 60JIT,Wlle B8Jlll'Jl1Hl,I. 

CocTORHM c K" :::o+ B tJeTHO-'IeTHUX R.n;pax 06JiacT11 224 ~A~ 234 
(2) 

He y.n;aeTCR onucaTr, C O,ItHlIM 3HatJeHl1eM KOHCTaHTbl <le • IlpH 0Ill1CUHl1ll 

o+-cocTORHlfil 3Tl1X .R:n;ep, IlOMl1MO ,n;pyrl1X B03MOJ!Gfil~ acp'peKTOD, Heo6xo)l;l1-

MO y<IllTHBaTl> sqipeitTll aHrapMOHl'ltJHOCTl'I. B7IMH11e .ItBJX(fOHOHHI,IX KOM

IlOH8HT ~OJilKHO 6UTL oco6eHHO CYlll8CTBeHHHM B o+-cocTORIIHRX H30T0-

IlOB pa.rtWI l1 JiemlIX l130TOilOB TOpIDI, T.K. 3Tl1 Ji,n;pa lIM810'l' O'IeHL 

Hll3Kl18 nepmrn □--COCTOJIIIM 11, CJie,n;oBaTeJIT,HO, .ItBYXq>OHOl!HHe COCTOR

HM O+, o6pa30BfilIHI,I8 .rtBJMfl OKTynOJIT,HI,IMli qJOHOH8.Ml1, 6y;rryT Hl13Kl1Ml!, 

8'ro nomBe}ll\n;aeTCR B pac'IeTax, wno.irneHHHX B ,n;MLHeiilile/221 c 

y<IeTOM aHrapMOHll'IHOCTlI, Ha OCHOBe HaIJlliX pe3yJIT>TaTOB O}~HOq:<)

HOHHOro Olll'!CaHl'IH. 

Cpe.n:11 tJeTHO-tJeTHI,IX R.Itep o6JiaCTl1 224 ~ A~ 234 Ha1160Jiee XO

porno 11sy<IeHU 3Kcnepm.ceaTaJII,HO i,ra0Ton1,1 TOpM 228 , 23□,232Th. H ypaHa 
232 ,234 V . .llJIH STHX JJ:rtep npo:ae.rteH ana:rns UMennnxcH s1tcnepmlleH

TaJIT>IruX ~aHHI,IX l1 .n:aeTCR doJiee ,n;eTaJIT,HOC cpaBHeH11e HaJJ!llX pesyJib

TaTOB C 3KCIIepHMeHTOM. PesyJIT>TaTll rrpe~cTaBJieHI,I B Bll,Ite Ta6JJmt 

TMa Ta6JimtH 2 .ItJIR 230Th. CpaBHeHHe c aKcnep1IMemow. nm:a3llBaeT, 
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'ITO HCIIOJII>3yer.iuit IIO,JOCO.IJ; IIOSBOJI!IeT IIOJIY'IHTI, BIIOJIHe Y.IlOBJleTBO

pHTeJII>HOe TeopeTH'!eCitoe omi:crume cneKTpoB IIH3KOJielKaIIIHX BHClpa-

UHOHHUX COCTOJIH!m pacC!&iTpHBaeM:IX ~ep. 

Taelmma 2 
2~0Th 0ItHOqlOHOHHlle COCTOJIHlf.lI . 

K" Sneprlf.lI, MaB B(E.>.) !'.,}>,I..(, CT p y KT y pa,% 

OmIT Pac'<IeT OmIT Pac'<IeT 

o- 0,508 0,5 29,±3 20,0 \11<633i 752-t 54 pp65H52H 4 
pp400t530t 5 w-.63It76I+ 3 
..... 63Ii770f 4 "'"624½743t 2 

2+ 0,782 0,8 2,9±0,3 4,4 h!"633{63H 26 pp532!530t 5 
l-\"'63It63H 20 .... 752t-770t 4 
\.\'1743t76I+ 8 ki,734t752t 3 

r 0,954 I,O 23,±3 I6,0 "'"' 743t633~ 29 """633!76It 3 
"'"' 752t63I ♦ 25 "'" 5I2½63IJ I 
pp65It53ot 4 "'"'752t642i I 

r I,079 I,I II,7 ki,,743t63H 29 l'\"'1734t633! 5 
pp§42t530t 8 pp§5It530t 4 
.., .. 743t642½ 6 ...... 752+63!,l- 3 

3- I,9 O,I .,._63U752t 98 pp642t 530t I 

B II. 2 rJI.Il paccMaTpIDlaIOTCJI '<IeTHO-'IeTHhle .fI.ztpa oelJiaCTH 

250 ~A~ 260. r/17 / IIOJIY'IeHO O,IlHOqX>HOHI:!Oe OIIliCB.HHe HH3ROJielltlll!IHX 

1rnan:py~oJII>HhlX H ORTYIIOJILHllX cocTORHim ~ep 248,250,252 Cf , 
250,252,254,256f"m , 252,254,256102 , 258,260K" • TiacTI> P;_ 

syJII>TaToB n;JIR nalfeloJiee CTaelw.rI>HhlX ~ep npe,11;ctaBJ1eHa B .IlHCCepTa

nrm B B~n:e TaelJIHU THIIa TaelJI. 2. B HaCTOJilllee BpeMil ~a TpB.HCK»

pHeBHX aJieMeHTOB ente TOJil,KO Ha'<IHHa.JOT H3y'<IaTI,CJI aKcnepHMeHTaJII>HO. 

IlpH ooelope rrapaMeTpOB MOIJ;eJiil: IJ;JIJI STOil oelJiacTlf MU IIpID3JleKaJIH 

HMeK111HeCJI SKCIIepHMeHTaJII>Hhle ){8.HHhle H ytlHTUBaJIH SaKOHOMepHOCTH 

B IIOBe){eHHH rrapaMeTpOB, ycTaHoBJieHHUe npH HayqeHHH COCTOHHmi 

6onee nerKHX aKTHHH,11;0B. 
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JlByXKBaSli'IaCTH'<IHUe COCTOJIHlf.lI, pacc,rnTa.Hirue ){O ::meprHlf 

..., 2, 0-2, 5 MaB c yqeTOM acfxpeKTa ClJIOKHpOBRH, IJ;OIIOJlHJIIOT crreKTpu He

poT8,UHOHHUX COCTOHHmi '<IeTHO-'IeTHUX an:ep. RoHCTaHTU rrapHUX B3aHMO

n:eilCTBlm BHClHpaJIHCI, IIO Haw.ryqmeMy COBIIB.,ll;eHHll paCC'<IHTaHl:lhlX napHHX 

aHeprll:ii C II0.71Y'IeHHUMH HS aKcrrepHMeHTaJII>HUX n:aHHUX IIO pa3HOCTJIM 

Ma.CC R,Ilep H OIIHpMCI, Ha pesyJII>TaTU paeloTu/231. H3BeCTHHe HS aKc

rrepHMeHTa aHeprHH H CTPYKTypa IJ;BYXKBas111raCTH'<IHhlX COCTOJIHIDi C 

TO'<IHOCTI,JO ){0 I00-200 K3B rrpaBRJII>HO rrepen;aJOTCJI B HalllHX pac'<IeTax. 

B n.3 npe,n:CTaBJieHU. pesyJILTaTH aHaJIHSa IIOBe,n:emm KOHCTaHT 
' . 

MYJII>THIIOJII,-MYJII>THIIOJII,HOro BSaHMo.n:eilCTBM B oelJiaCTH aKTHHHIJ;OB. 
. (;t) (A) ("1/A 2.,3/3 + 1 

Oelll!M sBBacHMocTI> ~ oT A : oe = p 
(3) 

npHClJIID!teHHO BHIIOJIH.f!eTCH .IJ;JIH OKTYTIOJI!,-ORTyIIOJII,HhlX'KOHCTaHT ';;e ; 

BeJIH'<IHHa p<.3> JielltHT B npe,n:eJiax I6CJ±I5 • .I{Jm RBa,n;pyIIOJII,-RBan;pyIIOJII,-
(2.} . 

HUX KOHCTaHT ae aTa SaBHCHMOCTI, BHIIOJIH.fleTCH xyEe. BeJIH'JHHa 
{2) p HSMeH.fleTCH B npe,n:eJiax 260..-320, MOHOTOHHO pacTeT rrpH 

nepexo){e OT JierRHX aKTHHRD;OB R TJillteJIHM. 3TOT pocT MOlKHO CBJISaTI> 

C pOCTOM KBa.n:pynoJII>HOH n:eqiop~HH. 

fJiaBa ill IIOCBRll\eHa HepOT8,UHOHHUM COCTOJIH111IM He'IeTHHX Rn;ep. 

IlpH HX OIIHCaHHH ytlHTliBaJIOCI, BSaHMO){eHCTBHe KBaSH'JaCTHU C KBa,n:py

IIOJII,HhlMH H ORTYIIOJU,HhlMH KOJieelaHlf.lIMI! '<IeTHO-'<IeTHOro OCTOBa. Ilpl! 

8TOM HCIIOJII>SOBaJIHCI, qlOHOHU coce,n:Hl!X '<IeTHO-'<IeTHhlX JIIJ;ep, pesyJII,

T8,TI,J pac'<IeTOB KOTOPJ:lX rrpe,n:CTaBJieHU B npe,D;li,ll;YJ118tl rJiaBe. B Ta.ROM 

IIO.IJ;XO,Ile npe,D;IIOJiaraeTCR, '<ITO HaJIR'IHe O,n:HOH KBas111raCTHUH CRJILHO 

ire HSMeHJieT qlOHOHli 'IeTHO-'IeTHOro OCTOBa. Y'<IHTliBaJIOCI, TaKllte 

CMemIDlaHRe O){HOKB8SH'JaCTH'!HliX KOMIIOHeHT B COCTOJIHHHX He'<IeTHOro 

~pa. B /l6-18/ IIOJiyqeHhl aHeprHR H CTPYKTypa OCHOBHliX H BOS

ClyJI\IJ;eHHUX COCTOJIHmi He'IeTHUX R.n:ep Ha'<IaJia oelJiaCTH aKTHHl!){OB 
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(225 ~ A~ 233), pJin;a TpaimypaHOBHX SJieMeHTOB (235~ A, 24?) H 

TpaHCK!OpHeBHX SJieMeHTOB (251 .:!-- A~ 261) , T. e. B pa.MRax e,n:HHoro 

rro,n;xon;a ,n:aHO OnHCaHl!e HH3KOJISllt8.lilHX HepoTBUHOHHhlX COCTOJIHmi 

HeqeTH!lX JI,n:ep B lliHpOKOli o6JiaCTH, BRJIJOlla.Ialleiii BCe aKTHHIV4U. B ,n:Hc

cepTBUHH peayJinTaTU paCCMaTpHBaJOTC.fI no o6JiaCTJIM B rr.rr. 1,2,3 

rJiaw m. RBaHToooe qHcJia, sHeprHH (.n:o l,I-1,2 MsB) H CTPYKTypa 

COCTO.fIHIDi HeqeTHl1X JI,n:ep rrpimo.~TC.fI B Ta6JI~ax Tmra Ta6JI.3 .D;J1JI 

231Th . B KOJIOHRe "CTpyKTypa" rrpimen;eH!l (B %) Koajxp~l'IeHTH, 

onpen;SJIHlOllllle BKJia.n; 0ll;HOKBa3ll'!aCTII'IH!1X KOMIIOHSHT l'I .U:BYX Haft60JII,

llil'IX KOMIIOHSHT KBa3ll'!aCT~a IIJIIOC qlOHOH. IlpHBOW{TC.fI TaRJ!te SRCIIe

pl'IMeHTaJibH!le .n:aiurue, l'IMeJOOIIIecJI B HacTomnee BpeMlI. 

OCHOBHOe l'I nepooe B036yllt.D;eHHh!e COCTO.fIHH.f! HeqeTHl1X JI,n:ep 

no CBOeli CTpJRType 6Jil'l3RH R OD;HOKBa3H'JaCTII'IlillM, HX SHepraa l'I 

RBaHTOBlle qHcJia onpen;eJIJIIOTC.fI, B OCHOBHOM, ypOBH.f!Mll o,n:HoqaCTII'IHOro 

6a3HCa IIOTeHL(HaJia CaKCOHa-Byn;ca. Ilpll B03pacTaHllll SHeprirn B036yJit

n;eHHJI yBeJIHqlffiaeTC.fI BKJian; KOMIIOHSHT • con;eplltalllllX qx>HOH!l , rrp~eM 

Ha1'160JII,llilfil BRJian; ,n;aIOT qx>HOH!l c "'r =20,22,30,31 HHorn;a 32. 

Ilpl'I SHeprl'IH ~ l MsB ITO.fIBJIJIIOTC.II COCTO.fIHHJI, B KOTOpllX rrpeo6Jiana

eT BRJian KOMIIOHeHTH, conepxamen qx>HOH. IlpH ,n:aJinHelimeM yBeJill'!e

Hl'll'I SIIeprHl'I B036yJK,l(eHHJI,B o6meM CJiyqae,Heo6xo.n:m.10 yqHTHBaTb 

ROMIIOHSHTU, con:ePJitB.llll'le ,n:Ba qlOHOHa. IIpl'IMeCH .npyrIIX, RpOMe oc

HOBHOiii, Ol(HOKBa3ll'!aCTII'IHllX KOMIIOHSHT COCTaBJIJIIOT, Kalt IIpaBHJIO, 

HSCKOJlbKO rrpoueHTOB. Ho B Tex CJiyqa.Hx, ecJil'I B o.n:noqacTll'!HOiii. 

cxeMe eCTb ypoBirn, ROTOp:le 11KBa3HIIepeceRaJOTC.fI11 B6JIH31'1 paBHO

BSCHoro 3Haqemm ,l(Sqx>pMBUmi, BRJial( BTOpOli O.ll;HOKBa3ll'!aCTII'IHOH 

KOMIIOHSHTU MOJ!tST ,n:OCTHraTb 20--30%. 

IlOJiyqSHHlle SHeprHH li CTpJRTypa HepOTBUHOHHllX COCTO.fIHmi 

HeqeTHllX JI,n:ep aKTHHlill;OB MOrYT HCIIOJlb30BaTbC.II B pacq~Tax CIISRTpo-

10. 

Ta6JI~ 

3HeprHl'I II cTpYJtTypa ocHOBHoro II Boa6yl!O'.l;eHHhlx cocroJIHHli 231 Th 

K" 6 "3/::Ch. e reof> . • 
(nB) (KaB) CT p y RT y pa(%) 

5/2+ 0 0 633i 91; 622t l; 63n~22) 2; ?43°tQ:t_C3I) l; 

5/2- 185 220 ?52t 92; 50H~22) 2; 633¼)t30) l; 

3/2+ 228 230 63It 94; 642l l; ?6lf&t.<30) l; 631~(22) l; 

1;2+ 2?3 240 63lt '7'2; 640t l; 63lh9!(20)20; 63340J22) 4; 

?/2- 386 310 ?43t 90; 624i 3; 633/~31) 2; 622t0J30) 3; 

?/2+ 560 624i ·so; ?43t&J30) ?; 622ttq_(22) 4; 

1;2+ . 610 640t'50j 63U 5; 620t I; 651~ l ;64o1'7J20)30; 

I/2- 55? 670 501"' 4?; ??0+ 8; ?52Wp2)I9; ??Ot~20) ?; 

3/2- '7'20 76It ?4; 50H l; ,63It~_(30)IO; 5aHQJ22> 6; 

I/2-. ?60 ??Ot 58; 50H 5; 503-iQi22)IO; · •50l~j20) 8; 

5/2+. ?90 622t 4?; 633t l; 633~20)46; · ?43t0pn 2; 

9/2+ 860 · 615! ?3; 633~~22)!6; , 613,Qj22) 5; 

3/2+ (8?0) 880 642~ 18; 622½ I; 631 tGpo > ?3; ?52~31) 2; 

5/2- 8?6 950 503!' 13; ?52fQJ20)76; ?70 f-Qf 22 ) 5; 

9/2- rnw ?34t 40; ?52t(Qf22 )31; 633~(32)!9; 

' 
CKOII~SCRHX qia.KTOpoB peaKUmi rrepe,l(aqH, BSp0.fITHOCTell r:J..1f Ir 
rrepexo,n:oB, a TaRJ!te B pacqerax, yqHTHBa.IallHX-aHrapMOHll'!ecKHe sqi

~eRTH, CB.II3b C Bpa.IIISHlleM, OTRJIOHSHlle 3Haqeaaa ~e~OpMaUl'lll B B03-

6yJr,IteHHHX COCTO.fIHWIX OT paBHOBSCHOH l'I .I(p. 8TH s~eKTH MoryT 

yJiyqlliliTb Oill'ICaHHe HeROTOpllX HH3KOJISJKal!IIDC COCTO.fIHllli HeqeTHHX 

JI,n:ep aRTIIHl'l,D;OB. 
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B rJiaBe IY paccMaTpllll8lOTCR IlJIOTHOCTl1 B036yJK.l{eHI!llx COCTOR

Hlm R.Itep HatJaJia oCIJiaCTII aKTIIHimOB. MeTo,n; BHtJl1CJleHIUI IIJIOTHOCTK ,L 

B03 Cly~nemrnx smepHHX COCTORHmi, YtJHTUBa!lllmi BKJI~ B116pa.n110HHOro 

11 pOT8.UIIOHHOro .nmt11temrn, rrpe,I(JIOJKeH B/II/. B STOM MeTo,ne ypOBHH 

B03Cly~eHl'UI CTpORTCR 113 o.n:HORBa3KtJaCTlltJHllX H ql()HOHHUX :meprmt 

6e3 yqeTa B3aUMo,neil:CTBlUI KBa3HtJaCTIIU C qX)HOHaMH. Ha K~OM 

TaKOM ypoBHe CTpoHTCR pOT8.UHOHHaJI IIOJIOCa • .I(a.nee pacctJIITHBaeTCR 

Iii 
tJl1CJl0 ypOBHelt C namruMH B HeKOTOpoM IIHTepBMe aHeprll:lt IIpH 

aHeprHII aos6yx,itemrn,pa:aHolt :meprirn CM3H He!Tpoua,a HaxO.I(l:tTC.li 

IIJIOTHOCTI,,Jil16o cpe.nuee paCCTORHHe Me~n;y ypOBH.liMH. Pe3JJII,TaTU 

TaKIDC .pactJeTOB J:(JlfI Rn;ep HatJaJia oCIJiaCTH aKTHHlUl;OB, IIOJIY"leHHUe 

B /I9/, xoporno corJiaCYJOTCR c COOTBeTCTBynitllMH SKCIIepHMeHTaJII,HUMH 

. namrnM11. 

,U.rur 23DTl.,pacc"l11TaHa rroJIHaJI IIJIOTHOCTL B03Cly~eHHUx cocToR

HIIfi B HHTepBMe OT 2 .no? M3B (cu. pHCYHOK). Pe3yJILTaTU cpaB

Hlllla.IOTCR C SKCIIep11MeHTOM If pac"leTaMl1 no CTaTHCTlltJeCKOK MO.IJ;eJIH. 

Cpa11HeH11e IIOKa3UBaeT, "ITO 11CIIOJII,3JeM!llt MeTo,n II03BOJIJieT IIpaI!llJib

HO rrepe,I(aTI, ::mepreTlltJeCKYJO 3a.BIICIIMOCTI, IIJIOTHOCTl1 B086y:K,11;eHHHX 

.fl.I(epHI,JX COCTORHmi: B HHTepBMe OT 2 .no ? MaB. Y"leT BIIClpa.nmi 

1Ipllll0,!(11T K yaeJII{'ll8HHD IIJIOTHOCTII B cpe.nHeM B 3 pa3a. IlpllMepHO 

TaKOe lite yBeJ111tJeH11e IIJIOTHOCTH n;aeT yqeT Bp8J!leHl1.li. 

B 3aKJrnqeu1111 K .nsccepTa.n1111 CJMN.llpYJOTC.li mrno,I(ll 11 OCHOBHHe 

pe3y.JILTaTH. 113 paeloTU BlUl;HO, "ITO CBepXTeKYtJa.li Mon;eJII, R,ll;pa c 

11CIIOJlb30BaHHeM IIOTeHIUiaJia CaKCOHa-By,nca .n:aeT BIIOJIHe Y.ItOBJieTBO

pl1TeJlbHOe OIIIICaHlle crreKTpOB ,neq,opMllpoBaHHUX .R:.n;ep B o6JiaCTll 

aKTIDiHIJ;OB • 

12 
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7 s e, HaB 

P11c. IloJIHaH IIJIOTHOCTL ypoBueit B 230Tk KaK qiy1ooum aHepr11H 

Bosely~n;emm; Rpymm - artcrrepHMeHTMLHHe n;auwe ; 

crrJioIIIHaJI Kplllla.!i - HaIIIII pac"leTH c 'l = J- z.,'j. ; IIITpiIXOBa.li 

KpllBaH - HaIIIH pac"leTu c 'j- = J <!k. ; mTplIX-IIym<Tf!PHaJI 

Kpl1Ba.li ;., paC"leT no CTaTl1CTWieCKOil: Mo,n;eJrn. 

OCHOBmle pesyJILTaTH n;11ccepT8.Ul111 CBO,n;HTCR K CJI8.IJ;YKX!leMy. 

' Ilo,noelpami rrapru~eTpH rroTeHUllMa CaKCOHa-Byn;ca 11 pacc"ll1Ta

HH OIJ;HO"laCTlltJHHe auepr1111 11 BOJIHOBHe (l)YJOO:(llll .I{JIR oCIJiacTeil: 

224~A~234, 250~A~260. 

,U.rur smep Ha"laJia o6JiaCTl1 aKTHHlUl;OB pacctJHTaHH BeJilltJKHll 
' . 

pa.BHOBecmix KBa.itPYilOJIJ,HOl! If reKC~eKaIIOJll>HOli n;eqx>pMa.nmi, a TaK-

JKe COOTBeTCTBYKX!ll1e CTaTHtJeCKIIe MOMeHTH • 

IloJiyqeHO O.Il;HOqX)HOHHOe on11cau11e HIIJKafiIIIIIX KBa,n;pynoJILmlX lI 

OKTYIIOJII,HllX COCTORHmi: lJeTHO-tJeTHHX .li,n;ep HatJaJia oCIJiaCTl1 aKTHHl1-

.n;oB 11 TpaHCKlOplleBHX aJieMeHTOB. 
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C ytieTOM B3aHMo,n;ei1CTBIUl KBa3!r'laCTl-lU C qJOHOHaMH H CMemHBa

HIUl O,ll;HOKB83l~acT!r'IRHX KOMIJOHeHT paCQtJIITaHl:l TeopeTlr'JeCKHe 

cneKTpH HepoTlmHO!IllliX COCTOSIHIW HetJeTllliX ,rn;ep B nmpOKOll 06JU1CTH, 

BKJIJOtiaJOll\eii Bee aKTHHil;D;ll. 

C IIOMOUII>IO MeTo,n;a, ytIIITHBaJOUlero BH6panHoHRHe H poTlmHOH-

1rue ll;B~mm, pacctJIITairn IIJIOTHOCTH B030Y!\D;8HRHX COCTOSIHmf p,r,n;a 

,rn;ep rrpi,r aneprmr CBR3H Het!Tpona. Ha rrpro.iepe 230 Th noKasano, 

'ITO HCTIOJII,3JeM!lil MeTO,ll; rrpaBIIJI!,HO rrepe,n;aeT SHepreTlr'JeCKyJO 3aBH-
, 

CHMOCTI, IIOJIHOM IIJIOTHOCTH B mITepBaJie OT 2 .no 7 M3B. 

PesyJII>TaTu TeopeTH'!ecKoro orrHcaHHR an;epRHx crreKTpoB, 

rrpen;CTaBJieHHUe B ,ll;aHHOH ,n;nccepTanHH , MoryT HCTIOJII,30BaTI>CSI H nc

IIOJl!,3JIOTCSI B HaCTORUlee BpeMlI npn ,ll;aJII,HefuneM SKCTiepID.'1eHTaJII,HOM H 

TeOpeTlr'JeCKOM H3YtJ9HIIB CBOHCTB JI.n;ep B' OOJiaCTH aKTIDIIl;ll;OB. 

OcnoBnue pesyJII>TaTH .,n;Hccepranai,r nonyt1eau B pa6oTaxlI4-I9/, 

,ll;ORJia,ll;HBaJIHCI, Ha ceMJ,IHa!)aX JiaoopaTopmI TeopeTlr'JeCKOil q>H3HKH 

Ollilll H rrpe,n;cTaBJI,IJIIICI, Ha m-XXYI COBeUlaHHRX ITO JI.D;epnoii crreKTpO

CKOTIKH H CTpJKType aTOMHoro JI.npa H Ha PJI.It9 mKOJI ITO CTpJKType 

aTOMHOro JI.D;pa. 
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