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OEIUA51 XAPAKTEPHCTHKA P AEOTbl. 

AKTYaJJhHOCTh TeMhi. Ocuosoii coapeMeHuoro noHIIMaHml <jlii311KII .neneu11a asnaerca MaK

po-~mKpocKonll'!eCKIIH no.nxo.n, pa3pa6oTaHHh!H CTpyriiHCKIIM B.M., KOTOphiH o6ocuoaarr MCTO.!I 

o6ono'!e'!HOH nonpaBKII 11 npuMeHIIn ero K on11caumo 3Heprn11 .ne<jlopMa~tHII jl.[lep [I]. EMy y.na

noch HenpOTIIBOpe'!IIBO 06'be,!IHH11Tb KnaCCli'ICCK)'lO MO,!ICJ!h lKli,!IKOH Kannll (M)KK) H KBaHTOMe

xaHH'IeCKYJO MO,!ICJ!h 060JIO'ICK B e,!IHHYJO TCOpl!IO B KOTOpOH li3MCHeHue CBOHCTB M,!lep C ysenl!'IC

HIICM JHepmu B036YiK.!ICHIIl! paCCMaTPIIBae:rcll KaK aCHMllTOTli'ICCKIIH nepeXO,!I K COCTOMHHIO, OllH· 

ChiBaeMoMy M)KK [2], 'ITO BbipalKaeTCl! KaK Tpauc<jlopMal{llll .nsyrop6oro pacnpe.neneuua Mace oc

KOnKOB ,!ICJ!CHIIll cna6oB036YlK.!ICHHbiX TlllKenhiX li,!ICp B O,!IHOrop6oe CIIMMeTPH'!HOe pacnpe.nene

IIHe np11 ysenu'!eHIIII 3Hepnm B036YiKJ1eHIIH ll.!lep, 'ITO 11 noTsepiK,!Iaercl! 3KcnepuMeHTMhHO. Ha-

6mo.naeMall YHIIBepCMhHOCTh CIIMMeTPII'IHOfO ,!ICJ!CHIIll Bh!COKOB036YiKJICHHh!X ll,!lep MOlKeT cny

lKIITh 3KCnep11MCHTaJlbHhiM o60CHOBaHIICM ;anenbHOH MO,!Ienu KaK <jlyH,!IaMeHTa TeOpliU,!ICJ!CHIIll 

ll,!lep. B CBOIO O'lepe,!lb, H3Y'ICH!Ie TaKHX xapaKTCpiiCTHK CIIMMeTpH'IHOfO ,!leneHIIll Bb!COKOB036YlK

,!ICHHb!X ll,!lep KaK cpe,!IHllll KHHCTll'!eCKal! 3Heprlll! OCKOJ!KOB, ee ,!IIICIIepCIIll, 6apbCpbl ,!leneHUll, 

3<jJ<jleKT!IBHb!e MOMCHTbl UHepl{IIH, lKCCTKOCTb ll,!lep no OTHOIIICHHIO K MaCC-aCUMMeTPH'IHblM ,!IC·. 

<jlopMal{!lliM HBnlleTcll npl!MhiM cnoco6oM rrposepKu Karrenbuoii Mo.nenll. B 3TOM CMhiCne oco6euHo 

mnepecua TO'!Ka Eycllnapo-farrnoue[Ef] npe.ncKa3biBaeMall sceMu cymecTBYIOIIliiMII sapuaHTaMH 

KanenhHOH MO,!Ienu, T.K. ee IIOJ!OlKCH!Ie Ha OCH napaMeTPa ,!ICJ!HMOCTII CHJ!bHO OTJ!U'!aeTCll ,!lnll 

pa3Hh!X Bap!!aHTOB KanenbHOll MO,!ICJIII. J1 ee OIIpe,!leneH!Ie IIOMOlKCT onpe.nenHTb, KaKal! Karrenb· 

Hall MO,!ICJ!h Hau6onee a,!ICKBaTHa 3KCIICill!MCHTMhHb!M MaKpOCKOIIH'ICCKHM CBOllCTBaM j!.[~Cp. 

06onO'!C'!Hh!C·lKC nonpaBKil, HJ!H MIIKpOCKOnH'!CCKal! '!aCTb nOTCHL{llaJihHOll 3Hepruu ,!le

<jlopMal{llll, TCCHO CBl!3aHhl C liBJ!CHUel\1 MYllhTilMO,!IaJlbHOCTII, llJ!U MHOfOKOMnOHCHTHOCTbiO MaC

COB0-3HepreTU'!CCKIIX pacnpe.neneHIIH (M3P) OCKOJ!KOB ,!ICJ!CHHll cna6oB036yiK,!IeHHb!X j!.[~Cp, o6y

CJ!OBITCHHOH uanuqneM .norruuuoii CTPYK'fYPbl ua rroaepxnocTu 3Heprnll .ne<jlopMa~tuu. H ecrru .!IJ!ll 

ll.!lep c MaccoBbiM '!ucrroM A rrerqe 213 11 TlllKerree 230 3Kcnep11MeHTMbHal! uu<jlopMa~tllll o Myrri>

TUMO.!IMhHOM ,!ICITCH!lll ,!IOBOITbHO 06II1UpHa, TO o6rraCTb jl.[lep C 214<A<225 OCTaBanaCb HCH3Y'JCH

HOH. A uMeHHO 3.!1CCh, cornacuo pac'!eTaM ITa!IIKeauqa B.B. [3] u Merrrrepa [4] c yserru'leHueM A 

ll,!lpa ,!IOnlKeH npOHCXO,!IIlTb nepeXO,!I OT npeuMyllleCTBCHHO CHMMCTpH'IHOfO K npeHM~CCTBCHHO 

aCUMMCTpii'IHOMY ,!ICITCH!l!O. 3KcnepHMCHThl no H3Y'JCHHIO M3P OCKOITKOB ,!ICITCHHll B 3TOH nepe

XO,!IHOH o6rraCTH 6billlf 61>1 nposepKOH If CTHMYITOM ,!IITll pa3BHTHll TeopeTU'ICCKUX rrpe.ncnumeHUH 

KaK 0 ,!leneH!lll Bl{eiTOM, TaK H MYITbTIIMO,!IaJihHOCTH B'!aCTHOCTH . 

Uerrh pa60Tbl COCTOHT B 3KCnepUMCHTaJibHOM UCCITC,!IOBaHHH MaKpO If MHKpOCKOnli'ICCKHX 

CBOHCTB ll,!lepuoro ,!ICJ!CHHll: 

Ob\c-.-.;"~ i. •• Jit t;~:1•!1T -~ 
OO!.J<.£wX ~c, .-::r:,a;:;:.";~,tO 

6t1Sill'~JTEHA 
~. --.o...:-



a) MaKpocKomrqecKIIX - onpe)lenemre roqKII EycuHapo-rannoHe; 

6) MIIKpOCKOniiqeCKIIX - IICCJIC)lOBaHIIIO HBJICHIIJI MJJibTIIMO)laJibi!OfO )leJICHIIJI B nepCXO)lHOH 

o6nacru Ac-Th. 

HayqHaJI HOBII3Ha · 

I) IlonyqeHa JKcnepiiMCHTMbHaJI IIHc!>opMaQIIJI o 3aBIICII"!OCTII xapaKrepHCTIIK Maccoso

JHepreruqecKIIx pacnpe)lCJICHIIH OCKOJIKOB CHMMCTpiiqHoro )lCJICHIIJI BbiCOKOB036J)I(J:(CHHbiX Jl)lep 

C Z
2
/A <JO OT yrJIOBOro MOMCHTa f. II HYKJIOHHOfO COCTaBa. 

2) BnepBbie JKcnepmdeHTaJibHO nonyqeHo 3Haqemre roqKII EyciiHapo-rarrnoHe, qro noJBo

JIIIJIO onpe)lCJII!Tb, KaKaJI KaiiCJibHaJI MO)lCJ!b Ha1150JICC 3)\CKBaTHa 3KCnepHMCHTaJibHb!M MaKpOCKO

nllqeCKHM CBOHCTBaM Jl)lCp. 

3) BnepBbie B peaKI.IIIJIX Ha TJIJKCJibiX HOHax IIJyqeHbi M3P 

CJia60B035y)f(J:{eHHb!X HCHTpOHHOJlCc!>IILIHTHb!X H)lep B 05JiaCTII 218<A<227. 

4) Onpe)leJieHa o6nacTb HJlep, r)le npoiiCXOJliiT nepexo)l or 

CIIMMCTpll'IHOfO CIIOC06a )lCJICHIIH K aCIIMMeTpllqHOMJ. 

OCKOJIKOB )lCJICH!Ill 

npeiiMJII.ICCTBCHHO 

5) IJOKaJaHa MJJibTIIMO)laJibHOCTb )lCJICHIIll CJia60B036YJK)lCHHbiX 
ll)lep B nepeXO)lHOH 

o6nacrii. 

. HayqHaJI II npaKTirqeCKaJI 3HaqiiMOCTb pa60Tbl. IlpOBC)lCHHb!C IICCJIC)lOBaHIIll )laJIII HOBJIO 

IIHcpOpMaQIIIO 0 CTaTIICTIIqeCKIIX II )liiHaM!I'ICCK!IX CBOHCTBax )lCJICH!Ill Bb!COKOB036YJK)lCHHbiX 

H)lep: TOqKe DJCIIHapo-rarrJIOHC, pOJIII JrllOBOfO MO~CHTa II CTCIICHII ero BJ!Hl!HIIll B 3aBIICIIMOCTII 

OT 3Hepnm B036J)I(J:(CHHll ll HJKJIOHHOrO COCTaBa. 3TO CJII.ICCTBCHHO JMCHblllaeT Bbi50p M)!(K, 

HCIIOJib3JCMb!X KaK 6a30Bb!C B MaKpO-MHKpOCKOnnqeCKHX pacqeTax. 3KcnepHMCHTaJibHblC-JKC 

)laHHb!C 0 HH3K03HeprernqecKOM )lCJICHIIH B nepeXO)lHOH 06JiaCTH MOryT IICUOJib30BaTbCJI ( ll JlKC 

HCnOJib3YJOTll) )lJIH TCCTIIpOBaHHll II pa3BIIT11ll TCOpemqecKOfO OniiCaHIIll npOQCCCa )lCJIC!lllll. 

Anpo6a1111ll pa6orbi. OcHoBHbre pe3ynhTaTbi, npe)lcrasneHHbre B )lllccepraullu JlOKJia)lb!Ba

JIIICb na Me)f(J:{yuapo)lHOM cosemaunii "J!)lepual! cneKrpocKonlll! II crpyKrypa aTOMHoro HJlpa" 

(AJIMa-ATa, 1992), Ha MCJK)lynapO)lHOH l!IKOJIC-CCMIIHape no c!>IIJIIKC Tl!JKCJ!b!X IIOHOB (,lzy6Ha, 

1993), Ha Me)f(J:{yHapO)lHOH KOHc!>epeHQHII ",[(IIHaMHqeCKHC acnCKTb! )lCJICH!Ill ll)lep" (CMOJICHIII.Ia 

1993), Ha pa6oqeM COBCII.IaUIIII "J!)lepuoe )lCJICHIIe II cneKTpOCKOnllll npO)lJKTOB )lCJICHIIll" (rpe

H06Jib, <l>paHQIIll, 1994 ), Ha pa6oqeM COBCII.IaHIIII "CJIIIliHHe Tl!JKCJ!b!X IIOHOB: HJyqCHIIe pa3H005-

pa3IIll ll)lCpHb!X CBOHCTB" (Ila)lyH, J1TaJIIIll, 1994), Ha 15-l\ KOHc!>epeHQHII EsponeliCKOfO <l>II3Hqe

CK0f0 06mecrsa "J!JlepHaJI JlHHaMIIKa np11 HIIJKHX JHepmllx" (CanKT-Ilerep5ypr, 1995), Ha cuM

noJuyMe no liJlepHoli c!>II3IIKe III (Typ, <l>paHI.IIIJI, 1997), a raKJKe o6cy)f(J:{anacb ua ceMIIHapax 
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<l>JUIP 0115111 ()ly6na) u ony6"1HKOBaHbl B pa5orax /1-12/. 

0CHOBHble IIOJIOJKCHHll II pe3yJ1hTaTbl. BblHOCHMblC Ha >aii!IITV 

I) 3KCHCp11MeHT<L1blial! JaBIICIIMOCTb .:tiicnepcnii Maccoso-JHeprenrqecKoro pacnpe.'leneHIIll 

OCK0,1KOB .'!CJICI!IIll .1CfKIIX HarpeTbiX ll)lep C Z~/A<30 OT ymosoro MOMCHTa ( II HJKJJOHI!OfO CO

CTaBa. 

2) 3aB!ICIIMOCTh napa~teTpa JKCCTKOCTII ll)lCp K MaCC-aC!IM~ICTpiJqllblM .i!Ccl>OpMaU!Ill~l OT Hy

KHOlii!Oro cocrasa npn f=O. qro noJBOJIIIHO sncpBbiC onpe.:temtTb roqKy Eycnuapo-raJmoHe. 

3) B peaKtiHliX OKOJIO 11 no.:t5apbepHoro CJillliHHll· nJyqeHbl M3P OCK0.1KOB 

liii3KOJHepr·erwtecKoro neJtCl!IIll HeiiTpomw:tec!>IIUHTHbrx llnep 21
q Ac. 220·224·226Th. II no"1yqeHa 

3BOJIIOllllll M3P OCKOHKOB )lCHCHIIll B 3aBHCIIMOCTH OT 3Hepru11 B036)'JKJ1CHHll II II)'K.101!110f0 CO

CTaBa COCTaBI!blX ll)lCp. 

4) IJOKa3aHO, qTQ OTHOl!ICIIIIC BhlXO:tOB CHMMCTpll'liiOfO II aCIIMMCTpll'IHOfO .lC,1CI!IIll 1130TO· 

IIOB Th CIIHbllO 3aBHCIIT OT 'lliCHa llCHTpOHOB N II Haii,"!CIIa o5"1aCTb (A,222). r·;lC llpOllCXO.lHT ne

pCXO)l OT IIpCHM)illjCCTBCHHO aCHMMCTpHqnoro (TllJKCHblC ll30TOIIbl) K CliMMCTpll'lliOM)' (.qerKHC 

HJOTOIIbt). 3KcnepHMCHTMhllhie nannbie cornacyiOTCll c pacqeTa~m B.B.IlamKesnqa [3 J B paMKax 

KonuenuHII MYJibTHMOllai!bHOCTII neneHIIll. nonnnHoli crpyKT)ipbi 5apbepa. 

CTpyKTypa II 06J,CM pa60Tbl. ,[(IICCepTaUHll COCTOllT IB BBCJ!CIIllll, l!B)'X maB. 3aK"110'1CHllll ll 

CniiCKa HHTepaTypbi. 0Ha CO)lCplKIIT 94 CTpaHIII.I MatliiiiiOIIIICI!OfO TCKCTa (BKmO'!all pHC)'IIKll). 34 

piiCJHKOB, 7 Ta6JIIIU H CIIIICKa JIIITepaT)ipblll3 144 HaHMCIIOBaliiiii. 

CO,[(EP)!(AHHE P AEOTbl 

Bo BBC!lCHHII paccMaTpnsaeTCll npo6neMa, o6ocnosbmaercll aKT)'MhllOCTh u ·m;ta•m ncc:Ic

nosarmli. Cc!>opMyniiposana l.ICHb pa6oTbi II KpaTKO H3JJOJKCH Marepiirui wrcccpTatlllll. 

IlepBaH rnaaa noCBllll.leHa roqKe Eycnnapo-rannone B MOtlCJIII JKIIJJ.Koii Kaumr n cc :1Kcncpn-

MCI!TaJihHOMy onpe}lCJICHHIO. 

,[(Jill HCfKIIX ll,llep C Z2
/A<3J CCllJIOBall TOqKa II TQqKa pa>pb!Ba 6mi3Kll H 110 )J.CqlOpMaiUlll. II 

no nOTCHUIIai!bHOH 311eprHI!, II, COOTBCTCTBCIIIIO. J!HilaMHKa J!BliJKCfiiiH llJJ.pa K pa'3ph111)' npaKTII'IC· 

CKII He Ilrpaer IIIIKaKOH pOJIH. 8 3TOM CJIJ'!aC npll TCOpCTil'ICCKOM paCCMllTpCIIllll llpOHCCCa ;[C:IC· 

Hill! Ha ncpBbiH nna11 BhiXO/lllT CTaTI!qCCKIIC CBOiicTBa llOBCpXHOCTll IIOTCilllllaJII;IIOii ·mcpnlll J!C· 

c!>opMal.IIIll. ,[(Jill BblCOKOB036JlK!lCIIIlblX llJ!Cp OIIII Olll!ChlB3IOTCll B paMKaX M)!{K, r;(C OJUIIIM 111 

OCHOBHhiX l!apaMeTpOB llBJ!llCTCll JKCCTKOCTh d2V/d112 
liJ!Cp, 110 OTIIOIIICIIIIIO K ~lace-
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aCHMMCTp11'1Hbl~l.i1C!jlopMaUHliM ,1-j (6,7): 

fJ =2(Vn-Vu)/(Vn+Vu), (I) 

r.ne Vn, V n- o5'beMhi 'IacTeii acnMMCTpH'IHOii !jJHrypbi, omtcbiBa!OIUeii JICJili!UCCCll JJ.Upo, pac

nonoJKeHHhiX cnesa H cnpasa OT cepe.unHbi weiiKn. 

napa~terp .ue!jlopMaum:' fJ xapaKTepnJyeT acnMMeTpH'IH)'IO KOH!jlnrypaurno ll,npa, n ero 

MOJKHO CBJJ3aTb C aCIIMMCTpiiCH Mace fiy.Uy!UIIX OCKOJIKOB, CCnll npe.UIIOJIOJKIITb, 'ITO pa3pb!B npo

IICXO.UIIT B "caMOM TOHKOM MCCTe'', T.e. nocpe,nHHC lliCHKH. Tor.ua 

T) = (4/A)/(M-N2). (2) 

B CTaT!ICTH'ICCKOM nO,UXOJIC (8] BepOJJTHOCTb )!CJICHIIll C OTHOlliCHHCM Mace OCKOJIKOB M/(A

M) onnCbiBaercJJ KaK 

Y(M)-exp{2a[E'-V(M)]
112

} (3) 

:.ue a- napaMCTp nJIOTHOCTII ypOBHCH. V(M) - nOTCHUIIaJJbHaJJ ::mepmJJ CIICTCMbl, KOTOpYJO 

MOJKHO npe,UCTaBUTb B BII)!C: 

V(17) = V(O) + td'V I d77'lq=o 77' + ... (4) 

. OrpaHH'IHBal!Cb B (4) 3THMH .UBJMJJ 'IJICHaMH, C'IHTal! BTOpOH 'IJICH MaJJbiM 110 cpaBHCHHIO C 

noTeHunanbHOii 3Hepmeii V(O) n ncnonbJYll (3), nony'lnM Jlfll! Y(M) Ha6mo.uaeMoe B JKcnepn

MCHTe rayccosoe pacnpe.ueneHne c .UHcnepcueii 

2 A' [(d'VJ ]-
1 

aM=I6 d77' lq=o B, (5) 

f,UC 8 - TCMneparypa l!.Upa. 

TaKnM o6paJoM, Q.JopMa pacnpe.ueneHnl! Y(M) onpe.uenl!eTcl! JasucnMOCTbiO noreHUHanbHoii 

3Hepruu V(T)) OT MacC-aCHMMCTpH'IHOH .ue<flopMaUHif. )!{eCTKOCTb K aCHMMCTplf'IHbiM KOJiefiarrHl!M 

Q.JopMbi l!.Upa d
2
V/dT)

2 
onpeJienl!eT .uncnepcniO cr

2
M. H Hao6opoT, nJ JKcnepnMeHTaJJbHbiX .uaHHbiX 

cr
2
M nerKo Haiirn JTOT saJKHeiirniiii cTaTn'IecKnii napaMerp M)!{K. B11.u JaimcnMOCTH 

d
2
V/dT)

2
(Z2

/A), OTJIH'Ial!Cb KOJIH'ICCTBCHHO nOJIOJKCHHCM KpHTif'ICCKHX TO'ICK no ofieHM OCl!M aHa

JIOrH'ICH Ml! n106oii Mo.unQ.lnKauun M)!{K (pnc.1). To'!Ka, s Koropoii JKecTKOCTb l!.Upa d
2
V/dT)

2
=0-

TO'IKaEf. 

Mo.ueJibH0-3aBIICHMOe 3Ha'ICHIIC TO'lKII Er JICJKIIT B npeJieJiax 19-26 no Z2
/A. B 3TOH TO'lKC 

np11 .ueneHIIII JJ.Upa Ha np116JIII311TeJibHO paBHbie qacTII s oKpecTHOCTH N2 no Teop1111 .UOJIJKHO Ha-

6JIIO.UaTbCJJ nJIOCKOC, HC JaBIICl!ll{CC OT MaCChi pacnpeJieJICHIIC OCKOJIKOB C O'lCHb fiOJibiiiOH .UHCnep

CIICH. 

nonbiTKII 3KC11Cp11MCHTaJJbHOro onpe.ueneHifl! TO'lKif Er B peaKUifl!X c npoTOHaMif Bb!COKHX 

/ 
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Pnc.1. 3aaMCMMOCTh JKeCTKOCTil H.nep d2V/drt2 
K Macc

acMMMorrPII'IHhiM .ne<j>opMa!1MHM OT napaM~TPa )leJJMMOCTM Z2/A 

[17]: 

ciTJJornHM, WTPIIXliYHKTMpHM, nyHKTMpHaH KpMBhle

MJKK (9], (7], (10] COOTBeTCTBeHHO MH CeMOBOit TO'IKM; 

ny~KTHpHaH - MH TO'IKil pa:!ph!Ba. 

ol L " t ~:z, 1 
2v zz 

:meprnii nOKaJanH, 'ITO ,UCHCTBIITCJibHO npOIICXO,UIIT. OTHOCIITCJibHOC yrnllpCHIIC MaCCOBOfO pac

npe,UCJICHifll OCKOJIKOB C JMCHblliCHIICM Maccoso,:o 'IIICJia .ll.Cllllll{CfOCJI JJJipa. Ho KOJIII'ICCTBCHHbiH 

aHaniiJ 3TIIX .uaHHbiX npaKTII'ICCKII HeBOJMOJKeH. HcnoJih30BaHHe-JKe nerKIIX 3aplllKCHHbiX 'IaCTIIU 
. '; : ' ' 

,UJill IICCJIC,UOBaHHll ,UCJICHIIll B ,UaHHOH ofinaCTII 3aTpy.UHCHO KaK MCTO,UII'ICCKIIMII npii'IIIHaMII -

M11Kponp11MCCII TJIJKCJibiX 3JICMCHTOB B MIIIIICHJIX, TaK II <fl113II'ICCKIIMII - HII3Kal! ,UCJIIIMOCTb. 

TJJJKCJihie IIOHbi no3BOJIJJeT o6oiir11 3TII cnoJKHOCTII. JI.upo, npuo6peTal! 3Ha'IIITCJihHbiH yrnosoii 

MOMCHT, pe3KO YBCJIII'IIIBaCT ,UCJIIIMOCTb, H01B TO-JKC BpCMJI, MOMCHT CIIJibHO BJiliJICT Ha npOUCCC 

.Z\CJICHIIJI,· npHBO.UJI K OTJIH'IIIIO Ha5mo,UaCMh!X Ha OnbiTC xapaKTCpiiCTIIK M3P OCKOJIKOB OT IIX 

CBOHCTB ,UJIJI HCBpall{a!Oll{CrDCJI JJ,Upa. T.K. npaKTII'ICCKll BCC CY!UCCTBYJO!Ul!C paC'ICTbl C,UCJiaHhl .IYIJ! 

HCBparuaiOIUHXCJI JJ,Upa, TO .ll.liJI cpaBHCHIIJI C npe,nCKaJaHIIJIMll KaiiCJibHhiX MO,UCJICH HCOfiXO)lliMO 

3HaHIIe BJIIIJJHHJJ yrnosoro MOMCHTa. AHanii3 JIIITeparypbi noKaJan, ino HCCMOTpJJ Ha o6rni1pHbiH 

3KCnepHMCHTaJJbHbiH MaTepnan npaKTli'ICCKll HCB03MOJKHO C,UCJiaTb BbiBO)lbl 06 a,UCKBaT!IOCTll 

onhiTY Toro HJIH nHoro sapnaHTa M)!{K. DpnHnManncb TOJibKO Te nnTeparypHbie .UaHHbiC, r.ue 6bi-

. . . . 
JIO B03MOJKHO Ha,UCJKHO OT,UCJIHTb HCTIIHOC ,UCJICHHC OT ,Upymx KOMnOHCHT. 

Hawn Ilccne.uosarriiJJ npose)leHbi Ha cneKTpOMCTpe ,[(3MAC [11] Ha ycKopiiTene Y-400 

<l>JUIP. Ebmll n3y'IeHbi M3P ocKOJIKOB B peaKunJJx 
2~e+112• 118• 124Sn npu :mepruu 

2~e E;=140 

MJB 11 
2~e+99Ru,106• :

10cd, 118Sn npn E;=124 MJB, II .neneHIIe Jl.ll.pa 
124

Ba s .usyx KoMfiiiHauuJJX 

uo~-MniiieHb: 12
C(137 M3B)+

112Sn, 25
Mg(164 M3B)+

99Ru. ,Z:(JIJJ aHann3a 3KcnepnMeHTanbHhiX 

,UaHHb!X Bbl'lliCJil!JIHCb: 

a) Yrnosoii MOMCHT r: paC'll!Tb!BaJJCl! no MO.ll.Cllll Eacca [12], 

6) 3HepmJJ B03fiYJK.ll.CHlll! COCTaBHOrO Jl.ll.pa 

E'(f.) = EcuM +(Mf; +Mf, -f'lMcN)-E""'(iicN•f), {6) 

Bbl'IIICJICHHal! C YlfCTOM :mepru11 Bpall{CHHJI Jl.ll.pa B OCHOBHOM COCTOl!Hiflf (13,14] II C HCnOJib· 

30BaHHCM KaiiCJibHb!X Mace (15); 

B) e;,- TCMneparypa Bpall{aiO!UCfOCJI Jl.ll.pa B Ce,UJIOBOH TO'lKC 
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B~ = {[E*(f)-E1 (£)]Ia } 112
, (7) 

r.ne E1 - 6apbep .neneHIIll spamaromerocl!ll.l(pa [13, 14], a -napaMerpnnoTHOCTH yposueii, 

a =0.093A M3B'1 IIJIII a =A/8M3B'1; 

• r) v pre- cpe.nuee "'IIICJIO IlcnapiiTeJihHhiX ueiirpouos, IlcnymenHhiX .no .neneHIIll onpe.neneuuoe no 

CIICTeMaTHKC (16); 

,n) 0:: -34J4JeKTI!BHal! TeMneparypa ll,llpa B CCllJIOBOH TO"'!Ke nocJie BbiJICTa HCHTpOIIOB V pre 

B;{ = {[E'(C)-vp,.Ev- E1 (£)]1 a}" 2
, (8) 

r.ne £. =B. +E.- cpe,nmlll 3Hepmll, yuociiMal! HeHTpOHOM, li,, II £. - ero cpe,nniie JHa"'!eHHll 

3HepmH CBll3II II KIIIICTII"'ICCKOH 3Hepriiii. BeJIH"'IHHa En= 290 , r,ne 9n - TeMnepaTypa OCTa-

TO"'!Hb!X MCp, no l.{CnO"'IKC KOTOpb!X B (8) npOH3BO,IlHTCll ycpe,nue>me 3HCprHH OT,[lCJICHIIll HCHTpO

HOB £ •. 

IJo,n6I1paJII1Cb napbl IIJIII TpOHKII 6JIII3KHX no Z2
/A ll,llep npii O,llHHaKOBbiX HJIH 6JIH3KIIX 

TeMneparypax B;j!, ll KOJlll"'ICCTBeHHblll aHaJIH3 3KCnepHMCIITaJibHOH HH4JopMal.{liii OTHOCHTCJlbHO 

JaBHCHMOCTeii Ek, u~ H u~. OT C nposonnncll no JIHHei!HoMy npn6JIHlKCHII!o: 

(9) 
2 ax ax2 

X(BsP•C )=X0 +--Bsp+-2 C, 
· BBsp ae 

r.ne X(BsP•C 2
)- MOMeHTbi M3P, aX0=X(O,O)=O. 

PeJynhTaTbl auannJa s Bli,D,e K034J4JnuneHTOB qyscTBHTenhuocTn dui
1
1 de H du

1
2 I de s Ja

BHCIIMocTn OT Z2
/A npe,ncTaBJieHbl Ha pnc.2, Il3 KOTOporo CKJla,D,biBaeTCll CJlCllYJOIUall KapTHlla: . 

llJlllli,D,ep c Z
2
/A>30 do-~ I d.£.2

>0, llJlll 6onee nerKHX ll,nep 3TOT Ko34J4JnuneHT MeHbiiie ny!lll, '!eM 

nerqe li,D,po, TeM oH 6onee OTpliUaTeneH . .l{nll do-; I d.f.2 
s npe.nenax norpeiiiHOCTeii 3aBHCHMOCTll 

a; OT f. HeT. Ha OCHOBaHHll ,[laHHbiX 0 ,llHCnepCHH pacnpe,n,eJieHHH Mace OCKOJIKOB uf
1 

, C yqeTOM 

BJlllliHH.!i f., Haii,neua 3aBHCHMOCTb napaMeTpa lKeCTKOCTH JI,nep d2V /dT]2 no OTHOIIIeHHJO K MaCC

aCHMMeTpll"'!HbiM ,n,e4JopMal.{llliM T] 

d2V/dTJ 2 =A2BI16u;, (10) 

OT HYKJIOHHOro COCTaBa ,D,CJllllUHXCll li,D,ep (pile.)). 3KcnepHMCHTaJibHal! MH4JOpMal.{l!ll, npel!CTaB

JlCHHal! Ha pllc.3, llCMOHCTpHpycr OT"'!CTJIHBYJO BbiCTpOeHHOCTb JJaHHbiX, KOTOpal! B nOJIHOM 06be

Me He OnHCbiBaeTCll HH B O,D,HOH H3 MO,nli4JHKal.{HH M"lKK, HO YllHBHTeJibHOe cornacne C 3KCnepH-

6 

l 

., 

l 

MCHTOM llOCTHraeTCll B ~IOllCJ!lf·CHpKa (13,18) i!Jlll o6JiaCTH Z21A=22-29 C a=0.093A II 6apbepa!\!H 

E, (f) HJ Toii lKC ~to;'leml [13]. 

'"I 0.05 ... 
~ 
:i 

Ag, In Ba Ho,Er Os Pt Po 

a .l, .l, .l, +++ 

.; o~. 

.!!. 

~ -0.05 
'h"" 
"" 

'"I 
:f

-0.10 
Pt Po Pa Fm 

Ku 

+ 

I:Q 0.05[ 6 

s,~ 
t i' 'i' i' -0.05~ Ag Pt U Cf 

...1_ 

·PHc.2. KoJ<j><jllluneHThl I.JYBCTBJITf.lt.HOCTIJ · 

dui1 I dl 2 
(a) n du} I dii (6) s 1asncm10cm oT 

Z'iA. 

TotJKH: 

•. I· peJyJih TaTbl HaCTO»lUero aH3JIII33 llJI» )'K333H· 

HhiX »!!ep (Ku~260 104). 

... - .laHHhiO !lpymx paiioT lL1» o~;: ~ 1.5 MJB: 

0, -TCOpCTll'ICCKIIC paC'ICThl [ 17]. 

CniJOWHble JIIIHltn nponeneHhl no JKcnepuMeHTai'Jh· 

HhiM TOlJK3M. WTpltXOBble - no . TeOpenttteCKHM; 

wrpuxnyHKTHpHhle - Kopu.nop own6oK D.Jl.Ji oueHKH 

norpeWHOCTII pCJ)'JlbT3TOB. 

20 30 40 z2tA 

d1iitdll1 

40 

30 

20 

10 

O' i' 1"1•"" J I I/- P.t;,"'I I 

20 t 

,i~~ 
~_liljfj ,,·'·tfiif . 

I 

tt'~ 10 

24 28 28 32 

Pnc.3. 3aancHMOCTh )l{eCTKocn• d'(' I th/ 

OT z'!.fA. BbftiHCJieHHOfi no 0.~;~ II 0"_~1 • no-

npasneHHbiMII ua L cornanto cnnoumoii mi

Hitlt Ha puc.2. TeopeTJiliCCKHe ~~:piiBhJc: 

COJ10UIU3.Ji - (6). WTpHXOB3JI C ..'lB)"MJI TOtJK3MII 

• [9]. WTpllxnyHKTilpHa» • (10]. IUTpiiXOBa» • 

[18] c napaMerpaMII m [13). J{allllhlf: • -

uacronma» pa6ora. ocTafJhUhle 111311Kil - uaw 

3113JII13 Jlp)TIIX pa60T. 

a)- 0.~-;~ (5) BhJIIUCJICIIa C 6apbepa\llt .'lt.~.ncJHI~ 

E1 (1) m[l~). ii "0.0931\: 

6J-E1 (C) m [131. a ~ o.o93A: 

B)-E/(f) 113[14). ii~AJS: 

r)-E
1 
(f) 111 (13). ii~!VS. 

KpoMe Toro. OHa TO'IIIO npe,nCKaJbiBaCT noJIOJKCIIIIC TO'IKII nr. KOTopyiO JJCrKo onpC.1C;mn, no 

3KCnepHMCIITaJibllbiM ,[lallllbiM 11p11 JlllliCHIIOii :JKCTpanOJIHllHII IIX R ll)'Jih: (Z21A)hr =22.0±0.6. 
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Haii;:teHHOe fl0,10A<eiUie TO'IKH or Ha OCH Z2/A OKaJbiBaeTCll He 'IYBCTBHTeJibllbiM K liJMenenmo 

E r ( () n a- )KCTpanOJill[jllll ,Q!lll Be ex '!eTbipex npnBe.lleHHbiX Ha pnc.3 KOM6nuauwii napaMeTpOB B 

npe)leJiaX OlliH60K )laeT O)IHO H TO lKe 3Ha'!eHHe TO'IKH or. 
Ha ocnoBe Bcero npnBeJiennoro BbiWe 'lKcnepnMei!Tanbnoro MaTepna~a Mbi npnxo)lnM K 

BbiBOJiy, 'ITO, Bepol!THO, Haw6onee MeKBaTHoii onbiTy. no.Kpaiineii Mepe B o6n1cTn nerKnx li.Uep c 

Z2
/A=20-30, liBJilleTCll M)!(K C y'leTOM KOpOTKO.UeHCTBIIllll.llepHbiX CHJI [13, 18] ll 'ITO "JKcnepnMeH

Ta.Hbi!Oe llOJIOlKeHUe TO'IKH or COOTBeTCTByeT 3TOH MO)IeJIH H HaXOJIHTCll npH (Z2/A)Gr =22.0±0.6. 

Bo BTopoii maBe npnBe)leHbi peJyJibTaTbi ncc,1e.llOBaHnii HHJKOJHepreTU'IHoro .UCJiennll llllep 

219 Ac, 220·224·226Th B TaK Ha.JbiBaeMoii, nepexo.unoii o6,1aCTH. 

06HapylKeHal! B Ha'!ane 1980-X aCHMMeTpH'!Hall KOMllOHeHTa B .lleJieHHII· )IOaKTIIHII)IHbiX 

l!Jiep B paiione Pb [19] 6biJia ycnewuo KOJIH'Iecmenno o6bliCHena B paMKax rnnoTeJbi neJaimcn

MbiX MO.U. ITapaMeTpbi M3P oKaJa~HCb B npeBocxo.unoM cornacnn c TeopeTn'leCKHMH pac<JeTaMH 

B.B. flarnKeBH'Ia [8] maBHbiH peJyJibTaT KOTOpblX COCTOliJI B npe)ICKibaHUH HOBOfO CBOHCTBa B 

!IJn3HKe )leJieHHll- JIOJIHIIIIOH CTpyKTypbl llOTeHUHa.HbHOH :mepnm Ae!IJOpMaUIIH . 

3aBHCHMOCTb oTnoweHHll BbiXO.UOB CHMMeTpH'IHOii (Y,) il acHMMeTpH'IHOii (Y a) KOMnonenT 

Y.IY, npn6nnJHTeJibHO 3KcnoHenunanbHO y6bmaeT c YMeHbWeHneM AcN B JlllanrooHe oT 236U JIO 

204
Ph [20]. 0AHaKO HMeeTCll cymeCTBeHHbiH npo6eJI B 06JiaCTH AcN = 214-225 CBl!JaHHbiH C OTCYT

CTBHeM flO,/lXO.lllllliHX ll.llep-MHilleHeii )\Jill HCCJie.UOBaHHll M')P OCKOJIKOB B pcaKI!IIliX C ,1erKHMH 

'!aCTHUa.M - CTaH)IapTHbiM IIHCTpyMeHTOM )IJill HJy'leHHll HII3K03HepreTH'!eCKOfO )leJieHHll ll)lep. 

Me)!(Jiy TCM 3KC1IepHMeHTa.HbiiO 113MepeHHal! pa.JHOCTb aCHMMerpH'IHOfO II CHMMeTpH'IIIOfO 6apbe

poB E/ - EJ nnneiino B03pacTaeT c YMeHblll~Hwe; AcN, nepexoWI '!epe_3 uonb B o6nacTn AcN"'222 

(20}. 0'1eBH.lllla KOppeJil!UIIll - '!eM 60Jibllle pa.JHOCTb £;- £~, TeM Mellb~e Y afY,, T.e. OTHOCH-

TeJibllal! Bepolll'HOCTb TOfO 111111 .llpyroro CIIOC06a .l(eJieHHll HaXO.lliiTCll B npl!MOH '3aBHCHMOCTH OT 

COOTIIOilleHHll BbiCOT 6apbepoB. CoxpaHHTCll Jill 3TO CBOHCTBO, II B "npoMelKyrO'IHOH" o6JiaCTII 

l!Jiep? l1 Mll H3y'leHHll MO.llanbnoii CTPYKTYPbi M3P ocKoJIKOB B noii o6nacTn HaMil BnepBbie 6bi

JIH IICIIOJ!b30Ballbl TlllKeJibie llOIIbl B peaKUHHliX ; 

16
0+

204
·
208

Pb,
203

TI ~220·224Th,219 Ac~ fB Jl~ainnone 311eprnn 160 75:t08,M3B, 

1s0 2o8Pb 226 18 · 
+ ~ Th ~ fnpn3Heprnn 0 78 n 85M3~. 

liMeHHO C 1130TOIIaMH TOpHll JIY'IIlle BCero CBll3biBaTb YHHKa.HbHYIO B03MOlKHOCTb 3KC1Iepn

MeHTa.HbHOfO H3yqeHHll HH3K03HepreTH'!eCKOfO .l(eJieHHll H ero CBOHCTB 1Ipll 113MeHeHHII B lllHpO

KHX IIpe.nenax TOJibKO O)IHOfO 'IHCJia HeftTpOHOB N. Ha'!a.Hbllble COCTaBHbie ll.llpa TOpHll, o6pii:Jyw

lliHeCl! 11 . .nenllmnecl! B peaKUIIliX c · ne~KHMH 11 TlllKeJibiMII IIOHa.MII Z;=2-8, cocTa.BJiliiOT uerrot!Ky 

8 

1 
J 

') 
} 

TaKIIX 1130TOflOB npOTlllKeHHOCTbiO .1.N.,10 (A=220-230) ll ee ClUe MOlKHO "napaCTHTb", npiiBJieKal! 

peaKunn (n.f) BflJIOTb .no A=233. 

3Kcnep11MeHTbl c IIOHaMH 
16

0 rrposeileHbl Ha BpeMllnponeTIIOM cneKrpOMerpe DEMAS, c 
18 . 

noHaMn 0 Ha ycoBepweHCTBOBannoii ycTaHOBKe DEMAS-3 [21]. Ha p11c.4-6.np11Be.neubi M3P 

ocKoJIKOB .nenenllll ll.llep 
226

·
224

·
220

Th 11 
219 

Ac np11 pa.JHbiX E•. ,lVui: Bbi'IIICnennll 3Heprnll B036YlKJie-
. . , 

Hill! B CC.QJIOBOH TO'IKC E. sp=E· -Br 6apbepbl AeJieHIIll Br B3l!Tbl 113 pa60Tbl ITawKeBII'!a B.B [22] II 
• . • 224 . ) ... 

E sp ne nonpaBJil!Jiacb ua Vprc· Ha npiiMepe Th (p11cA) OT'!eTJIIIBO Bll.llHO, 'ITO c YMeHblllenlleM 

311epr11n B036ylKJieHHll na cKJionax npeo6na.na10mero CIIMMeTpii'!Horo .nenenllll, KOTopoe Mbi onu

canw rayccnaJ:IOM, B03HIIKaiOT Bbicrynbi, CBll3a.HHbie. c acnMMerpii'IHOii KoM:nouenToii. Ha~~6onee 

llpKo acnMMeTpH'IHOe .neneHIIC npol!BnlleTcll y 226Th (p11c.6), nanMeuee y 219 Ac (puc.5) - ero Boo6-

me TPY.llHO Bbi.lleJIIITb. B pacnpe)leneHHliX {ionee penbe!~Juo BH.llHbi CJIC.llbi OTcrynnennll nonuoii 

KIIHeTII'IeCKOH 3Hepnm El BBepx OT KaneJibHOH napa60JIH'!eCKOll 3aBHCHMOCTll B o6JiaCTll Mace 

OCKOJIKOB M <': 130, 'ITO JiBJilleTCll xapaKTepHbiM npH3Ha.KOM aCHMMerpH'IHOH MO.llbl .neneHHllll.llep. 

Puc. 7 COIIOCTaBJilleT ll3MepeHHbiC Ha.Mll pacnpe.neneHHll Mace Y(M) li30TOflOB TOpHll C panee 

H3BeCTHbiMH 
229

Th [23] npn 3Hepnm E*sp 15-16 M3B. 0T'!eTnnBo np?cnelKnsaercl! Ten.neHUHll- c 

yMenbwenneM A l!Jipa .nocTaTo'!uo pe3KO YMeHbrnaeTCll BbiXO.ll Ya, nol(a.JaHHbiii Ha pucynKax 

cnpaBa. Ya 6biJI nony'len KaK pa3HOCTb YmnepHMe..-rY5• CnMMCTPH'IHbiii cnoco6 B .ll~HOM cnyqae 

annpOKCHMHpOBa.HCll rayccllaHOM Cpe.llHHe MaCChi .llByx aCHMMerpH'IHbiX KOMflOHeHT OKa.Ja.HllCb 

paBHb!Mll Mao "'138-140, 

Ma1 "'130-133, 'ITO uaxo.nnTCll B npeBOCXO.llHOM cornacuu c 3THMnlKe xapaKTepncTHKa.MH JIJill 

ll.llep B o6nacTn Pb. TaKHM o6pa.JOM, ycTanoBnena o6mnoCTb cBoiicTB acnMMerpn'!noro .nenennll 

HeiiTpOHIIO.lle!IJnUIITHbiX ll.llep TOpHll, C O.llHOll CTOpOHbl, C 6onee TlllKeJibiMll XOpOillO ll3BeCTHb!Mll 

H30T0fla.Mll, C .npyroii - C 06JiaCTbiO 6onee JlerKHX )IOaKTliHll.llHbiX ll.llep. 

Ha pnc.8 npHBe.neHo pronolKenue BbiXo.noil Mace na cnMMerpH'IHYIO H acHMMCTPH'IHYIO 

KOMflOHCHTbl .llJill pa.JHbiX li30TOflOB liPll' Pa.JJili'IHbiX 3Heprnllx Y, I r. = 2: Y, I~):, ,' r.ne 
M M 

I;r. = I;r., + I;r., .OT'!eTnnBo Bn.nna TeH.lleHUHJI noBe)leHnll 3Toro oT~oweHHll oT E•sp: ecnH Mll 
M M M 

Mep c A<>:224 ono l!BHO y6bJBaer c YMCHbrnenneM E\p, TO Mll 220Th Y,IY3- no'!Tll c~nst; a JIJill 

219 
Ac - 3TO YlKC pacryiUM !~JynKUHll. Koue'!uo, lKenaTenbHbi 6biJIH 6bi H3MepenHJI npu 6onee HH3-

KIIX B036YlKJICHllliX, O.lllla.KO,ll B Ta.KOM BH.llC Ka'!CCTBCHIIal! KapTHHa, BUCJIOM, ITOllliTHa. Ona 03Ha-
. . . /• -~· 

'!aCT, _'ITO MClKJIY J\cN=224 ll 220 BbiCOTbi 6apbCpOB £~ B CllMMerpH'IHOll II aCHMMCTPll'IHOll .llOJIII-
. ·•. l . ·, •. ,. ' 

nax cpasnHBa.IOTCll. ITpu TO'IHOM paBeHCTBe EJ.= E/ OTHOillenue Y,ty. Boo6me ne .nonlKHO 3asn

cerb oT E• sp. 
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PHc.4. BbiXOllhl Y H noJIHhle 

KHHeTHqeCKHe 3Hepnm OC

KOJIKOB 8 33BHCHMOCHt OT 

Macchi M mu1 neJJeHH» KOM

nayHll - •apa '"Th npH He

CKOllhKHx 3HepnUIX BOJ6yJK

.neHHH E•sp· CnJJOWHble KpH

Bhle - onHCaHHe Y s rayccHa

HOM, WTpHXOBhle - IKH.IJ,KOKa

neJJbH3H napa6onH4eCKml Ja

BHCHMOCTb E,(M). 

P11c.S. To JKe, 4TO Ha 

pHc.2.4, HO liJI• COMnayHll • 

•apa 
219

Ac. 

Tru<:oe pe3Koe 113MeHeHI!e pa3HOCTII 6apbepoa OT A o'!eHh xoporno Bll.llHO Ha p11c.9, r.ne npll

ae.neHhi ~acco~ble pacnpe.neneHIIll .llllll 224·22~h B 3aBIICIIMOCTII oT nonHoii: KHHeTI!'!ecKoii: :meprnn 

TKE ocKOJIKOB npn npaKTn'!ecKn o.nnHaKoaoii: BHeceHHOii: E',.,z6 MJB. EoJihiiJHM TKE 

COOTBeTCTByeT MellhiiJall 3Hepfl!ll BOJ6ylK,lleHI!ll Bbi,lleJieHHHbiX Mace II Hao6opOT. 
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Puc.8. Y,lY, s JaBHCHMocm or JHeprHH soJ6y

acJ.eHH.R E•sp llJHI LleJHJW.HXCJi Hllep ~ 1 '~Ac H ..'lJJH 

ueno4eK Th. 

_naHHble: 

219 
A c. 

220
·
12

.f·
226Th- HacTo.smtaH pa6oTa: 

229
·
230

·
233Th -npyrue pa6oTM. 

BcTaBKa: Y/Yas 33BHCHMocT~r Maccosoro 

lfHCJJa Ac:-. .!I.IHI uenotteK H'lOTonos Th. 

PHc.9. l1JMeHeHHe MaccoBbiX pacnpeJieJJeHHli 

12-U:!t'Th B 33BHCHMOCTH OT nOJlHOi::f KHHeTH4CCKOH 

JHepmH ocKOJJKOB T~E . 

Bcero .usa HeihpoHa pa:mm-tbi 

(6MIM"'J %) npHBO,[IJIT K MaKpOH3MeHe

HHJIM B MaccoBbiX cneKrpax qro, 6eJyc-

JIOBHO, HMeer MHK)JOCKOnHqecKyiO 

(crpyKTypHyiO) npnpo.uy. 3ro JICHO ro

sopnr o roM, qro pa3HOCTb E; - EJ .l-IJlll 

224
Th 6orrbllle, qeM y 226Th. Pe3yJibTaTbl 

reopernqecKHX pacqeros pa3HOCTH 

Bb!COT 3THX 6apbepoB, BbiiiOJIHeHHble 

DaJIIKesnqeM (1995) xopolllo 

COrJiaCYJOTCJI C HaliiHM 3KCnepHMeHTOM. 

B 3aKJIJOqeHHH ccpopMyJIH)JOBaHbl OCHOBI!ble pe3yJihTaTbl, rrorryqeHHble B ,[IHCCepranHOHHOll 

pa6ore. 

I) BbmorrHeHbi nccrre.uosaHHJI M3P ocKOJIKOB CHMMerpnqHoro .uerreHHJI HarpeTbiX Jl,[lep c 

Z
2
/A < 30 B peaKI-IHJIX C TJilKeJibiMH HOHaMH. DorryqeHa 3KCnepHMeHTaJibHaJI HHcl>OpMa!-IHJI 0 3aBH-

12 

CHMOCTH xapaKTepHCTHK M3P OT ymosoro MOMeHTa f H HYKJIOHIIOrO COCTaBa. 

DOKaJaHO, qro yseJinqeHHe ymOBOrO MOMeHTa II)JHBO,[IHT K YMellbllleHHIO ,[IHCIIepCHH MaCCO

BOrO pacnpe.nerreHHJI, a C yMeHbllleHHeM Z21A qyBCTBHTeJibHOCTb ,[IHCIIepCHH MaCCOBOrO pacrrpe.ue

JleHHJI K yrrroBOMy MOMeury YCHJlHBaeTCJI. 

8JIHJIHHll ymosoro MOMeHra Ha ,[IHCnepCHIO KHHeTnqecKOll 3HeprnH He o6uap)'lKeHO. 

2) DorryqeHHaJI 3KCIIepHMeHTaJibHaJI 3ilBHCHMOCTb rrapaMerpa lKeCTKOCTH d2VIdn2 IIpH {=0 

noJsorrurra srrepBble onpe.uerrnrb roqKy Er ( Z21A=22.0±0.6 ). 3ro 3Haqeune comacyercJI c 

pacqeroM no M'lKK CnpKa, yqrhiBaiOmeii KoporKo.neiicrsne JI.UepnbiX cnrr. 

3) BrrepBble H3yqeHbl M3P OCKOJIKOB HH3K03HeprernqecKoro .nerreHHJI 

HeihpOHHO.Uecl>HI-IHTHbiX Jl,[lep 
219 

Ac, 220
•
224

•
226Th B paKI-IHJIX Ha ;JilKeJib!X HOHax. 

4) DorryqeHa 3801110!-IHJI M3P OCKOJIKOB-,[IeJieHHJI B 3aBHCHMOCTH OT 3HeprnH B036ylK,[IeHHJI H 

HYKJIOHHOrO COCTaBa COCTaBHbiX ll,[lep. DOKaJaHO,· qro OTHOllleHHe Bb!XO,[IOB CHMMerpnquoro H 

acHMMerpnqnoro .neJieHHJI H3ororros Th CHJibHO 3aBHCHT or qucrra neiirpoHOB N H uaii.uena o6-

rracrb N"'l32 (A,222), r.ue rrponcxo.unr rrepexo.u rrpn oKorro6apbepHbiX 3HeprnJix or npeHMYTI-Iecr

BeHHo aCHMMerpnqHoro cnoco6a ,[leJieHHJI (TJilKeJibie H30TOnbi) K CHMMerpnqHoMy (rrerKHe H30TO

nb1). 

5) B MaccoBblx pacnpe.nerreHHJIX rrerKHX H3oronos Th orqerrrnso npoJIBJlJIIOTCJI 3 MO.Ubi .ue

rreHHJI: CHMMerpnquaJI H ,[{Be aCHMMeTpHqHble CO cpe,[IHHMH MaCCaMH OCKOl!KOB 132, 140. 

6) 3KcnepHMeHTaJibHbie JlaHHbie B nepexo.uuoii o6rracrn Ac, Th corrraCYJOTCJI Kax KaqecT

seHHO, raK H KorrnqecrseHHO c pacqeraMH B.B.DaliiKesnqa B paMKax KOHnennHH MYJibTHMO.UaJib

uocrn .uerreHHll, .UOJIHHHoii crpyKrypbi 6apbepa. 
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