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6 - 5486 

q8H TX8Hb MHHb 

HCCnE~OBAHHE COCTOHHHA 

HEKOTOPYX C~EPHqECKHX H~EP, 

BJIH3KHX K MAru·qECKOMY qffCJIY N = 50 

CnelU(8JlbHOCTb 055 - ci)H3HJ(8 8TOMHOI'O ll,llpa 

H KOCMH'l8CKHX Jiy'leA 

ABTOpe¢epaT anccepTaUHH Ha COHCKaHHe y~eHOH 
CTerreHH KaHanaaTa ¢H3HKO-MaTeMaTH~eCKHX HayK 

ily6Ha 1970 
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·ijaH TXaHb MHHb 

ffCCRE~OBAHHi CO~TOHH~A 

HE!(OTOPYX C«I>EPfflJ~C~HX .fl'AEP, 

BRH3KHX K MArHIJECKOMY. 'IHCJi~ N 

Cne~Ha.fbHOCTb 055 - «l>H3HICa 8T0MHoro J1,11pa 

H KOCMH•!eCKHX Jiy'leA 
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.il:M pa3BllTIDI COBpeMeIIHUX smepHux MO.D;eJie:11: TpedymCJI llOBlle 

II do;ree TO'l:Hl:le CB6.D:6HllR O COCTO.fl:HllffiC smep. MeTO,nLI smepHol1 ClleJ{- • 

TPOCKOITIIH B noc;remrne ron1:1 ,naIOT ()OJIT,my!O llHif,opr.mumo B ClliI3H C l!O

Bl:lMll nocTltlteHHJJMliI B TeXHHKe ::mcrrepliil.leETa - rrpVIMeHeHHeM Ge ( U, )

IlOJIYIIPOBO,!(HHKOBl:lX neTeKTOPOB' .nmr HCCJie,nOBaHHJI rarlIMa-113Jiy1iemm l1 

B TeXHHKe BpeMeHHUX COBITa.D;eHHH. 

vfay•rnHue smep N k, , lr, Y u Sr , ue CJ!llIIJKOM y.nanemmx 

OT MarlltJ:6CimX C J{ = 50, npe,1\CTUBJI.IIeT (5om,motl l1HTepec C TO'lKll 

3peHIDI pa3BHTHJI pa3JilltJ:Hinc conpeMeHHWC MO,neJieii:, OllHCl:lBa!OII(llX cnor,

CTBa _ c~epliI'l:eCKHX smep. 

!fayttemie aToil O6.nacTH smep pacllllipReT npe,IleJil1 imepHo-crreRT'

pocKonHtJecKHX nccJie.IlOBaHliii1, rrpone;wmmx: B TetJe1rne MHorHX JieT Ha 

da3e mrnx:pomrnJioTpoHa av.mi (I~ H JIM:::reTcJI rrpo111mzyTo'lHHM 1TartoM K 

Bh!IIOJIHeHHIO rrporpaMMhl HClfAIITia no ·H3y'leHmo smep Nb , _::y , Y liI Sr , 
HaXO.D:JL:lllXCR ,l(llJieKO OT IIOJIOCl:l CTadnJII,!IOCTH(2 ,3). 

}lttccepTamm COCTOllT ll3 6 pa3)'\CJIOB. Ii rrepnoM H 11OCJI8,l\ll8M 

pa3;:{eJiax ,naJOTCJI nne.nemie n 3 aKJUO'le1me. Bo .Q'!'opoM pas,neJie l13Jia

ramcJI oduurn 'lepTH MO.l(eJiei1 crI,epntJec,rnx smep( MO[-em, ooo.rrotJeK, 

Mo,neJ!ll a,NieKTnn11oro nsm-rMo,neilcTBliI.fI, cnepx:TeitYtJeii l.1OJT.eJI1-t, Mo.n:e

m1 HeaKClla.JII,Hl:lX smep H MO,1\eJil/f BO36YJK,neHIIOro OCTOBa), ocodeHHO 

norrpocu, IIpHMeKaeMue ,1\JIJl OIIllCaHtlJI COCTOill1U~ JI,l\ep B H3YtJeHHOli 

HaMn ()()JiaCTll. 1l TpeTI>eM pa3,Ii6Jie paccMOTpeHU M6TO.IiHll6CKl-!e BOIIPO:

Cl:l 3KCIIepID.leHTa. 

l13YtJaBumecJI n padoTe 1-1sOTorru Nb, 2Y , Y J,! Sr- DHJ~eJ!JIJillcI> 

Xl'lMJ,!'l6CRllM MeTO,nOM 1-13 rrpo,ll,yl{TOB pem<min r .nydoKoro pacll(eIIJieHJ,!JI 

pa3JIH'lHl:lX MnrneHeil ducTpUMI-! rrpoTOHaMH mi CHHXpomi1oroTpoHe 0!1.ffi1. 
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IIpu 11cc1re.n0Ba.IIID!. II -crreKTpa 11 't - 't , pt - '{ coBrra.neHirlf. 

·f!CIT0J!f,30Ba7IUCI, pa3m1qHM annapaTypa. 

I) CneKTPil rm,11\m-.rryqefi H3Mep.fVIIICI, Ha raM11m-crreKTPOMeTpe 

rrpn rroMorrtn ,n:ByX G-e (I,;,) - .neTeKTopoB och,eMaMM IO I'! 6,3 cM
3

• 

Pa3pemaroIuM crroco6noc·rn ~eTeKT0pa 061,eMoM IO c~ 6wra 6-+ 7 

6,3 cr,P - 4 ..- 5 K3B na mmm1 1332 K3B 
60

co. 

K3B, 

'6 - y C0BITa,I(eHJm 1rnyqaJrnCI, rrpl'I II0M0!Ull ,nnyx crreKTPOMeTpOB. 

B rrepnoM crreKTpo'.lleTpe ncrr:JJih30Bam!CI, G-e ( LL ) - ,neTeKTOPH 0~1,e-

M0M JO w IO cu3• Pa3pemaroiuee npeME cxeMH conrra.neHirlf paBHmroc1, 

'\I GO HceK. Bo BT0p0M crreKTp0MeTpe l1CU0J!I,30B8.Jl:l'JCI, .nna HpllCTaJIJia 

6-£- ( U, ) oc5'.ber.10M 13 cM3 ~Jill o.n;nH 1<pncTaJIJI Na,I (TC) pa3MepoM 

5x5 m.13 1-1 o.n:11H Ge, ( Li, ) • Pa3pernaioruee BpeMJI aTofi anrrapaTyphl coc-

TaIJJIHeT OIWJIO IOO HCeK. 

)[JUI 113yqeHIDI yt -0 coBIIa.neHirlf rrpIDAeHJIJraCI, cxeMa TpoliHhlX 

coBITa,nen11tt c ncJ;I0.'II,30BairneM .n;Byx 1<p11cTa.JIJI0B Na.I( T{) pa3MepoM 

5x5 cM 11 o,n110ro . G{.. ( U, ) - .n;eTeKTopa 061,ei.10M 30 cM
3 

11.m,: IOcM
3

• 

1eTBepTHM pa3.I(8Jl rrocnmueH pe3y.m,TaTaM :l'JCCJie.nonattnJI C_OCTOJI

Hni1 qeTHO-t:IeTHhlX JI,!J;ep; no36y;J(.I(aeMHX rrpu pacna.ne 
90Nb, 

86Y n 
84Y. 

Pacna.n 90 Nb ➔ 90 lr . (p11c.I) 

B raMMa-crre"Tpe 90 N~ o:5Ha!)'µeHo 34 raM1,1a-nepexo.na, 113 HIDC 

22 nepexo.na JI1160 nadJI'.O.I(am1c1, m!qiooe, mi:60 Brrepmrn 1131,rnpeHa ruc-

l1HTeHC11BH0CTI,. 
31{Cnep1!MeHTam,Hoe onpe.neJieHne Be.mr<rn:-i CXi; ,II03BOJI11JIO ycTaIIO-

Bl1TI, Tl1Illl MyJII,Tl1IlO}II,HOCTei1 17 rrepexo.~0B, ,!(JIJI 6 113 KOTOPhlX MyJII,

Tl1fl0JII,H0CTb onpe.neneHa Bil8PBhl8: 
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827,7 R3B (E1); 890,54 R3B (E2, M1); 1270,5 R3B (E2, 11.1 (E3?) ); 

I575,5 K3B (E2,M1); I7I6,6 R:3B (E2,M1); 1842,9 K:3B (E2,M1) Ii 

I9I3,5 K3B (E2,M1). 

BnepBhle 1rnYtJ.eH11 cne1tTpu raMMa-,-raw.~·a coBna,nemm 
90Nh c rrc-

TIOJII,30naHrreM G.e. ( Li, )-,neTeKTOPOB. IIprr aToM 6mm: rrsMepeHH coBTia.ne

HHJI c ()jOTOTIHIWMH raMMa-.nyqefi I4I, II29 R3B,. c mma.Mn ,!(BOfl.Horo. Bhl

JieTa. JiytJeti 2I86 rr 2318 R3B u c rumurrr.mmuoHHblM UHROM (5II K:3B). 

Ha ocnoBe no.'IYtJ.emmx ,na.mrnx B cxeMe pacna,na. 
9o Nb (puc.1) 

BBe.n:e1m I8 nos6y-1t.n;eHHHX COCTOmIHil:,B TOM tIUCJie 7 HOBhlX: 2740, 7 

CT); 3975 (5-); 5288 (g±,8-); 5330 (7 ,8)±; 5377 (7 ,8)±; 54,}5 

(g±,8-) n 5674 K:JB (g±,8-). 06Hapy;wHHHe ra.MMa-nepexo.n;u 758; 784_; 

I470;I575,5 l! 1984 K3B pa.sMe1[1eHll MeJK.Il.Y H3BeCTlil,lMH pa.nee ypoBHJlMR. 

I'.o,n;TBep;:t.l(CHO cyu1ecTBOBa.HlIC u Y'l'OtIHCHll KB8.I!TOBUe xa.pru(TepncTmrn 

yponHefi ,:[232; 4542 l1 5132 R:3B, ROTOpllC B pa.6oTe(
4

) ()b!Jra BBe,n;em,1 

npe.n;noJIO)l(rrTe.JlhHO. BJ,ItIMCJICHll saceJieIIHOCTH ypo~1rnl1 
90Zr sa ctieT . 

,+_'t, pacna.,na rr C00TBeTCTJ3Yl()lll1'1e 3HatieHM w 
Pa.cna.,11 86Y -~ 865r (p11c.2) 

B ra.MMa.-cneKTpe o6Hapy;KeHl:l 95 raMMa.-nepexo,nOB, H3 ROTOPWC 

. TIOJIOm!Ha paHI,lIIC He 61,1Jia. ll3BeCTila n onpe,neJieHH IDC rrHTeHCRBHOCTH •. 

Ilo.nyqeHH ::rncneprrMeHTa.JibHJ,Ie Be.JilftIHHU (XK n ycTa.HOBJielill TRTIJ,I MyJI:&TR

TIOJibHOCTCH 23 raMMa-nepexo,noB. 

l13YtJ.eHH cneKTPl:l raMMa.-raMMa COBJla.,!(CHITH C IO raMMa.-nepexo,naMU: 

442; 627,7; 645; 703,8; 778,5;1076; 1153; 1854,5; 1920 Ii 2568R:3B 

p±-o COBTI8.,!(eHRJI ll3ytieHH MeToioM TpDMH!:lX COBIIa.,!(eHRH. Ha OCHOBe 

ROJITI'teCTDCHHOrO a.Ha.JIR38. cneKTpOD COBIIa.,!(eHRH pasMemeHU B cxeMe pac• 

na.,na TIO'!TU nee nepexo,lJ;l,I c a6coJIKJTHOl1 RHTeHCRBBOCTI,IO Ir ~ 1%. 
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IlpewroJKeHa cxer.ia pacmma 86'{ , B K0Topyio BO!llJIO 22 B03-:-

6Y]OleHHUX C0CT0HHll.fI, li3 l!IDC 9 H0BWC: 2558 (3-,4-,5-); 3269; 

3873 (:¢,4+); 3942 (3±, 4+); 4I47 (;3±, 4+); 4440 (4- ,5-); 4713 

(3-,4-); 4871 (3-,4-); 4964 (3-,4-) li 4996 K3B (3-,4-). YToqae

HU 3Heprllll, CITHHU li qeTH0CTli psma li3BBCTHUX ypoBHeil. Onpe,neJieHH 

,no.1m j/- ~ pacna,n;a Ha Ka.'!(J];mi ypoBeHI> 
86Sr H cooTBeTcTBYJOUUie 

sHatJemrn ½ tt 
P,;1.cng.} ~Y -:-'>84 Sr (p;ic .3) 

06napY)'tBH0 OI<OJI0 24 raMMa- rrepexo,D;OB. H3 Hl'IX 18 

JIR00 uac5mo.ne1rn BITepBUB, ;rn(lo BITBpBHe li3Mepeaa HX liHTeHCiiBl!OCTl>. 

Orrpe.n;eJICHU Tll[UI IViYJ!bTHITOJlI,l!OCTeii neKOTOJ)UX raMMa-rrcpexo,noB. 

Ilpe.nJioRena cx~r,ia pacrra,n;a 84 Y , BI(JTIO'IaIO!IIM 11 B036yJK,nen-

nux COCTO.fIHHll: 794 (2+); 1456 (2+); 1769 (4+); 2059 (3+); 2451 

(3,4)± ; 25?8 (3,4)±; 2808 (4,5)-; 3086 (3,4)±; 3202 (3,4)±; 

3273 (4,5)- ll 4177 K3B (3-,4-,5-), li3 K0T0PUX TOJIE,KO 3 ypoBH.fI 

pauee 6u;ra H3Bec;nu<5). PeayJ!bTaTu HayqeHll.fI peam.i;.rn g
6 
Sr{ Fit)~r, 

rro.Jry<Ie!!IIHe Il03,l\Hee aBTOP3MH(S). rro,nTBep.nnJIH nam napHaHT. 

0rrpe.ne.Jie!IH ,no.Jilll __ t- r- pacmma na K~H» ypoBe!!l> 
84

Sr- n 

cooTneTcTBYlOll\He anatJeHrut ~tt · 
0 CTfflType COCTORHIIH llCCJienyer.mx tJ9THO-

tJ9THUX gnep. . 

Ilo Mepe y.na.JieHn.fI oT MarHtJecKoro tJHCJia N = 50, tJeTHO-'ISTHHe 

R.11,pa IDASIOT pa31II1'Ittyil IIPliP0.lcy. 

CBOHCTBa IIOJIY1larmecK0ro smpa 90 Zr xoporno orrnc1rnaeT M0.!{9JIE, . 

O00JI0'ISK. PacqeTHUB peay.m:TaTU I{oxeHa(?) n A,ne6erna<
8
), IIOJIY'ISil-

1!119 Ha 0CH0B9 ST0H Mo,neJm .nM rrpoT0HHl:DC COCTO.HH!lli ( }9/2)
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(p I/2) H (p I/2 IJ' 9/2) smpa Z:,r HeII:IOXO corJIB.CY1QTCJI c :mc-

nep.lfMeHTOM. 0THOill6HHe rrp1rne.neHHIDC BepoJITHOCTeii 

B (E2· 2+ ➔O+ 
• 1 2 = I,3 

B (E2; 21 ➔ 01)· 

COOTDeTCTByer TeopeTH'l6CKHM npe.ncKasrurn:m,i O rrpHMeCH ROH~Hrypan;Hii: 

(p I/2); :r,i ( C}9/2)~. B coc:roJIHHJIX o+. 

B OTJrn'!He OT ~a 90.lv-, wm: ormca.HRJI CBOi-iCTB HIDKHIDC COCTOJI

mrn: 84 Sr Ham:5oJiee ripaeMJieMb!MH JIBJimOTCJI ROJIJieKTllBHRe Mo.ne;rn. :Ca-

1m11<9) BR,ne.100! B cxeMe ypoBHeii: 84Sr cocTOJIHHJI ~cHoBHoi-i RBasHpoTa

I.(HOHHOH noJiocu ot, 2t H 4t, a T8.Kl!te raMMa-mi:6pa.uyro1mRe ypoBHH 2~, 

st. B rrom,sy 3Toro OilHCaHIDI, RPOMe COOTHOilleHHii: 06 3HeprHH H KBaH

TOBIDC xapaKTepncTHRax, CBH.I:{6T6JII,CTBy6T eme OTHOmeIDie npHB6,Il6HHI:lX 

BepoJITHOCTei-i 

B(E2 · 3+ ~ 2+) 
' 1 . 2 ~ 96. 

B(E2; st ~ 2t) 

Hw.tHHe cocToJIH,m 84Sr- MO."ltllo paccM0TpeT1> H B paMRax Mo.ne.Jm HeaR

CHaJII,Hh!X ,mep ,UaBbl.I:{OBa(IO). • 3Ha'!emm napaMeTpa ac.lfMMeTpHH Y =28,6°; 

28,30 ll 29,2°, 

E2+ E + __ l u 41 
E2+ -~ 

1 1 

ITOJIY'l6HHR6 H3 OTHOilleHHH_ 

B(E2; st ➔ 2t B(E2; 2~ ➔ 
ll 

B(E2; s; 7 2~) B(E2; 2~ ➔ 

COOTB6TCTB6HHO, oKa3llBaIDTCJI 6.1JH3KHMH .npyr K JI,pycy. 

ot> 

2t> 

CJiy'lai-i 86Sr npe.ncT~BJIReT co6o:A npoMeJKYTO'IHRH MeJK.IlY 

90lr- ll 84Sr-. 

B ITJITOM oas,neJie H3JiaraIDTCJI pesyJII,TaTll.liCCJI6,I(OBaHHJI COCTOJIHH:11 

He'!eTHHX ,mep npH pacna.ne 89 m,, 89Nb; s~m,, 89.2..,., 872r; 

851111, 85y n 85tnsr; B ·raMMa-cneRTpax 3TllX ,mep Ha6JIIO.I{aJillC1, 95 

raM1v1a-nepexo.noB. vis HHX 69 nepexo,n;oB ;rn6o · Ha6JIID.neHR BITepBlle, JIH6o 
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· P110.5. Cxe!Ja pacrraia 89.l~. 

12 

BITepBUe ll:3MepeHa HX ll:HTeHCHBH0CTI,. BrrepBUe rrpe.I(JI0JKeHU CXCMfl pac

IIa.I(a 89rn,89Ni, (!)ll:c.4) H 87.ld!)ll:c.5). 

CymeCTBeHHo yTottHenu H .I(0II0JIHeHU cxeMu pacrra.I(a B911t,B9l.-
(pu~.6) 85h1., 85Y (pnc. 7). B cxerzy ypoBHeit 89 Y BBe.I(eHu 

HoBI:le cocTo~lIJI: .1_744 (~i/r) H 2565 RaB (7/2,9/2,II/2f H B 85 S.,-, 
1364 (5/2-3/2+); 1797 (5/2+); 1935 (7/2 9/2 11/2)+; 2584(7/2 

9/2)+; 2745 (7/2 9/2 Il/2)+; 2786 (7/2 9/2)+·H 3266 R3B (?/2 

9/2 II/2)+. 

0rrpe.I(eJienu .I(0JIH · f- t pacrra.I(a na ypoBHH R.I(ep 89Zr, r:9y , 
87Y H 85 Sr' H cooTBeTcTBYJOll1ll:e 3HatteHHJI ~Jit . 06cYJK.I(aeTcJI KaR 

sneprnJI pacrra.I(a 89 Nb , TaR H 0TII0CHTem,noe rroJio;ii:emrn H30Mepon 

s5y 

Ha 0CH0Be II0JiytI8HHl1X .I(aIIHUX o6CYJK,I(8HU C0CT0JIHilJI HeqeTHb!X 

R.I(ep, 6.Jill:3RHX N = 50: 

I) H:ir3R0Jia.:alllHe cocT0JIHHJI imep c N = 4 7, · 49 H l = 39 HHTep

rrpeTHp0BaIIU RaR 0.I(H0ttacTH'IHHe C0CT0JIHHJI ~ 9/2, p I/2, (P 3/2)-
1 

H ( { 5/2)-1• 0Clc~aerca xo,11; HsMeHeHHJI 3HeprerH'lecKHx paccroa- . 

HHH Melt,lty 3THMH COCTOJIHH!IMK OT!l,ll;pa K S!,D;py. 

2) 3RcrrepUMeHTaJibHIDi ira,KT, ttTo B 6eTa-nepexo.I(ax 3HatteHHJI 

L1t,'t ( l -1/2 ➔ l-I/2) 60.m,~e ~ ( .L -:-I/2 ➔ -l+ I/2), paccM0T

peH B paMKax o.I(HottacTHtIHoro 6eTa-nepexo,I(a. l{aqecTne1moe corJiacHe 

nonyqaeTCJI. YlleT 3q$eKTHBHOCrH CMeCH KOH~Hrypa~HH HnH napHWJ; · 

Koppena~HH YJ,1eubwaer pacxolt,lteHHe Melt,lty sxcnepH~earanbHIDm H 

reoperH'leCKHMH pesyiararaMH. 

3) rpynnu cocToRHmi 5/2+, 7 ;2+ ~ 9/2+ ·H II/2+ ·B R.I(P8X 87Y , 

89Y H 89lr- MOJKH0 HHTepnperHp0BaTb KaR ttJieHU }zyJII,THIIJieTa B036y,K

,I(eHH0rO 0CTO:ea 2t + ~ 9/2. UeHTP TJillteCTH 3TIDC C0CTOIDIH~ Hax0.I(HTCJI 

I'.3 
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B cormc.1rn: c npe.n;cKasamrnM Mo,nemi BOilOyiK,D;eHIIOro ocToro(II). ]Jy6-

JieT 2+ + p I/2 MO)l(eT P.PORB.JI/ITbCR TQJII,KO B KatieCTBe npID.1ec.11 K 

O,nHO'laCTl!tIIILIM COCTORHHRM p 3/2 .II t 5/2 • 

4) CocTORHHR 9/2+, 7/2+ li 5/2+ B JI.JU)ax c N = 47 RHTeprrpe

TnpoBaHLI KaK 'IJieHH Tpexti:aCTll'IHOrO MyJII,TllllfleTa 1'1.-( }9/2)-3, 

5) Ha OCHOEaHllll rutamisa BepoRTHOCTli 6eTa-nepexo.n;oB MO)l(HQ BLl

,neJIBTb ;;3 :SHCOIWD036yiK,D;eHHHX ypomief HeKOTOPl:le C onpe,neJiet;HiiIMll 

J\OMllHll PY!Olllill,m I<OH(l>HrypaD,llRMH. 

Ocaomme pesy~·raTU .l!CCJie.n;oBa.Hni1 .n;aHHoi1 ;illccepTamm 6wm .no

JIOJ!WHhl na XIX n XX futerO,nHlllC BCeCOI08HllX coBell.{rut.lIBX no MepHOH 

crreuTpocKomm n cT.PYJ<Type aTOMHoro R,npa (I969-I970r), Ha MellUJY

Hnpo.n:1101.1 CilMil03HyMe no cTpyKType MPa (,lly6Ha,I968r.), Ha KOHqie

pem.um no CDOV.CTBnM R,npa, ,naJieKliX OT 06JiaCTll CTa6.IIJ!bHOH JlllHllll 

(Jiefi:.rnn, I970r.), a T~e ony6JIIDtoBaII~ B rretiaTH /l2
-

181'. 
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