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PadoTa Bb!TlOJIHeHa B JladopaTop>nf H;n epHb!X rrpodneM 06I>e,1(ImeHHoro 

HHC~TyTa H,nepHb!X HCCJie,liOB8HHn, 

Hay'lHbi ~i pyKoBo;nnen:&: K8H;!lH,li8T 'ilf3UKO-M8Te~.l8Tl'!'leCKHX H8YK 

KpaL\HKOBa T.\1. 

Of,lHL\WISJII>Hble orrrr oH eH Tbl: ;noKTOp t vr 31ilKO-Ma TeMa TVJ'leCKVIX HBYK 

ManOB Jl.A. 

K8H;nH,li8T ~VJ3VJKO-M8TeMaTVJ'leCKVJX H8YK 

r OTlb!'l IT .I'! • 

Be.nymee HBY'lHo-vrccne,noBaTen:&cKoe y'lpem;neHHe: ~HCTVITYT H,nepHb!X 

Hccne.noBaHVIn AH YCCP, KvreB. 

3amvrTa ,nvrccepTauvrvr cocTOVITCH " " I985 r. 
-~---

B ___ 'lacoB Ha aace,naHvrH crreuvranvravrpoBaHHoro CoBeTa n047.0I.03 

rrpVI JladopaTOpVIvr H;nepHb!X npodneM 06~e,nvrHeHHoro VIHCTVITyTa H,nepHb!X 

HCCJie;ztOB8HVIW, r. ny6Ha 1 MOCKOBCKOtl 06JI8CTVJ, 

ABTope~epaT paaocnaH " " I 985 r. -----

C ;nHccepTauvren MO~Ho oaHaKOMVIT:&CH B 6HdnvroTeKe O~Hl'I. 

Y'leHbln ceKpeTap:& crreuvranVIavrponaHHoro CoBeTa 

,liOKTOp '''VJ3Hi\ 0.-!.18 TeMa~'leCKVJX H8YK IO.A.EaTYCOB • 

DElilAH XAPAR 

AKTyan:&HOCT:& pa dOTbl . 8Kcrrep 
B8HHH CB OnCTB ;n e~OpMHpOB8HHbiX H~ 

CTJeKTpOCKOTlHH . nnH donee TlOJIHOrO 
CTaBJIHeT don:owon HHTepec KaK ;ne~ 

ma TeJI:&HbiX TlOJIOC , OCHOB8HHbiX H8 J 

HOM H;zt pe , T8K VI HCCJie;ztOB8HVIe VJ3ME 
HOB8HHbiX Ha O,liHOM H TOM ~e COCTO 
H;npa TYJIVIH vr HTTepdHH c A IV I 70 :r~ 

MeTO;zt8Ml'l K8K l'l3 p8;ztl'I 08KTVIBHOrO J 
peaKUHHX , 0;ztH8KO cpaBHVJTeJI:&HO l• 
;neHHbiX COCTOHHVIH C 3HeprHeH Bb!W E 
BepOHTHOCTHX VI TJapaMeTpax CM elli~!I 

Il 03TO MY !5b!Jil'l orpaHH'leHbl B03MO:~H C 

pVIMeHT8JI:&HbiX pe3yJI:& T8TOB, KO TO p! 
Tlp8BVIJI:&HOCTVJ TO W l'IJIVI l'IHOtl MO,li ei 
TeOpVI 11 , B CBH3JIJ C 3~M O'leH:& B1 
pOHHIDID 3KCTlepVIMeHT8JI :&HyiD VJ H~OpM1 

Uen:& padoTbl - pa a pad oTKa Mt 

VIc cne;noBa HVIH pacna;na H,nep JIIDTeW 
UVll'l npvr HVJ 3KHX TeMnepa Typa~ ; I 

I 69 Yb VI I67 ,I 69 ,I7I ,I72,I73 Lu 

TO'lHble ,li8HHble 0 KB8H TOBbiX xapaK ~ 

napaueTp ax cuewvrBa HVIH MYJI:&THnom 

VI I67 , I69,I 7I , I72,I73 Yb t paCCM I 

VI VJ3B eCTHbiX H3 JIHTepaTypbl 3KCTle] 
£ paMK8X MO;zteJIVJ B38VIMO;ztenc TBYI 

I67 ,I69,I7I,I73 Yb _ B paMKBX 

<lJOHOHHon MO;ztelll'l C y'leTOM B38lrfM Oi 

Hay'lHBH HOB!rf3Ha. Paa padOTI 
Lug£ , LIJ!! , Ybg£ H Yb!,! VI Tll 

X) rpoM OB8 ],1 , 1/1 , l'l ;ztp , IJpVIKJI8,liHI 
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fadoTa Bblll0JIH6H8 B J!adopaTOp~Ul H,1lepHbiX JTp0!'5JieM 0!'5M,1limeHHOrO 

TJT8 ft.llGPHhiX HOCJI8.ll0B8HMn. 

PYKOB0,1lHT8JII>: K8HltH;ll;8T ~IH SHKO-M8 TeMa TtrqeCKI-iX H8YK 

Kpaual(oBa T .Vi. 

p!zylaJ!blible OllllOHGHTbl! ,1l0l\T0p rpl13l1KO-M8T8M8Tl1lleCKHX H8YK 

ManoB JI. P.. 

K8a.1lH.ll8T WH3l1KO-M8T8M8TH'IlGC!(l1X H8YK 

ronb!q IT .VI. 

e HayqHo-Hccne.noBaTeJII>CKOe yqp~.neRHe: MHcTHTYT R.nepHb~ 

e.noBaRHli AH YCCP, Kl1eB. 

.llHCC8PT8Ul1lll COCTOHTCH '' 11 1985 r • 

qacoB Ha sace.naHH~.cneul1aJil13HPOBaRHOro CoBeTa Jl047.01.03 

Jla!'5opaTOpl1H l'l.ll8PHb!X npo!'5JieM 06'!>e.lll1H8HHOrO l1HCTHTYT8 R,ZJ;epHhiX 

oBaHlllw, r. J{y!'5Ha, MocKOBCKO~ odnacTH. 

... nt'"'"""'"T P830CJI8H 11 11 ----- I985 r • 

.naccepTauaen MO~Ho oaHaKOMl1TI>CH B 6l16naoTeKe O~H~. 

ceKpeTapL crreUHaJiaaapoBaHHoro CoBeTa 

tKBHKO.-MaTeuamqecKRx HBYI< IO.A.Ea'cy'coB • 

OEIItAH XAPARTEPllCTAKA PAEOThl 

.AKTyaJII>HOCTL pa60Tbl. 8Kcnepl1MGHT8JILH~e l1 TeOpeTHqecK!IIe l1CCJie,ZJ;O

B8Hl1H CBOllcTB .ne'iJOpMHpOB8HHIDc H,1lep 38HllM8IOT OC06oe MeCTO B H,1lepHOfi 

crreKTpocKonan. J{Jm !'5oJiee nonHero rroHHMSHifH CTPYICTypu STRX H,nep rrpe.n

CTaBJIHeT 6oJI:&mon nliTepec KaK . ..lleTaJILHOe ll!ayqeHl1e cBoficTB ypoBHel1 Bpa:... 

~8T6JILHbiX llOJIOC, OCHOBSHHbiX H8 p83JilllqHbiX BHYTPGHH!IIX COCTOHH!IIHX,B 0,1l

HOM H,ZJ;pe, TaRn l1CCJie.noBaH!II e li!SMeHeH!IIit B cl3ol1cTBax ypoBHel1 nonoc, oc-

HOBBHHbiX H8 O..llHOM l1 TOM ae COCTOHHllll1, OT H,1lpa K R.llPY• ~CCJieiyeMble 
H,ZJ;pa TYJIMH !II l1TTep6nH. c A"' I 70 HsyqaJIHCL pa3Hb1Ml1 cneKTpocKonHqecKHMl1 

M6TO,l\8Ml1 KSK !13 p8,1!l108KTl1BHOrO p9Cll8,1!8, TSK l1 . B. p83Jil1qHbiX H.IlepHbiX 

peaKUliiHX. 0,1lH8KO 'Cp8BHl1T6JII>HO M8JIO 6biJIO H3B6CTHO.O CBOHCTBSX B036~

,1leHHbiX COCTOHH!1l1 C <JHeprHeit BbiUJe I MaB l1 OCOdeHHO ll6,1lOCT8TQqHQ - 0 

BepoHTHOCTHX n napaMeTpax cMelh'>IB8Hl1H MYJILTl1llOJII>HocTeiil nepexo.noB. 

TIOSTOMY dbiJIM orpaHHqeHU B03MOEtHOCTl1 cpaBH6Hl/IH TeOpeTnqeCKllX H ::mcne

pHM6HT8JII>HbiX· peayJILT8TOB, KOTOpb!S He06X0,1lHMbl .He TOJILKO ,l!JIH npOBepKH 

npaBl1JII>HOCTU TOll l1Jil1 l1HOH M0,1!6Jll1 ,· HO l1 ,ZJ;JIH ,1l8JILHel1UJero. p83Bl1Tl1ff 

TeOpH11. B CBHBl/1 C 3Tl1M oqeHL B8RHO UMeTL . H81160Jiee IIOJIHYIO H BCeCTO

pOHHIO!O 3KCnepli!M6HT8Jinliyro li!Hif}OpM8Ul1!0 0 CBO~!CTB8X 3Tl1X H,llep. 

UeJIL pa!'5oTbl - paapaooTKa MeTO.llliiKH nplllrOTOBJieH!IIH o6paa~oB .nJIH 

Hc'cne.noBaHnH pacna.na H.nep JIIOTeUHH H nTTep!'5nH MeTO.IlOM R,ZJ;epHoit opMeHTa

UHlll rrpl1 Hlllaimx TeMnepaTypa0 ; HayqeHH~ pacrra.na opl-leHTMpoBaimux H.nep 

169Yb H 167 ,I69,I7I ,I72,173 Lu, C T6M qT06bl ITOJiyqli!TI> HOBble. 6oJiee. 

TQqHble ,1!8HHbl6 0 KB8HTOBbiX xapaRT6pli!CTUK8X B03!'5~,1!6HHbiX COCTOHHl1H H 
napaMeTpax CM6Ull1B8HUH MYJI.LTHllOJII>HOCTeH nepexo.noB .noqepHl1X H,1lep 1 6 9Tm. 

l1 I67 ,169,171 ,I72,173 Yb'i pacCMOTpeHl16 fronyqeHHbiX B H8CTOH~eii\ pa!'5oTe 

H l13B6CTHhlX l13 HHTepaTypbl SKCnepHM~HTBJILHbiX .1l8HHbiX 0 CBOHCTB8X I 72Yb 

1! paMKax· MO;zteJIH B3al/IMO,ZJ;el1cTBYIOIIUIX !'5030HOB' a .naHHbiX 0 CBOHCTB8X 

iG7 ,I69 ,I ?I ,I_73 Yb - . B paMRSX JTOJIYMl1KpOCKOill/lqecROH RB83l1qacTHllHO

.~OHOHHOH M0,1!6Jil1 C yqeTOM B38l/IMO,.lletlCTBl1H-KOpl10Jll1C8. 

HayqHaH HOBHBHa. Paapa6oTaHa MeTO.IlHKa rrpl1rOTOBJI6Hl1H o!'5paauoB 

Lug£ t L~ , YbGd H Yb!! l1 nOK838HO, qTQ H,1!p8 ·Lu 3WW6KTl1BHO 

X) fpoM01!8 ~.~. 11 ,1lp. llpHKJI8.1lH8H H,ZJ;epH8H CneKTpOCKOnHH , .~ 9, 
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opltleHTltlpyiOTCll KaK B ra}t01IIt!Hltlltl 1 TaR It! B l!tenese; ll.ztpa Yb ,ltOCTaTOtJHO 

· xopomo opltleHTltlpyiOTCH B llteJiese, a B ra.nonHHHltl - · otJeH:& cna·6o. IlonytJeHbl 

CBB,ltBHltlll. 0 TOM, tJTO B CitJiaBe · Yb~ OCYII!BCTB1IHBTCll pe}tKltl!i cnytJali 

CBBpXTOHKOro B38ltiMO.l{BiiCTBltlll 1 KOr}tac31IBKTpliitJBCKOB KBa.ztpyit01I:&HOB"ltl Mar

HltiTHOB ,ltltlllOJI:&HOB B3altiMO.ztetiCTBltlfl cpaBHlti!Jbl ItO B81IltltJ!t!H8M lii llpOTliiBOll01IOS-

. Hbl ItO SHaKy. 
' . 

PaccMOTpeHO BHemHee B03MYII!BH!tle ff.ztepHUX COCTOHHliiti C rrep!t!O.l{OM 

rronypacna.zta . TI/2 = 0,45 HC - 5 ,25 MC }t1IH . CltiC_T.BMbl. YbGd . It! TmFe • 

BnepBbleo6Hap~eHo ocna6neHltle aHHSOTponltlltl yrnoBoro pacnpe.zteneHltiH 

1 .:_lti31IYtJBHltlll I 71 Yb 1 OpltiBHT!t!pOBaHHOro B ra}t01IIt!Hltlltl, 6BH38HHOe C pas

Pff.ltKOti ypoBHll 95 K3B.c TI/2 = 5,25 Me. 

MeTOJtOM Jt.ztepHoli opltleHTanHH npoBe.zteHo Hccmi.noBaHHe pacila.zta I 69 Yb 

It!. I67 ,I69 ,I71 ,I?2 ,I73 Lu , rrpHtJeM TaKoe liccne.ztoBaHltle Jt.ztep I 67 ,I69Lu 

BblllOJIHBHO BnepBI>ie. BnepBble lti3M{lpeHbl. 'saa~imlt!H aHlti30TPOnltiH yrJIOBOro 

pacnpe.neneHltlff .f -lti31IYtJBHltlll .ltJIH 23I Itepexo.na MBllt.ltY :WOBHHM!tl }tOtJe~HltiX 

H.ztep I69Tm It! I67 ,I69,I71 ,I72,I73Yb • AHanltls a~cnepltiMBHTaJI:&HP!X .ztaH

HHX rrosBonltln ycTaHOBHT:& o.ztHOsHatJHO cnlt!Hhl 3I ypoBHH B Jt.ztpax 

.I67,I69,I7Iyb 1t1 BnepBbiB onpe.zte1IIt!T:& napaMeTpbl CMemlt!BaHltlfl MyJI:&TitlnOJI:&-

HOCTeti tv I70 rrepexo.noB c ypoBHeti Hsyqaeuux HJtep.. BrrepBue onpe,l{eneau 

napaMeTim CMe'mHBaH~IH MY1I:&Tltlnon:&aocTet1 S (E2/MI) lii I q (EO/E2) I , 
a T8KJ!IB OTHOC!t!T81I:&H8H BepOHTHOCT:& X(E0/E2) }t1Ifl nepex6,l{a C 3Heprltleit 

.IO?I KaB, 7 /2+ _,.. 7 /2+, paapHl!taromero )3-B!t!ClpanHoHHblli ypoBeH:& ·B HetJeT-
169 . , 

HOM ll,l{pe... . Yb • . . 

B paMK8X KB83ltltJ8CTitltJHO-(pOHOHHOtl MO,l{BJilii nocne}tOB8T81I:&HO paCCMOT..: 

peHo B1IIt!HH!tle. BSBliiMO,l{eitcTBltiH Ko~Ho1Iltlcaaa·aneKTpoMarHltiTHble CBOtlCTBa 

Bpa~aTeJI:&Hux ypoBHeti I 67 ,I69 ,I· I ,I73Yb • IlpoBe.neHo cpaBHeHitle nonytJeH:.. 

HUX pesy1I:&T8TOB C 3KCll8pltiM8HTa1I:&HbiMlii }t8HHh!Mlii. 0TMBtJBH0 1 'ITO B paMKaX 

3TOit MO,l{e1Iltl lti3!JeHeHitle 3H8KOB ·ll Be1IltltJltiH napaMeTpOB , cl(E2/MI) ,l{1IH 

BHyTpimOJIOCHUX It! MBl!tll01IOCHUX:nepeXO,l{OB Onlt!CblBaeTCH npaBltiJI:&HO. 

· IlpaKTitltJecKaH neHHOCT:&. . PaspaCloTaHHaH MeToJtnKa npnroTOBJieHHH' o6-
pasnoB L~ .It! YbFe MOllteT ClbiT:& lt!Cll01I:&30B8H8 ,l{1Ifl }ta1I:&Hetlmero lt!CC1I8,l{O

B8Hltlfl pacna,l{a KOpOTKOlltltiBYil!ltiX op!t!eHTltlpOB8HHUX H,l{ep Lu It! Yb Itpltl llOMO

Il!ltl cos,l{aBaeMoli B HaCTOHII!eit BpeMH ycTaHOBKltl CIIMH-2, KOTopaH 6yJteT 

pa6oTaT:& B pel!tlt!Me "oH-nalia". 

C,l{e1I8HHble B H8CT0ffll!Btl pa60Te oneHKltl B1IltlflHltlfl BHBIDHero B03MYII!~Hltlll 

3JIBKTpOMarHltiTHUX ll01Iet1 H8 OpltleHTanuJO ff,ltep B B~Sdyr.t,l{BHHbiX COCTOllHitlflX 

• c TI/2 > o·,45 He nosB01IHJOT noBh!CHT:& JtOCTOBepaocT:& SKC!IepnMeHTan:&:

HbiX ,l{8~HbiX 1 nonyqae!JhlX C nOMOII!:&IO MBTO,l{lt!Kltl ll,l{BpHOii OpltleHT8nltlllo 
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!IonytJeHHble HOBble 3KCnepnMeHT81IEHb!e pesy.rr:&·raThl H8H,l{YT :rrplt!MeHeHne 

llpltl COBepmeHCTBOB8HUltl TBOpltiU H,l{pa llYTBM ,l{eTa1I:&HOrO 8Ha1Iltl38 CTPYKTyphl. 

,l{BqiOpMHpOB8HHbiX ff,ltep. !IpOBB,l{BHHOe cpaBHBHHe 3KCll8pltiMBHT81I:&HhlX U pac

CtJHTaHHblX _BB1IUtJ!t!H npe,ltCTaB1IHeT HHTepec ,l{1Ill oneHKU llpl!MBHHMOCTU CYlllB

CTBYIOII!HX MO,l{81Ieli H ,l{1Ifl lt!X ,l{81I:&Heiimero p83BUTHH 1 a· T8roKe ,l{1Ifl onpe,l{e-

1IBHHH 38,l{atJ ,l{81I:&HBHUIHX 3KCllepHM~HTa1I:&HbiX HCCJie,l{OBaHHH. 

Ha saqllfTY :imaocH.TCH cne,Z!YIO!Illle rronoiKeHnH 1t1 pesyn:&TaTH: 

I. UeTo,l{ntJecKoe pemeane rrpoClneMu npltlroTOBneHltiH. o6pasnoB Lu~ , 

L~ , YbGd H Yb.£:2 ,l{1Ifl H3ytJeHltlfl ·pacna.zta OpltleHTltlpOBaHHhiX HJtep npn 

HH3Kit!X Te!JitepaTypax. . . 

2. 8KCitepltiM8HT81I:&Hb18 ltiCC1I8,l{QB8Hitlfl BHBUIHero B03MYll1BHitlfl yrnoBOrO 

pacnpe,l{81IBHVIH 3"-lti31IytJeHltlfl ~ COllpOBOlK,l{aiO!llero pacna,l{ ,l{01IrOllll'lBYil!ltiX COC

TOHH!tlli H,l{ep I7I·,I73Yb H I 9 Tm , OpltleHTitlpOB8HHbiX B ra,l{01IIt!HltiBBOi1 U 

lltBJIB3HOll MaTpvrnax. 

3. 0,l{H03H8tJHO ycT8HOB1IBHHhl8 3H8tJ8Hitlfl cnnHOB }t1Ifl 3I ypOBHH B 

H,l{p8X I67 ,I69 ,I71 Yb It! 3H8tJBHitlfl napaM'eTpOB CMBillltiB8Hltlfl MYJI:&TitlnOJI:&-

HOCTelf ;ziJIH I73 nepeXO~OB MeJK,l{y COCTOHHltlflMltl H,l{ep I 69 Tm It! . . 

I67 ,I69,I71 ,I72,173 Yb. •. . 

4. PeayJIETaThl pactJeTOB, npoBeJteHHbiX B paMKax KBaavrqacTltltJHo-. 

gioHOHHOH MO,l{B1Iltl C ytJeTOM B38VJMO,l{eticT:illtiH KopltiOJIIt!Ca: SHeprllltl ltl CTpyK

Typa ypOBHei1, ItpltiBB,l{BHHble Be'po~THOCTVJ I'! napaMeTphl CMBllltiBaHltlfl 'M~1I:&Tltl
nOJI:&HOCT8ti ,l{JIH nepeXO,l{OB MeJK,i{y 3 TltiMI'l ypOBHHMI'l H,l{ep I69 ,I 7I ,I 7 Yb • 

Anpo6auvrH padOThl 1t1 ny6JivrKan~t~n no TeMe ,llltlccepTagltiH. PesyJI:&TaThl 

lt!CCJIB,l{OB8Hltlti, n01IOlltBHHble B OCHOBY H8CTOHII\Bii pa60Tb1 1 npe,l{CTaBJIHJiltiC:& It! 

JtOKJIBJth!BaJiltiC:& Ha XXX-XXXIY BcecorosHbiX coBemaHltiHX rro·H,l{epaoti cneKTpo

CKonltlltl 1t1 CTPYKType aTOMHoro HJtpa (I980~I984 r.r.), aa YII KOH~epeanHI'l 
'!JexocnoBanKHX tpHaimoB (!I para, I98I r.), aa III n IY pa6otJI'lX coBemaHltiHX 

no ycTaHOBKe CIIMH (J!HmHo, I980, r •. I'! IieXHHe, I982 r., '!JCCP), Ha Y 1t1 

YI MeJK.nyaapo,l{HhiX KOHqiepeHUI'lHX no cBepxTOHKltiM BsaltiMOJtelicTBltiHM (8ana.n

Hblti EepJI!t!H, I980 r. 1t1 rpoHHHrea, ronnaHJtltl~, I983 r.), Ha XYI ceMn

aape no HJtepaoli gilt!Sit!Ke /PocceHJtOP!li ..:·KpaKOB- Plltellt- KltleB/ {KI'leB, 

I985 r.), a Ta~e odcYJK.nanltlc:& aa ceMHHapax no qiltlslt!Ke aTOMHoro HJtBa 

Jla6opaTopltlltl a.nepaux npo6JieM OMHM. 1t1 ony6JI!t!KOB8Hhl.B IO paCloTaxii-I I 
(B JKypaanax Czech. J. Phys. • J. Phys. • Nucl. Phys. • Hyperfine In

teractions, B Bltl,l{e coOClll\eHltiH 1t1 npenp!t!HTa OHHM lti-TeSltiCOB ,l{OKJia,l{OB 

COIIB!l1aHltltl It! KOHtlJepeHnltlti, nepetJltiCJIBHHhlX Bblme). 

06~eM pa60TU. nltlccepTanltiH COCTO!t!T H3 BB8}t6HHH 1 nHTH rJiaB H aa

KJIIOtJBHltlfl It! CO}tepllt!t!T I02 CTpaH!tlnbl TBKCTa, 45 Ta6JlltiU Ha 40 CTpaHHnax, 

20 p~t~cyaKoB aa IS cTpaa~t~nax l'l cn~t~coK JIHTepaTypu Ha I58~ria~t~weaoBaHitlti. 
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COJIEPlltAirnE PAE01H 

Bo BBeneHHH Kp8TKO ~060CHOB8H8 8KTY8HhHOCTh npo6neMU HCCH8~0B8-
HHff, c(popMynnpoBaHu uenn pa6oTu,. HayqHaff HimnaHa Yr OCHOBHble nonoJKe

HHff ~nccepTBUHH, BUHOCHMbl8 H8 38~TY~ 

B nepBOfi rnaBe KpaTKO"paCCMOTpeHbl M8TO~ CTBTHqecKOii ff~epHOii 
OpH8HTBUHH, OCHOBaHHblii Ha HCllOH,h30BaHHH CBepXTOHKHX B3aHMO~eiiCTBHii 

Mellt~Y CTaTuqecKHMH aneKTpOMarHHTHUMH llOnffMH H SH8KTPOMarHHTHb!Ml1 
. . . 

MyHhTHllOHhHblMH MOM8HT8MT/l ff~ep npn HH3KHX TeMnepaTypax, H TeOpHH, 

onncuBaJOmaH cTeneH» opneHTaunn H~ep n yrnoBoe pacnpe~eneHne ?'O::.uany

qeHHH, conpoBox~aJOmero pacna~ opneHTnpoBaHHblX ff~ep. OnucaHa aKcne

PHMeHTan»HaH annapaTypa, ncnon»aoEaHnaH npn nayqeHHTII pacna~a opueH-: 

TnpoBaHHblX H~ep (ycTaHOBKa CTIJIIH). TipuBe~eHbl xapa!'TepncTHKH Hcnon»

aoBaHHblX B SKCnepHM8HTBX nonynpOBO~HHKOBblX Ge(L:i)- .JieT8KTOpOB, ~8H
Hbl8 o nonyqeHnn aK~nepnMeHTan»HblX oopaauoB H qBe~.eHHH oo ycnoBHHX 

naMepeHni1 aHnaoTponnH yrnoBoro pacnpe~eneHHH i -nanyqeHHH. OcHOBHOe 

BHHMaHHe y~eneHO TeXHOHOrHH npHrOTOBH8HHH SKCTiepHM8HT8HhHUX 00p83UOB 

(o60CHOBaH BblOOp ra~OHHHH8BOii H Jit8H83HOii MSTpHU ~]Iff OpHeHTBUHH ff~ep 
Lu. H Yb , OTIHC8Hbl nyTH ynyqllleHHH KaqecTBa o6pa3UOB ~HH ll0Bbllll8HHff . 

CTeneHH opHeHTaunn !l~ep) · n aHanuay .. aKcnepHMeHTan»HblX ~aHHUX (pac

CMOTpeH Bonpoc oo onpe~eneHHH aHaqeHnii Koa(p(pnuneHTOB opHeHTaunn, ~e

opneHTaUnn H yrnoBoro pacnpe~eneHHH H CllTilHOB B030YJK~8HHblX-COCTOH

HHii) : B SKCnepHM8HT8X no HayqeHTiliO pacna~a · OpHeHTHpOB8HHblX ff~ep npH 

HH3KHX T8MITepaTypax. 

B~opa11 rna~a nocB~~eHa HanoJKeHnJO peayn»TaToB/I/ Hccne~oBaHH!l 
pacna~a·H~ep 169Yb, opueHTHpOBBHHblX npTil HU3KHX TeMnepaTypax B JKene

ae n ra~onuHHH • 9KcnepuMeHTan»Hble peayn»TBTbl noKaaamr, qTo cTeneH» 

opneHTauHH HTTep6uff B JKenea~ ~ocTaToqHo iennKa, Tor~a KaK B ra~onn
mm •. !l~pa UTTepCiHff noqTH He opUeHTHPYIOTCff, XOTH H O!IH nonyqeH O~HO

po~Hb!ii TBep~uii paCTBOP I 69YbGd ua pacna~a I69Lu~ , npnroTOBneHHoro 

nyTeM HMTI1I8HT8UHll H nnaBKH/2~ AH8HU3 ~aHHUx CBH~8T8HhCTByeT 0 TOM 0 
qTo aneKTpuqecKoe KBa~pynon»Hoe BaanMo~ei1cTBne ~nff Yb :B ra~onnHHH 

CpaBHHMO C MarHUTHblM ~HU01IhHU!.f. Ha OCHOBe ~aHHbnc 0 CTeneHU OpHeHTa

UHH H~ep HTTep6HH, BHe~peHHblX~ paanuqHJie (peppOMarHeTHKH, C~enaHO 

38K]!JOqeHne, qTo ~]Iff ·OpHeHTaUHU KOpOTKOXUBYmHX U30TOllOB Yb HaU6onee 

no~xo~Hmett ffBnHeTcff xeneaHaH MaTpnua. 

BHemHee BOa!.fymeHue ~onrol!tHBymux ypoBHefi ~69Tm , Hal1.zieiiHoe paHee · 

~PYrHMU SBTOPBMH B peayn»TaTe HayqeHUff pacna~a I 69Yb}ili , HSMU ~nff 
I~9YbFe . 06HBPYJit8HO He 6uno. no lf3MepeHHliM aHU30Tp<jnHflM t -uany~e;;, 

4 

HHff na. pacna~a I 69YbFe 6hlnu on~e~eneHu napaMeTpbl cMemnBaHnH· Myn»Tn-
non»HOCTett ~nH ceMn nepexo~oB I 9Tm • ·. 

B ·TQeT»ei1 rnaBe npe~cTaBneHbl peayn»TaTu/3/ nccne~o:BaHnff pacna~ 
~a opneHTHpOB8HHbiX ~ep I 72Lu ,11 cpaBH8HH~ SKCnepHM8HT81IhHUX ~aHHbiX. 
0 CBOiiCTB8X qeTHO-qeTHOrO ~pa 172Yb · C paccqHT8HHbiMH B p8MK8X· MO~e-. 
HU B3811MO~ei1CTBYIOm11X 0030HOB (-MBE-1) •. 

Eunu Ha!.!epeHu npn!.!epHo o~nHaKoBue aHaqeHnff yrnoBott aHnaoTponnn 
1 -HanyqeHnH ~nH o6paauoB 172Lu~ H I72L~. IloKB.aaHo, '!TO .. 

H~pa HIOT8UHff OpH8HTUpyiOTCH B Jit8H838 TBK Jit8 XOpOlllO, K8K H B.ra~OnHHHHo 

Ha ocHOBe naMepeHHbrX aHuaoTponntt i ~nanyqemiH onpe.1(eneHbl mipaM~~pbl S 
.z~nH 51 nepexo~a I 72Yb , Ha HHx • .z~nH 6 nepe~o~oB :..: Birep:Bue. TionyqeHbl .. 

TaKJKe napaiJe'Tpbl I q (EO/E2) I H. cooTBeTCTBYJO~ue BepOHT~OCTH . X(EO/E2) 
Til I~ (EO) I ~]Iff qeTh!pex nepe~O~OB mna 2+-- 2+ Til 4+ ~ 4+ •. 

B nocne~Heii qaCTT/1 STOii rnaBbl cpaBHUB810TCH SKCITepHM8HT81IhHUe 

3Haqemm SiieprTIITII_ ypOBH8ii· llOHOlKTIIT81IhHOii qeTHOCTT/1 ~ 72Yb·, a6COHIOTHbl8 Til 

OTHOCTIIT8H»Hbl8 B8pOffTHOCTH E2 Tll:EOnepexO~OB. HnapaMeTpbl·CM8lllT/IBaHHH 

MynuHnon»HOCTeii. .cf(E2/MI) c peaynuaTaMT/1, paccqnTaHHUMTII no IJBE-I. 

CpaBH91!!H} TClO!J1-ni C SKCnepHMeHTOM H1IHIOCTpTilpyeTCH · Taon. I, B KOTOpO!tt. 

Ta6n;r. CpaBHeHne napaMeTpOB d(E2/MI), paccqliTaHHhlx ito MBE-I, 
c aKcnepnMeHTan»HhJIAH aHaqeHTIIHMH ~nH · nepexo,Z{OB · I?2 Yb 

~ :ii 
K1 ._ Kj . Ii~If E;p,KSB cfSKCll dpacq 

-
o+- o+ 2~2 I039 5 ,0(+25 ,:...I6) 5,0 a) 

2 I 
4~ 4 1026 0,87{I3) 2,5 

6~ 6 997 0,63(7) 1,5 
2+~ o+ 2·~ 2 1387 -s·,I (+II ,-16) -5,I a). I I 

3- 2 I470 -7 ,6(+I9,-3G) -7,6 8 ) 
I' { -I _,IO( +23 ,-46) 4-4 1398 -2,6 

-42(+36,-oo). 

o!.....,.. at 2-2 1398 { -:,2,2. -o,6 
o,4o~a-~ r,2s 

2~~ at 2-2 1530 8 ,0( +25 ,-IS) -3,0 

3- 2 1622 I7 ,3 (+42,-28) -2,9 

3-4 I440 6,5(+22,-I4) ..;.I-,9 

4-4 I543 
{ 9(+II,-3) 

-a:84(+9,-II) 
-I,6 

5..,. 4 I667 6,9(+I9,-I2) -I ,8 

8 ) JllcnoniaoBanoc» B KaqecTBe napaweTpa. 
. 
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npvmel.leHbl :mcnepnMeHTaJII>Hble 11 pacctrnTaHHble napaMeTpb! o .. 3HatreH!fH 
cpaBH!fBaeM~ B8Riftfl1H l.IOBORI>HO XOpOillO CornacyiDTCH l.IRH ypOBH8ll IIOROCbl 
OCHOBHOrO COCTOHH!1li l1 fo- l1 ')'- Bl1Dp8IUJOHH~ IIOROC 1 a l.lllli IIOliOC!l C 

5r + o+ 2+ 4+ a K = 03 , 4 , 2. ll I - lllfilli> RBtieCTBeHHO. vTO, no-Bl1l.ll1MOMy, 
'CB!ISBHO C TeM 1 tfTO BOliHOB!l~ tPYHRl.\l11f 3Tl1X COCTOHHU!-i COl.lep;KaT 60l!I>llll18 
ROMIIOH8HT!1 l.IByxRB83lftr_aCTlftfH0!1 ROHqJl1rypaiUJH l1 IIOitTB8p;Kl.IB8T peayn:&Ta
TUK pactreTOB no RBaaHtracTHtrHo-woHOHHOl-i MOl.lelll1 B.r.conoBI>eBa, yKaabl
BaiD~e HB OTCYTCTB!18 Hl13KOlle~a~x KORR8RTHBH!1X l.IByxWOHOHHb!X COCTOH
HHl-i B l.I8WOPMUpOBaHH~ fil.lpax. 

' B treTBepT0!1 rnaBe IIP8l.ICTaBll8H!l OCHOBH!le peayni>TaTbl 3KCII8~l1-
M6HTalii>H~ Hccnel.IOBaHHl-i pacna1.1a opneHTl1pOBaHH!1X Hl.lep I67,I69,I 1,I73Lu. 
PeayJIDTaTli nayq:eHIDI pacrra,I{a xa:xt.n;oro .ff,Iijla c · rroCJie,Jzyl{lllliM aa
KRIOtreHHeM HanoJKeHu no naparpawaM. IlonytieHHue B HBCTOHlllel-i paCioTe aHa
treHHH napaMeTpOB cMernl1BBHl1fl MYl!I>Tlfnoni>HOCTel1 cpaBHHBBIOTCH c peayn~
TaTaMif IIPBl.lb!l.IYIIIHX l1CCll8l.IOBBHl1!1. B OCiliiBM OHlf XOpOII!~ cornacyiOTCH MBlKl.IY 
C0!50l1 (eM., H81Ipl1Mep, Ta6n. 2). 0l.IHBKO HB6JI!Ol.I88TCH H8ROTOpoe pac
X0~8Hl18 M8lKl.IY peayni>TBTBMl1 no lil.l6pHOfi Opl18HTBUH!f 1 IIOllytreHHb!Mlf.HBMH 
11 Kpal1HOM l1 1.1p.xx, oco6eHHO l.lliH Hlf3ROaHepreTHtreciHx nepexo1.1oB· 

Ta6n. 2. CpaBHeHne napaMeTpOB tf , nonytreHH~ B HaCTOHlllel-i pa6oTe, 
Ha OCHOBe l13Ytf8HI1H ;?'J'-ROppell!I!Ufit H ( lt ,2n;}') peaRUlflf, 

l.ll!H nepexol.IOB I 69Yb 

E,r,R3B 0 HBCT. pa6oTa oa) sci> 

90,8 -0,32(+32,-55) -0,40(9) 
II0,9 -D,I7(t7,-8) -0,225(+81,-92) -D,II(ti6,-I5) 
133,5 -0,02(23) -0,20(II) 
I44,6 0,52(+12,-9) o,5 - 5-,o 
29I ,2 O,I0(9) 0 ,I73(+75 ,...:63) 
369,2 -0,023(45) I 51-' O,I 
378,6 -0,044(55) -0,065(+85,-65) 
456,6 -0,09(9) -0,24(+9,-IO) 

II84,9 -O,I5(7) -0 ,IO(tl3 ,-IO) 

8) Byl.I3!1HCRH M. a l.IP· fll.lepHaH ~l13!1Ra, I980, 3I, c. I393. 
6) Selin E. et al. Phys. Scr., 1970, 2, P• 181. 

x) ConoBI>eB B.r. IIHci>Ma B 19~, I985, 40, c. 398. 
XX) ~rane K.S. et al. Nucl. Phys., 1972, A197, p. 352; Phys. Rev., 

1976, C13, P• 1295; Phys. Rev., 1975, C12, P• 1999. 
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71 

Yb n l.IRH HeROTOp!1X nepeXOl.IOB I 72 Yb • ,I(nn 6oni>illl1HCTBa lfa STHX ne
peXOl.IOB H3 aHll30TpOIIHfi, H3MepeHH~ KpafiHOM H l.IP• IIP!f Te!JnepaTypax • 
4 l1 20 MK, nonytraiOTCH aHatreHnH KOSWWlliUJeHTOB yrnoBoro pacnpe1.1eneHHH 
A2( 0) ,He COrJiaCyxillH6C.fi Me~y C06ofi l1 C HBII!l!Mll B8lll1tfllHBMl1. 8TH pac- . 
XOJ:!l.I8Hllfl MOJKHO 06:bHCHl1TI>, BO-nepB!1X, CliOlKHblM COCTaBOM HX HCTOtfHHRa 
(aRTI1BHOCTI> nonytranaci> nyTeM o6nytreHJm ecTeCTBimHoit cMecu llTTepciHn). 
BO-BTOp~, paapeillBIDIIIBfl.CIIOC06HOCTI> ROaRCllal!I>HOrO Ge(Li)-l.leTeRTOpa 
ORaaanaCI> H8l.IOCTaTOtfHOfi l.ll!fl H3M8p6Hlffl 8Hl130TpOIIH!1 6l!l13Rl1X lllfHllit B 

. CliOlKHOM CII8RTpe 1-l13l!Ytf6HHH, OC068HHO B 06naCTl1 Hl13Rl!X 3Heprl!H. 
B Ta6n. 3 Hamn aRcnepl!MeHTani>Hue aHatreHuH napaMeTpoB·O l.IRH nepexo
,l{OB I 7

I Yb cpaBHI1BBIDTCH co 3H!!trBHl1HMl1, nonytreHHb!Mif Ha ricHoBe uaytre
Hllfl fll.I8PHOll OplleHTBUlfll, yrnOBb!X J'f-ROppel!HUllll ll nyTeM H3MepeHllfl 
R03ifxiJlll.ll16HTOB BHyTp6HHefi ROHB8pCl1U. . 

Ta6n.3. 3HatreHHH napaMeTpOB b(E2/MI) l.ll!H n~peXOl.I~B .· 171 Yb 
B cpaBHeHnlf c peayni>TaTaMH npel.lbll.IY~x Hccnel.IOBBHlfl-i 

Et,K3B . .0HBCT. pa6oTa cf a) ld(<X)I B) 

66,7 •' -0,6(t6,:.:I2) 2,0(+50,-I2) 0,6%(13) 
72,4 -0,3I (+I3 ,-I8) ..:.O,I0(6) 0,296(6) 
85,6 -0,30(+6,-7) . . -0,07(5) 0,262(13) 
9I ,4. -0,25(+9,-II) -0,22(tii,-I3) 6 ) 0,29(2) 

I09,3 -O~I6(4) -0,08(4) 0,20(3) 
517,8 0,54(ti6 ,-II) I ,2(+17 ,-7) 0,52(7) 
627,0 0,76(ti4,-I9) { I ,3(3) · 

· 1,I(t5,-3) 6) 
0,63(II) 

712,6 -I ,52(I6) -2,1(4) I,54(8) 
767,6 -0,477(25) -0,34(8) 0,56(7) 
839,9 -0,48(+5,-7) I' -D,51(tii ,-7) 0,50(6) 

a) Heo6oaHatreHHue BenatrlfH!l npel.ICTBBl!!IIO~ co6ol1 ,l{BHHue no pa6oTe 
Krane K.s. et al. Phys. Rev., 1976, C1J, p. 1295. 

()) !Iepectrl!TBHH!le HBMll 3H8tf8Hl1fl.l13 pa60Tbl Sen P., Bakhru H. 
z. Phys., 1977, A281, p. 263. 

B) 3HB'f6Hilfl nonytreHu HB OCHOBe ,l{BHHUX 0 R03~H!Uf6HTBX BHYTP6HH6ll 
ROHBepCUH 1 CM./5/. 

0TM6THM, tiTO BCe 3HBti6Hl1li CIIIfHOB ypOBHefi, Onpe,l{eneHH!16 HBM!1
1 

cornacyiDTCH c peayni>TaTaun KpattHa u l.IP· 
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4.1 • Paerra;n; 167 Lu _. I 67 Yb • 167 Lu e rrepHO.llOM rronypaerra,lla 

T
1

;
2 

= 51 ,5(10) MHH rrpe,lleTaBnaeT eo6oti HaH6onee KOpOTKO)!(HBY!llee H,llpo, 
:KOTOpOe B006!lle HeeJie,llOB8JIOeb/4/ MeTO,llOM H,llepHOti-OpHeHT8qHH B pe~HMe 
11o;xi>-natiH11 • 8TH H3MepeHlffi IIOK838JIH, 'ITO ,llJifi yerremHOH OpHeHT8qHH 

donee KOpOTKOlltHBymHX H,llep He06XO)!HMO rrepeXO,lll'!Tb B peY.tHM 11 0H-JI8HH11
• 

IlOJIY'l~HHhle pea7JIH8Thl II03BOJIHJIH_ O,llH03H8'lH_O yeT8HOBHTb emmhl _ eJie,llyiO
ll\HX ypOBHeti I 6 .Yb: 308,5 (7/2 ), 430,8 (7/2+), 553,5 (9/2 .), . 
667 ,I (7 /2-:·}, 788,3 (9/2-), 1022 ,I (9/2+), I267 ,2 (5/2+), 1305,4 . 

- (7/2-:), 1947,4 (9/2..;.), 1951,1 .(9/2;..), 1952,8 {7/2+), 1995,4 (9/2-), 

!998 ,4 (9/2-)., 20!3 ,3 (7 /2-), 2052,8 (9/2._) l'i 2330 ,5-'ttaB (!'
51

-=9/2+); 

orpaHntieHhl :Bo31.>a::muc 3H31iemm KB8HTOBhiX xapa:KTepHeTHK eme meent 
ypOBHeH H orrpe,llerieHbl 3H8'leHHfi rrapaMeTpOB 0 ,llllfl 71 rrepeXO,ll8 

167 
Yb • 

4.-2. Paerra;n; 169Lu- 169Yb-. O.llHO::iHatiHO ycTaHOB~eH/21 errllHhl 

eJie,llyiOll\HX ypoBHeH l69Yb; 647.,3 {7/2+), 960,6 (7i27), !283,3 (7/2-), 

1406,3 (9/2-)' 1656,3 (9/2"':")' 1689,3 {7 /2-)' !'(08,5 (7 /2-)' I78I '7 
(7 /2-), 1908,6 (5/2+), !974 ,0 (7 /2-) H 2030,0 K3B (I!T = 7 /2-~ ; 
BrrepBhle orrpe,llenen.hl aHatieHHH. rrapaMeTpOB cf. ,llJIH. 77 rrepexo,ll01l !6 Yb • · 

B HaCTOHJlleil pa6oTe Brrep;Bhle onpe,lleneHhl (eM. Ta6n. 4) rrapaMeTpbi 

cf(E2/MI) .H I q (EO/E2) I , a TamKe OTHOeHTellbH8H BepoHTHOeTb X(EO/E2) 
,llJIH nepexo;lla c 3Heprneti I07I KaB, 7/2+ ~.7/2+, · paap~aromero }3-BH6-

paqHOHHhiH ypoBeHb·OeH~Bl:!OrO eOCTOHHHH fl2+[633] + Q 20 ) H8 OeHOBHOe 

. eOCTOHHlle (7 /2+[633)) B HetieTHOM H,llpe 69 Yb • 

.·-:- ... 

- Ta6n.4. ITapaMeTphl eMeliii1BaHHH MYJibTHIIOJibHOeTeti o 11 1 q I , 
MYllbTHIIOJlbHblil eoeTaB 11 OTHOllleHHe BepOHTHOeTeti X(E0/E2) 
.llllfl nepexo,lla e 3Heprl1eil 1070,8 K3B I69Yb 

~(E2/MI) -0~74(+II ,-!3) 10,3(+50! ,-45) 

I q CE9/E2)l . 5,77(+93,-72). _3 ,55 (I7) 

MyRbTHIIOllbHhlil { 92 ,2(+27 .-?3 )~ Fll 92,6(8)% EO 

eoeTaB + 2,8(+II,-6)% E2 + 7;4(4)% E2 

+ 5·,0(+63 ,-20)% MI + O,I(+2,-I)% MI 

EO;Ii~ If 
2, 75(95) I ,04(IO) X( ) 

E2,ri~rr 

4.3. Pacrra;n; I 7I Lu- I7IYb • B HaeTOf!!lleil pa6oTefS •6/ BrrepBhle 

06HapyxeHO OeJia6JieHI1e 8HH30TpOIII1ll yrJIOBOrO paenpe,lleJieHHfi d' -H3J!Y'le

HI1H, eBf!aaHHoe c paapf!.llKO!.t y~oBHH_95'K3B e _TI/2 = 5,25 Me, 11 Hal1,lle
Hhl ~B:KTOphl OeJia6JieHI1fi OpHeHTa~HH·,llJIH ypoBHel.t 6~ H 76 K3B B I7IYb : 

. G 2(67 K3B) = 0 ,32(I2) H G 2(76 :K3B) = 0 ,I 8(5) • _ 0,llH03H8'lHO ycTaHOB-

8 

'J,; 

l. 
" 

t 

I· 

t. 
! 

JieHhl enHHhl ypOBHeti 902,2 (3/2-), 944,3 (5/2-) ~- !080 ,9 (5/2-) '11 
1093 ,3 KaB (IJT = 9/2+) · H onpe,lleneHhl .rrapaMeTphl a· .llllH 27 nepexo,lloB 
I7I - . . . . 

Yb • " ' ·: ' ~·--.. · / ·~·-·. . . 

4.4. Paenaf 173 Lu- 173 Yb. B HanrnxaKenepuMeHTax/6 , 7/ non.ztep

HOil OpHeHT8qHH
1

/
3 Lu · B ra,llOJIHHHH He 06HapyxeHO BHemHee B03MY!lleHHe 

ypOBHH 351 KaB 173 Yb c Ti/2 = 0,45 He. Onpe,llimeHhl aiiatieHHH napa-
MeTpOB o ·.llnf! II nepexo,llOB 173 Yb • . . _ 

ITaTafl rnaBa noeBameHa· paeeMOTpeHHIO cBoilcTB BpamaTeJibHhiX ypoBHeti 

HetieTHhiX H,llep H~Tep6HH,.,llllff KOTOphlX.H8MI1 6b1JIH yeTBHOBJieHbl CTIHHbl pH,lla 
ypoBHeti 11 onpe,lleneHhl napaMeTphl 'cMeliii1BaHHH MYJibTHIIOJibHOeTeil MHor11x 
nepexo,llo:B (eM. rn. IY). B paMKax• KBB311'laCTHtiHo-!!JoHOHHoti MO,lleJIHx 

e yqeroM Baai1MO.lleileTBHH KopHOJIHeaxx npoBe.lleHhl pactieTbl aHeprun H 

eTpyKTYPhl BpamaTeJibHhiX ypoimeil, npnBe.lleHHhiX BepoaTHoeiren B(E2) H 

B(MI) ll napaMeTpOB CMellll1B8HHfl MYllbTHIIOJibHOeTeil o(E2/MI) ,llllfl rrepexo-

,llOB l69,I7I ,173 Yb , eM.t2.,5 ' 7:_!0/. IlpOBe,lltmo e~aBHeHHe pa~tieTHhiX H 

3KenepHMeHT8llbHhlX peayJIH8TOB ,llJIH 167 •169 ,I 7I ol- 3 Yb ; paetieTHble ,ll8H

Hble ,llllff 167 Yb B3ffThl H3 pa60T~. 
06CYJ!t,ll8JOTeH eBOHeTBa·ypoBHeil BpamaTellbHbiX IIOJIOC, OeHOBBHHbiX HB 

COeTOHHHHX l/2-:"(52l] ~ ,5/2-,.[512], 3/2-(52!], 7/2-(5I4), 7/2+[633) t 

5/2+[642], 3/2+[65I], 5/2-[523] H I/2~[5!0] • BbiHBJieHhl HeKOTopue 

aa:KoHoMepHoeTH B 11aMeaeaHax eBoHeTB BpamaTellbHhiX ypoBHeil B aaBHCH
MOeTH OT CIII1H8 H MaeCOBOro 'll'!Cna H,llep. HTTep6HH. 

PaetieTu xopomo BoenpoHaBO.llHT.3Kenepi1MeHTaJILHble aaeprHI1 ypoBHeti 
BIIJIOTb ,llO Bh!COKHX 3Ha'leHrJti en.HH!l. 0,llH8KO -T8:KOe. COrJiaCHe 3Hepri1H 

HBHO He,lloeTaTOtiHO .llllff · npoBe~KH H,llepiunc MO)!enett, 'ITO noKaaaHo Ha rrpH
Mepe nonoeu I/2-[5!0] B 16 .,I ?I Yb , .llJIH KOTopoil 6blno -nonytieHo xopo

mee eornaeHe 3KCnepl'!MeHT8JlbHhlX 3Heprl'!ti ypOBHeti l1 TeopeTH'leCKHX 3H8-
tieHH~,· pacetiHTaHHhiX HaMH/2 , 5/ H2 no MO.lleJIH HHJibeCoHaxxxx, xoTH eTpYK

Typa ypOBHeti, BhltiHeJieHHafl B 06eHX_pa60TBX,IIOJIY'll1ll8Cb eOBepmeHHO paa
JIH'lHOil. ~HaH'lecKHMH BeJIH'lHHaMH, otieHb tiYBCTBHTellbHhlMH K eTpy:KType 

H,llpa, HBJIHJOTeH BepOHTHOeTH H oeo6eHHO napaMeTpUeMeliJHB8Hl1H MYllbTH

noJibHOeTe~ rrepexo)!oB. 

IIonytieHHhle SKcrrepuMeHTBJibHO 3HaiieHHH napaMeTpOB S(E2/MI) 

x) ConoB~eB B.r. · TeopHli- enolltHh!X a,llep •. "HayKa", M., I97I. 

XX) Kvasil J. et al. Czech •. J. Phys., 1978, B28, P• 843. 
XXX) Kvasil J. ~ Kracikova T.I., P'in8er M., Choriev B~ . Czech. J. 

. Pb}rs., 19S1, BJ1, P• '1376• . 
XXXX) Kanestr,Sm r~. Tj,Sin P.o. Nucl. Phys., 1969, A138, p~ 177 • 

9 



eneTeMaTnanponaHhl ~na BHyTpnnonoeHux ( I/2-[52!] , 5/2-(?I2] n 
7/2+[633) ) If MEllltllOJIOeHUX ( 7/2-[5I4]~ 5/2-(5I2] ) nepeXO~OJ~, If 

Ha~eHO ~H3lfli6eK06 06~HeH6Hlf6 lf3M6H6Hlfff 3HBKOB H B6J!HliHH STlfX napa
M6TpOB1 Hanpnuep: 

a).BaanMo~eileTBne Kopnonnea olieHI> namHo ~nH eoeTOHHHH nonomlf
Teni>Hofi treTHOeT!f, npoHexo~HIIIHX !fa no~o6onoliKH 1 1312 • Hall!ll paelieTM 
llOKaaanH, liTO KDPHOJIHeOBeKOe eMell!llB8HH6 !.!Elllt~Y STlfMH eoeTOHHHHMJ! 
~ueTpo noapaeTaeT e ynennlieHneu ennHa, o~HaKo npH nepexo~e OT nerKHX 
K 6onee Ta~enuu lf30TonaM lfTTep6na.,~ouo yueH:nmaeTea~ Teopua npannn:r,uo 
onneuBaeT 3H8li6HHH napaMeTp(m Ll(E2/MI) = d(E2/MI)/Ey (MaB) ~na 
nepeXO~OB, pa3pHm8IOIJIHX eoeTOHHifff UOJ!Oe!l 7/2+(633] BllJIOT:b.~O Bh!eOKHX 
enHHOB (eM. Ta6;n, 5}. 

Ta6n.5. CpaBHenne SKenepnMenTan:r,uux If paelieTHhlX 3HalieHHl1 
npnne~euuux napaMeTpon .& (E2/MI) ~na BHYTpnnonoe
uux nepexo~on nonoeu 7/2+[633] n_I69,..,I7I,I73Yb . 

H~po Ey1KSB ri~ Ir LlaKen Llpaeli 

70,9 9/2- 7/2 -4,4(+2!,-37) -2,3 
9p,8 II/2- 9/2 -3,4(+35,-6I) -I ,8 

. I08,0 I3/2-.. II/2 -3,0(II) -I ,4 
I69Yb 135,3 I5/2- 13/2 -2,4(6) -I ,2 

I4I,9 I7/2--I5/2 -I ,6(6) -I ,0 
IB9~I I9/2- I7/2 -I,7(4) -0,8 
I66,5 2!/2- I9/2 -D,8(5) -0,8 
253;3 23/2~ 2I/2 -I ,3(4) -0,7 

72,4. 9/2....,.. 7/2 -4 ,3 (+I8 ,-25) -3,2 
91,4 II/2....,. 9/2 -2, 7(+IO,-I2) -2,4 

I77,7 I9/2~ I7/2 -I ,8 -I,2 I7IYb 

I78,5 2I/2·~ I9/2 -I ,6 -I ,0 
229,3 23/2~ 2I/2 -I ,4 -0,9 

I73Yb 62,2 9/2- 7/2 I 4 ,4(5 >I -3,5 

6). 3uaKH napaMeTpOB cf ~nH nepexo~on BHIT~H nonoebl I/2-[521] 
M6HffiOTeH Ha l1pOTHBOllOJ!OlltHbl6 npH nepexo~e OT. 6 Yb K I7I Yb (eM. 
Ta()n, 6) If STO MOmHD, llO-BH:Z~HMDlAY:f 06~HeHHTI> T6M 1 liTO llpOHeXOJIHT 
38llOJIH6HHe COeTOHHHH I/2-(52I] B 7I Yb • . 

B). Pa3Hble. 3H8KH 3KenepHM6HT81ILHUX rrapaMeTpOB cf ~1Iff nepexo~OB 
e YPOBHH 7/2 nonoehl 7/2-(5I4} ua TpH HHlKHH6 ypOBHH nonoeb1·5/2-(5I2] 

HI 

Ta6n.6~ 8Kenepl1M6HTaJILHhl6 H paeiieTHble 3H8li6HUH <f(EUMI) ~1IH BHyTpn-

nonoeiiux nepexo~OB nonoebl I/2-[521] B I67 ,I69,I7I ,I73Yb 

H~po E1,KaB r1 - I.r 
cfSKell spa eli 

I67 Yb 
69,8 3/2- I/2. 0,21 
I9,7 . 5/2- 3/2 0,02 

I62,4 7/2- 5/2 IJ'I ..:: 0,26 0,25 

62,7 3/2- I/2 0,64(6) 3,0 

I69Yb 
I2,3 5/2~ 3/2 I o,oG(2)/ 0,5 

I44,6 7/2- 5/2 w 0,52(+I2,-9) 3,9 
20,4 9/2- 7/2 I o,o8(3)1 -I6 

222,7 II/2- 9/2 { 0,28(13) 3,2 
~4,0 
---

I7IYb 
66,7 3/2- I/2 -0,696(13) -0,50 
9,2 5/2- 3/2 .1 o,or8(3)1 -o,04 

I54,8 7/2~ 5/2 I o,62(I2>1 -D,39 

' 
62,6 3/2....,. I/2 I o ,538(28)/ -D,84 

I73Yb 
20,5 5/2¥3/2 -D,I2 

I44,8 . 7/27; 5/2 -o,s3 
32,7 9/2- 7/2 -D,IO 

222,8 II/2~ 9/2 -D,23 

Ta6n.7, CpaBH6HH6 SKenepHM6HTaJILHhlX If paelieTHhlX OTHOeHT8JILHhlX 
analieuuil Ll(E2/MI) ~na nepexo~on 7/2-[5I4]_. 5/2-[5I2] 
B I7I ,I73Yb . 

H~po .&.(7/2-5/2) : M7/~-7/2) : .1(7/2-9/2) 

paeli. 8 ) I . I,8 . 3,2 , . . . 
I7IYb { SKen. I . -D,50(IO) . -0,47(8) . . 

paetr. I : -D,48 . -D,IS . 

r···· I . -3 ,4(+5 ,-4): -I,2(+4,-3) . 
I 73 Yb · paeli. I : -I,B . -D,90 . 

paeli. 6) I : -I,S : . -o,52 

8) PaeeliHTaHo no npoeTolt npa~aTenoHolt uo~e1IH 6ea ylieTa 

. 6) 
eiJ61llHB8HHH llOJIOC, 
Krane K.s. et al. Phys. Rev., 1975, C12, p. 1999. 
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~ I71 ,I73 Yb (eM. Ta6n:. 7) rrpe,liCTBB1IHIOT OCODhltl li!HTepee. 0KB381IOC:O, 

'lTO T01l:OKO llpli! yqeTe KOp11!01lli!COBCKOrO B381i!MO,l(eHCTBII!fl TeOpli!H Ollli!ChiBBeT 

llp8Blil1l:OHO KBK 3HBKII!, TBK II!. Be1lll!'li1Hhl rrapaMeTpOB 0 .l(ilfl TBKII!X .MeJKri01IOC

HhiX rrepexo;n;oB. 

B saKmoqeHII!IIf rrepeqllfcn:eHu ocHOBHue pesyn::oTaThl, rron:yqeHHue B 

,l(BHHOll pa!5oTe. 

I. Paspa!5oTaHa MeTO,l(II!Ka rrpli!rOTOBn:eHII!H o!5pas~oB LuQg, LU!2 , 

YbQg II! .YbFe , li!Cil011:030BaBIDIIfXCfl B-'Oilb!TBX ITO HsyqeHII!IO paCilB,l(B Opll!eH

TiipOBaHHhiX H,llep llplf Hllf3KIIfX TeMilepaTypax. IlOKB3aHO, 'lTO H,llpa Lu 

Cli!1l:OHO Opll!eHTIIfPYIOTCH KaK B ra.l(OliUHIIfl'l, TaK llf B JKen:ese, a H,llpa Yb 

,l(OCTaTO'lHO XOpOIDO Opl'leHTIIfPYIOTCfl B JKen:ese, TOr;n;a KaK B ra,l(01lllfHIIfli! -

O'leH:O cn:a!5o. Ilon:yqeHU CBe,l(eHII!fl 0 TOM, 'lTO B·Cil1laBe YbQg OCyll(eCTB-

1lfleTCfl pe;n;KIIftl cnyqatl cBep:icTOHKoro Bsai'IMO,llel1cTBIIfH, Kor;n;a an:eKTpllfqecKoe 

KBa;n;pyll01l:OHOe B38l'IMO,l(etiCTBIIfe cpaBHIIfMO C MarmlTHhiM ,l(llfll01!:0Hb!M·. 3Tii! 

pesyn::oTaTbl BaJKHhl ,l(1lff HCC1le,l(OBaHl'Jll pacrra;n;a KOpOTKB*IIfBymllfX OpllfeHTIIfpO

BaHHb!X H,llep Lu llf Yb B pe:'KIIfMe 11 OH-n:atiH11 C odpas~aMI/f, llpli! rOTaBJIII!BB e

MhiMII! rryTeM llfMilJiaHTa~llfllf (B TOM tlii!C1!e Ha COS,l(aBBeMOti B HBCTOHII(ee BpeMH 

ycTaHOBKe CII~H-2). 

2. PaccMoTpeHo BHeumee· BOSMYil\ilHiile H;n;epHhiX pocTOHHII!ti c rreplilO.liOM 

rron:ypacna;n;a TI/2· = 0,45 HC - 5,25 MC ,l(1lfl CI'ICTeMu YbGd II! TmFe 1'1 , 

llOKa3aHa naJKHOCT:O yqeTa 3TOrO 3WWeKT8. nnfl C~CTeMhl YbQg BllepBb!e 

o!5HapynHo ocn:arin:eHiile aHl'!SOTporrnlil yrJioBoro pacnpe;n;eneHIIfH f -1/fsnyqe

HIIfH, CBHSaHHoe c paspH;n;Koil ypoBHH c TI/2 = 5,25 Me B I 71 Yb • BHemHee 

BomaymeHIIfe YfOBHH c TI/2 = 0,45 He B I?3 Yb II! ypOBHetl c TI/2 = 50 

llf 66I HC B 
69 

Tm B rrpe,l(eJiaX 3KCilepl'!MeHT8li:OHhiX llOrpeUJHOCTetl He . 

ODHapYJKeHO. 

3. MeTO.liOM H;n;epHotl opllfeHTa~u rrpoBe;n;eHo uccne;n;oBaHue pacrra;n;a 

!69Yb II! I67 ,I69 ,I71 ,!72 ,I73Lu , llpllf'leM TaKOe li!CCJie;ZJ;OBaHI/fe H,llep 

I
6

? ,I
6

9Lu BhlllOJIHeHO BllepB!>IB. ~3MepeHI:l 3Ha'leHIIffl aHII!30TpOillfllf yr1IOBOro 

pacrrpe,lleJIBHiffl "( -lf311y'leHiffl ,l(1lfl 325. rrepeXO,liOB Mellt,l(Y ypOBHHMIIf ,l(Ot!epHII!X 

H;n;ep I69Tm H !67 ,I69,I71 ,I72,I73Yb ' rrpuqeM ;n;n:H 23I rrepexo;n;a -

BrrepBHe. AHa1III!s 3Kcrrepl'!MeHTan:oHux ;n;aHHHX rrosBon:un: ycTaHOBIIfT:O o;n;Ho

SHB'lHO .crrHHI:l 3I ypOBHH 3THX. H,llep II! TIO,l(TBep,llli!T:O ycTaHOBJieHHI:le paHee 

CIII1Hhl llpHMepHO 70 ypOBHeil. Orrpe;n;en:eHI:l rrapaMeTpl:l CMeUJI/fBaHIIffl MY1l:OTIIf

II01I:DHOCTetl ,l(1lfl 254 rrepeXO,l(OB, 11!3 HllfX ,l(1lfl I73 rrepeXO,l(OB - BltepBI:le. 

4. 3KcrrepnMeHTan::oHHe sHa'leHHH 3HeprHH ypoBHetl rroJio:~tuTen:ol!otl 
'leTHOCTH I?

2
Yb , a6coJIJOTHhiX u OTHOCHTen::DHhiX BepoRTHOCTetl E2 II! EO 

rrepexo;n;oB u rrapaMeTpl:l cMeUJHBaHHH Myn::oTI!frron:oHocTetl E2/!.II cpaBHHBan:uc:o 

C pesyn:UaTaMH, pBCC'lli!TBHHbiMl'l ITO MO,l(eJIII! B3Bii!MO.l{etiCTBYIOJJUIX rl030HOB. 

IlOKB3aHo, 'ITO TeopeTl'l'lBCKHB 1i! 3KCilepii!MeHT81l:OHble 3HB'leHI1fl cpaBHHBaeMbiX 
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Be1!H'llfH ,l(OB01l:OHO XOpOIUO COrJiaCyJOTCfl ,l(1lfl ypOBHetl llOliOCbl. OCHOBHOrO COC

TOHHII!H. II! J3 u J' Buopa~OHHhiX nomic. Eonee BHCOKon:eE:amue. rron:ocu, 

l'IHTeprrpeTI1pyeMue ycn:OBHO KBK .l(Byx£iiOHOHHUe, BOCIIpOH3BO,IJ;iiTCH JlHilii, Ka'Ie

CTBeHHO. 3TO, IIO-Bif,l(HI.IOMY, CB!I3aHO C .Cii!JI:bHm!' CMelllllfBBHHBM K0111leKTII!B;._ 

HhiX l'l .l{ByxKBa31/f'laCTIIf'lHb!X KO!JilOHeHTOB B.B01IHOBhiX lj)yHK~l.JflX 3TUX COCTOH

HIIftl. 

5. B paMKaX IIOJIYMII!KpOCKOIIH'leCKOH· KBa3l'!i!aCTIIf'lHO..:WOHOHHOti MO.l{en:u 

rrocJie.l{oBaTen:oHo paccMoTpeHo·BnHHHne BSal1Mo;n;etlcTBUH Kopuon:llfca Iia 

3116KTpOMarHiilTHhl6 CBOHCTBB BpamaTen::DHb!X rroiioc I67 ,I69' 7I ,I73 Yb • 

Eunu pacc'lii!TaHu aHepruu llf CTPYKTypa ypoBHei1 BpamaTen::OHbiX ·rronoc, 

a TBIO!te BBpOHTHOCTIIf B(E2) If B(MI) If rrapaMeTphl CMBlllHBa!h~H Mlli:bTl.JilOli:O

HOCTeti cf(E2/MI) .l{llfl rrepeXO,l(OB Mellt,I{y 3THMl'l ypoBHHMII! H.l{ep 6 9 ,I71 ,I73Yb. 

ilpOB9~6HO CpaBHBHH9 IIaJIY'I9HHhiX pesy~TaTOB C 3KCTI6pHM6HT~-
Hb!Mlf ;n;aHHhiMn. IIoKasaHo, 'lTO MO.l{en:o ;n;oBon::oHo ycrreUJHO brrl'!Cb!BaeT cBoi1cT-

Ba 3Tii!X !I.l{ep, Ilp!i'lBM sa UCK1IJO'IeHI/feM H9CKOJI:ORIDC CJiy'Iae~ IIpH p8.C'I9Tax 

I
6
?-I?

3
Yb .He IIOTp600BB1IOC:O YMBH:OlllaT:O KOp~01lli!COBCKIIf6'M8Tpl'lt!Hbl6 3116-

MBHTb!, !(8!\ 3TO Obl1IO c;n;en:aHO B rrpe.l\bl.l\YII(Ii!X TeopeTHtteCKI'IX li!CC1le;ZJ;OBaHII!HX. 

8aMeTHblti ycrreX ,l(OCTII!rHyT Ilpllf Ollii!CaHIIfli! U3MeHem!fl 3HaKOB llf B61lli!'lli!H 

rrapaMeTpoB CMeUJHBaHHH MYJI~TIIfrron:oHocTeii E2/MI .1\1IH PH.l\a BHyTpHrronocHux 

II! MeJKrronoCHb!X rrepexo.noB. 
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