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TeopeTB11eCK08 llOHHMrume cooacTB cqiepRtieCIDDC H CHJI&Honeqiop

MHpOB8llllHX smep OCHO:eaHO aa o6wnm aRcnepHMeHTa.JI&HIDC narurnx. O.zt-
:-'" . - . 

Ha.RO HM8Da:tH8CH B HaCTOsmtee BPeM.R: MO,It8JI&HHe npencTaBJiemm: 0 JJ;Iij)8X 

Trutoro TKII8 MOltHO paccMaTpHBaTI> R8lt acHMnTOTRtl8CKHe npeneJm ,ItM 

oimcamm: pea.JI&Hmc ~ep •.. B Ca.MOM neJie, 60.JI&IIIHHCTBO aTOMJmX H,IJ;ep 

Tpynao 01mcaT:& onaoa Hs MoneJiea, pasmrrmc :e aacTosmtee :epeMH .ItM 

HJJ;ep, 
0

ROTOpae o6JJB,ItaDT xopommm Bpalll8T8JI&Hmm CBOACTBa.MH, HJIH 

~ep 00JIH3H 3BMRHyTHX 060.11oqe1t, B KOTOpmc-npoJIBJIJmTCH B036Yl!Jte

HHH BH6prun!OHHOro xa!)8:KTepa. B aTOff CBH3H Oll8HI> B8'ltHllM JmJUI8TCH 

CHCT8MaTHt1ecxoe .HsyqeBHe CBOiCTB H,IJ;ep, HaxO~CH Mez,Icy' cqiepRtie

CKHMH H CHJI&Honeqiopr,rn:poBa.HHHMH HJt.PaMH. MOltHO H~eHTl>CH, "llTO .zte

Ta.JI&HOe HsyqeHHe CBO!CTB nepexo.znmx H,D;ep Ha ~OM aTane npHBe

~eT R HOBHM B3rJIHJJ;a.M Ha CJIOl£HYI) CHCTeMy, RBROH,aecoMHeHHo,HBJ.IJI

eTCH 8TOMH08 J!,lij)O. 

B BaCTOsmtel pa60T8 npoBOnHJIHCI> axcnePJ,!MeHTa.JI&HHe HCCJieno:ea

mm: ypoBHel HeiTPOHOneqJHUmTHIDC HJJ;ep 152 Gd H 155 Gd , B036YlltJt8I)

lltHXCH npH pacn~e COOTB8TCTBYJOJitWC .imep H30TOllOB Tep6HH. 

JurccePTattHH COCTOHT H3 BBe,IteHHH, Tpex rmB H 3aKJIK)tJ8HHH. 

llepBaa rnaBa ll0CBJ'Illl8Ha M8TOnHll8CKHM BOnpocSM, CBH-

SaHHHM C HCllOJI&SOBaBH8M ,ItOllO~IIIHX :rtPY1' lij)yl'a COlleTa.Hd ~BSH-

118CRHX npH60poB H M8'1'0.ItHK .zvm npoBe,IteHHIDC Hamt axcnepHMeHTOB. 

Bo BTOPQI rm:ee npneneHll noJiyqeHHHe a1tcnep1™eHTa.JI&HHe pesy.JI&Ta-. 

TS zcqJie.zto::eamtlt HsJiyqemm, . conpoBOllt.IlaD11tero pacn~ 152 Tb Iii 
15~b , 

npe~SJDTC.a: cxew pacn~a 3THX HSOTOllOB~ B T08TI>e:lt rm:ee npo:eo

.I{lil'l'CH aHaJIHS CXeM ypoBHeir 152Gd B 155Gd , B036y:at.D;aDIIIHXCSI npH 

pacn~e 152Tb B 155Tb , COOTB8TCTB8HHO. IloJiyqeHHHe ~He 
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cpamnma.mc.a: C m.181)~,UIC.R: B HS.CTOJIIIl88 BPeJm npe,n;cltB.3rumm.m: MO

.n;em.BUX npe,n;cTaBJremitt .n;JISI 8Tmt ~ep. OcHomme :mmo,n;e, mrreRa»

lltl!e 113 BWmIX lICCJie,n;oBaHml, CY},lMHpym'CSI D 38.KJI!Jtl8Jnlll ;o;rumoft ,n;HC

C8P'l'8.IJ,m!• 

Hayqrummec.fI B Hamme HccJie,n;oBa.HltRX HettrpoHo,n;eq,m:nrrHHe Hso

'l'OIIJ,I T8p6HJI no.uyqaJIHCI, xpoMaTOI'pa/p}ltl8CRm.t l3H,D;8JI8HEeM H3 npo.zcyR

TOB perutn,mr I'JJY60ROI'O pac~eUJiemur ~ep TaH'l'aJIB. no,n; ,n;eiCTBHe!I 

npoTOHOB c imepruetl 660 Man. 06.nyqeHHJI Ta.HTaJIOBOff meHH npoBo

,ItBJIHCI, Ha BHyTpeHHeM nyqRe ClIHXP0IlRRJIO'?poHS. JI.a6opaTopm,; ~epHHX 

npo6JieM OHHH H cocTaBJIHJIII 2+17 qacoB. OcHomme peaym.TaTH, no.ny

qeHHHe B sanmx uccJie,n;o:aamrmc,cJie.IJYK)~e: 

I. MeTo.mma HaMepeaitlt 

. 1) B OT,n;eJie ~epaoA CII8RTP0CI(Olllm H pa,D;HOxmnm: Jia6opaTOpHH 

~epm.zx npo6JieL1 orum HaMH coa,n;an H BB8,It~H D 8RCIIJiyaTan;m:> Mal'HHT

mni 6ec~OHO:suft 6eTa-cnexTpoMeTp c ~Byxparaoi ,n;BOffHOI WORycHpoB

' Roil Ha yroJI fJI' • fill/. Pa.zteyc paBHOB8CHOtt op6HTH. cneRTpoMeTpa 

paBeH 14 · CM. · CneRTpoMeTp MOllteT 6HTI> 11cnoJI&aoBaH Rmt B pexHMe o,n;

HORpaTnoff, Trut H ~ByxpaTHOH ~RYCHPOBRH 8JI8RTPOHOB. IlpH6op 06-

Jia,n;aeT paapemeHPieM"'0,2% IIpl'I HCilOJI&30BaHHH HCTOT.IHHRa c paaMepa- ' 

MH 1x15 MM. PacqeT.Hll! TeJiecmnl yroJI, onpe;zi;eJIRDIIll!fl cBeTocwiy cneR

TpoMeTpa, npH paspemeHPIH 0,2% ltJISI nepooro ~RYCa paBeH 0,25% OT 

411'. ~OH ,n;BOffHHX COBil8,Il;8Hlift B CJiy'Iae pa6oTH cneRTpOMeTpa B pen

Me O)UlORpa.THOii WORYCHPOBRH paBeH N5 m.m/MHH. ~OB Tpoibrax COBila-. 

.I{8Hmi ~JUI pa6oTH cneRTpoMeTpa B peimMe ,n;ByxitpaTHoff WORYCH- · 

poBRH MeHI>me o;o;Boro ZMnym.ca aa cynm. 

2) n.na: IIHTaHHJI o6MOTOR 8JI8RTpoMarHHTa 6eTa-cneRTPOMeTpa 6H

Jla C03,Ita.Ha CHCTeMa cTa6HJIH3aIJ,mr IlOCTO.a:BHOI'O TORa, mmoJIHeHHaJi 

sa TpaH3HCTopaxl2( Koaippmni:eHT CTa6HmISa!lHH IlOCTOsmHOI'O TORa B 
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o6MoTRe 8JI81tTpoM8.I'Bl!Ta 6eTa-cnelt'l'poMeTpa cocTaB.na:eT"' 3x1W. 
IlocJie .n;BYXt{aCOBOI'O nporpeBa CHCT~ o6ecn8qll:Ba8T CTa6HJIF,HOC'l'I, 

TORa C TOqfiQCTI,D .nyqmeR,'11814 ± 1x-10-3%. CHCTeMa II03BOJIJI8T IIJJaB

HyD P8I'YJIHPOBRY TORa B 06MOTRax 8JI8R'l'P0MarHHTa OT 0,3 BMII no 

15 BMll C B03MOltHOC'l'I,D ynpaBJiemm H3M8B8HHeM TORa BPy,;IHyD H aB

TOMaTH'll8CKH. 

3) Hm.m coa;o;ana IIOJlHOCTI,D TpaHSHCTOPHSOBaHHasr CHCTeMa pe

I'HCTpaI(lm F;, Ba OCHOBe npe,n;JmeBHoit A;o;aMOM H ,n;p{3, 4/ CHCTElMH, 

IlOJlHOCTI,D TpaH3HCTOPHSOBaBa CHCTeMa aBTOMaT1!118CKOI'O ynpaBJ1emm 

H3MepzTem.HHMH onepa.IJ,RI:IMH Ba 6eTa-cnexTpoMeTpe. CHcTeMa o6ecne

'IIHBaeT aBTOMaTR11ecxoe Be;o;eHHe Henpepmmmc H3MepeHmi'c aa,n;aBHBMH 

napaMeTp&m pa6oqero URRJia H aanzcI>D noJiy1IeHHott ~oIUamm ua. 

ne~aTI>. EJIOR-CXeMa ycTaHOBRH, o6ecnet{BJ3a.Jaltett aBTOMaTH3an;mo H3-

MepeHHii CIIeKTpoB ROHBepcHOHHHX 8JI8KTpoBOB, npe.I{CTaBJleHa Ha PHC.1. 

4) n.na: TOqfiOI'O H3MepeHIDI MaI'BB'l'HOI'O no.na: B 6eTa~cneRTl)OM8T

pe HBMH cos,n;ana CHCTeMa, OCHOBaHHasr Ha CaMOM TO'l!HOM B HS.CTOsmtee 

BpeMJI MeTo,n;e HSMepem MarHHTHHX llOJie! - MeTo,n;e JJ,ItepHOI'O Mar-

HHTHOI'O peaOHaHCa C .l{Bmttyntm4C.R: o6paauciMl5( EJIOR-CX8My YCTaHOBRH 

CM. Ha pHc.2. Hcnom.aoBaHHa.a: HaMH CHCTeMa ll03BOJIB:8T npOHSBO;zi;HTI, 

a6COJlTOTHHe H3MepeHHJI sanpmiteHHOCTH MarBHTHOI'O no.na: 6eTa-cneRTpo

MeTpa BO BCeM ,ItBanasoHe MarHHTHHX IlOJieff 6es CMeHH .n:aTqHROB flMP. 
nocTHI'Hy'l'a.R: TO'l!HOCTI, OIIpe,n;eJieHH.R: HanpsmeHHOCTH MarHHTHOI'O IlOM 

ltJISI ,n;aTlmlta By'l'8.IJ,m! B ueHTpe MarHHTa H Ha ero paBHOB8CHOtt op6H

Te paBHa ± 0,005% H ± 0,02%, COOTB8TCTB8HHO. 

5) HaMH paccMOTpeHa H OllHCaHa MeTo,zuma o6pa60TRH ,n;ByxMepHHX 

cneRTpoB COBila..z:teHd, ee npHMeHeHHe HJIJIIOCTpHpyeTCH Ha npm.1epe 

aHa.JIHaa raMMa-raMMa-coBna;o;emrtl, no.;rrytieHHHX Ha Ge (Li)- .n;eTe:KTO

pax np:e: pacna;o;e 155Tb /G,?/. Onzca.HHIDi MeTo.n: B co~eTa.mm c npH-
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MeBeJmeM aJieKTpommx BH'll!CJili!:Te.m.Hl:llC Mall!HH ,IµIff o6pa.60TKH cneKTPOB 

smJIHeTcR agqieKTHBHHM cpe~cTB0M a.mumsa ~yxMepHHX cnexTpoB coBna

~eHd. 

II. Hcc.Jieno:eamur pacnaµa 152 Tb 

1) HBMH npoBe~eHll HCCJie~OBalllUI cneKTPOB ROHBepcHOBHHX SJieK

TpoHOB Ha 6eTa-cneRTpoMeTpe c ~ByKpaTHOK 'AB02H02 (p()KyCHPOBROff 

Ba yroJI T! • '12 H cnexTpoB ra.MMa-nyqeit C ll0M0l$D Ge ( Li)- ~eTeK

T0poB B o6J.raCTH sBeprd nepexo~0B Bmne 600 KSB /B-IOI. 

B cneKTpe SJleKTpoB0B BHyTpemrea K0HBepcHH o6HaPYJ!teHll Jmmm, 

npIDia)V.[elltailtl!8 N 200 nepeX0'ASM B H,lij)e 152 Gd , HS mrx: 60.m.me 11eM 

Il0JI0:mIBa saperHCTpHpoBaHB BllBPBHe. 

B cneKTpe raMMa-nyqeft 152Tb saperHCTPHP0BaH0 Taiate N 200 

r&!Ma-nepexo~OB, 60JIDlllllliCTBO HS HHX BIIepBHe. 

0npe'AeJieHH axcnepBMeHTa.m.Hlle SHa11eHHR K0S{fxl>H!lH8HT0B BHyTpeH

Heff K0HBepc:im ,IµIff SHatmTe.m.Horo -cmcJia nepexo~0B B 152 Gd , 'IIT0, B 

CBOll oqepe.ztD, llOSBOJmJIO c~eJ.raTJ, SaRJDOtieHHe O MYJil,TlUIOJil,HOCTH MHO

rHX ·Hs lmX /B"'i'IO/; 

Ha 0CH0Be nonyqerumx HaMH .namrnx npH HCCJie'A0Bamm cneKTpoB 

K0HBepcH0HHHX SJieKTpoH0B R rm.wa-.nyqe:lt 152 Tb , a Tamte pesy.m.Ta

T0B, nonyqeHHl:llC B pa.6oTefII/no Hsy-qemno cneRTpoB raMMa-ra.MMa, 

sJieKTpoH-rai.wa z nos:0:TpoH-raMMa-coBna'Aemtli, HaMH npe'A)IaraeTcR 

CXeMa pacna.ita 152 Tb - 152 Gd , npe~cTaBJieHHaR Ha Pl'.IC. 3. IIo 

cpaBHemm c pesy.m.TaTBMR npemmylllRX pa6oT, HamH HCCJienoBBHIDI no

SB0JIHJIH BB8CTH B cxeMy pacna'Aa 152 Tb - 152 Gd psui; H0BblX ypoB

Heft H 6o~ee Ha.ItemI0 nplUIHCaTD KBaHT0Blle xapaKT8PHCT.lmR H8R0T0PHM 

paHee HSBeCTHBM ypomwM. 

2) Ilo.n:yqeHHHe .JtaHHHe o cxeMe Hl!SK0~eJKalJtHX YP0BHe:lt 152 Gd 0T

palltaDT CB0:ltCTBa nepexo,IUioro xapa.RTepa B036YJK~eHHl:lX C0CT0murli 3TO-
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ro JUU>a, Haxo,ItJillteroCJI M8Jlt.DY c~epz-qecIUIMH H cn.m.Ho.ztec}?op,mpo:samm

MH JUU>8MR• PaccMoirpeIDie cxeMH HHaROJI8J£8.IItl!X ypoBHei 152 Gd c To11-

KH apeHH.R: HM8DlltHXCH MO,It8JIJ,HSX npe.ztCTaB1Iem .ItJ1H *PH'll8CKHX H 

cn.m.HO.Iteq>Op.mp<>BaHllHX H,Itep BCTpe11aeT cepLeaHHe Tpy,11;HOCTH. B CBR:

aH c 8TBM HamH .Ita.HHHe,RBR H peay.m.TaTH paOOT no (oc' ,2 n) H (p,2n) 

PeaKilRR1(12( yxaaHBaD'l', 'ITO a(JlpeRTHBHoe npm.1eHeHHe , .itJUI JOUlB. 
15~d m.1em npe.ztcTaMeHWI, npe,wi:oxemme meJIB.f!Ha/131 u CBRaiY14~ 
corJiaCHO ROTOPHM HH8ROJI8J£8IllH8 ypomm: nepeXO.ItHHX sw;ep OTB81IaJ)T 

KBa3HBpantaT8JILHHM H KBa3HBH0paUHOHHHM BH,JtaM B030yllt,ll;8HHH. 

Ilo.1Iy1Iemme HaMH .ItaHHHe IlO,ItTB8~ RB8.8HBpaIUa.T8JIJ,HyI> H RB8.-

8IrIBHOpaUHOHHy10 RaPTHHy H~8KOJI8~a!IIHX ypoBHeft 
152nd , B030Y'1t,ll;BD!ltHX

CJI npH pacna.zte 152 Tb ,2-). YxasHBaeTca, 'ITO IlpaRTH'll8CKH BCe B03-

0YE,IJ;emme YPOBHH 15~d npu pacna,n;e IS~b B OOJiaCTH aaeprd 

BOSOYJK.IteHHa .zto "' 1, 5 MaB MOJKHO HHTepnpeTHPOBa.TL KBR npmra,n;JieJta

ntHe I( KB8.8HBpaIUa.T8JI&HOH IlOJioce OCHOBH~ro COCTOHHHH 152 Gd ,KBa3H-

.OeTa-BHOpa!U!OHHOii IlOJioce, ltB8.3lll'aMMa-BH6pawioHHOI IlOJioce, OK

TyIIOJILHOI BHOpa.Ill,!OHHOtt IlOJIOCe H BpaIUa.T8JIJ,HOfl IlOJIOCe COCTOHHHH 

1047,9 R8B (0:) - (cM.PKC.4) 0 

3) YpOBHl'l 344,4 R8B (2:) H 755,6 R8B (4+) B H,Iij)e IS2 Gd (0:) 

npu pacna,n;e 152 Tb (2-) paccMaTpHBalO'l'CJI KB.K 1IJI8HH ltB8.8liBPantaTe.m.

HOI IlOJIOCH OCHOBHoro COCTOJilUIJl 152 Gd (pHc.4). CpaBHeHHe nony-

118HHWC npn pacna,n;e 152 Tb (2-) H B paooTax no Hayqeairn ( °' , 2 n) 

H (p,2 n ) peBRmn112/ axcnepHMeHTa.m.Hwc aHa11eHHfi aHeprmt ypoBHeii 

RB8.8HBpantaTeJI:&HOI fiOJIOCH OCHOBHOro COCTORHHH 152 Gd C TeopeTH1Iec-

RHMH aHa11eHHRMH Il0Ka3.aJio IlOJIHyD HenpHMeHHMOCTL p0Tartl!OHHOI 

~OPMYJIH KBR O.ItHOKOMilOHeHTHOa,TaK· H .ztBYXKOMilOHeHTHOfi .ItM pac11eTa 

aaeprmi ypoBHeti c Bl:lCOKIDim cmrnru.m. IlpHMeHeHIIe a.Ba.mrrITTecxott 

~OPMYJil:l Coo.Ital151a;m Dpe.ztCT8BJiemtii MO.zte.im ac:0W,1eTpffll'€CHOro poTa-

9 
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TOpa na~o13a-qac,aru{I6/wm pacqeTOB cor.nacHO npoeR!ij!:OHBOil MO~e

im'17{Tme He ~aeT y~OB1ICTBOpHTeJibHOrO corJiaCWI TeopeTH'IICCRHX 

npe~cRaaam c aRcnepHMeBToM. !yqmee cor.nacHe aKcnepm.!eHTa.Jir,BHX 

saaqem aaeprd ypoBHeft no;zyqaeTcn c aaeprlillIMH, Bwmc11eHHHMH 

cormcHO ~eH0MeHOHOrID1eCKOH ~o~eJlH, npeMOXCHHOtt 3impH/IBlno ~p

MyHe Er = k • l (l : 1) + a • l ·npK saaqeHKH napaMeTpoB k=B,35 

Ha= 14,,15 R3B. 

YpoBHK C aaeprB.llMH 615,6 K3B(0+); 931,1 K3B (2+) H 1282,7 

R3B (4:) Halm paccMaTpHBaMCH Ka.R qneHH KBaaH6eTa-:im6pa!ij!:OHBOit 

Il01IOCH, OCHOBaHHOI Ha ypoBHe 615,6 R3B (0+),H ypoBHH 1047,9 K3B 

(0+) R 1318,6 R3B (2:) mrrepnpeTHpyDTCH Ra.R qneHH Bpa!llaT8JI&HOH 

IlOHOCH, CM3aHBOA C COCTOHHHeM 1047,9 R3B (0:), COOTBeTCTBCHHO. 

IIo;zyqeHH aKcnepmteHTa.m,HHe yxasamm Ha.To, qTO Ka.Jlt.ItHfl HS aTmc nn

TH ypoBHeA paspmtaeTCH B COOTBeTCTlJY]DIItltii eMy no CnHHy YP9B8.tr& 

KBa3HBpa!llaTeJI&HO! Il01IOCH OCHOBHOro COCTOJn!IDI H3Jll"ICIDieM THna EO 

MK ~1:E2. PaccqirraliJl COOTB8TCTIJyl)lltHe saaqemur napm.teTpoB ~k 

K X • IIo;zyqeHHHe BB1m saaqeHWI napaMeTpa PacMycceHa (X <1) xopo

mo cor.nacymoH co saaqeHllJiMH, no;zyqeHHBMR H3 CHCTCMSTHRH ,1tJIH ypOB

Hei 6eTa-BH6p8Iij!:oBHoro xapaxTepa. 

YpoBHK c SHeprH.m!il 1109,8 K3B (2:) H 1320,2 K3B (3+) B ~e 
152 G'd npH pacna;n;e 152 Tb ( 2-) HaMR paccMaTpHBBD'l'CH Ita.R qneHH 

RB83HrBJWa-BH6paIUIOHHOH DO!OCH. 

YpOBHK C aHepI'H.f!MH 1123,4 RSB (3-) H 1314,7 RaB (1-) B ~e 
152Gd npH pacna.zte 152 Tb c2-) HHTepnpeTHpymcn K8.R q11eBH ORTy

IlO!»HOH BH6p8!ij!:OHHOI IlO!OCH. 

4).IIo;zyqemme B HaCTo.mnee Bpewr s1tcnepm&eH'l'a.Jir,HHe ~aHHHe aa

XO.ltf!TCH B cor.uacmr co saaqeHHCM cmma H qeTHOCTH .zvm OCHOBHOrO· 

COCTOSIHHJI 152Tb - 2-. lmI aToro COOTOHHIDI HeqeTHO-HeqeTHoro JI,Iij)a 

II 



l 
,I 

152Tb MOlltHO npe~OJ!OlltHTD CJie.IzylDll!He B03MOlltHHe KOHqi:erypan;m: 

( p 411 t + n 530 t ) MR { p 413 } + n 530.,t}. 

5 ). · Ha o~HoBe Hamme .nammx u ,It8.HHlDC ~yrax ·amopoB npoBe

,IJ;eaa. CHCTeMaTmta aHeprd HH3KOJIElllt8lliBX ypoBHel qeTHo-qeTBWC Jlltep 

rB,llOJIHim/I c A = 148-160 H z = 64, a Tamte .!llt8P 148Nd , 150sm , 

15%d H 154ny , l'IM8D!llHX O,ItHHaKOBOe qacJio HeitTpoHOB. IlpoBe

,IJ;e~ cpaBHemm: .nammx o nepexo,IJ;ax, paspSDKBDlllHX coOTBe'l'CT:eyDltlle 

HH3KOJiellt8!1lB8 ypomm qeTHo-qeTBWC .!llt8P rB,llOJIHHHJI. 

Ha6.JllD,ItB.8TCJ:I llJiaBHOe H3MeHeHHe 3Heprd HH3KOJiellt8IltHX KOJIJieK

THBHHX COCTO.flill!fi C H3M8H8HHeM ,mc.na Heit'rpoHOB, CM. pzc.5. 3Hep

rmt ypoBHeA BpamaTenaoA llOJIOCH OCHOBHoro COCTO.!IHHJ:I HenpepHBHo 

yMem.mamca c yBeJIHlleHHeM 1ll'ICJia HeftTpoHOB, saTeM aaepru ypo:a

Hei1 6eTa-BH6paill,IOHHOH IlOJIOCH 6HcTpo BOspacTSDT. 3aepro ypo:BHeA 

raMMa- H OKTYIIOJIE,HO-BH6pattHOHHHX llOJIOC UpaRTIA8CRH He saBHCJ:IT OT· 

1ll'ICJia HeATpoHOB. XapaRTepHoff qePTOA s,neCI. HBJIII8TCH OIIyCKaHHe 

ypoBHeA 6eTa-BH6pattHOHHOA UOJIOCH mme ypoBHeff raMMa-BH6pattHOB

HOi1 noJioCH .It1ISl Jlltep 152•154•15Ehd B OTJIHlrae oT cHTya.nmt ,nJia 

CHJIE,HO.Ite/popMHpoB!llllW:X Jlltep B cepe,ItHHe 06.nacm pe,ItRBX se11en. 

B 06.JiaCTH 15%d Ha.6JID,ItB.eTCJ:I H3MeBeHHe nopH.Jnta ypoBHel OKTy1IOJIE,:.. 

HOA IlOJIOCH OT llOPJlitRa 1-, 3-, 5- B 154- 160Gd K IlOPJi,l];Ry 3-, 1-, 

5- B 15%d • Ha6Jlll,It8.8TC.II sHal!HTeJIE,HOe OCJia6JieHH8 B(E2,2t - Ot) 

1t B(E2.,, 2~ - ot> npll nepexo,ne OT 156 Gd K 152 Gd , TaK KaK 

OTHomeime npHBeAemmx: BepoHTHOCTeff nepexo,noB,pasp.m!taDI!BX 2; ypo

Bem. Ha ypoBHH Bpalll8T8JI&HOA IlOJIOCH OCHOBHOro COCTOHHHJ:t,npaRTH-, 

qecim He saBHCllT B ,Il;SHHOi 06JIB.CTH smep rB,llOJIHHHJ:I OT ,Il;eq)Op.!~ 

amia. 

CKCTeM8THR8 3HeprlIA HH3KOJiellt8l!tHX COCTO.IIHml qeTHO-lleTBWC 

Jllt8P C N = 88 YKaSHBaeT' llTO CXeMH ypoBHeff 3TBX .a:n;ep noxo:o 

,11;pyr Ha ,1tpyra. 
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m. HccJienoB8.BIDI pacna.n:a 155~b 

1) HaMH IIPOB8,It8HO HCCJI8,ItOB8BH8 H8.Dy118HWI conpoB03t,It8.D118rO pac

na.zt 155Tb / 19- 231. HaMepmmcL Cll8KTPH KOHB8PCHOHHHX 3J18KTP0BOB, 

CII8RTPH rBMMa-.n:yqeA, cneKTPH 8JI8KTP0H-raMMa H raMMa-rBMMa-COBIIa

,Item. 

CneRTPH ROHBepcHOHHHX 8JI8RTpoHOB HSMepmmcL Ha TOpoUAam.HOM 

mecTHsasopuoM 6eTa-cnexTpoMeTpe (B o6JI.a.CTH aaeprd 30-370 xaB)·u 

Ha 6eTa-cneRTp0MeTpe c ~ByKpa!HOI .IO!OftHoA cpoxycHpOBROI, pa6oTa»

llleM KaK B p8lltHM8 O)lHOKpaTHO:f! cpoxycupo:mm (50-570 R8B), TaK H B 

pelltlWe ~ByKpaTHOR qx>Rycupomm (130-670 KSB). 

CneRTP raMMa-Jiy'qeft BSj"{aJZC.II B 3H8PI'8T:Kq8CKOA o6JiaCTH 30-1000 

R8B C HCIIOJ!D30BrullieM Ge (Li ) - ,It8T8RTOpoB. B Cll8RTpe raMMa-Jiy'qeA 
155-rb 3Bq)HRCHPOBaHO 65 raMMa-nepeXO,ItOB, H3 HIDC 44 ua6J!JD,ItaJIHCL B 

rBMMa-cnexTpe mepBHe, npH'1ieM 21 nepexo.It pauee He Ha6Jil),Ita.JIC.II Tax

lite H B cneRTpe ROHBepcHOHHHX 8JI8RTP0HOB. 

CneRTPH 3JI8KTPOH~raMMa-coBna.ztem H3j"{aJIHCb Ha TOpoUAam.HOM 

mecTHsasopHoM 6eTa-cneRTpoMeTpe B NaI(Tl) rBMMa-cnexTpoMeTpe. 

HccJie,ItOB8.HHH CII8RTpoB raMMa-raMMa-coBna.ztem npoBO~CD Me

TO,ItOM ltBYJCM8PHOro aHaJIHsa C HCIIOJ!D80B8BH8M .ztBYX ROaRCHB.Jll,HHXGe(Li) 

-lt8T8RTOpOBo 

B peayJIDTaTe ,ItOIIOJIH.fIIOIIUDC .JlPYI' ~yra 8RCIIepm1eHTOB H ~HX 

.JlPYI'HX aBTOPOB, MH nonyqHJ!H 3RCIIepmaeHTam.HHe CB8,It8HHH o6 aHeprH

JDC H OTHOCHT8J!DHblX HHT8HCHBHOCTJDC 77 nepexo,ItOB IIPH pacna.zte 15~b'. 

B pesyJIDTaTe ROJillll8CTB8HHOro aarumsa CII8RTpoB_COBII8,lt8HHH MH CMOr

J!H C,IteJiaTb onpe,IteJieHlille 38.KJill)q8HHH ON 70 KaCKa.ztaX H3 3THX nepe

XO,ItOB. 

14 

Ha OCHOBe IIOJJYll8HHHX axcnepHMeHTB.Jll,HblX aaaqeHmi R08qlf)HIJ;H

eHTOB BHyTpeHHett ROHBepcBB MH CMOrJIH C,It8JiaTb 38.K.1llJ'I8HHH O MYJID-

THIIOJ!DHOCTH 60J!DIIIHHCTBa Ha6J!JD,Ita8MHX nepeXO,ItOB. 

Ilpe'A]lol!teHHaH cxeMa pacna.zta 155 Tb -; 155 Gd COCTOHT H3 

19 ypoBHeA H npHBO.ztHTC.II Ha pHc.6. CyMMapHaH HHT8HCHBHOCTb~ He 

mt;mqeHHHX B cxeMy pacna.zta nepexo,ItOB cocTaBJIHeT < 0,5%Ha paclla'A. 

Cema.ztnan ypoBHeft IlO.It'l'BepE,ItalOTC.II HS 8.HaJIHSa 8JI8KTpoH-raMMa H 

rawaa-raMMa-coBIIa.ztemrA. C,IteJ.IaHH 3aKJmq8HWl O CIIHHaX H qeTHOCTJDC 

na6J!JD,Itaeumc ypoBHeA. Onpe,IteJieHa .ItOM sJieKTpoHHoro saxmTa B 
155 Tb Ha OCHOBHOe COCTO.IIHH8 155 Gd. Oaa oxaaanacb paBHOA 32%, 

qTo HaxO.ztHTC.II B xopomeM c;ornacHH C B8JmqHHOA 30%, IIOJJY118HHOft B 

pa6oTe'24~ Onpe,IteJieHH a6COJil)'l'Hli8 HHTeHCHBHOCTH nepexo,ItOB, ~onpo

BOll,ll;lll)l!!HX pacna.zt 155 Tb , HH'1'8HCHBHOCTH saceiieHHH ypoBH~i 155ud 
npH 9Jl8KTPOHHOM saxBaTe B 155 Tb H BwmCJieHH COOTB8TCTBYJ)IIIH8 

suaqeHHH log ft (ell. puc.6). 

2) IlOJiy'qeHHHe ,ItaHHHe o cxeMe-ypoBHeA 155 Gd paCCMaTPHB8JDTC.II 

C TOqRH speBHH 0606111eBHOA B CB8PXT8Kyt1efi MO,IteJIH HJU)a. 

- YKa3HBa8TC.II, qTO IIOB8,It8HH8 BCex ua6J!JD,Ita8MHX HaMH YP0BHefi C 

OTI)HilaT8J!DHOA qeTHOCTDD MOZHO 06~.IICHBTb B p&max 3THX MO,It8J!DHHX 

npe,ItcTaBJieHd. 

Oco6eHHo HHTepecHhlM B cxeMe oos6~eHHHX ypoBHeA 155ud npH 

pacna.zte 15fh .IIBJI.lieTc.lI o6uapygeHHe H UA8HTHqJHKaJJ;i!SI ypoBHeft 6e

Ta-~ raMMa-BH6paIXIiOHHOA npHpo,ItH B CB.1!38.HHHX c HBMH Bpal!IST8J!DHIDC 

IIOJIOC. 

CHTyBllIDI c HHTepnpeTamiea ypomea JmP8 155 Gd c IIOJIOlltHT8J!D

HOA qeTHOCTDD 6oJiee saTpy,ItHeua. 8RcnepHM8HT8.Jll,HH8 pesyJIDTaTH, 

HM8lll!IH8C.II B HacTO.IIIIl88 BpeMH, yxa3HB8.!IT Ha TO, qTo ua6J!JD,ItaeMHe, 

HaMH HH3KOJI8l!talIIH8 ypOBHH 155 Gd npu pacna.zte 155 Tb C IlOJIOD:T8J!D

HOff qeTHOCTbD, llO-BH.IO™OMY, He .IIBJIJIIO'l'C.II ~CTHMH HHJ!DCCOHOBCKHMH 

15 
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COCTOSIHIDiMH. CBepxTeicy-qan MO'Aem; H,JU)a B BaCTO.II!Il8e BPeMII He 

YJIYIIlllaeT 'AaHHyJ) CHTyanm,. nJIJI Toro, qTo6H JIY'llll8 llOHJITb llPHPO'AY 

8TllX COCTOJlllml:, Heo6XO)'.OIMO npoBecTH HOBHe Ka.R TeopeTWI8CKHe, 

Ta.RH 8RCllep:m.!8HTaJD:,HHe nccxe~OBaHIDI. 

3) B03MOlltHM HHTepnpeTarnm ypoBHe:ii 155Gd , Ha6JOO~eMHX 

npn pacna,n:e 155Tb , npHBe'AeHa Ha pn:c.?. 3'AeCb YRa3aHH HHm;cco

HOBCRHe COCTOSIHWI, ROTOpHe 'ABlDT npeo6JIB.'AB.10utd BKJIB.'A B BOJIHO:syD 

<!lYHKillll) COOTBeTCTBYJOIItHX COCTOJllld 155Gd. 

IlpH pacna,n:e 155Tb B JI,Iij)e 155Gd Ha6JIKJ'AaeTCH BOadyx~eHHe 

ypoBHe:ii 5/2- H ?/2- Bpama.T8JI!,HO:ii llOXOCH OCHOBHOro COCTOHHWI 

3/2- l521J • 

H8MH npn pacna,n:e 155Tb H'AeHTHq)HIJ,HpoBaHO TOJI!,KO o~o COCTOH

HHe, CBH3aHHOe c op6HTaJl!,D J532J} (cocTOHHHe 3/2 c aHeprne:ii 

286,8 KBB). 3acexemrn ypoBHJI c J'J' = 5jr 8TO:ii KOHcpacypaum, Ta.R 

:ate Ka.R H ypoBHe:ii, cBJiaaHHHX c mrnr.ccoHOBCKHM cocTOHHHeM I523U, 

IlO:-'-Banm,tOMy, Tpy~o HaCJJIJD~aTb npH pacna.n:e 155Tb • 

Ha ypoBHe:ii Bpauta,Tem;Ho:ii noxocu cocT~.IIHHH l530]t MH cMorxn 

H~eHTHcpHD,HpOBaTb np:e: pacna,n:e 155 Tb TOJl!,RO ypoBem. 3/2 npH 

aHeprHH 451,3 KBB. 

BBe'AeHHHe Ha.MH B cxeMy B03CJy:at.IteHHHX YPOBHeH 155 Gd, ypoBHH 

OTPH@TeJII,~OH qeTHOCTH c aHeprHJIMH 559,9 RBB H 615,5 KSB H'AeHTH

(pHUHPyJO'l'CH RaK nepBHe 'ABa qxeHa Bpaiq8.TeJII,HOli IlOXOCH COCTO.IIHHH 

{521] J •. AHaJIH3 Hamme ,ItaHHHX H ~HI:DC pa6oT. no Hayqeruno ( d,P) 

H ( d, t )- pea.Rud YRa3HBaeT Ha Ha.Jmq1;rn CMelllHBaHIDI ·coCTOHHHH 

{521H c raMMa-BH6pa.UHOHHHM COCTOHHHeM ll521J t : r}, CB!l3aH

HHM c OCHOBHHM COCTOHHHeM 155 Gd • 3Kcnepm>1eHTaJII,HOe aaaqeHHe na

paMeTpa pa3BJI3RH a= 0,3? Mem,me aHaqemm 0,9, Ol!tH'AaeMoro 'AJIJI 

qncToro HHJl!,CCOHOBCROro COCTOHHHH [521] J , qTo,B CBOIO oqepe~, 

yRa3HBa8T Ha CHJII,HOe cMellillBaHHe KOHcpnrypa~. 
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Ha6Jm,D;aeMM H8MH 3HatJl'!Te.JII,H8.ll npHMec:& EO My.JII,TWIO.lII,HOCTH 

B nepexo,D;ax C 3Hepr:wn.m 592,8 K3B H 647,8 K3B, H.n;yntlDC Ha OCHOB

HOe COCTOJIHHe H Ha ypoBeH:& 60,0 K3B, 'coOTBeTCTBeHHo, D03BOJIHeT 

HHTepnpeTHPOBaT:& ypoBHH c aaepr:wnm 592,8 K3B H 647,8 K3B KaR 

nep:BHe .D:Ba qneaa Bpa!It8.Te.m,aott nonoca 6eTa-BR6paD,RoHHoro cocTOJI

mm:, CM3aHHoro C ~CHOBHHM COCTOIDmeM 155Gd • Ha OCHOBe D0.7Iy

qemmx: HBMH .D:8.HHHX H pesy.m,TaTOB pa60T no KynOHOBCKOMy B036Yllt

-,D;eHIUJ 155c.-d /Z5/, MH oneHWIH suaqemte napm&eTpa f 9 J .D:JIH ypoB

HH 592,6 K3B. OHO oKasanoc:& paBHliIM I 9K J = f fL J ::t 0,4. IloJiyqeH

Hae sHaqeHHJI napm&eTpa PacMycceua X(592,6)=0,78±0,25 H X(647,8)« 

0,54 6.mt3KH K 3HaqeHHJ!M 3THX napru.!eTpOB .D:JIH ypoBHeft 6eTa-BH6pa

IJ,ROHlWX nonoc coce,D;HHX qeTHo-qeTHWC H,D;ep ra,ItonHHw:i:. 

YpoBHH C 3Hepl'HRMH 367, 7 K3B ( 1/2+) ! 427 ,4K3B (3/2+) H 

488,8 K3B (3/2+, 5/2+) B H,D;pe 155 Gd D~H pacna,Ite 15~b HaMH pac

CMaTpHBBJJTCJI RaK qneHH BpaiqaTe.JII,HOft nonoca COCTO.fIHIDI [400]t. Pac

C"lJHTaHHOe saaqeHHe napm&eTpa pasMsKH a= +0,24. 

YpoBHH C 3HeprHBMH 268,6 R3B (3/2:) H 326,0 R3B (3/2:,5/2:) 

HHTepnpeTHPYDTCJI RaK 'V!eHH BpamaTe.m,Hoi nonoca cocTomnm l402]i. 

COBORYDHOCT:& EMelDlltHXCJI B HaCTOJil!lee BpeMH ,Il;aHHHX O cxeMe 

ypoBHefi 155 Gd yxasHBaeT, qTo HHsKoneiitamze ypoBHH c nonomrre.m,

Hoft qeTHOCT:&D He MOryT 6HT:& OilHCaHH B paMKax 'IIHCTHX ffH.JII,CCOHOB

CKHX COCTOHHd. IlpHBe,D;eHHHe BepomHOCTH nepexo,D;OB, MarHRTHHe H 

KBa,IU>yIIOn:&HHe MOMeHTH HH3KOneiitamHX COCTOHHd CH.JII,BO OT~aJOTCJI 

OT npe,D;CRasaHd o6o6meHHOA MO,D;e.mt. 

4) CpaBHeHHe DOJiyqeHHHX 3RCDepHMeHTan:&HIDC ,Il;aHHHX c pacqeTa

MH Conom.eBa H \lloremr 12~1 OCHOBaHHHX Ha CBepxTeRyqeii MO,D;e.mt H.D:

pa, D03BOJIHeT npWIHCaT:& COCTOHHmD C 3Hepr11ea 592,6 R3B CTpy!<Ty

py {521)-\ - O, 7%; l521] + : Qf(20) - 99% H HHTepnpeTHpoBaT:& coc

ToHHHe c·aaepnefi 559,9 R3B xax cMemaaHoe cocTomme TKIIa: 
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[521], - 42%; l521] t +Q.i22> - 37%; [523H + Q. 4 c22> - 16%. 

Ilep:mnl ypoBem. corJiaCHO pacqeT&t HBJI!I8TCH ~OBOJI&HO tm:CTBM 6eTa

BH6pauHOHHHM COCTommeM. PacC'llHTaHHOe 8Ha.qemte ero 3Heprm! no

.nyqeno aecxoJI&RO aaBHlllemmM no cpa.BRemm c 0xcnepmAeHTaJI&H1JM 

anaqeHHeu. BTopoe cocromme :HMeeT CJIOlltHyl) cTpyxTypy. EoJI&myD 

poJI& B laHHOM c.nyqae lll',Pa8T npm.teCD raMMa-BH6pauROHHOrO COCTOH

HIDr, CBH3aHHOro c OCHOBHID.I COCTO.HHHeM 155 Gd - [ 521] t . 
3Rcnepm&eHTaJI&HHe aaaqemra napaMeTpoB paaBHSKH lJISI ypoBHen 

c K = 1/2 {521H a = 0,37 H [400J ta= 0,24 (npelcRaaamm MO

l8Jm HmCCOHa 0,9 H 0,38"27~ COOTB8TCTB8HHO, llP8lCRa8aHHH: MO

l8Jm COJIOB!>eBa H lP(2,6/ 0,36 H 0,30, COOTB0TCTB8HHO) naxo,wrrca 

B JiyqmeM corJiaCHH c la.HHHMH pa6oT CoJiom.eBa n lP• 

PeayJI&TaTH pa6oT, Bome,n;mmc B ,ItRcceprawm, lOJJDlteHH aa XY1 

(1966r.), XYill (1968r.) H XX (1970r.) exerOlffllX BCeCOD8HHX COBe

lllamtmC no H,D;epnoa cnexTpocxomm H cTpyxrype arOMHoro mtpa·, aa 

Mex,n;ynapolffoi xoHq>epemnm no H,D;epaoa qiHaHRe B rarrmm6ypre,ClllA 

B 1966r., aa IX CoBe!llaHHB no H,D;epaoA cnexrpocxomm H TeopmI sui;

pa B r • .I(y6He (1967r.), Ha Yil MElllt)zyHapolffoA 8EMHen ROHqiepeHUHH 

no H,D;epaoft qinaHRe B B:wr.n:apce, IDBeim.aPHH,,B 1970 r. H ony6JIHROBB.
m B neqaTH1,2,6-10,19-23)
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