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1. B B e Jl e H H e 

Helhpoao.tte$HUHTHbie H30Tonbi Hf C MBCCOBb!M 'IHCnOM A< 170 Ma-

no H3y'leHbl, K MOMeHTy HB'Iana HBWllX HCCnEiAOBBHllti 6binlf H3BeCTHbl cneAyiO-

WH~ ueno'IKH pacnaAa STHX H30Tonoa: 

169 Hf ~ 169 L 1;6 nH I> 169 Yb 30~3 llH J 169 Tm 
~8 MHH .u 

168 Hf 22 MHH • 168 Lq 7MHH llo 168 Yb 

167 Hf 1Q Ml!H -. 167 Lu . 55 MHH 11 167 Yb 17~3 MHH,: 167 Tm 9~6 /lH '167 Er • 
HnH 4 Ml!H 

B ueno'IKax l?acna.tta c A ,;·-169 11 A= 167 HMeroTcH npoTMBope'IMH 

B JlBHHI>IX 0 TBKHX OCHOB:!fb!X napaMeTpax, KBK nepl!O,I:lbl noJiypacrra)la, 11so- _ 
169 I 11 . . 

TOny Hf. B pa6oTe npMnHCaHa BKTHBHOCTb, y6b!B8IOWBH C nepMOJlOM no-. 

nypacna)la 1,5 'IBC, 11AeHTllljll!Ka"UllH nPOH3BOAHnBCb no reHeTH'IeCKOtf CB513H C 
169 1119 . . 121 . 

H30TonaMH Yb H Lu 1 B pa6oTe , rAe He o6aapy>KeHa aKTHB-

aocTb c nepMOAOM n'onypaciraAa 1,5 qac , BbiCKB3biBaeTcH npeJlnono>KeHHe, · 

'ITo nepMOA nonypacna.ttl!l H30Tona 169 ar · Ill 
MeHbWe 8 MHH, B pa6oTe TaK-

>Ke oTKpbiT pacnaA H30Tona 168 Hf 1 LlnH HAeHTH$HKBUHH Obina Mciionb30BaHa 

reHeTH'IeCKaH CBH3b C pacnaAOM H30Tbna 16·8 Lu, OTI<pb!Tb!M B pa6oTe131, 
. 111 

Ha6niOABBWBHCH B pa6oTe BKTHBHOCTb C nepHOJlOM nonypacna.tta 10 Ml!H 
167 -

Bo ljlpaKUHH Hf npHnMcaHa .lBTopaMH H30Tony Hf~ B 6biCTpo BbiAenea-

HbiX H3 ST()if .ljJpaKUHPr JlO'IepHHX npOAYKTBX Lu Ha6niOABnHCb KOMflOHeHTbl 

{3 + -Hsny'leHHH C ~epMOAOM nonyp~cna)la 4 MHH0 20 MHH H 2 J:iHH, AKTHB

HOCTb1 y6biBBIOlllBH C nepMOAOM noirypacna)la. 20 MHH1 HBnHeTCH JlO'I9pHeti no 

cpaBHeHMIO c aKTHBHOCTbro, y6biBaromeli: c iiepMo.ttoM nonypacnaJla 10 MHH, 
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YlKu TOrAa HssecTHa.H aK'THBHOCT&, y6biB810IIIaa c· nepHOAOM nonypacnaAa 

167 . 141 I 11 
55 MHH; H OTHOCl'IW:8l'ICl'l K pacna/ly H30TOUa Lu· 1 B pa6oTe 1 OA-

H8KoJ1 He aa6n!O.Ilanac&, 

HaCTOl'IIII8l'l pa6oTa CT8BHJI8Cb C ueJI&IO nposepKH OCHOBHb!X XapaKTe-

pHCTHK . KOpOTKOlKli:ByiiiHX HeiTpOHOAeilJHUHTHbiX H30TOUOB HI • npH 8TOM 

Bbll'I.CHHJIOCb1 'ITO H30TOUbi 169 Hf H 167 HI pauee 6binH H.lleHTHilJHUHpOB8Hbl 

HenpaBHJibHOo noaTOMy Mbi C'IHTaeM HX OTKpb!TbiMH B uam:ei pa6oTe, 

2, 3KcnepHMeHT8JibH8l'l MeTOAH!(a 

2,1,.npHrOTOBJieHHe HCTO'IHHKOB 

MsoTOUbi HI 

Ta ( p ; 2p , x n ) HI 

o6pasoBbiBanHc& B peaKUHH rny6oKoro pacmenneHHH THna 

H.JIH 6binH nony'leHbl HaKOUJieHHeM H3 MaTepHHCKOrO 

Ta , nony'leHHoro no peaKqHH Re (p ; 3p, x n )· Ta HJIH. Hg~p;Bp,xn) Ta·, 

B Ka'leCTBe MHW:eHei HCUOJib30B8JIHCb cycneucHSI Ta 2 0 5 ,HReO 4 H HgO • 

. 06Jiy'leHHSI UpOBOAHJIHCb Ha BHE!IUHeM UY'IKe UpOTOHOB C SHepr'Hei· 660 M SB 

CHHxpouHKnoTpoHa OMHM. Bpellii:SI o6ny'leHHH Kone6a.iloc& oT 2 AO 20 MHHyT. 

lln.H Tp8HCUOpTHpOBKH MHWeHH K MeaTy XHMH'IeCKOi o6pa60TKH HCUOJibSOBa-
/5/ . 

J18Cb UHeBM8TH'IeCKal'l IIO'ITa· 

OKHC& TaHTana o6nyqanac& B BH/le cycneHcHH (2.2) B pacTsope ma

senesoi KHCJIOTbl ( 0,5 MOti&/n) 161 • MaTep.Han MHWSHH ·oTAeJISIJICSI npOCTOi 

ilJHn&TpauHe:il:, Bnaro.llapH aaeprHH OT.Ila'IH 30-40% o6pasosasweicH B MHwe

HH aKTHBHOCTH nepeXOAHT B BO.IlHYIO $asy, 

failJHHi H3 CMeCH npO.IlYKTOB S!AepHbiX peaKUHA BbiAeJISIJICSI 8KCTpaK

UHei 0,1 MOJI:it/n paCTBOpOM TpH -H-OKTHJI8MHHa H3 CMeCH COJISIHOi H III8Be-

nesoi KHCJIOT ((C00H) 2 0,1 MOn&fn; HCl 0,2 MOn&/n), Bhlno onpE!AeneHo, 

'ITO npH TaKHx ycnoBHHX aKcTparHpyeTca 6on&we 99,8% railJHHa H MeH&we 

0,5% peAKOSeMeJI&HbiX aneMeHTOBo llnH UOJIHOI O'IHCTKH railJHHl'l ?T peAKO

seMeJibHbiX aneMeHTOB opraHH'IecKaSI !Pasa 2-3 pas·a npoMbiBanac& pacTBopoM 

· KHCJIOTo nocne HSKOUileHH.H /lO'IepHero Lu UOCileAHHi Bb!Mb!B811CSI H3 op-

raHH'Iecxoi !Pas&r 'lepes 38/l8HH~e npoMeJKYTKH BpeMeHH (2-12 MHHyT), 

Pa.llHOBKTHBHbie paCTBOp.bi C06Hp811HCb B TeilJnoHOBbie COCYilbi, CT8HJl8pTH.;. 
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3HpOB.!IHRbiS .QII.II H.!IIliGI'O CflGKTpOMeTpa, 3Ta MG.TO.QHKa1 fl03BOII5IIOili.!15I H.!I'I.!ITb 

HSMepeHHH CflGKTpoB crryCT.II 5 MHH nocne. KOHua OOIIY'IGHH5I1 O'leH& Y.QOOH.!I 

.QII.II IIOIIY'IGHH5I .QO'IGpRHX HSOTOIIOB Lu, O.QH.!IK01 OH.!I.He II03BOII5IGT 
IIOJIHOCTbiO 

OT Ta, o6pasyromeroc5I rro. peaxuHH Ta ( p; p, x n) Ta , 

DOSTOMy .QII.II IIO.IIY'IGRH.It Hf B OCHOBHOM HCITOIIbSOB.!III.!ICb MeTO.QHK.!I C llpH-

MGHGHHGM HgO H. HRe04 MHilieHeJ;l, 

06ny'<ieHRbiG O~HCb pTyTH ( 5 I') HIIH HReO 4 ( 4r) p.!ICTBOp5I.IIHCb B 

KOHUGHTpHpOB8HHOJ;l .!ISOTHO_fi KHCIIOTe H T.!IHTaJI COpoHp9B.!IIIC5I B TG'IeHHe MH-
/7/ . 

liYTbi lia IIOBGpXHOCTH CTGKJI.!I , Docne llpOMbiBKH .!ISOTHO!i 'KHCJIOTolt H BO-

.Qofi T8HT.!IJI .Qecop6HpOB81IC5I CMeC&IO IIII8BHKOBOit H cepaolt KHCriOT H 'aKCTpa

/8/ 
I'HpOB81IC5I MGTHIIOyTHJIKGTOHOM , YCT.!IHOBJIGH01 'ITO llpH T8KHX YCIIOBH.IIX 

( MGTHJIOYTHJIKGTOH 0,4 M H .F - 6 M H 2SO 4 ) rrepexoaHT B opraHH'IGCKyiO <fla-

sy 99,5% MeTanna, nocne rrpoMbiBKH 

CMeC&IO KHc.lJoT B opraHH'IeCKOit <flase R8KOITri5IIIC5I JlO'IepHHH I'8tPHHJ;l
1 

KOTOpbiit 

rrepHO.IlH'IeCKH .(HHTepl)an 4-20 MHHyT) Bb!Mh!Banc.II BO.QHoit <f!aso!i (0,41'11 HF

-6IIi..H2 SO 4 ) H rrepeHOC!iJIC5I B ~GtPJIOHQBhie CO'CY.Ilbl JlJI5I HSMepe!IHit 

2.2. 11sMepHTeJI&H.!15I arrrrapaTypa; 

.UJIH HSMepe!IH.II y -crrexTpoB Obl.1IH rrpHMeH.e!Ibi: 

1) y -CITGKTpOMeTp C ' KpHC'J'81IJIOM Na J (Tl) 

x' 50 MM H SHepreTH'IeCKHM paspemeHHeM 10,7% Jlll5I JIHHHH 

256-KaH.!IJibHb!M .!IMI]:IIHTYJlHb!M ~H.!IIIH38TOpOM, 

pasMepoM 70 x 

187 Cs 
H C 

2) Y -crreKTpOMGTp C KO.!IKCH.!IJibHbiM Ge '( Li ) - .QeTeKTOpOM C 'IYBCTBH-
8 

TGIIbHbiM OO'bGMOM 4,6-cM H aaepreTH'IeCKHM paspemeRHeM 6 KB Jlll.II liHHHH 

8° Co C SHeprHeit 1332 KSB H 40Q6-K&H.!IJI&Hb!M .!IMIIIIHTYJlHb!M 8H.!IIIH3BTOpOM,· 

3) Y -crreKTpOMeTp C KO.!IKCH.!IIlbHbiMH Ge (Li )·- JlGTeKTOp.!IMH C 'lyB-
. . 3 . . ~ 

CTBHTeJI&Hb!M OO'bEiMQM 10 H 6,4 CM H aaepreTH'IeCKHM paspemeHHGM COOTBeT-

CT.BeHHO 6 H 4,5 KSB .QII.II' riHHHit HSOTona 6° Co C aneprHeit. 1332 KS.B,. 

rpaay~poBKa y -crreKTpoMeTpa rro aneprH.IIM il HHTeacnBaocT.IIM rrpo-

HSBO.QHnac& C IIOMOI!Ibi<i K.!IIIHOpOBO'IHbiX rrpenapaTOB 169 Yb·, 138 Ba, 182 Ta n 226 Ra. 

4) .QII.II HSMepeHH.II {3 + -crreKTpa 169 Hf . 6b!JI rrpHMeHeH .!IHTpaueHOBblit 

KpHCT8JIJI C SHepreTH'IeCKHM paspemeHHeM 14% Jlll5I KOHBepCHOHHOft IIHHHH 
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H30Torra 187 Cs c sHeprHeil: 624 Ksa. fpaayHpoBKa f3 -crreKTpoMeTpa rrpo-

HaBOAHnacb C HCriOJib30B8HHeM KanH6poBO'IHb!X IIperr.apaTOB C H30TOIIBMH 187 Cs, 
.207_ 8 ;, 144Pr H 90 y. 

H3MepeHHSI y- y -coarraaeHHil: rrpoaoaHnHcb c rroMombro KpHcTanna 

NaJ (T!) p83MepoM 80x80 MM H Ge (Li), -AeTeKTopa C 'IYBCTBHTenb-

6 3 3 . . . 
HbiM o6'beMoM , eM 11: cTaHilapTHoil: cxeMoit 6biC'l'po-MeaneHHbiX cearr.aaeHHil: 

c. pa3pemaromHM speMeHeM 2 r = 150 aceK. H3MepHTenbHaSJ TexHHKa, a TaK-

. . /~ 
;n{e MeTOAHKa o6pa60TKH CII.eKTpOB II.OllpOOHO OIIHCaHbl B paooTe o 

3. 3KCIIepHMeHTBJibHbie pe3yJibTBTb! 

3.1. Uerro'!Ka pacrraaa c A = 169 

LlnH pa3pemeHHSJ rrpoTHBope'!Hil: B aaHHbiX o nerraq:rre pacnaaa c A = 169 

H8MH H3Y'IBJIOCb HaKOIIJieHII:e H30TOI!a 169 Lu 
B Hf -fjlpaKllHH, BbmeneHHoil: 

11:3 TaHTaJIOBOil: MHIIIeHH CIIyCTSI 4 Mi'IH IIOCJie KOI!lla OoJiy'leHHSI, BpeMSI OOJIY-

'leHHSI COCT8BJISIJIO 20 MHH, BpeMSI H8KOIIJieHHSI - 6 MHH, Ha pHCo. 1 11:30-

6pa;n{eHa KpHB8SI paCIIBila MBTepHHCKOI'O H30TOII8 169 Hf, IIOCTpOeHHaSI ITO 

YOb!BBHHIO. HHTeHCHBHOCTH y -rrepexollOB pacrraQa 169 Lu /4/ H \69 Yb I 101 

C 9Hepl"'HSIMH 191, 962 H 198 K9B0 COOTBeTCTBeHHO, no ll8HHbiM Tpex OIIblTOB 

IIepHOA IIOJiypacrra,qa M8TepHHCKOI'O H30oapa COCTaBJISieT ( 5,0:t_0,5) MHH, npH-

HHMaSI· BO BHHM8HHe1 'ITO B Hf.. -ljJpaKllHH He COAep;n{aTCSI IIpHMeCH APYI'HX 
/11/ 

SJieMeHTOB, B pa6oTe STO IIepHOA I!Onypacrra,qa IIpHIJHCanH H30TOIIY 169 Hf , 

npH HCCJieAoBaHHH reHeTli'leCKOil: CBSI3H HeiiTpOHOAe$HllHTHb!X H30TOIIOB 

' 169 TaHTana c AO'IepHHMH H3o6apaMH IiepHOA rronypacrraaa H3pTona Ta orrpeae-

/12/ 
JISIJICSI TaKme paBHb!M ( 5;0 ±. 0,5) MHH 0 H IIOSTOMY Mbl peiiiHJIH I!pOBepHTb 

npaBHJ!bHOCTb I!pHIIHCBHHs'! rrepHO):Ia IIOJiypacrra,qa ( 5,0 :t_ 0,5) MHH H30TOIIy 
169 Hf 

B He3aBHCHMOM OI!b!Te, L!nSJ S'rOil: nenH Mbl IIpOBE!JIH ABa AOIIOJIHHTeJib-

Hb!X OI!b!Ta, B rrepBOM OOJIY'IBJICSI Re , 11:3 MHIIIeHH Bb!AeJISIJI8Cb TBHTBJIOBaSI 

ljJpaKllHSI !f TOJibKO 11:3 Hee Ob!JI8 BbiAelieHa IIQCJie 6-MHHYTHOI'O HaiWIIJieHHSI 

ljJpaKllHSJ :r:aljJHHSJ. TaKHM o6pa3oM 6bma -o.6ecrre'leHa BbiCOKaSJ cTerreHb 'IHCTOTbi 

ljJpaKllHH raljJHHSI OT I!pHMeceil: TBHTana. y - CIIeKTpb!0 H3MepeHHbie rrocne 

BbiAeneHHSI raljJHHSI- 11:3 TBHTBJIOBOil: ljJpaKllHH, H306pame.f!bl Ha pHC, 2, 
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10 15 zo 

. 16!t 
PRe. 1. KpHBSSI pacna.na H30TOna Hf, nocr~eHHaSI 

CHBHOCTH I'SMMa-nepeXO,[IOB pacna,na Lu H 

.IIMH 191, 962 H 193 K9B1 COOTBeTCTBeHHOo 
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o 191 rJ6 Lu "" 
A 198 Kt6 YIJ. '~•• 

o SQ. K38 Lu "0 

T~.·'t,IHUH 

T~·~10HuH 

t5 

no1J6biB8HHIO HHTeH

Yb C 9HeprH-
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PHc, 2. 

JOO 'tOO soo 600 

faMMa-cneKTpbi <fJpaKUHH ratfiau:s, BbilleneaaoH ua ¢paKUHH TaHTana, 

KBK tfJyHKUHH OT BP~.~HH. npoll.OJl>KHTeJlbHO~Tb H3MepeHHSI 2 ~HHYTbi, 
HHTepsan, Me>Klly H3MepeHHHMH 5,4 MHHyTblo 
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Oiipe.Qe.neHHe nepHo;~:~a nonypacna.Qa no HHTeac~sHocTH HaHoone.e HHTea-

. CHBHbi:X: y. -nepexo.Qos c agepru:ett 128, 369 ·H 498 xas ·.llano aaa'!:eHHe . . .. ·.~ . . . 
(8,2±,0,1) MHH (pHc,3a): ,a y -nepexo.Qa c aaeprHelt 316 xas- aHa'!:eHHe. 

( 1,8±,0, 7) MHH, Llmf y -ne,pexo.Qos c. aaepri!:ett 158 H 182 xas nony'!:aeTcSI 

(25 2) ' . . 111'J 121 3H8'19HHe ±. MHH, 'ITO 03Hi:i·'!:aeT HX npHHa.Q.neJKHOCTb · K pacna.rty Hf _; 
• j ~ • • 

168 ·. Depexo.rtbl C aHeprHefi 88 H. 198 KaB OTHOCSITCSI IC ;paCiia.rty · Lu, KOTOpbilt 

.HaXOL!HTCSI B. pa.rtH6aKTHBHOM paBHOB9CHH C H30oapoM 168 Hl (pHC, .36), 

Bq BTopoM .llono.nHHTe.nbHoM Oflb!Te obl.na il:ay'!:e.ira r~HeTH'!:ecKaSI CBSI3b 

L!O'!:ep.HHX Hao6apoB . Hf . : C H3bTOflBMH iflYHKUHH TaHTa.na, flOny'!:eHHoit TO_iibKO 

'ITO OflHCBHHb!M CflOCOOOM, L(,ng STOlt uem;: H3' iflpaKUHH TBHTa.na. B.bi.rte.nSinHCb 

'!:ep~a KBJKLlbie 6 MHH 8. np~napaTOB. I'a$HHS10 KOTOpbie ObiltH Cpaay· JKe H3Mepe-

H.bl Ha y -cnexTpoMeTpe, Do··yoLIBaHHIO HHTeHCHBHOCTH y - nepexo.QoB 

C aHeprHelt 369 H 493 KaB 3,2 .;,.MHHYTHOit aKTHBHOCTH I'aifJHHSI M.bl onpe.rtenH-. ' . .. .. 
nH nepHOL{ nonypacna.Qa MaTepHHCKOI'O H30oapa •. Qg COCTaBnSieT (S,0±,0,5)MHH, 

. · re9 Ooa onbiTa noxaaLIBaroT1 TaKHM oopaaoM, '!To nepu:o.rt nonypacna.rta Ht 

paBeH ( 3,2±,0, 1) MHH, 3TO Bb!BOL{ flOL{TBE!plK.rtaeTCSI H TeM $aKTOM
1 

38M9'!:9HHb!M 

npH H3Y'!:9HHH I'9H9TH'!:eCKOfi. CBSI3H 169 Ta CO CBOHMII' .liO'!:epHHMH Haooapa,-
/12/ 

paMH 0 'ITO HHT9HCHBHOCT.b y -nepeXOL{OB C 3H9pi'H~fi 369 H 498 KSB 

CHa'!:ana aapacTaeT H TonbKo noToM yobiBaeT c nepHo.lloM nonypacna.rta 

(5,0 ±. 0,5) MHH, 0THOIII9HHe HHT9HCHBHOCTefi 3THX y -nepeXOL!OB Ta'Koe_ 

JKe, KaK H BO iflpaKUHH I'B$HHSI, 

Dony'!:eHHbie HBMH LlBHHble 0 y -nepexonax, B03HHKaiOIIIHX npH pac-

na.rte 
169 

Hf, . lnJJ.HBe.rteHbi B TBOnHUe 1,llaHHbie 0 HaHoonee HHTeHCHBHb!X y -ne

Jl.9XO.li8X pacna.rta 169 Lu H 169 Yb, BnepBble H3MepeRHbiX Ha Ge(Li) -.rteTeK-· 

Tope,'_npuse.QeHbi s Tao.nHuax 2 H 3 •. 

B STolt CBSI3H npe.rtcTasnSieT HHTepec y -nepexo.rt c aaepruefi 1451 xas 

H n:~EHOL!OM nonypac;,na.Qa HHTeHCHBHOCTH1 PBBH.b!M 30 'lac, KOTOp.biit B /Ts1···· ·· · ··· 
paooTe Obin OTHeCeH '!:BCTH'I.IfO !( pacna.rtJ7 169 Lu , 'IBCTH'IHO - K pacna-

.lly 
170 

Lu, Mbi no.rtTsepJK.rtaeM npuaa.rtneJK.ItoCTb aToro y - nepexo.rta K 

169 6 /13,14/ . pacna.rty Lu , Y'IHTbiBaSI npu aToM peaynLTBTLI pa OT o y "':'ne-

pexo.Qax npH pacnane 170 Lu H · 16G Tm, :cooTseTcTBeHao. 

, x/ . 
. KpHB.bie cna.rta HHT9HCHBHOCTH Y -nepexo.rtoB C 3H9pi'Helt 123 ·H.51J KSB 

· ObinH nony'!:eHLI noc.ne B.bi'IHTBHH.H ifloaa .liO.ni'oJKusymHx. HaoTonos. 
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HHTeHCHBHOCTH raMMa-nepeXOAOB pacnaAa . 168H£ C 8HeprHHMH 158 
.H 182 K8B .If 168 Lu C aaeprHHMH 88 H .199 K8B0 HSXOAHIIIHXCH B pa

AHOSKTHBHOM paBHOBeCHHo 
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Ta6nHua 1 

::laeprHH H OTHOCHTSJibHbiS HHTSHCHBHOCTH y -rrEipeXO.[IOB 
. . ' 169 
pacrraAa H.aoTorroa Hf, 168 Hf H ·167Hf 

E y IKaa/ I y T~ IMHHI H ASHTHijJHKaUHH 

123 . 7 3,2 169Hf 

369 13 3,2 169 Hf 

493 100 3,2 169 Hf 

511 27 3,2 169Hf 

158 100 25 168Hf 

182; 130 25 168 Hf 

316 I .. ' 1,8 t67Hf 

Ta6nHua·2 

3HeprHH H OTHOCHTS~bHb!S HHTSHCHBHOCT~I y -rrepeXOAOB 

pacrraAa 169 Lu 

E y IKaa/4,13/ 
Iy (aawa pa6oTa) 

.166 6 

191 62 

380 i 1 

891 17 

962 100 

1376 <18 

1451 36 

+' . . 
HaKoaeu, HaMH 6biJI HaMepef! f3 ,-crreKTp Hf -$paKUHH, BbiAenef!Hbtit 

H3 Ta -cppaKUHH, B {3+ -CITSKTpe CO.[Iep>KaTCS! ABe KOMIT.OHSHTbl, KOpOTKO

:nmByWa.R 1'13 KOTOpb!X OTHOCl!TCS!, CYAS! ITO rrepHOAY rronypacna.[la, COCTaBJIS!IO

WSM (3',2±.0,1)Mllf!, K pacrratly 169 Hf • fpaHH'!HaS! aHeprHS! STOlt KOMITOHeH-

Tbl 13+ -crreKTpa paaaa (1859'±.200) Kaa (pHc, 4). 
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Tai>nHua 3 

3Hept'HH H OTHOCHT9JibHbl9 HHT9HCHBHOCTH y -nepeXOAOB 

pacnaJia 169Y.b 

Ey /Jiaal ly (Hawa pa6oTa) Iy 
/10/ 

.130 39 32 

117 62 58 

198 100 . 100 

308 30. 28 

.3,2, Ueno'!Ka pacnaJia c A "'·168 

npHM9H9HHhlA M9TOJl YCT8HOBJI9HHH I'9H9TH'I9CKOA CBH3H H3o6ap IT03BO-

.JIH9T KOHTpOJIHpoBaTb . XHMH'!9CKHA- BbiXOJl, KOI'Jl8 nep1i0Jl nonypacrra)la Oil-

HOI'O H3oTOna MaTepHHCKOA ljJpaKUHH H3B9CT9H, B HaWeM CJiy'!ae MOlKHO KOHT

ponHpOBBTb XHMH'!eCKHA Bb!XOJl JIIOT9IU~H no H3B9CTHOMY rrepHOJly rronypac-

168 /1 2K . 
naJia Hf. ( "' 25 MHH ': "1 1 H3y'!aH cnall HHT9HCHBHOCTH y -nepexo-

. 16a · I 15/ · . · · · 
JlOB pacnaJia Lu C SHeprHe-A 88 H 199 KSB B ITOCJI9JlOBaT9JibHO 

BbiJleneHHbiX nperrapaTax .(pHc, 5), ·onpeJieneHll:hlA HaMH nepHOJl nonypacnaJia 

168 . - 168 
Hf HBITOOp9JlCTB9HHO no CITBJlY HHT9HCHBHOCTH Y _-rrepexoJIOB Hf 

COBnaJiaeT C nony'IBHHhlM H npHB9Jl9HHhlM B JIHTepaType 3H8'!BHH9M (pHc,36), 

nepBb!e 9KCU9pHMBHTaJibHb19 Jl8HHb19 0 y -rrepeXOJlaX pacrra)la 16 ~£ 

rrpHBeJieHbi B Ta6nHue I • 

3~3. Ueno'!Ka pacrraJI·a c A = 167 .· 

B JlBYX OnbtTaX C. Tp9XMHHYTHb!M Bp9M9H9M 06Jiy'!9HHH TaHTaiiOBOA 

MHWeil:H Bb!Jl9JIHJiaCb !JlpaKUHH Hf '!epea 4 MHHYTb! nocne KoHua o6ny'!e-

HHH H H3M9pHJICH ee y -cneKTp Ha CUHHTHJIJIHUHOHHOM y -CII9KTpOM9Tpe, 

npH 9TOM Ha6.iiiOJl8JICH Y -nep9XOJl C 9H9pt'H9H 310 KSB1 .HHT9HCHBHOCTb 

KOToporo y6btBaeT c ·rrepHOJIOM rronypacnaJia .. 2 MHH, llnH 6onee TO'IHOH 

12 

L ----~~---- -·--·-··---- .• --,~<---~---.·· ------- ---·-



600 

. . 

200 

.. • .. 
... . . 

. 

.. 
•• . .. 

~ .. · .. 

. . 
. . 

.. .. •. .. . · ... • •• 

· .. . 

... 
. .. .· 

.. 

. ... 
. .. . . 

PHCo 4. (3 + -CIISKTp cppaKUHH raljJHHSt; Bp9Mll: H3M9p9HHll: 4 MHH, HHTepBaJI 

MeJK.tiy H3M9p9HHll:MH 4,5 MHHj rpaljJHK <f>epMH-KropH {3+ -Cix9KTpa 
169 Hf·, . - . . • 
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/ 

oueHKH rrepnoaa rronypacrraaa 6bm npHMeHeH MeToa aKcTparronstUHH KpHBbiX 

· pacrraaa ao'qepHHX H30TOI10B Ha MOMeHT XHMH'!eCKOI'O BbiAeneHHH, H8XOAHlliHX

CH B BbiJ:teneHHb!X qepea p8BHbie rrpoMe}l(yTKH HaKorrneHHH ·HCTO'IHHitoB, HaH-

6onee OITTHManJ>Hb!MH napaMeTpaMH 011b!T8 SIBJIHJIHCb: BpeMSI o6ny'!eHHH MHllle

HH - g MHH, BpeMSI HaKonneHHH 2 MHH H l'ibiaeneHHe 4-x HCTO'!HHKOB Lu, ITo-

ny'!eHHbiii rrepnoa rronypacrraaa H3oTona 167 Hf COCT8BJISieT ( 1,9;!:.0,2) MHH 

(pnc. 6a). 

ITpaaHnhHOCTb rrpnnncaHH:H rrepnoaa rronypacnaaa ( 1,9;!:.0,2) M~ pacrra-

ay 167 Hf rrpoBepHnacb TaK }l(e, KaK B cnyqae uerro'!KH pacrraaa c A = 169, 

C IICITOnb30B8HHeM rrpemrpaTOB I'8lPHHH, Bb!AeJieHHb!X H3 ·TaHT8JIOBOfi $p8KilHH, 

Crraa HHTeHCIIBHOCTH y -rrepexoaa C 9HeprHefi 316 K9B BO QJp8KUHH Hf rrpo-

HCXOAH'l' ITO 9THM H3MepeHHHM C rrepHOAOM rronypacrraaa "' 1,8 MIIH (pHC, 66), 

MaTepHHCKHM no OTHOUJeHH!O K aTofi aKTHB!IOCTH stBiiHeTcSI pacrraa c rrepHo-
167 /12/ 

· AOM - 3 MHH, T,e, pacrra.l;l Ta • 

llaHHbie o y -rrepexoaax, B03H:>!Karomnx rrpn pacrraae 167 -Lu !1 167 Yb, 

rrpnaeaeHbi B Ta6nnuax 4 n 5. 

·' 

Ta6nnua 4 

3HeprHH H OTHOCHTeJibHble IIHTeHCIIBHOCTH . y -rrepeXOAOB 

pacrraaa 167 Lu 

E y ( ·/4/ K9B .. 1 y (!lama pa6oTa) 

213 30 

239 100 

278 35 

318 13 

401 24 
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·Tli • S,8MuH 

TiS: .. S,1 1>!UH . 102. u& Lu"" 

A 338 <>6 Lu "'" 

s 10 20 . Z5 VMU•/ 

N J 

0 18ft IC36 Tm4" 

4 ?80•186 KJ5 Tm "'" 

c ~K36 Tm'"' 

T"'z •S,'1MUH 

Tt,•'.ZMUH .,. T11z ,.,,6MUH 

'~ . 

10 1! zo Z5 1/-u./ 

r 

PHc. 5, a) KpHBbie pacna,~:~a HaoTonoa 166Hf .H 166 Hf, nocTpoeHHhie no y6hiBa

HHIO HHTeHCHBHOCTH I"8MMa-nepeXO.QOB 199 K9B H30TOfl8 168 Lu. H 

102 H 338 K9B HaoToria 166 Lu. 6) KpHBhie pacna,~:~a HSOTorra 1 ~6Hf, 
IIOCTpoeHHb!e 110 y6b!B8HHIO HHTeHCHBHOCTH I"8MMa-rrepeXO,QOB paCila.Qa 

H30TOna 166 Tm C 9HeprHe~ 184, 706 H 780 ·4 786 K9B; 
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2 ' 6 8 

5 

10 

5 

to 1 

5 
I T.,/& = ( 1;8 t0,7) HUH 

d 
toOl 

0 J_l .6 9 12 . 15 

tO 

• 106 k3C 

0 113 kJ~ 
t!. 176 k3G 

o 239 kiiG 

r.1._ • 1,7 HUH 

r.12 • 1,9 Hl/H 

r.lz • 2,1 '"I" 

T1h = 1,9 HUH 

12 

Yb 167 
Yb 167 
Yb 167 

Lu167 

t/HuHf 

• 316 lu' Hf 167 

0 369 hS Ht 169 

T.,/'1. =(3,3 tO,J} Hi.JH 

18 21 2' fj HuH/ 

PH c. 6. a) KpHBbie pacniu::~a HaoTona 167 Hf , . nocTpoeHHbie no y6biBa·HHIO HH
TeHcHBHOCTH ·raMMa.;..nepexoAoB pacnaAa 167Yb c aaeprHei!: 106, 113 
H 176 KaB, a TaKJKe raMMa-nepexoAa pacnaAa HaoTona 167 Lu 
C 9HeprHei!: ·239 K9Bo 6) _KpHBb!e cnaAa HHTBHCHBHOCTH I'8MMa-nepe-
XO.ll8 167Hf c aaeprHei!:-316 KaB 11 raMMa-nepexoAa 169Hf c 
aaeprHei!: 369 Kas: 
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Ta6m1ua 5 

3aep!"'HH H OTHOCHTeJibHbie HHTeHCUBHOCTH y -rrepeXOAOB 

pacrrana 1.67 Yb 

Ey ( KSB) 14,161 Iy (aama pa6o.Ta) I y 
1161 

Iy 111 I .. 

106 150 230 200. 

113 358 630 290 

132 14 18,5 15 

142 13 11 

176 100 100 100 

3.4, UerroqKa pacrrana c A 166 

HanH'iHe uso.Torra 166Hf so !flpaKUHH Hf 6biJlO rro.Kasaao rro reHeTH-

qecKoli CBH3H C H30TOIIOM 166 Tm • .Qng HAeHTHijJHK8UHH 6b!Jl HSMepeH y -crreKTp 

qeTbipex rrperrapaTOB C AO'iepHHMH IIpOAYKT8MH Lu, BbiAeJieHHb!MU HS 

Hf -!flp8KUHH 4 pasa IIOAPHA B OAHOM OIIbiTe <iepes K8JKAbie 4 MHH IIOCJie 

KOHU8 o6Jiy'ieHHH 0 KOTOpoe· COCT8BJIHJIO B rrepBOM CJiyqae 10 MHHyT, BO BTO

pOM - 20 MHHyT, J1sMepeHHH H8'18JIHCb CllYCTH 30 'i8CO.B IlOCJie KOHU8 o6Jiy-

166T I 18,19, 201 l1 
qeHHH, T,e, H3MepHJICH y -crreKTp H30TOII8 Dl , 3Mej:leHHH 

y .:..crreKTpOB IIpOBOAHJIHCb H8 neTeKTOpax THII8 Ge (Li) C 'iYBCTBHTeJibHbiM 
3 3 

o6'beMOM 4,6 CM B cnyqae rrperrapaTOB OT 10-MUHYTHblX o6Jiy'ieHHli H 10 CM -

OT 20-MHHyTHb!X o6nyqeHHil:, 

PesyJibTBTbi HsMepeHnli 

Hb!e H8MH B STHX H3MepEiHHHX 

y -crreKTpoB naHbi B Ta6nHue· 6, Bee Halinea-
. 118 19 201 

y -rrepeXOAbl H3BeCTHbl ' . 0 , no y6bi-

y -rreplilXOAOB 166 Tm c saeprHeli 184, 215, 

672 -I 674, -691, 706, 780 f- 786 H 2052 KSB Mbl ol:ipeneJIHJIH rrepHOA IlOJiy-

pacrrana Hso.Torra 1"66 H.f , SKCTpaiiOJIHpyg 8TH KpHBD!e y6biB8HHH H8 MOMeHT 

BbineneHHH rrponyKTOB pacrrana Lu ( pHC, 56), .0H COCT8BJIHeT ( 6,0"!:._0,5) MHH, 

,UnH uneHTHlPHKBUHH HaoTorra 166 Lu rro reHeTH'ieCKoli CBH3H c MaTepHH-

CKUM HSOTOIIOM 166Hf 6b!Jlli HSMepeHbl Y -CIIeKTpbl (pHC, 7) Cpasy >Ke 

rrocne 6biCTporo BbineneHHsi qeTbipex rrperrapaTOB Lu, IIOJiyqeHHb!X. HS O'IH-
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Ta6nHua 6 

3Hepi'HH H OTHOCHT9JibHbl9 HHT9HCHBHOCTH y -rrepexoAOB 
166 

pacrra.~:~a Tm 

' 
Ey (KaB) I y (Hallla pa6oTa) Iy 

/18/ I /19/ I. /20/ 
:Y y 

184 58 - - 58 

215 18 - - 19 

460 20 - - 10 

595 } 

599 
16 13 

672} 
674 

31 . 12 43 30 

691 27 24 - 25 

706 39 37 48 39. 

7081 
787 

100 100 100 100 

876 24 15 - 12 

1178 <37 29 31 28 

1275 56 58 52 46 

1376 17 19 1.9 20 

1867 23 14 . 11 11 

2054 ·63 63 47 47 

2081 16 22 - 17 

meHHofi Hf -,ljlpaKUHH rrocne 6-MHHYTHbiX IIHTepBaJioB HaKorrneHH>I. Orrpe.~:~eneH-

Hbii! IIO HHT9HCHBHOCTH Y -rrepeXOAOB C S>HeprHei! 102,228 H 338 KSB B 

STIIX IIperrapaTaX IIepHOA IIOJiypacrraJia MaTepHHCKOI'O H30TOII8 Hf COCTaB-

JI>I9T ( 5, 8±.0·, 2) MHH ( pHC, 5a) • . 3TO 3Ha"'9HH9 COBIIa.QaeT B. rrpe.QeJiaX IIOI'pe!ll-
166 

HOCTei! CO 3H8"'9HHeM rrepHO.Qa IIOJiypacna.O:a H30TOIIa HI, Crra.Q I!HT9HCHB-

HOCTei! I'8MMa•nepeXO.QOB C aHeprl!eii 102, 228, I! 338 K9B paBeH (3,3±.0,2)MHH 

( pHC, 8), 

18 



N .... 

.... 

-co 

s2 

'0 

;..u"'' 
II 

L.,"'' 

402 

. .... . .. . ......... . . . . _.......... . ... ·. . . . . ........ -.... _;.~ .... · ,_ ............ ~ ... 

Lu.•• 

"" 

L•l'" 

lll 

Lu."'" 

:Zl' 
.,.,....,._ ~ ..1\. .. .;. 

'¥rll.-•:·.f/'- ~ "'-- ~, 

~ m $ ~ • ~ m • ,..--. ill .. - iii Jii ......... 

PHC, 7, raMMa-cneKTp AO'I.epaero Lu _B o6naCTH SHeprHA OT 40 AO 290.KSBt 
H3Mepeaa&Iii cpasy )Ke. nocne B&JAeneaHsr H3 Hf (aaxonneHHe 6 MHH) 
C noMOlllbiO A8T8KTOpa THna Ge(Li) C 'lyBCTBHTenbHbiM OtS'J>ei!IIOM 
10 CM3, 



AKTHB.HOCTb, y6hiBSI9UX,85i C T ~ ~ (8,3±.0,2) MHH, SIB.JISieTCSI .QO"lep-

.ael!: I!O OT.Home.HHIO K aKTHB.HOCTil: C T ~."' ( 5,8±,0,2) MHH1 T.e. K pacna-

.!IY HS•)Tona 
166 

Hf. noaTOMY MOlKHO npennonaraTb1 'ITO O.Ha npHH8.Q.Jie)I(HT 
166 

K pac.:~any usoTtma · Lu. 8To npennonoJKe.Hue no.QTBepJKAaeTCSI TaKJKe TeM 

cjlaKT0:\\1, 'ITO raMMa-nepeXO.Qhl c aaepr:uel!: 102, 228, 888 H 428 KSB1 aa6niO.Qa~-

mHeC!I HSMH ( Ta6.JI 0 7) t paspSIJKaioT pOTSllHOH.Hbie · ypOBHH HSOTOllS 
166Yb npH 

'102 K:~B (2+), 380 KSB (4+), 669 KSB (6+) H 1096 K9B1 BOS6yJK.QaeMble B 
169 11 166 I 211 

peaKllHH Tb ( B, 4 u:l Yb • LlnS! peme.HHSI sonpoca o saceneaaocTH 

Ta6nHria 7 

8.HeprHH ·u HHTeHCHBHOCTH raMMa-nepeXO.QOB1 BOS.HHKSIOWHX 

npH pacnane 166 Lu. 

Ey (KSB) Ir 

102 ±. .1 60 

228 ±. 1 100 

276 ±. 1 25 

888 ±. 1 60 

s69. ±. t 41 
. 

(429) 5 

511 ;. 280 

(629) 11 

(812) 18 

(881) 17 

(958) 15 

( 1028) 15 

( 1293) 

aTHX yposael!: npa 6eTa~pacnane 
166 

Lu .HSMH 6bi.JIH HSMepeHbl raMMa-raMMa-

cosnane.HHSI nepexona c a.aeprael!: 102 KSB c ocTanbHhiM raMMa-cneKTpoM. . . 

npH STOM .Ha6niO.Q8IOTCH COBlla.QeHHH C raMMa-ne_peXO.QOM 228 KSB H C SHHH

rH.JIHllHOHHhiM HSny"leHHeM.((I . :I ) · "' 1: 0,9.).CosnaJJ.eaHH C raMMa-
. y511· yns cosn. . 

nepeXO.QSMH C a.aeprHHMH 888 H 428 KSB Mbl He MOr.JIH HSMepHTb 1-!3-38 ycn_oBHi!: 

Ollh!TSo 

20 

: 
' 



10$ 

N 

103 

I\) 

10z. 

0 

~ 

5 10 15 

199 K36 Lu 168 

T112 .. 1,Z MuH 

228 K3G Lu 1'6 

r.vz . 312 MuH 

20 t/MUH/ 

. . 188 
PHc. 8. KpuBbie cnaaa. HHTeHCHBHOCTH raMMa-nepexoa.oa H30Tonoa Lu H 

186 Lu C aHeprHRMH 199 H 228 KaB, COOTBeTCTBeHHOo 



11HTepecao 3aMeTHT&1 'ITO B rrperrapaTax, BbiLieneHHbiX 113 TaHTanosoA 

«!lpaKUHH1 I'8MMa-rre.peXOLlbl 113 ueiiO'IKII C A = 166 He Ha6nroLiani!Cb1 'ITO 

166 
rro3sororeT oueHHT& sepxaHA rrpeLien rrepHOLia rronypacrraLia Ta i T ~ :;; 1 MHH. 

4. 06cy)J(,QeHHe pe3yn&T8TOB H Bb!BOLlbi 

0THOCHTen&HO ueiiO'IKH paCII8Ll8 C MaCCOBbiM 'IHcliOM A:> 169· pe3yn&T8Tbl 

H8WHX Ollb!TOB LlOK83biB810T0 'ITO rrepHOLl rronypaCII8Ll8 H30TOII8 16~Hf He 

1,5 '18C8 ( T8KOlt .SKTHBHOCTH Mbi B006me He Ha6nJOLl8-JIH) 0 a MeH&me 8 MH-
, ' I~ 

HyT: T li '"' ( 3 0 2;!:.0,1) MHH,.T.e. COOTBeTCTBYEiT oueHKe, CLienaHHOli B pa6oTe • 

16SH - 11,21 
3H!!,'IeHHe rrepHOLl8 rronypaCII8Ll8 H30TOII8 f • IIOny'leHHOe. B pa60T8X 0 

-T8K*e IIOLlTBep)J(,QaeTCH H8mHMH H3MepeHHHMH: 

T ~ = ( 25 :!:. 2) MHHo 

.HawK pe3yn&T8Tbl IIO H3ytleHHIO UellO'IKH paCII8l18 C A=167 IIOK83b!B8JOT0 'ITO 
I 11 l67 167 . 

8BTOpbi pa60Tbl He Ha6JlJOLl8JlH yK838HHbie HMH H30TOilbl Hf H Luo 

liJHa'le OHH LlOJl*Hbi 6btJlH H86Jl10Ll8Tb 8KTHBHOCTb0 y6b!B8JOII(YIO €: rrepHOLlOM 
., 167 141 

rronypacrraLia 55 MHH, T.e. pacrraLI · Lu .113 cpasaeHHH aai!IHX LI8HHbiX 

. Ill - Ill 
II Ll8HHblX pa60Tbi MO*HO CLienaTb BbiBOLl, 'ITO 8BTOp!,! pa60Tbl Ha6nro-

LianH pacrraLI H3o6ap c A = 166 BMeCTO rrpeLIIIOnaraeMOI'O HMH pacii8Ll8 

:H3o6ap c A = 167. TorLia HaliLieHHaH HMH aKTHBHOCTb, y6btBarowag c rre

pHOLIOM rronypaCII8Ll8 20 MHH; B03MO*H0 0 OTHOCHTCH K paCII8LlY H30MepHOI'O 

122/ 
COCTOHHHH 166 m.yb ( ~T % = 18 MHH) • 

Ha OCHOB8HHH aaana3a reHeTH'IeCKOli CBH311 C H306apaMH 
166 Hf 

H 166 Yb Mbl rrpeLIIIOnaraeM 0 'ITO 8KTHBHOCT~ B Lu -ljlpaKUHH 0 y6b!B810- -

11(8H C rrepHOLlOM rronypaCII8Ll8 ( 3,3:t_0, 2) MHH, OTHOCHTCH B H30TOIIY 166 Lu. 

TaKoli BbiBOLl onpaBilbiBaeTcH aHanH30M y -crreKTpa, 11:60 B03HIIK81011(He 

Y -rrepeXOLlbl C SHeprHeit 102,. 228, 338,- II 428 KSB 6binll HaitLieHbl T8K*e 

IIpll pa3pHLIKe pOT8UIIOHHbiX ypOBHeli H30TOII8 166 Yb, rrony'leHHOI'O B 

159 T ·( llg A ) 166Yb /21/ 
peaKUHII m , .. n 

Uerro'IKH pacnaLia KopoTKO*HsymHx 1!30TOIIOB ra«!!HHH HMeroT ( c y'leTOM 
I 

H8WIIX pe3yn&T8TOB) cneLiyromHii BHLI: 

'169Hf 3,2 MIIH 
169 Lu 1,6 LIH 

22 

.... 
169j 

Yb 
30~6 LIH 169 

Tm 



168 HI 25 MHH., 168 7 MHH; 188 
Lu Yb 

1.9 MHH ... 167 Lu 55 MHH .. 167· Yb 17,3 MHH 167Tm M.ru4.16Er 

166 HI 6,0 MHH • 166 Lu 3,3 MH!4- 166 Yb 58 '!ac..,.t66Tm 7,7 '!8~6%;, 

Ha ocHoBaHHH rrorry'!eHHbiX sKcrrepnMeHTaJihHhiX naHHhiX MO)!(HO rrpen-

JIO)!(llTb cxeMy pacrrana 169 HI ( pHC, 8), Dpn ITOCTpOel!!Ill 8TOH CX8Ivlbl HaMil 

Y'lHTb!B8JIHCb 6aJI8HCbl 8Heprrrii ll llHT8HCHBHOCT8H, 3H8'!8HHe OTHOlli8HHS! K/{3+, 

B3S!T08 H3 TeopeTH<J8CKl!X paC'!eTOB !lJIS! pa3pemeHHb!X rrepeXO!lOB/ 10/, COCTaB

JIS!8T - 3,5, '!TO B rrpenerrax Oll!H60K COBlla)laeT C OTHOlli8HH8M HHT8HCHB

HOCT8H M8)!(JlY y -rrepeXO!l8MH C Ey= 369-493 K9B ll y -rrepeXO!lOM C Ey=511 K9B, 

Do9TOMY MQ)!{f!O rrpenrrorraraTb, '!TO ITO'!TH Becb 6eTa-pacrran 169 HI Ha-

rrpaBrreH Ha ypoBeHb c aneprnett 493 K9B, 3To rrpenrrono)!<eHHe xopomo coB

rranaeT c TeopeTnqecK!IM 3Ha'!eHneM rrorrHoi1 9Heprnn {3 + -pacrrana 

/23/ /24/ 169 Lu 
Q {3+ = 3556 K9B , KaK ll3B8CT·HO 1 OCHOBH08 COCTOHHHe HM88T 

+ 
KBaHTOBbre xapaKTepncTHKH 7/2 /404/, YpoBeHb c aHeprHei1 123 KSB MO)!(-

HO HHT8pllp8THpOB8Tb KaK rrepBOe poTaUHOHH08 COCTOS!HHe OCHOBHOH llOJIOCbl, 

3TOT Bb!BO!l llO!lTB8p)!(!l88TCS! llOJiy'leHHb!M !lJIS! rrapaMeTpa h 2/2J 3H8'!8HH8M 1 

paBHbiM 13,7 K8B ( Ta6JIHUa 8), 3Ha'!8HH8 B8J1H'lllHbl fog It 
; 

!lJI5! pacrra!la 

H!lpO 

169 Lu 

171 Lu 

17 3 
Lu 

175 Lu 

177 Lu 

Ta6rrnua 8 

3Ha'!eHne rrapaMeTpa h 2/2J He'!eTHhiX 1130TorroB B Lu 

7/2+ /404/ 

13,7 K8B 

13,6 K8B 

12,6 K8B 

13,5 K9B 

Ha ypOB8Hb rrpH 493 K8B COCT8BJIS!8T 4,5, '!TO CBil!l8T8J1bCTByeT 0 H83a!lep

)!(8HHOM paGpemeHHOM rrepexo!le. B pai1one !lecpopMnpoBaHHhiX H!lep c N = 97 

B03MOlK8H TaKOJ1 rrepeXO!l TOJibKO M8)!(Jly HllJibCCOHOBCKHMH COCT0;1HHS!Mil 

5/2 [ 523 l 7/2- [ 523 ] • YpoBeHb c sHeprnei1 493 K9B HMeeT, TaKHM 
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o6pa30M1 KBBHTOBble xapaKTe-pHCTHKH 7/2- [ 5.23) , H T'8MMa-nepeXOilbl C 

aHepT'IHIMH 493 H 369 K3B llOJJlKHbl 6b!Th TH!Ia E 1 c L'>K = o • .llm1 rrposepKH 

KB8HTOBblX xapaKTepHCTHK ypoBHH C 3HeprHeli 493 K3B Mbl CO!IOCT8BHJJH 9K-

CIIej:-HMeHTBJJhHble OTHOWeHJm !IpHBelleHHblX HHTeHCHBHOCTeli T'8MMa-ne_pexo

llOB TJ"" 13 ( E 1,1 1 K 1 -> IF+ 1 , K F)/ B ( E 1 , 1 1 K 1 -> I F K F) c oTHoweHHHMH, . no

ny'leHHbiMH no rrpaBHnaM Anara (eM. Ta6n, 9). Xopowee cornacHe -Teope-

TH'IeCKHX H 3KC!IepHMeHT8JihHblX 3Ha'!eHHH TJ nollTBeplKilaeT c~:tenaHHbili Bbi-

BOLl 0 K88HTOBbiX X8p8KTepHCTHK8X ypOBHH !I pH 493 K3B ( 7/2- [ 523 ) ) H, 

T8KHM o6pa30M1 OCHOBHOT'O COCTOHHHH HI '\11 ( 5/2- [ 523) ) , KpoMe TOT'01 

3TO xopowee COT'Jl8CHe 03H81j8eT, 'ITO BJJHHHHe B38HMOaelicTBHH Me>KAY 

BpawaTeJlhHblMH 11 '18CTH'IHblMH llBHlKeHHHMH H8 OTHO"eHHe 

BepOHTHOCTeli LIOCT8TO'IHO MBJJO, 

npHB91leHHblX 

HApO 

I63·Ho 

165 Ho 

169 Lu 

Ta6nHua 9 

3KCIIepHMeHT8JlhHbl9 H T90f:l9TH'!eCKHe OTHOWeHHH !IpHB9LI9HHblX 

HHT9HCHBHOCT9H I'8MMa-rrepeXOLIOB THIIa E 1, L';K = 0 
B(El, li K1 ->IF +lKF) . 

TJ B(El,ltKJ->IFKF) 

MeliQ;\y HMJlhCCOHOBCKHMH COCTOHHHHMH 7/2- [ 523) -+ 5/2- [ 523 ) 

I TJ 3KCII, TJ Teop, I 

7/2 0,17 0,29 

7/2 0,27 0,29 

7/2 0,32 0,29 

CA_enaHHhili BbiBOLI xopowo BIIMCbJBaeTCH B CHCT9M8THKY 3THX HMJlhC-

COHOBCKHX COCTOHHMli AJJH paCII8L18 He'I~THbJX H30TOIIOB C . N = 97 ( pHC, 9), 
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PHc. 9. <PparMeHTbi cxeM pacnaaa H30TonoB c N = 97 H N = 95 ana HI, 
YbH.Er, 
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Ha CHCT9M8THKH HHlibyCOHOBCKHX COCTOSIHHfi B H9'1~THbiX H30TOli8Xi 

C N· = 95 (pHC, 9) MOlKHO C.[(9li8Tb 38KniO'I9HHe 0 KBaHTOBb!X xapaKTepH-

.CT~KaX OCHOBHOrO COCTOSIHHSI 
167 HI 

H B030YlK.[(9HHOrO COCTOSIHHSI 167 Lu , 

HS KQTOpoe HanpaBlieHa OCHOBH851 'ISCTb {3 + -pacnaaos 167 HI. f'aMMa-nepe-

.~0.[( C SHeprHeH 316 K9B-9.[(HHCTBeHHblft H npH'I~M 0'19Hb HHT9HCHBHblft nepe-

x0.[( 0 OTHOCSilliHfiCSI K pacnaay 
167 

HI • 0H MOlKeT pa~pS!lKSTb B030YlK!I9HHbii 

ypose·ab 167 Lu c TaKoi aaeprHeii, 3Ha'leHHe BeliH'IHHbi fog ft .[(liS! 6eTa-

pacn~aa aa Taxoii yposeab ;;i 5, 'ITO yKaabiBaeT aa aeaaaeplKaHHbtli paape

meHHbii nepexoa. 

B corliaCHH C xapaKT9pHCTHK8MH COCTOSIHHft B COC9.[(HHX H30TOli8X 

MOlKHO OlKH.[(8Tb .[(liS! OCHOBHOrO COCTOSIHHSI ~ru xapaKTepHCTHKH 

5/2- [ 523] H .[(liS! B030YlK!I9HHoro COCTOSIHHSI npH 316 KSB - 7/2- [ 523 ] , 

HeKOTOpbte Bb!BO.[(bl MOlKHO T8KlK9 C.[(9li8Tb 0 H8ft.[(9HHOM ·s 9TOi pa-

· ooTe pacnaae 166 -Lu, llpH KOTOpOM 38C9liSIIDTCSI COCTOSIHHSI OCHOBHOft pOTa-

UHOHHOJ! liOliOCbl 166 Yb BllliOTb n.o aHa'leHHSI cnH~a 6 HliH B. 0Tcroaa . 
clieayeT; · '!TO cnHH cocTOSIHHH, pacnaaaromerocH c nepHO.[(OM noliypacnaaa 

(3,3±..0,2) MHH, AOlilKeH obiTb ~ 4. Cyali ito 6anaacy HHTeHcHBHocTel! raMMa-

nepexoaoa H peayn~:>TaTaM HSMepeHHSI raMMa-raMMa-cosnaaeHHi, 

O.[(H8K0 0 HCKliiD'IHTb B03M0)KH0CTb Toro, 'ITO '18CTb {3 + -padna.[(a 
. + + ' 

H8llp8BJI6Ha Ha ypOBHH llpH 102 KSB (2 ) HJIH 330 K9B ( 4 ) , lJ.lili 

H9Jib3SI0 

166 Lu 

aaceneHHSI 

9THX ypOBHeft CliHH HCXO.[(HOrO COCTOSIHHSI .[(Oli)K9H HM9Tb_!tOCT8TO'IHO HH3K09 

3H8'16IIH9, npH Bb!COKOM 3H8'19HHH CliHHa paella.[( aanpemaeTCSI T8KlK9 liO 

KB8HTOBO¥Y 'IHCJiy K Ha 9TH >COCTOSIHHSI C K = 0, noaTOMy· MOlKHO npe.[(-

/11/ 166 
noliaraTb , 'ITO aKTHBHOCTb Lu, pacnaaaromaliCli c. nepHO.[(OM no-

liypacna.[(a (3,3:!:_0,2) MHH0 OTHOCHTCSI K H30M6pl!OMY COCTOSIHHID 9Toro li.[(pa. 

lJ.lili peweHHli 9TOrO BOllpoca He06XO.[(HMO llpOB9.[(9HHe .[(0liOliHHT9llbHb!X H3-

MepeHHft, 

B aaKliro'leHHe aBTOpbt C'lliTaroT llpHHTHbiM aonroM nooliaroaapHTb 

H ,3BOlibCtwro ·aa npeaocTaBlieHHe raMMa,:-cneKTpoMeTpa c Ge ( Li l-·aeTeKTopoM 

3 
c 'IYBCTBHTeJIE,HbiM oo'beMOM 4,6 CM , A.H.CHaaea;~ - aa TeXHH-

'IecKyro noMOllib Ha paanH'IHhiX aTanax aKcnepHMeHToB, a TaKlKe K.C!>.AneK

caaaepa H K,f!, fpoMoBa aa HH'l'epec K pa6oTe, 
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