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3y6ep K. 
6 - 8518 

.11ccnenosaHI!e B036ylKlleHHhiX COCT'OHHI!H 1!30TODOB Tep61!H. 

II • p acnan 157 Dy _. 157 Tb 

.11ccnenOB8Hhl CDeKTpbl I'8MM8-Jiy'ieJ\ If KOHBepCHOHHb!X 9JieKTpOHOB Dpl! 

pacnane 
157 

Dy • npennolKeHa CXeMa pacnana 157 Dy-. 157Tb .3KcnepHMeHTallb

Hhie pe3yllbT8Tbl CpaBHHBBIOTCH C p8C'i€T8MH 1 DpOBeneHHhlMH B paMKBX CBepx, 

Texy'ieJ\ MOllelll! C Y'iEiTOM B38HMOlleHCTBI!H KB83l!'i8CT'HU C ¢0TOH8MH. 

Coo6meHHe 06De,llHHeHHOro HHCTHTyTa Jl,llepHblX HCC.IIe,llOBaHHA 

,ay6Ha 1975 

I, 

~ 

BeeoeHue 

Hccne.D;oBaHHIO csoiicTB B036y>K.D;eHRLIX cocTOJIHHH 157 Tb 
nocBJI~euo uecxonLKO pa6oT / 1- 3 • 5· 11· 121. B pa6oTe I 31 
npe.D;cTasneua cxeMa pacna.D;a 157Dy. llepccou a .D;p. /5/ a 
B.ruaToBH'I a .D;p. 111 accne.D;osana cnexTphl 3neKTfouos 
BHyTpeuueii xousepcaa, B03HHKaiOII.tHe npa pacna.D;e 1 7Dy . 
BHHTep H .D;p/11/ B OnLITaX no ( d, 2 n y) H ( p, y) peaKUHJIM 
accne.D;osaria BJaHMo.D;eiicTBHe poTauaouuLix nonoc, BOJ6y>K
.D;eHHLix .D;O CnHHOB I = 19/2. ~llJI CnHHOB OCHOBHOrO CO
CTOJIHHJI 15iTb /3/ a 157 Dy 110 I nonyqeuo 3Haqeuae 3/2. 

B uacToJI~eii pa6oTe npHBO.D;JITCJI peJynLTaTLI HJMepe
HHH iaMMa-cneKTpos a cneKTpos 3neKTpouos BHyTpeuueii 
KOHBepCHH. 3xcnepHMeHTanLHLie peJynLTaTLI cpaBHHBaiOTCJI 
c pac'leTaMa/ 131, npoBe.D;eHHLIMH B paMxax csepxTexyqeii 
MO.D;enH C y'leTOM B3aHMO.D;eHCTBHJI KBa3H'IaCTHU C lj)oHOHaMH. 

1. 3KCllEPHMEHTAJibHAJI lJACTb 

a/ llpuzomoeAeHue paouoaKmueHbiX ucmo'IHUKoe 157 Dy 

Pa.D;aoaKTHBHLie H3oTonLI .D;HcnpoJH.R nonyqanBCL B peax
UHH rny6oxoro pac~enneHH.R TaHTana npoToHaMH c 3Hepraeii 
660 M3B ua cauxpouaxnoTpoue OHJIH. MHIIIeua TaHTana 
o6ny'lallHCL Ha BHyTpeHHeM ny'IKe npOTOHOB B Te'leHHe 2 'IUC. 
llocne o6ny'leHH.R lj)paxua11 .D;HcnpoJH.R BLI.D;en.RnacL xpoMaTo
rpalj)aqecxaM MeTOAOM. 

)J.nJI HCCne,IJ;OBaHHJI raMMa- cneKTpOB HCnOnL30BanBCL 
MOHOH30TOnHLie HCTO'IHHKH 1570y, nony'leHHhle npa paJ,IJ;e
neuaa .D;HcnpoJu.R no H3oTonaM ua Macc-cenapaTope. Pa.D;ao
aKTHBHLie HCTO'IHHKH 157 Dy .D;ll.R HCcne,IJ;OBaHHH cneKTpOB 
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KOHBepCHOHHbiX 3JieKTpOHOB ITOJiy'laJIHCL ITpH 06Jiy'leHHH MH

UieHH 
155 Gdz 0 3 a -qacTHUaMH c 3Heprue:H 28 M3B Ha 

UHKJIOTpoue Y -120 B HJI<I> /KpaKoB/. IIocJie o6Jiy'leHHB H3 

MHUieHH xpoMaTorpacl>H'IecKHM MeTo~oM BLI~eJIBJICB 157 Dy, 
KOTOPLIH HaHOCHJICB ua aJIIOMHHHeByiO cPOJILry. 

6/ HccAeooeaHue cneKmpoe zaMMa-Ay<teil 157 Dy 

u 157 
CneKTpLI raMMa- Jly'leH Dy HCCJie~oBaJIHCL c no-

MOIULIO noJiynpoao~HHKOBLIX Ge( Li) -~eTeKTopoa c 'IYBCT

BHTeJILHLIMH 06oeMaMH: 0,5 CM 3 /pa3peUieHHe 0,8 K3B 
npH E y = 121 K3B/ H 41 CM 3 

/paJpemeHHe 2,8 K3B npH 

Ev = 1332 K3B/. CneKTPLI raMMa-Jiy'le:H B o6JiaCTH 60JILWHX 
I u 

3HeprHH H3MepBJIHCL nyTeM ITpHMeHeHHB cPHJILTpa- ITOrJIOTH-

TeJIB /3 MM Pb + 0,5 MM Gd + 0,5 MM Cu /. B ma6/l. 1 
B KOJIOHKaX 1 H 2 npHBe~eHLI pelyJILTaTLI H3MepeHHH 3HeprHH 

H HHTeHCHBHOCTH, COOTBeTCTBeHHO. ,ll;JIB HOpMHpOBKH HHTeH

CHBHOCTH raMMa- Jly'leH ITpHHBTO, 'ITO HHTeHCHBHOCTL nepe

XO~a 326,4 K3B paBHBeTCB 10 000 e~HHHU. ,[lJIB cpaBHeHHH 

B KOJIOHKe 3 ITpHBe~eHLI peJyJILTaTLI pa60TLI /3/. 

e/ HccAeooeaHue cneKmpoe 3/leKmpoHoe eHympeHHeil 
KoHeepcuu /3BK/ 

CneKTpLI 3 BK B o6JiaCTH 3HeprHB ~o 1200 K 3B HCcJie

~OBaJIBCL C ITOMOIULIO 6e3~eJie3HOrO TOpOH~aJILHOrO 6eTa

CITeKTpOMeTpaf4/ , c paJpeweuueM R "'1% B CBeToCHJIOH 

T "' 20%. PeJyJILTaTLI HCCJie~oBaHBB 3BK npuae~eHLI B 

ma6A. 1 B KOJIOHKe 4. B pa6oTe 15/ BJMepeu Ko3c:WJBUHeHT 

BHyTpeHHeH KOHBepCHB nepexo~a 326,4 K3B B ITOJiy'leHa Be

JIH'IBHa ak /326,4/ = /11,6 ± 1,5/ • 10- 3 
, 'ITO COBITa~aeT 

c TeopeTH'IeCKOH BeJIH'IBHo:H KBK ~JIB MYJILTBITOJILHOCTH 

E l/ a Teo • /326,E1/ = 11,3 ·10- 3 
/. IIo3'ToMy 3Kcnepu

MeHTaJILifLie KBK /KOJIOHKa 5/ HOpMHpoBaHLI no TeopeTH'Ie

CKOH BeJIH'IBHe KBK-nepexo~a 326,4 K3B/MyJILTBITOJILHOCTL 

THITa E1/. ,ll;JIB CpaBHeHHB B KOJIOHKaX 6,7 H 8 ~aHLI TeopeTH

'IeCKHe BeJIH'IHHLI KBK ~JIB nepexo~oB c MYJILTHITOJILHOCTBMH 

M1, E2 H El. HJ cpaaueHHB TeopeTH'IeCKHX H 3KcnepHMeH

TaJILHLIX BeJIH'IHH KBK c~eJiaH BLIBO'~ o MYJILTHITOJILHOCTBX 

nepeXO~OB /KOJIOHKa 10/. 
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YpoBeHb 143,8 K3B pa3pJI>KaeTcJI nepexo,Z\aMH 83,0 K3B 

/M1 + E2/ H 143,8 K3B/E2/. Onpe,Z\eneHHe MynhTHnonbHOCTH 

,Z\llJI 3THX nepeXO,Z\OB ll03BOnJieT HaM YCTaHOBHTb CITHH ypoB· 

HJI 143,8 K3B xax 7/2 + • He o6Hapy>KeHo B 3To:ii nonoce 

I + TT -
COCTOJIHHJI 9 2 , HO ,Z\llJI Hero pa3HH~a CITHHOB ~~ = 3 ,H 

3aceneHHe .l\Oll>KHO 6b1Tb He3HaquyenbHbiM. 

BHHTep H ,Z\p./11/ B ( d, 2n y) H ( p, n y) peaK~HJIX Ha6mo,Z\a-
+ 

llH poTa~HOHHYIO nonocy OCHOBHOrO COCTOJIHHJI 3/2 /411/ 
.z\O 3HaqeHHJI cnHHa 19/2. HTaK, ypoBHH 60,8 H 143,8 K3B 

JIBnJitoTCJI qneHaMH 3TO:ii nonocbl. 

e/ Bo36yJICOeHHble COC1110JIHUJI pomaijUOHHOU noAOCbJ 

5/2-/532/ u 5/2 + /413/ 

raMMa-nepeXO,Z\ 326,4 K3B C HHTeHCHBHOCTbiO 96,5 Ha 

100 pacna,Z\OB JIBnJieTcJI caMblM CHnbHbiM nepexo,Z\OM, Ha-

6niO,Z\aeMblM B pacna,Z\e 
157Dy . Hcxo,Z\JI H3 3Toro, npHHJITO, 

qyo on onpe,Z\enJieT ypoBeHb c 3HeprueH: 326,4 K3B. 

YpoBeHb 326,4 K3Bpa3pJI>KaeTcJinepexo,Z\aMH 182,6/E1/, 
265,5 /E1/ H 326,4 /E1/ K3B, qyo ll03BOllJieT yCTaHOBHTb 

ero CITHH KaK 5/2- . 3neKTpOHHblH 3aXBaT Ha 3TOT ypOBeHb 

JIBnJieTCJI anoManbHO ycxopeHHblM /npHMepHo B 6 pa3/, 

qyo noxa TPY.l\HO o6'bJICHHTb. B cxeMe CaxcoHa- By,Z\ca co

CTO.HHHe CO CITHHOM 5/2- B 3TOH o6naCTH o6na,Z\aeT KBaHTO

BblMH xapaxTepHCTHKaMH 5/2 - /523/. YpoBeHb 357,8 K3B 

CO CllHHOM 7/2 - - 3TO BTOpo:ii ypoBeHb pOTa~HOHHOH ITOllOCbl 

5/2- /532/. 
B pa6oTe I 111 ypoBHH poTa~HOHHO:ii nonocbl 5/2- /523/ 

B036Y>K,Z\anHCb ,Z\0 CITHHa 19/2- . HTaK, YPOBHH 326,4 H 

357,8 K3B He JIBllJIIOTCJI qneHaMH 3TOH ITOllOCbl. 

Hccne,Z\yJI B036y>K,Z\eHHble cocTo?t"J 
157 Tb B ( d,2n y) H 

( p, n y) peax~HJIX, aBTOpbl pa6oTbl 
11 

o6Hapy>KHnH poTa-

~HOHHYIO nonocy 5/2 + /413/, OCHOBaHHYIO Ha ypOBHe C 3Hep

rue:ii 327,6 K3B. B pacna,Z\e 
157 Dy :noro ypoBHJI He o6Ha

py>KeHo. 
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z/ {3- U y • 6U6paijUOHHble COC1/IOJIHUJI 

B uawHx Hccne~oBauHgx no~TBep~euo cy~ecTBoBaHHe 
ypoBue:ii 597,5 1112 +I, 637,0 13/2 +I H 697,0 1512 +I K3B, 

pauee npe~no:>KeHHbiX B pa6oTax 12• 3/. 

3Ta rpynna ypOBHe:ii o6na~aeT MOMeHTOM HHepu;Hii C TOq

HOCTbiO ~0 ,10~ TaKHM )f(e, KaK H ypOBHH poTaiJ;HOHHOH 

llODOCbl OCHOBHOro COCTOgHHJI, qTo CBH~eTeDbCTByeT 0 CXO~

CTBe HX CTPYKTyp. He HCKmoqeuo, qTo 3TH ypoBHH npHHa~

ne)f(aT K poTau;Houuo:ii nonoce, nocTpoeuuo:ii ua BH6pau;uoH

HOM cocTogHHH 1312 + I 4111 - Q 1 ( 22) I. ABTopbl pa6oTbl I 12< 
157 

HCCJie~OBaB B036y)f(~eHHble COCTOgHHg Tb B peaKo;Hgx 

(a, t) H ( 
3He,d), npe~naraiOT ~Jig ypOBHg 597,5 K3B KBaHTO· 

+ 
Bble XapaKTepHCTHKH 112 14111 H CqHTaiOT, qTo 3TO O~HO· 
qacTHqHbl:ii ypoBeHb. IIpe~no)f(eHHbiX HMH ypoBHeii 9691112 +I, 
1007 1312+1 H 1083 1512 +I K3B y ·BH6pau;Houuo:ii nonoc1a1 

B pacna~e Mbl He ua6JIJO~anH. IIoKa o~H03Haquo ycTaHOBHTb 

CTpyKTypy ypOBHe:ii 597 ,5; 637 ,0; H 697,0 K3B He y~aeTcg. 

YpoBHH 991,7 H 1044,2 K3B paJpg)f(aiOTcg nepexo~aMH 

991,7 H 1044,2 K3B, ~Jig KOTOpbiX ycTaHOBJieHa MYDbTHllODb· 

HOCTb THna M1+E2+E0. IlpHMeCb MYJibTHnOJibHOCTH THna EO 
CBH~eTeJibCTByeT 0 BH6pao;HOHHOM xapaKTepe 3THX ypOBHeH. 

YqHTbiBag 3TH o6cTogTeJibCTBa, MO)f(HO CKaJaTb, qTo 

ypOBHH 991,7 1312+1 H 1044,2 1512 +I K3B npHHa~Jie)f(aT 
K f3 "BH6paUHOHHOH nonoce 312 + 14111 + Q

1
/20/l. 

oj t4pyzue YP06HU 

Cna6o JacengeMble ypoBHH 1096,1 K3B H 1275,3 K3B 

noKa TPY~Ho HHTepnpeTHpoBaTb. 3aceneuHe ypoBug 

1102,5 K3B 3JieKTpOHHbiM 3aXBaTOM 10,14~1 ~aeT fg( ft) . 
paBHbl:ii 7,0, qTo no npaBHJiaM AnarH onpe~engeT ~n "'+2. 

z 
HcnOJibJyg COOTHOWeHHe HHTeHCHBHOCTe:ii nepexo~OB, 

+ -
H~Y~HX Ha poTaUHOHHble llOJIOCbl 312 14111 H 512 15321 
H ~ n z = + 2 IH3 fg( f t) I, MO)f(HO npe~JIO)f(HTb KBaHTOBble 

xapaKTepHCTHKH ~Jig ypOBHg 1102,5 K3B KaK 312-15411. 
TeopeTHqecKHe pacqeTbl I ma6A. 31 ~aroT ~ng cocToguHg 

312-1541/ 3HeprHIO 1370 K3B. 
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Ta6JJ:M~ 3 

Conoc~a&JJ:ea•e aepo~a~HOHRYX coc~oaHII 157Tb , aa6JJ:m~aeMHX 
B axcnepMMe~e c cocrOBBBBMB, paccqHraHHWMH B /13/. 

157Tb 

,n Eyp.(xaB) 
Crpyxrypa COC~OIUDII, ~ 

axcnep. ~eop/13/ 

3/2+ 0 0 4IH93~, 41H+ ~~(22) 4~ 
7/2- (572)31 360 523+95~, 4IIt+ Q,(32) 2~ 
5/2+ (327)31 380 413t96~, 4IH+ ~~(22) 2% 
5/2- 326 530 532194~. 550++ G,(22) 2~ 
1/2+ 597 640 41U64~, 4II h ~1(22)26~, 413h'(¥,(22) 7~ 
3/2+ 991 1300 4II++ G1(20) IOOJ 
3/2- 1096 1370 54H48~, 4II++ G,(30) 3~ 
5/2+ 1390 402t4~. 413 '+ (;,(20)32~, 5231 + <M3I). I~ 
7/2+ 1400 41H+ G,(22)97~ 
l/2- 1410 550f2I%, 532t+ ~(22)72~, 54H+~,(22) 3% 
I/2+ 1425 420H4~, 4IH+ ~,(22)72%, 532.,-t Q,(3~) 2% 
5/2+ 1450 420+21~. 413•+ G,(20)6~, 5231+ Q

1
(31) 5~ ·· 

9/2+ 1460 413++ Q1(22)I~ 

•) YpoBeHQ, npe~oxeBH~l B pa6o~e Baa~epa /II/. 

II 



e/ CpaeHeHue c meopemu~ecKUMU pac~emaMu 

AsTopLI pa6oTbl / 13/ nposenB pac'leTLI3BeprB'J cTpyK
TYPLI BepoTaUBOHHLIX so36y~eHHLIX cocTOJIHBH 

7 
Tb s 

paMKaX CBepxTeKy'leH MO,IJ;eJIB C yqeTOM B3aBMO,IJ;eHCTBBJI 

KBa3B'IaCTBU C l!>oHOHaMB. 
B pac'leTax, npose.neHHLIX .IJ;JIJI .nel!>opMaUBB {3 20 = 0,28 

B {3
40 

= 0,06, BCROJib30BaHLI BOJIHOBble li>YHKUBB B O.IJ;HO'IaCTB'I

HLie 3HeprBB noTeHuBaJia CaKCOHa- By .nca. 
B ma6A. 3 npBse.neHo cpasHeHBe 3KcnepBMeHTaJI&HbiX 

pe3yJI&TaTOB C TeOpeTB'IeCKBMB pac'leTaMB/ 13~ 
ABTOp C'IBTaeT CBOBM npBJITHbiM .IJ;OJirOM Bblpa3BTb rny-

6oKyiD npB3HaTeJI&HOCTb A.XpbiHKeBB'IY B K.R.rpoMosy 3a 
nocToJIHHLIH BHTepec K pa6oTe, H.H.rpoMosoii u- T .TI3TPLIHe 
3a no.nroToBKY BCTO'IHBKOB, a TaK:>Ke IJ..B~>~nosy, M.rocBopy 
B A.TioTeMne 3a noMOIUb B npose.neHBB B3MepeHBii. 
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PyKonBcb nocTynBJia B B3.IJ;aTeJI&CKBii OT.IJ;eJI 
9 JIHBapJI 1975 ro.na. 

Y CJIOBHJI 06MeHa 
llpenpHHTbl H coo6meHHR OIUIH paccbiJiaiDTCR 6ecnnaTHO, Ha ocHoBe 

B3aHMHOrO 06MeHa, YHHBepCHTeTeM, HHCTHTyTaM, Jia6opaTOpHRM, 

6H6JIHOTeKaM, Hay'IHbiM rpynnaM H OTJ:(eJibHbiM yqeHbiM 6oJiee 50 CTpaH. 

Mbi OlKH)l.aeM, 'ITO nony'laTeJIH HJ)l.aHHH OHJIH 6y)l.yT caMH npoga

JIRTb HHHI:(HaTHBY B 6ecnna THOR nocbiJIKe ny6JIHKai:(HH B ,ll;y6Hy. B nopR)l.Ke 

o6MeHa npHHHMaiOTCR Hay'IHble KHHrH, lKypHaJibi, npenpHHTbl H HHOrO 

BH)l.a ny6JIHKai:(HH no TeMaTHKe OHJIH. 
E)l.HHCTBeHHbiH BH)l. ny6JIHKai:(HH,KOTOpbiH HaM npHCbiJiaTb He CJie)l.y

eT,- 3TO penpHHTbi I oTTHCKH eTa Teii:, ylKe ony6JIHKOBaHHbiX B Hay'IHbiX 

JKypHanax/. 
B pR)l.e cnyqaeB Mbl caMH o6pamaeMCR K nonyqa TeJIRM HaillHX H3)l.a-

HHH C npOCb60H 6ecnJiaTHO npHCJiaTb HaM KaKHe·JIH60 KHHrH HJIH 

BblJIHCaTb )l.JIR Hailleii: 6H6JIHOTeKH Hay'IHbie JKypHaJibl, H3)l.aiOillHeCR B HX 

cTpaHax. 

0TA9Jibmhl9 3anpOCN 

liJ)l.aTeJibCKHH OT)l.eJI eJKerO)l.HO BbiiTOJIHReT OKOJIO 3 000 OT)l.eJibHbiX 

JanpocoB Ha BbiCbiJIKY npenpHHTOB H coo6meHHH OHJIH. B TaKHX Ja

npocax cne)l.yeT o6R3aTeJibHO yKa3biBaTb HH)l.eKc JanpaillHBaeMoro 

H3)l.aHHR. 

AApeca 

ITHcbMa no aceM aonpocaM o6MeHa ny6JIHKai:(HRMH, a TilKlKe Janpo-

Cbl Ha OT)l.eJibHbie H3)l.aHHR CJie)l.yeT HanpaBJIRTb no a)l.pecy: 

101000 MocKea, 
TAaeHbiU nottmaMm, n/.11 79. 
H3oameA&CKUi1 omoeA 
06oeOUHeHHOZO UHC111U111Y111a 
JIOepH&IX UCCAeOoeaHUU. 

A)l.pec )l.JIR nocbiJIKH acex ny6JIHKai:(HH B nopR)l.Ke o6MeHa, a TaKlKe 

)l.JIR 6eCnJiaTHOH ITO)l.nHCKH Ha Hay'IHbie :lKypHaJibl: 

101000 MocKea, 
TAa6H&ri1 nottmaMm, n/.11 79. 
Jlay'IH0"111eXHU'IeCKaJI 6u6AU0111eKa 
06oeOUHeHHOZO UHC111U111Y111a 
JIOepH&IX UCCAeOoeaHUU. 


