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B a e A e H H e 

Hccneaoaarme Hltep, aaxoAHrn'l!xcH a rrepexoaaol\ o6nacTH OT c(jlepnqecKHX K 

ae(jlopMHpoaaHH hiM HJ:tpaM ( A = 140-150), rrpeacTaanneT 6onhmol\ l!HTepec c TO'!-

KH apeHHSI COBpeMeHHOH TeopH'II Hltpa, B aacToHmel\ pa6oTe nayqanoc& H3/IY'!eHl!e 
149 IGO 149 

HJ:tep Tb ( T 10 - 3,1 qaca), Tb ( T IO = 4,1 qaca), Gd ( T~ •9,3 AHH) 
U9 

a Eu ( Tl{ •106 aaen). 

149 100 
6 

/1-11/ 
VfaoTOilbl Tep6H!! Tb 'II Tb 'IICC/Iel(OB8/I'I!Cb paaee 8BTOp8MH pa OT 

I 1,21 
P acc Mycea u ap. rrpH o6nyqemm raaonHHHH rrpoToHaM'I! c E P =32-200 M aa 

H eBpOilHSI a -'18CTHU8MH C Ea =60 MaB H86n!Olt811H B Tep6HeBOH (jlpaKUHll BKTHB-
149 

HOCTh, crraaaJOrnyiO c rrepuoaoM rronypacrraaa T '{ ~ 4 qaca, u rrpnrrucan'l! ee Tb. 

131 
noaaaee ToT H PacMyccea o6aapy:>imnu raMMa-nyqu c aaeprl!ell 165 u 

149 14,61 
352 Kaa, B03H'I!KaiOrnHe rrpu pacrraae Tb . AaTopaMu pa6oT 6bm arrepabte o5-

HapyJKea uaoTorr Tep6HH 
100

Th( T 10 =3,1;!:.0,1 qaca). B pa6oTe
141 

nayqanucb y

crreKTpb! 
149 

Tb H IGO Tb H B o60HX Cllj"18HX Ha6niOlt811HCb 8HHHrHllliUHOHHbte IlHKll, 
!GO > /6/ 

a a crreKTpe Tb - y -ny'IH c aaeprneti 640 K9B. B pa6oTe uccneaoaa-

nHcb ClleKTpbl Il03HTpOHOB 9THX H30TOilOB Tep6HH, noaJKe HCClleltOB8HHe Il03HTpOHOB 

6 
16,1 I 

IlpOBOltHllOCb T8KJKe 8BTOp8MH pa OT , 
/10/ 

B pa6oTe rroKaaaao, 'ITO cneKTp KoaaepcuoHHwx aneKTpoaoa 'KopoTKO-

JKuaymnx"' naoTonoa Tep6uH ( T y, "' 3 -4 qaca) a uccneaoaaaaoA (jlpaKnuu Tep-

6HH , nonyqeaaoll rrpn o6ny'!eHHH TaaTana npoToRaM'I! 660 Mas, oqea& cnoJKea H 

IlDOCTHD8eTC5I BbiiDe 2000 KSB, 

n 149 Tb - 149 Gd epabte aapHaHTbi cxeMbi pacrraaa ~ 15btn'll rrpeanoJKeHhi lllrrnae-

neM 
18,111 149 

H ap. • EhtnH aaeaeHhi aaa ypoaag Gd c aaeprzell 165,5 H 352Kaa. 
149 

Hccneaoaaane H3nyqeHHH 
149

Gd 

/12-34/ 

H Eu IlpOBOJlHllOCh paaee p8311H'!Hb!MH 

MeTOlt8MH B pa60TBX , 
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/35 36/ 
HeAaBao rroHBIIliHCh ABe pa6oTbi ' , B KOTOpb!X HCCll8AOB81IHCb raMM8-

. nyqH 
1~ /35/ 

Gd , a B pa6oTe II raMMa-nyqH 
149 

C IIOMOU!biO Ge ( Li) -rrony-Eu 

!IpOBOAHHKOBbiX A8T8KTOpOB. 

149 149 149 
B aacToHwen pa6oTe HayqancH crreKTp raMMa-nyqeft Th, Gd 1-1 Eu, 

a T 8KlK8 UO 1b C IIOMOU!biO Ge(Li) IIOllyiipOBOAHHKOBOro A8T9KTOP8 C pa3-

2 
MepaMH 0,7 CM X 0,35 CM II 1024 - K8H8llbHOrO 8MllliiiTYAHOro 8H8liH38TOpa; 

149 
IIpOBOAHliOCb T8KlK8 HCCll8AOBBHH8 Cll9KTp8 KOHBepCHOHHblX 3ll9KTpOHOB Th B 

00ll8CTH 3HeprHfi AO 250 K3B H8 lli8CTH3830pHOM TO pOHA8llbHOM ~ -ciieKTpOMeT-

/37/ 
pe (3TH pa6oTbi BbiiiO!IHHnHCb B YlacTHTyTe HM. HHnbca Eopa ). 

Yf a yqarri-! C b C ll8KT phl KOHB8pCHOHHhlX 3ll8KTpOHOB 1-! II03HTpOHOB • KopOTKOlKH-

149 uo 
BYU!HX v H30T OIIOB 1b H Tb C liOMOUlbiO {3 -CII8KTPOM8TP8 C TP8XKP8 THOl! 

/24/ 
tjloKyCHpO B KOfi rryqK8 1 OliHC8HHOrO B t 8 T8KJK8 C ll8KTpbl ABOliHblX H TpOl!Hbl X 

149 1~0 

COBII8A8HHft raMMa-nyqefi Th H Tb H CIIeKTpbl y - y -COBII8A8HHll lip!-! pac-

/38/ 
H8 yCT8HOBK8, OIIIIC8HHOl! B (3TH paOOTbl BbiliOliHSI!IHCb B 06"be-

149 
IIaAe Gd 

AHH8HHOM HHCTHTyTe SIA8pHblX IICCll8AOB8HHl! B ny6He). 

149 149 
D peAB8pHT8llbHhi8 peaynhT8Tbi Hccne AoBaHHft pacrraAa Gd H F.u OhiliH AO-

noJKeHbi H8 ll8TH8M COB8U!8HIIH IIO S!Aepaol! Cll9KTpOCKOIIHII ael!TpOHOAe<jJH!IHTHbiX 

H30TOIIOB 1 H30M8pHH HAep H TBOpHH HApS B nyoae (HJOllb 1965 r.) H orry6nHKOB8-

/32/ 
Hbl B 

2. 3KCIIepi1M8HT81IbH8SI qacTb H pe3yllbT8Tbl 

2.1. D p 1-! r 0 T 0 B 11 e H H e H C T 0 q H H K 0 B 

YlaoToiihl Tep6HH H ranonHHHSI nonyqanHcb B peaynhTSTe pacmerrneaHH HAep 

T 8 HT8118 !lOll A8HC T BH8M IIpOTOHOB C 3HeprHell 660 M3B H8 CRHXpO!IHK!IOTpOHB 0 6"he 

A HH8 HHOrO HHCTHTyTa SIA8pHbiX HCCll8AOB8HHll B n yoae. MHWBIIH T8HT8ll8 o 6nyqa -

1IHCb B TeqeHH8 2-3 qaCOB H8 BHyTp8HH8M rryqKe CRHXpO!IHKliOTpOH8. Yfa o5nyqea

H h!X MHlli8H8M BbiA8liSI118Cb rpyrrrra peAK038M8llbHbiX 3ll8M8HTOB. <l>paK!IRH T8p0H SI 

H raAOliHHHSI BbiA8liSiliHCb H3 CMeCH peAK038M8llbHb!X 3118M8HTOB XpOMSTOrpatjJR-

/ 39/ 
qecKHM MeTOAOM 

nnH HCCll8AOB8HHSI Cll8KTp8 KOHBepCHOHHblX 3 ll8KTpOHOB R II03HTpOHOB •Ko-

p OTKOlKHByU!HX • H30TOIIOB TepOHSI C IIOMOUlbiO ~ -CII8KTpOM8Tp8 C TpeXKp8THOl! 
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QJOKyCHpOBKOfr H CIIeKTpOB y - y - H {3 +- y - COBIIB.QeHHif II pH pacna.Qe 
149 

Tb 

160 
H Tb HCIIOnh30Banacb Tep6HeB8H QJpaKUHH, H3MepeHHH H8"1HHanHCb qepe3 qeTbipe 

qaca nocne KOHUa o6nyqeaHH, 

ilnH HCCne.QOB8HH51 cneKTpOB y - y -COBIIB.QeHHtl IIpH pacna.oe 
149 

Gd HCIIOnb-

30BanaCb ra.QOllHHHeBaH !jlpaKUHH, O"'HWeHH8H XpOM8TOrpa!jlnqecKHM MeTO.QOM OT .QO

qepHHX H30TOIIOB eBpOIIHH)CIIYCTH 15 .QHetl nocne KOHU8 o6ny"'eHHH, 

B aTOM HCTO"'HHKe 
147 

Gd ( T y, = 35 qacoa) npaKTH"'eCKH ae aa6moaancn. 
149 !DO 

H3y"!eHne raMMa-cneKTpoB Tb H Th c IIOMOWh!O Ge(Lil nonynpoBO.QHHKOBoro 

.QeTeKTOpa IIpOBO.QHllOCb H8 HCTQqHHKBX, IIOnyqeHHbiX IIPH P83l19II9HHH Tep6HeBOft 

1401 
!jlpaKUHH aa Macc-cenapaTope B HHCTHTyTe HM , Hnnbca Eopa. 

Pa3.QeneHHe H30TOIIOB Tep6H51 H8 MBCC-cenapaTope IIpOBO.QHIIOCb qepe3 15 qa

COB nocne xpoMaTorpa!jJHqecKoro pa3.oeneHnH pe.oKo3eMenbHbiX aneMeHTOB B ily6ae 

H qepe3 2Q qaCOB nocne KOHUB o6nyqaHHH T8HT81IOBOtl MHW9HH, 

nocne pacna.Qa 
149

Tb TOT JK9 HCTQqHHK Obtn HCIIOnb30B8H ann HCCneaoaaHHfl 

raMMa-cneKTPOB 
149 

Gd H 
149 

Eu , HBKOIIHBWHXCH npn pacnaae 
149 

Tb 

1 t49Th~ 149Gd~ 149 F.u 106aH. 
149

sm). H3Mepeane raMMa-cneKTpoa 14!Cd+14 ~uBbtnon

HeHo qepea 46 nHerr nocne pa3neneHHH Tep6HeBbtX H3DTonoa aa Macc-cenapaTope. 

2.2. H C C n 9 .Q 0 B a H H e H 3 n y q e H H g 
149 

Tb 
160 

H Tb 

CneKTp KOHBepcHOHHbiX aneKTpoaoa 
149 

Tb 11 uo Th nccneaoaanon c noMorubJO 

{3 -cneKTpoMeTpa c T peXKpaTaoil <PoKycHpoBKotl . B cneKTpe KoaaepcnoHHbiX 

9n9KTpOHOB Tep611eaot\ !jlpaKUHII Ha6nJO.QBnHCb T8KJK9 KOHBepCHOHHbie 9n9KTpOHbi, 

npHHB.Qne>KaruHe .QOIII'O)f{HBYWHM H30TOII8M I D I Tb ( T ~ "' 17 qac) 1 
162Th ( T ~ 

17,5 qac ), 
165

Tb ( T~ - 5,6 na.) H np. Ha pRe, 16 rrpencTaBnea onHH 113 yqacT

KOB CIIeKTpa KOHBepCIIOHHbiX 9IIeKTpOHOB, noK838Hbl .QB9 cepHH H3MepeHHtl: He3a"!ep-

HeHHbiMII Kpy>KKBMII - nepB8H cepHH, 3aqepH9HHbiMH - BTOpag cepHS!, nonyqeHHBSI 

qepe3 8 qacoB rrocne aaqana H3MepeaHn nepBoA cepuu. 

Hccnenoaaane cneKTpoa raMMa-nyqeft pa3.QeneHHhiX H30TOIIOB 
149Th u uo Th 

C IIOMOWb!O Ge ( Li) rronynpoaonHIIKoaoro neTeKTopa rro3aon11no 6onee o.QH03Haqao 

II.QeHTII!jllluHpOB8Tb nHHIIH KOHBepCHOHHbiX 9ll9KTpOHOB, 

Ha pHC, 2a,6 II 2a, I' IIOK838Hbl CII9KTpb! I'8MMa-nyqetl !DOTh II 149 Tb COOTBeTCT

BeHHO, raMM8-IIHKH 1 IIpHHa.Qn9>K8IUH9 !DO Tb H 
149

Tb, HB p11CYHK8X 38WTpHXOB8Hbi, 

KaK BH.QHO H3 cneKTpoa, ncnonh30BBHHbre ncToqaiiKH 
160 

Th u 
149

Th conep>Ka

nn 3H8"1HT9nhHbl9 IIpHM9Cl! IDI Tb II 
149 

Gd. OTO CBSI38HO rnaBHbiM o6p830M C TeM, 

"'TO K MOM9HTY pa3.QeneHHH HB Macc-cenapaTope 'KOpOTKO)f{HByrulle' 1130TOIIbl Tep-
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6HSI ( 
160 

Tb a 
149 

Tb ) canbao pacnanHCb H B Tep6 Hesoi! <jlpaKuHH conep >Kanocb 6onb

moe KOnH'ISCTBO COC9AHero H30TOna 10I Tb H JlO'Iepaero 
149 

Gd. 0JlHOBpeMeHHO C 

HCCn9JlOB8HH9M raMMa-cneKTpa H3M9pRnCH cneKTp KOHB9pCHOHHblX sneKTpOROB 

B o6n8CTH aaeprHi! aneKTpOROB JlO 250 KSB C noMOillbiD TOpOHJl8nbROrO lli9CTH383 0P-
149 /87 I 

aoro Tb -cneKTpoMeTp.a , Y'laCTOK aToro cneKTpa uao6pa>KeR aa pHc, 1a, rne 

T8K>Ke nOK838Hbl ABe cepHH H3MepeaHi!, IIpH'ISM BTOp8S! cepHS! nony'I9H8 cnyCTH 

- 10 q:acos nocne 118'18118 •aMepelf.K51 rrep50i!. 

8 Ta6n, 1 npHBS)leR bl SReprHH H OTHOCRTenbRbl9 BRTeRCHBROCTH nHRHi! KOR

sepcHORRbiX ane KTpOHOB n e peXOJlOB 164,5 H 187,3 KSB I4B Tb H 1IpHB91l9Hbl SKCIISpH · ... 

M 9 RTanbHb19 H T90p9TBq9CKBe OTROlli9HHSI K/L · TeopeTB'ISCKHe aaaqeHHSI OTHOill9HHil 

/41/ 
K/ L paccqiiTS Hbl no naaabtM Ta6nun CnHsa H Eaan , 

Onao speMeaaoe uccnenosaaue raMMa -cneKTpa H cneKTpa KORBepcnoRHbiX s neK

T p oaos I4B Tb n03BOnHnO H8M onpenenHTb 3Kcne p HM9HT81IbHbl9 3H8'l9RHH KOs<jJQJHuHeR

TOB s ayTpeaae i! KoasepcHH AnH rrepexonos 164,5 H 187,3 KSB npu pacnaAe 
149

Th 

HO p MHpOB8HH9M OTHOCHTenbROrO 3R8'19HHSI KOS¢¢HUH9HT8 BHyTpeaaei! KOHBepCHH 

nepexona 149,9 KSB THIIa M 1 ( a ~ E 0,490), oTaocRme rocSI K p acnany noqepaero 

14 9 Ill/ 
Gd • C npyroi! cTOpOHbt, B pa6oTe onpen eneaa MynbTHnonbROCTb nepexoAa 

187,3 KSB THna E2 no OTHOllieHHIO L 1 : Lu Lm· 

8 Ta6n, 2 CBeJleHbl peaynbT8Tbl o 6 p800TKH raMMa-cneKTpOB H cneKTPOB 

K .)HBe p ciiOHH hiX s neKTpoaos 
149 

T b H 
1 ~0 Th. anecb }1{9 npHseneHbi aaaq:eaHSI sKcne

piiMeHTa nbHbiX H TeopeTaqecKHX KO SQJQJHUH SRTOB BHyTp eaa ei! KO H B9pCHH H C)len8Hbl 

3 8Knto'leHHSI 0 MynbTHIIOnbHOCTHX OTJlenbHblX nepe XOJlQB, npH B bl'IHCneHHH SKCIIe-

p HM9HT8nbHblX 3H8'1eRHi! 

149 
Gd - Tnna E2 H y 

3H8 '19HHH p8CC'IHT8Rbl no 

a k npHRSITO T8K}I{e, 'ITO Y -nepeXOJl 187,3 KSB !I 

-nepexon 639 K SB s 
100 

Gd - THna E2. TeopeTH'IeCKHe 

/41/ 
TaonHuaM CnH B a H E a an • 

8 CIISKTp e no3HTpOHOB Tep6 119BOH QJp8KUHH, HCCne JlOB8HHOM C noMOillbiD {3 

cneKTpOMeTp8 C TpeXKp8THOi! QJoKyCHpOBKO fi , noMHMO II03HTpOROB ~~~ Tb ( T ~ 

17,5 q ac) t aa6niDJl8nHCb n03HTpOHbl 'KOpOTKO}I{HBYillHX' H30TOIIOB Tepo HH, HHTea-

CHBHOCTb KOTOpb!X yobl:38n8 C n e pHOJlOM nonyp 8CII8Jl8 T ~ ~ 3-4 qaca, 

Ha p11c. 3 n p Hsenea rpaQJHK Kropu 11 c n e KTpbl n o a HTp oao s 'KopoTKO>KHsymHx' 

H3 0TOIIOB T e p 6 HH, KaK BHJlHO H3 pHCyHK8 0 Ha6niDJl810T CH T p H HHTS HCIIBH ble KOMIIO-

H9HTbl II03 HTp OHOB C rpa HH'IH biMH S HeprHH M H ( 3700:t_40) KSB 0 ( 3040:t_60) K S B H 

( 1780:!_100) K SB, J111T9HCHBHOCTb II03HTpOHOB H8 B C 9 X Y'I 8 CTK8 X CII9KTp8 yo biB8n8 

c o cpe JlHHM n epnonoM nony pacnan a = 3,5 qaca . n o s TO My Mbl He M OrnH CK838Tb, 
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KaKaH qacTh cneKTpa OTHOCHTCSI K 
180 

Tb, a KaKaH K 
140 

Tb . O.aaaKo npHBne'leHHe 

ll0il0llHHT8llbHbiX apryMeHTOB ( CM, HH>K8) II03BOllSI8T Cll8llaTb 3aKll10'18HHe, 'ITO U0-

150 Tb 
3HTpOHbi c rpaHH'lHOA sneprHeli 310~ M sa npHna.one )KaT H no3HTPOHbi 

C rpaHH'IHOH SHeprHeH 1780 KSB -
149 Tb . 

0THOW8HH8 HHT8HCHBHOCTH KOMilOHSHTbl C rpaHH'IHOA SHeprHe A 3700 KSB K 

HHTSHCHBHOCTH llHHHH K689 
1 ~0 Tb paBHO 30. J1HT8HCHBHOCTH il03HTpOHOB C rpa

HH'!Hb!MH SH8pi'HSIMH 3700, 3040 H 1780 KSB HaOll iO)laiOTCSI B CII8KTpe B COOTHO

WSHHH 1:0,32:0,53 COOTB8TCTB8HHO, 3Ta OU8HKa CllSllaHa JlllSI MOM8HTa gaqana H3-

MepeHHH il03HTpOHHOI'O Cll8KTpa H 6yneT B nanbH8Hlli8M ll0ll83H8 llllH OU8HKH KOllH-· 

'ISCTB no3HTponoB 
149 

Tb H 
160 

Tb B HalliHX SKcnepHMeHTax. 

Ha pHc. 4 H 6 IIOKa3aHbi CIT8KTpbl y - y - COBITa)lSHHA B Tep6H8BOH 

¢paKUHH : C IISKTp COBlla)leHHH C y -lly'!aMH C SHeprHeH OKOllO 640 KSB H Cll8KTp 

+ 
{3 - y - COBIIallSHHH, "iTO Obi HCKlliO'IHTb B Klla)l H30TOllO B T epoHSI C T Y, > 3 -4 'laC a 

( B OCHOBHOM 
102

T b II 
161 

Tb ) , 1IpOH3BOJlHllHCb H3M8p8HHSI CIISKTpOB COBIIallSHHi! Ha 

TOM >Ke HCTO'IHHK8 '18p83 30 '!aCOB llOCne OKOH'IaHHSI rrepBb!X H3M8p8HHA, 3aT8M 

CII8KT pbt , IIOlly'leHHbte B pe3yllbTaTe BTOpoA C8p11H H3M8p8HHH Bbi'IHTaliHCb H3 

Cil8KT pOB nepaoA cepHH, n epHOJl IIOilypacrrana JlOlii'O)KHBYWHX H30TOllOB T ep6HSI 

IIpHHHMallCSI IIpH STOM paBHb!M 17,5 qaca, 

H a pHC, 4a IIOKa3aH rpa~HK Crrana HHT8HCHBHOCTH il03HTpOHOB, T,e, COBIIane -

HHA nayx aaRBrHnHUHOHHbiX raMMa-KBaHTOB B rrpouecce H3MepeHHH cneKTpoB 

f3 +- y -COBIIa)lSHIIH , BHilHO, 'ITO II0311TpOHOB 
149 

Tb H 
100

Tb B MOMSHT Ha'!alla 

H3MepeaaA OblllO B necKOllbKO pa3 6onbwe, 'leM II03HTpoaoB 6onee 

JlOlii'OlKHByWHX H30TOIIOB Tep6HH (B OCHOBHOM 
102

Tb ), 

AaanH3 crreKTpoa {3 + - y -cOBIIa)lSHHA IIOKa3all, 'ITO TOilbK O - 30% BCSX 

il03HTpOHOB ( 
149 

Tb + IOO Tb COBIIanaeT C raMMa-ny'laMH, 70% H)leT B OCHOB-

H08 COC TOSIHH8 149 Gd H I&O Gd. B CIISKTpe {3 + - y - COBnaneHHA ( pHC, 4) Ha6-

lliO.OatOTCSI COBIIaneHHSI C raMMa-ny'IaMH C SHeprHeA .,640, .,560, "'400; ., 8 ), "'870 KSB , 

a TaK>Ke OTHOCIITenbHO cna6bte coarraneHHH c raMMa-ny'laMH c snepraeA 6onhme 1 Mas. 

2,3 , J1 C C n e ll 0 B a H II e H 3 ll y 'I e H H S1 
149 

Gd H 
149 

Eu. 

11ccnenosanae raMMa-cneKTpoB 
149 Gd H 

149 
Eu IlpOH3BQ)lHllOCb C llOMOWblO 

( Ge(Li) IIOilyiipOBO)lHHKOBOI'O Jl8T8KTOpa, 

149 149 
faMMa-crreKTp Gd + F.u llOKa3aH Ha pHC , 6, 

B Taon, 3 IIpHB8Jl8Hbl naHH bl8 00 SH8pi'IISIX H OTHOCHT81lbHblX HHTSHCHBHOCTSIX 

raMMa-nyqeA H
9 Gd H 

149 
Eu B cpaBHeHHH c naHHbiMH ne.aaaao ITOSIBIIBIIIIIXCSI B ne-
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/36 57/ 
'18TH pa6oT ' , B Ta6nHU8 ll8Hbl TaKJKe SKCll8pHM8BTanhHbl6 H T80p8TH'l8CKH6 388-

'l8HHl1 Koa,P,PHUH8HTOB BHyTpeaael! KOBB6pCHH H BbiBOilbl 0 MynbTHUOnbHOCTHX raMMa

nepeXOilOB, conpoBOJKilaiOmHx pacnan 
149 

Gd H "
9
Eu. TlpH pacqeTe xoa4>4>HnHeHTOB 

/14 '28/ 
BHyTp8HHel! KOHBepCHH Mbl UpHHl1nH B COOTB8TCTBHH C peaynbTaTaMH pa60T ' , 

'ITO raMMa-nepexon 498 KSB npa pacnane 
149 ( -2) 

Gd -Tnna E3 a k "'2,9.10 

a raMMa-nepexon 277,2 KSB npn pacnane 
149 -2 

Eu- THila M 1 ( a k • 9.10 ) • 

KaK yJKe oTMeqanocb Bblllle, npoaonHnocb. Hccnenoaaane cneKTpoa y - y 
149 

coananeaal! npH pacnane Gd c raMMa-KaaaTaMH: 150, 270, 300, 515, 540, 660 

a 750 KSB, Ha pHc. 7 noKaaaHbl cneKTpbl Y - y - coananeHHll c yqacTKaMH 

raMMa-cneKTpa, KOTOpble o6oaaa'leHbl aa pacyaKe liiTPHXOBKoll, Coanane!IHH c yqacT

KBMH Cll8KTp a ' 6 ' H 'a' lJBUHnHCb ifloHOBbiMH Jlnl1 OCHOBBhlX C0Bll81l&HHH, 

3, 06CyJKJl8HHe peaynbT8TOB 

3, 1. fl 0 3 H T p 0 H H bl li 
149 100 

p a c n a n Tb H Tb 

K COJKalteHHIO, Mbl He CMOrnH H3M8pHTb Cll8KTpb1 ll03HTpOHOB paaneneHHhiX 

aaoTonoa 
149 

Tb H 
100

Tb. IToaToMy aenocpencTaeaao no peaynhTaTaM H3MepeHHH no-

149 100 
3HTpOHHbiX Cll8KTpOB Tb+ Tb H8nb3H CyllHTb 0 TOM, KaKHe ll03HTpOHbl llpHHall-

neJKaT 
149 

Tb H 
100 

Tb . OnaaKo, npHBneKal1 nononaaTenbHble caeneHHH, MOJKHO cne-

naTb 06 9TOM H8KOTOpb16 3aKUIO'l6HHl1 , J1MeiOmH8CH ll8HHbl8 06 9HeprHHX a - pac-

149 ) /42/ 149 /43/ 
nana Tb ( Q n. = 4098:t_60 KSB , a -pacnana Gd ( Q n. • 3123:!-_5 Kaa) 

1 /44/ 
H {3 -pacna na 

40 Eu ( E f3 "' 2760:t_40 K9B) ll03BOnl1IOT Bbl'lHCnHTb p83HOCTb 

M BCC 
149

Tb-149
Gd . 0aa p8BHa (3736:!:_50) KSB, 8TO 03HaqaeT, 'ITO npH pacnane

149
Tb 

ae MoryT aoaHHKBTb noali:TpOHhl c 9HeprHell, 6onhlllell ( 2715:t_50) KSB, TaKHM o6-

paaoM, ll03HTpOHbl C rpaHH'lHOl! 9HeprHel! 3040±..,60, (3700:t_40) KSB B03HHKaiOT llpH 

pacnane 
100 

Tb . Ecna 6bl noaaTpOHhl c rpaHH'lHoll 9HeprHeli 1780 KSB npaaanneJKanH 

IOO Tb, TO Mbl llOnlKHbl 6blnH 6bl Ha6nrollaTb ypoBeHb IOO Gd (H CBl13aHHbl8 C HHM 

raMMa-nepexonhd c 9Heprneli ae MeHbllle 2000 K9B, TlpH 9TOM aaceneHHe 9Toro 

ypoBHl1 nyTeM 9neKTpoaaoro aaxaaTa nonJKHO 6bino 6bi 6b1Tb, y'lHThiBal1 yaenH'le-; 

HHe OTHOlii8HHl1 K/{3 + 1 JlaJKe 60nbliiHM 1 '18M 3aceneHH8 OCHOBHOrO COCTOHHHH 
100

Gd . 

8To npoTHBope'lHT peaynbTaTaM nay'leHHH {3 + - y -coananeall:ll, CnenoaaTenbao, 

no Kpal!Heli Mepe OCHOBHaH 'laCTb HHT8HCHBHOCTH ll03HTpOHOB C rpaHH'lHOll 9HeprHel! 

1780 K sa npHaanneJKHT pacnany 
149 Tb . 
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3.2. C x e M a pacnana 149 Tb -----+ U9 Gd 

Ha puc. 8 npuaeneaa npennaraeMaSI H8MH cxeMa pacnana 149 Tb -+ 
149 Gd . 

EcTeCTB9HHO C'IHT8Tb, 'ITO C8Mbitl: HHT9HCHBHbitl: nepexon C aaepruell: 164,5 K9B 

onpenenSieT nono*eaue ypoBHSI c Toll: *e aaepruen. Haonroneaue coananeaut!: c 

Y -ny'IaMH 166 Kaa a cneKTpe coananeaun c y -KB8HT8MH c aaepruet!: oKono 

640 KSB (puc, 6) llOK83biBaeT, 'ITO nepeXOA 660 KSB HAGT B KaCK.BAG C nepeXOAOM 

165 KaB. TaKolf *e BbiBOA cnenyeT Ha aaanuaa cneKTpa coananeaut!: c y -ny'IaMH 

166 K3B1 B KOTOpOM H80lliDA8llHCb COBIT8AGHH51 C y -ny'IaMu 190; 400, 500; 650 

H 860 KSB, TaKHM o6pa30M 1 Ha OCHO Be peaynbT8TOB H3Y'I9HIHI y - y -coana

neHHt!: cnenyeT BB9CTH ypoBHH C aaept'HSIMH 362,817 H 1206 KSB, MO*HO npenno

llO*HTb TBK* e c ymeCTBOBBHHG ypOBHet!: C aaeprHBMH 1028, 1436 H J693 KSB. 

KaK yKaaaHO BbiiiJG, HCTO'IHHK, HCITOllb30BaRHbitl: nnB H3Y'IGRH51 raMMa-cn&KTpa 

149 Tb, conep*an 149 Gd , RaKOllHBIIIHt!:CB UpH pacnane 
149 

Tb . 3TO OOCTOSITGllbCTBO nos-

aonuno aaM onpenenHTb 'IHcno y -KBBHTOB HB OAHH pacnan 
149

Tb AilH HGKOTO-

pbiX raMMa-nepeXOAOB 1 UOCKOilbKy H3BGCTH0 1 'ITO y -ny'IR C aaepruet!: 299 K9B 

aoaRHKaiDT a 27% cnyqaea . aa pacnan 149 Gd . TaK, oKaaanocr,, 'ITO y -nY'IR c 

aaepruet!: 165 ~~:aa aoaHHKaroT a 26% cny'l.aea pacnana 
149

Tb ( y'IRThiBa;xocb, 'ITO 

149 Tb a TO% cny'laea pacnanaeTcH nyTeM ucnyclt.AHHH a -'IBCTHn B 
14G~n) 

C npyrot!: CTOpORbl 1 B HCCnenyeMOM HCTO'IHHKG COAGP*BilCH 14~u 
1 

H8KOITHB

IIJHt!:C51 npu pacnane 149 Tb c MoMeaTa paaneneHRSI Ha Macc-cenapaTope no uaMepe;

HHSI raMMa-cneKTpa. 3To apeMH paeao 5 'lacaM. HaaeeTHo, 'ITo raMMa-nY"'U c 
/44/ 

aaepruet!: 893 KSB BoaHHKaiDT B 68% cny'laea pacnana 
148 

Eu . 3To noaaonuno 

aaM oneHHTh nonro a -pacnana 
149 

Tb Oaa oKaaanoc& paaaot!: ( 13±_4) % aa OAHH 

pacnan 149Tb. HcnoJlb3)'2 sTH caeneaHH, Mbi cMornu oueauT& pacnan 149 Tb nyTeM 

aneKTpOHHoro aaxaaTa Ha OTA&llbHbiG ypoBHH Ul Gd (puc. 8) H COOTBGTCTByiDml!e 

3Ha'I9HHSI lg fr . npu STOM paaHOCTb M8CC Obina UpHHSIT8 p8BHOt!: ( 3735±_60) KSB 

ua naHHhiX UHKna a - 1! f3 -pacnana (eM. Bbiiiie). 

no A8HHbiM 06 HHTGHCHBHOCTH 8HHHrl!nHIIHOHHOrO IIHKa B t'BMMa-cneKTp& 

149
Th Mhi nonc'll!Tanu HHTeacuaaocTb noauTpoaoe B % aa pa(fi!an. Koa¢<!>uuueaT 

nepexona OT HHTeHCHBHOCTH 8HHHt'HilHIIHOHHOt'O UHKa II: HHTGHCHBHOCTH ll03HTpo-

HOB Obin nonyqea Ha aaanuaa raMMa-cneKTpa 
__!il:!:_ I 4 9 

IIJ9HH9 Tb pacnanaeTCH nyTeM HCITYCKBHHSI IT03HTpOHOB B 
I K R~9 

teo 
~b,nnH KoToporo oueaeao OTRo-

.. 6% cny'laea. 

3KcnepHMGHTanbHOe 3H8'IGHH9 rpaHH'IHOt!: aaepr1111 IT03HTpOHOB 1780 KSB H 

3Ha'I9RH9 p83ROCTH Mace 3735 KSB yK83biB8IDT HB T0 1 'ITO ll03HTpORHblt!: p aCIT8A 
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IIpOHCXOllHT HS ypoBeHb C 9Hepruel! ., 1 MaB. npu pSCCMOTpeHHH llSHHbiX o6 HHTeH

CHBHOCTHX p8CII8.l(8 
149Tb HS ypOBHH 

149
Gd MO>KHO O>KH.l(8Tb, 'ITO HS6mo.uaeMbie II03H

Tp0Hbl CBH38Hbl C HSH6onee CHilbHO 31!C9/lfi9Mb!MII ypOBIUIMII C 9lt&prlutMll817ll 

1208 K9B. 

fpSHH'!Hbie 9HeprHH II03HTpOHOB IIpH 9TOM AOil>KHbl 6b!Tb 1000 H 1510 K9B, 

COOTBeTCTBeHHO. 8epOHTHO, KOMIIOHeUTa II03HTpOHOB C rpaHH'IltOft 9HeprHeA 

1780 K9B (pH C. 3) COCTOHT HS CSMOM Aene H3 AByX KOMIIOH9ltT C yK838HHbiMH 

3He prHHMH H IIpH6IIH3HT91lbHO paBHb!MH HHT9HCHBHOCTHMH. Pa3A91lHTb 9TH KOMIIO

HeHTbl IIpH H3y'!eHHH II03HTpOHHOrO CIIeKTpa B Tep6He Bol! lj>pSKilHH M b l He CMOrllHo 

CymecTBOBSHHe {3 + -pacnana HS ypOBHH 817 H 1208 K9B IIOATB9p>KA89TCH TSK>Ka 

Ha6mo neHH9M B OIIbiTSX ITO TpOl!HbiM y - y -<:OBIISAeHHHM ( COBII8A9HHHM Me>t<Ay 

II03HTpOH8MH H y -ny'ISMH c aaepruelt 800, 870 H 1200 lt&ll) (puc. 4). YKaaau-

Hb19 SHeprHH y -ny'!elt IIp8KTH'I9CKH COBII8.1l810T C 9HaprHRMH y -nepexonoa, 

HllYIIlHX C ypOBHelt 818 H 1208 K9B. Ha6nJO/l8&Mbie B TOM >1<9 OIIb!Te COBIISAeHHR 

C raMM8-IlY'!8MH C 9Hepruel! 840 K9B OT'!SCTH 06st38Hbl COBIIBJleHHRM II03HTpOHOB 

npu p acrrane 
149Tb 11 y -ny-11: c a aepruel!: 852 KaB. Ho npu pacnane 

141
Tb 

y -llY'IH C 9HeprHelt 852 K 9 B TOilbKQ B llBS p 838 HHTeHCHBHee y -ny'!elt 817H:9B. 

To >Ke cooTaomeuue non>KHO coxpaltHTbCst H B crreKTpe {3 +- y -coBnaneHUlt. Ta

KHM o 6 pa30M, 60ilbill8H 'IBCTb HHT9 HCHBHOCTH paCCMOTp9HHbiX COBII8/l9HHA OTHOCHT-

CH K paCIISAy IDOTb , T.e. Jta61ll01l810TCR COBII8Jl9HHR II03HTpOHOB C 

839 K9B npu pacnane 
160 

Tb • 

Y -Jiy'ISMH 

noH:a Tpy/lHO BbiCK838TbCR onpenene HHO 0 H:BSHTOBbiX X8p8KT9pHCTHK8X ypoB

a eli 
149

Gd CornaCHO cxeMe Maltep, OCHOBHOe COCTOHUHe 
149

Gd MO>KST HM&Tb KBBH

TOBbie xapaKTepHCTHKH IIH60 f 7/2, llH60 h 9i2. Ha OCHOBBHHH llBHHbiX 0 pacna-

149 147 
ne 64 Gd8 ~ H rro aaanoruu c stnpoM 6~Sm88 MO>KltO aaH:niO'IHTb, 'ITO 6onee BepoHT-

H biMH HBilstiOTCst KBBHTOBbte xapaKTepHCTHKH f 7/2. MynbTHIIOilbltOCTH y -nepe-

XO.l(OB C y poBHelt 164,5 H 352 K9B (Ta6n. 2) He IIpOTHBOp9'18T IIpHIIHCSHHIO STHM 

ypOB HHM KBB.HTOBb lX xapaKTepHCTHK 5/2- H 3/2-, COOTB9TCTB9HHO. TaKHe xapaK-

TepHCTHKH HM9IOT nepBbil! H BTopolt B036y>t<AeHJtbie ypOBHH B 

nnu ypOBBel! C 9BeprHRMH 817 H 1206 K 9 B MO>KHO YKB38Tb KSH: 

147 141 
64 Gdaa H 6~ Smsa . 

uau6onee BepoHT-

Hb19 xapaKTepHCTHKH 3/2- H 5/2- COOTB9TCTB9HHO. 0CHOBH09 COCTOHltHG UIITh, 

+ 
BepOHTB 0 1 HMeeT KB8HTOBbi9 xapaKTepHCTHKH 5/2 • 

O*BnaeMast auanorust Ma>KAy stnpaMH 

IIO-BHilHMOMy, TBKJKe H B ApyrHX CBOi!:eTBaX 

10 

141 147 
64 

Gd88 H 62 Sm 88 npoBBnHeTCH, 

B036y>t<AeHHb!X COCTOHHHA. Mb! J)I!!C-



6 
/45,46/ 

C'IHTaliii Ha OCHOB9 91tCIIE!p11M9HTallhllb!X .QaHHb!X HaCTOSI!Ilelt pa60Tbl II pa OT 

OTHOW9HHSI !Ip11Be.Q9HHb!X aepOSITHOCTelt rrepeXO.QOB TH!Ia E2 C ypOBHelt 
149

Gd II 
147 

Sm . 

KaK BH.QHO 113 Ta6n. 4, E2-nepeXO.Qbl THrra 3/2-- 5/2 yCKOp9Hbl OTHOCIIT9llbHO 

E2-rrepexo.noa TI!IIa 3/2- ~7/2- rrpHMepao a 10-50 paa a o6oax I!Apax. B cny-

14T S /45/ qae m paCC'IHT8Hbl TBKJKe rrpHB9.Q9HHb!9 Bepoi!THOCTII B ( E2) Alii! rrepexo-

AOB 76, 198 H 122 K9B, HAylllHX C ypOBHelt 198 K9B (3/2-) H 122 K9B (5/2-). 113 

TBOliHUbl BHAHO, 'ITO rrepeXO.Qbl THII8 E2 C 9HeprHelt 76,122 H 198 K9B B tn Sm 

yCKOpeHbl B 52,172 H 74 paaa COOTB9TCTB9HHO. J1a cpaBH9HHII 3Ha'l9HHlt OTHOW9HHlt 

rrpaaeneHHbiX B9POI!THOCTelt nenexoaoa THrra E2 K IIPHBeneHHbtM BenosrTROr.TsrM. 
/41/ ( ) 

paccqnTaHHbiM no MowKoBcKoMy (eM. ) ( T J orrpenenl!liOCb c yqeToM cTa-

THCTH'lecKoro MHOJKHTemr S ) , H cpaaaeHHII c 147Sm cnenyeT c.nenaTb aaKnroqe-
, 149 

HHe, 'ITO HHJKHH9 ypOBHH C 9H9pr1111MH 165, 352 H 817 K9B llllPB Gd HM910T, 

IIO-BHllHMOMy, KOllli9l!:TIIBHyiO I1p11pOllY• 

3.3. C x e M a p a c n a n a uo Tb 
!GO 

Ha p11c. 9 npencTaaneaa rrpennaraeMal! HaMH cxeMa ypoaaelt Gd a cpaaae-
148 /47,48/ K 

HHH co cxeMolt ypoaaelt Sm • aK a11nao H3 raMMa-crreKTpa H Ta6n. 2, 

raMMa-rrepexon 639 K9B HHTeacaaaee acex ocTanhHbtX rrepexonoa, aoaHHKaromax 

rrpH pacna.ne !GO Tb, BMecTe B311TbiX. Hcao, 'ITO aToT rrepexoa aneT c ypoBRII c 

9HeprHelt 639 K9B B IGOGd .8KcrrepHM9HT8llbHb!X ll8RHbiX0 II03BOliii!OlllHX ycTaHOBIITb 

KB8HTOBbl9 xapaKTepHCTHKH 9TOrO ypOBHII, HeT, OJJHaKO Mbl C'IHTaeM, 'ITO Talt JKe 

KBK B npyrHX 'l9THO-'l9THblX 11npax, 9TO ll0lllK9H Ob!Tb ypOB9Hb THII8 2+, H Cli91l0-

B8T9llbHO, raMMa-nepexo.n 639 K9B - THna E2. 

Mbt c'IHTaeM, 'ITO cnenyromue no HHTeHCHBHOCTH raMMa-nepexoaw 499 H 

570 K9B llllYT Ha ypOB9Hb 639 K9B, onpenenl!ll ypOBHH C 9HeprHHMH 1138 H 1209 K9B. 

8TH nepexonbt - THna E 1 H E 2 + M 1 cooTaeTCTBeHHo; B 'l9THO-'l9THbiX ll.ctpax He 

H80liJO.QaiOTCI! rrepeXOllbl TBKOI! MyllbTIIIIOllbHOCTH, II.QYlllH9 B OCHOBHOe COCTOIIHH9. 

npe.QIIOliOJK9HII9 0 cymeCTBOBSHHH ypOBHelt 1138 II 1209 K9B He lipOTHBOp9'IIIT Oilbl

TaM no y - y - coana.neHHIIM c raMMa-nyqaMH 640 Kaa. MynhTHIIOllbHOCTb ne

pexona 499 K9B THna E 1 ( Ta6n. 2) onpe,nenlleT aaa6onee aepoi!THhle KBaHTOBhte 

xapaKTepHCTHKH ypOBHII 1138 K9B 3~. YpoBHIO 1209 K9B cnenyeT !IpHIIHCaTb KBaH-

+ + + I 8 
TOBbl9 xapaKTepHCTRKH 2 ,3 ,4 , O.QHBKO !IpH COIIOCT8Bll9HHII C R.Qp8MH :

2 
Sm86 H 

1!! Gd88 npe.QIIO'ITHT9llbH99 9TOMy ypOBHIO IlpiiiiHCaTb KBaHTOBbi9 XapaKTepHCTH
+ 

KH 4 

YpoBHH c aHeprHHMH 1516, 1640, 1790 a 2085 K9B npeanonoJKHTenbHO aao

nHTCH Ha ocHoaaHHH coananeHHII cyMM aaepral! nepexonoa, a TaKJKe peaynh-
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TaToB H3yq9HHg coanaa9HHA c raMMa-nyqaMH 640 K3B (pac. 5). KaK rroKa3aHo 

Bhllll9 1 Il03HTpOHbl C rpaaaqaoi\ 3H9prH9lf (3700!_40) K3B H (3040!_60) K3B B03HH

K8IOT npH pacnaa9 I DOTh . 113 onbiTOB no f3 +- y -coanaa9HHgM cn9ay9T, qTo no-

3HTpOHbi C E (3+= 37QQ K3B HayT B OCHOBH09 COCTOgHH9 UO Gd . B T9X )1(9 OilbiTBX 

no {3 +- y -coBnaa9aHgM Mbi aa6moaa9M coanaa9HHg no3HTpOHOB c raMMa-nyqa

MH 640 K3B. 3TO 3H8~T, qTO Il03HTpOHbl C rpBHHqHolf 3HeprH9lf 3Q4Q K3B HayT 

( +) 100 160 
aa ypoB9Hb 639 K3B 2 Gd ~ 3TH CB9aeaiUI o rr03HTpOHHOM pacrraJle Tb 

ll03BongiOT OU9HHTb 3H8q9HHg lg fr ang pacnaaa I DOTh HB OCHOBH09 COCTQg-

+ + 160 
HH9 (0 ) H n9pB09 B030y)l(aeaao9 cocTogHH9 (2 ) Gd. OaR paBHbi 7,4!_0,3 H 

7 ,6!_0,3, cooTB9TCTB9HHO. TaKHM o6pa3oM, aTo rr9p9xoabi n9pBoro nopgaKa 3an-

p91119HHg 1'.1 = 0,1, aa), 8 OCHOBH09 COCTQgHH9 IDOTb, Qq9BHaHo, HM99T KBBHTO-

Bbl9 xapaKT9pHCTHKH 1-. 113 IlOnyq9HHOrO H8MH OTHOIII9HHg HHT9HCHBHOCT91! 

I {l +87oo 

I K 639 
= 30, HCilOnb3yg KO~~HUH9HT BHyTp9HHelf KOHB9pCHH Ha K -o6onoqKe 

nm1 n 9p9xona 639 K3B ( E2), paBHbiH 0,064, nonyqa9M, qTo HHT9HCHBHOCTb no3H-

Tpoaoa npH pacnaa9 uoTb cocTaang9T oKono 25% HHT9HCHBHOCTH raMMa-nepexo-

na c 3H9prH9H 639 KaB. 3TH aaHHbi9 no3BongiOT ca9nBTb 3aKnJOq9HH9 o TOM, qTo 

IDO !DO 
npH pacnaa9 Tb HB ypoB9Hb 639 K3B Gd 3KCil9pHM9HTBnb-H09 OTHOIII9HH9 HH-

T9HCHBHOCT9lf 3n9KTpOHHOrO 38XB8T8 H Il03HTpOHHOrO pacnaaa OTnHq89TCg OT T90-

p9THq9CKOrO ang pa3p9II19HHOrO Il9p9XOaa. ll9lfCTBHT9nbHO, KBK H9Tpyaao BHa9Tb 

H 3 Ta6n. 2, npH pacnaa9 
160 

Tb 3BC9n9HH9 ypoBag c aa9prH9A 639 K3B 
1

D
0 Gd ny

T9M an9KTpOHHoro 3axaaTa H {3 + -pacnana cocTaang9T OKano 50% . Cn9aoaaTenbHO, 

OTHOIII9 HH9 HHT9HCHBHOCT9lf 3n9KTpOHHOrO 38XB8T8 H Il03HTpOHHOro pacnana (K/{3+) 

aa ypoB9Hb 639 Kaa, onp9a9n9HHO, 6onblll9 8 ( ~o; = 8,3). T9op9THq9cKo9 3Ha

q9HH9 Taro )1(9 OTHOIII9HHg IlpH E {3+= 31QQ K3B paBHO 0 17, 

P83HornaCH9 M9)1{.QY 3KCI19pHM9HT8nbHbiM H T90p9THq9CKHM OTHOIII9HHgMH K/{3 + 

ang 69Ta-n9p9xoaa n9pBoro 3arrp9II19HHg aa6n10aanocb T8K)I(9 rrpH pacnaa9 161 Er 
/49/ 

B p800T9 , BblllOnH9HHOlf B CI19KTpOCKOilHqecKolf na6opaTOpHH B lly6ae. 11HT9p9CHO 

nonyqHTb 6on99 TOqHbi9 aaHHbi9 o pacnaa9 !DO Tb 1 qT06bi yToqHHTb 3Kcn9pHM9HTanb

H bl9 aaHHbl9 00 3TOlf 8HOM8nHH OTHOIII9HHg K/{3+ H Ilp08H8nH3HpOB8Tb 3TOT BOil-

poe T 9op9THqecKH . 

/00/ + 
Alfxn9poM npoa9a9H aaanH3 3H9preTHq9cKoro noB9a9HHg n9pBbiX 2 H 

3 ypOBH9lf B qeTHQ-q9THblX gapax ( Z = 28-66, N = 28-90). EcnH npoaaanH-

1' 
3HpoaaTb T8K)I(9 38BHCHMOCTb 3H9pr9THq9cKoro nonO)I{9HHg n9pBbiX 4 ypoBH91! 

ang q9THo-q9THbtX gaep raaonHHHg, TO oKa3biB89Tcg, qTo aa6n10aaeTcg rrnaBHag 
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+ + /50/ 
38BIICI!MOCTb CHI!lK9HIHI 4 ypOBHeA 110 SHeprHII

1 
K8K II ll11S! nepBbiX 2 ypOBHet\ , 

no Mepe yaa11eHHS1 oT 3arro11Hea11oA 11eATp011110A o6o110'!KII ( N R 82) K o611aCTH 

aecjJopMIIpoBallllhiX SIIlep c N > 90. 

3.4. C x e M a p a c n a ll a 149 Gd-- 149 Eu 

Ha OCIIOB8111111 811a111138 Cl19KTpa raMM8-11yqet\, Cl19KTpOB y - y - COBnaae-

HIIt\1 6a11811Ca IIIIT911CIIBIIOCTefi II all8111138 1111TepaTyp11biX llallllh!X npea11araeTCSI CXe

Ma paCl181l8 
149 

Gd ----.14~u ( piiC, 8), 0CIIOBIIOMY COCTOSIIIHIO 
149 

Eu 11pH1111ChiBaiOTCSI 

KBaHTOBbi9 xapaKTepiiCTIIKII d 5/2 11a oc11oBe Moae1111 o6o11oqeK 11 cpaaaeiiiiSI c 

COC91lii11MII SlllpaMII 
147 

Eu H I~ 1Eu . 

VI HT9HCIIBIIbifi nepeXOil 149,9 KSB onpell911SI9T nepBbifi B036YlKil91111hiA YPOB911b 

149 Eu 
g 7 /"2), BTopot\ B036ylKJl91111bifi ypoBellb 497 KSB BB9]:19H T8KlKe pa11ee aB-

TOpaMII llpyriiX pa60T II l101lTB9plKJla9TCSI COBl181l91111SIMII C raMMa-11y'-18MII 150 KSB, 

My11hTIIl1011biiOCTII nepexoaa 497 KSB Tlllla E3 II rrepexoaa 346 KSB THrra M2 

( CM, Ta611, 3) l103B011SIIOT llaJl9)1(HQ rrpHllHCaTh KBaiiTOBbi9 X8paKT9piiCTHKH 

149 /23/ 
h 11 /2 ypoBIIIO 497 KSB Eu. BpeMSI lKH3HH SToro YPOBHSI Ol1P91l9119110 B pa6oTe 

-6 
II p8BIIO ( 2,48 !_0,05) ,10 C9K, 

B cneKTpe COBl181l911Ht\ C raMMa-KBaiiTaMH 150 KSB lla611IOila11HCh COBJ1all911HSI 

C raMM8-11y'!aMH 280 KSB ( .. 2,5%), 340 KSB ( "'9,3%), 500 KSB (1,2%), 650 KSB 

( "' 1%), 790 K SB (4%) II 940 KSB ( "'1%), 

Ha OCHOBaHIIII STIIX llallllbiX II raMMa-crreKTpa 
149

Gd MO)I{IIO CKa3aTb 1 'ITO 

llOilTB9plKilaiOTCSI BB91l9HHbl9 paaee ypOBIIH C SlleprHeft 4{!7,667, 795,940 li:SB, I!:pOMe 

Toro, M OlKHO BB9CTII ypOBIIII C SllepriiSIMII 1081 II 1098 K9B, 

B coBnaaeaHSIX c raMMa-KBaHTaMII 270 KSB o6HapylKeHbi coarraaeiiiiSI c raM

Ma -11y'!aMH 150 KSB (12%), 500 KSB (15%) II 650 KSB (4%), 

3TO l103B011SI9T TaKlK9 llOKa381b cymecTBOBaHHe ypoBaeA C SlleprHeA 534 H 

667 KSB, B COBJ181l91111SIX C raMMa-KB811TaMH 300 K9B aa611IOila1111Cb Te lK9 C0Bl1a

ll8HHSI , 'ITO II C raMM8-KB811T8MH 270 KSB, 110 B 311a'!IIT911bHO M9HbmeM KOl1H'-19CTBe, 

3TO yKa3 b!BaeT 11a TO, 'ITO raMMa-KBaHTbl 2{}9 KSB ll011lKHbl 3aC911S!Th 1130Mepahlft 

ypOB9Hb 497 K9B ( h II /2), 'ITO TaKlKe yKa3biBaeT Ha cymeCTBOB8HHe ypOB.IUI 

795 KSB, 

Ha611IOil9 1111e y - y -coBnaaea11A c raMMa-KBaHTaMH 515 xaB rroxa3biBaeT, 

'ITO cymeCTBYIOT ypOBIIII C saeprHeft 667 II 940 K9B1 T,K, lla611IOilaiOTCSI COBllalle

HIISI raMMa-11yqej;\ 150 II 270 KSB C raMMa-KBaHTaMH 515 K9B l1p8KTJI'I9CKH 

B 100% c11yqaea. 
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CosnaneBHH e raMMB-KBBHTBMH B o6naeTH 540 KaB He npoTHBopeqaT ssene

HHID ypOBH9R e SBeprHeit 534 H 795 KSB. 

Ha6moaaeMbie eoBnaneHHR raMMa-nyqeft e aaepraea 150 KaB \40% ) H 

270 KSB ( 28%) e raMMS-IIHKOM 650 KSB T8K)I{9 YK83b!B8IDT HS eymeeTBOBSRHe 

ypOBHeit 667 H 940 K9B. 

CosnaneRHH e rBMMS-KBSBTBMH B o6naeTH 750 KSB noaBOIIHIDT BBeeTH ypo

BeHb e aaepraell: 994 KSB. Ha pHe.8 H8 OeBOBBBHH B8IDHX peaynbT8TOB H ASBBhlX 

p8HBHX pa6oT npyrHX 8BTOpOB npennaraeTeH exeMa B036y)I{AeBHbiX ypOBHeR 
149 

En, 

/36,57/ 
HenaBBO noRBHIIHeb pa60Thl 1 B KOTOpb!X ASHbl AOnOIIBHT91IbBbl9 CBe.lt9HHSI 

o exeMe paenana 
149 

Gd -.. 149
En. HamH peaynhTBTbi B oeaoBHOM xopowo eornacyroT

eH e ABBBb!MH aTHX pa60T (eM, T86IIHilY N/ 3) .nononHHT91IbBO B8MH BBeAeBbl ypOBHH 

e aneprHell: 994 B 1081 Kas. 

Ha exeMe soa6y)l{neaBbiX yposaell: 
149 

Eu npHseneBbi aBa"'eHHH lg fr B 38-

ceneBBOCTB ypoBBell: IIyTeM aneKTpOHHOrO 38XBBT8 1 p8CC"'BT8HHbl9 Ha OeHOBSBHH 

6anBHeB HBT9BeHBBOeTell:. npa paeqeTe 3H8"19HBJI: lgfr npHHBM81IOeb 1 "'TO paa-

149 149 /51/ 
HOeTb Mace Gd--- Eu p8BH8 1220 K9B • AnanHa peaynbT8TOB noaBOIIH-

eT npHIIHeSTb ypoBBHM e 9Hepraell: 534, 667, 750, 795 H 940 K9B B9pOHTHb19 KB8B-
+ + - - + 

TOBbl9 xapaKT9pHeTI!XR7/2 ,9/2,7/2,9/2 H7/2 eoOTBeTeTBeHHO,"'TO T8KliC9 89 UpOTBB0-

/36/ 
pe"'HT peaynbTBTaM nenasno ony6nHKOBBBHoit pa6oTbi • KaK y)l{e rosopunocb s 

/16,52/ . 147 149 1D1 
pa6oTaX , epasaeaue HB)I{BBX yposnel! 68 En

84 
, 

63
En , 63 F.n 85 (oenoBHhiX 

eoeTORHHJI: d 5/2, nepBblX BOa6y)I{AeHBbiX ypoBBei! g 7/2 B BTOpb!X ypOBBeft b 11/2) 

yK83biB89T 88 TO, "'TO Bee 9TH ypOBHB Bnonne onpeneneHHO OnBCbiB8IDTeSI IIO exe

Me Maftep. npa 9TOM o6pamaeTeSI BBHMBHHe Ha TO, "'TO no Mepe ynaneBBH OT 38-

nonaeaaoA aeli:TpoaaoA o6ono"'KB N • 82), npu6na)l{aHcb K o6naeTB ne¢opMHpo-

B8BHb!X SIAep, aaeprHH yposaeft CliHlKBIDTCH H 9BepreTH"'eCKSH p83HOCTb M9)1{.Qy 
1U 

HHMH eTaBOBBTCH M9HbiD9 > B y)l{e AIIH RApS 63 Eu 90 aa6nronaeTCH npyroA xapaK-

Tep BB)I{HBX yposaeA, onuebiBaeMbiX y)l{e exeMoA Hanbeona. 
/5V + + 

KaK OTM9"181IOCb B pa6oTe , AIIH M 1-nepeXOAOB 7/2 - 5/2 B Sl.llp8X 

147 149 1D1 0 
Eu , En H En , aanperueBBb!X IIO op6BT81IbBOMy KBSBTOBOMy "'HCIIY L 

cjlaKTOpb! aanep)I{KH OTHOeBT91IbHO OUeHOK no MomKOBCKOMy ( e yqeTOM CTSTHCTB

qeeKOrO MB0)1{HT9nR S ) 3H8"1HTeiibHO M9BbiD9 AIIH 9THX Sl.llep, "19M AIISI HA9P 
137 

La, 
139 

La, 
141 

Pr H 
143 

Pr . C npyroft eTOpOHbi 1 aa6nronaeTCSI yB91IH"'eBHe IIpH

Be.lleHHbiX BepOHTHOCTeit .QIIH E2-rrepeXO.ltOB BHAS g 7/2 -+ d 5/2 OT l4T En K 

183 
En (eM, Ta6n. 4). 8To yK83biB8eT Ha To, "'TO no Mepe ao6asneHHSI nap neli

TpOHOB B H30TOn8X eBpOIIHSI npoHeXOAHT ne~T91I9BH8 SI 'KonneKTHBH38UHH' ypoBHeft. 
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3.5. CxsMa :eoa6yJKASHHhiX ypo:eaell: 149 Sm 

ITpn Hccnsno:eaHHH raMMa-cnSKTpa 
149 

Gd aa6nronanncb raMMa-nHKH, o6Haaa

HhiS pacnany 
140 

F.u , nonyqasMoro KBK noqspaHI!: nponyKT pacnana 149 Gd . Hccne-

AOBBHHS H3ny'ISHHH 149 E u B f'SHSTH'!SCKOI!: CBH3H C 149 
Gd n03BOnHnO HBM on-

psnsm!Tb a6conroTHos '!Hcno raMMS-KBSHTOB aa OAHH pacnaA 14 ~ Eu, T.s., aHaH '!He

no raMMa-K:eaaToa 299 Ksa, paaaos .. 27% aa OAHB pacnaA149Gd ,Mbi onpenenHnH 

'!Hcno raMMa-K:eaaTo:e 327 K9B l!a OAHH pacnan 
149 

Eo, pasHoe 3, 7%. KaK 6bino 

CK838HO BbiWS 1 H3MSpSHHS f'8MMa-cnSKTpa I49Gd + 149Eu npoH3BOAHnocb 46 AHSI!: 

cnyCTH nocns XHMH'ISCKOf'O p83ASflSRHH TSp6HSBOI!: ~p8KIIHH B lly6HS. 3To fl03BOnH

no HaM npocnsnHTb KonH'!SCTBeHHO HaKonneHHS 149 Grl H 140 Eu npH pacnane 140 Tb . 

113 9KcnepHM8HT8nbHb!X A8HHb!X 06 OTHOCHTenbHbiX HHTSHCHBHOCTHX L- H 

146/ 
M-nHHI!Il: Koa:eepcHoHHhtX sneKTpoao:e B pa6oTs 6btna onpeneneaa nonH nspe-

xona 22,5 K9B aa onHH pacnaA 
149 

Eu. 11HTSHCHBHOCTb nepexona 22,5 K9B oneaeaa 

paBHOI!: 47% Ha OAHH pacnaA 
140

Eu. 

Ha cxsMe pacnana 
14~Eu-149 Sm (pRe. 8) npHBSilSRht aHa'!SHHH lg fr H AOnH 

snSKTpoaaoro aax:eaTa aa Boa6yJKASHHbte ypo:eaH 
149 

Sm. ITpH pac'!eTe aHa'!eHHI!: 

/53/ lg fr rrpHHHManOCb 1 'ITO p83HOCTb MBCC 149 Eu-- 140 Sm p8BH8 786 KSB 

CxeMa :eoa6yJKAsHHhiX ypo:eaell: 
140 

Sm npsnnoJKsHa pause a:eTopaMH MHOf'HX 

pa6oT. CnsJlyeT OTMSTHTb TOT ~aKT, 'ITO rrpH pacnane 
149 

Prn B036YJKABIOTCH co-

149 /30,64/ 
BSpUieHao npyrHe ypo:eHH Sm B pa6oTaX (no KynoHOBCKOMy :eoa6yJKAe-

HHIO ypoBHSI!: 
149 

Sm ) TBKJKS He Ha6niOA8flOCb Xa paKTSpHbiX YPOBHSI!:, B03HHK810-

149 /30/ 
wHx npH pacrrans Eu. A:eTophi pa6oTbi o6aapyJKHnH ypoBeH& c saeprHell: 

650:!:_20 K9B. 3TH ~8KTbl 0 no BCell: BSpOHTHOCTH, MOJKHO 06'bHCHHTb ABYMH IIPH'IH

HBMH: BO-BnSpBbiX1 p83HOi! llS~OpM8UHell: HASp 149 
Eu H 

149 Pm , BO-BTOpbiX, paa

Hb!MH cnHHOBbiMH COCTOHHHHMH 
149

Eu (5/2+) H 149 Pm (7/2+/55•561• Torna MOJK-

HO OlKHilBTb, 'ITO npH pacnans 6y.nyT B036yJKA8TbeH ypOBHH C 6onss BWCO-

KHMH cnnaaMH, 'ISM npu pacnans 
149 

Eu. BoaMoJKHhiS al!a'!eHHH KBaHTOBhiX xapaK

TspncTHK, KOTOpb!S MOJKHO npHni!C8Tb ypOBHHM 
149 

Sm , B036yJKABSMbiM rrpl! snsK

TpOHHOM aaxBaTS B 
149 

Eu , npHBSASHhi H8 cxeMs pacrraAa 
149 Eu - 140 Sm . 

/31/ 
0AH8KO 8BT0p8MH pa60Tbl rrpH HCCnSAOBBHHH yrnOBbiX KOppenHOHI!: AnSI 

KacKaAHhiX raMMa-nspsxono:e Boa6yJKAaeMbiM ypoBHHM 
149 Sm, B03HHKarowHM npH 

pacna,ns !40 Eu , rrpHIIHCBHbi cneAy!OUil!S KB8HTOBb!e xapaKTSpHCTl!KH: YPQBHIO 

22,5 K9B - 7/2-, 277,2 K9B - 9/2-, 360,2 KSB - 9/2-, 628,6 KSB -
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( 11/2-, 7/2- ) H 558,3 K9B - 7/2-. YlaTepeCHO OTM9THTb 0 'ITO HliDKHHe ypOBHH 

149 
62 Cdsa 

" 14 9 6onee "'KonneKTHBH3HpoBaHbi , qeM ypoBHH 62 Sm 81 ) XOTH 'IHCIIO aeftTpo-

HOB y 51 ]:1pa H9 Cd M9Hblll9 0 'I9M y 149 Sm . 

B 3aKII IO'I9 HH e onHa H3 aaTopoB t B.B. K y3aeuoa) npHHOCHT HCKpeHHIOIO 6naronap

HOCTb npo!\leccopy Ore E opy 3a roc TenpHHMCTBO H npenocTaBneaayiD B03MOlKHOCTb 

npoaeneaHH aKcnepHMeHTOB B Yl.acTHTy Te HM. HHnhca E opa. A aTophi Bbtpa lKaiOT 

T8KlK9 6naronapHOCTb KO/I/19KTHBY p8J:1HO-XHMH'I9CKOfi r p y llllbl na6opaTOpHH HJ:19pHbi X 

npo6neM O MHYI 3a pa6o Tbi no npHro ToaneHHIO HC'l'O'IHHKOB Tep6HH H ranonHHHH, 

n . A . EH'IeBy, Ma Xo YIK, X a ab lll y - JKyHlO H A.B. KynpHBUeBoft 3 a yqaCTHe B 

H3 MepeaHHX H o 6 pa6oTKe pea y n&TaTOB aa oTnen&Hbut aTanax pa5oTN. 
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T a6n u ua 2 

3 HeprU H I f O T HOCUTellbHble UHTeHCUBHOCTll KOHBepCH O HH LIX 3 1leKTpOHOB 

H r aMMB -ny-qefi 
149 

Tb H 
1 ~ 0 Tb , 3HBl.JeHUP. 3KOIIepHMeHTanbHblX H TerpeT~PleCKJlX 

K09$¢RUll eHTOB BHyT peuueR KOHBepCitH H B~IBO.Obl 0 MyllbTHOOilbHOC T~:"t ~epeXO.OOB 

npu pacna.ae 149Th H uo Tb 

Ha UJH .aaHH bie 
lla HHbte pa6oT bi 

/I l l 
" ** a, Teop. x I03 

a -· M y nbTHIIOilb BOCTh 
. k ak 

}/>)/> E n epex . E n epex. y 3K~3 3KC~. 

n/n (K3B ) 'r '• { K3B) '· 
-~ L xl03 EI 12 MI 

I 2 3 4 5 6 7 8 9 10 II I2 
~------

Tb 

I. 73 17±.6 

!:S 
2. 85 4{2 

3 . 102 78±.13 

4 . I49,98 ) I460±_I50 32IO±.I60 490 6
) 77 360 490 MI 6) 

5 . 164,5 1000 I20U 165,5 1200 304±.70 267±.54 64 285 440 MI+E2 

6 . I 87 , 3 132±.33 I 09±.II I tl7 ,3 70 210 B) Io4±.46 48 210 300 E2 

'7 . 230 52±.6 

8. 35 2 882±.140 r oo :!: 20 351, 8 roo 28 ,8±.5,0 9,5 30 52 E2 

9 . 389 502±.70 80±.I6 387 , 9 80 40,5t,IO,O 7,2 22 40 tli 

IO. 465 252±.35 16±.4 463,8 IS I6,I±.4,0 4, 7 I3, 7 26 E2, E2+MI 

II. SII r ) 278±_42 

I 2. 548 16±.6 



flpoJlorut<elUie Ta6nHII bl 2 

I 2 3 4 5 6 7 8 9 10 II 12 

I3. 560 32±.8 

14. 652 582±_87 651,6 15 ~ 6,5 2,3 6,2 II,3 E2 

15. ?73 65±_16 

16. 817 292±. 44 2 ,3±_1 ,2 2,0±_1,3 1,45 3,5 6,5 EI BliB E2 

17 . 853 4II ±_60 3 ,4±_1. 7 2,1±_1 ,4 1,30 3,2 5,7 EI HliB E2 

18. b64 202±_30 

19. b95 _nl 19±.4 
~ 20. 1083 35±_15 ~0,7 

2I. 1206 86±_27 2 ,0±_ 017 

22. 1593 - cns.6. 

10 0 Tb 

I. 499 214±_43 230±_46 495,4 167 6,9±_2,4 4,0 Il,O 22 EI ,El+M2 

2. 5Ilr) 415±_62 

3. 570 46±_10 120±_60 .... Il5 16,7±_9,0 3,0 o,5 15 E2 ,Ml 

4. 639 1000 1000 637,1 1000 6,4 e) 6,4 E2 

5. 878 26±_8 

•. 



I 2 3 

6. I002 

7. II 52 

8 . I447 

9. I5I6 

IO. I640 

II. I790 

"' "' 

npOllOn>KSHHe Ta6nHUbl 2 

4 5 

9 ±. 3 

30 ±. 6 

I4 ±. 5 

N7 

cna5. 

cna6. 

nPMME4AHME: 

6 7 8 9 IO 

a) Ha6moaaeMbie KOHBepcHoHHbie SJlSKTpoabt H raMMa-ny<tUI oT
HOCHTCH K 149 Gd , HBKOIIHBIIJeMyCSI npu p~crra,ne 149 Tb, 

6) MynbTHnonbHOCTb nepexo.oa 149,9 KSB npu pacna.ne 149 Gd 
Tnrra Ml, cornacHo pa6oTe/33/. 

s) MynbTHnonbHOCTb nepexo.a.a 187,3 KSB npH pacna.a.e U 9 Tb 
THna E2, cornacHo pa6oTe/ 11 /, 

r) faMMa-nyl{H, 06SI38HHbl8 BHHHrHnstnHH 1103HTpOHOB IIpH paC
na,ae t.U Tb H HIO Tb, COOTBSTCTBeHHO • 

.a) faMMa-nyqu OTHOCSITCSI K !4.15 En H8KOI1HBID8MYCH npH pac-
ll8ll8 

149 Tb. 

e) MynbTunonbuocTb nepexo.aa 639 Kaa npn pacna.ne 100 Tb -
THn& E2. 

x/3uaqenJH1 Ko3$cf>HnneaToa auyTpeaaeA xoaaepcnu onpe.oenstnHcb aopMnpoaa
•meM oTHocnTenbHO KBK :wn nepexoaa 187,3 KaB - Tnna E2 ( a • • 0,210), 

xx/3aa~ennH xos¢¢uuueaTOB anyTpenueA Konaepcau onpe.nenHnHCb aopMHpoaa
HDeM OTHOCHTenbHO KBK ans1 nepexoaa 149,9 KaB - -rnna M I ( a k K 0,490). 

II I2 



Ta6nana s 

.3aeprBH II OTHOCBT91lbBbl9 HRTSHCHBHOCTR raMMB-IJy~eA UO Gd H l d Eu , aKcrre-

pHM9HT81JbBbi9 KOe4xf>HUH9KTbi BHyTp9HB9A KOB89PCHH H MYIJhTHCIOIJbHOCTH nep 9XOllOB 

npu pacnaae 140 Gd e 140 Eu 

N~.~ 
HawH peaynhTBTbl PesynbTaT&I pa6/

361 
PesynhTBTbi pa6/ 

571 X 103 a, 
Myn&Tunon&aocTb a Ken. 

nn 
r. y Ey 

'r 'r Ey 'r I k 

I KSB) (KSB) ( K9B) 

I 2 3 4 5 6 7 8 9 IO 

td Gd 

I - - - - II9,5 - 0,43+0,09} 

2 120 ,0 8 t 2 II9,8 0,9 !. 0,2 
265 t 85 

EI + M2 - - -
"' "' 3 126,0 6 t 2 125,96 1,15+0,20 304 t 107 EI +(~ 0,5%)1.!2 - - -

4 - - - - 130,8 - 0,4otO,I2 

) - - - - 132,! - I ,5ot0,08 

( ) - - - - 138,2 - 0,8 t 0,2 

"? l-+2 , 0 IS i 7 - - 143,0 - 0,7It0, 08 63 t 30 E1 

0 14:.- , ':i 21 20:t318 150,0 1855t188 149,8 1990:tl99 550 t 26 4!5 t 83 MI,( M1 + E2) 

';) - - - - 178 ,5 - "'0,3 

10 1':!1 , 0 0 t 2 

II IS•? , u 6 :t s 
I~ 215, 0 5 :t I 216 , 0 15 :t 8 216,7 

I3 244, 0 I1 :t 3 



npoJJOn}f(9UH9 TB6n. 3 

I 2 3 4 5 6 7 8 B 10 

14 - - - - 252,4 0,3CJ±.0,05 

IS 262 ,0 45 :!. I2 262 ,0 66 ±_7 260 ,8 0 24+0 03*) ' -' 8,5 :!. 3,2 EI 

I 6 272 ,0 ll9 :!. I8 2?2,0 I52 :!. I9 272,6 I02 :t. II 7,4 t 0,7 99 t 25 EI + ( ~ 28%)M2 
MI,(MI + E2 ) 

I? 299, 0 IOOO 298,5 IOOO 298,8 IOOO 43 t 4 69 t I? EI + (~25%) M2 
MI, (MI + E2) 

I tl )40 ,0 16 t 8 

I::! 346 ,0 800 ti20 347,0 942 t 94 346,9 960 t54 100 200 t 30 M2 

"' 20 46I ,0 28 t 8 46I t I 22 t 3 460,1 34 t 9 0,38t0,07 2I ,6:J:.9, 0 E1 + (~35% )M2 ... 
M1;, M1 + E2 

21 - - 480 t I 3,8:J:.I,O 

22 498 , J 55 t I6 497,0 68 t 7 496,6 69 t 7 1,0 t 0,1 29,o** E3 

23 517,0 79 t 18 517,0 101 !. 10 516,8 II4 t II 0 ,8 t 0 ,1 16,2 tS,I E1 + (~ 32fo) M2 
MI , M1 + E2 

24 535,0 95 tIS 534,0 II8 t 12 534,5 II4 t II 1,1 t 0,1 18,5t4,5 EI + (~40%) M2 
M1 ,M1+(~40io) .IQ 

25 646 , 0 44 t II 646 , 5 66 t 7 645,2 80 t 20 O,ICJ±.0 ,03 3,6 t2,0 EI .1 EI + ( .$ II%)!.12 

26 667 ,0 27 t 6 666 ,5 57 t 6 666,5 - ~ 0,1 - 5,9 E2, EI + M2 

27 750 ,0 265t39 '/49,5 348 t 38 749,1 272 t 72 0,33t0,07 2,0 tO,S EI ,E1 +(~ 5%)1LZ 

28 790 ,0 224t33 790 ,5 328 ! 38 789,0 - 0,45t0,09 3,2 ti,1 EI + (~8} Y2 

E2 + (~22fo)IH 



n ponon >K eHHe TB6n . 3 

I 2 3 4 5 6 7 8 9 IO 

29 - - 813 ±. I 6 ,6 ±. I , 0 

30 d65 , 0 ~ 2 865 ±. I 2 , 8 ±. 0 ,5 

3I 880 , 0 5 ±_2 tl78 ±. l 6 ,6 !. I , U 875,6 33 ±. I 6 0 , 02t.0 , 0I 

32 93 3 , 0 26 ±. 6 934 ±. I 26 !. 3 

3) 940 , 0 64 t.~r o )139 , 0 II4 ±. I 9 938 , & tl3 ±. 9 O,I7t.0 , 03 4 ,3 ±.I,3 EI + M2, KS 
MI 

34 943 , 0 25 ±. 6 949 , 0 45 ±. 5 947, 7 40 ±. 6 O,Oi t!:t0 ,005 I,I5:t0,42 EI , EI + (~ 6%)M2 

35 - - 99.5 ±. I I4 ±. 2 
"' Ol 

36 - - I OI3 ±. I I2 ±. I 

37 - - I 08I ±. I 7 , 5 ±. I , O I 08I,3 40 ±. 20 

... 
F., 

/ 35/ ; 46/ 

I 255 59 ±. I5 255 33 , 0 t.O , 6 255 , 0 - 25 ±. 6 I 05 ±. 52 MI, (MI + E2) 

2 277 275 !. 42 277 275 278 ,0 - roo 9~ MI 

3 327 298 ±. 45 328 325 ±. 28 329 , 0 - 80 ±. 8 7I ±. I S MI 

4 - - 350 25 ±. 8 350 ,0 - 4 , l f i , 0 

5 506 36 ±. 9 506 39 ±. 4 507 . 0 - 2 ,3±.0 , 5 I5 , 9t.7 , 2 MI 



"' "' 

ooj 
-

I 

6 

7 

2 

528 

536 

npo.O.Oll>KeHHe TB5n. 3 

3 4 5 6 7 8 

38 :!:. 9 529 36 :!:. 4 529 ,0 - I,7:t. 0 ,4 

6 :!:. 3 536 ,0 - 0,2 

558 ,3 - 0 ,24 

x/ 3HaLJ.e Hn e nHTe Hc nsuoc Tu llH JUI II K 262, no - su.o. nMot..t y , 3aHH>KeHo. 

xx / 3 HaLJ.eHnA KBK onpe.o.en srmrch HOpM npoea Hne M oTHOCl!Tem~Ho Ko a¢¢nuneHTa 

enyTpenHetl KO Heepcun nepexo.a.a 498 KSB - THna E3 ( a k • 0,029}. 
xxx / 3Ha LJ. eHnst KBK onpe.a.enmmch HO pMHpoaaHH eM OTHOCHTenbHO KO s¢¢HIUiesTa 

sn y Tpe nnen KO RBepcnu nepex oaa 277 KSB - THna M I { a k • 0 ,000} . 

9 

II,2:t.5,6 

~ 8 ,30 

IO 

E2 + MI 

E2, E2 + MI 



T a 6 n H u a 4 

3s:cnepHMeaTanbHbte H pacc"tHTaanbre no MowKOBCKoMy (eM. 4 1) OTHOW9HHSI 

IIpRB9JI9HBbiX aepoSITHOCTeA nepeXOJlOB C ypoaaeA SJAep 141 Eu ,l e G Eu, IO 1 Eu, 
163 F.u , 141 Sm , 14i Cd 

Hnpo SaeprHR ::JHeprHR THn Ornowesne <J>aKTOp 

ypoBBil nepexona nepexo.na '• ,, npHaenea.ae- yCKOpSHHSI 

(KaB) (KaB) ' pOSITBOCT. F ycK, 

ax. en. no Mom&. OTHOC . 

I 2 3 4 5 6 7 8 9 

I49 
63 Eu 86 I49,9 I49,9 98,2%MI 7/2+ 5/2+ 0,0083 

I, B% E2 7/2+ 5/2+ 37 

147 
63 Eu'84 229 229 99% !.II 7/2+ 5/2+ 0,0073 

I% E2 7/2+ 5/2+ 6,4 

151 
63 E" 188 2!,6 2!,6 MI 7/2+ 5/2+ 0,062 

153 
63E"·9Q 83 83 60~ !.II 7/2+ 5/2+ 0,0037 

4Cfib E2 7/2+ 5/2+ 2900 

149 , 
63 1""'86 497 346 M2 II/2- 7/2+ 0,015 

I49 
63 Eu 86 497 497 E3 II/2- 5/2+ 1,8 

149 
63 Eu 86 940 272 ICI 7/2+ 9/2+ 77,0 1,25 61,5 

940 !AI 7/2+ 5/2+ 1,0 1,0 1,0 

149 
64 Gd 85 352 IB7 E2 3/2- 5/2- 3,4 O,I6 2!,4 

352 E2 3/2- 7/2- I,O 1,0 1,0 

149 
64 Gd85 817 465 E2 3/2- 3/2- 14,4 0,39 37 

652 E2 3/2- 5/2- 6,2 0, 71 36 

817 E2 3/2- 7/2- 1 ,0 1 ,0 1 ,0 

147 
62 Sm 85 12! 12! 90% ;.u 5/z- 7/ 2- 0 ,0047 

10;o E2 5/z- 7/2- 172 

27 



I 2 3 4 5 6 7 8 9 

147 
62 5m'85 198 76 20 % E2 3/2- 5/2- I,2I 0,172 52 { 7,0) 

198 E2 3/2- 7/2- I,O I,O 7,4 (I,O) 

147 Sm 
62 85 800 680 25%E2 3/2- 5/2- $9,9 0,177 ~56 

800 E2 3/2- 7/2- I,O I,O I,O 

' 
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PHc. 1. CneKTpbi KOHBepcnoHHbiX aneKTpOHOB : a) yqac TOK cneKTpa 
149

.Tb , .nonyqea
Horo C IIOMOII!b!O M8CC - Ce118p8TOpa H H3MepeHHOro HB TOpOIIABIIbHOM WeC -

TH3830pHOM ~ -crreKTpOMeTpe ; 6 ) yqaCTOK CIIeKTpa Tep6H eBOil ~pBKUIIH, 
COAeplKBII!eil B ce6e KOpOTKOlKHBYII!He H30TOIIbl 149 Tb II 100Tb . 3TOT CIIeKTp 

113MepeH Ha ~ - CIIeKTpOMeTpe C TpeXKpBTHOfi ~OKYCIIpOBKOfi rryqKa 3rreK

T pOHOB. 
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2 , raMMa-cneKTpb! 
149

Tb H •• 
0

Tb ' H3MepeHHbte c noMombJO Ge ( Li) 

nonynpOBOAHHKOBOro J:l9T9KTOp8 C p83Mep8MH 0, 7 CM2 X 0,35 CM H 1024-
K8H8n bHOrO 8MAniiTYJ:lHOrO 8H8nH38TOp8: a) H 5) Cfi9KTp 100 Tb C H85nJO

Il89MOtl npaMecbJO 
101 

Tb H 
149 

Gd ; a) H r) cneKTp 149 Tb c aa5nJOaae

Motl npHMeCTbJO aoqepaero 149 Gd H 101 Tb . 



Puc. 3. fpa<!mK K10p11 11 cneKTpul noariTponoa 149 TL + 100 Tb 
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Pnc. 4 . CneKTp TpoliHbiX coBnaae rmli raMMa-ny•,ei! B Tep6neBoii ¢paKunn : -o- ~ 
cneKTp, 113"epenn uril I qac c nycTH nocne xpoMa Torpa<jlnqecKoro p83Jle -

nemrfl penK03eMenhHbiX aneMeHTos. -"1--- - cneK Tp , H3MepeHHbi H cnyc TSJ 
30 qacoB ; _.,.. - c neKTp f3 +- y -coBnaaeHI,n1 " 9 Tb + 100 Tb 

1 
a ) KpHBble 

CIT8Jl8 HHTe llCIIBIIOCTH ll03HTpOHOB B Tep61!eBoii <jlp8Kllllll, 

32 
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Puc. 5. CneKTp coenat:teHHll c raMMa -nyqaMH 640 K3B e Tep6Heeoil <jlpaKUIIH : 
0 -cneKTp, H3MepeHHbill cnycT!I I 'lac nocne xpoMaTorpa<J>>I'IeCKoro 

paaueneHH!I peuKoaeMenbHhiX aneMeHTOB ( "' 4 qaca nocne KOHua o6nyqe
HHR T8HT8na) j • -cnCKTp, nonyqeHHblt\ K8K p83HOCTb CJleKTpOB , H3Me

peHHblX cnycT!I I qac H 30 'IBC nocne xpoMaTorpa<jlH'!eCKoro paaueneHH!I. 
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Pnc. 6. C neKTp raMMa - nyqel! u o Gd + uo F:u: a ) cneKTp, naMepeHHbi ii B o6nacTn 

aaeprnii no 350 Kas ; 6 ) 11 s ) cneKTp, HaMepeHHbi il B o6nacTn aHeprnl! 
160 -1000 KaB. CneKTpbi naMepeHbi c noMOlllbiO nnocKonapannenbuoro 

Ge ( Li) nonynpoBOilHHKOBoro neTeKTopa c paaMepaMH 0, 7 CM2 x 0,35 CM, 
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' f'iu.u.tA - CnEIITP 
141{;d 

'Cn£1/TP CDtJniUJ.cuuH 

C f=111JRIITIIMH /j{)N:J6(o6 11, a) 

\ Cnc~trP coa11A.LJ.c;uli 
'FII&RUTRMU 22511~6 

(06A. 2J 

ZfJ,J0 40 SD6CJ 

! 1 
1 

.., 
1 ~ l ~ ~ t ~ ... 

~ .. 

.1~ 
I 

9" .. 

·:-. 

6! 

CnrllrP CDBn4iJ.tuwU 

C (!111JRUT11('1H 27011~~(0611 6) 

ID' 

0
.,., 0 0 

P11c. 7, CneKTpLI cosnaueanli c y -ny•IBMH 150 Kan (o6n , •a• ), 270 Kas (oGn . "s") , 
515 Kas (oGn, •a• ), 650 Kan ( oGn , •JK• ) 11 750 KaB ( oGn. •a•). 
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P11c. 8. CxeMbi aoa6yJKJleHHhiX ypoaaell 
1 49 

Gd , 149 Eu II 149 Sm . 
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