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HacTomnag pa60Ta Bhlnonaeaa C08MeCTao COTPYABHKBMK 

cneayromax HHCTHTyToa: 

06'h9AHH9HHbiJI HHCTHTyT HAepHbiX HCC1!9A088HBJI 

B.B. Kyaaeuoa, B.A. XanKaH 

HacTHTYT aM. Hanbca Bopa, .llaaag 

K. BanbCKall, O.B. Hanbcea, 0. CKan6paliT 

1. 8 8 e A e B B e 

Ul 
Ha.ny'leHHe Tb 

/1-4/ /1 I 
acc.neaoaa.nocb paaee a8TOpaMB pa60T • AaTop&I pa60T&I 

y -nepexOAbl 108,8; 180,1; 192,1; ~51,8 a 287,8 KSB npaaaa.nelKa
/'J./ 

• npa HCC1!8AOB8HBB Tep6Be80ll ~paKUHB AHTOHb&BOli H AP• 6hl1I aallaeH 
aueHTB~BUBpOB81IH 

Ul 
Tb UIHMB 

pHil IIBHHH KOHBepCHOHHhlX sneKTpOHOB, cnaASIDlllBX C nepHOAOM nonypacnaaa T" •18 'l8C. 

Oaa 6&IIIB npanacaabi aaaeCTHbiM 8 TO apeMB aaOTonaM 
15 1

Tb a IU Tb • OaHaKo noc.ne 

'ITO 60IIbUIHHCTBO 83 H861IIDAB9-IU Tb ( T" •17 ,5 'lBC) CTBIIO HCH00 
OTKpbiTHB H30TOU8 

npa acc.neaoaaaan /3/ 
MbiX nepexoaoa npaHaa.nelKBT noc.neaHeMy aaoTony. A8TOpbi pa60Tbi 

Tep6aeaoll <jlpaK!lBH, no.nyqaeMoll 8 peaKUBB r.ny6oro pacmen.neHBB TaaTana, c noMolllbiD 

cneKTpOrpa~a THUB .llaHBW H {J -cn&KTpOM&Tp8 C nonep8'1HhlM MBrHBTHblM U01!9M ( Bnn) B 

HCCIIeAYB y- y -C081l8A9HBB HB CUBHTBIIIIHllBOHHOM y -cneKTpOM9Tpe, npeAIIOlKBIIH 88pB-

161 151 
aHT cxeMbi pacnaaa Tb --+ Gd. A8TopaMB STOll pa60T&I 6&IIIH 88eAeHbi ypoaHa 108,3; 

351J,6; 31J5,6 H 587,5 KS8 
161

Gd, • 
141 1~1 

8 pa6oTe aau6onee UOIIHO BCCII9A0881ICH cneKTp KOH8epCHOHHhlX s.neKTpOH08 Tb 
/4/ 161 

\ CM. Ta6nHUY N• 1). AaTopaMH npea.nolKeH aapHBHT cxeMbi ypo8Hell Gd c saepraB-ue /5/ 
MH 108,1; 895,2; 587,3; 889,0 B 906,4 KS8 0 889A9HHbiX no 8H81!0rHH C yp08HHMH Sm 

161 

OaaaKo 6onbmHHCT80 aa6moJlaeM&IX nepexoao8 npa pacnaae Tb ae 6bl1IO paa-

MemeHO a cxeMe pacnaaa Tb ... Gd • TaKnM o6pa30M, AO HaCTomnero apeMeHH He 6bi-
161 161 

no JlOCTBTO'lHbiX SKCnepBM9HT81IbHbiX llBHHblX AIIB UOCTp09HBB CX&Mbl 8036ylKA9HHblX 

ypoaaei\ 
161 

Gd 
• C sToll nenbro HBMH 6&ma npo8eaea&I accneao8BHHB raMMa-cneKTpa 

161 
Tb MOHOH30TOUHOrO npenapaTB C UOMOIUbiD Ge(LI) -aeTeKTopa a cneKTp08 ~oaaep-

CHOHHbiX sneKTpOHOB B e - y COBU8A9HHll C UOMOIUbiD TOpOHA81IbHOrO W9CTB3830pHOrO 

{J -cneKTpOMeTpa
161 

• 

• 

8 
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II • 3xcnepHMeHT&nbHaa qacT& 

11.1 , llparoToBneHHe HCTO'IHBKOB 

H30TOnhl Tep6aa nonyqanac& B pe3yn&T8Te rny6oJtoro pacwenneaa:a BAep TaBTana 

AeiiCTBBeM npOTOHOB C aaepr&ell 660 ~aB H8 C&SXpO!lHKnOTPOHe 06~eAHH9HHOrO RHCTHTyT8 

BAepahlx •ccneAoBaaa:ll B .lty6ae. ~&men TaRTans o6nyqan&cb B Teqeue 2-8 qacoB aa 

BByTpeaaeM ny'IK8 CHHXpOilHKDOTpoaa, 113 o6nyqeHHbiX MRmeaeil XRM.qeCKHM MeTOAOM 

nanac& rpynna peAJt03eMen&HbiX aneMeHTOB, Tep6ReBaH <jlpaxua Bh!Aenanac& H3 cMeCR 
171 

peAx03eMen&HhiX aneMe&TOB xpoMaTorpa<jla'lecxaw MeTOAOM • 

ut 
llpa: accneAoBa&RH &3nyqe&HH Tb RCnOJlb30Banca MOBOB30TODBhlil 

181 
qea:ahlll c noMow&~ Macc-cenapaTopa B HaCTaTyTe &Meaa Han&ca Sopa. Pa3Aeneaae 

Tep6&eBoil <jlpaJtnaa aa Macc-cenapaTope npOBOABnOCb cnycTa - 15 '18COB nocne xpoMaTo

rpa~a'lecxoro pa3AeneBHH peAK03eMen&HhiX aneMeHTOB B o6&eAHHeHBOM BHCTBTyTe HA9PHhiX 

HCCneAOBaHail, 

t61 
11.2 • H c cneAoBa aae cnei!;Tpa KOHBepCROHBhiX aneKTpOBOB Tb 

CneKTp KOHBepcao&HhiX snexTpoaoB accneAoBanca c DOMOWb~ TopoaAan&aoro mecTa-
/6/ 

aa3opaoro f3 -cnexTpoMeTpa • PeracTpanaB aneJI:TPOHOB aa TOpOHASn&HOM wecT&3a3op-

HOM {3 -cneKTpOMeTpe ocyweCTBnanaCb ABYMB H838BHCBMhiMH CllHHTBnnH!lBOHBhiMB A8TeJI:

TOpaMH, D03BODH~WBMH OAHOBpeM9HHO H3MepHTb AB8 cneJI:TP8 KOHBepCBOHHhiX anexTpOHOBi 

npa'leM B aaweM cny'lae OAHH H3 aax B3MepancH c 'BhiCOJI:HM' pa3pemeaReM (pa3pemeBBe 

• 0,5%, cBeTocana •I%), a Apyroll- c Bh!Coxoil cBeTocanoil (pa3peweaRe •1%, cBeTocR

na • 9%), llpR BCCneAOBaHRB cneXTpOB acnon&30B8nBCb TOnbKO TpR 3830p8 {3 -cneKTpo--.., 
MeTpa. 3xcnepaMeHTan&Hhie cnexTphl, nony'leHHhie npR pa3peweBRH • 0,5%, npeAcTaBneHbi 

aa pRcyaxe la,6. Ha pacyaxax nyHKTBPHhiMR naHBHMH noxa3aH cnaA 
tot 

Tb B npo!lecce H3Mepeaaa. CneJtTP, &3MepHeMh!ll c pa3pemeBBeM • I%, 6bm 

ARM npR nocTaHOBKe onhiTOB no accneAOBSHH~ e -,. -coBnaAeaall, CBeAeHRH o aaepraHX 

H OTHOCBTen&HblX HHTeHCHBHOCTHX n&HHII KOBBepCHOHHhiX aneKTpOHOB npHBeAeHhl B T86na-

l Ml ll9 l\\> , 3AeCb JKe Ana cpaBaeaaH npaBeAeBhl AaHBbie pa60Thl • Kax BRA-

HO H3 Ta6nanhl, 88MB o6aapyJKeB PHA n&Ba:ll KOHBepCHOHHblX anexTpOHOB HOBhiX 

nepexOAOB C saepraell 104,5; ll9,0; 140,5; 263,8; 615,7 B 6il1,0 K3B, Kax BHAHO H3 pa-
162 

Tb cyaKa Ia, B cnexTpe aa6n~AaeTCH naHHH K 844, npaHaAnelKawaH , DOSTOMY 

'188 onpeAeneHHSI OTBOCHTen&HhiX BHT8HCHBHOCTeil nBHHll KOHBepCBOHHbiX SD8JI:Tp0BOB 

K 587,5, K 615,7 a K 708,9, 6nH3KHX no aaeprHa x KOHBepcaoaHhiM snexTpoaaM tu Tb 
tU 

Tb , cornacao K 586,7, K 615,6 • K 703,9 xsB, y'IHThiBancSI axnaA oT 
/9/ t61 tU 

Tbl , llpenapaT Tb COA8plKan npHMeCb Tb ae 6onee 8%. 

• 

4 

, 3 , Ji!ccneAOB8HB8 

Ut 
faMMa-cneKTp Tb 

!"8MM8 - cneKTp8 
151 rr, 

Ge (LI) 
accneAOBanca c noMOWb~ nnocKonapannem.aoro 

2 CM X0,85 CM B 1024-KSHSDbHOI"O &MnnR-
AeTeKTOp8 C pa3Mep8MH' 0,7 

x) 8H8l11138TOp8 , faMMa-cneKTP npBBeAeH H8 pac, 2a, (), 3KcnepRMeHT8JlbHbi8 ASH-

sHeprBBX R OTROCHTeJlbHhiX HRTeHCRBHOCTHX Y -ny'lell npeACTaBneHhl B Ta6nH

YK838HHble B Ta611Bil8 omH6JtH onpeAeneaaa HHTeHCBBHOCTell raMMa-ny'lell ae 

norpemaocTeil, o6ycnoBneHHhiX aeToqHOCTb~ B onpeAeneHHR a<jl<jleKTHBHOCTH peru-

BHTeHCHBHOCT9il raMMa-ny'leil npoBOAHllOCb C nOMOWb~ 
OnpeAeneaae oTBOCBTen&HhiX 

Ge(ll) -AeTeKTOPOM C pa3Mep8MB 
oil a<jl<jleKTRBHOCTB pel"HCTpa!lBR y -H3ny'leHBH 

2 /10/ CM X 0,85 CM, B3HTOII B3 pa60Thl • C ll9nb~ o60CHOB8HHH HCnOn&30B8HRli A8HHOil 

a<jl<jleJtTBBBOCTH perHCTp81lBR 0T aHepl"RB 
y -nyqell aaMB a npouecce accneAo-

207 Rl R 208 Tf 
tat Tb R3MepJUI.HCb aa AaHHOM AeTeKTope cnexTpbi 

y -ny'lell KOTOphiX H3B8CTHbl B XOpomo noJKaTCli H8 KpRBY~ 

/10/ 
onpeAeneaay~ B pa60Te (pac. 8), 

cnexTpOB o -y- COBD8A9HBII npH 
P a c n a A e u 'rb 

e-y -coBnaAeHRII accneAoBanacb aa TopoaAan&HOM wecTaaa3opHOM f3 -cneK-

9%) R y -cnexTpoMeTpe c 512-KaaanbHbiM 
(pa3pewesae • 1 ~ CBeTocana • 

aaana3aTopoM <jlapMbi RCL c xpacTannoM NaJ(Tt) (7,6CM X 7,6 CM), 

Ey •661 xaB) • 8%. 

perHCTp81lBB sneJI:TpOHOB, OTnB'18~WBXCSI no aaeprHB H8 1,8%, H8 TOpOH

{3 -cnexTpoMeTpe ABYMH ae3aBHCHMhiMH cnHHTRnnHUBOHHhiMH 

nooBonana H3MepHTb ABS cnexTpa 
e - y -COBil8A9RHil. OAHOBpeMeBHOi cneKTp 

tat 
y -ny'ISMR Tb H 

aneKTpOBOB 88 M8KCHMYMe KOBBepCHOHHOil nBHHB C 

<jloHOBhiX coBnaAeHsll aneKTpoHOB 38 ASBHOII xoaBepcaoaaoll naaaell { El! > · E k 

-nyqaMH 151 Tb • llpa accneAOBSHHH e- y -coBnaAeHHII 512-Kaaam.sbiii aaanR3&Top 

DOnb30B8DCH KaK ABe He38BHCHMble DODOBHHbl no 256 K8H8ll0Bo 

Ha pacyaxe 4 noKaaaHhl cnexTphi y -nyqell, coBnaAa~wax c xoaBepcaoHHhiMB 

108,1; K 180,1; K 251,8; K 287,2; K 895;8; K 448,8·; K 478,2 a 

AJJanB3 cneKTPOB e - y 
- coanaAeHHil npoBouncH cneAy~wHM o6pa3oM. CneKTP 

Y -ny'lell c 3aAaaaoll naaaell KOHBepcaoHHhiX snexTpoaoa pa3narancH aa 

'laCTH MeTOAOM nocn9AOB8TenbBOI"0 Bb!'IHTSHRli cneJtTpOB, 3aTeM nony'leHHble 

x) H3Mepeaae npoaoAanoc& B HccneAoaaTen&cJtoM ueaTpe B Paco npa KOMBCCHR no 

8TOMHOll SB8pl"HH B .ltaHHB. 

5 



HHT9HCHBHOCTH y -nyqeJI (nnOIUBIIH DOll DKK8MH y -ny'leli, DODp8BD9RRbi9 

HOCTb perHCTp8DHH 119T9KTOpOM N a J (Tf) ) 6binH OTH9C9Hbl K 'IHCDy N 3J:~'nO,...D'f' .. l"'nl:l'1'\,..aA 

HbiX 3D9KTpOHOB ~ -cneitTpOMeTpOM B nponeCCe H3MepeHHH COBD8119HBii, J:l.Dll 

y -cneKTpoa ObiD H3MepeH Pll.tl cTaHIIapTHbiX npenapaToa, BMeiOIUBX xapaitTepable 

Hble y -DHKH, 0TROIU9HH9 DODy'I9HHbiX HHTeHCBBROCTell y -nyqell K 'IHcny N 

CTB9 Cny'laea D03BODH9T CII9D8Tb 38KDIO'I9HH9 00 HHT9HCBBHOCTHX 

II8IOIUHX C KOHBepCKOHHbiMB 3D9KTPOHBMB 38)l8HHOll aHeprHBo 

Aaanua cneitTpoa y -ny'lell R KOHB9pCBOHHbiX 8D9KTpOHOB 

psMeHTan&Hbie aaa'leHH!I Koa<jl<jlanueHTOB aHyTpeaaeii ItOHaepcaa R cnenaT& abiBOJlbl o 
Ul 

non&HOCTH OODDIUHHCTBB nepeXO)lOB B llnpe Gd • npx onpe)leneHHR KOS.p<jlBnReHTOB 

peHHeii KOHB9pCBR npRHBM8DOCb 0 'ITO nepeXO)l C SHepruell 287,2 It3B !IBDH9TC!I nepeXO)lOM 

Tuna M1 ( ak • 0,09), :ihcnepRMeHT8nDHble B TeopeTH'IeCitHe 3H8'19HHH ItOa<jl<jJRURe:•TOB 

peHHell KOHBepCHR R BbiBOJlbl 0 Myn&THDODDHOCTR nepeXO)lOB npRB9)leHbl ·a T80nRne Nil 2, 

Ul Ul 
Ill • CxeMa pacnana Tb 

KaK OTMe'lanocb abillle, aaTopbl paoOTb/
41 

aaena pHil ypoasell 
U9 

rsH c ypoBHSIMH ll.tlpa u Sm
8
_7 

Gd 

181 
uGdar 

Aaansa cneitTpoa e - y COBD811eHRll, onpelleDeHBH KOS.p<jJHUReHTOB BHyTpeHHell 

aepCBB nepeXO)lOB ll03BODHDB H8M BB9CTB B CXeMy p8CU8)l8 
151

Tb-
15

tdpll.tl HOBbiX 

CxeMa aoaoyJKneHHbiX ypoaaeii 
ua ua 

..-, Sm B Gd 

151 
Gd npBBelleHB H8 pRC, 

Ypoaaa, c KOTOpbiX RJlyT nepexonbl, OTMe'I&HHble aeaa'lepaeaHbiMR KPYlKKSMR, 

aa ocaoaaHRB aaanaaa cneKTpoa e - y -coananeaull, 

'leHbi TO'IKSMB, aaeneHbi aa ocaoaaaaa saepreTB'I9CKoro oanaaca a oanaaca 

Ha cxeMe pacnana 
151 

Tb --
15 bd (pac, 5) npuaeneHbi aaaqeHRSI lg fr 

sneKTpOHHOrO 38XB8T8 HB B030YJKJl9HHbl9 ypOBHR B OCHOBH09 COCTO!IHH9 
Ul 

Gd 

p8C'19Te 3H8'19HBll 
181 151 

Tb- Gd paaaa lg fr npHHHM8DOCb1 'ITO p83HOCTb MBCC 

11aTeHcsaHOCTb peHTreaoacKoro aany'leHHSI Oblna oueaeaa KaK aa y -cneKTpa, TaK B 

nsaa rpynn OJKe - sneKTpoaoa a KOHaepCHOHHOM cneKTpe 
151 

Tb , HaoniOt~aeMoe 
'IRe B 3H8'19HBHX paCC'IBT8HHbiX HHTeHCHBHOCTell p9HTreHOBCKOrO H3Dy'leHHSI (CM, TBODHDY 

Nil 1 ), no-BBJlRMoMy, cnenyeT oo'bSICHHTb aeTO'IHOCTbiO a onpeneneHBB Kpaaoll s.p<jleKTHBHo

CTH perscTpanHH y -KBBHTOB MBDblX aaeprull Ge (LI) -nonynpoaonHHKOBbiM neTeKTopoM, 

AaanHa cneKTpoa e-y coananeHBll B ISanaac HHTeHCHBHOCTell yK83biBaeT Ha To, 'ITO 
15

'
1
Tb nonJKea pacnanaT&CSI TaKJKe nyTeM He nycitaHBSJ noaBTpoaoa, Ecna npennonoJKBT&, 

'ITO nepeXO)l 51] 7 KSB THD8 M 1, TO y -nHK a raMMa-cneKTpe 
Ul 

Tb OOSI38H T8KlK9 

rHDSJUHH D03HTpOHOB, HHTeHCHBHOCTb KOTOpbiX )l0DlKH8 COCT8BD.II:Tb •1% aa pacnan. 

6 

181 
Gd cnenyeT npBDBC8Tb KB8HTOBbl9 xapaKTePBTBKB 

ua 

712-

OcaoaBOMY COCTOHHBIO 

1 7/2) no Monenx o6onoqelt 

Sm 
MaAep B R3 cpaaaeaaSI c cocenHBMH MPBMH 

149 
H Gd • BaeneBHbiM 

ypoaBHM c ssepraell 
108,1; 895,~ B 575,8 KSB npHDBC8Hbl KB8HTOBbl9 

181 

xapaltTepHCTBKH 5/2-, 
8/2- H X 1/2-, COOTBeTcTBeHHO, 

181 
0cBOBBOMY COCTOHHBIO Tb 

no Monena ooonoqeK B R3 conocTaaneBBSI c 

+ 

Pm npsnucaHbl KaaHTOBble xapaKTe-

pHCTBKB 5/2 ( d 5/2), 

/11/ 
paoOTe paccMaTpaaaiOTCH Mpa 

nepexonsoA o6nacTR B 119D8eTCH 

Eepnoau'leM a 

aaKDIO'I9HHe 0 B8DB'IBB M8DOll )le<jlopM8DBB y STBX SJ)l9p, B 
IH 

'18CTHOCTB 0 OR 
UT 

p8CCM8TpHBaeT 
141 

B 66Gd 81 
HHlKHBe )lB8 ypOBBSI B OCBOBBble COCTOHHBSI Sl)lep ION d81 

K8K ypoBHII.o H8DOMBB8IOIURe KOMDOBeHTbl ltOB!plll'ypaUBOBHOrO 
Ul 

paCCM8TpBB8Tb B sameM Cny'lae BRlKBRe ypOBHR U GdaT 

uSmaa 

Myn&TanneTa (I 7/2)
3

• EcnR 

K8K yK838HO B paoOTe/
111

, 

TO STO He npOTBBOpe'IRT 3KCnepRMeBT8nDBbiM pe3YDbT8TijMo 

EODDW8SI npHMec& E2 nnSI nepexona 108,1 ~taa ( M1/E2 •1,6) roaopsT a nODD3Y 
-) 

KOnneltTHBHOll npHpOJlbl ypOBB!I C sBepraell 108,1 KSB (5/2 ), 0JlH8KO HH$OpM8IlBB eme 

H9IIOCT8TO'IH00 'IT06bl yTB9plKJl8Tb 
Ul 

00 O)lB03H8'1HOCTB npBDHC8HHbiX KB8HTOBbiX xap8KT9pHCTBK 

a030YlKJl9HBbiM ypOBBSIM Gd 

Aaans3 cneltTpOB 

604,8 K.SB (EJ) H 615,7 

e - y -coananeBRII B BbiBO)lbl 0 Myn&TRDODDHOCTHX nepeXOIIOB 

KSB (E1 tM2) D03BODSIIOT aaeCTB Y'10Bellb C aaeprKell 1191 KSB 

npanBC8HHb!X 

DpHDBC8Tb 
C DODOlKBT9DbHOll '19TBOCTb!Oo 0CH0BbiB8SICb H8 ICB8HT0Bb!X X8p8K.TepBCTHK8X, 

ypOBBSIM 575,8 Jt3B (1/2-) B 587,5 KSB (5/2-) 0 ypOBBIO 1191 lt8B cnenyeT 

xapaxTepHCTBKB 8/2: aTOMy BbiBOilY se npOTaaope'IBT B 3B8'1&HBe lg fr 
KB8HT0Bbl9 

Ecnx acxonBTb B3 o6ono'le'IHOA Monena Maiiep, _To Tpynao 
Ul 

Gd c qacnoM ~ell-
• 6,8 :!:. 0 11 Ha aTOT ypoaeH&. 

oiS'bSICHBTb no!laneaae ypOBHH c nonolKBTenDBOll qeTHOCTbiO B ll.tlpe 

TpOHOB N • 87, 

XapaK.TeP pa3p!lllKB ypoaa!l 1191 JtaB 
H8DOMBB8eT OKTYDOnDBblli ypoaellb 1128,8 KSB 

( 
- IU /9/ 8 ) B '19TBo-'leTHOM li.!IP9 Gd • 11 B TOM B B npyroM cnyqae p8CCM8TPBB89Mbl9 Ul IU 

ypOBBH Be pa3p!!lK8IOTCH npSIMbiMR nepeXO)l8MB B OCBOBHble COCTO!IBRSI g)lep Gd B Gd .' 

COOTB9TCTB9HB0o 

B 38JtniO'IeHHe onBB B3 aaTopoa (B.B. Ky3Benoal npBHOCBT acKpeHHIOIO 6naronapHOCTb 

npo<jl. Ore Eopy 38 rocTenpaaMCTBO a npenocTaaneasyiO ao3MOlKHOCTb npoaeneHB!I sKcnepa

MeHTOB B 11HCTBTyTe BMo Han&ca Eopa, npo$. K.a. AneKC8B)lepy, -K.SI. rpoMOBYo )I{,T. )l{e

neay a B.r. KanuBBBitOBY 38 neRHble 3aMe'laRBSI a o6cylKJlesae pe3yn&TaToa. 

naTepaTypa 

1. J.W. Mihelich, B.Harmatz, 1'.H. Handley, Phys. Rev., ll!!b 989 (1957) • 
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Ta011111:.1a 2. oKcnep11MeHTaJihHble 11 TeopeTI1tleCKII!e K03$l>IIIJ..III!eHTli KOH
sepC1111 111 BliBO~li o MYJ!hTIIInOJihHOCTRX nepexo~OB np111 pacn~e 15~8 

tl~Ni ; E:nepex.l d.. K 3Wcn" IO":ol." J~c~/0: d..~< TEDP. x 10
3 

n/n K3B ·u3.(":.cn. ;u3E'·t!toAE1 
1 

E:~ ! 

1 104 '5 l 5900 .240 1000 1500 
2 108,1 780,9_±150,0 a}O 900 1450 
3 140,5 ! 350_±170. 100 460 
4 180,1 306,0_±41,0! 50 220 
5 192,0 274,0_±38,0. 44 190 

680 
33) 
280 
130 6 251,8 124,0_±18,0' 112_±16 21 76 

7 263,8 39,2_±18,3 78_±39 19,5 70 120 
8 287,2 90* 15 52 90 
9 318,8 103,0_±49,0 11 40 66 

10 380,0 }155+30 7,6 23 "43 
11 384,0 ' - ' 
12 395,2 30,6_±6,0 7 21 ~~ 

MyJihTIII
nOJihHOCTh 

M1 ? 
, M1+b;2, E:2 
i E2 
. Ml 

M1 
~1 

E1tM2 
M1 
M1,E:2 

l!.G(E2+M1) 

13 417,0 57,2_±14,8 6,4 19 36 
14 427,0 46,4.±8,0 5,6 16,5 ~1,5 M1? 
15 443,8 52,0_±12,5 27,5_±6,5 5,2 15,5 29,0 M1 
16 479,2 21,7_:!:3,5 10,2_±5,2 4,4 13,0 24,0 E2+M1,E2 
17 499,0 20,7+8,0 3,9 11,5 21,8 E2+M1 
18 512,0 6,5_±2,1 3,75 11,0 .~1,4 E1(E2+M1) 
19 587,5 11,1_±1,8 2,8 7,8 14,0 E2+M1 
20 605,5 4,1_±1,2 2,65 7,2 13,0 E1,(E1+M2) 
21 615,7 3,7i0,6 ~.8z0,8 2,55 7,0 12,7 E:1(E1+M2) 
22 691,0 7,4_±2,7 1,97 5,2 9,6 E2(E2+M1) 
23 708,9 13,6_±3,8 1,8 4,6 8,5 M1 
24 781,8 6,5_±1,2 1,8 4,6 8,5 E2(E2+M1) 
25 805,5 8,2_±4,5 8,1_±4,0 1,47 3,7 6,8 M1(M1+E2) 
26 906,0 0,5_±1,3 4,1_±2,0 1,15 2,8 5,0 E2,M1 
27 C40 ,0 5 4+2 7 1 07 2 6 i t 6 i M1 E:2 

, -, J , ' ' 

*) f1 p111 pact~eTe o( np11HRTO, t~To nepexo~ 287,2 K3B Tlllna M1 
**) I( MynhTI1nOJihHOCTh nepexo~a 514 K3B B03MO;J;Ha THna M1 np111 npe~no-

~o~eHHI1, tiTO ~-JIYQIII 512 R3B 06R3aHli TaKXe aHH11PIIIJIRJ..IIIIIII nOSIIIT• 
POHOB ( N 1% Ha pacna,t:~ ) np11 pacna,t:~e 151T6. 
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Puc. I ,a. CnexTp xoaeepcaoaHLIX :;,nexTpoHoe 11 1Tb 
B 06naCTB SIBepraA 20-290 KSIBo 

a) Kp,11easr cnana axTBBBOCTB BCTO'IBBKa 
111 

Tb e nponecce onLITa. 
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2615·"~ 3000 1&1 B o6nacTH saerJrHA 230-760 xse. 

IX :;,nexTpoaoe Tb 
Puc. 1,6. CneKTP xoaeepcaoBHL IU Tb B npouecce OllbiTa. 

a) KpaeaH cnana aKTHBHOCTB acTo'IHBKa 
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PHc. 2,a. faMMa-cneKTp !61Th 
neT ( ? ' H3MepeHHbili c noMOIIl&IO G ( BKTOpa 0, 7 C~ X 0 35 C ) e Li) nonynpOBOLIHHKOBOrO 

' M B oonaCTH 3Heprali 1!0 300 KSB. 

' /0 

• ~J---~~=o----------~2oo~--------~r.~=---------~3~oo~--------~~~----------4~oo~--------~4,~o~--------~~----~~~-

161 
Pac. 2,6. faMMa-cneKTP Tb , H3MepeHHbili c n· ... olllhiO Ge(Li) nonynpoaoaHHKoBoro 

1!9T9KTOpa (0,7 CM2 X 0,35 CM) B oonaCTH SHeprHli 200 - 1000 KSB. 
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Pac. 4. CneKTPbl cosnaJleHHA raMMa-nyqeA c KOHBepcaoHHbiMH aneKTpoaaMH Tb. 
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151 161 148 1U 
Puc. 5. CxeMbi pacnaaa Tb Gd B cpasaeHBH c ypOBHBMB Gd H Sm. 

YpoBHH, oooaaa'leHHhle aeaa'lepaeHHhiMII Kpy>KK8MB, BBeJleHhl Ba aaanBaa e - y 
cosn8)leHBl!. KsaHTOBf.re xapaKTepucTBKB, npBITBCBHHhie ypoBHBM 

161 
Gd , BBlllDOT

CB OJlHBM 113 HaB001!&8 sepOSITHh!X B8pii8HTOB0 yJlOBlleTBOpBIOIIlBX SKCD&pBM&HTan&-

·. 


