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Bae.ueaae 

152 
l1ccnenoaaaHJO aany'leHHll Tb rrocalllueao MHoro pa6oT, B 1959 rony ToT, <l>anep 

II PacMyccea
1 

l / arrepBble o6HapylKHIII! HOBblll H30TOII Tep61rn C rrepHOllOM rronypa<...1ana 

66, 6, 10
3

ceK, rrony<ieHHblll B peaKUl!llX Eu1
52 

(a , 3n) II G/
52 

(p,n) H 11ne11T11clim111po-

aanH ero rryTeM ToqHoro onpe.neneHHst 
152 152 

3HeprHII y - nepexo.na 344, 1 K3B, B03HHKBJOl!lero 

TSKJKe a Gd rrpH pacna.ue Eu 
152 

ltleHT11¢11KaUHll Tb 6b1na 38TPY.llH0H8 TeM, qTo 3TOT H3OTOIT HMeeT nepHo.n rronypac-
151 154 

rra.ua, 6n11aK11II K nep110.uaM rronypacrra.ua .uayx .upyrax 11a0Tonoa Tep61111 - T b II Tb • 

T e nepb >1cao, 'ITO 11anyqea11e, B03HHK8101Uee rrp11 pacrra.ue Tb 
152 

aa6nJOaanocb II a 6onee 

paHHl!X pa6oTax, IIOCbl!IUeHHb!X 11ccneaoBBHIIIO HellTpOHO.(lelpl!UHTHb!X H30TOIIOD Tep61rn, ,wnpll-
/2/ 

Mep, a pa6oTe AHTOHbeaon H .up, , HO 11a-aa 6n113KHX rrep110.uoa rronypacrrana 
152 154 152 

151 
Tb 

Tb II Tb 11neaT11¢11Kau11ll 11a0Torra Tb He 6btna c.nenaHa. EnH30CTb nepHonoa nony-

pacnaaa 3THX H3OTOITOB CO3ll80T 3H81.lHT0nhHbl0 Tpy.llHOCTH npH Hccne.nos·aHHH CX0Mbl pOCIIBflfl 

Tbl 52 . 

152 
l1.ueHTH(jlHK8Ullll Tb 6btlI8 IIOATBepJKaeHa B pa6oTax 6oH'l - 0CMOIIOBCKOit II up. 

13 1 

6acHH011 11 np/
41 

11 A6uypaaa1<0aa II up/
51

• B 3TIIX pa6oTax rrp11 11ayqeH1111 cnexTpoa Kou

aepcHOHHbIX aneKTpOHOB H IT03 HTpOHOB Hfft'!Tpono.aecfrnuHTHblX H30TOITOB nncnp03HSI , o6paaonaa

WHXCII D peaynbTaTe rny60KOI'O pacmerrneHI!!! T8HTana rrpOTOH8MH C 311epr11eii 660 M<>a, 6LJ

no o6HapylKeHo HapaCTBHHe OT!tenbllb!X KOHBepCHOllllblX IIIIHlll! 11 fl0311 Tp0110B C nep11ono,1 nonypac-
3 3 

nana 9,0, 10 ceK , aaTeM y6L1BaH11e 11x c nep11onoM rronypacnana ~ 65.10 ceK, 3TOT 1!1aKT yc -
152 3 

TBHOBl! II re11eT11'1eCKYIO CBll3b 0611apy~WHHOI'O l!31Iy'leH11>1 C 1130TOIIOM Dy ( T½ = q,o .10 ceK ) 

11, TBKHM o6pa30M, IIOllTBepuHnocb cyll!eCTBOB8l!l!e HOBOI'O l!30Tona Tb 
152 

152 
CrreKTP Ko11aepc110HHbtX aneKTpo11oa Tb 11ccnenoaanc11 n p11ne pa6oT

12
•
4

•
5

-
131 

152 
J.1 3 3 T HX pa6oT cne.nyeT , t.ITO cneKTp KOHB0pCUOHHblX a neKTpOHOB Tb Ol.lCHb cnO)K0 11 H 

npoCTHpaeTC!I no ,rnepr1111 Bbtll!e 2000 K3B. B pa6oTax
1 1

•
6

•
8

•
91 

l!CCneAOBBIICH y - c neKTp , 

0,llH8KO 113 - 38 cno>KHOCTM nocneru1ero DHBnH3 era CB~38H C 6onhWHMH TPYllHOCTflMH , TT0 3 TO 

MY Hccne.ooaaHHH y - cneKTpa Tb 
152 

uanH noKa cpaBHH Tenbno Mano caenennii. 

CrreKTp noa11TpOHOB np11 pacrra.ue Tb 
152 

11ay'!ancS1 a pa6oTa/
3

• 
10

• 
151 

/6/ 152 
B pa6oTe T oTa II np. 11ayqan11cb e - )' - coanauemrn npu i,ncna 10 Tb 

AaTopaMH pa6oTb/
61 

ao1caaaHo cy111ecTDO0an11e yponneii c 3nepr1rnMH 3'1'1, {j l f> , 75fi , 1~1n1 

1047, fl 24 11 13 15 K3B C KBAHTOBblMII xapaKTepHCTIIKB,11! 2\ o+. 2(~t, ( J)'./, 0
1

, J°- 11 

1-, COOTneTCTDeHHO. 



/10, 12/ 
fpoMOBbIM u np. cxeMa pacnana 

152 
Tb 6&Ina nonontteHa, onttaKo 3TH nonon-

HeHHH 6binH OCH0B8Hbl rnaBHbIM o6p830M Ha coana.cteHHHX cyMM 3HeprHR 

RBnRnHCb Il03TOMY npeanono>KHTenbHblMH. 

y -nepexonoa u 

B ttacTomueil pa6oTf
5
lpononll<ett&1 uccnenoaaHH!t cneKTpa KOHaepcHoHHbIX aneKTpOHOB 1t 

cneKTpa IT03HTpOHOB 
+ 

Tb , HccnenoaanHcb TBK>Ke y -crteKTP H CfI9KTpbI y - y - H 

fl - y - coananeHHil. '-lacTH'IHO 3KCnepuMeHT8nbHble peaynbTBTbl 6b!IIH yll<e nonoll<eHbl B 
/ 12 13/ 152 

pa6oTax ' • Ha OCHOBSHHH nony'leHHbIX IISHHbIX npennaraeTC!t cxeMa pacnana Tb 

(pHC, 12) . 

3Kcne£HMeHTanbH8!t '18CTb 

152 
l'130TOIT Tep6H!t Tb Mb! nonyqanu npH xpOMaTorpacj,H'leCKOM paaneneHHH pe/lKHX 

3eMenb H3 TSHTana , o6ny'leHHOl'O npoT0HSMH C 3Heprueli 660 Maa. HaMH 6&!110 HCIT0nb30B8-
152 

HO nn1t 113MepeHH!t 11B8 THITa npenapaT0B, conepll<SlllHX Tb 

1) Tep6ueaa1t cj,paKUHSI , T. e . cyMMa H30T0IT0B Tep6H1t, BbI/leneHHb!X H3 TBHTanoaoli MH

WCHH 'lepe3 3-4 'IBCa nocne KOHUS o6ny'leHH!t H 

2) npenapaT Tep6uS1 , a&111eneHHbiil ua nucnpoaueaoli cj,paKUHH qepea 1-10 qacoa nocne 

BbI/leneHHSI nucnpo3H!t H3 TSHTan0B0!i MHWeHH. B Tep6ueeoli cj,paKUHH 06bl'IHO Ha6monano Cb 
156 148 Ir 154 151) 

neasiTb uaoTonoe Tep6HS1 - oT Tb 110 Tb -, npu 3T0M naa H3 HHX \.' b H Tb 

nMe!OT nepuon nonypacnana , 6nH3KHli K nepuony nonypacnana Tb
152 

• B CB!t3H c 3THM a 

OT.oenbHblX cnyqa51x ny1une 6&1no HCilOnh30B8Tb npenapaT Tep6HH, BbI,QeneHHhIA H3 Ll,HCnpoane

B0il cj,paKUHH, 

PanuoaKTHBHb!e H30TOITbl Tep6HSI B03HHK8!0T B JlHCnpoaueaoli cj,paKUHH no cneny!O!llHM 

reHeTH1.J0CKHM uenOllKBM! 

152( 3 
Dy 8,3.10 ceK ) -

152 3 ) 
Tb (65. 10 ceK 

152 
Gd ( CTa6) -

153(: 3 ) Dy 21,6.10 ceK --- 15~ 3 ) Tb l-'27. 10 ceK 
153 6 153 

- Gd (20. 10 ceK)- Eu (cTa6). 

1556 3 ) Dy \" 6. 10 ceK - 155 3 
Tb (384.10 ceK ) 

155 
- Gd (cTa6.) 

OK838110Cb, '!TO B npenapaTe Tep6u1t , BbI}leneHH0M H3 /111CITP03HeBoli cj,paKUMH , conepll<MT-
152 153 155 

Cit a ocuoa110M Tb A uany'leHue , npuuannel!<amee uaoTonaM Tep6H1t Tb H Tb , 

nerKo u11eHT11cj,11uHpoBaTh no nepnony nonypacnana. 

+ 
B CB!t3H C 3THM npH uccnenoaaHHH y - cneKTpa H cneKTp0B y - Y- H /3 - Y-

coananeHHli HCIT0llb30B811HCb T0llbK0 npenapaTb! Tep6HSI, BbllleneHHble H3 JlHCnpoa11eeoil cj,paK-

UIIH. 152 
B npenapaTaX Tep6ueaoli cj,paKUHH K0IIH'leCTBO T b 6&Ino a 5- 10 paa 6on&we, '!eM a 

4 



Tep6HH, BbIJleneHHOM H3 )lHCl!p03HeBofi <J,paKHHII, flo>lTOMY npn Hccne)loBaHHII Tep6HeBofi 

<J,paKHHII yJlaBanocb nony,taTb 6onee )lOCTOBepHbie CBe)leHH!I 06 8HeprHHX n HHTeHCIIBHOCT!IX 

KOHBepcnoHHblX aneKTpOHOB n IT03HTpOHOB, 0JlHBKO npnnncaTb HaneJKHO Te nnn l!Hble KOUBep-

nHHnn n 3 Tony Tep6 n!I Tb
l52 

6 CllOHHbJe ynaBanocb TOnbKO npn H3y'leHHI! Tep IIH, BbIAeneH-

HOro 113 nncnpo3HeBofi <J,paKUHII, 
152 

CneKTp KOHBepcl!OHHblX aneKTPOHOB Tb H3y'lanCH C ITOMOIIIbIO {j -cneKTpoMeTpa 

/14/ 
C TpexKpaTHOfi <J,0Kyp11pOBKOfi IIY'!Ka aneKTpOHOB • Pa3pema1011Iall cnoco6HOCTb np116opa 

paBHa 1-2% n cBeTocnna-npn6n11311TenbHO 0, 1%. PerncTpaHl!H aneKTPOHOB B 8TOM npn6ope 

np0113BOAl!TC!I BKnIO'lel!HblMI! Ha COBnaneHl!!I C'18T'll!KaM11, noMe11IeHHblMI! B nepnoM II TpeTb-· 

eM <J,oKycax. TaK KaK <J,0110Bblfi C'leT 11a 8TOM np116ope O'!eHb Man ( 1-2 l!Mll/'!ac) I 8TO noa

Bonnno HaM 113Y'laTb O'!eHb cna6b1e nnHl!I! KOHBepCl!OHHbIX aneKTPOHOB, 

naHHbie O Cl!eKTpe KOHB0pCl!OHHblX aneKTpOHOB B OonaCTI! 8H0prllfi )lO 1800 K8B yTO'i-

HeHb! C IIOMOIIIb!O {3 -cneKTpoMeTpa c nBofiHofi <!>oKycnpoBKofi, pa3pemeHne KOToporo 

~0,2% II TO'!HOCTb onpe)leneHIISI 8Hepr11fi He xyJKe o, 1%. B 9TIIX OllbITax 1!3Mepnn11Cb TOnbKO 

nllHIIII KOl!Bepcl!Ol!Hb!X aneKTJ)OHOB, 06HapylKeHHbl0 C IIOMOIIIblO /3 - cneKTpoMeTpa c 

TpexKpaTHOli <j,oKycnpoBKOli, CncTeMaTl!'leCKOe nccnen0Ba1me cneKTpa KOHBepCHOHHh!X aneK-

TpOHOB Ha 8TOM {J -cneKTpoMeTpe He npononnnocb, 

Pe3ynbTaTbl 113Y'leHl!!I cneKTpa KOHB0pC1101!Hb!X aneKTpOHOB npencTaBneHhl B Ta6n11-

11e 1. B 9Toi1 Ta6nnue iwsi cpanHeHHH npnBeneHbI pe3ynbTaTb1 pa6oT ToTa n np/
61 

n 

/7/ 
XapMaTua II np. • 

l·fa TaoJillllbl BIIAHO, 'ITO 11am11 peaynbT8Tbl xopomo cornacyIOTC!I C naHHb!Mll 8Tl!X pa-

6oT. floMl!MO 8Toro, HBMll o6HapylKeH pHJl HOBblX y -nepexonon. CneKTp noanTpoHoB, 

B03Hl!Ka10m11li npn pacnane 
Tb152 

Kpan10fi q,oKycnpoBKoii, {J - Cll8KTp 

1 H3y'lancll C ITOMOIIIblO f3 -cm,KTpOMe~pa C Tpex-
152 

Tb CnOlKHblli ll COCTOIIT, no KpaliHefi Me pe, 113 

lll!Tl! KOMIIOHOl!T ( CM, pile. 1) c rpann'illb!Mll 8Heprl!SIMII ( 2800 ~ 50 ) ; ( 1930 + 50)' - , 
( 1300 + 50). ( 850 + 50) II ( 420 + 50) K8B, Jfa 8THX 118HHb!X nonyqaeTC!I 8HeprnH 

' 152 1 
pacnana Tb ➔ Gd 52 , paBHaH 3820 + 50 KaB, 'ITO xopomo cornacyeTcH c naHHhI-

MIi paoOTb/ 
161

• 

B Ta6nnue 2 npnBe)leHbl OTHOCHTenbHbie l!IITOHCHBHOCTll KOMIIOl!eHT 

152 
f3 -cneKTpa Tb • 

T a 6 n n u a 2 

2800 + 50 1930 + 50 1300 + 50 850 + 50 420 + 50 

------------------------------- ---------. --~ .. -
100 45 14 3,6 1,2 

----------· ..... --
11HT0HCl!BHOCTb l!03l!Tp0HOB HO OTHOIIIeHHIO K l!HT8HCl!BHOCTll KOHBepcnoHHOli nllHllll 615 K9B 

paBHa 10,9, ' 
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J1ccne/loBaHll8 Y -cneKTpa II cneKTPOB /lBOHllb!X II TpOiiHbIX coana/l8Hllll y -nyqell 

B 
152 

Tb npoaomrnoc& Ha ycTaHOBKe,6noK-cxeMa KOTopoii 113o6palKeHa Ha pnc. 2. CocTaB-

HbIMII qacTHMH ycT8HOBKH SIBnSIIOTCSI .llBa aBTOMaTHqecKHX onaoKaHanbHbIX y -cneKTpo-

MeTpa, lOO-Ka11an&Hbill aMnmITY/lHbill aHan113aTop II Me1rneHHo-6b1CTpal! cxeMa coananeH11ll. 

3neKTp11'18CKlle IIMnyn&Cbl C BbIXonoa q,oTOYMHOlKIITenell nocTynalOT qepe3 KaTOnHble noBTO

p11Ten11 Ha axon HeneperpylKa!OmllXCll n11HellHb!X yc11n11Tenell I, II, III C co6CTB8HHbIM apeMe-

- 7 H8M HapaCT8Hllll - 10 ceK, B11nOnllpHO cq,opM11poaaHHbl8 IIMnynbCbl nepenalOTCll C BbIXO-

/lOB yc11nI1Tene1'l Ha aMnnnTynHbie nncKp11MIIH8TOpbl nn ll Ha CX8MY COBnaneHHll, fipll nepexo

ne qepe3 HOnb '611nonllpHbIX 11MnynbCOB Ha axone CX8Mbl coananeHm'l Bbipa6aTb!B8IOTCll CT8H

napTHbl8 IIMnynbCbI, B cnyqae pa3p8I11811Illl OT aMnnllTy/lllbIX /lllCKpIIMllHaTopOB Ilil 3Tll llM

nyn&CbI nocTynaIOT Ha 6bICTpYIO cxeMy coBnaneHllll, Pa3pe11Ia!Omee apeMl! CX8Mbl 2 r Bbl-

-8 -7 
611panocb OT 10 ceK no 10 ceK, HaMII 11cnonb30Ban11Cb q,OTOYMHOlKIITen11 

<1>3Y I n <1>3Y II c KpllCTannaM11 Na J ('Ii ) pa3MepoM 4,0 x 4,0 cM
2 

11 q,oTOYMHOlKll-

Tenb Tnna M12FS100(<l>3YIII) c KpllCTannoM NaJ(TI') pa3M8pOM 7,0 x 5,0 cM
2• 

137 
311epreT11qecKoe pa3pe11Ie1me, 113MepeH11oe no y -n11Hllll 662 K3B n3oTona ue3llll 

Cs , cocTSMllno a TpaKTe l np116nn3nTen&Ho 8%, B TpaKTe II - 10% n a TpaKTe III -

11%. 

Ha p11c, 3 npencTaBneH B Ka'!eCTBe np11Mepa 0/llIH II3 pa3nOlK8HHb!X cneKTPOB y -ny-
152 

'!ell Tb , 11a puc, 4-10 npe/lcTaaneHbI cneKTpbI Y -ny'lell, coana/laromux c ny'!aMn 

c 3Hepr11eii 344, 271, 1110, 1320, 1606, 931, 511 K3B,COOTB8TCTB8HHO, 

Ha pnc, 11 np11ae1leH cneKTp y -ny'leii, coanana10m11x c nBYMll 

3Hepr11eii 511 K3B, o6pa3yIOIIlllXCll B pe3yn&TaTe 8HHHrllnllUIIII no3llTPOIIOEI 

ny'!II c 3Heprneii 511 K3B per11cTp11poaan11c& B TpaKTax I II II (pnc, 2), 

y -KBaHTaMII C 

Tb 
152 

, raMMa-

AHanll3 cneKTpOB COBil8/l8HHil (naoiiHLIX H TpOJiHbIX) npOBO/llIIICII cnenylOIIlllM o6pa30M: 

CTaBHilCH 3KCnep11M8HT no coananeHIIIIM C nllKOM Y -nyqefi 3a}laHHOii 3HeprHII, 3aTeM no

IIOJIIUITGITbHO aananHCb coananeHIHI, B Tex )Ke ycnOBHHX H npH T8KOM )Ke apeMeHH 9KCII03ll-

IUIH, C ytIBCTKOM crreKTpa aa IllUCOM co CTOpOHbl 6onblllHX 3HeprHH, tIT06bI one-

HHTb BKnan coana/l8Hllii OT KOMnTOJ:OBCKoro pacnpeuenermy52 y - nyqefi 6onbLUHX ,meprnll. 

BTopoll cneKTp c nonpaBKoii Ha nepno/l nonypacnana Tb BbI'IHTanc,i ll3 nepaoro. 3TIIM 

cnoco6oM nony'!eHHhiii cneKTP y -ny'leii pa3naranc11 11a cocTaBn1110m11e qacTn, u 3aToM 

:01,').]iqeunue HHTG:':ISHBHOCTII y -nyqeft (nnomann non nnKaM11 y -nyqell, nonpaaneHHhre 

Ha sq,q,eKTIIBIIOCTb per11cTpau1111 Jl(C,T,'1:TopoM N aJ (Te) ) 6binll OTH8C8l!bl K 'IIICilY 

( N
1 

- N
2 
~ N ) 11Mnyn&coa, 3aperncTpnpoaaHHbIX B KaHane 1. B KaHane l per11cTpnpoaa1111c& 

y -ny'III onpenenemrn,:i 3H8[Jl'Wi, C KOTOpb!MII 11ccnenoaanl!Cb coana/l8Hllll 
152 

cneKTpa Tb 

6 

y -ny'leii 



+ 
"B cny,me TpoilHblX connaJ10HIIli ( f3 - y) npooon11ncll !pOHOBblli onhIT, T.e. <1>3Y I II 

<1>3Y II pacnonaram1cb ne non yr:iou 180° (pnc. 2), a non yrnoM 90° npyr K npyry. B 

cnyqae Tp~liHblX connaneHIIli HHT0HCIIBHOCTH y -nyqei! pa3noJKe1moro cnexTpa 61,mlI OT-

necenw K qncny nnolinwx connanennli Me}K)ly aHn1Ir1InS1unonnwMH y -KBanTaMH C aneprnei! 

511 K3B. llml TOl'O, 'lT05bl pa3Il0lKHTh y -cnexTp II naTb a6comoTHO HHT0HCIIBHOCTH y -

nyqeli, neo6xonnMo ObinO 3HaTb xapaKTepHCTIIKH }' - cneKTpOD C O!tHIIO'rJHhlMH IlHKSMH: 

pa3pemenue, OTIIOl'laHHe aMnmITyilbl !pOTOITIIKa K B0lllI'll!H0 KOMnTOHOBCKOl'O pacnpeneneHHll II 

9<p<j, eKTHBHOCTb perncTpaUIIH ;:\3TOI{TOpa xax 'PYHKUHH aneprnli 

MeTpIIH. 

Y -ny'Ieli B nannol! reo-

nnll 3TOil ll0IllI H8MH Own HCITOnh30B8ll H000XOJ1HMblli Haoop CTall)1apTHblX npenapaTOB, 

HM0l0llllIX xapaKT0pHbl0 OJ11IHO'lllbl0 Y - IlHKH. 

C nOMOlUh!O nony'IeHHblX axcneplIMGHTBllhHO 3anIJCHMOCTeli Heo6xom1w;ix napaMeTpon 

lI8MH Ublnll pa3nOJK0Hbl KaK OJ1HHO'IHblli cneKTP y -nyqeli 
152 

Tb , TaK H cneKTj)bl 

y 
+ 

y- H p y --connaneHHil MeTonoM nocnenonaTenbnoro Bhl'IHTaHHll cnexTpon. 

Onrnwemrn nony'IeHHblX IIHTGHCHBHOCTeli Y -ny'Ieli K 'IHcny N no3BOllll0T cne-

naTh 3aKil!O'I0HHe B OOilhWHHCTDe cnyqaeB 06 HHT0HCIIDHOCTH y - nepexoAoB, connana-

romnx c y - nepexonoM 3anaHHol! aHeprnn. B Ta6nnue 3 npnneneHbl OTHOCHTenhHble HH-
152 

TenclIBHOCTII y -ny'Ieli Tb · 

Ta6nnua 3 

Ey, 270 340 410 500 560 620 
K3B 

Jy I% 13.4 100 ~10 29,9 19,7 13,9 
~ .. 

+ 1,3 +9,5 + 4,0 _:3,6 

Ey? 
1300 1500 1720 1920 2100 2260 K3B 

Jy/ % 14,4 11,0 15,3 7,7 7, 1 9,1 
J344 

:!:5,0 _!"3,8 :5,0 _!"2,6 _!,2,0 _!"3,0 

B Ta6nnuax 4-8 npnneneHw HHTeHCIIBHOCTH 

y -ny'IaMII c a1Iepr1Ieli 344, 511, 1110, 

700 760 900 1000 1120 

12,5 13,3 13,2 14,9 18,0 

_:2,6 _!"4,0 _!4,0 +4,8 +3,8 

2480 2640 2730 2920 

6,8 2,3 1,0 ~0,5 

:4,4 _!1,0 :0,5 

y -nyqeli n cnexTpax connaneH11li c 

H 1319 K3B II B cneKTpe TpoliHblX 

connaneHHli. B 3THX Taonnuax HHT0HCHBHOCTH naHbl B % Ha OllHH KBBHT BblneneHHOli 3Hep-

rnn, an cnyqae /3+ y -connaneHnli Ha onnH no3HTpon npn pacnane Tb
152 

7 



Ta6nl!ua 4 
hv =-344 

Ey, 270 315 410 510 580 690 770 900 990 1090 1230 
K8B 

1y;% 13,7 6+ 6,5 12,2 13,3 6,8 12,3 6,8 9,2 10,30 4,8 
1s .. 

-
_: 3, 1 3,8 _: 1,6 !2,8 !3,6 +1,3 !1,7 !2,7 +2,1 .:3,0 ,:1,4 

E Y, 1360 1480 1640 1770 1910 2050 2180 2370 2520 2700 
K8B 

ly/ % 6,2 3,3 4,5 3,6 3,6 2,0 1,8 2,0 2, 1 
1au u 0,6 

±3,0 :!:1,2 :!:1,5 :!:0,7 ±0,7 :!:0,3 ±0,4 ;!:.0,2 ;!:.0,6 

Ta6nnua 5 
h V = 610 K8B 

Ey, 270 340 400 500 600 690 760 900 980 1100 1280 1420 1600 
K8B 

lyl~ 8,7 5,1 2,8 28,2 4,7 2,1 4,8 I,6 1,4 3,4 2,6 0,6 0,8 

Ta6nl!Ua 6 
h T/ = 1110 K9B 

EYo 340 510 620 700 940 1080 1180 1280 1390 1580 

ly/ % 
l 49,4 10,3 4,3 14,0 5,8 7,0 5,4 4,6 4,8 2,9 

Ta6nl!Ua 7 
hv = 1319 K8B 

Ey 
344 · 510 620 780 930 1100 1320 

171/% 
113 19 

111 13,7 15,0 22,3 11,8 20,8 15,6 

Ta6nl!Ua 8 
+ 

f3 - y - coarraneHl!H 

E 
270 340 600 780 1000 1200 1400 1700 2000 2240 y 

ly/l 14,5 51 22 10,5 8,0 2,5 4,0 0,7 0,9 o;5 

O6C)lJK1!eHl!e peayn~TaTOll 

Ha 9Kcrrepl!MeHT8JlbHblX ll8HHblX HaCTogmeil pa60Tbl cnenyeT, '!TO rrpenrronaraeMaH B 
/13/ 152 

pa6oTe fpoMoaa I! np, cxeMa ypoBHeil Gd a o6naCTI! aepXHl!X ypoaHeil a OCHOB-

HOM IIO.!lTBeptil!nacb, ec1m He C'll!T8Tb He6onhllll!X .!lOITOITHeHl!H I! YTO'!HeHl!H, 

Ha ocHoBaHl!I! aHepreTl!'!eCKoro 6anaHcarl!ccneuoaaHl!H crreKTpoa y -nyqeil, Y- Y-

8 



+ 
H f3 y - coananeHni! H aaTeM 6anaHca HHTeHcHBHOCTei! cnenyeT npennonlKHTh, qTo 

152 
Gd cymecTBYJOT cnenyJOIUHe B036yJKlleHHb!e YPOBHH C 3HeprHHMH: 1110; 1606,7; 1863; 

1942; 2137; 2248; 2412; 2457; 2526; 2667; 2714; 2803; 3160 K3B. 

YpoBHH ' noxa3aHHbl9 nyHKTHpOM Ha pHC. 12, BBeneHbl Ha 0CHOBaHHH 3HepreTII'teCKoro 

6anaHca n, qacTHqHo, no coananeHHHM H 6anaHcy HHTeHcHBHOCTei! n 15~e6yJOT 6onee TIUaTenb-

Horo nayqenHH. oTo o6~HCHHeTCH TeM, qTo cnexTp y -nyqei! Tb B o6nacTH aHeprni! 

y - rrepexo.a.oa, CBR38HHbIX C aTHMH ypoBHRMII, O't{0Hb cno>KeH. 
152 

YpoBHH aoa6yJKnemrn Gd , neJKaIUHe HHJKe 1110 xaa, MbI He o6cylKltaeM B Hamel! 
/6/ 

pa6oTe, T.K, oHH xopomo noxaaaHbI B pa6oTe ToTa n np. • TionyqeHHbie HaMH axcnepHMeH-

TanbHbie naHHbl9 B ocHoBHOM xopowo cornacyJOTCS c 6onee paHHHMH HccnenoBaHH"MH cxeMbl 
142 

pacnana Tb B aToi! o6nacTn aHeprni!, 

YpoBeHb c aHeprneil 1110 xaa paapmxaeTc" nyTeM npstMoro y -nepexona B ocHoB-

Hoe cocTogHHe (O+) H y - nepexona c aHeprHei! 165,6 xaa Ha nepBbii! aoa6yJK1teHHb1i! 

ypoaeHb (2+), 3aceneHHe ypoBH" 1110 xaa npoHcxonHT y -nepexonaMH c aHeprHei! 

496,7; 752,9; 1303; 1348 ( 1352) j 1412;2044 K3B, 

Ha aHannaa y - y -coananeHHi! cnenyeT, qTo y - nepexon c aHeprHei! 

1138,3 K3B nonJKeH H/lTH Ha ypoaeHb 1319, 1 K3B, a He Ha ypoBeHb 1110 K9B, KaK 6bmo 
/13/ 

cxaaano a pa6oTe • TioMHMO aToro, ypoaeHb 1319 xaa aacengeTcH y -nepexonaMH c 

aHeprHei! 928,9; 623, 1 H 1352 ( 1348) KSB, pa3pHlKaHCb npH 9TOM B OCHOBHOe coc-

TOHHHe, H y -nepexonoM C 3HeprHei! 974,6 K3B B nepaoe B036yJKneHHoe COCTOHHHe ( 2+) 

H y - nepexonoM c aHeprnei! 703,9 xaaHa ypoaeHb (O+) c aHeprHei! 615,6 xaa, 

YpoBeHb C 9Heprneli 1606,7 K9B pa3pHJKaeTCH qeTblpbMH y - nepexonaMn c aHep-

rHei! 496,7; 675,6; 991,2 11 1263 K9B, OTO cnenyeT H3 cnexTpOB Y Y -

coananeHHi! 11 f3+ - y -coananeHni!, 

YpoBeHb C 9Heprnei! 1863 K9B pa3pHlKaeTCH Tp8MH y - nepexonaMH c aHeprHHMH 

Gd 
152 

"a aHan11aa 752,9 K9B1 1519 K9B H y - nepexonoM B 0CH0BHOe C0CT0HHHe Y1 
+ 

cneKTpOB y - y-, , f3 - y -coananeHnlt xoporno nonTaepJKnaeTcH cymecTB0BaHne 

ypoBH" C 3Heprnelt 1942 K9B, OTOT ypoaeHb pa3pHlKaeTcH HeCK0flbKHMH y -nepexonaMH 

c 9Heprnelt 623, 1; 1187; 1328; 1598 K9B H 

C0CTOHHHe ( 0+), 

Y - nepexonoM 

YpoBeHb C 9Heprnelt 2137 K9B BBeneH HaMH Ha OCH0BBHHH aHanH3a 

B OCHOBHOS 

y Y -COB-

naneHHi! C Ey - 931 K3B H Ey - 344 K9B, OTOT ypoaeHb pa3pHlKaeTCH B COCT0HHne 

y - nepexonoM c 9Heprnei! 1206 K9B II B· COCT0HHHe (2+) c (2+-) c aHepr11elt 931,1 xaa 

aHepr11elt 344,4 xaa y - nepexonoM c aHeprHei! 1791 xaa. 

9 



Ha aaanHaa y - y -coanaueaHl! c Ey 344 K9B H Ey = 1319 Kaa cnenyeT, 

'ITO ypoBeHb C 9HeprHel! 2248 K9B paapmKaeTCH 

1905 K9B. 

y -nepexonaMH c aaeprHel! 928,9 H 

TTono6Hb!M o6paaoM HaMH BBeneH ypoBeHb C 9HeprHel! 2412 K9B, KOTOpb!l! paapHJKaeT-

CH Y - nepexonaMn c aaeprnel! 1;303, 1361 n 1489 Kaa Ha HHJKeneJKamne ypoaHH 

152 
Gd • Ha coananeanl! c Ey= 344 K9B n Ey = 1319 K9B cnenyeT, 'ITO ypoaeab c 

aaeprnel! 2457 K9B paap11JKaeTc11 y - nepexonaMn· c saeprn~l! 1138,3; 21m n, aoaMolK-

ao, 1348 KSB. 

Ha OCHOBaHHH SHepreTH'l0CKOr;o 6anaaca, 6anauca HIIT011CHBHOCTel! H cneKTpOB y - Y

coananeanl! HaMH no1naepJ«neHbI n npennolK0HbI ypomm: ypoaeHb c aaeprHel! 2526 K,rn, 

paap11lKa10l!lHl!CH y - nepexonaMH c saeprHel! 1412, 1763, 2526 Ksa; ypoae11h c saeprH-

el! 2667 K8B)paap11lKa10l!lHl!CH y - nepexonaMH C 9Heprnel! 2667 K9B H, BoaMOlKHO, y -

nepexonoM c :rneprnel! 1352 K,rn; ypoaeHb c sHeprnel! 2714 KSB, paapHlKaromnllcH y -

nepexonaMH c sHeprnel! 1588, 1673, 1791 , 2096, 2371 KSB n y - nepe-

xonoM B OCHOBHOe COCTOHHH0 (0+) Gi
52 

; ypOB0Hb 2803, pa3pHlKa!Ol!lHllCl'l Y - nepexo-
+ 152 

llOM C saeprnell 2187 KSB H y - nepexonoM B OCHOBHOe COCTOHHH0 (0 ) Gd ' ypo-

B0Hb 3160 KSB, paapHlKa!Ol!lHllCH y - nepexonaMH C 9HeprHell 1300, 2044, 2403 KSB 
152 

Ha HHlKenelKal!lHe ypoBHH Gd • 

+ + 152 
Ha aHanHaa cneKTpa f:3 - y - coananeHnli cnenyeT, '!To /3 - pacnan Tb 

nponcxonnT Ha ypoBHH c sneprneli 1942; 1606, 7 ; 1319, 1 ; 11 IO ; 1048,3 ; 931, 1 ; 
+ 152 

615,6 KSB ll B OCHOBH00 COCTOHHHe (0) Gd 

+ 152 
B Ta6nnue 9 npnaeneHbI rpaHH'!Hhre ,rneprnn KOMnoueaT /3 - cneKTpa Tb ll llX 

OTHOCHTenhHbI8 HHT€HCHBHOCTH, a TBK}Ke rrpnae.oeHbl a.onH k -aaxaaTa aa COOTBeTCTBYI0-
1~ + 

mne ypoBHH aoa6y)l{neHHH Gd Ha ocaoaaHHll aHannaa cneKTpa p - y -coanane-

HHli. 

Donn k -aaxaaTa paCC'!HTLIBanHcb no Ta6nll'!Hb!M naHHb!M BaneTpa n np/ 
171 

B aaKnlO'l011H0 aBTOpbl H8CTOl'!l!lefi pa60Tbl Bb!palKalOT HCKpeHHIOIO 6naronapHOCTb 152 
H.A. ne6eneay, IO.B. Hopceeay, A.~. Hoaroponoay aa npHroToaneHHe HCTO'!HHKOB Tb 

a TaKlKe A.B. Kynp11aueaol!, M. HnnecKy, r.M. Bopo6beay, E.T. KoHnpaTy aa n'oMOlllb a 

ll3MepeHHH ll o6pa60TKe peaynbTaToB. 
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TaCiJ11111a l 
152 

Pe3yJJbT&Th! Jl3y4eHl1JI crreKTpa KOHBepCl10HHh!X :rne1npoHOB Tb. 

::JHeprim y -rrepeXOAOB H OTHOCHT8JlbHh!e HHT8HCHBHOCTH h-KOHBepCHOHHh!X JIHHHi 

TOT H ,n;p,/6/ Xa pMal.\ u ,n;p / 7 / H U C T O R m a JI p a 6 o T a 

NN I:.)'. ~- .ll'O Ey • _I_x _ • 100 CneKTpOMeTp 1X/ CrreKTpoMeTp 2XX/ 
I(3B Ik 615.6 

K9B Ik61S.6 Ey I ~.100 Ey • _I_x_, 100 n,'n 
K9B Ju 615.6 K3B Ik 615. 6 

1. 2 .'.3 4 5 6 7 8 9 

I. - - ll7 ,.'.3 .'.30 
2. 271 55U 271,li 690 - - 271,2 480 :t 50 
3. 314 
4. '.344 2000 344,'.3 1970 - - '.344,4 1860 + IO0 
5. - - '.351,4 4,0 - - '.351,5 7,5 :!: I,5 

G. ·4II 9U 410,0 85 - - 411,2 84 + 8 
;:; M 432 4e0 4'.32,I 460 - - 4'.32,5 3,80 :!: 40 I• 

o. -· - 496,5 7,0 - - 496,7 12,0 :t 2,6 
9. - - 526,6 18 - - 527,1 17,0 :!: I,6 

lU. 5o5 220 506,J 200 5b7 - 5e6,7 175 + 15 
n. 615 1000 615,J 1000 616 1000 615,6 1000 
:2. - - 622,7 8,0 - - 623,I 9,0 :!: 0,9 
n_. - - - - - - 675,6 2,9 :!: 0,5 
14. - - - - - - 679,2 I,5 :!: 0,5 
15. - - 703, I IO 703 - 70'.3,9 10,9 :!: 0,9 
16. - - - - - - 752,9 2,'.3 :!: 0,7 
i.7. - - 765,J 15 765 15, U 765,6 rn,o :!: 2,5 

x/ 
p - cnexTpoMetp C TpexKpaTHOA ~oKycHpOBKOH ny4Ka 3JleKTPOHOB. 

xx/ ~~ cneKrpoMeTp C ABOAHOA ~oxycHpOBKOA nyqxa 3Jl8KTpOHOB. 



l. 2 3 4 5 6 7 s 9 

lb. - - 772,7 CJia6. 

19. - - 779,4 7,0 779 6,0 779,4 9 + l 
21..i. - - - - 931 {: 928,9 1,2 : u,5 
21. 931,2 5,3 :!: U,b 
22. - - 974,J 12,U 975 12, 0 97lf 1 6 I'.10 ! 1,2 
2J. - - - - - - 991,2 2,5 :!: C,6 
211. 104.7 50 IUL/8,3 16 IU49 rn 1048,3 rn,u :!: I,o 
")<= -- - - - llIO 6 IIIU 5,3 ! 0,6 :_~. 

26. - - - - Il40 J IIJb,J J,4 ! o,5 
27. - - - - llo7 - 1, 0 Ilb7 .. u,J 
2b. - - - - 120b - I, 0 1206 .. U,4 
2~. - - - - 1263 2,6 1263 2,2 ! U,J 

c:; JC. - - - - - - 1300 I,2 :!: U,J 
JI. - - - - - - - IJl)J U,9 :!: O,J 
32. - - - - DIS 3,4 1319 I,6 ! 0,3 
JJ. - - - - - - 1328 l,J :!: U,3 
34. - - - - - - 1348 0,8 ! 0,2 
35. - - - - - - 1352 0,6 ! 0,2 
36. . - - - 1359 - I, 0 1361 O,J ! 0,15 
37. - - - - 1413 - 1, 0 1412 0,7 .! 0,2 
38. - - - - - 1489 - I, U 
3Y. - - - - 1522 1,4 1519 l,U .! 0,2 
40. - - - - I5bb o,5 ! u,2 
41. - - - - 1593 1,6 15% U,6 ! O,J 
42. - - - - 1667 - I,O 
43. - - - l7bo I,2 1763 0,5 ! U,J 



l. V 2 3 4 5 6 7 8 9 

44·. - - - - 1791 0,6 :!: 0,3 
45. - - - - 1905 2,2 
46. - - - - 1941 1,2 
47. - - - - 2044 < 0,2 
48. - - - - 2096 < 0,7 
49. - - - - 2187 < 0,3 
50. - - - - 2260 < 0,3 
51. - - - - 2371 1,1 
52. - - - - 2403 - 0,8 

~ 53. - - - - 2526 < 0,3 
54. - - - - 2601 < 0,3 
55. - - - - 2582 < 0,4 
56. - - - - 2667 < 0,2 
57. - - - - 2707 < 0,4 
58. - - - - 2803 < O,I 



TadJil1Lla 9 

J,,J,i, YpoBHH ::J,repr1rn 0Tl!OCJ1T. 0THOCMT. AOJIR )).OJI.fl 

rm ,K3B) ITO3MTpO- MHTeHCl1BH. YIHT8HCHBH. p+ Ha ]{-3aX- 0Hlll!8HM:I 
152 HOB(K3B) f3+ ( %i K-3aXBaT(7;) pacnP.,n;(i';) Bara Ha lgft Gd 

uacrra 

l. 1942 860 3 99 0,6 - 20,u > 5,6 
2. 1606,7 1200 2 22 0,4 - 4,5 > 6,3 
3. 1319, I 1500 6 34 1,2 - 7,0 > 6, 7 

Si 4. lIIO,O 1710 3 II 0,6 - 2,2 > 7,0 
5. IJ4cl,J 1780 8 29 1,6 ~ 5,8 7,I 
6. 9Jl,l Icl90 27 78 5,4 ~16, 0 6,o 
7. 615,6 2200 10 17 2,0 - 3,5 7,4 
So 0 2800 40 32 o,u - 6,5 7,2 
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