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flpx !lOMOIIIH ~ -cnexTpoMeTpa c TpexxpaTHOA ¢oxycHpoaxoA H crrHHTHnn«nHOHHoro 

•y -C!l9KTpOM9Tp8 C MHOI'OKBHB11hHhlM 8HBIIII3EtTOpOM 6hinO I!p0)lOIIlK9HO HCCH9JlOBBHB9 pac

!l8Jl8 Eu 
147 

Eu 
147 

6hln !l0Hy'I9H 05Hy'leHH9U Ta Ha CHHXpOUHKHOTpOHe B Jly5He I!pOTo

HBMH c saeprHel! 660 Msa. flpenapaThr 5hlnu nony'leHh! nyTeM Bh!Jlenenst eaponHst ua ra

llOHHHHSI, I!p9)lB8piiT91IbHO XpOM8TOI'pa<jJH'I9CK.H 0T)l9H9HHOI'O OT JlpyrHX p9JlXHX 39M91lh
0 

803-

lllllt8!0IIIHX a TaBTanoaoA Ml!llleaa. TaxnM MeTonoM HBM ynanocb nony'!HTh rrO'ITH 'IHCThrJ! 
147 149 

npenapaT Eu c ae6om.f.\~MH npuMeCSIMH Eu ( T lS • 106 llH). B aTOM npenapaTe 

CHa'lana npacyTcTaoaan n Eu ( TIS a4,6 nH), RO rrpH M9CINIIOA Bhlll9plKK9 OK UO'ITH 

!lOHl!OCTb!O p8C!l8li89TCSI. flpHCyTCTBH9 - 149 
.. u npattTH'I9CKII KG MGW8HO H8WHM HCCIIGAQ-

BBHIIRM0 Tatt K8K 0 BQ-!l9pBbiX, 91'0 CXGMB p8Cila.<t8 liOBOHhHO XOpOlllO B3y'leHa He BQ-BTOpb!X
0 

E 149 149 Ill 1'>/ 
3H9pl'HR pacna,[la u - Sm s:eeenaxa. no ll8llHblM KaMepoaa • neal!'~ H Jlpal!H!lbl-

/ 3 / 149 149 
noll pa3HOCTb Mace Eu -Sm paaaa 451, 718 H 318 K3B cooTaeTcTaeauo. Cauhre 

>KGCTttBe •Y -Hy'IH 0 B03HBKB!OIIIH9 npu p8Cll8ll9 Eu 
149 

1 
BM910T 3H9prlll0 558,3 K3B/4 /. 

147 
Eu H3y<rancg B pa6oTa,/

5
-
251

• flepabre caenelll!R o cyllleCTBOBaHHH Eu 
147 

15 / c nepHOilOM nonypacnalla 24:t_2 nasr 5brnH rrony-qeubr Xo<!><l>oM 11 Jlp. • AxTKBHOCTb 6hrna 
147 

nony<reaa npa o5ny'!euna OKHcB: caMapHSI, ot5orameaaoll aao·ronoM Sm 
0 rrpOTOHBMII C 

3HeprHel! 8,5 Mas. AaTopbi 
151 

o611apylKHna sJieKTpOHhl c saeprHeJ! 200 K3B 11 

qeaae c saepraeJ! 2880:!:_100 xsa H onpenenHnH OTHomeaHe a la.a>: 10-5. 

a -aany-

B 6oHbmHHCTae BhrmeynOM!lliYTbrx pa6oT 6brn qaCTU'IHO accne)loaaa 

Tax, uanpHMep, a pa6oTe Wapnest 11 llP/
71 

npu H3y'JeHHR pacnana Gd 
147 

147 
pacrran Eu 

u Gd 149 

6b!H 06aapylKeH PHil K0,4gpCHOHHbiX IIHHHI!: B!liiOTb llO 3H9pi'HH 277 K3B
0 

KOTOphle 6bii!B OTH9-

CeHbl K Eu 
147 

H Eu • foponuHCKHII H llP/
81 

R3yqanH ·Y -cneKTp, y-·y c oana-

llGHBSI B cosnaneHHst 
147 'Y -nyqej\ C peBTI'eHOBCKBMH Hy'IBMB, 803HBK8!0ll!BMB rrpB pacrra)le 

Eu Ha5n!Oil8HHCh y -ny'IH c bv • 120 B 200 K3B, KOTOpbie ae HAYT a KBCKBJ:Ie. Onpe-

neneHo 3H8'19HB9 a k nnR 3THX llBYX nepeXOilOB (1,34 H 0,22 , COOT89TCTB9HHO) • 6b!JIO 

onpeneneao, 'ITO nepeXOil 120 xas TBrra M1, a nepexoa 200 K3B - THrra E2 u '<To 3TH 



147 
nepeXOI1bl pa3pHlK8JOT nepBbie 11B8 s036ylKiteuubiX yposus Sm e aueprHHMB 120 B 

200 K3S1 MelKily KOTOpbiMB1 KpOMe TOro1 1IpOBeX011HT nepeX011 e 3Beprnell 80 Jt3S, 

147 
Bonae nonuoe Beene11osaHHe enei<Tpa KOHBepenouublx anexTpouos Eu 6&mo sblnon-

A / 91101111 H " HeRO S pa60Tax HTOHbesoll H 11P• • 8uniOI18IIHeb KOHBepeBOHBble IIHHHB1 eOOTSeTeTSYIO-

mBe ·y -nepexo11aM e auepruHMu 76,5; 121; 19716; 600; 676; 800; 900; 957 u 1080us. 

Ha ocuose 6ananea aneprnll u uuTeueasuoeTell paapa6oTaaa exeua paena11a 
147 147 

Eu -+ Sm , 

s KOTOpoll npe11nonaraeTeH eymee't'sosaHHe s036ylKiteHB&IX yposuell 
147 

Sm e aueprBHMH 

121 1 198, 800 H 1080 X3S, npu IIOMOIUH MBrHHTHOro enei<Tporpa!jla H elll!BTBniiHIIHOBHOrO 
. / 1221 / 

eneXTpOMeTpa 11Jsep11QJerep H 11P• 1 IIOIIy'lBIIH T8I<Be lKe peayn&T8Tbl, C IIOMOIUbiO en3C>-
/ 13 / 

eHHOr O IIBB30SOr o {J -eneKTpOM9Tp8 nlKenenOSbiM H 11P• B3Y"'8IIHeb eOBII811eHBH M9lKI1Y 

KOHsepeHOHBb!Mli 3II9KT.POH8MH Y -nepeXOI10S e 3liepraell 7613; 121 H 198 K3S 1 S03HHK8IO-
I47 

max· npu paena11e Eu • B&xno yeTauosneuo1 'ITO nepexo11 76 13 KaB u11eT s xaexane e 

nepexonoM 121 K.as u ue naeT e osnanenull e nepexo110M 198 xes. noxaaano TaKlKe 1 'ITO 

KOBBepeHOBRble aneKTpOHbi nepeXOll8 121 K3B Be llBIOT eOBII8ll9HHll e KOHSepeHOBRbiMH aneK

TpOH8MH nepexona 198 xes. 

/ 15 25/ 
B pa60Tax Anexeau11posa H np. 1 nposonunoeb ueene11o'Bauue ·Y -enexTpa1 

enexTpos ·y - ·y e osnaneuull u yrnosoll auuaoTponuu x aexan ublx ·y -nepexonos 76-120 u 

121-676 xes. B&xnC' yeTauosneuo uanuque enenyiOmux xaexanos ·y -nepexonos: 76-120-600; 

120-676 K3B, J.13y 'I8JlHeb T8KlK9 eosnaneHHH peHTreuoseKHX nyqel! e MHrKHMll ·y -ny'IBMH, 
147 

3TH pe3yn&T8Tbl IIOK8381IH1 'ITO eOCTOHHH9 e 3Haprnell 121 K3B B Sm Be H30Mepuoe1 
/ 16 / 

K8K npennonaranocb B pa60Te fopon uueKoro H 11P· • ne~eTaHTen&HOI s pa6oTe Eepnosu-

'18 H up. 
117 1 

H3Mepea sepxunll 

~ 2 ·10-10 eeK, 

npenen epennero speMQHH lKH3HH nnH yposus 121 Kas; 

/ 22 / 
PeaynbT8Tbl 11xa H np. , nony'leBHble e IIOMOIUbiO enHHTBIIIIRUHOHHOro •y -eneXTpC>-

. A / 9 110, 11/ ill "' / 12/ C M9Tpa, IIOATBep11HIIH 118HHble HTOHbesoll .H 11p. H sep11T'I'erepa H llP• • Opo-
/ 19 / 

KHHbiM H MHTpOQJ8HOBblM IIOllTSeplKiteBO M9TOI10M .y - ·Y eosnaneHHI!: eymeeTSOS8HHe 

K8eK8llOB 121-676; 198-600 K3S H 6blnH ctiuapylKeBbl KACK8llbl raMMa-nyqel!: 121-930 H 

198-850 x es. Ha oeuose aTux 11BHHbiX asTop&/
191 

npe11nonolKH1IH1 'ITO cymecTsyeT aosblll 

yposeHb s Sm 147 e aaepruell 1050 xes. 

/ 19 / 
Heo6xonHMO OTMeTHTb1 'ITO s pa60Te ue ua6n10nanes naseCTHbili yposeHb e auep-

ruell 1078 K3S1 KOTOpbll!: pa3pBlK8GTCH 6onee HHTeHeHSBbiMH •y - ny'IBMH e h•· -957 H 

800 xas. 3To aaeTasn geT n yMaTb 1 'ITO oun s nel!:eTsuTen&uoc TH ua6n10nann paapHAKY e ypos

HH 1078 xas. B onsol! ua pa6oT lllsepnT¢erepa n np/
21 1 

6hm sseneu HOS&Ill yposeHb e 

auepruell 1420 K3S1 a s pa60Te Cbi'rnKOBa H 11p/
231 

- 1500 Kas. B aTHX nsyx pa60Tax 

ReT 110CTijTO'IHblX o60CHOS8HBI! 111IH sseneHHB yxa.'3SHHbiX yposuel! . HaTaH B nonos
1261 

M9TC>

AOM xynoHoscxoro s036ylKiteHH B o6napylKHnH yposeHb e aneprnel! "130:t,30 Kas s RApe Sm 
147

, 

4 

/ 33/ 
a An6eproTif u 11P· nonTBepnnnn aTBM MeTOI10M eymecTsosaaue 

/ 12 / 
121 u 198 xas. B pa6o-re lllsep11T¢erepa n 11P· eoo6manoe&, 'IT<: 

s03HHxaeT noauTpounoe uany'leHRe, yi<a3bl&aiiHcb rpaHH'iRble aueprHB 

aoro eneKTpa: 

SO BpeMeBH e 

paauocTb Mace 

270 B 150 K3B, 0rMe'I81IOCb 1 'ITO II03BTpOBbl MBrKOA 

y -n)"'laMH 122 xas. 113 rpaBBnbl noanTpoauoro ene 
147 147 

Eu - Sm • Oua oxaaanae& pasuol!: 1290:t, 20 xas. 

HeCMOTJ}~7ua uanuqne 6on&moro axcnepBMeHTan&Horo MaTepaan. 

paenana Eu see lKe OCT8S81IHeb BeKOTOpbie BeHeRble BOnpOebi: 

1, CymeeTsosann npoTasope"'HH s sonpoce o uanB'lBH ·Y -nepe:x 
147 

2, naHHble OTHOCHT91IbHO II03HTpOBBOrO paCII8)l8 Eu TBXlKe ' 

3. He 6blnB necnenosanbl nocTaTO"'BO nonao eneii:Tpbi ·Y - ·y -c 

xonnMo 6bmo enenaTb, 'lT06bl• noKaaaTb · npaBI1BBOCTb npennonaraeM< 

4. Heo6xonuMo 6blno BbisteBHTb uexOTopbie neeoOTseTCTBBH Me>~< 

MH Jl8BHbiMB pa3Rb!X pa60T, OTROeHIUBXeB K onpeneneRBIO Myn&THIIC 

npHIIHeaBHIO enBROS soa6ylKiteHBbiX eoeTOSIHHI!:. 

Pewea,~7seex nepe'IHeneBBWX sonpoeos noMorno 6bl 6onee non 

YPOBHell Sm 3TO B !IBIISIIIOCb II91Ib!O H8WHX HeCne)lOS8BHll, 

A. 11eenenosaRHe ene~~:Tpa KOHsepeaoBBb!X aneKTpQHOS E1 

CnexTp KOHsepcaoHHbiX aneKTpoHOS uay 'laneB' e n oMOIUbiO {3 -

KpaTHOA ¢oxycaposKoll e pnapewa10mell enoeo6aoeTbiO 1%. E&xno npo1 

ua paaHbiX npenapaTax esponaesol! ¢paKnua, sblneneuaoll R3 T8RTano 

12-qaeOSbiX o6ny'leHal!. npaeyTeTsHe Eu 
148 

:a 3THX npenapaTaX a . 
147 

HOI! Mepe aay 'leHBe paenan a Eu , 0Kaaanoeb1 'ITO npn paenane 

BHKti.IOT cna6bl9 nepeXOAbl e 6r.H3KH MB 3HeprBstMR 1 KOTOpble H8 H8W91 

llHeb. noaTOMY He06XO)lBMO 6blll0 nOny"'HTb 3TH H3 0T01Ibl S paanen ea 

BbiA9nHTb H3 QJp8KlUlH ranonHHHR AOSOnbHO RBTeBeBSHbll! l!eTO'IHHK 9E 
148 

eyTCTBosan Eu 

npa HCCII9)lOS8HHH eneKTpa KOHBepeROHHblX 31I9KTpOHOS S 061I8{ 

720 K3S 1IpHM9Hll1l8Cb • n soliuag • C'I9T'IHKOB8ll K8Mepa S pelKBM9 )lSO 

6bi yqeeTb HCKalKeHHe enexTpa s nneaKax neps oro e '!eT'IHK8 auepre1 

7 110 250 Kas 6blna ae cnenosaaa TBKlKe npR noMOIUH OJlRHO'IHOro C'le 

Ka e '!eT'lHKa nponyeKana anexTpOHbi e aHeprael! > 6 KaB. K oHsepCHQ 

8Hepr 11el\ OT 720 )lO 1500 K3S H3y'IBIIHeh Op ll liOMOIUH "TpOfiHOil• C' 
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147 
T nepsble .nsa soat5yli<JleHHbiX ypoBHSI Sm c aseprBSIMH 120 B 

·opb!Mll, KpoMe Toro, npoacxo.naT nepexo.n c sseprael! 80 .J<SB, 

147 
accne.nosaBBe cnexTpa KOHBepcaossblx snexTposos Eu t5brno Bblnon-

/9,10,11/ H "-om.esol! H ,np, , Bu.•!OilanBCb KOHBepCHOHHb19 nHHHB, COOTBBTCTBYJO-

aM c sseprB>tMH 76,5; 121; 197,6; BOO; 676; 800; 900; 957 s 1080 us. 

)Heprsl! s HHTescassocTel! paapat5oTasa cxeua pacna.na 

·aeTCSI Cy!lleCTBOBaHBe B03t5yli<Jl9HBb!X yposselt 
U7 

Sm 

147 147 
Eu -+ Sm , 

c sseprHSJMn 

I Jt3B, nps UOMO!llH MBrHHTHoro CUBKTporpa<jla H CIUIBTHnnlUlBOHHOrO 

cj>erep H np/
12

•
21 

/ nony'lllnH TaltHB )1(9 pe3ynbTaTb!, C UOMO!llb!O C;t SI>
/ 13 / 

8 -cneKTpoMeTpa ilJKenenosbiM H ap. sayqanscb cosna.neHBSI MelKnY 

:T])OHBMH Y -nepexoaos c aHeprselt 76,3; 121 B 198 Kas, B03HHKaro
I47 

, Bhrno ycTaHosneHo, 'ITO nepexoa 76,3 KSB sneT s KacKan e c 

ae .naeT cosnaaeauA c nepexo.noM 198 xas. iloKaaaso TaKJKe, '!TO 

JOHhl nepeXOilB 121 KSB HB llB!OT COBUB,neHBI! C KOHSepCHOHHbiMH aneK

! xas. 

/15 25/ 
:asaposa s ap. ' nposo.nsnocb sccneao~asse ·Y -cnexTpa, 

a.nessA s yrnosol! BHH3oTponas KaCKMHbiX ·y -nepexoaos 76-120 s 

TBHOBneso HBnH'IHe cneny!O!llHX KaCKBAOB ·y -nepexoaos: 76-120-800; 

:b TBKJKe cosnanesuSI pesTresosCKHX nyqeli c MHrKHMn ·Y -ny'!BMH, 

1
.,. 147 

'ann, '!TO COCTOSIHIIe C SHaprneJ! &-1 K9B B Sm se saoMepsoe, 
/18/ 

I pat50Te roponHHCKoro H ap. • ileJ!CTBHTenbHO, B pat5oTe Bepnoss-

sepxssJ! npeaen cpensero speMeHH JKH3H11 anH ypOBHSI 121 Kas; 

/22 / 
H np, , nony'lCHHb!e C UOMO!lll>ID CUHHTIIllllliUHOHHOro •Y -cneKTpl>-

/ 9 10 11/ /12/ 
HHble AsTOHbesoll .s ap. ' ' B lllsepaT<jlerepa B np. , Copo-

/ 19 / 
A: llOilTBeplK,!leHO MeTOilOM y - ·y COBll8A9HBll Cy!lleCTBOBBHBe 

-800 K9B H 6blnH OOHapy)KeBb! K&CKB,nb! raMMa-nyqel\ 121-930 B 

~ 9THX llBHHb!X BBTOpb/ !
9

/ npennonOlKHnH, 'ITO CY!llBCTByeT HOBblll 

>Heprsell I 050 xas, 

/ 19 / 
rsTb, '!To s pa60Te He Ha6nronancsr saseCTHbrJ! yposem. c aHep-

paapaJKaeTCH 6onee HHTCHCHBHbiMB ·y -ny'IBMH C hv -957 H 

T nyMaTb, 'ITO OHB B neJ!CTBHTCObHOCTB sa6nronanu p83pBAKY C ypOB-

3 pa6oT lllsepnT<jlerepa a np.
1211 

6hln sseneH soshrlt yposeHb c 

B pa60Te Cbi'UIKOsa s np/
231 

- 1500 Kas. B aTsx nsyx pa60Ta:x 
/26/ 

BBHBll AllSI sseneHBH yKa.'3aHHb!X yposael!, HaTaH B nonos MeTI>-
• 147 

li<JleHHH o6HapylKHnB yposeHb c aaeprsell 730:!:.,30 xas B SIApe Sm , 

4 

/ 33/ 
a An6eproTH u ap. nonTsepaana aTBM MeTonoM cymecTsosaaue ypossell c aaeprael! 

/ 12/ 147 
121 a 198 Kas, B pat5oT9 lllsepaTcj>erepa H ap, coot5manocb, 'ITO npu pacna.ne Eu 

B03HHKaeT ll03HTpOHB09 H3nyqeK&e 0 yKB3bl&anHCb rp8HB'!Hble 9BeprHH KOMnOHeHT U03BTpOH-

soro cnexTpa: 

so speMeHB c 

270 B 150 KBB, 0TMe'IBnOCb 0 '!TO ll03BTpOHhl MSirltOl! KOMnOHCHTbl COBUBABIOT 

y -ny'laMH 122 xas, 113 rpaBHilbl uoaaTposaoro cneKTpa t5blna oupeaeneHB 
147 147 

paaaocTb Mace Eu - Sm , Osa OK838ll8Cb pasaol! 1290:!:., 20 KSB, 

HecMOT!i~7aa aanB'IBe t5on&moro axcuepuMeHTan&aoro MaTepaana uo sccneaoaaBBIO 

pacua.na Eu BC9 JKe OCT888nHCb HeKOTOpb19 BeBCBbl9 BO!IpOCbl: 

1. CymecTsosans IIpOTBBOp9"lBB B sonpoce 0 HBnH'IHH ·Y -uepexoaa c aseprselt 900 K9B, 
147 

2, ilBHHb!e OTHOCBTen&HO U03HTpOHBOro pacna,na Eu TBKlKe t5hlnH !IpOTHBOp9'lllBblo 

3. He 6blnH sccneaosaabl aocTaTO'IHO nonao cneKTphr 'Y - ·y -cosna,neHBII; STO aeoo-

xonaMo oblno caenaTb, 'ITOt5bl•llOKa3aTb · npasassocTb npeanonaraeMoll cxeMhl pacna.na. 

4, HeooXOJlHMO t5b!no BbiHCHBTb sexOTophre secoOTseTCTBHH ueli<Jly axcnepHM9HTBn&Hhl.·-

MH llBHHb!MH p83Hb!X pat50T, OTHOCmrlHXCB K onpeaeneHHro MY11hTBnon&HOCTB nepexonos H K 

npHUHCBHH!O CUHHOB soat5yli(Jl9HHb!X COCTOSIHBII, 

PellleHii~ 7scex nepe'll!cneHBbiX sonpocos noMorno ohr t5onee nonao noHHTb CTpyKTypy 

y posHel! Sm 3To B BBnHnocb uen&ro HBll!BX sccne.aosassl!, 

147 
A. Hccne.aosaHHe cnexTpa KOHsepcBOHHbiX aneKTpOHOB Eu 

CneKTp KOHBepcsoaHb!X aneKTpoHos aayqancg- c noMO!llb!O p -cneKTpoMeTpa c Tpex-

KpaTaoll <jloKycuposKoA c pa3pell!aromell cnoco5socTbro 1%, Bhrno nposeneHo MHoro onb!TOB 

HB p83Hb!X npenapBTBX 9BpOnHeBOJ! <jlpBKilHH, Bblllell9HBO.lt H3 TBHTBllOBOl! MHll!BHH OT 10- H 
• us 

12-'IBCOBb!X oonyqeHBA, npucyTCTBHe Eu a 9THX npenapaTaX 38TpynHSinO B 3BB'IHT90b-
147 

aol! Mepe K3yqesue pacnaaa Eu 
148 147 

0Kaaanocb, 'ITO npu pacnaae Eu H Eu B03-

HIU<Ii!OT cnaobre nepexo):lhr c t5nu3KHMB aHepruRMH, KOTOpb!e Ha HallleM npu5ope He pB3pema~ 

nHCb, noaTOMY HeOoXOilHMO OblnO nony'IHTb 9TH H30T0llbl B p83):1eneHHOM BHae. HBM ynanoCb 

Bb!,llenHTb H3 <jlpBKIUIH ra,nonHHBSI ,liOB011bHO HHTBHCHBHblll HCTO'IHHK 9Bp0llHH, B KOTOpOM OT-

148 
cyTCTBosan Eu 

Dpu sccneaosaHHH cneKTpa KOHBepcuoanbrx sneKTpOHOB s o5naCTH aaeprHl! <Yr 7 no 

720 K9B npHMBHSillBCb • n sOl!BBSI• C'leT'IHKOBB!I KBMepa B pelKBMe llBOJ!HblX cosna,neHBll, 'i:TO

Ob! yqeCTb HCKBlKCHHe cnexTpa B nneHKBX nepsoro C'IBT'IHKB 9HepreTHqeCKBH OOJ18CTb OT 

7 .ao 250 K9B ohrna Hccne.aosaHa TBKJKe npu noMO!llH OllllHO'IHOro C'leT'IHKB, Bxonsas nneH

Ka c'!eT'IHKB nponycKana anexTpOHb! c aaeprHeli > 6 K9B, KoHsep CHOBHb!e aneKTpOHH c 

9Heprsell OT 720 )lO 1500 K98 H3Y'IBllHCb 11p1I llOMOntH "Tp01iHoil• C'leT'IHKOBOfl K8M9pb1 
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a pe>KRMe Tpollab!x coanane~mll, l1aMepe!mll Ob!Jl11 aa'!aTbi qepea Mecgu nocne oony'leBHII, 
146 146 

xorua Eu nonsocTbJO pacnancg ( Eu c T )I •4,6 na npacyTCTCTBOaan a npenapa-
146 

Te K8K AO'IepHHll UpOAYKT Gd ), B cneKTpe KOBaepcHoBHhlX aneJ<Tpoaoa Ob!nR BHABb! 
149 147 

ITHBHH Eu H Eu , KoHaepcHoBBb!e nH!mH 
149 

L M H N nepexona 22,5 KSB 
147 

B03HIIK8IOT nps pacnane Eu , OCTan&Hbie Jl11BHH Ha 
147 

pRe. 1,2 B 3 npsaanne>KaT Eu 

0Taece~me ooHapy>KeBHbiX nepexonoa K Eu Oh!no cnenaao no yoblaaanJO HHTeacHaHo-

CTH C'leTa Ha MaKCHMyMe nHHHll. B TaonHne I npnaeneHb! nony'leHHble HBMR peayn&TBTb!. 

B aToii >Ke TaonHne nn11 cpaaHeHnll npHaonRTcR naHHb!e paoOT
19

•
10

•
11

•
12

•
21

•
23

•
241

• l1 a Ta6-

rrnnhi 1 aanao, 'ITO onpeneneHHb!e HaMB aaeprus saaeCTHbiX paHee nepexonoa a npenenax 

norpemHocTeli H3MepeHHll xopomo coanana10T c naHHbiMH BblmenepequcneHHbiX paooT. Haon JO

naeTCII p83ITH'lHe B HHTeHCHBHOCTliX K -KOHB9pCHOHHbiX nHHHll AITII nepeXOAOB C hv •602; 

676 H 800 KSB, nn11 K -ITHHH ii nepeXOAOB C bv -602 H 676 KSB pa3ITH'lH9 AOCTHraeT 30%, 

a nrrR K800-250%, HaM Ka>KeTcH, 'ITO HHTeHCDBHOCTH a paoOTax
19

•
241 

38BH>KeHhi, 3 -ro MOlK

uo oo'bHCHHTb TeM, 'ITO acnon&aoaaHHble a STHX paoOTax npenapaTbi oblnH ropaano cna6ee, 

qe M Ham. 

1231 
B nocnenyJOmell paoOTe Chi'lHKOBa a np. , rne noaTopHo aayqanc11 cneKTp KOHaep-

CHOHHbiX SITeKTpOHOB Eu 
147 

, nony'leHHble 3Ha'leHHR HHTeHCHBHOCTel! K -ITH!ml! STIIX 

nepexonoa xopomo cornacyJOTCR c aamHMH naHHbiMH, 

1101 1121 
6onee paHHHX paooTax AaToHbeaol< 11 n p. , IllaepnT¢erepa H np. a BHaa B H 

np . 
1201 

obln o6aapy >KeH nepexon c aHeprae li 900 KaB H npHnHCBH 
147 

Eu , Eonee· neTan&-

Hb!e HCcnenoaaHHH aToro nepexona noKaaanH , 'ITO oa npaaanne>KHT npyroMy aaoTony eaponHR, 

. 1231 
B paooTe Cb<'lKKOBa 11 np. , B KOTopoll noupooao aay qancsr STOT yqacToK Koaaep-

caoaaoro cneKTpa, rrpennonaraeTcsr, 'ITo, ecnH cymecTay eT ITHHHH K900, TO ee aaTeHCHBHOCTb 

c ocTaanReT acero 5% BHTeHCHBHOCTH K800. Mhi o6aapy lK>mR cnaoy10 aneKTpoaayJO nHHHIO 
• 147 

c saepraeli 849 KaB, KOTopyJO HneHTa¢auapyeM KBK L -nRHBIO nepexona 856 KSB Eu • 

Ee HHTeHCBBHOCTb cocTaBnReT 5% BHTeHCBBHOCTH KSOO. 

B 6onee IT03ARBX paoOTBX AHTOHbeaoll B np. 

·xon c aaepraell 900 KSB y>Ke ae npHnHChiBaeTcsr 

111 1 
u IllaepnT¢erepa a np. 

147 
Eu • HaMH aaonJOuanacb 

121 I 
nepe-

6 HOBhiX 

rrepexonoa, B03HRKBJOIUHX rrpa pacrrane 
147 

Eu , c aneprHHMH: 856; 932; 1199 ; 1256; 

1332 H 1454 KSB H OnpeneneHbl HRTeHCHBHOCTH K -KoaaepcaoHRbJX nHHHll aTax rrepexonoa. 

OTH ABHRble rrpHBeueHbl a Taonaue 1. HaMH TBK>Ke anepBhie onpeneneHhl HHTencaaaocTH 
147 

L -nanKii pRAa rrepexonoa Eu 

147 
E. l1ccnenoaaHBe cneKTpa n osaTpoaoa rrpa pacnane Eu 

147 147 
3HepraH pacnana Eu - Sm , paCC'lHTBHHBH no n ony sMnHpH eCKHM ¢opMynaM a paoo-

Tax KaMepoaa
11 

I . neaa
12 1 

H npaHHUblH0/
31 

pasHa: 1532, 1549 H 2248 K3B, COOTBeTCTBeHRO. 
' 147 

3To os aaqaeT, 'ITO B03MOlKeH ncsnTpOHHhiii pacrran Eu • 

6 

B nnTep aType BCTpeqanac& npCTnaope'IHBble naHHbie OTBOCHTenbHC 
147 

TpOHOB np a pa cnane Eu 

X o cj>¢ n np/
5 1 

ae ooaapylKHnH 
/ 12 / 147 

H np. c ooomanccb, 'ITO Eu 
/ 21 / 

IllaepnT¢erepa n n p. 
148 

OTM eT.I8 9TCR, 

.8 +-nsny'leHHII y 
147 

Eu • B pat 

n:snyqaeT noan:TpOHbi, Onaaxc 
1121 

'ITO o6Hapy>KeaHble a paoCTe 

eT npHnHCBTb Eu , KOTOpblli npncyTCTBOB8IT B HCTO'lHHKe 1<8K npHMt 

120 1 
B gameli paooTe 6hin onpenenea aepxaHii npenen HHTeHCHBHOC 

147 
HIIK810IIIHX rrpH pacrran e Eu no OTHOWeHHIO K K -J<OHBepCHOHROi 

121 KaB. Oa oKasancH paBHbiM 0,21. 

B nocnenaax onbiTax Ha M ynanocb n ony 'lHTb n oaon&ao uaTeHCBBHl 
147 

a usy'lHTb ero noaaTpOHHbi H cneKTp , TaK KaK aaeprasr pacrrana Eu 

aena Ka, TO accnenoaaane n03HTpoaaoro pacnana npoaonunoc& aa 'naoA 
+ 

paapemeHHH 2%, J1HT9HCRBHOCTb C'I9T8 H8 M8KCHMYMe ,8 -cneltTpa CO< 

DocTpoeaHe rpa<jJHKa K10pa (pac . 4) yKa3b!BaeT aa npocToll xapaKTep 

aaB aaeprHR noaHTpoaoa paaaa 63~15 K9B. OTHomeaue BHTeacHBHOCT: 

T9HCHBHOCTII K - KOHBepCHOHHOii ITHHHH nepexona 198 K3B; 

sfJ+/sK 
19

;" 0,10 ::!:. 0,02, 

<fTOObl onpeueJ111Tb 'lHCUO U03BTpOHOB H8 pacnan HeOOXOAHMO 3887 

pacnanoa npaaanne>KHT nepexon y c aaeprael! 198 Kaa, Mcrron&ayR p eay; 

·a ABHHble 00 HHTeHCHBHOCTliX .y -nyqell H KOHBepCHOHHblX aneKTpOHOB. 

qacno pacnanoa a nponeaTax nn11 nepexona c aaepraeli 198 Kaa, Oao 

31%, l1aBeCTHO, 'ITO aTOT rrepexon HMeeT Myn&Tanon&aocTb E2. l1Mes < 

HOAC'IHT8ITH 'lHCITO H03HTpOHOB B npOU9HT8X HB OAHH pacrran, 0HO COCT8 

nano HaM B03MOlKHOCTb onpenenHTb fg f t AITR 003BTpOHBOI'O paCITBA 

q eaae fgft •8,0 noaaonBeT yTaeplKilaT&, 'ITo .B+ -pacnan napaoro rrop 

B. l1ccnenoaaHH!I cneKTpa 'Y -nyqel! H cnE!ItTpoa ·r - ·r cc 

l1ccneuoaaHHe cneKTpa r -nyqel! 11 cneKTpOB ·r - ·r -coaliA,IleHll 
147 

npa pacnane Eu , npoaonanoc& npa noMoma cnBHTHnnguaoHHoro ·r 

oToopa KaCKanoa. 6biiTH npHMeaeahi KpHcTannbi Na J ( Tl) paaMepoM 
-7 

pewa10mee apeMH cxeMbi coananeaall r •2•10 ceK, 3aepreTB'leCKoe 

TBnnguHOHHOII I'OITOBKH cneKTpOMeTpH'leCKOI'O Tp8KT8 paBBO 11,2% H8 ITJ! 

peweHI!e BTOpOH I'OITOBKH COCT8BIT!IITO 12%, ronOBKH pacnonaranBCb ITOA 

KpliCTannaMH Oh!IT8 ITOMeWeHa CITOHCT8!1 38IIIHTB, ycTpaH .. IOIUBII npO!mKHO 

H~ KpHCTanna B KPHCTann. 

7 



JOltHblx cosnaneHHlt, 11aMepeRBH OhlnB aaqaTbl qepea Mec~~n nocne oonyqeHHH, 
; 146 

nonaocTbiO pacnancs ( Eu c T lS •4,6 ns npacyTCTCTsosan a npenapa-
146 

pHHlt npOJlYKT Gd ), B cneKTpe xoasepcaoHHblX aneKTpoHOB OblnH BBJlHbl 
19 147 

11 Eu , KoasepcHOHHble rrHHHH 
149 

L M H N nepexona 22,5 Kas 
W7 

pn pacn8)le Eu , ocTaiibHble nBHHH aa pHC, !,2 H 3 npHH8Jlll9lK8T Eu 
147 

ooaapylKeHHbtX nepexonos x Eu oblno cnenaao no y6htBaHHIO HHTeacnsao-

1 MaKCHMyMe nnHHll. B Taonnne I npnseneHbl nonyqeHHbte HBMH peayiibTaTbl, 

aOIIHil9 Jlllll Cp8BHeHHH npiiBOJlBTCH naHHb19 paOOT/ 9 ,J Q,Jl,l 2
•
2 1

•
23

•
24 1

, J1a Tao-

3, qTo onpeneneHHble HaMH aa~prHH naseCTHblX paaee nepexonos a npenenax 

a H3MepeHH ll xopomo cosna)la!OT c )laHHblMH BblllienepeqscneHHblX paooT, HaOIIIO

qse a HHTeHCHBHOCTHX K -xoasepcaoHHhtX nHHHll nns nepexonos c hv •602; 

a. JlnH K -nnan l! nepexonos c hv -602 11 676 xas paansqse noCTHraeT 30%, 

!50%, HaM xaJKeTCSI, qTo HHTeHCHBHOCTH a pa60Tax
19

•
241 

38RBJKeHbt, 3 -ro MOlK-

TeM, qTo ncnoiibaosaHHbte a aTHX paoOTax npenapaTbt 6btnH ropaano cna6ee , 

JlYIO!llell 
/23/ 

pa60Te Cbrqnxosa a np. , rne nosTOpHo Hayqancs cnexTp KOHBep-

TpOHOB Eu 147 
, norryqeHHbte 3 HaqeHHH HHTeHCHBHOCTBlt K -IIHHHlt STIIX 

JOlliO cornacy!OTCSI C H8lliHMH Jl8HHblMII , 

1101 / 12 / 
pa HHHX pa60T8X AHTOHbesolt I! n p. • lllsepn TQ>erepa II np. II BH3 11 H 

>6Hapy lKell nepexon c aHeprne il 900 x as 11 np11nucaH 
147 

Eu , Bonee neTaiib-

IHHH aToro nepexona noxaaanu, qTo 011 npiiHanneJKHT npyroMy 1130Tony esponn s. 

/23 / 
• C btqHxosa 11 n p. , a x oTopolt n onpooHo uayqanC!I aTOT yqacToK KOHBep-

Tpa, npennonaraeTC!I, qTo, eCilH cymeCTsyeT IIHHH!! K9QO, TO ee HHTeHCHBHOCTb 

ero 5 % HHTeHCHBHOCTH KBOO. Mbt OOHapylKll lfH cnaoy!O aneKTpOHHYIO IIIIHHIO 
• 147 

9 xas, KOTopy!O nneHTIIQJHunpyeM xax L -nnHHIO nep exona 856 KaB Eu • 

~Tb COCT8Bil!leT 5% HHTeHCHBHOCTH KSOO. 

1111 
11 lllsepnTQ>erepa n np. 

147 
Eu • HaMH Ha6n!On arr11Ch 

/21 / 
nepe-

6 HOBblX 

noananx pa6oTax AaTOHbesoll n np .• 

1 900 K3B ylKe He npHUHCbtBaeTC !I 
147 

, c aaeprH!IMH: 856; 932; 1188; 1256; ·HBKBIOlllHX npn pacn8)le Eu 

lB B orrpe.neneHbi HHTeHCHBHOCTH K -KoHsepciiOHHbtX rrHHIIll aTIIX nepexonos, 

RseneHbt B Ta6naue I, HaMil TaK lKe sneps hte orrpeneneHbl HHTeHCHBHOCTil 
147 

rrepeXOJlOB Eu 

147 
B. 11ccnenosaHae crrexTpa rroa HTpOHOB rrpu pacrr8Jle Eu 

147 147 
>8CII8Jla Eu - Sm , pacc'!HTaHHasr no rronyaMIIIIpH eCKIIM Q>opMynaM B pa6o-
l / / 2 / / 3 / 

, fleSH II )lp8HHUblHOII > paBH8! 1532, 1549 II 2248 KSB, COOTBBTCTBeHHO, 

qTo S03MOlKeH llC311TpOHHh!H paCII8Jl 

6 

147 
Eu • 

8 lli!Tep aType BCTpeqaniiCb IIpOTDBOpeqHSbte naHHble OTHOCHTeiibHO HCnyCKaHHB noan
W7 

Tpoaos rrp n pacrrane Eu 

/ 5 / 
X o<jxll n 11p. He o6HapylKBnn ,s+-nanyqeHHB y 

147 
Eu , B paoOTe lllsepnTcjlerepa 

/12 / 147 
u np. coo6manocb, qTo Eu n.a;ryqaeT noanTpoBbt , OnaaKo a xosoll pa!SOTe 

1211 
lllsepnTQ>erepa n np . 

/12/ 
oTMe'!aeTcs, 'ITO ooHapylKeHHble a paoOTe noaaTpoHbl cneny-

148 
eT npnnncaTb Eu 1 KOTOpbtl! npHCYTCTBOBall B HCTO'qRUKe K8K npHMeCb, 

120 / 
B aamelt patSoTe 6btn onpeneneH sepxHnll npenen HBT&HCHBIIOCTB noaaTpoaos, soa-

147 
HHKa!OtllHX npH pacn8)le Eu no OTIIOlli8HHIO K K -KOHBepCBOHHOlt IIBHBII nepeXOJl8 

121 xas. OH oxaaancst pas HbtM 0 ,2 1. 

147 
B nocnenHBX OllbtTax HaM ynanocb rrony'!HTb nOBOIIbHO HHTeHCHBHbllt rrpenapaT Ea 

147 147 
n nay'!HTh ero noaHTp OHHbt t1 cnexTp, Tax xax aaeprast pacnana Eu - Sm He oqeBb 

semma, To IICcnenosaHHe rroanTpOHHor o pacna11a nposonanoch aa 'nsoltaoA' xaMepe npn 
+ 

paapemeHHH 2%, 11aTeHCIIBHOCTb C'!eTa Ha MaKCHMYMe fl -cneKTp8 COCT8Bllllll8 15 HMnfMBH, 
+ 

DocTpoeane rpaQ>sxa K10pn ( pnc. 4) yxaablsaeT Ha npocTolt xapaKTep f3 -cnexTpa, fpaHBq-

Hast aHeprH!I rroaaTpOHos pasHa 63~15 xas. OTaomeHne HHTeaCRBHOCTB noaaTpoaos x RH

TeHCHBHOCTH K - KOHBepCHOHHOll IIHHHH nepeXOJl8 198 Kas: 

s{j+/sK
19

;" 0,10 ±.,0,02, 

'iTOObl onpenenHTb q11cno II03HTpOHOB Ha p8CII8Jl HeOOXOJlHMO 3HaTb 1 K8K8 51 JlOllH BCe::or 
/ 8/ 

pacn8)los npnHanneJKHT nepexouy c aHepraell 198 xas, Mcnonh3YB p eayrrbTaTbl pa60T~ 

·g Jl8HHble 00 HHTeHCHSHOCTSIX .y -ny'le ll H KOHBepCHOHHblX arreKTpOHOB1 Mbl nOJlC'lBT8llH 

'!Herro p acnan os a npoueHTax nnH rrepexona c aseprnell 198 xas. 0Ho oxaa anocb pasH~M 

31 %, 11as ecTHo, ...-ro aTOT nepexon HMeeT MYIIbTHrronbHOCTb E2. 11Mes aTH naHHhte, Mbl 

noncqnTanH qncno rroanTpOHOB a npoueHTax Ha onaH pacna11. Ouo cocTasnSieT 0,38%, 3To 

nano saM soaMolKHOCTb onpenenHTh fg f t nns noanTpoanoro pacn8)la, Dony'leHHoe aHa-

'leHae fgft •8,0 rroasonsteT yTsepli{JlaTb, qTo ,S+ -pacnan nepsoro nopnnx a aanpemeHHB. 

B . 11 ccnenOB8HHSI CIIeKTpa ·y -nyqelt R cneXTpOB •y - ·Y COBn8)leHHll 

11ccnenOB8HH9 cneKTpa y -nyqe ll H cneKTpOB •y - ·y -COBIIA.118HIII, B03HBKIUOlllBX 
147 

IIpH paCIISJle Eu 1 IlpOSOJlHllOCb np11 IIOMO!llH CUHHTHIIIIHUHOHHOrO ·y -cnettTpOM8Tp8 JlllB 

oT6opa xaCK8JlOB, BhtrrH npaMeHeHht xpncTannht Na J (Tl) pa3Mepou 100x100 MM, Paa-
-7 

pewa10mee speMB cxeMht cosrr8)leHHll r •2•10 cex, 3aepreTaqecKoe paapemeHBe CUBH-
137 

TRnnHUHOHHOII ronOBKH cneKTpOMeTpuqecxoro Tp8KT8 p8BHO 11,2% H8 UBHJUI ·Cs , ,P83· 

pemeHHe STOpol! rOIIOBKH COCTaBIISIIIO 12%. ronosKH pacnonaranncb non yrnoM 180°. Me~y 

Kpi!CTannaMH 6btna noMemeHa cnoacTan 38!llHTa, y cTpBHQ!OtllaH npoHHKHOBeHHe •y -KB8HTOB 

H3 KpKCTanna B KPHCTann. 

7 



• 

Tlpenap&Thl eibiJ!ll llOJ!Y'I9Hbl BHBJ!Of'H'IHblM CllOC060M KaK B npu H3MepeHBH ltOHBepCBOH-
149 

&oro cneJtTpa. Bhlno acnoltbsoaaao ABA BCTO'IHHKA, Bo BTOpOM npenapaTe COAep ll{aHBe Eu 

6b1JIO HH'ITOJKHO MBJIO, 

a) ltf3y'leHlle OABHO'IHOI:'O y -cneltTpB npOBOABJlOCb '19p93 ABA MeCmta llOCJ19 p83A9Jl9-
146 

HHSL. 3a sTo apeMH Eu noJIHOCTbiO pacnancs. B Ta6nane 2 npBB9A9Hbl DOny'l9HHble 
147 

HBMB 3 H9pr'liH H OTHOCHT9ltbHbl9 BHT9HCBBHOCTH •y -ny'lell, B03HllltAIOWHX npH pACilAl19 ·Eu 
/21 ,2!<,25/ 

y - cneKTp DOKB38H HB pHC, 5 , 8 Ta6JIHil9 2 npHB9Jl9Hbl TaKlKe JlBHHbl9 Jlpyi:'BX pa60T • 

8 lK9CTKOI! o6naCTH Cll91tTpB HAMH BnepBb19 OeiHapylKeHbl MBJ!OBHT9HCHBHb19 •Y -ny'lH 

C 3 H9pr'HSL'I.IH 1199; 1256; 1332 H 1454 KSB H onpeneneHbl BX BHT9HCBBHOCTB, (3uepr'BH ·Y -

JIY'Iell B3.11Tbl .113 ABHHblX no KOHBepc.HoHHblM sJieltTpoaaM), Cnaeible r-aMMa-nepexoAbl c s a ep

f'HHM.II 856; 881 B 932 KSB B OAliHO'IHOM CD9KTp9 'I9TKO H9 HB6JIIOAAIOTCH H3-38 H9AOCTA-

TO'IHOI:'O p83p9W9HHH y -cneKTpOM9Tpa, 

6) J13y'IBJI.IICb CD9KTpbl •y -Jiy'lell, COBilAll.AlOlll.IIX C •Y -KBBHTBM.ll 3Hepr'.11.11 121 KSB, 

Tlony'leHHble pesynhTATbl npeACTaBJieHbl aa p.11c, 6. B cneKTpe coanAll.eHHII 'leTKO BbiAensnoT-

CSI DHK.II C 3H9pf'.IISIM.II 676 .II 957 K3B .II cna6bl9 Jl.IIHH.II C hv •1199 .II 1332 K3Bj H2T COB

IlAl19H.II II C BHH.III:'HJlSIIl.IIOHHbiM.II ·Y -KBBHTAM.II 511 K8B (D03HTpOHOB CJ!HWKOM Mano), 

Ha pac. 7 aso6palKeH cneK'IP: COBDAll.eH.HII c f'BMMA-JIY'IBM.II s Hepr-H.II 198 xaa. BRnHo, 

'ITO y -ny'l.ll C hv -602; (881 + 856) .II 1256 K3B .IIAYT B KBCKAl19 C nepeXOAOM 198 KSB, 

8 Cll9KTp9 COBDAl19HHII o6aapy lKeH TAK>Ke CJI86blll D.IIK C 3Hepr-Hell - 1120 KSB, KOTOpbll! He 

Ha6niO)l 89TCH B KOHBepC.IIOHHOM Cll9KTpe. 

TlOJIY'I9HHbl9 HAMH pe3yJib T8Tbl (Ta6n.Hn& 3) COBilBJl&lOT C Jl&HHbiMH llPYf'HX ABTO

poa/ 21•22•251 H 3HB'IHT9JibHO JlOilOJlHHIOT HX, KpOMe paHe e H3B9CTHblX KBCKB)lOB HBMH 

anepB&Ie Ha6niOnanHCb cneny romae ·y - ·y COBDAl19HHSI: 

( y 121) ( ·y 957 + 932); ( ·Y 121) ( ·Y 1199); (y 121) ( ·y 1332); ( y 198) ( ·y 881+ 856); 

( y 198) ( ·Y 1256). 

llnH llOJiy'I9H.IIH Jl01lOJIHHT9JlbHOJI HHijlopMaDHH H J10KS3BT9JibCTBB cymeCTBOBBH.IIH npen-
147 

llOJlBI:'A9MblX ypOBHeil Sm HBMH 6hiJ10 llOCTBBJ19HO TSK lKe H9CKOJ!bKO OllbiTOB DO COB-

DBJ19HHSIM c acnoltbsoaaHHeM cxeM&I cyMMHpoaaHHSL. Taxae aaMepeHHSI 6hlna nponenaabl nnH 

ypOBHell 8 0 0, 1078 H 1454 I<8B, Pesy nhTBTbl 3 THX 3KCD9pHM9HTOB llOKB3BHbl Ha PH'lll~' 9 

a 10. ITHK 510 K8B aa pHC, 9 llGJlTBepll<l!aeT aanH'IHe n03HTpOHOB npH pacnane Eu 

Ha pac, 10 BKJlHbl caMbia aaTeHCHBHbie 
146 

•y -Jiy'l.ll C 3H9pf'HSIMH 635 B 748 K3B Eu 

I<OTOpble JlBIOT cyMMapHYJO 3H9pf'HIO 1383 K8B, 

147 
r. Onpenenenae MYJibTHDOJibHOCTell nepeXO)lOB B Sm 

B pa6oTe ropOJlHHCKOI:'O B np/
8 1 

BnepBble 6blnH H3MepeHbl KOs<jl<jlHnHeHTbl BayTpeHHell 

KOHB9pCHH JlJ!SI •Y -n>peXOilOB C 8H9pr'HHMll 198 H 121 K3B H nony'leHbl 3 HB'I9H'IH )lJIH 

8 

a k • 0 ,:.::2 n 1 , 34, COOTBeTCTBeHHO, AaTopaMa
18 1 

ei&tno yKas a so, 'ITO 

npHHAll. Jie)KHT K Tsny E2 , a nepexon 121 KSB - K TBny Ml. <:!Kcnepawea 
/ 9 / 

K/L n nH aTax nayx nepexonoa, nOJIY'fleHHI>re AaToHbeaoll a np. , non1 
/8/ / 9/ 

f oponKHCKO!'O H np. • no naHHblM pa60Thl 0 CX9M9 p acnan a Eu 

c saepr-Hell 77 Ksa RHTepnpeTRp oaancR KaK nepexon TBna MI. B sTol!: 

nonar-aeTca, <~ro B03MO)!(Hh!e MYJlbTHnon:.aoCTH n epexoAOB c h v •600; I 

Mor-yT 6b1Th M1, E2 H fl, ,'; , coo'raeTcTaeaHo. B nocnenyromel! pa60Te A; 

nepexon 121 KSB o'raecen K THny M1+E2 . MyltbTHilOJibHOCTH OCTBJibHbU 
/22/ 

aaaec'rahl, B 1962-63 r-.r- . no!IBHJIHCh TPH pa60Tbl Hxa· H np. , llla ep 

/24/ 
H KoapiiT'HHa H np. , 1~7 KoTOpbrX onpe,o.aJ!SIJIHCh MYJibT.IIDOJlbHOCTB •) 

Karomnx npH pacnane Eu 

K oa<jl<jlauaea'rbi rwaaepcna a a MH paCC'IllTbl&anHCb H3 OTHOC.IIT9JlbHblJ 
/ 21 22/ 

•y -nyqeJI, nonyqeHHblX B pa60TBX ' 1 H H3 ·HHWBX JlHHHblX 0 KOHBepC 

H 0 ·Y - n y'laX, TlpR 3TOM HHTQHCHBHOCT.II •y - ny'lell HOpMHpOB8J!HCb UO 

c hv .. 198 K8B, KOT Opbll! npHHHMBJ!CSI 38 'iHCTblll nep exon TKna E2. n on: 

npHaeneHbl a Ta6JIHue 4. B Ta6JJHne 5 BblnKca.Hbl MyJlbTHnoJlbHOCTK ·Y 
147 / 9 11 21 : 

6ylKJlaiOmHXCH npK pacnane Eu , onpeneneaable ·B pa6oTax ' ' ' 

HHTb MYJibTHllOJlbHOCTH B Te6nRU8X 4 H 5, TO BHJ1H01 'ITO Jlll ll 60JihlllHHC 

ua6nronaeTCH xopornee cor-nac ae c HamHMH peayin.TaTaMH, HecooTBeTC'rt 
/B/ 

TOJlbKO n ng nepexona c aHepr-ael! 800 KSB, B pa60Te rrpe,o.nonaraeTc 
/24/ 

aOCTh sTor-o nepexona THna M3. KoapHrHH a np. ae HCKniO'IBIOT so 

u epexon c saepr-Hel! 676 KSB MOlKeT n p HHanneJKaTb K THny E3 HnH E2. 

14' 
n, 06C1ll<ll9BH9 pe3ynhTHTOB H CXBMbl pacnana Eu 

47 147 
CxeMa pacnana 

/ 8 / 
Eu .. Sm ~nepabre 6blna paccMOTpeaa B l 

1:'0 H np, , 1:')19 6binH BB9U9 Hbl )lBH nepBblX B036yll<l!eHHblX ypOBHSI C Z 

/ 9 11 I 12 
198 KSB. B pa6oTax AaTOHbe&oll H np. ' H lllaepnT <jler-epa H np. 

JlB 6binH Jl01l0JIH9Ha eme JlBYMH ypOBHHMH C 3H9pr'HSIMH 800 .H 1080 K8B 

noaaa.Hlt cneKTpa KOHBepcHOHHbiX ane KTp oaoa. AneKcaanpoablM a n p .
115

' 

COBllB/19HKll npoaepHJIOCb c ymeCTBOBAHHe nepBbiX Tpex y pOBH9 11, Tlony'lei 
/1 3 / 

ll0!1 TB9pJlHJlH HX HHJ!.II'IHQ, 8 blUOJ!H9HHbl9 ll1K9Jl9U0Bb1M H np, RCCJ!9Jl( 

coananeaH HM nonTaepnHJI.II n oc 'ronepa ocTb ypoaaell 121 H 198 KSB, H ann 

no ·y - ·Y c oanan eHH HM n oKa3aJIH, 'ITO KpoMe y p oaaell 121, 198 H 80 

H ypOB9Hb C 3H9pr'H9JI 1080 KSB, KOTOp bl li 6bln BB9)19H B 6 
/ 1 1,12 

p a OTBX 

Tlpennonar-aeMal! HaMH cxeMa a oa6ylKJleHHbiX ypoa a ell 
147 147 

pacnane Eu , Hso5p aJKeHa aa pHc , 1 1. Hnpa Eu H 

147 
Sm 

147 
Sm 

' I 

HMS 

TpOHOB l! npH Haa ne>KaT K r-pynne Ccpep H'I9CKHX ll!lep, Tl osTOMy np H p a CCl 
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6wnu nonyqe~ auanoruquwM cnoco6oM xax u npu B3MepeBBu xousepcuou
M9 

lDO HCDonb30BBHO ABB BCTOqHHxa, Bo BTOpOM npenapaTe co.aep~aHHe Eu 

:a no. 

I O.!IHBOqBOrO 
146 

y -cneltTpa npoBouunocb qepe3 .asa Mecm~a nocne pas.aene-

a Eu noliBOCTbJO pacnancsr, B Ta6nune 2 npuse.aeaw nonyqeHHble 
147 

rruocuTenbHhle HHTeHCHBHOCTH ·Y -nyqel!:, B03HHKaJOmHX npu pacna.ae Eu • 
/21,2~,25/ 

a aa puc, 5. B Taonune 2 npuseneHbl TaxJKe .aaaHble .apyrux pa60T . 

>0118CTH Cn8KTp8 HBMH BnepBhl8 o6uapylK8Hbl M8DORHT9HCHBHbl8 ·Y -nyqu 

; 1256; 1332 H 1454 K9B R onpe.aeneHhl HX HHT9HCHBBOCTH, (3HeprRH •)' 

&HHblX no xoHBepcuoHHhlM snexTpouaM), Cna6ble raMMa-nepexonbl c suep

a 932 lt8B B O.!IXBOqROM CD8KTp9 qeTitO He RSODIO.!!SIOTCB H3-38 R9AOCTB-

Hl )' -cneltTpOM9Tpa, 

, CD9ltTpbl •)' -nyqel!:, COBD8A81011lHX C •)' -K»BBTSMX 9HeprHR 121 KSB, 

bTBTbl npe.acTaBJieRbl ua puc, 6. B cneltTpe coBna.aeHHA: qeTxo BbtnenBJOT

MH 676 R 957 KSB B cn&Obl9 DHRBH C hv •1199 B 1332 ltsB; HaT COB

RilHOBRblMB •)' -KBBHTSMU 511 ltSB ( D03HTpOROB CDHIIlKOM MBDO), 

o6palKeH cneK'JP' cosna.aeHHA: c raMMa-nyqaMH suepruu 198 ltsB, Bu.auo, 

V -602; (881 + 856) U 1256 KSB H.!IYT B K8CK8A9 C nepeXO.!!OM 198 KSB, 

BHI!: OOHapylKeR T8KlK9 CllSObll!: DHK C SHepruel!: - 1120 KSB1 ltOTOpbll!: Re 

BepCBORHOM CD9KTpe, 

8MB pesyDbT8Tbl ( TSODRilB 3) COBD8.!1810T C .!!8BRbiMR .apyrHX SBTO

~qxTQDbHO .aononHHJOT ux. KpoMe pauee usseCTBhlX xacxa.aos HBMH 

Cb cnenyJOIIlU9 ·)' - •)' COBD8.!19HH<l! 

J57 + 932); ( •)' 121) ( ·)' 1199); (•)' 121) (·y 1332); ( )' 198) ( •)' 881+ 856); 

( )' 191!) ( ')' 1256). 

l .!!ODODHHT91lbHOI!: HH~pM811UH U .!IOK8S8T8DbCTB8 cymeCTBOB8HHll npe.a-
147 

Sm BBMH ObiDO nocTasneao T&KlKe aecxonbKO ODblTOB no cos-

.osaaueM cxeMbl cyMMBposaHHH. Taxue usMepeHBH oblnB npo.aenaubl .an11 

1 1454 KSB. PesynbTBTbl sTux sxcnepBMeHTOB noxasaHbl aa pu'ili.Jl' 9 

38 puc. 9 no.aTseplK.!IaeT Hanuque nosuTpouos rrpu pacna.ae Eu 

8Mbl8 HHTeHCHBHble 
146 

')' -nyqu C SHeprBHMU 635 II 748 KSB Eu 

apBYJO s aepru10 1383 xss, 

147 
Onpe.aenenue MYDbTUnODbHOCTelt nepexo.aos B Sm 

lUHCKoro u .ap/
81 

Bnepsble 6wnu usMepeHbl Koscjl<jlunueRTbl BuyTpeaueA: 

!19pexonos c sueprBHMB 198 B 121 xas B nonyqeubt saaqea!Jg nn<~ 

8 

a k • 0 , 2~ l! 1 ,34, COOTB8TCTB9BBO, A BTOp8MBI
8

I 5biDO YKB38HO, qTO •)' ":'nepeXO.!I 198 KSB 

npuua.anelKnT x THny E2, a nepexo.a 121 ltSB - K TBny Ml. ::l!tcnepaweaTanbHble oTaoweHBB 
191 

K/L u nH sTux .as y x nepexo.aos, nonyqeaar.Ie A HToHbesoA: u .ap. , no.ar~ep.aunu pesynbTaTbl 
18! 191 7 147 

ropO.!IHHCKOro II .ap. • no .aaRHbiM pa60Tbl 0 cxeMe pacnaua Eu .. Sm nepeXOA 
19 1 

c saeprne A: 77 xsa HHTepnpeTup osanca x ax nepexo.a TBna ~1. B aToll: lKe pa6oTe rrpe.a-

nonaraeTC <~, 'lrO B03MOli<Hbl8 M)'llbTIIDOJU>HOCTII nepeXOAOB C h V •600; 676 H 800 KSB 
/ 11 / 

MoryT oblTb M1, E2 H ]'. , ·~ . coOTseTCTBe HHO, B nocne.ayJOmeA: pa60Te AaToHbesoA: 11 .ap. 

nepeXOA 121 xss oTaece11 x Tuny M1+E2 . ~YllbTHnOllbHOCTH ocTallbHbiX nepeXOAOB He Obl!IR 
1221 121 I 

R3B8CTHhl, B 1962-63 r,r, nO!IBI!nBCb Tpl! paOOTbl 11xa U AP• 1 lJlsep.aT<!>erepa U .ap, 
1241 

I! Konp~~ruua u up. , 1~7 xoTOpbiX onpeuenM HCb MYDbTHnOllbHOCTH •y -nepeXOAOB, aosau-

x atomnx npu pacna.a e Eu 

K oacjl<jlxnueuTbi 1: o asepcun Hll.Mll p accq v.Tb!B81II!Cb us OTHOCUTenbHhiX HHTeacuanocTel! 
121 22/ 

•)' ~qel!: , nonyqeliRb!X 8 p800T8X ' J H 113 ·H8111HX U8HHhiX 0 KOHBepCHOHHhiX 91!9KTpOHSX 

U 0 ·)' -nyqax, llpll 9TOM UHTeHCRBHOCTH •)' -nyqel!: HOpM1!pOB81IHCb no a k •)' -nepeXOJl8 

C bv • 198 KSB, KOTOpb!l!: DpHHUM81IC.Il 3a qHCTbllt nepeXOU THDa E2, llonyqeHHbie pe3ynbTaTW 

npnae.aenbl B Taonune 4. B Ta6~une 5 Bblnucaah! MYDhTllHOJibHOCTH ·)' - nepexo.aos, aos-
47 19,112122 241 

6ylK.!IB IOIIlBxcg npu pacna.ae Eu , onpeueneHHhle ·s paooTax ' ' ' • Ecnu cpaa-

HBTb MYllbTBnODbHOCTH B T!!OJIHHaX 4 B 5 , TO BRUH00 'ITO Allll OOJihllli!HCTBa ·Y -nepeXOJlOB 

aa6mouaeTCB xopomee cornacue c HaiiiHMU peayJihTaTaMu, HecooTseTc ·rnne cy a1ecTsyeT 
/ B/ 

Tollbxo un11 nepexoua c sueprueA: 800 xss, B paoOTe npennonaraeTC !l, '11'0 MYJihTnnonb-
1241 

HOCTb 9Tor o n epexoua THnB ~3. Kospl!rHH I! Jlp, Re IlCK1lJOqa iOT B03MOlKHOCTb , ~TO 

n epexou c saepruell 676 xss MolKeT npl!aa.ane lKaTb x Tl!ny E3 HJIU E2, 

147 
n. 06c)lK.!IeHue pe3ynbTaTOB u c xeMbl pacnaAa Eu 

47 147 
CxeMa pac11aua Eu .. Sm ~nepBble Ob!Jla pacCMOTpeHa B paoOTe rop OJlHBCKo-

ro a np/
81

, r.ae ob!JIH sseueaw usa nepsbiX sos6ylK.!IeHHbiX yposa11 c 2Hepr nBMH 121 H 

19 11 I / 21 I 
198 xss. B paooTa x AaToRbesol! a .ap. ' u lllsepuT<Perepa a up. sTa cxeMa pacna-

ua 6biJia uononHeHa ewe .!IBYM!l ypOBHBMH C SHeprUKMU 800 M 1080 KSB H8 OCHOBBHBH IICCJie-
115 1 

uosaaaa cnexTpa xonaepcHOHHbiX snexTpoaos. AneKC8HilPOBbiM a AP• MeTouoM ·Y - ·y 

c osnaueaua nposepnnoch cymeCTsosaaue nepsb!X Tpex yposaea. nony'leHHble peaynhTaTbl 
/13/ 

nouTBepuanH HX H81!Hq!fe, Bb!nonueHHble nlKeJienOBbiM H APo HCCneuosaHI!!l no e - e 
1201 

cosnaneauKM nouTsepnunu u oc TosepnocTb yposHel! 121 a 198 Kss, Hawu pesyJibTaTbl 

no •y - ·y COBnaneHH!lM UOK83aJIK, qTO KpOMe ypOBHell 121, 198 a 800 xss , cywecTayeT 

H ypoaeHb C SHeprHelt 1080 lt9B, KOTOpbi A: Ob11l BBeueH B 6 
111,12 / 

pa OT8X , 

147 
llpeunonaraeMa!l HBMH cxeMa sos6ylK.!IeHHbiX yposael! Sm 

m m m 
, B03HHKaiOlUHX npu 

pacnane Eu , H3o6palKeHa ua puc, 11, H.apa Eu H Sm uMeiOT Menee 88 Hell:-

TPOHOB H npi!HauJielKaT K rpynne C<i>epaqeCKHX smep, llosTOMy npH paCCMOTp9HBI! CXeMbl 
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147 
HX yposael! enenyeT I!pHM9BBTJ. MOA9llb Mal!ep. llo STOll MOA9nB OCBOBHoe eOCTOSilDI9 Sm 

MOJK9T 6biTb f7 /2 HnH b 9/2 • 3xenepBMeBTalibBO nonyq:eHHaB UO ABYM NeTOnaJ27•28 / 
- /9/ 147 

BQilli'IBHa enBBa pasHa 1 12. B pa .,OTe OeHOBHOMY eocTOIIRJIIO Eu npsiiBebiB8eTCB 
+ 

KBaHTOBas xa~axTepBeTBKa 5/2 I 

147 147 
'ITO xopomo nonTsepJKAaeTCB a:a exeMbi paenBAa 

155 153 151 
Gd -+ Eu B &3 eoceAHBX H&'ieTBhiX BA&P esponas ( Eu , Eu , Eu 

147 

149 
, Eu 

CaMbia HHTe&eBBHbie nepeXOJlbi, B03HHKAIO!ll119 nps paenaAe Eu , HM&IOT aseprHIO 

121 a 198 Kas. ECTeeTseHBo 6blno IIpennonolKBTb, 'ITO OHH npoaexoABT MeJKAy BHlKHHMH 

yposHBMH. OCTaltbubie nepexOAbi Mesee HHTeaesssbi • ToT <jlaxT, 'ITO y -ny'IH e aseprHSI-

). 

/ 8, 18/ 
MB 121 H 198 lt9B He HAYT B xaexane 1 nanO B03MOJKHOCTb 3BKliiO'IHTb 1 'ITO ORB OI!p9-

A9l!BIOT nsa HBJKHBX yposns e aTHME asepraBME. YposeXb 121 xas nonTsepJKAaeTes H npa 
- 147 147 / 29 / 

f3 -paenane Pm -+ Sm , nps KOTopoM HenyexaiOTes M&nosHTeseas&bie ·y -nyq:ll 

e aaeprael! 121 xas. Cosnaneaas M9JKAY KOHBepeHOBHbiMH anexTpOB8MH nepeXOAOB 121 x 
/ IS/ 

11 K9B B OTeyTCTBHe eOBnBAeHHI! Me)I{Ay KOHB&peHOBHbl MH Sli9KTpOH8MH nepeXOAOB 

77 H 198 K8B AOKB3b!BBIOT HBnH'IH9 ypOBHB e aseprael! 198 KSB. 0eTBJihllhl9 JlBB ypOBHS! 

800 B 1078 K8B HOJlTB9pAHnBeb M9TOAOM ·y - •y -eosnanelU!l! B pil,!l.e pa60T. B saeTos-
147 

mee Bp9M S! MOJKHO e'IHT&Tb, a036y)I{AeHBble ypoa1m Sm e aaepraSIMH 121; 198; 

800 B 1078 K9B XOpOmO y eT&HOBli9HBblMBo 

14
-JiamH secn&)l0B8HHS! Jl.BIOT B03MOlKHOCTb AOnOn&BTb eXeMy B036yJKA9BHblX eOCTOS!HBil 

Sm eme TpeMll HOBbiMH ypoBHHMl! c 9 Hepr11HMH 1053 ; 1320 H 1454 xas. YposeBb 

1053 KSB BB9A9B BSMH H8 OeBOB9 9HepreTB'I9eKOrO 6anaHC8 H ()anaaea KHT9HeHBHOeTell. 

PaasoeTb aneprus Meli<Jl.y nepexoAaMB 932 H 856 :raa eoeTaBnHeT 76 xas. 3TH nsa nepe

XOA& paapSIJKaiOT yposeHb 1053 xaa ua ypoBHH 121 a 198 xas. n pstMoro nep aXOA& e auep

raell 1053 KSB Mbl Be 06HapyJKBIDio E enH OB eymaeTsyeT, TO aro HHT9HCH.BHOCTb AOliJKHa 

6biTb O'iem. ManoA. MeTOAOM ·Y - ·y cosrraneB~Il saM se ynanoeb noxaaaTb eymecTao-

B8H119 9TOrO ypOBHB, TBK KBK pii,!I.OM e BHM1 ( Ba 25 K9B Bblme) saxonHTCst yposeHb 

1078 K9B 1 C KOTOporo TBKJK9 HB y pOBBH 121 H 198 K9B BAST 6onee HBT&BeHBBbii! nepeXOA 

e aseprael! 957 xas a ena6blll nepeXOA 881 xas. OrrhiT c nepeMameuaM sbipaaaiOmero 

O.lf.HB B eToposy 60nbiilHX H M9BbiU.IIX SHeprHI! OT 1080 KSB Be n03B0l!Sl9T Jl0K83BTb BBnH-

'IHe ypOBBSI 1053 KSB. 

HanH'IHe ·y -nepexo)la e aaeprsel! 1199 xaa H ero eosn8JleBHH c y -«BSBTBME 

C hv •121 K9B (pae. 6) U03BOl!SIIOT npeAUOliOJKHTb CymeCTBOBBHHS ypOBBB C aaeprael! 
147 

1320 xas s Sm • KpoMe Toro, B cneKTpe eosnBAeaall e ·Y - JCsaaT&MB c hv •198 KSB 

(pae. 7) o6aapyJKeH ena6hll!: naK e aseprael! oKono 1120 xes. 

Ha oeaone nasublx no HeeneAOBBHBIO JtoaaepeBOHHhiX aneKTPOBOB, enexTpos •y -ny'!ell 
147 

B •y - ·y eOBH8Jl9BHI!: BBMH 6blliO 06H&pYJKaRO eymaCTBOBaBBe HOBOrO ypOBBB Sm C SHep-

rRel! 1454 KSB. C 9TOrO ypOBHH aa6liiOA89TCH npRMOli nepeXOJl B OCBOBB09 COCTOHHH9 B ABa 

10 

nepaXOAa Ha yposaa 121 H 198 KaB. MeTonoM y - y eOBI!a)laHB JI yeT. 

i!y'IH e b V 3 1332 K9B ABIOT eOBI!aA9HBR e •Y -KBaHT8ME 121 K8B, a y 

e ·y 198. KpoMe Toro MeTOAOM cno ll<aHRR (pae. 10) nps y cTaHosxe cxe 

1460 Jt8B '19TKO onpenal!BIOTCH nBK.ll 1256 B 1330 K9Bo 3TBM AOK83b1B&a'T 

yposaa c aaaprael! 1454 xaa. 

3Ha'laHH9 fg ft ~8,0 noxaahrsaaT, 'ITO {3+ -nepexoA nepsoro nos: 

Oa MOJKaT H!!TB Ha ypOBHR C aHeprBRMB 198, 121 H B OCBOBBOa COCTC 

UO COBnBAeHHS!M Y -ny'!eli e aaeprBRMB 121 H 198 K9B e Y -cneKTpO 

RBliHGTCH l!BIC C bv •51 1 KSBo C npyroll CTOpOHbl 0 aHBBrHnnanHOHHbiS ·Y 

AOBOnbHO '19TKO npOSIBnHIOTCH B CXeMa eyMMBpOB8HHB 0 KOr)la Bblpe3aK>: 

yCT&BOBllaHO H8 CyMMe 1080 K9Bo 3TH tH™ YK89b1Ba10T 0 'ITO oe&OBB&B 

DpOReXOJlHT B OCBOBBOe eOCTOHHHa Sm • llpH 9TOM npennonoJKeRHH 
147 147 

Eu - Sm p BBH8 1652:!:.15 xas, 6l!li3KHe 3Ha'laBHH npHBanaabl B p . 
121 

B nasH : 1532 H 1549 KSB, eOOTB9TeTB9HHOo 

Ha of~osaaHR onpaneneHHR MYnbTBnom.nocTall 'Y -nyq:e l!, B03HH. 

nBAe Eu , II OUblTOB no y - ·y -KoppenanHBM, B03Dy)I{AaHHblM 

DhinB npanxcasbl enenyiOmHa KBaHTOBbla xapaKTepaeTHKH: 121 Kas-5/2-

800 K!IB- 3 / 2-; 1098 K9B 7 /2- H 1454 K.8B - (3/2 , 5 / 2, 7 /2 )-. 

HaTepecaoe cpaaseaHe 
147 145 

MOli<HO nposaeTB M9JKAY B036y)I{AaBHbiMB e 
149 

62 Sm 85 ' 60 Nd 85 B 64
Gd 1!

5 
• Bee oaK COAepJKaT '!eTaoa 'IRCno 

TpOBOBo Q6pamaaT sa Ca6H BBHMSHBe TOT <jlaKT, 'ITO ORB HM910T B6l!H3H oc: 

JlBB B036y)I{AeHBblX ypOBBst. no Mapa npB6liBJK9HHH K rpaHBUe Ae¢opMBpC 

TH'i9CKOa paCCTORHBG Me)I{Jly 9THMB TpeMH ypOBHHMH ysenB'IHB89TCHo Y 

M9JKAY BTOpblM H TpeTbHM B036yJKI!9HHblM COeTORHl!SM eymeCTByeT 60/lb 

CKaH menb, KOTOp& H e npH6n>tJK9HB9M K rpaHJ{Ue Jl9d>OpMai!Hll yMaHbW&a'T 
145 14'/ 

TOBble Xap&JCTepHeTHK11 OCHOBHblX eOCTOHRBil N d B Sm OblnJ 
/ 30 27 28/ 

pHMaBTanbao s pa60Tax ' ' a ll'l~Bhl 1 12 c oTpauaTem.Holi '!eTH< 

My, enas ocHosaoro c ocTO!IBBH Gd Ta.KJKe p&Bea 7/2-. KsaHTOBh! 
145 147 

OeROBHblX eOCTORHHll llX M&TepBHeKBX B30TOnOB Pm Eu H T 

/ 25 / 
naaawe Anaxcaanpoaa no yrnOBblM xoppanHUHS!M nOATBepJKAalOT p• 

/ II / 
esol! K np. 0 nocnaAOBBTSllbHOeTH enHHOB Tpex BHJKHBX eoeTOHHHll 

-7 / 2-, 121 K9B -5 / 2- oB 198 lt9B - 3 / 2-. TaKHe JKe 3H8'l9Hl!B CnBBO 

H s pa6oTax
121

•
22 1

• AaanorH'IBast K&pTBHa enauos nonJKaa npHBa)laBbl 
149 

Gd • B 
/3 1/ 

pa60T9 naaarynHH H AP• npa)lnonaraeTCSI, 'ITO enaB ne] 
149 -

aoro ypOBHB Gd (165,3 xas) pasaB 5/2 • Ha OCHO~g9KCI!epBM9H' 

naHBB MYllbTHUOnbBOCTel! MeJKAy HBJKBHMll ypoBB.!lMK Gd e asep1 

11 



147 
Cll9llY9T upaueuan. MOll91Ib MaAep, Do STOlt MOll&nB OCHOBH09 COCTOSIHJI9 Sm 

£7/2 H1111 b 9/2 , 3xcnepHM&HTan:bHO nony-<~eHHaB no llBYM MeT'O.[laJ
27128 / 

~ /9 / 147 
IJillA paaua 7/2, B pa ... OTe OCHOBHOMY COCTOSIHllto Eu npHIIliChlBA&TCH 

+ 
l~axTepHCTHKa 5/2 1 ~TO XOpOWO UO.[lTBep~aeTCH H3 
47 155 

H H3 COC&A HHX HQ~QTKhlX ~ep eapO.liHH (Eu 

cxeMhl pacnMa 
153 151 

, Eu , En 

147 

149 
, Eu 

HHTeucaaable nepexonbl 1 B03HHXAtollllle npu pacn8lle Eu 1 auetoT aueprHlO 

•B. ECTeCTB&HHO obln o upennonolKHTb, ~To OHB npoucxoAHT Me~y HHlKHHMH 

:-ram.able n e pexonbl Meuee HHTeucaaubl , ToT 4>aJtT, ~To y -ny~H c aueprHR-

). 

/ 8 , 18/ 
KSB He HAYT B K8Cit8)l9 1 !18 110 B03MOlKHOCTl> 3aK /llO'll!Tb 1 ~0 OHH O.llp9-

:m KHDX ypoaus c aTHMR aaeprHHMll. Y poaem. 121 KaB nonTaep:>KAa e T c H K n p n 
147 147 / 29 / 

Pm -+ Sm , npu KOTopoM ucnycxatoTCH Mano&HT&HCBBBble ·y -IIY'Ill 

H xaa, CoanaA&BHH M &:IKAY x oHBepCHOHKblMH anexTpOHAMH nepeX OAOB 121 ll 

OTCYTCTBH9 COBnanenn lt Me)I{Ay KOHB&pCHOHHb!MH SllQitTpOHAMH n ep&XOAOB 

noxaablaatoT ua1!H~He ypoaus c aaepruelt 198 xaa. OcTam.Hh!e naa ypoau s 

oB DOATB9pAH1111Cb MQTO)lOM ·r - ·r -coan8lle lllili a p~e paoOT, B uac-ros-
147 

t>KHO C'IHT8Th aoa6y:>KAeBHble ypoaHH Sm c aaepruBMH 121; 198; 

a xopomo y cTaaoaneHHhiMR, 

::ll9LI OB8HHH )J BIOT B03MOlKHOCTb .[lOUonHHTb CX&My B03Dy~&HHbiX COCTOHHHli 

QMli HOBbi MH ypOBHIIMD C <o HeprHIIMH 1053 ; 1320 H 1454 KSB, YpOB9Hb 

au uaMH ua o c u o ae auepreTn~ecxoro 6anaaca H oanauca KHT e u caauocTeli, 

rHH M e lJI.[ly nep&XO)l8MH 932 H 856 :ta B COCT8BIIH9T 76 KaB, 3TH A B.!l nape

~ ypoaeHb 1053 KSB Ha ypOBHH 121 H 198 KaB, n p HMoro nepeXO.[la C auep

Mbl He oouapy >KHml, EcJm OK cymecTay eT, TO ero HHT&BCHBBOCTb .[10/llKHB 

noli, MeTOAOM ·r - Y COBD8A9B~A HSM B9 ynallOCb AOKa3aTb Cym&eTBQ-

•OBHR 0 TBK KB.K p~OM C HHM1 lHa 25 KSB Bblme) HaKO):IHTCSl ypOBQHb 

roporo Ta~e HB ypOBHH 121 H 198 KSB H.[l9T 001199 HHT9HCHBHhlli nepeXOA 

xaa u cnaohlll n e pexon 881 xaa. Onhi T c nepeuemeHHeM Bblpeaatomero 

00/lbWHX H M 9HbmHX SHepr&lt OT 1080 KSB H9 U03BOIIH9T AOKa3aTb HSIIH-

3 KSB, 

y -nepexoAa c aaepraelt 1199 xaa u ero coananeHHR c y -KBaHTBMH 

~ (puc, 6) U03BOIIH10T npeAnonOlKHTb CymeCTBOBBHH9 ypOBHH C aHeprHeli 
147 

• KpoMe Toro1 B cnexTpe cosnaneaalt c ·Y -xaauTaMH c hv •198 xaa 

~eu cnaobllt nux c auepraelt o x ono 1120 xaa, 

AaHHbiX n o HCCileAOBB BHlO KOHB &pCBOHHbiX Sll9KTPOHOB, cn&KTpOB •y -ny~el! 
147 

eaai! HBMH oblno ooaap)'ll<euo cymeCTBOBaHHe Ho a oro ypoaas Sm c aaep-

: STOr o y pOBHH H801llOA89TCH npRMOli nepeXOA B OCHOBHOe COCTOIIHH9 H ABA 

10 

n e peXOila HB ypOBHB 121 H 198 KSB. M&TOA OM y - y COBIIS.[l&HHli yCT 8HOBil9H0 0 ~TO y -

;:y '!B C b V o 1332 KSB .[laJOT COBII B/l9HH!I C •Y - KB BHTilMH 121 KaB, a y -ny~H 1256 DB 

c ·y 198, KpoMe Toro M&TOAOM cno lKe HHR (pnc, 10) npH y cTanosxe c x e Mbi na- CYMMY 

1460 Ka B ~eTKO OIIpe.[l&llHlOTC!I n HKH 1256 H 1830 KSB, 3THM /lOKB3bl889TC!I cym&CTBOB8HH9 

ypoanR c anepraelt 1454 xaa. 

3ua~enae fg ft =8,0 nox aabiaaeT , ~To {J+ -nepex oA nepaoro nop~xa aarrpeweHHHo 

Ou Mo>KeT HATH HS ypOBHH C aueprHRMH 198, 121 H B OCHOBHOe COCTORHH9 .o 8 OnblTBX 

no COBll8Jl9HHHM y -ny~eli C aueprHRMH 121 H 198 KSS C Y -Cn&KTpOM 38MQTHO He npo

!IB1IR9TCR nax C hv •511 KSB, C Apy rolt CTOpOHb1 0 8HHHrH1IIlRHHOHHbl9 ·Y -KBaHTbl 511 K SB 

n osollhHO ~eTxo nposmnHIOTC!I a cxe Me cyMMHpoaalrils, xorna Bb!peaatomee oxao oblno 

+ 
ycTanoaneuo na cyMMe 1080 xaa, 3TH f.pfTbl y xaablaatoT, ~TO ocuoanaR llOIIR f3 -pacnana 

npoHCXOAHT a ocnoanoe cocTo!lHHe Sm • DpH aTOM npennono~eHHH paaaoCTh Mace 
147 147 / 1/ 

Eu _ Sm paana 1652;tJ5 xaa, 61lH3KHe ana~eHHR npHB&li&Hhl a paooTax KaMepona 

H neaH /
2

/: 1532 H 1549 XSB1 COOTB9TCTBQHHO, 

Ha of4~oaaHHH onpeneneBHR MYIIbTHnOIIbHOCTeli ·Y -IJY'Ielt·1 B03HHKatomHx npu pac-
147 

y - ·y - K opp911RDHHM 0 aoaoy)I{A&HHblM COCTOIIHHRM Sm rrane Eu 1 H onblTOB no 

Oblml npHDHCBHbl C1!9AY10WH9 KBBHTOBblQ XapaxTepHCTHKH: 121 KS&-5/2- i 198 KSB - 3 / 2-; 

800 KSB- 3/2-; 1098 KSB 7/2- H 1454 K.SB - (3 / 2, 5 / 2, 7/2)-, 

HnTepecuoe cpasnenne 
147 145 

MOlKHO npOB&CTH Me~y B03fly:>KA&HHblMH CdCTOIIHHRMH R.[l9p 
149 

62 Sm 85 ' 60 Nd 85 H 64
Gd liS • Bee OHH COA9p>K8T 'IBTHOe ~CliO npOTOHOB H ~ Hell-

TpOHOB, OopamaeT HB C90H BHHM8HH9 TOT 4>a KT, ~TO OHH HM BIOT BOIIH3H OCHOBHOrO COCTOIIHHR JI'O 

.[188 B030y)I{AeHHbl X ypOBHSI. no Mapa npH01!H>KQHHR K rpaHHil9 ABtPOP MHpOBBHHbiX ~ep SHepre

TH~9CKOQ paCCTORHH9 M&)I{Ay ST HMH Tp9M R ypOBHRMH yae/lH~HB89TCR, Y BC9X TpeX ~ep 

M&~y BTOpblM H Tpe TbHM B 030YlKil9 HHblM COCTOIIHIIBM cymeCTayeT OO/lbW8!1 aHepreTH~e-

CKBR mellb, J<OTopa!! c npHonH~enHeM K rpaHHne ned>opMauHH y MeHbwaeTcR (puc, 12), Kaau-
145 14'/ 

T0Bbl9 xapaxTepHCTHKH OCHOBHbiX COCTOHHI!i! N d H Sm !5b!llH onp&/l9119Hbl SKCIIE!-

/ 30 27,28/ 
pHM9HT8/lbHO B paoOTax 

0 
H 9.~~Hbl 7 / 2 C OTPHDBT91lbHOli ~eTHOCTblO, no-BHAHMD-

My, CnHH OCHOBHOrO COCTORHHII Gd Tax~e paaen 7 / 2-. KaaHTOBbi& xapaxTepHCTHXH 
145 147 149 + 

OCHOBHbiX COCTOSIHHli HX M8T9pHHCKHX HSOTOUOB Pm Eu H Tb paBHbl 5/2 , 
/ 25/ 

,llaanhle AnexcaHApoaa no yrnoahiM xoppenRDHHM noATBep:>KAatoT peaynt,'faTbl AHToHh-
/11/ 7 

&BOlt H np, 0 nOCil9AOB8T91lbHOCTH CnHHOB Tpex HHlKHHX COCTO!IHHli Sm : 0 KSB -

-7/ 2-, 121 KSB -5 / 2- , H 198 lt:3B- 3/2-, TaKHe ~e 3H8~9HHH CIIHHOB STHX ypoanelt 

1IpHB9.[19Hbl 

149 
Gd • B 

u oro ypoBH!I 

/21,22 / 
H a paooTax • AnanorH~HaR xapTana crrnuos A01I~Ha HaontonaTbCH H y 

paooTe ,llauarynRH u np/
31 1 

npeAnonaraeTCi!, 'ITO cnun rrepaoro aoaoyJKAeH-

149 -
Gd (165 13 xaa) paaen 5 / 2 • Ha ocno~9axcnepaMeHTanhnoro onpene-

ll9BH!I MyllbTHUOllbHOCT&lt M&)I{Ay HH>KHHMH ypOBHRMH Gd c a neprHHMH 0; 165,3 H 
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a 351,6 Jtas
1311

, MolKHo npennono>KHTb, 'ITO cuuu yposun 351,6 JtaB Tuna 3/2-. Torna no-
149 147 145 cnenosaTem.aocTb c nuuos HHlKHHX Tpex yposuea · Gd uono6ua Sm • Y Nd 

/ 32 / - - J 
no naRHbiM pa60Tbl ypoaeRb 3/2 neJKHT mnKe COCTORRHR 5 / 2 • Heo6XO.IUIWO eme OTMe-

1 145 147 149 
THTb, 'ITO aneXTPOHRbiA aaxsaT· Ra HHlKHHe TpH ypoBHR Nd Sm H Gd HMeeT 

nepsbiA nopl!llox aanpemeRIIK. 

,llononaeuue 

B aiOae 1964 rona H81lla pa60Ta 6blna nonolKeaa ua coaemaHHH no 5111epaoa cneJtTPo-

/34/ cJto.IUIH a Teopaa RllPS s ,lly6ae. Iloonaee sblmna pa60Ta Mu-Ham.TH B np. , s JtOTopoA 

Jl3y'lanBcb cnexTpbl: ·y -nyq:eA, ·Y - •y -cosnaneHHA B ·y - ·Y -Jtoppenl!UBA. Ilonyq:eaHble 

HaMH peaylibT8Tbl C HeelOIILWHMH 'OTJtnOHQHBSIMJI XOpOWO COSU8)l8.lOT C naHHbiMH <JTOA pa60Tb1
0 

/34/ KpoMe HOBbiX Tpex yposaeA, KOTopble Mbl aa6niOn8llll, Mu- HalibTB B .liP· DpHBOlUlT B 

1341 yposeBb 1545 Kas. Ilepexonbl c aaeprHliMH 881 H 932 Kaa s pa60Te ae 6biiiH o6uapylKe-

/34/ 
Bbl, B HaMepeHHRX no KoppenliUBliM •Y -nyqeA 957 - 122 Jtas ae Y'ITeao snamme ·y -

/ 34/ 
nyqeA c bv -932 xas. B pa60Te no SKCnepBMeHTam.aoMY aaa'I&HHIO HHTeacusaocTH 

8HHBranR)lHOHHOro HHIUI 511 KSB 6binO nonyq:ene '{HCnO U03HTpOHOS Ba p8CH8)l (0,54:!:j),08)%. 
147 /34/ 

IloouTpoaal>IA pacnan Eu npoucxonaT 110 JUllllD>IM pa60Tbl · aa ypoan 122 a 

198 lt<JB. 

ABTOpbl BbipaJKaiOT rny6oKyiO 6naronapaoc-n. M ,Hmtecxy aa noMonu. s o6pa60TJte 

II BaMepeRBRX B f.M.Bopo6J.eay aa Y'IBCTHe B AMepeHHRX, 
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MO:>KIIO npennono:>KIITb, 'ITO cnaa YPO!lH>I 351,6 xss TBna 3/2-. Torna no-
149 147 145 

b cnaaos BHlKHliX Tpex yposaea · Gd nono6aa Sm • Y Nd • 
/32/ - -

'bl ypoaem. 3/2 nelKBT HlllKe COCTOBBB>I 5/2 • Heo6XOIIHMO em:e OTMe-
1 145 1 149 

ooaablll aaxsaT Ba HlllKHBe TpB yposag N d , Sm 47 B Gd BMeeT 

3anpem:&Bll>l. 

.llononaeaae 

t ro.11a aam:a pa60Ta 6blna AOJIOlKeaa Ba coaem:aBBB no ~epaoll cneKTpo-
/34/ >!liPS a .lly6ae. TI03ARee sblmna pa60Ta Mu-Han&TR R AP· , a KOTopoA 

bl: ·y -ny'leA, ·Y - ·Y -cosn8.11eRBA B ·y - •y -xoppenBllBA. Tiony'leRRble 

C B960n&WRMR 'OTKnOR9RB>IMH xopomo COBn8)1a10T C )18HRbiMB STOll pa60Tbl, 
/34/ ~ yposaell, KOTOpble Mbl aa6niOJ181IJI, Mu-Han&TB B AP• npasOA>IT a 

/34/ TiepeXOAbl c aueprB>!MB 881 B 932 xas s pa60Te ae 6blliH oCSaapylKe--
/84/ 

no xoppen>IUB>IM •Y -ny'!eA 957 - 122 xes ae Y'JTeao snamme •y-

:as, B pa60Te
1341 

no SKCnepaMeHTan&aoMy aaa'!eBB10 RBT9RCBSROCTR 

naxa 511 xss 6btnO nony'!eue '<Hcno noaaTpoaos aa pacn8)1 (0,54;tl),08)%. 
147 /34/ 

8.11 Eu npoHCXOilHT ITO JlABRbiM p8150Tbl . Ra ypOSRB 122 H 

lKSIOT rny6oxy10 6naronapuoe-n. M,H1mecxy aa noMonu. s o6pa6o'J'xe 

M.Bopo61oesy aa y'ISCTHe 11 B3M:epeHBn, 

n a T e p a T y p a 
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