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B OHHH a .n,-6ae B Te'I&Blle psrJta n8'1' llpOH3:BOJtKnocJ. accnet~oJSaJIJie pacnua 1 1 4 T n • 
/1~/ 

.niX CIIU:TpoWeTpoB H CIIGJ:Tporpa<jloa. CDilJ:Tp Y 

pe; e -y COBDMGHlli (L91,4)()-) HB M8J"BJITHOW 

-ny'lel aa CIIHHTHRJIRIIII:OHBOM CD&J:TpOWGT

{J -clleJ:TpoMGTpe. B p83ym.TaTe STax 

HCC48lt0Ba .. t 6wno ltOCTOB8pHO yCTBBOBn8BO W&CCOBOe ~CRO A • 164 75-MHay-raol BJ:THB-

HOCTH Yb , nepxon nonypacuana 114 Tu 

Bhi.X M8J:TpoHOB, D0811TpoHOB I B8XOTOpb1X 

T~ 

y 

• (2,0+0,5) MKB, IIH'r&BCHBBOCT'• XOBB8pCHOB

-JCY'{GA~ onpeneneao '!llcno {3;1 I {3; -0, 34 

D0811TpoHOB, Jllt711UlX BA ypoBeBL 9l,.C 1:911, ll01<838HO, "'TO ypoBGBJ. 1245 J:SB SIBnSIGTCR fJ 

BH6paJUOJlllbiM Tlln8 0 + • llonTBepJKJteBHe MBCCO:BOJ"O 'lllcna Jl nepHOilB nonypaCDBilB 
114 

Tn 6blnOi 

nony'leao 11 peaynbTaTe pe~•• aa o6orameaahiX Jl3oTOnax ~(pn)Tn 
/10/ 

coaa • Jtp, • B aacTORmeA pa6oTe 6blno upononxeao xay'I&HJie y -llepexonoa, :B03BHXaJO-
114 

IIU!X IpJI pacllAlle Tu llony'I&BJI8 HOIIbiX llAHJibiX CTAnO B03MOXBbiM 6naronapR HCDOnJ.-

30BallliJO B H3Y'1:8BHH y -<:D8J:Tpa nonynpo:BOilBJIXOIIbiX Ge(LI) II&TBXTOpoll, 

KB8HTOIIb18 xapaxTepHCTJIJCJI OCBOBHOJ"O COCTORBHR ll4 Tn lrrK•l+l npenCTasnsriOT 

onaronpKHTB~!G B03MOll<liOCTH unH o6aapyli<GBHSI HpB pacnane 
114

Tu B036yJKJt8HHb!X COCTOSI-

RHA THita lrrK-o+o B 11npe 
114 Er ,COCTOHHHII TaJ:oro Tsrra, npencTaBnHJOmae 6onbmoA 

BHTepec C TO'IKK 3p8BHII K3Y'I8BHII CTpyl!:Typhl CH.IIbBOne<jlopMHpoBABHb!X 'IGTBbiX Ruep, 6blnJI 

pBCC'IHTBHbl B pa60T8 ConqBb&Ba/
11/, 

3KCnEPHMEHTAnbHAH qACTb 

I . nonyqeaae HCTO'IIllii<B 

184 
Hayqeaae pacnana 

114
Tu B pasaosecaa c Yb rrpoaasonanocb aa nperrapaTax Yb , 

nonyqeaabJX 11 peaynbTaTe xpoMaTorpa<jlsqecxoro paaneneo11 penJ<oaeuenbHhiX sneMeaToB, o6-

paayJOmaxcH npa 6oM6apnapoBxe TBHTanosoll MHmeHK npoToaaMa c saeprael! 660 Mas aa 

CHIIXponMxnoTpoae OHHH. nliHTenbi!OCTb oony'IGJII!II TBHTanosol! MHmeHJI npoTOHBMK COCT3Bn!l-

na 2 '\aca, nnHTenbHOCTb xauaqec~:ax onepanaA - oxono nonyTopa 'l8COB. HaMepeaH!I y 

cnexTpa npenapaTOB uaquaanacb '!epea 20 MHHyT rrocne BbiileneHHII npenapaTa Yb .. B 6onh-

ilJH/lCTBe ODb!TOB DpOH3BO.QHnBCb DOBTOpHBH O'!HCTKO npen 8IT8T8 Yb 

3 



ltO"leplDIX 1130TOHOB0 B03111llt8JOIIOlX Dpll p8CD8lt9 KOpO'MI:OliCIIByllliiX HSOTODOB Yb H B03MOJK-

IIb1X aarpHalleJD:A H30TODSMII .cocei!IIKX peAJCoaeMen&llbiX sneMeHTos - Lu x Tu 

2. Alma PS'ry'}lll 

a) MariiHTIIbll! {3 -cneJ<Tp oweTp 

Ha1o0: 6biJB: nposal!&llbi aawepeall.!l y"laCTX:a XO.IIsepcaoa11oro cneJ<Tpa s pal!o11e OT 1180 

1!0 l2B5 X9B BA Mar.IIHTIIOM f3 -<:neJ<TpOM9Tpe C ABOIIHOI! llBYXJCPATIIOll ljloJCyC:HpOBJCOII 118 

112/ 
yron 2m/'}: • Cnex:TpoweTp I!SR.IIoro TIJia o6nanaeT o'lellb MSllb!M ljlo11oM np11 paapeme-

HHH AO 0,~ B D03BOJIH&T DpOBOABTb B3MepeHBH M8liOIIIIT911CBBIIbiX KOHB9pc1101111b!X liKIIBll. Ha

M&peiiBH MSrHBTIIOrO liOliH B np1160pe Dp0113BOJlllliJICb M9TOAOM HpoTOIIIIOrO p&3011811C8. npii

M8JI&HB& STOro MeTOna noasonwno npoBOJIHTb c 6on&moll TO'IKOCTbJO onpenene1111e sneprul! 

X:OHB&pcHOH.IIbiX liHHHll. 

MCTO'IIIBX npurOTasnasancH MeTOltOM sneKTponHTB'Iecxoro oc8~&HBH 11a 8liiDMHHBeayiD 

ljlon&ry TOIIIDBIIOll 100 MHJCpOBo npoD&Ayp8 HpHrOTOBll&HIIH HCTO'IIIHK8 38HHM8l18 OKOliO nony-

'IAca, nocne 'lero a8'1BB8liHCb HaMepeauH. 

6) y -cnex:TpoMeTp 

B K8'1ecTae y -<:nexTpoMeTpa npHM&HBliCH nonynpoaonaBKOBhili Ge(Li) neTexTop 

3 
I<08JCCH8llbJIOro THna. qyBCTBBT&llbllbll! 06'h&M JlQTeKTOp8 - 7,5 CM npB JIK8M9Tpe repM8BH-

&BOro KpHCT8llll8 20 MM, BbiCOTe 28 MM B TOllillHBQ npell<jl8 7 MM. neTeKTOp BM9ll p83p&me

11]19 8 lt9B Ba nHHHB 
&e 

Co c saeprael! 1332 K&B. q8CTb peaynbTaTOB 6blll8 nony'I&Ka c 

3 
JC08JCCII8llbllb!M JlQTeKTOpoM TSI<OrO JK& TBll8 C 'JYBCTBIITellbllbiM 06'h&MOM 5 CM B p83pemeHH-

eM 4,3 ](38 118 IUlBHH 1332 K3B. 3neKTp011118H annap8Typ80 npHMQHH9M811 BMQCTe C Jl9TQK

TOpOM0 COCT .OHll8 H3 2048 - K8B8llbiiOrO 8MllliHTYAHOrO 8118llii38TOp80 yCHliHT&liH 11 M8liOmy

MIImero npenycxnuTenu, nocTpoealloro 118 ll8MH8X E810 F 

nm• JC8liK6poBKH A9TeKTOp8 no 311eprBHM npHMeBHliHCb KCTO'IBIIKB 
137 

Cs, eo Co B 
225 

Ra 
22& 

Kpxaa11 S<jl<jleKTHBBOCTH neTeJCTOp8 onpenenHn8cb c noMombJO Ra H a o6n8CTB HB3KHX 

9.11&prHl! - C liOMOillbJO I &G Yb 
0 

All >I KOTOpbiX OTBOCHTellbBbi& BBTeHCHBIIOCTH y -lly'lell B3-

/ 13,14/ 
secTHbl c TO'IBOCTbJO, ny'lmel! 'I&M 10% • Onpeneneaue s<jl<jleKTBBHOCTK C'leT8 a 8HHH-

rw~nxoaaoM liBJCe B HCliOllb30B8HBOli 88MB reoMeTpBH llpOBOABliOCb llpK liOMOillH HCTO'IHB-

1<8 21 Na • 

4 



PE3YnbTATbl 

I. CnexTp Koaaepcaoaab!X snexTpoaoa 
1&4 

Tu 

B naaaoft pa6oTe aayqeHae KOHBepcHOHBbiX aneKTpoaoa npoaaBOnBnoc& a uenoq~te 
1u 184 1a. /5,6,9/ T 

Yb-+ Tu-+ Er 0 1C81C B B pa~OT8X • SIC KRIC B HRll! OM npenapaTe, XpoMe rrenO'I-

XB c ·MaccOBbiM qacnoM A • 164, npBCYTCTBOBana TSKlKe nenoqxa 
188

Yb-+ 
188

Tu-+ 
188

Er, 

TO IIHB TO'IBOft KanH6poBKH npa6opa no 9HeprBBM BCnOn&aOB8HHCh XOBBepcHOHHble HBHHH ne

pOXOllOB C 9B8prB8ft 1176,3; 1273,1; 1374 IC9B lee Tu 1 9ReprHB XOTOpbiX Ob!HB B3MOp0Hbl B 
/15/ 

pa6oTe c TO'IHOCT&JO no 0,08%. Hall!B BaMepe;!Hsr noaaonana yTO'IHBT& aaeprBJO EO-ne-
/8/ 

pexona E Eo • 1245,5!:1,2 K9B B o15HapylKHT& qeTb!pe HOBbiX nepexoaa B palloae 

1300 xsa (pBc. 1
1 

Ta6nana 1). 

K -nRBBR nepexoua c saepruell 1294,2 x aa c oanauaeT c 

L -nRHHell EO-ne pexona c aaepraeA 1245,5 KaB. i1HTeHcHBHOCT& 

K -nHHRR Obina aaAneHa nocne Bbl'IHTSHBSI aa c y MMapaoA BIIT&BCHBHoCTB Bltnana oT 
I 16/ 

L -nRRHH1 KOTopasr aaxonanac& no aaaecTaoMy OTHOll!eHBJO K/ L n nsr EO-nepexonoB , 

1 15 
/ 6,9,52/ B /6/ 

B T86HBn8 llpBBOAeHbl ll81IIIbl0 pa OT H H8 ll!H H3 MepeHHSI, paOOTe B3Me~ 

p811BII CDOXTp8 XOHBepcHOHHbiX aneXTpOHOB npOB3BOIIHHBCb H8 M8rHHTHblX f3 -cneKTpO-

WOTp8X C OABOpoABblM M8rHBTHblM noneM H CHeltTpoMeTpe TRII8 tr.,f'r , B paooTe/
9

•
521 

H3-

wepeHHSI Hpo113BOABHHCb npH noMOll!H f3 -cneltTporpa<j>a C nOCTOSIHHblM MRrHBTHblM noneM 

npB p83p0ll!OHHH OXOHO 0,06% H HpH TO'IHOCTB onp eueneHBSI 9110prHB KOHBOpCHOHHbiX HHHHll H8 

xyxe 0,1%, npBH8AH8lKHOCTh npHBeneHHbiX B T80HBUe XOHBepCHOHHblX HHHBA rrenoqxe pacna-
U4 

aa, aaqaaaJOmeAcsr Yb ycTaHosneaa no nepaoay nonypacnaaa aTJix HHHHA. 11aeHTn<j>axanasr 

cooTBOTCTByJOmHx nepexoaoB npoaaBOaHnacb no K - H L - nHHHSIM, OlliHOitH a onpeaeneHBH 

HHTeHCHBHOCTel! KOHBepCHOHHb!X HBHHll, H3Mep81lHblX H8 MSrl!HTHblX cnexTpOMeTpax,ae npeBbi-

ma10T 10 - 30%. Bon&ll!ne no HHTeHCHBHOCTB L -nBHHB y n epexonoB c aHepi'HHMH 

1766,1 H 2170,5 lt9B CBRaeTeHbCTBYIOTlCKOp ee BCer0 10 TOM, 'ITO 9TH HRHHH CHOlKRble 1 COC

T0Sill!H8 aa L -nHHBA yll<e aaaaaHHhl X nep exoa o B a K -naaaA nepe xoaoB c aHepraHMB 

1819 11 2222,5 lt9B. OcTaHoBHMC!I a a aonpoce npanacaHH!I n epexonoa pacn!lAY u
4 

Tu -+ 
18 4 

Er , 

184 Yb B ·1&4Tu / 17-19/ 
npeacxaaaHBll AM p83HOCTH Mace !lllOP no paa:'lH'HfblM pac'leTaM 

xone6nJOTCSI OT 1040 ao 1301 KaB. Haa15onee TO'IHblMH, n o-BHilHMOMy, c n eJ.lyeT c qaTa T& pac-

'IIITbl/191 AM 1040 X9B. noaTOMY MOlKHO OlKHJl8Tb, 'IT'> npa pacnaae 
18 4

Yb .. 
184

Tu 

MOrYT B03HBK8Th y - nepeXOilbl C 9Heprael! llO 1000 K9B, nepeXOJlbl 0 OTMe'leHHblO B 

Ta15nane 1 xax ( b ) , Henb3>'~ OLlH03H8'1HO rrpanacaTb pacnouy 
18 4 

Tu -+ 
184 

Er, ae acKmo-

qeao, 'ITO qacT& aa HHX npa nau neJKIIT p acnaay 
1 84 

Yb -+ 
18 4 

Tu , \.fro x acaeTc!l ocTanbHbiX 
1&4 1e4 

nepexonoa, TO ax npanacanae pacnauy Tu-+ Er n pOH3 BOilHTCH H8 OCHOB8HBB TO'I-

HOrO onpeueneHH!I p83HOCTII K H L KOHBepCHOHHblX HBHHA, OnbiTOB no e-y 

connaa eHII!IM HnH no anepraH, npeBbl lliH!OIUeil paaao c Tb Mace 
184

Yb-+ 
184

Tu 



Ta6nlllla I 

3BepJ"IIB y -DepeXO.IlOB B OTBOCJITellbBHe HBTeBCHBBOCTH nHBHA K OBBe pCHOIIIIHX 

aneii:TpOIIOB, B03DJ[8JDII(IIX up• paCIIIl.lle 

I 

Ey ' 
I:&B 

91,40 

2 201,5 

3 208,0 I 
4 216,4~(1) I 

5 217, -r(B) 

6 315,3~ 

7 330,J~(B) 

8 355,I~(B) 

9 44J,r(l) 

IO 4 73, 9~(1) 

II 540,~(1) 

12 544,I~(B) 

13 635,~(1) 

14 672,9~(1) 

15 769,1~ 

16 860,~ 

17 907,5 

I8 929,5 

19 II57,0 

20 II66,6 

21 1225,7 

; 

114 Til .. 114 Er 

0TJIOC•TenbBHe .IITeliCHBIIOCTK ( 8 ) 

K IL M 

-(7600) I 28(10750) I IO (1600) 

-(1,7) I - I .,. 

I I o,o2 0,3 (70) I O, I 6 (23) (4) 
./ ! j 

I -
- i 
- (0, 7) 

I 

0,01 

< 0,026 

0,007 

0,018 

0,014 

O,OII 

o;oo5 

0,008 

0,008 

0,0045 

0,014 

6 

N 

I - (400) 

- (1, 5) 



22 
23 
24 
25 
25 
27 
28 
29 
30 
31 
32 
23 
34 
35 

Ey, 0TBOCHT9nbBbl8 HBT8BCHBBOCTH (a) 

X9B 

K IL M N 

1245,5 (c)! 0,015 0,0021 
1294,2 (c): 0,0017 

0,0016 13II,l (c) j 
1313,7 (c)! 0,0014 
1322,5 (c)i 0,0029 
1676,8 i 0,0035 
1698,2 o, 0045 
1742,7 0,003 
I766,I o,o1o 0,0035 
(1819) 0,0021 
(I86I) 0,0025 
2079,5 O,OOI3 
2170,5 0,007 0,9-03 
2185,0 0,004 

llpHMe'laH!Ie: II\ I 3aa'leBHK aaepraa nepexoo.os o.aabl no pa6oTe
1521 

(a) 11a TeHCIIB· 

CnexTp 

HOCTH XOBB9pCHOBBblX nBHHA, DpHB90.8BBbl8 6ea CX060K 0 OTHOCBTCII K Ba

/6/ 
fJ -cnexTpoMeTpax , a B cxo6xax - x aa-M9p9HHBM Ba MarBHTBblX 

M9p9HHBM Ha MarHBTHOM {J -cneKTporpa<jle/
6

•
521 

( HHT9HCHBHOCTH 

nHHHft naHbl B OTROCHTenbHblX 90.HHHIIaX), llepeXOAbi 0 y KOTOpblX HHTeH-

6 
/9,52/ 

CHBHOCTH nHHHA B9 11pOCTaBn9Bbl 0 HA9RTH<j>HIIHpOBaHbl B pa OT9 KaK 

'cna6ble' HnH '0'19Bb cna 5 bte', Jlng nony'I9HHB HHTeHCUBBOCTH nHRHH B 

% aa pacnao. aeo6xoo.HMO aaa'leaae HHTeBCHBHOCTH, npaseo.eaaoe 6 e a cxo-

6ox, paao.enHTb aa xoa<jxpanaeaT 1,57. 

(B) llepexOO.bl H9nb3B OAH03Ba'IHO npHUHC8Tb pacnao.y 
184

Tu -+ ae< Er 

(c) 3aeprHH H OTBOCHTenbBbl9 HHT9BCHBHOCTH nHHHA H3M9p9Bbl B B8 CTO-

ameA pa6 oTe, 

2. CnexTp 
184 

y -ny'leA Tu 

y -ny'leA U< Tu ) CHBTblft Ha nonynpOBOABHXOBblX Ge( Li) 0.9TeXTOp8X0 

npHB9A9H H8 pHC, 2 H 3, CneXTp Ha pHC, 2 CHIIT C U9nb~ Onpeo.eneHHII HHT9HCHBHOCTH no-

3HTpoHOB U< Tu OTHOCHT9nbHO HHT9HCHBHOCTeft y -nyqeft, llOSTOMy HCTO'IHHX noMe-

mancg Me~y nornoTHT9nKMH 113 yrnepoo.a H HaXOO.HnCK Ha H9XOTOpoM yo.aneHHX OT 0.9T9X

TOpa, B aTHX ycnosaax NfJ+•NY±/1,63 , CnexTp aa pac. S cHaT aa o.pyroM npe-

7 



D8p8Teo npa o6pa6oTJt9 CD9JtTp8 DpBHRM8DOCb BO BHRM8HH9 DpHCYTCTBR9 B Dp9D8p8T8X lee 1'u. 

E ~~:ae y , 

5l!6 

570 

637 

676 

718 

738 

769 

798 

(6)845 

860 

908 

9I7 

930 

9:36 
1062 

I081 

I094 

II36 

II 57 

II66 

II87 

II97 

Ta6mma 2 
1&4 

J.i&TeHCBBHOCTH Y -ny'I&A Tu B % 88 paCD&ll 

I (a), 
B% aa p a cnan 

2 

O,I4.;t0,05 

' O,I2.;t0,05 

' 0,34.;t0,07 

i 0,34.;t0,07 

O,I2.t0, 05 

' O,I5.;t0,05 

I, 86.;tO,I9 

! 0, 56.;t0, 07 

I ,08.;tO,II 

1,67 

O, 84.;tO, 09 

0,29.;t0,07 

<0,15 

0,42.;t0,08 
' 0,32.±0,07 

' o, 23.±0, 06 

. o, 30.±0, 07 

0,45.:!;0,08 

2' 84.±0, 28 

1,46.;tO,I5 

o, 34.;t0, 07 

o, 27.±0, 06 

EY' Jt8B 

3 

I340 

I362 

1388 

I42I 

I434 

I445 

1489 

(o) I582 

16I4 

I625 

!656 

I677 

1689 

I698 

1717 

I744 

!785 

!822 

!864 

1878 

!896 

8 

I (a), 
e % aa pacnan E,..-JtaB 

I (a), 
B% H8 

p8CD8ll 

4 

-v 0,07 

o, 37.;t0, 07 

o, 75.;t0,08 

0,21.;t0,05 

o, 3I.;t0, 07 

O,I4.;t0,05 

1,27.zO,I3 

0,12.;t0, 05 

1,36.;t0,!3 

0,36.±0,07 

0,14.:!;0,05 

5 6 

2064 ! o, 25.:!;0, 08 

2080 1,I4.;tO,I2 

2094 0, 2I.;t0, 07 

2108 0,25.;t0,08 

2126 ""\/ o, 06 

2I47 O,I2.±0,05 

2I7I L O,I5 

2I85 ..( O,II 

2272 O,I 5.;tO, 05 

2293 '""'"0,06 

2319 ..,... 0,06 

I,55.;tO,I5 2345 0,25.;tO, 08 

O,II.±0,06 .....-v 0,07 2360 

0,40.±0,08 

0,16.;t0,05 

o, 27.;t0, 06 

--vo, o7 

o, 70.±0, 08 

o, 81.±0, 08 

2377 0,55.±0,IO 

2390 --v0,07 

2420 ..,..0, 06 

2442 O, II .;tO, 06 

21n5 o, 26.:tO, 08 

2514 o,r 2.±0, 06 

0,40.;t0,08 2532 0,11.±0,06 

O,IO.;t0,05 



2 s 4 5 6 

1216 0,26,±0,06 1908 0,13,±0,05 

1224 o, 71,±0,08 1920 0,12,±0,12 

1242 o,ro ±o,v~ 1937 o, 38,±0, 08 

1252 -vO, 06 1955 0,19.±0,06 

1297 1,54.;t0,15 1978 o, 31,±0,07 

1314 1,32,±0,13 2033 0,22,±0,06 

I326 0,88,±0,09 2035 0,26,±0,07 
(a) Yxa3aaa&re omu6xu ae sxmo"<SJOT DOrpeiDHOCTb 0 CBSI38HRYIO C 3R9preTH"19CKOA 38-

BHCHMOCThJO ~KTBBHOCTH pei"HCTp81lBB y -nyqoi! , aeonpeaenenaocTh B '>npe!leneaau 

KOTOpOA MO~eT IIOCTHI"8Th 10%, 

3&8)[ - 03R8"189T, "'TO BeDR"'HR8 HHTeBCHBBOCTH y -liHHBB MO~eT OTliH"'8TbCSI B IIB8 

p838 OT DpHeeneHHOA BenH"'HHW, 

(6) rpynna liBHBA, 

C 9TOA nen&IO 6&rnB nposeneaw TmaTen&awe H3MepeHHSI y -cneKTpa 
166 

Tu 
/ 20/ 

, H8'1JH-

aa11 c 500 u no 2200 K3B, Bwme aaeprHH 2200 K3B 
116 

y -cneKTp Tu npaKTB"'eCKH ae 

Meman H3yq81111IO BbiCOK09R9preTH"'eCKOA "'BCTH 
164 

y -cneKTpa Tu. Pe3yn&TaTw aamax 

H3MepeHHA 

Rbll XBpS)[Tep 

IU 
y -cneKTpa Tu npusenenw B Ta6nane 2. Heo6xonBMO OTM9TBTb cno~-

y -cneKTpa, TSK Kax npa pacnane B03HHK8IOT y -ny"'ll c 

3HeprHelt BbiiDe 30()() K9B, noaTOMy B c"neKTpe H86DIOII8IOTCSI 0 KpOM9 <j>oTODBKOB, DBKH, CBSI-

38HHWe C 3<j>cpeJCTOM o6pa30B8HBSI nap, 

8. O.llpeneneHHe MYJ!!hTHDOn&RocTeA nepexonos 

OnpenenHTh KO~BeHThl xoasepcBH nn11 nepexonos c aaepraelt 672,9 - 2185,0 xas 

Mo~o, cnenas npennono~eHBe o Myn&Tanon&HOCTH onaoro B3 nepexonos, B cnyqae 
184 

Tu 

MO~O B3SITh 38 OCROBY nepeXOII C 3ReprBeA 860,6 K3B, neACTBBT9DbHO, B pa60T8X/
21

•
221 

ypoBRJO 860,8 K3B npunucaa&r xapa xTepBCTHKB I rrK ~ 2 + 2 ( y -BH6pa!lHOHBbiA ypo-

B9Hb) H nepexon C aaepraeA 860,6 K3B B OCBOBBOe COCTOSIHB9 "19TRO-"'eTHOI"O SIIIpa llOll~eH 

6wTh Tuna E2. npuaaMa!l ak (680,6)•0,00875 no Cnusy H E8.HJ1
1231

, Mbt aaxonBM xoa<l>-

<l>anaeaTw KOHBepCBB, npaseneRHble B T8611Bile 3, H3 T86liB!lW 3 BBDHO, "'TO OCHOBHBSI "18CTb 

nepexonos - THna E2, 3aTeM o6pamaeT aa ce611 BBBMaHBe rpynna nepexonos c oqea& 6on&-

IDBMH KOg<j><j>B!lBeHT8MB KOHB9pCBH, KOT0pb19 COOTB9TCTByiOT MYllbTBDOllbHOCTB ~ M5. 
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Kax aTo 6yneT ITOKaaaao B narrbaelhueM, - aTo ITepexonbl Tan a E 0. 'lacTb ITepexonoB HMeeT 

KO~HllR9HTbl KOBBepCIIH, 6rrR3KRe ITO a6corr~THOII B91TR'tRH9 ak ITpR MyrrbTRITOITbBOCTR 

M2. Bo3MOJKHO, 'ITO OHR CBSI38Hbl c nepexonaMR Me>l(!ly ypOBBHMR c pa3aoll 'teTBOCTbiO, ao 

H9 BCKIT~'t9HO TBK~e, 'ITO BhiCOKRII KO~RUR9HT KOHBepCBH CBB38B CO 3H8'tHT9rrbHOII npa

M9Cbl0 EO x ITepexo.uaM Tuna E2. 

4. CxeMa pacna.ua lb• Tu 

CocTaeneBHe ITonaoll cxeMbl pacnana 
18

•Tu ITpencTaBnsteT oiTpeneneaabie TPYllHOCTR 

BBB!ly B9JlOCT8TO'tHO ITOITHbiX CB9ll9HBll 0 KOBB9pCHOHHhiX 31T9KTpoH8X II OTCYTCTBHSI llOCTa-

TO'tBO ITOITHhiX BCCrrellOBBBBII ITO e-y B y-y coananeaHHM. Ha ocaoae acex HMe~-

maxcH llBBBhiX Mbl ITpennaraeM cxeMy paciTana 
18

• Tu, ITpencTaeneaayiO sa puc. 4. PoTa 

uaossaa ITOITOCB OCHOBHOrO COCTOBBBSI BKITIO't89T ypoBHB CO CITBBBMH I a 2 + H 4 +. 

+ /9 / 
YpoB9Hb CO CIIHHOM I = 6 BBe!leH B pa60T9 ·BB OCHOBBBHH Xopomero COBrtlill9HHB ITO 

aaepraa nepexona Ey- 315,5 xaa c nepexonoM E - 315 Kaa, Hllymero c ypoeaa 
+ + y / 21 / 

6 BB ypoB9Hb 4 poTBUBOBHOll ITOITOCbl OCBOBHOrO COCTOBHBB 

Ypoaeab 860,6 xaa c I = 2+ BBe!len ecnencTBBe aarr»'tBB nepexoAon c 

y poBBH poTilllHOHBOII ITOITOCbl OCBOBROrO COCTOBBRSI CO CITHHBMH 2 + R 0 + 
16• 7 / • 

aero sa 

8TOT y po-

B9Hb ITO!lTB9p>l(!l9B T8K~9 B OIThiTBX ITO xyrrOHOBCKOMY B036y~!leHRIO KOrrrreKTHBHblX y poBHe ll 

/21/ 
B IU:Er • nepexon c aaepraell 1245,5 Kaa, cornacao ITpeniTorro~eBHIO, BbiCKB3a aao-

/6/ 
MY e pa6oTe , o rrpenem<eT ITorro~enae ypoeaa 1245,5 K aB. Hana'tHe coBITB!lenall ( L 91,4) 

y 1160) ITO!lTBep>l(!l89T 3TO ITp9!liTOITOJK9HH9. n o rry'leBHbill HB OIThiT9 K03<jl<!>RUH9HT BHyTpea

Bell KOBB9pCBHB !liTH 3TOI"O n e p9XO!l8 yK113hiB89T HB TO, 'ITO ITR6 0 ypoB9Bb C 3 Bep rHell 
. + 

1245,5 K3B HMeeT oqeHb BhiCOKHI! CITBB I> 5,na6 o, sao6opoT, I - 0 H nep exon 

+ + 
1245,5 K3B ITpHBB!liTeJKHT K 0 - 0 ITepeXO!lBM. EcrrB 6bl CITHB 6 hJIT O'leHb B91TBK, TO He 

+ + + 
CyiiieCTBOBBITO 6bi npBMOrO ITepexOllB !.. 0 H B9Cb p 8CI!8Jl m en 6bi HB y p OBHH 2 , 4 R 

T.!l.; KpoMe Toro, Tpynao ce6 e ITpertcTBBHTb, KBK Mor 6hi 3 a c e n BTbc a y poeeHb c 6onbUJHM 

npH p8CIT8ll9 n•Tu , KOTOphi ll HMee T XBpBKTepHCTHKH 

+ + 
MY 6onee 9CT9CTBeBBhiM K8lK9TCSI BTOp oe o6'bSICHeHH9 : 0 - 0 

+ 
I = I , K = 1. noaTo-

nep exo!l. T o r na rrepexoA c 

3H9praell 1157,0 K3B, H!lyiiiHll C ypOBHB 1245,5 K 3 B HB IT9pBbi ll B036ylK!leHHbiii ypoBeHb po

TB.IlHOHHOll ITOITOCbl OCHOBBOI"O COCTOS!HHSI,llOITJKeH 6biTb THITB E2, 'ITO ITOllTBe p JK!l89TCB 3KC

nepHMeHT81TbHbiMB llBHBbiMH ( TB6nBnB 3). 

Aaanora'lable paccylK!leBRH IT03Bona>)T a.ueaTa<f'anapoeaTb e me '19 T blp e y poBH!I c x a p a K· 

T e pHCTHKBMB 0+ : 1698,2; 1766,1; 2170,5 H 2)85,0 K3B. YpOB9Bb 1698,2 K 3 B BBelleH HB OC-

BOBBHRB 3B9preTH'I9CKOrO 6BnB~CB lliTSI B9KOTOphiX y -ITepeXOllOB. noiT biTKB p83 M91IleHH!I 

n e pexo!lll c aaepraell 1698,2 xae BhiiUe acTpe'IBIOT onpe.uene HHbi e Tpy!lBOCTB. Y poBeHb 

1766, j K3B BB9!l9H 88 OCHOBBBBH 3HepreTH'I9 CKOI"O 6 B nB HCB JliTSI KBCKBJlHbiX rrepeXO!lOB C 

aaepruell (860,6 + 007,5) K3B = )768,) K 3 B (91,4 + )676,8) K3D • 1768,2 K 3 B H ITpSIMOI"O 
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TMliH!la 3 

Ko3<jxjli!Ul!eHTbl DllyTpeHHeA KOHBepcKK Ha tt -OOOJIO'IXe ,lli!R HeXOTOpbiX nepeXO,IlOB B n,llpe "'"' 

11;JTHOCliTeJ!b- ! iHTeHCl!BHOCTb 
TeoperwqecxHe 3H8'18HHR .. no /23/ 

lJyJi bTHnOnDHOCTb 
E,K3B liaR I!HTeH- y - Jty'leA o 3Kcn . El E2 ES E4 Ml M2 MS M4 I!biTeKallit(aR 1!3 aK 

C~1BHOCTb B ~~ Ha pacna.t K 

K -Jl liHliA 

672;9 O,OI8 0,34 3,37.!.0, 75 (-2) 2,50(-3) 6,40(-3) 1,50(-~) 3,30(-2) I, 40(-2) 3,70(-2) 8,50(-2) 1 , 80(-I) E3 , ~2 

769,I 0 ,014 1,86 4,7.2•0,68 (;.;3) I ,90(-3) 4 ,80(-3) I ,08(-<) 2 ,30(-2) I,00(-2) 2,50(-2) 5,60(-2) I,I7(-1) E2 

860,6 O,OII I,87 3,75(-3) I , 55(-3) 3,75(-3) 8,20(-::) I,70(-2) 7,40(-3) I,87(-2) s,9o(-2) 7,80(-2) IlpKH RTO iQ 

907,5 0,005 0 ,84 3,7.§+ ,0 ,85{-3) I ,40(-3) 3,40(-3) 7 ,20(-::) 1,50(-2) 6,50(-3) I,64(-2) 3,30(-2) 6,60( : 2) ::2 

929,5 0,008 ..;;:o , I5 ;;. 3,40 ( - 2) [ ,35(-3) 3,25(-3) 7,00(-3) I,40(-2) 6,20(-3) 1,55(-2) 3,I0(-2) 6, 2oc-2) )M3 - eo 
II57, 0 0,008 2 ,84 I,8Q+0,25(-3) 9,00(-11) 2,10(-3) 4,20(-3) a,I0(-3) 3, 65(-3) 8,80(-3) I,65(-2) 3,00(-2) E2 

II5E,6 0 ,0045 1,46 1,96.!_0,44(-3) 3,90(-4) 2 ,05(-3) 4,ISC-3) 8,000-3) 3. 55(-3) 8,50(-3) I,600-2) 2,95(-2) E2 

1225,7 O,OI4 -0, 7I I ,2~0,23 (-2) 8 ,20(-4) 1 ,90(-3) 3. 75(-3) 7,I0(-3) 3,20(-3) 7,60(-3) I,40(-2) 2,54(-2) 113 

I 245,5 O,OI5 < O,IO >I , 00(-X) 7, 90(-4) 1,82(-3) 3. 60(-3) 6,80(-J) 3,IO(-J) 7,20(-J) I ,33(-2) 2,40(-2) >115 -EO 

I294,2 0,00!7 I,54 7,02.!.1,57(-4) 7,40(-4) l '71(-3) 3,29(-J) E,34(-:J) 2,80(-3) 6,60(-3) 1,20(-2) 2, 10(- 2) El = 
D II ,1 O,OOIJ '::> 7,73(-4) 7,30(-4) 1,66(-3) 3,30(-3) 6,II(-3) 2,70(-3) 6,40(-3) I ,I5(-2) 2 ,00(-2) ?EI 

I 32 
IJIJ, 7 0,00!4 • ;> 6, 76(-4) 7,20(-4) 1, 65(-J) 3,20(-3) 6,00(-3) 2,70(-3) 6,40(-J) I ,I5(-2) 2, 00(-2) ;?EI 

1322,5 0, 0029 0 ,88 2 ,ID!;0,47(-J) 7 , II (-4) 1,62(-J) 3,20(-3) 5,90(-J) 2,65(-3) 6,)0{-3) 1,15(-2) 2,00(-2) E2, MI 

1676,8 0,0035 I,55 1 ,44,!.0, 32(-3) '1,70(-4) I ,02(-J) I, 94(-3) 3 ,3 6(-3) I,5I(-3) 3,45(-3) 6,00(-3) 9,80(-3) E2 , MI 

1698,2 0,0045 0,40 7, 15!2,28(-3 ) 4, 60(-4) 9,90(-4) I ,89(-3) 3,25(-J) I,47(-J) 3 ,35(-J) 5,80(-3) 9, 54(-3) :.!3, 1.!4 -EO 

!742,7 0,003 0,27 7,IC''.!2, 26(-J) 4,47(-11) 9, 70(-4) I,82(-3) 3,15(-:J) I,40(-3) 3,20(-3) 5,50(-3) 9,00(-3) !.!3, >1 4 

I766,I O,OI <o,r5 > 4, 16(-2) 4,35(-4) 9,30(-4) 1,75(-3) 3,C0(-3) I ,35(-3) 3,05(-3) 5,30(-3) 8,50(-3) .> 115 - EO 

I 819 0,002! 0,70 I ,91!0,1!8(-J) 4,10(-4) 8,83(-4) 1,63(-3) 2,85(-3) I ,26(-3) 2 ,35(-3) 4,90(-J) 7,90(-3) E3 , 112 

1861 0,0025 o,si 1 ,97!0 ,44(-J) 3,95(-4) 8,40(-4) I,55(-J) 2,66(-3) I ,I8(-J) 2;65(-3) 4, 50(-3) 7 ,20(-3) E3,M2 

2079,5 O,OOD 1,I4 7,25!1 , 62{-4) 3,::!0(-4) 6,80(-4) I,25(-3) 2,08(-3) 9,20(-4) 2,050-3) 3 ,45(-3) 5,40(-3) F2 ,1.!I 
2170,5 0,007 < O,I5 ::> 2,92(-2) 3,10(-4) 6,20(-11) I ,15(-Z) 1,90(-3) 8,40(-4) 1,85(-3) 3,10(-3) 4,80(-3) .> 115 - EO 
2!85,0 0,004 < o,rr > 2,35(-2) 3,10(-4) 6,I0(-4) I,I5(-3) 1,87(-3) 8,2o·e-4) 1,83(-3) 3,00(-3) 11, 70(-3) ;:> 115 -EO 

ll/3ueprHu , - nepeXO,ll8.!.l npl!mtcaHll no 1!31.1epeHHJUl HU uar mtTHL:x cnexrpoue.-pax . 



nepexona c aaeprneli 1766,1 Kan. OnbiTbi no e-y -connaneaHSIM nonTnep)l(l!aiOT aanH'<He 
171 ' 

connaneHHii ( L 91,4) ( y 1700) • MynbTHnonbHOCTb nepexonon 907,5 a 1676,8 Kan, on-

peneneaaaSI KBK E2, ae npoTHBope'<HT npanacaHHIO ypona10 1766 K3B cnaaa I E 0+. 'Ypo

neab 2170,5 K3B TBKme BB91!9H HB OCHOBBHHH BbinOnHeHHSI 3H9preTH'I9CKOro 6anaHCB I!Jl!I 

qeTbrpex KBCKBI!OB c TO'<HOCTbJO nyqwe qeM 0,1%. MynbTanonbHOCTb nepexona c aaepraeli 

2079,5 KaB, onpeneneaaaSI KllK E2, ae npoTaaopeqaT npanacaaBJO ypoBHIO 2170,5 KaB cnriHa 

I = 0+. nepeXOII C aaepraell 929,5 K9B, I!Jlll KOTOporo no KO~$HUHQHTy BHyTpeaaell KOH-

BQ!JCHH nonyqaeTCSI MyJlbTHJIOJlhHOCTb ~ M3, oqeaunao, cnenyeT C'<BTilTb nepexonoM THna 

EO a paaMecTBTb ero Memny ypoBHSIMB 2170,5 a 1245,6 K3B. nepexon c aaepraeli 

2185,0 K3B1 KOTOpblli o6nanaeT 6onbWHM KOa$$HllH8HTOM KOHB8pCHH, O'IQBBIIHO, TllKme onpe

nensteT nonomeHHe ypoBHH 0 +, TllK KllK B cneKTpl! KOHB8pCHOHHbiX 3~KTpOHOB H B Y 

cnexTpe aa6nJOI!BJOTCSI y - nepexonbr c aaepraeli 1322,5 B 2094 KaB, xopowo nonTaepJKI!a-
+ 

IOIUH9 no aaepreTH'I8CXOMY 6anaacy cymeCTBOBilHH9 HOBOrO ypOBHSI 0 -(860,6+1322,5) K3B • 

2)88,) X3B H ( 91,4+2094) K3B • 2185,4 K3B. 

Ha ocaoae aam11x 113Mepeaali MO>KHO yTO'IHBTb nonomea11e ypoE i!H 1400 KaB, aaeneaao

ro B pa601f'E!'
181 

aa ocaoBBHBB connaneaali ( L 91,4) ( y 1310). KaK noKaaana nocne.ua11e 

H3Mepeaasr ( Ta61lHllbi I H 2) n palioue c auepraeli 1310 KaB uaxonHTCSI '<9Tbrpe Y -n~tPe-

xona, KOTOpb!Q H9 pll3p9WBIOTCII HB CUHHTHJlJlHllHOHHOM cneKTpOMeTpe. B H3MepeHHHX Hll 

Ge(Li) neTeKTope y -nepexonbl c aaepraeli 1311,1 H 1313,7 K3B TOme ae paapelllaJOT-

CSI. 

CpaBH9HH9 OTHOW9HHii B cneKTpe COBU81!9HHil: 

(L91,4)(y1310) -1,3±0;4 
(L91,4)(y769,1) 

H B y -cneKTpe 

y( 1294,2+ 1311, 1+ 1313, 7+ 1322, 5). 2,0 + 0,4 
y769 ,1 

(8) 

yKil3biBaeT aa To, 'ITO coananeaall nn11 aeKOTQpbrx nepexonoa n pailoae 1310 Kan c ( L ~.4) 

n116o neT, na6o oaa ocna"ineabr paaneTnneaHSIMH. OnaaKo nonycTHTb noaMOlKHOCTb npSIMbiX 

nepeXOIIOB C 3H9prlleil, 6nH3KOii K 13}0 K3B, B OCHOBH09 COCTOIIHII9 H91lb3H, T8K K8K IIJlH He 

o6aapy>KHB810TCH nep9XOI!bl Hll ypOB9Hb 91,4 K3B 0 Hn.H MynbTHnOnbHOCTli B03MOmHbiX nepexo

!lOB 31lCT8BJl!IIOT OTBeprHyTb 3TOT BllpBilHT. QqeBH!lH0 0 ypOB9Hb B pllilOH9 1400 K3B 6yneT 

onpe!l91lSITbCII C8Mb!M BHT9HCIID!IbiM nepeXOIIOM B palioae )3)0 K3B0 KOTOpblll !l89T COBUil!l9-

HHSI c L 91,4 Kan. TaKBM nepexonoM sran:~eTcSI nepexon c anepraeli 1294,2 Kaa, a ocTanb

Hbre nepeXOIIbi c aaepr.aell, 6naaKol! K 1310 xan, cKopee ncero H!lyT c 6onee BbiCOKRX ypoB

neA a ocna6nsrJOTCSI paaaeTsneaBHMH aa ypoaiJe 860,6 K3B. Ecna 3TH nepexonbr HIIYT na 
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BbiW9fiQlK8DU£8 ypOBBB TBJI8 0+, TO ltOS<jMj>BnH9HThl p83B9TBJI9HHH MO>KHO 89 DpHHHM8Tb BO 

BRBMBBBa. TaiBM o6pasoM, nepexon c saeprael! 1294,2 KSB non~ea anTs c ypoaaa 1888 xsa 

118 ypoOOBb 91,4 KSB, 8 OTIIOCHTellbHO OCT8JibHbiX D9p9XOJIOB Dp9JIDOJIO~BM, 'ITO ORB HDYT '19-

pe3 ypoBellb 880,6 K9B - npHMO BnB 'l9p93 DOCp9JICTBO K8KHX-TO npyrBX K8CK8JIBbiX nepa

.XOJIOB. Torna '11fcno coananeBBA nonli<Bo 6b1Tb paaao 

( L9J.4)[ (y1294) u(y 1311,1+ y 1313,7 + y 1322,5) • 1,4 ± 0,3 , 
(L 91,4) (y 769,1) 

'ITO XOpomo cornacyaTCH C 3ltCD9pHM9HT8JibHbiM 3H8'19HB9M 1,8 + 0,4 n -Ko S<jMjlsnaaHT 

pasBaTBJieBHH nns ypoBIUJ 880,8 xes, paBHblll 0,5). MynbTanponLBOCTb nepexona E, •1294, 2 Kas

El, nosTOMY cnBs ypoBUH 1886 KaB 6yneT I • 1 an• 2 eTpHBaTanLuoA qaTuoCTa. B nanL-

aal!maM Mhl DOK8~9M0 'ITO MO~BO OJIB03H8'1BO onpeBe J"LBT .. xapaKT8[1HCTBKY ypoBHH 1386 RSB 

• 

HaKoaen, paccMoTpBM ypoass, nono~ease H KB8BToaaie xapaKTepBCTHitll ItOTOphiX ycTa-...,.. 
soBJiaabl c Meabmel! oqaasnaocTbiO. Ha6niOneaae a y -cneKTp e cna6blx Y -nyqel! c 

aaeprael! 1242 a 1840 ~<:sa, aosMo>KHo, onpenenaeT nono~euae nepsoro poTanaouHoro ypoBHH 

1334 K3B CO CDHHOM 2+ H8 f3- BH6p8DHOHBOM ypOBH9 1245,5 KSB. 

YpoB9Bb 1789 K3B1 B03MO>KH0 1 HBJIH9TCH D9pBhiM pOTBJIHOHBbiM ypOBH9M 2 + HB COCTOH

RBH 0 + c aaeprBell 1698 It sa. Ero nono~euae onpenenHIOT '19Thipa nepexona c aHepraeA 

544,1; 1489; 1898 H 1785 KaB. 

Baenease ypoBHH 2027 xaa Mo~ao o6ocaoB8Tb cnenyiOmHM o6pasoM. PaccMoTpeaae oT-

aomeasl! y -cD9KTpe H B CDeKTp9 e-y COBD8.1l9HIIl! 

(L91,4)(y1157,0+y11Ki,~. 1,2± 0, 3 
(L 91,4) (y769 ,"1) 1 (8) 

y1157,0+y lli6,6 
y769,1 ·· · -2, 3± 0, 3 

sacTaBnaeT npennono~HTL, 'ITO nepexon Ey • 1166,6 xaa ana aoo6me ae neaT coanane-

BHA C L 91,4 KSB, HJIH CODTI'lJISBHH CHDbHO OCD86D9Hbl KOS<jMjli{JIH9HTOM p83B9TBDei!BH H8 

ypOBH9 880,6 K3B. nonymaaHe Depaoli B03MO>KHOCTH 03H8'189T BB9JI9HH9 ypoBDH 1166,8 K3B 
+ 

co CDHHOM I a 2 • Ho ero npsxonHTCH oTaeprayTL; T8K K8K c sroro ypoBUH He Ha6 niOn a -

eTCH nepexona na ypoaeab 91,4 Kaa, a TaKJKa npyrae aosMo~Hbie nepexonbi He nonTaepJK

naiOT era cymecTBoaause. lloSToMy Mbl npsaaMaeM BTopoe npennono~aHHe - o TOM, 'ITO ne-

pexon Ey • 1188,8 K9B HJIST C ypoBBH 2027 KSB H8 ypoBSBb 880,8 KSB. nnH ypoBUH 

2027 xaa neDb3H no MYDLTHDODbBOCTH nep~xona c sHepraeA 1188,8 KaB- E2 onH03H8'1HO 

CX838Tb 0 CflHHe aTOrO COCTOHHHH I~ · 4. ~TO K8C89TCH qeTBOCTH STOro COCTOHHHH, TO 

OH8 6yneT DODO>KHT9DbHOll. 
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5. Onpeneneaae HHTeacaaaocTell nepexonoa a 184 Er a ' % 

aa pacnan 

184 
nnH onpenenef!HH UOIIHOI"O 'lHCIIB pacnanoB Tu BOCII01Ib3YOMCSJ pe3)"1IbT8T8MK H3Me-

/10/ 
peHHH KHT9fiCHBHOCTell y -nyqell OT 0 no 511 K3B 0 HBTeHCHBHOCTeil KOHB9pCHOHHhlX 

16! 
aneKTpOHOB H II03HTpOHOB OT 0 no 2185 K3B H H8lliKMH H3MepeHHSJMH HHTeiiCHBHOCTell 

/10/ y -nyqet\ H KOHBepcaoHHbiX aneKTpoaoa (Ta6nHJXbi 1, 2). B pa6oTe Banbcoaa a Tlyna , 

rne 6brllH onpeneneHbi HHTeHCHBHOCTB KX, 91 H 511 K3B Y -ny<rell aa cnaaTannliJXHOHHOM 

cnexTpoMeTpe, npenc Taaneaa cxeMa pacnana. B aToil cxeMe pacnan 184 Tu aneT aa ypo-

aeab 9) K3B H B OCIIOBHOe COCTOHHHe 
184 

Er 1 Upll'!eM OTHOlllea.ae 3UeKTpOBHoro 38XB8T8 K 

fY -pacnany <1(3+ = 1,0. Qqeaanao, 3Ba<reaae < !(3+ 38HHJKeao, Tax KaK Mbi aa6monaeM 

60IIbWOe KOIIH'19CTBO B036ylKl!eHHbiX ypOBHell ( pac. 4), Kyaa nonJKeH HJlTH 3llaKTpOHHbill 3aX-

BaT. 

16/ 
B pa6oTe fpoM01la 11 np. I!HTeacuaaocTa KOIIBepcHOHIIbiX naaai! nepexona c aaepraell 

91 , 4 K3B CptlBHHB8IOTCH C HI!TeHCH!IIIOCTbiO II03HTpOHOB ( B 9Jli!HHU8X TH6llHUbl 1 HHT9HCHB-

IIOCTb f3+ = 100). E cna Mbl npapaBHHeM nomry10 HHTeHCHBHOcTb nepexona Ey ~ 91,4Kaa 

/ 10/ /10/ K 3HaqeHMro, rronyqeHHOMy B pa5oTe , TO OK8*CTCR , qTO ITO Cp8 BH9HHID C pafiOTOA 

HHTefiCHBHOCTb (3+ B03p8CTeT no OTHOlli9HIIIO K 31IaKTpOHHO~y 38XB8Ty '/{3+ = 0,82. 
, , 16,101 

Hu onuo 113 3Ha'!eHI!i! 1(3+ , nony<rennoe B pa50T8X , ae o6'bSICHlleT B036yJKAeHHH 

r e• 'I y poaneil , KpoMe ypoBHSI 91,4 K3B a Er 0'!eaanHo, IIeTo'!uocTa HaxoJKAeHHH {3+ 

CBSI38Hbl ! 1) B p860Te / 
101 

C TpyJlHOCTbiO onpeneneHI!H C Xopowei! TO'IHOCTbiO IIHTeHCIIBHOC-

Te t\ MSII"KHX y -ny qei! - KX H 91 K3B - co cp8BHH Te;:buo JKeCTKHMH y -ny'!8MH 

Ey = 511 Kaa; 2) B p850Te/
6

/ - C TpyAHOCTbiO CjJHBiieHHH HHTeHCllBHOCTell KOHBepCHOH-

Hb!X 3.'1eK T pOHOB C H!lT9HCHBHOC Tb10 fl03HTpOHOB , TBK KBK B H3MepeHHRX ITOCnel{HHX MOryT 

6h!Tb AonymeHb! 3HH'IHTe.ODHble OUIH6KH 113-38 HCK8JKaBHH {3+ -clleKTpa B HH3K03HepreTH'!e-

CKOJ1 o6naCTH. 

t:ITo 6br H36eJK8Tb B03MO)f{Hb!X owa6oK npu cp8BHeuaa HHTeHcHaHocTei! K X-, {3+ - n Y

/10/ nyqef\ Mbl npoaonunH ux conocT.•aneune cnenyiOlliHM o6p830M' H3 pa6oTbi 6brnH B3HTbi 

HHTeHcHBHOCTH K X_ - K 
y - ny'lei! c aHepraei! 91 ,4 Kaa, H3 T86nnnbr I ucnonbaoaaHbi 

IIHTeHCHBHOCTII KOHBepCHOHHbiX 3UaKTpOHOB nllSI nepexonoB C 3HeprHei! OT 91 no 2185 K3B H 

H3 T86nHUbl 2 83RT b1 HHT9HCHBHOCTH 
y -ny qer1 c aHeprue i! oT 500 n o 2600 Kaa. 

06 OllpeneneHHH 'lHCllH II0311Tp0HOB IIO 8HHHI"HU51UHOHHOMy H3ny<reHHIO B H8WHX H3Mepe

HHHX 6biiiO CKH3H:IO p8Hee . 

B3sm 38 ocHoay MynbTHnonbHOCTb E2 ll ll5! nepexona c aHeprneli 860,6 Kaa, Mbi nony-

"'H nn HHTeHC HBHOC'fb y -nepexoaoa Ey = 91,4 K 3B H Ey = 208 Kaa a eaHHHnax T86nu-

Uhl 2 ( npa p8c'leTe 6brno Y'<TeHo, 'ITO MYllbTHnonbHOCTb 3TIIX nepexonoa - E2). 38TeM, 

ITpHp8BH5lB llOUy'!eHHyiO HHTeHCHBHOCTb nepeXOA8 
Ey ~ 91,4 Kaa I!HTeHcuanocTH Toro )f{e 
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/10/ 
nepexoua y Bu:n~ocoaa , Mbl nony<mna HHTeHCHBHOCTh KX -nyqell B TeX )1{9 eAR.IIlDlax. 

ITpoaaae.IISI y -.:eT Koaaepcaa aa K - nouo6ono<JKe un11 nepexoua Ey 91,4 Kaa
1231

, awxo-
/~/ . 

ua <!>nyopecuelf.IIRR a L --3axBaTa , Mbi no HBTeHCHBifOCTH KX -nyqel! onpeuen•mr 

nonaoe 'IHCnO 3aXDRTOB npH pacnaue 
184

Tu • ITon110e 'IHCnO pacnaUOB 
114 

Tu 6yueT ua-

BaTh CYMMa N --3aXB8TOB Jl N~+ - pacnauoB, naaawe o6 HBT9BCHBBOCT!IX KOBB9pcHOR-

Hb!X eneKTpOROB H y -ny qell a npoueaTax 11a pacnau MOlKRO nony'IHTh Ha ~a6n11n 1,2 noc-

ne neneHif!l Ra COOTBeTCTBYIOlliHl! KOsQxPHUH9RT, a T8KlKe 113 ·ra6ni!UW 4, 

Ta6mma 4 

ITonlfbi9 HBTeHCHBifOCTH aeKoTOpbiX y -nepexouon H aeTBell pacnaua B % aa pacnar 

nepexou 
N~+ 91,4X/ K9B 208x/ K9B 860,6x/ xen 

HHT9HCHBBOCTio 
51 B % IIa pacnaa 39 43,6 I, 76 1 ,87 

x / HaTeiiCHBHOCTH BbitJHcneHhi a npennonoJKeHHH 'IHcToro E2-nepc •xoua. 

6. 3aa<JeHHR fo g fr 

ITpH Bbi'IHcneaaa aepoRTaocTell ~ -pacnana aa noa6vJKneaHbie cocTOHBHH 
184 Er Mbl 

184 ) /10/ 
aocnon&aonanac& aaaqeaHeM nepaoua nonypacnana Tu T ~ • ( 2,04~0,10 MHR , 

aaaqeaHeM paaaocTH Mace 184 Tu ~ 184 
Er , onpeueneBHbiM no eaeprHR ~ - pacna

/2/ 
na t, M ( 3940 ~ 20) K9B , H HaliJHMH llaHHblMH no onpeneneBHIO nponeBTHblX pa3B9TB-

neHall ~ -pacna 11a H K --3axaaTa aa aoa6yJKilelfHbie ypoBBH 
184 

Er , nonyqeaHblMH 

H3 6anaaca RHTeHCHBHOCTell ( pHC, 4), 3aa<JeHH!I fog fr ' nony 'leHH ble no HOMOrpaMMaM 

MolllKOBCKoro
1251

, npHBeneHbi Ta><JKe 11a pHc , 4, B t5on&lllHHCTae cnyqaea Mbi MOll< eM yxa-

fog fr BCne::tCTBHa RellOCTBTO'IHOrO 3Ba'I9HH!I CXeMbl pac-

nan a 18< TU 

OBCY)KnEHHE 

HayqeaHe aoa6yJKileHHbiX ypoaaell 
164 Er 

/21,26/ 
npoHaaouanoc& TaKJKe a pu:ue pa6oT MeTo

110M KynOROBCKOrO B036yJKileHHR H MeTOilOM >!UepHblX peaKnHil ( p, 2n) 
/22, 27/ 

Haa6onee nonao ooa6yJKileHRbie cocTO!IIfHH 
18 / 22/ 

• Er H3y'lelfbl rpenepoM H np. • BbinH o6-

Hap y>t<eHbl TpH pOT8U:HOHHbie nonOCbl t CBSI38HHbie 

1) C OCHOBifblM COCTO!IHHeM 0+ (npocneJKeRbl ypOBHH 110 CUHH8 I= 10+) ; 2) C y-

BH6paUHOHllbl M ypoBHeM 858 Ken, I = 2 + ( npocneJKeR bi ypOBHH 110 cnaaa I • 10 +); 

3) c KonneKTHBHbiM anH nnyXKB83H4aCTH'IIfbiM yponneM I238 Ken, I • 0 + ( npocneJKeaw 

ypoBHn no cnHifa I = 6 + ) . 
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B OTnH~He OT STBX MeTOAOB HayqeaHe pacnaAa 184
Tn 1 o6nana10mero cnHHOM I • 1+, 

noaBOnHeT HaA9HTbCH Ha npOHBneHHe flOnbmoro KOnHqecTBa KOnne&THBHhiX HnH ABYXKBa3H

qaCTHqHhiX ypoaael! c ManblMH cnaaaMa. 

PaCCMoTpRM 9TOT sonpoc 5onee nonpo5ao. 

1, Ocaosaoe coCT9liBRe 184 Tu 

3~::cneptn•eaTanbHhie AllHHbie o paapemeaaoM xapaltTepe {3+ 121 
-cneKTpa , yToqaea-

Hbie aaaqeaast fog fr · npa f3+ -pacnane 184 Tu aa ypoBaa c 1- 0+ a 2+, nonocbl oc-

BOBBOrO COCTOIIHBII0 paBBbi9 4,9+0,1 B 5,2+0,1 COOTB9TCTB9BHO (pRe, 3), CBRA9T9UbCTByiOT 
- - 184 + 

0 TOM, qTo CnBB OCROBHOro COCTOliRRll Tu AOU>K9R flblTb I = 1 , CpaaHeHRe npn-

aeneBHhlX aepoliTROCTel! f3 -nepexonos aa ypoaaa 0 a 91,4 xaa c pacqeTaMB no pa5oTe /28/ 

noJ::a3biBaeT, qTQ KBaHTOBOe qacno K OCHOBHOro COCTOliRHII U 4 Tu K • 1171 , 

B paMKaX Monena HllnbCCOHa cnRH ocaosaoro cocTOliHHll 184 Tu I = 1 + MOJKHO nony-

qRTb cneny10ruRM o5paaoM: .1-l!1p±!1nl rne np R On 
18 3 

Er H 97 aei!Tpoa 

-cnHH~ aeqeTHoro 
185 

Er HM9IOT Op6n-69 npOTOBa H 95 Hei!TpOBa, 95 Hei!TpOH B liApe 

Tanh 5/2 - [ 523] , OTHOCllruylOCll K OCHOBHOMy COCTOliHRIO 9THX HAep, fT09TOMy MO>KHO cqa

TaTb0 qTo 95 aei!Tpoa B 11npe 
184

'Er HMeeT op6HTanb 5/2 - [ 523] , 69 nporoa B 11npax Tu 

OT A=163 AO A •173B OCHOBHOM COCTOliHHH HM99T op6HTanb 1/2 + (411], 3TH ABe op6H-

/29/ TanH non>KHhl 6binH 6bi npHBecTR cornacao npa BHny rannaxepa-MomKOBCKoro K cnaay 

I - 3-. Ho TaKoe 381tu!OqeHH9 npoTHBOpeqHT OUbiTy, EnH>Kallmag op6RTanb 7/2 - r 523] 
+ . w 

Anll 69 npoTOaa, KOTOpaS! naeT I • 1 , Oq9BHAB00 06'hliCHli9T OCBOBROe COCTOliHH9 Tu , 

Tax xaK nnll aee, aaqHaaSI c 173 Tu, aa6monaeTCll yMeabmeaHe aaeprHH c 425 no 293 K9B y 
181 

Tu • 1:1 ecnH nonyCTHTb nnaaaoe yMeabmeaHe aaepraa c yMeRbmeaHeM A 
1 

To op5HTanb 

7/2 - (523) AnSI 69 npOTOHa MO>KeT COOTB9TCTBOBaTb OCHOBHOMy COCTOliHHIO B liApe 184 Tu. 

Taxoe npennonoJKeHHe, qTo B ocaosaoM cocTOliHHH 184 Tu cnHH I • 1 + o6ycnoanea coc-

/ 30/ TOSIHBliMR p [ 523] R n[ 523] , flhlnR cnenuo B pa6oTe rannaxepa a Conoaheaa • 

2, Ocaosaoe cocTOllliHe 184 Er 

0naol! H3 OCHOBHhiX xapaKTepHCTRK ne<j>opMHpOBaHHOrO liApa liBUSI9TCll {30 -napaMeTp 

ne<j>opMaAHH, OT KOTOporo 3aBHCliT0 aanpHMep, B9pOHTHOCTH nepexOAOB, 9HeprHH ypoBRel!, 

flo H3MepeHBOMy BpeMeHH lKH3HH OABOrO H3 ypOBHOI! pOTaAHOHHOI! nonOChl OCHOBHOro 

cocToliBHll HnH aepoliTHOCTR E2-nepexonos c 9THX .ypoaael! MO>KHO onpenenHTb BHyTpeauHI! 

ltBanpynOnbHbii! MOM9BT liApa 

qeHHIO BpeMeBH >KH3HH ypoBHll 

8 (E2, 0.. 2) -nepe xona 

Q0 H napaMeTp ne<j>opManHH {30 • l:ia acex pa6oT no Hay-

! • 2+ 91,4 K9B/
31

•
321 

HUH npHB9A9RHOI! B9pOliTHOCTH 
/27/ 

nn11 aToro ypoBHll aaa6onee Toqnoe onpeneneaae apeMe-
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/32/ 9 
HK JKH3HH ypoanll 91,4 xaa n8eT p860T8 <l>occ8H8 H np. T'h • ( 1,43~0,05).10- cex. 

B ocnonb30B8BliiHCb 3THMH ll8BHbiMH, H8XOilHM, '<TO BByTpeni!HA KB81lpynonbHbl!l MOMeaT oc-

a oaaoro coCTOSIHHSI 
15

' Er Q0 c ( 7,a7~,35) 68pa, 8 n8pa'-'eTp neljlopM81lHH f3 0 =0,33+0,02. 

PoT8IlROHH8ll llOllOC8 OCHOBHOI'O COCTOSIHHSI 
15

< Er, B036yJKil89M8R npH p8Cll81l6 npo-

cnelKllB8eTcR no cnHB8 I - 6+, ecnH C'IHT8Tb, 'ITO nepexon c a aeprHeA 315,5 xaa 

t t 
( T86n. 1) Hll6T C ypOBI!ll a14, 7 K3B 7 ( I a 6 )1H8 ypOB6llb 299,4 K9B ( 1 • 4 )j B paooTe 

rpanepa R np/
221 

nepexon c YPOBHSI I ~ a• 88 ypoBeHb c I = 4+ RM99T 9H9pl'HIO 

314,a x aa. Hcnonb30B811He TeopHH aosMymeHHSI nosaonReT npeA<.:TaBHTb aHeprnJO aoa6yJKne-

HRR Rllp8 B 38BHCHMOCTH OT CnHH8 COCTOSIRHSI B BHA6 p!!A8: 

3H8'16HHII Haep nH8nhHbiX n8p8MeTpoa a ljlopMyne nm< aaepr HH y poaHell pOT8IlHOHao!l nonocbt 

OCHOBBOrO COCTOSIHHSI p8CC'IHT8 :ibl B p860T e/
9

/ Allll E
2

= 91,4 Kaa; E<a 299,4 K9Bj 

E 5 • a14,7 xaa (TO'IHOCTh onpen(meuHR a aeprRH ypoaaeA ae XyJKe ~0 , 1% ). B a ToM cny-

'189 B (as) - -(21,7~4,8); C (as) • (0,2a~0,10). ITpo-

B91l9M Cp8BH6HH6 aHeprHI! ypoBHe!l pOT81lHOHHOfi nonOCbl CO 3HH'I9RHSIMH, KOTOpb19 npellCKH-

3biB89T npoCT8.R MOJlenb 8KCH8nhHO"""(:HMM9TpBqHQrO Slllp8., H MO,llenb1 p83BlfB8eM8H D.aBblll0-

/ 33-37/ 
Bb!M H np. • ITapaMeTpHMH TeOpHH H9HKCH8llbHO-cHMM9TpH'IHOro Rllp8 n 8BblllOB8 SIB-

nReTc!l n8pa MeTp HeanH86HTH'IHOCTH - I' H ll8p8 M6Tp H6HKCH8fibHOCTH - r, KOTOpblB MOJK-

HO onpenenHTb no nonOJK6HHIO ABYX ypoaae!l, ecnH 6 p8Tb OTHOlii9HHll HX aHeprHH K aHepl'HH 

nepooro ypoBHll co CnHHOM 2+. B II.Qpe 
15

' Er MOJKHO BbiASnHTh 'IBTbrpe aapH8HT8 nnR o npe-

neneaa!l p. B r (pac. 5). ITpH Bbl'IHCneHHH p. B r Mbl nonb30BanHCb pacqeT8MH 

M8nfiM8H8 H Ap/
381

, l'Ae npBB61l9Hb l OTHOliiBHHll aaeprBB B036yJKn6HHblX COCTOSIHHII K aaep -

+ 
l'HH nepBOI'O ypOBllll 2 B 38BHCHMOCTH OT 3H8'16BH!I ,. a r. 

PacqeTbl rroK83btBaJOT, qTo B aaBHCHMOCTH OT Toro, KBKHe ypoBHH Mbi 6epeM a a oc

HOBY All!! !!Ap8 I e<Er , nony'IHIOTCSI p83llH'IHbl9 3 li8'<9HHSI P. B l , KOTOp blG npB Bbi

'IHCneHHB nonOJK9HHll ypoBHe!l OT I - a• no I - 12+ npHBOilRT HnH K 0'<6Hb xopomeMy 

cornacHJO (a8pH8HT •a• - pH C. 5, T86nHil8 5), BllH K TO'<HOCTH Bbl'IHCneBHSI ( BHpH HBT •r• ) 

He nyqme, qeM n nst 8KCH8nbHO-cHMM9TpHqHoro R.ttpa - 11 • 0 , l • 0 ( B aTOM CllY'<86 

aHeprHH B036yJKil9HRblX COCTOSIHH A OCROBHOA nonOCbl YAOBnBTBOpli!OT npOCTOMy npaBHny BH

T9pB8llOB( 1:10/3:7: 12 B T.n.) • n oBOllb RO XOpolllee COI'll8CH9 C B8pH8RTOM ' 6 ' COOTB6TCTByeT 

TO My 0 '<TO y 8KCH8llbBO-cHMM9TpH'<HblX Slllep B HAep R68KCH8llbHO-cBMM6TpB'<HbiX no Mepe 

y BeJIH'J9HRSI l AOllJKGH yaenB'IHB8TbCSI BKll8A COCTORRHfi C K ~ 2 B OCHOBROI! pOT81lll-

OHHoll nonoce c K = 0. 

B T86mrne 7 npaaeneHbi TaKJKe 3 H8'1BHBII aHeprHB ypoaaeA, p8CC'IBTaHHbre no Teopaa 

aoaMymeoal! c npaMeneHBeM n8paMeT poa A, B,C. Banao, 'ITO npHMeHeHHe TeopHH aoaMymeHH A 

A ilS! p8C'I6T8 Bp8meTenbHbiX COC':'ORHB A Sl llep COBepllleHHO HenonyCTBMO. 
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3. faMMa-BH6pana:OHHbiA ypOB9Hb 86016 K3B 

Ypose!lh86016xas c xapaxTepHCTHKaMB 1 ~2+ 1 ·K•2 B paMxax o6o6meaaoA MOAena HAps 

COOTB9TCTB)'.9T I<Onn9J<THBHbiM B036yll<!leHHSIM1 CBSI38HHbiM C nonep9"1Hb!MH ROBepXHOCTBbiMH 

KOne6aHHSIMH HXCHBnbHO-cHMMeTpH"'HOrO Ae<jlopMHpOBHBBOro S1Ap8 1 H HOCHT H83BHHH9 Y -
l&< 

BJI6pana:oaaoro ( A c 2 ! v z 2). npa: pacnaAe Tu ae YAH9TCH npoaa6niOAHTb poTanHOH-

BYIO nonocy1 CBH38BHYIO C aTHM COCTOHHHeM, CI<Opee BCero1 3TO CBH3 830 C T9M, 'ITO pac-

ORA HH ypOBHH C I • 3,4 H T.A. C K" • 2+ aanpemea1 a soaMOJKHhie Kaaanhl aaceneHHSI 

C BepXHHX ypOBHeA H9AOCT8TO"'HO HHTeiiCHBHhi. 3xcnepHM9HTanbHOe OTHOIII91!He pa3B9TBn9HHSI 

y -nyqeA 7691 J H 860,6 1<38 C . Y -BH6paOHOHHOr O YPOBHSI Ha nonocy OCHOBROrO COC -

/28/ 
TOHHRS11 RROXO COrnacye...-cg C OpSBHnHMH HHTeHCHBBOCTH ( Ta6nHil8 6) 1 paCCMHTpHBa!OlUH-

MH OTHOIII9HB:e npHB9A9HHbiX B9pOHTHOCTeA I<BHApynonbHOro H3RY"'9HHH C "'HCTOA nono-

Cbl c K • 2 aa nonocy c K• 0 . 0AHHKO aTO OTHoiiieaa:e MOJKeT 6biTb cornacosaao c npen-
/39/ 

nonoJKeaa:eM onpeAeneaaoA cMeca: AByx nonoc , KOTopaH x a paKTepuayeTcH napaMeTpoM Zz· 

B(E2 1 1 1 K•2-+1 1 K~O)~B(E2) 0 [l-z 2 f 2(1 1 1 1 )1 2 
• 

rAe ~ 1 £2 (1 1 11 )·1+[1 1 (1 1 +1)! . < 1 1 l21ji 1 2><1 1 022II1 2>- • 

B aameM cnylJ:ae aaa'teHHe Z2 • 0 1032 + 0,005 xopomo cornacyeTcH co aHa'tenueM 
- /221 

Z2 - 0 104 ~ 0,0 11 nony'teHHbiM B pa6oTe • n a paMeTp Z2 XBpi'lKTepHayeT BpamaTenb-

HO-KOne6aTenb H09 B38HMOAeliCTBH91 KOTOpoe npHBOAHT K fiOIIHJK9HHIO 9HeprHH pOTHfiHOHHbl X 

ypOBHaA DOROCbl OCHOB!!OrO COCTOHHHH. MoJKHO ROilC"'HTHTb BnHHHHe napAM9Tpa Z
2 

HH 

nonocy OCHOBHOrO COCTOHHHH qepea HMRnHTYAY CM9CH <2 • 

rAe 

- l 
Z

2
•yl5....< Q <2 ' ·IM(E2 12) j 0 ) 

2 !7 2 0 

B(E2 , 0-+ 2 ')~ <2 ' j M(E2,2) j O} 

B(E2 10-+2')• 0,18~0,05 ( e2 

Z 2 - 0 1032~0 1005. B 

10- 48 CM4/20/
1 

-24 2 
Q0 = (7167+0,35} 10 eM 1 

-3-
f 2 = 1,.14.10 H COOTB9TCTByiOmaH aTOM cnyqae 

I< p8C"'9THbiM 3H8"19HBHM 3HeprHA pOTHOHOHHblX yposaeli OCHOB!!OrO COCTOHHHH 

8 E 2 • - 2<: (E2 •- Eo){ 12 (I +1) 2-21(1+ l) l 

nonpaaxa 

BxnaA B a:aepnHOHHhiA napa MeTp B 6yAeT paseH - 2,25 as, THKHM o6paaoM1 axcnepH-

M9HTHnbH09 3H8"19HH9 B • - 21 17 aa aem.ag nonaoCTbiO o61>HCHHTb TOnb KO BnHIIHHeM Y -

BH6panHOHHOil nonOCbt . 

/35/ 
B pa6oTe naBbiAOBa H AP· 6blnO H3y'teHo BflHHHHe Aeol>opMSHHH "19TH0- "19T8b!X 

aTOMHbiX Hnep ua sepoHTHOCTH E2-nepexoAOB MeJKJty KonneKTHBHb!MH soa6yJKAeBHbiMH coc

TOHHRHMB: I<R8ApynOnbHOro THO~ H0 B "'HCTHOCTB1 'M9JKAY HROMHnbBOli BpamaTenbHOli nonocoA 

( T81< B TeOpB:ll naBbiAOBa ff83b!R89TCH y -BH6panHORH8H nonoca c K,- 2 +) B nonocoA 

OCBOBHOrO COCTOHHHH.B Ta6nxne 6 npHB9A9HO 3HH'teHae OTHOIII9HHH npHB9A9HHbiX BepoaT-
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HOCTOII 
+ + 

B(E2,2 .. 0 ) 
0 B(E2.'i" .. T) 

12,5 ( sapaaaT ' 6 ', 

ana nepoxoaos c yposaa 860,6 K3B ana I' c 0 1 10 H 

r- Y'<H TbtsaeT nono~eHae yposael! p oTauaoaaol! nonocw ocaos-

Horo coc·roHHHR, H y -ea6pauaoHHhtli yposeab). 

0THOIUOHHO npHBOI!OHHWX 

Ta6naua 6 

sepoRTHocTell B(l2,2+ .. o+) 
BfU,21 

.. z+) 
860,6 IC9B 

nnR nepexonoe c yposHR 

B(E2,z+ .. o+2 
Ey.xas 

1, I I 
B(E2,2+ .. 2'1') z• [ 2 21 

2 z2 
Anara 

/28/ 
naswnos 

/35/ 
3xcnep11MOHT 

,.; 

860,6 2 0 0 ,7 0,44 o, 58:_0,08 
0,032+ 0,04+ 

7 69 ,1 2 2 I,O I, O I ,0 :_o , oo~ :_o,or-

Jf. f n aHH IJie nony 'leHbl B aaCTORIIIell pa6oTe, 

PacqeT noKaaan ynyqmeaae cornacHR c 3KcnepaMeHTOM no cpasaeaaJO c naHHblMH 

Anara. Heo6xonHMO oTMeTHTb, 'ITo 3TO oTHomeaae npaKTH'IecKH He aaBHCHT OT I' s 

npenenax OT 0, 1 110 0,3 H B TO ~e Bp9MR Ha6nJOnaeTCSI nnaBHaR 38BHCHMOCTb OT l ( npa 

r- 0o B(E2.2 .. 0) 
B(E2,2 .. 2) 

= 0,7, npH [' ~ 25° 

CHO C 3KCnepHMOHTOM I!On~BO Ha6nJOnaTbCR npH 

B(E2.2 .. 0) = 0,05). flonaoe corna
B(E2,2 .. 2) 

l • 8,5°, 3TO 3 Ha'IOHHO He COOTBeTCT-

syeT Hll onHoMy H3 eapaaaros ( '6', •r•- pac. 5), rne I, onpe>~eneaaoe H3 saepreTa

•teCKHX COOTHOIUeHHII B nono~eHHH ypoeael!, BKnJO'IaJOIIIHX TaK~e HHTepecyJOIIIHll Hac Y 

BH6panHOHHblli ypoBOHb, npHHHMHeT 3H8'1eHHSI [' = 12,5° ( 6,r), 

PaccMoTpeaae Y -sa6panaoHHblX yposael! s csepxTexyqel! Monena anpa
1401 

ocao-

BHHO HH yqeTe B3aHMOI!eliCTBHli He38BHCIIMWX '18CTHn1 npHBOI!R!UHX K napHb!M KoppenanHaM 

T8KOT'O ~e THna, KHJ( H B TeOpHH CBepxnpoBOI!HMOCTH, 8 TaJt~e KBallpynonb-KBHI!pynonbHWX 
/40/ + 

BaaBMonellcTsail, PacqeTbl nono~eaaa ypoBHR c K11 • 2 noK83WBHJOT xopomee cor-

nacRe c aKcnepaMeHTOM : (870 Kss) -pacqeT, (860,6 K3B)- SKcnepaMeHT. TaK ~e xopomo 

npei!CKa3WB89TCSI npBBell9HHaR BepoRTHOCTb 3nOKTpoMaT'BHTHb!X nepexonoB C STOT'O ypoBHR• 
/20/ • 

!!(E2) a 6,7+ 1,9 B B(E2) • 6,7 (s OI!BO'IaCTH'IHb!X oneHKax), 3Haqeaae KOTOpol! 
si!c - pacqeT 

csaneTenbcTsyeT o KonneJtTHBHoM xapaxTepe ypossa, Bonaosble ~YHKUHR xonneKTHBBWX 

aepoT8UIIOHHblX COCTOHHRII RBnSIJOTCR cynepno3RnHell llBYXJtB83H'I8CTH'IHWX COCTOSIHRII, llOSTO-

MY sepoRTHOCTb {3 -nepeXOI!OB Ha KOnneKTRBHb!O COCTOSIHRR I!On~Ha 6b!Tb M9Hb!Ue sepo-

RTHOCTell nepeXOI!OB Me~y KB83K'IaCTH'IHb!MH COCTORHHRMH 1 TaK KHK B nponecce {3 
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pacnana Dpll!lliMaeT )"lacTxe TOm.KO 'IBCTh nnyxxnaax'!aCTR'IHbiX coCTO!IIIllll:. ITponeneRawll: 

BBMB 8B&KR3 6an8BC8 IIRT9BCIIBROCTell: Jlfill ypOBHll 860,6 X9B noxaaan, 'ITO HI K -aaXBaT, 

aa f3 -pacnan ae BllyT aa sTOT yponeab. Y'!KTbiJI8H aumy TO'IHOCTb onpeneneBI!l: aaTeacxn-

aoCTeA y -n)"leA, Nbl MOllt8M J18Tb nepXBX>JO rpaBIUly aaceneBHH ypoBBSI 86016 lt9B 38 

C'leT K -aaXJI8Ta ae 6onee 0,05% aa pacnan. 3JtcnepaMea.Tan~oaoe aaa'!eBile fog fr>7 ,4 

rosopaT o aaa'IHTenJoaoA aBAep~e pacnana aa yponeBJo 860,6 Jt9B no cpaBBeaH~ c pacna

JlOM B8 OCBOBBOe COCTORBKe, Bw'IHCneaHe sxnana OT p83HH'IBbiX KO)I$Brypanall: B KOnneXTHB-
/41,42/ 

ROe COCTOHBHe 6wno DponenaBO B pa60TBX • HBH6onJomHA BKHBJl B KOnneKTKBaOe COC-

TOHBie 2 + llMeJOT KOH$HrypallHII 

n n [5121 [5101 50% 

pp[411] [411] 18% 

p p [413 1 t [411] 9% 

fl -nepexonw aa KOTOpbie aanpemeaw ncnencTBHe F -aanpeTa. EnaacTneRaaH Jtoll¢ary-

panaH, aa KOTOpy~ 6yneT paapemea fJ -pacnan pp [523)t- [541 j'IHM88T RH3KBII CT8THCTD-

qecnA nee (0,1%). ITpa f3 -pacnane, O'I&BHnao, ocymecTBnsieTcH nepexon THna 

P [54l)t-+ D [523JI t aanpemeBRblfl no 8CBMDTOTII'18CKHM 'IBCHBM n H A • Ha onwTe 

nepexon TaJtoro nna ae aa6n~nanc11. Ho nepexonw c nono6aoro pona aanpeTaMB BMe~T 

fog fr 5,8.;.6,8
1431

• ITpxaiMAll 9Ty nenB'IBBY DpH f3 -pacnane aa yponea1o 860,6 K9B B 

Y'IHTbiBaR BKHBJl KOH<!>HrypBJlRB pp(523] t [541] t - 0,1%, nony'!aeM fog fr s 9-<- 10. 

3JCcnepRMeBT8JlbROe 3BB'IeHRe fog fr> 7,4 He DpOTHBOpG'IRT OlKRJl89MOMY 3B8'1eBB~. 

4, CHcTeMa KonneKTHBBbiX f3 -na6panHoaawx yponael! 

TaK aaawnaeMwll fJ -BR6panHOHHbiA ypoBeHJo B o6o6meaaoll: MOJienR SIJlpB COOTBeT-

cTnyeT KonnexTBBHWM noa6ylKJleHB!IM, o6ycnonneaawM npononJoHWMR nonepxaoCTHWMR Kone-

6aHRHMR 81tCR8HbHO-CHMM8TpB'IBOrO ne<!>opMHpOBBHHOrO !!Jlpa, Boa6ylKJl8BH9 B '19THO-'IeTHblX 

ne<i>opMHpOBBHHblX !!JlpBX fJ -BH6panHOHHbiX ypOBHeA C 
+ 

lrrK = 0 0 npencTaBn!leT 

6naronpR!!Tllble B03MOJKHOCTH nn11 aa6n~neaRH EO-nepexonon MelKJly noa6yJKneaawM yponaeM 

B OCBOBHbiM COCTO!lBHeM !!Jlpa. KpoMe nepeXOJlOB MelKJly COCTO!IHH!IMH 0 + - 0 +, 9Jl9XTpH-

lJeCKHe MOHOnOnbHble nepeXOJlbl B03MOXBbi T8KJKe M9>K!ly COCTOSIHHSIMH OJlHOrO B TOrO >Ke 

cnHaa a '18THOCTH. Bepo!!THOCTb EO-nepexonon onpenensieTc!l H3MeaeaHeM pa/1HBnbaoro 

pacnpeneneHB!I anexTpB'!ecKoro 3BpHna nayTpB Hnpa, noaToMy H3y'!eaHe nepexonon MOJKeT 

6biTb a<l><!>eKTHBHbiM cpenCTBOM B3y'leBB!l npHponw Hnepa biX no36ylKJleaawx cocTO!IHHR. Teo
/16 ,44-48/ 

pH!! EO-nepexonon 6bin8 paCCMOTpeBa B p83Jlii'IBbiX !IJiepawx M0Jl8Jl!IX • nn!l cpan-

H8HHSI TeopeTH'IeCKHX H aKcnepHMeHTanJoawx naHHbiX OTHOCHTenbHO nepexonon THna EO 
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/45/ 
MOlKHO BOCllOTib30BBTbCH 6e3p83MepHblM napa MeTpOM, BBBilBHHb!M PaCM.YCCBBOM , 

X (E 0 i-+ f') 
(E2 i-+f') 

B(EO,i-+ f) __ 
B(E2,i-+f') 

rne B(EO,i-+f) se 2 R 4 p 2 (i-+O T8K H83biB8e:t-.18SI 
1

Silt9pH8H BepOHTBOCTb' MOBOITOltb-

aoro aneKr pR'!ecKoro nepexona, a B(E2,i-+f') npRBeneaaaH eepoH·raocTb E2- nepexo-

na. Daaabte oraocarenbao aeKoTopb!X nepexonoB r ana EO a RApe 

ra6nHne 7. 

I&< Er npRBBilBBbl B 

Ta6nHna 7 

EO-nepexo.llbl a 164 Er MB)I(Jly COCTOHHRHMH CO CRRBOM 0 

EO- T e 0 p R " /37/ /45/ 
nepexon ( Kae) 

1245,5 

1698,2 

1766,1 

2170,5 

2185,0 

p(ofl .. o) p(Oy-+0) 

0,67 - 0,35 

EO,O {J-+ 0 

E?,O ,6 _, 20 

0,48 

ED,O .. o 
EZ ,Oy -+20 

3,48 

EO, 0 .. 0 

E2,0 .. 2 

0,44 (a) 

0,99 (0) 

3KCRBpRMBBT 

ED,O .. 0 

E 2, 0 -+ 2 

0 ,15.:!:,0, 03 

0,3~:1+0,06 

Jo, 78~0,II 
I, 76.:!:,0,25 

5,56.:!:,1,84 

B ra6nHne 7 aKcnepHMBHTailbHbiB naaable cpaBHRBalOTCH c pacqeraMH PacMycceaa
1451 

/34/ . 
H DaBblllOBa • Pac'leTbl PacMycceaa nponenaHbl nnH c(jlepounanbaoro Hllpa nn>1 cnyqaH (a) 

KeanpynonbBbiX noeepxaoCTHblX Kone6aaui! npH noc TO>IHHOM o61>eMe paeaoMepao aapmt<eaaoro 

c(jlepoHna npR paeaoeecaoi! ile(jlopMallHH fl0 • B 3THX pacqerax OTHOllleHHe 

X( EO 0 .. 0 )-4fl; 
E2,0-.2 (rne flo -napauerp ne<j>opMallHH, Mbl npHHHMaeM flo- 0,33), 

OK83 biBaeTCR, He 38BMCHT OT Z , or Maccoooro napa •A erpa B 1 or Koa(jl(jlHillfeHTa 

>KCCTKOCTn C • 3ro npocro oaaaqaer, 'ITO aaBHCHMOCTb eepo>!raocrei! EO- H E2-nepexo-

nos or aMnnHTYilbi BH6panHi! OllHHaKoBa. D pyrotl nonxon ( 6 ), y 'IHTb!BBJOIUHll HBilHBHAYanbH bte 

B036y)I(JleHHS! nerKO 

HlflO X( EO 0 -tO 
E2,0-+2 

ROTIS!pH3yCMblX RpOTOHOB B6TIH3H ROBBpXHOCTH <l>epMH, RpHBOIIHT K 3HB'IB

.) • 9fJ: • Kax Mhi BHJlHM, c axcnep!>fMeHTOM nyqwe cornacyeTcsr aa-

paaar (a) (cpaeaea!le, O'IBBHilHO, aeo6xonuMo rrpoBO.IlHTb 11ru1 EO-nepexona c aaeprael! 

1245 K3B). 
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Ha TeopHh n a s wnosa
1371 

cnenyeT, q To cpena Boa6y~eaawx ypoaaeA ~eTKo-~eTaoro 
stnpa nomKHhi cymecTBOBaTb 2 yposast c -= Q+, OTHOCSUUli&CSI K CHCT&Me TaJC H83blBa8MbiX 

f3 - H y Kone6aTenbahrX nonoc. Hx aaeprKH B rpy6oM npa6naJKGIUIJI onpenenJIIOTCJI 

aa cooTaoweaall q(0/3)-l H t(Oy)-.1. (a enaHHnax aaeprKH nepsoro poTallJI-
fL2 ['2 

OHHO!'O nepexona nOJIOCbl OCHOBHOrO COCTOSJHHst ). nnst ['- 8°, l ~ 12,5° H l- 1318° 

(sapHaHTbi 'a', "5", "r', 'a") 
+ 

yposeab 0 y -Kone6aTeJibHoll nonocbr nonJKea aalCOllRTb-

CSJ B palloae C aaepraell 4660; 2030 H 1570 K3B COOTB9TCTBGHHO. 0THOW9HHSJ npHB9llGHHWX 

sepostTHOCTell E O-a E2-nepexonos nnst nepexonos c 0+{3 H O+y aa nonocy ocaosaoro cocTost-

HHSJ H8XO.QHTCH H3 CliGll YIOillHX BWp8:i<9HHli : 

X( EO,o8 .. o 
E2,0f3 .. 20 

rne /3
0
-napaMeTp ne¢opManrm, a 

nepsoro yposust aaoManbao li nonocw 

·;~ a q- ;<We/ - oT!omeaast aaep~Hll 
2 H f3 -BH6panHOHHO!'O ypOBHR 0 K ypoBHIO 2 po-

T8UHOHHOli nonOCbl OCHOB!IO!'O COCTC>SIHHH. 8 Ta6nane 7 npHBenenw TaJ<JK9 aaaqellJISJ Rnep-

Hb!X MaTpaqawx aneMeHTOB aneKTpH'IGCKoro MoHononst. KaK Mhr BHuHM, aaaqeaag p H X 

cl!nbHO paanH'IBJOTcst .unst rrepexonos 0 {r 0 , TaKHM o6paaoM, Rayqeaae EO-

nepexonos nonlKHO 6wno 6br nasaTb HBHoe YKBaaaae aa xa;>aKTep soa6y~eaaoro cocTO!IHHSI. 

113 CpllBHGHHH C 3KCnepHM9HTOM BHllH0 0 qTO X ({3) • 0,482 B TpH p838 001IbW9 COOTB8T-

CTByJOmell 3KCnepHM9HT8l1bHOll B9l1H'IHHW x(-E...O..)- o,15 anst 
E2 f3 - BH6panHOHHOrO ypoBHH 

1245,5 K3B. llopHllOK BenHqH}[bl YKB38H llpaBHlib HO , HO HllGHTH¢HK81lHH CpGllH OCT81IbHWX npH-

B9ll9HHblX ypOBt!IJl! ypOBHSJ 0 + y npe.uc·raBJIH9TCSI 38TpyrrHHTGlibHOil. llo p8C'I9TY ypOB9Hb 0 + 
1&4 

ll01IlK9H HMGTb 3H9p!'HIO 1570; 2030 HliH 4660 K3B. 8 Hrrpe Er B palioHe 1570 K3B, 

.uelicTBHTenbHO, ecTb nsa ypoBnst: 1698,2 H 1766,1 Kas, Ho aenaqaaa X B nepsoM crry-

qae oTnH<taeTcH no<tTH aa .uopstnoK ( B 4,5 paaa) . B palloae 2030 K3B TaKJKe HMeJOTCR .usa 

yposast : 2170,5 H 2185,0 K3B. Xopomee cornacae no aaepraa H no s enHqaae X c pac-

qeToM (oTJIH<tHe no X He 6on ee qeM B .usa paaa nnst Toro a npyroro yposHst) a aHaqa-

Tenbaoe pacxo~eaae B aaa<teHrrH X no Cp8BH9!iHIO CO 3H8q9HH9M .QliH ypoBHH 1245.5 K3B, 

B03! .. wJKHo, csaneTenbCTByeT o paanaqaoli npapone yposaell 1245,5 K3B a 2170,5 ;2185,0 Kas. 

XOTH H906XOllHMO OTM9TI!Tb, qT0 0 He HM9H KpHT9pHst UliH Bbl60p8 TO!'O HliH HHOrO 3H8'19HHSJ 
+ 

naptiM9Tp8 l .QliH p8C'I9T8 ypOBHSI 0 y > .Q9l18Tb nono6aoe 38Kl110'19HHe rrpe~eBpeMGHHO. 

{3 -BH6panHOHHW9 ypOBHH OK838l10Cb B03MOlKHWM 

onacaTb npa yqeTe KBanpynonb-KBanpynonbHbrX saaaMonellcTBRll c A 2 H v - 0. B 
/ 30/ + 

pa6oTe B036y~eHHW9 COCTOSJHHR C Krr c 0 paCCMaTpHB8liHCb K8K llBYXKBa3!<'18CTH'I -
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Hb191 npH'I9M o6e KBa3H'IaCTHltbl C'IHTaRHCb pacnonOJK9HHbiMH Ha OllHHX H T9X JK9 ypOBIHIX 

cpenaero nona. B TaKOM cn~qae BepOHTHOCTH ~ -nepeXOilOB B OCHOB80e COCTOHH89 8 B 

llBYXlCBa3H'IaCTH'IHb19 COCTOH8HH llOnlKHbl 6biTb 6nH3KB M9lKilY C06oi!, a nepeXOilbl 8a 

llpyrae coCToH8HH c Krr = 0 + nonJKBbl 6b1Tb F - aanpemeHHbiMB. 

111,40/ 
B pa6oTe Conosbesa paccMoTpea sonpoc o soaMo~aocT8 KonneKT8B8oro xapaK-

+ 
Tepa COCTOR8Hi! C Krr • 0 • flpaBB1IbBOCTb llBHHOil TpBKTciBKB 6blnB 6bl nonTB9plKil98a, ecnH 

6bl 6blnH aai!neBbl 6blcTpble ~ -nepexonbl no Kpai!aell Mepe na TpH soa6yJKil3B8blX coc-

TOS18HH C irrK • 0 + 0 B OllBOM Hllpe. flpoB91l9M cpaB8eBHe 88Wl!X llB8HbiX C paC'I9T8MH 
/11,40/ 

Conosbesa (eM. Ta6nany 8). 

Ta6nana 8 

38eprHH B030YlKil9HHblX COCTOHHHil C lrrK 
+ 184 

0 0 B anpe Er a sepoaT80CTH 6eTa-

nep9XOilOB 8a 3TH COCTOH8HH 

3KcnepHMeBT ConOBbeB 111 • ~Of 

3aeprBH ypOBHH log fr 
38eprHH ypOBHH log fr Tan 

(KaB) (KaB) nepexona 

0 (oca. COCT.) 4,9.:.0,1 I 
0 (OCH. COCT.) 5,o* I Au 

1245,5 ? 5,4 1230 4,6 

1698,2 ~ 5,6 1600 6,5 

1766,:I ~ 5,4 1900 5,9 

2170,5 ~ 5,4 2100 5,1 

2185,0 :;::: 5, 6 

111 
3TO 3HB'I98He l'og fr • 5,0 Oblno acnonb3osaao npa Bbi'IHCne8BH ocTanb8blX aaaqe-

BHII l'og fr JlnH OeTa-pacnBilB B B036ylf(JleHHbi9 COC;OHHHH 
184 

Er • 

06pamaeT 8a ce6a BBHMBHBe xopomee cornacae Bbi'IHcneuablx aaaqeaai! aaeprai! ypos-

8eil C 3KCnepHM98Tanb8biMH. i18TepeC80 TBKJKe OTMeT8Tb, 'ITO T90pHH npaBHnbHO npenCKB-
+ + 

3biB89T onycKa8He a8eprHII Krr • 2-cocToaaai! BHJKe aaeprai! Krr = O- coc·rua8HII B 

184 Er 

KaK yJKe OTMe'lanocb, aa naH80M STane aayqe8aa c xeMbl pacnaila 
184 

Tu nonyqeaae 

TO'IHbiX 3Ra'I9HHil sepOHTHOCT9i! 6eTa-nep9XOilOB HB B036ylKJleH8bl9 COCTOHBHH 
184

Er 3B

TPYil8HTenbHO. Ho OTKno8eRHH OT npaseneBBbiX ana'le8Hil 89 MoryT 6b1Tb oqeab 6onbWHMH, 

TaK KaK s npennaraeMoll cxeMe pacna,~a ( pac. 4) yqTeabl no'ITH see aaa6onee HHTeHcHs-

Hbie y -nepexonbi. B TaKoM cnyqae ayJKHo OTMeTHTb TaKJKe xopowee cornacae c pac-
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'!aToM aaaqeaHll !'og fr • PaapeweHHbill xapaKTep 6eTa-nepexouoa aa B0'36y>KueaBbi9 coc·roH-

HHSI C IrrK ~ 0 + 0 c aecoMaeaaocTbiO caaueTenbCTayeT o xonneKTHBaol! npHpoue 3TH X coc

TOSIHHJ!. Bo3MO>KBO, 06 3TOM JK9 POBOpHT nnaBHblli XOL\ 38BHCMMOCTH X( :~:~:~ 

oT saepraa EO- nepexoua ( pac. 6). OTKnoaeaae oT o6mero xona xpaaol! aaaqeaaR, cooT

aeTcTByiOUlaro 3H9jll'IIH 2185,0 K3B 0 B03MO>KBO, CBSI38!10 CO CTpyKTypoJ! COCTOSIHHSI, TaKHM o6-

p830M, KOfill9KTHBBblli X8p8l<'rep COCTOSIBHl! C I 11K a 0 + 0 I'OBOpHT 0 TOM, 'ITO B IO< Er aa

pRUY c napnbiMH aaaaMouel!cTBH!IMH cymecTseaayiO ponb nrpaiOT xaaupynonb-KBaupynonbHble 

B38RMO.lt8ACTB11Sl. 

B cxeMe pacnaua 104 Tu np9UCT8l3fi9Hbl UBB ypOBHSI- 1334 H 1789 KSB, -KOTOpb!9 MOJKBO 
+ 

paCCM8TpHB8Tb KBK nepBble pOT8UHOHHbl9 ypoBHH C I - 2 Ball COCTvSIHHSIMH C aaeprHel! 

1245,5 H 1698,2 K3B C I = 0+. YpoBeab 1334 K3B BBOUHTCSI HO OCBOBSBHH 3HepreTH'I9CKO-

ro 6ana:tca c TO'LiiOCTbiO 0,4% uayx y -nepexouoa c aaeprael! 91,4 + 1?42 = 1333 xsa a 

1340 xss. Ecnn npeuno.no>KBTb, 'ITO STO nepexoUbi THna E2, TO npaaeueaabie ae.,oHTHOCTr< ne-

pexouoa - :~~i:~ :;~81- • 0,5, 'ITO uoaonbao xopowo corna~yeTcH co aaaqeaaeM 0, 7, 

npaaeueaabiM B pa6oTe , unR nepexouos c nonocbl IrrK= 2 0 aa ocaoBI!oe cocTOIIHHe c 

Yposeab 1789 KSB BBOUIITCII no saepreTaqecxoMy 6anaHcy '19Tbipe>: Y -nepexouos 

(TO'IHOCTb ae xyJKe 0,08%). B npeunonoJKeHHH MynbTJmonbaocTn E2 UJIH nepexouoa 1489; 

1699 H 1788 K3B Mbl nonyqaeM OTHOW9HHSI npRB9119HHbiX B9pOSITHOCT9l! ( 6, 2: 1: 0,14 ) COOT
/28/ 

BeTcTaeaao. 3aaqeaaR oTaoweaall no pa6oTe ( 1,80: I :0,7 ) a npeunonoJKeaaa, 'ITO 
+ 

nepexOUbi HUYT c nonocw K77 = 0 , nyqiJJe cornacyroTC51 c aKcnepKMeHTO:'A, tteM ansr no-

noc c K = I ana K = 2. Ouaaxo npa nouo6aoM aaan>1ae aeooxouaMo HMeTb a aauy, 'ITO 

CM9WHBaHH9 IIOnOC C pa3nH'IHbiMH K MO>K8T IIpHB9CTH K 3H8'1HTenhHOMy H3M8HeHlUO OTHO-

weaal! npaaeueHHbi X aepORTHOCTell nepexouos. 

KpoMe xo:viGKTHBHbiX aoa6yJKueaal!, cooTaeTCTBYIOlllHX xcaanpynonbHbiM uecj>opMaUHIIM 

IIOBepXHOCT~! H.llp8 H HM9101URX BCerna nonOJKHTenbHYJO '">8THOCTb,B qeTH0-'18THblX S1Jlp8X Ha6n JO

IJ.810TCSI KO!In8KTHBHbi8 B035y>K.a8HHbJ8 Coc·rOHHH51 OTpHU8Tt:!nbHO-A' '18THOCT.'J, ITO-BH.OHMOMy 1 OHH 

cooTaeTCTBYIOT oxTynonbHbiM Kone6aHHHM noaepxaoCTli <~u,oa. B uecj>opMaposaHHbiX HUpax D 

OTfiH'IH9 OT ccj>epH'I9CKHX S!U9p OKTyiTOllbHbi9 COCcOSI HHSI C A = 3 nonJKHbl pacmerrHTbCH aa 

KOMnoaeH"!'bi c v = 0,1,2,3. ConoBbC.,biM a up/
40

•
42

•
51 1 

6b!llll pacc'IHTaHbi rrono>KeaHII 

OKTynonbHWX COCTO~HM~ C 3 H v = 0,1,2 H 3. 

YpoaeRb 1386 xsa oTpHuao-"' :...,o fi 'IOTIIOCTH co cni!HOM = I KnH 2 Mbi paccMaTpasaeM 

xax oxTynonbRoe cocT,e>HHJte c I11K = I 0. 11a pacqeToB Conoab,;,,a
1 
Ill cneuyeT, 'ITO B 

104 Er caMbiM HH3KHM Jt3 ypoanol! c OT;:JHUaTenbHOi! 'IOTROCTbiO 6yueT ypoBeHb c = I H 
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K - 0 , T.e. OKTynon&HOe COCTOHHH8 C A ~ 3 H v • 0. Hy)KHO OTMeTHTb xopomee 

COI'IlllCHe B 3H8"18HHRX aaeprHB ypOBHR0 DOny"18HHblX B ODbiTC H B p8C"'8Te ( CMo Taf5nHIIY 9) • 

B Taf5nHIIe TBK)Ke naabl oTao~eaaa npaneoeHHhiX nepoaTaoc TeA nepexoooa c yponaa 1386 KaB 

Ba DO/lOCy OCBOBHOI'O COCTOHBHSio CpaBHORHO 8KCD8pHM8HT8llbHbiX 08HRblX CO 3H8"18HHRMH, no-

ny"'eBHbiMH Anara, csaneT<HibCTByeT a norr&3Y npanacaaaa ypoBaJO 1386 KaB 

DOOTB9p>K.l88T Ham Bb!BOO of5 OKTyDOllbHOA npapooe aTOl'O COCTORHHB. 

K m 0, 'ITO 

Taf5nana 9 

CpasaeHae aaepraa yponaa c 1"K - 1-0 H OT:IOWOIIHH npHB809HHbiX B8pORTHOCT9A 

nepexooon aa nono::y ocaosaoro ~oc·roBHH.II 

---·---· ·--· ·· -
.Hopo E(l-)axcn., 

KSB 

E (1-) Teop. • B(EI,I-.. 0+)/B(EI ,C-+2+) 

KSB ax en K-0 1281 
TeOp. 

K- 1 128i 
Teop. 

T64E'Z.. 1386 1430 o:35:!:_0,C5 ··-· o,s 2,0 

Coc·roBRBH C Krr- 0-, xax OTMQ'I&eTCH 
Ill/ 

B paf50T8 , HBHf5onee CH/lLHO KO/lll8KTBBH3Rpo-

BaRb! 113 scex OKTynon&HbiX cocToRHIIA. B 
/41/ 

paf5oTe npuseoeabl TpR OBYXKBa3H"'BCT~"'BbiX 

COCTOHBBH, KOTOpb19 OBK>T :18Rf50n&WIIA BK/180 B OKTyDOnbH08 COCTOBHRO C K"• 0-: 

nn (642] 

n n [ ffil] 

nn[660]f 

[523] 

[521] 

[770] t 

Mbl BIIOHM, 'ITO aeATpoaaaa xoa.P11rypanua, nn[642] t 
H08HTH"'HbiA C KOHijJHrypanReA OCHOBHOI'O COCTOHHRH 

184
Tu 

49~ 

14% 

9% 

(523),4 B KOTOpoA eCTb aeATpOH, 

, HMeeT O'i&Hb f5on&moA nee B 

KOllll8KTHBHOM COCTOHHHR. no3TOMY paCDil!l HB OKTynon&H08 COCTOHBR9, B epoBTH0 0 H08T B 

ocaonaoM nocpeucTBOM nepexoua nepso~o nopHOKB aanpeweaaa, aaoep*anaoro 

I h -p 7 /2-( 523 ) -+D 3/2+(642) ' npyrRe OBYXKBa3R"'BCTH"'Hb18 KoaljJarypauHH He 0011)1{-

Hbl BHOCHTb BKllBOB B B8p0HTHOC1:b nepeXOOB BCll8JlCT3H9 

B paooTe/
491 

nepexoo THna p7/ 2-:-[523] .. n 3/2+[642] 

F -aanpeTa. KaK ycTaHOBlteao 

npa pacna.ue 181 Ho-+ 181 Dy 

KM88T 3H8"18BH8 fog fr 6, 7. npaHHMaH 3Ty B8llH"'HHY npu pacnaoe 
184 Tu-+ ae• Er 

H Y'IHTbiBaB BK/lB/1 KOH<!JarypauHH n n(~2 ) f - ( 523 ) f B KO/lll8KTHBH08 COCTORHH8 - 49%, 

nonyqlleM fog fr - 7,0. :3KCD8pHM8HT8llbB08 3BB'I8BH8 fog fr~ 6,5 ( pac. 4) ne npoTa-

BOp8"1KT STOMY Bb!BOOY H, B03MO)KB0 0 CBH08'l"e rrbCTBy8T 0 TOM, 'ITO Mbl HO Y"'HTbiB88M B8KO-

TOpb19 y -nepeXOObl, KOTOpbl8 HJlYT C ~biW8ll8lKBWHX ypOBHeA BB OKTYDOllbB08 COCTOHBHO. 

3AKniO'IEHJi!E 

nposeoeHBOe CpaBB8BH8 3KCD8pHM8HT8abHbiX peayrr&TilTOB C B88KCH8nbHOA MOD8nb!O HD• 

/34-87,44,47;60/ 
pa, pa3BKBa9MOA naBb!DOBbiM , D03BO/lB8T YKB38Tb BB XOpomee COI'llBCHO B 
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pHilO Cny'IBOB B OITHCBHHH KOITITOKTHBHblX ~$eKTOB B Hrrpe : ITOITO~OHHO pOTBUHORRWX ypoB

aei!, OTHOlllOHHH llpHBOilOHHblX BOpOHTHOCTOlt ITOpOXOilOB, npOHCXOilH11UIX B pOT8UHORHbiX UOITO-

cax HrrH Me~y pa3rrH'IBWMH nonocaMH. OnaaKo napnMeTpb! aearrHa6aTH'IHOCTH IL R HOBK-

CH8nbHOCTH r l(nH .ll8HHOrO SUlpa, BbJtiRCJlGHHble IIO p83nHttHhiM KOM6HH8UHSIM ypOBHeA:,oT

ITH'IBIOTCH npyr OT npyra. 3T0 0 B03 MOlKH0 0 CBHilOTOITbCTByOT 0 TOM, 'ITO p83ITH'IHbiO D036y>K

IlOHRblO COCTOHIIHH HMOIOT p83ITH'IHYIO JlO<jJOpMAUHIO. Ho B TBKOM cnyqae UORHOCTb napaMeT-

pos 1L r yMOHblll80TCH 0 OCITl! Mb!, HBnpHMOp 0 fi0Ub!T80MCH nperrCK83ll".'b C XO p OillOlt 

TO'IHOCTb!O fiOITOlKORHO Toro HITS! npyroro ypOBIIH 0 HCXOilH .113 3H8'10HHI! IL H r 

Co 
I 11,40,30,5 1 I 

CsepxTeKy'IaH Monenh Mapa, pa3BHsaeMaH nosbeBbiM H np. . , oTnHqaeTcH 

60rrblllOlt fiOCITOUOBBTellbROCTb!O B HRTepnpoTBUHH B~36y~OHHb!X COCTOHaHlt 'IOTHO-'IOTHb!X HllOp. 

CsepXToKy'IBH MOilOllb HllPB U03BOITHOT nony'IBTb OllHROO OUHCBHHO KBK llBYXKB83H'I8CTH'IHb!X, 

TBK .II KOllllOKTHBHb!X ROpOTBUHOHRblX COCTOBRHII 'IOTHblX llO<jJOpM!!pOBBHRbiX Hllep. 

flpR p8Cfillil0 l&(Tu yrrBllOCb HllOIITB<!JRUHpOBSTb CHCTOMy KOllllOKTHBHblX COCTOHIIHl! C 

+ 
JrrK • 0 0 H OKTyUOllbHOO COCTOHIIHO C 1rrK =1 0, 3110prRH R CTpyKTypa KOTOpb!X 

XOpOillO COr'ITBCYIOTCH C paC'IOTHblMH. 3TO YKB3hlB80T HB TO, 'ITO B CBOpXTOKY'IOli MOilOilH 

Brrpa, y'IHTb!BBIO!lloA, KpoMe napabiX B3aHM0rrellcTsail, MynhTHnonhHbiO B3aaMorreltcTBliH, yaa-

nOCb npaBHnbHO OIIHC8Tb Ty 't8CTb OCT8TOttllbiX B38HMO.lleACTBHA MeJKJl.y HyKnOHBMUt KOTOpBH 

HrpaeT RBH6onee CYillOCTBOHRYIO pOllb B Hrrpe npB CpSBHIITOUbHO H050rrblllHX 3HOpT'HHX B03-

6y~OBBH, 
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nuTepaTypa 

1. A.B. KanHMHH, 11.10. neaeH6epr, B.A. fiKoBnes. AToMHaH aaepraH, Q_, 582, N• 5 ( 1959). 

2. A.A. A6nypa3aKoB, K.H. fpoMo'3, E.C. nJKenenoa, 10.B. Hopcees, f.H. YMapos, B. f. Y y
MHH. flpeiipHHT 0J1f!J1, P-475, ny6aa, 1959. 

3. E. nanxcypeH, 11.10. neaea6epr, A.H. MypHH, 10.B. Hopcees, B.H. floKpOBCKHli, 11.10. 10T

naanos. I13B. AH CCCP, cep. <)>H3. 0 24,1105 (1960). 

4. A.A. A6nypa3aKoa, 

A.H. MypHH, 

flpenpHHT 0J1f!J1, 

K.H. fpoMOB, E. n anxcypea, E.C. n JKenenoa, 11.10. neaeH6ep:· , 
10.B. Hopcees, B.H. floKpoBcKHJ1, B.r. YyMHH, M.A. 10Tnaanos. 

P-493, ny6aa , 1960; ,Nucl. Phus , £1. , 164 ( 1960). 

5. K.H. fpoMOB, E.C. n~enenos, 3biOHr Yoar Ball, B.A. XanKKR, B.r. YyMHH. flpenpHHT 

011>111, P-613, ny6aa, 1960. 

6. K.H. fpoMOB. )f(.T. )f(encB, n.H. HHKHTIOK, B.r. YyMHH. flporpaMMB H T03HCb! llOlWBJlOB 
12 e>Keronaoro COBOill8HHH no HnopHoi! cneKTpOCKO~HH. neHHRrpan.l131l.AH CCCP' 

42 (1962). 

7. A. C. Eacnaa, K.H. f poMOB ' E. c. n JKenenoa, Ky 3 a XeK, B.A. Mopo30B. fl penpH HT 
011>111, P-1361, n y6aa, 1963. 

8. A.C. E acHHB, T. qSilBKS, K.H. fpoMOB, E.C. n>KenenoB, B.A. Mop030B, A.<t>. Hosropo

noB • .H<t>, _g_, Bbiri. 2, 204 ( 1965). 

27 



9, A.A. A6nypa311KOB, A.A. A6nyM81lRKOB, B. raaTOBB'I, K • .H. I)>oMOB, B.C. n)l(enenoB. 
l-i3B. AH YaiS. CCP, N> 6, 56 ( 1956), 

10 . R.G. Wilson, M.L. P ool. Phys Rev, 12o, 1827 ( 1960 ). 

1'" B.r. ConoBheB. npenpBBT 01-i.HJ.f, P-1811, ny6aa, 1964;. .Nucl Phys • 69,1, (1965). 

12. J ,Adam, V.G.Chumin, Yu.N,Den.sov, M.Flnger, K. Ya,Gromov, M. Ya, Kuzneso~ 
Lu Si-ting. npenpiiBT 01-i.HJ.f, E-2494, ny6aa, 1965. 

ll.l, b'Alexander, F. Boehm. Nucl Phys, 1§~108 (1 963). 

14 . G.T,Ewan, A.J.Tavenda le. Canad.J.Phys,, ~286 (1964) , 

15. H. AnaM, K. tpoMOB, M. Kyaaenosa, ny CB""'J'RBh, M. 4>aarep, B. 'lyMHB, nporpaMM8 
H Te3BC~ nOKil8nOB 15 9)1(eronaoro COBemaBHR DO RnepaoA Cll9KTpoCKODHH H CTpyK-

rype aTOMHoro !Ulpa, 62, MBac~~:, Han. "Ha)'lta' , 1965, 

16.E.L,Church, LJ.Weneser. Phys.Rev,, ~~1035 (1956). 

17,J.Riddel. CPR_:654, 1957, 

18~G.Came ron, CPR-690, 1957. 

19. r.¢>. npaBHn~aa. npenpBBT 01-i.HH, P-ll59, n yoHa, 1962, 

20. n. BeApOCRH, B. Bpaan, .H. RRnTU, ¢>. Monaap , B.A. MopoaoB, .H, Yp6aaen. nporpaM
M8 R Te3RC~ nOKil8AOB 16 9)1(9rQnBoro COB9m8BHR llO RAepnoA CD9KTpOCKOnHH H 

cTpyKType aTOMBaro anpa,61, Han. 'Hayxa•, Moc~~:Ba, 1966. 

21, Y.Yoshlzawa, B.Elben, B.Hersklnd, M.Olesen. Nucl, Phys.,.:U,,273 (196 5) 

22,R. Graetze~, G,B,Hagemann, K.A.Hagemann, B.Elbek. Nuci.Phys., ~ (1966). 
23. faMMa-lty'UI, SIS, Han • . AH CCCP, !961. 

24. A.X. BancTpa, r.H. Haax, P. Baa namYT. Ta6nBil~ no srnepaoA cneKTpoCKOilliB. AToM
aaAaT, 1980, 

25,S.A.Mos zkowskl. Phys, Rev., §35 (1951), 

26B.Elbek, M.C,Olesen, O.Skllbreld. Nucl. Phys,, 40,670 (1963). 

21G.B. Hansen~ B.Elbek, K.A.Hagemann, W.F.Hornjak. NucLPhys., 5529 (1963). 

~.G.Alaga, Kgl Dan \lid Sels k Mat-Fys Medd, Z2, N9 (1955). 

213. C.J.Gallagher, S.A.Moszkowski. P hys, Rev., 11 11282, (1958). 

SO.C.J.Gallagher, V,G.Soloviev, Math. Fys, Skr. Dar. Vid, Selsk, 2,N2 (196 2). 

81,H,Brown, R.Becker. Phys. Rev., ~,1372 (1954). 

3.2. D.B.Fos san, B.Hersklnd. Nucl. Phys., '!2,24 (1 963). 

83,A.Bohr, B.R.Mottelson. Kg 1 Dan Vid. Selsk Mat-Fys Medd, n, N16 (1953). 

84. A.C. nas~oB, B.J.i, 0B'IapeaKo, nAH CCCP, 168, 829 (1965), 

85. A.C. naB~OB, B.J.f. 0B'Iapem:o. noK/J8A £18 16 9)1(9ronBOM COBemaBHH no RA9pHoA 
cnexTpocKonaa, MocKsa, 1966. 

86. A.C. nas~oB. Has. AH. CCCP, cep, cjlaa., 28, 1578 (1964), 

37. A.S,Davydov, V,S.Rostovsky, Nucl. P hys ., 6 (),529 (196 4). 

38. C.A. Malllman, P . P .Day, E .D.Klerna, ANL-6 220 (1960), 

:}9.A.Bohr, B.R.Mottelson. Lecture on Nuclear Structure a nd Energy Sp e ctra 
(1962). 

28 



40. B.r. ConosbeB. flpenpi!BT OH.HH, P-1973, lly6sa, 1965. 

41. H.H. fl!ITOB, B.f. ConoBbOB. Has. AH CCCP, cep.<jlaa., 28, 1617 ( 1964). 

42. K.M. )f(eneasoBa, A.A. KopseA..-yx, B.r. ConoBbOB. r .IOsrx.naycces.nponpBHT OH.HH, 
ll-2157, lly6sa, 1965. 

43. B.H. 3axapbeB, H.H. flHTOB, B.H. <l>ypMas. )f(3T<I>, !!.. 1669 ( 1961). 

44. B.C. PoCTOBcxsA. )f(3T<I>, ~ 854 ( 1960). 

45. J.O.Rasmussen. Nucl. Phys., !2, 85 (1960). 

46. A.S.Reiner, Nucl. Phys., ~682 (1961) • 

4:7. A.S.Davydov, V.S.Rostovsky, A.A.Ch aban. Nucl. Phys., 27 1 134 (1961). 

48. K.Hara . Nucl. Phys., 4~l385 (1963). 

49. A.A. A6nypaaaxos a np. 1 1951 (1965). 

50. A.C. llaBbiAOB. Y<I>H, ~ ,599 ( 1965). 

51. A.A. KopaeA<tyx, B.r. ConoBbOB, fl. <l>orenb • Ha s. AH CCCP. cep.<jlsa., 28 ,1599(1964). 

52. A.A. A6nyManHKOB A.A. A6nypa38KOB, K • .fl. rpoMOB. lloxnan s a IX COBOIII8BRH no HC

cnen.HOATposone<jl. H30TODOB B Jly6sa B HJOBO 1966 r. 

53. R.W.Bercaw, S.Jha. BAPS 11, 391 (1966). 

Pyxonscb nocTynana B R3A8TODbCKHA OTnen 
30 RIOH!I 1966 r. 

29 



c.>
 

0 

8 
§
~
 

'1J
 .. 

~ 
r> :-"

 
~
 
~
 

<l 
..

. 
~
·
-

'<
 

~ 
':'

 
.<l

 
•
f
 

~ 
"' ("

) 

t 
..

j 0 
8 

I 
"' 

.. 
("

) ::I
 

~ 
C1

> 

·c 
"' ..

j 
't

l 

~ 
"' "' 0 

~ 
=

 
01

 
C1

> 

c
~
 

't
l " 

~ 
.. 

.· ..
 · i

 § 
~~
 

0 =
 

=
 

~ 
1!:

 
-.. 

~
.
,
 

>< 

. 
'' 

(j
) ::. 

~
 

-
C1

> 
1:1

 
-
~
 

':"
 

" 
8 

..
j 

't
l 

~ 
~
 
~
 

0 =
 

~
·
-

0 
~
 

"' 
01

 

~ 
'? 

~ 
.. 

~ 
~ 

. ;;!
 

I 

• 

•,.,
'::--

-:: .. ..,:
:
-
-
-
-
~
.
,
.
,
-
-
-
-
,
.
.
,
.
_
_
_
_
-
-
-.

.. ~
-
-
-
~
"
"
-
-
-
~
/
1
(
1
)
-
-
-
~
.
.
.
,
_
_
_
j
 

,.
.., ...

.. 

P
1

1
c
. 

2
. 

C
n

e
x
T

p
 

y 
-J

IY
'f

e
ll
 

16
4

Tu
 

, 
C

H
II

T
b

ll
l 

a
a

 
n

o
n

y
n

p
o

B
O

A
H

II
X

O
B

O
M

 
G

e(
L

l)
 

A
e

T
e

x
T

o
p

e
 

c 
'I

Y
B

C
T

B
R

T
e

ll
b

H
b

iN
 

0
6

'h
e

M
O

M
 

5 
C

N
3

 • 



10
00

 0 
30

0 
24

0 P
ac

. 
3

a
. 

C
n

e
lt

T
P

 

't
l • p co
 

? 

•o
o 

f(
)(

) 

N
'
-
-

G
 
'L

i)
A

e
T

e
lt

T
O

p
e 

c 
O

B
O

A
H

H
lt

O
B

O
M

 
e 

• 
ll: 

s
a

 
n

o
n

y
n

p
 
~
 

11
4T

u,
 

C
B

H
T

b
l 

6
'&

e
M

O
M

 
7

,5
 

C
 

• 
Y

 
-n

y
'l
e

ll
: 

e
li
b

B
h

iM
 

o 
'lY

B
C

T
B

H
T

 



[8] 
11'0 
11'0 

2'0 
11'0 
11'0 

l 

I 
I 
I 1-o 

2'0 ---- ~ 
o·o 

2'2 

6'0 

~,· 0 

2·o 
11'0 

~ 
-

~ 

-
~ ;;; 

{~ 
5.1~ 

' /// '/ 

I 
I 
;r 

I 

1-

'///'//'// 

:TU. 
ZP4""" -y 

IE:tK""I~r~ lex 1 
C'\j C)f'\j 0 

LULULU LU 2185,0 ""5,6 .. 1,1 

~ 2170,5 ... 5;. •ta 

~~ 
2027,1 --5;. •:!) 

~ 1789 ... 5,3 •2,5 
1766,1 ... 5,4 .•2(. 

1638 ~s.6 •1,7 

1386 ... 5,5 -~ 
r- 1334 

1245,5 ... 5,4 •2,7 

860,6 ~7,4 -0,05 

1- 1- - 1-- ·- 614,7 

299,4 

(3"!. 

91,4 5,2<0,1 13P 
0 4/}•0,1 26/) 

'/ / , /// 777 7/, 

:&. 
P uc. 4. C ;:eMa pac na.cta te< Tu 

34 

r/ , 

.. 
~ 

"' ~ 
~ 

l<rK 
1• 1 

"' "' .. 
~ 

1 

I 

o• 

2• 

6• 

4• 

2+ 

a·· 

.a· 
I'- 0,10 
r- 13,8• 

¥/H7m"'"h 

•& 

• 
d • 

I'- 0,10 
r- 12,s• 

W/.7/..w/'/h 

•& 

.4· . ,. 
f'- 0,25 f'- 0,25 
r- 8,o• r- 12,5• 

WQ///.7//H 7///.7//.7///, 

•& •& 

EpGI 

1245,5 

860,6 

614,9 

299/o 

91,4 

0 

PHc. 5. CHcTeMbl y poBaeA, HCDOJib30B8HHbie n nsl DOilC'IeTa napa MeTpOB I" H r no 

naBblllOBy . 

35 

.. 



9& 

"llltOXadeU-Q3 llll.ldeDe .1.0 II.I.OOI'OIIODIIll£ II . ( 


