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RBJIReTcR cHnbHO ne¢opMHpoaaHHbiM 'I~TH0-'11\TH btM RllpoM. Ouo 

pacnonolKeHo B cepennHe o6nacTn LtecpopMBUHH H B HeKOTOpbiX CBOilCTBBX LIOnlKHO 

6btTb noxoll<e Ha cocenaHe RL!pa. L!o noc nenaero apeMeHH caeneHHR o ero B036YlKLleH

HbiX C OCTOSIHHSIX OI"'pBHl!'IHBBnl!Cb npaKTH'IeCKII 3H8HHeM :mepi"'Hii pOTBUHOHHblX ypoB

/1 / 
Heli OCHOBHOil non :>Cbl. HeLtBBIIO nORBfinBCb pa6oTa 6epKa H 3n6eKa , B KOTopoti 

no RLtepHbtM pea KUHRM 6btnH ycTaaosneHbt ypoaaH y -BH6paUHOHHOil nonOCbi, OKTy-

nonbHbte cocTORHHR H PRLl npyrHx B036ylKLteHHHbiX ypoaaeil. 

/2,3/ 170 
B 6onee paHHHX pa6oTax pacnan Lu H3y'lancR no 3neKTpoHaM 

BHyTpeHHeil KOHBepcHH. CneKTp oxa3ancR oqeab cno}f(HbtM. OH conep}f(IIT oxono 

170nepexonoa. MynbTHnonbHOCTH nepexonoa He 6btnH ycTRHoaneHbt oco6eHao LtnR 

}f(eCTKHX y -nepexonoa, TBK KBK He npoH3BOL!Hnocb 113MepeHHti cneKTpa y -ny-

qeil HB npH60p8X C XOpOIDHM pa3peWeHHeM. npH TBKOtl CnOlKHOCTH cneKTpa TO'IHOCTb 

B onpeLteneHHH 3Hepi"'Hfl nepeXOL!OB 6 btn8 HeL!OCTBTO'IHOfi, 'IT06bt 113 LIBHHbiX 06 3HeprH-

SIX KOHBepcHOHHbiX 3nexTpOHOB nocTpOHTb cxeMy ypoaHell 
170 Yb B036y)KlJBIOLUHXCH 

170 + I /4,5/ 
npH pacnane Lu. CnenyeT oTMeTHTb, 'ITO MeToLtoM f3 - y -coananeHHil 

+ 
f3 6blnO YCTBHOBneHO, 'ITO }f(eCTKBSI KOMnOHeHTB 

-cnexTpa cooTBeTCTByeT nepexo-

LIY B OCHOBHOe COCTOHHHe I70 Yb II CLtenaH BbiBOLl, 'ITO CfiHH OCHOBHOI"'O COCTOSI-

HHSI 
170 

lu - 0+. 0TCIOLIB CnenyeT, 'ITO nyTeM {3 -pBCfiBLIB C 3BMeTHOl! HHTeH-

170 Yb + + 
Cl!BHOCTbiO MOI"'YT 38Cel!S!TbCSI ypOBHH C XBpBKTepHCTHKBMH 0 , 1 , 0-, 1-, 2-. 
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U enh!O nacTonmeli pa6oT bl 6btno onpenen eHH e aHeprHll, KBBHTOBbiX x ap aK Te pHCTHK 

R c eoll:c TB aoa6ylKneHHbiX ypoane ii 
170 

Yb, KOTO pbie B03 HRKB!OT npH pac n ane 
170 

Lu . 

. H c T 0 q H R K R 

170 
P anRoa KTHBHbi ii Lu 6 btn non y qeH KaK n p onyKT o6nyqeHHSI TBHT anoao ll: MM-

w eHR npoToHaMH c aHe prHell 660 Mas Ha c HHxp ouRKnoTpoHe OH.HH. nocne xMMH-

qec Koro H xpoMaTorpac!JHqec Kor o BbiJleneHHSI moTeuH eaol\ !j>paKUHH 6binH npJ<roToane-

Hbl HCTQqHHKH, KOTopbte c oneplKanM 
189 

Lu, 170 Lu, 171 Lu, 112 Lu.; 173 Lu 18 174Lu. 

Hany q eHHe JlBYX nocneJlHHX 6bin o ManoHHTeHCHBHO H ne npoSIBnSinoch a c neKTpax 

Y -nyqei! H8 !j>oHe R3 nyqeHIISI JlpyrHX H3 0TOllOB. nnSI nony qe HRSI 6onee qHCT biX 

npena pa ToB 
170 

Lu R3 ra!j>HHeao ii !j>paKu HH BbtnenSincSI 
170 

Lu qepea .. 40 qacoa 

nocne o 6nyqenHSI. 3a 20 qacoa JlO aToro r a!j>HMll o qMmancSI oT n o qepHHX H3oTonoa, 
189 189 

c KOTOpbiMH YXOJlHn Lu, H8KO flHBlllHi!CSI H3 Hf ( T I I 2 = I ,5 qac a). nony qeH-

Hbie TBKHM o 6pa3 0M HCTQqHHKH KpoMe 
170 Lu coneplKBnH l7l Lu H He MHOr o 1 7 ~ 

KOTopbte no nepnony nonypacnaJla oTnHqaJOTCSI oT 
172 Lu . a 3-4 p aaa. B cne KTJ.l"' 

Y -ny qe l! ynanOCb1 TBKH M o6pa30M I BbiUenHTb iiHHHH 170 Lu H o n pen enHTb HX 

3He prHH H IIHTeHCIIBHOC TH. 

Cn e KTpoM e Tp 

nnSI Hccne)lOBBHHll 6 btn n c nonb30B8H raMMa-c neKTpOMeTp c Ge ( Li ) n eTeK-

Lu, 

3 3 
TopaMH K08KCHBnbHOrO THII8 0 6 'beMOM "' 5 CM H ,. 12 CM • llJH pHH8 nHHHll H8 no-

nOBHHe BbiCOTbl COCTBBn!IJI8 4,5 - 6 KSB B WHpOKOM UH8fl830He aneprH ll. PerHCTpa

llHSI HMnynbCOB npOH3BOJlHn8Cb 2048-KaBanbHbiM 8H8l!H38TOpOM. 

Peay.nbTBTbl BaMepenult 

PeaynbTBTbi H3MepenHit sneprult H HBTencHBBocTel!: 

a Ta6nuue I. 
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Ha pH c. I a , 6 , a noK838Rbl oTnenbHbie y qacTKH cneKTpa y -nyqeil . 

llnR rpanyHpOBKH y -cneKT poMeTpa no 3 Hepr HRM Hcnonb30Banacb 3Hepr HR 

y - nepexona 1115 K3B Hzn H 3HeprHH HeKoT opbiX y - nepexonoa 
170 

lu, 

C . A . lllecTonanoBo i1 no H3 -

MepeHHRM cneKTpa KOHBepCHOHHblX 3neKTpOHOB Ha c neKTpOMeTpe THna 2 tT V 2 

B nepaon KonoHKe Ta6nHUbl I npHaonRTCR 3 Ha'ieHHR E Y 1 nony'ieHHbie H8MH npH 

H3MepeHHH cneKTpa y - nyqetl 
170 

Lu, a KonoHKe naa - E Y• nonyqenHb!e npH 

H3MepeHHRX KOHBepCHOHHbiX 3neKTpOHOB . 

Ha coaemanHe no RnepHotl cneKTpocKonHH a lly6He a HJOHe 1967 r. 6bin 

/6/ 
npeacTaanen aoKnaa Eananaeaa H ap . , a KO TopoM npHBOJ:lHTCR pe3ynbT8Tbl no oT-

aenbHbiM y'!aCTKaM Konaepc HOHHoro cneKTpa 
170 

Lu, nepeMepennoro c ny'IWHM 

pa3pemeHHeM H 6onee TO'iHbiM onpeaeneHHeM 3HeprHH nepexoaoa, '!eM 3TO caenaHo 
/3/ 

a pa6oTe Mbl aaen H YTO'iHeHHR a Ta6nHuy I cornacHo aaHHbiM 3TOil pa6oTbi. 

3Ha'!eHH~ Ey ao aTopoM c Ton6ue, LlBHHbJe c TO'IHOC T b!O ao aecRT biX aone11 K3B, 

a TaKme cooTaeTc T BYIOIIIHe HM lk npHaeaeHb1 H3 3Totl pa6oTb! . OcTanbHbie E y 
/2 / 

BO BTOpOH KOnOHKe B3RTbl H3 H H3 C006llleHHR C , A , illecTonanoaotl, YTO'IHH!Ollle -
/3/ 

ro n aHHb1e 

Ko3¢¢HuHeHTW BHyTpeHHetl KoHaepcn~ H Myn bTHnonbHOCTH y -nepexoaoa 6binH 

onpeaeneHW no HHT8HCHPHOCTRM KOHB8pCHOHHWX 3neKTpOHOB, nony'ieHHWM B pa6o-

/2,3,6/ H 
Tax 1 H no HHTeHCHBHOCTRM y - nyqet\ , OpMHpOBK8 npOH3BOL1Hnacb no K0 -

-3 
3¢¢HUHeHT8M I<ORBepCHH y - nepeXOJ:lOB 11 38 K3B a k (E 2) = 2 , 3 . 10 H 1054 

K3B at (E2) ~ 2,7. 10-
3

. B pa6oTe EepKa H 3n6eKa
111 

6bino ycTaHoaneHo, 

'ITO ypOBeHb 11 38 K3B RBnReTCR y - BH6p8UHOHHbiM ypOBHeM C xapaKTepHCTHKaMH 
+ 

2 , 2. npn aHan H3e CXeMb1 pacnaaa 6binO yCT8ROBneHO, 'ITO ypoBeRb 2 125 K3B HMe-

-4 
eT xapaKTepHCTJIKH 1- . T eopeTnqecKoe 3Ha'ieHHe a k (E I) = 3 ,4. 10 anR nepe -

xoaa 2 125 K3B Hcnonb30aanocb anR yTO"<IHe HHR HOpMHpOBO'IHoro MHO>KHTenR. AHHll 

rRnRUHOHHbiA nHK OTHOCHTCR K 
170 

Lu o E r o HHTeRCHBHOCTb o n peaeneHa H3 H3Mepe-
1et 

HHlf C ''lHCTb1M' HCTO'iHHKOM , B KOTOpOM OTCyTCTBOBan lu, B cneK Tp8X >Ke 6onee 

aonroll<HBYIIIHX H30Tonoa 
171 

lu 11 
172 

Lu oH He 6bin o6HapyJKeH . Vl3 pa6o-

/5/ 170 
Tb1 H3BeCTHO, 'ITO aeCb n0 3HTp OHHbiA pac nan HneT Ha OCHOBHOe COCTORHHe o Yb o 

VfCXO/lR H3 6an a HC8 HHTe HCHBHOCTetl y -nepex o.ooi?, a o6cym.oaeMoJ1 HH>Ke cxeMe 

Mbl onpeaenHnH, 'ITO log f t = 9,5 , 'ITO Hennoxo cornacyeT cR c aen H'illHOJ1 9, 76 , 

nonyqeaRo li a pa6oTe XaHceHa
141 

H log f t > 9,51 cnenyJO lUHM H3 pa6oTbi ll mene -
151 

noaa H .op . 
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11HTeHCHBHOCTH y -nyqea pSina nepexonoa, onpeneneHHbie npH H3MepeHHSIX 

B moTeUHeaoi\ tjlpSKI(HJI, 38MeTHO npeBblll18llH COOTBeTCTBY!OlUHe aenH'IHH bl npH H3Me

peHHSIX 
170 

Lu, Bi.!lteneaaoro H3 ratjJHHSI , 3To o6 'bSICHSieTcSI aano>KeaneM 6nH3KHX 

no aaeprHH llHHHll p83 llH'IHblX R30TOnOB, 11HTeHCHBHOCTb B TSKHX Clly'ISSJX npHHHM8ll8Cb 

110 H3Mepe HH SlM B •onee 'IHCTblX YCliOBHHX , 

np.11 aaepr.11nx Bbil!le "'2 Mae ace nHHHH np.Raanne>KaT 
170 

Lu , HHJKe I Mae 

H3 H3MepeHitii HS 
/ 2/ 1St f3 -cneKTporpatjle aaaecTHbi nHHHH, oTHOCHlUHecSI K Lu, 

KOTOpble 6bmH y'ITeHbi npa aaanHae cneKTpa • OnaaKo a cpenaea o6nacTu aaeprHII 

y 'l ~T np HMec en BCTpeTHn pSin TpynaocTell. 

n /3 / . 
B pa6oTe >Kenerroaa H np. cne KTp KoaaepcuoHH biX aneKTpoaoa conep>Kan 

liHHHH 189 Lu H 
170 

Lu B aeKoTopb!X c nyqagx OHH HMenH 6nH3KRe aaeprHH, H 

TO, 'ITO llHHHSI CnO>KH85!, CTSllO SICHO l1Hlllb nocne 8H8!1H38 cneKTpS y -nY'Iell. 

CaMo ii c Hnbaoii l1HHHeii a moTeuueaoll tjlpaKUHH Bbrme I M aa oKaaanacb 

y - 1450 K3B (pHC , 16 ) , npH'l~M 6onbill8H 'lSCTb ee HHTeHCHBHOCTH OTHOCHTCSI 

K 
189 ) / 2 / Lu ( T&6nHUbi 1,2 • K c o >KaneHHIO, B H3MepeHHSIX XapMaua H np. KOHBep-

CHOHHBSI llHHHH 3TOrO 

naaoa c neKTporpatjla. 

nepexona a 
111 

Yb, no-BHJ:lHMOMy, ae nenana a pa6o'lHll nHa 
/3 / 

B Hallleii pa6oTe H B pa6oTe n >Kenenoaa H J:lp. HCTO'IHHKH 

6blnH nonyqeabl onnaaKOBbiM cnoco6oM, n MO>KHO cnen aTh npennono >KeHHe , 'ITO oT-

aol!leHHe qacna pacrranoa 
111 

Lu H 
170 

Lu a accnenyeMbiX npenapaTax nonlKHO 6biTb 

npH6nH3HTenbao onnHaKoao. Torna a npennono>KeHHH, 'ITO a 
189

Lu MYllhTHnonbHOCTb 

nepexona 1450 - El, nonyqaeM, 'ITO nonOBHBB HHTeHCHBHOCTH K-1450 OTHOCHTCH K 
170 

Lu , n nH6o a aToM H30Tone HMeeTCH naa 6nH3KHX nepexona, npn'l~M onnu 

H3 HHx EO, nK6o aTo OAKH nepexoa TKna M2. EcnK nepexo.n 8 
18 "Lu 

TRnB E2, TO 6onhll18H 'IBC'•·b HHTeHCHBHOCTH K-1450 OTHOCHTCSI K HeMy, H Henb3H 

cnenaTb BbiBOU o MYnhTnrronhHOCTH nepexona a 170 Lu. OnaaKo BTopoii aapHaHT 

Meaee 

1) 

aepoHTea no cnenyromHM npH'IHHaM: 
/3,6/ 

B pa6oTax H3MepSincn nepnon nonypacnana aToro y -nepexona no 

KoaaepcHOHHbiM aneKTpoaaM. Oa OKaaancl! 6nH>Ke K 48 '!SCaM, ae>KenH K 36 'laCaM. 

- /2/ '" 
2) Cornacao pa6oTe 1 a cxeMe ypoaueii Yb HMeeTcH cocTOHHHe 1450 KaB 

9/2-, C KOTOpOrO MO>KeT llll.TH EJ nepexon B OCHOBHOe COC TOHHHe let Yb 7/2+. 

Y'IHTbiMH ace aTo, Mbl nonaraeM, 'ITO K pacnany 
170 

Lu OTHOCHTCSI nonoanaa 

HHTeacnaaocTR nHaRR K-1450 a Ta6nRue I, To ecTb 500 enHHYU. 
17 I 110 

'8 pa6oTe 6binO YCTSHOBne HO, 'ITO K Lu OTHOCHTCH npn6nH3RTenbHO 80% 

RHTeBCK&KeCTH nHRHR K-1450. 3TO 'IHCliO OTllH'!SeTCl! OT p8C'I~T8 110 HHTeHCHBROCTR 

y -ny~eii, 110 pac'I~Taoe aaaqeane 6nn>Ke K onbrTy, ecnH npHHllMBTb MYllbTHnonh

HIICTJo nepexe•a • tit Lu - E 1. 
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Ta6n• ua I 

3 u e p r HH 1 OTH OCK T en bHbi9 HHT9H C HBH OC T H 1 Jt03<jx:pHUK 9H T bi 

KOHBepcH H H M yn bTHnonbH OCTK f'BMM a-n e p e x O.llOB a 
170 

Lu , 

E K3B Iy y MynbTH-
HBCTOHW. . no I 

Iy a • 
nonbHOCTb 

KOHB. ~ • c p. 
pa6oTa Lu - cj:lp. Lu H3 HI 

an. 

I 2 3 4 5 6 ? s 
S4 S4 4 IS3 IS3.tiS a =2000 E2 3,?.10 L 

153 153 6500 s,s 5,8±0,6 
Ill IIOO Ill I 

193,5 193,5 I2600 52 52;t5 240 E2 
22I 234 
223 505 
224 216 
Z2S ?55 
236 2?0 

242 242 I910 5,4 5,4j:O,S 350 M1 
252 206 

283 2S3 IISO s,s S,S;tO,S 130 !H 
28? 2S? 360 12,2 IZ;tl 30 EI 

302 130 
324 324 1260 10,2 9,2 IO;tl I26 !.II 

366 9? ~2 !:2 !:50 (lili) 

3?1 { 3?0 S2,5 1 ?0 ~2 ~2 
3?2 10S 

314 { 313 Ill } 13 ~2 !:2 
315 54 
390 234 ~ ~3 1: so (All) 

396 396 300;t50 ~3 6.3 ~IOO i.42,EO ~·? 
410,3 60 "' 4 >60 (M2) 

420 4I9,? 600;tiOO IO 10 10;t2 60.t20 MI 
444 443,3 48.:t9 ~I ~I a48 (MI, 1~2) 

456 1155,6 IIO.t30 ~3 !.3 ~ 3? (IU) 
4?9 4?S,? 63.tl2 :!S3 ::3 ~2I (IU) 
492 492,5 ?5±10 IS IO IO.t2 ?,5.t2,5 EI 

497,0 50±I2 <I c::I ' ;:oSO . (M2) 
5II IS IS 
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540 540,2 160.±30 - ~3 !:3 ~53 (Y2) 
542,9 26.±13 } 50 16 16.±3 544 544,3 590,±40 37.±12 M1 
547,4 40.±13 
563,1 "-22 

572 
{ 571,4 

572,3 
32+II } 
II0.±16 - 26 26.±5 - E1(E2) 

579 579,4 ~30 ' 29,6 6,4 6,4.±1,0 4,7 (M1,M2) 
587,0 31.±16 

619 618,5 25.±7 - ~ 4 ~4 ~6,3 (E2) 
621,4 30±12 

688 689 108 48 ~6 ~6 ~18 (M1) 
839 841 180 24 20 22.±4 8,2 JiU 
854 857 234 25 21 23.±5 10 M1 
939 938,6 270±20 42 30 36.±6 7,5j;1,5 M1 

942,0 21.±10 - ~I ==1 · ~21 (M2) 
947,6 37+16 

953 
t 952,6 33;16 } 

!06 !:06 954,7 25.±12 -
985 { 984,9 500+40} 180 I70 I75.±10 

He EI 
987,0 I90.t30 

999 100I 108 } 47 47±12 2,3 (EI,E2) 
1003 1005 540 230 72 72±18 7,5 JJ1 
1029 !028,6 90 ~ 22 14 14.±3 6,4 i.U 

!050,4 62.±13 ] 
132 123 128.±10 !054 1054,0 280.±20 2,2.±0 ,6 E2 

1060,0 
1061 1061,3 

34+8 } 
I33.±II 200 54 54.±5 - He E1 

1069,3 I7.±3 - ~I ~I ?: 17 (M2,EO•i) 
I07I,2 7.±3 

liOI II01,5 55.±5 } ~3 .-.-3 ~!8,3 .·A2 
(ll05) Il07 ,o 67.£3 I7 12 12 5,6 lv!I 
ii33 II33,1 100.±8 ~35 ~zo "-'28 "'3 ,5 E2 , MI 
1158 II38,2 188.±7 II3 77 77±8 - [g) 

II40,8 37_±6 1 
{ II44,0 89-HO 80 77 75.±8 

II44,5 Il45 ,3 Il2±IO J 
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II54,8 -4 
II64,3 5,t2 
II79,8 6.:i;2 
I2I2,4 ...;5 

I2I8,5 I2I7,8 26;!:4 29 

} 
30 30,t5 0,86,t0,30 EI 

I22I,7 13Lf:t7 98 98,t15 
!225 1225,1 86,t5 0,88,t0,20 E1 
!228 1228,4 92.:i;6 "'I4 ~14 6,5 IH, M2 

1235,4 22f3 '-.5 <.. 5 .,.4,5 {MI, 1.12) 
1251,4 7 :I ~ I ~5,5 {MI, Y2) 

1256,5 t 1256,2 36,t5} 57 3I 31;!:4 
1257 ,o 28±5 

1263 1262,9 35±5 18 4 4,tl 8,7,t3,0 M2 
Il80 1279,8 156,ti4 290 174 I74j:I7 0,90j:O,I5 EI 
1295 1294,4 56,t7 --30 59 50,t10 I,1,t0,4 EI 

{ 1306,2 39±5] 
. 

1306,5 25 34 30,t5 Be EI 
1307,3 56±5 aa EI 

1323 !323,1 I4.:i;4 35 3 3,ti 4,7,t2,0 IH 
.. 

1341 !340,6 8I.:i;6 !53 70 70,t7 I,2.:i;0,3 EI, E2 
!364 1364,0 72.:i;ll roo roo roo 0,72 EI 

I382,9 20±5 
1393,0 7 ' 1 roo 52 52;!:6 

!395 !395,3 86;!:6 I,8,t0,5 E2 

I404,5 
{ I404,I 

I405 
24±5} 
30±5 61 51 56;!:6 

1413 7j:,2 
I4I7,9 3-ti 

1427,5 
{ 1427,3 60~31 88,t5 1428,1 23,t3 liB 88 

1435,5 16±3 
I450 1449,9 1000 775 60 60,t6 2:.8"') !.12, EO 
I455 I455,I 44,t4 30 30;!:6 I ,5;t0 ,4 E2 
I459 I459,5 I4,±2 23 23,t4 0,6;t0 ,2 E1 

I479,5 609,ti6 EO 
I482,0 1481,5 28,!6 14 10 10j:,4 2,8,ti,4 M1, E2 

I49I,9 "-5 
15I2 I5II,9 34,t3 64 64 '4.:!:' 0 ,5.:t0, I EI 



1516 1514,0 35,:t3 '"'-18 7 '"'-IO ""- 3,5 (I.U ,M2) 
1534 1534,2 25±2 24 24 24±3 1,0±0,2 E1, E2 
1551 1550,5 46±3 13 8,5 II±4 4,2±112 M2 

155717 4±1 - - - ....;. 

1562 1564 12±3 - 3,3 313±110 316±118 M1, 1.12 
1566 1565,9 95±5 - 217 2,7±1,0 35±15 EO -t~ 
1575 1576 28±2 17 II,2 14±3 210±016 l..U 
1583 1584 I0+2 17 31'+ 314±1,4 310±115 (M1) 

161015 { 1609,7 71S±1 15 } 13 15 14±2 
161019 15,5±115 - He EI 

1619 1620 23 9 9 
1630 1631 5±1 } 411 416.±115 111±014 E2 
1634 1635 9.:t2 918 315 3,9±112 213±018 M1 

1641 7±2 - ~1 ~1 -7 (M2 1.EO) 
1646 7.:t2 - "-l "-2 "'315 (M2) 

1651 1652 5.:t1 - 2,3 213±111 2,2.;t1 12 (E2,M1) 
1660 1661 5±2 39 3,6 3,6±114 1,4±018 (E2 1M1) 

1668 4±1 - - - ..:... 

1676 1675 7±2 16 21 18±4 0,40±0,2 IU 
1687 1688 4±2 - 3,7 3,7±018 1,1±016 (E2) 
1703 1704 7±2 312 3,4 313±1,3 211±110 M1 I (E2) 
1775 1776 Ill3±1,5 5,2 515 5,4±1,1 118±014 IAI 
1809 1810 IO.:t2 . 19 15 17±4 0,6±0,2 E1 
1840 1841 310±0,8 4 510 5.:t1 0,6.±012 (E1 1 E2) 
1859 1860 915±1,5 ,..,.20 1310 13,0±3 o, 73±0118 E2 
1877 1878 7.:tl' 1315 14 14±2 0 15,±0 I I E1 
1901 1902 7±2 16 17 17±4 0,41±0,16 EI 
1935 1936 3,3±018 <..513 ,.. 2,0 "'"2,0 ~1,6 (IH) 
1955 . 1956 36±3} 28 28±3 I,3,:t0,2 iH 
1961 1962 7±2 35 414 4,4±0,8 1,6±016 ;.u 
2030 2032 9±2 6715 23 23*.:!:4 0,4.:!:0,1 E1 

2041 e039,3 ~so} 190 I% 193±10 
204112 ~so 

2Il7 2II8 4,7±0,5 1217 18,5 16±3 0,30±0,06 K1 
2125 2125,5 41,8±115 133 134 134±7 0,31±0,02 EI 
2151 2151 9,3±1,0 4,4 4,7 4,6±1,1 2,0,:t0,5 M2 
2191 2191 13,4±017 35 40 38±3 0,35±0105 E1 
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2208 2 ,0.±0,4 
22I8 I,3.±0 ,3 --.3 ~3 ~0 ,4 (£1) 
2232 I ,4.±0 , 5 - 3, 7 ~ 1,7 ,.,. 2,7 ~o , 5 (EI,£2) 
2268 2,6.±0 ,8 } ~ 1; ,6 ~4 -0 ,65 (1<;2) 

2.:.'15 2275 7 , 2.±0 ,8 25,4 23 ,5 22.±3 0 , 33.±0 ,06 E1 
2279 2,0.:f:0,5 5,8 5, 4 3,6.±0, 7 0 , 54.±0 ,17 EI (l.:Z ) 
2290 1,5.±0,4 ~2,5 <l, 7 ~2 .-0, 8 (E2~ LII) 
2299 1,0.±0, 5 ~I, 7 -1 , 7 --0 ,6 (E2 , . .li ) 

2306 2308 I , 4.:t0 ,7 -4 r-2 -3 r-0,5 (t.:I, E2 ) 
2327 3, 9.±0 ,6 -7 ~2 ,_4 --1 (JI) 

2342 2343 2,1.±0,4 3 r , o ,_3,6 ,-Q,6 (82) 
2363 2365 II ,6.±0, 7 32 32 32.±3 0 , 36.±0,04 EI 
2399 2399 3, 7.±0,5 I2 I2 I2; u.±r,2 0 , 51.±0 ,05 EI 
24II 2410,6 6,0.±0 , 7 2I 24 22 , 5.±2' 5 0 ,27±0,04 EI 
2423 2423,2 3,2.±0,4 9 9.±3 0 ,4.±0,I (EI) 

2437 2,7_±0, 5 
2452 2449, 2 I,7.±0,5 <10 - 5 -5 --0,3 (EI ) 
2495 2494,4 5,5.±0,5 20 19 I 9,5.±3,0 0 ,28±0,05 EI 
2520 252I,3 3,0.±0 ,4 r-5 r-2 -3 ,_ I (MI, ;J2) 

2533,I 1,0±0 ,2 2 ~z r-0, 5 (E2) 
2556 ,9 1,6.±0,3 ~I, 8 ~1, 8 r-I (!4I 1 i.i2) 

2575 2575,3 1,8±0 ,3 4, 4 5 ,0 5,0 0 ,4 E1 , E2 
2506 2585 ,4 1,4±0,2 6 r-7 -6 ,.._ Q, 23 (EI) 

259I,9 0, 7±0 ,2 ,_1 ,6 ~3 <5 70,2 
2602 260I,5 0,7±0,2 4, ) 10 r-IO -,. o ,1 
(26I4) 2616,2 0,6.±0,3 ~I ..-...1 ,_o,6 (MI,E2 ) 

264I,7 1,9.±0,3 r-2 -2 ,.._I {MI,M2) 
2654 ,1 I -2 ,_z '"'-0, 5 (E2,MI) 

2663 2663 ,4 9,9.±0,6 32 31 32.±3 0,51.±0,04 EI 
2691 2691 12 ,9.±0 ,7 56 54 55±6 0,24±0,03 E1 

2698,2 7,8.±0,6 8 16 ~ 12 · 1"-0,6 (M1) 
2748 2747,8 12,6±1,5 44 44 44.±5 0,29±0,05 EI 
2782 2782,3 13,5.:i:0,7 25 23 24.±3 O,%.:f:0 ,06 rAI 
2845 .1345 ,5 9,7.±1,2 40 40 40.±4 0,24±0,04 .!!.:I 
2856 2855,8 2,2±o,6 5,4 !0,3 7,8.±2,6 0,28.±0,12 (E1) 
2882 2881,8 IO ,2.±0 ,6 19 19 19.±3 0,54.:i:0,08 MI 



2920 (292I) - - 4,8 4,8 
2929 2927,9 3,8_t0,7 13 19 I6.t3 0,24,±0,06 E1 
2940 2939,9 8,I±0,7 33 36 35±4 0,23±0,03 EI 
2948 2948,0 3 ,9_t0 ,5 10,6 15,5 !3.±2 0,30±0,06 E2,EI 
2956 (2960) - - 5,0 5,0 
2%6 2%5,6 15,6.t0,8 27 29 28.t3 0,56.t0,08 !H 
2984 2984,2 I,1.t0,4 2,4 2,8 2,6.t0,8 O,Lf.t0,2 (E2,MI) 
3009 3009,4 1,8_t0,5 3,6 5,2 4,4±0,9 0,4I.t0,14 E2,M1 
30!5 30!7 - 6,2 5,8 6,0,ii,2 -
303! 3030,6 6,0.t0,4 27 28 27,5.t3 0,22.t0,03 EI 
3040 3044,8 I ,4_t0 ,2 3,3 5,1 4,4.t0,9 0,32±0,08 E2, (M1) 
3052 3054 (0,8) 2 - f'-2 "' 0,4 (E2,MI) 
3065 3064,9 2 ,6_t0 ,3 9,7 7,8 8,8.tl,3 0,29_t0,06 E2 .. 
3083 3086 - ""I "-3,4 ~"-2 -· -
3095 3094,2 3,2.t0,5} II,2 ro 10.t1,5 0,30.t0,06 (E2) 
3!02 3102,3 I,8.±0,4 6 6,0.tl,5 0,30.±0,08 (E2,llii) 
3II5 3II5,I 4,6.t0,3 20 2I 20.t2 0,23±0,05 EI 
3I27 3!23,5 0,5.±0,! 1,9 1,7 I,8.t0,4 0,28±0,08 ~2 

3148 3I46,7 I ,4.t0 , 2 4,4 3,5 4,0±0,8 0,35±0,09 E2 ,I.U 
3165 3I64,9 0,9±0,I 2,0 2,4 2,2±0,5 0 ,41±0,09 .H,E2 
3183 3I83,I 0,9±0,! 0,7 1,9 "-1,5 "-0,6 " (:.u ,t.l2) 
3I96 3I96,4 0,6.t0,2 - 2,2 2,2.t0,5 0,27.tO,I2 ~1..,.M1 

3203 3202,6 I,O.t0,2 - 1,5 1,5±0 ,5 0,7.t0,2 M2 
3296 l01tf't) 

a ) JlnH onpeaene HHH a, y ]450 K 3 B 6e p B T C SI fi On OBHHa I • ( c M.CTp. 6 

T B KC T.S}. 

6) n o rpeW HOCTb a nH I y B cny qae E < 2 M38 onpeaen eKa no H3M e pe HHHM 
170 y 

Lu H 3 Hf npH E y > 2 M 3 8 no H3MepeH HHM 
110 Lu K3 Hf H Ha 

Lu - q,p, KuH•. 
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170 
113MepeHHSl y - cneKTpa Lu B moTeuHeBot1 tjlpat<UHH H B HCTO'IHHKe moTeUH51, 

Bbt/1eneHHOrO H3 raqlHHSI , BO MHOrHX CJiy'laSIX U03BOJIHJIH peUIHTb BOUpOC 0 npH 

HBI1Jie)f(HQCTH y -nepexo Jla 
11 9 

Lu HnH
17 0

Lu . OaHaKo an51 pnaa HencHbiX cnyqaea 

6btn nocT aaneH onbiT no onpeaeneHHJO nepHoaa cnaaaHHSI HHTeHCHBHOCTeii TaKHX 

)' - nepeXOI10B, 11HTeHCHBHOCTH HX onpeaem!nHCb OTHOCHTeJibHO JIHHHH 11 15 KSB 

85 
Zn , He66Jibwoe KOJIH'l9CTBO KOToporo 6btno ao6aaneHo K HCTO'IHHKY . Eonhwoii 

n epHoa non ypacnal1ft 
8 5 Zn T

112 
~ 265 aHeii noGaonnn npoaecT H H3MepeHH51 c ao-

c T a T o'illoll T O'il!OCTbJO, PeGyn b T aTbt JlnH pHaa cHnhHbiX y - nepexoaoB, npH Haane)f{ -

HOC T b KOTOpblX 6btna HeH3BeCTH a paHee, npHBeaeHbl B Ta6nHue 2, nnHHSI 1378 KSB 

110CTOBepHO OTHOCHTCSI K 
189 

Lu JIHHHH 2041 KSB H 2 125 KSB - K l?O Lu If OHR 

c n y)f{a T n poaepKoA npaBHnhHOCTH onpeaeneHHSI nepnoaoa nonypacnaaa. 

Ta6nHua 2 

nepH0/1bl cnaaaHHSI HHTeHCHBHOCTeJ! HeKOTOpblX )' - JIHHHJ! 

B JIJOTeUHeBOt1 tjlpaKUHH 

E KSB T 1/2 >< 11eHTHtPHKaUHSI 
)' qac 

H3oTona (A ) 

1138 45 .±5 170 + (169; 

1257 44 .± 6 170 + (I69) 

1341 41 .± 4 169 + 170 

1.364 44 .± 4 170 

IJ78 34 .± 3 169 

1428 42 .± 4 170+( 169J 

1450 35 .± 3 169 

1482 50 .± 10 170 

2041 49 .± 5 170 

2125 50 .± 5 170 
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CxeMa pacnaAa 

npe.QnaraeMall B H8CT011lli9ii pa6oTe CX9M8 pac na.Qa l70 Lu (pHC. 2) BKmo-

qaeT 8 ce611 ypoaHH 
170 

Yb, KOTOpbie 6binH 1!3B9CTHbi AO HacToHmero apeMeHH, 

H oKono 20 HOBbiX ypoaHeii . 0cHoaoi1 AnH ee nocTpoeHIIII 6bino coanaAeHne 3Heprnn 

npi!Ml>IX II KBCI<BA H blX nepeXOJlOB H COBM9CTIIMOCTb MynbTHnOnhHOCTel\ nepeXOJlOB, 

cB>I3aHHbiX c OllHHM ypo B HeM. OnHoapeMeHao c aawei! pa6 oToll Ha c oaemaHHe no 

HLlepHoll cneKTpocKonHH B HIOHe 1967 r. B Lly6He 6bin n pencTaaneH noKnan .il>Keneno

aa H Jlp, 
17 ~ B KOTOpOM H8 OCHOB9 YTO'IH9HIIII 3HeprHii KOHB9pCHOHHOrO cneKTpB 

170 Lu .QenaeT cll nonbiTKa nocTpoeHHII cxeMbi pacnaaa 
170 

Lu no 3HepreTn'leCKOMy 

171 
6anaHCY , Yf3 ypoaHeH, npHBeneHHbiX B H OTCyTCTByiOlliHX y HaC, Mbl BKJII0989M 

B 81i8nii3 CX9Mbl TpH ( 2039
1 

2363 H 3094 K3B ), KBK npOHBniiiOlliH9CII H8H6onee '{~TKO 

H p83pii>KHIOWH9CH y -nepeXOJlHMH, COBM9CTHMbiMH no MynbTHnOnhHOCTH. 

npa nocTpoeHHH cxeMbl pacnana 
170 

Lu Y'IHTbiBanacb pa3HOCTb Mace 
170 

Yb 
170 /5/ 

n Lu Q • 3462 K3B , KOTopaH HaKnanbiBana npenen Ha 3Ha9eHHH 3Heprni1 

B036y>I<n911HbiX CO C TOHHH!! H n03BOnllna OU9IiHTb 3 H8'19HHH log f t {3 - nepexonoa. 

+ 
Y poBii ll 2 npH {3 - pacnane B036y)I(JlBTbCH lie non>I<Hbi ( log f t > 11 ) , II 

nnH HHX HliT9IiC HBiiOCTb npiiXOJllllliHX y - nepexonOB non)I(HB pBBHHThCH HHT9HCHBHO-

cTH yxonHmllx. 

Y p 0 B 9 II 0 C 1i 0 B H 0 ii n 0 n 0 C hl 

Y poBHH OCHOBiiOii poTHUIIOHHOii nonocw B 
+ 

Tpe y -n y'lei1 no nepexonaM 84 K3B, 2 

110 Yb 
'I ~TKO npOIIBIIniiCb B cneK -

0+ 11 193,5 K3B 4+ -2+. nony-

qeHHbie nnH HIIX K03~cjlHU119HT bi KOiiBepcHH c ooTBeTCTByiOT E2 nepexonaM, 'ITO HB

nHeTC II nononHHT9nbHblM fl0JlTB9p >I<n9HII9M npaBIInbHOCTH Bbi60pa HOpMHpOBO'IHOrO 

MHO)I(l!TenH ( T a6n11ua I). 

170 

TT + 
Ypo a HII c I ~o 

B R3nyqeaan Lu IIMeeTcH HecKonhKO y -nepexonoa c 6onhWIIMH Ko3(j>-

lj!HUH9HT8MH KOHBepCHII. no-BIIJlHMOMy, np11 pacnane I70 Lu CO CfliiHOM 0+ MBnO-
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11{' 
eepORTBO B036yJKil9BH9 H30M9pHblX COCTORHHi! Yb C 6orrblUHM CllHBOM, H Mbl npHHH-

MaeM, 'ITO Myn&THrron&HOCTH TaKHx nepexoaoe EO, Cna6ble nHKH a cneKTpe y -ny-

qel! MOryT OTHOCHTbCll K rrepeXOilSM C 6nH3KOI! aaeprHel!, 

EO nepe , onbi MOryT RUTH MelKJly cocTORHHSIMH c onHHaKOBbiMH cnHaaMH, B 

'ISCTHOCTH, C COCTOS!HHII 0+ HS OCHOBHOe COCTOSIRHe, 

+ 
YpoeaH c xapaKTepHCTHKaMH 0 6ynyT cna6o aacenRTbCR npH f3 -pacna.rte 

110 
Lu Ha-aa aanpeTa no HaoTorrgqecKoMy crrHHY nnR ~epMHeecKHX f3 -nepexonoe, 

K8K 3TO 6binO UOK838RO Ha rrpHMepe {3 -nepexona B OCHOBHOe COCTORHHe 

170 /4 5/ 
Lu ' • 3KcnepHMeHTan&Hbie aaaqeaHR log f t .rtmt HHX nonyqHnHCb 6nH3.><:HMH K 

B9!lH'IHH9 9,5, TIOnyqeaaol! HBMH A!lll {3 -nepe xona B OCBOBHOe COCTORHH9. 
110 

Yb 

(eM. pHc . 2). 

CaMoe BHJKHee eoa6y>K.aeHHoe coCTOSIHKe THna 0+ 6biTIO o6Hapy>KeHo e pa6oTe. 

III 
6epKa K .ap . npK aHeprKK 1065 K3B, HawK .aaHHbie He npoTKBopeqaT BhiBo.ay o cy-

mecTBOBBHHH ypOBHll 0+ C aaeprHel! 1069 K3B, HO aacenReTCSl OH OTHOCHTeJibHO cna-

6o. no-BHAHMoMy, c aToro ypoeaR aa nepBbill eoa6ylKJleHHbi!t ypoeea& H.rteT nepexoa 

985 K3B, HMe!Oll!HA 3HB'IHTeJibHO MeBblliY!O HHTeHCHBHOCTb, 'leM YKB38HO B Ta6rrHU9 1. 

B npoTHBHOM cnyqae OTHorneaHe npHeeneaabiX eepoRTJIO c TeA EO H E2 nepexonoe X 

HB OCHOBHOe H nepeoe B036yJKAeiUIOe COCTOSIJIHe llOJiyqaeTCSI 3HB'IHTe!lbHO MeBblll9, 

qeM H3BeCTJIO H3 OTibiTB Ami ApyrHX ne<jlopMKpOBBHHblX l!Aep. 

nea npyrHX ypOBHll THrra 0+ HMeJOT aae~rHH 1479 K3B H 1566 K3B, Yfx paa-

pHAKB npoHcx o.rtHT 6onee HHT9HCHBHbiMH y -nepexonaMH. 

B Ta6:nHue 3 aKcnepaMeHTarrbHbie aaaqeHHSI aaeprHA cpaBHHBBJOTCSI c pac'!!!THbiMH . 

Yfa TB6nHUbl BHAHO, '!TO y'I!!T CllHH-KB8ApynorrbHOrO B38HMOAeftCTBHSI MeJKAy HyK!lO

HBMH B KOJIJieKTHBBOM .rtBHJKeHHH ne~opMHpOBBHHblX SIAep ITO cpaBH9HH!O C 'IHCTO 

KBBApyrrOJibHblM B38HMO,l:l9 HCTBHeM rrpHBO.rtHT K llOHHJKeHH!O 3HeprHl! ypOBBel! H llpH-

6nn:JK8eT n:x K aKcnepn:MeaTanbHbiM aaaqeaaRM. 06pamaeT aa ce6H aan:Maan:e ~aKT, 

'ITO BTOpOi! H TpeTHi! ypOBHH THlla 0+ pBCllOJIOJKeHbl i5JIH3KO K8K B H.rtpax I&Ml;r, 
178 Hf, TaK R e H.rtpe 

170 
Yb. 

+ 
PacCMOTpHM CBOI!CTBS ypOBHell THna 0 . 
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N· 

ypOBHR 

2 

3 

Ta6nRua 3 

3K c n epHM9HT8IlbHhl9 R pac'l e THhl9 3 H849HHR 3HeprHA 

y pOBHeA THI18 0+ 

E K3B 

17o Yb 
H8U1R no KB81lPY- C yqe TOM 118 

Hf 
ll8HHbJ9 nOnbHOfj Bl C ilRHOBOrO 

TeOpHR B38H~A- 191 
CTBH51 

1069 1490-1560 II00-1370 II99 

1479 1640-1720 1480-1560 1434 

1566 1830 1620-1730 1444 

114 Er 

I 10/ 

1245 

1698 

1766 

3aaR HHT9HCHBHOCTH nepe XOilOB H8 O CHOBH09 H nepaoe B036ylKil9HH09 COCT0-

17 0' 
Yb, MOlKHO onpe A e nRTb OTHOUJeHRe npHBelleHHbiX aepoRTHocTeA EO H E2 5JHHR 

n e pexollOB c ypo aaeA THna 0+ no ¢opMyne 

X ~ B ( E 0 ; i -+ f ) = 2, S6 • : lO g A 4/ s 
B(E2; i-+ f) 

E y 5 (E2 )M3B 

n 

lk(EO) 

l y( E2) 

rAe n k - n apaM e Tp, 38BHCRU1HI"I OT z I{ 3 HeprHR EO - nepexolla . E r 0 3 H8"19HRR 

Il l / 
onpeAeneHbi no p a6oTe Y epqa H ll P · l-13 T a 6nRUbi 4 BHilHO 3 8ME'THOe pa3nR"!Re 

B 3H8'19HRRX X AnR pa3HbiX SIIlep. CHnhHaR 3BBH C HM OCTh pacq(')T HbiX 3Ha'!e-

HRA X OT Bbi6opa napaMeT poB cnHH - KBallpynonhHoro B38HMOileJ1cTBRR 38TPYiliHieT 

Cp8BH9HH9 T 90pHH R 0Il b !T 8. l13B9CTHO CilHUJKOM M8Il0 COCTOHHHA THI18 Q + B ll9¢op

MHpOB8HHbiX Rllp8X , 'IT06bl MOlKHO 6b!Il0 y BepeHHO Bb!6Hp8Tb napaMeTpbl T90pRH F! 

ll9Il.8Tb 38Kfl10'19HH 9 0 IlpRpOil9 ypOBHeJi, 

I 121 
no MOil9IlR .fiBBblllOB8 MOryT CyU19CTBOB8Tb llB8 THna Kone6aT9IlbHbiX ypOB-

aei\ c 1 TT = Q+, 

.finR {3 - Kone68 T 9IlbHbiX COCTORHHI1 nap8M9Tp X paaeH 0,47, llflR 

y -Kone6aTenbHbiX OH HBXOilHTCSI B llHana3oHe OT 5 llO II llflR HHTepaana 3HeprHA 

)QQQ-16QQ K3B. 0.QHH .113 ypOBHSH, 1479 K3B .llflH )566 K3B, MOlK9T 6b!Tb RHTepnpeTH-

pOB8H KBK {3 -Kone68T 9IlbHb!H, 
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Ta6nuua 4 

0THOIIIGBHH UpHBGAGHHbiX BepOHTHOCTel! EO a E2 nepexoAOB, 

HAymux c ypoeael! Tana 0+ 

N! E X * X SKCU, nt Teop. 

ypoBBll KSB X SKCU. 

170yb, 
KB8ApynonbHOe CUHH-KB8A-

11eHf 
B38HMOAel!CTBHe pynonbaoe 114 Er 

H8111H 
B38HMOAeil-

ll8HHbie 
191 I 101 CTBHe 

1069 0,2 0,18 O,I8 O,I5 
2 1479 r, 7 .ro""1 0,83 0,043 0,4! o,ro 0,39 
3 

r,8.ro"'1 !566 0,85 4,95 0,074 0,38 0,78 

X Teop., npaeeAeHHbie e Ta6naue, paCC'lHT8Hbi npa napaMeTpax HQ = 8,2 H 

H t • 0 e cnyqae 'iHCToro Keaapynonbaoro eaaaMoaei!cTBHH a npa H q = H t = 8, 2 

AnR cny'iall cnua-Keanpynonbaoro eaaaMoaeilc TBHH. 06bRCHeHHH K napaMeTpaM Hq 
. 18 1 

H t CM. B pa6oTe nHTOB8 H ap, , 

Ha coCTORHHH 1479 KSB 0 +, 0, no-BHilHMOMy, ocaoeaaa poTauaoaaaH nonoca. 

8 CXeMy BeeaeH ypoeeHb 1534 KSB, CB5138HHhlil C OCHOBHOil pOT8UHOHHOi! UOflOCOl! 

+ + + + 
nepeXOil8MH 1534 KSB 2 ----.0 (E2), 1450 K SB 2-2 E2 ( +EO) H 1257 K SB 

2 +-+ 4 +, a T8K)K e C UepBbiM ypoeHeM y -!IH6p8UHOHHOl! flOflOCbl nepexO.llOM 396 KSB 

2+ .. 2+, (E2+EO) . 
+ 

Cnoco6 paapHAKH onpeaenReT cnua H 'i~THOCTb ypoeaH 2 , a oTaorneHHH npaee-

neaabix aepoHTHOCTei! 

B (E2; 2+ -+4+) I B 

B (E2; 2+ -.2+) I B 

+ + 
( E 2; 2 -+ 0 ) ::: 3,4 H 

(E2; 
+ + 

2 -. 0 ) < 3,3 

UOSBOnliiOT onpeAe nHTb KB8HTOBOe 'lHCno K = o. nepBbll! pOT8UHOHHb!l! ypoaeHb 

UOflOCbl neJKHT HB 53 KSB BbiWe OCHOBHOrO, 'ITO 38MeTHO MeHbiiie, 'leM B OCHOBHOl! 

pOTBUHOHHOl! nonoce H COOTBeTCTByeT H8 60% 6onbWeMy MOMeHTy HHepUHH, 8 HApe 

I7B Hf T8KJKe aa6mOil8flOCb yae nH'ieHHe 118 66% MOMe HT8 HHepUHH COCTOHHHH 0 + 
/ 91 

c aaeprael! 1434 Kae 

no peaynbT8T8M Ta6nHUbl I MOJKHO Bbi'!HCflHTb, 'iTO HHTe H CHBHOCTb EO KOM

noaeHTbl nepeXOA8 1450 KSB COCT8BnHeT I k = 410 eAHHHU. 3TO ABeT B03MOlKHOCTb 

OUeBHTb aenl!'!HI!y n <..paMeTpa X llfl51 ypOBBH 1534 KSB ( X > 0,32), KOTOpb!l! He 
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cHnbHO oTnHqaeTCH oT aaaqe HRH X = 0,83 nnH ypOBHR 1479 KSB H Mo*eT cny-
+ + 

IK RTb no.aTaep>K.lleHH e M npHHa.one*HOCTH ypoaHetl 0 H 2 K Oil HOi! nonoce. Tpy .llHO 

::;aenaTb Onpe.oeneHHOe 3aKnJO'-leH.He, RBllHIOTC S! n.H ypOBHR 1479 H 1566 KSB KOn-

/8/ 
neKTHBHblMH, .O BYXKBa3H'-laCTH'-1H blMH HnH 6onee CilO*HblMH COCTO HHHHMH, YJa pa60Tbl 

;ne.ayeT, '-lTO SHeprHS, nepaoro J:lBYXKB83H'-laCTH'-lHOrO COCTOHHHH paBHa 1,57 M SB, 

QononHnTenhHbJe caeae HHH Momao 6brnO 6bl nonyqHTb B3 a aaqeaBI! log ft .onH {3 - n e -

/13 / 
pexonoa aa sTH ypoBHH, no pacqeThi Conoabe aa Bhmonae Hbl TOnbKO L:tnH paape -

UJeHHbiX no H30 T01IH'-leCKOMY CliHHy {3 -nepexoaoa , H a aaaHoM cnyqae TaKotl aaa-

nHa aeaoaMome a. 

IT t Y poBHH c 

HanHqne aecKOilbKHX nap n epexoaoa THna M I HnH E2 c paaHOCTb!O aaeprHi! 

+ 84 KsB noc nymHno ocaoaa aHeM anH aaeaeH.HH ypoaaetl c xapaKTepHCTHKaMH I . OaR 

MoryT aacenHTbCH KBK nyTeM sneKTpoaaoro a axaaTa a 170 Lu• TaK R 

c 6onee BbiCOKY. x ypoaaetl . 

y -nyqaMR 

B Ta6nRue 5 npHBOilRTCH nepeqeab ypoaaetl co CllRHOM 1+. nnH PHila R3 HHX 

B03MOmHO 6bJnO Ha OCHOBe OTHOUJ e HBtl llpRBelleHHblX aepOHTHOCTetl M 1-rrepeXOilOB 

R (M I) caenaTb BblBOil o KBaHTOBoM '-lRCne 'K' H napaMeTpe cMeUJnaaaHH •a•. 

nnH COCTOHHHfr C 9HeprHHMH 2039, 2782, 2966, 30 94 KSB Mb! nony'-1H1IR R ( M I) 

6nR3KHM K 0,5, R, cnellOB8Te nhHO, aenaeM BbiBOil, '-ITO IC paaao I. f1 apaMeTp cMeUJH-

BaHHR -"a' nonyqaeT CR llOBOnhHO M8ilb!M, 

0 3Ha'!eHHH 'K' llllR ypOBHR 2698 K9B TPYilHO caenaTb 3aKn!O'!eHHe BBH.OY 6onb

woro p83n.H'-1HH B HHTeHCHBHOCTHX nepeXOilOB HB OCHOBHOe H nepaoe B036ym.oeRHOe 

COCTORHHe, 

Aaanua HHTeHc HBROCTetl y -nepexoaoa, RllYUJHX c ypoaaeA 3148 H 3183 KSB, 

38TpyllHRTeneH BBHilY ReOilH03HaqHOCTH B onpeaeneHHH MynhTHilOllbUOCTetl, nng 9THX 

ypOBHefl xapaKTepHO, '-lTO C RHX HllyT nepeXOilbl HB B036Y*Il9HHbl9 COCTORHHR THna 

0 + C 60ilbUJHMH npHB91l9HHblMR BepORTHOCTRMH, '-19M HB OCHOBH09 COCTOHHR9, 3TO 

npoHnniDCTpHpoaaao a Ta6nnue 6. f1peanonaraeTcn, 'ITO MynhTRnonbHOCTR acex nepe

xo.ooa -MI. 
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YpoBHH 

1228 

2039 

2782 

2966 

3094 

IJ06 

2698 

3148 

3183 

3148 

3183 

Ta6nHu a 5 

3aeprHH ypoBHefl THna I+ B 
170

Yb H oTHO uleHI! SI 

npHBeneHHbtX aep o stTHOCTe il M I nepexon oe Ha ocHOBHYIO 

R( M 1) = 

nonocy 

B(Ml; 1+ ~2+ ) 

B ( M 1; 1 + ... 0 +) 

J ,J 

0,57 

0,56 

0,75 

0,48 

T a6nnua 6 

B biBon * a * 

o 'K ' 114/ 

(OJ 

0,01 

o,or 
I 0,033 

,...,Q 

0THoc nTenbHbte npHaene HH ble aepoHTHocTH M I - nepexoaoa 

C ypOBHe il 3148 KSB H 3184 KSB H8 y pOBHH Tnna 

I,O 

r,o 

0 1479 

15 

+ 
0 . 

+ 

1566 

f.JO 
45 

PoTauHOHHbte ypoBHH, CBSI38HHbte c cocTOSIHHSIMII THna I , He o6Ha py l!<eH bi. 

B o3MO)KHO, I!CKniO'IeH.Je COCT8BnSieT ypoBeHb 1306 KSB, KOTOpbil! 
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BBOilHTCH HaMB n pellnOJIOlKHTen bHO , PacnonolKBHHbtll Ha 34 KaB BbtWe yposeJib 

1340 KaB MOlKeT Ob!Tb poTBUHOHHbtM c K £1. 3 ToM y He npoTHBOpe"!BT HH HJITeHCHB

HOCTH nepeXOilOB, HFI Bbl"!HCJieHH8H BeJIH"'HH8 HHepuHOHHOro napaMeTpa A•8,5 K3B, 

3KcnepHMeHT8JibHOe 3H8"!eHHe HHTeHCHBHOCTel! nepeXOilOB C ypOBKW 1340 K3B He TI03-

B01ISIBT HCKJIIO"'l!Tb 3H8 "1BHBe K•O llJISI Hero, HO S 3TOM CJiy '!ae •on>KeH cymecTSOB8Tb 

" + yposeHb c I , K • 0 ,0 c aJiepnrell Ha 50-80 KaB MBHbmeli . ilnw sselleHHSJ TBKoro 

ypOSHH S cxeMy paCTI8/l8 HBT llOCT8TO"!HblX 3KCnepHMeHT8JibHblX OCHOB8HBII, 

+ 
HaHoOnee sepOHTHO, 'ITO see COCTOSIHHH THna 1 CBSI38Hbl C H3MBHBHHBM 

BHyTpBJIHell CTpyKTypbi Slllp8 
170 

Yb • Pacq(lT bl no csepxTeKy"!ell MOilenH n pB/lCK83bi-

S810T nOHBJieHHe H8 Bb!COTB ., 1200 K3S ypo BHH THna D 633 t - n 633 t HllH 

+ 
n 52H - n 52U HHlKHHII H3 paccMaTpHsaeM btX HBMH ypoBHell TBna 1 1228 

K3B 6btn npellJIOlKeH 
/ 2 / 

eme XapMaTueM H .op. Bo3MO>KHO, OH w HBJIHeTcH npellCK83bt-

saeMbtM ConosbeBbtM yposHeM llSYXKBa3H'!acTH'iHOII npHpOilbt • OllHaKo oH He noll-

TBep>KJl89TCH HB y -nepeXO/l8MH csepxy, HB MYJibTHnOllbHOCTHMH y -nepeXOilOB, 

HllyWHX C Hero, 

npH aaeprHH 2300 K3B T8K>Ke npBilCK83t.lUIOTC!I •aa llSyXKB83H'i8CTH'!H blX COC-

/15/ 
TOHHHH p 404 ~ - p 402 -f H n 642 f - ll 633 t , C) .. HAXCI T!IYilHO HllBH-

TH~HUHpOS8Tb K8KOII-nH60 3KCilBpHMBHT8JibHbll! ypo~ea. KSK ••yxnpOTOftftWI! HJIH 

ASYXHBIITpOHHbll!, npu aaeprii:HX OKOJIO 3 Mas MOrY.T npOHBllHTbCH "'eTt.qteXKB83H'i8C-

TH'!Hbte COCTOS!HHH, 

YpoBHH c 
rr 

- 2+ 

Ill 
B pa6oTe 6hlna o6JiapylKeaa y -sH6pauHoaaaH nonoca Ha yposJie 

+ 
1138 Kas, 2 • TonbKO aTOT yposeab nonocbt npoHBHJicH npu pacnalle 170 Lu . 0THo-

mea11:e npHBeAeH.HbiX sepoHTHOCTel! 

B(E2; 2+ .. o+) = O, 
41 

B( E2; 2+ .. 2+) 

y -nepeXOAOB H8 ypOSHH OCHOBHOI! TIOJIOCbl 

Meabme, 'iBM SBJIH'iii:H8 0, 7 no np8SHJI8M AnarH. nonp8SK8 Z H8 CMBWHB8HHe ¢0CT0-

51HHI! C pa.3llH'!HbiMH 'K" llOlly'iBBTCH p8BHOI! 0,10, 'ITO HBCKOJibKO npeBbiW8BT 0 6bi'i

HbiB 3H8'!9HHH 0,03 - 0,05 llJIH Hll9p B cepeAHHe 06JI8CTH llecjlopMBUHH, 3TO MO>KHO 

CBH38Tb C llOBOJibHO OOJibWOI! aaeprHel! y -BH6p8UHOHHOPO ypOBHH B C H8XO>KJlB-

+ + + 
HHBM nOOJIH30CTH yposael! TUna 1 H 2 , nepBXOil H8 ypoBBHb 4 ae H80JI!Oil8JICH, 

Ero HaTeacHBHOCTb no npaBHJiaM Anarz llOJI>KHa 6btTb Mana. 
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YpOBHH 1340 K3B H 1534 K3B 6billH H!leHTHqlHUHpOD8Hbl BbiWe, K8K pOT8UHOH-

Hble COCTOilHHil, 

Eme O!lHH yposeHb Tllll8 2+ MO>KeT 6biTb H8 BbiCOTe 1859 K 3B, HeKOTopaR 

HeonpeneneHHOCTb s HHTeHCHBHOCT51X H MYllbTHnonbHOCTRX HnymHx c Hero nepexo-

!lOB He l103BO!lHeT np08H8llH3HpOB8Tb OTHOlll e HHe HX npHBeneHHbiX DepOHTHOCTeil. 

BoaMO>KHB HHTepnpeTaUHH ypoBH51 1 859 K3B KBK nsyXKBB3H'IBCTH'IHOro. CsepxTeKy-

+ 
qan Monenb npencKB3biBaeT aHeprHIO I, 7 Mas nnSJ cacTOSJHIIH Tl!na 2 p 411~ -p40H 

H 2,0 Mas - !lllH COCTORHIIH p 523 ' ~ - n 521 
/15/ 

HecosnaneHHe I!HTeHcHBHOcTeil npHxonHmHx H yxonHmHx c yposHefl 2 + y -nepe-

xoaos cnenyeT OTHeCTII aa c q eT HenonHOT b i cxeMbi pacnana 
170 

Lu. VIMeeTcSJ 

eme MHOrO HepaaMemeHHbiX nepeXO!lOB, HeKOTOpbie H3 KOTOpblX MOryT 6biTb CB51-

+ 
38Hbl C ypOBH51MH THll8 2 • 

IT 

YposHH c 

CpenH s oa6y>KneRRbiX yposHet! ne,PopMHposaHHbiX qeTHO-'IeTHbiX Rnep HeHasecT

Hbi COCTOHHIIH CO Clli!HOM H 'leTHOCTbiO 0 • 06o6meHH8 51 MO!lellb npeUCK83biB8eT, 

'ITO oKTynonbnhle sH6pauHOHH hle cocTOHHHSJ c K = 0 MoryT HMeTb TOllbKo ae'leT

Hbie CllHHbl 1,3,5 ••• 3TOT BbiBO!l cnenyeT H3 CHMMe TpHII COOTBeT CTDYIOlliHX BO!l

HOBhlX <jlyHKUHil, 0 U H8KO aapaHee Henb3SI CK838Tb, 'ITO cpe!ll! B036y>KUBHRhlX COCTO-

SIHI!l! He MO)I{eT 6b!Tb ypoBHel! c I IT • K = o-. 0, T8K K8K BOllHOBblB <jlyHKUIIH 

llBYX'IBCTH'IHbiX COCTOSIHHI! He HMeiOT COOTBeTCTBYIOlliHX aanpeTOB, Pa3pSIUK8 

yposHeH 0- MO>KeT llpOHCXO!lHTb M 2 nepexonaMH H8 COCTOHHIISI THll8 2 +, a T8K>Ke 

HB ypoBHH I+, 1-. PaccMoTpeHHe aKcn epi!MeHTanbHbiX naHHbiX npusonHT K B03MO>K-

wocTH cymeC TBOBBHHSI ypOBHeii TH!l8 0 B ITO Yb C 3HBprHSJMH 1635 K3B II 3288K 3B. 

0THO!lleHHe npHseneHHbiX sepOHTH OC T e l! M 2 nepexonos Ha y -sH 6pauHOHHhill 

yposeHb 2+ H Ha nepBbil! poTauHoHHbi ii yposeHb 2+; B(M2to- .. 2+) / B(M2;0- .. 2+) 
2 I 

UllH COCTOHHH51 1635 K3B paBHO 130, •nn COCTOSIHHH 3288 K3B - 22. 

3aMeTH851 OTHOCHTellbHBSI 38TOpMO>KeHHOCTb KOHKypHpyiOlliHX MJ H El nepe

XOJ:!OB, K B K H pa3llH'II!B D sepOSITHOCTSIX M 2 nepexoUOB, MO>Ke T 6biTb Bbi3B8H8 OC0-

6ol! CTpyKTypol! Sl!lp8 D C OCTOSIHU51X 0-. 
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" y p 0 B H H c I - I 

170 
B cxeMe ypoaHeA Yb ycTaaoaneHo 10 ypoaHeA c I" ~ 1-. no xapaK-

Tepy pa3plHIKH Ha OCHOBHYIO nonocy OHH p83Jl9USIIOTCSI Ha 2 rpynilblo 8 nepayiO 

BXOJlSIT Te COCTOSIHHSI , JlilSI KOTOpbiX OTHOlll9HHe R ( E 1 )-- B( E 1; 1- .. 2+ ) 

B(El ; 1- .. o+) 

6nHaKo K 2, T.e. K aenH'IHHe, KoTopyiO aaeT o6o6meHHaSI Moaenb a npeanono>KC-

HHH, 'ITO K = 0. Bo BTOpyiO rpynny BXOJlSIT YPOBHH , JlnSI KOTOPblX 

KO K 0,5 - TeopeTuqecKoMy aHa'IeHHIO anSI K = I (Ta6nuua 7). 

a) Y poBHH c I" , K • 1-, 0. 

R( E 1) 6nua-

TonbKO anH ypoBHH 2929 KSB R ( E 1) CHilbHO OTUJ.I'l89TCSI OT apyrHX 3Ha'le-

HwA. nonpaBKH Ha cMell!HBaHHe u onoc anSI nepexoaoa K = 0- K • 0 coaeplKaT aaa 

n a paMeTpa, KOTOpb!9 H9B03MOlKHO nony'IHTb H3 OJlHOI'O OTHO llleHHSI, i1HTepnpeTHpOB8Tb 

sTH ypoBHH MOlKHO no paaHoMy, 

Ta6nuua 7 

8HeprHH ypOBHeA THna 1- B 
170 Yb H OTHOill9HHSI npHBeJl9HHblX 

aepoHTHOCTe A El nepexoaoa aa ocaoaay10 nonocy 

Y pOBHH 

KSB 

1364 

2125 

2275 

2495 

2929 

3II5 

2.363 

2748 

2940 

1512 

R(El)-=-B-(E l; 1- .. 2+) 
B(El; 1- .. 0 +) 

2,1 

1,2 

2.0 

1,3 

2,8 

1,5 

o,n 
0,8 

0, 22 

0,6 - I,6 

22 

Bb!BOJl 
o •K• 

0 

0 

0 

0 

0 

0 

I 

I 

I 

O,I 

•a• 
I 14 1 

-O,I 

+0,04 

-0,065 



0 A H8 H3 B03MO~HOCTe A C OCTOHT B T p8KT OBKe COCTOgHHA 1364 HllH 1512 K3B KllK 

OKTynonbHhiX Kone6aTenbHbiX 1 c sg3 8 HHbiX c ocH08HblM c ocTOH HHeM 
170 

Yb. KaKHe-

nH6o H3 ypOBHel! B Ofi llaCTH 2100 K 3 B H Bbllll 9 MOr'YT 6b!T b OKTyllOllhll b l MH y pO B R-

agM H , CBg38RHblMH C K B8Apy llOllb H b lMH {3 - HllH y - Kon e 6 aHHgMH . T a K, c y p os-

ag 21 25 K3 B HA9T C Hllb Hb l M y - n epexon 118 y - 8H6pauHOHHI>r rr ypo s eab, 'ITO 

MO>K9 T 6b!Tb llOBOllOM B ll0llb3 Y YK 8 38HHOH HHTe pnpe T B UHH • 

/1 5/ 
llpyrag 803 M O>KHOC T b cnenyeT H3. pacq~TOB no cse p x T e Kyqe li MonenH 

KOTOp ag n perrCK83biB89T, 'ITO ll B Y XK B83H llpOT OHHblti ypOB9Hb p 523 t - p 40H 

non~e H HM9Tb s n eprmo 2,0 M3B. nsy xHeiiT pO HHbiH ypOB0 Hb 

npencKa3 biBaeT cH a a B b i C OTe 2 ,3 M 38. CocT og HH H c I " , K 

n 63H - n 514~ 

J-,0 2125 K3B, 

2275 HllH 2495 K38 , B03 MO >K HO , HM9!0T i:I B YXKB83U'I8C T I!'IHY!O npupony . 
TT 

6 ) Y posau c , K = I , I 

3 TH J;'P081Uf MOlKHO p 8CC M 8 T p H B8Tb K8K OKTY llOllbllb le K01Ie6aTe llbH b!9 HllH KaK 

nsyxKsa3uqa c TH'IH hie. T a K, npH 3 n eprHH so36y~ne nHH 2,4 M 3 8 O >KHnae Tcg nsyxnpo-

TOHH0 9 COC TOHHH9 p404t - p 514+ 

!13 CnliCK8 y -ne p e xonos BHnno, 'ITO cxe Ma p ac n a na nomKHil 6biTb 

r o pa3no c no>KI!ee , qeM noK a 3 aHnaH a a p uc. 2. OnaaKo n nH HHTepnpeTaUHH yposaell, 

n ng o n p enene HHH H x npupOllbi ay~H bl, no-BHllH MOMy , nonon HI!T<J nbHbi e naHH bie, nony-

qeaaw e s gne pawx p e a KUHgx. 

OueaKa U H T e H C H B H 0 C T e A n e p e X 0 ll 0 B 

J..1HTeHCHBH OCTb p a 3Meute Ha biX 8 n pennaraeMoA cxeMe p ac nana y -ne p e xono s, 

npHXOllHlliHX H8 OC H08H09 CO C TOHHHe 
170 Yb, cocTasngeT 2200 8 enHauu ax T a5 -

nHUbl I H aa n epsoe Bo36yll<n e aaoe c ocTOHHHe 1150 yxonnT c a e r o ne p e x on 84 K3B 

C UHT9 HCUBHOCT b !O 1340 9lll!HHU. no1IH851 HHT9HCHBHOCTb H e p83M9Ul9HH blX n epexo-

AOB c o c TasngeT 700 e nHHHu. Mo>KHO il,..,:lnnono lKHTb, 'ITO 3Hil '!HTe nhHilH qac Tb H3 HHX 

HA9T H8 OCHOBH0 9 C OCTOHHH9 H TOr'L(B MOlKHO npi!HgTb llOllHY !O HHT9 HCHBHOCTb llpHXOllH

lliHX Tyna n e p e xonos 38 2500. B aToM npe.nnono>«eaaa C5brnH oue aenbi 3aceneaaocTH 

yposaeA 38 C'!~T 31I9KTpOHHOr'O 3 8X88T8 H B9llH'IHHhl log f t f3 -n e pexonoa. 3TH 

3aa qeaHg yKa3aHbl aa cxeMe pacnana. Hy~ao OTMeTHTb, 'ITO nnH HH3 KO pacnono-

~eHHbiX yposae A nong f3 -nepexonos MO >K eT 6biTb MeHbrne 3a C '! ~T 3 aceneHHg 

HX y -nep9XO.!l8 MH, 8 A llSt Bb!COKHX 3T8 llOllg MOl!<9T 6b! Tb 60llblll9 3 8 C 'I~T yxo-
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I:UlmHX BHH3 )' -nepexoAOB. nonyqeaabie oueaKH log f t ae npoTHBope'W.T CAenaa-

Hb!M BblBOAaM 0 KB8HTOBb!X xapaKTepHCTHKaX ypoaael!:, 3aa'!eHHH log f t AliH ne
+ 

peXOAOB H8 ypOBHH THna 0 BenHKH 3a C'I~T 3anpeTa no H30TOllH'!eCKOMY CnHHY 

Klllt H AliH OCHOBHOrO COCTOHHHH, 3aaqeHHH log f t AliH nepeXOAOB Ha ypOBHH l 
• + + 

rpynnHpy~cH oKono 7. He o6aapy~eao HH OAHoro pa3pemeaaoro nepexoAa 0 -- I 

c MBllbiM 3Ha'leHHeM log ft. 3To MO>KeT 6biTb Bbi3Baao CTPYKTYPHbiMH 3anpeTaMH. 

AsTopbi Bblpa~aJOT npH3HaTenbaoc Tb E.C • .ll>Kenenoay, K.H.rpoMosy , H.YI.nstTo

By 38 HH'repec K pa6oTe H none3Hble o6cy~AeHHH, C.A.illecTonanOBOl!: 3 a AHCKYCCHIO 

H noMOmb B pa6oTe. AaTOpbi 6noroAapsiT TaK~e coTpyAHHKOB BapmascKoro HHCTHTY

Ta HAepBbiX accneAoBaHHl!: 3.npel!:6bima, A.3rnHHCKoro, A.nnoxouKoro 3a o6cy~Aeaae 

cxeMbi pacnaAa 
170 

lu H ueHHbie 3aMe'!aHHH. 
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