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. 3a' nocne1mne I'O/lbl Sl)leJJHOfi !plI31IKOfi oi,m HaKOII1!0H. ooninrofi aK:cnepl{i:H~HTllnb-. 

I Hb!fi MaTepnan, KOTOpblfi CTan OCHOBOfi nnsi c:'oa,naHIISI MO)l8nbH.blX:np81l6TaBn~HHfi_(o":·,_ '., 
i ·: ! . . . ' ~ . ' . . • \ . 

_CTp08HIIII Sl)lpa. EonbWII8 ycnexn llOCTHI'HYT.bl npll OO'bSICH8HIIII psina CBOfiCTB cq>epn:""' · 

-· .. ,. ,'lecKnx· sinep c qncnoM npoToHOB n: aefiTpoHoB, onnaKnM K Marn:qecKoMy, ·Ha ocHose .. 
. • '. . ; , • , •• - .• ~ ' , ' • • - : ~ - ' ~ _,I .; •. ·.., , • . r 

: ooonoqe'{HOfi MO/l8nl! ( Mafiep l! Jlp,), <f>H3l!'leCKll8 CBOfiCTBa' Jleq>opMl!pOBaHHbiX .. 
• ' ' I .- •.....:. •; 

siJlep c MacdoBbIM qncnoM 150 :,. A ~- 190 n A i 222 B aHa'lnTenbHOfi cTaneHH yJla..:.· 
, l . ---: •. _ . - - ' - ,·-·. ·•; __ -:,_·, 

·. n~cb 001>sic11nTb 11a ocHoae· o6of5meHHofi_ MOJlenlI, paaanTofi O, .EopoM n {'1oTTen_&co-. 

HOM, CX8Mbl HIInbCCOHa n caepxTeKy'lefi MO)lenn. ConoBbeBa,_ 3TH MO)lelll! .:aTOMHoro ~, .. 
- . - . ' -- " .• 

S!)lpa · ll_anll ·. B03MOlKHOCTb, Cl!CT8MaTII3l!pOBaTb IIM81()Wl!8Cll SKCII_eplIMeHTllnbHb!e 'nalf~. 

Hbl8 . II KnaCCl!!pl!Ul!pOBSTb MHOI'IIe ypOBHl! SIA8p II~ l!X IIpl!p0Jl8, nony'leHHbifi,, 8KC-ne::.. 
, .• • • . • - •. ... , r 

pl!M8HTanbllblfi MaTE;PHan cn'ylKl!T He TOnbKO nnsi npoaepKl! IIpl!M8Hl!MOC'I'~ Moitan~n.·. 
1 • --

HO TaKlKe siiinsieTCSI O_CHOBOfi nnsi ')lanbH8fiIIJero _ pa3Bl!THSI . MOAE!nbHb!X np'encTaBne,:-: . , . 
I • - ' . ·' . f' 

Hl!fi O S!)lpe. B H8CTOSIW88 BpeMSI l!MeeTCSI npennonOlK8Hl!e; OCHOBaHHOe •·Ha aKcnepn-, ' . . . 

MeliTanbHblX llSHHb!X O TOM, 'ITO cymecTByeT 

' si'nep B pafioHe H8fiTpOHO/l8!pl!lll!THbiX l!30TOIIOB 

HOBBS! oonaCTb )l8!p_OpMl!po~aH~bl~ . ' . 

c A - 130. B casiau c hnM S1B1JS18T- ..-· 

. ?SI O'leHh BSlKHb!M H HHTepecHbIM )l8TanbHOe l!3y'l8HHe CBOfiCTB HefiTpOHO)l8!pHUIIT'::· 

Hb!X H30TOIIOB p8/lK038M8nbH_bIX aneMeHTOB, 

HacTOSIWSSI )lHCCepTauHSI IIOCBS!WeHa· HCcne)loBaH1110 CBOfiCTB Sl)lep, oopaayro-: 

muxcsi npu. pacnane H3oTonoa HTTepoueaott, Tynneaott n uep~eaofi q>paKnntt, ·Hett-:-\· 
( . . . .. , 

TpOHO~eq>HUHTHbie H30TOIIb! uepHSI H IIX )lO'lepHH8 Slllpa HaXO/lSITCSI B HOBOfi' oonaCTII 

)l8!pO.pMaUHH Hl,IH , OKOno rpaHHllbl . STOfi oonaCTH. 

HccnenoBaHHSI npoH3BO)lll:nHCb C IIOMOWblO oeTa-C~8KTp.orpa~a C IIOCTOSIHHblM; · 

·MarHHTHbIM noneM, HefiTpoH.oneqiuunTHbie naoToIIbI penKnx -~.~~enQ. MbI no_nyqann ·: .. 

IIpH oonyqeHHH TaHTanoBofi, SpoH8BOfi II I'8)lOnHHll8BOfi MHIIJeHefi IIpOTO~aMH-6 ·•aH~·p.:.: 
--. • • • .• ,. • -~' ' • • <. · •• 

ruett 660 MaB Ha CHHXpOUl!KnOTpOHe naoopaTOpHl! ,sinepHbIX npooneM OHHH. '• . .'\ · 
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.• :,,> 

·i 
nepBaSl rnaBa i:mccepT8Illlll IIOCBstmeua OIIllC8lllllO OCHOBHbIX xapaKT6pl!CTIIK 

" - . . . : , .. < .. "I 
',6eTa-crrexTpOrpaqia c· IIOCTOSIHHb!M MarHHTHb!M rroneM, MeTO)l6M orrpeJieneHnSI snep-

f'.llli _ H OTHOCl!Ten,bHbIX HHTeHCIIBHOCTelt KOHBepCIIOHHHbIX sneKTpOHOB, 8 TSKlKe II3ro-

. To.~neHIISI IICTO'l!{IIKOB. HaM1I rrony'leHo. BbICOKoe pa3pemeH11e. li = 0,02%; · yJianoci. 
' t • ' 

, Yll)''IWIITb 'I'O'IHOCTb OIIpeJien.eHIISl • SHeprn:'il: KOHBepCl!OHHhlX snOKTpOHOB, ' CnOJIOBSTOnb-

HO, y -rrepeXOJIOB, JlO 0,03% II IICcnenoBSTb 38BIICllMOCTh~ MelKJly "IYBCTBII -
' I " •. \ , - ' 

-renbHOCTblO q>OTOSMynbCIIII ( ' P - 50 µ ) 11 8Hepr11en sneKTpOHOB BIInOTb JlO snep-
. I . 

. ,rim 1200 KSB, 

Bo BTOpoli rnaBe 113nOlK6Hbl p~synbT8Tbl ,ll?CneJIOB8Hllll CIIOKTpa '.1rnHBepc110H

H.bIX sneKTpOHO,B ll30TOIIOB IIT'j'ep61IeBoll q>paKIIl!II B IIHTOpBane sueprlIII OT 15 JlO. 

900 .. KSB, 

YTO'IHeH!lI sueprn11 

puMeHTanbHb!6 Jl8HHbI6, 

,- aos6ylKAeHHb;X ypoBHeli 

y -nepexoJioB, B03HIIKarom11x np11 pacnaJie 
167

Yb. 3Kcne'-

rronyqeHHbI6 HSMII, IIO)lTBeplK)l8IOT cymeCTBOB8HII6 .'18Tb!pex 

, 
167 

Tn c SHeprmrMII 116,60; ·142,50; 179,55 11 292,90KSB, 

B Jl8HHOll pa6oTe B!IepBb!O IIOK838HO, 'ITO np11 pacnaJie 
164 

Yb B03HllK8IOT 

cneJiyrom1Ie y -nepeXOJlbI c sueprnsiMn: 37,52 (M 1) • 40I82(El); }49,30; 

'164,4,5(Ml); 187,77(Ml); 190,35; 324,2; 327,3; 362,6 II 390,3 KSB, 8TO CBIIJI0-
164 , 

'I'enbCTByeT O TOM, 'ITO pacrra)l Yb !IpOIICXOJlllT HO TOnbKO B OCHOBHoe COCTOSl-
'164 · • . 

~ne Tu' HO. T8KlKe ll Ha Bos.6ylKJl6HHbl8 COCTOIDIHSI, SToro SIJipa. OnpeJIOneHa Mynb-

TIIIIOnbHOCTb · 'l6TbIpex ne.pexoJioB, TTpeJinonaraeTcsi, 11To B stApe 
164Tn Bos6YJKJIS-

.eTCSI POTSillIOl!Hb!lt ypoBeHb C sHepr1Ieil: 37, 62 KSB n C KBSHTOBb!Mll xap8KTep1ICTH

K8Mll i" · 'K =' 2 + !• l1HTeIIcllBHOCTb nepexoJia 37,52 KSB c~cTaBnsteT HO 6onbme 
,, • . 164 
11e&f'_ 3% Ha pacna)l Yb , II STOT nepeXOJl SlBnSleTCH C8Mb!M IIHTeHCIIBHb!M nepe-

. . 164 
. XOJIOM cpeJI,II nepexo)loB, B03HIIK8IOWIIX npn pacna)le Yb • 0TCIO)l8 cneJiyeT, "ITO 
' , . 16' . . . · 16' 

. 'pacna)l · Yb rnaBHbIM o6paaoM II)leT B OCHOBHOO COCTOSlHllO Tn. 

B pe::3yl!bTaTe IICCneJI.OBSHIIli c~eKTpa KOHBOpCIIOHHb!X sneKTpOHOB IITTep6ne

BOil:_ II Tyn11eBoil: . q>p8KII11li ycTaHOBneuo cymeCTBOB8HII8 paHee H0ll3BOCTHl,IX II30TO-
, . , . · ', 162 - · . •02. ' . · . 

IIOB- HTTep61ISI Yb II Ty/lHSI Tn • l1aMepeH nepl!OJI - rronypacnaJia STHX ll30TO-

noa; -~aB!{b!li -:25 MllH = 1600-CeK H (2i,5 ;t_ 1,0).MHH = .(1290 ±. 60) C6K 1 COOT-
t . ' 

B6TCTB6HHO. IloKa3aHO cymecTBOBaHl!e 

'227,5 KSB, B03HHK8IOWIIX npn pacrra)le 

y -nepeXOJIOB c aHeprmrMH · 102,0 II 
162 

Tn .YcTaHoBneHo, 'ITO o6a nepexo)la SIB-
' 162 

nHIOTCSl 1E2 -nepexo)laMII. 06uapy)K6Hbl II031ITpOHbl Tu c rpaHH'IHh\MII sHepr1Isi-

Mil n OTHOCIITenbHblMII IIHT6HCHBHOCTSIMII 3820;!:.50 KSB ( 100); 2300±.100 KSB( 120) 
162 162 10:i_ 

II 900 ,±.150 KSB ( - 30). TTpeJino)KeHa cxeMa pacnaJia neno'IKII Yb ➔ Tu \ ➔ tsr 

( p1Ic. 1). 
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TpeTbSI rnaBa IIOCBSIW6H8 IICCnOJIOBaHIIIO CBOHCTB' Heil:TpOHOJIOql!!IlllTHbl~ Sl)lep -. . .. ~-
113?TOIIOB TynlieBOil: q>pllK!llIII, CrreKTP KOHBepCIIOHHb!X' sneKTpOHOB II3y'lancsi Be IIH-

,TepBan4;1 saepr1I1I OT 15. JIO _ 1300 KSB. 

, TToJITB6plK/l6HO cym'ecTBOB8HH8 cne)lyIOWIIX ,IISl;l!)leCSlTII , y -rrepOXOJlOB . ( SH~p-
. ' . . · · , ·. · '166 . 

rlISI onpeJienena C TO'IHOCTblO 0,03%), B03HHK8IOWHX npn pacrra)le. . Tu~ 73,50(E2); 

80,60 (E2); 84,15 (Ml); 96;80 ~<E2); 131,10; 147,3_0; 154,45 (Ml:+-E2);170,35 

(E2); 184,40 (E2);194,80 (Mi); 215,20 (El); 280,3'(E2); 298,1-319,8; 1345,7 
' . . . . . 

(E2, Ml); 390,3; 403,9 (E2,Ml); 410,9; 413,5; 429,7; 459,6 (Ml;E2);471 1 6; .. 

520,9; 629,8; (E2+ Ml)_; 594,3 (E2); 598,7 (El); 604,3i 672,0 (El);674,6(El); 

691,1 (E2); 705,3 (E2); 712,4; 729,4 (El,E2); 757,7 (E2,Ml); 778,8(E2); -

785,9 (E2); 810,,1 (E2,El); 875,5.(E2); 1057,5; 1078,9;1084,8; 1152,3(E,2,Ml); 

1176,5 (MO; 1203,9 -(M1'.E2); 1235,3 (El); _1263,2; 1273,4 (Ml); 1300,8 (Ml); 

1347,0 (E2, Ml) II 1374,3 (Ml) KSB II, KpoMe Toro, o6Hapy)KeHb; A6BS!Tb HOBblX 
, • I \ \ ,• 

y:...rrepexoJioB c aHeprmrMII 112,75 (Ml+E2); 216,80; 228,15; 238,50;_ 293,1; 

385,5; 389,4; 496,7; 543,4 ll 702,4 ·xaB, OrrpeneneHa MynbTIIIIOnbHOCTb C6MII Y 

nepexoJIOB, ·na OCHOBe 8KC1;18PllMeHT8nbHb!X Jl8HHb!X IIOJlTB6p)KJl6HO, '{TO npu pacrra-
166 · · + + . 

Tu Boa6ylKJlaIOTCH cneJiyromne ypoBHII: 80,60 (2 O); 266,00 (4 O); 545,30 Jie 
+ . (6 O); 

+· + + + -· 
785,9 (2 2); 859,4 (3 2); 956,2 (4 2); 1075,2 (5 2); 1458,0((2) (2)); 

- + + +· + . . 
1917,6 (3 (3)); 1938,2 (2 ,3 ); 2132,8 (3 ); 2160,2 (3 ) KSB II BBe.QeH H8Mll. 

ypOBOHb C aHepr11eli 2001, 7 ( 2-,3-) KSB, Bb!CK838Hb! coo6pa)K6Hllll O KBSHTOBbIX -
' . ' 166 ·. 

xapa~Tep!!CTIIKaX Tpex Boa6ylKJlOHHb!X ypOBHeil: · Er • YcTaHOBneao, 'ITO. rrepeXOJl 

215,80 KSB rrpolICXOJlllT MO)KJlY ypoBHS!Mll (5+2). 11 (3+2) Y-BII6pa!llIOHHOii nono,-
• I 

Chi, a rrepexoJI c a~epr1Ieii 216,20 KSB' pacrrono)KeH MelKJly ypoBHS!Mll 2132,8 II 

1917,6 KSB, 

noJlTBep)KJI6HhI JiaHHhJe, nMeromnecsi B n11repaType, 06 aaepr1I1I y -rrepexo.QOB 
165 

Tu II o6Hapy)K8Hbl )lBa HOBb!X rrepeXOJia c aaeprlilIMll 222,0 II 238,4 KSB, Ha 

OCHOBO YTO'IH6HHbIX. 3Ha'l6Hllii aaeprlIII y -nepeXOJlOB onpe.QenOHbl aaeprun B03-

6y)KJleHHblX ypoBHei!: 165
Er JlO 920,4 KSB, 

BnepBbie o6HapylK8HbI cneJiyromue Y -nepeXOJlbI c sHepr11siMn ( 94,_ 10) ; 

(94,78); 170,63; 189,9; 201,5; (209,2);'(210,6); 216,5; 217,7; (259,9); (260,6); 

304,2; 316,3; 330,3; 416,7; 544,1; 635,5 KSB,II STII rrepeXOJlbI, 38 IICKIIIO'l6Hll6M 

201,5 II 315,3 KSB, K pacrraJiy 164 
Tu OTHe_ceHbl npeJIIIOnO)Kl!TOnbHO, TSK KSK Jinst 

STIIX nepeXOJlOB aapsrn sinpa HS ycTaHoBneH. YcTaHOBneHa MynbTllIIO,:lbHOCTb rrepexo..: 
. . . + 

. )la 208,0 ( E2) KSB, npeJIIIOnO)KIITenbHO BB6Jl6H ypoBeHb .c a11epr11eii 614, 7( 6 O)Ka_B~ 
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YTO'!HeHbl aaeprmr B036ylKAeHHbIX yp0Bne11 91,40(2+0h299,4(4+0) n 860;6(2+2) XaB. 

161 . · 
nony'leHbI cymecTBeHHo HOBbie ABHHbie o pacrraAe Tu. YcTaHoBneao cy-

mecTBoBaane ABa.ctnaTn ceMn y-rrepexoAoB, B03HHKaromnx npn pacrrane 
161 

Tu:· 

28,00 (Ml); 45,58 (Ml+E2,El); 59,50 (Ml+E2); 78,02 (E2+Ml); 84,42(Ml+E2); 

94,40 (E2); 105,90 (Ml); 112,55 (M,1); 122,57 (Ml); 138,70;. 143,95 (E2)i. 

146,7· (Ml); 156,5; 172,0 (Ml);. 172,8; 181,9; 190,4; 207,0; 215,8; 218,2; 

244,5; 250, 1 ;_ 252,5; 265,4; 283,5; 353,8 n 372,6 KaB. 3a ncKnro'leaneM rrepexo- . 
' , 

AOB 84;,42;. 143,95; 146,7 n 172,0 KaB ace rrepe-qncneHHbie rrepexollbI o6napylKeHbI 

H8Mll BIIepBbie. OnpeJteneHa Mynb:rnrronbHOCTb L1BeHaL1I18TH rrepeXOAOB. Ha OCHOBe 

,rrony'leHHbIX. AaHHbIX rrpe/lfIOlKeHa cxe~a pacrrana 
161 

Tu ( pnc. 2). OrrpeneneHbI 

KBaHTOBbie' xapaKTepncTHKll OCHOBHoro COCTOSIHHll 
161 

Er H ycTaHoBneno, 'ITO B 
161 

·SI)lpe 68E_r 93 B036y)KJ:la!OTCSI poTannoHHbie ypoBHII OCHOBHOro COCTOSIHIISI C 3Hep-

rnSIMll II KBaHTOBbIMII xapaKTepnCTHKaMII 59,50 K3B (5/2 3/2- [ 521]) H 143,95 K3ll 

( 112· 3/2-· [521]); I OJWO'l8CTII'IH08 COCTOSIHH8 C aneprIIefi 172,0 :irnB (5/2 5/2-[528]) 

n - ero pOT8llHOHHbill . ypoBeHb c 8Hepr1Iefi 250,0 K3B ( 7 /2 5/2- [ 523]) •. 

T~KlKe BBeAeHbl )lBa ypoBHll c 3H8pX-H!IMII 146, 7 n 353,8, K3B. npeAnonaraeTcSI, 
161 

'ITO OCHOBHoe COCTOSIHIIe Tu , KaK H L1pyr1Ie H8'leTHbie Sl/lpa TynHSI I IIMe!OT 

·. 'KB8HTOBbie xapaKTepIICTIIKII 1 /2 + [411] • TaKIIM o6paSOM, BCSI COBOKYIIHOCTb' 3KC-
161 

nepHMeHTanbllblX A8Hllb1X O S!Ape Er IIOK83bIBaeT, 'ITO a'rO Sl/lpo, K8K II APY-

rIIe SIApa ap6IIsi, cIInbHo 11e¢opM1IpoBano. 

B rrocneAnell, 'leTBepToll rnaBe rrp1IBOAOHbI pe3ynbT8TbI 1Iccne110BaHIIll paAIIO-

8KTIIBHoro pacrrana II30TOIIOB uepIISI C M8CCOBbIM 'IIIcnoM A = 139, 135, 133 II 

132, 

YTO'IHOHa aHeprIISI r -rrepexoAa c aneprIIefi 165,78 KaB II onpeAenena ero 

Myn&TIIIIOnbHocTb - Ml. LlaHHb1e, rrony'leHHb1e naMII no 
139 

My_ pacnana Ce . 

139 
Ce, IIOLITBeplK/18IOT cxe-

npII II3y'leHIIII crreKTpa KOHBepcIIoHHb!X aneKTponoB nep1IeBofi ¢paKUHH·Ha6nro-
. • 187' <i 

AeH panee nsBeCTHbifi II30M0pllb!II rrepexoA c aneprIIefi 254,30 K3B Ce n 

· YTO'!Hena ero anepr1Isi. YcTanoanena MynbTimon&nocTb aToro rrepexoAa - M4, . Cne

AoBaTen&ao, IIO/lTBep)KJ:leHO, 'ITO CIIPH n '!eTHOCTb if30Mepnoro COCTOSIHIISI 11/2-. 

_B pesynbTaTe IICcne/lOB8HIIll aneKTpOHOB BHyTpennell KOHBepcIIII 135 ce 
· 06HapylKelib1 24 r-rrepexoD.a, II3 nnx rrepexoAbI c aaeprHsiMn 59,08; 86,9; 88,6; 

118,0: 119;5: 132,8; 146,0; 178,0; 200,7 II 267,5 K8B o6HapylKeHbl BIIepBbie. 
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OrrpeAeneaa MynbTIIIIOnbHOCTb cne/lyJOmnx }' -nepeXO/lOB: 86,9 (E2_+ M 1) j 

88,6 (Ml); 118,0 (Ml)~ 119,5 (Ml+E2); 206,4 (Ml); 265,5 (Ml) .II '3ob,O(E2)_~ari. 
I ' 185 . _' . . · .' ·_' - .. 

Ha fCHOBe nony'l0HHbIX Ll8Hllb!X npeAnOlKeHa cxeMa pacrrana Ce • np:n: 8TOM BBe- · 

Aeni.I ceM~ B036y)KJ:leuni,1x ypoBaefi 
185 

La c aueprmrMn n KBaHTOllbJMH x~paK.'l'e
_........' ' + ' +- .. + + ''' . +" 
pHCTHKAMH 119,5(7/2 ); 206,4 (5/2 ); 265,5 (3/2 llllll'5/2 }; 300,0 (1/2 );· 

+ ' . + ' ' + ·. . 
783,2 ( :5 5/2 ) ; 871,8 ( S 5/2 ) n' 1170,8 ( ~ 5/2 ) K3B. Bb!CK838Hbl c~o6palKe-

. ,. ' 186 + 185 ,' + 
HHS! 0 KB8HTOBl,IX xapaKTepHCTHKaX OCHOBHOro COCTOSIHHSI Ce (3/2 ) H La(5/2 ); 

183 .. 
CneKTp KOHB8pCIIOHHbIX ane~TpOHOB Ce BnepBbI8 ·.~ccne/loBaH HaMII. YcTa- · 

188 
noBneno, 'ITO np1I pacnane Ce ao3HnKa!OT y -nepeXoAbI. c · aHeprHSIMII _, 

76,8; 97, 1 n 174,0 KaB. OnpeneneHa Myn&THnon&HocTb 11ayx rrepexoAOB 76,8(M 1) 

H 97, 1 (M 1) KaB. Ha ~CHOB8 /18HHblX 3H8'18HIIfi aaeprlifi, MynbTllIIOnb!IOCTII II, non-
. 1U 

Hbl~ IIHTeHCIIBHOCTell nepeXOAOB rrpe11·nolKeHa B03MOlKH8Sl cxeMa pacnaAa Ce • 

nplI 3TOM BBe)leHbl ABB B036y)K)leHHb!X ypOBllll C aaeprHSIMH 97, 1 n 174,0 K3B. 

BnepBbie H3y'leH CIIeKTp KOHBepCHOHHbIX aneKTpOHOB, B03(1l'IK8!0mHfi I!pn pac-
132 

nane Ce. Ilpu aToM o6HapylKellbI cneAyromne y -nepexo/lbI c aueprnstMH: 

( 29,6); (42,8); 58,35(M l+E2); ( 72,4); 87,8(M l+E2); 123, 7; 127,8; 130, 7(M l+E2); 
I . . • . , 

137,6; 142,3; 155,5 (El); ·177,l; 178,6; 182,2 (El); 190,2 (Ml); 216,8;251,5; 

261,3; 329,5i 345,9; 363,9; 367,8; 404,5; 476,7 (El) u 509,9 K3B. OrrpeAeriea:a . . , 

Myn&TIIIIOnbHOCTb inecTII nepexo110B. Ha OCHOBe rrony-qeJIHbIX /18HHb!X 06· aneprHllX, 

HHTeHCHBHOCTSIX II MynbTHIIOIIbHOCTSIX y -nepexonoa rrpennaraeTcsi cxeMa B03-
132 

La ( pnc. 3). IlpnBe)leHbI B03MOlKHbie KBaHTOBbie 6y)KJ:leHHbIX ypoBHell 
132 - · 

TepHCTIIKH OCHO,BHoro 'COCTOS!l!HSI La ( .:;;:_ 2 ) II IIOKa3aHo, 'ITO B smpe 

·xapaK-
1a2 

La 

rrpn pacnane 
132 

Ce aos6y)KJ:la10Tcsi cne11y10mne ypoaan c KBaHTOBbIMH xapaKTepnc-

TitKaMH: 58,35 ( ~ 3-) i 8J,8 ( ~3-) i 130, 7 
- + + 

( 'S_ 3 ) j 182,2 ( 0 IIIIII 1 ) i 
+ + + 

286,2 ( ::; 2 ) n 476,6 (0 nnn 1 ) KaB. 
135 135 

nony'l0HHbl0 /18l!Hbie O pac~aAe Ce IIOK83b!B8JOT, 'ITO 'll/lpO La Hf> HBIISl-

0TCSI 11e¢opMIIpOBaHHbIM. KaaHTOBbie xapaKTepHCTHKH OCHOBHOro COCTOSIHHSI 
135 + I 

La(5/2) n HII3KIIX ypoBHell aToro sinpa MOlKHO naTeprrpeTnpoBaTb Han6onee 

IlpOCTO B paMKaX o6ono'!e'IHOll MO)lenII. Ecn11 OHO 11e¢opMUpOB8HO, TO O'leHb He-

3H8'IHTenbHO, H TaKaSI 11e¢opM81IIISI, He amrneT Ha CBOfiCTBa Sl/lptf, TaK K8K He ua6~ 

n1011a10TCSI poTa!Il!OHHbie ypoBl!H. 
. ' . 132 132 . 

KaK IIOK83b!B8IOT /18HHbI0 O pacrrane . Ce ,Sl/lpO • La BeAeT ce6si I!Ha'le, '!eM 
185 _ . 132 •-

La • HeKOTOpbie 3Ha'leHHH CIIHl!OB II '!eTHOCTefi B036yl!(/10l!Hb!X ypOBHefi La· 

B paMKax o6ono-qe-quofi MonenII He HaxonnT 061,sicHeH11SI, H, ~ne110BaTen&no, nena-
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182 , 
eTcn-npe.nnono>KeJine, 'ITO Hllpo: · La pecjlop~npoBaHo · n 1rn_aHT0Bh1e

1 
xapaKTeplI~THXII 

-. . 132 · 
Boa6y}K!le1I1Ib!X ypoBJiell: La MoryT 6b!Tb 061>lICH8Hbl Ha OCHOBe CX8Mbl .. Hmu.cco.lIB·, 
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pa6oTax: . 

'1, Abdumalikov A;, Abdur~zakov A., K. Gromov, Zh •. Zhelev., .H. Lebedev, B. Dzhelepov, 
A. Kudry~vtseva_,.Phys. Lett., J?.. 359 ( 19_63), 

2: A6.nyMannxoa A.A,, A6.nypaaaxoa A:.A,, fpoMoB K,H. Ifaa, AH CCCP, 
cepHlI. cjlnaH'l0~KalI, a§_, 257 ( 1864) ll ·nporpaMMa H' T8aHCI,l llOKJIBllOB 

1 
'XIV 8>K8I'OlllIOI'O COB81!l81I.ll:lt no llll8PHOit cneKTpOCKOnHH B T6nnncn, lfa.n-Bo 'Ha-

.. yxa,', 54, · 1864, · · · 

.3. A6.nyMannKoB A.A., A6.nypaaaKoB A.A., fJiaToBH'I B,, fpoMoB K,H., Jl>Ke- ' 

. nenoB s.c. Ifaa; AH YaCCP, cepHlI cjlna-MaT, HayK, Ng §.,56 ( 1965) ,ITporpaMMa n 
T83HCbl llOKna.noB. XIV 8>K8I'OllHOro COB81!l81Illlt no lt.QSp!IOH cneKTpOCKOllHH B 
T6nnncn, Ifa.n-:-ao 'Hayxa', 61, 1864, 

.4. · A6.nyMannKoB A.A., fJiaTOBH'I 13,, fpoMoB K.H. ITporpaMMa n Teanc1,I .nox-
·na.noa _ X,YI . 8>KSI'OllHOI'O COBSl!l81IHlI no n.nepHOit cneKTpOCKOnlllf H CTpyKType aTOM-

Horo, n.npa. Ifa.n-Bo 'Hayxa', MocKBa, 62, 1966, 

5 •. A6.nyManHKOB A.A., A6.nypaaaKOB A.A., fpOMOB K.H. Ifaa, AH Ya CCP, 
·cepnn cjina-MaT, HayK ,Ng6,56( 1965). ITporpaMMa n TeanchI .noKnaaoB XIV e>Kero.n
Horo ·coaema!IHH no smepaolt cneKTpocxonnn B T6nnncn, Ha.n;..ao 'Hayxa', 59, 1964. 

_, ·- 6 •. A6ayMannK~B A.A., A6aypaaaKOB A.A., Eypn6aeB c., fpoMo_B K,H., ne-
6e.neB H;A~. H.nepHan cjlnanica, ~ , Bb!Il, 4, 602 ( 1866); ITpenpnHT OHHH, P-2235, 

I, , Jly6Ha
1 

1865, , 

. 7. A6.nyManHKOB A.A., A6aypaaa1wa A.A., fpoMoB K.H,, fle6e.nea H.A. ITpe-

. IlpllHT OHHH, P-2236, ny6Ha, 1865. 

8, A6.nyMannKoB A.A., A6.nypaaaKoB A.A., fpoMOB K.H,, HcnaMoB T.A • 
ITporpaMMa ·. ll Teanc1,I llOKnaaoB XVI e>KerollHOI'O C0B81!laHlllI no sr.nepaolt cnei:. 
Tpocxomm n cTpyKType aToMHoro napa. Ha.n-ao 'HayKa', Mocxaa, 27, 1866, 
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