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cl>payeaxaliM T. P17 • 11341 

Pacmenneaae aneKrpoHHhlX MYn&Tanneroa ana KOH~arypanaa 
(5r) 2 DO.[l ,ael!CTBHeM Ky6H'!eCKOro KpHCTannH'IeCKOrO nona 
B BepOHTHOCTH nepeXO.[lOB Me*,ay H8BHB3WRMH BBepreTH'IeCKBMB 
YPOBRaMB 

PaccMarpaaaerca pacmenneaae sneKrpoRRhiX Myn&ranneroa, a oco6ea-
BOCTR OCHOBHOrO MynhTHnnera !JH 4 , SKTHHHQOB KOH~HrypaUHH (Sf) 2 B KY-
6&'!eCKOM KpHCTannH'ICCKOM none H Bhi'IHCnRIOTCB aepoaTROCTH nepeXO.'lOB 
Me*ay aaaaaaw&MH ypoaaaMH saepr11a. 

Ha ocaoae .aaaahlX .anB ceo6o.aaoro aoaa yqaT&IBaerca npaMeCb pa3-
na'IRhiX 1-MYnbTHDneTOB K OCHOBROMY MynbTHnnery 3 H4 • Peayn&T8Tbl pac
menneaaa sneKTpoaa&IX Myn&ranneroe a aepoBTRocrell nepexo.aoe o6cylK.aa
JOTca li aaaHCHMOCTH or can&I KpacrannaqecKoro nona. Peayn&TaT&I aaa
'IBTen&ao OTnH'ISIOTCa OT QSRHbiX .anB pe,aK03eMenbHhiX sneMeHTOB, y KOTOphl 
aena'laaa Kpacrannaqecxoro nona Mea&we, 'ICM y aKraaa.aoe. 

Pa6ora BhiDOnReHa B na6oparopaa aellrpoaaoll cjJH3BKH OIHHI. 

Coo6mea11e 06'be.[IBHeHHOrO BHCTHTyT8 R.aepHbiX BCCne.aOB8HJiil. ny6Ha 1978 

Frauenheim T. Pl7- 11341 

Electronic Multiplet Splitting for Actinides with the 
(5C)2 Configuration in Cubic Crystal Fields and Transition 
Probabilities between Low-!Jying Energy States 

Electronic multiplet splitting of actinides with the (50
2 

configu
ration in cubic crystal fields are described and the transition pro
babilities between the low-lying energy states are determined. 
Starting with the free ion results, the coupling of different J -m'Jl
tiplets are taken into account in our calculation, and the results 
of crystal field splitting and transition probabilities in dependence 
of the crystal field strength are discussed. The results are very 
different from those for rare earth, where the strength of crystal 
field is much lower. 

The investigation has been performed at the Neutron 
Physics Laboratory, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

@ 1978 06t.ellBHeHRbllf BHCTB'I'yf" SIJlapHbiJC BCCReJZOBBHHif /ly6HB 

1. BBEI(EHHE 

PaeiUenneHHJO 3neKTPOHHLIX MynLTHnneToB B pa3nH"'HbiX 

KpHeTannuqeeKHX eoe,IJ.HHeHHSX noeBSJUeHO 6onLWOe "'Heno 

3KenepHMeHTanLHLIX H TeopeTH"'eeKHX pa6oT H no 3THM 

BonpoeaM HMeroTes no.u.po6Hble o63opLI I 1~ 
raMHnLTOHHaH, onpe.u.enSIOJUHH 3HeprHH 3neKTpOHHLIX 

ypOBHeii, 06LI"'HO npe,IJ.eTaBnseTeS B BH,IJ.e 

H = H 0 + HKp • 111 

raMHnLTOHHaH eso60,IJ.HOrO HOHa H
0 

, OnHeLIBaJOIUHH Bee 

B3aHMO,IJ.eHeTBHS BaneHTHLIX 3neKTpOHOB B H30nHpOBaHHOM 

HOHe, eoeTOHT H3 KynOHOBeKoro • He H enHH· op6HTanLHOrO 

~ Hc0 - B3aHMo.u.eiieTBHii. H Kp - raMHnLTOHHaH KpHeTannuqe

exoro nons. B paMxax Mo.u.enu KpHeTannuqeexoro nons 
f • 3neKTpOHLI B TBep,IJ.OM Tene KonneKTHBHO xapaKTepH3y· 

JOTeS B3aHMO,IJ.eiieTBYIOJUHMH MHOr03neKTpOHHLIMH BOnHO • 

BLIMH ibYHKQHSMH. BLI60p KBaHTOBLIX queen 3aBHeHT OT 

OTHOeHTenLHLIX eun y"'HTLIBaeMLIX B3aHMo.u.eiieTBHii I 31 . 
Hau6onee Ba>KHLIMH H3 HHX .u.ns aKTHHH.IJ.OB ssnsroTes: 

KynOHOBeKOe B3aHMO,IJ.eiieTBHe IH e "" 10 4 M3BI, enHH·op· 

6HTanLHOe IH o"' 300 M3BI, B3aHMO,IJ.eiieTBHe KpHeTannu· 

qeexoro nons J HKp"'10 2 M3BI H o6MeHHoe B3aHMo.u.eiieTBHe 

I I-b6 "' 10 M3BI. CunLI B3aHMo.u.eiieTBHii .u.ns aKTHHH.IJ.OB 

IB eK06KaX/ onpe.u.enSJOTeS H3 3KenepHMeHTanLHLIX pe • 
3ynLTaTOB (41. 

Ilpu yqeTe TOnLKO KynoHoBexoro B3aHMo.u.eiieTBHS I elbe

puqeeKas eHMMeTpHsl BOnHOBLie ibYHKUHH 3neKTpOHHOH 

eHeTeMbl xapaKTepH3YJOTeS KBaHTOBbiMH "'HenaMH L lnon· 
HbiH Op6HTanLHLIH MOMeHT KOnHqeeTBa ,IJ.BH>KeHHSI H S 
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/nonHbiB CnHH/. fipH ~o6aBneHHH cnHH- op6HTanbHOrO B3aH

Mo~eiicTBHJI I c«llepH'IecKaJI CHMMeTpHJI/ pa3Hble S- L - KOH

«i~HrypaUHH CMeWHBaiOTC.II ~pyr C ~pyroM H J /nonHbiB 

MOMeHT KOnH'IeCTBa ~B~eHHJI/ JIBnJieTC.II B 3TOM cnyqae 

XOpOWHM KBaHTOBbiM 'IHCnOM ~nJI OnHCaHHJI BOnHOBbiX «i~YHK· 
UHB CHCTeMbl f -3neKTPOHOB. no~ ~eiiCTBHeM KpHCTannH

qecKoro nonJI c«llepH'IecKaJI CHMMeTpHJI y HOHa HapywaeTCJI 

H TeM CaMbiM CHHMaeTC.II BblpO)I(.neHHe BOnHOBbiX «i~YHKUHB 
no npoeKUHJIM M J KBaHToBoro 'IRena J • 

EcnH cHna B3aHMo~eiicTBH.II KpHcTannH'IecKoro nonJI 

COnOCTaBHMa C paCCTOJIHHeM Me)l(.ny pa3Hb1MH J ·Mynb· 

THnneTaMH, COOTBeTCTBYIOIUHM KBaHTOBbiM 'IHCnOM ~JI 

xapaKTepHCTHKH MHOro3neKTpOHHOB BOnHOBOB«iiYHKUHH JIB· 

nJieTCJI HenpHBO~HMOe npe~cTaBneHHe r rpynnbl TO'Ie'IHOB 

CHMMeTpHH. ,l).nJI aKTHHH~OB npH nocTpOeHHH BOnHOBbiX 

«i~YHKUHB He06XO~HMO Y'IHTbiBaTb CMeCb pa3Hb1X J ·Mynb· 

THnneTOB. ,l).HaroHanH3Hpy.ll MaTpHUY DOnHOrO raMHnbTO

HHaHa <rj(H 0 +l1Kp)jr'>, Mbl nonyqaeM N pa3nH'IHbiX3Ha

'leHHii 3HeprHii (N$2J+1) ~.II 3neKTpOHHbiX ypOBHeii 

MynbTHDneTOB, pacmenneHHbiX B KpHCTannH'IeCKOM none. 

PelynLTaTbl 3Ha'IHTenbHO oTnH'IaiOTC.II oT ~aHHbiX ~n.s: 

pe~K03eMenbHbiX 3neMeHTOB, y KOTOpbiX CHna KpHCTannH· 

'lecKoro nonJI MeHLwe paccTOJIHH.II MelK.nY J -MynLTHnne

TaMH, H CMeCbiO TaKHX MynbTHnneTOB B 60nbWHHCTBe 

cnyqaeB MO)KHO npeHe6pe'lb. 

B ~anbHeiiweM TaK*e onpe~en.s:IOTC.II H o6cy)K~aiOTC.II 
BepO.IITHOCTH nepeXO~OB Me)K~y HaHHH3WHMH 3HepreTH'Ie

CKHMH ypOBHJIMH, paCC'IHTaHHble C y'leTOM CMeCH pa3HbiX 

J -cocTOJIHHii. HMeiOTC.II B B~Y BepoJITHOCTH nepexo~oB, 

KOTOpble B03HHKaiOT B ~HclJWepeHUHanbHOM Ce'leHHH pac

ceJIHHJI TennoBbiX HeiiTpOHOB Ha nepexo~ax Me)K~Y KpH

cTannH'IeCKHMH ypoBH.IIMH /5/. 

2. CXEMA 3HEPFETHqECKHX YPOBHE.R 
,l{JI.R KOHtr>HFYP AUHH ( 5f) 2 
B KYEHqECKOM KPHCTAJIJIHqECKOM 
IIOJIE H BEPO.RTHOCTH IIEP EXO,l{OB 

Hcxo~HbiM nono)KeHHeM ~.s: onpe~eneHHJI pacmenneHH.II 

3neKTpOHHbiX MynbTHnneTOB B KpHCTannH'IeCKOM none JIB• 
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nJIIOTC.II pe3ynbTaTbl paC'IeTOB ~n.ll CB060~HOro HOHa/3/ , 

KOTOpble nony'laiOTC.II cne~YIOIUHM nyTeM. Hcnonb3YJI BOnHo

Bble «i~YHKUHH, nony'leHHble B COOTBeTCTBHH C paccen

cayH~epCOBCKOB CXeMOB CB.II3H Me)l(.ny CnHHOBbiM (S) H op-

6HTanbHbiM MOMeHTaMH (L) , KOHCTpyHpyiOTC.II BOnHOBble 

«i~YHKUHH B BH~e nHHeBHbiX KOM6HHaUHB BOnHOBbiX «i~YHKUHB. 
2 2 

laJM J >=I <(5f) SLJM JlaJM J > IC5f) SLJM J >, 
SL 

laJ>"' I <aJM JlaJ> laJM J> , 
MJ 

/2/ 

a - ~ononHHTenbHble KBaHTOBble 'IHCna. C nOMOJUbiO BOnHO

BbiX «i~YHK.UHB /2/ onpe~en.IIIOTC.II MaTpH'IHble 3neMeHTbl 

raMHnbTOHHaHa cBo6o~Horo H,oHa H0 =He + Hco • <:;nHH

op6HTanbHoe B3aHMO~eBCTBHe B cnyqae aKTHHH~OB y)Ke He 

JIBn.lleTC.II TaKHM cna6biM, KaK 3TO Ha6nJO~aeTC.II ~n.ll pe~KO· 
3eMenbHbiX HOHOB. fi03TOMy 3~eCb cne~yeT O)KH~aTb He 

'IHCTYIO paccen-cayH~epcoBCKYIO cxeMy CB.II3H, a npoMe)Ky

TO'IHyiO. 3TOT «iiaKT Ha6n10~anc.s: npH Bb16ope BOnHOBbiX 

«iiYHK.UHii B BH~e /2/. Bo3HHKaiOJUHe Heonpe~eneHHble napa

MeTpbl /cn3TepoBCKHe HHTerpanbl F • F 
4

, F 
6 

H cnHH

op6HTanbHblii pa~HanbHblii HHTerpan / 5r 7 nony'laiOTc.s: 

B pe3ynbTaTe no~rOHKH napaMeTpoB K 3KcnepHMeHTanbHbiM 

~aHHbiM OnTH'IeCKOB cneKTpOCKOnHH. B pe3ynbTaTe ~Haro
HanH3a,UHH MaTpH,Ubl raMHnbTOHHaHa CB060~HOrO HOHa /3/ 
nony'laiOTC.II .UeHTpbl T.II)KeCTH MynbTHnneTOB H COOTBeTCT· 

BYIOIUHe BOnHOBble «i~YHK.UHH npoMe)KyTO'IHOB CXeMbl CB.II3H, 

xapaKTepH3YIOIUHec.s: KBaHTOBbiMH 'IHcnaMH J. Pe3ynLTH

PYIOIUHe neHTpbl T.II)KeCTH MynbTHnneToB H BonHOBble «i~YHK.UHH 
npe~cTaBneHbl B ma6Auf4e. 

3TH pe3ynbTaTbl .IIBn.IIIOTC.II OCHOBOB ~nJI onpe~eneHH.II 
pacmenneHH.II pa3nH'IHbiX J - MynbTHnneTOB B KYfiH'IeCKOM 
KpHCTannH'IeCKOM none. 

!H 0 +HKP IW>=Eir>. /3/ 

BonHoBble «i~YHKUHH KpHcTannH'IecKHX ypoBHeii lr>, xapaK

TepH3YJOJUHecJI no HenpHBO~HMbiM npe~cTaBneHH.IIM TO'Ieq-

HOB rpynnbl CHMMeTpHH, MO)KHO KOHCTpyHpOBaTb H3 BOnHO

BbiX «i~YHK.UHB OT~enbHbiX J·COCTO.IIHHB. 
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MynLTBnne

TLI 

3H'4 

3F' 
2 

3H' 
5 

3F, 
3 

3F' . 4 

3Hs 

1G4 
3p, 

0 

Ta6AUf.#a 

l.J.eHTpLI TJDKeCTB 

MYJILTHnneToB 

BonuoBLie cilYHKUBH 

E~ /M3B/ 

0 

463 

635 

933 

961 

1185 

1701 

1756 

3 L 3 
0,9391 H4>-0,331l u 4 > +0,094\ F 4 > 

0,9351 3F 2>+ 0,3341 1D2 > +0,080 13 P 
2 

> 

13H5 > 

13F 3 > 

-0,308I 3
H 4>-0,6871 1G4 >+0,658j 3 F 

4
> 

3 1 
0,969\ H6 >-0,2471 J 6 > 

0,153j 3 H 4>+0,6471 1G4 >+0,7471 3F 4 > 

0,963j 3 P >-0,721\1 s > 
0 0 

If'> = I <aJ W>\a.T>. /4/ 
J 

lfcnOJIL3YJI pe3yJILTaTbl ~JIJI CB060~Horo HOHa /CM. Tfla6AUf.#Y/, 
nonyqaeM cne~yiOIUee MaTpH'IHOe ypaBueuue: 

JJ, J 
~ < aJif'> IH Kp + E 0 0 J J, - Eo .JJ, I = 0 . /5/ 

JJ' 
Ma TPB'IHLie :meMeHTLI H Kp = <JI H Kp j.T '> ~aiOTCJI B BH~e 
JIHHeHHbiX KOM6HHaUBH MaTpB'IHLIX 3JieMeHTOB C BCXO~HLIMH 

BOJIHOBbiMH cilYHKUHJIMH 

<(5f)2 SLJMJIH j(5J) 2 ST,'J'M'J >. . Kp 
/6/ 

PaciUenneuue ypoBHeii MYJILTBnneTOB 3a~auuoii 3JieKTpouuoii 

KOH4JHrypaUHB (5 t) n no~ ~eHCTBHeM KpHCTaJIJIH'IeCKOrO 

6 

:l 
'\ 

. I 
\ 

nOJIJI onHCbiBaeTCJI B XOpOWeM npH6JIIDKeHHH 3cWJeKTBBHLIM 

raMBJILTOHHaHOM /6/: 

H 
Kp 

n f f 
=I I I AY <n.). 

i= 1 f=2,4,6 m=--f rn f,rn 1 /7/ 

Yo (0 . ) - 06bi'IHble ccilepB'IeCKHe cilYHKUHH yrJIOBbiX KOop-
L, rn 1 II ~HaT i - TOrO 5f - 3JieKTpOHa. OCKOJILKY HKp ~OJDKeH 

6biTL HHBapHaHTeH K JII060MY npeo6pa30BaHHIO ~aHHOH 
TO'Ie'IHOH rpynnbl CHMMeTpBH, 'laCTL napaMeTpOB KpHCTaJI

JIH'IeCKOrO nOJIJI A frn o6paiUaeTCJI B HYJIL. p qeM HB:lKe TO

'Ie'IHaJI CBMMeTpBJI, TeM 6onLwee 'IBCJIO A rn f 0 . B cny

qae Ky6B'IeCKOH CBMMeTpBH TOJILKO napaMeTpbl Afm C 

f =4,6 B m = 0, ±4 OTJIB'IaiOTCJI OT HYJIJI. 

HcnoJIL3YJI TeH3opuyro anre6py Paxa, MaTpB'IHLie 3ne

MeHTbl raMHJILTOHBaHa KpucTaJIJIH'IeCKoro nonJI 17 I ~JIJI 
KOHcilHrypaUHH (5f) 2 MO:lKHO Bbi'IHCJIHTL CJie~yiOIUHM o6-

pa30M /7/: 

<(5f)
2

LSJM \ I Yo <n. )j(5f)
2

L'S'J'Mj> 
J i= 1,2 t, rn 1 

=-141 2 f +1 }
1
h(-l)MJ+S+J+J' o , 1(2L+1X2L+1)(2J+1)(2J'+l)l Ih * 

4rr SS 

/81 f L' L f J J' ~ 3 3 J £ J' ) 
13 3 3 11s L' L I( o o o ) (-M m M · 

J J 

IlpOBO~JI napaMeTpB3aUHIO KpHCTaJIJIB'IeCKOrO nOJIJI CO

rnacuo npe~no:lKeHHIO Jlu, JlucKa, BonLclla /s/, nepeii~eM 
K napaMeTpaM x H W • B napaMeTp x (-1 < x< 1) BXO~HT 
OTHOWeHHe At/ A~ , T. e. OH onpe~eJIJieT BKna~- 'IJieHa 4- ro 

nopJI~Ka no OTHOWeHHIO K 'IJieHy 6-ro nopJI~Ka, W I M3BI -
napaMeTp nOJIHOrO paCIUenJieHHJI MYJILTHnJieTOB, onHCbiBaiO

IUBH cuny KpHcTaJI.llB'IecKoro nonJI. PewaJI MaTpH'IHOe ypaB

ueuue 161 H Y'IBTLIBaJI CMeCL pa3HbiX J -COCTOJIHBH, nony

qaeM, B 3aBHCBMOCTH OT napaMeTpOB X , W, paCIUenJieHHe 

ocHOBHoro MYJILTBnneTa. Pe3yJILTaTLI noKa3aHbl ua puc.l 

lll-111/. 
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Puc. 1. PacllleMeHue OCH06Hozo MYIII•IIIUnAellla 3 H 

4 
u MYAI>
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BeposTHOCTH nepexo~os Me~~Y KPHCTannuqecKHMH 
ypOBHSMH OCHOBHOro MynLTHnneTa, a TaK~e BepOSTHOCTH 
CaMLIX HHTeHCHBHLIX nepexo~OB K nepBOMY B036y~eHHOMy 
MynLTHnneTy noKaJaHLI Ha puc. 1 /12/-/22/. BeposTHOCTH 
nepexo~os /9/ onpe~ensnHcL B paMKax ~HnonLHoro npu-
6n~eHHS 

I<I'IJ J_ 11'>1
2 

= ! ll<f'IJ + II">I
2 

+ 1<1 IJ-11'1>1 2+ 

+ 2l<riJ 11'>121, 
z 

/9/ 

J+, J , J - onepaTOPLI nonHoro MOMeHTa KonuqecTsa - z 
~~eHHS. 

3. ,JJ.HCKYCCHJI 

IIpuMeCL paJHLIX J - MynLTHnneTOB K OCHOBHOMY MynL
THnneTy (5f)2-KOH~HrypaUHH /aKTHHH~LI/ o6ycnoBnHBaeT 
CH~eHHe UeHTpOB TS~eCTH BCeX MynLTHnneTOB. ~onon
HHTenLHLIM 3~eKTOM npHMeWHBaHHS SBnSeTCS TeH~eHUHS 
OTTanKHBaHHs ueHTpos Ts~eCTH scex MynLTHnneTos. B 
qacTHOCTH, see ypoBHH, npHHa~ne~aiUHe o~HoMy Henpuso
~MOMY npe~cTasneHmo ToqeqHoii rpynnLI CHMMeTpHH, OT-
1ianKHBaiOTCS /HanpHMep, ~y6neTLI r 3 MynLTHnneTOB 3H 4 H 

F 2/. 
KaK BH~Ho H3 puc. 1 I 1/-I 11/, nHHeHHOCTL paciUenneHus 

OCHOBHOrO MynLTHnneTa BCne~CTBHe npHMeWHBaHHS pa3-
HLIX J ·MynLTHnneTOB y~e npH 3HaqeHHSX napaMeTpa 
W 2: 0,5 M3B HeMHOrO HapywaeTCS. ~ns pe~K03eMenLHLIX 
3neMeHTOB /W :S 0,5 M3B/ OTKnOHeHHS OT nHHeHHOCTH He-
6onLWHe H CMeCL pa3HLIX J ·MynLTHnneTOB HMeeT BTOpo
CTeneHHOe 3HaqeHHe. B OTnHqHe OT pe~K03eMenLHLIX HOHOB, 
aKTHHH~LI qyBCTBYIOT B TBep~OM Tene 6onee CHnLHOe 
KpHCTannuqecKoe none /W "" 2 ~0 6 M3B/. 3TO 06'LSCHSeTCS 
TeM, qTo 5f- 3neKTpOHLI ne~aT He TaK rny60KO B HOHe, KaK 
4f - 3neKTpOHLI pe~KHX leMenL, H TeM CaMLIM HMeiOT cna6oe 
3KpaHHposaHHe. Bcne~CTBHe 6onee cunLHoro KpHcTannuqe
CKoro nons H nHHeHHOCTL paCIUenneHHS OCHOBHOrO MynLTH· 
nneTa JHaquTenLHO HapywaeTcs /puc. 1 /1/-/11/u 2/. 
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+ 

100 \N• 2 

1 
-200 

-1 -06 -02 0.6 

-x 

-1 -06 -0.2 0.2 0.6 

-x 

Puc. 2. Pacr~~enAeHue 3H4 - MYAbiiiUnAema (5f)~ - KOH,Pu
zypaijuu 6 3Q6UCUMOCIIIU 0111 napaMelllpa KpUCIIIQAAU~eCKOZO 
nOA.R X OAR pa3HbiX CUll KpUCIIIaAAU~eCKOZO nOA.R W. 

Ha puc. 1 /3/-/9/ cne~yeT o6paTHTL BHHMaHHe Ha TO, qTO 
nonHOe paCIUenneHHe B JaBHCHMOCTH OT ysenuqeHHS CHnLI 
KpHcTannuqecKoro nons, no cyiUeCTBY, He HJMeHseTcs. 
Ecnu cuna KpHcTannuqecKoro nons soJpacTaeT ~o JHaqe
HHH W"' 4-6 M3B, JaMeTHO cH~aeTcs 3Heprus ~y6neTa 
r 3 H3 3F 2 ·MynLTHnneTa, H OH npu6n~aeTCS K OCHOBHOMY 
MynLTHnneTy. 

3TOT ~KT BLip~aeTCS B B03HHKHOBeHHH ~OCTaToqHO 
6onLWHX BepOSTHOCTeH nepexo~OB Me~~y ypOBHSMH OCHOB· 
HOrO MynLTHnneTa H ~y6neTa r 3 H3 3F 2 ·MynLTHnneTa 
/eM. puc. 1/14/-/20//. O~HospeMeHHO c B03HHKHOBeHHeM 
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HOBWX nepexo~OB yMeHLW8.IOTC.B. Bepo.B.THOCTH nepexo~OB 

Me>K~Y YPOBH.B.MH BHYTPH OCHOBHOrO MYJILTHDJieTa H OHH 

~e MoryT 6wTL cna6ee nepexo~oB K nepsoMy Bo36y>K

~eHHOMY MYJILTHDJieTy /puc. 1/16/-/18//. 
TaKHM o6pa3oM, npu HHTepnpeTa~HH cneKTpoB Heyn

pyroro pacce.&.HH.B. TeDJIOBWX He:ii:TpOHOB Ha COe~HHeHH.B.X 

aKTHHH~OB Ha~o y'IHTWBaTL KaK nepexo~w Me>K~Y YPOBH.B.MH 

OCHOBHOro MYJILTHDJieTa, TaK H nepexo~W Me>K~y ypOBH.B.MH 

OCHOBHOrO H nepsoro B036y~eHHOrO MYJILTHDJieTOB. 
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