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I. Bse.n;eIllie ,,', 
Mo.n;eJID "POTOp + lIaCTIDJ;a" (MP'!)/1,2/ YJKe ,n;aBHO aapenoaeanoaana ceda 

KaK OCHOBa Mo.n;e~eH, rrpenna3HalleH~x ~ OllHCaHH.ff xapaKT~pRCTRK pOTa
~OHHHX B036~eHRH HellsTHHx ,n;eWOPMHPOBaHIlliX JI.n;ep B illHpOKOii o6~acTR c 
MaCCOBHM trn:C~OM A'" 25, 150<A<.190, A~225. B CBOSM OpRI'IDI8JIDHOM BR
.n;e MP'! He.n;OCTaTO'tIHO xopollio OITRCHBaeT BCS pacillHprr~eecR MHor006pa3Re'li 
3KcnepRMeHTarrD~X .n;aHHHX no 3HeprRJIM poTaunOHHHX ypoBHeM, BepoRTHoc
TRM 3~aKTpoMarHHT~x nepexonoa R MaI'IDITIlliM MOMeHTaM. AJIR YJIY'II1H~HR.ff 

Ko~eCTBeHHoro Cor~aCRJI pe3Y~hTaTOB paClISTOB B PaMKaX~'! c 3KcnepR
MeHTOM C03.n;aBaJIRCh es paanR'tIHHe MO~RKaQnR, HarrpKMep 3-5/, B KOTO
pax weHoMeHo~OrRlleCKRM ~ nO~KpOCKOITRlIeCKHM o6pa30M R3MeR&rrRCh 
OT.n;e~hHHe	 3~eMeHTH raManDTOHHaHa Mo,n;e~ (nepeHOpMHpOBKa MaTpH'tIHHX 3~G
MeHTOB onepaTopa yr~oBoro MOMeHTa, ~ST QCTaTO~X B3aHMo.n;e~cTBHH, 

60JIee TO'tIHHH ~eT POT8UHOHHHX CBOHCTB qSTHO-lIsTHoro OCTOBa R T•.n;.). 
B rrpe.n;rro~o~eHHR, qTO OCTOB R~eTCR ~a6aTRqeCKRM pOTaTopoM, ra

MILJIDTOIDiaH Mo.n;e~ "pOTOp + llaCTIDJ;a" MO~HO aanacars B BR,IJ;e 

H =Ha.v + Hro1: + Hcor + Hj , (I) 

rne HQ V onacsaaer cpanaee none anpa, Hrot-romeTRlIecKYIO aaepran Bpama
HIDI, Hcor=-A( I+j_+ I_J+) -KopRàJmCOBO B3aHMo.n;aiicTBRa, a HJ=A(t- j:)

• JI	 TaK Ha31iBaeMOe B3aHMo.n;eiicTBRe OTAAtm ('VIeH OTAAtm). 3.n;ech A:a..,.,2/2 '3 

HHepqa8JIDHHH napaMeTp lISTHO-QSTaOrO OCTOBa, I -onepaTOp no~oro yr~o1
! 11 Boro MOMeHTa, J -oneparop yr~oBoro MOMeHTa BnyTpeHHero .n;BIDKeima, 

Ij:=Ix±iIy , ji:=j)(±lj~. 
B pa.n;a CRY'tIaeB qneHOM OTAAtm rrpoCTO rrpeHe6peraIDT, RCXO~ R3 Toro,j 

lITO ero Hallh3R 'Henocpe.n;CTBeHHO, CBff3aTh c Ha6n~aeMUMH B 3KcnepRMeHT8 
xapaKTepRCTRKaMR anep, KpOMe Toro, lIaCTO cxaraerca, lITO yqST HJ npH-· 
BO.n;KT ~h K He6o~hmOMY O.n;HOpO.n;HOMY C~HrY COCTOHHHa O.n;HOH 1I8THOCTR.

\ B ~X ~aHX, HarrpRMep B pa60Tax 3,5-11/, BHRHHHa ~eHa OT.n;allH 
yqHTHBaaTcR B BH.n;e .n;068BKH áHeprHH OTAAqK Henocpe.n;cTBeHHo K 3HeprRJIM 
B036~eIllIff rOJIOBHHX COCTOHHK« poTauHOHHHX no~oc. llpR aTOM pacllSTH 
xapaKTepRCTHK B036~sHHax COCTOHHHH 6a3RpyroTCH Ha cxeMe O~IOllaCTH'tI

HHX ypoBHett li MaT~'tIHHX a~eMeHTax CDRHOBHX H MYJIDTHnO~hHHX onepaTopOB 
B .n;Sll>Oprwm:poBaHHOM noremtaaae cpsnaero nOJIH, napaM8Tpll xoeoporo ncnoo
paas 6e3 Y'tISTa tVIeHa OT,II;a'tIH. Tor,Il;a n0C:JIe.z:JYIlIt1tit, ytlST aroro ttJIeHa aa

fi' 

I~VI'l1elUihia UHC'mJi' 
~~~ mecBe~omaual 
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MeTRO acxaaaer 3HepI'IDI p.ema HepOTaImOHHHX cocroaaaã, na xoropsx rrOCT
poens KOJIJIeKTKBHhIe B036YJK,IJ;eID1íI. Il03TOMY, aa HaIll B3r~, ~eH OT.n;a'llli 
CJIe.nyeT Y'lliTl1BaT:& eme aa ypoane onpeneneaaa O.n;HOlJaCTH'tIHoít CxeMH anpa, 

B HaCTORmeH pa60Te MH CTaBH1~ neJI:&ID BRffCHeHHe pOJIR B3aRMo.n;eftcT~Rff 

OT.n;aqa lIpH KOJIll'tIeCTB8HHOM OIIHCaHHH xapaKTepHCTHK Itsa3KlJacTRTJH0-W0HOH
HHX R pOT~OHHHX B036y~eHHH He'tI9THhIX .n;eWOpMHpOBaHHHX ~ep. 

2. Y'tI9T rrapHUx KOPP8JIirrUrli B MO.n;aWHnHPOBaHHOM Cpe.n;HeM rrOJIe 

I10JIHH.i1 raMWI:&TOHHaH spantasnteroca anpa MOJllHO 3a.ImCaT:& B Ban:e 

H=Ha.v+ Hr at '" Hcot'" + Hj + Hpair + H r e s ,	 (2) 

rne HPQi'" onacaaaer napase KOppe.JIJInIDI CBepXTeKYTJero TRIla, H... -.n;aJI:&HOs 
,neHcTBY~ lJaCT:& OCTaTO~X B3am~0.n;eMCTBHR, rrpKBO~, HanpKMep, K 
KBa3H'tIaCTKTJHO-WOHOHHOI~ CMernRBaHHID. ~ ,neMOHCTpanaH pOJIll TJJIeHa OT.n;a
1llI HJ npa oupe,neJIeHIDI napaaerpos cpeztaero noaa aa OCROBe aKCnepKM8H
T~:&HHX .n;aHHHX 06 3HeprHHX HepOTanHOHHUX COCToíIHHll óy.n;eM HCPOJI:&30BaT:& 
lIpRÓHHXeHHe He3aBHCRMHX KBa3H'tIaCTRn R npeHeópeE9M B rro~:&TOHHaHe (2) 
'VIeHOM Hres. Orrpe.n;eJIHM .cpenaoe 3Ha'tIeIDIe raMlLJI:&TOHHaHa (2) BaTOM 
rrpH~8mm no a.JmaÓaT11'tIeCKlfM BQJlliOBllM cIJyH~ 

V2.I+-1'(	 :r ) (3)I+K+l r
\lIIMk=\IMK>= 16'1r2 [)MKepk +(-i) D""-kf-IC' 

r,ne C/>t< -BOJIHOOOe <1JyHKIJ;IUI BHYTpeHHero .n;BIDitemUI. ITo.n:yqIDJI 

< IM K IHIr M t<:>=<ePt{ IH'J+te > +A[ I ( I +'1) - K'! + (4) 

+(- 1) 1:+ fiz ( I... Y2. )a Õk •ih. ] , 
L • 

r.n;e a.=(-i ) <~2.Ij+I-''h-> -napaaerp pa3M3lIDa.HIDi 11 

. H'= Ha.v·+ H pqi,. + Hj	 (5)o 

B npe.n;cTanneHHR BTOpHTJHOrO KBaHTOBaHIDI raMHJI:&TOIDIaH (5) 3anRCl1BaeM 
B mUJ;e 

,.., + GT + + ~ (07, ot) a+
H = L ESa.~6~6 - L as+~_Qs,_at'+ +.L J -J, ss: scsOs'6" (6) 

S6 ss' ~~, 

3.n;eo:& e, -O.n;HOlJaCTHTJHl1e aaepraa , a~ (a.50) -oneparop pozneaaa (norJIO
meH1iUI) lJaCTHIJ;bl B KBaHTOBOM COCTOJIH:IDr IS6> ( CS -3HaK rrpoerataa MOMeHTa 
na 00:& Ol'IMMeTpwr .ff.I\Pa). G -KOHCTaHTa napaoro B3aHMo.n;eitcTBRfi i 
(j~ ji>S$,=<S6 I(?-j~ )1 S·6'> . .lleRCTBYíl CTaH.napTHHM oõpasoa 12/, 

.n;ono.mmeM .IVI.lI BHIIOJIHeHIDI YCJIOBJiUI coxpaaeaaa sacran B cpe~eM raMWID
TOmIélH (6) 'VIeROM -:"N ( ~ -:mMWIecrom rrOTeHI.U1aJI, N=r.a.icso.stS-oIIepa

S(f 

TOp tIRCJIa lJaCTIDJ;) R rrepexo,ItKM K KBa3HTJaCTKtlHoMY npe,n;CTaBJIeHIDJ c no
·MOmPD KaHOHRlJeCKOrO npeoópa30BaHHH Eoro~óOBa: 

~ _ + . + 2 ~
 

°StS - Us o(s-<5 + 6 VS ""S<S ,a. Sl5 = IA soc:s-1s'+CS Vs exSG , IAs + Vs =-t
 
rne ex.;cs (oc. so) -oneparop pozneaaa (nOrJIOmeHIDI) KBa3KTJacTRnU B COCToa
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HIDI Js (5). L1cnOJl:&3ya BOJIHOBUe tPYHKIUIR O.IUIOKBa;;Hl:'tIaCTlPIlillX COCTOílHIDÍ 

1{rp>=cx;cs/C efo (to -KBa3WlacTlItIHI:lli BaKYYM), MOiKHO nOJIY1IYIT:& 

<ch rp)/ H'I~ <p»::: Ef - Â p + -Aff -tl2 (Es - /.f + -lif& ) Vs2. - (7)
TI<	 K S4:f 

- G(L:. Ll sVS)2_ t1K 2 • 
fs*f 

IIpHMeH.IDI Bapi~oHHIDt MeTo.n; JZ[ BBO,!Ul l\OppeJIHInIOHHyro <lJYIIKURID 
Cp=L usvs 12, nOJIYlIaeM CliCTeMY HeJIIfHel1Hl:D( ypaBHeilliH M.íl onpe

~p 

.n;eJIeHli.íI seaaxaa í\p 11 Cp: 

~=- L V '1 2: .~
G S::f:p{Es-Âr+Afs) +Cp 

I 

N= 1+ 2. "'Ç"'" V2 = 1+ ""'" ('1 + _ tEs - ;i\p + -A fs 
-: L S L V 2.

s.f	 s::If re, -;>.,,. +Afs) 
r.n;e 

2. _ ..1.... ('1 + Es - ~ e + Af s , ) 
Vs - 2. VeEs - :>'p -t A f s }2 + c~ 

, 

(8) 

)
i' ,+ Cf 

(9)• 

B oopWKeHIDIX (7-9) fs -POTaroIOHHail nonpanxa, oÓYCJIOBJIellliasI B38lU/I0
.n;eHcTBReM OT.n;alllI 11 RMeRll{aR BR.n; {s:=:< 5<S'1j 2. 15 6 > • EcJm IIpe.n;CT~~'Í':& 

BO~HOBYID ~HKqHID O,J:(HO'tIaCTHTJHOrO .n;etPOPMRpoBaHH/IO COCTOHHRH B B11.n;e cy

nepnoaanaa cwepHTJeCKHX BOJlliOBHX tPYHKlUlli lfnl 13/ ~ cs) =2: Q. ~LJ' lD"r.o 

J ... hLi
TO ll0JIYtIHM	 2

f s =L. (a ~Lj) j (j +1) . 
"Lj 

TaKW~ oÓpa30M,BR.n;a0, lJTO yq9T qneHa oT.n;aTJK, npe.n;cTaBJl.íIeMOrO 
o.n;nOlJaCTRTJHOrO oneparopa, .npRBO)ijlT K nepecrpoãxe O)J;HOlJaCTWffiOro 
clleKTpa: 

E; = ê s + -Afs o 

L! J , 

(IO)
 

B ~H,J:(e
 

(11) 

ITOJllIYIO aaeprzn 0.n;HOKBa3R'tIaCTWIHOrO COCTOílIllI.lL? c yr~OBl'iM MOMeHTOM 
I MOERa 3anHCaT:& Terreph B BR,IJ;e 1 

Cp 
. Etf)I>=êp""Afp +ZL (Es+-Afs)Vs2. - G + (12) 

S'I'f 

t-t1[I(I"'1)-l.k:+(-1)I+~la~fI.] 
I	 f' 71. 

C onpe.n;aneHHW~ TaKRM OÓpa3~M .0~IO'tIaCT~ 3HeprHilMH R O.n;nOKBa
3H'tIaCTHlJHHMR xapaKTep11CTRKaMH MOErIO yqeCT:& OCTaTOTJHOe MYJI:&T~OJI:&

r~~:&TRIlO~:&Hoe B3aHMo.n;eftcTBHe H paCC~TaT:& SHeprHH R CTPYK~Y. HepOTa
UROHHHX COCTOílHHti B paMKaX KBa3K'tIaCTHqao-q>OHOHHOH MO.n;enH I. 

3.	 Y'tIeT BpamaTe.JI:&HOrO H KBa3HlJaCTHTJHo--1loHoHHoro 
B3aHMo.n;eRCTBIDi 

r~aTpWUfrle 3JIeMeHTJ:.l ra.MHJI:&TOHHaHa (2) B IIpHÓJIIDKelIHH H,..s =O B õasa
(.. ce BOJTIIOBJ:.lX ~ (3) liMem cJIe~ mm: 

,IJ;lIarOHaJI:&HhIe MaTpHlnfrle 3JIeMeHTJ:.l 
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<IMKfIHIIMKp>=E(pJI) •	 (13) 

r,n;e E(p,l) onpeneneno BllpaJKeIDieM (I2);
 
He,r:~mrOHaJIDH1Ie MaTpH'llil:le aJIeMeHThI (KOpHOJUICOBO B3ID):Mo,n;elicTBItie)
 

< IM}(1 J H JIMK2. > =- fi [V( I-I 1<2 )(I-Kz +1)<1K,/)~I+K 2 >OK1,KZ-~ -t (I4) 

+- Y(I- K't ) ( I +XI.+1 ) <11<~/j+ 1</>/(2.-;'81<.,1<a 11 ] • 

I10JIarB.fl <fx{p} BOJIHOBOtf ~eH O,IUiOKBa3HllaCTlflHOrO COCTOmm:.a li 3a
ITRCHBafl OrrepaTOpll j~ B npe,n;CTaBneHHH BTOp~IOrO KBaHTOB~,MO~O no

JryqllTb aapaaenae 
. ~) -

< <A'<P/)/J:tJ</>J</fz.» =- Vp,,/<S-iÔCS461 (f'f"- +cfcr.-s~ rp,fz.) , (I5) 
y)	 

rne Vf ' f L= t.4p,U,h + v'P' V/,Z ' 0"" -3Hart K p a rp'fz II I!"fz.-O,IJ;HO'IaCTKtlHH8 
MaTpll'Ilille SJIeMeHTll, orrpe,n;eJLfleMlle Kalt 

If'fz == < VJ,,/P,)!j:t.ltfK,JPZ» } r;,'f ..=<f",{p,)Jj.t:I'P-I<;:(pl.»· (I6) 
Pa3~lll:lllHJle MO,I:(ldg)RI~H MPlI CBlI3a.H1i npellMYmeCTBeHHO c H3MeHeIDieM MaT

pRllIlliX SJIeM~HTOB oneparopon j~ wrn c õozee TO"tlHlltJI y-q8TOM 3aBlIClIMOC
TlI HHeplU1aJIbHOrO naproAeTpa ~eTHo-'IeTHOrO OCTOBa OT yrJIOBOrO MOMeHTa. 
KaK nOIUl3aHO B paáOT8 ~rnxaHJIOBa li .n;p./3/, STH 3WWeRTll MorYT HMeTb 

MeCTO nplI RoppeRTHOM y-q8Te B03á~eHHHX KOHg)nryp~ ,n;eWoPMRpOBaHHOrO 
cpe,IJ;Hero rrOJIfl, CBHSaHHl:lX Me~ COãOH R3-3a COXPaH8HHff rrOJIIIoro CllHHa 
~a. ~yron B03MO~ cnocoá ll3MeHeHHH MaTpll~ SJIeMeHTOB raMRJIbTO

filaRa MFlI - Y'{eT ocrarouaax B3aHMo,n;et:f:cT,BllH, ,n;onOJIHllTeJID~.v rrapHliM 
K~ppe~. TaR, B He~aáaTll'IeCKOíi BPaIllaTeJIbHoít Mo,neJIR ~8T 
CllRH-CIlHHOBoro R ~eHTp~CTpeMllTeJIbHOrO B3aRMo,n;eí1:cTBRtt npHBO~T K nOHB
JIeHIDO TpeXKBaSHllaCTlNHI:lX npRMeceít It BOJIHOBllM W"Hlw;IDIM O,IJ;HOKBasllllac
TRllHaX COCTOHHKtt. aTO ,n;onOJIRRTeJIbHO R 3~eKTaM crrapHBaHRH ll3MeHReT 

BenRllRHY MaTpH'lHHX SJIeMeHTOB onepaTopa 
"J.. '..1. l+-) (<f) ') •

<'IC,(P,)/ItlTfrz(f.lJ>== VP'fZ Rj (KI< <Cf",(f,)/j:tl<f~a(f&» , (17) 
eIS} ,	 " /4/

r,n;e Rj(KK)-rrOJIflpH3~OHHHH ~TOp MO,neJIR • 
PeSYJIbTaTll rrpe~apHTeJIbHHX paC1l8TOB,rrpOBe,nSHHl:lX B paMR8X MOAQHK/4/ 
~ IlIRpOKO:tt 06JIaC'l'll He1l8TllliX H,IJ;ep pe,n;K03eM8JIbIlliX SJIeMeHTOB, noxa

tIS) (
aana, ~TO IIOJIflpRSaI.mOHHl:le g)a.KTOpll Rj B 17) 'tIaCTO He lIpIIDO,IVIT K 
Heoáxo,n;nMoMY ~ xopomero OllRCaHKff poT~O~ rro~oc lI3M8HeHHID MaT
pHtlHI:lX SJIeMeHTOB ROpHOJIHCOBa BSaKMo,ne:acTBIDI. TaR,~ Cl'IJIbHO CBH3a.HllliX 
KOpROxacOBllM BSaRMO,n;8ttcTBReM COCTOflHHH rtOJIOERTeJIbHOn 'tIeTHOCTH Rs"no,n;

ô6oJIollK1I 1i.1~z."B He'I8THo-He.ihpolIHH:x .ff)JJ)ax WaKToP RJc~ 0,9 - I. 
B l\acTamnen paõore, OCTaBaHC::O 13 paMRBX KJIaCmrqecROit MO,n;eJIll "porop-e 

'IacTID.J;a", MEl áy,n;eM HCrrOJIb30BaTb MaTpwnme SJIeM8HTll ROpROJlliCOBa B3aH

MO,n;8HCTBHH, BHllKCJIeHHHe B áa3Rce KBasHllacT~o~HOHHHXBOJIHOBaX 
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\ÍJYHI\l.Ulli (KaR STO áhIJIO npenaozeao B /5/). Ilpa 3'l'OM nce pac-réru npono
~CL c lIcnWILSOBaHHeMcpe,IJ;H~ro nOJIfl, Mo~0~pOBaHHOrO qJIeHOM OT
,n;a'tIli. 

BBe.n;eM ICBa3U'tIaCTll'tIHO~OHOHHhIe BOJIHOBhIe q:>YHI~ 

rf.. [... + J1 + ~ ~ À".,in' + .,.. ]..t...",(p6;P'fz ) = Cp,Ol.p,(j + cpaa.A", + L,L í),Ps<s d..s6Q(·(~) 'tó , (I8) 
",.,. s , 

r,n;e Cp, li Cf~ -a.Ml1JTIITY.4bI O,IJ;HOICBaSUllaCTlPIllliX coc~oJImili If,6/(> 11: Jf2 tS/(> 
" ~ I	 ir «'I"....... ,.
B BOJIHOBOH c.PYHKIUllI fC5,,>", cs -SRaR lffiCJla.l.\, I-.J j:>$~ -aNIIWITYAa COCTOR. .,.

HIDI "xaasasacrmta SG' + cIJOHOH ?ftL ", G<.(J1'4)-orrepaTOp pOXi,IJ;eHIDI WoHOHa 
~4YJIbTlIrrOJffiHOCTlI Â~ B COCTOHHUH l . YCJIOBlle HOpMHpOBID1 BOJIHOBllX W~fR-
IUlli (18) IDVleeT BRA , 

h 2 ..i. ") ( A,.. .... )2.
(Cr,)' +(C p1. ) .,. 2. ~fs ~p~~ = 1."	 (I9) 

Torna B lIpR6JllIJKeHllJil /5/ MaTplIllHl:l8 SJIeMeHTll oneparopos j.:t no BOJI·· 

HOBhITvl WYHlmIDilvl (I8) ãYJJ::fT lli"vleTb BIti,I:( 

.J. ., . , ["", (.1-) (8 r. d' E )<r IJ:t 14·>=- cp, cp: vf, f,' e ao' f"P: + 60' r-r: +
 
n ,,' (+) J - ).


t- Cp" Cpt " f 'P: ( (5 ao' rp,p~ + ÔO-G,rplp~, + (20) 
11 ",' (+> s' - )

+	 era cp, Vfap~(08a(J' r".p: + oG"-G,rp~p: 04

.., ",' .J(+> ( r â - )+ C r-crI vpapl (f°G"G' rp:zp-t + (l-o' rp~pf + 
À~'to ~f'"4:t't' (+)	 - )]

+ L L Dps(j l)p's,~,Vss'(<5ó'oo'rsS" +8CS- G , rS S ' " 
Ji/-4- i.5S' 

r.n;e rss' R .'fss' -O,IJ;HO'IaCTlltIHHe MaTpwnru:e SJleMeHTll (CM. (I6». 
B STOM ·CJIY'Iae· .1OIarOHaJIbIllie MaTpNI'lllh1e 3JIeMeHThl r811mJIbTOHlIaHa (2) 

nplIH~MaIOT B1f,Il;, 2 'H % 
E<pJ I ) :::- ?7 + Abl:(:r+ 1) - 2 Kp + (- 1) rI+%)apÔkp.V~]· (2I)p 

3,n;ecb ?7f -eneprza ItBaSll~aCTHtIHo-çIJoHoHHoroCOCTOm-um P , Q"f -rrapa
MeTp paSBR311BaHM pOT~OHHOM rrOJIOCH, nocTpoeHHoR Ha COCTOHHllll f ' 
ROTOphlli: B~CJIeH no !lJOPMYJI6 (20). 

4. 06c~eHlle pesYJIbTaTOB paclleToB 

~ rrpKMepa paCCMOTpHM B HacTo~eH paáoT8 pesYJIbTaTll pac~eToB 

sHeprHH BosáY~8HHl:lX COCTOHHHH H ~HBe,n;eHHhlX BepOHTHOCTeli ,I:(llnOJI~HHX 

SJIeKTpH1l8CKKX nepexonoa B R.n;pe I65Er • Pacxéra npoaozanacr, c HCnOJIb

30BaHHeM mnpORoro áa3llCa O,IJ;HOllaCTRllHl:lX COCTOflHHH (OT ~a rrOT8~anb

HOR RMl:l ,no +6 MaB) B aKCHanbHO-CKMM6TpRllHOM nOTe~aJIe CaRCOHa-By,nca. 
llapaMeTpll IIOTeHUllaJIa no,n;ãHpanHC~ TaKHM oápa30M, ~Toáll no BOSMO~OCTH 

xopomo OITllCaTb sHeprHll B03á~eHHH HepOTaqllOHHl:lX COCTO.ffHHH BÓJIll3K rro

BepXHocTR~~epMll. llpll Blláop8 HallaJIbHHX sHa~eHHH rr~paMeTpOB~oTeHUaana 

MhI OCHOBllBa.JIHCb aa RX napaserpaaanaa ~ cg)epRllecRlIx M6P' I41: 
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r~ÓHHa nOTe~arrnHOH RMH 
N-~ 

V
O 

= 53,3 ( 1 ±o,63 -A--) , 

r~e 3H~ (+) cooTBeTc~ByeT rrpOTOHHOM CfiCTeMe, a.3HaK (-) -HeMTpoHHoH 

cHCTeMe; KOHCTaHTa CrrRH-OPÓHTarrDHOM CBff3H 
N- r )• de =0,'2.63 ( 1 + 2. -A-- , 

KOHC1aHTa mrm3HOCTll <1=1,59 (ÍJM-I l! Ro =I , 24 qJM. 
BaToM cayxae WUl I65Er HMeBM Vo =47,4 MaB 11 ie =0,355 ~. IIpn 

rrpoBB~eHHn pac~eToB HcrrO~n30BarrnCn 3Ha~eHHff rrapaMeTpOB ~ewopMaqHH 

~=O, 285 II ~40=0, 019. IIapaMeTp KBa,Iij)yno~Hofi ~eWopManaH, orrpe~e~eH

~ R3 cpe~eB3Beme~oro no KBaAPynOKbHYM MOMeHTaM Q.=7,2(8) 6apa!IS! 
H Qo=6,56(I96) capa 16/ panea p1.0 =O,28(I). 

4. I. ,)Hepnrn 11 CTpYltTypa HepOTawIOHHI:lX COCTOHHHH 

y~eT 'tlJIeHa OT~a'tlli B raMHJThToHlIaHe ~eWoPMHpOBaHHOrO JI.1Wa rrpHBO~T K 
nepecTpoHKe o~O~aCTaqHOrO cneRTpa, orrpe~enHeMOH Be~~HaMH POT~OH
llliX nonpasox fs H nHepI-UdarrDHOrO napaaerpa A=1\/21 (CM. (11) ) • 

TaÓJI. I.	 3Ha~emm BeJm'lJHH pOTBroIOHllliX nonpaaox fs nsxoropax 
O~mIaCTRlffiHX cocroaaaã B I53Gd ,I65Er ,I65Tm 

I65Er 
I53Gd I65Tm 

oc (~-I) 1,59 1,65 1,67 1,89 

~ (!IN 2 0,465 0,465 0,470 0,475 0,360 0,28 

642 t 46,2 46,3 46,3 46,4 47,2 404~ 16,5 

651 t 45,0 . 43,6 40,7 30,2 46,4 402' 10,5 

660+ 44,6 44,5 44,4 44,2 45,9 4I2t 16,9 

402~ 5,6 7,0 10,0 20,5 4,6 4IIf 11,3 

400t 3,4 3,6 3,7 4,1 2,6 4II~ 8,0 

523~ 21,3 21,8 21,7 21,5 22,2 514' 36,6 

512+ 20,8 20,3 20,5 20,6 18,9 5231' 35,4 

521+ 20,4 20,1 20,2 20,3 19,0 54I~ 19,9 

B TaÓJI. I npl:lBé~BHhl BeJIHl:illIlli POTéllUiOHHhlX nonpasox f~ nexoropax on
HO~aCTl!lIHHX COCTO.HIIliH B 165&r npa pa3JllfllHW( saaxeaaax napaaerpon 
Clll:lH-OpÓHT~HOif CM3H df R ,IJ;KtIxlJY3HOCTK a. . .IVm Cp81meHIDI ,lt8BH 

T8.KJlte aaaxsaaa fs ,1J)Iíl HBKOTOPWC COCTO.R.llIDt nepsxonaoro anpa 153Gd H 
He'tl8THo-rrpoTOHHoro iI.Iu>a I65Tm • 113 3Ha'tleHHif pa3HOCTl'l BElJIHlll:lH fs .IVlH 

COCTOHHHH pa&nHlffiHX 'tl8THOCT6n ~O, 'tlTO ~eH OT~~~ rrpHBO~T K 3a
MBTHOMY CMB~eHHID COCTOHHHH nO~O~Te~HOH 'tl8THOCTH OTHOCl:lT~HO COCTO~ 

H:Wt OTp:~maTeJIDHOH ~eTHOCTl:l. TaK, B I658r npa A=I3 KaB C,ItBHI' onaoxac
TH'tlHHX opÓHTanefi H3 rro~OÓO~O~KH c j =13/2+ OTHOCl:lTeJThHO O).4HO~aCTR~

6 

HorO~OBHH OCHOBHoro COCTOHHHH (5/2-[523J) ~OCTHraeT ~300 KsBll óo~ee, 

a B Gd (ocaosaoe COCTOHHHe 3/2- [52IJ) npa A .....16 KaB --400 KsB H 
óo~ee. Ec~ HcrrO~n30BiTn rr~~IeTpu rrOTe}mHana CaKCOHa-B,y~ca, peKOMeH
~OBaHHhle, HarrpnMep,B 13,1 ,18/, TO y~eT ~eHa OT~al:ill rrpHBe~eT K 
CKnnHOMY fiC~BHHID SHepreTR~eCKOrO CrreKTpa HepOT~OHHHX COCToHHHfi. 
tITOÓH CKOMIleHCRpoBaTn caeneaae O~ÓHTaJIeM sa C~eT H3MeHelUiH napaaerpa 
KBa,I:ij)yrrO~nHOH ~eWOpMaIJ;ID! B we 65Et , 3Ha~effi:te p'l.O rrp~eTCH YBeJlli
'!HTn .nO	 f31.0""0,32. B JI.1We I65Tm , r~e paCCTOHHHe MeJK.DY ~ K 
nOBepXHOCTH ~epMH OpÓnTallRMH 1/2+[411] H 7/2-[523] H3MeHHeTCH B 3aBH
ClfMOCTlI	 OT P2.0 ae oxeas CHJInHO, napaxerp KB8,IijJyrrOJI:bHOH ~ewopMaIUlli 

rrpH~eTCH YB~fiTn ~o p10-0,36. IIoaTOI~ B Ka'!eCTBe CBOÓO~X MH fiC
nO~n3yeM ~n ~a rrapaMeTpa rrOTeHURana - KOHCTaHTY CllHH-opÓHT~rnHOH 

CBH3H de H napazerp ,n;aqxror3HOCTlI 0(.. 

B ~e He'tleTHO-HeHTpOHHUX ~ep pe~OSeMeJI:bHOil OÓ~aCTH a~eMeHTOB 

( Gd , D~ , Er ) cyrqecTBym COCTOHIDISI c K""=1/2+ n 3/2+, BOJiliOBUe 
g)yHKImH KOTOp'HX CO.ue~T 3aMeTHYID CMeCn 1toMIlOHeHTOB c N =4 fi 6 (~1J=2J
CMelIDIBaHHe) 711,19-2 • IIPIl RCrrOJID30Bamm napaaerpos rrOTeHIJ;RaJIa CaK

cona-Bynca ooaacrr, (AN =2)-cMennmamm aacznnaerca B paãoae 3Ha'tleIDlit 
KB8,Iij>YTIOJInHO' ~~PMaIUlH /32.0 =0,32 - 0,33 II B oseas Y3KOM llliTepBaJIe 
A fj io =O,OI 13/. Y~eT KBa3maCTXPlH0!t3HOIDIOro B3aHMo~eifcTBHH 3aMeTHO 

paCIIIHpR:eT .aTOT IlHTepBaJI (4P.to'" 0,03 /I /), H (4 N =2)-CMennmamte Ha'tIRHaeT 
np0J:IBJIfITnCH y-s.e npz MeHnIIIHX aaaxeaaax napanerpa KBa,rq>ynOJIDHOti l(êlf>oPM8.
~, HO, TeM He MeHee, '!aCTO 3aMeT~O ÓÓ~lIIKX paBHOBeCHoro 3Ha~eHHH. 

IIo~e ~eTa ~eHa OT~~ ~ y~eHRH cor~aCHH c SKenepmdeHTOM 
rrp~OCn 3aMeTHO ~enH'tllITn KOHCTaHTY crnm-opÓRTannHOH CBa3Il (OT 3Ha
'tlemm dt=0,4I ~ /17,23/ ~o ~-0,46 ~), ~TO, eCTecTBeHHà, IIpHBe
~o K CÓ.JIIDlteImID nonoõoaosxa iL n / 2. c 3slI2. H Zd 3/z. ' KOTOpHM npaaanae
~T COCTOHHHH I/2+t4001 R 3/2+[402] COOTBeTCTBeHHO. B pe3YJIDTaTe H3
MeHeHIDI MaTpKtIH1IX s~eMeHTOB KBa,rq>yrr~HHX orrepaTopoB B BOJlliOBI:lX <J)yHK

1r
I:ÇIDIX KBa3RtraCTHlIHo-4x>HOHHI:lX COCTO.fIHHit c K =I / 2+ II 3/2+ yxte rrpn paBHO
BeCHHX 3Ha~eHIDIX rrapaMeTpa KB8Jij>yrrOJ!DHOH ~e<I>oP~ Ha'IHHaeT npOHB
MTnCH (.AN =2}-cMennmaHHe. Ha pnc.I nosasaaa 3aBHCHMOCTn BBJmlmH aMIl

JlliTY~ O.n;HOKBasIl'tlaCTWlHWC KOMIIOHeHTOB 1/2+ [660) (6601') li 1/2+ [400] (400t), 
3/2+ (651) (651 t) II 3/2+ [402) (402~) B BO~OBl:lX @rHKmffiX cocroaaaâ 1/2+ • 
n 3/2+ COOTBeTCTBeHHO OT napaaerpa crraa-opõaraasaoã CBSI31I. BH~o, 

"IoH .	 651"
~TO c YBeJm'tleImeM ~ BeJmlIIDia npaxecanx KOMIIOHeHTOB C~.slt H Clt o 1+ ,
 

uoo f 660' / + / +
C"O, li	 C'foot B BOJIHOBHX (py'Hroumx cocroaaaã 3 2 H I 2 nospacraer 
(sarracs	 C~ osaaxaer a.MIIJll'!~y.n;y lIpHMeCH O.n;HOKB8.3KtIacTR'q}{OrO COCTommH 
r' B BOJiliOBO~ ~ KB8.3W1acTwm<>-4>oHoHHoro COCTOHHIDI p ). Ha~

H8.fI c X =0,46 ifl1- (npa ot =1, 65 <i>M-I ) (.AN =2}-cMennmaHHe aasaaaer pe3
no YCHJmBaTnCH. lIocTaTo~o llYBCTBRTMnHO OHO R K H3MeHemm napazerpa 
.n;a<IxI?Y3HOCTH - npa YMe1ffiIIIemm (J..' (.AN =2}-cMellIHBaIme Ha'tIHHaeT ocaaõa
BaTn (CM.puc.2) ,. 
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Ta6J:r.2. 3aBHCllMOCT:D CTPYICTypH KBa3H'tIaCT~PIHO
~ mc. I . 3a.BliCHMOCT:D aMIIJIliTY.IJ: O,IJ;HOKBa

a 1 Io.=1,65'MI~~t 

Q5~ I: 

c~~~ ~402\ 

0,41 0,43 0,45 0.47 ~(~M21 

I~~t Ó 
0.=1,65.",-1 

0.5 

0,41 

C YBeJIR'tIeHH8M X B BOJIHO

BHX cIJYHIw;IDIX cocroaaaã 1/2+ li 

3/2+ Ha'tlliHaIOT B03pacTaTL aMII

JIHTY.IUl ó8Ta-BHóp~OHHllX KOM

<pOHOHHl:lX BOJIHOBHX cDYHIID;:ttit COCTOJImrM c K'""=1/2+ H 
3li'tlaCTHtIHHX ltoMIIOH8HTOB KBasKlIaCTli'tl

3/2+ OT napaaerpa CTIHH-OpÓHTaJILHOH CM3H ~ 
H0-W0HOHHaX BOJIHOBHX ~~ COCTOH

HHM C K'1I"=1/2+ li 3/2+ OT napaaerpa 

cnaa-opõaransaoã CBfl3H ~ • 

leI 
1,0 e651t de=0,465~M2 

6511 
~ . 

402~ ~ 
0,5 

65 1 t . 
~ ~re~420~2!~ 
~~ ~ o. . . , .. 

1,59 1,61 1,63 1.65 at~M-~1 

Pac, 2. 3aBRCl/IMOCT:D a.MIJJmTY.n; onaozaa

3HlIaCTKtIHhIX KOMIIOH8HTOB KBasH'lIaCTR'tI

H0-W0HOHHHX BO~HOBHX WYH~ COCTOH
1r

lillÍt C K =3/2+ OT napaaerpa .n;a@)y3

HOCTli 0(.. 

'lT 
K 

E(uB) 
CTPYltTypa8JWn. ~M 

I 2 3 4 

x= 0,45 ~ 
J/2+ 507,4 541 0,80 166Ot)-O,OO6I400t)+ 

+0,41 1642f(221)Kl,37 1651t(221»+ 

+O,0614OOt (201» 
J/2+ 746,0 864 0,75 14OOt)-o, 06 I660t) + 

+o,591402H221»-o,22 l402t(221»+ 

+O,07166Ot(2OIl) 
3/2+ (853,5) 46I O,911651t)-o,051402~) + 

+O,32166Of(221»-o,08I402~(2OI» 

3/2+ (534,6) 813 O,831402~)+o,071651t)

-o,4814OOt(221»-o,21 1404~(221»

-o,141651t(201» 

:lC '" 0,465 ~ 
J/zt' 507,4 485 o,'77166Ot)-o, 13 14OOt)+ 

+o,44I642t(221»~,381651t(221» + 

+O,0714OOt.(201» 
J/2+ 746,0 850 o,7414OOt) ~,15166Ot) + 

~,591402~(221»-O,22I404l(22t»+ 

+O,IOI66Of(201» 
3/2+ (853,5) 493 O,87165It)-o,I81402~) + 

+0,30 1660t(221»-o,191402l (201»+ 

+0,16 1400t(221» 

3/zt' (534,6) 701 O,8II402l)+o,2II65It)

-o, 421400t (221» -o,191404~ (221»

-o,251651t(201» 

X =0,47 iI.J1
J/2+ 507,4 49I o,76166Ot)-o,I91400f) + 

~,441642t<22I» ~,391651t (221» + 

~,081400f(201» 

J/2+ 746,0 827 o,7214OOt) +O,2I 166Ot)+ 

~,58I402H221» -0,21 1402f(221»+ 

~,12166Ot(201» 

3/2+ (853,5) 402 0,78 I651t) -o, 351402.) + 

+O,24166Ot(221» -o,261~ (20Il)+ 

+O,2714OOt(221» ~,141651t(201» 
3/2+ (534,6) 569 o,741402~)~,39165If)

-o,3I 1400t(221» ~,19166Ot (221»

-0,3216511(201» -o,141402i(201» 

J/2+ 507,4 559 

-
:lC= 0,475 ~ 

o,72 166Ot)-o,2814OOt) + 

+O,421642t (291» -0,41 I65If (221» + 

+O,Ia 1400t(2OI» 

nOHeHTOB (Ta6J:r.2), H npa CMLHOM (iJN =2}-CM8IIJ:HBaHllli OIDI, O'tleBH.n;HO, 

.n;OJ'I.JKHIl RI'paT1J .n;OCTaTO'tIHO 3aMeT~ pOJTh IIpH BhI'tIHC~8mm MaTplf'tIHl:lX 3JI8

M8HTOB no BOJIHOBl:lM ~~ (IS). B CBH3H c 3TRM O'tleH:D aKTYaHDHa 

npo6J:reMa KOpp8KTHoro y-q8Ta óeTa-BliÓpanaa 'tI8THO-'tI8THOrO OCTOBa npH on

pe.n;eJI8HHH 3Heprlfi H CTPYKTypH H8pOTauHOHHHX COCTOHHKa H8't18THHX ~ep. 

TIpH rrpoBe~eHHH ~aJIbHeftmHx paC'tI8TOB MH Hcno~3yeM O~O'tlaCTH'tIHH8 

3HeprHR, MaTpH'tlHH8 3JI8MeHTH li KBa3H'tIaCTHtIHo-4?OHOHHl:l8 BOJIHOBH8 ~ 

IIpH 3Ha'tl8mm KOHCTaHTH cmm-OpÓHTaJILHOií CM3H ~::{), 465 ~ li napazer

pa .n;am3HOCTlI ex. =1,65 cIJM-1 . SHa'tleIDI8 Illiep~aJILHOrO napaaerpa A=13 K3B 

IIpH nonoope uapaaerpos cpenaero nona Ó~o BHÓpauO ÓJIH3ImM K ero 

3Ha'tleHHll B coce.zomx 'lI8THO-'tI8THl:lX HfWax II 3Ha'lleBIDlM, nOJIylIeHHl:lM B p~ 

KaX MO.n;HcIJ~pOBaHHoit MPlJ npa pacxêre aHeprd poT~OHHIIX ypoBHe:ft H,Iij)a 

16Sx.. (CM.pas.n;eJI 4.2). OTM8THM, 'tlTO li3MeH8HH8 HH8pURaJIDHOrO napaaer

pa B npe.n;eJIax Ia - 15% npaKTK'lIeCKR ae BJIIDIeT aa aaepraa H CTPYK'J!YPY 
~KBa3H1mCTRW~HOHH1lX COCTO.amm. 

B Ta6X.3 TIpHB8.n;eHÜ 3Ha'tl8HHH aH8prnÍt R· CTP1KTypa KBa3KtIacTR'tIHO-wa

HOHHl:lX COCTOHHH:ft (GM), 3HeprHH O~OKBa3K'l1aCTK'lIHl:lX COCTOJIIi:d:, 

BJ:lllliCJIeHHHe B paMKaX MO.n;eJm H93amICHMHX KBa3K'l1aC'l'liIII; I (MHE), 
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r ;. 

Ta6~.2 (rrpO~OmKeHHe) Ta~.3. 3HeprRlI II cTPYRT~a Ima31I'laCTlI'lHO-WOnOHHHX 

I
 2
 3
 4
 

I/2+
 

3/2+
 

3/2+
 

746,0
 

(853.5)
 

(534,&)
 

845
 

240
 

426
 

0,68 14OOf) +O,3116601) +
 

+o,53I4aZ~(22I»
 

+O,14166Of(201»
 

0,69 165It) +o,4514aZ~)

~,I416GOt(22I»
 

~,33I400t(22I»
 

~,681402+)+O, 47165It)+
 

+O,1514OOf(22I»
 

~,37165It(20I»
 

+0,2116511(221»+
 

~,201402f(22I»
 

+o,321402~(201))

+o,22I65If(20I»
 

~,24166Of(22I»

+o,24140~ (201))
 

COCTOHHHH ~a 16 Er
 

1,. 
~I. 

B 165Er npa c~e.n;y1(ID1lUC 3Ha'leHIDDe napanerpoa rrOTeHI.J;lI8J.Ia CaKCOHa-By.n;ca: 

'lo =47,4 M3B, Ro =1,24 lÍlM, Ol =1,65 <})M-I, de' =0,465 {f)Nf, pJ.o =0,285, 
p~=o,019. Bo Bcex paC'l9Tax lICrrO~:b30B8J.IOC:b 3Ha'leHne KOHCTaHTH rrap

Horo B3aRMo.n;eHcTBIDi G =0,132 M3B. 

4.2. 3HeprlIlI II CTpYKTypa poT~OHHHX COCTOHHHn 

aHeprlIlI II CTpYKTypa POTaqaOHHHx COCTOffHRH B R.n;pe 165Er paCC~ITH
BaJmC:b BO MHOI'RX paCíoTax 74,11,24,25/, r.n;e B OCHOBHOM ~OBO.n;wrCSI aHa
~3 COCTOHHHH rrO~O~T~bHOH 'l8THOCTll. ABTOpH /11,24,25 rrO~:b30BaRHC:b 
cxeMoH O.n;HO'laCTlI'lHHX ypoBHeH B rrOTeHUlI8J.Ie HRH:bCOHa, ~THBaHH KOpHO
~COBO II cnapHBaT~Hoe B3aRMo.n;eRCTBRH. ~ y~eHHR cor~aCRff c 3KC
neplIMeHTOM 3HeprRtt pOT~OHHHX ypoBHefi rrO~OEHTenDHOn 'l8THOCTlI BBO.n;a
~C:b <I?eHoMenO~OrH'leCKHe {f)aKTOpu oc~a6~eHRH MaTpR'lHHX 3~eMeHTOB KOplIO
~COBa B3aHMo.n;eitcTBIDi, .nOCTID'éllIlIWe 3Ha'leHmt Ol.KI<,-0,4 - 0,5. OTMeTlIM, 
'lTO ~ rrO~eHRH xopornero cor~aClIH c 3KCneplIMeHTOM {f)aKTOpH oc~a6~e-/ 

HIDI, KaK npanaao , BBO,IllITCH II B ,Iij>yrlIX paoorax (narrpaxep /5,18,26-29 ), • 
r.n;e paCC'lRTHB8J.IlIC:b xapaKTepHCTlIKlI pOT~omDiX COCTO~ ~ He'l8THO
He~TpOHHHX., TaK II He'l8THo-rrpoTOIIHllX anep, KpoMe Toro, 'B 4,24,25/ HC
n<>JID3ymcR 3Ha'leHHH naparserpa KBa,Iij>yno~:bHOI .ne<I>op~, npeBl1IIIa.KJItHe 
paBHOBeCHHe na 10 - 15%. 3nec:b y;ryq:rnelUIe cororacaa c 3KCnepliMeHTOM 
npoaoxonano sa C'leT YCMeHIlH (áN =2)-cMenrnBaIDUI. Ho B 3TOM cJIy1Iae 'laCTO 
CTaHOBHTCH HeB03MO~ o~oBpeMeHHoe OITlIcaHHe 3HeprKa cocToHHKtt no~o
EKT~:bHO~ II oTp~aT~:bHO~ 'l8TnOCTel B paMKaX O.n;HOn cxeMH O.n;HOKBa3~ac
TH'lHHX cocToHHHl, BamBOe rrplI paC'leTe BepoHTHocTen 3~eKTp~ecKKX ~

ITOJIDHHX nepexo.n;oB. 1. 
Pe3Y~TaTH HamHX pac'l8TOB ~ I6~r B CpaBHeHHE c 8KcnepmMeHToM 

E(K3B)n CTP1 K T1paK aRCO. I.IHK KW 
5 -42 3I 

I/2 0,871521+) +O,18/5101)

-D,381523~(221»+0,1615121 (221))+ 

-o,la I52It(22I»+o,0915I2+ (221» 

1/2

297,4 327333 

920,5 2723 1052 o,561510t) -<l.32152I~)+o.151530t)+, 
+0,61 1512t(22I»-<l.22152lt (~2I»+ 

-<l,20 1521~ (201»-<l,191523+ (221» 

1/2 1263 -<l,42153Ot)+o.2015IOf)-<l,IO [52If)+ 

+0,68152lt(22I»+O.3I 1523+(221»+ 

+o,281512f(220)+o,241642t(321» 

3/2

1718980 

O,981521t)+o,1015:m (221»
 

3/2

370242.9 300 

0.84 15320+0,34 1530t (221 »+O.26I52It (201»

-<l,15\660f(321»-o,14165It(3OI»
 

5/2

1501 1220-

-<l,891523+)+O,3215I2t)+ 

+0,20 1521+(221»+O,1415Iot (221»+ 

+o,121624f(321»-<l,0815I2f (201» 

5/2

o oo 

530477,8 788 0,8515121)+0,371523+)+ 

+0.24 15IOf(22I»+O,171624f (321»+ 

+0,161523+(200) 

7/2 1495 O,ff115I44)-<l,3I 151~ (221»+O,271633t (301»

-<l,I61 503t (2OI»+o,II 16I5t (321» 

9/2

1920-

1226 O,101514t)+O,991523+<221» 

11/2

4066-
551,0 1966 2V50 0.99 l505t) +O,08 1503f (221» -.------ 

507,4 II6I 485 O,77166Ot)-<l~i314OOf)+ 
+0.4416421(221 »+O,38I65If (22I»

-<l,091532+(321))+0,07 1400f (201» 

I/r 

I/r 

o, 741400t)+o,I5166Ot) + 

+0.591402+ (22I»-<l,22I402t (221» + 

.+o,I21642t(221 »+0.10 1660f (2VI» 

3/r 

850746,0 1858 

(853,5) 0,87 165It)-<l,I81402+)+ 

+0,30 16601(221»-<l,I91402~ (201»+ 

+O,1614OOf(22I» 

3/r 

495899 

(534,6) O,8I 1402+)+0,21 165It)

-<l.4214001(221 »-<l,25165It (201»

-<l,I9 I404+(221 »+0, IO 1660t (221» 

5/r 

7011387 

47,2 283 o, 961642t)+o,22166Ot (22I»-D,IO l530t (321» 240 

(465) 129 255 o, 98 1633t)+o,Q7 16421(221»
 

9/2+
 

7/r 
IOOt1147 0,86 1624t)-D,33 l642t (221»+0.301 5I2t (321»

-D,20 1523+(321» 

1I/2+ 

-

2829 1390 O,I61615f) -D,99I633f(22I» -

npKBe.neHH Ha plIc.3 II 4 (sKcrrepHMeHTan:bHHe flaHHHe, HCITO~3yeMHe B,Hac B rrepBOM aapaanre (I na pnc.3,4) ~TImaJmC:b KOpHOJIHCOBO II cnapa
To~e~ pa60Te,B3HTH lI3 111,19,21,25,30,31/). ~o rrpoBe.n;eHo 'leTHpe Ba- BaT~:bHOe B3aHMo.n;elcTBllH. Ba.n;Ho, 'lTO B 8TOM BaplIaHTe 8HeprHK pOTanKO~l·
pHaHTa paC'leToB. IDiX ypoBHeH nOJIOC 1/2-(530), 3/2-[52;1:] li 5/2-[512] MOXO COrJIacymcSl 
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I: 
I' 
I! 

c 81ccnepRMeHTOM, a B no~oce 5/2+[642] He BocnpoHsBo~TCR ~roKe noc~e ~ ! 
~OBaT~:bHOCT:b TpeX ~UHX YPoBHeil. 

I. 

I. 
Bc BTOpOM BapHaHTe (2 Ha pHc.3,4) npli yqeTe RBaSM~aCTn~o-woHoHHoro IJBlI 800Bsam~O~8fIcTBHR H HcrrO~SOBaHllR MO~waqRpOBaHHHX MaTpl~ 3~eMeHTOB 

:1ROpnOJIlWOBa BSaHMO~efIcTBIDI, Bwrn:c~eHRlIX na OCUOBe cooraomeaaa (20) C 
BO~UOBHMH WYH~m M3 Ta6~.3, cor~aClie c 3RcnepliMeHToM pe3Ro YJr,rqIDH
~OC:b. O,JUIaIW nO~OCbI 3/2-[521] li 5/2+[642] no-npeaaeey CIDIóHO "C1KaTH:1f 

, 
1600 

IrpH~eM R3MeUeHITeM HHepUJlan:bUOrO naprofleTpa nO~OClI 5/2+[6421 B AOCTaTO~ 11 
HO llIHPOIGIX rrpenenax (13 - I7 R:3B) npaxrrrsecza ne y~aeTcfl y~rT:Ó se /,

l'r 1400orracarrne• 
TpeTHll BapnaHT OT~~aeTCR OT BToporo TeM, ~TO ~ y~rneHlIfl cor~a I. 

CHfl c 8RCnepH1~eHTOM BBO~~C:b WaICTOpU oc~a6~eHIDI MaTp~x 8~eMeHTOB I 
200

ROpHO~COBa BSaliIMo~efIcTBIDi ct(512t,52It)~,8, <x(521t,530t)=O,9, 
~(642f,651t)=O,85 li ~(65It,660t)=O,81. 

lIT06H Ta.K ae xopono onacars POTawIOHHbIH CIIeRTp B czyxae yqeTa TO.JI& o 

PRc.4. 

312+312 -,- r-
/ 4------

,....--'. 

21n~ " 1/2+1124 ------.----1/2+1/2
I I 6 
\ I 3/2+1/26 --'.. 

19/2~\ " '\ , , 
~ \ J r-rr--: 

, I 
I~- I 

3/2+312 6 ~~==312V24, I 

..
I t»

I 1/2+1/2 ---------1/2V2 
17/2!........-., '~~, 6 (J) 3KC. ® 4 

, I 

15n!........-. 
\ 

\ , 
I 

• 
\\ " ~ 

\ L..-.......J "
 

13/2!........-. \ ,/ r:__-:
 
','----..J, __ 

11/2!........-., '- " .....-----/ 
" " + ,~~/ ---

j~!:=\',==,~~~::== 
5/2+3KC.->-"G)· ~ @ 

5/2+[6421 

3Kcnep~eHTanbHHe R TeopeTR~eCRRe SHeprnH paTa

E ,--. 
(K3B) 7/2---l' ",---

7/r-'--'
5/r~'-'-'
312----·-- 512--'-'1000 

312----- 1/2-..I 

1~--.-
3KC.'<D <2l ~ ,~1stz:-·~'- 3KC. <D@ 

1/21530] 1112-----: \---. 
1/21510] 

13/r------ 9/2--"~'-'-' 

712--~··--·----
11/F---

11'\ I'A> 7/t--._ _3KC. \.li '6d1 9/2- '---..... 5/2---'- _ 

11/21505] -... -..1,'- 3KC. <D <2l O> 
500 

'__o 512- ,-'-- 
7~\ ~'--.312=---. .- 5/2-[512] 

111'2=-~----.  5/2--,:=:,_- 112---------. 
312-------- 3I<c. (]) <2l ()
 

9tz:.----- 3KC. (]) <2l () <;1/21521)
 
3/21521]


712------- 

512~~~~2! 

Pnc.3. 3RcrrepID~eHTaRDHHe li TeOpeTnqeCKHe ôHeprHH pOTa
~O~ ypOBHefi oTpnuaTe~:bHOR ~eTHopTR (Bap.1 - A=13,7 R8B, 
Bap.2,3 - A=I2,5 R8B). 

J~OHHHX ypoBHe~ nO~O~Tarr:bHOn ~eTHOCTH (Bap.I -
A=I2,0 KôB, Bap.2 - A=I4,0 KôB, Bap.3,4 - A=I3,4 K3B). 
HH.n,eRCH 4 li 6 rroxasuaanr , ~TO cocroaaaa c 

w:
I K upmm,n;-

JIBlUlT rro.n;06MOtIKaM c N =4 li 6 COOTBeTCTBeHHO. 

RÔ rrapHHX Koppe~ rrp~OC:b BBO~T:b c~e~e WaKTOpu oc~a6~eHKft: 
cx.(5:i:2 t,52It)=0,?, ~(52It,530t)=O,4, 0l(642t,65~t)=o,6, 
Ol (65If ,660 t )=0,5, Ol(660 t , 660f) =0,6. TaKHM. oõpaaou, RBasR1tacTlflI

Ho-<I>oHoHHoe B38.IDJIo,n;eHcTBRe rr03BOJISleT 06WClillT:b SHa'tIRT8JI:bHYID tIacT:b Be
~ WaKTOpOB oc~a~eHRH MaTpHtIHHX ô~eMeHTOB Ropno~coBa B3amMO~ea

• CTBM. 
Ha pnc.5a rrOKa3aHO, KaK nSMeHffeTCH BenHtIMHa MaTpR'tlHHX ô~eMeHTOB 

• onepaTopa j+ , CBHSHBaromHX HeKoTopue COCTOHHRff rrO~O~T8JI:bHOa 
Tll npa yqeTe napasx ROpp~ (I) H K.Ba3m~cTIdlffio4I?oHoHHoro 

~eTHoc

B38.Wr'10
,n;eICTBRff (2) (c~eBa 6es HYMepanHH rrOKa3~ O~O~aCTRtIHHe MaT~e 

8~eMeHTH). ~o, ~TO ~ paCCMaTpKBaeMUX MaTp~ ô~eMeHToB yqeT 
CITapKBaHHH rrO~Tn He n8MeHffeT adco~Hol B~ MaTpR'tlHOrO 3~eMeHTa. 

i 
; ~ 

llpn yqeTe RBa3l:PlaCTH1IHo4I?oHoHIlOro 
paccaorpemrsx MaTpRtIHHX 3~eMeHTOB 

B3aHMo.n;e~cTmm H3MeHeHHe BeJil'I'tlHHH 
06YMOBJIeHO, KaK rrOKa3aJI aaanaa, B 

i l q
i,;
'(

'i 

OCHOBHOM (A N = 2)-a4eunmaRBeII. Ha pnc.56 nosasaaa 3aBHCHMOCT:b Be-
JmtmHH O,I(HOtIac~HtIHI:lX MaTp:R'llHI:lX 3JIeMeHTOB 0'1' napaaerpa RBa,Iij>yrromHoit 
,n;$pMaI~IH Pao npn "X =0,41 ~ H Cl=I,65 ~-I (npa TaKlIX napaaer
pax B pa60Tax /i»,~I 6wro rro.nyqeuo HeJIJIaXOe conzacae 8Heprd Hepom
ItHO~ COCTOmnnt c 8Kcrrepm4eH'l'OM oea rIe'l'8. "UeHa o'1'.I~a"qJ/(). 1l'l'06ü ua.ny
~:b O~OtIaCT~e MaT~e 3~eMeHTU, 6rrH3KHe K Hcrro~syeMHM HaMH, 
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<~~l=::=\ 
a 1<1>[ 651f-660f 6 

6,0 642f-651f' \ 

. \~ 642t-651t 
4,04,O~ I-.... 651 t-66Ol 

~:I 
__ 642t-4021 

2,0 ~ ,~~-:---. 402~'66ot 
402f-400t

_:~~=:--- 4021-4001 
O~ ----  __ -..- 400t-400t 

-----  6511-400t 
40of-400t 

-~O! -2,0 

-4,0 
,........ 660f-6601 

-4,0 
, 

I -6,O~ 660t-660t-6,0~ ,, _.._....~' 

e <2> 

I 
I • . . •

( fllO=(285) Q28 0,30 0,32 0,34 
F20 

r 

'I
 , 

PUC. 5: MaTplr'tlmie 8JIeMeHTU oneparopa [«, a-BeJlli'tIklHIi MaTplr'tlHHX 
3JIeMeHTOB npa yqeTe napaux KOppe.mnum (I), KBa3WIacTWIHo-q,o
HOHHOI'O B3aHMo.n;eRcTBRff (2), Cpa.BHeIDIe lIX c OroIO'tlaCTR'tlRllMH 
3Ha'tleHII.mvm; Cí-3aBnCHMOCT:b BeJlHl.llllII:l OroIO'tlaCTKtnlliX MaTpR'tlHl:lX 
3JIeMeHTOB OT napaaerpa 1CBa.upyrrOJI:bHo:it .n;eWoPMaI..Um. 

rrpH 3THX saaseaaax x li ar. IIpHIlIJIOC:b Cíu rrpOBO).J)'IT:b paCtISTI1 co 3Ha'tleHIDI
MR napazerpa KBa,ruJyrrOJl:bHOK .n;eq>opMamm ,Bzo~ 0,32. 

OTMeTHM, 'tlTO eCJIH HCrrOJIIl30BaT:b o.n;aO'tlaCTn'tlHIle.MaTpn'tlHHe 8JIeMeHTi / 
oneparopa .J,. M KBa3W1aCTH'tlHo-<PoHomme BOJIHOBue WmtIUiM H3 paCíOTU 23, 
TO HeoCíxo.n;IiMue WaKTOpU OCJIaCíJIeHIDI MMeJIU Cíu 3Ha'tleHIDI <X(512t,521t)~,8, 

cx.(521t,530t}=0,bS , CX(642t,651')~,?0, 0l(651t,660t)~,65,
 
a(660f,660t):0,90.
 
~eTBepTH:ll BapHaHT paC'tl8TOB OTJIH'tlaeTCH OT TpeTllero TeM, 'tlTO ~ COC

TOHHll:ít c 3HeprRrrMM 507,4 / 746,0 K3B nCrrOJI:b30BaHa lIHTeprrpeT~ 

1/2+[4001 H 1/2+[660] 731 COOTBeTCTBeIIHO, a He 1/2+[660] H 1/2+(400], 
npeanoxermaa B /19,30/. 3TO npaieraxecxa ae rroBJIIDL7Io na aaeprza YPOB
Hea pOTauHoHHO:ít rrOJIOCU 5/2+(642), HO cymecTBeHHo M3MeHUJIO rrOJIOilteHHe 
ypoBHH 3/2+ rrOJIOCU c K~=1/2+: rrpn HHTeprrpeT~ 3/2+1/2[660J ero pac
C'tlHTa.HHaR: 3HeprIDI nOJIYlIarrac:b paaaoã 718 R3B, a npa aarepnperanaa Ka.K 

3/2+r/2 [400] -/552 K3B, 'tlTO 3aMeTHO CíJOOKe K 8KCrrepHMeHTa.JThHoMY saase
.mIID 589,8 R3B 30/. B TaCíJI.4 rrpase.nena aMIL7llITY.IO:l KOplrOJilICOBa cnearasa
HRH COCTORHHH pOTauHoHHUX rrOJIOC nOJIOEHTeJI~o:ít 'tl8THOCTH rrpH oCíenx HH
TeprrpeTaI.UffiX. 

TaCíJI.4.	 3Hepnm: H aIVIIIJIUTY.n;u 'I~ÓPIIO~"llICOBa CMeIlllIBanHH cocroannã 
pOTa.u;IIOIIH1P.Ç ~OJIOC rrOJIOm!TeJI:bHotr 1I8THOCTi ( A - HHTep
rrpeTauRR 131/, E - xIHTeprrpeTauHH /19,30 )-

E (uB) AlilnJlB'l'YJt'y CMemUJl8H.1l GIK 
660t65It 402. 400t642taRCD. Teop. 615t 624f 633tI'Tl"K [NnlA] 

A 

-0,214 -0,082 0.048 -0.0005/2+ 5/2 t642] 47,2 47 0.972-- -
7/2+ -0,277 '0;069 0,00162,7 62 -0,301 0,903 -o.HO- -
9/2+ -0,1330,857 O.IO?98,0 0,026 -0,363 -0.322 0.00199 -

O,II6H/2+ 0,827 -0,349-0,396 -0.149 0.001164 0.041167.5 -0.001 

13/2+ 0,053 0,799 -0.165 0.152251 -0.377 0.002-0.002 -0.409238.5 

15/2+ 372,7 -0,421 -0,392367 0.782 -0,175 0,154 0,002-0,003 0.064 

1,0001/2+ u: [660] 746,0 0.000746 -- - -- -
3/2+ 0,189 0,531 0,0200.826963 -- - --
1/2+ l/2 [400] 1,000507,4 0.000507 - - -- - -
3/2+ - - -0,336 0,096 0,935589,8 -0.065-552 -

I) 

0,0680.97247 -0.205 -0.089 0.0015/2+ 5/2 [642] 47,2 -- -
7/2+ 62,7 0,90362 -0.301 -0.267 -0.120 0.089 0.001- -
9/2+ -0,316-0,360 0,14298,0 99 0.854 -0,145 0,0010.026-

1l/2+ 167,5. 165 0,041 -0,392 0,824 -0,343-0,001 -0,161 0,145 0.002 

13/2+ 0,792 0,002238,5 -0,002 -0.401 -0.374 0.193249 0.052 -o.L78 

15/2+ 0,777 -0,388-0,414 -0,188372,7 0,188-0,003366 0.063 0.003 

1,0001/2+ l/2 [660] 507,4 507 0.000-- - -- -
3/2+ 0,1420,573 0,725-0.354589,8 718 --- -

0,000IJ2+ l/2 [400] 746,0 746 1.000-- -- --
3/2+ -0,177-0,123 -0.176 0.9617frl - -- --

4.3. BepOHTHOCTH ~rrOJIDHUX 3JIeKTpR'tleCKnX rrepeXO~OB 

~ BIl1IHCJIeHHH IIpRBe.n;SHHUX BepOHTHocTe:ít ~nOJIDHHX 3JIeKTpRtIeCKHX 
rrepeXO~OB	 B paMKa.X ~ RCrrOJID3yeTCH BupaiKeHHe 

B(E1 j I .. -.I,)= 1810 + 8 11 + 8 11 1'2. , (22) 

r~e 

610 = L C2 i l< <'1 IC' <J:~ I< 1 01 Xf t('><,h ,1lY\eEfO)Ief: '> <5 IC , ,
I</('	 , TI( IC, 

1(' 

~11 =L Cl;ICC~I<'f; I~k" 11 Ir J('><ef>I<.IW'lCE11) 1c#>Ic,>cSl(',IC'f1 .... (23)
loc' 

+ <Il,k 1-1IIflC'><<1>IC"mlE1-1)1~K'>81C~K-1], 
___ I"'Yz+l
 

B'f1=-L C'7,I<Cr:tJ(,(-1) <I\-t11/If1/2><t'Y/m(E11)I<I>_%>õK~%81<.%'
 
lere' 

3.n;ec:o Cr,t<	 H 01fl<' -aMIIJJl'ITY,ZJ)l KOpHOJIRCOBa CMelllHBa.HIDI B BOJIHOBllX <PYmt

14 
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unax aaxansaoro li KOHet.IHOrO COC'rO.FIIDIH, m(EI t"'-) -oneparop E1-nepexo.n;a. 
~1cnOJII:>3yeM B Ka-qeCTBe BHYTpeHHHX BOJIHOBbIX WYHltI(lltl <fK Irna31'I'IaCTWr

HCH])oHoHHhIe BOJIHOBbIe WYHKlOlli (I8). Torna B tIPlIÓJ!H1KeHI1I1 ;5/ MaTpWIHbIe 
aJIeMeHTbI onepa~opa 8~eKTpH'IeCROrO nepexo.n;a MOi~iO 3anRCaTb B BH.n;e 

,.I.. I 1'\ h I (-) ( r ~ (-4 ~ ~ À,.. )

<'t"I?'Yl(E.À/A>/ep>:::(r,Cr:Vp•r,' 0°00' P'f','+ <5-($' P'PI' +
 

h h' () (_(\ Àf'4 r= Af'I ) 
+ Cp, Cp~ Vp~p; rsO<S15,rf'p~' + 815-6, I r,pi i

n ...' (-) (t' JlfA r - ÀfJo )
+	 CrzCr: Vrl. p: CS 0 0 6 , rprp: + °15~' ípa.p,' -+ (24) 

,., y,' (-) ( >lf'C -).,,... ) 
1- CrzCp: "rzr: 0°0 0 , rrl.p~ + 8 0 -a ' rp1.f ..' + 
),',...'i',. }j',../i'",' (~) >'J'-4 -),t-' 

l' L. L <j)psO" Dp's'o' Vs s ' (<s 8
0 0 

, rs s ' + ôa _a' rss f ) , 
",'",,'l'SS'	 I 

ÀI"'	 .o I I' -r:í\f'4 / Inne ru ' =< T1«S> 'n\(EÀt-'> 'PI::'(S» 11: ss ' =<'fIC(S>/')'YI CEJf'I) <p..ktC S) > -O.n;IIO

qaCTU'!HbIe MaTpH'tIlille 3JIeMeHTI:l. 

TaÓJI.5.	 IIpHBe.n;8HH1:le BepO.FITHOCTH El-nepexonoa (F~vC -eI>artTOpI:l san
pera B paaxax Mo~r,rmvIPOBaH1iOit MPlJ, F ~~ -4JartTOpbI satrpera 
B pmvlliaX Mo.n;eJIlI 4) 

Fn 
(aS) 

E 

(uB) 
Ha'l.COCT. - ROH.COCT. 

B(EI)8RC. 

(0 26) 
FQVC FPC 

sw 

47,16, 47,16 5/2+ 5/2 [642]- 5/2- 5/2 [523] 6,6(9)-6 5,5(8) 3,6(4) 
7'1,25 3O,IO 7/2- 5/2 f523]... 5/2+ 5/2 [642] 2,4(3)-6 3,8(4) 3,I(4) 

242,94. 195,70 3/2- 3/2 [521]- 5/2+ 5/2 [642] 2,4(2)-8 26(2) IOI(9) 

296.12 248,70 5/2- 3/2 [52I] - 5/2+ 5/2 [642] ~7,6-8 ~ 0,96 '0,2 
50'7,42 I50,85 1/2+ I/2~" 3/2- 1/2 (52I] 1,4(2)-7 3.I~t.t . 24(3) 

I, I (I) 

383(77) 

209,96 - I/2- I/2 [521] 7,6(I)-8 

0,8 5} 

-*.ffi
264,65 .. 3/2- 3/2[521] 3,0(5)-8 o~H9~} 

55I,O 3I4,8 II/2-II/2 [505]"'13/zt 5/2 [642J 

...II/2+ 5/2[642] 

I,OCI)-IO 

1,7(2)-10 

0,17(2) 

0,23(3) 

0,33(4) 

3,4(4) 
745,97 389,3 

448,3 

I!2+ I/2 ~ .. 3/2- I/2 [521] 

.. I/2- 1/2 [521] 

3,2(5)-8 

2,0(3)-8 
-flWL 
~ 

2,0(3) 

16(2) 

Pe3YJIbTaTI:l paC'I8TOB llpHBe.n;8HH!:lX BepORTHOCTefi EI-rrepexo.n;oB B p~lltax 

Mo.n;mlmIJ;HpOBaHHOH MPll ,11,7Iíl JI.ICPa I 65Er .n;aHI:l B TaÓJI. 5 ( F'~vc ), rne 
rrpOBO.n;aTC.FI CpaEHeHRe c 3RcrrepRMeHTOM R pe3YJIbTaTro~, rranY'tleHH~m B 
pazsax Mo.n;eJill /47 ( F~~), ytru:TI:lB~eí1 rrpa BWillCJIeHIrn Bepo.FITHOCTefi ne
pexo.n;OB 3JIeKTpH'!eCKOrO TRrra TOJII:>KO KOPROJIHCPBO H crrapHBaTeJI:bHOe B3aH
Mo.n;eficTBRJI. ~O, ~TO IIpH llCrrOJIb30BaHHH I\Ba3H'!aCTH'tlHO-WOHOHllliX BOJI-

li 

I 

... 

HOB!:lX WYHKUHH COrJIaCHe c 3KcrrepR11eHTOM B ~arrOM 3a.M8THO YJIY~OCI:>. 

HanOMHIDJf, lJTO ,I{,.1I.fI 165Er npennaranrca ztse B03MOj',tlme mITeprrpeTaumt 
COCTORHHH C K~=I/2+: a) yp0BRj 507'7 II 746,0 R8B - 1/2+I/2[660] H 
1/2+I/2[4001 COOTBeTCTB8HHO 19,30 ; o) ypomll1 507,4 H 746,0 KaB 
I/2+I/2[400) 11 1/2+I/2[660) COOTBeTCTBeHHO /3I/. Y'tl8T RBa3W!aCTllt.IHO

11	 ~oHoHHoro B3amMo.n;eficTBRJI.rro3BOJIllJI Y~TD corJIacne c 8RcrrepRMeHToM 
,11,7Iíl BepoRTHocTeH E1-rrepexo.n;oB 150,85·H 264,65 KaB, pa3~ ypo
BeHb 507,4 I~B (1/2+), O.n;HaRO llepexo~ 264,65 K3B ITpH RHTeprrpeTanHH 
(a) no-npezaeay CIDII:>HO YCKopeH ( F~vC =I60). ECJlli I'1CrrOJIb30BaTI:> HHTep
rrpeT~ID (Ó), TO TeOpeTHlJeCKa.ff BepORTHOCTI:> EI-rrepexo.n;a 264,65 K3B YEe 
xopomo corJIacyeTcR c 8KcrrepRMeHToM - F~Yc=ü,8I. OTMeTHM, 'tlTO pesYJID
TaTI:l paC'tleTO~ 3HeprHH ypoBHefi pOTa,nHOHHOli rranOCI:l c K~=1/2+ T~e rro
Ka3bIBaIOT aa rrpe.nrrollTHTeJIbHOCTD IDITepnpeTaIJ;ID! (ó), TO eCTI:> ypoBeHb 
507,4 KaB - 1/2+I/2[4oo] H 746,0 K3B - I/2+I/2[660] /31/. 

PaCCMOTpHM rrepexo.n; 195,7 K8B (3/2-3/2[52I) + 5/2+5/2[642]), Be~4?T-
HOCTD KOToporo nnoxo corJIacyeTcR c aKcrrepRMeHToM B pa.MKaX MO.n;eJIH • 
Aaanaa rrOKa3aJI, 'tlTO B 3TOM c.rryqae EI-rrepexo,r( 195,7 KaB H,I:{,8T B OCHOB
HOM 3a ClJ8T cYMM!:l KoMiloHeHTOB TRila B1o (65If - 5211 ) H B11 (52I t - 642t ) . 
llpH Yll8Te KBa3HllaCTKllHo-WOHOHHoro B3aKMo.n;eitcTBRJI B WDPMRpOBaHHH pac
CMaTpHBaeMoro rrepexo.n;a Ha'tlKHaeT HrpaTD 3aMeTuyID PQITD KOMITOHeHT Tnna 

(402+- 52I t ) , KOMITeHCRp~ BKH~ KOMITOHeHTa B1o (651t - 521t ) , 'tlTOi 10 

B
ITpRBO.n;RT K YJIY'II1IeHHID cornacaa c 8KCrrepHMeHTOM. IIo.fIBJIeIDIe KOMIlOHeHTa 

1o (402+- 521t ) CBff3aHO c Te~, 'tlTO rrpn HC~OJID30BaHHR KBaSKllaCTH'tlHO
!I>OHOHHblX BOJIHOB!:lX <fJyHKIutit (CM. Ta6JI. 3) H3-3a (~N =2)-'cMellIHBa.H:ID1 COCTO.FI
HRfi 3/2+[65I} H 3/2+[402] B BOJIHOBOH ~ poTauRogRorO COCTORHRfl 
5/2+5/2[642) B03pOCJIa aMIJ.JIlITYJ(a COCTOmm.ff 5/2+3/2[402] (OT 0,04% no 
0,8%). llpK HeÓOJThIIIOM R3MeHemm napaaerpos norennaaza (no ~ =0,47 ~) 
Momo rrOJIYllliTI:> eII\9 JrytIIIlee COrJIaCn8 c 8Kcrreí>RMeHToM - rro npen-I 

•	 Q~ 

BapRTeJIDH1iM Ou;eHKaM,B 8TOM c.n:yqae F ..... 8. IIpH 3TOM g)aKTOp sanpera E1
nepexona 248, '7 K3B (5/2-3/2[521] .. 5/2+5/2 [6423'> rrOllTli! He H3M~HJleTCn 
( F Qvs-' 0 ,7). 

5. 3a.KJmtIeIme 

Pe3YJlJtTSTl:l HacTomqeli paõora, aa rrpm.tepe paClJeTOB 3Hep
rnI pOT~OHH!:lX COCT~ H BepoRTHOCTeã Er-rrepexo.n;OB B ~e I65gr, 
ncsaazaam, lJTO RCrrOJI1J30BaUl!e KBa3H1JaCTJI1lliO~OHOIiHlix BOJ!HOBIlX 1I1~ 

H3MeHReT' B lIpaBl!JIDuyID CTOPOHY B~ MaTpHlJHUX 3JIeMeHTOB orrepaTopOB 
KOpROJIRCOBa B3aRMo.n;e~CTBRH li! 8JIeKTpKlJeCKKX rrepexo.n;OB. llpR 3TOM 3aMeT
liO y~aeTcH cor~aCHe c 3KCrrepKMeHTOM Kal< SHep~ pOTa.u;KOHHHX COCTOR
HIDí, TaK li! IIpRBe~eHHl:lX aepoaraccreã )J)!nOJIDIDlX 3JIeKTpl'I'tleCKHX nepexonoa, 
OCOóeHHO BTex ~anx, Kor~ OIm CBH3aHH c COCTOHHHHMR I/2+[6601 H 
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1/2+ [400J, 3/2+ (651] li 3/2+ [402]. 3TO YJIYlIDIeHlIe o6YCJIOBJIeHO B nepsyio 
oxepem, coaee IIOJIlillM y-q8TOI\1 (L1N =2~CMel.l.lHBamm opoaraaeâ c N =4 H: 6. 

'OTMeTHM, HaKOHe~, 'ITO IIo;ryq:eHHoe (AN =2}-cMellIlIBaHlIe - pesYJIóTaT l1C
IIOJIb30BaHHfl KBa3l1'IaCTl1'Y:Ho-WOHOHHRX BOJIHOBUX ~YHKUHH COCTOHHHH c I~1/2+ 
n 3/2+, BlllIHCJIemm:x: npa paaaonecaux 3Ha'tIeHIDIX napaaerpa KB8,Iij:lYIIOJIbHOli 
~eWop~~ IIOCJIe y-q8Ta B3aHMO~enCTBxm OT~a~ B rru~bTOHHaHe He'IeTHO
ro ,nerpoprvrnpoBallHoro anpa. 

ABTOpU nCKpemle IIp113HaTeJIbI~ ~.H.~tITOBY, K.R.rpOMOBY li B.O.Hec
TepeHRo 3a HHTepec li pa60Te, nOJIe3HHe 3ru~e'IaHRff li 06c~eHHe pe3YJIb
TaTOB. . 

JiliTepaTypa 

1.	 A.Bohr and B.Mottelson. Mat. Fys. Medd. Dan. Vide Selsk., 27, 
No. 16, 1953. 

2.	 A.K.Kerman. Mat.Fys.Medd.Vid. Selsk., 30, No.15, 1956. 
3.	 I.N.Mikhailov et aI. Physica Scripta, 6, 1972, p.285; 

ll.H.MvtxaAnoB vt ftp. 3QAH, 1973, T.4, c.311. 

4.	 M•.H.Ea3H8T H Ap. B KH.: I{B8HTOBéUI r ecpaa CHCTeM MHODíX qé<CTY.U. 

Kl4'1UHH es , "lilTH~Hua ", 1973, c. 27; 
M.ll.ba3H8T H Ap. 34AB, 1973, T.4, c.9~1. 

5.	 H.KBaCHJI h Ap. OllH~, P4-11Ü66, ny6H8, 1977; 
J.Kvasi1 et aI. Czech. J.Phys., B29, 1979, p.S~3. 

6~ W.Ogle et aI. Rev.Mod.Phys., v.43, 1971, p.424 (n.3). 
7.	 B.Nielsen and M.E. Bunker ; Nucl. Phys., A245, 1915" 376 (n.3). 
s.	 J.Rekstad. Nucl. Phys., A247, 1975, p.7 (n.l). 
9. E.' Osnes et aI. Nuc I , Phys., A253, 1975, n.l, p.45. 

10.T.England and J. Rekstad. Phys.Lett., v.89B, 1979, n.l, p.8. 
11.G.Lovhoiden et aI. Nucl. Phys., Al94, 1972, p.463. 
12. B.r .COJIOBbeB. Teop~R CJ10JrH~X anep . "Hayxa" , M., 1971. 
13.IÍl.A.rapeeB * .Ilp. 34AH, 1973, T.4, c.'35'7. 
14. B.A.4enypHoB. H~epHaR ~~3~Ka, 6, 1967, c.955. 
15.P.Eada~l!:aHOB ti np, RAepHaSI1JH3~Ka, 12,19'70, c.1091'. 
16.C.Ekstrom and I.-L.Lamm. Phys.Scripta, 7, 1973, p.31. 
17. B.A.AJlHKOB ~ ~p. mrnu, P6-84-2'o7, llY<JHa, 19G4.
 
rs. H.A,Il.aM H ~p. H3B. All CCCP, cep.<lJM3., 1.49, 1985, c.868;
 

ll.A~aM ~ ~p. O~ffiH, P6~o4-206, lly6Ha, 19S4. 
19.P.0.Tjom and B.Elbek. Mat.Fys.Medd.Dan.Vid. Selsk., 36, No.S, 1967. 
20. M.E.Bunker, b.W.Reich. Int.Conf.Nucl.Struct., Japan, 1967.
 
21.S\A.Hforth et aI. Nucl. Phys., A144, 1970, p.513.
 
22.T.Grotdal et aI. Mat.Fys.Medd.Dan.Vid. Selsk., 37, No.12, 197 0•
 

23.	 H.A. EOHq-OCMClllOBCK8R ~ ap , OHm1, P4-G5-16, ,Ilydlla, 1985. 

18 

..
 

24. S.A.Hjorth et aI. Nucl. Phys., AlS4, 1972, p.llJ. 
25. W.~dreitscheff et aI. Nucl. Phys., A220, 1974, p.43S. 
26. R.Katajaheimo and E.Hamaren. Phys. Soripta, 19, 1979, p.497. 
27. B.M.Ml4'xaaJIOB vt np , Onm1, P4-12677, .n.YlJHa, 1979. 
2S. H.KBaCHJI H ~p. Ol1RH, P4-80-401, nydHa, 1980. 
29. r.BHHTep H ~p. 3QAH, 1973, T.4, c.895. 
30. UH .BblJlOB 1-1 ~p. OIDm, 6-81- 1t62 , .ItydH8, 1981. 
31. G.Margu1er, R.Chery. J. de Phys., v. 33, 1972, p.JOl, Paris. 

PYKOIDICb nocTymt1Ia B H3,ItaT9JThCrom OT~eJI 

20 aasapa 1986 rena, 

19 



HET JIH llPOEEJIOB B BAUJEH EHEJII10TEKE? 

8bl MOJKeTe no.lly'IHTb nO nO'!Te nepe'IHCJieHHbJe HHJKe KHHrH, 

eCJIH OHM He 6biJIH 33K333Hbl paHee. 

A17-ll1-758-

P18-82-117 

.112-82-568 

.119-82-664 

.113,4-82-704 

.1111-83-511 

.117-83-6~~ 

.112,13-83-689 

.1113-8~-63 

.112-84-366 

.111,2-8~-599 

.1117-84~850 

.1110,11-8~-818 

.114-85-851 

TPYAY II·He~AYHapOAHoro CMMn03MYMa no M35paHHYH 
npo5neMaH CTaTMCTH~CCKOH MCXaHHKH • .tly5Ha, 19~1. 

TPYAY IV cose~aHMA no McnonbaoeaHHO HOBYX AACPHO
~H3H~ecKHX MeTO~OB AnR peWCHHA Hay~HO-TCXHH~eCKHX 
H HapDAHOX03RHCTBCHHYX 3aAa~ • .tly5Ha, 1981. 

TPYAY coe~aHHR no HccneAOBaHHRH a o5nacTM 
penRTHBHCTcKoH RACPHOH ¢H3HKM • .tly5Ha, 1982. 

TPYAY cos~aHHR no KonneKTHBHYM MeTOAaH 
YCKOPCHHR • .tly5Ha, 1982. 

TPYAY IV lle><AyHapoAHOH wKonw no HeHTPOHHOH 
¢H3HKC • .tly5Ha 0 1982. 

TPYA~ coaewaHHR no CHCTeMaH H MeTOAaM 
aHanHTH4eCKHX B~~HCneHHH Ha 38H H HX npHMeHeHHO 

B TeOpCTH~CCKOH ¢H3HKC • .tly6Ha, 1982. 
TPYAY He><AyHapoAHOH wKonw-ceHHMapa no ¢H3HKC 
fR*CnYX HOHOB. AnywTa, 1983. 

TPYA~ pa6o4ero cose~aHHA no npo6neMaH Hany~eHHR 
H ACTCKTHPOBaHHR rpaBHTa~HOHHYX BOnH •. .tly6Ha, 1983. 

TPYAY XI Hc~AYHaPOAHoro CHMno3HyMa no 
RAepHoH 3neKTPOHHKe. EpaTHcnasa, · 

~exocnosaKHR, ·~OJ . 

TPYAY 7 He~HapOAHOro cose~aHHR no npo6neMaH 
KBaHTOBOH TeopHH nonR. AnywTa, 1984. 

TPYAY VII He~AYHaPOAHoro CeHHHapa nb npo6neMaH 
¢H3HKH BYCOKHX 3HeprH~ . .tly6Ha, 1984. 

TpyAY W He!KAyHapOAHOro CHMn03HyMa no H35paHHYM 
npo6neHaM CTaTHCTH~CCKOH MCXaHHKH . .tly6Ha,1984. 
/2 TOMa/ 

TpyAY V He~AYHaPOAHOro cose~aHHR no npo-
6neMaH HaTeMaTH~ecKoro HOAenHpooaHHR, npo
rpaMMHposaHHO H MaTeMaTH~CCKHM MCTOAaM pewe
HHR ¢H3H~CCKMX 3aAa~. AY6Ha, 1983 

TPYAY IX BcecoD3Haro cose~aHMR no ycKOPHT~ 
3aPR~CHHYX ~aCTH~ • .tly6Ha, 1984 /2 TOHa/ 

TpYAY He~AYHaPOAHOH wKonw no crpyKType 
RApa, Any~Ta, 1985. 

5 P• 40 K. 

3 P• 80 K. 

1 Po 75 K. 

3 p. 30 Ko 

5 p. DO K. 

2 p. 50 K. 

6 p • 55 K, 

2 p. 00 K • 

4 p. 50 K. 

4 p. 30 

5 P. 50 K 

7 P. 75 • 

3 p. 50 

13 p.50 K 

3 p. 75 

3aKa3bl na ynoMHHyTNe KHHrn MoryT 6biTb.HanpaeneHbl no anpecy: 
101000 HOCKB:l., rnaB!lO'ITa~tT, n/H 79 

J.bnaTenbCKHti oTnen 06'bennnenHoro HHcTHTYTa RnepHbtX HccnenoeaHnP 

illapoMOB H.A. H AP· 
06 y4eTe 4fleHa OTAa4H B raMHflbTOHHaHe He~eTH~X 
Ae$OPMHPOBaHH~X RAeP 

P4-86-36 

HccneAyeTcR ponb 4fleHa OTAa4H a raMHflbTOHHaHe He4eTH~x Ae$OPMMPOBaHHYX 
RAep npH $0pMMPOBaHHH cpeAHero nonR. 3HeprHH H CTPYKTypa B036Y~AeHH~X co
CTORHHH paCC4HTaH~ C y4eTOH KBa3H4aCTH~HO-$OHOHH~X CTeneHeH CB060A~ npH 
paBHOBeCH~X 3Ha4eHHRX napaHeTpa KBaAPYnOflbHOH Ae$opMa~HH. Ha npMMepe He4eT
HO-HeHTPOHHOrO RApa 165Er nOKa3aHO, 4TO TaKOH noll,XOA npHBOAHT K cy~eCTBeH
HOMY yny4WeHH~ cornacHR paCC4HTaHH~X 3Ha4eHHH 3HeprHH POTa~HOHH~X COCTOR
HHH H aepORTHOCTeH El-nepeXOAOB c 3KCnepHMeHTOM, oco6eHHo a rex cny4aAx, 
KOrAa OHH CBR3aHY. C COCTORHHRMH 1/2+[660) H 1/2+[400], 3/2+[651] H 3/2+ 
[402]. 3To yny4weHHe o6ycnoaneHo a nepay~ o4epeAb 6onee nonH~M y4eToM 
(~ = 2)-cMeWHBaHHR op6MTaneH c N = .4 M 6. nony4eHHOe (~N = 2)-cMewHBaHMe

·pe3ynbTaT HCnOOb30BaHHR KBa3H~aCTH4HO-$OHOHH~X BOOHOB~X $YHK~HH COCTORHHH 
c Kn = 1/2+ H 3/2+, B~4McneHH~x npM paaHoaecH~x 3Ha4eHHRX napaMeTpa KBaApy
nonbHOH Ae$opMaUMH nocne y4eTa e3aHMOAeHCTBHR OTAa4H a raMMObTOHHaHe He4eT
Horo Ae$OPMHpOBaHHOrO Rll,pa . 

Pa6oTa B~nonHeHa B na6opaTOPHH TeopeTH4eCKOH $H3HKH OHHH. 

npenpHHT Ofu.e,lUIHeiUIOrO IDICnrryra .RnepHbiX HCCnell,oBaHIIii.lly6Ha !986 

nepeBOA O.C.BMHOrpaAOBOH 

Sharonov J.A. et al 
The Account of Recoil Term in the Hamiltonian of 
Odd-Deformed Nuclei 

P4-86-36 

The role of recoil.term is investi9ated in the Hamiltonian of odd-de
formed nuclei when the average field is formed. Energies and structure of 
excited states are calculated taking into account quasiparticle-phonon de
grees of freedom at equilibrium values of quadrupole deformation parameter. 
Such an approach (as shown on the odd-neutron I6'Er nucleus) leads to a 
considerably better agreement with experiment for rotational state energies 
and reduced probabilities of El-transitions. This is due to a more total 
account of ~N = 2-mixlnq of orbitals with N = 4 and 6. The obtained ~N = 2 
mixing is the result of using quasiparticle-phonon wave functions of states 
with Kn = 1/2+ and'3/2+ calculated at equilibrium values of quadrupole de
formation parameter after considering the recoil interaction in the Hamil
tonian of odd-deformed nucleus. 

The investigation has been performed at t~e Laboratory of Theoretical 
Physics, JINR. 
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