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I. BBenSHKG 

MHOrO'llICJIGHHl::Ie MO,!{H!PHKaIJ,R::i Mo.n;eJIH II po-rop-vacrxna" /1, 2/ .n;OC'l'8.
TO~O HG~OXO onKcHBaDT xapaKTepHCTRRH pOTaIJ,ROHRHX B03d~GHH~ HG
'1eTHHX .n;ewopr.mpoBaHHl:lX ansp, HO ,1T,1Iil YJIY'ID!eHIDi KOJIH'<IeCTBGHHOrO COrJI8
CHR p8SYJIbT8TOB TeOpaTrrtreCKKx paC'<IeTOB C HSBeCTHWWd 3KCnepHMGHTaJIoHH
MH ~aHHHMH npHXO,!{HTCR npuder8To K WeHoMeHOJIOrH'<IeCKOtf,1 H3MeHeHuro MaT
pU'lliJ:lX llJIGMeHTOB raMRJIoTOHH8Ha Mo.n;aJIH (nepeHOpMIl:POBKa MaTpl!'<IHHX 3JIe
MeHTOB KOpUOJIHCOBa BSaHMo.n;et1cTBIDl, napaMeTpHSa~ rOJIOBHIDC sReprlnt 
POT~O~X nOJIOC R T•.n;.), COBpeMeHHue Hea,l{HadaTH'<I9CRHe BpamaT9JIoHU9 
MO.n;9JIH 3-8/ cnoco6HH B onpeneJIaHHUX npe.n;aJIax Od~CHHTo KaK oc~dJIe
HHe KOpHOJIHCOBa B3aMMo.n;eticTBlfR, TaR Hero yCMeHKG, O.n;KaRO 3Heprml: 
HepOTaIJ,ROHHIDC COCT().IlHH~ (rOJIOBHIDC COCTOJiHHll pOTaIJ,ROHHHX nOJIOc) He 
BocnpOHSBO~TCJi .n;OCTaTO~O TO~O ·HH Mo.n;eJIoIO HeS,BHCKMRX KB8SH'1aCTRn 
(MH1\) , Hll KBa3Htffi,CTR~O-<POHOHHolt Mo.n;eJIoIO (KcIiM) 9/, TaR, npa pacsare 
aHSprHlt HepOTaIJ,ROHHIDC COCTOJiHHll B paMKax MHK pasJIH'<IHe pesYJIoTaTOB 
TeOpHH C llKcnepHMeHToM .n;OCTRraeT ~ HGKOTOpIDC cocToa~1l (KaK npaBH
JIO , 11/2-[5051, 3/2+ [4021, 1/2+ [400J 1'1 He'1eTHo-HeltTpOBHl::IX a.n:pax, 
7/2+[4041, 5/2+[4021 , 5/2+ [4I31 H 1/2-[541] B He'<IeTHO-rrpoToH~X a.n:
pax) BaJIH~, nocTHI'aIDmaR I MaB, KBasH'<IaCTK~o-WOHoHHoa BSaHM~ett

CTBHe SaMeTHO YJIY'<IIDaeT o6mee cor~CHe C SRCnepHMeHTOM /8,10-13 , HO 
~ nepe'<IHCJIaHHHX COCTOJiHHll OHO tffi,CTO OCTaeTca HsYnOBne TBOpH TSJIoHUM. 

Odll~o C'Ill:TaeTCSl, '<ITO, nOCKOJIoKY CHJIH, npHDo~e K napIDlM KOp
peJIa~ HyKJIOHOB, SlBJIaIOTCSl KopoTKonellcTBYnnHMH, TO HX rpy60 MamBO 
npenCTaBHTo B BRne 8 -C!tJI, II03TOMY MaTpR'IIDle SJIeMeHTIi OT RHX no 
COdCTBGHHIlM BOJIHOBIlM ~~ cpenHero nOJIa npK6~el{HO C'<IHTaDTCSl 
nOCTOSlHHNMR,H napHlla KOppeJIRIJ,RU napaM8TpH3YDTCSl KOHCTaHTOfi napHoro 
BSaHMO,I4e~CTB:IUi. B HaCTOJmtatl paoo-re MIi nonaraeacn paCCMOTpeTo aonpoo 
o BJIID{HlUI paaJIO'iK9HM no MYJIJ>mnoMM B3aHMO,ItsJ:lCTBM, npHBO,l1,.l!IIlSrO K 
rrapHHM KOPpeJIR:nHSlM CBepXTa!tY'18ro rana, sa xapaKTspHCTJIIRH O.D:HOKBa3H
'lRCTH'tHHX COCTOJ1.HHJ:l H8'18THHX n$pMHpOB8.HHbIX sur.ep pe.D:KOSeMeJII>HoJ:l 06
JIaCTH 3JI8MeHTOB. 

2. YgaBHeHHSl MHK C ~eToM M1JIoTHTIOJIJ>Horo cnapHBaKRa 

raMKJIJ>TOHKaH CHCTSMii HYKJIOHOB, CBaSaHHHX napHIlMH KOppe~MH 

cBepxTe~ero TaDa, Monno SaDHCaTo B BH.D:e 
" ... - A - f' +H= L. E.(l»o o +L L. v v IVlv v. >0.... 0v 0v. 0",v V 1),"1 I 1 2. I 1 2 2 (1) 
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r,tta E.a(V) - HOIIepeHOpMHpODLUnWO O,It1l0tUlO'l'H'UU.O DUOprHH (pemeH1!.I1 

ypaBUeRH.I1 llIpe,ItHHrepa .nJVl fIOTOH~O.1Ia op0,llnoro nOM); V - 'ttaOTI:l ,nByx

-qaCTR\ffiOI'O BsaMMO.Itef.lOTBMIl, np~DO.It11l.l1erO Ie nllpHHM ItOppOJIlt1tW1M; O~ 

( 0v) - oneparops pom,nemffi (norJIomemm) 'lllO'l'WU;U n rmaUToBoM COC-

TORlUlli Iv> • Cy"MMHpoBaHl1e no V B (I) npOBO.ItRTOn no DOOM OOOTO.fl.HH

RM, BRJII01ffi..I1 BpeMRcorrpR.lKeHHble. 

B padOTe /I4/ ~ BHrrOJIH8H1!R yCJIOBH.fI. rpa.rtMeHTHO~ RHDapHaHTHOCTR 

CRJI B KaHMe "lfficnrua-tIacnuJ;a" dLIJIO npsnnoaeao ~aKTOPHSOBaTD BsaUMO

.n;eiiCTBH8 V B BH.n;S. 

<:.~ ~IVI~ V4 >=-L ~(~~) Yn(V l{l, (2)3
n::O,1,2... 

r,ne ~n(~ Y2 l - HeKafl ~YHRUH.I1 KOOp,ItHRaT. MCrrOJI1syeM lliHpOKO npa~eHHe
MYIO MYJI1THrrOJI1-MYJIETHrrOJIr:,HY!O ~opMY BsaHMo,ItsficTBH.I1 11 s~ITUeM 

~(~ v2 }=XL<:: V, IrLYu-1 11.>2 > . 

Tor,Ita 

L..V, 1)1 IVI i52 ~ > =- L GL qLM ( ~) qLM (v ) , (3)2LM 

r.ne 

qLM(vl=\! 2~:'1- L IrL\M 1v ;::, (4)I 

a GL - KOHCTaHTa L -nOJII>HOrO cnapzaaaaa, JUrarOHaJI1HHB. MaTpH1:1HHe 

3JI8M8H'm (4) H8 panna HyJIIO npa -qeTHOM :3Ha-qeHllli "tllicJIa L II: M == 0, no
3TOMY raMHJIDTOHHaH (I) Momao nepeITHCaTE B BH~e 

. A=Lc~(V)a~av-L GLL qLO~~)qLO(V2)Q~O~Ov0v (5)
v· L::O,2 .... ~V2 1 1 2 2. 

.uonOJIImJl raMl!Jt1ToHHaH (5} .ITfi BIlnOJIHeHHRYCJIOBIDl COXpaH8llliR" tmCJIa 

~CT~ B Cpe,IOi8M liJIeHOM -AN (.it - XHMH-qeCKRM nOTeH~aJI,N=~a;ov 
- orrepaTop ~c~a -qaCTH~) H n8p8xo~R K onepaTOpaM KBaSH-qaCTHU C no

MOmD~ KaHOHH~eCKoro npeodpaSOBaHRR EoronID6oBa 

a.:, =U(v }o;~ +V(v) o(v a~ =U(vT0\; -V(v) oZi5I 

0v=U(v) d v +Vlv) 0<.; 01) =U(v) ol.v - V(v) o\iI 

U
2
(v ) -rV 2 

(,» =1 

MO~HO, ycpe,ItHRR raMRJIDTOHHaH 

H"I"=H-AN" (6) 

2 

no BO~HOBHM ~nKflM OCHoBROI'O H B03d~eHHHX COCTORHH~, nO~qaTI:l 

cTaanapTHl:lM 06paSOM /9/ YPaBH8HH.I1 ~ onpe~eJIeHl1R KBaSH-qaCTH~lliHX xa
paRT8pHCTHK CHCTeMH HYKHOHOB (XHMM~ecKHe nOTeH~~, KoppeXR~oHHHe 

~uaH, nJIOTHOCTr:, -qnc~a -qaCTHU Ra ypOBHRX cpsnaero noXR, 3HSprHH 

cBepxTaKY~ COCTOR~). 

2.I. GHcTeMa C ~eTHHM ~C~OM HYKROHOB 

OCHoBHoe COCTOJUm8 cHCTeMH C -qeTHHM "tlliCJIOM HjTRJIOHOB B np:a6~IDlte·

rom H8saBHCHMUX KBaSR'tiaCTHU OllHC1:lBae-TCR KBaSJ1-qaCTH"ttHHM Ba.KYYMOM I> 
( CX\lI> == 0). Cpe,nHee OT I'aMKJIr:,ToHHaua (6) no BOJIHOBHM ~ noc
~8 HScnO~HHX npeodpasOBaHH~ MO~HO sallHcaTr:, B Bnne 

<I HI> =2L (£olv) -i\ ).1]2(V) - I. Gl.q~(V)·1f4(V) - L:G
L

{ LqLO(VH.{(V)·1!(VJ)2. 
~L ~ 

Ilpoaons mpI>HpOBaHRe no aMJ:IJmTY.ItaM 11(11) 11 BBOM MY~:bTmIO~DHYID KOP

peJDi~OHHY1O ~ItHIO 

(7)c,= GL. 2:QLO(V) U(V)1}(VJ, 

KOppeJISlnn:oHHYIO lPYHKUIDO COOTORlnffi 

(8)C(V} =2::. Ct.qL.Q(VJ , 
L. 

a TaKlite nepeHOpMHpOBaHHHe 0,D;HO-qaCTIflHll8 3HSPI'HH 

f,(V)= f,o(V) - L. q.q1.0(V) V1(V), (9) 
L. 

no.ny-qKM ypaBHSHHe 

2(£(V) -/\ )·U(V).1f(V) - C(V)[U2(V) -1f(V) 1;: o. (IO) 

YpaBHSHH8 (IO) HM8aT HSTpIDlHa.TI.DJrne peIDSHHR 

U2 (l» :1( 1+ £(1)) -.1 ) 
2 E(ll) , (II) 

lP(V)=~(1 - £~V)2'J, 

r,n;e ·E (V) =V,....(f,-(-V)---I\-"'-J2-'"-C2"-{V- ) • nO~CTa:BJLRJi BHpEmSHHH .IJ)Ili a.MIIJm'l'Y.n 

U H V B (7), II~ 

CI. =~L ~ ~)qfO(V)qlO(Vj . (I2) 

8TO YpaBHeImS COBMSCTHO C YPaBH8HIiSM (8) H BHpax8HHSM ]I,.1ffi 'tmCJIa ..-mc-

TKn N =~( 1:" t:{V) -A )
 
11 E(V)
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~eT CnCTeMY ypaBHeH~ ~ onpene~eHHn XHMRqOOf~rO nOTaH~ana n KOp-

peJIflWiOHHI:lX CWHK~~ CL. • C~(Pt •~ t~.P i~rJ) ~eo (V} 9"0 (V), (17)'3HeprIDl CHCTeMH B OCHOBHOM OOCTOSlHHH SnrmOblDllOTOl1 D Blme
 

(I3)
 
r,n;e f (v) =VCCjJ(V) - Ap) 2 + Cy 2{0 . YpaJ3Herme (17) cOBMecTtr0 'c BRo:.6 =z> c;-( 1/). if 2(v )- L ~ pV L GI. 
palKemr8M ~Jl 1llfCJI8 tIaCTH~ 

2.2. CHcTeMa C He~eTHHM ~C~OM HYKn0HOB 
N =1 + L (1 - i. OJ) ~ Ap } 

OCHoBHoe H 60~bIDHHCTBO HH3Ko3HepreTH~eCRHX ( I~M3B) B03d~eH 'Jt.p. t, (V) 
HUX COCTOHHHK He~eTHHX ~eWOpMHpOBaHHHX ~ep H~IDTCR B npndnHmeHKH ~eT HaM CHCTeMY ypaBHeH~ ~ onpe.n8~eHHH XKMH'leCKOrO nOTeHnKaJI~ 

MHK O~HOKBaSH~aCTR~UMH. IT03TOMY orpaHH~ca paccMoTpeHReM TO~DKO .Ap H MY~:OTHIIOJThHHX KOPP8Jm~OHHHX Q.JyHKI:l;IDt Cl..(P) • 
O~HOKBaSH~aCTR~HX COCTOHHllK, BO~OBHe ~KUKH KOTOpHX KMeIDT Bnn .. 3HsprHH- CHCTeMbI B CBepXTeRY~eM COCTO.flHHH 1P> 3aIUICbYBaeTCR B 

BH,1l;a 
. '2 _ Ct., 2 (P) '. .Ip> = J.-.r + 1>. 

(I4) 

6'p = s; (p) + Z L. Gp (V) 1Jp (V) L G (IS) 
~.,.p L. L3~eCb I> - KBaSll'tJaCTH1IHl:lK BaKYYM, Jvp 

+ 
- onepaTOP poueHIDi KBaSH1ffiC

TRW B KBaHTOBOM COCTORHRR Ip.> • Cpe,UHee OT raMRmTOHHaHa (6) no 
OrpaHH~HMca MOHOnOJIbHID.m H RBanpyno~HliMH ROMIIOHeHTaMH CHJI crra-

O~ROKBaSH~aCTHtIHHM BMHOBHM (})yHK~RM (14) MORHO sarracaTb B BnIte 
pHBaIDIR. Tor.n;a CHCT8Ma Ypa.BHeH~ ..zt1ISl onpe.n;e~eHIDI B8Jrn"tillH J.p H C,.Jp) 

<y IH'lp)= £0 (p) - A p + z'z.. (to (V)-.ily )1Jp 2(V) - [& t, [ DL~ (V)1J'.p 4(V) npHMeT BIm
 
vtp 1.. lJlP 11
 Ca(p)=.9JL L CoCP)+Cz(.P)9zo (V) 

2 V:t.p f p (V)- t GL ( 2: q..o (V) Up (V) v;, ())))~ 
ITpOBO,IVl sapsaposaaae no aMIIJIHTY.n;aM lJp(V), BBOM MY'JIbTHnOJIbHYIO Koppe C ( ) :: (jz r CO(P)T f2. (2) 920 (V) 

(19) 

~zo (V),
JIR.~OHHYlO <'tJyIm~1O " z P 2. Vf..P Ep (V)
 

CL (p) =61.. L al-O (V) Up (v) 7Jp (V), 
(15)
 N : 1+ I ( 1- & ()J) - AP ).

wp J' . w:.p E'p' (V ) 

KoppeJIRUHOHHYD WYHKUHID O,UHOKBa3H~CTH~oro COCTORHHR 3. PesymTarn s:Hc~eHHUX DaC'l8TOB 

Cp(v) = ~ CL (P) 9&.0 (V) PaCCMOTpHM BJIIDlHH8 Itlla.n;pyrromHoro Cn~pHBB.HIDl HS xapaKTepRCTIDm 

H nepeHOpMHpOBaHHUe O.n;HO~CTH~HHe 3HeprHH He~OTaJ»iOHHb1:X COCTO.flHHit B Re~eTHHX ~8WOPMHPOBa.HHHX a.n;pax Ha npHMepe 

16 Dy R I6~o. B 3THX snpax 3KCnepHMeHTamHO onpe,n;8JI9HO MHoro sepora-G (v) = Eo (v) - ~6t. q~ (v) u} (v) 7 p WfOHmlX OOCTOJlHH~, 'ITO n03BOJISIeT .Ite~TD OlI~e;n;eJIemwa BHBO,1l;H 0 poJIR 
nOJIYtIKM ypaBHeHHe KBMpynoJI:DHOrO CnapHBaHIDi. KpoMe roro, B I 3 Dy H3B9CTHH 3Hepnm 000

TOR.HH~ C K~ = 1/2+ H 3/2+ RS nonoooaosex C N = 4 H 6. aTO ,!taeT
Z(£.p (V)-lp )Up (V)lTp (U)-C (V) [.Up 2(V)- V;/(v)]=a, (16) B03MOiitHOCTD aHaJIRS8 BJIHRHH.fI KB,a.n;pynOJThHOrO CnapHBaHHR Ha IA NJ =2

CMSmRBaHHe OOCTO.flHd 1/2+ [6601 0 1/2+ [400) H 3/2+ [6511 C 3/2+ [4021. 

p 

HMerome8 HeTpHBHaJIbHH8 pemeHK.fI 
IIpH npoBe.neHHH pacsaroa HCnOJIDSOBanCH mKpoKd oasac O,D;HOlIaCTPI"tJ:u: 0)) = 1 (1 + ~;... (v) - .Ap ), HHX COCTORHRft B aKCHaJIbHo-CKMMeTpH~OM nOT8H~aJIe CaKcoHa-By.nca faT 

p 2, tp (V) 
,Il;H8 lIOTeHItKaJThHOlt HMH no +6 MaB) co MS.n;yroUWMR napa.V18Tpawr:,lt1Ia 63Dy

V; 2(V) = 1.. (1- ~jJ (V) - .itp ) rJIY6HHa nOT8ImRaJrDHoft m.rn: Va = 47,8 MaB, Ro = 1,25 ~M, KOHCTaHTap Z E (V) 
cnHH-Op6HTaJIDHO~ CBR3H d( = 0,42 ~, napaM8Tp ~~SHOCTR a = 0,~2 

IIOJIY'tlHM 

rrO~CTaBJIIDl BHpalIt8rrnR ~ a.MIIJmTY.n U H 11 B ypaBH8HH8 (15), 
<»M, lIB.paM8TPH .n;sq)opMaWIR [15] ]320= 0,292 R f3/fO = 0, 020; .~ 163Ho 

Va = 59,2 MaE, Ra = 1,25 Q)M, ;t = 0,35~, a. = 0,63 ~, j3z0= 

4 
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= 0,29 M )310 = 0,017. Pac~eTU' npOBO~ClJ C ~STOM BSaHMO~enCTBHR 

OT~a~ npK 3Ha~eHHH iHepUff~lJHOrO rrapaMeTpa ~pa B OCHOBHOM COCTOR
HKK A = 10,5 RaB /16 • 

3.1.	 3aBHCHMOCTlJ RBa3aqaCTn~X xapaRTepnCTHI( HepoTa~oHHHX 

COCTO.F.lHHH 0'1' CMJIH KBa,n;pynOJIDHOrO CnapHBaIDIR: 

113 ypaBHeHHt:!: MO~eJII1 He3aBKCRMI:lX RBaSU1ffiCTHU C y'tJeTOM RBa,n;pynOJIlJ
Horo crrapnBaHHR (MHKKC) BM~O, 'tJTO KBaSK~CTM~e xapaRTepHCTHRH He
pOTanaOHHHX COCTOJiHld~ SaBHCJiT He TOJIlJKO OT O.ItHQ~aCTK'l.JHbIX ::meprIill, HO 
K OT O.IUIo~aCTn'tJHHX BOJIHOBhlX W'HKWffi. B OTJm~e OT I\JIaCCH~eCIWn MHI{ 
/9~ Ka~~oe COCTORHMS B MHKKC XapaKTepHsyeTCH CBOHM C~OBHM rrapaMeT
paM cnapHBaHHR, oppe~eJIRIDmRMCR MOHOnOJIlJ~On H KBanpyrrOJIlJHOH KOHCTaH
TaM}! cnapasaaaa, a Ta.R1K8 .nnarOHaJIlJHllMH MaTpl11llihlMH SJIeMeHTaMl1 KBMPY
nOJIDHOrO orrepaTOpa. 3TO rrpI1BO~RT R SaMeTHOH SaBHCHMOCTR SHeprHH O~HO
RBasK'tJaCTM'tJJillX COCTOJiHKn (pRc.I; 2) R nJIOTHOCTR ~cna 'tJaCTKU Ha O~HO

FHc.I 3aBRCHMOCTb SHep
TIIn O,IJ;HORBaS}!'q:aCTI1'tffiHX 

E.	 163 COCTOJiHH:lt B 163 Dy OT ROH
0y 

M3B CTaHTH KBa.n;pynOJIlJHOrO 
crrapasaaaa G~ • 3HeprIDi

660t 
OCHOBHoro COCTOflHHR rrpR
Hf!Ta	 sa HOJIlJ. Bce pacxera2,0 

400t ;nJD1 163 Dy npoaozrazaca .npn 
KOHCTaHTe MOHOrrOJIIlHOrO 

651t cnapzaaaaa Go = 0, 142 

1,5 MsB.4021 

505t 

'tJaCTH~X YPOBH.F.lX cpe.n;He
ro no~ (pKc.3, 4) OT CH
JIH KBa.n;pyrrOJIIlHOrO crrapH1,0 

r	 --..........
 BaHH.F.l (KoHCTaHTll RBaJWY
642t rrOJIlJHOrO crrapzaaaaa) • 

TIpaKTHKa paC'tJeTOB B 
paMKax K~M /8,10,12,13/521t 

633t nOKaSHBa8T, ~TO yqeT KBa
SH~CTK~HO~oHoHHoro BsaK

52H 
MO~enCTBRH B He'tJeTHo-HeH

512t 
rpoansx anpax: a) ~e YJIY'tl01 

i	 i i i 

s	 10 15 20 25 maeT	 COrJIaCHH C 3RcrrepRG2 
MeHTOM ~ COCTOflHHH 
11/2-[505], SHeprH.F.l KOTO

6 

163 
Ho 

5 

o I _ .. 

10 15 20 G2 

0,5 

2,0 

1.5 

E. 
M38 I . 

2,5 

poro B paMKaX ~lliK H K~M, 

ltaR npasaao, HaMBOrO Bl:l 

me 3KCrrepHMeHT~HOro 

3Ha'tJeHKa (Ha 0,8-1 MsB); 
6) He.n;OCTaTo'tJHO CllJIllHO 
orryCKaeT sHeprIlli 3Heprmr 
COCTO.F.lIDIH 1/2+ [400] 11 

I 3/2+ [402], KOTopHe cera
1/ roTCfl BHllie aKCnepHMeHT~.. 

HHX ypOBHeii aa B8Jm~HY, 

~OCTHraIDmym 0,5 MaB; 
B) CMIlHO rrOHRlitaeT asep
rRK COCTOJiHHn 1/2+(660) 
R 3/2+[651], 'tJTO, KaK 
npaBRrrO, He rrOSBOJIfl8T 
.n;a1Ke Ka'tJeCTBSHHO ODHcaTIl 
POTa~OHHUe nOJIoca nOJIO
lKHT8JIDHOn 'tl~THOCTU, rro
CTpoeHHHS Ha COCTORHKaX 

HS rro,n;o60JI0lJRH 1i. 1~ /2 
6es c~ra S~~X COCTOfl
mitt l\a 0 2-0,4 MaB K 60
JIBe /I2~t7/. B He~eTHO
npOTOHHHX ~pax llJIOXO 
OITHCI:lBaeWMH COCTOflHHIDIm: 
~CTO .F.lBJIHIDTCH COCTOHHHH 
1/2- (541], 3/2- [532] , 

5/2+ [413], 5/2+ [7021 , 

PKc.2 3aBHCnMOCTo 9HeprHtt O,D;HOKBaSK~CTH'tJ- 7/2+[4041 /10,11 • 

HHX cocroaaaa B 16~o OT KOHCT8HTH ~py_ OTh'IeTHM, 'tlTO, RaK 

IIOJIlJHOrO CIIapHBaHHfl Ge, • 3HepI'Hfl OCHOBHoro npaBWIO, I1SMSHeHReM na
COCTO.fIHIDi npuHRT8 sa HOJIIl. Bce pac'tlsTH)J.JLfl paMeTpoB nOTeHD;RaJIa cpe,n;
16~o npOBo,D;WIHCo npH ROHCT8HTe MOHOTIO~IlHO- Hero nOHR np11 paBHOBec
ro CnapHBaHH.F.l Go = 0,I60 MaB. miX napaaarpax ,14ewcpMa

~H He y,n;aSTCH Y~~HTb 

OrrKC8RH8 9HepreTH'tJeCKOrO 
cneKTpa B ue~OM. ECT8CTB8HHO, ~TO aTO OTHOCHTCfl K reM H.n;paM, y ROTO
pHX HaBBCTEO ,D;OCTaTO'tJHO 60JIhmOe ROJIH'tJ8CTBO 9KcnepZN~HT8JIoHHX ,n;aHHHX 
no SHeprlffiM HepoTaD;HOHHHX COCTO.F.lHH:ti. HHl:lMH CJIOBaMH, 'qHCJIO aKCnapHMeH
T8JIomIX TO'tleR 60nms -qprCJIa CBOCSO,IUD:IX napaaarpon MO,n;8Jm. B HaCTOEmSi! 
pa60Te B Ka'tleCTBe CB06o,D;HHX MH HCrrOJIIl30~ rrapaMBTpH cnHH-op6HTaJIh
HOn CMBH, ~3HOCTH H KBa.ltPYTIOJIIlHOrO CIIapHBaHKSi. MSM8H8lmS ROH
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£'M3B 

Pl1:c.3 O,nH01:1aCTH'IHHX ypOB-

IDIX cpsnaero nOM B I63Dy OT O.n;H01:1aCTHtUmX 9Hsprnit e (CITJIom

HaR JIRHRR.) R OT KOHCTaHTH KBa):(pynOJIbHOrO CnapHBaHIDi G2 ( OT

BSTBJISHHH). llspBaa TO~ COOTBSTCTByeT G = 0, BTopaa - 5,2 
TpeThfi	 - 10, lISTBSpTaR. - 15, UR.TaR. - 20 MaB/6ap~. 

CTaHT1:l MOHOnOJIbHOrO cnapzaaaaa Go npHBO,ItHT TOJIl>KO K C1RaTKKl HJm pac

!lIHp8HHRl cnexrpa. Pac't18TH rrOKa3aJIR, 'ITO B8JIRtmHY' Go MrHO Bu6RpaTD, 

HS BapbHpyR B COO~BSTCTBKH C pSKOMeana~RMH pa60TY /18 : 
N_ 1 N-l. 2 5/3)Go - A (18 - 8,9 -A- + 0,0064-fleD A ,
 

Gal: ~ (fa +- 8,9 NAr. + 0,00 16 fifo A513).
 

B I63ny yCRJISHHS KBa.ItpynOJrbHOrO cnapasasaa npHBO,IUiT K 3aM8THOMY 

YMSHl>WSHIDO 'aHepr~di O,IJ;HORB-3.3R~CTH't1HHX cocroaaaa 5/2- (5I2J, 11/2- (505J , 

1/2+ [400], 3/2+ [402J H yBSJrn'lSHHlO aHsprRA COCTOflIm~ 1/2+ [660J , 

3/2+ [65I1 R 5/2+ [642J. 3TO CYlIlSCTBSHHO YJIY'tJUIaST B arore corzacae C 

9KcnspRMsHTOM (pnc.5) a, 'ITO OqSHl> BaMHO, ~ST BHTSpaax MS~ ypOB

HRMH 1/2+[4001 R I/2+[660J, 3/2+[402] B 3/2+(651], n03BO~ T8M ca

M&M pacqMB.TpHBaTD I t1 NI =2-CMe~BaHHS B pazaax K@n, a 3Ha'tlliT, R B 

paxaax BpamaTeJThHo1t MO.nSJIR /6,8 npa paBHOBeCHl:DC 3HaliSHIDl.X uapaxar

pOB .ne<poPM~. 
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FHc.4	 3aBHCHMOCTl> nnoraocra lUICJIa U.BCTHU lJZ. sa O,ItHO'ffiCTR'tJ:HHX ypOB

aax cpaznero nOM B I6~lo OT O,ItHO'tJ:aCTKtrHHX 3HeprRn [; II OT 

ROHCTaHTH KBa.,IJ;pynOJIl>HOrO CnapHBaHIDl G2. • IIPRMSqaHIffi COOTB8T

CTB:Y1QT pRc.3. 

B 163Ho Y'tffiT KB~pynOJI1>HOrO CnapRBaHIDi Tame npHBo.n;HT K CYlileCT-

BeHHOMY' Y;rytmIelmIO cororacaa C aKCnSpaM~HTOM (pRC. 6) • # 

Pac'tJ:B~ PaBHOB9C.rnx 3Ha'tJ:BHHft MY~TRnOHbHaX 3JIeRTpR1:1eCRRX MOM9R

TOB /197 nosasana, 'tITO B036Y1!Ut8HHbIS COCTOHHWl HM6IOT .Its<I>opMauIms B pa
,ItS c~eB 3a~STHO OT~~eCR ~T .ne~op~~~R OCROBHoro COCTOHHRa 

(Ta6JI. I). ECJm yqaCT:b aTO pa3Jm'tIHe B .nSepOPMaUWIX, TO B UElJIOM coraa

CRe pEl3YJIbTaTOB paC1:1eTOB 3HsprHn HSpOTaI:(KOHHHX COCTOH~ C 3KcrrepR

M8HTOM .nOJIXHO .ItOnOJIHHTElJIDHO y~TDCH. TaR, B I63ny 3HSprRR COCTO&

HRH 11/2-[505] YMSHLmaElTca rrpnOHK3HTElJIbHO He 400 K3B, COCTOflHHi 

1/2+ [660J H r/2+ [400] - sa ~ 200 KaB. B I6~o 3HElprIDl COCTOflHIDr 

I/2-[54IJ YMeHbIIl8eTofl sa - 900 RaB, 7/2+ [404J - aa ....., 100 xaB. O~e
BK~O, ~TO xopomee OIIRcaHRe 3HElpreTH'tISCKOrO CIT8RTpa HepOTa~OHHHX 

COCTOflHHn. .Ite~pMRpOB8HHHX anep MO~HO nOJIYlIHTn npa nOCJIe,ItOBaTElJI:bHO~ 

~8TS pa3JIR'tlI«fl B .nSq)OPMaDiIHX, KBanpynOJIDHOrO orrapzaaaas H KB83H"mC

TH'l.lHo-<llOHoHHoro B3aHMo.ne~CTBIDl. • 

3<MleKT RBa,npynOJIbHOrO CnapKBaHIDi O'llElHll apxo npo.RJ3JiJiElTCSI TaK1lEl B 

SaBHCHMOCTR nnOTHOCTH lIHCJIa ~CTHn V2 Ha O~O'laCTR~ ypOBHa~ CpS.It

Hero "nona OT O,I(HOlIaCTK~X aHeprH~ llpR R3MElHElHHH ROHCTaHTU KBanPy
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nOJI1:,HOrO cnapIJIBaHHH 
(pllc.3, 4). BeJllPlliHa OTE, 111(510)~ 1630y

"M3B RJIOHeHIm- ?J 2. OT 06f:PIHOrO 
pacnpe~eA8HnH pacT8T C

1/t[I,OO)~ '- \ 
YBeAH~8HII8M KOHCTaHTN Gz 
H Koppe~HpyeT C TlInOM " \

2.0 
COCTOHIlliH (~aCTH'lliOe HJIH

3i!l402) 
~NpO~08), Be~~o~ 11 

SHaKOM MaTpnqaOrO B~eMeH-" 

Ta 920 (Be~trn:Hh1 MaTp11~1,5 
Vtt66 01 HHX s~eMSHTOB ~H pac~ 

11/2[505J 
CMaTpHBaSMNX COCTORHHM 
163Dy 11 16~0 npHBe~SHH 
B TaM.2). CASHr HepOTa5/1"[512J1,0 

312"1651) vt ~OHHHX YPOBHS~ 11 HSMSHS
11/2

\ ) =l"2+ 
HIlS BeJrn'llliH tPaRTOpOB 1J 2

onp8~s~roTCR H3MSHeHHSM71tt633)~V2+ 
3jT(521) 7/2+ . 0,5 MY~1THnO~1HHX RoppeRR~OH

lm5211~5/23/2
1/2 HllX cWHRWI~ Co 11 C2 
Y2+ (Ta6~.3, 4) H nepeHOpMll

511[61,2J POBRO~ O~Ho~aCTH~ 
o 5/1"(523)-- -- 5/2 BH8PrH~ (pRC.?). MSMeHs

GjG Gt16 MlB/OOpH2 3KC. 
lill8 <WHKWIfi Co R C2 TIpI1

CD C2> a> 
yBS~lI~SHHH KOHCTaHTH De 
npHBO,ItHT R pSSROMy YBS~

PHc.5 8HsprHlI HepOTaWIOHHHX COCTOHH~ B ~SHHIO Koppe~oHHHX WYHR
I6~. BapHaHT I - MHK C ~TOM TOJIbKO MO IJ;kIH C.p (p ) ,If,JIR. O~HOKBa

HOrrOJIbHOrO CnapHBaIlliR; BapHaHT 2 - ~lliK C SH~CTH~X COCTOHHH~ C 
y'tJSTOM MOHOilOAbHoro 11 KBanpynOJIbHOI'O cna qZD > 0 H yMSH1illSHKIO ,ItJIR 

pHBaHHH (KoHcTaHTa Ge = 16 MsB/oapH2); 
COCTOHIm~ C q2.0Z0 

BapHaHT 3 - K~M c HcnOAbSOBaImSM O.n;HOKBa (pHc.8). B pesyAoTaTs 
SH~CTH~HHX 3Hspraft BapHaHTa 2. nnOTHOCTb 'llli~a ~CTH~ 

Ha ypOBHHX cpe~ero no~ 

HatmHaST aospacrars .IT.JIH ~CTH-qmrX COCTOHHKH C q20>0 11 .IOiPOtIHHX COC
TORHlI:t! C 920 <.... o• .UJm .n;HPO~HHX COCTOHHKft C Q20"/ 0 BSJIH1U!Ha 
YMSH:bIIlaSTCR C YB8JIH'tJ8HH8M napaaarpa G ,HO He TaR pSSKO, KaK H3z 
M8HHeTCH BSJIwmHa Koppe~oHHott qiyHKWfi{ Cy(p) . 8TO CB.flSaHO C TSM, 
~TO .1J.JUl .IUlPO'tJHHX COCTOHHHft C YB8JIH~8HHeM Gz. Ha"mHaST BOSpaCTaTb 
B8J1HllliHa paSHOCTH G.p(p) -..itp (pIlC.?). 

I1sM8HeHH8 IIOJIHOIi saepraa CB8pXT8JtYllSrO COCTOJiHIDl l p > IIpH y~
TEl KBa.npynOJIbHOrO CIIapHBaHIDi M01ltHO Sa.rI.HCaTh B BH~e 
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b. s; :: gy (o) - 6 (62,):: ~ Sp - Carp,O)- C: (.P1 62,) + Crl(.P162)
p 6zGo '(20) 

me 2_~ 
D. ~ =6p (PiD) - &p (Pi GR.,) +2L. [&p (ViO) 2J"p (v,a)- 6p (v, 6z)17y (V,l12)].

'J*p 

163

----...e- 1I'T 

Ho E·f
3aBHCHMOCTb O~O~CTH~X 

sHspI'd H llJIOTHOCTH lffiCJIa 
M3B. 'tJacTHU OT napaaarpa xsan

pyn0JI1HOrO cnapaaaaaa npa
BO,nHT IIpH Cyw,mP0BaIDUI no 

2.0 60JIlilllOMY tmCJIY COCTO.R.lrntt 
(B 163ny yqHThlBaJIOCb ve. 
B 163Ho - 59 COCTOHHHR) K 

3aMSTHO~ SaBHCKMOCTII pas
1,5 HOCTH !J. S OT 62 H OJlO

KHpyaMoro COCTORHJiI'.Jl. 8TO 
IIOKasaHO Ra IIpID~8pe 163Dy 

5/2
Ha. pHc.9 (HSM8H8HHe SHep

1,0 rmt paCCMaTpH:aaSTCH OTHO
S/2+ 

CHT8JlhHO OCHOBHOI'O COCTO.R.
512+ HIDi, f::,., S M.R. OCHOBHoro 

cocroaaas npa 62. = 15 
0.5 ill MsB/oap~ YMeHhIllaeTCH Ha 

312+ 
9,12 MsB). BKJr.a.It paSHOCTH 
sHB.'tIeHR:ft MYJIhTHilOJIhHblX 

KOPpeJIHWIOHHHX W1HKURtt Bo1 7/2-(523) _ 7/2

"to Gt12 M3!?100PH2 3KC.
 H3M8HeHlIe IIO~X SHeprRft 
(J) <2l (3) cBspxTe~x COCTOHHR~ 

nORaSaH B Ta6~~ 5. 

PHc.6 8nsprKH nepOT~OHHHX COCTOHHHtt B 
I6~o. BapnaHT I - MHK C yqeToM TORDKO MO
HonO~Horo CnapHBaHHR; BapHaHT 2 - MHK C 
~eTOM MOHOIIOHDHoro F KBanpynOJIhHOrO cna
pHBaIDIR. (KOHCTaHTa 62, = 12 M3B/6ap~); 
BapHaHT 3 - K~M ~ HCnO~SOBaHHeM O~OKBa

3H~CTH'tJHHX SHsprntt :aapRaHTa 2. 
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PHc.8 3aBHCHMOCT1:>.K6ppe~ 

~flUllOHHHX~YkK~ttb,D;HOKBa

3HlIaCTHqHHX ciOCTomUIK B.' 
I63ny OT KOHCTa~TIl. xnan- . 
Pyrro~Horo cnapasaaas {}20' 

~e~opMa~X,Y1KS 6o~es 

6~3KRX K paBHOnSCHIlM. Ho 
Bce me CMSmHBaHHS COCTOfl
HID! 1/2+ [690] II 1/2+ [400], 
3/2+ [651] Ii 3/2+ [402] 

(~ ~06CTBa HapRnY C 
3TRMH o603HaliSHRaMH B 

~aJIT:>HSnmeM 6Y~SM Hcrro~

30BaTT:> Ta~s 0603Hat{SHRa 
1/2+6 , 1/2+ 3/2+6, 3/2+4, 4, 
COOTBeTCTBsHHO) npR PaBHO
BeCHIlX ~e~o~1anKHX no
rrpelKHsMY OCTaSTCfl Hs,nOCTa
TOllHHM nna xopomsro OIIHca

HHa pOTanaOHHIlX rro~oc rro
~OEHT~~1:>HOft qSTHOCTK, rro
CTpOSHHHX Ha COCTDaHHflX 

H3 no,It060JIOllKH 1i 1?>/2, • 

IT03TOMY rrpKxo~TCfl BapbKPO-
BaTT:> JIH60 O~HOqaCTKt{HHMH, 

JIH60 KBa::nnaCTH~IHHMII 3HSP
rllRMH COCTOflHHn C f('.ii= 1/2+ H 3/2+. B 060HX c.ny'tl8JIX H3MSIDiSTCfl 3HSPCTaHTil KBa.npyrrOJI1:>HOrO cnapasaaaa G

2• rSTHlIScKHft IIHTSpBaJI MSm,n;y B3aHMO~SnCTBYIDmHMH COCTOHHHflMH, OT KOTOpO
3.2. KBa,npyrrOJIbHOS cnapaaasae H 16 WI =2-CMSillHBaHHS ro 3aBRCflT aMTIJIHTY~ COCTOflHRft B KBa3HlIaCTRlIH0-W0HOHHHX BO~OBHX ~

H3BSCTHO, liTO I~~I =2-CMSmHBaHHS COCTOflHHft H3 rro~o6OHOliaK C ~flX 

+ + A)Jin f- + }N = 4 H 6 (1/2+ [400J C 1/2+ [660], 3/2+ [402J C 3/2+ [651J), Ha6JIlQUas ~ (P1'p2;0I<) ={ CP1 J.., jJ1 fT/< + Cp J... ho-~ + L 1; 1JP1Pa-SV dvSlJQi.. (J..jJ) 1>'(2I)
MOS B I1SlISTHO-HsftTPOHHIlX ~pax pe~K03SMeJIbHoft o6~acTH 3~eMeHTOB, B I 2. .ilJHS 

TSOpSTHlISCKHX pact{eTax B paMKaX O~HOllaCTKqHOft MO~S~ C HcrrOHb30BaHH
B BHpalKSHHH (2I) C'p1 H C.P2. - aMIIJillTy,IJ;1:l o~HoKBa3K-qa'fm;pmX COCTOfl1',
SM rrOTSH~aJIa CaKcoHa-By~ca npOaBnRSTCfl B o6~acTR 60JIbillHX 3HallsHHft 
HH~ IP1 (/1( > II IP2VK '7 B BO~OBOn ~H. epp ;/J:JA1PZ~V - '8Mnapaae rpa KBa,npyrrOJIbHOft ~eepopMau;aH J320~ 0, 32-0,33 H B Ot{8H1:> Y3KOM 

I'
l llJIRTY~a npHMSCH "KBa3HlIaCTHua SV + ~HOH.A)J L. "; Q i: ()jJ) - oneparopHHTspsanS. YliST KBa3H~aCTHt{Ho-WOHoHHoro CMSmRBaHRa COCTOfl~ C O~Ha 1
 PO~SHHa ~HoHa; I> - OCHOBHoe COCTOaHHS lISTHO-t{STHoro OCTOBa.KOBllMH KBaHTOBIlMH ~MaMH K CjT pacllmpasT HHTSpBaJI j~ NI =2-CMSmUBa ~I 

HHfl/ H OHO HalJHHaST rrpOaBJIR.T1:>ca npa MSHblIIKX 3HallSHHaX J3 20 ' HO, TSM 
HS MSHSSa 3aMSTHO 60JIbmHX paBHoBscHoro 3Hat{SHRa. Yt{8T B3aHMO~S~CTBHa 

OT~t{H / / n03BOJIflST Ha6~a T1:> Ito. NI =2-cMsmKBaHHs B paasax K~M npa 

~3MsHsHHe aMnnRTYn1:l O~HOKBa3HtIaCTII"CIH1:lX KOMTIOHSHTOB B BOJIHOBHX ~
uaax COCTOJlHII:R C I< Ji = 1/2+ K 3/2+ B 3aBHCRMOCTH OT 3HSPI'STHlISCKoro 
HHTepB~a MS~ O~HOKBa3HtIaCTH"CIKIlMH COCTOflHHaMH H3 no,no60JIo~ C 

N = 6 H 4, a TaKlitS OT HX B3a.HMHOrO pacnoaoseaaa, nOKa3aHO B Ta6Jmns 6 
Ii aa PIlC•.IO: 
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MCcn8~H nOBe~8HHe 

O~HO~CTR~X M O~ORBa3H
'tffiCTH'tJHHX COCTOmUrn: npa 

o 

AS·I·400t~ 
M3B H3M8H8HHH rrapaM8Tpa KBan

pynoJII>Hol1 ~eWOpM8.IJ;H:H J3 20 , 

4'01402~Z:7'-. MO~HO C~eJIaTI> onpe~eJIeH

HH8 BHBO~H 0 pOJIH R~Y505t
 
512t--.--
 nanI>ROrO crrapHBaHHH B illZ

660t pORofi o6naCTH He~eTHHX 

163 ~eepopMIiPOBaHHHX anep P3S.
3,0 0y 

O~O'tffiCTH~e BO~HOBHe 

~YHRUKH COCTOflHH~ He~eTHO633' 
651' rrpOTOHHID:: R,II;9p IDS IJJIaBHO
 

H He o~eHD C~~HO H3MeHH

2,0"" 52H
 lQTC~ C j3 20 , noaTOM;{ 

MaTpH'tIHHe aJISMeHThl: 92,0 

TaKmS OynyT R3MeHaTI>CR He521' 
CHJI:bHO. 3TO 3HatmT, -qTO 
OOmKe T8Rne~ B 3aBMCR

1,0 
MOCTH XapaKTepHCTKR Hepo
TaIUiOHHHX COCTOHHHH OT 
napWAeTpa KBanPynOJII>HOrO 
Cr.l8.pHBaHWl Oy)IJ'T CXOD 

642t 

o .ItJIfl pas.7I.H'tffibIX Mep B IIlH
G2 pOROn OOJIacTH He~aTHO

npOTOHHHX R,II;ep. CJIO~Hea 

CHTYaIJ;IDl B 1I8ti8THO-Hsit
rpoansx anpax P33, r;D;e 
O~OqaCTH~e BO~OBH8 

~m.um; a CJIS,ItOBaTeJThHO,PKc.9 38BHCHMOCTD pa3HOCT~ s (20) OT 
MaTpHlffibIe 3JI8MeHTH 920ROHCTaHTH RBa,n;pyrrOJI])HOrO cnapasaaaa G2 B 
COCTOHHd C ;<1i = 1/2+ H163Dy ( S ~ OCHOBHoro COCTOHHKfl npHHa
3/2~ CRJI:bHO H3MeHHIDTCH B ra sa HOJI:h). 
o6JIacTH RBa3HnepeCeqaHHli. 

MaTpHtiHHe 3JISMeHTH OCTaJI])HllX COCTOJiHd 3aBHCJlT OT fiw caaoo, IIoaTO
KJIMY paCCMOTpHM rrOBe~eHHa TonKO COCTOHHHt:!: C = 1/2+ H 3/2+ B smpe 

163ny. ) 

TIPH YBempIelmH ~a!IiOPMawm ,ItO 3HatieH~ f3 so = 0,300-0,305 Op6H ".
I

T8JIRM 1/2+6 III 1/2+4 MomBO YBepeHHO npHImCaTI> aCliMIITOTHti8CRHa KBaHTO
BRe xapaRTspHCTHKH 1/2+[660] III I/2+ [4001, a OpOHTaJmM 3/2+6 H 3/2+4 
- 3/2+ 651 11: 3/2+ 402 , COOTBeTCTB8HHO (pRc.II, 12). TIpH ~aJI])HelmeM 

C6511~Ir1,0 6511 

=
 4021 C4021 

0,5 

~ 6511 C2611~

0 ~ 

100 200 6E(K3B) 

\CI 
1,0 C4OO1 --- 400t 

C660t - 660t 

0,5 
660t

~ 6601 . C4OO1 

0 
100 ..200 LlE (K38) 

a~j 
1,0 

1i13/2(660f) 1i13/2(400f) . 

--- ,~--

0,5 3S1/;(400tl'~ /~ 
\ 

. ~ ~' 8~'~""'-;;~-~~~"j~:::::':=:;""'- ~0,
Q:2 0,30 Q32 , PZO 

PRc.IO 3aBHCHMOCTo WmlnHTY~ 

O~HoKBa3ll~aCTH1iHHX ROMTIOHeHTOB 
B KBa3H~aCrH~O-WOHOHHHX BOJI
HOBblX ~HK~HX COCTOHHHM C 

K 1i = 3/2+ Ii ~/2+ OT paaaocra 
3HeprHH o~HOKBa3HqaCTH~X coc
TOHHIDl: B I63ny (z E=E(I<Ji,N=6

-E{K1i;N=4 ). 

B03paCTaHRH ~eepopMaUHH HaqKHa

eT rrpORBJIRTI>CH I~NI =2-CM8illH

BaHHe YKaSa.HIDlX COCTOHHHH, a B
 
06JIaCTH KBa3HITepeCe~eHHn,
 

( ]!J2.0 ~ 'D,3I ,1J)Ui COCTOHHR:t1 C •
 
K Ji = 1/2+ H 13 2.0 -::., at 315 ~ 

COCTOHIDIM: C K:Ii = 3/2+) rrpHIDI
caHH8 aCHMnTOTIII~eCKHX KBaHTO
BblX xapaRTepMC~{R Op6HTamll~ 

1/2+ H 3/2+ BOOOme He IIM8eT 
CMblCJIa. llocae rrpOX01lt,IJ;eHHH TO
~eK KBa3HITepeCe~eHHH Y COCTOH
IDIH 1/2+6 H 1/2+4, 3/2+6 H 

3/2+4 npoHCXO,IJ;HT 06M8H CTpyK
TYPon. 3TO oTp~aeTcH Ha BeJIM
~He MaTpHtIHI:lX 8JIeMeHTOB q20 

FHc.II 3aBHCKMOCTI> a1UL[H

TY~ c~pH~eCKHX KOMITOHeH
TOB1L13/2, H 33 1/2. B 
BOJIHOBHX ~KURffx O~HO~C

TH-qfJHX COCTOmIHM: 1/2+6 III 
1/2+4 OT napaM8Tpa K~PY~ 

nOJI])Hot! .n;eepopMawrn: 13 2.0 • 

,If)I.ll pacczaTpHBaeMElX coc
TOHHH.f:t (pHc.13). B pesyJfo
TaTe npH RBa.Itpyrran:bIDlX ,Ite

wopMaUKRx, MeHDrnRX ~e~op
MaUHH KBa3HIIepeCeqeHKa

eM
j3 ~O (BeJIRtIKHI:l Ma.TpHT.IHIiX 
3JIeMeHTOB (660+), 
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q20 (651~) 6o~bille 

q20 (523,), a q~w(400f)
Q~1, 11 q20 (402t) MeHbII1e 

q~w (523 t», anepraa (),n
'HORBaaHgaCTH~X oocroz
HHkI 1/2+ ,[660J 11 3/2+ [65D 
pe~Ro B03pacTaIDT C YBe~0,5 
-q:eHHeM rrapaM8Tpa KBa,npy
nO~bHOI'O onapaaanaa Ga ' 
a cocToflHIDt 1/2+ [400] H 
3/2+ [402J YMeH:&lllaIDTCB. 

," "'1i~;;2(~02~) 

??-3.12~402U-..... 

-.......,.-..= i>
 (pnc.14). B6~KaH o6~acTHoI • ~ i' /320• 

It0,28 (\30 0,32 RBa3Hrrepece~eHRfi
eM 

ft2o~fi20= 0,308-0,315 MaT-
pH~HHe 3~eMeHTH paccMaT

PHc.12 3aBHCHMOCT~ aMUHHT.Y~ c~pH~eCKHX pHBaeMHX cocToaHH~ CpaB
KOMIIOH8HTOB 1L13/2 11 2-d 3/2 B BOJIHOBHX HRMH C YaTpH~M 3~eMeH

~UKRX o~o~aCTH~ COCTOflHH~ 3/2+6 H TOM ~ OcROBHoI'O COCTOfl
3/2+4 OT napaMeTpa ~pyno~bHo~ ~e~opMa- HIm" H 3aBHCHMOCTll 3HeprHti 
!Un! ]J20. OT Be~llliHH 6~ CTaHO

BHTCfl c~a6o~. IIPH ~eq,op

92°1 .($M
2)	 ~§.9~_ 

10 651t 

a 
~10 

I	 , . , , 
0,28 0,30 0,32 P20 

PKc.I3	 3aBKCHMOCT~ Be~tmHbl MaTpH1lliWC. 3~eMeHTOB Q20 OT
 
napaaarpa RBa~pynOJI~HOft .ne~opM8.xnm B 163Dy.
 

eM 
MaUWlX, 60~lI1HX j32,O , BeJIH~HH MaTpHtIHHX 3~8MeHTOB 920 (6604), 
~~a (6514) <9a.o (523t), Q20 (400+), q~o (402 t) » Q20 (523 t) K 3IIeP
rHH cocToaHK~ 1/2+[660J H 3/2+(651) YMaHDmaDTCa, a COCTO~ 1/2+[400] 
K 3/2+[402] - B03paCTaIOT. IIOCRM~KY, RaK 3TO BK,1J;HO HS pHc.l0, BGJmtn'I

=0,310	 . =Q313 =0,317 =0.330E.I ~>o~Q290 
M3B 

~400l 
2,0 

-""""402l	 /4001
--6601 ><4001

/660t ::::::::::4001 .--4001 66016601 ............... 6601
 
-........402~ -402~ <402~
~402~/6511

1,0i --651t --6511 6511 6511 

-0 10 ~ 0 to ~ 0 10 ~ 0 10 0 
~ 

10 Gz~ 

PHc.14	 3aBHCHMOCTb 3HeprHkI 0~HOKBa3R~CTH~X coc~oaHKft 1/2+(660], 
1/2+ [400], 3/2+ I651), 3/2+ [402] OT uapaxarpa KBB.~pyno~~Horo 

cnapaaaana G2 npz ~a3~HqHHX 3HaqeHIDiX napaae rpa RBa.npyno~~

HOn: ,necI>opMa~ B I 3Dy • 

aa /a N( =2-cMelIIHBaHHfl npa nponeneaaa pacsaros B paMKaX K~M 3aM8THO 
3aBKCHT OT aHepr8TR~ecRoro KHTapaana Me~ B3aHMO~e~cTBYnmHMH COCToa
HH5!MR C O~HHaKOBHMH KJi H3 nonocoaovsx C N = 4 11 6, TO flCHO, iiTO 
ytIeT RBa.rtpynM~Horo CnapKBaHKR. npHBo~T R CMellleHmD odnacra I.A NI =2
CMeillKBaHKll B cropoay MeH:&lllKX 3HatreHH~ KBa,npynOJIDHOft ,necI>oPManIDI ftzo; 
H CTaHOBHTCfl B03MO~HHM ero paccMoTpeHHe rrpR paBHoBecHHx 3Ha~eHHHx na
paaerpa .J3 RO • 

4. 3aKJIro~eHHe 

Pe3Y~bTaTHHacToame~ ~6oTH Ha rr~HMepe pac~eTa xapaRTepHcTRR He
pcranaonaax cocroanaa Map 163ny H 16 Ho noaaausane, ~TO ytreT KBa,D;
pyrro~~Horo CrrapHBaHH~ npHBo~H~ R cymeCTB8HHOMY y~'qIDeHKID cor~CHa 

TaopaTH~ecKoro 3HepreTKtrecKoro cneKTpa HepoTa~oHHHx cocTOflHKft C 3KC
nepHMeHToM. 

B He~eTHo-HeftTpOHHYX Mpax KBa.rtpyno~~Hoe cnapKBaHHe rrpHBo~T K 
pe3KoMY c6~eHHro cocToa'HH~ 1/2+[660] H 1/2+[4ooJ, 3/2+[651] H 
3/2+[402J npH paBHoBecHHx 3HaQeHKf.lX ITapaMeTpa RBa,D;pynO~HOft ~ecI>opMa

WiH, xro n03BOJIfleT paccaarpasa'rs IAN/ =2-cMemHBaHHs B paxsex K~M 6e3 
HCKYcCTBe~Horo c~Kra O~HO~CTHtIHHX ~H O~HORBa3H~CTR~X YPOBHe~ H 
He npH6eraR R npOBe,neHKID pac~eTOB npH CH~~HO 3aBHmeHHHX 3Ha~eHHHX 

]320 • 
CMl>Haf.l 3aBHCHMOCT~ ROppeJUlnHOHHHx lWHKnaa OT napaxerpa KBa~PY

noxsaoro cnapasaaaa 62 npHBO~HT R 3aMeTHOn 3aBHCHMOCTH OT G2, 
IIJIOTHOCTH tWCJIa -qaCT~ 1T ~ aa O,ItHOtraCTH'qHHX ypOBHaX cpennero noaa. 

jTi 
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Ta6~Hna I.	 PaBHoBecHHs 3Ha~eHHR rrapaM8TpOB neWCPMauHH HeKoTopHX 
o.nHoKBa3:wi~aCTA-qffilX COCTO.f:i.HMtt B 163Dy :wi 16~O, ..onpe,
.ne~eHHue ua MY~bTHrrO~HUX 3~eKTPHqeCKHX MOMe~ToB /19/ 

163Dy	 16~o 

COCTORHI-Ie	 COCTO.f:i.HMe.f.>zo	 .f>40 }32o j3lta 

5/2- [512] 0,285 0,049 7/2- [523] 0,288 0,032 
5)2- [5231 0,287 0,029 1/2- [541] 0,327 0,075 

11/2- [505] 0,303 0,027 5/2+ [402J 0;286 0,059 
1/2+ [660Y 0,268 0,012 3/2+ (4111 0,292 0,'034 
3/2+ [65Il 0,272 0,024 7/2+ [404] 0,292 0,062 
5/2+ [6421 0,285 0,019 5/2+ [413J 0,297 0,041 
1/2+ [400] 0,293 0,026 
3/2+ [402J 0,297 0,026 

Ta6.mrua 2.	 BeJIH'tlliHbI MaTpH'tffiIiX a~eM8HTOB qzo ,Il;JJJi aexoropsx 
COCTORHI1.fi B anpax 163Dy H 163Ho (B 8,IJ.HHHll,8.X ~?) 

I63 Dy 

COCTO.f:i.HH8	 COCTO.f:i.ID:Ie COCTORIDIeQ20	 Q20 Q20 

5/2-l512] -2,17 11/2-15051 -11,95 7/2+ £633] 7,64
 
5/2- [523] 4,50 5/2+ 1642] 12,04 3/2+ [402] -8,35
 
3/2- [521] 6,16 3/2+ l651] 14,30 1/2+ (400] -8,11
 
1/2- [521] 6,45 1/2+ [6601 15,46
 

163Ho 

COCTOHHH8 Q20 COCTORHH8 Q20 COCTOHImS Q20 

9/2- [514J -2,24 1/2- [54!] 15,38 5/2+ [413] 0,82 
7/2-- [523] 4,89 5/2+ [4021 -7,76 3/2+ [411] 1,65 
5/2- [532] 10,86 7/2+ [404] -7,66 1/2+ [411] 2,02 

TaOJIl1!JP, 3.	 BeJlli"tilllpJI KOppe~RIJ,IiOHHblX tIJyHKWin CO (B ~,13B) 11 C2 
(B M3B/Oa£H) .n~ H8KOTOpUX O,IJ;HOKBa3HqaCTH'tfHUX coc
TORIllifi B 630y • ~ Ka~noro COCTO.f:i.Hl1R BSpXHflR Wi~pa 
COOTB8TcTByeT Co' a HM~H.f:i..f:i. - C2 

COCTO.f:i.llli8 G2, (fYbB jaapH 2 ) G2 (MaB/6apH2) 

° 5 10 15 20 

5/2-[5231 0,734 0,777 0,827 0,862 0,837 

° 0,997 2,720 5,796 11,340 
5/2-'[512] 0,948 0,972 0,995 0,995 0,933 

0 1,380 3,595 7,333 13,772 
3/2- [5211 0,827 0,850 0,879 0,898 0,864 

° 1,009 2,677 5,607 10,952 
1/2- [5211 0,880 0,890 0,900 0,895 0,837 

° 1,142 2,961 6,051 11,510 
11/2- [505] 0,909 0,952 0,996 1,029 1,026 

° 1,269 3,234 6,320 11,274 
7/2+ [633J 0,907 0,914 0,921 0,911 0,849 

G 1,149 2,959 6,008 11,377
l 

5/2+ [642J 0,776 0,798 0,830 0,860 0,849 
0 0,822 2,205 4,724 9,534 

3/2+ (651] 0,876 0,887 0,902 0,911 0,881 

° 0,992 2,376 4,855 9,409 
1/2+ [6601 0,900 0,909 0,922 0,927 0,893 

° 0,949 2,429 4,911 9,396 
3/2+ [402] 0,916 0,952 Q,990. 1,015 1,000 

° 1,235 3,186 6,352 11,623 
1/2+ [400] 0,927 0,960 0,995 1,018 0,998 

° 1,227 3,167 6,330 11,638 

B H8KOTOpHX crr,rqa.f:i.x aTO MozeT 3aM8THO R3MSHHTb Be~H~HH CBepXTeR~X 

R en ,	 VV'nonpasox 0 :: UU - K BepORTHOCTHM a~eKTpWIeCKHX nspexonoa, 
a 3Ha'lIH'r, M01KHO 01KH,IJ;aTb li3MeHeHHR TeOpeTli'tf8CKHX 3Ha-qeHlifi BepORTHOC
Te~ a~eKTpR'tfeCKRX rrepe~o.nOB npR rrpOBe.neHHli .paC'tfeTOB C ~eTOM RBa.nPY
rrO~Horo cnapHBaHRa. llnR MarHHTHHX rrepsxo.nOB Be~li'tfHHa CBepxTsRyqaft · 
rrOIIpaBKH Rr= Uu '+ VV I H3MeHR8TC.f:i. C Ga He T~K ciorsao, RaR R; , 
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Ta6~u;a 5. .BR..TI~ MYJThTHnO~bHHX KOppeJI.R.IJ;I10HHbIx <PYHK~ B H3MeH~

Ta6Jlltup 4. Be.IDPIHHH KOppeJlfl.TI;aOHHHX ®rHKIUiIi CO (B MaB) 11 ~2 HHS IIO~H1JIX aHeprIDt CB8pXTSI<y<!HX .cocroaaaa B .R,IJ;pe 
(B MsB/6a£H) .~ HeRoTopux o~oRBa3M~CTHqHHX' coc 163ny. JJ.JLq R~oro COCTORHHH t!3epXHAA $d>~ COOTBeT
TO~HHn B 63ao. ~ Ka~oro COCTORHHR BepXHnH ~I~pa CTByeT MOHOnOJIDHOMY BRJIa.ny Co ( PI~Ga );;f :PIa) ~. 
cooTEeTcTByeT Co' a HH~HRR - C2 HHlKHAA - K:aa,npynOJII,ROMY BKJIa,ny Cg rp,G& ) 

COCTORHHe GF., (M3B/oapH~) G2 (MsB/6apH2) 

0' 5 10 15 20 

7/2-[523] 0,059 0,495 0,838 1,152 1,365 

° 0,695 2,940 ·7,447 14,.2lO 
9/2-[514} 0,749 0,905 1,110 1,324 1,487 

° 1,434 4,2CY7 8,942 15,783 
1/2- (541] 0,776 0,890 . 1,039 1,212 I,371 

° 1,227 3,396 7,082 12,768 
1/2+ [4II] 0,661 0,800 0,994 I,219 1,396 

° 1,240 3,721 8,218 14,972 
3/2+ [411] 0,591 0,749 0,977 1,228 1,407 

° 1,049 3,527 8,119 14,986 
5/2+ {402] 0,773 0,942 1,158 1,380 1,551 

° 1,518 4,410 9,193 15,873 
5/2+[413] 0,684 0,841 1,058 1,289 1,452 

° 1,215 3,761 8,374 15,225 
'7/2+[404] 0,752 0,923 1,144 1,370 1,546 

° 1,509 4,411 9,222 15,912 

llOaTOMY BepoRTHoCTH MarHHTHHX llapexo~oB H MarHHTHHe MOM8HTH He ~O~
HH cymeCTBSHHO H3MeHRTI,CR c G~ npH npOB8~SHHH paCqSTOB B paMKaX 
MO~S~S!, KCn~I,3yromHX npH6~~SHHS H83aBHCKMHX KBa3H~CTHn. 

OTMeTHM, QTO Hs6o~mHMH H3MSHeHIDL~ napaMeTpa nOTeH~ana cpa~

Hero llOXfl MO~HO ems 6o~es Y~~TD cor~aCHe T80peTKQeCKOrO 3HepreTH
qeCKOrO crraKTpa HepoTa~oHHHx COCTOaRH~ C 3KCnepHMeHToM. Ho aTO He 
HMeeT npHHIUinHanI,HOrO 3HaQeHKR, TaR KaK yqaT R~pyno~I,HOrO CnapHBa
~H l103BO~ST KO~QeCTBeHHO 06~CHHTD 60~myID qaCTI, Be~~HN ~eHoMa

HO~OrHQSCRHX C~HrOB HepoTanHoHHHX ypoBHett, BBO~HMHX npH HCC~e~OBaHHH 

po rauaonnax BO 36y}1t~eHHit. 

20 

1 
COCTOaHUe G2 (MsB/6apH2) 

5 10 15 20 
5/2- [523J 0,458 1,022 1,439 1,140 

0,199 0,740 2,240 6,430 
1/2- (521] 0,125 0,251 0,187 -0,520 

0,261 0,877 2,.441 6,624 
3/2- [521] 0,272 0,625 0,863 0,441 

0,204 0,7l7 2,096 5,997 
5/2- [512] • 0,325 0,643 0,643 -0,199 

0,381 1,292 3,585 9,483 
11/2- [505] 0,564 1,167 1,638 1,594 

0,322 1,064 2,663 6,355 
7/2+ [633] 0,090 0,180 0,051 -0,717 

0,264 0,876 2,406 6,472 
5/2+[642] 0,244 0,611 0,968 0,835 

0,135 0,486 1,488 4,545 
3/2+ [651} 0,137 0,326 0,440 0,062 

0,170 0,565 1,571 4,426 
1/2+ [660] 0,115 0,282 0,347 -0,088 

0,180 0,590 1,608 4,414 
3/2+ [402} 0,.474 0,993 1,346 1,133 

0,305 1,015 2,690 6,755 
1/2+ [400] 0,439' 0,920 1,246 0,963 

0,301 1,.003 2,671 6,769 

B 3aKJIIDQeHHS aBTOpH BHp~aIDT RCKpSHHIDID npH3HaT8RI,HOCTI, B.r.Co
JIOBDeBY ~ B.O.HscTspeHRo 3a KHTSpeC K pa60T8, nOJI8SHHS SaMe~aHHH H 
o6c~eHHe peSYJIDTaTOB. 

21 



Tao~ua 6.	 SaBHCKMOCTb xapaRTepHcTHK KBa3H~CTH~O-qoROH}lllX 

COCTOflHHH C K Tt = 1/2+ n: 3/2+ OT B3aHMHOrO paCIlOJIO
~eHRR O~HOKBa3H~aCTH~ COCTOfl.H~ {AE~E(KTJ;N=6)-

- E(K~N = 4) ]. ) 

KJi 
E (RsB) CTpyKTypa 

'SRCIl. MHK KCPM 

b. E = -180 KaB 
1/2+6 737,6 1710 802 0,611660'> -0,511400t> 

+0,361642'(221» +0,311651'(221» 
-0,30f402+(221» +0,111402+ (221)} 

1/2+4 884,3 1860 .935' 0,661400t) +0,471660+> 
+0, 361402t(22I)+0, 321642+ (221» 

~ E =: 180 RaB 
+0,201651.(221»-0,191402+(221» 

1/2+4 737,6 1682 736 -0,80140Qt) +0, 2?1660+) 
-0,431402.(221»+0,201402.(221» 
+0, 16165If (22I»+0, 151642+ (221) 

1/2+6 884,3 1832 940 0,69166Of> +0,28140m) 
+0,51)642t(221»+0,351651f(221» 
+0,141402+(221»-0,101402+(221») 

/). E = -160 KaB 
3/2+4 766,2 1429 682 -0,871402,.> +0, II 1651+) 

859,3 +0, 38I400f (221»+0, 191404H221) 
935,1 +0,151651~(201»+0,101660t(221» 

3/2+6 1084,2 1255 830 0,90165H) +0,141402+> 

6. E = 160 KsB 
+0,301660+(221»-0,121402,(201» 

3/2+4 I 766,2 1215 549 -0,891402,) +0,071651+) 
+0, 38!400J (221»+0, 191404t(221» 
+0,151651.(201»+0,061660+(221» 

3/2+6 1084,2 1389 881 0,90I65n> +0,091402t> 
+0,351660f (221»-0,131402+(201» 
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