
.1; 

H.A.illapoHos1, B.A.AnHKOB, ,ll.Kapatr;IOB, 
CI>.P.KyHcypos2, T.M.MyMHHos2 

P4-93-178 

YlJET HE,llHAfOHAJibHbiX KOMI10HEHTOB 
lJJIEHA OT ,llA lJH B PAMKAX 

MO,llEJIH "POTOP + lJACTHUA" 

1 HIUf npHKJia.Quoii IJ>H3HKH TamKeHTCKoro 
rocy~apcrseuuoro ynHsepcHTeTa 

2CaMapKa~CKHii rocy~apcrseHn~>~ii ynHsepcHTeT 



1 ·,I 

. IIIapoHOB vt A. V1 
;n,p •. 
He;n,MaroHaJibHbiX 

~ .<•w·~--.,.,.-····~··-.,._,.,._._,_""':'" ___ ~:---..,.:..,.._~.-

·,I 

---. 

···' 

.HHCTHTYT smeJ?HhiX HCCJle)l.OBaHHH. Jly6Ha, 1993 

.; ... 

"" ... ' 

,. .,· 

·;~. 

'·' 

1 ·• BBE,UEillm. ·. ~. . ~' .. ,. 

POT8LUWHHH6 ·. CII6KTpb1 H6'!6THHX · ,neqopMHpOB8HHbiX n,nep .· H6IIJJOXO. OimCbl- . 

B8JOTCH·MHOrO'!HCJI6liiibiMR .. MO,IJ;K$m8IJ;R.HMH:KJI8CCH'l6CKO~-Bp811l8T6JibHO~ MO,I(6Jm 

"poTOp+'l8CTIDl8" (MPq/!l B IIIHpoKO~ 06JI8CTH MBCCOBHX '!HC6JI. 0.I(H8KO ,I(JIH 

yJiy'!llleimH •corJiacHH pesyJihTaToB '!HcJieHHHXpac'!eToB c HsBecTHiiMH.'sKcrre

pHMeHTaJihHb!Ml'I .. .I(8HHllMH. IIpHXO,IJ;KTCH ·npH6eraTh .. K. II8p8M6TpH~8IJ;RH ~lHeprd . 
rOJIOBH!lX COCTO~.pOTBIJ;ROHHHX IIOJIOC H M8TPH'!HbiXSJI9M9HTOB KOpHOJmCOB8 

BsaHMo,ne~cTBRH. KBasH'!acTH'llio-4xmoHHoe CMBIIIHBBime . B , He'!e~ ·. · n,npax1,21 

II03BOJIH6T OO'bHCimTh 60JihillYIO '!8CTh B6Jm'!HHbl KBK OCJI86JI9ImH, T8K H YCH-. 

JIBimH M8TpR'!HbiX 3JI9M9HTOB KOpHOJmCOBB B38HMO,I(9~CTBHH' 13 •41 H B UBJIOM 

y.ily'!III89T COrJIBCH9 .. C · 3KCII6pHM9HTOM T60p9TH'l9CKOro· CIIeKTpa H9pGT8IJ;ROHHbiX 

cocTmimnl:, Ha· KOTopHx· CTpoHTCH poTaiJ;RoHHHe noJiocH •.. Y~eT. TOJih~O .KBB3H

'!ac'rH'!Ho-4(nioHHoro B38HMO,I(9~CTBliH B pa.ne c.JiyqaeB ·He o6~HCHHST. B9Jm'!HHY 

· c,nBHra HepoTaiJ;RaliHllX· cocTo~ •. Iieooxo,IJ;KMoro . .I(JIH KoppeKrnoro ·armcaimH 

pOTBuHOHHHX IIOJIOC~. KBa,npyrrOJlhHOB crrapHBBHH6 IIpHBO,llHT ~ ,llOTIO~T6JlhHOMY 
/ cMemeimJO HepoTaiJ;RoHHHX cocTo~151 , .B' ue'.noM saMenm. yJiyinnan corJiacRe 

c sitcmepHMeHTOM .ziJm sH.eprd HepoT~IJ;RoHHHX s:oc,To~ R, cJie,noBaTe.rrbHo, 

,I(JIH SHSprd roJIOBHbiX · COCTO~ poTaiiii:o:HHJlx IIOJIOC. ; ' . · .. · ,·. ; 

IlpH ormc8mm poTaiJ;Ro:!iHWc noJioc · noJIOJmTSJlhHO~ · ,'IBTHOCTH :8 pn.zie 

HB~TPOHHo-He'!eTHHX H,nep·pe,D;KoseMeJlhHO~.ci6JiacTH aJieMeHTOB •(P33) y'leT 
.. . ~'. ' . . . ' ' 

KOpROJmCOB8 H'KB83H'l8CTH'!HO~HOHHOrO B38HMO,ll9~CT~ H6 ,ll86T B03MOE-

HOCTH. rrony'!HTh xopomee. KOJIH'l9CTB6HH06 'ormcaime poTBII;ROHHHX. 'noJIOC c 

K'J1:=1 12+ H 3;2+. ·STo i:lasBaHa ·TaM, '!To B' ila'lerna::..He~±Poinrux l:i,npax PS:3, 
Tarolx K8K Sm, Gd,' Dy' Ef, COCTOHHRH c o~~KOBb!MH KBBHTOBiri.rn: imc.iraMH 'K'Jl: 

. (K'J1:=1 /2+ H 3/2+) H3 no,no60JIO'l9K c N=4 H 6 CBH3Bmz MBW coo6~. TBK . 

H83HBaeMHM 1 ANI =2-BsffifMci.ne~cTBHeM •. · IIosToMy · .I(JlH YJIY'<imeimH · ormcBimH 

poTaiJ;RoHHHX noJioc, noc~eiiHHi Ha .rinmx cocTomiimi; B raMHJihTOHHBH. MPq 

BBO,I(HT ~H0~6HOJIOnN9Crotlt '!Jl6H. H(AN=2/ -a/~ Ho ,naEe. c~o~ xopomee 
,:-· :·-~···. ·-;,···"'- ,-, •• , •• _,, • :·. :'·- ~. • < ••• ,. • ;~· 

OimC8Im9 3KC.II6pHM6HT8JlhHbiX ,I(8HHbiX IIpH IIpOB9,I(9Hlm '!HCJISHHbiX p8C'l6TOB 

He.ril,sn. C'!HTBTb. KoppeK'l'HbiM, ecJm BBQ",nm.iHe'. B rar.m.in,~offil!lli qaHOM6HOJiorn-
qecKHe irorrpaBKH :He aoocHaBami. · • · · · , · · ·· · ; -~ · ··. · · · ·. 
·:·. • • .·.- •• - ·- ' • ' .- :.- ~ ~ ';. ,; - ': ·- ~,. : • 0. • • • • • •• ~- J • ' . . . •' . ; 

. . B H8CTOHDI6~ pa60T~ MH pacCMOTpllM. pGJlh . H6,IJ;KarOH8JlhHbiX. M8TPH1J:Hb1X 

sJ!eMeHi-ol'l B'saiD.ro.IiettcTBHH oT.na'IH crecoii term> B. ·tlPt! H 'naKaiaM: '!To 

'!Jl6H OT,I(8'!H B COCTOHHHH 9CT9CTB9HHHM a6p830M OO'bHCHHTb 

norrpaBKH H(AN=2) B rawtJihTOim8H Bp811l8T6JlhHOA MO,ne~. 

Ob~rshr..rts.tu1l. · lftStl'I'IYi \ 
~~~ at(':W.J~ 

(o;l.~nf,teT~A · · • 

BBe,neime 
. . .,/ 



. 2. OO:FIDTJri1FOBKA MO,IJEJIL1: 

· raMWibTOIDlaH ,ne(fxlpMlip()BmiiiOro smpa B npHO.JIIDKeiDm MP1l sffirnmeM B 

CJIS.nYJ!InSM BH,IJ;e 

H = H + H ~- + H t + H + Hj , (1) av · pa..w.· ro cor 
r.ne H~v orrncuB~eT_ cpe,IJ;Hee noJie ~a, Hpa:ir - . nap:mm KoppeJI.H~ 
cBepxTeKyqero THIIB, Hrot=A(I2 -"'I~) •.:.: ·KHH8TWI8CKYID .::meprmo BpameiDI.H, 

H
00

r=-A(I+j- + I_j+) - KOpl'IOJIHCOBO B~a~o.nencTBl'IS, Hj=A(j
2 

-. j~) - . 

B3al'IMO,IJ;SnCTBl'I9 OT,II;B'ffi, A - IDiepiJ;l'IBJlbmtlt llBpBMSTp. raMl'IJlbTOHOBB MBTpilllB · 

·cTpOl'ITC.H B. 0831'!08 Cl'IMM9Tpl'I30BBHHHX B,IJ;l'I808TWI9CK:I'IX BOJIHOBHX ~~ 

I'I>(:IMKp)'= ~.···(.DI 1h (p)+(~1)I+K+l_DI 1h(p).)·, (2) I -~ . MK TK . : M-K TK . . . 

r,ne. q> - BHYTpSHIDIS BOJIHOBHS ~YHKIJ;l'Il'I, a KBBHTOBOB 'ffiCJIO 1 onpe,neJI.HBT 

'l:STHOCTb COQTO.Hlm.H p. BoJIHOBB.H ~YHKIJ;l'I.H • ~ onpe,neJISHB KBK Bp8M.H-c 

COllp.H~SHHB.H ~ ~YHKUl'Il'I.<l>K(p) 

l!kCP) = T l!kCP) = (-1 )K+l/2 <l>_li(P). 

MaTpl'I'l:Hlle sJieMSHTH raMl'IJlbTOIDiaHa l'IMBIDT.Tor.na Bl'I,IJ; 

<I'I>(IMKp)IHII'I>(IMKp)> = E(p) + A(I(I+1) - 2K~ + (-1 )I+
112

apaK,l/2), (3) 

<~(IMK1p1 ) 1HI~<I~p2 )> = A[<%~ (p·,) I j I~ (p2 )). a~,~- (4) 

I (I-K2HI+~+1 >' <<PK, <P,'>Ij+I<P~<~2 >> aK1 .~+,- .· 

-/(I+~.) <I-~+1) ' <%
1 

(p1 ) 1 j_l, (p2 )> aK, ·~._1 -

- · c .:.:n I+~+ 1 
<I+1 ~~ > <<P1 12<P1 >I j_I<P, 1£P2 >> aK,., 126~. 1 i2) • 

3,ll;9Cb E (p) - SHeprl'I.H HepOTqiJ;l'IOHHOrO COCTO.HH:I'I.H. p, Orrp~,ll;8Jl.H8MB.H B 

paMKaX JIHOO MO,ll;SJThl . H838BHCl'IMHX KB83wl8CTilll (MHK) 12 ' 4
' S/, .. JIHOO .KB83H

. '!8GTmHO-IIJoHOHHOn MO,ll;B.IIH (K<!M/21 , ap - napaMeTp p~3B.HSHBBIDI.H poTa

IJ;l'IOHHOn noJiocu. c K ~ 1 12 

ap = (-1 )1+1 <<P,;2(p)ljJq>,/2(p)> • (5) 

. ·. B 0~ CJIY'l:B.HX 'l:JieHOM OT,ll;B'l:H Hj llpH pac'l:eTe _xapBKTepHCTHK 

pGT8IJ;l'IOHHHX COCTOHIDin . llpOCTO npeHeOperaiDT_, ·. C'l:HTB.H, '!TO OH .Y'l:TSH 

KBKHM-TO 00p83()M npH . Ollp8,ll;8JI8IDIH BHYTpSHHHX (!OCTOflHltlt, .• B .npyrnx 
CJIY'!B.HX, H8npllMep B pa0oTax19- 11 I, . BJIH.HIDIS 'l:ReHa OT,ll;a'lli YlffiTHBBSTC.HB 

Bl'I,IJ;8 ,IJ;008BKH K SHeprH.HM r()JIOBHHX. COCTOSIHllt -po~~IJ;l'IOHHHX 'rro.Jloc. llpH STOM 

p8C'l:8Tll X8~8JST8pHCTHK B030y~eHHHX COCTOmrun 0~:;3HpYIDTC.H. Ha· CX8M8 

:/ 

2-

~l .~: ,-

'j 

~r 

I 

i 
I 
I 

1 
I 

·1 

I 

I 
1 

I 

O,II;HO'l:8CTU'l:HI1X ypOBHen U MBTpU'l:HllX SJI8M8HTOB CllUHOB!1X H MYJibTIDIOJibHI1X 

. orrepaTOpoB B noTe:mnraJie cpe,n;Hero noJI.H, napaMeTpu· KOToporo rro.nodpaHU 

Oes y'!eTa 'l:JI8H8 OT,IJ;a'ffi. Tor,l.(a rioc.fie,nYronu,nt y'!eT: Ilj saMe THO ,nc~~~aeT 
SHBprHU H8pOT8IJ;l'IOHHHX COCTOHIDin, H8 KOTOpHX llOCTp08HI1 Bp8In8T8JlbHI18 

IIOJIOC!1. llOSTOMY Ml1 UCllOJlb3Y8M 'l:.JieH OT,ll;B'!H · eme H8 ypoBHS . onpe.n;eJISHH.H 

OllTl'IM8JlbHOn O,IJ;Hoqac~o~ CXSMH·~/4/ U ero ,IJ;l'Iar~H8JlbH!1e KOMrrOHSHTH y~e 
Y'l:T8H11 B SHepruax E(p)._ 

ilOCKOJlbKY KOpHOJIHCOBO B3al'IMO,ll;SncTBll8 llpHBO,IJ;l'IT K CM81IDUl8HlliD 

ccicTomllin O,IJ;l'IHBKOBon 'l:eTHocrn · c ~ IAKI =1 , · To poTarmoHHHe cocTo.HHl'IH 

CJI8,1J;Y8T · OirnCHBBTb ' cyrrepnosurmen B,IJ;l'Ia68TWI8CKHX -- BOJIHOBHX ~yHKUHn . (2) 

· ~(IMp) = IciK~(IMKp)~ <6> 

AMnJlliTy,ll;l1 CM81IDUl8HH.H CIK. Orrp8,ll;8JIHIDTC.H 00!1'l:HO ' IIYTSM . ,IJ;l'!BrOH8Jlli38IJ;l'Ill 

raMl'IJlbToHoBon MBTpilllll B orpaHH'IeHHoM oasHce cocToHIDin o,n;Hon qeTHocTH, 

CB.H38HHI1X KopHOJIHCOBHM BSal'!Mo.n;encTBHe~ :':11 Hail:OclJlee · dJIHsKHX K rroBepx-

HOCTH ~pMU. . 

nocJie.noBaTeJibmtlt y'l:eT · 'l:JieHa oT.na.m :8 raMl'IJlbToHHaHe BpamaromerocH 

.H,ll;pB, KaK BU,II;HO US (4), llpHBO,II;l'IT K_IIO.HBJI8HlliD B rBMUJlbTOHOBOn MBTpUUS 

CYll\8CTB8HHO HOBHX 'l:JISHOB - HS,IJ;l'!BrOHBJlbHHX M8Tpll'l:Hl1X 3J18M8HTOB 
' • -· 2 . 

·vj(p1,p2) =A <<PK<P,)Ij_l<l>K(p2)>, <7 > 

rrpHBO.ll:.f!InllX K ~saHMc.nencTBHJ!l cocToHIDin c o,IJ;l'!HaKoBuMU K'll:, To ecTb K liK=O

-CM91IDUl8HlliD. KBK dy,ll;ST IIOKBSBHO · ~8, y'l:ST -- STOro CM8IIrnB8HHH OtJ'biiCHHST 

BBe.neHHe ~ raMUJibToHHaH MPti ~HoMeHoJioru'!ecKoro '!Jie~a H CliN~2), npHBo

.n~ero ~ CYfi\8CTB8HHOMY yJiytrnieHHHJ · KOJ!ll'l:8CTB8HHOfO, OI!llC8HHH X8paKT8-

pHCTHK. ypoBHen pGTBijHOHHI1X llOJIOC, IIOCTp08HHI1X HB COCTOHHHHX C K'll:~1/2+ 
H 3/2+ Ii3 llO,ll;OtJOJIO'l:SK c N=4 H 6 B H8'!8THO.:.HenTpoHlruX .H.zq}ax PS316-S/. , 

KoHKpeTmtlt Bl'I,IJ; MBTpWrnwc ~JieMentroB ( 4, 5, 7), odpasyJODUix Cl'IMMeTpll'!-

HYID MBTPHUY,onpe.n;eJI.HSTCH BudopoM BHYTPSHHHX B~JIHOBuX ~YHKumt q>K.· · 

B npHd.JIIDKSIDrn MHK BOJIHOB!18 ' ~YHKuiill o~e.n;eJIH_SM K8K O,II;HOKB!l3lf.:. 

_.-~<-

3 



JHeprrui HepoTalil!mmoro cocTomnm E ( p) oJ:IIle.neJ!HeTcH' KaK aHepnm 
c:BepxTeK~ero COCTOmmH' . . ·.: ' . ·, ' - ; .. 

C~(p). _ C~(p~ 
E(p).~Ep(P) +?I sp(s) v~_(s)·:_ G . . G 

. S#p 0 2 
r.ne sp (~) - rrepeHo~Bamme o,nHoqac:nrnme aHepnm

151 
. . _ 

. s~·(s),:, s 0 (s) + 'i. <<fu(S)J j2 J~(s)> - (G0 + G~q~0 (s)_)~(s)~ 

(1 0) 

s.necb • s 0 (s) _- . :mepnm as pemel!Wi Y.P~lBHeHHH lllpe,IUUU'epa . .rtJIR rroTe~aJia 
cpe,nHero IIOJIH, G

0 
H G

2 
- KOHCTaHTli MOHOIIOJ!bHOrO H KB8,IIpYI!OJ!bHOro 

crrapHBaHHH, q20 ( s) - ,IJ;HaroHaJ!bHHe N!aTiJwnrne aJieMeHTH orrepaTOpa 

. q20(s) =: ;¥<<fu(S) J~Y20JcpK(s)> 
2 . 1 ( . sp (s) - Ap ) 

V (S) = - 1 -. · , 
P .· ' 2 _ Ep ( s ) . . · 

EP(s) ·=I (sp<s> - AP)
2 

+ c~cs) :. 

,Cp(s) = C0 (p) + C2(P) q20 (s) , ' 

. - 8 . 0
0 

( p) H C
2 

( p) . - MOHOIIOJ!bHBH H KB8,IIpYI!OJ!bH8H KOppeJIHLUmmn.te. ilJYHKI.Uill, 

BH'IHCJIH6Mll9 BM6CT6 C :xm.nNBCKHM IIOT8~8JIOM Ap IIpH pemeHHH CHCT9Mll 

OCHOBHHX ypaBHeHIDl: MHK151 : · , , · · · · · - · 

; ·: .B npH6JJIDKeHHH K~-/2/ :imyTpeHHHe· BOJIHOBU9 ilJYHKI.Uill <j>K(p) 38IIHCU-

' B8JOTCSJ B BH,l'.l6 . · . "N ' ' 

~(P), = JpoK;p,p2. ··Pifl> ~- (j~/P~ ap:o + 

+22 ~~(P1P~:··PN)a8~Q~CA+L>)JO>, (11) 
A+L1s · · · 

_ r,ne K09~6HTH Cp H D~in onpe,neJIHIOT COO";:B9TCTB6HHO 8MIIJmTY.IIR 

·· 'BKJI8,l'.l8 B paCCM8TpHB89M08 COCTOHHH8 p O,l'.IHOKB83JiqacTH~OrO KO~OHS.HT8 pj 

H ROMIIOH8HT8 ''KB83WI8CTilll8 B COCTOHHHH SV + ilJOHOH A+L1", 'IHCJIO V = '±1 

onpe,neJIHBTCH ycJIOBHBM · coxpaHeHHH MOMBHTa oKP = vK8 ± J-1. , a Q~ <A+L) -

OIIepaTop p0lK,ll8HHH ilJOH~Ha A+Li. CYMMHpoB8HH8 · IIO . j · 03Haqae'l', 'ITO BO 

BHHMaHHe npHHHMaeTcH o,nHoBpeMeHHo -HBCROJibKO cocToHHIDt p 1 ; p2 , ••• , PN c 

O,l'.IHH8KOBRMH 3H8'18HHHMvi KBaHTOBOrO 'IHCJI8 K'lt, TO 8CTb O,l'.IHOKB83H

qacT~it _KoMIImieHT :IioJIHo:B~tt !l}YHKI.Uill cocToHHHH p ·llJparMeHTHpoBaH rro :N 
' ' . . 

O,l'.IHOKB83WI8C~ COCTOHHHHM. 

3HeprHH E(p). B (3) ... OI1p8,l'.I8JIH8TCH.' B. 9TOM .· CJiyqae K8K 9HeprHH 

KB83WiaCT~O-¢lOHOHHOro COC;OHHHH. Ma~e SJie~eHTH orrepaTopoB 'j+ H 

j 2 B IIpH6JJIDKeHHH 13 ' 41 BRp8lKBJOTCH qepes O,l'.IHO'lBCTlfqffil8 IIOCp8,IICTBOM 

COOTHOmeHIDt . ' 

4 

-~ 

I 
! 

+ 

j 
I 

i 
') 

. <<I>K·(P)Jj±J~. (p')> = <poK;p1p2···Plfl(j±Jp~~K';p1P2···Pfll':/~ .. (12)-
N- · n· · . · . · .. : 

. r··'\'cpn Cp';'vi+j.l( a aoo•(j+)p. p• +'ao-o~(j+)p·.··p.') +-.'· 
. L. ' :1 j ' . ',' - :1 j ·.. . - :1 j • '.' 

:1=1 j=1 . ' . . ' ' . 
'\ '\ :_,.~,in·:_,_,J.L,i'n' C+l ( .. ·· ·· · · -.- ) 

+-f.. f.. lips· y· p'S' Vss"' V. aVV,(j±)SS' + aV-V'(j±)SS' ·i 

A+Lss' · ... , . ;. . . . 
H 

<~(p) I j2 (~(p' )> = <paK;p1 P2 • • ·Plfll j
2

J p·oK:PiP2 • • ~P~'> = <13 l 
N. N · . . . . . .. , .· . .· 

2 rcpn cp>;'(v~;>aoo•(j~)p P' + 2 aoo•ap.p•2 (j2)qq'v2(q)) + 
:1=1 j=1 :1 j :1 j :1 j q -

'\ '\ -'-Hin-'-'J.L'i'n'( C+l 2 . • '\ · 2 · 2. ) : 
+ L. L. lips lJ" p•s• .. vss·avv,(j >ss• ;t' 2 avv,ass'L. (j >qq'v (q). 1 
. Af.Lss.~ . . · q 

r,l'.le (j±)SS' , (j±)~S' H (j2 )~8,·- O,l'.IH0'18CTWIH!le M8Tp~e 9JI8M8HTU. 

3. B.1IWIH11E 1JJIEHA OT,UA\fl/1. HA·3HEPrWII 1.1: CTPYKTYPY POTAI.UmHHHX 
YPOB~·TIOROEMTEHOHOM GETHOCTJ.1: 

.l{JIH · HJIJIJOCTpBI.Uill poJIH ·. o6cylK,llaeMUX ·• MaTpWnmx' aJieMeHTOB qJieHa · OT,na<lli 

IIpH'OIIHCaHHH poT8IJ;HOHHUX COC':fOHHlitt H8'16THHX ,neilJOpMHpoBBHHUX H,IIep pac

C~OTpHM p83YJibT8Ta p8C'l8TOB X8pBKT8pHCTHK pOTBIJ;HOHHUX COCTOHHHit 163Dy,, 

Ba6op .9TOro H,IIpa· o6YCJIOBJI9H. TBM;. 'ITO ,l'.IJIH Hero H3B8CTHO 60J!bill08 'IHCJIO 

HH3KOB036ylK,lleHHUX .· ypoBHSit IIOJ!OlKHT6JibHOit • '18THOC.TH, . o6p83Ylllll\HX poT a-:-· 

l.I;HOmn.te. 'IIOJIOCll,. IIOCTpoemn.te ' H8 · ~OCTOHHHsrX • c: K'lt=1/2+'. H :•-3/2+ ·. 'H3 

IIO,l'.I060JIO'l8K C N=4 H 6 ~ llpH;' BU'IHCJiemm CBepXTBKY'IHX . .xapaKTBpHCTHR: 

9Heprlitt H .CTpYKTypH .KB83WI8CT~O-¢lOHOHHllX', COCTOHHHit . HCIIOJJb30BBJIHCb 

II8p8M8TpU •• IIOTe~aJia CaKCOHB-BY,l'.ICB H3 , pa6oTa • 151 • · 0,l'.IHO'I8CTH'llill8 

M8TpWIH!l6 9JI8M9HTU CIIHHOBUX H MYJibTHIIOJ!bHHX OIIepaTOpOB· pac.: 

C'lHTHB8JIHCb IIO nporpaMMe "MATREL" 1121 , a orrepaTopa j 2 - rrci·llJOpMyJie· 

! 88 , =. <q>K(s)(j
2

J<jlK(s•)> = 2 an~j(s) an~j(s') j(j+1) •. ; (14) 
·' · · . n1j · · . 

AMIIJ!HTy,na pa3JI0~8HHH ,neilJOpMHpOBBHHOrO COCTOHHHH S IIO ~pR'l8CKHM . 

.. Ko~oHeHTa~ aJj Haxo~HTCH npz pac<IeTe 6as_11ca o.IUIO'I!JCT~ cocToHHHit 
rronporpaMMe ."CALDNU" ./131 • · ·. · . · · . · ··. · · · · ·· 

. - 3HeprHH . H BOJIHOBH8 ilJyHKmru HBPoTBUHOiimn' COCTOIDrntt, 'He06XO,IJ;HMll8 

,l'.IJI; _pac~eTa ~aTpWIHHX 3JI~Me~TOB (3) H (4), paCC'IH~BaJIHCb B paMKax :rmK 
H K~ c yqeToM KBB,IIpYIIOJibHoro crrapHBaHHH. PacqeTa rioKa3aJIH, ·qTo 

', . ·- . . .·· . . . . ,. ' .. ,. 

5 



/ 

HaRny~ee (Ha Ham Bsr~~) cor~acHe TeopeTHqecKoro poTaUHoHHoro cneKTPa 
c si<cmip:HM8HTOM no~yqanoch . B .TOM ~yqae, KOr,na M8TpH'lli!l6 3JI6MElHTll 
Bll~~H.ID'Icb c i<Bas~acT~a-¥>li~liii!1MH Bo~oBllMU ll>YHKUHflw . npH G2= . 14 
MsB/6apH2 • SHeprHH H CTPYKTypa HeKoTopux KBas~acT~0-4oHOHHllX coc
TO~ 1 ~3Dy ,l{JIH aToro 3HaqeHHH G2 npHBe,neHll B TaC!~. 1. TIOCKO~bKY ,l{JIH 

npaBRnbHOrO OUHCBHHH pOT8UHOHHllX cneKTpoB H80C!XO,l{HMO TO~O BOCllpoH3BO
,l{HTb: .sHeprHH ro~ommx cocToSIImtt, noJioc, rrpH npase.i{eHHH pacqeToB B 
paMKax MPq npHXO,l{RnOCb COOTB8TCTBYKili:HM o6pa30M KOppeKTHpoB8Tb 
BH~cJieHHHe sHeprHH E(p). _.; 

J 

.·K'll:. 

5/2-
5/2-
1/2-

1/2-
1/2-
3/2-
.7/2+ 
:.5/2+ 
... 3/2+ 

, ... 

TaC!.mma 1 • SHeprHH H CTPYKTYP8 HepoTaUHOHHHX cocToSIImtt · 

3KCn. 

0 
450 

351,2 
. ' 

1159 
-

,421,8 
463,1 

'250,9 
935,1 

.. 
859,1 

884,3 

· H,npa :163Dy (G2 = 14. MsB/6apH2 ) . 

E , KSB 
.MHK . K<m. 

0 0 
987 . 416 
549 508 

989 
1360 
274. 

.. 625 452 
606: . 282. 

. 1545 868 

1480 680 

2080 '948; 

. CTpYKT~JJa i 
0,901523-~.>-0,31 1512'~">-0,1215101"(221 )> 

1· 0,841512'~",>+0,36152?-~.>+0;271510!' (221 )> 
0,95)521-~.>+0,1215101">-0,221523-~.(221)> 

'+0,131512'~"(221)>.:0,101510'~"(221)> 

.0,7315101">-:0,191521-~.>-0,171521-~.(201 )> 
0,10 1530'~"> +0, 991523-~. (221 ) )., 

. 0;981521'~">' -0,1016421" (311 )> 
0,941633_'~"> +0,181512'~"(311 )>,, 

0,9516421"> . '+0,141660'~".(221)> 
o. 911651.'~">+0;141402-~.>+0,3316601" (221.)> . 

' .· .. ·.: -0,121402-~. (201)> 
. 0,881402-~.>-0<121651'~">'-0,3814001"(221 )> 

:·. -0,191404-~.(221 )>..:0~151651'~"(201 )> 
.;o;751660'~">.+0;361400~>+0,231402-~. (221 > > 
'. +0,171651 't (221 )>+0, 1316421" (221 )> 

112·1 737 •• ,.965 

1 
782 

-0,101402: (221)> 
. 0,6714001").:..0,4016601">+0,341402-~. (221 ~> 

-0,141402'~"(221)~-0,1216511"(221)> 
~0,101642'~"(221)>+0,1016601"(201)> 

TipH lfopMHpOBamm MaTpwrimx 3JieMeHTOB ·,onepaTop~· .j HX.~Be~a . . . ' . .·+ ,•' . ..· ' ' ' 
Onpe,neJIH8TCH B HCno~syeMOM npH6.mmeHHH B . OCHOBHOM , CTeneHblll . tf}parMeH-
TaJ.iHH o,IJ,HoKBaaliqacTHirnoro Ko'Mnoiie'HTa • .Itn.H 'Maip~ sireMeHioi:J onepa

Topa ( Ji3-sa H~.inmisi_ Oo.Ju,m~a:. C~ .r·_(j
2fqqv2,(q)' ~- 8~,8. (~-~ ~13p, 

p83KO YCRnHBaeTCH po~ ,nHarOHMbHllX KOMllOH6HTOB He . TO~KO B . KB83H-

6 

\Y 

i 
~) 

·-tacTH'Ilioa: :£C.::.q·acm, Ho' ·Ji· ':B Ko.Mek~a:A:·: nn.:..-iiacm~ .. ·)taze:.··HMo~IIIHe 
:~~sMeHeHHH KowaiieHToB :Bo.nHoiiaa: :~~';'ciiihHa' iisMeHmr Bemromy MaT~ 
p~oro _sJieMeHT~ : onepaTopa ... j 2 _: ' TIO~TOMY 'npH. 'ili:x'n3a.nemm ~ paciieTO.B H8,!{0 
o'Iemi .TmaTe.JihHO ·no.nxo.iniTh K · BHC!opy · BOJIHOBllX ·Ill~~ · Gia~BaHHe 
Ma~ ~eMeHTOB onepaT()JlC>B' · j+ . u . j 2 iioi<EI~~o ,,:; li_a , 'n!»wepe ·. 
<660'~"1j J660'~">, <660'~"Jj2 J4001") H'(651'~"Jj2 f402-~.> B T86JI.2-4< , : • 

. . +. ' ' ·' . ".;. . ..:',::' ; :.' :::',l: ~-. ·-~ y . 

. ' 

! TaC!JIHUa 2. <IiopMHpOBaHHe MaTP~Or<? ~~~MeHTa' <~6(); I j ~ 1.~'~"> i · · 
no KBaariac~o~HomiHM'.'Bo.riHoBbiM' ll>Yin<uW!M' : 

'KOMIIOHeHTll ·,,._· 

00 ~ KOMllOHeHTll 
1660'~"> 

1660'~"> 
1400'~"> 
14o<r> 

1660~) 
1.400'~"::> 

1660'~") 

1400'~">, 

DD'--KOMllOHSHTll 

{ t ' l ~ \~~;-'f"~ ~~-~:<·-':' . 

jC/. ,; I iC2i' "·•-'I <1Jj~l2>~ 
~... ) ·._:;,"P· 

~~' ,. :·-.;. ·; ,.. .. l ' . j "' .. :··"$ 

0,749<' 0,749 ' !.6,522' 
o,749. o,359 ,. :o,7a4 ;. 
0,359 0,749'.' o,7o4~.; 

. o,359 o,359 ·, .. ··~ns3 

Bi<Jia;t 
... ·, . ..!o{ 

ri"'""l•-' 

.:...3~659 

:·6,'1'85 
o~·1s5 

'. }"""lT •• ~~. r. 
'<'-0~024· 

0,483 
<660'~"Jj+~> = -2~83 

••:~.,~ "'t•;.c' ~ ,-,,:',;>,, l,_,i >..~;JA:, 

Ta6.mma 3. <I~op~BaHHe ~a~biid! sJieNi9~18;;~6661-J ;~2 f4oo:t>;:: ·:·::: 
' ' ' : ·-. '. - 1 \, •• ' • ' • \ ,.,. .:· ,· .... { • •• '\ ~-' • ( ~ '-;. ":· • \ 

no KBa3~ac~o-4oHoiiHHM 'Bo~oBHM lfJYHI<UHHM · , .• ' · 
• ·-··.. • •• ·1 : \ ~ ·.-~, t;\,.:/.s~: :.'\. ~, .~ ..: . '.·t~;r':"fJ.Jf.t:-!· .;·-.-·>d~'~";;.·.r,r:-~~;-..• 

KOMUOHeHTll I c 1 . ' I ' Cd .. ·.· ·. r (1 r j~ 12)' f> BKJia;t" I ' . 
. I"" . I ' ," i. :. 

'.'·:'t : . 
..:0;401 '43,46' 

GC'-·KoJiln:oHeHTll 

·1 f6ro't> ·16601";·· 
,, ' ;' 16601"') 14001"> 0:;672 ·:•:;~4·54'',, 

a:612·y .::4I54· · 

-470~64' 
::':2~J_:r 
386,26 

::·::.:::.()~61 ; 
• ' .• 14001") 'J660't): 

'1400:>/ 1400:> 

{·:· 

' DD • - itowoHem · 

1402-~.> 1402~) . 
1651'~">' 16511") 
,55a.rs · 155a't>. 
1642'~"> i 1642-t> i 

.14o21");,·,402't) .. 

. 14001") 14001"> 
. ,440'~"> 14401"). 
16601") . J660t}'~ 
ocTa.ID.ima KoMiioliearn · 

--0~461 ,, :•:4~23 . 

•t"'>, .• 

· o:3~1 6,30 
-0 120:~ 44 '04 

, . "',"·•' . t '. ' ' . < 

o:119 · ~1·;21 
-a:·q9s:~. '"·46~3#·:, 
..:0, 1 ~0 ' 9,J4 . 

:4,23 

43~46 

0. ~ ' ; ' ~ 

• 1.26,'10 
IJ' ·~32~04, 

.. ::28,35 
; :::20,14' 
. 22,':if 

·4·;62 
':~~.21· ' ... ... s m·j·"": · 
,·:·. '. . r! -·-~;-;:-·:-."" 
-1.47 

.. <660'tl j2 (40fl't~ .. ~ -8,05' 

.: ; 7 



cro~BaHHe M'aTpH'llioro 3JieMeHTa.<6511'Jj2 J4D2,~.> ,.: 
no. ·imas:riacTirnio~HOHHUM. B~JIHOBllM :~YJIKURHM . ' . 

T.acsmma.4. 
• ,_. I• 

\, .~-: . .• . . . ,... . ;· .: ;, .:·,~; ~· " ., '"" \ . -

. KOMIIOHSHTH ,, ·.;. · 0 1 ,.,,l > ·:c2 

::cc ,-,' KOMriOHeHTs 
,,(6511-:> ~-(4i:i2 ... >:. ,0,900 

(6511'> .. ,651-r>· · a,9oa 

( (402,~.> (4a2 ... > .... a,139 
('402~> ... ~ (65(1'> . '• 0, f 39 . 

' ••• '-· • ;" • '· ~; ·.~' ·:. ''' ~I,._ ••• '·, ;.:, ..:... 

DD. - KOMl!OH.~H~. 
(6601'> (6601'> . .a,331 

·14a2~> t4a2~> -::..a~ 122· · 
I ' 

,f5211'> (52~1'.> -~ -a,082 
'i4ob1'> (4001'.> · -a;a?9,. · 

·;651~> 't65(~> ' -a,o'j6: 
'~ O~aJibHHe · itoMiioHeHTH · · 

... 
a·;aaf 

..:.a, 122 

a,884 . 
).. .. • ! • • 

-a •• 122. ' 

-0,065 
.. . a,011 

o,a19 .. 
. ·- •l 

--0,379 

-a, 1.51 

'<1( j2(2> . 

4,3~ 

44,a4 

6,30 
4;39 

. 43,46 .,., 

31 ;21,, . 
19,40 
4,23 

44,04 

Bi.na.n . 

-3,24 
-174,99 

196,5;3. 
o~·m· 

'"-33, 75 

-2,15 

-:-2,48 

1'7,6a 
,. I 

3,77 
'o~·34 

(6511'(j~J402,~.> = 1,21 
--

)• . ' 

' ,. ~ 

. Ilpll ITOCTp06IDm' raMH.l!bTOHOBOt!:' M8TpHUJ:l HCITOJlb30B8JIOCb 8 COCTOHJIHt!: 
OTPHu8TeJibHOt!: ,'16THOCTH. :<i/2-[510], 1/2 [5211, ,1/2-[5301, 3/2-[5211, 
~. - ... ~. ··.:.··' 'l'.,~)·, > ·..:.~·' ' ' ··._.' • •, • •• ~' .,···: • 

312 [532], . 5/2,[512], .. 5/2 [523], . 7/2 [514]) .H 7 COCTomrn:a: 
noJJOlKHTeJib~Ot!: 'lernocrif·'(1/2+[400l ,. 1'12' t660l, 3/2+[4021, 3/2+[6511, + ...... , .. '+""''_.,,.·+, ..... ,;,, -····~. 

5/2 [642]' ·7 /2. [633]. 9/2 [624]). ' 
HpH··· mm:o.JIHem .. ,pac'I~TOB .. 'xapaKTepHCTHK poT8UHOHHHX YPoBHeA . .zvill 

onpe,neJieiool · onTHMaJ!bHHX s_ paMKax HcnoJibSYeMot!: •. 'spamaTeJibHo:lf Mo,neJIH 
3Ha'le'~· ~~TpH'IHHX 3JIBMeH~OB .brrepaTOpoB j . H · j 2' HaM~i 6b!JIB rlPoBe,neHa 

i . t' .} . ., ~ ..,, ' -·~ "',•. ' .. ' +. : . . ' . ' 
npo~e,eypa !l!H™POBaHHlt. Bb!'IHCJieHHHe B npH6JIHJKeHHH (12-J3) .H no,noOpaH-

Ime rrp11 !IMT~cma~ ~H~'leHHR MaTPH'IHHX a~eMeHTOB np~~.neHH s.'Ta6.ii.5. B 
· paMKax KJiaccH'lecKott MPl! cocTc)ffirn:R c Kon;=1 J2+ Ii 3/2+ Hs no.ziodoJJoqei{ c 

~ > • • : 'f ·>~ ' ' ' " ' • 

N=4 1'! 6. CBll3!lB810TCll TOJ!bKO KOpHOJIHCOBHM B38HMO.n,et!:CTBReM, CJJ80blM ,llJJH 
3aMe~Horo : CM8WHB8Illill: ,COCTOHIDtlt. c i N,;4 .. u 6~ COCTOllHHH . c''-' K'J[=3/2+ . + . ~ ... , ... 't 'l, .. ,;c , ?·· ~ ·· , :'·, . _l ~; 'C·" ': 
(3/2 [ 402] .. H 3/2+ [651 ,l) B000i118 He CBll381Thl !WpHOJIHCOBbiM B38HMO)l,eitCT-

. uneM u .·c~ie'nnmaiOTd 'M~in,y: c666.n: qepes· c'ocTo~mm c· Kon;=1 12+ '11: 5/2+. 

KBasuqi1ciiu~lio-$:mom!o~ cM~nrnBaiiue · cocTomlli:a: 1 (2+ npHBO.nHT K ycnJJeHHro 
KopnoJIHcori'a· BsauMo.n~ttcTBH~ ~e~ cacToHimHMH 1 12+ r 4om H ·1;2; r 6601 
(Tao.ri.6{,' '·Ho aToro 'eme He.n.ocT'a'ro'IH; ,nJJH npaBHJihH~rci' BocrrP,b~sBE;).IJ;eHHR 
ypoBHett ·• 3THX noJioc. ·IlpoB~.neHilli:a:: aHaJIHa. noKasaJI, <iTo TaKflH ·cHTyamm 
Tmrn'IHa··; '.n.im Hhep 'sm, Gd, Dy ':' H Er', '\ ',nJJll 'KoT.Opb!x . B aKc~epHMeHTe · 

HaOJIJO,nae'rcsi saMeTHoe.cMelllill3aHHe·cocTomrn:a: c Kon;,;112+'H' 3i2'+: ·' 
:· . :,.,· .... · 

8 

) 

~ i 

\_· ~ 

.,Y 

\ ' 

") 

~ \ 

Ta6.mma 5. 11'cnoJib3YeMble cBo6o,nHHe napaMeT}Jbl: 
1 - O,nHOKB83H'I8CTH'IHHe M8TIJH'IHHe · 'ineMeHTH; 

·.··. 2 :.:. .. KB83H'I8CTH'IHO~HOHHHe 'M8TPH'IHH8 SJieMeHTil; 

3 - MaTPH'IHHe aJieMeHTH, no.iiy'leHHHe npli ~T~q)o:Bamm 
··." 

i. 
1 2 ' 3 " .. ~ ~ 

1 ! .. i 3. 

<51 01' jj+ 151 0~> -0~26 0,11 0,05. <521,~.(j+l521,~.> . 0,36~,. a,a5 a,1_3 

<5211'(j+(5301'> 3,78 o;97 1,79 <5121'1j+(5211'> 2,18.1,85 1 ,a9 

<6601'fj (6601'> 
+ ' . 

~6,52 -2,83.-1,96 <6511' 1 j (6601'.> . + .. 1-·6,45 4,5~ 3,23 

<6421'lj+l6511'> :,6;25 4;69 3,75 <6331'(j+l6421'> ·5,09 4,?5 4,07 

<6511'Jj2 J4o2 ... > <6601'(j~f400-6 
·~ ~ 

-4,04 1 .~1 1 ,41 ;4,26:~8,05 -7,67 
... 

Ta6JIHl(a 6. 3H8'18Irnll-MaTpiNHHX 3JieMeHTOB ssa:W!O,net!:cTBHH· (4) 
1 • . .... npH A= 12,5KsB !· . 

v cor .K3B. v · · + v • ·~aB ' · 
cor· j '· ' 

MHK R/IlM MHK . -K/IlM <l>1IT 

<6601'1H14001') 112+ 
<6601'1H(4001'>312+ 

<6601' 1Hf4001'>512+ .. · 

<6511'(H(402,~.> 

8,6 
-17,3 

25,9 

25,5 
-51 ,a 
_76,5 ,. 

;61,9 ... -75~1 
36,0 :-151:6 

····79·1 -'-24;1 1 
·"'·-. --. , ., -,~·· . ' ._ .. 

:-84,6 

~t18,4 
: -62~1-

-50,5 15,2 17,7 

t >' ' l·.- ~ • • , "< • ._.,. • .e~ • <"'-
IlpH Y'I8T6 '1Jl6H8' OT,ll8'11'l' (B ".Il8JlbHet!:nJeM 6y,neM HCITOJlb30B8Tb TepMHH 

AK=O-ssaHMo,neitcTBHe) MaTpH'IHHe. aJieMeHTbl raMHJibTOHHaHa · . ( 4) CHJibHO Bos- · 

pacTaiOT (Ta6JI.6) ~ 9To nossoJIReT · c,neJJaTb su:Bo.n., . .'ITO AK=O-BsaHMo.n.ettcTBHe 
' •t<•.:~.:->.:,·;·,-·~:,fi>' -:, -· ~,,. <,~ ., ' •: " ·' •• ·~~ t,':', ~·· ·' •. ·..,., '" ; .• 

,llOJilKHO cymeCTB6HHO BJIHllTb Ha 3Heprmr H CTpYKTYPY'· poTaQHOHHHX COCTOHliiDt 
Kon;=1 12+ H 3/2+. , . .. ... ,>" . , .,. '''1 

p ,·> •• ,.~.,, .-- -··-.. -~~·· 

·;' .8Heprmt H<CTPYKTypa HHJKat!:nrnx;pOT8UHOHHHX;ypOBHeit OTpHU8T8JlbHOit H 
.. . " .... "" .. ' • ' . . ! . + ' ••. , ' 

,noJIOlKHTeJihHOit · qeTHOCTH, Y'IHTh!BaeMbiX ';:npH iiJldTRPOBaHHH~: npHse,neHH .B 
:Ta6JI.7 H 8: OTMeTkM, 'ITo npn, np~B~~e'mrn';pac'l.eToB ic~oiu,~osa.riuch Bee 

lsosMolKiill~ ··~apHaHTH· mlT~pripeTamru,~roJioBffii~.:.cocfoilmnt no.iloc;c K~=1 /2~ H 
3/2+. Hali6oJJee .. ilp:HeMJ!et.lliM s'pai.llia1cHcnoJil,syeMor'o 'no.n.Xo.n.a .HBJIReTcll owm 

: 0, ' ' ' ~ .; 1 \ :-:> , • \ • ; '•• ;' ~ f ,> , '-. ' ' • 

Ba_ pHaHT: ._ypoBeHh, 737~6 K3B miTepi1peT11J)yeTCH :·KaK 112+1 /2[400],: 884;3 
, . . ' , • ·.' ·, • . r · ~·, ,l.- . ' 1 + ,. • 

K3B...: KaK,1f2+1/2[660l, '859,3 K3B .. ..:. K8K3f2 ,3/.2[4021 1'! 935,1 K3B .- KaK 
.3(2+3/2[651 L 11'3 pHc.1 H Ta6JI~S 'liiiHo. ·Bl!M6:,;'1;o nMeiOlllYIOC~ coBOKYIIHOCTb 

~ . '· I_J , , . , ~ ! , , . •• ; , •. 

HeH,neHTHif}lmHpoB8HHHX: no. 8CHMnTOTH'I8CKHM KBaHTOBb!M XapaKTepnCTHKaM 
, ypommn: 112+,, 312+; s/2+ '11 41 ;t,oino crpyrukpo~'~Th · B po~~UI'loHHHe ~o.ITocbl 
: 112+[4001 c ·ypoBHHMH' '737,6 K3B, (ii2+); '766~2; 'KsB (3/2+) H 91S~7 K3B 
1 ·(5/2+),' 1/2+[6601 c:ypo~HHMH~ SS4,3 'KaB:~'(1t2t);. 1084.2'':'K3B_(3/2+) ll 
781,1 KaB (5/2+), w2-I-£402Lc;ypoBHR~.'s59;3 'imB {3,t2+:>; :949~3 KaB 

(5/2+), 3/2+[651] C ypoBHllMH 935.1. K3B. (3/2+), 1129 K3B (5/2+). 

!' 19; 



E 
·"''ic3a 

.3d~ 

>.;; 

... ~~· . 

• .. rc' ~-;::··· 

c" :)'\,.;-~ 

. ' 
''lit..:... 

163Dv 

.· PHc.1. CpaBHBHHB T60p6TH"i6CKHX :mepr:Ka: COCTOH!OOt 

•. :· 5/2+ C SKCII6p:ID116H'l,'OM. . . . ' ~- .. ·~· .... . ·- '. 

. :~ -~;.;:: ' ... 

·,·;.·._, 

1/2+. 312\ 

,(. t> 
'"' l ' . )1 ir-~ 1:. ~! "': ~~. 

TaO.mma 7 •. ::JHepr:~m . poTall,HOHHHX cocToH!OOt oTpHU~T~Jl~Hoa:. . ..... 
" . .• . "' '···· '. ' ' .... , ".· 163 '·' ... ·'" ' . . .•. · ' ·" 'i. 0 ,..,, '"' '. 

; ~;··· . 

"iBTHOCTH .H.npa Dy . , , , 

SKCII _- • ·' T60p. H ·.>';J'. SKCII. ::. T60p. SKCII •. ;., Teop. 

5/2:-[5231 .... ' 1/2-[521 1 • '" 1·'3i2-[521 l -~:~r· ::., .. 
5/2·- 0 ·,·. 0 11 /2-:" 351',2 .• 351 

1 12"- 73,4 '72? :'3/2.:.:~. ''''·389:18' ·: · 389' 
' )" ,. \ ... ' ~ • ... ....,-. _., "'""''' • • ' 1 

9/2- 167,3 168 5/2-· '427;7 ·.426 
1112- 281,6 ·293· 7'12~···Hsi:4·:s s21 

13/2-' 415.1 421 9/2- :, . 574:0 579 
.. 5/2-[5121 . • . .• • '1/2-[510] 

/~'312-. 

'5i2-
·;:'7;2-: 

• .. ·· , . " ~·:q7·-.. ·:, :/~.-:c· · .~'-·"·c~,1. 

5/2- 719,0 719 1/2- (1159) 11'5~~1·'-'.a'.•:-·~·.:. 
1201 • ' •:i . •. 112- 799,5. aft ~3/2.:::·~· (ff9~n 

9!2- . .. 918,0 929 .. 5/2_. .<1262>' '1259 1 ;;•; 
11/2_·, (1050) 1071·. '7;2-· (1342)< 1359 

:; 
. '.' . ,· .. ·t• ---··/·- 11.>' '·"·, '· 

,t "· ·•-. -:tr; ·-~;·_.! ~'-" 

''1o 

: 

.\,·· 

.t~ 

'422 

'483 
. 552 

676 
777 

c). 
v. ·v 

,·_,,.\:;;-• :Ta0JI.'--8.·-.3Heprm!. H; CTpj'KTypa· poT8ll,HOHHHX-COCT0$1Hd 
. . .• . .• 163 

· ·~:::c c;. :>.•:; IIOJIODT6JlbH01t 'i6THOCTH , Dy 
--~ .. t-.; 

,_,;,: ... ~ ,E; •. ~~B .. I .. , CTPYKTypa :, Oil{'· 
· ~-~Kcn:,·-;Tao:P~ ·1400'~'> 1660'~'> 1402,..> 

i .. 

% ·-· ·(64~1'>:, 

.~ 1.· '5/2t[642] "V • . · 

s12t" 25o;9 . 251. 
7/2+. 285,6 285 

-9/2+.,,, ·336,5'·· ·; 336' 
i•;, t. ~ T112+.; · ··412,·4.. 4aT 

f. ;;1312+'' 497 0'; ;'495 
,, /1'112-1:[660]. . 

_,. .·:'1/2+;.': 1 884•3 884 

! ' ):,..3/2+'," . 1084:2 ! 1061 i 

:.•5/2+· :6;· 781.1 785 
,;:; I •.:-1 /2;1"[4001 . 

·.1/2+;~·: '737,6. 738· 
.: 312+ ·> 766,2 .· 763 
.. 5/2+ ;' 915.7. 

· 3/2T·[65H • 

3/2+ ···::~;935~1 
r 5/2+ · ·. ( 1129 

' 3/2+[402]' . 

; 

I 
·::-0,,003 
-0,002 

'• 
' ,.. .' '. ,.. . .,. ,!·-.-. t 

0,026 ' 0,025.:·~_:0~ 134 .:·.0,990 
0,036' ..:0~035··--0~188 . 0,997 
o,067 a,a42··· o,229 ~:::a,9ar, 

'... ~ '. '·' 
0,046 0,252 0,874 
a~os1, ~a~2so <- o.s4o 

0,617 

'·''' 312+ · 859~3·· :859' ·, ...:.o;112 · -o;14o:•··o';96f ·-o·~-21X1 •c: .. .c<•:: 
. ·: • ;· 512t; ,, ;949i3 936 · · ·-o~495 '· o~o48 • [a·;a67· ' 2 o~of6 :1:::a,263 . .. 

4(" .;, --~·· 1_ .~ ~. ,., .. --~·· 

·~ .. ·, ~·:··,·r·':~:t:t' ;!,~;'{ ·,; :>. j ·;, 1:,·! 1 ---~ .;~~:,:.:.~::\; .. <,;t~UJ:v.-~\- :,~~---~'~·.:-::) !,t_'~::_tJ;i~·\r-·:~ ~ 
. , , ',lt.JI.H H3Y"16HH.H . BJIH.HHH.H, tK=:~CMBDIHBaHH.H: H8 IIOpMiipOB8HH6 ,, pDT8ll,HOHHHX 
'.~;> •'-'•"'ft'::'J t\.}'1'~. ;_,_.,, •· • ·,I \' .. ,··I .~ ·.''·"'I .• <•·•' • .,_;.,• """'' '•\{ •• • ..-·: 

rr.o~OC .II?,JI?~T~JibHOa: ,J6TH~C,TH rrpoB~.zteHll P,~qqe'l'Hi,. C 1 p~~~ _Ma_TP~ 
~1er.i~nitat_:m 1<1.1,2~)';:<6~on j2 f4.~oT.?: .~-:,r<,3;~+>;=~651~J.fi4CJ?~~~:~ o.D;lill_ ~s · 
HHX:(l!HKCHpoB8JICH OllTHM8JlbHHM 3H8"16HH6M H3 T80JI.5, a . .npyroa: OpaJIC.H,KaK 

· ./:.~.~L~--,1- ' · .~;- . ., -...., t~ ·.~. · ·,· -·._.,. r.· .. :,. ....... ~, ... ., · -. - "'~·-~ 

CBOOO,liH!lA nap8M6TP• ,ltJI.H y,no0CTB8. RCCJI6m'6Mil6 38BHC:IDIIOCTH OT M8TpH"iH_ oro 
' . .' ·. !:-.-·:.,·····' ~ . .,1,, ~ \ • ' _; '. : •.• ·; · •• -·;,. ~ •• •• , ... ~ ,_. -~·· •• }.,_.. ...... ' 

SJI6M6HT8. ! (K~) BHp8lK8BlTCH . qepes . rrapaMBTP ' a ·, , orrpe,neJieHHHa: KaK 
.. ·:-t :!·-, '\ C.\_;,·1~-1 ''.l ~ ... •n,!' ' '·' ' ,' . '. ' .••. - -.L r ,\ . ,./. . ~ -· ' 

ar-~ {(~~){~0 ~K'Jt~-~ .. P~~-_!(K~) __ .· -;-,, ~aTP~_;t9.Jl~~e~T-~ ,,~CIIO~J;>~Ye~: rrpH 

~~~.n~~·:pac~eT?B ;,<;,ao.JI.· 5 )} r a. !o ~~~) '';~ o,nHo~_l,'l,~3-~~c~,:M':iTPwn,m£t 
SJI6M6HT. KaK, BB,!!;HO H3' pHC .27 4, SHep:rmLH. BOJIHOBHB .I!JymaJ;ml , pDT8ll,HOHHHX .. 
;\.i~·:.,·· .... ~·,··~;~·."·.·' .• -., ..... _ .... ; ·. ,;. .~ ~ J . .- ...•. ;· ...... ,-_, ''· '·' • ....• -~·•·' 

ypoBHel C~6CTB6HHO 38BHC.HT OT, BB.mromH H 3H8K8. M8TpH'IHHX 9Jl6M6HTOB ! ~ 

· ~~~eHemi~~::i~~i~~: ~Ta~o~ ~~~~-: 1m~~.na~. ~a~.· lies11~.m.Te.nbH9e. 
MOE6T.rrpHB6CTH K. CHJlbmiM. CK8"1K8M SHepr:Ka: ypoBHel, 6CJIH OHH:HHTeprrpeTH
PYJlTCH no ~BHTOsW. xapaKTepHcmiD.t .· ,nOMmmpYmtero~ KOMIIOH6HT8. ;f . ' 

"·'"' ~' •,,~··-'<.-''t \~,.·. ~ ''•' • :<--, ~· ''''••·_.~w-:·•·· .• ·.~ - ••• •<<' ,. • "< ~ 

... ·· ~ :""'.~.,< .. ;. ~~ JO:"t .r\? ._ ~: .~; :-,-.? .~~ .... ~:\·, ·::~ ~ ,, ~~i: 

·II 



I ., . , , , '"·• _, __ .,,. ___ , · · _·. j'Plic'.2l 'SaaacliMocT:b.'iio.JIHoBHX 

:: · ~YHJ<l(Pift.: COCTOS!lld 3/2+ C 
sHeprHmm.935o'1 :H-1084,2 KaB .ICI 

'1,0·~' -: .. . 
;·'!'. --~ ;···;·->·r. 

. -~~-.f:·! . 
,. 

···-~ 

OT MaTpwmoro -' 3JI6M6HT8 f ( 1 12 + ) 
(~rct/2+>-> .crr.iloillHaH:.mnmH cdoT
BeTcTBYeT COCTOm000-1084;2 K3B, 
IlYHKTHpH8.11 - 935; 1 K3B ( · 

,-;.?,·~· 

PaccMoTpHM .ztJIH npHMepa ypoBHH + . . . 
:_3/2, c :meprH.HMH .935,1 H :1~4,2 

'_K~B ~ ~·2TC~'J-:CTBH6 ~~,~-=~~~H,MO
,neacTBH.II (a = 0) '.lt0MHH8J{T8MH B 

r . ' 
BOJIHOBHX. ~YHK~.IIX 3THX._ COCTCl.II-
HHa .IIBJI.IIIOTC.II KOMIIOH6HTH;·. 6691' H 
6511' .. ,cooTBeTcTBeHHo. BKJia.n KoM-

·_;.__ . "'-~ . ·-~-,.~- ~~---·-~ 

IIOHBHTOB C N=4 MBH66, O.n;FIOro IIpO-
UBHTa;H OCHOBiruMH ITpHMBCOO .liB-

:.,. · Jl.II!OTC.II KOMIIOHBHTU 6511' ~ H 6601' 
. . .>. '··''.: •• ·· COOTBBTCTBBHHO~ , KOpHOJIHCOBO 

CMB~airne/M~W- 3THMR COCTO.IIHH.IIMH, HBCMOTp.ll Ha' oc.Jiae5JIBHH8 'ero KB8SH
~8CTH'IHO-qx:JHOHHHM Baam~o.neacT:imeM, ,rro-rrpeJKHeMy BeJIHKo (Vcor= 51 KaB} H 

:BeJIH'lliHH' aMIIJIHTY.zt .• .ztOMHHaHT, H · rrpHMecea · c t'IN=2 pa3JIH'IaiOTC.II ·Bcero • H:a 
6..:.7%·~ ·npH • ~~'mmm·· 'AK;6...:Bsa:ID.to.neacTBH.II · rrp.HMecb ·· cocioSimm · 400.,. 
I . . 

H81JHH88T paCTH H B, OC5JI8CTH a '" -0,3 :·CTpYKTypa ypOBHBt:l C 3HBpi'H.IIMH 
, . ··- ,· '. ''. r . , . , ~· . ; 

935,1. K3B ·H 1·,1084,2:,K3B IIOIJTHO.lnlli8KOBa. B.aTOa OC5JI8CTH IIpOHCXO~T. 
"rrepe"ce~~mie.; 'aM!r~T-YA·:~oM{ffiaHT • B ·peayJ!bTaTe q~~o · Ha p~c-.3 'w 

H8C5JIIO,It88M. CK81JOK ypoBHea. YpoBHH 935,1 K3B H 1084,2 K3B HHTeprrpeTH
'pyiDTd.ll. ·• ;e~epi; "'kaK •' 3/2+312· £ 651 ·J H. 3/2+1 12 £ 66ci j : cooTaa·~~;ile~d~ . npH 
: .na~hHe'nmeM ; yl:Je:ffiiqem Be.mrnfim. a ( 1 ;2+) B ~ CTOpOHY OTpmiaTSJJ~~ 3Ha'-'-
--.·~t· ., ,:•, .. •--~·~,' I" ~ • ..l:;, . ',' .' ~ r. , ., .I'_·;··' '' .--:~' • f . c'\"'"'' "". :''·. 

'l8Jiill1 :'lHeprHH 3THX . COCTO.IIHHt:t H3M6H.II!OTC.II O'l6Hb CJI8C50 ~ IIpOli9XO.ztHT. 
:.roJibKo·ne'pepacrrpe.neJieirne ·KoMiicmeHToii B ·Bo.JIHoB!lX ~PYiiK~fiX:•·· ':· · :··:' .,, . : 

· .· rrpi ·BaphllpoBamrn·- MaTjm;_JHoro · aJieMe:aTa f (3/2+ > ,· :_ci3~~i1B~IDID,e~~' coc
T~mm.H· 3/2+[4oZJ · H 3)2+£651 l, imeprHH 'poTa~oiiHli){ypok~e~:: Hs~eli~c.H 
'ciiado ~ salvieTHHe naMelieirns! ·rrpoHcxo.liHT • TOJibKo · B c~pYKType 'ypbBHea' .' rroJioc ·• 
irac-rpoein'rnx?ira · cocTommfix c ·. · K'lt~312:1:·: · TaK, B · oTcy'TcTi:me :'tK;:;o.,..~sa~o.:., 

• ·.Iienc-r'BH.II·:~·e~y :iTill.m · cocTosuillm.nf cCi' :=·6> B J3omioBoa ·cti~mrn :ira~~~; + . ,. . . . . . . ' .. , . . .. .. . . r" .. '" . """ .,, .... ,.. ' ·. .. . 
3/2 3/2[651]. Ha KOMIIOHBHT 6511' IUJHXO)n~TCH 63%,' a Ha KOMnOH6HT' 402l• 
-THc>!qffiie ':iloJIH · rrpoueHTa, !3 Bo.illi:orioa 4JyH:Ktm1i' .vPosl!fi· · 3/2+3f2'f4ci2 1 · Ha ·. 

. KOMIIOH6HT 402-~. npirxo.IJ;IiTcH '95%;'''·'8''· Ha KOMIIOH~HT .~651..:.' ~-· o';ii ·.. llpz 
ar = -0,6 .noJ!.H 'ariu: 'KOMIIoiie\iTOB cbc.fa'BJ!.He.J. yme. 53% H '16% • "8si"~ 12i ~· 
IIpH ar = 0,6 - 57% H 12% , 82% H 9% COOTB6TCTB6HHO. 

/ 

12 

r-----------;;;.;_.....,._:......:..:......:........,: PHc.3. SaazdHMoCTh' 3Heprd 
'ypoBHea' PoT8UHOHHHX. IIOJIOC:·: noc~ 
,poeHHHx:Ha COCTO.IIHH.IIX_CK'lt=1/2+ 
H 3/2+ OT MaTpH'IHoro 3JI8M6HT8 
!(112::) .~(a (1/2+)). · OOoaHa'leHH.H.:. 
THII~ (314)r03HB~8DT· (21'1t 2K'lt N); 

''F:·. 

·:, 800-1 i), 

.. )~ 
~ ~ ~- . 

700 

~ ... -~. r 
t 

___ .... 336 

(_..r 

314' 

114~' 

-2 -1 0 1 'oc.r , 

. eci'b''314 ---'- 3/2+1/2[4001 

•.: ;_ .C~Jih!}8.11 38BHCHMOCTb CTPYKTY-., 
·pbl poTa~OHHHX ypoBH6t:l OT<·MaT7 , 

pH'IHHX 3JI6M6HTOB ~K=O-~aaHMO

,net:lCTBH.II Oy,neT CK83biB8TbC.II, 6C
T6CTB6HHO, · Ha B6JIHIJHH6 · hpJ.ffie-;
,neHHHX BepO.IITHOCTe~ 3JI6KTpOMar'7 
ID1~lrnx · · nep~XO,ItOB_ :· .. .l{JI.II rrpiD.lepa .. . ~ 

Ciy~T paccMoTpe:aH .. rrpHBe,neHHHe 
Bepo.H_THOCTH E1-rrepexoiloB:, paa-'. 
p.11~a~ oOcym,naewe cocTO.IIHH.II 
1/2+ H~ ypoBirn IIO;OC 1/2:-[521] 
R 3/2-[S21 ]. 

L----------~~---' ..... _ ..... _ .. _., ...... 
4. ~ K=O-BSAMMO.llEMCTBlMI HA BEPOHTHOCT11., ~ 

E1-I1EPEX0l{OB 
'·:·· 

'::r,c~.: :··-.:.:.::: . .. , ~:~;"' 

. TipRBe~emm,_e 1 : ,BepO.IITHOpT}i ,ItHIIOJibHIU 3JI6KTpR'I6CKHX . nepeXO,ItOB B 
paMKax MPti,pacc~HTUBaJQTCfl c IIOMOillbiO ypaBHeirn.ll 

: ·. ·· .· ·: ~<E.t ;(•i:r),.= I .B1o + ·B11 + B11l.2 • (15) 

·:·I K . . . . . ,.; 

B10 = ~ CI I{ CI KG/il1o<¢K (pf)IM(EtO)I\jJK (pi)>. aK K ' z .. i i f :f i i :f . - . . . .. • i. f i• 
'KiKf-. ,. , . 

!3~ 1 '='I:c~~·e~-~ (c~:ri:r{~<;pK:<P:rl1M(E11)14JK <pi)> 6K K 
" K·K .i .. i.·:f :f ,j_ i ,·:f. . .i f i+1 

_ .. ,'_'·~-~:~·ciifKKi1·'~-1~\jll·{·c'f~)lk~iEl;=1ll•"':~pi)> cil{.K: ·. ) ' ... · 
. ",. \' . •' ' . . i i . f . . . "Xi . . . f . i'-1 

r.ne 

~ .... ......... • "·!{'_, 'i :, ·,v; 1).!i' f:::;,. \ >,• : ?· 

13 
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N '~ .- I:l.+1~2+l.j_ ' . . I~ 1/2 
B11 = L. '<-1 > · · ci-K c:h{ ~I -112 11··-. 

:' ·' K:l.K~·.,··(; -> · .. ·. ' 1.· :1., :•~:!:; 1. . • : .•. 

·-·'~<<P1;2<p~>JM(E1,1 >li!>1/2(pi.)> aK , aK : '·· 
t~· 

. . ... ·, • . 1.. 1 /2 ~. 1 /2 . 
' " }- ~-.. ·~·,.~{1 ' >r:;•( _f<··'~j~\ 

3,necb C:l:~x:l. H CI~K;- a~y~ ocMeiiiHBaH,H~. B ~OJ!HOBllX !IJYHKIJ,HHX ~aqaJii,..:. 
·•·· · 'I K , :1 

HOrO 'H~KOHS'IHOrO COCTO~, Q/ /A.j.L -;- KOS<I$mH6HTII K.ne~ma-rop,noHa Ii 

o~sHa'leHHHX HHa-A.nb,nepa, M(E1~l :_ ofiepaTop · E1_:riepexo.na121
• M~TPR'IHHS 

SJI8M8HTII orrepaTopa M (E1 ~) no KB831N8CTH'IHO-tlX>H01UIHM. BOJIHOBIIM !IJ~HM 
3aiiHCIIB8nTCfl.B ITpHOJIHEeHHH 13 • 41 ,B TaKO~ Ee !lJopMe, K8K H ,nJifl orrepaTop~ 
J'2,: 'l'OJlbKO c 'saMeHo~ M·~Tp~ s~eMeHTOB ( j 2 ) s~ \ ,Ha M~TP~e s~e~~HTII 
orrepaTopa·· E1 ~rrepexo.na ~--',ll.rui' '.zzymoJibHllX rrepexo,noB _cyMMa ·z T :'iV2 

( s>: Oy,n~T 
paBHif HyJIKJ. •· ' , . 

. '"'(" ,• l 

. · ' ~ PHc. 4:. • 3aBHCHMOCTb CTJlYKTYPH 
,Ct :'' .,. · · ,ili"'', 'COCTO~ 1/2+ OT-~8-ipH'I:Horo 

1,0 . ·. 4001 . . 6601 ' . . . : ' 
···:· · · •·C4o~t . · ,· .. · C6601 ;~JieMeHTa !(112+) ~ar.(\12+))~ 

0,5 

· · . · ' · . . '· 38IIHCb THII8 C400 03H8'l8eT ' . . . 660'~' ' . ' 

' ·~ ' 
~.; 

'. 

aMii'.nHTYAY, KOMIIoHeHTa 400"' , B 
,. ·. :·1 . • 

BOJ!HOBO~ !IJYHK~ COCTOflHHfl 
6601'··;. 

! 

0~--~--~~~~--~--~ 
0 ~ 1 _.2'':-ct 

-0,5 

.-.\ ·.l r ., r 
_J,.;','' 

01 
01 

.~ ~ . ..: 

KopHoJIHCOBO H AK=0-B3aHMo,ne~

CTBHH npHBOMT K TOMY, 'ITO 
BoJIHoB!le·' Ill~ ·· Ha'iiinl,Horo 
z • Kmi:e'lii6r6''cocTofriid: rq1e:rt.:.: 
cTa8Jmxl:r 'co6o~ cyrrepnosHUIDJ 
Oa3HCHIIX cocToflHHA, Hcno~-

1 ;;·j '·' ··:· I··· ,sye~:'AJiarrocTpOeHHH raMHJib-
, · ToHolio~ Ma.fPHull. · no_sToMy Be-

-1,0 

','· 
poHTHOCTH E1-rrepexo,noB, pas

.: pfiz~DnRX :cocTo.!iHW:t : 1/2+. 'Jia 
ypOBHH 1/2-1/2[521], 3/2-1/2[521], 3/2~3/2[521l,orrpe,neJIHnTCHKOM0HH8-
UH8~ MaTPwrimx a.iieMeHTOB· onepaTopa rrepeio~a. cii.fi3ima~ ·KoMIIoHeHTII 
H8'l8JibHOrO COCTOHHHH 4001' H 6601' C KOMIIOHSHTaMH KOHS'IHOrO COCTOHHHH 

>I 

5101', .. 521+• 530"' (rrepexo,nHa iPo:Beln,.1/2"7), 5t0"', 521 •. ,:530'~',.521-r, 
532+ (rrepexo,n H8. ypoBeHb 3/2;:). SaBHCHMOCTb aMIIJIHTY.ltll KOMIIOHSHTOB 4001' 
H . 660"' · B BOJIHOBllX · !IJYHKUHHX cocTo·~ 112+ oT. M'aTPH'I:Horo . sJieMeHTa 
f.K=0-B38HMO,l{8~CTBHH (pHC.4) npHBO,nKT K 38BHc:HMCJcTH OT !(1/2+) BSJIH'IHH• 
BepoHTHOCTe~ E1-rrepexo,noB, paspHJta~· ypoBHH 737,6 KSB (1 /2+[400]) H · 
884,3 KSB (1/2+[660])'. H8 COCTOHHHH. 1/2c1/2[521l, '3/2-:'1/2[521]; 

3/2~3/2[521 l (pzc.5). · . 

·PRc.5. SaBHCHMOCTb BSJIH'IHH 
npHB8,!{8HHl1XB8poHTHOCT8~ E1-' 

~1U=- ~ - · rrepexo,noB, paspmta~ .. co c-
~~ 

··1o-7 

1o"8 

10-9 

\o10 

·1011 

I 'I 
' I ,,. I 

\. ·l ,' I 

\,,,. ,' 
:,~ - : 
~ \ I 

': \ '3 
r I 
r I 

-'I 
I 

" I 
I 
I 
I 
II 
I 
I 
I 

- ... 
II 
II 
II 
II 
II 
I' .. 
II .: 
II 
II 
tl 

·,; 

.-2 ' -t .. '. ; 0;· 

3 

~: 

r· 
.1 2 <Xr 

. TOHHHH 112 Ha ypoBHH t /2 · 
. - . I 

H 3/2 · poT8UHOHHO~ , IIOJ!OC:bl 
1/2-[521]. (J!HHHH 1 H 2) li 

'H8 COCTOHHH8 3/2-3/2[521] 
(J!HHHH. 3 ), OT •. M8TpH'IHOro 9JI8-
M8HT8 !(1/2+) (Or(1/2+)) '.B 
1 63Dy. CnJ!OmHII6 JlHHHH COOT

BSTCTBYDT rrepeXO.l{aM '1HS COC

TOHHHH 1/2+[6601, a DYBKTHP
Hlie - HS I/2+[400) . 

; t 

B·rrepBOM-IIpHOJIHEeHHH, TO 

8CTb npH Y'l8T8 TOJ!bKO OCHOB-. 
HOrO KOMIIOH8HT8 B BOJ!HOBIIX 
Ill~ COCTOHirni 1';2- H 

3/2~ (era aMfinHTy.na' nop~a 
0~99), Be.mmnm. npHBe.nemmx 
B8poHTHOCT8~ p8CCM8TpHB88Ml1X 
E1-nepexo,noB · (B e~OapH) Oy-

, , . . . . ~ 

AY!. orrpe,neJIHTbCH.CJie~ yp~~eHHHMH:. 
t.; 

,B_(E1. 1/2+·_ .. • 1/2-1i2[~21l) ,= <..~:3· 06- 5,3' C4)
2 

X 16~8 ; ••• 

. B(E1 ,1/2i: ... 3/2-1/2[521]),;, ~ 9,9 C6 -:11,?.C4( <10.::.a;. 
,B(E~;.112+. ~ 3/2-3/.2[5211) 7 (12,5 q6 - 7,2'04)

2 
x 10~8_. 

S,nech c
6 

H c 
4 

- aMIIJIHTY.ltll npHMece~ cocToslloot 660"' JI 4W · B' ~~.imoBl1X 
\ 

l's 



ilJYHKUllilX ypoBH61l: 737,6 'K3B ll 884,3 K3B~ :K0311$mll6HTH IIpll 8MIIJ!llTY.IJ;8X. CN 
BH'!llCJI6Hll C ·- llCIIOJ!h30B8Hll6M COOTB6TCTBYIOIIIIDC - KB83ll'I8CTll'!HO-¢ioHOHHI1X 

M3Tpll'!HllX 3JI8M8HTOB - ( Ta6JI~ 9) ~ Bll.IJ;HO, 'ITO IIpll. OIJP6.!1;6JI6HHOM COOTHOill6Hllll 

w3JK.IJ;Y ' 3MIIJ!llTY .IJ;8Mll C 6 lL C ,{ BS_Jill'lllHll . BepO.HTHOCT~il: ll3-38 · _ KOMII6HC8Ullll 

BKJI8.IJ;OB KOMIIOH8HTOB MOryT , 06pamaThC.H · B , HOJ!h. _. ,llJia 'II6p6XO.IJ;3 . Tllii8 
1/2+-+ 1/2-1/2[5211 - IIOJIHa.H KOMII6HC3Ull.H IIpOllCXO.n;HT, I!pll C6=0,85. ll 

C 
4
=0,53 (ar =1 ,3), .IJ;JI.H rrepexo.n;a 112+ -+ 3/2-1/2 [521]. ~ npn C6=0;75 _ll 

C
4
=0,66 (ar=1,6) ll .IVI.H rrepexo.n;a 112+-+ 3/2-3/2[5211 - rrpn C6=0,50 n 

C
4
=0,87 · (ar=~1,5). ECJ!ll Y'l6CTh, 'ITO llM6IOIII8.HC.H COBOKyiiHOCTh YpGBHe:tt 

TIOJIOJKllT6JihH01l: '!8THOCTll H6TIJIOXO OTillCHB8~TC.H B 06JiaCTll a =-1,5 + -1 ,8, B 
r 

KOTOpOil: B6Jill'lllH3 BepO.HTHOCTll Tiep8XO.IJ;8 112+ -+ 3/2-3/2[5211 p63KO IIa.IJ;86T 

.IJ;O 'HYJI.H . (pnc.5), TO -· TIO.HBJI.H6TC.H BTIOJIH6 000CHOB8HH8.H B03MOJKHClCTh 

06'DfiCHllTh OTCYTCTBll6 3Toro , paspe,meHHoro BC6Mll- IIp8BllJI8Mll 'oT60pa 

[:-ITepexo.n;a KOMII6HC8Ull61l: -BKJI8.IJ;OB, OIIp6.IJ;8JI.HIOII1llX Be.n:Wnrny B8pO.HTHOCTll 

nepexo.na. B paMKax MPT.I~ Y'!HTHBaiomeil: TOJihKO KopnoJIHCOBo cMell)lli3aHHe, 

T8K8fl KOMIIeHC8J.lll.H He IIpOllCXO.n;HT ll BepOHTHOCTh _ 3TOrO nepexo.n;a .Taro JKe 

nopH.IJ;Ka, .'ITO n ,n;JIH nepexo.n;a 112+1/2[6601 ... 3/2-3/2.£521 l. 

Ta6JIHU8 9. MCTIOJih3YeMlle MaTpll'!Hlle 3JieMeHTH OIIepaTopa E1-rrepexo.n;a 

fJ. = 0 fJ. = 1 
MHK KiDM MHK KiDM 

<521 .d E(11J.) 1660'~'> 0,0191 0;0101 ' -0,0068 -0,~031 

<521'~' IE ( 11-J.) 1660'~' > - - -0,0204 -0,0122 

<521.d E(11J.) 1400'~'> -0,0087 -0,0129 -0,0037 0,0024 
<521'~'1E(11J.)I400'~'> ·- - -- -0,0018 0,0066 

----

OTCYTCTBHe 3KCIIepHMeHT8JihHO:tt HH(fx:ipMaJ.lllll o BpeMeHax lKll3Hll coc

TOf!Hll:tt 1/2+ He TI03BOJIHeT cpaBHllTh pesyJihT8Tll pacqeTOB IIpllBS.IJ;8HHI1X 

IiepoHTHOcTe:tt Er-nepexo.n;oB c aKcnepHMeHTaJihHllMll sHa'!eHllf!Mll B (E1 ) • Ho 
-ITOCKOJibKy ll3B6CTHll llHTeHCllBHOCTll paccMaTpHBaeMllX nepeXO.IJ;OB, ;0 . MOJKHO 

cp~BimTh . OTHOIUeHllfl llX BepO.HTHOCTe:tt. PesyJibT8TH, IIp6.IJ;CT8BJieHHI1·6 . B 

T80JI. 1 0, TIOK83HB810T ,- . -~TO IIpll yqeTe AK=0-B38llMO.IJ;e1l:CTBll.H M8JK.IJ;Y COCTO.H-

. -~f!Mll C K~=1 /2+ MOJKHO IIOJIY'lllTb H UeJIOM H6ITJIOXOe corJiacli:e' C - :mcriepn::_ 

M6HTOM. 3aM8THlle OTKJIOHeHll.H H86JIIO.IJ;810TC.H TOJihKO .IJ;JI.H'OTHOIUeHll:tt; CBH38H

HllX. C -II~pexo.n;oM ·462 ,4 K3B IIpll llCIIOJib30B8Hllll llHTeHCllBHOCTe:tt 1-rre_: 

pexo.n;oB., orrpe.n;eJieinrux rrpn -nccJie.n;oBaHllll - 13-pacna.na '1 63To ./U/. EcJIH 

llCIIOJib30BBTb .n;auHHe ll3 pa60TH1151 (nccJie.n;oBaHlle ypoBueil: 163Dy Ei·peaKJ.lllll 
162 . 

Dy(n,l))~ TO COPJ!acue YJIY'llli3eTC.H. 

)(, 

f, 

~ 

..... 
/ 

Ta6.ii.10~ :3Kcrrepm.ieHTaJihHlia sua.Jemia'3Jieprmt it lriiTeHclffiuocTe:tt _ -_ 

E1-rrepexo.n;oB~ OTimruemie rrpHBe.n;emmx BepoHTHocTe:tt · 

E1.:.rrepexo.n;OB ll cpaBH6Hlle Hi c pesyJ!hT8TBMll pacqeTOB. _ 

,I{aHH!le C IDI.IieKCOM * COOTBeTCTBYJJT paOOTS /lf>l 

uaqa.Jii.H:oe 
· COCTO.HHll9 

112+[660l 

1/2+[400l 

El' 
K3B 

533,0 

386,3. 

I .-
1. 

43,2(42) 

0,65(20)* 

20,1 (20) . 

2,20(33)* 

·E,, 
K3B 

494,5 

347,8 

3KCII~ 

~~ 

100 

2,0(2)* 

27,4(27) 

3:20(32)* 

462,4 

r, 
9,8(12) 

o·,45C9>* 

Teopna (rrpn pasJI. a ) 
r 

0 -1,8 -1,5 

B(1/2+[6601 ... 112-1/2[5211) = 0,34(4) . I 
B ( 112+ [6601 -+ 3/2 1/2 [5211) 0,26 (12) * 

0,10 0; 16 0,15 

B(1/2+[660f-+ 1i2._1J2[521 1) = 2,8(7) 0,05 ,0,1T . 0,15 
B(1/2+[6601-+ 3/2 3/2l5211) 0,94(50)* 

B (1 12+ [6601 .. 3f2...:1 /2-[5211 > = B,3 <~> · 
3,6q~>* B(1/2+[660l -+ _3/2 3/2[5211) 

0,49 1 ,2. j . 0,87 

B(1/2+l400l ... 3/2_1/2[5211Y 0,50(14)* _. 
0,63 0,38 

I 

sttl2+l400J • 'In !2l521l i . o,s4 ttt >., 

1 

0 ,22 

B(1/2+[400] ... 3/2_;3/2[S21l) ( e~_6apu_) '7,6-07 4,6-08 2,3-11 I 

. 
' 5 • 3AK.1JJOliEIOO: 

.PeayJihTaTH H:acToame:tt pa6oTH • ua rrpm.~epe pacqeTa xapaKTepncTHK 

poTauuoHHHX ypoBu~a rroJiolKllTSJihHO:tt 'l:eTuocTn a.npa 163Dy noKasHBaiOT, '!To 

y'l:eT _ He,n;HaroHaJibHllX MaTpll'IHHx 9JI6M6HTOB oriepaTopa j
2 

B raMHJihTOHll8He 

H9'!6THOPO ,n;eilJC>pMllpoB8HHOPO a.npa"no3BOJI.H6T 6CT8CTB6HHHM o0pa30M.06'Dfi9-

Hll~h BBe,IJ;eHlle ilJeHOM8HOJIOPll'l:8CKO~ nonpaBKH H(AN=2) B KJI8CCR'l8CKYIO MPT.l. 

:3Ta norrpaBKa .n;aBa~a BOSMOlKHOCTh. o6'DHCHllTh IAN1=2-cMeillllBaHlle cocToflHHn 

TIOJ!OlKllT8JibHO~ '!8THOCiTll1 H86JIIO.IJ;89M08 B 9KCTI8pllM8HT8 .IJ;JI.H H8'I!tTHO-H8:ttTpoH

HHX a.n;ep Sm, Gd, Dy, Er. B ncnOJih3yeMOM H8Mll no.n;xo.n;e [ANI=2-;-B38llMO

.n;e:ttcTBll9 HBJI.HSTC.H . •mcTHHM • cJiy'l:aeM · AK=O-Bsam.~o.n;e~cTBll.H, cnocoOuoro 

IIpllB9CTll K CllJ!hHOMY CM8IIlllB8HlllO pGT8UII:OHHHX tOCTOflHHn C O.IJ;llH8KOBHMll ..: 

KBauToBHMH 'l:llcJiaMH I~K. B 'l:acTuocTH, cocToHHHn 112+t400J n 112+[66Dl• 

3/2+[4021 R 3/2+[651}. , • 

lloKasauo,-qTo B pa.n;e, c~yqaeB npHBe.IJ;eHHlle BepoHTHOCTll -E1-nepexo-

li 



)J;OB, CB.II38HHI1X C T8IDIMU _COCTOSllniiD,lU, 6YJJYT CUJThliO 38BUC9Tb OT M8TpU'IHUX 
3JI9M9HTOB AK=0-B38UMO)J;9itCTBU.II. 0'!9BH,II,IIO, .'!TO 3TO OTIIOCRTCJ.II .. KO. BCSM 

1-nepe~o.n;aM, CB.HSaHHHM c poTa~oHliuMR cocTOHHREMR, .B KOTopux ·3aMSTHo 
npo.~IBJI.HeTc.H AK;,O-cMellllffiallli~. J/Icno~3yeM!lll:. no.n;:io.n; no3B~JI.HeT o6'b.HCHRTh 
oTcyTcTBRe B 163Dy nepexo.n;a_t/2+1/2[400]:.. 3/2~3/Z[521 l, pa3pemeHHoro 
!JceMR njlaBRJiaMR oT6opa. ·. · · 

c:Wu,:Ha.H 38BRCUMOCTb M8TJill'IHUX 3Jl9M9IITOB AK:=0-:B38UMO)J;9itCTBR.II OT 

cTpyKTYPI:I KB83R'!8Crn'IHO-$:>HOHHJ:IX . cocTommtt npRBO,lJ;IIT K ueo6xo,JUIMOCTR 
O'l9l,Ih TJn8T9JlbHOro,no.n;6opa BOJIHOBHX qJ~ K8K no CTeneHR 4JparMSHT8~ 
O.n;HOKB83R'l8CTR'!HOrO . KOMITOH9HT8, T8K R no. 8MIIJlliTY,ll;8M KB83R'!8CTR'!HO
qJoHOHHI1X llpUM9C9it. 3TO . MOJKST CJIYJKRTb Ollp9,ll;9Jl9HHHM KpRT9pR9M llpR 

pac'!eTe auepr~ R. CTPYKTYPJ:I_uepoTa~o:mrux cocTommtt. 
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TEMATM'IECKME_ KA TEP( 

OB~EAHHEHHOPO MHC 

-MCCJIE~OB 

. MHAeKC. :TeMaTJt 

l. · 3KcnepHMeHTanltHall c!IH3HI 

2. _ TeopeTH4ecKa~ ciiH3HKa Bl 

3. 3Kcnep..iMeHTanbHaR Hei1T, 

4 .. TeopeTH4eCKall ciiH3HKa H 
r, • • 

5. _f'laTeM8THKa ' 

6. JtAePH811 cneKTPOCKOnHII 

7~ ciiH3HKa.TIIIIIenWX HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. AaToMaTHaa"'"'" o6pa6oTK 
A8HHWX 

11. Bw4HCnHTenbHaA MaTeMaT 

. 12. XHMHII 

13. TexHHKa: ciiH3H4ecKoro 3" 

14. HccneAoaaHHA TaepAWX 1 
AAePHWM~ MeTOA8MH 

15. 3KcnepHMeHTanbH811 c!IH3~ 
nPH HH3KHX 3HeprHRX 

16. Ao3HMeTpHII K c!IH3HK8 3c 

17. TeopHII KOHAeHCHpoaaHH< 

18~ HcnonbsoaaHHe peaynbTi 
ciiYHAaMeHT8nbHWX c!IH3H44 

.. B CMeiiiHWX o6naCTIIX Ha: 

19. 6HO«<IH3HK8 


