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BseaeHHe 

3a f10Cf19LlH99 Bp9Ml! 6b!f10 BblfiOITH9HO H9CKOf1 bKO pa6o T /S -B/' 
llOCBHlU8HHbiX HCC Jie-

Ll OBai!HIO 9HepreTHqecKHx cocTOl!HHil H ec qo ep>~qecKHX HeqeTH biX aTOMii brx llll<'p . B 6onb-

W lfH C TB e S THX pa60T 3HepreTH4 8 CKH 8 C O CT O HHHH H8Y.8THbi.X Hllep ll0LlpB3Ll8liHIOTCH H8 

O.D, H0 48CTJil·fH hi8 H KOllli8KTHBHb18 1 ITO 8 H8.TIOrHH C 1.18TH0-'-18THbJMH H.O p8MH:. 

B n e c cf1epJ.Ptec KH X YeTHo-qeTHbiX H 'l pax KonneKTHBHbte B o 36y>K.oeHlUI MO>KHO Hc

c n enoeaTb e anHa6aT ~PiecKoM npa6nH >KeHHH , T . e. C1.fHTBH, YTO npa KonneKTHBHbiX B03-

6ya\ne HJHlX 0 Jl H048CTIP·IHbi8 C O CTOHHIH I H e M8HH!O T C5l . 3T o B03MO >I<HO, TBK KBK Cfi8KT p 

O.O HOY.BCTJfllH blX COCTOHHH A O T .lleli P JJ O T OCHOBHOr o COC T OHHHH "I.l..l.8llb.IO " nOpSl.D.KB 

2 JV\aa . 

Ou nax o BLIHa6aT >~q ecKoe npH6mo~< eHH e, npH KoTopoM spaUlSHHe Rapa >~ ccnea yeT cll 
npH r_f1HKC ltpOBBHHOM C OC TOSIHH:H B H8WH e ro HyKnOHa, B H848THbiX Hllp8X HBliSJ8TCH rpy6biM 

H BO MH0 rHX cny48HX MBli O Oflp8 BU8 HH b!M, TBK KBK 3HeprR~ 0.D. HOY8 C THYHWX COCTO~HHA 

B He~e TH biX ~ .a. pax oaJroro no p~.a. K a c 3 He prH e A apaweHH~ H Kon e6aHH~ noaepXHOCTH • 

.8 K8'f€C TO e Moa enH H€lf € TH Or O R.O. p a ~ 8CTO p8CCM8TpHB8€TCH (:fiCT €M8 , COCT0Hll...l8 R H3 

oc Toea H a eH >Kyw.er ocfl a e r o no n e a Hew Hero HyKnoHa . P aaHoaecHa S1 q)OpMa anpoKcH

M Mpy eTcH nH6o annn:ncouao M e pa Ll.l9 H IH1, nH 6o TpexocHbJM ann Hn co H.a.oM. BHew HHI1 HYKI10 H 

LI BH II<€T C SI B H e c cf1 epH~ €CK O M non e OC T OBa, IT08 T OMy, B006Ul € r O BOpH , HH flOliHbiH Mo -

MeHT, HH e ro Hp09KUHfl H8 111060 9 H81lp 8 Bli 8 HH P , C BH38HHO€ C H!lpOM , He COXp8 Hfl lQT CSI. 

Ho ec n" ne cyllrec T syeT 6rr!13KHX apyr K a pyry cocTOI1H >~H c pa3HbiM>! op6HTa rrhHbiMH 

MOM 0 HTOMH 
H ITpH YCIIOBHH CHllbHOA CITHH- op6HT 8 llbHOA CBSI3H, yrliOBOH MOM€ HT 

BH S WH e ro H Y K IIO H8 MO>KHO OpH 6 liH >I< € HH O C 11HT8Tb XOpOWHM K B 8 HTOBbiM LIHCIIOM. 

T a KuM o6paa o M , npu6 nH »<e HuH, H c n on b ayeM bi e a T eopJHi H e '·I~T H biX aTOM HhiX SI.a. e p , 

MOn< HO C X 8 M8TH4 9 CKH rrp eacTaBHTb i3 B II LlC' C li 9 .D.Y IO Wef1 T861IJ.flt bl: 

£l KCIHl!lbH £h l 

T00pH11 

ltP fl KCI I .::.JJ tl,l!dSI 

T0 !J f.HHJ 

a Ll H86 8 "1 H'H~ C K 08 Op lf6liH /K9 HH e 

j- H 8 COX p 8 H Sl8 T C SI 

2 . f'v\() TT e ii h C 0H, 

H rt nL c cn n 1:d 1 

~ f 'exT , Ca •wep
151 

16 1 
. : n P p r nH. , P,CM ·l(:C e J-1 
3 . ~ r b I<Jl' n H. , 7 , . 
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0 TK 83 O T 8.D.HB68THKH , 

cox p a H>:~eTcSJ 

[ll!B blllOB, 
Capaapi1H 13 ,4! 

HBCTOHWaSI 

pa6oTa 



B nepeot\ c TpoKe Ta6nHU hi .a,a H bi CChiilKH Ha Teopt.ui c aK C HBilbHo-cHMMeTpHlfHbiM 

fl 0 11 9M OCTOB8, 80 BTOpOH CTpOK e - C H98 K CI18 11bH biM n o n eM OCTOBa . B nepBOM CTOn6ue 

YK038Hbl TeOpH H., 11C n Onb3yiOWH 9 8,il H 868TH1..(9CKOe npH611H>K9H H e , B O B T Op OM - Teo-

pHH, KOTOpbie H e pa3nenSi tQ T O,il H048CT H t.(Hbl9 H K01111€KTHBHbi e B036y >K,n€H HSI 1 O.a H8KO rrpH 

3 T OM BBO.llHTCSI O rp8HJ1t{€HH 9 1 OT K OTOpOrO CB060,nHbT 8 D, H8.6 8TKY9CKH e T €0p HH 1 8 HM€HHO: 

MOM9HT BH9WHero H y K11 0 H8 CYHT8 € T C fl XOpOWHM K B8HTOBbiM YHC ilOM . 

Mo,uenb st ,upac ¢HKCHposaHHbJM MoMeHTOM J s H e wH ero HyKno Ha no3 s o nHna yaos-

/ 3,4 / 
119TBOpHT eJlbH O O IIH C8Tb €.D,H H biM o6p830M H €C K 011 bK O B p 8I.U8 T 911b H bi X fl0110C B paM -

K8X 8KCH8JlbHOH TeOpHH C yYeT OM M811biX O TK11 0 H9HHi1 O T 8KC H811bHOi1 CHMM9TpHH. D,anb

/3 ,4 / 
HeiiWHM 9CT 9CTB 9 HHbiM p83BHTH9M T 90pHH SIBilfi9TCfl pacrrpOCTp8HP.HHe ee H8 CllYLf8t:f 

H98KCH811bHOrO fl011SI O CTO B8 . 

B HacToHw e A pa6oT e pac c YHTbisa e TcSI rr ocn e.nosaT e nbH O CTb c nHHOB H aHep rHH eoa5y>K 

LleH HbJ X COCTOSIHHl! H e 'l e THblX BTOMHbJX SILl e p 6e3 pa3aen e HHSI 11l036y >K,ne HHA Ha OLlHO'IaC -

TKt.{Hbte H KonneKTHBHbi e rrpH c n e.nyiOlllHX np en n ono>KeHHHX . Pa a Hosec Hafl ¢ opMa ocTosa 

anpOKCHMHpyeTCH Tp e XO C H bJM 3flflHflCOHLlOM , .l]e¢opM8UHSI OC TOBB OflHCbJSaeTCSI B n epe-

MeHHhJX (3yiJ
1 

; r a e (3 H ·y X8p8KTepH3YIOT ¢opMy nosepXHOCTH OCTOSa , IJ
1 

yrnbl 3iln e pa, K OTO p bJe onpeaenSIJOT OpHeHTBUH IO SI Ll pB 8 npOCTpaHCTSe, nosepXHOCTb SILl-

pa MO>KeT COSepwaTb MBflbJe (3 - H Y - Kon e6a HHH OTHOCHTenbHO paSHOS e CHbJX 3 Ha'l e -

HH ll {30 I 0 II' Y0 I 0 • MoMeHT aHewHe r o HyKno Ha coxpaHH e T cH . PaccMaTpHBB JOT -

CH HLlpB, C flHH OC HOBHO r O COCTO H HHH KOTOp blX paaeH 5 / 2 . .H apa, C flHH OCHOBHOro COCTOH 

H·HH KOTOphlx paseH 1 / 2 H 3/2 Tp e 6 yJOT cneuHanbHO r o Hccneaosa HHH /eM. , HanpHMe/.
8 •9/. 

Pa3BH B89M8 fl T eOp HSI B rrpHHUHIIe npHM9HHM8 H K st ,n p8M 1 C flHH OC HOBHOrO COC T OSIHHSI Ko-

TOphlx 6onbwe 5/2. 

nony'leHbl ¢opMynhJ, fl0380nH IOU! He pace 'IHTBTb n ocn eaoBaT enbHOCTb Cfli!HOS II 3Hep

rHH 8036y>KLleH H biX COCTOHHHl! He'! e THbJX HLlep '1 e pe3 HeKOTOpOe 'IHCnO napaMeTpOB, 8 

BLlHB68TH'IeCKOM npH6n<!>K eHHH no (3 - K O n e 6BHIIHM nosepXHOCTH HLl pB ¢opMynbJ 3 HB'IH-

TenbHO ynpOU!BJOTCH, no cn eLlOBBTenbHO CTb CflHHOB H 3 H e prHH B036y>K LleHHbiX 8pau.taTenb 

HO-OLJ.H0t.{8CTH'iHbiX COCTOSIHHH Bblp8 >K8lOT Cfl Yepe3 .0.88 II8p8M9Tpa H p 8CC t.{HT biB811HCb H8 

an e KTpOHHo-cYeTHbiX Bbit.{HCilHT e nbHhtX MBWHHa x . P e3ynhT8T hi T eop HH cpaBHHBBlOT CSI c 

9KCnepHM 9 HT811bHbiMH ,il 8HHbiMH. 

§ l. YpasH e HHH M oaenH 

npH MBflbiX OTKflOHeHIIHX OT paBH OSeCHbJX 3HB'IeHHH (30 I 0 • Y
0 

I 0 B036y>K-

aeHHbJe cocTOHHIIH paccMaTpHsaeM oli cHcTeMbJ onpeaenH JOT CH y pasH e HI! eM Wp ea i!Hr e pa 

(H. + H,01 + HP(x) + H1n1 
E ) 'V 0 I ll 

4 



>A C T pOKe T86liHU hl na H W CC~liKH H8 TeOpHH C 8K C HBllbHO-cHMM8TpHl.IHWM 

a 1 BO B T OpOti: CTpOK8 - C H8BKCI18nbHbiM noneM OC T OBB . 8 n epBOM CTon6ue 

OpJ.fH, HCnOnb3yJOWH e anH a6B TH4 8CKOe npa 6nH)K8H H e, BO BTOpOM - Teo-

~ He p aa.o.enSIIO T 0JlH0 4 8CTHl.JHbi8 H KOnn8KTHBHbi8 B036y>K,ll8HHR, O,llH SKO ITpH 

:;R o rpSHJil.f8HH9 1 OT K O TOporo CB060.0.Hb1 8,llH868THl.f8CKHe T 90pHH
1 

8 HM8HHO: 

"H e ro H y KnOH8 Cl..JH T8 8 T CR XO p OW HM KB8HTOBbiM 4 HCnOM . 

Ha p a C <lJHKCHp088HH biM MOM eHT OM 1 8HeUJHero HYKUO Ha n0380nJ!na yao8-

0 O UH CBTb /

3
•
41 

ea HH bl M 00p830M H eCKOUbKO 8 p8 UJa T en bHblX nonoc 8 paM -

:>H T eOpHH C Jl.f8TOM MBnbiX O TKn OH8H HH O T 8KCH8nbHOH CHM M e TpHH • .QBnb

/3 ,41 
: T B8H HhlM p83BH TH 8M T eOpHH HBnReT CR pa cnpOC Tp8H AH H 8 ee H8 cnyYB~ 

nonst OCTOB8. 

ill€~ pa6o T e p8 CCl.I HTblB88TCst n ocneLJ.OB8T 8 1lbHOCTb CIT HHO B H 3H 8 prHH B03 5 y>K 

HHHH He'leTHblX BTOMHblX Haep 6e3 pa3aeneHHS! B030y >Kae HI<H Ha Oa HO'IaC 

leKTH8Hble npn cneayJOw~<x np eanono>K eHHHx. Pa8H08ec HaH ¢ opMa O CT08a 

r cH TpexocHblM anmwconaoM . .Ue<PopMauHH ocTo8a OUI<Cbl8aeTcH 8 nep e -

; r ae (3 H ·y X8p8KTepH3YIOT <lJOpMy U08epXHOCTH 0CT 0 8a, 0
1 

KOTOpw e OnpeaenH IOT OpHeHTBUI<IO H a pa 8 UpO CTp8HC T 8e. no8epXHOCTb Ha-

e pW8Tb MBUble (3 - H Y -Kon e6a HHS! OTHOCHTenbHO p88H08eCHblX 3HB'Ie-

Yo I o • MoMeHT 
8HewHero HyKnoHa coxpaHH e T cH . PaccMaTpH8a JOT -

0CH08HOrO COCT OAHHS! KOTOpbiX pa8eH 5 / 2 . 5J a pa, CUHH OCH08HOrO COCTOH

oa8 e H 1 / 2 H 3 / 2 7pe6yJOT cneu nanbHoro nccnea o8aHHH /eM ., Ha npnM e /.8•9/. 

e opHst B ITpH H UHITe rrpHM9HHM8 H K HJlpBM, C nHH OC HO B H OrO COCTORHHR KO-

5/2. 

<lJ opM yUbl, U0 380USIIOUJHe paCC'IHTBTb nocnea088Te.ObHOCTb CUHH08 H 3Hep 

Hb1X cocTOHHHll He'leTHblX >~ aep '! e pe3 H e KoTopoe '!Hcno napaM e Tpo8. B 

• npn6mn KeHHH no (3 
- K O n e6a HI<SIM U08epxHOCTH Ha pa <lJOpMyUbl 3HB'IH-

OTCSI, no cnea08BTenbHOCTb CUHH08 H SHeprHH 8 030y>KaeHHblX 8p8UJ8Tenb

ib1X COCTOSIHHH 8blp8 >K 8 10T CSI 'lepe3 a8a napaMeTp a H p8CC'IHTbi8BUI<Cb Ha 

THblX Bbil.IHCnHTenbHbiX MBWHHax . P eaynbTBT bi T eo_pHH cp a BHHBBJOT c st c 

!l.biMH ,ll 8HHblMH. 

§ l. Ypa8HeHHA Moaenn 

x OTKnoHeHHAX oT pa8H 08eC H hlX 3Ha 'l e H Hil {3
0 

I 0 
• Y

0 
I 0 8030y>K -

<A paccMaTpH8aeMoli CH CT eMbl onpea enA JOT CA ypa8H e Hif eM Wp ea i<Hr e pa 

+ Hnol + HP(x) + Hlnl E I 'V 0 I I I 

4 

rae Hp(;r) + Hln l - onepaTop r a MHU"-"'OP A BH8WH8!"0 HYKliO Ha B ITOlle OCTOB8 HLlpB; 

H (xl 
p y4 HT biB~ eT ueHTpe TT b 9n-c HM M e Tp Hl.l HY}t') 'I SCTb nonS~; 

~ 

Hint 
2 ~2 

T ( r ) (3 l ens y ( 3 j 
3 

- i I + 
/2/ 

..;-3 . (" 2 ~ 2 I I , sm y 1 . - 1
2 

onepaTOp , Y'IHTbi8810UJHll H e c <lJ ep H'IeC KYIO '1 8CTb UOU!I OCT08a A a pa; 
- paCCTOAHHe ,, 

" HyKUOHa OT UeHTpa Hapa; j 1 • J 
2 • 1 3 - onepa T ophl n poeKunl! yrno8oro MOMeHTa 

BHeWHero HYK110H8 HB OCH KOOpLI,HH8THOJi CHC T eMhi , CBR38HHOH C Hn,po M; 

CTBeHHble H CITHHOBbte K00pLI.HH8Tbl HyKnOHB; 

H. "

2 

a •a a · a -- 1--f, - ( (3 -I + _L_ - ( smo3·y -) I -
28 (3 2 f3 a{J a(3 sino3 y ay ay 

-.f.. ((3 - f3 .1 
2 

2 

2 
8 (3 2 

wy o 
-2-

2 

(y - Yo) 

" - npocTpaH-

/ 3 / 

onepaTop , xapaKTepH3YIOWHH f3 - H Y - KO ne6aHHSI U08epX HOCTH OCT088 A .ll pa; 

H 
ro t 

2 2 

fi 3 (TK - r ) 
I K 

8 8 (3 
2 

K e 1 sin ( y - .?.!!._ K I 
3 

/ 4 / 

onepaTop 8paLUaTenbHOII :? Heprnn Aapa; 7 r1 r2 I, - COOTBeTCTBeHHO one-

paTOpbl n OUHOrO yrn080rO MOMeHT a H e r o npOeKUHH Ha OC R KOOpaHHaT, C8 H38HHble C Aa

pO M. On epaTop 8pawaTenbHoll aHep rnn y a o5ao npeacTa8HTb 8 8aae: 

rae 

H 
rol 

2 
11 

= 6ii{?' 111 (y l r ~ ~ ~2 ~2]l 2 + 1 _ r, - 1
3 

- 211 (y )(t 7 + f 7 ) 
1 1 2 2 21 rr> rl 'j' -7 7 1 + 

2 l 1 2 2 

/l2 12 .,2 .-2 /'l " 2 
+ 12 (y I! 1 1 - 2 1 + 12 r y IU 1 - J

2 
1 + ~' r , (yJ(,,- 1,1 1 , 

2 
o3sin y 

1,(y ) = -.-2- (2 + oos2y), 
S tn oJy 

r, ( y ) 

- 2 
o3-./..3 sin y 
-.,.----sin 2y, 1 (y)-_3 _ 
sin o3y sin 2 y 

/5/ 

16 ! 

Onep3 TOp raM HllbTOHa ypa8HeHHA / 1 I KOMM y THpyeT c onepaTopoM K8aapaTa n o nHo r o M o 

MeHTa AL\pa. B onHo8aA ¢YHKUH A ypa8H e HHA / 1 / , yao8neT80p A IOLUaA Heo6xoa HMbiM ycno-

8HAM CRMMeT pn/
81

, MO>KeT Ob!Tb 38UHCaHa 8 8Kae: 

II 
ljJ 

I } l}T 

F ((3 )¢! (J<,y , 0
1
). 

5 

/ 7 / 



Tor a a f3 - K o n e6aHI!R MO>KHO npH6nR>KeHHO paccMaT pRB8Tb H e 3 aBHC HMO. ] "" /-> 

KOne68HI!l! 

rae 

non y'l aeTCR cneay10wee y pa aHe HHe: 

1i2 d 2 2 
1- ~- W11 (fJJ + (E-E ) ! {3 
2!J df3' JT 

2 

l j 

FA ( {3 ) = 0 , 

c 2 1i (11+2') 
W II ( f:J I = T ( f3 - f3o I + 

2 n f3 

18 1 

/9 / 

HrpaeT ponb noTeHUH8ITbHOi! s HeprH H; II - napaMeTp pa3aeneHHR nepeMeHHbiX; E
1
r 

aHeprHR BHyTpeHHero coc T ORH IIR, cooTeeTcTayJOWBR onepaTopy HP ( 1: ) • YpaeHeHHe, o T-

HOCRweecst K .opyrH M nepeMeHHbJM CHCT9Mbl 1 HM 99T BRJJ. : 

(L + 6 
1/T 

A)<l> (x, y , il
1

) 
/ 10/ 

0 

rae a a 2 
- .-- - (sin 3 y -- ) + D ( y - y ) , 
sm 3y ay a y 0 

1. 

,, "3 ~:l - "' ":1 
n = - - 1- I cosy [ 3 i - 1 l ·+ v 3 sin y ( i 2 

- i 2 i I + 3.; 3 I 

/ 11/ 

~~~ ... , " 
.... 2 2 " "" ++ 1r,rrH 12 + i 2 -T,-i,J-2r,rri(l

1
i
1
+1

2
i2 1 / 12 / 

" 2 ,.,.2 ,, ''2 " " 2 
-2 r 2 ( r iO,i, -l

2
i

2
i +r

2
(yi(T,-l

2
J+r

2
(i

1
2-i

2
i+'Ar/rl(l, - i,i I, 

D 
B w 

2 
2 ( _y}!_p_ ) 

fl 6Bf3! < 1 > 

1i 
/ 13 / .; 

B raMI!nbTOHHaHe e3aHMoaellcTBHR / 2 / 1 (r) 38MeHeH ero cpeaHRM 3Ha'leHHeM < 1 > n o 

BHyTpeHHHM COCTO JIHHHM BH9WH9rO HyKJIOH8 H HYJI9BblM KOJI958HHeM noaepxHOCTH Hn.pa. 

npH tPII K C11 pO B8H HblX 3H8'1BHIISIX jr ypaBHBHI!e / }0 / n03BOnReT BW'IIICITHTb napa-

MeTp A .a nH Ka>K.ooro 3H a1.J.e HHSI no nHoro yrn osoro MOMeHTa CHC T 9Mbi , xapru<.TepHay e-

MOrO KB8HTOB biM 'IIICITOM [ = 1/2 , 3/2 , . • • C noMOWbJO HaliaeHHbix 3Ha 'l eHRA A 

MO>KHO 113 ypaeHe HRR /8/ Bbi'IHCni!Tb pa3HOCTR 3HeprRII E- E 
1

, , KOTOpb!B 6yayT On-

pe.a.enstTb B03 5y>K.a9HHbJ9 COCTORHHH CHCT9Mbl , COOT B9TC T BylOWK9 BHyT p 9HH eMy 

COCTO RHII 10 Ej r • 

·§ 2. Bbi'IRcneHHe napaMeTpoe II 

BeeaeM HOBYJO tjlyHKU H JO 

'V v \ sin 3y \ •D , 1 14/ 

6 
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•n e 6B.HIHI MO >K HO ClpH 6 JIH >K eHH O p B. CCM B.T pHBB.Tb H e38BJfC~'M0 . .JlH {J 

'faeTcH c n en y10wee y pa BHeH Ke: 

1i2 d 2 2 I} 
- -:;nr - W 1\ ( f3 ) + ( E- E r) I ,13 F 1\ ( ,8 ) = 0, 
2 !J d ,13 I 181 

2 

c 2 
W A ( fJ ) = T ( ,13 - .Bo J + 

1i (1\+2") 

2 B f3 19 1 

reH u Ka nbHOil :.H eprKK; 1\ - napaM eTp paan eneHHH n ep e M e HHbtx; E
1
r 

HH ero c ocTOHHHH, cooT BeTCTBYIOW aH o n epaTo p y HP ( li: ) 0 Yp a e HeHe e , oT-

) y rHM nepeMeHH blM CHCT e M bl 1 H:M eeT BH.a. : 

" If T 
~+!1-1\)<1> (x, y ,/1

1
) 0 

a , 
~1- _1_ (sin 3 y -- ) + D ( Y - Y 

0 
) • 

sin 3y a y a y 

"1 .:.; 2 ~ " "'~ 2 
= - _1_ I cosy [ 3 i - 1 l ·+ v 3 sin y ( i 2 - i 2 J I + 3.; J I 

+ 1 
J 

4
...:1 "'2"2 """"" 

lfi(y)[ !
2

+ j
2
-l,-i,J-2fi(y)(/Iji+l2j2) 

"" 2 ,... 2 " ,, 2 ,, " 1 

r J (!1 i I - 12 i 2 J + r2 r y J r ti - 1 2 J + r2 u I2- i 2 J + v. r,r y J o, - i. J 1 , 

2 

D = ( !!...:'!_y_j}_g_) 2 

fl 
.; 1i 

6Bf3~ < T> 

1101 

I ll/ 

I 12 / 

113 1 

e eaaHMon elicTBRH 12 1 T (r) a a MeHe H er o c pen HHM 3Ha'f e HH eM < T > no 

r OHHHHM BH9WHero Hy KnOHa H Hy ne BWM KOne6aHK9M noeepxHOC TH Hnpa o 

poBaHHbiX 3Ha'! 9 HRIIX jr ypaBH9HK9 / 101 n 0 3BOnHe T Bhl'IHCnHTb n apa-

:t>Kll Or O 3HB.t{eHHs:t ClO JIH O r o y rJI O B O r O MOM e HTS C HCT e M bl 1 X8 paKT e pH3y e-

'<KCnOM { = 1/2, 3/2 , o o o C nOMOWb iO Ha iln eHH blX 3 H8'1 9 HHH 1\ 

' "H" 181 Bbi '< RCnHTb pa aHOCTK 3HeprKK E- E tr , KOT Op bte 6ynyT o n-

:<:Lle HH bie C O CTOSIHHSI CH C T e M bi , COOT BeT C T ByiOW K e B HyTp e HH e M y 

·§ 20 B bt 'IH c n eHH e na pa MeTpoe 1\ 

BYIO cpy HK UKIO 

'V y I s in 3y I 'P , 
114 / 

6 

TOrna BM9CTO yp8BH9HHH 1101 MO>KHO nony'I KTb cneayiOUI99 yp8BH9HR9 nnH cpyHKURH ljl: 

2 2 

[~ + ~ + 9 2 - D(y- y
0
)-!1(y0

1
)+ 

a y 2 4 4 sin 3y 
1151 

+A ]'i'( y 0 1 )~0. 

.Qony cTRM, 'ITO onepaTop O(y01 ) Mano MeHH eTCH npR xone6aHHHX nosepxHOCTR ocToea 

HJ:lpa oxono nono>KeHHH paeHosecHH y
0 0 Toraa MO>KHO 3aM9HHTb onepaTop n (yO I) 

e ro 3Ha'!eHHeM npH y = y
0 

o Cn enae aaM e Hy nepeMeHHbiX z•y-y
0 

H 3aMeHHB eme 

·sin 3y ero 3Ha'leHHeM npH y • y
0 

n ony'l KM BM9CTO 1151 cneny iO UI99 ypaBHBHKe: 

r):le 

r a • 
az2 

2 ,. 

D z - n · ( y 
0 

0
1 

) + A' ] .'I' ( z 0 i) = 0 

9 9 
1\ + T + 1\, . 

4 sin 2 3y
0 

1161 

1'17 I 

B ypaeHeHKH 116 / nepeMeHHhle z 

116 / B BHllB 

H 01 pa3nenHIOTCHo V1 UI 9M peweHH9 ypaBH9HH!! 

ljl ( z o, ) g(z)u(0
1

) 
/ 18/ 

nony'laeM llBa y pa BH9 HHH: 

(O(y
0

0
1
J -•l u(O,J 0 

/19/ 

H 

r-L a z 2 
Dz

2 
+ .\:'] g(z) 0' /20 / 

r n e 

f A'- c 
/ 21/ 

P ew eHHH y paeHe HRH 1191 HWyT CH e sHne 

Ir r 
u ( 0 1 ) = ~ Ax •• J y

0
) IIiKm > 

x ... 

/22 / 

rne 

l liKm > 
- - - I }r 

- 1~ I D (0 ) ¢ (z:) + 
V l6" 1 MK I K -2m /23/ 

I•} I I r 
+ ( -1) DM, •K(01 ) ¢ ,., -K(x) l 

7 



K - npoeKUHR yrnoeoro MOM enTa Rn pa na OCb 3, CB!I3annyJO C Rll pOM ; !1 = [( - 2m -

npoeKUHR y r n oeoro MOMenTa enewnero nyKno na na T y >Ke caMyJO OCb. 3 necb Hcnonbaoea

n br CBOl\C TBa CHMM eTpHII B0!1nOBblX cj:>y nKUHil He'l eTHbiX Rnep, COrnaCHO ltoT Opb!M 

K -!1 = 2m, m = 0 , ± 1 , ..:t 2, • ~ . / 24 / 

B Bhrpa >K e n HH / 22 / cy MMnpoeanl!e no K npoH3BOllHTCR no ana'<enHRM K = 1/ 2, .J/ 2, •• , .. • 

cy MM RpoeanHe no m npOH3BO llHTC!I no ueno'<HCnenH hiM ana'<e HH!IM m , y no e neTeopsno-
Jr 

W IIM n ep aeencT By 1/ 2- j ,_ 2m SJ+j ; npH'<el" I K- 2m l ~ i ; ¢ 0 (x) - c o6cTee nHhie 

cj:>y nKUIIH on epa To pa H ( x) 
p 

, cooTBeTcTByiOWHe co6cTBeHHhiM anaq e nH!IM E 1 r ; r 

xa paKT epHayeT n p y r11 e KBaHTO Bhre 'IRena. n o n e TaenReM / 22 / e / 19/ , no n y 'I HM c n eny ro

w y JO c HcT eMy anre 6pa R'IeC KII X y pa en e n11 l\: 

~ 

x.m 

K m 

a 
K m A K m (yo ) - < ( 1) A K 'm'( y o ) 0 • 

/ 25 / 

.Lin!! Toro, 'IT06hr CHCT eMa / 25 / HM ena neTpHBHanbH bre peweHHR, n eo6xon HMo , 'I T0 6br pae

H!In c R nyn 10 c n e n yJOw Hl\ neTepMHHanT : 

rn e 

K"'m' 

lla xm ( yo)-<(l)ox'x o m'm II 

a 
' ' Km 

K m 
( y ) 

0 
< 1iK'm' l n I 1i1<m > 

0 , 
/ 2 6 / 

/ 27 I 

T . e. MaTpH"' n bre an eMeHTbl o n e paTopa n ( Yo el) na 6a3HCHbiX cj:>ynJCUII!IX / 23 / . OTnH'IHbie OT 

Hyn !l MaTpH'I n bre an e M enT bl o n epaTopa ft (y 0 0 I) HMeJOT BH):l: 

< 1jKm IOI1jf(m > = 4-~(y0 ) 1 [1(1+1) + j(j + 1)-

2 2 1 · 1 
- K-(1< - 2m)]-(-1) (I +'h )(j+ 'h ) o o I+ 

K 'h mO / 28 / 

1 2 cos y 2 
+ _ r ( y )m - __ o [ .J ( K -2m) - j(j + 1)] 

3 J 0 3( 

< 1jKm I O l 1iK + 1, m > = - ~ r ( y ) X 
- .J I 0 

I 29/ 

x y (j '+ K ± 2m)(i±K +2m+1)(l+K)(1±K+ 1) 

< 1 j [( m I fi 11 j [( ± 1, m t 1 > j- r 
2 

( y
0

) x ( y (j :t K + 2m) ( {+ K ± 2m + 1 ) (1 + K ) (1 :t K + 1) -

1-J 
-{ '/; ) ( - 1) (1 + '!,) v (1 + .3/ 2 )(1- '/,) 0 - 0 ]; 

K, +'h+ 1 m, ¥2+ 'h 

8 



HR yrJIOBOrO MOMeHT8 R.upa H8 OCb 3, CBSI38HHYIO C S!.UpOM; fl = .'( - 2m -

oro MOMeHT8 BHeWHero HyKnO H8 H8 Ty >Ke C8My!O OCb, 3.u ecb HCnOI!b30B8-

MMeTpHR BOJIHOBbiX cPY HKURfl He'leTHbiX SI .Uep, COrii8CHO ICOTOpb!M 

K- fl = 2m, m = 0 , ± 1 , ..:!- 2, • , • 124 1 

2"2 1 C Y MMHpOB8HHe no [( npOH3BO.UHTCSI no 3H8'1eHHSIM [( = 1/ 2, :J/2, .. ,"· ' 

0 m IIpO H3BOLlHTCS1 IIO uenOttHCneHRhiM 3H81.f9HRHM m 

Jf 
ay 1/ 2- j '5_2m :":J+j ; npH'Iel"' I K- 2m I·CSi ; ¢

0 
(x) 

> pa H ( x) , cooTaeTcTByJOwHe co6cTBeHHbiM aHa'leHHRM 
p 

, y !lOBJieTBOpSIJO

- C06C T BeHHbJe 

E I r ; r 

.UpyrHe KB8HTOBbie 'I HCJ18, n o.uc T8BI!lleM 122 1 B 1191, n O IIY'I I'IM CJie.Uy iO"" 

tr e 6paH'!eCKHX y paBH e HH l\: 

, , 
Km 

~ a Km A Km(yo) -< (l)A K'm'(Yo) 0 ' 
1251 

bl CHCTeMa 1251 HMena HeTpHBH8JibHbie p eweHHSI, He06XO.UHMO , 'IT06bi pas

.U YIOll.l Hl! .ueTepMHH8HT: 

, , 
K m 

llaKm ( y )- <(l)o, o, II 
0 K K m m 

a 

, , 
Km 

Km 
< liK'm' l n I lil<m > ( y ) 

0 

0 • 126 1 

127 I 

lJieMeHTbl orrepaTopa ii (Yo e,) Ha 6a3HCHbiX cPYHKUHliX 123 / . OTI!H'IHble OT 

e an eMeHTbl onepaTopa fi (y
0 

e I) HMeJOT BH.Q : 

< [ j [( m In I [ j [( m > = 4- r; ( Yo ) I [ [(I + 1) + j( i + 1 ) -

2 ,_, 

-K
2
-(f< -2m! l-(-1) (l+'MU+'hJo o 1 + 

K Y, mO 128 1 

1 2 a:>sy 2 
+ - r ( y

0
) m - --0 [ .3 ( K- 2m) - j( j + 1)] 

3 • 3e 

< [ j [( m I n I [ i [( ::': 1, m > = - + r, (Yo) X 

/29 / 

x y (j+ K ±. 2m)(j ±. [( +2m+ 1)([ + K) ( [ ±.K + 1) 

± 1 , m t 1 > = - j- r 2 (yo ) X [ y ( j ±. K + 2m) ( i + K ±. 2m + 1) (I + [() ( [:: [( + 1) -

1- j 

':/; ) (- 11 ( I + '/l ) Y ( [ + ,3/ 2) ( [- \', ) 0 K,:;: 1\ + I 0 m, 1\::;: 1\ ]; 

8 

< [ j [( m I ft I [ i [( + 2 , m + 1 > = ( 1/ 6) r2 ( y 0 ) X 

1311 
xy(l'!:_l<)(l :_ K-1)(l:;:K+1) ( l'fK + 2) 

• 
<ljKm 10lliK,m±.1 > = (1/ 6)( r

2
( y

0
)-+ -J"Ysin y

0
) x 

/ 32/ 
x y ( j :t K + 2m ) ( j :_ K + 2m - 1 ) ( j + K :_ 2m + 1 ) ( j :;: K :!: 2m + 2) 

,_, 
(1/ .J)(-1! r ( y )(l+ 'hJ-/ (i +,3/2J(i- 1/2Jo 

11 
o 

11 11 2 0 K m, + 

" . I ·I 
< ljKm i OifjK, -m >= -(1/.3 )(-1) r, ( y

0
) x 

/ 33 / 

x ( l + Y, ) y (j + \', + 2m) ( j + Y, - 2m) 0 
K\\ (1-omol; 

" I ·I 
< [ i !( m I fl I [ j [(, - m + 1 > -- ( 1/ 3) (- 1) r 2 ( y o> X / 34 / 

x ( l + Y,) y (j - Y, + 2m ) ( j + 3/ 2 - 2m ) OK\\•(1-0mo-OmJJ 

1 - j 

<lj lfmltll liK ±. 11-m + 1 > = (1 /6)f-1) r 2 (y0 ) x 

x (l +'h)y (l +.J/2) (1-Y,) o 
K, .; 'h + I (1- o m, ll+ll) 

1351 

PeweHKSI ypaBHeHHH 120 1 Bblpa >KaJOTCSI 'lepea nonHHOMbl 3pMHTa BA ( x) H HMeiOT 

BH.U: 

2 ~ 
gf(z) = erp(-'/;.jD z )H)._(z D ), /36/ 

f.~v vrn+1J, :>. = O, 1, 2, ••• /371 

TaxHM o6paaoM, 3HaSI p ewenHe ypasHeHRll 126 1 , MO >K Ho onpe.uenRTb napaMeTp A cne-

.uy iOIUI'IM o6paaoM: 

A = 9 
1381 c (l) + y D(2A + 1)- 9/ 4-

4sin 
2 
3y

0 

r.ue <( f) - pemenH e y pasHeHI'ISI 126 / . 

§ 3. B bi'IHCJieHI'Ie aHeprHH B036y>K.ueHHbJX COC T OSI HHl! 

Bbi'IHcneHHbJl! a § 2 napaM e Tp A I 38 1 onpe.uenReT noTeHU I'IanhHy JO aneprHJO 

{3 - KOne6aHI'Il\ C n OMOlUbiO COOTHOWeHH SI 19 1 . PaanaraSI 19 1 B pS!.Q OTHOCHTeJibHO 3Ha· 

'!eHI'IR f3 A , coOTBeTCTByJOIUero MHHHM Y MY WA({3) , MO>KHO HanscaTh 

9 



rne 

CA 2 

l'tA( /3 ) a I'IA(f3A) + -,:-(f3- f3 A) 

CA= C(1 + 

3fi
2
(A +2 ) 

--:;-- ) 
BC fl A 

{JA f3 + 
0 

2 

tf (A+ 2) 

BC f3 ~ 

/39 / 

1401 

nocne fl0JlCT8HOBKH / 39 / B ypaSHeHHe /8/ nonyqaeM y paBHeHHe, peweHHe KOTOpO!'O l!C

cneJ:IOBanOCb s pa 6oTe A.C. LlaBbiJlOBa/ lO/. B 3Tol\ pa6oTe 6bmo noKa3aHo, 'I TO sonHo

saR ¢yHKUIIR y pasH e HIIR / 8 / HM eeT Bl!Jl: 

rne 

¢YHKUHH 3pMHT8, 

FA( /3 ) 
N 
~- e 
{3 2 

2 
z 

T 
H

11 
(Z) 

H (Z) =[ 2r(-v)]· 1 ~ (-
1 frrn-v)(2Z>" 

v n = 0 n! 2 

p( f3-f3 A) 
z = 

P.1 lJA 

• - % 
p. 

1 
= p. [ 1 + .3( A + 2 )( .L) ] , 

p 

. . 
(p-1)pj = (A + 2)p. , P = f3A/f3 0 .? 1, 

II - KOp e Hb Tp8HCUeHneHTHOrO y pasHeHII R 

/41 / 

/42/ 

H
11 

(- _!___ ) = 0 , /43/ 
p.1 -

N - MHOlKHTenb HopMnpo BKll, p. = -/rvtJu;_ • napaMeTp Heanua6aTH'<HOcTu•. Bbipa>Ke-
1-'o C 

HHe JlflR 3Hepl'HH npH 3 TOM 6yneT HMeTb BHJl: 

c\ E J T ( 1 AT ) = 1! UJ ! (" + 'f. ) v' 1 + .3 ( A + 2) ( {-' + 

+ (A + 21 · 2 "1 • ( p./ p J 2 
+ 2 •

1 
p. "2 ( p - 1) 

2 
I . 

1441 

nonHyiO BOflHOByiO ¢YHKUHIO p8CCM8TpHsaeMbiX COC TORHHI\ onpenenRIOT ¢yHKUHH 1221 , 1361, 

141 1 npH noMOlllH cnenyiOlllHX c sf!a el\ Me>Kny HHMH: / 7 1, 1141, 1181. B Tex cny'<aR x, 

Korna p. < 1/ 3 , aHa'IeHHR v s ypasHeHHH I 431 Mano oTnH'<BIOTC R oT uenbiX "He en, 

T.e. v a n = O, 1, 2,... T orna ¢YHKUHH 3 pMHTa 1421 nepexOJlRT s nonHHOMbi 3pMHTa, 

a Bbipa>K eHHe I 441 MOlK HO npu6nH>K eHHO a aM eHHTb c n enyiOlllHM: 

f'..E
1
,(1An) = 1i u;( n +'f. ) + 

1451 
1i 2 2 • 

+ ___ (A+ 2)11 +.31' (n +'f.)- p. (A+ 2 )1. 

28 f3 ~ 

10 
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2 CA 
I'IA(f3) = I'IA(f3A) + -y-( f3 {3A) 

c ( 1 + 
3fi

2
( A+2 ) 

--,.--- ) 
BC f3 A f3 A f3 + 

0 

2 

fi (A+ 2) 
- --,-

8 C {3 A 

/ 39/ 

14 01 

•BKH /39 / B ypaBHeHHe / 8 / non y qaeM y paBHeHHe, pew eHHe KOTOpOrO RC

pa 6oTe A. C. [laab!Jl OBa
1101

. B 3Toll pa6o Te 6bmo noxaaaHo , 'I T O sonHo -

•6BHeHI!ll / 8 / HMeeT BH.n : 

g' 

FA ( {3 ) 
N 

{fie 

2 
z -, 

H., (Z) 

H (Z) =[21(-v)]·
1

~ (- 1 fr(~)(2Z/ 
11 

n = o n.' 2 

Z = 
p(f3- f3A) 

fL 1 f3A 

• - 14 
fL 1 = fL[1+.3(A+2)(L) ], 

p 
. . 

-1)p' = (A + 2)fL , P = f3A / f3o.? 1 • 

·paHcueHJleHTHOPO y p BBHeHHll 

/4 1 / 

/42/ 

H., (- _!_ ) = 0 , / 43 / 
111 --

r e nb HOpMHpOBKH, fL = .J-v11"'- "napaMeTp He8Jlli86BTH'<HOCTH'. 8hlp8)1{e
l-'o C 

I np11 3TOM 6yJleT HMeTb BHJl: 

• !'J.E
1 

(! Ar) = tl w l(v + \-\ ) y 1 + .3( A+ 2)(_t;_ ) 
r p 

+ (A + 21 • 2 " 1 
• ( p./ p ) 

2 
+ 2 -

1 
11 ·• ( p - 1) 

2 I . 

+ / 44 / 

• 10 cPYHKUH!O paCCM8TpHB8 e M b! X COC TOliHHli Onp e JleUli!OT cPYHKUHH / 22 / , / 36/, 

H cneJlyJOwKx CBII3ell Me )I{ Jl Y HHMH: / 7/, / 14/, /18/. B Tex cny'<aHx, 

1 
3H8qeHHH V B ypaaHeHHH / 43/ MBUO OTUH'IB!OTCSI OT ueUb!X 'I HCen, 

I, 2, ••• T o rJla cPYHKUHH 3pMRTa / 42/ nepexoJlRT a nonHHOMbi 3pMHTa, 

f4 / MO)I{HO npR6UH )I{eHHO 38M e HRTb CUeJly!OlUSIM: 

fi.E 1,(! An) =11w(n + ¥. 1 + 

11 2 2 • 
+---(A+2)11 +.3fL (n +'n )-p. (A+2)1. 

28 {3 ~ 

/ 4 5/ 

10 

Taxoll BHJl Bblpa>KeHHR / 45/ oaH a qa e T, 'IT O npH fL < M O>K H O IIp H6 nH >K9HH O Bbi JJ. 9 nHTb 

B036y>KJleHH SI , C OOTBeTCTBY !OWH e f3 - K One6a HH SI M . 

noJlCTBBIIM B / 45 / 3H a 'I e HH e / 38 /. T o r Jl a n o n y 'IHM c n eJly !O we e B b!pa >Ke HHe Jl USI 

3 He prHH RJlpa; 

fi.E
1
,(!An) fl w(n+V. ) +( /i; (l) + l! w A ) x 

, IT y 1461 

• 
xl l + ,311

2 
(n + ¥.1-

28
{3° p.

4 (li: ( l) + fl w Al l , 
112 IT y 

PJle 

2 
c 11 9 
"' (l) = ~(2<(!) - Y,-

2 
) + ¥. 1! wy 

IT 48 {3
0 

2sin .3y
0 

/ 47 I 

3HeprRII / 46 / OCHOBHOro COCTOSIHHR SI Jl pB X BpBKTepH3 y eTCll 3HB'IeHReM n = A = 0 

KBBHTOBbiM 'IHCUOM f = [ 0 , KOTOpOMy COOTBeT C TBy eT HBI!MeHbWee 3HB'IeHH8 fiT([) 

KOpHII y paBHe H<!SI / 26 /, 06b!'IHO HBI!MeHbWe e 3H B 'I 8 Hl!8 KOpHSI y p 8 BH8HHSI / 26 / COOTBeTcT-

ayeT !
0

= j , ecnR j ?:, 5/ 2 

YfTaK, 

PJl8 

( !!. E ) OCH 

0 

&1 ,(!0) 

• 
0 • 28{3 

J.... fi w + &1 , ( l) 1(1 + JLfL -11 • - - " .§; (l )I 
2 0 2 1f2 IT 0 

• 
tl 

4Bf3 2 (
2

'1 
0 

9 
( !

0 
) - Y: - ) - y, fi w • 

2sin ' ,3 y
0 

Y 

/ 48/ 

/ 49 / 

KopHH y paaHe HI!SI / 26 / 6yJleM HyMepoaaTb HHJlexcoM , npo6erBIOWHM 3HB'I8HRII 

1,2,3 , ,, TBK, 'ITO <1 << 2 < f J < ., , · Bb!'Il!TBSI 113 / 46 / 3H8pP11 !0 OCHOBHOPO COCTOIIHI!SI 

S!Jlpa,nony'< 11M 3H8pP1! !0 B036y>KJleHHb!X COCTOIIHI!li 0 COOT BeT C TBYIOWI!X pa3Hb1M 3HB'I8HHIIM 

KBBHTOBbiX 'IHC8U ( fA n : 

rJle 

fi.E1 , (lfA n) -(l'.E)
0

C H 
11. IT 

fi w ·n + 1! w . ;, + --- l'.t t ([) + 
y 2 8fl: 

.3fL 2 h 2 I r 2 

+ -r- C--2 fl.•e (f) + hwy A) + 311 ·n(/i; (lf)+fiw ·A)- 150 1 
28(30 IT y 

• -p. 
f3 

• 2 
2B o 11 I r o 
~ [~ !!.•e ( f) + 11 wy ·A]( /i; ({f)+ & ( l )+ 11 w A] 

2!3 {3 0 It' IT o y 

IT 
{1. f f 

I r 1 r 

• e - • 1 c' .J • 

II 

/ 511 



B 8JlHa6aTH<IecxoM npH6nH >K eHHH no e - x one6aHHIIM (p.• 01 6yJleM HMeTb: 

, 
tJ.E

1
,(HAn)-(!'J.EI e liwn + tiw y A + 

11 J1 
2Bf3o' 6.< f (1). /52/ 

PaaJlenHB /52/ H8 <T> {3
1

nony'<HM Bbipa>KeHHe 3HeprHH e 8JlH86aTH<IecxoM npH6nH>KeHHH 

B 6e3p83MepHblX eenH'IHH8X : 

J r 
E (HAn)=(·n+TJ·A+3f!'J.<e(l), 
,, > 

/53/ 

rJle 

(=~. 1iwy .; = 
11 

TJ - . 
6 n f3 ~ < T> .<T>f3o <T>f3o 

/54/ 

BpawaTenbHo-oJlHO'<acTH'<Hble eoa6y>KJleHHII MO>KHO nony '<HTb, nono>KHB A- n • 0. ; 

TorJla 

Jf 
F 1 ,(H00)·3~!'J.<e (11. /55/ 

3HeprHH B036y>KJleHHII /55/ 38BHCHT TOnbK O OT JlBYX napaMeTpOB: U8p8MeTp8 ( H 

napaMeTpa HeaxcHanbHOCTH y 0 • 

¢lopMyna /50/ y'IHTblB8eT CBH3b Me>KJlY 0JlH0"18CTH'IHO-Bp8W8TenbHb!NR B036y>KJle-

HHHMH H {3 - H y - KOne68HHSIMK. Bbi6epeM H8'I8nO OTC'IeTa SHeprHH T8KOe, "'TO 

1 
J r 1'r 

<1
1 

(1
0

) = 0 , TOrJla !'J.ce (1) = • ·e (I) K nonpaexa x epawaTenbHo-oJlH0'<8CTH<I-

RbiM ypOBHSIM B COCTOIIHHIIX n =A= 0 MO>KeT 6b!Tb npe JlCT8BneR8, K8K B Cnyqae 'IeT

/10/ 
ao-qeTHbiX H.aep , s BH.ae: 

I r > 
- al<e (1)· (] + 

,, 
b [< f ( 1) ( l 

rile a o6ycnoeneHo cell3biO epaweRHll c {3 xone6aRHIIMH, b o6ycnoeneHo cBII3biO 

K8K C {3-,TBK H C y - xone68HHIIMK. 

§ 4. CpaeHeHHe Teopnu c axcnepHMeHTOM 

,Lln11 onpeJleneHHII UOCneJlOB8TenbHOCTH CUKHOB H &HeprHR Bp8W8TenbHO-OJlH0"18C-

TR'IHbiX B036y>KJleHHll B 8JlH868TH'IeCKOM npH6nH >K eHHK no {3 - xone6aHHIIM ( p. • 0) 

H8 aneKTpOHHo-cqeT!IbiX Bbl'IKCnHTenbHbiX M8llJHH8X 6bin0 pellleHO ypaBHeHHe / 26/ Jlnll 

xa>KJloro 3Ha<IeHHII nonHoro yrnoeoro MoMeHTa I IIJlpa. PellleHHe ypae HeHHII / 26 / ceo

Jl HTCII K JlH8rOH8nH38UHH M8TpHUbl /27/. ,LlH8rOH8nH38UHSI M8TpHUbl UpOBOJlHn8Cb UO 

MeTOJlY Hxo6n, CT8HJl8pTH811 nporpaMMa xoTo p oro 6bma paapa6oTaHa BoeeOJlRHhiM K 

KHM / ll/ B Bbi'IHCnHTenbHOM ueHTpe MrY. nop!!JlOK JlH8rO H8nH3HpyeMbiX M8TpHu 011""" 

p eJl en!leTC!I BhlpA>K eHHeM ( j + 'n ) ( 1 + \'1 ) C<I e T eenc11 Jln!l j • 5/2 , XOTII e 

npHHUHne OH Mo>KeT 6b!Tb npoeeJleH Jl n!l n 106oro j > 5/ 2. DhinH HaliJleHbl co6cTeeHHbie 

12 



:OM rrp116n11 >K 9111111 ITO f) - K OIT968HIISIM (p.- 0) 

2 

11 " __ tJ. •• (l). 
2 8 f3/ l 

!l.n)-(6.E) c ticun + ti cuyA + 

6yneM IIM9Tb : 

/52 / 

Ha < T> f3 ! nony'<IIM Bbtpa >Ke HHe aHepriiH 8 a nHa6aTII'<9CKOM npH6nii>KeHHH 

x: aenHtJHHax : 

,, 
'") = ( • n + '1 • A + 3 f. 6. r f ( l) ' /53/ 

11cu 1icu Y 11 .; ., = 
/54/ 6Bf3!<T> : T> f3 o <T > f3o 

,Ho-o.anoqacTHttHble aoa6y>K.aeHHH MO>KHO nonytt:HTb 1 nono>KHb .A • n-= 0 . ; 

/T 
F1,(lfoo)-3{6.•e ([). /55/ 

: .aeHHll /55/ 3a811CIIT TOnbK O OT n8yX napaMeTp08 : napaMeTpa f. II 

Cll8nbHOCTH y 
0 

, 

'50/ Y'< HTb18aeT C8SI3b Me)l{ny onR0 '18CTII'IR0-8pawaTenbRbiMII B036y)l{ne-

ll y - KOne6aRRSIMII, Bbt6epeM Ha'<ano OTC'I9Ta a11epr1111 T8KOe, 'ITO 

1 r {r 
Torn a 6. • f ([} = r ·f ( l) u n o npasKa K spawaTenbRo-onRo'<aCTR'<-

cocTOliRRliX n =A = 0 MO)I{eT 6btTb npe n cTa8neRa, KaK s cny'<ae qer-

/10/ 
> 1 B BH.ae: 

/T 2 
- a[rf (l)· f. I + 

,, 
b [r e ( l) f. I 

l neRO CBII3bl0 spauteHIIA C {3 - KOne6aRHliMH, b o6ycnosne11o csH3bJO 

lK II C y - Kone6aRRSIMH. 

§ 4. CpasReRne TeopRR c aKcnepRMeRTOM 

l eneRRll nocneno8aTenbROCTII cn111108 11 &11epr1111 8pawaTenbRo-onRo'<ac-

(l9HIIll 8 anRa68TII'I9 CKO M np116ITII)i{9HRR no {3 - KOne6aRHliM ( p. • 0) 

: "19TIIbiX 8bi'IKCniiT e nbHbiX M8llJRH8X 6blnO pell19HO y p88H9HII9 / 26/ nnll 

IHll non11oro yrno8oro MOMeRTa l 11n pa. PeweRK e y pa8R9RIIll / 26 / c8o

Hanii38UHII MaTplluhl / 27 /. D llaro Ranii38UKll MaTpiiUbt npo 5on11nacb no 

CTaHnapTRall nporpaMMa tcOTo p oro 6blna paapa6oTaHa Boe8on11Rb1M 11 

IICniiT enbHOM ueRTpe MrY. n opHnOK n RarO H8nii3Hpye MbiX MaTpHu on-

)A)!{ 91111 eM ( j + Y, ) ( [ + Y, ) C'l e T se rrcll nnH j - 5/2 , xoTH s 

:>KeT 6b1Tb nposeneH n nH n 106oro j > 5/ 2. Sb!nll HaAneHbl co6CT8eHRble 

12 

3H8'19HIISI " C06CT89HHbte 8 9 KTOp bt M8TpRU bl /27 I K8K cpyHKURII e 
nyJOutiiX 3Ha'I 9 HHSIX 3TIIX napaMeTp08 ! 

f. = !: 0,25; : 0,50; : 0,75; + 1,00. 

II Y 0 

0 0 0 0 0 0 0 0 
y

0 
= 5 ; 10 ; 15 ; 20 ; 22,5 ; 25 ; 27,5 ; 30 . 

np11 cne-

nocKOnbKy onepaTop raMRITbTO Ha 8 a TOll MOnenH IIH8apH811T9H OTHOCIITenbHO npe

o6pa30BaHIIll 

{

Yo 

<T> 

0 
60 - Y

0 

f3 ... - < T > f3o' 

MO)I{IIO paCCMaTp118aTb Yo 8 RRTep8ane oT 0 no 30° nnll Rnep C f. > 0 R B TOM 

*e RHTep8arre nn11 Rnep c f. < 0 , 'ITO COOT89TCT8yeT IIRT9p8any OT 30° no 60° nnll 

Rn ep C f. > 0 , norrO)I{ IIT9I1bROe f, 8 Rnpax MO*eT 6b1Tb p .eanR308aRo 8 nsyx cny-

qaRx : rr1160 BH9WRRA RyKnOII npencTa8ITSI9T co6oll nblpKY, a K8anpynOnbRbtA MOM 9HT 

Rnpa nonO)I{HTenbRblll, n1160 8H9llJ HilA HyKnOR-K8a3 R'I8CTIIU8, K8anpyOOITbHblll MOMeRT- oT

pRUaTem,Rhlll, 0r p11UaTenbH09 f. 803MO>KRO, ecn11 8H9WHIIA Hy KnOH - nblpKa, a K8anpy

nOI1bRblll MOM9HT-OTp11UaTerrbHbtA, Hnll S:ReWHIIA R y KnOR-K8a311'<aCTHU8, K8anpynOnbRbtll 

MoMeHT-nono >K IITenbRblll, TaKRM o6pa30M, n e p exon qepea 30° oaHa'<aeT, 'ITO K8a3nac

TIIUa CTaH08RTCSI n blpKOII Rnll M 9 HS1 9 TCSI 3H8K KB8npynonbHOrO MOMeHTa, 

Ha pRe. 1-4 npen cTa8neHbt n o cneno8a T e nbHOCTb CIIIIH08 11 38BHCIIMOCTH oT napa

MeTpa y
0 

3Hepr11H 8036y>KneHHbiX COCTOSIHIIA H9'19THblX aTOMHbiX Slnep, RM910WRX 8 oc-

HOB HOM COCTOHHHH C nRH 5/2 , • npR 3H8 '1 9HIISIX f. = 0,25; 0,50; 0, 75; 1,00. 

np11 y = 0 'laCTb yp08H e l! 3HeprRII H e npepb!BHO nepexonRT 8 y p08HII OCH08HOII 

. 
0 

• /3 4/ 
8pautaTenbHO-onHO'IaCTR'IHOII norrOCbt, paCC'IIIT8HROI! 8 aKCII8ITbHOI! TeOpiiH ' • npu 

0 / 12/ 
60 3TH yp08HII nepexonSIT B ypOBHH, p8CC~11TaHRbt9 B pa6o T e , 3TIIM y p08HliM 3Hep-

riiH COOT89TCT8YIOT Ha rpa ¢ 11K8X 6onee ToncTble Kp118bl9. OcTa·nbHbte yp08HR npH Yo .. 0 ° 
llnR 60° y xonliT 8 6eC KOH9'1HOCTb. 0HH COOT89TCT8yiOT 8HOManbHbiM nonocaM, paCCMOT

peHHbiM 8 pa6o Te /
4

/ . nony '<eHHb19 pe3yi1bT8Tbl C8HneTenbCT8 yJO T , 'ITO OpOCT8ll MOnenb 

ManoA H98KCHanbHOCTII / 
41 

MO>KeT 6b1Tb IICnOnb3088H8 8ITnOTb n o )I~ 10°. B 3TOM 
0 

cny'<ae MO>KHO r080p11Tb OTnenbHO 06 OCH08HOII 8pawaTenbHOII - onHO'IaCTII'IHOII nonoce 

II aHOM8 n bHb!X nonocax, np11 YO > 10° T8K09 paan e neHII e CT8H08HTCSI H 9803MO>KHbiM, 

Ypo8HII, KOTOpbl e np11 y .< 10° cooT seT c Tsy JOT aciiMnTOTII'< eC K II aHoManbHbtM nonocaM, 
0 

xapaK>epllayeMbtM K8aHT08biM '<lie noM I m I , np11 6oi1bWIIX y 
0 

onycKallcb 113 6ecKoaeq-

HOCTII, CllnbHO necpopMIIpy !OT y p 0 8HII, COOTB9TCT8yl0ut ll9 aCIIMITTOTII'19CKII Ilpll y .< }0° 
... 0 

ocH08Holl 8pa w aTenbHo-onHo'laCTII'<Holi n onoce (I ml = 0) • B o nH088SI cpy RKUII ll COCTORRHA, 

8CII M nTOTII'19C KII COOT89 TCT8 YIOWRX COCTOSIHIIIIM C tml = 0 , npR Y > 10° 6yneT co-
O 

ne p >K 8Tb 6onbllJRe npiiMeCR COCTOIIHIIII C lml .f 0 , 'ITO non>KHO CK838TbCll Ra 8epOliT-

HOCTII nepexono8. M o>K RO aaM e TIITb, '<TO o6w11A xapaKTep cneKTpa HanoMIIHaeT c neKTp 
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qeTHo- 'leT HbiX ll !lep. O !lHBKO y He'!eTHbiX ll!lep ocHOSHBll nonoca aecj:>op M 11pyeTCll 3 HB'II1-

TenbH O C UnbH 8 8 1 t{8M 8 c nyqae 1.18THQ-q8 TH biX fi ,Ue p , H H 8 T C HMM e TpHH OTHOC lfTS n b HO 30° . 

n ocne.U H ee CBH38H O C T 8M 0 6 C T OH T 8 n bC T BOM , t.tT O cneK T p H 8 1.{8TH biX Slll8p Y YBC T B HTe n e H K 

3H8KY KBB.U p y n onbH Or O MOM 8 HT 8 B OT nJ.flUf8 OT C08KTp8 Y. 8 T H0- 4 8 THbiX SI .llep, T . e . '3 T O CBs:I -

381-10 C YK838HHOJ1 BbiW8 CHMM8TpH e H I"8MHnbTOHH 8 H 8 OTH OC H:T8 n bHOI" O npeo 6p830B 8 HH.H 

y ~60°- y 
0 0 < T >{:J o ~- .< T > {3 o 

B TB6n11uax 1,2 yKa3aHhl TeopeTII'! e CKII e 11 3 Kcnep11MeHT81lbHhle 3 HB'!eHIIll cnHHOB 11 
25 75 

3Hepr11~ a o36Y>K!le HHhiX c o c TOliH11ll ll!l e p Af H Mg cooTaeTc TaeHHO. XoTll s pa-

6oTax1 13 -1 4 1 !lBH hl ypoaHII 3 Hepf'1111 3 TIIX ll !lep s nn o Tb !lO .7-8 M:.s , c p a sH e HI1e npose,Z:J:! HO 

T On b KO ,an SI HH.>KBAWHX y p OBHS&l , HfiO B blCO K 03H e pre THqecKH8 B 036y>K.ll 8 HHSI M OI"yT 6h1Tb 

CoaepW e HH O 11H Ol! np11pO!lbl , 

n ocne TOf' O, K B K 8bl 6p8 H O!lHH 113 '!e Tb! p ex pi1 CYHKOS, nap a M e Tp YO 

113 OTHOW e HHll 3Hepr11l! llBYX HH >K BliWHX ypOB He l!. 

onpea.en:r1eTc R 

119 

B Ta6nHue 3 yK 838Hhl c n11H hl 11 3 He pr1111 a o36y>K!leHH hi X coc TOliHHll ll!lpa Sb 
11 6 0 

Cpe!lHee qe THo- '! e TH oe ll !lpo Cd HM eeT y 
0 

= 25 ,3 , 'ITO 6nH3 KO K Sbl6paHHOM Y !l1lll 
119 

Sb 3 H 8 1.{ 8 HH IO yo • B T 8 6J1HUBX 4, 5, 6 11 7 ll8Hbl T80p 8 THqeCKH 8 H 3 KCIT8pHM8HT8n b -

Hbie 3H8q e HH: Sl C nH:H OB 11 
135 

3He pr11ll ll !lep R e 
IB 7 

Re 
184 186 188 

>Kal!wH e '! e TH o-'-l e TH hJe ll!lpa IV , lY 11 Os IIMeJOT y 
/ 21/ 

0 

13 ,9 COOT 138 T C T BeHH O , '-I T O T8 K)f{e 6 nH3 K O K B bt6p8HH biM .!lRR 

17 3 11 5 
, Yb 11 Hf • 6nK-

= 14 ,1
1 2 11

; 13,9
1221

; 
1 8 s 1 81 

R e H Re 3H8 lfe H IH1M . 

H a K OHeu, a Ta6 nHue 8 .naHbi r eopeTHlfeC KH e H a Kc nepHM e H T 8RbH bie c n HHbi H a H e p r H H M.!l p a 

233 14/ 
U • 3To .>~!lp o o w n o p accM o TpeHo a p aMKax a Kc HanbHoll Teo p 1111 1 11 TaM o bJno yKa-

Ho, 'ITO yp08HI1 1/2+ 3 9 8 K3 8 , 3 / 2 + 4 15 K38 II 5/2 + 46 1 K3 8 MO>KH O OTHeC TH K neps o ll 

a HoM a nbH o n nonoce c I mJ a 1. VIa T 86nH Ubl 8 B H.llH O , "'TO Y K 83 8HH bt e yp o BH H OT H OCSl T C SI 

K ypOB HSIM 8CIIMn T OTII'-! eC KI1 OCHOBHOll ITOJ1 0Chl, KOT Op bl e y >Ke aecj:>opMHpOBBHhl y p OSHHMH 
232 

8C HM n T OTH'-I eC KH 8H OM8RbHO A: ll OR OCbi . y 
0 

6 nii>Kal! u.rer o '!eTH o - '!e THOf' O S!!lpa Th 

pasH o 10,3°
1 2 11

, 'ITO o ni13 K O K 
233 

Yo , npll n iiCBH HOMY U 

npooe.a.e HHOe c p aBHeHHe T e OpHH C 8 KC n e pHM e H T OM ll OK83 biB 8 e T 1 q T Q n ocne.noaaTe nb-

HOCTb c rrHH o s 11 3 HB '!eH11ll 3 Hepr11A pll!l B ll~ ep c He qeTHhl M A M O>K e T fihiTb y !lOSJi eTS O-

pHTe n b H O o 6 bHCH e H a b p a MKBX HeBK C HB·nbH OA TeopHH a npe.nnono>KeHHH , qTo - xop o-

wee KBaHTOBOe '111CJ1 0 H 803M O>KHO OT!leJie HHe {3 - II y - KOJ1 e 68HII l! OT spaw eHHll , 

B 3aKnJO '!e HIIe as To p hi Bbl p a>KBJOT r ny6oKy JO o n a r oaapH OC Tb npocj:J. A . C . .Llasw.aosy, 

no .a. p yKOBO,OC T BOM KOTO p o r o 6btna Bhl nOn H e H a H8CTOSIUl8Sl p a 6 0 T 8 . AB TO p bt TaK>Ke 6naro-

aapHhi coTpy!lHIIKBM Kacj:>eap hl M8TeMaTI1KI1 cj:>ll3 11'1e cK Of' O cj:>aKynbT eTa 11 Bh!'-II!Cn iiTenbHOf'O 

ueHTpa M rY 3a coael!c T a He 11 noM OWb n p H p a 6 o T e Ha :.n e KTp OHHo- c '!eTHhiX Bhi'IHCnl1-

T enbH biX M8W HH8X. 
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1.aep. OnHBKO y He'!eTHbiX 51nep ocHOBHB51 nonoca ne¢opMHpyeTc51 3HB'II!-

' '19M B cnyqae YeTHO-tfeTHbiX SIDep, H HeT CHMMeTpi-Oi OTHOC KTenbHO 30°, 

38HO C T9M 06CTOSI T enbCTBOM 1 '-ITO Cr1€KTp HeqeTHbi 'X HJJ.ep t.JY BC TBHTeneH K 

nhHOrO MOM9HTa B OTnHYHe OT Cr19KTp8 q e T H0- 4 9THbiX s:taep, T . e . 3 T O CBH-

OJ! BbiWe CHMMeTpHei! r BMHfibTOHH BHB OTHOCHTefibH Or O npeo6p830BBHII 51 

<T >f3 o -o- .< T > f3o 

. x I , 2 yKB38Hbi TeopeTII'IeCKHe 11 <>KcnepiiMeHTBfibHbie 3HB'I eHR51 cniiHOB H 
25 25 

<neH HbiX cocTo51HRl! "nep Af 11 Mg cooTBeTCTBeHHO. XoT51 a pa-

_aHbi ypoBHII <>Heprllll 3TIIX 51nep annoTb n o .7- 8 M<>a, c paaHeHRe npoaew HO 

KBliW RX y pOBHel! , 1160 BbiCOK03HepreTII'IeCKIIe B036y>KneHII51 MOryT 6biTb 

oil np11ponb1, 

r o , KBK Bbi6pBH OniiH 113 'leTblpex p!!CyHKOB, napaMeTp y O 

3Hepr>rJl nayx HII>KBi!WIIX ypOBHel!. 

on penen>l eTC« 

~ 3 yKB3BHbi cn11Hbi " 3HeprHH B036y>KneHHbiX cocT051HIIIl "npa 
ll9 

Sb 
116 

- qeTHoe "npo C d HM ee T Yo = 25,3 ° , 'ITO 6nii3K O K Bbl6pBHHOMy nn51 

yo • B Ta6n11uax 4, 5, 6 11 7 JJ.BHbi T90p9TH'l9CKHe H 8 KCIT9 pHM9HTSnb-

CnHHOB If 3Hepr11 11 

- qeTHbie st.apa 
184 186 

lV , IV 

51nep 
1!5 

Re 

0 
,.. 

II s HMeiO'I.' 

181 
Re 

yo 

~eTCTB8HHO, LfTO T8K)f{e 6 nH3KO K Bbt6p8HH biM D.n SI 

I 13 115 
, Yb I< Hf , 6nH-

~ 14 11211 · 13 9122/ 
' t ' ' 

18 5 I a 1 
Re 11 Re 3H8 tfeHHSIM. 

) n11ue 8 naHbi TeopeTII'IeCKIIe 11 <> Kc nepiiMeHTBnbH bie cniiHbi 11 <>HeprHII ;~npa 

.s~npo 6blnO p8CCM OTp 2HO B p 8M K8X BKCHBfi bHOll TeOpiiH/4 ~ >I TBM 6b!fi0 y Ka-

1/2+ 398 K3B, 3 / 2+ 415 K3B II 5/2 + 461 K3B MO>KHO OTHeCTII K nepB OI'l 

l OCe C I m I ~ I. l-13 Ta6nRUbi 8 BllnHo, 'ITO yKa3BHHbi e ypoBHII OTHOC51TC51 

VlnTOTII'IeCKI< OCHOBHOJ! nonOCbi , KOTOpb!e y>Ke ne¢opM11pOB8Hbl ypoBH>IMII 
232 

ll 8HOM8nbHOtt nonOCbl . Yo 6nii>KBl!wero qeTHo-qeTHor o Slnpa Th 

./ 
0 

'ITO 6nii3KO K 
233 

Yo , npHniiCBHHOMY U 

IHOe c p8BHeHH:e T eOpHH C 3 KCnepHMeH TOM nOK83biB8eT 1 lJTO nocne.Q.OB8Tenb-

1 3HB'IeHHI! <> Heprllll p51na "nep c He'leTHbiM A MO>KeT 6biTb ynoaneTa o-

; H e H a b p8MK8X HeBKC H8·nbHOA TeopHH B npe.LlnOnO}f(eHHH 1 tlTO - xopo-

'IIICfi O II B03MO>KHO OTneneH ife {3 - H y - KOne68HIIll OT BpBUieHKll , 

en11e aBTOpbi Bbi pa>KBIOT rny6oKyiO 6nar onapHOCTb npo¢, A.C . .[laawnoay , 

BOM KOT-::>pOr O 6bJna Bhl rtOnHeHa H8CTOSHU 8 SI pa6 0 T8. ABTOp bl TllK)'t(e 6na r o-

HIIKBM Ka¢enpbi MBTeMaTIIKR tPif31! '1 ecKoro ¢aKynbTeTa >1 B bi'IHCfiiiTenbHor o 

38 conel!CTBHe II nOMOWb np11 pa6oTe HB 3neKTpOHHO- C'IeTHbiX Bbi 'IHCfill-

Hax. 
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Ta6nHua I. TeopeTHqecKHe H aKcnepHMeHTanDH~e CTIHH~ H Ta61mua 3. TeopeTHqec KHe H aKcnefl1MeHTan:oHille crmHiil 

aHepr1111 HMJa A { 25 
11 aHepr1111 H.l\pa S b I 9 

Teopi1H ~ =I. 00; (o =40° 3Kcnepi1M8HT I 3 Teopi1H ~ =. 0,25; (,:; 21,25° 3Kcnep11MSHT!S 
CTIHH 3Hepr11H (MaE) CTIHH 8HeprRH(MaB) 

Cni1H 3Hepri1H (MaE) CTIHH 3Heprli!H (MaB) 

5/2+ 0 5/2+ 0 5/2+ 0 5/2+ 0 
1/2+ 0,455 1/2+ 0,455 

7/2+ 0,271 (7/2+) 0,271 
9/2+ 0,800 
3/2+ 0,942 3/2+ 0,949 9/2+ 0,530 

I 

7/2+ 1,390 (7/2+) 1,61 ! 1/2+ 0,630 (1/2+) 0,645 
5/ 2+ 1,78 5/2+ 1,81 

3/2+ 0,755 (3/2+) 
3/2+ 2,46 1/2+ 2,50 

0,702 

2,69 9/2+ 0,825 

5/ 2+ 2,92 3/2+ 2,74 5/2+ 0,900 (5/2+) 1,054 

7/2+ 1,230 (7/2+) 1,221 

Ta6n11ua 2. TeopeTI1~eCKli!e 11 aKcnep11MeHTa~DHhle cnl1Hiil 11 
(9/2+) 1,374 

aHepr11H HMJa M ~ 25 3/2+ 1,480 

9/2+ 1, 540 

Teopl1H ~ = I.oo (o = 37,5° 3KCTiepHM8HT 14 

SHepr"" (Ma.J 

5/2+ 1,590 

(1/2,3/2) 1,755 
Cni1H 8Hepr11H (Ma:s) CIIHH 

9/2+ 1,990 

7/2+ 2,000 

1/2+ 2,010 
5/2+ 0 5/2+ 0 
1/2+ 0,586 1/2+ 0,586 

3/2+ 2,090 

9/2+ 0,950 
2,205 

3/2+ 1,IIO 3/2+ 0,984 2,291 

7/2+ 1,500 7/2+ 1,608 5/2+ 2,300 2,365 
5/2+ 1,970 5/2+ 1,962 7/2+ 

I/2 2,566 
2,570 

5/2+ 2,760 (7/2+) 2,740 
3/2+ 2,850 (3/2+) 2,805 

17 
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Ta6nHua 4. T eopeT~~ec KH e ~ aKcne~HMeHTan~H~e c~H~ 

~ aHepr~~ R,14pa R.e 18 
Ta6nH ua 6. TeopeTH~eCKHe H aKcnep~MeHTan~~e c~H~ H aHeprMM 

ff.z4pa y_ b 173 

Teop~ff s =0,25; (-= 15 ,6° 3Kc nep~MeHT 17,18 
Teop~ R s = 0,25 ; r. = 15,6° 3Kcnep~MeHT24 

CrmH 3HeprMH (K3B ) CIIMH 8Hepr:I'IR (It3B) CIIMH 8Heprll1ff ( MaB) Crr~H 3HeprMR(MaB) 

5/2+ 0 5/2+ 0 5/2 0 5/2 0 
7/2+ 122 7/2+ 122 
9/2+ 277 9/2+ 280 7/2 0,079 7/2 0,0787 
1/2+ 627 I/2+ 643 9/2 0,179 9/2 0,1795 
3/2+ 720 3/2+ 718 I/2 0,415 I/2 0,399 
9/2+ 740 
5/2+ 790 5/2+ 870 3/2 0,466 3/2 0,465 
3/2+ 810 3/2+ 879 9/2 0,478 

5/2 0,508 

3/ 2 0,525 

Ta6nJ~Iua 5. TeopeT~~ecK~e H aKcrre~HMeHTan~~e c~H~ l 5/2 0,555 
~ aHeprH~ R,14pa R_ e. 1 7 

7/2 0,598 

9/2 0,655 

Teop~fi ~ =0,25 ; (o =17 ,5° 8Kcrrep~MeHT 19 I 7/2 0,672 7/2 0,637 
CIIJ11H 8HeprHfi (K3B) CIIJ11H 8Hepr~R 

5/2+ 0 I 5/2+ 0 
7/2+ 134 7/2+ 134,24 
9/2+ 296 9/2+ 300-320 
I/2+ 522 I/2+ 5II,6 
3/2+ 634 3/2+ 618,2 

I/2+ 625,3 
9/2+ 655 
5/2+ 740 

3/2+ 773 
3/2+ 840 
7/2+ 855 864,5 
5/2+ 895 880±20 

18 I 19 
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Ta6miua . 7. TeopeTJF!ecime M SKcrrepMM~HTan:;,m-J.e crn!Hli M 

~ 
Ta6mu~a 8. TeopeTK4ecKI'Ie H SKcrrepl1MeHTaJII>Hble crmHbl l1 aHeprHH 

aHeprlur H.npa H i 175 H.ztpa U 233 

Teopl1H S = 0,25 ; ro =250 3KCITepMMeHT 20 TeopMH ~ ~ 0,25; ~=II ,25° 3KcnepHMeHT25 ,26 ,27 

Crum 3HeprMH (K:3B) CrmH 8HeprMH(K:3B) CrmH 3Heprl1ff (K3B) CrmH 3Heprl1H (X:3B) 

5/2- 0 5/2- 0 

7/2- 81,5 
5/2 0 5/2 0 

7/2- 81,5 

1/2- 122 1/2- 125 ,9 
7/2 40,35 7/2 40,35 

9/2- 144 9/2-
9/2 95 9/2 92,0 

185 ,8 

3/2- 167 3/2-
3/2 295 3/2 3II,93 

196,4 

5/2- 208 5/2-
5/2 315 5/2 340,52 

213,4 

9/2- 2II 
7/2 365 

II/2-
9/2 370 

312,4 
1/2 ,c 7/2- 315 7/2-

403 1/2 398,55 
348,4 

7/2- 375,4 
3/2 415,80 

3/2- 405 
5/2 432 

9/2- 415 9/2-
3/2 453 

406,1 

5/2- 432 
5/2 46I,I6 

9/2- 474,8 

I/2- 522 

3/2- 53 I 

II/2- 622,0 

21 
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9. 
r =<.V·Ij 
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I 

Il l 

I . 3nllHC!I ~10Cfb uT nn p aMe Tp a Yo nocnenoBaTenbHOCTH CITH HOB H 3H8Y8HH~ 

J!tepra u. OpD.lUtlT91l lJH O- O.Q H O Y BCTH~HbiX COC T O .HHHi\ H e 1.f 9 T H b iX 8TOMHbJX Hne p , 

Cflllll OCHOBHuro COC T O SHHf SJ KOTOpbiX p DB 9 H 5 / 2 , n p H 3H8t.I 9 H H H r1 B p8M 9 Tp8 ,; , 

PiJBHGM 0 ,25 . 
22 

P " c . 2. 3aaHCHM OCTb OT napBM e Tpa y
0 

nocne.aoaaTenbH OCTH cnHHOB " aHa'!eHHJ! 

3HeprHH BpBlll 8 T e nbH O-O.QH O 'i8CTHtf.HblX COCTOHHHJ:l H 9 'i9THbiX 8TOMHhiX HJJ.ep, 

C llHH OCHOBHOrO COC T OliHHII KOTOpb!Jt paBeH 5/2, npK 3HB'ieHHil napaMeTpa ~ I 

paBH OM 0,5. 

23 



f=415 

M I I I I.\ \\~ I i ! I I 1/!lk I I t-
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P " c. 3. 3aanCiiMOCTb OT napaMeTpa Yo nocne.nOBSTenbHOC TH CllHH OB H 3H8l.f9HHA 

9HeprHH B p 8Ul8TenbHO- O.D.HOl.f8CTH1.JHhiX COCTOSIH HA: H9l.f9THbiX 8TOMHbiX s,aep, 

CTI IiH OCHOBHOrO COCTOHH HH KOTOpbiX p800H 5/2 , npH 3Ha q eHH" rrapaMeTp8 ( 1 

p8BHOM 0, 75. 

24 

f =tpo 

-+- Y! 11/RUII I 1• 
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M N H ~ B H • H ~~ 

P H c . 4. 3aBHCHMOCTh OT napaMeTpa y
0 

nocne.noaaTenbHOCTH cnHHOB H aHat.teHaA 

3HeprHH B p8W,8T9nbHO- o.O.H01.J8C TH1.{HbiX COCTOSIHHA He q e TH b iX 8 T OMHbiX s:r:n.ep, 

CTIHH OCHOBHOrO COCTOS1HH5I KOTOp blX paseH 5/2, npH 3H81.{9HHH nap8M9Tp8 e 
1 

p 8BHOM 1,00 . 


