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1. 66E,UEHHE 

HeAa8HHe 3KcnepHMeHTbl no peaoHaHcHoMy o6pa3o8aHHIO ddll- 1-1 

dtll -Me30MoneKyn 11/ nOAT8epAHnH TeopeTH4eCKHe npeACKa3aHHH / 2/ 
0 Hanl-141-11-1 y 3THX Me30MOneKyn 8036ymAeHHbJX cna60C8H3aHHbJX CO
CTOHHHH C K8aHT08b!MI-1 4HCnaMH nonHOrO Op6HTanbHOrO MOMeHTa 

J = 1 1-1 8H6pa~HOHHOrO A8HmeHHH V = 1 C 3HeprHeH C8H31-1 E Jv (dd!L) = 
= -2 361-1 EJv ·(dtll)=-0,7 36. C8epxTOHKaH CTPYKTypa (hfs) yp08HeH 
3HeprHH 3THX CTa~HOHapHb!X COCTOHHHH He npHHHManaCb 80 8HHMa
HHe KaK npH o6pa60TKe pe3ynbTaT08 3KCnepHMeHTa / l / , TaK 1-1 8 
TeopeTH4eCKHX pac4eTax 121 • .no HaCTOH~ero 8peMeHH 6blna H38ecT-
Ha n1-1w b h f s Me3oMone Ky n pp ll 1-1 pd ll 8 COCTOHHHHX c I J = 1 , 
v = 0 I 1-1 I J = 0 , v = 0 I cooT8eTCT8eHHO, AnH KOTOpbiX c8epxToH
Koe pac~enneHHe ypo8HeH 3HeprHH cocTa8nHeT 8enH4HHy- 0,1 36 1 3 • 4~ 
C8epXTOHKOe pac~enneHHe yp08HeH 3HeprHH ll-MeaoaToM08 H30To
no8 80AOPOAa TaKme - 0,1 36, 4TO cpa8HHMO no nOPHAKY 8enH41-1Hbl 
C 3HeprHeH C8H31-1 COCTOHHHH (J = 1, V = 1) ddJ.L- 1-1 dtJ.L -Me30MOneKyn 
1-1 KHHeTH4eCKOH 3HeprHeH Tenn080rO A8HmeHHH npl-1 HOpManbHbJX 
TeMnepaTypax / - 0,04 36/. TaKHM o6paaoM, 8bi4HcneHHe hfs Meao-
MoneKyn ddJ.L 1-1 dtll npeACTa8nHeT 6onbWOH HHTepec H, KaK OTMe-
4anOCb 8 pa6oTe / 41, He06XOAHMO AnH np08eAeHHH paC4eT08 KHHeTH
KH npo~eCC08, npOHCXOAH~HX 8 CMeCH H30TOn08 80AOPOAa ! &! . 

CTal.IHOHapHble cocTOHHHH I (Jv)~~ 3N > Me3oMoneKynbl, T.e. CHc-
TeMbl Tpex cnHH08biX 4aCTH~ a, b, c = J.L- /co cnHHaMH s i ::; 1 , i = a,b,c I 
C 3neKTpoMarHHTHbiM 83aHMOAeHCT8HeM, xapaKTepH3YIOTCH 3Ha4eHHeM 
~ nonHero MoMeHTa ~ = J + S 1-1 ero npoeK~HH ~ 3 Ha ocb .Z 

na6opaTOpHOH CHCTeMbl KOOPAHHaT 1-1 8 HyneBOM nopHAKe TeOpl-11-1 
803My~eHHH npeACTa8neHbl nHHeHHOH KOM6HHa~HeH cocTOHHHH IJSI~~ 3 > 

I (Jv) ~ .1 3 N > = l i JSI~~ >< JSI~ I (Jv)~N > 
S ,I 3 

/1/ 

c onpeAeneHHbiMH 3Ha4eHI-1HMH $ 1-1 I nonHero cnHHa S= l + scMe30Mo

neKynbl I s c = 1/2-cnHH J.L'- -Me3oHa/ 1-1 cyMMapHoro cnHHa f = s a+sb 
HAeP I a 1-1 b I, N - HOMep cocTOHHHH 1 < N < N , a N - KpaT-

- - max max 
HOCTb 8b!pOmAeHHH yp08HH C AaHHbiMI-1 3Ha4eHHHMH (Jv9~3). 

06pa308aHHe /L-Me30MOneKyn npOHCXOAHT npH CTOnKH08eHHH 
J.1 -Me30aTOM08 (a , C) 8 OCH08HOM COCTOHHI-11-1, KOTOPble xapaKTepH3y-
IOTCH cnHHOM F = Ba + Sc, c HAPaMH H30Tono8 80AOPOAa (b) co cnH
HOM s\ . npl-1 3TOM Macca HApa (a) 6onbwe MaCCbl HApa (b) Hnl-1 pasHa 
eH, HanpHMep : 

Ohe,ill-1.~\.d••liolf llllt1'1lfYT 
ue wx ;.. - ~r;•o••d 
~Jw ·..:·, f EKA 
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tp. (F) + d(s b) ... dtp.((Jv) ~ N), 

dp.(F) + d(s b) ... d<¥t((Jv)~ N). 
121 

Anfl B~411CneH11fl CKOpOCTe~ flAepH~X peaK411~ CI1HTe3a B o6pa-
3~BaBWI1XCfl p. -Me30MOneKynax He06XOA11MO 3HaTb 3aceneHHOCTI1 
W JN (F) 

14
•
6 1 pa3ni14H~x cTa4110HapH~X cocTOflHI1~ ICJv)~~ 3 N > Meao-

v ~ F MOneKyn~, KOTOp~e 3aBI1CflT OT 3Ha4eHI111 11 Sb. 

B HacTOfl~~~ pa6oTe e nepeoM nopflAKe Teop1111 B03My~eHI1~ no a2 
Bbj,411CneH~ {i, :1.fv -ypOBHI1 3Hepri1H hfs, aMnnHTYA~ BepOflTHOCTI-1 
.B:1N=< JSia I (Jv) ~N > cocTOflHH~ c onpeAeneHH~MH S 1-1 I 1-1 aaceneH-sr ~ 
HOCTI-1 WJ~(F) CTa4HOHapH~X COCTOflHI-1~ I CJv)~~3N > cJ s l 11 v s l 
ecex p.-Me30MOneKyn I-130TOnOB BOAOPOAa. 

np~-1 B~41-1CneHI11-1 hfs Me30MOneKyn HCnOnb30BaH raMHnbTOHHaH 
H =H n rei + V spin CI1CTeMbl Tpex CnHHOB~X 4aCTI-14 (s 

1
· < 1, i=a,b,c) 

1 71 I -c 3neKTpoMarHHTHbiM B3ai1MOAe~CTBI1eM , rAe H n re npeACTaBnfleT 
HepenflTI1B11CTCKy~ 4aCTb raMHnbTOHHaHa, a vspin Y4HTb1BaeT cni1-
HOBble 3$$eKT~ c T04HOCTb~ O(a 2 ). B HcnonbayeMOM HaMI1 nOAXOAe 
cnHHOB~~ onepaTop V spin CTPOHTCfl cornacHo npo4eAype Cl>onAH-
Kpa~411Ka 181

. B 3TOM cny4ae Tpex4aCTI14H~e c1-1n~ OTCYTCTBY~T 
e nepeoM nopflAKe no a 2 • OnepaTop V spin cnHHoeoro B3ai1MOAe~
CTBI1fl COCT011T 113 ABYX 4aCTe~: OAHa 4aCTb npeACTaBnfleT napHble 
CnHHOBble B3aHMOAe~CTBI1fl B CI1CTeMe 4eHTpa Mace nap~ 4aCTI14 
11 nOCTpOeHa B paMKaX KBa3HnOTeH411anbHOrO nOAXOAa / 9/ C y4eTOM 
3$$eKTOB BHyTpeHHe~ 3neKTpOMarHI1THO~ CTPYKTyp~ 4aCTI14 17 1 , 

a APYrafl 4aCTb - CnHHOBble 3~eKT~, KOTOp~e 3aBI1CflT OT HMnynb
ca 4eHTpa Mace nap~ / 8 / . 

B Ka4eCTBe Hyneaoro np1-16n11>KeHHfl B pac4eTax 11Cnonb30BaHbl 
peweHI1fl HepenflTI1BHCTCKO~ 3aAa411 · c raMI1nbTOHI1aHOM H n rei, Ha~
AeHHble B aA11a6aTH4eCKOM npeACTaBneHI111 3aAa411 Tpex Ten C Ky
noHOBCKI1M B3aHMOAe~CTBHeM 1 10 1,KOTOpOe n03BOnfleT eA11H006pa3HO 
paccMaTpi1SaT b KaK OCHOBH~e (J =0, V=0) , TaK 11 B036Y>KAeHHble (J,v.#)) 
11, 4TO OC06eHHO Ba>KHO, cna60CBfl3aHH~e CTa4110HapHble C0CT0flHI1fl 
p. -MeaoMoneKyn 1 21 • 

2. CBEPXTOHKAR CTPYKTYPA YPOBHE~ 3HEPrHH 
CTAUHOHAPH~X COCTORHH~ p.-ME30MO~EKYn 

8 Hepe1lflTI1BI1CTCKOM npH61111>KeHHH CTa4110HapHoe COCTOflHI1e p. -
Me30MOneKynbl lnr>=lnvJmJA> XapaKTepi13YeTCfl KBaHTOBbiMI1 411C
JlaMI1: ABI1>KeH11fl J.L- -Me3oHa (n), Bl16pa4HOHHOro AB11>KeHI1fl flAep (v), 
IJ.OnHoro op611TanbHoro MOMeHTa (J) 11 ero npoeK411H (m J) Ha ocb 
Z na6opaTOpHO~ CI1CTeMbl K00PAI1HaT 11 nOilHO~ 4eTHOCTI1 6e3 Y4eTa 

J -+ -+ ...... 
cni1HOB (A=+(-) ) ;COOTBeTCTBYIOIJlaR BOnHOBafl $yHK4HR 1J1 (R, r) =<Rr lnr> 

nr 

2 

flBnfleTCfl peweHI1eM HepenflTI1B11CTcKoro ypaeHeHI1fl WpeA11Hrepa 110 1 

nrel -+ -+ nrel -+ -+ 
(H (R, r) - En r ) 1JI nr (R, r) = 0 , 131 

n rei 
rAe E nr - nonHafl 3Heprl1fl p. -Me3oMoneKyn~ B CHCTeMe 4eHTpa 

.,rue! ...... 
Mace, n (R,r)- r~MHnbTOHHaH Tpex 4aCTI14 (a, b,C) C KynOHO~CK11M 
B3aHMOAe~cTBHeM, R - aeKTOp, coeA11Hfl~l1~ flAPa (a) 11 (b) , r -
BeKTOp, COeAI1Hfl~~l1~ cepeAHHy R 11 p.--Me30H. ... ... 

B aA11a6aTI14eCKOM npeACTaeneHI1H aonHOBafl $yHK4Hfl '~'nr (R,r) 
aani1CbiBaeTCfl a BI1Ae paano>KeHI1fl 1 101 

· ... -+ -1 J JA nJv 
1JI (R,r) =R ~ ~ 1¢ . (~,1J;R) D (<1>,8,¢)lx . (R) = 

nr_
1 

J m=O j,p JIDP mmJ JIDp 
141 

=R ~ ~ < ~1J<I>e¢ljmpRJmJA> < jmpRinJv> . 
m=O j,p 

3AeCb ~=(ra:.rb)/R,!]=(ra-rb)IR, cf>- c$epOI1AanbH~e KOOPAHHa-
T~ BeKTOpa r , r a (r b) - paCCTOflHI1fl Me>KAY flAPOM a(b) 11 p. 
Me30HOM, . ¢ jm)l(~,!]; R) - nonHbl~ Ha6op peweHI1~ 3aAa411 ABYX $HKc~-t· 
pOBaHHbiX KynOHOBCK11X 4eHTPOB 111~3aBHCI1MOCTb KOTOP~X OT yrna </> 

lnoaopoTa BOKpyr oc11 z = Rl IR I I BKn~4eHa B CHMMeTpH3HpoeaHHble 
$yHK4HH, cOOTBeTCTBYIOIII11e nonHo~ 4eTHOCTH 6ea y4eTa cnHHOB A=+<-· 

DJA (<1>,8,¢)=[4rr(1+8 0 )]-~ {(-l)m eim¢ DJ (<1>,8,0) + 
mm J m mm J 

+ e-im¢ D J (<1>, 8, 0) l, 
-mmJ 

151 

rAe D ~IDJ (<1>,8, 0) - HOpMHpo~aHHble D -$yHK4HH . BH rHepa' <I> H 8 -
c$epH4eCKHe yrnbl BeKTopa R , m - 3Ha4eHHe npoeK4HH op6HTanb-
Horo MOMeHTa J Ha OCb Z. 3HaK ~ 03Ha4aeT CYMMHpOBaHHe no 

j,p 
A11CKpeTHOMy 11 HHTerpHpOBaHHe no Henpep~BHOMy cneKTpaM 3aAa4H 
ABYX 4eHTpoa 1 12~npeAenbl KOTOp~x B HaCTOfl~I1X pac4eTaX 6blnH 
Bb16paHbl cneAY~~I1M o6pa3oM: 

3 3 10 
I = ~ I I I + f dk l . 161 
j,p p 12=0 nr=O 0 

3AeCb P=g,u- c~6CTBeHH~e 3Ha4eHHfl onepaTopa HHBepcHH KOOPAH
HaT 11- -MeaoHa P p. I~ ... ~ , 1J -+-!], .p ... rr- ¢ I; n 1, n 2 - napa6onH-
4eCK11e KBaHTOB~e 411Cna 11 pa31>eA11HeHHOr011 aTOMa (a, C) : k - 11M
nynbC ll--Me30Ha npH ABI1>KeHI111 B none ABYX $11KCI1pOBaHHbiX flAep 
(a) 11 (b) c nonO>K11TenbHO~ 3Heprl1e~ 1 11 ~ 
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3HeprJ.1.R CB.R3J.1 fl. -Me30MOileKyllbl 

l = l = E n rel _ E 
Jv nr nr na 171 

8 OCHOBHOM COCTO.RHJ.1J.1 no ABJ.1~eHJ.1~ fl. -Me3oHa OTC4J.1Tb1BaeTC.R OT 
3HeprJ.1J.1 E na OCHOBHoro COCTO.RHJ.1.R In>= I n1n2m > =I 000 > J.13o-
IlJ.1poeaHHOro aToMa (a, c), Macca .RAPa KOToporo 6onbwe Maccbl 
.RAPa (b) J.1I1J.1 pasHa et71. ,llanee HeKOTOpble J.1HAeKcbl, HanpJ.-tMep 
n=[O,O,O] J.1 A=+(-)J,6yAeM onycKaTb: lnvJrnJ.\ >= IvJrnJ > . 3Hep-

rJ.1.R CB.R3J.1 l Jv J.1 BOilHOBble <l>YHKLIJ.1J.1 X ~v (R) = < j rnp R IJv > 6bi11J.1 
HaHAeHbl c noMO~b~ anropJ.-tTMoe 1 131 4J.1CI1J~~oro peweHJ.1.R 3aAa4J.1 
WTypMa-flJ.1YBJ.1Illl.R All.R CJ.1CTeMbl o6biKHOBeHHbiX J.1HTerpOAJ.-t<!><!>epeHI..IJ.1allb
HbiX ypaeHeHJ.1H

1 101
,nolly4eHHbiX ycpeAHeHJ.1eM 131 no <!JYHK1..1J.1.RM 

< ~ TJ ell e ¢ I j rn p R J rn J.\ > : 

J nrel , 
~ ~ l < irnpRJrniiH jjrn p'RJrnJ.\ > - EJ o ,o .. o ,} x 

8 m '=0 j,p' v mm IJ PP I I 

x < jrn 'p 'R IJv>=O, 
< jrnpRIJv> =O, lim < jrnpRIJv> =O. 

R-.oo 

3Ha4eHJ.1.R 3HeprJ.1J.1 CB.R3J.1 E Jv I 2J +1 - KpaTHO BblpO~AeHHble no mJI 
ecex CTal.IJ.10HapHbiX COCTO.RHJ.1H I vJ > = I vJrn J> c v,J ~1 fl. -Me3oMo
neKyll J.130TOnOB BOAOPOAa B3.RTbl J.13 pa60Tbl 1 121 J.1 npJ.1BeAeHbl 8 
TpeTbeH KO/lOHKe ma6~.2. 

,Qo6aeneHJ.1e K raMJ.1IlbTOHJ.1aHy Hnrel onepaTopa cnJ.-tHoeoro B3aHMo
AeHcTBJ.1.R V spin 

171 
npJ.1BOAJ.1T K ceepxTOHKOMy pac~enneHJ.1~ ypoeH.R 

3HeprJ.1J.1 f Jv CTal.IJ.10HapHoro C0CTO.RHJ.1.R I vJrn J > . npaBJ.1IlbHble <l>YHK
LIJ.1J.1 Hy/leeoro npJ.16JlJ.1~eHJ.1.R, C00TBeTCTBy~~J.1e CTal.IJ.10HapHOMy co
CTO.RHJ.1~ I (Jv).1,1 3 N >, J.1Me~T BJ.1A 1141 

3N ... ... ~N ,SI~ ...... 
<I>(Jv)5 (R, r) = ~ f3sr <I>(J )~ (R, r) 

3 S,I v 3 

-+..... -+-+ 

< Rri(Jv)~~ 3 N > = ~ < Rri(Jv)SI5~ 3 >< JSI~I(Jv) 5N >, 
S,I 

sr5 ... ... 
<I>(Jv)~ 3 (R,r) = ~ rZ ,:z < JrnJS(IJS~~ 3>< II 3 Sc( ciiScS(>>< 

mp 3 c a b 

-+-+ 8 8 8 

191 

x<sa(asb(blsasbll3 > '1'vJm/R,r)x(: x,: x,: 1101 

3Aecb < JrnJS(IJS.'f5 3> 
, < Ilasc 'c IIscS(> H <sa(asb(b lsasbll a> 

s 8 8 
X c , X a , X b - no-

(c (a (b 
CTO.RHHble CnHHOpbl, S, I, Sc, Sa, Sb H(, Ia, (c, (a, (b- 3Ha-

- K03<!J<!JH1..1HeHTbl KJle6wa-ropAOHa ' 114 ~ 

4eHJ.1~ cnJ.1HOB S , I , ; c , ; a , ~ b J.1 J.1X TpeT bJ.1X npoeKLIJ.1H Ha 
OCb Z na6opaTOPHOH CJ.1CTeMbl KOOPAJ.1HaT. ~N 

npJ.1 3aAaHHbiX 3Ha4eHJ.1.RX J J.1 v K03<!><l>J.11..1J.1eHTbl f3 SI = < SI I ~N > = 
=<JSI~ I (Jv)~N >, T.e. aMn/lJ.1TYAbl eepO.RTHOCTJ.1 COCTO.RHJ.1H 
c onpeAelleHHbiMJ.1 S J.1 I e CTal.IJ.10HapHOM cocTO.RHJ.1J.1 I (Jv) ~ ~ 

3
N > , 

ecTb peweHJ.1.R CJ.1CTeMbl IlJ.1Hei7tHbiX anre6paJ.14eCKJ.1X ypaeHeHJ.1H 

~ d d spin , , d d c ~N ~N 
k l< (Jv)Sivv31V I CJv) S I vvi'-IDJ o88 , o11 , lf3s'r'= 0 , 

s ', r' v 1111 

B KOTOPOH 3Ha4eHJ.1.R ff, ~~ HaXOA.RTC.R J.13 CeKyll.RpHoro ypaBHeHJ.1.R 

det I <(Jv) S I~~ 3 1 V spin I (Jv) S'I' ~~ 3 > - ff> 1: o
88

, o II, I = 0 1121 

J.1 npeACTaB/l.R~T J.1CKOMOe CBepXTOHKOe pac~enlleHHe Hepe/l.RTJ.1BJ.1CT-
CKOro YPOBH.R EJv npJ.1 <!JJ.1KCJ.1pOBaHHOM ~ leblpO~AeHHe no ~S 
OCTaeTc.RI. 

B Clly4ae J.1AeHTH4HbiX .RAeP J.13 ecex Nmax KOpHeH ceKyll.RPHoro 
ypaBHeHH.R <!JJ.13J.14eCKJ.1H CMbiCil J.1MeiOT TOilbKO Te, KOTOpble COOTBeT-
CTBY~T COCTO.RHH.RM I (Jv)~~ 3 Na > C onpeAelleHHOH CJ.1MMeTpJ.1eH 
a= p(-1)J+I =+ 1 npH nepecTaHOBKe .RAep 1 141 , T.e. Pn=PA=1 
np J.1 4eTHbiX I J.1 P n= P.\= -1 npH He4eTHbiX I 1 10 1. 

3. 3<l><l>EKH1BHblf1 CnHHOBbl f1 rAMHnbTOHHAH 
H hf s CTAUHOHAPHbiX COCTOf!HI-111 fl. -ME30MOnEKYn 

Y V spin ~ 
cpeAHeHJ.-t e cnHHoeoro onepaTopa , .RBHbiJ.1 BHA KOToporo 

BblnH CaH e pa6oT_ax 
171

, npoBOAHilOCb ~ ,g,ea 3Tana. nocne nepe~r.? 
ycpeAHeHH.R V spm no nepeMeHHbiM R,r c <l>YHKL!HeH 'l'vJmJ (R,r) 

cTal.IHOHapHoro cocTO.RHH.R I nr > HMeeM 3<l><!>eKTHBHbiH cnHHOBbiH ra
MHilbTOHHaH H eff , onpeAelleHHbiH Ha np.RMOM npOJ.13BeAeHJ.1J.1 npOCT-

paHCTB J s s .c s sa s , s b npeACTaeneHHH paHroe J, s c, sa, sb 
rpynnbl SU2 171 : 

err -+ .... -+ .... -+ -+ 

H =E 1(sa.sb) +E 2(sa.sc) +E 3(sb·sc) + 

... 3(J). ... 3(J) ... ...(J) 
+ E 4 (s a. J:: J + E 5 (s b • J:: ) + E6 (s c. ~ ) + 

+ E (; ; (J); ) + E (; ; (J) i ) + E (; ;(J); ) + 
7a b Sac 9b c 1131 

...... (J) ... ... ... (J) ... 
+E 10 (sar sa)+E 11 (sbr sb). 
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3AeCb ~(J)_ reHepaTOpbl npeAcTaeneHHR paHra J rpynnbl SU 
2

, 

AeHCTBYIOliiHe Ha nOCTORHHble CnHHOpbl X J , CHMBOJl (x;.'(Jy) 
~ -+ -+ -+ -+ IDJ onpeAeileH paeeHCTBOM (x, y = sa• s b• s 

0
): 

(i-:(J>;> =I-tc;. f<J>>c;. ~ <J>>+cY:1.<J> >c;. ~<J> )1-J(J+l)(;.;>. 
2 

-6 3Ha4eHHR K03<1><!>H~HeHToe E2 , ... , E 11 e MK3B = 10 38 IE 
1 

= 0 
B npeAeilax npHHRTOH OTHOCHTeJlbHOH T04HOCTH 5 ·10 - 5 AJlR E

2 
1-1 E a 

1-1 5 ·1 o-4 
AJlR E 4• ... , E 11 I AilR CTa~HOHapHbiX COCTORHHH I nr > 

C J, V ~1 ecex fl-Me30MOJleKyJl I-130TOnoe BOAOPOAa npHBeAeHbl B 
ma6A.l. CxeMy Bb14HCJleHHH K03$$H~HeHToe Ei, a TaKme 3Ha4eHHR 
BCeX HCnOJlb3yeMbiX KOHCTaHT, Mace 4aCTH~, HX MarHHTHbiX MOMeH
TOB, napaMeTPH3a~HH $OPM$aKTOPOB p, d 1-1 t 1-1 T. A. CM. B pa-
6oTax 171 . 

YcpeAHeHHe 3$$e~~HBHoro cnHHoeoro raMHJlbTOHHaHa 1131 c eon
Hoeoii $yHK~Heq_, x A~J,J co6cTeeHHoro cocTORHHR IJSI~~ a > non-

Hero MnMeHTa ~ • KC>TOpaR noJly4aeTCR 1-13 1101 $QpMaJlbHOH 3aMeHOH ~ ... . J 
ljlvJmJ(R,r) ... X mJ: 

x JS~ = l l l < JmJS(IJS~~a >< IIas ( lis S(> x 
~a mJ( Ia( (a(b c c c 

1141 
J s sa s b 

x < sa ( a s b ( b I sa s b I I a > X m J X( : X (a X ( b ' 

npHBOAHT npH $HKCHpOBaHHbiX J d H V K CIIICTeMe JlHHeHHbiX ar:re6paH-
4eCKHX ypae~~HH 1111 AJlR ~JN Ill K CeKyJlRPHOMy ypaeHeHI-110 

r:- ::JN Jv 1121 AilR ~ Jv. ~N w 

3Ha4eHHR BeJlH4HH & Jv ypOBHeH 3HeprHH hfs, OTC4HTaHHbiX 

OT HepeJlRTHBHCTCKOH 3HygrHH CBR31-1 fJv /71,CM. ma6A.2, HaM-
nJlHTYAbl eepORTHOCTH ~ 81 =< SI I~ N > cOCTORHHH c onpeAeneH-
HbiMH S H I ecex fl -Me30MOJleKyJl H30TOnoe BOAOPOAa B CTa4HOHapHbiX 
cocTORHHRx I(Jv)~~aN > c J~l H v~l npHeeAeHbl e ma6A.2. 

Xopowo H3BeCTHO 1 4
•
61 , 4TO fl-Me30MOJleKyJlbl o6paayiOTCR npH 

CTOJlKHOBeHHH p-Me3oaTOMOB e ls-cocTORHHH co cm1HOM F=;a+S
0 

B napa (F= t* )- 11111111 OPTO (F=tt)-cocTORHHH Ill RAep 11130TOnOB BO

AOPOAa co cnHHOM sb' T.e. no cxe~e T~na _121. B npeAnonomeHHIII 
o npoH3B~bHOH opHeHTa~HH cnHHOe F 111 s H nonHero op6~;~TaJlbHoro 
MOMeHTa J 06pa30BaeweHCR fl -Me30MOJleKyJlbl ee IIICXOAHOe CnHHOBOe 
COCTORHHe npeACTaBJlReTCR MaTpH~eH nJlOTHOCTH 1 1 5 ~ 

-1 
p = [(2F+1)(2s +1)(2J+l)J l nFF ® n ( ®nJ ; 

b Fa( bmJ a ~ b mJ 1151 

7 



• Ta6.rzu4a 2 

C8epXTOHKall cTpyKTypa (hrs) IL- Me3oMo11eKy11 I-130Tonoe eo,qopo,qa. 0603Ha4eHI-1R: J - op61-1Ta11 bHoe, 
V - 81o16pa~lo10HHOe KBaHTOBble 41o1C11a; f Jv - 3Heprlo1R CBR31o1 CTa~I-10HapHOrO COCTORHI-1R lvJ> 
Me30M011eKy11bl 8 Hepe~IITI-1Bio1CTCKOM np1-16111o1>KeHio11o1; ~ - n011Hbl~ MOMeHT J1. -Me30M011eKyJlbl; N- HOMep 
npk' ,qaHHOM ~, CJ. 6; :v- 3Heprlo1R CTa~lo10HapHOrO COCTORHio1R I(Jv)~~ 

3
N >, OTC41o1TaHHaR OT £ Jv ; 

w~~ (t+) "" w~~(tt ) ~ 3aCe11eHHOC fl-1 YPOBHR (J. v, ~. N) J1.-Me30M011eKy11bl, o6pa3oeaewe~CR 
8 pe3y11bTaTe CTOJlKHOBeHio1R Me30aTOMa PJL(F) , dJL(F) 1-1111-1 tJL(F) B napa (F= t+)-1-1111-1 OpTO(F-1t)· 
cocTOIIHI-11-1 COOT8eTCTBeHHO c RAPOM p, d 1-1111-1 t /o,qHOI-1MeHHbiM 1-1111-1 6o11ee 11erK1o1M/; < SI 1 ~N >= ;B{~
aMnJli-1Ty,qa 8ePOIITHOCTI-1 cocTORHI-1R lSI >= IJSI ~~ 3 > c onpe,qe11eHHbiMI-1 3Ha4eHI-1RMio1 nonHoro cn1-1Ha s· 
1o1 cyMMapHoro cn1o1Ha 11,qep I Me30M011eKy11bJ e CTa~lo1oHapHoM cocTORHI-11-1 I ~N>= I (Jv)~~ 

3
N >: · 

I ~ N > = I I SI > < SI I ~N > • 
SI 

a. CeepxTOHKaR CTPYKTypa Me30M011eKy11bl PPJL 

J V €Jv(38) N &~~ bB) W~: ( t+) W~~( t t) < 1/ 2,01 ~N > <1/ 2, 11 ~N> <3~2, 11 ~N ·> 
0 0 -253,0 I/2 I 0 I I I 0 0 

I/2 I -0,0905 0,3330 0,0371 0 0,9996 -0,0286 

2 0,0427 0,0002 O,I48I 0 0,0286 0,9996 

3/2 I -0,0924 0,6667 0,074I 0 I,OOOO -0,0095 

I 0 -I07,0 2 0,0468 0,0001 0,2963 0 0,0095 I,OOOO 

5/2 I 0,0463 0 0,4444 0 0 I 

npo,q011>KeHI-1e ma6.rz.2 

6. CeepxTOHKaR CTpyKTypa Me30M011eKyJlbl ddJL 

J v £Jv (38) ~ N 
3N . 

&Jv\38) • w~~(tq 
g 1 1 3 3 "5 w J~(tt) <2,oi~N > <2 , 1I~N> <

2
,11 ~N><2, 2I~N > <2,2\~N> 

I/2 I 0 0,1667 0,1667 I 0 0 0 0 
0 0 -325,0 3/2 I -0,0086 0,8333 0,0833 0 0 0 I 0 

5/2 I 0,0191 0 0, 7500 0 0 0 0 I 

I/2 I 0 O,I667 0,1667 I 0 0 0 0 
0 I -35,8 3/2 I -0,0046 0,8333 0,0833 0 0 0 I 0 

5/2 I O,OI64 0 0,7500 0 0 0 0 I 

I -0,0169 0,2213 0,0560 0 0,9971 -0,0764 0 0 

I 0 -226,6 
I/~ 2 0,0070 0,0565 0,1384 0 0,0764 0,9971 0 0 

I -0,011:!0 0,4436 0' 1115 0 0,9938 -0,0487 0 0 
3/2 2 0 0084 0' 1119 01 2774 0 0,0487 0,9988 ' 0 0 
5/2 I 0,0097 O,I667 0,4I67 0 0 I 0 0 

I -0,0159 0,2222 0,0555 0 I,CXOO -0,0149 0 0 
I/2 2 0, 0077 0,0555 O,I389 0 0,0149 I,CXXD 0 0 I I -1 ,91 

I -0,0161 0,4444 O,IIII 0 I,DCXX:l -0,0097 0 0 
3/2 2 0,0079 0' 1112 0,2778 0 0,0097 1,0000 0 0 

5/2 I 0,0082 O,I667 0,4I67 0 0 I 0 0 



... 
0 

npoAOn~eH~e ma6A.2 • 
B. CeepxTOHKaH cTpyKTypa MeaoMoneKynbl ttll 

J v f Jv /38/ s N &SN ~~ Jv /38/ WJv H) w~:c tt) <f. a IS N> <}. 11gN > <-}-. 11 SN > 

0 0 - SG ;;,C I/2 I 0 I I 0 0 0 

0 I - 83, ') I/2 I 0 I I 0 0 0 

I -0,1330 0,3330 0' 0372 0 0,9995 -0,320 
I/2 2 0,0625 0,0003 0' 1480 0 0,0320 0,9995 

I 0 -289. ~ I -0,1342 0,6667 0,0?4I 0 I ,0000 0,0012 
3/2 2 0,0695 0,0000 0,2963 0 -0,0012 I ,COOO 

5/2 I 0,0667 0 0,4444 0 0 I 

I -0,1191 0,3332 0,03?! 0 0,9999 -0,0160 
I/2 2 0,0579 O,OOOI O,I48I 0 0,0160 0,9999 

I -4 5,2 I -0' 1198 0,666? 0,0?4I 0 I ,0000 O,OOOE 
3/2 2 0,0609 0,0000 0,2963 0 -0,0006 I ,cxro 
5/2 I 0,0597 0 0,4444 0 0 I 

npOAOn~eH~e ma6A.2 

r. CeepXTOHKaH CTPYKTypa MeaoMoneKynbl pdf! 

J v l Jv (38) ' 9 N 
SN . 

& Jv (38 ) 
SN 

WJv(t+) w1:c_n) <O, ~ ISN > <1.: iSN ><l,; I~N ><2.: I~N >. 

0 I 0 0046 0 25JO 0 I 0 0 0 

I 0,0173 0 ,3853 0, I824 0 0,8964 0,4433 0 
0 0 - 22I, 5 I 

2 -0,0787 0, 3647 0' 1926 0 -0,4433 0,8964 0 

2 I 0,0359 0 0 ,6250 0 0 0 I 

I 0,0135 0' 01!31 0,0201 0 0,3949 0,4464 0 
0 

-0,0653 0,0402 0,0216 -0,4464 0,8949 2 0 0 

I 0,0008 0,2471 0,0015 0,9891 -0,1159 -0,0656 0,0631 

I 0 _g? 4 I 2 0,0122 0' 1232 0,0634 0' 1390 0,8930 0,4141 -0,1084 , 
3 -0,0654 0' 1268 0,0616 0,0117 -0,4243 0,9052 -0,0221 

4 0,0286 0,0029 0' 1235 -0,0475 0,0955 0,0696 0,9919 

I 0,0146 0,2000 0,1083 0 0,9108 0,4128 0,0027 

2 2 -0,0662 0,2166 0,1000 0 -0,4127 0,9107 -0,0137 

3 0,0320 0,0001 0,2083 0 -0,0081 0' 0114 0,9999 

3 I 0,0317 0 0,29I? 0 0 0 I 



-N 

npoAonmeHHe ma6A.2 

A· CeepxTOHKa~ CTPYKTypa Me3oMoneKyn~ pt~ 

J v £Jv(3B) ~ N ~N w~~ (t~) gN 1 1 3 ~ 
lf,Jv : (3B) WJ (tt) <-,OI~N> < -,1I~N > <2,11 N> 

v 2 2 

I 0,0046 O,II20 0,2960 0,9834 -O,I8I3 0 0 0 -2I4, 0 I/2 
2 -0,1344 0,8880 0,0373 O,I8I3 0,9834 0 

3/2 I 0 0649 0 0 6667 0 0 I 

I 0,0053 0,0256 0,1026 0,9705 -0,2403 0,0186 
I/2 2 -0,1249 0,3076 0,0086 0,2407 0,9703 -0,0254 

I 0 -99,0 
3 0,0555 0,0001 0' 1111 -0,0120 0,0291 0,9995 
I 0,0083 0,0548 0,2039 0 '9730 -0,2308 0,0007 

3/2 2 -0,1262 0,6119 0,0183 0,2308 0,9730 -0,0044 
3 0,0608 0,0000 0,2222 0,0003 0,0044 1 ,0000 

5/2 I 0,0594 0,0000 0,3333 0 0 I 

• -
npOAOnmeHHe ma6A.2 

e. CeepxTOHKa~ CTPYKTypa MeaoMoneKyn~ d4£ 

J v £ Jv (3B) ~ N lf,~N ( B ) · W~N(t~)W~N( tt)<O .!_I~N >< l,.!_l ~N >< 1,! I~N >< 2, ~ I~N > 
~v 3 · Jv Jv ' 2 . 2 . 

0 I O,OI73 0 O,UII I 0 0 0 

I 0,0282 0,0096 0,33JI 0 0,8691 -0,4946 0 
0 0 -3I9,2 I 

2 -O,II07 0,9904 0,0032 0 0,4946 0,8691 

2 I 0,0463 0 0,5556 0 0 0 I 

0 I 0,0239 0 O,IIII I 0 0 0 

0 I -34, 9 I I 0,03I2 0,0043 0,33I9 0 0,8527 -0,5225 0 
2 -O,II23 0,9957 U,U014 0 ,0,5225 0,8527 0 

~ r Oi0439 0 015556 0 0 0 r 
1 0' 0277 0,0007 0,0368 0 0,8588 -0,5122 0 

0 
2 -0,1039 0,1104 0,0002 0 0,5122 0,8583 0 

I 0,0162 O,(DJ() O,IIII 0,9846-0,1193 0,0742 -0,1039 

2 0,0249 0,0031 0' 1101 0,1549 0,8487 -0,4835 0' 1481 
I 0 ' -232,4 I 

3 -o, 1035 0,3303 0,0010-0,0066 0,4978 0,8672 -0,0145 

4 0,0406 O.(DJ() O,IIII 0,0806-0,1331 0,0935 0,9834 

I 0,0273 0,0056 0' 1833 0 0,8702 -0,4920 -0,0263 

2 2 -0,1041 0,5499 0,0019 0 0,4920 0,8706 -0,0065 

3 0,0447 o,am 0' 1852 0 10 '0261 -0,0073 0,9996 

- 3 I 0,0433 0 w 0,2593 0 0 0 I 



14 

C\J 

~ 
~ 

.:::-
"0 

J5 
r::; 
>. 
~ 
Q) 
r::; 

~ 
0 
(I) 
Q) 
l: 

tO 
Q) 0. 
:s: >. 
:X: 1-
Q) ~ 
;.: >. 
r::; 0. 
0 I
I:( u 
0 
0.. 
c: 

0:: 
tO 
~ 
:X: 
0 
I
X 
0. 
Q) 
m 

u 

Q) 

1\ 

~ 
~~ 

ci' 
v 
1\ 
z 
~ 

~1:'2 .... 
v 

0 0 

~"" co ~ 
Lr\ N 
Lr\ co 
0 0 
I 

1\ I "" ~ z : ~ co 
~ c-J Lr\ 

co Lr\ 
.... j:'l 

.... 
v 
1\ 
z 
'T.l 

~G\1 
ci 
v 
,..... 
<
<-

0 0 

0 0 

0 
1:'-

8 

r-... r-... N 
~ ~ N r-... 
-'!" -.!) 0 ~ 
000~ ... .. ... ... 
0 0 0 0 
I I 

r-... Lr\ Lr\ <.D 
'-!) _,. 0 l{) 

"" Lr\ "" (\') 
0 Lr\ co 0 

~~r;;o 
I 

0 

"" r-... r-... co 
Lr\ N Lr\ -'!" 
0 co Lr\ 0 .. .. ... . 
C'> 0 0 0 
I I 

r-... 0 0 "" 
'-!) co ~ Lr\ 
C"\ '-!Jo-'1" 
0'1 0 0 0 ... ... .. .. 

Lr\ ~ ~ 
0 ~ ~ 
~ 0 ~ 
0 0 CT\ 
~ ~ ~ 

0 0 0 
I I 

~ N ~ 
Lr\ ~ _,. 

Lr\ "" 0 
Lr\ co 0 
~ ~ . 

0 0 0 
I I 

N o "" ~ ...0 ~ 
(") Lr\ 0 
co Lr\ 0 
~ ~ . 

0 0 0 

ooooto oo 
I 

H 0 
H H 
H H 
H H 

H 
0 
0 
0 

H 
H 
H 
H 

~ 
co 
H 

H 
0 
0 
0 

N 
l{) 

co 
H :C""> 

~..., 

~ 
0 O l D 0 0 0 0 0 0 

,..... ... 
<-

z'-"> 
'<:T.l,_, 

H 

8 
0 

O l ~ N 
0 

8 
H 0 

~ 8 
(\') 0 

-'!" 
0 
0 
0 

fX 8 
t2 8 

~ 

~ 0 0 

' 00 

(1)1 Lr\ -'!" 
'- -'!" N z > ' -'!" -'!" 

'T.l,_, 0 

(.\!:) 
0 0 

I 

~ 

0 0 0 Q IO 0 0 

r-... ~ N 
0 <"' N 
-'!" -'!" -'!" 
0 0 

0 
Lr\ 
0 

0 0 0 0 
I 

"" -'!" 
-'!" N 
_,. -'!" Lr\ 
0 ~ 0 

0 0 0 
I_ 

z H N IH N C'? ~IH N C'? 

'T.l 
...... 
00 
(I) 

' > ..., 
"' 

> 

.... 

0 H 

..q< 
<.D 

0 
I 

H 

H 

N 

H 

0 

0 

0 

(\') 
Q) 
l{) 

N 

0 

0 

co 
0 
U"\ 
0 

0 

H 

(\') 

• 

rAe 

nFFa =I FFa >< FFa l' [I sb( b= I s b' b>< sb ( b l ' 

IlJmJ = JJmJ >< JmJ I. 

/16/ 

TOrAa BepOHTHOCTb Ha~n1 /l. -Me30MOJleKyny B CTal..lt-10HapHOM COCTOH-
HI-11-1 h fs I (Jv)~~ a N > B 3aBI-1CI-1MOCTI-1 OT ABYX B03MO>KHbiX cni-1HOBbiX 
COCTOHHI-1~ F = t+ 1-1111-1 F = tt ll -Me30aTOM.J (a, c) onpeAellHeTCH Bbl
pa>KeHI-1eM 1 15 1 

~N ~ 
/17/ W Jv ( F) = ~ ;.. l(Jv) ~~ aN I p I (Jv) ~~ a N > , 

eCJll-1, KaK 1-1 B pa6oTe
1 161

, C41-1TaTb, 4TO BepOHTHOCTb nepeXOAOB 
Me>KAY COCTOHHI-1HMI-1 hfs 3a BpeMH >KI-13HI-1 ll.-Me30MOJleKyJlbl npe
He6pe>Kt-1MO Mana. g 

BepoHTHOCTb W~N (F) npi-1HHTO Ha3biBaTb aaceneHHOCTb~ cTa-
I..IHOHapHoro cocTOHHvi-1H 1 (Jv) j~ aN > Me3omneKyJlbl 14 •6 1 • OHa Bbl-
pa>KaeTcH 4epe3 aMnJli-1TYAbl BepOHTHOCTI-1 {3 SIN ;,< JSI ,1 1 (Jvd N > 
/eM. /11/ 1-1 ma6~.2/ cocTOHHI-1~ IJSI~~a> /1/ CJleAY~I-1M o6pa30M: 

W ~ N (F) 
Jv 

2,1 + 1 

(2F + 1)(2sb+ 1)(2J +l); I s~/ JSF~IJS ' I~ > f3~~12 . /18/ 

rAe < JSF ,11 JSI ,1 > "'< JSF ,13a1 JSij~ a> He aast-1CI-1T OT ·.1 , I ~ I < ~ : a a -

2 
< JSFj i JSI ,1>= l [ < J (~a - () S( IJS ,1~3> J X 

( Fai a 
/19/ 

x< FF a s b(( - F a) I FsbS ( >< sa (Ia + F a- 0 sc (( -Ia) Is as cFF a> x 

x< IIasc(( -I a) II sc S( >< sa (la+ F a- ( )sb((-Fa) l sa s bll 3 > . 

Ha puc . l 1-1 2 cxeMaTI-14eCKI-1 t-13o6pa>KeHo 11 npespa~eH!-1e 11 hfs 
YPOBHe~ 3Heprl-11-1 d11- 1-1 tiL -Me30aTOMOB B hfs ypOBHI-1 3Heprt-11-1 
d~- 1-1 dt11 -Me30MOJleKyJl B COOTBeTCTBI-11-l.,.CO CXeMO~ CJlO>KeH!-1H 
MOMeHTOB B peaKI..II-1HX Tt-1na /2/, T. e. Cnt-1Hbl F Me30aTOMa (a, c) ... ... 
1-1 s b Ae~TpoHa (b) 1-1 nonHero op6!-1TaJlbHoro MOMeHTa J Cl-1c-
TeMbl (a, b, c) nocn~o_pa_JeJlbHo CKJlaAbiBaiOTCH B _ nonHbl~ cn1-1H S=F+; b 
1-1 nOJlHbl~ MOMeHT 3=S+J Me30MOJleKyJlbl. TaK!-1M o6pa30M, BCH COBO-
KynHOCTb ypOBHe~ 3HeprHH COCTORHH~ /1/ hfs ll -Me30MOJleKyJlbl, 
KOTOpaH B paMKaX CXeMbl TeOPHH B03My~eHH~ pa~araeTCH no CO-
CTOHHHHM I JSI~~a > 4epe3 K03<1l¢1-11..1HeHTbl f3::JN /11/, eCTeCTBeH-
HbiM 06pa30M pa36HBaeTCR Ha ABe rpynnbl B Coo.P~eTCTBHH C ABYMH 
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f.Jy(d¥) 

F=~+s. 
~o/2. 

F=h 

@ 

@ 

a/ 

E.c~f.=-2&63. 2263&-

ht• 
~Ed.J'-=0. 0493& 

I',JT(ddjl.)=-t. 9t 38 

A E.~~l' = 0.02438 

1 r=s +s 1 s=F+~'1=s+3 
1 ,. "! ·a d N "'\~Ill ~.~·m 

J=1, IT=i 
I I ' 
I F=~ I S=3jz I 

I I I 
I ' ' t_ ___ 

-001638 

F=~ j 5=1/z 
I 

f= s,..+sa 
F=l C9 

0.1638 hJ• 
A E.,,..= 0 .2.40 38 

_I ___ _ -- t 
-0.0031 

1~ 

1'21 O.'t17 0.167 

~2 OZ76 0.111 

Vz 2 0.139 0.056 

7'21 0 .111 0.'•~4 

)21 0.056 0.222 

E1.1' =-L71t. 26&3s 

6/ 

"npespallleH!-1e11 ypos

HeH 3Hepri-11-1 csepxTOHKOH 

CTPYKTypbl (h fs) Me3o-

aTOMOB <I,.! 1-1 tf.L B 1s- co-

CTO~HI-11-1 CO Cni-IHaMI-1 
~ -+ -+ 
r ·= s f.L+Sa npi-1 CTOllKHO-

BeHI-11-1 C ~ApaMI-1 d CO Cni-1-

HaMI-1 ;b B YPOBHI-1 3Hep

rl-11-1 h fs CTa~I-IOHapHbiX 

COCTO~HI-IH i(Jv)~~3N> /1/ C 

KBaHTOBbiMI-1 41-1CllaMI-1 nOll

HOrO Op6!-1TallbHOrO MO

MeHTa J =1 Bi-16pa~!-10HHO
ro ABI-ImeH!-1~ V=1 Me3o

MOlleKyll d<l,.t 1-1 dtf.L COO_.T--+ 

BeTCTBeHHO. 3AeCb_.g'=S+J• 

- nOllHbiH MOMeHT, S = 

=s11.+s a+ s b - nollHbiH 

Cni-IH f.L -Me30MOlleKyllbl, 

N- HOMep COCTO~HI-1~ hfs 

npH AaHHOM ~, W ~JN ( t +) 1-1 
<.IN v 

WJ (tt) - napa·l-1 opTo-
Jv 

3acelleHHOCTI-1 /17/-/19/ 
CTaUI-10HapHbiX COCTO~HI-IH 
i(Jv) ~g 3 N > Me30MOlleKyllbl, 

j 06pa3oeasweHc~ 4epe3 

Cni-IHOBOe COCTO~HI-Ie, xa

paKTepl-13y~eec~ MaTp!-1~e~ 
~llOTHOCTI-1 /15/, 1-13 napa 

JF = t +)- 1-1 OpTO (F = t t) -
F=O 

~ 1', cdt.,.)=-0 643B COCTO~HI-IH df.L l-llll-1 tf.L 
JY J • 

&1.cdt.J'-) 
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s=r+s& : j=s;j t N W~Oil 
I 
I 2 3 0 .1115 

5=2. 
I I 3 

1 0.259 
I 1 " 0.111 
I __ 

I I 
I I 

hh 
AEdt.l' = 0.193 3& 

0 1 0.037 
2 1 0 ISS 
I 2 0.111 

1 1 0 .111 

l N W~(\ll 
2 2 0.555 

I 3 0.333 

0 2 0.11\ 

Me30aTOMa COOTBeTCTBeHHO. 

• 

B03MOmHbiMI-1 cnoco6aMI-1 o6pa3osaHI-1~ f.L-Me3oMOlleKYllbl 1-13 napa 

(F=t+)- l-llll-1 OpTO (F=tt)-cOCTO~HI-1~ f.L-Me30aTOMa (a,c) 4epe3 

HCXOAHOe Cni-IHOBOe COCTO~HI-Ie f.L -Me30MOlleKYllbl, KOTOpOe xapaKTe-

PH3yeTC~ MaTp!-1~eH nllOTHOCT~ /15/. ~ ~ 

B rm6.1l.2 np!-1BeAeHbl 3Ha4eHI-1~ napa wJ:(t+)·l-1 opTo WJ~(tt). 
-3aCelleHHOCTeH CTa~I-IOHapHbiX COCTO~HI-IH i(Jv) ~~ 3 N> C J, V S. 1 

scex f.L-Me30MOlleKyll i-130Tonos BOAOPOAa, Bbi41-1ClleHHble no $opMy-

llaM /18/, /19/. /HanOMHI-IM, 4TO Macca ~Apa (~ 60llbWe MaCCbl 
~APa (b) Hlll-1 pasHa eH/. 

4. OoCYmAEHHE PE3YflbTATOB 
s . 

npi-1 ycpeAHeHHH v pm no $YHK~I-1~M /4/ K03$$H~!-1eHTbl E i 

3$$eKTHBHOrO CnHHOBOrO raMHllbTOHHaHa /13/ MOmHO npeACTaBHTb 
B BI-1Ae CyMMbl / 7 / 

J 
l l l l (E . ) , , , , 

, . , , , 1 IL n mp, n
1 

n m p 
m::::_m n1:?n 1 n~n2 p,p =gg,gu,ug,uu 1 2 2 

E. 
I 

/20/ 
(p,p'=gg,gu, uu npH n =n', n =n, m=m' ). 

H3 o~eHKH, npHBeAeHHOH e pa6oTe 1 71 , Clle,qyeT, 4TO All~ Bbi41-1Clle-

HH~ E i c OTHOCHTellbHOH T04HOCT 1:-10-5 ·1 0 -s ,q.n~ E 2, E 3 1-1 ~ 5 ·1 0-4 

All~ E 4 , ... ,E11 ,qocTaT04HO Y4eCTb BKna,qbl B Ei OT(Ei)n
1
n

2
mp,n£n2m'p' 

npH BCeX (nl + ll2 + m+l),(n{+n2+m'+l) 2:3, T.e, nepBbiX Tpex o5o

ll04eK no KnaccH$HKaUHH pa3oe,qHHeHHoro aTOMa /1 0,11 / . B Ka4eCTBe 

npHMepa B ma6.1l. 3 np!-1BeAeHbl npeBOCXOA~UIHe no MO,I:IYlliO 10 MK3B 3Ha-

4eHH~ Bell!-141-'tH (E 1) n n mp n'n'm'p' /10 MK3B/ All~ CTa~HOHapHbiX 
1 2 ' 1 2 

COCTO~HHH C J =1 H V=l Me30MOlleKyll ddf.L H dtf.L /npH n
1
n

2
mp, 

n{n2 m 'p ', I-13MeH~IOUIHXc~ e yKa3aHHbiX npeAellax/. 

B rm6.1l.4 All~ Toro me Clly4a~ npHBeAeHbl 3Ha4eH!-1~ K03$$H~HeHTOB 
E i , MK3B I 13/, i =2 , .. ,11, Bbi41-1ClleHHble a pa3mt4HbiX no,qxo,qax. 

B nepsblx cTpoKax /$epMI-1/ npHBeAeHbl 3Ha4eHH~ K03$$1-1~HeHTOB E
2 

H E 3 , Bbi41-1ClleHHble no $OPMYlle $epM~-~ 1 141 /npH 3TOM E 
4

, ... , E
11 

= 0 I, 
so ·eTopblx ·/K. n .<I>. /-3Ha4eHH~ K03$$H~HeHTOB &.!, ... , E11, nocTpoeH-

HbiX 1-13 napHbiX KBa3HnOTeH~I-1allOB /9/ C Y4eTQM ¢QpM$aKTOpOB d 

H t 
111

; B TpeT bHX - /K. n. <I>. +<I>. K. I - nOCTpOeHHble TeM me MeTO,qOM 

nJliOC cnHHOBble nonpaBKH $ollAH-KpaH4HKa /$.K./ /8/ Ha ,q&HmeHHe 

~eHTpa Mace napbl. H3 npoeeAeHHbiX pac4eToa cneAYeT, 4TO nonpae

KH Ha 3JleKTpOMarHHTHYIO CTPYKTypy RAep p ,d H t K K03$$1-1~HeH

TaM E 2,E 3 H T.A. COCTaBJl~IOT npHMePHO 0,5%, 1,5% H 1% OT 
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Ta6.rzul{a 3 
/10 MK38 = 10-5 

38/ Ko3<)><I>H1..1HeHTbl (Ei)=(Ei)n n mp n'n'm'p' 
1 2 ' 1 2 

3<)><)>eKTI-18HOrO CnHH080rO raMHnbTOHHaHa /13/ 8 aAHa6aTH4eCKOM 
npeACTa8neHHI-1 /4/ Anfl CTai..IHOHapHbiX COCTOfiHHH (J =1, V = 1) 
Me3oMoneKyn ddf.L 1-1 dtll 1-1 HX cyMMbl (i = 2, ... , 11) : 

J 
E i = }; }; }; }; (E . ) , , , , /20/ m >m'~>n'~n' , 1 n 1~mp,n 1 n2 m p, 

- - 1 2 P•P = gg,gu,ug,uu 

(p,p' = gg,gu,uu np~-1 n1 ~n;, n2 ~~, m :_m' 

JJI" Me30MOJie KyJia ( J =I, u =I) 

, , 'I (E ) 
"•".a"'f> "'"''"" ~ (£.3) ~)~)~2~2~)~)~0)~) 
000' 000~ I606 I 606 -1 -1 37 0 -4 -4 -2 - 2 

IOO~ ODoa 3 3 D D 0 0 D 0 D D 
oroa DDD3 -4 -4 D D D D D D D D 
200~ DDD:J I I D 0 0 0 0 0 0 0 

E;. I606 I606 -1 -1 37 0 -4 -4 -2 - 2 

dt_r. Me30140JieKyJia ( ;r =I, IT =I) 

llflf,."'/' ..:,..:,., (£1.) (E.)) (Etl (Es2 (E6) (£7) · (£,) (£,) (Ew} 7£ •• ) 
DOOJ ooDg 9646 1386 -9 -1 39 3 -38 -5 D -3 
0003 ooou ?I7D -!030 0 0 0 0 2 0 D 0 
DOO II DOD u 2188 3I5 0 0 D 0 D D 0 D 

I003 OOCj 3 0 0 0 D D 0 0 0 0 
roo 3 ODD 11 5 -I 0 D 0 0 0 0 0 0 
IDOu 0003 I3 -2 0 0 0 0 0 D D 0 
IOOu OOOu 4 I 0 0 0 0 0 0 0 0 

OI03 oooa -49 -7 0 0 0 0 0 0 0 0 
oroa 00011 -20 3 0 0 0 0 0 0 0 0 
oro u ooo 3 2 0 0 0 0 0 0 0 D 0 

2003 ODC~ I 0 0 0 0 0 0 D 0 0 
2003 00011 I 0 0 0 0 0 0 0 0 0 
200'(,( 0083 3 -I 0 0 0 0 0 0 0 0 
200u OOOu I 0 0 0 0 0 0 D 0 0 

noa OOOJ -7 -I 0 0 0 0 0 D 0 0 
II03 ODOu -2 0 ... o 0 0 0 0 D 0 D 

IIOu DOOJ 2 0 0 0 0 0 0 0 0 0 
IIOu ODOu I 0 0 0 0 0 0 0 0 0 

020J 0003 -I 0 0 0 0 0 0 0 0 0 
020 3 ooou -I 0 D 0 0 D 0 0 0 0 

E· .. I8960 663 -"9 -1 39 3 -36 -5 0 -3 

18 

• 

COOT8eTCT8Y~~I-1X 8enH4HH, 8bi4HCneHHbiX 6e3 HX y4eTa, nonpa8KI-1 
<l>onAH-KpaH4HKa Ha A8HmeHHe l..leHTpa Mace napbl 8Kn~4eHbl 8 K03<)>
<I>HLII-1eHTbl E 4 , . E 5 1-1 E 6 1-1 Aa~T 8KnaA - 1 -:-10 MK38 8 K03<I><I>H1..1HeHTbl 
E 4 , E 5 - cnHH-op6HTanbHoro 83aHMOAeHCT8Hfl fiAeP 

1-1 -300 MK38 8 4neHbl E 6 - CnHH-op6HTanbHOrO 83aHMOAeHCT81-1fl !L--

Me3oHa 8 dt11- 1-1 dd~ -Me3oMoneKynax cooTaeTCT8eHHO /Anfl 
K03<I><I>H1..1HeHT08 E2 , E 3 - cnHH-cnHH08oro 1-1 E 7 , ... , E 1c cnHH-TeH-
aopHoro 83aHMOAel:1cT8Hfl nonpa8KH Ha A8HmeHHe l..leHTpa Mace napbl 
C T04HOCTb~ 0(a' 2 ) OTCYTCT8y~T/. 8 m::z6.rz.5 8 TpeTbeH, 4eT8epTOH 
1-1 nf!TOH KOn~KaX npH8eAeHbl COOT8eTCT8YIO~He 3Ha4eHHfl yp08HeH 
3HeprHH /i, J~ /38/hfscTai..IHOHapHbiX COCTOfiHHH C J=1, V=1 dd!L-
1-1 dt !L - Me30MOneKyn, 8bi41-1CneHHble CO 3Ha4eHHfiMI-1 K03<)><)>HI..IHeHT08 
E 2 , ... ,E 1l /13/, 83fiTbiMI-1 1-13 nep8biX, 8TOpbiX 1-1 TPeTbHX CTpOK 

m::z6.rz.4. H3 m::z6.rz.4,5 81-lAHO, 4TO nonpa8KI-1 Ha 8HyTpeHHIO~ 3neKTpo
MarHHTHY~ CTPYKTypy d 1-1 t 1-1 A8HmeHHe l..leHTpa Mace napbl Aa~T 
8KnaA COOT8eTCT8eHHO -0,5% 1-1 -0,05-:-0,1% 8 8enH41-1Hy C8ePXTOH-
KOrO pac~enneHHfl ypo8Hel:1 3HeprHH dd11- 1-1 dt11 -Me3oMOneKyn. 
TaKHM o6paaoM, T04HOCTb 8bi4HcneHHfl ypo8Hel:1 3HeprHH c8epxToH
KOH CTpyKTypbl fi,gN COCTaBnfleT 100 MK38. 0AHaKO C caMoro 
Ha4ana "<I>H3H4eCKJavfl 11 T04HOCTb 8bi4HcneHHH 6bJna 8bl6paHa O(a2 ), 

T.e. - 10-3 38, TaK KaK BbiCWHe nonpa8KH no a 2 Aa~T 8KnaA yme 
- 10-4 38. 

5. 3AKnt04EHHE 

8 HaCTOfl~el:1 pa6oTe 8bi4HcneHa c T04HOCTb~ -10-3 38 c8epXTOH
Kafl CTpyKTypa ypOBHeH 3HeprHH 8CeX CTai..IHOHapHbiX COCTOfiHHH 
(J < 1, V < 1) Me30MOneKyn I-130TOn08 80AOPOAa /CM. m::z6.rz. 2/;8enH-
4HHa pac~enneHHfl yp08HeH hfs COCTa8nfleT -0,1 38. 

Ho8biM 3neMeHTOM nposeAeHHbiX pac4eT08 fl8nfleTcfl 8Kn~4eHHe 
CnHH08biX 3<)><)>eKT08, CBfl3aHHbiX C A8HmeHHeM l..leHTpa Mace napbl 4ac
TI-11..1 8 nOAXOAe <l>onAH-KpaH41-1Ka 1 8~ a · TaKme y4eT 8HyTpeHHeH 3neKTpo
MarHHTHOH CTpyKTypbl 4aCTI-1LI /RAep/ 171 B napHbiX K8a3HnOTeHI..IHa
nax 19 1, 8KnaA nepsoro 3<)><)>eKTa 8 c8epxTOHKOe pac~enneHHe ypo8Hfl 
3HeprHH !L-Me30MOneKyn COCTa8nfleT - 0, 05+0, .1%, 8TOporo -0,5% 
/ma6a.5/.HeCMOTPfl Ha ManOCTb 3$<)>eKT08 8HyTpeHHeA CTpyKTYPbl 4ac
TI-11..1,1-1X 8Kn~4eHHe HMeeT npHHI..IHnHanbHOe 3Ha4eHHe,TaK KaK 8 3TOM 
cny4ae onepaTOp CnHH080rO 83aHMOAeHCT8Hfl V spln He HMeeT CHHry-
nflpHOCT~H -o(~) H -1;1-3 / 17/ , . . 

PeaynbTaTbl AaHHOA pa6oTbl MOmHo Hcnonb308aTb Anfl npo8eAeHHfl 
6onee AeTanbHbiX paC4eT08 CKOpOCTeH pe30HaHCHOrO 06pa3o8aHHfl 
dd11- 1-1 dt11 -Me30MOneKyn H KHHeTHKH Me30MOneKynflpHbiX npOI..IeCC08 

B CMeCI-1 I-130TOn08 80AODOAa 1 18 / , 
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Ta6.fluLja 5 >< 

I & ,1N :l! H M M I:'- I:'-
YpOBH~ 3Hepr~~ J v /38/ hfs CTa~~OHapHWX COCTORH~H 

J: rz:lH 0 ~ ~ 0 ~ ~ 
(J = l ,v=l) ddll dtll 

a. 
Me30MOJleKyJl ~ 

<1l 
J: 
0 
::s: ' t-::I 0 

' :l! 

i 1 ':/N (: G';/N fjN . 
<1l 

~ M M 
0 ..., a. }/ G ~ !T 'PepMr1) ( :n .r ( K-n. 4.) 0 rv (t< .n.<hcP.K.) 

1- 0 ~ ~ 0 0 
<1l u 

::s: c 
Ill 

u I -0,0163 -0,016I -0,0159 "0 u I/2 ........ 
:l! <1l "" rS' 1 1 I:'- I:'- a. l: 2 O,OOBI 0,0078 0,0077 

~ 

0 0 1.0 1.0 >. ........ 
I I 1- <1l 

:.: a. I - 0,0163 -O,OI6I -0,0161 
<1l 

>. 1-
3/2 

J: 
a. J: ddll <1l ..., 1- Q) 

i 

2 0,0081 0,0080 0,0079 
::s: ..:r 

u ::I J: rJl 1 1 ~ ~ 0 0 0 
>::S: Q) 

5/2 I 0,008I 0,008I 0,0082 
1-

Q) :s: .c 
J: J: 1:; 
J: Q) 

I 0,044? 0,0445 0,0445 
::s: 

Q) "' l: :::1. 
0 a. :s: 0 ro.., rS" 0 

1- Ill 
2 -0,1440 -O,I425 -0,1424 

L-o 0 0 M 0 M M >. <:t M 
J: 0 
Ill <1l r 0,0413 0,0408 0 , 0407 

L ::S: 
, J: 0 

l: 00 I Ill 
1.0 o , 

2 0,044? 0,0439 0,0439 
0 :::1. r:f 0 Ol ..:r 0 0 -.!) 1- ........ J:-o 

H r--
N cc Q) "11 ::S:"' "" "" J :::.:: dtll 3 -O,I440 -0,1423 -0,1422 

c 
>. • ~ u 

e 1:; 
u ........ 4 0,05I3 0,0502 0,0501 

~ 0 >. rl' m 
~ 

L :.: 0 <f 
~ 0 M I 

<1l 
0 Q) I '- :.: I 0,0446 0,0443 0,0443 

~ J: 1:; 
m 

' :s: Ill 0 
J 2 

::s: l: 
:s: >:S: 2 - O,I440 . -0,1423 -:-0,1424 

1- 0 0 
l: rzl"' ~ 

~ ro m <1l 
:.: (') 

0 I 0 '? I <1l a. I 
Q) Q) 

1:; :::.:: 3 0,05I3 0,05II 0,05II 
6 :£ 

<1l I e 1.0 § M 

~ 
:s: ::s: (I) c.D lB ~- ~ ::I <:t 3 I 0,05I3 0,050? 0,0508 ~ '- J: 1:; 

........ rcS' ~ c.D c.D ~ "" Q) al ... H c.D c.D .... 1- 0 <'l II 
' 0 e 

"' > ::s: c ::s: I 1.0 M M 

~ ~ ~ l: ::s: :.: 
B 3aKJ1~4eH~e aBTOPbl cnaro~apRT c.c.repwTeHHa, n.H.noHOMa-

c...; 
~ lB !:9 0.(') Ill 

~ ~ Q) <1l <1l ~ II 

~ ~ ~ H e 111 a. peaa ~ H . T.To~opoaa aa no~~epmKy ~ noneaHwe o6cym~eH~R, H Ol <Xl :.: c 
II,_, , . H H H 

Q) 0 n . AneKcaH~poaa, A.Kapa~moaa, H.B.nyawH~Ha, T.n.nyawH~Hy, 1:; ::s: c I n . H.CoMOBa, H.$.TpyCKOBy 3a nOMO~b Ha pa3HWX 3Tanax pa60TW 
al >< 

>.:£ (I) a; -- l: :l! Q) :.: :s: ....... +-- ....... N + O.J: :a ~ B. M. t·1yaa$apoaa a a npe~ocTasneH~e ~aHHWX no $0pM¢aKTopaM 
l: J: 

'ic . eM 1 ·$ ........ 0 a. Ill 
~eHTpOHa / lg / . 

-......a; e eM e-ro 0 -~~ i\ • d:r! • d:r! c J: tilu ~ ~ 0 ::s: i . :r!e i :.:1 • • c u c 0 ~ ~e u J5 u 
1- 1-1- l Q) Q) I mHEPATYPA J: gf J J Q) 
u u + I :s: ~ <1l <1l ........ 
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