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I. Bseneane 

Xopomo H3BeCTHO, 'ITO npaaenenae anaaõarmecxoro M8Tona B ~H3HRe 

aTOMHHX GTOARROBeHHH OeHOEaHG Ha ~a6aTnqeCKOM pif,e~eH~ 6UCTpO

ro JJ:BHiKeHHR 3JIeRTpOHoB OT p'e.rr.neHHoro JJ:BIDiteHIDI anep • ~YHJlB.MeHTaJI:b
HyID pOJIb 3~eC:b HrpaeT sa~a'Ia o ~BHiKeHHH 3JIeRTpOHa B nOJIe ~BYX WHItCH

pOBaHHRX KyJIOHOBCRHX ueHTpoB. Pas,UeJIeHHe rrepeMeuHhIx B 3TOR sa,uatIe 

rr03BOJIReT .n:aT:b nOJIHyIü KJIaCCHq;ffK~IO cocroarraã :3JIeltTpOHn H nOCTpOHTl> 

8<filleKTHBHHe a:JIrOpPITMH ee pemenza 2/. OTMeTIIM, 'ClTO noovorpn Ha nas
HOCTn H RaJKY1I\YIOCH npOCTOTY Sa.n:atIM .IU3yx I~eHTpOB, R3ytIeIIHO lUI8JUITH"tIe- . 

CKHX CBOtiCTB ee perrreHufr 6bIJ[O BHIIOJIHeHO JIHllIl> B CaMOe nocnezxee BPeMH/3[ 

B peSYJIbTaTe sanava O Me.rr..7IeHHbIX CTOJIICHOBe,HJX ncnoponononocnoro aTO

Ma c .H.TI;POM nO.JIYtIIDIa acvepmmaoaee peuenae 4 • 
/

IIplI nepexone R aanasaa MesoaToMHof:' (~H31Um H.n;pn ymo nOJtD3.ft CtIW-

TaT:b 6eCKOHetIHO THJKeJIm..rn rIO cpaBHeHHIO c MIOOrrOM, nODTOMy litOJIaT8JIbHO 

BBeCTH HOBbIe a.D:Ma6aTWleCKHe nepeM8HjbI8, c canoro UntlOJID. ytntThlBaIDIUJie 

KOHe"tlHOCTl> Macc .ff.I(ep. B pa60Tax/5,6 6~mo nORu3ruro, QTO D Ka~eOTBe 
Me)J..7IeHHOM nepeaenaoã ~G cnerryer HCrrOJIl>30no.T:r, nOpD111rl JlltrrAttITbin HHBa

pHaHT reasopa 11HepWlli CHCTelVtbI rpex 'tIaCTHIl; (CM. pHC. I): 
2 2 1 2. 2. 2 RQ.1tG= MR + m r = ma.ro. + fia. Ra. =m"rg + ~~ ~, (I) 

ECJIH tIaCTHIJ;a C - MIOOH, a tIaCTilll;I:i a, li 8> - anpa, TO OHOTOMY 'l'pOX tmCTRq 

eCTeCTBeHHO onacunarr, HKo6HeBCKOH napoã R , r 11 OOO'1'nOTOTDyrol11KMll 

rrplme.n:8HHHMH MaCCaMH anep M H MIOOHa m (CM. p:vtc.! ). TorJtn Mo,rr;reH

r~ 
c 

L~
a R b o ba 

(ob) ..c O"(bc)( aC)+b 

PHC.I. KOOp.D:MHaThI íIK06H CHCTeMbI rpex qaCTHU a. , b, C H OOO'1'BO'1'-

CTByIDIItMe UM npaaenetnrue MaCChI: 4 

) ~ ;to - 4 "'A -I tv4 -4 - 4 ( "A M)-
I

M-
( 

Q.	 ~, Ka.. ma. = 'TIa. + IT'C, JAa. = 'T'a.+ c + Il 
- -+. . -f -f -f -oi -4_i

b), r I, , R". mf, = MI, + Mc t IA b = (M b+ Me) + Ma. 

c) 11 '- r: M-
f
= M~1+ Míf 

, m:o: (Ma. + M~r~ M~f, 
HyIO nepevemry» lRG MOJKHO paccaarpasarr, KaK (ranep )pa.ILHYC rrHT11MePJ!0~ 
cq:epH S5 , sa.n:aHHot\: CcfepWlecKIDv1lI yrJIaMII HKo011eBCKIoIX BeRTopOB R 11 

2 

+r	 e,<p 11 19-, ~ (CM. pRc.2) .a TaroK8 .IT,OnOJIllliTeJI:bHhIM yrJIOMdv /6,7/: 

~ R=	 'IM :RG J;; i.n J./z (2 ) 

r = J-m ~G- CO~ fÁ/ 2

,UBH.JKeIIHe na c!Í1epe S 5 cxaraerca 6LICTpm\!1 IIo.JmLJiÍ naõop ooõcrnemrux 
ÇYHRIJ;I1fr 11 ooocrneamzx sHaeremItt yrJIOBot! eraCTH ra".mJInTOHHaHa Tpex erac

TflU rrpn Ka~OM ~llRc~woBaHHoM SHa~eHlln JR G 06p83YCT aJUI80aTHerecRuM Oa

SHC (AB) n Teprvru rHIIepc(l;ep!1:~ecRoÍ1: 3a.IT,a~I:! ,If.Byx r~eHTpOB. Ycpe,ILHeHHe no 

rllIIepc~epllerecRoMY AB rrpllBo,nnT R CllCTe~~e CBH3illI~lX 06bIRHOBeHHhIx .nn~~e

pennaansaux ypaBHeHID1 no Me)J..7IeHHOH nepeuennca :R.G • TaItaJI napaaerpa
saIJ;I1H Y7f..e ne saaacar OT DbI60pa RoltRpeTHot1: ,mWÓH8nclwti napa n rrOSBOJIH

er OIIllCbIBaTl> nponeccu pacceaaaa TMITa (ac) + b~ a.. +(@,C), rrOCROJIb

KY raneppanayc ~ G npa :R<;» 1 ne~exo.ur1T c TO~HOCTnIO no MHOiKllTeJIH .B 

HROOneBCKYIe sexropu Ra. n Rb /8, / (CM. pac .Ia 11 I! ): :l. 

m _ ,r--' R ( ~ mU. ra2.) ,r ( ~ rn ~ r b )
1 JrY\G .... 'fi(;l. a. Rf ~VfibRb ~+2,f1f, Rt .·Z f1a. 

--/; 

Hc.2. BpamaIDlllarrcH CUCTeMa xoopnanar X Yt. aanana aa cc1epRtIecIU1x oprax 
i 

:1 sexropa R= {R 8 <p} • Bercrop r= {r 'L9- ~} sanaa BO spama

i IOmeficH CIICTeMe xoopnmrar X y-r. : yrOJI \f - nOBopOT soxpyr Z , 
OTCQHTl:.lBaeTCH OT OCM X , yrOJI 1J - nOBopOT soxpyr y , OTCtII:!

" II

~'I
1:i TbIBaeTCH OT OCH c ~ OCl> Y nepneannaynapna IIJIOCROCTI:! rpex 

tmCTVIU. 

B HaCTORInefi paõcre B pe3YJI:bTaTe HcnO.7I:bSOBaHIm TOtIHhIX I1HTerpaJIOB 

. mJlcorniJt: rrOJIHOrO MOMeHTa s- , ero npoeKIJ;H11 J Z na OCl> ~ HenO.IU3IDK~ r Itt CMICTeMH KOOp,IJ;ImaT H IlOJIHOi1 "tIeTHOCTM Roi ' rurrepCefepWIeCKyIO sanasy
I 

!
 
11 3
 O'ãtlfit1i?HHLJil KHC11lfYT I 

m!\t.~iYX 5(~C' }J~loBauuiJ; j 
6a1SJl~!CTEHA)}G	 l 

http:HCrrOJIl>30no.T:r


;n;BYX U:8HTpOB ynanocs CBeCTU R CHCT8Me J +I-.nnY1VrepIlliX I{paeBbIX sanas B 

OÓJIaCTll W= {ci, 'lJ-}. TIOt~a3aHO, qTO npa MaJlliX :R G a.,IJ;llaÓaT~FI8crorl.1 Óa3MC 

11 TepMbI rrepeXO,ILHT COOTBeTCTBeIIHO B COÓCTBeHHbIe wymQJ;J1H LI COÓC'l'B8HHble 

3HaqeHlill yroronoã qaCT11 oneparopa JIaIIJIaCa na cq;epe S 5 • B P83YJIbTa're 

HaM;n;eHa aCM~ffiTOTlllta rrOJIHOM BOAHOBOfi ~YHKUllll B TÓqKe TpoMHoro Coy.~,pe
HI1ff JRG~D C ffBHO BhI;n;eJIeHHOM JIoraprr~~lliqeCKOM ocoóeHHocTbID ~oKal rro 

Me;n;JIeHHOfi rrepeMeHHofi 3fG • 01'0 03HaqaeT, qTO r~mepC~epHq8CIUI~ a;n;lla

ÓaTlltIeCKIm õaszc y;n;OBJI8TBop"creT q;H3WIecrorM rpaJIl1tIHhIM YCJIOBHRM 38,I(atIH 

pacceanaa npn 11.c;.« -1 • 10raccI1~nIta.I..J;Hff cOCTOmUrM nmepCcl;epl11I8CKOrO 

AR B rrpe;n;e.rre pa3'b8JU1HeHIlliX aTOMOB '1\G ~> ~ .aaaa B aamax rrpe.n;bl)Jyll.\llX 

paóoTax/8,9/ . TmJ %e ~OKa3aHa COrJIaCOBaHHOCTb AB C WH3RtI8CKKMH rpa

HIlqHhIlVlli YCJIOBIDITl'lli 38,I(aql1 pacceanaa )J.JIJI rrpOIJ;eCCOB Tl1IIa: (ac)+l>~o..+(l>c). 

rrO~qeHHhIe aClltmTOTHY~ rr03BOJUTIQT HCrrOJIb30BaTb 113BeCTllli8 qHCJIeHHhIe 

arrroPHT1lli/Io7 .IJ,.JIH HaXO;I\J1:emm ranepcéepmecnoro AB npa scex 3HaqeHMffX 

'J{G M HCCJIe,nOBaTb ero arm.JIHTHtIeCKlle csoãcrna, B pe3YJThTaTe nO.íIBJIJI

eTCff B03MOX~OCTb a;n;eRBaTHoro orrnC:;HH Me~eHHHX M830aTOMHHX CTOJIl{HO

BeHHM B rrpOÓJIeMe 1nooHHoro KaTaJIM3a II/. 

2. flOCTaROBKa 3a,IJ;aqll 

Pacczorpzx cHcTeJ\,W ;pex KYJIOHOBCKI1X qaCTMIJ; a. , ~ H C C sapa

;n;alVill Za,)Z" M Zc=-I :vI MaccaMH Ma ~ Mb >Me='~ , e c h = Me = ~ , 
R Ó,r.n;eM Ha3hIBaTb qaCTRIJ;H a. M & H,1lJlarvrn:, a qaCTIDJY C -MlOOHOM. YpaB

", , -+ + 
HeHRe Illpe.n;mrrepa B HROÓHeBCKírIX xoopnaaarax R, r (CM. pzc.L) liMee'!' 

CTaH;n;apTHhIll BM;n;: 

H. '\f= E '0/, H=T+ V, T= - I/,(M b.R - ~ m Ll r 
(3) 

-~ M- 4 M--4 -~ ( -~ M = Q. + I t, h1 = ~... Ma. + tv1 t) 
? ~ 

Ey,neM CqMTaT:D, q~O B8.KTOphl ,R li r 38,I(aHll cwepWIeCKliIMll IWMIlOHeHTa
~ l"" 

MH R:: ~ R G) <t> f 11 r -= i r l} ~} (CM. p11c.I,2), rrOCROJIbKY mrpaxenae 

~ rrOTeHu;HaJIbHOfi 3HeprID1: 

,.... z, _ Zk Za. 2' ~ 
V .: - ,r+Da.RI + 

(4 ) I r+~f:,R' R 

~ Il = M~ / ( MCt.+ M~ ') , st =- Ma. / (Ma. + tv1 A) 

4 

3aBlíC11T 01' Mo.nyJIeil BeKTopOB IRI , I ri :vI yraa 19- MeiKJlY HIDVl}1.:vI ae 3a

BI1CliT 01' Op:vIeHTaI..I;H:vI TpeyrOJIbHRI{a Q,bC B rrpOCTpaHCTBe (~I1c.2). Torna 

orrepaTop KHHeTI1qeCKOH 3Heprnu lr rrpeoópa3yeTcH K Bl1AY/
I /: 

""'z ,~~ 2

T= __l ..1-'0 R~Ô _._i .Ll r2.2 + .L-. + (J-il


ZMR;t()R ôR ~mr:Vàr 1}r 2.mr~ 2MR2. 
'""" . - ..,. 

3.n:ecb J - rrOJIHbIlf OPÓRTaJIbHbIí;j: MOMeH'!', ~ - OpdHT8.JlbHhItí MoMeHT MlooHa. 

II~pexo,1J; COrJIaCHO (2) K rl1IIepc~;ep:vItIeCIGI1\.'1 xcopnanaraa {R, Q 1= 
=iR, rÁt9" 'P @ <P } (3.n;eCb:vI rtanee I1H;n;eKC G y ~G dy.rr,eT orrycaarsca) 

rr03BOJIHeT npnnarr. raMIDlbTOHUaHY H ocoóeHHO uSHÍllH1IÜ mI.~: 

1\ 4 ~ ro 5 ô h 
-, =- Z 1t5 'O!R 1?- 7J!R + . (5) 

3.rr,eCb h_yrJIOBM xacrs raMJiJIbTOHMaHa lia C~ epe S5
: 

''''''Z --~ 

h- -i: [_4_ (2M.Yl~ 2. - t~)- J -21 J 1+1.- '/J 
,- 21i~ .4..,z.,(. 'ar/.. ().J.. 4in~J./4 Jt V(~l ) (6) 

..... -4.. 
SaBI1CI1T 01' t]t I{aI{ 01' rrapanerpa. IIOTeHIJ;l1aJIbHM anepraa V=:R V(d.,l}) 

,{M [~ M ~ ~ " , ~}-~ ] )y: - -L Z 1_rlq diz +I.. iff. - etqJ.k,0)1 'V" + to + ZCL7,1:> (7
~no<~ _ f Lm <l f m d P

/1 P-a.Jb
J 

. 

oopastaercn B óeCKOHeqHOCTb B TOqKe TpOI1HOrO coynapeaan 1t =O :vI B TOq

KaX napaux coynaponxâ qaCTlIU;: 

(~C) '1J = ji c1J 01-/2 = 'tQ, VmiM
 

cPC) 'u.::: O 0"Jol./Z = I Yb
4

j {miM'
 

(o..b) 19- € [0,'111 J..:: O.
 
BOJIHOBaH q;YHKIJ;I1ff '4/"' orrpene.neaa B OdJIaCT:Vl {:R, J2 ! = {O:{:R.. <: 00, 

O~ o<. ~ ']'" O~ 'V-~ 11, O~ 'P ~ ~ 11, O ~ (0 {,. '1í, O-s ep ~ 2 u! 
11 ~H CBff3aRHHX COCTOHBJ1M cnCTer~ Tpex.qaCTI1IJ; (Me30MOJIeKYJIH HOPMM

ponana YCJIOBI1eM 

~ 'R2J 'R ~ ~ IllVtR, Q.) /2= 1 (8 ) 

r;n;e 
c;,{ÇL::: dt-J J\f'~tngolf)clep., Jt.J=rrJ~.J~ 

-t -= 1!g (fim M )'~ j{~ ~nl.,( ~ n t1

5 



rB-IIepcq;epRtIeCItI-Ü1 AB Onpe;n;eJI.HeTCH KaK rrO,JIHIlÍ1 Ha60p pememm 38.,I1;atIU 

;n;BYX ueHTpOB na clIJepe S5== S2 : 

h epi. ( S"2 ~ :R ) Ei.('R )crL( r2; R ) , (9 ) 

HOpMHpOBaHHHX YCAOB~eM: 

'*<cpl. I ~. ,>:: fd Q cpL (SL; ~ ) cfd (r2; 1{ ).= '5\i (10) 

raMYWDTOHHaH (6) illM8eT tIUCTO ,JJ;I1CKpeTHHH cneKTp, ero t:~(1l) - C06CT


BeHHble 3HatIeHHH - TepMU 3a;n;atIli ,JJ;BYX·UeHTpOB (9), SaBMCHT OT 1t KaI<
 

OT napaxerpa npa Q;HKCI1pOBarmoM naoope KBaHTOBHX 'II1CeA ~ • .llBHTj{eIDIe
 

Ha llHTHMepHoti cwepe 52 MO~O CtIHTaTD 6HCTpUM no CpaBHeHIDO c ~KeHH


eM na rro.rryocH::R. , caaronaps rrpI1CY'l'CTBlDO B H q;opMaJIDHOrO naparvreT


pa MaJIOCTM miM < 1- 9 KOTOpHM ,JJ,JIJI Me30MOAeIW.lliIPHHX CkICTeM COCTaMR


eT B8AHtII1HY~o,I/7, I. 3TO ;n;aeT B03MOJKHOCTb npe;n;CTaBHTb no~~o BOA


HOBYIO WYHItUI1Kl B Bl1;n;e paanoxeiraa no a,I(Ii!a6aTI-rqeCKOMY 6a3:VICY:
 

V('R,U) z: 1fl Z 1J. (D;:R) Xj (<1<) . (11 ) 

d 
Iloncrauosxa pa3JIOJKeHI1.íI (11) B ypaaaenne (3) li ycpenaenze no rnnepcée-
pn'IecItoMy AB npusonar l\. cnCT8Me OÓbI!<HOB8HHllX .IUITIxÍ'epeHIU1a.JI:óBbIX ypas
Hemm ,lf,.JI.5I pa,UHaJIDRbIX BOJIHOBbIX WyHIt.J::ÇliIfi: 

( d ~	 
2 E - V.) y. == ~ ij.. y. (12 )

\ 
-
d:R,Z 

+ 
Lv l. 4---. (,1 J

J*L. (j 

r,n;e • Vii = W. t., + K.. + 2 Q .. LL L.J LJ lJ d 1{ 

W~	 = 2 Ei. (:R) 4- 4/:R?v 
. t ra~ 3 'à 1 A ~ 

f<lj= <c?l.) - ro~~ - ~ro~ 9i>- r:R). ~d 

-QlJ. - <<f; 1- ::'R Iqr> - ~ ~ ~~' 
MaTplIIJY MOm-rO npencraanrr, B BlI,n;e CY1VI:r'llli CI1Ml'v1eTp:vrtIHOM :vr aHTHClIMKlj 
MeTp~HOH	 MaTpRU 

Kii:: H'd + (jerc Q~') - ~ ~2 ~LJ 

6 

H H	 
~ 

f '() ep~ () <P . 
id = (f~ = Jn 'à~ 'lj!Rd - .~ ~2 ~'d 

k'J' - ~'i = ~ (1'R OiJ), Qlj = - Qj~ 
(I3) 

Tor.n;a MaTp.mJ;a noreanaaaos LJ npaooperaer snao CaMOCOnpmKeHHhIR B~: 

\. I H 4 -2 J 01 QU = VV	 + -"4 1t I + Q dR + d<Jt 

MaTplNR1Ie	 8JIeM8HTH (13) lIMeIOT npocryn CTPYI<TYPY fi CBO)l;HTCH K BhPIHCJIe

HHID MaTplNHUX 8JIeMeHTOB KOMMYTaTopa: 

'à , ] -~ I -.f ,...,

[ 'íJ:R' h = - Z 'R. n., + 1?, V
 

,v 

Q~d z: [~(El-Ed' )J
-4 

<'LI V Ij >	 (I4) 

HLJ· :; LJ' Oij' QdJ. 
Ilpa L=d	 as (14.) CJIe;rryeT reopeva reJffiMaHa-4eHHMaHa: 

<l, f V(i > = ~ i<R E ~ + 2 E L 

3. rHnepoWep~ecKHtt ~6aTffqeC~ 6a3Hc 

YnpOCTKM ranepcçepaxecxyn 3a,na-qy .nByx U8HTpOB (9) c rrOMomDlO TOtI

HI:lX zarerpaxos ,n;Buemm: no.naoro MOMeHTa f 2 , ero TpeTI,eíi npoeznaa 
J'Z aa ocs Z HenO,IJ;BIDKHOH CHCTeMH xocpnaaar H nOJIHOH tIeTHOCTH J1..t 

no OTHOmeHl'IlO K aaaepcza scex Koop,IWHaT. IIap~a.m.HbIii a.Ha.JDt3 B npen
CTaBHeHHH llonHOro N/OMeHTa n03B0Ha9T OT~8HKTI, TpH yr~oBHe rrepeMeHHHe 

cp @ \.{J , onpeneamcnae opaearanan rpeyronsaaxa tIaCTmJ; a.. ~C B He-

nO,IJ;BWlíHOH CHCTeMe xoopztaaar XYZ : 
]' T)' 

cpL ( Q ; 'R) = L ~ m "1 (CP ® ~) cpm': (01. p ".; !R). cs: 
m- O :I 

T~ - ft 
3.n;ec:o 7\) rnn'lJ" - CHMMeTpR30BaHHHe RI: HOp~pOBa.HHH8 1) -<pyH~ -21, 
rn , m T - COÓCTBeHHHe 3HatIemm J z , J"Z aa BP~IIWIDCH ~ II senon

BIDJtHY10 Z OCR" ).=tb(-~JR 6 =±oI - cOÓcTBeHHHe 3RatIeIDIJI oneparopos 

Ptot H PYié -oTpaJKeHRH B n.7IOCKOCTH y~ Bparnamme:f.icH CHCT8Mbl KOOp

7 



.IU!HaT l.f ~ 'Jj - \.{) • Ilepnue Tpll RBaHTOBbIe 'lLaCJIa B Haóope.i onpene.na-
IDTCH 3HaT.IeHIDD'..m {J m J,}. Iloncraaoaxa pa3JIOiXeH:liIR (15) B ypasaeaae 
(9) II -ycpenaeaae no rotrm II03BOJIJIIOT npencrana'rs '(9) B BH.n;e CHCTeMH 

J +1-ypaBHeHIDI .JJ.,J1ff q;y~ {ep~.:. (w; tJt)}-rn=o T npa 6 ==+1 H r 
ypaBHeHHll ;rr.JUI tlJYHKWl:ll { ~~ i. ( LA) ; r:R )1m:d. T np~ d. =-1 B OÓJIaCTH 

W =; { O!:- p( ~ 'TI , o~ 1.9' ~ ·Ti } (anecs II nanee 3HaR é zaorna 
óy.n;eM BHITHCbIBaT:h HBHO): 

hmm-~ CP~--i t. + (h mm - E i.. ) ep~L 4- hmm+.f C:P~ ..H =o, (9') 

r.n;e 

V rot --1hmm = T + + ~ V
 

T ('d
mm
 

4 4 ,2 Ô 1 'Ô n ):---- -. tinJ.-+-- \~l9-'-() 
.2 ~ t ~ n2.o< 7J d. ?J J.,. -1<'nv- ()'l}.1.t . '7r!9

v': = . 4. YYl~ + r( I+i) - 2 m2. 

tnm Z~2.J,;.n}.J.,fi,Y14v- 21{2.M n2J./ 2 

h T r'ct V 1"ot 
rtll1'1:1d :. mm±'1 + 1"I'lrYI±~ 

rct ~:r~ T'T = + JV'Im.±.f 2.- Vrot _ '~mM±1 .1 
rnm:H - ~m~, a ti nr.,Q' mm± ~ -?171 2 . A (m±~) org 19

foi -n .!( n "7Z 'fI V' f.,.n-ii n J../~ \1 

.x !;"'''l = - { i :I- (fi-n~...o} {(J" 111+ i ) (T-lI1 \ }Y2 

~"J";",_j = _ ~1 +({i-i)~mj H(T-\11+i)(T+m)}~ 
KYJIOHOBCKaFI IIOTeHlumJI!>~aH 8HeprHE V onpcne.naerca BbIp8.1KeHUeM (7). 

..) ?\T). i'f")--O \11"- vr-
ITpH~ =-1: = O , n08ToMY """"O1.2 H 0 = 010 = O , r , e , BN O rYI 01 
3TOM c.rryqae ypaEH"tIrne C l:IH.n;eKCOM n1 =O OTCYTCTByeT. Penrenna c?*'i. 
HOpMHpOBaHH YC~OBHeM 

r f ~ d,L .J w cpm L (W; CJ{) cpO'1j' [i»; 'R..) = etLj . (Ia' ) 
m=(4-~)/2 ' fJ et. 

ClICTeMy ypaBHeHl:Ill (9') ;rr.JIH nexrcpoa-pemeaaâ <f>i, =. t <Pmi. (W;:R)]m-4-t,T 
CXeMaTl:IT.IHO MOERO rrpe.n;CTaBRT:h B MaTpH~HOM BH~e: ~ 

A 'Pc.' (tV; ~) E l ('Jl.) cfi- (w; :R),;= (9' ) 

8 

r.n:e 

(0\0 ). o/i (I )h = = El. (:R)= Et" (). ) I . 

3.n:ec:h I - e,JI,ImUT.IHaH MaTpIllJ;a paaaepnocrr,»: (j+ .iJx(I+ () rrpz ~ =+1 H 

yx T rrpz ~ =-1; h- -caTI'10COnpHli\eHHHfi oneparop B npocrpaacrae L~ (W) 

co CK3wlHPHHM rrpoli3Be.n;eHHeM 

(ep~ <=Pj ) == ~li (10' ) 

HMee'r T.I}WTO JJ;}wKpeTHlIfi cnercrp E i.(~). JIM petneana 3a.n;aT.IH aa COÓCT

BeHHbIe 3,aT.IeID~H (9') MO~O HCnOJI!>30BaTb 8~~eKTHBHHe T.IHCJIeHHbIe anro
I O PHTMH/ , opaearaponaasue na peurenne MHoroMepm>!X xpaenux sanaa, 

)!pyrott cnocoo penrerraa 8TOM rrpOÓJIeMhI COCTowr B CBe.n;eHHH (9') K 

ÓecKoHe~Hofi Cl:ICTeMe oÓbIKHOBeHH1rX .n;H~epeHUHa.JIbH1IX ypanaemrü no nepe

MBHHOfi J.. • Pemenae (9') lImeM B snne pa3JIOJimHHil no HOpMHpOBaHHL1M 

rrpHcoe.n;HHeHHhIM rrOJIHHOMaM Aew.aH~~ 

<f""Jw;'.R) = tm P;'(CM1J.) cfemJoe:;'R.), (16) 

Iloztcraaoaxa (16) :vI (9') .VI ycpcnnenae no :te'1Y/ 
npasonar K ÓeCKOHeT.IHoÍ-i 

CHCTeMe oÓhIKHoBeHHbIx .IJ:HçJxIJepeID..UIaJI:hHhIX ypaBHeHMH ;rr.JI5I K08'flfIDJ;lleHTOB 

c:ftmi.(af;:Jl.) no rrepeneaaoã o( (o~oi.~1i): 

hem~effl-I ~m-1i. + (hem, em- Ei )1emL+hem"thl+f1tm+-li=(9") 

=- 1?-1 ~ ~m, t'm cfe1mi 
r.n;e t=')n " 

h =--' [-.L 1.. i-t'tl~ ~ _ t/!+f) _ J(I+f)-zm~tle-f/LJ 
ftn,tm í!/1?p. .kJ1t,;.?J(Á t'dol Cbi~/,e ,J1.'n1.g(/l J 

j~ 

~ ! m t m:É.{ == J rn m;t .( <t mJ ~:+- / lm± { >
 
- ~, 7(Jl,4<'n~.i/z , .Ih
 

<t»1/~-/ttn:J:1> = {(!:tm+.f)(f=Fm)j . 
+ 

UaTpH'qHHe qJIeMeHTlI KYJIOHOBCKOí1: rrOTBH1.U'IaJI!>HOM saeprna V paBHH: 

Y. !-..7., VM ~Ie' L { (vp)< ' d(j<l./~ <' j (1'1 VmA-1 }= - H7) 
tm,lm ~rJo(/2 P:Q>! l (Vf'» , dJ 4.2 >1(\'1'1 WM 
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') z ~, )1. 11 

f(Y: =, r. L (\[ê 1- cf.qcJjz 5 " r < Xp JhnO</z e"-o m K (J er 
- f/I (18) 

(V:) = Zp vm 2 (./rri tr t,r'.jz) e,:.
f > C<J1rA/2 e==o Y"M tf' 

r % em Po r (-4),~?=o-}
Bt, = H2f~ l ~(?.e +J)} Ce'I'I']e'o Ce'oe'o L 1 , f' =t . 

OTMeTMM, qTO BHnO~HeHHHn HWAM nepexo~ BO BpamaromyroCH cnCTeMy ROOp~
HaT xy~ npMBe~ R cy~ecTBeHHOMy yrrpo~eHMID MaTpllqHHX .3~eM~HTOB no

TeHnH~HOfi 3HeprMH (18), no CpaBHeHmO c H3BeCT~~ BHp~eHMeM B H8no~
BmKHoi1: cacrexe xcopnaaar Xy Z . B car.aOM ~eJIe, nupaxeaae (18) conep
JKHT JIHIlI:b npOE:3Be~eHMe MYX R03<W?HW1eHTOB Kneõnra-I'opnaaa , rorna RaK B 

061l'tlHOM noztxorte ,n;onO~ImTeJThHO npl1cYTcTByeT euie H 6-J Cl1MBO~. IIpE: 
qMC~eHHOfi peanH3aUHH Heo6xo~MO OrpaflKqHTbCH ROH8qHHM qI1C~OM ~eHOB 

RaR B (16), TaR 11 B (18). TaRHM o6pa30M, O,Il;HOMep.Hblli' no.axon ae n03BO

AHeT Hcc~e,n;OBaTb aHaAHTM'tleCKMe CBOnCTBa rHITep~epH'IeCROrO AR 6a3Hca, 

H, CJIe,n;OBaTeJThHO, nO~qaTb Ha,n;e~e qMC~eHH1le pe3Y~bTaTH. O,Il;HaRO OH 

ORa3HBaeTCH nO~e3H1lM npH MCCJIe,n;OBaHl1H aCHMTITOTH'IeCKMX CBOHCTB perneflHi 

rHITepCwepM'tleCROrO AR B c.nyqae j'{ -+ O. 

4. KJIaccwpHRarnrn COCTOHHRH npn 1t -+ O 

Ilpa 1t ~ O MR: aasana MOY.\HO orpaaaxarscn paccaorpenaex nenrpo
6eEHon (JIeBoi1:) 'tlaCTH ypaBHeHHH (9"), nOCKOJIbRy'oaa CTaHOBMTCH Be~
men ..... !k-~ no cpaaaenmo c n'OTeH!Ui8..7IbHOll (npasoã) 'tlaCTbIO, HMer<:Jmeít no
PMOK,,1t- i 

{_4_ rr; ~2d. ô _ ete+..f) + 2 E<R~} <P 
7.. 1si.n~g( ÔO< ?lo< (A)Ji~/í'.. t. tmi. (J.) ,

m·H ~ ...,. 2. I
 

<c: em J (J- i) J i,t m >~ I. / ri.) =o(19 ) L c ~ J / emt. \,' ,
rn': m-1 /T\-t1 "'IR. 

PemeIme CHCTeMH ypaBHemri1: (19) no m =O, ••• J HIT(eM B BR,I(e 

. ~ t."J6 ':K 
cf:>emi (~) L Gm L l'L e (0<.), L =I J - eI, ..., J... eli (20) 

L 

eJ~ e+m ~+6(_~l-e-L LO 

Gm L = (-1) 2.(1+~mo) CemJ- m 

- KoácI:q'MIU1eHTH oproronansnoro npeoõpaaoaaana 1JeHra.-4?aHo/13<Iloncra-
HOBI<a (20) c yqeTOM panencrna T+ t 

~t ....,. -+ ~", I "\ GeJ b. ) GeT~ 
<iem[CJ-i,) ILtm)= L m L L(L+1 mil


11 L=lr-el
 
H 3aMeHH d. Ha.2 f6 npMBo~T (19) K ypaBH8HHID craanaprnoro BH

na ,If,JUI nllIepc<pep~ecKI1x rapMoHHR na cwepe S5 no nepeaenaoâ $3- rJ../2 
( O~ f> ~ :Ir/e) /14/ 

j ,1 'Ô ,~nz un2 l _ .L(L+~) _ e{ f+1).+ZE. ~};(~ )=0 
{ ~ 11

2f'Cit1~f' ô" f' f' íJJ3 ~ 11
2f' CC1

2f> ' Lt ~2Il' 
Co6CTBeHHHe 3HaqeHMH 3Toro ypaBHeHRff 

2 Ei,1t2 
= '''.J((J(,+L,) 

(22 ) 

onpeneaanrca nmepMo~eHTOM r::K.: zk + L+ f ,a co6CTBeHHHe lf?YHKu;MH 

BHpa%aIDTCH ~epe3 rrOJI.HHOMH ~06H 

rh'X, ':K L e (L+ Vz, e+ J\/~)
'tlf (2p) = /VLe (ÁLn f') (~r) Pk (2(6), 

. .N']( = 2"I. I (2 k+ L..t .. :1.) k! (k+ L.. e.. ~)! {il 
(23) 

Lf L r(k+ L+ 3/2) r( k+ e+3/2) J 
c ~eJIHM (0,1... ) HH,IJ;eICCOM k = (J('- L-e. )/ 2 ,ROTOpI:rlí onpeneaaer 
'tlHCJIO HYJIeH cpJ no nepexeaaoâ f . TaKMrJI o6pa30M, COCTOmmfl. ~ 

rHITepcg;epH'IecKofi sanaxa .n;ByJC UeHTpOB npa 1? ~ O XapaRTep.K3YIOTCJ:{ TaR

xe rmrepMOMeHTOM ~ : t = f J m J 6 1<} ,IWTOpI:tl1 <1llKcMpyeT saaxe
nae ueHTpo6eJKHOH 3HeprID! E i. = X ('1(,.+4)/ l ~2.. B OTCYTCTmI,e B3aHMo

,n;eHCTBl1H qaCTllU Op6HTaJIbHHe MOMeHTU MIDOHa M nnep l H L HBJIRIDTCH ' 

XOpOIIIHMH RBaHTOBHrAM ~llCJI~f M no HKM eCT:b BHpo~~.eHHe npH WRRCHPOBaH-' 
HOM saaxenaa 1{ . tj( 

1
OTMeTHM, 'tlTO nOJIH3.H qeTHOCT:b À =(-1) ,npH'tleM ,If,JUI COCTO.mmíi 

c 6 =+1: 

,':1<. = J + '2. 5 me S - O ./ (23'),...... , 'I, ,:.,f) ••• 

11 RpaTHOCTb BUpOJK,IJ;eHHH no f II L pasaa: (s + -t ) (J+ 1).
~ r~e ~ COCTOHHllll c ~ =-1: 
I 
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'j{= I+Zs+~	 (23 ,,) 

lf ]{paTHOCTb BhJpmK,IJ;eHlIH panaa: (S +- 1) J .
 
Ilpn DKJIIOtIeHHII D3éliThlo,n:eilcTI3HJ1 BLIp0jJ(,I\eHlfe CHllMaeTCH H npaaam.aue cI:ymw;vill
 

HYJIeBOrO rrpVI6JIHft.(eHlfH rro neperleHHOÍ1 cI. Heo6xo,n:ID,1O HCK3.Tb B BI1,n:e JII1Heíí

HOM KüM6HHal4llli 
J+e, N/ 

ep(O) ""Ç""" L eT6 A-.. J\. 

emi (~)::: L bLi Gm L 'i" Le (.1.). (24) 

L L=fJ-e I 
Ko 9lf~lfILlleHThI ~ L e orrpe,n:eJIRIDTCH O,n:HOBpeMeHHO c rrepBOM rrorrpaBKOH 

Ec~ R aaeprna 
') . )/ 2 (-#)/ (2) 

L 

EJ:A = '1( ('1(+4 Z1{ + E i, :K 4- E i. +... 

VI3 ceKYJIHPHoro ypaBHeHIIJ1 

J+5 J+e', ., I (.1) ,í
L L 1<J~ 'J{Le IVIJb~' Le >-Ei, ~e'~LJg[l'= o, 25 

e~ -12:6 L'''' rr-e'l ( ) 

rne :r " 
t :«. "'). H6 VI< LL GeJ6 

<]"6)( Le/V I~6 J{ L e):: ~o Gm L en1.t'm tnL' 
I 'lI 

1 [XLI.: f 
vlm,e'm :: 

o 

3,n:ecL S onpertenerro 

':K m'1C (26)
do< ~ Ln 2.,( cpLe (01:) 11; m, ~'171 (o<:) T r e'(~J 

COrJIaCHü	 (23), a cocroaaaa xapanrepaayiorca Te

neps ffaóopoM RBaHTOBhlX tInCM (~~ = {Tm·)"'b"J<-Yf, r,n:e 3Ha'IeHliIH Y HYMe

pyroT B nopamce B03paCTaHHJ1 E i. -KOPHH ceRYJIHPHoro ypaBHeHHH npa <lJHK

capcsamrux jh1J1~ 1( . üTMeTHM, tITO ,IJ;JI.l1 TOJlQJ;eCTBeHHI1X anep B03HH

xaer ,n:orrOJIHHTeJIbHaH Cm.1MeTpIlH rm.IIDIbTOHHaHa h OTHOCHTeJI:bHO HHBep

CHH ROOp,n:HHaT MIOOHa 1].\ : 1)1...,.. 11- ~ 1.jJ.~ 1/+11 . IIplf 9TOM pa3Mep: 
HOCTb ceKYJIHpHOrO ypaaneann rrOHIDmeTCH aa C'IeT O'l',n:eJIeHI1:.l1 COCTommH 

c tIeTHIDffi (~) lf HetIeTHIlMII (,'lA ) 3Haqeijv!.l1Ml1 0PÓlfT8JIbHOrO MOMeHTa ~lIOO

sa 2 ,T.e. CBH3b MeR;IJY i/L t lf &~l±~ OTCYTCTByeT. IToMe pemeaaa 

CeKYJI.ffPHoro ypasnenaa (25) npanansmre WYHKILlIlf HYJIeBOrO rrplfÓJII1JKeHlIH 
,n:BYMepHoH 3a,n:aQH 

(O)cpmi- (W) 

(9') TaKE(e rrOJIHOCTbIO orrpe,n:eJIeHIl:
 
J+5 J+f ,

"'Ç"" ") m I. t 16 'X 

= L L Te (C01~) b G c?le(O<). (I6)u m L
 
f= 1-6 L=Jr-tl
 

2.. 
Hat!:,n:eHHhle 3HaQeHIDI TepMOBlI BOJIHOBHX !lJYlIKltIDl npz 1{,<.< -1 rr03BOJIHIOT 

rrpo;n:OJIllillTb tIHCJIeHHOe llHTerpllpOBaJUIe .JJ:BYMepHoJ1: aanaxa (9') B OÓJIaCTH 

12 

· :,•
• >..

W npn ncex HeOÓXO,n:IDllhlX 31t'IeHIDIX raneppannyca JL , HCrrOJIb3Y!1 H3

BeCTHIle QHCJIeHIrue aJIrOpHTM1l 01. 
PaCCMOTpHM Terrepb ClfCTeMY ypaBHeHHll (13) BÓJIVI3lf TOtIKlf TpoHHoro!i:I coynapenaa J?. - O : 

IJ u;. +	 2E - Wi + 4~' - Kii]Y; -ti {K~· +4Qi/~IJ;=~;7)
il 

'" 1/. -2 ~ .(	 3,n:ecb Ki.1 == Kij ~ "Y4!R diJ. Qi;' - peryJIHPHhle B HYJIe MaT

pHtIHhle 9JIeMeHThI ~I4), a V~ :r 'r./t~ +- ZEt)1r '+ :2 Et·~ ..., 
rne W:cJ

:: X(:K+4)+ 4 =('Y{+'l..)2 • Peneane (27) IDI(eM B BH,1l;e 

X' (:1l):: L.. , ;R X o + 5/R. ~" (fl)
(I (.0 11.0 -Z' (28) 

rr03BOJIHIOI!leM Bhl,n:eJIl1Tb Be,IJy!J1YJü ococeuaccrs ",.ít : 
J d 2 

+ o E _\.1. + L + ('Xo+- 5/z)(J(,,+3j).) } F,7.. d!fL~ N W L -4:R." !Jl),	 1.1.0 

-Z [Kii +Z(J(0+5h)~ 
d 

'u8JIee, CJIe,n:yíI B.A.~oKY/7 I, 
(t) t

F.
ÓLo 

= L t : 1L 
t.=D Jl.o 

(29 ) 

+ Z [-(J{o+5/Z)-M!- + Q~J~JF;i.o= Q 

.llil(6M pememre 

",,>""Ç 
+ L L 

t=2. 5 ...., 

CHCTeMhl ypaBHeIDlli (29): 

(t, S)· t )'5'.
F.. 1{ (tn'R (30)
d1.0 • 

ITepBhJe tIJIeHhl pa3JIO~HHíI orrpe,n:e~CíI COOTHowe~1: 

F ~O) 
F~i~ = E(:) / (J<o + 5/t;.)ÓL.o == ~J Lo , 
~~ ~	 . (31 ) 

[ 2(')(0+:G)+ { J Qiio (O)F~(~ =
 
dL.o (~~+ 3)z_ (J{j +?v)~
 

F,(,2) _ _ BjLo 
dLo 

( :Ko + 4/'- (~. -+ zf 

Bj io = 4 {[ Z(Xo+Z)+.3 J QÜ'(O) + 2Ejl~dJ ~.~~~ + 
J 

+ [2.('Xo+2)+~]j1i-QJ'i)0) + Kjio(D)- (2E-ZEr»)~i.o' 
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TIOCKO~nKy COCTORHliR c tI8THllMTI li HeqeTHill.m ~o se CBRsaHH Me~ C060M, 

Bc~e.uCTBJ!Ie coxpaneaaa rrOJIHOM "tIeTHOCTJ!I À = (-i!Xj , RÜ3<í4)J!IIJ;J!IelIThI ~t) 
perynaprra, a SHaMeHaTe~n K03g;qmu;aeHToB Fj(t~ oõpamaerca B Hy~n rrpn 

'Xj = 1ío '" Z • II03TOMy TaK11e K03@::vIIJ;J!IeHThl HeoCíxo;rJ,VIMo C'lliTa'l'n pansu

MR HYJID: 

F
( 2 )


iio :: O npa i € i~' =:x;, + 2}
 
I1 BMeOTO HJ!IX BBO,UJ!ITb K03~0y~eHTu 

F(Z,«) _ [ ~'io ] 

,fio - 2(~"'4) j€o ~ ~.= /(o+~J. 
TIoc~e~e q~eHH pa3~O~eHRH (30) T~e MOryT 6UTn BHqJ!IC~eHH. 

TaKHM o6pa30M, perneHRH CJ!IOTeMH ypaBHeHHH (27) no Me~eHHofi nepe

MeHHo~ 1t2~)oo.uepmaT HeTpJ!IBHannHyID ~orap~~ecKYID ~aCTn, HaqJ!IHaR c 

q~eHa Fj~; '1l,:li t:n.Jl. npa j é {Y(.' =~.,. 2o}, rorrta KaK )J)LII anaaca
TJ!I~eCKOro 6a3Hoa J!I TepMOB sa.uaqJ!I (~,) JlIMeIDT MeCTO CTaH.uapTHHe CTe

neanae pa3~OJKeHl'l:R no !!lo 

5. K.rraooJlItrID{a.u;IDI COCTORHI1Í! rrpa !R---- 00 

ITpa R, ~ co H~~me ,UByx npRTRI'HBa.IOl1tJIIX IIOTeHIJ;H8.7IOB B h IIpJlIBO

J(HT K TOMY, qTO pemeaaa (9) ~OKa..7IR30BaHH B6Jm3.JII sapanoa Za. .JII Z" 
npa r/R ~ la , 'U=ff H rIR. R" IK',,!, l)=O- J!I rrepexcnar B BOJIHO

BHe ~YHKUKJII paS$e~HeHHHX aTaMOB. BTo.o3HaQaeT, QTO IIO~ BO~OBaR 

<PYHRIJ;HJI pa36RBae'I'OR na ,UBe KOMIIOHeHTbl, OTBeqaIDIIUie RaHaJIaM a..'" !., c 
}'I ac + A 

· 0/(f?, Sl)	 = 7fía. (n,.52) ... 0/& (R, Sl), rrr: ) 
r.n;e 

'Ifp(Jl.Q)= :fl-1Z- 4jp(S2;!R)X)I'(1i). f=a.&. 
d 

MaTpRqHHe a~eMeHTH ~'(~)Me~ OOOTaRHKffME pa3BHX pa3~~eHBHx 
aTOMOB B aTaM npe.ue~e~RCnOHeHIJ;H~OManH,H B CRCTeMe ypaBHeHRH (12) 
panzazsaae q,'YHRIJ;HH ne CBR3aHhl oXja	 JJ'I., : 

2"f- [:)ij (k~ +Z E) - Vip•jp} X;p = O, ,=a.l,. (I2' ) 

Hmte ~ nplIBO,UHM aCI1lWITOTmtY pemeRd B KaH8.7Ie a ... ~ c, 
onYCRaH Boe upOMe~TOqHHe B~a;utH, oo.n;ep~eCJI ~ HamRX-paCíoTax/S,9/ . 
faMMXETORBaR, TepMH JII perneHRH rKITepc~epKtIeOKO~ 3a.n;atIR (9') pa3~ramT

14 

CR B PR.u no 06paTH'blM CTeneU.fIM Ji . Ilpn Jl.... 00 HMeeM ralvrn:~nTOHllaH, 
aaeprzn H BO~HOBH:e cIJyr-mU,Ull aozroponononoõnoro aTOMa 8c (eM. pJlIc.I ). 

E~R rrocTpoeHHR ltuaCCJII~HI{m~M COCTORHH~, T.e. rrpaBRnnHhIX ~YHKIJ;fffi HY~e

Boro rrpMCí~H/KeHJ!IR, seocxomoso Y'IeCTn B pa3~OJ;mmII1 rm1.H~TOm1aHa (9') 
t?> -,2 

q~eHhI "'" JL	 , xoropse CHMMaJOT RY~OHOBCKoe supoxneaae B c.noe rrapa6o

~J!IlIeCIlliX COCTORmrtt f n, n2, m> c IÍJr-IRCI1:pOBD.HH1IM rJIaBHm..'l KBaHTOBbIM tII'IC~OM 

n =n, +- n,2 ... m ... .( • 3IVHBarreHTHbri1" oneparop , cooTBeTCTByIOmIDi: B03My1Ile

HIDO '" :R-~, I'IMeeT BJ!I.n;/9 : 

Ât = s: {- 3.!!... )i6 Q~A + ~ [Z_ (.in2+ L, )+ (j~2ej) 1(32)
2jAt Z& mA cf· ;! Z Z	 J ' 

r.ue WtHOIKJIITem 3g =Za.(Mg~Zt)/(Mg +1) B03ImlmeT sa CtIeT 

OT,ne~eHJ!IR .uBHIKeHIUI I.I:eHTpa Macc aTOMa Lc ,OH panen Za.. npa Zi> = f, 
,)-fI> = Ma (M/'+1)/{Ma + Mf,+1) - npnsenenaaa ivmcca aTOMa 6c 11 R.,!l;

pa a, mf:, =Mf, /(/11&",1)- npasenemraa Macca MlOOHa B aTOMe 6c , Al 

npcexrraa na OCn i! sexropa PYHre-JIeHIJ,a 

Ã=_f_ [i. ( p)( e- r, h) _ Z" r6 } 
~2E~ 2 r ~ • 

E 
(o) 2 ,6 a, ..... -li> 

l6=-Zgm&/2.n - 8HeprwiI,p - m.mYJInC, e- 0pÓllT8.7InHhll1: MOMeHT 

M100Ha B aTOMe gC ,e=1; = Me = 1. Ilpanansnue êf:yr-fKIJ;J!II1 

HY~eBoro rrp11Cí~IDKeHJ!IR (9') B npencraroreaan noxrroro r/lOMeHTa J MO/KHO 

Bypa3J!ITn ~HefiHoí1: KOMÓnHaw!eH 
n-rn-« 

~ ~) ~ i~ 
(33)1J!;,i..t (w):::	 L an2.m tfn1n;.m 0, y)
 

n2.Uo
 
ICY~OHOBClrnx napaõo.mrsecxax q;YHRIJ;ID1: c.fn h~m (;I, )I), )-I:: (6 + 'Z,

f 

";= r" -1 BO BpamaIOIUet1:CJI CI1CTeMe xcopnmrar (pHc.2). Ko8<fxI:llIJ;VleUTbI 

_a~Am HaXO)J;RTCíI MS pemenas cexy.napnoro ypaBHeHI1R ~ oneparopa
A &.,~: . 
mi.nO; n-{) h-tn-f n.. (~) °A 
~' L. «n,n;t.mJm.,J,j.!l1, In;n~h7'JmjG>- E, ~ n' 5 n!l ai., T OomI I L'	 (..O ~:t 0 oim m ..O h,.=O	 ~ (34)o 

3.uecL COCTORHHR xaparcrepasyiorcx naoopoa KBaHTOBbIX q.t:!ce~ i 1>: ) 
i. = fI rnJ <6 n 'fJ ' r'ne Cf- HY1VlepyeT B nopanxe BospaCTaHMR KOpHM Ett 

CeItYJIR})Horo ypaBHeHAA (34) npa Q;HKcHpoBaHHoM TmjeS n • IIpM :J.:;:.n - ., 
tIUC~O KopHeí1: (34) paBHO n Z ,TIpl1tIeM n(n+1)/Z UMeIDT no~HYID qeT-

HOCTL.À.:: +(_I)J , a n(n-1)/2 -,Ã = - (-1)j . H3 HHX TO~nKO 
t1 (n .H){Z FIe COBrra.u2JOT JI:Pyr c npyrou, rrocKO.lJ:nKY COCTOJIHJ!IR c npo

TI1BOrrOJIOIKHOfi qeTHOCTnIO BI:rp~j\eHbI. Pem8.5I ceKYJIíIPHoe ypaBHeHue (34)
l(rtprrvep rrpanenen B pa60Te ), rrOJTY'tfaeM BbIpaIKeHI1e .IJ,.7IíI TepMa c TOtI-

HOCTnID O~-3): 

15 

I• 

i! 



r
 

Eit (Jl) = EiZ)"' Z(L (Zr j ) (:Jê/r;;S + E~~ (R!Yji" f (3'5) 

PaccMoTp~F r enepr, acm.'!IlTOTH:!·W pa,II;H8JIóHbTX Q;YIIKIJ;Hll Xd' b (jl) C TOtI

HOCTbro 0(% ) , ,TI,JIH 'JT5FQ TI CHC'l'eMe ypaBHeHI'rí1: (12') ,I(OCTaTOQHO or
av:« 

paHMqHTbCH q~eHa~m .~Jt : 

f d2 
} f' 2,	 "Ç" 0(0) J X )

7.. J1t~ + Z E - lh~><t . i ~ = 'R fri- .i./"4/' J'R j t ('.R. , (12") 

r,I(e 
(o) -2

VU.).t = W~~ + ki-b 1t , 1ib 

I ~ I E - Z (o) ') - i 
VVi.JJ = 2 i.b + 4:R ::: 2., EL~ + 2 Za,(Z6-i Y)t,St + 

(9..) _ Q. 

+ ( 2J{{,E '. + J.,)~
(o) l b J 

1/	 ~L ~~ . A, I · 6 

Q

r-, ~t ~ t;: ..(Lbi - }z e + yZ n L b >,
 
( O) ~1. ( E (o) E (O») . '. , I ~ J ' I >

i.~,d~= 12 fY11, u : dl. <to r~ Jb . 

HBHoe mrpaRernre .rr.JT.H 1Jib.L~ c ToqIiOCT!>IO oC:Ir)rrOJIY'tIaeM, !!errOJI!>3YH 

clopf\'IY~ (32) )J,JIH 8RmmarrerrTHoro orreparopa A t : 

() .rr: 1 -Q.U~ti.t = 2, EL~ + 2 2 ct ( Zb- 1) Vj1 A'R- + A l b 1t . 

3,I(ec!> ,Ai ~ - COÓCTBeHHoe anaxeaae 3RBIIBalIeHTHOro orreparopa: 

n 'uI, Á -+ ~ ~ (36 ) A t = - 5	 Z! + (J - e. )Z b Jm b ~ ~ 
rrpHÓJm7.teHHOrO aarerpana .IJ:BI1;::emI.ff, B03lUIKaIOrnerO B aana-re paccen}!i 

3ap.FDKeHHo:t1 qaCTHr.ni (a) na aTOMe (bc) B .ILImO~!>HOM rrp:w:)Jll1JKeHMJ1 5. 
B cnyxae Za.= ZI, =,1 , riaIIÓOJIee B8.iKHOM MH 3a,I(aQ Me30aTOT-.mOTI 'ÍFI3H

KH, aCillJITITOTI1Ra pememn':\ CnCTe!\'lH ypaBHeH!m (12") B 04jI\.PbITOM RaHaJIe 

i. b= J Jrn j 6 I1lf > c 11imY~!>COM k l.~ ::= i 2 (E - E/t'»} >0 JIMeeT mr.u: 

1:. I ~ B, 4r' n. J k. ~ (1- ,m! <i.k , r ~ li- h>-, AiL ) + ~'J 
L b l l {li ~:R2. ,2 ki/)1t.2. to, 

v <' I 2, h>	 (37).s. I .R- - Q. rnt i. n I r-b Id ik 0.A. ~ ]1 
'jt>.. J..>l	 CQ1 'l-.K - + o . 
(J	 2-R 'zki.bj{. L, 

nne ~ i. - t1a3a paccemm.rr, D. B
L
- rWpMJ1pOBOQl:rhlf1: HHOlKHTeJI!>. ACYV~TOTHRa 

BOJIHOBO'tí Q'YHRLU1H (11') 'I\.A.mUIe a.. + ~ C. C TOqHOCT!>IO O(ar ) npn 
ki. t rt« 1t paBHa!9: 

~,,(:R,fl) = 1f/~)(n )~b (!R) +	 ~ '4r;~O)(12)Xil, (R)~ 
j:/:i. do o 

(o)	 .t A. (38) 

~ '0//.'1, (~l&)Ain 1 k,,(11.- mbr~)_:_i_t +$'}B."
l lb 2:R.. Zkil/R i. L ~ 

" 'I "r lO
) ' ) { kf'w A .~ ~ J

'\: ii.b(n,~ ~n.. i.t R" - 2:: + di Bi. 
K~b RI> _.f 

TaliliM oopasoa, yqeT cnaooã KHHeMaT:vIqeCKoti' CB5I3U 1t. oju:R. B rrpa-
BOM qaCTJ'! (12") rrpnBO)J;HT I\. BOCCTaHOBJIeHP.:ro, MO.ny.JI.rr mWófleBCIwro Bel\. 

Topa @R!Jrt(1?- rnt.r~'>./'2.:k) , CM. (I), H mWÓJl(eBCKOro l1lVmY,JII:>Ca 

k~l. = \fjib ki.t B aCmmITOTrme RorvrrroHeHTlI V" rrO.JIHOn BO~HOBOM epYHKLum 

(11') rrpH ~OJI!>rnMx, HO KOHeqHHX jt . 3TO 03HaqaeT, qTO aCMMITTOTURa 

penerraã -Xib (11..) a,n:l1aÓaTHqeCKOif CUCTeMbI ypaBHeHHÍ1: (12) corcraconana c 

wrr3FIqeC~ rpaH:rrq~m YC.JIOBUHMH (38) 3a.n:aqM pacceHHMH B RaHaJIe 

.. a.. + bc . OQ8BI1:,I(HO, qTO B I\.aHaJIe ac + ~ ~:n3IifqecI\.Ue rpanmaue YCJIO

BFIH TaR~e Y.IJ:o~eTBOpHIDTCH, rrOCKO.JI!>KY H B 8TOM c~qae rlmepCwepnqeCRHe 

nepeaemrae (2) nepexonsr B cooTBeTcTBYIOmyro mW6I18BcRyro rrapy ~~, f(l. • 

3ar\.JIIOqeHUe 

B03MOmBOCT!> TOqHOÜ rr ,I(OCTaTOqHO TIpOCTO~ rrOCTaHOBKM ~M3MqeCKHX 

rpaHHqHllX YC~OBI1:M B rrrrrepc0epRtIeCROM a.rr,aóaTMqeCROM óa3uce (9) CBH3a

Ha c TeM, qTO B OT~He OT CTaH,n:apTHoro 2~ B HeM c croAorO_Haqa.rra yqM

THBaeTCH ROHeqHOCTb Mace H.I(epDL U g • 3TO rrpHBo.rr~T R TO~~, qTO rrprr 

perneHI'IM ROHKpeTHHX 3a,I(aq pacceHHHH HeoóXOW~fO Bb~MC~HT!> Tep~~ M BO~

HOBbIe ~YHI\.I];UM rHIIepC~ep!1qeCKO~ 3a,I(aqI1: JJJ3YX nenrpcn (9) ,IT.JIH RaJK,I(Oro 

aaoopa Macc Ma. M Mg • B HaCTOHI.f'(ee BpeMH Ta.KM B03MOJKHOCT!> rrOHBU

nacs , oaaronapa paspaõorxe 8~~eRTíBHhlX qnC.JIeHRbIX aJIrOpHTMOB peueana 
MHorOMeprrnx CrreRTpaJI!>HHX 3a,n:a q7IO • rI>a3~ ~ L al''I1IIJlI1:TY,I!;bI BL ' rro

.rryqeHHHe H3 qHC~eHHoro pemeana a.m-IaÓa'fnqeCIWM cncreau (12) c aCIDMI

TOTHqeCKHMFI YC~OBUHMH (12'), (37) MOJKHO ucrrO~b30BaT!> »~ BHqUC~eHHH 

CeqeHI'IM HU3Ko8HepreTHqeCKHX rrpoueccoB pacceHHuH B CMCTeMe Tpex qaCTFIUQ 

CooTBeTCTBYIDllU1:e BbIP~eHRH ~ aMTI.JIHTY.I(bI pacceHHHH M CeqeHJ'!H Óy.n:yT ,n:a

HH B c~e.n:yIOme'tí' paóoTe. 

B 3aR.JIIDqeHMe aBTopH ó~aro,n:apHT LI.B.KoMapoBa, EoA.Co~oB!>eBa 3a rro

MOrnD B paóoTe, ID.H.neMKOBa, C.IT.MepRypbeBa, H.H.IToHoMapeBa, ID.A.CHMo

HOBa H yqacTHHROB MX ceMMHapOB 3a rrOJIe3frne oócyY~eHHH. 

16	 17 

l. 
l. 



JIuTepaTypa 

I.	 MOTT R., f,1::lCCH r. Teopn51 aTOMH1lX CTOJIRHOBeHnrr. M., "ünp", 1969. 12.	 KOMapoB J/l.B._, IIoHoM:apeB )1.11., CJIaB51HOB C.ID. Cg;epoll,II;aJIbH.ble n KYJIO
I IHOBClme crI:epOH,IJ;aJIbHhIe Q'YHRnHH. M., "HaYKa", 1976. 

3. COJIOBbeB E.A. }[3T~, 1986, T.90, CTp. 1165-1171. 

4ó OBtIUHHHKOB C.IO., COJIO~b'eB E.Ao J[3T~, 19'86, T.90,,92I-932. l'
I

5.	 Fano U. Phys.Rev.A, 1981, v.24, p.2402-2416~ 

6.	 Soloviev E.A., Vinitsky 5.1. J.Phys.B3_1985,_v.~8,-p.~557(-5~2). 

7.	 ~OK B.A. Ji'l3B. AKa~.HaYI{ CCCP, cep.~H3., 1954, T.I8, c.I6I-I72; 
Norske Vidensk Selsk Forh 1958, v.Jl, p.lJ8 -51. 

8.	 Kadomtsev M. B., Vinitsky S~ I. J .Phys. B, 1986, .v.19, p.L756 - _62. 

9.	 BHHIlI.lJ{HH C.H., I\:a.n;oML(eB M.E., BYKaHJIOBW! 1?'.P. Ilperrpnnr OWIItI, 
P4-86-439, 1986. 

10.	 Iycen B.B., .KaCtIneB !'J.C. Ilperrpatrr 0I1ffiI, PII-85-758, PII-85-965, 

1985, )Iy6Ha. 
11.	 Ponomarev L.I. Atom Kernenergie 198J, v.4J, p.175- 81; 

Contributión on ICAP XI and ~CF, Tokio, +986. 

12.	 BHHrourni1 C.M., IIoHoMapeB JI.a. 5I~, 1974. To20, c.576-588. 
(1975, Sov.J. Nucl.Phys. v.20, p.JI0- 22 ). 

13.	 Chang'E.S., Fano U. Phys~Rev.A, 1972, v.6, p.17J - 185. 

14.	 'Hmrn:~~opoB A.~., CYCJIüB C.K., B.E.YBUpOB. KJIaCCHtIeCIllie oprorc
HaJIbH1le rrOJInHOMU ,n:ncKpeTHoM rrepeMeHHofi. M., ~HaYRa", 1985 •. 

15.	 OCTpOBCRH~ B.R., COJIOBbeB E.A. ~T~, 1974, T.66, c.I590-98. 

OCTpOBCRlin B.H. fL3T~, 1977, T.73, c.2077-87. 

PYKOITRCh rrOCTyrrRna B H3AaTarrbCRRR OT~an 

17 OKTHÓpH 1986 ro~a. 

18 

B~H~~KI1~ C,H. I KaAoM~eB M.5. p4-86-696
 
AA~a6aTI1~eCKOe npeACTaBlleHl1e 3aAa411 TpCX TOIl
 
B rl1nepC$epl14eCKI1X KOOPA~HaTax. nOcTaHooKa 3aA0411
 

allR I(YIlOHOBCKO~ 3aAa411 Tpex Tell AaHll rl1nopC$OPl14eCKaR napaMeTpI13a~~R He3a
BI1C~M~X ne~eMeHH~x Ha nRTI1MepHOR c$epo S3 c r~noppaAl1ycoM RG-nepB~M Il~He~H~M 
~HBapl1aHTOM TeH30pa ~Hep~l1~ Tpex 40CTI1U. r~nopc~opl1~ecK~R aAl1a6aTl14eCKI1~ 6a
3~C onpeAellReTCR KaK nOIlH~R Ha60p COCCTDOHH~X ~YHK~I1R ~ co6cTBeHH~x 3Ha4eH~~ 

yrnoBo~ 4aCT~ raMHllbTOH~aHa Hll c~opo 55 • np~ KamAOM ~I1KCl1pOBaHHoM 3Ha4eHl1l1 
MeAlleHHoR nepeMeHHoR nllPu~onh~~~ CHCll113 a npO~CTaDneHHI1 nOIlHoro MOMeHTaRC' o n03BOllReT OTAelll1Tb Tcil1 yrllo 3~lldpa 11 CbOCT~ rl1nopC$epI14ecKY~ 3aAa4Y Ha S5 
K C~CTeMe J+l ADYMOPHMX ~nAQ4. aCHa KnQCC~~I1~QUI1A COC~ORHHR rl1nepC$ep~4eCKoro 

aAl1a6aTI1~OCKOro ~Q3I1CO np~ Monwx ~ OonbWH~ 3H040Hl1RX rl1neppaA~yca RG ~ RBHO 
B~AeIlOHa norap~~MI140CKan OCOOOHHOCTb ~OKQ a T04KO TpoRHoro cOYAapeHI1R. CxeMa 
op~eHT~pODllHQ HO pac~oT C~~"HI1~ Mn'oaTOMH~X npOUOCCOB B np061leMe M~OHHoro 

KaTanl13a. 

Pa60Ta BblnOIlHCHll D Jlll(5opnTOpl1l1 TOClPOTl140CKOH epl13l1Kl1 OHíUl. 

Ilperrpmrr 06'be,nHHeHlforo JIIrC"fTYTa "AQPIlblX HccnOAODalDlf\. !lY(\Ha 1986 

nepeBOA T.D.~YM6pa~c 

Vinitsky S.I" Kadomtsev M.B. H4-86-696
 
Adiabatic Representation for Three-Body Problem
 

~in	 Hyperspherical Coordinates. Statement of the Problem 

For a three-body {ou 10mb problem a hyperspherical parametrization is given 
for independent variables on a five-dimensional sphere S5 with a hyperradius 
RH,the first linear invariant of the tensor of inertia of three particles.The 
hyperspherical adiabatic basis in defined aS.a complete set of eigenfunctions 
and eigenvalues of the Hamiltonian angular part on the sphere S5for every fi 
xed value of the slow variable RH. The partial wave analysi~ in the total mo
mentum J representation allows us to separate three Euler angles and to redu
ce the hyperspherical ?roblem on S5 to a system of (J+l) two-dimensional prob
lems. Classification is given of states of the hyperspherical adiabatic basis 
for small and large values of the hyperradius RH and the logarithmic Fock sin
gularity at the point of three-body collision is expl icitly shown. lhe appro
ach is assigned at computing the cross sections of mesic-atomic processes in 
the muon-catalysis problem. 

lhe investigation has been performed at the Laboratory of Theoretical
 
Physics. JINR.
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