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I. BB8,IJ;eH11:e 

A,IJ;11:aÓaT11:QeCKOe npeztcranneaae 3aJJ:a~n'1 rpex TeJI lllI1pOIW HCrrO.JID3yeTcH 

B q;11:31Ute aTOMHliIX CTOJIllliOBeHliIi1 11 ll~BecTio B JIUTepaType KaK MeTO.n: B03
ÓY'li,II;eHHl:U crarmonapaux COCTOHHl1H (BCC) 11. B nOCJIeJJ:Hee BpeMJI 8TOT 

MeTO,IJ; nO~RJI pa3BI1Tlle B 3~a/ax Me30aTo~mOM ~I13MRH, CDH3aHHHX c' 
rrpOÓJIeMOM MIDOHHOrO KaTaJIHSa 2 • HarrO~UlillJ, qTO D KaqeCTBe a~a6aTI1qe
CKoro óa3Hca OÓuqHO I1CrrOJIb3yeTcH rromIHM Ha60p pernem1M Sa,II;aqR AByx 

KYJIOHOBCKI1X ueHTpoB/3/ • STO CBH3aHO rrpe~~e Bcero c TeM, qTO OJIaro.n:a
prr pasnenemno nepersemrax ,rr.JI.ff 8TOH aanaxa ÓWil! coananu 8cI4eKTHBHue 
Q11:CJIeHHhle arrrOpI1TMU ee perneHI1.ff. 3~MeHa 8JIeKTpOHa ÓOJIee TR%eJIUM Meso

HOM B 3a.n:aQax MeSOaTOMHOH ~I1311:I{I1 YBeJIllql1JIa pOJIb He~aÓaTl1qeCKOH 

CB.ff311 KaHaJIOB, qTO np11:BeJIO rc CY1IleC'l'BeHHOMY YBeJlli'IeHillO qI1CJIa oaaacsux 
QjYHKIJ;I1u,1'oo 1000, B npeI.J;1:I3ioiHhlX pacxerax CJIaÓOCBHSaIIHllX cocronmrã Me30
MOJIeKYJI ddfA 11 dtjJ. 4. HaJII1q11:e 60JIblllOrO naoopa OaSllCHl:IX cI1YHIQU·1l1: 
JJ:aJIO B03MO~lliOCTb aKItypaTHo c~Opt~~ponaTb rparlliI~e YCJIOB11:H B ~a6a
TI1QeCKOM npencraaneaaa 11: noxasarr., qTO OHM corJIaCOBaHI1 c Q:I1SHqeCl\.ID·.lli 

rpaRRQHHMH YCJIOBl1.ffMM sa.n:aq11 pacceHHI1H/ 5/ • BhlIIOJIHeHHhle paCqeTliI ceqe
Hl1M HI13K08HepreT11qeCKllX rrpOneCCOB paCCeflHH.ff MesoaTOMOB B CMeCH l1S0

TOn;OB aozopona nonrnepnana Ha.IJ:8iKHOCTb II xoppetcrnocrj, naancro no,II;XO
.n:a/6/ • 

HeCMOTpH na onpene.neaaue 'ycneXH crannapnroro a,lI,I1aÓaTllQeC1WrO 
MeTo.n:a, B JIHTepaType na nporaxenaa MHonrx JIeT OÓCy-iK.rr.aeTCH- npoõaeva 

OCJIaÓJIeHHH He~aÓaTI1qeCKofr CBfi311 KaIlqJIOB 11 ~opMHpOBaHllH ÓOJIee SKO
HOMHqHOrO anaaÓaTHqeCKOrO óa3llca, aCMMTITOTI1qeCI\.liI corJIaCOBaHHOrO c 
Q:l1SHqeCKliIMH rpaHllQHl:lMll YCJIOBll.Hl'vlli Sa,II;aQll pacceHHru!7I. ,I!.Jm aTOMHLlX .. 

C11CTeM TRna ~, He 11 T.JJ:. B KaQeCTBe T/tOrO Oa311ca ÓliIJI rrpe~o~eH 

rHIIepC~epllqeCl\.liIH a.n:HaÓaT~eCl\.liIH óa311c/ 8 • PaSBHTHe rHTIep.c~eg/QeCKOrO 
rrr,n.,z:o.n:a ,IT,JIH MeSOMOJIeKYJIHpHlU CHCTeM ÓLlJI0 ,UMO B paCíOTa:x?,9,I • I{aK 

nOKaSaRO B 3Tl1X paoorax, I\.JIlOQeBW,1 aonpocon peneaaa npOOJIeJl.lli q,OpMHpO

BaRHH COrJIaCOBaHHOrO a~aCíaTllQeCROrO OaSI1ca (CAB) JIBJIJIeTCH RCnOJIbSO- -,
BaRHe eCTeCTBeHHU:X: xoopnaaar 1t, r , aCillv'IIITOTlfleCIlli nepexoztsnax B 

K~OM 113 Tpex B03MOr.RHX KaHaJIOB peaRURll B COOTBeTCTByromyro napy KOOp
nanar ílI{OÓH (CM. pac.L), 'l'or-na B cnyxae llleMeHH1IX CTOJIKHOBeHHH OTHO
CllTeJIbHOe ,lum:ii\eHHe MeSOaTOl.ra H anpa B 0..: (a.c) + f>' 11 h: a.... (be) 
KaHLiJIax onHCHBaeTCH c rrpaBRJIDHOM rrpllB8JJ:eHHOM Maccofi, a CAB rrepexo
~T B BOJIHOBlle cf;YHKIJ;HR paasenanemnrx aTOMOB. B TaIWM noznone , OMaIW, 

B03HRKaeT 3~aQa .n:BYX UeHTpOB c Hepa3JJ:eJUTIDmHtmcH nepeMeHHID~, ~ • 

perneHHH KOTOpO~ ,eooxo~o ID~eTb ~eKTllBHue QHcrreHHhle aJIrOpHT~W. B 
HeJJ:aBHl1X paóoTax 11,12 rRIIepc~epllQecKI1fi a.n:RaÓaT11QeCltHH óasl1c YRe 

rrpI~efm:rcH ,IJ.1ilI pacseros yponaeã 8Hepnrn: C11CTe1Vll:l Ps -=e -e-e" 11 
HD , onnaxo ,IJ)I.H ero HaXOJí{,I(eHMJI no-npezaeuy llCrrOJIl,30BaJIRCb CTaH

---_. -,~--
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naprnue MeTO;rr,H, ae llOSBOJI.ffiOIlU'Ie BRlliICJLfiTIl BIICOROBOs6YJK,IJ;e:Hlrn:e COCTOmUm 

3a.n;a~H .n;BYX ~eHTpOB. 

B HaCTORll\efi pa60Te ~lli HCXO)J;HM HS TOrO, jfO 3~peRTHBHHe qHCJIeHHHe 

aJIrOpHTMI1 pemeana MHorOMepoox sanas ll3BeCTHhI 3/, rorna noaaanaer npo
6JIeMa rrocTpoeHHH KnaCCll~HI~ COCTORHllH CAB II aCHtillTOTHR perneHHH 

~a6aTll~ecKKX lBjBHeHHfi B rrpe.n;eJIe pa3~e.n;HHeHHRX aTOMOB. B Harne~ rrpe

,IJ;1I.n;yII(e:li pa60Te/. ara aanasa 6l1JIa peueaa npz HyJIeBOM rrOJIROM opoa-
TanDHOM MOMeHTe. 3.u;eCIl ~ill pacCMaTpllBaeM ICJIaCCliWllKaUllID COCTOHHHH CAB 
npa HeHYJIeBOM rrOJIHOM MOMeHTe. I1oItaSaHO, 'lITO cocroaaaa eAB B npenene 
pa3~eEHHeHHHX aTOMOB KJIaCCllWllUHP~aTCH c06CTBeHHRMH 3HaqeHHRMH onepa

Topa fi.. ,IWTOpl1ilf npz yqeTe anaaõarasecxax nonpaaox nepexonar B 

H3BeCTHHH liHrrerpaJI .u;BHJKeHID! A . slfa; pacceaaaa aTOMa aa sapa
~eHHofi qaCT~e B .n;HIIOA:bHOM rrpll6JIH~e}mK 4. TIpll aTOM op6RTaJThHHH MO

MeHT MIOOHa B paS~e,nHHeHHOM aroae (ol.C~ ~!(l"b KBaHTyeTCH na OCIl Ze:t ' 
HarrpaBJIeHHYID no .HJ\.06lieBCKOMy BeKTOpy I<cI. , coe,IJ;HH.fI1DIlleM;Y y.n;a.n:eI-rny1O sa

p.FDKeHHYID qaCTl'IIl:Y c ~eHTpOM MaCC aTOMa, CM. plic~I,2. OTMeTHlVI, qTO B 

CTaHMPTHOM a,n;Ra6aTlrQeCKOM õasace raaaa "nepensaaroaaa" npcesnaa MO

MeHTa ~OOOHa ocymecTBllHeTCH JIRWIl rrpli yqeTe He~a6aTH'leCKOH CBH3li/5/ . 
B a.n;Ra6aTnQeCKOH cnCTeMe ypaBHeHnfi no Me~eHHofi nepeMeHHofi jt , noJIY

'lleHHOH ycpenaenaea noaaoro raM1L7I:bTOIDIalla no CAB, OTCYTCTByeT CliJJlIHaa 

He~a6aTKqeCKaH CB.lI3Il B nasaaax J. ,rrpHcYlllaR CTaH.u;apTHoMY nozrxo-
JJY 5,7/. HO OCTaeTC.lI CJIa6aa ...... jt-"õ/a.9tHea,n;Ra6aTlfleCKaH CBJISIl B 

KaJK,IJ;OM zaaaae o< ,0~CJIOBJIeHHa.lI OTJm'qHeM r~e~a..u;Ryca ~ - OT MO,IJyJlfI 

Slli06He~cKoro nexropa ~ H~ Be.irwmHy O(!Jíf) O. Iloaaaaao , lfrO yqeT 

aTOR CBH3H: npa 60JI:burn:.x, HO KOHe'ClIllix!R. npl:IBO.u;HT K BO'CCTaHOBJIeHIDO MO- . 

,IJyJI.lI m<.o6l:IeBCKOro aexropa R: B aCHMIITOTHKe KOMIIOHeHT ~ nozaoã BOJI

HOBOM WYHKD;kllI ~~+1f'~ li oõecnexaaaer ee corJIaCOBaHHe c q,H3H'lleCIGI-

MH rp"aHH'llHI:IMI1 YCJIOBI1.HMK aanaxn pacceaaaa, YCTaHOBJIeHa CB.lI3Il MeJK.DY 

Hroí.n;eHHHMH a.nHa6aTI~eCKHMli aCIDATITOTHRaMH li MSBeCTHID~ BHPaxeHKeM ~ 

8MIJJlH71~ pacceaaaa sapasenaoã qaCTHIJ;H na aTOMe B .!iHnOJIl)HOM npH6Jm

xtemrn . 5 • TIpR a!l'OM waSOBIIR cnsar OT .nHnOJI:bHOrO njTeHD;Hra JIBHO BH

.neJIeH B COOTBeTCTBRR c Teopnefi K&UITOBoro .u;e~eKTa 16~I7 • 

c Á~
f~ a~ a b 

Q (ab)'c Q'(bc) 
(ac)'b 

fêIR.. 

R tt: ..":::'C'4 fi Ir.-ao 
D a oo~Rb b 

PHc.I~ ~Ko6HeBCKHe ROOp.n;llHaTH CHCTe~~ TpeX qaCTllU (aBc). 
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2. TIOCTaHOBKa 3a.na'qI1 

PaCC:MOTpID.1 CIICTeMY rpex KYJIOHOBCKHX xacran a. , b ,C c sapa
.u;aJ\oUI Za' 7..b H Ze =-1 H Maccro.m Ma. ,M~ li Me (e=lt =1) • .rr.rrH 
onpe.u;eJIeHHOCTH npHMeM. YCJIOBHe Ma.~ M b >. Mc. ' 'tlaCTY...uhl d H 8 
oy~eM HaSHBaTIl ~aMH, a qaCTHUY C MIDOHOM. B COOTBeTcTBRH o pa6o

To'l/9/. BBe.u;eM eCTeCTBeHHble rrepeMeHHHe 1[ • rI , CBH3aHH1I:e c 06Willli .... ...,.,. 
ME: .HJ\.OOHeBCKmvrn: I\Oop;II,l1:HaTaMH ~, R (CM. pzc.L) coornomeaasaa 

..,.. ..... 
r+1 ::: ZJ ( e, P) rC. / R, !R = jteR , 

(I)
:l rn 2 }4/2.Jt.::VfR= { R+Mr, , 

r.n;e ., -4-4 -i t..A-~ ...A--I 
m- =(Ma.+·M~) ... Me M =- IVla. ... IV'L • 

...1 -....
 
KOMTIOHeHTH BeRTopoB r li ~ orrpe.n;eJIeHH BO Bpama10meticH cnCTeMe KOOp

.IU1HaT c OCblO ~ ,HaIll2.aBJI8HHo:i1: no R::r Rê R , OCR)( H Y HarrpaBJIeHI1 

rro CWepHqeCI<.HM OPTaMee H êt (CM. pac .z ), !,1aTpill.~a nonopora 1J(e~4J) 
ocymeCTBJIHeT nepexon H3, HerrO,I03WKHOif CnCTeMbI ROOpEHHaT X YZ BO 

BpamalOlllYIOCH X YZ / OTJlliqaeTCH OT CTaH.n;apTHoM JIID.lIb ~I<JII1'i.!eCKOH 

nepecraaosxoã CTPOK/18 • Ypa.BHeHHe UIpe.IJ;1IHrepa B eCTeCTBeHHUX nepenen
HHX (I) HMeeT BH.n; 

H '1lr - E H-_LL2 5.:L. ... h (2 ) llr fl)r - I, -?M [RS' 'i}.1l, VI.. 7J.1l J 

2 ....2 -;r ..,"lJ -{ C -' Y J  2~· Jh =-- -.T- fl'" + -...J:- r· '\2-1+ + f 2
2m 912 r- M Jt:l. r 2 M~ 

3,1lec:D h - ra.MIDI:DTOHHaH aanasa .IU3yx l~eHTpOB B rrpe.n;CTaBJIeHHI1 nozaoro 
-- --..... ~ . [-I ]

MOMeHTa T = ~ ... L , ct. = - L Y.' \7pi - Op6RTaJThHllfi MOMeHT 

MIOOHa OTHOCR'reJI:DHO ~eHT.pa Ma~ anep , • L=~ {(ij/jin e)Õ/dP
- ;/~ + ct~ S .;(1!j ... et {-L 7J/õe - õfy} - Op6I1TaJInHID1 

MOMeHT OTHOCHTe~HorO .n;B~eHHR H,IJ;ep, 

- ~ 22. ~. J:; ;1+ J- -+ i- le- + 2 J i! 

- oneparop KOpHOJIliCOBa B3a.HMo.ueRCTBa.rr I J ~ :::: ;li! , 

.......... • ..... """l> .-
;/.t. .: = e..t:· cf;: ;fi< ± lJ ;f.y, ex; es ± (, et , 
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li 

J ~ J....... J 1 ~ i.. Ô
 
t : = e ±. = }(:I: ~ Y = ± '""ô e + M,t1 e '3 f + Ct~ e ~~ 

""> - ......02 ~02 
- O~;epHtIeOKlie KorvlIIoHeHTlI fi. II J . Oneparopu i: li J orrpe.n;eJIeHlI tIepes 

8TH KOMrrOHeHTlI OOOTHOilIeHUID.1I1* ~2~ *(re+;f_ + ~_ cf+) +;fiE:t., jR= 
=tu".. J_+1-J.. ) +t ctlle(J_ - J..) + ri. KYJIOHOBCI<a!I rrOTe1lI1l<aJIbH";' 

8HeprHíl y 11 8JIeMeHT OÓ'hervra c/f(:" orrpe.n;eJlHIDTOíl B rrepeMeHHbIX s. yr
 
CJIeJUTIOrIUIM OOpa30M:
 

. y- {f [Z~ + . Z & _ Z 2 ] 
= - ~ I P-/+ 'ta. êp..1 , ri... d"~ eR I a. t 

~ (). + ~ & = 1, ~o...:= Mh/( M~ +Mb), ~{, = Ma./ (Ma+ til,,).. 

d1""= :R5J~p3J~~~edaJg;" .P=~+ ~ Y"2 

B KatIeCTBe ~aOaTHtIeCKOro Oa3Hca BlIOepeM rrOJIHHll Haoop pemeH11H
 
3a.n;atIH .n;BYX ~eHTpOB (CAB):
 

h 4' i (.Q; 1{) x: E L('R ) cri (n; 'R), 
(3 ) 

~ ~ .~orrpe.n;eJIeHHlIX B OOJIaCTH n =tr e Y} c 8JIeMeHTOM OO'heMa ci.Q =.:R x 
)( ~-~dr/.6Lned&d~ H HOpMHpOBaHHbIX YCJIOBHeM 

1f

<""~\4p= rdQ<:j>.:U2;~)~.(.Q;'R)=~~. (4) 

3.n;ec:ó Et (1<.) - TepMbI: COOC'fBeHHhIe 3HatIeID'Iíl' aanaxa JJ:BYX :qeHTpOB, 

3aBHCRmHe OT ROJUleRTHBHOH nepeMeHHOH 1RL KaK OT rrapaMeTpa, L_ Haoop 

KBaHTDBlIX tI11CeJI. ]T,BlliKemre B OOJIaCTH fi MOJKIIO OtIUTaT:D 01ICTP1IM no 

cpaBHeHHID o .n;BH~emreM no ~ OJIaro.n;apíl npHcyrCTBHID B raMRJII:.TOHHaHe 

(2) ~OPMaJI:oHOrO napaaerpa MaJIOCTR mIM <.., , KOTop1Iil ;II,JI.H. MeSOMOJIe

KYJIíIJHillX OMOTeM COCTaBJIíleT BeJilItU1Hy """ O,I. TélKHM oopasoa, TepMll 

E~ (".R) I:I0JíiliO paCCMaTpill3aT.b I<a.I< 8~,(1;eKTHBHhIe nOTeHIl;lIa.JThI, B KOTOpI:lX ooy

* OneJ2.aTOplI Ji OTjli1tI~OTCíl OT. CTaH.n;apTHbrX IIOHIDKaIOllUIX J'" + - 11[ 

IIOBW1laIOllUIX J_ -orrepaTopOD: J: -= e"; (." J± • IIocJIe,IJ;HHe orrpe.n;eJIeHH: aa 
oprar e* =e~i. f ê± : 'J± -= e± .j , B CHCTeMe KOOp.n;mraT 

X1. ~, IIo.nyqeHHoH U3 )( YZ rroBopoTOM na yrOJI '4J BOKpyr 0011
 

i! (OM. pHo.2). Torzta orteparop Y'2 BhIpa;meToR HSBecTHoH <lJOPMyJIOH

~2._..!. r- t\.. .... "" 2 
.J "'.2 CJ- I+ + 3"+ J_) ... Jr . 
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meOTBJIReTOR Me~eHHoe Ko~eKTHBHoe ,IJ;,BH~eHHe CliCTeMhl Tpex tIaCTliI~. Ha
JilPure .IT,BYX npHTRrHBaIOII(IU IIOTeHl1;RaJIOB B h npHBO.n;HT K TOMy, tITO B npe

zteore :R..~ 00 pemeaaa (3) JIOKaJlliSYIDTCíl B0Jll13H aapanon ZG\. H Z &:. 

IIepexo~ B BOJIHOBbIe <lJYHI~H paS~e,IJ;RHeHHbIX aTOMOB. IT08TOMy MO~O .n;aTI:. 

aCHMIITOTMtIeOKYID KnaCCU~llKauHID 8TIU pemeHllH li rrpe.n;CTaBUT.b rroXHyro BOJI

HOByro ~Y~{ID B Bu~e CyMM1I 

V(.Q,R)= 1ftL Cn, 'R) -1- 'tJ!~ rrz, 'R), 
(5 ) 

r.n;e 

~(Q~R)= L. <f>Lcr.. (n;1t) :XLrJ. (!R) . 
l., 

3.n;ecI> HH,n:eIW c:I.:. 0.." ~ .fIBHO BhI,IJ;eJIeH aa aaoopa ~ , TaR tITO COOTHome

aae opTOrOHaJThHOOTH (4) rrpllilliMaeT BlU 

<<PioL I~.~) =~~ ~ot~ 5 I ~ol~ = <~ç{ \ <f'p. >. (4') 

MR TOJK,IJ;eOTBeHI!bIX .H,D;ep BosÍmKaeT .n;onOJIID1TeJThHOe BhIpO}K,I(eHue, CBR3aHHOe 

o ClfMMeTpReM h OTHOOHTeJI:bHO rrepeCTaHOBKH anep P • B 8TOM CJIY"!aen 
peIIJeHWi 4>0(.={<t'c:,G,;} CBR3aHhI o S-qeTHl:lMM: H U -HetIeTH1I.MI1 pemellli.HMH 

(3) OTaH.n;apTHHMH OOOTHOilIeHR.HMH 

'Pia..:: ~ (e.p.:~ + c=P l tA ) 

<Pi b = ~ (ep~ - ~i'-l) . 
(6 ) 

~ no~eHHíl a.n;Ha6aT~eOKoH CHCTeMH ypaBHeHllH no Me~eHHofi na
peMeHHofi jt' 'OJIe,DyeT yope.n;HHT:D ypaaaeaae (2) no .IJ:Byxn:eH'rpOBillJl epyHKI:tWIM 

ep~ç\.(.n; ~R) . aTO yopenaenae ynpos.,aeTCR, ecna npennapacezsao ne

peHTH OT BOJIHOBOft il1yHKI.UllI '1.f K V.::.f ~/2.R 'li" . Tor.n;a ra.MWI::&

TOHHaH npHoopeTaeT BH.n; 

,.". ?1Jz -!/2 -4 _ .L. f 7)2. 3 ~ 1 -h

H:: Rf Hf ${. --~M 11(j~4"'" (R 1>:R, S+ ,
 

,... N2 -?Jk rl~ . (o) j~Pvl..Jh.= .p ho = _.L -.í- Â~I + ..&...e. Q .... V + (?) (7)
J ~h1 ~~ M ~2 J ~ M.R.

ao 
, 

CP) / .../)Q -= - (~ ?. .... r· V;'" 

""" ~ 
IIpH 8TOM 006CTB8HHble q,YIIKW1H <P~-. (!2 ; !R) raMIDThTOHUaHa h HOp
rvrn:pOBa.Hhl YCJIOBHeM (4') c OOJIee npOCThJM 8JIeMeHTOM ooseaa 

015 = ~~ chi7 /M.)t Sol 6 C( 4?, 
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a nOJIHHÍ1 8JIeMeHT OÓ'I>eMa paB8H d;c. = ol3t 01 fi. . B peSYJILTa'l'e rro

JIYl:IaeM a.!UiaÓaTIFlecKyro cnCTeMy ypaBHeHHH ,lJ,JIJI sexropa peneazã 
X~=- {~~} : 

fI [j:.. + Z ME] - ~o(J X~ = L ~8 'Ie. (8) 
"'" ~F~ r J-" 

rne _ J 
%" - 2. Qd.!, CJ:K.- + K",p' + 2 ME ... (.f) S-'f'I 

3 1 ., 10 "
Q~ z:: - Z ::R.. I $'~~ - <4>0{. f<ô:R ( 1'r> , 

~ _ 1'ê 2 
_ -ª- ~ ,..,

K~f-:' =: <154)( 1 ~J?} $. tô.R I <P~ > 
B aCliMllTOTH~eCKOM OÓJIaCTH ~~~ nepefi,n:eM OT óe3pa3MepHOH KO.... ...,. -/~ 

0p)J.l1HaTbI r I 1< Y' =r .n, , rorna acrrMnTOTl1:~eC1iJ:!tl: ra.Ml:IJI1,TOHllaH sa

,Ua~n ,UBYX ueHTpOB .. ~ ~.....,. 

~ 1 2~ 2 ~e- (O) :r - 2 c! ·J
ne:ts =- 2m f r + M~2 Q + Y + f 2 M jt2 (9 ) 

C TO~fIOCT:hlO ,UO ~eHOB o(jl-" ) nepexonar B rar.mJIbTOHllaH paasenaaea
HHX aTOMOB "(p.C) li (bc) /Io/ . MaTpll~HHe 8JIeMeHTLI B anaaoarnxecxax 
ypannerraax (8) npn TaI\OH 3aJ'JIüHe npeoÓpaSYIOTCH CJIe;nyIOlllllM oopaaon: 

_.~ (o) ""'- <O '" 
~fÁf = :R Q o( j?l + .(4'0( I. - ~<R \ cp~ » , 

• 1/ -2 (O) "~'ô2 (O)...L~ \ ~ '>
1'\.fÁ~ =::R Ko(~ + <1~1-"G)3t'l + 2 Q !R. 'll:R "'r~{, 

i.> (o) {~)2 """)Jr-; = - (r. 'Vr + zer. v,,'" '. 
3,Uec:h CKanHpHoe rrpOH3Be,UeHlle (4') onpe,UeJIeHO c ~JIeMeHToM OÓ'I>eMa 

d .Q4i\.S = d r ~ l n ecJ ed<P. O~eBll,UHO, npa :R.~ oco JIOKaJlli3aUHH $0( 
BÓJIH3Ji "caoero" sapana Zd.. npHBO,n:YIT 1< 3KcnOHeHUlIaJThHOMY aaryxanan 

MaTpllQHHX 8JIeMeHTOB, CDH3bIBaIDIllllx COCTORRHH pa3HllX pa3'I>e,n:llHeHHHX aTo

MOB(ClC) 11: (~C) • 3TO ocaaxaer , ~TO Y:[b (1<:) 3KCnOHeHI.J;HaJI:hHO no

~e3aIOT npa ÓOJIblllliX ~ I1: ypasaeaaa (8) M.R..Id. II Xb aCUMnTOTll 

~eCRll paCuellJIRIDTcH: 

{I I ~~~ + 2!'1 E1 -V,,-... } x'" =O . (8' ) 

BHITOJIfIeHHHH rrepexo,U OT (7) I{ (9) nOSBOJIMJI HBHO BaneJIHTb onepaTopH 

6 

Q{O) X·~ 1Jjô:R. H ~-2. K((I) ,0TBeTCTBeHH.l:le sa cnaõyio RllHeMaTl1

-qeCKyro CBH3:h B KaH~ o... 11: ~ B rrpenexe pa3'I>8~HeH~ aTOMOB, OÓYC

JJ;OBJIeHHyIO OT.JIRlmeM at OT illtOÓHeBCKHX BeK'l'OpOB RQ.. 11: Rt (CM. 

p.ac.I)/IO/. 

3. ACHMUTOTRKa BOJIHOBOn ~YHKUH11: B npe,UeJIe 

paS'I>e,n:llHeHBHx aToMoB. 

B HacTo~eH paóoTe Hac HHTepecyeT nOBe,UeHl1e BOJIHOBOM ~YHRUHI1: 

cyl= W'Q... +9JT~ npa r:R.-..,.. fX) B xananax o, H b . TIOCKOJl1>KY CBHSb Mei.

~ 8Tm~ KaHaJIaMH 3RCrrOHeHnMaJIDHO MaJIa, ~OCTaTO"tIHO paCCMOTpeTb aCMMn

TOTMKY 
~ , 

0,IUi0:ft1 aa I\OMnOHeliT, nanpzxep ~""b • B 8TOM czryxae BeKTOp 

r Y~OÓHO OTCQl1THBaT:h OT ~a ~: 

-o;. -",'1') 
r = Y't.Tv = { ;.'1- ;r~ ê R 1:R , 

Tor,n:a
 
Y'Y1 ~I ~ ia m }4 t
f::: ~ .. M (rt + }(L e R):: m~ Pt:: .1f.ir fi., t 

r,n:e 
mA I rrl/;) r' 2. ) cf t:: (i -+ 2. M t r ~ (gj t9-b ... M t , 

m 1:.:.:: Me M b I (Me + MI.,)_ npMBe,UeIIHafI Macca fJ1lO0Ha B aTO
Me (bc) , a 

! _ Ma.. ( M!> + /VIc) ::: (~i. _ m A)_1 
..fi - Ma. -t M6 + Me - M MI!i2 

- npaseneusas Macca JUJ;Pa a. ~ aTOMa (bc) . ,Uarree OT r 11:R nepe:t1:

,n:eM K nepeMeHHHM 

r.--f = ~I:,~r rn l/ :: • ~A__ ~(7)- J(.- fl) c: 
..,., m·' V\...N m.J\.- jAl:, '" 

ROTOpll8 lIMelOT npocroã W11311'!eClmM: CMI1CJI npn j{»'" . J~eHcTBllTeJIbHO,...... 
BeRTOp YJ N • 

I m~ Y'b }r.w = Vfi t"b ~ -l1 + M~ R CD~ 1>1> rs , (10) 

-i O (yYl~ ri)rrepexo)J,H~npz r{. R»~ c TOtrnOCTblO ~ "R'- B RROÓl1eBCIOOi 

BeRTOp r t aTOMa ( te.) (CM. pnc .L), COOTBeTCTBeHHO Me,Ir.7IéHHaH nepeMeH

HaJi 1tN: 
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l J7"' r '" m! '" }'Y'2, { 1... m~ Ylt J~ AI =VJ'! R '" l Rl, + .}I" r" ~ H- ~}'It R~ RJ,jUl 

,..~ , O { mb Y'l:_ 1 
rrepeXO,IU1T rrpa 'f' t 'R.t'>'> 1 c TO'lHOCTnID .Jwt ~ -R t..s B MO.nyJIn 

.. ...... 4~ ~ ) ..... 
íIKoCia8Eclwro nexropa Rba R + Me(M(:.+ M~)- ....~~ R ~W1L/M&:. r~. 
IToCJle YKasaHHblX saMeH 11MeeM CJl8,IIy10ut8e ypaEH8HHe)J.JIR: ....,. '\i"'~ 

E ü.IU1HMI.J;ax e > 'ti ;:: m b ;o- 1 , l'lH,neKC N . npz :R JJ 11 r.}l :ri HlmeKC
 

b rrpa Y t. E .uaJII,H8filli8M C5y.u8M onycxarz, ~
 
J... '7;'2 _, (O~ ~ + _4_ I .,(0) CO) } ("o. 

{- ?.f 'ô;R' +y. Q :R 7l~ 7f~" K .. h&- E '!ft. = O, (12) 

r,IJ.8 

hn--1..p~,ór7- o- f ~.Lc.1. - ~.L2. Q(01 +V +' 
b- z.) JT:>l M~ :R 7)2 M ~ 

°l ~2. e J () 2 0t )+-J-- ( 3 - + - - 1.- J+ - 2 I"! )- -J~- (1\1 J- +b_1+
2Mjt'2 J:: 2.MI.,<R rr r , 

P'-1 ~L .l..r1V'~1~b ZQ. Za.7.~jb- + M~ÇR -+ M 3\2) -=-Yft -+...,. .. -r:u . 
- r Ir+3<€R.' -sv 

8,necI:> l±::ex ± Ley 11 f>±. -= ± i:r- -py - Cif8P11tI8CKI1e KOMIIOHeH-

TbI OpOHTéWIbHoro MOM8HTa HhmYJlbCa MIDoHa, OTCtIllTaHIIOro OT íI,IlJ>a l> • 
PaCCMOTpUM aCJ1:MIIToTj:Uty p8wer-IJ1:"Íol <PL/)j. (a; :R)rarJIKJThTOHllaHa 

ht ep~ b (.i2 ; ~).:: El t (~) etc: ~ (!l;:R) (13) 

ECiJIH3H JUlPa ~ .)J.mr arcro paSJlOJliliM ht npn r-~.12,» ~ no ocpar-, 
HbIM CTerr8HillJI 3<. If Cíy.n;eM l1ClillTn p8w~mffi (13) B BH.n;e 

E, f1(..\ == E (,0) + 'T)-1 E- (1)+ f7.)-2. E (2.)
lt,,·j ~ '" .J\.. + ..,' 

(14)<::fz ~ (S2; '10.: o/~O)( n) + 1<-~ <tV('()-r ••. , 

. , ~/ 2. (O) 
r.n;e E\O = -2~ 2.n 11 \Vi. - COOTBeTCTB8HHO 3HeprlIH M rrpa1lli.7.l:&HaR: 

CfYHKU;H:H HYJIeBOrO rrpHCl.JIIDK8HHH aTOMa. (b c.) c <PnKClIpOEaHH1lM rJIaBHI:lM 

RBaRTOBUM tI11CJIOM ri • COXPa.HAA B (13) tIJIeHH c TO~HOCThIO OCR-2) , 
IlMeeM 

hI> ;: ~ (O) -+ ZIL (Z t - 1) + v(~} .7{-1 + V(2J!{-2+ 

+ (12._ 2 t· J )/(2.M1l) +V~~)1t\ Vj2~-2 ~ (15) 

8 

rne t (O)· (~7J 

n .-~Â~-2bJr; V )=-~ [- +7:(A;?+Z~)] 
Mb fQ7: 2.r p 

y(:~~ q:2 - [~y-,"- ~ Z ~ J Z t _ (..Ê:... )2. ~ ~ _2 

<J 1~lt 2 r Ml, ~ l 

- .!.. [ s. r 2 + (k. \~ 2.Jti ...,. z; Q lO)f! ~ M M1;.J ~ + M ' 

V;)=. - iMt CP+ 'J_ + 1"- J+) > Y!f). --k~ r (j:>+:L .. p.::lt). 

3.n;8C:O nepnaã tIJIeH B V(R,)COOTBeTCTBY8T JllIHe:aHOMy 3@:eKTY lilTapKa; 

8= 21)..(M"-1) Mi: i
+ z.z, Mi~ , rrp11tI8M <3;: 24.0 npa zA =1 (I 

IIpE:HIDJIaH no BHHMaHII8, '1TO B I'l -CJIoe .( d YC-i) \~ > =<dV:(.4)~>= O 
oneparopa Vi") li Vj) M01KIíO rrp8,:rr,CTaJ3RTh B Bll;rr,8 ::J' 

l O 
Y(-()= [ h ) ".(.()] YCAJ= [h(O) lf(~)J 

' , J ' J' (16) 

r.n;e
 

U (-l) - _.L ~ r 2 2... + 2 2 Q (O) J
 
- M~ ~2 , 

u(4)= - ..L~ .i. (Y'+ J.. + ~ J+) , Y'::k =:ti)(- y ..r M-b 2 

-4TIp8.n;CTaBJIeHn8 (16) nOSBOM8T YCTpaHHT:E. oneparopaae VIeHLI ,...,:R.. 
B raMIDIDTOHRaB:8 (15) c nOMOlQ1IO H30MeTpw:recKoro rrpebCípasoBaPJt!R S : 

h t t s -i.S L 'O) _"
8-. rt & :: e ~& e ~ n .§- Zc..{ Z, - 1).1(... (17) 

+ i.. [S_~(O)J + (yl.t)+ V;4»)1?,-4 -+ Ã 1t-~ 

Ã1C: (j'--i, ti) /(ZM1{.2.) + (y("~ v;.(~»):R~ 

T j, I S.(V(·~ v~»] fll.-< + y [s. [S. h'O)]] • 

<P,l, ..... 1:" = e 
LS

1'.." ~ f H i. S +. t í.' s2.} 'PiA ., 

nOTpeCíoBaB BHITO~8HHe YCHOBRH 
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TIpHHHMaR BO BHHMaHHe paBeHCTBO mb:.: m~ _ !!'.!t. , OKOHqaTeJl:bHOi [ 5, h(OlJ ~ (Y('i)+ V;-f»).1<.-oi: O 
MMeeM ..# /., M MI.R. 

J --I -""2 2T.e.	 i: S = - (lf('/) + V'~"») «'. J pesynsrare rroJIYqaeM JIBHOe A =(2f') (J - e+J- - f_ T+ - 2 r, ). (20 )
BHPa~eHRe	 ~ 9KBMBaneHTHoro orrepaTopa j\ óes flCrraAb30BaHHH cTa~apT

ItlTaR, BO BTOpOM nopanae TeopIDI BOSMyll.\emrn npa u:eH'rpOÓe.l!tHOM 'IJIene t.i!0l)Horo cY1WMpoBaHliR no rro~Hor~ HaóoPY cOócTBeHHHX ~YHKUaM raManbTO

hIO MHpyeTcR npaB~bHaR rrpliBe~eHHaR Macca~ .OTMeTllM, ~TO cOócTBeHHHe
HRaHa ) : 

<lJyHKI.l;lm ra.MHJil,TOIDIaHa h",,: <f;d. (n;:R.) ~ (1- L5 ) Y~O)(S2) ~ -\V(otsi; ),
.Ã = AO + J\.T, .Â:: y (2)_ V(l.)1J(4), '}: COBrra,naIOT c BOJlHOBillvrn çtYHRUI1BMa pa3'De,lJ,HHeHHbI.X aTOMOB CO( C ) BO Bpa

mB.IOlI\eí1:cR CHCTeMe ROOP,JJ,HH~ Xd. Yd.. Z.j. C ocxo ZrJ.. , HarrpaBJIeHHoí1: 

no RRoóHeBCKOMy BeRTOPY R~ (CM. pac .z) , T. e. .n~ = f ~ Boi- crd- t . ,A"J =(j 2._ ~ J:)(ZM)·~ - V ~'O u-i")-	 (18) 
,UeficTBRTeJI:bHO, orrepaTol 'R.--4l1(.f)~ - w J y ::- Yz W ( J+ - J_) ornevaer 
nOBopOTY aa yrOJI w;: RhR.c. ~ ALrl w== Mel( Me:. +M~)JJx;l.+y2'j[4~ w«-1,- ( f+ J_ + t: J+) (2Mr+ V;2) - V(.f~;4~ Y;~)tJ(~) 
BORpyr	 OCR Y, rreprreH,nHIWJI.RPHOM MOCIWCTli rpex tIaCTHI.J; e, b c (CM.* 11)--4 (·0 - p~.2 ), oneparop J\, 11 rrepeBO,IU1:T rH B RROóHeBCRMM BeKTOp 
r~ COrJIaCHo (11).COÓCTBeHHHe SHaqeHRR li COÓcTBeHHHe ~YH~R 9RBRBaneHTHoro onepaTopa 

~	 (2)A npe,nCTaBJIHlOT licKo1vrue nonpaarcr E B pa3~Q}KeHID1 (14) R npanam,
z eHHe qJY:HKIJ;I1R ay.nenoro rrpRÓ~Rl1teHllR (feo) r8.Mli.JI:l)TOHRaHa hf, ~ Onepa-

TOp AO ÓWI BUqRCJIeH .TI Harnefi paóoTe/IO~ 

o 3 n A L.3 -2, ~ I 1A ::-') -Q 1+ -e - --(Y1+2) (19 ) 26 d 2fA 2. 2.jA 2- • 
y oc 

FW 

... ",	 Y·Y
3.nec:b A~ M t -mpoexnna na OCb Z netcropa PYHre-JIeHu;a H ItBa,n;paT op

ÓHTa.JI.bHOrO MOMeHTa aroua ( bc ) • BHqliC~eHRe 9I<BHBaneHTHoro oneparo
x 

V 
pa A'1 ynpomaercn, nOCIWJIbRY B n -CJIoe Crrpane,IJ)IRBH CoOTHOUleHHR TnIIa 

(4) [hCO 
) ] h(O) 2. h(O) 2h(O) 2 h(O) V'"lJ:: ,U:= 11 -11 V+ 11 -lJ ::-lJ , 

y.:L =-z2-· 
~Z 7J1 H T•.n. 

OTcro,na cpasy rro~aeM C.O..1 f9J. ;: Co-1 8GC1 w ... ,j in 0-6in W CO-1(1r- '-P) 

-V (.f)V (4)_ V('OlJ(4~ = • - [V~.,) u (,0] :: C tQ (epa< -P): C01 B c.lQ 'f ... ctq co -1 i~ eJ J	 , <J	 a ti -dln'f
Jê.V( 2 i;	 c.tQ 'foC.:: CO~ ~ cto 'f +c tqe -&L''! W= ~i {t ix (J-- J+).d j! ~y (J--.. J+)} = )	 <J <1 <1 .-:iU1epJ' -	 :'1
,,!' Pl1:c.2.	 Bpamaionaeca CYlCTeMH xoopnnnar X YZ fi -+ X...Xi Zo( sanans_Ha 

CtJ;epH'tieCmU oprar RRoóHeBClm"x BeKTopOB R = { R e q>} H R", = = ~:	 r(i!~x - X ~l )(J-- J+) + i.U;y -y;2 )(J_ + J+)r= =! R-.. eg( <Pd., f .COOTHOUleHMR Meir"JJy yrJIaMM B.c.~tE B4> tp , rne/ <PJ.. 1'[ 'P
yrJIH nosopora soxpyr ocei-i 'lo( ]{"l. , B3JITH as cnpanonaaxa 18/. 

= ~t {r, :L ~ e- T~ } , \
 
=__ { J2_ 2 J2} 

m,
 
-~ y(·ov(4) ;;: _.1- [V('I) u(,f)J ~	 1 * TaKOR ~e rroBopOT npOHcxo,nnT B CTaH.n:apTHOM rro,nxo.n:e JIHill:b rrp,ll

J 1 2. :r) 2. Mt e i . 
yqeTe He~aóaTH-qeCROll CBRSll, cpaBHH (16) M QOPMyJIY (182) oó30pa75/ 

lO II 



IIpaBI-rJ.LhHl1e q;YHKI:C1Ui HYJIeBOrO rrpl1ÔJIUeHl1H -qr lo) oneparopn Ã == 

=J\o+~ óy~eM l1CKaTb B Bl1~e JIl1HefrHoi1: KOMÓl1HauHl1 
rni..,(J"Jt'l.of) ", .• f')1-'f 

Y:.lO)( ..n.) :; L L a i 'o/1m~ (n) (21) 
c..	 na.m ri t1 tl1 

m=o "".::0 
vJmT~ (o)

"i t1:}m (n.) = \(J M4h.z.m (f'I V) 
. 

j~ - [2 r+4 l~ m j
 

3J'" "':r - l61ltfi- 1>"10)1 {(-i) Dm .../
 

H:YJIOHOBCKl1X rrapaÓOJurtIeCIGIX CÍJYHItIUii1:/191 

i	 .t 

r À
 

1) Mm (tJe ~),
 
1 

T 

g. e'f)+.{ D_m...Scp B'f)1 

tp (~~n2.m ()A, \J) , 
)t!= r ... 7 , '))=r - Z BO BPaLIlaIOrnei1:cH Cl1CTeMe KOOpma T X YZ
 

(CM. pI1c.2) B rrpe.n;CTaBJIeHIDI nonaoro MOMeHTa 1" 5. 3.rteúb h'lT _
 
npoexnaa MOMeHTa J,z aa OCb Z HenO.rtBID.Illioi1: CI1CTeMhI I(OOpmmaT XY Z, 
À = ~ . (-4)T - C06cTBeHHoe 3HatIeHHe rrOJIHOH HHBepmm: P ot :. 

t( i ...... -:R, r ..... -yr) , ~ li ± 1 - CoócTBeHHoe 3HaqeHlle orreparopa 
P'I i : ('f...,..3t-.., ) OTpa.JKeH:wI B IIJIOCI(OCTl1 Y'2 • JIenw yóe~TbCH, q'ro 
orrepaTOp A KOMMyTl1PyeT c TOtIH1lMH I1HTerp8JIaMM ).l;BIDKeHIDI f~ , J." 
n	 - l ~ rtot • Tor.rta COÓCTBeHHhIe 3HatIeHIDI Ai. 11 K09@JIDJ;IIeHThI a. h2 

m
HaxO.I(HTCH MS ceKYJIHpHoro ypaBI-IeHlLH 
ml"(J 11-0 "-",-4 

I ' L [<~fh2mJm:rÀIÃII1{r1;trÍJW7À>-ÃLi""'~m..ua': ..l=D. 
m~o n;'::o	 ,\1I~22) 

3.rtec~." i f: {rffl:r~ ." 1 ' SHaqemuI ~ Hy1.1epyroT B llOpJUJ:Ke Bosp~cTa
HHH,Ac: - KOpHl1 ceKYJIJIPHoro ypaBHeHHH npa <1Jl1KCHpOBaHHIU J'nlTÀ ri • 

IIpn r~n-" tInCJIO xopneã (22) pa.BHO 11 2 , rrpl1tIeM n(n+-f)/2 l[MeeT 

tIeTHocTb Á=+{-1)'J, a n("'-f )/2 - ..\= _(-4)7. IIOCJIS.mUIS 

BHpo~eHH c COCTOHHHEMl1 rrpoTnBorro~o~oH tIeTHOCT11. (O~eBl1.I(HO, QTO 

9TO BhlpOilf.IJ;eHHe IDv1eeT MeCTo TOJffiI(O B rrpe,n;eJIe paS'De,IT,l1HeHHH.X aroaos ), 
.TaKID...r oópa30M, scero RMeeTCH "(11+-1)/2 HeBhIpOJImeHIDu KopHei1: (22) 

npa gJHKCHPOBaHHIU Tm.1' t1 (c~l.'aH.rtapTHoe (,2 j+4) -xparaoe BhlpOJK,D;emie 

rrt! oCTaeTcH). Heo6xo~e BUP~HHH ~ peilleHHH ceRY~Horo ~aBHe-
HHH (22) JIeI'Ro COCTa.BJI.mOTCH 113 113BeCTH!1X MaTpMqmzX 8JIeMeHToJ2 7: 

<111 ~lm I A. f "~t1; m> =("'2- n.. ) S"a,n; ã , 

"'2 I I / {l. 2 I

mm 
g] ~<hfn2ml [ '"""1 m>~ a 2 [n-1-+m-(n4- nl) ~"1n~m m, 

12 

- [(n2~~)n-4 (11~+tY1)(Y\}.+m+~)]..y.2~·"'~111+~

- [t1z(I1.f+~)(no(-tm'H)(t11+m)]"'/2~t1~~2-1 } J 

<n.t~2.mJ »1J ÀI €+ J-\"'i n,,+·i m-~Jmj>'>= T (V12 +i) ( n,, +rn f]V~<y'TA 
•	 mm-i, 

<\'\~n2.mJmr).\t+J-\ ~i+1 nl m- 1'SiYlr}.:t=- [ (V/-1+1)(t11+vn)]f2d'~t\1_i, 
:;1 <M4Vl.2m:r~YlJ).\l-1+\ n~"~-i m+-~rWlJ).>= [Y);l.( tJi+.-Yl+4)]ifZifÀ
;:- . mrn"'ri)' 

~ . \,Vz j).<	n4Y11W1T'(t'~) \ t- J... \ ~ri ~1 m+i JmJÀ>J:: - [ 111 (J1Ã+rYI+~)J ~ mm..1 

<t1in~mJYYJT>'\ j~- 2/J;' rYl~n~h1'Jmr)..> = \ T(j+i)-2.YYl21~Yl).l~ó'mttÍ~ 
J 

~ ~WI-1 =: [1 + (' V2 - ~) ~m11 r(T- t)1-+ '1) (:1+ m )] v~ 
~ ~m ...oi ~ [~-+ (~~~)~mo] [(!+ m-·t) (:r-m)] Y'2 

'y j}. - v T" _ V 1>' :: o nr I-i é == - i
Ooo-Oo~-Q~o	 • 

Peuenae aHaJIOrM:tIHOrO ceKYJIHPHoro ypanaenaa B J<aHaJIe a, n03BOJIrreT sa

sepnrars nocrpoeaae rrOJIHOH KJIaCcRq;H:KaIJ;I1l1 eAB B npene.ne paS'he,IU1HeHHhIX 

aTOMOB. 

EM Haio~eH11R aClUvIIITOTH:KH BOJIHOBOÜ cfYHKLUm (12) Y,IJ.06Hee, 0)]; 

HaI{Q, BocrrO~b30BaTbCH coóCTBeHHhIM}I <I:YHKJJ;H:HMI1 oneparopa ~~ -+ l(P'l'2.r~~ 
HBRO npnCYTCTByromero B yp~HeHlm (12). IIOCKOJfbl<Y 3KB1IDaJI8HTHbIít 011e
parop K(·) B ~ -CJIoe pasea 01 

~~O) = _ 12, 1 ~ -+ 12 (jI\2-+ 2), 

.	 ~ (~ 

TO COOTBeTCTByIDmHH 9KBM:BaJIeHTHhIM orrepaTOp Jl~ 2~Jl + ~ l1MeeT 

B11,n; 

YI ~2.

A = - 3 z~ lA 3- Ar + Lo , 
(23) 

~2. ~ ~)2 -'t~	 / 2. ~~ 
rzte L ;- ( :J - e =.J - t+ J -:' - f _J+ - 2 Jt + t 
-	 KB~aT nOJIHOrO Op611TaJIDHOrO MOMeHTa RAPa GL OTHOCHTe~bHO aTOMa 

(i:> c). Ero c06CTBeHHHe cl:YHKI:(IDl: ~.(o> HaXO)lflTCH B peSYJThTaTe peneaas 

cexy.napacro ypaBHeHID! (22) npa 3aM~He.K na A . y cpezmenae (12) no : 

9Tl1M ~YHKUH:HM rrpH:BO~T K aCl1MIITOTUtIeCKOH cnCTeMe yp~r.eHl1H, KOTOpaH 

rrOSBOJIJIeT HaítTH WYHlrn;HH .i ~ f:, (j() C TOtIHo"CTblO 0('1<.): 

i 1i~ .+ :: M.E - Vi. L(~)} 1i ~ CR) = ! :z d;~. j:r/Lt(:R)p4) ~ d . 
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r.Qe 

Ql; =f (1JJ't'I [ h'>"]11lJ(1)) =t (E ~.)- E;:')<1ft), r~l f>' 
(~( -I] -2~t.(1L)=2tv( r En+ZCLZ~-~)'j( +A:~ o. 

CM:OTeM:y ypaBHeHll~ (24) MOiKHo Ta.roKe TIO.n:y-qHT:b, HoxoM~K3 paBHeImH Illpe

.mmrepa J1,JIJf. rpex qaOTRIJ; B mWCín8BOKtU n8p8MeHRLIX R~ 1 r& (OM.pRO.I); 
. ~~ 
{ - .i. 'õ?" ~ h(O~' Zo- + Z((. ZA +_L_ -E}V:: o 

2 &...,. .-4... _ -4 .... ~ o

2.)4 'O Ri, IR&-t(M~-i)M& rsd IR&-MA t"1, I ~~t (25) 

3.n;ec:b sexrop rt sanas B CHCTeMe Ii.Oop;:UlHaT o OC:OIO 2'8 , HanpaBJIeH

HO~ no ncsropy Ri (OM.pllO.2), hi)=--y'ZL1ii'- Zt/t"t ,a 3JIeMeHT 

OÓ~Ma pasea d'lt =d ~ oi Rt ~ ti 6&J 8&defJ • ACMMIITOTRtrecI<J.tlt BRA (25) 
B RaHaJle ~ connanaer o TOtrHOCTI:>IO O (Ri:~)

L
o ypaBHeHHeM )J,JI.H: sanaxa 

paooeJllilli. 3apmK81IHoí1: 'tl:aOTHrJ;Ei a.. aa aTOMe (~Co) B .IUIDOJThHOM rrpH6JIHI 5 
JK8HRli : 2

{- ~ ~Rt + h1)- E 1Vt(i&,~)=o, 
I (O) _ol A / 2 
Vl]) ::: hIJ -+ ~a.(Zh-1) RI" + b ~ Rt. , (26 ) 

h A ~g"
Á1> =: - 3 2'i, JA J :i!~ + L . 

(1) .2. -f:lo ~ Ilepexon B 3TOM ypaBH8HHH 0'1' R~ lI: J\ = { Rf:, +iA ri> 1 o TOtIHOOTI:>IO
 

o(~-2) H ycpe.mreIUlIe TIO rrpaBHJILHN.M rpYHK1J;lIlHM HyJI8BOro rrpMÓJIIDKeHKH
 

~ ÀaeT OHCT8My y'paBHeHaM, COBIIa.n;aroIItYID c (24). MOIK8T nOKa3aTI:>CH,
 

\fTO HCTIOJII:>30BaHHe 8CTeCTBeHH1lX nep8Memillx (I) TOJll,RO YCJIOlKffR8T aCRM

JITOTHtIecKHí1 BH)J; (26) B KafIaJI8 b, , rrOCKOJILlty IIOflBJIR:eTcH cJIa<JéU! Klime

MaTHQeCItM CBR3l) "':R..-4 1) fã 1{ • B .neií:cTBHTeJThHOCTH, 0,1UI81W, aTo 

MHffiIDAaJILHoe YC~O~IeHHe eCTb c~e~CTBHe eAMHoro OrrHCaHHR KaHanOB ~ 
II !> C nOMOlIlDIO O).4HOrO noxaoro OpTOrOH8.JIbHoro nacopa CAB. llocJIe.mree 

03Ha~aeTp qTO B ~aqHOM nO~OAe OTCYTCTByroT TPY~OCTH, npRcynme MeTO~ 
O~I:>HO~ CBH3H I~aJIOB R pelieHa rrp06JI~Ma BBe.n;eHllR KpMBo~MHe~HUX KOOp

~HaT , ~a6aTMtI8CKOM dasRce. (MCTOPRR ~aHHOro Borrpoca oCBe~eHa B 
odsope 7 ).. 

lloI\.WKeM T8rrep.b, KaR WOPMJrPYID'l'Cfl @ISXfl!eCIClle rpamIqIille YCJIOBHfI 3a

.n;aqz pacceRHHR B eCTecTBeHHHx rrep8M8uHUX. ~R aToro paOCMOTpIDA aCHM-

TITOTKIq perneHRÍ1 CHCTeMH ypaBH81001: '(24) B I\.aHaJIe L:= r r VYI:r 6 n q, '> o. 

Orp~~UIBar.rC:O c.n:yqaeM Zo.. = ZI,= ~ , B:8JI<JOJIee B8,}K}illM B MeSOaTOMHOM cI:H
3Uli.e, II OCTa.B.7I.f1.fI B (24). rJlaBHlle TiJI8HU~ He'.rpy.mro rrOJIytnITI:> 
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J L ... k i.'J, (~ _ ~ <LI r~1L » _A i. '} x' )=
l d1{,Z .e M~~ r1J~ i.t (R O, . 

.J ~ (27) 

~ {!teR,) = ,kf <':'1 r~ld'> 'i. (rR)
dst d 2JA:R ~& • 

· . k~ . (E E (o) )
3,n;eol> t, II J rrpHHa,zr.JI8iP'..aT pa3H1lM n,., t = ~ IA ,- i 
E ll) s: -.f / ,2, n2. • C5hIJIO ucnOJ1I>scmaHo npananc CY'l/l!\'1 

, (o) (o) 

2 2: Q Li-.9Ji- = <L I .., ~ QCc)r l >= <~ I r 2 1L> o 

o' E(O) E (o)d . - • 
Peuieaae (27) ~e.n:CT~l1TI:> BM)J;e ( k: <~ Ir 1lJ>« 2jA f,R ) : MOiKfIO B 

j,., (:R) ~ B, ~it1 f k·c:R (~_ ~~U·1Il> _ ~)+~,}~ (~U) 
L L I" 2.j'Jt ~2. ;z kr~" l. 

~ ·Bi.~t1( k~'R - A l + ~'l)- k~<i,lr2.Ii.> CO'i(k.~- A~ +~.yr Zki1(. /; falAR ~ 2ki..R &.~J 

i,~ (j\,)~ -b. .ki <LI r~\f> CD,~ (k.1( -~ + â',) 
~ l 2fl !J( lo 2k~jt ~ 

3,n;ecl> B g:a3e ~<. g;asoBbIÍi C,IJ;BHr ~,'P OT .n:aJlbHo,n:etfcTDYlOrr:(cro MTIOJlblIOrO 

TIOT8HIlJIaJIa .A;.~-:t Bbl,n:eJIHeTCH HBRO: g ~ =Sf -t ~i , cornacuo reopua 

KBaHTOBoro .ne<1eI\Ta/
17/ . BbIPaJKeHHe )l,JlJ1 ~~ ,n:UHO TaIVic8 B TIpU.!IO,lKeHHli.

C 
wasa paCCeID1HH rg(t H aM1IJIHTy.n;a Bi. H3.XO.I!JITCn B pesynr.rare lIHCJI8HJIOrO 

peurennn a,IU!a<JaTH1-IeCIWH CHCTe!;:1l1 ypaBHeHHH W) c acnTilIlTOTI1;tI8ClUIM YCJ1O

BueM (28) c nOMOmblO aaroparnon, paapaoo'rannux n paooro /"",1/.' Torna, 
l1CnOJIl>3YH CDO~CTBO rrOJIHOThl em, nOJly-i"U.'l aCl1TI1IITOTI-IKY nOJlHOl1 BOJlHOBot1 

g;YHKl~H V B H,aHaJIe!, c TOtIH9CTbIO O(~-~): 

Yt (n.,1().=: '4ftJ
( .f2g ) XttCR) + ~L '\fJO)(nt.)XJ~(t.R)= 

J 

= vt>(11,) \ ~ n [ k\R - A ~ / 2 kt'R ... ~; 1 

- k, Y~ eM rk;~ - A./2 k;::R +~; ]}s;. . 
~,1?. 
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IIpH YCJIOBI1M kl 'rl -« :4~ 'J< illJleeM 

,(c) [k ( lI'2 ) .A'kL ~ ]~t (S2,R) R: ~ l rS2~) ~ Vl i. ~ -~ - BL ~• rt:J+ tJ &. 

2jA ..n.. 2, ...n, < (29 ) 

~ . (C). [ Ai ].~ '\V. (Sll> )AtY\ k· R, - -- +~. B. 
(. b 4. I:) 2 k; R&. l L. 

TaKHM oópaSOM, Mil rrOKa3arrH, qTO yqeT cnaÓOH RHHeMaTRqeCKOH CBflSR B 

ypaBHeHRflX (24) rrpRBoAMT R BOCCTaHOBneHHID MO~~ HKOóReBCK01'O BeKTopa 

R~ ~ 3< - rf / R:fi ~ (CM. nr » B a~MMITTOTI1ICe rrOJIffOR BO.7IHOBO.it g)yme
QHH (5) rrpR ÓOXbillRX, HO ROHeqHHX jt.• aTO 03HaqaeT, qTO aCHMllTOTH

xa peIl1eHR~ Xl.' (~) MI:IaÓaTRqeCROH CRCTervrr,r YPaIlHeHIDt (S) B eCTeCT

BeHHhIX rrepeMeHHhIX COrJIaCOB8.Ha c lfH3J11qecI\.HMa 1'pa.ImqHhlNJI.i YCJIOBRRMn 

(29) sanaxa pacceaaaa B KaJIaJIe " • OqemuuiO, qTO B R8JfaJI8 o.. WH3J11


qeCIDIe rpaaa-raso YCJIOBHH Ta.IQKe y,n;OBJIeTBOp.flIOTCfl, nOCICOJThRY 11 BaTOM
 

c.rryqae ecrecrnenaus nepexemnze (I) rrepexo,lGIT B cooTBeTcTByrolI(Y1D RRO
~ .., 

óReBcKyro napy Ra.. V'a:. (CM. pac..L) , 

4. OÓcy~eHHe pe3ynnTaToB 

B03MO~OCTb TOqHOM 11 ,n;OCTaTOqHO npocToH rrOCTaHOBRM WHSaqeCKHX
 

1'paHHqjHX YCJIOBHM B CAB CBH3aHO c TeM, qTO,B OT~Re OT CTaH,n;apTHo

3,5 

1'0/ , B HeM c CaMOI'O aaxana yqHTHBaeTCfl KOHeqHOCT:b Macc qaCTlIT.( Q.. 

H ~ • aTO npaaonar K TOMY, qTO npz pemeaaa KOHKpeTHHX 3a.n;aq paccea
HMH Heoóxo~o BHqllCftJITb TepMH H BOJIffOBHe WYHKUHH sa,n;aqz ~yx qeHT

pOB B eCTeCTBeHHhIX rrepeMeHHHX )J,JIR KaJK,rl;OI'O Haóopa Macc Mo. H Mt • C 

3TOM TOqRH speHHfl ,n;aqHHli rroAXo,n; HBJIfleTCH eCTeCTBeHHHM paSBHTPIeM 1'i
rrepc~epHqeCR01'O a~aÓaTPIqeCK01'O MeTo,n;a, rrpe~IO~eHilOI'O B paóOTaz/S 

~ O~RCaHHH 1'e~OrrO,Il;OÓHHX CMCTeM B rrpHÓ~XeHMH 6ecKOHeqno T~eJIOR 
MaCChI rmpa, <l)asbI '?li. H aMfIJmTY.n;hf Bi. , rrOJIy'treHHbIe MS ql'J;CJIeHHoro peme

HHH a,Il;HadaTHqeCKOM CHCTeMH ypaBHeHHM (8) c aCHMITTOTHqeCKHM YCJlOBHeM 

(28),MOryT ÓbIT:b Hcrro~30BaHhI »~~ BbIqR~neHRff CeqeHHH HH3Ko8Hep1'eTMqe_ 

CKaI rrpo~eccoB pacceflHMR B CHCTeMe Tpex ~aCTRq. E~ HeyrrPY1'oro pacce

.fIRME aTOMa Ha aOHe c M3M8HeHHeM OpÓHTaJI:bHOI'O MOMeHTa aTOMa: 

I niOme' >-.1 neme. '>, g;ashI li aMnJlliTY.IU1 ~becTHhI/I6,I7~~i.= $'r> Bc.1,. 
ecza orpaHMtIHTbCfl mmOJlDHillJI rrpn6JIIDKeHMehf J.5/. 3TOT rrpocToH rrpHMep 

rr03Bo~eT Ha1'JI~O rrpo~eMoHcTpHpOBaTb CBR3b a.n;Ha6aTMQeCRHX aCHMITTOTHK 

c aMIIJmTY~OH pacceHHHH TaKHX rrepeXO,Il;OB: 

'llr (R ~)....... ") '1,,..(0) + i~ fi LltR!
 
':t' ~ k h':)m; 'n r.. ·J\;-.R 

. 

L 't'n~m/l (Y'I:J ~t(0dm mO e .. 
~ 

+ 
r-b ~+&:O em~ ~ ! r 

-oi ik Rt ....... )}
+Rt e f ~tWte, tttOMi (.N, No . 

...... - -3~e cs e.n:t!HRQHI,[8 BeI<'Topbl No::l k / k H N = Rb / Rlo xapaRTepHSYIO'r narrpan-

JIeHHe llMalOmlU ~t pacceamnrx BOJIH, a OCb ICBaHTOBaHHH OpÓI1TaJlDHbIX MOMeH

TOB ~n onpene~eHHoCTM CqíTaeTCH HarrpaBneHHOfi B~O~b B8KTopa ~ • Tor

.~a cor~aCHQ pa60Ta~I5,24 BbIpaoceHH8 ~H ffi,illnHTY~bI paCCeRHHH, corrpOBü~
í ~aJOIuerocn nepexonoa aTOMa (bc) H3 COCTOmiHH) nf'm~>B cocrosmie I t1 ttne'>,

I' 
rllO;IGIQ npe.n;CTaBPITb B BR.n;e . 

.. - _ 4ft"' "'Ç" { ~(2.~~('J,k)-j1T) 
41f. nt m n 1 mo (j./, No ) - 1)' k L- e x 

t, " c N L Jmr~ 

x J,:rmT}.~(_il) _ 4>:r~I:t(jl')} ~Tm1~'Y (iJ)
T ne(I h11 o .... ~m e., o n t trlt • 

3.n;ec:b ~1-'(:r, k)=~~ ~-fJ -coÓcTBeHHbIe q:~a3H BA -rrpe,n;cTaBJIem:m:, 

(.. ={:rm:r ~ '?Cf } ~ a cp~ ~~~'J.(NjrrOJIHHH rtaoop rIYHKIJ;Hfi aa eJJ;R
HH~HOH ~epe: , 

ep Tm J' À ~ -e- ~ ~ r ) CTh1:r V (N)
hem (N')= L V:r,,(~)eL L»1 em .1LrrtL 1 ,e 

KOTOphlli: orrpe,n:eJIHeT 
CllCTeMe KOOPnHHaT: 

1V~O)(? ...a,.) 
L ,',11 

LmL L L 

COÓCTBeHHhIe cIJYHKWUI oneparopa A B Herro.n;BM1KHofi 

= ~ '0/ (O) (~ ~ :rt\1:TÁ~ ~) 
IJ ~ t1t»1~ s) T he m (1'01 , 
to "'e e. • 

npn 3TOM ROS@)JIIJ;HeHTbI Uf).(~llL )CBH3aHH c perrremI.F11vlH a."r12,rn ceKYJIR}JHO

1'0 ypaBHeHIIfl (22) ;II)I.H A opT01'OHaJI:óHI:lM rrpeo6pasonaHIleM: 

rnin Ci,J') n-tn-"
U ( I t L) ="<) l GeT~ AV\d1~ Tm:r~n~ 

J'À ~ L m l a"2m )t1em 
m.:o ."2=0 

1'.n;e 1"-t·-L 

I 
I Gf :Jr6 _ (_~)!+m 1+6(-'1) elO
 

ml - r2(.,+gmQ)J.y~ ernJ-m
 

5MaTpHI~a 'hHra-4Ja.Ho/ ,22/, CB.fl:SbIBaJOlllM ;yrnoBble nonHOBbIe 1-YHKD;IIM: B. ae-. 
f rro~BIDKHOH X y~ 11: BPalI!8lOlUeI1C, X .. V, i!& C11CTeMax KOOp,luIHaT (pac , 2) , 

2 3 
, I A~';~ - MaTpHua TapTepa/ , CBfl3bIBaIOlUM KynoHonclme e<lJepwrecrore 

H rrapa60JilltIeClrne q;YHRWlH. 8TO npsoõpasoaaaae xapaRTepH3leTCH rrOJilIOR 

I 'tJ:eTHOCTbIO .À =- (-~) e.~ L , rr08TO~ Heoóxo».mru:e a.T:,n~ ttcy OTÓIIpa,
 
IOTCH COrJIaCHo YCJIOEHIO <I, = (- i)T- e.- • I1ocTpoeHHe ariITIJIY.l~Y.m,( pacceaaaa
 

MH' HeynpY1'nx nepexonos c H3MeHeHHeM I'JIaBHOI'O ICBaHTOnOI'O tIMCJIa n 
I 11 rrpoueCCOB rrepe3ap.R,ZJ;Rll Ta.&'Ke He ~HSHBaeT rrpHHIJ;!IDI1a.JI:bHblX 3aTpY.IUIeHHtf 

M OCYmeCT~eTCR C01'JIaCHO pa60TaM/22,25/." 
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B 3a~ID~eHHe aBTOpH ó~arO~apHT M.B.KoMapOBa, E.A.Co~OBbeBa 3a 
nOMO~b B paCOTe, 10.H.~eMI{o~a, c.rr.MepKypbeBa, ].H.IToHoMapeBa, 
~.A.CRMoHoBa li yqacTHllRoB MX ceM11HapoB 3a rro~e3HHe OÓC~~HHR. 

TIpMJIOiKeHHe 

ACMMITTOTllRa perneHllR ypaBHeHMR illpe~RHrepa c npOll3Bo~~A ~HITOAD-
RIDJI rrorennaanox d ~ A 

{d~~ - ~~ + kf } .X: (1t) =O 
I1MeeT B.I'I;r/I 7/ : 

:lé.	 (:R) ~C"O ~~ ( k~ €R + ~r) . 
TIpM A l ~ -~ 4/4 , ~ 5 .À R :::- 1!,e + V~/J., ... A t i 

"b ". 
~	 . =- - Ào

" 2" . 

IIpI1 A t <- ~/-4 s .x =: >. R + i. ..\ I :: - ~ ~ L. " - Y4 +lA( \ 

'5 f = - ~ + ~ Ck.:, À:t) , 

cp (k'.>':I): Q..l:.etS [ (ih lT).r ) tJ [ À:r in ~. +éUJ rO+i ":t8] 
~ a.	 • 

TaÔ1Un~a. COÚCTB8HHHe 3Uatlem1H Ai onepar opa A )J,JIJI MeSOMOJIeKym:l 

--------~._~~~~:~t:._ II ,6:5I~!..-~.:_::_~~ _ 
. O I 2 . 3 4 5 6------------------'"'----------------------- 

I -415.18 -413.26 -409.43 -403.68 -396.01 -386.43 -374.93 
2 -132.41 -272.81 -268.92 -263.09 -255.32 -245.61 -233.95 
3 146.41 -130.44 -132.38 -126.47 -118.58 -108.73 - 96.90 
4 421.13 8.00 -126.50 -120.59 -112.72 -102.87 - 91.06 
5 148.43 12.00 6.01 14.02 24.03 36.04 
6 284.81 146.39 17.99 25.98 35.96 47.95 
7 423.27 152.49 152.48 160.59 170.73 182.90 
8 288.92 158.56 166.67 176.80 188.95 
9 42'7.44 295.09 303.32 313.61 325.95 
1º---3_. :!J3.t1L.__44g,~§~_'±~f..5I ~§:hQL_ 

Pacxeru Bb!nOJIHeHbl no npor panxe , COCTaBJIeHHokt A.r .A6paWK8B11tleM. 
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HET JIH nPOBEJIOB B BAWEH EHEJIHOTEKE? 

8bl MOlKeTe no.ny'lHTb no nO'lTe nepe'lHC.neHHble HHlKe KHHrH, 
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H3UaTenbCKHH OTUen 06oellHHe~Horo HHCTHTYTa HUepHWX HCCneuoaaHH~ 

BHHHQKHH C.H., ByKaHnoBHq ~.P., KaAOMQeB M.B. P4-86-439 
AgHa6aTHqecKoe npeAcTaBneHHe 3aAaqH Tpex Ten 
B npeAene pa3beAHHeHHhlX aTOMOB B ecTeCTBeHHhlX nepeMeHHb~ 

Ana AByxQeHTpOBOH 3aAaqH B npeAene pa3beAHHeHHb~ aTOMOB 
nonyqeH 3KBHBaneHTHhlH onepaTop A, CHHMaro~H KynoHoBCKoe Bhlpo~ 
AeHHe BO BTOPOM nopHAKe TeopHH B03M~eHHH, Co6CTBeHHhle 3Haqe
HHH H C06CTBeHHbie li>YHKQHH onepaTopa J\ n03BOnaroT noCTpOHTb non 
Hyro KITaCCH!l>HKaQHW COCTOHHHH 3aAaqH AByx QeHTpOB B ecTeCTBeH
HhlX nepeMeHHb~ cornacoBaHHoro agaa6aTHqecKoro 6a3HCa /CAB/. 
YcpeAHeHHe nonHoro raMHnbTOHHaHa 3aAaqH Tpex Ten no CAB npHBO 
gHT K CHCTeMe aAHa6aTHqecKHX ypaBHeHHH no MeAneHHOH nepeMeHHO 
~- rHneppaAHYCY CHCTeMbi Tpex qaCTHQ, noKa3aHO, qTO aCHMnTOTHKa 
3TOH CHCTeMbi ypaBHeHUH cornacyeTCH C !l>H3HqecKHMH ycnOBHHMH 
3aAaqH pacceaHHa, 

Pa6oTa BhlnonHeHa B ITa6opaTopHH TeopeTHqecKoH !l>H3HKH OHHH 

llpenpHHt 06benHHeHHoro HHctHT)'Ta JJ.llepH&IX Hccnenosamlii. ,lly6Hll 1986 

llepeBOA O.C.BHHorpap,oBoH 

Vinitsky S.I., Vucajlovich F.R., Kadomtsev M.B. P4-86-439 
Adiabatic Representation for Three-Body Problem 
in the Limit of Separated Atom in Suitable Coordinates 

For the two-center problem in the limit of separeted 
atoms an equivalent operator A is found removing the Coulomb 
degeneracy in the second order of perturbation theory. Eigen
values and eigenfunctions of the operator A allow us to cons
truct a complete classification of states of the two-center 
problem in suitable coordinates, a compatible adiabatic basic 
(CAB). Averaging of the total Hamiltonian of a three-body pro
blem over the CAB in a system of adiabatic equations in slow 
variable'~ the hyperradius of the three-body problem. It is 
shown that the asymptotics of that system of equations is comr 
patible with the physical boundary conditions of the scatte~ 
ring problem. 

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