
I 
C .li.BHHH~KHH , JI .li.fioHoMapea 

KOPl10Jil10080 83Al1MO~EMCTBl1E 

8 A~MBATWIECKOM fiPE~CfABJIEHlil1 

3A~Alil1 TPEX TEJI 

'( (,~ li.J-/ 
P4 - 7568 



onpe,D;enHeT 

C.M.BHHH~KHH, JI.M.iloHoMapeB 

KOPMOJIMCOBO 83AMMO~Ei1CTBME 
\ 

B A~YtABATWIECKOM OPE~CTABJIEHMM 

3A~A1IM TPEX. TEJI 

Huup<~B.7t•no B HC/J 

C6"I>~.ll!iW3!1HI:Jfi rmcmryr 
sz;.:c;::z:ux ru:CJ:e~asaad 
G~l&JI~tOTEKA 

. P4 - 7568 

.· 



...... 

., 
.';·• 

. ""' :~-~ . . ··. 

J 

r 
~. I 

BBe8eHKe 

PacceRHHe Me~eHHO~ T~~on no~o~Te~hHO sapRXeH~ 

Hon -qacTHUJ;l (smpa)· Ha B080pol!;onol!;o6HoM aToMe, HanpH~ep, 

peaKUHD nepesapRl!;KR 

Z1.e +·~z - · ~:t. + · Z.2e 

~ffil6o~ee 8CT8CTB8HHO paCCMaTpHBaTh B al];Ha6aTU'q8CKOM np88CTaB-. 

JI8Hlnl:. ::frO IIp88CT~8HK8 HSB8CTHO .B JIHTepaType KaiC M8T08 BOS­

MJ'lllEiHHIDt c~B.UHoHapHwc cocToiDid (B.c.c.)/I/n ffilJUieTcSI·noc~e8o­
BaT~hHHM o6o6menHeM·MeT08a EopHa-OnnenrenMepa B Teopnn 

. ' 
Cll8KTpoB MOJieeyJI. Ilp:H CKOpoCTSIX Sl88p, M8HHIIHX, 'q8M CKOpOCTH. 

op6HTaJILHHX a~e~TpoHOB, pememm HCX08HOH sal!;atnr MOJKHO YTO.q­

HSITb no T80pHH BOSMYJ!l8Hd/Z/, HCllOJihSYR napaMeTp N'aJIOCTH /'(J/H, , 

(OTHOW8HH8 MaCC 3JI8KTpoHa M . .lll!;ep), KO'l'Op:Hli 8CT8CTB8HHO BOSHH­

KaeT B al!;Ma6aTH'q8CKOM npel!;cTaBJieHHH sal!;a-qH Tpex TeJI. 

~ ycnemHoro npHMeHeHHR M8T08a B.c.c. Heo6X08HMO npe8- · 

BapHTeJihi:!O penm:Th 3al);a'qy )J;Byx U8HTpOB KBaHTOB~H M8Xai!l1KH, T ~ 8 • 

3al);a'qy 0 8BHX8HHH 3JI8KTpoHa B llO~e l!;Byx SaKpenJieHHHX .lll);ep. 

3T~ nporpru.'l:'a peaJIHSOBaHa B pa6oTax/
3 

•
4/ 8M npoHsBo.ni,HIDt 

· sHa-qeHHH l 1 H r:z. , -q;o nosBoJIHJio, B cBoiO o'!epe8b, ~ll"!HC­
JIHTh :$IJeKTHBHbl8 TIOT8HUHaJibl B ypaBH8HHSIX OTHO.CHT8JibHOro 8BH­

X8HHR nnep H CB8CTH HCX08Hyl0 3al!;a'ly TpeX T~ K pemeHHIO CHCT8-

MU o6HKHOBeHJIHX 8H<W>epeHUHaJihHHX. ypaBHeHHii. TaKM cH,cTer.~ ypaB­

HeHHii, np88CTaBJIRiallaSI OTHOCHTOJI~~Oe 8BHllt8HH8 Sl88p~ H ,Z.;., 6e3 

~Ta B~8HK.ll Mea~epHOH ?CH, TIOJIY'l8Ha B,PSI88 pa60T/I,~,3/ • 

B npaKTH'lecKHX pac'leTax HcnoJihayeTCSI 8ByxypoBHeBoe npH6Jin­

xeHHe 3TOH CHCT8MH 0 KOTOpoe IIp88CTaBJI.H8T HCX08HYIO 3alra'!y C TOll-
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!:IOCT_~IO .JJ;O tiJieHOB ·M3/H.:, BKJIIO'IRTe.1Il>HO. B pH.JJ;e CJIY'IS.eB 

TaKaJI .TO'IHOCT:b .JJ;OCTaTO'IHa, O.JJ;HaKO B 'peSOHaHCHUX CUTyau;R.RX, a TaR-. 

JKe B Niesoa~o~on ~-~~Re, r.n~ OTHomeHUi, · M3 /H.: He :Trut v.8.n:o, 

.···! 
., . l .... " ' . . ' 

' ... ·I 
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I 
j -~/_ Heo6XO.JJ;HMO 'YTO~H~;:b rroJiy'ieHHH~. ypaBHemiA .n;o {!13 ~~zt·~~H~eJI!ro 

Ho/.n;JIR pemeimw sToil- sa.n;a'!R Heo6xo.JJ;HMo rrpHHHT:& no ilkmH:He nlic-

m:we TepMI sa.na.lJ:w .JJ;Byx.' neH~o:B/2/ M yq~c;i' sqxp~RTR BPBl!IElHi'm M;~2 ... : .. 1 .. 

R.JJ;epHOll OCR, KOTOpuC RBnRIOTC.fl cne.n;CTBMeM BSaMMO.JJ;eHCTBM.fl 

SJieRTpoHHO;O· M R.JJ;epHOrO .JJ;B~~HUH, B ~;~~_cce' :~TOJIIlli;;~~.fl. (T .H. 

. "Rop:wo;r~cono asaHMO,!(eltciaHe"t5/). KpoMe T~ro·; noc;re~onaTe.1Il>Hilii 
YlJST aqxpeRTOB n:Panlemm OCR pacnmp.H~T 06JiaCT~ -~IDileHIDiiO~TM '~~-

. To.n;a B. C. C. II Heo6xo.nHM:-.Il;JIR KOppeKTHOll noc~~OBRR ~paml:l!Hmc 
yc.iroB:wll aa.n;a'IR paccesrn~.ff/7, 9/~: '·, · ·. . . 

06mn:ii rro.n;xo.n; R rrpo6JieMe 6HJI llp~.JJ;JIOllteH. KpOHHror/5/ II B. 

.n;ani>Hefun~M pasBRBMcH {~6oTax/I·•4 '• 6 ;s; .· · H~6o;re~ · .n;eT~Ho·· ,0·. 

a@.ieRT~ ROpH0~90Ba B~aMMo~ell~TllH.fl Clwm. p8,CCM~Tpe'im .B. pa6o;efS/, 

o~ruto B Heii co.n;e~TCR HeTotrn:C).CTR, II, KJ)dMe TO~o, as~aJI!ro 
HaJI sanR6UMoc±n · :BoJIHollia: ~iunr:a :ia.na~-~yx'he.HTpoB ·· B!l6p~a B 

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

BR.JJ;e s i11 m 'f R c.-&1 rn 'f • TaKoii no.nxo.n Hey.n;o6eH ·H saTpy.JJ;H.HeT 

ocio6meHHe Ha 9JIY'lait .'~~~~TKU co c~oti; a· TaiOite Ha: 'CJiy~alt pac-

C8RHU.fl BO BHemHeM IIOJie~ . 

_.B .Il;aHHOfi pa6oTe rocneiODaTe.1Il>HO Y'!RTHBaeTC.fl KO.PRO~COBO 
nsamio.neilcTBRe-B cRcTeMe Tpex 6eccnRHoBmc 'llacTHn·B .a.nRa6a­

TU'IlecK~·,£ npe.n;CTaBJieH~R. IlbJIYlle~HaH ~l!CTeMB.. obkuoBe~~ ~q; . 
_, !flepeHimaJinHUX ~HeH:wll, npe.n;b·T~Dn~ o'THoCR~eJil>Hbe iuJueHUe 

. ::-. . . . . ·~ '. . . •.· . 

.. R.JJ;ep,~ y.n;o.6Ha .JJ;JIR ~cneHim£ :Pac'lleToB ·:K'iocycKaeT Herrocpe-.nc.fBeillioe 
oelodriteHH~ Ha CJiy'll~ ~aCTHri CO 'CJIJIHO~~ . . . . . , . :.;· ., . , . 

~-~ . ., 
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·2. IJOCT8HOBR8 38ll8'IH H BU60p ciCT6MU K00p,wul8T 

TBMWU.TOHR!iH CHCT6MU Tp6X 'll~CTRU C 38Pf!.U,814H. lt, l. z; £3 
H MSC~aMH 1'1t ~ /'12 .., /13 . p8BBH: 

t;, 2. . • t 2. 1t. l. • 

r;}f,t = - 2M
1 

Ll r,· - 211~ ~t2. - 21'13· .6 ;3 

ltl2. l1l.3. zJ. z3 - -+ 
IRz.-R11 1~-R'1J IR3-~I 

IIoc~e BB6~RHR xoop~RaT (pHc. I) 
-+ ...... . _.. -Cj(= 11, R, + t1, Rz. -t 11.s R3 

11f + /1, + t1J ... - '-~ 

Rz - /?, _, R. - -.. pI R t + j3;. R 2 -

·,,' + j32 
--t = R.3 

- -i> 

Ra = R; 

OH npeo6pasyBTCR K BH~ X/ 
. . z.. ' ~ 2. -Ji.. . h.- ·a.·.. . 

typ =-- ~~ - - Ljj. ... + -(v. .... v.. + v. .. ·v-) + 
tfL.t 2. M t . ;;,._ 2M 0 R . 2 R ·~ t.· R 

. 2 

+ : Ll{] 
2. 

1 "- + -wt 
2m 

l..!_lz 
R 

z, l3 
'l:l 

Z2.l3 _, 
.Zz 

(I) 

(2) 

(3) 

'\. 

1i. 2. (X. J. 
x/ OnepaTOP - _:,_ b. t 

8Mo 
'IBCKOit SR6prHR 3~6KTpoRa 

MOXBT 6HT1> BKJiroqeg B onepaTOp KKHBTR­

- ~ A"t, _'ITO npRBe~T _R nepeonpe-
. ( a 2 m )-f 

.n.e~BHHD ~BKTHBHO~ MSCCH m-r= m. 1 + Ltl'1o. • /6/ • 
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R =.J'R;: .Rl L tf == F~- ~ 1·- tz = rt;- f~{· 
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1 -.. 1 
- + .-

'1"11 · 112 ;: 
±·= 
/1;; Nt =/11 + Nz. +!13, '.· 

f'~ 
a.= ~:- J!_z- flt /:12 - /11-

f'!z + 11t 

- ·. ~--~ 

'·\ .. 
1 

m 

j3z.\fj3t 
= __!_:_ ' ; 

_l1.J 

J £.= 

f 
11t -1-/12 · 

" 
·-- ·~ (4) 

' • ~ ' .!_ "; 

,TI;m. onpe)\eJIBHHOCTPr YCJIOBI!MCR; 'liTO -~1'13 <: ·11, ~ M 2 ·, '118CTHey , .... 

c Ma~coii M3 Iii .OTp~uaTB.1Il>HI:lM aa~.IioM''- 43 Oy,l\BM H83Hli8T:& 

··aJieRT.poHOM (MeaoaoM),. a 'IBCTHUJ:J'. M 1 Iii M;~ SI.zu>&l.H, n~eM 6ea 

DOTS pH 06~;CTH;BCBr,na 6y;rr.e~ n~~OJ18T8T:&, 'liTO ·z 2. >: l1 
... a :s cJJy-qae Z 2. '== ., l 1 n~ID.leM yc~o:s.He ' /1. 1 !: M 2 ~: --

IlocJJe oT,l\e_JJemm· ;Illlilllte.H.HSJ ueliTpa ·HHepUHn Tpex ,'IacTHU-ypa:s­

. HBHHB Illpe;rr.HHrepa C.HCT6MH Dplii06peT86T BH]J. '· :~-
. . . . . . \.~. 

-H 'f(f iJ = -E- 'frz r)'' 
·.</ -- ., . •, 

;.. 

(5) 
:'. •, ~ . 

·:·r~e·£,., -·DOJJH8fl aHeprM Tpex·TeJI B CHCT6M6 UBHTpa HHBpUHH, 8 

.,rBMM:&~oruma H B eJJ.HHin~x h ~- 23 = m = 1 :supa:~taeTCR 
•_; CJI6.1\YKXJtHM 06Pa~~';/7/: , 

H =. T.+ W.= I -2 
2M P .+ ,W _, 

_j_ . = ..!!1.-
11 ·f1a ~ 

p = ·_ i (V.-- + E. ·v.--) 
. - ._ R . ~ t;.:t. ~ 

w = 1-l. + _ z/zz _, H' ::: _ _!_ 11; _ 21 ~- -zz _ <6> 
. ': : . I( . o 2 'i 1 . .Zz~ 

rBMmTO~.HBH (6) flBJljl~~Cfi ®'HKUHBii napaMeTpa a.= ex VSzj3-t) · 
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(4), 3H8"<I6HH6 ROTOporo O,IJ.H03H8"<IHO OTip6;D;6JlSJ6TC.!I Bl:lClOpoM HB"<If.bia 
- . . c 

0TC"<I6T8 B6RTOp8 Z (2), 'ITO, .. J.:l CBOJO O"<Iqpe;n;:&, ;rr;HRTYBTCJ'l cf.H3H"<I6-

CRllMII OC066HHOCTSJMH p6W86MO~ 3~;D;a-qn. 

B aeno.u.ammot TIPfiMoyro.ri:&aoft CIICTBMe Roop,mmaT X Y Z 0 
BBRTOP ·;z . 3a;n;a~ RoMnoaeHTaMII '.._ £X;;, 'G, l!}, a neRTop 

R- c<tepHtieCRHMII Rd;p~~;~_· {R: e: 'P J>-RaR II3B6CTHO,. 

;D;BmteHHe -s~~RTpoaa y;n;o6aee oniii:ll:lBBT:& :B. cncTeMe ROOP,IJ;IIHBT XYC.O 

(prrc. 2), · BP811lBJallei1:cSI BMecTe c_ i.!e~M.u.ep~oi1: oc:&JO K = t R, 8, 'f}, 
DOCROJI:&Ry B ":noi1: CHCT6M6 TIOTi3ru:uffiJI'b~aSI aaeprHSJ 3Jl6RTpoH8 He 

38BMCIIT OT yrJIOB {)J cf (T!lROB Dp6;D;CT8BJ16HH6 ~ BOJIHOBOfi cfyHR­

IUm t (( t) H8311B86TC.II MOJIBRyJISJpam/5/) • Oprl:l BP81!l8Jall6fi-

CSJ llp!IMOyrOJI:&HO:ti CHCT6MI:i! ROOp,mmaT , X Y i! 0 CB.II38Hl:l C 

.OPTBMH ccf.epHtiBCROfi CHCTBM!:l ROOp;D;HH8T COOTHOW6HHSJMH 

~ _., ---'1 .:.., 

ex= eB 1 ey. = erp -'> -ei! = e~e ~ (?) 

OTRy;n;a CJI6.IJY6T CB.II3:& M6:lt.IJY ROOp,Illlli8TaMH 3Jl6RTpoHa B H6DO,IllliD!tHOfi 

H .Bp8U1811lll6HCR Cl'ICT6M8X ROOp,mma!B/. X/ • . . 

X \ 1 Co-s& C41 ~ ~e~n.,~ -h.·n-e x3 . 
y I =I -~·n-~ 

-' c41 c:fo ~ 0 yil ) . (8). 

l I \ ~t'Jt-e C4:f f .. Atn.e,nn, rp· C4j e z~ _, 

. X/B pa6oTe/
4/ M8TPHU8 DOBOpoTa (8) OTipe;D;6Jl.II6TC.II ;D;n.II OIJTOB 

~ _,. ~·. 

-ex, :- ey, 8 i! , .noaTOMY DPH Cp8BH6HIIH IJ63YJI:&T8TOB 

B pa6oTe/
4/ 3H8I( OIJTOB ex R ey H606JcO.u;m.IO DOM6HSIT:& 

HI:\ 06p8THilfr. 

i· 

c" 

I 

.. · 
. .. 

·,_ ~ 

· . .: 
HCDOJ1:&3yJ'l COOTBOWBmtB {8} a Q003H8'13!J ·~@)epelriJiipoaaHHB;' ;' ~· 

npH nocTo~mrux (X~ Y~. Z) · in.rp;uoM,. B ::J~~He o~ ~·epea­
lClpoBa'Hrur npv. nocToSJ.Himx 0 X:~, G 1 Z;; ), , san~ eM wpa~tte!WI . .!I1lfl. 

onepaTopon ~~ i divf _ · ·npu .u.ei\cT~Kii aa ~HRfut~ 
'JI( R~ e, 4'; x.,Y,-z) B M0Jl6UyJISJpHOM Tip6.U,CT8BJI6Hrut:.· 

" . .· -\. .·. .· . '· .. '"' .. 
.. :··. f . . -t . "!. _:· • 

I 

1 ~ d + _.!2 - -t. y + ·__! -- .-.- + (9) e (''0 . e ) . e ( 1 0 
R · oe . R. M-n-F! o.r 

· .. · , ; ' I +ilJ{ - ~~d/J~li·)_,dJ~ ... ~ .. ' • 
1 £ o' · 2. f · o . · · ·. ·· 1 . 'd · · 

cit~~-~ -'7J~. K , ~:"·(raB d/. _r), /( (4,n,8-at>: {IO) 

y: ... = eR of?. 
R -,: . 

. · .,_ .. --· -+.- ~ .. - + 0-zt. - _j__ -.+ 

. .+ i f¥ - i d; B l2) J) , 
~.u.e . lx, e y }:t ~ - ~l{OMIIOHSH.TlJ onePaTO~~b yrio?3oro~~~6HT8 3116K- . 

TPo"aa • f =:... i { 1£ x ~) no :apa:namenc~ c~cTeMe 'itoop.IJ.HHaT., c; .:Y11e- , . . 

·TOM n~~JKeaml <9.Io> ypaBHeaue (5> · n ·~-mJI6l{fJUIPHOM. nps.u.cTa!3}lea1m ,. ( .· ' 

DPHM6T BH;rt. 

. H1 o/(R .. ~_,4>;x~Y:t·~)== E t(R,a .. ct>;x,~:z) . 
,j • • •• • • ; __ :,\-', J 

(511) 

.::;.·· 

H
I-T I I I . li l2. 
- .. :+ n + -. . . o R , . . . 

/ 
1 

. - 1 • - · 2 . -> ( 6a) . 

T = -2f1l L\, • ~ ( v; v., t v;: v; ) ~ ~ b.-}; 
!2. I . , .• ' .:. ·" 

. I _ O 2.. O 1 l- -+ 2 _.,., .: ·2 .. C•) il 
Ll .. -- + -- -.- K .+-e - (2t--+.r

2 
--) 

F._ 7JR.:. R.'OR R} . . · · · . z · u _, 

( 17/V;;.~ v..-IZ~)- -a'·~ + ? '?' + L ]:,~ 
. .. . _x · '7JR.'Oi!. · ro;:.'?.Jf. K raz 

-1-
2
1R W+ ~ e -Pt) ;ltct~ + p.t-)J+ f, e,''', 

'• 

'. 
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~ 2. -: • 1 -a' . o1 1 o' ' . ) 2 7 , z K ='"""'LA.na -ae 4f.Jt87Jep+ .Jt'li 2B(?'1''""-,.Ut:J8~ J.;. (2 ~ 
, • ",,, :·: «' - -. ,, • , , • r· 

.B(-1-} I_, ... 2), - /; .L I. /; ' . " d I ' iiA' liJ ' ) 
.~·zctK-lz' ~- 2(u;e ;tl,! ::.lc~'?Je.+ -~.n.e ?Jet> , 

B(-> = -(l-.K/J K=·~ ( d;e;yli ~ 1A';; + J~];) 

3,n;eCI,· BB6,!1;6HH o6o3aa~eHH.fl: f-1: = tx :t: ?.. t:; _, f =- i V~ 
- OTISpBTOp 11Mny,m,ca· SJI6RTpoHa C ROMDOR6HT8MH . Dx_, by~ /z , . 
- - rl - I_ I 
ft..=:! ifx -jJy ~ · K =-L -+ !_:. . - onepa~op noJIHoro op6HTaJ!bao_ro 

MOMenTa sa;n;atiH Tpex TeJI, L =- z'(Kx ~-.) - onepaTop op6~-
. . a. (-1-) B'-) 

Ta,m,aoro MOMSRTa. OTHocmeJibaoro •.llBlilKBHH.fl .R,n;ep, LJ = B ~ a. · 

- onepaTOp KOpHOJIHCOB8 B3811MO,!l;6~CTBH.fl SJ16RTpoHHoro 11 .fl~pHOI'O -. ,,._ x/· ··· -<· ••• ·,· ·-·.: • •• ' 

,IOll-Illt6HKn 

H· a.mmOaTH'iecKoM npe,n;c'l'aBJieHHI1 o6mee pemeHHe sa,n;a~z Tpex 

TSJI. :( sS) . pasJia~a-eT'~~ no , TIO~OMy. R860pY , peme~ft sa;n;a~11 .llBYX 

IJ;SHTpoB: 

IY , flo f.m(.£;~J·;;··Czn,{~) cf:.m{~~)·R),· (II) 

X/B HOOp;n;BHaTax HHo6afi/ aa~ano OTC'I6T8 BBHTOpa 
-t 
-t BH6Hpa6T-

C.fl B Q6HTpe Mace .fl,!l;Sp (n;.M • .R.), ~0 COOTBSTCTBY6T 3H8ti6HH.RM 

)1• = Hi , a.= 0 . 0TCIO,n,a . C1!8,Izy6T. ~TO C06CTBSHHO KOpHOJmCOBO 
. . . . 2 ffl --

B3;;t11MO,n;et\cTBI1:8 Dpe,!J;CT8BJI.fl6T OD6paTOp 2 /Z . + 8 = C t A, 
{-) .. . . •. . 

a onepaTop B B raMMJ!bTOHHaHe (7a) no.llBJI.fleTc.fl RaR c1!e;n;-
-t ,.,. 

CTBI18 CM8!116Hif.fl H8~8JI8 0TC'I6T8 B6RTOpa Z H3 Q.M • .R. DO OCH R 
a.-+ . 

Ha p8CCTO.flHH8 - z f?, ~TO DPHBO;D;IfT I\ nepeonpe,n;6JI6HHIO OTI6p8TOpa 

. - (... ...). - a. (..... -) t= "t)l'j> ~ t- 2 -Rxp. 
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~::_' { ".< -·· 

.!'>-

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

~ ·: 
T~e / sa.n.atm· o p;mmemm ::weKTpOHa ·B noJie ·mx acno,UBrmf1HX· n,n;ep, '" 

yiaJieaailx JJ.py·/ oT.JJ.pyra aa paC'cTiiJIHHeR/J,4(3~aqy (II) qduimo .; ~; .. 
pemaDT B; s·Jl;ltncoHJJ.aJil>HH.X:~oopJJ.ItHaTaxl4/{=, £ 5 j z, 'f J,B ·KoTopux 

ORa ,n;onyCK86T pas,n;eJieHHS nepeMSHHHX; Ha~ano S~COH~bHOn . . ~ 

CHCT6MH KOOp,n;rulaT COBna,n,aeT C I'eOMeTp~eCKID>~ IJ;6H.Tp0~ .fl;D;6p. ' 
• - • p , • '· • • • x/ .,. , 

(r.u.n.) ,- D03TOMY-Bo'raMHJIDTO~aH.e (6a) CJI~,eyeT_llOJ!OlKltTb ·a.=,£. • 
. • 

~: 

3. CBoficTBa cHMMeTpHH n6mealffi · -· • 

I 

T8MI1J!bTOHH8H H (6a) saDHC8H 6es yqeTa ClllfROB 3Jr6KTpO.il!i .· 

11! .fl,!l;Sp~\B 3TOM c~ae 
. -2 · ... -o 

onepaTopu (6a) K , Kz = -z.·- ' 
. >·.· .-o:t>. 
a T8Klite onepaTop noJIHofi -rr~'!)epcrr!I.~o~ ·' 

·. ' . 'd 
-- · Kz. =·lz .=- l"d.'f ~ 

•' ....... • 'j, 

- _.. _.. . . J( - -_X J Y ~ Y, _--t i! · 
'..., . -t -?-1:. . . ·. . . . . ~' :'," 

f.'·~ ...... ~- ;~ .. } [-t- t J 'f-:~7{'- of . . . 

Op,IO{RaT . -~ -'-t ~~- . .)· . 

·' D,-1/) ''s"ll:-B, <f'~,rf.p (I2) ... 

ROMMYTHjzyiDT c raMI1JlbTOHHaHOM If'. . .... -
. ,. ~ 

x/ no onpe;n;e1!eHHn,· g =('c.,·+ 't2.)/R~ .~ =l~t'-.iz.)/1<, i=.~c~} 
-llpz K..., 0 '.y,rr,o6Hee pa6oTaTb B ~clle~ecKofi t...., :-jz,j v-_ 'fj, 

,. 

·a np11 . /<. -t ..o ...:. B naPa,6o~~ctwfi >;' :c if_, _v;; 'f. j · · crrcTeMax 

Koop.mffiaT. B coOTB6TCTB1111 c aTitM ~PH . K ~ o . aatiaJio OTC'1e-
. -+. ' . . . - -. . 

T8 B6KTOpa .. i: ·1 CJI6.uYST DOM~CTHTb B ·neHTp 38Pfl,IJ,OB .fl,IJ,6p ., ,;-.• : 
-' .:·(· > ·,· Z -Zt ). · · • · · . -.. 

·(n~s • .R.): ·a.==~~ lz+i!f , an~~-- R7 oo - B O;IJ.HO 

. •' 

J:IS .R.n: p: a :: .:1!- +t '.JT)lfl .R,n;pa z f · .. 11 a. ::.".£. - 1 .JT)lfl ·Jim>a~ 

Zz • Ilo.cne;IJ.Hee YTBSIJ?.t;D;6lllt6. ~3Ha'la6'l,' •. '1TO .fl~ ?t_ H z2._ ·.:;· 
,nOM6U16HH.B TOlffilt· Z = -.I '!f· 2·. ";:+I COOTB6TCT~SRHO B ,npoT!mO­

TIOJ!Ol!HOCTb BH6opy XaJ!bnepHa/~>/. BHpalK6HH.fl Wm 'onepaTOPoB p 
11 l B paS.lJII'IHHX CI1CT6M8X I\O~Op;n;HRaT npHB6;D;6HH B Ilpl11!01!t6H1111 J. · 

_,. 

II 

:.! 

~·· 



.. 

tJ, KA 
B cooTBGTCTBlUI c aTHM pasJioitteHHeM pemelmii T 11 ypaBHe.,.. 

HHe (5a)· no a;ItHa6aTHtiSCRO.MY. 6a3Rcy (II) liM66T BIQJ; . 

/(). -~ ~- K ·. .. . I( -~ rN (R,'t-) = E z [ ~-m(l,2.'f;K).tmH(K) ±. 
. J m=o . . . .•. .. 

. . . K _._. . 
± 1;·c-m>(.f.t, 'f; K) ~·r-h.m (£)= 

K . . . -

~ "E· F~). {f. t} f; IUJ. cp) . .!.. y~). (!() (13) 
~ t/ m f1 , lt -' ' -' /?. ~/m_ ' 1 · m::o ·• 

r.u;e · RBaHTOBHe "CJHcJia K, f't m .11. ). • sra.JUlmcJI co6cTBeHHHMH · saa-

K~Kz,K~=li! "IJ6HRHM.I!: onepaTOPQB 
. I<~ 

HX a a . ljlyHKLtHH F j"' ~ . 

,. 
.11 PT npH ,neltcTBHH _." 

B "tl8CTHOCT.I!: ' 

-i>2F KA .· K .. -· /mH 

" 10. 

_fr~·mM 

. KJ. 

K{~+f) 0·mM 
... KJ. .. 

.A ;;.,,., • 
C1 .· I< 

llPH"I:JGM C06CT.B6HHHM 3H8"1J6HlmM A .. +C-)' . FK~ FKH 
B6TCTBYit71' crorHRr.um cf~'~~M H im M ~ 

HH COOTHOill6HIDJMH X~ - . 

(14) 

= 
. K 

.II ), =-C-) OOOT-

ROTOPH6 onpe.u;eJie-

x/ ·• . ·- . -" 
· Co6cTB6HHH6 saa"CJeHim onepaTopa Pr' _ (14~ OTJIH"CJaiOTCH aa MHO-

lltRTeJI:& (-It OT C06CTB6HH~ 3H~'i6Hitif pa6oTtl~/, "I:JTO ~6MC-. ' F K-C±) 
HHGTCH pa3JllllllillM BH60poM <]i83H <]iyHRI:Utlt . i m M (!5) •. 

·llpHRRTasi HBMH <]iasa 0~03H81:J6HO onpe~6Jlfl6TCH OOOTROmeHHfiMR 

(16), (30) n '(31} .11 coBna~e'l' c qiaso~ pai5oT;/6/~ 

12 

->-

1- ::' 

t> 

""C.'r, 

:'i 

-·, ·r 
-. :r-·,. 

·· ... 
~#?' • 

. · .. , 

_c.r K(±) ·· f - ·,< K ... ] 

.... Fd·m'M = ... '{2 _L FlmM '± · Fi(-m~~ .. :_:;. .· 

F ~.c+) . -
d,oM.-

• .. K(.:.) 

~io.M = o:·.:;, ,_·- .. I 
I<> 

-~-0~ ,f::~' 

,(15). 
,.,.." .,.-.,.~: .. 

K . · · .. · · K -~ . 
f- : , · ·= c±>. ·(~, "- lf)~R)]). (tfe o) 
d(tm.~M:· . 10c±m) s,o r, (±m)M_ , , •. 

. 3.zt6:~:& i·;; {lil J li i J 
: • ·- ·. neaTpo:/3•4/, a~ <PYiffi~ 

. 6.IJli'IHHizy· R CBH3~H C j) 

·~. a"a6op RBBHTOBHX "tl.I!:C6JI sa,rr,a"I:JR mi. 
JJ:/'1 rri>/e .. ~·o) .. HOJl>IHP.~~aH~ aa ~~~ 

-: ~~tnffil4~ pae~o,/10 • rrJ,~~Jie~~'"·· 
~ ; · .. · ':>..._\''' 

o6pasoM: 
. . K . . . ( ·C. _· . ·]) :n ( 4::~: o) = v-21fx; 1 ')) h1;., ( ~ e, 0/[ 101) .~ .. ~J}6~. 

. ~ . ' 
•' ,: 

.,~ 'B CJiyqae. O.u;ml8ROB:WC 38ps:!,Il;OB H.u;ep B03HHK86T~,IJ;QllOJIHHT6JI:&Hasi 
• ~ ' ' ' "' . ' - ~ . ... .! . 

RJI8CCHcpHR8UIDI COCTOllHRR no C06CTB6HHUM 3HS."tl6HlmM onepa'l'Opa RH-
~ ::,.~~~ . -~ . . : ~· 

136 ~HK RO.~p;ItHH8T __ aJ_I~RTpoH. 8 ·. · .. •• . . .. . . )·· '-_.· ... , . ( ~ .....,) ( x~ -YJ t~-Y, ?--:z _ :·· ,.. -'£.-.>-'l.. .· . . .. ·. ·. 
. . . . ' .· -+- '<f~·?T·+ cfl ' f. - -~-- - .e ~, . ~-.· _, . t' . f{ ·-l'. R . . ·-· . . ,.;.... cp . ' 

- . . . . B-..., e '· r __. . • ,, U?> 

fort~··~~' ),'f;k) = fa:. 'fJ~'·l (~, ~,~;R)' , ' 

. ; r.u;e HH~6RCH . J . H U. . COO~B6TCTBYBlT 'ielTHLlM . ( fg = f .) H He-

"tlelTRHM ( fu =- f ) COCT~HIOOlM. • . '.. " . ~-

., . 

,. 

i CJIY"CJ86 .lri,Il;6HTH"IJHHJC ll)l;6p onepaTOpH ,pT . H f(f·-- CB$138HH ~0-· ~: 
A,.-·· A . ~ A. 

. . Fr = Pr ·f.,_ • 
OTaomefizeM - ·' 
.: . 

"-

. r.u;e .P,;, - Oll6p8TOP . KaB6pcHK K~Op~a~ HJ;6P : · . 

'._ .. 

-. ~ \, 
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(. 

i, 

( 
..... ~ ) ( x~_ X. Y_;-Y z _ _,.-i! ). >z:. .... -'1:. . . ' ~--

- ~ · - e~: i, o.p·- - 'f R ~-R · · . 
' .· .. ()-+li-EJ,cp~JT+if' 1 

.. 
_p,_- · (IB)' 

= D F ~).(J,t<) D = +- f 
fn.. dmM l11- - .• 

" P,; F ~.HJ,u.' 
. I>.JY! n 

0'1J8B_~.Wl0 1 'liTO 

P~ = ~ 'J,u 
" 

n03TOMy'- MSCC~HRSUWI COCTOS!IUI~ no. C06CTB8HH!:lM SH8'118HIDIM one-,. " . 
paTopoB Pr. H -'r ·sa:mtcHT OT cyMMapaoro emma ~.nep 
. I /5,!2/ x/ •. 

4 • CRCT8M8 ypaBH8Hldl, npe.nCT8BJ!fliOlll8.R ,lllliD!t8HRe .Rll8p 

IIO.zrl}TaHoBRa pasJtollteHR.R . (!3) B ypmaemw (5a) .H ycpe.n;ReHHe 

no RO,Pp,Il;liH8TaM 3Jl8RTPOH8 npiDlO.n;HT R CHCT8M8 .IJ;l$I:epeH~8Jl:DHHX. · 

ypaBH8Hli~ ,Il)l.R OnHC8HR.R ,llllHllt8HR.R .R~ep B 8,Il;li868T~8CROM npe,IJ;CT8B-

Jl8HHH 38~'11li Tpex T8Jl. • 

· .. 
x/ · · I P. 1 B '118CTHOqTH 1 npHc '118THHX . ( . 11. = . ) BOSMOlltHH 'l'OJI:DRO COO-

. ' -~ . . 

TO!'!HR.R. rtfmM ,·r.ne rf.=2Nf+J(JJ,2#(-~(u},2JI+/(+){u), 2il+f(-)(j), 

a npz H8'118THwC. I ( p ... :::- 1 . ) - COCTO.RHWI c'.. . . 

~ = ~~(+)(u), 2#(-)fj)~ .2#+1{+)(/~, 2Y+ f(-)(u). 

t 
r' 

~. 

i· 

l .. 

I 
I 

-- J 

'! 
I 
\ I. 
l r 
t 
t 

,. 

~[7Y .. wK ... ,"_p ... · ... tK . ..- ] 
L oL .·(R)-1. (R) ± ot, ... (R) . , '(R) = 
Jm1 i:jm' ·. im't1 . t/"""•J(-m') J_{-lnJH .. 

(!9) 

= E cr K ( R) ± r/ (A) J 
. JmM · · Jl·m)M . 1 . 

ie. . . (R) = [-2~ LXjt ~ ·W. ( R)] (Jmm' + 2
1
M tm · JR), ·tm,rl . l.m a ·. . ,Jm 

(20) 

1\. ·.- 1\.. . ·_ .. A ··. :. • . . . • . 

T ... ·. Tc+> · .... · T(-) ... H (*) . 
. ;(R) = . •· ,(R).+ce, .. I(R) +£2. .• . (R.)S , tm,J'!' ~m-;m un-;m l't'fl1Jm mm 

1 

(2!)· 

A - ~ J\ . _. 

T (±) (~ ' .. (:t) ... ·. {±) .. . (±) -+ . 

im,jrn' R) = 2 Qi~n,q·,.,.{R)yt 4 Vi·qim~~·(R) + Hhjm'(R),. 

(+) -1( I (-) 1 it' . . .. .. J ' " . ) 
Qim.jm:=-:. dt~,J~--tm', Qim,jm:=-·z J~:~ml!ft;,) 

(+) ~; I 'I< ' 1. . . f~t) . , f . .. ·. X 
·" ~ ' ' f ·. .· . ' 
Hi,~·,,;= .. J"' _~J;t_ln ~ ~m: H.i"'J~ =. 'f dt Vr1,..Vit;, ~ 

H"(-) .. rs·· ;cb-jt m. 5 ·f-hj( lcb] 
i~r~im' = f . Jt.vtTim v~lJin' + di V;f lt'rn IIi :lim~ I 

\>v;m(R)= E:m(R) +. t.;/z. cf:, ~- ·cf.;,c £;I<), 
' tf 

A (;t) A (±) 

Q ~m,im' =- Qd.m 1 ~m . u· I , 

*' . 

~ 

~(±) A(±) . 

H I- H·· I . im.Jm -- ;m;im; 

" (:t) T ,. = dm,tm 
. A(±). ·. . "'(.:t} . 

2. \1 Q i rn,;in 1 
-l- 1j Q imJ,;,1 ~~ • 

/\ (±) 

T • I-
i.m'tf '!' 



. ·. 
·(: 

~-' 

'-· 
·-:}· 

:').· 

·'', ·. 

·•· 

·-• .. ·· 
...... 

:.~ .. · .-· 
;' ...... ' .; .. 

,... 
~ 

., ~ t · .. ~ ':,, 

Jl. . 

. neuCTBU6 onepaTOpDB . dl imJ/f'?~· { l) HB yrJlOBYKJ 'IBCTl> . 

, .. BOJlHOB~ ¢yrunmir " · t/r> (f). onpo.u;e.IDlGTCSI 'COOTHO!IIS~II 
(eM. II pl!JlOliteHU~ 2) 

·" :·: IC' · · . .: I( 
'1.P ... : _,: l]) J cf. . 0) =Jf ·.{.f.)}\ ( r. 8 0 ~ 

t:fLl;,,
1

m1({(J M'/'1( .J~ '/. •• im,jm' <l!"fM 1 1 'J, (22) 

Up:II'q6M COCiCTB6HHh!6 3HB'I6HIISI J{ irn,Jm' (R) OTJl:II'qHH OT 

., 

HYMr TOJll>l\0 .wm 3Ha'lieillrn' m'-= m, m±-i H. (B Cli!Jrj illt!U!p:il:- '' 
BHTHOCTH rail'mTOHnaila HI OTJIOCHTG.iil>HO UOJlH~~ IIHB6pcHII 1\00p­

.nlii!aT) H6 38BliCSIT, OT 3H81\8 ~3~YT8iii~toro RB8HTOBoro ~~CJla/Er;B/: 

Jf .. m, /tr!l {R) = }(.(~~:\JL-;fY!? { R) (22a) 

9TO cno~cTBO MaTpHtinux aireMeHT.OB, ~:3l3ecTHOe i<ai· A 
-· nll!e/5.• 121, no3BDJ1fl6T ynpocT~l> ciicTeMy (19) :. 

- y,ItBoe-

m-+1 . . ., 

~ [ .[~ ~ , "11_ 
0 

(R.) - E c .. r.~.-, J w·">- (K )-~ 0 .<.23> 
~ ~"' <fL,m,dm'. 60 6 mm 1/m'M • 
d m'=m-'1 . :.-. . 0 U . . .. . 

r.u;e l1l K(.t) .... ~- ]). kl±) ) 1 l({±) _ .• 
o.. . J jrn'M { K )·= mM ( ~ e,_o . R rim' (~)-~ 

1 [ K ) . I< . ,1 1 J<lt) 
=-{i_ DmM('P,9,0 ± DC•tn)M(~f)~O)J_· R JJ!n' (R)' . (

24 
K{+) • I< I<(·) ) 

})oM.(~,e~o)=_DcM(~e,o), Dot1 (<?.e~o)=O, 
tft>n'\1 = ( {2 - ~ )[,.,0 ~ln1 1 -+ 1 . . 

• ~ociu3.ny~ee ycpo.u;H6HH6 (23) rio yr~BU _ e .H ·" :t. UpHBD,II;li!T 1\ 

CHCT6M6·-OCilll\HOBGHHHX .n;mfcrepoHUIIBJll>HHX ypaBHSHH:fi · )J)lSI p8,II;li!8Jll>HHX 
. 10. ·' .0 : • K 

WJH1\l:Url1 .f d rn ( R.), 1<0TO~ ::rr,im CDCTOSIHIDi C . 'IGTHO(}~:&IO .A: +C-:) 
I :;_ 

llM66T 13H,II;: · .. 
. , ' 

· . 
. ·:-_ 

16 ,, 

f··; 
.:: 

-.~. ~. -.; 

-~y 

,•_. ·--9 

••. :! 

, . . , 

o, 

~ ..... 

..... ' 

.-.. 
: -~~ 

......... 

[ol.: + 2M[. E _H ,.(R)]o - oi<(K+t)-2m
1 J 1~'~1(R)= 

dR.. . vvim . . . . R~ ·_ ... un .·· 

- )' [ . . J. . . '. . J J J<(+-) .•. -7 Hi~n,j..JR) +cJRQi.m,im~R) +2.Q~:dm(R)JR Xjm(R):-V5) 

~~ ~ [ Biln4m·I(R) JdK~~: { R) + BiM,jmH(R)')A~~~,(~) ], 
r~e m. · MeHHeTCH B npe~enax o ~ m-1, m, mH ~ K, H BBe~eubl 

o6o3Hat~eimn x/ · 

~,.,{R)o= Em(R)+ 7.;/·1. , ¥n. = ( Vz -1) rrn .. + 1, -.. ,_.,, . 
Lj · ) · iJc+J c-> c<l) : · · 
I i.m,jm(R = C i~n,jrn(R) + £ Hi,.i)R) + ~ 2 

Him-Jm{R); 

Q.~.j,(R) :;' Q~~j"' (i)+ ae Q·c~~~o',ry ( R.), · 
0

(26) 

Bi,,;,/(R) == B~~,jm'(R) ~~;_: B'.-' .. , (R). 
• 0 ~0 _ . - z.m,0m ) 

B~:-im:d (R) ::: <it?ll e+ lim±1): v (I~ ±m~+ 1 )( K:fm/; 

B~~~irn±i {R)o=- ~ ~iml ~~ ljm±ot) V~K ±m + 1) ( l<:;tn) '~·· ~ 
MaTpH'IJH!l6 ,3li611.6HTil (26) B pa3JIH,tiHhiX. KpHBOm~HeilHUX Cl'ICTe!.lilX' 

KOOP~l'IHBT .Biillll'ICSHhi_~B llpHJIOlieHHH 2~ CHCTSKB ypaBH6HHi.l ~JIH ·co­

CTOHHHI.l c qeTnocT:&IO . .A = - ( .. ·) K : .·• nonyqaeTcn. 11:i · (25) s~Me:.. 
yXCt-) V 1({-) , V J<(-J . - - . 

HOJ.l .1' jm -'>' . .,.1/;.., .t llpHqeM J1 ,io := 0 B COOTB6TCTB.I1H C 

· onpe~e.nen~eM (24). 

B B8lltHOM _qacTHOM cny~ae 6 _::T6pMOB ( tn':O) CUCT6l!!a.·(25) 

npH11.6T BH~ .- .o, 
... .. . - . . l . 

x/ llpH BKn~qenH~ o_nepaTo~~)- • :r:~ A~- n o~epaTop H o (6) 

M8Tpl'ltiHbli.l 3JI6M6HT' H irn,jm(_R) li'·COOT~O!ll6Hl.UIX' (21)·1'1 ,(26) 

cne~yeT oonycTHT:&·,·· a aa.· e~HHHI.lY• MaCCblsa~aqn npHHHT:& onenHtiH- · 

ny j-t":i:f ~ + If~.; ) : 1 q:o-·~·H3MeknT ~na~env.e : · ft . ~ dnoe~yiOl!lmA 
o6pa3ou.: t1 = _t1olf' = f/'-1 + M1M,./(M1+ M,.)M3 . 
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~; (~ ~ 
":f .. ~ 

--·. :-:::· ..... ... ... -.... 

- ·- ~ 

. --~· ~ ':,. .. 

.. ... ~ \r j~, + ifi[E :\!1,,(R)j-. K~~·i)] J;.'·{R)" ~··.~ .. 
··-

., _; __ · · . . _ J · . -.: _ -c. _, - - d · K(rJ . · · 

·- . = l'[H (R):-+-~0 (R) +2Q (R)-jJ (R) ..:.: -
~ . - i',i'-. : cW. i,,j, . i'i' d R.- i'" - .: l~) -· 

d - - . . . 
{2 "')':. - . K(+-J ·. -)' "7. 8,,,1;;( t<) .x_,r ( t) ·:--

~ ' ' 

i'"• 

~ ~! 

·~: 

tl ~~epoKi8~hHUX ROOp~R8T8X,BHP8~6RRR ~ ~8Tp~RHx 3~6M6HTOB 

l26) m.~em mr.n: • 

<im(l± !1-~~~> = + (~~ 2 ~(~~1)(-t-t)'-f~(7 ~-m.~_ 3 'lfi,n· 1~t 
- -- g. - J s 2 - {) s '02 J. -

--- _ - + (m:;-t) ~sck· 3~ f;, \;m,l - .- .,. 
· :: · -Vci1-_f)(1-~ 2)', J · . 28 

. . .. ' ' ( ). 

-, ~ (im lp~-lJ·m~? =±J~E;,..-Eq"n..-~J~ V(~~1){1-? 2) 
1 

~In ~-m+i ~ 
''t•J 1 '( It· ro'fr' roct,· ·-)·. tf · .. ( . · 

Q '1. = - 2 J J;; ( ct,-~l -_ rat:~- ~ rf£,--E;) Jck rs~t)rt ~~ 
Q(-J R · I. . . v·= "rEz:~-)cJ~!t(lt~-, .-·-. 
-H~ ~ 3 .j - I( . . -
i/ ==-H~- + J(lsr_+ -;;r~·~E;);rkff~tlJ'I.-~- + -

+_: fs~z (I'tt~J[(zz_+Z1)i~l~~l1)r]cf.·~-- , -
l l ' ,.. (29) 

- !_J-& .. Lirs~tyf?_'f.·_-p~·+ o.t.-71;)+ .. . 
___ ~< -r~ tz> . ~l( :J_s. oR 'tJK ?.t . 

·._ :+ 1t(1-hZJ(. 'd~·u -~ -9 (,·9_>~ ') '+ jJc'd ~-?tJ. ~·. 
l t. ?p QR r'Jf(. 'Jt j J . -~ 'Jj( ?tf. __ 
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-. 

....... 
. ) ~ - . . \ ~ 

H(-} 1 ~ i_.. . .. 2. ~ de - . 
.. =--(E-+E·) ~~.,!f-'f-.,..- - snl(z~_ ... z_1)~~ tf' - 2. - t i! .l I cf - R. ~:. ~ ~ L -- . . -

+ (z~-=-z1),]'Pifd· + i r de· [~i'f:1)(u'f/o~·+ 'O'(_~'fd·) +-
- l . R j ~'--•{ ~ . _15 oR 'OR ~~~ . -

- _ ~. (of.· a~· -rotf.- 7J'f.)~7-- &> 1 - - -) • 
+ H1 ~) 9~ 'OR+ ~r< ruz~ ~, H~: 2 (EJ~-- v~ ~- _. 

2 ·( etc ·- ·-
vii=-"[ J ~1-?Z. [(rz+l1)S-t P~z-Z1)i l~i fa"-) . 

de= l\
5

0&-~z)~L, lfi::I{Ji..,Ll.?;R), E.s£,:,(R.). 
. I$ 1 -

Bi>MOBlle ifu'HRIUIH tf i m ( ~, _F R) · CBJI38Hll c pememr-

JIMH (II) 38.I(8'JK l!JJYX U6H~OB cp im ( f~ i• 'f j /?.) C~6.IJY!OIIIHM 
o6pasoM: 

±im'i 

<fiuml~~i·'I~R)= ii(trnlt~_; R) -~2.Tr 

. ~m {!li; R) = (- f ~':'--(!, ~; R) , __ 'f~l-m) =_ ._f im (S, ~; R) -~~ 
(30) ' 

(-./'II . ~sa B .COOTHO.ID6HIUIX (30) Bll6paHa H3 yc~OBRR COOTE6T-
, •• ' J" • • -

CTERR pemeHKl' 38.I(8'JK .,l!JJYX U6HTPOB (II) K B:J~HOBJ:DC q:ymumfi 06'b- . 

e~aeaaoro aToMa, B RD'l'OPlle nepexo.IJ,RT pemearut (II) n npe.ne~e 

R -7 0 : cpi~!"') (~,~' f; 0) ;= Rnl (-'(,) Y :'(~'f). llpH 3TOM c(fe-

p~eCRH6 T8p.!OIUIRK Y ;m ( 1J-, 'f ) . 0Dp6.I(6JUIIOTCIJ C DOJ!OlltHTe~-
ROY. ctasC?~.Koa.noaa-illoPTm/131: 

Ym m ('{) m 
e.(7J.,lf) r(-) Jet?J-) 

·y ~ m ( 19, f) = ~ em{19) 
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~ 

~ 

-· 

·.· 

y. ~. 

MaTpWIHHe.sJieMenTu 
B . . ,.(f<) . tm'(/m. , .. CBRSHB8IDT COCTDR-

. . . ·.:-"~ 

HHJI m II' m'= m±-i llp!I'l6M. B C.JIY'l86 paBHWC 38pn,nDB 

Z.t = Zz MaTpli'IHHe sJieM~HTU B~:,im:tt (!?.) II f>~~,jinr-t (!<). 
COOTE6TCTB6Hil0. CBR3b!Bru0T COCTORHM C O,nl1H8I<OB:>i1 ( j-: J ) II 'pas-·. 

.'liitiHDii <J-u .. > tieTHOCTRMH (17). Bu.n; MaTpRtinwc. sJieMeHTDB (29),:.· 

( m == m 1
)- conna.naeT c Pe3YJibT8T8MH pa6oTuf4/. AJiropHTt1u DH'ltiCJie.:. 

. Him BOJIHOBWC ¢yHI<UI!f.! 1/,·m (f ~ f /t J· U M3Tpli'IHHX 3JI6M6HTOB 

{28), (29') npune.neHH B paOOTaX/3/. 

5. a·a z n ro ti e n K e 

- GKCT6MS ypaBH6HUfi (25) MOJK6T CJIYl!U!TI> OCHOBOH .I(JIR_ np>f6JIH-

llt6Hl!WC M6TO.I(OB pemeHHJI sa.n;atiR TpeX TSJI. r.laTpWII!H6 3Jl6M6HTH 

Hi;, ."'(1:),0 .fR.h B. . l~),onpe.n;e.JJ.HID!IU'le CHCTSMY ypannemtil:~ ~HTIH- .. -,J rlft,~tfm &rr'l~lm · . · L • ~ 

C8HH B HBHOM B>I.l{G B c¢epRti6CRDH, c<tepon.n;aJil>HOtl: II napa60Jill'l6CROii 

CHCT6M8X tmop,nnH8T, 'ITO Cy':U6CTB6nHO npn H8X0llt.I(6HH!I 8CHMTITDTlm 
' ' ' ' . 10 ' . . 

M8TpH'!HWC_ 3JI6M6H'f0B If BOJIHOBHX. ~J.J.Hfi .Xr.·m' ( £.) J npe.n;cT3B-

J!RlO!I{HX .n;BH1lt6l!H6 g,nep. 

CnHH~Op6>IT8Jil>H06 n cmm-cmmoBOe B38ZMO.I(6ilCTBn6 BO BHHM8- · 

HII6 H6 npHHHM8JIOCI>. 13 CJIY1!86 '~eOOXO.n;HMOCTH HX MOruiO yqec_TI> no ·. 

Teopnu B03MymeHUit. HeROTOpue peJlf!Tin!IiCTCRU6 nonpaBI<H R ·aneprHH 

ocnonnoro cocTORHIIR · H: · nmucnem.i B pa6oTe1
14/; TaM ie npune-- ' 

,n:eHU·.CCIDIRU H8 ,npyrrre paOOTH •. 

ABTOpH HCitpeHHe !IpHSHaTWHH A.B. MaTBeeHiro sa o6cYir,n;emm 

• --~ ,:,co.n;epaamm .- pesyJrr.Taron pall~m. . 
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~ .. -- . ' -; .. 
llJJHJIOJteHl!e I 

. i . "'. \ ,:-. ~~: ~. 

llpz nepexo.n;e OT IIpRMOyrOJiblWX ROOp.IUrnaT &,1;\·,a) !' Y.pHBO-

··c/ 
RHHe~HHM rrpOH3BO~aR ~ ,H3MeHHTCR cne~yD~H~ Odpa~OM: :., 

. . ·~ ~ . ' ;-. .\ .. ,, 
tJ "'I "' 

oR + c = c 
ro' 

. r"Jt< = ~ 

• · (D.I) 
d . 

r.x,te _CHMBOJI oR OCl03HatJae:r .n;H@)epeHrnqx>BaHHe no K IIpR 

«<mtcHpOBaHHHX nepeMeHHHX_ K~eihiol czcrem K~op.n;mJaT_ 
( B .n;8Jn,HeibneM lliTpm''6y.n;eM~OnyC~TI>) • . JVm $~'I6C~ (:t,~'f) 

· H napa6oJIH1iecKBX ( f1~ ~ 'f) _Iroop.n;mmT · : .C '= 0 , : . .ItJill cq>epoR­

,JJ,a.1IJ,HiiX KOOp.n;HHaT: 

C '=-11 ;1
;_ z, J [ :m'-1);~ + '1(1-/J ~J 

~ :: .. 
<ri.2) 

OneptTOp.t f; H e ± = ex :± i t.l :HMem BH.It 

.-:a 
ti! = .- ~ 0 'f , e :fir .. . ; 0 ) .· 

-t = e :±a. + z. .b -
- . . . - . . . . ?; 'f ; .' . (IT.3). .. " 

r,Ite onepaTopw a · H • t . · B paSJllAHHX czcTeMaX KpiBoJIJIHel~ 
' 

HliX IroOp.n;KHaT (ll.5) BHj:la.l:amCSI. CJI6,llylllliD4 o6pasOJii: 

,. = 2. = -.Jrs2-0(1-zl>'!. 1.. .... g ]...) =-w./2.- /))· · 
a ~~ . s2- 2z . ( 2~~ '{)2 1 .. _;l1t' 'JJJ' 

. . .. (D.3a) 
A 

t = d; 79 = t2/V{f-t){1-( 2
/ = (;t- v)/2{jY. ·-· 
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J.-

• < 

;> 

. , 
··';o-~ • 

' 

_ .... : 

o~epa~ow. · fi! 
- - x/ .. 

H /:t ': (:!:. ifx ~~y} ~~OTBeTCTBSHHO 
HMem mt)t . 

r.ne 

±i'f( . - '0 ) ?.fz = c' f± = e ± '£ + i g ~ J 
(II.4) 

""" . Tj'd.+ us~:l..;.£ J(~2.::f)(F·f~J,_? _,())= 
a. -%-IV ~t -t '7Jo- K.' tz- tR.' t>1J~' '?lz . 

= t. Y,t'f'1_, - + -· . -~( () . '--cJ ) 
f1 + V · ... ~ 'Ov ~ . (II.4a) 

t ~··h.:. ~ · = ~ /~ (~~ 1)(1-2
2), = I/ {/tv---, 

.... (} ~n-?1'-0· 2. [/t,)O .f z-:11 c =., Uj?J ~ - t: ?ZJ- .= /f~Z-c1 fd-t;tJ! + aiJij_ = 

_:. 2 . () ") )' 
-_lf+V (r~ ·~· v ?v_ . 

Hptl; Bli'Ulp.lleiDm· ~TJ)K1IHHL MeMeRTO~; (II. 7) H (Il.II) OT 

am ·onep:iTOpOB HCitOJI1,3Cll38Hii oripe.ne.neRJm~ 

xl' '· · · ·, :tf 
:: OnepaTOp.t __ · fh, 'c~ c.,OIIffS'~~ f'l · pa6on/8/ 

COOTH~meHJ!,I2/ f'~ = -l- ff jJt . . 1 a C o6trniO HCllOJI1>3Ye.mMR 

onepaTOpaMR' f't, ±.t - COOTHOmeH~eM fr = -, v':f' ~~ t.t. 

·-.-:: 

·. 
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~ /t. 

·'· 

., 

· .. :"': 

·'•·'"' . 

r. ~·:. ~,.;, 

... ,. 
_._ ~ .. , 

. . · '··!""··· .. 

-' . :~ ·;··_ 
..... ~-. . 

• ' ' 1 • •• • • • ___, ~ - - • 

X~=- ~Jx~~~'!'::: :"Vr!s'=-1!{1-2~ tktf ==:_, 0 U:Jct; 

·; =:··~~-;;·&4-E-~t = : Vtt-tJr~~~~~lf~ ;·04t~ ~~~ ~ ; .~ .·· ·: ~-
. . ~ . . . rn.~. .. 
~ ~ . ~.c#?'- . ~ : f./·= f ft- v) .. . · .. :_;;i • ,,, 

"'· ·:. B''c'ooTBeTcTmm·c onpeieJieiill:e~ (30) IioirnoBillc g;y~~~ ·· i;,f~:·y 
,,, a~e~6H~H~06'&e~a--k BU6Hpa!OTCSI B Bl'I,ne" . ~~ ... ·;· . .,, " • ,;, 

·-

. Jc·;·f-~·kytk~=}j(r?:.2_;Jk£lf= /0~vJfj!_ . 

.- I TIHDIO.ltEHHE) 
~ • . A. • • , • • . • 

, ' . ~laTpl'I'IHbJi1 rinepaTOp :f(,_;,.'tf·h1 f, (;t:y· . (2o);' n~;zy~bim~'t· 
ycpe]J;nenHeM raMHJII>Tonzana H' (5a) no aJI~HTponnh!M Hoop.ultaaTar.!, 

riocJie nenoToplix npeo6pas~Bamri1 · n;~~T Bn.n . ·~'~: · . 
• A . . . • ·.' Z ' . -f 2.. 2 li :.: . . 

· · ... _ 1 o: · 2."7J · K.-2m ·· .· R £. ·~+r dt..,;Jm'(~')- [-2M (roRL.-+ F:co~)+ zn~z + ~,,.{) ·iJ7.,'· · 

· .·. + 
2
1
11
. T H-.~-~-(R) + (:! -t £)a ... (R) -t za·. ·. (~) :i Jfn>~;·_·~ .!"' 

tm,,m -uR .. f!.. t1J1, 1m . ti>I_,JITJ;: If\ ·. · 
~t . . 0 ... (J • (TI 6) ,: . . { g· ,. ~ . ' . . ·· .. · 

- ..... -2. M im,·~~-( R·) ! _;.,,,.; :H . . J .... - "' ,.. 

B pa3JI01K6lll'I!1 (TI.6) ~ce on~paTopu, RPOMe. Bi~~jm' {R) "·. ~ · .; 
.zumroaaJII>HH no nBanTOBOMY ~ncJiy tn • · OnepaTopH . Hi.;.. ·,,.(R), ' ... :·.:~ 

'.• . ~ .. . . . . ~ .. -
. nc_:.O;~,d,..;(R)' (26): ne. 38B~CiiT OT yrJI;~ux nepe~611H~~~8'-~ 

:. n ,cf>, ,. noaToMy >IX Ea.n. 1!6 MeHJJeT'ca npn ycpe;rr,Henim no q:yfiY.mrJJM 

.. \ D ~~) (4>) e) 9) . B: pa3.1JlltJHI:!X -~PHBOJ!.HH6H!IH.'C. C~?-Te~ax:.no:'lp.JJ:H- '; 
,.:.~,. . . ·•. ..: ·. >'~ 

. ·~ .. 
' . ' .. 

;: . 
t: ~· 

, ... "_;,•.-::"'l:· . 23 '}.~ 
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H8T (IJ.5) OHH BHp8r.t8IOTCR CJI6.JlYIOlllHM 00p830M (onepaTOPH a., tc 
. . (+) 

impe,neJienu n ·npturol!teHHH I; npa Bll'IHCJI6HHH H,:,.,j,., (R) R BH-

H,.. (+> - · 2./ zY 
pa:it6HI!ID im,Jm (21) .no~aBJI6H 'IJI6H m R , 'ITO Y'IT6HO 

B ypaB~6HHRX (25) H onpBABJIBHHHX (29)). 
. (+) . s ,_ ,.. \.f . 
Qim· (fZ)=- c:u,tf;mC im_, 

~m . Q • 

Q~:-i, (·R) = -f) cU lf,m c 'fdm , 

L/(+) () ·mz.r \ '-"" "' 
I . im,irn R = .. Rt 3i.i + J dZ ~ t/.;,. C ~-/fl + 

+ ~z[ S Jc ~<f.,.,. a ~m + mt SJct '{;, g ~·m J,. (II.?) 

Hc-J ) / s '-( "•n ,._ell. I'J .o. ""'· )-irnifYo (R_ = Z (_U. C 'fim C vm + C T~m C IJm 
{ ( ,_ " ,_ "' til A tO , ) 

- 2. R J 011.. ( a. <f;m (L ~·m . + (j, ,,.,., a V""- -
z.r " ,..., ,... A ) -;R J cU ( ~ lf1·m C ~·m + ~ f;, ~ f&"m , . 

H(li} ( J '-{· ,.; . -r/J, ,.., "'f.. ) ir>~,Jm = 4 CJ1.- C '/., C ~, + a. ~m a 1,., : 

mz.J ,.... ,.._ 
+ T ck I '/.·,., t '~ m • 

"' 
;IT;m :Bh.rcmcJiemm _ f3 im, J'rn' { £) BDcno m,syeMcfl npe;o;cTan-

JieaneM OTI€p8TOJlOB 1!/::J:) , ROTOpo€ CJI6.JlY6T ll3 OTip6,1J,6JI6HHH (6a) 

{-1-) ., 

13 -= !.f K- -1- f_ K+ , 
0 (-) /( . ) 

D =- 2: (;+ !(_ + jJ- K+ " 
(II.8) 

r.ne /Sf 
. K:t = Kx +z'}(;r =(+;! _,._L_ ~,f, + d~tJ~) 

-: - uB ,41'48 u-r 0 / ~ 
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, . 
._ ~ -,~. 

~-_.. 

-::· 

.II BB6;IJ;6M 0003H8'I6H1Ur (eM. (30) f , 

·"·""· 

·lim·>~ cpr:m(~,i,'f;R); li_):2~eJ"'_.'f,,, 
, ' ,< • . • • • 2tr 

''• · J{):·~~ :Pi.m {~I 2\. R) : _ ~~ 

..... 

"".} .;; 

_·<t--

(II.9) .. 

·onepaTop~·· Kt.· ~~~a~~nH~a-wa~~x-lim>. ··'·'··> 
• # ·- ,.· - • 

--.· <iml_~~llm/,)> ~~~'it .. W:' = .. - __ ~.-.·. -~ 
:f4.c'l ~_i_'2_ ;m',L~)r.·-~m~'- -·- ·· ·c 

· \~·'?Je ~n&/o<t> . V:/<F ·. 'd. . '· .>:. · 

-q~(; nosBoJIReT npe.ncTaBHT:D onepaTop . Btm,;'rn' ( i)., B cJie-

m''romeM M.ne : · . 
A ·._· A A 

·_ 4r~J'm,(l}== (-im/1/J;'m'>./'~ +.(1"tn/!- ~~.'> f\:r ,·· 

B~~~. /f.l=~· RL-6m/!J+/1~)i_- ~~m/fi~I;~)K~j··.· 
t/rl/dm L"' / 2 ~- I . / ~. . ~. (II.IO) . 

r.ne · ·. - · · · · · " 

-~ -._(;,.,J/~~in 1)=={t/:t;-m 1 f~)/m'm~-l ~- · · 

/t'm/;:J;~'> ~.0/ ~ ;_/11/l/j)_/'"'m~;. 
.. (II.II) 

'113 OTIPe.n~iemu/10 • II/ 
. . ·~ 

, fz JJ:.,N {</:~ o) = Vrx~m+~)(x-,m) ])~, r</:0, of 
H CBofic~B M8TJlil'IHHX 3JI6M6HTOB (II.II)·_ .•· 

·. ·_ .(r.'{--m)/t:t-!/fm-J:1j) :::/,m/t~ ~lnt1), 
, .. <i(-111)/;:t.lj-(m:tt)):: .(.imlf:tlj"tr~:&.f) 
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CJI6;D;YIOT C:JOTHOI!'!€1U!R: 
.rl ..., K.-

B im/;'n'( ~) ])hi'M 
I( 

~ f)z"M-jn.'~J<)J)mH fm'm;:l ,_ 

/3,·m,/n/ ( /() . = /3i{-mJ~it-m') ( ~), 

ROTOpue ,!J.OR83HEO¥JT P8B61lCTB8 (22), (22a) • .RBHIDi BH,!J. B6Jill1'Iilll 

/3im~;m' {R) onpe;neJieH ci;opAyJI8Mir (26), (28), (II.I}-

- (II.5)~ (II.II). 
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