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lisyttem1e nportecca pacce.1ur:r,ur cpoToHOB Ha HYKJIOHax MoxeT 

,ItaT:& Ba'1mble CBe.n;e1rnH O ue30HHOt1 CT!)YKType HyitJIOIIao B HaCTOSI= 

meM pa6oTe Ha OCHOBe ,ItMcnepc~OHHUX COOTHOmeHHll )tJIJI. KOMTITOHOBCKO= 

ro paccesrmHI (I) no11yt1eHh1 npn6,mxeHHble y~BHeut;u~ ~JUI qms1rqecxHx 

aun1mTy,1t o 

Io l}Mfi~TH·tl~CKOe. MCCJle,i0Bamte aiitnJIHTJ'JUo O603~aq1-ut 1Hat1aJil>Q 

Hl:l8 m.myJI:&ChI IIYKJIOHa · I-t tp()TOHa ;ttepe3 .p ;ff 1{, KOltettmie - qepe3 · 

I I ' t P H K. ll3 B8KTOpOB P ~K I P HK, ·yttHThIBaH 3aK0HbI coxpane~ 
I I . · 

HHS! 3Heprm!=-H1my1n,ca ;p + ,K = p + R, MOXIIO nocTpOMTL ,ll;Ba H83a= 

BHCHMHX CKaJISI,pHHX npOM3Be,IteHH1! V M ~ .x): 

I 
V=(p+p)·k) 

I 
V ~ ""', k i n , 

Jfa peJIJlTHBHCTCKOH IUIBapnaHTHOCTH a1.mJIHTY.ItY ,nponecca MOXHO 

npe,1tcTaBHTL B c11e,1tyromeM BH,1te: 

~ ' 

(I) 

A - Al ' 
R : ~ L 2, (V) V.,) u ( p') Ruv 'U (p) e /A f V (2) 

l. "'I-":: 0 ,. 

I . 
rie tv, .e /A - BeKTophr n0Jrnp1-rnart1-rn HatJaJI:&Horo H K0Hetntoro 

lpOTOHa, lJ (p')l U (p) = CTIHHOpH, X8:paKT8pll3yt)ntH~ HYRJIOH 13 K0° 

H8tJHOM 11 Ha,qaJibHOM COCTOSIHHH, QI (V) "4) ~MHBapH~H?HHe :cpyHKitHM, 
A L 

06na~arom11e TOJioKo nsoTon11qecKon ·cxpyxTypo~, Rµv O onepa.Topu, 
CO,ItepxantHe CTIHHOBYJO CTPYKTYPY ai.m,un:y.ttH. nponeccae Cyin.mpOBaHHe 

. I\ L 
n,1teT no BceM He3aBHCHMhIM CTPYKTypaM R.p.v • 

H3 ycJIOBHll penSITMBHCTCKOll M rpa~M8HTHOM MHBapHaHTHOCTM 
I\ i. o 

··MOJHO HaliTM tt:vtcJio HesaBt1CHMNX CTPYKTYP Rpv . ,H no~yttHT:& nx 

JlBH08 BbipaX8HHe(2)e 

,, .1umyJI1,c 



= 2 = 

IIpe,Itcramu.t Marp11qmdt 3JieMeHT npouecca a cJie,n;yromeu Bvrd~x) o 

.M = R X. . 
(3) 

X ·= c·o,ItepY.t~T oneparopl:l pojJC]teHJuf H YH,HtJTOJltSHHSI tJaCTHU ' ,'a 

Tartite D03M0)ICHiile HeKBaHTOBaHHiiie BHSllIHPie nonsro R = COCTaBJIJI= 

ercn 113. 4-UMTIY,JI],COB yttaCTBYJOI!{HX tJaCTH~ H . t -MaTpm~ Hp B 

CBOIO Otiepe,It:E>, UO'1t8T 6UTI, npe,1tCTaBJieHO CJie,I(yroll{HM o6pa30M: 

R = t1rn Cern (/\.e, T Nl). (4) 

3,n;ec:& Ae-:1-:; 1 ' Ae t~:::: (o · P. \ <t P2) '"• . <P1 l Pe,.,, -4 IU,mym,-

Cbl Y'tJaCTBYIOl!{HX tJaCTHI~) • Ae #-1 ~ 0 , 8CJIH B I? He BXO,IVIT 

X -MaTp1rq1i10 T cocTaBJIIIIOTCSI KaK Bee B03Moxmi1e' H e 3 a = 

B H c 11 M I,{ e KOM6HHartmt i -MaTpm1 H 4 - m.myn:&COB, He-

3aurmyTiiie no HH.I(eKcaM cyin,mpoBaHusr: 

'to1. ip· .. 'tv) t~ toL- ✓ , • tv) · ►: 1 tr1. irs · · · ~v) .. · 

Cym1mp0Bam1e B ( 4) .H,lteT no BCeM B03l.10XHiilU KOM61rnartH.fIM ( Ae Tm\, 

IIpII KOHCTPYHPOBamnr /\. e, H T n. HeO6XO,1(UMO YtJHTHBaT:& 3aK0HH 

coxpaH8HI1SI H ypaBH8HlUI ,I(Bmrcemrn yuacTBYIOJ.qMX 1.laCTHHo 

],JUI npotieccOB,- r,1te 'yqacTByeT 3JieRTpOMarHHTHOe Il0Jie, (3) nepemr-

mercn B BH.n;e: 

I I 
fvl::[;R AX· 

. //J f! ~ ) X = Af X. 

Tfa Tpe 6oBaHM1I rpa,n;ueHTHO~ mrnapHaHTHOCTM 

. e. 
0Tc10.n;a M 1vtop'1.t1 6IiIT:Ei 

~ 1 k/l f?p = 0 

sanHCaH B BM,1(8 

\ I - c:: L f p . I M ::- L. R f--l A Jl ( k) X - L ( 0 µ~ + r L Ko() Ra< A }-l ( K) X 
1-l . µri ( J' f<) 

(5) 

(6) 

(7) 

x) . N. . ·J) [2J 
3,n;ec:& Mb! CJre,Ityeu M3JI0llt8H11IO M. kawa~uch j oqd ·.· . ~uwoa;1ash1. ·, 

'1i~~ 

.. , 
\~~ 

I 
~ . ~: 

. '.,\::·{ 



f 
3,lt e CI, ~ f ~ l !! e C !!H ry JIil pH an 'PYHI0.1lrn, Bl,I 6!! pae1.1an JI p0!!3BO JII,H O • 

Ecim: B M BXO,lJ,.fIT n onepaTopon aneKTPOMarHI1THOro TIOJI.e:: 

... •. ( n). 

M "fv wRµv,.-w(k1 ... Kn)Aµ(k 1) •.• Aw(kn_)X 1 • (B) 

TO rpa,nirnHTHaJI HHBapHaHTHOCTJ, 

Lkf-lRrv·· w=lkvRµv--•Ws::. ~LkwRµ\1-··W=Ot' (9) 

.n:aeT c ytI8TOM (7) ,11,]IJI M cJie,11,yiomee BHinYSeHIIe: . 

M::: [. L Gµct0<1)Gv~(k2 ) .•. Gwy(Kn)RJA .. i0<11 Kz ... ·Kh)~IO) 
P1v w oC1P· ·! . u r 

. n 
~ Ap<Kf)Av(k~)---Aw (knfX 

r,11,e 

d l. f ~f ' (II) 
Gy~(K~)::( '.P~ t-(JJKJlk'J~) 

J .- HOMep tJaCTIH{H., 

TaI(I1M o6pa3oM, coodpaj;temrn rpa,n;1-rnHTHol1 mrnapnaHTHocTn 

no3Bonnror rrpe,11,craBHTb R B (4) B BH,n;e R 
I 

✓ 

R ~GR=G1 . Gnf?=[ Cem(/\ 8GTh1)=L Cem(/\eG1 ... Gn T~) ) 
e rn e.rn (I2 

(.ffcno, t.JTO Gd-: Gy~ U,d) .u;ellcTByeT Ha· T rn .no 11H,nerccaM J, t ) ., 
CJie,n;oBaTeJI:&HO, ecnu (l~., pacitJia,JtliJBaJIOCI> no N(/\)N(T)HS3aBUCl!lJ1lll 

rtopuau (/\e.Th"'I), -N(/\) tJHcno nom,roxu1;;1x /\elN (T ) tJHcJio 

BO3MOiKHbIX 1-m - ro (I2) 6y,n;eT pa3JI0'1teHo no N ( /\ ) N (GT) 
0 

Hesamrnm.n,n,1 cpopuauo Hcno, tIToN (G-T)< N ( T), TaK I<aK 

B G Bxo,n.rrT npousBOJII>HLie cpyHK~HM f. . CM. (II). 
J 

TaKMM o6pasou; . R · 1.milteT C>bITl> . pasJIOJiteHo no N ( A ) 
N ( G T ) HesaB11cnM11u: HHBapnaHTHUM u rpa,nneHTHO-MHBapuaHTHhl?J: 

fI1opua:u, l!MCJIO IWTOpbIX onpe,11,eJISieTCSI HatJaJIJ:,HbIM 11 IWHequhJlr COCTOH-



"":. 4 -
HHm.m: rrpoqecca H He 3aBHCHT HH OT npoue:iiyTotmux COCTORHI-!i1, 

Hll OT BH,Ita B3a:m,IO,JtettcTBHSI 0 

ITp:m.teHHl.{ 3TH coo6paxemr.a K KOl!IITOII-3q>rpeKTY O Ec1m 6paT1, 

MaTpHtIHhlit :3.JieMeHT KOMIITOH-3Cpq>eK'l.'a B BH.n;e 

M= L Vcp')Ar-1 Ck')R,-iy<k,K:,P\p')Avu•n¥<p) 
,-iv (I3) 

· TO 

R fJ-v ~ci. L G µ« G-vp Rolf:J =- L Ce,rn f /\. 8 G µ.ot G vp ~pm) (I'}) 
,p . . elrn{"1P 

a) 

A ';;:1 A =~YK 
i l 2 (J N(f\):2 

I 

fP > t_ P 

6) H3 K> k' > p ) ( 

He3aBHcm,me rpopwir: 

:ncx11roqaBTCSI ypaBHeHHRMH .ItBHxe1mn 
I . I I · t'. k' . 3aKoHoM coxpauemrn K = K + I-" t· 

MOXHO IlOCTPOHT!, . CJie,1tyro1qne 

I . I I 

t,( tµ l 6P Od. ) to£ 1
\3) t,,:kd >:) d'p pc() kd. k p) k,i~ l KP pri. (IS) 

·,.., I 

( p BhITia,ItaeT H3-38 3aKOHa coxpaHeHUSI) N ( T rY'I) : 8 
OT CID,Ita BH,ItUM, tJTO 

N(l\e)·N(Trn)= ~;(8 ==·16 

YtJTSM rpa,ItI18HTHYIO liHBapnaHTHOCTl> M : BLt6HpaSI 

f ,u == fµ.) f v = Pv n non1,3y1Ic1, (II),(I3),(I4),(I5) 
' . I 

HeMe,1v1euHo rronyttaeM, tJTo lp p °' > t\l.f P ; k ~ fd. 
BTia,ItaIOT' 

T 08 e N ( G T . ) • 5. 



IlTaR, coo6pa,teHH'1 rpa~HeHTHOiif HHBapHaHTHOCTH yueHI>maIOT lIHCJIO 

He3amtcm.mx ipopM .zto .ztec11TH N (I\)· NCG T) = 2 x 5:= :10 ..• :-Ecim: 

yqecTI, HHBapnaHTHOCTI, .aMmmTy,ItLI OTHOCHTeJI:bHO :BpeMeHHOro 'OT_pa

JiteHti.fI, TO :3'.lO l!HCJIO 'COKpamaeTCR )(0 meCTH-o :B ~Ka'CleCTBe mecTH 

He3aBHCHM.bIX CTpyitTyp Mb! BbI6HpaeM CJie,ItyIOJ1lH8 ~Bb!pa1.temtsr: 

(I7) 



Q 6 =_ 

Ycra~OBZ'IM II~EOTOpMe CBO~CTBa _CMMMeTp:trn rpyHKUHfi O 
' . . ~ ·. ,, . . ·-, , ·. ' , . . ' . ' . . -: .. . 

C noMonrr:iro cpopuanmn.m S -MarpmrEirt) ua:rpMtIHHi1 :,JieMeHT R:oMn= 

TOHOBCKOr-Q pa~~~1l_llli.R l,!0It81' C>UTI, 3am1caH B CJie~ynmeM BH,n;e (I) g 

) 

" Q , i ,, •· ,, , , . ,, , . , - I- .. - - , 

a 'j•,'•:--,·-)-- _L .... ,. :J_· L(l:(X-~~) r+--. · \aJv(lJ) \,..h d·•d < ~ s l t J,;k~~• e • , < 't'p' TA;J,;; 4-'p >. " ~ (IB) 

Cl) <1 1

lsln=L(i:.,T "> d.tP+K-P
1

-k')R 
~4 K0 ~(0 • 

r.ne AP- ex) -onepaTop 3JieKrpoMarmrTHoro noJISI~ 

a) }¢pt= B8XT0p COCTORHHH HYKJIOHa 

' ( ) , dS + Jv ~ =- l - S . · 
oAµ(~) 

(I9) 

H3 (I8) MOltHO ycxaHOBMTL, qTo, 

R / / R* I ,- ( p l k ) p ) k ) ~ , ( p ~ - K, p) ~ K ) - (20) 

JT,eilcTBHTSJ[&HO: ,, 
I 

[
-~--_., ___ J 1 ( K X - K ~) _ SJ V ( ~ ) * ~ -,-, e . . z cp P, 1 ~--, -l ct) ) d x d l/ l ·:: ~ ko ~{ o d A /J (X) p <1 J 

I ~ + 
::: _ --~ I. __ _ ( - I ( k x - K ~ ) _ ) o }v _( ~ ) I _ _ ... r.·· .. --7- , e < cpP ----~ cp,) dxd~ 

\Jl,k
0
k

0 
J · 6Af,.(x) P - · 

~- --t-
. t· . S oS 
J/~),: -L 1Ap<i 

+ 
Ho TaK KaR s s = I' TO 

8s + J's+ ~- -5+S-.;._-= 0 

JA1/~> 8Ar' (~) 

+ 

U Jv ( ~)-= Jv ( ~ ) · 



CJie,ItOBa.TenLHO ' 

[ < t'l 51 n 1* = - ~4tok~:r e-i(k~ -1<~)dxd~ < cj)p I~~;~: JPP,) 

Orcro,Ita Henocpe~crBeano BR.ItH0 1 qro 

' * . /. . 
[ " K' l 5 ' t ) 1 p * p I ) k ~ - k ) k I___,. - K I = -. < X I 5 

J l ) 
, ITo,n;c:aBJUIJl (I6) n (2~ ytt1tt1ma11 (20), 

li cpa.DHHB8.fJ c (IB), HeMe,ItJieHHO rroJiytraeu (20),i, TIOJiytmM CJie,Ityrorqee 

Ba:m:Hoe OBOitCTBO Qi. (\)) "1 ) ... 

HJIR 

Ra Qi (V> v
1

) = RB ~21 (-v1 
'-'1) 

' ' ' 

(2I) 

H30TOTIH~ecxaR saBHC~UOCTi 

r,Ite 
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2o .mr·c1tepcuom{bie C00TH0IIIemnr ,n;JIH ;en:FrT!Ii3!IC!'CKMX . 
W a I ■ t IM K ..,, IRI .Gt'IAI• 

.. ,,. . -~HlI;.l{Ty~' ,-~~; •. 

Hcn0JII,3JH CB0HCTB0 aHaJI0rH':IH0CTl1, <)y1mr~1dt Qi 
.. . J3] 

; B, nepxHefi 

nonynJioc1eocru nepeuerrnou v m,ree:u 

Re 9.i<V1V1 ):,~ ~r ':lmV~~c;'.v, l dY' .. 
i O • • C ~ ' , ~ • 

(23). 

06JIUCT:b 0TpmiaTeJibHHX V B (23; M0:IH0 !-!CKJIJOtJRT!. c IlOMOI!tl:,10 

(2I). I
1

:eTo~ HCKJmtreHHR 06.l!aCTH O < V < 2. M~ + f-2 
- '?..V1 

,rpm anrtJrHTY,!(H R .~aH B pa6oTe (I)o CH0Ta.1uce [ 4] , [so] 

B ~non o6Jiac:ru 3pmnona iiacT1, aMrIJIUTy,uu R ) D samrnreTcn J • 

B CJie,!(yro~eM BH,!(e 

' : '\ 0 · 11·. /\ . 

D = z:;, u ( p') h\ u ( p) Q; = - u ·c p') l 4 ·( p 2 M ,. ~ e. tr) R1 + 
l 

. . ,1 ¼ 
t,.C A. J\ .J f\ 2 V, /1(!,\ J 

+ ( 2 p M + fl-etp)R'-' +-,1 (ip-fvl +etp) R5 +-i-/1 R6 u (p) 
· 4V 2 r.. 

I 

t - {+'l:3 
p- -

~ 

. 1-t . " ·' ) tn:: T. · ···· }1 = f.Ap'tp -t fJ-ntn 

(24) 

. . r,!(e /J-p M 1-'-n - 8.H0HaJIJ;HHe uarHMTHl>le llOJJeHT!iI np0T0Ha !I HetirpoHa 0 

, ;. C ytieToM. (2I) n (24), (23) sanmnercsr ~Jie.n;yromnM odpa30M 
00 

Re Q/V;V, >= Qf +; P j ()_v + v·:,lJrnQi/V;v.J.dv' . 
a . 

iMp.,,. ,_. • av., 
3. JirrcnepcM0IIH&e C00TH0memrp i1rn: g)!I3HtreCitHX 

m.mJI.HTR. MJ 

(25) 

IToJiyqem,rn .v;ucrrepCU0HHilX C00TH0I!le_1rnn ,nJI.fI peJIRTI1BllCTCKHX 
. . 

arnurnry,!( Qi ; .fIBJIReTcSI rrpoMexyrotmt~M ~Tarrou. C ~eJu,10 noJiyttemin 
,\ 

,ItHCIIepcnoHHhlX C00THomemdl ;n;JUI rpH31PieCKI1X aHrIJIMTY.zt Mi ( V) \)2, ) 



- 9 -

.rtpe.n;cTaBI1M aunJIHfYJtY K0MnT0H0BCIC0ro paccesrnmI pa3JI0i.teHH0i1 no 
. I\ . • :, ·,. . "' 

rpexMepm:1M CT:PYKTYl)eJ.! \'\ · (nee BiiIEJia,n;KH B .iiaJI1>Heinme1.1 ne.n;yTca 

~ cacre1.re ~eHrpa Mace): 
,. 
R = _L M i ( ", v, ) "<'i 

I :: J (26) 

A .- -1 - -1 -
~=LG°(nxn)e·e 

,. - - -, • .I\ - -, 
'( =i.6"(exe) y-::e·e 

s > 6 
A -

3a.M8THM, , ttTO Li ( p') Ri U ( p) ::: R i 

- _, 
- k _, k 
h = ko 1 h-= ko 

pasJiara10Tc1I no 
'(l CJie.n;yFJnim,t odpa30U: 

- N
2
(pn) { '\ , ,2" , -,~ 11 ('2/\} 

~ ::: , 'f
2 
+ p.no r~ - p.n( 1-fi.n o 2

) r6 -o v.,. 
i p n p n 



= 10 = 

~ 't: Y'1 + n:h' r,._- n-n\ +ii-ii'~~ -Y; 1 YB=\- y~ + h ,;/;; 
1 

d - ko - t E -EM) f-1+o) pn-=-1+- ) 
+ ko 

Q . 

' - _,, 
h·n=t-n·n 

p'n=~+ n ti' tJ 2 
=1-.:!:_M 

l<o > i E 

IIo;:tcTaBJISI1I (27) B (2) 1t CJ)aBHMBaR c (26) 9 ycraHOBMM CBII3L 
• 

1.re~.zcy ML M -Qi . : 

M I cv> v~) = [ c ,k (v1 '{) Q Iii (v, v,) 
. ~.t, (28). 

N2dl , . ,t ·;~ Q f3Q (:· ,tQ 4~ QJ 
Mi::p'n -0Q1+<n·n)Q2+2(nn')1/2 3-t-·J' 4-4h·n). s+(n:n•)'~ 6 

. . . I 

M = N
2d J 1-d

2+6 2
nn' Q t?..(n-n')¼. Q -46 P n Q - ?.,pQ~ +-

2 -p'n l O 1 • 2 (n-n')'/c 3 

,. 
•:, a<n-n')Ye(~nn

1
-4p·n) Q +1il (P-c5pn) Q J 

. + . p · n . · 5 . 8 (n•n') 'le 6 
✓ 

M :: H2 6 { <\(1- h n')Q -(n n')~Q + 2 (f+ iO)pl'l Q + A Q + 
. 3 p' n i 2 ( n- n') Ve 3 r ~ . 

'/;, I + e<n·n') 2(-~n-n +2pn) Q + 4f3(p.n-1) Q) 
, p • n · · · 5 ( n- n')Yc 6 

e& · I 

M~ = ~•n I Oc ph-1-1) Q1 +(n-n'l~ Q~ -Z( j + 2 8) ~nn•)'le 93 - ~ Q~ + 
' {' 't 

+ ¼ 6 ( n . n' )i Q 5 + 4 ~ (- pn + 1 ) Q J 
. ( n n') 1/e G 

M . ~ ,,/ s I () c;;, - ( ! - n n ')( n n I)~ Q - e ( e + 3 0 - J n. n I' p n Q 
__ s p'n l t 2 a (nn')'le 3t 



·= II C> 

+ p( 1-r) n')Q
4
-~ (J+p'n) Q + Z(h•h

1)'/a(/3nn'tidpnnr,') J 
o ( n• n')'I~ 6 . pno .Qs 

M 6 = A/{- U -0\ J 2n n') Q
1 

+ ip<n n'>Vi!((,i~_§!'n')(p + r: n) Q ] 
P· n p' n 5. . 

M0XH0 noJiytWJ:T!, ll o6paTHI:Ie. C00TU0Uiemtsr 

Q (v v) = L & ... (v v) M (\J: -v, )·, q ~ NjOp { <P-lin-n')(M,+M~)-JM6j 
L > • 8 Le 1 4 e ~-~ .. - _ _ c29) . , 

I - ~ . 

Q --"")~.}, --- . --~1· , [ p,1-e~ -pncS ' Pri-i/3] 1/?-P·n /- (I~ ~2 ;:_ . ?;N'r ( n n')Y~ 2Mt + ,-· 1 •·o-y-- n-n + -1 T Mc 1-r p+p;n O /j~o pn + 

+:;,f f P.nO -j ( 1- (Ert:f-~l(Pn§_- Pl.,. ~ + .!!t-1:nd _ Pn c ~+ 28 ~ pn<i)] M + 
· pn op . pn(1-0) 1-vi! 1-oi 3 

+ [Y~- J.:§'+ <'- d2pn +.f.!2.. PrJ::1.(1- ( Pn - ~ /l )( Pn8 ~ PJ + !:J: P + <.8
2

- pnd _ 
[p+pln ()~ p(n J~ pn(l-a) 8 · 1-02 ' .·. 

_ Pnlf: ~~ ·.E.':0L li{~~i fn~ n njM., -/l+ t! ;-tnO Ms +[ p:rp:,;· i + 

+ ~,n ¢ (1 - D?~*l{-~8~:J). _@ + ~ ~;~r_nSJ M0J 

Q :;: i0 .. J:/)'/z Jr 1-6+ pnJ h n'- fn_. __ -·-) M +f irn,- 1-c'i2+ dpn + p~ (Pn-Z>_(Pn8-P) 
3 • l\N'P 1l 1-82 1-8 2. lp+p)n 8p_ pn ' 1-oa 

+ 1--() + pnd + Pn (-L:~2S2-pn6)]M +L,irn -= i-d
2
+2~

2
en,t-,~- .J:n:_,~_ 

1-Ja 1-J 2 3 lPi-P;n . 8p p'n 1-6 2 

C ) 1 - s + p ha ' p h ( ~ +· 2 d 
2 
- p n c} >] M - L:Q + p n 8 M + 

·(pno-r - i-62. n-n+ . 1-aa - . 4 i-oa s 

+ L.?-Y!2.-1. + pnS (Pn-;q ~ J-£ ~¥1] M 6J 
. • lp+p~n ~ p'n(1-al) · i- · 
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