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"-tu" .. r~ ~h-1156(3))-e9 

I;. IT, \TU'lnl\\18 

~nl\~'\J~l.U'th ~'\J'lrh h'\J'lt~UC tlh,UU~U'\J ZUITU~ur~tr~ 

ZU\Tl.U'' lU~LUUh O~trusnrh ~L~Ulijlr 

ITU Un~ 

ZwJm'tlp t ,p qp~brbugpwl ~wqwuW[lnLuubpp lLr~uwqwu ~uafw4W[lqbpp 

~aallllfl bqrwJpu ~uqpp~ up2w tt, np unpuwl lnLbbtp t: lpwgnLgpz ~wu­

uwuubp~ /nLabq tLp~uwqwunL@JnLu {11 , ln~wwp'\JuqnL ~WJUWU~ (2,3) 1 

pnLJl qwpqwbnL@JnLu (4) a WJL'\J/- ~WJUW'\Jubp b'\J bqpwjp'\J ~u'1l'p plll[I• 

d~p wbwugJWL'\Jb~p qnpbwqpgubpp qpw: Uz~www'\JenLu gu'\JwpqqnLu t bq· 

pWJPU ~uqpp~' '\JnpUWL LnLbblpnLPJWU ~WJUWUUbpp ~wtuwum'\J qba[gnLUI 

C'\Jq npnLu ~wuwwwqwb . t gwbp wbw'tlgJWLubpp qnpbwqpg'\Jbpp npnzrl '\J~-

2w'\JwqnLPJnLu~, uwwgqwb t puqbqup ~wzquwu pw'\Jwda~: 'tlzb\19, np ~q­

qwLr qbp~ wqJWL 'bmwqnwnL@JnL'\JnLu qwmwpnLu t h,'\J.~bqnLWJP u•w -

g•b (5)~'\Jq,~'\JnLp lnLbUWU '\JbpqWJWgnLU~l 

© 

tpaw'\Jp ~pqpqwJr p'\JumpwnLm 

tpaw\e 1989 

..... 
anmllol ••Jll' 

I. Ilycn £J - IIJIOCKEJR O)Ul.OCBR3HaR o6JI3C'l·o. PaccMoTpm.1 .10-

.DYIO!llYIO cuc·reMy ,D;mµpepeF.wraJibHHx ypaEuemrn 

LlU + a(x,y)Ux + Bcx,y)ULJ + C(X,':J)U :: O, (I) 

r.TI;e Q (X,y) , g (X,':J) .11 C (X,y) - BeU(8CTB8HH0-·3Ha'IF Je r1aTpM­

J.m-tllYHRU;IUI IIO.Pff,nKa r1 x n . Tpec5yeTC.ff R8YrTH pe!I18fi1.1e GP TeL~H ( l), 

y .I(0Bll8TB0p.i!Kil188 KpaeBOMY yCJIOBHIO 

p(cc,l:J)Ll:x: 1 q.cx,y)U~ + scx,y)Uj r"' f (t), (2) 

r.rr,e r - rpatt.ima oc5JiaCTH .£) , a p(:c,y) q. x ,y) n S(X,!::1} 

Ital<. H Bllllle MS. TPI1.Uhl, 

Ka1< II'JKa.3all.O B [ 5], Oc5!!.lee pewefllie cu c Tem ( L) npe,nc'.:'aBJUieTc.rr 

B BY!)J,8 

t. 

Uc:x:,y)= Re{H.,tr)4'(:.) t )rlce.,t)<P(t)c-'t J , (3) 

0 

::J 

---~~~~~~~-



rl(e H0 (l.)=G(-i,O,c,z) a rl(i!,t)=(-c3/c3t)G(t,o,z,l) 

np1~.'IeM G (i. 1 t, ~ , 't') - @YHKU:AA Pm.iaRa • 

.tlBa~e!.1 c.11e,nyra:urn o6osHa<reHIDI 

1 ~ ~+t i!-t) ( l+t l-t » .A<ct)=- a(---,-.· + ~g --, - .- , 1 4 \ 2 2L C 2L 

G(i!,t)o.:l..fa -· t.1'1( ~.!..t, c-t) 
!t- \ ;, 2. 2~ ' 

1 • i!•t z-t ) C ( Z!. t) - - C ( -- I -. - I 
J - 4 . 2 2.L 

(4) 

a oZ\ u~. 1 t) :: C ( C. 1 t) - .A (c1i) 8 ( i!_ 1 t) - at c ( i! It) ) 

F (r:,t)"' G (z 1t 1 c., ~) . 

l . .·l.'jXllOt,T' .'Lrno 8.l!8.!JYl(iJl88 paBeHCTBO 

~ { ~ -1 } ;;-5- G( ~ 1t1 ~ 1z)j = E+\(F.V1F )(c ,'C)dt' HoCt:), 

I
t ~o l. 
~ = i!. 

~·= ~ 

(5) 

1-10 i; F T· .• LJJ.L,.'.J mcJI ·!epes cpymw.ii:ro Pru.1aaa , 3) 1 - onpe,ne-

.!. , . 
.:JI ·t·or v) B TOi .. , '{TO YCTaR8EJillEa.8TCH' CEJJ: 3:0 M8JRJJY 

li'.'Oli3P'.JJ\;.oit ,w iyrm~urn Pmr:asa c Ko scp.pllilJ1LeHTaw1 cuc'!' e1.1H 

cci;•o. '':.•iiK '.il•}, ' P1rnm1::i . 

, .. ,.:,- <I>.YJL«",i", Oi pOJ(e;;eHJJllX Ha rpamm.e r , RBJJ..JifOmVLXCR rpa-

'"Y 3WJ '.t>ILJ:J,.,, OT ciH8.ll!1'l'll'I8CKKX BHyTpl1 OCiJiaCTl1 £') cpyam.(ffir ' 

C''' ; GCTG >'! cer]3JibBoe npe,ncTaBJiemre 11 .H. Be1<ya ( CM. 5 ) 

.1 

<Pee)'= ~pct~ fo(1-: )ds + )p(t)ds + i.d 
· ·r ' · r · (6) 

r.n;e ji(t) - B~mecTlieHHo-sna- 1• !18KTOP-4JYHRUM, d - IlOCT05.H-

mltt :aemeciBe~ii ~eK'l'o.t)· 

Ilo~?TaBiilM ·(3) B (2)' T.e. Tpe'CiyeM BllilOJIHSHlU~ rpamrnrn:ir YC· 

~oB:IDi, . ,n;a.Jiee Hcn9JU.sya pesyJU.TaT ~eMMH ~5) H npeoCipasoBa.IIBa 

( 6) , IIOJlY'lii!M c~e.nY~ll) CllICTeMy Cmrr'Y MPHHX JIIHTerpam,HHx y pall­

Heruµi 

Re9l(~)i(~) +: :lmol(~) ( 
5r ) 

r 

µ(t) dt + 
t-e 

+ J3 ~ c) ~ p ( t) en ( f - i ) d t + 

r 

+ J3~~> ~p(t)en(1- !)dt + K(f)=-f<-t), 
r 

(7) 

r.n;e K \p)- llIHTer_pam,Hillt onepaTop, R.n;po KOToporo ,BMacTe c 

nepBOH npollI3BO.n;HOtt JIIM88T oco6eRHOCTb He Blillle ~orapJ1IlfuJ1I'leOKCro 

no PJI.ItI<8. , ;na.ne e 

ol(r.)=-(pl~)+i.~(c))H0 (~)9Z'ii' 1 

'5 



J3 (i!) ={ (P(~) + i.'i-(l-)) C'l(:) -

-~ry~~ ~-L~c~)):fl(e,~) + S(c)}Ho~cL 
. . . ' . 

. (o) . 

r,u;e e1 
- - o603Ha.'laeT npOH3BO,IJ;HylO 1;1,D;OJio ,Il,11HHll .IJYrllI Ha . r . , , '!ep-... 

Tli ~ CRMBOJIOM', RaR 061:l~O BMTlie' ltOMIIJ18KCHOro COilpru!t8IDtli' a 

0 ,• -

r;i(r:) ~ E; + V-~ll1F ~ 1 )(-~,t_) _dt . 
i • . 

(9). 

JJ:.n;i \PYHKLUili PHMa.Ha ~eeT MeCTO . ~eHCTBO [5], 

' 0 

det H0 (~) = exp \ sp.A tc ,t)dt, (IO) 

i: 

Sp At'l.,t) - o6o3Ha'laeT cJie,u; Ma.TPHUH .R (c,t) , oITpe,u;eJieH-

Hoit B (4), 

TeITep:o H3 (8) BR,IJ;HO, 'ITO CHCTeMa CHHrYJJRPIDlX HHTerpM!>Hl:lX 

ypaBHeH!1'~ ( 7 ) ffilJLffeTC.ff CHCT8MOH HOPMaJI!>HOrO THITa (CM.[5] ), 

ecJIH d.et ol(c) =/= 0 , a aTo BBH.ITY (10) 03Ha'la,eT det(p(r.)+i.c:it'l.)fO, 

TaKHM o6pasoM, ec.Jlll: 

det(p(·i!.)+ i'i-(~))fO, (II) 

TO HCXO,IJ;HaJI 3a,IJ;a'!a (I), (2) HOPMa.JU.HO paspellll:IMa H ee HH.n;8KC re 
Bl:l'IHCJJReTCH ITO ({loPMYJie 

6 

a;= i [e~d~t~(c)']r· 1 
(I 2) 

IT~ 'laCT:O (I 2) eCT:O II!>Hpall{eHHe apryMeH'ia <l>YHKrum. CTOffill8H B . . . ~ 

KBa..IU>aT~ CK06~, IIpi{ 01'.5xo.ne •KOH'l'YPa .· r O,IJ;HH pa3 ITpoT.i!;B ~-
.C9BOtt ~Tpe.JIIDi:. ~O.PMY.Jia (I2) qpoc~de C~e,D;C~He HB Teop.IDI ClUil'Y­

Jl.ffpHl:lX HHTerpa.JI~x YPaBHeimii: (_5] · • 

. IlycTb HapymeHo ycJioBHe (II). CTeITeH:o HapymeHHH ~apaKTepH?Y 

eTCH pa.HI'OM MaTpHI.lµ p(c) + l~(i!.) : . B 3TOM CJ?Y'lae CHCTe.Ma~7) 

l;lllpoli!MeTCH, B_ pa6oTe (6') paccMil.TpHBa.Jiac:b . CHCT8Ma Tl'lll8. (7) IlpK 
BilPOlK,IJ;emm. BCITOMHHM, '{T~ Ml:l rrpRIILlri!: :K .CHCTeMe ( 7), HCXO,nff Ha .. 

KpaeBOH 3a,na'lli , RMeHHO 3TO o6QTO.ffT8.Jl!>CTBO II03BO.Jl.ffeT II~JIHee RC~ 

CJI8,IJ;OBaT:O CHCT8MY (7), 

PaccMoTpHM pasJio~eHHe rro rrapaMeTpy ~ cJie,u;y!OII(ero oilpe,u;eJm-

Te.Jl.ff 
1 

det ( ( p(e) + i.q_(t:>) ~ - it a(!.)) = 

~ ~-I 
=-e'Z.( c)A +ez_1(e).A + ... +eo(~), 

(I3) 

r,u;e MaTPHUa G.( c ) orrpe,u;a.JIJieTCR IIO ({loPMY Jie 

G. (c) = ( p (i!.) + L'lo(i!.VCC.(i!.)- (P( i!.) - i.~(t:)) .Ac-c ,l ) + 5 ( -c) 1 (I4) 

a MaTpHu,a C(.(c) orrpe;a;eJieHa <I>oPMYJIO!i (9) . 

? 



TeopMa I. i1ycT:b ROaj$m,lieHT e.i(c) pa3.JIOllt8.l:iIDI· (13) OTJl.l!I'ISH OT 

HY .mr. Tor,l¥1 aa,n;atta ( l) , ( 2) HeTepo:aa . H MR n.H,I(eR.ca (I!, HMe-

eT MSCT~ <lJoPMYJIA. 

re = 2n - re, - re 2 , (15) 

r,IJ;e 
re1 =; [eridetHo(t.)Jr 

(16) 

<£?. = ~ [en c?(r.)]r. 

Ko3qxpll!UI8~T C~(t.) , RaR BH.IJ;HO H3 (13), OTBettaeT Sa 

13&'la,n; Ma·rpml,II Q(r.) , a ns (14) c.Jie;eyeT, ttTo Ma.TP~ S(t.) , 

BXO.Wllll.'.l.H B (2), HatIHHaCT KrpaT:b BalltHYIO po.JI:&, WIH HOPMaJU>HOii 

paapell!H.'AOCTH. 

2. IJycn. rro-rrpelltHeMY Ha.M 38,Il;aRa. cncTeMa (1), r.IJ;e ROajxpK~­

eHThl Mory~ ChlT:& ROMTIJieRCH03Ha'!HHMH. 

PaccMoTpnM C.Jie,izymy11 xpaeBy11 ~l!Y 

a 3~-u + ~(x,!:j)Ulr = f Cl:)' 
(17) 

~a.MOT~~. ttTv saBe.IJ;OMO rapaHTHpyeT'JR HapymeHHe yC.JIOBBll: HOPMa.JI:b­

,vli p~spemHMOCTH. 

CorftauHo [5] WJH ocmero pememm: (1) HMeeT MecTo npe.IJ;CTa.BJie-

HJJ:'3 ! 

U ( x, y) = H0 ('c) cp ( ! ) + ~ H ( ~ 1 t) 4> ( t) d t + 
0 

(18) 
i 

+~0(~) 1+'(~) + \a(r.,t')l¥('t')dt', 

• 

8 

r.IJ;e 
Q 0 (~)::; G(01 ~ 1 t. 1 °l) 

Q(r.,t)= (-a/at')G(o/t,r.,~), (19) 

a Ho n H onpe.IJ;e.JieHl:l Bhlllle. 

3a.MeTHM c.Jie,i&HI11ee: ecJl.l!I ttepes J'J ocosHattHM 06.JlacT:&, no-

Jiytta!OuzyIOC.f! H3 od.JiaCTH £) • TO B03JmRa8T ecTeCTBemroe COOTBeT­

CTBlle MSlK.IlY aHaJl.l!ITH'ISCRl'IMll QiyHKIUI.f!Mll B 3TIDC 06.JlaCT.f!X, a HMSHHO 

'V(i) = S<r.). 
3a.natta (1) • (17) CBO~TC.f! R C.Jl8;IzyHI11ett CHCTeMe CHHI'Y.Jl.f!PHl:lX 

mTerpa.JI:&HHX ypaBHeHIDi 

T(l.) ( w(t) 
R(c)W(r.)+~) ..._ ... clt+K 1 (CA.))=F(t), (20) 

r 

r.IJ;e Rtt..) n T(t.) - MaTpmi;u llQPff.nKa 2x2, u.>(t) = (Ccl1(t),(&)2(t)) 

- BemecTBeHH0-3Ha'IHaR BSRTOp-Qiymunm, K,(u.>) - IDiTerpa.lll>IIHit 

:mepa.Top, .f!.IJ;PO KOToporo HMeeT oco.:lemrocT:& npH t = e HIDKe nep­

aoro noPH,D;Ka. 

B Teopu cmiryMpHblx HHTerpa.ru,ai.zx ypaBP.eHHtt [5] ocHOBHYll 

po.JI:& nrparo c.Jie;eyRl!llie MaTpmi;u 

5(t.) = R(t.) + T(t.) H £>(i!) = R(i!) - T(&) •. 

B1:i1ttRC.JieHIDI noRB.3!lBa.IOT, 'ITO 

9 



S Cc) 
(

R1 l~) 

::: -i.R1(~) 

a 9J(c) = S(i!.) , r.n;e 

81 (c.)) 
i81-Cl). . 

- . 
. .A1 Ci!.)= Jii ~'(Pl~)-..Fl(~, ~))Hoti!.r, 

81 (~J: !f(l ~I Q
0

( l_) 

Crrpa.Be,IV~a cJie.n;y101I13R TeopeMS; 

(2IJ 

TeopeMa 2. ITycTn KO~HUHeHTH aa,n;a.'!H (I), (I?) y.n;oBJteTBOPJilOT 

cJie.n;yKl!leMY ycJiomI~ 

f.>(X,~) f= t(a(x,y) + tg(:t,y)) 
(22) 

Tor.n;a paccMaTpRBaeMaHaa,n;a.'!a HOPMa.JI1>HO paapellillMa Hee .IDUJ;eKc a 
BH'm:CJI.iieTCH ITO ~OpMyJie 

re = <£1 + t£2 (23) 

r.n;e 

~1-= ~ [ fn (JHl:) - .A tr., ~))1r 1 

. ( 24) 

rei=ii:·[ frt (Hole) Qot~))Jr 

IO 

38.MeTIDI), 'ITO <£ 1 HBHO 3BB!il:CRT OT RO ~.l!WleHTOB aa,n:a'lli (I) • . . . . . . '. 

(I?). a lfi . OT qiy~ Pro.1a.Ha, rrpITT:~M . 
0 

H0 (i) = exp .~JH~,t)·dt :, . . 
~ . . . 

. o· 

Q 0 t ~) = . ex p ~ B_ ( ~ , .~) d ~ , . 

r.n;e qiy~ · ~ (?. 1t) . H B'{rr_,i) . o~pe.n;eMmCH HBHO 'lepea 

RO~eHTH aa,n:a'llI rro rllGPMYJiaM . ( 4'). . 

38.Me'lrume~ Ha.MR nccJie.n;o"~ ·~e CJIY'laH, Kor.na rpaHH'll!Oa ycJio­

Blie HMeeT Bim ' 

aai u.+ -~~e.)U -.1- ~<~)il \ .; flt) 
. r -

(25) 

0Ka3q.Jl0Cn, · 'ITO KO~IU18HT re~) po.Jll'I He lill'paeT, T.e, Teope­

Ma 2 rroJHIO,CTl>R) B cHJie. AHa.7lli3 ~Toro o6cTOJITeJincTBa noKa3HBaeT, 

'ITO H8Y'laCTHe K03@1Hl.U18HTa ~ -(!.) KpaeBoro YCJIOBRH (25) KpOeT­

C.fI B CTPYK~~pe o6mero pemeHIDI (Io) • . 

B SaKJil!J'Ieiilrn -aBTOP BHpamaeT 6.n.a:ro.napHocTn y'fficTmmaM ceMH­

Hapa rro Te.opeT,H'l8CROi1 qrirnHKe. aa noJieaHoe oelcynme1me pe3yJinTa'l'OB 

paelOTH. 
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