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An~ w~poKoro Knacca ~HTerpanbH~x ~ ~HTerpoA~¢¢epeH4~anbH~x 

ypaaHeH~A ~Apa ~HTerpanbH~X onepaTOPOB 3aB~C~T D~Wb OT pa3HOCT~ 

apryMeHTOB n~6o so aceA o6nacT~ ~x ~3MeHeH~~. n~6o a HeKoTopoA 
ee 4aCT~. no3TOMY B COOTBeTCTBY~~eA nOA06naCT~ ~HTerpaDbH~e one
paTop~ MOryT 6~Tb nerKO o6paT~M~, T.K. MaTP~4~, B03H~Ka~~~e noc
ne A~CKpeT~3a4~~ ypaBHeH~A, ~Me~T 6n04HO-Tenn~4eBy~ CTPYKTypy. 
B CB~3~ C 3T~M npeACTasn~~T ~HTepec ~Tepa4~0HH~e MeTOA~, CBR3aH
H~e c 4acT~4H~M o6pa~eH~eM ~HTerpanbH~x onepaTopos Ha noAo6nac
T~x, COOTBeTCTBY~~~X Tenn~4eB~M 6noKaM. 

B HacTo~~eA pa6oTe TaK~e MeTOAbl np~MeH~~Tc~ An~ peweH~R rpa
H~4H~x ~HTerpanbH~X ypaBHCH~A /rHY/, CBR3aHH~X C onepaTOpOM 
nannaca a cny4ae ABYX ~ Tpex npocTpaHcTBeHH~x nepeMeHH~x. a TaK
~e AD~ peweH~~ ~HTerpoA~¢¢epeH4~anbHoro ypaaHeH~R. 

PaccMoTp~M ~Tepa4~0HH~A npo4ecc 

Xn + C Xn 
B---- =- (Axn- f) 

T 
/0. 1 I 

peweH~~ onepaTopHoro ypaBHeH~~ 

Ax = f, A: X -. Y , /0.2/ 

rAe A - n~HeAHbiA, orpaH~4eHHbiA onepaTop; X, Y- HOpM~posaHHble 
npocTpaHcTsa. np~ nocTpoeH~~ npo4ecca /0.1/ cneAyeT M~H~M~3~po
aaTb cneKTpanbHbiA paA~YC p (T) onepaTopa nepexoAa T = E - rB-1 A 
a Knacce nerKo o6paT~M~x onepaTopoa B. Bo3MO~HoCTb TaKoA M~H~
M~3a4~~ cneAyeT ~3 Taro, 4TO p(T) = 0 np~ B =A, r = 1. MHoro-
4~cneHH~e np~eM~ s~6opa onepaTopa B paccMoTpeH~, Hanp~Mep, s 1 1· 9~ 
np~4eM Ha~6onee 3¢¢eKT~BH~e MCTOA~ ~Me~TC~ AD~ CaMOConp~~CHH~X 

onepaTopos A. 
OcTaHoB~Mc~ Aanee Ha cne4~anbHOM a~6ope onepaTopa B, op~eHT~

poaaHHOM B OCHOBHOM Ha peweH~e ~HTerpaDbH~X /n~6o ~HTerpOA~¢Oe
peH4~aDbH~X/ ypaaHeH~A ~ ca~3aHHOM c o6pa~eH~eM onepaTopa A n~wb 
a HeKOTopoA noAo6nacT~ caoeA o6nacT~ onpeAeneH~~. An~ A~¢¢epeH-

4~anbH~x onepaTopoa TaKoA nOAXOA ~cnonb3yeTc~ B MeTOAe pa3Aene
H~~ o6nacTeA. 

Xopowo ~3aecTH~M Ran~eTc~ np~eM, nony4~Bw~A Ha3BaHMe MeTOAa 
ycpeAHeH~~ ¢yHK4~0HaDbH~X nonpaBOK /CM./ 2/ ~ 4~T~pyeMy~ TaM n~
TepaTypy/. nycTb X =X1+ X2 - np~Ma~ CYMMa nOAnpocTpaHCTB, a 
PX = X 1 - npoeKT~pyeT X Ha X1, TOrAa ADR peweH~fl ypasHeH~fl 
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x ~ Ax -+- f 10.31 

X n + 1 ~ (A - V) X n + f + Vx n + 1 , V = AP, 

-1 -1 
X n + 

1 
= (E - AP) f + (E - AP) A(E - P) X n, 10.41 

Ann ypasHeH~n 10.11 cooTBeTCTBeHHO ~MeeM 

B = Q- AP, Q = E- P, 10.51 

Ann peweH~R ~HTerpanbH~x ypaBHeH~~ s 121 ~cnonb3yeTcn npoeK
TOP Ha KaKy~-n~60 opTOrOHanbHY~ C~CTeMy $yHK~~~, nocne 4ero o6-
pall\eH~e onepaTopa E- AP ~n~ Q- AP csog~Tcn K peweH~IO n~He~Ho~ 
anre6pa~4eCKO~ C~CTeM~ Ofill\ero B~Aa, KOTOpoe MO*eT 6~Tb BeCbMa 
TpygoeMKO. 

B HaCTORll\C~ pa6oTe ~cnonb3yeTcn cne~~anbH~~ B~A npoeKTopa 
~ Y4~T~Ba~ll\~~ CTPYKTYPY onepaTopa A. Hanp~Mep, np~ B~6ope npo
eKTopa gnn r~Y, csn3aHH~x c onepaTopoM nannaca, ~cnonb3yeTcn 

TOT ~aKT, 4TO nocne A~CKpeT~3a~~~ rpaH~4H~x ~HTerpanbH~x onepa
Topoa GnoK~ M3Tp~~~. COOTBeTCTBY~ll\~e napannenbH~M CTOpOHaM ~n~ 

rpaHRM, a TdKme gyraM OKPY*HOCTe~ ~n~ 4aCTnM c¢ep~, ~Me~T Tenn~

i.jCBy CTpyKTypy ' 3•41 . fl03TOMY 8 Ka4eCTBe nogMHO*eCTBa, onpegenn
IOll\8ro npoeKrop P, B~O~pa~Tcn COOTBeTCTBYIOll\~e 4aCr~ rpaH~~~, noc
ne 4ero onepinop E-AP nerKo o6paT~M. B ~Tore gnn TaK~x o6nacTei1, 
K3K npRMOyronbH~K, Tpanelj~n, Kpyr, npaB~nbH~~ MHoroyronbH~K, 

napannenen~neg, wap, ~ HeKoTop~x ~x KOM6~Ha~~~ nony4ai0Tcn 3Ko
HOM~4Hbie II N~-anrop~TMbi 11 peweH~R r~y. AHanor~4HO onT~M~3~py~Tcn 
~Tepai.j~OHH~e MeTOA~ peweH~R ~HTerpog~~~epeH~~anbH~X ypa8HeH~~ 

C ngpaM~, 3aB~Cnll\~M~ OT pa3HOCT~ apryMCHTOB. 

§1. 0 CXOA~MOCT~ flPOUECCA 10.41 

B cooTBeTc TBf1~ c 8bi6opoM nognpocTpaHcTs X 1 f1 x2 npegcTaB~M 
onepaTop A 8 6no4HOM 8~Ae: ecn~ x = Px t Qx, TO 

Ax 
( 

A p p Ap Q \( Px ) 

= AQP A QQ) Qx AQP Px + AQQQx 
11. 1 I 

App Px + APQ Qx, 

06o3Ha4an Px = x 1, Qx ~. x 2 , ~Tepai.jf1v1 10.41 3i'ln~weM s 8~Ae 

n+1 A n+1 n x 1 - ppXl ""Pf+Apr;f, 
n+ n+ 1 f n x 2 - Aarx 1 ~ Q + AQQx 2 • 

2 

nepe~geM K ypa8HeH~IO gnn norpeWHUCT~ ~Tepalj~~ If 7 Oi ~ paccMoT
p~M onepaTop nepexoga 

I 1 . 21 

KOTOp~~ cornaCHO 11.11 onpegenneTCn HenBH~M B~pa*eH~CM 

n+l 
X 1 I 1 . 3 I 

rge un- 8cnoMoraTenbH~~ seKTop. PaccMoTp~M gsa T~na ~opM:nepaan 
YA08neT80pfleT CBm1CT8Y llxll 1 ~ \1Pxll 1 + I:Qxl\ 1 , a gnn BTOP0~1 

llxll 2 ~ max(i1Px112 , 11Qxll2 ). 

neMMa 1. flyCTb IIAII ~ q < 1' Torga 
Ecn~ X -r~nb6epT080 npocTpaHCTBO, a 

HopM~posaHHbii1 6a3~c onepaTopa A = A* , 

1Gvl1
2 

llv 11
2 

+ L 2 A i+ 1 

i= 1 
ai 

A i- 1 

rge 

II Gil .::: q. 
lv 1 I- co6cTBeHHbl~ opro-

Av1 =hi Vi, 
1
.\ 1 ' < l, TO 

(0, v) T L T a.v. (0, v) ~ QX • I 1 . '-+I I 1 i-1 

AoKa3aTeilbCT8o. Ann nepso~ HOPM~ ~MeeM cornacHo 11.31 

llun II + llx ~+ 1 11 S q(llunll +II x n211 ), 

II X~+ 1 II :: q II x; II - (1 - q) II u n II :':: q II X1~ II 

Anfl 8Topo~ HOPMbl paccMOTp~M gsa cny4an. 11 llx~\1.::: llunll, Torga 

OTKyga cnegyeT llunll ~ 0, llx~ II= 0. 21 Ecn~ nono*~Tb llunll < 
< llx~ll, To max(l\x~+ 1 \\, 1\un\1) S ql\x~ll. a 3Ha'-l~T, \lx~+ 1 11::; 
~ q II x~l\ . BTopan 43CTb neMMbl goKa3biBaeTcn HenocpegcTseHHO~ nog
cTaHOBKO~ pa3IlO*eH~n 11.41 8 11 .31. neMMa AOKa3aHa. 

neMMa 1 noKa3bl83eT, LlTO ~Tepai.j~~ 10.41 np~ AOCTaTO'-lHO 06ll\~X 
npegnono*eH~nX CXOgnTCn He MegneHHee npOCT~X ~Tepa~~~. 

PaccMoTp~M ~HTerpanbHOe ypasHeH~e 8Toporo poga: 

x(t) ~ ( K(s, t) x(s) ds + f(t); 
D 

s,t r;; D, D ~ R n • 11.51 

3 



·-------------------------------------
nycTb cyll\ecTsyeT noAo6nacTb D' c D, TaKaf1, 4TO onepaTOP 

E - ( K(s, t) (.) ds ; s, t ~ D' 
D' 

nerKo o6paT~M. TorAa s ~Tepa~~f1X 11.11 MO~Ho nono~~Tb 

Px ~ f x (t) ' 

l 0, 

t ~ D', } . 

t ~ D' 

Ecn~ s nesoi1 4aCT~ 11 .51 ~MeeTCf1 A~$$epeH~~anbHOe s~pa~eH~e Lx, 
TO ~Tepa~~~ 11.11 cBf13aH~ c o6pall\eH~eM onepaTopa 

L - K(s, t) ( ·) ds ; s, t ~ D' . 11 .61 

D' 
PacCMOTP~M rHY, CBf13aHH~e c peweH~eM Kpaes~x 3aAa4 Anf1 one-

paTopa nannaca. 

§2. nOCTPOEHHE HTEPAUH~ ,UnH 3A,UAY HE~MAHA H ,UHPHXnE. 

CXO.UHMOCTb 

HanoMH~M, 4TO Anf1 rapMOH~4ecKoi1 $YHK~~~ u(x) s o6nacT~ 0 ~R~ 
n 2,3, C rpaH~~ef1 r, f1Bnf110ll\eHCf1 Kp~sof1 nf1nyHOBa, ~MeeT MeCTO 

rHY 

(E + aK)u(s) - aLv(s) = 0, s r;;; r , 12.1 I 

rAe V(s) - 3Ha4eH~e HOpManbHOf1 npo~3BOAHOf1 ~ no BHyTpeHHef1 Hop-an 
Man~ Ha rpaH~~e I'. 8HyTpeHHef1 3aAa4e COOTBeTCTByeT a = -1, a 
BHewHef1 - a = 1 . HHTerpanbH~e onepaTop~ K ~ L onpeAeneH~ Ha KoH
Type lnosepXHOCT~I r ~3BeCTHbiM~ $opMynaM~ / 5/. PacCMOTP~M BHyT
peHHIOIO ~ BHeWHIOIO 3aAa4~ Hef1MaHa, KOTOp~e cornaCHO 12.11 CBOART-

Cf1 K rHY BToporo poAa: 

(E+aK)u =aLv 0 ,f(s), sr;;;[', 12.21 

PeweH~e 3aga4~ A~p~xne MO~Ho ~cKaTb s B~Ae noTeH~~ana gsoi1-
Horo cnoR, 4TO np~BOA~T K rHY B~ga 12.21, HO TOnbKO C onepaTo
poM K*, a see ganbHef1w~e nocTpoeH~R aHanor~4Hbl. HenocpegcTseH
Hoe onpeAeneH~e v(s) = ~ np~BOA~T K rHY nepsoro poAa: 

an 
Lv=(aE+K)u0 (s) ,f(s), sr;;;r·, 12.31 

KOTOpOe paCCMOTp~M no3gHee. 
A 2 

/6/ 
Hanor~4HO cny4atO n = , ~3y4eHHOMY s , np~seAeM ycnos~R 

Cyll\eCTBOBaH~R ~ eA~HCTBeHHOCT~ peweH~R ypaBHeH~R 12.21 np~ 
n = 3. 

4 

neMMa 2. ,Unf1 BCf1KOH Vo(s) r;;; L2([') ' TaKOH, 4TO (Vo,l) = 0, 
ypasHeH~e 12. 1 I np~ a = -1 ~MeeT eA~HcTBeHHoe peweH~e u(s) r;;; C(['), 
YAosneTBOPf1tOll\ee ycnos~tO (u, 1) = 0 ln~6o (u,g 0) = Ol, rAe K*go= 
=go· np~ a= 1 ypasHeH~e 12.11 6e3yCnOBHO ~ OAH03Ha4HO pa3pe
W~MO, np~4eM ecn~ (v

0
, 1) = 0, TO (u, gO) = 1), 4TO 3KB~BaneHTHO 

u(oa) = 0. 

3aMe4aH~e 1. 06o3Ha4~M: a(K) -cneKTP onepaTopa K. CornacHo 

neMMe 4 ~3/5/ cnpaBeAn~BO COOTHOWeH~e 

a (K) .; (-1, l l , 
12.41 

np~4eM A= 1 - OAHOKpaTHOe co6cTBeHHOe 3Ha4eH~e K·1 = Anf1 
OAHOCBf13HOrO KOHTypa lnosepXHOCT~I ~ N - KpaTHOe gnf1 o6nacT~, 
~Mel0ll\ef1 N KOMnoHeHT CBf13HOCT~. OnepaTop L = L * > 0 np~ n = 3, a 
np~ n = 2 L > 0 Ha MHOl'\eCTBe (v, 1) = 0. 

CornacHo neMMe 2 GyAeM paccMaTp~saTb peweH~e 12.21 n~Wb Ha 
~Hsap~aHTHOM noAnpocTpaHcTse E 1 = I u: (u, g 0 ) = 0 I. 
T.K. X pa3naraeTCR s npf1MYIO cyMMY ~Hsap~aHTH~X noAnpocTpaHCTB 
X = E 

1 
+ R s c~ny (g

0
, 1) I= 0, TO BB~AY cnpaseAn~socT~ neMMbl 2 

Anf1 onepaTopa K- , f1BnRtOll\erocf1 cy>!<eH~eM K Ha E 1 , ~MeeM 
p(K-) = q < 1. B 3KB>1BaneHTHOH HOpMe II· II* 

171 nony4~M IlK-II* ~ 
< q + E , E > 0 - CKOnb yrOAHO Mano, OTKYAa cneAyeT CXOA~MOCTb 
npocT~X ~Tepa~~f1 Anf1 12.21 co cKopocTbiO reoMeTp~4ecKof1 nporpec-

c~~-
t.L.JIVI .1 - bbiiiYt\JIUC:: MnUm\.,.,\.....10'-"' ---;-~ ;; ~;.,..::::::::::-::,..~::::~ ': C-uA:-'Ur'\I'A 

T.K. nocneAHf1f1 f1Bnf1eTCR HopMof1 sToporo T~na, TO cnpaseAn~sa 
neMMa 1 o cxoA~MOCT~ 11.11 s C-HopMe. 

KaK oTMe4eHo s 121 , npVI P-> E ~MeeM 

liCE- KP) -
1 

K(E- P) II -> 0, 
12.51 

T.e. scerAa MO~Ho A06~TbCR cxoA~MOCT~ 10.41 B CIFI np~ P _.E. 
npeA~AYli\Y~e paccy~AeH~f1 noA~To~~saeT cneAYtOll\af1 neMMa. 

!_leMto\3 _}_· 1\yCTb 0- BLI11jKnaf1 o6naCTb, TOrAa Hapf1AY C npOCTbi
M~ ~Tepau~RM~ CXOA~TCR npoueCC 10.41 CO CKOpOCTbiO 

q < l' 12.61 

s HOpMe Clr/. Ecn~ 

-1 /2.7/ 
< " ' 

gnR HeBc•nyKJlOrO KOHTypa [' , TO 

llx -x*l\ <qnllx -x*ll, q 1 <l, 
n *- 1 0 * 

12.81 

5 



3aMe4aH~e 2. np~ a = 1 Ailfl peweH~.:1 ~3 Knacca lu(oo)l < const 
/T.e. ~. g

0
) t 0/ aHanor~4H~e pe3yilbTaT~ cnpaseAn~s~ Ailfl ~Te

pa~~oHHoro npo~ecca 

u n + 1 = ,B Ku n + (1 - ,B) u n + f, 0<,8<1. 

IIKQII 5 max K (D , ' x)
xi;;D (n-1)TT 

n = 2,3, 

/2.9/ 

rAe K(D', x) - yron /TenecH~.:1 yron/, noA KOTOP~M B~AHa o6nacTb 
D' ~3 T04K~ X. 

PaCCMOTp~M Aanee HeCKOilbKO KOHKpeTH~X np~MepOB CXOA~MOCT~ 
~Tepa~~.:1 /0.4/. 

np~Mep 1 . nycTb pewaeTCfl BHeWHflfl 3aAa4a Ailfl OKPY~HOCT~ r pa
A~yca R, KOTOpafl pa36~Ta Ha ABe 4aCT~: r 1 U r 2 = r , np~4eM 
mesr1 = KR, 0 < K <2TT nycTb f= 0 ~ 

Tor A a, y4~Tb1Bafl, 4TO K(x, s) 
~ c:lr)_ nnR Qn. nnnvu~.-~M: . 

1 
u 1 + -- r u 1ds 

2rrR r 
1 

Pu 1 = c1 , 

2TT- a 
c 1 =-

2rr + a 

2TT -a a 
=----+-

2rr 2rr 

2TT- a 
=- ---c' 

2rr- a 

2rr + a 

2TT 

2TT- a 

2rr 

2TT-a 1-a a 
q =----=--- a=-

2rr+a 1+a 2rr 

np~ a = 1T ~MeeM Q=- !, np~ a = 3TT 
3 2 

6 

q 

a 

2TT + a 

1 
7 

- 1) c. 

] 

' 'I 

np~Mep 2. PewaeTCfl BHeWHflfl 3aAa4a B o6nacT~ R2
'\.(C1u C2)' rAe 

C
1

,C
2

- Kpyr~ paA~yca 1, ~eHTP~ KoTop~x pacnono~eH~ Ha paccTo
flH~~ r > 2 . rpaH~~bl KpyroB o6o3Ha4~M r 1 ~ r 2 , a Ailfl peweH~.:1 
~CnOilb3yeM 0603Ha4eH~fl U- Ha r 1 , V- Ha r2 . nycTb 3aAaHa 

V o ~ C(I2), Tor A a 

2 r u 1 ds 
r1 

( ( K(x, s) v (s) dsdx, 
r1 r 2 o 

1 
4TT 

( ( K(x, s) v 
0 

( s) ds dx - ( K(x, s) v ( s) ds , 

r1 r e r 2 

lu I < (...!. ~ + ~) lv I = .M. lv0 I, 1 - 2 1T 1T 0 1T 

,llanee HaxoA~M 

e = 2 arcsin-1-
r -1 

/2. 10/ 

nocKOilbKY ( v
0

(s)ds =Canst, a 3Ha4~T,npl-1 nOACTaHOBKe B /2.10/ 
r2 

He AaeT BKilaAa B npasyiO 4aCTb, TO MO~HO nOilO~~Tb C = 0, OTKyAa 

I v I < ..ao_ ..2.0.. I v I ' T • e · q < 6 ( Jl_ )2 
· 

1 - 1T 1T 0 - 1T 

npi-1Mep 3. 06naCTb n eCTb nonyKpyr paAI-1YCa R. 06o3Ha41-1M AYrY 
4epe3 r1' a A~aMeTp - 4epe3 r2. nono~I-1M 

{ 

u, 
Pu = 

0, 

.llnfl u 1 I-1MeeM 

u ~ c (r 1 ), 

v ~;;; c<r 2 ). 

u
1 
+-1- ( u

1
ds =- ( K(x,s)v0 (s)ds :'l'(x), x~r 1 • 

2TTR r re 
1 1 TaK KaK r K(x, s) dx =- Ailfl scex X~ r 1' TO Ailfl npaso.:1 4aCT~ no-

r2 1 2 
ny4~M 1'1'1 5 2 1v

0 
1. B ~Tore 

r u 1 ds = ~ r 'I' (s) ds, u 1 = 'I' - ~ : r 'I' ds • 
rl r1 r1 

7 



ll ~ 
_!_ I\' + .1... lv I 2 'v I . 1 2 u 6 0 3' 0 

v 1 ; ( ~ \' r K (x, s) u
1
(s)dsl < iu 

1 
I <. -~-- lv 

ll 
I' 3 0 

1 

8 cwny K(x, .-:.) = 0, X, s 4- r2. no3TOMY q ~ 2/3. 
PaccMoTpM~ Bonpoc~ q~cneHHO~ peanH3a4~~ npocr~x HTepa4~~ H 

MeTUA1a HenOJlhOf'U o6palJ1eH~R /0.4/. 
r·lyc T" ypaBHCri~C /2.2/ 3aMeHReTcR c~cTeMo~ anre6pa~4eCK~x ypas

H~:HI-1C1 

/2. 11 I 

rge h - napa~1erp g~cKpeTV13a4HH, a MaTPV14a B nopRAKa N x N crpo

V1TCA no MeTOAY KODDOKal\V1V1 ADR KyC04HO-nOCTORHH~X /.nH60 KyC04HO

nV1He~HbiX/ 6ri:lV1CflbiX <)lyHI<L\Ii~ H HeKOTOporo pa36V1eHV1R rpaHHL\bl f 14 ' 6 ~ 
lJ pa6oTe / 6 / llPfl v1CnCJ.nb30BaHH~ CBO~CTBa no.nHO~ HertpepbiBHOCTH 

om-:paTOpa K ~\IlH n = 2 yc TilHOBJleHO, LITO ,\ ~ 1 CCTb OAHOKpaTHOe 

co6CTBCHHoe 3Hil4cHv1C or1eparopa B, B·1 = 1 IAnR Oi~HOCBR3HOro KoH

ryp:1/, c;rlep<~r,;p r~ + B ~Mecr pasHoMepHo or·paHV1LICHHbl~ no h o6par-

Hbt;-, o:1epd rop (E 1 B)-1 , a (l~- B) - 1 pasHoMepHo orpaHV14eH Ha noA-

npucTpaHc .. rtH: E 1_11 -- lv:\v,v 0 ) = 01, r~1e B"'v 0 ~- v0 • AHanorH4Hble 

yrBc:f-l>'<~\etn·IH ·. rlpdc~t:AJlviBbt vi AJIR 11 = 3. KpoMe roro, aHanorH4HO neM-

Me 5 ' 6 ' ~ Yll~Tb!BdR /2 .l+f, MO>XHO AOKa3aTb, LITO cnpaBeAJlHBa 

I~~~~FJ_-~+. Cyu(ecrsyer raKoe h 0 > 0 , qro np~ Gcex h:::; h 0 Bblnon

Ht:Ho p (B) ::. l ~ paBeHCTBO AOCTV1raeTCR np~ ,\ = 1 , B. 1 = 1 . np~ 

3TOM p(If-) :•_ q < 1, rAe B - cy}l{eH~e B Ha VIHBapHaHTHoe noAnpo-

crpaHcrso E t. h , a q He 3dBHCHT OT h. 
H3 neMM~ 4 HenocpeACTBeHHO B~TeKaer, LITO V1Tepa4HOHH~~ npo4ecc 

k+ 1 - k ' u
11 

=-aBu
11 

t I, /2.12/ 

I' "' II I; ' 0 ' I' CXOA~TCR CO CKOpOCTbiO [llh -Uh * :-: 1
{ itllk --- llh !I• B 3KBHBa-

.neHTHO~ HOPMC II· 1

, I. , a ADR BbtnYKJlO~ r~CinaCHI - [l HOpMe c;r;. 
npH 3TO~I 1\DR AOCTH}I{eH~R HeBR3Kv1 !'; ·i' rpe6ycTCR 0(N 2 lnN) ap~<)l

MeTI-1LICCK>1X ge~crs~~ H N 2 + O(N) RLieel( naMRT~ 3BM. OrHoonenbHO 

npoqecca /0. It/ u, 1.lallel-\lli-1BO y rBep}l():leHI-1t., a>tanor :--1'Htoe neMMe 3. 
B KLJ'-'ecn''" o(,,t._;cT~ D' {\nr: npoeKn1~,-~;JaH~>1 ,'10HIIO Bbi6HpaTb KOM

noHtcHTY CBR:JHDCT.; 8 c.nyYae ,,hiOrOCBR:;r~O;i o6JlC.CTI< /npV1Mep2/, a 

raK~e 111-160 napannenbH~e yYacTKI-1 rpilH~u~, n1-16o uT~~4310lJ1V1CCR noso

poTOM, [l pa6ore 
1

4
1 

paCCMOTpeHa CTpyKTypa t~arp~il;cl B ADR TaKHX o6-
naCTC~i, KdK npRMOyrCJJlbfl~lK, TpanCL(I-18, llpill'H1Dbflc.•IVl MHOroyrODbHHK, 

napannenenV~neA. np~ 3Tot-l Heo6xogv''-'dR 1~11>1 ilatteHv:ll MaTPHL\bl naMRTb 

6ni-13Ka K COOT8CTCTBYIOlJ1C,:I AfiR ceT04HbiX MC fO{\Oll, a MaTPHL\a E + aBP 
RBnReTCR GnociHo-ren.n<·IL\CBO~, ecnv1 P- npoeK ru•1, <Hlpe{\E.J1ReMbt~ napan

nenbHb!Mv: rropoHat-\V1 I-1JII: ,-rac-HH~I-1. Ha,lpvtMep, ~::JTil'-''-13 E + BP AI1R 

8 

npOTVIBOnonomH~X CTOPOH npHMOyrOilbHVIKa V!MeeT BVIA 

E + BP (: ~ ). A 
p 

lali-j+11 I i,J= 

VI nerKO o6paTVIMa KaK npRM~M, TaK VI VITepal\VIOHH~M MeTOAaMVI npVI 

p = 2k + 1 3a O(p Inp) apl-1(j>MeTVI4ecKVIX Ae~CTBVI~. npVI 3TOM 

IIA II :::; q < l s C-HopMe, rAe q pasHo _g_ arctg~ H He 3aBVICVIT oT 
1T 2b 

wara AVICKpeTI-13a~l-11-1. 3AeCb a, b - AilVIH~ CTOPOH npHMOyrOilbHVIKa, 

a ~b. 

§3. HHTErPOAH4>¢EPEHUHAflbHOE YPABHEHHE 

PaccMoTpVIM V~HTerpoAV~<!J<)lepeH~VIanbHoe ypasHeHVIe 

1 
-y" + a(x) y + ( K(x, s) y(s) ds = f(x), 0 < x < 1; 

0 /3.1 I 

y (0) y(l) = 0 ' a(x) > 0, K(x, s) = K(lx- sl), 

C RAPOM, 3aBVICRlJ1VIM Ili-1Wb OT paCCTORHVIR Me}I{AY T04KaMI-1 1-1 AOCTaT04HO 

rnanKHMVI dlVHKUVIHMVI a(x) 1-1 K(t) . 

Ha ceT04HO~ o6naCTI-1 wh =IXi=ih; i=O,l, ... ,nl, h=n- 1 ' 

3anVIWeM pa3HOCTHoe ypasHeHVIe Af1H /3.1/ 181 : 

x 1 =ih, i=l, ... ,n-1; Y=ly
1

l, i=O, ... ,n, 
/3.2/ 

n-1 
Y =Y =0, [S y]. n n n J ~ K (x j , X I) y i h • 

i = 1 

nonaraR An= Dn + s n ' 04eBHAHO, VIMeeM Sn = sri ' Dn = Dri. Ecnl-1 
,\ 2 E ~ D~ 1 S n ~ ,\ 1 E , To gnR peweHVIR /3.2/ 3(jl<)leKTVIBHbiM RBJ1HeTCR 

VITepal\VIOHH~~ np04eCC 

' -1 s 
yk+1=-aDn nyk +(1 -a)yk+ 

npVI a =U+~t)-1' IL = t(,\1 +A 2), 

OAHa VITepal\VIH KOTOporo CBOAVITCR 

PVIL\bl sn Ha BeKTOP VI Tpe6yeT O(n) 
Hcnonb3osaHHe npo4ecca /0.4/ 

= K (I x - s I ) s HeKoropo~ o6nac TVI 

1 + ,\1 
q=l----<1, 

1 + IL 
K nporoHKe VI YMHO}I{eHVI~ T - MaT-

R4eeK naMRTVI 3BM. 

~enecoo6pa3Ho, ecnVI RAPO K(x,s)= 
x, s ~ D, c [ 0, 1 ] . nycTb ceTKa 
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wh r;;; D, ' npH4eM w ,h = I Xi = ih; i = e • e + 1 ..... m I 
nonara.R sn =Is ij ! ' onpeAeJlHM MaTPI-14Y 

0 0 0 m- p 
A I a li-j + tl!i,j = 1 

SnP 0 A 0 

0 0 0 
aij = 8 P+i-t,P+j-1. 

TorAa HTepal.\1-11-1 /0.4/ CTpO.RTC.R no $OpMyJ1e 

k + 1/2 k 
(D n + Sn P) y = - (S n - Sn P) y + f , 

y k+ 1 ayk+1/2+(1 -a)yk, 1>a>0, 

f,m<n. 

13.4/ 

npH4eM o6paU1eHHe oneparopa Dn + SnP BblnOilH.ReTc.R np~-1 noMOU1H Hre
pal.\1-1~ /3.3/. AHanorH4HO /3.4/ crpoHTC.R HTepal.\HOHHbl~ npo4ecc AI1.R 
.RAPa K(x, s) = K 1 (Jx- sJ) + G(x, s), rAe G(x, s)- o6U1ero BHAa. 
BMecro oneparopa SnP s /3.4/ cneAyer nono*HTb pa3HOCTH~~ aHanor 
HHTerpaJlbHoro oneparopa c .AAPOM K 1 (Jx- s ll. 
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IHAKoa E.n., XoPQMcKHH 6.H. Pll-83-596 
PeweHHe rpaHH4HWX HHTerpanbHWX ypaaHeHHH An~ onepaTopa nannaca 
MeTOAOM HenonHOrO o6p~eHH~ 

npeAno*eH HTepa~HOHHWH MeTOA peweHH~ HHTerpanbHWX ypaBHeHHH, OCHOBaHHWH 
Ha o6pa~eHHH HHTerpanbHoro onepaTopa nHWb a HeKOTOpoH noAo6nacTH caoeH o6nac
TH onpeAeneHH~ . PaccMOTpeHW npHno*eHH~ An~ rpaHH4HWX HHTerpanbHWX ypaaHeHHH , 
ca~3aHHWX c onepaTopoM nannaca, a TaK*e An~ HHTerpoAH~epeH~HanbHoro ypaaHe
HH~. HaH60nbWa~ 3~eKTHBHOCTb npo~ecca AOCTHraeTC~, ecnH ~Apa HHTerpanbHWX 
onepaTopoa 3aBHC~T a HeKOTOpoH o6nacTH nHWb OT pa3HOCTH apryMeHToa. B 3TOM 
cny4ae peanH3a~H~ OAHOH HTepa~HH CB~3aHa C o6pa~eHHeM TennH~eBOH MaTpH~W. 

Pa6oTa awnonHeHa a na6opaTOPHH BW4HcnHTenbHOH TexHHKH H aaToMaTH3a~HH 
OH.IH1. 

"~ ...,..., .,..._.,.._ .. ,u ... l•o•vo v "'''' '- • r•• J ''"' 

Zhidkov E.P., Khoromskij B.N. Pll-83-596 
Solution of Boundary Integral Equations for Laplace Operator 
Using the Incomplete Revolution Me t hod 

lterational method for integral equation solution based on the rever
sion of integral operator only in a subregion of its region of definition 
is suggested . Appl ications for boundary integral equations for Laplace opera
tors as well as for integra-differential equations are considered.The most 
effectiveness of the process can be achieved if the nuclei of integral ope-

rators depend in some region only on the argument difference.ln this case the 
implementation of one iteration is connected with the Tepl iz matrix rever
sion . 

The investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR. 
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