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Abstract. The authors of the article proposed “ the mirror” method for calculating the
spline curve, which takes into account the values of the functions f (x.1), f (xi), f (xi+1). The
use of these values leads to a “physically” more correct “reflection” of the interpolation
curve in the region of the reference points; it becomes possible to avoid false maxima
and minima. Testing of this method showed that it becomes possible to use it both for
interpolating “simple” functions and for “heavy” ones for interpolating experimental
data, which means that the “mirror” method can be called universal. The “mirror”
method is stable, this means that the results do not depend on the direction of the
calculations, it has a locality radius of 1. The article shows that the formula for
calculating the “central” differences (finite difference method) is the limiting case of the
“mirror” difference method.
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AHHOTanusa. B IpPSIMOYTOJIbHOHN o6Js1acTH paccMaTpuUBaeTcs JIByMepHOe
byHKIMOHA/IbHOE  Ollepexarwlle-3ana3/ibiBamliee ypaBHeHHe. DyHKIMOHA/IbHbIE
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HeKapJieMaHOBCKHE CJBUTU SIBJAAIOTCA B3aMMHO-06paTHbIMU JuddeomopdusMamu.
Bomnpoc cyuiecTBOBaHUSA U €AMHCTBEHHOCTH pelleHUsl UCCaeyeMoy 3a/jlaul CBOJUTCA K
pa3pemiuMoCcTH 6J104HOM MaTPUYHOM CUCTEMBI B KJIacCe HelPePbIBHBIX QYHKIUU.

KiroueBble c10Ba: pyHKIIMOHATBHOE ypaBHEHHUE, HeKapJieMaHOCKHH CZIBUT,
onepeKeHue, 3ana3/ibiIBaHue, 6JI09Hasi MaTPHUIIA.

Beeaenue

boratblM HMCTOYHHMKOM pa3HOCTHBIX, (-Pa3HOCTHBIX, AU(D(epeHINATbHO-Pa3HOCTHBIX U
Ipyrux (pyHKIHOHANBHBIX U U depeHInaTbHO-(PYHKINOHAIBHBIX YPaBHEHUH ABIISIOTCS KpaeBble
3alauu I TUTEPOOJTUYECKUX CHCTEM YPaBHEHUW B YACTHBIX NPOU3BOAHBIX [6], UMCICHHBIC
METOJIbI pelieHust 3aaa4 ast nuddepeHnumanbabiXx ypaBHennit [4]. UHTepec k (GyHKIMOHATBHBIM
YpaBHEHUSM CBSI3aH C BO3MOYKHOCTBIO HCIOJB30BaTh UX [UIsl MojeaupoBaHus [l] cloXHBIX
KoJie0aTeNbHBIX IPOLIECCOB; U3YUYEHUS YIOPSI0YEHHBIX CTPYKTYp (cuHepreTuka) [5]; mpobiem [3]
TypOYJEHTHOCTH; YCTOMUNUBOCTH [2].

PaccmarpuBaemast pabGoTta wuccienyer 3agady i (QYHKIMOHAIBHOTO YpaBHEHHS C
HEKapJIEeMaHOBCKHUM 3ara3bIBaHUEM U ONIEPEKEHUEM BHU/IA

ny ko

> Gtnmu (e 0,a50) =0 (1)

n=—ny k=—k,
B obmactn D ={(xy)x, <x< Xiy+1, Y0 <Y < Vny41 } npuuem n;,k € N( =1,2)
Qe +ieyn4n, = const; a;(t), a(t) —coxpaHsrONmIEe OPUEHTAIHIO B3aHMHO-00PaTHBIE A3 (ocj (t)) =
t(j = 1,2) uddeomopdusmel knacca C1, yIOBIECTBOPSIONINE YCIOBHAM:
a(®) <t,a1(®)>1(a;(t)<1) u ay(t) >t a’5(t) <1(ay(®) > 1)ty = a1 (tysr) tass =
@, (t,), @y (t0) > 0; a1 () = to = 0t} = a; (e (. (1)) ... ), ecomn
I—pas

1>0; af =as_;(as_ ( (a3_]~ (t)) ), ecmn I > 0; & (8) = t(j = 1,2).

—l—pas

ITocTanoBka 3agaun

He orpannumBas oOumIHOCTM W [JIs HArJsOHOCTH paccMoTpuMm ypaBHeHue (1), korma

ny=n, =1,k; =k, =1 10 ecTh X

17 1
DD G (@, @) = Y [agau(@(9,a§ 0)) + @ (s () +
n=-—1k=-1 n=-1
+ag pu(ar (), a7 (¥))] = agpu(az (), a1 (¥)) + agruaz (x),¥) + ag2uaz(x), az(y)) +
+aou(x, a1 (1)) + a1 ulx, y) + agu(x, 2 () + azou(ar (0, & () + az ua; (x),y) +
+a2,2u(a1(x), az()’)) =0,
(x,y)eD = {(x,y):x0 <x < x2,¥0 <y <y} = Ui1,j=0 D;;, rtoe Dy, = {(x,¥):x) < x < Xpqq,
Yo <Y <Yns1} (kn=-12). B
3agaya R. Haittru B o6mactru D pemenne u(x,y) € C(D) ypaBHeHus (2),
Y/IOBJIETBOPSIONIEE YCIOBUAM

u(xl )’) = r—l,n (x' y): (x, y) € 5—1,71 (Tl = _1,_2), (3)
u(x,y) = pan(x,y),(x,y) € Dy, (n = -1,2), (4)
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ulx,y) =vr20x,y), (x,y) € Ek,z (k = —1;_2), (5)
u(x,y) = 8_1(x,¥), (x,y) € Dy 1 (k = -1,2), (6)
npuyeM
7‘—1,—1(95; y) = 5—1,—1(95; Y);Pz,—l(x; y) = 52,—1(95: y),
T_1,2 (x,y) = Y-1,2 (x, Y);Pz,z (x,y) = V2,2 (x,y),
rie 11, (6 ¥), a6 y) (n=-12); ¥4, (0, ), 61 (x,y) (k=-12) -  sanannbie

HenpepbIBHbIE (PYHKIUH.
Henbto panpHelnieil paOoThl SBISETCS IMOCTPOCHHE AalrOPUTMa YHUCICHHOTO peIIeHUs
3amaun R, To ecTh nosy4yeHus SIBHOM (OPMYIIbI pelIeHusl.

CyIIIeCTBOBaHI/Ie U ¢IMHCTBCHHOCTDH PCIICHUSA 3alaYM R. AJIFOpI/[TMI/I3aIII/Iﬂ

Teopema. Ecn 7_1,(x,y) € C(D_1,), P2, (x,y) € C(Dy,)(n=—12); y2(x,y) €
C(Dr2); Ok-1(x,y) € C(D—1) (k = —1,2); ap; = by (j =0,1,2); det(Af —Apdy) #0, 10
CYIIECTBYET €IMHCTBEHHOE pemeHne U(x, y) 3amaun R.

Joka3aTenbCcTBO.
B tepmunax ¢pyHKumit

u;; (6, y) =ulx,y), (x,y) €D;; (i,j = -1,2) )

ypaBHeHHue (2) mpeacraBuM B (OpME MAaTPUYHOM CHCTeMBbI CHadana B obnactu DyoU Dy, € D,
paboras 1o nepeMeHHoi X, a 3ateM B o6nactu Dy o © D, nposess npeoOpazoBaHus M0 IepeMEHHOM
y.

C oroii nenpio B ypaBHeHuH (2), 3anucannoM it obmacrert Dj o U Djq (j = 0,1), 3amennm
nepemennyio X Ha a(x) (X ma al(x) = X4 (k = =1,2)(j = 0,1). IlpunnMas BO BHHMaHHE
o6osnauenus (7), ycnosus (3)-(6); uro x; < aé (x) < %541 1pu X < x < x1(j = 0,1), nomyunm

MaTpPUUYHYIO CUCTEMY YpaBHEHH
1

zl: A ( Uon+j (X, az (y)) > _ Z B, .. <u—1,n+j (a(x),ay (y))>’ ©
n=-1

= Uy (a2 (%), az () U2 n+j (a3 (x), a3 ()

Xo <x< xl,yj < y < y]'+1 (] = 0:1);

rie
_ (Mn+1 Qon+1 _ (2041 0
Ant1 = (az,n+1 a1,n+1)’ ntl ( 0 ao,n+1)' ®)
B cucreme (8)-(9), sanmcannoit niis obnacreit Dy; (j = 0,1), 3aMeHMM NEPEMEHHYIO Y Ha Ha
aé(y) (yx ma aé(yk) = Vit (k=-1,2)(j =0,1). Ilpuaumas Bo BHMMaHue oGo3HaueHus (7),

ycnosus (3)-(6); uro y; < aé (V) <yj4+1 mpu yo <y < y;(j = 0,1), momyuum >KBUBAJEHT 3a7a4H
R nns ypaBHenus (2) B popMe MaTpuyHON cHCTEMBI YpaBHEHUI

i Ao ( Ug 4 (X, a;”igl)) ) _ Zl: B, <u_1jn+]. (Czl(x)'an;:j (y)))
o1 Uy (@2 (X), " (1)) = Up s (@B 00), a2 (7))

XS XSX,Y0<SY<WN (j:():l);

WJIH, UCTIOJIB3YSl KIIETOYHBIC MaTpHIlbl, 0003HaueHus (7), ycinosus (3)-(6),
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( (st \

(j(l) ji) \( ug1 (%, az(¥)) ) /_(Qz(x,y)

/ <7‘—1,0(a1 (@J’)))
Q1 (x, y)) __ (Bl Bz) P2,0 (a3 (x),¥)) .
By B r_g1(a1(x), a2 (%))

U1 (@ (x), a2 (¥)) \(.02,1 (“22 (x), a2 () )
/( 80-1(x, a2 (¥)) )\ /(r—l,—l(al(x):al(y))>\
B (AO 0 ) | 81,-1(az(x), 1 () |- (BO 0 ) | p2,-1(a3(x), () , 0
0 4 < Yo.2 (%, as (x)) > 0 B 1,2 (a1 (x), a2 () ’

\ Y1,2(a2(x), a3 () / \ <,02,2 (a3 (x), a3 (}’))> /

Xo S X <x1,Yp <Y <y, rAe Q;(x,y) — MaTpHIEI-CTONOIE! MpaBbIX YacTed cucremsl (j = 0,1).

N~

Ecmn ag; = a,; (j = 0,1,2), 1o marpuust A;(j = 0,1,2) u3 (9) Oyayr cuMMeTpuUuHBI K
nomapHo kommyTatuBHEL Torma mpu det(AF — AgA,) # 0 cymmecTByeT eIMHCTBEHHAs OOpaTHas

ManI/IIIa
‘10 ‘11 |A0A2 —A%| ‘10 Al '

KOTOpas MO3BOJIAET NOJYYUTh €IMHCTBEHHOE pelieHne MaTpuyHoi cuctemsl (10) B Bune
/ ( Ugo(x,y) ) \
uyo(az(x),y)) _ 1 (—A1 A; )(Q1(x,3’))
( U1 (X, a2(¥)) ) |AgA, — A2\ Ao —A1) \Qz(x,¥)/)’
\ U1 (a2 (), a2 (¥)) /

Xog <X <X1,Y0 <Y <Y, TO €CThb

uoo(,y) \ _ (Fi0oy) _ 1
(ul,o (az(x),y)> B (F;(x, y)) = M(_Al(h (x,y) + 4,0, (XJ’)),

Xo=X=X,Y0 =Y =),
( o (%, 22 (¥)) ) _ <01 (x, y)) _
uy 1 (az (%), a3 () G2(x,y)

Xo<X<Xx,Y0 <Y<Y
[Toaromy

= m (A0Q1 (x,y) — A1Q2(x, 3’))'

oo (x,y) = Fi(,y),x0 S X < x1,¥0 <y < y1;
Uy 0(az(x),y) = F(x,¥), %0 S X < x1,Y0 < ¥ < y1;
U1 (@, () = K1 (6, y),x0 S x < x1,y0 <y < y1;
g (az(x), a2 (¥) = K, (0, 9), %0 S x < x1,¥0 <y < )1

TO ecTh, cornacHo (7), (11),

(11)

(ugo(x,¥) = Fi(6,¥),x0 S x < x1,¥0 <y < 15
J U0 (,y) = Faq(x),¥), %1 S x <X,y Sy < y1;
u(x,y) = _ << <y
| U1 (6, y) = G100, a1 (), x9 S x S xp,¥1 Sy S yy;
L w11 (6 Y) = Golay(x), s (), x1 S x <%0, 71 <Y < ¥y,
ABJIAETCA €IMHCTBEHHBIM pelleHHeM 3agaun R 11s ypasHeHms (2) B obmactm D m3 Kmacca

HENPEepbIBHBIX (QYHKIUH.
Teopema noka3aHa.
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ALGORITHM FOR SOLVING PROBLEMS FOR FUNCTIONAL
LEADING-LAGGING EQUATIONS

A.N. Zarubin | Turgenev Oryol state University
Dr. Sci. (Mathematics), professor
aleks_zarubin@mail.ru
Orel

Abstract. In a rectangular area, we consider a two-dimensional functional leading-
lagging equation. Functional ncelemesi shifts are mutually inverse diffeomorphisms. The
question of the existence and uniqueness of the solution of the problem under study is
reduced to the solvability of a block matrix system in the class of continuous functions.

Keywords: functional equation, ncelemesi shift, advance, delay, block matrix.
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