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CIIEKTPAABHBIM METOA, YEBBIIITEBA
AAA PEHIEHW S ITOAHOT'O OBOBIIEHHOI'O
YPABHEHWS ITPAHATASA

I A. PACOJIBKO", B. M. BOJIKOB®, M. B. HTHATEHKO"
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Annomayus. Ctarbsi ocBsiIeHa mpodiieMe MOCTPOCHUsI BEIYUCIUTEIBHBIX CXEM ISl pELICHUs] HHTErpo-1uddepeH-
UaJIbHBIX ypaBHeHHI [IpaHaTis, BO3HUKAIOIMX BO MHOTHX 33jauaX MEXaHWKH. B Hell pa3paboTaHbl MpHOIMKEHHBIC
YHUCJICHHBIE aJITOPUTMBI JUISI PEIICHHsI CUHTYJISIPHBIX MHTETpo-auddepeHnnaibHpIX ypaBHeHHH BU1a 0000IIEHHOTO
ypaBHeHus [Ipanamis. [Ipeanaraempie MpHOIMKECHHBIC BEIYUCIUTENBHBIE CXeMbl OCHOBAaHBI Ha TPEICTaBICHUN pelle-
HUSI YPaBHEHHS B BUJIE PA3JIOKEHHS [0 OPTOTOHAJIbHOMY 0a3ucy monuHoMoB YeObimieBa. Mcnonbs3oBaHue M3BECTHBIX
CIIEKTPaJIbHBIX COOTHOLIEHHUH IO3BOJIMIIO OJIyYHUTh aHAJTUTHYECKOE BEIPAXKEHHE I CHHTYJIIPHOHN COCTaBIIIOLIEH ypaB-
nenus. Kax CJICICTBHUC, pa3pa60TaHHa;1 METOJUKA JEMOHCTPUPYCT BBICOKYIO TOYHOCTh M SKCIIOHCHIUAJIbHYIO CKOPOCTH
CXOIIMMOCTH TIPHOIMIKEHHOTO PEIICHHUsT OTHOCHTENIFHO CTENIEHH MHTEPHOJISIMOHHBIX MHOTOUJICHOB. BhruncnurensHbie
KauecTBa JaHHOH METOJUKH ITPOJIEMOHCTPUPOBAHBI HA TECTOBOM IpHMepe. B 4acTHOCTH, 1MOKa3aHO, YTO JTMUCKPETHAs
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MOJIeNIb, OCHOBAHHAs HA MPEACTABICHUN PEIICHUS B BHJE PA3JIOKEHHUS 110 MHOTrowIeHaM YeOslmeBa, MPUBOANUT K XO-
PpOIIO 00YCJIOBICHHOW CHCTEME JIMHEWHBIX ajire0pandyecKux ypaBHEHHH Ui KOI(P(GHULIUEHTOB Pa3iioKeHHsI, a CKOPOCTh
CXO/IMMOCTH TOTPEITHOCTH NPUOIMKEHHOTO PEIICHHST MOXKET JOCTUTATh JIMHEHHOW CKOPOCTH OTHOCHUTEIBHO CTEICHU
MHTEPIOISAIHOHHOTO MHOTOWICHA.

Kntouegvie crnoea: npuONIMKEHHBI YUCICHHBII allTOPUTM; CHHTYISIPHOE ypaBHEHHE; HHTErpo-AnupGepeHIaIbHOe
ypaBHEHHE; OPTOTOHAIBHBIN 0a3uc NoIMHOMOB YeOblleBa; crieKTpaibHbIA MeTos YeOblesa; 00001eHHOe ypaBHEHHE
[panatus.

bnazooapnocme. Pabora BbINoIHEHa B paMKax TOCy/1apCTBEHHOM POrpaMMbl HAyYHBIX UccienoBanuil « KoHBepren-
mus-2025» (moamporpamma «MaTeMaTHdecKiue MOJSITH i METONb», 3ananne 1.4.01.2).

CHEBYSHEV SPECTRAL METHOD
FOR SOLVING COMPLETE GENERALISED
PRANDTL EQUATION

G. A. RASOLKO", V. M. VOLKOV"®, M. V. IGNATENKO"
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®Institute of Mathematics, National Academy of Sciences of Belarus,
11 Surganava Street, Minsk 220072, Belarus

Corresponding author: M. V. Ignatenko (ignatenkomv@bsu.by)

Abstract. This article is devoted to the problem of constructing computational schemes for solving Prandtl integro-dif-
ferential equations that arise in many problems in mechanics. An approximate numerical method for solving singular
integro-differential equations of the generalised Prandtl equation type has been developed. The proposed approximate
computational schemes are based on representing the solution of the equation as an expansion over an orthogonal basis
of Chebyshev polynomials. The use of known spectral relations has made it possible to obtain an analytical expression
for the singular component of the equation. As a consequence, the developed method demonstrates excellent accuracy
and exponential rate of convergence of the approximate solution in relation to the degree of interpolation polynomials.
The computational qualities of this method are demonstrated using a test example. In particular, it is shown that a discrete
model based on the representation of the solution as a decomposition by Chebyshev polynomials leads to a well-condi-
tioned system of linear algebraic equations for the decomposition coefficients, and the convergence rate of the approximate
solution error can reach a linear speed in relation to the degree of the interpolation polynomial.

Keywords: approximate numerical algorithm; singular equation; integro-differential equation; orthogonal basis of
Chebyshev polynomials; Chebyshev spectral method; generalised Prandtl equation.
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BBenenue

B Teopuu kpblla KOHEUHOTO pa3Maxa, KOHTAKTHBIX 33Ja4ax TEOPUH YIIPYTOCTH U APYTUX 3aJa4aX MEXaHUKH
CIUIOLIHOM Cpe/ibl BaXKHYIO POJIb UIPAET yPaBHEHHE BUIA

L(x) 170
) _E_J;:dtzf(x), ~l<x<l,

KOTOpOE HasbiBaeTcs ypasHeHueM [Ipanars'. 3necs B (x) uf (x) — n3BecTHbIe PyHKINU K3 Kiacca C [—1, 1],
a F(x) — rickoMasi QYHKIUS, YAOBJIETBOPSIIONIAs KPAeBBIM YCIOBUSM Ha TPaHUIE HHTEpBaia F(il) =0.

Anpo ypaBHeHus [Ipanamis uMeeT CUHTYISIPHOCTD, YTO IIOPOXKIAET CYLIECTBEHHBIC TPYAHOCTHU IIPU YHMC-
JICHHOM PELICHUH BBIILIEYIOMSHYTBIX 3a[a4d C MCIOJIb30BAHUEM TPAJUIIMOHHBIX I10IX0J0B, OCHOBAHHBIX Ha
HEIMOCPEACTBEHHON anmpOoKCUMAaIny MHTerpajia KBaaparypubiMu Gopmyiamu [1]. B cBa3u ¢ aTuM, Kak 1o-
Ka3aHO B MCCJIEIOBAaHUSX psilia aBTOPOB (CM., Harpumep, [2—7]), BecbMa 3 deKTHBHBIH criocod 00paboTKu
MOJ0OHOTO Pojia CUHTYJIIPHOCTEH COCTOUT B MIPEICTABICHUH PEUICHUS 3a/1a4k U KOd(PQUIIMEHTOB ypaBHEHUS
B BU/I€ MHTEPIIOJIALIMOHHBIX ITOJIMHOMOB C MCITOJIb30BaHHEM MTOIMHOMOB YeOrnImieBa. J[aHHbINi MpueM ¢ yaeToM
M3BECTHBIX CIIEKTPATBHBIX COOTHOMIEHUH [8, . 188]

'Tony6es B. B. Jlexuuu 10 Teopuu Kpbita. M. : Toc. H31-Bo TeXH. Teoper. 1ut., 1949. 480 c.
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ll T,(t) dr ~U, ,(x)

ne ot noIAP

) (1)
1 ¢ dr
EI 1=2U, (1) == =-T,(x), -I<x<ln=123 ..,

e T,(x) n U, (x) — MHorodiess YeObllieBa CTENCHH /1 [IEPBOTO U BTOPOTO POJa COOTBETCTBEHHO, [I03BO-

JSIET BBIYMCIINTD AHAJIUTUYCCKY CHHTYIISIPHYIO COCTaBJISIOLIYI0 HHTETpajia U HONYyYUTh SKCIIOHEHIHAIbHYIO
CKOPOCTb CXOAMMOCTH NPUONIMKEeHHOTo pemenus 3agauu [3]. [okaszaBuire BEICOKYIO 3(PEKTUBHOCTh CIIEKT-
paJibHBIE METOBI HA OCHOBE MOIMHOMOB YeOblIeBa /Uil HEKOTOPBIX YaCTHBIX cilyyaeB ypaBHeHus [Ipannris
ocTpoeHsl B paborax [4—6].

ITocTaHoBKa 3a7a4u

PaccMOTpHM CHHTYISpHOE ypaBHerue [Ipanaris o6utero Buga” [7]:

M — lJl F’(z)dt

| ¥ . |
B(x) mit-x +_I1S;(fx)r(t)dt+_{g(x’ NI (t)de= f(x), -1<x<L 2)

3mech B(x), s (x, t), g(x, t) uf (x) — U3BeCTHBIC (DYHKITHH (TIPH ATOM (DYHKIIHS § (x, t) YIOBJIETBOPSIET YCIIO-

Buto ['€npepa nmo o6enmM nepeMeHHbIM), a F(x) — rickoMmasi QyHKIusI.

s(x, ¢
[IpeaBapuTenbHO B ypaBHEHUH (2) BBITIOIHUM MPEOOPa30BaHUE CHHTY/ISIPHOTO HHTErpasia I # (¢)dt
B COOTBETCTBUU C padoToii [9, ¢c. 315]: -1

j@ t)dt = I L t)_s(,_ )+S(x’x)r(t)dt=b(x)Ilr(t)dt+jvxt ) (1) dt,

rae b(x) = TES()C, x); v(x, t) = S(x’ Z) _ s(x, x).

t—x
Janee OyneM paccMarpuBarh ypaBHeHHE (2) B BUC

M_ljr,(t)dt+b(x)jr()dt+Jlgxt dt+J' (x, )T(¢)dt = 1 (x),

B(x) n_lt—x T °

<1 3)

3neck B(x), b(x), g(x, 1), v(x, 1) u f(x) — usBecrnsie Pynxunn, a I'(x) — nckomasi (yHKIHSI, yIOBIETBO-
psIoIIast KpaeBbIM YCIOBHSIM
r(£1)=0. (4)
IMonaraem, 4To IPOU3BOAHAs PEICHHS 3aauu IPUHAIEKNUT Kiaccy GyHkumii /(0) mo Mycxennusum
(xmacc hyHKIHN C HHTETPUPYEMOI 0COOEHHOCTBIO B OKpecTHOCTH Todek x ==*1 [9, c. 31]), T. e. \u(x) € h(O),
€CJIM Ha OTpe3Ke [—1 +g,1- 82], g >0,¢e,>0, w(x) YAOBJIETBOPSIET YCIOBUIO ['€nbaiepa 1 B OKPECTHOCTH
TOUYeK +1 JOMyCKaeT HHTETPUPyEMYI0 OCOOEHHOCTb.

IIpuBenenue ypapuenus (3) k ypaBHeHuro ®pearoibma

Kak u B padote [10], cBeziem ypaBHeHue (3) k ypaBHeHUI0 DpearoisMa BTOPOro pojia ¢ IorapuMuuecKon
ocobeHHocTbI0. [TycTh

1
1¢17(¢)
(X)——E.[Edt. (5)
[Ipumenum popmyiy oOpalieH!st CHHTYJISIPHOTO HHTerpasa (5) B Kiacce h(O):

1 «ll—tu c
\/ﬁnf T

TIIe ¢ — IPOU3BOJIbHAS MTOCTOSTHHASA. OTCIOMA ¢ YIETOM KPAeBBIX YCIIOBHUH (4) mMeeM

*[ony6es B. B. JIeKIuH 10 TeOpHH Kpbina. .. 480 c.
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F(x)z_jjl“' dr_fl[i ljjr Jlil- ]\/i _;jH(x,t)u(t)dt+u(x),

xr_\/?f[ﬁf—TrJ_ 1- xt+ﬁ\/ﬁ

n(x)= c(arcsinx + g)

Yunrsisas, uro H (-1, 1) = H(1, t), nonydaem ¢ = 0.

rae

OTMCTI/IM, 4qTo (l)yHKLII/ISI H(x, I) CUMMCETPHUYHA U HCOTPULIATCIIbHA. Hmeet mecTo OII€HKa

1
%_'[|H(x,t)|dt j\/ 1 I[\/_“_TJdt—Jl X<l (6)
HpI/IHI/IMaﬂ BO BHUMAHHUEC, YTO

P(x)= 2 [ H(x u(r)ar, %)

a TaK¥Xe

BBe/IeM JIMHEHHBIN onepaTop

lx)% j H (x, )u(t)dr + %") jl M (x, t)u(r)dt +

+ jG(x, t)u(t)dt + flu(t)V(x, t)dt. 3

Taxum o6pazom, rpannyHas 3axa4a (3), (4) CBOOUTCS K ONEpaTOPHOMY YPaBHEHHIO BHJIA

u(x) + K(u; x) =f(x). 9
Jis BBIBOZIA JIOCTATOYHBIX YCIIOBUH pa3pemmmMocTH ypaBHeHus (9), kak 1 B padore [10], onennm omepa-
Top (8) B paBHOMEpHOI1 MeTpuke. Ha ocHOBaHMM npenplayyux 0003Ha4eHUH U OLEHKH (6) nMeeM

%jl(l le (1,1 dt}—dtl

-1 -1

I M (x, t)u(t)dr | < o] . Ju

e
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=[ole <l el 17 Co)l = el .-

1
%_flw/l t—xdtl
1

YyureiBast, 4T0 IG(x, t) dt I g(x, t ( )dt MOJTy4aemM
-1 -1
1

1
[G(x, yu(e)dr |< [|e(x, |dz<||gIICIJ1—MI“ 40 gy a
-1 -1 -1
fo L1=72
L . (A==l bl _[ me 2 gl .-

Tak kak

v (x9) =‘% f v(x, 1) H (1, ¢)

1
<Vl 5 [1H (6 ) ==,
-1

TO

1 1
[y (. )| <l | [V (v, o)l <o Wl | N1 =22 = 2l -
-1 - -1

C YUCTOM AaHHBIX OHCHOK OKOHYATCJIbHO IMOJIy4YacM

NS 2
”Ku”c ”””c Lmi}l{ |B | ”b"c ”V”c t T ”g”CJ

OTHOCHUTEBHO yCIIOBUN pa3pemuMocTy 3a1aun (3), (4) crpaBemiinBa ClIeAyomIast Teopema.

Teopema. [lycms ¢pynxyuu B (x) b(x), v(x, t), g(x, t), exooawue 8 ypasnerue (3), y0081emeopsiom yc-
J108UI0

J1-x? 2
W + ]l + ||v||c+;||g||c<1-

Toz0a epanuunas 3adaua (3), (4) umeem eduncmeenHnoe peuterue 8 Kiacce QyHKyull F’(x) € h(O) onst 10601

f(x) € C[—l, 1].

p=

H<1

HeKOTOpLIe npeaBapuTeJabHbi€ CBEACHUS

st monmyueHust NpuOIMKEHHBIX CXeM peleHus 3a1auu (3), (4) OyneM UCronb30BaTh HHTEPIOISALMOHHBINA
MHOTOUJICH 7151 QYHKITUH [ (x), MMOCTPOCHHEIH 10 y31aM YeOrimena nepsoro poxa [11, c. 89], B Buae

uﬂﬂzﬁtﬂ=ZT%EﬁL (10)
rae c.— Z X ] 0,1,...,n x,=cos k+1n k=0,1,..., n. 3neck u najuee Z :—a
/ - 2 T T 02 ~ o

+a+...+a,

Ha ocroBanuu popmynst (10) momaydum ciaenyromni BUI HHTEPIOISIIHOHHOTO MHOTOYJICHA:
x)= 2 /U (%), (1)
j=0
e
[i=G =G, 5, j=0,1,...n=2, f, =G, |, /,=G,,

. 2k +1
n+1k:0f(xk)Tj(xk),j=0, L...n, xk=coszn+2n k=0,1,.

[
3
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3nech ObUTH UCITOJIB30BAHBI U3BECTHBIC CBOMCTBA MOTMHOMOB YeOnimena [11]:

To(x) = Uo(x), 2T1(x) = Ul(x), 2T (x) =U; (x) -U 72(x), j=2.
C yuerom ¢opmyi (10) u (11) UHTEPIOIAIUOHHBIC MHOTOWICHBI JIJIsl (DYHKIMH JIByX IMEPEMEHHBIX Oy/ieM
paccMaTrpuBaTh B BUJIC PA3JIOKEHHS [0 MHOTOWIeHaM YeObIeBa Kak IepBOTo, TaK U BTOPOTO POJIa:

Won(% 1) = ZT %) 2. 0, T (1)
j=0

6/’ n+1 S n+1
Gm,j:n+1rZIT}(xr)nfl;Tm(xl)W(xl’xr)a (12)
B 1,i=0, B 2p B
i—{2’1>0,xp—cos » m,p=12,...,n+]
0, ,(x. 1)= 2 U, (x) 2, ;T (2),
m=0 j=0
6~ n+l1 n+l1
T.lm,/: ’ 2 7}(xi’) (Tm(xl)_Vme+2('xl))(D(xla xr): (13)
(n+1) 7= =1
1, j=0, ,L0O<m<n-2,
8j: ] = X, = COS m k=12 ...,n+];
2, j>0, 0,m=n-1,n, n+
0r(3:1)= 3 Ua() 2 o U 0)
m= j=
1 n n
P, j = 2 (Tm(xl)_Gme+2(x1))z(P(xl’xr)(@'(xr)_ej]}ﬂ(xr))’ (14
(n+1) 1=0 r=0
,L0<j<n- LO<m<n-2
9]-:{’0 jsn=2, sz{’o men ’xkzcosﬂn,k—o,l, , N
0, j=n—-1,n, 0,m=n-1,n, 2n+2

BoluncianTeabHbIE CXEMBbI

[Mpubmmxennoe perenne 3aaa4n (3), (4) OyaeM HCKaTh Kak PElICHUE CICAYIONIETO YPaBHEHUS:

un(x) + K(un; x) = Fn(x),

Trac
K(u,; x)= ngl(x)_'[ H(x, t)u,(t)dt + @:{ M (x, t)u, (t)dt +
+ Il G, . (x, t)u, (1)dr+ Jl‘Vn,n(x, 1)u,(1)dt, (15)

-1

\/7 I%ii r (x T):%i vn’n(x, t)H(t, r)dt,

F,(x) — nexoropas ¢yukums u3 knacca C[-1, 1] rakas, uro Fn(xj) =f(x]), X = cos > J*

+1
, j=0,1,...,n,
) J

ag, n(x, t) uv, n(x, t) — MHTEPIOJISIIMOHHBIE MHOTOWICHBI [T (DyHKITHIA g(x, t) " v(x, t) COOTBETCTBEHHO.

Cxema 1. ITycth u,(x) — MHTEPIOIALMOHHBIA MHOrOWIEH JUis QYHKIMH (X ), IOCTPOCHHBII 110 y3/1aM
YeObIteBa nepBoro posa:

1 2T (t n
un(x):_EI tn—(x)dtz chUk(x)’ (16)
-1 k=0
rae ¢, k=0,1,..., n, — I0OKa HEN3BECTHBIE IOCTOSTHHBIE.
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¢ T.(t J
C yuerom cootHoruenutii (1), (7), cBoiicTBa I k( ) dt = U ) k=0, u popmyssr (16) BEI-
-1

_

~
)
bl

yucanm I ( ) Nmeem

SR 1 2 Uk(t) J S ka+1(T)
= c — | 1=t dt |dt=->) ¢ dr.
k=0 k_'[ 1—12( _'[ (- k=0 k_'[\/1—12
CraemoBaTebHO,
1 1
[ (x)=+/1-x U, (x). 17
n(x) x kgockkﬂ k(x) (17)
Orcrona

Jna pyskumit g(x, t), (x t) BbIOEPEM UHTEPIOJALMOHHBIE MHOTOUIICHBI g, n(x t), Vo, n(x, t) Bua (12).
Brruncianm mocneaoBaTebHO OCTABIIUECS HHTErPalibl B paBeHcTBax (15). Mmeem

l 1 gnn'Xt
Z’tj\/ 1-2(1-1)

=_n xnc.\/ﬁl I}(t)dt Jz— —‘czn an.- T
Tm( )Z m,J[ P —J‘l\/ﬁ(t—’t) \/17 Tm( )jZ::l m,JUjfl( ),

m=0 j=0 m=0
rae
S. n+1 8 n+1
Gm,j:nilr:lz}(xr)n_r:1[:1Tm(xl)g(xla xr),

1,i=0, 2p—1
S, = , X, =Cos P T, p=12,..,n+L
2,i>0, 2n+2

W3mensis mopsiiok CYMMUPOBAHHS, C YUY€TOM CBOWCTBAa OPTOTOHATHLHOCTH MHOTOWIEHOB YeObImiena mo-
Iy4aem

jGn (% 1) dr——j\/:{ Z T,( )ilcm’jUj_l(T)}[élockUk(T)]dT:
(I\/:Uk a’r]—— Z:: Zi:OTm(x)Gm,kH.

Janee, uCmonb3ysl SIBHOE TIPEACTABICHUE WHTEPIOAIIMOHHOTO MHOTowieHa Buma (12) mist QyHKIum

n n
=2 a 2T,
k=0 m=0

]

v, . (%, 1), ¢ yuerom coorromrennit (1) i cBoiicTBa MHOrowieHoB YeGrimesa [11] 2U, (T ()=U, (1) +

+ U, , ;(¢) monyqaem
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e

Taxum oGpasom, umeeM u, (x) + K (u,; x) = F,(x) win

kZZ:OCkUk(x) 1 a Z Cr

k+1 z k k+1 +Co ZT

‘%Z:: Z:OTm(x mk+1+22k+22Bk ,ZT i=F,(x). (18)

m=0

Ha ocnoBannu ypaBuenus (18) momydaem cucteMy JTMHEHHBIX anreOpandecKuxX ypaBHEHUH I BEIUNCIIE-

HUSL €, Cy, ..., C, IIlyTEM IIOCIIEJOBATEIbHON [10JICTAHOBKY B ypaBHeHue (18) BMecTo x Hysel MHorouaeHa YeOsl-
i+1

1LI€Ba BTOPOI'O POAA X; = COS

n+2

ki()Ck[Uk( L Uil bl Tk+1(xi)}+

,i=0,1,..., n. Umeem

B(x;) k+1 k41

n TE n
mZ::OTm(xi)(O‘)m,O - 20)m,2 - 2Gm,l)} + Cn{4n 14 mZ_:OTm(xi)mm,n} +
_gzz X; mk+l+ﬁZTm(xi)(mm,k_x’kmm,k+2)]=f(xi)’

0, k>n-2,
i=0,1,.
Lk<n-2,

I}

n—1
+ ¢

k=1

(19)

VR

Ay

CoBMeCTHOCTb cuCTeMBI ypaBHeHHH (19) mo3Bonser BbIUUCIUTL KOd(duuuentsl ¢, k=0, 1, ..., n. [Ipu-

ommkeHHoe pemenue 3anadn (3), (4) — pyHkums Fn(x) — Berymcisiercst o Gopmyrne (17) amst mporu3BoOIBHOR
TOUKH X € [—1, 1].
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Cxema 2. Ecnm aoist pyHkImii g (x, t), v(x, t) BBIOPATh MHTEPIOJIALMOHHBIE MHOTOWIEHBI &, , (x t) Vain (x t)

l
iz (13), (14), monydum elie OJHy BBIYMCIUTENBbHYIO cxemy. Mrak, G, n =—/1- lj Enn x
15R108 1-7 t—
1 T(t)dr
.x T = — — T'lm —_ _— =
Z:: ZB J[“‘[ 1-2*(1-1)
TN T Z )an,jUj—l(T)s
6‘ n+1 n+l1
nm,j: ’ 2 ]}(Xr) (Tm(xl)_vam+2(xl))g(xl5 xr)’
(n+1) r=1 I=1
1, j= <m<n- _
J:{’]‘ 0. = LOsm<n=2, xk:cosgn, k=12, ...,n+1.
2, j>0, 0,m=n-1,n, 2n+2
CraemoBaTeibHO,

n n 1 n
= Um(x)ZijfU](f){vl—tchk lUk(’)]dtz
m=0 j=0 e k=0
n n n 1
=Y A Y UL (0) Y P [N P U ()= 3 =23 U, (x)
isok+1,=% =0 B! o k+12 .=

(I’Z+1) 1=0 r=0

,0<5j7<n-2, ,0<m<n-2, 2k+1
0.= ) / G, = xkzcosk—+ ,k=0,1,...,n
700, j=n-1,n, 0,m=n-1,n, 2n+2

Orcrona K (u,,; X) npuHAMaeT B

J1-x? Up(x (x T <
T U
ch[ B(x) k+1 Ck+1 "*‘(x)]+c”{2n+2 2 ’"(x)p’”°”}+

m=0

+ ch[_—ZU T]m k+1 %%ZUm(x)pm,k} (20)
m=0

Kax u BpIIe, Ha OCHOBaHMH paBeHCTBA (20) MoTydyaeM CHCTEMY JIMHEWHBIX aireOpandecKuX ypaBHCHHMA

IUIS. BBIYUCIIGHUS €y, C), ..., C, IIyTEM IIOCIIEAOBATEIbHON MOACTAHOBKU B paBeHCTBO (20) BMecTO x Hylel
i+1

MHoroudseHa YeOplnieBa BTOPOro pojia x; = cos % i=0,1,..., n. Umeem
n+
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Zn:ck Uk(xl,)_,_HUk(xi)_b(xi)

B(x;)) k+1  k+1

Tk+l(xi) +

n-1 n

+ ch __ZU nm k+l+2ij_2mZOUm(xi)pm,k +

* G 2n+2 f ZU pmn :f(xi),l=0,1,...,n. @1

CoBMeCTHOCTh CHCTEeMbI ypaBHeHHH (21) M03BOJSIET BRIMUCINTD KO3 buuuents ¢, k=0, 1, ..., n. Ilpu-
OommkeHHoe perrenue 3anaqn (3), (4) — hyHKIus F,,(x) — Berumcisiercs no Qgopmyie (17) ans npous3BosIbHON
TOUYKH X € [—1, 1].

Pe3yibTaThl YN CJIEHHOTO IKCIIEPUMEHTA

[IpuBenem pe3yibTarThl YUCICHHOTO YKCIIEPUMEHTA, TPOBEACHHOTO COIIACHO TOCTPOCHHBIM BBIUYUCIIUTEIb-
HBIM cxemaM. Paccmotpum HHTerpo-zlmb(pepeHuHaanoe ypaBHeHHe

T(x) 1:0(0) ,  b(x) ()
W_E_Jlf—xm n:[ dt+_[gxt dt+j1 v(x, 0)T(¢)dt = f(x), |x| <1,
1+4x x2
B(x)=+/1-x? = ,
(x) * l+2x ( ) x+2
x 1 1 ¢ (22)
= s e ) T a0 e
(32x5 _30x° 6x)(2x2 n 1) x2(32x6 —48x" +18x% — 1)
f(x)= 2 - +
dx“+1 x+2

+192x° —192x° + 36x.

W3zBecTHO, uTO pemieHneM 3anaun (4), (22) sisercst QyHKIus

[(x) = y1-x> (32x° = 322" + 6x) = /1 - x* U (x

HecnoxHO yOenuThCsl B TOM, YTO Ipon3BoaHast aauHoii Gyrkumn I (x) € 4(0).

Kak moka3pIBaloT pacyeTsl, YK€ IPHU CPABHUTEILHO HEOOJIBIINX 3HAYCHUSIX /7 JJOCTHTACTCS MpeAeiibHAs
TOYHOCTH HpI/I6J'[I/DKeHHOFO peuieHus, MOrpeuHOCTL KOTOPOT0o OrpaHn4yeHa CHU3Y JIMIIb C BBIUMCIIUTEIbHOMN
MOTPEIIHOCTHIO.

Pemast cuctemy ypasuenwii (19) nmm (21) ipu n =10 u n = 34, BuamM, 910 MPUOTIHKECHHBIE PEITCHIUS Fn(x),

BBIYUCIICHHBIE 110 hopmyiie (17), ominyaroTcst OT TOUHOTO penieHus [ (x) B Toukax x =—0,99, —0,98, ..., 0,99
He Goree weM Ha 5,6 - 10 °u 1,5 - 107" coorBercrBenno. Yncno oOycnoeneHHOCTH MaTpull cucteM (19) u (21)

npu pasmeprocTr 7 = 10 u n = 34 cocranser cond(Cyy ) < 25 u cond(C;, ) <142 COOTBETCTBEHHO, UTO [IO3BO-
3

J5IeT TPy0O0 OLICHUTH 3aBUCUMOCTH YKciia 00YCIIOBICHHOCTH OT Pa3MEPHOCTH Kak cond(Cn ) = 0| n?

3aKiIoueHune

HpeZ[CTaBJIeHHI)Ie PE3YIbTAThI MOTYT OBITh UCIIOJB30BAaHbI KaK B TCOPETUYCCKUX HAYUHBIX UCCIICIOBAHUAX,
TaK U B THXKCHCPHBIX pacyeTax, a TaKKe B 06p3.30BaTCJ'ILHBIX ImporpaMmax 1o BBIUHCIIUTEIIFHON MaTeMaTHKeE.
Hrorn pa60TLI CO34ar0T OCHOBY UIA ,I[aJ'ILHefIH.IeFO Ppa3BUTHSA CIICKTPAJIBbHBIX METOA0B, UX aAaliTalluid K HOBbIM
IMMOCTAHOBKAM U MHTETPAIIU B COBPEMCHHBIC BEIYUCIIUTCIIbHBIC KOMIIJICKCHI.
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