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Pedepar. B craThe paccmarpuBaeTcs cMeIIaHHAs 3aa4a JJIsl XOPOILO U3BECTHOTO B ANEKTPOTEX-
HHKE U JJIEKTPOHHKE Telerpad)Horo ypaBHEHUS NIPH YCJIOBHH, YTO JIMHHS CBOOOIHA OT HMCKaxe-
HUiA. OTa 3aJa4a CBOAUTCSA K aHAJOTMYHOH JUIT OAHOMEPHOTO HEOJHOPOAHOTO BOJIHOBOIO ypaB-
HeHus. Ee peleHre MOKHO HAMTH Kak CyMMY pEIEHHs CMELIAaHHOM 3ajaud ¢ OJHOPOIHBIMHU
KpaeBbIMU YCIOBUAMHU JJI1 COOTBETCTBYIOLIETO OJHOPOAHOIO BOJHOBOTO YPaBHEHHS U PELICHUS
HEOJHOPOJHOI0 BOJIHOBOI'O YPABHEHMs C OJHOPOJHBIMH KPacBbIMH U HYJIECBBIMU HAuaJbHBIMHU
ycnosusiMu. Pemenust o0enx 3aad MOKHO OTHICKaTh METOJIOM pa3JelieHHs MEPEMEHHBIX B BUJIE
psoa Mo TPUIOHOMETPHYECKUM (QYHKIMSAM TOYKH JIMHHMH C KO3(QQUIMEHTaMH, 3aBUCALIMMH OT
BpeMeHH. Takue perreHnst HeyJOOHBI Ul PeaJbHOTO IMPHMEHEHHUS, TOCKOIbKY TpeOyIoT BBIUHC-
JIeHUs. OOJIBIIIOTO YHCJIa HHTETPAIOB U TPYJHO OIEHHTH MOTPEHIHOCT UX BEMHCIeHUH. [Ipenmara-
eTCsl ANTbTEPHATHBHBII CIIOCO0O pellieH s ITOH 3a/1aul, OCHOBAHHBIH Ha MCIIOJIb30BaHUH CIICIHANb-
HBIX (QyHKIMH — MOmMMWIOrapu(MoB, KOTOpPBIE MPEACTABISAIOT cO0O0H KOMIUIEKCHBIE CTCIICHHBIC
PSIBI CO CTETIEHHBIMH JKe KOd(QHUIMeHTaMu, CXOoAsfIuecss B eIUHIIHOM Kpyre. TouHoe permre-
HHE 33/1a4 BBIPAKACTCS B MHTErPaJIbHON (hOpMe uepe3 MHUMYIO YacTh IOJIHIOrapudma nepBoro
HOpsIJIKA HAa eIMHUYHOM OKPYXKHOCTH, a IPUOIMKEHHOE — B BUJIe KOHEUHOW CyMMBI uepe3 JeHcT-
BUTENBHYIO 9acTh JWJIOrapuMa ¥ MHUMYIO YacTh HONMIorapu(mMa TpeTbero mopsaaka. Bee yka-
3aHHBIE YacTH MOJIAIOTapH(MOB SBISTFOTCS MEPHOIMIESCKUMHI (DYHKIUSMH, UMEIOIIMH TTOJIHHO-
MHaJIbHbIEC BBIPAKEHHUS COOTBETCTBYIOIIUX CTEIEHEH Ha OTpe3Ke JUIMHON B Mepuoj. DTO MO3BOJIA-
eT 3G heKTUBHO HAXOAUTH NMPUOIMKEHHOE pelleHue 3a1a4n. Takxke HaiieHa npocTas U ynoOHas
OIIEHKA MOTPENTHOCTH NMPHUOIKEHHOTO pemieHns 3anaun. OHa NTHEeifHa OTHOCHTENBHO IIara pas-
OGUeHHs JIMHUK U 11ara pa3OueHust BpeMEHHOTO Jnarna3oHa, Ha KOTOPOM paccMaTpHBAeTCs 3a/aua.
OrieHKa SIBISIETCS PABHOMEPHOH M0 JUIMHE JIMHUM B KOKAbIH (MKCUPOBAHHBIH MOMEHT BPEMEHHU.
[MpuBeneH KOHKPETHBIN MPUMeEp PEIICHUS 3a1adl pa3pabOTaHHBIM CIIOCOOOM, TOCTPOEHEI rpadu-
K{ TOYHOTO ¥ PHOIIIKEHHOTO PeIIeHHUH.
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Application of Polylogarithms to the Approximate Solution
of the Inhomogeneous Telegraph Equation
for the Distortionless Line

P. G. Lasy", I. N. Meleshko"

YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The paper deals with a mixed problem for the telegraph equation well-known in electri-
cal engineering and electronics, provided that the line is free from distortion. This problem is re-
duced to the analogous one for the one-dimensional inhomogeneous wave equation. Its solution
can be found as the sum of the solution for a mixed homogeneous boundary value problem for the
corresponding homogeneous wave equation and for the solution of a non-homogeneous wave
equation with homogeneous boundary data and zero initial conditions. Solutions to both problems
can be found by separating the variables in the form of a series of trigonometric functions of the
line point with time-dependent coefficients. Such solutions are inconvenient for real application
because they require calculation of a large number of integrals, and it is difficult to estimate the
miscalculation. An alternative method for solving this problem is proposed, based on the use of
special functions, viz. polylogarithms, which are complex power-series with power coefficients
converging in a unit circle. The exact solution of the problem is expressed in the integral form via
the imaginary part of the first-order polylogarithm on the unit circle, and the approximate one
is expressed in the form of a finite sum via the real part of the dilogarithm and the imaginary part
of the third-order polylogarithm. All these parts of the polylogarithms are periodic functions that
have polynomial expressions of the corresponding powers on the segment of the length equal to
the period. This makes it possible to effectively find an approximate solution to the problem. Also,
a simple and convenient error estimate of the approximate solution of the problem is found. It is
linear with respect to the step of splitting the line and the step of splitting the time range in which
the problem is considered. The score is uniform along the length of the line at each fixed point
of time. A concrete example of solving the problem according to the proposed mode is presented;
graphs of exact and approximate solutions are constructed.

Keywords: telegraph equation, wave equation, mixed problem, approximate solution, error esti-
mation, polylogarithm

For citation: Lasy P. G., Meleshko I. N. (2019) Application of Polylogarithms to the Approximate
Solution of the Inhomogeneous Telegraph Equation for the Distortionless Line. Energetika. Proc.
CIS Higher Educ. Inst. and Power Eng. Assoc. 62 (5), 413—421. https://doi.org/10. 21122/1029-
7448-2019-62-5-413-421 (in Russian)

BBenenue

DNEeKTpOMarHuTHOE T0Jie, BO3HMKAIOIIEEe BOKPYT MPOBOJHUKA MPH MPOXO0XK-
JICHUH TI0 HEMY DJIEKTPHYECKOTO TOKA, BBI3BIBACT KOJIeOAHUS HATIPSDKEHUS U CH-
JIBI TOKA.

ITycth och Ox coBmagaeT ¢ OChIO MPSIMOJIMHEHHOTO TMPOBOJHUKA JTMHON /,
a OJTMH U3 €ro KOHIIOB MPHUMEM 3a Hauaso oTcueTa. M3BecTHO [1-6], 4TO BETHMYUHbI
Pa3HOCTH TIOTCHIIMAJIOB M CHJIBI TOKA B JIF000H Touke x € [0, /] mpoBoaHMKA B JTIO-
00¥f MOMEHT BpeMeHH ¢ > () SIBIISTIOTCS PEIICHUSIMH TeIeTpadHOTO YpaBHEHHS

0, w=LCO,w+(RC+GL)O,w+ GRw, (1

rae w= w(x, {) — Hem3BecTHass (yHKOUA (CHIa TOKA WM Pa3HOCTh ITOTEH-
uanoB); L, C, R, G — BenuuMHA CAMOWHJIYKIIMH, €MKOCTH, CONPOTHUBIICHHS
1 TIPOBOJIMMOCTH H3OJISIIMU COOTBETCTBEHHO, PACCUMTAHHBIC HA CIUHUITY JJTH-
HBI JINHUU.
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Ypasuenne (1) nMeeT MHOTOYHCIICHHBIE TPHIIOKCHHAS B JJIEKTPOTEXHUKE
W DJIEKTPOHHKE, ¢ KOTOPBIMH MOYKHO O3HAaKOMHUTHCS, Hampumep, B [1, 7-9].
Jlst Toro uToOwI pernerue (1) cymecTBoBamo U OBLIO €TUHCTBEHHBIM, JTOJDKHBI
OBITh 3aJaHbl HAYaJIbHBIE W KpaeBble YCIOBHA. Takas 3a/mada Ha3bIBaETCS CMe-
LIAHHOM.

Ecnu paccMarpuBaeMast IMHUSI HE UMEET UCKaXKEHUM, T. €.

R G

L C
TO TenerpadHOE ypaBHEHUE 3aMEHON MCKOMOW (pyHKIMM w = exp(—ct)u npu-
BOJHTCS K OTHOMEPHOMY OJJHOPOJHOMY BOJTHOBOMY YPaBHEHHIO

G,

o,u=a’0_u, (2)

1
rac a :T — CKOPOCThH pacHpOCTpaHCHHA BOJIH HANPS)KCHHUA W CUJIBI TOKA,
LC

BO3HHUKAIONIWX B JIMHUHU.

OcHoBHAfl YacTh

Penrenue cMemmaHHo# 3a/1a4M ¢ HEOJHOPOJHBIMH, T. €. HEHYJICBBIMH, Kpac-
BBIMH YCIOBHSAMH I (2) CBOAWTCS K aHAJOTUIHOW 3a7ade C OTHOPOIHBI-
MU KpPaeBbIMH YCIOBUSIMH JIJISI HEOJHOPOIHOTO BOJIHOBOTO YpaBHEHHUS. Ty TO-
CJICITHIOIO 3a]1a4y Mbl U PACCMOTPHM.

TpeOyercs HallTU pelIeHUE ypaBHEHUS

O,u=a’0_u+q(x,t) 3)
B nOpamoyroibHuke I1={(x,t)|xe[0,/],t<[0,7]},T >0 1puh 3aJaHHBIX Ha-
YaJlbHBIX
u(x,0) = f(x), 0,u(x,0) = F(x), x[0,]] 4)
Y KpaeBbIX YCJIOBHSIX MEPBOro poaa

”(Oat):(Po(t)a M(Z,t)z([)l(t), tE[O’T]' (5)

Hanoxxum orpanmyenus Ha u3BecTHble QYHKIMH q(X, f), fx), F(X), Oo(?), QA7)
Oyakumio g(x,¢) OyaeM CUMTaTh YIOBJIETBOPSIONICH ycioBuio Jlnmmuma B mpsi-

MOYT'OJIbHHUKC H, T. €. CYHICCTBYCT MOJIOXKUTCIIbHASA NMOCTOsSAHHAA L>0 TakKasd,

qTO I JTFOOBIX ABYX TOYCK HOAHHOI'O IPAMOYI'OJIbHUKA BBIMIOJIHACTCA HEpa-
BCHCTBO

| q(xp,8) = q(x5,85) [S L(| x; — x5 [+ 8, =1, |).
KopoTtko 3ToT (hakt OyJeM 3anuchiBaTh CIACAYIOIIMM 00pa3oM:
q(x,t) € Lip(L,I1).
Hanee ¢pynkuus flx) muddepennupyema Ha orpeske [0, /]
f'(x) e Lip(L,,[0,1]); F(x) e Lip(L,,[0,]).
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Oynkun ¢, (¢) n @, (¢) aBaxapl auddepennupyemsl Ha orpeske [0, 71
IIpoBenem B ypaBHEHNH (3) TIOICTAHOBKY
u=v+o(x,t) (6)

¢ Gymximeit @(x,1) =y (t) + 17 x(9; () = @, (1)).
B PE3YJIbTATC NOJYUYHUM TAKKC HCOAHOPOAHOC BOJIHOBOC YPABHCHUC

0y =a"0,v+q,(x,1), )
e q; (x, 1)=q(x, 1) — attq)(xﬂ 0).
Hecnoxno nposeputs, uto ¢, (x, t) € Lip(L,, IT), npuuem Ly = L +2Ly+ L; +
+17'M, M = max | g (1) - 9] (t)].
1€[0,T]
HauanbHble ycI0BHS IPUHUMAIOT BUL

v(x,0) = f,(x); 0,(x,0)=F(x) (8)

¢ bymkmuamu - fi(x) = f(x) - 9(x,0), f(x) € Lip(L,[0,[]), F(x)=F(x)-
~0,p(x,0) e Lip(L,,[0.11), 1€ L, =Ly +1""|9,(0) = 9} (0)].
Kpaesbie yciioBus, BBHIy MOJICTAHOBKH (6), CTAHOBSITCSI OJTHOPOAHBIMHU:
v(0,0)=0; v(l,t)=0; t€[0,T]. 9
Pemrenne cmermanHoi 3ampayun (7)—9) MoxHO HalTH, ciexys [2]:
v(x,1) = V(x, 1)+ (x,1), (10)

rae v(x,t) — peleHne cMemanHbIx 3a1ad4 (8), (9) s 0JHOPOAHOTO BOJIHOBOTO
ypaBHEHUS
0,v=a’0_v; (11)

xx 2

.
v (x,t) — peuieHre HEOAHOPOAHOTO ypaBHEHUs (7) NpU HYJIEBBIX HadalbHBIX U

KPAeBBIX YCIOBHUSX.
B [10], ucnions3ys nonunorapudmsl [11, 12], Tounoe pemenue 3axa4 (8), (9)
[t ypaBaeHus (11) npeacrasiieHo B BUIE

2

_ 1, i
Ve == [ 30+ (D FODE (.t )y, (12)
0 k=1
rne mpu k=1 wm k=2 P,(x,t,y)= (D" (N'(o(at + (1" x+(=1)*y)) -
—N'(o(at + (=)' x+(=D*»)); o= ;; N'(x) — MEEMas 4acTh TIONMMIOTapHd-
Ma MEePBOTO MOPsAKa HA SJMHUYHOW OKPYKHOCTH

sin kx
k 9

N'(x) =Im L (exp(ix)) = i xeR. (13)
=1
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Tam xe HaiieHo u yaqoOHOe IS BEIYHCICHUH TPHOIMKCHHOE PEIICHNE

n 2
v, (x,0) = #ZZ(ﬂ(xko,s ) +(-1)"a 'R, (xk—O,S ))Qs (x,1,y)

k=1 s=1 kS

CLoas
rae npu GUKCHPOBAHHOM HaTypalbHOM n M s =1 mmm s =2 xo = 0; x, =kh;
R=1/mx o5 =%, +0.5h; k=1n; O,(x.t,y)=M>(aat+(=1)""x+(=1)y)) -

—M?*(o(at + (1) x +(=1)° y)); M*(x) — neiicTBUTENbHAA YaCTh AUIOTapHdMa
Ha CTUHUYHOU OKPYKHOCTH

M?(x)=Re [ (exp(ix)) = > coskx '\ cr

2
k=1 k

AOcommoTHas BeNMYMHA TOTPENTHOCTH BhIUUCIeHUs pemeHus (12) mo dop-
MmyJe (14) oueHrBaeTCs BEIMIHMHOM

laL, +L,) _

M I (15)
2a

To ecTb morpemHocTs paBHOMEpHA N0 x €[0, /], >0 u UMeeT nepsbIi Mo-

PAIOK MaJOCTH OTHOCUTEIIBHO Iiara /# pa3zouenus orpeska [0, /].

E
Beipazum tenepp pemieHue v (x, t) ypaBHenus (7) depe3 moimaorapu@mel.
B [2] ono 3anucano B BUje

Vix,t)= iTk (¢)sin kox, (16)

k=1

TJIe TIpH JIFOOOM HaTypaabLHOM k

2 . .
T.(t)=—— U ¢,(»,s)sinkoa(t — s) - sin koydyds (17)
kma o
W HMHTETPHPOBAaHME BeleTca 1o mpsaMmoyronbHuky I, ={(v,s)|y<[0,/],
s €[0,7]}
[Tonctasus Beipaskerue (17) B (16), BRITOTHUB HECIOXKHBIE TIPEOOPA30OBAHMS
u yunthiBas (13), moxyuum:

* 1
Voo =o— [[ @ (,5)PCx,,3,5)dyds, (18)

le

4

e P(x,t,y,s)= Y (=) N'(o(a(t =)+ (D" + (=12 y)) s uepes []
k=1

0003HaYeHa neiaast 4aCcThb HeﬁCTBHTCHBHOF 0 YHcia.

x

OrtplmeM NpuOIMKEHHOE BBIpaKeHUe 1isl pemeHus v (x,t). Habpocum Ha

*

npsMoyroibHuk I, cetky ¢ ysmamu B TOYKax (x.f ), THC X =kl ,
- * - * *

k, =0,n,, b, =k,t,k,=0,n,; h =1/n, v =t/n, — maru ceTku Mo INepeMeH-

HBIM X U ¢ coOoTBeTcTBeHHO. Jlamee 3ameHnM B (18) mom 3HaKOM HHTErpaja
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B KQXJOM W3 1,1, mpsiMoyronbHukoB IT, , = {(y,s) | X SYSx, b SS<x }

byHkuuo g (x,f) ee 3HaYeHHMEM B CpeJHEH TOuKe (xk 0,55 L - 05)
Xgos =% +0.50 , k=Ln, t 5=t _+0,57, k, —l,nt.

B pesynbTaTe nomyuum

Vnn R, () =2 — qul(xk,os,tkzos [[ PCe.t,y,9)dvds. (19)

kl 1ky=1 My,

ockonbKy mepooGpasHeMu st Gynkmuit N'(x) u M*(x) sBisiorcs co-

otBetcTBeHHO GyHKIHH —M*(x) m N°(x), mpuuem N(x) = ImL’(exp(ix) =
sin kx

= 2—3, X € R — MHHUMas 4yacTh MONWIorapu(dmMa TpeThero mnopsaxka Ha eau-

k=1
HUYHOH OKpY>KHOCTH, TO

JJ Pt y.s)drds =0, ()
i,
ty

rae Oy, (%.0) = 3 (DN (oat— 5) + (DO 1y

k=1 A]l

t
£
CremoBaTeNbHO, IPUOIMKEHHBIM 3HAUCHUEM I QYHKITUU v (X,1) CITy>KHT

BBIpasKeHHE V. (X,1), BBIYHCISIEMOE 110 (hopMyIIe

nn,

v, (6,1) = azwz Zqu (X405 tr,—0.5) O, (5:1). (20)

lo=1 k=1

Hatinem orieHKy aOCOIIOTHON MOTPEUIHOCTH BhIYMCIeHUS perienus (18) mo
dhopmyite (20). U3 (18) u (19) cnenyer, yto

V(%0 -v,, (x t>=—zz [] @09 = 0G5t 0 ) P ,5)dyds.

A f =1k, = =1,

Heuernas mepuommdeckas Gymkims N'(x) Ha npomexytke (0,7] HMeer
Bepakenre N'(x)=0,5(n—x) u, 3Haunt, | N'(x)|< 0,57 ans Bcex x € R. Cre-
JIOBaTEINIbHO, NP BCEX X, 1, Y, S

| P(x,t,y,5) < 27

VuureiBasg 3T0 HepaBeHCTBO M TOT (akT, 4ro ¢ (x,t) € Lip(L;,I1), mo-
TyqaeM:

v (x0 -, (x r>|<—22 [[ a5~

A =lk=11 s
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- ql (xk170,57tk270,5) || P(x,t,%s) | dyds <
noon

1
<> H Ly(|y =%, o5 +[s~t, o5 2mdyds <

2ma h=lk=11i,,
Ly &) " " Lilt .
<= (0,5h" +0,51 Ydyds =—=—(h" +1).
a ;;Hjl 2a

TakuMm 00pa3zom, B mpsAMOYroibHHKE [1 HMMeeT MecTo clieqyromias OICHKa
£
TTOTPEITHOCTH BBEIYHCIICHUS pemieHust v (x,t) ypaBHeHus (7):

*

v (x,0)—v

(x,1) < Lit(h* +1). 21
2a

mn;

[IpoBenem Temeps cOOpKY perreHus mocTaBieHHon 3amaqdn (3)—(5). [punu-
Mas Bo BHUManue (6) u (10), TouHOe pemeHne HaxoauTcs o popmyre

u(x,t) =v(x, )+ v (x,1) + o(x,1), (22)

rme v(x,1), v (x,f) — Haxomares mo (12) u (18), a mpubmmkeHHOE — 110 (BOp-
MyJie
Uy (6,1) =7, (X,1) 4V, (X,1) +(x,1), (23)

B KOTOpo# (yHkuuu v,(x,t) u v:/n[ (x,?) IMEIOT, COOTBETCTBEHHO, BBIPAKECHUS
(14) u (20).
N3 (15) u (21) cneayer oO1iast OIiCHKA MOTPEIIHOCTH PEIICHHS 33/1a4u

lu(x,t)—u,  (x,0)[< i((aLl + L)k + Ly(h" + r*)).
2a

nnn,

ITpoBeneHHBIE HMCCICIOBAHKS TO3BOJSIOT CHOPMYITHUPOBATH CICAYIOIICE
YTBEPIKICHHUE.

Teopema. [Ipu ykazanHwix gvlue NPeOnOIONCEHUAX OMHOCUMENbHO (DYHKYUL
q(x,t), f(x), F(x), @y(t), ¢,(t) mounoe pewenue cmewanHoi Kkpaesou 3a0a-
yu (4), (5) 01 HeOOHOPOOHO2O 8ONHOB020 YpasHeHus (3) HAXOOUMCs ¢ NOMO-
Woio noaunozapugma nepeoeo nopsioka no gopmyie (22), a npubaudxcennoe —
¢ nomowpwio ounoeapupma u noaunozapupma mpemveco nopsaoka no (23).
Abcontomuasn nocpeuHoCmy bIYUCICHUSL OYEHUBACTNCS GETUUUHOU

i((aLl + L)+ Lit(h +7)).

% 7 E
To ecmv ona nunetina no wazam h u h pasouenus ompeska [0,1] u wa-

2y T pasbuenus ompeska [0,t]. Kpome mozo, sma oyenxa agisemcs. pagHo-
mepuot no x €[0,1] npu xasxcoom guxcuposannom t €[0,T].

Crnenyer 3aMeTHUTh, YTO, HECMOTPS Ha KaXYLIYIOCS TPOMO3IKOCTH (hop-
myn (14), (20), (23), onu goctatodHo 3PPEKTUBHBI, TaK KaK UCIIONb3YIOMINECS

B BEIUHCITEHHX GyHKImn M (x) 1 N°(x) SBISIOTCS YIEMEHTAPHBIMH, 2 IMEHHO!

el

1
. 3 _ _ _ —
p 12,N(x)——lzx(ﬁ | xD@2nr—|x|), xe[-m,n].  (24)
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s BBIYMCIEHUs 3HAYEHWH 3TUX (YHKUIUH B MPOU3BOJBLHON TOUke X € R
CIIeTyeT, YYUTHIBAS MX IMEPHOANYHOCTH C TEPUOJOM 2T, 3aMEHHTH B (opmy-
nax (24) x Ha ox), Tae

-1
. b . x x|, x#0
o(x) =sign(x) |x|—2n[—} , sign(x)= %l ’
2n 0, x=0.
IIpumep. HaiiTu perieHue HEOAHOPOAHOTO BOJHOBOTO YPaBHEHUS

0,u=90_u+ 40m(n(36x” —1)sin 27(x” +£) — 9cos 2m(x* +1))
TP HAYaIbHBIX u(x,0)=x" — %x + % +10sin2mx?, 0,u(x,0)=2x—-1+20mcos 2mx?,

x € [0, 1] u xpaeBbIX u(O,t)=9t2—t+%+IOSin2nt, u(l,t)=9t2+t+%+

+ 10sin2n(z + 1), t > 0 ycmoBusX.
TodYHBIM peleHneM dTOU 3a1auu SABIACTCS HYHKITHS

1 1 .
u(x,t)=x*+9¢> +2xt—5x—t+g+1051n2n(x2 +1).

Brrancnienne npuOImKeHHOTO pereHns 3a1aun mo gopmyie (23) B kBaapa-
te {(x,¢)|x<[0,1],7<[0,1]} mpu n=n,=n, =100 gaer MakCUMaJbHYIO IO-
IPeIIHOCTh, He npeBbimanmyio 0,026, 4To sSBIIETCS BIOJIHE NPUEMIIEMbBIM IS
JIAHHOUM CETKU C CyMMOM IIaroB h+h" +1t =0,03. I'padmku TouHOTO U©(X,!1)
1 IpuOIMKEHHOTO 2 (X,1) = U100.100,100 (X»1) PELICHUI TaHHOM 3a/1a4M MPEJICTAB-
JeHsl Ha puc. 1.

7
T

DN

Puc. 1. I'paduxu peuieHuii:
a — TO4HOTO U(X, {); b — NIPUOIMKEHHOTO (X, ¢) =109 100,100 (X5 1)

Fig. 1. The graphics of the solutions:
a — of exact one u(x, £); b — of approximate one #(x, ) =4 109.100 (X, )

BBIBO/I

C ucnonbp30BaHUEM MONMIOrapu()MOB MEPBOrO—TPETHETO MOPSAKOB Haije-
HBl TOYHOE M MPUONIDKEHHOE pElIeHUs TelerpadHoro ypaBHEHUS IS JTHHUHU
0e3 UCKa)KeHUH MPY MPOU3BOIBHBIX HAUYANBHBIX U TPAHUYHBIX ycinoBusx. [lomy-
YeHa paBHOMEpHas IO AJIMHE JMHUM OLEHKAa MOTPEIIHOCTH MPUOIMKEHHOTO
pelIeHus.
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