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ABSTRACT

In this article we examine the method of fictiticu®as for the non-liner hyperbolic equations. &stmation of
rate of convercence decisions is recaived. In soases the unimproved estimation of convergenceofdtfee decision is
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INTRODUCTION

Today the method of fictitious areasvisdely used for the numerical simulation of probtem mathematical
physics in areas of complex geometry. For the eéguadf Navier-Stokes with heterogeneous limited conditidins

monograph [1] is devoted, for models of filtratidhe monograph [2], for the problems of mathemapbgsics- [3].

The method of fictitious areas for linear equati@fisnathematical physics, excluding hyperbolic eiques, is
well explored (for example, monograph [2] and tleeirses mentioned therey non-stationary problems unimproved
estimations of speed in most cases are not recdiWeikover, for non-linear limited problems thetirology of obtaining
unimproved estimations of convergence speed acwpitdi the known methods is not available. But threeenot enough
scientific materials devoted to the method of figtis areas for boundary value problems of hypésheduations. In this
monograph the justification of the method of fictits areas for initial limited problems of non-larenyperbolic equations
is given and the speed estimation of solving theliauy equation is obtained. In some cases thedp® convergence

unimproved in defined order. The new way of impngvthe speed estimation in the nakpis offered in this monograph.
PROBLEM FORMULATION

Let examine the problem of Dirikhle in areat®E R™c with the limit S for non-linear differential equatis like

22 = Mo~ [ol? + £t %) @
Ule=o = Vo (x) Utit=0 = V1 (x), (2)
UlS =0. (3)
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The theorem of existence of generalized solutiahthe diffential properties of the equations ard eeplored in

the monograph [4].

According to the method of fictitious areas the a@n of the problem by using the smallest coedfitiin

auxiliary area DQUD, in the limitS;, S; NS = @will be this

d2%vE
ot2

= Av¢ — |vé|Pve — &(x) (Z—av€+2;ﬁyvf)+f(t,x) ; (4)

0%|=0=0o (%),

V¥ |k=0=04 (%), ()
vé[S;=0, (6)
Where

0, xe€fl, =0, 1=2y=0
£ = g Y

1, x € D,

vo(x), v1(x), f(t,x) - Thezeros out of .

As a result, the following theorem can be defined.

Theorem 1

p < =09 (x) Efz (2),0,(5) €fz (2D, f: € Ly(0,T7L,())

Let's take then the equation (7) takes place in

solving problem

£ £ Y 115,e 112
lvée ||Lw(O’T;L2(D)) + [lvg Lw(O,T;LOO(D)) + B ||vtt||L2(0’T;L2(D0)) +

(1-y)
+ L v

<(<w. (7)

2
”L“O(OrTsz(Do)) =

Proof: Let (3) be multiplied bw; and integrated in the area D, then we have tlimatbn

€ € — ||t
”Dt”Loo(O,T;Lz(D)) + ”DX”Loo(o,T;LZ(D)) + p+2 o ”Loo(o,T;Lp+2(D))

2 1lvell2
+ B ”Ut”Loo(o,T;Lz(Do)) + (8)

By differentiating (4) irt , multiplying byvf, and integrating in the area D we obtain
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(r—1
El:?(

1d ¥ .
Ea(llvlel2 + g1 + IIU§IIZ) + gzl + (0 + D (@ PuE@),v3) = (F (0).v5).

By using the inequality of Gelder we have
@ (©)PuE©.0EN] < IO L (D) IE||L o O [|vlIL, (D),
Where (as in the inflow theorem of Sobolev)
11 1
n +a +§ =1
According to the conditiopr< q, and from (8) we have

=@ PIIL,@) < llugl?, | <C <,

|(F (©).v5)] = ||fI(t)||L2(D)||U§z||L2(Dj-

As a result, we obtain

(y-1) ¥
gl o acon) + il (ori o) + s_r:”UEHLm(UJT:-Lz(Du?) ++3 gl forL,ipg) S C < o
9
(9)The following theorem is appeared.
Theorem 2

Let all conditions of the first theorem be usedeittthe only one solution of the problem (4)-(6),chhhas the

property (9), is existing. It goes to the solutafrthe problem (1)-(3) im —0.

The theorem of solution existence is proved by®aderkin’s method and with the helpp of methodei&t in
monograph [4], the convergence of solution depamdthe estimation (9). Then lets research the spéednvergence in

the solution of problem (4)-(6). The following threm is obtained
Theorem 3

Lets /; € L,(0,T; L,(12)), v (x) € WE(12), v, (x) € WH (), f(tx), vo(x),v,(x) —the continuous zero out of
01, p< %
Then this estimation takes place
(1-¥)

}l' -
+ [lvF — vl +E—¢||UE—U||E ++E—g||U§—Uz||f = Ce”,

£ 2
llvf —v.ll; ; - , - . -
=l 0T La (1)) wl 0T Lz (Dgl) 2(0.TL2(Dg))

w0,T:La (1))

lv® —vll (o1:L,c7) < CE™.
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ffft‘% i dt<C <
i} an LE(S‘] - !
Then
g _ 2 g 2 Y Nz 2 A-viy = _ 2 x
ote = Vel 7 1y oy + N8 = Vel oy H e = Vel oy 477 Wi =Vl ) = €7
||vz‘:E _vz:”LxI:U,T;Lz(Sj) <Ce*,
where
g,if ¥y=20,
— a B .
x = max{i,a},Lfﬁ =0,a=20=z0a+F=00=<y<1,

a .
E,If)!z 1,a=0.

By multiprlying (1) by functionp(x)eW; (D) and integrating in the are®, v(x, t) —the continuous zero out 6.

In a result we will obtain integral concordance

d%v dv
(Fr?) + e @a)p + (WP, @)p — [ o5 @dS = (F(t.2). @)
D
(10)

Lets determine® — v = w and ¢ = w,. Then the (4)-(6) and (10) far will make the integral concordance

1d Y (1—7)
sl + llolid +2 ol ) +—llol13, +

a
+([ue]PvE — ulPu, w)p = Is a_: w.dS.

11)

Lets transform the additives on the right side (11i§n integrate in t

o ) to o
J-sa ads = [ 5, @ds — /5 J-SE ods.

12)

By estimating (12) in inequality of inflow [5], wake

o Zads| < ol |21, = Cllodisg Holis, = ¢ [Flod, + = Hol3, = ¢ [Sdlod? + Llol3,) <

8 (llogllp, ++Ll0l3)+ &C0 < g <1 (13)

On the other side,
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- 1=V £
lao,lIglleoll ;% = ClleoslIgellwell} 5o py << 6 (||mx||5c, +E—ﬁ||mz||£2@,r,%)+ £7Cs,
(14)
By joining (13) and (14), we obtain
llollycs) < 6 (loallB, + L llell3, +E2 N2 o0 0) ) + Co2™
(15)
In the same way lets estimate the additives
1
. 1
(152 i< [ |22, e <(f|\ a0
wWwis = [ L FI S =
5 sdn 5 dn Ly(S) al Ly(S)
1
E 1
T Y (1 —y)
: < r:([nwnL ©85) =26 [Qlagl+ Lol + = o) de + e,
(ol a9 o ;
0 (16)
EVALUATION OF NONLINEAR ADDITIVES WITH THE FICTITIO US DOMAIN METHOD
(e 1Pv? = o lPv, )| = (0 + DI ey + v w0l < el ) + +Ill o) 0l o el a7
Here
- ol 1.1
ay +py=1La; =05 —O»H‘FE‘FE: 1

According to the conditions of the theorem leftes{d7) is estimated ofi||w, ||||w.||, and from (11)-(17) we take

1d ¥ ¥ 1—vy §
5 gz (213 + Haoell3 + 25 Heoeli3, ) + 77 N3, < & (llaogll? + 22 eollg, + 5 eoellZ 0.7 000 ) + €™

From this case the following estimation appears

2 2 ¥ 2 1- 1”
Neoallf oy oy + MwellE oy P llellE o+ lellE (o mi 0) = CE*.
(18)
Neolle o rppeen = €&
By diffentiating (10) on t and taking = w,; with (4), we obtain the following estimation
¥ 1-y .
22 (llooge 13 + Nlogall + 2 eoell3, ) + S llogelB, < 8 (lowogald + + Z lleoell3, ) + S NeogeliZ o o) + €7+

IGe + D(=Pvf — [P, wf)]

In this case we consider that
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2
dt
Lz(5)

T
[ 1%
an
[a]
is limited.
From this equation the following estimation is famuin

¥ 1-1) 2 .
+E_¢||mr||f +E_,-’3 |mrt||;,2(g,r,1,2(puj]+||mr||£. < Ce*,

2
+ llwe, |l { 0TL2(Dg)) =(0.TiL(5)

||mtr||E

w(0,TiLg () =(0,T;L3 (DY)

(19)
The following theorem is obtained.
CONCLUSIONS
* Inthe development of the fictitious domain metlvadh be divided into four interrelated areas:
» study different ways to continue the initial praikein a fictitious area;
* obtain best possible estimates in stronger metrics;
» extension of the class of problems for the apgbcedf the fictitious domain method;

» Building Effective difference schemes for the simintof the auxiliary problem of constructing a fiidus domain

method.

e This paper covers the use of the fictitious domaethod to complex non-linear problems, some aspafcts

numerical implementation for the auxiliary problem.
REFERENCES

1. Smagulov S., Sirochenko V. N., Orunkhanov M. K.q20 The numerical research of the liquid flow in regular

areas, Kazakh National University named after Al-Farabi;.lAlmaty, Kazakhstan.

2. Konovalov A. N. (1972). The method of fictitiouseas in filtration problems of two-phase liquid iccardance

with the capillary forces, The numerical methodsnefchanics, Vol. 3 No. 5.

3. Vabishevich P. N. (1991)fhe method of fictitious areas in problems of mathematical physics, Moscow State

University, Inc. Moscow.
4. Lyons G. L.(1972)The methods of non-linear limited problem solutions, The world, Inc. Moscow.

5. Antoncev S. N., Kazhikov A.V., Monakhov V.N. (1973he bordered problems nonhomogeneous liquid

mechanics, NGU special courses, Inc. Novosibirsk.
6. Mikhailov V. P. (1976)Differential equations of derivatives, Science, Inc. Moscow.

7. He, J. H. (1997). Variational iteration method fielay differential equations, Commun. Nonlinear. S&imer.
Simul, Vol. 2, pp. 235-236.

Index Copernicus Value: 3.0 - Articles can be senb editor@impactjournals.us




