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Es wird die Existenz einer veraligemeinerten Losung fiir das Tricomiproblem der Gle:chung
. Ly[u] = T[u] + Au) 1= yu, + uy, + M) = f gezeigt, wobei. ! = «!3/dz + «%3/dy ein
spezieller Differentialoperator und 2. = 0 eine Konstante ist. Soda.nn wird die Losbarkeit eines

Anfangs Randwertproblems fiir die Evolutnonsglelchung L{u) = T{u] + dl(u)jét = F durch. -

cine Approximationsmethode bewiesen. Es wird gezeigt, daB die verallgemeinerte Losung des
Evolutionsproblems gegen die verallgemeinerte Lésung des Tncomlproblems T[u] = f fur
t — oo konvergiert. Dic honvergenzgeschwmdlgkelt mrd abgescha.tzt

JonaablBae'rcn ,CYLLIeCTBOBaHME 0606meuuoro pememm naa npobaemu Tpukomit ypaBHenus
Lyfu] = Tfu] + Au) := yu,, + uw + Au) = |, rae I = o! 8/6z + &® 5[0y cneunanbHbIit
nuddepeHuanbHBI onepatop U A = 0 nocronHHasd. lloTom (0Ka3HBaeTCA paapemuwocn
cMeulauHolt Kpaesofi 3amaul Ji7s] 3BONIOLUMOHHOrO ypaBuemm.L[u] = T[u] + al(u)/ot = F*

". annmpoKCMMALOHHLIM MeTofloM. IloKasbiBaeTcsl, u4TO 060O0INEHHOE peuleHHe DBOJTIOLUMOHHOMN

/

/ 1. Introduction ‘

‘sajaun crpemutcsa k ofobmenuomy pewesiiio npoSueset Tpukomu T[u] = fann ¢t — oo, u-
. OUEHUBAETCA CKOPOCTb CXOJIMOCTH. . . . -

We prove the cxistence of a generalized solution of the Tricomi problem for the equation

Lj[u] = T[u] + A(u) 1= yuzz + uyy + Al(w) = f, where | = ala/ax + a?g/oy is a special
.differential- operator and 2 = 0 is a constant.- Then we show the solvability of an initial boun-
dary value problem for the evolution equation -L{«] = T{u) + &l(x)/3t.= F by an approxima-
tion method. It is shown that the generalized solution of the evolution problem converges to the
‘generalized: solution of the Tricomi problem 7[u] = / as t - oo. The rate of convergcnce is
estimated.

~

~
The paper. con51sts of three main chaptcrs After giving the notablons and some
preliminary results in Chaptcx 2, we consider in Chaptcr 3 the Tricomi problem for
the cquatlon :

Y Lyu)= = Tu + Au) = Ylzy + wy,, + /l(u) = , . (1.1) -
in a region G — R2, ‘where | = a 6]63: + «2.0/dy, «1, «? are some special functions

and A«=-0 is a constant. Hcreby G is'a simply connected reglon bounded by the
curvds Iy, I'yand Ty, Ty is a plece\wse smooth curve lying in the half-space y > 0

- which intersects the lmc y = 0 in the points 4(—1, 0) and B(0, 0). I',, I’ are charac-

teristics of (1.1) issued from 4 and B which intersect in'the point C(—1/2, y.). We
prove the existence of a generalized solution (Def. 2.1) of the problem Lo[u] = f,

~#|r,ur, = 0 (Theorem 3.3). By the method used in Theorem 3.3 the solution is uni-

- quely determined. In Chapter 4 we show the solvability of the initial boundary va.lue
1y I‘hls work was nccomphshed durmg the author’s workmg as Alexander von Humboldt
fellow in University of Karlsruhe. i :
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]
problem for the evolutlon equation..

L[u] Tu + 6l(u)/8t F, ufir,uryxiora = 0; ule= —0= Y (1.2).
in 2 =Gx(0,T,) (Ty > 0). Hereby the existence Theorem 4.2 is proved by an -

approximation method using the results of Theorem 3.3, thus the generalized solution

- is uniquely-determined. In the last Chapter 5 we then show that the generalized solu-
tion of the problem (1.2) converges to the generalized solution of the Tricomi problem .

. "2. Notations, preliminary results

S

" rences cited there

Tu = f, ulr,ur, = 0 as t — oco. The rate of ¢onvergence is estimated in Theorem 5.2.
Such stabilisation: methods are; widely used for numerical methods for example,
“for transonical gasdynamic problems [9]: -

Boundary value problems for equation of mixed type w1t,h solutions in dlfferent

function spaces were considered by many authors. In the references we only note .

those papers which have connectlons with methods used here. For constructive me-’
. thods based on Galerkin method and finite- element method see [1—3] and the refe-

‘

.

We introduce, the function spaces el

U= {&|’uecw(é),u]r,*ur,_‘0} V_{vlvEC°°( )’v]rour,I_O} (2'1)\

noting that v|r,ur, = 0 are the adjoint boundary conditions to %|r,ur, =0 w1th re-
“spect to equatlons (1.1). If u € Uandv € V, the formalappllcatlon of Green’s theorem
to (1.1) gives ~ .

~

Blu, v] ;= (Lo[u], v)o = f vLo[ul dz dy = (u Lo*[v))e

A
.= —f yu,,v, +u yUy — Al(u) v} dx dy = (/, v)o o . (2;2)
‘. , 4 T
- As is known (2.2) glves the basis for the deflmtlon of generallzed solutlons To this
~end we introduce the spaces :

-

WG, bd), WG, bd*) SO - 2.3)

which are obtained by the completion of the function spaces (2.1). with respect to the

G

norm |kl = (f w2 + w,? + 0¥ dz dy)‘/?.

Deflmtlon 2.1: A functlon u € Wl 2(@, bd) is called a generalzzed solution of
o[ul—f’ull‘.ur;—Olf S : B

Blu, v]-= '—f fysvs + 22y = Aw) ) dzdy = (f, )y .

for all v € Wi(@, bd*), and a function u € L2(0 To;, WY 2(G’ bd)) w1th ug € L2(0 To,
WGy bd) Huy) E L°°(0 Ty Lz(G)) is called a generahzed solutwn of the problem
(1.2)if
Blu, v] = —f {yuv, + u,,v,,(— ol(u)/ot v} dx dy = (F, v)e
6 e .

‘g.e. in [0, Tyl for all v € L=(0, To; WI3(G, bd*)). ,
Remark: Let X be a.Banach space. L¥0, Ty; X) (L°°(O T,; X)) denotes the -

spaces of classes of functlons U, strongly measurable on [0, T',], with range in X and

. ’ .
! A}

h
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’

- such that N ‘ A , .
R Y T R
|]uIIL:(o,T',;x,= (f lfe(t)]| 2 dt), RS- (||u|]1,co(0_7-.';‘x, = vralrs;xp llw(t)x < oo).
, t(0.T,

[IRES
4 .

Usmg the Hoélder inequality we have the fol]owmg result.

-

Lemma 2 2: If-al, a2 € C°(G’) then there exists a constant >0 such that
|Blu, v]| = ¢ lfelly 2 il Vu'e WG, bd) ve W”(G ba*).

If we introduce the negatlve spaces- W LY@, bd) W= 12(G bd*) which are obtamed
to the corresponding positive spaces (2.3) by the completlon of, the functlon spaco
»Lz(G) thh respect to the norms, .

"u’“—l.2 = SUP “(wa u)o|/|]'“||1 2l o o
. O*uew : .
e el = sup {l(w v)ol/llbllx o S
:t:vew’ ’ oo

N

~ we obtain’ from Lemma. 2.2, wnt,h a su1table constant c.> 0,

0T MEe*folle = sup uB[u v]!/llullm <6 nvumwe W“‘(G bd%),

0 uew!s G

) . G SN __ (24)
O Ml = sup  (Blu,ollflvlis) S co lulh 2V u € WX, bd), |

#OEW’ NG, bd®)

where Lo 18 the adjomt dlfferentlal operator ” e ; s
Followmg the same methods and argument,s asin [5—6, 8] we have t,he fo]lowmg
. result, © -7 ; A . -

L ~
\ ) o . S N

Lemma23 Suppose : )' B N
(1) P isa precewise smooth curve; ' '
(ii) alnl + &«®ny |r, 2 0, where (m, nz) s the outward normal vector and
ol = —(— ?/)”2+2900‘2 L+y;, ‘ o o
(iiiy ve V. - .= - o I .
*Z’ken there ezzsts a unique solution u. € WG, bd) of the boundary oaluvej‘ pr'ob;em: .
| (25)
Sketch of the proof (2 5) isa partlal dxfferentml equatlon whose characterlsblcs RS
by condition (ii) cannot intersect the curves I'y.and I'y more than once. The cha.rac-_‘ *
teristics of (2.5) are parabola —[21: — (=¥ l/2]/(1 4 y)? = ky? which ‘intersect in

the point (2 Y~y )1/2 —1) 4G. Introducing "the coordinates "¢ = =z, 77 ; —[2z
— (= Y )i2)j(1 + ¥)?in G, the equatlon (2. 5) becomes .

[—(—ye)V/2 + 2¢] ue=*” B

lu) = zx‘uz 4 ogzu =, u!r,ur. =0.

i

\ \
(2:6)

cand Ig: & =y, (n), I: 5\— y;,(n), where w_ is smooth and Yy is apxecewxse smooth
~curve. The solution of (2 6) is glven by the formula , . .
- (E, n) = f[ (—yo)il2 + 2t]'l v(t ~1 +[ - 25 - ( —¥ )112)]l/2) dt b
' . < t=wzln) . .
13+ ! i ' .‘ " : '. ‘ : RN
: ' R . ,
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’

3. Generalized solution of the Tricomi problem

We consider the Tricomi problem Lo[u] =, ul,—o ur, = 0and pro’ve ana priori estimate.

: Lemma 3.1: Suppose the condmons (i) and (11 of Lemma 2.3 hold. Then for all
u € W2(G, bd), we have the a priori estimate

i mg |Ju)2 ; + 24 I)lle® <. 2B[u, Uw) my > 0 a constant._ (3.1)
Proof Usmg (2. 2) and Green s theorem [7, p. 248] we have »

_2Bfu, (u)] 22 w)l? + [ {[s? yu; _ s 2yoc2uzuy1 dy

_ °c, ,
+ [xPyu? — oczu 2 241 u,u,,] dx f {Au;? -}—' 2Bu;£t,,
N N o G P
"+ Cu, }dxdy, AN '
‘ where 4 =yle! —«?) —a? B= yo‘,2 + o, C = —(x;' — o?). Now using the
a.ssumpt,lons (1) and (u) of Lemma 231t fo]]ows that (ulr.ur, =0) - ~
, f —f(yu,2+y,)(aln1+a2n2>ds>o,»f =0,
- _ ro . T .
"~f = —f - y*/zu,+uy12(aldy «x*dx)zo | X
e, s » ‘ A
A4=C=-1,B=0, . e ‘_

,

such that 2B[u l(uw)] = f {us? + uy 2} dx d_/ + 2/ ||l(u)|]024 Since Uryr, = =0, usmg
Frlednch’s mcquallty [4 p 300] we obtam (‘3 ne_ '

Theorem 3.2: Suppose the assumptwns ( ) and (ii) of Lemma 2. 3 hold. Then there
exists a constant ¢, > ‘0 such that .

vl = ILo*@)ll-12 = . sup I'B[_u, v]l{llu|ln.2}- - ‘ '(32)

\ 0+ uEWLI(G b

Proof: From Lemma 2.3 we know that fora function v € ¥ there exists a function -
. w€ WG, bd) “such that {(u) = o'u; + a?u, = v, ulr,ur, = 0 and ||vl|0 < k2 [le]ly 2
"From (3:1) we get, with a suitable constant o,\> 0

01 llwlle = Blu, v]/llulll : = . SUP |B[u, v]“”u”l .2
OFueW!HG.b
.
We now glve an ex1stence theorem for the problem Lo[u] = /, ulr.ur. = 0.

‘ Theoprem.3.3. Suppose o : SR | v
() Iyisa piecewise smooth curve; oo . ' .
(ii) aln, + o2ny|p, = 0, where (ny,n,) is the outward mnormal vector and «!
= —(— y)‘/2—}—2xzx2—l—}—y . ; .

.
~;

Then there exzsts a generahzed solutzon of the boundary value problem C-

Lo[“] = YUz + u,,,, + Aw) = fz, ./) S Lz(G') A > 0,

~

E(u) = (xlu, + o, ulr,ur, =0,



A Stabilization' Method for the Tricomi Problem 197
7/ s R - - . ~

i.e., there exists a function u € W@, bd) such that

Bl o) = — tynavs + vy, — 2A0) o) d dy = (f, 0% -

. for all v € W'3(G, bd*) and ([ull,» < ¢, IIIIIO

. Proof: For fixed v € W1 A4, bd*), %( ) = B[ v] is a linear’ bounded functional
.on W@, bd):

”'Pv”W"‘(G bd) = sup {|1p,,(u |/”“||1 2} S co||7/||x 2-
0 ugWhH(G.b

-

: Ihuswchaveaumqueelementwe W@, bd)such that p,(u) = Blu,v] = (%, w)wise.e

Aor all u € W'¥@, bd), and |wll;.» < collvll,.. A linear, operator S: W'G, bd*)
— WG, bd) is defined such that Blu,v] = (u’Sv)wn,ﬁ(c‘bdyfor all u € WG, bd),
v e W "’(G’ bd*) Using (3.2) we obtain K N A : : ‘

alllly = I|Sv||w"-’(n.na), < collolliviai.as) - . - (3.3)
Cea - Ao

For a function v € W@, b‘d*_'),and [(Sv) := (f,v), we have. )
li(305I = lifll “7/'”0 = (1/01 lI/IIo ISvlwisea. - <,

'

‘ SmceSlstectlve (see (3 3)), 1(#) = 1(Sw).= (f,0) defmcsalmearbounded functional

1 on S(Wl %@, bd*)) = WG, bd) which can be extended by the Hahn-Bahach

theorem to [ on W12(G; bd) preserving the norm. It follows /that there exists a unique

functlon uewr 2(G bd) such that Cq ‘ " o -

, Z(w)_ (u, w)w..w o) for all w € W 2(0 bd) IR .

and ) . . W

lullwrsgon = sup lZ(w)I/HwIII 2} Scl Ul . -
O*uJEW”(Gb _~ .

For vE Wl (G, bd*) we have 1(8v) = (u, Sv)w-.:(q,bd, = B[u, v] = (f,v), i€, uisa
generalized solution 1 ‘ ‘ .

*Remark: We observe that the solution u € Wh¥(@, bd) constructed in the wa.y
.of Theorem 3.3 is uniquely determined. We do not know if thegenéralized solution
(Def. 2.1) of the Trlcoml problem for equation (1.1) is.unique. In [5] and [8] for uni-
queness there is the essential assumpt,lon that the coefficients of Uz and u in (1.1):
are sufficiently small, but thxs is not true in our case. / /=

. ) ' 4 o M ‘1 »
4. Generalized solution of the evolution equation (1.2) .

We consitlier.in 2 = G x (0, T,) the problem. .

L{u) = Yuz: + uy + 0l(u)/0t = F(z, y7t), F € L0, Ty; L¥@)),
lw) = &, + oty ol = —(—y 2,0t =14y O
. : \

ulirowroxera = 0, im0 =11y € W2%G, bd). o . .

[y

I3

r
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Observe that W2 %@, bd) is the completion of the.function space U (2 1) with respect
to the norm ||ullp., = (f X |Douj? d:c dy)‘/2 We denote (n =1,

G la|=2 .
b =To/N, unz,y) = u(z, y, nh), u(z, Y = (@, y), R
SO _
M) = F(z,9,0) —yul, —uy, F (x, Y=kt [ Flzyrx 0 de
U (n=njh

and consider" . b o _
L,,[u"] = yun + uw + h (l(u")‘ - l(u"—.l ) =Fr. = _
Lemma. 4.1: Suppose the assumptwns of Theorem 3. 3 hold and u|i—o = u, €

h

W”(G bd), F € L2(0 To; L¥(@)). Then there exists for any n (1 <n S N) a generalized

\ solution u® € W'¥(Q, bd) of the problem L,fu"] = F®, u"| ror, = 0 The functions u"
are uniquely determined by the method used.in Theorem 3.3. ,

Proof: The statement follows 1mmed»1at,ely from Theprgm 3.3 if we notice
; . - - B
yul, + ub, + A U(u)) = At f flx, y, v) dT 4+ A (u) € L¥(G) -

and - N .
: - nh

Tur + h-1(um) = h, 1 | Fle, y, r) dr + k- 1l(u" 1) € LZ(G) '
: n=hr ,
Theorem 4:2! Suppose R S s
(i) Ty is a piecewise smooth curve; . ' . R
-(i1) oc‘nl + aznglru = 0, where (n,, ne) is the outward normal vector, «! = —(—y)?
+2z,a2=1+4+y . ; ' '
(ii1) Uy € W”(G bd) and F F, e L2(0 TO, L2 (G)) o

Then there exists a generalzzed -solution (Def. 2.1)
w,ug € LHO, T} WG, b)), U(ue) € L°°(O Ty; 12 @) "
" of the initial boundary value problem (1. 2)

i

- . L[u] T“ + ol(u)jot = F, "wliryuryxiora = 0, Ultmo = U

°

Proof For flxed n € N we know.from Lemma 4.1 the existence of a generahzed
solutlon of the problem L,,[u”] = Tu® 4 h~ 1(l(u") — l(u"~, x)) F" such that ’

(Lalun), Uu™))y = (Tum, l(u")) ¥ (l(u") —l(u" 1, lu")— (F" u"))o.f

(4.1)
¥rom Lemma 3.1 we conclude oo . ‘ T
molutlncho < ATwm, o © o @)
‘A calculation shows o, s . .
- (@Rl — ||l(u" 1)"02) =k l(l(u" - l(“" l) Lum), ) '

||l(u" Mo = kzllu"H, 25
thus we have *

malurlt s+ B3t — oY) S 26l + 26(e) [Pt

\

{
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Choosmg e>0ina sultable manner, there exists a constant ¢, > Omdependend of
n, such. that . Y N

T i, + ()2 — Ii(un- 'mo)Sc0 uF"n0 a o

and (summmg up over 1 g n S s) B

- Lo s B P

moh Zl"’”v"uf.z + ||l(u’>|102§ I0O)lo? + cob X [1F 2. @)
. n= " . . ) !l=l B ) N [ .- A
We observe i o , .
7 ||F"|!02=f‘h-2( [ F(=z,y, r)dr) dz dy gfh L f F?(x,y, )drdxdz/,
' o (n—1)h : ¢ a1k
, f ,
i= sh

Z’hIIF"iI<.2 < f f Fz,y, T )dr dz dy

) -

}

and o .
wnle® = f u¥(z, y, nh) dz dy,
, S .
h znunuoe =[h );ue(x y, nh) dz dy o= =rend f f u¥(z; y, ?) de dx dy~
n= l G ., n= 1

From (4.1) we conclude, takmg the llmlt B — O sh = t

mof lfeell} o(7) dr + |Il(u)llo (t) = Hl(u°)llo2 (0) + cofIIFIIo (v) dz, Y44

: " thus we know u € L0, Ty; W 2(0 bd)) lu)€ L°°(O To, G)).

Wedenote(n_l 2,...) ( IR : . __7
Fyn = hoV(F» — Fo- ‘)uh—hl(u”—u" 1, -
Lafur) = - (Lalu") — - Lifw ) < ANE— Freh) =By,

and con31der c . R | o
zn[u”] = Ln[un 1= Tu,, A+ b {Uwy") — l(u,,”, l)) Fn .

*From (L,,['u,,,"],l(uh"))0 = (Fy", Yu,™)y we conclude, in the same\manner as before,

_ moh’Z Ilua"ll + lIl(u;. Mo? = IIl(uh")llo2 + ¢k Z “Fh"llo . . (4.5)

We observe
N . ) . . nh . T . . S )
F,p=h- l(F" — F" l) = A1 f kYf(x, Y1) = f(#y, T — R)yde, A
. (A=Dh } -

y : t=s - o . N
' ZhFMES [ f ( (f(z 2 \ ) — f(@, Y, v — )2 de dz dy ,

n=1 (2] 1} . Lo .

'

Lt , N )
h—»o.m::" f ”Fr“02 (T).df. . ) \‘
0 . ) .

t
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. 'From'(4.5”) we get (b — 0, sh = ¢)

. ¢ - - t . . .
.M f Ilu:‘llf.z () dz + IIZl(?h)_llo2 ) = |.|l(ut)”02 ) + th IF 2 (z)dz (4.6)

v

€ L2(0 To; W(G, bd)), l(u,) € L=(0, Ty, LX)

‘Forfixed n € N, u™ € Wt 2@, bd)isa umquely determined generahzed solution of the
: problem Lyu"] = Tu® + h~ 1(l(u") — l(ur= l)) Fn which satisfies (4.3), (4. 5) For a

functionv.€ L®(0Ty; WG, bd*)) we thus have a.e. in [0, 7]
(w") — Yu""t)

o B‘[u", v] = f (yu, Uy + wv,) dx dy + (——-—-—h , v) = (F", V), -
0 . :
. G. : :

: and for the hmlt h 0, nh = twe ge,t,

fz[u, v] = — f YU, +u,v, — aZ(u)/aw dx d y = (F v)o,

- -

i.e., u is a generalized soluonn of the problem (1.2) R .-

,Rema‘rk? I F = F(z,y,t) and uy = uy(z, y) are sufficiently smobth, then the
generalized solution of (1.2) has more derivativesin t. In case F; F, € L*(0, co; LZ(G))
the solution of the problem (1.2) e)fists fdr‘alllt € R+. .

4

b Stability o o o

From Theorem 3.3 it foiloxvstthat the Tricoz-ni'proAblem L ’ )
Tu=fo€L¥®), urar,=0 t5)

has a genemllzed solution uy € W 2(G bd) Wth‘h is uniquely dctermmed Fuxther

T we. know from Theorem 4.2 that the ‘evolution problem .

(Bl = Tu+ Aot = € IR+ L¥(®), -
, fi, € L2([R+ L?(G)) uh,,ur,xm. =0, uli—o=:u% € W“(G bd) .
has a generalized solution uy, ug € LR ; WG, bd)) which is likewise umquely

* determined by the constructlon method.. The functlon Z = up — urthusisa gene-

ralized solution of

L{ZP= TZ + ol @ — 1, < fo—: )

o
which is obtamed hy the approximate functions Z"% = ug® — ur® = u;., — wur as’

h — .0, nh = t. Thus we have, that the a priori estimates (4.4) and (4.6) hold for the
function Z, and from (4 )y and (4.2) we con(,lude

,

mlZIEa(t) + (@), IZ>)0=(¢,1<Z)) | (563

From the a prlorl estlmates (4.4) and (4.6) we know, if l](plloz, ||<p llo2 € L‘([R*) then

(5.2)-

~
S

5
.

—

120 25 1Zell .2 € LA(RY). | N XY

Lemma 5.1:If (5 4) holds, then ||znl 2ty >0 ast—>co. o .
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Proof: We know

121 o) — 218} 2(f ft'?/@f 12112, (f) dr = f”Z"l 2(7) 112, ”l 2(1) dr

T=8. t=8

~ . 1/2 . .
_ = ( / IIZH?.z (r) dr) ( JANZE (2) df) <e - (55)

‘I L “\ems S =g \ (.5.4)
MH8>M£HMM@»%>O%hmoMm@&%ywﬁgm>q—e
=:c, foralls > N(s) but this gives a contradlctlon to || Z|l, » € L¥R™) I

Usmg
(2/21U2), UZ))o = U2l 2/2t 2N,
k2l ) = IUD)ILrer = Kol Zlh 2 o .
_from (5.3) it follows . o /

(mofkz) (2o (¢) + 3/3t Ill(Z)IIo (l) < ligll» o : } 4
o/ot {[Ii(Z)llo (¢) etmel*ty < e"""”‘%" ligllo (£), : R

Sl . e

e kxllZIIo (1) < WD)y (1) S7e- kit {Ill(z)llo (0) + f e""°”‘"' ||<P|lo (v) df}
‘ . =0
Thus, if e""‘""f"llfl — folle (&) € LY(R*) there exists a constant. c, > 0, such that
||Z]|0 (t) = llug — utlly (t) <'cq e~ ™/4t 5 0 as ¢ > co. We have the following result

Theorem 5.2: Suppose

(1) T, is a piecewise smooth curve;

(i1) 1n1\+ aznz Ir, = 0, where (n,, n,) is the outward normal vector, &' = ( —y )2
4 2z, 62 =1 + -

/oo (iil) ur € WV 2(G bd) s the genemlzzed solution of the problem (5.1) Tu = fo € L¥(G)

constructed by the method used in Theorem 3.3;

(iv) ug, ug € Lz(fR* W@, bd)) is the genemlzzed solutton of the problem (5. 2)
Liu] = f, € L¥R*, L2(G)) h, € L2([R“ LYG ) constructed by the method used in
Theorem 4.2; - _ N

(). emibrif, — iy € DR, Ilet € DR -

Then jor all solutwns Ug o/ the problem (5.2) constructed in the way of \Theorem 4.2,
~ we have .

t—o00

T ue — uT||1.2 (t) =70, fue — uTHo ® é cy €7 molkl—370,
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