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The characteristic initial value problem has been studied for the second order nonlinear
differential equation, and modifications of the two-sided method of its approximate integration
have been constructed.
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Let’s consider a nonlinear partial differential equation of the hyperbolic type of the form
Usy(z,y) = f(2,y,U(z,9), Uz(2,y),Uy(z,y)) = f[U(z,9)], (1)
where
(x,y) € B, B= B UByUB3, B; = {(:1:, y)‘x € [0, zg), y € (0, x]},
By = {(@, ) |z € (w0, 1], y € [0, 20) },

B3 = {(m, y)’:): € [zo, 1), y € (w0, :1:]}, f:D— R, DeR.

The setting of the problem [1] is as follows: in the functional space C%(B) N C(B), find a
solution of the differential equation (1) that would satisfy the conditions

Uz, 0) = ¢1(z), z € [0, zo], Ulwo, y) = ¢1(y), y € [0, zo, o)

U(l’, xo) = ¢2($), x € [m()? 1]7 U<17 y) = 902(3/)7 y € [370, 1]'

We assume that ¢ (z) € C'([0, zo]), 1(y) € CH([0, wo]), ¥a(z) € C'([x0, 1]),92(y) €
C1([zo, 1]); moreover they satisfy the consistency conditions

Y1(70) = ¢1(0), w1(z0) = Y2(x0), ¥2(1) = pa(z0). 3)

It is easy to show that the characteristic initial value problem (1)—(3) is equivalent to the
integral equation

U(:L“,y) = Ui(x,y),(x,y) € B, (4)
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where U;(z,y) = ®i(x,y) +T; f[U,n)], i = 1,3, and

Bi(z,y) = d1(2) + 1(y) — 1(0), Tif[U(E )] = / / FU (€. m)dédn,
0 xo

Da(z,y) = Ua(a) + 01(y) — @1(w0),  Tof[U(E )] = / / S (€, m)dedn,

To To

Yy
By(z,y) = Yala) + 02(y) — ba(1), Taf[U(En)] = / / F1U (€. m))dédn.
xo 1

It is obvious that ®;(z,y) € C(1)(B;) and since they satisfy the conditions (2), the problem
(1)-(3) is reduced by the substitution

‘/;(J:ay) = Ul(xvy) - <PZ(ijy)7 (xay) € Bi) 1 = 17 37

to a problem with homogeneous conditions (2). Hence from now on, without loss of generality,
we assume that

©1(y) = wa(y) = Y1(x) = Pa(z) = 0.

Definition. Any functions Z(x,y),V(x,y) from the space C*(B) N C(B) that satisfy the
conditions (2) and the inequalities

W(.’E,y) S 07 (m,y) S B? Wﬂ?(way) 2 07 Wy(x7y) S 0? (l‘,y) € Bl UB37

_ )
Wa(z,y) <0, Wy(z,y) >0, (z,y) € B,

are called comparison functions of the problem (1) - (3).

Let the right-hand side of the equation (1), f[U(z,y)], belong to the space C; (D) [2], where

C1 (D) is the space of functions that satisfy the following conditions:
1) flU(z,y)] € C(D);
2) the function f[U(x,y)] can be represented in the form f[U(x,y)] = flU (x,y);

U (z,y) € C(D1),D; € R®, so that for any functions Z(z,vy), Z*(x,y),V(z,y), V*(x,y) € Dy
from the space C?(B) N C(B) that satisfy the inequalities

Z(x,y) < Z%(x,y), Viz,y) > Vi(x,y), (v,y) € B,

Zo(z,y) > Zi(2,y), Valz,y) < Vi(z,y), (z,y) € B1U Bs,
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Zy(%?/) < Z;(l',y), Vy(xay) > Vy*(xay)a (:Cay) € Bl UBg,

Zy(z,y) < Z3(z,y), Vulz,y) > Vi(z,y), (2,y) € B,

Zy(x,y) > Z;(xvy)v Vy(:r,y) < Vy*($)y)’ (x,y) € BQ;
the condition
f1Z(z,y); V(z,y)] > f[Z%(z,y); V(2 y)] (6)

1s fulfilled;

3) in the set D; the function f[U™(z,y); U™ (x,y)] satisfies Lipshits’ condition with a con-
stant K,

f[Z(x,y),V(:c,y)] - f[Z*(.’L’,y), V*(x,y)] < K(|Z(J},y) - Z*(:Ii,y)‘
+ [V(z,y) = Vi@, y)| + [ Ze(2,y) — Zo(2,y)| + [Valz,y) — Vi (z,y)|

+ |Zy(a:,y)—Z;‘(x,y)|+|Vy(x,y)—Vy*(x,y)]) (7)

If f[U(z,y)] € C(D) and has bounded first order partial derivatives in all its variables starting
from the third one, then f[U(x,y)] € C1(D).
Let’s denote

Zp(x,y) = Zp(x,y) — dp(z,y)Wp(@,y),  Vip(2,y) = Vp(@,y) + dp(z, ) Wp(2,y), @
ap(2,y) = Zpay(x,y) = ¥ Bp(,9) = Vowy = fp, P=0,1,2,...,
where d,(z, y) are any functions from the space C'!'))(B) that satisfy the conditions
dp(z,y) 2 0, (x,y) € B,
dpo(,y) <0, dpy(z,y) >0, (2,y) € B1UBs,
)

dpz(z,y) >0, dpy(z,y) <0, (2,y) € B,

Supdp(zay) g 0757 Sup’dp,m(may)‘ S 0757 Sup‘dp,y(x7y)‘ S 0757 p= 07 17 27
B B B
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Let us construct sequences of functions,{ Z,(x, y) }, {V,(z,v)}, by [4]

Zi,erl(xay) = T‘i{f_‘p_cp(fp_fp)}a (x,y) € B,
(10)

Vipri(@,y) = Ti{fp +e(f" = )}, (wy) € Biyi = 1,3,
where ¢, (z,y) are any nonnegative functions from the space C(B) that satisfy the condition

supcp(z,y) < 0,5, p=20,1,2,.... (11)
B

The formulas

Wipsi(@,y) = Ti {(1 = 2¢)(f* = fp)} . (x,9) € Bi, (12)

Zz‘,p@:vy) - Zi,p—&-l(xyy) =1 {Oz;,;(f,??) + fP - fp + Cp(fp - fp)} )

_ I (13)
‘/;710(1"3/) - V;,p-&-l(xay) =T {ﬁp(&n) +fH—fr— cp(fp - fp)} )
(z,y) € B;, i=1,3,
Ozp+1(ac,y) = fp - prrl - Cp(fp - fp)a
(14)

Bp—s-l(ﬂfvy) = fp — fpr1t+ Cp(fp - fp)

follow from (8), (10).
As the zero approximation, we choose arbitrary comparison functions Zy(z,y), Vo(z,y)
that satisfy, in the set B, the inequalities

ao(z,y) > 0, Bo(x,y) < 0. (15)

Let

M = sup Fz,y, U (2,9),U; (2,9),U, (z,9); U (2,9),U, (z,y),U, (z,9)),
1

m = inf f(@,y, U (@), Uy (2,9), U, (@.9); U (2,9), Uy (@,9), Uy (2,9))-
Then if the functions
M(z — x¢)y, (z,y) € By;
Zio(x,y) = TTM = ¢ M(x —x0)(y — x0), (x,y) € Bo;

M($ - 1)(y - l'O)v (a?,y) S B3,
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m(ac - Jfo)y, (:U7y) € Bl;
Violz,y) = Trm = ¢ m(x —x0)(y — x0), (2,y) € By;
m(z —1)(y — x0), (2,y) € Bs

belongs to the space D1, then they are comparison functions of the problem (1) —(3) that satisfy
conditions (15) .

We will assume that the function dg(z,y) is such that, in the set B, the inequalities (9) hold
and

(1 - 2d0(aj7y))WO,x($a y) - 2d0,x($7y)W0(xay) Z 07 (:Ca y) € Bl U Bg,
(1 - Qd()(I', y))WO,y(xa y) - 2d0,y($7y)WO($aZ/) < 07 (J%Z/) € Bl U B37
(1 - 2d0(l’,y))W07x($,y) - Qdo,x(l‘ay)WO(ZE?y) < 07 (:Evy) € BZ)

(1 —2do(z,y))Woy(z,y) — 2doy(z,y)Wo(z,y) > 0, (z,y) € Ba.

Then we obtain

Zg(l',’y) < Zo(ac,y) < %(Hf,y) < Vb(.ﬁl’},y), (H?,y) € B7
ZO,x(xay) Z Zo,x(xvy) Z ‘_/(),:C(x)y) Z ‘/O,x(xuy)v (JUaZ/) S Bl UB?M

ZO,y(xay) < ZO,y(fray) < %7y(xay) < VO,y(x»y% ($>y) € Bl UB37 (16)

Zox(2,y) < Zoo(m,y) < Vou(z,y) < Vou(z,y), (z,y) € B,

ZO,y(x7y) Z ZO,y(:Evy) 2 %,y(xay) Z Vb,y(may)’ (l’,y) € B2-

Taking into account inequalities (6), (11), (16), from (12), for p = 0, we have

Wl,xy(m,y) = (1 - QCo(JJ,y))(fO - fO) > 0.

By integrating the latter inequality with respect to x from xz to x and with respect to y from
0 to v in By, with respect to x from z( to x and with respect to y from z( to y in Bs, with respect
to = from 1 to = and with respect to y from x( to y in Bs and taking into account conditions (2),
(3), we see that the following inequalities hold in the set D;:

Wl(‘r,y) S Oa (m,y) € Bv
Wiz(z,y) >0, Wiy(z,y) <0, (x,y)€ B, U Bs,

Wl,x(%y) S O) Wl,y(xvy) Z 07 (.’L',y) 6 BQ.
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Let us choose the function dy(x, y) so that the conditions

ZO(%CU) - Zl(l‘,y) S 07 ‘70(‘,157y) - ‘/:l(xvy) Z 07 (xvy) € B7

Z()@(l',y) - Zl,m(xvy) > Oa %,Z($ay) - Vl’m(l',y) < 07

($,y) € Bl U B3>

Zo,y(xay) - Zl,y(l.?y) S 07 %,y(x7y) - Vl,y(%y) Z 07

(z,y) € Bi1U B, (17)

Zoyl“(xay) - Zl,x(ajvy) S 07 %,I(xay) - ‘/1733(‘T,y) Z O’ (‘T’y) € BQv

Zoy(x,y) — Z1y(z,y) 20, Voylz,y) —Vig(z,y) <0, (2,y) € By

are fulfilled.
Then, taking into account (13), (11), (15), (16), (17), (6), we obtain

fO=rt>=0, fo—fi<o.
By choosing the function ¢y (z, y) so that the inequalities
FO—=ft—colw,y)(F° = fo) 20, fo—fi+colz,y)(f° = fo) <0,
hold in the set Dy, from (14), for p = 0, we obtain oy (x,y) > 0, f1(x,y) < 0.

Starting with the functions Z; (z, y), Vi (x, y) and repeating previous considerations, by using
induction, we see that if the functions d,(z, y), ¢p(z,y),p = 0,1, 2, ..., were chosen so that

(1= 2dp(z,y))Wpo(z,y) — 2dp 2 (z,y)Wp(z,y) > 0, (x,y) € By U Bs,
(1 = 2dp (2, 9))Wp,y (2, y) — 2dpy(x, ) Wp(2,y) <0, (2,y) € B1U B,
(1 = 2dp(z,y))Wpa(z,y) — 2dp o (2, y)Wp(z,y) <0, (z,9) € B,

(1 - de(xay))wp,y(337y) - 2dp,y(xay)Wp(x’y) > 07 (x7y) € BQ?

Zp(x7y) - Zp-i-l(x,y) S 07 %(l’,y) - V})—H(%y) Z 07 (xuy) € B7
) (18)

Zp,x(xa y) - Zp-i-l,x(xvy) Z 07 V;),x(l',y) - V;H-l,x(xu y) S 07

(z,y) € By U B3,
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Zp,y(x’y) - Zp+1,y($ay) <0, Vp,y(x,y) - VpH,y(%?J) > 0,

(x,y) € Bl ) B37

Zp,x(xa y) - Zp+1,$<$7y) < 07 V;),x@?,y) - V;H-l,m(xv y) > 07

(.CL', y) € B27

Zp7y(x,y) - Zp+1,y(3f’7y) > 0, Vp,y(a:,y) - V}H-l,y(%y) <0,

(.T, y) € BZ?

fp - fp+1 - cp(x,y)(fp - fp) >0, fp — fp+1 —l—cp(:c,y)(fp - fp) <0,

then the inequalities

Zp<xay) S Zp-‘rl(xay) S V}H—l(xay) S V;D(xay)v ('Iay) € B7
Zpu(,y) > Zpy12(2,y) > Voy12(2,y) > Vpola,y), (2,y) € B1U B,
Zp,y(xay) < Zp+1,y(xay) < ‘/p-i-l,y(x)y) < ‘/p,y(xvy)v (xay) € Bl UB?)? (19)

Zp,a:(way> S Zp+1,z(x7y) S ‘G)—l—l,x(xvy) S V]-J,:B(x7y)7 (1',2/) € B27

Zp,y(xay) > Zp+1,y(97>y) > V}?+1,y(l‘ay) < ‘/p,y($7y)7 (xvy) € B2

take place in the set D; forany p = 0,1,2, .. ..

Theorem 1. Let there exist comparison functions of the problem (1) —(3), Zo(z,y), Vo(z,y),
that satisfy conditions (15) for (x,y) € B and the right-hand side of the equation (1) f[U(x,y)] €
C1(D). Then, if the functions dy(x,y), cp(x,y),p = 0,1,2, ..., satisfying conditions (9), (11), are
chosen so that inequalities (18) hold in the set D1, then the sequences of functions, {Z,(x,y)},
{Vp(z,y)}, constructed according to (10), converge to a unique solution of the problem (1) —(3)
in the space C*(B) N C(B) U(x,y) in the set B absolutely and uniformly and

Zy(z,y) < Ulz,y) < Vp(z,y), (x,y) € B,
Zpo(2,y) = Us(z,y) = Vpulw,y), (2,y) € B1UBs,
Zpy(z,y) < Uy(z,y) < Vyyla,y), (2,y) € B1UBs, (20)
Zpa(z,y) < Us(2,y) < Vpulz,y), (2,y) € B,

Zp,y(%?/) > Uy(xvy) > V}Ly(xay)a (x,y) € BQ‘
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Proof. To prove that the respective sequence of functions, {Z,(z,v)}, {V,(x,y)}, {Zp (2,

N AV, 9)}, {Zpy(2,y)}, {Vpy(z,y)}, uniformly converges to the same limit, taking into

. o . . Y)EB
account inequalities (19), it is sufficiently to demonstrate that W,(z,y) (xyf)g 0, Wpa(z,y)
p—00

(z,y)eB (z,y)€B
pﬁo O,Wny(x,y) pi; 0.

From (7) we have

FP—=fp 2K (IWp(@, )l + [Wpa(z, )| + [Why(z,)])
< 2K ((1 = 2dp(,y)) (Wp(@,y)| + [Wpa(z,9)] + Wy (2, y)])
+ 2[Wp(, y)|(|dpe(,y) + dpy(2,)]))

S2KL(|Wp(z, y)[ + [Whe (2, y)| + [Why (2, 9)]) 1)

l = max SUp {1 —2dy(x,y) + 2|dpo(z,y) + dpy(x,y)|}.

Ifp = 0, we have f° — fo < 2KI(|Wo(z,y)| + [Woe(z,y)| + [Woy(z, y)]).
Let’s denote

d= sup {IWo(z, )|, Wo ez, y)l, [Woy(z, 9}, ¢= mgXSlép(l — 2¢p(z,y)),

‘Qp(xayﬂ = {’Wp(m7y)’7 ‘WP,I(xvy)L ’Wp,y(‘rvy”}'
Then from (12), for p = 0, it follows that

leﬂ?y(m?y) = (1 - 200(x7y))(f0 - fO) < 6KldQ7

6Klqd(y + zo — ), (z,y) € Bi;
|Ql(x7y)| < 6Klqd(ﬂ§‘ _y)7 (xay) € B?;

6Klqd(l —x+y—x0), (z,y) € Bs.

For p = 1, from (12) we obtain

Waay(z,y) = (1= 2c1(z,9))(f' = f1)
< (1= 2e1(z, )2k (W2, y)| + Wie(z, )| + Wiy (2, y)])

d(6klq)*(y + xo — ), (z,y) € By;
d(GkZQ)Q(x - y)v (.TU, y) € BQ?

d(6klg)* (1 —z +y — x0), (2,y) € Bs,

IN
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hence,
d(6K1q)*(y + o — x)?/2!, (z,y) € B;
Qa(z,y)] < { d(6Klg)*(x —y)*/2!, (z,y) € Bo;
d(6Klq)*(1 —z +y —x0)?/2!, (z,y) € Bs.
Supposo that the recurrence estimates
d(6K1q)P(y + z0 — x)P/pl, (z,y) € By
(2, y)| < § d(6Klg)P(z —y)P/pl, (z,y) € By;
d(6Klg)P(1 —x +y —x0)?/p!, (x,y) € Bs
hold. Then from (12), (21) we have
d(6K1q)"*(y + 20 —2)P/p!,  (w,y) € By
Wottay(z,y) < 4 d(6Klg)P* (z —y)?/p), (z,y) € By;
d(6Klq)P* (1 — 2 +y —x0)”/p!, (2,y) € Bs.

495

Integrating the latter inequality with respect to = from z to z and with respect to y from 0
to y in By, with respect to x from z( to = and with respect to y from xg to y in By, with respect

to x from 1 to = and with respect to y from zg to 3 in B3 we obtain
d(6Klq(y +xo — )P /(p + 1)L, (z,y) € Bi;
Qpri(z,y)| < ¢ d(6Klg(z —y))P™ /(p+ 1)), (x,y) € Bo;

d(6Klg(1 —x +y—x0))P™/(p+1)!, (2,y) € Bs.

From estimates (22) it follows that lim 1Q,(z,y)| = 0, that is, in the set B,
p—00

plig.lo Zp(x7y) = plig.lo V})(.’E,y) = U(.’L‘,y),

hm Zp,w('r? y) = pli{glo Vp@(x,y) = Ug;(.%‘, y)v

p—0o0

lim Zp,y(ﬂ%y) = ph_fgo V}),y(ffay) = Uy(l‘a?/)-

p—o0

(22)

Passing to the limit in (10) for p — oo and differentiating with respect to x and y, we see that

the limit function U (x, y) is solution of the problem (1)—(3).

Let’s prove uniqueness of the solution of the problem (1)—(3) in the set D. To do this,
assume that there exist two solutions, U(z,y) and Z(x,y). We denote W (z,y) = U(z,y) —

Z(x,y). Then we have

(Way(z,y)| = 2K(IW (2, y)| + [We(z,y)| + [Wy(z,y)])-
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Denoting d; = max sup {|W (z,y)|, |[Wx(z,y)|, |[Wy(z,y)|}, as in the previous case, we see
B
that the following estimate holds,

(6Kdi(y +x0 —))P/p!, (z,y) € Bu;
Qz,y)| < (6Kdi(x —y))?/p!, (z,y) € Bo;
(6Kdi(1—x+y—x0))P/p!, (x,y) € Bs,

where p is any nonnegative number. This is possible only if W (z,y) = 0.

It remains to demonstrate that inequalities (20) take place. We will assume that for some
number p,

Zp(&?,y) > U(.%',y), (l’,y) € B.

Then by (19) we obtain

Zp(xay) > Zp—‘rq(x,y), (l',y) €B

forany ¢ € N, hence, the sequence {Z,,(x,y)} does not converge to a solution of the problem
(1)-(3) for ¢ — o0, which contradicts to what has been proved above. Similarly, another
inequalities (20) are proved to hold in the set D and the theorem is proved completely.

Theorem 2. Let the right-hand side of equation (1), f[U(z,y)] € C1(D), and there exist in
the space C*(B) N C(B) a function Zo(x,y)(Vo(x,y)) that satisfies the homogeneous conditions
(2) and the inequalities

Zo(z,y) <0 (Vo(z,y) > 0), (x,y) € B,
Zou(x,y) >0 (Vou(r,y) <0), (z,y) € BiUBs,
Zoy(x,y) <0 (Voy(z,y) > 0), (z,y) € B1U B,
Zou(z,y) <0 (Vou(z,y) > 0), (2,y) € B, (23)
Zoy(x,y) >0 (Voy(z,y) <0), (2,9) € B,

20.2y(%,y) — f[Zo(z,9);0] > 0,  f[0; Zo(w,y)] > 0

(Vouy(@,9) — f[Volz,y);0] <0,  f[0; Vo(z,y)] < 0).
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Then a solution of the problem (1), (2) satisfies the inequalities

Uz,y) <0 (U(z,y) 2 0), (z,9) € B,

Us(z,y) >0, Uy(z,y) <0 (Uy(z,y) <0,Uy(z,y) >0), (z,y) € BiUB;s, (24)

Ug(z,y) <0, Uy(z,y) >0 (Up(z,y) > 0,Uy(z,y) <0), (r,y) € Ba.

Proof. The functions Zy(x,y), Vo(z,y) = 0 (Zo(z,y) = 0, Vo(x,y)) are comparison func-
tions of the problem (1) -(3) and, by conditions (23), ag(z,y) > 0, So(z,y) < 0. According to
Theorem 1 inequalities (20) take place, hence, for p = 0, we obtain (24). Thus, the theorem is
proved.

Consider a system of two linear equation of the form

Zﬂ?y(x7y) = ql(xay)Z(xvy) + Q2(x7y)Z1‘(x7y) + Q3(x7y)Zy(x7y) + fl(x7y)7 (25)

Vay(z,y) = p1(z,y)V (2, y) + pa(z, y)Va(z,y) + p3(z, y)Vy(z,y) + f2(z,9) (26)

with homogeneous conditions (2), where Z(z,y), V (x,y) are the sought functions and ¢;(z,y),
pi(z,y), fi(z,y),i = 1,2,5 = 1,3, are known piecewise continuous functions that satisfy the
conditions

fl(mvy) > 07 i = 1727

q(z,y) <0, pi(z,y) <0, (z,y) € B,

QQ(xay) > 07 pQ(xvy) > 07 (x,y) € Bl UB31
_ (27)
QQ(.’IJ,y) < 07 pQ(x7y) < 07 ($,y) € BQv

g3(x,y) <0, p3(z,y) <0, (z,y) € By UBs,

q3($>y) > Oa p3(x7y) > Oa ($7y) € 32'

According to Theorem 2, solutions of the problems (25), (2) and (26), (2) satisfy the in-
equalities

Z(x,y) <0, V(z,y) <0, (x,y)€ B,
Za:(%?J) > 07 Vz(x7y) > 07 (x7y) € Bl UB37

Zy(xay) < 07 Vy(x7y) < 07 (1"73/) € Bl UB?): (28)
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Z:):(-T7y) <0, Vm(:n,y) <0, (l‘,y) € BZ’

Zy(x,y) > Oa Vy(x7y) > 07 (J;?y) € BQ'

Theorem 3. Let, for piecewise continuous functions q;(x,y),p;(x,v), fi(z,y),i = 1,2,j =
1, 3, that satisfy conditions (27), the inequalities

fl(xvy) > f2(517,y),

QI(xay) < pl(%Q)a (x>y> € Ba
_ (29)
q2(x7y) > p2(£71/)7 Q3(x7y) < p3($,y), (xay) € Bl UB37

q?(xay) < p2($)y)a QS(%?J) > P3(x7y)’ (xvy) € BQ

take place.
Then solutions of the problems (25), (2) and (26), (2) satisfy

Z(z,y) > V(x,y), (z,y) € B,

Zo(z,y) > Vilz,y), Zy(z,y) < Vy(z,y), (x,y) € By U Bs,

th(xay) S Vfb(xay)v Zy(xvy) Z Vy(xvy)a (-T,y) € B2'
Proof. Denoting W(z,y) = Z(z,y) — V(z,y), from (25), (26) we obtain

Way(z,y) = qu(z,y)W(z,y) + g2, y) Wa(x, y) + q3(z, y) Wy (2, y) + f(z,9),
f(xvy) = (Q1(l’,y) —pl(CL’,y))V(CU,y) + (QQ(xay) _p2($7y))vx(x7y) (30)

+ (Q3($,y) —pg(x,y))Vy(:U,y) + f1($7y) - f2($7y)'

Taking into account (28), (29), we have f(z,y) > 0, hence, the solution of the problem (30),
(2) satisfies the conditions

W(z,y) <0, (v,y)€ B,
Wz(xay) > 0’ Wy(xay) < 07 (xvy) € Bl UB?),
Wa(z,y) <0, Wy(z,y) >0, (z,y) € By,

what was to be proved.
Consider an equation of the form
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Lemma. Let the right-hand side of the equation (31), f(x,y,U(x,y)) € C1(D), and the func-
tions V;(x), i(y),1 = 1,2, satisfy the relation

wxmw:mww+/ﬂmmmm
0

1

muwzw@w+/ﬁw@ma

zo

and the consistency conditions (3).
Then the solution of the problem (31), (2) is regular in the set B.
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