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La(t) = Mu(t) + N(t,u(t)), te (t,T), (2)
i and ¥ arc Banach spaces, L € L4 F), ker L # {0}, M e CI{iL; F),
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V(M) ={peC: (uL — M) e L(F )}

Ry(M) = (uL— M)™'L, LL(M)=L{pL— M)

P r
Ri (M) = kﬂo RL (M), LT, (M) = kHo LL (ur)



Definition 1. Opcrator M is strongly (L, p)-scctorial, if
(i Jae R3bE (w/2,n) Sup={p € C: |aglp—~a)| <6} oL (M);
(i) 3K € Ry Yy € S,k =0,p,

K
L ; L .
masc { || BE, o (M) | sy, 12, (Ml | < 5 ;
I1 [px —ql
k=0
(iii] there cxists a densc subspace § in § such that
o const( f o
|MOL - MY~ LR, () llg < M) vfes
(A—a| [] |ug —al
k=0
for all A, pg, f1, -5 Hp € S, 63
(iv) for all A, pg, pi1, ..., tip € Sy 9
K5

1B, (ML = M) g <

- .
A —af ][] |pg —al
k=0



Theorem 1 [3]. Let operator M be strongly (L, p)-scctorial. Then
Hu=wod,3=30F,

(it) L, € C(U5: &5, M e CUUF: FF). k=0, 1;

(iii) there exist operators ﬂi’o_l e L(F5 U0 u Ll_l e C(gLub);
(1v)

iv) operator H = My ng & ﬁ(ﬂoj is nilpotent of the power not greater than

P
(v) there exists strongly continuous in origin and analytic semigroup {U(t) €
L) |argt| < 8 — x/2} of the cquation Li = Mu;
(vi] opecrator Ll_lflfl = C!,(ill) gencrates nondegencrate anahtic scmigroup
() =U®)| €Ul : |argt| < 8- n/2}.
1

il
REMARK 1. Denote by P (Q) the projector along 4° on 4! (along Y on F1). It is

fulfilled QL = LP, QMu = M Pu for all u € domAM. The operator semigroup of
the equation L&t = Mwu in the case ker L # {0} has a nontrivial kernel coinciding

with 4" and containing all M-adjoint vectors of operator L with height < p.
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For generator A € CIUY) of nondegencrate analytic scmigroup construct an
continuously invertible operator A; = A — &F with sufficiently great 8 € R. Then
subspace {3, = domAY¥ C U is Banach space with the norm ||ullq = | AT |1,
a > 0.

Let operator B mapping open set U/ C R x ilé“ a € [0,1), to b and satisfics
the local Holder condition with respeet to £ and the local Lipschitz condition
with respect to w on U. In other words, for any (¢1,%;) € U there cxists its
ncighbourhood V' C U such that for all (t,u), (s,v) € V || B(t, u) — B(s, )]s <
C(|t — s|? + ||u — v||a), where C, 8 € Ry



DEFINITION 2. Let a function v € C{[tp, T);4!) satisfics the condition (1),
for all £ € (to,T') it is fulfilled that (£, u(t)) € U, u(f) € domA, there exists a

derivative 4(t), mapping ¢t — B(t, u(t)) satisfics the local Hélder condition,

t
Bt u(®)|«.
/H b uDlllgrye o o Eeodorll
(t —8)
g

and for (fy, T') the equation
w(t) = Au(t) + B(t,u(t)) (3)
is fulfilled. Then w is called the solution of the Cauchy problem for the cquation
(3).
Theorem 2 [5]. Let operator A is sectorial, mapping B : U — UL satisfies the
local Hélder condition with respect to t and the local Lipschitz condition with

respect tow onopen st UV C R % ﬂé? a € [0,1). Then for any (tg,ug) € U there
exists T' = T(tp, ug) > ty such that the problem (1), (3) has a uniquc solution on

(to, T).



OIPEARJIEHLIE 3. Let operator N @ U — F is defined on set U € R x 4L
Let a function uw € Ciltg, T); 4) satisfies the condition (1), for all ¢ € (tg,T) it is
fulfilled that (¢, u(t)) € U, u{t) € domM, there exists a derivative %(t), mapping
t — N(t,u(t)) satisfics the local Hélder condition,

N u(t

S]ﬂ

and for (tp, T) the cquatlon (2) is fulfilled. Then u is called the solution of the
Cauchy problem for the cquation (2).

Theorem 3. Lot operator M is strongly (L, p)-scctorial, opcrator N - U — §
is defined on sct U € R x @ UL, o € [0, 1), satisfics the local Holder condition
with respect to t and the focal Lipschitz condition with respect to % on open
sct V = UNR x U, in the space R x L, besides, imN C §'. Then for any
(g, up) € V there exists T = T'{ty, ug) = tp such that the problem (1), (2) has a

unique solution on (g, T').



PROOF. Acting by operator Ll_lQ oot
o= L' Myv+ LTIQN{ v+ w), (4)
where Pu(t) = v(t), (I — P)u(t) = w(t). Acting by M’D_l(f— @) get the equation
Ho=wt+M; (I -Q)N(tv+w). (5)
The problem (1), (2) is reduced to the Cauchy problem w(iy) = Pug, wiip) =
(I — P)ug for the system (4), (5).
If imN € §' then (7 — Q)N = 0 and the cqution (5) has a form
Hw(t) = wt)
and has only trivial solution w = 0 beeause H is nilpotent. The Cauchy problem

w(ty) = (I — P)ug for it has a solution if ug € L3, i. c. (to,up) € V. Then the

cquation (5) has a form
o= Lt Mv+ LTIQN(t, ). (6)

In the next theorem consider the case N(t, u) = N(t, Pu).



Theorem 4. Lct operator M is strongly (L, 0)-scctorial, operator N : U — §
is continuously differentiablc with respeet to (£, ) in the scnse of Frechet on open
set U C Rx M@ YUL. o e [0,1). Besides, supposc that for all (t,u) € U, w e 4°
the relations (t,u +w) € U. N(t,u) = N{{,u + w) arc fulfillcd Then for any
(g, up) € U such that

(I = P)ug = — My (I — Q)N{to, Pu), (7)

there exists T = T(tg, ug) > to such that the problem (1), (2) has a unique
solution on (ty, T).
PROCF. We have N(t, u) = N(t, Pu), (tp, Pug) € U. Acting as before get the

system of the cquation (6) and the cquation
0=w+ M, (I —Q)N(t,v), (8)
beeause H = 0, when p = 0. Express the solution w(i) = —M’D_l(f— QIN(t, v(t))

of the cquation (8) through the solution of the cquation (6). It will be the solution

of the Cauchy problem w(0) = (I — P)ug if the condition (8) is satisfied.



Leta,b,a,8, A € R, a < b. Consider the problem

ulz,ty) = up(z), =z €(a,b), (9)
gi(a t) + Au(a,t) = gn(b t) + Au(b, t) =
g—z(a, t) + Avla,t) = g—z(b,t) + dv(b,t) =0, te(ty,T), (10)
up(e, t) = ure(x,t) —ver(m, t)+ f(t, x, ulz, t),v(z, 1)), (x,t) € (a,b) x(ty,T),
(11)
ver(Z,t) + Bu(zx, t) + aulz,t) =0, (z,t) € (a,b) x (t5,T). (12)

Unknown functions arc u(z, t), v(z,t).
REMARK 2. The lincar part of the system (11) — (12) coincides with the lincar

part of the system of phase space equations.
Take §f = § = (Ly(a, b))%,

: & —32 % : &
L= (l D) e dx? 83:;2 . N(t,u,v) = (f(t, :u()zv( )))?

00



H;%ﬂ'@ ) = {we Ha,b) : (£ + A w(a) = (£ + ) w(b) = 0}, domM =
(H | ()%
gﬁ‘i’)’u
Denote Aw = wyy, domA = H5 +A(a’b) C Lola,b). Using the scetorial

dn

opcrator A construct operator A; and spaces Hy = D(AT), a > 0.
Before it was shown that in the casc of —3 € o(A) opcrator M is strongly
(L, 0)-scctorial,

B I 0 (T AB+AT
P( ;3+A)10>’ Q(o 0 )

Then 49 = ker P = {0} x Ly(a,b), 4! = mP = {(u,—of8 + A)lu) €
(Lo(a, b)) : u € Lofa,b)} is isomorphic to Lo{a,b) x {0}, § = imQ =
{(u+ A(B+ A)7'v,0) € (Lo(a,))* : (u,v) € (L2(a,8))*} = Ly(a, b) x {0}.



Theorem 5. Let —3 € o A), function f : R x [a,b] x R x R — R is measurabic
with respeet to x, satisfics the Iocal Hélder condition with respect to t and the
local Lipschitz condition with respect to w uniformiy with respect to x for v =
0, besides, |f(t, z,u,v)| < h{z)g(d, |ul|,|v|). where h € Lo(a,b). function g is
continuous and Increasing with respect to sccond and third arguments. Then for
any (tg,ug) € R X Hy, a € (1/2,1), there exists T = T'(ty, ugy) > to. such that
the problem (9) — (12) has a unique solution on (g, T').



Consider the problem (9), (10) for the similar system
utlf.?}, t) o uII("T: t) il ?‘JII("TJ t) i f(t:l U‘("T: t)): ("T: t) < (ﬂ, b) X (t[}: T): (J_S)

veplx, t)+ Bulx, t) +aul(x, t) +g(t,u(z, 1)) =0, (z,i) € (a,b) x (5, T). (14)

Here
12
N(t,u,v) = ft,u) .
g(t, )
Theorem 6. Lot —3 € o(A), functions f ' RxR —=R, ¢ : RxR — R arc
continuously differentiable with respect to (t,u). Then for any (tn, up) € R x Hy,

a € (1/2,1), there cxists T = T(tg,up) > tg such that the problem (9), (10),
(13), (14) has a unique solution on (tg, T').



