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FRACTIONAL DIFFERENTIAL EQUATIONS AND THEIR APPROXIMATIONS
S. Piskarev (Moscow, Russia)

In this talk we have a deal with the well-posedness (maximal regularity) and approximation for
nonhomogeneous fractional differential equations in Banach spaces E:

(Dffu)(t) = Au(t) + f(t), t€[0,T]; u(0) =z,

where Df* is the Caputo-Dzhrbashyan derivative 0 < o < 1, the operator A generates analytic
Co-semigroup, the function f(-) : [0,7] — E is smooth enough.

The same way as in [2-3] we give the necessary and sufficient condition for the coercive
well-posedness (maximal regularity) of nonhomogeneous fractional Cauchy problems in the spaces
Cg ([0,T]; E'). Then using implicit difference scheme and explicit difference scheme, we deal with the
full discretization of the solutions of nonhomogeneous and semilinear fractional differential equations
in time variables and as in [2] we get the stability of the schemes and the order of convergence. Some
results on discrete maximal regularity in L2 ([0, T]; E,,) are presented too.

Follow [4] we discuss also the full discretization of autonomous semilinear problem.

Acknowledgment. The work is partially supported by grant from Russian Science Foundation
N20-11-20085.
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PA3PEIIIMMOCTH HEJIMHENHOTO YPABHEHUS JPOBHOT'O TIOPAIKA
C MHOT'OYJIEHAMMU OT OIIEPATOPOB JN®®EPEHIIMIPOBAHNA
M. B. Ilnexanosa, I'. 1. BaiibysaroBa (Yensi6unck, Poccus)

ITycTn P2(>\) = c¢o + ZCJ)\ + Z C]l)\ A, Qz( ) = dy + Ed)\ + Z d]l)\ A,
Jii=1 4,1=1
co,do,cj,dj,cj,djp € C, 5,1 = 1,2,...,d, Z NN > I/Z/\2 npu Hekoropom v > 0. Uc-
J:1=1 Jj=
d
— . 92 —
nosib3ysi obosuavenust Pr(D,) = ¢o + zjgl Cjﬁj - j%l Cilgm a0 Q2(D;) = do + i Z Jax
d d ) )
Z d]lax (‘)xl = ®(6Ll,bl), HTL — ® (alabl)) Tna = (iEl,...,$n71,an,l’n+1,...,{l/‘d), Tnb =
j,1=1 =1 I=1,l#n
(1, yTp—1,bn, Tnt1,...,Tq), 3AIUIIEM HAYAJIBHO-KPaeByIo 3a1ady s (z,t) € II x [tg, T
Py(Dy) Dfw = Qa(Dy)w + (t — t0)™ ' g(z, Po(Dy) D' w, ... ., Po(Dy) D" w) + f(x,1), (1)
oFw IFw

W(xnaat) = a?(‘%nbat)? k = 07 ]-7

n n
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(Tnast), (Tnp, t) € Iy, X [to, T], m=1,2,...,d, (2)
Py(Dy)w(z, to) = wo(x), D Po(Dy)w(w,to) = wi(x), ...,
D" Py (D) w(z, tg) = w1 (x), x €I, (3)
rJe Dtﬁ — npobrasi npousdBofHasa ['epacumoBa—Kanyro nopsinka 3, 0 < a1 < ag < -+ < ap <

m—1<a<meNneN.

Moo X = {v € B (I1) : 80 (T, 1) = 98 (i 1), Fnas Tty € Tk =0, 1} e r € N,
r>d/4,Y =H?>(), L=P(D;), M =QyD,). TormaL, M € L(X;)), r.e. muHeiiHble HeIpe-
pBIBHBIE onlepaTopsl, Aeiictytomue u3 X B V. Ilpu ky, € Z, n =1,2,...,d, obosnaunm A\, = bi’:"?an
k= (ki,ki,. . ka) € Z% M = (Meys Mgy - -+, Aky)s @ = (31,32, ..., 24), pk(T) — OpTOHOPMHEpPOBAH-
ublil 6asuc B Lo(I1).

Teopema. Ilycts a > 1, o, <m — 2, ¢ > (a —m + 1)7!, maoxkecTBO

o={A€CT XN = Mgy, Mgy -+, Aiy)s K1, K2y oo kg € 2}

HE COIEPIKUT HyJleil Muorowienos Py u Qo, f € C™([tg, T); H?"(I1)), g € C*°(II x R™ R), uacTubie
[IPOU3BOJIHBIE ¢ JI0 HOpsiyika 27+ 1 BKItounTebHo orpanndensl Ha I xX R™, (wy, p) = 0 nupu Pa(\g) =
0, 1=0,...,m— 1. Torna cymecTByer eIUHCTBEHHOE CHUIIbHOE pemtenue 3aaqdu (1)—(3).

Buaarogaproctu. Pabora mnomjep:xana Poccuiickum hoHIOM (DyHIAMEHTAIBHBIX HUCCIIEI0BA-
auii, rpantsl 20-31-90015 u 21-51-54003.

NCCJIEAOBAHUE IBNKEHUA CIIOPTCMEHA
HA ITUHAMNYECKOM YPOBHE
A. E. ITokatunos, A. M. Tansmak, FO. B. Boponosuy (Morusiés, Bemapycs)

[Ipososzkast ucciie/oBalusl, HaYaThle B |1, onpejesmm uHaAMIYECKOe YCKOPEHHE YIPABJISIOIIIX
MOMEHTOB M ;1 MBIIIEYHON CHCTEeMBI CHOPTCMeHa KaK MX BTODPYIO IIPOU3BOJHYIO II0 BPeMeHHU U
00603HAMUM CUMBOJIOM aypy, ;- s yupasysiomero momenta M; ;1 orHOocuTesibHO cyctaBa O; OHO
BBIYHUCISIETCST TI0 POPMYJIE

N N N N
ap,,_, = —gz Ci;Q;isinQj — gz CZ-JQ? cos Q; + ZZAij(IV)k cos (Qr — Qj)—

j=i j=i k=1 j=i

N N
i (Qr = Q) sin (Qu = Q1) = 0 D Ayl (@ — Q) sin (Qx — @)~

Mz

D)

k=1 j=1 k=1 j=i
N N . . . N N
=Y Ak (Qk - Qj) sin (Qk — Q) — ) Z A Qp (Qk: - Qy) cos (Qr — Qj) —
k=1 j=1 k=1 j=1
N N . N N
=D 24508 sin(Qr — Q) — Y D 245QuQ sin (Qk — Q) —
k=1 j=i k=1 j=i

N N
_ Z Z 244 QrQr (Qk — Q]> cos (Qr — Qj)—

k=1 j=i

N N
_ Z ZAiji (Qk - Q]> cos (Qr — Q)+

k=1 j=i

N N
+3 0N AuQs (Qk - Qj)QSiH (Qr — Qj),

k=1 j=i
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