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CONG THUC TAYLOR DOI VO‘IJTOI\N TU SAI PHAN
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1. Gik st X I3 mdt khong gian vecto trén trudmg vé huémg 7 (F =R hoic F=C), X Ia
khéng gian c4c day vé han z = (29, 21,...) (2o € X, n=0,1,...) v6i c&c phép toin ty nhién
irén diy (phép cdng hai ddy va phép nhan diy véi dai lwong v6 huéng). T4p hop tat ci cc todn
s tuyén tinh téc dung trong X dwoc ky hiu béi L(X), Lo(X) = {4 € L(X) : dom A = X}.
Ky hiéu R(X) 1 t4p hop t&t cd cdc todn tir khd nghich phdi trong L(X). Néu D € R(X) va
3R € Lo(X) sao cho DR = I thi ta viét D € Ro(X). Ung véi m8i D € R(X), ky higu Rp va
7p lin lwgt 13 tap cdc nghich ddo phai va ton td ban ddiu cda D. Khi F€ fp va Re Rp ma
7R = 0 thi ta néi F 13 toén ti twong ¥mg véi R. Tép hop tdt cd céc todn ti Volterra trong Lo(X)
twoe ky higu b&i V(X). Viy A€V(X) — domA =X, InA C X va 3(I + 2A)™' VA€ 7.

Gid stk ¢ = (Bo,B1,.-.), Bo # 0 va f; € 7, Xo = lin{e}.

Ung véi trong cho trwée bty § p = (po,p1,--.), Pn € 7 ta xét chc ton ti tuyén tinh xfc
linh theo cic cong thérc sau:

Dpz = {Zn+1 ~ Paza} (1)
Rpz=y; =0, y=2,
n-1 n
Yn+1 = Tn + Z H Pz, n=12,... (2)
k=0 j=k+1
A5z = =22 {frs ~ pnbn)} ®
Dy:=Dy + 4, (4)

<hi d6 c6 céc két qua sau ddy.
38 a8 1. (3, ker D, = Xp
B3 de 2. Ds'z=yv6ri Yo = zN,
N N-i
Yn = zn+tvl'¢‘;(—-l)"(‘ll Eh nPn-Hn ---Pn+m)=n+n-i (NeN, n=12,...) (5
i= e

Chiéng minh. D3t

N-i

S = E PrtithiPrtleks - Potitk, (1S k3 <o < k)
Ky ki=0
N=i+1
Q= 3 PiemiPurk s Posts - (b Sk S S ki)
Ryvki=0



Khi 46 d& dang kiém tra ding théc sau

N-i+1

Si+pnQi-1 = E PrthiPtks - Ptk (k1 Ska <o < ki)

ki ki=0
St dung (6), bing phwong phép qui nap, ta cé
DY*'z = D,DY z= Dpy= {yn+1 - paYa}

trong dé

N N
Ynt1 = Tnt1an + 3 (=) SiZnaren—i = Znsien + 3 (1) SiZns14ni = SiZnrn

i=1 i=2
N+1

N
PaYn = PrZasN +Pn 9 _(~1)' QiZntN—i = Pazntn +Pn I (~1V 7 Qj-1Znr14n-5

i=1 =2

N
= Pznsn = Pn 3 (~1)7Q; 1Zns14n—+ (-1)¥ Quzn
j=2

Wi Qy =p} nén
N
Patn = PaZnsn =P Y (~1) Qi-sznsrsn—i + (~1)VpN 2,
i=2

Ap dung (6) ta dwoc

N+1 N41-i

Ynt1 = Patn =Znsitn + 3 (<1 Y Patkieo Prar)asnion (ki <
0

i=1 Ky ki=

Ciing bing phwong phép qui nap, ta d ding kiém tra ding thic sau
B3ds 8. VNeN*t,

ANz = (=1)¥ (pz = p181)Y g7V {Bns11 — Pubnzr}

Hé qua 1.
N _ DN 4N
b} =Dy + A}

(6)

<k) O.

(O]

Twong tw, ¢ng véi m8i N € N+ cho truée, tosn ti }_Z‘f' xéc dinh theo céng thérc (7) 1 nghich

dlo phai cda I')p”.
RNz=y véi

0 khi n=0,1,..., N,

zo khi n=N
g n=N N=i
Zn-nt L ( % Pi+k|---P-‘+h..-n—«)’|'
s=1 “kikaoy-i=0

(ki< <kn-n-i) n=N+1,...

9

(M



Hé qud 2.
DN = RN-', NeN* (8)

Hé¢ qud 3. Toén t& ban d3u F, cda D, twong ¢mg véi nghich ddo phii R, cda D, dwge xéc dinh
theo céng thic
Fa=22c v6i e=(fol,Al,...) . @
Tir cdc két qud trén, ta c6 thé phat bifu dinh If khai trién Taylor dwéi dang:
Dinh Iy 1. YN € N* d%u c6 bidu dién

N-1
I=F,+ Y RFF,(D,)*+RNDY
k=1
trong 6 D¥, R* va £ Iin lrgt dwoc x4c dinh theo céc cong thire (6), (7) va (9).
P P

2. Ap dung.
a) Xét phwong trinh sai phan bac nhat véi trong p v3 véi nhin 13 khéng gian con Xo:

Bie— oy yex (10)
Fpz=u, u€Xo (11)
Viét (10) duéi dang:
bv(l 75 ,\}.Z,,)z =y
(I-AR)e=Ry+2, z€Xo
St dung (10), ta dwoc (10)-(11) twong dwong véi phwong trinh
(I-AR)z=Ry+u (12)
Bdde d. R, ev(X)
Chiéng minh. Thit viy, phwong trinh
(I-2R)z=v, veX

ludn ludn c6 nghiém duy nhét x4c dinh theo hé thirc truy hdi

Zo = Yo
n-1k
Tnt+1 = Untl +1\(”n + 3 [Iton-i+ /\)"n-k)-
k=0i=1

Vay P
(I-)R,)™*  VYA€F hay RyeV(X)

Ap dung'B8 4% 4, bai todn (10)-(11) ludn ludn 6 nghiém duy nhit x4c dinh theo cong thirc

z = (zg, T1,...)

zo= v
n-1 k

Tntl = Ut + )\(un + Z H(an‘ + ’\)Vn—-k)
k=0i=1
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Vé6i v = Ryy +u, R, x4c dinh theo cdng thic (7).
) Twong tw, xét bai todn Canchy d8i véi todn ti sai phin bc cao cé trong bién thién p cho

truéc
N -
> MDiz=y, yeXx (13)
=0 Z
FDfz=u*, veXo, k=01,...,M (14)

JoAniAneT Aw=1
Viét phwong trinh (13) dwéi dang
~ N : N Nl i
DY (L MRy iz) =y LNRY = RYy+ 3R
3=0 j=o j=0

ZieX, j=0,1,...,N.
K&t hop véi digu kién ban d3u Cauchy (14), bai todn Cauchy (13)-(14) twong dwong véi
phwong trinh

N i . N-1 o
SNRN o= RYy+ Y RiW (15)
=0

=0
Gid stk ty,t5,...,t, 13 c4c nghiém cda da thic
N
P(t) =3\t

=0

Khi dé .
7. W . z N-1 =
(18) — [T -t;R)s = RYy+ Y~ Riw (15
=1 =1

Nghi¢m cda phwong trinh (15°) dwoc tinh theo cdng thirc truy hdi (dwa vao két qua cda bai
todn (10)-(11) theo cic nghiém:

-tk = By +

(I - txRy)ek*t = o5, &

z=2a"

Viy bai todn Cauchy (13)-(14) luén luén c6 nghiém duy nh&t x4dc dinh theo cdng thitc

I=Z~
K k k
z* = (25, 2},.-.)
ok

n-1 j
At =y 2 (A + X [Tones+ ia)ehey)

j=0i=1
¥ e
n-1j
Znyr = Va1 + A(Un + z H(Pn—j + ‘1)"»—:‘)
. j=0i=1
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- N=1 o o
Véi v=RNy+ ¥ Riv’ (n=0,1,2,...)
i=1

R} xic dinh theo cdng thirc (7)

c) Dwa vio céc biéu thirc twdmg minh cda (I — AR,)™! ta c6 thé xiy dung dwoc cic him s3
lrgng gidc co bin trén diy.

VAEF, dft er=(I-AR)™}
Khi dé, VZ € X, tacé
n-1 k
ex(z) = t{Busr + Mo+ Y L (pnor+ Moo}
k=014=1
trong d6 z=te, t€ 7.
Dinh nghia céc him cos va sin theo céng thic Buler
1
ea(z) = 3 lexil) + e-ail2)]

ax(8) = %[e“(z) — exil2)]

ta thu dwge céc bidu thérc twdng minh cda cic ham s§ cos va sin :

n-1

k k
ex(z) = {ﬂn+l‘l + %z [H(p.._, +iN) + D (onej — iA)]ﬁn_kcI}
k=1 j=1 i=1
a=1_h k
s = {Buser+ 5 5 [ ones ) - ILones = 0] et}
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TAYLOR FORMULA FOR WEIGHTED DIFFERENCE
OPERATORS AND ITS APPLICATIONS

Nguyen Vu Luong
Faculty of Mathematics, Hanoi University

The paper deal with operators of the from Dyz = (Zn+1—pen). We find a evident form of Rf,
D:. We present in evident form the Taylor formula for weighted difference operators. Moreover,
we find general solutions of Cauchy problem with scalar coefficients and general form of sine and
cosine elements in sequences.



