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TOM TAT— Bai bdo nghién ctru bai ton Robin-Dirichlet cho phwong trinh séng phi tuyén kidu Kirchhoff-Carrier chia sé
hang dan hdi nhét. Bang cach st dung cong thitrc Taylor dé khai trién s hang phi tuyén dén cip N, ching tdi thiét 1ap mot
khai trién tiém cin cip cao theo mdt tham s6 bé ctia nghiém.

Tir khéa— Phuong trinh s6ng dan hoi nhat, ki€u Kirchhoff-Carrier, bai toan Robin-Dirichlet, Khai trién tiém can.
I. GIO'1 THIEU

Trong bai bao nay, chiing t6i nghién cttu bai toan nhiéu nhw sau, trong d6 & 1a moét tham s6 bé, véi |g| <1:

U, — AU, —%[B[u](x,t)ux} + jot g(t—s)u,(x,s)ds

(P) =F [u](xt),0<x<1,0<t<T, (1.1)

u (0,t)—u(0,t)=u(1t)=0,

u(%,0) =, (x), U, (x,0) = G, (x),
trong do
B[u](x.t) = B(x tu(xt),Ju®[ . Ju, 1),
F

0l = 1]+ e, ful (), a2
f [u](x.t)= f(e,xt,u,u,u,),
f

L [u](x.t) = f,(e,x.t.u,u,u,),

va A>0cho truéc; 0,,0,,B, g, f, f; 1a cdc ham s6 cho trudc thoa cac diéu kién ma ta sé chi ra sau.

Trong phwong trinh (1.1)4, s6 hang phi tuyén B(X,t, u (X,t),"u(t)”2 uy (t)||2) phu thudc vao cac tich phan:

1 1
Ju®l" = fju*(xdx u, @ = [ uf (x ax. (13)
Khi1=0,9 =0,B =1, trong [3], Long di nghién ctiru khai trién tiém cin theo mét tham sé bé ¢ cia nghiém bai
toan gia tri bién va ban dau (1.1) lién két véi diéu kién bién Robin u, (0,t)—hu(0,t)=u, (Lt)+hu(Lt)=0.
Nam 2010, trong [5], Ngoc va cac cong sw thiét 14p sw ton tai duy nhit nghiém yéu cha bai todn Dirichlet khong

thuin nhit cho phwong trinh séng Kirchhoff-Carrier sau

U, —%[B(x,t,u,"uxnz)ux}: f(xtuu,u,),0<x<,0<t<T,

u(0,t)=g,(t),u(Lt)=g,(t), (1.4)

u(x,0) = 0, (x),u; (x,0) = Gy (x),

trong do 0,,0,,B, f,d,,0;, 1a cAc ham cho trwdc thod mét s6 diéu kién thich hgp. Hon nita, duéi cac diéu kién

phtt hop trén cac ham cho trwéc, mét khai trién tiém cin cta nghiém Bai toan (1.4) theo p tham sé bé g,---, £,

* Coressponding Author
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p p
xudt hién trong cac s6 hang phi tuyén B va f ma trong d6 B va f 1an lwot dwoc thay béi B + Zgi B vaf+ Zsi f,

i=1 i=
cling da dwoc thiét 1ap.

Nam 2019, trong [6], Ngoc va cac cong sw di chitng minh dwgc s ton tai duy nhit nghiém yéu cta bai
todn Robin-Dirichlet thuin nhit cho phwong trinh séng Kirchhoff-Carrier sau:

Of Ju. |
s)||2)ux (x,s)}ds

(t)||2),0<x<1,0<t<T, (1.5)

0
oo~ = L xtu (). oo

#9092 (xsu(xs) Ju(s)f o

u (0,t)—hu(0,t)=u(1t)=0,
u(x,0) =0, (x),u,(x,0) =0, (x).

= f(x,t,u U, U, ||u(t)||2 u

Mot khai trién tiém cin ctia nghiém bai todn (1.5) theo mot tham s8 bé xuit hién trong cic sd hang phi tuyén ma
trong d6 f dwocthay béi f + &1, cling da duwgc nghién ctru.

C4u tric cua bai bdo nay dwoc chia thanh cac phan nhw sau: Trudce tién, chiing tbi sé gidi thiéu mot s6 ky hiéu,
dinh nghia va cic khong gian ham cung cic b6 dé cin thiét trong Phin I1. Tiép theo, ching toi sé phat biéu dinh ly
vé su ton tai duy nhat nghiém yéu chia bai todn c6 dang (1.1) trong Phan III. Cudi cung, trong Phén IV, ching tbi
thiét 1ap mot khai trién tiém cin clia mot nghiém yéu cta Bai toan (1.1) dén cip N+1 theo mot tham s6 bé & .

II. CONG CU

Trong phan nay, ching toi sé gi¢i thiéu mot s6 ky hiéu, dinh nghia va cadc khéng gian ham cung cic bd dé cin
thiét trén cac dir kién cda bai toan (1.1) nhw sau.

Pat Q=(0,1). Chung ta bd qua cac dinh nghia clia cac khong gian ham théng thwong va ky hiéu chiing bang cac
ky hiéu C* =C*(Q),L° =L°(€2), H" = H™(€2). Ky hiéu (-,-) 1a tich v6 hwéng trong L hodc cip tich d6i ngiu cua
mot phiém ham tuyén tinh lién tuc véi mét phan tir cia khong gian ham. Ky hiéu |||| chi chuén trong L*va ||||>< la
chuin trong khong gian Banach X. Ta goi X’ 1a khong gian d&i ngau cta X. Chung t6i cling stt dung cac ki hiéu:
ck ([O,T]; X ), L (O,T; X) dé chi khong gian cac ham kha vi lién tuc c4p k tir doan [0,T] vao khong gian Banach X,

khong gian cac ham u:(0,T) — X do dwoc, sao cho ||u||Lp(OT_X) < 40, v&i

(j"w)"dq 1< p <0,

" "L"(OT x)

esssup|ju(t)], . p = +oe.
0<t<T
, " au o%u .
Ta viét u(t),u’(t) =u,(t),u"(t) =u,(t),u, (t),u, (), lan lwgt thay cho u(x, t) (X t) ( , ),&(X,t),y(x,t). Véi
f eC*([0,1x[0,T *]xR®), f = f(x,t,yl,yz,ys),(x,t)e[O,l]x[O,T*],(yl,yz,y3)eIR3, ta dit Df :(;i,
X

D, f :%, D,,f =%,i =13 va D*f =D..D%f, a=(a, 0 ) € Z°, || = ++--+as <k, D f = f,

Tuong t, véi BeC*([0,1]x[0,T*|xRxR?),B=B(xt,2,2,2,),(xt)€[01]x[0,T*],(2,2,,2,) e RxR?, ta dat

D@:%, D,B = aas DHZB—SB j=1--3 va D’B=DA.D&B, B=(B. - B) e, |fl=B++PB <Kk,
Z.

]

DB = B,
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1/2

Trén H' = H'(Q), ta s& dung chudn sau day: |V, = (||V||2 +|v, ||2)
Tadit V ={ve H'(0,1):v(1)=0} va
a(0.1) = (0,1, ) +0(0)w (0) = [ o, (X)w, (X)dx+0(0)w (0). Voo V. (2.1)

Khi d6, V 1a khong gian con déng cha H' va trén V ba chufin vis ||, v |v,[va vie|v], =a(v.v)la
twong dwong,.
Mit khac, V nhiing lién tuc va tra mat trong L?. Ta dong nhat L* véi (L2 )I (d6i ngdu cta L?), ta cé (L2 ), nhing
lién tuc va tri mat trong V'. Chu y rdang, ky hiéu <-, > cling dwoc st dung dé chi tich ddi ngiu ctia V va V',
Ta c6 cac b dé sau day:
Bé dé 2.1. Cdc phép nhiing H* — C ([0,1]), V>C ([01]) la compact va

0 Moy <2 v,

(@) [Mleoq) <l <M, Fvev,

L 1
i) —=|\v| . <[V |||V V2|V
(i) vl <[l <[V, < V2]

B dé 2.2. Dang song tuyén tinh a(-,-) dwgc xdc dinh béi (2.1) la lién tuc trén V xV va cwéng birc trén V , nghia la

o YveV.

() [a(uv)<2]u|m]. vYuvev,
(i) a(v,v)2||vx||2, weV.

Trong bai nay, chiing toi cling st dung cac khong gian Banach
V; ={vel"(0.T;V AH?) v e L°(0,T;V nH?),v" e L*(0,T;V)},
wl(T)={v6c([o,T];v)mcl([o,T]; L?):v'e L2(O,T;V)},

cung cac chuin twong &ng lan lwot Ia

"V"vT =max {”V”L”(O,T;VmHz) ;"V‘ L*(0,T;VAH?) ;"V ""LZ(O,T;V)}’
"V"wl(T) = "v"c([o,T];V) + "V I||<:([0,T];|_2) + "V I"LZ(O,T;V) '

I1I. SU TON TAI VA DUY NHAT NGHIEM YEU

Trong phan nay, ta phat biéu két qua sw ton tai nghiém yéu dia phwong cho bai toan (3.1), (3.2) nhu sau:

U, — AU, —%[B[u](x,t)ux}ﬁg(t—s)uxx(x,s)ds

=F[u](x,t),0<x<1,0<t<T, (3.1)
u (0,t)-u(0,t)=u(1t)=0,
u(x,0) = by (x), u, (x,0) = Gy (x),

trong do
B[u](x.t) = B(xt.u(x.t),Ju®[ . Ju, O )
Flul(xt)=Fxtu(xt),u'(x,t),u, (xt)).

Trwéc hét, cho trwede T* > 0c¢o dinh, ta thanh 14p cc gia thiét sau:

(3.2)
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(H,):0,,0, eV H?, Uoy (0)—1]0 (0) =0;
(H,):geH'(O,T);
(H,):B eC'([0,1]x[0,T"]x RxR? ),
b, > 0:B(X,t, Yy, Y50 Y5 ) 2 b, V(X4 Y1, ¥, ;) € [0,0%[0, T Ix Rx R?;
(H,):F eC*([0,1]x[0,T"]xR’)
F(Lt,0,0,y,)=0,V(t,y;) [0, T xR
Ta dinh nghia ula nghiém yéu cda bai toan (3.1), (3.2) néu
ueVy ={vel"(O,T;V AH?):v' e L*(0,T;V nH?),v" e *(0,T;V) nL*(0,T; L)}, (3.3)
va U thod phwong trinh bién phin nhw sau:
(u"(t),v)+2a(u'(t),v)+Afu](tu(t),v)=(F [u](t),v>+.[otg(t—s)a(u(s),v)ds, (34)
véimoi veV vahauhét t e(0,T), lién két véi didu kién dau
u(0) =ad,,u'(0) =0, (3.5)

trong d6, {A[u](t; . )} 12 ho cac dang song tuyén tinh xac dinh trén V xV dwoc xac dinh béi:

Alu](tow) = <B[U](t)(px,l/lx>+ B[u](0,t)¢(0)y (0),Ve,p eV,0<t<T. (3.6)

Cho truéc T*>0c6 dinh, véiméi T €(0,T*]vaM >0, ta dat

W(M,T)=<veV, :|v|, <M},
(M.T)={vevs : |y, <m] o)
W, (M. T)={veW(M,T):v" eL” (0T;L°)}.

Khi d6, ta cé dinh ly sau day:
Pinh ly 3.1. Gid sk cdc gid thiét (H,)—(H,)ding. Khi dé, ton tai cdc hing s6 dwong M va T sao cho bai todn
(3.1), (3.2) c6 mot nghiém yéu duy nhdt ue W, (M,T).

Chitng minh Dinh ly 3.1. Do khudn kho han ché s6 trang ctia bai bdo, ching t6i néu phac hoa chirng minh dinh ly
nay nhuw sau.

Chiing tdi sir dung phwong phép x4p i tuyén tinh bang cach thiét 1ap day qui nap tuyén tinh {u, } nhw sau:

(i) Chon bwérc 1dp ban dau u, =0.
(i) Gid st rdng u, , € W, (M, T).
(iii) Tatim u, e W, (M ,T) (m > l) thod bai toan bién phan tuyén tinh:

{(u; (t).v)+2a(uy (t),v)+ A, [u](tu, (t).v) =(F [umfl](t),v>+J.;g(t —-s)a(u, (s),v)ds, WweV, 38)
Uy, (0) =0y, ur, (0) =,
trong do

Alu,, |(tu,v)=(B[u,,](t)u,,v,)+B[u,,](0,t)u(0)v(0),vVu,veV;

B[u,](x.t)= B(x,t,unH (%,t), [l | ,||Vum71(t)||2); (3.9)
Flun. J(xt)=Fxtu,, (x.t),ur (1), Vu, . (X,1)).
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Sw ton tai ctia diy qui nap tuyén tinh {um} nay dwoc chitrng minh dya vao phwong phap x4p xi Faedo-Galerkin

(xem Lions [2]) két hop véi cac danh gia tién nghiém twong tw nhw trong [6].

Ngoai ra, sy hoi tu manh trong W, (T) cta day {u,} vé nghiém yéu u ctia Bai toan (3.1), (3.2) ciing dwoc chirng

minh. Hon nita, tinh duy nhit nghiém yéu cta Bai toan (3.1), (3.2) cling dwgc chirng minh nho vao B6 dé
Gronwall.

IV. KHAI TRIEN TIEM CAN CUA NGHIEM THEO MOT THAM SO BE

Trong phin nay, ta xét bai toan (P, ) phu thudc vao tham s bé ¢, véi |¢| <1:

0 t
U, — AU, —&[B[u](x,t)ux]ﬂ‘o g(t—s)u, (x,s)ds
(P) =F [u](x,t),0<x<10<t<T,
u (0,t)-u(0,t)=u(Lt)=0,
u(x,0) = b, (x),u, (x,0) = 0, (x),
trong do,

B[u](x.t) = B(x tu(xt),Ju®[ . Ju, 1),
F ) = Ll e, ul(x). -
f [u](x.t)= f(e,xt,u,u,u,),
f, [u](x.t)= f.(e,x.t,u,u,u,).
Ta gié st ring cac gia thiét (H,)—(H,) ding, dé thiét 1ap mot khai trién tiém can cia nghiém theo mot tham s&
bé & cho Bai toan nhiéu (P, ), ta cin b6 sung thém cac gia thiét sau day:
(H"):BeC"*([0,1]x[0, T x RxR? ),
b > 0:B(X,t, Y., Y, ¥s) 20, V(XL Y1, Y, Y5 ) € [0,40%[0, T [x Rx R;
(HM):f e ([-1,2]x[0,1]x[0, T ] R?)
f(£1,1,0,0,y5) =0,¥(z,t,y;) e [-11]x[0, T xR,
(HM):f, e CM ([-L1]x[0,1]x[0, T Ix R?)
f,(,1,4,0,0,y,) =0,¥(&,t, y;) € [-L1]x[0, T IxR.
Dudi cac gia thiét (Hl)—(Hz),(HgN))—(HéN)) va do cac két qua cta Pinh 1y 3.1, Bai toan (P, ) c6 mot nghiém yéu
duy nhit u phu thudc vao ¢ vata ditténla u,. Hon nira, do |g| <1, dung kj thuat chirng minh trong Pinh ly 3.1,

ta c6 thé chon dwgc hai hing s6 dwong M,Tddc lap véi & sao cho nghiém yéu u, thod
u, e W,(M,T),Ve e[-11].

Tiép theo, ta sé nghién ctru khai trién tiém cin cta u, theo mdt tham s6 bé & dén cip N+1, tlc 1a ta tim cach x4p

N
xi nghiém u, b&i mot da thirc theo tham s bé ¢: u, Zurg’, theo nghia, ta chi ra cAc ham u,,r=0,1,---,N doc

r=0
N
u,— > ue
& I'g
r=0

Diu tién, ta sé st dung cic ky hiéu dwéi day:

A 7. 7 3z 1y N+1 s EIR TR ALY A A 7.
lap véi ¢ sao cho ta cé danh gia <C |8| ,v0i & dibéva C,; lahdngsd doclip voi .

Véimotdachisd a=(a, -, ay)€Z), vamdtvécto thue X=(X,+, X, ) eR", ta dit:
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|a|=al+---+aN,a!=al!---aN I
Xa :Xlal...xﬁ"‘,
a,Bel,a<pfoa <p Vi=1---N.

Khi d6, ta c6 b8 dé luy thira cia da thirc sau
B6 dé 4.1.Cho m,N e N,x=(x,--,X, ) e R", & € R. Khi d6

N m o mN
k=1

k=m
trong d6, hé s6 P [], , m<k <mN phu thudcvao x=(x,---, X, ) va dwgc xac dinh béi cong thirc sau
X,, 1<k<N, m=1
P[], -

m!
—Ix“, m<k<mN, mz>2,
aeAM(N)

a:

N
véi AEm] (N):{a eZ" :|a| = m,Z:iai = k}.
i=1
Chirng minh b8 dé nay dwoc tim thiy trong [4].

Goi U, 1a nghiém yé&u duy nhit ctia bai toan (PO) twong ng véi ¢ = 0 nhw sau:

uy — AAU, —%[Bo (x,t)uOX}+jot g(t —s)Au, (x,s)ds
(R) =R [u](xt),0<x<1,0<t<T,
Uy (0,8)—u, (0,t) =u, (L,t) =0,
Ug (X, 0) = 0y (X), Ug (%, 0) = Gy (),
trong do,
B, (x,t)=B[u,](x,t) = B(x,t,u0 (x,t),||u0(t)||2 oy (t)||2),
F[u](x,t)= f(0,x,t,u,u,u,).

Giastr u,,r =1,---,N, 1a cidc nghiém yéu clia bai todn (I5r ) nhw sau:

" ’ a t
u’ — AAU/ —&[BO (x,t)urx]+.[0 g(t—s)Au, (x,s)ds

i

( r) =F (xt),0<x<L0<t<T,
urx (o’t)_ur (o’t):ur (1’t):0’
u, (x,0)=u/(x,0) =0,
trong 6 By (x,t) = B[uy ] (x,t) = B(x.t,ty (x,t),Ju O Juo, O ) va F,.r=1,-+-,N, dwor xéc dinh bsi cac cong

thirc quy nap sau:
_ 0 _
F =[N, fu,u]+ fl[uo]+g(u0xpl[N,B,uo,u]),
F. =7x [N, f,u,,0]+7z[N, f,u,T] (4.2)

0 _ 0 _
+&(u0xpr[N,B,u0,u])+ > —X(ujxpi[N,B,uo,u]), 2<r<N,

1<i, j<N
i+j=r

trong d6 cac biéu thirc 7, [N, f,uy,T] va p [N,B,u,,0],r=0,1---,N, phu thudc vao u,,T =(uy,--,uy )Ian lwot
duoc xac dinh béi cac cong thirc quy nap sau:

(i) X4c dinh cong thite 7, [N, f,u,0],r=01,---,N:
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7o [N, f,up, U] =7, [N, f,us] = f(0,%,t,ug,Ug,Ug,),

ﬂr[N,f,uo,U]:K‘m‘qz %D’“f(0,[u0])5>r7m1[m2,m3,m4,N,LT],1srsN, (4.3)
m=(my,--m, )7}
voi
@, [m,,m;,m,, N,T] = )y R M L A
(Ko ko Ky )< (g my N) (4.4)

A (m,m,my, N)={(ky ky K, ) € Z2 imy <k <mN,i=2,3,4.k, +k, +k, =1},
(i) Xac dinh cong thirc p, [N, B,uy, 0], r =0,1--+,N,

Po[N.B, U, U] =B[u,],

pr[N,B,uo,LT]:K‘m‘qz %DmB([uo])ér[m,N,U,o-(l),a(z)J,1£rsN, (45)
m=(my,my,mg )€
véi
b [mNao o] > R P[] P[]
(i ks ks )< A, (mN) 2 * (4.6)

A (M N)={(kky k) €23 m, <k <mN,m <k <2mN,i=23k +k, +k =rf,

trong dd, cac vécto o = (al(s) x ",UgsN) ) s =1,2, dwoc xac dinh béi:

2(ug,u,), i=1
o =12(uu)+ > (uu ), 2<isN, (4.7)
=
(U0, ), N +1<i<2N,
=1
va
2<u0x’ulx>’ |=l,
o =3 2(Uqy Uy ) + I (upou ;). 2<i<N, (4.8)
=1
(u,u ), N+1<i<2N,
1

Khi d6, ta c6 dinh 1y chinh trong phin nay nhw sau.

Dinh 1y 4.2. Gid sit cdc gid thiét (H,)—(H,),(H{")~(H{") thod. Khi do, ton tai cdc hing s6 M >0vaT >0sao
cho, v6i méi &, véile| <1, Bai todn (P.)cé mét nghiém yéu duy nhdt u, € W, (M, T ) thod ddnh gid tiém cdn dén
cdp N+1 nhw sau:

N+1

<Crlel T, (4.9)

Wi(T)

r=0
trong d6, caichamu,,r =0,1,---,N lan lwot 1a cac nghiém yéu cta bai todn (PO),(I5,),r =1---,N.

Chtrng minh Dinh 1y 4.2. Pinh Iy ndy dwoc chirng minh kha dai, chiing t6i xin phép dwoc riat ngan lai.
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N

Ta goi u=u, € W,(M,T) 1a nghiém yéu duy nh4t ctia Bai toan (P,)va dit v=u—-) u." =u—h=u-u,—h,. Khi
r=0

dé, vla nghiém cia bai toan

”n r a t
V"= AAV —&[B[v+h]vx}+.[o g(t—s)Av(x,s)ds

- fg[v+h]—fg[h]+g(f1£[v+h]—flg[h])+§[(8[v+h]—B[h])hx]+Eg(x,t),0<x<1,0<t<T, (4.10)

v, (0,t)-v(0,t) =v(1,t)=0,

v(x,0) =v'(x,0) =0,

trong do
0 N .
E, (xt)=f.[h]-f, [u0]+gf1£[h]+&[(8[h]—8[uo])th—z Fe' (4.11)
r=1
Khi d6, ta c6 b6 dé sau.
N+1

Bé dé 4.3. Gid st cdc gid thiét (H,)—(H,) ( ) ( ) thod. Khi dé, ton tai mét hdng sé C, sao cho
<

C.|e

(4.12)

ll(oT;12)
trong dé C. la mét hing s6 chi phu thuéc vao N, T, f,f,B,u ,0<r <N.
Chirng minh B& dé 4.3. Chirng minh chi tiét twong tw nhw trong [6].

Cho trwéc T*>0c6 dinh va M >0, ta dit cac hing sé K,, ( f),K,, (B)nhw sau:

KM(f):"f"(:1 :"f" AM)+ZG_1"D'f”c(AM)
K

20 (8)=[Ble s, = 3078l
vai
¥l s, = e [T (&0 Y0 Y0 Ys)|,
”B"C(AM) = sup |B(X1t121122123)|1

(x.t.21,25,23) €Ay

A, ={(g,x,t,y1,yz,yg):|g|sl,0$xsl,OstsT*,|y1|,|yz|£ M,|y3|S\/§M},
A, :{(x,t,zl,zz,za):ogxsl,OStsT*,|zl|£ M,0<z,,2,< Mz}.

Tiép theo, nhn hai vé ctia (22) v&iV'(X,t) roi 1y tich phan hai v& theo bién X, sau d6 1y tich phan hai vé theo

bién t va sau mot s6 bwdc bién ddi, ta thu dwoc
=2[ (E,(s),'(s))ds+ [ A[v+h](s,v(s).v(s))ds +2[ dz[ g(z-s)a(v(s),v'(z))ds
—zj‘[A[vm](a (5).v(s))-Alh](s.h(s)v'(s)) Js (413)
+2j< [v+h]=f,[n]+e(f, [v+h]- £, [n]).V/ >ds—25:8,

trong do,

S(t)= ||v’(t)||2 +A[v+h](tv(t),v(t))+ 21];||v'

§+2/1j;||v’(s) ids. (4.14)

o)

bit M. =(N+2)M vay, =1+ J2M +4M?, khéng khé khin dé thu duoc cac bt ding thic sau
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2N 2 t
S, _Zj " +jS(s)ds;

S, =IOA[V+h](S|V( ) ¥(8))ds < 7, Koy, (B)[[[v(5)

t

—;/M Ky, (B)J'Os(s)ds;

t (4.15)
83:ZIDdr_[Org(r—s)a(v(s),v’(r))ds
“ae [ fo(e-s)v(s), V' () adss%s(m%f o LS ()
:—2_[[ Alv+h]( )v'(s))—A[h](s,h(s),v’(s))}ds
<2(1+4M MR, (B)[ v(s), |v'(s)], ds < s (t)+ ﬁl (1+4M.)* MZKZ (B) [ S (s)ds;
S, = 2J;<f€ [v+h]-f,[h]+e(f, [v+h]-f, [h]),v’(s)>ds (+16)
s4[1+%J(KM*(f)+ Ky, (1)) ]S (s)ds.
Két hop (4.13), (4.15) va (4.16), ta nhan dwoc
S(t)<2TC2[e[""* +2B; (M) S(s)ds, (4.17)
trong do,
DT(M):l—Fé]/M*KM ( [ = ]( +KM,(f1))
Jb. (4.18)
2
ibk I:(l+4M ) (B) LZOT :|
Ap dung B6 dé Gronwall cho (4.17), ta suy ra
S(t)< " exp(2TD; (M)). (4.19)

Do dé, tir (4.19) d4n t6i

Mo 2[4+ S (10, () 0o

T day dan t6i (4.9). Chirng minh Dinh 1y 4.2 dwoc hoan tat.
V. KET LUAN

Bai bao nay khdo sat mot phwong trinh s6ng phi tuyén kiéu Kirchhoff-Carrier chira s6 hang dan héi nhét lién két
véi diéu kién bién Robin-Dirichlet thuin nhit va diéu kién dau. Trwéc tién, chung t6i da sir dung cac phwong
phép thich hop cta gidi tich ham phi tuyén dé phat bi€u dinh 1y (Pinh 1y 3.1) vé sw ton tai duy nhit nghiém yéu
cla bai toan c6 dang (1.1). Sau d6, bai bao ciing dwa ra mét cach tiép cin cho van dé xap xi nghiém cta bai toan
nhiéu (1.1) b&i mdt tham sé bé, ma ta goi 1a phwong phép khai trién tiém can nghiém cho bai toan (1.1) dén cip
N+1 (Pinh ly 4.2). Bai bao nay chi tip trung vao muc tiéu chinh la nhdn manh vao cac kj thuit va y twong cia
phwong phap khai trién tiém cin ma khong khao sat cac két qua khac vé tinh chit ciia nghiém bai toan, ching
han tinh bung né, tinh tit dan, sy phu thudc lién tuc cia nghiém vao cac dir kién.

VL. LO1 CAM ON
Cac tac gid chan thanh cAm on ngwoi phan bién va Ban bién tip da dong gop y kién xac dang dan dén viéc cai tién
ban thao cta ching toi.
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ASYMPTOTIC EXPANSION OF THE SOLUTION TO THE ROBIN-DIRICHLET
PROBLEM FOR THE NONLINEAR WAVE EQUATION WITH
VISCOUS ELASTIC TERMS
Doan Thi Nhu Quynh, Duong Thi Mong Thuong

ABSTRACT— This paper investigates the Robin-Dirichlet problem for a Kirchhoff-Carrier type nonlinear wave equation
with viscous elastic terms. By applying the Taylor expansion formula to expand the nonlinear term up to the Nth order, we
construct a high-order asymptotic expansion of the solutions in terms of a small parameter.

Keywords— Viscous elastic wave equation, Kirchhoff-Carrier type, Robin-Dirichlet problem; Asymptotic expansion.
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