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TOM TAT

Bai bao nay dé cap dén bai toan Dirichlet cho mot phuong trinh song phi tuyén chira céc
50 hang dan hoi nhét va Balakrishnan-Taylor trong mién mot chiéu. St dung phuong phép
Xap xi tuyen tinh két hop voi phuong phap Faedo-Galerkin va phuong phap compact, sy ton
tai duy nhat nghiém yéu dia phuong trong mét khdng gian ham thich hop dugc thiét lap. Ngoai
ra, mot khai trién tiém can caa nghiém yéu theo mot tham s6 bé & dén cép 2 ciing thu dugc cho
bai toan tuong (g véi s6 hang ngudn va sb hang Balakrishnan-Taylor c6 chira tham sé &.
Tir khéa: Phuong trinh séng phi tuyén, Balakrishnan-Taylor, dan hoi nhét, phuong phép
Faedo-Galerkin, ton tai nghiém dia phuong, khai trién tiém can.

1. MO PAU

Trong bai bao nay, nhom tac gia ban luén dén mot bai toan Dirichlet cho phuong trinh
song phi tuyen chira cac s6 hang dan hoi nhot va Balakrishnan-Taylor nhu sau

Uy, — AU, —,u(t,<uX (£), U, (1)) +I;g (t-s)u,(s)ds
=f(xtu),0<x<L0<t<T, (1)

u(0,t)=u(1t)=0,

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

trong d6 A >0 la mot hang s, f,u,g,0,, 0, 1a cc ham cho truéc thoa min cic diéu kign
ma ching ta s& chi ra sau. Trong (1), s6 hang phi dia phuong

(u, (t),uy (t)>:.[olux(x,t) ((x,t)dx chira trong ham phi tuyén z(t,(u, (t),u, (t)))

duogc cac tac gia A.V. Balakrishnan va L.W. Taylor nghién ctru lan dau tién vao nam 1989
(xem [1]).

Chung ta biét rang, Iy thuyét vé cac bai toan bién cho phuong trinh dao ham riéng la mot
trong nhiing linh vuc quan trong cua toan ly thuyét va ap dung. Céc bai todn nay xuét hién rat
nhiéu trong vat 1y, co hoc, sinh hoc, hoa hoc, ... va da dugc nghién ciru mot cach rong rai boi
nhiéu nha toan hoc. Qué trinh tim kiém loi giai cho cac bai toan nay mot mat gop phan thic
day su phat trién cac y tuong toan hoc trong nhiéu linh vuc khac nhau cua khoa hoc ky thuat
va doi sdng, mat khac gop phan phét trién nhiéu két qua ly thuyét caa toan hoc. Nghién cau
sy ton tai nghiém va céc tinh chat nghiém ciia phuong trinh séng phi tuyén la mét trong nhiing
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chu d& da va dang dugc quan tdm nghién cau sau rong bai nhidu nha khoa hoc khéc nhau.
Chang han, mét trong nhiing két qua ¢ dién nhéat dugc nghién ctu boi D'Alembert vao nam
1747, xuét phat tir viéc nghién ciru cac dao dong bé ciia mot soi day dan hoi véi hai dau ¢b
dinh, tac gia da thiét 1ap md hinh toan hoc nhu sau

2
utt =C uxx

trong 46 ¢* 1a mot hang s6 dwong, U(X,t) 1a do léch cua soi day so véi vi tri can bang tai

diém x va & thoi diém t. Mot phuong trinh khac dudi day tong quat hon da duoc thiét 1ap boi
Kirchhoff vao ndm 1876 (xem [6])

phu, (P +—I yt)dy]

trong d6 U(X,t) 1a do léch ciia soi day so véi vi tri can bang, L 1a chiéu dai soi day, h dién
tich thiét dien, E 1a module Young cua vat liéu cu tao soi day, p l1akhéi lugng riéng, va P,
Ia luc cang ban dyﬁu. Phuong trinh nay 1a n6i rong cua phuong trinh song c¢b dién D'Alembert
ma c6 xem xét den dnh hudéng cua sy bien doi chicu dai cua soi day trong qué trinh dao dong.
Nam 1945, khi mé ta dao dong ctia mot sgi day dan hoi ¢ ké dén luc cang co thay doi nho,
Carrier [6] thi€t lap phuong trinh dang

L2
Uy, —(PO + PJO u (y,t)dy)uXX =0.

Tiép ndi cac két qua cb dién trén, cho dén nay cac bai toan lién quan dén phuong trinh
song phi tuyén lién két véi cac didu kién bién va diéu kién dau khac nhau van dugc nghién
ctru rat rong réi boi nhiéu nha todn hoc khéac nhau. Céc bai toan bién nay xuét hién trong cac
md hinh mé ta cac hién tugng trong co hoc, vat Iy nhu: mé ta dao dong cia mot vat dan hdi
véi cac rang budc phi tuyén ¢ bé mat va tai bién, hoac mé ta sy va cham cua mot vat ran va
mot thanh dan nhot tya trén mot nén dan hoi nhot, hodc mo ta sy lan truyén caa song dién tur
cao tan sb trong moi trudng dién moi phi tuyén.

D4i voi phuong trinh séng chira s hang tat dn Balakrishnan-Taylor (Vu(t), Vu,(t)),

phuong trinh gbc ctia n6 ban déu duge dé nghi bai Balakrishnan va Taylor vao nam 1989 [1].
Ho da thiét 14p mot md hinh méi cho cac cau trac bay voi giam xdc phi tuyén va phi dia
phuong trong trudng hop mot chiéu

2(N+n)

Iouu dx

X xt

EA (L
ou, +Elu, —cu, {H +ZI0 |ux|2dX+T

jo uxuxtdx} =0, (2

véi U=u(X,t) 1a do vong ngang cia thanh co chidu dai 2L khi & vi tri can bang, p >0 Ia

khéi lugng riéng, E 1a module Young, | 1a mémen quan tinh mat cat ngang, H 14 luc doc

theo truc (luc kéo hoic d6 nén), A 1a dién tich mit cit ngang, ¢ >0 1a hé sé giam chan nhét,
. o . 1 .

7 >0 la hé so tat dan Balakrishnan-Taylor, 0 <7 <1,0<7 < r va N € N. Phuong trinh (2)

ciing lién quan dén phuong trinh dao dong ciia ban va bai toan lan toa dugc Bass va Zes nghién
ctu trong [2]. Sau d6 viéc mé rong mo hinh toan cta n6 duoc nhicu nha khoa hoc quan tam
nghién ctu [3, 4, 8, 11-15, 17, 23, 26-29] va mot so tai liéu trong do.

Niam 2010, Zarai va Tatar [31] dd nghién cru su ton tai nghiém toan cuc va tit dan da
thac cua bai toan sau
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U =(& + &IVu@ + VU (), Vu, @) ) du+ [ gt -s)au(s)ds

:|u|pu, (X,t)eQx(O,+oo), (3)
u(x,0) =u,(x), u,(x,0)=u,(x), xeQ,
u(x,t) =0, (x,t) e [ x(0,+o0).

trong d6 © 1a mot mién b chan trong R™, (N >2) c6 bién I' du tron, va 0, &), & >0, p>1
|a céc hdng s6, g,Uy,U, 12 cac ham cho truéc. O day, tinh tit dan da thic cua nghiém duoc

1
nghién cau lién hé véi ham g thoa diéu kign g'(t) < —f(g (t))l P, Vi & 1a hang s6 duong.

Niam 2011, trong [28], c4c tac gia nay ciing nghién ctru duoc tinh tit dan mil cua nghiém yéu
bai toan (3) tng vai dieu kien g'(t) <—£g(t), &> 0. Sau do, Mu va Ma [23] mo rong céc

két qua nay bang viéc ching minh rang néu ham g thoa diéu kién g'(t)<—&(t)g(t) voi
&(t) 1a ham duong va khong tang thi ning lwong tat dan tong quat.

Nim 2020, Tavares va cac cong sy [29], dd xem xét phwong trinh véi tat dan
Balakrishnan-Taylor va ma sat nhu sau

u, +A%u —[,B+;/||Vu||§ +5]®(u,u, )‘q_z CD(u,ut)}Au +xU, + f(u)=h, (4)

V6i (x,t) e QxR trong d6 <D(u,ut)=IQVu(x,t)Vut(x,t)dx va Q la mot mién bi chan

trong R",(N>2) c6 bién du tron lién két véi diéu kién bién Dirichlet-Newman
ou s e
u(x,t) =8_(X't) =0 trong I'x(0,+o0) . Bang cach sir dung C, - nira nhom, cAc tac gia da
n

nghién ciru tinh dit chinh va sy tac dong theo thoi gian 16n déi véi nghiém bai toéan.

Trudng hop bai toan mot chiéu ma sé hang Balakrishnan-Taylor xuét hién trong ham phi
tuyén x4 vanguon f co dang tong quat hon, nam 2020, Ngoc va cac cong su [24] da khao
sat bai toan sau

Uy = A = (8, O, O U Ju OFF
= £ (X,1,U, Uy, U, (U, (0, U (O @ Jux ), 0<x<L,0<t<T,  (5)

u(0,t) =u(Lt)=0,
U(X’O) = l]0()()’ ut(X’O) = l:Il(x):

trong 46 A >0 la mét hang sd, cac ham G,,0,, f, 2 cho trugc. Bang cach sir dung phuong

phép xap Xi tuyen tinh két hop véi phuong phap xap xi Faedo- Galerkin va phuong phap
compact yéu, cac tac gia da ching minh bai toan c6 duy nhat nghiém yéu dia phuong. Ngoai

ra, khi xem xét bai toan (5) ung Voi ,u:B(||uX(t)|| )+o-(<ux(t),uxt(t)>)va ham

f =—Au, + f (u)+F(x,t)ctng véi mot s6 dicu kign phi hop, tinh tat dan cia nghiém véi
téc do ham mii khi thoi gian du I6n dugc thanh 1ap bang phuong phap phiém ham Lyapunov.
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Mot van dé khéc cling dang quan tam 1a khai trién tiém can cua nghiém bai toan nhiéu
theo mot tham sb bé [18-21, 25, 30]. Gia sir nghiém cua bai toan bién phi tuyén (P, ) nao d6

phu thudc vao mot tham s6 bé ¢, |&| <1, 1a mot ham s6 theo ba bién (&, x,t):
u=u,(xt)=u(e xt), (x,t)eQcR? |g<1.

Gia st rang, voi (x,t)eQ cd dinh, ta c6 thé khai trién Maclaurin ham £+ u (,x,t)
dén cip N +1 nhu sau

u(e, x,t) = Z Py (O x,t)e" + "R, (U, £, X, 1), (6)

trong d6 &R (U, &, X,t) 1a phan du trong cong thirc Maclaurin. Néu trén mot khdng gian

, ta ¢6 dugc danh gia

IRy (U, &,-7)], <Cy, khi & dubé, (7)

trong d6, C,, 14 mot hiang sb doc lap vai &, tir (6) va (7), ta co

N = +.
u(e,) - Z;IZT(O,-,-)SK <Cy e[, khi & dube, (8)
X
tic 1a ta ¢ xap xi
k
ue, ) = zljlg —(0,-,-)&", khi & du bé, (9)

theo nghia (8). Nhung diéu kho khin ¢ day 1a ching ta khong thé c6 dugc cong thie tuong

minh cua nghiém ding u(&, x,t), do d6 chiing ta khong thé tinh dugc u (0,x,t) va cac gia
k

tri cac dao ham S— (0, x,t) tir nghiém ding u (g X, t) dé thu duoc xap xi (9). Pé vuot qua
£

khé khin nay, cac tac gia thuong phai xac dinh cac ham U, (x,t), k =0,1,---, N bang mot
cach khac, doc l1ap vai & sao cho ta co

U(g,-,-)—ZUk(-,-)gk

<Cylel'™, khie dube, (10)
X

trong d6, C,, 14 mot hiang sé doc lap vai &

Trong bao cao nay, nhom tac gia ké thira cac phuong phap va ky thuat xem xét trong bai
bao [24] dé thiét lap dinh ly vé su ton tai va duy nhat nghiém yéu dia phuong cho bai toan (1).
Trong truong hop ham = /J(t, £(u (t),u, (t)>) va ham ngudn vé phai c6 dang

f=f(xt)+ef(x.t,u) véi & 1a mot tham sd bé, véi céc ¥ twdng nhur trong cac nghién

cuu [18-21, 25, 30], ching tdi thiét 1ap mot khai trién tiém can caa nghiém yéu theo tham sb
bé nay dén cap 2.
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2. CONG CU
bat Q = (0,1). Chang ta bo qua cac dinh nghia ctia cac khong gian ham théng thuong va
ky hiéu chiing bang bai céc ky higu L° =L°(Q), H™ = H™ (Q). Ky hi¢u (-} 1a tich vé huéng
trong L? hoac cap tich ddi ngdu cia mot phiém ham tuyén tinh lién tuc véi mot phan tir cua
I la chuan trong khdng gian Banach

X.Tagoi X' lakhong gian ddi ngdu cua X . Taky higu L°(0,T; X ),1< p <+ lakhong

gian Banach cac ham thyc u:(0,T ) — X do duoc, sao cho ||u||Lp orx) <P ,V6i

(j @l dt) 1< p <o,

esssupllu(t)[ly,  p=-+.
O<t<T

Ta viét u(t), u’(t):u (t):u'(t) u”(t):un(t):l‘j(t) u, (t) =vu(t), u,, (t) = Au(t)

[uls oy =

lan luot thay cho u(X, t) (x t) (x t) > (x t) (x t). voi f="Ff(xty),

f eck([o,llx[o,T*]xR),le =(;i, D,f =7 D,f :%, D“f = D#D2 D2 £, voi
X

o =(apaya) e o] =a +a, +a <K.

Tuong ty, V6i 1 eC ([0, T"IxR), u=pu(t,z), ta dit Dlyz%‘,Dzy—z—/: va
D’ u=DED i, f =B B,) € 22| Bl = B+ B, <k.

Trén H* = H(€2),ta sé dung chusn v],. = (Ju[* +|v, ')

Ta biét ring phép nhing H* < C° (5) la compact va || wweH®

s\/§||v

Hon nita, trén Hg={ve H":v(0)=v(1)=0},hai chuin vi-|v]
<|V|, wv e Hg.

el (®)) HY?

" Vi v, | 1a

tuong duong va ”V”co(ﬁ)

3. SU'TON TAI VA DUY NHAT NGHIEM YEU PIA PHUONG

Trudéc hét, cho truéc T > 0 ¢b dinh, ta thanh Iap cac gia thiét sau
(H,) l]o,l]leHéﬁHz;

(H,) geHY(R,);

(H,) yecl([o,T*], )va u(t,z)2 p>0,v(t,2) e[0T xR;

(H,) feCY[0,]x[0,T"IxR) va f(0,t,0)= f(Lt,0)=0,vte[0,T"].
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Véiméi T e(0,T7], tadat
W, ={ve L”(0,T;H; nH?):v' e L”(0,T;H; nH?), v e L*(0,T; H)}- (11)
Khi d6 W, 1a khong gian Banach ddi véi chuan

ks, =8 M sy IV gty IV ary ) (12)
Véi mdi M >0, ta gioi thiéu cac tap
W(M,T)={veW, 1||V|L~T <M}, )
W,(M, T)={veW(M,T):v"eL”(0,T;L)}.
Chung ta ciing chu y rang
W, (T) ={veC°([0,T]; Hs) nC([0, T]; L) :v' e L*(0,T; Hy)} (14)
la mot khong gian Banach twong ng vai chuan (Lions [22])
||V||W1(T) =[v eoqorirty TV o oy HIV iz ormsy - (15)

Nghiém yéu ciia bai toan (1) dugc dinh nghia 1a ham u e L*(0,T;H; nH?)sao cho
u'el”(0,T;H;NH?),u"eL”(0,T;L*) nL*(0,T;H;) va thoa bai toan bién phén sau
t
(U"(t),W>+/1<UL(t),Wx>+ﬂ[U](t)<Ux(t),Wx>ZJ.OQ('[—S)(UX(S):WXWS
+( f[u] (), w), vwe Hy, (16)
u(0) = ao’ u'(0) = l]l’

trong do
2[u](®) :y(t,<ux(t),u; (t)>), flu]ext) = f(xtu(xt)). (17)
Bay gio, ching ta thiét 1ap day quy nap {u,, }, véi s6 hang dau tién duoc chon 1a u, =0,
gia sir rang
u,, eW,(M,T), (18)
ta lién két bai toan (16) voi bai todn: tim u_ €W, (M, T), (m>1) thoa bai toan bién phan
tuyén tinh
t
(U (), W)+ A (U (8, W, )+ 1, (0) (U (0, W, ) = [ g (1 =5) (U (5), W, )
+(F, (1), w), Yw e Hy, (19)
u,,(0) =0,,u;, (0) =0,

trong do
() = el 10 = (8 (Vi 5 (0, VU4 (1)),

(20)
Fo = u,,](xt)=f (xtu,(xt)).
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Khi d6, ching ta thu duoc cac két qua chinh sau day.

Pinh Iy 3.1. Gia sir (H,)—(H,)diing. Khi dé, ton tai cac hang sé duwong M, T sao
cho, véi U, =0, ton tgi mgt day quy nap tuyén tinh {u, } =W, (M, T) duoc xac dinh bai (18)
~ (20).

Ching minh. Chirmg minh Binh ly 3.1, nh¢ vao phuong phéap xap xi Faedo-Galerkin két
hop véi nguyén ly diem bat dong Banach. Sau d6 thuc hién cac danh gia tién nghiém phu hop
va cac ly luan vé tinh compact dé qua gigi han. Chang minh chi tiét twong ty nhu trong [24].

Str dung két qua ctia Pinh 1y 3.1 va cac dinh ly nhiing compact, chdng ta ching minh
dugc két qua chinh caa phan nay nhu sau.

Pinh Iy 3.2. Gid sir (H,)—(H,) diing. Khi ds, véi cachangsé M >0 va T >0 duoc
chon nhw trong Dinh ly 3.1, bai toan (1) c6 duy nhat nghiém yéu u er(I\/I ,T). Hon nira,
day quy nap {u,,} duwgc xdc dinh boi (18) — (20) hgi tu mgnh vé nghiém yéu u cuia bai toan
(1) trong W, (T ) déng thoi thod wéc luwong

lu, —u|LN1(T) <C, K[, VmeN, (21)
véihang sé K, e[0,1)va C; la hang s chi phuthugcvao T, f, 4, g, G,, 0, va K.

Chikng minh. B¢ chimg minh Pinh Iy 3.2, truéc hét ta can ching minh day {u,, } 1a day
Cauchy trong khang gian Banach W, (T ). Sau do, ta ching minh gigi han u e W, (T ) cuia day
{u,,} 1a nghiém yéu ctia bai toan (1) dong thoi ciing thu duge dénh gia sai s6 (21). Cudi cung,
tinh chat duy nhét nghiém dugc ching minh bang cach sir dung Bé dé Gronwall. Ching minh

chi tiét twong tu nhu trong [24].

4. KHAI TRIEN TIEM CAN NGHIEM YEU CHO BAI TOAN NHIEU

Phan nay xem xét mot ho cac bai toan (P, ) phu thugc mot tham so bé &, || <1, nhu sau:

U = A = 2(t (U (£), 0 (1)) + [ 0 (t=5)u,, (5)ds
(P) = fo(x,t)+ef (Xtu),0<x<L0<t<T, (22)
“lut=uLt) =0,
u(x,0) =0, (x),u,(x,0) =0, (x).

trong d6 4, f,, f,, 9, U,,U, la cic ham cho trudc cing véi A 13 hang sé duong ciing cho trudc.
Ta s& tim cac ham u, (X,t), u,(x,t)doc 1ap véi & sao cho nghiém yéu duy nhat
u, (x,t) cua baitoan (P, )duwoc Xap xi
u, = U, +ue (23)
theo nghia ta c6 danh gia
lu, —u, - u15|LN1(T) <C,é&?, (24)
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véi ¢ danhéva C. 1ahang sb doc lap véi .
O myc nay, ching ta van gia thiét (H,), (H,)va ting cuong thém tinh tron cho cic
ham , f boi céc gia thiét
(H,) yeCz(R+,R) Vél,u(t,z)z;z*>0,‘v’(t,z)eR+xR;
(H)  f,eC?’([0,1]xR, xR), f,eC*([0,1]xR,) va
f.(0,t,0)=f,(1,t,0)= f,(0,t) = f,(Lt)=0,Vte R..

Tir chitng minh cua Binh ly 3.1 & muyc 3, ta c6 thé chon M >0, T >0 doc lap véi
¢ €[—1,1] sao cho nghiém yéu duy nhat u =u, cua bai toan (P, ) théa man

u, eW,(M,T), Vee[-11]. (25)

e [010) = e, (6.0, 1), -
f[u](xt)= f,(xtu(xt)).

Gia sir u, €W, (M, T ) 1amot nghiém duy nhét ciia bai toan (P, ) tuong tng véi e =0, tic 1

Ug — AAUg —u(t,O)Auo+_[;g(t—s)Au0(s)ds = fy(x,1),0<x<1L,0<t<T,

(Po) UO(O,t) = Uo(l,t) =0,
Uy (X, 0) = Gy (3), U5 (x, 0) = U (X).

(27)

Gia st u, €W, (M, T )la mot nghiém duy nhat ciia bai toan

u{’—lAu{—y(t,O)Aul+I;g(t—s)Aul(s)ds: F,0<x<10<t<T,

(R)qu(0,t) =u,(1,1) =0, (28)
u,(x,0) =u;(x,0) =0.

trong d6 F, dugc xac dinh boi
F = f, [y ]+ D, (0,t)(Vuy, Vug). (29)
Goi u=u, eW,(M,T)la nghiém yéu duy nhat cia bai toan (P). Khi do

V=U-U, —U,e =U—h thoa bai toan

V= ANV - 1, [V h]av+ [ g (t-s)Av(s)ds = £ ( f,[v+h]- f,[h])

+(,u£ [V+h]-u, [h])Ah+ E,(x1),0<x<L0<t<T, (30
v(0,t) =v(1,t) =0,
v(x,0) =Vv'(x,0) =0,

trong do
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E,(x,t)=&f,[h]+(u, [h]-u(t,0))Ah—cF,. (31)
Khi d6, ta can mot danh gia sau day.

Bo dé 4.1. Gia sir (H,),(H,),(H;).(H,) diing. Khi d6 ta cé danh gid

E

&

< Cre?, |e| <1, (32)

L”(0,T;L?
trong @6 Cr 1a mét hang so chi phu thugc vao T, f, u, u,, U, (décldpvéi &).
Chirng minh B6 dé 4.1.

i/ Khai trien Taylor ham f, [h] = f, [u, + £u, ] quanh diém [u, ] = (X,t,u, ) dén cap hai ta
duoc

ef[h]=ef (xtu,+eu,)
= g[ f,[uo ]+ Ds f, [ug | eu, + DS £, [u, +¢95u1]52uf] (33)
=ef [u ]+ &R [ f.up,u;, 6],
trong d6 R, f,ug,uy,&]=D,f, [u,]u, + D f,[u, +Geu, |eu?,0 < 0 <1.
i/ Khai trién Taylor ham 41, [n] = s(t, &(h,, . )) quanh diém (t,0) dén cip 2 ta duoc
4, [n] - 4(t,0) = D,e(t,0) & (hy, ;) + DZsa(t, 0 (hy 1)) (& (hy, 0 ))’
=¢D,u(t,0)(Vu,, Vuy) (34)
+82[<Vu1,Vu(’,>+<VuO,Vu1’>+8<Vu1,Vul'> +D§ﬂ(t,eg<hx,h;))((hx,h;>)2],
véi 6e(0,1)va h=u,+eu,.
iii/ Khai trién (1, [h] - u(t,0)) Ah.
(22, [1] = 2(t,0)) Ah = £D, (8, 0)(VUg, Vg ) Ay + 2D, 12(t,0) (VU,, Vug ) AUy
+ &2 [(Vuy, Vug) +(VUy, VU ) + £ (Vuy, V) |(Au, + gAu, )
+&2D2u(t,0e (h, 0)) (D, b))’ (Au, + ey, )
=D, u(t,0)(Vu,, Vug) AU, + 7R, [ 11, Ug, Uy, £].

(35)

iv/ Banh gia E_(X,t).
E.(x,t)=&f,[h]+(x, [h]-u(t,0))Ah—&F,
=ef,[u,]+&°R [ fi,Uq, U, €]
=&D,u(t,0)(Vuy, VUg ) AUy + &°R, [ 14, Ug, Uy, £] - €F, (36)
= &(f,[uy ]+ D, (t,0)(Vuy, VU ) A, — Fy )+ £7R[ £, 22,Up, Uy, ]
=52I§[f1,,u,uo,ul,g],
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trong do6 Ii[fl,,u,uo,ul,g]:Rl[fl,uo,ul,g]+R2 [1,Ug,uy, €]
Tt tinh chat bi chan cia cac ham u,, u, trongL*(0,T;H?), ta suy ra rang

R[f., 2, Uy,u;, &]bichantrong L™ (0,T; L*) boi mot hang so6 Cr doc 1ap voi & € [—1,1] . Do do,

< C.& (37)

_ 2D
el o;L?) =€ HR[fl”u'uO’ul'g] L=(0,T;12

B dé 4.1 duoc ching minh. o
Bay gio, nhéan hai vé cua (30), bai v'(x,t) va sau d6 tich phan trén (0,1)x(0,t)ta co

150 <2 (E,(5).v(8))ds + [ . (5)|w, ()] ds
+zgj;< f,[v+h]-f,[n],v'(s))ds
+2[) (a4, [v+ ] - 1, [1])(AR(S), V() ds (39)
~29(0) [, |, ()] ds+2[; g (t=s)(v, (s).v, (t))ds
+2[ dr[ g'(r-5)(v, (s).v, (r))ds =3 S,

trong d6 A, = min{l, ,u*,/l} va

St) =V + v, O +I; v/ (S)H2 (39)

Tiép theo, ta dénh gia cac tich phan S,,--+, S, & vé phai ciia (38).

Danh gia S, . Khong khé khan dé thu duoc cac danh gia S, cho nhu sau
S, =2[ (E,(5).V(s))ds <2[_ [E,(9)||V'(5)] ds <TCZ&* + [ S(s)ds. (40)
Danh gia S, . Taco

S, [ @) ds< ],

2@V, () ds < [ | () ()ds.

Chay rang
4.0 =Dy, (1) + Dyt (1) |

ta suy ra

V(0O + (v ()0 (00 (0)+ R (1) |

@<k, (,u)[1+M2 +M

v, (1) +h; ()] [= 0w (1),

trong do

~ 2

K ) =ledles 5,y =1#lco s, +Z;||Diﬂ||co<m

”'u”cO(AM) = (tSl)JF/)SM |/J(t’ Z)|’ '&M = [O,T*]X[—M 2, M Z:I.
Hon nira,
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[[ 2, (s)ds < 2K? (ﬂ)[(umz)z (s) +h;’(s)Hds}

aw{@+m)T+MzngH}

<2K} (u)[(1+|v|2) T+M }

<2K

hay
[©w

L*(0,T)

V2K, ()| (LeMANT + M7 |2,

Khido6 S, duogc danh gia

S, = j 22(8)|v, 5)[ ds < j ®@,, (s)S(s)ds,

(41)
||(D L2(0,T) <(DM'
Danh gid S,. PatM, =2M , chl y ring || <1va
| f.[v+h]=f,[h]] < Ky, (f)]v, ()]
trong do
K, (8) =1, )+ An =[0x[ 0T |x[-M, M. ].
Khi d6 S, dugc danh gia
s, =2¢[ (f,[v+h]- £,[n].v(s))ds
(42)

<Ky ( fl).[(:S_(s)ds = alfo S(s)ds.

Ddnh gia S, . Dé dang kiém tra dugc rang

e [vh]= s, [0] < o (v)+ v s)]),

trong do
o, =2MR,, (1), Ky, (1) =|tg s o A, =[0.T [x[-M7, M2 ],
Do d6 S, dugc danh gia

S, =2[ (1. [v+h]- 4, [n])(8h(s),V'(5))ds

<20, (I @IV O MOV Ol
t— 462 ot 2 At 2 (43)

< ZJZLS (s)ds+72foHv'(s)H ds+z*.|'0Hv;(s)H ds

< (252 + 4;:22 JLIS(S)d

Céactich phéan S, Sy, S, dugc danh gia nhu sau

A\M

-S(b):
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S =-29(0) [ [ (s)|"ds <2|g(0)| ;S (s)ds = o, [ S (s)ds,

S, = 2] (t=s){v,(s). v (t))ds

t—

= 4, 2
7SO+ —lglsr) J,S(s)ds (44)

IA
4>|>>|4>|>)|

t—

=S (t )+a4jos(s)ds,

s, :zjtdrjfg' (r=5){(v,(3),v, (7)) ds

t —
LZOTI (s)dsEGSIOS(s)ds.
Két ndi cac wdc luong (38) — (44) ta thu duogc

S(t)< TCZe* + = j (64 +@y (s) ]S (s)ds, (45)

Vai
4 2
=1l+o0,+20,+ ; +0,+0,+0;. (46)

s

Sir dung B6 @ Gronwall, ta suy ra rang

S—() /%TCZ AeXp[ .H:JM—HD :lds]j
2
< 216ist o0 2[16, 10
5 .
;TTCZ 4exp[/1* [Tawfqmﬂz & (T)-

Do do

u, —U, _5U1||w1(T) <C, &

Cubi cing, chung ta c6 dinh 1y sau day.

Pinh 1y 4.2. Gia si (H,),(H,),(H,).(H,)ding. Khi dé ton tai céc hang sé M >0
va T >0sao cho, véi mdie, |¢/<1, bai toan (P )cé mét nghiém yéu duy nhat
u, eW, ( M,T ) théa ddnh gid tiém cdn dén cap 2 nhu sau
<C,é&?%, (47)

|lu, —u, —u

¢ l‘c"”w1 )

trong dé cac ham Uy, U, 1a cac nghi¢m yéu cia cac bai toan (P, ),(R,), aong iing va C; 1a

m¢t hang so chi phu thugc vao T, u, f,, g, Uy, U,

287 CO DIEN TU - KHCB - CNTT



Bui Bic Nam, Boan Thi Nhw Quynh, Ly Anh Duwong

5. KET LUAN

Trong nghién ciru nay, chiing t6i da str dung cac phuong phap cua giai tich ham phi tuyén
mot cach phu hop dé thiét 1ap cac dinh 1y (Pinh 1y 3.1 va Dinh ly 3.2) vé su ton tai va duy nhat
nghiém yeu dia phuong cho m6 hinh bai toan (1). Nghién ctru cling dua ra mot cach tiép can
cho van dé xéap xi nghiém cua bai toan nhidu bai mot tham sb bé, khai trién tiém can nghiém
cho bai toan (22) dén cap hai (Pinh ly 4.2). Phuong phap nay c6 thé ma rong dé khai trién
tiém can nghiém yéu dén cap cao hon véi yéu cau céc dir liéu di tron. Tuy nhién, véi mong
mudén nhan manh vao céac ky thuat va ¥ tuong cua phuong phép, chiing toi chi dung lai & viéc
khai trién dén cap 2. Ngoai céc két qua duoc trinh bay trong bai bao, mot s6 tinh chat khac cua
nghiém di véi bai toan (1) nhu tinh chat tat dan caa nghiém theo toc d6 ham mil, hoic bac
tong quat hon ciing dang duoc trién khai nghién ciu. M6 hinh bai toan (1) voi céc sb hang
Xuit phat tir cac van dé thyc tién, do d6 viéc tim kiém loi giai va nghién ctu céc tinh chat
nghiém cho 16p bai toan nay hira hen s& thuc day cac y tuéng ap dung toan hoc trong cac md
hinh thuc té phd hop ddng thoi ciing dong gop nhiing y twong khoa hoc chuyén khao cho
chuyén nganh.
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ABSTRACT

ASYMPTOTIC EXPANSION OF WEAK SOLUTIONS OF THE DIRICHLET PROBLEM

FOR A NONLINEAR VISCOELASTIC WAVE EQUATION WITH
BALARISHNAN-TAYLOR TERM

Bui Duc Nam**, Doan Thi Nhu Quynh?, Ly Anh Duong?
'Ho Chi Minh City University of Food Industry

2FPT University in Ho Chi Minh City

*Email: nambd@hufi.edu.vn

In this paper, we consider the Dirichlet problem for a nonlinear viscoelastic wave
equation with Balakrishnan-Taylor damping. First, under suitable conditions on the initial
data, the local existence and uniqueness of a weak solution are established by the linearization
method together with the Faedo-Galerkin method. Next, when the source term and
Balakrishnan-Taylor term contain noise parameters, an expansion an asymptotic expansion of
solutions on this small parameter with second order is established.

Keywords: Nonlinear wave equation, viscoelastic, Balakrishnan-Taylor damping, Faedo-
Galerkin method, local existence, asymptotic expansion.

CODPIEN TU - KHCB - CNTT 290



