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ABSTRACT

This paper focuses on the general decay rates for total energy associated with the solution of the
nonlinear viscoelastic wave equation

u, —Au+ .f(: gt —x)Au(x)dx —Au, = |u

p(x)-2
u

on a bounded domain Q < R”, under the assumption g'(t) < —£(¢)G(g(¢)) on the relaxation function

together with sub-critical initial energy. These refine and extend our recent results about viscoelastic
wave equations.

Keywords: Nonlinear wave equation, Viscoelasticity, General decay, Strong damping, Variable
exponent sources.

1. INTRODUCTION

The goal herein is to extend the decay results from the study in [1] for the nonlinear viscoelastic
wave equation with variable exponents and subject to strong damping

u, — Au+ jo g(t— ) Au(K)dx +h(u) = ), in Qx(0,T),

u=0, on 0Qx(0,7T), (1.1)
H(X,O) = u()(x)> u[(x,O) = u] (x)’ ln Qa

where f(u) :|u e u, T>0, QcR"(n>2) is a bounded domain and the boundary 0Q is

smooth, the damping term 4(u, ) = —Au,, the initial data u, and u, are known, g is positive, non-

increasing and continuously differentiable. The exponent p(x) is continuous on Q satisfying the
following conditions:

(n 1)

2<p” —1nfp(x)<p(x)<p —supp(x)< 5 nz3, (1.2)
<o ) (1.3)

where limsup @ (7)In(1/7) = C < +.

70"

The problems linked to (1.1) are prevalent in a wide range of modern physics and engineering,
such as electrorheological fluids, viscosity in fluids which depends on temperature, viscoelastic
materials, filtration through porous structures, and applications in image processing (see [1-4]). We
refer the readers to [5-7] for more applications and details on the topic.
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When f(u)= |u|pf2 u, Problem (1.1) has been extensively investigated in recent decades, and
many authors have examined the existence, nonexistence, and decay of solutions (see [8-9]). When
h =0, Berrimi and Messaoudi studied Problem (1.1) and they found that, depending on the decaying
rate of the kernel g, the global existence of a solution happens and the decaying rate will either be

exponential or polynomial [8]. After that, Messaoudi also considered Problem (1.1) and obtained the
decay properties of the solution that includes exponential and polynomial decay rates [9].

P72, Nhan et al. [1] studied

(1.1), and they derived the estimate on the decay rate for a global solution within the stable set initially.
More precisely, under the conditions of the relaxation g as follows:

Recently, in the scenario where A(u,) =—Au,, and f(u)= |u

(A1)  the relaxation g e C'(R*,R") and fulfills
g(0)>0,l=1- J':g(l(')dl(' >0, g'(t)<0, foreach t>0,

(42) there is k > 0 and a differentiable function &£(t) >0 such that

g <-£Mg®), &) <0, |£'0)/&0)| <k, IO &(#)dt =+o0, V1 >0,
the authors obtained the following theorem.
Theorem 1.1. (See [1], Theorem 2.9) Assume that (1.2) and (1.3) hold. Let g satisfy (Al), (A2).

Furthermore, assume that  (u,,u,) € H é (Q)xL(Q)  with u, €W, (0<6<() and
E(0)< 2(p:2)/2Ed§ , where E, = (% - pi)da /(% - pi) Let u(¢) be a solution to (1.1). Then u(¢)
decays exponentially.

Herein, we intend to extend and improve the decay finding of Nhan et al. in [1] (Theorem 7)
to the broad decay rates of total energy, including polynomial, exponential, and logarithmic rates. More
precisely, we improve and generalize the above theorem in two approaches:

* Firstly, we extend the initial energy to the case of sub-critical initial energy data £(0) < d,
* Secondly, we consider a more general and relatively large class of relaxation functions, that is,
(A3)  There exists a function G € C' ((O,OO);(O,OO)) which satisfies either
(i) G is linear, or
(i) GeC? ((O,r]) is strictly increasing and strictly convex for some r < g(0), with
G(0)=G'(0)=0 and
g'(0<~£(0G(g(1)). V120,
where & is positive, nonincreasing and differentiable.

We shall show that the decay rates for the relaxation kernel g will determine the decay rates of
the total energy when the initial energy data is below the mountain pass level (Theorem 3.6).

2. PRELIMINARIES
2.1. Modified potential wells

Throughout this paper, we define the functionals Jand /; (for 0 <o <()asin[l, 3]

o 2
A

p(x)

)
p(x dx

dx, and I;(u)=46 ||Vu||2—jg|u

B
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the Nehari manifold
Ny ={u e Hy (Q)\{0}:1,0) = (5 a0).u) = 0},
the potential well depth
dy=inf J,; (u), (2.1)

ueN;
and the modified stable set as in [1, 3]

W, ={ue Hy(Q):J,(u) < ds.I,(u) >0} U{0}.

2.2. Definition and preparing results
We start by defining the notion of weak solutions to Problem (1.1).

Definition 2.2. For each 0 < T <o, we call # a weak solution to (1.1) on Qx(0,7) when
ueC([0,T); Hy(2)), u, € C([0,T); L*(€)) N L’ ([0,T); Hy() ,

and satisfies u(x,0) =u,(x) € H,(Q), u,(x,0) =u,(x) € L’ (Q) and the equality

j[uz,a)ww(r)-w—( [ g(t—rc)woodx)-w+w,(z>-w—lu(r)r’”zuo)q)}dx:o,

)
holds for a.e. f € (O,T) and any @ € Hé (Q).

Define the energy functional

EO=2uoff + L1~ [ ewax)wuol + L(eovoym - [, o ax,

1
p(x)

where (gDVu)(t) = J.; a(t— K)”Vu(t) - Vu(l()”2 dx. By testing (1.1) by u,, we have

d 1 > 1, ., 2
S EO=— gO|Vu@)| + 5( g'ovu) () |Vu,@)| <o, (2.2)

which yields that E(%) is non-increasing.

The local existence of solution to (1.1) can be stated as follows.
Theorem 2.3. (Local existence) (see [1]) Suppose there hold (1.2), (1.3) and (G, (i)). Then for given
(uy,u,) € H(l) (Q) x L (Q), there exists a unique local solution to Problem (1.1) with

ueC(0,T

max

); Hy(Q), u, € C([0,T,,,); L () N L*([0,T,,,, ); Hy (X)),
where 7 >0 denotes the maximal life time of u(?).

We ended this section with the following proposition which is essential for proving our main
results.

Proposition 2.4. Let (1.2) — (1.3) and (A1) hold and 0 <& < (. Suppose that u(?) solves Problem
(1.1) locally. Suppose there exists 7, €[0,7, ) such that wu(z,)e WV, and E(¢))<d;. Then
u(t)eW, forany t €[t,,T, ).

max

Proof. First, it follows from the definition of the energy functions £(¢) and J that

1

p(x) _
p(x) dx = J& (U(t)),

|u(t)

S :
E@)=Z[Vuo] - [
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dueto 1— I;g(r)dr >1- I:g(z')dz' = /(. And then

Js(t) < E(@,) <d;. 23)
We shall prove that u(¢) e W, forall ¢ €[z,,T, .

such that /; (u(tl* ))=0 and u(tl* ) # 0, which yields u(l‘1 )€ N. And then, the definition of d tells
us that J (u(tl*))z dg, which is a contradiction to (2.3) due to Jg(u(tl*)) < E(tl*) <E(t,). The

). In fact, if not, there must be a 7, < t <7, ..

proposition is proved.
3. GENERAL DECAY
3.1. Preliminary results

Herein we present several lemmas which will be necessary for the decay estimates.

Lemma 3.1. (See [10], Remark 2.8) There exist positive constants d, and ¢, = g_1 (7) such that for
all 0<¢<¢,, one has

g'(n=<—d.g().
Lemma 3.2. (See [10], Lemma 3.2) Suppose (A1) and (A3) are valid. Then

IQ (L gt —r)(v(1) - V(K))dlc)zdx <C,(h,ov)(?)

forall ve I

loc

(O,OO;LZ(Q)), 0< o <1, where

h(t)=ocg(t)-g'(t), (h,ov)(t) = jo h(t = x)|v(t) - v(;<)||2 dx and the constant

Ig (K) Slj.g(/c)dlc<oo.
o 0
Now, we define the following auxiliary functionals
@, (1) = (u, (1).u(1)), (3.
D,(1)=- <u[(t),I;g(t—K)(u(t)—u(rc))d/c>. (3.2)

Then the next two lemmas hold.
Lemma 3.3. Let (Al), (A3) hold and (uo,ul) e H, (Q)XL2 (Q) with u, € W, and E(0)<d,.
Then, for any 0 <o <1 and 77 > 0, we get

2-p

e ool s v e 4 )| s G
O ol + o] - “(E(O)] 1| Ivatol + S, 2v0)0),

Proof. Equation (1.1) multiplied by u(¢) yields that
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p(X)d

=l (1= [ aeras o +  juo

_<Vu,2(t),Vu(t)>tjotg(t—K)<Vu(t)—Vu(K),Vu(t)>dK (33)
<, )| —f”Vu(t)” + [ )] dx = (Vu, (), Vu(n))

j N (Vu(t) - Vu(x),Vu(?))dx,

dueto 1— J: g(x)dx>1- I:g(l()dl( = (. First, by the same argument as in [1, the estimate 39], we
have

p(x) da‘ i d % 2
[ @1 ax Sé[E(O)j IVu()| <£( (0)] IVu@)| - (3.4)

Then, thanks to Cauchy-Schwarz and Young inequality, we obtain

—<Vut(t),Vu(t)>Sg |

3.5)

for any 77 > 0. Using again Cauchy-Schwarz and Young inequality and Lemma 3.2, we have
t 77 2 1 t 2
jo g (t—x)(Vu(®) - Vu(x), Vu(®))dx < E||vu(z)|| + ™ jQ( jo 2(t— k) (Vu(t) - Vu(/()d/() dx

<2Jvuoff +§—;(hguVu)(t).

From (3.3) — (3.5), we complete the proof.
Lemma 3.4. Forany 0 < /3, <1, let (A1), (A3) hold and (u,,u, ) € Hy(Q)x L* (Q) with u, e W,
and E(0) <d, one has

do, : . C
= <(8-], gy |Juoff +2- ||vu O +Z-c(0)|vu)| #3515 C) N0, 66

1

where C(/)=C+2—1(,C= max{h_S.,2/3 +3—(+2S;} and the constant
h = tha ()dx <o | "o (k)dK + 2(0) < oo,
0 0
Proof. Thanks to the definition of @, we get that
D (t)= —<un (t),J.O g(t—x)(u(t)- u(/c))d/(> - <ut(t), .[0 g'(t—x)(u(t) - u(K))dK>

_(_‘.Otg(lf)a’/()||u,(t)||2 =J, +J,+J,. (.7)

Multiplying the first equation in (1.1) by J.Or g(t—x) (u(t) - u(K))d x and using Green's formula, we
find that
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J, = —j;g(t — 1) (Vu(0), Vu(t) - Vu(x))dx
- <J§g(t - x)Vu(x)dx, J;g(t - ) (Vu(t) - Vu(K))dK>
- <Vu, 0), jo g(t—x)(Vu() —Vu(lc))dlc>
S0

We now shall estimate .J,, for i =1,4.

(3.8)

I
13
=

p(x)-2 u(l‘),J.otg(t - /()(u(l‘) - u(’())d’(>

For J,,. Using the well-known Cauchy-Schwarz and Young inequalities as well as Lemma 3.2, we first
determine that

J, < ﬁ||vM(t)||2 + L j ( [ gte=x)(Vu(o) - Vu(/c))drc)zdx

ﬁl ||W(f)|| ﬁ“ (h,OVu)(?). (3.9)

1

For J,,. We first rewrite

Ji HI g(t—x)(Vu(r) - Vu(/())d/(” g(K)dK)<Vu(t)_[g(t—K)(Vu(t) Vu(/())dK>

By applying the Cauchy-Schwarz and Young inequalities again, we have

<Vu(t) j g(t— &) (Vu(t) = Vu(x)) dzc> 2 vu@)| +
hence, we obtain

legﬁ( )||v | +(1+2—ﬁﬂjca(hauw)(z). (3.10)

1

For J,,. Thanks to Lemma 3.2, the Cauchy-Schwarz and Y oung inequalities, one has

J, <A ||Vu o + /‘;(h _oVu)(). (3.11)

2(n-1
For J,,. Since 2< p < p(x)<p’ < (n=1)

, we can use the Sobolev's embedding theorem and

obtain

T _ﬂl-" | (t)|2(pm Dy J‘ (I g(t—K) u(t) - u(/() dzc) dx

2(p - 2(p" 1)

s?‘max{”“(f)”z(p(_)_l)a Mororn +—Ujoha(t—K)||u(l)—u(K)||2dK

g (3.12)
ﬁ p ) pr-1) C Lo2
Drmax (s ,,mnv <r>|| SO S evn) o

1

<

ﬂ‘c||v | + S5 ﬂ (h,oVu)().

Here C is a positive constant defined as in [1, Line 23, Page 15].
From (3.8) — (3.12), we derive that
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(S +26,+3-0)C,
25

s <2 (cr2-nwuef +Evuof + (h,oVu)(1). G.13)

For J,. We rewrite

= u @) jo hy (¢ = 1) u(t) — u()drdx — [ _u, (@) jo oa(t — 1) u(t) —u(x))drcdx
=Jy,+Jy.

(3.14)

By using Lemma 3.2, the Cauchy—Schwarz Young and Poincaré inequalities, we get

j|u(t)| dit— j(j S =) (= x) |u(e) - u(lc)|dlc)

A th O 0= L off +% RS2, avaye), o
_— u u
2B 2p

1 1

IIM Of +
and

o < j|u(r>| dx+—j (j g(t—r)|u(t) - u(zc>|dz<)2

L o C S (3.16)

<, ()| + —== 2 2 (h,oVu)(t),

where h, = j: h_(x)dx <o, due to

jo h (K)dx <o jo g(K)dx + g(0)— g(t) <o j: 2()dx + 2(0), V> 0.

Therefore
o2 2

L < B, (t)” wﬂz (h,oVu)(t) + 2C;ZS2 (h,oVu)(?). (3.17)

|
Finally, from (3.7), (3.13) and (3.17), we obtain (3.6). This finishes the proof.
Next, we consider the Lyapunov function L(¢) defined by

L(t) = KE(t) + K,®, (1) + K, D, (), (3.18)

for K, K|, K, enough large, where @, () and @, (¢) are defined as in (3.1) and (3.2). It is
straightforward that E(¢) and L(¢) are equivalent, i.e., there exist ¢, &, >0 such that

o, E(t) < L(t) <o, E(1). (3.19)
To estimate L'(¢), we have the following lemma.

Lemma 3.5. Given ¢ > 0. Then L(#) in (3.19) satisfies
, 2 2 1
L'y < =|u, @ =40 -0)|Vu()|| + Z( gaVu)(t), Vt>t,. (3.20)
Proof. Using the fact that g(0) >0 and 0 < g € C(0,%), we have
jo a(K)dx > jo g(K)dx=g, >0, Vi1,

Therefore, combining the definition of L(#), (2.2), and the fact that g'=0og—h, by choosing
B =K,', Lemmas 3.3 and 3.4 lead to
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L't)=KE'(t)+ KD (t) + K, (1)

2 K, K,p 2
K= )6l f [ K5 5 o o

2-p

_ o ds ) | KB 2
K| ! K(E(O)J n 5 C(0) [|Vu()|

KﬂC + (ﬁ + %J CU}(hG oVu)(t)

K
2(gDVu)(t)+{ 25

< (Ko 1K) —(K—f—n——jnv of

2-p~

d, | * 1 2 oK
I - |-=C( ok
K, (E(O)j n 2C( ) [[Vu@)| + ; (gavu)() (3.21)

~12 —~12
(KK TR K e |hava) o).
2n 2

Since E(0) < d,, we can take sufficiently small 77 > 0 and sufficiently large K, >0 so that

(0] == - (-0 -n|-=C{ -
[E(O)J n>0, and K, [E(O)j n 2C( )>4(1-10),

and then we select K, large enough such that

K,g —-1-K, >1.
, g’ (%) . :
Next, observe that since ——=————< g(k), we infer from the Lebesgue dominated convergence
og(x)-g'(x)
theorem that
2
© K
oC = g—()d/(—>0, as o—0.

o

¢ og(x)—g'(r)
And hence, we can select a number 0 < o, <1 such thatif o <o, then
1(k, Ck2Y'
oC, <—| —++—=
8\ 27y 2
After that, by choosing sufficiently large K and 0 such that
K, 1 K CK;

1
K-—L__>0, —_-=2 =— <o,
2n 2 4 2 2K

to imply

5_51(;_5 CK; c >0
2n 2

And finally, we obtain (3.20). The lemma is proved.
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3.2. Decay results

The purpose of this section is to illustrate the decaying phenomenon of the energy functional of
Problem (1.1) which is driven by the decaying rates of g.

Theorem 3.6. (General decay) Suppose that conditions (1.2) — (1.3) hold and g satisfies assumptions
(A1), (A3). Let (u,u,) € Hy (Q)x L* (Q) with u, e W}, (0< S5 < () and E(0)<d,.

E()<m,G,' (zﬁljgf(s)ds), forall +>2g'(r),

where G, (¢) ::I ds is a strictly decreasing, convex function on (0, r], with
t

sG'(s)
lim G, (¢) = +oo.

t—0

Remark 3.7. (a) Suppose (A3)(ii) holds. Then G can be extend to a function G, which is a strictly

increasing and strictly convex C -function on (0,c0). In particular, for # > 7, we can define G by

G(t) = @tz +(G'(r)-G"(r)yr)t+ [G(r) + wrz - G'(r)r]. (3.22)

2

(b) Concerning the relaxation function g satisfying assumptions (A1) and (A3), several examples are
provided by Mustafa in [10].

Proof of Theorem 3.6. First, from (3.20) we deduce that
L'(t) S—c,E(t)+c,(goVu)(t), Vit=t,. (3.23)

Setting ¢, = g~ () and referring to (2.2) together with Lemma 3.1, we get, for all 7> t,

jo g(x)jQ NVu(t) - Vu(t —x) [} dedx < -di jo 2'(K) jg NVu(t)—Vu(t — ) | dedx < —a,E'(t), (3.24)

Therefore
L'(t)<—cE(t)+c, (gDVu)(t)
, , (3.25)
<—E(t)—c,E'(t) +c, j g(K)IQWu(t) ~Vu(t—x)|? dedx, Vixt,
and hence
F'(t) < —c,E(t) +c, j g(K)jQNu(t) —Vu(t—x) [ dxdx, Vi=t, (3.26)

where F(t) = L(t) + ¢, E(¢). 1t is straightforward to verify the equivalence between F'(¢) and E(?).

Now we put
L@ =L@+, jo F(t—x)| Vu(x) > dxdsx,

in which f(¢)= J‘m g(x)dx. Applying Lemma 3.2 and [6, Lemma 4.1], we see that £ is
t

nonnegative and satisfies
L'(t)<~|u, (t)||2 —(1- €)||Vu(t)||2 —(1/4)(goVu)(t) < -C.E(t), Vt =1, (3.27)

for some positive constant C,. Therefore
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C. J:E(s)ds < L(t) - L(1) < L(1,),
which implies that
J’: E(s)ds < . (3.28)
From (3.27), it follows that
1) = [ V() = Vu(s)|| ds <o, (3.29)

which enables us to take 0 <9 <1 such that 9r(¢) <1,V >¢,. In view of the assumption on function

G and the Jensen inequality we arrive at

G(gjo’g(z — 1) |[Vu(t) = Vu(o)| dlc) - G(ng; 9r(0) g (t — ) |Vau(t) = V()| d,cJ
< (L) G[9r(D)g(t — )]|Vu(t) - Vu(x)| dx. o
Using the convexity of G together with G(0)=0 and $r(f) <1, we deduce
G[9r(t)g(t - )] < 9r()G(g(t — K).

Hence, it follows from (3.29) that
é(sjo’g(z — ) |Vu(t) - Vu(o)| dK) - G(9j’g(r - K)”Vu(t) V()| dK)

—3]0’ (g(t—x))|Vut) ~ Vux)| dx < - 9] )”Vu(t) Vu(x)| dx

°<f(t
9 9
<—Z [ g'(t-w)||Vu(t)-v di =———(g'oVu)({) < ———E'
oL g( ©)||Vu(e) - V()| dx g()(g u)(t) 20 (0).
In turn, we obtain
(guVu)(t) < §'G (-9E'(1)/£(D)), (3.31)

where G denotes an extension of G as in Remark 3.7(a). This in combination with (3.26) and (3.31)
yields that

— E
F'(t)<—c,E(t) +c,(gaVu)(t) < —,E(t) +¢,9'G' ( g(( ))j V>t (3.32)
t
For 0 <& <r, it follows from (3.32) together with the facts that £’ <0, G'>0 and G"> 0 that

F(t)= G[S %Jm) E(1)>0.

Moreover, we get

Fio= SE'(”G"[&] E(”J 0+ G( E(”j (0

£ (" EO) E(0) .
<—cG' (91 E(t)JE(t) G(Sl &}6‘(—3w} Vit
E(0) E(0) s

An application of Young's inequality yields
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e (~Se)elelost) o
"E(0) &) "E(©0) 40!

i) Plosa)]- Ao elefs))-o5
E0) "E©) E0)))] T Ew

G'(5)=5(G) ()= G[(G) () ]
satisfies Young’s inequality

AB<G'(A4)+G(B).

Here we used A=G' ( Ed )J d B=G" (—19&} in (3.34).
" E(0) S(@)

(3.34)

where

Next we use (3.34) and the facts that 3, ﬁ())) <r and 6'(191 it)j = G’{g it)] to derive

E(0) " E(0)

(_;’(.91 &] G [—9 El(t)j <9 £O G’[Sl 20) J - G(,g1 &j _gE®
E(0) o) "0 T EO) F0) T
<9 EO G g EO | _gE'Q)
E(0) E(0) 40)

From (3.33) and (3.35), we infer that
Fl()< —ch’[g () JE(I) +c,97'G' (191 &JG“ 4@]
E(0) E(0) @)

S—c]G'{S (t)]E(t) c,979 LW G’(Sl E(Z)J—cz EO g5y,
E(0) E(0) E(0) E(1)

and thus

EOF'(1) < ~(c,E©0) - ,9.9™)é0) g(((?) (91 5((;))} e, E'(0) (3.36)

Set F (1) =&(0)F () +c,E(t). Then F (1)~ E(¢) and forall £>1¢,,
FO=cOF )+ (OF () +,E'() <) F () +c,E'(1)

o o o 25 <o 2o

where G, (s):=sG'(s) is increasing. Then we get
F(t)<-c,9,E(t)G, (% EQ®)/E(0)) = -, &(t)G, (F, (1)), Vi1, (3.38)
where F,(t) =9, (F(1)/ E(0)) ~ E(t), forany 0< 9, < 9. Integrating (3.38) over [#,,¢] to obtain
A C)
" G, (7:2 (S))

s> i, j E(s)ds, V=1,

which implies that

Fr (1) - et
[ d5/Go()2m,[ &(s)ds, iz,
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Therefore

F(t)<G;' (n_/zl J:f(s)ds), Vi1, (3.39)

where G, (t) = ers/ C_?O (s) defined on (0, r] is strictly decreasing and lim G, (¢) = c. Here we make
t t—0"
use of the properties of G and select 4, such that F (7,)=3,F (t,)/ E(0)<r. In addition, by

2t 2t
choosing /m, < m, satisfies mII lcf(s)ds =m, JO ' E(s)ds, we arrive at
4

m j E(s)ds > i, jo E(s)ds. (3.40)

From (3.39) and (3.40), we complete the proof.

4. CONCLUSION

Throughout the paper, under a relatively large class of relaxation g, we showed that the total

energy of problem (1.1) satisfied the general decay rates, which include exponential, logarithmic, and
polynomial rates.
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TOM TAT

TOC PO TAT DAN TONG QUAT CUA NANG LUGNG TOAN PHAN
CUA MOT PHUONG TRINH SONG PHI TUYEN CHUA SO HANG TAT DAN MANH
VOI NGUON CHUA SO MU BIEN

Nguyén Vin Y*, Lé Hiru Ky Son, Bui Pic Nam
Khoa Khoa hoc Ung dung, Trwong Pai hoc Cong Thiwong Thanh pho Ho Chi Minh
*Email: ynv@huit.edu.vn

Bai béo nay tap trung vao toc do tat dan tong quat ctia nang luong toan phan lién két voi nghiém
cua phuong trinh song dan hoi nhét phi tuyén

p(x)-2
>

u, —Au+ j(: gt —s)Au(s)ds —Au, = |u

trén mot mién bi chin Q < R”, véi gia thiét g'(r) < —£(1)G(g(1)) trén ham hdi phuc v6i ning luong
ban dau dudi ngudng tdi han. Nhimng két qua nay tinh chinh va mé rong cac két qua gan ddy cua ching
toi v€ phuong trinh séng dan hoi nhét.

Tir khéa: Phuong trinh song phi tuyén, Pan hdi nhét, Tét dan tong quat, Tit dan manh, Ngudn sé mil
thay doi.
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