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Abstract. The study of the regularity or the smoothness of the solutions of the partial
differential equations in the broad distributions has stimulated an important mathematical
development. This article presents the Fourier transform in a Schwartz space and the space of
distributions to study generalised solutions, weak solutions and fundamental solutions of the
partial differential equations that are being interested by many mathematicians. Part 2
introduces the geometric symbols and necessary functional spaces for the reader to connecting
the following sections. Fourier transforms in the Schwartz space are included in Part 3. Part 4
is devoted to presenting the Fourier transform to distributions. The problems of generalised
solutions, weak solutions and fundamental solutions of the partial differential equations are
presented in Part 5. The results of the study show that partial differential equations act as a
bridge between mathematics and applications, promoting the development of mathematical
ideas in many different fields.
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Tom tit. Viéc nghién ciu tinh chinh quy hay do tron cua nghiém cia phwong trinh dao ham
riéng trong 16p ham suy rong di kich thich mét huéng Toan hoc quan trong phat trién. Bai
viét nay trinh bay bién doi Fourier trong khong gian Schwartz va khéng gian cac ham suy
rong dé nghién ciu nghiém suy rong, nghiém yéu, nghiém co ban cta phuong trinh dao ham
riéng da va dang duoc nhiéu nha toan hoc quan tam. Phan 2 dua vao cac ky hiéu hinh hoc va
cac khdng gian ham can thiét dé ngudi doc dé theo ddi cac phan tiép theo. Bién do6i Fourier
trong khong gian Schwartz duoc dua vao ¢ phan 3. Phan 4 danh cho viéc trinh bay bién doi
Fourier ham suy rong. Céac bai toan vé nghiém suy rong, nghiém yéu va nghiém co ban cua
phuong trinh dao ham riéng duoc trinh bay & phan 5. Két qua cua nghién ciu cho thay
phuong trinh dao ham riéng dong vai tro 1a chiéc cau néi giira toan hoc va ing dung, thuc day
su phét trién cac y tuang toan hoc trong nhiéu linh vuc khac nhau.

Tir khoa: bién dbi Fourier, ham suy rong, nghiém suy rong, nghiém co ban.

© 2021 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN DE

Bai toan dugc dit ra 1a can phai tim nghiém cia cac phuong trinh dao ham riéng khong
c6 nghiém co dién deé ly giai cac hién tugng thuc t¢ ma chung ta mo ta. Vi du, ta xét dinh luat
bao toan u, + F(u), =0. Phuong trinh nay xuat hi¢n trong thuy dong hoc va mo ta nhiéu hién
tuong vat ly khac nhau. Noi chung dinh luét bao toan khong c6 nghiém c¢o dién. Tuy nhién

day 1a mot phuong trinh dao ham riéng dugc dat chinh néu ta xét nghiém suy rong hodc
nghiém yéu ciia né. Bién d6i Fourier ham suy rong déng vai tro quan trong trong viéc nghién
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ctru nghiém suy rong, nghiém yéu ciia phuong trinh dao ham riéng.
2. CAC KHONG GIAN HAM

Trong phan nay ching ta s& 1am quen v&i nhitng ky hiéu va kién thirc phu tro can thiét
duoc st dung trong cac phan sau.

i "lakhéng gian Euclide thyc nchiéu, R = R'. Mot diém trong R" 1ax = (x,,..., X ).

Mot diém trong R™ thuong dugc ky higu 1a(x,t) = (x,,..., X ,t) ,t [a bién thoi gian.

n V2
NeuX=(X,...,X,)Vay = (Y;,..., ¥,) thudc R" thi xy =>" Xy, , || :[ZXEJ
k=1 k=1
Mot Véc to dang o = (e, ..., @) € NU, trong d6 mdi thanh phan o, 1a mot s0 nguyén khong
am, dugc goi 1a mot da chi s6 bacla|=a, +...+ ¢, .
Cho truéc mot da chi sé a, Ky hidu x* = x..x

du(x)

DU(X) = —————=0ox"..0x,""u..
0= 5o g =X,
A T 9
AU = Z 1a toédn tir Laplace cuau .
i1 OX;0X;

Gia cta ham lién tyc u ky hiéu lasuppu = {x eR"|u(x) # 0} .
C”(Q) ={u:Q—>R|ukha vi vd han}. Himu € C*(Q2) duoc goi la ham tron.
D (R") la khéng gian cac ham kha vi vo han trén R" véi gid compact.

D (R") con goi la khéng gian cac ham thir.
p
L”(R") ={u:R" — C|udo duoc Lebesgue, ||u||L,,(Rn) = “ Jux)|° dx} <o}l p<o).
Rn

Lo () ={u:Q > R |ue L'(V)véimoi Vcc Q}.
Taviét V ccQ néu V <V < Q,V la compact va ta néi V duoc chira compact trong Q..
C 12 mat phing phtrc. Néu z e C ta ky hiéu z 1a sé phirc lién hop ciaz .

3. BIEN POI FOURIER TRONG KHONG GIAN SCHWARTZ

3.1. Dinh nghia

Khong gian Schwartz 1a khong gian cédc ham tron giam nhanh,
S(R") = { f eC™(R"):||f ||aﬂ =sup|x“o” f (x)\ <0, véi moi da chi sé «, e Nj}[1].
' xeR"
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Su hoi tu trong S(R"): Ta ndi rang f, —42 f khi k —>oonéu|| f — f||aﬁ —0,k >
voi moia, f e Nj.
3.2. Bién d6i Fourier trong khong gian S(R")
Dinh nghia:
Néu f € S(R"), ta dinh nghia bién d6i Fourier cta f 12
£ _ —ix& n
f&)= a ﬂ)mz j e ™ f(x)dx,& e R (1)
va bién d6i Fourier nguoc cua f 1a
F (&)= e f (x)dx,& e R" 2
f@)(&ﬂmf ()dx, & )

Dinh nghia tich chdp:
Néu f,g e S(R") ta dinh nghia tich chap ctia f vag 1a(f *g)(x) = j f (x—y)g(y)dy

Rﬂ
3.3. Cac tinh chat cuaa bién doi Fourier

Gid str u,veS(R"). Khi d6
(i) [uvdx=[uadd¢ [2]
R" R"

(if) D“u(&) =iIe“a(¢)
(iii) (U*V)(&) = (272)"2G(£)V(E)
(iv)u=(a)"

(3)

2
Chirng minh: (i) Ta c6 D?u(¢) = L,z j e ™ Du(x)dx = D j DZ (e )u(x)dx =

(27) (2n)"

= (273)”/2 J- i\a\ga'efixiu(x)dx _ |‘a‘§alj(§) (dpcm)
(lV) Tinh U(X) = (27:-)n/2 Hé[eixfl](gz)df_ (2 ) i(x— Y)fu(y)dydsg (U) (X) (dpcm)

Céc tinh chat (i) va (iii) xem & [3].
3.4. Cac vi du vé bién ddi Fourier trong khong gian Schwartz

Vi du 1: Tim bién d6i Fourier ciia ham Gauss g(X) = e k>0

Giai: Voix = (x,... x,) e R", g(x) = [ [ e™
j=1
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Ta c6 g(x) l1a ham Schwartz, g(x) € S(R") .
Trudc hét ta di tim bién d6i Fourier ciia ham Gauss mot bién g(x )= g™ X e R
Théy rang g (X;) thoa man phuong trinh g'(x;) +2kx;g(x;) =0 (6)
Lay bién d6i Fourier hai vé ctia phuong trinh nay theo bién x ; ta duge

, ~¢j?
i£6(¢)+2ki(4(¢))) =0=4(5) =ce * ,j=L..n W)

o0

Tacéc = §(0) :% [ 9(x))ax, :% [ e,

—00

Ta d3 biét I e *dt =/ nén suy ra

Lx\/;:i (8)

~(kx;)? O
7 d \/Ex. =——|e dt=
(hxy) J2kr [O J2kx J2k

cotLie
N2 \/E,m

Do d6 bién d6i Fourier cua ham Gauss la

n 1)
a() = Q(f-)Z(—j e, &=(&, ) eR (9)
Hoe =7 1

Vi dy 2: Tim bién d6i Fourier ham f () 1a nghiém ciia phuong trinh tich phan:
f()+[e ™ f(r)dr=e™ (10)
Théy ring j e f(r)dr = j H(x=7)e *f(2)dz = (e H(X))* f (X) (11)

s s .. 1, x>0
trong d6 H(x) la ham Heaviside [4]: H(x) :{O <0 (12)
X<

Do d6 phuong trinh da cho twong duwong v6i phuong trinh
FO)+(e*H(X))* f(x)=e™ (13)

Lay bién do61 Fourier hai v€ cua phuong trinh nay ta co6

f(&)+V2re H(X)(E) f (&) =e (&)

Do d6 bién doi Fourier ciia ham f (x) la:

foa_ 1 [3 4 df i
f(g)_Jg[Z §2+4+d§(2+i§ﬂ (14)
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VieME=—L 22 4.0)

1
,272_ a2+§2’

Vi du 3: Tim bién ddi Fourier ham u 13 nghiém ctia phwong trinh vi sai phan

3—u+au(x)+u(x—1)=f,aeRvaf e S(R) (15)
X

, du SN _iE A
Taco &(cf) =i50(8), u(x=1)(&) =e™u($) (16)
Do d6 1dy bién d6i Fourier hai vé ctia phuong trinh ta dugc

iE0(E) +al(&) +e“u(&) = f (&), £eR

Do d6 bién d6i Fourier cia ham ula G(&) = L)—@ (17)
IE+a+e

4. BIEN POI FOURIER HAM SUY RONG
4.1. Pinh nghia (ham suy rong)
Ta goi phiém ham tuyén tinh lién tucu :D (R") — C 12 ham suy rong.
Gia trj cia phiém ham u tai ham f D (R") ky hi¢u lau, hogc(u, ).
Khéng gian cac ham suy rong ky hiéu 1a D' (R") .
Ta noi déy{ fn} cac ham suy rong hoi tu dén ham suy rong f néu véi moi ham
thir o day ( f,, ) hoi tu dén(f, ).
4.2. Céc vi du vé ham suy rong

Vidu 1: Gia st f e L _(R")[5]. Khi dou, :D(R") — Cxéc dinh béi

(ur.0)= [ F(0(x)dx (18)

Rn
la ham suy rong.

That vay, tinh lién tuc cta u; dugc suy ra tir danh gia

(ur @) < | @0 dx <], [|f ()]x (19)

K K

V ¢ € Dk, K compact trong R".
Hién nhién phiém hamu, 1a tuyén tinh = dpem.
Vidy 2: Gia st @ 1a ham thir trén R" . Khi d6 phiém ham &, : D (R") — Cxéc dinh boi

(8,,0)=(x) (20)
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la mot ham suy rong (goi 1a d6 do Dirac tai x e R").
That vay, ta co <5 > o, (X) > o(X) = <§X : (p) néu ¢, —> @trongD (R") = dpcm.
Vi du 3: Gia tri chinh Cauchy P-v- 1 :D(R) > C,p— lim I de (21)

.
-0 \x\>g X

la ham suy rdng.

That vy, a > 0sao chosuppg = [-a,a]taco

<P_Vg,(p>=.im( [ P00y, [ 2Oy |
X

. +
e20 e<|x<a X e<|xj<a X

I|m

| p(X)— (p(O)d _J.(D(X) 9(0)

g<\x\<a

. Gigi han nay ton tai va hitu han vi

@(x) —9(0) dx

< 2amax|¢/|, Ve >0.
X R

e<|x|<a

4.3. Pao ham cia ham suy rong
Pinh nghia: Gia st f 1a ham suy rong trong D’ (R") . Dao ham riéng cua ham f duoc xac

dinhb6i<%j,(p>=<f 2;”> VoeD(R"), je{L..,n} (22)

]

1Lx=>0 .
Vi du 1: Ham Heaviside H (x) = {0 <0 Ia ham suy rong.
X<

V6ipeD(R)tacé(H',p)=—(H,¢') =—[ H(x)¢'(x)dx =—T(p’(x)dx — p(0) =(5,9)
Viy H' =68 (23)

Vidu 2:Dln|x| = P-v-itrong D’'(R") (24)
X

Thitvay taco (DIn[x|,¢)=~(In|x|.¢')=—1lim [ In|x|¢'(x)dx =
R[]

__ Iim{ [ L o(dx+1In g[gp(e)—go(—g)]} lim de:
[a.al-z.¢] 220 al-ec]
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_ <|:> -V-%,(p> (dpcm). (Vi &f)dx =0va hrp Ine[p(e) —p(-£)]=0).

[~a.al\-z.¢]
4.4. Ham suy rong 6n hoa

Pinh nghia: Ta goi phiém ham tuyén tinh lién tucu : S(R") — C1a ham suy rong 6n hoa.
Gid tri ctia phiém hamu tai ham f € S(R") ky hiéu lau, hodc <u, f > .
Khong gian cac ham suy rong 6n hoa ky hiéu la S'(R") [6].

Chay: (i) Néuu e S'(R") thi x*0”u € S'(R"),Va, B e N,

(i1) Ham suy rong 6n hoa la mot ham suy rong, nghia 1a S'(R") = D' (R") (25)

4.5. Bién d6i Fourier trong khong gian S'(R")

Mgénh dé: Véip, ¢ S(R") ta luon co (p, 4) = <¢, ¢3> [7]

Chimg minh: Theo Dinh Iy Fubini ta c6 (¢, ¢) = _t j ( j go(x)eixfdx}zs(g)dg =

(zﬂ)n/Z 2l gn

1

=" I q)(x)[ j ¢(§)e-‘*§d§de ~(p.4).

Pinh nghia: Bién d6i Fourier ctia ham suy rong u € S'(R") dugc xac dinh boi

<l],g0>:<u,¢3>,‘v’goeS(R”) (26)
Bién d6i Fourier nguoc ctia ham suy rong u e S'(R™) dugc xac dinh boi
(i, ) ={u,®),VoeS(R") (27)

M@t s6 tinh chit cia bién ddi Fourier trong S'(R"):

(Hu(x+y)=e"0, trongdou e S'(R"),y e R";

(i) Dfu = i“le“q;

(iii) x“u =i“a2d.

Chitng minh: (i) Ta co <u(x+ y), (p> =(u(x+y), @)= <u, P(X— y)> = <u, eiy‘fgp> =

- <L], eiy‘f(p> = <eiy‘fﬁ, (p> (dpcm).
Céc tinh chat (ii) va (iii) xem & [8].

Vi dy: Bién doi Fourier cua d¢ do Dirac 6, la ham suy rong xac dinh boi
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o _ A\ A _ 1 —ixpy
(3,.0)=(8,.6)= (%) = " j e p(y)dy (28)
A g oY A 1
Vay5xo(y)=W . DaC blet50 :W

LAy bién d6i Fourier nguoc ta co1= (27)"26,.
5.NGHIEM SUY RONG CUA PHUONG TRINH VI PHAN PAO HAM RIENG
5.1. Pinh nghia (nghiém suy rong):

Gia su P(D) la toan tir dao ham riéng va f eD’(R") . Ham u eD'(R") dugc goi 1a nghiém
suy rong cta phuong trinh P(D)u = f néu(P(D)u,¢)=(f,p),VpeD'(R") (29)

Bai toan 1: Gia su f e L,

(R) vaxét u(x,t) = f(x—t)[9]. Khi dou € L;, (R*) 1a nghiém
suy rong ctia phuong trinh séng mot chiéu.

That vay, ta co(dfu—0alu,p)=(u,8lp—0%p)= [ f(x-1)(@p(xt)-O2p(x1))dxdt
RZ

V6i Ve eD (R?).

u=x-t —
Dét{ t:>¢(X,t):¢(M,uj=T(U,V),Véi\I’ED(RZ)
+

2 2

Vid%p =02 +02F — 20,0,W, 020 = 0°W + 02W + 20,0, W nénd’p —%p =—40,0,% . Suy

ra(&fu -ou, ‘P} = —ZJ I f (u)o,0,¥dvdu = —2_[ f (u) Uauav‘l’(u,v)dvjdu =0vi
R? R R

jauﬁv‘l’(u,v)dv =0= dpcm.

R

5.2. Nghiém co ban ciia phwong trinh dao ham riéng

Pinh nghia: Ham suy rong E e D'(R") dugc goi 1a nghiém co ban cia toan tor dao ham
riéng P(D) néu P(D)E = &, [10] trong D’ (R") (30)

Bai toan 2: Tim nghiém co ban ctia bai toan Cauchy d6i v6i phuong trinh Schrodinger

{ut —iAu trong R" x (0, 0) a

u(x,0) = f(x)tren R" x{t =0}, f e S(R")
Lay bién d6i Fourier theo bién x hai vé cua phuong trinh ta duoc
0,(&,t) =—i|ef A, va ag,0) = f (&)
Giai phuong trinh vi phan nay ta c¢6 G,(&,t) = f (.ﬁj)e’i“f‘2t

. Lay bién do61 Fourier nguoc ta
dugc nghiém cua bai toan la:
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T %(eigzt ) s f=Fxf (32)

(27)
o

) - et néut>0
trong do F(x,t) = (47zit)5 (33)

ux 0 =(f@e ")

Onéut<0
Ta ching minh ring F(x,t) 12 nghiém co ban cia toan tir Schrodinger.

F(x,t) néut>¢

Véoie>0datF (xt) = ;
Onéut<e.

Ta phai chiing minh<8t F.(x,t) —1AF, (X,1), go(x,t)) = (Fg (X, 1), (-0, —iA) (X, t)> — ¢(0,0)
khis — 0véiVepeD(R™). Bang cach lay tich phan timg phan ta cé:

(0,F. (x,1) —IAF,(x,1), (X, 1)) =T [ Foxt)(=0, —ia)p(x, t)dxdt =

eR"

:T J' —IAF (x,t)@(x, t)dxdt + I T@tF(x,t)qo(x,t)dxdt + I F (X, &)p(x,£)dx =

& R"

=T j (6, —IA)F (X, )p(x, t)dxdlt + j F (X, &)p(x, £)dx +0(£) = 0(¢) + j F (X, £)p(x,0)dx

& R" R"

Ta cosuple(x, &) —(x,0)| = 0 khie — 0*va j F(x,&)dx=1.
Rn

xeR"
Tir d6 cho & — 0" ta duge((8, —iA) F,¢) = ¢(0,0) (dpem).
Bai toan 3 (Phwong phap triét tiéu do nhét ddi voi phwong trinh Burgers)

Ta nghién ctru nghiému® khi & — O ciia bai toan gia tri ban dau déi v6i phuong trinh do
nhaot Burgers

XX 1 (34)

u’ +u‘u; =eu;, ,xeR,t>0
u®(x,0) =uj(x),xeR

52 2
PR C IS _(¥)
Neu dat¥, =-u‘,'?, —T—é‘uxthl tur (34) suy ra\¥, = 5 +&¥

XX

hoic ¥, —&¥ —%‘Pi =0 (35)

Phuong trinh (35) 1a phuong trinh phi tuyén thuong xuét hién trong 1y thuyét diéu khién

655



Transport and Communications Science Journal, Vol 72, Issue 5 (06/2021), 646-659
t6i wu ngau nhién.

batp = g(W)trong d6 ham g : R — R s& xac dinh sau. Ta chon ham g sao cho ham ¢ thoa

man mot phuong trinh tuyén tinh. Ta co ¢, = g'(P)¥, = ¥, = ,g(oilj) vap, =g'(V)¥Y,;
g
P =0"(P)¥+9' (V)Y

Thé cac dao ham ¥, = A7

gy e =9"(¥)¥: +g'(¥)¥,, vao phuong trinh (35) va rit
g

gon ta nhan dugc phuong trinh g, —gp,, = —{5 g ,(\P) —E}I’i
g'(Y) 2
Ta dugc phuong trinh truyén nhiét g, —eg, =0 (36)
14 1
v6i diéu kién chon ham g sao cho 5% —% =0Onghia la ldy g = e? .
g

_hx)
Do dou’ =-¥, =22 Tur didu Kién ban dau ta suy rag,(x) =e 2¢ trong doh(x)la
%
mot nguyén ham ctaau, (X) .

Xét bai toén gia tri ban ddu dbi voi phuong trinh truyén nhiét

O, —EPy = 0
ho (37)
Do (x)=e 2

Thay hinh thirci boie vao cong thirc nghiém co ban cua phuong trinh Schordinger ¢ bai
X

— det A

{04 2 (v6in =1) ta c6 nghiém co ban cia (36) p(x, ) ={ Yzt . o0

0O néut<0

o h(y) (x-y)?

. 1
Tur day ta ¢6 nghiém cua bai toan gia tri ban dau (37) la ¢(x,t) = I e 2e 4t dy
NLY

Tré lai bién gbc ban dau ta c6 nghiém ctia phuong trinh do nhét Burger 1a

T x=y F5 My
t
ug(X,t) — = — M (38)
.[ e 2¢ dy
(x-y)°

VoiK(x,y,t) =h(y) +T , X, Yy € R,t>0trong d6 h(x) la mot nguyén ham cuau,(X).

Bay gid ta s& chirng minh rang nghiém u®hoi tu khi & — 0t6i mot nghiém suy rongu cia dinh
ludt bao toan [11]
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2
u+ | =0,xeR,t>0
2 ). (39)

u(x,0) =u,(x),xe R
Ky thuat triét ti€u d nhdt nay cho phép tim dugc nghi¢ém Entropiu cia phuong trinh (39),

nghiém nay co6 thé khong lién tuc qua cac song soc va gidgi han cua cac nghiému® cua (34). O

day sé& trinh bay tom tit phuong phap Laplace nghién ciru sy tiém cén khi e — 0 cta cac tich
|
phan chira biéu thirce ¢, 1 12 ham cho trude.

B6 dé (tiém can). Gia su rangk,|: R — R 13 cac ham lién tuc, | ting nhiéu nhit 13 tuyén
tinh vak tang it nhét 1a bac hai.

Gia thiét ton tai duy nhat y, e R sao chok(y,) = mink(y).

= k(y)
[1tye < dy
Khi do lim =————=1(y,)
Ie ¢ dy
o
Chirng minh: Patk, =k(y,). Khi d6 ham z, (y) =— ——YeR
je " odz

—00

>0, dy =1
tho man ) “ _fwug(y) y

4. (y) » Onhu ham mii v6iy, # y,khi ¢ >0

®© —k(y)
[iye = dy
Do d6 lim =———=lim j 1(y) 2, (y)dy = 1(y,) . B d& dugc chimg minh xong.
ery —0
Tir bo dé trén suy ra Iirrg u®(x,t) =u(x,t) (40)

Cong thirc (40) cho ta cong thirc nghiém Entropi ctia bai toan gia tri ban dau (39).

Bai todn 4: Tim ham suy rong E € S'(IR*) 1a nghiém co ban cua toan tir Laplace trong
khéng gian ba chiéu, nghia 1a AE = Oy -

Lay bién ddi Fourier hai vé ctia phwong trinh d cho ta dugc
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¢ (&) = 8, Vig, =—— nen (&) =-— =

(27)? @27)? )¢’

Lay bién d6i Fourier nguoc ta duoc nghiém cta phuong trinh A E = — - (<]
(27)?

Doi bién sang toa dd cau ta co

(R?)

[1el*de= jd jdejr Smedr—47rR<oo:>|§| L

‘§‘<R oc
Trong khong gian S'(R?) co im(&* 10,)" = (&)
Do d6 v6ip e S(R*)ta co
(E.¢) =<(zn)2(—|§|‘z)v,¢> =-lim <<2n)2(|§|‘2 1B(0,R))v,¢> _
=~ 1im(27) ? (|&] " Lo @ ) =~ lIM(@27) 2 [ |&] " 1oy (0" () =
_ lim j EE j P(X)e¥dxd & = — B lim j j €] e d p(x)dx

7n \3 7n N3
(2 ) " ) " o em

Bing cach d6i mién ta c6

I I|§| e'ds = H r’e"dor’dr —”cos(ré?x)dedr

|£|<R 52 052

% ; 1
Dung tiép phép thé ¢ = arccoss = do =— ,0<@p<rmsuyra

ds 1-s°

sin(r|x|)

1
.[ cos(rgx)d@ = —271_[ cos(r|x|s)ds = —4r
d % rix

sin x an tsin(r|x)) T o
Vi|m/—Zdx== dr = .Tu d
j I | r 2 r d6 suy ra

|n(r| D ~
”4 e dro(x)dx = (2)

Vay nghiém suy rong cua bai toan 1a E(X) = .
47[|X|

<E’ (p> (27[) R—)oo
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(41)

(42)

(43)

(44)

(45)

(46)
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6. KET LUAN

Bai viét di trinh bay bién ddi Fourier cho 16p ham suy rong va dua ra mét vai phuong
phap dé nghién ciru nghiém suy rong, nghiém co ban cho mot s6 phwong trinh dao ham riéng
ma thyc té chung khong c6 nghiém kha vi dén bac can thiét.

LOI CAM ON

Tac gia xin trén trong gui dén Truong Dai hoc Giao thong vén tai 10i cam on chéan thanh da
tao dicu kién thuan lgi cho tac gia thuc hién nghién ctru trong bai bao nay.
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