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Abstract: In the railway operation, when newly manufacturing or renovating wagons, trains
using compressed air brakes must ensure the braking distance, as prescribed not more than
800 m with the metre-gauge. The article presents the theoretical fundamentals of calculating
the braking distance of trains and wagons. In which the analytic method with the integral and
segment calculation was proposed. Based on that, we developed a program to calculate the
braking distance of passenger carriages operated on Vietnam railways using VBA
programming language. The calculation results show that the proposed method is more
suitable and can apply the developed program to test the braking distance of wagons in
Vietnam Railways.
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Tom tit: Trong khai thac dudng sat, khi san xuat méi hoic cai tao toa xe, doan tau sir dung
ham gi6 ép phai dam bao khoang cach ham khi dimg, quy dinh khéng qua 800 m véi khd
duong 1000 mm. Bai bao trinh bay co so ly thuyét tinh khoang cach him doan tau, toa xe
theo phuong phap giai tich vai cach tinh tich phan va cach tinh phan doan, tir d6 xay dung
chuong trinh tinh toan kiém nghiém khoang cach hdm toa xe khach st dung trén duong sat
Viét Nam trén co sé ngdn ngir lap trinh VBA. Két qua tinh toan cho thay, céch tinh tich phan
phl hgp hon va c6 thé ing dung chuong trinh tinh toan da thiét lap dé kiém nghiém khoang
cach ham toa xe sir dung trén Puong sit Viet Nam.

Tw khoa: chuong trinh tinh toan, khoang cach hdm, toa xe khach.

© 2020 Truong Dai hoc Giao thdng vdn tdi

1. PAT VAN DE

Hé thong ham doan tau ludn dwoc cai tién va hoan thién, né co y nghia rat 16n trong khai
thac van tai duong sit. Hé thong ham tbt lam cho doan tau chuyén dong dugc an toan véi
khoang cach hdm ngén. Viéc rat ngan khoang cach hdm c6 vai tro rat 16n dé nang cao téc do
chay tau. Céc toa xe khi thiét ké méi phai duoc kiém nghiém khoang cach hdm cho mét toa
xe dé danh gia nang luc ham cua toa xe d6, theo TCVN 9983:2013 Phuong tién giao thong
duong sit - Toa xe - Yéu cau thiét ké [1].
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Viéc x4c dinh khoang cach ham duoc tién hanh theo hai céch tinh: tich phan va phan
doan. Khoang cach him ddu may, toa xe chiu anh huéng cua nhiéu tham sé nhu: luc him don
vi ciia doan tau, hé sé ma sat gudc hdm va béanh xe, luc can co ban don vi cia dau may, toa
xe, diéu kién van hanh, ..., cac tham sé déu bién doi theo téc do, dong thoi hé sb ma sat gubce
hdm va béanh xe con phu thudc vao luc ép gudc him va banh xe. Do dé, viéc tinh toan khoang
cach ham kha phurc tap voi cach tinh tich phan. Vi vay, trong thuc té tinh toan thuong ding
bién phap gian hoa, bing céch chia toc d6 doan tau thanh mot sé gian cach téc do (phan
doan), va gia dinh hop luc don vi trong gian cach toc do 1a khong ddi, twong tng vai tée do
binh quén trong gian cach. Nhu vay, mdi gian cach tdc d6 doan tau chuyén dong vai téc do
déu.

Tir d6, viéc xay dung chuong trinh tinh toan khoang cach him doan tau cho két qua
chinh xac hon, giam nhiéu khéi luong tinh toan, lam co sé cho viéc lva chon cong thirc xac
dinh mot s tham sé khi tinh hdm phd hop véi diéu kién duong sat Viét Nam, ddng thoi so
sanh su sai léch két qua caa hai cach tinh.

Poan tau gdm cac dau may va toa xe, trong khudn khd bai béo chi trinh bay viéc xay
dung chuong trinh tinh todn khoang cach hdm cho toa xe khach, 1am co so cho viéc xay dung
chuong trinh tinh toan khoang cach hdm cho doan tau khach. Ung dung chuong trinh tinh
toan tinh cho toa xe hanh Iy str dung hdm guéc (hién nay, hon 60% toa xe trong nganh Puong
sat Viet Nam sir dung hdm guéc), véi loai toa xe hanh 1y ¢6 co cau Rong — Tai.
2.COSO LY THUYET TINH KHOANG CACH HAM TOA XE KHACH

bé dam bao van dung doan tau an toan, nganh Puong sat \{iét Nam qui dinh khoéng cach
hdm khan 16n nhat khong vuot qua 800 m phai dung tau véi kho duong 1000 mm, bao gom ca
trueong hop khi xuong doc cao, dai [2].

Qua trinh ham doan tau chia thanh hai giai doan: mot doan sau khi lai tau hdm van Chg}y
da, khoang cach doan tau chay duoc goi la khoang cach chay khong, ky hi¢u la S1. Doan tiep
theo tinh tir thoi diém ap suat xy lanh hdm dot ngot tang 1én den luc doan tau dung, goi la qua
trinh hdm thuc té, khoang cach ham twong (ng goi la khoang cach hdm thuc te, ky hiéu la Sa.
Vay khoang cach ham doan tau duoc tinh theo cong thuc (1):

S=S$1+S; 1)
2.1. Khoang cach chay khong [3, 4]

Qua trinh chay khong la qua trinh doan tau chay da quén tinh, trén duong bang hoic
duong doc nho, toc do doan tau cham dan, khi xuong doc cao ma luc duong doc 16n hon luc
can co ban, thi toc do doan tau tang. D& don gian trong tinh toan thuong gia dinh, trong thoi
gian chay khong, toc do doan tau khong doi va van bang toc do khi thao tac ham. Sy dnh
huong cua do doc véi toc do va khoang cach chay khong, dung phuong phéap hé so thoi gian
dé hiéu chinh. Do d6, khoang cach chay khdng dugc tinh theo cong thac (2):

Slzﬁtl, (m) ©
trong do:
VH - tbe d6 doan tau khi ham (km/h)
ty - thoi gian chay khong (s)
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Dbi voi doan tau khach [4], theo cong thic (3):
7.0
t=5-—— 1 ——
1000.6,..f

dt* "ms

©)

trong do:
ij - d6 dbc qui doi;
B4t - hdm suat doan tau;
fms - hé s6 ma sét giita banh xe va gudc ham.
2.2. Khoang cach ham thuc té [4, 6]
2.2.1. Tinh khodng cach hdm thgec té bang céach tinh tich phan
) Qua trinh ham Iaﬁqué trinh tac dung cta luc hdm va luc can ty nhién khién doan tau giam
toc do tai khi dung han. Can ctr dinh luat Niu-ton tha hai, ta ¢6 phuong trinh van dong doan
tau vai hop luc Cqat va hop luc don vi cqt tac dung 1én doan tau, cong thirc (4) va (5):

P .1000
G, = (B, + Wt )< (PEQ) 1000 d (4)
o ) g dt
y 1000 dv
hoac —Cy = _(bdt + CO:: + a)?t ) = TE (5)
trong do:

g - gia toc trong truong, (9,8067 m/s? hoac 127000 km/h?);

Badt, bat - lwvc hdm (KN), luc ham don vi doan tau (N/kN);

P, Q - trong lwong dau may, doan xe (KN);

W%, @™o - luc can (KN), luc can co ban don vi doan tau khi hdm (N/KN);

WG, @ - luc can phu (kN), luc can phu don vi doan tau qui doi (N/kN).

Khi tinh lyc ham da bo qua anh huong cua cac khoi lugng quay, nhung trén thyc té no co
anh huong. D€ xét anh hudng do6 trong tinh toan ham duong sat, thuong dung cach hiéu chinh
la: 1y tri 6 g = 120 000 km/h?, twong duong 6% hé 6 quan tinh cuia khoi lugng quay. Do do,
sau khi bién d6i ta dugc cong thuc tinh khoang cach ham thuc té cho doan tau cé dang tich
phén, cng thuc (6):

VH

= [ 1000 vav

120(10000.f* + 0 + "

Y Vadv

s, = [1000 m) (6
i }[ 120(bdt +o +a)?t) ) (™)

Ciing bang cach xac dinh khoang céch ham thyc té trong ty nhu trén, xét mét toa xe Voi
hop luc tac dung 1én toa xe khi chay da quan tinh c6 dugc phuong trinh chuyén dong cua toa
xe va sau khi bién doi, ta dugc cong thuc tinh khoang cach hdm thuc té cho toa xe c6 dang
tich phan, cong thac (7):

VH VH
s, = [ 1000 vav = [ 1000 vav
» 120(b+e,+o) 3 120(1000.0.f, + @, + o,

] (m) (7)

trong do:
b - luc ham don vi toa xe (N/KN);
0 - hdm suat toa xe;
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@0z - Iuc cén co ban don vi toa xe khi ham (N/KN):;

@ - luc can phy don vi toa xe qui d6i (N/kN).
2.2.2. Tinh khodng cach ham theec té bang cach tinh phdn doan

Tich phan trong cong thtc (7) dé tim khoang cach ham gap nhiéu kho khan, vi hop luc
don vi trong tich phan 12 ham s cua tc d6. Bai vay, trong thyc té tinh toan thuong ding bién
phép gian hoa. Tuc 1a chia qua trinh thyc té hdm thanh nhiéu giai doan téc do (50 km/h try
xuéng lay gian cach 1a 10 km/h; 50 km/h tro 18n lay gian cach 12 5 km/h). Gia dinh, trong mdi
gian cach hop luc don vi tac dung vao doan tau khdng doi va bang hop luc don vi cua tée do
binh quan trong gian cach. Trong mdi gian cach, téc do tinh toan 1a toc do trung binh cua gian
cach. V = (Vn + Vne1)/2. VAy biéu thtc (7) c6 thé bién ddi nhu cong thirc (8):

417 (VZi-Vi) & 4L7(VE-VE)

S, = (8)
Z Z (b+a)02+a)) nZ:(lOOOHf +a)OZ+a))
trong do:
k - s6 lwong gian cach téc do;
Vi, Vo1 - toe d dau, cudi gian cach toc do.
2.3. Céc tham s6 khi tinh khoang cach hdm thuc té caa toa xe khach
2.3.1. Luc ép guéc ham [1, 4, 6]
a. Lure day piston xy-lanh hdm P, (kN), cong thuc (9):
z.d?
R = T'PXLH )

trong do:
PxLh - Ap suét xy-lanh ham (kPa), (d4 trir luc can tong hop cua 10 xo hdi vi xy lanh ham);
d - buong kinh piston xy lanh hdm, (m).
b. Tong lwc ép gube ham lén banh xe Pgr (KN), cdng thic (10):
P, =P,.L7.n (10)

trong do:
L - boi suat hdm theo thiét ké;
5 - higu suat truyén dong, # = 0,80 < 0,95;
n - s6 lwong noi ham.
2.3.2. Luc hdm, lwe ham don vi toa xe [1, 4, 6]
a. Luc ham B (kN), cong thuc (11):

B= Z gh* ms (11)
b. Luc ham don vi toa xe (N/kN), cdng thuc (12):
b, _B _ 10002 e Fons (12)
Q Q

trong do: Q - trong luong toa xe (kN).
2.3.3. Ham sudt toa xe [1, 3, 4]
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Ham suét toa xe duoc tinh theo ti 1& %, xac dinh bang tong luc ép gudc ham trén trong
luong dugc ham, cong thac (13):

Khi ¢ tai: 0= 100(96) : Khi khong taizg = = 100(%) (13)

Q+Q, Q

trong do:

Q1 - ty nang cua toa xe, (KN);

Q2 - tai trong cua toa xe, (kKN).
2.3.4. H¢ s6 ma sét gisa guéc ham va banh xe [4, 6, 7, 10]

Hé s6 ma sét ¢ quan hé véi van téc va luc ép gudc ham.

Véi gudc hdm bang gang P trung binh, sir dung cong thic (14) tinh toan hé sé ma sat:

f =064 10 SO0 4 5 439y, )V
5, +100" 14V +100 6V +100 14
trong do:
P1gn - luc ép ciia mdi gudc ham, (KN/mot gube ham);
V - toc do trong qua trinh ham (km/h);
VH - tbe d6 bat dau ham (km/h).
Vi gudc hdm bang gang tiéu chuan, sir dung cong thirc (15) tinh toan hé s ma sét:
a5

+100 5V +100

Véi gubc hdm bang vat liéu tong hop - phi kim loai, sir dung cong thtc (16) tinh toan hé
s6 ma sat:

"' 1gh

Rp+20 V4150

f. =044, . (16)
4P, +20 2V +150
2.3.5. Luc can toa xe [5]
a. Lyc can co ban don vi toa xe
Luc can co ban don vi cua toa xe khach, 6 bi: @0 (N/kN), cong thirc (17):
@, =1,5+0,026V +0,00029V ? (17)

b. Luc can phu don vi toa xe
Luc can phu don vi quy d6i:  @j = @i (N/kN)
trong d6: Luc can don vi duong déc: wi = + i (N/KN) (18)

VGi i - do dbc quy doi cua duong, (%o) ; Lén déc dung dau “+7; Xudng doc dung diu .
3. XAY DUNG CHUONG TRINH TiNH TOAN KHOANG CACH HAM TOA XE KHACH

3.1. Xay dwng chwong trinh tinh toan khoang cach hdm toa xe khach

Tir cac co so ly thuyét néu trén, tién hanh thiét 1ap chwong trinh tinh toan khoang céch
h@m toa xe khach trén co s& ngdn ngir 1ap trinh VBA [8].
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3.2.1. Thiét ldp céc lwu do thugt toan

Nhﬁp vao: QI, Q_’, Vmax, Lgc, er, P XLH,

N, dxm, n, VLGH, HPT, n, m, i

'

zd’
P(J= :LHP);ZH

> Py =BNLq

P _ ngh

=
n.m

Gang 1B 1

£, =0.64.

+0,006.(110~F},)

5.R,,+100" 147 +100

B, +100 3,67 +100 v
6.7 +100

v
‘A

L6.B,,+100 17+100
" 8.8, +100 57 +100

J,. =0.6

_.®

w
v
!

B,+20 V4150

fo=044 1T~ 7O
4B, +20 2V +150

-0

§

g =9,8067
6= ZBQ”
g9 +9,)

7.1
t=5-——"—r
1000.6.1,

ms

14
S = —max g
1 3,61

.

Tinh tich phan:

Vdv

Vmﬂx
5 = ! 1000120(b+m0:+cuj)

v

S=5+8,

§ <800

b

Két luan: Pam bao khodng cich him

Inra: t;, §, 8, S

.

Két luan: Khong dam bao
khoang cach him
Inra: t1, 81, 55 S

>

1100

>
>

A4

Hinh 1. Luu d6 thuat toan kiém nghiém khoang cach hdm cho toa xe khach hdm guéc bang cach tinh
tich phan.
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Nhép vao: QI, QZ, V)m.\', Lgc, Ln, PXIH,
N, dxim, n, VLGH, HDT, n, m, i

v

F= ”djm Pyy
> P,=RNLun
Rl
p, =z
n.m
g =9,8067
PR
6= g
20, +0,)
+0,
5 =270
m
(zJJ. =i

VLGH =
Gang 1B 1

v
0,006 (110-F,) —— —b@

B, +100 3 6V +100
‘5B, +100 147 +100

Y

S =064

b

L6.B, +100 7 +100
" 8.B,,+100 57 +100

Y

fmr =0.6

b

B t20 74150
4.8, +20 2F +150

£, =0.44,

_,@

b=1000.6.f,,

5

@, =2,6+0,036F +0,00026.F

)
-«

@y, =1,5+0,0267 +0,00029.F

w
o}
<

@y, =0.7+—(3+0,18.V+0,003.V?)
qy

Vdv

Vonzx

v

Inra: S>

v

Hinh 2. Luu d6 thuat toan tinh tich phan S,.

1101



Transport and Communications Science Journal, Vol 71, Issue 9 (12/2020), 1094-1106

Nhiép vao: @1, Oz, Vimay, Lge, L, Pxzm,
N, dxzzs 1, VLGH, HDT, n, m, i

)

B - adyy

2=

B, =

Pyy
F.NL,n
ZP;.

Jr

g =9,8067
_ 2B
8@ +0)
_9+0,
0 =
m
@, =i

v

V, =1{10,20, ...
v, =1{0,10,...,

.50.55,60,...,120}
50,55,60,...,115}

S,=0:k=1
@ ='

VLGH =
Gang IB 1

£, +100 3 6V, +100

- +0.006.(110-F, )
5B, +100 14V, +100

Jo: =0.64

Vs
67, +100

*

lGP , 1100 V+1()0

SP]!), +100 5.7, +100

—=

B, +20 ¥, +150

fre=0,44.
: 4B, +20 2V, +150

_,®

>
>

7.0
10009f

ms

b=1000.6.f,,

@, =2,6+0,036.7,, +0,00026.V;

@, =1,5+0,026F, +0,00029.7;

@, =0.7 +;(3 +0,18.V,+0,003.V; )
0

v
417(72-73)
(b+m0: +(0])

2 =2

§=5+5,

k=k+1

§=800

b

Pam bao khoang cach ham
Inra: #;, 81, S5, S

v

Khong dam béo khoang cach ham
Inra: ¢, 85, S5, S

Két thiic

Hinh 3. Luu d thuat toan kiém nghiém khoang cach hdm cho toa xe khach ham guébc bang cach tinh
phan doan thyc tinh.
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3.2.2. Cac chirc nang chinh cia chwong trinh
- Céc chirc nang chinh cua chuong trinh

+ Lua chon loai toa xe tinh toan trong thu vién: Thong sb tinh toan hdm cua céc toa xe
khach; chon vat liéu guoc ham tinh toan.

+ Tinh todn khoang cach hdm toa xe theo hai cach tinh: céch tinh tich phan va cach tinh
phan doan.
- M6t sb giao dién chinh cta chuong trinh

+ Nhap s6 liéu: Trong 6 “Thong s tinh toan hdm cua toa xe khach”: phan Chung loai toa
xe, chon loai toa xe tinh toan trong thu vién Théng sb tinh todn hdm cua cac toa xe khach
(miii tén); phan Vat liéu guc hdm, chon vat liéu gudc ham tinh toan dé c6 hé s6 ma sat twong
mg (miii tén). Thu vién Thong s tinh todn hdm c6 thé bd sung, chinh sira dugc. Giao dién
nhap s6 liéu dugc thé hién trong hinh 4 va hinh 6.

Kiém nghiém khodng cich him
Gidi thigu .
Thiing si tinh toin him o
cia toa xe khach

Théng sé tinh toin him cia toa xe khich
Chiing loai toa xe HL71513 |~ [ Thiéng sé cic loai toa xe him guéc ]
Him gudc/ him dia Guoc _
P dbc tinh todn 0 %o Thong so cic loai toa xe him dia

Hinh 4. Giao dién nhap sb liéu tinh todn khoang cach ham toa xe.

A

+ Giao dién két qua tinh toan: Lwua chon cach tinh toén trong 6 “Kiém nghiém khoang
cach ham”. Giao dién két qua tinh toan dugc thé hién trong hinh 5.

1.1. Phurong phap tich phin
- Khodng cach him cia toa xe
S= 527308 m
- Két lugn
Vi S<[S]=300m =  Pambio
1.2. Phurong phap phin doan thice tinh
- Bang két qua tinh toan khoang cich him

100 935 975 5,000 138,889 0,134 6,792 45,708 357941 496.830

Hinh 5. Giao dién két qua tinh toan khoang cach ham toa xe.
3.2. Ung dung chwong trinh tinh toan khoang cach hdm cho toa xe hanh ly

Ung dung chuong trinh tinh toan tinh khoang cach ham cho toa xe hanh 1y st dung ham
guoc ¢6 co cAu R - T. Hién nay, c6 08 toa xe hanh 1y duoc dong méi (8/2020) ¢ co cau
R&ng — Tai co khi. S5 hiéu toa xe hanh ly: 71513 + 71520, [9].

3.2.1. Céc thong sé tinh toan [9]
Nhap s6 liéu, lya chon toa xe hanh Iy HL 71513 dé tinh toan cho trong hinh 6.
1103
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=
Théng s6 ki thuit cic loai toa xe khiach him gnée

TT Théng sé Ky hiéu | Ponvi | HL71513

1 |Te ning 0; tan 24

2 |Tai trong Q- tan 20

3 |Van tde ciu tao Ve | kmh 100

4 |Béi suat ham GCH L, 4

5 |Béi sut ham khéng tai Ly 5.7

6 |Béi suat hdm toan tai L, 9.5

7 |Ap sudt XLH Pur | kNm? 328.523

8 |S6XLH N 1

9 |Dwong kinh XLH d 1o m 0.356

10 |Hiéu suat n 0.85

11 |Vt liéu guéc ham Gang TB1 |~
12 |Loai hop du truc Obil

13 |Sé gubc him /truc n 4

14 |Sé truc banh xe m 4

Hinh 6. Cac thdng s6 ky thuat vé tinh ham toa xe hanh Iy 71513.
3.2.2. Két qud tinh toan khodng cach ham toa xe

Két qua tinh toan khoang cach ham cho toa xe hanh ly 71513 cho trong hinh 7a va 7b.
Kiém nghiém khoang cich him

Phwong phap tich phin
' J ciia toa xe khach
“ Phuvnz phip phin dean thee tinh

Théng so tinh toin him

1.1. Plurong phap tich phin
- Thot gian chay khéng
= 5,000 5
- Khoang céch chay khéng
S, = 138889 m
- Khoang cach ham the té
S;= 388420 m
- Khoang cich him cia toa xe
S= 527308 m
- Két luin

i osspeven - [NSEEEEN

Hinh 7a. Két qua tinh toan khoang cach ham bing céch tinh tich phan cho toa xe hanh Iy 71513.
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cila foa xe khach

Kiém nghiém khodng cich him
l@- ng : i€ u i
Thing 36 finh toén kim [~ PRuomsphip fchphin e
o " Phurwng phip phin doan fhw tinh |

Kiifm nghiém hre ép gubc him trén mét truc

1.2 Plurong phip phin doan taee tink
- Bing két qui tinh todn khodng cich him
Vi Vs Va t, 5y f. ", AS; 8, 5

100 g3 7.5 5,000 138,885 | 0,134 6,792 45,708 357941 | 496830
03 90 523 3,000 131044 | 0140 5,386 42050 | 312233 | 444178
o0 33 87,5 5,000 125, 000 0,145 5,995 38,503 270,134 305,154
83 20 823 5,000 118,056 | 0,150 5,610 35312 | 231591 | 340646
B0 73 773 3,000 111,111 | 0,155 5257 32,225 106,268 | 307.379
T3 70 72,5 5,000 104 167 0,161 4 900 20287 164,043 268,210
70 &3 7.3 5,000 7202 D.166 1576 76,498 134756 | 231979
53 80 623 5,000 50,278 0.172 17258 73,847 108,255 | 198.536
60 53 575 5.000 83333 0177 3.954 21325 84412 | 167.745
53 30 523 5,000 76,389 D.183 3664 18,923 63087 | 139.476
50 40 43 5,000 65 444 0,150 3,257 16,633 44 164 113 609
40 30 33 5.000 55556 D204 2.765 12 363 77532 83,087
30 20 23 5,000 41,667 D221 2,331 8467 15,160 36,336
20 10 15 5,000 27,773 0,246 1,355 4,520 6,702 34 430
10 D 5 5.000 13,889 D307 1637 1782 1782 15,671

Kt lsdn

Ve = 100 kmh == S[5]-H00m == _

Hinh 7b. Két qua tinh toan khoang cach ham bang céch tinh phan doan cho toa xe hanh Iy 71513.
Tir co s& 1y thuyét nhan thay céch tinh tich phan cho két qua chinh xac hon vi céch tinh
phan doan d& gia dinh, trong mdi gian cach tde do, hop luc don vi khong ddi. Két qua tinh
khoang cach ham cho toa xe hanh ly 71513, theo hai cach tinh, céch tinh tich phan cho két
qua S =1527,308 m 16n hon so véi cach tinh phan doan S = 496,83 m.

Vay, sai léch tuyét di gitra hai phuong phap 1 30,478 m, sai léch twong ddi 12 5,8 %. Do
do, trong tinh kiém nghiém khoang cach hdm cua toa xe khach, nén si dung cach tinh tich
phén voi chuong trinh tinh toan da xay dung.

4. KET LUAN

Chuong trinh tinh toan kiém nghiém khoang cach ham cho toa xe khach co giao dién than
thién, thuan viét, cho két qua chinh xac, nhanh chong. Tur két qué tinh khoang cach ham cho
toa xe khach v6i hai cach tinh di néu, xét thiy nén st dung cach tinh tich phan trong kiém
nghiém tinh khoang cach ham cua toa xe khach.

Chuong trinh da xay dung 1a co s¢ dé thiét 1ap chuong trinh tinh toan khoang cach ham
cho doan tau khach.

LOI CAM ON

Nghién ctru nay dugc tai trg boi Truong Pai hoc Giao thong van tai (PH GTVT) trong dé
tai ma so T2020-CK-010.
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