. NGHIEN CUU VA NG DUNG

TOI UU HOA

CAU TAO HE GIANG
TANG CUGNG TiNH ON BINH
CUA GIAN GIAO

CHIU TAI TRONG NGANG

Tom tat: Gian gido 1a mét dung cu
hitu ich dung dé thi céng phan tho cla
cong trinh xdy dung. Gian gido chiu tai
trong ding rat to6t nhung ngudgc lai chiu
tai trong ngang rat kém do cac lién két
khéng dam bao. Diéu dang ndi rang
TCVN 4453-1995 khéng dé cap dén tai
trong ngang tac dong vao gian gido. Tuy
nhién, viéc bé tri qua nhiéu hé giang hodc
bé tri khong ding cach sé gay can tré va
tham chi la 1ang phi kinh té. Nghién ctu
nay tap trung xac dinh tai trong ngang
(luc giat) do qua trinh bom trén san dua
vao khao sat hién trudng va ly thuyét luc
quan tinh. Nghién ctru mé hinh va téi uu
hda cdu tao hé giang cho 03 loai gian
gido: gian gido thudng, gian gido ném va
gian gido ring-rock. Két qua cta nghién
clu cho biét hé gian gido van dam béo
kha nang chiu luc nhung sé lugng thanh
gidng la it nhat dé tao su théng thoang
khi thi cong va giam chi phi thao lap.

Tu khéa: Gian gido, tai trong ngang,
bom bé tong, xdy dung, t6i uu

Abstract: Scaffolding is a valuable
tool used to construct the structural works
of a construction project. Scaffolding can
withstand vertical loads very well, but
conversely, it can handle lateral loads very
poorly due to inappropriate connections.
It is worth mentioning that TCVN 4453-
1995 does not say horizontal loads acting
on scaffolding. However, the arrangement
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of too many bracing systems or improper
structures will cause obstacles and even
economic waste. This study focuses on
determining the horizontal load due to
the pumping process on the floor based on
the field survey and the theory of inertial
force. Based on this horizontal load, this
study builds models and optimizes the
structure of the bracing system for 03
types of scaffolding: H-scaffolding, wedge
scaffolding, and ring-rock scaffolding.
The results of this study show that the
scaffolding system still ensures the load-
bearing capacity, but the number of
bracing bars is the least to create space
during construction and reduce assembly
costs.

Keywords: Scaffolding, horizontal load,
concrete pump, construction, optimization.
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1. GIGI THIEU

Gian gido la cac thiét bj dung dé nang
d6 con ngudi va vat tu cam tay, chéng d&
hé coppha san bé téng thuc hién céng
viéc & noi c6 do cao I6n hon so véi mat
nén. Viéc nay giup cho viéc xay dung va
hoan thién céng trinh dién ra an toan va
hiéu qua hon. Hién nay trén thi truong
¢6 nhiéu loai gian gido phé bién thusng
dugc st dung trong xay dung nhu: Gian

gido khung, gian gido ném, gian gido
ringlock, gian giao PAL.

Hién nay, an toan lao déng khi thi
cbng céng trinh nha cao tang luén 1a van
dé nhuic nhéi d6i vai tat ca cac du an. Khi
su c6 lién quan dén sap gian gido ngay
cang tang, doi hoi cac nha thau phai chu
tdam dén viéc an toan gian gido tai céng
trudng. C6 nhiéu nguyén nhan dan dén
sap gian gido, & day ta no6i dén nguyén
nhan do “Luc x6 ngang gay ra khi dé bé
téng dam, san”. Su ¢6 tiéu biéu sap gian
gido khi bam bé tong nhu: s6 108B Tran
Phu, Ha Béng (Dy an dudng sat dé thi Ha
Noi, tuyén Cat Linh-Ha Do6ng); Trung tam
Thong tin Khoa hoc & Cong nghé Khu vuc
phia Nam (phudng 8, quan 11, TPHCM);...

2. CO SO LY THUYET

Tai trong ngang tac dung vao dan
gido gdy mat 8n dinh gébm nhiéu thanh
phan: Tai do ngudi va thiét bi thi cong,
luc quan tinh khi bom bé téng (bom
ngang) va tai trong gid. Trong bai nghién
ctu chi tap trung vao luc quan tinh khi
bom bé tong.

2.1. Quan tinh, luc quan tinh la gi?

Quan tinh la tinh chat gitt nguyén van
t6c va hudng chuyén déng clia vat.

Luc quan tinh la lyc can cta bat ky vat
thé nao déi véi bat ky su thay déi nao vé
van téc ctia né (bao gdbm nhiing su thay
déi vé téc do hodc hudng chuyén déng
clia vat).
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. NGHIEN CUU VA NG DUNG

Luc quan tinh F—ql trong bom bé tong
sé c6 chiéu ngugc lai so véi chiéu clia vecto
gia téc clia bé tong trong long 6ng bom:

F,=-ma

Trong dé:

- F, la quan tinh (N)

« m: la khoi lugng cla vat

- a:giatéc trong hé quy chiéu chuyén
dong (m/s?)

2.2. Nguén géc ctia luc quan tinh
trong bom bé tong

Trong bom bé tong st dung bom
ngang, moi dgt bom, trong 6ng bé téng
sé ¢6 luc qudn tinh phat sinh lam giat Ui
dau 6ng bom.

Giai thich: Cau tao cla may bom
ngang gom 2 xi lanh thay phién nhau hut
va day bé tong trong ldbng éng Ién cao.
Khi xi lanh ddy, n6 cung cap cho bé téng
mot van téc; diéu nay lam thay déi van
téc cha lugng bé tong trong xi lanh lam
gia t6c xudt hién tir dé sinh ra luc quan
tinh trong long 6ng bom.

- iy
A L]

Hinh 1: Nguyén nhan sinh ra luc qudn tinh
trong long 6ng bom bé téng

3. PHUONG PHAP NGHIEN CcUU

3.1. Xac dinh hién truong luc quan
tinh do bom bé tong

Gian ti€ép do luc quan tinh cta éng
bom bé tong théng qua d6 gidn dai clia
10 x0 ¢ d6 cling xac dinh.

£ Trmmonermemmpsicsii R ik
Hinh 2: Khdo sdt hién trudng luc qudn tinh
théng qua 1o xo

3.2. Muc dich, pham vi va khéi
lugng khao sat

Muc dich: Xac dinh luc quén tinh tac
dung lén hé dan gido do 6ng bom bé
téng (bom ngang) gay ra. T két qua trén,
dua vao mo hinh tinh todn xac dinh noi
Iyc trong thanh giang cla gian giao; tim
ra cach giang tot nhat cho ra két qua noi
Iuc nhoé nhat.

Pham vi do: Ap dung déi véi hé dan
gido chéng dd cac san trén cao khoéng
thé st dung bién phap bom can khi d6
bé tong san ma phai sirdung bom ngang.

Khéi lugng khao sat: Tién hanh khao
sat lyc quan tinh ctia 6ng bom bé tong
tai 2 vi tri khac nhau, cu thé la gan dau
6ng bom, giira va vi tri gan doan bé 6ng.
M@i vi tri do 30 lan.

3.3.Cach do

3.3.1. Do gia téc

Khéng thé do truc ti€p gia tri gia t6¢
clia bé tong khi ra khoi dau 6ng bom nén
ta tinh gian ti€p théng qua céng thic:

|v—vO
t

a=

Trong dé:

- v:Van t6c cha bé téng sau khi cham
xuéng san. G day xem v=0 m/s.

- v,: Van téc cla bé tong thoi diém
vla ra khoi 6ng bom. Xac dinh théng qua
luu lugng bé téng phun ra khéi dau 6ng
(lay theo Catalogue clia xe bam).

- t: Thai gian giat cila 6ng bom (thai gian
giat tu vi tri diing yén dén vi tri bién do).

3.3.2. Po khéi luong

Ta xac dinh khéi lugng bé tdng méi
dot bom gian ti€p théng qua téng lugng
bé tong bom méi xe va s6 lan bam (s6
lan 8ng bom giat). Bang cach dén hién
trudng, xac dinh thé tich bé téng co
trong xe va dém truc ti€p so lan 6ng bé
téng giat sau do ghi lai s6 liéu.

3.4. Quy trinh do

Budc 1: Chuén bi may quay

Budc 2: Tién hanh quan sat va quay lai
qua trinh 6ng bé tong giat. Xem lai video va
xac dinh thd&i gian 6ng bom giat mét nira
chu ky (t vi tri dling yén dén vi tri bién do).

Budc 3: DEm s6 lan giat ctia 6ng bom
(ing v&i méi xe bé téng, ghi lai thé tich bé
téng co trong cbi tron cla xe.

4, KET QUA

4.1. Luc quan tinh

Vantocdauv,:

Theo nhu Catalogue (Trailer-mounted
concrete pump SYM5123THB-9018C-6S)
clia xe bom bé téong ta cé luu lugng bé
téng ra khoi dau 6ng bom

Buodng kinh 6ng bom la 125mm, tu
d6 ta xac dinh dugc van toc v _:

o
- |V—V0
t

HOC VIEN CAN BO QUAN LY XAY DUNG VA DO THI

Thai gian t:
Két qua do thdi gian dugc thé hién
trong bang dudi:
Bdng 1:
Thai gian gidt ctia 6ng bom bé téng

Sélan  Vitri1 Vitri 2
TN  t(s) t(s)
1 018 | 0.174
2 | 0178 | 0085
3 0184 | o115
4 0.186 0.110
5 0.182 0.186
6 0.176 0.176
7 0178 | 0.182
8 0197 | 0186
9 0191 | 0.186
10 0.197 0.188
11 018 | 0.186
12 0182 | 0.184
13 0.178 0.186
14 0.182 0.158
15 0.197 0.189
16 0.195 0.189
17 0.193 0.186
18 0.182 0.041
19 0186 | 0191
20 0188 | 0193
21 0191 | 0191
22 0.178 0.182
23 0.186 0.189
24 0174 | 0.193
25 018 | 0182
2 0176 | 0188
27 0176 | 0105
28 0178 | 0186
20 0172 | 0184
30 0.178 0.189

Lay gia tri nho nhat ca thdi gian dé
di tinh gia téc (thién vé an toan):
v—v,| [0-2.26]
t 0085

a= 26.6( m/ sz)
Khéi lugng m:
Luong xe khdo sat: 3 xe
Két quad dém dugc thé hién trong
bang dudi day:
Bdng 2: 56 lan giat 6ng bom
Ung véi méi xe
Xe 2 (12 khi)
243 1an

Xe 1 (8 khéi)
190 lan

Xe 3 (8 khoi)
182 lan

Tinh khai lugng méi dgt bom:

-Xe1:
m, = xy :ixzs:1.053(kN):105.3(kg)
", 190
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-Xe2:
V. 12
= =——x25=1.235(kN) =123.5(k
m, HZXYM 243X (kN) (g)
-Xe3:
m, =£><ym =8 25-1.008(kN) =109.8(kg)
n, 182

Luc quan tinh th:
S dung két qua m I6n nhat 1a m, dé
tinh luc quan tinh (thién vé an toan):

F, =m,a=123.5x26.6=3285.1(N)

4.2, M6 hinh ETABS

St dung phan mém ETABS phan tich
bai toan khung phang chiu tai trong tinh.
M®& hinh phan tich & day chon la san day
200mm, xa g6 2 phuong va gian gido 3
tang 3 nhip.

Thong s6 vat liéu cta thép gian gido.

Thép CCT38, f = 23 (kN/cm?), E =
21000 (kN/cm?).

Bdng 3:
Bdc trung hinh hoc cda vt liéu
Chéng diing 2500x60x2.5(mm

Iy Wy Iy Wy A
(M) (M)  (m) | (m) | (cm?)
1870  6.23 1870 = 6.23 452

Giang ngang 1600x42x2(mm) -
Chéng diing 1200x42x2(mm)

Iy Wy ly W, A
(m*)  (em®)  (m?) | () | (m?
5.04 2.40 5.04 2.40 251

Giang chéo 1710x21x1(mm)

Iy Wy ly W, A
(M) (M)  (mY)  (m) (m?)
0.32 0.30 0.32 0.30 0.63

4.2.1. Gian giao ném

. |
{ ' ‘ !
Hinh 3: Hé chéng - giding théng thudng
gian gido ném
Kiém tra chuyén vi ding:
A =1.85(mm) < H 2700 9(mm) — Thoa
300 300

Kiém tra ting sut:

Bdng 4.4: Cdc t& hop néi luc
trong gian gido ném
Chdéng diing 2700x60x3(mm)

I Wy Iy W, A
(M | (@)  (m*) | (md) | (cm?
21.88 7.29 21.88 7.29 537

Kiém tra diéu kién Ung suat phap
I6n nhat va nho nhat tai tiét dién cay

Kiém tra Uing suét:
Bdng 4.6: Cdc t6 hop néi luc

chéng: trong gian gido thudng
. §+% - 0'?3 L (’63?72*91()‘ =048.99(daN/ em®) < £y, = 2300(daN/ em’) He » Cay chéng Gidng ngang
N M 006x10° 0691x10° ) ) TH | Bic diém néi lyc M (kN.m) | N (kN) | M (kN.m) | N (kN)
W T sa a9~ M676(daN/em’ )<y, =2300(daNiem’) | 1T My, Nuw Qu 0,654 | 0,510 | 0,009 | -0,850
: 2 Muin, N Qu 0,142 | -0,520 | -0,010 | -1,420
O i) _ 948.99 3 | NewoMuwQu 0000  -0730 0,003  -1460

fﬁ :WX100:44A26%~> Tén dung 4426%
su lam viéc clia clia vat liéu.
Kiém tra diéu kién ung suat phap

Kiém tra diéu kién ung suat phap
I&n nhat va nhd nhat tai tiét dién cay

I6n nhat va nhd nhat tai tiét dién gidang  chéng:
ndang: SN, M _05IX10°  0.654x10° N o) s £ = N e
gang PR = 2745.32(daNs e’ ) > £, = 2300(da/ e’
c:%+%: “'028.;'0! +Q08X10" 63 19(danem?) < £, = 2300(daN em’) 5:%,%:70-52';:”1 ,L"“;.:‘O‘ = 2704.68(daNs em?) > £, = 2300(daN e’
o=N M _008x10° 0.048x10' ~196.81(daN om” ) < f'y, =2300(daN cm”)
AW, 251 24 L0 . . a , x )
031 Kiém tra diéu kién ung suat phap
Omax _ . — o, n 4 P N 5 ~ Py . a .y
2300 0 =¥8%>Tan dung 8.83% sy 16n nh4t va nhé nhat tai tiét dién gidng
lam viéc clia cUa vat liéu. chéo:
oo N M _085x10° AM:MS.}S(&N om’) <y, =2300(daN em?)
Bdng 4 5' A W, 0.628 0.3
. e . e . s:%f%=70'83210> —70'0396;:0‘ = 164.65(daN: em?) < £y, = 2300(daN: em’)
Cdc TH téi uu gidng gian gido ném - :
Gibn gido ném Omavn _ 43535 100 _1803% - Tan dung 18.93%
Dang két céi A He Pic diém ni lue (%) fe 2300 . ’
e [Guy | TP PRESEACTRE| [c] su lam viéc clia cla vat liéu.
3469] OE‘(:O 948.99 | 41.26
Cay chéng nMoss 0?:)'3“0 76.00 330 B 3 47 N . [ h R h . N
. Mo N T | 007 ang 4.7: Noi luc trong hé chong — gidng
: o (M 20319 | 883 gian gido thuong
L Gilng ngang oo R 2365 | 10.28 G giko thwbng
0'_;"1"1 TI,TZ)XO 89.66 3.90 Dang két cdu ¢ ":‘m) Hé Pac diémngiluc | o [7:](%)
3/[701, UT)% 969.75 | 42.16 (])\4691 o,];lé‘o 948.99 | 4126
Cay chéng OM%Z ,0]};‘;0 8635 | 375 Cay chéng (I\)Ams O.IEI)KBHO 76.00 | 330
Mu | Nowe o | Now
1.98 0.000 | -0.140 | 261 | O 185 ]\:[l »}(‘)vos 149 | 0o
3/[043 orlh(;o 20398 | 887 %% O?;SQO 203.19| 883
ne Ging ngang oMo 24565 | 10,68 Gidng ngang [l {23652 | 1028
Mo | Now Mu | N o
0014 [ 0930 | 233 | IS 0011 | -1 | $%66 | 390
8"807 0.7)13“0 1107.55 | 48.15
Céy chéng 34237 o%ﬁo 325.85 | 14.17
» e T Doi véi gian gido thudng, quy dinh vé
bomoso 34 | s | viee c6 day dU hai cdy gidng chéo la bat
- 3 Muin Nu ~ A ~ A R A N N oy
" Gilng ngang 0064 [ 0140 72 % 1 budc nén sé khéng thé toi uu vé hé giang
w SO 31144 | 13.54 A 0. Y , L, R
o061 30 (trur viéc thay d6i khodng cach cac diém
208 | Cav ching | 0.698 | 0080 | P38 | 4160 . N fe LA gxsis s
08 | Cayehdne [y T NG | e | 5 | Oi@Ng lam thay d6i chiéu dailam viéc cda
-0.040 | 0.010 i} )
gian gido, tu do tang tinh 6n dinh).
4.2.2, Gian gido thuong 4.2.3. Gian gido Ring Lock
[ | Gian gifo thuong
r_[-“ T f f Dangkéteiu | (&1 HE |Diediémndite| o ﬁ(%)
3”691 OE‘S“O 948.99 | 41.26
Cay chéng 2"055 T 0"\;‘3“0 76.00 | 3.30
Mu Ninax
| I s o T oesl 149 | 007
(’]\"048 ﬂ:‘]‘go 20319 8.83
Giling ngang 2’1056 uz‘éo 236.52 | 10.28
i 1 0%}'1 ;“100 89.66 | 3.90
Hinh 4.2: Hinh 4.3: Hé chéng - giding théng thudng
Hé chéng - gidng gian gido thuong gian gido Ringlock
Kiém tra chuyén vi ding: Kiém tra chuyén vi ding:
H 3200 H 2500
A=5.77(mm) < —=="—=10.67(mm) A=1.65(mm) < —=—"—=8.33(mm)
300 300 300 300
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Kiém tra Ung suét:
Bdng 4.8: Cdc t6 hap néi luc
trong gian gido Ringlock

H¢ Cay chéng Gilng ngang
TH | Dic diémndi lyc | M (KN.m) | N (kN) M (kN.m) | N (kN)
1 | Muax, Nuy Que 0,614 | 0,060 | 0,048 | 0,050
2 | Mumin, Nug, Que 20,060 | -0,010 | -0,055 | -0,030
3 | Nmax, Mus, Qu 0.000 | -0,200 | 0,024 | -1,510

Kiém tra diéu kién Ung suat phap
I&n nhat va nhé nhat tai tiét dién cay
chéng:

N, M _006x10°  0.614x10°
SRR L LS

c =986.88(daN om’ ) < fy, =2300(daN/ cm? )
AW, 4.52
> .
c:E7M:M7M:7984.23(daN/cm2)£f~/‘ =2300(daN: em”)
AW, 452 623
G 986.88

£ g0 <100=4291% > Tan dung 42.91% sy
lam viéc clia cUa vat liéu.

Kiém tra diéu kién (ng sudt phap
I6n nhat va nhé nhat tai tiét dién giang
ngang:

’
M _ + QOI8XI0° _ 591.99(daN: em?) < £, = 2300(dan/ cm?)
W, 251 24

M

0:77—:(’77@:7198.01(@1\1 em?) < fy, =2300(daN: cm? )

—m = - 100 =8.78% 3 0
" 230 x - Tan dung 8.78% su

lam viéc clia cUa vat liéu.

Bang 4.9: Cdc TH t6i uu gidng
gian gido Ringlock

Gian gifo Ring Lock
X & A ™ 3 ar S (o,
Dang két cau (mm) Hé | Pac diém ndi lyc o m(/n)
Mrax No | gg688 | 4291
0.614 | 0.060 |
T i Ciy | Mun | Nu | ooz | 4o
L chéng [ -0.060 | -0.010
! st [mr] 2 | 1
L) 1.65 v N
I ... N1 20199 | 878
1 1 0.048 | 0.050 |
Gifng | Muin Ne | 53036 | 1002
TH1 ngang [ 0,055 | -0.030
Mu_| Nosx | 46056 | 696
0.024 | -1.510
Moax Ne | io11a7 | 43.96
0.629 | 0.070
¥ Cay | Mun | Nu_| 5009 | 536
| — - chong | 0,033 | -0.060
0"3;]"0 ;\1150 331 0.14
177 v N
— - v 22242 | 9.67
1 1 0053 | -0.040
TH Gidng | Mmin No | 24663 | 1072
ngang [ 0,059 | -0.020
Mo | N | o0 | 5309
0.000 | -1.270
Moo | No | 00431 | g367
0.625 | 0.050
Cay | Mun | No | g0, | g
[ 11 chéng [-0.024 | -0.010
0]\(/)1:)“0 (TI‘;O 331 o1
| W —— 220 v 9
| - max v | o365 | 842
—— 0.046 | 0.050
i i | i 3
Gidng | Muin | Nu | 00| g o
TH3 ngang | 0,053 | -0.030
Mu | Nowx |46 43 6.37
0.023 | -1270
M | Nu
= 0,655 0.0 ] 100038 | 4350
- chéng | 0.052 [ 0.010 : -
1T 1 |20 Mu | Nowe |55 | g5
0.000 | 0.150
M N
L L- 8 i Y| 25742 | 11.20
THe :’g‘jﬁi 0.057 | 0.500
Muin | Nu | 27825 | 1210

-0.062 | -0.500
Mu | New | 5056 | 9.66
0.039 | -1.500
Moax No | 99350 | 4320
0.618 | 0.070
| I Cay | Mun | Nu_ | gey | 354
| 1 chong | 0,054 | 0.070
11 0}")‘8‘0 0N150 331 015
2.60 M N
+ ot | 92083 | 9.60
TR TR 0.053 | 0.000
- i Muin | Nuw
THS Giang Y| 25000 | 10.87
ngang | 0,060 | 0.000 |
Mu | Neox | jop9y | g1
0.031 | -1.500
Mmsx | N
“ 1105590 | 4591
0.657 | 0.060
4y | Muin | Nu
T Cly Y4079 | 177
I 1 chong | 0,025 | -0.030 |
} o)ggo oN 160 34 01
—, 3.00 M N
et “_| 27880 | 12.12
1 0.065 | -0.200
Gidng | Mmin | Nu
33296 | 14.48
THE ngang | 0,078 | -0.200
Mu_| Nowe 16683 | 725
0.030 | -1.050
Musx | Nu <
Y 118525 | 54.53
[ 0.738 | 0.030
— Cay | Mun | Nu | 5,5 | g6
1 230 chong | -0.109 | -0.010
1 Mu_| Noax 3.98 0.17
. 0.000 | 0.180
LI L Gifing
HT neang | Mo | N 313.04 | 13.62
Mu | Noox | 15005 | 761
0.033 | -0.940
Moo | No | g9 97 | 4313
0.617 | 0.070
T Cly | Mun | Nu_ | g50, | 35
1 1 chong | .0.053 | 0.000
| ol\;;)uo (Twa 376 016
41 240 " .
- oo Y 19405 | 844
S 0.046 | 0.060
THa Gidng | Mwn | Nu | o000 | oo
ngang | 0053 | -0.040
Mu | Now | oo
0.026 | -1.500

5. KET LUAN

DGi vai gian gido thudng: Khong xét
viéc t6i uu hda hé giang vi viéc b6 tri day
dd hai giang chéo la bat budc dé dam
bdo dung ki thuat va bién phép thi cong.

DaGi vai gian gido ném: BE tri hé giang
nhuTH4 vaTH6 la t6i uu. B6i vai TH6, viéc
bé tri hé giang so le gitp tan dung kha
nang chiu lyc clia vat liéu; doi vai TH4,
viéc bé tri b6t di hang gidng bén dudi
ndi luc 16n nhat hau nhu khéng thay déi
nhung sé t6i uu hoa vé khong gian thi

céng bén dugi ciing nhu tiét kiém lugng
thanh gidng s dung.

Déi véi gian gido Ringlock: B6 tri hé
giang nhu TH2 va TH7 la t6i uu. Déi véi
TH7, viéc b tri hé gidng so le gilp tan
dung kha nang chiu luc cta vat liéu; doi
vGi TH2, viéc bo tri giang cach tang hau
nhu khéng 1am néi luc I6n nhat thay ddi
nhung sé giup tiét kiém lugng thanh
giang st dung cing nhu t8i uu khong
gian st dung.

LGi cam on

Bai bao nay dugc tai tro bai dé tai
nghién ctu sinh vién ma sé SV2022-68
cla Truong Pai hoc Su pham Ky thuat
TPHCM nam 2022. Nghién cdu nay xin
dugc gui l6i cdm on dén cac cong ty xay
dung da ho trg cho cong tac thuc nghiém
cla nghién cuu.
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