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Development trend of electric vehicles: Opportunities and challenges
Pham Quoc Thai

Division of Automotive Engineering, University of Science and Technology — The University
of Danang, Danang, Vietnam
Email: pgthai@dut.udn.vn

Abstract. Recently, the depletion of fossil fuels and worsening environmental problems have created an urgent need to
adopt renewable energy and reduce greenhouse gas emissions. This has led to the broader adoption of environmentally
friendly transportation options, such as electric vehicles (EVs). This paper analyzes new trends and emerging EV
technologies, including advancements in charging, control systems, communication, connected vehicles, and autonomous
driving. Furthermore, the opportunities, challenges, and prospects for these emerging EV technologies are systematically

discussed. The findings provide objective insights into the current directions of EV research. This paper will also highlight
potential areas for future development and research collaborations related to EVs.

Keywords: Electric Vehicles, Connected Vehicles, Renewable Energy; Control System; Autonomous Vehicels.
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Phén tich niang luong va d6 tré cia VMEC d6i véi NOMA va tan xa nguoc

Energy and Latency Analysis of Vehicular Mobile Edge Computing Network with Non-
orthogonal Multiple Access and Backscatter Communication Schemes

Dinh-Phong Truong", Van-Truong Truong, Van-Binh Phan, and Dac-Binh Ha

School of Engineering and Technology, Duy Tan University, Da Nang, Vietnam.
*Email: truongdinhphong@dtu.edu.vn

Abstract: Cong trinh ndy nghién ctru hiéu suit cia mang dién toan bién di dong danh cho xe ¢6 (MEC) da truy cap phi
tryc giao (NOMA) v& mat x4c suét tinh toan thanh cong SCP. Trong cong trinh nay, chiing t6i xem xét mot h¢ thong trong
d6 nhidu nguoi dimg bi han ché vé tai nguyén trén cac phuorng tién két hop ap dung NOMA glam tai tac vu phu cta ho
cho c4c tram co s& bén dudng bing cach sur dung truyen thong tan xa nguoc. Mdi nguo’l dung trién khai so d6 giam tai
mot phan bang cach thu nang lugng RF tir tram goc dé thuc hién thyc thi cuc bo va giam tai tac vu phu con lai cho may
chu tai tram gdc. Tiép theo, biéu thirc dang dong gan dung ciia x4c sudt tinh toan thanh céng dugc xdy dyng biang cach
cuing nhau xem xét ning luong thu dugc va do tré. Ngoai ra, tac dong cia cac tham s6 chinh dén hiéu suét hé théng dugc
nghién ctru dé tiét 16 hanh vi ctia hé thong dwoc dé xuit. Cubi cung, két qua mé phong may tinh dwoc cung cip dé xéac
nhan phan tich cta ching toi.

Keywords: Mang phuong tién, dién toan bién di dong, da truy cap phi truc giao, ning luong RF, xéc suit tinh toan thanh cong.

Abstract.This work studies the performance of a non-orthogonal multiple access (NOMA) vehicular mobile edge
computing (MEC) network in terms of successful computation probability. In this work, we consider a system in which
multiple resource-constrained users on vehicles paired applying NOMA offload their subtasks to roadside base stations
by utilizing backscatter communication. Each user deploys a partial offloading scheme by harvesting RF energy from the
base station to implement local execution and offloading the remaining subtask to the server at the base station. Next, the
approximate closed-form expression of successful computation probability is derived by jointly considering the
harvesting energy and latency. In addition, the impact of key parameters on system performance is investigated to reveal
the behaviors of our proposed system. Finally, the computer simulation results are provided to confirm our analysis.

Keywords: Vehicular network, mobile edge computing, non-orthogonal multiple access, RF energy harvesting, successful
computation probability.

Giao tiép tan xa ngugc 1la mot k¥ thudt lién lac
khong day cho phép cac thiét bi truyén dit lidu
bang cach phan xa cac tin hiéu RF hién c6 thay
vi tao ra tin hiéu RF cua riéng ching [4]. Cong
nghé nay cung cap mot cach tiép can day hira hen
dé cho phép két ndi ning luong thap, chi phi thip
va mo rong pham vi phu song, dic biét trong cac
tinh hudng ma hiéu qua st dung ning luong va
yéu cau phan cimg tbi thiéu 1a rit quan trong.
Trong khi d6, tan s vo tuyén (RF) thu ning
lwong 12 mot qua trinh thu gitr va chuyén dbi nang
lugng RF xung quanh tur tin hi¢u khong day thanh
: i nang lugng dién co thé st dung dugc [5]. Cong
cé}c phuong tufzn hf)at dén% nhu~ Cé}IAn bléAn, di dong nghé nay dic biét hiru ich dé cung cép nang lugng
dé giam sat ~(‘Io th{’ thu' }hap. d‘{ licu m01 tmc‘mg, cho céc thiét bi sir dung nang lugng thép nhu cam
v.v. [3]. Nhimg cam bién di dong c6 tai nguyen ¢, hidt bi ToT va céc thiét bi dién tir nhé ma
han ché nay c6 thé chuyén tac vu ciia chiing Sang  khong cin dén pin truyén théng. Viée thu ning
cac tram co s bén duong dé dap mg yéu cau lugng RF c6 tiém ning dang ké dé cung chp nang
thoi gian thye. Co ba loai co che giam tai: giam 1015 cho 56 Tugng thidt bi dién ti tiéu thy dién
tai toan b, giam tai mgt phan va giam tai dong. nang thip ngdy cang ting trong mot thé giGi ngay
So d6 giam tai mot phan dé cap dén chién luogc cang két ndi, gop phin tao ra cic giai phap nang
chi giam tai mot phan tac vu tinh toan tur thiét bi lugng bén vimg va thuan tién hon. Hon nita,
di dong sang may chu bién gan d6 dé xu ly. Cach NOMA 13 mét cong ngﬁé da truy cap tién tién
tiép can nay can bang tai giira thiét bi di dong va duoc sit dung trong céc hé théng tﬁlyén thong
méy chu bién, téi wu hoa viée sir dung tai nguyén khé)ng dﬁy: Khong giéng nhu céc so d6 da truy

va giam do tré. cap tryc giao truyén thong (FDMA, TDMA,

Gioi thi¢u

bién toan bién di dong xe cd (VMEC-
Vehicular mobile edge computing) dé cap dén
mdt mo hinh trong d6 tai nguyén dién toan dugc
trién khai & ria mang, gin VO‘l nguoi dung phuong
tién giao thong, dé cung cép cac dich vu c6 do tré
thdp va bing thong cao [1-2]. Sy tich hop nay
thiic ddy tinh di dong va sy hién dién phd bién
ctia cac phuong tién, chang han nhu 6 to, xe buyt
va xe tai, dé tao ra co so ha t?mg dién toan phan
tan va nang dong. Su tich hop cua VMEC va
Internet of Things (IoT) dugc dé xuét trong do
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CDMA), trong d6 nhiing nguoi dung khac nhau
dugc phan b6 cac dai tan, khe thoi gian hodc ma
riéng biét dé tranh nhiéu, NOMA cho phép nhiéu
nguoi dung chia sé¢ cung mot tai nguyén thoi
gian, tan s6 va mi bang cach tan dung sy khac
biét vé murc ning luong [6]. Cong trinh [7] da
nghién ctru sy két hop cia so dd NOMA duong
lén v6i viée thu ning luong RF cho hé thong
MEC. Sy tich hop ciia NOMA va truyén thong
tan xa ngugc da dugce nghién ctru trong [3-9].

Cong tr1nh [10] da dé xuat mot khung t6i wu hoa
xen k& tiét kiém nang lugng dugc NOMA hd tro
cho céc giao tiép cam bién duong 1én duge cap
ngudn khéng diy dugc hd tro tan xa ngugc trong
cac mang xe c¢{. Tuy nhién, theo hiéu biét tot nhat
cua chiing t6i, viéc trién khai thu nang lugng RF,
giao tiép tan xa nguoc va k¥ thuat NOMA trong
mang VMEC van chua duoc xem xét. Trong
cong trinh ctia minh, chiing t6i tép trung vao su
két hop giita k¥ thuat thu hoach ning lugng RF,
giao tiép tan xa nguoc va NOMA trong mang
VMEC véi so d6 giam tai mot phan. Nhitng dong
g6p chinh cta bai viét nay nhu sau:

« Chung t6i d& xuat mo hinh hé théng NOMA
VMEC duya trén truyén thong tin xa nguoc thu
ning lugng RF vdi so d6 giam tai mot phan.

« Chung t6i rit ra biéu thirc dang dong gan ding
clia x4c suat tinh toan thanh cong bi mat (SCP)
c6 tinh d&én ning luong thu hoach va do tré.

+Dé tim hiéu sau hon vé& hiéu suét cua hé théng
nay, chung toi diéu tra tac dong cua cac thong sé
quan trong nhu hé s6 phan chia nhiém vy, hé so
phan xa tan xa nguoc, van toc xe va cong suét
truyén tai dén hiéu suat cua hé thong.

Phan con lai cta bai viét nay dugc td chirc nhu
sau: Phan 2 mo ta h¢ thong va mo hinh kénh.
Phan tich hi¢u suat dugc trinh bay trong Phan 3.
Céc két qua bang s6 duoc cung cap trong Phan 4.
Chung t6i két thic cong viéc ctia minh trong
Phén 5.

|h11 ‘zg "S| h[m ‘2

Dé don gian, ching t6i xem xét mot cap (V. va
V) voi tu cach 1a nguoi dung dai dién. Thoi gian
khdi cho hé théng nay 1a T va véi mbi cap duoc
ky hiéula z.

Nang Iugng thu dugc & Vi (k e {m,n} ) duge dua
ra boi:
E{cl =n(l- fk)Po|hfk|2T =11 — )P H,r, (D

O dayn biéu thi hé sé chuyén dbi ning luong
(O<n=l,

& 1a viét tit cia hé sb tan xa nguoc, Hy & hyf ..

<y P By

2 2
(M+1)‘ < ”S‘hln‘ <

1. M6 hinh h¢ théng va kénh truyén

Nhu dugc minh hoa trong Hinh 1, chung t6i
xem xét h¢ thong NOMA VMEC nhiéu nguoi
dung ho trg giao tlep tan xa nguoc. Hé thong nay
bao gdm mot tram gdc (Ky hiéu 1a B), M 1a mot
cap nguodi dung NOMA (N cdp nguoi dung véi
N=2M),ky hi¢ula V,, va V,,, 6 ddy m,ne{l,---,M}

Luu ¥ rang, & dy, ngudi dung c6 thé 1a cam
bién cia phwong tién, thiét bi deo duoc ciia ngudi
di duong, v.v. Trong hé théng niy, tram co so
duogc trang bi may cha c6 thé hd tro cac thiét bi
khong day c6 gidi han tai nguyén dé thyc hién
nhiém vu cua ho va cap ngudn cho thiét bi bang
cach trién khai thu nang luong RF. Nguoi dung
dugc ghép nbi dé ap dung giam tai NOMA cho
tram goc bang cach st dung giao tiép tan xa
ngugc voi so d6 giam tai mot phan Gia s rang
tat ca cac thiét bi khong day déu dugc trang bi
mot ang-ten duy nhét va hoat dong & ché do ban
song cong.

\' |

B

Backscatter
communication

|
|
|
I
|
|
I}
I
I
I
I

Flig. 1. M6 hinh hé théng

Chﬁng géi b@éu thi cac hé sd kénh cua cac lién
ket chuyén tiep (B-V;) va tan xa ngugc (Vi-B)
nhu lién két va i, , ing véi ke{l,2,.,N}. Gid st
rang d6 loi kénh duogc sap xép nhu sau:
by 'L e {f,b}
Tin hi€u nhan duoc tai B ¢6 dang:

= [ /3‘2‘? Bl + /‘;"—fz’bnhf"hbn ]x +w, @)

6] day x 1a tin hiéu duoc truyén tir B, thoa man
phuong trinh ; b, va b, € {0, 1} dai dién cho cac
bit dir liéu V», va V,, tuong ung;w~CN(0,0%)

bi‘éu thi nhiu tring Gaussian cong trung binh
bang 0 (AWGN) v6i o? phuong sai; E(.) 1a viét
tat cua toan tir ky vong.
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Ap dung tinh nang khir nhidu lién tiép (SIC-
successive interference cancellation) tai B, ¢ day
by duge giai ma dau tién bang cach xu 1y tin hiéu
bm duéi dang nhiu va sau d6 trir di thanh phan
duogc giai mé b, dé c6 duoc by, Ty 16 tin hiéu trén
nhiéu cong v6i nhiéu  (SINR-signal-to-
interference-plus-noise ratio) va ti I¢ tin hi¢u trén
nhiéu (SNR- signal-to-noise ratio) tai B lan luot
duoc viét 1a:

a,H}
n = 5 3
4 anH?2 +1 )
7m:amH31a (4)
O day azf/y ai Pé don gian, dat

Hy =l hp = hwl* 5 k€ {m,n}.

Gia sir cac kénh déu doc lap va c6 phan bd
Rayleigh fading dong nhat. Do d6, ham mat do
xac suat (PDF) va ham phan phdi xac suit (CDF)
cta H, 1an lugt duoc biéu thi theo biéu thirc sau:

x

Fy, (x)=1 —eﬁZ, 5)
fHA (x) ike /’%s (6)
Trong d6: 4 =E(| Hy|).

2. Phan tich hiéu suit ciia kénh truyén

Ap dung co ché giam tai mot phan, tai Li-bit tac
vu ctia mdi ngudi dung duoc chia thanh mot Lu-
bit (Lk=pLk) tdc vu phu dugc tinh toan tai Vi va
con lai Lkz-bit (Lie=(1-p)Lk) tac vu phu dugc giam
tai cho B, 0 < p < 1. Nang lugng thu duoc tai Vi
duogc st dung dé thuc hién cho Li-bit tac vu phu.
Chung toi gia dinh rang viéc thyc hién nhiém vu
va giao tiép cuc by dugc thuc hién song song
trong V.

Céc md hinh dd tré va mrc tiéu thu nang lugng
cho tinh toan cuc bg dugc dua ra trong tai li€u
[11]:

crLi

Ti = 7 (M

(D{m.n} =

0 h(lntq) +by lntq -
LZ I wq
O & 1+ a)q

\[ (Int,)’ +bz lnt A
V4 Q ” — 1- Cl)q 1 ¢ e
z A ——L 4|le P —e M e‘”, max(T,,,,T,,)ST,,D<G
A g1 1+ w,

Ef = per(fe)* Lins (3)

Trong d6 u1a viét tit cia hé sb dién dung hié¢u
dung ciia CPU vé kién triic ctia nd trong céc thiét
bi, cxva fibiéu thi cac chu ky va tan s CPU dé
tinh todn mot bit tai Vy, trong tmg. P4 vai tinh
toan tong quat, didu kién sau phai duoc thoa man:
El > Ef. (€))

Do tré cia hé thdng nay duoc tinh boi cong thire
sau:

Tmax = max{max(Tm,Tn ),max(LC:"Z ’Lc:u)

m n

cg(Lm2 + an)}
S5 '
) (10)

Trong do:

Cy = W10g2(1+7k), ke {m, I’l},

W 1a d6 rong ctia bang thong kénh truyén,

cs va fz 1an luot 13 s6 chu ky CPU can thiét dé
thye thi timg bit va tan sé CPU ctia may chu MEC
tai tram gdc tuong Ung.

Xéc sudt tinh toan thanh cong (SCP), ky hiéu @,
dugc st dung nhu mdt ti€u chi quan trong dé
danh gia hiéu suét cia hé théng MEC. N6 duoc
dinh nghia cu thé 1a x4c suét nang lugng thu dugc
ctia mot cap nguoi dung du dé thuc thi cuc bd va
nhiém vu cia ho dugc hoan thanh trong d6 tré toi
da cho phép ctia hé théng T duoc tinh boi:

q){m,n} ZPI'(E:[,ZE,LV,,E:: ZE:I‘aTmaX STth) (11)

Dé don gian, ap dung da truy cip phan chia theo
thoi gian (TDMA- time division multiple

access). Chung to1 goi =1, :%. Dé danh gia

hiéu suét cta hé théng dugc dé xuat nay, ching
toi xay dung dugc dinh ly sau:

Pinhly 1

Biéu thic dang dong gan diing ctia SCP cho mot
cap nguoi diung (Vm and Vn) trong hé thong
MEC danh cho xe co dugc hd tro tan xa nguogc (
@,y ) thu dugc nhu sau:

maX(T,;,T )> n

max(T,;',T;')s Tp,D>G 12
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An

. 2 c =
Trong do: 4 = Hex(fi) Li , Ar= Liz ,k €{m,n}, B=max{4,,\|——,G¢,
n(l—&)Rr T ~cp(Lma + L) an
- _Celbmat L)
Vi
An
Ao W y +1)e®
) am[zw _1], [}ZZI(ZWIJ’ D =max< An, l B tq:([pl )e )
an n A 2

2q—1”]
20

Vé6i Q 1a hé sb quy ddi giita d6 phuc tap va do chinh xac cua phuong phap Gaussian-Chebyshev.

w, = cos(

Hé qua 1:

Biéu thire dang déng ctia SCP cho toan bg hé
théng MEC danh cho xe ¢o duoc hd tro tan xa
nguoc (@, ) duoc thé hién nhu sau:

M,N
H (D{m,n}-

m=ln=M+1

(ny.\' = (13)
3. Két qua va thio luin (Numerical results and
discussion)

Trong pl}ﬁn nay, ching tdi cung cap céc két qua
bang s6 vé SCP bang cach st dung phuong phap
mod phéng Monte-Carlo. Cac tham s6 mo6 phong
dugc dua ra trong Bang 1.

Bang 1. Thong sb md phong.

Théng sb Ky hiéu Gi4 tri
Maoi truong Rayleigh
Heé s suy hao dudng truyén o 2
Cong suét truyén tai Py 0-40 dB
Tén sb cta nguoi ding va may o fo f 108, 108,
chi MEC w8 10° Hz
S6 chu ky CPU cua nguoi dung
va may chit MEC dé thuc thi Cm, Cn, CB 2,2,2
tung bit
Bing thong kénh truyén w 108 Hz
Heé s6 chuyén dbi ning luong n 0.75
A ax: s 107, 107
Chiéu dai tac vu Ly, Ly, .
bits
Hé sb dién dung hiéu dung 7 10
Ngudng do tré T 0.1s
Bén kinh phii séng cua tram goc 100 m
Khoéng cach tir B dén tam lan  d 10 m

Hinh 2 mo ta cac duong cong cua SCP so véi
cac gia tri khac nhau ctia hé s6 phan xa tan xa
nguogc (¢). Nhu da thé hién trong hinh 2, SCP
tang khi gia tri ¢tang. Sau do, SCP giam khi gia
tri tién vé& 1. C6 thé giai thich ring & cang 1on
cang co cong sudt dé giam tai va SCP cang ting.
Khi ¢ tiép tuc ting ning luong dugc truyén téi
ngudi dung dé tinh toan cuc bo (local computing)
va SCP giam. Piéu nay c6 nghia 1 ¢6 mot gia tri
t6i uu cua £ dé SCP dat gia tri cuc dai.

1

102 :
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Fig. 2. Biéu d6 quan hé giita SCP so voi hé sb phan

xa tan xa nguoc (&)

Hinh 3 v& cac duong cong cuia SCP theo cac gia
trj khac nhau cua hé sé phan chia nhiém vu ().
Dé don gian, trong coéng viéc ciia ching toi,
chiing t6i gia dinh rang hai ngudi dung ¢ cing
gia tri p. Nhu chiing ta thiy tir hinh nay, luc dau,
SCP tang theo su gia ting cua p. Sau d6 no
giam khi p gan vé&i 0.5 va bang 0 khi p> 0.5
(n6 khong xuat hién trong hinh nay).
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Fig. 3. Biéu d6 quan hé giira SCP so voi hé sb phan
chia nhiém vu (p)

Tuong tu nhu hé s6 phéan xa tan xa nguoc,
ciing ton tai mot gia tri téi vu cua p dé SCP
dat gia tri cuc dai. Noi cach khac, gia tri dung ctia
p ¢6 thé can bang tai giira thiét bi di dong va may
chu bién.

Danh gia anh hudng cua van tdc xe (v) vé hiéu
suat hé thong, chung t6i chi don gian minh hoa
su phan b cta hé thong nay nhu Hinh 4 va gia
sir rang van toc ciia hai ngudi ding 1 nhu nhau.
Nguong Ty duge dinh nghia 1a khoang thoi gian
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phuong tién di chuyén trong pham vi phii song
2r? - d?
v
cac duong cong cua SCP so vdi cac gia tri khac
nhau ctia SNR truyén (7). Tir hinh nay, SCP ting
khi 3 ting va v giam. Diéu nay c6 thé duogc giai
thich nhu sau: khi y tang cong suét truyén cho
nguoi dung va cong suat phan xa ting, diéu
nay dan dén du nang lugng cho tinh toan cuc
bo va tdc d6 dur liéu lon hon cho giam tai.
Ngoai ra, téc d6 thap giup tram goc c6 nhiéu
thoi gian phuc vu horn va co SCP tot hon.

cua tram géc, tac la. 7, = . Hinh 5 mo ta

Analysis

O Simulation v=50km/h
O  Simulation v=80km/h
¢  Simulation v=100km/h
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Phu luc A: Chitrng minh dinh ly 1
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Fig. 5. SCP so v6i duong truyén SNR (o) véi cac gia tri
van toc xe khac nhau

Hinh 6 m6 ta cac dudong cong cuia SCP so vai
SNRs truyén véi s luong cip nguoi dung khac
nhau (M). Nhu thé hién trong hinh nay, SCP giam
khi gia tri cua cdp nguoi dung tang 1én. Didu do
¢6 nghia 14 cang nhiéu nguoi dung thi hiéu suat
cang kém.

Tir nhimng s6 liéu nay (Hinh 2- 3, Hinh 5-6),
chiing ta c6 thé thay su tring khép rat t6t gitta mo
phong may tinh va két qua phan tich cta ching
toi.
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Fig. 6. SCP so v6i truyén SNR v6i sb lwong cip ngudi

dung khac nhau (M)

4. Két luan

Trong bai bao nay, hiéu suat ning luong va do
tré cua hé théng NOMA MEC danh cho xe ¢d
duge hd tro tan xa nguoc nhiéu nguoi dung dua
trén biéu thic dang dong gan ding dé xac suit
tinh toan thanh cong da dugc phan tich. Hon niia,
hiéu suat h¢ thong da dugc nghién ctru dé tiét 16
tac dong cua cac tham sb chinh dén hanh vi cia
hé thong. Céc két qua bang s cho thay hiéu suat
c6 thé dugc cai thién bang cach ting cong suét
phat cua nguoi dung hodc bang cach chon gid tri
t6i wu cua hé s6 phan chia nhiém vy, h¢ s0 phan
xa tan xa nguoc. Van dé tbi uu hoa cho hé thong
nay sé& duoc giai quyét trong cac cong trinh tuong
lai ctia chiing toi.

+ CB (Lmz + LnZ)} < T;hj
S5

0, max (7;. 7 ) > T
T\ a2 a2 2y 0B ) g | () < 7
Cm Cn fB
0, max (7,7 ) > T

=\Pr(Hp 2 Ay, Hy 2 4,,Cp 2 Ay, Cy 2 A,), max(T, T )< Ty
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Bang cach thiét 1ap = va ap dung phuong phap cau phuong Gaussian-Chebyshev, ching ta c6
thé thu duoc ¥, nhu sau:

1 e . . _‘\,bl (Inty)* +b2 +M 1
Y= j ¢ dt = 7 Ze An Fom —
0 t On 51 1+,

bi(~Int)*+by  Int
_No=Ine)y +o | Int
P In (@) [

B

/1”;

Theo phuong trinh (5), ching t6i tinh toan ¥, nhu sau:

Diéu nay két thuc bang chimg ciia chiing toi.
Lo1i cam on
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Mang cam bién khong day tich hop cong nghé UAV/dién toan bién di
dong va truyén thong tan xa nguoc

The Integration of MEC/UAYV and Backscatter Communication in Wireless Sensor
Networks

Nguyén Ngoc Rang'?, Nguyén Anh Quéc Huy?, Ha Déc Binh>"

! Pai kiém sodt khéng lwu Chu Lai - Céng ty quan 1y bay mién Trung
? Khoa Dién-Dién tir, Truong Cong nghé va Ky thudt, Pai hoc Duy Tan
3 Khoa Co khi, Truong Céng nghé va Ky thudt, Pai hoc Duy Tén
*Email:hadacbinh@duytan.edu.vn

Abstract: Mang cam bién khong day ngay cang dong vai trd quan trong trong nhiéu linh vyc quan sy, y té, méi truong,
an ninh x4 hoi. Trong bai bao nay, chung t6i dé xudt mdt md hinh mang cam bién | khong day méi sur dung thiét bi bay
khong nguoi lai (unmanned aerial vehicle - UAV) ¢6 gén may chu dién toan bién hd tro cho nhiéu niit cam bién dya trén
truyén théng tan xa nguoc (backscatter communication - BC). Chiing t6i d& xuat két hop chién lugc giam tai mot phan,
ky thudt da truy cép phi tryc giao (NOMA) va co ché thu ning luong vo tuyén (RF 'EH) trong m6 hinh hé thong nay.
Ngoai ra, m6 hinh nay con ap dung phuong thire lya chon nit cam bién dé dap ung tét nhat yéu cAu vé do tré. Theo do,
chung t6i xay dung cac biéu thirc dang gin dung cua xac suét tinh toan thanh céng va xac suit dimg nang luong béng
cach sir dung cac dac tinh thdng ké cua kénh vo tuyén. Theo d6, chung toi khao sat tac dong ciia cac thong s6 quan trong
nhu cong sudt phat, s6 luwgng nat cam bién, ti 16 phén chia nhiém vy, dd cao ciia UAV va ngudng d6 tré. Chung t6i da
kiém chimg cac phén tich toan hoc bing phuwong phap mé phong may tinh. Nghién ctru cho thay ring viée viéc tich hop
céc cong nghé nay co thé cai thién dang ké ca dung luong va do tré hé thong.

Keywords: truyén théng tan xa ngwoc, mang cam bién khéng day, UAV, thu nang lieong vé tuyén, da truy cdp phi truc giao.

1. Dit vin dé

Mang cam bién khong diy (Wireless Sensor
Network - WSN) 1a mot hé théng bao gdm nhiéu
cam bién khong day két ndi v6i nhau dé thu thap
va truyén tai dir liéu tir moi truong. Cac cam bién
nay c6 thé do luong nhiéu loai théng s khac nhau
nhu nhiét d9, do am, khoi lwra, anh sang, chuyen
dong, ap sut hay céc thong sO strc khoe. Piém
n6i bat ciia mang cam bién khong day gom kha
nang di dong, tu dong hoa, kha ning md rong,
tmg dung da dang va tiét kiém ning luong [1-2].
Vé kha nang di dong, cam bién c6 thé duoc dat &
nhiéu vi tri khéc nhau ma khéng can day nbi, gitp
dé dang trién khai trong cac méi truong khac
nhau. V& dic diém tu dong hoa, cac cam bién
thuong tu dong thu thap dir liéu va truyén vé trung
tam, giam thiéu su can thlep clia con ngum Vé
kha nidng mo rong, hé thong c6 thé d& dang mo
rong bang cach thém cam bién méi vao mang ma
khong can thay d6i ha tang. Vé tmg dung da dang,
WSN c6 thé dugc tmg dung trong nhiéu linh vuc
nhu néng nghiép, méi truong, thanh phd thong
minh, cham séc strc khoe, va nhiéu linh vuc khac.
Vé uu diém tiét kiém nang lugng, cic cam bién
thuong duoc thiét ké dé tiét kiém ning luong,
gitip kéo dai tudi tho pin va giam nhu ciu bao tri.

bién toan bién di dong (Mobile Edge
Computing - MEC) 12 mdt mo6 hinh tinh toan
trong do6 cac dich vu va tai nguyén tinh toan dugc

cung cap gan vai cac thiét bi di dong va cam bién,
thuong 1a tai bién cua mang, thay vi tai cac trung
tam dir liéu tap trung xa x06i [3-4]. M6 hinh nay
nham giam do tré, tang cuong hiéu suat va giam
bang thong can thiét cho cac tmg dung di dong
valoT. Ung dung cua MEC trong mang cam bién
khong day bao gom: Giam d¢ tré, ting cudng tinh
toan ven va bao mat, tiét kiém bang thong, xtr 1y
thong minh, cai thién hiu suét.

Thiét bi bay khong ngudi 14i (Unmanned Aerial
Vehicle - UAV) 1a cac may bay hoic thiét bi bay
duogc diéu khién tir xa hodc tu dong ma khong can
su can thiép ctia con nguoi truc tiép trong khoang
14i. UAV c6 thé bao gom nhiéu loai nhu may bay
khong nguoi 1ai (drone), may bay tryc thing
khong nguoi 14i, hay cac thiét bi bay khac. Viéc
trién khai UAV trong mang cam bién khong day
¢6 nhiing wu diém nhu: Mé rong ving phu song,
tang cuong kha ning linh hoat, giam chi phi trién
khai, hd trg tinh hudng khan cap, thu thap dir liéu
va giam sat, cai thién kha nang phan phdi va
mang ludi tam thoi [5-6].

Truyén théng tian xa nguoc (Backscatter
Communication - BC) 1a mot cong nghé truyén
thong khong day ma trong d6 thiét bi khong phat
ra tin hiéu truc tiép ma phan xa hodc tan xa tin
hiéu tir mot ngudn phat khac dé truyén dir liu
[7]. Pay 1a mot phuong phap tiét kiém nang
luong va chi phi, dc biét hitu ich cho cac thiét bi
c¢6 ngudn niang luong han ché. Truyén thong tan
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xa nguoc 1a mot cong nghé dang phat trién va cd
tiém nang Gmg dung rong rai trong nhiéu linh vuc
khéac nhau ctia mang khong day, dic biét 1a trong
cac ing dung can tiét kiém ning lugng va giam
chi phi nhu mang cam bién khong day [8].

Khac véi cac co ché da truy cép truc giao truyén
thong (FDMA, TDMA, CDMA), trong d6 nhiing
nguoi dung khac nhau dwoc phan bo cic bing
tan, khe thoi gian hodc ma riéng biét dé tranh
nhiéu, co ché da truy cap phi truc giao (NOMA)
cho phép nhiéu ngudi dung chia s¢ cung mot tai
nguyén thoi gian, tan sO va ma bang cach tan
dung su khac biét vé murc cong sudt [9-11].

Cong trinh [12] nghién ctru sy két hop cia co
ché da truy cép phi truc giao duong 1én véi thu
ning luong RF cho hé thong dién toan bién di
dong. Su tich hop cia NOMA va giao tiép tan xa
nguoc da dugc nghién cuu trong cac cong trinh
[10-11]. Cong trinh [13] dé xuat mot bai toan tdi
vu hoa luan phién tiét kiém nang lugng hd tro co
ché da truy cép phi tryc giao cho giao tiép cam
bién khong day hd tro tan xa ngugc trong mang
xe ¢0. Tuy nhién, theo hiéu biét cua chung 161,
viéc trién khai thu niang luong RF, giao tiép tan
xa ngugc va ky thuat NOMA trong mang cam
bién khong ddy van chua duoc xem xét. Trong
cong trinh ciia minh, ching t6i tap trung vao sy
két hop cua thu nang luong RF, giao tiép tan xa
nguoc va ki thuat NOMA trong mang cam bién
khong day véi co ché giam tai mot phan. Nhiing
dong gop chinh cua bai bao nay nhu sau:

« Ching t6i d& xudt mot mo hinh hé thong
NOMA MEC cho mang cam bién khong day dwa
trén giao tlep tan xa nguoc thu nang lugng RF
v6i co ché giam tai mot phan.

+ Chuang t6i dua ra biéu thirc dang twdng minh
Xap xi cua xac suét tinh toan thanh cong (SCP)
va xé4c sudt ding ning luong.

* Chung t61 nghién ctru tac dong cua cac thong
s6 quan trong nhu do cdo cua UAV, h¢ s6 phan
chia nhiém vu, hé s6 phan xa tan xa ‘nguogc, do
16n cua tac vu, s6 luong nut cam bién va cong
sudt truyen tai 1én hiéu suit cta hé thong.

Phan con lai cia bai bao nay dugc td chirc nhu
sau: Muc 2 m6 ta mo hinh hé thong va kénh. Phan
tich hiéu suét duogc trinh bay trong Muc 3. Két
qua sb dugc cung cip trong Muc 4. Muc 5 13 phan
két luan va hudng phat trién.

2. M6 hinh h¢ théng
2.1 M6 hinh hé thong va kénh truyén

Trong cong trinh nay, chung toi d& xuit mot mo
hinh h¢ thong mang cam bién khong day nhu Hinh

1, trong d6 hé théng st dung truyén thong tan xa
nguoc dé thu thap dir li€u cam bién va dién toan
bién di dong tai may bay khong nguoi lai dé xu 1y
Céc nat cam bién duoc chia thanh hai cum riéng
biét, cum A (c6 M nut, ki hi€u la 4,,, m € {1, 2,

.»M})vacum B (co N nut, ki hi€ula 4, n € {1,
2, ...,N}), mdi cum nay c6 cung mét loai cam bién
va hai cum c6 mutc d§ uu ti€n khac nhau. Khong
mat tinh tong quat, chiing t6i gia st cum A wu tién
hon cym B. Piém truy cap UAV, ki hiéu 1a U,
duoc trién khai gan nguoi ding dé cung cap dich
vu dién toan cho cac niit cam bién bang cach tich
hop v6i may chi bién va bay lo limg trén bau troi
& d6 cao hu. Cac nit cam bién s dung phuong
thirc truyén thong tan xa nguoc véi tin hiéu RF tir
tram R dé giam tai dir liéu. Gid sir tt ca cac thiét
bi khong day déu duogc trang bi don dng-ten va
hoat dong & ché do ban song cong.

Di¢m lruy dp UAV

Cum cam bién
A o

=

B/
R Cum o bid 0\
B 3
Hinh 7. M6 hinh hé théng

Trong nghién ctru nay, toa d0 Descartes tinh
dugc st dung dé biéu dién vi tri cia UAV va mdi
nat nhu Hinh 1. Trong d6, chiing t6i biéu thi vi
tri cua U 1a (xu, yu, hu), vi tri ciia nlit cam bién Sk
€ {Am, B} thtt k 13 (xk, yx, 0) v61 k € {m, n}, vi
tri ciia R 1a (xr, yr, 0). Gia su cac kénh khong day
mit dat-khong trung va khong trung-mat dat
dugc md hinh hoa bang hai loai fading: mé hinh
quy md 16n va quy mo nho. Trong d6, mo6 hinh
quy mod 16n duge didu chinh bdi mé hinh xac sut
c¢6 duong truyén thang (Line-of-Sight - LoS) va
khong c6 duong truyén thang (Non- Line-of-
Sight - NLoS) [14]. Suy hao dudng truyen trung
binh khi xem xét x4c suét cua cé lién két LoS va
NLoS giita U va niit cam bién thir & duoc tinh

bang cong thirc sau:

J LoS -J NLoS

1+ﬂe(—@#9w +up)

Trong d6, 6u = arcsin(h / duk)

Ly =| Jros + dii, (D

due =~ —x)? + (o —y)? +hé
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o 12 s6 mii suy hao dudng truyén,

4 va Bbiéu dién cac tham s co gia tri thay d6i
dua trén mai trudng xung quanh,

Jo2Wq(4xf./c),Qe{LoS,NLoS} biéu thj tham sd
phu thudc vao méi truong va tan s6 song mang
fe, biéu thi toc dd anh sang va

¥, biéu dién suy hao dwong truyén qua mirc
ctia qua trinh truyén LoS va NLoS [21].

Hé s6 kénh cua cac lién két R-Sk, Si-U duoc ky
hi¢u 1an luot 1a hs va hsw . Gid st cac kénh
truyén nay doc 1ap, dong nhét va tudn theo fading
Rayleigh. Khi d6, ham phan phdi tich liy
(cumulative distribution function - CDF) va ham
mat d6 xac suat (probability density function -
PDF) ctia d loi cong suat kénh twong tng |, |

VA .o [ » Sk € {Am, Bn}, lan lugt 12
Fy (x)—l—eif, (2)
fr(x)=e 3)

trong do, Ve{\hm \2,\hsku\2} , i 2E(V).

2.2 M6 hinh tin hiéu

Trong md hinh hé théng dé xuat nay, dé ap dqng
ky thuét da truy cép phi tryc giao NOMA nham
nang cao hiéu nang h¢ thong, ching toi lwa chon
mot cdp nit cam bién {4,B8} dong vai tro 1a cac
cum trudng bang cach:
A=arg max {| iy}, B=arg max {| n ). )

Tin hiéu nhan duoc tai U nhu sau:

f 4B f &R
= ,IA > buhrahav + ,ZB *byhrshsu x+w, (5)
dRA LUA dRB LUB

trong d6, x 1a tin hiéu truyén tir R, thoa man ky
vong E(|x[)=1; ba va bp € {0, 1} twong ung dai
dién cho cac bit dit li¢u cua {4,B} ;w - ¢ (0,02)

1a nhiéu tring cong Gaussian (AWGN) véi trung
binh 13 0 va phuong sai 14 o7 . & va & 1an lugt 13
hé s tan xa tai nat cam bién 4 va B. Do cum A
wu tién hon cum B, nén & va s duogc thiét ké dé
théa man diéu kién &> g. Cac hé sb kénh truyén
hra va hgp twong Gmg duoc biéu dién nhu sau:

hra = 1y {I w1} ©)
hrp = lfslﬁ?;ﬂ hrn |}

Ngoai ra, hau va hpy lan lugt 1a hé sé kénh
truyén tir cac nit cam bién 4 va B dén U. Ham
phan phéi tich lity (CDF) cta d6 loi kénh truyén
\hral? va |hrs> c6 duge nhu sau:

_(M-m)x

x M
Fhmz(x){l—e‘“] —HZ( )( DMme A (7)

m=0

(N-n)x

Ehnﬂ\z() [1 elRBJ :1+Z::(]X)(_1)N7n€7 e (8)

Ap dung k§ thuat triét nhidu lién tiép (Succesive
Interference Cancellation - SIC) tai U, b4 dugc
giai ma trude tién bang cach xur 1y thanh phan b
nhu nhidu va sau d6 trir di thanh phén bp da giai
ma dé thu duoc ba. Ty 1¢ tin hiéu trén nhiéu cong
v6i nhiu (SINR) dé giai ma by va ty 1¢ tin hiéu
trén nhidu (SNR) dé giai ma bp tai U lan luot
duoc biéu dién nhu sau:

_ aA|hRA |2|hAU |2 _ aiH 4 (9)
ag | hes Pl hsu P +1  agHg +17

(10)
Hy & hps | oo [P

vz =ag | hrs [*| hsv "= asH g,
Trong 40, H. 2 hes Plhav P,

2 B

A E4)0 A A
= = Yo=—7>.
o

as
diaLus
B6 dé 1.
Ham phan phdi tich lidy (CDF)
Hy, X e{4,B} dugc biéu dién nhu sau:

(M - m)xKl [2
Aradav

EB)YO
dfisLus’

ay

cua

FH,(x)_1+2Z( )( 1y (M_m)xj,

/lRAlAU
(11
N [N (N —n)x
FHH(X)_1+2»;)(H)( D \/iRBﬂBU Kl[z Arg Ay j’
o (12)
trong do, K,(.) 1a ham Bessel da sua d6i loai 2
bac v [14].
Chirng minh.
FHﬂ (X) =Pr(HA < X) = PI’(‘ hra ‘2‘ hau |2< x)

=Pr | hpa < j
(’“ | haw [

Thay (3) va (7) vao va dung cong thuc (3.471-
9) trong tai lidu [14], ta dugc két qua nhu (11).

Tuong tu d6i voi (12). B6 dé 1 da duoc ching
minh.

Hé qua 1.

Ham mat d6 x4c suat (PDF) clia Hy, X < {4,B)
dugc biéu dién nhu sau:

M — 1 M —m+1 M
S (x)= 22(»1)( ;_n;(j,Ab) KO[ mj

(13)
o, (x)= Z( )(N ;)(/11) - Ko[2 (N‘”)f‘j. (14)
2.3 Mé hinh ning lirong

Cac nat cam bién nhan duogc tin hiéu RF tr R,
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mot phén tin hi€u thu dugc nay duoc tan xa
nguoc sau khi da diéu ché thong tin dén U, phan
con lai dugc chuyén hoa thanh niang luong ding
dé xur 1y dit lidu tai chd. Nang luong thu duoc tai
nat cam bién duge tinh nhu sau:
EY =n(l—ex)P | hrx ' T, (15)

trong d6, x {4,8}, 1712 hé s6 chuyén hoa ning
luong (0 <7 <1).

Gia str, dit liéu cta cac nat cam bién duoc chia
thanh hai phan: phan dir liéu xtr 1y tai chd c6 do
16n 9 —bit, con phan gii cho U c¢6 do 1on
LY —bit . Nang luong tiéu hao cho viéc xu 1y tai
chd duoc tinh nhu sau:
Ef = pex (fr)* LY, (16)

trong do, p biéu thi cho hé sé dién dung hiéu
dung ctia CPU phu thudc vao kién trac cua no
trong céc thiét bi nat cam bién, cx va fx biéu thi
chu ky CPU dé tinh toan mot bit va tan sé chu ky
CPU ctia X tuong ung. i véi vide xtr 1y cuc b,
diéu kién sau day phai duoc thoa mén:

E} > E¥. (17)
2.4 Mo hinh giim taii va xu ly bién

Nhu d3 trinh bay & phan trén, co ché giam tai
mdt phan dugc ap dung cho hé thong nay. Phan
xt ly tai cho can thoi gian xtr Iy dugce tinh nhu sau:

Cx L()l()

V61 X e{4,B}. Trong khi do, ph?m con lai duoc
giam tai vé cho U véi thoi gian truyén va xir Iy
tai U lan luot dugc tinh nhu sau:

r_ LY (19)
TY =X
X CX
(1D @
e 2 (2 157) 0)
fu

trong d0, Cx =wlog(1+yx) vO1 W la bang thong
kénh truyén; cu va fu tuong ng la chu ky CPU
dé tinh toan mot bit va tan s6 chu ky CPU cua U.

3. Phén tich hiéu ning h¢ théng

3.1 Xdc suit tinh todn thanh cong

Trong hé théng nay, chung t6i khao sat hiéu
nang thong qua dog tré cua hé¢ thong. B9 tré cua
hé thong dugc dinh nghia nhu sau:

(Tjocaljl—zlgncal) (To[] To )+Texe} (21)

Xac suat tinh toan thanh cong (Successful
Computation Probability - SCP), ky hi¢u 1a Ascr
, dugc sir dung nhu mot ti€u chi quan trong dé
danh gia hiéu ning ctia hé thong nay. N6 dugc
dinh nghia 1a x4c suat cic tic vu clia cdp ngudi
dung duoc hoan thanh trong do tré hé thng tdi
da cho phép T nhu sau:
Ascp =Pr(Tax < Tin).

Pinh Iy 1.

Trax :max{max

(22)

Pl = =X . L . N A " 1A 1A
= fr (18) Xac suat tinh toan thanh cong Ascr ctia hé thong
dé xuat duogc tinh theo biéu thuc:
07 o> T;h
Ay
LLASES i( )( )(N ) R \/(M—m)(zW —1)(as(~Inuy) +1)
Q m=0 n=0 g=1 ﬂvRB/,LBU /’LRAAAU(ZA 23
ASCP - Ay 6 < T;h ( )
_ wo_ _ — ) (— _
K, 2\/(M m)(2" —1)(ap(~Inu,) +1) Ko(z (N —n)( lnuq)J\/l Xy
Aradavaa Ars AU 1+ x4
172%’;
4 loca loca (2) (2) +1 @
trong do, §=maX(T,§ ' Ty 1), ) U S WS | S T uq:(“’q ) ,
cu (LY +L3) o (L7 + L) 2
th fU th fU

(2(]—1
w, = COS Vs
20

Gaussian-Chebyshev.

Chirng minh.

Xem phan chitng minh ¢ Phu luc A.
3.2 Xdc suit dirng ning hrong

Trong hé thong nay, xac suat dimg ning

luong (Energy Outage Probability - EOP), ky
hi€u 1a Agor, cling 12 mdt ti€u chi quan trong dé
danh gia hi¢u nang cua hé théng. N6 duoc dinh

j v6i Q 12 hé s6 danh d6i giita d6 phirc tap va do chinh xac cta phuwong phép tich phan

nghia 1a xac suit niang luong tiéu hao cho tinh
toan cuc bd 16n hon nang lugng RF thu dugc:
Asop =Pr(Ef > Ef or E§*' > E} )
(24)
:1—Pr(EZ"‘“’ <EZ’E§I(THI <E§),

trong d6, E} vAEl xei4,8, lan lugt duoc
dinh nghia & cac biéu thuc (15) va (16). Tuong
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tu nhu phan 3.1, chung tdi ciing xdy dung dugc
Pinh 1y 2 cho xac suat ding ning luong.
Pinh ly 2.

Xac suat dirng ning lugng Asor ciia hé thong dé
xuét duoc tinh theo biéu thic:

o \V s \V
Agor =1- 1—[1—{’«4} Ml—[l—e_mJ } (25)
trong do, Qx—m X e{4,B}.
n(l—ex)RT
Chirng minh.

Xem phéan chirng minh & Phy luc B.
4. Két qua s6 va thao luan

Trong phan nay, chung t6i cung cap cac két qua
s vé SCP va EOP bang cach sir dung phuong
phap mo phong Monte-Carlo. Pé thuan tién,
chiing toi gia st cac thiét bi cam bién trong timg
cum la giéng nhau, khoang cach giita cac cam
bién trong timg cum 1 rat nho so véi khoang
cach tir R va U dén cum A va B, khi d6, khoang
cach R va U dén cum A va B 1a nhu nhau véi moi
nat cam bién trong cing mot cum. Cac tham s
mo phong duoc dua ra nhu Bang 1.

Béng 2. Bang tham s6 mo phong

Tham s Ky hiéu Gia tri sir dung
Mbi trudng truyén Rayleigh
b S SR

Hé sf) suy hao duong 2

truyén

Tham sb moi truong Ty 9.6177,0.1581
Hé s tan xa &4, EB 0.5,0.5

Tan s6 song mang fe 10°Hz

Toa d0 cua tram RF (xr, yr, hr)  (2,2,0)

Toadod cua A, B (xx, yx, hx)  (1,2,0), (2, 1,0)
Toa d) cua UAV (xu, yu, hu) (0,0, 5)

Cong suét phat ciia R Py 0-40 dB

Tén sé CPU cua cac nat

cé,m bién va may chi U fa I Ju 10%, 10%, 10° Hz
?(;) 1‘cthu ky CPU tinh toan s cn cu 2.2.2
fg)ﬂ;@ng bang thong W 10% Hz
Heé s6 chuyén dbi nang 0.75
lugng RF ’

N e L 1Mbs, SMbs,
D¢ dai cac tac vu L4, Lp 10Mbs
Hé s6 phéan chiatic vu &, & 0.4,0.3
Ngudng do tré T 1s
Ngudng nang luong Ewn 1]

4.1 Xic suit tinh todn thinh cong

Trong phan ndy, ching t6i trinh bay két qua méo
phéng va phan tich theo ti€u chi danh gia xac suat
tinh toan thanh cong ( Ascr ).

Hinh 2 mé ta sy thay d6i As» theo d6 cao ciia
UAV véi cac gia tri khac nhau cua sd lugng
nat cam bién cum A. Quan sat hinh nay, ta
thdy duong cong c6 chiéu hudng ting nhanh
khi do cao cuia UAV thay ddi tir 0 dén nho
hon 5, tirc Aser tang. Khi d6 cao cia UAV
tiép tuc ting thi duong cong di xudng, tirc
Asce gidam. Hién tuong nay dugc gidi thich
nhu sau: khi do cao cia UAVgiam vé 0, tuy
suy hao dudng truyén giam nhung do su che
chin ciia chudng ngai vat trén duong truyén,
NLoS chiém vu thé nén A giam. Khi d6 cao
cua UAV ting cao, tuy LoS chiém uu thé,
tuy nhién suy hao duong truyén anh hudng
16n nén Asr giam. Nhu vay, ton tai mot gia tri
d6 cao cua UAV cén bang giita LoS, NLoS va
suy hao dudng truyén lam cho Ascr dat gid tri 1on
nhat Ngoai ra, ta cling quan sat tr Hinh 4 thiy
ring Ascr tang khi sO lugng nut cam bién cym
A ting. Diéu nay noi 1én khi s6 lugng nit cam
bién cum A ting, n6 cho phép chung ta lua
chon duoc nut cam bién tot nhat dé gui dir
li€éu cho tram UAV xir ly, tor d6 cai thién
duogc hiéu nang cua hé théng.

0.7 F
0.65 |
06
0.55
05
0.45

0.4

Agep

0.35

0.3

Phén tich
O Mo phong M =2

0.25 O Mo phang M =3

M8 phong M =4
] ‘;) 1‘0 1‘5 20 25
D@ cao clia UAV (hu)
Hinh 2. A thay ddi theo d6 cao ciia UAV va sb
luong nut cam bién cum A
Hinh 3 v& duong cong Ascr thay ddi theo cong
suét phat ctia tram RF va sb lugng niit cam bién
cum B. Tir hinh 3 ta thay, khi ting cong suat phat
thi Asr tang, diéu nay noéi Ién hiéu nang ciia hé
thong dugc cai thién. Tuy nhién, khi cong suat
tang tir 15dB tr¢ di, hiéu nang hé thong bio hoa.
Ngoai ra, Aser tang khi s6 lugng nit cam bién
cum B ting. Nhu vy, khi s6 lugng nat cam bién
cum B tang, n6 cho phep ching ta lya chon duge
nat cam bién tot nhét gitip cai thién duge hiéu
ning ciia hé thong.
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Hinh 4 1a cac dudng cong minh hoa Asce» thay
d6i theo hé sd tan xa va do 16n dit liéu cua
cum A. Tu hinh 4 ta thély, hé s tan xa cua
cum A cang 16n tirc viéc phan bd cong suat
phat cho nat cam bién cum A cang nhiéu cho
giam tai dir liéu téi may chu & UAV giup
nang cao hiéu niang mang. Pong thoi, ta ciing
thdy luong dir liéu ciia cum A cang ting thi
cang lam giam hi¢u nang mang.

Phantich

O  Méphong N=2

O MéphongN=3

] i | | | | | *  Mbphdng N =4

-10 5 0 5 10 15 20 25 30 35 40
Céng suét phat ciia tram RF (P4dB)

Hinh 3. Ascr thay ddi theo cong suét phat ciia R va
sb lwong nut cam bién cum B

10° ' - ' - ' - - - -
Wj
107
o
|5}
j2
-
102
Phan tich
© M6 phong LA = 1Mbs
O Mo phong LA = 5Mbs
M6 phong LA =10Mbs
102 L . L .

|
0 01 02 03 04 05 06 07 08 09 1
Hg sb tan xa cum A (e,)

Hinh 4. Ascr thay d6i theo hé sé tan xa va do 16n dir
liéu cia cum A

Hinh 5 m6 ta sy thay d6i As» theo hé sb tan
xa vado 1on dir li€u cia cum B. Tur hinh nay
ta thdy hé sb tan xa ctia cum B ting tir O thi
xac sudt tinh toan thanh cong tang. Tuy
nhién, khi hé so tan xa cta cum B tiép tuc
tang thi xac suét tinh toan thanh cong giam.
Diéu nay duoc giai thich nhu sau: ban dau hé
sb tan xa ctia cum B ting thi gitip cho cum B
ting cong suat giam tai giup cai thién hiéu
nang hé théng, khi hé sb tan xa cua cum B
tiép tuc ting thi né tang thanh phan nhiéu cua
SINR theo biéu thtrc (9). Ciing tir hinh nay
ta thay, luong dit liéu ciia cum B cang ting
thi cang lam giadm hi¢u ning mang.

‘\SCF‘

Phan tich

© M8 phdng L = 6Mbs
O Mo phong LB = 8Mbs
Mé phong Lg= 10Mbs

10710 D.“\ 012 0i3 0“4 0.5 0.8 0.7 0.8 0.9 1
H 56 tan xa cum B ()
Hinh 5. Ascr thay d6i theo hé sb tan xa va d6 1on dir
liéu ciia cum B

Hinh 6 va hinh 7 v€ cac dudng cong Ascr thay
d6i theo hé sb phan chia tac vu va d¢ 16n dix
liéu cua céc cum. Chung cho thiy dir liéu
giam tai & may chu bién cang tang thi hiu
nang do tré cang giam. Diéu nay cho thay dé
cai thién hiéu ning hé thdng thi ta can nang
cao kha nang xir 1y tai cac nat cam bién.

T T T T T T T T T 2}

0.95
09}
0.85
08
0.75
07

s}

S 065 f

=
06

0.55

Phan tich

© M6 phong LE =1Mbs
oMb phoéng LE = 5Mbs
Mé phong LB =10Mbs

0.5

0.45

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Hé sd phan chia tac vy clia A (£4)
Hinh 6. Agcp thay doi theo hé sO phan chia tac vu va
do 16n dir liéu cua cum B

10° . . - - . - - . =%

| W S

Phan tich

O Ma phdng LA= 1Mbs
o Ma phdng LA= 5Mbs
Mé phéng LA= 10Mbs

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Hé s6 phan chia tac vy ctia B (&)

Hinh 7. Ascr thay ddi theo hé s6 phan chia tac vu va
do 16n dir 1i€u cua cum A

4.2 Xdc suit dirng ning lirong
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Trong phan nay, ching t6i khao sat xac suat
dimg ning luong Asr theo cong sudt phat cia
tram R va voi cac gia tri sb lugng nit cam bién
khéc nhau.

Phantich

O Mo phong N =2

O MG phdng N =4
Mé phéng N=6 | | | |

0 5 10 15 20 25 30

Cong suét phat cla tram RF (PodB)

187

Hinh 8. Agzp thay ddi cong suét phat tram R va sb
lwong nat cam bién ctia cum B

0 o

10 T &

Aeop

102 F

Phan tich
© M6 phong M =2
O  Mé phong M =4

Mo phéng M =6 |

0 5 10 15 20 25 30
Cong suat phat cia tram RF (PDdB)

107!

Hinh 9. Agzop thay ddi cong suét phat tram R va sb
lugng nut cam bién ctia cum A

Phu luc A: Chitng minh Pinh 1y 1

Ascp = Pr(max(Tj"ml,Té"”“l) < Eh,max(TA”” e )+ T5¥ < Zh)

0,
(2) (2) (2) (2)
g LD Ly (D) L e(LD L)
Ca fu Cs fu
0, max (7,7 ) > T
=1Pr(Ca=A4Cr2Ap), max (T, T )< Ty

T

Tir hinh 8 va hinh 9 ta thdy cong suat phét ting
hodc s6 lwong nit cam bién ting déu co thé 1am
giam xac suat dimg ning luong, tir 46 nang cao
duoc hi¢u nang hé thong.

Quan sat két qua tir cac hinh 2-9, ta thay két qua
phan tich kh6p voi két qua m6 phong. Diéu nay
khang dinh tinh ding dén cta két qua phan tich.
5. Két luan va huwéng phat trién

Bai bao nay di trinh bay két qua phan tich hiéu
ning ctia mang cam bién khong day sir dung thiét
bi bay khong ngudi l4i co gin may chu dién todn
bién hd trg cho nhiéu nit cam bién dua trén ky
thuat truyén thong tan xa ngugc. Chung toi da
tién hanh x4y dung cac md hinh: mé hinh hé
théng, mo hinh tin hi€u, m6 hinh nang lugng va
mo hinh giam tai. Pong thoi, dé khao sat hiéu
nang cua hé thong, chung t6i da xay dung cac
bleu thirc xac suat tinh toan thanh cong va xac
suat dirng nang luong. Hanh vi ctia hé thong ciing
duoc khao sat theo cac tham sd chinh nhu cong
sudt phat cua tram RF, do cao ciia UAV, céc hé
s6 tan xa, hé sb phén chia tac vu, s6 lugng nut
cam bién, d6 16n dir lidu. Két qua khao sat cho
thdy dé cai thiéu hiéu ning cia hé thong mang
cam b1en khong day nay, ching ta c6 thé ting
cong sudt phat cua tram RF, ting s luong nut
cam bién, giam d9 16n dir li€u va Iya chon cac gia
tri hé sb tan xa, hé s6 phan chia tac vu va do cao
cua UAV phu hop. Trong tuong lai, ching t6i
phat trién theo hudng xem xét hiéu ning tinh toan
va ning luong ciing luc va dong thoi hinh thanh
bai toan t6i uu hiéu ning hé thong.

local local
maX(TAoca ’TBa(a ) > T;h

local rprlocal
], maX(TAom T )STm
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II=

(a)

(i)4lMZ—1N—1§(M)(N) (N _n)(_l)MJrN—mfn

A
Ay Ap
aAHA >2 W

As

Q@7 =)(ast+1)

Pr| 4 ~lLagHp>2" —1|=Pr| H,>
[CIBHB-FI s J !

W v .
@Y —D(asty+1) [ 27 -1 i

ay

ay

Au
M-1N-1

m

ﬂRB AB U

m=0 n=0

A
k2 \/(M—m)(2W—l)(aB(—lnu)+l) K

AraAavas

( (N—n)(—lnu)J
of 2 /7
ﬂRB/lBU

1303 ) RS L el \/ (M =m)2" ~1)(as(-Inu) +1)

Aradavay

du
u

As

mj\n Ars Ay

Q m=0 n=0 g=1

Au

\/ (M =m)2" —1)(as(~Inu,)+1)

/,LRA ﬂA vay

K, 2\/(M—m)(2W—1)(a3(—lnuq)+l) Ko[z (N—n)(—lnuq)j\/l—xq‘
ﬂvRBﬂvBU

AraAavay

1+x,

Budc (a) c6 dugce 1a do sir dung két qua (11) va (14) va thay bién bang cach dit u=¢ va @ =e vOi

w =

A
-1

as

dugc chiing minh.
Phu luc B: Chirng minh Dinh ly 2
Asop =1=Pr(E{“ < E}, E§*' < E})

=1=Pr(| hpa [> Q4 ) Pr(| x> Q)

—1=[1=Fp () [1= B (Q5) -

. Budce (b) ¢6 duoc nho ap dung phuong phap tich phan Gaussian-Chebyshev. Dinh 1y 1 da

Ap dung cac biéu thuc (7) va (8), ta d ching minh dugc Pinh 1y 2.
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Ung dung hoc may trong viéc du doan trang thai sirc khoé SOH ciia Pin
Lithium ion
Nong Trong Tu*, Duong Van Hoa

Trung tdm Dién — Dién tu, Truong Pai hoc Duy Tdn, Pa chng, Viet Nam
*Email:-nongtrongtu@dtu.edu.vn,

Tom tét Véi su phd bién cia pin lithium-ion trong nhiéu linh vyc, viéc udc tinh trang thai st khoe (SOH) cua pin 1a
didu can thiét ¢&& dam bao hiéu qua va an toan trong qua trinh sir dung. Mic du céc phuong phép dua trén mo hinh da
duoc ap dung rong rai dé woc tinh SOH, nhitng thach thirc trong viéc mé hinh hoa pin d& dan dén sy quan tim ngay cang
tang ddi véi cac phuong phap hoc méay. Bai béo nay gisi thiéu mot phwong phap danh gia SOH dua trén phan tich dit liéu
theo mién thoi gian. Phuong phép nay tap trung vao viée xir Iy va phan tich dit liéu trong mién thoi gian dé xac dinh cac
méi quan hé v6i dung lugng st dung duoc cua pin. Ching t6i cling thuc hién so sanh hiéu qua cua phuong phap nay véi
c4c md hinh mang no ron khac nhau nhu mang no ron truyén thing (FNN), mang neural tich chap (CNN), va mang bo
nh¢ dai ngén han (LSTM). Két qua cho thdy, phuong phap phén tich theo mién thoi gian c¢6 thé cung cép do chinh xac
cao va dap Gng tdt nhu cdu udce tinh SOH, dac biét 1a khi lugng dir liéu huén luyén han ché.

Tir khod: Mang no ron truyén thing (FNN), mang no ron tich chdp (CNN), mang bé nhé dai ngan han (LSTM), trang
thai sirc khée (SOH).

1. Gi6i thiéu Dé khic phuc cac thach thiic trong viéc lap mo
i hinh, ting d6 chinh xac trong qua trinh udc lugng
bai bao da nghién ctiru theo hudng st dung dit liéu
clia pin dong thoi dé xuat phuong 4n ude luong
su dung mang no ron [2].

V6i kha nang luu trit ning lugng, tudi tho tot
hon céc loai pin truyén thong thi Pin lithium dwoc
sir dung rong rai p dung cho nhiéu linh vyc san
xuét ciing nhu doi song. Tuy nhién van con nhiéu
thach thic dang ké nhu an toan va rai ro hoa 2. Dix liéu vé pin cia NASA

hoan, 130 hoa va giam hi€u suat, chi phi, tai
nguyén va tai ché... S
Bai bao di sau nghién ciru udc lugng stc khoé “

ctia pin, 1a thanh phan quan trong trong hé thong H
quan Iy pin (BMS) [1], day 1 hé thong duoc thiét
ké dé quan 1y va giam sat pin trong mot goi hodc
mot hé théng pin gitup pin 1am viéc an toan, hiéu
qua va lau dai. SOH cung cap cho hé théng BMS T G Lo
thong tin vé hiéu suat hién tai ciia pin so v&i kha a) b)

nang t6i wu ban dau, bang cach theo ddi su suy
giam cuia SOH theo thoi gian ma dua phuong an
thay thé khi can thiét. Trang thai sitc khoé (SOH) ~ ¥s
thuong dugc dinh nghia la ty 1¢ gitra dung lugng
hién tai va dung lugng danh nghia, dugc thé hién
boi:

ent_measured

temperature_mes:
W

SOH = (l) 0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
~ me

c) d)

G 2s
i

Voi: ¢ - La dung lugng hién tai
¢ - La dung lugng danh nghia

Thong thuong s& cb 2 phuong phap dé wdc s
luong suc khoé pin 1a dua trén moé hinh vét ly
hodc dya trén tap dir liéu cua pin. V6i mo hinh
vat 1y co thé ké dén mot s6 mo hinh da duoc dé ;
xudt va nghién ctu nhu mé hinh mach tuong
duong (ECM), M6 hinh sir dung bd loc Kalman T o a0 s w0
(KF/EKF), mé hinh 2 chiéu (P2D). Tuy nhién, do
Cl‘linh X éc,déu fa C,ﬁa cac md hinh nay phu thuoc Hinh lé)Mé ta cac tham sé pin theo thoi gian
ve thiet ké tham so chinh x4c, quy trinh tinh toan
phirc tap va su hiéu biét vé dién hoa hoc ctia pin.

voltage_load
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Ba nhom pin lithium-ion [3] dugc gidi thiéu
LiNio.8Coo.15Al0.0s02 (Nickel Cobalt Aluminum
Oxide - NCA) vdi cac ty 1€ xa khac nhau da dugc
chon cho céac thi nghiém tir bd dir liéu NASA.
Nghién ctru da sir dung mot b gdm bdn pin Li-
ion (B0005, B0006, BO007 va B0018) dugc sac
va xa ¢ nhiét do phong (24°C). Dong dién 1.5 A
duogc sir dung dé sac pin cho dén khi no6 dat toi
4.2 V. Qua trinh sac sau d6 dung lai & ché do CV
khi dong dién sac giam xudng dudi 20 mA. Dong
dién 2 A 6n dinh duoc st dung dé xa pin cho dén
khi B0006 va B0018 dat dén muc dién ap dinh
trude 14 2.5 V, trong khi B0005 va B0007 lan luot
dat 2.7 V va 2.2 V. Thi nghiém két thiic khi pin
dat tiéu chuan cubi doi (EOL), d6 1a khi dung
luong dinh mirc giam 30% (tir 2 Ah xuéng con
1.4 Ah). Can luu y rang bon pin nay c6 dung
luong ban dau lan luot 1a 1.8565, 2.0353, 1.8911
va 1.855 Ah. Piéu nay ngy y rang pin c6 mot chut
khong déu tir dau. Bbn pin nay co ty 1éxala 1 C.

3. Phuwong phap wéc lwgng sirc khoé pin
Lithium-ion

Trong phan nay, chiing t6i phan tich cac budc
udc lugng SOH [4], m6 hinh dy doan SoH duoc
thyc hién bang cach st dung mang no-ron nhan
tao (Neural Network), mdt k¥ thuat thude vé deep
learning [5]. M6 ta nghién ctru duoc thé hién &
hinh 2 va cac cac budc thuc hién nhu sau:

So dd biéu dién quy trinh wéc luong State of
Health (SOH) cuta pin dya trén dit li€u tir NASA
va stir dung cac phuong phap hoc may, quy trinh
gbm 4 giai doan:

Data Acquisition (Thu thap dir li¢u): DT li¢u
duogc iy tir NASA Dataset vé cac thong so lién
quan dén pin bao gdm dién ap, dong dién, thoi
gian va dung lugng.

Feature Extraction (Trich xuét dic trung): Sau
khi dir liéu dugc thu thap, budc tiép theo 1a trich
xudt cac dic trung bang cach st dung U-chord
curvature model. U-chord curvature model su
dung His d¢ trich xuat cac ddc trung hitu ich tir
dit liéu thu thap dugce. Cac dac trung sau d6 dugce
chia thanh Train data (dit liéu huan luyén) va Test
data (di liéu kiém thir).

Model Training (Huén luyén mé hinh): Dir liéu
huén luyén dugc dua vao cac mo hinh hoc may
khac nhau, bao gém:

- FNN (Feedforward Neural Network): Mang
no-ron truyén thang.

- LSTM (Long Short-Term Memory): Mot
dang mang no-ron hdi quy dung dé xir Iy dit liéu
tuan tu.

- CNN (Convolutional Neural Network): Mang
no-ron tich chap.

Céac mo hinh nay s€ dugc huin luyén dé du doan
dung luong cua pin.

I
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Hinh 2. So db mé ta wéc lugng SoH

SOH Estimation (U¢c lugng SOH): Sau khi mo
hinh da dwgc huan luyén, mo hinh s& dy doan
dung lugng pin va tir d6 udc lugng SOH. Ket qua
du doan dugc danh gia bang cac chi s6 sai sb
khac nhau nhu: MAE (Mean Absolute Error): Sai
sO trung binh tuyét ddi; MSE (Mean Squared
Error): Sai s6 binh phuong trung binh; RMSE
(Root Mean Squared Error): Can bac hai cua sai
s6 binh phuong trung binh.
3.1 Chuin bi dir liéu

T dit liéu bo 4 pin lithium-ion ching t6i da
tach va lay thong tin chu ky dong xa dé xir ly.
Moi chu ky dong x4 s& chira gid tri do ludong khac
nhau nhu dién ap, dong dié€n, nhiét d6 ... Sau d6
tién hanh gop dir liéu tir 4 bo pin thanh mot khung
hinh dir lidu, day la dir liéu dé tién hanh udc
lugng cho nghién ctru nay. Viéc tach riéng dir
lidu tir cac chu ky x4 cta pin 1a can thiét dé phan
tich chinh xac hiéu suit va dy doan dung luong
con lai cta pin. Chu ky xa 1a giai doan ma pin
thuc su cung cap niang lugng, do d6 cac thong sd
thu dugc phan anh dang kha nang luu trit va cung
cap niang lugng cua pin. Didu nay gitp ting do
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chinh xac trong vi¢c danh gia tinh trang strc khoe
pin (SoH) va du doan tudi tho pin, loai bo nhiéu
tur cac chu ky khac nhu sac hodc nghi, dam bao
mo hinh dy dodn tap trung vao cac thong sd co ¥
nghia nhat.

Hinh 3. Dung lugong dong xa 4 pin nghién ctru

3.2 Qud trinh hoc mdy

Nhu duge trinh bay trong Hinh 2, quy trinh deé
xuét dé udc luong SOH cua pin bao gom ba giai
doan: tién xur 1y dir liéu, huan luyén mo hinh, va
danh gia hiéu suat. ‘Trong giai doan tién xir 1y dir
lidu, cac gia tri thiéu va bat thuong duoc loai bo
khoi dit 1i€u thé cua pin. Sau khi lam sach dit ligu,
dit liéu theo thoi gian duge chuyén ddi thanh dir
liéu dua trén SOH, va céac déc trung cta pin dugc
trich xuét. Dt liéu dic trung sau d6 dugc chia
thanh tap di licu huin luyén va tap dir licu kiém
tra. Trong giai doan huan luyén mé hinh, tap dir
liéu huén luyén duoc chia thanh dir liéu huin
luyén va dir liéu xac thyc. Chung t6i da huén
luyén cac mo6 hinh FNN, CNN, va LSTM béng
cach st dung dir liu huén luyén. Cac siéu tham
s6 cia mé hinh di dugc diéu chinh bang dit liéu
xac thyc. Trong giai doan danh gia hiéu suit, mo
hinh d3 dwgc huin luyén duogc kiém tra b@'mg cach
st dung tap dir liéu kiém tra va hiéu suit ctia nd
duogc danh gia bang cac chi sb 16i tuyét ddi trung
binh (MAE) [6], 16i phan trim tuyét ddi trung
binh (MAPE) [7], va 16i binh phuong trung binh
(MSE) [8].

Tién xir Iy dir liéu

Trong qué trinh chun doan SOH cua pin, tién
xtr 1y dir liéu 1a bude quan trong quyét dinh hiéu
quéa ctia mo hinh hoc may. Tién xir 1y dit liéu gitp
lam sach va bién dbi dit liéu tho thanh dang phu
hop cho cac mé hinh du bio, dong thoi ting
cuong tinh chinh xac cua mé hinh khi ap dung
vao dir liéu thuc té. Cac budce chinh trong tién xir
ly dit liéu bao gom xtr 1y thiéu dit lidu, loai bo dir
liéu nhidu, chuin héa va chuin hoa dit liéu,
chuyén doi dit liéu, trich xuét dic trung, va can
bang dir liéu. Ching t6i da chuan hoa dit liéu
SOH bang phuong phap min-max:

ne{l,...,5}
mefl,...,s}

Trong d6 k 14 s6 chu ky, m 1a diém ldy mau m-
th, va X, 1a tdp hgp cta hang n-th trong Phuong
trinh (2) ctia tat ca cac chu ky sac.

Céc chu ky sac va xa lap di ldp lai din dén qua
trinh 130 hoa pin nhanh hon trong khi cac phép
do tro khéng cung cap thong tin chi tiét vé cac
thong s6 pin bén trong thay doi khi qua trinh 3o
hoa dién ra. Thi nghiém da dung lai khi dung
luong sac cua pin dat t6i 70% dung lugng sac ban
dau [9].

Huén luyén md hinh

Trong giai doan huan luyén mo hinh, chiing toi
chia tép dir liéu huin luyén thanh dir li€u huén
luyén va dir liéu xac thyc. Pé so sanh do chinh
xac cua nghién curu chung toi da ap dung tap dir
liéu dya trén SOH cho ba m6 hinh hoc may khac
nhau: céc kién tric FNN, CNN va LSTM. Céu
trac clia cac mo hinh duoc tom tat trong Bang 1.

Bang 1. Céu tric cac md hinh huin luyén

. Xk — min(x,)
Znm =

2

max(X, ) —min(x,)

Mo Téng Tham sb Tham s
hinh tham s huin luyén t0i wru
CNN 13,061 4,353 8,708
FNN 13,061 4,353 8,708

LSTM 95,705 31,901 63,804

Tap dir liéu huan luyén duogc chia thanh dir li¢u
huén luyén va dir li€u xac thuc, voi ty 1€ dir licu
huén luyén so véi dit liéu xac thyce 1a hai phﬁn ba.
Viéc mé phong duge thuc hién bang PyTorch 1.7
va tinh toan trén GeForce GTX 1080Ti. Ham mat
mat (loss function) cho qué trinh huan luyén
dugc biéu dién bang MSE (Mean Squared Error)
nhu sau:

1 g .
MSE _ﬁ;(c,- —c,-) 3)

Trong d6, Ci 1a dung lugng thuc té, ¢ l1a dung
lugng udce tinh, va N 1a sb luong tap dir liéu.

+ Mang No-ron Truyén thing (FNN)

FNN la mgt mang no-ron nhan tao, 1a mét dd
thi khong c6 chu ky va la mang no-ron don gian
nhit. FNN, dong vai tro quan trong trong hoc
may dé lam co s cho nhiéu kién triic khac, bao
g6m nhiéu 16p perceptron v6i mot ham kich hoat
phi tuyén [10]. Chung toi d str dung cau triic don
gian nhat cia FNN, bao gdm ba 16p: 16p dau vao,
16p an va 16p dau ra.

+ Mang No-ron Tich chép (CNN)

CNN, st dung phép toan tich chép
(convolution) toan hoc, la mét loai mang no-ron
truyén thang (FNN) chuyén dung dé xtr 1y dit liéu
dang ludi. Mot 16p ciia mang tich chap bao gom
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ba giai doan. Trong giai doan dau tién, phép toan
tich chap, trong truong hop roi rac 1-D, dugce
thuc hién song song [10] nhu sau:

s(0) = (x* o)1) = Y x(@)(t ~ a) “

Trong d6, x 1a ma tran dau vao, w 1a ma tran hat
nhan, va * 1a toan tir tich chap. Trong giai doan
thir hai, mdi két qua ctia phép toan tich chap dugc
dua qua mot ham kich hoat phi tuyén, cu thé 1a
ham tang hyperbolic. Trong giai doan thur ba, mot
ham max-pooling dugc thyc hién trén cac két
qua. Hai 16p ctua mang tich chép va cac lop két
nbi hoan toan voi 40 no-ron an 1a can thiét, nhu
dugc trinh bay trong Bang 2. Ty 18 dropout dé
diéu chinh dugc thiét 1ap 1a 20%.

+ Mang B0 nhé dai han ngfm (LSTM)

LSTM la mot loai déc bi¢t ciia mang no-ron hoi
quy (RNN), cho phép cac dau ra tai mdi budc
thoi gian duoc sir dung lam dau vao dé xir 1y dir
liéu tudn tu. Su khac biét gitta LSTM va RNN
don gian 1a trong sd trén vong lap tu than cia
LSTM duoc diéu chinh dya trén ngit canh thay vi
c¢b dinh [10]. Cac té bao trong LSTM duoc két
n6i hdi quy voi nhau. Cac gia tri ddu vao duoc
tinh toan véi mét don vi no-ron thong thuong céd
thé dugc tich lity trong trang thai néu cong dau
vao cho phép. Don vi trang thai ¢6 mét vong lap
tir than dugc kiém soat boi cong quén, va cong
dau ra co thé chan dau ra coa té bao LSTM.
LSTM duoc tinh toan [11] nhu sau:

f, =O'(fo; +U_fh;71+bf) (5)

SoH Estimation Using FNN for BO00S

i =0 (Wix, +Uihi + b;) (6)

=0 (Wox; +Uohi1 +b,) 7
& = tanh (Wex, + Uchy +5.) (3
G =fioci+iod )

h =0, o tanh(c;) (10)

Trong do, ¢ state thir t cia mo hinh LSTM, véc
to diu vao x ¢ state thi t cia model ¢,k 1a
ouput cua layer trudc. voi outpute,, i ta goi c la
cell state, h 1a hidden state

Panh gia hi¢u suit

Dé danh gia hiéu suit cia cac mo hinh, MSE da
dugc tinh toan tir dit lidu kiém tra. Ngoai ra,
MAE va MAPE ciing dugc tinh toan dé danh gia
hiéu suit nhu sau:

1 &
MAE = —
N

(1)

i=1

100% < |G, — G

- MAPE =— Z} c

Trong do C; la dung luong thyc té, 1a dung
luong ude lugng, N 1a so lugng tap dir liéu.
4. Két qua

Dé danh gia do tin cdy cua phuong phap ude
tinh SOH dya trén lay mau theo thoi gian, chiing
toi da tien hanh so sanh véi cac phuong phap
khac trong dicu kién dir 1i€u han ché. Két qua cho
thay su khac biét dang ke trong kha nang udc tinh
SOH giira cac phuong phap khi cung dung chung
mét lugng dir liéu dao tao.

SeH Estimation Using FNN for BOOO6

. (12)

— Actual SoH
— Predicted SoH
=== Threshol

e
a)

SoH Estimation Using FNN for BODO7

SoH Estimation Using FNN for BOD18

Zoss
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Actual vs Predicted SoH for B0005

Actual vs Predicted SoH for B0006

100 — Actual SoH 10 — Actual SoH
— Predicted SoH — predicted SoH
=== Threshold = Threshold

035
09
0.90
Z 085 g
] 8
080
0.7 A
073
06
070 ~d
. = % = £ 5 5 = o 2 0 s 100 125 150 s
ycle Cyde
Actuil v Predicted SoH for 80007 Actual vs Predicted So for BO018
100 — Actual SoH 100
— Predicted SoH
=== Threshold
095 095
050 0.90
% oss Ei
080 080
073 073
070 o7
] 25 50 0 125 150 s » 20 0 60 &0 100 120
Cycle Cycle
SoH Estimation Using LSTM for BO0OS SoH Estimation Using LSTM for BOOO6
100 — Actual SoH 10 — Actual St
— Predicted SoH = Predicted SoH
=== Threshold === Threshold
0.95
09
0.90
- 0.8
£ 085 I
&
0.80
07
075
0.6
070 </
o 25 50 s 100 125 150 175 0 25 50 7 100 125 150 175
Cycle cycle
SoH Estimation Using LSTM for B0O007 SoH Estimation Using LSTM for B0018
= Actual SoH 100 —— Actual SoH
200 —— predicted SoH —— Predicted SoH
== Threshold === Threshold
095 0.95
090 090
z x
& 085 & 0.85
080 080
075 075
0 030

150

Hinh 6. Két qua udc lwong SOH sir dung LSTM

V&i mé hinh don gian nhat FNN cho ra sai s6
MAPE thép nhét 1,1152%. Bang 1 cho thay tong
sO tham s6 trong cac mo hinh FNN, CNN va
LSTM lan luot 1a 13.061, 13.061 va 95.705. V&i
dir liéu huin luyén nho, két qua nay cho thiy
FNN vugt tréi hon cac mé hinh phirc tap nhu
CNN va LSTM. Trong cic md hinh dugc huén
luyén voi dir liéu 16n, CNN dat MAPE thap nhat
1a 2,0029. Tuy nhién, khong c6 sy khac biét dang
ké vé MAPE giita cac phuong phép xit Iy dit liéu.

Bang 2. Lbi uéc lwong trong cidc mo hinh va
chu ky huan luyén

Model

MAE

MSE

MAPE

FNN

0.0092

0.00016

1.1152

CNN

0.0148

0.00037

2.0029

LSTM

0.0131

0.0003

1.5699

5. Két luan

Chung toi da dé xudt mot phuong phap tién xir
1y mai cho cac mo hinh hoc méy nham cai thién
viéc ude lugng SOH cua pin. D€ so sanh phuong
phap dé xuat voi phuong phap tién xu 1y chung

-2

L

3--
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dua trén khoang thoi gian cb dinh, hé sb tuong
quan gitra cac tap dir liéu va dung lugng sur dung
da duogc tinh toan. Két qua cho thay cac tap dir
liu duoc xir Iy bang phuwong phap dé xuat cé sy
tuong quan cao hon voi dung luong st dung so
voi cac tap dir liéu dua trén thoi gian chung.

Hon nita, chiing t6i da thir nghiém nhiéu mé
hinh hoc may khac nhau nhu FNN, CNN va
LSTM sir dung cac tap dir libu. Két qua cua
chiing t6i cho thiy mé hinh FNN don gian nhét
str dung phuong phap dé xuat dy doan SOH cua
pin v6i d6 chinh xac tuong duong véi cac mo
hinh phirc tap nhu CNN va LSTM. Hon nira, gia
tri MAPE cta m6 hinh FNN 1a 1.1152, thdp hon
s0 v6i 2.0029 cua moé hinh CNN va 1.5699 cua
mo hinh LSTM khi thtr nghiém trén dit liéu hun
luyén nho. Cac phat hién cta chiing toi cho thay
phuong phéap dé xuat cé thé duoc sir dung dé cai
thién do chinh x4c cta cac thiét bi voi tai nguyén
tinh toan han ché. Do do, cac phat hién ctia chiing
t6i c6 thé duoc ap dung vao viéc uoc lugng SOH
trén cic nén tang phan ctimg han ché tai nguyén.
Hudng phét trién trong tuong lai, ching t6i dy
dinh tich hop phuong phap dé xuat vao cac thiét
bi nhung.
Tai liéu tham khao
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Robot V& Sinh Ty BDong Str Dung cong nghé LiDAR
Tran Van Tin, Phan Thanh Hung’, Tran Thuéin Hoang

! Trung tam Dién — Pién tir, Truong Pai hoc Duy Tdn, Pa chng, Viet Nam
*Email: phanthanhhungdhdt@gmail.com

Tém tit:Robot vé sinh tw déng sir dung cong nghé LiDAR 1a mét trong nhitng giai phap cip thiét trong bdi canh hién
nay, trong khi nhu ciu lam sach méi trudng ciia con ngudi ngdy cang ting cao, dic biét tai cac khu vuc d6 thi va truong
hoc c6 tdc d6 phat trién nhanh chéng. Sy két hop giita didu khién thuat toan PID dé kiém soat chuyén hudng va téc do
cua Robot, cung vdi hé thong trg gitip LiDAR thong minh ¢6 kha nang ty diéu chinh cac hoat dong dya trén thu thap dir
liéu tir moi tru(mg thuc t&, nhor d6 t6i wu hoa toan b quy trinh lam sach. Phuong phap nay da dugc tién hanh thir nghiém
& nhidu moéi treong khac nhau dé danh gia hidu qua 1am sach chinh xéc, kha ning diéu chinh ty dong ciing nhu hiéu qua
tiét kiém ning luong cua robot. Két qua dugc thdy, nho sy két hop ciia nhirng cong nghé tién tién va hién dai nay, robot
¢6 thé hoat dong hoan toan ty dong, khong cai thién hiéu sudt qua thoi gian van hanh ma van c6 thé thich ing véi nhidu
didu kién moi truong khac nhau, tir d6 tiét kiém nang lugng t6i da va mang lai hi€u qua cao trong viéc bao v¢ moi truong.

Tir khoa: Robot v¢ sinh tw ddng, LiDAR, thuat toan PID, thuat toan SLAM, td1 wu hoa quy trinh lam sach va tranh vat
can.

Abstract :The Automated cleaning robots using LiDAR technology are among the urgent solutions in the current context,
as the demand for environmental cleanliness continues to rise, especially in rapidly developing areas such as urban zones
and schools. The combination of PID algorithm control to manage the robot's direction and speed, along with a smart
LiDAR-assisted system capable of adjusting its operations based on real-time environmental data, optimizes the entire
cleaning process. This method has been tested in various environments to evaluate the robot’s cleaning efficiency, its
ability to auto-adjust, and its energy-saving performance. The results show that, thanks to the integration of these
advanced and modern technologies, the robot can operate fully autonomously. It does not just maintain performance over
time but can also adapt to different environmental conditions, maximizing energy savings and delivering high efficiency
in environmental protection.

Keyword: Automatic cleaning robot, LiDAR, PID algorithm, SLAM algorithm, optimization of cleaning process, and obstacle
avoidance

1. Giéi thiéu chuyén dén cac vi tri can don dep, gitip giam tai
) ap luc 1én cac hé thong xtr 1y rac thai hién co.

Nghién ctru vé robot vé sinh ty dong st dung
cong ngh¢ LiDAR khong chi 1a mot giai phap ky
thuét mang tinh thyc tién ma con thé hién tam
nhin xa vé mot twong lai bén virng. Trong bdi
canh bién d6i khi hau va tinh trang 6 nhiém méi
truong ngay cang gia tang, viéc phat trién nhiing
cong ngh¢ xanh va than thién v6i moi trudng nhu
vay 1a budc di can thiét va chién luoc. Khong chi
gitip cac thanh phd giam bot ganh nang vé xir Iy
rac thai, nhimg robot théng minh nay con gop
phan xay dung mot moi truong song lanh manh,
trong sach va bén viing cho thé hé twong lai.

Ching ta dang budc vao mot ky nguyén moi,
noi cong nghé khong chi dong vai tro hd trg ma
con c6 thé thay doi hoan toan cach thic con
nguoi quan ly tai nguyén va bao v¢ moi truong.
Robot thu gom rac ty dong dua trén cong nghé
LiDAR chinh & mét trong nhitng buéc tién quan
trong d6, mang dén hy vong vé mét tuong lai
xanh, noi rac thai khong con 1 van dé ma la
ngudn tai nguyén duoc quan Iy mot cach thong
minh va hiéu qua.

Robot [3] da va dang xuét hién trong cudc song
cua ching ta tir 1au va ngay cang tr¢ thanh mot
phan khong thé thiéu trong cudc sdng hién dai.

Trong bbi canh toan cau hoa va qua trinh d6 thi
hoa dang dién ra véi tbc do nhanh chéng, cac
thanh phd trén khap thé gidi dang phai d6i mat
v6i mot trong nhing thach thirc 16n nhét cia thoi
dai: quan 1y va xtr Iy rac thai. Su gia ting dan sd
do thi kéo theo su bung nd vé lugng rac thai, tr
sinh hoat, cong nghiép cho dén rac thai xay dung.
Nhimg hé théng xir 1y rac thai truyén thong, du
da dugc cai thién trong nhleu thap ky qua, van
kho c6 thé dap tmg dugc toc do gia ting chong
mat nay. Hau qua cua viéc xtr 1y rac thai khong
hiéu qua khong chi gay 6 nhiém moi trudng ma
con tao ra nhitng tac dong tiéu cyuc 1én stiic khoe
cong dong, lam gia tang nguy co cac bénh lién
quan dén m01 truong va anh hudng dén chit
luong cudc song cua nguoi dan.

Dua trén nén tang céng nghé tién tién nay,
nghién ctru “Robot vé sinh ty dong st dung cong
nghé LiDAR” ra doi v6i muc ti€u tao ra mot hé
thdng robot thu gom réc thai ty dong thong minh,
mang dén mot phuwong thirc xir 1y rac thai hiéu
qua va than thién voi moéi truong. Pugc trang bi
cam bién LiDAR [1], robot ndy c6 kha nang quét
moi truong xung quanh, 1ap ban dd [2] va xac
dinh chinh xac vi tri ctia rac thai. Thay vi can su
can thi€p cua con ngudi, robot co thé tu dong di
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Chung di gop phin minh vao cong cudc lao
dong, chinh robot dang lam nén mot cudc cach
mang vé lao dong, khoa hoc, va dang phuc vu déc
luc cho cac nganh khoa hoc nhu: Khoa hoc quan
su, khoa hoc gido duc, cac nganh dich vy, giai
tri...

Hinh 2: Robot tu hanh trong nha kho

2. M6 hinh hé thong va cac cach thirc hoat
dong
2.1. M6 hinh h¢ thong

Nhu hinh 1, chiing ti trinh bay hé thong su st
dung bd diéu khién gém 2 phén, su dung bo diéu
khién PID [4] va cam bién Lidar.

V& viéc sir dung bo diéu khién PID giup robot
duy tri van tdc on dinh va dat duge muc tiéu di
chuyén voi van tée 0.5m/s.

Cam bién Lidar gitip robot xac dinh vi tri chinh
xac trong khong gian va diéu chinh huéng tu
dong ma khong can su can thiép ctia con ngudi,
robot c6 thé tinh toan va di chuyén theo 19 trinh
quét rac toi wu.

NGUON

v v

BO XU LY CAM BIEN
TRUNG TAM  [* *|  UDAR
BO DIEU KHIEN
PID

Hinh 3: So d6 khéi hé théng robot quét rac

2.2. B6 diéu khién PID

Giai thuat diéu khién vi tich phéan ti 1¢ hiéu
chinh sai s6 giita gia tri bién do duoc va gia tri
mong mudn dat dén bang cach tinh toan va xuat
ra mot "hanh dong diéu chinh" nhanh chong dé
giit cho 16i & mirc nho nhét ¢6 thé duoc. B dicu
khién nay bao gom 3 thdng sd: Proportional (P),
Integral (I) va Derivative (D)

So db khéi PID:
Gia tri
mong
muon
P
g Kpe(t) % U
R @ s KT
Viet(t) _
DKiZey b—4
L Gid trj hoi tiép Vimo(1)

Hinh 4: So d6 khéi giai thuat PID
Phuong phap tong quat:

U(t) =K pe(t) + K [e(t)dt + Ky %e(t). (1)
0

Ham 138i () tai thoi diém ¢ : d6 chénh léch giira
gi4 tri mong mudn va gi 4 tri do dugc:

e(t) = Vser — Vo (2)- 2)

Trong do:

v © Setpoint Value (gia tri diém dat dién ap
mong mudn)

vao(?) - Measurable Output Value (gia tri di¢n ap
do duoc tai thoi diém t).

Proportional P(t) (ham ti 18): diéu khién ti 1¢ véi
gia tri 15i hién tai.

Giai thuat PID 1a mot chudi cac phép toan dé
xac dinh cac gi tri ciia khau diéu khién ti 1¢, khau
diéu khién vi phan va khau diéu khién tich phan.
Sau d6, két hop cac gia tri lai v6i nhau va xuat ra
gia tri diéu rong xung PWM dé diéu khién 2 dong
co banh sau cuia robot. Khau diéu khién ti 18 tinh
toan dg 1éch cua robot, xac dinh dugc robot dang
léch phai hay l1éch trai duong va xuét ra cac gia
tri PWM dé diéu khién hai dong co giup robot
quay vé vi tri muc tiéu.

Do 1éch:

Vo (1) = Vs 3)
bap ung khau ti I¢:

P(n)=K,.e(n). “4)

Trong d6: n 1a s6 1an 1dy méau

Hing s6 K, cang 16n thi sy diéu chinh cang 16n
khi 16i cang 16n. Nguoc lai, K, cang nho thi s&
dap tmg diéu chinh nho ddi vai 16i. Khau diéu
khién tich phan tinh toan dwa trén sai so tich lity
theo thoi gian. Robot cang 1éch xa duong thi sai
s6 tich ity cang 16n. Khau nay thé hién rang trong
qua khir robot ¢6 bam dudng di tot hay khong.

Sai s tich liiy:

-26--
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En)= Ze(n) n>1 )
E(n)=Ye(n)nx1. (6)
Dap tng khau tich phan:.

I(n)=K;.E(n).. (7

Trong d6: n 14 s6 1an 1dy mau Khéau vi phan tinh
toan dua trén sai sb hién tai

Khau nay cho biét tbc d6 robot dao dong qua lai
cua duong di:
Téc d6 dao dong:

Ae(n)=e(n)—e(n-1). 8)
Dap tng khau vi phan:
D(n) = Kd Ae(n). )

Cubi cung, gia tri PWM dé xuit ra diéu khién
cho cac dong co diéu khién hoat dong cua robot
sé la:

PWM = P(n)+I(n) + D(n)

=K,.e(n)+K;.I(n)+ Kq.D(n). (10)

PWM =K, .[Vio(n) =Vier 1+

+K,-.Ze(n)+Kd.[e(n)—e(n—1)] nx1. (b

2.3 Cdm bién Lidar s dung thugt toin SLAM

Trong thuat toan SLAM [5], cong thiic cap
nhit trang thai cta robot giup mo ta qué trinh
robot di chuyén tir vi tri ndy sang vi tri khac dya
trén mo hinh chuyén dong va cac thong tin tir hé
thong diéu khién. Thong thudng, trang thai cia
robot dugc biéu dién béng toa do (x,y) va goc 0
(gbc quay cua robot). Viéc cap nhét trang thai
dugc duya trén cac thong s nhu van tdc tién... va
van toc goc o.

Khoéng cach dén vat can: Néu i 1a khoang cach
tir LIDAR dén mot vat can tai gocé,, thi toa do
cua vat can trong khong gian 2D la:
Xi =1.c08(6,), yi = ri.sin(6}). (12)

Occupancy Grid [6] dugc hiéu 1a mdi 6 cua ludi
dugc cap nhéat dua trén dit li€u tir cam bién. xéac
sudt cia 6(i,j) chira vat can duoc cép nhat theo
cong thirc Bayes:

P(Z,] 0,)).P(Oy)

P(O;1Z)= P

(13)

Trong do: )

P(0.,; |7 1a xac suat 0. (i, j) . ¢6 vat can sau khi
quan sat z, .

P(Z,|0.;) laxac sudt quan sat duoc z, néud i, )
co chira vat can. )

P(0,;) la xac suat trudc do 6 (G, ) co vat can.

Véi cac thanh phan cua cong thic nay, SLAM
gitp robot vira dinh vi chinh xac, vira 1ap ban do

va tranh vat can hi¢u qua trong méi truong phuc
tap.

Gia sir robot cua ban dang di chuyén trong mot
can phong voi LIDAR gén trén n6. Khi robot bat
dau di chuyén:

LIDAR phat hién mét vat thé cach né 2m tai
géc 0 —30°

Toa d0 cua vat can nay trong khong gian s€
duoc tinh bang:
x=2.c0os(30°)=1.732m (14)
y=2.5in(30°) = lm (15)

Vat thé nay ndm tai toa do (1.732,1) trong
khong gian.

Lu6i chiém dung s& duoc cdp nhét duya theo
cong thuc Bayes, ting xac suat 6 ludi chira vi tri
(1.372,1) c6 vat can. Theo thoi gian va voi céac
lan do ludng khac, ban d6 s& dan dan chinh xac
hon vé vi trf ciia vat can.

Toa do x:

Xt = Xe-1 + V.A;.co8(61). (16)

Trong do:

x, 1a vi tri m&i cta robot theo truc x .

x11a vi tri trude d6 cia robot theo truc x.

v 1a van tdc tién cua robot.

A, 1a khoang thoi gian gitta hai bude cap nhét.

6. 1a goc quay (hudng di chuyén) cua robot
trude do.

2.4. Dinh vi robot bang thuit toin Odometry

Goi x, y latoa d cta robot, 0 1a goc giira huong
cua robot véi truc Ox. Trang thai ctia robot dugc
biéu dién boi véc to [7,8]:

X =[x0]. (17)

Tai thoi diém k va thoi diém k-1 ta ¢6 trang thai
cua robot 1a :

Xk =[xk Yk ek]T X =[xy 6l

Y 4

(18)

O X
Hinh 5: Xac dinh vi tri cua Robot
Vi khoang thoi gian lay mau Az du ngan ta co
quang duong dich chuyén cua 2 banh xe:

-27--
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ASr = A, R.wp.
AS; =Ai.Ror.
ASrva AS; duogc xac dinh béi encoder.
Tir day c¢6 quing duong dich chuyén va do léch
gbc cla tam robot:

(19)
(30)

AS = M. @31
2
A@:LRZASL. (32)
Khi d6 X duogc tinh theo cong thirc sau:
Xk Xk-1 As.cos(G—1 +AO/ 2)
X = Yk | =] Vk-1 |+ AS.Sin(Hkq + A0/2) . (33)
Ok Okt A6O

3. Két qua

Duy 4n nay da sir dung két hop cam bién LiDAR
va thuat toan didu khién PID dé cai thién kha
ning diéu hudng va thu gom rac ty dong cua
robot. Cam bién LiDAR gitp robot phat hién va
tranh cac chudng ngai vét trong méi truong, dong
thoi xac dinh vi tri cua cac vat thé cép thu gom.

a) Hinh anh md phdng cap nhat ban do trén map

Thuat toan PID duogc ap dung dé diéu chinh chinh
xéac toc d6 va hudéng di chuyén cia robot, dam
bao tinh 6n dinh trong qua trinh van hanh va kha
nang phan hoi nhanh chong véi cac thay ddi tir
moi truong xung quanh.

Két qua thuc nghiém cho thay, hé thong da t6i
uu dugc thoi gian xr 1y va cai thién do chinh xac
trong vi€c phat hi¢n va tranh vat can. Sy Kkét hop
giita LiDAR va PID gitip giam thiéu sai léch
trong quy dao di chuyén, dong thoi t6i wu hiéu
suat thu gom rac trong cic diéu kién méi truong
phire tap. Vi nhimng két qua dat duoc, hé thong
¢ tiém niang tng dung rong rai trong cac hé
thong robot tu dong ngoai troi va cac moi truong
c¢6 nhiéu chuéng ngai vat. Trong tuong lai, viéc
t6i wu thém thuat toan PID va nang cao kha ning
xur 1y dir liu tir LIDAR s@ tiép tuc gitip ci thién
hiéu suat hoat dong cuia robot trong nhitng mai
truong phtc tap hon.

b) Hinh anh mo6 phong chudng ngai vat robot

10 T T T T T T T

30

Y coorainate (m)

40
50 : : : : : : : 5 10 15 20 25
-10 5 0 5 10 15 20 25 30 X coordinate (m)
¢) Hinh anh mé phong ban db 2D d) Hinh 4nh mé phéng ban db 2D sau khi dé di chuyén
5+
sl
i | :
2 i -
ol o™ 5t
-
2} .- i <
= 10 . {
4t
151
sl
201
sl
10} 25}
12t - - 30} 4
< 30
14 N
35} o ot
16 : >z

-10 5 10

15
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Hinh 6: Két qua 1ap ban dd di chuyén cua robot thu duoc.
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Hinh 7: Kha ning dat vi tri mong mudn cua robot

4. Két lun

Pé tai "Robot vé sinh tu dong su dung cong
nghé LiDAR" cho thay riang viéc tng dung cong
nghé hién dai nhu LiDAR va thuit toan diéu
khién PID vao linh vuc tu dong hoa v¢ sinh mang
lai nhiéu loi ich vuot troi. Nhiing robot nay
khong chi gitip t6i vu hoa quy trinh lam sach mot
cach hiéu qua va chinh xac, ma con tiét kiém
nang lugng va tang cudong kha nang thich ung véi
cac diéu kién méi truong da dang. Nho d6, chung
tr& thanh mot giai phap can thiét trong bdi canh
nhu cau giir gin vé sinh moi truong ngiy cang
tang, dac biét tai cac khu vuc do thi va cac co so
cong cong nhu truong hoc. Nhitng thu nghiém
thuc té cho thdy, v&i su két hop giira cic cong
nghé tién tién, robot vé sinh ty dong khong chi
gitp giam thiéu strc lao dong thu cong ma con
g6p phan bao vé moi truong mot cach bén ving
va hiéu qua, mo ra tiém ning 16n cho viéc trién
khai rong rai trong twong lai. V&inghién cuu nay,
chung t6i da tién hanh mé phong duoc qua trinh
1ap ban d6 cuia Lidar va tién hanh chay thuc té dé
kiém tra kha nang dap ung cia thuat toan diéu
khién dong co.
5. Hwémg phat trién

“Robot vé€ sinh ty dong st dung cong nghé
LiDAR” 1a mot dy an tiém ning cta tuong lai, 13
su két hop cua cong nghé ty hanh dé 4 ap dung bao
v€ mdi truong. Pé tai tiép tuc phat trién thanh mo
hinh thuc té su dung da cam bién nhu: LiDAR,
GPS, camera, cam bién héng ngoai..... Véi viéc
tich hop cac cam bién va cong nghé s& giup
Robot hoat dong chinh xac, an toan. Phat trién
cac thuat toan diéu khién tién tién hon gitp robot
c6 kha nang xur 1y linh hoat hon trong cac moi
truong phuc tap va da dang. Diéu nay gitp toi wu

hoa toc d9, huong di chuyén va hiéu qua 1am sach

cua robot. Tich hop cac cong nghé Internet van

vat (IoT) gitp giam sat va dicu khién robot tir xa,
dong thoi thu thap dir liéu dé phan tich va cai
thién hiéu suat van hanh.
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2 Pai hoc Duy Tdn, Pa Nang, Viét Nam
*Email:nguyenduchoang 14@dtu.edu.vn

Tém tit. Co su tip trung ngay cang tang vao thiét ké va phat trién hé théng giao théng thong minh trong cic ng dung
dé cai thién an toan, giam tic nghén, ting luu luong hiéu qua giao thong va tang cuong su thoai mai cho ngudi lai xe va
hanh khach. Mét trong nhiing huéng nghién ctiru gin ddy 14 Giao thong nhanh c4 nhan (PRT) giéng nhu phuong tién nho,
duoc thiét ké dé cho bén hodc it ngudi trén duong din trén cao hodc trén mat dét. Do d6, cac nha phat trién dang trién
khai mot hé théng PRT tién tién va sang tao, trang bi nhiéu chuc nang va diéu khién tu dong thong minh. V& mat sau sic,
Hé théng quan 1y hop nhét giao thong 1a mot phan thiét yéu cua hé théng, né gbp phin quéan Iy PRT dé tranh va cham
trén dudng. Trong nghién ctru nay, chung t6i chi nghién ciru vé diéu khién hop nhit ty dong ciia PRT dya trén viéc chia
sé thong tin cia PRT va cong nghé Nhan dang tan sb v6 tuyén (RFID). K¥ thuét nay duoc 4p dung dé xac dinh chinh xac
vi tri xe. Hon nita, sy két hop ciia giao tiép PRT v6i PRT s& gitp tt ca dir liéu cta thong tin chia sé cta xe véi nhau, do
d6 mbi xe déu biét thong tin cia xe kia. Dé danh gia chat lwgng ciia hé thong didu khién hop nhét tw dong thuc té st dung
6 t6 nho, mot md phong didu khién di dwoc trién khai trén LabVIEW. Thuét toan diéu khién ty dong nhap lan dwoc sir
dung dé md phong trong hé thong Mat khac, viéc thir nghiém xe that ¢6 thé gitip ching ta phan tich thuat toan nhap lan.
Két qua nghién ciru cho thy viéc trinh dién xe chay quanh cac tuyén duong va cach xe co thé an toan vuot qua diém
nhap lan tai toan bg khu vyc nhap lan.

Tir khod: Phuong tién cong cong nhanh cd nhan, Kiém sodt hop nhat, Qudn 1y sap nhdp

1. Giéi thiéu véi giao ti‘ép lién PRT co6 thé ap dung trén dudng
Trong nhimg thap kY gin dy, ngdy cing rd s€ gop phan rat 1on vao viéc tang cudng an toan
rang régng Vié% di (I;)hu;]érgl moi zguc‘%i fronggkhu va giam un tic giao thong. Hon nira, viéc phat
vuc d6 thi 13 mét vén dé phic tap hon so véi trién cong nghé Nhan dang tan s6 vo tuyén s&
nhiing gi trudc day timg hinh dung. Véan dé nay gitip quan 1y vi tri chinh xdc hon.
khong chi lién quan dén dudng sa va phuong tién
ma con lién quan nhiéu hon dén nhitng gi phu
hop vai nhitng ngudi st dung cong cu giao thong
don gian nhat.

Viéc nhén ra thyc té nay da giup cac nha khoa
hoc tap trung vao viéc phat trién cic hé thong
giao thong thong minh (ITS) [1]. Cac nha khoa
hoc da xem xet viéc phat trién nhiéu ITS, mot

2. H¢ thong thiét ké va bd sung
2.1 Thiét ké mé hinh sir dung RFID

Bai bao nay dé xut st dung RFID dé dinh vi vi
tri cua PRT trén dudng. Ching toi ciing tap trung
vao diém hop nhat - vi tri ma hai con duong gap
nhau dé tao thanh mot con duong, dugc mo t;’l
trong Hinh 1. Theo quan diém cua PRT, hop nhat

trong s6 d6 1a hé théng véan tai nhanh c4 nhan
(PRT) [2-4]. Van tai nhanh ca nhan la mot
phuong thirc van tai méi. Cac hé thong PRT da
dugc khuyén nghi trong bén muoi nim. Cac
nguyén mau dau tién dugc cai tién vao nhing
ndm 1960: Du an Aramis (Phap nam 1967),
Cabintaxi (Ptrc nam 1969) va Hé thong xe diéu
khién bang may tinh (Nhat Ban nim 1970). Bo
Nha & va Phat trién D6 thi Hoa Ky da ban hanh
mot bao co vao nim 1968 gidi thiéu vé sy phat
trién cta PRT vé mot hé thong giao thong d6 thi
moi chuyén chd nguoi va hang héa mot cach an
toan, khong gy 6 nhiém khong khi, giam tiéng
on trong thanh phd [5].

C6 rét nhiéu chirc ning dé diéu khién trong
PRT, nhung nghién cuu cua ching toi chi tap
trung vao viéc tu dong két hop diéu khién PRT

1a hop nhét ¢ hai ludng dau vao PRT dugc dan
xen voi nhau nhung dau ra ciia né chi 1a mot
ludng. Nhiém vu cta bd diéu khién hop nhat 1a
phdi hop PRT dé duy tri su an toan khi hai ludng
di qua diém hop nhét.

-
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Hinh. 1. C4c tuyén duong thir nghiém dé trinh dién.
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RFID duogc lap dat déu trén duong sao cho
khoéng cach giira hai RFID lién tiép 1a khong doi.
Trong mo hinh nay, chiing t6i sir dung xe nho co
van toc thap dé thiét 1ap khoang cach giira hai
RFID khac nhau 1a 20 cm. Dé tao ban d6 xung
quanh diém hop nhat, chiing t6i lap trinh dé chon
téng dia chi cia RFID dit trén duong.

Mifare RC522 dugc NXP thiét ké la loai tidu
thy dién nang thap, 1a dau doc thé RFID tich hop
cao hoat dong trén chip doc va ghi khong tiép xuc
13,56 MHz, gia thanh thip va kich thuéc nho
gon.

2.2 Thujt tozn ciia xe diéu khién tw dong

Xe diéu khién trén duong lién tyc tim kiém
khoéang trong trén lan duong chinh dé di chuyén
vao va phai phan biét xem nén ting tc hay giam
téc khi nhap vao lan duong chinh. Néu khoang
tréng d, xe s& bat dau nhap lan. Pong thoi, cac
xe trén lan dudng chinh phai thay ddi toc do dé
duogc phép vao diém nhap lan. O lan ngoai, viéc
nhap lan co thé thay ddi dic tinh van hanh ciia xe
va s& anh huong dén ludng giao thong trén
duong. Néu khong c6 khoang tréng trong qua
trinh di chuyén ciia phuong tién, xe nhap lan phai
giam tdc do va tham chi dung lai. Nguoc lai, néu
xe nhap lan coi khoang tréng quan trong hon sy
an toan thyc su cua khu vuc nhap lan, s€ xay ra
va cham trén lan nhép lan.

Viéc nhép xe ¢ thé dugc giai quyét theo cach
ma ching ta c6 mdt xe 4o trén lan duong duge
nhdp boi hai xe trén lan duong chinh [6, 7].
Chung toi dé xuat mot phuong phap diéu khlen
nhap xe ty dong dya trén hé thong dudng cao tde
tw dong, phuong phap nay sé tinh toan tham
chiéu toc d6 qui dao cho xe nhap xe.

Tir cong thirc 2.1, chiing ta c6 thé tim thiy Cong
thirc 2.2. Tich hgp Coéng thuc 2.2, ching ta c6
cong thirc 2.3 [7, 8]. Cudi cung, ching ta thu
duge Cong thirc 2.6 cho thiy rang ching ta co
thong tin vé tdc d0 ban dau an toan, vi tri xe tirc
thoi, khoang cach an toan va gia tc nén dé dang
tinh toan duoc van tde cudi cing cua xe can dat
duoc.

fo o A\'tu e
~ safe 1fe (2'1)
tr—t
Vi = Vige + a.At (2.2)
dyge = [V A =i AL + %.a.Atz (2.3)
Ve~ Viie
Dsajé - dsafefP = (24)
2a

Ve —Vige
a= safe 1fe (2'5)
tr—t
V! =2a(Doe — due-r) +viZs (2.6)
Béang 3. Bang thong so.
Ki hiéu Thong s0 Pon vi
dsate Khoang céach an toan m
Viate Toc dd ban dau ctia xe B m/s
Viate Toc do cudi clng clia xe B m/s
a Gidm toc hodc ting toc m/s?
¢ Thoi gjan ban dau xe'B ting s
' toc hogc gidm toc
; Thoi glan cubi cung dé dat dén s
f tbc d6 cudi cung
D Khoang cach d}; chuyén cia xe m
Khoang cach khu vuc dugc
dsafe-p m

xac dinh trudc

Khi cic xe tiép can pham vi hop nhat.Chung s&
dugc két ndi voi mang ludi vong va ) chia sé
thong tin voi nhau. Bo didu khién sé& xur 1y thong
tin dya trén thudt toan diéu khién hop nhét tu
dong. Mbi xe co dir lidu vé vi tri (px) va toe do
ctia cac xe khac. Co kha ning, sau khi tim thay
gia tri nho nhat 16n hon px, chung ta s& co gid tri
py va tén xe gitip xe X co thé tuan theo dé diéu
khién hanh trinh thich tng. Cac budc thuat toan
duogc liét ké bén duoi (Bang 1):

Bang 2. Thuat toan Hop nhat diéu khién ty

dong.
Buée | Khi xe ddu tién di chuyén vao ving hop nhit
1 va nhéan dang RFID @€ biét vi tri cia xe nay,
16 s& tuyén bd di chuyén pham vi hop nhét
cua duong (vi du: xe trén duong 1).
Sau d6, n6 s€ gtri 1énh phat song trong ving
hop nhét
Buéc Chiéc xe khac dang di chuyén dén khu virc
2 nhap lan trén dudng
Buéce | Tu dong két ndi mang vong va chia sé théng
3 tin
Buéc Dua trén ba bién sb (tbc d6 cua xe, khoang
4 cach tir xe nhép cudc, vi tri cua xe khac) xe
nao la xe chién thing khi tién vao diém nhap
cugc va khong thay ddi tc do cua xe hodc di
theo xe gin nhit phia trudc duya trén dir lidu
Vi tri.
Buée | Néumot xe méi di vao khu vuc nhap lan, nd
5 s& duoc két ndi trong mang. Budc 2 dugc ldp
lai trong mét vong 1ap lién tuc

2.3 Thiét ké mang bang cich siv dung Xbee
trén PRT

Str dung X-CTU dé cau hinh mang cho Xbee. X-
CTU la phan mém c4u hinh ctia Digi International
cho cac mo-dun Xbee. N6 chay trén bat ky may
nao st dung Windows. C6 cac lya chon thay thé
cho Mac OSX va cho cac may chay Linux. Mang
vong dugc tao ra phu thudc vao ) luong xe trén
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ving hop nhat nén chiing ta c6 chirc niang ty dong
tham gia vao mang vong. K&t noi luat cho nhiéu
xe dugc trinh bay bén dudi (Hinh 2):

Send data
=

Car(1)

A

Hinh. 2. Nguyén ly chia sé trng dung tin hi€u trén xe i+1.

Car(2) Car(3) At Car(i) Car(i+1)

Péu vao: y
in hiéu tir cam biey
theo doi dwong day

o0 sanh gia tri clia cam bién theo déi demng
dé gvi tin hiéu dieu khién lai theo dwong der

Khédng
&iém tra viéc hop nhat

Dau vao: - Vi tri tir RFID
-Vén toc cia phwong tiér

A 4

Buwéec 1: Tao mang vong dé chia sé dir ligu
Bwérc 2: Bat Thudt toan.
ACM dé tim xe gan nhét & phia treéc

Buwére 3: Tum trén bé didu khidn mé dé hop nhat

v

1¥i tin higu @é diéu khién téc d6 ciia phwon

tién
Kiém tra ACC?
Dau vao:
- Khoang cach tir xe trwérc
- Van toc cua phhweng tién

|

B4t b diéu khién mé cho ACC

y |
Hinh. 3. Thuit toan diéu khién xe tir dong trong hé théng.
Khi cic xe di chuyén vao khu vuc hop nhat,
chung s& tao ra mot mang ludi vong dé chia sé di
liéu véi nhau. Mdi xe guri va trao doi dir liéu véi
nhitng xe khac. Dir li€u ma mdt xe nhén duoc tir
chinh xe nay va nhiing xe khac. Dit liéu ma mot
xe nhan dugc tor mot xe khac trong mang ludi
vong bao gom vi tri va van téc cua nhiing xe

Thiét lap téc do
khéng d5i caa
phwong tién

khac. Dya trén dit liéu nay, xe tinh toan va kiém
soat van toc cua chinh n6 (Hinh 3 va Hinh 4).

e VehideX follows vehicle Y

Hinh. 4. Dit lidu di chuyén trong qua trinh hop nhét 1a dir
liéu cta cac phuong tién.

3. M6 phéng va két qua thi nghiém

3.1 H¢ thong diéu khién théng minh mé phéng
toa nha cia nga tir

LabVIEW duoc st dung dé mo phong diéu
khién hop nhit v6i cing phuong phap nhu di
trinh bay ¢ trén. Nghién clru nay sir dung nén
tang 1ap trinh d0 hoa dé thiét 1ap hé thong diéu
khién. Piéu khién logic m¢ dugc tao trén hé
thong dé diéu khién vén tdc ciia xe trong pham vi
hop nhat. Hinh 5 cho thdy cach sir dung mé hinh
v6i ba xe chay vao khu vuc hop nhét. Giao tiép
xe dé chia sé thong tin dugc tinh theo cong thire
(3.2), (3.2), (3.3) cia mdi xe tir giao diém cia
thong tin.

Hinh 6 va Hinh 7 biéu thi két qua mé phong Vi
ba xe bao gom vi tri so véi thoi gian va van toe
cia mdi xe so voi thoi gian. P6i véi Hinh 6,
chung ta c6 thé thdy rang thoi gian tai 0 m (diém
nhdp lan) cua ba xe 1a khac nhau nén chung
khong thé xay ra tai nan tai diém nhap lan.

ASe =5- Bear - P/rom (32)
AV = I/rear - Vﬁ(}nt (3'2)
t
AD = L~ [Vydt (3.2)
0
e —— T
Avosn o P
e o | 50 seips
CE e
XMV ety [0 == SN
MV velcoty [0 ]
Speedotaar fo im.
ntal positon AV 100 | w0+
lnitil posiion. 8V 4150 | o- o
it posigon.CV 00 s00- -
i posibon x4V fi50 | 20- - o
il posibon WV &0 | o ( °
(it B T T s s s

Hinh. 5. M6 hinh m6 phong giao dién trong vung hop nhét.
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Distance (m)

) 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Time (100 ms)

Hinh. 6. Khoang cach di chuyén ciia mdi nguoi dén diém
hop nhat so vai thoi gian.

Déi véi Hinh 7, cac dudng biéu d chi ra toc do
ctia xe A khong thay di khi di chuyén vao diém
nhap lan nhung téc do cia xe B va C lai giam
nhanh. Ly do khién téc d¢ cuia xe B va C thay doi
1a vi ly do an toan. Sau khi vuot qua diém ‘nhap
lan, toc d6 cua mdi xe s& ting 1én véi toe do
khong ddi co thé duoc thiét lap ban dau.

14

o
o N

Velocity (m/s)

oONB»O®

o 20 40 60 80 100 120 140 160 180 200
Time (100 ms)

Hinh. 7. Tc d6 ciia mdi xe trén duong di chuyén.

3.2 Thi nghiém H¢ thong diéu khién théng
minh hop nhat

Hinh 8 va Hinh 9 trinh bay vi tri ctia tung xe
trén khu vuc nhap lan tai thoi diém d6. Ta c6 thé
thdy diém xuét phat ciia xe B va xe C giéng nhau
nhung vi tri cua ching trén hai lan dudong lai khac
nhau. Xe B ndm trén lan duong chinh va cac xe
khac ndm trén lan dudng ngoai. S6 twong tmg véi
diém nhap lan 1a s6 khong (0). Kiém soat ACC
s& duoc kich hoat ngay sau khi xe thoat khoi diém
nhé lan.

Hinh. 8. Kich ban ciia m hinh trinh dién.

— —CarA

Position (m)

Time (s)

Hinh. 9. Vi tri cla tirng xe theo thoi gian.

Velocity (m/s)
e
2l

Time (s)
Hinh. 10. Biéu d6 vén toc so vdi thoi gian.
1

—e— carA

—+— carB

Velocity (m/s)

0.2

—+—carC

-3 -2.5 -2 -1.5 -1 -0.5 - 0 0.5 1 15 2
Hinh. 11. Téc d¢ cia mdi xe & mdi vi tri.

MO té toe d¢ clia mdi xe voi diém RFID ¢6 dinh
trén duong. Tdc d6 ciia mdi xe khi chay trén
duong ludn & muc khoang 12 km/h. Khi cac xe
tién dén khu vuc nhép lan, téc do s& giam, tuy
thuc vao khoang cach tir xe dén diém nhap lan
va xe 40 tham chiéu thong qua AQ3 giao tiép
gitra cac xe (Hinh 10).

Hinh 11 cho thdy mot sé van tdc khac nhau cia
mdi xe theo vi tri. RS rang, van tdc cua xe A
dudng nhu khong thay d6i vi day 1a xe dau tién
di chuyén vao khu vuc nhép lan. Vén tbc cia xe
B giam dang ké tai khu vuc nhép lan vi n6 phai
di theo xe A. Cubi cung, van toe cua xe C giam
manh va duy tri & day lau hon van tbc ciia xe B
vi né di theo xe B. Khi tit ca cac xe di chuyén ra
khéi diém nhép lan, van tdc cua tat ca déu dao
dong nhe.

4. Théao luin

Nghién ctru ndy da trinh bay vé thuét toan van
hanh cho doan tau PRT. Chung t6i tap trung vao
cach lga chon va wu tién cac phuong tién khi di
chuyén vao khu vuc nhép lan. Phuong phap thuat
toan diéu khién nhdp lan dua trén khai niém
phuong tién do da duoc gidi thiéu. Phuong phap
nay c6 thé cung cip quy dao toc do6 muot ma cua
phuong tién nhép lan, tranh hién tugng nhay tbe
dd va chénh léch khoang cach khi chi xem xét
nhu cdu vé tdc do, gia tdc va khoang cach. Céac
thi nghiém don gian dugc thyc hién va két qua
cho thay phuong phap nay co thé giai quyét cac
van dé va hd tro an toan cho phuong tién trong
khu vuc nhap lan. N6 ¢6 thé dugc st dung cho h¢
thdng 14i xe tw dong trong cac diéu kién dic biét
nhu dudng giao nhau (Y), didu kién thoi tiét khic
nghiét, v.v.

Trong nghién clru trong tuong lai, phuong phap
didu khién s& dugc sira d6i theo thir nghiém thuc
té. M6 phong mé hinh s& xem xét dong luc hoc

--34--
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cua phuong tién cling nhu d¢ tré cua tin hi¢u
truyén cia V2V anh huong dén viée di€u khién

hé thong theo thoi gian thyc. H¢ thong quyet dinh

s& duoc thiét ké dé tim khong gian trong toi wu 4
dé nhap lan. Mot loat cac quy tic md duoc tao ra

tu dong dé kiém soat phuwong tién va chirc ning

chi phi xem xét muc ti€u thu nang lugng, su thoai

mai khi l4i xe va luu lugng giao théng tong thé
dugc dua vao. 5
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Khao sat dung lugng bao mat mang diérl toan bién di dong NOMA su
dung ky thuat gay nhi¢u chu dong

Truong Vian Truong'*, Nguyén Thanh Nam?
'Khoa Pién — Dién tir, Truong Dai hoc Duy Tdn, Da chngN, Viet Nam
’Trung tam Dién — Dién t, Truong Dai hoc Duy Tan, Pa Nang, Viét Nam
*Email:truongvantruong@dtu.edu.vn

Tém tit Bai bao nay khao sat bao mat 16p vat ly cho mang dién toan bién di dong (MEC) két hop cung véi phuong thirc
da truy cap phi truc giao (NOMA) st dung k¥ thuat gdy nhidu chu dong. Cu thé, ching t6i dé xuit mé hinh mét ngudi
dung bién (U) giam tai dén hai may chu MEC dit tai cac diém truy cap khong diy (AP) lan can khi ton tai thiét bi nghe
1én (E). Cac AP hoat dong & ché do song cong, chu dong guri tin hiéu gay nhiéu dé lam giam hiéu ning ctia E. Theo do,
chung t6i phan tich biéu thirc dung lugng bio mat trung binh ciia kénh truyén tir U dén AP dé danh gi4 hiéu ning hé
thdng. Cac két qua md phong sé ching minh hiéu qua cia k¥ thuat gy nhiéu chi dong trong viéc cai thién hiéu ning cho

hé thdng dé xuit.

Tir khod: Da truy cdp phi triec giao, bdo mdt Iop vt Iy, mang dién todn bién di dong, gdy nhiéu chi dong, dung hrong

bao mdt trung binh.

1. Giéi thi¢u

Trong nhitng nim gan ddy, cong nghé truyén
thong khong day da phat trién manh mé véi viée
trién khai 5G, Wi-Fi 6, va cac cong ngh¢ khong
day tam gan khac, mo ra mot thé gidi két ndi
khong gidi han, noi ma thong tin va dir li€u co
thé dugc truy cap va chia s¢ mot cach cuc ki
nhanh chong va hi¢u qua [1]. Tt viéc tro chuyén
video qua Umg dung goi dién thoai Internet cho
dén viéc truy cap cac dich vu truc tuyen cong
ngh¢ khong day da thic day sy phat trién ctia nén
kinh té sb va tao ra co hdi cho su sang tao va tién
ich trong cudc séng hang ngay cta moi ngudi.
Dong thoi, nhitng tmg dung nhu xe ty hanh, thuc
té 4o, va IoT duoc phat trién, hia hen mang lai
mot cudc song két ndi va thong minh hon trong
tuong lai [2].

Dé trién khai dwoc nhitng tng dung dé, cac yéu
cau vé bang thong cao va do tré thap 1a diéu kién
tién quyét. Picu nay da thic dy sy ra doi cia cac
cong nghé moi nhu da truy cap phi truc giao
(NOMA) va m6 hinh mang dién toan bién di
dong (MEC) [3]. NOMA cho phep nhleu thlet bi
két ndi cung mot luc trén cung mot tan so tang
cuong hiéu sudt mang va kha ning chia sé tai
nguyén [4]. Trong khi d6, MEC dem tinh toan va
luu tri den gan ngudn dit liéu, giup giam do tré
va tang tbe do truy cép dir liéu, dac biét quan
trong trong cac ung dung doi hoi thoi gian thuc
[5]. Su két hop cia NOMA va MEC khéng chi
cai thién hiéu suét mang ma con mo ra canh cira
cho viéc phat trién céc tmg dung méi va nang cao
trai nghi¢m nguoi dung trong thoi dai cong nghé
sO ngay nay.

Do dic tinh quang ba cia kénh truyén khong
day, yéu cau truyén dir liéu an toan trong mang

NOMA MEC dugc dit 1én hang dau [6]. Su xuat
hién cua nhiing ké nghe trom, tin tdc dang lam
gian doan qua trinh truyén tai thong tin an toan.
C6 thé thay rang cac phuong phép bao mat truyén
thong nhu st dung ma hoa dau cudi kho trién
khai trong mang NOMA MEC, noi ma yéu cau
vé thoi gian tré 1a diéu kién tién quyét. Dé vuot
qua thach thtrc nay, cac k§ thuat bao mat cip vat
ly (PLS) da duoc trién khai [7]. Trong s6 do, k§
thuat gay nhiu chu dong duoc xem xét 1a ¢o thé
cai thién kha ning bao mat cua hé thong bang
cach lam giam kha nang hoat dong cua ké nghe
trom [8]. Nguoi dung cé thé ap dung phuong
phap gay nhiéu khi phét hién sy hién dién cia ké
nghe trom, dé lam giam kha ning nghe trom di
lidu thong qua viéc lam giam hiéu suét cta ching.
Diéu nay s& giup ting cuong tinh bao mat va dam
bao an toan cho hé thong truyén thong.

Theo do, trong nghién ctru nay, chung t6i khao
sat m6 hinh NOMA MEC bao mat 16p vat ly voi
k¥ thuat giy nhiéu chi dong. Pong gop chinh ctia
bai bao duoc liét ké nhu sau:

- Pé xuat mé hinh NOMA MEC bao mét 16p
vat ly véi ki thuat gay nhiéu chii dong.

- Phan tich cac biéu thirc dung luong bao mat
trung binh cta kénh truyén tir U dén cac AP dé
danh gi hiéu nang hé thong.

- Danh gia hiéu nang hé thong dudi cac thong
sO chinh nhu cong suat phat, hé sé phan bd cong
sudt, cong suat phat gay nhidu chi dong.

Phan con lai cta bai bao nhu sau: Phan 2 trinh
bay vé mo hinh hé théng va kénh truyén, phan 3
trinh bay phan tich hiéu ning hé thong, phan 4 1a
cac két qua va thao luan, phan 5 trinh bay Két
luan va huéng phat trién.
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2. M6 hinh h¢ thong va kénh truyén

Trong hinh 1, mét thiét bi nguoi dung (U) bi
han ché vé tai nguyén tinh toan nén can giam tai
céc tac vu dén hai diém truy cap (4P) khong day
tai bién mang voi su hd tro tinh toan ciia may chu
MEC. Tén tai mot thiét bi nghe 1én (F) thu dong
gan d6 c6 thé danh cip thong tin giam tai tir U
dén cac AP. Gia st hai diém truy cap AP; va AP>
biét su hién dién cta E. Céc thiét bi trong mang
dugc trang bi don anten, U va E hoat dong & ché
dd ban song cong, trong khi d6 AP; va AP> hoat
dong & ché do song cong. U st dung NOMA
dudng xudng dé giam tai cac tac vu dong thoi dén
cac AP. Do da nhén biét sy hién dién cia E, cac
AP chii dong giri tac tin hidu gay nhidu dén E dé
lam giam kha nang nghe 1én cua E. Trong md
hinh nay, chung t6i gia sir rang AP; dugc dit & vi
tri xa U hon so voi APz, do do, theo ky thuat
NOMA, cong suét phan bo cho tin hiéu ciia AP;
s€ 1on hon.

Main link

-------------------- » Jamming link

Hinh 1. M6 hiph hé théng NOMA ~MEC bao mat 16p vat
ly bang ky thuat gay nhicu chu dong

Tin hiéu NOMA chdng chap dugc U truyén di
c6 dang nhu sau:
xu =JarPxi + Jaa Pxa, (D

trong 6 a1 va @ 1an lugt 1a hé s6 phan bo cong
sudt dén AP; va AP>, vOia+ar =1 VA a1 >ar; x
va x, 1a cac chudi dit liéu duoc truyén dén AP;
va AP>; E{‘xl‘z} -

vong; P la cong suét phat cua U. Tin hi€u nhan
duoc tai cac diém truy cap va E dugc dua ra nhu
sau:

Yi=hxy +n;, 2)
vE = hgxy +h,,1\/F1x/+h/,2\/sz/+nE, (3)

E{\xzf} =1, voi E{} 1a toan tir ky

trong &6 .4y 12 hé s6 kénh truyén tir U dén AP;
va E; h;, 1a hé s6 kénh truyén gy nhidu tir 4P;
dén E; x; 1a tin hiéu gy nhiéu tir 4P; B 13 cong
suét phat cua AP, ie{l2};
AWGN c6 trung binh b;‘“ing~ 0 va phuong sai o?.
Ti sO tin hi¢u trén can nhicu (SINR) tai AP; ¢
dang nhu sau:

aP|h|’

aP|h|’ + o

mva ngla nhiéu

ai1y081 (4)
axyog + 1 ’

n=

. P
trong d6 yo=—.
o

Trong khi d6, ti s6 tin hiéu trén can nhiéu va ti
s0 tin hi¢u trén nhiéu (SNR) tai AP> d¢ giai ma
til'l hléu X1 Vé. X2 lél

X _ alp‘hz‘z — a1)082 (5)
: azP\hz\z ro? g +1

73 =a2y0g2, (6)
Tir do6, SINR tai AP> la:

y2=min(73.73"). @)

Ti s6 tin hiéu trén can nhiéu tai E dé giai ma tin

hiéu x la:
alP\hE\z
arPlhs|* + Bk + B|ho| + 0
_ QYo8E
y0gE +yangia+yangia+17

Sau khi giai ma duoc tin hiéu x, SINR tai £ dé

giai ma tin hi¢u x, la:

YE1L =
(®)

aZP‘hE‘ A2Y08E )
Blhyf +Plhjof +6°  yangin+yangso+1
Tét ca do loi kénh truyén trong h¢ thong tuan
theo phan ph01 ham mil voi tham sb 4,. Vi vay,
ham phan phéi tich lity (CDF) va ham mat d6 xac
sudt (PDF) cua g, duoc mo ta nhu sau:

YE2 =

Fg”(x):l—exp(—%aj, (10)
()= -exp( -, (an

trong do 4, =E{g.},a e{l;2;E; j,1;,2}.

Pé dé dang trién khai cac tinh toan tiép theo,
chung t6i trinh bay cac ménh de 1 va 2 dé mo ta
CDF cho y va yz nhu sau:

Ménh dé 1: Biéu thitc CDF cua 5 duge cho boi:

L x>f

F, (x>={1_exp{_max (12)

azx)}’ xgﬂ

trong d6 p=2.
[2%]

--38--
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Chirng minh:
Tur cong thie (4), khai trién CDF cua y, nhu sau:
ayog
F, =Pr| ———
(%) {azﬂfogl +1 ) }
= Pr[;/og1 (0{1 —agx) < x]
1 x>p
" Fe — 2| x<p
Yo (Oll - Olzx)

L x>f

= X
{1 —exp{—}qm(o{1 ~ azx)} x<p
Nhu vay, cong thirc (12) da dugc chirng minh.
Ménh dé 2: Biéu thitc CDF cua . duoc cho
boi:

1, x>p
F, (%) ={1_ Qi (x) Cx<p (13)
Ajaj. 20 (%) (x)
trong d6
x(}/AHX+}/Ap,Y+1)
F/“ IIFgS |: Yo (al UKZX) }féﬁ.l (X)fg/J (Y)dXdY

1= [fon] -

7AHX+}’APZY+1):| 1 (

—eX
/1570 (0!1 azx) /11‘,1 P

A

X
Qi (x)=exp| ——— |,
- e
XY AR 1
Q =
Z(X) /11570(0!1*0!2)6) ﬂj,l
XY ap 1
Oy (x)=—24 4
%( ) AEYo (al *azx) Aja
Chirng minh:
Twr cong thirc (8), ta khai trién CDF cta y; nhu

sau:
e
08 +yangj1tyangj2 +1

= Pr[yogE (o —aox)<x(yangji +rangjo+ 1)]
1, x>p
= Pr(gE < X(}/Aﬁgj’l * Yargi2 i l)j, x < ﬂ

}/0(0!1 —Olzx)

Pén day, chung toi chi quan tim truong hop
x<p:

1exp(—X]dXdY
Aja

j.2

|: X]/AHX

el

exp{—}f{} exp(—f] axdy
7,1 7,2

=1-

o
A 1/1, )

=1- Iexp[ —X O (

Ql (x)
/,Lj,l/,Lj,ZQZ (X)Q3 (X) ’

Nhu vay, cong thuce (13) da duge chiing minh.

3. Phan tich hi¢u ning hé thong

bé danh gia hi¢u nang bao bat cua hé théng,
chung t6i dé xuat sir dung dung luong bao mat
ctia hé thong. Dung lugng bao mat ctia qua trinh
truyén tir U dén AP; khi c6 sy hién dién cta thiét
bi nghe 1én £ 1a su khac biét gitta dung luong
kénh tir U dén AP; va tir U dén E, va n6 duoc
biéu thi nhu sau:

Cu=[C-Crn], (14)

exp| ———24P exp ol
Azyo(en — aax) Aeyo(ar —aax) Aeyo (o —anx)

XY 4R

! exp —+ Iexp 7+L dx
/’Lj,l/’Lj,z /115}/0(0{1 azx ﬂ,E]/o(Oll—apC) lj,l
xfexp -Y ¢+L dy
0 ﬂ,E}/o(Ol] —azx) /,Lj,z

)]dXTexp[—YQ (x)]ay

B
trong do, [x]" =max(0,x), G =[log(1+7)f(7)d,
0
la dung luong hop phap tt U dén APy
s .
Cri :J.logz(l+7)fn.,(y)d7 la dung luong kénh bat
0

hop phép tir U dén E. Tir d6 chung t6i thu duoc
dinh 1y sau dé mo ta dung lugng bao mat ctia hé
thong:

Pinh Iy I: Duéi kénh truyén Rayleigh, biéu
thirc dang twdng minh x4p xi ciia dung lugng bao
mat la:

--39-.
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i ()
Cyr =1 1+ 8)| - - -
v =logs ( ﬁ'){ exp{ A]/o(alaZﬁ)J Al 2QZ( )Q%( )}
Ve Qi(7q) (15)
—exp| - +
V753 i { /11}’0(011—0!2%)} 1111292(711)93( ) -2
2024 1+, !
trong d6 g=— T (y,)= Ful s,
g ﬁ (]/q) exp{ ﬂEyo(al—azyq)} Z(J/q) 1570157/0(0(1—0!2701) lj,l
93(7q)zm$+i,yq =M,xq =c0s[2q_lﬂJ,Q 13 hé s can bang giira do phuc tap va do
/157/0(0!1 —(Zz)/q) ﬂj,z 2 2Q

chinh xac.
Churng minh:

Trong phan nay chiing t6i chirng minh dinh 1y 1. Tir cac biéu thirc (12, 15 va 16) ta viét lai ¢, nhu

sau:

B B
Cur =[loga (1+7) £ ()d, - jlogz(l +7) fou ()dy
=log:(1+y)Fy (;/)

=10g2(1+ﬂ)[F,1( 7.&1

_E I+y

IF,,[ln(lJr}/ ] dy—log2(1+7)F. ( ‘ﬂ

1 B
1 zj Vhl 7)[1n 1+7]d7

(7)=F (7) dy

Pén day ta thay hai biéu thirc CDF ctia » va y; ¢ biéu thirc (12) va (15) cong v6i phuong phép
bién d6i x4p xi cdu phuong Gauss-Chebyshev ta thu duoc két qua nhu dinh 1y 1. Dén day dinh 1y da

dugc ching minh
4. Két qua va thao luins

Trong phan nay, chung toi khao sat dung luong
bao méat cho m6 hinh NOMA MEC bao mat 16p
vat ly st dung m6 phong Monte Carlo. Cac thong
s0 md phong duge cho trong Bang 1.

Tén tham sb Ky hi¢u Gid tr} tieu
biéu
Mbi truong truyén Rayleigh
Cong suit phat cua U P 10 dB
Cong suit phat cua AP, P, 5-25 dB
Cong suit phat cua AP, P, 20 dB
Heé sb phan b cong suit o,
cho AP[ VélAPz 08’ 0.2

Hinh 2 khao sat hi¢u ndng dung lugng bao mat
ctia hé thong tai AP; theo SNR phat trung binh
cia U () véi ba mirc SNR phat trung binh cta
AP; (7). Ta thdy rang 1a khi ting », tic 14 ting
cong sut tin hiéu 16n hon so véi cong suit cia
tin hiéu nhiéu. Piéu d6 s& lam cho dung lugng hé
thdng tang Ién, ting toc do truyén thong. Ngoai
ra ta con thay rang 1a ¢ ca ba miic » khac nhau
thi » cang cao thi hiéu ning hé thong s& duoc cai
thién 1y do 1a vi 4P; ting cong suat phat giri tin
hiéu nhiéu dén E thi s& lam giam di kha ning
nghe 1én ctia E tir d6 gitip phan hé thong dam bao
tinh bao mat.

22

Secrecy rate bps/Hz

0.8

0.8

5 5 0 15 20
Average Transmit SNR Ty
Hinh 2: Khao sat hi¢u ndng theo SNR phat trung binh va
cong suat phat cua AP,

Hinh 3 minh hoa sy anh hudng cia hé sb phan
bd cong sudt v6i cac mirc cong sudt phat tin hiéu
gay nhiéu clia AP;. Ta thay rang la khi ting hé s6
phan bo cong sudt dén AP; thi hiéu ning hé thong
tang dan vi cong suit duoc phan bd dén cho AP;
duogc nhiéu hon tic ting cong suét tin hiéu thi s&
khién cho SNR tai 4P; tang tir 46 lam ting dung
luong bao mat cua hé théng. Tuong tu nhu cac
murc khao sat & hinh 1, thi tang 5 s€lam cho kha
nang giai ma tin hiéu ¢ £ giam lam tang cho hi¢u
ning hé thong ting.
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n
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T

[N

-
o

16 -

Secrecy rate bps/Hz

Ana.
o Sim.4,=5d8

¢ Sim.y,=15dB
% Sim., =25dB

0.55 06 0.85 0.7 0.75 0.8 0.85 0.9 095
a

1
Hinh 3: Khéo sat hi¢u nang thep hé s6 phan bd cong suét
cho AP; va cong suat phat cua AP,

Hinh 4 minh hoa su anh hudéng cia SNR trung
binh véi hai truong hop: (i) AP; va AP2 khong
gui tin hiéu gay nhiéu dén E tic 1a =, =0, (ii)
AP; va AP; gui tin hiéu gy nhidu dén E tuc 1a
7 =7 =20dB . Ta thdy rang 13 hiéu ning hé thong
cta trudng hop (ii) cao hon rd rét diéu d6 hién
nhién vi khi dy ca hai diém truy cap déu gui tin
hiéu gay nhiéu dén £ dé lam gia kha ning giai ma
tin hiéu cua E.

22

Secrecy rate bps/Hz

0.8

0.6,

% 5 16 15 20
Average Transmit SNR
Hinh 4. Khao st hiéu ning theo cong suét

phat ciia U va cong suét phat tai 4P; va AP;

5. Két luan

Trong bai bao nay, ching t6i khdo sat dung
luong bao mat mang dién toan bién di dong
NOMA sir dung k¥ thuat giy nhiéu chu dong,
trong do6 cac phuong trinh 1y thuyét vé CDF da
dugc dua ra. Cac két qua sé da duoc cung cip va

cac phép tinh ly thuyet da dugc so sanh voi cac
két qua s6 va dua ra két luan rang viéc sir dung
phuong phap gy nhiéu va khong gy nhiéu da
dugc chimg minh rﬁng la cai thién hi¢u nang h¢
thong, giam hiéu suat nghe 1én ciia E. Tuy nhién
viéc phat cong suat nhiéu dé gy nhiu ciing s&
lam anh huéng dén hiéu nang hé théng, dac biét
1a trong cac mang MEC, day ciing 1a van dé ma
cac nha nghién ciru trén thé gidi quan tim va
hudng dén. Vi vay trong tuong lai ching t61 s&
nghién ctru vé céac kich ban lién quan dén vé tdi
uu hoa nang luong hoac la khoang cach gitta £

va cac node trong mang.
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Impact of steel-concrete slippage on cfst column load capacity under
torsional loading conditions

Tac dong cua sy truot thép-bé tong 1én kha nang chiu lyc cta cdt cfst trong diéu kién tai xodn
My PHAM

"Faculty of Civil Engineering, University of Science and Technology, The University of
Danang, Vietnam
Email: pmy@dut.udn.vn

Abstract - The interaction between steel and concrete in Concrete-Filled Steel Tube (CFST) columns plays a crucial role
in the overall load-bearing capacity of the structure. Under torsional loading conditions, the bond and slippage between
the steel tube and the concrete core significantly affect the column's performance. When slippage occurs, the ability of
the steel and concrete to work together as a composite structure decreases. This reduction in composite action leads to a
decrease in the torsional resistance of the column. The level of slippage between the steel and concrete, therefore, becomes
a critical factor in determining the torsional strength and overall stability of CFST columns under load. By studying and
analyzing the slippage behavior under different torsional forces, we can better understand the effects on the load-bearing
capacity of CFST columns, thus contributing to the improvement of design and construction practices for structures
subjected to torsional loads.

Keywords: CFST; Combined compression-bending-torsion load; Torsional bearing capacity; Compressive torsional
capacity;, Numerical analysis.

Tém tit - Su tuong tac gura thép va bé tong trong cot dng thep nhdi bé tong (CFST) dong mot vai tro quan trong trong
kha ning chiu tai tong thé cua cot CFST. Dudi diéu kién tai xodn, lién két va su truot gitta dng thép va 15i bé tong anh
huéng dang ké dén hiéu suét cua cot. Khi xay ra truot, khd ning cua thép va bé tong lam viéc cting nhau nhu mot két ciu
lién hop bi giam xudng. Sy giam trong tac dong lién hop din dén sy giam sirc chong xoén ciia cot. Mic do truot gitra
thép va bé tong do do trd thanh yéu tb then chét dé xac dinh cuong do chiu x04n va sy 6n dinh téng thé cua cac cot CFST
dudi tac dong cua tai trong. Béng cach nghién ctru va phan tich Gmg xtr trugt dudi cac tac dong cua tai trong xodn khéc
nhau, ching ta c6 thé hiéu r3 hon vé anh hudng cia ching dén kha ning chiu tai cua cac cot CF ST, tir d6 gop phin cai
thién thyc tién thiét ké va xdy dung cho céc cdu triic cot CFST lam vide trong diéu kién chiu tai xoin.

Tir khéa: — CFST; tdi nén-udn-xodn lién hop; khd ndng chiu tdi xodn; khd ndng chiu tdi xodn; kha ning chiu tai nén-
xoan; phan tich so.
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Nghién ctru giai phap thao d& som cop pha nhom trong thi cong nha cao
tang: Phan tich va tmg dung thuc té

Early removal solutions for aluminum formwork systems in high-rise building construction:
analysis and practical application.

Pham Quang Nhat! va Pham Phti Anh Huy!->

! Khoa Xdy Dung, Truong Céng Nghé va Ky thudt, Dai Hoc Duy T an, Da Nang, Viét Nam
2 Truong Cong nghé va Ky thudt, Pai Hoc Duy Tan, Pa Nang, Viét Nam
*Email: phampanhhuy@duytan.edu.vn

Tém tat: He thong véan khuén nhém (VKN) ngay cang dugc st dung rong rdi trong thi cong két cAu bé tong cbt thép
(BTCT) toan khéi tai Viét Nam. Tuy nhién, hién tai van thiéu céc tai liéu huéng dén chi tiét vé tinh toan va kiém tra cac
b6 phén trong hé VKN, ciing nhu cac quy pham k¥ thuat ldp dung va thao d& chua dwoc ban hanh. Bai bao di nghién ctru
chc dic diém co ban cia VKN, dé xuét quy trinh tinh toan, kiém tra, lép dung va théao do, df”)ng thoi cung cép cac luuy
thiét yéu trong qué trinh thi cong, giup cac k¥ su va nha thiu co thém tai liéu tham khao hitu ich. Ngoai ra, nghién ciru
con danh gia anh hudng cia viéc thao do sém hé théng van khuon nhom d6i v6i @6 an toan két cAu ddm-san BTCT, dic
biét tap trung vao kha nang chong choc thung, d6 vong va bé rong vét nurt. Bang cach str dung phuong phap phén tir hitu
han va s0 liéu cong trinh thyc té, nghién ctru da cung chp cac hudng din cu thé vé viéc thao d& van khudn som khi bé
tong dat cudng do yéu ciu. Két qua cho thiy, c6 thé thio d& som van khudn khi cuong d6 bé tong dat mirc cip dd bén
B12,5, khoang cach cot chéng khong vuot qua 1,6m va chidu day san t61 thiéu 1a 200mm. Nghién ctru nay ciing dong gép
cac khuyén nghi thuc tién @8 t51 wu hoa hiéu suit thi cong va dam bao an toan két chu.

Tir khéa: Vin khuén nhém; Cop pha nhém; Thi cong bé tong; Vin khudn dinh hinh; Hé thong vén khudn.

Abstract. The aluminum formwork system (AFS) is increasingly being used in the construction of cast-in-place
reinforced concrete (RC) structures in Vietnam. However, there is currently a lack of detailed guidance documents on the
calculation and inspection of AFS components, as well as the absence of technical regulations for assembly and
dismantling. This paper studies the basic characteristics of AFS, proposes procedures for calculation, inspection,
assembly, and dismantling, and provides essential considerations during construction to offer engineers and contractors
useful reference material. Additionally, the study evaluates the impact of early dismantling of the aluminum formwork
system on the safety of RC beam-slab structures, particularly focusing on punching shear resistance, deflection, and crack
width. By using the finite element method and real-world construction data, the study offers specific guidelines for early
formwork removal when the concrete reaches the required strength. The results show that early formwork removal is
feasible when the concrete strength reaches grade B12.5, with prop spacing not exceeding 1.6m and a minimum slab
thickness of 200mm. This study also provides practical recommendations to optimize construction performance and
ensure structural safety.

Keywords: Aluminum formwork; Aluminum shuttering; Concrete construction, Prefabricated formwork, Formwork system.

1. Téng quan dinh khong chi hinh dang ma con anh hudng dén
chat lugng cia bé mét bé tong sau khi thao do.
Céc loai van khuon truyén théng nhu van khuon
thép, g5 hodc nhua van dugc st dung rong rai,
nhung chtng dan boc 16 nhiéu han ché nhu trong
luong néng, do bén kém, va kha nang tai st dung
han ché. Véi su ra doi cia VKN, mot budc tién
quan trong da dugc dat dugc trong cong nghé xay
dung. VKN khong chi giai quyét nhirng han ché
cia van khuon truyén thong ma con mang lai
nhiéu loi ich vuot trdi. Puge lam tir hop kim
nhom, VKN c¢6 dic tinh nhe, dé lap dit, thao dd,
va c¢6 kha nang tai sir dung cao, gitp tiét kiém chi
phi trong dai han.

Sw phat trién va ung dung cua VKN tai Viét
Nam: tai Viét Nam, cong ngh¢ VKN mai dugc
dua vao sir dung trong mot sb nam gan déy, chi
yéu tir nim 2008 khi cic cong ty xdy dung Han
Quéc gidi thiéu san phém nay vao thi truong Viét

Trong qua trinh phat trién nhanh chéng cua
nganh xdy dyng hién dai, nhu cau ap dung cac
cong nghé maoi dé cai thién chat luong cong trinh,
t6i wru hoa thoi gian thi cong va giam thiéu chi
phi ngay cang tr¢ nén quan trong. Mot trong
nhiing cai tién ndi bat va duoc ap dung rong rii
hién nay 1a hé théng van khuon nhom (VKN).
DPic biét tai Viét Nam, noi ma cac cong trinh xay
dung nha cao tang ngiy cang nhiéu, hé thong
VKN d3 khang dinh duoc vai trd quan trong
trong viéc nang cao hiéu qua thi cong va dam bao
chat luong két cau.

Vin khuén trong xdy dung va tam quan trong:
trong thi cong cac cong trinh nha cao tang, dic
biét 1a két cau bé tong cbt thép (BTCT), van
khudén dong vai tro quan trong trong viéc dinh
hinh, hd trg bé tong trong giai doan dau khi chua
dat du cuong d6 dé tu chiu lyc. Van khuon quyét
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Nam. Nhiing coéng trinh 16n, dién hinh nhu
Keangnam Landmark 72 (Ha N6i), Landmark 81
(Thanh ph H6 Chi Minh), va nhiéu du an khac
da sir dung hé thong VKN trong qua trinh thi
cong. Thanh cong cua cac du an nay da giup
khéng dinh wu diém cia VKN va tao diéu kién
cho su phd bién ciia cong nghé nay tai cac cong
trinh xy dung nha cao tang & Viét Nam.

Loi ich kinh té va méi truong: viée ap dung VKN
mang lai nhiéu loi ich kinh té rd rét. So véi cac
loai van khuon khac, hé théng VKN c¢6 thé tai sir
dung hon 100 lan, gitp giam déng ké chi phi mua
sim va lép dat trong cac du an dai han. Hon nita,
viéc thao d& va tai sir dung dé dang gitp giam thoi
gian thi cong tir 20-30%, nhd do toi wu hoa higu
qua lao dong va tiét kiém chi phi nhan cong.
Khoéng chi co lgi vé kinh t&, VKN con la mot giai
phap than thién v6i moi truong. Trong bdi canh
cac cong trinh xay dung dang ngay cang chu trong
dén van dé bao vé moi truong, VKN dép tmg t6t
cac tiéu chi nay. Gan nhu 100% vat liéu VKN ¢6
thé duoc tai ché sau khi sir dung, gitip giam thiéu
viéc khai thac tai nguyén thién nhién, déc biét 1a
g0, va giam luong rac thai xay dung.

Nhitng thdch thirc trong viéc trién khai VKN:
tuy van VKN mang lai nhiéu vu diém, viéc trién
khai rong rdi hé thong nay tai Viét Nam van gip
phai mot s6 thach thirc. Mot trong nhirng kho
khin chinh 1a chi phi dau tu ban dau kha 16n, dic
biét dbi vi cac cong trinh nho va vira. Mic du
VKN c6 kha nang tai st dung cao, nhung chi phi
mua sam ban dau c6 thé gay tro ngai cho cac nha
thau xdy dung c6 ngan sach han ché.

Bén canh d6, do VKN la mdt cong nghé mai,
viéc thiéu tiéu chuéin ky thuat cu thé dé hudng
dan 1€ip dat va thao do 1a mot van dé can duge
khic phuc. Cac quy dinh va hudéng dan ky thuat
lién quan dén VKN hién van chua dugc pho bién
rong rii tai Viét Nam, dan den viéc ung dung
cong nghé nay chua thyc su t6i uu va gip nhleu
kho khan trong khau quan 1y thi cong. Mot sd
nghién ctu tai Viét Nam da chi ra uu va nhugc
diém ctia VKN so v6i van khuon truyén thong.
Pao Minh Hiéu va V& Van Dan [1]cho thay viéc
ap dung VKN gitip ting chét lugng, an toan, giam
20-30% thoi gian thi cong so vdi cac loai van
khuén khac. Ho ciing nhan manh VKN gitp giam
chi phi, nhung phu thudc vao khdi lwong va sy
trang ldp cia két cau. Viéc tai sir dung gan 100%
phé liéu tir VKN gilip giam tac dong moi truong.
Ngoai ra, ho cho rang can de xuat quy trinh lip
dung va thdo d& VKN dé tiét kiém nhan cong va

dam bao chat luong. Nguyen Truong Huy [2] dé
Xudt cac giai phap nham thac day viéc sur dung
VKN, bao gdm hoan thién cac quy dinh vé thiét
ké va thao d&. Ong ciing nhan manh rang trong
thi cong nha cao ting BTCT, van khudn dong vai
trd quan trong trong viéc ddy nhanh tién do, giam
chi phi va nang cao chit luong cong trinh, dong
thodi bao vé moi trudng. La Dai Triéu [3] nhan xét
rang VKN c6 céu tao don gian, d& thi cong, tién
do nhanh, an toan cao, va cho bé tong dep, nhung
c6 ty 1¢ hao hut kha 16n (20%) va phu thudc vao
vat tu tir nude ngoai, lam tang chi phi dau tu. Ong
cling phan tich chi tiét cAu tao, tiéu chi k¥ thuat,
an toan, va kinh té cia VKN, déng thoi néu ra
nhitng han ché cin can nhéc khi ap dung. Cubi
cung, Kiéu Thé Son va cong su [4], dua trén cac
tiéu chuan trong nudc va ACI 347.2R-05 [5], da
nghién ctru sy phan b tai trong thi cong va dé
xuat quy trinh k¥ thuat chdng d& cho hé van
khuon va két cdu trong thi cong nha cao tang, chi
15 thoi gian hop 1y thao va chéng lai cho san va
dam phia dudi.

Bén canh cac nghién ctru tai Viét Nam, trén thé
gidi ciling ¢6 nhiéu nghién ciu vé VKN. Lee va
cong sy [6] da phat trién phan mém tinh toan va
klem tra mot sO bo phén cua VKN, nhung phan
mém niy chua dap Ung day du cac yéu cau tinh
toan va tiéu chuan khac nhau. Johnston [7] da dé
xuat nguyén tac thiét ké hé thong van khuoén theo
tiéu chuan ACI 347R-94, c6 thé ap dung cho
VKN. Bajad va cong su [8] so sanh hi¢u qua cua
VKN va théng thuong, két ludn ring VKN thich
hop cho nha cao tang, gitp tiét kiém chi phi va
cai thién chat lugng bé mat bé tong. Thiyagarajan
va cong su [9] nghién ctru vige str dung VKN tai
An D6, nhan thay chi phi va thoi gian thi cong
giam 35-40% so v6i van khudn thong thuong,
chu ky thi cong san giam con 7-10 ngay. VKN
gitp giam chi phi ket cau tu 20-25%, dong thot
mang lai bé mat két cu phang, khong can to trat,
va ¢6 thé tai ché, bao vé mdi truong, giam khai
thac tai nguyén thién nhién va go.

Tuy nhién, cic nghién ctru chi ra & trén van
chua trinh bay chi tiét dén cac dac tinh, van dé vé
st dung, lép dat, thao do VKN. Nghién ctru nay
nham tong hop va danh gia cac khia canh quan
trong ciia VKN trong thi cng nha cao tang. Bai
bao s& tép trung vao cac dac diém cau tao, quy
trinh tinh toan, lap dat va thao do VKN, dong thoi
dua ra cac luu y can thiét trong qua trinh thi cong
nhim dam bao an toan va hiéu qua. Qua do,
nghién ctru hy vong s& cung cdp tai liéu tham
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khao hiru ich cho céc nha thiét ké, k§ su va nha
thau trong qua trinh ing dung coéng ngh¢ nay vao
thue té.

2. Cau tao va uwu diém ctiia VKN

2.1 Ciu tao ciia VKN

Hé thong VKN 1a mét t6 hop cta nhiéu thanh
phan véi thiét ké linh hoat, pht hop véi nhiéu loai
cong trinh khac nhau, dac biét 1a cac cong trinh
nha cao tang va két cau bé tong cot thép (BTCT).
Hinh v& 1 thé hién cdu tao ciia mot hé théng
VKN. Céc thanh phan chinh bao gom:

Khung nhém (Aluminum frame): duoc ché tao
tir hop kim nhom, khung nhém c6 d6 bén cao va
kha ning chdng an mon tét. Hop kim nhém duoc
str dung pho bién 1a loai 6061-T6 v6i dic tinh co
hoc wu viét, bao gdm tinh nhe, do ctng tot va kha
nang chiu tai cao.

Tam mdt (Panel face): bé miat van khuon dugc
lam tir nhom hodc composite. TAm mat ndy co
chirc nang tao hinh cho bé mit bé tong sau khi
thao d& van khuon, dam bao bé mit bé tong min
mang, dong déu va it phai gia cong lai. TAm mat
ciing gitip bao vé cbt thép va bé tong khoi cac tac
nhan mai trudng trong giai doan dau khi bé tong
chua dong ctiing hoan toan.

(1): Thanh bién; (2): Thanh goc; (3): T4m chén; (4): ]%}n
cudi; (5): Tam khuén mat; (6): Tam khuon vach; (7): Bau
cOt chong; §8): Tam goc tuong; (9): Dam gitra.

Hinh 1. Cau tao cua hé van khuén nhém [10]

Hé thong giang va lién két (Bracing &
Connection system): dé dam bao su 6n dinh cua
hé théng van khudn, cac thanh gidng va mdi lién
két giita cac bd phan dugc st dung. Thanh giang
gitip hé théng chéng lai lyc cit va giit cho van
khuon khong bi bién dang trong qua trinh thi
cong. Hé thong lién két bao gém cac bulong va

dinh vit, giup ghép ndi cac tAm van khuon lai voi
nhau, tao thanh mot két cau théng nhat.

Cét chong (Props & shoring): cac cot chong
thuong duoc lam tur thép hodc hop kim nhom co6
kha nang chiu tai l6n, gitp chéng d& hé thong
dam-san bé tong trong sudt qua trinh d6 bé tong.
Cot chdng c6 thé didu chinh d6 cao, phu hop véi
cac do day san khac nhau va cac diéu kién thi
cong khéc nhau.

2.2 Uu va nhuge diém ciia VKN

Str dung hé thong VKN trong thi cong cac cong
trinh xay dung, dac biét 1a nha cao tﬁng, mang lai
nhiéu vu diém vuot trdi so v6i cac loai van khudn
truyén théng nhu g6, thép hodc nhya. Cu thé nhu sau:

- Trong lwong nhe: VKN c6 trong luong nhe
hon so v&i van khudn thép va g5, vo1 mat do
trung binh ctia nhém la khoang 2.7 g/cm?, chi
bang 1/3 trong luong cua thép. Dicu nay giup
giam tai trong 1én hé thdng cot chong va dé dang
van chuyen lap dat tai cong truong, tir d6 giam
dang ké stc lao dong va chi phi van chuyen

- Khad nang tdi sir dung cao: VKN c6 tudi tho
cao va co thé tai st dung 1én dén 100 1an hoic
hon, trong khi van khuén gd thuong chi co thé st
dung duoc khoang 5-10 lan. Kha ning tai sir
dung nhiéu lan gitp tiét kiém chi phi mua sam
nguyén vat li¢u cho céc cong trinh xay dung lon,
dai han.

- Chdt lwong bé mat bé téng tot: Nho vao tinh
chinh x4c va do phang cao ctia hé thong VKN, bé
mit bé tong sau khi thao d& rat min va dong déu,
gitip giam chi phi va thoi gian cho viéc hoan thién
bé mit. Picu nay déc biét quan trong d6i véi cac
cong trinh yéu cau thim my cao, nhu cac toa nha
van phong, chung cu cao cap hodc trung tim
thuong mai.

- Tiét kiém thoi gian thi cong: VKN c6 cau tric
don gian, dé l4p dat va thao dd, gitip rat ngan thoi
gian thi cong déng ké. So vai cac loai van khudn
truyén thong, thoi gian thi cong khi str dung VKN
c6 thé giam tir 20% dén 30%. Viéc thao d& van
khuon nhanh chong con gitp giam thoi gian cho
doi gilta cac giai doan thi cong, cho phép cac
cong doan tiép theo co thé dugc tr1en khai ngay
sau khi bé tong dat cudng do yéu cau.

- Kha ndng chong dn mon va chiu thoi tiét:
Nhoém c6 kha nang chdng dn mon tdt trong didu
kién khi hau khic nghiét, déc biét 1a trong cac moi
truong am wdt, ven bién, noi ma van khu6n gb
hoéc thép d& bi hu hong do nudce va mubi. Do do,
VKN 1a su lua chon tdi uu cho cac cong trinh xay
dung tai cac khu vuc c6 moi truong khac nghiét.

--49_.
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- Giam thiéu tac dong méi truong: Khac véi
van khudn gd, VKN khong doi héi khai thac tai
nguyén g tu nhién, gitip bao vé rimg va giam
thiéu tac dong ti€u cuc dén moi truong. Hon nita,
nhom 1a vt liéu c6 thé tai ché gén nhu hoan toan,
do d6 sau khi hét vong doi sir dung, cac bo phan
ctia VKN c6 thé dugc tai ché, giam luong rac thai
xdy dung.

-Tiét kiém chi phi lao déng: Do trong luong nhe
va dé lap dat, VKN giup gidm so lugng nhan
cong can thiét cho qua trinh thi cong. Bén canh
do, viéc giam thoi gian thi cong va chi phi hoan
thién bé mit cling gop phan giam chi phi nhan
cong va tang hiéu qua kinh té ctia du an.

2.3 Nhurge diém ciia VKN

Chi phi ddu tw ban dau cao: hé thong van
khudén nhém c6 gia thanh dit do so véi cac loai
van khuén khéc, doi hoi mot khoan déau tw 16n
ngay tir ban dau, diéu nay c6 thé tao ap luc tai
chinh cho cac dy an xay dung nho hoéc nhitng du
an c6 ngan sach han ché.

Thay thé phirc tap va ton kém: mdi vi tri trong
hé théng véan khudn nhom duge thiét ké doc nhat,
pht hop véi timg phan cy thé cia cong trinh.
Diéu nay dan dén viéc khi c6 bat ky phan nao bi
hu héng, viéc thay thé phai dugc thyc hién mot
cach dac biét va kho khan, lam tang chi phi sua
chira va thay thé.

Quad trinh bao dudng ton nhiéu cong sirc va chi
phi: sau khi thao d&, van khuon nhém doi hoi qua
trinh bao dudng k¥ ludng dé duy tri chat luong va
kha ning tai str dung. Piéu nay bao gém viéc lam
sach, kiém tra hao mon, va stra chita cac phﬁn hu
hong, khién chi phi bao tri va nhan cong ting cao.
2.4 So sinh voi cdc loai van khuon khidc

Khi so sanh véi cac loai van khuon truyén thong
nhu gd va thép, VKN vuot troi vé kha nang tai sir
dung, trong lugng va do bén. Trong khi van
khudn gd c6 chi phi ban du thap nhung kha ning
tai str dung kém va dé bi anh huong boi thoi tiét,
thi VKN c¢6 chi phi ban dau cao hon nhung hiéu
quéa kinh té t&t hon trong dai han. Véan khuén
thép, mic du bén va chiu lyc tét, nhung lai ning
va kho khan trong viéc van chuyén, lap dit. Do
do, VKN ngay cang dugc ua chudng trong cac du
an xay dung hién dai.

2.5 Quy trinh tinh todn va kiém tra hé VKN

Viéc tinh toan va kiém tra hé VKN 1a budc quan
trong nham dam bao an toan va hiéu qua trong
qua trinh thi cong. Do cac bd phan ctiia hé théng

VKN duoc ché tao sin véi cac thong sb hinh hoc
va co hoc da biét, nguoi thiét ké chi can lua chon
kich thudc pht hop va thuc hién cac budc kiém
tra chiu luc va bién dang. Quy trinh kiém tra bao
gdm hai nhom chinh:

- Nhém cdu kién chiu uén: bao gém cdc tam
khuén san, khuén dam, va cac bé phan chiu hyc
theo phwong ngang. Nhom nay dugce klem tra do
bén dya trén Gmg suat phap, tng suat tiép, va do
vong.

-Nhém cu kién chiu nén: bao gé‘m cdc cot chéng,
khuén chiu nén theo phirong thang ditng. Nhom
nay dugc kiém tra vé& d0 bén va tinh 6n dinh.

Cu thé, khi tinh toan cho cac tim khudn san,
nguoi thiét ké can xéac dinh so d6 tinh, tai trong tac
dung, va kiém tra céc yéu t6 nhu ndi luc, ung suét
phap, Gmg suat tiép, va 4o vong. Pdi vai cot chdng,
viéc tinh toan phai dam bao chung chiu dugc tai
trong tir bé tong, van khudn va cac thiét bi thi cong
ma khong bi bién dang hay mat on dinh.

Piéu kién kiém tra bén cho ung suat phap va
{mg suét tiép:
0= (MCy)/Ix < [U] (D
= (VSy)/Uxt) < [7] ) )

Trong d6: M,V 1a mdé men va lyc cat 1on nhat
trong dam lién tuc; Cy la khoang cach tur trong
tam dén mép bién cua ving nén, C,=t/2;tla
bé day cta tdm khuon nhom; S,, I, 1 md men
tinh va quan tinh cua tiét dién ddi véi truc x;
[], [r] 14 Gmg suit phap va Gng suat tiép cho
phép, dugc xac dinh thong qua gidi han chay va
gidi han bén khi thi nghiém vat liéu;

f = (qL*)/(145EL ) < [f] 3)

Trong d6: q 1a tong tai trong tic dung lén tim
mat; L 1a nhip (khoang cach gilra 2 tdm cia suon
cung do tAm mat); E 1a md dun dan hoi cia vat
liéu nhom; [f] 1a do vong cho phép (dwa trén do
vong cho phép cua ket céu);

Kiém tra tng suit nén va diéu kién do manh
theo phuong trinh (4) va (5):

o =N/A< o] 4)
A< (4] (%)

Trong do6: N 1a lyc nén tac dung Ién cot chéng; A
1a dién tich mat cat ngang cua cOt chéng; Alado
méanh cia cot chong; [o], [A] 1a tng suat va do
manh cho phép (c6 thé xac dinh tmg suat va do
manh cho phép thong qua cac thi nghiém tryc tiép).
3. Lip dung va thio d& VKN

Lap dung VKN 1a mot budc quan trong trong
qué trinh thi cong két ciu bé tong cdt thép, dic
biét dbi v6i cac cong trinh nha cao ting. Quy
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trinh lap dung VKN phai tudn thu nghiém ngat
cac tiéu chudn an toan va k¥ thuat nham dam bao
d6 bén vitng va chét luong cho cong trinh [11].
3.1 Cic bude Iip dung co bin

Chudn bi mat bang va dung cu lip dat: truéc
khi 13p dung, can chuén bi ky ludng mit bang thi
cong, dam bao bé miat phang va khong c6 chudng
ngai vat dé viée lap dit dién ra thuan loi. Cac
dung cu nhu can cau, gian gido va cac phuy kién
lap rap ciing can dugc chuan bi san sang dé hd
trg cho qua trinh 1ap dung.

Lip dung cjt chong: cic cot chong duoc lap
dung trudc dé hd trg toan bd hé théng dam va
san. Cac cot chéng c6 thé diéu chinh duoc dd cao
tiy thudc vao chiéu cao ciia cong trinh va do day
ctia san bé tong. Cot chong phai duoc lap chic
chan va kiém tra @6 thang bang trude khi lap cac
tam van khuon khac.

Lip dat khung nhom va tim mdt: sau khi hoan
tat viéc lap dung cot chéng, cac khung nhom
duoc 1ap dat vao vi tri theo thiét ké. Cac tAm van
khudn dam, san va véach sau d6 duge lap vao hé
khung nhom thong qua cac chdt lién két. Viéc lap
dit can tuan thu dang thiét ké dé dam bao sy dong
déu va chinh xac vé& mit két cau. Dic biét, voi cac
cong trinh 16n, viéc lip dat tim VKN s& dugc
thuc hién theo ting phan doan, dam bao tién do
va chat luong cong trinh.

Gia co va klem tra h¢ thong: sau khi hoan tat
lap dat cac tam van khuon, hé thong van khuon
can dugc gia ¢b bang céc thanh giang va lién két.
Cac ky su s€ tién hanh kiém tra lai toan bd hé
thdng dé dam bao tinh 6n dinh, thing bang va do
chiu tai trudc khi bat dau qua trinh do bé tong.

Db bé tong: sau khi hoan tat viéc ldp dung van
khudn, bé tong s€ dugc dd vao khuon. Qua trinh
d6 bé tong phai dam bao lién tuc va déu dan dé
tranh cac vét nat hodc khiém khuyét trén bé mat
bé tong sau khi thao do.

3.2 Quy trinh thio do’ VKN

Thao d& VKN can dugc thuc hién can than
nham tranh 1am hu hai két cau bé tong va dam
bao an toan cho cong trinh ciing nhu cong nhan
thi cong. Thoi gian va trinh ty thdo dd phai duoc
tinh toan k¥ ludng dua trén cuong do bé tong,
thoi tiét va tai trong thi cong.

Cac budc thao dé co ban:

- Kiém tra cuong dé bé téng: trude khi thao d
van khuon, bé tong phai dat dugc cuong do tdi
thiéu yéu cu dé co thé tu chiu luc ma khong can
su hd tro clia van khudn. Thong thuong, bé tong

can dat tir 70% dén 100% cudng do thiét ké trudce
khi bat ddu thao d van khudn. Cudng do bé tong
duogc kiém tra bang cach 1dy mau va thir nghiém
tai hién truong. Viéc thao do qua sém co thé dan
dén sup d6 két cau hodc gay ra cac vét niit trén
bé mit bé tong.

- Thao dé van khuon cdt va vach: qua trinh thao
dd bét dau tir van khuon cta cac két cdu cot va
vach, nhiing phan thuong dat cuong d6 som hon
so voi san va dam. Cac tdm van khudn nay
thuong duoc théo d& dau tién dé sir dung lai cho
cac tang khac trong clng ccong trinh. Viéc thao
dd phai dién ra tir trén xudng dudi, theo nguyén
tac "trude cot, sau vach", dam bao khong giy ra
tai trong cuc bd 1én cac phan bé tong mai.

- Théo dé van khuén san va dam: sau khi bé
tong san va dam dat cuong d6 yéu cau, qua trinh
thao do hé théng van khuon san va dam s& duge
tién hanh. Viéc thdo d thuong bat dau tir khu
vuc gitta nhip dam va di chuyén vé phia cac gdi
d3. Cac tAm van khuon san c6 thé duoc théo roi
dan dan, trong khi van gitr lai cac cot chéng tam
thoi dé bao vé két cAu dim-san tranh bi vong
hodc nut trong qué trinh thdo d. Hé thong cot
chdng co thé duoc thao d& sau cung khi dam bao
rang dim va san di c6 kha nang chiu tai du 1on.

- Vé sinh va bdao qudn van khuon: sau khi thao
dd, cac tAm van khuon va phu kién can duoc vé
sinh sach s& dé chuan bi cho lan sir dung tiép
theo. Bui ban, cin bé tong hodc cac tap chat khac
can dugc loai bé hoan toan khoi bé mat van
khudén dé dam bao bé mat bé tong sau nay van
giit dugc d6 min va dong déu.

3.3 Luu y trong qui trinh thio do

-Thoi gian thdo d&: qud trinh thao dé can dwoc
1én ké hoach cu thé, dam bdo thoi gian cho di dé
bé téng dat cieong do yéu cau. Viéc thao do qua
som hodc qua mudn déu co thé gay anh huong
dén chat luong cong trinh va tién do thi cong.

-An toan lao dong: thdao do van khuon la mot
cong doan tiém an nhiéu rii ro, dac biét la khi
lam viéc o trén cao. Cong nhan tham gia thao d&
can tudn thu cac quy dinh vé an toan lao dong,
nhu viéc str dung day an toan, mii bao ho va kiém
tra k§ ludng hé thong cot chdng trude khi thyc
hi¢n thao do.

- Bdo qudn van khuon: sau khi thao do, VKN
can dwoc bdo quan ding cach, tranh va dap hoac
dé lau duéi diéu kién thoi tiét xdu dé kéo dai tuéi
tho va duy tri chdt lwong van khuén cho cac lan
st dung tiép theo.
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4. Kiém tra h¢ thong dam-san bé tong cot thép
tai thoi diém thdo d& VKN

Viéc kiém tra hé théng dam-san BTCT tai thoi
diém thao d& van khuon 1a rat quan trong nham
dam bao két cAu du kha nang chiu luc, on dinh va
khong bi bién dang khi thao bo hé théng chdng
dd tam thoi. Cac yéu td can kiém tra bao gom kha
nang chiu mo-men, lyc cat, do vong va su Xuét
hién cua cac vét niit trong ddm-san.
4.1 Khi ning chiu mé-men va luc cat

Tai thoi diém thao d& van khudn, ddm-san bé
tong cot thép can phai chiu dugc cac tai trong tac
dung ma khong cé sy hd tro ctia van khuon. Diéu
nay doi hoi kha ning chiu mé-men ubn va lyc cat
ctia két cau phai duoc tinh toan va kiém tra ky
ludng. Khi thio d& van khudn, dam-san phai chiu
toan bo tai trong tinh bao gom trong luong ban
than cua san, dam va cac tai trong b sung khac.
M6 men ubn tai giita nhip dam va tai cac gbi d&
can duoc tinh toan va kiém tra dé dam bao két
c4u khong bi qua tai, gy ra hién twong nut gay.

Cong thirc tinh md men udn:
M < Mgy = Ry, bx(hg — x/2); x = (R; As — Rsc AY)/
(Rpb) . (0

Luc cat (Shear force): bén canh m6 men udn, lyc
cét ciing 12 yéu t6 quan trong can kiém tra. Luc cat
la Iyc tac dung theo phuong vudng goc véi truc
dam, gay ra bién dang cat va c6 thé dan dén pha
hoai két cau néu khong duoc kiém soat tbt.

Cong thire tinh lyc cat tai goi do:
Q=0+ Qs = ((pbsztbh%)/C t Qswlsw 7

Trong cac phuong trinh (6) va (7): Ry, Rp¢, Rs
la cuong d6 chiu nén, kéo tinh toan cta bé tong
va cuong do chiu kéo tinh toan cuia cdt thép;
A, Ag' 1a dién tich cot thép doc chiu kéo va nén
tuong Ung; b,h,hy =h—a lan luot 1a chiéu
rong, chiéu cao va chiéu cao hitu hiéu cua tiét
dién; a 1a khoang céch tir trong tAm cta cdt thép
chiu kéo dén mit chiu kéo cua tiét dién; Ry, Ry,
la cudng do chiu nén va chiu kéo tinh toan cua bé
tong; x 1a chiéu cao ving nén; @,, = 1,5 1a hé s6
xét dén anh hudng cua cdt thép doc, ing suit bam
dinh va dic trung trang thai ing suat cta bé tong
trén vét nirt nghiéng; @, = 0,75 1a hé s6 xét dén
su giam lyc ndi tai theo chiéu dai cua hinh chiéu
vét nut nghiéng C; qgw = RewAsw/Sw 12 luc
trong cdt thép ngang trén mdi don vi chidu dai
ctia cdu kién; C 1a hinh chiéu cua vét nat nghiéng
1én truc cua cau kién.

4.2 Kiém tra khi ning chong choc thiing
(Punching shear)

Trong qua trinh thao d& van khuén, mot trong
nhiing hién twong nguy hiém nhat cin phai duogc
kiém tra 1a kha ning choc thung (punching
shear). Hién tuong nay xay ra khi tai trong tap
trung tir cac cot chong hodc g01 dd gay ap luc qua
16mn 1én vung tlep xuc cua dam- san véi cot, dan
dén pha hiy két cu tai cac diém tiép xuc nay. bé
kiém tra kha nang chéng choc thung, can tinh
toan suc chiu cit tai cac dlem t1ep xuc véi cot va
so sanh vai st chiu tai toi da cho phep cua san.
Néu strc chiu tai tai cac diém tlep xuc nay khong
dq, san s€ bi choc thing va sup dd cuc bo.

Cong thirc tinh kha ning chong choc thing:

Q < Fox = RpeSmi Sm = 9,5(u1 + lfz)ho (3)

Trong d6: Q 1a luc cat 16m nhat tai vi tri tinh toan
choc thung; F,,. 1a luc choc thing; S,,, 1a dién tich
ctia hinh nén cat duc 16; u; = 2(a + b),uy =
2(A + B); a,b, A, B lakich thude day bé va day
16n cua thap choc thung.

4.3 Kiém tra dé véng (Deflection)

Do vong 1a mot yéu t6 quan trong khac can
kiém tra dé dam bao su an toan va do bén cua két
cdu dam-san sau khi thdo d& van khuén. Khi
dim-san bi vong qua mirc, n6 khong chi gy ra
cac vét niit, anh huong dén tham my, ma con lam
giam kha ning chiu tai va gy nguy hiém cho
toan bo két cdu. Theo tiéu chudn TCVN
5574:2018 [13], do vdng tdi da cho phép ciia san
dam 1a L/250, trong d6 L 1a chiéu dai nhip dam.
Viéc tinh toan d0 vong can dua trén tai trong thuc
té va tinh chat ctia vat liéu bé tong cot thép. Cong
thirc tinh d§ vong:
fslfl=1r=QQ/r+A/r), ©)

Trong do, (1/r), va (1/r), lanlugtla dd cong
do tac dong nga"ln han ctia toan bg tai trong va tac
dong ngdn han cua tai trong thuong xuyén va tam
thoi. Trong qua trinh tinh toan va kiém tra tai thoi
diém thi cong, do cong duoc xac dinh nhu sau:
(1/r) = M/D, trong d6 D = Epy Iyeq 12 d0
cting udn cua dién tich mit cit ngang chuyén doi,
E}; 12 mo dun bién dang ctia bé tong dudi Iyc nén
(duoc xac dinh tuy thudc vao thoi gian tac dong
cua tai trong).

4.4 Kiém tra sw xuat hi¢n vét mit (Crack
width)

Vét nirt 13 hién tuong phd bién khi thao d& van
khuon néu két cdu dam-san khong dat cuong do
yéu cau hoidc chiu tai trong qua 1on. Vét nut co
thé 1am giam kha nang chiu tai ctia bé tong va giy
thim nudc, anh huong dén tudi tho ciia cong
trinh. Theo TCVN 5574:2018 [13], chiéu rong vét
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nut t6i da cho phép 1a 0.4mm. Viéc kiém tra va
kiém soét chiéu rong vét nat phai dugc thuc hién
trude va sau khi thao d& van khuon, nhim dam
bao két cdu khong bi anh hudng 16n va giam thicu
cac hién tugng thim niit trong qua trinh sir dung.
Cong thirc tinh chiéu rong vét nit:
M < My = WyRprser = Ney (10)
Trong d6, M va M, 1an luot 1a mdé men va mo
men gy nit cua tiét dién; Wpi = YWreq 1a kha
ning chiu md men dan hdi cua tiét dién cho 16p
bé tong ngoai cung chiu kéo; ey = Wyeq /Areq 12
khoéang cach tur dlem dat cua lyc doc N (nam tai
trong tam cua tiét dién chuyén doi ciia ciu kién)
dén diém 15i xa hon ving chiu kéo, noi can kiém
tra sy hinh thanh vét ntt; W,..4 1a kha nang chiu
md men dan hoi cua tiét dién chuyén dbi cho ving
chiu kéo cua tiét dién, v6i Wieq = Lrea/Ve ;
trong d0, I,.4 12 m6 men quan tinh cua tiét dién
chuyén doi cia cau kién quanh trong tim ctia no,
VOi Iyoq = I + als + all; 1,1, 15 1an luot 1a mo
men quén tinh cua tiét dién bé tong, ctia ct thép
chiu kéo, va cua cbt thép chiu nén; A,.q = A +
adg + aAl; A, A, AL lan luot 1a dién tich mat cit
ngang ctia bé tong, cdt thép chiu kéo, va cdt thép
chiunén; @ = E /E, 1ahé s6 chuyén doi tir thép
sang bé tong: Ve = St red/Ared > tI‘OIlg do St red
12 m6 men tinh cua tiét dién chuyén déi cua cdu
kién quanh 16p bé tong ngoai cung chiu kéo.

4.5 Diéu kién méi truomg va thoi gian thdo dé
Ngoai cac yéu t ki thuat, diéu kién moi trudng
(nhiét dg, dd am) va thoi gian thao dd ciing anh

hudng 16n dén sy an toan khi thao d& van khuon.
Nhiét 6 cao c6 thé 1am cho bé tong dong cung
nhanh hon, trong khi diéu kién Am u6t hodc nhiét
d6 thap c6 thé 1am cham quéd trinh phat trién
cuong do cua bé tong. Thoi gian thdo d&d phai
duoc tinh toan can than dé dam bao bé tong dat
cuong do du trude khi van khuon bi thao do.

5. Cac yéu t6 anh hwéng dén viéc thao do sém
van khuén dim-san

Str dung théng tin tir dy 4n x4y dung ASIANA
[12] dang dugc trién khai tai Da Nﬁng - Viét
Nam, kiém tra hé thong dam-san bé tong c6t thép
tai thoi diém thao d& van khudn vai cac thong tin
chi tiét sau: kich thudc san (8x8)m, bé tong cap
do bén B50 véi cuong do chiunén R, = 36MPa;
thép cbt loai CB500V véi cuong do chay Ry =
Ry, = 435MPa; d6 day san 1a 150 mm; kich
thudc mat cit ngang dam (400x600)mm; 16p bao
vé bé tong day 40 mm, cdt thép 16p trén ¢p14a200;
cbt thép 10p dudi ¢12a100; va khoang cach cac
cot chéng theo hai hudng 1a 1,2m. Viéc kiém tra
thdo d& van khudn sém 1a can thiét dé dam bao
bé tong dat dugc cuong do t6i thiéu. Gia dinh
kiém tra thao d& som duoc thuc hién khi bé tong
dat cuong do BIS5 (Ry, =7,5MPa; Ry, =

0,66MPa; Ry, = 1,0MPa; E, = 21000MPa).

Pé kiém tra cach cac yéu t6 nhu cuong do bé
tong, s6 lugng diém d& va do day san anh hudng
dén kha nang chiu tai, d¢ vong va dg rong vét nirt
cia hé thong dam-san bé tong cot thép (RC),

nghién ctru nay str dung mot mau hé thong dam-
san, duoc mo ta trong hinh vé 2.

(a) Mit bang

(b) B4 tri cot chéng

Hinh 2: M3t bing va bé tri cot chdng hé VKN

bé nghién ctru va phat trién cac giai phap cho
viéc thao d& van khuén dam-san sém, cac tac gia

sir dung phuong phéap phan tir hitu han nhu mot
cong cu phan tich toan dién. Phuong phép nay
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dugc ap dung dé danh gia mot s6 yéu té quan
trong, bao gom luc cit duc 16, do vong va sy nirt
trong ca san va dam. Phan tich tap trung vao hiéu
suat két cAu tai giai doan cu thé khi van khudn
dugc thao d& som hon so vo6i lich trinh thong
thuong. Bang cach ap dung phuwong phap phan tir
hiru han, nghién ctru nhiam cung cap su hiéu biét
chi tiét vé viéc thao d& van khuon sém anh hudng
nhu thé nao dén tinh toan ven két cdu cua hé
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thong dam-san, dam bao rang céc tiéu chi an toan
va hiéu suat dugc dap ting trong cac diéu kién da
diéu chinh. Két qué tinh toan vé choc thung, do
vong va do rong vét nut, twong tng véi khoang
cach cac cot chéng 14 0,8m, 1,6m, 2,4m, va 3,2m,
cung voi cac d6 day san la 80mm, 120mm,
150mm, 200mm, va 300mm, dugc minh hoa
trong cac hinh vé 3, 4 va 5.
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Chii thich: Ty s6 irng sudt cdt = iing sudt cdt toi da /lghd ndng chiu cdt ciia bé tong; Cwong dg chiu nén thiét ké ciia bé
tong du',oc’xa'c dinh dva trén cap cuong do B theo TCVN 55’74.‘2018 [13].
Hinh 3: M0i quan h¢ giita cuong d¢ bé tong va kha nang chong choc thing
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Chu thich: Ty sé d6 véng cho phép [f/L] = 1/250 = 0.004 theo TCVN 5574:2018 [13].
Hinh 4: Moi quan h¢ giita ty so dd vong va d¢ day san
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Chu thich: B¢ rong vét niit cho phép [a_crc] = 0.4mm theo TCVN 5574:2018 [13].
H1nh 5: Mbi quan hé giita d6 rong vét nu“[ va cap do ben bé tong

Hinh v& 3 minh hoa mdi quan hé giita cuong do
bé tong tai thoi diém thao d& (biéu thi bang cap
cudng d9) va kha ning chiu lyc cét duc 16 ciia sin
(duoc biéu thi bang ty s6 Gmg sudt cit = ing suat
cit /kha nang chiu cét) tuong tng v6i cac khoang
cach cot chéng khac nhau (L = 0,8 — 3,2m) va
d6 day san (hy = 80 — 300mm). C6 thé thiy
rang san s& khong gap hién tuong choc thung néu

ty s6 ing sudt cat <1 (duorng mau doé trong hinh
v& 3 biéu thi ty sd tng suét cit cho phép). Tuong
tu, hinh v& 5 minh hoa mbi quan hé gilra cuong
d6 bé tong tai thoi diém thao d& (biéu thi bang
cap cuong d6 B) va do rong vét nit cho phép
([acrc]) twong g v6iL va hs. Trong khi do,
hinh vé 4 m1nh hoa mdi quan he giita ty s6 do
vong (ty s6 d6 vong = d6 vong / nhip) va h, tuong
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tmg véi L (duong mau do trong Hinh 6 biéu thi
ty s6 do vong/nhip cho phép ([f/L]). Mot sb két
ludn duoc rat ra tir két qua tinh toan trong cac
hinh v& 3 dén 5 nhu sau:

- R& rang, viéc danh gia cac tidu chi vé choc
thung, d6 vong, va do rong vét nurt tai thoi diém
th4o d& van khuon 1a rat quan trong dé dam bao
an toan két cu.

- Tang cudng d¢ bé tong gitip cai thién kha nang
chéng choc thung cua san bang cach giam ty sd
{mg sudt cit. Cuong do bé tong co tac dong dang
ké dén kha nang chiu cit duc 16 cua san, trong khi
anh huong ciia n6 1én do vong va nit cua hé dam-
san it rd rét hon.

- V6i do day san 16n hon 100mm, san dap Gng
yéu cau vé do vong cho tat ca cac khoang cach
cot chdng duoc xem xét trong nghién ciru (L =
0,8m - 3,2m).

- Khi khoang céch cot chéng nho hon 3,2m, do
rong vét nit dap Gmg tiéu chuan cho du cuong do
bé tong thé nao.

- C6 thé nhan thiy rang khi bé tong dat cuong
do6 thiét ké B50, hé thong dam-san dap tng cac
yéu cAu an toan vé choc thung, d6 vong va do
rong vét nut, voi didu kién khoang cach cot
chdng khéng vuot qua 1,6m.

- Céc yéu t6 chinh anh huéng dén viéc thao d&
véan khuén sém trong hé théng dim-san bao gom
cuong do bé tong tai thoi diém thao d&, khoang
cach cot chong va do day san.

- Dua trén céc tiéu chi vé choc thing, do vong
va do rong vét nut, co thé két luan rﬁng viéc thao
dd cot chong som 1a kha thi khi cuong do bé tong
dat khoang B12,5 v6i khoang cach cot chong
L<0,8m. Trong truong hop khoang cach cot
chéng L>0,8m, can can nhic cic yéu t6 anh
huong dé dam bao an toan khi thio d& van khudn
som.

- Tai thoi diém thao d& som (voi cuong do bé
tong B12,5), khi L<1,6m, h¢ dam-san s& an toan
néu d¢ day san hg > 150mm. Khi L<2,4m, hé
dim-san s& an toan néu hg > 200mm. Khi
L<3,2m, hé dim-san s& an toan néuh, >
300mm. Tai c4c thoi diém thao d& khéc, c6 thé
sir dung cac hinh v& 3 dén 5 dé xac dinh khoang
cach cot chong va do day san can thiét.

6. Két luan

Nghién ctru da phéan tich mot cach chi tiét cac
yéu t6 anh huong dén qua trinh lap dung va théo
dd hé thdng VKN trong thi cong bé tong cot thép,
dic biét 1a khi thao d& van khudn sém. Cac yéu
td chinh duoc xac dinh bao gém cuong do bé

tong tai thoi diém thao dg, khoang céach cot
chéng, va chiéu day san bé tong. Khi thao d& van
khuon sém, diéu quan trong 1a cuong do bé tong
phai dat toi thiéu 70-80% cuong do thiét ké dé
dam bao két ciu khong bi vong hodc nut. Cudng
do bé tong cao khong chi tang cuong kha nang
chiu luc ma con gitp khang hi¢n tuong duc thing
tai cac cot chdng. Bén canh do, viéc duy tri cac
cot chong tam thoi cling dong vai trd quan trong
trong viéc hd trg két ciu dam-san trong giai doan
dau ciia qué trinh thao d&. Chiéu day san tdi thiéu
150mm d6i vi nhip dudi 1,6m va tir 200mm dén
300mm ddi voi cac nhip 16n hon duoc khuyén
nghi dé dam bao d6 ctng va kha ning chiu lyc
cla san bé tong. Dm voi cac san day hon 100
mm, cac yéu cau vé do vong va chiéu rong vét
nut déu duoc dap (mg, ngay ca khi khoang cach
cot chong 16n hon 3,2m. Cudi cung, nghién ctru
cling khang dinh rang viéc thdo d& sém c6 thé
duoc thuc hién an toan véi cac diéu kién thich
hop vé cuong do bé tong, khoang cach cot chdng,
va chiéu day san. Tuy nhién, viéc 4p dung cac
bién phép an toan va kiém tra k¥ ludng 1a rat can
thiét dé dam bao khong lam anh huong dén chat
lwong va do bén cua két cau.

Nghién ctru mic dui cung cdp nhiéu thong tin
chi tiét vé cac yéu t6 anh huong dén qua trinh
thio d& sém van khuon san dam, nhung van c
mdt s6 han ché can duogc xem xét. Viée thiéu dir
liéu thye nghiém tai cong truong, déc biét trong
bdi canh thyc té tai Viét Nam hodc trong cac diéu
kién khi hau dac thu, khién cho cac mo hinh ly
thuyét va tinh toan k§ thudt chwa hoan toan chinh
xdc khi ap dung vao thyc tién. Bén canh do, cac
yeu t6 moi truong nhu nhiét do, do am, gio va
diéu kién bao dudng bé tong tai cong trudng cd
thé anh huong déng ké dén thoi gian thao dd va
chat luong két cdu, nhung nghién ctru chua ddnh
gia chi tiét mirc d6 tac dong cua ching. Hon nita,
nghién ctu chi tap trung vao van khudn nhya ma
chua xem xét déy du cac loai vat li€u khac nhu
thép, gd hay composite, diéu nay lam han ché kha
nang so sanh hi¢u qua gitta cac loai van khuoén va
chwa cung cép giai phap toi uu cho timg loai cong
trinh cu thé.

Dé khic phuc cac han ché va mo rong pham vi
{mg dung ctia nghién ciru, mot s6 huéng nghién
ctru tiép theo c6 thé dwoc thuc hién. Viée tién
hanh c4c thi nghiém thuc té tai cong truong trong
nhiéu diéu kién thi céng khac nhau, nhu & cac
vung khi hau kho, 4m hodc lanh, s& cung cép dit
liéu thyc nghiém dang tin cdy, giup cai thién do
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chinh x4ac cia cac mo hinh tinh toan va du doan
trong viéc thao do van khuon. Cung véi do, viéc
phat trién cac mo hinh danh gia tic dong ctia moi
truong nhu nhiét 4o va d6 4m dén qua trinh dong
cting ciia bé tong s& hd trg dy doan tbt hon thoi
gian thao d& an toan trong cac diéu kién thi cong
khac nhau. Ngoai ra, cn tién hanh nghién ciru so
sanh hi¢u qua gitra cac loai van khudn khac nhau
nhu nhdm, thép, go va composite dé danh gid tinh
kha thi va hiéu qua kinh té, gitp cac nha thau co
lwa chon tdi wu cho tung loai cong trinh. Cudi
cling, nghién ciru vé tinh bén viing va tac dong
moi truong cua vi¢e sir dung cac loai van khuon,
vOi trong tdm vao kha nang tai s dung, tai ché
va giam thiéu phat thai, s& giup phat trién cac giai
phap xay dung than thién véi moi truong hon.
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Nghién ctru anh hudng cua khoi xay chen dén su lam viéc cua khung bé
tong cot thép cd xét dén anh hudng cua 16 clra

The study on the impact of infill masonry on the performance of reinforced concrete frames
considering the effect of openings.
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Tém tit. Nghién ctru nay khao sat anh huéng cta twdng xy chén (TXC) dén su lam viéc cua khung bé tong cbt thép
(BTCT), dic biét 14 khi c6 su hién dién cia cac 16 md trén tuong. Cac tham s6 khac nhau, bao gom chiéu day tuong (d),
ty 16 mo 16, va sy ddi xung cua cac 16 m&, da dugc phan tich dé xac dinh anh huéng cua chung dén Ung xt cua khung
BTCT. Nghién ctru cho thiy cac 15 mé, dic biét 1a khi duge bd tri khong dbi xung, lam tang dang ké d6 dich chuyen
ngang cua khung BTCT. Tudng moéng (d = 70 mm) nhay cam hon v&i nhiing thay d6i nay, cho thiy su gia ting 16n vé do
dich chuyén va sy giam kha nang chiu lyc cit khi ty 1€ mo 16 ting. Nguoc lai, teong day (d = 330 mm) gidp gidm thiéu
cac tac dong tiéu cuc nay, mic du 16 mo d6i xlng van mang lai hiéu suét 6t hon trong viéc duy tri d¢ on dinh cua khung.
Ngoai ra, phén tich lyc cit cho théy céc khung BTCT véi 16 mé dbi Xximg co thé chiu lyc cat cao hon, ddc biét khi ty 1¢
mé 16 nim trong khoang tir 20% dén 60%, so voi nhimg khung c6 16 mé khong d6i xtmg. Két qua nay nhan manh tim
quan trong ctia viée toi uu hoa chiéu day tuong va b tri hop ly cac 16 mé dé dam bao tinh toan ven va do 6n dinh cta
khung BTCT trong céc khu vuc c6 nguy co dia chin.

Tir khéa: twong xdy chen; tuong xdy chén khung; twong xdy gach; khung bé tong cot thép; tng xir ciia két cau; danh
huong cua viéc mo 16 trén tuong.

Abstract. This study investigates the impact of infill walls on the performance of reinforced concrete (RC) frames,
specifically considering the influence of the openings in the wall. Various parameters, including wall thickness (d), the
ratio of opening size, and the symmetry of openings, were analyzed to determine their effects on structural behavior. The
study demonstrates that the openings, particularly when asymmetrically positioned, significantly increase the lateral
displacement of RC frames. Thin walls (d = 70 mm) are more sensitive to these changes, showing greater increases in
displacement and reductions in shear capacity as the opening ratio increases. Conversely, thick walls (d = 330 mm) help
mitigate these negative effects, although symmetric openings still provide superior performance in maintaining frame
stability. Additionally, the shear force analysis revealed that RC frames with symmetric openings sustain higher shear
forces, especially when the opening ratio is between 20% and 60%, compared to those with asymmetric openings. The
findings underscore the importance of optimizing wall thickness and the strategic placement of openings to ensure the
structural integrity and stability of RC frames in seismic regions.

Keywords: infill walls, frame-infill interaction, masonry walls, reinforced concrete frames, structural behavior, effects of
wall openings.

1. Pit van aé nhu ctra di va cira s0), dic tinh vat liéu va sy phan
bd cta TXC trong khung. P cimg cia TXC
thuong ting kha nang chiu tai trong ngang va
giam do dich chuyén tong thé ciia khung BTCT.
Tuy nhién, su hién dién cia cac 16 md trong
tuong co thé anh huong déang ké dén dong gop
ctia chiing vao phan tng két céu c6 thé dan dén
cac hu hong cyc bg, co ché tang yéu, hodc phan
bd tng suét khong déu. Viéc hiéu 15 nhimg anh
hudng nay 1a can thiét cho viéc thiét ké va dam
bao an toan cia khung BTCT, déc biét 1a trong

Khung bé tong cot thép (BTCT) voi tudng xay
chén (TXC) 1a mot hé két ciu phd bién dugc sur
dung trong céac cong trinh xay dung ¢ Viét Nam
va trén toan thé gidi. TXC, thudng duoc lam
b?mg gach hodc vat li€u xay dung khac, 1a cac
thanh phan khong chiu lyc duoc tich hop bén
trong khung BTCT va anh huong dang ké dén
{mg x1r tong thé cua két cau. Mac du TXC khong
duoc thiét ké chu yéu dé chiu tai trong két céu,
su hién dién cua ching lam thay d6i d6 ctng, do . X n X
bén va dac tinh dong cia khung BTCT. Do do, ¢ khu VUe co nguy €o d(_)qn £ d%t' .
twong tac gitta khung BTCT va TXC tré nén  Lhan Van Hué [1] da chi ra rang su twong tic
quan trong trong viéc hiéu rd kha nang chiu dong gira T%(C va khung BTCT‘xunvg qua13h Sium t?c
dat, phan bd tai trong va dic tinh bién dang cia d9ng cua ;tal trong ngang lam ta:ng d;Q cune non
céc cong trinh xdy dung. Anh hwong ciia TXC cua cac dam khung. Di€u nay da'{l dén viéce thay
1én khung BTCT c6 thé rat phirc tap do nhiéu yéu @i nguyén tic thict ké co ban "dam yeu — oot

£ 2 e \ s 1A s 1R khoe" dugc quy dinh trong céc ti€u chuan thiét
0 nhu do day cua tuong, ty 1¢ cic 16 mo (vi du ké khang chan, khi khong tinh dén su twong tac
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v6i tuong chén. Cac két qua nghién ctru trong bai
bao nay da dinh lugng duogc su gia ting do cliing
va kha nang chiu uén cia dam khung khi xét dén
tuong tac voi tuong cheén dudi tac dong cua dong
dét. Dua trén két qua nay, mot diéu kién thiét ké
méi dd duge d& xuat cho cac cot BTCT nhim
dam bao co ché pha hoai déo xuat hién trong cac
khung BTCT chiu dong dat theo TCVN
9386:2012. Cac két qua kiém tra thong qua phan
tich tinh phi tuyén trén hé két cau khung chén
dugc thiét ké theo TCVN 9386:2012 cho thiy sy
phil hop hoan toan véi cac nghién ctru Iy thuyét.

Dinh L& Khanh Qudc [2] ¢ m6 hinh thanh chéo
tuong duong cai tién (ba doan) do tac gia dé xut
d3a mo phong chinh xac sy phan phdi ndi luc
trong TXC trong giai doan dan hdi, v6i do chinh
xac cao hon so v6i cac mo hinh thanh chéo don
trudc day. Mo hinh nay c6 cu tao don gian va dé
thuc hién, gitp cai thién dang ké kha nang chiu
tai ngang cua khung BTCT c¢6 TXC né€u khe ho
dugc thiét ké hop ly. Trong thi nghiém, khung cai
tién K3a-II cho thdy kha niang chiu tai téi da
(Pmax) cao nhit va qué trinh nit tuong va khung
xay ra gan nhu dong thot. Do cimg cua TXC sau
khi nirt khong giam dot ngdt, cho phép né tiép tuc
tham gia chiu luc cung véi khung BTCT. Cac
dang pha huy quan sat duge trong thi nghiém
tuong dong véi két qua cta cac nghlen cuu trude
day. M6 hinh "Multi-strut" két hop véi khop déo
tap trung va phan tir lién két "Gap-element" duoc
dé xuat dé phan tich Push-over, di mé phong t6t
{mg xtr sau dan hdi va du doan kha ning chiu tai
ngang cuc han cta khung voi TXC dudi cac didu
kién bién khac nhau. Trong thiét ké va tinh toan
cong trinh khung BTCT ¢6 TXC, can tinh dén do
cting ciia TXC dé danh gia day du cac tinh huéng
nguy hiém co thé xay ra.

Dalibor Burilo va cong su [3] da dua trén két
qua thtt nghiém mot mé hinh khung BTCT co6
tudng chén bang gach voi ti 18 1/2.5, gdm ba ting
trén ban rung. Cong trinh dugc thur nghlem voi
muoi chuyén dong nén lién tiép véi gia tdc ting
dan ag/g, dugc ghi lai tai tram Herzeg Novi trong
tran dong dit Montenegro nim 1979 véi cuong
do M6.9. Do 1éch tam ngﬁu nhién, duoc xem la
mot bién ngau nhién, Xuét phat tir sy hu hai
khong ddng déu cia cac tuong chén gach trong
mot cong trinh von di 1a d6i xtmg. Tac dong cua
nod, so v4i cac bién ngiu nhién (thlet ké) khac,
dugc danh gla bang céac hé sd trong s6 va tiép tuc
dugc danh gia thong qua cac quy dinh cia cac bd
tiéu chudn xay dung va nhiing phat hién nghién
ctru hién dai. Phan tich cho théy do 1éch tAm ngau
nhién, so v&i cac bién ngﬁu nhién khéc, trong mot

sO diéu kién nhat dinh c6 thé dat dén cac gia tri
cao hon so v6i quy dinh cta cac bd ticu chuén
x@y dung. D9 tin cdy dia chan khong dat yéu cau
nay canh béo rd rang rang xodn ngau nhién cua
khung BTCT c6 tudng chén bang gach trong diéu
kién tai chd can phai dugc xem xét ngay ca trong
cac cong trinh thong thuong.

Muhammad Umar va cong su [4] d4 chi ra rang
TXC gitp tang cudng do cimg va do bén cua
khung BTCT, nhung chung thuong khong duoc
tinh dén trong qua trinh thlet ké. Khi tuong chén
duoc dua vao thiét ké, can phai xem xét cac 16
mo cho cira va cira so. Nghién ciru nay nham
danh gia anh huong cua cac 16 hong (mo) trong
tudng chén dbi v6i hiéu suat cua khung BTCT ¢
tudng chén. Cu thé, nghién ctru xem xét s6 luong
tuong chén trong cac khung nay. Theo thuc hanh
xay dung hién nay tai Pakistan, hai khung BTCT
c6 tuong cheén véi ty 1€ thue da dugce xay dung
trong phong thi nghiém. M6t khung c6 cta va
ctra sO léch tam (mau thir nghiém-1), trong khi
khung kia c6 cira s0 ¢ trung tam tudng (mau thir
nghiém-2). Ca hai mau thir nghiém déu chiu tai
chu ky ngugc chiéu (thir nghiém gia tinh). Két
qué thyc nghiém cho thay khung BTCT c6 tudng
chén véi it 16 mé hon trong tuong chén thé hién
kha nang chiu tai ngang 16n hon, ting do ctiing va
kha nang ti€u tan nang lugng cao hon so vdi
khung c6 16 mo 16n hon. Ngoai ra, tinh déo
chuyén vi (uD) va Hé s6 Sua doi bap tng (R)
cling phu thudc vao kich thude va s6 luong 16 mo
trong tuong chén cua khung BTCT.

C6 thé thdy riang, sy tuong tic giira khung
BTCT va TXC, nhu anh huong cua céc thong so
TXC, 16 m¢ dén ung xtr ciia két cdu clia cac cong
trinh. Tuy nhién, chua nhiéu nghién ctru dé cap
chi tiét dén su anh hudng cta ty 1€ mo 13, vi tri 15
dén noi lyc va chuyén vi trong két cau khung
BTCT. Vi vay, muc ti€u ctiia nghién ctu nay la
diéu tra anh hudng cia cac dac tinh TXC, dac biét
1a do day va ty 1& 16 md, dén tng xir ciia khung
BTCT dudi tac dong cua tai trong ngang. Thong
qua md hinh phan tich s, bai bao da cung cép cai
nhin sdu sdc vé cach cac tham sb ndy anh huéng
dén do cung, kha nang chiu tai, va hanh vi bién
dang ctia khung BTCT. Nhimng két qua tir nghién
ctru nay s& hd tro tdi wu hoa thiét ké khung BTCT
véi TXC, nang cao d6 an toan va hiéu qua cia
chung dudi tac dong ciia dong dat va cac tai trong
ngang khac.

2. Mt s6 phwong phap mé hinh héa TXC

TXC khung dugc md hinh hoéa nhu mét gidng
chéo theo cac dai chiu nén chéo cua tudong xay.
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Crisafulli va cs [5] da nghién ctu sy 4nh huong
ctia khdi xay chén thong qua 3 md hinh nhu Hinh
v& 1. Crisafulli va cong su da chi ra rang mé hinh
thanh gidng don cho két qua kha tot khi mo
phong tng xir tong thé ciia khung. Tuy nhién, khi

xét dén cu thé mo6 men va luc cét thi mo hinh nay
cho két qua chua chinh xdc, trai lai mo hinh thanh
giang kép hoic thanh giang ba cho két qua chinh
xac hon.

P
(a) (®)

(a) Thanh gidng don

(b) Thanh gidng kep

(c) .
(c) Thanh giang ba

Chii thich: h, la khoang cdch gitta cdc thanh giang; z la chiéu cao TXC; Apg la dién tich thanh giang quy do.
Hlnh vé& 1. Cac mod hinh thanh gidng 4p dung cho khdi xay chén theo Crisafulli va cong s [5]

Dua trén nghién ctru thue nghiém, Polyakov [6]
da dé xuét thay thé TXC trong khung bang thanh
chéng twong dwong co lién két khép & hai dau ndi
tor goc khung co diém dat luc dén g6c ddi dién,
nhu thé hién trong Hinh v& 2. Tuong tu, Smith
[7] dé xuét bé rong thanh chdng twrong dwong nhu
trong Hinh v& 3. B& rong ctia thanh chdng xién
dugc dé xuat xac dinh nhu phuong trinh (1)

Dém i 4
pitt. S B lDam

Thanh chdng

. tiong duing &

Pig!

Pi

i —

Hinh v& 2: M6 hinh thanh gidng cta Polyakov [6]
o

Pi+1_1"| | 'L
(lhl
4 ol
Pi :
gt N

Hinh v& 3: M6 hinh thanh gidng ctia Smith [7]

Wo =\/0{,21+0_'l2 (11)
Trong d6 a;, = h, 1a chidu dai doan tiép xuc
gitra cot va TXC; a; = [, 1a chicu dai doan tiép

, i~ X \ n
xuc gitta dam va TXC; a;, = ;o = 2_/11; An

s
22,
V(Ewd)/(4Ef1h)sin26; A, =
\/(E d)/(4EfIbl)sm26 E, = Ef 1a m6-dun
dan hoi ciia TXC; I, I, 14 mdé mne quan tinh ciia
dam va cot; d 1a chleu cao lam viéc; 6 a goc
nghiéng cua thanh gidng.

Chiéu rong cia thanh chdng xién anh hudng 16n
dén do chinh x4c ctia mo hinh, Mainstone [8] da
dé xuat bé rong hiéu dung nhu phuong trinh (2).

Trong khi, Kwan va Liauw [9] va Ly Tran Cuong
[10] dé xuat bé rong hiéu dung nhu thé hién
tuong ung trong phuong trinh (3) va (4).

Wys = 0,175V12 + h2(A,h)~* (12)
Wys = 0,95hcos0 /N (A, h) (13)

Wys = (I,h + hol)/sin20/21h (14)

Trong d6: 1, h 1a chiéu dai va cao ciia TXC; Ay,
la 4@ manh cia TXC; l, =n/my;h. =1/
m.arctg [3/(T1Ch)+1]’ my, = “kobp /4Eol, 1
dac trung do cliing dam trén nén dan hdi; me =
Vkobo/4EyI. 1a dic trung do cimg cua cot trén
nén dan hoi.

Bén canh d6, Kappos [11] da dé xuat do cling
ctia thanh chdng twong dwong 1a dudng cong
tuyén tinh ba doan, trong d6 giai doan dan hoi do
cung cua thanh dugc xac dinh nhu phuong trinh
(6). Chiéu rong va do ctng cua thanh chéng
tuong duong dugc xac dinh nhu (5) va (6).

s = (Iyh + h.1)/sin26/21lh (15)
k, = 1,71f, (80 + h/d) (16)

Trong do: l,,h, 1a chiéu dai ddm va chiéu cao
tiét dién cot; f,, 1 cudng d6 cia TXC.
3. Phuong phap nghién ctru

Pé nghién ctru anh hudng cua 16 cia trén TXC
dén sy lam viéc cta khung BTCT, mhom tac gia
su dung cac ket qua nghién clru tir thyc nghiém
vé cac thong sb co hoc cuia vat liéu nhu gach dat
sét nung, tuong xdy bang gach dat sét va vira xi
ming, bé tong va cdt thép dung trong khung
BTCT. Tu @6, dua trén cac cong thuc dé xuét cta
céc tac gia da trinh bay & muc 2 dé phat trién mo
hinh s6 dé danh gia sy anh hudng ciia 16 ctra trén
TXC dén chuyén vi ngang, do vong va ndi luc
trong dam va cot khung BTCT.

4. Bai toan nghién ciru
Maic dau cac nghién ctru ve anh huong cua TXC
dén sy lam viéc ctia khung BTCT da dugc nhiéu
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tac gia trong nudc va trén thé gidi nghién cuu.
Tuy nhién, viéc xét dén anh huong cia khéi xay
bang gach dat sét nung theo diéu kién san xuét &
Viét Nam va anh huéng cta céc loai 16 trong
tuong dén sy 1am viéc ciia khung BTCT khi xét
dén tai trong ngang chua dugc nghién ciru sau.
Vi vay, muc ti€u cua bai bao 1a nghién ctru sy lam
viéc ctia khung BTCT (cu thé 1a chuyén vi ngang
va luc cit day chan cot, 0 vong va ndi lyc trong
dam) c6 xét dén anh huong cua TXC khi c6 va
khong c6 16 cira. Dé danh gia anh huong cua khoi
xay chén dén su 1am viée cta khung BTCT c6 xét
dén anh hudng ciia viéc mo 16 trong tuong, nhom
tac gia s dung mot khung BTCT 3 tang, 3 nhip.

% D300x600 D300x600
D300x600 D300x600 %
[Sn

tiét dién dim va cot khung

C300x600
©300x600

D300x600

C300x600
C300x600

D300x600

|__€300x600

j:ﬁéﬂﬂﬂzﬂﬂ__ﬁmﬁﬂﬂ_

[[]_£300x600

(a) Kich thudc

Vé6i nhip L = 6m, chiéu cao ting h = 3,6m.
Kich thuéc dam b X h = (300 x 600)mm, thép
nhip va gbi dam dugc bd tri 5¢25. Kich thudc
cot b X h = (300 X 600)mm, thép cot 10925
duoc bd tri theo chu vi cot. Tai trong dong dat
dugc mo phdéng thanh tinh luc ngang tuong
duong dat tai dinh v6i gia tri 100kN. 3 phuong
4ntao 16 trong tuong gom 16 ctra so (16 601 xung),
16 ctra di (16 khong doi xing) va ting mém (ting
1 khong cé tuong xay).

Céc phuong an tao 10 trong tudng dugc thé hién
& cac hinh vé 5, 6 va7.

(b) Bé tri twong chén khung

Hinh 4: Chuyén vi ngang, mé men (M) va luc cét Q) 16n nhit tai‘ chén cot khungl, truong hQP 16 cira s6. ‘
| | \ =

[
\

1]
[1]

(c)
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HinhIS: Cac phuqng an mo 16. cura soO.
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Hinh 6: Cac phuong an mé 15 ctra di.

—-62--



@ DY TN

# HOI NGHI KHOA HOC TRUONG CONG NGHE VA K¥Y THUAT LAN 4, 2024

(b)

(c0

[1]
[1]
[1]
1]
[1]
[1]
[11]
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[TTT]
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[T
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[1]
[111
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L[]
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)
Hinh 7:

5. Thao luian
Bai toan phan tich dugc thuc hién trén ph?m
mém Sap2000 version 22 két hop vi cac chuong

10

Delta (mm)

20

40 60

Ty 1€ mo 10 (%)

(a) Quan hé giita chuyén vi ngang (A) va ty 16 mé 15
100

100

80
i 3
%\60
S 40 | —e—d=70
d=110
20 d=220
0 —— =330
0 20 40 60 80 100

Ty 18 mo 16 (%)
(c) Quan h¢ glua luc cit (Q) va ty 16 mé 16

(e)

Céc phuong 4n ting mém.

03]

trinh trén Matlab. Dé thuc hién tinh toan céc tac
gia da gia thiét TXC lam viéc dong thoi voi
khung BTCT, va két cdu lam viéc trong gi6i han
dan hoi.

200
3
150
100
—e—d=70
d=220
0 —— (=330
0 20 40 60 80 10
Ty 1€ mé 16 (%)

(b) Quan hé gitta (M) va ty 1é¢ mo 16

Hinh 8: Chuyen vi ngang, mé men (M) va luc cét (Q) 16n nhét tai chan cot khung, truong hop 15 cira so

Hinh v& 8 thé hién sy anh hudng cua ty 16 mé
16 (biéu thi bang phan trim) dén cac thong s clia
khung BTCT (chuyén vi ngang (A) hodc d6 vong
(f), md men uén (M) va Iy cit (Q) véi cac chiéu
day tuong khac nhau d=70 mm,110 mm,220
mm,330 mm duoc st dung phé bién tai Viét
Nam. C6 thé thay rang:

- Chuyén vi ngang (A) ctia khung ting 1én khi

ty 1& mo 16 ting, diéu nay ap dung cho tat ca cac
gi tri chidu day tudng chén d.

- Tuong chén méng hon (d=70 mmvad=110
mm) c6 d6 chuyén vi ngang cao hon dang ké so
véi cac tuong day hon (d = 220 mm va d = 330
mm). Diéu nay cho thdy tuong chén mong it co
kha nang chong chiu véi cac tac dong ngang hon
khi ty 16 mo 16 ting.
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- Khi ty 16 mé 15 ting dén 100%, su chénh léch
chuyén vi ngang giita cac tuong cé chidu day
khac nhau tr¢ nén r6 rang hon, trong d6 tuong
day hon (d = 330 mm) c6 chuyén vi nho nhét.

- M6 men 16n nhit (M) tai chan ¢t khung ting
dan khi ty 16 mo 15 tang.

- Tuong tu v6i chuyén vi ngang, cac tuong
mong hon (d = 70 mm va d = 110 mm) c6 md
men 16n nhit cao hon so vdi tuong day hon.
Tudng day nhit (d = 330 mm) c6 md men nhd
nhét, cho thay kha nang chéng chiu tot hon dbi
v6i cac tac dong gay udn.

- M6 men 16n nhét ting déu dan theo ty 1& mo
16, nhung tdc d6 ting giam dan khi ty 1&é mo 15
dat t61 khoang 80%-100%.

- Lyc cét 16n nhat (Q) tai chan cot khung c6 xu
hudng tang khi ty 16 mo 18 ting dén mot gia tri
nhét dinh (khoang 60%), sau d6 giam nhe khi ty
16 mo 10 tiép tuc tang dén 100%.

-Céac tuong chén mong hon (d=70 mm va d =
110 mm) thé hién su tang luc cat nhanh hon khi
ty 16 mo 16 tang tir 0% dén 60%. Tuy nhién, khi

0.5

0 20 40 60 80 100
Ty 16 mé 16 (%)
(a) Quan h¢ giita 46 vong () va ty 1 mé 15
80

/7//7
—e—d=70
d=110
d=220
——d=330
0 20 40 60 80 100
Ty 18 m& 16 (%)
(a) Quan hé¢ giira Luc cit (Q) va ty 16 md 16

ty 1€ mo 16 vuot qua 60%, luc cat bat dau giam.

- Tuong day hon (d =220 mm va d = 330 mm)
¢6 luc cat 1on nhat on dinh hon khi ty 18 mo 16
vuot qua 60%, chimg minh kha nang chéng chiu
tot hon ddi véi luc cit.

Chiéu day ctia tuong chén (d) anh hudng manh
m& dén kha ning chiu tai ciia khung BTCT ¢6 mé
16 cira s0. Tuong mong hon dé bi anh huong boi
cac 16 mo 16n, din dén sy gia tang dang ké
chuyén vi ngang va md men udn. Trong khi do,
tuong day hon cung cip kha ning chdng chiu tbt
hon, giam thiéu anh hudng cua 16 mé déi véi cac
gia tri chuyén vi, m6 men, va lyuc cit. Ty 1lé mo 16
tir 0% dén 60% anh hudng manh nhat dén luc cit,
chuyén vi, vd m6 men udn; khi vuot qua 60%,
anh huong nay c6 xu huéng giam hogc 6n dinh.
Céc két qua nay rat quan trong cho thiét ké t6i uu
khung BTCT c¢6 tuong chen, déc biét trong viée
xac dinh chiéu day tuong va ty 18 mo 10 hop 1y
nham dam bao an toan va hiéu qua két cau.

160

120

80

M(kNm)

0 20 40 60 80

Ty 1& mé 16 (%)
(b) Quan hé gittra M6 men (M) va ty 16 mo 18

Hinh 9: B¢ vong (f), m6 men (M) va luc cét (Q) 16n nhat ddm khung, truong hop 18 cira sd.

Tir hinh v& 9 ¢6 thé thiy dugc mdi quan hé gitra
f, M va Q cia dim khung véi ty 16 mo 16.

- Do vong ctia dam (f) ting dan theo ty 1& md 16
(%). Didu nay ap dung cho tat ca cac gia tri chiéu
day tuong chen (d).

- Céc tuong chen méng hon (d=70 mm vad =
110 mm) c6 d6 vong 16n hon dang ké so véi cac

tuong day hon (d = 220 mm va d = 330 mm).
Tudng chén day hon cho thdy kha ning chong
chiu tot hon véi cac tai trong tac dong lén dam.

- Khi ty 16 mé 15 dat t6i 100%, su khac biét vé
dd vong gitta cac tuwong day (d =220 mm vad =
330 mm) va méng tré nén rd rét hon. B vong
16n nhit quan sat duoc ¢ twong mong nhat (d =
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70 mm).

- M6 men 16n nhéat (M) tai dim khung tang 1én
khi ty 1& mé 16 ting. Pudng cong cia mo men
tang déu dan tir ty 16 mé 16 0% dén 100%.

- Céc tuong mong hon (d=70 mm vad= 110
mm) c¢6 mdé men cao hon so véi cac tuong day
hon (d =220 mm va d = 330 mm). Diéu ndy cho
thay tuong chén day hon ¢ kha ning chdng chiu
t6t hon truorc tac dong cuia cac tai trong gay ubn.

- Ddi véi tat ca cac gia tri cua d, m6 men tang
nhanh nhét khi ty 16 mé 15 ting tir 0% dén 60%,
va sau do 6n dinh hoic ting nhe.

- Luc cit 16n nhét (Q) tai dam khung ting dan
khi ty 16 m¢ 16 tang. Piéu nay ciing 4p dung cho
tat ca cac gia tri cua d.

- Céc tuong chen méng hon (d=70 mm vad =
110 mm) cho thay lyc cat ting nhanh hon so voi
cac tuong day hon (d =220 mm va d =330 mm).

100 | —e— M6 men (M)
80 Luc cit(Q)
Chuyén vi ngang (Delta)
60
s
«g 40
'3
v 20
0
20 40 60 80 14)0
-20
Ty 18 mo 16 (%)
(a)d = 70mm
100 —e— M0 men (M)
80 Lirc cit(Q)
60 Chuyén vi ngang (Delta)
< 40
<
= 20
75
0
20 20 40 60 80 100
-40 —
Ty 1€ mo 16 (%)
(c)d = 220mm

Sai s (%)

Sai sb (%)

Luc cét 1én nhat dat duoc khi ty 1€ mo 16 nam
trong khoang tir 60% dén 80%, sau d6 giam nhe
hodc 6n dinh.

- Tudng chén day hon cho thdy su 6n dinh hon
trong luc cat khi ty 18 mo 18 tang dén 100%.

Nhu vay c6 thé thdy ring chiéu day cua tudng
chén (d) anh huong 13 rét dén d6 vong, mod men,
va lue cét tai dam khung trong trudng hop mo 16
ctra s6. Tuong moéng hon din dén d6 vong, mo
men, va luc cit 16n hon, cho thdy do cimg cua
khung bi giam dang ké. Ty 16 md 16 tir 0% dén
60% c6 anh huong 16n nhit dén cac thong s két
cau; khi vuot qua 60%, mic d6 anh hudng c6 xu
hudng giam. Cac két qua ndy nhin manh tam
quan trong cua viéc Iya chon chiéu day tuong
chén va ty 16 mo 16 hop 1y dé dam bao an toan va
hiéu qua cua hé thong két cau.

100 |
—e— M6 men (M)
80 Lyc it (Q)
Chuyén vi ngang (Delta)

60

40

20

0
20 40 60 80 14)0
-20
Ty 16 mo 16 (%)
(b)d = 110mm
120
—e— M0 men (M)
100 <
Luec cat (Q)

80 Chuyén vi ngang (Delta)
60

40

20

0

20 20 40 60 80 100
-40

Ty 18 mo 16 (%)
(d)d = 330mm

Hinh 10: Quan he gitra sai s6 (%) va ty 18 mé 16

Hinh v& 10 thé hién mdi quan hé giira sai so (%)
va ty 18 mo 18 (%) cho mé men (M), luc cat (Q)
va chuyén vi ngang (A).

TXCvoid =70 mm:

- M6 men (M): Sai s6 giam dén tir khoang 85%
khi ty 1¢ mo 16 1a 0% xudng con khoang 0% khi
ty 16 mé 16 dat 100%. Sai sb giam déu, cho thay
su cdi thién d9 chinh xac khi ty 1€ mé 16 tang.

- Lyc cit (Q): Sai s6 bat ddu & mirc cao (khoang
80%) va giam manh xubng gan -20% khi ty 1¢ ma
16 dat 60%, sau d6 6n dinh gan mirc 0% khi ty 1¢
mo 16 12 100%.

- Chuyén vi (A): Sai sb  glam dan tir khoang 90%
dén 0% khi ty 1¢ mé 15 tang tir 0% dén 100%.
Chuyén vi giam dan déu, twong tu nhu mé men.

TXCvoid =110 mm:

- M6 men (M): Sai s6 bat dau & muc 80% va
giam déu xudng gan 0% khi ty 16 ma 16 dat 100%.

- Luyc cat (Q): Sai s khoi dau & muc 70% va
giam nhanh xuéng khoang -20% khi ty 1¢ mo 16
1a 60%, sau d6 6n dinh hon so véi truong hop d
=70 mm.

- Chuyén vi (Delta): Sai s giam dan tir khoang
85% dén 0% khi ty 1¢ mo 15 ting, cho thdy xu
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hudng twong tu nhu mé men va luc cit.

TXCvoid =220 mm:

- M6 men (M): Sai s6 ban dau khoang 70% va
giam déu xudng 0% khi ty 1¢ mé 16 dat 100%.

- Lyc cit (Q): Sai s bat dau & muc 60% va
giam nhanh xuéng khoang -40% khi ty 16 mo 16
dat 60%, sau d6 6n dinh gan mirc 0%.

- Chuyén vi (Delta): Sai s6 giam tir khoang 75%
xudng 0%, cho thiy xu huéng giam déu theo ty
1& m¢ 16.

TXCvoid = 330 mm:

- M6 men (M): Sai s6 khoi dau & mirc 60% va
giam déu xudng 0% khi ty 1¢ mo 16 dat 100%.

- Lyc cit (Q): Sai sb bat dau khoang 50% va
giam xudng gan -40% khi ty 1& mo 16 dat 60%,
sau @6 6n dinh & mirc gan 0%.

- Chuyén vi (Delta): Sai s6 giam tir khoang 65%

10

Delta (mm)

0 20 40 60 80 100
Ty 18 mo 16 (%)
(a) Quan hé giita Chuyén vi ngang (A) va ty 16 mo 16

100

80

——

~ 60
= —e— d=70
o 40 d=110
20 d=220
/ ——d=330
0
0 20 40 60 80 100

Ty 18 mo 16 (%)
(c) Quan h¢ gilta Lyc cit (Q) vatylemo 16

xudng 0%, tuong tu nhu cac biéu dd khac.

Nhu vay co the thay rélng, sai sO clia cac thong
s6 két cAu (md men, luc cit, chuyén vi) giam dan
khi ty 1¢ mé 15 ting, diéu nay cho thdy cac mo
hinh va phuong phap tinh toan tré nén chinh xéac
hon khi ¢ thém céc thong tin vé ty 18 mo 1. D6i
Vi tht ca cac gia tri chidu day tuong chén (d), sai
sO giam nhanh nhat khi ty 16 mé 16 ting tir 0%
dén 60%, sau d6 giam cham lai hodc 6n dinh.
Nguyén nhan do lic nay ty 1é mé 16 1én nén anh
huéng cia TXC dén su lam viéc cua khung
khong dang ké. Cac sai s6 16n hon & cac truong
hop tuong mong hon (d =70 mm vad =110 mm)
$0 voi cac truong hop tuong day hon (d = 220
mm va d = 330 mm), cho théy do 6n dinh va do
chinh xac cao hon véi tuong day hon khi tinh
toan cac thong s6 két cau.

180
160 L
140
120

E 100

< 80 —=d=70

= 60 a=110

40 42220
28 —— 32330
0 20 40 60 80 100

Ty 1& mé 16 (%)
(b) Quan hé gitra M6 men (M) va ty 1 mé 15

Hinh 11: Chuyen vi ngang (A), mé men (M) va luc cét (Q) 16n nhit tai chan cot khung, truong hop 16 cira di.

Biéu do trén gdm ba phan (a), (b) va (c) thé
hién mdi quan hé giira ba théng sd ch1nh chuyén
vi ngang (A), mé men (M), va lyc cit (Q) véi ty
1¢ mo 16 (%) trong khung tudng cé cira di, cho
bbn gia tri d6 day cua twong (d): 70, 110, 220, va
330 mm.

Hinh vé 11(a) thé hién moi quan hé gitta chuyén
vi ngang (4) va ty 1é mé 16 (%):

- Po thi cho thdy chuyén vi ngang (A) cua
khung ting dan khi ty 16 m& 16 (%) ting lén.

- P9 chuyén vi nay tang rd rét hon khi ty 16 mo
16 dat tir 40% dén 100%.

- Cac dudng biéu dién cho thay, véi do day
tudong nho (d=70 mm), chuyén vi ngang 16n hon
so voi cac gid tri day tuong 16n hon (d=110,
d=220, va d=330 mm). Piéu nay chi ra rang,
turong mong dé bi bién dang hon khi ¢ sy mo 16
16n.

Hinh vé 11(b) thé hién moi quan hé giita M6
men (M) va ty 1é mo 16 (%):

- M6 men (M) trong khung ciing tang khi ty 1¢
m& 16 (%) ting 1én.

- Tuy nhién, sy gia ting m6 men c6 xu hudng
tuyén tinh hon so voi chuyén vi ngang.
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- Péi véi tudong day hon (d=330 mm), su gia
tang md men it hon so voi cac twong mong hon,
cho thdy kha ning chiu lyc cia tuong day cao
hon khi c6 ma 16.

Hinh vé 11(c) thé hién méi quan hé giita M6
men (M) va ty I¢ molo (%):

- Péi véi lyc cét (Q), ¢6 su gia tang nhanh
chong khi ty 18 mé 15 (%) tang tir 0% dén khoang
60%, sau d6 dat cuc dai va c6 xu hudng giam nhe
khi ty 18 mo 15 tiép tuc ting 1én dén 100%.

-Dbi voi twong day hon (d=330 mm), luc cit
cao hon dang ké so v6i cac tudong mong hon, chi
ra rang tuong day c6 kha ning chiu luc cit t6t
hon.

10
3
8
E; 6
g 4 —e—d=70
g d=110
2 d=220
o —a—d=330
0 20 40 60 80 100

Ty 18 mo 16 (%)
(a) Quan hé giita 6 vong (f) va ty 18 mo 15

140
120
100
= 80 ‘
Z
g 60
0 220
23 —— =330
0 20 40 60 80 100

Ty 18 mo 16 (%)
(a) Quan hé giita Lyc cit (Q) va ty 1é m& 18

-Su giam nhe cuda luc cit khi ty 1€ mo 15 16n ¢c6
thé do su thay ddi trong phan bd g suét va bién
dang cua khung.

Nhu véy c6 thé thiy, d6 day cta tuong va ty 1¢
mo 16 trong khung tuong cé anh huong 16n dén
chuyen vi ngang, mé men, va luc cit trong két
cau xay dung. Tuong day hon va ty 1¢ mo 16 thap
hon 1am giam sy bién dang va tang kha nang chiu
luc, trong khi tuong mong hon dé bi bién dang
hon va cé kha nang chiu Iyc kém hon khi ty 1¢
mé 15 cao. Diéu nay nhan manh tdm quan trong
cua viéc lya chon d¢ day tuong va kich thude mé
16 phi hop trong thiét ké két cau xay dung.

200

0

20 40 60
Ty 18 mo 16 (%)

(b) Quan hé giira M6 men (M) va ty 16 mé 15

80 100

Hinh 12: D6 vong (f), mé men (M) va lyc cit (Q) 16n nhét trong dim khung, truong hop 1 cira di.

Hinh v& 12 thé hién su lién quan gitra cac dai
lugng khac nhau f, M, Q vaty 1é mé 16 (voi cac
chiéu day tuong d=70mm, 110mm, 220mm, va
330mm).

Quan hé giita do vong (f) va ty 1é mé 16:

- Xu hudng chung: P9 vong ting dan theo ty 18
mo 16 tidng, thé hién rang khi ty 16 ma 16 ting thi
kha nang chiu u6n ctia dam bi suy giam.

- So sanh gitta cac gia tri d: V6i d nho hon
(d=70 mm), d6 vong 16n hon so véi d 16n hon
(d=330 mm) & cung mot ty 1& mo 156. Pidu nay
cho thay rang khi day d6 d ting, két cAu trd nén
cling cap hon va it bi bién dang.

Quan hé giiva M va ty 1é mo 6.

- Xu huéng chung: M6 men ciing ting dan theo
ty 1& mo 16, cho théy kha nang chiu lyc cia Kkét
c4u thay ddi dang ké khi ty 16 mo 15 thay doi.

- So sanh gitta cac gia tri d: Tuong tu nhu do
vong, khi day d6 d nhé (d=70 mm), m6 men l6n
hon so véi day d6 d 16n hon (d=330 mm). Diéu
nay khang dinh két cdu day hon s& cting hon, chiu
mo men t6t hon.

Quan hé giita Q va 1y 1é mé 16.

-Xu huéng chung: Lyc cit ban dau ting vdi ty
1¢ mé 16 cho dén khoang 60%, sau d6 giam dan.
biéu nay co thé cho théy su mat 6n dinh hodc hu
hai trong két cau khi ty 1& m& 16 vuot qué 60%.

- So sanh gitra cac gia tri d: Gia tri lyc cét cao
nhat d6i véi d = 330 mm, sau d6 1a d = 220 mm,
d =110 mm, va d = 70 mm. Piéu nay cho thay
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két cAu véi day d6 d 16n hon c6 kha nang chiu luc

cat tot hon.
Nhu véy c6 thé thay, tang ty 16 mo 16 1am ting
d6 vong va md men nhung c6 thé 1am giam kha
10

—e—d=70

Delta (mm)

4
o d=110
2 d=220
——d=330
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Hinh 13: Chuyén vi ngang (8), m6 men (M) va lyc cit (Q) 16n nhat tai chén cot khung, truong hop tAng mém.
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Hinh 13 mé ta méi quan hé giira chuyén vi
ngang (A), mé men (M), va luc cit (Q) vai ty 18
mé 16 trong cot khung cho truong hop tang mém,
v6i cac gia tri khac nhau cua chiéu day tudng (d
=70, 110, 220, 330 mm).

Quan hé gitia Chuyén vi ngang (4) va ty 1é mo
lo.

- Chuyén vi ngang () ting khi ty 1é ma 16 ting,
bat ké chiéu day tuong (d).

- Chuyen vi 16n nhat dugc quan sat khi tuong
c6 chiéu day nho nhat (d = 70 mm), cho thiy ring
tuong méng hon kém kha nang chiu luc hon.

- Khi chiéu day tudng ting, mirc do gia ting cua
chuyén vi ngang giam di, ching to rang tudng
day hon c6 kha ning giam su bién dang do luc
tac dong 1én cdt khung.

Quan hé giita M6 men (M) va ty 1é mé 16.

- M6 men (M) ting khi ty 1é mé 16 ting, véi mo
men 16n nhat xay ra ¢ ty 16 md 16 cao nhat.

- O moi gia tri day tuong (d), mé men c6 xu
hudng tang tuyén tinh voi ty 16 mo 15.

- Tuong day hon (d =220 mm va d = 330 mm)
duy tri kha niang chiu mé men tét hon so véi cac
tuong mong hon, nhung su khéc bi¢t khong qua
16n.

Quan hé giita Luc cdt (Q) va 1y 1é mé 16.

nang chiu luc cit cua dim khi vuot quéa mot
ngudng nhat dinh. Day d6 d 16n hon giup két cdu
chiu luc tot hon, giam dd vong, mo men va luc
cat hiéu qua hon.
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- Luc cit Q) giam dan khi ty 16 mo 16 ting,
ngoai trir mot sb truong hop dic biét.

- Pudng biéu dién cho thiy sy giam dan cua luc
cét rd rét nhat ¢ tudng co chiéu day nho (d = 70
mm).

- DBiéu nay chimg t6 rang khi ty 16 mo 15 ting,
kha nang chiu luc cit cta coOt khung giam di, dac
biét la voi cac tuong co chiéu day nho.

C6 thé thay rang, sy anh huong cua ty 1€ mo 16
va chidu day tuong lén chuyén vi ngang, mo men,
va lyc cat tai chan cot khung trong truong hop
tang mém. Tudng c6 chiéu day 16n hon cai thién
dang ké kha nang chiu lyc, gitp giam chuyén vi
ngang va duy tri mé men va luc cat & mirc d6 6n
dinh hon. Cac két qua nay rat hiru ich trong viéc
thiét ké va toi uu hoa két cdu cot khung dé dam
bao an toan va hiéu qua.

Hinh 14 cho thay mbi quan hé giita d6 vong (f),
md men (M), va lyc cat (Q) lién quan dén ty 18
mé 18 trén tudng trong két ciu khung c6 tang
mém.

Pé vong (f) so voi 1y 16 mé 16 trén twong:

- Khi ty 1& mé 16 trén tudng ting, do vong (f)
ciing ting d6i voi tat ca cac do day tuong (d =
70,110,220,330 mm). Xu huéng niy dong
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nhit & cac gia tri 46 day tuong khac nhau, cho
thdy rang cac 16 m& 16n hon dan dén do vong 1on
hon, bat ké do day tuong.

- Téc d6 gia ting d6 vong twong ddi dong déu
cho dén khi ty 1¢ mo 16 dat khoang 60%. Vuot
qua diém nay, tc d6 ting cua do vong trd nén
dang ké hon, dic biét dbi véi tudng co do day d
=70 mm va d =330 mm.

M6 men (M) so voity lé mo 16 trén twong:

- M6 men (M) cho thay sy gia tang vira phai vdi
ty 16 mo 16 trén tudng cho tat ca cac do day. Pén

40% ty 16 mé 16, cac dudng cong cho tt ca cac
d6 day gan nhu chong Ién nhau, cho thiy phan
ung m6 men tuong tu.

- Véi cac ty 16 md 16 16n hon (trén 60%), cac
méd men bit dau tich biét nhe, vai tuong co6 do
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day d =70 mm cho thay mirc tang 16n hon so véi
cac loai khac. Piéu nay ngu y rang cac birc tudng
mong hon co thé chiu mé men cao hon khi bi tac
dong boi cac 16 mé 16n.

Luee cdt (Q) sovoity lée mo 16 trén twong:

- Luc cat (Q) ban dau ting 1én khi ty 18 m& 10
tang dén khoang 40%, sau d6 co xu huéng 6n
dinh hodc giam nhe.

- Béi v6i cac bl tuong cd do day 16n hon (d =
220 mm va d = 330 mm), luc cit dat dinh sém
hon so vi tuong mong hon (d =70 mm va d =
110 mm), cho thay rang cac birc tuong day hon
c6 kha nang chiu lyc cit tot hon dén mot ty 1é mo
16 nhat dinh. Sau d6, hiéu qua dudng nhu giam di.

160
A
120
80
—e—d=70
40 d=110
d=200
——d=330
0
0 20 40 60 80 100

Ty 1& mé 16 (%)
(b) Quan hé giira M6 men (M) va ty 16 mé 15

Hinh 14: f,M, va Q 16n nhét trong dim khung, truong hop t?mg mém.

C6 thé thiy rang, ting ty 1¢ mo 18 trén tuong
anh huong déng ké dén phan tmg két cdu vé mat
dd vong, mo men, va luc cat. Cac tuong co do
day khac nhau phan tng khac nhau, voi tuong
mong hon thuong cho thay do vong 16n hon va
md men cao hon. Ddi véi cac két cau c¢6 16 mo
16n, can chd v dén viéc lua chon do day tuong dé
cén bang gitra tinh linh hoat va 6 bén. Tudng c6
do day trung binh (vi dy, d = 110 mm va d =220
mm) duong nhu cung cap hiéu suat can bang hon
gitta d6 vong, md men va lyc cit, dic biét trong
céc kich ban v6i 16 mé vira phai trén tuong.

Hinh 15 the hién sy so sanh vé chuyén vi ngang
A va lyc cdt tai chan cot Q cho cac truong hop

khac nhau: 16 dbi ximg va khong ddi xing, ciing
nhu tang mém, qua ty 1& mo 16 va do day tuong
khac nhau. Hinh 15 (a) va (c) Quan h¢ gitta
chuyén vi ngang (4) va ty 1é¢ md 16 (%). C6 thé
thy rang:

- Chuyén vi ngang (3) tang theo ty 1é mo 18, va
su gia tang ndy rd rét hon trong trudng hop 16
khong dbi xtmg so vai 16 dbi xung. Diéu nay co
thé 1a do sy phan b6 khong dong déu cua tai trong
va d6 cung cua hé thdng trong truong hop 16
khong d6i ximg.

- Trong trudng hop tang mém, chuyén vi ngang
ciing tang dan theo ty 1& mo 18, nhung c6 mot sb
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diém vuot troi hon (cac duong biéu dién cho
truong hop day tuwong 16n hon - d=330).

Hinh 15 (b) va (d) thé hién quan h¢ giita lyc cit
(Q)va ty 16 mé 16 (%). C6 thé nhan xét nhu sau:

- Lyc cit (Q) tai chan cot cho thiy su thay do6i
khac nhau giita 16 ddi xtmg va khong d6i xing.
DPbi vai 16 khong dbi xung, luc cit tai chan cot co
xu huéng gidm nhe khi ty 1é mo 16 ting. Ngugc
lai, d6i voi 16 dbi ximg, lyc cit c6 xu huéng duy
tri 6n dinh hodc tang nhe.

- Tang mém ciing c6 xu hudng twong tu, nhung
v6i sy bién d6i rd hon gilta cac do day tuong khac
nhau, cho thay tinh chat cta tang meém c6 anh

huong manh dén sy phan bd lyc cit trong cot.
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Nhu vay c6 thé thdy rang, chuyén vi ngang chiu
anh huong 16n boi ty 1& mé 15, va mirc d6 ddi
xung ciia 16 mé ¢o tac dong dang ké dén do6 cung
va bién dang cua h¢ théng. Luc cit tai chan cot
c6 su thay ddi tuy thudc vao cAu hinh cua hé
thong (16 dbi ximg hay khong d6i xtng) va diéu
kién cia ting (ting mém hay khong). Do day
tuong (d) anh huong rd rét dén ca chuyén vi
ngang va luc cit, dic biét trong cdc trudong hop
16 khong d6i xtng va tang mém, cho thay sy can
thiét phai lya chon hop 1y céu hinh 15 va d6 day
tuong dé dam bao hiéu suit tdi wu va an toan cia
cong trinh.
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Hinh 15: So sanh chuyén vi ngang A, mé men M va lyc cit Q cho cac trudng hop.

Két luan

Bai béo dd cung cip cai nhin siu sic vé anh
huéng cia TXC dén sy lam viéc cua khung
BTCT khi c6 cic 16 mé trén twdng. Qua cac phan
tich da thyc hién, 6 rang r@ing cac yéu t6 nhu
chiéu day tuong, ty 16 mé 15, va sy doi xtng cua
16 mé& c6 tac dong dang ké dén tmg xir cua két
c4u ctia khung. Dya trén cac phén tich vé sy anh
huong cia ty 1¢ mo 16 dén chuyén vi ngang, mé-
men ubn va luc cit cua khung BTCT véi cac
chiéu day tuong khac nhau, ta c6 thé rat ra két
luan nhu sau:

1. Chiéu day tuong chén anh huéng manh mé
dén kha nang chiu lyc va do cimg cua khung
BTCT: Tudong day hon (d = 330 mm) gitip ting

cuong kha nang chéng bién dang, giam chuyen
vi ngang va duy tri md-men udn ciing nhur lyc cit
cao hon so véi tuong mong hon (d = 70 mm).
biéu nay dac biét ro rét khi ty 1€ md 16 tang.

2. Ty 16 m& 16 anh hudng dang ké dén cac thong
s0 két cau:

- Chuyén vi ngang: Tang Ién khi ty 1&¢ mo 15
tang, dic biét 1a ddi véi cac tudng mong. Tudng
day hon c¢6 chuyén vi nho hon, gitp cai thién do
ctng cua khung.

- M6-men udn: Ciing tang khi ty 16 mo 16 ting,
cho thdy su gia ting tai trong udn lén khung.
Tudng day hon c¢6 kha ning chiu mé-men ubn tbt
hon, duy tri d6 bén 6n dinh khi ¢ su hién dién
clia cac 16 mé.
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- Lyc cat: Thudng giam khi ty 16 md 16 ting, do
dién tich chiu luc giam. Tuy nhién, tuong day
hon van duy tri kha niang chdng chiu lyc cat t6t
hon.

3. Anh huéng cua ty 16 mo 16 thay ddi theo do
day tuong chén: Péi voi cac tudng mong, ty 18
ma 15 tir 0% dén 60% gay ra su thay ddi 1on nhét
d6i voi cac thong sb két cu, trong khi khi vuot
qua 60%, muc d6 anh hudng giam hodc 6n dinh
hon.

4. Lya chon chiéu day tuong chén va ty 1& mo
16 pht hop 14 yéu td quan trong trong thiét ké
khung BTCT: Dé dam bao an toan va hiéu qua
két cdu, can can nhic k¥ ludng cac yéu té nay.
Tudng day hon c6 wu thé trong viéc duy tri kha
nang chiu luc va do cung cua khung khi c6 cac
yéu cau vé mo 13, trong khi tuong mong dé bi anh
hudng hon bdi cac thay ddi trong ty 18 ma 10.

Ttr cac phan tich trén, co thé két luan réng viéc
lwa chon chiéu day tuong hop 1y va bb tri 16 mo
d6i xing 1a nhitng yéu té quan trong trong thiét
ké cac cong trinh sir dung khung BTCT ¢6 TXC,
dac biét & nhiing khu vuc c6 nguy co dia chin
cao. Cac két qua nay khong chi gop phﬁn lam
sang to nhiing anh huéng cia tudong chén dén két
cau ma con dua ra cac huéng dan quan trong cho
viéc thiét ké va t6i uu hoa cong trinh xay dung.
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Giai phap thong minh xur 1y rac thai hitu co
Smart Solutions for Organic Waste Management

Ping Ngoc S§', Vii Duong’,H6 Ngoc Huy'", Dinh Hitu Quang', V& Minh Long' , Nguyén Hiru Chién',
Nguyén Duy Linh!

"Trung tam Co khi, Dai hoc Duy Tdn, Da chng, Vigft Nam
2 Truwong Cong nghé va Ky thudt, Pai hoc Duy Tan, Pa Nang, Viét Nam
*Email: ngochuy12072001@gmail.com

Tém tit- Viét Nam 1a qubc gia c6 lwong phat thai khi nha kinh (KNK) theo théng ké nam 2014 13 283,97 triéu tin CO2
chiém 0.61% so véi thé giéi. Dy bao dén nam 2030 1a 977,1 triéu tn. Trong d6, phat thai trong linh vuc ning lugng
chiém ti 1& 16n nhat (chiém 73,1%), linh virc cong nghiép vuot 1én ding vi tri thir hai (15,1%), linh vic néng nghiép dimng
thir ba (chiém 12,1%) va linh vyc chit thai ding thtr tu (chiém 5,0%). Trong linh vic néng nghiép, dir liéu ciia CEL
Consulting cho thay, ty 16 & nhom rau qua la cao nhat, khoang 32% san lugng, tuong dwong véi khoang 7,3 triéu tin rau
qué bi thit thoat mdi ndm, nganh thit, ty 1& that thodt 1én téi 14%, twong duong khoang 694.000 tan mdi nam, nhom ca
va thily san c6 ty 1 that thoat khoang 12% san lugng, tuong dwong 804.000 tin mdi nim.

Co t6i 87% ho gia dinh nguoi Viét thira nhén da lang phi it nhét hai dia thirc n mdi tudn — theo Food Bank Viét Nam.
Com, biin, phé va mi chiém ty trong 16n nhét trong biéu dd nhimg loai thirc 4n bi ling phi (68%), ké dén 1a thit c4 nu
chin (53%) va rau cu (44%). Thuong thi chit thai thyc phdm dugc tron 13n véi chit thai thong thuong, gay ra mbi nguy
hai cho sirc khoé cong dong va tac dong tidu cuc dén moi truong thong qua hiéu tmg khi thai nha kinh.

Nhan théy ty 1& phan bd phat thai khi nha kinh va tinh trang ling phi thyc phim ngay cang tang, nhom nghién ctru ching
t01 tap trung nghién ctru hé thong chuyén dbi chét thai hitu co thanh ning luong dé sir dung cho cong dong va phan bon
giau chét dinh dudng, c6 thé dugc sir dung trong cac khong gian xanh cua thanh phé. Hé thong thiét ké dam bao mé dun
hoa cac bd phén, va 1a hé théng mé&, nén c6 thé phat trién trong tuong lai. H¢ thong bao gom: by phan nghlen chit thai va
sau d6 dua vao buong nhiét kin khi. Buong nhi¢t dugc cap nhiét (lam nong) dé tiét trang chét thai nhim phuyc vy cho
khong gian xanh, ddng thoi khau yém khi dé san xut khi sinh hoc Biogas tao ra ngudn ning luong tai tao mai. Khi biogas
duoc chuyen @i thanh nang lugng dién thap sang, tram xac va phuc vu cho chinh no.

Tir khéa: Nha mdy dién biogas, khi nha kinh, nang heong dién, ndng heong tdi tao, tdi ché rc thdi, rac thai hitu co.

Abstract - Vietnam is a country with greenhouse gas (GHG) emissions according to statistics in 2014 of 283.97 million
tons of CO2, accounting for 0.61% of the world. The forecast by 2030 is 977.1 million tons. In which, emissions in the
energy sector accounted for the largest proportion (accounting for 73.1%), the IP sector ranked second (15.1%), the
agricultural sector ranked third (accounting for 12.1%) and the waste sector ranked fourth (accounting for 5.0%). Data
from CEL Consulting shows that the rate in the fruit and vegetable group is the highest, about 32% of production,
equivalent to about 7.3 million tons of fruits and vegetables lost each year. For the meat industry, the loss rate is up to
14%, or about 694,000 tons per year. The fish and fishery group has a loss rate of about 12% of production, equivalent to
804,000 tons per year.

As many as 87% of Vietnamese households admit to wasting at least two plates of food per week — according to Food
Bank Vietnam. Rice, vermicelli, pho and noodles accounted for the largest proportion of wasted food (68%), followed by
cooked meat and fish (53%) and vegetables (44%). Often food waste is mixed with conventional waste, causing a hazard
to public health and a negative impact on the environment through the greenhouse gas emission effect. Recognizing the
increasing rate of greenhouse gas emission distribution and food waste, our research team focused on researching a system
that converts organic waste into energy for community use and nutrient-rich fertilizers, which can be used in the city's
green spaces. The design system ensures the modularization of the parts, and is an open system that is scalable, so it can
be developed in the future. flexibility and efficiency. The system includes: waste crushing unit and then feeding into the
airtight heat chamber. The heat chamber is heated (heated) to sterilize waste to be suitable for green space, and anaerobic
annealing is used to produce biogas. The biogas is converted into electrical energy for lighting, charging stations, and
servicing itself.

Keywords: Biogas power plant, greenhouse gases, lectric power, renewable energy, waste recycling, organic waste.

1. Gi6i thiéu ky khi (Anaerobic Digestion) 1a Van Helmont,
e . ngudi dé phat hién ra rang khi sinh ra tir chat hiru
1.1 Tim hi¢u vé mdy xit ly rdc hitu co co rét d& chay vao thé ky 17. Va nim 1776, Volta

Tur nhi€u the ky, con nguoi da bi€t chat hitu co két luan rang co sy lién két gitra lugng chét hiru
co thé tao ra khi dot. Cac tai liéu ghi lai cho thdy  co dugce st dung va lwong khi sinh ra. Sau d6 ndm
loi ich cua n6 hang ngan ndm nay. Ngay tr 900 1808, Sir Humphry Davy da xac dinh rang phan
TCN, khi sinh hoc da dugc str dung d€ dun nudc b9 tao ra methane tai mot trang trai tai Bombay.
tam tai Assyrua, va ngudi tién phong vé phanhiy  Nam 1895 Exeter try thanh trung tim AD cua
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Anh khi khi sinh hoc dugc thu hoi tir hé théng
nude thai va dung dé thip sang dén duong. Mot
hé théng gdm hai bé vira xr Iy lang can vira xir
1y chat thai & Hampton nam 1904,

Sw phat trién cua cong nghé¢ khi sinh hoc

900 TCN ==

Khi sinh hoc dung dé dun nwéc
tam

—  Théky17

Phat hién khi dé chay tir chit thai

1776 ==

Lién két lwgng chat hiru co voi
lwgng khi sinh ra

—— 1808

Phat hién khi methane tir phin bo

1859 ¢

Khi sinh hoc dwgc dung tai trai
phong

— 1895
Khi sinh hoc tir nwéc thai dung dé
thap dén duong
1904 =
Bé xir Iy trim tich va bin déu tién
dwoc lap dat
= 1970s
AD phat trién manh sau khiing
hoang dau mo
2000s =
Quy dinh niing lrgng tai tao thic
day AD
= 2010s
Khi sinh hoc tir AD dwoc cong
Hién nay nhin tiém ning lon.
& z A4
AD cung cap nang lugng cho hon
1 triéu hj gia dinh.

Hinh 1. Qua trinh phat trién cia tai ché chat hitu co thanh
nang lugng [2]

Pau thé ky 20 bang sang ché dau tién duoc cap
tai Pirc cho bé Imhoff. Nhitng nam sau 1920 ra
doi hé thong bé kin, va tir nam 1930 khi vi sinh
hoc tré thanh mdt nganh khoa hoc va thuc déy
nghién ctru ti uu cac diéu kién cho AD.

Cudc khung hoang dau mo OPEC trong nhing
nam 1970 da day manh sy tim kiém nhiing ngudn
nang lugng ngoai nhiéu liéu hoa thach. Quoc hoi
My ciing da thong qua cac dao luét cho phép cac
cong ty mua nang lugng tir cac co s AD du tiéu
chuan. Pai hoc Cornell 14 noi tién phong & My
c6 thé xtr Iy phan ctia 60 con bo, didu nay da thic
day hon 140 co s¢ & trén khap nudc My. Nhiing
nim 70 ¢ Trung Qudc ciing co hon 6 triéu hé
thdng twong tw, dang vira va nho trén cac trang
trai.

Sang nhitng nam 2000, chinh phi1 d yéu cau sir
dung nang lugng tai tao tai cac nudc nhu Anh,
Scotlan va xar Wales. Chinh sach nay quy dinh
cac nha cung cép dién phai ting ti 16 san xuat dién

tlr cac nguén tai tao. Va 8 nam sau Dao lut Bién
déi Khi hau ctia Vuong qudc Anh dua ra myc tiéu
cit giam 80% luong khi thai gdy hi€u ung nha
kinh vao nim 2050. Va cac niam tiép theo, Uy ban
Bién d6i Khi hiy kéu goi Chinh phu cac nudc
phat trién ddy manh thyc hién cac budc giam khi
thai nha kinh. Vao nim 2010 hd trg Ning lugng
tai tao cho dién da duogc gisi thiéu, va Uy ban
Bién d6i Khi hau di cong nhan tiém ning 16n ciia
khi sinh hoc tir AD va thuc hién chién luge va ké
hoach hanh dong AD.

Nam 2017 hon 100 triéu tan chat thai hitu co da
duogc xir Iy tai Anh, di dé cung cip niang lugng
cho hon mét triéu gia dinh[2].

Nhu vy ching ta ciing da thiy duoc tiém ning
rat 1én cua chat thai hitu co, tuy nhién tai Viét
Nam van chua tan dung dugc nhitng ngudn ning
luong tir rac thai mot cach hiéu qua. Mot phén do
y thirc ngudi dan va mot phan chwa c6 chinh sach
ho trg va xir phat cic hanh vi sai pham.

Mo hinh chung vé xir 1y rac thai dugc néu trén
Hinh 2.

Nu nwréng Dign

3
&
& Hinh 1: Qua trinh tao nang lugng tir rac hira co’

Hinh 2. Téng quan qué trinh [6]
1.2 Muc tiéu nghién ciru

Tinh toan va thiét ké hé thong chuyén ddi chat
thai hiru co thanh ning luong dé st dung cho
cong dong va phan bon giau chét dinh dudng, co
thé dugc st dung trong cac khong gian xanh ciia
thanh phd. Hé thdng dap tmg dugc cac tidu chi
nhu sau:

- Hé thong co thé xir Iy 50kg rac thai hitu co
trong mot ngdy va tao ra dugc hon 20m? khi
metan.

- Luong dién ning san xuat trong mot ngdy co
thé duoc 40kW du lwong dién dé chiéu sang va
sac cho cac thiét bi dién tir co ban.

- Tong trong lwong ctia hé thong khoang 300kg
va chiém khoang 2m? dién tich.

- Phu hop véi cac khu vuc dong dan cu, rac thai
hiru co thudng bi chon 1ap chung.

- Xay dugc moi chét hitu co va céac chét véo co
c6 trong thirc an thura.

- C6 gia thanh phu hop vé6i diéu kién kinh té &
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Viét Nam.

- Thiét ké c6 tinh mé dun héa cao, dé dang bao
tri ciing nhu thay thé linh kién.

- Hé thdng xir Iy tu dong it ¢6 sy can thigp tir
con nguoi.

2. Phwong phap nghién ciru
2.1 Nghién ciru thi truong ndi dia.

Thyce trang thu gom rac thai hién tai cia Viét
Nam pho bién nhu Hinh 3.

Thu gom rac

tai ho gia
dinh

L]

| chén lap

L ) A}

Hinh 3. Quy trinh thu gom rac [10]

Qua trinh thu gom va xir Iy rac thai ¢ nudc ta
nhu sau: Bat dau tir cac ho gia dinh rac duoc cho
vao thung chira hodc bao tai, khong dugc phan
loai cu thé. Sau d6, nguoi dan ty van chuyen rac
ra trudc nha déi véi khu phd, va cac diém tap két
chung cho céc khu dan cu. Tiép theo, cong nhan
v€ sinh hoac nguoi thu gom rac s€ st dung xe ba
gac dé gom rac tr cac khu dan cu, chg, quan xa
va chuyén dén khu tap két 16n. Sau khi tap két,
rac thai s& duoc xir Iy bang cach chon 14p hodc

dbt. Do voi rac hitu co, tai mot s6 khu vuce, ngud
ta s€ tdn dung lam phan compost, phuc vu nong
nghiép gitp giam thiéu 6 nhidm méi truong va
tan dung tai nguyén tur rac thai.

Cong nghé san xuat phén tir réc hitu co di phat
trién manh mé & quy mé céng nghiép, tuy nhién,
rac thai do thi voi khdi lwong nho va phan tan
khip noi trong thanh phé lai rat kho dé xi 1y.
2.2 .Phuong phip thu gom ric thai ( tip quin)
va thiét Iip mé hinh thu gom mdi,

M3di ho dan trong khu vuc s€ tu chuyén rac hiru
co dén diém tap két, noi may nghién tu dong hoat
dong khi nhan rac. Qua trinh nay khong chi tao
ra nang luong ma con san Xuat phan hiru co. Khi
c6 nhu céu, ngudi déan c6 thé den khu vyc nay dé
1y phén vé str dung cho cay trong.

2.3 Phuong phip i yém khi rdc thii hivu co

5 A Qu trinh tao Qua trinh tao
% [Thiy/phan 5 axit HY metan 1

Protein phan hiy thanh axit
amin

Carbohydrate phan hdy thanh
dudng

Chéat béo phan hiy thanh axit
béo chudi dai

Axit amin va dudng chuyén
héa thanh sén pham trung

3 gian

Axit béo chudi dai chuyén héa
thanh axit axetic hodc san
phém trung gian

Céc san pham trung gian
chuyén d8i thanh axit axetic,
Hz, va COz

Axit axetic bi phan hiy thanh
metan va COz

Hz v COz dudc chuyén déi
tryc tiép thanh metan

Hinh 4. Qua trinh phan huy ky khi

Qua trinh phan hity ky khi chat hitu co bao gom
3 giai doan chinh: Thiy phén, qua trinh tao axit
va tao khi metan[4].

-Thily phan: Phan huy chit hitu co phirc tap
thanh cac don vi nhé hon.

Protein — Amino acid

Carbohydrate — Puong don (Glucose)

Chét béo — Axit béo chudi dai + Glycerol

- Qua trinh tao axit: Chuyén doi cac san phim
trung gian thanh axit axetic, hydro va CO2
Amino acid/Pudng — San pham trung gian +
CHsCOOH
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Axit béo CH;COOH + San pham trung gian

San pham trung gian CH:COOH + H + CO:

-Qua trinh tao khi Metan: San xuit khi metan
tur axit axetic hodac tir H2 va CO2

CH3:COOH — CH4 + CO-

4H> + CO2 — CHa4 + 2H20

2.4 Cidc yéu té inh huong qud trinh i yém
khi.(Hinh 5 va 6)

Thanh phan khi biogas

Metan (CHs)  Cacbon Dioxit (CO:z) Hydro (H2) Nito (N2) Hoi nude(H20)

Hinh 5: Thanh phéan c6 trong khi biogas[3].

g Mesophilic:
~37°C

Thermophilic:
~52°C

§

ke 6.5-8, Ly
tuong 7.2

Téi uu hoa

1-6 kg
COD/m¥/ngay

" Khuay lién
6 Khudy tron «0 tue
_,| [(a] TyieeN H@ S ]

Hinh 6. Cac yéu t6 anh huéng dén qué trinh )

Cac yéu t0 quan trong anh hudng t6i qua trinh san xuét

biogas bao gom:

- Nhiét d¢ t6i wu cho vi sinh vét ua 4m 1a 37°C
va 52° cho sinh vét wa nhiét d6 cao, d6 pH tu 6.5-
8 va do pH 1y tuong 1a 7.2 dé hé vi sinh hoat dong
hiéu qua nhét.

- Luong nap tai hitu co s€ tr khoang 1- 6kg
COD/m’/ngay néu qua cao s& gdy qua tai, con
néu qué thap s& khong di ngudn thic an cho vi
sinh vat phat trién. 7 i o
- Phai lién tyc khuay tron dé qua trinh dién ra dong déu.

- Ty 1€ Carbon va Nito (C/N) phai nho hon 30/1
dé dam bao lugng carbon va nito can bang cho vi
sinh vat st dung.

Va trong hé thong cac thong sd, chung t6i lua
chon diéu khién s& 1a nhiét do, d6 pH va lugng
men vi sinh s& duoc thém vao dé hd trg cho qua
trinh phan hity chét hitu co.

- Tai Bang 1 su hién dién ctia kim loai nang,
khang sinh va chat ty rira dugc st dung trong
réac thai c6 thé gay wc ché qua trinh tao khi sinh
hoc tai.

san Xll(‘l[
biogas

)

Bang 1: Nong do gi61 han (mg/1) cua cac chat
uc ché khic nhau

Chat mg/l
Ddng 10-250
Canxi 8000
natri 8000
magie 3000
niken 100-1000
Kém 350-1000
Crom 200-2000
Sunfua 200
Xyanua 2

2.5 Phuwong phap tich phin hitu co va khi
biogas (Hinh 7)

Cic thanh phén cia chit thai hivu co

Chit thai 6 thi Chit thai tir ca

Chit thai thye

_ Chit thai tir 10 md
pham

La cay

Hinh 7. Céc chét hitu co phd bién & thanh thi
Réc thai hitu co tir ho gia dinh bao gdm nhiing
thuc phém thura, 14 cdy, va cac vét liéu sinh hoc
khac. Phan hay ky khi (AD) gitp chuyén hoa
thanh biogas dé san xuét ning lugng va phan bon.

2.6 So' dé luu triy khi biogas va chuyén doi
thanh dién nang(Hinh 8)

Bo lam sach khi -
A i
|

Loai bo H:S -1 eh b
Loai bé nuée -1: ~ [ v U gomBbloges

; : S0 db luu trir ‘- Béchura
Loai b6 CO: -~

khi biogas va
chuyén dai

san xuatdien (@) - lhénéh dién
nang

Nang lugng co hoc -1:

= -[:ﬁ; Dong co hodc may phét biogas ]

E-- Dong co dot

' '~ Mdy phat dién
Nang luong dién --

Hinh 8. So d6 Iuu trit khi biogas va chuyén dbi thanh
dién nang[7].

Qua trinh luu trit khi biogas va chuyén doi
thanh dién niang gdm cac thanh phan sau:

Bé chita khi biogas: Biogas sau khi dugc sinh
ra tir qué trinh phan hay ky khi trong bé phan ting
s€ dugc luu trir trong binh khi.

Tiép theo s& qua bo phan lam sach khi, trudce
khi khi dugc st dung, biogas phai duoc loc dé
loai bo tap chat nhu H,S nude hodc CO: gitip bao
vé thiét bi va nang cao hiéu xuit qua trinh chuyén
doi.

Sau khi khi dugc lam sach s€ duoc dua vao
dong co d6t hodc may phat dé chuyén déi ning
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lugng hoa hoc va sinh hoc trong khi thanh nang
luong co hoc hodc dién nang, tr d6 c6 thé phuc
vu cho chinh hé thong, thap sang va tram sac.

3. Két qua nghién ctru
3.1 Thiét ké tong thé hé thong

H¢ thdng xir 1y rac thai thong minh dugc céu
tao tur nhitng bo phén chinh sau (Hinh 9): @

(D Khung h¢ thng

(@ May nghién rac thai

(® Bon chira chit thai 1

@ Bom luu dong 1

® Haé théng khudy

(® Bon chira chat thai 2

@ Bom luu dong 2

Thuing chira phan

(@ Binh chita dung dich héa hoc

May bom dung dich

@ Thung dién

@ Binh chira khi

@ May phat dién khi biogas

Khung hé théng (1) dugc 1am tir thép inox 304,

cac chi tiét khac duoc gin trén d6. Khung hé
thong c6 kha niang chiu tai trong 1én dén 300kg
chiéu dai 1,5m chiéu rong 1m, chiéu cao khoang
1,3m. May nghién (2) ¢6 v6 1am bang thép inox
304 c6 kha niang nghién moi chat hitu co thanh
nudc dang sét. Bon chira chat thai 1 @ la noi
chtra chét thai & dang 1ong sau khi dugc nghién
v6i dung tich 40L. M4y bom nhu dong 1 (4) 1a
dong co bom chat thai tir bon s6 1 qua bon sb 2.
Pong co khudy (5)bao gdm dong co, hop giam
tdc, truc truyén dong va canh khuéy, c6 tac dung
tron déu chat 1ong c6 trong bon chita. Bon chira
ky khi (6) ¢6 dung tich 65L va la khong gian kin
dé cho qué trinh phan tmg ky khi dién ra, trong
bdn co nhirng cam bién nhu cam bién nhiét do,
cam bién pH dé 1dy dir liéu sau d6 cap tin hiéu
cho vi diéu khién dé ting giam pH va nhiét do.
Bom nhu dong 2 (7)cé tac dung bom phén hitu
co sau qua trinh ky khi ra bén ngoai. Thung chira
phan (8) 1a noi chira phan va lam kho phan dé
ngudi dan co thé sir dung. Binh chira dung dich
(9) chit kiém c6 tinh bazo va thém axit nhu
H>S04,HCI. Binh bom dung dich @) dung dé
thém dung dich hoa chit va men vi sinh dé qua
trinh dién ra ¢ diéu kién tot nhat. Hop dién chaa
@ chira bd diéu khién PLC va chta toan bod
mach dién. Bdn chira khi @ sau khi khi duoc tao
ra tlr qua trinh ky khi s& duoc lIuu trir lai bon chia
s€ dugc bao v¢ boi van xa ap, va hé théng loc khi
CO2, H2S va nudc. May phat dién @, sau khi hé

®
@

thong tach dugc khi biogas thi s& dugc may phat
dién chay bang khi cho ra ngudn dién dé cho may
hoat dong dong va mot phan du thira s& dugc luu
trir bang ic quy.

O] gy

Of ]
; S,/_ .
!
L
R = .

0

Hinh 9a. So d6 c4u tao hé théng (1-11)

Hinh 9b. So d6 ciu tao hé thong (12-13)
3.2 Thiét ké hé thong nghién rdc

Hinh 10. May nghién rac thai
May nghién dugc thiét ké chic chan, phu hop
Vi viée xtr 1y cac loai chat thai hitu co trong quy
trinh xtr 1y rac hiru co. Hinh dang cua thiét bi bao
gém mot phéu thu gom & phan trén, gitp tiép
nhan rac mot cach dé dang va hi¢u qua. Rac hiiu
co s€ di qua by phan nghién c6 nhiém vu cit, xé,
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xay va nghién nho rac thai thianh nhimg manh
vun nho hon, bo phan nghién hoat dong dua trén
co ché banh rang doi, cho luc xoay manh mé, xtr
ly duoc nhing loai rac thai déo hodc cing. Cau
tric don gian nhung cho hi€u qua cao, c6 kha
nang lam viéc lién tyc v6i luong rac 16m, didu nay
g6p phan nang cao hiéu qua san xuat khi biogas.

3.3 Thiét ké hé thong binh khuiy

Hinh 11. Binh yém khi

Binh khudy dugc thiét ké cho quy trinh ky khi
trong san xuat khi biogas, bao gdm dong co, bo
giam tde, truc truyén Iuc va canh khuéy tron dé
khéy tron chat thai hiru co. Pién tré nhiét dang
vong ong gitp duy tri nhiét d6 1y twong cho qué
trinh phan huy sinh hoc. Binh u ky khi gitr moi
truong yém khi, t6i wu hoa qua trinh 1én men va
san xudt khi biogas hiéu qua.

3.5 Tinh toin ning lwong cho hé thong

Loai chit
thai hiru co’
Chét thai thuc pham 0.52 ‘
Chét thii b thi 0.50
Chat thai co thé d(,mAg 0.53
vat |
Bun so' cip 0.38
Bun sinh hoc 0.17
“hit thai sinh hoat |
C IAll(ll.l su.n 10;_11 0.43
phan loai tai nguon |
Ngb 0.61
Cé 0.57 Khéi
[ : lwgng kh

" biogas
g
(m*/kg)

Hinh 12. Khéi luong khi bigas tao ra tir cac chét thai hiru
co[5]

V6i hé théng xtr 1y chat thai hitu co thong minh,
ching t6i ¢ thé bién rac thai thanh ngudn nang
luong sach va bén virng, chung t61 mong muén
quy mé cta san pham dudi 100 nguoi, s& phat

thai 40-50kg chét thai hitu co mdi ngdy, du dé san
xudt 18-22,5 m3 khi biogas. Khi biogas nay sau
do duoc chuyen hoa thanh dién ning, cung cp
mot ngudn ning luong dé duy tri hoat dong cua
may va c6 thé ding dé luu trit cho nhimg muc
dich str dung khic. Mdi ngay may tiéu thu trong
khoang 6-12 kWh dién va cho ra dugc 43-75
kWh vuot xa luong dién tiéu thy dé van hanh
chinh né, tir d6 chung t6i c6 thé 'dung luong dién
d6 dé chiéu sang va luu trit vao ic quy dé sac cho
cac thiét bi dién tir. Pidu nay khong chi giam
thiéu rac thai dwa ra méi trudong ma con gop phan
giam thleu su phu thugc vao cac ngudén nang
luong truyén thong.

4. Két ludn

Cong ngh¢ xr ly rac thai hiru co ky khi da dugc
phat trién manh m& & quy mé cong nghiép, tuy
nhién rac thai d6 thi v6i khdi luong nho va phan
tan khap thanh phd lai kho xtr 1y. Giai phap cung
cap mot ban thiét ké thong minh cho quén 1y rac
thai hitu co ¢6 kha nang xur 1y rac thai tir nhiéu
dia diém db thi khac nhau v6i quy mé linh hoat.

Séang kién nay thé hién sy chuyén dbi sang sur
dung cac h¢ thong phuc hoi va tai tao. Mdi nim
doi ngi gdém niam khu vyc c6 thé tai tao khoang
1.000 tan rac thai khoi bai chén lap va giam thiéu
gan 2.700 tan khi CO2 tuong dwong. Khi mo
rong trén toan Viét Nam chung toi co thé tai tao
tGi 21.000 tan rac thai khoi bai chon lap va giam
khoang 55.000 tan khi CO2 twong dwong. Hon
nita, giai phap con dé xuét ca vé khia canh giao
duc va dao tao nham khuyén khich ap dung rong
rii hé thong nay va toi da hoa loi ich xa hoi tir
chlen lugc quan ly rac nay. Ching t6i lac quan
rang voi ~cong nghé sang tao, chung ta co thé cung
nhau blen rac thai thanh tai nguyén. Tuy nhién
van dé Ve phan loai rac hitu co tai ngu6n van con
1a mot van dé nan giai, ching ta hdy cung nhau
thay d6i dé c6 mot méi truong song tot hon.

Bai nay méi chi dé cap tinh toan Iya chon mot
s6 thong s chinh cua hé thdng do viéc tinh toan
thé ké hé théng dong bd doi hoi phai co thém
ngudn lyc.

C6 nhitng tiéu chi dé hé thong c6 thé chuyén d6i
nang lugng sinh héa thanh nang lugng hoa hoc,
thanh nang luong dbt hodc nang lugng dién. Mt
khéc can phai lam sach khi loai bé H»S, loai bo
khi CO, dé han ché sy 6 nhiém méi truong va cho
hiéu suit dbt dat hiéu qua cao nhat. bay s¢ 1a ndi
dung chinh trong nghién ctru tiép theo dé tiép tuc
cong bo.
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Phén tich va danh gia mac do rai ro ddi véi két cau khung thép lién két
dan hoi chiu tai trong tinh theo mé hinh mo

Analysis and risk assessment for steel frame structures subject to static loads according to
the fuzzy model

Tran Thanh Viét

Khoa Xdy Dung — Truong Cong nghé va Ky thudt- Pai Hoc Duy Tan
Email: ttviet05@gmail.com

Tém tit: Bao céo trinh bay hai ndi dung: (i) Phan tich két cdu khung thép nhiéu ting, :[rong d6 d6 cimg cac lién két va
tai trong tinh 1a cac dal luong khong chac chan cho dudi dang cac SO mo tam glac Chuyen vi, ndi hrc duoc xac dmh bang
(i1) Tinh toan muc do rui ro dwa trén so sanh chuyen vi md 16n nhét véi tiéu chuén thiét ké. Gia tri rui ro tinh theo cong
thirc t){ s6 dién tich, ap dqu cho t‘ruorpg hop tiéu chudn cho phép cho bdi mot gia tri xac dinh. Cac vi du s6 duoc thyuc
hién doi voi khung thép phang nhiéu tang.

Tir khod: Khung thép, Lién két mo, Phwong phdp phan tir hitu han mo, Thudt todn tién héa vi phén.

Abstract: The report presents two contents: (i) Analysis of multi-story steel frame structure, in which the stiffness of the
connections and the static loads are uncertain quantities given in the form of triangular fuzzy numbers. The displacements
and internal forces are determined by fuzzy finite element algorithm (FFEM) based on the application of the optimal level
- a method with the optimal solution of differential evolution (DE); (ii) Calculating the risk level based on the comparison
of the largest displacement with the design standard. Risk value calculated according to the formula of area ratio,
applicable to the standard case allowed by a specified value. Numerical examples are performed for multi-storey plane

steel frames.

Keywords: Steel frame, Fuzzy connection, Fuzzy finite element method, Differential evolution algorithm

1. Mé dhu

Céc lién két trong két cau thép anh huong nhiéu
dén sy 1am viéc chung ciia két cau. Theo truyén
thong, khi phan tich va tinh toan két ciu khung
thép, lién két dam — cot, chan cot - mong duoc
quan niém thiét ké nhu 1a lién két ngam hodc lién
két khép. Thuyc té tmg xir cta lién két nay c6 kha
ning xoay twong doi giira dam va cot, giita chan
cot voi mong khi chiu luc. Tie 1a lién két khop sé
xut hién m6 men va nat ctng sé& c6 tinh mém déo.
Do véy céc lién két nay 1a lién két nira cung. Tuy
nhién, viéc xac dmh d6 cung cua lién két, trong
thuc té, dya vao cau tao cu thé, chi tiét ciia mdi
lién két, rat kho xac dinh chinh xéc. Vi vy ¢ thé
xem d6 cimg cia cac lién két nay 1a nhiing dai
luong khong chic chin va vige biéu dién mirc
cing cia cac lién két bang s6 mo 1a hop ly
[1,2,3,4]. Chinh vi vy ma cac lién két nay trong
khung thép dugc goi 1a lién két nira cimg mo
(fuzzy semi — rigid connections). Ngoai ra, cac
yéu to dau vao, dic biét 13 tai trong cling the hién
su khong chéc chan va co thé mo ta boi cac s6 mo.

Trong nhirng nim gan day, mot s tac gia khac
da thyc hién phan tich tinh két cAu véi lién két
mo. Phén tich khung thép phing hai tang — mot
nhip c6 lién két dan hoi ¢ hai dau dam va tai trong
mo bang phuong phap gidi tich, sau do dung
phuong phap t6 hop dé xac dinh ham thudc tng

suat mo tai cac tiét dién nguy hiém [1,2]. Trong
[4], cac tac gia da tinh noi lyc va chuyén vi khung
thép phang hai tang mot nhip c6 lién két nira
cing mo (lién két dam — ¢0t, chén cot — mong)
bang phuong phép t6i wu va phuong phép t6 hop
.Bai bao [5] d& phan tich phan tir hitu han mo dao
dong tu do khung phang lién két cting dya trén
phuong phap mit phan ing (RSM) cai tién véi
ham thay thé 1a da thirc bac hai day du, trong d6
tai trong, cac dac trung hinh hoc, dic trung co
hoc c6 dang s6 mo tam giac cén. Viéc st dung
RSM cho thay tinh hiéu qua ddi véi cac bai toan
két cau phurc tap co bién mo 16n. Trong [6], tac
gia da tinh ndi lyc va chuyén vi khung thép phang
c6 lién két dan hoi o hai ddu dam bang phuong
phap phan tir hiru han va khao sat sy thay doi noi
luc theo sy thay ddi cua do cung lién két. Theo
mot hudng tiép can khac, trong [7,8,9], tac gia da
dé xuét thuat toan tién héa vi phan (DE) — mot
thuat toan tim kiém hiéu qua va don gian cho viéc
t61 wru toan cuc trén khong gian lién tuc, tir d6 van
dung vao viéc phan tich két cAu md bang phuong
phap tbi wu mirc o.

Trong bai bao ndy, cac tac gia tién hanh tinh
toan chuyén vi mo va danh gia mic do rui ro két
c4u khung thép phang c6 c6 do cimg lién két mo
va tai trong mo c¢6 dang s6 mo tam giac. Phuong
phap PTHH mo duge thyc hién voi thuat toan
tién hoa vi phan két hop téi wu mirc a. Mirc do
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rti ro cua két ciu duge danh gia qua cong thirc ty
s6 dién tich [11] theo diéu kién cung. Mot vi du
bang s6 phan tich tinh khung thép phang chiu uén
bay téng — ba nhip, d6 ctng lién két dAm — cot,
chan c6t — mong va tai trong ¢6 dang s6 mo tam
gidc cin dwoc minh hoa lip trinh bing
MATLAB.

2. Phén tich va danh gia mirc d rui két ciu
khung thép chiu tii trong tinh theo mé hinh m¢

2.1 M6 hinh phin tii hitu han véi lién két dzan hoi

Khao sat khung phang chiu tai trong tinh, ¢
lién két dAm — cot va chan cot — mong 1a lién Kkét
nita cung véi quan h¢ mo men va géc xoay dan
hoi tuyén tinh, 6 cimg cua lién két 1a k, phuong
trinh co ban cua phuong phap phan tir hitu han
md hinh chuyén vi dugc viét nhu sau

[K]{u}={r} (D

trong d6 [K],{u},{f} 1a ma tran dd cling, vec to
chuyén vi nut, vec to tai trong nat ciia khung.

Ma tran d6 cing ciia phan tir thanh lién két dan
héi trong mé hinh nay dugc viét nhu sau

k)

[K]=[TT [K][T] @)
trong do [Ee} 1a ma tran d6 cimg phan tir thanh
hai dau lién két ctng
[7] 12 ma tran chuyén [6,10], dang ctia né phu
thudc vao lién két dan hdi xuit hién ¢ mdi dau
thanh.
) E A1 .
i o)
-k ky .
l L ]
Hinh 1. Phan tir thanh hai dau lién két dan hoi
Trong h¢ phuong trinh (1), khi cac dai lugng tai
trong dau va do cimg cua lién két 1a cac sb mo,
do d6 két qua dau ra chuyén vi va noi luc phan tur
cling 1a cac s6 mo. Cac lién két mo da duoc thé
hién trong mot s6 nghién ctru trude day. Hinh 2
minh hoa ham thudc do cing mo cua lién két voi
muoi mét miac cing duoc danh s6 tir 0 dén 10,
trong d6 mirc cimg 0 trong tng v6i lién két khép,
mirc cing 10 tuong tmg véi lién két ngam, cac
mirc cimg tir 1 dén 9 twong tmg véi lién két nia
cung, trén co so tham khao céc tai liéu [1,2,3,4].

kNm/rad

2000 3000 4000 5000 6000

7000

8000 9000 10000 11000 12000 k

Hinh 2. Ham thugc tap mo d¢ cting cua lién két voi muoi mot mue mirc cing

2.2. Toi wu murc a voi thuit todn tién hoa vi

phin (DE)

Phuong phap tbi tru murc o dugc xem nhu 1a mot
cach tiép can tong quat cho viéc phan tich két cAu
mo. Trong d6, tit ca cac bién dau vao md duge
ro1 rac hdéa thanh cac mirc do thudc goi la lat cit
o. Ung voi mdi lat cit o, ta c6 khoang ciia cac
bién dau vao va tim khoang cic gia tri dau ra
bang cac thuat toan t6i wu (tim max, min) khac
nhau. Qua trinh t6i wu v6i mdi mirc o dugc chay
tryc tiép trén mo hinh phén tu hitu han va danh
gia gia tri ham muc tiéu dau ra nhiéu lan dé dat
dén mot 1oi giai chap nhén dugc, lam tang thoi
gian tinh toan. Thudt toan t6i wru tién hoa vi phan
(DE) [7.8], dugc d& xuit dau tién boi Storn va
Price, 1a thuat toan t6i uu dya trén quan thé. DE
la mdt thuat toan don gian, dé sir dung, hdi ty toan
cuc tot hon va manh hon thut toan di truyén
(GA), do d6 thich hop cho cac bai toan tdi uu

khac nhau. Cac budc thuc hién co ban cua DE
nhu sau :

Véi ham muc tiéu f(x), ta can tim kiém tdi wu
toan cuc trén khong gian lién tuc cac bién : x
= {xl}, Xi € [xi,min , Xi,max], i= 1,2,...11.

Vi mdi thé hé G, quén thé ban dau duoc xay
dung ngau nhién trong mién cho phép cua cic
bién doc 1ap theo cong thc :
xk,i(0) = Ximin + rand[0,1]. (x1 max - Xj mm) i= ..n (3)

trong d6 rand[0,1] — so thuc ngau nhlen phén bd
déu trong khoang [0,1].

Qua trinh tién hoa lap s€ dugc thuc hién nhu
sau:

Budc 1 — Dot bién : Vecto dot bién y dugc tao
ra tir quan thé xx(G), k =1,2,...NP nhu sau :

y = x1(G) + F.[x2(G) - xn(G)] (4) .

vO1 NP —s0 ca thé; r1, 12, r3 — céc sO tu nhién
duoc chon ngdu nhién, va 1< r1#n# £k <
NP; F — héng sb ti 1& dot bién duge chon trong
khoang [0,1].
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Budc 2 — Lai ghép : Quén thé moi z dugc tao ra
tur phép lai ghép hai quan thé x va y nhu sau
5=V if (rand[0,11< Cr)or(r=1i) (5)

Xk, lf(rand[O 1]> Cr)or(r # l)

& day, r — sb nguyén duoc chon ngau nhién
trong khoang [1,1], C. — xac xuat lai ghép dugc
chon trong khoang [0,1] i

Buéc 3 Cl}on loc: Trén co sé so seiqh hai quan
thé x va z, tién hanh cho }Qc cgic ca the co gia tri
ham nho hon, ta dugc quan thé u nhu sau :

uy = 2Lz <f (i) ()

xk,i if ortherwise

Budc 4 — Tai sinh : Thyuc hién phép gan xx(G+1)
= uk(G) ta dugc thé hé méi. Qua trinh tién hoa lap
lai tir bude 1 dén bude 4 tiy theo sd vong lap cho
dén khi ta dugc gia tri chap nhan duoc (sai léch
két qua giita hai vong lap ké tiép nhé hon 1%)

2.3. banh gia mic d6 rai két céu theo diéu kién
cling bang phuong phap ty s6 dién tich

Khi chuyén vi duoc tinh toan cia két ciu va
chuyén vi ngang cho phép déu 1a cac dai lwong
mo, 1an luot1a & va [#] , d0 tin cAy mo (mirc d§
an toan - SP) va muc d¢ rui ro (khong an toan -

FP) cia két cu theo diéu kién cung dugc tinh
toan bang “phwong phap ty s dién tich” [10].
Phuong phap nay dugc thiét 1ap dya trén co so so
sanh hai tap mo 1a trang thai ctia két cdu so (0 day
1a chuyén vi mo # ) véi tap kha ning cta két cdu
(¢ day la chuyen vi mo cho phep [@] ). Phuong
phap ty s6 dién tich chinh 1a ty s6 cua timg phan
dién tich (trén ranh gidi truc tung) trén dién tich
cua hi¢u hai tap m¢ “kha nang” va “trang thai”.

Mirc d0 an toan — SP dugc xac dinh theo cong
thure:

2 @)
@ + o

va muc do rui ro (khong an toan - FP) dugc xac
dinh theo cong thirc:

SP=

)
 + an

trong d6 @ va @ 1a phan dién tich bén phai va
bén trai tryc tung, dugc xac dinh nhu Hinh 3
(trong d6 ky hiéu z(u) 1a ham thudc cua tdp mo
i, tuong tu cho [i] va M ), voi:

FP=1-SP=

®)

€

H () H((u])
|| I—— ;| I
aleo a
0 i u 0 M
a, ¢, ; a, b

Hinh 3: Ham thudc cac tip mo 4 , [i]
3. Vi du minh hoa

Khao sat khung thép phang lién két dan hoi bay
tang — ba nhip nhu hinh 4.

Céc sb lieu nhu sau: mod dun dan héi E =
210E+06 kN/m?; dién tich mat cat ngang va mo
men quén tinh ciia cot tir ting mot dén tang ba :
Aci = 7.04E-03 m?, I.; = 1.887E-04 m*, tir ting
bén dén ting bay : A = 6.24E-03 m?, I =
9.877E-05 m* dién tich mit cat ngang va md
men quan tinh ciia dam Aq = 6,64E-03 m?, Iy =
1.396E-04 m*; nhip dam bién L, = 5.0 m; nhip
dam gitta Lg = 6.0 m; chiéu cao cot Le = 4.0 m.
Céc s6 mo tam gidc can bao gdm : tai trong tic
dung g,F dugc gia thiét nhu sau §=(30,3,3) kN/m,

F=(10,3,3) kN; cac do cting lién két nira cimg mo
fob» dugc ldy & hinh 2, véi &=(1111)10°
kN.m/rad (muc cing 9), k =(8,1,1)10° kN.m/rad
(mrc ctng 6) .

Tién hanh chay bai toan xac dinh khoang gia tri
dau ra v&i ndm mirc o theo thuat toan toi uvu tién

va M theo phuong phap ty sb dién tich

hoéa vi phan (DE), trong d6 s6 bién 1a 4, kich
thudc quan thé 1a 50, hé sb dot bién 1a 0.5, xac
xuét lai ghép 12 0.9. Két qua gia tri toi uru dat duoc
sau 50 lan lap. Bai toan dugc 1ap trinh trén
Matlab. Két qua khoang gia tri cua chuyén vi
dinh cta khung tmg véi cac lat cat o duogc thé
hién ¢ bang 1.
Bang 1. Két qua chuyén vi

Lat cit o Khoang chuyén vi u (m)
a=1 0.118

a=0.8 [0.109; 0.128]

a=0.6 [0.101; 0.137]

a=04 [0.092; 0.147]

a=0.2 [0.084; 0.158]
a=0 [0.076; 0.169]
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Hinh 4. Khung thép bay tang — ba nhip

Ham thudc chuyén vi dinh cia khung theo DE
dugc thé hién trong hinh 5. Tir két qua nay ta
nhan thdy cac s6 mo dau vao 1a tam giac can
nhung chuyén vi mo khong phai 1a tam giac can.

1 e=Omm DEmin
0.8
< 0.6 == DEmax
=
~
- 04
*g.
L 0.2
S
=
0
0.07 0.12 0.17

Chuyén vi u (m)

Hinh 5. Ham thudc chuyén vi dinh cta khung theo DE

Panh gid muc do an toan theo diéu kién cing:

Theo céac tiéu chuin Viét Nam hién hanh
[11,12], chuyén vi ngang cho phép ddi véi két

cau khung 1a [u] = (1/500)H = 0.056m. Muc do
rii ro FP theo diéu kién cimg: FP = 1. Két qua
mirc d0 rii ro cho thy két cau nay hoan toan mat
an toan khi chiu tai trong da cho (mirc ¢ an toan
SF=0)
4. Két luan

Mot phén tich va danh gia mirc d6 rui ro két
c4u khung thép phang chiu tai trong tinh theo
mo hinh mé& duge thue hién. Cac dai luong dau
vao mo (d6 cung lién két, tai trong tac dung)
dugc ké dén. Tdi vu mirc — o véi thuat toan tién
hoa vi phan két hop mo hinh PTHH (lap trinh
bang Matlab) duogc ap dung dé xac dinh chuyén
vi mo. Tir do, viéc danh gia mure dg rui ro két
céu theo diéu kién clng bang cong thuc ty s6
dién tich thé hién su can thiét cua van dé dugc
nghién clru nay.
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Hydrogen Diffusivity in Brine and Water-Saturated Pores: Implications for
Underground Hydrogen Storage

Hai Hoang!*", Tu Khai Nam Nguyen ! Halla Kerkache,Pierre Cezac?, Salaheddine Chabab?,
Guillaume Galliero?, Antoine Geoffroy-Neveux?®, Carlos Nieto-Draghi®

'Duy Tan University
2Universite de Pau et des Pays de I’Adour
3IFP Energies nouvelles
*Email: hoanghai3@duytan.edu.vn

Abstract Anthropogenic carbon dioxide (CO2) emissions, primarily from the combustion of fossil fuels, are the leading
cause of global warming and climate change. Moreover, it is projected that global energy demand will increase by at least
50% by 2050. To address these challenges, a shift to renewable energy sources like wind and solar is not only urgent but
inevitable. However, these renewable sources present a challenge due to their variability, seasonal dependence, and
largely uncontrollable, leading to an imbalance between energy supply and demand - either excesses or deficits of
renewable energy. In this scenario, hydrogen represents a viable solution for storing surplus renewable energy through
electrolysis, requiring the development of efficient hydrogen storage solutions. Underground storage, in particular, has
emerged as a promising option, attracting increasing attention. To select safe and efficient storage sites, understanding
hydrogen diffusivity in geological formations is essential to minimize potential H2 losses. Experimental data on hydrogen
diffusion under geological conditions is often limited due to the complexity and extreme nature of underground
environments. Molecular simulations have emerged as effective alternatives to experiments in dealing with such
situations. This presentation will introduce the simulation methods used to study hydrogen diffusivity and present key
findings on H2 diffusivity in brine and water-saturated pores at storage geological condition.
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DPanh gia muc do 6 nhiém va nguon gbc cta kim loai trong bui duong &
khu cong nghiép 16n nhat thanh pho Pa Ning va vung phu can. dé xuat
hudng quan 1y cac tac dong dén moi trudng va stirc khoe con ngudi

Assessment of heavy metal contamination and sources in road dust from Pa Nang's largest
industrial zone and surrounding areas

Nguyén Thi Hong Tinh", Tran B4 Quéc

Khoa Moéi truong va Khoa hoc Ty nhién, Truong Cong nghé va Ky thudt, Pai hoc Duy Tdn
*Email: nguyenthongtinh@dtu.edu.vn

Tém tit: Nghién ctru nay tip trung vao danh gia mirc d6 6 nhiém va ngudn gdc cua cac kim loai As, Pb, Zn va Mn trong
bui duong tai khu cong nghiép (KCN) 16n nhit Pa Ning va cac khu vuc do thi (KDT) phu can. Bing viéc thu thap va
phan tich mau tir KCN, KDT phu cén va khu virc nén, nghién ctru dé chi ra ring ndng dé cac kim loai nay ting tir khu
vuce nén, qua khu do6 thi va cao nhét tai KCN, véi tht tu nf‘)ng d6 1a As < Pb < Zn < Mn. Phan tich phan bd khong gian
cua cac kim loai cho théiy su khac biét ro rét gilra cac khu vuc, voi néng d6 cao nhat ctia As & phia Tay Bic KCN va cua
Pb va Zn & phia Péng Nam. Mn c6 ndng dd cao trong KCN va mét s6 diém néng & KDT phu can. Mirc d6 6 nhiém cia
cac kim loai dugc danh gia bang cac chi s tich liy dia chat (Igeo), hé s6 do giau (EF) va chi s tai lugng 6 nhidm (PLI).
Zn va Pb c6 muc dd 6 nhidm tir "trung binh" dén "manh" tai KCN, trong khi Mn va As c6 muc do 6 nhiém nhe hon.
Ngudn gdc ciia Zn, Pb va As c6 thé chu yéu tir cic hoat dong cong nghiép nhu san xuit thép ma k&m, san phdm cich
nhiét va xi mang. Mn c6 thé co nguf)n gdc tir cac hoat dong cOng nghiép, khi thai xe ¢6 va cac yéu t6 dia chat. Két qua
cua nghién ctru nhin manh sy can thiét cua viéc tang cuong kiém soat phat tha1 va quan 1y hiéu qua hé thng chat thai dé
giam thiéu 6 nhidm, nhim béo vé sirc khoe cong dong va duy tri mdi truong séng trong lanh cho cac khu vuc dan cu va
cong nghiép tai ba Nang va cac dia phuong tuong tu trén toan cau.

Tuwr khoa: Kim loai, bui duong, 6 nhiém, nguén géc, khu cong nghiép, Pa Njng

Abstract: This study assesses the pollution levels and sources of As, Pb, Zn, and Mn in road dust within the most
significant industrial zone (IN) in Da Nang and surrounding urban (SU) areas. By collecting and analyzing samples from
the IN zone, SU areas, and background (BA) locations, the research revealed that the concentrations of these metals
increase from BA areas through SU areas to peak in the IN zone, with the concentration order being As < Pb < Zn < Mn.
Spatial distribution analysis of these metals demonstrated significant variations among different areas, with the highest
concentrations of As observed northwest of the IN zone and Pb and Zn in the southeast. Mn exhibited high concentrations
within the IN zone and certain hotspots in nearby SU areas. The pollution levels of these metals were assessed using the
geoaccumulation index (Igeo), enrichment factor (EF), and pollution load index (PLI), which are widely accepted methods
in environmental science. Zn and Pb showed moderate to "solid" pollution levels in the IN zone, whereas Mn and As
indicated lower pollution levels. Zn, Pb, and As sources primarily stem from industrial activities such as zinc coating
production, thermal insulation products, and cement manufacturing. Mn sources include industrial activities, vehicular
emissions, and geological factors. The findings underscore the critical need for enhancing emission controls and
efficiently managing waste systems to minimize pollution. This is essential to safeguard community health and maintain
a healthy living environment for residents and industries in Da Nang and similar regions globally. Effective pollution
control measures not only mitigate environmental degradation but also contribute to sustainable development goals by
promoting cleaner production practices and reducing adverse health impacts associated with heavy metal exposure.
Importantly, these measures offer a hopeful future where cleaner environments and healthier communities are the norm,
fostering a sense of optimism and a belief in the possibility of positive change. Future research directions could focus on
longitudinal studies to monitor trends in metal pollution and evaluate the effectiveness of implemented mitigation
strategies over time.

Keywords: Metal, road dust, pollution, source, industrial zone, Da Nang.
1. M& diu s0 khu vuc d6 thi c6 thé vuot qua mirc cho phép
51an [5] . Asen (As), Mangan (Mn) va kém (Zn)
cling thuong duoc phat hién véi nong do cao
trong cdc mau byi dudng, lam suy giam chit
luong dat va nude va cé thé xam nhap vao chudi
thae an [6, 7] . Nhimng kim loai ndng nay c6 thé
gay ra nhiing van de nghiém trong vé strc khoe
nhu bénh ung thu, réi loan than kinh va cac bénh
tim mach [7, 8] .

Trong nhitng niam gan déy, van dé tic dong ctia
kim loai tir bui duong dén hé sinh thai va strc khoe

DPuodng phd 13 noi c6 kha ning tiép nhan nhiéu
ngudn chit thai khac nhau, bao gom tir giao
thong, ndng nghi€p, cong nghi€p va céac hoat
dong san xuat khac cta con nguoi [1, 2] . Do do,
bui dudng c6 kha ning cao chira nhiéu kim loai
tir cac nguodn thai d6. Cac kim loai nay, dic biét
la kim loai nang, c6 thé tich tu trong moi truong
va gay ra nhiing tic dong tiéu cuc dén hé sinh thai
va suc khde con nguoi [3, 4] . Theo mét nghién
ctru, ham lugng chi (Pb) trong bui dudng tai mot
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cong dong da thu hut sy quan tim ciia nhiéu nha
khoa hoc. Céc nghién ctru di chi ra rang mic d6 6
nhiém kim loai trong bui duong c6 thé gy ra nhiéu
van de nghiém trong. Chang han, mét nghién ctru
¢ Bic Kinh, Trung Quc cho thay nong do kim loai
ndng trong bui dudng vuot qua muc an toan va co
thé gay ra cac van dé strc khoe nhu ri loan ho hip
va cac bénh 1y vé da [9] . Tuong ty, mét nghlen
ctru khac & Dhanbad, An D6 ciing ghi nhan su 6
nhiém kim loai ning trong bui duong c6 lién quan
den gia tang cac bénh ly man tinh ¢ cu dan song
gan cac khu cong nghlep [10].

O Viét Nam, da c6 mdt s0 nghién ctru thuc hién
vé chu d& “Kim loai trong bui duong va tac dong
ciia ching dén hé sinh thai va stc khoe con
nguoi” 6 khu vue mién Bic va mién Nam. Nhiing
nghién ciru nay di tién hanh phan tich nong do
kim loai trong bui dudng, danh gid ngudn goc va
phan bd cua chang, cling nhu tac dong dén moi
truong va stc khoe con ngudi. Ching han,
nghién ctru tai Ha Noi va TP. H6 Chi Minh cho
thay nong d6 kim loai ning trong bui duong kha
cao, dac biét la cac kim loai nhu Pb, As, Zn va
Mn [11-15] . Tuy nhién, chua c6 nghién ctru nao
duoc thuc hién & mién Trung Viét Nam. Hon
nira, chua c6 nghién clru nao tdp trung vao bui
du&mg trong khu cong nghiép vai khoéng cach
gitra cdc mau byi duong dudi 2 km, dleu nay lam
han che kha nang danh gié chi tiét vé su phan bd
va ngudn gdc ctia cac kim loai nay.

Pa Néng, mot trung tim kinh té va xa hoi quan
trong ¢ vung Trung B cua Viét Nam, dong vai
tro then chét trong nganh cong nghiép, thuong

bién va diém ndi giao thong quan trong, thanh
phd nay dong gop khong nho vao hoat dong
thuong mai ndi dia va quoc t€ [16] . Do do, viéc
hiéu rd murc d6 6 nhiém, phan bd nguon phat thai
cua cac kim loai trong bui du:(mg 1a rat quan trong
de danh gia cac nguy co moi trudng va suc khoe
tiém an dbi voi cong dong dia phuong. Tuy
nhién, viéc nghién ctru vé su 6 nhiém bui du’ong
bai cac kim loai ning tai Pa ang }11¢n van con
han ché. Hon nita, viéc tim hiéu vé su 6 nhiém
boi cac kim loai nang ¢ Vung Trung B6 cling c6
thé cung cap thong tin quy gid v€ sy khac biét vé
mirc d6 6 nhiém va ngudn goc, dong thoi gop
phan vao viéc hiéu rd toan dién hon vé cac thach
thirc moi truong trén khip Viét Nam.

Nghién ciru nay duge thuc hién ¢ thanh phd Da
Nﬁng v6i hai muc tiéu chinh: 1) Banh gid muc do
6 nhiém cua bon kim loai trong bui duong; 2)
Danh gia sy phan bd ctia kim loai trong bui duong
gitta khu cong nghiép va khu do thi. Qua do,
nghién ctru s& cung cap nhitng thong tin khoa hoc
quan trong, hd tro cong tac quan Iy mdi trudng va
bao vé stc khoe cong dong ¢ khu vuc nay.

2. Phuwong phap

2.1. Thu thip mau bui duong

Nghién ctru da thyc hién thu thap 10 mau bui
duong trong khu cong nghi¢p (KCN) l6n nhat
thanh phd Da Ning (CN1-CN10) va 10 mau trén
céc con duong thuc khu vuc d6 thi ndim xung
quanh KCN nay (DT1-DT10) (Hinh 1).

mai, du lich va dich vu. Vi vi tri ven bién, cang

1000 m =~

THARLAND

Hinh 1. So d khu vyc nghién ciru (DT: D6 thi, CN: Céng nghiép)
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Ngoai ra, nghién ctru con thu thap 2 mau bui
duong lam mau nén, mau mot & ban ddo Son Tra,
phia Dong Béc va cach KCN 15km va mau hai ¢
khu vyc dbi nai, nam & phia Tay Bic va cach
KCN 8km.

Qua trinh thu thap mau tuin theo mot quy trinh
chudn hoa gdm bdn budc lién tiép. Dau tién, xac
dinh vi tri 1y mAu thong qua khao sat hién truong
va st dung Google Earth. Sau do, sir dung cac
dung cu bang nhya (chdi, xéng, riy va tai) dé
gom bui tir dudng véi trong lugng trung binh 1,5
kg tai mdi dia diém 1ay mau. Tiép do, thong tin
lién quan dén cac mau thu thap duoc ghi chép ti
mi, bao gém: toa d9, dia chi, thoi gian thu thap
va diéu kién moi truong hién tai. Cubi cung, cac
mau duge van chuyén dén phong thi nghiém dé
phan tich. Tit ca cac mau dugc thu thap vao
thang 1 nam 2024, trong khoang thoi gian lay
mau tir 8:30 sang dén 4: 30 chiéu trong ngay thu
thap. Thoi tiét duy tri nang lién tuc trong sudt
khoang thoi gian nay, khong c6 mua dugc ghi
nhén trong 72 gio trudc do.

2.2, Phin tich miu

Quy trinh xtr 1y va phan tich mau dugc thyc
hién qua bdn budce chinh. Dau tién, cac mau bui
dudng thu thap tr moi truong dugc 1lam kho ty
nhién ¢ nhiét d6 phong, sau d6 dugc déng nhét
va sang qua sang nylon 150 mesh. Tiép theo, mdi
mau 0,5 g trai qua qua trinh tiéu héa udt vdi hon
hop cuia HNO3 va HCl theo ty 1€ 1:2 trong 4 gio
bang cach str dung gia nhiét vi song véi thiét bi
Teflon dé chiét xut. Sau khi chiét xuét, mau
duogc loc qua bd loc 0,45 pm trude khi tién hanh
phan tich bon hop chat myc tiéu bang ICP-MS.
Viéc tién xur ly cac vt liéu can phan tich khong
dugc xem la can thiét vi ching da dap tng cac
tiéu chuan yéu cau (Merck). Ngoai ra, mot mau
dung dich tring dugc phén tich cting v6i bd mau
dé dam bao khong c6 hodc cod rat it kim loai nang
(HMs) duéi gioi han phat hién trong cic mau
phan tich. Thém vao d6, mot trong mdi 20 mau
s& duoc phén tich triung lip, cho thdy sy khac biét
dudi 10% ddi voi tat ca cac hop chat muc tiéu.
Qua trinh chiét xudt va phan tich bdn kim loai
nang duoc thuc hién b?mg ICP-MS (7700x,
Agilent, USA), tudn theo cac tiéu chuan di duoc
thiét 1ap nhu phuong phap USEPA 3051A [17],
phuong phép 200.8, Phién ban 5.4 [18] va
phuong phiap EPA 6020B [19] . Cudi cung, dé
kiém soat va danh gia do chinh xac cia phan tich,
nghién ctru nay ap dung céc bién phap kiém soat
chét lugng, bao g6m su dung mau bui d6 thi dugc

chung nhan (SRM 1648a) lam vét liéu tham khao
[11,20] . Nghién ctru nay sir dung chi sb tich liy
dia chat (Igeo) va hé s6 lam giau (EF) dé danh
gia mirc d6 6 nhiém cua ting kim loai (KL) trong
bui duong. Hai chi sé nay da dugc ap dung rong
rdi boi cac nghién ciru trude day dé danh gid mic
d6 6 nhiém ciia KL trong bui duong [11, 21-23]
2.3. Ddnh gii mife dg 6 nhiém

Bang 1. Phan loai chi sb tich iy dia chat (Igeo),
tiéu chuan cho hé s6 1am giau (EF) va tai lugng 6
nhiém (PLI) duoc str dung dé danh gia tinh trang

6 nhiém kim loai ning trong byi duong

Chi s6 Phan loai M6 ta Trich
dén
Leeo < 0 Khoéng 6 nhiém [24]
0 <Igeo <1 Khéng 6 nhiém
dén 6 nhifm vira
1 <Igeo <2 O nhiém vira
I 2 <Iwo<3 | Onhiém viradén o
geo -X
nhiém manh
3 <Igo<4 O nhiém manh
4 <Igo<5 | Onhim manh dén
cuc ky 6 nhiém
Lgeo >5 Cuc ky 6 nhiém
EF <1 Khong lam giau [25]
1 <EF<3 Lam giau nhe
3<EF<S5 Lam giau vua
S5<EF<I10 Lam giau vura -
nghiém trong
EF 10 <EF <25 | Lam giau nghiém
trong
25 <EF <50 Lam giau rat
nghiém trong
EF =50 Lam giau cuc ky
nghiém trong
PLI<1 Khong 6 nhiém [26]
1<PLI<2 Khong dén 6
nhiém vira
PLI 2<PLI<3 | Onhiémvira
3<PLI>4 O nhiém vira dén 6
nhiém cao
4<PLI< 5 O nhiém cao
PLI>5 O nhiém rat cao

Chi s6 Igeo cung cap “chi bao dinh lwong”
chinh xac vé& mtrc d6 6 nhiém, gitip so sanh mot
cach don gian giita mirc do 6 nhiém hién tai va
lich st (Kowalska, Mazurek, Gasiorek, &
Zaleski, 2018). Theo chi s6 Jgeo, mitc d§ 6 nhiém
cua KL trong bui duong dugc phan loai thanh
bay cép d6 dua trén céc gia tri leeo, nhu dugc trinh
bay trong Bang 1. Chi s6 Ige, durgc tinh toan bang
cong thuc (1).

Teeo = log2( 53) (M

trong d6, C; va B; 1an luot dai dién cho nong
d6 kim loai i trong bui dudong va mau nén.

--91]--




@ DY TN

J HOI NGHI KHOA HOC TRUONG CONG NGHE VA KY THUAT LAN 4, 2024

Chi s6 EF do luong muc d6 1am giau ciia KL so
v6i nong d6 nén trong bui duong. EF cho thiy
mirc d6 1am giau cua KL ¢ thé do anh hudng
nhan tao. Nhiéu nghién ctru da ap dung chi sd nay
dé danh gia nong d6 KL trong bui duong [27-29]

Chi s6 EF duoc danh gia dya trén phéan loai
dugc néu trong Bang 1 [Cited in 25] . Sat (Fe)
dugc chon lam nguyén td tham chiéu cho tinh
toan EF vi KL nay tuong d6i doi dao trong vo
Trai Pat. Chi sb EF duoc tinh toan bang Cong

thirc (2).
(g )Mau
EF = -Cre @)
oy
CFL en

Trong d6, (C/Cre)mau va (Ci/Cre)en 1an luot dai
dién cho ty 18 nong d6 KL duoc danh gia (C;) so
v6i néng do Fe (Cre) trong mau bui dudng va
mau nén.

Dé danh gia tong thé mirc d6 6 nhidm gy ra boi
4 KL, nghién ctru nay sir dung “Chi s6 tdi hrong
6 nhiém” (PLI). PLI 1a mét chi s6 danh gia tich
hop cung cap mot bién phap tong quat vé mirc do
0 nhlem gdy ra boi nhiéu chat 6 nhiém [30] . Chi
sO nay da dugc ap dung trong nhiéu nghién ctru
trude day [26, 31] . Chi s PLI duoc danh gia dua
trén phan loai (6 mirc d9) dugc néu trong Bang 1
[Cited in 26] . Chi s6 PLI dugc tinh bang cong

thic (3) va (4).

B s 3)
b

PLI=YRxP,xPBx..P, @

trong d6 P; 1a chi s6 6 nhiém cua kim loai i, C;
dai dién cho nong d cta kim loai i va Cy 1a gia
tri nén cua kim loai 1.

2.4. Phan tich nguén ciia kim loai

Nghién ctru nay sir dung ket hop nhiéu phuong
phap dé xac dinh nguon gbc cua cac kim loai
trong bui duong. Dau tién, nghién ctru ap dung
“hé sb blen thién” (CV) dé phan loai cac kim loai
theo ngudn gbc ty nhién hay nhan tao. Cac
nghién ctru trude day da sir dung chi s6 CV dé
xac dinh ngudn gdc cua kim loai trong bui duong
Vi cac gia thuyét nhu sau: CV < 15% chi ra su
bién d6i thap, thuong lién quan dén cac ngudn
géc tu nhién; CV > 35% cho théy su bién  d6i
cao, thuong lién quan dén cac ngudn goc khong
dong nhat bi anh huong boi cac hoat dong cia
con ngudi tai dia phuong; va CV dao dong tur 15-
35% cho thay sy hdn hop giita nguon goc tu
nhién va hoat dong cua con ngudi [32-35] . Tiép
theo, nghién ctru su dung phan tich “twong quan

Spearman” va phan tich “cum phan cép” dé xac
dinh nhitng kim loai c6 kha ning ctng ngudn
gbc. Gia thuyét dua ra 13, nhitng cip kim loai co
mdi twong quan cang cao thi kha ning ¢ cing
ngudn phat thai cang 16n nhitng kim loai thudc
cung mot cum/phan nhoém va c6 khoang cach
thap thi kha ning c6 cting ngudn phat thai cang
cao [4, 36] .

Téng hop két qua tir “hé s6 bién thién (CV)”,
“twong quan Spearman” va “cum phan cip” s&
duogc ddi chiéu véi két qua phan tich do phan tan
cta kim loai va két qua diéu tra thuc dja dé dua
ra nhitng nhan dinh chinh x4c vé ngudn gdc cia
cac kim loai trong bui duong.

2.5. Phan tich va trinh bay dir liéu

Phan tich dit liéu cta chiing t61 dugc thuc hién
vo1 d0 chinh x4ac ti mi. Dir liéu théng ké, bao gém
cac gia tri trung binh, d6 1éch chuan, gia tri tbi
thiéu va t6i da, d6 nhon va do léch, da duoc tinh
toan bang phin mém SPSS V21 manh mé trén
Windows. Nghién ctru sir dung Excel 2018 dang
tin cdy dé tinh toan céc chi s6 6 nhiém nhu Igeo,
EF, PLI, PER, HI va TCR. Céc biéu db hién thi
cac chi s6 nay dugc thiét ké bang phan mém
Origin 2018 chinh x4c. Can luu y rang nhiing gia
tri ngoai 1¢ vuot qua 3 do léch chuan tir gia tri
trung binh da duoc loai bo khoi cac biéu d6 hop
hodc phan b khong gian mé ta nong do kim loai
nang (HM).

Chung t6i da st dung céc k¥ thuat tién tién dé
1ap ban dd phan bd khong gian cta ndng do cac
nguyén t6. QGIS 3.24 duoc s dung cho muc
dich nay va cac ban d0 bién thién khong gian
duoc tao ra bang phuong phap ndi suy Kriging
tinh vi. Trudc khi 1ap ban do, chung t6i da danh
gi4 sy bién d6i khong gian trong nong do bang
cac phuong phap dia thong ké. Cac
Semivariogram thyc nghiém da dwoc phat trién
dé tiét 16 sy phu thudc khong gian va mot md
hinh thich hop dugc lap dat bang phuong phap
binh phuong tdi thiéu co trong sb va cac tham s6
khoang céch.

Ngoai ra, nghién ctru con sir dung phan mém R
(phién ban 4.4.0) dé phan tich twong quan
Spearman, phan tich cum st dung phuong phap
phan cép va phan tich thanh phan chinh (PCA).

3. Két qua va thao luin
3.1. Pdc diém ciia kim loai trong bui duong &
khu virc nghién ciru

Két qua phan tich néng d6 cia 22 mau bui
duong (10 mau 6 KCN, 10 mau ¢ KT va 2 mau
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NEN) trong nghién ctru nay duoc thé hién & Hinh
2. Nong d6 cua tit ca cac kim loai déu c6 xu
hudng ting dan tir khu vye NEN dén KDT va cao
nhit & KCN. Cu thé, ndng do trung binh cua timg
kim loai ¢ ting khu vuc (NEN, KDT, KCN) lan
luot 1a: As (3.45, 6.69, 9.49 mg/kg), Pb (13.6,
26.6, 46.6 mg/kg), Zn (83.5, 278, 980 mg/kg) va
Mn (192, 490, 526 mg/kg). Két qua nay cho thiy
ndéng do trung binh ciia kim loai & KT cao hon
so voi NEN tir 1.94 1an (As) dén 3.33 1an (Zn),
va KCN cao hon KDT tir 1.08 1an (Mn) dén 3.53
lan (Zn). Két qua tir Hinh 2 con cho thidy mot xu
hudng rd rang khéc: ¢ timg khu vyc, thir ty ndng
d6 cac kim loai la As <Pb <Zn < Mn, ngoai trix
& KCN, noi cho két qua ndng do Zn > Mn
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18004 L 1.5IQR
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1600 o Trung binh

1400 o
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= 1200
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E, 1000 .
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Hinh 2. Ndng d6 4 kim loai (As, Pb, Zn va Mn) & khu vuc
NEN, KDT va KCN

Hinh 3 trinh bay phan b khong gian ciia bon
kim loai As (Hinh 3a), Pb (Hinh 3b), Zn (Hinh
3c) va Mn (H1nh 3d) 6 KCN va KDT, dya trén
két qua noi suy ndng do cua cac kim loai nay. Két
qué cho thdy mot xu huéng chung 1a ndng d6 ciia
cac kim loai ¢ KCN cao hon so véi KDT. Tuy
nhlen cling c6 mot s6 khac biét trong phan bd
nong do cta cac kim loai. Nong do As tap trung
cao & khu vuc phia Tay Béc cua KCN, trong khi
nong d6 Pb cao hon ¢ phia Pong Nam ciia KCN.
Tuong tu nhu Pb, néng dd Zn ciing cao hon &
phia Bong cua KCN. Doi vai Mn, ngoai vi€c co
nong do cao trong KCN, con xuat hién mot diém
nong & KDT.

Két qua phén tich nong d6 va phan bd khong
gian cua 4 kim loai (As, Pb, Zn, va Mn) véi xu
hudng giam dan néng do tir khu cong nghiép dén

khu db thi phu can, nhan manh sy dong gop dang
ké clia cac hoat dong cong nghiép vao 6 nhidm
kim loai trong bui duong. Phat hién nay phu hop
v6i nghién ctru ¢ mién nam Viét Nam [11, 12] ,
ciing nhu nhiéu nghién ctru trén thé gidi [3, 32,
37-39] . Bén canh d6, thir ty sip xép ndng do cia
cac kim loai trong nghién ciu nay
(As<Pb<Zn<Mn) ciing cho thiy su twong dong
v6i rat nhiéu nghién ctru khac trén thé gisi [3] .
Két qua tuong dong nay co thé dugc xem 1a mot
chi s6 quan trong nham ting cudng do tin cay cho
két qua ctia nghién ciru nay.

Sy phan bd khong gian cta cac kim loai khac
nhau c6 sy khac nhau c6 thé duoc gidi thich do
nguén thai cda cac kim loai d6 khac nhau, dic
biét 14 vi tri phan bd cac nha may trong khu cong
nghiép. Hoat dong ctia cac nha may ti€u thu nhién
liéu hoa thach & KCN c6 thé 1a ngudn thai gay ra
su phan bd néng do As trong KCN cao hon so
v6i KDT. Két qua nay phu hop véi nghién ctru ¢
Trung Qudc [40] , hay An D¢ [41] . Céc nghién
ctru ndy da chi ra rang As c6 thé dugc giai phong
dudi dang khi trong qua trinh d6t chay than va ¢
thé ling dong xudng dat hoic nudc qua bui va khi
thai.

Sy phan b dang ké ndong do cua Pb va Zn ¢ khu
vuc phia Dong va Pong Bic clia khu cong nghiép
(KCN) c6 thé do mat do cac nha may tai khu vuc
nay cao hon so véi cac khu vuc khac. Bac biét,
sw hién dién cta nhiéu nha may thép ma kém, san
xudt san phdm cach nhiét va co s& san xuét san
pham thép ma kém, cling vdi cic nha may san
Xudt xi mang, dong vai trd quan trong trong viéc
phat thai Pb va Zn ra méi truong. Trén thé gioi,
da c6 nhiéu nghién ctru chi ra rang hoat dong ciia
cac nha may san xuat hodc can ton thép thai ra
moi truong mot lugng déng ké Pb va Zn [42] .
Ngoai ra, cac nha mdy xi mang cling gop phan 0
nhlem Zn va Pb trong moi truong dat ¢ nhiéu
quoc gia nhu Nigeria [43] , Morocco [44] va A
Rap Saudi [45] . Nhitng nghién ctru ndy nhan
manh réng hoat dong cong nghiép, dac bict la san
xuét thép ma kém va xi mang, 1a ngudn phat thai
chinh ctia Pb va Zn, dan dén 6 nhiém moi trudng
nghiém trong.
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Hinh 3. Phén b khéng gian cta 4 kim loai (As-(a), Pb-(b), Zn-(c), Mn-(d)) trong bui dudng thu duge tai khu vuc
nghién ctru.

Phén b khong gian ctia Mn trong KCN khéng
c6 su khac biét dang ké so v6i KDT, véi mot s6
khu vyc bén ngoai KCN c6 ndng d6 Mn tuwong
d6i cao. Diéu nay cho thiy nong d6 Mn trong bui
duong khong chi co nguon goc tir KCN ma con
tir cac ngudn khac nhu sy dong gop tur cac nguon
dia chét ty nhién va khi thai xe cd. Cac nguodn dia
chit ty nhién co thé giai phong Mn vao méi
truong thong qua hoat dong phong hoa va xoi
mon, trong khi khi thai tor phuong tién giao
thong, dac biét 1a cac dong co sir dung xang va
dau diesel, ciing dong gop mot phan dang ké vao
6 nhiém Mn. Nghién ctru cua Jiang, Ren [46] da
chi ra két luan twong ty, nhan manh rang su phan
bd ctia Mn trong méi trudng chiu anh hudng tir
nhiéu ngudn khic nhau, khong chi tir cac hoat
dong cong nghiép.

3.2. Mire dg 6 nhiém ciia bui duong

Hinh 4 trinh bay két qua phan tich mic do 6
nhiém cua timg kim loai (theo chi s6 Ieeo - Hinh
4a, va EF - Hinh 4b), va mtrc d6 6 nhiém tong thé
cac kim loai (theo chi s6 PLI - Hinh 4c) ¢ khu
vuc nghién ciru. Két qua cho thay gia tri ctia ca
ba chi s6 (Igeo, EF, va PLI) déu c6 xu hudng
tuong tw nhu xu hudng cta néng do cac kim loai,
cao dan tir khu vuc NEN, dén KDT va cao nhat
& KCN.

Theo chi sb Ieeo (Hinh 4a), 6 khu vuc nén, ca
bon kim loai déu & muc “Khong 6 nhiém”, véi
gia tri [geo trung binh cua cac kim loai ¢ khu vuc
nay la: As (-0.746), Pb (-0.741), Zn (-0.625), va
Mn (-0.603). O KDT, ngoai trir Zn (1.12) & mtc
“O nhiém vira”, cac kim loai con lai déu & muc
“Khong 6 nhiém dén 6 nhidém vira”, véi gia tri
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Igeo trung binh la: As (0.314), Pb (0.372) va Mn
(0.731). O KCN, Zn gay cha y voi gid tri Igeo
trung binh cua kim loai nay, 2.87, nam ¢ mirc “O
nhidm vira dén 6 nhiém manh”, thdm chi mot sb
diém cho thdy chi sd Igeo cua Zn ¢ mirc “O
nhiém manh”. Trong khi d6, gia tri Ico ctia Pb
trong KCN chuyén 1én muc “O nhidm vira” thay
vi mic “Khong 6 nhidm dén 6 nhiém vira” nhu &

KDT.
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Hinh 4. Chi sé 6 nhlém cta céc kim loai tai khu vuc
nghién ctru: (a) Chi s tich 1y dia chat (Igeo), (b) HE 56
do giau (EF), (c) Chi s6 tai lugng 6 nhlem (PLD).

Dbi véi chi s6 EF (Hinh 4b), Zn tiép tuc thu huat

su chu y khi gia tri EF trung binh cta kim loai
nay, 5.6 & muc “Lam giau vira dén nghiém trong”
0 KCN, trong khi cac kim loai khéac chi & muc

“Lam giau nhe”. O KDT, ca bén kim loai déu ¢
muc “Lam giau nhe”, trong d6 gia tri EF trung
binh cta Zn (2.11) la cao nhat. Con ¢ khu vuc
nén, gia tri EF trung b1nh ctia ca bon kim loai &
muc “Khong lam giau”.

Két qua danh gia mirc d6 6 nhidm tong hop tir
bbn kim loai theo chi s6 PLI cho thdy KCN c6
mirc 6 nhim cao nhat, dao dong trong muc “O
nhiém vira dén 6 nhiém cao” va “O nhiém cao”
v6i gia tri PLI trung binh 4.0. O KDT, muc d(_) 0
nhiém téng hop 1 “O nhidm vira” véi gia tri PLI
trung binh 2.35. Trong khi d0, chi s6 PLI & khu
vuc nén khong cho thay su 6 nhiém.

T6m lai, khu vire nén ciia nghién ctru nay khong
cho thiy sy 6 nhiém ciia timg loai kim loai ciing
nhu 6 nhiém tong hop cua cac kim loai. Trong
khi d6, KCN cho théy muc d6 6 nhiém cao, véi
su chd y tap trung vao Zn va Pb. KDT cho thiy
murc do 6 nhiém vira phai.

O khu vuc nghién ctru, gia tri Ieo va EF trong
KCN dugc quan sat cao hon so voi KDT duogc
quan sat cao hon so véi cac khu dan cu (KDT),
turong tw voi két qua cua cac nghién ctu trude
day duoc thuc hién & mién Nam Viét Nam [12,
47] . Céc két qua twong tu da duoc bao cdo trong
cac nghién cuu dugc thyc hién & cac khu vuc
cong nghiép trén toan thé _8ioi, cho thiy muc do
6 nhidm cao gan cac nguon phat thai la cac khu
cong nghiép va giam dan theo khoang cach [32,
37-39] . Céac gia tri Igo va EF tang cao trong cac
khu vye KCN c¢6 thé 1a do cac hoat dong cong
nghiép phat thai cac kim loai nay trong khu vuc
nay, sau do6 phén tan ra cac khu vuc xung quanh.

Nghién ctru da xac dinh duogc néng do Zn, dac
biét cao tai cac dia diém gﬁn cac nha may ma
k&m, san xuét san phém cach nhiét va cac co so
san xudt san pham thép ma kém, cho thiy cac
ngudn phat thai Zn tiém ning vao mdi truong.
Cac nganh cong nghi¢p nay thuong st dung hodc
san xuét cac vat liéu chtira ham luong Zn cao, co6
thé duogc phat thai vao méi truong trong qua trinh
san xuét hodc xur 1y [48-50] .

Nghién ctru da phat hién néng d6 Zn dac biét
cao tai mot s6 dia diém gén cac co s& ma kém,
san xuat san phim cach nhiét va thép ma kém.
Cac nganh cong nghiép nay thuong st dung hodc
san xuat cac vat liéu c6 ham lugng Zn cao, cé thé
thai ra moi truong trong qua trinh san xuat hodc
xu 1y disposal [48-50] . Do do, dé giam thiéu 6
nhidm Zn, can ting cuong cac bién phap kiém
soat phat thai va xdy dung hé thong quan 1y chat
thai hiéu qua tai cac nha may.
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3.3. Phin tich nguén
Bang 2. Két qua phan tich “H¢ s6 bién thién
(CV)” va gia tri P cua ki€ém dinh Shapiro-Wilk
cua cac kim loai trong bui duong khu vuc

nghién clru
Element As Pb Mn Zn
CV (%) 31.1 | 429 | 31.3 | 79.8
Shapiro-Wilk 0.210 0.052 |1 0.174 | 0.011
(P-Value) '

Bang 2 cung cép tom tat két qua thong ké cua
bbn nguyén t6 duge thu thap tir 20 mau trong khu
vuc nghién ctru. Cac chi s6 duge phéan tich bao
gém “Hé sb bién thién (CV)”, va gia tri P cua
kiém dinh Shapiro-Wilk. Két qua cho thdy, gia
trj CV dao dong tir 31.1% dén 79.8%, véi Mn va
As c6 ty 18 thap nhat (lan luot 1a 31.1% va
31.3%), tiép theo 1a Pb v&i 42.9%, va cao nhét 1a
Zn v6i 79.8%. Ngoai ra, kiém dinh tinh chuin
cho théy phan bd dit liéu ciia As, Pb, va Mn theo

phan bd chuan (P >= 0.05), trong khi Zn c6 phan
bd khong chuan (P < 0.05).

Hinh 5 trinh bay két qua phan tich twong quan
Spearman (Hinh 5a) va phan tich phan cum giira
cac kim loai trong mau bui dudng tai khu vuc
nghién ctru. Két qua phan tich tuong quan
Spearman cho thdy As, Pb va Zn c6 mbi tuong
quan manh va c6 y nghia thong ké (r>0.7,
P<=0.05). Cu thé, Pb va Zn c6 moi tuong quan
manh nhét (r = 0.86), tiép theo 1a As va Pb (r =
0.71), va Zn va As (r = 0.70). Nguoc lai, Mn c6
mdi twong quan yéu va khong c6 y nghia thong
ké voi cac kim loai khac (r<=0.33, P > 0.05).

So d0 phan cip nhom theo cum ctia bon kim
loai (As, Pb, Zn, va Mn) duoc chia thanh hai cum
chinh (Cum 1 va Cum 2) (Hinh 5b). Cum 1 chi
bao gém Mn, trong khi Cum 2 bao gém As, Pb,
va Zn. Trong Cum 2, su két hop ban dau xay ra
gitta Pb va Zn & khoang cach 0.185, hinh thanh
nhoém dau tién. Sau d6, nhém Pb-Zn két hop voi
As 6 khoang cach 0.400, tao thanh nhém thir hai.

Ll fli;lll_flﬁl Il : N
o )

(b)

0.8+

0.6+

0.4

]

Pb Zn

Hinh 4. Hé sb twong quan (a) va phén cum giita cac kim loai trong mau bui dudng tai khu vuc nghién ctru (b). Corr:
Correlation, ***: P-value <= 0.05.

Véi gia tri CV dao dong tir 15-35%, cho thay
hai kim loai As va Mn ¢6 su hdn hop giita nguon
gbc tu nhién va hoat dong cua con ngudi. Trong
lac d6 Pb va Zn cho thay su bién d6i cao khi co
chi s6 CV lan luot 1a 42.9% va 79.8%, két qua
nay cho thay nong do cua hai kim loai niy trong
bui duong c6 ngudn goc cha yéu tir cac hoat dong
cua con nguoi, dac biét 1a Zn.

Két qua phan tich “twong quan Spearman” va
“cum phan cip” cho thiy Zn, Pb va As vira co
mbi twong quan manh, vira dugc phéan thanh mot
cum, dic biét Zn ba Pb c¢6 mdi tuong quan cao
nhit va duoc phan thanh mot nhém véi khoang

cach nho. Do d6, kha nang cao 1a Zn, Pb va As
trong bui duong c6 ciing ngudn, dic biét 1a Zn va
Pb. Mn do ¢6 méi twong quan véi cac kim loai
khac thap va kim loai ndy dugc phan thanh mot
cum riéng biét, nén kim loai nay co thé c6 nhitng
ngudn khac so v&i Zn, Pb va As.

Pbi chiéu véi két qua phan bo khong gian (Phan
4.1), néng do6 cua cac kim loai Zn, Pb va As cao
trong cac khu cong nghiép (KCN) sau d6 giam
dan ra khu do thi (KDT), cho thay rang nong do
cac kim loai ndy c6 ngudn goc chinh tir phét thai
cua cac hoat dong trong KCN, déc biét la Zn va
Pb, sau d6 phat tan ra cac khu vuc xung quanh.

~-96--
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Céc hoat dong phat tan cac kim loai nay co thé
dén tir cac nha may thép ma kém, san xuat san
pham cach nhiét va co so san xuat san pham thép
ma kém, cung vdi cac nha méy san xuat xi miang
(nhur thao luan trong Phan 4.1).

Két hop két qua phan tich phan bd khong gian
cia Mn (khong c6 su khac biét dang ké giira
KCN va KDT), cing v6i két qua phan tich cac
chi s6 (CV = 31.3%, Mn c6 mbi twong quan thap
va ndm & mot cum riéng biét so véi cac kim loai
khac), cho thay Mn c6 the khong chi phat sinh tur
KCN ma con tir cac ngudn khac nhu cac yéu td
dia chit ty nhién va khi thai xe c¢d. Qué trinh
phong héa va x6i mon dia chat ty nhién c¢6 thé
giai phong Mn vao mdi truong, trong khi khi thai
tu phuong tién giao thong, dac biét 1a tir dong co
sir dung xang va dau diesel, ciing gop phan dang
ké vao 6 nhiém Mn. Ji iang, Ren [46] cling da dua
ra két luan tuong ty, nhin manh rang su phan bd
cia Mn trong moi truong chiu anh huong tu
nhiéu ngudn khac nhau, khong chi tir cac hoat
dong cong nghiép.

Két luan, cac kim loai trong bui dudng tai khu
vuc nghién ciru 6 ngudn gbe da dang. Zn, Pb va
As ¢6 ngudn gdc chinh tir cac hoat dong cong
nghi¢p trong khu cong nghi¢p; trong khi Mn c6
ngudn goc da dang (phat thai tir khu cong nghiép,
khi thai xe c6 va tir yéu té dja chat tw nhién)

4. Két luan

Nghién ctru vé ndng do va phan bd khong gian
cua cac kim loai As, Pb, Zn va Mn trong bui
dudng tai khu cong nghiép 16n nhat thanh phd Da
Nang va ving phu can di cho thdy nong do cac
kim loai nay tang dan tir khu vuc nén (NEN) dén
khu d6 thi (KDT) va cao nhat tai khu cong nghiép
(KCN).

Mic d6 6 nhiém dugc xac dinh rd rang qua cac
chi s6 tich lity dia chat (Igeo ), hé s6 d6 giau (EF)
va chi s6 tai lugng 6 nhiém (PLI). Khu vyc NEN
khong phét hién 6 nhiém kim loai, KDT c6 mirc
dd 6 nhiém wvira phai, dic biét 1a Zn & mirc "6
nhiém vira". Trong khi d6, KCN c6 muc do 6
nhidm cao nhét, v&i Zn va Pb dang chil y & muc
"6 nhidm vira dén 6 nhi®m manh". Cac kim loai
khac ciing thé hién muc do 6 nhiém nhung & muc
"lam giau nhe".

Nguén gbc cua cac kim loai dugc xac dinh cha
yéu xuét phat tir cac hoat dong cong nghiép. Zn,
Pb va As c¢6 thé ¢o nguon goc chinh tr cac nha
may thép ma k&m, san xuat san pham cach nhiét
va xi mang. Nguoc lai, Mn c6 ngudn gbc da dang

hon, két hop tir ca hoat dong cong nghiép, khi
thai xe ¢d va cac yéu td dia chat ty nhién.

Phén bd khong gian ciia cac kim loai nay ciing
phan anh 5 rang sy khac biét trong ngudn thai va
vi tri cac nha may. Nong do As tip trung cao &
phia Tay Bic cua KCN, trong khi Pb va Zn tap
trung cao hon ¢ phia BDéng Nam cua KCN. Mn
c6 ndng do cao trong KCN va cling co diém nong
& KDT, cho thay sy anh hudng cua nhiéu yéu tb
khac nhau.

Dé giam thiéu 6 nhiém, cin ting cudng cac bién
phap kiém soat phat thai va xdy dung hé thong
quéan 1y chat thai hiéu qua tai cac nha may, dic
biét 1a dbi v6i Zn va Pb. Nghién ctru nay ciing
nhe”in manh rang can co su chil y déc biét dén cac
nguon phat thai cong nghiép, dong thoi quan ly
cac yéu td tu nhién va khi thai xe cd gop phan
vao 6 nhiém Mn.

Két qua nghién ctru ndy pht hop véi cac nghién
ctiu trude day tai mién nam Viét Nam va nhiéu
noi trén thé giéi, cho thiy tinh nhat quan va dang
tin cdy cua cac phat hién. Tom lai, nghién ctu
nay khang dinh rang cac hoat dong cong nghiép
dong gop dang ké vao 6 nhiém kim loai trong bui
duong, dac biét 1a Zn va Pb, trong khi Mn c6
nguén gbc tir ca hoat dong cong nghiép va céac
yéu t6 tu nhién khac.

Loi cdm on

Céc tac gia xin cam on cac giang vién va sinh
vién tr Khoa M6i truong & Khoa hoc tu nhién,
Pai hoc Duy Tan, da hd tro thu thap cac mau bui
dudong. Nhom bay to long biét on déi voi sy hd
tro quy bau nhén dugc tor Truong Dai hoc Duy
Tan, noi dang chuén bi ky niém 30 nam thanh lap
(11 thang 11 nam 1994 - 11 thang 11 nam 2024)
v6i sit ménh “Phat trién toan dién, bén viing va
6n dinh”. Nghién ctru nay dugc tai tro boi Quy
Phat trién khoa hoc va coéng nghé Québc gia
(NAFOSTED) trong d& tai ma sé 105.99-
2020.15.
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Khéo sat hién tuong dién trd am trén linh kién ban dan GaAs cau trac P-I-N
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Tém tat: Bai bao nay trinh bay vé cac hién twong dic biét cia dién tir trong ban dén III-V bao gém hiéu tmg Gunn va
vén tbc vuot qua cua cac electron; khao sat sy hinh thanh va bién ddi cua dién truong boi cac mién dién tich khong gian
va sy bién dbi cuia vén tdc troi dat cua dién tir trén linh kién ban din GaAs c6 cau triic p-i-n bing phuong phép Ensemble
Monte Carlo (EMC). MAu linh kién dugc chon c6 bé day cta 16p p va 16p n nhé hon nhiéu so véi bé day cua lop i. Cac
hat tai kich thich quang duoc tao ra bing cach chiéu mot xung laser siéu nhanh 12 fs vao bé mat 16p p. Két qua mé phong
cho thy sy bién ddi cuia dién truong gay boi ludng cyuc dién theo nhiét d6 ¢ nhiét do thdp 77K va nhiét d6 cao 350K. Bén
canh do, chung t6i cling da thyc hién m6 phong su bién déi cua dién truong gdy boi ludng cyc dién theo ndng do hat tai.
Dic biét, két qua nghlen ctru con chi ra sw xuat hién cua mlen dién trd vi phan am (NDR) ngay ca khi khong c6 dién
truong ngoai. Sy xuat hién ddng thoi cia dic tinh bién ddi tat dan cua véan tdc va hiéu img NDR gitp van téc cua dién tir

nhanh chéng dat dén gia tri can bang.

Tir khéa: Ban dan Gads, dién tré ém, lwong cuc

I. GIOI THIEU

Ngay nay, su phat trién ciia nhiéu nganh ki thuat
cong ngh¢ nhu cong ngh¢ hinh anh y hoc, cong
nghé co dién tir vi cau trac va quang co gan lién
Vi blic xa teraherzt (THz). Trong cac hop chat
ban dan dugc nghién ctru thi ban dan loai III-V
nhu GaAs, GaN, InP c6 nhiéu loi thé vi chiing c6
d6 linh dong cao [10-11]. Tinh toan li thuyét cua
Shur cho théy v6i ban dan khéi, trong mot diéu
kién nhét dinh nao d6 khi dién ttr c6 do linh dong
cao thi quang duong tu do trung binh cua dién tur
c6 the dat t6i 1,4 um [12]. Nho sy phat trién cia
ki thuat ché tao, kich thudc cta céac linh kién ngay
cang dugc thu nho [13]. Trong qua trinh thu nhé
kich thudc linh kién ban dan, mot s6 hiéu tmg vat
li lugng tir xuét hién ma trong diéu kién cua ban
dan khéi ching khong hé quan sat thay [14-15].
Mot trong nhiing hiéu tmg vat li xuét hién trong
qua trinh thu nho kich thudc linh kién 1a hién van
tde vuot qua, dugc quan sat 1an déu tién boi H. D.
Rees vao nam 1969 [16], sau d6 nhidu nghién ciru
khac da xac nhan hién tugng nay [17-20]. Nhiing
nam day, bang cach sir dung ki thuat mo phong
Monte Carlo dugc trinh bay boi [32], céc tac gia
da khao sat hién twong van tdc vuot qua trong
diéu kién khong co dién trudng ngoai va di dén
két luan hién tuong nay c6 ngudn gdc tir dién
truong noi tai do hat tai kich thich quang dugc tao
ra boi cac xung laser siéu nhanh [33]. Véi ndng
d hat tai cho trudce, van tde cua dién tir trong linh
kién bién d6i tat dan theo thoi gian véi nhimg tan
sb xac dinh phu thudc kich thudc va nhiét do cia
khéi ban dan [34]. Tﬁn s6 dao dong cla van tbe
dién tr nam trong mién birc xa THz va tan s6 dao
dong giam khi kich thudc linh kién ban dan ting
nhu da chi ra boi Asada [1] va Gunn [35].

Trong d¢ tai ndy, ching t6i st dung phuong
phap Monte Carlo tdp hop tu hop v6i mé hinh 3
thung ling. Ching t61 tién hanh mo phong su
bién doi cua dién truong ndi tai va van tdc troi
dat cua dién tu theo thoi gian. Chung t6i nhan
thdy co sy hinh thanh va dao chiéu cia cac ludng
cuc dién. Hién tuong dao chiéu cua ludong cuc
dién da anh huong dén dic diém bién doi cua van
téc dién tr. Pac biét, & didu kién nhiét do thap
(77 K), con xuét hién thém hiéu ung dién tré vi
phan am. Chung t6i két luan hiéu tmg dién tro vi
phan am khong chi xdy ra do di¢n truong ngoai
ma con co thé xay ra do dién truong ndi tai trong
diéu kién thich hop.

II. PHAN TiCH LY THUYET

Mot sd hién tuong dac biét cua dién tir trong ban
dan I1I-V duoc tim ra trudc day nhu: hién tuong
dién tir nong, hi€u img Gunn, hién tugng van tde
vugt qua hay hién tugong tat dan vén tdc... Dé
khao sat hién tugng dién tr¢ vi phan am trén linh
kién ban dan GaAs, dic biét 1a nghién clru vé cac
dic tinh cta dién tir chiing t6i tién hanh khao sat
sy hinh thanh cac mién dién tich khong gian
trong ban dan, su anh huong cua dién trudong
ngoai 1én cac mién dién tich khong gian.

Dang chinh x4c ciia phan b6 dién tich khong
gian, phan bd dién trudng s& phu thudc vao qua
trinh khuéch tan hat tai ra khoi mién c6 ndng do
tap cao. 0 trang thai can béng, su khuéch tan hat
tai (chidu phai sang trai, cai s& hinh thanh cac
mién dién tich khong gian) s& dwoc bu trir boi sy
troi dat hat tai theo chiéu nguoc lai (trdi sang
phai) do dién trudong tao ra boi su khuéch tan cac
hat tai ban dau. Qua trinh khuéch tan va troi dat
cac hat tai, & day la dién ti, dugc mo tad boi
phicong trinh van chuyén hat tdi:
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j, = en nE + unkTi—: (1)

S6 hang dau tién bén vé phai mo ta qua trinh
troi dat, sb hang thir hai mo ta qua trinh khuéch
tan cua dién tlr; n, g, 1a mét do dién tir va d9 linh
dong cua dién tir; T 1a nhiét d6 cia dién tu; E 1a
dién truong.

Du6i anh huong cua truong ngoai thi cac mién
dién tich khong gian sé dich chuyen tur cathode
dén anode. Gunn nhan thay rang vdn toc mién ti
1 voi truong ngoai.

Thoi gian thiét 1ap ctia mét mién dién tich
khong gian dugc cho béi [37]:

€0
Tq = ameno[2] ()

e 12 d0 16n dién tich, €, 1 hang s6 dién moi tinh.
Conwell va Vassell [39] tinh dugc voi ny =
3.1017 /cm3, 2/(Vs) thi 14 =
30 ps.

Xét mién c6 ndng do tap thap — mién tich dién
am (mién 1) 6 bén trai; mién ¢ néng do tap cao
—mién tich dién duong (mién 2) & bén phai (Hinh
1). Mot dién ap dat vao hai dau linh kién: Anode
dat vao mién 1, cathode dit vao mién 2. Truong
hop nay ta co6 dién dp nguoc (reverse bias) [40].

Bién trirdrng ngoai

—_
Mién tich Mién tich
| dién am (1) dién duong (2) ™)

anode | cathode

-

Bién ap nghich
Mat do thap M4t d6 cao
Hinh 1: Dién trgbng ngoéi dat vao linh,kién sao cho
anode Qét vao mién c6 nong do hat tai thap, cathode dat
vao mién c6 nong do hat tai cao. Truong hop nay ta co
dién ap thuan.

O Mién 1: Con goi 1a mién nghéo (depletion
region): Cac electron bi kéo ra xa khoi bé mat
phan cach hai mién dé di vé phia anode 1am cho
mién dién tich am duoc mé rong hon va dién tro
cao hon.

O mién 2: Goi 1a mién tich liiy (accumulation
region): Electron di chuyén vao mién nay, trung
hoa cac donor (¢ dinh) 1am cho mién 2 bj thu
hep. Hiéu (mg m¢ rong mién trong trudng hop
dién ap ngugc lam tang dién tr¢ cia linh kién.

Nguoc lai, anode dat vao mién 2, cathode dat
vao mién 1. Truong hop ndy ta cb dién dp thudn
(forward bias). Cac electron & mién 1 ¢6 dién trg
cao s& di chuyén qua mién 2, 1am trung hoa cic

donor. Két qua 1a mién 1 bi thu hep dong thoi
dién tr¢ giam; mién 2 duoc mo rong va dién trd
tang. Khi co dién ap nguoc dit vao hai dau linh
kién thi van xay ra hiéu Ung ting dién tré, tuy
nhién hi¢u Umg tang dién tr¢ trong trudong hop
dién ap thuén thi yéu hon trong truong hop dién
ap nguoc. Piéu nay dan dén két qua 1a néu mudn
tao dong dién & mach ngoai c¢6 cung cuong do thi
dién ap nguoc c6 d6 16n 16n hon do 16n cua dién
ap thuan.

Khi ban dan bi kich thich quang hoic c6 dién
truong ngoai tic dong bang cach dat mot dién ap
dit vao hai dau linh kién ban dan, s& lam cho hat
tai 1éch khoi trang thai can bang nhiét dong. Khi
anh sang kich hodc trudong ngoai ngung tac dong,
cac hat tai s€ tr¢ lai phan bd cii va mat mot
khoang thoi gian khong d6i dic trung. Khoang
thoi gian ndy dwoc goi 1a thoi gian séng cla hat
tai. O trang thai can bang nhiét, thoi gian song
ctia hat tai coi nhu bang vo han.

Trén co s¢ phén tich nhu trén, sir dung phuong
phap EMC dé tién hanh mo phong su bién doi
cua dién truong ndi tai va van tdc troi dat cua dién
tir theo thoi gian dé thdy dugc sy dao chidu cia
cac Iudng cuc dién. Bén canh d9, chiing t6i khao
sat hién tugng dién trd vi phan am trén linh kién
ban dan GaAs céu triic p-i-n tai cac nhiét 3o 77K.
II1. KET QUA VA THAO LUAN

Trong chuong nay chung toi s€ khao sat sy hinh
thanh va bién ddi cua dién trudng gy boi mién
dién tich khéng gian va su bién doi cua vén tde
troi dat cua dién tir trén linh kién ban dan GaAs
¢6 cau tric p-i-n (Hinh 2).

Bé day cua 16p p va 16p n nho hon nhiéu so véi
bé day cua 16p i. Cac hat tai kich thich quang
duoc tao ra bé’mg cach chiéu mot xung laser siéu
nhanh 12 fs vao bé mit 16p p. Cac hat tai nay
phan bd mdt cach ngﬁu nhién theo dinh luat Beer.
Nong d6 hat tai giam déu tir 16p p cho dén 10p i
roi dén 16p n [34].

p-layer n-layer

v | 4

—
Laser —/——=

i-layer

Hinh 2: M6 hinh nghién ciru ban din GaAs c6 cdu trac p-
1-n.

Xét hai 16p ban dan c6 bé rong Ax nam canh
nhau. Tai thoi diém t nao d6, mat do dién tir cua
16p phia bén trai cao hon so véi 16p bén phai. Co
thé coi hai 16p nay tao thanh mét ludng cuc véi
16p bén trai tich dién am, 16p bén phai tich dién
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duong (Hinh 3a). Dién truong do ludng cuc nay
tao ra huong tir phéi qua trai.

Céac dién ti dudi anh hudng cia dién trudng ndy
s& tang toc chuyén dong ngugc chiéu dién truong
tur phia 16p p sang 16p n. Qua trinh nay lam giam
dién tich am cua 16p bén trai va tang dién tich am
cho 16p bén phai, dén khi dién tich cua hai 16p
bang nhau thi ludng cuc s& bién mat. Pién truong
do ludng cyc tao ra s& bang khong. Luc niy van
tdc cua cac dién tir s& dat cuc dai.

Do ndng d6 dién tir ctia 16p bén trai cao hon 16p
bén phai nén dién tir van s& tiép tuc khuéch tan tir
16p bén trai sang 16p bén phai dan dén 16p bén
phai tich di€n &m con 16p bén tréi tich dién duong
(Hinh 3b). bién truong do ludng cuc tao ra
huéng tur trdi qua phai, c6 tdc dung can trd
chuyén dong cua dién tu.

-1+
A+ .

1. i-layer
-+

Ax (a)
+||-

" :

5 i-layer
+||-

(b)
Hinh 3: Minh hoa cac 16p tig:h dién trai dau trong ban dan
GaAs c6 cau tric p-i-n.

Khi xung laser tiép tuc roi vao 16p p dé kich
hoat cac hat tai mdi, dién tir cua 16p bén trai tang
dan. Khi dién tich 4m cua 16p trai va phai bang
nhau thi khi d6 ludng cuc s& bién mat. Néu cac
hat tai tlep tuc dugc tao ra thi 16p bén trai s€ tich
dién am, 16p bén phai tich dién duong. Tdi day
qua trinh 13p lai nhu da giai thich ¢ trén.

Chung t6i khao sat sy bién ddi cia dién trudng
theo thoi gian ¢ nhiét d6 77 K (Hinh 4) va nhiét
d6 350 K (Hinh 5). Quan sat cic dd thi nay ta
thdy co su d6i dau cua dién truong, diéu nay cho
thdy c6 sy hinh thanh cta mién dién tich khong
gian hay cac ludng cuc dién. Thoi gian ton tai cac
ludng cyc ti 1¢ nghich v6i d6 linh dong cua dién
tir. O nhiét do thap, cac dién tir c6 d¢ linh dong
cao hon nén thoi gian t6n tai cac ludng cuc ngin
hon. O nhiét do 77 K, thoi gian nay 1a ¢ 110 fs,
& nhiét 6 350 K thoi gian ton tai ludng cuc 1a
135 fs. Ciing vi & nhiét do thap thoi gian ton tai
cac ludng cuc ngan hon nén mot hé qua di kém
1a s6 ludng cuc duoc hinh thanh ciing nhiéu hon
so v6i khi ban dan & nhiét do cao.

t(fs)

Cudrng dd dién trudng E (d.v.tly y)

Hinh 4: Su bién dbi cua dién truong ndi trén linh kién ban
din GaAs ¢ nhiét d6 77 K.

e
2

t(fs)

Cudng db dién trudng E (d.v.tly y)

Hinh 5: Sy bién géi cta dién truong noi trén linh kién ban
dan GaAs ¢ nhiét d 350 K.

Tir d6 thi Hinh 4 va Hinh 5 chung ta cling thay
rang, cudng do cyc dai cua dién trudng giy boi
cac ludng cuc ¢ nhiét d6 77 K 16n hon nhiéu so
voi dién truong cuc dai ¢ 350 K.

Diéu nay duoc giai thich nhu sau. Cudong do
dién truong do ludng cuc tao ra phai ti 1¢ thuan
v6i s6 luong dién tir chuyén tir thung liing trung
tam 1én thung ling vé tinh. O nhiét d6 thap (77
K) hau nhu dién tr nAm ¢ thung ling trung tam.

E(t)

Hinh 6: Su bién di cua dién truong ndi theo thoi gian &
77 K ing véi cac nong do hat tai khac nhau. Puong trén
; duong dudi ing véi ndng do
5.1017

cm3

{mg v&i ndng dd 101077
g gdo—3
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Khi bi kich thich boi xung laser thi s§ luong
dién tir chuyén tir thung liing trung tim lén thung
liing vé tinh nhiéu hon. Pién truong do ludng cuc
tao ra cling s¢ manh hon. Ngugc lai ¢ nhiét do
cao (350 K), mot sb dién tir dd chuyén 1én nam ¢
thung Iing v¢ tinh L. Khi bi kich thich bdi xung
laser thi s dién tir chuyén tir thung ling trung
tam 1én thung ling v¢ tinh L s€ it hon. Vi vdy ma
dién truong do ludng cuc tao ra trong truong hop
nay phai yéu hon.

Theo cong thirc (2) & trén thi thoi gian ton tai
cta ludng cyc ti 1€ nghich voi noéng do hat tai.
Piéu nay ¢ nghia la v6i nong d¢ hat tai cang lon
thi thoi gian ton tai cac ludng cuc s& cang ngan.
Chung t6i dd mo phong su bién doi cua dién
truong theo thoi gian & nhiét d6 77 K & cac ndng
d6 khac nhau (hinh 6). Quan sat db thi & hinh 6

(dudong nam

7 1 C o 17
ta thay ¢ nong d¢ hat tai la 10 103
trén) thi trong 400 fs déu tién xut hién 4 ludng

cuc; trong khi & ndng do (duong nam dudi)

thi trong 400 fs dau tién ch1 xuét hién 3 ludng
cuc, ciing ddng nghia 1a thoi gian ton tai cia
ludng cuc trong trudng hop ndng do hat tai cao
thi ngan hon nhu tinh toan cia i thuyét.

Hinh 7: D4 thi biéu dién sy phu thudc cia van tdc troi dat
cua dién tir theo thoi gia~n tai nhiét 0 77 K. Kich thudc
ban dan 1a 200 nm.

O nhiét d6 thap, quing duong ty do trung binh
ctia dién tir 16n hon nhiéu so véi kich thuée linh
kién. Vi du véi GaAs & nhiét @ 77 K, d6 linh
dong 150000 cm?/(Vs), khoang quang dudong
tu do trung binh gan bang 1,32 pm [12]. Day la
diéu khong thé xay ra trong thuc té. D¢ giai quyet
mau thuan nay, chiing toi da khao sat sy bién do6i
ctia van toc troi dat o nhiét do 77 K (hinh 7).

Quan sat do thi, chung t61 nhan thdy rang vén
toc troi dat bién doi gan gidng véi dao dong tat
dan, trai qua nhiéu lan hoi phuc dé cudi cung dat
dén van tdc can bang nhiét khoang v = 1,4.10°
m/s. Thoi gian dé van tdc dién tir dat dén gid tri
can bang 1a khoang T =1 ps. Nhu vy, trong
khoang thoi gian nay dién tir da di chuyén mot

quang duong 1 = v.t = (1,4.10%)(1,0.10712) =
1,4.1077 m = 140 nm. Gia tri ndy nhé hon kich
thudc linh kién 1a 200 nm.

Chuing t6i con quan sat dugc mot hi¢u ing nita
chua timg dugc dé cdp trong cac cong bd trude
day. Do 1a hi¢u ung dién tr¢ vi phan am (NDR).
Néu khi d6 16n cua dién truong trong linh kién
tang nhung d6 16n cua vén toc troi dat giam thi
khi d6 ta ndi xay ra hiéu ung dién tr¢ vi phan am.

Hinh 8: B ‘ghi biéu dién sy phu thudc cia dién truong ndi
tai va van toc troi dat cua dién tir thgo thoi gian tai nhiét
d6 77 K. Kich thudc ban dan 200 nm.

Chung t6i khao sat su bién doi ctia dién truong
ndi tai va cta van tdc troi dat theo thoi gian va
bicu dién d6 thi E(t) va v(t) trén cing mot hé truc
toa d6 trong 500 fs dau tién (Hinh 8).

Trén d6 thi, & mién gach chéo chung t6i quan
sat thay cudng do dién trudng ting nhung toc do
ctia hat tai lai giam. Nhu vay mién nay Gmg voi
mién xay ra hiéu tmg NDR. Thoi diém bét dau
xdy ra hi¢u tng NDR la khi dién truong néi doi
chiéu, tirc 1a khi c6 su ddi chiéu cua ludng cuc
dién nhu da phén tich & dau chuong nay. DPiéu
dac biét la trong mién xay ra hiéu tng NDR, vén
tc cua dién tr nguoc dau voi van tdc & cac mién
khac. Piéu nay c6 nghia 1 cac dién tur da doi
chiéu chuyén dong. Nhu vay, su ton tai déng thoi
cua dic tinh bién d6i tit dan cua van téc va hiéu
tmg NDR da lam cho van toc hat tai nhanh chong
hoi phuc vé gia tri can bang nhiét tuong d01 thap.
Két qua nay gitip tranh dugc mau thuin vé quang
duong ty do trung binh da noi ¢ trén. Sy bién d6i
tat dan cua van tc va sy xuat hién cua hiéu ung
NDR c6 nguyén nhan tir sy dao chiéu cua ludng
cuc dién gay boi cac hat tai bi kich thich quang.
Nhu vay, chung t6i két luan réng hiéu tng NDR
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khong chi xay ra do dién truong ngoai ma con cod
thé xay ra do sy bién ddi cua dién truong noi.
IV. KET LUAN

Trong dé tai nay chiing t6i da thyc hién céc viée
sau day:

1. M6 phong sy bién ddi cua dién truong giy
boi ludng cuc dién theo nhiét do ban dan. Kich
thudc linh kién 12 200 nm. O nhiét d6 thap (77 K)
thoi gian ton tai cia ludng cuc ngfm hon & nhiét
dd cao (350 K). Cuong dd dién truong cuc dai
gy boi ludng cyc ¢ nhiét d6 thap 1on vai lan so
vo1 khi & nhiét d6 cao.

2. M6 phong su bién doi cua dién truong giy
boi ludng cuc dién voi cac néng do hat tai khac
nhau. Khi ndng d6 hat tai ting s6 ludng cuc hinh
thanh tiang va thoi gian ton tai cua ludng cuc
giam di.

3. Chi ra sy xuét hién ctia mién dién tré vi phéan
am (NDR). Hiéu tmg NDR xuat hién ngay ca khi
khéng c6 dién truong ngoai. Su xuat hién dong
thoi ciia dic tinh bién doi tit dan cua vén toc va
hiéu tmg NDR gitp van toc cia dién tir nhanh
chong dat dén gia tri can bang.
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Thiét ké d6 hoa vé&i cong nghé than thién moi trudng: xu huéng va thyc tién
Graphic design with eco-friendly technology: trends and practices
Nguyén Thi Swong”, Lé Phuong Hiéu

Khoa My thudt vmg dung, Truong Cong Nghé va K3 thudt, Pai Hoc Duy Tan, Pa Nang
*Email:nguyensuong2 188@gmail.com

Tém tit: Bai bao nay phan tich vai trd quan trong cua thiét ké dd hoa trong viéc thuc ddy cac giai phap than thién véi
mdi truong va trinh bay cdc xu huéng cung thuc tién trong nganh. Piu tién, nghién ciru nhan dién su chuyen dbi tir cac
phuong phép truyén thong sang hudng tiép can bén vimg, nhin manh viéc sir dung vt liéu tai ché, muyc in khong ddc hai
va k¥ thuét in tién tién nhim giam thiéu chit thai va tiét kiém ning lugng. Cong nghé in k¥ thuat s§ va in 3D dugc xem
xét 1a cac cong cu quan trong trong viéc giam thleu tac dong moi truong, voi kha nang tich hop vat liéu sinh hoc va tai
ché trong san phim. Bai bao sir dung cac vi du vé cong ty va nha thiét ké tién phong dé minh chung cho tiém nang cua
nhimg cong nghé nay khong chi trong viéc giam thiéu tac dong moi truong ma con nang cao nhan thire cong ddng vé
thiét k& bén viing. Ngoai ra, nghién ctru con phan tich cac thach thirc nhu chi phi du tu cao, sy han ché vé cong nghé, va
thay ddi trong nhan thirc ctia nguoi tiéu ding, dong thoi chi ra cac co hoi cho ddi mai va sang tao. Két qua cta nghién
ctru khing dinh ring thiét ké d6 hoa than thién véi méi truong khéng chi 14 trach nhiém ma con 1a co hdi dé nganh cong
nghiép tao ra gia tri bén viing va déng gop vao cac nd luc bao vé méi trudng toan ciu.

Tir khod: thiét ké do hoa, thiét ké bén vitng, cong nghé than thién, xu hudng va thuc tién

Abstract: This paper analyzes the significant role of graphic design in promoting environmentally friendly solutions and
presents trends and practices within the industry. Firstly, the study identifies the transition from traditional methods to
sustainable approaches, emphasizing the use of recycled materials, non-toxic inks, and advanced printing techniques to
minimize waste and conserve energy. Digital printing and 3D printing technologies are considered key tools for reducing
environmental impact, with the capacity to integrate bio-based and recycled materials into products. The paper uses
examples of pioneering companies and designers to illustrate the potential of these technologies not only in mitigating
environmental impact but also in raising public awareness of sustainable design. Additionally, the study examines
challenges such as high investment costs, technological limitations, and shifts in consumer perception, while highlighting
opportunities for innovation and creativity. The research findings affirm that environmentally friendly graphic design is
not only a responsibility but also an opportunity for the industry to create sustainable value and contribute to global
environmental protection efforts.

Keywords: graphic design, sustainable design, eco-friendly technology, trends and practices
1. Gi6i thiéu minh, gitip cic cong ty toi wu hoa viée twong tac
¥ v6i khach hang. Nhimg yéu td nay khong chi gia
tang tinh thAm my ma con anh huong tryc tiép
dén cach ma ngudi tiéu ding cam nhan va tuong
tac voi thuong hiéu, gop phan xay dung 10ng tin
va thiic day hanh dong mua hang. Tuy nhién, bén
canh nhiing lgi ich ma thiét ké d6 hoa mang lai,
khong thé phi nhan ring nganh nay ciing c
nhiing tac dong tiéu cuc dén moi truong. Viée st
dung tai nguyén, chit liéu in 4n va quy trinh san
xudt déu gop phan vao 6 nhidm va tiéu thu ning
luong 16n, tir 46 dat ra thach thirc 16m cho cac nha
thiét ké trong viéc phat trién cac phwong phap
bén viing hon. Trudc bdi canh nay, cong nghé
xanh d4 n6i 1én nhu mot giai phap kha thi. Cong
nghé xanh duoc dinh nghia la cac cong ngh¢, quy
trinh va san pham c6 tac dong tich cuc dén moi
truong hodc it gdy hai hon so voi cac cong nghé
truyen thong Viée tich hop cong nghé nay vao
thiét ké d6 hoa khong chi giam thiéu tic dong tiéu
cuc dén moi truong ma con tao ra nhitng san
pham sang tao, bén viing.

Nghién ctru nay hudng téi viéc kham pha sau
sdc vai tro cta cong nghé xanh trong linh vuc

Thiét ké @6 hoa hién dai 1a mot yéu t6 khong thé
thiéu trong cac chién luoc truyén thong va tiép
thi, dong vai trd quan trong trong viéc giup
thuong hiéu va tb chirc truyén tai thong diép cua
minh mét cach hi¢u qua va sinh dong. Qua nhirng
hinh anh bat mét va cach bd tri hop 1y, thiét ké d6
hoa khong chi thu hut sy chu y cia nguoi tiéu
ding ma con truyén dat nhiing gia tri cot 16i, xay
dung nhan dién thuong hi€u viing chic. Mot
chién dich tiép thi thanh cong thuong dua vao su
két hop tinh té gitra hinh anh, mau sdc va van ban,
tir 46 tao ra mot ngdn ngit tryc quan dé hiéu va
hap dan, gia ting kha ning nhan dién thuong hiéu
va thu hit d6i trong muc tiéu. Cac yéu t6 d6 hoa
dugc tng dung rong rai trong nhiéu linh vuc, tir
quang cdo va truyén thong xa hoi dén bao bi san
phém, déu co tac dong sau sdc dén su ndi bat cua
san phém hodc dich vy trong mét thi truong canh
tranh khoc liét. Khong chi ding lai ¢ viée 1am
dep cho san pham, thiét ké dd hoa con giir vai trd
quan trong trong viéc tao dung trai nghiém nguoi
dung (UX) va giao dién nguoi dung (UI) thong
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thiét ké d6 hoa, ddng thoi phén tich cac xu hudng
hién tai va thuc tién ung dung cong nghé than
thién vdi moi truong trong nganh. Ching toi s&
xem xét cac xu hudng thiét ké bén vimng hién nay,
bao gém thiét ké t6i gian, viéc st dung vét li€u
tai ché, va ap dung cac cong nghé tién tién nhu
tri tué nhan tao (AI) dé t6i uu hoa quy trinh thiét
ké. Sy chuyén minh nay khong chi néng cao gia
tri thim my cho cdc san pham ma con gop phan
giam thiéu tac dong tiéu cuc dén moi truong, tir
d6 thiic ddy su phat trién bén viing trong nganh
thiét ké do hoa. Thong qua nghién ctru nay,
chiing t6i mong muén cung cip cai nhin sau sic
vé mbi lién hé giira thiét ké do hoa va cong nghé
xanh, déng thoi khuyén khich cac nha thiét ké
hudng toi nhitng lwa chon bén vimng trong tuong
lai. Muc tiéu chinh cua nghién ctru 1a phan tich
vai tro clia cong nghé xanh trong thiét ké do hoa
hién dai va tac dong ctia cac xu hudng bén viing
d6i voi nganh. Nghién ciru s& dénh gia tic dong
moi trudng cia thiét ké d6 hoa, bao gdm 6 nhiém
va ti€u thu tai nguyén, cling nhu kham pha cac xu
hudng thiét ké bén vitng nhu thiét ké t6i gian va
su dung vat li¢u tai ché. Bén canh do, nghién ctiu
s& lam 15 mdi quan hé giira thiét k& d6 hoa va
cong nghé xanh nhim giam thiéu cac tac dong
tidu cuc va nang cao gia tri thim my. Cudi cung,
nghién ctru s& dwa ra cac khuyén nghi cho cac nha
thiét ké vé viéc ap dung cac giai phap bén viing.
Tir d6, nghién ctru hy vong néng cao nhén thirc
vé tAim quan trong cua céng ngh¢ xanh trong linh
vuc thiét ké do hoa.

2. Cong ngh¢ than thién moi truong trong
thiét ké do hoa.

2.1. Khii niém '"cong nghé thin thién moi

truong”

Cong nghé than thién véi moi truong, hay con
goi 1a "cong nghé xanh," dugc dinh nghia la tap
hop céc giai phap va cong cu ky thuat nham giam
thiéu hodc loai bo cac tac dong tiéu cuc dén moi
truong trong qua trinh sir dung. Trong linh vuc
thiét ké dd hoa, cong nghé xanh bao gém cac
phan mém thiét ké, k¥ thuat in 4n va phuong phap
quan ly dir liéu, véi muc ti€u tdi uu hoa viéc sir
dung ning luong, tiét kiém tai nguyén thién nhién
va giam thiéu phat thai khi carbon. Cong nghé
xanh khong chi lién quan dén viéc Iya chon phan
mém thiét ké hiéu qua ma con bao gém viéc st
dung nguyén liéu va quy trinh san xuat bén viing,
tir d6 gop phan giam thiéu 6 nhiém va tiéu thu
ning lugng. Bé duoc coi 1a cong nghé than thién

v6i mai truong trong thiét ké dd hoa, cong nghé
can dap Gmg mot sb tiéu chi, trong d6 c6 kha ning
tiét kiém tai nguyén, téi wu hoa sir dung ning
luong, nude va nguyén licu dau vao, nhém giam
thiéu lang phi trong qua trinh san xuét. Thiét ké
d6 hoa c6 tiém nang l6n trong viéc nang cao nhan
thirc cong ddng vé bao vé moi trudng, thong qua
viéc truyén tai cac thong di€p qua hinh anh va
biéu tuong mot cach d& hiéu va gan gii. Diéu nay
nhin manh rang vai tro cua thiét ké do hoa khong
chi dimng lai ¢ khia canh thim my ma con anh
huong dén hanh vi tiéu dung va nhan thirc bao vé
mdi truong cua ngudi dan. Cong nghé xanh can
dam bao giam thiéu luong chat thai phat sinh
trong qua trinh thiét ké v in 4n, ddng thoi khuyén
khich str dung nguyén liéu ¢ thé tai ché hoic
phan hity sinh hoc. Viéc ap dung cac ngudn ning
luong tai tao nhu nang lugng mat troi hoac gié
trong quy trinh san xuat va hoat dong ctia phan
mém thiét ké ciing 1a tiéu chi quan trong. Hon
ntra, cong ngh¢ xanh phai dam bao rang cac san
pham cudi cing khong gy hai cho sirc khoe con
nguoi va khong str dung hoa chat doc hai trong
quy trinh san xuat. Kha nang cap nhat va tai su
dung cong nghe ciing rat can thiét dé giup cac nha
thiét ké tiét kiém tai nguyén va giam thiéu tac
dong dén moi trudng. Nhidu phan mém thiét ké
dd hoa hién dai da duoc phat trién véi tinh nang
t6i wru hoa tai nguyén, gitp cac nha thiét ké su
dung tai nguyén mot cach hi¢u qua hon. Vi du,
cac phan mém nhu Adobe Illustrator va InDesign
c6 kha nang xir 1y tai liéu 16n ma khong tiéu ton
quéa nhiéu dung luong bo nhd. Mot s6 phan mém
con cung cip cac cong cu dé giam kich thude tép
va nén hinh anh ma khong lam giam chat luong,
qua d6 tiét kiém khong gian luu trit va giam thiéu
viéc sir dung bang thong. Cong nghé in an sinh
hoc dang ngay cang trd thanh lya chon phd bién
cho céc nha thiét ké d6 hoa nham giam thiéu tac
dong dén méi truong. Cong nghé nay sir dung
muc in to nguyén li€u tu nhién, nhu myuc dau
nanh va muc thyc vat, giap giam thiéu hoa chat
doc hai va 6 nhiém khong khi so véi muc in
truyén thong. Ngoai ra, nhiéu cong ty in an hién
nay da chuyén sang sir dung gidy tai ché va cac
quy trinh in tiét kiém ning luong, gop phan lam
giam lwong chit thai va bao vé méi trudng. Cudi
clng, nén tang dam may sir dung ning luong tai
tao ngay cang trd nén pho bién trong nganh thiét
ké d6 hoa. Cac dich vu luu trit va xtr 1y dit liéu
trén ddm may nhu Google Drive, Dropbox va
Adobe Creative Cloud cam két sir dung ning
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luong tai tao cho hoat dong cua minh. Viéc sir
dung nén tang dam may khong chi gitp tiét kiém
khong gian luu trit trén thiét bi ca nhdn ma con
giam thiéu khi thai carbon do han ché viéc st
dung may chu vat 1y, tao ra mot moi truong lam
viéc linh hoat, an toan va than thién v&4i moi
truong cho cac nha thiét ké.
2.2. Xu hudng thiét ké do hoa bén viing

Giam thiéu tai nguyén tiéu thy thiét ké toi gian
tap trung vao viéc loai bo nhiing yéu t6 khong
can thiét, tao nén mot san pham don gian nhung
van hiéu qua trong viéc truyén tai thong diép.
Brflng cach giam bt cac yéu t6 d6 hoa, nha thiét
ké co thé tlet kiém déng ké tai nguyén trong quy
trinh san xuat. Vi duy, viéc sir dung it mau sic hon
khong chi gitip giam thiéu lugng muyc in ma con
lam cho thiét ké tré nén dé hiéu hon cho ngudi
xem. Thiét ké t6i gian khuyén khich sy sang tao
thong qua viéc khai thac toi da gia tri cua ting
thanh phén, tir d6 gitp giam thiéu lang phi trong
viée str dung tai nguyén. Duéi day 1a so sanh vé
cach thirc bd cuc cia poster va 1y do xu hudng t6i
gian dugc wa chudng hon.

- Thiét ké b6 cuc dan trai, nhiéu do6i twong
(Hinh 1):

Hinh 1. Mot mau thiét ké phirc tap véi nhiu mau sic [10]
Mot mau thiét ke phirc tap v6i nhiéu mau sac,
hinh anh va chi tiét va str dung qué nhidu mau sac
6 thé 1am thiét ké tré nén rdi mét va kho chiu.
N6 c6 thé khién ngudi xem cam thay choéng
ngop va khong thé tip trung vao thong diép

chinh. Diéu nay c6 thé khién nguoi xem cam thiy
rdi méat va kho nam bét thong diép chinh. Viéc
nhdi nhét quéa nhidu chi tiét vao mot thiét ké co
thé mat di tinh chuyén nghiép. Nguoi xem co thé
bi lac 16i trong nhitng yeu t6 khong can thlet Su
thiéu nhat quan trong kiéu chir, mau sic hoic
phong cach thiét ké c6 thé lam giam tinh chuyén
nghiép va lam mat 10ng tin ctia ngudi xem.

- Thiét ké tbi gién, it dbi twgng (Hinh 2):

Mot mau thiét ké tdi gian chi stir dung mot hogc
hai mau sic, véi it chi tiét nhung rd rang. Diéu
nay giup nguoi xem dé dang hiéu va tiép thu
thong tin, d6ng thoi thé hién sy sang tao qua cach
sap xép hop 1y cac thanh phan.Ca hai hinh anh
nay s€ lam noi bat sy khac biét giira viéc sir dung
nhidu mau sac va thiét ké tdi gian, tir d6 truyén
tai thong diép vé viéc tiét kiém tai nguyén va
khuyén khich su sang tao. Nha thiét ké d6 hoa c6
trach nhiém va tim nhin vé sy bén viing cua thiét
ké dé sir dung céac tai nguyén dd hoa mot cach
hiéu qua, c6 kha ning twong thich cao nham dé
dang linh hoat, da ning trong céac chién dich tiép
thi dé sir dung san pham thiét ké trong thoi gian
du lau dai.

Vi du nhu ap phich sir dung hinh anh trai tao
can do, mot biéu tugng don gian nhung day y
nghia, thé hién su kham pha va sang tao. Logo
ban dau ciia Apple vao nam 1976 s dung mau
cau vong, diéu nay khong chi tao cam giac vui
twoi ma con thé hién sy da dang va tinh sang tao
trong c6ng ngh¢. Kham pha Va sang tao: Trai tdo
cén do tuong trung cho viée "cin" vao kién thirc,
kham pha nhitng diéu méi mé, phu hop véi sir
ménh cua Apple trong viéc d6i méi cong nghé.
Hinh anh trai tao don gian va dé nhé gitp nguoi
tiéu ding cam thay gan giii va than thién hon véi
thuong hiéu. Mic du c6 nhiéu mau sac nhung
hinh dang va kiéu dang cta logo rat tdi gian,
khong qua phirc tap. Piéu nay lam cho no dé
nhén dién va ghi nh¢. Sy tuong phan gitra mau
sdc cla trai tdo va nén lam ndi bat logo, thu hut
anh nhin cia nguoi xem. Ap phich nay khong chi
dai dién cho mot san phém ma con trd thanh biéu
tuong cua cd mot phong trao cong nghé. Apple
da tir tir xdy dyung thuwong hiéu dua trén su doi
moi va thiét ké t6i gian. Dot pha trong thiét ké
thuong hiéu: Logo va ap phich cua Apple tir nam
1976 d3 m& ra mot ky nguyén méi trong thiét ké
thuwong hiéu cong nghé, khuyén khich nhiéu cong
ty khac theo dudi su don gian va sang tao. Miac
du logo di thay ddi theo thoi gian, gid tri cdt 16i
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clia su sang tao va doi mdi van dugc gilt viing
trong nhan dién thuong hi¢u cua Apple.

Hinh 2. Ap phich biéu trong Apple 1976 Retrieved from. [11]

Tiét kiém nang luong khi hién thi bén canh viéc
giam thleu tai nguyén trong quy trinh thlet ké,
thiét ké t6i gian con c6 loi trong viée tiét kiém
ning luong khi hién thi trén cac thiét bi k thuat
sd. Cac thiét ké toi gian thudng str dung it hinh
anh, mau sic va hiéu ung phirc tap, gilip giam tai
cho card d6 hoa va man hinh. Diéu nay khong chi
gitip tiét kiém nang lugng tiéu thy ma con cai
thién thoi gian tai trang va hiéu suét hoat dong
ctia trang web hodc tmg dung. Thém vao do, thiét
ké tbi gian thuong c6 kha ning thich tmg t6t voi
nhiéu loai thiét bi, tir may tinh dé ban dén dién
thoai di dong, tor d6 mang lai trdi nghiém nguoi
ding t6i wu ma khong gy ap luc 16n 1én tai
nguyén hé thong.
2.3 Sir dung vt li¢u tdi ché

Viéc ap dung giéy tai ché va myc sinh hoc trong
nganh thiét ké do hoa khoéng chi gop phan giam
thiéu tac dong tiéu cuc dén moi truong ma con
bao ton tai nguyén thién nhién. Giay tai ché duoc

Hinh 3. San pham gidy tai ché tir vt liéu thai bo. [1

san xuat tir cac nguon chat thai nhu gidy bao, tap
chi hodc gidy in 161, tir d6 lam giam nhu cau khai
thac g tir rung. Hon nita, glay tai ché thuong co
chat luong cao va cé thé dugc ung dung cho
nhiéu loai san pham thiét ké khac nhau. Dong
thoi, viée sir dung muyc sinh hoc, chiét xuét tir cac
thanh phan tu nhién nhu thuc vat, gitp han ché
phat thai héa chat doc hai vao mdi trudng so véi
cac loai myc truyén thong. Nhiing san pham thiét
ké sir dung gidy tai ché va myc sinh hoc khong
chi an toan hon cho suc khoe con ngudi ma con
thé hién mot cam két manh mé ddi véi tinh bén
viing.

Tai st dung hinh anh va dd hoa 1a mot trong
nhitng phuong phép hiéu qua nham giam thiéu
lang phi tai nguyén trong thiét ké do hoa. Viéc tai
sit dung cho phép céc nha thiét ké tiét kiém thoi
gian va cong siic trong viéc tao ra cac yéu td do
hoa méi, dong thoi giam nhu cau st dung tai
nguyén cho cic du an médi. Cac hinh anh, biéu
tuong va dd hoa c6 thé duoc chinh stra va két hop
lai dé tao ra san phdm md&i ma khong can thiét
phéi phét minh lai tir dau. Cac thu vién hinh anh
micn phi ban quyén va cdc tai nguyén thiét ké
truc tuyen cling cung cap nhiéu Iya chon dé cac
nha thiét ké dé dang t1ep can va st dung, qua do
giam thiéu tic dong dén moi truong bang cach tdi
wu héa quy trinh thiét ké. Do dé, viéc ap dung
thiét ké d6 hoa than thién v6i méi truong trong
cac doanh nghi¢p Viét Nam khong chi gitip cai
thién hinh anh thuong hiéu ma con mang lai loi
ich kinh té thong qua viéc toi wu hoa tai nguyén
va giam thiéu chat thai. Diéu nay phan anh xu
huéng ngdy cang tang cua cac doanh nghiép
trong viéc chu trong dén yeu t6 bén ving trong
chién Iuoc phat trién. Nhleu cong ty in an hién
nay da bat dau stir dung gidy tai ché cho cac san
pham in 4n cia ho.

2]
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Chang han, cong ty EcoPaper cung cip gidy
dugc san xuat hoan toan tir chat thai gidy, giup
giam thiéu luong cay xanh bi chat ha. Viéc nay
khong chi gop phan bao v€ mdi truong ma con
thé hién sy cam két cuia cac doanh nghiép dbi véi
phat trién bén viing. Hodc nhiéu nhan vat chu chbt
trong nganh hang F&B da tién phong trong vi¢c
str dung bao bi gidy. Cac thuong hiéu ca phé, tra
sita, kem noi tiéng dd st dung bao bi xanh cho
san pham ciia ho: Kem Hokkaido, Tra sita Phuc
Long, Starbuck,... Pay 1a budc di tién phong
trong cong cudc thuc hién xu hudng sdng xanh,
tao nén an tuong dep cho khach hang ctia hg. Va
day ciing vira 1a céng cu PR hiéu qua, cho thiy
tam nhin va trach nhiém dbi v6i méi truong cia
cac doanh nghiép 16n. Thi truong online phat
trién manh nhimg nam gan day két hop véi dich
vu giao hang nhanh chéng da gitp cho nganh
hang thuc pham phat trién manh. Nhu céu su
dung bao bi gidy nhu cac loai hop gidy dung thirc
an, to gidy, ly gidy,... ting truong nhanh chong.

Hon nita, nhip séng gap gap va nhu ciu cong
viéc doi hdi moi thir cling phai uu tién tinh nhanh,
gon, tién lgi. Nguoi tiéu dung chon lya nhitng san
pham, dich vy dap tmg tinh tién loi nhung van
phai dam bao sirc khoe. Do vay ma céc san pham
gidy thay thé nhya ding mot 1an 13 lya Thi truong
dich vu thuc pham 12 mot trong nhiing thi truong
phat trién nhanh nhat va duoc ky vong nhit vé
viéc tiéu thu bao bi gidy. Tuy ty trong tiéu thu
gidy ctia nganh nay khong cao (<1%) so véi tong
thé nhung tbc do phat trién manh, 1a thi truong
tiém ning cho bao bi gidy phat trién va lan rong.
Su nhin nhén vé tiém nang thi truong 1a chinh xac
va hoan toan c6 co s6. Nhén thiic ciia nguoi ti€u
dung ngay cang ting cao. Ho y thiic va uu tién
lwa chon bao bi xanh trong tiéu diung nhim bao
v€ stc khoe cua ban than, gia dinh va cai thién
moi truong song Nhiing ap lyc tir chinh phu va
thi truong quoc te vé viéc han ché bao bi nilon,
nhuya, chat thai rdn va su kiém soat chit chd nham
nd luc tao nén méi truong séng lanh manh da moét
phan thuc day cong nghiép san xuat bao bi gidy
ngay cang phat trién. Cac cong ty hoat dong trong
nganh bao bi gidy ciing rt nd luc tao ra cac san
pham c6 thé hoan toan thay thé bao bi nhya. Cac
san pham dung mot 1an nhu to glay, tai glay, ong
hut gidy, hop gidy, quai xach gidy va ly gidy da
ra doi va dugc thi truong don nhén.

Thay vi sir dung nguyén liéu méi, thiét ké dd
hoa bén vimng str dung nguyén liéu tai ché nhu
giéy tai ché, muc in khong chira hoa chét doc hai

va céac vat liéu khac c6 ngudn gbc phé pham tai
ché nhu: Giay kraft, ba mia, ti nilon ty phan huy,
V.V.

Hinh 4. Thi¢p chiic mung lam tir phﬁn voi.[13]

Muc sinh hoc cua Cong ty Print Releaf dai dién
cho mot giai phap in an tién tién nham giam thiéu
0 nhlem moi truong. Loai myc nay dugc chiét
XUt tir cac ngudn thue vat tu nhién, khong chira
cac hoa chit doc hai, tir d6 bao vé strc khoe cia
ngudi sir dung va dong thoi giam thiéu tac dong
tiéu cuc dén méi truong. Viéc st dung muc sinh
hoc khong chi gbp phan vao viéc bao vé stic khoe
con ngudi ma con thé hién cam két ctia cac cong
ty dbi v6i sy bén viig va bao vé tai nguyén thién
nhién. Trong nganh thiét ké d6 hoa, viéc tai st
dung hinh dnh va d6 hoa da tré thanh mot phwong
phap hiéu qua dé tiét kiém tai nguyén va giam
lang phi. Céac thu vién hinh anh mién phi nhu
Unsplash va Pexels cung cip hang triéu hinh anh
ban quyén ma nha thiét ké co thé dé dang truy
cép, sir dung va chinh sira cho cac dy an cia
minh. St dung céc hinh anh c6 san giup tiét kiém
thoi gian va tai nguyén, dong thoi giam nhu cau
phai sang tao hinh anh méi tir dau. Piéu nay
khong chi giam thiéu viéc sir dung tai nguyén ma
con tao diéu kién cho cac nha thiét ké tap trung
vao viéc phat trién y tuong sang tao mdi ma
khong bi phan tan béi viéc tim kiém va tao ra
hinh anh. Bén canh d6, cic nén tang thiét ké truc
tuyén nhu Canva ciing mang lai nhiing loi ich
dang ké cho cac nha thiét ké. Nhiing cong cu nay
cho phép nguoi dung truy cap hang ngan mau do
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hoa va hinh anh, gitp ho dé dang chinh sira va
két hop cac yéu td co san dé tao ra san pham moi.
Viéc sir dung cac nén tang thiét ké truc tuyén
khong chi giip t6i wu hoa quy trinh thiét ké ma
con giam thiéu lang phi tai nguyén, nho vao kha
nang chia sé va tai sir dung cac yéu to thiét ké.

Thiét ké cho sy bén viing lau dai di tré thanh
mot yéu t6 khong thé thiéu trong nganh thiét ké
d6 hoa, dic biét khi moi trudng ngay cang bi anh
hudng béi cac hoat dong san xuét va tidu thyu. Cac
san pham duoc thiét ké v6i kha nang dé dang cap
nhat va tai st dung khong chi giup giam thiéu
lwong rac thai ma con tiét kiém thoi gian va tai
nguyén. Nhitng san pham nay cho phép ngudi
dung hoic cac nha thiét ké khac dé dang thay d6i
n6i dung ma khong can phai bat dau lai tir dau.
Vi du, mot thiét ké quang cao co thé duoc xay
dung véi cac khung hinh linh hoat, cho phép thay
d6i hinh anh, vin ban hodc mau sic mot cach dé
dang theo ting mua hodc sy kién. Piéu nay
khong chi gitp tiét kiém chi phi san xuat ma con
gilr cho ndi dung luén méi meé va phu hop véi thi
hiéu clia nguoi tiéu dung. Mot vi du tiép theo nodi
bat vé thiét ké tai st dung trong nganh cong
nghi¢p hi¢n nay la bao bi thuc pham Nhiéu
thwong hiéu 16n nhu Coca-Cola da bat dau phat
trién cac san phidm bao bi c6 thé tai sir dung,
chéng han nhu céc chai nhwa c6 thé duge nap lai
nhiéu lan. Nhitng thiét ké bao bi nay khong chi
thu hat ngudi tiéu dung ma con khuyén khich ho
tham gia vao viéc bao vé moi trudng bang cach
giam thiéu rac thai. Bén canh do6, viéc ap dung
cac mau thiét ké c6 thé chinh sira va st dung cho
nhiéu san pham khac nhau, nhu nhan méc, ciing
g6p phan vao tinh bén viing ciia san pham.
Matthias Blume, nguoi ding dau cac nhém
marketing ciia Coca-Cola tai Pong Nam A va
Nam Thai Binh Duong, da chia sé rang tat ca chai
va lon cta ho déu c6 thé tai ché, va ho mong
mudn sir dung strc manh cua cac - thuong hi¢u dé
mang dén bao bi nhimg cude song khac.Thong
qua nhing nd lyc niy, co thé thay rang nganh
thiét ké do hoa dang ngay cang hudng toi sy bén
virng, khong chi nham dap tmg nhu cau cua thi
trudng ma con gop phan vao viéc bao vé moi
truong va bao ton tai nguyén thién nhién cho thé
hé tuong lai.

Vira qua, Coca-Cola da tung ra thong di€p tdo
bao “Recycle Me” trén bao bi cia tit ca cac
thuwong hiéu va san pham ¢ thi trudng Dong Nam
A nhu hinh 5. Day 1a dong thai 16n nhat tir trudc

dén nay ctia nhan hang nham dua ra thong diép
tai ché qua vi¢c st dung bao bi.

Hinh 5. Thiét ké bao bi cua roa-Cole} duoc thiét ké &n
tuong trén lon nham gép phéan thay d6i nhén thire cia
nguoi dung vé bao vé moi truong. [14]

Séang kién “Recycle Me” 1a dong thai méi nhat
ctia Coca-Cola nhu 1a mot phan trong viéc tiép can
toan dién dé giai quyét rac thai bao bi trén khap
DPong Nam A. Cong ty da tung ra cdc loai chai lam
tir 100% nhuya tai ché tai mot s thi truong 16n nhat
trong khu vuc nhu Philippines. Bén canh do, cong
ty ciing chuyén bao bi Sprite xanh sang nhya trong
trén khip Singapore, Malaysia, Viét Nam, Thai
Lan, Indonesia va Philippines dé giup quy trinh tai
ché chai d& dang hon. Vi dy, cong ty Ecover san
Xuat cac san pham tay rira véi bao bi co thé duoc
tai sir dung va lam sach dé str dung lai, gitip giam
luong chit thai nhura.

2.4, Thure tién va ting dung céng nghé xanh

Cong ty va to chirc tién phong trong viéc ap
dung cong nghé xanh c6 thé ké dén Adobe, mot
cong ty phin mém hang dau cam két sir dung
100% nang lugng tai tao cho cac van phong va
trung tAm dir liéu ciia minh. Diéu nay khong chi
gitip giam thiéu tac dong dén moi truong ma con
cho thiy trach nhiém ciia cong ty trong viéc bao
v€ tai nguyén thién nhién. Ngoai ra, Adobe cling
phat trién cac cong cu giup nha thiét ké t6i vu hoa
quy trinh 1am viéc, tir d6 giam thiéu luong tai
nguyén tiéu thy trong qué trinh thiét ké. Cong ty
Frog Design ciing tich cuc tham gia vao viéc st
dung vat liéu tai ché va thiét ké san phém bén
vitng. Ho d3 phat trién mot san pham bao bi cho
mot thuong hi€u thuc phém, su dung vat liéu
nhua tai ché, gop phan vao viéc giam thiéu rac
thai nhya trong méi truong. Nhiéu du 4n thanh
cong trong nganh thiét ké ciing dang duogc dé cap,
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dién hinh 12 dy 4n “Green Book” ctia Adobe, mot
sang kién nham nang cao nhén thirc vé bén viing
trong nganh thiét ké. Dy 4n nay da phat hanh mot
cuon sach dién tu, chia sé cac chién lugc va thyce
hanh t6t nhat cho thiét ké xanh, bao gom viéc s
dung phdn mém giup giam thiéu luong ning
lwong tiéu thu. Mot vi du khac 1a chién dich
“Eco-Design” cua IKEA, trong do cong ty nhan
manh viéc st dung vat liéu tai ché trong san xuét
dd ndi that, nhu cac san pham duoc lam tir nhua
tai ché va g6 bén vimg. Chién dich nay da thu hut
dugc su cht y 16n tir cong dong va thé hién cam
két ciia IKEA dbi voi su bén vimng.

Dbi v6i cac nha thiét ké, co nhidu phuong phap
va cong cu co thé dugc ap dung dé toi uu hoa quy
trinh thiét ké va tiét kiém tai nguyén. Cac phan
mém nhu Sketch va Figma cho phép tao ra cac
thiét ké hiéu qua, dong thoi giup giam thiéu lang
phi. Viéc ap dung cac phuong phap thiét ké t6i
gian va dé dang chinh sira ciing 1a nhitng budc
quan trong trong viéc cai thién quy trinh thiét ké.
Hudng dan thiét ké bén viing dugc cung cap boi
cac to chic nhu AIGA (Hiép hoi Thiét ké My)
cling rat hiru ich cho cac nha thiét ké, giup ho
thuc hanh thiét ké bén viing tir viéc Iya chon vat
.lliéu cho dén cach t6i wu hoa quy trinh lam viéc.

&

(&

\
Nestle

Hinh 6. Chién dich “Eco-friendly Packaging” ctia Nestlé
[15]
Ngoai ra, cac khoa hoc truc tuyén trén nén tang
nhu Coursera va edX cung cip cac chuong trinh
hoc vé thiét ké bén vitng va cong nghé xanh, gitp
cac nha thiét ké nang cao hiéu biét va k¥ ning
trong viéc ap dung cong nghé xanh vao cong viéc
ctia minh. Tuy nhién, viéc trién khai thiét ké bén
viing ciing gap nhiéu thach thirc. Su khang cu tir
nhan vién va khach hang co thé anh huéng dén
viéc ap dung cac sang kién xanh, dic biét 1a khi
nhiéu ngudi chua nhan thirc day du vé loi ich cia
thiét ké bén viing va thuong uu tién gia ca hon
chat lugng moi truong. Chat luong thiét ké ciing
1a mot van dé can dugc luu tdm khi chuyén sang
cong nghé xanh. Mot s6 vat liéu than thién voi
moi trudng c6 thé khong dat tidu chudn chat

luong cao nhu cac vat liéu truyén thong, khién
cac nha thiét ké gap kho khin trong viéc gitr
nguyén ban chat va tinh tham my ctia san pham.
Mot vi du ndi bat vé doanh nghiép ap dung cong
ngh¢ xanh tai Viét Nam la Cong ty TNHH Tu
van Thiét ké PO hoa va Truyén thong
Artdirection. Cong ty nay da tich cuc su dung cac
tai liéu tai ché trong cac dy an thiét ké va khuyén
khich khach hang lya chon céc giai phap thiét ké
bén viing. Chién dich “Eco-friendly Packaging”
cua Nestlé Viét Nam nhu hinh 6 cling 1a mdt
minh chimg cho sy cam két trong viéc thiét ké
bao bi than thién v&i moi truong, st dung vat liéu
tai ché va nhin manh théng diép bao vé moi
truong trong cac san pham thuc pham. Tai Viét
Nam, cac phan mém thiét ké nhu Adobe Creative
Cloud va Canva duoc cac nha thiét ké su dung dé
t6i uru hoa tai nguyén, tiét kiém thoi gian va giam
thiéu lwong gidy va muc in. Khoa hoc thiét ké bén
viing dang ngay cang tré nén quan trong trong
gido duc, diac bict tai cac co sd dao tao nhu
Truong DPai hoc M¥ thuat Cong Nghi¢p va Dai
hoc Duy Tan. Nhiing khoa hoc nay khoéng chi
nang cao ¥ thirc vé méi truong ma con trang bi
cho sinh vién nhing k¥ ning can thiét dé ap dung
cong nghé xanh trong thyc té. Mot chwong trinh
nhu D6 an thiét ké Bao bi dudi sy hudng dan cia
Thay Hoang Viét Qudc 1a mot vi du dién hinh,
trong d6 sinh vién hoc cach thiét ké bao bi khong
chi dep mét ma con than thién véi moi truong, su
dung cac vat liéu tai ché hodc d& phan huy, gop
phan vao viéc giam thiéu rac thai va bao vé tai
nguyén thién nhién. Viéc tich hop thiét ké bén
vimg vao chuong trinh hoc phan anh xu hudéng
toan cau hién nay, noi ma sy bén viing ngay cang
tr& thanh mot yéu to quan trong trong moi linh
vuc thiét ké. Nhiéu truong dai hoc cling td chirc
hoi thao va cudc thi vé thiét ké bén viing, khuyén
khich sinh vién dua ra cac giai phap sang tao cho
cac van d& moi truong, nhu thiét ké bao bi than
thién véi moi trudng hodc cac san pham tai ché.
Nhirng hoi thao nay thuong moi cac chuyén gia
trong linh vyc thiét ké va moi truong dé chia sé
kién thirc, xu huéng méi va nhitng thach thuc
trong thiét ké bén viing, tao diéu kién cho sinh
vién hoc hoi va trao dbi y tudng.

Cubi cung, cac hoi thao nhu Hoi thao Qudc té
vé Thiét ké bén virng duoc t6 chic tai Viét Nam
thu hut sy tham gia cta nhiéu nha thiét ké, doanh
nghiép va sinh vién, cung cip thong tin va chia
sé¢ kinh nghiém vé viéc ap dung céng nghé xanh
trong thiét ké. Mot trong nhimg thach thirc 16n
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hién nay 1a chi phi dau tu vao cong nghé xanh
van con cao, dic biét dbi véi cac doanh nghiép
nho va vira. Nhiéu cong ty van con e ngai khi dau
tu vao thiét bi va quy trinh san xudt than thién véi
mdi truong do lo ngai vé loi nhuan. Bén canh do,
sy khang cy tir mot s6 khach hang ciing la van de
can giai quyét, khi ho chua nhéan thire day du vé
loi ich cuia thiét ké bén viing va thuong vu tién
gi4 ca hon chat lugng moi truong. Dé giai quyét
nhu’ng thach thirc nay, cac nha thiét ké can tim
kiém cac giai phap dam bao rang viéc st dung
vat liéu tai ché khong lam giam chit luong va
tinh thAm my cua san pham. Ngay 7/9/2023,
Cong ty CP Chung khoan KB Viét Nam (KBSV)
da chinh thic khoi dong chién dich “Gép xanh
Viét Nam” hinh 7, v6i muc tiéu tréng rung dau
ngudn tai Vuon qudc gia Bén En, tinh Thanh
Hoa. Poster cta chién dich nay dugc thiét ké voi
hinh anh tuoi sang va bat mat, nham thu hit sy
cht ¥ cta cong dong ddi véi viéc bao vé moi
truong. Nén poster sir dung gam mau xanh 14 cay

GéPXfé
<VIET N

@
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“MOVE FOR TREES"

DE GOP CAY VAO CHIEN DICH

- 28/09/2023
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e\,\d
I of

chu dao, tugng trung cho thién nhién, su twoi mat
va phat trién bén viing. Hinh anh cdy xanh va
nhimg nguoi tham gia hoat dong trong rung duoc
dat ¢ trung tam, thé hién sy gan két ciia cong
dong trong nd luc bao vé hé sinh thai va ing phod
v6i bién ddi khi hau. Logo cia KBSV nbi bat ¢
goc trén bén trai, két hop véi slogan "Gop xanh
Viét Nam" duoc viét bang phong chir to 16 rang,
nhin manh thong diép cia chién dich vé su can
thiét phai bao vé méi trudng. Phan dudi poster co
cac thong tin chi tiét vé thir thach "Move for
trees" nham khuyén khich sy tham gia va chia sé
trén mang xa hoi. Bén canh dé, poster ciing hién
thi hinh anh qua ting hap din danh cho nhiing
ngudi tham gia sém, tao dong luc cho cong dong
tich cuc tham gia vao viéc bdo vé moi truong
thong qua nhirg hanh dong cu thé. Thiét ké tong
thé vira gan gui, vira chuyén nghiép, phu hop véi
muc tiéu truyen tai thong di€p song xanh va bao
vé thién nhién dén dong dao ngudi dan Viét Nam.

» KB Securities

Hinh 7. Poster chién dich "Gop xanh Viét Nam” quang c4o xa hoi nhin manh vao cac van dé méi trucmg (Ngudn:
KBSV, 07/9/2023)

2.5 Twong lai ciia Thiét ké dé hoa via cong
nghé thian thién moi truong

Trong nhiing nam tdi, céng ngh¢ xanh dy kién
s& dong vai tro thiét yéu trong quy trinh thiét ké
d6 hoa, v6i viéc cac nha thiét ké ngay cang ap
dung nhiéu céng nghé than thién véi moi truong
hon. Sy phit trién nay khong chi bao gdm viéc
sir dung phan mém t6i uu hoa tai nguyén ma con
ca cac phuong phap in 4n khong gay hai cho moi
truong. Dong thoi, viée khuyén khich phat trién

cac vat liéu bén vimg va than thién véi méi
truong s& tao ra mot moi trudng thiét ké trong do
moi san pham déu c6 thé duge san xuat ma khong
1am ton hai dén hanh tinh. Ngoai ra, cac xu hudng
thiét ké nhu thiét ké t6i gian va stir dung mau sac
tiét kiém nang lugng s& ngdy cang tré nén phd
bién. Nhing phwong phap nay khong chi giup
giam thiéu tac ddng moi trudng clia cac san pham
d6 hoa ma con khuyén khich su sang tao trong
viéc tao ra cac thiét ké tinh té va hiéu qua hon.
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Trong boi canh nay, tri tué nhan tao (AI) dang n6i
1én nhu mot cong cu quan trong trong nganh thiét
ké d6 hoa. AI c¢6 kha ning phan tich dir lidu va
cung cap nhitng khuyén nghi vé cach st dung tai
nguyén mot cach hiéu qua. Thong qua viéc ho tro
cac nha thiét ké trong viéc Iya chon mau sic va
t6i uu héa bd cuc, Al cé thé gitip tao ra cic san
pham khoéng chi téi wu hoa cho nang luong ma
con giam thiéu lang phi vat liéu trong quy trinh
thiét ké va san xuét. Su phat trién cua cong nghé
xanh, nho vao vai trd ctia AL du kién s& dinh hinh
lai nganh thiét ké d6 hoa theo hudng bén viing
hon. Céc nha thiét ké s& khong chi phai thé hién
su sang tao ma con phai c6 trach nhiém trong viéc
bao vé€ moi trudng, din dén viéc hinh thanh cac
tiéu chuan mdi trong thiét ké voi trong tim 13 str
dung cac cong ngh¢ va phuong phap bén ving.
Piéu nay cling. dong nghia V01 viée cac doanh
nghiép s& bat dau wu tién tuyén dung nhitng nha
thiét ké c6 kinh nghiém trong linh vuc cong nghé
xanh, thiic day sy phat trién ctia cac chuong trinh
ddo tao veé thiét ké bén viing tai cac truong hoc
va to chuc gido duc.

Bén canh do6, su thay doi trong nhén thirc cia
khach hang ciling dang tao ra nhiing tic dong
manh mé& dén nhu cau thi truong déi voi cac san
pham thiét ké. Khi ngudi tiéu ding ngay cang trd
nén y thirc hon vé van dé moi truong, cac doanh
nghiép s€ budc phai diéu chinh chién lugc tiép thi
va phat trién san pham ctia minh dé dép tmg nhu
cau ngdy cang cao vé thiét ké bén vimg. Xu
hudng tiéu dung nay mé ra co hdi cho cac nha
thiét ké sang tao ra cac san pham doc dao va than
thién v&i moi truong, tr d6 khong chi mo rong
thi truong ma con tao ra lgi thé canh tranh. Cac
thuong hiéu s& can xay dyng hinh anh than thién
v6i moi truong dé thu hut khach hang va dap ung
ky vong ngay cang cao cua hg. Tom lai, su
chuyén minh ciia nganh thiét ké d6 hoa hudng téi
cong nghé xanh khong chi phan anh sy thay doi
trong tiéu dung ma con 1a mot budc tién quan
trong dé dam bao sy phat trién bén viing cho
tuong lai.

3. Két luan

Nhu vay, nghién ciru ndy di cung cap cai nhin
toan dién vé su phat trién ngay cang quan trong
cta cong nghé than thi¢n véi moi truong trong
linh vuc thiét ké d6 hoa. B::ing cach phan tich cac
xu huéng va thuc tién hién tai, bai bao da 1am ndi
bat nhitng loi ich rd rang ma viéc ap dung cong
nghé xanh mang lai. Cu thé, cic phuong phap
thiét ké bén viing nhu thiét ké tdi gian, viéc st

dung vét liéu tai ché va cong nghé in 4n sinh hoc
dang ngay cang trd nén pho bién. Nhimng phuong
phap nay khong chi gitip giam thiéu tac dong tiéu
cuc dén moi truong ma con mang lai 191 ich kinh
té cho cac doanh nghiép thong qua viéc tiét kiém
chi phi san xudt va cai thién hinh anh thuong
hiéu. Ngoai ra, nghién ctru cling da dé xuét nhimng
khuyén nghi thiét thyc nham thic ddy mot twong
lai bén vitng hon. Chung t6i kéu goi cac nha thiét
ké, doanh nghiép va t6 chic tich cuc 4p dung
cong nghé¢ xanh trong quy trinh lam viéc cua ho.
Hanh dong nay khong chi c6 y nghia quan trong
trong viéc bao vé méi truong ma con gop phan
x@y dung thuong hi¢u va nang cao gia tri san
pham trong tam tri nguoi tiéu dung. Su chuyen
d6i nay yéu cau su hop tac chat ché va no luc
dong 10ng tir tat ca cac bén lién quan trong nganh
thiét ké, nhim tao ra mot hé sinh thai thiét ké bén
viing va ¢ trach nhiém hon. Huéng nghién ciru
tiép theo trong linh vuc thiét ké va cong nghé
than thlen v&i moi trudong nén tap trung vao viéc
phat trién cac cong nghé mai va cai tién quy trinh
thiét ké hién tai dé toi wu hoa hiéu qua st dung
tai nguyén. Ching t6i ciing khuyén nghi nghién
ctru sdu hon vé tiém ning cia tri tué nhan tao va
hoc méy trong viéc phat trién cac giai phap thiét
ké bén viing. Viéc kham pha cac mo hinh kinh
doanh méi c6 kha nang tich hgp cong ngh¢ xanh
vao san pham thiét ké s& 1a mot linh vuc quan
trong can duoc chi trong trong twong lai. Nhirng
budce di nay khong chi thic day su doi méi trong
thiét ke d6 hoa ma con gop phan vao mot nén
kinh té xanh va bén virng hon.
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Giai phap thiét ké vo bao che nham nang cao hiéu qua ning lugng cho vin
phong cao tang
The solutions of building envelope design to improve energy efficiency in high-rise offices
Luong Xuéan Hiéu

Faculty of Architecture, Duy Tan University. 03 Quang Trung Street, Danang City
Email: luongxuanhieu@duytan.edu.vn

Tém tit: Ning luong va sir dung hiéu qua nang luong dang la mdi quan tdm hang dau trong cdc linh vyce toan cAu hién
nay. Theo tinh toan, linh vuc kién tric - xay dyng hién chiém ty trong rat I6n (gan 50% tong nang luong tiéu thy trén thé
gidi). Trong khi d6, Viét Nam lai c6 nhiing diéu kién khi hau thuan loi, c6 thé tan dung dé thiét ké 16p vo cong trinh véi
muyc tiéu cai thién tién nghi nhiét va giam ti€u thy néng luong (hon 60% thoi gian trong nam khi hau dat trang thai tién
nghi). Tuy nhién, viéc tdn dung nhitng yéu t6 tu nhién co logi dé nang cao diéu kién tién nghi nhiét va giam tiéu thy ning
lwong cho cong trinh ndi chung va cao ¢ vin phong lai chua nhan dwoc sy quan tim dung mirc. Va thanh phan quan
trong nht anh huéng dén hiéu qua ning lugng ciia cong trinh chinh 1 16p v bao che.

Béo céo d8é xudt cac giai phap thiét ké 16p vo bao che nhim nang cao hiéu qua nang lugng cho cong trinh van phong cao
tang ¢ nudc ta trén co s danh gia tic dong dong thoi cia nhiCu yeu t6 anh huong dén muce ti€u thy ndng luong nhu:
Thong gié ty nhién - Chiéu sang ty nhién - Diéu hoa khong khi.

Abstract: Energy and efficient use of energy are the top concerns in the current global fields. Accounting the energy
spent for architecture - construction, this energy accounted for a large proportion (nearly 50% of the total energy
consumption). Meanwhile, Vietnam has favorable climatic conditions that can be taken advantage of design building
envelopes with the goal of improving thermal comfort and reducing energy consumption (more than 60% of the time
during the climate year after reaching a state of comfort). However, taking advantage of beneficial natural elements to
improve thermal comfort conditions and reduce energy consumption for buildings in general and office buildings has not
received adequate attention. And the most important component that affects the energy efficiency of a building is the
envelope.

The report proposes envelope design solutions to improve energy efficiency for high-rise office buildings in our country
based on assessing the simultaneous impact of many factors affecting energy consumption quality such as: Natural
ventilation - Natural lighting - Air conditioning.

Keywords: Energy efficiency; high-rise office buildings; envelope design,; natural ventilation; natural lighting; air

conditioning.

Tir khéa: hiéu qua ning heong; vin phong cao tang; vo bao che; théng gié tw nhién; chiéu sang tw nhién; diéu hoa khéng khi.
O Viét Nam, theo bao cao ciia B Xay dung,

tong ti€u thu nang lugng cua cac toa nha dan

1. Tong quan
La mdt quoc gia dugc thién nhién uwu dai ve dieu

kién tu nhién va khi hau, Viét Nam c6 nhiéu thé
manh trong thiét ké kién trac thich tng voi khi
hau dia phuong nham tao mdi truong khi hau tién
nghi, st dung tiét kiém, hiéu qua nang lugng va
dam bao can béng sinh thai. Bén canh do, viéc
han ché nhiing tic dong bét loi cua khi hau dbi
vé6i kién tric 12 mot yéu cau bt budc trong qua
trinh thiét ké.

Céc két qua nghién ciru cho thay, trong giai doan
2050 — 2080, nhiét d6 ¢ cac thanh phd 16n ting
khoang 2,18 —3,88°C; nhu cAu tiéu thu nang lugng
lam mat cla cac tdoa nha gia tang tir 4,8% - 100,6%
tuy theo chung loai cong trinh. Theo s6 liéu thng
ké ctia World Bank va cac diéu tra lién quan, xay
dung - kién tric tiéu thu toi khoang 70% tong sir
dung vét li€u ty nhién, khoang 40% téng tiéu thu
ning luong dién, va san sinh ra khoang 30% tong
luong "khi nha kinh" trén toan thé gidi [Pham
Ngoc Piang, Nguyén Viét Anh, 2014].

dung ciia nudc ta ngay cang ting, cu thé: nim
2003 chiém 22,4%, dén ndm 2014 chiém khoang
37 - 38% tong murc tiéu thu ning luong cia quic
gia. Theo thong tin ciia Tap doan dién luc Viét
Nam (EVN), ty 1¢ sit dung dién trong cong trinh
nha & va hanh chinh chiém trén 88 % ty 1& su
dung dién trong cac cong trinh xay dung.

Mit khac, viéc thiét k& vo bao che cua cong
trinh, dac biét 1a van phong & nudce ta hién nay
chua c6 nhidu cong trinh nghién ctru day di va
ddng bo dan dén sy phu thudc nhiéu vao cac hé
thong ky thudt trong qué trinh van hanh, tir d6
giam hiéu qua str dung nang luong cling nhu muc
dd ti€n nghi cua diéu kién vi khi hau bén trong
cong trinh [Pham Ngoc Pang va cac cong su,
2014]. Tur két qua dat dugc ciing cho thay, can
két hop nhiéu giai phéap thiét ké thy dong dé dat
hiéu qua t6i wu [Pham Pac Nguyén, 2016].
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Hinh 1. Sy khac nhau v& muc tiéu thy nang luong ddi voi thlet ké v6 bao che théng thuong va thu dong (L& Luong Vang, 2021].

Do vay, hi¢u qua nang lugng da, dang va sé la
mdi quan tdim hang dau trong thiét ké va xdy
dung cac cong trinh. Trong d6, viéc thiét ké vo
bao che cua cong trinh, déc biét 1a van phong cao
tang con rat nhiéu bat cap mic du day 1a thanh
phin quan trong nhit trong viéc tao 1ap méi
truong tién nghi cho cam gidc nhiét cua con
ngudi, tuy nhién cho dén nay chwa c6 nhiéu cong
trinh nghién ctu day du va déng bo dan dén sy
phu thudc nhidu vao cac hé thong k¥ thuat trong
qua trinh vén hanh, tor 6 giam hiéu qua st dung
nang lugng ciing nhu mirc d6 tién nghi ciia didu
kién vi khi hau bén trong cong trinh [Hoang
Manh Nguyén, 2016].

Hlnh 2. Phi Long Plaza — Van phong cao tang hlem hoi co
quan tim dén giai phap v6 bao che theo giai phap xanh.

Khao sat cac cong trinh xanh doat gidi hay dat
chimg chi tiét kiém ning luong ¢ nudce ta hién
nay cho thdy HQNL dat duoc déu do 4 ap dung cai
tién cac giai phap ky thuat va trang thiét bi hién
dai. Nguoc lai, rat it toa nha dugc giai cong trinh
ap dung cac giai phap kién trac thy dong, nhu 1a
chon huong nha, lya chon ty 1€ dién tich cua kinh
trén dién tich tuong bao che hop 1y, thiét ké che
nang cho ctra kinh, thiét ké cach nhiét cho tuong
va mai nha, tan dung chiéu sang ty nhién, v.v. dé
giam thiéu st dung dién nang. Chinh vi vy ma
thong tin tai Trién 1am qudc té nang luong hiéu
qua mdi truong Entech Ha N6i 2013 da c¢6 nhan
xét rang: “95% céc cong trinh, toa nha cao tang

& Viét Nam khong tich hop yéu t6 sir dung ning
lwong hiéu qua ngay tir khau thiét ké”.
2. Thure trang va co s¢ nghién ciru

Trén thue té viée thiét ké, xay dung va van hanh
ctia phan 16n céc cong trinh xdy dung ¢ nudc ta
chua c6 su quan tam diing muc dén céac giai phap
hiéu qua ning luong. Trong thiét ké, viéc chon
gidi phap vo bao che, vat liéu, trang thiét bi chi
yéu dap ung yéu cau chirc ning, thim my ma bo
qua yéu t6 hiéu qua nang luong. Khao sat cho
thay: “98% toa nha x4y trong nam nim tré lai day
khong c6 cach nhiét, 75% st dung mot 16p kinh,
41% c¢ ty 1€ kinh trén tuong — WWR — 16n hon
0.25, 37% co diéu hoa nhiét d6 str dung hé thong
diéu hoa khong khi trung tim va 25% c6 cac loai
quat va may bom voi téc d6 khac nhau”
[VNEEP, 2017].
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Hinh 4. Thuc t& chirc ning kiém soat cta 16p v6 bao che
hién nay.
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C6 thé thay rang cang ngay 16p vo bao che cang
bi bo qua cac chirc nang can thiét. Két qua 1a cong
trinh rat dé bi “ton thuong” boi nhiing tic dong
ctia khi hau bén ngoai va can thiét phai sir dung
nhiing gidi phap “chita chay” nhu st dung quat,
diéu hoa dé 1am mat, che rém + sir dung anh sang
dién vi d6 choi bén ngoai chiéu vao qua cao, ...
vira ton kém vira thiéu hiéu qua; néu khong sir
dung nhirng giai phap trén thi cong trinh hau nhu
khong thé sir dung dwoc. Va hau qua nhén tién 1a
con ngudi dang phai tra gia vé sir dung ning
lwong va hiéu qua kinh t& va phan nao d6 1a sirc
khée, tdm sinh 1y ctia nguoi st dung.

Mot dic diém nira 1 hinh thire vo bao che cua
cac toa nha van phong ¢ Viét Nam hién nay kha
tuong dong, d6 14 sir dung rat nhiéu kinh cho 16p
vo (nhiéu cong trinh dién tich kinh chiém 100%
dién tich 16p vo), cung voi do6 1a khong co giai
phéap thu dong giam tac dong cia nhiét BXMT
1én kinh. Chinh diéu nay dan dén viéc bat budc
phai str dung cac giai phap chu dong (dleu hoa,
thong gi6 co khi) vira tén kém rat nhidu ning
luong vira khong dam bao tinh bén viing.

Hinh 5. Nhg vi du tiéu biéu cho céc cong tripﬁ cao ting
hién dai & Viét Nam st dung kinh véi ty 1€ rat 16n trén
mat ding (LotEe Ha Noi, VP Bank Ha Noi, TTHC ba

Nang va Bitexco TP. HCM).

Két qua khao sat thi diém cac cong trinh vin
phong cao tang tai TP. Pa Néng rit ra cac nhan
xét nhu sau:

(1) Vé huéng cong trinh: Toan bd cong trinh
déu quay ra céc truc duong chinh, chua quan tim
dén viéc lya chon hudng nha tét;

(2) V& hinh dang khdi: Ti 1¢ cong trinh ¢ hinh
hop chit nhat chiém da s6 cong trinh khao sat
(83%), cac cong trinh hinh dang khac chi chiém
mot ti 1¢ rét nho.

(3) Vé to chire thong gio tu nhién: Hau hét vin
phong cao tang déu khong t6 chiic thong gié tu
nhién ma dung PHKK hoan toan.

(5) V& giai phap che ning: Trong sb cong trinh
khao sat chi c6 01/23 cong trinh (toa nha Phi
Long Plaza) 1a c6 giai phap che nang cho 16p vo
bao che.

(6) V& ti 18 kinh/twdng: Ti 1& nay 1a rat 16n dbi
v6i cac cong trinh khao sat, tham chi nhiéu cong
trinh con st dung 100% kinh cho 16p tuong bao
che.

7N Vé sir dung vat li€u cho 16p vé: Hau nhu
toan bd cac cong trinh khong co 16p vat licu cach
nhiét cho 16p vo.

(8) Vé sir dung ning luong sach (ning lugng ap
mai): Khéng c6 cong trinh nao sir dung nang
luong ap mai.

Trong khi do vé diéu kién khi hau cua cac dja
phuong ¢ Viét Nam la rat tot, dat thoi gian tién
nghi kha cao quanh nam dé c6 thé tan dung dua
vao bén trong cong trinh. Cu thé:

- Theo két qua phan tich BDSKHXDVN cua
PGS.TS. Pham Btic Nguyén cho thiy hau hét cac
dia phuong ¢ nudc ta déu c6 mirc tién nghi cao,
dic biét 1a mién khi hau phia Nam thoi tiét tién
nghi xuét hién trén 80% s gi0 / nam, tham chi
tai Nha Trang t6i 99% s6 gio / nim [Pham Dt
Nguyén, 2016].

- Theo két qua phan tich sinh khi hdu Da Néng
theo mo hinh sinh khi hau ctia PGS.TS. Nguyén
Anh Tuén ap dung cho mot s6 dia phuong, ving
tién nghi cta khi hau cua cac dia phuong nhu ba
Nang, Quy Nhon va Nha Trang ciing chiém ti 1&
cao, ngodi ra néu to chure thong gio tu nhién s&
tang murc do tién nghi rat 16n.

- Con theo két qua phan tich sinh khi hau cua
phan mém Climate Consultant (phién ban 6.0) ap
dung theo mo hinh tién nghi thich tng theo tiéu
chuan ciia ASHRAE (Adaptive Comfort Model
in ASHRAE Standard) thi thoi gian tién nghi
trong nam cua cac d6 thi 1a kha cao, cu thé 1a Pa
Ning (55%), Quy Nhon (62%) va Nha Trang
(67%)

-Do d6, giai phap thiét ké wu tién hang dau &
nudc ta la cong trinh can tn dung tdi da diéu kién
tién nghi nhiét & bén ngoai, dugc don gid tuoi
mat tir bén ngoai thdi vao dé cai thién didu kién
tién nghi va giam nang lugng sir dung cho diéu
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hoa dé 1am mat cho cong trinh. Cung véi d6 1a
han cheé t0i da cac tac dong bat lgi ctia khi hdu 1é€n
16p v6 bao che.

3. Gidi phap thiét ké 16p vé bao che nhim
nang cao hiéu qua niang lwgng

Trong qua trinh nghién ctru HQNL thong qua
16p vo bao che, tac gia nhan thiy c6 3 yéu t6 anh
huéng truc tiép va rd nét dén hiéu qua ning luong
cong trinh 1a: thong gi6 tw nhién — chiéu sang tu
nhién — diéu hoa khong khi. Cac yéu té nay ngoai
viéc déng thoi tac dong 1én diéu kién tién nghi
bén trong, thi ban than con c6 su cdng huong (ti
1€ thuan) hodc loai trur (ti 1€ nghich) véi nhau. Vi
du: khi mé cira dé lay sang tu nhién cang nhiéu
thi luong nhiét truyen vao cang nhiéu, hay khi
che nang bang két cau dic thi s& giam luong dnh
sang tu nhién di vao bén trong cong trinh, ...

Do vay tac dé xuat giai phap thiét ké 16p vo bao
che nham nang cao hiéu qua ning luong cho cong
trinh van phong cao ting dudi tac dong va chi
phdi ddng thoi cta ba yéu t6: THONG GIO TU
NHIEN — CHIEU SANG TU NHIEN - DIEU
HOA KHONG KHI. Dong thoi, sir dung két hop
nhiéu giai phap cung luc dé giam tiéu thu ning
luong va nang cao chit lwong méi truong bén
trong cong trinh. Cy thé:

3.1. Quy hoach khong gian cong trinh

Tong mit bang cong trinh lién quan dén huéng
xdy dung cong trinh va tac dong cta cac yéu to
moi truong xung tac dong 1€n cong trinh do, dac
biét 1a bic xa mat troi, viée lya chon hudng tdt
sé€ tan dung dugc nhiéu yéu t6 ¢6 loi, han ché tdi
da tic dong bat loi tir bén ngoai. Hudéng cong
trinh s& anh huong dén huéng 13y sang ty nhién,
hudng nang, huéng gi6 va giai phap xir 1y 16p vo
bao che phu hop.
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Hinh 6. Hu6ng ning, hudng gio, hudéng léiy sang tu nhién
va hudng nang luong ¢ Pa Nang.

Pbi v6i cong trinh van phong cao tang ¢ nude
ta hién nay, viéc lya chon hudéng nang cao vé
nang lugng s& khong kho khan nhu cac loai cong
trinh khac vi thoi gian hoat dong chi 1a ban ngay.
Do vay khi quy hoach kién triic su ¢6 thé xoay ca
khéi nha di mot goc dé dat sy nang cao vé hudng
nang lugng. Cac khong gian phat sinh do viéc
x0ay ca khéi nha hoan toan c6 thé duoc xir 1y mot
cach khéo 1éo qua mét s6 thu phap bd cuc khong
gian va thiét ké mit ding cong trinh.
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Hinh 7. Diéu chinh hudng cong trinh dé dat hiéu qua ning
Iwong cao hon.

3.2. Lua chon hinh khéi céng trinh

Dbi v6i cong trinh cao ting, dién tich bé mit
tudng xung quanh 16n hon nhiéu S0 v6i bé mit
mai, khong giong nhu cong trinh it tang va nhiéu
tang. Chi s6 ning luong truyén qua két cdu bao
che xung quanh cong trinh s& phu thudc chu yéu
vao ty 1& giita tong dién tich mat tuong xung
quanh va dién tich st dung cta nha. Hinh 13 Ia
cac kiéu hinh khéi nha cao tang c6 tinh wu viét
thir tw tir cao (khdi nha sé 1) dén thap (khdi nha
sO 6) xét theo chi s6 nang luong truyén qua két
céu bao che xung quanh cong trinh (Pham Ngoc
bang, 2014).
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Hinh 8. So sanh chi sd tiéu hao ning lwong giira cac loai hinh

khoi nha cao tang [Pham Ngoc Pang va cac cong su, 2014].
3.3. Té chirc khéng gian mit bing

Viéc to chirc mat bang dong vai tro quan trong
trong viéc tan dung cac yéu td tu nhién co lgi nhur
anh sang ty nhién, thong gié tu nhién; dong thoi
han ché tac dong bat loi tir bén ngoai nhu anh
nang, gi6 noéng/lanh. Mat bang vin phong cao
tang can dugc t6 chic theo cac nguyén tic sau:

- Phan chia khong gian thanh céc khong gian
chinh (khong gian lam viéc, khong gian st dung
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thuong xuyén) va cac khong gian phu (hanh lang,
sanh, kho, WC, ...).

- Uu tién bd tri cac khong gian chinh & hudng
tot dé tan dung tdi da cac yéu t6 ¢o loi, cac khong
gian phu vu tién b tri & cac hudng bét loi.

.

Bén canh d6, c6 thé két hop t6 churc giéng troi
deé tang cuong chicu sang tu nhién cho khong
gian lam viéc.
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Hinh 9. Huéng cong trinh t6t so v6i hudng néng va bat lgi so voi hudng néng

3.4. Sir dung 16p vé bao che nhiéu Iop

L&p vo clia cong trinh, trong diéu kién khi hau
noéng am cua Viét Nam, nén duoc thiét ké linh
hoat, mé t6i da c6 thé dé don anh sang va gié mat
nhung ciing ¢6 thé thay d6i d6 mo nay tuy theo
thuc té, va khi rat bat 101 vi du nhu gié nong vé

f | | A -
-"i =

3.5. Che nang cho cdc huong khdc nhau ciia
cong trinh

Két cau che ning bén ngoai tda nha cé vai tro
quan trong, giup giam thiéu lugng nhiét buc xa
mit troi truyén vao trong nha thong qua cira s6
kinh, ddc biét 1a dbi véi nhiing qudc gia c6 khi
héau nhiét d6i nam & vi tri dia Iy c6 vi d6 thap, gan

L&p khéng khi luu thdng——ss———

Hanh lang ky thuét

mua h¢ cong thém hi¢u ing dao nhiét d6 thi — can
duoc khép kin lai dé ngan hoi nong xam nhép vao
nha. Xir Iy cach nhiét rat don gian: Dung 16p
khong khi ty nhién giira két céu che ning va hé
tuong bao bén trong ma khong cin phai ding
thém bét ky vat liéu nao khac.
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Hinh 10. G1a1 phap thiét ké vo bao che hiéu qué ning lwong [SAMYN and Partners, 2020]

xich dao nhu Viét Nam. Che nang dong nghia vai
viéc giam déng ké lwong nhiét birc xa hun nong
cong trinh va giam yéu cau tai lanh dbi v6i may
DHKK, tranh nhiing bét tién, bat loi khi bi ning
chiéu va ciing 1a giam do choéi gat ciia anh sang
mat troi trong khong gian ¢ [Im G. and Partners,
2012].
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Hinh 11. Giai phép che ning dé xuét cho cic hudng khéc nhau & Pa Ning (a), Quy Nhon (b) va Nha Trang (c).

3.6. Lira chon vit liéu sir dung cho Iop vo cong

trinh

Cac vat liéu duoc stir dung trong cong trinh noi
chung can phai than thién voi méi trudng, khong
chtra cc chit gdy hai dén sic khoe ngudi su
dung, ¢6 nang lugng ham chira thap, d& tai ché va
tai str dung, duoc lap thanh danh muc (catalogue)
v6i cac dic tinh va thong sb ky thuat di kém dé
chti dau tu va kién tric su lya chon theo sy tu van

cua cac ky su vat liéu xay dung. Dbi voi 16p vo
cong trinh, vt liéu dugc chon it hép thu nhiét va
c6 mau sang. Nhiing cong trinh hiéu qua nang
luong dugc xdy dung theo mé hinh kién truc
xanh co6ng nghé thap thuong st dung dat sét, tre,
gd, rom, 14 cdy, ... la nhirg vat liéu thién nhién
—sinh thai ¢6 san, khong gy 6 nhiém moi trudng
va khong tén ning luong van chuyén.

Hinh 12. Mbt s dang két ciu u che néng cho toa nha van phong cao tang 1y Malay51a

3.7. Sir dung ning lrong sach nham bé sung
nang luong tiéu thu cho viéc Iam mait cong trinh

Hinh 13 Vi du tidu biéu vé viéc st dung nang luong mat
tro1 4p mai cho van phong (Bullitt Center — M)
[ArchDaily, 2022].

DPbi V01 quoc gla c6 tiém nang vé buc xa mat
troi va sd gi0 nang 16n nhu Viét Nam, viéc khai
thac va tan dung nang lugng tir birc xa mat troi 1la
can thiét. Dbi véi van phong cao tang, dién tao ra
tir blrc xa mit troi (pin quang dién) can duoc uu
tién khai thac dé bd sung thém ngudn ning luong
tai chd cho cong trinh.

4. Két luan

V6 bao che 1a thanh phan tac dong quyét dinh
dén hiéu qua ning luong ctia cong trinh, ciing lic
dam nhiém nhiéu chtc nang; ddi véi van phong
cao tang, 16p vo bao che cang can duoc quan tim
dang muc. Do véy, can st dung nhiéu giai phap
thiét ké cung lac cho 16p vo dé dap ung day du
c4c yéu cau vé chire ning can c6 cia thanh phan
nay trong cong trinh. C6 nhu vay cong trinh méi
c6 thé dat dugc hiéu qua nang lugng cao nhét
trong qua trinh st dung.
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Ung dung cua tri tu€ nhan tao trong thiét ké noi thit nha thong minh
Applications of Artificial Intelligence in Smart Home interior design.
Phan Hanh Lién

Khoa Kién triic, Truong Cong nghé va Ky thudt
Email: hanhlien.phan2501@gmail.com.

Tém tit: Trong thoi dai cong ngh¢ thong tin bung nd, tri tué nhan tao (AI) khong chi 1a mot khai niém xa voi ma da tre
thanh mot phan khong thé thiéu trong cudc séng hang ngay cua ching ta. Dic biét trong linh vyc thiét ke ndi that néi
chung va thiét ké nha & thong minh (Smart Home) ndi riéng, Al d@ m¢ ra mot chan troi méi voi kha nang t61 wu hoa hiéu
qua st dung khong gian, dong thoi mang lai sy tién nghi, an toan va bén vimg. Bao céo nay tap trung vao viéc phan tich
su két hop giita Al va thiét ké noi thit Smart Home, kham phé tmg dung cua Al trong viéc gidi quyét cac van dé luu trix
dd dac cho ca nguoi 16n va tré em. Céac giai phap dugc dé xuét bao gdm hé théng luu trit thong minh diéu khién qua tng
dung di dong, cing nhu viéc 4p dung cac phuong phap nhan dién hinh anh va xir 1y dr liéu 16n dé c4 nhan hoa trai nghiém
ngudi dung. Ddng thoi, nghién ciru cling nhan manh tim quan trong ctia viéc phat trién cac giai phap twong thich va tiéu
chuén chung giita cac thwong hiéu va hé thong khac nhau. Bao co du bao vé tuong lai ciia Al trong linh vie thiét k& noi
thit, véi hy vong mé rong img dung ctia cong nghé nay trong céc khia canh khac cua doi séng.

Tir khod: tri tué nhan tao; thiét ké noi that nha & thong minh; thiét ké hé th6ng luu trir d6 dac

Abstract: In the era of booming information technology, Artificial Intelligence (Al) is no longer a distant concept but
has become an integral part of our daily lives. Particularly in the field of interior design in general and Smart Home design
in particular, Al has opened up new horizons with its ability to optimize space utilization, while also providing
convenience, safety, and sustainability. This report focuses on analyzing the integration of Al with Smart Home interior
design, exploring Al's application in addressing storage issues for both adults and children. Proposed solutions include
smart storage systems controlled via mobile apps, as well as the use of image recognition methods and big data processing
to personalize user experience. Additionally, the study highlights the importance of developing compatible solutions and
common standards among different brands and systems. The report concludes with a forecast about the future of Al in
the field of interior design, with the hope of expanding the application of this technology to other aspects of life.

Keywords: Al; Smart Home interior design; storage systems design

1. Giéi thi¢u
1.1. Boi cinh biing né AI

Al dang tré thanh mdt trong nhitng cong nghé
cha chét cia cudc cach mang cong nghiép 4.0,
mang lai anh hudng sau rong dén hau hét cac
nganh nghé va linh vic trén toan cau. Vi sy phat
trién nhanh chong cua Al cac qudc gia da dua ra
cac chién luge va chinh sach khac nhau nham
khai thac tiém ning cua cong nghé nay. Mdi quc
gia nhu My, Trung Qudc, Lién minh chau Au,
Nhat Ban va An D6 déu co cach tiép can riéng
biét phan anh muc tiéu phat trién phu hop véi bdi
canh kinh té xa hoi cia ho. Cu thé, My va Trung
Qudc tap trung vao canh tranh din dau trong
nghién ctru va ung dung Al, con Lién minh chau
Au va Canada cht trong khia canh dao duc va
quyén riéng tu. Trong khi Nhat Ban tich hop Al
vao moi linh vue cudc séng qua du an "Xa hoi
5.0", thi An Do dung Al dé phat trién kinh té thi
truong canh tranh [1]. Pidu nay cho thdy su phat
trién manh mé cua Al khong chi don thuan 1a mot
xu huéng cong nghé ma con 1a yéu té quyét dinh
trong viéc dinh hinh twong lai vé kinh té va xa
héi cua cac qudc gia.

1.2. Tinh hinh thiét ké Smart Home va két hop
Al trong Smart Home

Song song v&i sy phét trién ciia Al thi truong
nha thong minh (Smart Home) ciing dang & trén
da bung nd. Theo bao cdo cua Statista [2], gid tri
thi truong Smart Home tai Viét Nam nam 2023
dat 275 triéu USD va duy kién s& vuot 500 triéu
USD vao nam 2028, véi toc do tang trudng trung
binh 12,3% mdi nam. Hién nay, cac giai phap
Smart Home chu yeu tap trung vao viéc tiét ki€m
nang luong thong qua tu dong diéu chinh hé
thdng chiéu sang, nhiét do va cac thiét bi gidm sat
tiéu thu dién nang. Tuy nhién, cac chuyén gia
nhan manh rang yéu t6 quyét dinh khong chi nam
& viéc so hitu cac thiét bi thong minh ma con la
kha nang tich hop ching vao tong thé ‘ngdi nha
dé nang cao chat luong cudc song. Kién triic su
Nguyén D6 Diing cho rang Smart Home ¢ Viét
Nam hién van cha yéu tap trung vao thiét bi, chua
vuot qua duoc gidi han dé cai thién chat luong
song, va “can tién phong mo rong tam nhin,
khong chi dung lai o thiét bi dién ma con chu
trong dén vit liéu va cac phwong phdp khdc dé
cdi thién méi trieong song”[3].
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Trudce bdi canh @6, sy két hop gitta AI va Smart
Home c6 thé tao ra mot cudc cach mang lon, bién
cac ngdi nha tir “khong gian thu dong” thanh “moi
trudng chi dong”, dong thoi ¢ kha ning tu dong
thich nghi véi nhu cau va thoi quen ciia con nguoi.

Bdo cao ndy sé tap trung vao viéc nghién ciru
phan t1ch ung dung cua Al trong viéc giai quyét
cac van dé luu trit d6 dac gia dinh, khong chi thiic
day tang cuong tién nghi ma con cai thién do an
toan, tinh di dong va dong gop vao cong viéc tao
ra mot moi trudng ndi that bén vig.

2. Nén tiang phat trién hé théng luu triv Al
Smart Home

2.1. Nhu can sii-dung iing dung AI Smart Home
Trong ky nguyén hé thdng thong tin toan ciu,
dién thoai di dong da tr¢ thanh mot phan khong
thé thiéu trong cudc sdng hang ngiy ctia moi
nguoi, va viée sir dung cac ing dung di dong
(mobile application, viét tit App) dé két ndi va
diéu khién cac thiét bi thong minh ngay cang pho

bién. Theo Zixuan Chen [4], cac ung dung di
dong khong chi la mot nen tang quan trong ma
con dong vai tro la cau ndi gitta nguoi ding va
hé thong Smart Home. Viéc tich hop cac ng
dung ndy giip t6i uu hoa kha ning tuong tac,
dleu khién va luu trir thong tin. Chen cling deé
xuat so do tu duy vé cong nghé “Gmg dung nha
thong minh” (Smart Home App) (hinh 1), thé
hién cac khia canh phén tich cua viéc két ndi cac
thiét bi qua nén tang di dong. Trong nén ting nay,
cac hé thong luu trit AT Smart Home dang phat
trién manh mé, két hop nhiing tién bo vé ma QR
(QR code), dir liéu 16n (Big Data) va Al. Nhiing
cong nghé nay khong chi giap quan ly dir liéu
hi€u qua ma con nang cao trai nghiém nguoi
dung thong qua kha nang ca nhan hoa va dy doan
nhu cau sir dung. Su lién két giita cong nghé va
nhiing nghién ctu lién nganh (Interdisciplinary
analysis), nhu tdm 1y hoc va quang cdo, cling mé
ra nhimg co hdi méi cho cac hé théng luu trir Al
trong viéc dap Gmg va cai thién cudc séng hang
ngay cua con nguoi.

Smart Home App

Scan QR code
Technology (
Big Data
Psychology
Interdisciplinary
analysis N
Advertising

Hinh 1. So db tu duy vé cong nghé Smart Home App (N guon leuan Chen [4])

2.2. Phit trién céng nghé déi voi khia canh lru
triv do dac théng minh

QR code co thé duoc st dung nhu mdt cong cu
hiru hiéu trong viéc quan 1y va theo dai do dac
trong hé thong luu trir AI Smart Home. Mdi mén
dd trong khong gian nha c6 thé dugc gan mot ma
QR, gitip nguoi dung dé dang xac dinh vi tri va
truy cdp thong tin vé mon do d6. Khi can tim
kiém hodc quan 1y, chi can quét ma QR, hé thong
s€ cung cép thong tin chi tiét vé& dd dac nhu vi tri,
tan sudt st dung va tinh trang hién tai. Diéu nay
khong chi gitp toi wu hoa khong gian luu trit ma
con giam thoi gian tim kiém, ting hiéu qua quan
1y trong moi truong nha thong minh.

Thong qua cac Big Data - 1a cong cu dung dé
thu thap, luu trix, xtr 1y va phan tich khéi lugng
16n dir li¢u c6 tinh da dang va phuc tap, cac Al
Smart Home ¢6 thé thu thap luong dir liéu 16n tir
cac thoi quen sir dung cia nguoi dung. Tur do, Big
Data c6 thé phan tich cac hanh vi nay dé du doan

va ty dong sap xép dd dac theo tan sudt st dung,
kich thudc, va mire d6 quan trong. Vi dy, hé thong
c6 thé nhan biét cac vat dung thuong xuyén duogc
sir dung va dé xuat hodc tu dong diéu chinh vi tri
cua ching ¢ nhimg noi dé tlep can. Nguoc lai, cac
moén db it sir dung s& duoc cat gilr & cac vi tri xa
hon. Piéu nay khong chi gitp t6i uu khong gian
ma con giam thiéu lang phi thoi gian. Ngoai ra,
c6 thé xay dung mo hinh vé y dinh mua hang cia
nguoi s dung va tap trung vao phan tich s¢ thich
thuong hiéu, nhu cau san pham, quan niém mua
hang, kha nang tiéu dung, v.v.

2.3. Nhu cau vé cic phan tich lién nganh trong
hé théng thiét ké Iru triv

Ddi v6i khia canh tim 1y hoc, viéc hiéu va nim
bat tam 1y ctia ngudi dung c6 thé gitp cai thién
trai nghiém trong hé thong luu trir d6 dac thong
minh. Nguoi dung thuong cam thy thoai mai khi
khong gian sdng duoc t6 chirc gon gang va tién
dung. Tam 1y hoc c6 thé gitip hé théng AT hiéu rd
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cdc nhu ciu va thoi quen cua con nguoi, tu do
diéu chinh céc cach luu trit pht hop véi timg ca
nhan hoac gia dinh. Cac nghién ciru tam 1y cling
cho thiy ring nguoi ding thich sy don gian, do
do, cac tinh nang truy cap va sap xep d6 dac trong
hé thong AI Smart Home can dé sir dung va
khong phirc tap. Ngoai ra, viéc hiéu duge cac yéu
t6 nhu théi quen, cam giac an toan, va su thoai
mai c6 thé giup nha san xuat thiét ké cac hé thong
luu trit (t0, k&) sao cho twong thich v&i nhu cau
tdm 1y cua nguoi dung.

Dbi vai yéu td quang cdo tiép thi, hé thong luu
trit thong minh c6 kha néng thu thép va phéan tich
dit liéu vé dd dac cua nguodi dung, tor 46 méd ra co
héi cho viéc ca nhan hdéa quang cao. Vi dy, néu
hé théng luu trit nhan thiy nguoi dung thuong
xuyén cat gitr hodc st dung mot loai san pham
nhat dinh, né c6 thé goi y quang cao hodc dé xuat
san pham lién quan. Hon nita, cac dit liéu vé luu
trir ¢6 thé gitip cac cong ty hiéu rd hon vé nhu cau
tiéu dung va hanh vi mua sim ctia ngudi dung, tir
d6 diéu chinh chién lwgc quang cdo phu hop.
Quiéng cdo c6 thé dugce tich hop trong hé thong
qua céc thong bao hodc dé xuat khi nguoi ding
tuong tac voi hé thdng luu trir cua ho, gitp ting
cuong hiéu qua tiép thi va dem lai gia tri cho ca
ngudi tiéu dung va nha san xuat.

Thiét ké lvu trir
AlSmart Home

Dbi tugng ( . 4
‘ ﬁ Tréem <{Smart6rowth

3.Pé xuit thiét ké hé thong luu trir AT Smart Home

3.1. Yéu ciu chung trong thiét ké hru triv

Luu trit 14 mot van d& quan trong ddi véi cac
nha thiét ké ndi that ciing nhu nguoi dung trong
cudc song hang ngay. Hé thong luu trix trong nha
c6 vai trd quan trong trong viéc toi uu hoa khong
gian va dam bao su tién nghi. Mot hé théng luu
trir hiéu qua phai dam bao tinh linh hoat, dé dang
tiép can va sap xep hop 1y cac vat dung gia dinh.
Céc phan tich thiét ké cling can dua trén kha ning
tai cua cac cAu trac luwu trit, vat liéu, mic do
tuong thich véi thdi quen st dung, ngoai ra con
lién quan dén tudi tho va kha ning thay thé, sira
chira trong qua trinh sir dung, dam bao tinh bén
vitng va thoi han kinh té cho ngudi dung.

Trong khudn khd bao céo nay, cac dé xuat giai
phap thiét ké dugc dya trén tinh chat luu trir cu
thé ddi véi 2 loai ddi twong: ngudi 16n va tré em.
Céc d& xuét nay ciing dugc két hop voi nén tang
Al Smart Home, tap trung khai thac hanh vi cua
con nguoi, ndi dung luu trlr, phan vung luu tri,
tir d6 hinh thanh céc diém nhan khac nhau trong
thiét ké danh cho mdi déi tuong.

* Ngudi Ién Smart Store

triv

Db ndi that Luu

TG trang phuc, tb sach, ta phu kién,

V.V.

Hinh 2. Hé thdng thiét ké noi that luu trit trong AT Smart Home

3.2. H¢ théng tii Smart-Store dinh cho nguoi Ién
Heé théng ti Smart-Store 12 mot y tudng tién tién
Vi viée st dung cong nghé Al Smart Home dé
bién chiéc tii quan 4o thong thuong thanh mot
“ctra hang ca nhan” ngay tai nha. Thay vi chi don
gian 1a noi luu trit dd dac, to Smart-Store trd
thanh mot trg Iy ca nhan trong viéc quan ly trang
phuc, phu kién va cac vat dung khac ctia nguoi
ding. Hé théng Al tich hop thong qua tng dung
di dong va gitp ngudi dung quan 1y, tim kiém va
goi y trang phuc dya trén théi quen sir dung.
Cong nghé QR code va Big Data s€ theo doi va
quan 1y hiéu qua cac vat pham trong ti1, dong thoi
cung cap canh bao khi can bao tri. Hé thong ciing
dua trén thoi quen nguoi dung dé téi wu hoa

khong gian luu trir va ca nhan hoa cac goi y mua
sdm tir hé théng dua trén di liéu thoi trang, xu
hudng va so thich ca nhan. Hinh 3 1a so d6 quy
trinh st dung ddi v&i mot mé hinh luu trir Smart-
Store.

Vit liéu str dung thich hop v6i méd hinh tu
Smart-Store nén bao gom cira kinh trong sudt cho
phép quan sat d6 dac dé dang, két hop véi khung
thép hodc nhom cao cap dé dam bao do bén. Cac
ngin kéo va ké bén trong nén duoc lam tir gb
cong nghiép hodc composite, co kha ning diéu
chinh linh hoat tiry thuéc vao nhu cau luu trir. Tac
gla ciing khuyén ngh1 nén st dung cac kleu thiét
ké module giup dé dang bao tri va néng cap timg
phan ti ma khong can thay thé toan bo hé thdng,
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dam bao tinh bén virng va tién loi. Ngoai ra, van  khu vuc luu trit riéng tu, canh bao an ninh s¢
dé bao mat dugc dam bao bang cong nghé van  dugc kich hoat khi phat hién mé tu bat thuong
tay hodac nhan dién khuon mat, giap bao vé cac

Budc1: Budc2: Budc 3: Budc4:
Scan vat phdm Sapxép Thémvao Layra
Vi cac théng Sép xép khong Tiép tuc scan Chi dinh vi tri
tin vé& nhan hiéu, gian td d6 theo nhan hiéu hosc trang phuc
kich thudc, kiéu quan ly dir liéu chup anh vt théng qua Al
dang (mau hodc kiéu phdm Smart Home
_ déng) | App
4 4 4 4

Hinh 3. Quy trinh x4y dyng m6 hinh Smart-Store

Cac dang thiét ké ta luu trit phu hop V0’1 mo h1nh Smart-Store

3.3, Hé théng tii Smart-Growth dianh cho tréem ~ khu khuan manh. Thiét ké to SmartGrowth co thé
st dung vét liéu an toan nhu nhya khéng ddc hai
hoic g6 tu nhién, bé mat khang khuén va dé& dang
v€ sinh, giup cha me¢ nhanh chong lam sach tu.
Hon nira, hé théng AI h trg phéan loai d dung
theo tirng danh muc (quén 40, d6 choi, phu kién),
gitip cha me dé dang t6 chirc khong gian va theo
ddi muac d6 can vé sinh cua tirng mon dd cua tré
em (hinh 5).

Ngoai kha ning phan loai va d& xuit vat pham
nhu mé hinh Smart-Store di dé cap & phan trén,
Smart-Growth dugc phét trién dua trén hai khia
canh sy "sach s&" va "bén vimng" danh cho tré em.
V6i tré nho thuong c6 hanh vi ngam ) choi hay
tlep xUc truc tlep v6i nhidu vat dung, yéu ciu vé

vt liéu thiét ké tu phai c6 kha ning 1am sach va

: Budc1: Budc 2: : Budc3: Budc4:
Scan vat phdm Nhapdir liéu ‘ Sapxép Phanloai
V6i cc théng Bao gdm céc Sép xép di liéu Phén loai theo_
; tin v& nhan théng tin cla tré tuong tu Smart- d6 (quan 4o, 6
| hiéu, kich thudc, em nhu gidi Store, nhu kjéu choi, sdch vd) va
kiéu dang tinh, tudi, chidu déng mau séc, tinh chat lam
cao, cdn néng V.V.. sach vét liéu
(rira, sy, phoi,
| khirtring v.v.)
\ ! 4 / 4

Hinh 5. Quy trinh x4y dung mé hinh Smart-Growth
Tich hop cong ngh¢ Al, Smart-Growth theo doi ké Smart-Growth ciing can phai tinh dén cau trac
sy phat trién cua tré va ty dong dé xuat cac thay  module linh hoat, cho phép diéu chinh kich thudc
d6i vé ngan chira pht hop véi nhu cdu méi. Thiét  va bd tri khi tré 10n 1én ma khéng can thay doi
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hay théo d& toan bo, toi da hoa tudi tho sir dung
ctia san pham (hinh 6). Céc bang ngan trong ti ¢6
thé thao roi va ket hop tiy chinh ma khéng can
dén cac khop ndi phire tap, giup viéc don dep va
khir khuan toan bg ti tré nén dé dang va nhanh
chong (hinh 7).. Nho d6, Smart-Growth khong

Hinh 7. Céc dang thiét ké module ban ghé thay ddi ciu
truc linh hoat (Ngudn: Dwyers Home [5])

4. Dy doan xu hwéng phat trién

R& rang trong bdi canh ky nguyén cong nghé
sO, hé thong Smart Home s& khong ngimg mé
rong, dac biét 1a trong linh vyc luu trir thong
minh. Tuy nhién, dé nhing giai phap nay thyc sy
trd thanh xu hudng phd bién, can phai vuot qua
nhiéu thach thirc; ciing nhu di kém véi cac chinh
sach hd trg va sy phat trién ciia cong nghé. Khi
cac hé théng thong minh nay tich hop sau hon
vao cudc séng hang ngay, kha nang thu thap va
phan tich dit liéu tir nguoi dung s€ tang cao, tir do
gitp cac thuong hiéu khong chi nang cao do
chinh x4c trong viéc c4 nhan héa san pham, ma
con ma ra co hoi hop tac kinh doanh 16n hon. Vé

chi mang lai sy tién lgi ma con dam bao mot
khong gian sach s&, an toan va bén ving, giup
cha me quan 1y t5t hon viéc luu trit va cham soc
suc khoe cta con tré trong nhitng ng6i nha thong
minh.

phla ngucn dung, ho s& nhan duoc nhiing goi y
mua sam t1 wu va tiét kiém thoi gian. Dudi vong
tuan hoan c6 loi giita nguoi tiéu dung va céac
thuong hiéu san pham, hé thong thiét ké noi that
ti quan 4o thong minh, ti 1ap rap, ban hoc tly
chinh thay dbi kich thudc, v.v. ciing dugc ky
vong s€ trd thanh mot thi truong c6 anh hudng
16n, thuc day chudi lgi ich gitra cac doanh nghiép
va khach hang. Tuy nhién, dé dat duogc sy pho
bién rong rii, cin c6 nhiing quy dinh rd rang vé
an toan va bao mat thong tin, nham béo vé quyen
riéng tu cua ngudi dung ciing nhu dam béao chit
lwong dich vu trong sudt qué trinh sir dung.
5. Két lun

B4o c4o nay dé cao vai trd quan trong ctia cong
nghé Al trong linh vuc thiét ké noi that, dic biét
1a trong viéc can thiét phat trién cac giai phap luu
trit thong minh cho khong gian song hién dai. Su
két hop giita Al va thiét ké noi that khong chi
nang cao hiéu qua sir dung khong gian ma con
mang dén trai nghiém song t6t hon cho nguoi
dung. Voi sy phat trién khong nging cta cong
nghé, cac hé thong thiét ké Smart Home s& ngay
cang tré nén tinh vi va than thién hon, phu hop
v6i nhu cau va thoi quen ciia ngudi tiéu dung.
Pong thoi, viéc phat trién cac tiéu chuan nganh
va dam bao an toan thong tin cling la nhitng yéu
t6 then chét dé thuc day su chap nhan va ng
dung rong rdi cua cac san phim Smart Home.
Trong bdi canh xd hoi ngay cang phat trién, sy
chuyén minh cia thiét ké noi that dudi anh huong
cua cong nghé khong chi 1a xu huéng ma con la
diéu kién céan thiét dé dap ing nhu cau ngay cang
cao ctia con ngudi. V§i nhing tiém niang va thach
thirc hién tai, turong lai ctia nganh thiét ké noi that
s& 1a su két hop hai hoa giita cong nghé va tinh
nhan vin, tao nén khong gian song khong chi
thong minh ma con than thién va bén viing.
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