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Nang cao d9 chinh xac cin bing tai bang bg loc Median va EMA
trong xit Iy tin hiéu cam bién tdi trong

Hoang Ngoc Nhan?, Lé Manh Hung"", Pang Kién Quyét?
Vién P6i méi sdng tao Qudc gia, B4 Khoa hoc va Cong nghé, C6, phwirng Thanh Xudn, Ha Noi, Viét Nam
2Céng ty C6 phdn Nhiét dién Phd Lai, phwong Chi Linh, TP. Hdi Phong, Viét Nam

Ngay nhan bai 24/6/2025; ngay chuyén phan bién 26/6/2025; ngay nhin phan bién 15/7/2025; ngay chip nhan diang 21/7/2025

Tom tdit:
Hé thong can bang tai dong vai tro quan trong trong cac diy chuyén san xudt cong nghiép nhw khai thac khoang
san, nha may nhiét dién, xi mang hay ché bién vitliéu roi. Nhiém vu chinh ctia hé thong nay 1a do lwong khéi lwgng
vt liéu dwoc van chuyén lién tuc, giip doanh nghiép theo déi san lwong, t6i wu hoéa qua trinh san xuit va duy tri
chit lwgng san phdm dau ra. Bai bao trinh bay mdt phwong phap loc tin hiéu két hop giira bd loc trung vi (Median)
va bé loc trung binh dong liiy thira (EMA) nham cai thién do 6n dinh va dé chinh x4c ctia tin hiéu cam bién tai trong
trong hé thdng cin bang tai. Hé thong dwoc xiy dwng trén nén tang vi diéu khién STM32H743ZIT tich hgp ADC
24-bit va hé diéu hanh thoi gian thwe FreeRTOS. Tin hiéu dworc xir Iy qua chudi loc Median bac 7 va EMA véi hé s6
a=0,3 trwdc khi hiéu chuin va tinh toan lwu lwgng. Thir nghiém tai diy chuyén thwc té cho thay, giai phap giap
giam nhiéu xung hon 68%, dd 1&éch chuin tin hiéu gidm hon 62%, dd tré chi khoang 104 ms, sai s6 do khéi lwong
duy tri dwéi +1,2%. Két qua cho thay phwong phap c6 tiém nang rng dung cao trong cac mdi trwong cong nghiép
c6 nhiéu manh.

Tir khéa: bé loc trung binh dong lity thira, cdm bién tai trong, cAn bang tai, gidam nhiéu, STM32, xi¥ ly tin hiéu s8.
Chi s6 phén logi: 1.3,2.1,2.2

Enhancing the accuracy of conveyor belt weighing systems
using Median and Exponential Moving Average filters in load cell signal processing
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Abstract:

The belt weighing system plays a vital role in industrial production lines such as mineral mining, thermal power
plants, cement manufacturing, and bulk material processing. Its main function is to measure the mass of material
being continuously conveyed, enabling businesses to monitor throughput, optimise production processes, and
maintain the quality of the output products. This article presents a signal filtering method that combines the Median
filter and the Exponential Moving Average (EMA) filter to improve the stability and accuracy of load cell signals
in conveyor belt weighing systems. The system is implemented on an STM32H743ZIT microcontroller platform,
featuring an integrated 24-bit ADC and the FreeRTOS real-time operating system. The signal is processed using a
seven-point Median filter followed by an EMA filter with a smoothing factor a=0.3, prior to calibration and flow
calculation. Experimental results from a real-world industrial conveyor line demonstrate that the proposed method
reduces impulse noise by over 68%, decreases signal standard deviation by more than 62%, maintains latency at
approximately 104 ms, and keeps mass measurement error below +1.2%. These results verify the feasibility and
high efficiency of the proposed approach in harsh industrial environments with significant noise interference.

Keywords: conveyor belt weighing, digital signal processing, Exponential Moving Average filter, load cell, noise
reduction, STM32.

Classification numbers: 1.3, 2.1, 2.2
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1. it van de

Hé thong cin bing tai la thanh phan thiét yéu trong
cac diy chuyén san xuit cong nghiép nhw khai thac
khoang san, nhiét dién, xi mang va ché bién vt liéu roi.
Chtrc nidng chinh cua hé théng l1a do khoi lwong vat liéu di
chuyén lién tuc, gitip doanh nghiép kiém soat san lwong,
téi wu hoa van hanh va dam bao chat lwong dau ra. b6
chinh x4c ctia hé thdng phu thudc truec ti€p vao tin hiéu
thu dwoc tlr cdm bién tai trong. Tuy nhién, trong mai
trwong céng nghiép, tin hiéu nay thwong bi anh hwéng
b&i nhiéu dién tlr, rung déng co hoc va bién thién nhiét
d6 - gay ra dao dong khong mong mudn va sai sd do [1, 2].

Dé& cai thién chit lwong tin hiéu, nhiéu nghién ctiru
da ap dung cac ky thuit loc s6 trong khau xt ly tin hiéu
load cell. i. Yabanova (2017) [2] d4 (tng dung cac phwong
phép xtr ly tin hiéu s6 nham gidm nhiéu dong trong hé
théng cin bang tai, trong khi D. Richiedei va cs (2022)
[3] dé xudt bo loc thich nghi dang Shaper-Based gitip rit
ngan thoi gian 6n dinh tin hiéu. F. Liang va cs (2021) [4]
trién khai bo loc trung binh trwot cai tién cho hé théng
can dién tr cho thiy, kha nang lam min tin hiéu nhwng
d6 phan hoi con chdm khi tai bién thién nhanh. Ngoai ra,
B. Sun va cs (2021) [5] va M. Meller va cs (2014) [6] da
nghién cttu cac bo loc thich nghi nhw LMS va Kalman c6
kha nidng tw diéu chinh theo dic tinh nhiéu, tuy nhién
yéu ciu md hinh hé théng chi tiét va chi phi tinh toan
cao, han ché khi &ng dung trén vi diéu khién céng suit
thap.

Trong khi d6, cac bd loc phi tuyén nhw Median c6
wu diém ndi bat trong viéc loai bé nhiéu xung ngin ma
khong 1am bién dang tin hiéu gbc [7]. Tuy nhién, Median
chwa dt hiéu qua khi d6i mit véi nhiéu tin thap. D& khac
phuc, EMA véi hé s6 suy gidm a=0,3 dwoc sir dung nham
1am muwot tin hiéu va duy tri do tré thap [8, 9]. Viéc két
hop hai bd loc nay cho phép tin dung wu diém cua tirng
loai - Median loai nhiéu dot bién, EMA 6n dinh tin hiéu
theo thoi gian - qua dé cai thién dd chinh xac va tinh dap
rng ctia hé thdng do trong moi trwdng nhiéu cao.

Trong bdi canh dd, bai bdo nay dé xuat mot phwong
phép loc tin hiéu két hop gitta Median bac 7 va EMA véi
a=0,3, dwoc trién khai trén vi diéu khién STM32H743ZIT
tich hop bd chuyén ddi twong tw - sé (ADC) 24-bit
ADS125H02 va hé diéu hanh thoi gian thwe FreeRTOS.
Giai phap dwoc danh gia trén hé thong cin bang tai thuc
té€ tai nha may nhiét dién nham kiém chirng kha ning
giam nhiéu, nang cao dd 6n dinh tin hiéu va gidam do
tré xir ly, dap ing yéu ciu do lwdong lién tuc trong moi
trwong nhiéu cdng nghiép phirc tap.
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2. Ca sd lua chon hé loc

Trong hé théng cin bang tai, cdm bién tai trong c6
nhiém vu do lwc tac dung tir vt liéu di chuyén trén bang
tai, sau d6 chuyén ddi lwc nay thanh tin hiéu dién twong
wng. Tuy nhién, trong moi trweong céng nghiép, tin hiéu
dau ra tir load cell thuwdng bi nhiéu béi cac yéu t6 nhw
dao dong co hoc, nhiéu dién tir (EMI) tir dong co, nhiéu
ngudn va bién thién nhiét do. Nhirng yéu t6 nay giy bién
dong tin hiéu va anh hwdng truc tiép dén do chinh xac
cua phép do trong lwong tirc thoi [1, 2].

Theo S. Haykin (2014) [10], tin hiéu twr load cell cé
thé dwoc biéu dién dwdi dang:

x(Q)=s()+n(t) 1)

trong dé: x(t): tin hiéu do dwoc; s(t): tin hiéu thuwc té tir
tai trong; n(t): nhiéu téng hop [1, 4].

Nhiéu n(t) bao gdbm cac thanh phan:
(i) Nhiéu trang Gaussian: n (t) ~ N(0, 0°) 2

trong d6: n (t): tin hiéu nhiéu tréng Gaussian tai thoi
diém t; N(0, ¢%): phin bd chuin v&i trung binh 0 va
phwong sai 6% 6% phwong sai (mitc cwdong do nhiéu).

(i) Nhiéu xung: n(t) = £ a,8(t - t,) 3

trong do: n(t): tin hiéu nhiéu xung tai thoi diém ¢ a:
bién do xung thir k; &(t - t,): ham Dirac delta, biéu dién
xung xay ra tai thoi diém ¢; ¢,: thoi diém xudt hién xung
thir k.

(iii) Nhiéu tan s6 thap: n(t) = Asin(2nft + ¢) 4)

trong do6: n(¢): tin hiéu nhiéu tin s8 th4p tai thoi diém
t; A: bién d6 ctia nhiéu; f: tn s6 thip cta nhiéu; ¢: thoi
gian; ¢: pha ban dau cda séng sin.

Dé& loai bo cac thanh phian nhiéu va khéi phuc tin hiéu
mang y nghia vatly, cAc ki thuat xi 1y tin hiéu s6 (Digital
signal processing - DSP) dwoc ap dung, trong d6 cac bo
loc s6 la cong cu then chot. Mot s b loc phé bién gom
[3,4,10]:

B0 loc trung binh cong: B6 loc tuyén tinh don gian, 14y
trung binh mot ctra s6 mau trwot. Dé trién khai nhwng
phan ho6i chdm trwdc tin hiéu thay d6i nhanh.

B0 loc Median: B0 loc phi tuyén, hiéu qua cao trong
loai bé nhiéu xung hodc dot bién, bing cach 14y gia tri
trung vi trong tdp mau. Phu hop véi tin hiéu c6 nhiéu
nhiéu ngau nhién [2, 7].
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Bo loc EMA: B loc tuyén tinh dé quy, 1am min tin hiéu
bang cong thitc:

y[n] = ax[n] + (1 - aJy[n - 1] (5)
trong do: o (O<a<1) la hé s6 lam min, quyét dinh mirc do
phan &ng cta bo loc; y 1a gia tri tin hiéu sau khi da qua
b0 loc EMA. EMA don gian, nhe tai nguyén, phu hop véi
vi diéu khién [11].

B0 loc Kalman: B6 loc t6i wu theo nghia binh phwong
t6i thiéu, hiéu qua cao trong moi treong c6 mé hinh
doéng hoc ro rang. Tuy nhién, viéc thiét 1ap tham s6 phu
hop doi hoi hidu biét sdu vé hé thong [11].

Bo loc LMS (Least Mean Squares Filter): B loc tw
thich nghi, diéu chinh trong sé dwa trén sai s6 gitta dau
ra va tin hiéu mong muén. Tuy manh trong méi trueong
c6 nhiéu thay d6i, LMS can c6 tin hiéu “desired” xac dinh
- diéu kh6 dam bao trong do tai trong thoi gian thue [12].

2.1. Pdnh gia cdc bé loc

Do phirc tap tinh toan va tai nguyén hé théng ctia cac
bd loc dwoc trinh bay trong bang 1.
Bang 1. So sanh dac tinh cac bé loc [2-6, 8, 10, 11].

B6 loc S6 phép tinh Yéu cau bo DPic diém

S mdi miu nhé’ (RAM) tinh toan
Median %20 phép so sanh + 7 mAu (buffer 1 Pfu tli,yen'_cafl
(bac 7) sap xép chiéu) sap xép lai dix

: liéu mdi chu ky
EMA 1 phép nhan + 1 1 mau trudc dé Tuyer‘lltmh, .
(a=0,3) phép cong +1hés6a nhe tai nguyén,

’ ; ; khong cin buffer
Trung binh Tuyén tinh, don
cdng 6 phép cong + 1 chia 7 mAu (buffer) gian, nhung c6
(bac 7) do tré 16n

~A10_20 pheP nhan./ ~10 bién trang  Tinh to4n phikc

cong + 1 phép nghich . R e o
Kalman A RN ~ thai (matrdn + tap, can xi ly ma

ddo ma tran (tuy mo B tran

hinh) :

~2N phép nhan + A x ., Twthich nghi,
LMS 2N phép cong (N=s6 gihigﬁ +Ngia can nhiéu RAM

hé s6) : khi N 16n

Cac thong sé trong bang 1 dwoc xac dinh dwa trén
nguyén ly hoat dong ctia tirng bo loc va sé phép toan can
thuc hién dé xir Iy mot mau dir liéu. Viéc wéc lwgng nay
duwgc tham khdo tir cong thirc tinh todn dac trung cta
tirng bo loc.

Két qua danh gia hiéu qua loc nhiéu cta cic bd loc
dwoc trinh bay trong bang 2.

JHOAHOC . -

Bang 2. So sanh cac bd loc s6 dung trong xt ly tin hiéu load cell
[2-9].

Do phirc Yéu ciu Khaning Kha ning
Boloc  Uudiém Nhwocdiém taptinh .. . loainhiéu 1am min
A tai nguyén PPN
toan xung tin hiéu
Loai bo tot €640 trne
x pha, khong
Median nhicu xung, thichhgp  Trung
A khong lam o x \ Thép 1.5.2.0.8 S 8 ¢ $-3+4
(bac7) ., voinhieu binh
REgd e tan thdp lién
bién tin hiéu p
T tuc
Lam min Khong xtt
EMA —ttnhetal lyhibuqud o prgas aak aokkkk
(a=0,3) nguyén,dé  nhiéu xung
tinh todn lén
T6iwuhod  Cinmd hinh
dya trén chinh xac, Trun
Kalman mohinhhé  phtrctapkhi Cao binhg 1. $.8.0 ¢ ¢ 8 ¢ ¢
thong loai  trién khai
nhiéu ot thuc t&
Tu thich nghi  Can tin hiéu
theo moi mong muén
s reomgthay - (desired), o e, IHAIH hAKH
doi, totcho  kho cd trong
tin hiu bién  thoi gian
thién thue
Dé trién khai, D¢ tré pha
TrUNg  piswquavsi  lom, kém
binh P MK Thip  Thip  KRARA KkkAR
N nhiéu tdn hiéu qua véi
cdng . x
thap nhiéu xung

Trong nghién ctru nay, nhém tac gia da khao sat nhiéu
thuit todn va lwa chon hai bo loc phtt hop cho hé théng
can bang tai: Median bac 7 va EMA véi a=0,3 véi nhitng
ly do sau day:

2.2. B¢ loc Median bdc 7 |2, 4,7, 9]

Ly do chon bdc 7: i) Clra s6 7 mau cho phép loai b
nhiéu xung ngan hiéu qua (c6 thé loai bé tdi da 3 mau
nhiéu lién tiép); ii) Thoi gian dap rng khoang 75 ms (véi
tAn s8 14y mau 40 Hz) - phu hop véi yéu cau thoi gian
thuc; iii) P06 tré pha c6 dinh va cé thé du doan dworc; iv)
Ton it tai nguyén tinh todn hon so v&i bac cao hon.

Hiéu sudt: i) Loai bé hiéu qua nhiéu xung c6 bién do
16m; ii) Bao toan cac canh tin hiéu t6t hon so v&i bd loc
trung binh cong; iii) Khong lam bién dang tin hiéu goc.

2.3. B¢ loc EMA véi «=0,3 [8, 10, 11]

Ly do chon a=0,3:

i) Thoi gian dap tng: 178 ~ 3 X ——=x T, = 175 ms,

ii) Do tré tin hiéu dic trung: ~29 ms.

X
mxfs =~ 2,73 Hz,

iii) Bing thong: fc =

iv) Can bang tdt gitra d6 6n dinh va thoi gian dap ng.
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v) Phu hop véi tin sd thay ddi tai trong thwc té trén
bang tai.

Pdc diém:

i) Lam min tin hiéu hiéu qua.

ii) Pap &ng nhanh véi thay doi tai trong.

iii) Tén it bd nh& (chi can lwu 1 gid tri trwdce do).

iv) Tinh toan don gian, phtt hop véi vi diéu khién.

2.4. Két hop hai bé loc [2, 6, 8]

Thi tw xtt ly: Median —» EMA.

Loi ich: Median loai bé nhiéu xung trwéc; EMA 1am
min tin hiéu sau; d9 tré tin hiéu téng hop: ~104 ms; téng
thoi gian dap &ng: ~275-300 ms; d6 6n dinh cao v&i
nhiéu da dang.

Hiéu suit téng thé: gidm nhiéu xung: ~68%; giam
nhiéu tin so thip: >70%; dd 6n dinh tin hiéu: £0,1% fs;
thoi gian dap wng: phu hop véi yéu ciu thuece té.

Viéc két hop tuan tw hai b loc nay gidp tidn dung wu
diém clia tirng phwong phap - Median loai bé nhiéu dot
bién hiéu qud, trong khi EMA 6n dinh tin hiéu theo thoi
gian. Tir d6, hinh thanh chubi loc c6 kha ndng loai nhiéu
tot, ddm bao tin hiéu dau ra vira 6n dinh vira dap ng
nhanh véi bién dong trong luwgng.

3. Phuong phap va thiét ké hé théng
3.1. Kién tric phdn cirng

Hé théng dwoc thiét ké nham thuc hién xir Iy tin hiéu
tai trong theo thoi gian thwe, dap ng yéu ciu chinh xac
va dd 6n dinh cao trong mdi treong cong nghiép. Cau
hinh phéan cléng chinh (hinh 1, 2) bao gom:

AR HE

Over Current
Protection

SIG

FH———ys( ]

Isolation

( ENcoDER | [ LOADCELL |

Hinh 1. So d6 khéi hé théng.

ANALOG INPUT LOADCELL

USB  DIGITAL INPUT

f ‘ ‘Entl:oder

S T S
|y |

Ethernet RS485 Display  DIGITALOUTPUT ANALOG QUTPUT

Hinh 2. So’ d6 khéi va mach phan cirng thiét bi.
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Vidiéu khién STM32H743ZIT: Vi diéu khién hiéu ning
cao cta STMicroelectronics véi nhin ARM Cortex-M7
@480 MHz, RAM 1 MB, h6 tro xtt Iy tin hiéu s6 va hé diéu
hanh thoi gian thye FreeRTOS [12-15].

B0 chuyén ddi ADC ADS125H02: Chuyén ddi tin hiéu
tir load cell véi dd phan gidi 24-bit va dd nhiéu thap, ddm
bao tin hiéu do cé dod chinh xac cao [16-18].

Load cell: CAm bién tai trong ki€u cau dién trd strain
gauge, ndi truc tiép dén ADC théng qua mach khuéch dai.

Cam bién t6c do: Pwoc gan trén truc quay hodc biang
tai dé do tdc dd chuyén dong, tir d6 tinh toan lwu lwong
vat liéu.

Giao ti€ép RS485/Modbus va Modbus TCP: Truyén dir
liéu da xtr Iy dén hé thong giam sat va HMI.

3.2. Luéng xir ly tin hiéu

Hé théng xt ly tin hiéu theo chu ky 14y mAu cd dinh
(10-20 ms), stt dung FreeRTOS dé phan chia va quan ly
lubng dir liéu:

Xt ly tin hiéu tdi trong:

B1: ADC ADS125H02 14y mAu tin hiéu analog tir load
cell.

B2: B9 loc Median bac 7 loai bé nhiéu xung dot bién.
B3: B loc EMA («=0,3) 1am min va 6n dinh tin hiéu.

B4: K&t qua loc dwoc hiéu chuin dé tinh ra khoi lwong
tirc thoi (ke).

Xt ly tin hiéu téc do:
B1: Bo dinh thoi (TIM3) dém s6 xung tir cdm bién téc do.

B2: Ctr sau T ms (cho phép cai dat, mac dinh 100 ms),
hé théng tinh t6c d6 bang tai theo cdng thirc:

_ Noeung XC 6)
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trongdo:N, - s6 xung dém dwoc trong thoi gian T; C: hé
s6 quy doi tir xung sang mm.

B3: Tdc dd nay dwoc dung dé tinh lwu lwong vat liéu:
Q =khéilwong tiec thoi x v (7)
3.3. Qudn ly da tdc vu vo'i FreeRTOS

FreeRTOS dwoc st dung dé thuc hién song song v&i
cac chirc nang chinh ctia hé théng (bang 3).

Bang 3. Tac vu FreeRTOS dwoc sir dung dé thwe hién cac chirc
ning chinh cuda hé théng.

Két qua cho thay, tin hiéu sau loc c6 dd dao dong thip
hon, loai bd hiéu qua nhieu xung va dao dong khong
mong mudn, trong khi van gitt dwoc dic trueng vatly cta
tai trong.

4.3. So sanh dinh lwo'ng tin hiéu

Bang 4 trinh bay céc chi s6 thdng ké gobm: gia tri trung
binh, d¢ 1éch chuin, phwong sai, gia tri cwc tri, cac t&
phén vi va hé s6 bién thién (CV).

Bang 4. Chi s6 théng ké sé liéu.

Tac vu

Chire ning chinh

Task ADC

Doc tin hiéu tir ADS125H02, loc, hiéu chudn

Task SpeedSensor

Pém xung tdc do, tinh van tdc bang tai

Task Calculation

Tinh lwu lrong (kg/s, tin/h), tong tén, lru trir dit lidu

Task Communication

Gui dir liéu 1én HMI/may tinh qua TCP/Modbus

Task Monitor

Giam sat 15i cam bién, bao dong, reset h¢ théng. ..

Viéc phan chia rd rang gidp hé théng hoat dong 6n
dinh, dé mé& rong va tang cwdng kha ndng gidm sat - diéu

rat quan trong trong wng dung céng nghiép lién tuc.
4. Thuc nghiém va danh gia két qua
4.1. Méi trwrong thwe nghiém

Hé théng dwoc trién khai va kiém tht tai cAn bang 4B
day chuyén 2 - Cong ty CO phan Nhiét dién Pha Lai. Thir
nghiém nham danh gid kha ning loc nhiéu, dd 6n dinh
tin hiéu, thoi gian dap ¢ng va sai s6 do khdi lwong trong
diéu kién cong nghiép thuc té (rung dong, nhiéu dién ti,
bién thién nhidt do).

Thong s6 cai dat: tdc dd 18y mau: 40 Hz; bo loc Median:
clra s6 7 mau; EMA: hé s6 a=0,3; thoi gian cip nhat téc
do: 100 ms.

4.2. D6 thi tin hiéu va nhdn xét ban ddu

Tap dit liéu gobm 1.000 mAu dwoc thu thip tir cam
bién tai trong trong trang thai vadn hanh &n dinh. Hinh 3
minh hoa tin hiéu g6c (raw), sau loc Median va sau chudi
loc Median + EMA.
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raw Median Median + EMA

Hinh 3. Tin hiéu cam bién tai trong.
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Chi s6 théng ké Raw Median 7mAu ~ Median 7+EMA (¢=0,3)
$6 hwong méu (n) 1.000 1.000 1.000

Trung binh (Mean) 167256393 1.672.541,12 1.672.543,70
D0 léch chudn (Std) 333,11 139,53 111,63
Phuong sai (Var) 110.960,32 1946741 12.460,58
Min 1671733 1.672.034 1672219
Q1 (25%) 1672324 1.672.445 1.672.472
Median (50%) 1672554 1.672.540 1.672.539
Q3 (75%) 1672791 1.672.633 1.672.616
Max 1673461 1.673.058 1.672.887
CV (%) 0,0199 0,0083 0,0067

Do 1éch chuin sau loc gidm hon 62%, CV (%) giam tw
0,0199 xudng 0,0067, thé hién tin hiéu tré nén 6n dinh
va tin cay hon.

Do tré cua chubi loc dwoc xac dinh khodng ~104 ms,
nam trong gi¢i han yéu cau ctia can bang tai cong nghiép.

4.4. Phdn tich chdt lwong tin hiéu
D& danh gia hiéu qua loc tin hiéu, cac chi s6 ning cao
dwoc st dung (bang 5).

Bang 5. Panh gia tdng hop chét lweng tin hiéu sau loc.

Chi s d4nh gia Raw Median 7miu  Median+EMA (¢=0,3)
Giam nhidu xung (YJAy)) 380.392 150.146 120348

Giam nhiéu tan s6 thip (Std) 333,11 139,53 111,63

Do muot (zigzag) 638 641 636 (mugt nhat)
Tuong quan voir (voiraw) 1,000 0,364 0,219

Chubi loc Median+EMA mang lai d6 muot t6t nhét
(zigzag giam), loai bo nhiéu xung dén 68%, dong thoi
van duy tri dap rng thoi gian thuc.

4.5. Pé chinh xdc va thoi gian ddp iwwng ctia hé
théng cdn

Hé thong dwoc so sanh véi cAn thwong mai da hiéu
chuin, két qua cho thiy sai s6 trung binh duy tri & mic
+1,2% so v&i gia tri chuln, trong khi bién thién tin hiéu
trong 5 phit vin hanh lién tuc nho6 hon 0,5 kg. Vé dong
hoc tin hiéu, sau khi 4p dung chudi loc Median bac 7 va
EMA (a=0,3), tin hiéu 6n dinh trong khoang 275-300 ms
ké tir khi xay ra bién dong tai trong, trong dé do tré do



qua trinh loc chi khoang ~104 ms. Khoang thoi gian nay
dap rng yéu cau phan hoi kip thoi cho van hanh thuec té
cla can bdng tai cong nghiép.

Ngoai ra, hé théng st dung tin hiéu tir cdm bién téc
d6 dé tinh lwu lwong tic thoi theo céng thikc:

Q(t) = m(t) x v(t) (8)
trong d6: m(t) 1a khdi lwong tirc thoi va v(t) 1a téc dé
bang tai.

Tin hiéu tdc d6 dwgc loc nhe bang EMA vé&i hé s6
«=0,2 nham loai bé dao dong ngan han, gidm sai léch va
dam bao d6 6n dinh cta gia tri lwu lwong.

Giai phap loc két hgp Median bac 7 va EMA («=0,3)
da cai thién rod rét do n dinh va dd chinh xac cda tin hiéu
cin bang tai cong nghiép, dong thoi dap ng yéu ciu thoi
gian thuc va dé trién khai trén phan ctirng vi diéu khién
STM32H743ZIT trong mdi trwdng nhiéu cao.

Trong thdi gian téi, nhém nghién clru sé tdp trung
vao viéc t8i wu thuat todn nham gidm hon nita dd tré xi
1y, nghién ctru phan cirng hiéu nang cao nhung tiét kiém
nang lwong, va mé& rong sang cac thuat toan loc thich
nghi hodc lai ghép dé nang cao kha ning chéng nhiéu
trong nhiéu diéu kién vin hanh khac nhau.
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Tong hop ZnAl-LDH béing phuong phap dong két tiia
va nghién ctru tinh chat dac trung
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Vat liéu hydroxit ciu tric 1&p kép (LDH) véi ciu tric hai chiéu (2D) dang thu hit sw quan tim 1o'n nho tiém ning
rng dung trong cac linh virc nhw lwu triv nang lwong, xtic tac, cdm bién, dién tir va xi Iy moi trwong. Trong nghién
ciru nay, phwong phap dong két tia don gian da dwoc sir dung dé tong hop vat liéu ZnAl-LDH tir cic tién chit chira
kém va nhom. Anh hwéng cia ty 1é Zn?*/AI** va gia tri pH ctia dung dich phan rng dén dic tinh ciu tric va hinh
thai cia ZnAl-LDH da dwoc nghién ciru. Phan tich phé héng ngoai bién ddi Fourier (FTIR) xac nhin sy ton tai cia
cac nhém hydroxyl va carbonat dic trrng trong cau triic 1ép. K&t qua nhiéu xa tia X (XRD) cho thdy cac dinh nhiéu
xa dién hinh ctia pha ZnAl-LDH véi d6 tinh thé cao. Anh hién vi dién tir quét (SEM) cho thdy hinh thai 1ép dang vay
va cdu tric phan nhanh ba chiéu dang cum. Phén tich phd tan xa ning lwgng tia X (EDX) xac thwc sy hién dién caa
cac nguyén t6 Zn va Al véi ty 1€ mol phu hop, twong rng véi mo hinh ly thuyét ciia ZnAl-LDH. Két qua nghién ciru
dong gop thém co sé cho viéc thiét ké va phat trién cac vat liéu LDH cé thanh phén va ciu tric da dang, dap wng
cac yéu ciu ngay cang nghiém ngat cia nganh céng nghiép va méi trwong.

Tir khéa: dic trieng vat liéu, dong két tiia hoa hoc, hydroxit ciu tric 16'p kép, ZnAl-LDH.
Chi sé phdn logi: 1.3, 2.4, 2.5

Synthesis and characterisation of ZnAl-LDH by co-precipitation
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Abstract:

Two-dimensional layered double hydroxides (LDHs) have attracted considerable interest due to their potential
applications in energy storage, catalysis, sensing, electronics, and environmental treatment. In this study, zinc-
aluminum layered double hydroxides (ZnAl-LDHs) were synthesised using a simple co-precipitation method
involving zinc and aluminum precursors. The effects of the Zn?*/AI3* molar ratio and the pH value of the reaction
solution on the structural and morphological characteristics of ZnAl-LDH were investigated. Fourier transform
infrared (FTIR) spectroscopy confirmed the presence of characteristic hydroxyl and carbonate groups in the
layered structure. X-ray diffraction (XRD) analysis revealed characteristic diffraction peaks of the ZnAl-LDH phase
with high crystallinity. Scanning electron microscopy (SEM) demonstrated flake-like layered structures and three-
dimensional coral-like clustered morphologies. Energy-dispersive X-ray spectroscopy (EDX) further verified the
presence of Zn and Al with an appropriate molar ratio, consistent with the theoretical model of ZnAl-LDH. The
results provide a basis for the design and development of LDH materials with diverse compositions and structures
to meet increasing industrial and environmental demands.

Keywords: chemical co-precipitation, layered double hydroxide, material characterisation, ZnAl-LDH.
Classification numbers: 1.3, 2.4, 2.5
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1. Ddt van de

Hydroxit ciu trac 16p kép (LDH) 1a vat liéu vo co ciu
tric phan 1ép, dwgc quan tam réng rai trong nghién ctru
nh¢ dac tinh trao d6i ion linh hoat, kha ning hip phu
cao va dé 6n dinh t6t. Ciu tric dién hinh cia LDH gom
cac 1&p hydroxit kim loai héa tri hai va ba, xen ké b1i cac
anion va phan tir nwéc, thwong biéu dién béi cong thirc
téng quat [M**;_ M3*,(OH),]*" (A" )x/n'yH20. Suw linh
hoat trong viéc thay thé cation va anion cho phép diéu
chinh tinh chit cia LDH theo muc dich st dung [1-5].

Nho vao ciu truc 16p dic treng va kha nang bién doi
linh hoat vé thanh phan, LDH d3 dwoc &rng dung hiéu qua
trong nhiéu linh viec nhw hap phu ion kim loai nang, loai
b chit hitu co 6 nhiém, xtc téc, siéu tu dién, chéng an
mon, va xr ly nwée thai. Dic biét, hiéu qua hip phu cao
déi v&i cac ion mang dién tich Am nhw phosphate, thuéc
nhudm hodc chit diét c6 khién LDH tr¢ thanh vat liéu
tiém nang cho cac hé x ly moi trweong [1-4, 6-13].

Trong sé cac t6 hop kim loai phé bién, hé ZnAl-LDH
thu hut sy chu ¥ do tinh 6n dinh héa hoc va kha nang
twong tac tot véi nhiéu anion trong dung dich. V4t liéu
nay c6 thé dwoc téng hop bang nhiéu phwong phap,
trong dé phwong phap dong két tda la wu tién hang dau
nh¢ quy trinh don gian, dé kiém soat va chi phi thip [13-
17]. Yéu t6 pH va ty 1&é mol gitra Zn?*/AI** dong vai tro
then chot trong viéc ki€m soat hinh thai hoc va dic tinh
ciu trdc ctia san pham cudi cung, ttr d6 &nh hwdng truc
tiép dén hiéu suit hdp phu hoic kha nang trao ddi ion
[18-23].

Trong nghién ctru nay, ZnAl-LDH duoc tdng hop bang
phuwong phap dong két tda tir cAc mudi nitrat trong moi
truedng kiém. Chang téi khao sat anh hwdng cua ty 1é mol
Zn**/AI** va pH dung dich dén c4u truc tinh thé, thanh
phan nguyén td va hinh thai vat liéu nham t6i wu hoa
diéu kién tong hop cho &ng dung x& Iy méi truong.

2. V4t liéu va phuong phap nghién ciiu
2.1. Hoa chdt, thiét bi

Cac hoa chat st dung trong nghién ctru bao gom:
Zn(NO03),-6H,0 (98%), AI(NO3)3-9H,0 (98%), va NaOH
(98%) - déu do Sigma Aldrich (M§) cung cip. Khi nito
(N2, do tinh khiét 99,999%) va C,H.OH (98%) dworc san
xudt trong nwéec. Cac thiét bi thi nghiém chinh bao gom:
cin phan tich nam chir s6 Mettler Toledo (Pirc), may
khudy tir gia nhiét VELP (Y), may ly tim Hermle Z366K
(Ptrc) va ta sdy chuyén dung (Dic).
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2.2. Tong hop ZnAl-LDH

Dung dich chira Zn(NO3), va AI(NO3)3 dwgc chuin bi
bang cach hoa tan cac tién chit trong nwéc cat da duoc
khtr CO, bang cach suc khi N, véi cac ty 1é mol Zn**/
AIP* 1an lwot 12 1:1, 2:1, 3:1 va 4:1, twong &ng v&i ndng
d6 mol ctia Zn(NOs), va AI(NOs)s 13 0,15:0,15; 0,30:0,15;
0,45:0,15 va 0,60:0,15 M. Dung dich nay sau dé6 duwoc
nho tir tir vao 150 ml dung dich NaOH 0,03 M dwéi diéu
kién khudy lién tuc.

Trong qua trinh dong két ta, pH dung dich dwoc duy
tri trong khoang 7-10 bang cach nhé giot b6 sung dung
dich NaOH 1 M véi t6c d6 5 ml/phit. Qua trinh phan tmg
dwoc thyc hién & nhiét do 70°C trong vong 24 gi¢, sau
d6 hon hop dwoc dé ngudi va tiép tuc G & nhiét dd phong
trong 12 gi¢. Sdn phidm két tha thu dwgc dwoc ly tim,
rita nhiéu 1an bang nwéc cit cho dén khi dat pH trung
tinh, sau d6 sy khé dwéi diéu kién chan khong dé thu
nhan vat liéu ZnAl-LDH.

2.3. Phdn tich ddc trwng tinh chdt ctia ZnAl-LDH

Vit liéu ZnAl-LDH téng hop dwoc phén tich dé xac
dinh cac dic treng tinh chit quan trong bao gom: nhém
chirc trong phén t&, hinh thai hoc bé mat, thanh phan
pha, va thanh phin nguyén t6 st dung phd hong ngoai
bién d6i Fourier (FTIR), kinh hién vi dién t& quét (SEM),
tan xa nang lwong tia X (EDX) va phwong phap nhiéu xa
tia X (XRD).

3. Két qua va ban luan
3.1. Anh hwéng cua ty 1é thanh phén

Sw hinh thanh ciu tric cda vat liéu ZnAl-LDH phu
thudc dang ké vao ty 1é mol giita cac cation kim loai
trong dung dich tién chit [24]. Trong nghién ciru nay,
ty 1& Zn**/AI** dwoc diéu chinh 1an lwot 12 1, 2, 3 va 4,
ky hiéu twong ng la Zn Al, Zn Al, Zn Al va Zn Al Pho
FTIR (hinh 1) ctia tit cd cAc mau déu xuat hién dai hap
thu manh va rong tai khodng 3450 cm™, dic trung cho
nhém hydroxyl (-OH) va nwéce lién két trong ciu tric 16p
clia ZnAl-LDH. Déi hép thu tai khodng 1640 cm™ ciing
xac nhan sy hién dién cta nwéce lién két, c6 thé ton tai &
dang phan ti¥ tw do hodc gan vé&i anion trong 16p xen ké.
Ngoai ra, pic tai khoadng 1380 cm™ biéu hién sw c6 mat
cua ion carbonate (CO3%7), dong vai tro 6n dinh ciu truc
16p. Sw dich chuyén nhe ctia dinh nay gitta cAc mau cho
thdy anh hwéng cla ty 1 Zn/Al dén ciu tric va cach sap
x€p anion. Cac dai hip thu trong viing 500-700 cm™ 1a
dac trung cho lién két Zn-0 va Al-0, xac nhan sy hinh
thanh pha ZnAl-LDH dién hinh [25-27].
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Hinh 1. Phd IR cuia ZnAl-LDH dwoc tdng hop véi ty 1é Zn/Al khac
nhau: Zn Al (A), Zn,Al (B), Zn Al (C) va Zn Al (D).

Gian dd nhiéu xa tia X clia cdc mau ZnAl-LDH t6ng
hop véi cac ty 1é mol Zn/Al 1an lwotla 1, 2, 3 va 4 dwoc
trinh bay trong hinh 2. T4t ci cAc mau déu thé hién cac
dinh nhiéu xa dic trung cho pha hydrotalcite 16p, bao
gdm cac mat phang (003), (006), (012), (015), (018),
(110) va (113), tai cac goc 26 khoang 11,7°, 23,5° va tir
35 dén 70° [28]. Khi ty 1&€ Zn/Al 1a 1 va 2, cwong do cac
dinh, dac biét1a dinh (003), tang rd rét, cho thiy mic do
két tinh cao va ciu trdc 1ép phat trién 6n dinh. Trong do,
mau Zn,Al c¢6 dinh sac nét va cuong d6 manh nhét, phan
anh sy hinh thanh tinh thé t6i wu. Tuy nhién, khi tang ty
1¢ 1én 3 va 4 (Zn,Al, Zn Al), ngoai cac dinh LDH van con
gitt, con xudt hién thém cac dinh phu (ky hiéu *), twong
trng véi pha tap Zng,(CO3)(OH)e-nH,0 do dw lwong Zn.
Nhuw vay, viéc diéu chinh hop ly ty 1& Zn/Al déng vai tro
quan trong trong viéc kiém soat chit lwong tinh thé,
trong doé ty 1é 2:1 dwoc xac dinh la thich hop cho qua
trinh tong hop ZnAl-LDH c6 d6 tinh khiét cao va ciu tric
on dinh [28, 29].

003) * Zng(CO3)(OH)gn Hy0
(006) (012)
. O1%  (018)
$ ) (110)(113)
P
X
3
«Q
=
[
2 o
o
5
=
0
(B)
(A)
T T T T T T T T T T T T T T
10 20 30 40 50 60 70 80

2 theta (do)

Hinh 2. Gian dd XRD cuia ZnAl-LDH dwoc téng hop véi ty 1é Zn/Al
khac nhau: Zn Al (A), Zn,Al (B), Zn,Al (C) va Zn Al (D).
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Két qua bang 1 cho thay, cac gia tri dyos dao dong
quanh khoang 7,886-8,114 A, twong trng véi cx23,7-24,3
A, gia tri nay ndm trong khoang dic trung ctia hé ZnAl-
LDH xen cai CO3%~ ¢6 mot lép nuwée hydrat. Két qua nay
thé hién ring tit cd cic miu ZnAl-LDH déu hinh thanh
ciu trac 1ép dién hinh. Sy thay d6i ctia dgoz va c 12 kha
nho khi thay doi ty 1é Zn/Al, chirng té6 khoang cach giira
cac 16p hau nhw khong bi “co - giin” manh, chi phan anh
nhe sw khac biét vé mat do dién tich 16p va lwong nuwéc
lién 16p cho tirng ty 1é. Thong s6 a xap xi 3,0 A va gin
nhw khong ddi gitra b6n mau, diéu nay phu hop véi ban
chit mang brucit cia 1&p kim loai (Zn/Al). Pwong kinh
tinh thé trung binh dwoc tinh theo phwong trinh Scherer
(bang 1) cho thay khi ty 1&é Zn/Al ting, duwong kinh tinh
thé trung binh cta vat liéu ting. Két qua thu dworc trong
nghién cru nay c6 sw twong dong véi két qua nghién ctiru
khac vé tong hop Zn,Al-CO, [28].

Bang 1. Cac thong s6 mang va dwong kinh tinh thé trung binh D
cla vat liéu ZnAI-LDH téng hop véi ty 1& Zn/Al khac nhau.

Miu d, &) 4, &) d,08) ad cd) D (nm)
Al 8114 3,770 153 3067 24341 85,81
Al 7,886 3,746 1497 2994 23,694 87,09
Al 814 3,866 1517 3033 24341 95,85
Zn4Al 7,898 3,842 1,523 3,050 23,690 119,81

Anh hién vi dién t&r quét cia cic mau ZnAl-LDH tdng
hop véi ty 1é mol Zn/Al khac nhau cho thdy suw thay d6i
dang k& vé hinh thai bé mat theo thanh phan kim loai
(hinh 3). V&i mau Zn, Al, quan sat thdy cac 16p mong xép
chong dong déu, bé mat nhin va cac hat phan bs kha
d6éng nhat, phan anh ciu tric két tinh chat ché, dic trung
cho pha hydroxit ciu tric 16p kép. Khi ty 1é Zn/Al tang
1én 2 (Zn,Al), cau tric x6p mé dwoc quan sat rd hon, véi
cac tAm moéng dang vay, hinh thai phan nhanh ba chiéu
dang cum va mot s6 nhanh tinh thé nhé xuit hién, cho
thdy qua trinh két tinh ¢6 sw bién d6i. Mau Zn,Al cho
thay hinh thai chuyén sang dang cum tinh thé nhw canh
hoa, cling cac hat nhé rai rac, lam ting d6 rdng bé mit. O
mau Zn,Al, cdu tric tré nén phirc tap hon véi sw két hop
gilra cac tAim mong, gai nho va cum tinh thé 16n, tao ra
bé mit da dang va x6p hon. Nhirng thay d6i nay cho thiy
sw gia tang ham lwong Zn thic d4y sw phat trién cua ciu
tric phan nhanh, c6 loi cho cac rng dung xtc tac hoac
hip phu. Dwa trén hinh thai va do két tinh tong thé, ty
1& Zn/Al=2 dwoc xac dinh 12 phtu hop nhit dé thu dwoc
vat liéu ZnAl-LDH c6 ciu tric dong déu va 6n dinh trong
nghién ctru nay.
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Hinh 3. Anh SEM ctia ZnAl-LDH dworc tdng hop véi ty 1é Zn/Al khac
nhau: Zn Al (A, B), Zn,Al (C, D), Zn Al (E, F) va Zn Al (G, H).

Phé tan xa ning lwong tia X (EDX) ctia cac mau ZnAl-
LDH véi cac ty 1é mol Zn/Al khac nhau dwoc thé hién
trong hinh 4, cho thiy sw bién ddi dang ké vé thanh phin
nguyén t6 bé mit, dic biét1a Zn, Al, C va 0. O’ mAu Zn1Al,
v&i ty 18 Zn/Al thap nhit, ham lwgng Zn va Al gan twong
dwong (~1,9%), trong khi cacbon va oxy chiém ty 1é cao
(84,5 va 11,7%). Piéu nay phan anh sy hién dién chi yéu
ctia nhém cacbonat (CO327) va nwéc hodc hydroxyl lién
két trong ciu trac, dic treng cla vat liéu 16p ZnAl-LDH.
Khi tang ty 1& Zn/Al 1én 2 (Zn,Al), ham lwvong Zn gidm
nhe trong khi Al ting, cho thay su thay déi trong co ché
két hop gitra cac ion kim loai va anion 1&p. Ham lwong
cacbon van duy tri & mitc cao (~84,8%), khing dinh su
6n dinh cia nhém cacbonat trong 16p mang. Mau Zn,Al
thé hién s gia ting rd rét ham lwong Zn (11,1%) va Al
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(6,9%), dong thoi ty 1é cacbon giam xudng 79,6%. Diéu
nay cho thiy qua trinh két tinh manh hon véi ham lwgng
kim loai cao hon, déng thoi phan anh sy thay déi trong
twong tac gitta cac 1ép dwong va anion. O miu Zn AL
ham lwong Zn gidm con 2,3%, Al tang 1én 7,8%, trong
khi cacbon va oxy gan nhw khong thay déi. Sw suy giam
ham lwong Zn c6 thé do hién twong bio hoa hoic tao
pha tap chira Zn trong diéu kién tong hop. Ham lwong
cacbon cao va 6n dinh trong tit cd cAc mau cho thiy sw
hién dién bén virng ctia ion CO3%7, gop phan duy tri cdu
truc 16p 6n dinh cua vat liéu. Nhw vy, viéc diéu chinh ty
1é Zn/Al trong qua trinh téng hop anh hwdng ro rét dén
thanh phin hoa hoc bé mat va ciu tric cia ZnAl-LDH, tir
dé6 quyét dinh cac tinh chat vatly - héa hoc va tiém nang
ng dung ctia vat liéu.

Nguyén to Nguyén t6

28
13
848
10,9
100,0

(B)

Nguyén tb % a
6,9

1,1

79,6

124

100,0

Hinh 4. Phé EDX cuia ZnAl-LDH dworc téng hop véi ty 1é Zn/Al khac
nhau: Zn Al (A), Zn,Al (B), Zn,Al (C) va Zn Al (D).

3.2. Két qua nghién ciru dnh hwéng cia pH dung
dich

Gian d6 nhiéu xa tia X ctia cdc mau vt liéu téng hop
dwdi cac diéu kién pH dung dich khac nhau (pH 7, 8,9 va
10) dworc trinh bay trong hinh 5. Cac phd déu cho thiy sw
hién dién ctia cac dinh dac trwng thudc pha chinh ZnAl-
LDH (JCPDS 48-1023), cing v&i mot sé tin hiéu bd sung
twong &ng véi pha tap Zn,(CO3)(OH)e-nH,O (PDF 00-
007-0148) va ZnO (JCPDS 36-1451, ky hidu # trén phd).
O pH 7, gian d6 XRD thé hién cac dinh pha tap 16 rét, cho
thay sw khong dong nhat trong cu tric vat liéu do diéu
kién phan &ng chwa t6i wu. Khi pH ting 1én dén 8 va 9,
cac dinh lién quan dén pha tap gidm dang ké, dong thoi
cac dinh dic trung ciia pha chinh tré nén sic nét hon,
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phén anh sw cai thién vé d6 tinh khiét va két tinh cia vat
liéu. Tuy nhién, & pH 10, sy xu4t hién tré lai cia cac dinh
pha tap cho thiy viéc tang pH quéd mic c6 thé giy ra sw
tai két tinh khéng mong muén, anh hwéng tiéu cwc dén
do6 6n dinh pha. Dwa trén cac dinh nhiéu xa chu dao, cac
tham s6 mang tinh thé a va c ctia hé luc gidc dwoc xac
dinh bang phwong phép phan tich vi tri dinh 20 va cong
thirc Bragg két hop v&i phwong trinh mang tinh thé. Cu
thé, cdc mat phang (003), (006) va (110) dwoc sir dung
dé tinh toan cac thong sd nay (bang 2). Cac gia tri tinh
toan ctia a va c phu hgp véi gia tri cla tinh thé ZnAl-LDH
v&i cac 1ép anion CO; nhw cac 1ép xen ké da dwoc bao

cao [26].
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Phé EDX ctia cAc mau ZnAl-LDH téng hop tai cac gia
tri pH khac nhau (7-10) dwoc trinh bay trong hinh 6. Tat
cd cAc mau déu cho thiy sw hién dién 6n dinh cla cac
nguyén t6 Zn, Al, O va C. Khi pH ting, ham lwong Zn va Al
c6 xu hwéng ting. Cu thé, tai pH 7, ty 1& Zn va Al thap nhat
(3,5va1,0%). f)’pH 8,ZnvaAltanglén (5,1va2,9%), kem
theo mrc O cao nhat (17,6%), phdn anh sy hinh thanh
manh hon cta pha hydroxit. Khi tiép tuc nang pH 1én 9,
ham lwong Zn va Al tiép tuc ting (7,8 va 4,2%), trong khi
0 giam nhe, cho thiy sw phat trién tét hon ciia mang 16p
ZnAl-LDH. MAu & pH 10 dat ham lwong Zn va Al cao nhAt
(8,8 va 5,1%), cho thidy méi trwedng kiém manh thiac ddy
qua trinh tao két tua. Tuy nhién, C van duy tri & mic cao
(>70%), cho thay vat liéu c6 thé vAn chira tap hoic dw
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(015 (018)

eu xa (%)
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Hinh 5. Gian dé XRD cua vat liéu tdng hop & pH dung dich khac

nhau: pH 7 (A), 8 (B), 9 (C) va 10 (D).

Cac thong s6 mang cta tinh thé ZnAl-LDH dwoc
téng hop & pH dung dich 8 va 9 dwoc tinh todn va dwa

ra trong bang 2. Kich thuéc tinh

mau ZnAl-LDH ting dang ké khi pH ting tir 8 1én 9, cho
thdy qua trinh két tinh phat trién manh mé hon & pH cao
hon. Piéu nay cho thay, pH cao hon gitp hinh thanh cac
tinh thé 16n hon va 6n dinh hon. Nhin chung, pH trong
khoang tir 8 dén 9 dwgc xac dinh 1a diéu kién tdt, vira
dam bao do tinh khiét pha cao, vira duy tri cdu triic mang

tinh thé én dinh.

Bang 2. Théng sé mang va dwong kinh tinh thé trung binh D cua
vat liéu ZnAlI-LDH téng hop & pH 8 va 9.

1
n

N OO T T N AR T O

Hinh 6. Phé EDX cta ZnAl-LDH dwoc téng hop & pH dung dich
khac nhau: pH 7 (A), 8 (B), 9 (C) va 10 (D).

Hinh 7 minh hoa hinh thai bé mat cia vat liéu ZnAl-
LDH dwoc téng hop trong dung dich c6 dé pH 1an lwot
12 8,9 va 10. Dé dang nhan th4y rang vat liéu hinh thanh

thé trung binh D cta

cu tric lép dién hinh ctia hydroxit cau tric 1op kép véi
sw sap x€p dang phién méng chong 1&p va phan bé twong
d6i dong déu. Tai pH 8 (hinh 7A), vat liéu thé hién hinh
thai dang tAm mong c6 do cong nhe, x€p chong va phan
b6 kha day dic, goi y qué trinh két tinh dién ra 6n dinh &
muc d cao. Khi pH tang 1én 9 (hinh 7B), cic phién nano
tré nén ré nét hon, tuy van duy tri ki€u phan b chéng

pH tdng

16p nhwng c6 xu hwéng tao thanh khéi két tu 1ém hon, cd

hop Aoy B) dyy, () d,,,(A) a(R) c(A) DM  h13 he qua clia toe do két tia tang. O pH 10 (hinh 7C),
8 7889 3738 1486 2988 23689 8732 vat liéu bat dau xuit hién hién twong bit dong déu trong

phén bé kich thwéc hat, nhiéu phién bi uén cong va gap
9 8025 3749 1493 3,016 23,786 96.60

nép, cho thiy diéu kién kiém manh cé thé anh hwéng
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dén tdc d6 nucleation va sy phat trién tinh thé, tir d6 lam
gidm tinh dong nhat hinh thai. Téng thé, hinh anh SEM
cho thay diéu kién pH anh hwong ro rét dén qua trinh
hinh thanh ciu truc 1ép cta ZnAl-LDH. pH 8 dwgc danh
gia 1a téi wu trong nghién ctu nay, vi tao ra vat liéu c6
cdu tric dong déu, két tinh t6t va bé mat lién két chat ché
gitta cac 1¢p nano.

Hinh 7. Anh SEM cua vat liéu ZnAI-LDH tdng hop & pH 8 (A), 9 (B)
va 10 (C).

4. Két luan

Vét liéu hydroxit cu tric 16p kép ZnAl-LDH da dwoc
téng hop thanh céng bang phwong phap dong két tia.
Bai bdo nay da danh gi vai tro cda ty 1é tién chat Zn?/
Al3* va pH dung dich dén cac dic trung tinh chit cia vat
liu téng hop dwgc bao gbm: cdc nhom chirc dic trung
trong phan t, thanh phan pha, thanh phan nguyén té
trong mau va hinh théi hoc bé mit vat liéu. Bang cach so
sanh cac dic trung tinh chit cta vat liéu tdng hop duorc,
chung toi két luan rang, ZnAl-LDH t6ng hop véi ty 1é Zn/
Alla 2:1 & pH dung dich 8 cho vat liéu cé do6 két tinh tot
vGi hinh thai phin nhanh ba chiéu dang cum. Nghién ctru
nay mé ra hwéng phat trién cac vat liéu cau tric 2D c6
tinh chat va ciu truc diéu chinh dwoc, dap &rng yéu ciu
da dang cho nhitng muc dich &ng dung khic nhau. Tiém
nang ng dung cda vatliéu ZnAl-LDH trong xtr ly ion kim
loai nang va ion nwéc cirng sé dwoc ching téi bao cao
trong cac cong bé tiép theo.
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Xée dinh mot 0 hop chat dioxin/furan trong tram tich
tai lang nghé dic dong Pai Bai, Bac Ninh

Bui Quang Minh’, Bui Thi Quynh?, Nguyén Xuan Hwng"?, Lé Vin Nhan"?, Nguyén Hoang Khanh!, Tran Ha Minh Dirc!
ITrung tdm Nghién ctvu va Phdt trién Cong nghé cao, Vién Han ldm Khoa hoc va Cong nghé Viét Nam, 18 Hoang Qudc Viét, phworng Nghia D6, Ha Noi, Viét Nam
2Hoc vién Khoa hoc va Cong nghé, Vién Han ldm Khoa hoc va Céng nghé Viét Nam, 18 Hoang Qudc Viét, phuorng Nghia P6, Ha N9, Viét Nam
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Tom téit:
Nghién ciru nay nham muc dich xac dinh mot sé hop chat dioxin trong cac mau tram tich thu thap tai kénh dan
nwéc thai va ao chira nwérc thai clia lang nghé dic dong Pai Bai (xa Gia Binh, tinh Bic Ninh). Cac hop chat dioxin/
furan dworc chiét xuat va phan tich bang thiét bi sic ky khi HRGC/HRMS (Thermo, My) két hop véi hé théng pho
khdi c6 d6 phan giai cao DFS Thermo Trace 1310 (Thermo, M§). Két qua nghién ciru cho thiy, tong néng do cla
dioxin/furan trong cac mau tram tich dao dong tir 8,340 dén 98,600 ng/kg d.w (trung binh 41,290 ng/kg d.w) vé&i
néng do doc twong dwong véi 0,319 dén 6,990 ng TEQ/Kg d.w (trung binh 2,390 ng TEQ/kg d.w), khdng virg't qua
ngwdng quy dinh trong Quy chuin Ky thuit qudc gia vé chit lwong tram tich (QCVN 43:2017/BTNMT). Tuy nhién,
dioxin/furan 1a cic hop chat hiru co khé phéin hiy va c¢6 kha nang tich liiy sinh hoc trong méi trwd'ng, anh hwéong
dén sy sinh trwd'ng, phat trién cla cac loai ddng thwc vat & cic khu vire xung quanh va tiém an nguy co anh hwéng
dén sirc khoe con ngwoi. Do d6, cac co’ quan chirc ning cin ban hanh cac ché tai va bién phap hop ly d€ giam sat
va quan ly hoat déng ctia lang nghé ddc dong, nham giam thiéu phat thai va phat sinh cac ddc chat dioxin/furan cé
thé gay anh hwéng tiéu cwe dén méi trwong sinh thai va sirc khoe con nguwoi.

Tir khéa: chit doc dioxin, dioxin/furan, dic dong.
Chi sé phdn logi: 1.5, 2.4, 2.7

Identification of dioxin/furan compounds in sediments collected from the Dai Bai
bronze casting village, Bac Ninh province
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Abstract:

This study aims to determine several dioxin compounds in sediment samples collected from the wastewater
channel and wastewater pond of the Dai Bai bronze casting village (Gia Binh commune, Bac Ninh province).
Dioxin/furan compounds were extracted and analysed using high-resolution gas chromatography/high-resolution
mass spectrometry (HRGC/HRMS, Thermo, USA) combined with a DFS Thermo Trace 1310 high-resolution mass
spectrometer (Thermo, USA). The total concentrations of dioxin/furan in sediment samples ranged from 8.340 to
98.600 ng/kg d.w (mean: 41.290 ng/kg d.w), with the toxic equivalent (TEQ) concentrations ranging from 0.319 to
6.990 ng TEQ/kg d.w (mean: 2.39 ng TEQ/kg d.w), which did not exceed the thresholds specified in the National
Technical Regulation on Sediment Quality (QCVN 43:2017/BTNMT). However, dioxin/furan are persistent organic
compounds capable of bioaccumulation in the environment, affecting the growth and development of flora and
fauna in surrounding areas and posing potential risks to human health. Therefore, the relevant authorities need to
issue appropriate sanctions and measures to monitor and manage the activities of bronze casting villages, thereby
minimising emissions and the generation of dioxin/furan compounds that may adversely affect the ecological
environment and human health.

Keywords: bronze casting, dioxin/furan, dioxin toxicity.
Classification numbers: 1.5, 2.4, 2.7
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1. Dat van de

Lang Pai Bai (x4 Gia Binh, tinh Bic Ninh) néi tiéng
v&inghé dac dong thu cong truyén thong. Hoat dong san
xuét cta lang nghé da phat trién va mé rong quy mo voi
hon 1.700 hd 1am nghég, tiéu thu khoang 200 t4n dong
mdi nadm. Quy trinh dic dong gom cac cong doan chinh
nhw: ndu chay phé liéu dong, dic san phdm, gia cong co
khi va xt Iy chit thai. Trong d6, cac cong doan niu chay
phé liéu dong (ddc biét khi nguyén liéu chira tap chat
hitru co nhw nhwa, ddu m&), qué trinh dét 10 khong kiém
soat nhiét do, va xt Iy tro xi dwoc xac dinh 1a ngudn phat
thai dioxin/furan tiém 4n ra moéi trwong (hinh 1). Cac
ch4t 6 nhiém nay tich tu trong dat, nwéc va khong khi,
lam gia tdng nguy co 6 nhiém mai trwdng va dnh hwéng
tiéu cuc dén strc khoe cong dong.

A aren Bui, chit thai ran nhu vo
Thu thip nguyén li¢u day dién, kim loai

Khj thai c6 kim loai va hop
chat hiru co kho phan hay

Khi thai
va khong khi
xung quanh

Xi than, xi kim loai

- - Nuc thai va chét thai rin
Dat dong, phéi dong tir than va vun san pham c6
chtra kim loai

4
[ Can dong ]—> Vun kim logi va phé pham

4

Go va cham khic b—>[ Xi kim loai, vun kim loai
Panh béng sin phim

Hinh 1. Quy trinh duc déng tai lang nghé duc déng Dai Bai, tinh
Béc Ninh.

Nuée
va nuée thai

Nudc thai trang rua c6 chira
kim loai va hop chat hitu co
kho phan huy

Dioxin 1a tén goi chung ciia nhém héa chit déc hai
bao goém polychlorinated dibenzo-p-dioxin (PCDD) va
polychlorinated dibenzofuran (PCDF), 1a doc chit hinh
thanh khéng cht dinh do qué trinh dét chay cac hgp chat
hitu co ¢6 chira clo & nhiét do tir 250 dén 450°C, dwoc
lwu chuyén tir cac 10 d6t thai ra moi trwedmg gay 6 nhiém
hitu co khé phén hdy, ton lwu 1au dai trong méi truong,
c6 kha nang tich Iy trong co thé sinh vat. Nhém chat nay
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bao gobm hang tram hop chit khac nhau, trong do chi c6
mot s6 hop chit nhat dinh 1a doc hai, dic biét 1a nhitng
hop chit c6 nguyén tr clo ndm & cac vi tri cu thé nhit
dinh [1].

Cac moi truedng tram tich nhw ao, ho va cac lwu vuc 1a
noi lwu trit tw nhién cac chat 6 nhiém dioxin, cht yéu ton
tai & danglién két véi thanh phan hivu co trong tram tich,
ngudn goc chu yéu tir hoat déng san xuit clia con nguoi.
Cac hop chit c6 thé tich tu trong tram tich theo thoi gian,
sau d6 xam nhap vao chudi thirc an gy dnh hwdng dén
con nguoi va hé sinh thai [2-4]. Mdc du khong phai la
hop chit tw nhién, dioxin dwoc tim thiy & nhiéu noi trén
thé gidi. O cac qudc gia c6 sw phat trién cong nghiép lau
doi, nhw chau Au va My, cac nghién ctru ciing chi ra sw
hién dién cta dioxin giy 6 nhiém tram tich trong cac con
song. Tai Pirc, dioxin dwgc tim thay trong tram tich séng
Elbe do chat thai tir nha may san xuit Mangan & thwong
ngudn [5]. O Viét Nam, mét s6 hop chit dioxin dwoc phat
hién trong tram tich & mot s6 khu vwe ven bién huyén
Can Gi¢ thudc TP. H6 Chi Minh (trwéc sap nhip), mot
s0 ao ho tai Ha N¢i va TP. Hué [6]. Tuy nhién, cac nghién
cttu vé dioxin tai Viét Nam van con nhiéu han ché, chi
yéu tap trung vao cac khu vuwc 6 nhiém nghiém trong la
cac diém néng chit doc mau da cam hinh thanh trong
chién tranh [7, 8], chwa c6 nhiéu nghién ctru vé sy xuit
hién ctia dioxin tir hoat dong ctia lang nghé truyén théng.

XuAt phat tir thwe té trén, nghién ciru nay dwoc thuc
hién nham lam rd thwc trang phat sinh va 6 nhiém cac
hop chat dioxin trong méi trwong lién quan dén hoat
doéng cta lang nghé ddc dong Dai Bai, huyén Gia Binh,
tinh Bic Ninh. K&t qua nghién cttu 1a co s& dé cac co
quan chirc nang xem xét d€ ban hanh cac ché tai va bién
phap gidm sat, quan Iy hoat déng ctia lang nghé dic dong
Pai Bai ndi riéng va cac lang nghé tai ché kim loai néi
chung trén cd nwdc nham gidm thi€u phat thai cac hgp
chit dioxin/furan giy anh huwdng méi trwong sinh thai
va strc khoe con nguoi.

2. Déi tuong va phuong phap nghién ciiu
2.1. béi tirorng
2.1.1. Héa chdt

Acid hydrochloric (37%), toluen tir cong ty Merck
Inc. (Massachusetts, M§). B6 chat chuin theo phuwong
phap 1613B-US EPA do hang Cerilliant Corporation
Cambridge Isotope Laboratories, Inc. (M§) san xuit. Bo
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dung dich dung dwong chuidn (1613_CS1+1613_CS5;
nong do: 0,5-2000 pg/ul). Dung dich kiém tra dwong
chudn (1613_CS3; nong dd: 10-100 pg/ul). Dung dich
chuin chuin bi cho cdc mau thém chuin (gdom 17 chit
chuén cda cac hop chit PCDD va PCDF, ky hiéu 1613_
NS, ma san phdm EDF-9999, nong d6: 400-4000 pg/ul).
Dung dich chudn déng vi danh d4u (ky hiéu 1613_LbS,
ma san phdm EDF-8999, nong d6 : 100-200 pg/ul). Dung
dich chuin lam sach (ky hiéu 1613_CS1, néng do 0,8 pg/
ul). Dung dich chuin xac dinh hiéu suit thu héi (ky hiéu
1613_RS, ma san phdm EDF-7999, nong d6 200 pg/ul).

Dung dich chuin don cla cac hop chat gom:
(2,3,7,8-TCDD),
2,3,7,8-Tetrachlorodibenzofuran (2,3,7,8-TCDF),
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (1,2,3,7,8-PeCDD),
2,3,4,7,8-Pentachlorodibenzofuran  (2,3,4,7,8-PeCDF),
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,6,7,8-HxCDD),
1,2,3,7,8,9-Hexachlorodibenzo p-dioxin (1,2,3,7,8,9-HxCDD),
1,2,3,4,6,7-Hexachlorodibenzofuran  (1,2,3,4,6,7-HxCDF),
1,2,3,6,7,8-Hexachlorodibenzofuran  (1,2,3,6,7,8-HxCDF),
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (1,2,3,4,6,7,8-HpCDD),
1,2,3,4,6,7,8-Heptachlorodibenzofuran (1,2,3,4,6,7,8-HpCDF),
Octachlorodibenzo-p-dioxin (OCDD) va Octachlorodibenzofuran (OCDF)
dwoc str dung véi nong do 25 ng/ml. Tir dung dich chuin
goc, tién hanh pha loing thanh cic dung dich chuin
1am viéc twong (rng véi loai chat chuin bing dung moi
nonane.

2,3,7,8-Tetrachlorodibenzo-p-dioxin

2.1.2. Dung cu va thiét bi

Thiét bi sac ky khi (HRGC/HRMS, Thermo, M§y) ghép
ndi véi hé théng phd khéi phan giai cao DFS Thermo
Trace 1310 (Thermo, M§) ctua Phong Thi nghiém trong
diém nghién ctru vé Dioxin - Trung tAm Nghién ctru va
Phat trién cong nghé cao, Vién Han 1dm Khoa hoc va
Cong nghé Viét Nam dwoc stt dung dé€ phan tich cac hop
chit dioxin/furan trong cdc mAu tram tich. Thiét bi c6 do
phén giai pho khdi téi da 1én dén 70,000; ngudn ion héa
c6 thé chay 02 ché do electron héa (EI) va ion héa héa
hoc (CI); dd chinh xac khdi thdp nhat 2 ppm; Cot tach sir
dung 1a cot TG - Dioxin (Thermo Scientific, M) v&i cac
théng s6: chiéu dai c6t 60 m; dwong kinh trong 0,25 mm,
chiéu dai 16p phim pha tinh 0,25 pm.

Thiét bi chiét gia t6c dung moi Thermo ASE 350 san
xuat béi hang Thermo, (M§). Thiét bi chiét mau tw dong
c6 thé chiét mau trong diéu kién nhiét do t6i da 200°C;
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ap sudt toi da 1500 psi. Can phan tich Ohaus (M), chinh
xac dén 0,0001 g. Thiét bi cd quay chan khéng Buchi
R-300. Mang loc cellulose cho cell chiét cia thiét bi ASE.
Cot thiy tinh 1am sach mau.

2.2. Phwong phdp nghién ciru
2.2.1. Phwong phdp ldy mdu

S Pit néng nghigp
Cooo Lang nghd Pai Bai :
* TT1

Dét néng nghiép

Hinh 2. Cac vi tri thu thap mau trdm tich tai lang dlc dong Dai Bai.

MAu tram tich tai kénh din nuwéc thai (TT1, TT2 va
TT5) va ao chivra nwéc thai (TT 3, TT4) ctia lang nghé
duc dong Dai B4i dwoc thu thap bing gau 14y miu Ekman
theo quy trinh 14y mau tram tich bun day ban hanh &
TCVN 6663-13:2015 [9]. Thwc hién tha thanh trwot dé
déng miéng gau dong thoi 1dy va gitt mau tram tich trong
gau, kéo gau 1én va chuyén mau vao x0, loai bé phan
nuwéc va rac thai, sau dé6 chuyén mau vao lo thuy tinh
t6i mau, ghi tén mau, loai mau, dia diém va thoi gian 1én
nhin tdi roi niém phong, bdo quan va chuyén vé phong
thi nghiém. Tai mdi dia diém thu thap 10 mAu tram tich,
tron déu cac mau lai véi nhau dé tao thanh mot mau téng
hop dai dién cho dia diém do, sau d6 14y 3 mau dai dién
dé phan tich. C4c vi tri thu thadp miu dwoc mo ta & hinh
2vabang 1.

Bang 1. Ky hiéu, tén mau, toa do vi tri lay mau tram tich tai lang
duac dong Pai Bai.

Ky higu  Tén mau Toa dd vi tri 1dy miu Vi tri liy miu

TT 1 Tramtich 1~ 21,0487200N; 106,1422310 E  Tram tich dau kénh

TT2 Tramtich2  21,0449590 N; 106,1436810 E Tram tich giira kénh

TT3 Tramtich 3 21,0428460 N; 106,1464900 E  Tram tich ao 1

TT 4 Tramtich 4  21,0431570 N; 106, 1464900 E  Tram tich ao 2

TT5 Tramtich 5 21,0372320 N; 106; 1545800 . Tram tich cudi kénh
16
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2.2.2. Phwong phdp xir Iy mdu

Chiét mdu bdng phwong phdp chiét gia téc dung
méi (ASE): Tron déu mau véi chat chuidn 3C-PCDD va
13C-PCDF, d4t chiét, cho miu vao 6ng chiét caa thiét bi
chiét. S& dung dung mai chiét la toluen dung cho HPLC,
nhiét do chiét la 130°C, thoi gian gia nhiét la 7 phut, 2
chu ky, thoi gian khi di qua dng chiét 1a 100 gidy, khi
mang str dung 1a khi nito ¢é do tinh khiét >99,999%, ché
dd chiét chuin trén thiét bi Thermo Scientific Dionex
ASE 350 Accelerated Solvent Extractor.

Lam sach dich chiét va lam giau mdu: Dich chiét chira
nhiéu tap chit anh hwéng dén qua trinh phan tich, do
d6, dung dich sau khi chiét dwoc loc qua cot silica gel da
16p va cot than hoat tinh dé loai bé cac chat ban va cac
chit khéng can phén tich. St dung khi nito dé loai bo
dung moi, gidm thé tich mau va tang ndng dod cac hop
chit PCDD va PCDF trong dich chiét. Thém dung dich
nonane dé hoa tan cin va chuyén mau vao insert vial,
tién hanh phéan tich trén thiét bi sac ky khéi phd phan
giai cao HRGC/HRMS DFS.

2.2.3. Dung dwong chudn

Duong chuin cda cac hop chit PCDD va PCDF dwoc
xay dung tir cac bd dung dich chit chuin CS1, CS2, CS3,
CS4 va CS5. Phan mém Targetquan 3.0 dwoc st dung dé
xay dwng mdi lién hé gitra nong do, dién tich sac do cua
cac hgp chiat PCDD va PCDF, chit ndi chuin. Cac dung
dich chuin cé nong do tir 0,05 dén 20 ng/ml doi véi
nhom Tetra-CDD va Tetra-CDF; 0,25 dén 10 ng/ml v&i
nhém Penta-D/Fs; Hexa-D/Fs; Hepta-D/Fs va 0,5 dén
200 ng/ml v&i nhom Octa-D/Fs dwoc Ian lwot phan tich
trén thiét bi HRGC/HRMS DFS [10].

2.2.4. Phén tich mdu thiét bi sdc ky khi ghép néi phd
khéi phan gidi cao HRGC/HRMS DFS

Dwng dwong chudn cta 17 dong phan cé hé s6 doc
dioxin/furans bang cach st dung két qua phan tich cac
diém chudn MCS1-MCS5 theo phwong phap US EPA 1613b
tir Hang Cambridge Isotope (M§). Cac mau sau khi chiét
va lam sach dwgc phan tich bang thiét bi HRGC/HRMS
DFS st dung cot sac ky TG-Dioxin c6 do dai 60 m, dwong
kinh trong 0,25 mm, dé day pha tinh 0,25 pm, dwgc st
dung dé tach dong phan, két hgp véi phd khéi phan giai
cao (HRMS) cé d6 phan gidi it nh4t1a 10.000 va nhiét do
ngudn 1a 250°C, nhiét do6 cdng bom mau 290°C, ché do
khong chia dong, khi mang st dung helium véi toc do
dong 1,2 ml/pht, ché d6 ion hoa la EI* d€ phat hién dinh
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tinh va dinh lwong 17 déng vi 2,3,7,8-PCDD va 2,3,7,8-
PCDF duwoc thay thé dioxin bang phwong phap pha
lodng déng vi (15 dong vi) va phwong phap ndi chuin
(1,2,3,7,8,9-HxCDD va OCDF) theo phwong phap US EPA
1613b. T4t ca cac ddng phan khong thay thé 2,3,7,8 dwoc
phan tich dinh lwong biang dwdmng chuin cta cic dong
phan c6 cling s6 nguyén ti clo dwgc mo ta bang phwong
phép US EPA 1613b va Fishman [11]. Dung dich déng
vi rira gidi hiéu suit dau tién, cudi cung va cot (Phong
thi nghiém Isotope Cambridge, M§) ctia cic nhém c6
cung sO nguyén ti clo dwoc trén bén trong va dan nhan
dung dich chuin US EPA 1613B dé€ phan tich trén thiét bi
HRGC/HRMS. T4t ca cdc déong phén phai c6 thoi gian luu
gitra cac dong phan riva gidi dau tién va cudi cung. Gia tri
trung binh cta cac hé sd dap &ng cia hiéu suit cot dau
tién va cot cudi cung dwgc st dung cho cac dong vi khac.

{ Mau tram tich (can khoang 5 g mau) }
{ Chiét bing thiét bi chiét ASE str dung dung méi toluene ]

ﬂ‘- C6 an dich chiét vé 1 ml

{ Hoat hoa cot silica gel da lop }

ﬂ4— Sir dung 100 ml n-hexan

{ Rira giai ot silica gel da 16p }

4— 150 mln-hexan, ¢6 quay chan khong vé 1 ml

{ Hoat hoa cot than hoat tinh b é'mg 40 ml toluene }

<+— Rira cot bang 150 ml n-hexan

_J

{ Rira giai ¢t bang 150 ml toluene, c6 quay chan khong thu 1 ml

!

[ Thoi gin kho bang khi nito
Thém 50 pl chuan EDF-7999, ndng d6 2 ng/ml
«— s .
C6 can bang khi nito, sau do thém 10 p1nonane

{ Phan tich mau trén thiét bi HRGC/HRMS ]

Hinh 3. So' d6 quy trinh phan tich cac hop chat polychlorinated
dibenzo-p-dioxin va polychlorinated dibenzofuran trén thiét bi
HRGC/HRMS [12].

3. Két qua va ban luan

Trong qua trinh nu chdy dong, sw c6 mit cua tap
chét, xic tac cha kim loai, clo 1a diéu kién hinh thanh
dioxin/furan. Dioxin/furan dwoc hinh thanh va phat thai
qua khi thai va tro thai, sau d6 phat thai ra méi trudng,
roi theo khong khi, nwéc va cac hién twong thoi tiét nhw
mua gio, cic dong chdy, theo cac hat swong lang dong
xudng bé mat dit hoac cac lwu vuc [13-15]. Trong méi
trueong nuwéce, dioxin rat it tan, hAp phu trén bé mét cac
hat lo Irng, theo thoi gian 1dng dong xudng tram tich day.

1



Bang 2. Ham lwong cac hop chéat polychlorinated dibenzo-p-
dioxin va polychlorinated dibenzofuran trong mau tram tich thu
thap tai lang nghé dic déng Dai Bai.

o Tl TT1 T2 TS TT4 TS Trungbinn
e (ng/kg d.w)
1 2,3,7,8-TCDD 0,251 0,049 0,011 0,033 0,027 0,074
2 1,2,3,7,8-PeCDD 0,632 0954 0083 0021 0226 0,383
3 1,2,3,4,7,8-HxCDD 0,227 1,330 0,079 0,099 0,088 0,365
4 1,2,3,6,7,8-HxCDD 0,126 0,736 0,078 0,130 0414 0,297
5 1,2,3,7,8,9-HxCDD 0,292 1870 0,079 0,048 0,155 0,488
6 1,2,3,4,6,7,8-HpCDD 3,130 9490 0,655 1,680 1,860 3,360
7 0OCDD 5510 8,070 2,400 12,200 10,400 7,716
8 2,3,7,8-TCDF 3,110 0,721 0,052 0,017 0464 0872
9 1,2,3,7,8-PeCDF 1,890 2,480 0,103 0,100 0,580 1,030
10 2,3,4,78-PeCDF 2,730 6,900 0281 0271 0,895 2,220
11 1,2,3,4,7,8-HxCDF 3,280 7,530 0210 0391 0,870 2,460
12 1,2,3,6,7,8-HxCDF 3230 9490 0267 0337 0,826 2830
13 234,6,7,8-HxCDF 0,203 5020 0,136 0211 0279 1,170
14 1,2,3,7,8,9-HxCDF 3,360 8510 0280 0,184 1,040 2,670
15 1,2,3,4,6,7,8-HpCDF 9,170 17,500 1,050 1,460 4,290 6,690
16 1,2,3,4,7,8,9-HpCDF 1,160 4840 0,101 1220 0,627 1,590
17 OCDF 6,350 13,100 2,480 0,647 12,800 7,090
Tf)ng PCDD 10,200 22,500 3,380 14,200 13,100 12,680
Téng PCDF 34,500 76,100 4,960 4,830 22,700 28,620
Téng Dioxin/Furan 44700 98,600 8,340 19,000 35,800 41,290
Téng TEQ 3,280 6,990 0319 0328 1,030 2,390

Két qua phén tich cac hgp chdt PCDD va PCDF trong
mau tram tich tai lang dic dong Dai Bai thé hién trén
bang 2. Nong dd cac hop chit PCDD va PCDF nam trong
khoang 8,340-98,600 ng/kg d.w, trung binh 41,290 ng/
kg d.w. Mau tram tich TT 2 thu thap trén vi tri gitra kénh
dan nwéc gitta lang c6 ham lwgng cac hop chit PCDD va
PCDF cao nhit (98,600 ng/kg d.w). Mau TT 3 ldy trén
ao s0 1 thip nhit (8,340 ng/kg d.w). Nhin chung tdng
dioxin/furan cac nong dé mau tram tich TT 1; TT 2 va
TT 5 dworc thu thip trén kénh (két qua l1an lwot1a 44,700
ng/kg d.w; 98,600 va 35,800 ng/kg d.w) cao hon mau
tram tich TT 3 va TT 4 dwoc thu thip tai ao trong lang
(8,340 va 19,000 ng/kg d.w). Pay c6 thé do nwdc thai tir
hoat déng tai ché va duc dong tlr cac co s& san xuit xa
thai truc tiép ra cac con kénh dan nwéc thai, khién cho
phén 16n cac hop chit dioxin/furan dwgec tich tu tai day,
con mdt phan theo dong nuwéc thu gom vé cic ao chiva
nuéc thai.
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Hinh 4. Ty I¢ phan tram cac hgp chét polychlorinated dibenzo-p-
dioxin va polychlorinated dibenzofuran trong mau tram tich thu
thap tai lang duc dong Dai Bai.

Hinh 4 thé hién thanh phin cta 17 hop chit doc
clia cac hgp chit PCDD va PCDF trong mau trim tich
thu thép tai lang nghé dic dong Pai Bai. Nhin chung, 3
hop chat OCDD, OCDF va 1,2,3,4,6,7,8-HpCDF dong gbp
nhiéu nhat vao tong ham lwong dioxin/furan. Vé dong
gbp cua tirng nhém véi téng sd cac hop chat PCDD va
PCDF, 4/5 mau tram tich trén kénh va ao s6 1 (TT 3)
déu c6 ty 1& PCDD thdp hon ty 1& cia PCDF (ty 1é cac
hop chit PCDD va PCDF<1), ngoai trir mau TT 4 14y tai
ao gitra lang c6 ty 1é déng gép ctia PCDF thap hon PCDD
(ty 1é PCDD/PCDF=2,9). Ty 1é PCDD/PCDF nhé hon 1
la ddc treng cia ngudn dioxin dwoc hinh thanh tir qua
trinh dét, co ché De novo 1a co ché hinh thanh cha dao
[16-18]. MAu tram tich TT 4 14y trén ao chira nwéc thai
c6 ty 1€ PCDD/PCDF>1, cuing véi ty 1é dong phan OCDD
déng gop vao tong ndong do rit cao (64%), dic diém nay
xudt hién trong thanh phan dioxin trong tram tich cé
ngudn gdc tir sw lang dong tir khong khi xudng tram
tich [13, 19, 20].

Gia tri tong dé doc twong dwong (TEQ) cta cac hop
ch4t PCDD va PCDF trong cac mAu tram tich thu thap &
kénh va ao nwéc thai tai lang nghé duc déong Pai Bai dao
dong trong khoang tir 0,319 ng TEQ/kg d.w dén 6,990
ng TEQ/kg d.w. Két qua nay thip hon nhiéu so v&i tong
ham lwong dioxin trong cadc mau tram tich thu thip xung
quanh khu vic sin bay Bién Hoa, tinh Péng Nai (4,010-
1.729,780 ng TEQ/kg d.w.) [21], v ndm trong gi¢i han
cho phép cia QCVN 43:2017/BTNMT vé chat lwong
tram tich (21,500 ng TEQ/kg d.w) [22].
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Hinh 5. Ty 1& (%) gia tri tdng dé doc twong dwong cac dong vi
polychlorina~ted c‘libenzo-p-dioxin va polychlor‘inated (Elibenzofuran
trong cac mau tram tich thu thap tai lang nghe diac dong DPai Bai.

Sw déng gép cla cac hop chat dioxin/furan trong tong
ham lwong ddc twong cia cac hgp chidt PCDD va PCDF
trong cac mau tram tich thu thap tai lang nghé Pai Bai
dworc thé hién trong hinh 5. Trong d6, 2,3,4,7,8-PeCDF va
1,2,3,7,8-PeCDD la 02 hop chit dong gdp nhiéu nhit vao
tong ham lwong ddc twong clia dioxin trong mau tram
tich (twong rng 25-29,6% va 6,0-26,0%). Tiép dén la
déng gbp cia dong vi nhém hexafuran. Cac hop chit thé
7 va 8 nguyén tr clo déng gép khong dang ké vao TEQ
do hé s6 déc thdp mac du néng dd khéi 1o6n. Hop chat
ddc nhit 2,3,7,8-TCDD déng gop ty 1é nhé (0,7-10,0%)
vao trong tong TEQ cta dioxin/furan trong cAc mau tram
tich tai day.

Két qua nghién ctru nay twong tw véi sw déng gop cla
cac hop chat 2,3,4,7,8-PeCDF (chiém 27,0%) trong gia
tri TEQ ctia cac hop chit dioxin/furan phat hién dwoc
trong chit thai cia lang ngh@ tai ché nhém & Viét Nam
va cac qudc gia trén thé gidi [13, 23-25]. Diéu nay cho
thiy, hoat dong san xuit cla cac lang nghé tai ché kim
loai ndi chung va lang nghé dic dong Pai Bai noéi riéng
da lam phat thai vao moi trwong cac hop chat dioxin/
furan, tiém an cac nguy co anh hwéng dén moi trwong
sinh thai va cac rii ro strc khde lién quan dén con nguoi.
Két qua nghién ctiru nay co6 thé 1a can c& so khai dé€ phat
trién cac nghién ctru khic tai cac 1ang nghé tai ché kim
loai néi chung va tai ché dong ndi riéng & cac dia diém,
dia phwong khac trén ca nwéc, tir d6 c6 bo dir liéu téng
thé vé sw phat thai cia cac hop chit dioxin/furan ra moi
trwong. Day ciing 1a co s¢ d€ cac co quan chirc ning ban
hanh cac ché tai gidm sat va quan ly hoat déng tai ché,
san xuit cda lang nghé tai ché kim loai trén ca nuérc,
nham gidm thiéu tac dong dén moi trwdng va cac rui ro
lién quan dén strc khde con nguoi.

JHOAHOC . -

4. Két luan

Nghién cru nay bwéc dau da xac dinh dwoc 17 hop
chat dioxin/furans cé trong cdc miu tram tich thu thap
tai lang dtic dong Pai Bai, Gia Binh, tinh Bic Ninh. Ham
lwgng trung binh cta cac hop chit dioxin/furans trong
cac mAu tram tich dao dong trong khoang 0,074-7,716
(ng/kg d.w). Cac mau tram tich c6 tong TEQ tir 0,319 dén
6,990 ng TEQ/kg d.w, nhd hon so véi Quy chuin ki thuat
qudc gia vé chit lwgng tram tich QCVN 43:2017 /BTNMT
gi¢i han cho phép ddi véi dioxin trong tram tich nwéc
ngot (21,500 ng TEQ/kg d.w). Tuy nhién, hoat dong san
xudt ctia lang nghé dic déng Pai Bai da lam phat thai ra
moi truedng cac hop chit dioxin/furan, tiém an cac nguy
co anh hwdng dén moi trudng sinh thai va sirc khoe
con nguwoi. Viéc phat trién, mé rong quy mo va pham vi
nghién ctru, danh gia vé mic do phat thai cac hop chat
dioxin/furan tir cac lang nghé tai ché kim loai giup co
quan chirc nang c6 co s& ban hanh cac ché tai va bién
phéap dé gidm sat, quan 1y cic lang nghé tai ché trén ca
nuéc mot cach hiéu qua, gidm thiéu 6 nhiém mai treong
va cac rui ro lién quan dén doi sOng con nguoi.

LO1 CAM ON

Nghién ctru nay dwoc hd tro tir ngudn kinh phi thuc
hién cta nhiém vu khoa hoc va céng nghé cap Vién Han
lam Khoa hoc va Cong nghé Viét Nam: “Panh gia nguy co
6 nhiém Dioxin phat thai vao méi trudng tir mot s hoat
dong lang nghé truyén théng”, ma s6 TPDIOX.01/22-24.
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Nghién ctru déc tinh 0 ong ghep mach mau ho tro té bao ni mo bam dinh
trong diéu kién nuoi cay dong chay
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Tém tdt:
Té& bao néi moé tao 1¢p 16t chdng ddng mau va 6n dinh sinh Iy mach mau. Do d6, viéc nuéi cdy va khao sat twong tac
giira Ong ghép mach mau véi t€ bao ndéi mé cung cip thong tin vé tiém ning wng dung trong ciy ghép mach mau.
Trong nghién ciru ndy, hé théng bioreactor dwoc thiét 1ap nham tao diéu kién nudi cidy dong chay. Hé théng dwoc
diéu chinh vé t6c @6 phi hop dé duy tri trang thai dong kin va vo trung. O diéu kién dong chay mo phong, té bao
ndi mé dworc lwu chuyén theo dong chay van hanh bang bioreactor va theo déi kha niang séng va bAm dinh trén bé
mit ong ghép. Ong ghép mach mau thé hién kha niing hd tro té bao néi mé bam dinh. Trong nudi cdy dong chay,
hinh anh nhuém calcein thé hién t& bao néi mé bam dinh sau 72 gio khao sat. Ong ghép mach mau di dworc chirng
minh hé tro’ sw bAm dinh ctia cac t& bao ndi mé trong nudi cay in vitro. Hé thong nuoi ciy dong chay phu hop cho
nghién ciru tai 1ap 16/p ndi moé té bao, qua do6 gitup dw doan hiéu kng twong ty sau cidy ghép 6ng mach mau in vivo.

Tir khéa: bioreactor, khung nén ngoai bao, nuéi cdy dong chay, 6ng ghép mach mau, té€ bao ndi mo.
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Study on vascular grafts characteristics supporting endothelial cell attachment

under flow culture conditions
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Abstract:

Endothelial cells form the innermost vascular layer, regulating blood coagulation and vascular physiology. Therefore,
culturing and investigating the interaction of vascular grafts and endothelial cells provide insight into their potential
applications in vascular transplantation. In this study, a bioreactor system was established to enable flow culture
conditions. The flow rate was appropriately adjusted to maintain a closed and sterile culture environment. Under
simulated flow conditions, endothelial cells were circulated using a bioreactor, and cell viability and attachment
were evaluated on the graft surface. The vascular grafts showcased the ability to support endothelial cell attachment.
Under flow culture conditions, the calcein staining images also addressed endothelial cell adhesion on vascular
grafts after 72-hour culture. The vascular grafts were also demonstrated to support the adhesion of endothelial cells
in in vitro culture. The flow culture system is suitable for cellular studies, thereby enabling prediction of potential
endothelialisation effects following vascular graft implantation in vivo.

Keywords: bioreactor, endothelial cells, extracellular matrix, flow culture, vascular graft.
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1. it van de

Sw phat trién cong nghé vatliéuy sinh cung cip hudng
tiép cidn méi trong st dung ciac nguyén liéu mo déng vat
tao ra cc san pham ciy ghép. CAc 6ng mach mau tirlgn va
bo dwgc nghién ctru loai bé cac yéu td gy dap irng mién
dich va gilr lai khung nén ngoai bao phu hop ciy ghép.
Thanh phin khung nén ngoai bao tir protein collagen,
elastin, laminin va cac glucosaminoglycan thé hién dac
tinh dinh hwéng cho sy bam dinh, di cw, tang sinh va biét
héa cta té bao, tir d6 dwoc sap nhip va phat trién cling
véimo chi [1, 2]. Vivay, vatliéu c6 ngudn goc khung nén
ngoai bao cé tiém ning &ng dung 1am sang noi chung va
trong linh vuc cdy ghép mach méu noéi riéng.

Cac nghién ctru vé ciu tric thay thé cho mach mau
da va dang dwoec trién khai, dic biét trén ddi twong 6ng
mach mau c6 duwong kinh nhé (dwong kinh <6 mm) do
nguy co hinh thanh huyét khoi cao. V&i 6ng mach mau cé
ban chit tir khung ngoai bao, ty 1&¢ huyét khdi long mach
dworc ghi nhan cao dang ké (33,3%) so v&i mach mau tw
than 12,5% [3]. Nham khic phuc tinh trang nay, huwdng
ché tao 0ng ghép mach mau cé bién doi bé mat chéng
déng mau dwoc ti€p cin. Heparin 1a hoat chit chéng
déng mau dwoc st dung phd bién trong c¢d dinh 1én bé
mat 6ng ghép mach mau, nho tac dung gidm sy hap thu
protein huyét twong, nguy co tiéu cdu bam dinh va hoat
héa trén bé mat vat liéu. Xu hwéng thai heparin ciling
dwoc ghi nhin, nho d6 cho phép tao vi moi tredng chéng
déng mau cho 6ng ghép mach méau [4, 5]. Tuy nhién, xu
hwéng nay cho thay kha nang tao vi méi treong chong
dong mau chi dwoc duy tri trong khodng thoi gian gidi
han va rai ro huyét khéi long mach van ton tai.

Vé mit ciu tric, mach mau trong co thé dwgc 16t bdi
mot 16p té€ bao ndi md (endothelial cell) twong tac trec
tiép véi dong mau. Cac té bao ndi mé tiét ra cac chat:
nitric oxide, heparin, plasmin... c6 vai tro diéu hoa qua
trinh d6ng mau va phan huy fibrin, 6n dinh tinh thim
thanh mach va vdn mach. Nghién ciu tao 6ng ghép tir
md mach mau, két qua twong tac té bao da chira sy bAm
dinh cua té bao ndi md c6 lién quan dén kha nang chéng
déng mau trong long dng ghép [6-8]. Dién hinh 1a két
qua ghép dong mach canh vo bao tir lon dwoc tai 14p té
bao ndi mo tw than dat chi s6 thong mach 71% sau 60
ngay. K&t qua thi nghiém lam sang trén 12 bénh nhén,
tinh mach v6 bao dong loai dwoc tai 1ap té bao ndéi mé tw
than da cho két qua khoang 80% tinh trang thong mach
sau 6 thang ghép [8]. Pat trong boi canh 6ng ghép mach
mau c6 ¢ dinh heparin, sau mét giai doan thai cu thé, bé
mat 6ng ghép mach méu hé tro sw bAm dinh cla té bao
ndi mo cé thé cho phép duw dodn kha ning hinh thanh
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lai 16p 16t n6i md va déng goép vao viéc duy tri dic tinh
khang dong mau trong giai doan sau. Do dd, cac khao sat
nhdm d4nh gia dic tinh n6i mé hoa duoc xem 12 cin thiét
dé du doan kha néng ton tai va dic tinh twong hop mau
1au dai cia 6ng ghép mach mau di loai.

Trong diéu kién in vitro, dic tinh ho tro té bao bam
dinh c6 thé dugc thwe hién va danh gia bang cach ciy truc
ti€p t€ bao 1én bé mat vat liéu. Phirc hop té bao - mau vat
liéu dwoc nudi ciy trong diéu kién tinh, sau dé ghi nhan
sw hién dién clia té bao trén mau [9]. Thuc té, trong diéu
kién sinh ly, t€ bao ndi mé truc ti€p chiu tic dong cua
dong mau, thich nghi va duy tri trén long mach [10]. Do
dé, dé phan anh phu hop vé dic tinh bam dinh cda té bao
ndi mod trén bé mat vat liéu in vitro, diéu kién nudi ciy
v&i dong chdy mé phong can thiét dwoc tiép cin. Trong
dé, moi treong nudi ciy té€ bao dwoc luan chuyén lién
tuc véi ap luc, téc dd dong va lwu lwong dong dwoc diéu
chinh théng qua hé thong phan &ng sinh hoc (con goi la
hé théng bioreactor). Cac hé thong bioreactor (Tisxell,
Singapore; myControl, Ha Lan; LumeGen, An bo; Aptus
Bioreactors, Hoa Ky) cho phép diéu chinh diéu kién nuoi
cdy vé nhiét do va ham lwong CO,, c6 thé tang thé tich
nudi, s6 lwong vat liéu thao tac va kéo dai thoi gian theo
doi[11, 12]. Hé théng bioreactor dang dong chay v&i cau
phan gébm bom va hé 6ng dan gitip tao diéu kién thuan
loi trong danh gia cac vat liéu dang 0ng, trong truong
hop nay la 6ng mach mau nhan tao.

Trong bdi canh Viét Nam, 6ng ghép mach mau dwoc
ché tao thanh coéng bang cong nghé khir té bao dong
mach canh cta lon [13]. Ong ghép mach mau dwoc
chi*rng minh dat dwgc tiéu chuidn vo bao va do bén co
tinh phu hop cho cdy ghép. Trong nghién ctu nay, dic
tinh ho tro t&€ bao ndéi mé bam dinh duorc tiép tuc khao
sat, nham hwdéng téi tao ra ngudn 6ng ghép mach mau
cung cip cho liéu phap diéu tri tai tao.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vat liéu

Ong ghép mach mau (goi tit 13 OGMM) dwoc ché
tao theo quy trinh da céng bd cia nhém nghién ciru
[13] véi nhitng thay d6i nho cho phu hop véi diéu kién
thi nghiém. Trong d6, mau dwoc gia cwdng va ¢ dinh
heparin véi ham lwong 5 mg/ml. Thir nghiém ban dau
da ghi nhian dwoc kha ndng chong déng mau cung véi
dic tinh thai heparin ctia mdu OGMM. Sau 28 ngay khao
sat & diéu kién 0 sinh 1y, phan 16n ham lwong heparin da
dworc giai phong. O giai doan nay, viéc xac dinh dic tinh
twong tac t€ bao ndi mod c6 ¥ nghia vé kha nang twong
hop mau lau dai cia mau OGMM.
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Dong t€ bao ndi mé tir tinh mach diy rén nguoi
(HUVEC) goi tat1a t& bao ndi md dwgc mua tir Ngan hang
Chung chuin Hoa Ky (ATCC, PCS-100-010, Hoa Ky). Hé
théng bioreactor (3D Biotek, Hoa Ky) bao gom céac bo
phéan chinh: (1) Binh chira méi trweong nudi cay, (2) Binh
trao déi khi, (3) Hé day dan truyén dich, (4) Bom nhu
dong.

2.2. Phwong phdp nghién ctru

Phwong phdp thiét 1dp hé thdng bioreactor: Hé thdng
bioreactor dwoc lap rap theo so do tir Hing san xuit 3D
Biotek - Hoa Ky (hinh 1A). Trong dé, mét phan doan day
dan duoc thiét k€ mang budng chira mau OGMM nham
van hanh trong diéu kién vo trung (hinh 1B, ky hiéu *).
Hé thdng dwoc van hanh véi téc dd dong chay 10-500 ul/
phit va dwoc danh gia kha ning duy tri truyén dich kin.
Sau thoi gian van hanh, dich truyén trong hé théng dworc
thu nhan va xac dinh d6 duc & bwéc séng 600 nm. Mau
dich truyén dwogc cay trai va a trén méi trwong thach vi
sinh, & 37°C trong 48 gi®, nham xac dinh tinh v6 trung
cta hé thong.

Phuwong phdp ddnh gid dnh huéng cia mdu OGMM
dén khd ndng sdng ctia té bao ndi mé: Té bao ndi méd dworc
cdy vao cac dia nudi (dwong kinh 35 mm, véi 5x10* té€
bao/dia) (Nunc, Hoa Ky) va nudi ciy dn dinh & 37°C, 5%
CO, trong 24 gio» Mau OGMM (ty 1é kich thwéc 1/10 dién
tich dia nudi) dwoc dat 1én trén bé mat 1&p té bao ndi mo
va duy tri trong 24 gio. Kha nang séng cla té bao ndéi mo
dwoc danh gia thong qua hinh théi té€ bao dwoc nhuém

BINH CHUA DUNG
(A) | DICH NUdI

BINHTAO B0 AM

Céngdichvao Céngdichra Céngkhivao Céngkhira Congkhivao Céngkhira

Hinh 1. So’ d6 hé thong bioreactor. (A) So db thiét ké van hanh hé théng bioreactor; (B) Hé théng bioreactor két hop budng nudi OGMM. Ky

hiéu (*) chi vi tri budng mang mau OGMM.
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Crystal Violet (Sigma Aldrich, Hoa Ky) xung quanh mau
OGMM.

Phwong phdp cdy tinh va xdc dinh sw bdm dinh té bao
néi mé trén mau OGMM: Mau OGMM dwoc cit mé long
ong va diéu chinh kich thwéc (dang tron véi duwdng kinh
8 mm) dé cd dinh 1én bé mit giéng cha dia nudi 96 giéng.
Theo d6, té bao dwoc dinh hwéng tiép xic truc tiép véi
bé mit trong clia mau OGMM, md phéng ciu tric tw
nhién cta lép trong long mach mau. Té bao ndi md (méat
d6 2x10° t&€ bao/ml) dwoc cdy vao dia 96 giéng chira mau
OGMM va nudi 6n dinh trong 24 gio tiép theo. Sw bam
dinh cda té bao trén mau OGMM duworc xac dinh bang thi
nghiém Calcein va nhuém mé hoc Hematoxyline va Eosin
(nhuém H&E). Trong d6, thudc thir Calcein (Thermo
Scientific, Hoa Ky) dwoc bd sung vao cac giéng khio sat
va U trong 45 phut.

MAu dwoc thu nhan, rita bang dung dich PBS1X va
quan sat dudi kinh hién vi huynh quang (Olympus, Nhit
Ban) dé phat hién sw hién dién cta cic t€ bao bam dinh.
Ngoai ra, sau khi dwoc cdy té€ bao, mau OGMM dwoc thu
nhén va c6 dinh trong dung dich 10% Formalin va nhuém
H&E dé€ quan sat hinh thai dwédi kinh hién vi quang hoc
(Olympus, Nhat Ban).

Phwong phdp nudi cdy dong chdy va ddnh gid khd ndng
séng ctia t€ bao ndi mo trong hé théng bioreactor: D€ xac
dinh kha ndng séng cla té bao ndi md trong diéu kién
nudi cdy dong chay, t&€ bao ndéi mé dwgc chudn bi dwdi
dang dung dich huyén phu véi mat do 2x10* té bao/ml

—
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dé€ nap vao hé thdng bioreactor. Trong qua trinh van
hanh hé théng bioreactor, 100 ml mau dich nudi chia té
bao dwoc thu nhan sau moi 24 gio. Mat do té bao séng
dwoc xac dinh bang ki thuat nhudém Trypan Blue (Sigma
Aldrich, Hoa Ky) va d€m bing budng dém té& bao.

Khdo sdt sw bdm cta té bao ndi mé trén mdu OGMM
trong diéu kién nudi cdy dong chdy: D€ khao sat sw bam
dinh cida té bao ndi md trong diéu kién nudi cdy dong
chay, hé théng bioreactor mang budng chira mau OGMM
dwoc thiét14ap (hinh 1B, ky hiéu *). Tai thoi diém bat dau,
dung dich huyén phu (mit do 2x10* té bao/ml) dwoc
nap binh chita moéi trwong. Bom nhu dong dwoc khéi
déng dé truyén dung dich huyén phu té bao luin chuyén
trong hé théng, qua d6 twong tac véi bé mat mau OGMM.
Hé thong bioreactor dwoc duy tri vin hanh & diéu kién
37°C, 5% CO,. Su bam dinh cta t& bao trén mau OGMM
dwoc xac dinh bang thir nghiém Calcein va quan sat dudi
kinh hién vi huynh quang (Olympus, Nhit Ban).

Phwong phdp xtv ly sé liéu: Cac danh gia dwoc thuc
hién véi d6 1ap lai 3 1an. Do thi dwoc thé hién & dang
trung binh + do léch chuin va phan tich théng ké bang
phin mém Prism 6 (GraphPad Software, Hoa Ky). Khac
biét so sdnh c6 y nghia théng ké khi gia tri p<0,05.

3. Két qua va ban luan

3.1. Van hanh hé théng bioreactor nuéi cdy dong
chdy kin va vé triing

Nham khao sat &nh hudng ctia dong chdy mo phéng
sinh 1y dén dic tinh bam dinh cta t€ bao ndi mo trén
mau &ng ghép mach mau, hé théng bioreactor dwoc

Chirng duong
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st dung. Trong d6, 6ng ghép mach mau can dwoc tich
hop vao duwdng din dung dich nudi cdy, dit ra yéu cau
vé thiét 1ap m&i vé budng chira mau, hé day dan va diéu
kién van hanh v trung. Thong s6 téc d6 dong chdy mo
phéng sinh ly cling cdn dwoc t6i wu trén hé thong nay.
Theo d6, hé thdng bioreactor mang éng ghép mach mau
dwoc thiét 1ap va danh gia vé t6c d6 dong chay va tinh
trang v6 trung trong thoi gian van hanh. Sau khi thiét
1ap hé thong bioreactor (hinh 1A), bom nhu dong dwgc
diéu chinh véi 10, 100, 150,200, 250, 500 pl/phit dé xac
dinh t6c d6 phu hop cho vin hanh hé théng kin.

Quan sat tai vi tri lién két diy - bom nhu ddng - cac
binh chira, cic mirc téc d6 10-500 pl/phut di duy tri
dwoc hé thong & trang thai khép kin, khong gip phai
tinh trang xé dich day truyén va ro ri dich nu6i ciy. Sau
7 ngay van hanh, dich nudi ciy dwgc thu nhin va xac
dinh tinh trang vé trung. So sanh véi d6i chirng dwong
(hinh 2A, 2D) c¢6 nhiém khuin, miu dich nudi cta hé
théng bioreactor (hinh 2C, 2F, ky hiéu nhém TN) twong
dong v&éi mau doi chirng Am (hinh 2B, 2E, khong nhiém
khuin) va vé&i chi s6 dé duc tai 0D600 nm khdng c6 sy
khac biét thong ké (hinh 2G, ky hiéu ns so sanh giira (-)
va TN). Theo d06, cac t6c dé6 dong chay trong khoang 10-
500 pl/phit c6 thé dwoc xem xét vin hanh va ddm bao
dwoc hé théng truyén dich kin va vo trung cho khéo sat
nudi dong chay cho mau OGMM.

Trong giai doan d4u khao st dic tinh bam dinh té
bao, tdc dd dong chay can dwoc lwa chon phi hop nham
duy tri dwoc sy song cta té bao va tao diéu kién cho dong
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Hinh 2. Két qua danh gia dé vé trung cua hé théng bioreactor. (A, D) Mau chirng dwong: méi trwdng nhiém vi khuén; (B, E) Mau chirng am:
mai trwdng nudi cdy vé tring; (C, F) Nhém thi nghiém: maéi trudng thir nghiém dworc thu tir hé théng bioreactor sau khi van hanh 7 ngay; (G) Bidu
dd so sanh su khac biét vé chi s OD do dd duc clia mau méi trvéng & buwédc séng 600 nm (ODB00) (+: mau chirng dwong, -: mau chirtng &m, TN:
mau thi nghiém). *: p<0,05; **: p<0,01 su khac biét cé y nghia théng ké; ns: sw khac biét khéng mang y nghia théng ké.
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Hinh 3. Hinh thai té bao sau khi tiép xtc v&i mau vat liéu va dwoe nhuém Crystal violet. (A) Mai trdng nudi t& bao; (B) Mang cao su Latex;

(C) Mau OGMM. D6 phéng dai 100 Ian.

huyén phu té bao tiép xic voi bé mit gia thé OGMM.
Trong d6, nghién ctru cda N. Ucciferri va cs (2013) [14]
da chi ra cac téc do 0, 80, 100, 250 ul/phit han ché
anh hwdng dén kha niang séng cia HUVECs duy tri bén
trong hé théng dong chay. J. Schmid va cs (2018) [15] da
ghi nhin & toc d6 dong chay 10-250 ul/phut, hé théng
bioreactor tao ra dong chay phin b8 dong déu xuyén
sudt gia thé, gitp dam bao cung cip oxy va dwdng chat
hiéu qua cho toan b thé tich gia thé. Theo d6, tdc dd 150
ul/phit dwece lwa chon cho khéo sat nudi cdy dong chay
té bao HUVEC va xem xét kha ning bdm dinh ciia HUVEC
1én bé mit long 6ng cta gia thé OGMM.

3.2. Mdu 6ng ghép mach mdu an toan va hé tro’ sy
bdam dinh ctia té bao ndi mo

Trong mo hinh thir nghiém mau vat liéu tiép xtic truc
tiép t€ bao, mdi trwdng nudi cay (hinh 3A) va mau vat
liéu gay doc t& bao - mau cao su Latex (hinh 3B) dwoc st
dung twong &ng lam d6i chirng 4m va déi chirng dwong.
T& bao ndi md duy tri hinh dang bam trai dic trung &
nhém déi chirng 4m. Trong diéu kién tiép xuic déi chirng
dwong, hinh thai té bao dwgc ghi nhin bién dang va bong
tach khoi bé mit dia nudi. Poi véi nhém té bao dwoc dat
mAu OGMM (hinh 3C) c¢6 mat dd va hinh thai t€ bao &
twong dwong nhém ddi chirng 4m, chi ra tinh an toan in
vitro cia mau OGMM déi véi t& bao ndi md.

Té& bao ndi md dwoc ciy 1én trén bé mit mau OGMM
va nudi cdy & diéu kién tinh. Sau 24 gio, sy bam dinh
cta té bao ndi moé dwoc phat hién thong qua tin hiéu té
bao phat huynh quang mau xanh 14 (hinh 4C, ky hiéu miii
tén). Tin hiéu huynh quang cling thé hién tinh trang song
cua té bao, do kha niang chuyén héa ndi bao déi véi thuébe
thir Calcein. Ngoai ra, sy hién dién ctia t€ bao néi mo trén
bé mat mau OGMM ciing dwgc phat hién bang nhuém md
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Hinh 4. Té bao n6i md bam trén bé mat mau OGMM diéu kién nuoi
céy tinh. (A) Nhuém Calcein - Mau tréng; (B) Nhudm H&E - Mau tréng;
(C) Nhuém Calcein - Mau dwoc cdy té bao ndi md; (D) Nhuém H&E -
Mau duoc cly té bao ndi md. Mii tén dé chi cac té bao noi mé. (A, C):
D6 phong dai 100 1&n; (B, D): D4 phong dai 200 1an.

hoc H&E (hinh 4D, ky hiéu mii tén), v&i ving nhan té
bao gb vé phia 1ong mach va bt mau xanh tim. Tai diéu
kién nudi cdy tinh, cac hinh anh két qua giup xac dinh vé
dic tinh h6 tro t& bao ndi md bam dinh cia mau OGMM.

3.3. Khd ndng séng ctia té bao néi mé trong diéu
kién nuéi cdy bdng hé théng bioreactor

Sau khoang 24 gi' vin hanh bioreactor véi téc do
150 pl/phut, ty 1& t€ bao séng dwoc ghi nhan khodng
80%. O méc thoi gian 48 va 72 gio sau van hanh, ty 1é
té€ bao sdng c6 sy giam dang ké, vi lan lwgt xap xi 20 va
10% so v&i thoi diém nudi cdy ban ddu (hinh 5). S6 liéu
nay cho thiy kha ning séng té bao ndi mé gi¢i han trong
khoang 24 gi¢r khi nudi cdy dang huyén phu trong dong
chay. Theo d6, thir nghiém lién quan dén danh gia twong
tac ndi mod va mau OGMM bang dong chdy dong can xem
xét tién hanh trong khoang thoi gian trong vong 24 gidr
ké tir khi nap dich huyén phu té bao.
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Hinh 5. Biéu dd biéu dién ty lé séng cua dich té bao ndi mé trong
diéu kién nuéi cay dong chay.
3.4. Khdo sdt sw bam dinh cia té bao néi moé trén
mdu OGMM trong diéu kién nuéi cdy dong chdy

MAu OGMM dwoc dit trong budng chira (hinh 1B, ky
hiéu *). Hé théng bioreactor dwoc van hanh véi dong
huyén phu té bao ndi md trong vong 24 gi¢ & nhiét do
37°C va 5% CO,. Bang thir nghiém véi calcein, té bao ndi
mo dwoc phat hién trén mau OGMM (hinh 6A, ky hiéu
mii tén) véi mat do thwa thét. DE gia ting thoi gian van
hanh va ddm bdo ty 1é séng cao cho té bao ndi md trong
dich nuoi, huyén phu té bao ndéi mé dwoc thay méi vao
hé thong va tiép tuc duy tri nudi cdy dong chay.

Hinh 6. Té bao bam dinh trén bé& mat OGMM trong diéu kién nubi
cdy dong chay. (A) Sau 24 gi® nudi cdy dong chay; (B) Sau 72 giv
nudi cdy dong chay. D6 phéng dai 200 1an.

Sau 72 gid, mdu OGMM dwoc thu nhan cho thi
nghiém calcein. Quan sat dwéi kinh hién vi huynh quang
cling ghi nhan dwgc sy hién dién cta cac té bao néi mo
trén mau OGMM (hinh 6B, ky hiéu miii tén). T& bao bam
v&i dang vwon dai hodc da giac, véi mat do gia tang va cé
xu hwéng phan b theo dong dich truyén, gidp dw doan
hinh thai thich nghi dwéi tic dong cia dong dung dich
nudi ciy.

Trong diéu kién dong chdy mo phdng in vitro, qua
trinh twong tac véi bé mat vat liéu gitp té bao dan hinh
thanh va 6n dinh cac lién két, tir d6 duy tri trang thai bam
trai ctia té bao theo thoi gian [10, 16, 17]. Két qua nghién
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ctru cho thay, bang cach ap dung nudi ciy dong chay v&i
van t&c 150 pl/phut di xac dinh dwoc dic tinh hd tro té
bao ndi mé bam dinh ctia mdu OGMM. Két qua nay c6 sw
twong dong véi nghién clru ctia S. Rizzi va cs (2022) [18],
trong d6 nhém tac gid khao sat 6ng mach nhén tao tir
fibroin to tam, két hop t& bao ndi mod bang phwong phap
nudi cdy dong trong 72 gio. Té bao ndi md thé hién dang
bam trai dac trung va san xuit laminin. Nhw vay, két qua
in vitro cia nghién ctru da xac dinh dwoc mau OGMM da
hd tro t&€ bao ndi md bam dinh & ca diéu kién nudi cay
tinh va dwéi tac dong dong chdy dong. Nghién ctru c6 y
nghia dw doan qua trinh tai lap 1&p ndi mo chirc nang va
dam bdo tinh twong hop mau in vivo ciia 6ng ghép mach
mau ché tao.

4. Két luan

Hé thong phan @ng sinh hoc da thé hién kha nang
van hanh khép kin va dadm bao do vo6 trung phu hop cho
nghién ciru 6ng ghép mach mau & diéu kién nudi ciy
dong chay. Trong md phéng gin - thai heparin, 6ng ghép
mach mau ché tao tir dong mach canh lgn da thé hién
dic tinh ho tro té bao ndi md bam dinh, cu thé trong diéu
kién nubi ciy dong chdy 24-72 gio. Cac két qua in vitro
vé bam dinh cuta té€ bao n6i mé trén 6ng ghép mach mau
giup duw doan kha nang twong thich va cho phép té bao
ndi mo tai khu tru trén bé mit dng ghép sau ciy ghép.

Nghién ctru dwoc tai trog bédi Bo Khoa hoc va Cong
nghé théng qua Chwong trinh phat trién khoa hoc co
ban trong linh vic Hba hoc, Khoa hoc sw séng, Khoa hoc
trai dat va Khoa hoc bién giai doan 2017-2025 (Chwong
trinh 562), trong khuén khé dé tai ma s6 PTDL.CN-
49/22. Nhém tac gia xin tran trong cam on.
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Nghién ctru khd nang sinh cordycepin va pentostatin ngoai bao
cta Cordyceps militaris trong 1én men bé mat dich thé

Vii Xuan Tao", Tran Thu HiénZ, Pao Ngoc Anh!, Tran Bao Tram®, Trwrong Thi Chién?, P6 Thi Kim Trang?, Tran Vin Tuin?
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2Khoa Sinh hoc, Trwdong Dai hoc Khoa hoc Tw nhién, Pai hoc Quéc gia Ha Néi, 334 Nguyén Trai, phwdong Thanh Xudn, Ha Néi, Viét Nam
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Cordyceps militaris dwoc sir dung phd bién trong y hoc ¢6 truyén va lam thwec pham. Loai nAm nay c6 kha ning sinh
cordycepin va pentostatin, day 1a nhirng hoat chit c6 hoat tinh khang vi sinh vat gy bénh, ting cwong mién dich,
gay doc doi véi t€ bao ung thw... Tuy nhién, ndm C. militaris chi yéu dworc san xuit dang qua thé lam nguyén liéu.
Hién nay, phwong phap 1én men bé mat dich thé da bwéc dau cho thiy tiém nang &ng dung cao trong san xuit cac
hoat chit ngoai bao & nAm. Nghién ciru nay da tuyén chon dwoc 3 chiing nim C. militaris (HL8, BN25.2 va TN25.1)
¢6 kha ning sinh cordycepin va pentostatin ngoai bao cao. Ca 3 chiing nim déu cé kha ning sinh cordycepin va
pentostatin ngoai bao 6n dinh qua 5 thé hé lién ti€p. Hon nira, nghién ciru da xac dinh dworc cac diéu Kkién thich
hop trong 1én men bé mit dich thé ndm C. militaris bao gom sir dung anh sang LED trang, méi trwdrng 1én men véi
nguon cacbon 1a glucose, ngudn nito 13 tryptone, pH 6 va thoi gian 1én men 1a 45 ngay. O diéu kién 1én men thich
hop, kha ning sinh cordycepin ngoai bao ctia 3 chiing nAm HL8, BN25.2 va TN25.1 twong (rng trung binh dat 1a
1220, 1415 va 1225; trong khi pentostatin dat 45,6, 35,6 va 37,6 mg/1 dich 1én men. Piy la nguén nguyén liéu tiém
nang cho phat trién cac loai thwc phadm va dwoc pham.

Tir khéa: cordycepin, Cordyceps militaris, 1én men bé mat dich thé, ngoai bao, pentostatin.

Chi sé phén logi: 1.6, 4.6

Study on extracellular production of cordycepin and pentostatin
by Cordyceps militaris under liquid surface fermentation
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Abstract:

Cordyceps militaris is widely used in traditional medicine and as a food source. This fungus is capable of producing
cordycepin and pentostatin, two bioactive compounds with antimicrobial, immunomodulatory, and cytotoxic
activities against cancer cells. However, C. militaris is predominantly produced in the form of fruiting bodies for
use as raw material. Recently, liquid-state surface fermentation has shown considerable potential for enhancing
extracellular metabolite production in fungi. This study selected three C. militaris strains (HL8, BN25.2, and
TN25.1) with high extracellular production of cordycepin and pentostatin. All three strains demonstrated stable
extracellular production of cordycepin and pentostatin over five consecutive generations. Furthermore, the study
identified suitable conditions for surface liquid-state fermentation of C. militaris, including the use of white LED
light, a fermentation medium containing glucose as the carbon source and tryptone as the nitrogen source, an
initial pH of 6, and a fermentation duration of 45 days. Under the suitable fermentation conditions, the average
extracellular production of cordycepin by strains HL8, BN25.2, and TN25.1 reached 1220, 1415, and 1225 mg/],
respectively, while pentostatin production reached 45.6, 35.6, and 37.6 mg/1 fermentation broth. The fermentation
broth represents a promising source of raw material for the development of food and pharmaceutical products.

Keywords: cordycepin, Cordyceps militaris, extracellular, liquid surface fermentation, pentostatin.

Classification numbers: 1.6, 4.6
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1. Dt van de

Chi ndm Cordyceps dwgc ghi nhan gom nhiéu loai nim
c6 gia tri dwoc liéu va dwoc s dung rong rai trong y hoc
c0 truyén & nhiéu nwdc trén thé gidi. Trong s6 cac loai ndm
thudc chi Cordyceps, C. militaris 1a loai nim dwoc liéu quy,
dwoc nghién ctru va nudi trong pho bién nhit. Loai nay c6
tac dung hd trg diéu tri nhiéu bénh ly bao gdm ung thu,
suy gidm mién dich, rdi loan chirc ning gan than, viém phé
quan man tinh, suy gidm sinh ly nam, tang cholesterol va
tinh trang mét mai kéo dai [1, 2]. Hoat chit dwoc quan tAm
nhiéu nh4t 12 cordycepin, véi kha nang diéu hoa mién dich,
chéng ung thu, chdng oxi héa, khang viém va tiém niang hd
trg diéu tri COVID-19 [2-4]. Ngoai ra, nim C. militaris da
dwoc phat hién c6 kha nang sinh pentostatin. Pentostatin
va cordycepin dwgc sinh téng hgp bdi cing mét cum gen
duy nhat & ndm C. militaris. Pentostatin tham gia bao vé
cordycepin khéi qué trinh khir amin bang cach tc ché
hoat dong cua adenosine deaminase (ADA) [5]. Cuc Quan
1y Thwec phdm va Dwoc phdm Hoa Ky (FDA) da phé duyét
pentostatin 13 thudc, tén thwong mai l1a Nipent, dung trong
diéu tri cac bénh vé bach cu [6]. Nhw vay, viéc khai thac
cac hoat chat cordycepin va pentostatin tir nAm C. militaris
la hoan toan kha thi va can thiét.

Hién nay, nim C. militaris chu yéu dwoc nudi trong dé
thu qua thé véi cc quy mé khac nhau. Viéc san xuit qua thé
nam C. militaris doi hoi dién tich 16n, thoi gian nudi kéo dai.
Cong nghé 1én men da dwgc Gng dung trong san xuit cac
hoat chat tir ndm C. militaris. Cong nghé 1én men chim c6
tiém ning trong viéc rit ngan thoi gian, nhwng ham lwgng
cordycepin trong hé soi ndm C. militaris thu dwgc thiap hon
so véi qua thé, dong thoi quy trinh phie tap va doi héi chi
phi d4u tw ban dau cao [7]. Nhiéu nghién ctu trén thé gidi
da khang dinh tiém nang va tinh phit hop clia phwong phap
1én men bé mit dich thé trong san xuit cac hoat chat ngoai
bao [8-10]. So v&i phwong phap 1én men chim, 1én men bé
miit dich thé don gian hon, khéng yéu ciu cac thiét bi phitc
tap, hién dai nhw hé thong 1én men, hé théng cip khi... Hon
nira, phwong phap 1én men bé mit dich thé phu hop voi
diéu kién cta cic co s& nudi trong nim tai Viét Nam. Hién
nay, tai Viét Nam, chwa ghi nhén dé tai nghién ctru hay cong
b6 khoa hoc nao dé cip t&i viéc rng dung cong nghé 1én
men bé mit dich thé ndm C. militaris A€ san xuit hoat chat
cordycepin va pentostatin ngoai bao. Nghién ctru nay la
co s& khoa hoc quan trong cho viéc san xuit cac hoat chit
ngoai bao tir nAm dwoc liéu C. militaris bang phwong phap
1én men bé mat dich thé tao ngudn nguyén liéu méi cho
phat trién céc loai thuc phdm va dwgc pham.

2. \at liéu va phuong phap nghién ciiu
2.1. Vat liéu

10 miu qua thé nidm thu thap tai cidc don vi nudi
trong thwong mai nim Pong trung ha thao tai Viét Nam
(Bac Ninh, Thai Nguyén, Lao Cai, Quang Ngii) ky hiéu la:
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BN25.1, BN25.2, BN25.3, TN25.1, TN25.2, TN25.3, LC25.1,
LC25.2, QN25.1 va QN25.2. Cac miu dwoc gitt nguyén
trang va dwa ngay vé phong thi nghiém dé phén lap.

20 ching ndm C. militaris tir b6 swu tip clta Vién
Phat trién Cong nghé tién tién, Vién Poi méi sang tao
Qudc gia (da c6 ma s6 ding ky trén GenBank) bao gbm
cac chiing: HNO1 (0Q674539.1); HN0O2 (0Q674545.1);

TNO1  (0Q674547.1);  TN02  (0Q674549.1);
TNO3  (0Q674702.1);  TNO4  (0Q674703.1);
LCO1  (0Q676501.1);  SHO1  (0Q674705.1);
SHO2  (0Q674708.1);  SHO3  (0Q674709.1);
SHO4  (0Q676497.1);  SHO5  (0Q676499.1);
SHO6 (0Q674711.1); QN6 (0Q676502.1); DLO1

(0Q674717.1); HL6 (0Q676498.1); HL8 (0Q674722.1);
HL11 (0Q676500.1); HL12 (0Q674732.1); HL13
(0Q674731.1).

2.2. Phwong phdp nghién ciru

Phwong phdp phdn Idp va xdc dinh ddc diém hinh thdi
cdc ching ndm C. militaris: Qua thé ndm dwoc tach ra
khoi hop nudi ndm, loai bé hai dau, cit thanh lat nhé va
dat 1én moi tredng PDA (potato dextrose agar) c6 chira
chloramphenicol (néng do 100 pg/ml). Pia moi trueong
chira 14t cat qua thé dwoc 0 t8i & 22-25°C. Sau 3-5 ngay,
hé soi ndm mau trang xuat hién va duoc thuin khiét bang
cach cdy chuyén sang dia méi trwedng PDA mai. Cac ching
ndm dwoc nudi cdy trén moi trweong PDA dé thu bao ti
[11]. Bao tr cac chiing nAim dwoc nudi cly truc tiép trén
tiéu ban hién vi vo trung c6 chira mai trwong PDA, sau 3
ngay tién hanh quan sat dic diém hinh thai ctia hé soi va
bao tr nAm dwdi kinh hién vi quang hoc [12].

Phwong phdp ddnh gid khd ndng sinh cordycepin va
pentostatin ngoai bao ctia cdc chiing ndm: Qué trinh nhan
giong ndm C. militaris dang dich thé dwoc thuc hién theo
TX. Vu va cs (2024) [2]. Cac ching ndm dwoc tién hanh
1én men bé mit dich thé & cting diéu kién trong 30 ngay &
25°C, chiéu sang 10 git/ngay bang anh sang dén LED trang
vGi cwong do chiéu sang trung binh 13 55+5 pmol/m?/s.
Thanh phin moi treomg dung trong 1én men dich thé
bao gém (1 1): dich chiét 200 g khoai tiy, 40 g glucose,
15 g tryptone, pH 7. Dich méi trwong (200 ml/hdp 650
ml), dwoc khir trung va 1am ngudi dén nhiét dé phong,
sau d6 cay giong vai ty 1& 5%. Hop nudi sau khi ciy giéng
dwoc 18n men trong diéu kién t6i 7 ngay dé hé sgi nim
phat trién mot 16p mong trén bé mit moi trwong dich,
sau do6 bat dau chiéu sang. Sau 30 ngay 1én men, dich l1én
men dwoc ly tAim & 8.000 vong/phit trong 20 phut dé
thu phan dich, phuc vu phén tich ham lwgng cordycepin
va pentostatin. Ham lwong cordycepin dwoc xac dinh
trén hé thong HPLC theo L. Huang va cs (2009) [7]. Ham
lwong pentostatin trong dich 1én men dwoc xac dinh
bdng phwong phap HPLC theo V.X. Tao va cs (2023) [13].
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Ddnh gid tinh 6n dinh vé khd ndng sinh cordycepin va
pentostatin ngoai bao ctia cdc chiing ndm C. militaris dd
tuyén chon: D€ danh gia tinh 6n dinh vé kha nang sinh
cordycepin va pentostatin ngoai bao cia cac chiing nim
C. militaris da tuyén chon, bao tl cac chiing nim dwgc
cdy chuyén lién tiép trén moi treong thach PDA dé thu
bao t lién tuc 5 thé hé [14]. Bao tr cic chung ndm & cac
thé hé dwgc nudi ciy trén moi treong PDA st dung cho
nhan giong dich thé dung cho qua trinh 1én men. Ham
lwong cordycepin va pentostatin trong dich 1én men
dwoc xac dinh & moi thé hé.

DPinh danh chiing ndm dd tuyén chon dwa trén phdn
tich trinh tw vung ITS ctia rDNA: Cac chiing nim da phan
1ap, tuyén chon dwoc nudi trong mdi treong PDB (lac
150 vong/phut & 25°C trong t6i), sau 4 ngay tién hanh
thu hé s¢i nim st dung cho viéc tach chiét DNA. DNA
tdng s6 dwoc tach chiét tir hé soi ndm theo quy trinh
nhém nghién cttu da céng bs [15]. MAu DNA t6ng sd
dwoc st dung cho phan &ng PCR khuéch dai ving ITS
str dung c3p mdi ITS1 (5-TCCGTAGGTGAACCTGCGG-3")/
ITS4 (5'-TCC TCCGCTTATTGATATGC-3’) [16]. San phim
PCR dwoc dién di kiém tra, tinh sach va dwoc giai trinh
tw bdi cong ty Apical Scientific Sdn. Bhd. (Malaysia).
Trinh tw ITS dwoc so sanh véi div liéu trong GenBank str
dung cong cu BLAST. Cay phat sinh chung loai dwa trén
trinh tw ITS dwoc xay dung st dung phin mém MEGAS.

Xdc dinh mét sé diéu kién thich hop cho 1én men bé
mdt dich thé ndm dwoc liéu C. militaris sinh cordycepin
va pentostatin ngogi bao: Piéu kién 1én men thich hop
dwoc xac dinh bang cach so sanh ham lwgng cordycepin
va pentostatin cua dich 1én men ndm & cac diéu kién
khac nhau. Ham lwgng cordycepin va pentostatin dwoc
xac dinh bang phwong phap HPLC [7, 13]. CAc diéu kién
dwoc xac dinh Ian lwot bao gdm: 4nh sdng, ngudn cacbon,
nito, pH va thoi gian 1én men. Cac diéu kién dwoc nghién
ctru doc 1ap véi nhau bang cach thay déi yéu to khéo sat
trong diéu kién 1én men co ban da dwogc trinh bay & thi
nghiém trén. Két qua lwa chon phu hop cta thi nghiém
trudc sé duoc ap dung cho cac thi nghiém tiép theo. Anh
sang gbm 7 céng thirc (CT) chiéu sang khac nhau: CT1:
LED trang (ving quang phé rong); CT2: LED do (Red-
630 nm); CT3: LED xanh (450 nm); CT4, 5, 6 LED do -
xanh (& cac ty 1é LED dé - xanh la 5:5, 7:3, 3:7); CT7:
Dbén huynh quang. Ngu6n cacbon gom: sucrose, maltose,
lactose va tinh bot véi ham lwong 1 40 g/1. Cac ngudn
nito bao gbm: tryptone, peptone, cao nim men, NaNoO,,
NH,Cl véi ham lwong 15 g/1. pH méi treong gom cac pH
5, 6,7 va 8). Thoi gian 1én men gom 15, 30, 45 va 60 ngay.
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3. Két qua va ban luan

3.1. Phan ldp, tuyén chon chiing ndm c6 khd ndng
sinh cordycepin va pentostatin ngoai bao cao

Nham cé dwoc bd swu tip cac chiing ndm C. militaris
dung cho nghién ctru tuyén chon cac chiing cé kha nang
sinh cordycepin va pentostatin ngoai bao cao, ngoai
20 ching ndm C. militaris (43 c6 ma s6 dang ky trén
GenBank) thudc b swu tip giéng ndm dwgc cung cip
b&i Vién Phat trién Cong nghé tién tién, nghién ctru tién
hanh phén 14p thém cac chiing ndm khac tir nguén nim
C. militaris dang nudi trong tai Viét Nam. Trong nghién
ctru ndy, tir 10 mau qud thé ndm C. militaris da phan 1ap
dwoc 10 ching ndm ky hiéu la BN25.1, BN25.2, BN25.3,
TN25.1, TN25.2, TN25.3, LC25.1, LC25.2, QN25.1 va
QN25.2. Cac ching ndm phéan 13p dwoc sinh trwedng tao
hé s¢i mau trang trén moi treong PDA. Cac chiing ndm
sau phan ladp dwoc tién hanh thu bao t& dung cho nubi
cy trén tiéu ban hién vi. Quan sat dwdi kinh hién vi véi
dd phéng dai 400 1an cho thiy, trén hé soi cidc chiing nAm
hinh thanh ciu tric cudng sinh bao tit, bao tir c6 dang
hinh trixng (hinh 1). V&i cac diac diém vé mau qua thé thu
thap, hé sgi, bao ti va ciu truc sinh bao tir cho thiy diy
la nhirng dac diém dic truwng cta loai C. militaris [17].

BN25.1 BN25.2

BN25.3 TN25.1

TN25.2

LC25.1 QN25.2

Hinh 1. Hé s¢i cac ching ndm phan lap tr mau qua thé ndm
C. militaris thu thap.

P& tuyén chon dwoc ching nim cé kha ning sinh
cordycepin va pentostatin ngoai bao cao, 30 chung nim
duoc tién hanh 1én men bé mat dich thé (hinh 2). Sau
30 ngay, dich 1én men dwgc thu dé xac dinh ham lwong
cordycepin va pentostatin. Két qua nghién ctru cho thay,
ham lwong cordycepin ngoai bao dao dong trong khoang
523-993 mg/] dich 1én men. Ham lwong pentostatin
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Hinh 2. Lén men bé mat dich thé ndm C. militaris.

ngoai bao dao dong trong khoang 14-33 mg/I dich 1én
men. Trong d6, ching ndm C. militaris HL8 va 2 ching
nidm ma&i phén 14p 1a BN25.2 va TN25.1 cho kha nang
sinh cordycepin va pentostatin ngoai bao cao nhit. Ham
lwong cordycepin ngoai bao twong trng clia 3 chiing nim
trung binh l1a 880, 993 va 886 mg/1 dich 1én men. Ham
lwong pentostatin trong dich 1én men twong rng trung
binh 1a 33,3; 27,3 va 27,6 mg/1 dich lén men (hinh 3).
Ham lwong hoat chit cordycepin va pentostatin trong
qua thé di dwoc xac dinh trong nhiéu nghién ctru vé nim
C. militaris [2, 3, 18]. Y. Xia va cs (2017) [5] da chirng
minh pentostatin va cordycepin dwoc sinh téng hop tir
cing mot cum gen & C. militaris, ddng thoi pentostatin
gilt vai tro trong viéc bao vé cordycepin thong qua tc
ché adenosine deaminase (ADA), ngin can qué trinh khir
amin. Tuy nhién, hién nay chwa cé nhiéu nghién ctru dé
cap t&i ham lwong cordycepin va pentostatin ngoai bao
tr ndm C. militaris.
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3.2. Pdnh gid tinh 6n dinh vé khd ndng sinh
cordycepin va pentostatin ngoai bao ctia cdc chiing
ndm dd tuyén chon

Tinh 6n dinh vé kha ning sinh hoat chit ctia chiing
ndm dong vai tro quan trong trong san xuit. Do do, trong
nghién ciru nay, 3 chiing ndm da tuyén chon (BN25.2,
TN25.1 va C. militaris HL8) dwgc danh gia kha nang sinh
cordycepin va pentostatin ngoai bao qua 5 thé hé lién
tiép sau 30 ngay 1én men. Két qua nghién ctru cho thiy,
kha nang sinh cordycepin va pentostatin ngoai bao ctia
3 ching ndm khoéng c6 sw khac biét nhiéu qua 5 thé hé
(hinh 4). & thé hé thi¥ nhat, ham lwong cordycepin ngoai
bao ctia 3 ching ndm BN25.2, TN25.1 va HL8 twong &rng
trung binh dat la 993, 886 va 880 mg/l dich 1én men.
@' thé hé thir 5, ham lwong cordycepin ngoai bao ctia 3
chiing ndm twong rng trung binh datla 976, 855 va 878
mg/l dich 1én men. Twong ty, ham lwong pentostatin
ngoai bao ctia 3 ching ndm BN25.2, TN25.1 va HL8 &
thé hé th nhit twong Gng trung binh dat 1a 27,3; 27,6
va 33,3 mg/1 dich 1én men. & thé hé thi 5, ham lwong
pentostatin ngoai bao cta 3 chiing nim twong ng trung
binh datla 26,3; 26 va 32,7 mg/1 dich 1én men. Viéc nuoi
trong ndm C. militaris 3 ghi nhin sw thoai h6a nhanh
cla cac ching giéng, bi€u hién I1a sy gidm manh vé nang
suit qua thé va ham lwgong hoat chit trong qua thé,
thong thudong gidm manh tir thé hé thi 3 va tdi thé hé
th 5 c6 thé mat hoan toan kha nang hinh thanh qua thé
[14, 19]. Nhw vay, nghién ciru nay da tuyén chon dwoc
3 chiing nAm BN25.2, TN25.1 va HL8 c6 kha nang sinh
cordycepin va pentostatin ngoai bao cao va 6n dinh.
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Hinh 4. Ham lwo'ng cordycepin va pentostatin ngoai bao cua cac

chiing ndm qua 5 thé hé. (A) Ham luvong cordycepin; (B) Ham lwong
pentostatin.

3.3. Dinh danh chiing ndm dd tuyén chon dwa trén
phdn tich trinh tw viing ITS ctia rDNA

Ba ching ndm BN25.2, TN25.1 va C. militaris HL8
dwoc tuyén chon do kha ning sinh téng hop cordycepin
va pentostatin ngoai bao cao va én dinh. Trong dd, chting
HL8 da dwoc xac dinh 1a C. militaris [2] va ¢c6 ma so trén
GenBank la 0Q674722.1. Hai chung BN25.2 va TN25.1
c6 dic diém hinh thai dién hinh cta loai C. militaris va
dworc ti€p tuc phan loai chinh xac dén loai thong qua
phan tich trinh ty ving ITS cia rDNA.
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BN25.2

TN25.1

Cordyceps militaris Minfu (MF377510)

Cordyceps militaris YNCC04 (MW757211)

100 | Cordyeeps militaris Tian-D (AY725790)

Cordyceps militaris CMB (KP721255)

Cordyceps militaris KACC43321(KY407763)

Cordyceps militaris W141437 (KU351799)
Cordyceps militaris SPNU1003 ( KY407775)

85+ Cordyceps militaris SH05 (0OQE676499)
Cordyceps cateniannulata TBRC7258 (MF140753)

o1 Cordyceps takaomontana VNG (KY081458)
Cordyceps ghanensis CBS10573 (MH860644)
g5 [ Cordyceps cicadae 4646 (JX488475)
Cordyceps blackwelliae TBRC7253 (MF140739)

Cordyceps brongniartii ATCCE6779 (AY245628)
Cordyceps javanica DMCO01 (OM131696)
Cordyceps cateniobliqua GY0938 (OK356606)

62

Cordyceps yinjiangensis YJ06221(MT560352)

0.020

Cordyceps sinensis C21 (DQ121377)

Hinh 5. Binh danh ching ndm BN25.2 va TN25.1 dwa trén phan tich trinh tw ITS. (A) Hinh anh dién di san pham PCR vung ITS; (B) Cay phat
sinh loai dwa trén phan tich trinh tw viing ITS; (-): déi chirng am; M: marker DNA 1 kb.

Trinh tw ving ITS cta rDNA dwgc st dung pho bién
trong phan loai nim do vilra chitra cic trinh tw bao thu
va trinh tw c6 do bién déi cao gitra cac loai [20]. Do d6,
trong nghién ctru nay, chung nim BN25.2 va TN25.1
dwoc nuodi cdy thu hé soi dé tach chiét DNA dung cho
khuéch dai vung ITS bang cap moi ITS1/ITS4. Két qua
PCR cho thay, xuit hién mdt bing DNA duy nhat véi kich
thwéc khoang trén 500 bp (hinh 5A). Sdn phdm PCR
dwoc dién di kiém tra, tinh sach va dworc gidi trinh tw boi
céng ty Apical Scientific Sdn. Bhd. (Malaysia). Két qua
gidi trinh tw cho thay, trinh tw viing ITS ctia 2 chiing nAm
BN25.2 va TN25.1 c6 chiéu dai twong (rng la 535 va 539
bp. Trinh tw ITS dwgc so sanh véi dir liéu trong GenBank
str dung cong cu BLAST chi ra ring, 2 chiing nim BN25.2,
TN25.1 ¢6 d6 twong déng vé trinh tw ITS cila nidm
C. militaris 1a 99,81%. Cay phat sinh chiing loai dwoc xay
dung dua trén trinh tw ITS thu dwoc xac nhan 2 ching
ndm BN25.2 va TN25.1 thudc loai C. militaris (hinh 5B).

3.4. Xdc dinh mét sé diéu kién thich hop cho 1én
men bé mdt dich thé ndm C. militaris sinh cordycepin
va pentostatin ngoai bao

Dinh dudng moi trwong, anh sang, thoi gian duoc
xac dinh 13 cac yéu t6 quan trong anh hwéng téi sw sinh
trwdng ctia ndm C. militaris [21]. Trong nghién ciru nay,
cac diéu kién thich hop cho 1én men bé mat dich thé nim
C. militaris dwgc xac dinh nham thu dwoc ham lwong
cordycepin va pentostatin ngoai bao cao nhit. Két qua
nghién cu cho thdy, cic chung ndm C. militaris c6 kha
nang sinh cordycepin va pentostatin cao nhat & diéu kién
1én men bé mat dich thé str dung 4nh sang LED trdng, moi
truong 1én men véi ngudn cacbon 1a glucose, nguodn nitor
la tryptone, pH 6 va thdi gian 1én men la 45 ngay (hinh
6). Hién nay, cong nghé chiéu sang LED da va dang dugc
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rng dung nhiéu trong nudi trong ndm véi dic tinh tudi
tho cao va phat nhiét thap. Anh sang LED khac nhau da
dwogc chirtng minh c¢6 d&nh hwéng dén mau sic hé soi, kha
nang sinh tdng hop cordycepin, carotenoid, trong d6 anh
sang LED trang cling da dwoc xac dinh 12 loai 4nh sang
thich hop cho ndm C. militaris [22]. Trong nudi tréng
ndm C. militaris, nguén cacbon la glucose va nguén nito
12 pepton, nhdong tam thuwong dwoc sir dung [14]. Tuy
nhién, nghién ciru nay cho thiy, tryptone 1a nguoén nito
thich hop hon cho sw san xuit cordycepin va pentostatin
ngoai bao & ndm C. militaris. Sw vuot troi cha tryptone
c6 thé dwoc gidi thich béi dic tinh gidu peptide ngén,
c4u tric dé hip thu va kha ning cung cip day du acid
amin [23]. pH 1a yéu t6 quan trong anh hwdng t&i kha
nang sinh trwdng va sinh téng hop hoat chat & ndm. NAm
C. militaris thich hop v&i pH méi tredng hoi acid [24].

Nhuw vdy, nghién ctru nay di xac dinh dwgc cac diéu
kién thich hop trong 1én men bé mit dich thé nim
C. militaris sinh tong hgp cordycepin va pentostatin
ngoai bao, bao gdbm st dung anh sadng LED trdng, moi
trueong 1én men véi ngudn cacbon 1a glucose, nguon nito
la tryptone, pH 6 va thoi gian 1én men 1a 45 ngay. Véi diéu
kién 1én men thich hop, 3 chung ndm C. militaris HLS,
BN25.2 va TN25.1 c6 kha nang sinh cordycepin ngoai
bao twong rng trung binh dat la 1220, 1415 va 1225
mg/] dich 1én men. Ham lwong pentostatin ngoai bao
twong &ng trung binh dat 1a 45,6, 35,6 va 37,6 mg/1 dich
1én men. So v&i phwong phap nudi trong qua thé nim
C. militaris thwong kéo dai 60-65 ngay [2, 3], qua trinh
1én men bé mat dich thé sé rut ngan dugc thoi gian san
xudt hoat chit cordycepin va pentostatin. Theo nghién
ctru ciia M. Masuda va cs (2007) [25], 1én men bé mit
chung ndm C. militaris NBRC 9787 sau 33 ngay thu dwoc
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Hinh 6. Két qua nghién ciru diéu kién Ién men bé& mat dich thé ndm C. militaris. (A) Anh sang; (B) Ngudn cacbon; (C) Ngudn nito;

(D) pH mai trwéng nudi cay; (E) Thoi gian 1én men.

‘ KHORHOC [P



dich 1én men c6 ham lwgng cordycepin dat 2500 mg/1.
Tuy nhién, nghién ctru ciia nhém tac gia thwc hién véi thé
tich 1én men l1a 100 ml/binh 1én men, trong khi nghién
ctru nay thé tich 1én men stt dung véi lwong gip doi (200
ml/hop). Hon nita, mdi treong 1én men theo nghién ctru
clia M. Masuda va cs (2007) c6 bo sung adenine 12 tién
chit tong hop 1én cordycepin va b6 sung glycine [25].
Viéc moi trwong 1én men st dung cac nguyén liéu co
gid thanh cao (nhw adenine, glycine) c6 thé 1am ting chi
phi cho san xudt, 1a khé khan khi sdn xuit quy mo 16n.
Véi két qua nghién ciru thu dwoc cho thiy, dich 1én men
ndm C. militaris 1a ngu6én nguyén liéu tiém nang cho khai
thac hoat chit cordycepin va pentostatin trng dung trong
thwe phdm va dwgc phdm.

4. Két luan

Nghién ctu nay da tuyén chon dwgc 3 ching ndm
C. militaris HL8, BN25.2 va TN25.1 c6 kha nang sinh
cordycepin va pentostatin ngoai bao cao trong 1én men
bé mit dich thé. Ca 3 chiing nAim déu cé kha ning sinh
cordycepin va pentostatin ngoai bao 6n dinh qua 5 thé
hé lién tié€p. Dac biét, nghién ctru da xac dinh dwoc cac
diéu kién thich hgp trong 1én men bé mat dich thé ndm
C. militaris sinh téng hop cordycepin va pentostatin
ngoai bao, bao gom st dung 4nh sadng LED tridng, moi
trueong 1én men véi ngudn cacbon 1a glucose, nguén nitor
1a tryptone, pH 6 va thoi gian 1én men 13 45 ngay. O diéu
kién 1én men thich hop, khd nang sinh cordycepin va
pentostatin ngoai bao cda 3 ching nim HL8, BN25.2 va
TN25.1 twong &ng trung binh dat1a 1220, 1415, 1225 va
45,6, 35,6 va 37,6 mg/1 dich 1én men. Dich 1én men ndm
C. militaris 1a ngudén nguyén liéu tiém nang cho nghién
ctru tach chiét hoat chit cordycepin va pentostatin dung
trong phat trién dwoc phdm va thuc pham.

Nghién cttu nay duoc thwce hién véi sw hd tro vé kinh
phi tir nhiém vy KH&CN ctia B6 Khoa hoc va Cong nghé:
“Nghién ctu cdng nghé chiéu sdng dén LED trong 1én
men bé mit san xuit hoat chit cordycepin va pentostatin
ngoai bao tir ndm dwoc liéu Cordyceps militaris tao
nguyén liéu san xuit thwc phdm bao vé sirc khoe”. Nhém
tac gia xin tran trong cam on.
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Phan tich da dang di‘truyén cila cac giong dau tay (Fragaria spp.)
bang chi thi phan tir RAPD

Trinh Ngoc Ai", LAam Bao Loc?, Nghi Khiac Nhu?, Tran Thi Thuy Dwong?, Tran Thi Kim Nhu?
1Vién Céng nghé Sinh hoc, Pai hoc Tra Vinh, 126 Nguyén Thién Thanh, phwong Hoa Thudn, tinh Vinh Long, Viét Nam
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Ngay nhan bai 29/10/2025; ngay chuyén phan bién 3/11/2025; ngay nhin phan bién 2/12/2025; ngay chdp nhin ding 8/12/2025

Tom téit:
Cay dau tay (Fragaria spp.) 1a mét loai ciy co gia tri kinh té, dinh dwdrng va y hoc cao. Qua dau tiy giau vitamin
C, chit chéng oxy hda va dwoc wa chudng trén thi treong trong nwérc 1an quéc té. Muc tiéu cia nghién ciru nay la
xac dinh da dang di truyén, mdi quan hé va hé sd twong dong clia cac giong diu tay sir dung chi thi phin tir RAPD.
13 mAu dau tiy dwoc thu thap tai Phong nuéi cdy mé GoodSeed, Pa Lat. DNA tir mau 14 dworc ly trich bing bé kit
DNeasy® Plant Pro (Qiagen - Ha Lan) va dworc str dung véi 10 méi RAPD (OPA16, OPA17, OPA20, OPG09, OPG11,
OPG14, OPG18, OPK01, OPK02, OPK03). Ciy phan loai dwoc xy duwng bing phan mém NTSYSpc 2.1 theo phwong
phap phin nhém ddi cac gia tri trung binh s6 hoc UPGMA. Két qua phian tich 10 moéi RAPD tao ra 138 bang, trong
d6 c6 113 bang da hinh (81,79%). M6i OPA20 cho ty 1é da hinh cao nhit (100%), OPKO03 thip nhat (64,23%). Hé s
khoang cach di truyén dao dong 0,11-0,47, véi gia tri trung binh 1a 0,29. Phan tich phan nhém biang UPGMA trén
phin mém NTSYSpc 2.1 chia cac giong thanh nim nhém riéng biét, phan 4nh mirc 46 da dang di truyén giira cac
gidng va la co’ sé quan trong cho cong tac bao ton va chon tao giong diu tiy trong twong lai.

Tir khéa: ciy dau tiy, da dang di truyén, Fragaria x ananassa, m6i RAPD.
Chi s6 phdn logi: 1.6, 4.6

Analysis of genetic diversity among strawberry (Fragaria spp.)
genotypes using RAPD molecular markers
Ngoc Ai Trinh"’, Bao Loc Lam?, Khac Nhu Nghi!, Thi Thuy Duong Tran?, Thi Kim Nhu Tran?!

!Institute of Biotechnology, Tra Vinh University, 126 Nguyen Thien Thanh Street, Hoa Thuan Ward, Vinh Long Province, Vietnam
2Nong Lam University, Ho Chi Minh City, Linh Xuan Ward, Ho Chi Minh City, Vietnam

Received 29 October 2025; revised 2 December 2025; accepted 8 December 2025

Abstract:

The strawberry plant (Fragaria spp.) is a crop of high economic, nutritional, and medicinal value. Strawberry
fruits are rich in vitamin C and antioxidants and are widely favoured in both local and international markets.
The objective of this research was to determine the genetic diversity, relationships, and similarity coefficients
among some strawberry cultivars using molecular markers of Random Amplified Polymorphic DNA (RAPD). 13
strawberry cultivar samples were collected from the GoodSeed tissue culture laboratory, Da Lat. DNA from leaf
samples was extracted by DNeasy® Plant Pro (Qiagen, the Netherlands) and amplified with 10 RAPD markers
(OPA16, OPA17, OPA20, OPG09, OPG11, OPG14, OPG18, OPK01, OPK02, OPK03). A dendrogram was constructed
using NTSYSpc 2.1 software based on the Unweighted Pair Group Method with Arithmetic Mean (UPGMA). The
results showed that 10 RAPD markers generated a total of 138 bands, of which 113 were polymorphic (81.79%).
Primer OPA20 showed the highest polymorphism rate (100%), while OPK03 showed the lowest (64.23%). Genetic
distance coefficients ranged from 0.11 to 0.47, with an average value of 0.29. Cluster analysis using UPGMA in
NTSYSpc 2.1 software classified the cultivars into five distinct groups, reflecting the level of genetic diversity
among them and providing a valuable basis for strawberry conservation and breeding programmes in the future.

Keywords: Fragaria x ananassa, genetic diversity, RAPD molecular markers, strawberry.
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1. Dat van de

Cay dau tay thudc ho Hoa hong (Rosaceae), c6 khoang
3000 thanh vién. Theo bao cdo cta T6 chirc lwong thuc
va Nong nghiép lién hop qudc thé gidi (FAO) nam 2023,
san lwong dau tay dat hon 9,18 triéu tan. Chau A 1a khu
vue san xuit diu tiy 16n nhat (4,53 triéu tdn), theo sau
1a My (2,18 triéu tan), chau Au (1,76 triéu tan), chau Phi
(634,29 nghin tin) va chau Pai Duwong (60,31 nghin tin).
Cay dau tiy 1a mot loai ciy an qua c6 gia tri kinh té va
gia tri dinh dudng cao [1]. Két qua nghién ctru cling chi
ra trong 100 g qua dau tay c6 chira 33 kilocalories, giau
vitamin C, mangan va cung cip mdt s6 loai vitamin cling
khoang chit thiét yéu khac [2]. Cac gidng dau tiy khac
nhau vé kich thuwéc qua, mau sic, mui vi, hinh dang qua,
thoi vu chin, mirc d6 sinh san va kha ning chéng chiu
bénh [3].

Bach tuyét trdng 1a gidng dau tiy c6 ngudn gdc tir
Nam My, tirng gan nhu tuyét ching trén thé gi¢i. Nam
2010, loai dau nay dwgc ngwdi dan Ha Lan, Bi hoi sinh
thanh giéng dau thwong mai va dwoc nguwoi Nhat Ban
nhép giéng d€ trong va phat trién ching cho dén ngay
nay. Gidéng cé v ngoai mau trang, c6 vi ngot, mui thom
nhw dd@a. Nhat Sky (Skyberry) va Hana la hai giong dau
tiy cao cép tir tinh Tochigi, Nhat Ban. Skyberry c6 kich
thirc qua to, 6 mong nuwéc, mau sic twoi sang va cé vi
chua ngot dac trung [4]. New Zealand la mdt trong cac
giong dau tay cao cip tai Pa Lat va nguon goc tir chau My,
sau nay dwoec lai tao va dwoc trong rong rii tir nira cudi
thé ky XVIII. Giong New Zealand c¢6 mau do ruc rd, thit
gion ngot va dic biét téa ra hwong thom quyén ri [5].
Giong diu tay Phap, Mara des Bois 1a mdt giong diu tay,
dworc lai tao vao nhirng nam 80 cia thé ky XX b&i cadc nha
lai tao ngwoi Phap cda cong ty Andre, dwa trén (Gento x
Ostara) x (Red Gauntlet x Korona) [5]. Trai dau tay Phap
c6 kich thwéc trung binh dén 16n, thit day, qua mong
nwéec, cd vi ngot thanh, chua nhe, mui thom diu va hau vi
kéo dai [6]. Gibng Albion 1a giong dwoc lai tao tir giéng
“Diamante” véi gidng Cal 94.16-1. Giéng Albion cé kha
nang khang bénh Phytophthora cactorum; twong ty véi
giong “Aromas”, nhung qua to hon, chit lwgng cao hon,
dd cirng va hwong thom tét hon [7]. Gidng Monterey,
dworc lai tao tir giong Albion (ma s6 giéng 97.85-6), dworc
dwa vao thi treong nam 2002. Monterey la cay cho qua
quanh ndm, nang suit cao va kha ning khang bénh tét,
than cdy rong va thang, qua c6 hwong vi néi bat véi hau
vi ngot [8]. Tai Han Qudc, giobng didu Han Samgong va
Han King 1a hai dai dién tiéu biéu cho xu hwéng lai tao
nodi dia véi muc tiéu nang cao chit lwgng va san lugng.
DAu tdy Han Quéc c6 kich thwéce trai 16n, mau do twoi,
qua mong va rit ngot. Giong Nhat Lun, loai diu c6 chiéu
cao thdp, dé cham s6c va phi hop véi khong gian trong
nhé va mo hinh néng nghiép do thi. Trai to, mong nudrc,
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mau do twoi, vi ngot thanh xen 1an chua nhe, thom ngon
[9]. Giong Uc ciing dwoc lai tao rat da dang, véi cac giong
phé bién nhw Albion, Ruby Gem, Gamarosa va Festival,
vOn cé ngudn gbc tir My, Israel va Nhat Ban. Giong cé
mau dé twoi, vi ngot thanh mat, hwong thom nhe [10].
Sabrian ciing 1a mot giéng dau tiy c6 nguon gdc tir chau
M§, c6 qua to [11]. Ha Lan 1a mdt qudc gia ndi tiéng trong
viéc lai tao va phat trién cac giong dau tiy, dic biét la tir
thé ky 20. Giong HLHH c6 thé la mdt bién thé dwoc phat
trién tai Ha Lan, v&i dac diém ndi bat 1a kha ndng chiu
nhiét tét va hoa c6 mau héng dam, goi lién twdng dén
hoa hong (thudc cung ho Rosaceae véi dau tay) [12].

C6 nhiéu chwong trinh nhan giéng dwoc thuc hién,
nham tao ra cac giéng dau tdy madi cai thién hwong vi
hoac kéo dai thoi gian thu hoach va bdo quan [13]. Theo
truyén thong, viéc xac dinh cac giong diu tiy dwoc thuc
hién bang cach kiém tra sw khac biét vé dic diém hinh
thai hodc sinh Iy nhw cic théng sé vé 14, hoa, qua va thoi
gian ra hoa [11]. Tuy nhién, nhitng phwong phap do
khong pht hop véi diu tiy vi sw khac biét di truyén va
ki€u hinh giita cic giong la rit nho. Cac dic diém kiéu
hinh c6 han ché 1a chung bi d&nh hwdng béi cac yéu té
mdi trweong va cac giai doan phat trién cta thuc vat, dac
biét 1a cac nghién ctru mirc o da hinh vé ki€u hinh van
chwa dwoc danh gia day du [14]. Ngwoc lai, cic chi thi
phan t&r dwoc dwa trén tinh da hinh cta trinh tw DNA
thi khéng phu thudc vao diéu kién moi trweong va dwa
ra mirc do da hinh cao. Do d6, chi thi phan tir DNA dwoc
phét trién dé phan tich da dang di truyén, l4p ban do lién
két va xac dinh giong diu tiy [15]. Phan tich da dang
di truyén trong quan thé thong qua Random Amplified
Polymorphic DNA (RAPD) cho thiy, sy da dang cao cua
cac chi thi va tiém ning &ng dung ctia cic chi thi phin
tl trong cac nghién ciu quan thé. So sanh v&i phwong
phap phan tich allozyme, AFLP, SSR va RFLP, phwong
phip RAPD cung cip sé lwong moi nhiéu hon va dwogc
xem la phwong phap don gian, hiéu qua trong viéc phat
hién da dang di truyén [16]. Ky thuidt RAPD, mot phwong
phap nhanh va chi phi twong doi thip, dwgc str dung
rong rai dé phan tich sy bién déi di truyén cta vi khuin,
ndm va thuc vat [17], dwgc m6 td nhw mot ki thuat kha
manh dé danh gia sw da dang di truyén nham phat hién
diém twong dong gitra va bén trong loai ma khéng can
biét trwdc trinh tw DNA. Mic du kha nang tai tao thip
hon, phwong phap RAPD thwdong dwoc mong muén hon
do céc nghién ctru vé hiéu qua chi phi lién quan dén sd
lwgng mau nhé hon. Cong nghé RAPD da dwgc sir dung
dé nghién ctru sw da dang di truyén trong va gitra cac
quan thé, da dwoc ap dung cho nhiéu loai thwc vat quy
hiém hodc bi de doa nhw & ciy hué trang (Polianthes
tuberosa L.) [18], cay &t [19-21], ndm so [22], ciy dau
tay [23], ca tim [24] va cAy chudi [25].
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Pham vi bién d6i di truyén dwoc kiém soat boi hé
thong sinh san, tir d6 kiém soat sy thay déi thich nghi
[26]. Pa dang di truyén twong d6i gitra cac ca thé hoadc
quan thé co thé dwoc xac dinh bang cach sir dung cac chi
thi ki€u hinh va phén ti.

Dba Lat dwoc xem 13 dia diém ly twdng cho qua trinh
canh tac cac giéng dau tiy nhw Bach tuyét trang, HLHH,
Monterey, Uc, Phap, Nhat lun, Albion, Nhat Sky, Han
Samgong, Han King, New Zealand, Hana, Sabrian, nhuwng
c6 rat it nghién ctru vé s da dang di truyén cling nhw sy
twong dong cla cac giéng diu tiy trén dwoc thwce hién.
Muc tiéu trong nghién ctru nay la stt dung 10 chi thi phan
tit RAPD dé phéan tich da dang di truyén cia 13 gidng dau
tay thwong mai dwoc trong phd bién tai ba Lat. Két qua
nghién ctru c6 thé dwoc str dung cho cac nghién ctru tiép
theo nhw bdo ton da dang di truyén, cdc chwong trinh
nhan gidng va nghién ctru di truyén hoic bd gen cla cac
giong dau tay.

2. Uat liéu va phuong phap nghién ciiu
2.1. Vat liéu

Mudi ba mau dau tay dwoc cung cdp tir phong nudi
cdy md GoodSeed (Thanh MAu, Langbiang, Pa Lat). Cay
con dwoc thuin tai trang trai giéng (Nguyén T& Luec,
phwong Lam Vién, Pa Lat) va dwoc trinh bay & bang 1,
hinh 1. M4u 14 diu tay thu tai trang trai giéng dwoc bd
vao tui zip, bdo quan lanh va dwoc chuyén vé phong thi
nghiém thudc Vién Cong nghé Sinh hoc, Trudng Pai hoc
Tra Vinh dé tién hanh ly trich DNA. Thoi gian thu mau la
thang 5/2025.

Bang 1. Danh sach cac giéng dau dworc thu thap tai Da Lat.
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Hinh 1. Béc diém qua, 1a va hoa cua 13 giéng dau tay dwoc diing
trong nghién ctru.

2.2. Phwong phdp nghién ciru

Tdch chiét DNA va phdn trng RAPD: 0,1 g mau 14 duoc
tach chiét theo quy trinh ciia DNeasy® Plant Pro Kit
(Qiagen - Ha Lan). MAu DNA sau khi tach chiét duoc tién
hanh kiém tra néng d6 bang may Nanodrop (Thermo
Scientific) va dién di trén gel 1% agarose.

Téng thé tich cia mot phan ng PCR - RAPD 1a 10 pl
bao gom: 5 pl Phanta flash master mix 1X, 2 ul DNA khuén
(100 ng/pul), 1 ul méi RAPD (100 pmol) va 2 ul nwéc siéu
sach khtt ion. Trinh tw mdi dwoc trinh bay & bang 2. Moi
moi dwoc 1dp lai 2 IAn. Phan ng PCR dwoc thwe hién
trén may PCR (Mastercycler® X50s, Eppendorf) véi cac
thong so6 chu trinh nhiét nhw sau: Chwong trinh gia nhiét
cho phan (rng PCR khéi dAu bang giai doan bién tinh
DNA & nhiét d6 94°C trong 5 pht, theo sau la 45 chu ky
gia nhiét v&i cac giai doan: bién tinh DNA & 94°C trong
15 giay, gdn moi & 32-34°C (tuy loai mdi) trong 60 gidy,
tong hop DNA & 72°C trong 15 gidy va két thic phan rng

STT  Ténmiu Mdhéamiu  Ngudngdc PCR béng giai doan 6n dinh san phdm & 72°C trong 5
1 Bach tuyét trang BTT Nam My phut va lwu triv & 4°C.
2 Nhit Sky NS Nhat Ban Bang 2. Cac primer str dung cho k¥ thuat RAPD dung dé danh gia
13 giébng dau tay.
3 Ha Lan hoa hong HLHH Ha Lan
R A . Trinh tw primer Tm Tai liéu tham
4 New Zealand NEW Chau My STT Tén primer (5-3) C) Kkhao
5 Hana HN Nhat Ban 1 OPA16 AGCCAGCGAA 32 [27]
6 Phap p Phap 2 OPA17 GACCGCTTGT 32 [27]
7 Han Samgong HS Han Quéc 3 OPA20 GTTGCGATCC 32 [27]
8 Oc U DAau My x dau Chile 4 OPG09 CTGACGTCAC 32 [23]
: D 5 OPG11 TGCCCGTCGT 34 [27]
9 Albion ALB California, My
6 OPG14 GGATGAGACC 32 [27]
10 Han King HK Han Qudc
7 OPG18 GGCTCATGTG 32 [27]
11 Monterey O California, My 8 OPKO1 TGC CGA GCT G 34 [23]
12 Nhatlun NL Nhat Ban 9 OPKO02 GTG AGG CGT C 34 [23]
13 Sabrian SAB Chau My 10 OPKO3 CCCTACCGAC 34 [23]
LR Nore i 3"
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Phdn tich va xi Iy s6 liéu: Dt liéu thu dwoc tir phan
rng PCR v&i chi thi RAPD trén gel sé dwoc chuyén doi
thanh m&t ma tran nhi phan trong Excel. CAch ma héa dir
liéu sé nhw sau: S6 1 dai dién cho sw hién dién ctia bang
DNA, trong khi s6 0 cho thiy khong c6 bang DNA.

Dit liéu nay sau d6 sé dwoc dung dé xiy dung cay
phén loai di truyén cho cac giong dau tiy dwa vao phan
mém NTSYSpc 2.1 theo phwong phap phin nhém doi
cac gia tri trung binh s6 hoc UPGMA (Unweighted Pair
Group Method with Arithmetic Mean). Biéu d6 cay phan
loai di truyén sé dwoc tao ra thong qua phwong phap
SAHN (Sequential Agglomerative Hierarchical Non -
overlapping) trong phan mém NTSYSpc 2.1.

Thwc hién tinh toan chi s6 da hinh PIC (Polymorphic
Information Content) cia mdi bang RAPD dwoc tinh theo
coéng thirc: PIC (i)=1 - Z Pij? [28]. Chi s& sai khac giira cac
cip moi Rp (resolving power) dworc tinh theo cong thirc:
Rp=X I, trong do, I, 1a gia tri dai dién cho thong tin cia
doan, 1,=1-(2x|0,5-p[), p 1a ty 1€ céc mau xuat hién bing
vach [29].

3. Két qua va ban luan
3.1. Két qua tdch chiét DNA téng s6

Trong nghién ctru nay, tong sé6 DNA dwoc ly trich tir
mau l4 clia 13 gidng dau tiy déu dat chat lwong tét, dap
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rng du diéu kién cho cac thi nghiém danh gia da dang di
truyén dwa vao chi thi RAPD (hinh 2).

M BIT NS HLHH NEW HN P HS U ALB HK MON NL SAB

Hinh 2. Két qua dién di DNA téng s6. M la thang chuan (1 kb).
3.2. Pa dang di truyén dwa trén chi thi RAPD

Két qua nghién cttu cho thiy, tit cad 10 méi RAPD
dwoc dung dé danh gia da dang di truyén cua 13 gidng
dau tay déu tao ra san phdm khuéch dai. Tuy nhién, cé sy
khéc biét ro vé sé lwong biang dwoc khuéch dai, ty 1é da
hinh & cdc m6i khac nhau (hinh 3).

Két qua bang 3 cho thay, tat ca cAc m6i déu tao ra san
phadm khuéch dai véi sé lwong bang dao dong tir 11 dén
16, ty 1€ bang da hinh tir 64,23 dén 100%, phan anh mic
dd da dang di truyén giitra 13 giéng dau tiy dwgc khao
sat. Trong d6, m6i OPA20 thé hién hiéu suit vuot troi
voi 100% bang da hinh, kich thuéc tir 300 dén 2500
bp, trong khi m6i OPKO03 c6 ty 1é thidp nhit (64,23%)
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Hinh 3. Két qua dién di v&i 10 chi thi RAPD. M la thang chuan (1kb). Céc bang da hinh ré nét (300-2600 bp) dwoc dung dé phan tich RAPD.

M(ii t&n chi ra cac bang da hinh ctia moi.

LHOAHOC -



va 5 bing dong hinh tai kich thwéc 220, 350, 550, 850
va 1500 bp. Trong nghién cttu cia R.G.F. Morales va cs
(2011) [27], chi ghi nhdn mdt bang da hinh trong chin
bang (twong dwong 12,5%), nghién ctru hién tai cho
thdy kha nang vuwot troi ciia moi OPA20 trong viéc phat
hién sy da hinh di truyén cta cac giéng dau tiy. Két qua
ciing chi ra, m6i OPK03 cho két qua t6t hon so véi nghién
ctru ctia H.A.M. Khalil va cs (2019) [30], trong dé chi phat
hién 1 bang da hinh trong 4 bang twong dwong 25%.
Viéc gia tang s6 lwong va ty 1é bang da hinh cho thay suw
toi wu trong diéu kién phan &ng va do da dang ctia cac
giong khdo sat.

M6t s6 moi nhw OPA16, OPG09, OPG14 va OPKO02 cb
ty 1é da hinh cao (trén 85%), cung véi chi sé PIC (0,35,
0,33, 0,38 va 0,45) va Rp (13,38, 12,31, 15,23 va 10,15)
dat mic twong do6i cho thiy d6 phan giai t6t va mic do
da hinh cao ctia cic moi trong danh gia sw da dang di
truyén. M6i OPA16 tao ra 12 bang, trong d6 ¢6 11 bang da
hinh, chiém ty 1 91,67% va mot bang dong hinh tai vi tri
500 bp. Kich thwéc cac bing dao déng 300-2000 bp. Két
qua twong tw dwoc tim thiy trong nghién cru cta G.R.
Aristya va cs (2019) [23] & gidng diu tAy va mot s6 gidng
mam x06i. Piéu nay cho thiy, méi OPA16 c6 tinh 6n dinh
va d6 nhay cao trong viéc phat hién da hinh & gidng dau
tay. M6i OPG09 nghién ctru trén ciy nghé tiy cho téng s6
bangla 10, véi s6 bang da hinh 1a 7, chiém ty 1& 70%. Chi
s6 PIC 12 0,27 va chi s0 sai khac Rp 1a 4,41. Trong nghién
ctru ctia M.A. Mir va cs (2021) [31] cho thiy, m6i OPG09
cho két qua da hinh kha cao cac chi sé Rp va PIC déu dat
& muc trén trung binh. M6i OPG14 khuéch dai dwoc 16
bang, trong d6 c6 13 bang da hinh, chiém ty 1é 81,25%
va 3 bang d6éng hinh tai cac vi tri 300, 450 va 650 bp. So
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sanh véi nghién ctru cia H.M. Kwon va cs (2020) [32],
chi phat hién 6 bang da hinh trong 8 bang, twong dwong
75% va chi s6 PIC 1a 0,38. Két qua hién tai khéng chi ghi
nhén s6 lwong bang cao gp dbéi ma con dat cung chi s6
PIC, khang dinh tinh phan biét di truyén manh hon cta
moi OPG14. M6i OPKO02 tao ra téng cdng 15 bing, trong
dé c6 13 bang da hinh, chiém ty 1& 86,67% va 2 bang
dong hinh tai kich thwéc 1800 va 2100 bp. Tai vi tri 320
bp, bing xuit hién & tit ca cac giong khao sat, ngoai trir
giong U, cho thiy kha ning phan biét t6t giira cac giong.
Trong nghién ctru cia M.S.H. Bir va cs (2018) [33], moi
OPKO02 tao ra 10 bang, trong d6 c6 9 bing da hinh, chiém
ty 18 90% khi phén tich 18 bién thé soma cia ciy dau
tay. Mic du so lwgng bang dwgc phat hién trong nghién
ctu hién tai nhiéu hon (15 so vé&i 10), ty 1é da hinh nhin
chung twong dwong. Diéu nay cho thdy méi OPK02 c6 do
tin cdy va kha nang tng dung cao trong viéc phan tich da
dang di truyén & nhiéu loai cdy khac nhau.

Ngoai ra, cic moéi nhw OPG18 va OPKO01, du c6 so
lrong bang ddng hinh cao hon, van phat hién dwoc sw
phén biét rd gitra cic giong, phan anh sw khac biét vé vat
chit di truyén, cé thé do diéu kién canh tac hoic lai tao.
So sdnh vé&i mot sé nghién ctru trwde cho thiy, hau hét
cac moi trong nghién ctru hién tai cho hiéu suit cao hon,
khdng dinh tinh 6n dinh va kha ning ¢ng dung thuc tién
cua chung [23, 27, 28, 32].

Phan tich hé sd PIC cia 10 mo6i RAPD cho thay, moi
OPKO02 c6 chi sé PIC cao nhit (0,45), chirng t6 OPK02
dwoc str dung phé bién trong nghién ctru da dang di
truyén. Hé sé PIC cua cac mo6i OPA20 (0,40), OPG14
(0,38), OPA17 (0,36), OPA16 (0,35), OPG18 (0,33),
OPG09 (0,33) va OPK03 (0,32) cho thiy ching c6 kha

Bang 3. Hé s6 khoang cach di truyén chia 13 giéng dau tay dwa trén 10 moéi RAPD.

Mau BTT NS HLHH NEW HN P HS 0] ALB HK MON NL SAB Trung binh

BTT 0,00

NS 0,27 0,00

HLHH 0,40 0,39 0,00

NEW 0,34 0,29 0,47 0,00

HN 0,29 0,24 0,35 0,24 0,00

P 0,38 0,33 0,40 0,30 0,34 0,00

HS 0,38 0,30 0,34 0,28 0,26 0,24 0,00

U 0,31 0,30 0,41 0,36 0,32 0,35 0,24 0,00

ALB 0,41 0,33 0,37 0,35 0,31 0,29 0,18 0,25 0,00

HK 0,41 0,23 0,44 0,36 0,27 0,34 0,24 0,19 0,22 0,00

MON 0,41 0,31 0,40 0,34 0,29 0,27 0,17 0,27 0,11 0,24 0,00

NL 0,44 0,29 0,41 0,37 0,31 0,39 0,26 0,26 0,24 0,21 0,22 0,00

SAB 0,41 0,43 0,40 0,41 0,33 0,37 0,24 0,30 0,22 0,29 0,28 0,24 0,00

Trung binh 0,37 0,31 040 0,33 0,30 0,32 0,22 0,25 0,20 0,25 0,25 0,24 0,29
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nang phan biét da dang di truyén kha t6t. Cic mdi nhw
OPG11 (0,28) va OPKO1 (0,24) c6 chi s& PIC thép, didu
nay cho thiy ching c¢6 kha nang phan biét kém hon va ¢
thé it hiéu qua trong viéc phat hién sw da dang di truyén
trong cac mau (bang 3).

Chi sé sai khac gitta cac cip moi (Rp) cho thiy sw
twong quan giira ki€u gen v&i chi thi phan tir DNA, chi s6
Rp cang cao chirng té chi thi d6 hiéu qua trong viéc phan
nhém kiéu gen. Chi s6 Rp trung binh cia 10 mo6i RAPD
1a 11,12. M6i OPKO1, c6 chi sé Rp thdp nhat1a 6,15. Moi
OPA20 va OPG14 c6 chi s6 Rp cao nhit 1a 15,23. Hai moi
OPA14 va OPA20 c6 chis6 Rp cao nhatla 15,23, cho thiy
hai mo6i nay c6 kha nang phan biét rit manh mé gitra
cac mau va c6 thé tao ra nhiéu bang dic trung. Cac moi
OPKO02, OPG09, OPA16, OPG18 c6 chi sé Rp lan lwot 1a
10,15, 12,31, 13,38, 13,85, ciing kha cao, cho thiy kha
nang phan biét tét. Cic m6i nhw OPKO1 (6,15), OPG11
(7,08), OPA17 (8,31), OPK03 (9,54) c6 chi s6 Rp thip
hon, cho thdy kha nang phin giai cia ching la yéu, va
cac két qua thu dugc co thé it ro rang hon.

3.3. Phdn nhom di truyén ctia cdc giong dau tdy

Khodang cach di truyén cang nhé thi hai mau cang twong
dong, it khac biét vé mat di truyén va dirng gn nhau trong
ciy phat sinh loai. K&t qua cho thiy, hé s6 khoang cach di
truyén clia 13 giéng dau tdy nam trong khoang 0,11-0,47
vGi gia tri trung binh la 0,29. Hai giong dau tiy 1a ALB
va MON c6 méi quan hé di truyén gin nhau nhéit, véi hé
s6 khoang cach di truyén 1a 0,11. Trong khi do, gitta cac
giong nhw HLHH va NEW c6 mdi quan hé di truyén kha xa
nhau v&i hé s6 khoang cach di truyén 1a 0,47.

Tinh hitu hiéu cia cdc modi RAPD trong viéc giai quyét
caclién két di truyén da dwoc xac nhan béi cdy phan nhém
di truyén (hinh 4), cho thiy sw bién doi di truyén gitra cac
giéng dau tdy v&i 2 cum chinh va 5 nhom riéng biét.
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So' d6 phan nhém di truyén cta 13 giong dau tiy
dwoc phan thanh 5 nhém chinh, cic nhém 1 giong bao
gdbm nhém I chi c6 sy hién dién ciia mot giéng 1a giéng
BTT, nhém III ¢6 sw hién dién cta giéng Phap va nhom
V ¢6 su hién dién cta giong HLHH. Giéng BTT c6 nguén
gdc tir Nam My, trai mau trang, trong khi do, giong HLHH
c6 hoa mau héng. Piéu nay chirng t6 giéng nay cé sw
khéc biét di truyén so véi cac gidng con lai va dwoc chia
riéng 1é thanh mot nhém. Két qua nghién ciru phu hop
v&i nghién ctru cia T.T.Y. Nhu va cs (2025) [34], két qua
danh gia da dang di truyén clia sau giéng dau tay bang
moi rbcL marker chi ra giong HLHH dwoc tach ra thanh
nhém riéng thong qua phwong phap phan tich maximum
parsimony.

Nhém II ¢6 hé s& khodng cach di truyén nam trong
khoang 0,23-0,27, twong rng v&i hé s6 twong déng di
truyén la 0,73-0,77. Nhom II dwoc chia thanh hai nhém
phuy, nhém phu I1.1 ¢6 2 giéng NS va HN, nhém phu 1.2
c6 giong NEW. Trong d6, Nhat Sky hay Skyberry va Hana
la hai giong diu tay c6 chung nguon goc tir Nhat Ban
(bang 1). Trong khi dé, gibng NEW lai c6 nguén goc ti
chiu My nén chung tach biét véi giong HN va HS.

Nhém IV bao gobm 7 giéng, c6 hé sé khoang cach di
truyén la 0,11-0,27 twong &ng v&i hé so twong dong di
truyén la 0,73-0,89, dwoc chia thanh ba nhém bén trong.
Nhém phu IV.1 bao gom cac giéng HS, ALB va MON. Hai
giong 1a Albion va Monterey dwoc phat trién tai Pai hoc
California, c6 hé s6 khodng cach 1a 0,11, diéu nay c6 thé
chirng minh hai giéng ALB va MON c6 thé cung chung
bd me v&i nhau. Mac du cac giong dau tiy duoc lai tao
tlr cdc chwong trinh nhan gidng khac nhau, viéc trao
déi ngudn gen ciing c6 thé xdy ra trong cac giéng [35].
Cac giong trong nhém IV.2 ¢6 ngudn goc tir nhiéu quéc
gia khac nhau nhw Uc, Han Qudc va Nhat Ban. Cac giong
dwoc phan loai nhém phu IV.2 bao gobm U, HK va NL,

dwgc phan loai theo chit lwong trai (trai
ngot) [9] cho thiy c6 m6i quan hé gan v&i
nhau. Nhém phu IV.3 phan thanh nhém
nhd, chi ton tai giéng SAB. Giéng SAB mac
du c6 cung ngudn géc véi NEW, nhung cé
vé chung dwoc lai tao tir cac kiéu gen khéac
nhau.

Viéc da dang héa ngudn giong tir nhiéu
qudc gia gbp phan nang cao chit lwong san
phdm dAu tiy va vi thé, kha niang chia sé
ngubn gene gitra chung 1a rat cao, gép phin

v I i 1 v

Hinh 4. Cay phan nhém di truyén 13 giéng dau tay dwa vao 10 méi RAPD.
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tao nén moi quan hé di truyén giira ching.
Mit khac, c6 nhirng gidng c6 ngudn géc
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khac nhwng lai c6 quan hé di truyén gan véi nhau, ¢6 thé
do diéu kién sinh trwrdng khic nghiét dan dén sw bién déi
trong bo gene. Ngoai ra, viéc trong & cac trang trai tai Pa
Lat c6 thé x4y ra hién twong 1an giéng hoic chia sé ngudn
vat liéu nhan giéng, din dén 1an tap trong bd gene clia cac
gidng, tao nén sw twong dong di truyén giira chung.

3.4. Phdn tich thanh phdan chinh

D& phan 4nh t6t m6i quan hé di truyén cua 13 giéng
diu tiy dwa trén ma tran twong dong di truyén, phan tich
thanh phan chinh (PCoA) dwoc tién hanh. Trong md hinh
PCoA, hai thanh phan chinh déng gép 27,28 va 18,17%
(tébng 45,44%) (hinh 5). CAc mau dwoc chia thanh 3
nhém chinh. Nhém thr nhit (NL, HK, U, MON, SAB, ALB,
HS) tip trung vé phia 4m cta truc PCoAl, thé hién sy
twong dong di truyén cao, c6 thé dai dién cho nhém ban
dia hodc cung ngudn goc tién héa. Nhém thir hai gom P
va HLHH nam & vi tri trung gian, c6 kha ning 1a két qua
clia qua trinh lai tao hoac giao thoa gitra hai nhém con
lai. Nhém th& ba (NEW, HN, NS, BTT) phin bé vé phia
dwong cia truc PCoA1, thé hién sw sai khac di truyén 16m
hon, trong d6 BTT va NS 1a hai mau tach biét ro rét, co
thé mang dic diém gen dic thu hodc ngudn goc ngoai lai.
Téng thé, két qua phan anh sy da dang di truyén twong
d6i cao gitta cAc mAu, dong thoi chirng minh hiéu qua
cla qua trinh loc marker trong viéc cai thién chit lwong
dit liéu. Sy phan bd cidc nhém di truyén nay c6 y nghia
quan trong trong chon giéng, bao ton ngudn gen va danh
gia quan hé di truyén, dic biét khi lwa chon cAc mau khac
biét di truyén dé€ lai tao nham ting tinh da dang trong
quan thé. K&t qua twong tw cling dwoc ghi nhan trong
nghién ctru cda M. Paul va cs (2018) [36] va O. Prakash
va cs (2019) [37], da st dung chi thi phan t&r d€ dwa ra
suw khac biét di truyén trong s6 cac giéng ca chua dwa vao
két qua phéan tich ctia PCoA.

Improved PCoA (Jaccard) after Marker Filtering
PC1=27.28%; PC2 = 18.17%; Total = 45.44%
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Hinh 5. Phan tich thanh phan chinh (PCoA analysis) cta chi thi
RAPD cho thay sw da dang phan ti giira 13 kiéu gen dau tay.
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4. Két luan

Nghién ctru str dung 10 m6i RAPD dé danh gia tinh da
hinh di truyén ctia 13 giéng diu tiy, ghi nhin tong cong
113 bang da hinh, véi trung binh 11,3 bang trén mdi moi.
Gia tri PIC trung binh dat 0,34, phan 4nh mirc do da dang
di truyén nhit dinh giira cac giong dwgc khao sat. Chi s6
sai khac Rp trung binh dat 11,2 thé hién hiéu qua cao
trong viéc phan nhém kiéu gen cia cidc méi. Cdy phin
nhém di truyén chia 13 giong dau tiy thanh ndm nhém,
véi khoang cach di truyén trung binh 1a 0,29. Trong dé,
cac nhém I, 111 va V, mdi nhém chi gém mot gidng, do sw
khéc biét vé ngudn géc. Nhém IV bao gom phan 16n cac
giong, cho thay sy twong dong di truyén va phan anh méi
quan hé lai tao gitta ching. K&t qua nay gép phan lam ro
thém vé tinh da dang di truyén cuia cac giong diu tay tai
Viét Nam, la co s& quan trong cho viéc bdo tén va chon
tao gidng ma&i trong twong lai.

LO1 CAM ON

Nghién ctru dwoc tai tro bédi Triweong Pai hoc Tra Vinh
théng qua Hop dong s6 34/2025/HD.HDKH&DT-DHTV.
Cac tac gia xin tran trong cam on.
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Phan 1ap va tuyén chon vi khuén lactic ¢o dic tinh probiotic
tir sira 1én men tu nhién

Tran Vin Chi'", Nguyén Manh Tuidn?
"Trwong Pai hoc Néng Lam, Pai hoc Thdi Nguyén, phwdong Quyét Thdng, tinh Thdi Nguyén, Viét Nam
2Vién Khoa hoc Sw séng, Pai hoc Thdi Nguyén, phwong Quyét Thdng, tinh Thdi Nguyén, Viét Nam
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Nghién ctru ndy nham phan 1ap va danh gia cac ching vi khuin lactic (LAB) c6 dic tinh probiotic tir sira bo
1én men tw nhién tai Thai Nguyén. Tir nAm mau sira thu thap, nim ching LAB da dwoc phan l1ap va kiém tra
dic tinh sinh hoc. T4t ca déu c6 kha nang sinh lactic acid trong diéu Kién nudi cdy in vitro. Trong dé, chiing
LAB-TNSC-29 néi bat véi mire sinh lactic acid cao (2,96 mg/100 ml), kha nang ton tai trong méi tredng pH
thip (3,23 log CFU/ml), dong th¢i thé hién nhiéu dic tinh probiotic, bao gom kha ning e ché vi khudn gay
bénh (Escherichia coli, Streptococcus gallinarum, Staphylococcus aureus) va Kha nang déng bam dinh véi E.
coli dat 48,35%. Phan tich trinh tw gen 16S rRNA (1483 bp) cho thdy, ching nay c6 d6 twong dong 99,39%
véi Lactobacillus acidophilus CIP 76.13". Dong thoi, so' d6 pha hé cho thiy chung LAB-TNSC-29 thudéc nhém
chi Lactobacillus va cuing nhanh don vé&i Lactobacillus acidophilus CIP 76.13". Do dé, chung LAB-TNSC-29
dwoc xac dinh 1a Lactobacillus acidophilus LAB-TNSC-29, c6 tiém ning (rng dung trong san xuit ché pham
probiotic.

Tir khéa: Lactobacillus, probiotic, tuyén chon, vi khuan lactic (LAB).
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Abstract:

This study aimed to isolate and evaluate probioticlactic acid bacteria (LAB) strains from naturally fermented
cow’s milk in Thai Nguyen. From five collected milk samples, five LAB strains were isolated and had their
biological characteristics evaluated. All strains were capable of producing lactic acid under in vitro culture
conditions. Among them, strain LAB-TNSC-29 showcased outstanding performance, with high lactic acid
production (2.96 mg/100 ml), strong survival under low-pH conditions (3.23 log CFU/ml), and notable
probiotic properties, including inhibition of pathogenic bacteria (Escherichia coli, Streptococcus gallinarum,
and Staphylococcus aureus) and co-aggregation with E. coli at 48.35%. Analysis of the 16S rRNA gene sequence
(1483 bp) revealed that this strain shared 99.39% sequence similarity with Lactobacillus acidophilus CIP
76.13". Simultaneously, the phylogenetic tree revealed that strain LAB-TNSC-29 belongs to the genus of
Lactobacillus and forms a monophyletic clade with Lactobacillus acidophilus CIP 76.13". Therefore, LAB-
TNSC-29 was identified as Lactobacillus acidophilus LAB-TNSC-29, holding strong potential for application
in the production of probiotic formulations.

Keywords: lactic acid bacteria (LAB), Lactobacillus, probiotic, selection.
Classification numbers: 1.6, 4.6

*Tdc gid lién hé: Email: tranvanchi@tuaf.edu.vn
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1. Dt van de

Stra 1a ngudn thuc phdm giau dinh dwéng va chira hé
vi sinh vat phong pht, trong d6 ¢6 nhém vi khuén lactic
(LAB) khéng sinh doc té [1]. Vi khuan lactic dong vai
tro quan trong trong qua trinh 1én men thwc phim, tao
hwong vi va bdo quan san phadm. LAB dworc st dung rong
rai trong san xuat thwc phdm 1én men, dic biét1a cac san
pham tlr sita nhw sita chua, pho méat, dong thoi con dugc
rng dung trong ché bién cic san pham thit, banh mi,
rwou vang [2] va nhitng thwc phdm cin qua trinh acid
hdéa nham tc ché sy phat trién cta vi sinh vat gy huw
hong [3]. Trong qua trinh 1én men, LAB tao ra lactic acid
c6 kha nang rc ché vi sinh vat gy bénh théng qua viéc
thdm thiu qua mang té bao, lam gidm pH ndi bao hoic
gay roi loan hoat dong trao d6i chit, din dén sw chét clia
cac té bao nhay cam [4]; ngoai ra, LAB con sinh téng hop
cac hop chit khang khuin nhu diacetyl va bacteriocin,
gbp phan tang cwdong hiéu qua e ché vi sinh vat giy
hai [5] v&i tinh khang khudn manh mé. Nho kha nang
bam dinh va d6ng bam dinh, cac chiung LAB c6 thé hinh
thanh hang rao sinh hoc trong hé tiéu héa, gitip ngan can
sw xam nhap cta vi sinh vat gy bénh [6]. Trong mot s&
trudng hop, c6 thé tin dung vi khuin LAB c6 s&n trong
cac nguyén liéu, bang cach tao diéu kién cho chiing phat
trién chiém wu thé dé tao ra rat nhiéu loai thirc an chua
c6 hwong vi thom ngon, dé tiéu héa hon va giit dwoc l1au
hon [7]. Bén canh vai tro trong cong nghé thuc pham,
LAB con mang lai nhiéu loi ich cho sttc khée nhw ho tro
phong ngtra cadc bénh dwong rudt nho dac tinh khang
khudn, gidm nguy co nhiém tring dwong tiét niéu [8],
giam cholesterol trong mau [9] va cé tiém nang ho tro
chéng di ing va ho trg phong ngira ung thw [10]. Trong
san xuit cong nghiép ludn can tim kiém nhirng chiing méi
tlr nhiéu nguén khac nhau, dm béo c6 hoat tinh probiotic
manh dé dinh huéng rng dung trong san xuit.

2. Vat liéu va phuong phap nghién cifu
2.1. Vat liéu va héa chdt stv dung

Ngudn mAu gdm 5 mau sira bo 1én men tw nhién, thu
thap tai cac hd gia dinh nudi bo sita trén dia ban tinh
Thai Nguyén. Cac vi khudn kiém dinh: E. coli ATCC 10798,
S. gallinarum ATCC 49573, S. aureus ATCC 6538.

Mo6i treong nudi cly: st dung moi trweong 1a MRS
(de Man, Rogosa and Sharpes) [11] v&i thanh phin
tiéu chuin: pepton: 10 g cao thit: 10 g cao nim
men: 5 g; glucose: 20 g; tween 80: 1 ml; CH,COONa:
5 g triamonium citrate: 2 g; MgS0,.7H,0: 0,2 g;
MnSO,.4H,0: 0,05 g; CaCO,: 2 g; K. HPO,: 2 g; agar: 15 g;
nwéc cit: 1.000 ml; pH: 6,2-6,4.
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2.2. Phwrorng phdp nghién civu

Phén ldp vi khudn lactic: 1 ml miu dwogc lam giau
trong mdi tredng MRS (99 ml), dong nhit va nudi & 37°C
trong 24 gidr véi téc do 1ac 200 vong/phut. Cac 6ng c6 do
duc dwoc chon va tiép tuc ciy vao dia thach MRS, G 24-72
gior & 37°C. Khuén lac triang va kem gia dinh 12 vi khu4n
lactic, dwoc tinh sach qua ba Ian chuyén trén moi treong
MRS. Xac dinh dac diém sinh hoc gbm nhudm Gram,
hinh thai té bao, phan tng catalase va phan giai CaCO..
Chung Gram dwong, phan giai CaCO,, khong c6 hoat tinh
catalase dwoc coi 1a vi khuin lactic va bao quan & -20°C
trong moi treong MRS ¢6 bd sung 30% glycerol [12, 13].

binh Iwong lactic acid: Ly 10 ml dich 1én men ly
tAm & toc dd va thoi gian 1a: 8.000 vong/phut va 10
phut, tach can, thém 20 ml nwéc cat va nho 2-3 giot
phenolphtalein (1% trong cén 90°), chudn dd bang
NaOH 0,1 N, khi ndo xuit hién mau héng nhat bén trong
30 gidy thi dirng lai [14].

b6 axit dwoc tinh nhw sau: Do Therner (°T)=V x10;
% lactic acid="Tx0,009 (1 ml dung dich NaOH tuwong

dwong 0,009 g lactic acid).

Pdnh gid khd ndng chéng chiu véi méi trwong pH
thdp: Cac chiing dwgc nudi ting sinh trong moi trwong
MRS dich thé & 37°C trong 48 gid; thu 14y sinh khdi bang
cach ly tAm khoang 10 phut & nhiét dé 4°C véi téc do
5.000 vong/phtt. Cin dwoc rira bang 1,5 ml nwéc cat vo
trung va tao dich huyén phu dé bom vao 6ng nghiém cé
sdn moi treong MRS da chinh pH 2,5 va pH 3,0 u & 37°C.
Sau 24 gio, xac dinh mat do té€ bao bang phwong phap dém
song [15, 16].

Xdc dinh hoat tinh khdng khudn: Nudi ciy ching tuyén
chon trong méi treong MRS dich thé & 37°C. Sau 48 gio,
ly tAm véi téc dd 12.000 vong/phut va thu dich trong.
Nho 0,5 ml dich trong vao cac khoanh gidy thim trén dia
da cdy san vi khuin kiém dinh, nuéi & 37°C trong 24 gio.
Do dwong kinh vong vo khudn xung quanh khoanh gidy
thdm: D-d, mm. Trong d6 D 1a dwong kinh vong v khuin
(mm), d la dwong kinh khoanh gidy thim (mm) [17].

Ddnh gid khd ndng dong bam dinh ctia vi khudn tuyén
chon: Nudi riéng biét ching tuyén chon va chung kiém
dinh (E. coli) trong m6i treong MRS dich thé & 37°C
trong 48 gid, 14y 10 ml dich sau nudi mdi loai chuin mat
do té€ bao vé khoang 2x108 CFU/ml, htit 4 ml mAu ly tAm
& 12.000 vong/phit trong 10 phut & 4°C thu sinh khéi va
tai huyén phu riéng biét vao 2 ml dung dich dém sodium
phosphate 0,1 M (pH 7). Tron 1an hai huyén phu v&i cling
thé tich va i & 37°C trong 5 gio. Phan dich huyén phu
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riéng biét con lai 1dy 1am mau d6i chirng. Sau moi gi¢ 1,
14y 100 pl trén véi 3,9 ml dich dém twong tw va do do
hip thu & budc song 600 nm [18]. Ty 1é dong bam dinh
(Ca%) duoc tinh theo cong thirc:

(Ax + Ay)/2 —A(x +y)

Ca% = 100
a% (Ax + Ay)/2 x

trong dé: Ax la OD,, ctia vi khuan tuyén chon; Ay la
0D, ctia E. coli; A(x +y) la OD_, vi khudn tuyén chon va

E. coli.

Tdch chiét DNA téng s6 vi khudn tuyén chon: Nudi
vi khuin da chon trong moi trwedng MRS long trong 36
gior & 37°C, nudi lac & 130 vong/phut. Thu sinh khdi té
bao bang ly tAm, DNA t6ng s6 dwoc tach chiét theo md
ta cda J. Sambrook va cs (2001) [19]. Trinh tw gen 16S
rRNA cua chung tuyén chon dwoc khuéch dai bang cap
moi 27F va 1492R véi thanh phan va diéu kién phan
ng polymerase chain reaction (PCR) theo md ta cta
A. Klindworth va cs (2013) [20]. San phdm PCR duwoc giai
trinh tw tai don vi lam dich vu.

Phdn logi chiing tuyén chon: Trinh tw gen 16S rRNA
cla ching tuyén chon dwoc so sanh véi co sé dir liéu cac
loai chuin céng bd trén EzBioCloud [21], v&i gidi han
phén loai vé mirc d6 twong dong trinh tw gen 16S rRNA
theo md ta ctia H.P. Browne va cs (2016) [22]. So d6 pha
hé ctia chiing vi khuén ciing dwoc xay dung dé xac dinh
vi tri phan loai théng qua phdn mém MEGA v.12 [23].

Xir Iy s6 liéu: Mbi thi nghiém déu dwoc ldp lai 3 1an,
tong hop s6 liéu trén phan mém Microsoft Office 2015 va
xtr Iy thong ké trén phan mém JASP 0.19.3.

3. Két qua va ban luan
3.1. Phan ldp vi khudn lactic tir nguén sira tw nhién

Tir 5 mau sita twoi thu thip trén dia ban tinh Thai
Nguyén, 5 ching vi khuin da dwoc phén 14p, thong qua

LAB-PL-23

LAB-DT-9 LAB-PY-1

Hinh 1. Hinh thai khuan lac ctia 5 chiing vi khudn LAB méi phan lap.
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viéc quan sat vong phan giai CaCO, c6 thé két luan chiing
c6 kha nang sinh acid hiru co. Pdc diém cda cic ching
dwoc trinh bay & bang 1 va hinh 1.

Bang 1. Bic diém hinh thai khuan lac va hinh thai té bao cac chiing
mé&i phan lap.

Ky hiéu Hinh
TT Nguén miu y e Hinh dang khudnlac Gram dang Catalase
chiing fne
té bao
Hinh tron, trang sita,
1 PhlLwong LAB-PL-23  hoidet, bé mdtnhdn, + Hinhciu -
khong ria
Hinh tron, tring sita,
2 DaiTw LAB-DT-9  hoidet, bé mdtnhan, + Hinhcdu -
khong ria
Hinh tron, tring
3 PhéYén LAB-PY-1 sita, 10, tron bong, + Hinh que -
khong ria
Hinh tron, tring
PSP, LAB- 5 T h N
4 Song Cong nga, 101, tron bong, + Hinh que -
TNSC-29 L
khong ria
Hinh tron, tring
5  DongHy LAB-DH-3  ng, I6i, tron bong, + Hinh que -
khong ria

Két qua bang 1 cho thiy, viéc phan 14p cac ching vi
khuin c6 kha ning sinh acid hitu co tir sita 1én men tw
nhién dat hiéu qua cao. Trong nghién ctru nay, tir cac
mAu sita khiac nhau da phan lap dwoc nhitng ching c6
dac diém khuan lac khac nhau, nhwng ching déu cé dang
hinh tron va khéng tao ria. 3/5 chung c6 mau trang sita,
2/5 chiing mau trang nga; 3/5 chung khuin lac 16i va
tron bong, trong khi d6 2/5 ching khuan lac dang det va
nhan. Ca 5 chiing déu la vi khuin Gram dwong, khong c6
hoat tinh sinh catalase, t€ bao c¢6 2 dang 1a hinh ciu va
hinh que. Theo H.T.A. Phuong va cs (2024) [12], nhitng
chung Gram dwong, phéan giai CaCO,, khong c6 hoat tinh
catalase c6 thé 1a vi khuén lactic, nén 5 ching vi khuin
ma&i phan 14p dwoc déu phu hop véi nhan dinh nay va
chiuing sé dwoc str dung dé tién hanh cac nghién ciru tiép
theo.

LAB-TNSC-29

LAB-DH-3
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3.2. Tuyén chon chiing vi khudn sinh lactic manh
tir nguén dd phdn ldp

3.2.1. Hoat tinh sinh lactic acid ctia cdc chiing vi khudn
phan ldp

Chi tiéu dwoc Iwa chon 1am yéu t6 co ban dé tuyén chon
vi khuén trong nghién ctru nay 1a kha ning sinh lactic acid
va do chua tao ra bdi ching trong dich nudi cdy. Két qua
dwoc thé hién tai bang 2.

Bang 2. Kha nang sinh lactic acid va tao d6 chua cua cac ching
mé&i phan lap (n=3).

Chi tiéu danh gia
Ky higu chiing Dg chua Therner (°T) ;/:n‘lqa/c; Z:Oa::g
LAB-PL-23 215,35+0,377 2,72°+0,231
LAB-DT-9 204,43°+0,411 2,44%°+0,262
LAB-PY-1 165,65°+0,377 1,45°+0,278
LAB-TNSC-29 223,36%+0,053 2,960,295
LAB-DH-3 181,699+0,115 1,69°+0,344

Cac chi¥ c'éi khac nhau trong cing mét cot biéu thi sy khac biét co
y nghia thong ké gitra cac nghiém thirc khdo sat &@ mirc y nghia 5%
(p<0,05).

Két qua bang 2 cho thiy, cd 5 chiing déu c6 kha nang
tao lactic acid. Trong d6, chiing LAB-PY-1 thdp nhit (1,45
mg/100 ml), m&c trung binh la chung LAB-DH-3 (1,69
mg/100 ml), 3 ching con lai (LAB-PL-23, LAB-DT-9 va
LAB-TNSC-29) c6 kha nang tao lactic acid cao twong
dwong nhau & mirc sai khac khong cé y nghia thong ké,
1an lwot dat 2,72; 2,44 va 2,96 mg/100 ml. Tuy nhién, d6
chua ma cac ching tao ra trong dich 1én men déu khac
biét va sai khac vé y nghia théng ké&, LAB-PY-1 1a ching
c6 kha nidng tao do chua thip nhat (165,65°T) va LAB-
TNSC-29 la ching tao d6 chua trong dich nudi ciy cao
nhat (dat 223,36°T).

3.2.2. Anh hwéng ciia pH thdp dén khd ndng sinh
trwdng ctia cdc chiing méi phdn Idp

Kha niang chiu pH thip cta vi khuin véi dinh hwéng
str dung chung lam probiotic la chi tiéu quan trong, theo
X. Zhou va cs (2007) [24] gia tri pH trong khodng 2-3
duoc xem 1a nguwdng quyét dinh trong qua trinh sang loc
cac chung vi sinh vit cé tiém nang st dung lam probiotic.
Két qua thir nghiém v&i 5 chiing méi phan 14p dwoc cho
théy, 5/5 ching chiu dwoc pH 3,0 va 3/5 chung c6 kha
nang song soét trong moi trwedng pH 2,5 sau 24 gid, chi
tiét két qua dwoc thé hién tai bang 3.
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Bang 3. Kha ning chiu pH thap cla cac ching vi khudn méi phan
lap.

Chi tiéu danh gia

Ky hiéu chiing Mt dé vi khudn song  Mdt dé vi khudn séng
sot & pH 3,0 sau 24 sot & pH 2,5 sau 24 gior
gio (log CFU/ml) (log CFU/ml)

LAB-PL-23 6,42%+0,159 2,91+0,115

LAB-DT-9 6,12"+0,131 2,38+0,171

LAB-PY-1 3,38¢+0,171

LAB-TNSC-29 6,597+0,185 3,23°+0,147

LAB-DH-3 4,24°¢0,164

Céc chi¥ cai khac nhau trong cung mét cot biéu thi sw khac biét cé
y nghia théng ké gitra cac nghiém thirc khdo sat & mac y nghia 5%
(p<0,05).

O pH 3,0 chiing c¢6 kha ning séng s6t thip nhit
la LAB-PY-1 (3,38 log CFU/ml), cao nhit la 2 ching
LAB-PL-23 va LAB-TNSC-29 (6,42 va 6,59 log CFU/ml) &
mirc khéng cé sw khac biét cé y nghia thong ké (p>0,05).
0] pH 2,5 chi c6 cac ching LAB-PL-23, LAB-DT-9 va
LAB-TNSC-29 sOng so6t sau 24 gio. Trong d6 mat do té
bao 16n nhit 1a ching LAB-TNSC-29 (3,23 log CFU/ml)
va thip nhit la ching LAB-DT-9 (2,38 log CFU/ml). Két
qua nay cho thdy, ca 5 ching phan lap dwoc déu co thoi
gian séng sét cao hon so vé&i cong bd ciia P. Shokryazdan
va cs (2014) [10] khi phan lap dwgc 9 ching vi khudn
thudc chi Lactobacillus tir stta me, phan tré so sinh va
thwe phdm 1én men, tit cd déu c6 kha nang chiu pH 3,0
trong 3 gio. Bén canh do6, nghién ctru ctia N.P. Hien va cs
(2014) [25] cho thdy, 6/7 ching vi khuan Lactobacillus
dwoc phan 1ap tlr sita dé va ché phdm sinh hoc cling
c6 kha ndng chdng chiu v&i moi treong pH 3,0 trong 3
gi®. Cong bd ctia HN.T. Tam va cs (2019) [15] cho thiy
7 chiing vi khuin LAB phan 14p tir cAdy mén ngot cé kha
nang séng sét trong mdi trweong pH 2,5 trong vong 24
gio. Nhu vay, tir két qua thir nghiém hai chi tiéu quan
trong déi véi ching tiém ndng 1am probiotic 1a pH thap
va kha ndng sinh lactic acid nhw da dwegc trinh bay &
trén, ching LAB-TNSC-29 dwoc tuyén chon dé thuwc hién
cac nghién ctru tiép theo.

3.3. Kha ndng trc ché vi khudn gdy bénh ctia chiing
tuyén chon

LAB c6 kha nang han ché sy phat trién ctia nhiéu vi
sinh vat khac, bao gom ca cac vi khuin giy bénh, théng
qua viéc san sinh cac hop chit c6 hoat tinh khang khuin
nhw acid hitu co, diacetyl va bacteriocin [5]. Cac chat bao
quan ngudn gbc tw nhién va c6 hoat tinh khang khuin
sinh hoc dang rit dwoc quan tim dé thay thé phwong
phap bao quan bang chit hda hoc nham bao vé strc khoe
con nguwoi [26]. Két qua khdo sat kha ning khang cac

a1



vi khudn kiém dinh (E. coli ATCC 10798, S. gallinarum
ATCC 49573, S. aureus ATCC 6538) cta dich nudi ching
LAB-TNSC-29 dwoc thé hién & bang 4 va hinh 2.

Bang 4. Kha nidng khang khuan cta dich nudi cdy ching LAB-
TNSC-29 (n=3).

Chung vi khuidn kiém dinh  Hoat tinh khang khuan (D-d, cm)

E. coli 2,522+0,08
S. gallinarum 1,63%+0,12
S. aureus 2,47*+0,07

LAB-TNSC-29

Khang E. coli Khang Salmonella
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hoéa [27]. Théng qua co ché bdm dinh, cic chung LAB
c6 thé hinh thanh mot hang rao sinh hoc, tir d6 han ché
sw xAm nhép va phat trién cda vi sinh vat gy bénh [6].
Viéc bam dinh truec tiép véi cac vi sinh vat gy bénh con
giip cac ching LAB tao ra cac hop chit khang khuin
& khoang cach gin, gbp phan Gc ché su sinh trudng
cla cac tdc nhan giy bénh trong hé tiéu hoa [28]. Két
qua danh gia kha nang dong bam dinh gitra ching LAB-
TNSC-29 dwgc tuyén chon va chiing vi khudn kiém dinh
E. coli dwgc trinh bay trong hinh 3.

LAB-TNSC-29

Khang Staphylococcus

Hinh 2. Hoat tinh trc ché vi khuan kiém dinh cia chiing LAB-TNSC-29.

C4c chir cai khac nhau trong ciing mot cot biéu thi sy
khéc biét c6 y nghia thong ké ctia cdc nghiém thirc khao
sat & mirc do tin cay 95%.

Két qua trinh bay tai bang 4 va hinh 2 cho thiy, LAB-
TNSC-29 c6 kha nang trc ché ca ba chung vi khuin kiém
dinh, trong d6 vong khang S. gallinarum thap nhat (1,63
cm), vong khang E. coli va S. aureus twong dwong nhau &
mrc sai khac khong cé y nghia thong ké. Vong khang vi
khuin kiém dinh ctia ching LAB-TNSC-29 trong nghién
clru nay cao gip 1,7 dén 2,0 lan so véi ching LAB1 va
LAB2 dwoc cong b6 bdi V.IN. Chi va cs (2021) [26].
Riéng v&i kha nang khang E. coli, ching LAB-TNSC-29 thé
hién vong trc ché cao hon 4,0-10,0 14n so v&i cic ching
Lactobacillus dwoc phan lap béi HIN.T. Tam va cs (2019)
[15], twong dwong v&i chiing ND5 dwgc N.T.M. Hang va cs
(2013) [17] tuyén chon tir 7 chling vi khuén sinh lactic acid.

3.4. Khad ndng déng bam dinh ctia vi khudn tuyén chon

Kha ndng déng bam dinh c6 y nghia quan trong
trong viéc loai bé vi sinh vat gay bénh khoi dwong tiéu
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Hinh 3. Kha ning déng bam dinh ctia LAB-TNSC-29 v&i E. coli
(MeantSD, n=3).

Két qua tai hinh 3 cho thay, kha ning déng bam dinh
cta ching LAB-TNSC-29 véi E. coli dat gia tri cao nhit sau
4-5 gitr nudi ciy (47,65-48,35%). Két qua nay cao gip 1,5
1an so véi cong bo ctia Y. Tuo va cs (2013) [29] khi nghién
ctu kha nang déng bam dinh cta 22 chiung Lactobacillus
vGi E. coli 0157, dao dong tir 21,36 dén 32,16%.
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Bang 5. Két qua so sanh trinh tw gen 16S rRNA ciia chiing LAB-TNSC-29 véi cac loai gan nhét caa chi Lactobacillus.

Lodi gin nhit Tf')“:lg Sw twong dong SO Elucleotide sai DO che phu Ngl}‘(‘)n tham
diém (%) khac (%) khao
Lactobacillus acidophilus CIP 76.13" (CBLQ010000054) 2689 99,39 9/1483 100,0 [30]
Lactobacillus kitasatonis JCM 1039" (BALU01000027) 2671 99,26 11/1482 100,0 [31]
Lactobacillus amylovorus DSM 20531 (AZCM01000082) 2651 98,92 16/1483 100,0 [32]
Lactobacillus crispatus DSM 20584" (AZCW01000112) 2617 98,52 22/1483 100,0 [33]
Lactobacillus gallinarum JCM 2011" (BALB01000057) 2593 98,38 24/1481 100,0 [34]
Lactobacillus helveticus DSM 20075 (ACLM01000202) 2595 98,25 26/1483 100,0 [35]
Lactobacillus ultunensis DSM 16047" (ACGU01000081) 2567 97,91 31/1483 100,0 [36]
Lactobacillus kefiranofaciens subsp. kefirgranum DSM 10550" (AZEM01000027) 2518 97,30 40/1483 100,0 [37]
Lactobacillus hamsteri JCM 6256" (BALY01000063) 2488 96,96 45/1481 100,0 [38]
Lactobacillus amylolyticus DSM 11664 (ADNY01000006) 2495 96,70 49/1483 100,0 [39]
Lactobacillus intestinalis DSM 6629" (AZGN01000031) 2466 96,49 52/1483 100,0 [40]
Lactobacillus xujianguonis HT111-2" (ML136926) 2440 96,02 59/1483 100,0 [41]
Lactobacillus kalixensis DSM 16043" (AZFM01000074) 2412 95,62 65/1483 100,0 [36]
Lactobacillus pasteurii CRBIP 24.76" (CAKD01000001) 2351 95,21 71/1482 100,0 [42]
Lactobacillus gigeriorum CRBIP 24.85" (CAKC01000053) 2326 95,04 71/1432 98,6 [43]

Lactabacillus acidophilus CIP 76.13" (CBLQ010000054)

LAB-TNSC-29

Lactobacillus anrvloverns DSM 203317 (AZCM01000082)
1195 Lactabacillus kitasatonis ICM 1039° (BALUO01000027)
Lactabacillus crispatns DSM 203847 (AZCW01000112)
Lactobacillus ultunensis DSM 160477 (ACGU01000081)
Lactobacillus gallimarum JCM 20117 (BALB01000057)

1001 Lactobaeillus helveticus DSM 20075 (ACLM01000202)

Lactobacillus kefiranofaciens subsp. kefirgranmm DSM 103507 (AZEM01000027)
Lactobacillus hamsteri ICM6256" (BALY01000063)
Lactobacillus anlolvtiens DSM 116647 (ADNY01000006)

Lactobacillus swjianguonis HT111-27 (ML136926)

Lactobacillus kalivensis DSM 160437 (AZFM01000074)

Lactobacillus intestinalis DSM 66297 (AZGNO1000031)

Lactobacillus pastenrii CRBIP 24.76" (CAKD01000001)

100|:Lnrmbmllzu gigeriorum CRBIP 24857 (CAKCO1000053)

Acetilactobacillus jinsi

i JCM 32707 (KT783333)
Hinh 4. Cay phan loai ciia chiing LAB-TNSC-29.

3.5. Nhdn dién vi khudn tuyén chon bdng sinh hoc
phan tir

Thong qua so sanh véi dit lieu EzBioCloud, trinh tw
gen 16S rRNA ctia LAB-TNSC-29 c6 kich thwéc 1483 bp
bdc 16 sw twong dong 99,39% (trong dé c6 9 nucleotide
sai khac) vé&i Lactobacillus acidophilus CIP 76.137
(CBLQ010000054), 99,26% (11 nucleotide sai khac) véi
Lactobacillus kitasatonis JCM 1039" (BALU01000027),
98,92% (16 nucleotide sai khac) vé&i Lactobacillus
DSM 20531" (AZCM01000082),

amylovorus va
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95,04-98,52% vé&i cac loai chudn khac thudc chi
Lactobacillus (bang 5). Sy twong dong cao nhat cia chung
LAB-TNSC-29 vé&i Lactobacillus acidophilus CIP 76.137 la
99,39%, gia tri nay cao hon 98,7% (ngwdng chan) vé loai
da dwoc cong bd boi H.P. Browne va cs (2016) [22].

Vi tri phan loai cia ching LAB-TNSC-29 véi cac
lodi gin nhit cling dwoc xac dinh thdng qua so do
tién héa (hinh 4), cho thiy ching LAB-TNSC-29 cung
nhanh vé&i loai Lactobacillus acidophilus CIP 76.13T
(CBLQ010000054) v&i do tin ciy vé gia tri tAn s6 xuit
hién (bootstrap) 93%. Pong thoi, chiing LAB-TNSC-29
sdp x€p thudc chi Lactobacillus, khac biét hoan toan
v6i loai ching d6i chirng (ngoai chi Lactobacillus) -
Acetilactobacillus jinshanensis JCM 332707 (KT783533).
Twr dit liéu so sanh, phan tich trinh tw gen 16S rRNA
(bang 5) va so d6 tién héa (hinh 4), ching LAB-TNSC-29
dwoc xac dinh 1a thanh vién cta chi Lactobacillus, véi tén
goi la Lactobacillus acidophilus LAB-TNSC-29.

4. Két luan

Tt 5 mAu sita bo 1én men tw nhién, 5 ching LAB di
dwoc phan 14p, trong dé ching LAB-TNSC-29 thé hién
kha nang sinh lactic acid cao (2,96 mg/100 ml), séng
sot tot trong diéu kién pH thip (pH 2,5). Bén canh d6,
chiing LAB-TNSC-29 con thé hién kha nang khang khuan
manh, bdm dinh twong d6i cao trong diéu kién khao
sat. Dwa trén phan tich trinh tw gen 16S rRNA, ching
LAB-TNSC-29 c6 mirc d6 twong dong 99,39% so v&i
Lactobacillus acidophilus CIP 76.13" (CBLQ010000054).



Do dé, ching LAB-TNSC-29 dwogc dinh danh véi danh
phap khoa hocla Lactobacillus acidophilus LAB-TNSC-29.
Nhirng két qua buéc dau dat dwgc trong nghién ctru nay
cho thiy, Lactobacillus acidophilus LAB-TNSC-29 1a tng
vién tiém ning cho phét trién cic san phim probiotic
trong twong lai.

Nghién ctru dwoc thwe hién véi sy tai tro kinh phi tir
dé tai cip co s& ma sé T2026-24.GV. Cac tac gia xin tran
trong cam on.
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Phat trién thiét bi SHM sir dung cong nghé SMT
va toi wu truyén dir liéu dao dong

Vii Ngoc Quy, Lé Pang Nam, Lai Lién Quan, Lé Xuan Lwu, Nguyén Thuy Binh, Pao Thanh Toan’
Trwong Pai hoc Giao thong Van tdi, 3 Cdu Gidy, phwong Ldng, Ha Noi, Viét Nam

Ngay nhan bai 13/1/2026; ngay chuyén phan bién 15/1/2026; ngay nhin phan bién 22/1/2026; ngay chdp nhan dang 4/3/2026
Tém tat:
Bai bao nay trinh bay qua trinh phat trién mot thiét bi quan tric sirc khée két ciu (Structural Health
Monitoring - SHM) sir dung cong nghé han dan bé mit (Surface Mount Technology - SMT) nham nang cao dé
on dinh, tinh nho gon va kha nang @ng dung thyc té cta hé do. Thiét bi dwoc thiét ké tich hgp cadm bién gia
tdc, vi diéu khién va mé-dun truyén thong khong day, cho phép thu thip va truyén dir liéu dao dong ctia cong
trinh vé tram trung tim phuc vu gidm sat va phén tich trang thai két ciu. Trén co’ s¢ dic thu dir liéu dao dong
va cac rang budc cua truyén thong khong diy cong suit thip, bai bao tip trung nghién ciru va t6i wu héa ciu
truc goi truyén dir liéu, dic biét 1a méi quan hé giira s6 lwong mau do trong moi géi, sé goi can truyén va do
tin cay truyén dan. Cac thir nghiém dworc thwc hién véi nhiéu kich ban sé lwong mau khac nhau nham danh
gia anh hwdng cta chién lwgc dong géi dir liéu dén kha nang truyén nhan va tinh toan ven cua dir liéu do. Két
qua cho thiy, viéc tdi wu héa goi truyén giup cai thién dang ké hiéu qua truyén thong, giam rai ro mit dir liéu
va dap &ng yéu ciu giam sat dao dong trong cac irng dung SHM khong day chi phi thap.
Tir khéa: do dao dong két ciu, str dung cong nghé han dan, thiét bi LoRa.

Chi sé phdn logi: 2.1,2.11

Development of an SMT-based SHM device and optimisation

of vibration data transmission packets
Ngoc Quy Vu, Dang Nam Le, Lien Quan Lai, Xuan Luu Le, Thuy Binh Nguyen, Thanh Toan Dao”

University of Transport and Communications, 3 Cau Giay Street, Lang Ward, Hanoi, Vietham
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Abstract:

This article presents the development of a Structural Health Monitoring (SHM) device based on Surface
Mount Technology (SMT) with the aim of improving system stability, compactness, and practical applicability.
The device integrates an accelerometer sensor, a microcontroller, and a wireless communication module,
enabling the acquisition and transmission of structural vibration data to a central station for structural
monitoring and condition analysis. Considering the characteristics of vibration data and the constraints
of low-power wireless communication, this study focuses on investigating and optimising the data packet
structure, particularly the relationship between the number of measurement samples per packet, the
number of transmitted packets, and transmission reliability. Experimental investigations were conducted
under multiple sampling configurations to evaluate the impact of different data packetisation strategies on
transmission performance and measurement data integrity. The results demonstrate that optimising the
data packet structure significantly improves communication efficiency, reduces the risk of data loss, and
meets the requirements for vibration monitoring in low-cost wireless SHM applications.

Keywords: LoRa-based device, structural vibration measurement, Surface Mount Technology.

Classification numbers: 2.1, 2.11
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1. Dt van de

Trén thé gidi, nghién ciu va phat trién cac hé
théng gidm sat strc khde cong trinh (Structural Health
Monitoring - SHM) da va dang thu huit sw quan tam lén
ctia cong dong khoa hoc. Nhiéu phwong phap da dwoc
dé xuit nham danh gia tinh trang lam viéc va mtc do
suy gidm cda coéng trinh ciu, bao gobm cac phwong phap
truyén thong dwa trén thir nghiém pha hiy dé phan tich
vét nitt, cling nhw cac phwong phap khong pha hiy tién
tién cho phép thu thip thong tin két cAu ma khéng lam
anh hwdng dén kha nang khai thac céng trinh [1, 2]. Cac
hé théng SHM lan dau tién dwoc nghién clu va trién
khai tir d4u nhitng ndm 2000, véi muc tiéu thu thap di
liéu dinh lwgng vé dic tinh két cdu va phat hién sém
cac d4u hiéu xu6ng cip. Tuy nhién, nhitng hé thdng nay
van d6i mit véi nhiéu thach thiee, dic biét 1a kha niang
duy tri hoat déng lau dai va xi& ly khéi lwgng div liéu 1om
thu thip tir mang cAm bién phan tan [3]. Trong s cac
phwong phap SHM khdong pha huy, ki thuat xi Iy anh
[4] va do séng &ng sudt [5] dwoc st dung twong d6i phé
bién nhim ning cao hiéu qua gidm siat ma khong giy
gidn doan giao thong. DAu vay, phwong phap do séng
rng sudt doi hoéi phai lwa chon thoi diém tiép xic phu
hop, gy han ché trong cac rng dung quan trac thwong
xuyén. Sy phéat trién nhanh chéng cta cong nghé chip
[0T cung véi sw phd bién ctia cac hé théng Internet of
Things da mé ra hwéng tiép can méi cho linh vec quan
trac va gidm sét sirc khoe cong trinh giao thong. Cac hé
théng SHM dua trén IoT cho phép trién khai cac nit cdm
bién nho gon, tiéu thu ning lwgng thip va cé kha nang
két ndi linh hoat trén pham vi rong [6]. Tuy nhién, viéc
rng dung IoT trong quan trac cong trinh van gip nhiéu
kho khan lién quan dén thiét ké phin cirng, truyén thong
khong diy, ngudn cung cip nang lwong, cling nhw an
toan va bao mat dir liéu [7].

Tai Viét Nam, cdng tic quan trac két ciu cong trinh
cau ma&i chi dwoc quan tAm trong nhitng nam gan day.
Nam 2012, Bo Giao théng Van tai ban hanh cong van sd
2727 /BGTVT-KCHT yéu ciu lap dit hé thong quan trac
ddi véi ciu treo. Pén nam 2016, Bd Xay dung tiép tuc
ban hanh Théng tw 26/2016/TT-BXD, quy dinh cac cong
trinh cau tir cdp I tré 1én phai thwe hién quan trac két
ciu trong qué trinh khai thac. Mac du vay, cic ndi dung
lién quan dén thiét ké, 1ap dat, do dac, xt ly va phan tich
dir liéu vAn chwa dugc quy dinh dong bd, din dén nhitng
han ché trong trién khai thwc té. Trong bdi canh do, hé
thdng quan trac ciu khong dirng dang néilén nhu mot xu
hwéng pht hop cho gidm sat cong trinh giao théng hién
dai. Cac hé thdng nay cho phép thu thap dir liéu két cau
thong qua mang cam bién khong diy ma khong lam gian

JHOAHOC . -

doan lwu thong, gidm nhan lwc vin hanh va tao diéu kién
cho viéc x ly dir liéu tip trung. Két hop véi cac thuit
toan tri tué nhan tao, di liéu thu thip dworc cé thé phuc
vu danh gia hién trang két ciu, phat hién bit thwong va
du bao xu huwdng hw héng trong twong lai. Trong nhitng
nam gan day, mot s6 nghién ctru trong nwée da buwde dau
trién khai cac hé théng quan tric ciu khong diy. Nam
2017, nhém nghién ctru tai Trwedng Pai hoc Bach Khoa -
Pai hoc Qudc gia TP. H6 Chi Minh da gi¢i thiéu hé thong
quan trac cho cac ciu nhip 16n nhw ciu Thuan Phuérc,
cau Bai Chay va ciu Rach Miéu [1]. Nam 2020, nhém
nghién ctru tai Truedng Dai hoc Giao thong Van tai da dé
xuit mot hé thdng do dao dong ciu st dung cam bién
ap dién két hop truyén thong khong day Bluetooth [2].
Bén canh dé, mot s6 nghién ctru gan day da tip trung
vao viéc rng dung tri tué nhan tao va IoT trong giam sat
strc khoe cong trinh ciu [8, 9]. Tuy nhién, phan 16n cac
cong trinh nay méi chi dirng lai & mic thir nghiém cac
thanh phén riéng 1é hoic trién khai cic hé thdng c6 quy
mo nho, chwa hinh thanh dwoc moét gidi phap tich hop
hoan chinh, tir cdm bién, phan ctng thu thip dir liéy,
truyén thong khéng day dén xt ly va quan ly dit liéu. Pac
biét, tai Viét Nam, hién con rit it nghién ctru cong bé vé
viéc &ng dung cong nghé truyén thong LoRa trong cac
hé théng quan tric strc khée két ciu cau, trong khi cac
giai phap st dung Bluetooth, WiFi hodc mang di dong 4G
da dwoc dé cip twong ddi phé bién. Dong thoi, s6 lwong
nghién ctru dé cap dén viéc ap dung k§y thuit han dan bé
mat (SMT) [10, 11] trong thiét k&, ché tao bo mach LoRa
chuyén dung cho SHM, ciing nhw thir nghiém va tdi wu
héa géi truyén dir liéu, van con han ché va chwa dwoc hé
théng héa mot cach day du.

Xuit phat tir thuc tién trén, bai bdo nay tip trung
nghién ctru thiét ké b thu phat dir liéu khong day tiét
kiém nang lwong phuc vu rng dung gidm sat strc khoe
coéng trinh giao thong. Hé thong dwoc xay dung dwa trén
cam bién gia t6c chi phi thip két hgp véi mo-dun truyén
théng khong day tAm xa, hwéng téi thu thap hiéu qua dir
liéu dao dong két ciu. Kha nang do lwong cta hé théng
dwoc danh gia thong qua thir nghiém trén moé hinh dam
céng-xon, trong do, két qua do tlr nut do dé xuat dwoc so
sanh v&i cdm bién tham chi€u nham lam ré do tin ciy va
tiém nang &ng dung trong thyec té.

2. Thiét ké hé thong do va thu phat dif liéu khéng day

Xudt phat tlr cac yéu cau cua hé théng giam sat sirc
khoe cong trinh giao thong, dic biét 1a quan trac khong
dirng, tiéu thu ning lwong thip va kha nang trién khai
linh hoat, bai bdo nghién ctru va thiét ké mot hé thong thu
thap va truyén dir liéu dao dong két ciu khéng diy. Hé



thong dwoc xay dung theo mo hinh nut do tich hop, bao
gém cac khoi cdm bién, xir 1y va truyén thong, nham dam
bdo hoat dong 6n dinh 14u dai véi chi phi trién khai hop ly.
Phan nay trinh bay kién tric tong thé va nguyén ly thiét ké
cac thanh phan phan ctirng chinh, lam co s& cho cac phan
tich va kiém chirng thwc nghiém & cac phan tiép theo.
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Hinh 1. So’ d6 khéi phan ctvng: (A) nat trung tam, (B) nGt cam bién.

So @6 khoi & hinh 1 minh hoa kién tric phan cieng ctia
hé théng, gobm hai phan hé chinh: nit cdm bién va nit
trung tam. Tai ndt cdm bién, cdm bién gia tdc MPU6050
duwoc str dung dé thu thap tin hiéu dao dong, dir liéu
dwoc truyén dén vi diéu khién STM32 thong qua giao
tiép 12C. Vi diéu khién STM32 thwc hién ciu hinh cadm
bién, x Iy va dong géi dir liéu trwdc khi truyén khong
day qua mé-dun LoRa bing giao tiép SPI O nit trung
tdm, mo-dun LoRa tiép nhin dir liéu va chuyén téi vi
diéu khién ESP32, noi dit liéu dwoc tién xit Iy va truyén
1én may tinh théng qua c6ng UART. Hai phin hé dwoc
cip nguon doc lap, cho phép hé thdng mé rong linh hoat
nhiéu nut do, phu hop cho cac trng dung quan trac rung
dong két ciu tir xa.

2.1. Mach niit cam bién

C4u tao chinh cta nut cadm bién dwoc thé hién trong
hinh 2. Mach tai ntt cdm bién dwoc thiét k&€ nham thu
thap dir liéu gia t6c tai vi tri do va truyén dir liéu khéng
day vé nut trung tam.

IRRRRRRRRARE]

Hinh 2. C4u tao chinh ctia nut cam bién.

Cam bién MPU6050 13 cdm bién MEMS tich hop gia téc
ké ba truc véi mot s6 thong s6 dwoc thé hién trong bang
1. Nhor kich thwée nhé gon, tiéu thu nang lwong thap va
kha nadng giao tiép thong qua chuin 12C, MPU6050 dap
rng tot yéu ciu thu thip tin hiéu dao dong trong cac hé
théng do va quan trac rung dong chi phi thip. Ngoai ra,
cam bién cho phép ciu hinh b loc s6 thong thap (DLPF),
g6p phan gidm nhiéu cao tin trong tin hiéu do.
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Bang 1. Mét sé thong sé chinh ctia MPU6050.

STT Thong sé Gia tri

1 bién ap hoat dong 3-5V

2 S6 bac tw do 6 DOF

3 Déi do gia t6c +2g +t4g +t8¢g +16 g
4 Do phan giai 16 bit

5 Tan s6 14y mAu t6i da 1 kHz

6 Giao tiép 12C

7 Dong tiéu thu 3,9 mA

Vi diéu khién STM32F101C6T6 dwoc lwa chon 1am
bo xt ly trung tam cho nit do nho st dung nhan ARM
Cortex-M3 32-bit, tin s6 hoat dong dat dén 72 MHz va
tich hop day du cac giao ti€p ngoai vi nhw 12C, SPI va
UART. STM32F101C6T6 c6 kha nang xt ly dir liéu cam
bién theo thoi gian thwe véi mire tiéu thu ning lwong
th4p, phu hop cho cic ndt do phan tan. Viéc két hop
MPU6050 va STM32F101C6T6 thé hién su twong thich
cao ca vé mat dién ap, giao thirc truyén thong 1an yéu ciu
xt 1y, cho phép xday duwng mot nit thu thdp di liéu nhé
gon va 6n dinh. Sau khi thu thap va xt Iy so bd dir liéu
gia toc, vi diéu khién STM32 truyén dit liéu t&i mo-dun
truyén thong khong day SX1278 thong qua giao tiép SPI.
SX1278 st dung cong nghé LoRa, cho phép truyén dir
liéu v&i khoang cach xa va tiéu thu cong suit thip, phu
hop cho cac hé thong thu thip dir liéu khéng day. Mot s6
thong s6 co ban clia LoRa dwoc trinh bay trong bang 2.

Bang 2. Théng s6 co’ ban cha LoRa.

STT Thong s6 Gia tri

1 bién ap hoat dong 1,8-3,7V

2 Dai tAn hoat dong 433 MHz (410-441 MHz)
3 Bang thong 7,8 kHz-500 kHz

4 Giao tiép SPI

5 Dong tiéu thu (khi thu) 10-12 mA

6 Dong tiéu thu (khi phat) 120 mA

Viéc str dung giao tiép SPI gitip ddm bao toc dd truyén
6n dinh va do tin ciy cao gitra vi diéu khién va mo-dun
truyén thong. C4u tric nay cho phép tach biét rd rang
gitra khoi thu nhan tin hiéu, khéi xir ly va khdi truyén
thong, gop phan nang cao kha ning mé rong va tinh linh
hoat ctia toan bo hé thong.

Hinh 3. Thiét ké 3D va mach phan ctrng nt cam bién: (1) MPU6050,
(2) STM32, (3) LoRa.

o4



Khoa hoc K§ thuat va Cong nghé| Ky thuat dan dung: ky thuat xay dung; Cac linh viic khac cta khoa hoc kil thuat va cong nghé

Hinh 3 trinh bay san phdm ndt cdm bién dwoc thiét
ké va ché tao trong nghién ctru, bao gbm ban vé thiét ké
3D va mach in thyc t& sau khi lp rap hoan chinh. Trong
thiét ké bo mach dé xuit, ky thuit han dan bé mat khong
chi dwgc st dung nham gidm kich thwéc va ting mirc
do tich hop, ma con déng vai tro quan trong trong viéc
kiém soat cac tham s ky sinh, tir d6 cai thién chat lwgng
truyén dir liéu cha hé thong LoRa.

Vé mat ly thuyét, dién dung Ky sinh [12] gilta hai
dwong mach song song c6 thé dwoc xap xi theo cong
thae (1):

Cn =

Eo&rlw

e (1)
trong do: C_la dién dung ky sinh gitra 2 dwong mach (F),
€,=8,85x101?F/m, ¢_la hang s6 dién moi FR-4 (x 4,2),
11a chiéu dai doan song song (m), w 1a bé rong dwong
mach (m), s 1a khoang cach gitta 2 dwong mach (m).

Tir bi€u thitc (2) cho thiy, dién dung ky sinh ty 1é
thuén véi chiéu dai va d6 rong dwong mach, dong thoi ty
1&é nghich v&i khodng cach gitra cac dwong mach. Trén bo
mach STM32-LoRa dwoc thiét ké, vi diéu khién STM32
va mo-dun LoRa dwoc bd tri gin nhau, gidp rut ngin
dang ké chiéu dai cac dwong giao tiép (SPI/UART). bong
thoi, cac dwong tin hiéu dwoc bé tri véi khoang cach du
16m, nhor d6 1am gidm dién dung ky sinh va han ché nhiéu
xuyén kénh do ghép dién dung.

Bén canh doé, dién cdm ky sinh [13] ciia dwong mach
phu thudc chi yéu vao chiéu dai dwong day dan, c6 thé
dwoc wéc lwong theo cong thire (2):

L~2x1071[n(2-)+ 05| (2)

trong do: L 1a dién cdm ky sinh (H), 1 1a chiéu dai dwong
mach (m), w 13 bé rong dwdng mach (m), t 1a dé day
dwdng mach (m).

Do bo mach st dung dong chuén (t = 35 um), tham
s6 t gdn nhw khong thay d6i, trong khi chiéu dai dwong
mach 1 tré thanh yéu t6 chi phdi.

Ngoai ra, d€ han ché nhiéu xuyén kénh gitta cic dwong
tin hiéu, thiét k€ PCB tuin thu quy tac 3W [14], theo d6
khoang cach gitra hai dwdrng mach lién ké dwoc duy tri
16m hon hodc bang ba lan do rong cia dwong mach:

s> 3w

(3)
trong doé: s la khoang cach gitra hai dwong mach tin hiéu
lién ké, w 1a d6 rong ctia dwong mach.

Quy tic nay 1a mot hwdng dan thiét ké dwoc chap
nhan rong rai trong linh vuc toan ven tin hiéu, gitp giam
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dang ké sw ghép dién dung va dién cam giita cic duong
tin hiéu song song. Viéc tuan thu quy tic 3W dwoc thé
hién trong hinh 4 dic biét quan trong déi véi cac hé
théng LoRa, do cac tin hiéu truyén c6 cong suit thip va
rat nhay véi nhiéu nén.

Hinh 4. Di day dan theo nguyén tac 3W (kich thwéc dwong tin hiéu
la 0,254 mm, khoang cach 2 dwéng tin hiéu la 1,746 mm).

Trong hé thong dé xuét, giao ti€p gitta vi diéu khién
STM32 va mo6-dun LoRa dwoc thyc hién théng qua giao
thirc SPI, bao gém cac dwong tin hiéu chinh: SCK, MOSI,
MISO va CS. Mdc du tan s6 lam viéc cta SPI trong cac trng
dung LoRa chi & mirc vai MHz (1-8 MHz), cac tin hiéu nay
van c6 canh xung twong d6i déc do dwoc diéu khién truc
ti€p béi chan GPIO cua vi diéu khién. Do d6, vé mat toan
ven tin hiéu, cac dwong SPI khong chi chiu anh hwéng
b&i tin s6 lam viéc ma con bi chi ph6i manh béi thoi gian
swon 1én cua xung [15]. Méi lién quan gitra chiéu dai cua
dwong mach va thoi gian swon 1én cda tin hiéu dwoc thé
hién trong céng thirc (4):
trv
10

< (4)
trong do: 11a chiéu dai duwdng mach, t_la thoi gian swon
1én ctda tin hiéu, v 1a van tdc truyén tin hiéu trén PCB.

V&i cac vi diéu khién STM32, tin hiéu SPI dwoc diéu
khién truc tiép bdi cac chdn GPIO CMOS c6 canh xung
nhanh, v&i thoi gian swon 1én dién hinh ndm trong khoang
vai nand gidy, thwong dwoc xem xét trong khoang 5-10 ns
trong cac phan tich toan ven tin hiéu. Khi d6, chiéu dai
gi&i han dé€ c6 thé bd qua hiéu ng dwong truyén la: 1<7,
5-15 cm va dwgc ap dung nhw minh hoa trong hinh 5.
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Hinh 5. Chiéu dai di day dan dwéng div liéu giao tiép SPI.

Ngoai vin dé t6i wu thiét k&, cong suit tiéu thu cling
1a mo6t van dé dang dwoc quan tAm ddi véi thiét bi phat
trién. Cong suit tiéu thu chinh ctia nit cdm bién khi hé
théng hoat déng dwogc trinh bay trong bang 3. Két qua
cho thdy mo-dun truyén thong SX1278 & ché do truyén
la thanh phin tiéu thu cong suit 16n nhat, chiém phin
dang ké trong tong cdng suit cta nat do. Trong khi do,
vi diéu khién STM32F101C6T6 va cam bién MPU6050
c6 mirc cong suit tiéu thu twong déi thip, phan anh dac
tinh phu hop cta céac linh kién nay cho cac rng dung
quan trac khong diy dai han.

Bang 3. Cong suét tiéu thu ciia naGt cam bién.

STT Thanh phén Cong suit (W)
1 STM32F101C6T6 0,099

2 MPU6050 0,013

3 SX1278 (ché do truyén) 0,396

4 Phu kién: Led, transistor, dién trd... ~0,033

Téng 0,54

2.2. Mach trung tdm

Viéc xay dwng nut trung tam déng vai trd quan trong
trong toan bd hé théng thu phat dir liéu khong day. Nt
trung tAm cé nhiém vu tiép nhin di liéu dao déng dwogc
truyén tir cic nat cdm bién thong qua giao thirc khéng
day, thwc hién tién x 1y va chuyén tiép dir liéu 1én may
tinh phuc vu cho qua trinh lwu trit, phan tich va hién thi
két qua dwoc thé hién trong hinh 6.

Truyén dir liéu
= | Ién may tinh
I @ espressiF 4
if'ESP32-S3-WROOM-1

CE  [R rrmsmmimmon |
(S

FGC 102ACTZ ESP SIWROOM |
| ic 2104 80 s3WROOM1

vvvvv

|l cuario: 2022002082

FEEBAIL (LN)
BHRRL D

Hinh 6. Cau tao chinh cta nut trung tam.
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Mo6-dun LoRa tai mach trung tam nhan dit liéu khong
day tir cAc nat cAm bién va chuyén tiép tdi vi diéu khién
ESP32 théng qua giao tiép SPI. ESP32 ddm nhiém vai tro
xtr Iy cdp cao, cho phép lwu triv hodc truyén tiép di liéu
thong qua giao dién UART.

Bang 4. Mot sé thong sé cua ESP32.

STT Thong sb Gia tri

1 Dién ap hoat dong 3,0-3,6 V

2 B6 nhé ROM 448 KB

3 SRAM 520 KB

4 Giao tiép ngoai vi SPI, 12C, UART
5 Dong tiéu thu 80-240 mA

Vi diéu khién ESP32 dwoc lwa chon nho kha ning xi
ly manh, bé nhé 1én va tinh linh hoat cao, pht hop cho
viéc mé rong két ndi va xi ly dir liéu & mic hé théng.
Khéi nguén dwoc thiét ké véi hai tAng 6n 4p nham dam
bao dd 6n dinh cho cac khéi xir 1y va truyén thong. Kién
tric tach rod ndt trung tim - ndat cdm bién cho phép hé
thdng dé dang mé rong sé lwgng nut do ma khong can
thay ddi ciu tric phan cirng trung tm. San phdm mach
nut trung tAm dwoc trinh bay trong hinh 7 véi ban thiét
ké& 3D va mach in sau khi 13p rap hoan chinh.

Hinh 7. Thiét ké 3D va mach phan cirng nat trung tam: (1) ESP32,
(2) LoRa.

Vé cu tric phan cirng, mach nut trung tdm tich hop
vi diéu khién ESP32 lam b xtt 1y chinh, ddm nhiém chirc
nang diéu khién, xtr Iy so bo dir liéu va giao tiép véi mo-
dun truyén thong LoRa.

Bang 5. Cong suét tiéu thu cta nut trung tam.

STT Thanh phan Cong suit (W)
1 ESP32-S3-WROOM 0,66

2 SX1278 (ché db thu) ~0,04

3 Phu kién: Led, transistor, dién tré... ~0,07

Tong ~0,77

Bang 5 trinh bay céng suit tiéu thu cda cac thanh
phén chinh trong nut trung tAm khi hé théng hoat dong
& ché d6 thu dir liéu. K&t qua cho thiy, nit trung tim phu
hop trién khai trong cac hé théng quan trac véi ngudn
cap cd dinh hoac nguon cap ngoai, dong thoi khong giy
anh hwdong dang ké dén tdng ning lwong cua toan hé
thong.
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3. Thif nghiém

3.1. Thir nghiém do tdn sé dao déng riéng ciia dam
cong-xén

Trong nghién cru nay, thir nghiém dwoc thiét ké
nham danh gia kha niang do dao dong ctia hé théng thu
thap dir liéu dé xuat. CAm bién gia t6c ARF-10A dwoc lwa
chonlam cdm bién tham chiéu v&i tham sé thé hién trong
bang 6, st dung dé€ do dao dong cia dAm céng-xdn. Trén
cung déi twong thtr nghiém, cdm bién gia toc MPU6050
dwoc st dung dé thu thap dir liéu dao dong nham phuc
vu muc dich so sdnh. Théng qua viéc doi chiéu két qua do
gitta cAm bién tham chiéu va cdm bién MPU6050, nghién
ctru nham danh gia buéc dau kha niang do dao dong va
tinh pht hop cta cdm bién MPU6050.

Bang 6. Théng s6 clia cam bién tham chiéu ARF-10A.

STT Thong sé Gia tri
1 bién ap hoat dong 2-5V

2 Pham vi do 10 m/s?
3 Tan s6 riéng 100 Hz
4 Sai s6 phi tuyén 1%RO

5 Tré khang vao/ra 120 Q

Hinh 8 trinh bay b6 tri thi nghiém do dao dong dam
cong-xon va kiém chirng hé thong thu thap dir liéu. DAm
cébng-xdn dwoc ché tao tir vat liéu thép cé chiéu dai 740

mm, rong 40 mm, day 8,24 mm, tai gan tai dau tw do clia
dam 1a 1 kg. Theo ly thuyét Euler-Bernoulli [16] tin s6
dao dong riéng bac n dwoc tinh theo céng thirc (5):

f, = B3 EI
T 2mL2 4| pA

(5)

trong dé: E la mo dun dan hoi cia vat liéu (Pa)
(E=2,1x10" pA), I— la m6 men quan tinh tiét dién,
b la do rong cta dam, h 1a d6 day cua dam, A=b.h la
dién tich tiét dién (m?), p 1a khéi lwong riéng (kg/m?)
(p=7850 kg/ m?), L 1a chiéu dai ddm (m), fn 12 hé s6 phu
thudc diéu kién bién (Bn=1,875 v&i ddm 1 bac tw do).

Tlr cong thirc (5) va gia tri ca cic tham s0 trén, tinh
toan dwoc tin sd dao dong riéng ciia dAm cong-x6n la
f ~7,10 Hz.

Két qua do dao déng ciia ddm cong-x6n thu dwgc tir
cam bién gia t6c ARF-10A dwoc thé hién trong hinh 9.
Hinh 9A cho thiy tin hiéu gia t6c theo mién thoi gian
sau khi kich thich, trong d6 dao dong thé hién dang dao
dong tit dan dic trung cia hé két ciu dan hoi. Bién do
dao dong ban dau twong doi 16 va gidm dan theo thoi
gian, phan 4nh qua trinh tiéu tdn nang lwong cua hé. Phd
tan s6 twong rng dworc trinh bay trong hinh 9B, trong dé
xudt hién mot dinh phé n6i tréi tai tin s6 xap xi 5,65 Hz
twong rng v&i dang dao dong co ban.

Hinh 8. Bé tri thi nghiém do dao déng str dung cam bién tham chiéu: (1) DAm céng-xén, (2) Cam bién gia tbc ARF-10A, (3) Bd xtr ly div

lidu SDA 830C, (4) May tinh x¥ Iy va hién thj két qua.

(A) (B)
0.016
X 5.65
0.04 + 0.014 F Y 0.0158667
0.02 0.012 |
“—
2 0.01f
E 0.00 Jurmpamns g
] 5 0.008 [
‘é’ =]
& —0.02 1 0.006 [
—0.04 0.004 |
0.002 |
-0.06 T T T T T T T T
0 2 4 6 8 10 12 14 16 18 0 = . . * »
a3 1 2 3 4 5 6 7 8 9 10
Thoi gian (s) Tan 56 (Hz)

Hinh 9. Két qua do dao dong dam cdng-xén sir dung cam bién ARF-10A: (A) biéu dién trén mién th&i gian, (B) biéu dién trén mién tan sé.
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Hinh 10. B4 tri thi nghiém st dung cam bién MPU6050.
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Hinh 11. Két qua do khi str dung cam bién MPU6050: (A) biéu dién trén mién th&i gian, (B) biéu dién trén mién tan sé.

Hinh 10 minh hoa bd tri thi nghiém trong d6 cam
bién tham chiéu ARF-10A va cam bién MPU6050 dwoc
13p dat dong vi tri trén dAm cdng-xdn. Thong qua viéc d6i
chiéu tin hiéu thu dwgc tir hai cdm bién, nghién ctru danh
gia kha ning do dao dong va xac dinh tin sé dao déng
riéng str dung cam bién MPU6050 so v&i cdm bién tham
chiéuy, lam co s& xem xét tinh pht hgp cia cdm bién chi
phi thdp trong cac (rng dung quan trac dao dong két ciu.

Két qua do dao dong ctia ddm cong-x6n thu dworc tir
cam bién gia t6c MPU6050 dwoc tich hop trén nut do dé
xudt thé hién trén hinh 11. Hinh 11A thé hién tin hiéu
gia tdc biéu dién trén mién thoi gian, trong d6 dao dong
sau khi kich thich ¢4 dang dao dong tat dan rd rét, twong
tw ddc trung thu dwgc tlr cdm bién tham chiéu. Bién do
tin hiéu gidm dAn theo thoi gian, phan 4nh qua trinh suy
gidm nang lwong dao dong ctia hé két ciu. Pho tin hiéu
biéu dién trén mién tan s6 dwgc trinh bay trong hinh
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11B, trong d6 xuAt hién mot dinh phé troi tai tAn sd x4p
xi 5,30 Hz. Gia tri nay twong dong véi tin s6 dao dong
riéng cua két cau thu dugc tir cdm bién tham chiéu ARF-
10A. Cam bién ARF-10A do Cong ty Tokyo Measuring
Instruments Laboratory (Nhat Ban) san xuét 1a cam bién
thwong mai dwoc st dung rong rai trong cac hé do dao
dong ky thuat, dic biét la déi véi SHM.

Bang 7. So sanh két qua tan sé dao déng riéng.

Phuwong phap do/tinh ~ Tén s6 riéng (f) Sai s6 twong dbi so véi ARF-10A Lo

, I Ghi chi
toan (Hz) (%)
Cam bién thuong mai Ro -8 i
ARF-10A 5,65 Két noi co day
MPUG050 530 6,19 Truyén nhdn

khong day

Ly thuyét Euler-Bernoulli 7,10 25,66 [

cong thirc
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Két qua dat dwgc trong bang 7 cho thay, gia tri tin s6
dao dong riéng thu dugc tir cdm bién thwong mai ARF-
10A 14 5,65 Hz, dwoc xem la gia tri tham chiéu c6 dé tin
ciy cao. Cam bién ARF-10A d3 dwogc hiéu chuidn va st
dung pho bién trong cac hé do dao dong ky thuat. Hé
thong do dé xuit st dung cam bién MPU6050 cho két
qua 5,30 Hz, twong (rng véi sai s6 twong ddi 6,19%, nam
trong pham vi chdp nhin dwgc doi véi mot cam bién
MEMS chi phi thap két hop truyén dir liéu khéng day.
Két qua nay cho thay, thiét bi phat trién c6 kha nang xac
dinh tin s6 dao dong riéng cua két cu véi db chinh chip
nhén dwoc. Trong khi d6, gia tri tin so riéng tinh toan
theo md hinh dAm Euler-Bernoulli 1a 7,10 Hz, cao hon
dang ké so v&i két qua thue nghiém. S sai 1éch nay chu
yéu xudt phat tir cac gia thiét ly twong ciia md hinh ly
thuyét, bao gom diéu kién ngam tuyét d6i, phan bé khéi
lwgng dong déu va khong xét dén anh hwéng cia khéi
lwgng cdm bién ciing nhu hé g 13p trén dam. Ngoai ra,
cac yéu td nhu suy gidm nang lwgng do ma sat tai ngam,
do khong dong nhat vat liéu va sai léch hinh hoc cia ddm
thwe nghiém ciing gép phan lam gidm tin sé dao déng
do dwoc so voi gia tri tinh toan. Do d6, sy chénh 1éch
gitra két qua ly thuyét va thwc nghiém Ia phu hop véi
diéu kién thi nghiém thyc t€ va thwong gap trong cac
nghién ciru dao dong két ciu. Viéc so sdnh v&i cdm bién
thwong mai ARF-10A va két qua tinh toan ly thuyét cho
thdy sai khac ndm trong pham vi pht hop véi diéu kién
thi nghiém thuc té. Cac két qua nay khing dinh tinh kha
thi cia giai phap dé xuat vala co s& dé€ xem xét irng dung
hé thong trong cac bai toan giam sat sirc khde két ciu
cau giao thong theo hwéng khong day va tiét kiém nang
lwong.

3.2. Thir nghiém thu phdt tin hiéu khéng ddy

Theo khuyén nghi cia nha san xuit, cic tham sé
truyén cia mo-dun LoRa dwgc cdu hinh trong dai gia tri
sau: hé sé trai phd (Spreading Factor - SF) trong khoang
tlr 7 dén 12; bing thong (Bandwidth - BW) gobm cac mirc
125 kHz, 250 kHz va 500 kHz; ty 1é ma hoa (Coding Rate
- CR) c6 cac gia tri tir 4/5 dén 4 /8. Trong nghién ctru nay,
bd tham sé duwoc lwa chon nhidm cin bang gitta téc do
truyén, thoi gian chiém kénh va do tin ciy truyén dan,
phu hop véi dac thu div liéu dao dong trong &ng dung
quan tréc strc khoe két ciu. Do d6, trong cac thi nghiém
mo-dun LoRa dwoc ciu hinh véi cadc tham s6 SF=7,
BW=250 kHz, va CR=4/5. Khodng cach thu phat khong
day dwoc thiét 1ap trong pham vi phong thi nghiém xap
xi 5m. Trong hé thong dé xuit, dit liéu do dao dong dwoc
doéng goi theo tirng khéi gdbm nhiéu mau lién ti€p nham
gidm s6 lwong goi truyén cua giao thirc LoRa. M6i mau
dir liéu dwgec ma héa & dang s6 nguyén 16 bit (2B). Véi
N mAu dit liéu trong mdi goi, kich thwdc goi tin caa goi
LoRa c6 thé dwoc biéu dién xap xi 1a:
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P~ 2N+1 (6)

trong doé: P: Kich thwéc géi tin, 1B dugc st dung cho ma
dinh danh géi tin.

Kich thwéc géi tin &nh hwdng truwc tiép dén thoi gian
chiém kénh cia mdi lan truyén.

Thoi gian chiém kénh truyén cda goéi div liéu dwoc
tinh toan theo cong thirc [15]:

Troa = Tp'reamble + Tpayload

25F
= (Mpreample + PLSymb + 4,25)

(7)

trong d6: Troa: (Time-on-Air) 1a thoi gian chiém kénh
truyén, T)eqmple 12 thoi gian truyén chubi dong bo & dau
goi tin, Mpreampie 12 d6 dai chudi dong bd, Tpayipqq 1a thoi
gian truyén dir liéu htru ich cta géi tin, PLSymb 13 s6
symbol twong &ng v&i dir liéu hivu ich, SF: 1a hé s6 trai
pho, c6 gia tri tir 7-12, BW: 1a bang thong c6 gia tri 125
kHz, 250 kHz, 500 kHz.

Coéng thirc (7) cho thay thoi gian chiém kénh truyén
phu thudc truc tiép vao hé s6 trai pho SF va bang thong
BW trong qua trinh truyén. SF cang nho sé lam giam thoi
gian chiém kénh truyén, dong thoi BW cang 1én thi thoi
gian chiém kénh truyén cang giam, nhwng diéu nay lai
lam gidm d nhay.

Duéi gia thiét cac sw kién gy 16i x4y ra ngau nhién
theo thoi gian [15], x4c sudt 16i goi c6 thé dwoc md hinh
héa dwa trén qua trinh Poisson. Theo d6, xac suit xay ra
it nhat mot 16i trong khoadng thoi gian truyén ciia mot goi
dirliéu duwogc biéu dién x4p xi béi:

PER=1—e *TToa

(8)
trong d6: T, la thoi gian chiém kénh truyén, A 1a cwong
do6 xuat hién 16i géi do kénh truyén, PER 1a xac suat goi
tin bi 16, e 12 hang s6 Euler.

Mic dui cong nghé LoRa cho phép kich thwérc goi tdi da
1én t&i 255B, viéc str dung goi dit liéu co kich thwéc 1om
khong dong nghia véi do tin cdy truyén cao hon. Trong
nghién ctru nay, méi géi dir liéu duoc thiét ké dé chira
40 mau, véi moi mau dwoc ma hoa trén 16 bit, dan dén
kich thwéc goi tin khoang 81B (theo cong thirc (6)). So
v6i phwong an truyén s lwong miu 1én hon, géi 40 mau
c6 tong s6 bit va thoi gian chiém kénh thap hon dang ké.
Bén canh d6, trong hé thdng quan trac dao déng cau, dir
liéu khong yéu cau phan hoi thoi gian thye nghiém ngat
ma cin dam bdo tinh lién tuc, 6n dinh va do tin ciy dai
han. Véi géi dir liéu 40 mau, hé théng dat dugc sw can
bang hop ly gitra kich thwdc goi, do tré truyén va xac suit
16, trong khi van duy tri tdc d cap nhat dir liéu phi hop



cho phan tich dao dong. Do vay, lwa chon 40 mau trong
moi goi dir liéu dwoc xem 1a phwong 4n t6i wu, gitp nang
cao dd tin ciy truyén théng LoRa va ddm bao hiéu qua
tong thé ctia hé thdng quan tric dao dong cau. Téng thoi
gian truyén nhan dit liéu cho mot géi tin xap xi 100 ms
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3.3. So sdanh hé théng dé xudt vdi cdc nghién civu
gan ddy vé SHM

Bang 9. So sanh két qua dat dwoc ciia hé théng dé xuat véi mot sé
nghién ctru trong va ngoai nwérc.

a Tén s6 Sai s6
A N . . A s A N . 2 7
(bao gom thoi gian chiém kénh truyén, thoi gian Xt Iy paipao Nim  Déitwong do :’r'l‘l“g:ﬁ;hl‘ifgu daodong  twong déi
dir liéu cta vi diéu khién va thoi gian truyén so liéu 1én Y j riéng (Hz) (%)
may tinh). 2] 2020  CiuLam Kinh g‘lire’foiatﬁ) 543 <
Bang 8. Mét sé kich ban thi nghiém truyén géi div liéu.
. ” . [18] 2022 Caudwongsit  C6day 2,48 3,13
Thoigian  Tong thoi
So So . . Thoi chiém gian truyén M hinh dam g6
STT lwong lwgng g:,::llgl:l:g; giantré  kénh nhan dir [19] 2023 ke 2 gbi 8 o ddy (Ethernet) 4,70
mau goi ; (ms) truyén liéu
(ms) (ms) [20] 2024 El:lz;h dam C6 day 5,24 118
1 1800 45 3645 90 4050 4500
2 1200 30 2430 60 2700 3000 [21] 2025 gjv‘;mamukhi Khong day (WiF) 3,40-4,73
3 800 20 1620 40 1800 2000 Hé théng d&
4 400 10 810 20 900 1000 xuﬁt Dam cong-xon ~ Khongday (LoRa) 5,30 6,19
5 200 5 405 10 450 500

Bang 8 trinh bay mot sd kich ban thi nghiém twong
trng v&i cac cdu hinh s6 lwong mau va s6 lwong gdi dir
liéu dwoc truyén qua LoRa. Cac kich ban nay cho phép
danh gia dnh hwdng cta s6 lwgng goi truyén dén tong
thoi gian truyén - nhan di liéu, do tré va hiéu qua giam
sat trong hé théng quan tric strc khde cong trinh. Tuy
nhién, viéc tiép tuc gidm s6 mau xudéng 200 tuy gitp rat
ngan thoi gian truyén nhung lam gidm dang ké lwong
thong tin dao dong thu dwoc cho mdi phién do. Phwong
an truyén 400 mau dat dwoc sw cAn bang hop 1y gitra dd
tin cay truyén dan, do tré va chat lwgng dit liéu do.

PO tin ciy truyén goi tin dwoc tinh toan theo cong
thic [17]:

R=1-PER = &1 9)

Véi cac kich ban truyén dir liéu dwoc thue hién trong
cung diéu kién mai trwdng va cdu hinh LoRa, gia tri tham
s6 A thu duwgc 1a xip xi nhau. Do d6, trong pham vi nghién
clru nay, xac sudt phat sinh 16i géi tin chti yéu phu thudc
vao thoi gian chiém kénh truyén cta goi dir liéu va cling
1a yé&u t6 anh hwdng chinh dén do tin ciy truyén tin. Tt
cbéng thirc (9) cho thiy thoi gian chiém kénh truyén cang
1én thi do tin cdy cang gidam. Dwéi goc do giam sat sirc
khée cong trinh cau, s6 lwong 400 mau dao dong trong
mdt chu ky do 1a hoan toan du dé trich xult cac tham
s6 dong lwc hoc ddc treng nhw bién do dao dong, tin s
riéng va xu hwéng bién ddi theo thoi gian. Pong thoi,
viéc gi¢i han s6 lwong géi & mirc 10 gidp hé théng duy tri
do tré thap, thoi gian truyén ngan va mirc dd 6n dinh cao
hon, dic biét 1a ting dé tin cy truyén dir liéu.
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Bang 9 tong hop cac nghién ctru gn diy vé do tin sd
dao dong riéng cia két ciu, cho thiy cac déi twong do
tlr md hinh ddm thi nghiém dén ciu thuec té, véi tin s6
dac treng chi yéu trong khoang 2,48-5,43 Hz. Cac hé do
c6 day va khong day tAm ngan cho sai s6 twong d6i nho
trong diéu kién thi nghiém, trong khi cac nghién ctu st
dung truyén khéng day trén cong trinh thuc van con han
ché vé danh gia sai s6 dinh lwgng. N6i chung, cac hé do
st dung cam bién chi phi thip c6 thé wéc lwong tin s6
dao dong riéng (f ) ciia rung dong két cau véi sai s6 trong
giGi han cho phép, tao co s& cho viéc phat trién cac hé
quan trac khéng day trong SHM.

4. Két luan va khuyén nghi

Trong nghién ctru nay, cac thi nghiém dworc thuc hién
trén mo hinh ddm cong-x6n nham kiém chirng buéc dau
kha ning thu thip dao dong va truyén dir liéu khéng day
cla hé thong dé xuit. Hwdng tiép cin nay cho phép danh
gia cac dic tinh co ban cta phan cirng va cach tiép cin
déng gbi dir liéu trong moi trwong c6 ki€ém soat. Trén
co s& d6, danh gia dwoc hiéu qua cua hé théng dé xuit
trong giam sat stirc khde két cdu cong trinh. Tuy nhién,
diéu kién thi nghiém chwa phan 4nh diy dua cac yéu to
phtrc tap ctia méi trwedng khai thac thwce té, tai trong giao
thong ngiu nhién, nhiéu moéi trwong va suy hao truyén
théng. Pay cling 1a mét hwéng tiép cin ma nhém nghién
ctru dw kién trién khai trong cac nghién ctru tiép theo.

K&t qua nghién cttu cho thay, hé thdng quan tric sirc
khoe két cdu khdng day dwoc dé xuit budc dau dap kng
yéu ciu thu thip va truyén dir liéu dao dong trong diéu
kién quan trac khong dirng, ddng thoi ddm bao mic tidu
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thu ning lwong va chi phi trién khai phu hop. Viéc ap
dung cong nghé han dan SMT trong thiét k€ mach gép
phén gidm cac tham s6 ky sinh, han ché nhiéu giita cac
khdi chirc ning va nang cao dd dn dinh cta hé thong.
Kién truc phan tach gitra ndt cdm bién va niat trung tam
giup t6i wu chirc ndng tirng phan hé, tao diéu kién thuin
loi cho trién khai vd m& réng hé thong. Bén canh thiét
ké phan cirng, nghién ctru da dé xuit giai phap tdi wu
héa ciu truc goi truyén dir liéu dao dong nham cin bang
gitta s lwong mau do, s6 goéi truyén va dé tin cdy truyén
thong. Két qua cho thiy viéc lwa chon goi truyén hop ly
giup gidm thoi gian chiém kénh va ning cao hiéu qua
truyén dir liéu trong cac hé SHM khéng diy cong suit
thép. Trong thoi gian t&i, nghién ctru sé dwoc mé rong
theo hwdng trién khai thir nghiém trén cong trinh thyc
té, két hop vdi cac chién lwoc quan Iy nang lwong va
phan tich dir liéu nAng cao nham nang cao hiéu qua trng
dung cta hé théng.

LO1 CAM ON

Nghién ctru nay dworc tai tro béi Truweong Pai hoc Giao
théng Van tai trong dé tai ma s6 T2026-TTKHCN-003TD.
Cac tac gia xin tran trong cam on.
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Nhén to gy thay doi dw 4n xay dung:
Bang chung thuc nghiém tir Viét Nam

Ha Duy Khanh”
Khoa Xdy dwng, Truwong Pai hoc Cong nghé Ky thudt TP. H6 Chi Minh, 1 Vé Vin Ngdn, phwong Thi Piee, TP. HO Chi Minh, Viét Nam
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Tom tét:
Dw an dau tw xay dwng & Viét Nam thwong xuyén gap phai vin dé thay d6i trong qua trinh trién Khai thi
cong. Nguyén nhin cua sy thay ddi thwong khé xac dinh. Nghién ciru nay tip trung xac dinh va phéan tich
cac nhan td chinh giy ra sw thay d6i dw an dan dén giam hiéu qua dau tw. Dwa vao phan tich téng quan va
y Kién chuyén gia, nghién ctru nay di xac dinh dworc 38 nhan té chinh gy ra thay déi dw an trong diéu Kkién
Viét Nam. Cac nhan t6 trén dwoc xép hang theo thir tw tin suit xay ra (FI), mic d6 anh hwéng (SI) va tim
quan trong (IMP.I). Két qua cho thiy, nhin té bén ngoai dworc x€p hang cao nhit la “Cac quy pham, tiéu chuin
khong déng bo, thiéu sé6t” va nhan t6 bén trong dworc xép hang cao nhat 1a “Ban vé khong tét, 16i va khéng day
da”. Nhin chung, cac nhan t6 chinh thay ddi bén trong va nhén té chinh thay déi bén ngoai déu c6 kha nang
xay ra va anh hwong dén dw an xay dwng. Nghién ctiru dong gop vao viéc bé sung co’ s& ly ludn gitap cac nha
quan ly nhin dién nhirng sy thay d6i trong qua trinh thwc hién cac dw an xay dwng.

Tir khéa: chi s6 quan trong, dw an xay dwng, nhan t6 chinh, quan ly thay déi, thay d6i dw an, Viét Nam.
Chi sé phdn logi: 2.1, 2.11

Critical factors driving changes in construction projects:
Evidence from Vietnam
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Abstract:

Construction projects in Vietnam tend to encounter challenges related to changes during the construction
phase. It is particularly challenging to identify the root cause of these changes. This study focuses on
pinpointing and analysing critical factors leading to project changes, thereby reducing investment efficiency.
Drawing from extensive literature and expert insights, the study has identified 38 primary factors causing
project changes within the Vietnamese context. These factors were ranked according to their frequency (FI),
severity (SI), and importance (IMP.I) indices. The results indicate that “Inconsistent rules and standards”
emerged as the top-ranked external factor, while “Poor, erroneous or incomplete drawings” stood out as
the highest-ranked internal factor. In general, these key internal and external factors are likely to occur
and exert influence on construction projects. The study primarily contributes to enriching the theoretical
foundation enabling managers to navigate changes during construction project implementation.

Keywords: change management, construction projects, critical factors, importance index, project changes,
Vietnam.

Classification numbers: 2.1, 2.11
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1. Dat van de

Thay déi trong qua trinh thyc hién diu tw dy an xay
dung ludn 1a mot vAn dé xay ra thwong xuyén va c6 anh
hwéng tiéu cwc dén hiéu qua du an. Viéc dwa ra quyét
dinh thay déi thwong rit khé khin do quyét dinh nay sé
anh hudng dén cac muc tiéu da dat ra trwede dé. N6 gay
anh hwdng dén chit lwong cua dw an xay dwng. Nhirng
sai hong vé chit lwgng cla loai san phdm nay c6 thé giy
ra nhirng hiu qua xau doi v&i an toan chung cda xa hoi.
Viéc phat hién sai hong vé chit lwong céng trinh xay
dung rat khé khan, chi phat hién sau thoi gian da st
dung, do vay khic phuc hau qua cia cdng trinh xy dwng
rat ton kém, 1a vin dé dwoc quan tAm trong quan ly chat
lwong cong trinh.

Mot dw an xay dwng goi la thanh cong khi hoan thanh
ding tién do, nam trong ngan sach dwoc duyét, phi hop
v&i cac chi tiéu ky thuat dé ra va lam théa man cac ca
nhan/té chirc lién quan. Cong tac quan ly dw 4n kha phic
tap 1a do nhiéu bén tham gia, chiu trach nhiém thwc hién
cac cong viéc trong tirng giai doan cda dw an. Do vy, can
c6 mot mo hinh, quy trinh théng nhat dé ho tro ra quyét
dinh thay d6i trong giai doan thwc hién dw 4n dau tw xay
dung. Ngoai ra, sy thanh céng hay thit bai cia dw an phu
thudc rat nhiéu vao nang lwc ctia cac thanh phan tham
gia thywc hién dv an, dac biét la nang lwc quan ly cia Ban
Quan ly dw an (BQLDA).

Bat ngudn tir thuc trang cac dw 4n xay dung & Viét
Nam noéi chung thwong hay xay ra sy thay déi trong dw
an xay dung dan dén cham tién do thi cong, 1am ting chi
phi xdy dwng, gidm chét lwong cong trinh, va lam chdm
tién do gidi ngan. Mot trong nhitng hiu qua 1én cda thay
ddi dw an xay dwng la 1am lai hoic stra ddi cong viéc. Chi
phi 1am lai trong cac dy an xay dwng c6 thé 1én téi 10-
15% gia tri hop dong [1]. Ngoai viéc 1am lai, cac tac dong
tiéu cwc khac cia su thay do6i bao gom lam thém, mat
thoi gian, stra ddi thiét ké va tang chi phi, tir d6 lam anh
hwdng chung dén hiéu qua tong thé dw an.

Trong mdt s truedong hop, thay déi dw dn c6 thé gian
tiép dan dén cac thiét hai tAc dong dén chi phi dw 4n va/
hoic tién dé. Cac tac déng gian ti€p bao gbm tranh chip
va khiéu nai, mit ning suit, khong cin bang va phan b6
ngudn luc, thay d6i dong tién, ting rdi ro thit bai va gidm
s phéi hop, gidm tinh than 1am viéc, mat tinh than... T
do gay kho khan cho ngudi lam cdng tac quan ly khi ra
quyét dinh thay d6i mot khia canh ndo dé ctia dw an. Cac
quyét dinh can phai duwoc xem xét trén nhiéu tiéu chi
nham nang cao tinh chinh x4c va tinh toan dién.

JHOAHOC . -

Nham muc dich giam thiéu t8i da &nh hwéng tiéu cuc
cua viéc thay d6i dw 4n dén hiéu qua ctia dw 4n xay dung,
nghién ctru tim hiéu cac nguyén nhan chinh gy ra thay
ddi sé c6 y nghia c4p thiét va thuc tién. Trong nghién
clru nay, sw thay doi cia dw 4n xay dwng dwoc hiéu theo
nghia rong la thay d6i & tat ca pham vi va ndi dung ctia
du 4n, chtt khong phai chi c6 thay d6i thiét ké.

2. Téng gquan nghién ciiu

Céc nghién ctru trude ddy da xem xét van dé thay doi
trong cac du an xdy dung tir nhidu goc d6 khac nhau, bao
gbm viée xac dinh nguyén nhan gay thay ddi, phan tich tac
dong cua thay doi ddi v6i hidu qua du 4n va phat trién cac
phuong phap quan 1y thay d6i. Nhiéu nghién ciru tap trung
vao viéc xac dinh va phan loai_cdc nguyén nhan gay thay
dbi trong du 4n xay dung. Cac nghién ctru qudc té cho thay
nguyén nhan thay doi thuong xuét phat tir nhidu nhém nhan
t6 khac nhau, bao gdm cac nhan t6 lién quan dén chu dau
tu (CDT), thiét ké, nha thau, didu kién moi truong va cac
nhén td bén ngoai cua du an. Chfmg han, P.E.D. Love va
¢s (2002) [2] phan loai cac nguyén nhan thay doi thanh hai
nhém chinh 1a nguyén nhén tryc tiép va gian tiép, trong d6
cac nhan t6 lién quan dén t6 chuc, tai chinh, con ngudi va
mdi truong du dn dwoc xem 1a nhitng ngudn gbe quan trong
dan dén thay d6i. Tuong tu, S. Ming va cs (2009) [3] dé xuat
mot khung phén loai toan dién hon véi nhiéu nhom nhan 6
nhu moéi truong, kinh té, chinh tri, cong nghé, cac bén lién
quan, thiét ké va nha thau. Trong bdi canh Viét Nam, cac
nghién ctru ciing cho thiy nhimg két qua tuong dong khi
nhin manh vai tro cta cac bén tham gia dy 4n trong viéc
gdy ra thay d6i. V.M. Truong (2005) [4] va D.C. Tin (2010)
[5] d3 xac dinh nhiéu nguyén nhan phat sinh trong du an
xdy dung va phan loai theo cac nhom lién quan dén CDT, tu
vén, nha thau va cac nhan t§ khach quan. J.C. Smith va cs
(2021) [6] dd phan loai cic nhan t6 tic dong nay thanh nhan
td noi b, chéng han nhu 13i thiét ké hodc cac stra d6i do
khach hang khoi xudng, va cac bién sé bén ngoai, bao gom
bién dong thi trudng va thay déi quy dinh. Hon nita, A.A.
Maamari va cs (2021) [7] bd sung cac nhan t6 lién quan dén
cac diéu kién tai cong truong khong luong trude duoc va
nhiing tién bo cong nghé. Nhimg két qua nay cho thiy rang,
su thay d6i trong du an xdy dung thudong bat ngudn tir su
tuong tic phirc tap giita cac nhan t6 ky thuat, to chirc va moi
truong du an, trong d6 cac quyét dinh cia CDT va ning luc
cua cac bén tham gia dong vai tro quan trong.

Bén canh d6, mot sb nghién ciru tap trung vao phan tich
tac dong cua thay ddi @i véi hidu qua du an, dac biét 1a chi
phi, tién do va ning suit. Cac nghién ctru quic té cho thiy



rang thay doi trong du an xdy dung thuong dan dén nhiéu
hé qua tiéu cuc néu khong duoc quan 1y hiéu qua. Q. Hao
va cs (2008) [8] cho rang, thay ddi co thé xay ra & bat ky
giai doan nao cua dy an va thuong dan dén cham tién do,
tang chi phi va phat sinh tranh chip hop dong. Tuong tu,
A.S. Alnuaimi (2010) [9] chi ra ring, cac diéu chinh thiét
ké hodc yéu cau bo sung tir phia CDT 1a nguyén nhan quan
trong dan dén cham tién do va vuot chi phi trong céc dy an
xay dung. Ngoai ra, nghién ctru cua W. Ibbs (2012) [10] cho
thdy, khi ty 18 thay d6i trong dy 4n ting 1én thi ning suét va
kha ning dy doan hiéu qua dy 4n sé giam déng ké. Gan day,
O.F. Okoh va cs (2024) [11] cho rﬁ“mg, nhiing tac dong cua
viéc thay d6i du an bao gdm ganh ning hanh chinh nhu ting
khéi lugng cong viée cho cac chuyén gia tai cong trudng,
su thiéu giao tiép giira cac bén lién quan dén du an va su
tram trong thém cac tranh chip hop dong do viéc sira d6i
thiét ké khong duoc ghi chép day du. Trong bdi canh Viét
Nam, céc nghién cuu cling ghi nhén xu huéng tuong tu khi
cho rang cac thay d6i thiét ké trong giai doan thi cong c6 thé
anh huong dang ké dén tién do va hiéu qua thyc hién dy an.
Chang han, N.D. Quach (2017) [12] cho thdy, cac thay d6i
thiét ké trong cac du an xay dung dan dung c6 thé xuat phat
tir nhidu nhom nhén t6 nhu COT, ning lyc cta nha thau va
tu van, diéu kién kinh té - xa hoi va chinh sach phap luét,
qua d6 anh hudng tryc tiép dén tién do thi cong. Viéc uu tién
lap hd so chi tiét vé gia tri bién thién va pham vi cong viéc
1a didu can thiét dé giam thiéu tac dong tiéu cuc cua cac yéu
cau thay d6i trong cac du an thiét ké - xay dung [13].

Ngoai ra, nhiéu nghién ciru tap trung vao phat trién cac
mo hinh va cong cu hd tro quan 1y thay d6i trong du 4n
xay dung. Cac nghién ctru qudc té da dé xudt nhiéu phuong
phap nham hd tro viée du doan va kiém soét thay doi trong
du 4n. .A. Motawa va cs (2007) [14] d& xudt mot hé thong
quéan 1y thay dbi tich hgp nhim mé hinh hoa vong doi cia
thay d6i va hd trg cic chuyén gia trong nganh AEC quan
Iy cac thay d6i mot cach hiéu qua hon. Trong khi do, Z.Y.
Zhao (2010) [15] phat trién mot hé thong du doan thay doi
dua trén ma trén ciu trac phy thuoc (DSM) két hop véi mo
phong Monte Carlo nhiam dy doan kha ning xay ra thay doi
trong céc hoat dong cua du an. Ngoai ra, cac nghién cilru
khac ciing nhan manh vai trd cta quy trinh quan ly thay
d6i va su phdi hop giita cac bén tham gia du 4n trong viéc
nang cao hiéu qua quan ly thay doi [16, 17]. Dé mo phong
cac mbi quan hé phuic tap gitra cac dic diém cua dy 4n va
kha ning xay ra cac su kién thay doi, F. Abad va cs (2022)
[18] da dé xudt cac md hinh logic mo va hé thong hd trg
quyét dinh dua trén tri thire d3 dugce dé xuat. O Viét Nam,
cac nghién ciru cling bit dau 4p dung cac phuong phap phéan
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tich dinh lwong nham danh gia mirc d6 anh huong cua cac
nguyén nhan gay thay déi. Vi dy, P.V.D. Thanh (2012) [19]
da két hop phuong phap AHP va logic mo dé xay dyng mo
hinh danh gia cic nguyén nhéan gay thay doi thiét ké, qua do
cho thiy cac nhan t6 lién quan d&én CDT, nha thiu va ning
luc tu van ¢6 muac d6 anh hudng lon nht.

Trong nhing ndm gan day, ciing voi sy phat trién nhanh
cua nganh xay dung tai Viét Nam, cac nghién ctru moi cling
bat dau chu trong dén viée tmg dung cac cong nghé va cong
cu quan 1y hién dai nham giam thiéu rdi ro va thay doi trong
dy an xay dung. Cac nghién ciru vé img dung mé hinh thong
tin cong trinh (BIM) cho thiy viéc tich hop dit liéu thiét ké,
thi cong va quan 1y du an c6 thé hd trg phat hién som cac
xung dot thiét ké, cai thién sy phdi hop gitra cac bén tham
gia va han ché cac thay doi phat sinh trong qué trinh thyc
hién dy an [20]. Bén canh do, xu hudng chuyén ddi sb trong
nganh xdy dung ciing dang duoc thic ddy nham nang cao
hiéu qua quan ly du 4n va kha niang kiém soat thong tin
trong sudt vong doi cong trinh. O goc do chinh sach, chién
lugc phat trién nganh xay dung Viét Nam dén nim 2030
cling nhan manh viéc ting cuong tng dung cong nghé va
d6i méi phuong thire quan 1y nham nang cao hiéu qua du
tu xay dung [21].

Nhin chung, cac nghién ctru trong va ngoai nudc da
cung cp nhidu déng goép quan trong trong viéc xac dinh
céc nguyén nhan gy thay doi, phan tich tac dong cua thay
d6i d6i voi hiéu qua du 4n va dé xuét cac phuong phap quan
Iy thay doi trong xay dyng. Tuy nhién, phan 16n cac nghién
ctru van chii yéu tap trung vao viéc xac dinh cac nhan to
riéng 1¢é hoac danh gia tdc dong cua ching, trong khi viéc
phan tich téng hop cac nhom nguyén nhan va danh gia mirc
d6 anh huong ciia chung trong cac bbi canh dy an cu thé,
dac biét trong diéu kién thuc tién cua cac du 4n xay dung tai
Viét Nam, van con han ché. Do d6, viéc tiép tuc nghién ciru
va xac dinh cic nhan t6 chinh gy ra sy thay doi trong cic
du 4n xdy dyng la can thiét nham cung cip co s khoa hoc
cho viéc nang cao hiéu qua quan 1y du 4n trong thuc tién.

3. Phuong phap nghién ciiu

Nghién cttu nay xac dinh cac nhan t6 giy ra thay doi
dw 4n dwa vao phan tich tdng quan két hop véi thao ludn
v&i 5 chuyén gia lién quan dén linh vuc nghién ctru. Tiéu
chi lwa chon chuyén gia bao gobm: kinh nghiém I6n hon
20 nam, c6 trinh d6 hoc van tir dai hoc tré 1én va c6 chirc
vu quan ly tir trwedng phong (hoac twong dwong) tré 1én
trong linh virc xay dung. Qua trinh thao ludn nhém dwoc
14p thanh bién ban va cé sw ky xac nhin cla tit ca cac
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chuyén gia. Két qua thao ludn nhém cho thiy cé nhirng
nhan t6 cé nhirng sw dong tinh cla tat ca cac chuyén gia
nhwng cling ¢6 nhitng nhan t6 chi c6 sy dong tinh cua
mot hodc mot vai chuyén gia. Tiéu chi lwa chon nhén t6
theo nguyén tic qua ban, tirc c6 3/5 chuyén gia dong y.

Két qua sang loc ¥ kién chuyén gia cho thiy, c6 38
nhan t6 ¢ kha ndng gay ra thay déi khi thi cong cac dy an
xdy dung & Viét Nam. Cac nhén t6 nay chia ra hai nhém
theo ngudn gbc xuit hién trong qua trinh trién khai thi
céng du an dau tw xay dwng, d6 1a: (I) Cac nhan t6 bén
ngoai gobm 12 nhéan t6 lién quan dén moi tredng, chinh
sach phap luét, tinh hinh kinh té€ - x3 hoi, va ky thuét -
cong nghé (bang 1), va (II) Cic nhén t6 bén trong gom 26
nhén t0 lién quan dén CDT/BQLDA, tw van thiét ké, nha
thau thi cong va dac diém duv an (bang 2).

Bang 1. Cac nhan t6 bén ngoai lam thay déi trong dy an xay dwng.

Cac nhan t0 trong bang 1 va 2 dwoc sir dung dé thanh
14p cac cau hadi twong &ng trong phiéu khao sat bao gom
ba noi dung: (1) khao sat mirc d6 xdy ra clia cac nhén to6,
(2) khao sat mirc d6 anh hwdéng cta cac nhan to, va (3)
khao sat dic diém cua nguoi tra 101. Thang do dwgc st
dung 1a thang do Likert 5 diém. Mrc d6 xay ra dwoc ma
héa nhw sau: (0)="Khong xay ra”, (1)="Itxay ra”, (2)="Xay
ra”, (3)="Thuwong xay ra”, va (4)="RA4t thuwong xay ra”. Mikc
dd dnh hwdng dwoc mi héa nhw sau: (0)="Khdng anh
hwéng”, (1)="it anh hwéng”, (2)="Anh huwéng”, (3)="Anh
hwéng nhiéu”, va (4)="Rat anh hwéng”. & phin diu cla
bang danh gia c6 hwéng din cach lwa chon. & cudi phan
bang danh gia c6 dé tréng vai dong cho ngudi tra 1oi c6
thé b6 sung thém nhan t6 nao khac.

STT Mihéa Nhian td Hau qu

Dé xut cach khic phuc

A. Céc nhan tb mdi trudng

- Lam thay ddi k& hoach, bién phap thi cong trude do

1 EAl Dicu kién thoi tiet (gio, nhiét do, mua) [3, 8, 9, 22] g e GG - Thay doi bi¢n phap thi cong
- Lam anh hudng hay hu hong nhimg phén d thi cong
. N - Tang chi phi cho du an - Thay ddi thiét ké cho phit hop
AR TR, -Kéo dai thoi gian thuc hién dy 4n - Lam lai cc hang muc da thi cong
- Giam chét lwong cong trinh
- Tang chi phi cho dy an xdy dung - Té chirc khao sét lai dia chit
3 EA3  Dibukién dia chét phec tap [3, 5, 8, 19] - Truong hop xéu gdy pha hoai cac cong trinh - Thay d6i thiét ké

- Kéo dai thoi gian thuc hién dy dn

- Lam lai cac hang muc bi ph hoai

B. CAc nhén t6 v& chinh séch phap lut

4 EBI Nhiing thay déi trong chinh sach ciia chinh phi [4,

- Tang chi phi cho dy &n xdy dung

- Cap nhat cac thong tu, nghi dinh cta chinh phu

5,8,19,22] - Kéo dai thoi gian thyc hién dy an - Thay dbi thiét k& cho phi hop
Cée quy pham, tiéu chudn khong dong b, thidusét - Tang chi phi thye hién dy 4n - Cp nhdt cie TCVN
5 EB2 AP N - Thay doi thiet ké
[4,5,19,22] - Kéo dai thoi gian thuc hién dy an PO
- Thay doi vat ligu
6 EB3 Gt s iorgv o gy i o d e ¢e - Kéo dai thoi gian thuc hién dy dn - Theo ddi, nhdc nhé, bd sung cac hé so thiéu sot (néu c6)

co quan chie ndng [3, 5, 19]

C. Céc nhan tb vé kinh té - xa hi

Téc do phat trién kinh té va tic dong ciia n6 dén cac

- Thay d6i quy mé, cong ning cita du én

T OB (s, 19] SEEA TS - Thay i thiét ké
Su phan ddi ctia ngudi dan (do cong tac boi thuong - Tang chi phi thyc hién dy an ) Tr;ICh mot p}1 o C hi phi @ k hic Ph?c XA 1a an a
8 EC2 NP L N - Bo sung ngan sach hodc kéu goi dau tu dé dam bao du ngan
khong thoa dang) [5, 19] - Kéo dai thoi gian thuc hién dy an . o i
sach thuc hién dy an
9 EC3 Su tac dong cua viéc lam phat va truot gia [3, 4, 5, - Tang chi phi thyc hién dy an - Thay d6i vt liéu, thiét bi cho pht hgp aé khong anh hudng

9,19,22]

dén ngan sch thue hién dy an

D. Céc nhan tb vé ky thuit - cong ngh¢

10 ED1 Chung loai vat tu, vat ligu mai [4, 5, 19, 22]

- Tang chi phi thyc hién dy an

- Thay d6i ching loai vt tu

- Thay doi thiét ké
11 ED2 Phuong phap thi cong mdi [3, 5, 19] - Kéo dai thoi gian thi cong - Thay d6i bién phép thi cong
12 ED3  Congnghé thi cong phitc tap [3, 5, 8, 19] - Tang chi phi thuc hién du dn - Thay i bién phap thi cong

- Kéo dai thoi gian thyc hién dw an
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Bang 2. Cac nhan tb bén trong lam thay ddi trong dw an xay dwng.

STT Ma héa Nhan t5

Hau qua

Pé xuat cach khic phuc

A. Céc nhén té lién quan dén CDT/BQLDA

CDT thdng tin va yéu cau trong nhiém vu thiét ké khong déy du, khong rd

- Thiét ké thiéu, 16i

1 1A1 ring [3,5,9, 19] - Deu} dén thi CPng szju nelvlvkhong phat hién - Thay doi thiét ké
- Chat lwong cong trinh giam
TR " . - Thay d6i thiét ké cho phu hop
2 1A2 CDT yéu cau thay d6i, phétsinh [3,5,8,9, 19] K?U g .thm,glan thuc hlerf i - B sung ngan sach hodc kéu goi dau tw d€ dam bao di
- Tang chi phi thyc hién dw n o A
chi phi cho dw dn
- Cht dAu tw ting hodc gidm ké hoach tai chinh cho du &n déu gay kéo dai thoi gian
3 1A3 CDT thay d6i ké hoach tai chinh cho dw én [3, 5, 19] thuc hién du én - Thay d6i thiét ké cho phu hop
- Tranh chdp giita CDT va nha thau thi cong xdy ra néu cit gidm tai chinh
4 A4 CDT cung cép quy hoach tong thé ctia dy an thiéu hodc khong phithop [5,19] - Thiét ké sai léch, khong phu hop véi mang luéi quy hoach chung ggzl;;}g?glgﬁ(}éwach
5 1A5 CDT thiéu ki sw gidm sét dd ning lwc [5,9, 19] - Gidm chAt lwong cong trinh - Thay di nhan sy trong bd mdy quan ly
- Tang chi phi thyc hién dw n
6 146 Cong tac tham tra, tham dinh thiét ké - dy toan con mang nang tinh hinh - Thiéu hoac thira khoi lwong ~Thém dinh, thém tra li

thic, céc sai st trong ho so thiét ké - du toan khong dwoc phat hién [4]

- Kéo dai thoi gian thyc hién du dn
- Gidm chAt lwong cong trinh

B. Cac nhan t6 lién quan dén tw vén thiét ké

- DAn dén thi cong khong dling, thi cong khdng day du s& liéu dé thyc hién dy 4n
- ChAt lwong cong trinh gidm

Ao AT vt 5 T e\ T ey B 7 P AT Tl 3 R - Thiét ké lai
7 IB1 Ban vé khong tot, 10i va khong day du [3-5, 8,9, 19] - Nghlefr} tr(l)rilg‘co thé lan}}?‘ cacyhang muc b thiét ké loi - Thay doi nha thau tu vén thiét ké
- Kéo dai thoi gian thyc hién du dn
- Tang chi phi thwc hién dw an
T P v 38 P T o R - Géy kho khan trong giai doan thi cong - Thiét ké lai
g 52 ez denzbopbiciincnsbune L S I0] - Keéo dai thoi gian thuc hién du 4n - Thay d6i nha thiu tw vén thiét ke
- Dan dén sy khong dong bo voi cac thiét ké da thyc hién trude
o o - Ttn cong kh/ung diing, khong dong bd - Thiétké lai
9 1B3 Chém tré trong cac thong tin thiét ké [5, 19] - Tang chi phi PPN e SRR
A PR - , - Thay doi nha thau tw van thiét ké
- Kéo dai thoi gian thuc hién dy an
- Chét lwong cong trinh gidm
Khéo sat vat tw, thiét bi khong ding trong giai doan thiét k&, nha thu thiét Thige k& lai
10 B4 l[(se l}z;]du’a ra céc loai vt tw, thiét b khong cd hodc khong con trén thi truomg - Sai léch vé don gi trong du toan - St dung cﬁc vt thiét bi khdc 46 thay the
11 185 Cong tac khdo sit khong diy da truéc khi thiét k& [3, 5, 19] o ahme pn D che Phann o thiet - Khdo st lai, thiét ké lai
- Kéo dai thoi gian thuc hién dy an
Gt FE B AN nan o B - C6 thé xdy ra tranh chdp va nhim lin trong giai doan thi cong - Thay d6i thiét ké,
12 1B6 Trich dan cdc tiéu chuan ky thuat khong phu hop, khong day du [5, 19] - Gidm chiit lugng cong trinh Thay d8i nha thiu thiét ké
e TN N - Gay nham in, khong dong bo giira thiét ké va thyc té thi cong - Thay doi thiét k&
= 17 KitnghictrBle b tduoeting IS4 ~Gidm chét lwng cong trinh Thay d6i nha thiu thidt ké
- Dan dén thi cong khong ding, thi cong khong day dd s6 lidu dé thuc hién dw an
- Chét lwong cong trinh gidm
14 1B8 Thiéu kinh nghiém trong thiét ké [3, 5,9, 19] - Nghiém trong c6 thé lam lai cdc hang muc bi thiét ké 16i - Thay d6i nha thau thiét ké
- Kéo dai thoi gian thuc hién du dn
- Tang chi phi thyc hién dw an
- C6 thé xdy ra tranh chap va nham IAn trong giai doan thi cong 3 R q
15 1B9 Dur toan thiét ké c6 nhiéu sai sot, kém chinh xac [4] - Ap gia sai thoi diém My dT kh.o ! h.v? g dL'r.t,O an
= PRI - Thay doi thoi diém ap gia
- Tang chi phi xdy dung
C. Céc nhén t6 lién quan dén nha thiu thi cong
16 i1 K hoach va tién do dw 4n khong phi hop [5,9, 19] Mréién do - Thay d8i quy mo, thiét ké cho phi hy
: T PR 1% - Kéo dai thoi gian thuc hién du an Y €0l quy mo, priLaop
2 TR - C6 thé xdy ra tranh chép va nham Ian trong giai doan thi cng. - Thay doi thiét ké
b iz i qem e .6 ) - Kéo dai thoi gian thuc hién dw én - Thay d6i nha thau thi cong
< B (18 1A . o i 3 - Thi cong khong duing véi thiét ké LR TS e
18 1c3 Nang lyc quan Iy dw an/cong trwomg chwa dép tng yéu cau [ 5,9, 19] - Kéo dai thi gian thy hién du in Thay d6i nha théu thi cong
- Thi cong khong ding voi thiét ké
S5 T " - Gidm ch4t luong cong trinh - Thay d6i nha thau thi cong
& i NEatanthieukininchicm S 0] - Nghiém trong cd thé lam lai cc hang muc b 16i - Lam lai cic hang muc bi hw hong
- Phét sinh chi phi thuc hién du dn
20 cs Thiéu phwong phap thi cong phi hop nhiéu phwrong én thiét ké véi phuong - C6 thé xay ra tranh chp va nham |4n trong giai doan thi cong Thay d6i thiét ké
phap thi cong hién tai khong thé 1am dwoc [5, 19] - Kéo dai thoi gian thuc hién dy an v
- Thi céng khong ding so véi thiét ké
. N - & f - Phét sinh chi phi xdy dung - Thay d6i nha thau thi cong
&l co Sidingconguhinctynghe chiadinliveveuanl SIR122] - Kéo dai thoi gian thyc hién dy én - Thi cong lai cac céu kién bi hw hong
- C6 thé s& pha bo mot s& cdu kién dé lam lai
22 17 Thor gian thi cong kéo dai lam bién d6i diéu kién tw nhién cta dat 5, 19] - Diéu nay c6 thé din dén viéc phai gia o8 hodic diéu chinh két cdu mong ) ?}g g‘;: g‘lf:tll’(};“p fikng
- Chét lwong cong trinh gidm
23 1c8 Thi cong khong diing voi thiét ké [8] B A m el - Thay d6i nha thau thi cong

- Tang chi phi xdy dung
- Kéo dai thoi gian thuc hién du an

D. Cac nhén t6 lién quan dén dic diém ctia dw dn

a o o] - Tang chi phi xdy dung - Thay ddi thiét ké
#omn B -Kéo dai tho gian thu hién du 4n - Thay d6i bién phép thi cong
25 D2 Tlfleu s/u'tham pacianhatiutictos bons pleclinhebosctbalention - Khéng dong bo gitra thiét ké va thi cong ngoai thuec té - Thay doi thiét ké
dodwén[5,9,19]
« N PPN AP I - Tang chi phi thyc hién du &n - Thay doi thiét ké
26 D3 Tang trudng cta du an khong dwoc dw dodn & giai doan thiét ké [9] - Kéo dai thii gian thy hign du 4n - Thay d6i quy m6 dudn
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Ban d4u, phiéu khdo sat dwoc soan thdo so bo va sau
do6 gri dén 5 chuyén gia & trén nham danh gia lai noi
dung ciing nhw thé thirc. Két qua khao sat thir nay cho
théy, cic chuyén gia déng tinh v&i ndi dung 38 nhén té,
nodi dung thang do va cac ndi dung khac, va ho chi c6 mot
s6 y kién nho lién quan dén thé thirc nhw han ché dan
trang qua dai, 14p bang biéu dé tang tinh truc quan, gidi
thiéu muc dich khdo sat r6 rang hon... Sau khi chinh stra
lai thé thirc bang cau hdi, cadc chuyén gia déu phan hoi
khong can chinh stra thém va tir d6 c6 thé thwc hién khao
sat dai tra védi cac doi twong lién quan.

Phwong phap 14y mAu c6 cha dich véi cac ddi twong
c6 kinh nghiém cang cao cang t6t nhwng t6i thi€u c6 3
nam kinh nghiém, vi tri chirc danh wu tién c6 sy tham gia
clia cac ca nhan c6 vai tro quan ly cang tét, va co cdu mau
dam bao sw dai dién cho cac bén lién quan chinh tham
gia dw 4n gbm CDT/BQLDA, tw vin thiét ké va nha thau
thi cong. Theo H. Trong va cs (2008) [23], s6 lwgng mau
phtt hop cho phan tich nhan t6 1a tir 4 dén 5 l4n s6 nhan
t6. Do d6, trong nghién ctru ndy, s6 lwong mau hop 18 t6i
thi€u dw kién thu thap trong khodng 152 dén 190 mau.
Theo cac nghién ctru trweée day cé str dung phwong phap
14y mAu thuan tién, ty 1& phan hoi thudng dat khoang 80-
90%, do d6 s lwong do6i twong khao sat dwoc xac dinh 13
khoéng 190/80%=237 mAu.

Cac cong cu phan tich trong nghién ctru nay bao gom:
Thong ké mé ta dwdi dang tin sudt dwoc st dung dé
trinh bay cac dic diém ctia nguoi tra 1o phiéu khao sat
va phéan tich kiém tra dé tin cdy thang do béi Cronbach’s
alpha. Ngoai ra, con c6 phén tich chi s6 tin suat xay ra,
chi s6 mirc do anh hwdng, va chi s6 quan trong, theo L.
Hoai va cs (2008) [24], nhw sau:

- Chi s6 tan suit (FI):

FI = (1)
4N
- Chi s anh hwdng (Severity Index-SI):
4
Zainl.
SI=-2 (2)

4N
trong d6: ala hang s6 thé hién trong s6 dwgc gan cho moi
ciu tra 101 theo thang do (d6i v&i FI, a 1a mirc d6 xay ra,
va doi vai SI, a 1a mire d6 dnh hudng) n 1 tn s6 clia moi
dap an, va N 1a téng s6 phan hoi.

JHOAHOC . -

Sau dd, nhan hai hé s6 FI va SI véi nhau sé cho ra chi
s6 quan trong (IMPI) nhw trinh bay & cong thic (3). Chi
s6 nay phan anh ca tin suit va méc dé anh hwdng, giup
xac dinh nhén td quan trong tong thé.

IMPI. = FI xSI 3)

4. Kétqua
4.1. Théng ké mé ta va dé tin cdy thang do

Nghién ciru nay da gri di tdng cong 235 phiéu khao
sat trong khoang 1 thang tir 10/2023 dén 11/2023 dén
cac nhan sy hoat dong trong linh vuc xay dung, phu hop
v&i s6 mau du kién ban dau. Két qua phan hoi nhv sau:
17 ngwoi khong tra 10, 212 bang tra 1o dat yéu cau, va
6 bang khong dat yéu ciu chd yéu do dién thiéu thong
tin. Do do, ty 1é thu thép s6 liéu thanh céng cta nghién
ctru nay la 90,2%. Khong c6 nhén t6 nao dwoc dé nghi
bd sung.

Cac dic diém cta nguoi khdo sat nhw sau: vé thoi
gian tham gia cong tac: dwédi 3 ndm, tir 3 dén 6 nam, tw
6 dén 9 nam va trén 9 ndm lan lwot chiém 11, 37, 32 va
20%, vé vi tri chirc danh: gidm d6c hodc pho giam déc la
6%, tredng hoac phé phong 15%, va nhan vién la 79%,
va vé linh vic hoat dong c6 21% 1a CDT/BQLDA, 32% la
tw van thiét ké, va 47% la nha thau xay dung.

Phan tich Cronbach’s alpha dwoc st dung dé kiém
tra do tin ciy thang do dwgc st dung dé hoi trong phiéu
khao sat. K&t qua phan tich kiém dinh téng thé thang do
cho thay: & thang do cho mirc d6 xay ra c6 hé s61a2 0,871
va & thang do cho mrc d6 d&nh hwdng c6 hé s6 1a 0,902.
Theo quy wéc théng ké, khi a=0,8 thi thang do dam bao
s6 liéu da thu thap dat mic do tin ciy cao [25, 26].

4.2. Xép hang cdc nhdn t6

Két qua phan tich cac chi s6 FI, ST va IMPI va xép hang
(bang 3 va 4) cho thdy mot s6 nhan t6 c6 mirc d6 anh huong
noi bat dén su thay ddi trong du an xay dung.

Theo cdc chi s6 FI va SI

Bén canh viéc xéac dinh cac nhén to ¢6 chi sé IMPI cao,
két qua trong bang 3 va 4 ciing cho thiy sy khac biét dang
chti y gitra FI va SI d6i voi mot s nhan t6. Trude hét, trong
nhém nhan t6 bén ngoai, mot sb nhan t6 ¢6 FI cao nhung
SI thip hon, chang han EA3 - “Diéu kién dia chat phic
tap” (F1=0,625, SI=0,601) va ED2 - “Phuong phdp thi cong
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méi” (FI=0,621, SI=0,575). Piéu nay cho théy, cac yéu td
nay xuét hién kha thuong xuyén trong cic du an xay dung,
tuy nhién mic d6 tac dong cia ching dbi véi su thay doi
cta du an thuong khong qua nghiém trong. Trong thuc té,
cic van dé lién quan dén diéu kién dia chat hodc viéc ap
dung phuong phap thi cong méi thuong dugc xu Iy thong
qua cac diéu chinh ky thuat hodc bién phap thi cong ma
khong nhét thiét dan dén nhitng thay d6i 16n vé quy mé hodc

muc tiéu cua du an.

Nguoc lai, mot s6 nhan t ¢ ST cao hon FI, thé hién rfmg
chung khong xay ra thuong xuyén nhung khi xay ra thi gay
anh hudng dang ké dén du an. Vi dy, EB3 - “Cham tré trong
viéc ra quyét dinh phé duyét ctia cac co quan chirc nang” co
FI=0,478 nhung SI=0,642. Diéu nay cho thiy mic du viéc
cham phé duyét khong phai lic nao ciling xay ra, nhung khi
xay ra ¢ thé dan dén tac dong nghiém trong dén tién do va
qué trinh trién khai dy 4n, tham chi budc phai diéu chinh ké
hoach hodc thiét ké du an.

Tuong tu, trong nhom nhan td bén trong, mot s nhan
t6 nhu IC2 - “Chu quan trong viéc bod thau” (FI=0,612,
SI=0,608) hoic IC4 - “Nha thau thiéu kinh nghiém”
(FI=0,601, SI=0,624) cho thiy su khac biét nhét dinh giita
hai chi s6 nay. Piéu nay phan anh ring cac van dé lién quan
dén ning lyc va kinh nghiém cua nha thau c6 thé xay ra kha
thuong xuyén trong thuc té, tuy nhién muac d¢ tac dong co
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thé khac nhau tiy theo quy mé va mirc d6 phic tap cia du
an. Trong khi d6, nhan t6 IB1 - “Ban vé& khong tot, 16i va
khong day du” ¢ ca FI va SI déu & mirc cao (FI=0,685,
SI=0,645), cho thay ddy 1a mot van dé vira xuét hién thuong
xuyén vira gay tac dong dang ké, do d6 duoc xép hang cao
nhit trong nhém nhan té bén trong.

Theo chi s6 IMP.I

Két qua trong bang 3 cho thay, cac nhan t6 bén ngoai
c6 gid tri IMP.I dao dong tur 0,232 dén 0,394. Nam nhan
t6 ¢6 gia tri IMPI cao nhit 1an lugt bao gdm: EB2 - “Cac
quy pham, tiéu chuan khong dong bd hodc thiéu sot”
(IMP1=0,394), EA3 - “Diéu kién dia chit phtic tap” (IMP.
1=0,376), EC1 - “Tdc do phat trién kinh té va tac dong cua
n6 dén cac nhu cau” (IMPI=0,371), ED2 - “Phuong phap
thi cong méi” (IMP.1=0,357) va EB3 - “Cham tré trong viéc
ra quyét dinh phé duyét cta cic co quan chiic nang” (IMP.
1=0,307). Két qua nay cho thay, cic yéu t6 lién quan dén hé
thdng quy dinh k¥ thuat, didu kién tu nhién, bdi canh kinh
té - xa hoi va thi tuc hanh chinh c6 vai tro dang ké trong
viéc gay ra thay doi trong cac dy an xay dung.

Trong khi d6, d6i véi nhém nhan t6 bén trong du 4n ¢ bang
4, nam nhan t6 c6 mirc d6 anh hudng cao nhit bao gdbm: IB1
- “Ban v& khong tét, 16i va khong day du” (IMPI=0,442),
IC6 - “Str dung cong nhan c6 tay nghé chwa dap tmg yéu
cdu” (IMPI=0,383), IA2 - “Chu dau tu yéu cau thay doi
hodc phat sinh” (IMP1=0,379), IC4 - “Nha thau thiéu kinh

Bang 3. Bang xép hang cac nhan té bén ngoai lam thay déi dw an xay dwng.

FI SI IMP.I
Ma héa Nhén t§

Gid tri Hang Gid tri Hang Gid tri Hang
EB2 CAc quy pham, tiéu chuin khong dong bo, thiéu sot 0,587 4 0,672 1 0,394 1
EA3 Diéu kién dia chit phc tap 0,625 1 0,601 4 0,376 2
EC1 T6c do phat trién kinh t€ va tic dong cia né dén cac nhu ciu 0,605 3 0,613 3 0,371 3
ED2 Phuwong phap thi cong méi 0,621 2 0,575 8 0,357 4
EB3 Cham tré trong viéc ra quyét dinh phé duyét clia cac co’ quan chirc ning 0,478 10 0,642 2 0,307 5
EB1 Nhitng thay d6i trong chinh sich cla chinh phu 0,509 6 0,601 4 0,306 6
EC3 Sw tac dong cta viéc lam phat va truot gia 0,507 7 0,588 7 0,298 7
EC2 Sw phan d6i ctia ngwdi dén (do cong téc boi thuomg khong thoa dang) 0,467 11 0,591 6 0,276 8
EA2 Thém hoa thién nhién 0,488 9 0,564 10 0,275 9
ED1 Chiing loai vat tu, vat liéu maoi 0,511 5 0,524 12 0,268 10
EAL Diéu kién thoi tiét (gid, nhiét df, mua) 0,503 8 0,532 11 0,268 11
ED3 Cong nghé thi cong phirc tap 0,408 12 0,569 9 0,232 12
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Bang 4. Bang xép hang cac nhan té bén trong lam thay ddi dw an xay dwng.

b e o
Gid tri Hang  Gid tri Hang Gid tri Hang
IB1 Ban vé khong t6t, 16 va khong day da 0,685 1 0,645 1 0,442 1
IC6 St dung cong nhan ¢ tay nghé chwa dap tng yéu ciu 0,604 4 0,634 2 0,383 2
1A2 CDT yéu ciu thay d6i, phat sinh 0,607 3 0,625 3 0,379 3
1C4 Nha théu thiéu kinh nghiém 0,601 5 0,624 4 0,375 4
IC2 Chii quan trong viéc bo thau 0,612 2 0,608 5 0,372 5
1B2 Thiét ké khong dong bg vi diéu kién cong trwomg 0,601 5 0,588 8 0,353 6
IB3 Cham tré trong cAc thong tin thiét ké 0,600 7 0,586 9 0,352 7
IB8 Thiéu kinh nghiém trong thiét ké 0,593 9 0,574 13 0,340 8
IB5 Cong tc khao sat khong day da truéc khi thiét ké 0,571 16 0,593 7 0,339 9
IB6 Trich dan c4c tiéu chudn kj thuat khong phu hop, khong day di 0,582 11 0,581 10 0,338 10
IB9 Du todn thiét ké c6 nhiéu sai sot, kém chinh xac 0,580 12 0,563 14 0,327 11
IA1 CDT thdng tin va yéu ciu trong nhiém vy thiét ké khong ddy du, khong ro rang 0,576 14 0,553 15 0,319 12
A3 CDT thay d6i ké hoach tai chinh cho du 4n 0,568 17 0,541 17 0,307 13
146 lc(gn% :;i:ot:fll?h %rz,gt;iglcfggtt}}:iig ké - dw todn con mang néng tinh hinh thitc, cic sai s6t trong ho so thiét 0526 20 0581 10 0306 14
IC7 Thoi gian thi cong kéo dai lam bién d6i diéu kién tw nhién cta dat 0,577 13 0,525 18 0,303 15
IB7 Khong hiéu rd tiéu chuin ky thuat dwoc ding 0,591 10 0,496 23 0,293 16
D2 Thiu sy tham gia cia nha thau thi cong trong viéc 14p ké hoach va Ién tién do du an 0,572 15 0,508 19 0,291 17
B4 gﬂzﬁ slal'i }\llz'rfl ;u; ;}Lii; :L l;l;(:;gc gs:f;ﬁﬁi%ﬁ; Szan thiét ké, nha thau thiét ké da dwa ra cac loai vat tu, 0532 19 0544 16 0,289 18
IC3 Nang lwc quan Iy dw &n/cong trwong chwa dap Gmg yéu cu 0,487 23 0,581 10 0,283 19
IC8 Thi cong khong ding voi thiét ké 0,564 18 0,496 23 0,280 20
ID1 Sw phtrc tap ctia du an xay dung 0,438 25 0,598 6 0,262 21
1A4 CDT cung cdp quy hoach tong thé clia dw &n thiéu hodc khong phi hop 0,512 21 0,498 22 0,255 22
C5 Elgil Hp:l;:r(;rég phap thi cong pht hgp nhiéu phwong an thiét ké véi phwong phép thi cong hién tai khong 0,506 2 0,502 21 0,254 23
IC1 K& hoach va tién d6 dw &n khong phu hop 0,596 8 0,407 26 0,243 24
A5 CDT thiéu k sw gidm sat du nang luc 0,485 24 0,492 25 0,239 25
ID3 Tang trwéng cla dw an khong dwoc dw doan & giai doan thiét ké 0,403 26 0,506 20 0,204 26
nghiém” (IMP.1=0,375) va IC2 - “Chu quan trong viéc bo Nhin chung, két qua tong hop chi s6 IMPI & hinh 1 cho

thau” (IMP.1=0,372). Céac két qua nay cho thiy, cac yéu t&  thdy, ca yéu t6 bén ngoai va yéu t bén trong du an déu co
lién quan dén chit luong ho so thiét ké, ning lyc nguén  anh huong dang ké dén su thay ddi trong cac dy an xay
nhan lyc va kinh nghiém ctia nha thau, ciing nhu yéu cau  dung, trong dé cac van d& lién quan dén chét luong thiét
diéu chinh tir phia CDT 14 nhitng nguyén nhan quan trong  ké va hé théng quy chuén k¥ thut duoc x4c dinh 13 nhitng

dan dén sy thay do6i trong giai doan thi cong cta du an. nhan t6 ¢6 mirc do anh hudng noi bat nhét.
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Hinh 1. Téng hop cac chi sé IMP.I cho cac nhan té gay ra thay déi dw an xay dwng.

9. Ban luan
Cdc nhan t6 chinh trong béi canh Viét Nam

Két qua phan tich cho thay, cidc nhan t6 giy thay doi
trong dw an xiy dung c6 thé dwoc chia thanh hai nhém
chinh gdbm nhém nhan t6 bén ngoai va nhém nhén té bén
trong. Cac nhan t6 dwoc xép hang dwa trén gia tri chi s6
quan trong (IMPI), trong d6 gia tri cang cao thé hién mic
d6 anh hwdng cang 16n dén kha nang phat sinh thay doi
trong du 4n. Viéc xac dinh th& hang ctia cic nhan t6 gitp
lam r6 cac ngudn gdc chinh giy ra thay déi trong qua
trinh thi cdng, tir d6 hd trg cac bén lién quan wu tién cac
gidi phap quan ly phu hop.

Dé8i véi nhém nhdn t6 bén ngoai

Truwéc hét, nhan t6 EB2 - “Cac quy pham, tiéu chuin
khong déng bd hoiac thiéu sét” [4, 5, 19, 22] dwoc xép
hang cao, phan anh thuc té€ rang hé théng tiéu chuin
va quy chuin ky thuit trong linh vuc xay dung tai Viét
Nam van dang trong qua trinh hoan thién. Trong mot
s6 trweong hop, cac tiéu chudn kj thuit hodc quy dinh
quan ly duoc cap nhat trong qua trinh thwc hién dw an,
din dén viéc diéu chinh thiét ké dé dam bao tuan thu
quy dinh méi. Piéu nay ciing pht hgp véi cac quy dinh
trong Luat Xay dwng 2014 (stra d6i 2020) va cic van ban
huwéng dan nhuw Nghi dinh s6 15/2021/ND-CP vé quan ly
du 4n diu tw xay dwng, trong d6 yéu ciu cac dw an phai
tun tha hé théng quy chuin va tiéu chuin ky thuit hién
hanh. Khi cic quy dinh nay thay ddi hodc chwa déng bo,
dy 4n c6 thé phai diéu chinh thiét ké trong giai doan thi
cong.

Nhén t6 EA3 - “Diéu kién dia chit phirc tap” [3, 5, 8,
19] cling dwoc danh gid la mot trong nhitng nguyén nhan
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quan trong gy thay déi thiét ké. Trong thwc té€, nhiéu dy
an xay dwng tai Viét Nam gép phai sw khac biét gitra diéu
kién dia chit thwc té€ va két qua khao sat ban diu, dic
biét doi v&i cac cong trinh ¢6 phan moéng hodc céng trinh
ngam. Khi phat hién cac diéu kién dia chit khéng phu
hop vi thiét ké ban dau, cic phwong an thiét ké méng
hodc két ciu thudng phai diéu chinh, din dén thay doi
chi phi va tién d6 dw an. Két qua nay twong déng véi cac
nghién ctru qudc té, trong d6 cac yéu to lién quan dén
diéu kién tw nhién va moéi tredng duw an dwoc xac dinh
1a ngudn gdc quan trong cia thay doi trong dw an xay
dwng [2, 3].

Ngoai ra, nhan t6 EC1 - “T6c d6 phat trién kinh té va
sw thay ddi nhu cau” [5, 19] ciing c6 &nh hwdng dang ké
dén sw thay déi du an. Trong bdi cdnh Viét Nam dang
phét trién nhanh, nhiéu dw 4n xy dwng c6 thoi gian thuc
hién kéo dai nhiéu ndm, trong khi nhu ciu s dung hodc
dinh huwéng phat trién cia CDT c6 thé thay doi theo diéu
kién kinh té - xd hoi. Diéu ndy dan dén viéc diéu chinh
nhiém vu thiét k&, quy mé cdng trinh hodc cong nang st
dung. Trén thuc té, nhiéu dw 4n ha ting hoac dv 4n do
thi da phai diéu chinh quy mé trong qua trinh thwc hién
nhdm dap &ng nhu ciu phat trién méi.

Mot yéu t6 khac 1a ED2 - “Ap dung phwong phép thi
cong méi” [3, 5, 19], mic du c6 thé dan dén thay doi
thiét ké nhwng thuwdng mang lai loi ich tich cwc cho dw
an, chang han nhw rdt ngén tién do hodc t6i wu hda chi
phi. Sy thay d6i nay phan anh xu hwéng ddi méi cong
nghé trong nganh xdy dwng va sw gia tang rng dung cac
phwong phap thi cong hién dai.

Cudi cung, EB3 - “Cham tré trong viéc ra quyét dinh
phé duyét ctia co quan chirc nang” [3, 5, 19] cling dwoc
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xac dinh 12 mét nhan t6 quan trong. Trong thuec té, cac
dw 4n xay dwng tai Viét Nam thwong phai trai qua nhiéu
bwéc phé duyét tir cac co quan quan ly nha nwéc. Khi
qué trinh phé duyét kéo dai, dw 4n c6 thé bi gian doan
hodc phai diéu chinh ké hoach thwc hién. Piéu nay ciing
dwoc ghi nhin trong nhiéu nghién cttu qudc té khi cho
rang cac yéu td thé ché va thi tuc hanh chinh c6 thé anh
hwdng dang ké dén hiéu qua quan ly dw an xay dung.

Déi véi nhém nhdn t6 bén trong

Nhén t6 IB1 - “Ban vé thiét ké khong day da hoic cé
sai sot” [3-5, 8, 9, 19] dwoc xac dinh la mot trong nhirng
nguyén nhan phd bién dan dén thay ddi thiét ké. Cac ban
vé thiéu chi tiét hodc c6 sai sot ki thuat c6 thé dan dén
viéc thi cong khong chinh xac hodc hiéu nham gitra cic bén
tham gia dw 4n. Trong nhiéu truwdng hop, cadc hang muc da
thi cong phai diéu chinh hoic pha d& d€ thi cong lai theo
thiét k€ da dwoc hiéu chinh, 1am gia tang chi phi va kéo
dai tién d6 dw 4n. K&t qua nay phu hop véi cac nghién ciru
qudc té khi cho ring 15i thiét ké 1a mot trong nhirng ngudn
goc chinh giy ra thay ddi trong dw 4n xay dung [9, 10].

Nhén t6 IC6 - “Sr dung lao dong chwa dap tng yéu
cau tay nghé” [5, 19, 22] ciing c6 thé dan dén sai sét
trong qua trinh thi céng. Khi lwc lwong lao dong khong
da ky nang dé thwc hién cdc hang muc ky thuat phirc tap,
nha thiu c6 thé phai sira chira hodc 1am lai cac ciu kién
da thi cong. Piéu nay lam phat sinh chi phi va kéo dai
tién do dw an.

Ngoai ra, nhan t6 1A2 - “Yéu ciu thay déi hoidc phat
sinh tir CDT” [3-5, 8, 9, 19] cling dwoc danh gia 1a mot
nguyén nhan quan trong giy thay ddi dw an. Trong qua
trinh thwc hién, CDT c6 thé diéu chinh thiét ké hoac bo
sung cac hang muc mé&i nham dap ng nhu ciu st dung
hodc cai thién hiéu qua dy an. Tuy nhién, nhirng thay déi
nay thwong 1am gia tang chi phi va &nh hwdng dén tién do
thi céng. Két qua nay twong dong véi nhiéu nghién ctru
qudc té khi xac dinh cic yéu ciu diéu chinh tir phia CDT
1a mot trong nhitng nguén gdéc chinh cda thay doi dw an.

Bén canh d6, cic nhan t6 nhw IC4 - “Nha thau thiéu
kinh nghiém” [3, 5, 19] va IC2 - “Chu quan trong qua
trinh d4u thau” [4, 5, 9, 19] cling c6 thé din dén cac thay
déi trong dw an. Khi nha thau khong danh gia day dua cac
rui ro hodc yéu cau ky thuat ctia dw 4n trong giai doan
ddu thau, cac van dé phat sinh trong qua trinh thi céng
c6 thé budc phai diéu chinh thiét ké hoac phwong an thi
cong dé dam bao tinh kha thi cia dw an.

Cdc ham y qudn tri

Tlr cac két qua trén, mot s6 ham y quan tri c6 thé dwoc
dé xuat cho cac bén lién quan. Déi véi co quan quan 1y
nha nwdec, can tiép tuc hoan thién hé théng quy chuin
va tiéu chuin xay dung nham gidm thiéu sw khong dong
bd trong qua trinh trién khai dw an. Déi véi CDT, viéc
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xac dinh rd nhu ciu va pham vi dw 4n ngay tir giai doan
chuén bi dau tw cé thé gitp han ché cac thay doi trong
giai doan thi cdng. Trong khi d6, cadc don vi tw van thiét
ké cin nang cao chit lwong khao sat va thiét ké nham
gidm thiéu sai s6t trong ho so kj thuit. Cudi cung, cac
nha thiu xay dwng can ting cwong ning lwc ky thuat, dao
tao ngudén nhan lyc va thwce hién danh gia rai ro day du
trudre khi tham gia d4u thau dé han ché cac thay déi phat
sinh trong qua trinh thi cong.

Nghién ctru ndy nham x4c dinh va danh gia cac nhan
té giy ra suw thay ddéi trong cac dw an xiy dung trong
giai doan thi cdng trong bdi canh Viét Nam. Thong qua
viéc phan tich cac chi s6 FI, SI va IMPI, nghién ciru da
xac dinh cac nhan td quan trong thudc hai nhém chinh:
nhén t6 bén ngoai va nhan t6 bén trong dw an. Két qua
cho thay, trong nhém nhan t6 bén ngoai, ndm nhan té c6
mirc d6 anh hwdng cao nhit bao gom: sw khong dong bo
hodc thiéu so6t cha cac quy pham va tiéu chuin k¥ thuit,
diéu kién dia chit phirc tap, sw thay ddi nhu ciu do téc
dd phat trién kinh té, viéc 4p dung cac phwong phap thi
c6ng ma&i va sw cham tré trong viéc ra quyét dinh phé
duyét cla cac co quan chirc ndng. Nhirng yéu té nay phan
anh vai tro quan trong cia moi trwedng phap ly, diéu kién
tw nhién va béi canh kinh té€ - xa hoi d6i véi qua trinh
trién khai cac dv an xay dung. Ddi véi nhom nhén té
bén trong, cac yéu t6 c6 mirc d6 d&nh hwdng ndi bat bao
gbm ban vé thiét ké khong day du hodc cé sai sot, viéc st
dung lao dong chwa dap &ng yéu cau tay nghé, yéu cau
thay d6i hodc phéat sinh tir phia CDT, nha thu thiéu kinh
nghiém va su chii quan trong qua trinh bé thau. Két qua
nghién ctru cho thiy cac van dé lién quan dén chat lwong
ho so thiét k&, nang luc cia nha thau va quyét dinh cua
CPT déng vai tro quan trong trong viéc gay ra sy thay
ddi trong giai doan thi cong.

Nhin chung, nghién ctru gép phan l1am ré cac ngudn
gdc chinh din dén s thay déi trong cac dw 4n xay dung
tai Viét Nam théng qua viéc phan tich dong thoi tAn suit
xudt hién va mirc dd tdc dong clda cac nhan té. Cac két
qua nay cung cip co s& khoa hoc gitdp cac bén lién quan
nhén dién sém céc rui ro tiém an va xiy dwng cac giai
phap quan ly phit hop nham han ché cac thay déi khong
can thiét trong qua trinh thwc hién dw an. Tir d6, nghién
ctru nay kién nghi cdc nha quan ly, k§ sw mot s6 giai phap
sau: (1) can tip trung diéu tra, khao sat dw an ky lwdng,
ddng quy trinh, (2) tim hiéu k§ nhu ciu thi trueong, suat
vén dau tw trudce khi thiét ké, (3) can tim don vi thiét
ké chuyén nghiép dam bdo yéu ciu cta CDT, va (4) cudi
cung t6 chirc d4u thau lwa chon nha thiu cé ning luc
dam bao thwc hién dv an tét.

Nghién ctru nay c6 mot sé nhwoc diém nhat dinh. S6
lwong cac nhan té cé thé chwa bao quat hét cho vin dé
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nghién ctru va dan trai hét cac loai duw 4n xay dung. Bén
canh do, s6 lwong mau twong ddi nhé va dwoc thu thap
bang phuwong phap 14y mau thuan tién nén c6 kha niang
tao ra sai léch trong két qua phén tich. Ngoai ra, céng
cu phén tich chi 1a xé€p hang cac nhan t6 dwa vao cac chi
s6 mirc d6 quan trong ma chwa thuc hién cac phan tich,
kiém dinh théng ké chuyén sau dé kiém tra sy phu hop
cla bién cling nhw cac gia dinh thdng ké nhw phan tich
twong quan Pearson, kiém dinh ANOVA hay phan tich
nhéan t6 khdm pha EFA. Cac nghién ctru vé sau c6 thé xem
xét cdc nhuwgc diém trén dé dwa ra cac két luAn mé rong
cho vin dé thay ddi ciia dy an xay dung.
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Nghién ciru ché tao va tinh chat
cuia vat li€u composite silica/phenolic va carbon/phenolic
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Bai bao trinh bay cong nghé ché tao vat liéu composite silica/phenolic (SP) va carbon/phenolic (CP) bang phwong
phap nén ép. Vat liéu composite SP va CP dwgc ché tao tir cac tim vai s¢i (silica hodc carbon) trén nén nhwa
phenolic, trong d6 hon hop keo nén phenolic dwoc chuidn bi trong dung méi furfural c6 mat chit déong ran urotropin
va chit khoi mao AIBN. Két qua thwce nghiém cho thay, cac vt liéu nghién ciru c6 mat do thip, do cirng va do bén
nén cao. Kha niang chiu nhiét va chiu x6i mon dwoc danh gia trong diéu kién khic nghiét, thong qua phan tich nhiét
trong lwong (TGA) va dét thir nghiém trong déng co nhién liéu ran hén hop. Pé hao hut khéi lwong cta vat liéu
composite SP va CP & nhiét dg dén 800°C lan lwot 1a 34,7 va 33,7%. Khi dot thir nghiém trong dong co’ nhién liéu
ran hon hop véi viéc str dung vat liéu composite SP va CP 1am khdi téi han ctia loa phut, tdc dé x6i mon ciia vat liéu
composite SP va CP dat Ian lwotla 0,552 va 0,348 mm/s. Do dd, vat liéu composite SP va CP cé tinh chit co’ 1y cao,
kha niang chiu nhiét va x6i mon tét khi thir nghiém trong diéu kién khac nghiét.

Tir khéa: carbon/phenolic, silica/phenolic, téc d x6i mon, vat liéu ablative, vat liéu composite chiu nhiét.

Chi sé phdn loqi: 2.4, 2.5

Research on fabrication and properties of silica/phenolic and carbon/phenolic composites
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Abstract:

The article presents the technology for manufacturing silica/phenolic (SP) and carbon/phenolic (CP)
composite materials using compression molding. SP and CP composite materials are fabricated from fiber
sheets (silica or carbon) on a phenolic resin matrix, where the phenolic resin matrix mixture is prepared
in a furfural solvent in the presence of urotropin curing agent and AIBN initiator. The experimental results
indicate that the studied materials exhibit low density, high stiffness, and high compressive strength.
In particular, to evaluate heat resistance and erosion behaviour, thermogravimetric analysis (TGA) and
combustion testing in a solid composite propellant motor were conducted. The mass loss of SP and CP
composite materials at temperatures up to 800°C was 34.7 and 33.7%, respectively. When tested in a solid
composite propellant motor using SP and CP materials as the nozzle throat insert, the erosion rates of SP and
CP materials were 0.552 and 0.348 mm/s, respectively. Therefore, SP and CP composite materials exhibit
high mechanical properties, good heat resistance, and erosion resistance under severe conditions.

Keywords: ablative material, carbon/phenolic, composite heat-resistant material, erosion rate, silica/
phenolic.

Classification numbers: 2.4, 2.5

“Tac gia lién hé: Email: phamkimdao@gmail.com

‘ %H%-IE 68(5) 5.2026 B



1. Ddt van de

Vat liéu composite SP va CP da va dang dwoc nghién
ctru, phat trién va ng dung rong rai trong nhiéu linh vic
khac nhau nhw: xay dwng cong trinh, cong nghiép 0 to,
dién dan dung, dac biét trong linh vyc hang khong vii tru
(may bay dan dung, may bay khong nguwoi lai) va tén lira
(than vo tén Itra, 1ép bao vé nhiét vo dong co, 1&p bao vé
nhiét va khéi téi han ciia cum loa phut) [1-5]. Nhitng wu
diém noi bat cda cac loai vat liéu nay 1a mat dé thap, do
ctrng, do bén cao, kha nang chiu nhiét va chiu x6i mon tét
[4, 6-8]. Thém vao do, cac loai vat liéu composite nay cé
cong nghé ché tao twong déi don gian va chi phi thap so
véi cac loai vat liéu kim loai, hop kim va phi kim khéac.
Hién nay, cong nghé ché tao cac loai vat liéu composite
SP va CP chu yéu dwoc stt dung nhiéu 1a cong nghé cuén
va cong nghé nén ép, trong dd soi silica hay soi carbon
déng vai tro 1a cot soi (dang vai hoac dang s¢i), con nhua
phenolic ¢6 vai tro 13 vat liéu nén (dang novolac hodc
rezit) [2, 9].

Co ché phan hiy nhiét ctia vat liéu composite dwdi tac
dong cua dong nhiét cao dwgc trinh bay trén hinh 1. Pay
1a quéa trinh héa ly phitc tap, bao gdbm cac qua trinh vat
ly nhw birc xa nhiét, trao ddi nhiét, mai mon co hoc... va
qué trinh h6a hoc nhw dong thoat khi phan hily sdn pham
chdy, cac phan &ng hoéa hoc, khuéch tan héa hoc, néng
chdy, c6c héa polyme trong pha ngung tu... Dac trung ctia
qua trinh phan huy nhiét cua vat liéu composite 1a xay ra
dbng thoi nhiéu qua trinh vat Iy va hda hoc cla cac san
phdm phén hiy song song va lién tiép tai cac pha khac
nhau (pha ran, pha 16ng va pha khi) [10].

Khuéch tan

L6p séc nhiét
hoéa hoc P ’

Dong birc
San Mai mon

co hoc

Dong nong chay

phim
Dong burc Dong| phan
Xa ra khi ung

el
e B
3

Phan

Ving cbc hoa

!

Phan huy
bé mat

SR

Vung nhiét phan

Vit liéu 16i

Vat liéu phu trg

Hinh 1. Co ché phan hay nhiét cta vat liéu composite [10].
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P& danh gia kha nang chiu nhiét, chiu x6i mon cta vat
liéu composite, nguoi ta thwong st dung nhiéu phwong
phap khac nhau nhu: Phan tich nhiét trong lwgng (TGA),
phan tich nhiét quét vi sai (DSC), phan tich nhiét co hoc
(TMA), hodc cling c6 thé sir dung phwong phap kho bang
ngon lra oxy-axetylene (dén 3000°C) hay bang ngon lira
khi oxy-butan (dén 1500°C) [11-13]. Trong bai bao nay,
chuing t6i trinh bay két qua nghién ctru vé cong nghé ché
tao vat liéu composite SP va CP, dong thoi danh gia cac
tinh chat co 1y, kha ndng chiu nhiét va x6i mon ctia chung
trong diéu kién thir nghiém khic nghiét.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vat liéu

Vit liéu composite dwoc ché tao tlir vai soi silica
voi ham lwong SiO, trén 96% hodc vai s¢i carbon
6K (Xiangsheng Technology Co., Ltd, Trung Qudc) va
nhya nén phenolic dang novolac (Chemprom, Nga).
bPdc tinh ky thuat cta vai soi silica va vai soi carbon
dwoc trinh bay trong bang 1. P& ché tao hon hop chit
keo nén phenolic ching tbi st dung dung moéi furfural
(ham lwgng chit chinh 99%, Aladdin, Trung Quéc),
chat déng ran hexamethylenetetramine hay urotropin
(Aladdin, Trung Qudc) va chit khoi mao phan (ng
2,2’-azobisisobutyronitril (AIBN, Aladdin, Trung Qudc).

Bang 1. Bac tinh ky thuat vai soi silica va vai soi carbon.

Pac tinh Vai s¢i silica Vai s¢i carbon
Hinh anh

Mau sic

Khé rong (mm) 820 1000

Bé day (mm) 0,41 0,38

Khéi lwong (g/m?) 290 320

2.2. Phwong phdp nghién ciru

DPon thanh phan hén hop chit keo nén phenolic
dwoc trinh bay trong bang 2, trong d6 ham lwgng nhwa
phenolic thay d6i theo 100 phan khéi lwong (pkl)
cua ham lwong dung méi furfural, con chit déng ran
urotropin va chat khoi mao AIBN khéng thay d6i (tinh
theo dung méi furfural).
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Bang 2. Don thanh phan hén hop keo nén phenolic.

Ham lwong (pkl)
Thanh phan . . . .

Mau 1 Mau 2 Mau 3 Mau 4
Furfural 100 100 100 100
Nhuwa phenolic 90 100 110 120
Urotropin 15 15 15 15
AIBN 0,5 0,5 0,5 0,5

Phwong phdp ché tao keo nén phenolic: Can dinh

lwong dung méi furfural va urotropin cho vao thiét bi
khudy tron. Cac hat urotropin dwgc hoa tan trong dung
moi furfural & nhiét do 35-40°C trong thoi gian 2-3 h voi
tdc dd6 khudy 500-700 vong/phit. Sau dé, cho tirng phin
dinh lwong hat nhwa phenolic vao binh trdn, tién hanh
khudy hén hop cho dén khi thu dwoc hén hgp dong nhat
(khoang 10 h), tiép theo cho ti€p chit khoi mao AIBN
vao binh va khudy déu trong khoang 1,0 h.

Phwong phdp ché tao vt lidu composite: Vai sgi (vai
silica hodc vai carbon) duwgc cat thanh cac tAm c6 kich
thwére khoang 120x120 mm, sau d6 dung chéi son hodc
con lan dé€ quét déu 1&p keo nén 1én ca hai bé mat 1ép vai.
Tiép dén, cac tAm vai soi da quét keo dwoc treo 1én gid va
sdy so b & nhiét d6 90°C trong thoi gian khéng qua 1,0
h. Cac ban thanh phdm sau khi sy dwoc cat dinh hinh
theo kich thuéc khudn ép va dwoc sip xép tirng 16p vao
khuon ép. Tién hanh ép mAu trén may ép thuy lwc. Nhiét
do ép dwoc thiét 1ap tai nhiét d6 80, 100 va 155°C trong
thoi gian twong rng 15 phat, 15 phut va 60 phat. Trong
dé, trong khoang nhiét d6 80-100°C duy tri 4p sudt may
ép & 10-20 kg/cm?, sau d6 tang 1én 80-100 kg/cm? &
nhiét dé 155°C. Két thic, phéi vat liéu composite dworc
lam ngudi tw nhién dén nhiét do 70-80°C va thio ra khoi
khudn ép. So d6 cong nghé ché tao vat liéu composite
dworc trinh bay trén hinh 2. Phoi vat liéu composite sau
d6 dworc gia cong dé tién hanh do dac va thir nghiém.

Cit vai soi

Cit tao hinh

Théo san
pham

Hinh 2. So’ d6 cong nghé ché tao vat liéu composite.
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Phwong phdp xdc dinh dj nhét ctia keo nén phenolic:
Do nhét ctia hon hop chit keo nén nhwa phenolic duoc
do bang phéu VZ 246 (Nga) v&i dwong kinh 16 4 mm &
nhiét dd phong. Tién hanh do it nhit 3 1An/mAu, sau dé
14y gia tri trung binh.

Phwong phdp xdc dinh ham lwong nhwa phenolic: Ham
lwong nhya phenolic trong ban thanh phidm (sau khi
nhing keo va sdy) dwoc xac dinh 1a hiéu s6 khoi lwong
cta ban thanh pham va khéi lwgng vai soi ban dau. Ham
lwrong nhwa phenolic trong mau sdn pham 13 hiéu s6 clia
khdi lwong mau san pham trwde va sau khi nung & 600°C
trong 2,0 h.

Nghién ctru tinh chdt co ly cia vat liéu: Mat do mau
dwoc xac dinh bang may do mat do dién tr DH-2000
(DahoMeter, Trung Qudc), d6 phan giai 0,001 g/cm®. Do
ctrng Shore D cia mau vat liéu dwoc do trén may Digi
test micro Shore D trong gidi tir 0 dé€n 100 d.v, thoi gian
duy tri 30 s.

Do bén nén ctia mau dugc do dac theo phwong phap
ASTM D3410 trén may do do bén kéo, nén M350-10 CT
véi tdc do 1 mm/phut. MAu do dwoc gia cong ché tao
thanh hinh khdi c6 kich thudc 9x5x5 mm va dwoc dat
trén ban ép, sao cho bé mat vai s¢i song song véi ban
nén ép.

Nghién cttu tinh chdt chju nhiét va chiu x6i mon ctia
vdt liéu: Nhom tac gid st dung phwong phap phan tich
nhiét trong lwgng (TGA) dé phan tich kha nang chiu
nhiét cia mau vat liéu composite. Mau nghién ctru duorc
mai nhé theo huwéng vudng gbéc véi tAm vai soi va can
dinh lwong khoang 20-30 mg/mau. Tién hanh do dac
trén may NETZSCH TG 209F1 (NETZSCH-Geratebau
GmbH, Selb, Drc) tir nhiét d6 25 dén 800°C v&i téc do gia
nhiét 10°C/phut trong moi treong khi nito.

bé danh gid kha ning chiu x6i mon cua vat liéu
composite SP va CP trong diéu kién khic nghiét (nhiét
d6 va ap suit cao), ching toi tién hanh do6t thir nghiém
trong dong co mau nhién liéu rin hon hop véi viéc st
dung vat liéu composite nghién ctru lam khoi téi han cta
cum loa phut (hinh 3).

Sy

—_—

Hinh 3. Khéi t&i han ctiia cum loa phut lam tir vat liéu composite.
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3. Két qua va ban luan

3.1. Nghién civu céng nghé ché tao vdt liéu
composite

Vit liéu composite dwgce nghién ciru ché tao tir hai
thanh phéan chinh 1a: Vai soi1 silica (hodc vai soi carbon)
va hén hop keo nén nhwa phenolic. Trong dé, 16p vai soi
déng vai tro 1a thanh phan cot soi chiu nhiét, chiu x6i
mon, con hén hop keo 12 thanh phan nén dé lién két cac
tdm vai soi. Trong thanh phan keo nén, qua trinh twong
tac cla cac nguyén liéu ddu dwoc thé hién qua hai giai
doan: Sy phdi tron dung méi furfural véi chit xdc tac
phan (rng tring ngung (urotropin) va sw phéi tron hon
hop furfural-urotropin vé&i nhwa phenolic (novolac).
Trong qué trinh khudy tron furfural va urotropin sé xay
ra sw phan hiy urotropin, dan dén tao ra cac ciu ndi
dimethylamin (-CH,-NH-CH,-) va trimethylamin (-
CH,-N(CH,)-CH,-). Tiép dén, twong tac gitra cic phan tir
nhwa novolac va urotropin sé tao ra cac ciu ndi metyl
(-CH,-) va lién két bén nhiét dang (-CH=N-CH,-). Viéc
st dung dung moi furfural thay vi cac dung moi bay hoi
théng thuwdong (nhw con ethylic, axeton...) c6 mét s6 wu
diém sau: Dung mdi furfural khi c6 mit cta urotropin
sé tao ra mang khong gian dang nhwa trong qua trinh
doéng ran, dong thoi han ché dwoc 16 x8p trong vat lidu
composite so v&i cac dung moi thong thuong.

Trong bang 3 trinh bay sy anh hwédng nhiét do va
thoi gian siy dén chit lwong ban thanh phdm vét liéu
composite. K&t qua cho thiy, dwéi sy anh huwdng cla
nhiét do va thoi gian sé xay ra qua trinh déng ran so bd
ctia hon hop keo nén. Diéu kién t6i wu dé thu dwoc ban
thanh phdm khé va ¢ mau vang nhat 1a & nhiét dé 90°C
va thoi gian sdy 0,5-1,0 h.

Két qua do ham lwong nhwa phenolic trong ban thanh
phdm va phéi san phdm dwogc trinh bay trong bang 4.
Nhan thiy ring, khi ting ham lwong nhwa phenolic
thi d6 nhét ctia hdn hop keo nén ting, dong thoi ham
lwong nhwa phenolic trong ban thanh phdm va phéi san
phim cta vat liéu composite cling sé ting. Tuy nhién, tir
thwc nghiém cho thdy, mau 4 c6 dd nhét twong doi cao
(704+10 s), gdy kh6 khan cho cdng doan quét hdn hop
keo 1én bé mit 1¢p vai sgi. Cho nén, ty 1€ ham lwong nhwa
phenolic t6i wu la 90-110 pkl so véi ham lwgng dung méi
furfural. Do hao hut khéi lwgng nhwa phenolic trong ban
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thanh phadm gidm so v&i trong mAu phoi san pham 1a do
trong qua trinh nén ép mot phan hdn hop keo bi diy ra
ngoai vai s¢i va mot phan lwgng dung maéi furfural khéng
tham gia lién két bi thoat ra ngoai.

Bang 3. Sw anh hwéng nhiét do va thoi gian say dén chat lwgng
ban thanh pham.

Thei  Nhiétdd (°C)
gian (h) 79 80 90 100
0,5 Dinh, w6t Dih,uet  ‘pomauvang  Kho mau
nhat nau den

1,0 Dinh, wét C(:\n dinh, Kho, mau vang

wot nhat
15 Dinh, wét K\ho, mau Kho, mau nau

vang nhat den

Bang 4. Tinh chat ctia hén hop keo nén nhwa phenolic.

Gia tri
Tinh chat - - - -

Mau 1 Mau 2 Mau 3 Mau 4
Furfural/phenolic 100/90 100/100 100/110 100/120
Donhothonhop g, 147+5  326:7 70410
keo nén (s)
Ham lwong nhya
phenolictrongban  37,50+0,7 38,80+0,5 40,10+0,5 42,85+0,5
thanh pham (%)
Ham lwong nhya
phenolic trong phoi  35,20+0,7 36,15+0,5 37,21+0,5 39,95+0,5

san phim (%)

Cong nghé nén ép vat liéu composite anh hwéng truc
tiép chit lwong phdi san phdm, ching bao gdom céc yéu
td nhw nhiét do, thoi gian va ap lwc ép. Thyc nghiém cho
thdy, sau khi sdp xép cac ban thanh pham vao khuén ép,
ching cin dwoc ép so bé & nhiét do khoang 80-100°C
(th&p hon nhiét d6 dong ran 155°C) dwdi 4p lwc ép thap
10-20 kg/cm?. DPiéu nay sé giip cho hdén hop keo nén
phenolic dwgc déo héa trudc khi dong ran, dong thoi
gitp dién diy bé mit cac tim vai soi va diy toan bo phan
dung moi con lai ra khéi khuon ép. Tiép theo, ting nhiét
d6 dén 155°C va luc ép dén 80-100 kg/cm?, thoi gian
dong ran 1,0 h. Sau d6, khudén duwoc 1am ngudi tw nhién
dwéi ap lwe ép. Véi cong nghé ché tao nay, phoi san phim
vat liéu composite s& khong c6 khuyét tat, 16 khi...

3.2. Tinh chdt co ly ctia vit liéu composite

Tinh chit co ly 1a mot trong nhitng ddc tinh quan
trong d€ danh gia do bén cta vat liéu composite. Két qua
mot s8 tinh chit co ly clia cdc mAu vat liéu composite SP

16
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va CP dwoc trinh bay trong bang 5. K&t qua cho thay, cac
mau vat liéu composite nghién ctru c6 mat do twong doi
thép, do clrng va d6 bén nén twong doi cao. Trong dé, vat
liéu composite CP ¢6 d6 cirng va d6 bén nén cao hon vat
liéu composite SP I4n lwot 1a 3,3 va 30,3%. Thuc té, ban
chit 1ép vai sgi carbon da cé dd bén kéo, do dai, do cirng
va kha nang chiu lwc nén t6t hon 16p vai soi silica.

Bang 5. Tinh chat co ly cua vat liéu composite.

Tinh chit Silica/phenolic Carbon/phenolic
Mat do (g/cm?) 1,580+0,014 1,620+0,018

Do cirng Shore D 93,57+0,90 96,70+0,70

Do bén nén (MPa) 334,8+2,5 436,2+3,8

Do bién dang khi v& (%) 18,42+0,81 22,40+0,71

3.3. Tinh chdt chiu nhiét va chiu x6i mon cua vt
liéu composite

Tinh chiu nhiét la mét trong nhitng dac tinh héa
ly quan trong dé danh gia vat liéu composite dudi tac
dong ctia dong nhiét do cao. Pworng cong phan hiy nhiét
(TGA) ctia mau SP va CP dwoc trinh bay trén hinh 4. Do
hao hut khéi lwgng cia mau vat liéu composite SP va
CP & nhiét d6 nho hon 400°C Ian lwot 13 8,7% va 5,18%,
trong khoang nhiét do6 400-800°C 1an lwot 1a 26,063 va
28,518%, twong rng tdng khoi lwong hao hut 1a 34,7 va
33,7%. Nhuw vy, trong khoang nhiét dé dén 800°C, phan
lé6n thanh phan nhwa nén phenolic bi phin hiy hoan

toan ddi v&i cd hai mau vatliéu, thanh phan con lailalép

Am = 8,709%

TG (%)

Am = 28,518%
751 Am = 26,063%

100 200 300 400 500 600 700 800
Nhiét d6 (°C)

Hinh 4. Bwong cong phan hudy nhiét cua vat lieu composite SP
va CP.
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vai s¢i khéng bi phan huy. Diéu nay cho thiy, kha nang
chiu nhiét cta hai loai vat liéu composite la twong doi
cao. Tuy nhién, dé€ so sdnh hai loai vat liéu nay can tién
hanh thir nghiém & diéu kién khac nghiét hon, vi du nhw
d6t thir nghiém trong dong co nhién liéu ran hon hop
(nhiét d6 dén 2500-3000°C).

D& danh gid kha nang chiu x6i mon cia vat liéu
composite SP va CP, nhom tac gia da tién hanh dét thi
nghiém trong déng co mau nhién liéu ran hén hop (kiéu
chay dinh dién) véi viéc st dung cac vat liéu composite
lam khéi téi han ctia cum loa phut (hinh 5). D6 thi ap
suit va lwc diy theo thoi gian cia dong co dwoc trinh
bay trong hinh 6. D6 thi dworng cong ap suit va luc diy
theo thoi gian ddm bao quy luit chay khi dét thir nghiém
trong dong co nhién liéu rdn hdn hop, st dung vat liéu
composite SP va CP 1am khéi téi han cta loa phut [4, 14-
15]. San phadm chay ctia nhién liéu rdn hén hop bao gdom
c4c sdn pham khi nhw CO, H,0, CO,, HCL, N,, H,, ddc biét
con c6 cac sdn phdm ran dang hat tir bt nhom (Al, ALO,,
AICL,, Al(OH),). Két qua doét thir nghiém trong dong cor
mau nhién liéu rdn hén hop dwoc trinh bay trong bang
6. Dudi tac dong dong chay cuia cac san pham nay trong
diéu kién 4p suit va nhiét do cao, vat liéu composite SP
va CP bi x6i mon tuyén tinh, véi téc d6 x6i mon 1an lwot
la 0,552 va 0,348 mm/s. Trong dd, trong cing mot diéu
kién thir nghiém, vt liéu composite CP c6 tdc d6 x6i mon
thap hon, nghia la kha ndng chiu x6i mon dwéi tac dong
clia san phdm chay cao hon so v&i vat liéu composite SP,
diéu nay c6 thé ly giai 1a do 1&p vai soi carbon (da dwoc
graphit h6a) bén hon, dai hon, chiu nhiét t6t hon (dén
2000-3000°C) so v&i 16p vai soi silica (dén 1700°C).

(A) Knéi t6i han r

LR

Hinh 5. Cum loa phut. (A) Cum loa phut trwéc va sau khi d@bt ther
nghiém; (B) Khéi t¢i han sau khi dét th& nghiém.

n
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Hinh 6. Két qua dét thir nghiém ctia déng co str dung khéi t&i han lam tir vat liéu composite. (A) Db thi ap suat déi véi vat liéu composite
SP; (B) D4 thi luc day dbi véi vat liéu composite SP; (C) D6 thj ap suat déi vai vat liéu CP; (D) D6 thi lwc ddy déi vai vat liéu CP.

Bang 6. Két qua dét thir nghiém dong co’ str dung khdi t&i han lam
tir vat liéu composite.

Tinh chét Silica/phenolic  Carbon/phenolic
Ap sufit cwc dai (bar) 65,1 65,8

Luc ddy cuc dai (N) 1017 1050

Tong xung lyc ddy (N.s) 3965 4108

Puwong kinh t6¢i han ban déu (mm) 12,0 12,0

Duong kinh t6i han sau khi d6t (mm) 17,69 15,10

Thoi gian chay (s) 5,15 4,45

T6c d6 x6i mon (mm/s) 0,552 0,348

Nhuw viy, nhém tac gid da tién hanh nghién cru cong
nghé ché tao vat liéu composite SP va CP, dong thoi
nghién ctru cac tinh chit co 1y, kha nang chiu nhiét va
chiu x6i mon cta ching. Tuy thudc vao muc dich va yéu
ciu st dung, ching ta c6 thé lwa chon loai vat liéu cé cac
tinh chat phu hop.

4. Két luan

Nhém tac gid da nghién ciru cong nghé ché tao vatliéu
composite SP va CP, trong dé 1&p vai soi silica hodc vai
soi carbon déng vai tro lam thanh phén c6t sgi, con nhya
phenolic 1a thanh phin nén. Pa thiét 14p cac diéu kién k§y
thuat trong ché tao san phdm, trong d6 ham lwgng nhwa
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phenolic t6i wu la 90-110 pkl dung méi furfural, ban
thanh phdm dwoc sdy & nhiét do 90°C trong thoi gian
0,5-1,0 h, lwc ép phdi sdn phdm 1a 10-20 kg/cm? & nhiét
d6 80-100°C va 80-100 kg/cm? & nhiét do 155°C. Vatliéu
composite SP va CP lan lwot c6 mat do1a 1,58 va 1,62 g/
cm?, d6 cirng shore D 14 93,57 va 96,70, va d6 bén nén I1a
334,8 va 436,2 MPa. D6 hao hut khéi lwong cia vat liéu
composite SP va CP & nhiét dé6 dén 800°C 1an lwotla 34,7
va 33,7%. Khi dot thir nghiém trong dong co nhién liéu
ran hon hop, tdc dd x6i mon clia vat liéu composite SP
va CP Ian lwot 1a 0,552 va 0,348 mm/s. Nhw véy, vat liéu
composite do nhém tac gia nghién ctru ché tao c6 d6 bén
co 1y cao, kha nang chiu nhiét va kha nang chiu x4i mon
tot khi thir nghiém trong diéu kién khic nghiét.

TAI LIEU THAM KHAO

[1] J. Wanberg (2013), Composite Materials, Fabrication
Handbook, 146pp.

[2] R.W. Farmer (1974), “Extended heating ablation of carbon
phenolic and silica phenolic”, National Technical Information
Service, Ohio, pp.1-55.

[3] J.R. Johnston, R.A. Signorelli J].C. Frecbe (1966),
“Performance of rocket nozzle materials with several solid
propellants”, National Aeronautics and Space Administration,
pp.1-26.

18



Khoa hoc Ky thuat va Céng nghé | Ky thuat héa hoc; Ky thudt vat liéu va luyén kim

[4] G. Ayyappan, S.B. Tiwari, R.S. Praveen, et al. (2017),
“Investigation on composite throat insert for cryogenic engines”,
IOP Conf. Series: Materials Science and Engineering, 171, pp.1-9,
DOI: 10.1088/1757-899X/171/1/012146.

[5] X. Chen, R. Liu, H.Y. Du (2015), “Erosion study of silica
phenolic nozzles with graphite Inserts in solid rocket motors”,
Advanced Materials Research, 1095, pp.573-578, DOI: 10.4028/
www.scientific.net/AMR.1095.573.

[6] J.A.]ithin, S.K. Panigrahi, P. Pasikumar, et al. (2022), “Ablative
properties, thermal stability, and compressive behaviour of hybrid
silica phenolic ablative composites”, Polymer Degradation and
Stability, 203, DOI: 10.1016/j.polymdegradstab.2022.110063.

[7] G.P. Richter, T.D. Smith (1995), “Ablative material testing
for low-pressure, low-cost rocket engines”, NASA Technical
Memorandum.

[8] C.0. Alanyalioglu, Y. Ozyoruk (2021) “Conjugate analysis of
silica-phenolic charring ablation coupled with interior ballistics”,
Journal of Propulsion and Power, AIAA Propulsion and Energy 2019
Forum, DOI: 10.2514/1.B378309.

[9] AJ.A. Jithin, S.K. Panigrahi, P. Pasikumar, et al. (2022),
“Thermophysical properties of hybrid silica phenolic ablative
composite: Theoretical and experimental analysis”, Polymer
Composites, 43(10), pp.1-18, DOI: 10.1002/pc.26766.

KHOA
&CONGHN%CI:-IE

68(5) 5.2026

[10] G. Pulci, J. Tirillo, F. Marra, et al. (2010), “Carbon-phenolic
ablative materials for re-entry space vehicles: Manufacturing and
properties”, Composites: Part A, 41, pp.1483-1490,D0I: 10.1016/j.
compositesa.2010.06.010.

[11] H. Cheng, Z. Fan, C. Hong, et al. (2021), “Lightweight
multiscale hybrid carbon-quartz fiber fabric reinforced phenolic-
silica aerogel nanocomposite for high temperature thermal
protection”, Composites Part A: Applied Science and Manufacturing,
143, DOI: 10.1016/j.compositesa.2021.106313.

[12] Y. Ji, S. Han, Z. Chen, et al. (2022), “Understanding the
role of carbon fiber skeletons in silicone rubber-based ablative
composites”, Polymers, 14, DOI: 10.3390/polym14020268.

[13] G. Pelin, C.E. Pelin, A. Stefan, et al. (2023), “Oxy-butane
ablation testing of thermal protection systems based on
nanomodified phenolic resin matrix materials”, Polymers, 15, DOI:
10.3390/polym15194016.

[14] C.O. Alanyalioglu (2017), “Simple and accurate method
for determination of solid rocket motor nozzle throat history”,
AIAA Propulsion and Energy Forum, pp.1-8, DOI: 10.2514/6.2017-
4860.

[15] J.R. Wilhelm (1965), “Ablation of refrasil-phenolic nozzle
inserts in solid propellant exhausts”, Journal of Spacecraft, 2(3),
pp.337-344, DOI: 10.2514/3.28181.

L)



s Khoa hoc Ky thuat va Céng nghé | Ky thuat héa hoc; Cac linh vuc khac cla khoa hoc ky thuat va cong nghé DOI: 10.31276/VIST.2025.3581

Toi wu hoa quy trinh san xuat dau ning sinh hoc
tr dich chiét vo hat diéu

Vii Thi Minh Héng"
Bé mén Héa hoc, Truwong Pai hoc M6 - Dia chdt, 18 phé Vién, phuiong Dirc Thdng, Ha Noi, Viét Nam
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Nghién ctru nay tap trung t6i wu héa quy trinh, ning cao hiéu suit san xuit diu niang sinh hoc (bio-heavy oil)
tir dich chiét tho vé hat diéu bang hé théng day chuyén thiét bi va xuc tac acid hitu co: nhdm giam phat thai
khi 6 nhiém. Sau khi xac dinh dworc ty 1 xiic tic/dung dich dau diéu thé quy mé phong thi nghiém, mau dwoc
thir nghiém quy mé pilot, mau san pham dwoc xac dinh cac chi tiéu nhw sau: tri sé nhiét lwong theo ASTM
D240-19 dat trén 9.000 cal/kg, ham lwong tap chit theo ASTM D473-22 c6 gia tri <0,01%, ham lwong tro
theo ASTM D482-19 c6 gia tri <0,1%. Tuy nhién, ham lwong nwéc xac dinh theo ASTM D6304-20 van con
Kha cao, khoang 0,5%. Nghién ciru ban dau di cho thiy, tiém nang tao ra san pham dang diu sinh hoc it tap
chit, c6 gia tri nhiét lweng dap wng tiéu chuin dau nhién liéu hién nay va c6 tiém ning giam phat thai khi
oxit Iwu huynh (SO ), c6 thé phdi tron véi ty 1é phi hop dé sir dung cho dong co tau bién hay trong 10 hoi cac
nha may nhiét dién hoac cac khu cong nghiép.

Tir khéa: dau nhién liéu, dau sinh hoc, dich chiét thé vo hat diéu.
Chi sé phdn logi: 2.4, 2.11

Optimisation of the bio-heavy oil production process
from crude cashew nut shell liquid
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Abstract:

The article focuses on optimising the process, enhancing the production efficiency of bio-heavy oil from
crude cashew nut shell liquid using a system of equipment lines and organic acid catalysts in order to mitigate
the emission of polluting gases to the environment. After determining the optimal catalyst-to-cashew oil
solution ratio at the laboratory scale, the process was tested at the pilot scale. The product oil samples
were characterised with the following parameters: calorific value determined according to ASTM D240-19
exceeding 9,000 cal/kg, impurity content per ASTM D473-22 below 0.01%, and ash content per ASTM D482-
19 below 0.1%. However, the water content determined according to ASTM D6304-20 remained relatively
high, at about 0.5%. The preliminary results show the potential to create bio-oil products with low impurity
levels and a calorific value that meets current fuel-oil standards while potentially reducing sulfur oxides
(S0, ) emissions, which can be mixed at appropriate ratios for use in marine engines or in boilers at thermal
power plants or industrial facilities.

Keywords: bio-heavy oil, cashew nut shell liquid, fuel oil.
Classification numbers: 2.4,2.11
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1. Dt van de

V6 hat diéu sau khi xit Iy so bd (phoi khd, loai bé tap
chit, nghién hodc cit nhd) dung cong nghé ép chiét 1y
dich thé. Hon hop thu dwoc khi chwa gia nhiét c6 thanh
phan chinh 1a anacardic acid (c6 thé 1én t&i 70%, tuy
phwong phap), cardanol va cardol, ngoai ra con cé cac
vét kim loai, nwéc va tap chit khac [1-4]. Viéc gia nhiét
sé loai bé nwére, dong tu keo nhya cay (lignin) va lam cho
nhom carboxylic (-COOH) trong phan tir anacardic acid
bi phd v& va chuyén héa. Khi dwgc gia nhiét dén nhiét do
180°C, hén hop chinh thu dwoc sé gdm cac phenolic tw
nhién dang 16ng véi thanh phan chinh 1a cardanol. Sau
qué trinh gia nhiét hon hop dich chiét tho tir vé hat diéu
thu dwoc (c6 thé goila dich chiét vé hat diéu - cashew nut
shell liquid - CNSL) c6 thanh phan chinh 1a cardanol [5].
Veé nguyén tic, cic san phdm nay da co thé sir dung lam
nhién liéu 16 d6t, tuy nhién, khi dét truc ti€p khéng qua
xtr Iy tinh ché sé gy ra nhiéu tac hai khéng mong muén.
Th(r nhit 1a hw héng thiét bi may méc khi dau str dung
14n qud nhiéu tap chat, ham lwgng acid va kim loai cao
[6], tiép theo la qua trinh chay va nhiét lwong khong dat
nhu mong mudn do dau thu dwoc c6 ham lwgng nwée va
dd nhét quéa cao [7]. Ngoai ra, viéc tao ra qua nhiéu tap
chat sé gy anh hwéng téi moi trueong, phat thai cac khi
NO, nhitla SO_gay 6 nhiém moéi trwdng, diéu nay gy ra
tac dung nguwoc véi muc tiéu dat ra.

Acid citric 1a mét acid hitu co an toan, it doc, dé phan
huy, 14 tdc nhan dé tao phirc véi kim loai do trong cu
tric phan tr c6 ba nhém cacboxyl (-COOH) va mot nhém
hydroxyl (-OH). Do tinh dé& phan cwc nén acid citric dé
tan trong nwéc, mat khac, ngoai tinh acid né con c6 tinh
khtr nén hd tro qua trinh loai bé tap chat. Viéc sir dung
phu gia acid hitru co dé xt ly ché bién siu dich chiét
CNSL dugc thuc hién bang quy trinh san xuit tw dong
lién hoan, két hop st dung hé thong thiét bi cap liéu c6
kiém soat (PLC - Programmable Logic Controller: Bo
diéu khién logic 1ap trinh) 1a buwéc cai tién quan trong
va c6 tinh thuc tién phlu hop véi nang luc dau tw cua
doanh nghiép nhé va vira khi nang cip céng nghé dau
tw diy chuyén thiét bi san xuit. Sau qua trinh x 1y dau
(CNSL), thanh phdm thu dwoc va cac san phdm dau moé
(HFO) c6 thé phdi trén véi ty 1€ thich hop, b sung cac
phu gia dé tao ra dau diesel sinh hoc (Bio-heavy fuel oil
- BioHFO0), c6 thé st dung cho dong co tau bién theo tiéu
chuén cua T6 chirc Hang hai Qudc té (IMO) [8], hay cho
cac 10 hoi cac nha may nhiét dién, khu cong nghiép giam
cac hon hop SO, Bén canh d6, tuy thudc vao nhu ciu
cua khach hang, san phdm diu CNSL c6 thé lam nguyén
liéu tinh ché san xudt cardanol dé phuc vu cong nghiép
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son, epoxy, hay diu géc... [2, 5, 7]. Nghién clru phat trién
cong nghé va san phdm dau CNSL con hwéng téi muc
tiéu giam phat thai khi CO, gdy hiéu tng nha kinh [9], tao
gia tri gia tang thong qua tin chi carbon (Carbon Credit)
c6 gia tri cao du diéu kién tham gia thi trwong carbon
trong nwéc hay quoc té. DAy chinh 1a nghién ciu c6 tiém
ndng dong gop thuec tién vao cam két gidm phat thai khi
nha kinh va trung hoa carbon dén nam 2050 (Net zero
2050) cta Chinh phu Viét Nam véi cdng dong qudc té.

2. Uat liéu va phuong phap nghién ciiu
2.1. Vat liéu

Dich nwéc chiét vé hat diéu tho (sau day goi 1a mau
dich chiét thd) dwoc 14y ngay 14/5/2024 do Céng ty
TNHH MTV ché bién xuit nhip khdu Quang Minh, xa Phud
Riéng, tinh Pong Nai cung cip.

Hoa chit acid thr nghiém lam chit xtc tac 1a acid
citric (C,H,0.).

2.2. Nghién ctru va Iwa chon ty 1é khéi Iiro'ng xic
tac

Dé xac dinh ty 1é xtc tac acid va mau CNSL thd (miu
dich chiét), chung toi tién hanh khéo trén & cac ty 1é khac
nhau (bang 1), sau dé tién hanh thyc hién quy trinh ché
bién sau dich chiét bang xtic tac trong binh phan tng thu
dwoc hiéu suit cao nhit 1a 92% & nhiét d6 80°C trong
vong 4 gio. Pau tién, dwa dich chiét vao binh tron. Tiép
theo, b sung chat xdc tac (theo ty 1é da cho & bang 1),
khudy trén véi téc do 1000 vong/phit trong bén gio.
Tiép tuc gia nhiét va khudy cho dén khi nhiét do dat 80°C
(tang nhiét do giap phan rng xay ra nhanh hon). Khi qua
trinh khudy tron hoan tat, dau CNSL dwoc dwa vao phéu
chiét tach, d€ ngudi va ling trong hai ngay, chiét 1y san
pham va 14y mot phan di phan tich chi tiéu chit lvong.

Bang 1. Ty & xtc tac acid va mau dich chiét vé hat diéu tho.

Théng s6 Miul Mau2 Miu3 Mau4
?éz?_l:g:;ﬁ[cg;éc acid citric 250 400 500 600
Nguyén liéu dich chiét (g) 5000 5000 5000 5000
Ty 1é xtic tic/dich chiét (%wt) 5 8 10 12
Nhiét d6 phan tng (°C) 80 80 80 80
Thoi gian phan &ng (gio) 4 4 4 4

2.3. M6 hinh céng nghé ché bién sdu ddu vé hat
diéu irng dung lam ddu nhién liéu

Sau khi x4ac dinh dwoec ty 1é xic tac/dich chiét tho &
quy mo phong thi nghiém, ching toi da tién hanh thuc
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hién chay pilot trén hé thong binh chita, bé tron dwgc ky
sw Han Qudc dén tir Cong ty TNHH Thwong mai va Phat
trién Anh Vinh (Viét Nam) va Cong ty JY Holding (Han
Qudc) nghién ctu va thiét ké [10]. Thiét ké hé théng
dworc cai tién theo quy trinh cdng nghé chia lam 2 nhanh
doc 1ap xt ly tir khAu bom nguyén liéu, phoi tron xic
tac, gia nhiét, tron, 4, lang, loc cit chin khong, thu hoi
dAu sdn phdm va can chiét dwgc thwe hién doc 14p, song
song v&i nhau va dwoc diéu khién béi hé théng may tinh
PLC. Pay la bwéc cai tién vé thiét ké co khi va str dung hé
thong diéu khién tw dong d€ tién hanh san xuit 24/24
gi®r vGi sO lwgng nhin céng giam toi da. Hinh 1 13 so do
nguyén tic cta hé théng xtr ly, trong dé viéc quan ly co
thé thwc hién truc tuyén. Nhw da dé cap & trén, viéc thay
d6i cong nghé nay sé phi hop hon véi thuc tién san xuit
cta cac doanh nghiép vira va nhé & Viét Nam.
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- Ham lwong nwéc dwoc xac dinh bang phwong phap
chudn do6 dién thé Karl Fischer theo ASTM D6304-20
[14];

- X4c dinh tri s6 nhiét lwong bang bom nhiét lwgng ké
theo ASTM D240-19 [15].

- S dung phwong phap huynh quang cuc tim (UVF)
dé phan tich ham lwong lwu huynh (S) theo tiéu chuin
ASTM D5453-19a [16].

3. Két qua va ban luan

3.1. Nguyén liéu dich chiét thé vé hat diéu

DE& nghién ctru va dé xuit giai phap tdi wu hoa quy trinh
san xuat dau sinh hoc tir dich chiét thd vé hat diéu, mau
dich chiét san xut tlr xa Phu Riéng, tinh Pong Nai dwoc
xac dinh cac gia tri nhiét lwgng, tap chit, ham lwong tro va
ham lwong nuwée. Két qua dwoc dwa ra trong bang 2.

Bang 2. Két qua phan tich nguyén liéu dau vao (mau dich chiét
tha).

i
BE DAUTHO —

—

TT  Tén chi titu Ponvitinh  Phwong phap thir  Tiéu chuén (*) Két qua

' g
BE TRON ! B8EBUN

BETACH

BEXUCTAC

Hinh 1. So dé quy trinh cong nghé ché bién sau dich chiét vé hat
diéu.

Khi qua trinh x ly dwoc hoan tat, dau CNSL dwgc
dwa vao bé tach, d€ ngudi va lang trong 48 gid, chiét 14y
san phidm va dem cin dé tinh hiéu suit, mot phan san
phdm dem di phan tich chit lvong.

2.4. Phwong phap xdc dinh chi tiéu chdt lwg'ng

Cac phwong phap xac dinh chi tiéu clda diu vo hat
diéu dwoc thwe hién tai BO mén Héa hoc, Trwong Dai
hoc M4 - Dia chat va Trung tAm Ky thuit Tiéu chudn Do
lwong Chat lwong 3 (QUATEST 3), cu thé nhw sau:

- X4c dinh tri s6 acid ctia mau trwédc va sau khi xir 1y:
St dung phwong phap chuin dd dién thé bang dung dich
KOH 0,1 N trong isopropanol dé xac dinh tri s6 acid theo
tiéu chuln ctia Hiép hoi Vat liéu va Thir nghiém Hoa Ky
ASTM D664-18e2 [11].

- Ham lwong tro dwoc xac dinh bang cdch nung mau
téi 775°C trong vong 20 phit theo tiéu chudn ASTM
D482-19 [12].

- Ham lwong tap chit (sediment) trong mau dich
chiét va mau diu sau khi xtr ly dwoc xac dinh theo ASTM
D473-22 [13].

JHOAHOC -

of shn primt 1 Tri s6 acid mgKOH/g ~ ASTM D664-18¢2 <25 12,1

[ T 1 2 Ham luong tro % (m/m) ASTM D482-19 <0,1 1,2
3 Ham lugng tap chat % (m/m) ASTM D473-22 <0,5 1,84

4 Hamlwongnudc % (V/v) ASTM D6304-20  <0,5 1,2
5 Nhiét lugng cal/kg ASTM D240-19 >9300 9295

6 Ham lwong S mg/kg ASTM D5453-19a  <0,5 113

*: méc du khong co tiéu chuan cu thé cho dau sinh hoc san xuét tiy
C‘NSL cla Viét Nam, nhung c6 thé so sanh c}hi tiéu twong dwong cEla
dég thg duoc véi dau CNSL cardanol tinh ché dwa theo cac tiéu chuan
quoc té ASTM (Hiép hdi Vat liéu va Thir nghiém Hoa Ky).

Két qua bang 2 cho thdy, ngoai tri sd acid thi cac chi
s6 khac ctia mau dich chiét vé hat diéu thd déu vuot cao
so v&i tiéu chudn twong dwong ciia CNSL cardanol tinh
ché nhu ham lwgng nwéc va tap chit do dwocla 1,2 va
1,84% vwot qua tiéu chuln cho phép <0,5%; ham lwong
tro 1a 1,2 so vé&i 0,1%, dic biét, chi s6 ham lwong lwu
huynh ctia mau dich chiét vuot rat xa so véi tiéu chuin
(113 so v&i 0,5 mg). Ngoai ra, tri s6 acid ciia mau tho
ndm trong gi¢i han cho phép (<25 mg KOH/g), s6 liéu
12,1 con kha cao, bdi vi gia tri acid cao (>10) c6 thé gy
an mon, lam giam tudi tho thiét bi, ngoai ra khi gia nhiét
c6 thé xuat hién bot khi. C6 thé thdy rang, mau dau diéu
thoé chiva rat nhiéu tap chat, c6 kha ning anh hwéng tiéu
cuwc dén do tinh khiét va chatlwgng chung ctia nhién liéu.

3.2. Nghién ciru, xdc dinh ty I¢ xtic tdc va ddu

Chting tdi da tién hanh phan tich cdc miu dau thi
nghiém khi s dung chit xic tic véi cac ty 1€ khac nhau,
két qua thu dworc thé hién trén bang 3.
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Bang 3. Két qua phan tich cac mau thir nghiém.

TT Tén chitiéu Ponvitinh  Phwong phap thir Tiéu chuidn (*) Maudich chiét Maul Mau2 Mau3 Maiu 4
1 Tri s8 acid mg KOH/g ASTM D664-18e2 <25 12,1 4,1 51 5,92 8,7

2 Ham lwong tro % (m/m) ASTM D482-19 <0,1 1,2 0,45 0,11 0,072 0,02

3 Ham lwgng tap chit % (m/m) ASTM D 473-22 <0,5 1,84 0,15 0,12 <0,01 <0,01
4 Ham lwong nwéc % (v/v) ASTM D6304-20 <0,5 1,2 0,87 0,75 0,45 0,2

5 Nhiét lwgng cal/kg ASTM D 240-19 >9300 9295 9475 9498 9506 9569
6 Ham lwong S mg/kg ASTM D5453-19a <0,5 113 0,05 0,036 0,02 0,009

K&t qua bang 3 cho thiy, ddi véi tit ca cac mau thir
nghiém, cic chi tiéu acid, ham lwgng tap chat va ham
lwgng lwu huynh gidm rit nhanh va dat tiéu chudn cho
phép <0,5 mg, gia tri acid déu <25 mg KOH/g. Nguoc lai,
sw tang tri s6 nhiét lwong (déu >9300 cal/g) hoan toan
phu hop véi do gidm ham lwong nwéc. Ham lwong cac
chit déu giam va sy gidm nay ty 1€ v&i sw tang ty 1é acid/
dau, cu thé nhu sau:

- Ty 18 5% (mAu 1): cac chi tiéu con lai 12 ham lwong
tro (0,45>0,1%) va ham lwgng nuéc (0,87>0,5%) déu
khong dat. Twong tw véi ty 18 8% (mau 2), ham lwong tro
(0,11>0,1%) va ham lwong nwéc (0,75>0,5%) déu khong
dat.

- Ty 1& 10 va 12% (mAu 3 va mau 4): tit ca cac chi
tiéu déu dat tiéu chuin. Cu thé, ham lwong tro (0,072 va
0,02%<0,1%) va ham lwgng nwéce (0,45 va 0,2%<0,5%)
déu nam trong gi¢i han cho phép. Nhw vy, ca hai ty 1& déu

Hinh 5. Hinh anh cac mau san pham thir nghiém trén quy mé pilot.
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phtt hop, tuy nhién véi mau 3 (ty 1é 10%) véi chi s6 acid 1a
5,92 mg KOH/g dwgc ching toi wu tién lwa chon dé chay
phan &ng trén quy mo pilot.

3.3. Ddnh gid két quad thir nghiém trén quy mé pilot

Quy trinh cdng nghé san xuit diu vo hat diéu hién
nay & cac co s& san xudt trong nwdc van con don gian,
dich chiét thu dwoc thwong c6 1an nhiéu tap chat, khoang
chat, cac kim loai va nwéc. Hang cht yéu dwoc xuat khau
ludn hodc chi xt Iy so bd bang cac phwong phap co hoc
nhu ling va loc, du ¢6 loi ich than thién véi moi truong
nhwng do chit lwong thip nén gia thanh ré, thwong xuyén
bi ép gia. D€ cai tién cong nghé va ning cao chit lwong
san pham, bé tron chit xic tac hitu co, xic tac nhiét do co
kiém soat dwoc stt dung véi muc tiéu gidm ham lwong kim
loai c6 trong dau, loai bo tap chit dang hitu co, nang cao
thoi gian bao quan cta diu, qua d6 ning cao nhiét tri cia
san phdm. Viéc d6i méi cong nghé nang cao chit luwgng
dau CNSL 1a mét qua
trinh kho khan, phirc tap
va doi hoi chi phi rat 16n.
Vé&i sy hop tac cda doanh
nghiép, ddi tic Han Quéc
va Viét Nam, viéc thay
doi thiét ké co khi, Gng
dung coéng nghé thong
tin, s6 héa mét phan hoat
déng quan ly san xut, hé
thong san xuidt gbm hai
nhanh xt ly doc lap lién
hoan gébm binh chira, bé
tron xuc tac, bom khudy
chuyén dung, bom hut
chdn khéng, bé 0 gia
nhiét va hé théng quan
ly tw dong PLC da dwoc
dau tu thiét k&, ché tao
va lip dit (hinh 2-4). ay
1a quy trinh dwoc thiét ké
dé twong thich véi diéu
kién san xuit kinh doanh
cia doanh nghiép Viét
Nam theo chudi cung ing
nguyén liéu san xuit.




Chung t6i tién hanh chay phan (rng trén quy mé pilot
véi lwgng dau thé nguyén liéu 1a 1000 kg. Cac phan Gng
dworc tién hanh & nhiét d6 80°C va khdi lwong xic tac 1a
100 kg. Hiéu suit san phdm dat dwoc sau khi chiét 13y 1a
90%, dau thu dwgc c6 mau sAm den (hinh 5).

Hoat tinh xtc tac clia cdc mau dwoc danh gia thong
qua két qua do dwoc nhw sau:

Bang 4. Két qua phan tich cac mau thir nghiém trén quy mé pilot.

TT Tén chitiéu Donvitinh Phwongphip thit CNSLtho Kétqua
1 Trisdacid mg KOH/g ASTM D664-18e2 12,1 6,1

2 Hamlwong tro % (m/m) ASTM D482-19 1,2 0,089

3 Hamluwgngtap chdt % (m/m) ASTM D473-22 1,84 <0,01

4 Ham lwong nwéc % (v/v) ASTM D6304-20 1,2 0,5

5  Nhiétlwong cal/kg ASTM D240-19 9295 9498

6  Hamlwong$ mg/kg ASTM D5453-19a 113 <01

Két qua bang 4 cho thiy, néu xét vé nhiét lwong thi
mau chit 16ng vé hat diéu chay trén quy mé phong thi
nghiém va quy mé pilot c6 sw khac nhau khéng dang ké
1an lwot 1a 9498 va 9506, tuy nhién ham lwgng nwéc méc
du gidm di rat nhiéu nhung con s6 0,5% van con kha cao.
biéu nay cé thé giai thich 1a do ham lwgng nguyén liéu
mau dich chiét dwa vao cé lwong nwéc qua 1on, néu lwong
nuwdc 16n hon ¢é thé cin trai qua thém bwéc tich nwéc.
Céc chi tiéu khac khong c6 nhiéu khac biét so véi quy
mo phong thi nghiém, ham lwong tro va tap chat dugc
giam xu6ng dang ké, dap tng dwoc tiéu chudn dau CNSL
cardanol tinh ché.

4. Két luan

St dung acid hitru co lam xtc tac cho qua trinh xtr ly
CNSL thé cho thay, hiéu qua loai bd tap chat rat tot va
lwru huynh gan nhw khéng cé trong san pham dau CNSL.
Két qua chay pilot khéng qua khac biét so véi két qua
nghién ctru tai phong thi nghiém, cac chi tiéu déu dat
tiéu chudn: ham lwong tro la 0,089%<0,1%, gia tri acid
6,1 mg KOH/g<25 mg KOH/g, tap chat <0,01% va ham
lwong lwu huynh <0,1%. C6 thé thiy, cong nghé gitp
tach loai can, tap chit co hoc, han ché phat sinh chit thai
rin, mau dau thu duwoc cé thé so sanh véi tiéu chuin dau
CNSL cardanol tinh ché. Bén canh do6, viéc str dung acid
hitu co an toan, c6 thé phin hdy sinh hoc dé loai bo tap
chit cling déng gép cho muc tiéu bao vé mai truong.

Xin tran trong cdm on Cong ty TNHH Thwong mai va
Phét trién Anh Vinh (Viét Nam) va Céng ty JY Holding (Han
Quéc) da gitip do chiing t6i hoan thanh nghién ctru nay.
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Tinh trang dinh dudng ¢ hoc sinh 11-14 tuoi
tai 6 trwong trung hoc co' so huyén Nha Be, TP. Ho Chi Minh nam 2024
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Ngay nhin bai 2/6/2025; ngay chuyén phan bién 5/6/2025; ngay nhin phan bién 23/6/2025; ngay chdp nhan diang 1/7/2025
Tém tdt:

Muc tiéu: Panh gia tinh trang dinh dwdéng & hoc sinh 11-14 tudi tai 6 trwong trung hoc co’ sé huyén Nha Be,
TP. H6 Chi Minh nim 2024 (trwdc sap nhap). Phwong phap nghién ciru: Nghién ciru mé ta cit ngang cac déi
twong 12 hoc sinh trong do tudi tir 11 dén 14. Nhém nghién ciru da thwc hién cac phép do nhan trac hoc nham
danh gia tinh trang dinh dwd'ng ciia tré em theo bang phan loai Z-score ctia T chirc Y t€ Thé gi¢i (WHO) nam
2007 cho tré 10-19 tudi. Két qua: Ty 1é suy dinh dwd'ng thé thip coi & mirc rat thap la 1,84%, trong dé mirc
d6 nang chi chiém 0,21%; tinh trang suy dinh dwéng thé giy com ciing hiém gap véi ty 1€ chung la 2,2%. Ty
1é thira cin va béo phi chiém ty 1€ cao, lan lwgt 1a 45,7 va 22,2%. Ty 1é thira cin & nam va nir trong dwong
nhau (41,6 va 41,4%). Ty 1& béo phi ciia nam la 28,3%, cao ho'n gip déi so v&i nir la 13,5% (p<0,05). Biéu do
tang trwéng theo gia tri Z-score chiéu cao theo tudi c6 xu hwéng 1éch phai nhwng dinh van thip hon so véi
chuin tang trwéng WHO, didc biét ro rét & nhém tré nam. Bi€u d6 ting trwd'ng theo gia tri Z-score chi s6 khéi
co’ thé (BMI) theo tudi & ca nam va nir déu léch phai ré rét va cao hon so véi chuin ting trwéng.

Tir khéa: béo phi, gidy com, Nha Be, suy dinh dwéng, thap coi, thira can, TP. H6 Chi Minh.
Chi s6 phdn logi: 3.1, 3.3

Nutritional status of students aged 11-14 years at six lower secondary schools
in Nha Be district, Ho Chi Minh city in 2024
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Abstract:

Objective: To evaluate the nutritional status of students aged 11-14 years at six lower secondary schools in
Nha Be district, Ho Chi Minh city, in 2024 (before the administrative merger). Methods: A cross-sectional
descriptive study was conducted among students aged 11-14 years. Anthropometric measurements were
performed to evaluate the nutritional status of children based on the World Health Organisation (WHO)
2007 growth reference Z-scores for children and adolescents aged 10 to 19 years. Results: The prevalence
of stunting was low at 1.84%, with severe stunting accounting for only 0.21%. Wasting was also rare, with
an overall prevalence of 2.2%. In contrast, the prevalence of overweight and obesity was high, at 45.7 and
22.2%, respectively. The prevalence of overweight was similar in boys (41.6%) and girls (41.4%). However,
the prevalence of obesity in boys (28.3%) was more than twice that in girls (13.5%) (p<0.05). The height-
for-age Z-score distribution demonstrated a rightward shift, although the peak remained lower than the
WHO growth reference, particularly among male students. In contrast, the BMI-for-age Z-score distribution
showed a pronounced rightward shift for both boys and girls, with values exceeding the WHO reference.

Keywords: Ho Chi Minh city, malnutrition, Nha Be, obesity, overweight, stunting, wasting.
Classification numbers: 3.1, 3.3
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1. Ddt van de

Giai doan 11-14 tu6i 1a thoi ky dAu cha tudi day thi,
dac trung boi sy phat trién nhanh chéng vé thé chit va
tAm sinh ly. Dy ciing 1a giai doan nhay cdm vé nhu ciu
dinh dwdng, doi héi nang lwong va vi chat day da dé dam
bdo tang tredng va phat trién toan dién.

Trén thé gidi, tinh trang thira can va béo phi & tré em
va thanh thiéu nién cling dang la xu huwéng toan cau. Mot
phén tich tdng hop trén quy mo 1én do tac gia X. Zhang
va cs (2024) [1] thuc hién tir 2.033 nghién ctru véi hon
45 triéu tré em tir 154 quoc gia cho thiy ty 1é béo phi
trung binh & tré em va thanh thiéu nién la 8,5%, thira cin
la 14,8%. bac biét, ty 1€ nay tang nhanh trong giai doan
2012-2023, tang gap 1,5 1an so véi giai doan 2000-2011
va cao hon dang ké & cac qudc gia c6 thu nhip cao hoic
chi sé phat trién con nguwdi (HDI) =0,8.

Béo phi & tudi thiéu nién 1a yéu t6 dw béo cho tinh
trang béo phi & tudi tredng thanh. Mot danh gia hé thong
va phan tich tdng hop cua A.S. Kelly va cs (2024) [2] chi
ra rang, tré em béo phi c6 nguy co cao gip 5 lan tiép tuc
bi béo phi khi tredng thanh va khoang 80% thanh thiéu
nién béo phi van sé tiép tuc mang tinh trang nay & tudi
trwdng thanh. Tuy nhién, cling theo nghién ctru nay, 70%
ngudi 1én béo phi khong bi béo phi tir thoi tho Au, cho
thay rang cac chién lwgc can thiép cin bao phti rong hon,
thay vi chi tdp trung vao nhém tré da thira can-béo phi
[2]. Tai khu vuc Dong Nam A, nhém tac gia nghién ctru
trén nhém tré 6-17 tudi tai Campuchia cho két qua ty 1&
thép coi 1a 33,2%, v&i sw chénh 1éch rd rét gitra khu vuc
nong thon (36,4%) va thanh thi (20,4%) [3].

Tai Viét Nam, tinh trang suy dinh duwdng & tré em da
c6 xu hwéng gidm trong nhitng ndm gan day, nhuwng dong
thoi, ty 1€ thira can va béo phi lai tdng nhanh, dac biét
¢ khu vy thanh thi. Theo nghién ctu cda L.T.N. Trinh
va cs (2024) [4] tai mOt treong trung hoc co sé & tinh
Vinh Long, ty 1é thira cAn va béo phi lan lwot 1a 24,36 va
19,26%. Tinh trang nay phan 4nh sw mit cAn bang trong
16i sOng, ché d6 dinh dwdng va hoat dong thé chit & hoc
sinh tu6i diy thi hién nay.

Nguoec lai, tai cac khu vec mién nui, tinh trang suy
dinh dwdmng van 1a van dé cip bach. Nghién ciru cla tac
gid N.S. Tu va cs (2023) [5] trén 4.069 hoc sinh dan tdc
ban tru tai tinh Dién Bién cho thiy, Z-score chiéu cao
theo tudi (HAZ) trung binh & tré trai la -1,94+1,08 va
tré gaila -1,89+0,97, sat véi nguwdng suy dinh dudng thé
thép coi. Cac chi s6 vé cn nang va chiéu cao déu thap
hon so v&i chudn WHO, dic biét & nhém tré 13-14 tudi.

Hién twong “ganh nang kép” vé dinh dwdng vira suy
dinh dwéng, vira thira cin - béo phi dang ngay cang pho
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bién & ltra tudi hoc dwong tai Viét Nam. Bén canh do, cac
yéu t6 nhw gidi tinh, tudi, mirc d6 van dong thé lwc va mai
treong sdng cling gép phan anh hwdng dén tinh trang
dinh dwdong & hoc sinh. Do do, viéc danh gia tinh trang
dinh dwdng va cac yéu t6 lién quan & nhém tudi 11-14
khong chi giup phat hién sém cac van dé sirc khoe, ma
con gop phan dinh hwéng cac chwong trinh can thiép dinh
dwdng hoc dwong pht hop theo béi canh dia phwong.

Vi viy, ching t6i tién hanh nghién ctu “Tinh trang
dinh dwéng & hoc sinh 11-14 tudi tai 6 trwong trung hoc
co s& huyén Nha Be, TP. H6 Chi Minh ndm 2024” nham
md ta tinh trang suy dinh dudng, tir d6 dé xuit cac bién
phdp can thiép wu tién bao gom chim séc sirc khoe va
dinh dudng.

2. Déi tuong va phuong phap nghién ciiu
2.1. Déi twong

Nghién ctru dwoc tién hanh tai 6 tredng trung hoc
co s& tai huyén Nha Be, TP. H6 Chi Minh, trong thang
11/2024 trén cac hoc sinh dd tud6i 11-14 théa min cac
diéu kién:

- Hoc sinh, gia dinh, nha truomg tw nguyén doéng y
tham gia.

- Tiéu chuln loai trir: Cac trwong hop ngoai do tudi
11-14 tudbi, cac hoc sinh bi khiém khuyét vé hinh thé.

2.2. Phwong phdp nghién ciru

Thiét ké nghién ctru: Nghién clru mo ta cat ngang.

Cé mdu nghién ctru: Chon mAu toan bd cac hoc sinh tir
16p 6 dén 16p 9 tai cac trweong theo danh sach.

Phwong phdp chon mdu:

- Chon dia ban nghién ctru tai huyén Nha Be, TP. HO
Chi Minh.

- Chon truwong: Tai dia ban huyén cé 8 trwong trung
hoc co s@, chiing t6i chon 6/8 trudong véi tong s6 4.214
hoc sinh dwgc danh gid tinh trang dinh dwéng. Hai
trudng con lai c6 s hoc sinh it, chiém dwéi 5% tong s6
hoc sinh ctia huyén nén ching t6i khong Iwa chon vao
nghién ctru.

- Chon d6i twgng: Lap danh sdch toan bd hoc sinh
16p 6-9 cta 6 trweong, chon doi twong theo phwong phap
chon mau toan bd. Sau khi loai bé cac d6i twong theo tiéu
chuin loai triy, chon dwoc 4.214 hoc sinh.

2.3. Cdc bién s, chi s6 nghién ciru

- Bién s0: tu6i, gidi, chiéu cao, cAn nang, chi sé khoi
co thé (BMI).

- Chi sé: ty 1é thap coi, gdy com, thira cin, béo phi.



2.4, Phwong phdp thu thdp théng tin

Thu thdp vé mot s6 chi s6 nhdn trdc: Ky thuat do nhan
trac theo hwéng dan cia Bo Y té va nha san xuit.
- Can nang: S dung can SECA ctia Dtrc.

- Chiéu cao: St dung thwéc gb cia UNICEF (chuin
héa), ghi ngay sau khi do, 1am tron dén 0,1 cm, néu do 2
lan chénh l1éch >0,5 cm thi do lan thi 3, ghi két qua trung
binh ctia 2 Ian gan nhau nhit.

Ddnh gid thira cdn, béo phi va suy dinh dwdng: Theo
bang phan loai Z-score cia WHO 2007 cho tré tir 10 dén
19 tudi:

DPéanh gia chi s6 Z-score chiéu cao theo tudi:

- SDD thé thap coi mic dd vira: Z-score<-2 SD dén
-3SD.

- SDD thé thip coi mirc dd ndng: Z-score<-3SD.

- Tinh trang dinh dwdng binh thwong: -2SD<Z-
score<+1 SD.

DPanh gia chi s6 Z-score BMI theo tudi:

- SDD thé gay com mirc do vira: Z-score<-2SD dén
-3SD.

- SDD thé giy com mitc dd ning: Z-score<-3SD.

- Tinh trang dinh dwdng binh thwong: -2SD<Z-
score<+1SD.

- Thtra can: +1SD<Z-score<+2 SD.

- Béo phi: Z-score =+2 SD.

2.5. Phwong phdp xir ly sé liéu

S6 liéu dwoc ma héa, lam sach va nhap trén phan
mém Excel. St dung phin mém WHO Anthro Plus dé
danh gia tinh trang dinh dwdng. Sau d6 sé liéu dwoc trich
xudt va xt ly trén phan mém SPSS 20.0. St dung cac test
théng ké, kiém dinh Chi binh phwong.

2.6. Sai s6 va khdng ché sai sé

St dung cac cong cu chuln (can, thwéc), st dung ky
thuit chuln xac, thyc hién ding theo thwong quy, tip
huén k§ thuat va théng nhat phwong phap diéu tra trong
thu thap so liéu.

3. Két qua

Nghién cttru dwgc thwe hién trén 4.214 hoc sinh trung
hoc co s, trong d6 nam la 58,7% va nir 1a 41,3%. Ty 1é
nam/nir 1a 1,25. Phin bd theo do tudi: 12 tudi chiém ty
1é cao nhit (33,0%), ti€p theo 1a 11 tudi (28,6%), 13 tudi
(24,1%) va 14 tudi (14,3%). C6 sw chénh léch gitra cac
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nhém tudi trong nghién ctu do sw anh hwdng cia viéc
loai bd mot s doi twong hoc sinh 16p 9 trén 14 tudi, mot
phén c6 thé do sw lwa chon ndm sinh nén s6 hoc sinh
khac nhau qua cac nam.

Bang 1. Théng tin chung cua déi twong nghién ctru.

Pac diém S6 lwong Ty 1€ (%)
Nam 2474 58,7

Gidi tinh Nir 1740 41,3
Téng s6 4214 100,0
Hai Ba Trung 1337 31,7
Hiép Phuéc 440 10,4

Trudng trung Nguyén Binh Khiém 769 18,2

hoc co s& Nguyén Thi Hwong 536 12,7
Lé Van Heu 680 16,1
Lé Thanh Cong 452 10,7
11 1204 28,6

) 12 1392 33,0

Tuoi
13 1014 24,1
14 604 14,3

Két qua bang 2 cho thay, cin ndng va chiéu cao trung
binh cé xu hwéng ting dan theo tudi & ca hai gidi, phan
4nh dic diém tang trwdng thé chit binh thwong trong
giai doan day thi. O’ nhém nit, cAn ning tang tir 48,3+10,9
kg & tudi 11 1én 57,6+£12,2 kg & tudi 14; chiéu cao ting
tlr 150,9+6,9 1én 156,2+5,5 cm. O nhém nam, cac chi s¢
twong ngla 51,7+11,4 1én 67,6+14,1 kg vé cAn ndng va
150,3+7,9 1én 166,6+6,7 cm vé chiéu cao.

Bang 2. Can nang, chidu cao, chi sé khéi co’ thé trung binh theo
tudi va gii tinh.

Tuéi, gi6i SO lwong C_ﬁn nang (kg) C_hiéu cao (cm) C_hi s6 khdi co’ thé
(n) (x+SD) (x+SD) (x+SD)
Nhom niv
11 Nit (508) 48,3+10,9 150,9+6,9 21,1£39
12 Nit (547) 52,8+11,8 153,76,37 21,26%4,33
13 Nit (437) 54,3+12,3 155,16,0 22,4445
14 Nir (248) 57,6£12,2 156,2+5,45 23,544
Nhém nam
11 Nam (696) 51,7+11,4 150,3+7,9 22,739
12 Nam (845) 56,7+12,0 156,2+7,8 23,0£4,0
13 Nam (577) 61,2+14,0 161,6+7,7 23,3£4,46
14 Nam (356) 67,6+14,1 166,6%6,7 24,2443
81
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Hinh 1. Phan bé Z-score chiéu cao theo tudi ciia tré em so vé&i chuan tang trwdng ctia T6 chirc Y té thé gidi.
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Chi s6 khdi co thé (BMI) ciing ghi nhin su gia ting
nhe theo tudi & ca hai gi¢i (hinh 1). BMI trung binh &
nam giGi cao hon so véi nir giGi & tit cd cadc nhom tudi,
diéu nay phu hop véi dac diém sinh 1y hoc & nam trong
giai doan day thi, khi khéi lwgng co thwong phat trién
manh hon so véi nit.

Gia tri Z-score chiéu cao theo tudi clia tré em trong
quan thé khéo sat c6 xu hwéng 1éch phai cho thiy trung
binh di t6t hon nhwng dinh gi4 tri Z-score van thip hon
so v&i chudn tang trwedng WHO, dic biét rd rét & nhém
tré nam.

Chi s6 khdi co thé theo tudi cla ca tré nam va nir déu
1éch phai so véi chudn WHO (hinh 2), phan dnh xu hwéng
thira can va béo phi trong quan thé khao sat, tré nam c6
dinh phan bé cao hon va 1éch phai ré hon so véi nit, cho
thiy ty 1é thira cAn/béo phi & nam cao hon.

Bang 3. Tinh trang suy dinh dwéng thé thap coi.

Noi dung S6 lwgng (n) Ty 1€ (%)
Thép coi nang 9 0,21
Thép coi nhe 69 1,63
Thép coi chung 78 1,84

Trong tong s6 doi twong nghién ciu, ty 1é suy dinh
dwdng thé thip coi la 1,84%. Thap coi ndng chiém ty 1&
rat thap (0,21%) cho thay, s tré c6 mirc Z-score chiéu
cao/tudi dudi-3SD 1a khong dang ké. Thip coi nhe chiém
1,63%, 1a nhém chiém ty 1& cao nhat trong cac mic suy
dinh dwdng thé thip coi (bang 3).

135
283 222
80
- 456
60
437
459
Nik Nam Ching
L] Gijc com mBinh thugng wThiracin  wBéo phi

Hinh 3. Tinh trang dinh dw&ng theo Chi sé khdi co’ thé theo tudi.

Ty 1é suy dinh dwdng thé gy com & ca hai gi¢i déu
thép, v&i nir 12 1,9% va nam 1a 2,4%. Ty 1é thira cin va
béo phi chiém da s8, lan lwot 1 45,6 va 13,5% & nit; 45,9
va 28,3% & nam (hinh 3). Nam sinh c6 ty 1é béo phi cao
gap doi nit sinh (28,3 so véi 13,5%), trong khi ty 1& binh
thwong & nir cao hon dang ké so véi nam (39,0 so véi
23,5%).

biéu nay phan anh xu hwéng thira cin, béo phi néi
bat hon & nhém hoc sinh nam, vi vy day la vin dé dinh

JHOAHOC . -
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dudng cin dwgc wu tién can thiép. Sw khac biét c¢6 y
nghia théng ké (p<0,05) phan dnh madi lién quan gitra
gi¢i tinh va tinh trang dinh dudng.

4. Ban luan

Két qua nghién ctru cho thiy ty 1é suy dinh dwdng thé
thap coi va gy com trong quin thé hoc sinh trung hoc co
s& tai huyén Nha Be, TP. H6 Chi Minh & mic thap, trong
khi ty 1é thira cAn va béo phi lai chiém wu thé o rét, phan
&nh rd nét tinh trang ganh ning kép vé dinh duéng & Ia
tudi hoc dwong hién nay.

Ty 1é suy dinh dwdng thé thap coi trong nghién ctu
nay chi chiém 1,84%, bao gobm 0,21% mic d6 niang va
1,63% mirc do vira. Con s6 nay thap hon dang ké so v&i
cac nghién ctu quoc té. Cu thé nghién ciru tai Ai Cap
ghi nhan ty 1é thip coi 1én t&i 34,2% [6], trong khi tai
Burkina Faso va Campuchia, ty 1& nay Ian lwot 1 29,4 va
33,2% [3, 7]. So v&i trong nwéc, ty 1€ thap coi cua hoc
sinh huyén Nha Beé ciing thip hon nhiéu so v&i nghién
ctru tai Trwong Trung hoc Co s& Phu Nghia, Chwong
M§$, Ha Noi (5,7%) [8] va nghién cttu cia L.T.N. Trinh
va cs (2024) [4] trén hoc sinh Trwong Trung hoc co sé&
Nguyén Truwong T6 ndm 2023, tai tinh Vinh Long cho két
qua 3,94%. K&t qua nghién ctru twong déng véi nghién
ctru tai hai quan ndi thanh Ha N6i nam 2020 (0,9%) [9].
Diéu nay cé thé phan anh su cai thién diéu kién séng,
dinh dwéng va cham séc tré em tai cac d6 thi lén nhw TP.
H6 Chi Minh, nhwng dong thoi cling ¢ thé do sw khac
biét trong phwong phap nghién cttu, tiéu chi danh gia va
nhém tudi khao sat.

V@ tinh trang suy dinh dwdng thé giy com, ty 1é chung
1a 2,2%. Con s6 nay thidp hon dang ké so vai ty 1& ghi
nhan tai Burkina Faso (11,2%) [7], Brazil (<3%) [10],
cling nhw tai mot s6 dia phwong trong nwéc nhw Pha
Nghia, Chwong My, Ha N6i (9,3%), TP Hué (11,9%) [11]
va nghién ctru cia N.N. Cam va cs (2017) [12] tai Ha No6i
(7,59%). Nhirng két qua nay cho thiy, tinh trang suy
dinh dwéng dang dan dwgc ki€ém soat, nhit 1a & nhom
hoc sinh trung hoc co s& tai cac khu vuee ¢6 t6c do do thi
héa cao nhw TP. H6 Chi Minh.

Nguworc lai, tinh trang thira cin va béo phi lai chiém ty
1€ rat cao, lan lwot1a 45,7 va 22,2%, tong cong dén 67,9%
hoc sinh vt chuin BMI theo tu6i. So véi nghién ctru tai
TP. H6 Chi Minh ndm 2015 véi ty 1é thira cin, béo phi la
41,4%, két qua ctia nghién ctru nay cho thay xu hwéng gia
tang nhanh chéng va dang lo ngai tinh trang thira can, béo
phi. Ciing can lwu y rang, nghién ctru tai HA Noi nam 2020
cho thdy ty 1& thira cAn va béo philan lwotla 25,2 va 13,2%
[9], thdp hon dang ké so v&i két qua tai huyén Nha Be, cho
thay khu vec mién Nam, ddc biét 1a TP. H6 Chi Minh, c6
nguy co cao hon vé thira cin - béo phi hoc duong.
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Két qua nghién ctru cho thiy, ty 1é thira cin va béo
phi chiém da s, 1an lwot 1a 45,6 va 13,5% & nit; 45,9
va 28,3% & nam. Nam sinh cé ty 1é béo phi cao gip doéi
nit sinh (28,3 so véi 13,5%), trong khi ty 1é binh thuwong
& nit cao hon dang ké so v&i nam (39,0 so védi 23,5%),
pht hop véi xu hwdng dwoc ghi nhan trong nhiéu nghién
ctiru trede do6 [9]. Sw khiac biét nay cé y nghia thong ké
(p<0,05) cho thay gidi tinh 1a yéu t6 co6 lién quan dén
tinh trang dinh dwdng, cin dwgc xem xét trong cac chién
lwoc can thiép dinh dwéng hoc duong.

Puwong cong chuin ting trwdng chiéu cao cia nir
gan trung v&i dwong cong chuin cia WHO nhwng dinh
tang tredng thap hon mot chiat. Pwong cong chuln ting
truwdng chiéu cao ctia nam c6 xu hwéng 1éch phai nhwng
dinh ting trwdng so véi WHO va so véi nir thip hon.
Chirng t0, chiéu cao cla tré nam c6 xu hwdng cai thién,
tuy nhién van con it treong hop dat mic t6i wu.

Doi chiéu véi bi€u do phin b6 Z-score chiéu cao theo
tudi ctia tré em so véi chuln ting tredng WHO, chiéu cao
theo tudi cla tré em trong quan thé khao sat c6 xu hwéng
thap hon so véi chuln tang trwedng WHO, dic biét ro rét
& nhom tré nam. Tinh trang nay phan dnh dic trueng cta
ganh ning kép vé dinh dudng, bat ngudn tir viéc cung
cip dinh dwdng mat can doi, thiu vi chit va thira nang
lwong.

Can dic biét quan tdm dén chiéu cao cuia tré 11-14
tudi, vi day 1a giai doan ting trudng vwrot bac trong qua
trinh phat trién thé chit. Viéc theo doi va can thiép kip
thoi & giai doan nay c6é vai tro then chét trong viéc dam
bao tré dat dwoc chiéu cao téi wu khi tredng thanh

5. Két luan

Tinh trang dinh dwéng ctia hoc sinh trung hoc co s
tir 11 dén 14 tudi tai huyén Nha Be, TP. H6 Chi Minh cho
két qua: Ty 1é suy dinh dwdng thé thap coi & mirc rat thip
(1,84%), trong d6 mirc d6 nang chi chiém 0,21%; tinh
trang suy dinh duwdng thé gy com ciing hiém gip, véi ty
1é chung1a 2,2%. Ty 1é thira cin va béo phi & mic rat cao,
lan lwot 1a 45,7 va 22,2%, ty 1é thira cin, béo phi & nam
lan lwot 1a 45,9 va 28,3% cao hon nit Ian lwot 14 45,6 va
13,5%.

Két qua nay cho thiy, trong khi suy dinh dwéng khong
con la van dé pho bién tai khu vwe d6 thi nhw Nha Be,
thi tinh trang thira can, béo phi da tré thanh van dé sirc
khoe cong dong cin dwoc quan tAm hang dau. Cac can
thiép dinh dudng hoc dwdng trong giai doan téi cin tip
trung kiém soat thira cin, béo phi thong qua gido duc
dinh dudng hop ly va ting cwong hoat dong thé luc va
tang cwong chiéu cao cho tré.
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Kién thite va thue hanh tw chim soc cila ngwdi bénh liét nira ngwoi
sau dot quy néo cap tai Bénh vién Y hoc co truyén, Bo Cong an nim 2025

Nguyén Thi Thanh Huyén!, Pham Héng Van?, Pham Thi Hong Thi?
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Ngay nhan bai 25/7/2025; ngay chuyén phan bién 29/7/2025; ngay nhin phan bién 18/8/2025; ngay chip nhan diang 28/8/2025

Tom tét:
Dot quy néo 1a hoi chirng 1Am sang khéi phat dot ngot cac triéu chirng ton thwong nio, thwong khu tru, kéo
dai trén 24 gio hodc tir vong trwéc 24 gior. Hién nay, dot quy nio la nguyén nhian hang dau giy tan tat & ngwoi
trwdng thanh dé lai nhiéu di chirng nhwng cic nghién ctru chuyén siu vé kién thirc va thwe hanh tw cham
s6c ciia ngwoi bénh liét nira ngwoi sau dot quy nio tai Viét Nam con han ché. Nghién ciru dworc tién hanh mé
ta kién thirc va thwc hanh tw cham s6c ctia ngwoi bénh liét nira ngwoi sau dot quy nio cip diéu tri tai Bénh
vién Y hoc ¢d truyén, Bd Cong an nim 2025. Két qua cho thiy, ngwdi bénh liét nira ngwoi sau dot quy nao cip
¢6 Kién thirc twong ddi t6t nhwng thwe hanh tw cham séc chwa tét: ngwdi dwdi 60 tudi cé Kién thikc ding vé
bénh ly dot quy, cao gap 4,09 Iin ngwoi trén 60 tudi; ngwdi o trinh do hoc van trung cap tré 1én cé kién thirc
dung cao gip 3,49 lan ngwdi co6 trinh dd hoc vin trung hoc phé théng tré xuéng; ngwdoi bénh dot quy trén 2
Ian thwc hanh tw chim séc chwa ddang gap 4,60 Iin so véi nhirng ngwoi dot quy Iin dau; ngwoi chwa da kién
thirc c6 nguy co thwe hanh khéng ding cao gap 9,30 Iin so véi nhém cé Kkién thirc ding.

Tir khéa: dot quy nao, kién thire tw cham soc, thwe hanh.
Chi sé phdn logi: 3.1, 3.3

Knowledge and self-care practices among patients with post-stroke hemiplegia at the
Traditional Medicine Hospital of the Ministry of Public Security in 2025

Thi Thanh Huyen Nguyen?, Hong Van Pham?*, Thi Hong Thi Pham?

!Traditional Medicine Hospital, Ministry of Public Security, 278 Luong The Vinh Street, Dai Mo Ward, Hanoi, Vietham
2National Hospital of Acupuncture, 49 Thai Thinh Street, Dong Da Ward, Hanoi, Vietnam
3Thang Long University, Nghiem Xuan Yem Street, Dinh Cong Ward, Hanoi, Vietnam
Received 25 July 2025; revised 18 August 2025; accepted 28 August 2025

Abstract:

Stroke is a clinical syndrome characterised by the sudden onset of focal neurological deficits, typically lasting
more than 24 hours or leading to death within 24 hours. Currently, stroke is the leading cause of disability in
adults, often resulting in significant sequelae; however, in-depth studies on the knowledge and self-care practices
of patients with post-stroke hemiplegia in Vietnam remain limited. The study aimed to describe the knowledge
and self-care practices of patients with post-stroke hemiplegia treated at the Traditional Medicine Hospital of
the Ministry of Public Security in 2025. The results showed that patients with acute post-stroke hemiplegia had
relatively good knowledge but poor self-care practices: Patients aged under 60 years were 4.09 times more likely
to have correct knowledge about stroke than those aged over 60 years; patients with at least intermediate-level
education or higher were 3.49 times more likely to have correct knowledge than those with upper secondary
education or lower; patients with more than two stroke episodes were 4.60 times more likely to have incorrect
self-care practices than those experiencing their first stroke; patients with insufficient knowledge had a 9.30-fold
higher risk of incorrect self-care practices than those with adequate knowledge.

Keywords: practices, self-care knowledge, stroke.
Classification numbers: 3.1, 3.3
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1. Ddt van de

Theo T6 chirc Y té€ Thé gi¢i (WHO), dot quy ndo 1a
nguyén nhan tr vong tht ba sau ung thw va bénh tim
mach. Sau dot quy nio 3 thang, 20% s& ngwoi bénh van
phai ndm vién, 15-30% khuyét tat vinh vién [1]. Tai Viét
Nam, dv bdo dén nam 2030 s6 mac dot quy ndo sé tang
1,85 14an so v&i nam 2010 [2]. Sy khiém khuyét vé kha
nang trong cac hoat dong sinh hoat hang ngay ctia nguoi
bénh sau dot quy la yéu t6 quan trong ngin can ngudi
bénh tham gia vao cac hoat dong ctia gia dinh va xa hoi
cling nhw cic hoat dong hoa nhip véi cdng dong [3, 4].
Do d6, viéc danh gid nhan thirc vé bénh tit cling nhw
murc do tw thwc hién nhitng cong viéc co ban trong sinh
hoat hing ngay sé gitp ngwoi dieu duéng 1ap ké hoach
hd trg chdm soc, tw vdn nham nang cao chit lwong cudc
séng, gitip nguwdi bénh tw tin tai hoa nhip cong dong
sau khi xudt vién, chdng tbi tién hanh thwc hién dé tai:
“Kién thirc va thwc hanh tw chim s6c & ngudi bénh liét
nlra nguoi sau dot quy nio cip tai Bénh vién Y hoc C6
Truyén, B6 Céng an nam 2025” véi muc tiéu mé td mot
s6 dac diém va khao sat kién thikc, khd nang thwc hanh
tw chdm sdc cua ngwoi bénh liét niva ngwoi sau dot quy
nio diéu tri tai Bénh vién Y hoc C8 Truyén, B Céng an
nam 2025.

2. Dol tuong va phuong phap nghién ciiu

2.1. béi tiro'ng nghién ciru

Nghién ctu dwoc tién hanh tr thang 2/2025 dén
thang 7/2025 tai Bénh vién Y hoc C6 Truyén, B4 Cong an
trén déi twong bénh nhan théa man cac tiéu chuln sau:

Tiéu chudn lwa chon:

+ Bénh nhan dwoc chin doan liét nira ngudi sau dot
quy nao c6 co lwc d6 1/5, 2/5, 3/5, 4/5 dwoc danh gia
theo thang diém sirc manh co ciia Hoi déng Nghién ctru
Y khoa Vwong quéc Anh (MRC Muscle scale) [5].

+ Bénh nhan tinh tdo, du kha nang hop tac véi thay
thuoc (diém Glasgow=9), tra 1o dwgc cau hédi ciia ngudi
phéng van, tinh nguyén tham gia nghién ctu.

Tiéu chudn loai trir:

+ Bénh nhan dang c6 triéu chirng nang, de doa tinh
mang.
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+ Khong c6 du nang lwc hanh vi, khong tra loi dwoc
cAu hoi ciia ngudi phong van.
+ Liét nlra ngwoi & mirc d6 0/5, 5/5.
+ Pa tirng tham gia vao nghién ctru trueére day.
2.2. Phwong phdp nghién ciru
Thiét ké nghién ctru: Nghién ctru mo ta cit ngang.

C& mdu: Cong thirc wéc tinh c& miu theo mot ty 1é:

n= Zz(l—m”?,) X pXx (1 = p)
d?.
trong do6: n: c& mau toi thi€u; Z._  : hé sb tin cay, 1y

0=0,05 thi Z, , =196; p: woc dodn ty 1é nguoi bénh c
kién thirc va thwe hanh tw chdm séc dung 1a 93% [4];
d: mc sai 1éch cho phép giira tham s6 va quan thé, 14y
d=0,05.

Vi gia tri cia cac dir liéu trén thay vao cong thirc
tinh dwgc c& mau 1a 100. Trong thoi gian nghién ctu,
chung t6i lwa chon dwoc 110 bénh nhan dap tng tiéu
chuidn chon mau. Mdi ngudi bénh chi dwoc chon 1 lan
vao nghién ctru trong khodng thoi gian thu thap s6 liéu
dé tranh trung lap déi twong nghién ciru.

Céng cu thu thdp sd liéu: BO cong cu thu thip so liéu
dwoc nhém nghién ctru thiét ké véi cac ndi dung lién
quan dén kién thirc vé bénh ly dot quy nio; vé tw cham
séc trong dinh duwdng, luyén tip, phong ngira, kiém soat
cac nguy co mac bénh, tw chdm séc tAm 1y, sw hd tro ti
gia dinh xa hoi va kién thirc tw cham sdc sinh hoat hang
ngay. Bang cau héi dwoc thir nghiém trén mot nhém nho
nguwdi bénh dat tiéu chuin nghién ctu (n=20). Phan hoi
tir nhom thr nghiém gitp diéu chinh lai cac ciu hoi cho
phu hop hon véi thue té va ddm bao tinh kha thi trong
qua trinh khao sat.

Bién s nghién ctru va cdch ddnh gid:

+ Pac diém chung cua doi twong nghién ciru gom:
tudi, gidi, nghé nghiép, bénh kém theo, trinh d6 hoc vén,
s6 1an bi dot quy trudc day, danh gia bang phéng van
nguoi bénh.

+ Kién thirc vé dot quy va tw chdm séc sau dét quy:
Nguwoi bénh dwoc hudng dan doc cac cau hdi trong bd
cong cu thiét k& sdn va lwa chon cau tra 1oi phu hop véi
ciu tra 1o c¢6 hodc khong. Néu tra 1oi 1a c6 sé dwoc quy
thanh 1 diém, néu tra 1oi 1a khong sé dwoc quy thanh 0
diém. Téng s6 diém ctia muc kién thirc vé dot quy va tw
cham séc sau dot quy 1a 170, trong do: kién thirc vé bénh
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ly dot quy ndo (36 diém); kién thic tw cham séc trong
dinh dwdng, luyén tap, quan ly strc khde, phong ngira va
kiém soat cac nguy co (61 diém), kién thirc tw cham séc
tAm ly va sy ho tro tir gia dinh (27 diém), kién thirc tw
chdm sdc sinh hoat hang ngay (46 diém). Diém kién thirc
cang cao cho thiy ngwdi bénh cé kién thirc day da vé bénh
ly dot quy ma ho méc phai va dwoc phan loai theo bang 1.
Bang 1. Mirc danh gia theo diém kién thirc vé dot quy va tw cham
séc sau dot quy.

Mirc d6 danh gia (diém)

Noi dung kién thirc C6 kién Cokién  Chwa co

) thirc day du thirc kién thirc
Kién t.}:u'c vé bénh ly dot quy ndo 27.36 18-26 0-17
(36 diém)
Kién thirc tw chdm séc trong dinh
dudng, luyén tap, quan ly sitc 46-61 3145 0-30
khoe, phong ngtra va kiém soat
cac nguy co (61 diém)
Kién thirc ty cham séc tam ly va
sw ho tro tir gia dinh (27 diém) 21-27 14-20 0-14
Kién thirc tw chdm séc sinh hoat
hing ngay (46 diém) 35-46 23-34 0-23
Kién thirc vé bénh ly va tw cham 124-170 86-125  0-84

s6c chung (170 diém)

+ Mirc do thwc hanh tw cham séc trong sinh hoat
hang ngay cua bénh nhan dot quy ndo: danh gia viéc
thuwc hanh tw cham séc trong sinh hoat hang ngay theo
chi sé Barthel [6] v&i 10 hoat dong co ban cta cudc séng
hang ngay, gdm: an; tdm; dai tién; ti€u tién; vé sinh ca
nhin; mic quan, 4o0; cham séc khi di vé sinh; di chuyén tir
giwdng sang ghé va nguoc lai; di chuyén trén mit bang;
di 1én va xuéng cau thang. Mdi hoat dong dwoc danh gia
theo mirc ¢4 nhan c6 thé thwc hién mot cach doc 1ap (10
diém), phu thudc mot phan (5 diém) hodc phu thudc
hoan toan (0 diém). Piém Barthel la diém tong cda cac
muc v&i tong diém 1a 100. Piém Barthel cang cao cho
thdy kha nang déc 14p chirc ndng cang cao [4] va dugc
chia ra cac mirc do nhw & bang 2.

Bang 2. Panh gia mirc do6 tw thwe hanh trong sinh hoat hang ngay
theo Barthel.

Piém Mirc do danh gia
Tir 0 dén 45 Phu thudc hoan toan
Tl 50 dén 85 Phu thuéc mot phan
T 90 dén 100 Dboclap

Quy trinh nghién ctru: DOi twgng théa man tiéu chuin
lwa chon, ddng y tham gia nghién ctru sau 3 ngdy nam
diéu tri tai bénh vién sé dwgc giai thich vé muc dich, y
nghia ctia nghién ctry, trinh tw cac buéc tham gia, ky
vao phiéu chip thuin tham gia nghién cu va dwoc
phong van truc ti€p bang bd cong cu chuin bi trudc.

JHOAHOC . -

Khoa hoc Y - Dugc | Y hoc co sé, Y hoc du phong s

Théng ké, xi¥ Iy va phan tich sé lidu: Toan b6 théng
tin trong phiéu diéu tra va théng tin tir h6 so bénh an
dwoc ma hoa, nhip vao file Excel trén may tinh. Cac so
liéu dwoc phan tich theo phwong phap théng ké y hoc,
st dung phan mém SPSS 20.0. Ap dung cac phwong
phap thdng ké mé ta: tinh ty 1é phan tram, gia tri trung
binh, do 1éch chuidn p<0,05 dwoc coi la c6 y nghia
théng ké.

Dao dirc nghién ctru: Nghién ciru dwoc thwc hién sau
khi di dwoc théng qua béi Hoi dong dé cwong va Hoi
dong dao dirc nghién ctru cta Trwong Pai hoc Thang
Long va dwgc sy dong y ciia Bénh vién Y hoc ¢d truyén,
B06 Cong an. Nghién cru dwogc tién hanh dwa trén sw tw
nguyén cua ddi twong nghién ctru. TAt ca cac thong tin
thu dwoc tir d6i twong nghién ciu dwgc gitr bi mat va
chi phuc vu cho muc dich nghién ctru.

£ 2
3. Ketqua

3.1. Pdc diém cua ddi twong nghién ciru

Bang 3. Phan bé déi twong nghién ciru theo dic diém nhan khau
hoc (n=110).

Dic diém nhén khiu hoc clia déi twyng nghién citu S6lwong  Tylé (%)
Duwdi 45 tudi 5 455
Tir 45 dén 60 tudi 25 22,73
Nhém tudi -
Trén 60 tudi 80 72,73
Tudi trung binh (X£SD) 65+12,99
Nam 70 63,64
Gidi
N 40 36,36
Ving siu, ving xa, mién ndi 0
Dlaban oo thon 31 28,18
déan cw
Thi trén, thanh phd (trwdce sap nhap) 79 71,82
Huu tri/mAt stk 57 51,82
Nghé Ny
nghip Lao dong chan tay 42 38,18
Lao dong tri oc 11 10,00
Tiéu hoc, trung hoc co s 33 30,00
Trinh do P
hoc vin Trung hoc pho thong 31 28,18
Trung cAp, dai hoc, sau dai hoc 46 41,82

Két qua bang 3 cho thiy, bénh nhan trén 60 tudi
chiém da s6 (72,73%), ti€p theo 1a nhém tir 45 dén
60 tudi (22,73%), chi c6 5/110 bénh nhan (4,55%) &
lra tudi dudi 45 vGi tudi trung binh 13 65+12,99. Ty
1& nam cao hon nt (63,64 so v&i 36,36%). Hau hét cw
tra tai thi trdn, thanh phé (71,82%), chu yéu da nghi
huwu hodc mat strc (51,82%) va lam lao dong chén tay
(38,18%). Trinh d6 hoc vin cht yéu & mic trung cip
trér1én (41,82%).
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Bang 4. Phan b6 déi twong nghién ctru theo déc diém bénh ly K&t qua bang 4 cho thiy, 90,91% s6 nguwdi bénh mac

(n=110). tang huyét ap, tiép theo la dai thao dwong (32,73%), réi

loan lipid mau (23,64%), mac bénh tim mach (5,45%)

DPic diém bénh ly S6 lwong Ty 1€ (%) .
va bénh ly khac (3,64%). Vé s6 14n dot quy, c6 63,64% s6
Téng huyétap 100 90,91 nguwdi bénh bi dot quy 1an dau, 26,36% bi dot quy lan 2.
bdithdo duong 36 S 3.2. Kién thirc bénh Iy va tw thwe hanh trong sinh
Bénhly mackém  RGiloan lipid mau 26 23,64 hoat hang ngay ciia déi twong nghién ciru
Tim mach 6 5,45 Két qua bang 5 cho thdy, 79,09% s6 ngwoi bénh cé
- a 364 kién thirc day d vé bénh ly dot quy nio véi diém trung
binh 12 48,63+5,32; 73,64% c6 kién thirc ddy du vé cham
0 70 63,64 A 1s LK e A e
soc tam ly, ho tro tir gia dinh xa hoi, kién thirc; 69,09%
S6 Ian dbt quy 29 26,36 c6 kién thirc vé phong ngira va ki€ém soat cac nguy co;

nao trudc day 2 10 9.09 62,72% con han ché kién thirc tw cham séc sinh hoat

hdng ngdy. Tong diém kién thitrc trung binh chung la

’ ! 091 31,32+4,43 diém.

Bang 5. Kién thirc tw cham séc (n=110).

i thive Panh gia mirc d6 C6 kién thirc day du l(i;,)é'n thire Chwa c6 kién thirc Piém ki\é’n thite
Noi dung kién thirc T % il % M % trung binh
Kién thirc vé bénh ly dot quy ndo 87 79,09 22 20,00 1 0,91 32,05+5,33
Kién thirc tw chdm séc dinh dwdng, luyén tip, kiém soat nguy co 76 69,09 12 10,91 22 20,00 34,03+4,36
Kién thirc tw chdm séc tam ly va hd tro tir gia dinh x4 hdi 81 73,64 28 25,45 1 0,91 22,33+3,24
Kién thirc ty sinh hoat hang ngay 69 62,72 36 32,73 5 4,55 36,85+7,71
DPiém kién thitc trung binh (X +SD) 48,63+5,32 33,72+4,18 11,58+3,94 31,32+4,43
Bang 6. Piém thwe hanh tw chidm séc theo thang diém Barthel (n=110).
Mitc d6 tw chim sé¢ Phu thudc hoan toan  Phu thudc mdt phan Poclap Piém trung binh
Hoat dong tw cham séc 0 % 0 % 0 %
An (0-10) 4 3,64 62 56,36 44 40,00 6,82+3,57
Tam (0-5) 63 57,27 0 0 47 42,73 2,34+2,49
Dai tién (0-10) 5 4,55 4 3,64 101 91,82 9,36+2,26
Tiéu tién (0-10) 13 11,82 1 0,91 96 87,27 8,77+3,26
Vé sinh cd nhan (0-5) 50 45,45 0 0 60 54,55 2,71+2,50
Mic quén, 4o (0-10) 16 14,55 63 57,27 31 28,18 5,95%3,49
Cham séc khi di vé sinh (0-10) 18 16,36 53 48,18 39 35,45 6,49+3,73
Dich chuyén tir giwdng sang ghé va ngwoc lai (0-15) 4 3,64 84 76,36 22 20,00 8,77+4,77
Di chuyén trén mit bing (0-15) 8 7,27 80 7272 22 20,00 9,18+4,45
bi 1én va xudng ciu thang (0-10) 45 40,91 59 53,64 6 5,45 3,23+2,92
Diém trung binh (X +SD) 25,14+1,85 72,24+4,52 93,46+4,26 63,62+3,16
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Két qua bang 6 cho thiy, da s6 nguwdi bénh chwa tw
lam dwoc cac hoat dong sinh hoat hang ngay theo thang
diém Barthel, van can c6 ngudi hd tro. S6 ngwodi bénh
ddc 1ap trong sinh hoat khéng nhiéu nhwng gia tri trung
binh diém thwc hanh tw cham séc & nhém nay kha cao
(93,46+4,26 diém).

4. Ban luan
4.1. Bdc diém cua déi twg'ng nghién ciru

Vé mot s6 dic diém nhan khiu hoc, qua bang 3 cho
thay, ngwdi bénh sau dot quy ndo tir 60 tudi trd 1én
(72,73%) véi tudi trung binh 65+12,99, phu hop nhin
dinh ciia WHO vé vai tro cta tudi cao nhw mot yéu to
nguy co [1]. Ty 1é nam gi¢i cao hon nit (63,64%) twong
déng véi nghién ciru ctia H. Yamanashi va cs (2016) [2]
tai mién Trung Viét Nam. Bén canh d6, phan 16n nguwoi
bénh séng & thanh thi va thuéc nhém da nghi hwu hoic
mAt strc lao dong, twong tw két qua nghién ctru tai Vinh
Long (trwdc sadp nhip) khi dic diém nhin khiu hoc ¢
anh hwdng ré dén kha nang vin dong va sinh hoat sau
dot quy [3].

Vé dic diém so 1an bi dot quy, sé liéu & bang 4 cho
thay, c6 63,64% bénh nhan bi dot quy lan dau, 26,36%
bénh nhin tirng c6 mot Ian tai phat va 10,00% di bi
dot quy tir 2 [An trd 1én. Ty 1& nay phu hop véi két qua
nghién ctru truéec day cho thiy khoang tir 20 dén 30%
bénh nhan tai phat trong 3 dén 5 nam d4u sau dot quy,
nhit 1a & nhém nguwdi ¢ bénh nén man tinh chwa kiém
soat tot [1, 2, 4].

Vé dic diém bénh ly mac kém cla ngwoi bénh sau dot
quy nio, cac sé liéu nghién cru dwoc trinh bay & bang
4 cho thiy, ngwdi bénh liét nlra ngwoi sau dot quy nio
c6 ty 1é mic tang huyét 4p rit cao (90,91%), ti€p theo
la bénh dai thao duong (32,73%) va roi loan lipid mau
(23,64%). Cac bénh 1y tim mach khéc chi chiém 5,45%.
DPay 1a nhitng bénh 1y nén dwoc ghi nhan phd bién &
ngudi bénh dot quy, phdn anh ré dic diém sinh bénh
hoc, khi cac yéu td nay truc tiép lién quan dén co ché
X0 vira, tang dong mau va rdi loan tuin hoan nio [1, 7].
Két qua nghién ciru ctia ching toi twong dong véi két
qua nghién cttu cda G.T.H. Nguyen va cs (2024) [8] tai
Bénh vién Y hoc ¢8 truyén Nghé An cho thay tu6i trung
binh ctia nguwoi bénh dot quy 1a 66,4+10,2 va da s6 nguoi
bénh chwa tirng bi dot quy trwedrc d6. Sw hién dién ctia cac
bénh Iy man tinh nhw tang huyét 4p va dai thao dwongla
yéu td nguy co cao lam ting nguy co tai phat, dong thoi
lam gidm kha nang phuc ho6i chiérc nang va ty cham séc
clia nguoi bénh [7, 8].
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4.2. Kién thirc va khd nang thwe hanh tw cham soc
ctia ngwoi bénh sau dét quy ndo

4.2.1. Kién thirc vé tw chdm séc

Doi voi kién thire cia ngwdi bénh vé bénh 1y dot quy
ndo, qua bang 5 cho thay, c6 79,09% s6 ngudi bénh c6
kién thirc day du vé bénh ly dot quy ndo bao gbm cac
ndi dung nhw: nhin thitc diing vé dinh nghia ciing nhw
nguyén nhin dot quy mau nio, biét bién phap phong
nglra nhw cin phai kham sttc khoe dinh ky, xac dinh
dang céac tinh huéng cin dén bénh vién ngay nhw dot
ngdt yéu liét hodc néi khé, da hiéu ddang vai tro cua vat
ly tri liéu trong phuc hoi chirc ndng sau dot quy. Chi c6
1/110 ngudi bénh (0,91%) khong ndm dwoc cac kién
thirc ndy. Diéu nay phan anh sw tiép cin tot thong tin co
ban vé bénh dot quy ciia ngudi dan, tinh hiéu qua cia cac
chwong trinh tw van va truyén théng trong gido duc strc
khoe, phat hién sém dé cé can thiép y té Kip thoi.

Trong nghién cru nay, chung téi khdo sat mirc do
kién thirc tw cham séc trong phong ngira va kiém soat
cac nguy co, tw cham séc tdm ly va hd tro tir gia dinh
x4 hoi va kién thirc vé tw chdm s6c sinh hoat hang ngay
gbm biét can thay doi 16i s6ng sau dot quy, can phai do
huyét ap thwong xuyén, phai xét nghiém dinh ky, biét
st dung d6 dung hd tro trong sinh hoat, di chuyén. Két
qua & bang 5 cho thiy, 76/110 (69,09%) ngudi bénh c6
day du kién thirc tw chdm séc trong phong ngira va kiém
soat cac nguy co, 73,64% s6 ngwdi bénh biét tw cham séc
tam ly va hd tro cla gia dinh x3 hoi nhung chi 62,72% s6
nguwoi bénh c6 kién thirc tw sinh hoat hang ngay, nhwng
van con 22/110 ngudi bénh, chiém 20% chwa c6 kién
thirc nay. K&t qua nay phan &nh mot xu hwéng phé bién
trong cham s6c sau dot quy doé la ngwdi bénh va gia dinh
chu trong hd tro thé chit hon 1a chdm séc tam ly. Ngudri
bénh cam thiy khong tw tin trong viéc tw cham soc, chwa
thdy dwoc méi lién quan gitra nhan thirc, sy ho tro cua
k¥ thudt trong viéc gidp ho tw thwc hanh cai thién kha
nang ty cham séc. Két qua nghién ctru cla ching toi cling
twong tw nghién cttu ctia N.H. Vo va cs (2020) [9] tai BEnh
vién Bach Mai cho thdy, ngwdi bénh c6 mitc diém trung
binh cao & cic ciu hoi vé nguyén nhan, diu hiéu canh
bao va yéu to tAm ly, nhwng thap & cac ndi dung mang
tinh thyc hanh thwong ngay nhw dn udéng, tip luyén hay
phong ngtra bién chirng. Nghién ctru cta X. Jie va cs [10]
tai Trung Quéc ciing cho thiy chi 40-50% ngudi bénh
sau dot quy c6 hiéu biét day da vé cac ndi dung tw cham
soc tai nha nhw dn uéng, phong ngtra té nga va tap vin
dong co ban, kham sirc khoée dinh ky.
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4.2.2. Khd ndng thwe hanh tw chdm séc bdn thdn

Trong nghién ctru nay, ching t6i lwong gia mirc do
ngudi bénh cé thé hoat dong doc 1ap va c6 kha ning di
chuyén trong cac hoat dong sinh hoat hang ngdy cta ho
dé danh gid mic d6 tw chdm s6c ban than cia ngwdi bénh
sau dot quy bang thang diém Barthel gdbm 10 hoat déng
an udng, tim rira, chai ddu, mic quan 4o, kiém soét rudt,
kiém soat bang quang, di vé sinh, chuyén ghé, di lai va
leo ciu thang [6]. K€t qua nghién ctru cho thiy, nang lwc
tw chdm s6c ciia nguwdi bénh sau dot quy ndo cip cé sw
phan hoda ro rét gitra cac hoat dong sinh hoat hang ngay;
kha niang van dong clia ngwoi bénh sau dot quy van con
nhiéu han ché, dic biét & cic hoat dong doi hdi phéi hop
vAn dong phitc tap, strc co chi duédi cling nhw sw phdi
hop phtrc tap gitta van dong, thing bing va kha ning
kiém soat chi. Chi 20% nguwoi bénh c6 thé tw di chuyén
tir givdng sang ghé ma khong can hd tro, trong khi c6
dén 3,64% can nguwoi tro gitup hoan toan, véi diém trung
binh la 8,77+4,07. BPay la moét trong nhitng hoat dong co
ban phan anh nang lwc chuyén tw thé, yéu t6 quan trong
trong duy tri sinh hoat hang ngay va phong nglra bién
chirng nhu loét ty dé, viém phéi do & dong. Tiép dén 1a
cac hoat dong vé sinh, cham séc khi di vé sinh, c6 dén
57,27% nguwoi bénh can s tro gitp trong hoat dong nay.
Mot diéu rit kha quan dé6 1a 91,82% sd nguwoi bénh ¢
kha nang tw kiém soat dai tién, 87,27% chu déng kiém
soat tiéu tién. PAy 1a hai chi s6 phan anh chirc nang co
tron - mot trong nhitng tiéu chi danh gia mtrc do phuc
ho6i chire ndng than kinh sau dot quy. K€t qua nghién ctiru
cla ching t6i twong tw nhin xét cia mot so tac gia khac
cho rang, hau hét ngudi bénh sau dot quy déu gap khé
khin trong cac hoat dong co ban hang ngay nhw an uéng,
di lai, vé sinh c4 nhan va hau hét phu thudc vao nguoi
cham séc, dac biét la cac hoat dong di chuyén tir giwong
sang ghé, di b0, hodc 1én xuéng ciu thang [4, 8, 9].

Két qua trong nghién ctru nay ctia ching téi cho thiy,
phan 16n ngudi bénh trong nghién ctiru da dat dwgc mirc
ho6i phuc twong doi tot & hé than kinh tw chd, tir d6 nang
cao tinh ddc lap trong sinh hoat cd nhan co ban, lam tang
sw tw tin cda ngwoi bénh trong qua trinh tai hoa nhap
xa hoi.

Qua khao sat kién thirc vé bénh ly dot quy va kha nang
tw cham soc cua 110 ngwoi bénh liét niva ngwoi sau dot
quy nio diéu tri tai Bénh vién Y hoc c6 truyén, Bd Cong an
tlr thang 2/2025 dén thang 7/2025 cho thiy c¢6 79,09%
s6 nguoi bénh c6 day du kién thic vé bénh ly dot quy
ndo, 73,64% biét vé kién thirc tw cham séc tm ly va hd
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tro tir gia dinh x4 hoi, 69,09% ngudi bénh cé kién thirc tw
cham soc dinh dudmg, luyén tap, kiém soat nguy co. Sau dot
quy, chi c6 20% s6 ngwoi bénh tw di chuyén dwoc, 40%
s6 nguwoi bénh c6 thé tw dn ubng, 57,27% nguwdi bénh
cin s trg gitp trong hoat dong vé sinh ca nhan.
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gia) béng tiéng Viét va ti€ng Anh.

Tom tit
Tom tt bang tiéng Viét va tiéng Anh (khoang 160-250 tif). Néu dugc myc dich, phuong phap nghién ctiu chinh, két qua nghién ciiu va két
lu&n chi y&u. Tu khoa béng ca tiéng Viét va ti€ng Anh theo thi ty alphabet (it nhat 3 tii khoa). Chi sd phan loai (theo hudng dan).

1.Datvén dé/Dan nhap/Md dau

_ Dinh nghia van dé; tom qug van dé nghién cuiu da dugc cong bé trong va ngoai nudc, néu muc tiéu nghién ctu va giai thich sy lya chon
dé tai va myc tiéu nghién ctu dé thdy dugc tinh thdi sy, tinh khoa hoc va su can thiét clia van dé nghién cuu.

2. Dol tuong/VAt ligu va phuong phap nghién ciiu

Dai tugng nghién cuiu can trinh bay tiéu chuén lya chon, déc diém déi tugng nghién ciu.
Phuang phap nghlen cliu can néu rd cach tiép can nghién ctu, loai hinh nghlen ctu, phudng phap do Iudng, cong thic tinh ¢§ mau, phuong
phap x{ Iy 6 liéu, m ta ki cac ky thuat tién hanh trong nghién ctiu; cac quan diém, lap luan, y kién tranh luan, cac dn chiing...

3.Kétqud

Trinh bay day dd, khach quan céc két qua thu dugc sau nghién ctu, cac két qua nay phai phuc vu cho myc tiéu nghién ctu. Cac s6 liéu
phai chinh xac va khép véi nhau.

Phén két qua nghién cdu chi trinh bay céc két qua nghién cliu clia dé tai, khdng giai thich, so sanh va ban luan.
4.Banludn (phan nay cé thé gop vai phan két qua)

Chd yéu ban luan cac van dé lién quan dén muyc tiéu dé tai.

Nhan xét, danh gid mot cach khach quan céc két qua nghlen clu, c6 so sanh véi cac téc gia khac dé khéng dinh hoac phii dinh nhiing hiéu

biét da c6, qua dé néu dugc nhitng diém méi va déng gép clia dé tai. }

Du bao hudng nghién ciu ti€p va kha nang Ging dung céc két qua nghién clu vao thuc tién.
5. Kétluén

Néu két qua nghién ctu chli y&u clia dé tai ¢ tinh khai quat lién quan dén muyc tiéu nghién ctu, dé xuét cac vén dé tiép tuc nghién cuiu.
LG1 CAM ON (néu co)

Téc gia c&m on cac t6 chuic/ca nhan da tai trg kinh phi hodc hé trg cho nghién ciu.
Phu lue (néu co)

Ding tai bang s6 liéu, thong tin dé hé trg thém cho néi dung bai béo.
Chii thich va tai ligu tham khdo

Chi thich dugc dénh s theo thd tif xuat hién (22~ ) va dudc trinh bay ngay & cudi trang viét (footnote).

Cc tai liu tham khao dugc danh s6 theo thii ty xuat hién dé_chi dan chuing dugc trich dan & dau trong bai béo. S6 th( ty dugc danh trong
ngogc vuong, vi dy: [3] véi mot hogc [2, 5, 7-9] véi nhiéu s chi dan.

Luu y:

- Dai véi trich dn trong bai bao: tai lieu tham khao c6 nhiéu hon mét tac gid chi dé tén téc gia dau tién va cong sy, viét tat 1a cs, vi du: T.V.
Nguyen va cs (nam xuat ban) [th(f ty trong danh myc tai liéu tham khéo].

- D4i véi danh myc tai liéu tham khao cudi bai: tai liéu tham khéo bang tiéng Anh, céc tai liéu khong phai ti€ng Anh can dugc dich sang tiéng
Anh va chd thich & cudi cau, vi du: (in Vietnamese), (in French)...

- Tai lidu tham khao 1a cac dudng link can b8 sung ngay truy cap.

Tac gia (Nam xudt ban), “Tén tai liéu dugc trich dan”, Tén nguén, tap(so) trang/so trang/trang dau-trang cudi (néu c6), s8 DOI (néu co),
URL (néu c6), ngay truy cap (ghi rd ngdn ngi nao néu khong phéi tai liéu bang tiéng Anh).

Téc gid: 1a tac gid/céc tac gia cla tai liéu dugc tham khao, trich dén: ligt ké day dl tén tac gid (chi viét tit dua Ién trudc) véi nhiing tai liéu
tham khéo c6 <3 tac gia; liét ké 3 tac gia dau tién va theo sau la “et al.” khi c6 tli 4 tac gia trg I&n.

N&m xuét ban: ndm xuét ban cla tai liéu dugc tham kho, trich dan.

Tén tai liéu dugc trich dén: 1a tén bai bao, chudng/phan sach.. (chi viét hoa chii cai dau, trii tén riéng va sau d&u hai cham), viét trong
ngoac kép. .

Tén ngué‘n c6 thé Ia tén tap chi, tén sach, hay tén tai liéu gdc cla tai liéu dugc trich dn (phan nay dugc in nghiéng), viét hoa chii cai dau
tién clia mai tu chinh.

Tap(s6): danh cho nguon trich la tap chi, sach hogc cac xuat ban pham khac (phan nay in dam).

Trang/so trang/trang dau-trang cudi phan anh nai cu trd cla tai liéu dugc trich dén trong tai liéu nguon.

NEu c6 22 tai liéu tham khao do clng tac gia dau tién va cling nam cong ba, thi cac tai liéu tham khao nay can dugc danh dau a, b.. sau
nam xudt ban (vi dy: 1986a, 1986b...). ) )

Néu c6 mot s6 tai liéu tham khéo c6 cung 1 bai bao dugc trich dan cé s6 trang khac nhau thi can trich dan thém sé trang, vi du: A. Amber
(1982, p.39).

Chi tiét vui long xem thém tai: https:/b.vjst.vn/index.php/ban_b/quy-dinh-bai-viet.
Céc yéu cdu khac

- Bai viét khong dat yéu céu, Toa soan khong tra lai ban tho.

- Bai viét chi dugc dang khi phan bién nhan xét vé chat lugng bai bao dong y cho dang.

- Ban quyén: tac gia dong ¥ trao ban quyén bai viét (bao gom ca phéan tém tat) cho Ban Bién tap Tap chi.
Quy dinh nay ap dung tif ndm 2022 trd di.
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CENDO RN

PHAN LOAI LINH VUC KHOA HOC

Toan hoc va théng ké

Khoa hoc may tinh va thong tin
vatly

Hoéa hoc

Khoa hoc trai dat va méi trudng
Khoa hoc su séng

Khoa hoc nano

Khoa hoc tinh toan

Cac Iinh vic khac cua khoa hoc tu

Khoa hoc ky thuat va cong nghé

Ky thuat dan dung: ky thuat kién
ky thuadt x@y dung; ky thuét

két cdu va do thi; ky thuat giao

théng van tai; ky thuat thuy Igi; ky

thuat dia chat cong trinh

Ky thuat dién, ky thuat dién tl, ky

thuat thong tin

Ky thuat cg khi, ché tao may

Ky thuat héa hoc

Ky thuat vat liéu va luyén kim

Ky thuat y hoc

Ky thuat méi truéng

Céng nghé sinh hoc cong nghiép

Céng nghé nano

. Ky thuat thuc phdm va dé uéng
. Céac Iinh vyc khac clia khoa hoc

ky thuat va cong nghé

Khoa hocy - duge

Y hoc co s6

Y hoc lam sang

Y hoc du phong

Dugc hoc

C4c linh vuc khac cta khoa hoc
y - dugc

Khoa hoc nény nghiép

Tréng trot

Chan nudi

Thay

Lam nghiép

Thay s&n

Cong nghé sinh hoc trong nong
nghiép, thly san

Céc linh vuc khac cta khoa hoc
noéng nghiép

Khoa hoc xa hoi va nhan van

Tam ly hoc

Kinh té€ va kinh doanh

Khoa hoc giao duc

Xa hoi hoc

Phap luat

Khoa hoc chinh tri

Pia Iy kinh t6 va x4 hoi

Théng tin dai chling va truyén théng
Lich st va khao ¢ hoc

. Ngbén ngl hoc va van hoc

. Triét hoc, dao dtc va tén giao

. Nghién ctiu vé khu vuc va quéc té
. Cac linh vuc khac cta khoa hoc

xa hoi va nhan van
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Néng cao d chinh xdc cin bing tii bing bd loc Median va EMA trong G Enhancing the accuracy of conveyor belt weighing systems using Median

xir Iy tin hiéu cam bién tai trong.

Hodng Ngoc Nhan, Lé Manh Hing, Ping Kién Quyét

Téng hop ZnAl-LDH bing phwong phap ddng két tia va nghién ciru
tinh chét dic trung.

Cao Thi Héng, Nguyé~n Thi Thom, Pham Thi Nam, Pham Dirc Trung, Pham
Thi Thu Giang, Tran Dai Lam

Xic dinh mdt s6 hop chit dioxin/furan trong trim tich tai lang nghé
diic dong Pai Bai, tinh Bic Ninh.
Buti Quang Minh, Biii Thi Quynh, Nguyén Xudn Hung, Lé Vian Nhdan, Nguyén
Hoang Khanh, Tran Ha Minh Pirc

Nghién ciru diic tinh dng ghép mach mau hd tro' té bao ndi mé bam dinh
trong didu kién nudi ciy dong chay.

Ldm Minh Hodng, Tricong Thanh Van, Nguyén Thuan Nho, Lé Viét Hoang,
Biti Quéce Thing, Tran Lé Bao Ha, Nguyén Thi Ngoc My

Nghién ctru kha niing sinh cordycepin va pentostatin ngoai bao ciia
Cordyceps militaris trong 1én men bé mit dich thé.

Vit Xudn Tao, Tran Thu Hién, Ddo Ngoc Anh, Tran Béo Tram, Trieong Thi
Chién, B6 Thi Kim Trang, Tran Vin Tudn

Phén tich da dang di truyén ciia cic giéng dau tay (Fragaria spp.) bing
chi thi phan tir RAPD.

Trinh Ngoc Ai, Lam Bdo Léc, Nghi Khdc Nhu, Tran Thi T huy Duong, Tran
Thi Kim Nhu

Phén Iap va tuyén chon vi khuin lactic ¢6 dic tinh probiotic tir sira 1én
men tw nhién.
Tran Vin Chi, Nguyén Manh Tudn

Phat trién thiét bi SHM sir dung cong nghé SMT va ti wu truyén dir
liéu dao dong.

Vii Ngoc Quy, Lé Pdang Nam, Lai Lién Qudn, Lé Xudn Liwu, Nguyén Thiy
Binh, Dao Thanh Todn

Nhin té giy thay ddi dw an xay dung: Bing chirg thye nghiém tir Viét
Nam.
Ha Duy Khanh

Nghién ctru ché tao va tinh chét ciia vét liéu composite silica/phenolic
va carbon/phenolic.
Pham Van Toai, Pham Kim Dao, Pham Quang Hiéu, Lé Duy Thir

T6i wu héa quy trinh san xuét diu ning sinh hoc tir dich chiét vo hat
diéu.

Vii Thi Minh Hong

Tinh trang dinh dudng & hoc sinh 11-14 tudi tai 6 trudmg trung hoc co
s& huyén Nha Bé, TP. Hb Chi Minh nim 2024.

Trdan Thi Lan, Neuyén Ngoc Quynh Huwong, Pham Thi Dung, Vii Thé Léc,
Trdn Thi Nir

Kién thirc va thuc hanh tu cham séc ciia nguwdoi bénh li€t nira ngudi sau

dot quy, nio cép tai Bénh vién Y hoc cb truyén, B9 Cong an nam 2025.
Nguyén Thi Thanh Huyén, Pham Hong Van, Pham Thi Hong Thi
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and Exponential Moving Average filters in load cell signal processing.
Ngoc Nhan Hoang, Manh Hung Le, Kien Quyet Dang

Synthesis and characterisation of ZnAl-LDH by co-precipitation.
Thi Hong Cao, Thi Thom Nguyen, Thi Nam Pham, Duc Trung Pham, Thi Thu
Giang Pham, Dai Lam Tran

Identification of dioxin/furan compounds in sediments collected from the
Dai Bai bronze casting village, Bac Ninh province.

Quang Minh Bui, Thi Quynh Bui, Xuan Hung Nguyen, Van Nhan Le, Hoang
Khanh Nguyen, Ha Minh Duc Tran

Study on vascular grafts characteristics supporting endothelial cell
attachment under flow culture conditions.

Minh Hoang Lam, Thanh Van Truong, Thuan Nho Nguyen, Viet Hoang Le,
Quoc Thang Bui, Le Bao Ha Tran, Thi Ngoc My Nguyen

Study on extracellular production of cordycepin and pentostatin by
Cordyceps militaris under liquid surface fermentation.

Xuan Tao Vu, Thu Hien Tran, Ngoc Anh Dao, Bao Tram Tran, Thi Chien
Truong, Thi Kim Trang Do, Van Tuan Tran

Analysis of genetic diversity among strawberry (Fragaria spp.) genotypes
using RAPD molecular markers.

Ngoc Ai Trinh, Bao Loc Lam, Khac Nhu Nghi, Thi Thuy Duong Tran, Thi
Kim Nhu Tran

Isolation and selection of probiotic lactic acid bacteria from naturally
fermented milk.
Van Chi Tran, Manh Tuan Nguyen

Development of an SMT-based SHM device and optimisation of vibration
data transmission packets.

Ngoc Quy Vu, Dang Nam Le, Lien Quan Lai, Xuan Luu Le, Thuy Binh
Nguyen, Thanh Toan Dao

Critical factors driving changes in construction projects: Evidence from
Vietnam.
Duy Khanh Ha

Research on fabrication and properties of silica/phenolic and carbon/
phenolic composites.
Van Toai Pham, Kim Dao Pham, Quang Hieu Pham, Duy Thu Le

Optimisation of the bio-heavy oil production process from crude cashew
nut shell liquid.
Thi Minh Hong Vu

Nutritional status of students aged 11-14 years at six lower secondary
schools in Nha Be district, Ho Chi Minh city in 2024.

Thi Lan Tran, Ngoc Quynh Huong Nguyen, Thi Dung Pham, The Loc Vu, Thi
Nu Tran

Knowledge and self-care practices among patients with post-stroke
hemiplegia at the Traditional Medicine Hospital of the Ministry of Public
Security in 2025.

Thi Thanh Huyen Nguyen, Hong Van Pham, Thi Hong Thi Pham
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