TAP CHI KHOA HOC VA CONG NGHE VIET NAM

i % s v'\_ ,'!
\ \ ; \ s
_— . _—
’!." b \ / p \ f & 2 \
/ / N ,:' \'\\. !f' 3 h \
o » ! » o p- m o »
/ b Vi
\ \ )’: \.\ /.
N hY b A /
\ \ : \\\ / N \ 7
w < o 4 » /] » " » «
\ X \ v
/ N \ i \
/ 4 i\ . / N
‘ 7/ \ . 3
P 4 v, Ll s ﬁ _____ S G R AR T T 0 0 T T i N / N
- e —a /D ‘é.: ’Q— 1’§\ o < ;"4\ ' 5
f..r S / \ /
% \, ; / b
s s > e bt e

b

W
'
AR

S .l ¢

]

a,

o

®

Y

|
AR
w
A,
K

f
¥
N

l
(|li i
\

Tap 65 - SO 8 - Thang 8 nam 2023

d 3
\ b A -
\ 5 / = : S8
/ % A /! > \
/ 7 \ i k i \ . s
[ B & 5 ™ J'p‘,‘t . - ~ & é\
i v N ; Ji Y " o <
\ ] 2 7 i ! \
/ \
; ] / %
) / Y N / / b
N / i
9 ® « » B o »- & — = L
A N\ / / / / N\
y 'l \ S F 4 '\\
\ / / { ,
\ : N \ y. \
\ v, \ / ¥ / N
\ / \
A w ® - /] e
i / \ / %
74 \ / o \ Ly /
\ \ / N / %
A\ / \ X \



HOI PONG BIEN TAP

Chu tich

Chau Van Minh - Vién Han lam KH&CN Viét Nam, Viét Nam

Thanh vién

Nguyén Viét Anh - Triong Pai hoc Xay dung, Viét Nam

Bui Chi Biu - Vién Khoa hoc Ky thuat Nong nghiép mién Nam, Viét Nam

Va Dang - Hoi Tam Iy hoc Viét Nam, Viét Nam

Tran Tho Dat - Truong Pai hoc Kinh t¢ Qudc dan, Viét Nam

Nguyén Binh Bic - Triong Pai hoc Cong nghé, Pai hoc Quadc gia Ha Ni, Viét Nam
Vi Minh Giang - Bai hoc Qudc gia Ha Ni, Viét Nam

Truong Nam Hai - Vién Cdng nghé Sinh hoc, Vién Han lam KH&CN Viét Nam, Viét Nam
Tran Thanh Héi - Truong Dai hoc M - Dja chét, Vigt Nam

Pham Huy Khang - Trugng Dai hoc Giao thong Van tdi, Vigt Nam

Pham Gia Khanh - Hoi Ghép tang Viét Nam, Viét Nam

Ho Dac Loc - Truong Dai hoc Cong nghé TP Ho Chi Minh, Viét Nam

Nguyén Thi My Loc - Triong Bai hoc Gido duc, Pai hoc Qudc gia Ha Noi, Viét Nam
Banh Tién Long - Dai hoc Bach khoa Ha Noi, Viet Nam

L& Quan Nghiém - Dai hoc Y Dugc TP Ho Chi Minh, Viét Nam

Mai Trong Nhun - Pai hoc Qudc gia Ha Noi, Viét Nam

Tran Hiu Phiic - Hi dong Gido su' Nha nuc, Viét Nam

Nguyén Thanh Phuong - Truong Dai hoc Can Tha, Viét Nam

Nguyén Thanh Thiy - Triong Dai hoc Cong nghé, Dai hoc Qudc gia Ha Noi, Viét Nam
Pham Hung Viét - Truong Dai hoc Khoa hoc Tu nhién, Dai hoc Qudc gia Ha Noi, Viét Nam
Téng bién tap

Nguyén Thi Huong Giang - B9 Khoa hoc va Cdng nghé, Viet Nam

Ban bién tap

Pham Thi Minh Nguyét - B Khoa hoc va Cng nghé, Viét Nam

Phi Cong Thuting - B9 Khoa hoc va Cdng nghé, Viét Nam

Vi Van Hung - Bo Khoa hoc va Cong nghé, Viét Nam

Ninh Van Dién - Bg Khoa hoc va Cong nghé, Viét Nam

Lé Thi Bic - Bo Khoa hoc va Cong nghé, Viét Nam

Tang Xuan Binh - B Khoa hoc va Cong nghé, Viét Nam

Poan Bc Khai - Bj Khoa hoc va Cong nghé, Viét Nam

Truang Thi Thao Duang - B Khoa hoc va Cng nghé, Viét Nam

TOA SOAN

113 Tran Duy Hung - Cau Gidy - Ha Noi - Viét Nam
Tel: (84.24) 39436793; Fax: (84.24) 39436794
Email: khoahocvacongnghevietham@most.gov.vn
Tap chi dién td: b.vjst.vn

GIAY PHEP XUAT BAN

SG 459/GP-BTTTT ngay 20/7/2021
56 50/GP-BTTTT ngay 01/02/2023

Gia: 180001

EDITORIAL BOARD

Chairman

Chau Van Minh - Vietnam Academy of Science and Technology, Vietnam

Members

Nguyen Viet Anh - National University of Civil Engineering, Vietnam

Bui Chi Buu - Institute of Agricultural Science for Southern Vietnam, Vietnam

Vu Dung - Vietnam Association of Social Psychology, Vietnam

Tran Tho Dat - National Economics University, Vietnam

Nguyen Dinh Duc - University of Engineering and Technology, VNU, Hanoi, Vietnam
Vu Minh Giang - VNU, Hanoi, Vietnam

Truong Nam Hai - Institute of Biotechnology, Vietnam Academy of Science and Technology, Vietnam
Tran Thanh Hai - Hanoi University of Mining and Geology, Vietnam

Pham Huy Khang - University of Transport and Communications, Vietnam

Pham Gia Khanh - Vietnam Society of Organ Transplantation, Vietnam

Ho Dac Loc - Ho Chi Minh City University of Technology, Vietnam

Nguyen Thi My Loc - University of Education, VNU, Hanoi, Vietnam

Banh Tien Long - Hanoi University of Science and Technology, Vietnam

Le Quan Nghiem - University of Medicine and Pharmacy at Ho Chi Minh City, Vietnam
Mai Trong Nhuan - VNU, Hanoi, Vietnam

Tran Huu Phuc - The State Council for Professorship, Vietnam

Nguyen Thanh Phuong - Can Tho University, Vietnam

Nguyen Thanh Thuy - University of Engineering and Technology, VNU, Hanoi, Vietnam

Pham Hung Viet - University of Science, VNU, Hanoi, Vietnam

Editor-in-Chief
Nguyen Thi Huong Giang - Ministry of Science and Technology, Vietnam

Managing Editors

Pham Thi Minh Nguyet - Ministry of Science and Technology, Vietnam
Phi Cong Thuong - Ministry of Science and Technology, Vietnam

Vu Van Hung - Ministry of Science and Technology, Vietnam

Ninh Van Dien - Ministry of Science and Technology, Vietnam

Le Thi Bac - Ministry of Science and Technology, Vietnam

Tang Xuan Binh - Ministry of Science and Technology, Vietnam

Doan Duc Khai - Ministry of Science and Technology, Vietnam

Truong Thi Thao Duong - Ministry of Science and Technology, Vietnam

EDITORIAL OFFICE
113 Tran Duy Hung Str. - Cau Giay Dist. - Hanoi - Vietnam
Tel: (84.24) 39436793; Fax: (84.24) 39436794

Email: khoahocvacongnghevietham@most.gov.vn
E-journal: b.vjst.vn

PUBLICATION LICENCE

No. 459/GP-BTTTT 20" July 2021
No. 50/GP-BTTTT 1¢ February 2023




DOI: 10.31276/VIST.65(8).01-04

Khoa hoc Tu nhién | Héa hoc

Tach loai clorua trong kém oxit co ham lwgng clorua cao
thu hoi tir bui 10 ho quang dién luyén thép

Tr§n~Ng(.)c Vueng', Pham Minh :[‘ué"ln‘, Vii Duy Hung',
Nguyén Pinh Piang'’, Nguyén Tién Tung', Tran Dai An’

"Vién Cong nghé Xa hiém, 48 Lang Ha, phieong Lang Ha, qudn Pong Pa, Ha Ngi, Viét Nam
’Truong Cao dang Su pham Nam Dinh, 813 Truong Chinh, phuong Vi Xuyén, TP Nam Dinh, tinh Nam Dinh, Viét Nam

Ngay nhan bai 6/5/2022; ngay chuyén phan bién 8/5/2022; ngay nhan phan bién 31/5/2022; ngay chip nhén dang 3/6/2022

Tém tit:

Bai bdo trinh bay két qua khio sat qua trinh tach loai clorua trong bjt kém oxit (ZnO) c6 ham lwgng clorua cao thu hoi tir bui
1o hd quang dién luyén thép (EAFD) bang phwong phap hoan nguyén - oxy hoa bang 16 nung quay. Mau nguyén li¢u la ZnO c6
ham lwgng Zn 53%, Pb 12% va C15,2%. Cic yéu to anh hwéng dén hiéu suit tich loai clorua nhu pH, tyle ran/long, nhit d9 va
thoi gian phan ing di dwgc khao sit. Két qua cho thay, hi¢u qua tach loai clorua dat dén 96% véi diéu kién hoa tich nhw sau:
ty 1é rfln/l()ng (R/L)=1/10, pH 12, nhi¢t do hoa tach 80°C va thoi gian hoa tich 120 phut. Nguyén liéu ZnO sau khi tach loai c6
ham lwgng Zn 55% va ham luwgng clorua giam xuf')ng con 0,2% theo khoi lwgng. Nguyén liéu ZnO sau khi tach loai clorua bz"lng
phwong phap nay dat tiéu chuan dwa vao qua trinh hoa tich kiém phuc vu qua trinh dién phan thu hdi Zn kim loai dang bét.

Tir khéa: bui 10 hd quang dién luyén thép (EAFD), clorua, kém oxit.

Chi sé phin loai: 1.4

1. Dt van deé

Hang ndm, qua trinh ti ché EAFD c6 thé cung cdp khoang
1500-2000 tin ZnO chat luong thip ding 1am nguyén lidu cho san
xuat Zn kim loai va céc san phdm chira Zn. Do ham luong clorua
trong ZnO thu hoi tir EAFD thuong rat cao (2-10%) nén can phai
tién hanh xir ly tich loai clorua trudc khi st dung 1am nguyén liéu
cho qua trinh ché bién mot s san phém chira Zn, dic biét la cho
qua trinh di¢n phan Zn kim loai.

Trong qua trinh san xudt Zn kim loai bang dién phan trong moi
truong axit sulfuric, clorua anh huong khong nhidu dén hiéu sudt dong
ctia qua trinh dién phan. Tuy nhién, clorua (va ca florua) gay an mon
dién cye, tir do lam giam chat luong san phém Zn sau dién phan do lam
ting ham lugng chi (Pb) trong san pham Zn kim loai va gy kho khin
cho qué trinh boc tch Zn ¢ cuc dwong. Viée tach loai clorua va fluorua
trong ZnO nguyén li¢u 1a rat can thiét, nong do clorua va fluorua trong
dung dich di¢n ly can giam xuéng dudi 100 mg/1 [1-3].

V6i qué trinh dién phan Zn tir dung dich hoa tich kiém, khi
nguyén li€u ZnO co chira clorua né s€ di vao dung dich dién phan
va tich ty lai. Sau mdi chu trinh dién phan, dung dich dién ly duogc
tai st dung dé hoa tan ZnO nguyén liéu cho qua trinh dién phén tiép
theo. Theo thoi gian, clorua tich tu dan va ham lugng clorua trong
dung dich s€ tang 1én vuot qua gidi han cho phép. Cac nghién cliu
da chi ra rang, voi ham lugng clorua trong dung dich dién phan
trén 20 g/l, chung s& lam giam hi¢u sudt dong dién phén va giam
chét lugng Zn san phém [2-7]. Do do, viéc tach loai dé giam thiéu
ham luong clorua trong nguyén liéu ban dau 1a can thiét nhim ting
s chu ky tai st dung dung dich sau dién phan.

Co phiéu nghién cliu vé tach loai clorua trong EAFD da dugc
cong bo [1, 4, 6, 8]. Z. Li va cs (2015) [8] da tién hanh tach loai

*Tac gia lién hé: Email: nddangtkcn@gmail.com
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clorua bao gdm mét loat c4c giai doan nung va rira nude. Qud trinh
rira bang nude ¢6 thé loai bo hoan toan nhing mubi clorua hoa
tan trong nudc & ty 18 rén va long 1a 1:10. Tuy nhién, nhimg chat
khong tan trong nudc con lai rat kho kht clorua. Vi du, chi clorua
tao thanh hydroxyl-halogenua (PbOHCI) va chi clorua cacbonat
(Pb,CO,Cl,)... 1a nhimg chat kho bi loai bo khi rira nude. W.J.
Bruckard va cs (2005) [6] thi nghiém trén bui 10 thép chira khoang
2,1% Cl, 23,1% Zn, 27,1% Fe cung vdi mot lugng nho Pb, Cd, Cr
va céc tap chat khac. Bang cach rira nudc ¢ nhiét do moi truong
va pH khoang 12 trong 60 phut tach loai dugc 99% clorua voi tac
nhéan diéu chinh pH 1a CaO.

Ngoai CaO, nhiing tic nhan khac co thé duoc sir dung dé
diéu chinh pH nhim tang toc do, hiéu sudt rira clorua va giam
ham Iugng cac tap chat kim loai Pb, Zn, Fe trong dung dich nhu
Na,CO,, NaHCO,, NH,HCO; [5]. Mot s cong trinh nghién ctru
tach 10a1 clorua trong EAFD bang vi song ciing da duogc cong bd
[4, 8]. Nhing nghién ciru ndy tién hanh mot 0 thir nghiém trong
phong thi nghiém dé x4c dinh tinh kha thi vé mit k¥ thuat ctia mot
phuong phap tach loai clorua méi.

Trong bai bao nay, NaOH dugc sir dyng lam tac nhan dé diéu
chinh pH va tach loai clorua nham giam thiéu lugng clorua trong
dung dich dién ly, ttr d6 tang hiéu qua cua qua trinh dién phan thu
hoi bot Zn trong moi truong kiém.

2. Doi tuong va phuong phap nghién ciiu
2.1. Poi twgng

Mau nghién ctru [a san pham ZnO thu hoi tir bui 16 luyén thép
cua Cong ty Co phan Moi truong Tan Thién Nhién (Dong Nai)
theo phuong phap hoan nguyén - 6xy hoéa bang 10 nung quay.
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Removal of zinc oxide with high content of chlorides
derived from steel mill electric arc furnace dust

Ngoc Vuong Tran', Minh Tuan Pham!, Duy Hung Vu!,
Dinh Dang Nguyen'", Tien Tung Nguyen', Dai An Tran’

!Institute for Technology of Radioactive and Rare Elements,
48 Lang Ha Street, Lang Ha Ward, Dong Da District, Hanoi, Vietham
’Nam Dinh Pedagogical College,
813 Truong Chinh Street, Vi Xuyen Ward, Nam Dinh City, Nam Dinh Province, Vietham

Received 6 May 2022; revised 31 May 2022; accepted 3 June 2022

Abstract:

This article presents the investigation results of the chloride removal
process in high chloride content zinc oxide (ZnO) derived from steel
mill electronic arc furnace dust (EAFD) by oxidation-reduction
method. The raw material sample is ZnO with a content of Zn 53%,
Pb 12%, and Cl 5.2%. The factors affecting the chloride removal
efficiency such as pH, solid/liquid ratio, temperature, and reaction
time were investigated. The obtained results showed that the chloride
removal efficiency reached up to 96% under the following conditions:
solid/liquid ratio = 1/10, pH 12, temperature 80°C, and reaction time of
120 mins. The washed ZnO has a zinc content of 55% and the chloride
content is reduced to 0.2% by weight. The ZnO raw material, after
removing chloride by this method, meets the required standards for
the preparation of electrolytes for zinc electrowinning in an alkaline
medium to recover metallic zinc powder.

Keywords: chloride, steel mill electronic arc furnace dust, zinc oxide.

Classification number: 1.4

2.2. Phwong phap nghién ciru

Qua trinh tach loai clorua dugc thuc hién trong thiét bi hoa tach
¢6 khudy dung tich 1000 ml, 50 g mau dugc nap vao binh phan tng,
sau do bd sung nudc cho dén khi dat ty 1& rén/léng du kién va gia
nhiét dén nhiét d yéu cau. Dung dich NaOH 500 g/l duoc sir dung dé
duy tri pH khdi hoa tach. Téc do khudy khong doi 6 300 vong/phit.
Céc thi nghiém dugc tién hanh nhim khao sat anh huong cua ty 18
ran/long, nhiét do, thoi gian hoa tach va pH phan img dén qua trinh tach
loai clorua. Hidu suét tach loai clorua duoc tinh béng ty sH giira lugng
clorua da di vao dung dich hoa tach va tong luong clorua trong nguyén
liéu ban d4u. Nhiéu xa Ron-ghen (XRD) cta b rén sau hoa tich dugc
sir dung dé danh gia kha nang tach loai clorua ciia cac tap chat chira
clorua trong mau ¢ cac diéu kién phan tmg khac nhau. Thanh phan pha
clia nguyén liéu va cdc mau rin sau qua trinh tach loai clorrua dugc
xac dinh bang phuong phap XRD trén thiét bj Miniflex 600/Rigaku.
Ham luong clorua trong bi va dung dich rira dugc xdc dinh bing
phuong phap chuan d¢ sir dung dung dich AgNO, 0,025 M v6i chi thi
K. CrO, 5%. Ham lugng Zn trong nguyén li¢u, dung dich rira va ba sau
hoa tach dugc xac dinh bing phuong phap chudn do st dung dung dich
EDTA 0,05 M va phuong phap quang pho phét xa nguén Plasma cam
tmg (ICP-OES) trén thiét bi ICP-OES Horiba Ultima 2. Him lugng Pb,
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Fe trong nguyén liéu, dung dich rira va ba sau hoa tach dugc xac dinh
bang phuong phap ICP-OES trén thiét bi [CP-OES Horiba Ultima 2.
3. Két qua va ban luan

3.1. Dic trung ciia nguyén lieu ZnO

Mau nguyén liéu 1a ZnO san xuét theo phuong phap hoan nguyén -
0xy hoa bang 10 nung quay, 1a san pham thu hoi tir qud trinh tai ché bui
10 luyén thép. Thanh phan chinh cua nguyén li¢u dugc thé hién ¢ bang 1.

Bang 1. Ham lwong nhibng nguyén té chinh trong nguyén liéu ZnO.

Nguyén tb Zn Pb Fe Cl
Ham luong (%) 53 12 2,1 52

XRD cua méu nguyén licu duge thNé hién ¢ hinh 1. Ket qua thu
dugc cho thay, thanh phan chinh clia mau nguyén li¢u bao gom ZnO,
ZnCl,, PbCl, PbOHCI va Fe,O,.

1200 . . r .

1000

800

600

Intensity (au)

400

200 +

70

Hinh 1. XRD ctia mau ZnO nguyén liéu.
3.2. Anh hwéng ciia pH dén kha ning tich logi clorua

Nguyén liéu ZnO duoc hoa tach bang nudc va dung dich NaOH
& cac didu kién pH khac nhau. Dung dich sau hoa tach dugc loc, phan
tich xac dinh ham lugng clorua dé tinh hiéu suét qua trinh hoa tach.
Két qua dugc thé hién ¢ hinh 2.

T T T T
N //T"/'v—v
75 B
70
65

—=—pH 6,82
60 —e— pH 10,05 T

—4&—pH 11,03
—wv—pH 12,01

Higu sudt tach logi clorua (%)

55
50 //—.
T T T T T
30 60 20 120 150
Thoi gian phan dng (phat)

Hinh 2. Anh hwéng cta pH va thei gian dén hiéu suét hoa tach clorua.

Két qua thi nghiém cho thy, khi hoa tach bing nuéc, pH dung
dich la 6,82, hi¢u qua tach loai clorua tuong déi the”ip, khoang 54%
sau thoi gian phan tmg 120 phit. Diéu nay c6 thé giai thich ring, &
pH 7 chi ¢6 mudi ZnCl, ¢6 d0 tan trong nude t6t s di vao dung dich,



con cac mudi clorua ciia Pb ¢6 do tan kém nhur PbCl, (K =1,6x10°¢ B
20°C) hay khong tan P(OH)CI (K =10 13377) dan dén hleu qua tach
loai clorua thap. Dong thoi, & pH 7 khi ZnCl, trong nguyén li¢u tan
trong dung dich hoa tach kém theo mét luong Zn di vao dung dich nén
gdy ton that Zn (bang 2).

Bang 2. Thanh phan dung dich khi rira tach loai clorua.

Ham lugng cac nguyén tb (ppm)

Zn Pb Fe Cl
Dung dich rita bing nuée (pH 6,82) 520 12 60 2800
Dung dich rita bing NaOH & pH 12,01 2,2 0,1 0,1 4300

Dung dich sau rira

Dé han ché ton thét Zn trong qua trinh tach loai clorua, dung
dich NaOH duogc st dung dé han ché Zn chi tan vao dung dich theo
céac phan ung sau:

ZnCl, + 2NaOH — Zn(OH),| + 2NaCl
PbCl, + 2NaOH — Pb(OH),| + 2NaCl

Khi pH 12, ham luong Zn trong dung dich sau rtra chi con 2,2
ppm va ham lugng clorua lén dén 4300 ppm (bang 2). Clorua dugc
rua troi dudi dang mubi NaCl, céc kim loai s& dugc gilt lai dudi
dang két tia hydroxit. Nhu vdy, khi tach clorua bing dung dich
NaOH, Zn dugc giir lai gin nhu hoan toan trong ba, chi ¢6 clorua
tan vao dung dich, hiéu qua tach loai clorua khi st dung NaOH
tang 1én. Két qua thu dugc ciing cho thy, hiéu qua tach clorua ting
1én khi thoi gian hoa tach tdng Ién, tuy nhién d¢ ting khong nhiéu
khi thoi gian hoa tach 1én dén 120 phit.

3.3. Anh huwing ciia ty I¢ rin/long

Clorua trong nguyén liéu ZnO dugc hoa tich bing dung dich
NaOH (pH 12) ¢ cdc dicu kién ty 1¢ ran/long va thoi gian khac
nhau. Két qua dugc thé hién ¢ hinh 3.

82%

78%
76%

72% ——R/L=1/8

®
e}
X

—t—R/L=1/10

R/L=1/6

Hiu sudt tch loai clorua (%)

30 60 90 120 150
Thoi gian (phut)

Hinh 3. Anh hwéng cha ty 1é ran/léng (R/L) dén hiéu suét hoa tach
clorua.

Két qua thu dugc cho thay, khi ty1¢ ran/long giam, hiéu qua tach
loai clorua tang. Khi hoa tach ¢ ty 16 rén/long 16n, do tan cua cac mudi
clorua trong dung dich s& thip hon lam giam hiéu qua tach loai clorua.
Ty 18 ran/long 1a 1/10 phtt hop cho qué trinh thyc hién tach loai clorua.
Hiéu suét tach loai clorua ciing ting 1én theo thdi gian phan tng, khi
thoi gian phan (mg 1én dén 120 pht thi hiéu qua hau nhw khong ting,
Bang 3 thé hién thanh phan chinh trong nguyén liéu trude va sau khi
rira & pH 12, ty 1¢ rén/long 1 1/10 & nhiét d6 thuong. Két qua cho thay,
ham lugng Zn trong ba ran sau rira ting 1én 55% va ham lugng clorua
trong nguyén liéu giam tir 5,2 xudng con 1,0% (bang 3).
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Bang 3. Thanh phan nguyén liéu ZnO trwéc va sau khi riva.

Thanh phén (% khdi lwgng)

MAu

Zn Pb Fe Cl
ZnO ban dau 53 12 2,1 5.2
ZnO sau ria 55 12,5 2,7 1,0

Két qua bang 3 cho thiy, khi khong gia nhiét, qué trinh
rira clorua véi ty 18 ran/long 1a 1/10 két hop véi sir dung
dung dich NaOH dé diéu chinh pH 12, ham lugng clorua
trong mau ZnO giam tir 5,2 xuéng dén 1,0%, hiéu suét tach
loai clorua dat khoang 81%. Két qua XRD & hinh 4 cho thay,
trong ba sau rtra, clorua ton tai & dang Pb,0,HCI khong hoa
tan nén hi¢u qua tach loai clorua chi dat khoang 81%.

T o T T

MZu ZnO sau rira 1: ZnO
2: PbClx 1
3: Ph(OH)CI
1 4: Fe:Os i
1
1
1 1
) 6 1 1 N
s 7 ¢ 4 4 7 4 6
2
g Miu ZnO nguyén li¢u ban diu
@ 1
£ i
]
=
1
N -
1 1
2 1 1
3 ) 3524 2 1
s 54 4 3
T T T T T T
10 20 30 40 50 60 70 80

2-Theta

Hinh 4. XRD ctia mau ZnO trwéc va sau khi reva.
3.4. Anh hwéng ciia nhigt dp

Céc két qua khdo sat anh huong ciia nhiét do dén qua trinh tich
loai clorua dugc trinh bay ¢ bang 4 va hinh 5-7.

Bang 4. Anh hwéng clia nhiét dé dén hiéu qua tach loai clorua.

Hiéu qua tach loai

l(fgi)é‘ © g RL=I0 pHI2, RIS pH 12, RAL=1/10
Cl(%) Zn(%) Cl(%) TiéuhaoNaOH (%)" Cl(%) Tiéuhao NaOH (%)"
25 55095 76 45 81 60
50 63 101 795 45 8 60
65 68 104 825 45 87 60
80 75 108 90 45 9% 60

" lwong Zn bi hoa tan, mét theo dung dich hoa tach; **: ty 1& (%) khéi
lwong gitra lwgng NaOH st dung va khéi lwgng ZnO nguyén liéu.

100
95
20
85
80
75
70

65 —o—pH 7, R/L=1/10

—m—pH 12, R/L=1/5
e=te=pH 12, R/L=1/10

Higu suéit tach loai (%)

60
55

50
20 25 30 35 40 45 50 55 60 65 70 75 80 85

Nhigt d3 hoa tich (°C)

Hinh 5. Anh hwéng cua nhiét dé dén hiéu qua tach loai clorua.
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L9 1 1: ZnO

1600 4 2: Pb,OFCI

1400
1200
1000

800

Intensity (au)

600

400

200

0

10 60 70

2-Theta

Hinh 6. XRD méau sau rtra nwée (pH 7, R/IL=1/10, 80°C, 2 gi®).
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Hinh 7. XRD mau sau rira bang dung dich NaOH (pH 12, R/L=1/10,
80°C, 2 gi®).

Tur cac két qua thi nghiém cho théy, khi nhiét d¢ hoa tach tang,
hiéu qua tach loai clorua tang 1én ro rét. O nhiét d6 nang cao, do
tan cua cac hop chat chira clorua trong nguyén liéu ting Ién, ngay
ca khi hoa tach nudc (pH 7) thi hiéu qua tach loai clorua cling
dat dén 75%. Hop chat chira clorua duy nhét khong bi hoa tan 1a
Pb,0CI, (hinh 7). Khi tach loai clorua ¢ nhi¢t do ndng cao cing
voi vige sir dung dung dich NaOH de duy tri pH khéi phan tng
6 pH 12, qua trinh tach 10a1 clorua gan nhu hoan toan, dong thorl
Zn dugc giir lai trong ba ran. Piéu nay c¢6 thé dugc giai thich rang
cac mubi Pb khong tan (Pb:,O HCI, PbOCl, PbOHCl) phan ing
voi NaOH ¢ nhiét dg cao dé tao ra NaCl la chat dé tan theo phan
g sau:

PbOHCI + NaOH = Pb(OH), + NaCl
Pb,0C, + 2NaOH = PbO + Pb(OH), + 2NaCl
Pb,0,HCI + NaOH = PbO + 2Pb(OH), + NaCl

Nhu vay, dung dich NaOH vira c6 vai trd giam thiéu ton that Zn,
vira ho trg qua trinh pha v& cau tric cac tap chat chua clorua cla
Pb nén qua trinh tach loai clorua xdy ra gan nhu hoan toan (hinh 7).
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Vi ty 18 ran/long 1/10 & 80°C va thoi gian hoa tach 2 gio, hiu
qué tach loai clorua dat 96%. Diéu nay lam giam ham lu’o‘ng clorua
¢ trong dung dich sau dién phan va gitp tang s6 1an tudn hoan
dung dich hoa tach, qua d6 lam tang hiéu qua cta qua trinh dién
phan thu hoi Zn kim loai dang bot trong moi truong kiém.

4. Két luan

Clorua trong nguyén liéu ZnO ban dau ton tai & cic dang ZnCl,,
PbCL,, Pb(OH)CI. G nhit d6 thuomg, khi si dung NaOH dé duy tri
khoi phan tung hoa tach clorua pH 12, hi¢u suat tach loai clorua dat
81% khi hoa tach véi ty 1& ran/long 1/10, thoi gian phan tng 120
phl:lt. Clorua nam lai trong ba & dang Pb,0,HCI chiém 1,0% theo
khoi luong. Hiéu qua hoa tach clorua tang khi nhiét d6 hoa tach
ting én. Bang phuong phap sir dung NaOH dé duy tri méi trudong
hoa tach & pH 12, Zn duoc thu hdi gin nhu hoan toan sau qua trinh
tach loai clorua. Hidu suét tich loai clorua dat dén 96% khi hoa
tach ¢ nhiét do 80°C, ty 1¢ r?in/l(’)ng 1/10, pH 12 va thoi gian hoa
tach 120 phut. Lugng NaOH chi phi cho qua trinh tach loai clorua
phu thudc vao thanh phan tap chét va ciu tric tinh thé cia cac tap
chat chira clorua trong nguyén liéu, ddi véi miu thir nghiém trong
nghién ctru ndy, lugng NaOH tiéu ton tvong duong véi khdi lugng
cta clorua chira trong mau (khoang 5,5%).

Nguyén liéu ZnO sau khi tach loai clorua dii tiéu chudn sir
dung dé lam tang hi€u qua qua trinh dié¢n phan thu hoi Zn kim loai
dang bot trong moi truong kiém.
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Xac dinh ham lrgng polysaccharide, phenolic va hoat tinh chong oxy héa
cila cao chiét hé soi chung nam Thwong Hoang Tropicoporus lintens NTH-PL3

Nguyén Manh Tuén", Hoang Vin Hung, P§ Thi Hién, P6 Bich Dué, Pham Thi Phuwong Lan
Trieong Pai hoc Nong Lam, Pai hoc Thai Nguyén, xa Quyét Thing, TP Thadi Nguyén, tinh Thai Nguyén, Viét Nam
Ngay nhan bai 12/9/2022; ngay chuyén phan bién 15/9/2022; ngay nhén phan bién 7/10/2022; ngay chap nhan dang 11/10/2022

Tom tit:

Nim Thuwong Hoang (Tropicoporus hay Phellinus) 1a mgt trong cac logi nim dwoc liéu quy va dwoe chlrng minh c6
vai tré quan trong trong viéc hd trg sirc khée. Nhirng nghién ctru vé nam Thuong Hoang moi chi duoc trién khai &
nwéc ta trong khoiang 10 nam tro 1ai day nén nguon dir lleu khoa hoc veé nguoén nam nay chwa thwc sw phong phi.
Nghién ciru nay dwge trién khai nhim bd sung dir liu vé dinh danh phan tir chtiing nAm NTH-PL3 dwgc thu thap
trong tw nhién va xac dinh cac hoat chét sinh hoc, ciing nhw kha ning chdng 6xy héa ciia cao chiét tdng s tir hé soi
chiing nAm Thuwong Hoang. Két qué phén tich trinh tw gen ITS ciia rDNA cho thiy, chiing nim NTH-PL3 thugc loai
Tropicoporus linteus véi dp twong dong cao nhit vé trinh ty ITS 13 99,87%. Hi¢u suit thu cao chiét tdng sb tir hé si
béng methanol 75% dat 29,75+3,84%. Trong cao chiét hé soi nim chira polysaccharide véi ham lwong 23,72+1,34
mg glucose/g va 18,54+1,87 mg axit gallic/g dbi véi phenolic. Gia tri EC dbi v0’1 kha néing bit géc tu do DPPH
(2,2-diphenyl-1-picrylhydrazyl) va tao phirc chit véi sit ciia cao chiét tir he sgi nim Thuwong Hoang dat lan lwgt 1a

268,54+3,89 va 411,65+10,87 pg/ml.

Tir khéa: hoat tinh chdng 6xy héa, nim dwoc liéu, phenolic, polysaccharide, Tropicoporus linteus.

Chi s6 phén loai: 1.6

1. Dt van de

Néam Thuong Hoang (Tropicoporus linteus) hay dugc goi
voitén Phellinus linteus, Inonotus linteus, Polyporus linteus,
Sanghuangporus sanghuang thudc ho Hymenochaetaceae
phan b chu yéu ¢ cac khu vuce nhiét doi thude chau My va
Pong A [1, 2]. Gia tri duoc lidu cia nim Thuong Hoang
nhan dugc nhidu sy quan tdm tir khi két qua nghién ciru
cua T. Tkekawa va cs (1968) [3] dugc cong bd cho thay kha
ning wc ché té bao ung thu Sarcoma-180 ¢ chudt cua cao
chiét ndm Thuong Hoang dat cao nhét (97,6%) so véi nam
Huong (80,7%), nam Van Chi (75-77%), nam Linh Chi
(65-70%), nAm Moc nhi (42,6%) & liéu luong cao chiét thu
nghiém la 200 mg/kg chudt. Cho dén nay, c6 khoang hon
11.400 két qua nghién ctru vé nim Thuong Hoang (cac loai
tiéu biéu nhu Phellinus linteus, Phellinus baumii, Phellinus
igniarius, Phellinus hartigii va Phellinus gilvus) dugc cong
b trén dir liu Google Scholar. Cac nghién ciru cho thay,
trong nam Thuong Hoang bao gdm ca hé sgi va qua thé
chia dung da dang céc hoat chat sinh hoc tiém nang nhu
polysaccharide, phenolic, flavonoid, carotenoid... Cac hoat
chat nay dugc ching minh ¢ vai tro sinh hoc quan trong
nhu chdng oxy hoa [4], chdng ung thu [5], chong viém [6],
diéu hoa hé théng mién dich [7], khang khuan (bao gom
ca Staphylococcus aureus khang methicillin) [8], chdng dai
thao duong [9], bao vé gan [10] va bao vé than kinh [11].
Chinh vi vy, nam Thugng Hoang dugc coi 1a mot trong
cac loai nam duoc liéu quy va dugc st dung rong rai trong
y hoc ¢b truyén.

“Tac gia lién hé: Email: nguyenmanhtuan@tuaf-edu.vn
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Viét Nam thudc vung khi hau nhiét déi, thuan lgi cho
cac loai ndm sinh trudng, trong d6 c¢6 nAm Thuong Hoang.
Tuy nhién, cac nghién ctru vé ndm Thuong Hoang chu yéu
dugc cong bd trong khoang 10 nam trd lai day. Két qua
cua cac nghién ciu dé cap dén dic diém nuoi céy hé soi
nam Thuong Hoang [12-15]. Mot sé hoat chat sinh hoc
tiém ning c6 trong qua thé nam Thuong Hoang thu thap tai
nudc ta ciing duoc bao cao nhu ham lugng phenolic chiém
4,6 mg axit gallic/g qua thé Phellinus linteus [16], 4 hoat
chat (meshimakobnol A, meshimakobnol B, ergosterol va
ergosterol peroxide) c6 kha ning trc ché cac dong té bao ung
thu duoc tim thiy trong qua thé Phellinus igniarius [17].
Tuy nhién, nghién ctru vé hoat tinh chdng 6xy hoéa cua dich
tach chiét tir hé soi nAm Thuong Hoang ¢ nude ta gan nhu
chua c6 cong bd. Do vy, két qua nghién ciru nay s& bd sung
dir liéu vé ham lugng polysaccharide va phenolic c6 trong
hé soi, cling nhu hoat tinh chéng oxy hoa cua dich tach
tor hé soi chung nam Thuong Hoang Tropicoporus linteus
NTH-PL3 nhidm phuc vu cho phat trién cac san pham hd tro
suc khoe con nguoi.

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

Ching ndm Thuong Hoang NTH-PL3 ¢ dang hé soi da
duoc phan lap va thuan khiét béi H.V. Hung va cs (2022)
[18] (hinh 1).
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Determination of polysaccharide and phenolic contents
and antioxidant activity of the crude extract

from mycelial hiomass of strain Tropicoporus lintens NTH-PL3
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Quyet Thang Ward, Thai Nguyen City, Thai Nguyen Province, Vietnam
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Abstract:

Tropicoporus (synonym Phellinus) mushroom is one of
the precious medicinal mushrooms and has been proven
to play a significant role in supporting health. However,
studies on the Tropicoporus mushroom have only been
carried out in our country within the last ten years, so
the scientific data on this mushroom source is not really
rich. This study aimed to add research data on molecular
identification of strain NTH-PL3 collected in nature
and determination of bioactive compounds, as well as
antioxidant activity of the total extract from mycelium
of Tropicoporus. Results of rDNA ITS sequence analysis
showed that strain NTH-PL3 belongs to Tropicoporus
linteus species with the highest similarity in ITS sequence
of 99.87%. The total yield of bioactive compounds
extracted from the mycelium using 75% methanol
was 29.75+3.84%. In the crude bioactive extract, total
polysaccharide content was 23.72+1.34 mg glucose/g and
18.54+1.87 mg gallic acid/g for phenolic. EC,, values
for 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging and ferrous ion chelating ability of total
crude bioactive extract from mycelium of Zropicoporus
were 268.54+3.89 and 411.65+10.87 pg/ml, respectively.

Keywords: antioxidant activity, medicinal mushroom,
phenolic, polysaccharide, Tropicoporus linteus.

Classification number: 1.6
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Hinh 1. Hé s¢i ching nAm Thwong Hoang NTH-PL3 trén moi
trwong PDA & 25°C, 7 ngay.

2.2. Phwong phap nghién ciru

2.2.1. Nubi cdy hé soi, tach chiét DNA va dinh danh
phéan tr: Hé khuan ty cia ching NTH-PL3 duoc nudi
cdy trong méi truong potato dextrose broth (PDB) (g/l):
dich chiét tir khoai tay (200), dextrose (20), pH 6,5 &
25°C, 3 ngay nudi lic 130 vong/phat. Thu nhan sinh
khdi hé soi va tach chiét DNA tong sb theo phuong phap
cua H.W. Kang va cs (2002) [19]. Céap moi ITS5 xudi
(5’-GGAAGTAAAAGTCGTAACAAGG-3’) va ITS4
nguoc (5’-TCCTCCGCTTATTGATATGC-3’) dugc su
dung cho nhan trinh ty ving gen ITS1 + 5.8S rRNA + ITS2
+ 28S rRNA [20]. Chu trinh cta phan ing PCR duogc thuc
hién nhu sau: bién tinh trong 2 phat & 95°C; 25 chu ky: bién
tinh trong 30 gidy ¢ 95°C, gin mdi 30 gidy & 60°C, kéo dai
1 phut & 72°C; kéo dai & 72°C trong 10 phit. San pham PCR
tinh sach béng kit QTAquick® PCR, duogc giai trinh ty thong
qua hé thong Applied Biosystems 3730 xI DNA analyzer
su dung Big Dye terminator cycle sequencing kit v.3.1
(Macrogen, Han Quéc). Nhén dién trinh tu vung gen [TS1
+ 5.8S rRNA + ITS2 + 28S rRNA cua ching NTH-PL3
véi dir lidu cong bo trén GenBank thong qua NCBI Blast.
Quan h¢ di truyén (Neighbor joining tree) ciia ching phan
lap duoc thiét 1ap bang phan mém MEGA 7 [21].

2.2.2. Lén men chim va thu nhdn sinh khoi hé soi: Chung
NTH-PL3 dugc nudi ciy trong binh tam gidc dung tich 500
ml chira 200 ml méi truong dich thé PDB ¢ 25°C trong 3
ngay nudi lic (130 vong/phut). Tiép dén, 3% dich nudi dugc
cay chuyén sang binh 1én men 20 1 chira 16 1 mdi truong
PDB ¢ 25°C, suc khi & tc d6 1 VVM (toc do dong khi/thé
tich méi truong/phut), khudy & 150 vong/phut trong 7 ngay.
Sinh khéi hé soi duge thu nhan béng giéy loc Whatman
No.1 va dugc rira 3 1an bang nudc cat khir tring. Say kho
sinh khéi hé soi ¢ 65°C dén trong lugng khong doi, nghién
nhé va bao quan trong lo t6i mau & 4-6°C.

2.2.3. Tach chzét cao tong s6: Bot hé soi (30 g) dwoc cho

vao binh Duran t6i mau dung tich 1 1, sau d6 5 phan dung
mdi methanol 75% dugc bd sung vao mau, lic qua dém &



100 vong/phit. Thu nhan dich chiét bang gidy loc Whatman
No.1, can duoc tach lai bang methanol 75% trong 1 gio.
Loai bé dung mdi bang may c¢d quay chan khong & 40°C,
hoa cin trong nude cat khir tring va dong kho. Bao quan
cao tong sb trong lo t6i mau & 4-6°C.

2.2.4. Xdc dinh ham lwong polysaccharide tong s6: Ham
luong polysaccharide tong s6 dugc xac dinh bang cach st
dung phenol-sulfuric theo phuong phép cia M. Dubois va
cs (1956) [22]. Bot tach chiét (10 mg) dugc hoa tan trong
5 ml nudc cét, sau d6 2 ml dung dich & néng do 50 pg/ml
dugc cho vao 6ng thity tinh. Tiép dén, 0,05 ml phenol 80%
duoc thém vao miu va dugc tron déu trude khi thém 5
ml axit sulfuric 95%. Hon hop dung dich duoc tron déu,
dat trong ndi cach thuy & 30°C trong 20 phut. Him luong
polysaccharide tong s trong mau dugc xac dinh thong qua
ham luong glucose bang may quang phd UV-VIS & budc
song 490 nm.

2.2.5. Xac dinh ham lu’ongphenolzc téng sé: Ham luong
phenol tong sé c6 trong cao téng sd duoc xac dinh theo
phuong phap cai tién bang cach st dung thudc thir Folin-
Ciocalteu [23]. Hoa bot tach chiét tong sb trong nude cit
¢6 ndng d6 cudi cung 100 pg/ml. Sau d6, 0,2 ml thude thir
Folin-Ciocalteu 10% dugc thém vao 1,6 ml dich chiét, tron
déu trong 3 phut trudc khi thém 0,2 ml natri cacbonat 10%.
Hén dich nay dugc giit & nhiét do phong trong 30 phut. Him
lugng phenolic tong s6 dugc xac dinh thong qua axit gallic
0 budc song 760 nm.

2.2.6. Kha néng khir goc tw do DPPH: Kha nang khir
géc tu do cua cao chiét hé sgi ndm Thugng Hoang dugc do
bang cach sir dung DPPH theo phuong phap ctiia Q.D. Do
va cs (2014) [23]. DPPH duoc hoa trong methanol & néng
d6 0,1 mM. Tron déu 2,5 ml dung dich mau véi 2,5 ml dung
dich DPPH, hdn dich dugc bao phu biang gidy bac va dé
dung trong 1 gid & nhiét d6 phong. Kha niang khir 50% gbc
tu do (EC,,) cua cao chiét dugc xac dinh ¢ budc séng 517
nm. Axit galhc va axit citric dugc st dung 1a d6i ching.

2.2.7. Kha nang tao phirc chdt véi sdt: St dung phuong
phap ciia A.A. Soares va cs (2009) [24] dé xac dinh kha
nang tao phirc chat véi sit ctia cao chiét. Mau (0,7 ml) duoc
pha lodng trong 0,7 ml nudc cat. Dung dich pha loang dwoc
tron v6i 0,175 ml FeCl, 0,5 mM, do hap thu quang hoc lan
1 & budc song 550 nm. Sau do, 0,175 ml C pHNNa,OS,
0,5 mM dugc thém vao dung dich hdn hop, lac trong 1 phut.
Phén tng duogc gitt ¢ nhiét do phong trong 20 phit trudce
khi do hip thu quang hoc 1an 2 & budc séng 550 nm. Axit
ethylenediaminetetraacetic (EDTA) va axit citric dugc st
dung 1a di chimg.

2.2.8. Xir Iy 56 liéu: Két qua cuia cac thi nghiém dugc xir
Iy bang Student’s t-test d¢ xac dinh y nghia thong ké. Gia tri
p<0,05 1a gioi han sai khac c6 y nghia thong ké.
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3. Két qua va ban luan
3.1. Pinh danh chiing ndm NTH-PL3

Két qua dién di san phim PCR cho nhan trinh tu ving
gen ITS1 + 5.8S rRNA + ITS2 + 28S rRNA (ITS) bang cip
moi ITS5/ITS4 cta ching NTH-PL3 cho thdy xuit hién mot
bang duy nhit co kich thudc khoang 750 bp (hinh 2A). Béo
cdo ciia A.M. Romanelli va cs (2014) [25] cho thay trinh
tu vung gen ITS cta nganh Basidiomycota c6 kich thudc
khoang 700~800 bp.

(A) L NTH-PL3 ®)
; Tropicoporus linteus DGUM25003 (AF082102)
o Tropicoporus linteusNTH-PL4 (MW757264)
Tropicoporuslinteus NTH-PL3 (MW757263)
Tropicoporus linteusNamsan No.1 (AF080457)
Tropicoporus linteus KCTC6190 (AF077678)
750 bp 100\ Tyopicoporus linteus KFDA 016 (AY436626)
Tropicoporus linteus FS656160 (GU903004)

Tropicoporus linteusFS656161 (HM584806)

Tropicop » UAMH 10376 (AY599487)

Tropicop atificans SMDB 14731 (KM199688)

95 j\; Tropicoporusrudis O 915614 (KP030796)

52 Tropicoporus cubensisMUCL47079 (JQ860325)
s7) Tropicoporus dependens IV 1207/3-4-1(KC778779)
90 L— Tropicoporus guanacastensis IV 1407/103] (KP030792)

Ganoderma lucidum KACC 51689 (KT717955)

0,02

Hinh 2. Dinh danh chiing nAm NTH-PL3 dwa trén trinh tw vung ITS. (A)
Két qua dién di san pham PCR viing gen ITS. L: thang chun 1 kb; (B) So do
pha hé clia chiing NTH-PL3 dua trén trinh tw viing ITS. Hé sb bootstrap: 1000.

Két qua giai trinh tu cho thdy, trinh ty ving gen ITS cua
chiung ndm NTH-PL3 c6 chiéu dai 766 bp, dugc cong bd
trén GenBank v6i ma s truy nhap 1a MW757263. Két qua
so sanh voi dir lidu cong bd trén GenBank cho thdy, trinh
tu vang gen ITS cua chung NTH-PL3 c6 sy tuong dong
99,87% véi Tropicoporus linteus NTH-PL4 (MW757264),
99,74% voi céac loai Inonotus (=Tropicoporus) linteus
FS656161 (HM584800), Inonotus (=Tropicoporus) linteus
PLO801 (FJ9409006), Phellinus (=Tropicoporus) linteus
DGUM25003 (AF082102). Bao cao cua M. Thines va cs
(2018) [26] cho théy, gidi han vé sy twong ddng khi so
sanh trinh ty ving gen ITS 16n hon 99% dugc coi la loai
da nhan dién. Bén canh d6, cdy quan hé di truyén (hinh 2B)
cho thiy ching NTH-PL3 duoc sip xép vao mot nhém cia
chi Tropicoporus. Dua vao két qua nhan dién trinh tu ving
gen ITS cho thay ching NTH-PL3 thudc loai Tropicoporus
linteus.

Viéce phan loai nam, dic biét 1a cac chi ¢o quan h¢ g'?m
vé mat di truyén gap rat nhiéu kho khan. Dua vao dic
diém kiéu hinh nhu hinh thai, mau sic qua thé nim, hé soi
nam, hinh dang bao tu..., S.C. Teng (1963) [27] da phan
loai chung nim Thugng Hoang thudc chi Phellinus véi
danh phap khoa hoc 1& Phellinus linteus. Dén nam 1992,
ching nam Thuong Hoang dugc phan loai lai do c6 cac dac
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diém kiéu hinh twong dong cuia chi Inonotus va dugce goi
tén 1a Inonotus linteus [28]. Gan day, sir dung két hop dir
liéu vé ddc diém kiéu hinh va chi thi phan ti, ching ndm
Thuong Hoang dugc phan loai lai, 1a mot loai thudc chi
Tropicoporus [29]. Cho dén nay, danh phép khoa hoc cua
nam Thuong Hoang 1 Tropicoporus linteus hay Phellinus
linteus hoac Inonotus linteus [2].

3.2. Ham lwgng polysaccharide va phenolic trong cao
chiét hé sgi ching nam Thuong Hoang NTH-PL3

Céc chat chéng 6xy hoa téng hop duoc sir dung rong rii
trong cudc song, tuy nhién cac bang chimg nghién ctru cho
thiy mot sd chat nhu butylated hydroxyanisole (BHA) va
butylated hydroxytoluene (BHT) c6 kha nang gay ra ung
thu da day [30, 31]. Nguoc lai, nam dugc biét dén 1a ngudn
thuc phém an toan, chira dung rat nhiéu hoat chét sinh hoc
tiém nang hd tro sic khoe con nguoi. Polysaccharide va
phenolic 1a nhiing hoat chét sinh hoc ty nhién ¢6 ham luong
ddi dao ca trong h¢ sgi va qua thé, dugc ching minh c6 kha
nang chdng oxy hoa hiéu qua [1, 32, 33].

Theo bao cao cua Q.D. Do va cs (2014) [23] khi so sanh
ham lugng tach chiét cia cac hoat chit chdng 6xy hoa dudi
tac dong cua cac loai dung méi khac nhau bao gém nuéc,
methanol, ethanol va acetone cho thdy, methanol 75% cho
ham lugng tach chiét cac chat chng 6xy héa cao nhat
so vOi cac loai dung moi con lai. Trong nghién ctru nay,
methanol 75% dugc su dung dé tach chiét hoat chat c6 trong
hé sgi chung ndm Thuong Hoang, luong cao chiét thu duoc
14.8,93+1,15 g (chiém 29,75+3,84%). Két qua xéc dinh ham
luong polysaccharide va phenolic ¢6 trong cao chiét tong
s0 cho thay c6 mit dong thoi ca 2 hoat chat nay voi ham
luong lan luot 1a 23,72+1,34 mg glucose/g va 18,54+1,87
mg axit gallic/g. Polysaccharide 1a mdt phan tu 1om, c¢6 kha
nang chong 6xy hoa hiéu qua [34], dugc phan chia thanh 2
nhém 1a homopolysaccharide (chiém da s6 va c6 hoat chat
sinh hoc chinh ciia ndm, chita cac phéan tir glucose lién két
v6i nhau) va heteropolysaccharide (khong chira cac phan
tir glucose) [35]. Trong ndm ciing chira doi dao hoat chat
phenolic, trong d6 axit gallic 1a mot trong nhitng chat chinh.
Bén canh d6, axit protocatechuic, catechol, axit gentisic...
cling duoc tim théy trong ném [36]. Do vay, xac dinh ham
lwong polysaccharide va phenolic thong qua glucose va axit
gallic theo thtr ty thuong cho két qua thap hon so v6i ham
luong polysaccharide va phenolic thuc t& ¢6 trong nam.

Két qua nghién ctru cho thay ham luong polysaccharide
cao hon khoang 1,3 1in so vé6i phenolic. Ham luong
polysaccharide ¢ trong hé s¢i chung nim Thuong Hoang
NTH-PL3 cao hon so voi Phellinus (=Tropicoporus)
nigricans (15,33+£0,21%) [34]. Bo céo cua R. Prasad va cs
(2015) [37] tién hanh x4c dinh ham luong phenolic c6 trong
hé soivaqua thé ndm cua 16 loai nAm dam (Basidiomycota),
bao gdm Agaricus bisporus, Armillaria mellea, Auricularia
auriculajudae, Ganoderma applanatum, Ganoderma
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lucidum, Laetiporus sulphureus,
Lycoperdon  pyriforme, Phellinus linteus, Pleurotus
ostreatus, Pleurotus sajorcaju, Polyporus arcularius,
Russula brevipes, Schizophyllum commune, Sparassis
crispa va Spongipellis unicolor cho thiy, trong cc hé soi
va qua thé nim c6 chira ham lugng phenolic trung binh lan
luot 1a 8,17+1,28 va 15,03+4,71 mg axit gallic/g; mac du
ham lugng phenohc trong h¢ s¢i thap hon khoang 1 8 lan
s0 v6i qua thé nhung thoi gian nudi cdy cua hé soi ngan va
dé dang kiém soat diéu kién nudi cdy hon so v6i nudi trong
qua thé nim.

Lentinus  tigrinus,

3.3. Kha ning chéng éxy héa ciia cao chiét tong so tir
hé sgi nam chiing Thuwong Hoang NTH-PL3

Cao chiét tong sb ctia hé soi chung nim Thuong Hoang
va céc chét chuan dugce thir nghiém df”)ng thoi dé xac dinh
kha nang chéng oxy hoa. Két qua dugc thé hién ¢ bang 1 va
hinh 3. D6i voi kha nang khtr goc ty do DPPH, gia tri EC,
ctia cao chiét tong sb tir h¢ soi ching nam Thuong Hoang,
axit gallic va axit citric lan luot 1a 268,54+3,89, 13,96+2,16
va 513,92412,99 pg/ml. Tuy nhién, hoat tinh khu géc tu do
DPPH ciia cao chiét téng sO cua hé soi chung nam Thuong
Hoang (EC,,=268,54+3, 89 pg/ml) trong ngh1en ciru nay
yéu hon so véi cao chiét tong sb tir qua thé nim (EC,=50.9
pug/ml) cua N.X. Duy va cs (2016) [38].

Bang 1. Hoat tinh chéng 6xy héa cha cao chiét tdng sé tir hé soi
chiing ndm Thwong Hoang NTH-PL3 va cac chét chuan.

EC,, (ng/ml)

Thanh phén : . ;
Khii goc tw do DPPH  Tao phirc chat voi sat

H¢ soi nam chung

Mty S 268,54+3,89° 411,65+10,87°
Axit gallic 13,96+2,167

AXit citric 513,92+12,99* 737£13,62°
EDTA - 49,06+0,61°

Ghi chu: chi cai trong cling mét cot chi ra sw khac biét cé y nghia thdng
ké (p<0,05); gia tri dwoc biéu thi la trung binh + do l&ch chuan (n=3);
-: khéng danh gia.

Két qua bang 1 cho thay, hoat tinh khu gbc tw do DPPH
cla cao chiét tong s6 cua ndm hé soi nim Thugng Hoang
yéu hon so véi axit gallic (p=0,0001), nhung manh hon
so voi axit citric (p=0,0013). O ndng d6 600 pg/ml, kha
nang khu géc tu do cta cao chiét hé soi chung ndm Thuong
Hoang dat 90,21+0,86%, axit gallic dat 98,87+0,21% va
axit citric dat 59,13+2,57% (hinh 3A). Dbi véi kha ning
tao phirc chdt voi sit dat cao nhat dbi véi chat chuin
EDTA (gid tri EC,=49,06+0,61 pg/ml). Cao chiét tong s6
cta h¢ soi chung nam Thuong Hoang can luong cao hon
so v6i EDTA dé lién két véi sit tao phtic chat véi gia tri
EC,,=411,65+10,87 pg/ml, nhung lai manh hon c6 y nghia
(p<0,05) so v&i axit citric (EC,=737+13,62 pg/ml). O nong
dd 1000 pg/ml, kha nang tao phurc chat vdi sat cia cao chiét
tong s ctia hé soi ching nam Thuong Hoang, axit citric va
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Hinh 3. Kha nang khir gbc tw do DPPH (A) va tao phirc chét v&i st (B) clia cao chiét tdng sé tir hé s¢i chiing nAm Thwong Hoang NTH-PL3.

EDTA lan luot 1a 89,39£0,87, 58,20+1,83 va 99,20£0,35%
(hinh 3B).

Kha nang tao phirc chat véi sit ctia cao chiét tong s6 cua
hé soi chung nam Thuong Hoang NTH-PL3 (EC,=411,65
pg/ml) yéu hon so voi két qua danh gia tr qua the nam
Thuong Hoang (EC,=54,2 pg/ml) cua N.X. Duy va cs
(2016) [38].

Theo bao céo ciia C. Sanchez (2017) [33], cac hoat chat
chdng 6xy tiém ning bao gdm polysaccharide, polyphenol,
carotenoid... Nhitng hoat chit nay c6 ham lugng trong qua
thé ndm nhiéu hon so voi hé sgi nAm [33, 34]. Do véy, hoat
tinh chdng 6xy hoa cia cao chiét tong sb tir qua thé thudong
tot hon so véi tich chiét tir h¢ sgi nim.

Cac géc tu do dugc tao ra trong qua trinh trao ddi chat
ctia té bao trong trang thai sinh 1y binh thuong. Cing véi
d6, sét can thiét cho sy phat trién, sinh san cua té bao, téng
hop cac phan tir sinh hoc, cac phan ung ctia enzyme va kha
ning mién dich cua co thé. Ham lugng cia cac gde tu do va
sit trong co thé dugc kiém sot & giGi han an toan trong didu
kién sinh ly binh thuong. Tuy nhién, dudi cac tdc nhan ngoai
canh (tia cyc tim, thudc 14...) va ndi sinh (rbi loan chuyén
hoa, cac enzyme hoat dong khong binh thuong...) dan dén
ham lugng cac géc tu do va sy tich tu kim loai tang cao, gay
ddc cho té bao [39]. Cac hoat chat trong ndm Thugng Hoang
duoc chig minh c6 hidu qua tot trong vide khir cac gbe tu
do, ciing nhu tao phirc chét vai kim loai (co thé dé dang dao
thai kim loai dudi dang phtic chét) [1, 34, 40].

4. Két luan

Dua vao két qua phan tich trinh ty ving ITS, ching nam
NTH-PL3 dugc dinh danh thudc loai Tropicoporus linteus.
Hiéu suét thu cao chiét téng sb tir hé soi béng methanol
75% dat 29,7543,84%. Ham lugng polysaccharide va
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phenolic c6 trong cao chiét hé soi nim dat tuong tmg 1a
23,7241,34 mg glucose/g va 18,54+1,87 mg axit gallic/g.
Cao chiét tong s6 cuia hé soi ndm c6 kha nang khir gbe tw do
DPPH (gia tri EC,=268,54+3,89 ng/ml) va tao phtrc chat
voi sat (EC,,=411 65i10 87 ng/ml).
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Nhin dang dc diém hinh thai va trinh ty ving I7S v rbeL
cta giong khoai so ban dia Cu cang

Vi Thi Xuén Thiay", Vii Thi Nu!, Pham Thanh Tung?

"Trweong Pai hoc Tdy Bic, dwong Chu Van An, t6 2, phieong Quyét Tam, TP Son La, tinh Son La, Viét Nam
2Vién Cong nghé Sinh hoc, Vién Han ldm KH&CN Viét Nam, 18 Hoang Quoc Viét, phuong Nghia D6, quan Cau Giay, Ha Noi, Viét Nam

Ngay nhan bai 3/1/2022; ngay chuyén phan bién 5/1/2022; ngay nhan phan bién 24/1/2022; ngay chip nhén ding 26/1/2022

Tém tit:

Khoai so ban dia Cu cang ¢ huyén Thuin Chiu, tinh Son La 13 ngudn gen ban dia quy, cé chit lwgng cao va thich
rng tot voi diéu Kién tw nhién diic trung cia Thuin Chau, tinh Son La. Tuy nhién, hién nay khoai so Cu cang da
¢6 hién twong bi 14n tap véi cac giong dang dwoc trong tai dia phwong. Trong bai bao nay, cac tac gia trinh bay dic
diém hinh thai, trinh tu nucleotide viing ITS (Internal transcribed spacer) va doan gen rbcL ciia khoai so Cu cang.
Két qua hinh thai cho thiy, khoai so Cu cang thudc nhém mén so (Colocasia sp.). Vung ITS va doan gen rbcL cia
khoai so Cu cang c6 kich thudée 1an lwot 1a 506 va 630 bp. Két qua so sanh dd twong dong trén NCBI di xac dinh
dwoc doan DNA phéan lap tir vang ITS, doan gen rbcL cia khoai so Cu cang thudc loai Colocasia esculenta. Vung ITS
ciia khoai so Cu cang c6 dd twong dong 99,27% véi Colocasia esculenta var. antiquorum.

Tir khoa: ITS, khoai s9 Cu cang, rbcL, Son La, Thuian Chau.

Chi sé phén loai: 1.6

1. Ddt van de

Viét Nam nam trong khu viue Pong Nam A, noi dugc coi la
trung tam da dang di truyén cdy trong va 14 noi phat sinh cua
nhiéu cdy ho Ray (Araceae), trong d6 ¢ nhoém khoai mén - so
(Colocasia spp.). Vi vy, ngudn gen khoai mén - so & nu6c
ta rat phong phu va da dang [1]. Cdy khoai mén - so di duoc
ngudi din ban dia thudn hoa va trng trot tir lau doi, cung cip
ngudn lwong thuc quan trong dbi voi nhidu nguodi dan Viét
Nam [2]. Khoai mén - s¢o dugc tréng phé bién & mot sé tinh
nhu Béc Kan, Yén Bai, Lang Son, Hoa Binh, Ninh Binh... da
dem lai thu nhap cao cho ngudi san xuat [3]. Boi giéng khoai
¢6 nhiéu cong dung, vira 1a cdy luong thuc, cdy thyuc pham
thirc an chan nudi, 1am thude chita bénh, vira ¢ tiém nang ché
bién cao... [4].

Thuan Chau la huyén mién ndi cua tinh Son La, ¢6 vi tri dia
ly va dia hinh phuc tap, tao nén sy da dang vé diéu kién sinh
thai. Noi dy ¢6 sy phong ph vé tai nguyén di truyén thyc vit,
hinh thanh nén nhiéu giong cay trong dic san cho ving Tay
Bic, trong do c6 khoai sg. Khoai s¢ c6 tén dia phuong la Cu
cang dugc biét dén 1a mot giéng khoai so dic san cua tinh Son
La boi d6 bo, thom, ngon. Gidng nay d ton tai va phét trién
tur 1au doi, co kha nang thich nghi cao véi diéu kién sinh thai,
phu hop v6i tdp quan canh tic cua nguoi dan dia phuong [5].
Theo Quyét dinh s6 79/2005/QD-BNN ngay 5/12/2005 ctia B
truong Bo Nong Nghiép va Phat trién Nong thon ban hanh quy
dinh vé trao d6i qudc té ngudn gen cay trong quy hiém, giong
khoai so Cu cang (Thuan Chau, Son La) dugc dua vao danh
sach cac loai ngudn gen cy trong quy hiém cta Viét Nam han
ché trao d6i voi qudc té. Day 1a ngudn gen ban dia quy, c6 chat

“Tac gia lién hé: Email: xuanthuy@utb.edu.vn
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lugng cao va thich tmg tot véi didu kién tw nhién tai huyén
Thuan Chau, c6 kha nang phét trién thanh ving san xuat 16n,
mang lai hiéu qua kinh té, thu nhap cho nguoi dan dia phuong
[6]. Tuy nhién hién nay, tai cac dia phuong trong khoai mon
- 50, tén goi cuia cic gidng khoai mon - so khong théng nhit.
Cha yéu goi tén dya trén déc diém hinh thai, diéu nay gay kho
khan cho vén dé bao ton, chon, tao giéng khoai ndy. Hon nira,
do sy thay d6i co cdu cdy trong, ching ta co nhiéu loai giéng
cdy trong mé&i nén tai nguyén di truyén khoai mén - so ¢6 xu
hudng bi giam dan [1, 3].

Phan loai hoc phan tir dua trén cac dir licu DNA, déc biét
la cac gen hoac doan DNA c6 tinh bdo thu cao ¢ thé x4c dinh
duoc quan hé di truyén gan hay xa gitra cdc mau nghién ciru.
Chinh vi thé, PD.N. Hebert va cs (2003) [7] da d& xudt “ma
vach DNA” (DNA barcoding) nhu 1a mét phuong phéap dé dinh
danh loai. O hé gen nhan cua thyc vat cac vang /7S va h¢ gen
luc lap mang nhiéu dic diém thich hop cua mot DNA chi thi
[8]. Cac gen rDNA ma hoa cac phan tir RNA ribosome c6 tinh
bao thu va thich hop dé phan biét cac loai gan giii. Trong té bao,
rDNA dugc sép xép nhu céc don vi duoc lap lai ngdu nhién,
bao gém DNA ma hoa ribosome 188S, 5,8S, 28S va xen giita
cac trinh ty khong ma hoa I7S1, ITS2 nam ¢ hai bén clia gen
5,8S; trong d6 ving ma hoa cta 3 gen rDNA c6 mitc d9 bao
tha cao hon I7S1, ITS2. Hién nay, c6 nhiéu du chuin gen luc
lap duoc st dung rong rai dé 1am ma vach DNA cho thuc vét,
mot trong s6 d6 14 trinh tu rbeL. Poan trinh tu rbeL méd hoa cho
enzym rubisco tham gia vao qué trinh c¢6 dinh carbon ¢ thyc
vat, voi uu diém cua doan trinh ty nay 1a d& khuéch dai ¢ phan
16n loai thuc vat va duoc biét dén nhu mot locus chuin trong
nghién ctru hé thdng phat sinh loai [9].
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Abstract:

Cu cang taro cultivar in Thuan Chau district, Son La province
is a precious indigenous genetic resource with high quality and
well adapted to the characteristic natural conditions of Thuan
Chau district, Son La province of Vietnam. However, Cu cang
taro has been mixed with different cultivars in the locality. In
this article, the authors presented morphological characteristics
and nucleotide sequence of ITS (Internal Transcribed Spacer)
region and rbcL gene of Cu cang taro in Thuan Chau district,
Son La province. The ITS region and rbcL sequences isolated
from Cu cang taro had sizes 506 and 630 bp. The results of
similarity comparison on NCBI identified the DNA isolated
from the ITS region, the rbcL gene of Cu cang taro is Colocasia
esculenta species. The rbcL gene of Cu cang taro has 99.27%
similarity with Colocasia esculenta var. antiquorum.

Keywords: Cu cang taro, ITS, rbcL, Son La, Thuan Chau.
Classification number: 1.6

Hién nay, khoai so Cu cang da c6 hién twong bi 1an tap voi
cac gidng dang dwoc trong tai dia phuong va do ngudi dan ty
dat tén dé nang gia ban. Do d6, trong bai bio nay ching toi
trinh bay dac diém hinh thai, trinh tu nucleotide vung [TS va
doan gen rbcL cta khoai s¢ Cu cang ¢ huyén Thuan Chau, tinh
Son La dé gop phan vao dic diém nhan dang gidng khoai so
ban dia chat lugng cao nay.

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

Mau cdy, mau DNA khoai so Cu cang thu thap & huyén
Thuén Chau, tinh Son La dugc st dung lam vat li¢u nghién ciu.

2.2. Phwong phap nghién ciru

2.2.1. Nghién cuu dac diém hinh thdi: Puge mo ta theo
huéng dan cua Vién Tai nguyén Di truyén Thyc vat Qubc té
(International Plant Genetic Resources Insitute - IPGRI) [10].

2.2.2. Téach chiét DNA: Theo phuong phép ciia M.A.S.
Maroof va cs (1984) [11] va dugc kiém tra bang dién di trén
gel agarose 0,8%.
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2.2.3. Nhdn ban viing ITS va doan gen rbcL bang PCR: Sir
dung céc cdp mdi ITS-F/ITS-R, rbeL-F/rbeL-R & bang 1 va dugc
tong hop theo J.W. Kress va cs (2005) [12]. Chu trinh nhiét cua
PCR dbi vé6i 2 cap m01 rbeL-F/rbcL-R 1a 95°C trong 3 phut, lap
lai 35 chuky va o mdi chu ky, blen tinh ¢ 95°C trong 30 gidy, gan
moi & 53°C trong 20 glay va tong hop & 72°C trong 40 gidy; sau
35 chu ky la buoc két thuc ¢ 72°C trong 5 phit, luu giit ¢ 4°C.
Déi v6i cap moi ITS-F/ITS-R, chu trinh nhiét cua PCR la 94°
trong 5 phut, lap lai 40 chu ky va & mdi chu ky, bién tinh & 94°C
trong 1 phit, gin moi & 58°C trong 1 phit va tong hop ¢ 72°C
trong 1 phiit. San pham PCR dugc kiém tra bang dién di trén gel
agarose 1%. San pham PCR thu cat tir gel agarose dugc tinh sach
theo b kit QIAquick Gel Extraction cua Haing QIAGEN.

Bang 1. Trinh tw nucleotide ctia cac cip méi PCR sir dung trong
nhan ban cac doan DNA.

Ky hiéu Trinh tw nucleotide (5°-3’) Sin phim du kién
ATGCGATACTTGGTGTGAAT

ITS-F/ITS-R GCGATACTTGGTGTG 0,5kb
GACGCTTCTCCAGACTACAAT
ATGTCACCACAAACAGAGACTAAAGC

rbeL-F/rbeL-R 0,6 kb

GTAAAATCAAGTCCACCRCG

2.2.4. Xdac dinh trinh tw DNA: Puoc thyc hién bf’mg may phéan
tich trinh ty nucleotide tw dong ABI PRISM 3100 Avant Genetic
Analyzer theo nguyén ly cia Sanger véi b kit BigDye Terminator
v.3.2 Cycle Sequencing (Macrogen Inc, Han Qudc). Trinh tw DNA
thu duoc dugce xir 1y va phan tich bing phan mém DNAstar.

Nhan dién vung ITS, doan gen rbcL va dinh danh loai khoai so
Cu cang bang BLAST trong NCBI.

3. Két qua va ban luan
3.1. Déc diém hinh thdi khoai so Cu cang

Cac tinh trang dinh luong cua cac ngudn gen dé bi bién
d6i theo moi truong song, trong méi truong thich hop céc tinh
trang nay biéu hién t6i da dic tinh ciia ngudn gen. Néu song
trong moi trudng bat loi thi cac tinh trang nay thudng bi thay
d6i nén trong tap doan cac tinh trang dinh luong thudng 6 sy
bién dong 16n [13]. Céc tinh trang dinh tinh v€ than, 14, cu cua
cac ngudn gen khoai mon, khoai so la cac tinh trang dlen hinh
di truyén 6n dinh dé phan biét sy khéc nhau gitra cac ngudn gen
khéac nhau. Két qua mo ta dac diém 14, than, cu cua khoai so Cu
cang dugc trinh bay ¢ bang 2 va hinh 1.

Bang 2. Mot sé dac diém hinh thai cta khoai so Cu cang.

TT  Chi tiéu danh gia Khoai so Cu cang Phuwong phap thwe hi¢n
1 Hinh dang phién la Hinh tring thudn, gdc 1om hinh tim ~ Quan st
2 Mausic phién I Xanh vira toi dam Quan sat
3 Mausicronld Mau xanh nhat Quan st
4 Maumépla Mau xanh dén mép Quan sat
5 Maucubngl4 Mau xanh nhat Quan st
6 Mau goc be cudng 4 Mau tring Quan sat
7 Hinh dang cu cii Hinh chop nén Quan sat
8  Mausicchdi ¢dinhci  Mau tring Quan sét
9 Mauthitctrungtim  Mau tring Quan st
10 Mausic soct Mau vang nhat Quan sat
12



Hinh 1. Béc diém hinh thai cia khoai so Cu cang. (A) Hinh thai 13;
(B) Hinh thai doc; (C) Doc giap cu; (D) Cu chinh; (E) Cu con; (F) Mau
thit cu twoi.

Khoai so Cu cang c6 phién 14 hinh tring thuén, gbc phién
16m sau hinh tim, tao thanh 2 thiy gdc gin hinh tam giac hay
hinh trung rong voi dinh tu, mau xanh vura toi xanh dam va
mau xanh dén mép 14. Gan 14 gdm 3 gan chinh, 1 & giita phién
va 2 gan chinh ¢ 2 thuy gdc, ndi rd & mit dudi phién; cac gan
bén thu cép lam thanh goc 50-70° so v6i cac gan chinh, cac
gan nho xudt phat tir gdn bén va gan chinh ndi v6i nhau va
n6i voi cac gan bén thanh hinh mang. Rén 14 (diém phién 14
gin voi cuong 14) khong dinh hinh, mau xanh nhat duc (hinh
1A). Phin cudng la hay con goi la doc c6 dac diém xdp, mau xanh
& phan trén mat dat phan trén hinh try, phan dudi c6 be, be 14 kha
r6ng, gc be chd tiép giap ct cd mau tring (hinh 1B va 1C).

Khoai so Cu cang thudc nhém than cu, than chinh phinh to
hinh thanh ¢ ci c6 hinh nén, chdi bén phét trién thanh ci con
dang cum, s6 cu con trén khom tir 8 dén 15, ct con da s6 ¢6
hinh tru. Kich thudc cu cai thugc nhom trung binh (duong kinh
7-11 cm), cu con thuoc nhém nho (duong kinh 2-4 cm). Chop
ct va rudt cu phan trung tdm c6 mau trang, & goc ct hoi phét
vang, so cu mau vang nhat (hinh 1D, 1E va 1F).

Vi dic diém trén thi gibng khoai so Cu cang thuoc ho Ray
(draceae), chi Colocasia, l0di Colocasia esculenta. Hién nay trén
thé gidi c6 nhiéu cac glong khoai mén - so v6i nhiéu dj thao
khéac nhau. Tuy nhién, hau hét cic gidng déu thude vao 2 nhom
chinh: nhom Colocasia esculenta var. esculentum duwgc mo ta
la cay c6 mét cu cai chinh to hinh try va rat it cu con, thuong
duoc goi 1a dang dasheen. O loai nay ¢ hai nhom 1a khoai
nudc va khoai mon; nhém Colocasia esculenta var. antiquorum
duoc phan biét 1a c6 mét ct cai hinh cau voi nhidu cu con ¢o
kich thudc to moc ra tir cu cai, thuong dugce goi la dang eddoe.
Thudc loai phu nay chi yéu 1a nhom cay khoai so. Ngodi ra,
con mot nhom trung gian mang déc tinh trung gitta 2 nhoém
ké trén duoc goi la mon so [14]. Nhu vay, khoai so Cu cang
¢ Thuan Chau, Son La thugc nhém mon so vai cu cai ¢o kich
thudc 16n (gidng khoai mon) va nhiéu cii con (giong khoai so).
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3.2. Dac diém trinh tu nucleotide ving ITS va rbcL cia
khoai so Cu cang

Bdc diém trinh tw nucleotide ving ITS: DNA tong s tach
chiét tir 14 khoai so Cu cang dugc dién di trén gel agarose
0,8% va xac dinh do sach bang may do NanoDrop (Thermo
Scientific), két qua DNA tong sb dam bao chit lugng cho phan
{ng PCR va cac phan tich DNA khac. Két qua nhan ban ving
ITS tir DNA tach tir khoai so Cu cang bang PCR véi cap mdi
ITS-F/ITS-R thu dugc bang DNA c¢6 kich thudc ude tinh khoang
0,5 kb, dang nhu kich thudce du kién cia ving I7S (hinh 2).

1kb
0,75 kb— ~0,6 kb
0,5 kb ~0,5 kb

Hinh 2. Két qua kiém tra san phdm PCR nhan ban ving ITS va
doan rbcL cua khoai so Cu cang. M: thang DNA 1 kb plus; rbcL: doan
rbeL cta khoai so Cu cang; ITS: vung /TS cua khoai so Cu cang.

San pham PCR dugc tinh sach va giai trinh tw nucleotide.
Trinh tu nucleotide dwgc xur 1y, phan tich bing phin mém
DNAstar va BLAST trong NCBI, két qua da xac dinh dugc doan
DNA c¢6 kich thude 506 bp. St dung chuong trinh BLAST trong
NCBI dé so sanh tuong déng, két qua da xac dinh dugc doan
DNA phan [8p tr vung /TS cua khoai s¢ Cu cang huyén Thuén
Chau, tinh Son La thudc loai Colocasia esculenta (hinh 3).

Max Total Query E  Per
Score Score Cover value |dent

olocasta esculenta voucher 1806 smal subunt ibosomal RNA gene paral sequence,in 726 726 79% 0.0 $9,26% MHS56629 1
Colocasia esculenta culfvar Talgs liar smal subunit ibosomal RNA gene paralsequence 717 717 81% 00 96,06% MK3612501

Description Accassion

Hinh 3. Két qua BLAST vung ITS cua khoai so Cu cang.

Cu Cang
IIII

KF863710(;CG1- Ill|IIIII|IIIIIIII||IIIIIIIIlIIlIIIIIIIIIIIIIIIIIII

| GGTGTGAATTGCAGAATCCCGTGAACCATCGAATCTTTGAACGCAAGC
GGTGTGAATTGCAGAATCCCGTGAACCATCGAATCTTTGAACGCAAGC

CucCang GCCCGAGGCCACTAGGCTGAGGGCACGCCTGCCTGGGCGTCACGCATCGCGTCGCTCCCC
FLCEELTLEELEL LR L L L L LR LT EEE LT EETLT ]

KF863710 GCCCGAGGCCAC TAGGCTGAGGGCACGCCTGCCTGGGCGTCACGCATCGCGTCGCTCCCC

Cu Cang CGACTCCCCCCAGACGGCACCGTCCGTGAGGGGGGCGAGGGATGCGGAGATTGGCCCACC

FULEELLLEELE L EEE L LR L L L L LR LT ETL T
KF863710 CGACTCCCCCCAGACGGCACCGTCCGTGAGGGGGGCGAGGGATGCGGAGATTGGCCCACC

Cucang GTGCACGCGCGCGGCGGGCTGAAGAGCTCGGCCCCTCCCGCCGGGCGAGCACGGCGAGTG

PLEEELEEE e e e e e e e e ereenrrnt
KF863710 GTGCACGCGCGCGGCGGGCTGAAGAGCTCGGCCCCTCCCGCCGGGCGAGCACGGCGAGTG

Cu Cang GTGGAATAACACTCATCGTCGCCGTGGCACACGCCCGCGCGCGAGGACGGACTGACCACG

TLLEELLELEE L LR L L LELLELLELE L LLE L LEE L LL LT EEL LT

KF863710 GTGGAATAACACTCATCGTCGCCGTGGCACACGCCCGCGCGCGAGGACGGACTGACCACG

CucCang AAGAGAACCCAGTCCGGAGAGAGGAACGGCCCACCGAGGCAGCTCTCCGAC

esszzzo WLLLLLLLLLLLEEELEELLEL LU LEE L L LELEEEETLEET ]
AAGAGAACCCAGTCCGGAGAGAGGAACGGCCCACCGAGGCAGCTCTCCGAC

Hinh 4. Két qua BLAST trinh tw nucleotide viing ITS cua khoai so

Cu cang va ma KF863710.
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Khi so sanh trinh ty ving /7S cta khoai s¢ Cu cang voi
trinh ty ving /7S cua loai Colocasia esculenta var. antiquorum
ma R. Prasad va cs (2015) [15] da dang ky trén ngan hang gen
quéc té voi ma KF863710 c6 do twong ddng 99,72%. Colocasia
esculenta var. antiquorum 1a dang c6 nhiéu di thao thudc nhom
mon so nhat hién nay [14]. Hai trinh tw nay ¢6 1 vi tri sai khac
nhau & vi tri nucleotide sb 8, khoai so Cu cang la nucleotide T
con ma KF863710 la nucleide G (hinh 4).

3.3. Dic diém trinh tw nucleotide dogn gen rbcL

Két qua khuéch dai doan gen rbel tt DNA cua khoai so
Cu cang bang PCR v6i cap mdi rbeL-F/rbeL-R ¢6 kich thude
udc tinh khoang 0,6 kb (hinh 2). Str dung chuong trinh BLAST
trong NCBI da xac dinh duogc trinh ty doan DNA trong doan
trinh tu rbcL cua khoai so Cu cang thudc loai Colocasia
esculenta (hinh 5).

Max Total Query E Per.

Accession
Score Score Cover value Ident

Description

Colocasia esculenta ribulose-1,5-bisphosphate largesu 1162 1162 100% 0,0 100,00% MH270468.1

100,00% JN105690.1

Colocasia esculenta isolate RR chloroplast, complete genome 1162 1162 100% 00

Colocasia esculenta isolate GP chloroplast, complete genome 1162 1162 100% 0,0 100,00% JN1056891

Hinh 5. Két qua BLAST doan gen rbcL cta khoai so Cu cang.

San phém PCR dugc tinh sach va giai trinh ty nucleotide,
két qua thu dugc doan DNA c¢6 kich thudc 630 bp voi trinh tu cu
thé duoc trinh bay ¢ hinh 6. Két qua BLAST trinh tw doan gen
rbeL cta khoai so Cu cang voi trinh tu doan gen rbcl cua loai
Colocasia esculenta da dang ky trén NCBI voi ma MH270468
c6 do tuong dong 100% (hinh 6). Két qua nay lan nita khing
dinh khoai so Cu cang thudc loai Colocasia esculenta.
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Hinh 6. Két qua BLAST trinh tw nucleotide doan gen rbcL cua
khoai so Cu cang va ma MH270468.

4. Két luan

Khoai so Cu cang thugc nhém mon so, co phién 14 hinh
trimg thudn, gbc phién 16m sau hinh tim, mau xanh dén mép
1a. Rbn 14 khong dinh hinh, mau xanh nhat duc, doc c6 mau
xanh & phéan trén mét dat, phan doc giap cti ¢6 mau tring. Cu cai co
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hinh dang d3c trung hoi hinh banh xe nhung c¢6 gbe nhon. Rudt cu
phan trung tdm c6 mau trang, so cu mau vang nhat.

Vung /TS va doan gen rbcl phan 13p tir khoai so Cu cang
¢6 kich thudc 1an luot 1a 506 va 630 bp. Str dung BLAST trong
NCBI dé so sanh tuong déng, két qua da xac dinh duoc doan
DNA phan lap tu vung /7S, doan gen rbcL cia khoai so Cu
cang thudc loai Colocasia esculenta. Vung ITS cua khoai s
Cu cang ¢ d twong dong 99,27% véi Colocasia esculenta
var. antiquorum (trinh ty ¢6 ma KF863710). Hai trinh ty nay
¢6 1 vi trf sai khac nhau & nucleotide s6 8, khoai so Cu cang la
nucleotide T con ma KF863710 1a nucleide G.
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Tom tit:

Berberin dwoc biét dén nhw mdt loai khang sinh thye vat véi tac dung khang khuin, khang nAm manh. Berberin &
kich thwdc nano cho théy tiém nang khic phuc cac nhwoc diém vé do tan trong nwéc va tinh sinh kha dung, tir do6
mé ra nhiéu tiém ning wng dung. Trong nghién ciru nay, nano berberin (BerNPs) dugc hip phu trén mang cellulose
vi khuén tao vat liéu composite Vi tiém nang ing dung lam vit liéu khang khuin. Tinh chit hat BerNPs, ciu tric
va su thay déi clu tric bé mit mang cellulose sinh hoc (Bacterial cellulose - BC) trwédc va sau khi hap phu BerNPs
dwoc khao sat bang phwong phap chup FE-SEM, XRD va FT-IR. Khi nang khing khuin ciia BerNPs va vit liéu
composite dwgc khao sat tren vi khuén Escherichia coli va Streptococcus pyogenes trong diéu kién in vitro bang
phwong phap dong nuoi cay Két qua cho thay, BerNPs co hoat tinh khang E. coli va S. pyogenes manh, hat BerNPs
kich thwéc 50-60 nm cé kha ning hip phu 1én mang BC tét nhit sau 2 gié ngdm. Nghién ciru buée diu tao dwoc vat

liéu composite ¢6 kha niang khang lai E. coli va S. pyogenes véi hi¢u qua trén 80%.

Tir khéa: cellulose vi khuin, khang Khuén, nano berberin, vit liéu composite.

Chi s6 phén loai: 1.6

1. Dt van de

Berberin 12 mot akaloid thuc vat da duoc biét dén voi
kha nang khang khuan, khang nim va dugc tmg dung trong
nhiéu linh vue nhu diéu tri cac bénh vé tiéu hoa, hd tro didu
tri ung thu, dai thao duong tuyp II, chéng oxy hoa, khang
viém, thiéu mau cuc bo... [1-3]. Tuy nhién, tinh sinh kha
dung kém lam cho kha nang ung dung cta berberin con
han ché [1]. Cac nghién ctru ché tao berberin c6 kich thudce
hat nano da cai thién dang ké tinh tan trong nudc, tinh sinh
kha dung, gop phan ting tiém ning mg dung ctia dugc chat
berberin [2, 4].

BC la mang ludi cac s¢i nano cellulose dan xen dugc sinh
tong hop trong qua trinh 1én men cua vi khuan Acetobacter
xylinum trong moéi truong nude dua gia. BC khong chira cac
hop chét cao phan tir nhu hemicellulose, ligin... [5-7] va
¢6 nhiéu dic tinh vu viét hon cellulose thuc vat nhu d6 tinh
khiét cao, thim hat dich tét, do bén kéo cao, kha nang gitt
nudc cao, dac bi¢t 1a tinh twong hop sinh hoc nén da duoc
ting dung rong rii trong y hoc, thyc phim, my pham... [5,
8]. Trong linh vuc y sinh, BC 1a mot vat li¢u tiém ning, gop
phan thiic diy qua trinh lam lanh vét thuong nho vao kha
nang duy tri d§ 4m, che phu bao vé vét thuong, dong thoi
hd trg qua trinh ting sinh t& bao nguyén bao soi, giip vét
thuong nhanh lanh hon [6]. Ngoai ra, BC con c6 tiém nang
lam vat liéu ing dung trong mang boc, tii bao quan thuc
pham [7, 9]. Tuy nhién, vé& co ban BC khong c6 kha ning

“Tac gia lién hé: Email: tuyen.nguyenhuu@shtplabs.org
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khang khuan, diét khuan. Két hop BC véi BerNPs duoc
thuc hién voi muc dich tao ra vat liéu composite mang cac
dic tinh wu viét ciia BC va BerNPs, c6 tiém ning ing dung
lam mang khang khuén.

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

Vi khuéan S. pyogenes - ATCC 49399 va E. coli - ATCC
25922 dugc luu gitt tai Phong Thi nghiém Cong ngh¢ Sinh
hoc, Trung tam Nghién ctu Trién khai Khu cong ngh¢ cao,
TP H) Chi Minh. Céc loai mdi truong st dung nudi cay vi
khuén 1a LB Broth (Invitrogen, Hoa Ky), Trytic Soy Agar -
TSA (Scharlau, Tay Ban Nha).

BC c6 d6 day 2,5 mm san xuét tir vi khuan A. Xylinum
duogc thu nhan, xu 1y va luu gitr tai Phong Thi nghiém Cong
nghé Sinh hoc [6]. Hon hop BerNPs 30000 pg/ml (ché
tao tir berberin 95% chuan duoc pham bang phuong phap
nghién quay [10, 11]) do Trung tam Nghién ctru Trién khai
Khu cong nghé cao, TP Hd Chi Minh cung cip.

2.2. Phwong phdp phin tich mau BC va BerNPs

bac tinh, dinh h'?ip thu dac trung gfla ’berberin duoc
xac dinh bang ky thuat do quang phd hap thu UV-Vis
(Ultraviolet - Visible spectroscopy, Buc) voi bude song tir

350 dén 500 nm bang cach pha loang trong methanol (do &
nong do 1000 pg/ml).
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Abstract:

Berberine can be considered a natural antibiotic plant with
strong antibacterial and antifungal activities. The problem
of bioavailability and poor solubility can be overcome by
formulating berberine at nanoparticles, which opens up a vast
range of applications. In this study, berberine nanoparticles
(BerNPs) were adsorbed on bacterial cellulose forming a
composite with the potential for antibacterial material. The
properties of BerNPs and the surface modification of bacterial
cellulose membranes before and after BerNPs adsorption
were analysed by FE-SEM, XRD, and FT-IR methods.
The antibacterial activity of BerNPs and its composite was
examined in vitro by the co-culture method with Escherichia
coli and Streptococcus pyogenes. The results indicated that
BerNPs exhibited great antibacterial properties against E. coli
and S. pyogenes. The optimum capacity of loading BerNPs
(50-60 nm) above the biological cellulose was after 2 hours
of soaking. The antibacterial effectiveness of the preliminary
composite against E. coli and S. pyogenes was over 80%.

Keywords: antibacterial, bacterial

material, nano berberine.

Classification number: 1.6

cellulose, composite

Mau BerNPs va mang BC duoc phén tich bing phwong
phéap chup anh FE-SEM (Field emission scanning electron
microscope, Hitachi S-4800, Nhat Ban) dé xac dinh kich
thudc hat, hinh thai va ciu trac bé mat [1]: Thuc hién bang
cach nho miu lén lugi dong duong kinh 3 mm (Sigma
Aldrich, Hoa Ky), dé khé ¢ nhiét d6 phong (d6i voi miu
BerNPs); dong kho chan khong miu ¢ -50°C (Scanvac
Coolsafe 55-4, Pan Mach) dbi véi mau BC va tién hanh
phén tich & dién thé 10 kV véi FE-SEM.
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BerNPs va BC dugc dong kho chan khong ¢ -50°C va phan
tich XRD (Bruker D8-Advance, Durc) dé xac dinh cau trac ¢ goc
quét 4-40° [1].

Tién hanh phan tich FT-IR doi véi BC, BerNPs va vit ligu
composite BC/BerNPs dé xac dinh cac nhom chirc dac trung va
tinh chat lién két hoa hoc trong phan tir [12].

2.3. Phuwong phdp xdc dinh ham lwong berberin trong hon hop

Dung dirong chudn berberin: Can 10 mg bot berberin (chuan
HPLC, Sigma) hoa tan hoan toan trong 10 ml methanol [11].
Tién hanh chuan bi ddy dung dich berberin tir 25 dén 1,5625
pg/ml (pha loang bac 2). Po do hap thu cua dung dich chuan tai
bude song cuc dai 350 nm véi miu tring 1a methanol, sir dung
cuvet thach anh vo6i do day 1 cm.

Xdc dinh nong dé berberin trong hon hop BerNPs: Pha loing
hon hop BerNPs trong methanol va tién hanh do do hdp thu
twong ty nhu dung dich chuin. Nong do berberin c6 trong hén
hop BerNPs duoc tinh toan dya trén phuong trinh duong chuén.

2.4. Phurong phdp ddnh gid hoat tinh khéng khudn ciia BerNPs

Chuén bi diy nong do BerNPs bang cach pha loing bic 2
o nong do 1500 pg/ml trong cac dng chira moi truong LB. Vi
khuan thir nghiém duoc nudi cdy trong moi truong LB ¢ nhiét dg
phong, do do hap thu tai budc song 625 nm dé x4c dinh mat do
vi khudn. B6 sung 100 pl dich vi khuén vao cac ong moi truong
chira BerNPs (ndng do cudi dat 10° té bao/ml). Nghiém thirc dbi
chimg véi ong nghiém moi truong khong chira BerNPs. U cac
ng nghiém ¢ 37°C, sau 24 gio hiit 100 pl hon dich trai déu 1én
moi truong thach dinh dudng TSA, u cac dia ¢ 37°C trong 24
gid, dém cac khuan lac va tinh hiéu suit diét khuan theo cong
thure sau [13].

A-B

H (%) =252 x 100

trong d6 A, B 1an luot 1a s6 t& bao vi khuan trong 1 ml & 6ng
doi chung va ong thir nghiém.

2.5. Phuwong phdp két hop tao vit ligu BC/BerNPs

Vit liéu composite BC/BerNPs dugc ché tao dua trén sy
hap phu vat 1y cta cac hat BerNPs vao mang luéi mang BC.
Chuan bi mau BC day 2,5 mm, kich thudc 2x2 cm va hén hop
BerNPs 1500 pg/ml. Ngam BC vao hdn hop BerNPs nong do
1500 pg/ml. Sau cac khoang thoi gian 1, 2, 3, 4, 6 va 8 gio, thu
1 ml méu trong diéu kién vo trung, do OD,;; va xac dinh ham
lugng berberin con lai trong hdn hop. Ham lugng BerNPs hip
phu 1én mang BC duoc xac dinh dya trén ham lugng berberin
mét di trong hdn hop ngam sau cic khoang thoi gian khao sat.
Béo quan cac mau vat liéu composite & 2-8°C.

2.6. Phwong phap danh gia dic tinh vt liéu composite
BC/BerNPs

~ banh gia kha nang hip phu BerNPs 1én mang BC, sy thay
doi mang BC trudc va sau khi hap phu BerNPs bang phan tich
FE-SEM, phan tich XRD ¢ goc quét 4-40° va FT-IR.
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Hoat tinh khang khuéan ca vat liéu composite BC/BerNPs
duoc xac dinh bing phuong phép tlep xtic trye tlep Phu’ong
phép nay dugc thuc hién bang cach dong nuéi cay vi khuan véi
mat do 10° té bao/ml va vat liéu BC/BerNPs kich thudc 2x2
cm? ¢ 37°C. Thyc hién véi mau dbi ching 1a mang BC khong
hap phu BerNPs. Sau thoi gian 1, 8, 18 va 24 gid, hit 100 pl
hon dich trai 1én moi truong thach dinh dudng TSA. U céc dia
nghiém thirc ¢ 37°C, sau 24 gio dém s6 khuan lac hién dién
trén cac dia nghiém thirc va tinh hi¢u suat diét khuan cua vat
liéu BC/BerNPs so véi doi chimg.

3. Két qua va ban luan
3.1. Dic tinh va ham lwgng berberin trong hon hop BerNPs

Hon hop BerNPs c6 mau vang, dong nhat, khong lang
dong, khong tach pha. Kiém tra v6 tring trén méi trudng thach
dinh dudng khong théy ¢6 su hién dién cua vi sinh vat. Két
qua phan tich UV-vis (hinh 1A) cho thiy, hdn hop BerNPs co
3 dinh (peak) hap thu manh va dic trung & bude song khoang
250, 350 va 430 nm, két qua nay tuong dong va ciing da duoc
bao cdo trong mot sé nghién clru trude day [10, 11, 14]. Két
qua chup FE-SEM hdn hop BerNPs cho thiy c6 su ton tai cua
cac hat voi kich thudce khoang 50-60 nm, cac hat phéan tan t6t
va khong bi tu lai voi nhau (hinh 1B).

Hat BerNPs

D) hiip thu (Abs)
o

200 300 400 500
Budc song (nm)

Hinh 1. Két qua kiém tra cac dac tinh ctia hén hop BerNPs bing
phé UV-vis (A) va chup FE-SEM (B).

3.2. Hoat tinh khéng khudn ciia BerNPs

Berberin tac dong dén cac enzym RNA polymerase, gyrase
and topoisomerase IV va rc ché sy phén chia te bao, ngoai ra
no con te ché sy tong hop protein va pha v cdu triic té bao vi
khuén [12]. Két qua hinh 2 cho thiy, hdn hop BerNPs c¢6 kha
ning diét vi khuan S. pyogenes tot hon trén E. coli. O cac ndng
do tur 46,88 ug/ml BerNPs diét gan nhu hoan toan vi khuan .
pyogenes (hiéu suat >99%). BerNPs cho thay kha nang diét £.
coli yéu hon, dat trén 70% & cac ndng do tir 187,5 pg/ml.

100 o5 obyp®
80
60
10

20

0

Hiéu suit diét khuin (%)

187.50  93.75 46.88 23.44 11.72
Néng d BerNPs (ug/ml)
E.S. pyogenes

1500 750 375.00

B E.coli

Hinh 2. Kha nang diét vi khuan E. coliva S. pyogenes ctia BerNPs.
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3.3. Khd niing hip phu BerNPs lén mang BC

Vi cdu tric 1a cac soi nano cellulose dan xen thanh mang
ludi va ¢6 thé tham hit dung dich, mang BC c6 kha ning hap phu
v giir cac hat BerNPs (hinh 3). Két qua khao sat cho thay sau 2
gio ngdm mang BC dat ngudng hap phy t6i da hoat cht. Luong
BerNPs con trong hon hop sau 2 gio hép phy gidm con 1214,78
pg/ml. Sau hon 2 gid, ham lugng berberin trong hon “hop thay
doi khong co su khac biét y nghia thong ké (hinh 4). Két qua cho
thay, mang BC day 2,5 mm c6 kha ning hap phu va giit mot lugng
berberin khoang 71,305 pg/cm?.

(A)

1222 35¢ 1225.55¢ 1218 27°

Théi gian (gio)

Hinh 4. Ham lwong berberin coén lai trong hén hgp ngam. Céac chiv
céi khac nhau thé hién sy khac biét ¢6 y nghia véi p<0,05.

3.4. Danh gia ddc tinh ciia vit liéu composite BC/BerNPs

Vit liéu BC/BerNPs sau khi ché tao duoc kiém tra sy thay
d6i bé mat, hinh thai va kich thude soi nano cellulose cling
nhu kich thudc hat BerNPs dudi kinh hién vi dién tir quét. Két
qua cho thay, mau BC tinh khiét co cau triic tir cac soi nano
cellulose (duong kinh khoang 100 nm) dan xen thanh mang
ludi bén chit (hinh 5A). Sau khi hdp phu BerNPs, bé mit cac
soi nano cellulose san sui, duong kinh soi 16n hon (do céc hat
BerNPs bam vao) va céc soi co xu hudng két dinh va xép chong
1én nhau, khong con thiy r6 cdu triic mang ludi (hinh 5B).

Hinh 5. Anh chup FE-SEM mang BC (A) va vét lidu BC/BerNPs (B).
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Hinh 6. Phd XRD ciia BC, BerNPs va vat liéu composite BC/BerNPs.

Tiép tuc phan tich nhiéu xa tia X dé xac dinh su thay do6i
vé cdu trac cua vat liéu BC/BerNPs (hinh 6). Phé nhiéu xa tia
X ctia BC tinh khiét cho thdy, 2 dinh dic trung nim & 14,49°
twong tmg v6i mat phang (110) va 23,16° twong Gmg v6i mat
phéng (200) 1a mit phing tinh thé cua cellulose, didu nay
ciing da dugc bao cao trong mot sd nghién ciru trude day [9,
13, 14]. Hon hop BerNPs cho théy, cac peak dic trung ¢ 8,6,
9,1, 12,9, 16,2 va 25,4°, twong tu nhu nghién ctru cua M.U.K.
Sahibzada va cs (2018) [1]. Thong qua cuong do cac peak cod
thé khang dinh BerNPs ban chat 14 tinh thé [1, 15]. Pho XRD
ctia mau BC/BerNPs ¢6 sy xuét hién dong thoi cia cac peak
c6 cuong do manh dugc tim thay trong 2 mau BC va BerNPs.
Cac peak nhidu xa manh va sic nét & vi tri 14,5° twong tmg voi
mit phang (110) va 23° tuong ung v4i mat phing (200) cua
cellulose, peak rat nét ¢ vi tri 9,1° tuong ng voi mat phing
(110) ctia BerNPs. Diéu nay mot lan nita khang dinh, chung t6i
d3 ché tao thanh cong vat liéu composite, mang BC da hép phu
va gili cac hat BerNPs vao cu triic mang ludi soi cellulose.

Tiép tuc phan tich FT-IR dé xac dinh cac nhom chirc dic
trung cta cic mau vat liéu (hinh 7). Dya vao phé FT-IR cua
mau BC dbi chimg c6 thé nhan thay rang, BC ban dau c6 nhing
dinh héap thu dic trung v6i dai dao dong kéo dén tir vi tri khoang
3400-3500 cm!, dao dong vai dinh nhon va sdc nét xut hién
& vi tri 3346 cm!, dac trung cho dao dong kéo dai ctia nhom
O-H, tir vi tri 2800 dén 2900 cm' 14 su kéo dai ciia lién két
C-H. Pinh IR ¢ vi tri 1160 cm! 1a su kéo dai cua lién két C-O-C
va vi tri 1035 dén 1060 cm cho thdy day 1a nhém carbonyl
cua lién két C-O. Pinh IR trong ving 847 cm! dic trung cho
dao dong lién két p-1,4 glucoside, cac két qua phd FT-IR cia
BC trong nghién ctru ndy tuong tu nhu cic cong bd cua N.
Halib va cs (2012) [15], N. Atykyan va cs (2020) [16], T.G.
Volova va cs (2022) [17]. Pho FT-IR ciia hdn hop BerNPs trong
nghién ciru nay tuong dong véi nghién ciru ctia cac nhom tic
gia S.K. Battu va cs (2010) [18], P.R. Vuddanda va cs (2014)
[19], M.U.K. Sahibzada va cs (2018) [1] v6i sy xuét hién cac
dinh tai cac vi tri 1597 cm™ dac trung boi dao dong kéo dai
C=C cia vong thom. O vi tri 1568 va 1506 cm' twong tmg cho
nhém C=C udn va vong furyl, dao dong kéo dai lién két C=C
va C-O lan lugt duge nhin thdy & vi tri 1361 va 1103 cm™'. Dao
dong C-H duoc thé hién ¢ vi tri trong khoang 1035-1184 cm’'.
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Hinh 7. Phé FT-IR cac mau BC, BerNPs va vat liéu BC/BerNPs.

Vit liéu composite sau khi ché tao bang phuong phap ngam
hap phu vat ly giita BC va BerNPs thé hién gan nhu day du cac
dinh ddc trung cta cac vat li¢u ban dau, nhu sy xuét hién cac
dinh dac trung cho BC tai 1160 cm™ va vi tri 1035 dén 1060
em! 1an luot 1a su kéo dai cta lién két C-O-C va nhom carbonyl
cua C-0O, hay vung 847 cm™! déc trung cho dao dong cua lién
két B-1,4 glucoside; cac dinh tai 1597, 1506, 1035 dén 1184
em! 14 cac dao dong dic trung cho BerNPs. Mau composite
BC/BerNPs cho thdy mot dai phd rong kéo dai, khong thé hién
dinh nhon sic nét tai vi tri 3346 cm so v&i BC d6i chtiing. Nhin
chung, phé FT-IR cua vat liéu BC/BerNPs cho théy d6 séc nét
cta cac dinh giam di va cudng do cac dinh giam so voi phd don
tung vat liéu. Sy giam cuong d va do sic nét cac dinh cua vat
liéu composite ¢ thé do anh hudng cua céc hop chat nano khi
dwoc hip phu vao mang BC. Trong nghién ciru ciia L.M. Dobre
va cs (2010) [20] va S. Pal va cs (2017) [21] khi cho BC hip
phu nano bac cling da ghi nhan hi¢n tugng tuong tu.

3.5. Hoat tinh diét khudn ciia vdt ligu composite BC/BerNPs

Két qua budc dau khao sat cho thiy vat liéu BC/BerNPs co
kha ning diét khuén kh4 tét. Trong nghién ctru nay, so v6i mau
ddi chimg (mang BC khong hip phu BerNPs), vat liéu BC/
BerNPs cho théy kha nang diét va uc ché manh sy phat trién
cta cac chung vi khuan khao sat. Thu nghiém trén vi khuén S.
pyogenes cho thay hiéu qua diét gan nhu tuyét d6i (>99,99%)
sau cac mbc thoi gian khao sat (hinh 8). i v6i E. coli, hidu
qua diét khuan dat 71,437% sau 1 gio va ting lén hon 80%
sau 18 gio. Piéu nay chimg to kha nang diét khuan ciia vat
liéu composite c6 duge 1a nho BerNPs. Khi két hop v6i mang
BC, cac hat BerNPs duoc hép phu va giit lai bén trong cu triic
mang ludi cia mang BC. Khi khao sat hidu qua diét khuan cia
vat li¢u, BerNPs duogc giai phong khoi mang BC mdt cach tur
tir va tac dong diét khuan. Hién twong két hop hoat chat diét
khudn véi mang BC va qué trinh giai phong hoat chat khoi
mang BC mdt cach tur tir va diét khuan cling da dugc ghi nhan
trong cac nghién ciru khi cho hip phu nano vé co (nano bac,
nano df”)ng...) hay hoat chét curcumin [13, 22, 23]. Mot $6
nghién ctru ché tao vat lidu khang khuan tir mang BC hép phu
nano bac, chitosan ciing d4 cho thay hidu qua khang khuan trén
90% khi thir nghiém trén vi khuén S. aureus va E. coli [16, 17].
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Hinh 8. Hiéu suét diét khuan cuaa vat liéu BC/BerNPs.

4. Két luan

Trong nghién ctru nay, vat liéu composite duge ché tao
bang cach ngdm hap phu vat 1y giita BC va BerNPs. Vit lidu
sau khi ché tao co kha nang diét vi khudn S. pyogenes (trén
90%) va E. coli (trén 80%). Budc dau cho thay, vat liéu
composite BC/BerNPs c¢6 tiém ning 16n lam mang khang
khuan c6 thé ung dung trong y dugc, my phém va bao quan
thuc pham.
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Tom tit:

Trong nghién ciru nay, m¢t phwong phap chin dodn ving nirt cho dam bé tong ¢6t thép (BTCT) sir dung phwong
phap nang lwgng bién dang Kkét hgp v6i mé hinh ma trén nhim Iin dugc dé xuit. Phuong phap nay dwgc sir dung
aé chan doan vi tri va chiéu dai vung nut cho dim BTCT duéi tac dung cua tai trong. Dam dwgc md phong bang
phan mém ANSYS APDL. bé chirng minh sy phi hgp ciia mé hinh véi thwe nghiém, Kkét qua phan tich tinh hoc cua
dim dwgc so sanh voi Kkét qua thuc nghiém va tinh toan theo ly thuyét Tir két qua phén tich tan s6 dao dong va dang
dao dong tai cac cap tai trong tac dung khac nhau, phwong phap ning lwgng bién dang dugc ap dung dé tinh chi so
hw héng tai cac vi tri trén dam BTCT. Vung nirt trong dim dwgc nhin dang bang cich so sanh chi s6 hw héng véi
ngudng hw hong dwogc dé xuét. Sau dé, dd chinh xac ciia phwong phap chin doan dwoc danh gia bang mo hinh ma
tran nhiam lan. Cac két qua thu dwgrc tir nghién ciru cho thay, phwong phap dé xuit c6 kha nang chin dosn vi tri va

chiéu dai viing nirt trong dim BTCT khi chiu tai véi d chinh xac cao.

Tir khéa: chan doan két cu, dim bé tong cdt thép, ma tran nham Iin, ning lweng bién dang, ving niit.

Chi s6 phén loai: 2.1
1. Dat van dé

Linh vuc theo ddi va chan doan suc khoe két chu
(Structural health monitoring - SHM) nghién ciru vé cac
phuong phap phat hién hu hong cau kién, két cdu cong trinh
dé stra chita kip thoi, giup giam rui ro co thé xay ra khi
gip nhimng diéu kién bat thuong. Linh vuc nay xuét hién
do ban chit cua cong trinh xay dung 1a c6 quy md 16n, chi
phi cao, yéu cAu tudi tho dai, dan dén can han ché tdi da
hu hong, stra chita hodc thay thé. Vi sy phat trién theo
thot gian cia nganh xay dung, cdc cong trinh mdéi dugce xay
dung co kich thudc ngay cang 16n nham ti wu hoa cong
ning sir dung. Diéu nay lai cang khang dinh tinh cap thiét,
tinh thyc tién cia cong tac nghién ctru va phét trién cac k¥
thuat SHM. Trong linh vuc SHM, mét nhom phuong phap
st dung cac déac trung dao dong dang nhan duogc nhiéu su
quan tim trong gii nghién ctru nhd ¢ chi phi thip va tinh
linh hoat trong ting dung. Co s¢ ciia nhom phuong phap nay
1a su xuét hién cua hu hong lam cho cac déc trung dong hoc
(t?m s6 dao dong, dang dao dong) cua cAu kién hodc két cau
cong trinh bj thay doi.

Viéc ap dung phuong phap chin doan hu hong dua trén
tan s6 dao dong da bat dau xuat hién trong giai doan 1970-
1980 [1-3]. Nghién ctru cua J. Wang va cs (2008) [4] da phat
trién mot phu’ong phap chan doan vi tri va kich thudc cua
vét nit trén dam dua trén su sai khac cua dang dao dong.

“Tac gia lién h¢: Email: hoducduy@hcmut.edu.vn
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Trong nghién ctru nay, mé hinh cau kién dam co vét nut
duoc phan tich dong hoc dé thu duogc dang dao dong, sau
do6 su sai khac gitra dang dao dong ¢ trang thai hu hong va
trang thai ban dau duoc tinh toan bang phwong phap sb.
M. Pastor va cs (2012) [5] da trinh bay lai viéc st dung chi
s Modal assurance criterion (MAC) dé danh gia sy twong
ddng gitra dang dao dong cua md hinh thi nghiém va mo
hinh phéan tich, hodc cung mdt mé hinh nhung & cac trang
thai khac nhau. D. Capecchi va cs (2016) [6] da thyc hién
mdt nghién ctu vé chan doan vi tri va muac d6 hu héng cho
céu kién dam hinh vom bang phuong phap xem xét sy thay
d6i tan s6 dao dong, dang dao dong va duong cong dang dao
dong cua cAu kién.

Song song voi nhom cac phwong phap chan doan hu
hong bang tan s dao dong va dang dao dong, nhom cac
phuong phap chan doan hu hong sir dung ning lwong bién
dang biéu kién (Modal strain energy - MSE) ciing dugc
nghién ctru va phat trién [7-9]. Tiép theo d6, T.V. Duy va
cs (2016) [10] da phat trién mot phuong phap 2 bude chan
doan vi tri hu hong bang MSE va mirc d6 hu hong bang giai
thuat tién hoa cai tién cho cdu kién tAm vat liéu hdn hop
nhiéu 16p. D.D. Cong va cs (2019) [1 1] cling phat trién mot
phuong phap MSE phdi hop 2 budc chan doan hu hong cho
két cau tim, trong d6 mirc d¢ hu hong dugc xac dinh bang
thuat toan Jaya. Nghién ctru cho thdy, viéc chuan héa chi
s6 hu hong sau khi tinh toan 1am ting hiéu qua chan doan
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Abstract:

In this study, a damage detection method for reinforced
concrete (RC) beams using the modal strain energy
(MSE) method combined with a confusion matrix
model is proposed. This method is used for identifying
the crack zone position and length of RC beams under
various loadings. The beam is modelled by ANSYS APDL
software. To prove the finite element model’s validity,
the static properties of the model are compared with
experimental data and theoretical calculation. From
the natural frequencies and mode shapes at different
load levels, a damage index is calculated using the MSE
method. The crack zone is detected by comparing the
damage index with a proposed damage threshold. Then,
the damage detection method’s accuracy is evaluated
by the confusion matrix model. Finally, the results from
this study show that the proposed method can detect the
position and length of the crack zone in the RC beam
under various loadings with high accuracy.

Keywords: confusion matrix, crack zone, damage
detection, modal strain energy, reinforced concrete
beam.
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vi trf hu hong. S. Khatir va cs (2019) [12] da trinh bay mot
phuong phap chan doan vi tri va mirc do hu hong cho két
cdu dam. Trong nghién ciru da chan doan vi tri hu hong
bang phuong phap su thay dbi tan s6 va chi sé MSE chuin
hoa, dong thoi chan doan mirc dd hu hong bang thuat toan
Teaching learning based optimization (TLBO). Sau do, két
qua tu thudt toan TLBO dugc so sanh véi hai thudt toan
t6i wu da duoc tng dung trong cac nghién ciru trude ddy 1a
Particle swarm optimization va Bat algorithm. L.T. Cao va
cs (2020) [13] da phat trién mot phu'(mg phap chan doan hu
hong cho cau kién tam sir dung phdi hop phuong phap MSE
va thuat toan di truyen Nghién ctru nay da chi ra rang, vigc
chi str dung thanh phan chuyén vi ding ciia dang dao dong
van dam bao chan doan tdt vi tri hu hong, tir 46 c6 thé giam
cong tac thu thap dir liéu phuc vu chan doan trong thuc té.
Pong thoi, nghién ctiru con cho thiy mdi dang dao dong
nhay v6i mot sO trang thai hu hong nhat dinh, dan dén su
can thiét phai sir dung két hop cac dang dao dong dé co thé
chan doan hu hong mot cach tong quat.

Trudc day, cac nghién ctru st dung phuong phap sé dé
chan doan hu hong bang phuwong phap ning luong bién
dang c6 ddi tuong la céu kién dam, dan, san dugc md phong
bang phan tir thanh hodc phan tir tim riéng 1é voi vt lidu
dong chat. Pong thoi, cac nghién ciru di thyuc hién khao
sat su xuét hién cua hu hong khi cAu kién khong chiu tac
dung cua tai trong, dién hinh 1a cac hu hong don 1€ dugec mo
phong bing cach x6a hodc giam do cimg phan tir. Trong linh
vuc chan doan hu hong hién dang thiéu nhimg nghién ctru
ap dung phuong phap chin doan cho két ciu xuét hién hu
hong dudi tac dung clia tai trong. Mot thiéu sot khac trong
cac nghién ciru vé phuong phap nang lugng bién dang 1a
cn c6 mdt mod hinh danh gia, xac dinh do chinh xéc, cling
nhu dic diém va tinh tng dung thyc tién ctia phuong phap
chan doan.

Muc tiéu chinh cua nghién ctru nay la phat trién phuong
phap ning luong bién dang nhdm xéac dinh vi tri va chiéu
dai ving nirt xay ra trong két ciu ddm BTCT dudi tac dung
cua tai trong. Nghién ctu nay thuc hién ca bai toan thuan
va nguoc. Di voi bai toan thuan, mot ddm BTCT duge mo
phong theo phurong phap phan tir hitu han (PTHH) sir dung
phan mém ANSYS APDL [14] dé phén tich ing xtr ctia dam
tuong ng véi cac cAp tai trong khac nhau. Pbi véi bai toan
chan doan nguoc, phuong phap ning luong bién dang két
hop véi md hinh danh gia ma tran nham 1an dugc phét trién
dé chan doén vi tri va chiéu dai ving nit trong dam. Két qua
phan tich tin s6 dao dong va dang dao dong ciia dim tuong
mg v6i timg cdp tai trong bai toan thuan dugc st dung
lam thong s dau vao cho phuong phéap chin doan. Sau do,
két qua chan doan tir bai toan ngugc duoc kiém chimg voi
két qua cua bai toan thuan nhim danh gia tinh kha thi cia
phuong phap chan doan dugc dé xuat.
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2. Phuong phap néng lwong bién dang
2.1. Cong thirc danh gia

Nghién ctru cia J.T. Kim va cs (2003) [7] dd dé xuat
cac cong thirc nham tinh toan chi sé hu hong cho két ciu
dam ddng chét thong qua viéc theo ddi sy thay ddi cua ning
luong bién dang. Dua trén phuong phap da duoc néu [7],
nhimng ndi dung sau day s& trinh bay cac cong thirc nham
ap dung phuong phap ning lugng bién dang cho viéc chin
doan hu hong dam BTCT.

Xét mot cau kien dam BTCT dugc md phong theo
phuong phap PTHH. M6 hinh dam gdm céc phan tir bé tong
khdi 8 nut va cac phan tir ¢t thép thanh 2 nat. Dam c6 tiét
dién khong ddi. Cac gia tri tung do cia dang dao dong dugc
liy tai nat phan tir. Chi s6 hu hong tai vi tri thir j cia dam
duoc xac dinh theo cong thirc sau:

1+§:}/;.
'BI = i [
1+ 78+7]

(1)

trong d6 chi s6 hu hong B; dugc tinh tai vi tri thir j trong
Umg v6i dang dao dong thu #; y, la do thay doi twong doi
d6 cung dam trong dao dong thir 7; g la h¢ s6 khong thi
nguyén, thé hién su thay doi ciia tham sé dang dao dong thir
i; nm 13 s6 dang dao dong sir dung trong chén doan.

gizi[fi _fi ]

2)
nm f?
trong do f;1a tan s6 cua dang dao dong thir i. Do thay ddi tuong
d6i do cirmg dam tai vi tri thir j trong dang dao dong thir i 1a Vi
Dau * thé hién cho gié tri tai trang thai c6 sy xuét hién hu
hong. Gia tri y, va y*l.j duogc tinh toan theo cong thuc sau:

- [fww ] a g
7, =[[@) @] ds 4

trong do Q)ij la dang dao dong thur i tai vi tri thu j; q)y la @d
cong dang dao dong thtr 7 tai vi tri thu ;.

Vi dang dao dong 1a két qua thu duoc tir viée phén tich
dong hoc két cAu, mién gia tri cua D, c6 tinh chét 1a roi
rac va khong lién tuc. Dé xac dinh gan ding d6 cong dang
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dao dong trong truong hop trén, nghién ctru nay st dung
phuong phép sai phan trung tam bac hai, dugc trinh bay
trong cong thuc sau:

(I)i,j—l B 2(I)i,j + q)i,j+1

D =
’ (x./ X )(x/+1 - )

trong d6 x, 14 toa do nut thi j trén dam; np 14 tong s6 lugng

*(j=2-np-1) 5)

nat trén dam duoc sur dung nham xéac dinh dang dao dong.
Khi thyc hién tinh toan d§ cong dang dao dong tai hai
nut bién, gia tri dang dao dong tai cac diém nam ngoai pham

vi cia dam phu thudc vao diéu kién bién. Trong truong hop

hai dau dam c6 diéu kién bién tu do, ,Va@,  dugc
] . L i, i,np
xac dinh theo nguyén tac phan xting nhu sau:
D, =-D,, (6)
CI)i,np+1 = _(Di,np—l (7)

Sau khi tinh toan chi s6 hu hong tai céc vi tri trén dam,
ﬂ[j dugc chuan hoa theo cong thirc sau:

zZ,= Bi=B (8)

Oy,

trong do Z, 1a chi s6 hu hong duoc chuan hoa tuong tmg véi
dang dao dong thir i tai vi tri thu j;E,Gﬁ; lan luot la gia tri
trung binh va d¢ léch chuan cia chi sb hu hong tuong tng
v6i dang dao dong thir i.

2.2. Ngwing hw hong dé xudit

Ngudng hu hong 1a mot duong chudn song song vai truc
hoanh ctia biéu dd chi sé hu hong, duoc dung dé xac dinh vi
tri va chiéu dai ving hu hong trong dam [15]. Trong nghién
clru nay, ngudng hu hong cé gia tri Z=5%Z,  duoc ap
dung. Trong d6, Z,  1a gia tri 16n nhat cua chi s6 hu hong
da dugc chuan hoa. Vung nut dugc chan doan la ving cé
diém bét dau tai vi trf c6 chi sd hu hong Zl./.>Zo lan dau tién
va ket thuc tai vi tri ¢o chi s6 Z <Z, lan cudi cung (hinh 1).
Khi ap dung phuong phép chan doan trong thuc té, van co
truong hop chi s6 hu hong Z,, tai ving dam khong bi nirt co
gid tri 16n hon 0. Vigc d€ xuat mot ngudng hu hong Z nhat
dinh nham loai bo di vung nhiéu, han ché su sai léch cua
phuong phap trong viéc phan biét vung hu hong va viung
khong hu hong.
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Hinh 1. Minh hoa chan doan vi tri va chiéu dai viing niet. (A) Xac dinh gia tri td hop FP (False positive) va t& hop TP (True positive); (B) Xac

dinh gia tri t& hop TN (True negative) va té hop FN (False negative).

2.3. Danh gida dp chinh xdc ciia phwong phdp chin dodn

Trong nghién ctru nay, md hinh dénh gi4 ma tran nhim
1an dugc sir dung dé danh gia do chinh xac ctia két qua chan
doan tir phwong phap ning lugng bién dang [16]. M6 hinh
nay c6 ban chit 1a mot bang phan phdi tan s hai chiéu trinh
bay két qua phan loai ciia mot bai toan. Xét dudi goc nhin
toan hoc, phuong phap chin doan hu hong 1a mét bai toan
phan loai c6 hai gia tri la hu hong hoac khong hu hong. bé
danh gia phuong phap chan doan, mé hinh ma trdn nham 1an
duoc ap dung dudi dang bai toan phan loai nhi phan (Binary
classification). Khi d6, ma tran nhim 14n trinh bay tan suét
ctia 4 t hop TP, TN, FP va FN (hinh 2). True (ding) nghia
1a két qua chin doan phu hop véi thuc té, false (sai) nghia
1a két qua chan doan sai so véi thyc té. Positive nghia 1a
d6i tuong dugc phan loai c6 hu hong, negative nghia 1a dbi
tuong dugc phan loai khong hu hong.

Thye té

Positive Negative
=z TP FP
& O
= =%}
o
= | FEN TN
= Z

Hinh 2. Minh hoa vé ma tran nham lan.

Y nghia ctia 4 t6 hop: TP 1a nhitng viing cau kién duoc
phuong phép ning lugng bién dang du doan chinh xac 1a
¢6 hu hong; TN 1a nhitng ving cau kién dugce phwong phap
nang luong bién dang du doan chinh x4c 1a khong hu hong;
FP 1a nhirg ving cdu kién dugc phuong phap nang lugng
bién dang du doan 1a ¢6 hu hong, nhung trong thuc té thi
khong hu hong; FN 1a nhitng ving cau kién duge phuong
phap ning luong bién dang dy doan 1a khong hu hong,
nhung trong thyc té thi ¢6 hu hong.
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Céc chi sb duoc sir dung dé danh gia tinh chinh xéac cua
phuong phap chan doan dugc tinh toan tir ma trin nham lan
nhu sau:

2.3.1. Accuracy (tinh chinh xdc tong thé): Chi sé nay dic
trung cho tinh chinh xac tong thé ctia phuong phép chan
doan, thé hién ty 1¢ cta tit ca trudng hop chin doan ding
(khong phéan biét ¢6 hu hong hay khong) trén toan b céu
kién. Pay la tiéu chi ph6 bién nhat khi danh gia hiéu ning
ctia cac loai phuong phap chan doan hay cac mé hinh phan
loai, tuy nhién gia tri thuc dung cua chi ) nay khong rd
rang vi chi ) Accuracy khong c6 mot muc ti€u cu thé.

Accuracy = (TP + TN)/(TP + TN + FP + FN) )

2.3.2. Precision (d¢ chinh xdc): Chi sé nay dic trung
cho ty 1¢ nhiing ving hu hong that dugc chan doan 1a hu
hong so véi tat ca cac vung cau kién dugc phuong phap
nang lugng bién dang chan doan 14 c6 hu hong (tic ¢6 bao
nhiéu chan doan “positive” 1a that sy “true”).

Precision = TP/(TP + FP) (10)

2.3.3. Recall (@9 nhay): Chi sb nay dic trung cho ty 1&
chan doan “positive” dung do phuong phéap ning lugng bién
dang dua ra. Néi cach khac, chi s6 nay phan anh sé ving cau
kién phuong phap chan doan 14 bi hu hong dung so véi tat
ca cac ving hu hong xay ra trong thuc té.

Recall = TP/(TP + FN) (11)

2.3.4. Specificity (d¢ chuyén biét): Chi s6 nay dic trung
cho ty 18 chan doan “negative” ding do phuong phap ning
luong bién dang dua ra. Chi s6 nay phan anh s6 ving khong
hu hong do phuong phap chin doan ding so vdi tit ca ving
khong hur hong trong thuc té.

Specificity = TN/(TN + FP) (12)
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2.3.5. Balanced accuracy (tinh chinh xdc cin bang): Khi
s6 viing c4u kién hu hong va khong hu hong bi mat can ddi,
mot tiéu chi khac phu hgp hon 1a Balanced accuracy (BAC)
hay d6 chinh xac sau cin bang.

BAC = (Recall + Specificity)/2 (13)

3. Mo phéng sé dam BTCT

Trong nghién ctru nay, mot dam BTCT dugc thi nghi¢m
boi S. Sasmal va cs (2015) [17] duge md phong. Pay 1a dam
BTCT mét nhip, c6 kich thudc 300%300%3300 mm, khoang
cach hai gdi twra 12 3000 mm. Tai trong tac dung 1én dam 13 hai
luc tap trung, khoang cach gitra moi diém dit luc véi géi tua
la 1000 mm, thép 16p dudi 1P25+2D16, thép 16p trén 210,
thép dai ®8a200. Chi tiét vé kich thudc, didu kién bién, vi tri
gia tai, cbt thép trong dam dugc thé hién ¢ hinh 3. Dam dugc
gia tai ting dan cho dén khi bi pha hoai. Cac thong sb vé vat
lidu cua dAm duoc liét ké chi tiét & bang 1.

P2 P2

A
| 1 2010 L 082200 2010
&2“ I | 1000 | 2016+1025 2016
| 3000 | 300
L 3300 | Mit cit A-A

Hinh 3. So’ d6 dam BTCT trong nghién ctru.

Bang 1. Dic trwng vat liéu ctia dam BTCT.

DPic trung Bé tong C6t thép
M6 dun dan hdi (N/m?) 31,3%10° 200x10°
Khéi lugng riéng (kg/m?) 2400 7850

Hé s6 Poisson 0,2 0,3
Cuong do chiu nén (MPa) 44.35%10° -

Cuong d6 chiu kéo (MPa) 4,129%10° -

Gi6i han chay (MPa) . 0,5%10°
Bién dang cyc han e, 0,0035 0,025

Nghién ctru nay st dung phdn mém ANSYS APDL [14]
dé mo phong dam BTCT duoc khao sat. Két qua phan tich
tinh hoc va dong hoc duoc so sanh véi két qua thi nghiém
trong nghién ctru cua S. Sasmal va S. Kalidoss (2015) [17]
va tinh toan theo 1y thuyét dé xac nhan sy phit hop cua viée
mé phong sé so vai thuc nghiém. Hinh 4 thé hién mo hinh
dam trong ANSYS APDL. Vit liéu bé tong dugc md phong
bang phan tir khdi 8 nat SOLID65. Loai phan tir trén c¢6 kha
nang biéu dién bién dang déo, niit khi chiu tng suit kéo va
nén v& khi chiu tng suét nén. Vat liéu cua cot thép doc va
cdt thép dai duge mod phong bang phan tir BEAM188. Cac
phan tir bé tong va cdt thép duoc lién két voi nhau tai cac
nat nhiam dam bao gia thiét lién két hoan toan gitra bé tong
va cbt thép.
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Hinh 4. Mé hinh dam BTCT trong phan mém ANSYS APDL.

Phén tich két cdu BTCT trong ANSYS APDL 1a phan
tich phi tuyén dan déo. M6 hinh vat liéu bé tong phan nén
duogc khai bao dua trén dé xuat ciia D.C Kent va cs (1971)
[18]. Cuong do chiu nén cua bé tong dugc tinh theo tiéu
chuan ACI 318-19 [19]. M6 hinh tng xir kéo ctia vat lidu bé
tong sir dung mo hinh tuyén tinh cia ANSYS APDL [14],
¢6 ké dén tng x\r cuia phan tir bé tong sau khi bi nut. Cudng
d6 chiu kéo nhap vao md hinh la cuong do chiu kéo khi udn,
vé6i gia tri duoc tinh theo cong thirc tir tiéu chuan ACI 318-
19 [19]. M6 hinh William va Warnke [14] duoc sir dung dé
xac dinh sy pha hoai cta vt liéu bé tong, trong d6 co6 xét
dén ca hai kiéu pha hoai do nirt va nén va.

_(EY 14
I ( 4700) (MPa) (14)
= 0,62,/f! (MPa) (15)

Vit liéu cbt thép duoc mé phong la vat liu dan déo
tuyét ddi. Quan hé gilia ing suét kéo va bién dang cua thép
duoc gia st 1a song tuyén tinh. Tai trong tap trung dugc mo
phong bang 2 dién truyén tai phan bd déu co kich thudc
300x100 mm, trong tim mdi ving gia tai cach gdi twa mot
khoang 1000 mm. Dam duoc chia ludi véi kich thude mdi
phan tir 1a 25 mm.

4. Két qua phan tich mé hinh dam BTCT bing ANSYS APDL
4.1. Két qud phén tich quan hé giiva tdi trong va chuyén vi

Hinh 5 thé hién biéu d6 quan hé tai trong va chuyén vi
ding tai gitra dam, thu duoc tir thi nghiém cda S. Sasmal
vacs (2015) [17] va két qua mo phong ANSYS APDL. M6
hinh dam BTCT ciing ¢6 3 giai doan lam vi€c 1a dan hoi,
dan hoi déo va chay déo. Két qud nay tuong ing voi biéu
dd luc - chuyen vi thay ddi @6 doc 2 1an tai diém dam bat
dau nit va diém cot thép bat dau chay déo. Tai trong pha
hoai ctia dam thi nghiém 1a 238 kN va cta dim mo phong
1a 236 kN, chénh léch 0,84%. C6 thé théy, duong tai trong
- chuyen vi md phong phu hop véi két qua thuc nghiém.
Van c6 su sai khac nho giira 2 biéu d6, nguyén nhan 1a do
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viéc mo6 phong chua biéu dién duge hoan toan dic diém cia
dam BTCT thuc té. Cu thé 1a 2 dic diém sau: mot 13, trong
thi nghiém uén dam BTCT, khi g suat ciia bé tong dat gia
tri f néu tlep tuc tang tai tac dung va blen dang tlep tuc
tang, be tong s& co hién tuong giam Ung suét, con phan tur
bé tong trong mo hinh PTHH dam BTCT ¢6 ting suat khong
d6i; thir hai, lién két giira bé tong va cdt thép trong thuc té
1a khong hoan hao nhu gia thiét mé phong.

20—
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Hinh 5. Biéu dd quan hé tai trong - chuyén vi cia ddm BTCT.
4.2. Két qud phén tich ving nitt ciia dam BTCT khi gia tdi

Hinh 6 biéu dién két qua phan tich trang thai hu hong
ctia phan tir bé tong trong mo hinh ddm BTCT tai mot s cap
tai trong. Tai trong gy niit cia ddm BTCT mo phong 14 41
KkN. Tai cdp tai trong trén, ving hu hong xudt hién giira hai
diém dat luc. Vung nat sau d6 mo rong vé hai géi tura khi
tiép tuc ting tai trong tac dung. Bang 2 trinh bay gia tri tai
trong gy nit cia dam BTCT trong thyc nghiém, mo phong
va tinh toan theo 1y thuyét. Tai gy nit tir thuc nghiém cia
S. Sasmal va cs (2015) [17] dugc xac dinh bﬁng diém trén
biéu dd quan hé tai trong - chuyén vi ma do déc bit dau
thay d6i lan dau tién. Tai trong gdy nat tinh toan theo 1y
thuyét dugc xac dinh theo cong thirc dua trén tai li¢u cta
J.K. Wight va cs (2011) [20]:

u =t (16)
)
p -6 (17)

trong doM_ vaP lan luot 1 md men gay nurt va tai trong
gy nit cla dam; f 1a cudng do chiu kéo ciia bé tong, xac
dinh tir thi nghiém u6n 3 diém dam bé tong dong chat kich
thude; I, 1a mé men khang ubn cua tiét dién dam, c6 ké dén
viéc quy dbi tiét dién thép chiu kéo thanh tiét dién bé tong
chiu kéo; y, 1a khoang cach tir trong tam tiét dién da quy doi
dén thd chiu kéo 16n nhat cua tiét dién dam; L 1a khoang
cach giita hai gbi tua ciia dam chiu udn 4 diém.
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Hinh 6. Két qua vuing nivt ctia dam BTCT trong mé phéng. (A) Cép
tai 41 kN; (B) CAp tai 128 kN; (C) CAp tai 218 kN; (D) CAp tai 236 kN.

Bang 2. So sanh tai trong gay nirt gitba cac phwong phap.

Phwong phdp xdc dinh  T4i trong gay nirt kN D chénh léch so véi [17] (%)
[17] 39,048 -

Nghién ciru nay 41 5

[20] 37,679 3,51

Két qua bang 2 cho thy, tai trong gay nirt cia dam BTCT
trong md phdong va tinh toan theo ly thuyét chénh Iéch so voi
thyc nghi¢ém la nho hon 5%. Tu day co thé két luan ré“mg, ung
XU nit cia md hinh dam BTCT 1a phi hop thi nghiém va co
thé duoce sir dung dé phuc vu cho cong tac chén doan hu hong.

5. Két qua chan doan chiéu dai vimg mit cia dam BTCT

Bén dang dao dong udn dau tién cua dam BTCT duge
chon nham st dung cho cong tic chan doan hu hong. Hinh
7-10 biéu dién cac biéu do chan doan vi tri, chiéu dai ving
nit sir dung phuong phép ning lugng bién dang. Can luu y
rang, dit liéu dau vao cta phuong phap ning lugng bién dang
chi can tan s dao dong va dang dao dong tuong tmg voi cac
trang thai ctia ddm. Trong nghién ctru nay, dit liéu dang dao
dong dugc léy tai mat dudi cia dam. Viée chan doan duge
thuc hién tai cac cép tai trong 41, 128, 218 va 236 kN. Trong
do, cp tai trong bat ddu xuat hién vét niit 1a 41 kN, cdp tai
trong cot thép bét dau chay déo 1a 218 kN, cép tai trong ddm
bi pha hoai 14 236 kN. Céc biéu db chan doan cho thiy ving
hu hong duoc chan doan 1a phu hop véi trang thai hu hong
ctia dam BTCT chiju uén trong thyc té. Ving hu hong duoc
chan doan 1a nut tap trung & glua nhip dam. Kh1 tai trong tlep
tuc tang, ving nit dwoc chan dodn mé rong vé phla hai goi
tira. Ngoai ra, két qua qua chin doan tir biéu do cho thy, dang
dao dong thir ba va thi tu c6 két qua chan doan kém chinh xac
hon so véi dang dao dong thir nhét, thtr hai va khi st dung to
hop cac dang dao dong.
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Hinh 7. Biéu dé chi sé hw héng
va két qua chin doan déi véi
cép tai 41 kN. (A) Dang dao dong
th& nhét; (B) Dang dao dong thir
hai; (C) Dang dao dong thir ba; (D)
Dang dao dong the tw; (E) Téng
hop bdn dang dao déng.

Hinh 8. Biéu dd chi sé hw héng
va két qua chan doan déi v&i
cap tai 128 kN. (A) Dang dao
dong th¢ nhét; (B) Dang dao
dong th hai; (C) Dang dao dong
thi ba; (D) Dang dao déng th tu;
(E) Téng hop bbn dang dao déng.
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Hinh 9. Biéu dd chi sé hw héng
va két qua chan doan déi vo&i
cap tai 218 kN. (A) Dang dao
dong th¢ nhét; (B) Dang dao
dong th hai; (C) Dang dao dong
thr ba; (D) Dang dao dong thw tw;
(E) Téng hop bbn dang dao déng.

Hinh 10. Biéu d chi sé hw héng
va két qua chan doan déi véi cap
tai 236 kN. (A) Dang dao dong thr
nhét; (B) Dang dao dong th&v hai;
(C) Dang dao dong th& ba; (D)
Dang dao dong thir tw; (E) Téng
hop bdn dang dao déng.
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Bang 3 tong hop két qua d chinh xac chan doan clia  Bang 3. Téng hop chi sé danh gia dé chinh xac ctia phirong phap.

phuong phap ning luong bién dang bang mé hinh ma tran

. > > . Til trong (kN) Dang Accuracy Precision Recall Specificity Balanced
nham lan tai mot sO cap tai dugc khao sat tir 41 dén 236 kN. e dao ding (%) (%) (%) (%) accuracy (%)
Tai cac cép tai trong tir 41 dén 168 kN, chi s6 chinh xéac téng 1 99,03 9655 100,00 98,66 99,33
thé Accuracy ludn t6t va dat trén 85%, trir truong hop st . . AL T8 10000 9919 99,59

e 41 (s rong 6675 4506 10000 5429 77,14
dung dang dao dong thu ba va thur tu. Khi tai trong tdc dung  dim bt diu nit) ’ ' ' ; '
tang dan, ving hu hong mé rong lam cho chi s6 Accuracy 4’ 6669 4501 A8 4% 7,03

oo (o X . 2 Tonghop 99,04 96,59 100,00 98,67 99,34
giam dan. Quan sat chi s0 Accuracy khi st dung to6 hop dang e
R . s A a4y o 1 9627 10000 92,97 10000 9648
dao dong, tai 41 kN chi s nay co6 gia tri la 99,04% va khi
. , o o . 2 98,66 9929 98,18 9920 98,69
tai trong tac dung tang 1én 168 kN thi chi s0 Accuracy con
. e R 3 78012 10000 5874 10000 79,37
85,57%. Tai cac cap tai trong khi cot thép da chay déo va A 842 10000 8005 10000 %002

dam sdp bi ph4 hoai la 218, 223 va 236 kN, chi s6 Accuracy Toghm 957 W6 o8 %e 9

ctia truong hop t6 hop dang dao dong dat gi tri twong d6i | 9696 10000 9539 10000 9770
thap, véi céac gia tri lan luot 1a 77,99, 59,39 va 29,39%. Céc ) 9783 10000 9671 10000 9836
két qua vira trinh bay cho thdy, phuong phap ning lugng 5 3 8557 10000 7811 10000 89,05
bién dang c6 do chinh x4c cao khi chan doén vi tri va chidu 4 8503 10000 7864 10000 8932
dai vung nut cho ciu kién dam BTCT con lam viéc trong Tonghop 97,33 100,00 9594 10000 9797
mién dan hdi va mién dan hdi déo. Phuong phap giam hiéu 1 9597 100,00 9493 10000 9747
qua khi ap dung cho dam BTCT lam viéc trong giai doan 2 9666 10000 9580 10000 97,90
cdt thép da bit ddu chay déo. Tuy nhién, myc dich cia cac V7 . e WY S W Sl
phuong phép chin doan hu hong két cdu 1a phat hién som - Lp 100 6454 10000 8227
hu hong ngay tir cac giai doan 1am viéc ban dau cua két cu. Tonghop 9569 10000 9438 10000 91
Do do, phuong phap nang luong bién dang van thé hién ! L0 10000 d046 10000 9523
, L S , ., 2 9230 10000 9092 10000 9546
ding chic nang cua mt phuong phap SHM khi st dung
: , . 128 3 7126 10000 66,13 100,00 83,06
cho cong tac chan doan hu hong cho két cau cong trinh. A oo i e e
Néu chi dua trén gia tri chi $b Accuracy dé két luan Ténghop 89,54 100,00 87,67 100,00 9384
phuong phép ning luong bién dang 1a phu hop dé ap dung I 9264 10000 9177 10000 9588
trong viéc chan doan hu hong trong cau kién chiu tai trong 2 9268 10000 9181 10000 9590
tac dung la chua da. Vi du ddi véi mot cdu kién ddm c6 168 3 San e gl iy ol
ving niit nho & gitra nhip va phuong phap dua ra két qua 4ﬂ B340 100 312 10000 516
chan doan la vung nut trén nam tai vi tri khac. Vi kich thuée Tonghop 8557 10000 8385 1000 9133
ving nut trén nho, chi sé Accuracy van cé thé dat gia tri : B0 10000 S0 100 90
, ; o J oz . oo 8510 100,00 8463 10000 92,32
16m. Thong qua viée st dung két horp \~/01 chi 59 Precision va (@i trong fét ; o 0 e o T
Specificity, mé hinh ma tran nham lan c6 thé chiing minh tcl;;py lzgo‘;au i 5e 0000 2s8 10000 sl

duoc phuong phap nang luong bién dang 1a phu hop dé ap Tonghop 7199 10000 7730 10000 8865

dl:mg trong chan doan vi tri va kich thudc Vl‘lrl’lg hu héng cho 1 048 10000 2831 10000 6416
cau kién dudi tac dung cua tai trong. Theo két qua tur bang 3, ) 2961 10000 4804 10000 7402
chi sb Precision va Specificity luén gén béng 100%, ngoai 73 3 76,01 10000 7526 10000 87,63
truong hop st dung dang dao dong thi ba va thi tu. Chi sd 4 3144 100,00 2930 100,00 64,65
Precision cao thé hién c6 it vi tri chan doan 1a c6 niit ma Tonghop 5939 100,00 5812 100,00 79,06
thuc té 1a khong c¢6 nit. Chi s6 Specificity cao thé hién co ! 92710000 2762 10000 6381
it vi tri thuc té 1a khong nut nhung chdn doan 1a nut. V6i2 3 (titong - 2938 100,00 27,74 100,00 63,87
chi s trén ¢6 gia tri 16n, phuong phéap dé xuét thé hién dac ~ @mBICTbH 3 2065 10000 2801 10000 64,01

I 4 236 10000 2056 10000 6028

diém la vung dam dugc chan doan c6 su xuat hién cta vung

Tonghop 29,39 100,00 27,74 100,00 63,87

nit ludn that sy 6 ton tai hu hong.
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6. Két luan

Trong nghién ctru nay, mot phuong phap chin doén vi tri
va chiéu dai ving niit cho dam BTCT duéi tac dung cua tai
trong sir dung phuong phap nang luong blen dang két hop véi
mod hinh ma tran nham 1an dugc dé xuit. Nhimng dong gop
chinh nghién ctru ndy mang lai 1a: (i) Dé xuét viéc ap dung
phuong phép ning lugng bién dang cho két cau dam BTCT co
hu hong hinh thanh do tac dung cua tai trong; (ii) Dé xuit viéc
st dung md hinh ma trdn nham Ian lam phuong phap danh
gi4 do chinh xé4c va chiing minh su phu hop cua viéc ap dung
phuong phép nang luong bién dang khi chan doan hu hdng
cho két cau dam BTCT chiu tai trong tac dung. Tir céc két qua
nghién ciu, cac két luan sau duoc rat ra:

M5 hinh PTHH cho dam BTCT c¢6 tng xir pht hop véi
dam BTCT trong thuc nghiém. Pay 1a co s¢ dé sir dung két
qua md phong so trong viée chan doan hu hong cho cau kién
thue té co cung kich thudc, vat liéu va trang thai. Viéc su dung
mo hinh PTHH thay cho thuc nghiém c6 cac uu diém la tiét
kiém chi phi, thoi gian, thuan tién trong khao sat nhiéu cép tai
trong va dang dao dong.

Phuong phép nang lugng bién dang cho két qua chan doan
chinh xdc vi tri va chiéu dai vimg nut cia dam BTCT tai cac
cap tai trong khac nhau. D9 chinh xac dat dugc la trén 85%
khi dam lam viéc trong giai doan dan hoi. Khi dim BTCT lam
viéc trong giai doan cot thép di bi chay déo va xut hién ving
nut rong, do chinh xac ctiia phuong phap co giam. Tuy nhién,
phuong phap van dam bao duoc tinh hiéu qua khi thuc hién
chirc ning thudng xuyén theo ddi trang thai cua dim trong
diéu kién lam viéc binh thuong. Pic biét, phwong phap co y
nghia trong viéc theo ddi va phat hi¢n hu hong tir [ic méi hinh
thanh, chua gy anh hudng nghiém trong dén “strc khoe” cta
két ciu. Phuong phéap dé xuat con c6 uvu diém 1a co do tin cay
cao, thé hién thong qua viéc vung nit dugc chén doan ludn
ton tai trong ving hu hong thuc t& v6i hai chi s6 Precision va
Specificity luén gan bang 100%. Viéc ap dung mé hinh danh
gid ma tran nham 13n da thé hién duge tinh hiéu qua khi vira
dinh luong dugc do chinh xac, vira dinh tinh dugc sy hiéu qua
cta phuong phéap chan doan khi 4p dung ddi véi cac két ciu co
hu hong xut hién dudi tac dung cua tai trong. Cac dic diém
néu trén cho thay phuong phap d& xuat c6 tiém ning 16n trong
cong tac chan doan hu hong cho dam BTCT trong thuc tién.

Céc tac gia xin pém on Truong Pai hoc Bach khoa, Dai
hoc Qudc gia TP H6 Chi Minh da ho tro cho nghién cttu nay.
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Nghién ctru ché tao by quét chum tia cho thiét bi laser
diéu tri tham my vi diem
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Tom tit:

Bai béo trinh bay cic két qua nghién ciru ché tao b quét chum tia laser duoc sir dung trong thiét bi laser diéu tri thAm my vi
diém dira trén cong nghé fractional dé phan doan chiim tia laser diéu tri. Qua trinh quét chiim tia dwgc thwe hién thong qua diéu
khién goc quay ciia 2 galvo md to theo céc truc X va Y. Ché d9 quét véi cic viing diéu tri c6 bién dang khac nhau (ving diéu tri
hinh vuéng - chir nhat, hlnh tron - elip, hinh tam giac cén, hinh thang can va hinh thoi) da dwec thiét 1ap, khéo sat, danh gia aé
tir d6 xac lap bo thong sb dleu khién t6i wu cho cac vung diéu tri. Viéc ché tao thanh cong b quet chum tia laser cho phép chi
dong phat trién cac phan mém diéu Khién dac thu voi viéc thay doi cac thong 50 theo yéu cau diéu tri khac nhau, qua dé gitip cho

qua trinh diéu trj dwge linh hoat va hi€u qua hon.

Tir khoa: fractional, galvo mé to, laser diéu tri thAm my.

Chi 6 phdn logi: 2.2

Research and development of a
laser beam scanner

for a fractional therapy laser

Thi Canh Phan, Tuan Anh Nguyen®,
Quang Tung Thai, Hoai Nam Ha

Laser Technology Center, National Center for Technological Progress,
C6, Thanh Xuan Bac Ward, Thanh Xuan District, Ha Noi, Vietnam
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Abstract:

This paper presents the results of research and fabrication
of a laser beam scanner used in a fractional therapy laser
system based on factional technology to segment the laser
beam for treatment. The beam scanning process is performed
by controlling the rotation angle of two galvo motors along
the X and Y axes. Scanning modes with different treatment
areas including square-rectangle, circle-ellipse, isosceles
triangle, isosceles trapezoid, and rhombus, have been
developed, surveyed, and evaluated to establish a set of optimal
control parameters for the treatment areas. The successful
manufacture of the laser beam scanner allows to actively
develop specific control software with changing parameters
according to different treatment requirements, thereby making
the treatment process more flexible and more effective.

Keywords: fractional, galvo motor, therapy laser.
Classification number: 2.2

“Tac gia lién hé: Email: cfoctuananh@yahoo.com
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1. Dét van dé

Ngay nay, laser di duoc img dung rong rii trong nhiéu linh
vuce khoa hoc va cong nghé nhu hoa hoc, vat Iy, thong tin lién lac,
quén sy, cong nghiép, y té, moi truong. .. [1-4]. Trong Iinh vuc y
té, laser chu yéu dugc sir dung trong phu thudt cAm mau, phiu
thudt ndi soi, chan dodn, tri liéu, thdm my (dleu tri myn trung ca,
triét 16ng, x6a hinh xam, diéu tri bot sic té...), nha khoa, nhan
khoa [5-8].

Trong diéu tri thim my, uu diém ndi bat ciia viéce st dung laser
la kha ning tap trung nang luong trén mot khu vuc c6 gidi han,
nho do, chi tac dong 1én céc t6 chirc t& bao duge chi dinh. Hon
nita, thong qua viéc diéu khién thong s6 quang ctia chiim tia laser,
céc thiét bi laser cho phép kiém soat chinh xac sy phan bd ning
luong chum tia theo khong gian va thoi gian, nhd do, kich hoat c6
hiéu qua cac qua trinh nhiét, co hoc hodc quang hoa trong cac mo,
té bao [9].

Hién nay, ¢6 2 phuong phap st dung laser trong diéu tri thim
my gom phuong phap xam lan (ablative) va khong xam lén (non-
ablative) [10, 11]. V6i phuong phdp khong xdm l4n, yéu cau dt ra
1a phai ddm bao khong pha hity cau triic co hoc ciia mo mic di bé
mdt da bi tdc dong nhiét [12].

Phuong phap xam lan lién quan dén viéc loai bo cac md song
tiép xuic tryc tiép véi birc xa laser. Co ché va phac do diéu trj dugc
xéc dinh boi tinh chat cia mo, dic tinh cia birc xa laser (bugc song,
ché do hoat dong: phat xa lién tuc hodc xung, cong suét laser, ning
luong xung...) va hé s6 hap thu bic xa cua té bao. Laser thuong
duoc sir dung 1a laser CO, (bude song 10600 nm) va laser Erbium
(buoc song 2940 nm), trong do laser CO, cho két qua didu tri xam
1an t6t hon, trong khi diéu tri bang laser Erblum cho thoi gian phyc
hdi nhanh hon [13-15]. Bén canh d6, dé nang cao hiéu qua va giam
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(A) (B)
nghé quang nhi¢t phan doan chum tia FP —
(Fractional photothermolysis) trong céc thiét TSR] o i ke rung sam ’ M to truc X
bi laser diéu trj tham my [16, 17]. Cong nghg ~ _ _ _ _Chamlaser [ ___ ___ ] Cheong by Kién Chum laser ot
FP da dugc Cuc quan Iy Thuc phdm va Dugc i ko eiu krin Gavométo| | Ganométe|| L
phim My (FDA) dénh gié 1a phuong phapan QUET CHOMTA #luex | [#ewey ) N
toan, hiu qua trong diéu tri bang chum tia # CJP | Guong tuc Y 7 I E
laser c6 diu khién. Ban chét cua cong nghe ! He quang |~ Guong #1 [ Guong #2 ‘ i 4 VA S
FP 1a chia ving diéu tri thanh ma tran cdc  '-------—--o--co—oo--—— o= ! _ |
diém didu tri nhiét MTZs (Microtreatment o Théukinhhoi tu j '
zones of thermolysis) [18]. C6 nghia 1a, thay 0/ 16 chire té bao |
vi chiéu chum tia laser [én toan by vung dicu e

tri, chim tia s& chi dwgc chiéu vao to chuc té
bao tai cac diém xéc dinh. Tap hop cac diém
diéu tri nay s€ hinh thanh mdt ma tran cac
diém diéu tri trong vung diéu tri, c6 nghia 13,
chum laser quét trong ving diéu tri theo ma
tran cic diém diéu tri. Nhimng thiét bi laser
diéu trj theo cong nghé FP duogc goi 1a laser diéu trj vi diém.

Tai Vi¢t Nam, cac nghién ctru vé qua trinh diéu khién quét chum
tia laser theo ma trin cac diém diéu tri con han ché. Céac bo quét
chiim tia chii yéu 1a nhap khau, dan dén han ché trong cac tmg dung,
kho khan trong viéc lam chu cong ngh¢ ché tao, cling nhu cong viéc
bao hanh, bao dudng thiét b laser diéu tri vi diém. Do vdy, viéc thiét
ké, ché tao bo quét chum tia theo cac ving diéu tri c6 bién dang khac
nhau 13 can thiét.

Bii bao trinh bay mot sd két qua nghién ctru ché tao bo quét
chum tia laser sir dung 2 galvo mé to, dugc dicu khién quét theo
tryc X va Y. Cac vung diéu tri ¢6 bién dang khac nhau gém: bién
dang hinh vudng - chit nhat, hinh tron - e lip, hinh tam giac can, hinh
thang can, hinh thoi. Céc thong s6 quét co ban diéu chinh dugc gom:
tin hiéu diéu khién quét chum tia, thoi gian dich chuyén va khoang
cach giita 2 diém diéu tri lién ké, dién tich ving diéu tri.

2. Ché tao thiét bi
2.1. Xdy dung ciu hinh diéu khién quét chim tia

(A)

Diém khic biét co ban va quan trong nhat
gitta thiét bi laser didu tri vi diém voi céc hé laser
khac 1a tao dugc ma tran cac diém diéu tri. Khi
d6, chum tia laser khong chiéu 1én toan b khu
vuc diéu tri ma chi duge chiéu vao cac diém chi
dinh duoc sép xép theo ma tran cac diém trén bé
mat ving diéu tri.

Thong thudng, trong cac thiét bi laser diéu tri
vi diém, chum tia laser dugc quét bang 2 galvo
mo to chuyén dong theo hai truc X va Y (hinh 1).
Mbi tryc ciia mo to dugc gan 1 gwong phan xa
toan phan. Nho d6, guong s& quay mot goc twong
{mg mdi khi mé to dich chuyén. Qué trinh quét
duge mo ta tom tit nhu sau: chum laser di ra tir

Chul_ﬂ laser 2 4Vung diéu tri

_ Ma/
Tb chirc té bao

Hinh 1. C4u hinh diéu khién quét chum tia. (A) So db khéi chirc nang; (B) Hinh &nh mé ta qua
trinh diéu khién quét chum tia.

dén, chum phan xa tir guong #2 dugc hoi tu bdi thau kinh va hudng
61 to chirc diéu tri. Nhw vdy, chim tia laser s& dwoc diéu khién trén
bé mit t6 chirc té bao theo hai truc X va Y thong qua céc chuyén dich
goc cua 2 galvo mo to.

2.2. Lwa chon mé to diéu khién quét chiom tia

Co cau chép hanh ctia galvo md to gom rotor, stator va cudn diy
¢6 dong dién chay qua dé tuong tac voi tir truong cia nam cham
vinh ctru, tao ra luc lam quay rotor. Hién nay, c6 2 loai galvo mo
to 13 loai c6 nam cham chuyén dong va loai cudn day chuyén dong.
Ngoai ra, & xac dinh vi tri cuia rotor, ngudi ta st dung 2 phuong
phap co ban gdm: (1) Xéc dinh vi tri dua trén sy thay dbi dién dung
gilta dién cuc ¢b dinh va dién cuc chuyén dong; (2) Xac dinh vi tri
dua trén sw diéu bién anh sang bing cira chép gan vao rotor [19].

Pé thiét ké bo quét chum tia nho gon, chic chin, toc do dich
chuyén cao va chinh xac, gia thanh ha, mo to dugc lya chon st dung
14 galvo mé to JS1105 cia Hang SINO, Trung Qudc. Day 1a loai
galvo mo to ¢6 nam cham chuyén dong va viéc xac dinh vi tri cua
rotor dua trén didu bién 4nh sang bing ctra chdp (hinh 2).

©)

Léi vao diu khién

Déu phat quang | z
p|_E|:;I 9 Bau thu quang

(té bao quang dién)

Man chénfcfr_achéfp i
(bd phan chuyén ddng) Man chan

(b6 phan cd dinh)

truc khuyu 7 khop, toi guong phan xa #1 (gin vao
mo to tryc X). Chum phan xa tir guong #1 dugc
truyén toi guong #2 (gan vao mo to truc Y). Tiép
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Hinh 2. CAu tric cua galvo mé to quét chum tia. (A) M6 ta galvo mé to nam cham chuyén
déng; (B) Mé ta galvo mé to xac dinh vj tri rotor dwa trén diéu bién anh sang béng ctra chép;
(C) Galvo mo6 to JS1105 cda Hang SINO [20].
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Thong sb k¥ thuat cia galvo mé to JS1105 dugc md ta
0 bang 1.
Bang 1. Théng s6 ky thuat co ban cia mé to JS1105.

Théng sb k§ thuat Gia tri
Nhiét d6 1am vigc 0-45°C

Do tuyén tinh 99,9%
Thoi gian thiét 1ap <0,35 ms
Do troi sau 8 gio <0,5 mRad
Dong RMS 2,0A
Dong dinh tbi da 10A

Goéc quét tdi da +15°

D) phan giai 12 prad

Do lap lai 8 urad
Khéu d6 diu vao 5,0-7,0 mm
Théng s6 diéu khién mé to

Tin hiéu didu khién (tuong tu) 5V

Pién trd 16i vao tin higu diéu khién 200 KQ+1%
Ty 18 giira gbc quay va tin hiéu diéu khién 0,33 V/°

2.3. Thiét ké, ché tao bé diéu khién mé to quét chium tia
Qua trinh diéu khién mé to dwgc moé ta & hinh 3:

(A)

Piu phitquang
(LED)

So
sanh

Sa

sanh
#21

Tin biéu
diéu khién

Pién khién mo to
(0,33VDC/1 do gc’vc]

Hinh 3. Diéu khién galvo mé to. (A) So' dd khéi bd didu khién galvo
mo to; (B) Sor dd nguyén ly bd didu khién galvo mé to'.
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Anh sang tur dau phat quang (LED) dugc diéu bién boi
man chin gin véi truc mo to (man chin chuyén dong két
hop véi man chén c¢b dinh tao thanh cac khe sang - hinh 2).
Cuong d6 anh sang sau didu bién duoc nhan biét boi cac dau
thu quang #1 va #2. Tuy theo chiéu quay, goc quay clia mo
to, cuong do anh sang s& thay d6i mot cach dong bo. Sau khi
duoc chuyen dbi thanh cac dién ap V., V,, céc tin hi¢u nay
duogc khuéch dai boi Amp #1 va Amp #2 sau do6 dugc dua
td1 bo so sanh #1. Pién ap 16i ra cta bd so sanh #1 tuong
ung voi chénh Iéch cuong do anh sang chiéu vao cac dau thu
quang. Dién 4 ap ndy duogc phan héi didu khién mé to, nho do,
su dich chuyén goc quay ctia mé to ludn duoc giit 6n dinh.

2.4. Do tin hiéu diéu khién quét cdac vaung co bién dang
khdc nhau

Gidng nhu cac thiét bi laser diéu tri tham my vi diém,
bién dang cic ving quét trong thiét bi ché tao duoc xay
dung cho cac hinh gdm: vudng - chir nhat, tron - elip, tam
giac can, thang can va thoi (hinh 4).

@ A
& X

Hinh 4. Bién dang cac ving quét cua thiét bj laser diéu tri vi diém.

£ <P

Dé diéu khién goc quay cia 2 galvo mé to quét dong bo trén
mit phang (X, Y) theo ma tran céc diém, quy trinh diéu khién quét
duoc thiét 1ap gom céc bude sau: (1) Chon hinh quét (ving diéu
tri); (2) Panh diu bién dang hinh quét; (3) Diéu chinh (ting/giam)
thong s6 vé: kich thudc ving quét theo hai truc X, Y va khoing
céch A giira 2 diém quét lién ké (hinh 5).

A) B)

Kich thuéc chidu ngang

e 0 0 0 0 0 0 00

Kich thudce chigu doc

|
Khoang cach gitra 02 diém diéu tri Ay

Hinh 5. Hinh anh mé ta quét chum tia theo ma tran cac diém. (A)
Hinh anh cac diém quét; (B) Vi tri cac didm quét dwdng bao.

Tin hiéu diéu khién quét tir vi xtr Iy dugc chuyén doi
thanh tin hiéu tuong ty nho bd chuyén ddi DAC, sau d6 duoc
dua t6i cac mach khuéeh dai va hiéu chinh tao thanh dién ap
didu khién. Khi két hop dong bo gitra diéu khién goc quay
clia 2 mo to ndy v6i qué trinh phat chum tia laser, tai moi
diém quét, chum laser s€ duogc hoi tu vao diém diéu tri nam
trong bién dang ctia viing diéu tri da chon.
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Qud trinh quét dugc thyc hign ™

quét tuan ty tir trén xudng dudi
(theo truc Y), tir trdi qua phai
(theo truc X). Cac tham s6 quét
bao gom: kich thudc chiéu ngang
16n nht x, kich thuée chiéu doc
16n nhit y va khoang cich A giira
hai diém quét.

Bign ap (v)

Dé diéu khién cac md to chuyén
dong phu hop véi kich thude cua
céc dau diéu tri tham my vi diém
hién nay (thuong c6 cau trac hinh
tru voi dudng kinh tiét dién ngang
~2,5 cm), khoang di chuyen trén 2
truc X, Y 16n nhat (chidu ngang x
va chiéu doc y) phai khong vuot
qué 2,5 cm.

A)
Tek
Cac thong s6 didu khién da
duoc thiét 1ap voi chiéu ngang 16n
nhat x va chiéu doc 16n nhat y (2
cm). Kich thuéc nay hoan toan
phu hop véi thong s6 ky thuat cua
mo to JS1105 (bang 1). That vay,
qua kiém nghiém thyc té chung toi

thdy, dé dich chuyén trén 2 truc o TO e
X, Y mdt khoang 2 cm, tin hi¢u (©)
diéu khién mo to JS1105 phainam  Tek .M. @swp

Diéu khién quét chim tia trén mét phang (X.Y)

Théi gian (gidy)
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Hinh 6. Tin hiéu didu khién quét hinh vudng - chi¥ nhat. (A) Dién ap tir vi x& Iy didu khién quay md
to theo hai truc X va Y; (B) Tin hiéu diéu khién quét theo hai truc dwoc do béng oscilloscope.
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v&i tin hidu didu khién nam trong
khoang +2 V. Khi do, khoang cach
di chuyén t6i da trén hai truc X, Y
la+l cm.

can; (D) Hinh thoi.

Sau khi xac dinh duogc do 16n dich chuyén tdi da trén 2
truc X, Y, cac thong s6 diéu khién quét dugc thiét 1p cho cac
vung quét c6 bién dang khac nhau.

Két qua do tin hiéu diéu khién quét hinh vudng - chir nhat
duoc mo ta ¢ hinh 6.

Hinh 6A hién thi tin hi¢u diéu khién mé to theo hai truc
X va Y. Dién ap diéu khién mo to thay doi trong pham vi +2
V. Tai mdi gia tri dién ap diéu khién mé to truc X (doan nam
ngang), gié tri dién ap diéu khién mé to truc Y s& thay ddi theo
10 bac (10 gia tri trén mdi doan chéo). Nhu vay, mdi 1an mé to
truc X duoc diéu khién dich chuyén mot goc, mo to truc Y s€
duogc didu khién dich chuyén 10 gbc, hinh thanh nén 10 diém
quét. Qua trinh nay dwoc 1ap lai cho dén khi dau laser quét hét
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Hinh 7. Tin hiéu diéu khién quét cac vung. (A) Hinh tron - elip; (B) Hinh tam giac can; (C) Hinh thang

ving diéu tri. Tin hiéu diéu khién quét dugc xac dinh bang
oscilloscope (hinh 6B): dudng trén 1a tin hiéu diéu khién quét
theo truc X, duong dudi 1a tin hidu diéu khién quét theo truc
Y. Thoi gian dich chuyén mdi budc trén truc X (1 doan ngang
trong hinh 6A) [a 0,02 gidy. Trong khodng thoi gian nay, trén
truc Y s& dich chuyén duoc 10 bude, mdi bude 0,002 gidy. Hay
noi cach khac, budc dich chuyén giira hai diém quét 1a 2 ms.
Sau qua trinh diéu khién quét theo hai truc X va Y nhu trén,
mot ma tran cac diém quét trong bién dang cua ving diéu trj
s€ dugc hinh thanh.

Tuong ty, hinh 7 mé ta két qua do bang oscilloscope tin
hiéu diéu khién quét cac vung c6 bién dang khac nhau gom:
vung quét hinh tron - elip, hinh tam giac can, hinh thang can
va hinh thoi.
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Hinh 8. So d6 kiém tra viing quét bing gidy nhiét. (A) So dd khdi cAu hinh kiém tra; (B) Hinh anh kiém tra bién dang viing quét; (C) Tin hiéu
diéu khién phat laser, hoat dong trong ché dé phat lién tuc, cong suét 20 W, thai gian xung 30 ps, do diéu bién PWM 60%.

2.5. Kiém tra bién dang va ma trdn cdc diem quét

Dé kiém tra, danh gia bién dang va ma tran cac diém quét,
dau laser CO, Model D35L cua Hang DAVI, Trung Quéc
(cong suat laser 16m nhat: 35 W, d6 6n dinh cong suat +5%,
budc song 10,6 um, goc phan ky chum tia: 7,5+0,5 mRad) da
dugc su dung. Cong suét laser c6 thé diéu chinh duoc nho st
dung phuong phap diéu ché do rong xung PWM (Pulse width
modulation). Trong nghién ctru nay, laser hoat dong & ché do
phat lién tuc, cong sut 20 W, thoi gian phat xung 30 ps, do
didu bién PWM 60% (hinh 8).

Tin hiéu diéu khién quét duoc giri ti tir vi xir Iy gdm co:
(1) Tin hiéu diéu khién quay mé to truc X, Y; (2) Tin hiéu
diéu khién phat laser. Chum tia laser, sau khi qua truc khuyu
7 khép, duoc chiéu vao guong gin lién voi truc cia mé to X,
tiép dén 1a mo to' Y. Tia laser diéu tri 16i ra (phan xa tir guong
gin vdi truc Y) duge nhén biét boi gidy nhiét.

Hinh 9 mé ta vi tri cac diém quét va bién dang ving quét,
duoc nhan biét bang vét chum tia hién thi trén gidy nhiét.

Hinh 9A cho théy, hinh anh vét chum tia trén gidy nhiét
trong truong hop khoang cach giita hai diém quét lién ké A=1
mm, trén dién tich ving quét 4 cm? Hinh 9B va 9C lan luot
mo ta vét chum tia trén gidy nhiét cua cac ving quét ¢6 bién
dang khac nhau trong hai truong hop khoang cach gitra hai

A) (B)

©)

Hinh 9. Vé&t chum tia cac viing quét c6 bién dang khac nhau hién thj
trén gidy nhiét. (A) V&t chum tia ¢ bién dang hinh vuéng; (B) Khoang
cach gilva hai diém quét lién k& A=1 mm; (C) Khoang cach A=0,1 mm.
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diém quét lién ké A=1 mm va A=0,1 mm. Céc hinh anh thu
duoc cho thiy, cac diém quét dugc phan bd kha déu trén toan
b ving quét. Diéu nay c6 thé duoc giai thich nhu sau: 2 mo
to (JS1105) truc X va Y duge didu khién quay theo timg budc
voi mue dién ap cua mot bude khong ddi. Theo bang thong sb
k¥ thuat ciia mo to nay (bang 1), do tuyén tinh 1a 99,9% trong
pham vi goc quay +15°. C6 nghia 13, néu mirc dién ap cta budc
diéu khién quay mo to duoc giit khong doi thi sai 1éch vé vi tri
goc quay ciia md to tai cac diém diéu tri 1a 0,1%.

Bang 2. Thang s6 ky thuat ctia bé quét chum tia laser diéu tri thdm
my vi diém.

Thong s6 k§ thuét Gia tri
Dién 4p ngudn nudi +15VDC
Tin hiéu didu khién quét chum tia 2V

Ty 1 gifta tin higu diéu khién va goc quay 0,33 v/
Thoi gian dich chuyén giita 2 diém quét 2 ms
Khoéng cach gitra 2 diém quét (A) 16n nhit 1 mm
Khoéng céch gitra 2 diém quét (A) nh6 nhét 0,1 mm
Dién tich ving quét t6i da 4 cm?
Dién tich viing quét ti thiéu 1 mm?

- Hinh vuéng - chir nhat
- Hinh tron - elip

- Hinh tam giac can

- Hinh thang can

- Hinh thoi

Bién dang cac vung quét

Nhu vdy, bo 14i chum tia cho thiét bi laser diéu tri tham
my vi diém da dugc do ludng thong sé ky thuat va kiém
nghiém ché do quét theo ma tran cac diém diéu tri voi nhiéu
vung ¢ bién dang khac nhau. Thiét bi hoat dong on dinh
trong thoi gian dai véi cac thong sé k¥ thut duoc trinh bay ¢
bang 2. Cac két qua dat duoc nay sé& gitip cho viée chu dong
thiét ké ché tao trong nudc cac thiét bi laser diéu tri thAm my
vi diém.



3. Két luan

B0 quét chiim tia laser st dung trong cac thiét bi laser diéu
tri thdm my vi diém da bude dau duogc ché tao thanh cong. Céc
thong s6 ciia hé da duoc ghi nhan: Tin hiéu diéu khién galvo
mo to dang tuong tw + 2 V, ty 1¢ giita tin hi¢u diéu khién mé to
va goc quay 0,33 V/°, thoi gian dich chuyén giita hai diém diéu
tri lién ké 2 ms, dién tich ving quét t6i da 4 cm?, khoang cach
gitra 2 diém quét lién k& nho nhat 0,1 mm. Viéc ché tao thanh
cong bd quét chum tia laser cho phép chu dong phat trién cac
phan mém diéu khién dic thu voi vide thay doi cac thong sb
theo yéu cau diéu tri khac nhau, qua d6 giup cho qua trinh diéu
tri dugc linh hoat va hiéu qua hon. Ngoai ra, viéc ché tao trong
nude thiét bi ciing s& giup giam gia thanh thiét bi so véi nhap
ngoai va chit dong trong cong tac bao tri, bio dudng thiét bi.

LO1 CAM ON

Nhom tac gia xin tran trong cam on Trung tdm Cong nghé
Laser, Vién Ung dung Cong nghé¢, B§ Khoa hoc va Cong ngh¢
da tai trg cho nghién ctru nay.
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Dé xuat cong nghé va md hinh quan Iy dién toan dim may di dong
phuc vu chwong trinh chuyén doi so cua Chinh phu Viét Nam

Pham Hai Son", Lé Hoang Son?, Hoang Thé Anh?
ITrung tam Cong nghé Thong tin, B6 Khoa hoc va Cong nghé, 113 Tran Duy Hung, phiong Trung Hoa, qudn Cau Gidy, Ha Néi, Viét Nam
Vién Cong nghé Thong tin, Pai hoc Quoc gia Ha Néi, 144 Xudn Thity, phweong Dich Vong Hau, qudn Cau Gidy, Ha Ngi, Viét Nam
SKhoa Céng nghé Thong tin, Trwong Pai hoc Kinh doanh va Cong nghé Ha N@i, 294, ngé 124, pho Vinh Tuy, phweong Vinh Tuy, qudn Hai Ba Trung, Ha Ngi, Viét Nam

Ngay nhén bai 17/3/2023; ngay chuyén phan bién 20/3/2023; ngay nhan phan bién 11/4/2023; ngay chip nhan dang 14/4/2023
Tom tiit:

Pién toan dam may la mét nén ting s6 dé phat trién cac ing dung di ddng phuc vu chwong trinh chuyén déi s6 quéc
gia dén nim 2025 dinh hwéng dén nim 2030. Hién c6 nhiéu giai phap dé xay dung nén tang dién toin dam may,
nhung céc giai phzip d6 1am tiéu ton tai nguyén phan c1'rng, d tré truyén thong cao va thiéu tinh di dﬁng, tir dé lam
gia tang chi phi dau tu. Dé giam thiéu nhirng han ché ciia cac giai phap néu trén, nghlen ctru nay dé xuit mot mo
hinh dién toan dam may di dong (Mobile cloud computing - MCC) nhim téi viée cung cap cac dich vu chi danh riéng
cho thiét bj di dong, ting cwong kha ning tinh todn cia thiét bi di dong, giam thiéu tinh trang thiéu tai nguyén va
thuc hién hiéu qua cho nhirng ng dung di dong tiéu ton tai nguyén. bé thu’c hién viéc do, glal phap dwa ra trong
nghién ciru nay la cho phép sir dung vo s0 thiét bi di dong giau tai nguyén gan nhit c6 thé cung cap dich vu dién toan
cho nguoi diung di dong ¢ ving 1an cdn. Viéc tin dung céc tai nguyén nhan rdi dé phuc vu cic ing dung di dong tiéu
ton tai nguyén giap Chinh phii giam thiéu diu tw phin cimg cho xay dung nén ting dién toan dam may. Ngoai ra,
nghién ciru nay ciing dé xuit mé hinh quan Iy cic ing dung di dong théng qua Kho ing dung do Chinh phi Viét
Nam lam chi va quén ly. Tlr dé, Chinh phi sé€ kiém soat duoc cac trng dung va khong dé tinh trang cac rng dung
dich vu cong di dong phat trién mot cach tw phat, giy khoé khin va lam mit niém tin cho ngudi sir dung.

Tir khod: chuyén dbi s6, dién toan dam may di dong, ing dung di dong.
Chi s6 phén logi: 2.2

1. Dit van de V6i nhimg chu chuong va dinh huéng cua Chuong trinh
. 2 22e A A . o2t .o . chuyén doi sO néu trén thi trong twong lai gan s€ c6 rat nhi€u

,Chuong trinh chuyen doi SOA qu(gc g1a den fam 2(125’ d}nh ungydung di dong dugc Chinh ihu sugdung aé cung cap dich
huong né{n 2(,)30 da dua ra mot S0 gial phfip tao nén mong vu cong di dong téi nguoi dén va doanh nghiép. Nén tang dé
chuyén doi so, mot trong s6 d6 1a thic ddy phat trién cic  1idn khai va phat trién cac tmg dung di dong d6 s& 1a MCC.
dich vu s6 trong nén kinh t€, cung cap dich vu cong truc
tuyén mirc d6 4 trén thiét bi di dong thong minh dé ngudi dan
va doanh nghiép co trai nghiém t6t nhat vé dich vy, nhanh
chong, chinh xac, khong gidy to, giam chi phi, cai thién chi
s6 xép hang qudc gia vé chinh phu dién tir [1].

MCC dang n6i 1én 1a mot cong nghé mai cho viée luu trit
va cung cap ha tang ng dung cong nghé thong tin. MCC da
va dang duoc rat nhiéu tap doan cong nghé trén thé gidi su
dung nhu la Google AppEngine, Amazon EC2 va Microsoft
Azure... Vi nhu cdu phat trién ngay cang nhiéu Gng dung di

Dé phat trién ha ting s, Chinh phu dit ra cac nhiém vy~ dong nhu ngay nay thi bai toan tim kiém kha ning cung cp
can phai thyc hién nhu: quy hoach lai bang tan, phat trién nguon tai nguyen cho cac img dung d6 dé dap ung trai nghiém
ha tang va thuong mai hod mang di dong 5G. Trién khai céc cua nglirorlAdungﬂtot h(?*n luon duqc uu tién dat ra. Hlfm c?c ung
gidi phap dé phé cap dién thoai thong minh tai Viét Nam, xdy dung di dong cta Chinh phu chi yéu duge thyc hién trén nén
dung quy dinh, 16 trinh yéu ciu tich hop cong nghé 4G, 5G dién toan dam may. Vi du VSSID app 1a img dung di dong do
46i v6i cde sin ph Am dién thoai di dong. Xay dung céc nén co quan Bao hiém X3 hoi Viét Nam phat trién dé cung cap

) . o = - e " dich vu bao hiém xa hoi cho ngudi dan. Ung dung di dong
tang s6, trong dé yéu cau “Xay dyng va lam chu cong nghé nay dugc tich hop vao co s dit liéu qudc gia vé dan cu cia

dién toan ddm may (cloud computing) vdi cac mo hinh trién Viét Nam. Epoint EVN app 1a (g dung di dong ctia Tap doan
khai (dam may cong cong, dz’nn mady riéng, dam may lai) Vé} Dién lyc Viét Nam cho phép ngudi dan kiém tra luong dién
céc loai hinh dich vu cung cap trén dim may khac nhau dé  tigu thy hang thang va thyc hién thanh toén tién dién trén do.
phuc vu nhu cau chuyén doi s0 cua céc co quan nha nude va  Bén canh do, mot s6 ung dung di dong danh cho ngan hang,
xa hoi”. vi dién tr, thanh toan dién tir cling da dugc nguoi dan st dung

*Tac gia lién hé: Email: haisonhubt@gmail.com
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Abstract:

Cloud computing is considered a digital platform to
develop mobile applications for the National Digital
Transformation Program2025 withavisionto2030. There
are many solutions to build a cloud computing platform,
but those solutions consume hardware resources, high
communication latency and lack of mobility, thus
increasing the cost of investment in building a cloud
computing platform. To address the disadvantages of
the above solutions, this study proposes a mobile cloud
computing model aimed at providing services that only
implement on mobile devices, enhancing the calculation
capacity on mobile devices, minimising resource
shortages and performing efficiently for resource-
intensive mobile applications. To do that, the solution
proposed in this study is to enable the use of the nearest
resource-rich mobile devices that can provide computing
services to mobile users in the vicinity. Utilising leisure
resources to serve resource-intensive mobile applications
helps the government to reduce hardware investment
for building cloud computing platforms. In addition,
this study also proposes a management model for mobile
applications through the App Store that is owned and
managed by the Vietnamese government. From there,
the government will monitor mobile applications and
not let them develop spontaneously, causing difficulties
and loss of trust for users.

Keywords: digital transformation, mobile application,
mobile cloud computing.

Classification number: 2.2
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rong rai. Pac biét, trong thoi ky COVID-19, cac g dung di
dong nhu PC-COVID, VNelD nhanh chéng dugc tmg dung
de kiém soat, theo doi su di chuyén cta nguoi dan.

Thi truong Viét Nam hién c¢6 hon 40 doanh nghi¢p cung
cap cac dich vu dién toan dam may (cloud computing) cta
cac nha cung cép nhu Amazon Web Service (AWS) va sy
tham gia ciia cac tap doan cong nghé hang dau Viét Nam nhur
FPT, VNPT, Viettel, CMC... [2]. Trong d6 c6 5 nén tang dién
toan dam may make in Viét Nam dii tiéu chuan phuc vu chinh
phu dién tu, d6 1a VNPT cloud, Viettel cloud, CMC, VNG
cloud va BizFly cloud [3]. Day 1a nhiing dau hi¢u dang mimng
trong viéc xay dlmg ha tang s6 phuc vu chuyén do6i s6. Tuy
nhién, hién tai tit ca cic (ng dung di dong cua cic co quan
Chinh phu déu dugc dua 1én Kho luu trit ing dung di dong
clia nude ngoai nhu App store cho hé diéu hanh I0S, Google
play cho hé diéu hanh Android. Nhitng kho luu trit tmg dung
nay khong do Chinh phu Viét Nam quan 1y. Trong bbi canh
¢6 mot vai ung dung dich vu cong di dong duogc tao ra va dua
1én nhitng kho luu trit d6 thi khong phai van dé 16n can quan
tam cua Chinh phu. Nhung khi ¢6 hang tram, hang nghin Gng
dung dich vu cong di dong dugc tu phat tao ra thi Chinh phu
s& mat kiém soét, khong con quan ly duoc nhimg ung dung
nay, ddng thoi nguoi dan va doanh nghiép s& mét nhiéu thoi
gian va su tin tudng dé tim va st dung chung. Piéu nay yéu
cau Chinh phi cdn phai lam chu cong nghé MCC, dong thoi
phai quy hoach quan ly cac Gmg dung di dong hoat dong trén
nén tang dién toan dam may do6 bang cach tao ra Kho luu trix
ung dung riéng (make in Viét Nam) dé tranh su phu thudc
quéan 1y vao cac kho luu trir hién ¢ ciia nudc ngoai. Nim bét
dugc nhu cau d6, nghién ctru ny s& tién phong d& xuat mo
hinh quan 1y cac img dung dich vu cong di dong cho Chinh
phu Viét Nam dé phuc vu chuyén déi s6 qudc gia.

2.mcc

MCC dugc dinh nghia I phan mé rong cua dién toan dam
may véi co s ha t?lng dic biét dya trén thiét bi di dong [4].
C6 thé hiéu MCC 1a sy két hop giita dién toan di dong (MC),
dién toan dam may (CC) va mang khong ddy nhim mang lai
ngudn tai nguyén tinh toan phong pht cho nguoi ding di dong,
nha khai thac mang ciing nhu nha cung cap dién toan dam may
(hinh 1). M6t cach toan dién hon, MCC c6 thé dugc dinh nghia
la mdt cong nghé dién todn di dong phong phu, tan dung cac tai
nguyén dan hoi théng nhit ciia dam may va cong nghé mang
huéng t6i chirc nang, luu trit va tinh di dong khong han ché
dé phuc vu nhiéu thiét bi di dong & moi noi, moi luc thong
qua kénh ethernet hoc internet bat ké moi trudng va nén tang
khong dong nhat.

bién toan dam may di dong la md hinh truy cap mang thuén
tién va theo yéu cau dé chia sé ngudn tai nguyén may tinh da
duogc cau hinh (vi du: mang, may chu, luu tri¥, g dung va dich
vy) ma ¢6 thé duoc cung cdp va dua vao str dung nhanh chong
v6ind lyc quan Iy t6i thiéu hodc thong qua cac dich vu cua nha
cung cép [5].
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Hinh 1. Cac thanh phan ctia MCC.

Hinh 1 miéu ta cic thanh phan kién tric & mic cao cua
dién toan dam may di dong theo quan diém cua kién tric
chinh phu dién tir. Cac thanh phan kién trc thé hién & hinh
1 duoc chia thanh hai loai: “Dich vu co ban” biéu dién béng
hinh bau duc va “Ngudn lyc co ban” biéu dién bang hinh
chit nhat. Trong khi cac thanh ph?m “Dich vu co ban” duogc
st dung bdi “Khach hang thué dién toan dam may” thi cac
thanh phan “Nguon luc co ban” lai hd tro cic thanh phan
“Dich vu co ban” [6]. Hai thanh phan nay duoc t6 chte dudi
3 thanh phan chinh tao nén dién toan dam may, do la: dich
vu ung dung (SaaS), dich vu nén tang (PaaS) va dich vu ha
tang (IaaS). Trong do, SaaS la noi cung cap cac phan mém
dich vu, PaaS cung cap nén tang dich vu va laaS 1a co sé ha
té”lng cua dich vu dién toan dam may. Rét nhiéu ung dung di
dong hoat dong dua trén SaaS cua dién toan ddm may. Cac
dinh dang khac cuia dién toan dam may la PaaS va IaaS, mdi
dinh dang nay déu c6 kién trac va anh huong truc tiép dén
kién trac chinh phu dién tir cia mot t6 chuc [6].

A £ a a
3. De xuat cong nghé MCC

Nhirng i'ng dung
ca nhan héa

Tang héi tu
POEM
o [ d
= = Thiét bj di déng
Hinh 2. Méi trwong thwe thi MCC theo nhu ciu ca nhan.

‘ KHORHOC [P

Cong nghé thyc thi tmg dung dam may di dong duoc dé
Xuat & day 1a cong nghé “Moi truong thyc thi MCC theo nhu
cau c4 nhan (Personal on-demand execution environment for
mobile cloud computing - POEM) nhu ¢ hinh 2. Do cong nghé
dam may di dong hién nay van c6 chi phi cao nén cong nghé
POEM nay c6 thé gitp Chinh phu Viét Nam giam thiéu chi phi
khi dau tu xdy dyng hé thong MCC cho Chinh phu.

POEM két hop dong thoi ca tinh ning gidm tai chirc ning
cung cap (Provisioning function - PF) va thanh phan chirc ning
cung cap. POEM coi mdi thiét bi di dong déu ¢6 vai tro cung
cap PF. Ngoai ra, POEM duoc thiét ké dya trén khung d4m
may di dong, trong d6 mot may ao (Virtual machine - VM)
chuyén dung duoc gan cho timg thiét bi di dong cung cip hd
tro dién toan va luu trit. Do d6, PF co thé duoc giam tai/di
chuyén tir thiét bi di dong sang may do dugc chi dinh cua no.
May ao khong chi co thé chay cac chirc nang cung cap cua
thiét bi di dong ma con co thé chay cac chirc ning cung cip
mé rong ma cac thiét bi di dong co thé khong c6 kha nang thuc
thi. Do d6, nghién ctru goi mdy do trong khung POEM 1a anh
ban bong mo rong (Extended semi-shadow image - ESSI) [7].
Ngoai viéc giam tai PF sang ESSI, thiét bi di dong ctng co thé
giam tai PF cho thlet bi di dong cuia nguoi dung, diéu nay lam
cho vi€c tinh toan gan v6i dir liéu ngudn va giam chi phi lién
lac trong mdt s trudng hop. Do do, ca thiét bi di dong va ESSI
déu c6 thé dong vai tro thay thé cho nhau. POEM coi ca thiét
bi di dong va ESSI chuyén dung cta chiing 14 noi cung cap PF.
Vi két qua d6, cac g dung ciia nguoi ding di dong co thé
duoc cung cép baoi PF tr cac PF cuc bo (co thé duoc giam tai/
di chuyén sang ESSI chuyén dung ctia nd) va/hodc PF tir xa (co
thé chay trén céc thiét bi di dong tur xa hoac ESSI chuyén dung
ctia chung). Thanh phan PF gitip d& dang trién khai duoc img
dung c4 nhan hoa bang cach két hop PF da dugc md dun hoéa.
Viéc gidm tai PF gilt vi tri dir li¢u va di chuyén tinh todn, trong
khi thanh phan PF gt vi trf tinh toan va di chuyén dir liéu.

4. Dé xuat mo hinh guan Iy MCC

M6 hinh quéan 1y d& xuét trong nghién ctru nay dua trén
kién trac hudng tai nguyén (Resource-oriented articheture -
ROA) ¢6 kha ning ting cuong cac thiét bi di dong han ché
v& tai nguyén dé thuc thi tmg dung di dong sir dung nhiéu tai
nguyén (Resource-intensive mobile application - RMA) hi¢u
qua trong MCC. ROA 12 triét Iy thiét ké ing dung hudng dich
vu (Service-oriented architecture - SOA) [7] dua trén kiéu kién
trac chuyén trang thai dai dién ddy du (Representational state
tranfer - RESTful) [8].

M6 hinh MCC dé xuét bao gdm 4 don vi tham gia, d6
1a doanh nghiép phat trién tmg dung di dong, co quan kiém
tra va luu trit ung dyng di dong (tam goi la kho ung dung -
VietAppStore), co quan cung cap dich vu cong di dong (MSP)
va nguoi st dung dich vu di dong (MSC), tam goi la nguoi
ding cudi. Qua trinh van hanh dugc mé ti ngan gon trong hinh
3 nhu sau:

31
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Hinh 3. M6 hinh hoat dong, cong tac giira cac bén tham gia.

Ban déu, doanh nghiép phat trién tmg dung di dong bit dau
mot tac vu va dang ky, luu trli, Xxuét ban (cac) dich vu san sang
lién két ciia n6 t6i kho tmg dung, don vi nay dong vai tro kham
pha mo ta phd quat va tinh toan ven (UDDI) cho céc dich vu web.
Trong thoi gian cho doi, ngudi ding cudi twong tac véi kho tmg
dung dé tim hiéu danh sach cac tmg dung di dong kha dung co
thé da duoc Iuu trir trong co' so dir liéu cua kho tmg dung va tién
hanh tai vé thiét bj di dong cua ho; sau khi tim thay, nguoi dung
cubi ldy ma dich vu va ding ky v6i kho img dung 1am nha cung
c?ip dich vu di dong tiém nang dé luu trit dich vu s& thyuc hién
trong tuong lai.

Cac doanh nghiép phat trién tmg dung di dong st dung cac
dich vu da dang ky dé xdy dung cac img dung di dong ma nguoi
dung cudi co thé tai vé dé thuc thi trén thiét bi di dong cuia ho.
Trong qua trinh thyc hién, nguoi dung cubi lién hé véi kho ting
dung dé xac dinh mot co quan cung cép dich vu cong di dong
thich hop ¢6 thé cung cap cac dich vu duoc yéu cau. Sau khi tim
dugc co quan cung cap dich vu cong di dong thanh cong, nguoi
dung cudi co thé lién két vai dich vu cua co quan cung cap dich
vu cong di dong va su dung (cac) dich vu c6 san dya trén dién
toan dam may (co thé tra phi hodc khong tra phi tily thudc vao mo
hinh cung cap dich vu). Bé dam bao d9 chinh xac va do bén cua
dich vy, doanh nghiép phat trién dich vu c6 kénh hd trg truc tiép
v6i co quan cung cap dich vu di dong dé duy tri va cap nhat (cac)
dich vy khi dugc yéu cau.

Trong mé hinh tmg dung nay, nghién ciru cling dé xuat viéc
phén chia trach nhiém dé tang cuong viéc ap dung mé hinh nay
trong thuc té. Trong cac hé thong ROA truyén thong, cac co quan
cung cap dich vu cong di dong 6 hai trach nhiém, d6 1a phat trién
dich vu bén canh viéc luu trir va thyc thi dich vy. Doanh nghiép
phat trién ing dung trién khai hoac mua dich vu trién khai, cung
cap mo ta cta nd va cung cap bao tri ky thuat, lwu trix dich vu va
tu thuc thi dich vu. Tuy nhién, dé nang cao kha nang ap dung,
tinh kha thi va d¢ phurc tap ciia mo hinh, nghién ctru da tach biét
cac trach nhiém bang cach thay thé “nha cung cép dich vu” bing
hai thuc thé doc 1ap 1a doanh nghiép phat trién tmg dung va co
quan cung cap dich vu cong di dong. Trong d6, doanh nghiép
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phat trién tmg dung chiu trich nhiém x4y dung, mé ta va duy tri
dich vy, trong khi co quan cung cap dich vu cong di dong luu trix
va thyc thi dich vy. Vai tro cua cac bén tham gia vao mo hinh sé
dugc giai thich chi tiét hon nhu sau:

Doanh nghiép phét trién tmg dung 1a mot doanh nghiép phan
mém chiju trach nhiém thiét ké va phat trién dich vu tién ich chi
tiét cy thé dé luu tri trén rat nhidu thit bj di dong khong dong
nhat, bao gom dién thoal thong minh, mdy tinh bang va may tlnh
xéch tay dé cung cap hoat dong cho céc co quan cdng cung cap
dich vy di dong. Cac doanh nghiép phat trlen tng dung c6 thé
cong khai dich vu cua ho aé nguoi dung cudi st dung dich vu.
D9 phtc tap cua dich vu co thé 1a viéc thay d6i tir mot chire nang
toan hoc nho thanh mot nhiém vy phirc tap va ciing nhu sy két
hop ctia mot s6 dich vy nho cé thé dan dén cac dich vu phirc tap.
Tuy nhién, cdc dich vu phai 1a cac khéi xay dung gon nhe co the
thyc thi duoc trén cac thiét bi di dong hién dai vai it diém trong
nhét c6 thé. Do do, cac dich vu st dung nhiéu tai nguyén dugc
yéu cau phai dugc phat trién bang cach st dung két hop cac dich
vu phu chi tiét dé tranh vigc di chuyén va giam tai ma thoi gian
chay. Tuy nhién, viéc yéu cau vuot qua nguong la mot yéu t6
quan trong trong viéc xac dinh murc do chi tiét cua dich vu vi viée
goi céc dich vu qué chi tiét s& tao ra cac chi phi xi Iy va truyén
thong 6 thé kéo dai thoi gian thyc hién tong thé dan dén tiéu hao
tai nguyén cua nguoi dung dich vu.

Pé dap tng cac dich vu st dung nhiéu tai nguyén ma qua
trinh thyc thi cia ching can tai nguyén cua mdy tinh 16n, tai
nguyén ddm may dugc cung cp trong qua trinh thiét ké va phat
trién mo hinh nay. Céc dich vu chuyén sau khong thé thyc thi
duogc trén dién thoai thong minh gan do6 sé duoc luu trir va gii
dén céc nha cung cap dam may di dong ma nguoi dung phai tra
tién khi ho st dung dya trén thoa thuan muirc d6 st dung dich vu.

Doanh nghiép phat trién tmg dung dam phan véi kho (g
dung dé mo ta va cung (g cac dich vy ctia minh. Trong qué trinh
dam phan, cac s6 liéu nhur danh tiéng ctia doanh nghiép phat trién
ung dung, mic d9 hitu ich cua dich vu va chi phi dugc kho ting
d4nh gi4 dé chap nhan dang ky dich vu. Sau khi hai bén thong
nhét, dich vu dugc ding ky trén kho tmg dung. Pé dap tmg tinh
chét gon nhe ciia md hinh img dung va dé giam thiéu chi phi hoat
dong cua cac dich vu phu hop, phuong phap phén cum duge trién
khai trong thiét ké va trién khai cac bang va co so dit liéu. Mdi
bang trong co so dit liéu dugc nhom lai dua trén céc loai dich vu
cu thé, ché‘ing han nhu toan hoc, dai sd, hinh hoc va xu 1y hinh
anh. Vi vy, tai thoi diém dang ky dich vu méi vao hé thong, loai
dich vu phu hop dugc chon aé phén cum hi¢u qua va chinh xac.

Theo sy phan chia trach nhiém dugc trién khai trong thiét ké
va phat trién mé hinh nay, cac co quan cung cép dich vu cong di
dong dong vai tro luu trit va thyc hién cac dich vu da dugc phat
trién theo yéu cau. Co quan cung cap dich vu cong di dong co thé
lién hé voi kho tmg dung dé x4c dinh cac dich vu phu hop dugc
thyc thi trén thiét bi di dong ma ho cung cfip. Khi két thiic, ma
dich vu dugc cai dat trong thiét bi co quan cung cép dich vy cong
di dong cho cac yéu cau thyc hién trong trong lai.
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Trong bdi canh Chinh phu dang tiép can dé tao ra nhiéu san
pham dién toan ddm may make in Viét Nam nham phuc vu phat
trién chuyén doi sb thi viée dé xuat cac cong nghé va mo hinh
quan ly & Chinh phu tham khao 1a nhiém vu can thiét va quan
trong trong thoi diém nay. Nghién ctru di dé xuat cong nghé sir
dung theo nhu cau c4 nhan trong thyc thi xdy dung dién toan
dam may gitp Chinh phu giam thiéu viéc dau tu 16n vao cac
may ao, dong thoi cong nghé nay con gitip cho Chinh phu giai
quyét nhimg van dé sau:

- Giam tai, di chuyén, két hop ung dung linh hoat va dugc ca
nhan hoa: Cong nghé nay duy tri tai nguyén dam may di dong
¢6 san va cho phép ngudi dung chon tmg dung ddm may di dong
bang cach sir dung cac phuong phap khac nhau (glam tai, di
chuyen va két hop) dua trén tai nguyén hé théng c6 sin va cac
yéu cau ung dung dugc ca nhan hoa.

- MCC x4 hoi: Gidi phap nay cho phép ung dung dam may
di dong tan dung stirc manh cua mang xa hoi, nghia la ngoai cac
PF duoc phat hién thong qua hé thong dam may di dong, ngudi
ding di dong co thé thiét 1ap cac Gmg dung dam may di dong
thong qua cac két ndi xa hoi dang tin cdy cua ho. Theo cach nay,
cac ing dung POEM khéng chi c6 thé st dung tai nguyén trén
dam may bang cach giam tai cac thanh phan sir dung nhiéu tai
nguyén cho ESSI ma con c6 thé sir dung cac dich vu dugc cung
cap tir cac két ndi xa hoi ctia chung.

- Theo yéu cau va kha nang thich tmg: Gidm sat kha ning
két ndi ctia thiét bj di dong thong qua mo hinh dich vu XMPP
va cung cap thong tin vé tinh kha dung ciia PF theo thoi gian
thuce va ho so lich sir cta thiét bi di dong. Ddi véi cac PF khong
phu thude vao phan ctmg, ESSI chuyén dung c6 thé dai dién cho
thiét bi di dong duoc lién két cua nd, cung cip moi truong chay
ung dung linh hoat va nhanh nhen cho céc tmg dung.

- Giam xdm nhap ma: Cong nghé nay khong han ché ciu trac
ting dung, khong yéu cau ban hudng dan chi tiét cua lap trinh
vién trong giai doan tdp hop ung dung. Cac ing dung POEM
¢o tinh linh hoat va kha nang tai st dung ma theo mé dun hoa.

Ngoai ra, dé tranh tinh trang céc img dung dich vu cong di
dong dugc tao ra mot cach ty phat, nghién ctru ciing da dé xuat
mo hinh quén ly tranh phu thudc vao cac kho tmg dung di dong
& nudc ngoai, véi md hinh quan 1y nay ha ting MCC ctia Chinh
phii ¢6 thé dam bao:

- Tinh di dong: Thiét ké khung dua trén triét Iy thiét ké ROA
cung cip tinh di dong ciia cac (g dung cho céc nén tang khac
nhau véi it ciu hinh va stra d6i nhat.

- Khép ndi mém déo: Thiét ké khung dya trén ROA cho
phép ghép ndi mém déo khung va cac img dyng duoc xdy dung
dua trén khung. Viéc ghép ndi mém déo cac img dung gop phan
tao nén cac dic tinh nhe cta khung bang cach loai bo chi phi
phan ving ciia cac tmg dung duoc ghép ndi chiat ché.
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- Tinh khong trang thai: Tinh khong trang thai trong SOA
giam thiéu mirc tiéu thy tai nguyén cua céc tmg dung dua trén
SOA trong truong hop khong can luu trir trang thai dich vu.
Tinh khong trang thai dan dén bao ton tai nguyén di dong goc la
rdt quan trong trong cac tmg dung di dong chuyén sau vé dién
toan do céc tmg dung d6 thuong bi thiéu tai nguyén cua thiét
bi di dong.

- Quyén tu chii: Céc img dung dugc xdy dung dua trén ROA
mang lai mirc d6 kiém soat cao doi voi moi truong dang chay, tir
d6 kéo theo kha nang du doan hanh vi trong thoi gian chay duoc
cai thién, diéu nay rat quan trong trong MCC. Mot g dung
dua trén dich vu cang ¢6 nhiéu quyén kiém soat ddi v6i moi
truong thoi gian chay co ban ctia n6 thi hanh vi cho thoi gian
chay cua no cang dé du doén hon [9]. Kha nang du doan cua cdc
{ing dung 1 can thiét trong viéc quyét dinh c6 nén giam tai viéc
thuc thi mét dich vy/chic nang tur thiét bi di dong sang cic tai
nguyén tir xa hay khong. Truong hop khong thé doan trudc s&
dan dén viéc dua ra quyét dinh giam tai khong chinh xac, gay ra
viéc thuc thi RMA khong hiéu qua.
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Tinh toan so bo thuiy nhiét 10 phan ng mo dun nho
dua trén cong nghé 10 phan itng ACPR50S

Cao Pinh Hung’, Lé Tran Chung, Nguyén Thi Thanh Thiiy, Pham Tuin Nam
Vién Khoa hoc va Ky thudt Hat nhan, 179 Hoang Quéc Viét, phieong Nghia D6, quan Cau Gidy, Ha Néi, Viét Nam
Ngay nhan bai 13/6/2022; ngay chuyén phan bién 15/6/2022; ngay nhén phan bién 11/7/2022; ngay chip nhan diang 13/7/2022
Tom tit:

Bai bdo trinh bay cic két qua tinh toan so bd vé thity nhiét cho 16 phan ing mé dun nhé (SMR - Small modular reactor) véi
cong suat nhiét 200 MW dua trén cong nghé 10 phan ing ACPR50S (Advanced customer-friendly practicable reliable 50 MWe
compact SMR). Cic thong s6 co ban va an toan thity nhiét dwgc dénh gia bao gom lwu lirgng chit tai nhiét qua ving hoat, nhiét
dd nhién liéu va v boc nhim dam bao kha niing van hanh ciia 10 phén éng trong diéu kién giéi han an toan. Ciu hinh SMR dwoc
mé phéng bing chwong trinh RELAPS va thwe hién tinh toén trong khoang 500 gidy & trang thai dirng. Nhiét do ciia chit tai
nhiét doc theo chiéu cao ciia viing hoat tai 16i vao va 10i ra c6 d9 léch nhé (1,7%) so véi gia tri tham khao. Vé khia canh an toan,
ty s6 thong lwgng nhiét tai diém khéi phat soi nhian (DNBR - Departure from nucleate boiling ratio) ciing dwoc wéc lrong doc
theo kénh nhién li¢u trung binh va kénh néng nhit trong viing hoat & trang thai hoat dong on dinh. Két qua tir nghién ciru nay
s& dwgc tiép tuc sir dung cho tinh ton chuyén tiép va phan tich sir ¢ cho SMR.

Tir khéa: chwong trinh RELAPS, 16 phén @ng mé dun nhé (SMR), s6 Nusselt, ty so thong lwong nhiét tai diém khéi phat soi

nhian (DNBR).
Chi 56 phén logi: 2.2
1. Mé dau

Theo quy dinh ciia Co quan Ning luong nguyén tr qudc té
(IAEA) [1, 2] nhimng 16 phan tmg hat nhan ¢6 cong suit nho hon
300 MWe dugc phén loai la SMR. Tr dau thé ky XXI, viée phat
trién va tmg dung cac SMR da nhin dugc sy quan tam rat 1on cla
cac quc gia do chung cé cac wu diém nhu: d6 an toan, tinh kinh
té va tinh linh hoat trong sir dung. Cac nudc phat trién va hau hét
cac cong ty cong nghé¢ nang luong hat nhan dang tich cuc phat
trién cac SMR song song v6i phat trién céc 16 phan (g cong suat
thé hé méi, vi du nhu KLT-40S (Nga) [3], ACPR100, ACPR50S
(Trung Québc) [2, 4].

Vi muc dich nang cao nang luc nghién clru trong tinh toan

(A) (B)

F235 | F340 | F445 125
0.490 | 0.692 | 0.681

0.762 | 1.167 | 1.328 | 1.198 | 0.762

0682 [ 1.199 | 1376 1236 |1.376 | 1168 [ 0490 | 5
F340 | F445 | F235 | F235 | F235 | Fa4s [E340| <
0692 [1.329| 1237 1.254 | 1.237 | 1329 | 0.692
F235 | F445 | F340 | F235 | F340 | Fa45 | Fa4s
0491 |1.168 | 1.377 | 1.237 | 1.377 | 1.199 | 0.682
F340 | F445 | F445 | F445 | F340
0.763 | 1.200 | 1330 | 1.169 | 0.763
F445 | F340 | F235
0.683 [0.693 | 0491
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Hinh 1. Phan bé dinh cong suét (A) va gia tri k_, va PPF chu ky

900 ngay (B).

Bang 1. Cac thong sé dic trng ban dau cho SMR [2, 4-7].

: ¢ . Cic théng s, don vi Gia tri
thiy nhiét cho SMR, nhom tac gia sir dung cac thong sO cua  ~Cong suat nhiét (Q) [MW1] 200
ACPRS50S [2, 4-6] va tién hanh tinh toan mot so thong s6 thuy Mat do cong suat nhiét (1) [MWt/m’] 45,45
nhiét ctia vung hoat 10 phan tng. Chat 1am cham va lam mat Nuéc nhe
. Ap suét vong so cap [MPa] 15,5
2. Doi tw'ong va phuong phap nghién ciiu Nhiét d6 18i ra [°C] 321,8
A , Lo Nhiét do 16i vao [°C] 2993
2.1. M6 hinh tinh todn trong trang thdi tinh Chiéu cao phin nhién liéu (h) [m] 22
Céc thong sb thiét ké chi yéu dua vao cac thong sb dic trung D9 giau [Yowt U235] 4,45, 3,40, 2,35
loai 16 phan g ACPR50S ciia Trung Quéc da duge cong b Cac S0 bO nhien licu [-] 37
tinh toan vat Iy (hinh 1) vé phan bé dinh cong sudt (PPF - Power ~ Kicubonhiénlicu[-] 1717
C 1A A ~ A ~ A So6 thanh nhién liéu trong bo [-] 264
picking factor) va h¢ so nhan hi¢u dung (k ;) da duoc thuc hién 56 ng thanh didu khién [] i

trong nghién ctru cua T.V. Phu va cs (2020) [5], nghién cuu nay
tién hanh tinh toan cac thong s thuy nhiét cua ving hoat SMR dia
trén céc thong sd ciia ACPR50S. Tir d6, c6 nhitng danh gid so bo
v& an toan va mirc do tin cdy cua thiét ké loai SMR nay, cac thong
56 dac trung duoc dua ra ¢ bang 1.

“Tac gia lién h¢: Email: caohungl91@gmail.com
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S6 6ng thanh trung tam [-]

1

Puong kinh ngoai thanh nhién liéu [m]

0,94996x107

Puong kinh éng dan thanh didu khién [m]

0,86614x1072

Pudng kinh éng trung tam [m)]

0,122428x102

Kich thudc bo nhién li¢u (h_cell) [m]

0,21402

40
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Dinh Hung Cao’, Tran Chung Le,
Thi Thanh Thuy Nguyen, Tuan Nam Pham

Institute for Nuclear Science and Technology,
179 Hoang Quoc Viet Street, Nghia Do Ward, Cau Giay District, Hanoi, Vietham

Received 13 June 2022; revised 11 July 2022; accepted 13 July 2022
Abstract:

This paper presents preliminary thermal-hydraulics
calculation results for a small modular reactor (SMR)
with a thermal capacity of 200 MW based on the
ACPRS0S reactor technology (Advanced customer-
friendly practicable reliable S0 MWe compact SMR).
The basic parameters and thermal-hydraulics safety
were assessed, including the heat coolant flow through
the core, fuel, and cladding temperatures to ensure the
reactor’s capability to operate within safe limits. The
SMR configuration was simulated using the RELAPS
program and performed the calculation in about 500
seconds in the steady state. The coolant temperature
of the heat carrier along the height of the core at the
inner and outer was found to be different (1.7%) from
the reference value. Regarding safety, the departure
from nucleate boiling ratio (DNBR) was also estimated
along the average channel and the hottest channel of the
core in the steady state. The results from this study will
be further used in transient computations and incident
analysis for SMRs.

Keywords: departure from nucleate boiling ratio
(DNBR), Nusselt number, RELAP5 program, small
modular reactor (SMR).

Classification number: 2.2

Tir cac thong sb ban ddu & bang 1, ban kinh ving hoat
Reore = [mah) =0,798 m [8]. Vi céc thong sé cAu tric hinh
hoc cta vung hoat, toc d§ dong chat tai nhiét qua vung hoat
duoc xac dinh boi cong thure sau:

G = YxQv/(hou - hin) ©)
trong d6 h, =1334 kJ/kg, h =1464 kl/kg, gia tri enthalpy
clia nude 1a ham cua ap sudt va nhiét do 16i vao va 16i ra
ving hoat, P, =15,631 MPa, P_ =15,5 MPa, thanh phan
nang lugng chuyén hoa thanh ning lwong nhiét cua ving
hoat 16 phan tmg X=0,9 [9]. Thay céc gia tri vao (1), toc dd
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dong chét tai nhiét qua ving hoat 1a G=1384,61 kg/s, v6i s6
b6 nhién liéu 1a 37, khi d6 téc do dong chit tai nhiét qua mot
b6 G,,=41,96 kg/s. Nhi¢t do trung binh va mat do trung
binh cia chit lam mat trong ving hoat T=310,55°C,
P=703,5 kg/m®, voi dién tich 6 mang bé nhién liéu
fira= 12, =5,48x107 n’, Vi cc thong sé loai bé nhién lidu
17x17 dugc dua ra trong bang 1, khi d6 tinh toan dugc dién
tich va téc do dong trung binh ciia chat tai nhiét qua mot bo
nhién li¢ula S_ =3,88x10* m* va w=1,5226 m/s. Duong kinh
thuy lyc ctia bo nhién liéu dugce xac dinh bdi cong thire sau:

dH—FA = 4SFA /PFA (2)
trong d6 chu vi thuy lyc P_,=8,564 m, tr (2) duong kinh
thay luc bo nhién liéu 1,8126x102 m. Hé sb Reynolds dic
trung cho ché d6 chuyén dong cudng burc ciia chit tai nhiét,
Re=2,321.10° vdi hé s dan nhiét trung binh Ae=0,5244 W/mK.
Hé sb Prandt dic trung cho tinh chét vat Iy ctua chét tai nhiét,
Pr=0,9656 v&i hé s6 nhot dong lyc trung binh H¢=8,187x107°
Pa.s, nhiét dung déng 4p trung binh Cpr=6185,5 J/kg K, va
dac trung hinh hoc cua 6 mang thanh nhién liéu A=0,0267.
Hé sb (chuan sb) Nusselts (Nu) dic trung cho cuong d6 trao
d6i nhiét giira chit tai nhiét va bé mit ngoai clia nhién ligu,
vi dbi luu cudng birc nén hé sé Nu duoc xac dinh 1a ham
lién hé gitra hé sb Pr va Re, khi d6 hé s6 Nu dugc xac dinh
theo cong thirc sau:

Nu = Ax Re?8x pro* 3)

Theo (3), Nu=516,43, khi d6 hé s6 truyén nhiét dugc xac
dinh theo cong thirc o =ANu/dy_p, , thay cac gia tri vira
tinh toan duogc thi 00 =14942,24 W/mK.

Pé dam bao kha ning hoat dong cua 10 phan ung hat
nhan trong diéu kién hoat dong binh thuong, cling nhu trong
diéu kién xay ra sy cd thi thong luong nhiét t&i han luon 16n
hon thong lugng nhiét bé mit ctia nhién liéu va ty s6 DNB
16n hon 1,5 [6].

DNBR =det 515 4)

s
Hai gia tri, thong luong nhiét t¢i han q_ va thong lugng
nhiét trén bé mat nhién liéu q, duge xac dinh theo (5) va (6)
[8].

qs :quf/ﬂ:xdz (5)

0,894X"3 : 13713 s
__089AR Ty [ d ' } pr3 RS (6
der =350+90,3050 " L& hear (2x2") " || xPrx ©)

Tu cong thic (5) va (6), cac gia tri cia tham s6 dugc thé
hién trong bang 2.

M
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Bang 2. Cac gié tri ciia tham sé trong céng thirc (5) va (6) [8]. néng voi loai va s hiéu 1an luot 1a: BRANCH X02, PIPE X04 -
YQO, SNGVOL X06 - Y02. Binh sinh hoi PIPE X108 - Y204, bom
- . tuan hoan chinh PUMP X13 - Y209. Kénh lanh PIPE X14 - Y10,
Thanh phan ning luong chuyén hda thanh nang lwong nhiét cua vung hoat 10 phan 09 BRANCH X16 - Y12, PIPE X18 - Y14. Binh tich ( Ac cumulator)

Tham s6 Gid tri

e gdm c6 ACCUM X90 - Y90, duge ndi voi BRANCH X16 - Y12
Cong suat nhigt tuyen tinh g, (kWi/m) Gl & kénh lanh. Binh didu p duogc mo ta v6i loai va sd hiéu PIPE
Enthalpy twong dSi cua chit tai nhit (x) 0,239 150 duoc ndi v6i kénh nong cua vong tudn hoan I tai BRANCH
Ham lugng hoi tong (X) -1,285 102 bang duong dng PIPE 152. Phia trén binh diéu ap 13 hai van
Emthalpy trung binh cita chét tai nhiét (h, kJ/kg) 1399 an toan 9(3 $0 hiéu lan lwot 1a 153 va 157. Két qua tinh toan mo
Emthalpy cua nudc bao hoa ¢ ap sudt trung binh (h’, ki/kg) 1630 p héng b{mg Ch uong trinh RELAP 5 dw,c S(.) sinh ydl glé‘ tn ti}’l h
S : toan trong phan mo hinh toan hoc nhu gia tri ap suat vong so cap,
Emthalpy cta hot nuGe bao hoag,ap suat trung binh (", k) 2596 toc do dong chét tai nhiét qua vung hoat, nhiét do theo chiéu cao
Nhift lwong riéng hoa hoi ctia chat téi nhit (L, klkg) 9664 ving hoat va DNBR (véi X va Y tuong tmg 1a vong tuan hoan I va
Gia t6c trong trudmg (g, m/s) 981 vong tuan hoan II).
He sb khuéch tan nhiét (a', m¥/s) 1,205x107

T cac gia tri trong bang 2, tinh dugc 95=280,808 kW/m? va
q., =1598,017 kW/m?, khi d6 gia tri DNBR trung binh theo cong
thirc (4) 1a 5,691.

2.2. M6 hinh tinh todn bang chwong trinh RELAPS

Cau hinh SMR dugc md phong véi cac thong sb dic trung da
duoc tinh toan vét 1y 1a dit liéu diéu kién ban du dua vao tap tin
dau vao ctia chuong trinh tinh toan thity nhi¢t RELAPS [7, 10]. Hé
thong thuy nhiét cia vong so cip va thir cap dugce dua vao mé hinh
bao gém: bom tuan hoan chinh, thing 16 phan tmg, dudng dng,
binh sinh hoi, binh didu 4p, hé théng ong trong binh sinh hoi cua
vong thir cap twong tu nhu thiét ké cua loai ACPRS0S.

VA

Hinh 3. So’ d mé hinh héa mé phéng SMR béng RELAP 5.

3. Két qua va ban luan

.
Binh diéu ap h .
3.1. Mgt dp cong suat nhiét theo chiéu cao

Vi chidu cao phan nhién liéu 2,2 m (bang 1), dya trén tinh
. toan vat Iy phan b6 mat do cong suat nhiét theo chiéu cao va sau do
1am khép lay 10 doan dé tién hanh khai bao trong tap tin dau vao
ctia RELAPS. Trong hinh 4, tai vi tri giita cia phan thanh nhién
liéu, mat do cong suat nhiét dat gia tri 16n nhét 0,01378 MW/m tai
kénh trung binh va 0,02991 MW/m tai kénh néng nht.

0,032

Thimg 1o phan img # Binh sinh hoi 0,030 ===
—~ 0,028 -7 S~
E 0,026 | e
S 0024 S <
Z. 0022
z z — / \
Hinh 2. C4u tric hé théng thiy nhiét cua 16 phan trng ACPR50S [2]. - s e e o o S
kg o e F oote] ‘ :
Tt cau triic hé thong thity nhiét cia ACPR50S, md hinh hé % 0014 A | AN
A ) A 1A N ’ ’ M < ] 4 |
thong cua SMR duoc thiét 1dp va st dung tinh toan bang chuong S ooy / _\\ » \\_\
trinh RELAPS. So d6 m6 hinh hoa bang RELAP 5 dugc duara ¢ g o008/ e = :
énh trung binh

0,006

hiqh 3. Trong d6, thung 16 phan ung dugc chia thanh cac thanh 0004] - = —~Kénh néng nhét

phan, ving hoat 10 phan Gng (PIPE 335) khoang dudi thung 10 gggi

(BRANCH 322), khoang trén thung lo (PIPE 356), bypass (PIPE 000 022 044 086 088 110 132 154 176 198 220
320), downcommer (PIPE315). Vong tudn hoan chinh bao gbm Z (m)

cac h¢ thong. kénh nong, binh sinh hoi, bom, kénh lanh. Cac kénh  Hinh 4. Mat d6 céng suét nhiét theo chiéu cao.
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3.2. Phéin bé nhiét dj theo chiéu cao

Tiép theo phan bd cong suat nhiét theo chiéu cao, nhom tac
gia tién hanh tinh toan phan b nhiét do tai kénh trung binh va
kénh néng nhét. Trong hinh 5, phan bd nhiét do duge tinh tur
nhiét d§ vién nhién li¢u, nhiét do bén trong vo boc thanh nhién
liéu, nhiét d mat ngoai thanh nhién liéu va cudi cung la nhiét
d6 chat 1am mat. Tai kénh trung binh, nhiét do chat tai nhiét
T ,=301,57°C, T _=319,53°C khi do gia tri chénh I¢ch nhi¢t
6 1a 17,96°C (hinh 5A). Tai kénh nong nhat, nhiét do chat tai
nhiét T . =304,23°C, T =343,20°C, khi d6 gia tri chénh léch
nhiét do 1a 38,97°C (hinh 5B).

(A)
480 ‘
460 P s S
— e S
S 40 irs fre
~ e ¥
;g. 73 N
T 4204 i ‘ N\
e 7 - N
= 4004 7 {—-—- Nhién liéu .
) V2 e RO Miit trong vo boc N
= 380 + 7 = = = Miit ngoai vo boc | \-\
< / l——— CHhat tai nhie .
if 280} i Chat tai nhiét \,
/ T 1 1 1
L O e e Ferrere
320 MBS, Hh ! | I
.}‘f‘ e /
oo S N
300 T T T T T T T T
000 022 044 066 088 1,10 132 154 176 198 220
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(B)
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,/./ \‘\
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<§ A | 1 |EEes Miit trong vo boc D
<2 450 X { 3,
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Hinh 5. Phan bd nhiét d6 tai kénh trung binh (A) va kénh néng
nhét (B).

3.3. Pdnh gid thong s6 DNBR

DNBR 1a mot trong nhiing théng s6 quan trong dé danh gia
kha nang hoat dong an toan cua 10 phan tng. DNBR duoc xac
dinh doc theo chiéu cao phan nhién lidu 1a 2,2 m va dugc chia
thanh 10 doan. Gi4 tri DNBR cta kénh nong nhat va kénh trung
binh dugc thé hién ¢ hinh 6. DNBR c6 gid tri 1on hon 150% la
phu hop vdi ti€u chi danh gia kha n