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Tong hop va phén tich dwong cong tich phéan
nhiét phat quang cua LiAlO,

Nguyén Thi Thu Ha*, Trinh Vin Giap, Bui Dirc Ky
Vién Khoa hoc va Ky thudt Hat nhan, Vién Nang lwong Nguyén ti Viét Nam, 179 Hodng Quéc Viét, phirong Nghia D6, quin Cau Gidy, Ha Néi, Viét Nam

Ngay nhén bai 20/9/2022; ngay chuyén phéan bién 22/9/2022; ngay nhan phan bién 20/10/2022; ngay chip nhan ding 25/10/2022

Tom tit:

Ché tao vt liéu LiAlO, bang phwong phap sol-gel két hop véi mét loai axit hitu co (ethylene diamine tetraacetic
acid - EDTA) da dugc thye hi¢n. Nghién ciru, danh gia cau truc tinh thé va hinh thai hoc cia vat li¢u LiAlO, sau
khi ché tao bang k¥ thuat nhi€u xa tia X (XRD) va kinh hién vi dién tir quét (SEM). Phan tich, danh gia dwong cong
tich phén nhi{zt phat quang cia vat liéu LiA’lO2 bang phwong phap gidi chip ap dung cic mé hinh dong hoc bic 1,
béc 2 va bac tong quat. Vét li¢u LiAlO, ¢6 cau tric do’n‘ pha gamma khi duwgc nung ¢ nhiét d¢ tir 900°C. Puwong cong
tich phan nhi@ft phat quang cia vt li¢u LiAlO, bao gom hai' dinh & nhiét do 1‘36 va 248°C, dinh 248°C d'u’q'c chon
lam dinh do liéu. Tinh thé y-LiAlO, don pha gamma dugc ché tao thanh cong bang phwong phap sol-gel két hgp véi
EDTA. Piéu Kién t6i wu dé thu dwoc tinh thé LiAlO, don pha gamma la nhi¢t d§ thiéu tir 900°C trong thoi gian 4
gio’ v6i cac hing s6 mang va ty trong dwoc xac dinh lan lwot 1a: a=5,16870 A, ¢=6,26790 A, va $=2,615 g/cm?. Puong
cong tich phan nhiét pl}:it quang cua LiA'lO2 dugec phin tich b?mg phwong phap gidi chiap cho th:”iy su phu hep cao
nhat voi mo hinh béc tong quat, véi hé so lam khép FOM=1,08x10? va bac dong hoc b=1,79.

Tir khéa: ddng hoc bic tdng quat, phwong phap giai chap, tong hop LiAlO,.
Chi 56 phdn logi: 1.3,2.5

Synthesis and analysis of thermoluminescence glow curve of LiAlO,
Thi Thu Ha Nguyen®, Van Giap Trinh, Duc Ky Bui

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

Received 20 September 2022; revised 20 October 2022; accepted 25 October 2022
Abstract:

The synthesised LiAlO, by sol-gel with ethylene diamine tetraacetic acid (EDTA) method was investigated. The
synthesised LiAlO, was studied for its structure and morphology by X-ray diffraction (XRD) and scanning electron
microscopy (SEM) techniques. The thermoluminescence glow curve of LiAlO, was analysed by deconvolution using
the first-order, second-order, and general-order kinetic models. LiAlO, material exhibits a single-phase gamma
structure when calcined at temperatures starting from 900°C. The thermoluminescence glow curve of LiAlO,
consists of two peaks at 136 and 248°C, while peak 248°C is considered a dosimetric peak. The y-LiAlO, material was
successfully synthesised using the sol-gel method combined with EDTA. The single-phase gamma LiAlO, material
was obtained after being sintered at temperatures greater than 900°C for 4 hours with lattice constants and density
determined as follows: a=5.16870 A, ¢=6.26790 A, and 6=2.615 g/cm®. The thermoluminescence glow curve of LiAlO,
was analysed using the glow curve deconvolution method, which showed the best fit with the general-order model,
with a fitting factor FOM=1.08x10 and a Kkinetic order b=1.79.

Keywords: deconvolution, general order Kinetic, synthesis LiAlO,.
Classification numbers: 1.3, 2.5
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1. Mé dau

Nghién ctru va phat trién vat lidu LiAlO, da dugc nhiéu nha
khoa hoc quan tdm tir hon mot thap ky truorc [1-3]. Céc tinh chat
déc trung nhiét phat quang va quang phat quang cuia vat liéu nay
da cho thdy y nghia khoa hoc va thuc tin to 16n trong linh virc
do lidu burc xa [1-5]. Nhiéu nha nghién ciru dd mo ta cac dic
tinh nhiét phat quang cua vat liéu LiAlO, dya trén cac nghién
ctru cong hudng thudn tir (EPR), xac dlnh cac loai khuyét tat,
bay dién tir hoic bay 16 trong trong ving cdm ciia vat liéu [3,
6,7]. Ngh1en ctu EPR cho thay, sy hién dién ctia mot s6 lugng
16n cac chd trong lithium trong vat liéu LiAlO, sau khi dugc
tao thanh. Sy hién dién cua chd tréng lithium dong vai tro nhu
mot bay 16 trong tai vi tri ciia ion oxy nam lién ké vé6i chd trong
lithium.

Phuong phép ché tao LiAlO, bang phuong phap phan Gng
pha ran da dugc nghién cuu tu nhiéu nhém tac gia [8-12].
Trong do, hop chét LiAlO, pha gamma (y-LiAlO,) dugc tao ra
va nung ¢ nhiét do cao trong moi truong khong khi. Nam 1997,
K. Kinoshita v cs (1997) [10] da ché tao thanh cong y- -LiAlO,
bang phan tng két hop giita alumina véi alkali hydroxide hoac
voi alkali carbonate. Trude do, nam 1991, J. Becerril va cs
(1991) [12] tong hgp LiAlO, pha gamma va mot lu'ong nhd
LiALO, khi két hop glua Li, CO va AlLO, va thiéu két & nhiét
do 1000°C Noi chung, de thu duoc vat heu LiAlO, pha gamma
tir phan (g pha rén thi cAn phai nung & nhiét do cao.

Mot vai nghién ctru khac khéo sat vé cac tinh chat nhiét phat
quang ctia LiAlO, cling dugc bao cdo. J.I. Lee va cs (2012) [13]
da nghién ctru cadc duong cong tich phan nhiét phat quang cua
LiAlO, pha tap (LiAlO,: Mn va LiAlO,: Ce). V. Pagonis va
cs (2006) [14] cling nghién ctru, khao sat cac tinh chét nhiét
phét quang cua LiAlO,: Mn. Trudc d6, R. Chen (1969) [15] va
JM.G. Ros va cs (2002) [16] cling da khao sat duong cong tich
phén nhiét phat quang cua LiAlO,. Trong bai bao nay, nhom tac
gid tap trung vao vigc che tao vét ligu LiAlO, don pha gamma
va st dung phuong phép gidi chdp dua trén cac m6 hinh dong
hoc bac 1, mé hinh dong hoc bac 2 va mé hinh dong hoc bac
tong quat dé nghién ciru, khao sat duong cong tich phan nhiét
phét quang cua tinh thé LiAlO,.

2. Nghién cuu thuc nghiém

Céc héa chat dugc dung dé ché tao LiAlO, bao gdém
LiNO, c6 do tinh khiét 99,99% (cua Alfa Aesar) axit
citric ¢6 d6 tinh khiét 99,5% (cua Hang Sigma-Aldrich),
AI(NO,),<9H,0 ¢6 do tinh khiét cao 99,99% (ctia Hang
Sigma- Aldrlch) va EDTA c6 do tinh khiét 98,5% (cua Hang
Sigma-Aldrich).

Budc dau tién, can khdi lugng ciia hai mudi theo ty 1¢: 1
mol LiNO, va I mol AI(NO,),x9H,0. Sau do, dua vao che
va hoa tan Vorl nudce khir ion stir dung méy khudy tir gia nhiét,
ta duoc dung dich 1. Budc hai, can ty 1€ 1,5 mol EDTA va
1 mol axit citric, hoa tan hon hop nay véi NH ,OH str dung
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may khudy tir gia nhiét, ta duoc dung dich thir 2. Budc ba,
db tir tir dung dich 2 vao dung dich 1, thuc hién trén may
khudy tir. Didu chinh gia tri pH c6 gia tri khoang pH=9 st
dung NH,OH. Theo ddi qua trinh tao sol trén may khuay tu,
dung d1ch sol thu duoc hoan toan tan va trong subt. Dé tao
gel, nhom tac gia str dung dung dich sol, diéu chinh nhiét do
90-95°C trén may gia nhiét dé bay hoi nudc. Quan sat sy bay
hoi nudc cta dung dich, dung lai khi thay dung dich ¢ dang
gel ¢6 mau vang nhat. Sau d6, chuyén phan gel sang bt s,
tang nhiét do 1én 200-300°C, dé loai bo cac thanh phan hitu
co. Mau thu dugce c6 mau xam den, duoc chuyén sang coe
nung va tién hanh nung trong 16 nung & cac nhiét do (600,
800, 900 va 1000°C) va thoi gian nung khac nhau dé tim
nhiét do thiéu két va thoi gian nung ti wu. Bot sau nung ¢
mau tring, dugc nghién min, trén déu, dong gbi va luu giir
O moi truong tranh anh sang.

Str dung k§ thuat nhiéu xa tia X (XRD) va kinh hién vi dién
tir quét (SEM) dé kiém tra cdu tric tinh thé va hinh thai hoc
ciia LiAlO,. Tiép theo, nhém téc gid thuc hién khdo sét duong
cong tich phan nhiét phat quang cua vat ligu LiAlO, sau khi
chiéu buic xa tia gamma (0,3 Gy) sir dung phuong phap giai
chap tu cac phuong trinh dong hoc bac 1 (FOK), dong hoc bac
2 (SOK) va dong hoc bac téng quat (GOK) nhu sau:

Phuong trinh dong hoc bac 1 [16]:
E T=Tu _T>( _2kT\.. [ E(T=Tu\\ _ 2Ky
TR <1 )Xp{kT< Tw )} v

Phuong trinh dong hoc bac 2 [17]:

_ E(T-TV\\[T*{, _UT ET-Ty 2Ty
I(T)—4IMeXp<ﬁ(—TM ))T—M(l >e (kT - )+1+< ! )l

Phuong trinh dong hoc bac tong quat [18]:

ET-Ty UTA\T ET-Ty
)(b 1)( : )T exp(ﬁmT )+ZM

b

In= IM(b)b'lexp(ﬁ‘ T
trong do: I, 1a cuong do nhiét phat quang tai vi tri cao nhét
cua dinh nhlet phat quang; T, 1a nhi€t d0 tai vi tri cao nhét
cua dinh nhiét phat quang; E la nang luong kich hoat cua
bay bét dién tu; k 1a héng s6 Boltzman, T 1a nhiét do, b 1a
tham sb bac téng quat, con Z,1a viét tit ciia cong thirc sau:
Z,,=1+(b-1)x(2kT,,)/E.

I(1)=1exp|l

)

1

3. Két qua va ban luan
3.1. Khao sdt céu tric cia vdt ligu LiAlO,

Két qua sau khi do XRD cua vat liéu LiAlO, nung &
cac nhiét do (600, 800, 900 va 1000°C) cho thay vat liéu
LiAlO, dugc nung ¢ nhiét do 900 va 1000°C co cau tric
don pha gamma. O nhiét d6 nung 600 va 800°C van c6 mot
phan tap chat LiAlO, va Li,CO,, diéu nay chimg t6 nhiét do
thiéu két dé dat tinh the L1AIO don pha gamma la tir nhiét
dd 900°C. Hinh 1 trinh bay ket qué kiém tra ciu trac cua
tinh thé LiAlO,,.
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- y-LIAIO,
+LiALO,
* Li,CO,
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Hinh 1. CAu tric cua tinh thé LIAIO, dwoc thiéu két. (A) 600°C, (B)
800°C, (C) 900°C, (D) 1000°C.

Diéu kién tdi uu dé ché tao tinh thé LiAlO, don pha gamma
14 nung & nhiét do tir 900°C. Céc chi s§ hing sb mang va ty
trong cua vat liéu LiAlO, don pha gamma dugc xac dinh lan
luot 1a: a=5,16870 A, ¢=6,26790 A va §=2,615 g/cm®.

3.2. Nghién ciru hinh thdi hoc cia vt ligu LiAlO,

Hinh anh hinh théi hoc cua vat li¢u LiAlO, dugc chup
bang kinh hién vi dién tir quét (SEM) trong hinh 2 cho thiy

kich thudc nano cua vt liéu ché tao, phu thudc vao nhiét
do thiéu két. Khi nhiét do thidu két tir 900°C thi hat tinh thé
ddng déu hon va khong bi bét dinh.

Hinh 2. Hinh anh hinh thai hoc cua vat li¢u LiAlO, dwoc nung & cac nhiét d khac nhau 1an lwot: 600, 800, 900 va 1000°C.

Dudi ddy 1a tém tit cic phuong trinh tong hop vat ligu
LiAlO,;:

LiNOs + AI(NO3)s x 9H,0 + EDTA+ CsHs07

—— LiAls0g + Li>CO; + y-LiAlO,

600°0C

_— . .

500°C LiAl;0g + y-LiAlO2

900°C .

-LiAlO
1000°C ¥ 2
a 107 : - ‘
— Buims khop HAM KHOP THEO MO HINH FOK
P N
P2
P3
251 P4

Ps
—P6
*  Dwliéu

wn

Cuimg d{ (a.u)

05

% 200 pres 500 P s
Nhiét do(K)

Hinh 3. Pwéng cong tich phén nhiét phat quang cua LiAlO, sau khi

chiéu tia gamma (0,3 Gy) khép ham theo mé hinh déng hoc bac 1.
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3.3. Nghién ciru dwong cong tich phdn nhiét phat
quang bang phwong phdp gidi chip

Hinh 3 moé td dudong cong thuc nghiém cua vat li€u
LiAlIO, sau khi dugc chiéu tia gamma (0,3 Gy) va duong
[am khop theo mo hinh dong hoc bac 1 (FOK) voi hé s6 lam
khép ham FOM=1,65x10"2.

HAM KHOP THEO MO HINH SOK

Cuomg d§ {u.u)

o

Nhiﬁdo(K)
Hinh 4. DPwong cong tich phéan nhiét phat quang caa LiAlO, sau khi

chiéu tia gamma (0,3 Gy) khé&p ham theo mé hinh ddng hoc bac 2.



Hinh 4 trinh bay duong cong thuc nghiém cua vat liéu
LiAlO, sau khi duoc chiéu tia gamma (0,3 Gy) va dLr(mg
lam khorp theo mo hinh dong hoc bac 2 (SOK) vai hé¢ sO [am
khép ham FOM=1,72x10".

Hinh 5 trinh bay dudng cong tich phén cua vét li¢u
LiAlO, sau khi dugc chiéu tia gamma (0, 3 Gy) khép ham
theo mo “hinh phuong trinh dong hoc béc téng quat (GOK)
v6i hé sb lam khép ham FOM=1,08x1072.

«10%
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Hinh 5. DPwong cong tich phén nhiét phat quang cua LiAlO, sau khi
chieu tia gamma (0,3 Gy) lam khé&p ham theo mé hinh déong hoc
bac téng quat.

Tir két qua 4p dung phin mém xac dinh cc tham sb
dong hoc cua vt ligu LiAlO, theo cac phuor}g trinh dong
hoc bﬁc 1, dong hoc bac 2 va dong hoc bac tong quat, cho
thdy rang vat liéu LiAlO, nay phu hop nhit voi mé hinh
dong hoc bac tong quat voi bac dong hoc b=1,79. Bang 1
trinh bay cac tham s6 bay cua vat liéu LiAlO,.

Bang 1. Cac tham s6 bay cua LiAlO, lam khép theo cac mé hinh
déng hoc bac 1, bac 2 va bac téng quat.

M0 hinh béc 1 M@ hinh béc 2 Mo hinh bic tong

P T(C) (FOK) (SOK) quat (GOK)
E(eV) s(s) E(eV) s(s) E(eV) s(s7)

1 136 0,80  2,17E+09 0,95 1,94E+11 0,75 5,30E+08

2 248 0,84  2,73E+07 1,05 3,07E+09 1,03 1,97E+09

FOM 1,65%10 1,72x10? 1,08x10?

3.4. Khao sat anh huong ciia nang luwgng kich hoat E

Khao sat anh huong cua nang lugng kich hoat E (hay do
sdu clia bay) trén dudng cong tich phan nhiét phat quang tai
dinh do lidu (P5) dugc trinh bay trong hinh 6. D6 thi dugc
trinh bay trong hinh 6 st dung phuong trinh dong hoc béc
téng quat cua dinh do lidu (P5) khi cac tham sb: s (tin sb
thoat), b (bac dong hoc), T,, (nhi€t do tai vi tri cao nhét cta
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dinh) va I, (cudng do tai vi tri cao nhét cua dinh) duoc giir
nguyen khong thay dbi, chi co nang luwong kich hoat E la
thay d6i. Quan sat trén db thi ta thay, duong cong ciia dinh
tro nén rong hon khi gia tri nang lugng kich hoat E giam.

% 10°

T T T T T T
>

E1= 12002

E2=09

P5

E3=07

Cwimg df (a.u)

05

350 400 450 500 550 600
Nhiét da (K)

Hinh 6. Dwong cong tich phan nhiét phat quang cua vat liéu LiAIO,
mé rong hon khi gia tri nang lwong kich hoat E giam.

3.5. Khdo sat anh hwong ciia bdc dong hoc b

Néu gir nguyén cac tham sO s (tan sb thoat), T,, (nhiét
dd tai vi tri cao nhét cua dinh), I, (cuong do tai vi tr1 cao
nhét ctia dinh) va E (nang lugng k1ch hoat), nhung thay doi
b (bac dong hoc), thi khi gia tri cua b tang, nhiét do phia

<10%
25 T T T T T T

b=1,932

b=18
i P5

b=1,5

Cwirng 4 (a.u)

L = 1 1
350 400 450 500

Nhi¢t dj (K)

Hinh 7. Bwéng cong tich phan nhiét phat quang c6 xu hwéng mé
réng vé phia bén phai caa dinh khi bac déng hoc b tang.
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bén nhiét d§ cao hon cua dinh (phia bén phai) s& dugc mo
rong hon, trong khi phia nhiét d6 thdp hon cua dinh (phia
bén trai) khong bi anh huong khi thay doi bac dong hoc b
(hinh 7).

4. Két luan

Vat li¢u LiAlO, don pha gamma da dugc nghién clru va
tong hop thanh cong st dung phuong phap sol-gel két hop
v61 EDTA. Nhom tac gia da nghién ctu, khdo sat va tim ra
diéu kién t6i wu dé thu duoc tinh thé LiAlO,don pha gamma
khi dugc nung ¢ nhiét do tr 900°C trong thoi gian 4 gio,
V01 cac héng sb mang va ty trong dugc xac dinh lan luot la:
a=5,16870 A, ¢=6,26790 A, va §=2,615 g/cm®. Puong cong
tich phan nhiét phat quang cua LiAlO, dugc phén tich bing
phuong phap giai chap cho thdy, phu hop nhit véi mé hinh
bac téng quat véi hé sd lam khép FOM=1,08x102 va bac
dong hoc b=1,79.
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Nghién ciru tinh chat in mon Pb va hop kim Pb-Sh-Ag
trong dung dich axit H SO, bang phwong phap di¢n hoa
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Tom tit:

Trong nghién ctru nay, miu Pb va hgp kim Pb-Sb-Ag dwgc tng dung 1am swon cuc trong ic quy chi-axit, dwgc khio
sat tinh chit in mon trong dung dich axit H,SO, (d=1,05 g/cm*). Phwong phap quét thé tuyen tinh dwoc thye hién
theo tiéu chuin ISO 17475:2005 véi toc dd quet la 0,17 mV/s trong ving thé £300 mV so véi thé mach hé. Két qua
miu Pb-Sb-Ag c6 mat d dong an mon (i, ) lan luwot 13 6,0 pA/cm2 (0 gi0), sau 24 gio'i  tang 1én 7,44 pA/cm?, sau
72va 168 gio thii giam lan lwot 12 2,23 va 0,77 nA/cm?. Mau Pb c¢6 i, taicacthoi diém (0 gio: 154,95 pA/em?; 24
gio: 322,06 uA/cm2 72 gio: 274,01 pA/cm? va 168 gio: 58,3 pA/cm?) trong dung dich do déu cao hon so v6i mau Pb-
Sb-Ag Két qua do thi Nyquist thé hién dién tré chuyen di¢n tich (R,) va di¢n tré phan cuc R) ciia miu Pb-Sb- -Ag
lan lwot 16m hon gip 45 va 1150 lin sau khi ngim mau trong dung dlch axit trong 24 gio. Két qua nay cho thiy, kha
ning chdng in mon ciia miu Pb-Sb-Ag t6t hon so véi miu Pb.

Tir khéa: ic quy chi-axit, in mon swdn cuc, hop kim Pb-Sb-Ag.
Chi s6 phén logi: 1.4,2.4

Study the corrosion of Pb-Sh-Ag alloy in sulfuric acid solution by electrochemical methods
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Abstract:

In this study, Pb and Pb-Sb-Ag alloy samples were used as grid materials in lead-acid batteries and investigated for
their corrosion properties in a sulfuric acid (H,SO,) solution (density = 1.05 g/cm®). Linear sweep voltammetry (LSV)
was performed according to the ISO 17475:2005 standard, with a scan rate of 0.17 mV/s, and a potential range of
+300 mV versus the open-circuit potential. The results of the Pb-Sb-Ag alloy sample show that the corrosion current
density (i) of 6.0 pA/cm, (0 hours), increasing to 7.44 pA/cm, after immersing 24 hours and decreasing to 2.23
and 0.77 pA/em’ after immersing 72 and 168 hours in acid solution, respectively. The i _of Pb sample at (0 hours:
154.95 nA/cm?; 24 hours: 322.06 pA/cm?; 72 hours: 274.01 pA/cm?, 168 hours: 58.3 pA/cm?) were higher than those
of the Pb-Sb-Ag sample in the test solution. The results of the Nyquist plot of the alloy samples showed that the
charge transfer resistance (R1) and polarisation resistance (R2) of the Pb-Sb-Ag sample were 45 times and 1150
times higher, respectively, after 24 hours of immersion in the acid solution. These results indicate that the Pb-Sb-Ag
sample exhibits better corrosion resistance compared to the Pb sample.

Keywords: corrosion resistance, lead-axit battery, Pb-Sb-Ag alloy.
Classification numbers: 1.4, 2.4
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1. Dat van de

Ac quy chi-axit duge ché tao vao nim 1859 boi Gaston
Planté. Hon 160 nim qua, ac quy chi-axit di va dang dugc
su dung rdng rai trong nhiéu linh vuc. Uu diém cua loai dc
quy nay la gia thanh ré, cong ngh¢ don gian va kha nang
cung cép dong dién 16n mot cach nhanh chong, nén chiing
dugc tmg dung trong 6 t6 va xe may, noi can dong dién cao
dé khai dong dong co [1, 2]. Cac dién cuc am va duong
trong 4c quy chi-axit déu duoc thiét ké sir dung suon cuc
(dang luéi) nham giam trong lugng ciing nhu chi phi san
Xuét, ting tudi tho va chéng an mon cho dién cuc cua dc
quy. Céc suon cuc dang ludi phai 6n dinh vé kich thudc, bén
co hoc dé khong bi udn, gidn hodc cong vénh trong qua trinh
phong nap. Do tinh co hoc cta chi (Pb) nguyén chit mém,
khé 6n dinh khung suon nén cac hop kim ctia chi véi ham
luong nho ciia mot sé kim loai gitp 6n dinh va ting do climg
suon cyc nhu hop kim Pb-Sb, Pb-Ca, Pb-Sn... Ham lugng
ctia cac hop kim khong chi anh huong dén cac dic tinh co
hoc, cdu trac khung sudn ma con anh huong dén tinh chat
dién hoa va kha nang chéng an mon cua dién cuc. Su an
mon cua cac khung suon cuc 1a mot yéu t quan trong dan
dén tudi tho cua dc quy giam nhanh chong [3].

Sudn cyc phai ¢ d6 bén co hoc tét dé khong bi cac bién
dang co va nhiét trong qua trinh san xuét, ciing nhu trong
thoi gian ac quy hoat dong. Bén canh do, v& mat dong hoc,
cac ban dién cuc duong ludn hinh thanh mét 16p san pham
an mon (PbO) & giita, do Pb va PbO, tiép xic truc tiép véi
nhau giy ra ciing nhu phai chiu dién thé cao. Lép dn mon
dugc hinh thanh c6 thé tich 16n hon 22-23% so véi 16p chi
khong bi oxy hoa. Do do, tao ra ing suit co hoc 1én suon
cuc, d& 1am bién dang khung ludi va 1am giam kha ning tiép
xuc dién cua dién cuc [4]. Vi vay, hon 30 nam qua, cac nha
san xudt dc quy chi-axit da tap trung vao nghién ctru quy
trinh san xut va thay doi thanh phan hoa hoc cac hop kim
ctia suon cuc nham chdng lai qué trinh dn mon, ngoai ra con
giam trong lugng sudn cuc ciing nhu giam chi phi san xuét,
tang tudi tho cho c quy [5].

Hién nay, cac nghién ctru trén thé gidi vé viée phat trién
cac suon cyc hop kim Pb khong chi dung lai & hgp kim chi
bao gém Pb va mot kim loai, ma bd sung thém mat vai kim
loai khac nhau dé cai thién tinh chét co hoc va kha ning
chéng an mon. Sir dung cac chét phu gia di dugc chimg
minh 12 mot trong nhitng cach tiép can hiéu qua dé giai
quyét vin dé cua ic quy [3]. Y. Baofeng va cs (2019) [3] da
nghién ctru tdc dd an mon hop kim Pb-Ca-Sn-Al trong moi
truong axit H,SO,. Két qua cho thdy, tc d6 dn mon ciia hop
kim giam 15% khi thém Ag, La hodc Sn.
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Hop kim Pb-Sb dugc nghién ctru va tng dung lam khung
suon cyc voi ham luong Sb khoang 10-12%. Ham lugng Sb
cang cao lam cho hop kim dé dang dugc duc thanh suon
cuc ¢o cau trac 6n dinh, tinh chat co hoc tdt, kha nang thuan
nghich cao trong nhiéu chu ky va cai thién tudi tho cta dc
quy. Bén canh do, suon cyc c¢6 ham lugng 10-12% Sb co
hiéu suat phong nap cao va dién thé phong dién twong déi
6n dinh. Tuy nhién, nhugc diém 16n nhit cia hop kim nay
la tbc d6 n mon sudn cuc lén va gay ngd doc Sb do Kkét
tha trén dién cuc 4m, giam qua thé hydro khi ham luong Sb
cang 16n. Hop kim Pb-Ca duoc nghién ctru va ung dung da
khéc phuc dugc nhuogc diém trén cua Pb-Sb. Tuy nhién, Pb-
Ca c6 d6 bén co hoc kém, gy khé khan trong qua trinh duc
suon dién cyc va kha nang gidm dung lugng nhanh trong
30 dén 40 chu ky dau tién khi ac quy phong nap (hay con
goi 1a hi¢u ung khong Sb) [4]. Pb-Ca-Sn la suon dién cuc
dugc nghién ctru va tng dung rong rai dén hién nay, thay
cho Pb-Ca. Bén canh d6, mot sb nghién ctru trd lai voi hop
kim Pb-Sb nhu giam ham luong Sb trong hop kim xubng
4,5-6%, tuy nhién tinh chét co hoc cua suon cuc lai giam di.
Dé cai thién do cimg, cac nha san xuét di thém 0,15-0,20%
Sn. Kha ning 3n mon dwoc cai thién bing cach bd sung
Ag trong hop kim Pb-Sb, Ag gitip tang qua trinh thoat oxy,
chuyén thé dién cuc vé phia duong hon, ciing nhu giam do
x6p trén bé mit sudn cuc, gitip giam kha nang khuéch tan
axit H SO, di vao sau bén trong suon cuc [4].

An mon suon cyc xay ra trong hai pha 1a pha long (xay
ra gilta dung dich axit H,SO, v&i suon dign cuc) va pha rén
(khi vat li€u suon cuc tiép xtc v6i hoat chét dién cuc nhu
PbO hodc PbO, sau khi phong hodc nap) [6]. Trong nghién
ctru nay, Pb va hop kim Pb-Sb-Ag dugc khao sat dac tinh
dn mon trong pha long v6i dung dich H,SO, (d=1,05 g/cm?)
bang cac phuong phap quét thé tuyén tinh va phd téng tre
dién hoa theo tiéu chuan ISO 17475:2005, dé xem xét ng
dung lam khung sudn cuc trong dc quy chi-axit.

2. Dol tuong va phuong phap nghién ciiu
2.1. Péi twong

Pb tinh khiét va hop kim Pb-Sb-Ag (véi ham lugng Sb
2,0% va ham lugng Ag la 0,002%) va dung dich H,SO,
(d=1,05 g/cm®) do chi nhanh Cong ty C6 phan Pin dc quy
mién Nam - Xi nghiép Ac quy DPong Nai 2 cung cép, dién
cuc so sanh st dung dién cuc Ag/AgCl trong KCl bao hoa
(Biologic, Phap) va dién cuc d6i 1a ludi titan phu platin
(btic).



Binh dién hoéa dugc st dung véi hé ba dién cuc (hinh 1):
dién cuc so sanh Ag/AgCl trong KCI bio hoa, dién cuc dbi
la Tudi titan phu platin, dién cuc lam viéc (Pb, hop kim Pb-
Sb-Ag) ¢6 dién tich 1a 5 cm?. Dung dich thir nghiém la axit
H,SO, véi d=1,05 g/em’, véi thé tich 1a 100 ml axit H.SO,
trén 1 cm?dién cuc lam viéc.

~
\\
Dién cwc doi PHTi

Dién cuc lam viéc

Pb hoic Pb - Sb - Ag Dién cwe so sanh Ag/AgCl

Hinh 1. Binh do dién héa vé&i hé ba dién cwec.
2.2. Phwong phdp nghién ciru

- Kinh hién vi dién tir quét (SEM): Mau vt liéu duoc
do trén may S4800 (Hitachi, Nhat Ban) tai Vién Cong nghé
Nano TP H) Chi Minh.

- Phuong phap quét thé tuyén tinh dugc thyuc hién theo
tiéu chuén ISO 17475:2005 véi toc d6 quét thé 0,17 mV/s,
va ving thé £300 mV so v6i thé mach ha. Phép do tong tre
dién hoa & ving tan sb 10 kHz - 100 mHz, bién d6 10 mV.
Ca hai phuong phap do dugc thuc hién & 25°C, trén may
do dién hoa VSP-3 (BioLogic, Phap) tai Phong Thi nghiém
Hoa ly Ung dung, Truong Pai hoc Khoa hoc Ty nhién, Dai
hoc Quéc gia TP H6 Chi Minh.

3. Két qua va ban luan
3.1. Két qud phdén tich hinh thdi bé mdt

Anh SEM cuia mau Pb tinh khiét va hop kim Pb-Sb-Ag
trudc va sau khi dugc ngam 168 gio trong dung dich axit
H,SO, vé6i d=1,05 g/em’® duogc thé hién trong hinh 2. Bé mit
ctia hai mau Pb tinh khiét va hop kim Pb-Sb-Ag trudc khi
bi &n mon déu nhin, sau khi bi an mon bé mat, mau Pb tinh
khiét c6 nhiéu vét nut, tao thanh cac hat khong dong déu
trén toan bé mat mau. Két qua nay cho thay, bé mat mau Pb
tinh khiét bi an mon cuc bo, dan dén qua trinh an mon dién
ra nhiéu hon trén bé mit Pb, tir d6 tao nén do x6p 16n, dung
dich axit H,SO, d& khuéch tan vao siu bén trong suon cuc
lam ting tdc d6 an mon. DSi véi mau hop kim Pb-Sb-Ag,
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sau qua trinh ngam trong dung dich axit, bé mat mau xuat

hién céc hat ddng déu hon, hat c6 kich thudc nho va do xop
cling nho hon so v6i mau Pb tinh khiét. Diéu nay ngin can
su tiép xuc gitra bé mit va ngin chin qua trinh axit H,SO, di
sau vao bén trong hop kim Pb-Sb-Ag [4].

Hinh 2. Hinh thai bé mat mau. (A) Mau Pb trzéc dn mon; (B) Mau Pb sau &n
mon; (C) Mau hop kim Pb-Sb-Ag trwéc &n mon; (D) Mau hop kim Pb-Sb-Ag
sau an mon 168 gio.

3.2. Két qua quét thé tuyén tinh

Két qua quét thé tuyén tinh theo chuan ISO 17475:2005
v6i toe do quét thé 0,17 mV/s va ving thé £300 mV so véi
thé mach ho, dugc thé hién trong hinh 3. Bang phuong phap
ngoai suy Tafel ta c6 mat d6 dong an mon (i) cla mau
Pb tinh khiét (hinh 3C) & 1an déu tiép xuc voi dung dich
axit H,SO, 1a 154,95 pA/cm’, sau 24 gio mat 4o dong dn
mon dat 322,06 pA/cm?, ting 1én gap 2,08 1an so véi ban
dau. Sau 72 gid ngadm trong binh do, mat do dong giam
xuéng con 274,01 pA/cm?. Bac biét, sau 168 gio dién cuc
tiép xtic v6i dung dich axit, mat ¢ dong dn mon giam chi
con 58,3 pA/em? Dbi véi mau hop kim Pb-Sb-Ag, mat do
dong an mon ciia dién cyc khi tiép xic voi dung dich axit 1a
6,0 pA/cm?, sau 24 gio tiép xuc dién cuc ¢6 xu hudng bi dn
mon hon so véi ban dau, mat do dong dn mon tang cham
(7,44 uA/cm?). Tuy nhién, sau 72 va 168 gid tiép xuc véi
dung dich axit, mat d6 dong an mon dat tuong tng 2,23 va
0,77 pA/cm?, giam manh lan luot 3,0 va 7,8 14n so voi gia
trii ban dau (6,0 pA/cm?). Tir cac duong cong Tafel (hinh
3B), c6 thé thy thé an mon cta hop kim Pb-Sb-Ag chuyén
manh vé phia duong hon, nghia 1 qua thé thoat oxy co thé
tang, lam giam kha nang twong tac gitra Pb v6i O,, do do toc
dd &n mon giam, mac du khong bi thu dong nhu trén dién
cuc Pb (hinh 3A).
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Hinh 3. Két qua quét thé tuyén tinh cia cac mau. (A) Mau Pb; (B)
M&u Pb-Sb-Ag; (C) Mat dd dong &n mon theo thoi gian tiép xtc dung
dich axit H,SO, cia hai mau.

Tinh chat dn mon sudn cuc ludn xay ra & cuc duong cia
ic quy da tré thanh mot van dé quan trong dbi voi tudi tho
cua ic quy chi-axit. Su @n mon la do sy ¢6 mat cia H,O ¢ bé
mit Pb dugc thé hién qua qua trinh dudi day:

Pb +2H,0 — PbO, +4H" + 4¢”

Mau Pb tinh khiét trong qué trinh khao sat bang phuong
phap quét thé tuyén tinh, phan ng co ban trén bé mat dién
cuc la do sy c6 mit cua H,O trong dung dich axit va qua
trinh thoat oxy cua H,O, vi phan (rng &n mon la ket qua cua
sy xam nhap cua oxy qua 16p an mon, tao diéu kién cho su
khuéch tan dung dich axit H,SO,dén bé mét ctia Pb, nén sau
24 gid mau bi an mon 16n, sau 72 va 168 gio mau tao dugc
16p thu dong trén bé mat dién cuc d3 lam giam kha nang bi
an mon. Sy ¢ mit cia Ag trong thanh phan hop kim lam
giam kich thudc tinh thé va giam d6 x&p cua 16p san phdm
an mon hinh thanh trén bé mat dién cuc (hinh 2D). Qua do,
gitp han ché sy khuéch tan cua dung dich axit vao bé mit
va sau bén trong dién cuc. Ag lam ting qué thé thoat oxy,
chuyén thé vé phia duong nén kha nang chng an mon ciia
hop kim Pb dugc cai thién. Tir nhiing Iy do trén, Ag lam
giam sy an mon téng thé cua dién cuc khao sat [4]. Do do,
méu hop kim Pb-Sb-Ag cai thién duogc kha ning chong an
mon dang ké.
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3.3. Két qud phén tich phé tong tré di¢n héa

Hinh 4 thé hién d6 thi Nyquist cta hai mau Pb tinh khiét
va hop kim Pb-Sb-Ag theo cac thoi gian ngdm mau khac
nhau‘(O, 24, 72 va 168 gio) trong méi tru‘(‘mg gxit H,SO,.
So d6 mach dién dugc md phong bang phan mém EC-Lab
version 11.43. Két qua phén tich cho thay, kha ning phu hop
dwoc danh gia bang tri sb X 1an luot 1a 8.102 va 9.102 cho
hai’ mau Pb va Pb-Sb-Ag (hinh 5). Trong do, R 1a dién t{()’
chat dién giai (dung dich axit H,SO,), R, 1a dién tr¢ chuy@n
dién tich cua 16p b@ mat dién cuc V,él R, 1a di¢n Fr(’r chpyén
dién tich cua 16p bé mat trong 16 x0p, CPE 1a hang so pha
cta dién dung 16p kép. So dd mach dién c6 cac thanh phan
tuong tw véi mot sd nghién ctru khac trén thé gisi da cong
b [7, 8].

(A ®)
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Hinh 4. Phé tdng tré dién héa. (A) Mau Pb; (B) Mau Pb-Sb-Ag.

Hinh 5. So’ d6 mach twong dwong mé phéng bang phan mém EC-
Lab version 11.43.

Buong cong phé tong tré Nyquist ¢ dang ban cung det
phan anh sy xuét hién ctia hai thanh phan ZCPEI va ZCPEz boi
su gd ghe ctia 16p bé mat dién cuc va bé mit 16 xop tao ra.
Xu thé chung cho thdy, khi ting thdi gian ngdm mau tir 0
dén 72 gio, dudng tong tré Nyquist ciia mau Pb déu c6 cung
det nho hon so véi m?}u hop kim Pb-Sb-Ag, tic 1a R, va R,
twong tng nho hon rat nhicu lan (bang 1). Tuy nhién, khi
ngidm mau 24 gio trong dung dich axit H,SO, thi di¢n tr&
R, va R, cta ca hai mau déu dat thap nhat, trong khi gia tri
cac CPE lai dat cao nhat, dicu nay thé hién qua trinh an mon
dién ra nhanh trong 24 gid dau, sau d6 toc do giam dan.



Bang 1. Gia tri cac thanh phan trong so’ d6 mach dién hinh 5.

Méu Ph Méu Pb-Sb-Ag
A A
Thongsd — goiy 24giy Trgiv 168gi Ogiv 24gid T2giv 168giv
R,(@) 0489 0538 0519 0515 049 0559 0506 0577

(WF) 358 545 249 196 21 15 677 623

ZCPE“) Gia tri

055 058 052 0,49 0,66 069 058 056

0 mil

(uF) 80,8 258 54,1 49,6 168 189 153 142

ZCPE(Z) Gia tri
0,67 084 0,60 0,59 0,76 0,79 0,73 0,71
s6 mil
R (Q) 1,72 0,695 6,72 124 783 31,8 100 181
R,(Q) 430 1,27 327 52,5 1660 1477 1686 2579

Vi du nhu sau 24 giog, dién tré R, cua mau hop kim Pb-
Sb-Ag 12 31,8 Q, cao hon 45 1an so véi miu Pb (0,695 Q).
bac bi¢t, dign tré R, cua mau hop kim Pb-Sb-Ag (1477 Q)
cao hon khoang 1150 1an so voi mau Pb (1,27 Q). Piéu nay
cho thdy, Sb va Ag anh huéng t6i qua trinh chuyén dién
tich cia 16p bé mat dién cuc cling nhu trong 16 xp, qua do
{rc ché qua trinh dn mon cua nén Pb. Gia tri CPE giam cho
thdy, co su hinh thanh mét 16p thy dong trén bé mat kim
loai Pb lam tang chiéu day 16p dién tich kép. Sy giam gia tri
CPE ciing ¢6 thé c6 nguyén nhan tir sy hip phu dién ra trén
bé mat, lam ting dién tich che phu trén bé mat kim loai Pb
va giam cac trung tdm hoat dong, do dé qua trinh an mon
dugc e ché. Két qua nay phu hop véi gia tri i cua cac
méu dugc khao sat bang phuong phap quét thé tuyén tinh
& phan trén.

4. Két luan

Mau hop kim Pb-Sb-Ag cho thay, kha ning chdng an
mon ot hon so véi mau Pb khi duoc st dung lam suon cuc
trong ic quy chi-axit. Mat do dong dn mon d6i v6i mau hop
kim Pb-Sb-Ag (6,0; 7,44; 2,23 va 0,77 uA/cm?) tuong ing
trong cac gio ngdm mau (0, 24, 72 va 168 gio) déu thip
hon so v6i miu chi tinh khiét (154,95; 322,06; 274,01 va
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58,3 pA/cm?), dat chuan I1SO 17475:2005 (mit do dong i
theo chuén 1 15 pA/cm?). Két qua phd tong tré Nyquist cho

T

thay, cac gia tri dién tré ciia mau Pb-Sb-Ag déu 16n hon so
v6i1 mau Pb nén c6 kha nang trc ché an mon tot hon.
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Nghién ciru kh ning hap phu chat mau methyl da cam trong dung dich mwde
stt dung vat Liéu composite ZnO/chitosan kich thuc nano
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Tom tit:

Ngay nay, thudce nhuom hitu co duge sir dung nhiéu trong cac nganh cong nghiép nhu: dét nhuom, my pham, glay, €ao su..
Tuy nhién, sw phat trién nhanh cua cac nganh cong nghiép nay da lam ting dang ké lwgng chit thai chira thudc nhufm hlru
co thai ra moi tru’o’ng, do vay can ¢b bién phap xi ly hiéu qua. Trong bai bao nay, vat liéu nanocomposite ZnO/chitosan
(ZnO/CS) di dwoc tong hop bing phwong phap dong két tia. Sau khi dwge tong hop thanh cong, vat liéu nanocomposite
ZnO/CS dugc phan tich dic trung bang cac phuong phap phé nhiéu xa tia X, kinh hién vi dién tir quét va hién vi dién tir
truyén qua. Két qua cho thay, kich thwéc trung binh ciia tinh thé nano ZnO khoéng 29,6 nm. Vit liéu nanocomposite ZnO/
CS ¢6 dang hat hinh ciu va hinh luc gidc cé kich thuéc trong khoang 20-40 nm. Vit liéu tong hop di dwoc sir dung dé loai
b6 chit mau methyl da cam khéi dung dich nwéc. Két qua cho thay, thoi gian hap phu dat téi cn bang sau 20-30 phuit, két
qua hap phu phit hop véi mé hinh ding nhiét Freundlich, chimg t6 qua trinh hap phu 1a da 16p. VAt liéu dwgc chirng minh cé
kha ning hap phu tot chat mau methyl da cam véi dung lwong hip phu cuwe dai dat 33,90 mg/g, chirng té vat liéu hoan toan
c6 kha ning phat trién thém dé tién téi ng dung 1am chit hap phu chit mau hiru co.

Tir khéa: hip phu, methyl da cam, nanocomposite, ZnO/chitosan.

Chi s6 phén logi: 1.4,2.5,2.9

Study on methyl orange adsorption capacity in water-based

solutions using nano ZnQ/chitosan composite
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Abstract:

Nowadays, organic dyes are widely used in numerous industrial fields such as textile dyeing, cosmetics, paper, rubber, etc.
However, the rapid development of these industries has significantly increased the amount of waste containing organic
dyes released into the environment, thus, they need to be effectively treated. In this article, ZnO/chitosan nanocomposites
(ZnO/CS) were synthesised by the co-precipitation method. After being successfully synthesised, ZnO/CS nanocomposite
materials were characterised by X-ray diffraction spectroscopy, scanning electron microscopy and transmission electron
microscopy. The results indicate that the average size of ZnO nanocrystals is about 29.6 nm. ZnO/CS nanocomposite
materials have spherical and hexagonal particles ranging in size from 20 to 40 nm. The synthesised material was used
to remove methyl orange from water-based solutions. The results demonstrate that the equilibrium adsorption time is
reached after about 20-30 minutes, the adsorption results are more appropriately described by the Freundlich isotherm
model, proving that the adsorption process is multilayer. The material is proven to have a good adsorption capacity of
methyl orange with a maximum adsorption capacity of 33.90 mg/g, showing that the material is fully capable of further
development to be applied as an adsorbent for organic dyes.

Keywords: adsorption, methyl orange, nanocomposite, ZnO/chitosan.
Classification numbers: 1.4,2.5,2.9
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1. Gioi thiéu

Ngay nay, thudc nhuém hitu co dugc st dung nhiéu
trong cic nganh cong nghiép nhu: dét nhuém, my pham,
gidy, cao su... Tuy nhién, su phat trién nhanh cta cac nganh
cong nghiép d6 di lam cho luong chit thai chta thude
nhuém hiru co thai ra méi trudng gia ting dang ké. Udc
tinh, khoang 10-15% luong thu6c nhudm st dung trong qué
trinh san xuat khong dugc hap thu hoan toan vao san pham
cudi cing ma bj thai truc tiép ra ngudn nude. Piéu nay dan
dén nudce thai cong nghiép thudng chira mot lugng 10n chat
nhudém 1am ting nhu cau oxy héa hoc (COD), nhu cau oxy
sinh hoc (BOD), giam d9 xuyén anh sang va tim nhin [1-
3]. Cac hop chat nay khi xdm nhdp vao ngudn nudc cb thé
gdy 6 nhiém nghiém trong, anh huong dén chat lugng nudc
va lam giam da dang sinh hoc cta h¢ sinh thai thiy sinh.
Bén canh d6, mot sb thude nhudm hitu co co kha nang sinh
ra cac chit doc hai trong diéu kién nhit dinh, giy ra cac
bénh 1y nguy hiém [1-4]. Trong s6 cac thudc nhudém hitu co,
methyl da cam dugc cht y nhiéu do tinh doc hai cao. Pay 1a
mét loai thudc nhudm azo véi dic tinh 6n dinh va khé phan
huy, thuong dugc st dung trong cac ng dung cong nghiép
va phong thi nghiém [4]. Theo bao cdo ctua E. Forgacs va
cs (2004) [5], methyl da cam khong chi anh huong dén sirc
khoe con ngudi ma con co thé gay ra anh hudng nghiém
trong cho moéi truong. Khi di vao co thé, methyl da cam c6
thé gy ton thuong hodc rdi loan chirc nang cac co quan nhu
gan, than... Ngoai ra, hop chit nay ciing duoc ghi nhan la
lam giam kha nang sinh san va va tang ty I¢ to vong & céc
loi thay sinh, tir d6 pha v& can bang sinh thai [1, 5]. Pic
biét, khi methyl da cam bi phan hiy khong hoan toan, né
¢6 thé tao ra cac san pham phan hity nhu amin thom - mot
nhom hop chét c6 kha ning giy dot bién va Ia tac nhén
gay nhiéu anh huong khong tét t6i strc khoe da duoc chimg
minh [6]. Do d0, can co cac bién phap loai bo hodc giam
thiéu t6i da luwong thudc nhudém methyl da cam, cling nhu
thuc nhudm hitu co trong nudc thai truée khi xa ching ra
moi trudng.

Dé xur Iy thudc nhudém hiru co, cic nha nghién ciru da sir
dung mot s6 cac phuong phép sinh hoc, hoa hoc va vit 1y,
vi du nhu: xu ly hiéu khi hodc ky khi, dong tu, keo tu, oxy
hoéa hoa hoc, phan huy xuc tac quang, phan huy dién hoa
hoc, phuong phéap loc mang va hip phu... [1, 4, 5]. Trong
s6 nhitng phuong phép trén, hip phu 1a mét trong nhiing
phuong phap phd bién dé loai bo thude nhudém vi dé thuc
hién va hiéu qua cao [2-5]. Trong thoi gian gin day, vat
liéu c6 kich thudc nano (1-100 nm) thuong duge lua chon
nghién ctru 1am chat hdp phu nho ¢6 nhiéu wu diém vuot
troi hon so vdi cac vat liéu hép phu truyén théng do co6 dién
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tich bé mat riéng rat 1on. K.O. Iwuozor va cs (2021) [7] da
thong ké duoc khoang 240 nghién ctru da xuat ban vé kha
nang xt 1y loai bo thuéc nhuém methyl da cam trong moi
truong nudc va nhan manh ring, cic hat nano va chit hip
phu téng hop dua trén polyme (sinh hoc) 1a nhimg vat liéu
dugc nghién cuou thuong xuyén st dung cho muc dich nay
[1, 7]. Trong s do, chitosan (CS), mot loai polyme sinh hoc
tir nhién c6 ngudn gdc tir chitin, khong doc hai, 6 thé phan
huy sinh hoc, dugc coi la mét trong nhiing chét hép phu phu
hop nhét va linh hoat nhét vé mit chirc ning vi né chta cac
nhom hydroxyl (-OH) va amin (-NH,) [1]. Pé tiang cuong
kha ning hap phy, tinh chon loc ciing nhu d¢ bén co hoc
ctia CS cac nha nghién ctru thudng két hop néd voi cac vat
liéu ban dan kich thude nano nhu TiO,, CdS, ZnO... dé tao
thanh cac nanocomposite. Cac nanocomposite vat li¢u ban
dan trén nén CS ¢6 wu diém ndi bat 1a gia ré, it anh hudong
té1 moi truong va cho hiéu suét xur 1y cao [1, 8]. Trong bai
béo nay, vat liu nanocomposite ZnO/CS da dugc tong hop
bang phuong phap dong két tua. Vat liéu téng hop di duoc
str dung dé xir Iy loai bé chat mau methyl da cam khoi dung
dich nudc.

2. Thi nghiém va phuong phap nghién ciiu
2.1. Tong hop nanocomposite ZnO/CS

Nghién ctru str dung cac hoa chat tinh khiét dung trong
phan tich. Quy trinh tong hop mau duoc tién hanh nhu da
cong bd trude day [8] voi mot sé thay doi, cu thé: hoa tan
hoan toan 12,75 g mudi Zn(NO,),.6H,0 vao 100 ml dung
dich CS (ndng d6 0,2%), khudy déu hon hop ¢ 80°C trong
thoi gian 30 phut bang may khudy tir. Sau d6, dung dich
NaOH 0,1 M duoc thém tir tir vao hdn hop cho téi khi pH
ctia hon hop dat toi gia tri pH=10. Khudy tiép tuc hdn hop
phén g trong 120 phut tai ciing nhiét d6 néu trén. Két tua
tao thanh duogc tach bang may ly tim Hettich Mikro 22R.
Sau do, két tia duge 1am sach bé‘mg cach rira v6i nudce cét
cho dén pH trung tinh. San pham thu dugc sdy qua dém
(khoang 8 gid) ¢ nhiét do 60°C. Vat li¢u da duoc lam kho s€
duogc nghién nho véi cbi ma nio.

2.2. Ddc trung tinh chit ciia vit ligu

Vit li¢u nanocomposite ZnO/CS da téng hop dugc dic
trung bang nhiéu thiét bi phan tich hoa 1y hién dai nhu: thiét
bi nhiéu xa tia X (Bruker D8 - Truong Pai hoc Khoa hoc
Ty nhién, Pai hoc Qudc gia Ha N¢i), thiét bi hién vi dién
ttr quét, thiét bi hién vi dién tir truyén qua (JEOL JEM-1010
- Vién Vé sinh Dich t& Trung uong). Néng d6 chat mau
methyl da cam duoc do bang thiét bi quang phd tir ngoai
kha kién (UV-Vis) (Agilent 8453) tai Truong Hoa va Khoa
hoc Su séng, Pai hoc Bach khoa Ha Noi.
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2.3. Nghién civu khd ning hép phu chét mau methyl da
cam cua vt liéu nano ZnO/CS

Qué trinh hip thy methyl da cam lén vat liéu
nanocomposite ZnO/CS dugc khao sat theo quy trinh sau:
can chinh xac 0,05 g nanocomposite ZnO/CS, chuyén luong
chat hap phu da cin vao binh phan tmg c6 chira 50 ml dung
dich methyl da cam c6 cac néng d6 khac nhau (5, 10, 20
va 30 mg/l). Hon hop phan tmg dugc lic lién tuc bang may
lic ngang. Lwong mau 5 ml dugc lay ra sau nhimg khoang
thoi gian khac nhau duoc ly tdm (6000 vong/phut). Sau do,
n6ng d6 chit mau methyl da cam con lai dugc xac dinh
bang phuong phap so mau trén may UV-Vis tai budc song
464 nm. Sau khi do nong d6 methyl da cam, dung dich liy
ra duoc rét lai vao hdn hop phan tng ban dau [9]. Dudi day
1a cong thire duoc str dung dé tinh lwong methyl da cam hap
phu tirc thoi 1én vat liéu da tong hop (g, mg/l):
(Co—Cp)V

w

e = M

trong do: C la ndng do chat bi hap phu methyl da cam & thoi
diém ban dau C, (mg/) la nong d6 methyl da cam tai thoi
diémt, V(1) 1a the tich dung dich methyl da cam va W (g) la
khéi lwong chat hap phu nanocomposite ZnO/CS.

3. Két qua va ban luan

Hinh 1 trinh bay gian d6 nhidu xa tia X cua vét liéu nano
ZnO/CS. C6 thé thiy, chi c6 mot pha tinh thé duy nhét, cac
peak déu trung vai cac peak twong img voi ZnO tinh thé luc
phuong wurtzite theo thé dir liéu chuan JCPDS (36-1451)
[10]. Diéu nay chimg minh, san pham chtra thanh phan tinh
thé ZnO tinh khiét va khong con pha tinh thé nao khéc.

Cwong do

20 30 40 50 80 70 80
20

Hinh 1. Phd nhiéu xa tia X cGia nano ZnO/CS.

Bang 1 thé hién cac thong s6 cua phd nhidu xa tia X cua
vat liéu nano ZnO/CS st dung phén mém X’Pert HighScore
khi so sanh v&i phé chuén cua tinh thé ZnO, cac vi tri peak
dic trung va cudng do trong ddi cua cac peak trong vt lidu
déu kha twong ddng vai phd chuén. Kich thude nhé cua tinh
thé duoc chimg to qua sw mé rong ciia cic peak thu duoc.
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Bang 1. So sanh cac théng sé cia mau nano ZnO/CS va mau
chuén.

JCPDS (36-1451) Nano ZnO/CS

20 %l 20 %l FWHM
31,76 57 31,75 56,01 0,2362
34,42 44 3431 40,21 0,18
36,25 100 36,22 100 0,2952
47,53 23 47,58 24,57 0,2066
56,60 32 56,55 45,8 0,2362
62,86 29 62,82 32,1 0,4133
67,96 22 67,82 25,74 0,3542
69,09 16 69,02 14,47 0,1771

Cong thirc Scherer dugc ding dé tinh kich thude tinh thé
cua vat liéu:
kA )
LcosO

trong d6: D la kich thudc tinh thé, k=0,94, budc song A cua
tia X - 0,154 nm, do rong peak P tai vi tri nira chiéu cao
(FWHM) [10]. Tir gian dd nhidu xa tia X (hinh 1) va cac
thong s6 trong bang 1 ¢ thé thay, peak tai vi tri goc 2 O 1a
36,22° 1a peak c6 cudong do 16n nhét (100%). Do d6, nhom
tac gia st dung peak nay dé tinh kich thudc cua tinh thé
nano ZnO. Theo d6, kich thudc tinh thé tinh theo cong thic
Scherer cua vat liéu ZnO 1a 29,6 nm.

Kich thudc cling nhu hinh thai hat ctia vat liéu nano
ZnO/CS, dugc xac dinh bang phuong phap kinh hién vi
dién tor quét (FESEM) va kinh hién vi dién tir truyén qua
(TEM) (hinh 2). Theo két qua thu dugc, vét liéu nano ZnO/
CS bao gém cac hat hinh cu va cac hat hinh luc giac ¢o
kich thudc 20-40 nm. Trong mot sé nghién ctru khéc, khi st
dung nguyén liéu dau 12 mudi Zn(CH,CO0), th‘} san pham
nano ZnO thu dugc sé€ c6 dang hinh que 1a chu yéu [11, 12].
Diéu nay co thé gitp kiém soat hinh dang cta vat liéu theo
mong mudn, tity theo cac yéu cau khic nhau. Tuy nhién, co
ché cy thé chinh xéc thi cAn cac nghién ctru sdu hon.

*8

Hinh 2. Anh kinh hién vi dién tir quét (trai) va kinh hién vi dién to
truyén qua (phai) cia mau vat liéu nanocomposite ZnO/CS.
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Hinh 3. Sw phu thuéc cta dung lwgng hap phu methyl da cam Ién
vat liéu nanocomposite ZnO/CS vao thei gian.
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trong do: q, (mg/g) 1a dung lugng hap phu methyl da cam
O trang thai can béng; q,, (mg/g) la dung lugng hap phu
methyl da cam cyc dai theo 1y thuyet C, (mg/1) 1a nong do
methyl da cam ¢ trang thai can bang, K (Umg) 1a hing s6
Langmuir; K ((mg/g).(I/mg)'") 1a hang s Freundlich.

Hinh 4 thé hién do thi tuyen tinh cia dudng hap phu
dang nhiét Langmuir va Freundlich ctua methyl da cam 1én
vt liéu nano ZnO/CS. Tir nhimg dudng dd thi nay, nhimng
thong s6 cua qua trinh hap phu nhu q,, K va K, dugc tinh
toan va biéu dién trong bang 2. Tu két qua thu duorc c6 thé
thay, qua trinh hdp phu dang nhiét methyl da cam tuan theo
phuong trinh dang nhiét hap phu Freundlich véi hé s6 tuong
quan R? 12 0,9895, 16n hon so voi hé s6 twong quan phuong
trinh Langmuir (R>=0,8457). Do d6, qua trinh hip phu dién
ra theo co ché da 16p.

T —

3,04 ™ B

284

2,6 1 )
y=0,6451x + 1,392 R"=0.9895
2,4 1

2,24

Lnge

T
-0,5 0.0 0,5 1.0 15 2.0 2.5
InCe

Hinh 4. Pwéng ddng nhiét Langmuir (trai) va Freundlich (phai) hap phu methyl da cam déi v&i vat liéu nanocomposite ZnO/CS.

Nhu di biét, nong d6 ban diu cia methyl da cam (O]
va thoi gian hip phu c6 kha ning anh huong toi kha ning
hap phu ctia vat liéu. Nhom tac gia di khao sat anh huong
ny va biéu dién két qua thu dugc trong hinh 3. Két qua cho
thdy, trong 5 phat dau tién, dung luong hap phu tang kha
nhanh, sau d6 giam din va dat téi trang thai cAn bang sau
khodng 20 phut. Ngoai ra, khi ting C thi dung lugng hap
phu methyl da cam ciing tang Ién tuong Gng (hinh 3).

Hai mo hinh duong dfmg nhiét hap phu Langmuir (biéu
din sy hap phu don 16p) va Freundlich (biéu dién sy hap
phu da 16p) 1a cac mo hinh dwogc sir dung phd bién trong
céc nghién ctru vé qué trinh hap phy dang nhiét. Do vay,
trong nghién ctru nay, nhom tac gia da dung 2 mo hinh trén
dé kiém ching su hép phu cua methyl da cam 1én vét li¢u
da tong hop dugc. Dudi day 1a nhiing phuong trinh dang
tuyén tinh twong (mg véi hai mé hinh hap phu Langmuir va
Freundlich [7, 9]:

Ceo Lo 1 3)
e dm aAm-KL

1
Inq, = InKp + ;lnCe 4)
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Nhu vay, theo tinh toan ctia nhém tac gia khi su dung
mo hinh Langmuir, dung luong hap phu cuc dai ciia methyl
da cam trén nanocomposite ZnO/CS 1a 33,90 (mg/g). Nhom
tac gia di tién hanh so sanh két qua thu duoc véi nhiing
Kkét qua nghién ctru trén nhiéu loai vat liéu cta cac bai bao
tuong tu, dd dugc xudt ban cua cac tac gia khac (bang 3).
Theo d6, dung lugng hép phu cuc dai methyl da cam cua
vat liéu nanocomposite ZnO/CS thu dugc trong bai bao nay
tuong ddi tot, chimg to vat liéu nanocomposite ZnO/CS nay
¢6 tiém nang phat trién va Gng dung trong xir Iy 6 nhiém
thudc nhudm hiru co.

Bang 2. Cac thong sé6 mé hinh hap phu ding nhiét Langmuir va
hép phu dang nhiét Freundlich.

HAp phu Langmuir Hép phu Freundlich

q, (mg/g) K, (/mg) R’ K, (mg/g).(Ymg)""  1/n R’

33,90 0,18434 0,8457 131,871 0,35186  0,9895
1



Khoa hoc Tu nhién | Héa hoc; Khoa hoc Ky thuat va Cong nghé | Ky thuat vt ligu va luyén kim, Cong nghé nano

Bang 3. So sanh kha nang xir Iy methyl da cam v&i mot sé vat liéu
hép phu khac.

Loai vat liéu q,, (mg/g) Tai liéu
CS-polyaniline-copper(II) oxide 9,22 [1]

CS schiff/Fe,0, nanocomposite 16,00 [1]
CS/diatomic 26,50 [13]
Fe,O,/mesoporous carbon 35,12 [14]
LDH/Fe,0 /polyvinyl alcohol 19,59 [14]

CS sinh khéi 29 [15]
Mang CS 8,41 [16]
Tro day 3,61 [17]
Pau nanh da khir dau 16,66 [17]
Gel CS 23,10 [18]
ZnO/CS nanocomposite 33,90 Nghién ctru nay

4. Két luan

Trong bai bao nay, vat liéu nano ZnO/CS da duoc téng
hop thanh cong bang phuong phap ddng két tua. Vat lidu
nano ZnO/CS sau khi téng horp dugc phéan tich dic trung
bang cac phuong phap phé nhiéu xa tia X, FESEM va TEM.
Két qua cho théy, kich thudc trung binh cua tinh thé nano
ZnO khoang 29,6 nm. Két qua hinh anh SEM, TEM cho
théy, vat liéu nano ZnO/CS c6 dang hat hinh cau va luc giac
v6i kich thude trong khoang 20-40 nm. Vit liéu tong hop da
dugc sur dung dé xir 1y loai bo chit mau methyl da cam khoi
dung dich nuéc. Thoi gian hap phy dat can bang sau khoang
20-30 phit va phu hop véi mé hinh déng nhiét Freundlich.
Vat li¢u dugc chimg minh c6 kha ning hép phu tét chit mau
methyl da cam véi dung luong hap phu cyc dai 1a 33,90
mg/g, chimg t6 vét liéu hoan toan c6 tiém nang phat trién dé
g dung 1am chét hap phu chit mau hitu co.
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Tom tit:

Thue vat hoang dai in dwoe 13 nhitng thue phdm “xanh - sach”, mang lai nhiéu loi ich vé sirc khée cho ngudi sir
dung va tao sinh ké cho ngudi dan dia phwong. Nghién ctru nay nham xac dinh tinh da dang thanh phén loai va gia
tri ciia thye vt hoang dai in dwoc tai rirng Tan Phii, tinh Pong Nai. Két qua cho thiy, 278 loai thudc 78 ho trong 5
nganh thyc vét bac cao ¢6 mach di dwoc ghi nhan. Trong s cac loai dwoc tim thiy, cé 5 nhém dang sdng, than g
chiém ty trong 16m nhit. Cé 8 nhém gia tri sir dung ciing dwgc ghi nhian, nhém thwe vt dung 1am rau va qua chiém
ty 18 16m (41,73-52,52%). 10 bd phin ciia ciy dwogc sir dung 1am thwe phim, 14, qua va ngon chiém ty 1¢ 16n nhét, hiu
hét cac loai cho 1 bd phén sir dung (66,19%). Cé 14 phwong phap ché bién mén in khic nhau, trong dé in séng va
niu canh 13 pho bién nhit. Cic loai ¢6 1 hoic 2 phuwong phap ché bién chiém wu thé (38,13-44,24%). Bén canh dé,
80 loai ciing dwoc xac dinh c6 gia tri bio tdn ¢ trong nuwée va qudc té.

Tir khéa: bao ton, gia tri sir dung, Tan Phii, thanh phan loai, thue vat hiru ich.
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Abstract:

Wild edible plants are essential “green-clean” foods which bring many health benefits to users and create livelihoods
for local people. This study aims to determine the diversity of species composition and value of wild edible plants
in Tan Phu Forest, Dong Nai province. The results showed that 278 species of 78 families belonging to 5 phyla of
vascular plants were recorded. Five groups of life forms were found among the species, with woody plants comprising
the largest proportion. Eight use-values were also recorded: the group for vegetables and fruits accounts for a large
proportion (41.73-52.52%). Ten parts of the plant were used for food; leaves, fruits, and tops account for the most
significant proportion, and most species have only 1 part used (66.19%). Fourteen processing methods to create
different dishes, eating raw and cooking soup, were the 2 most common methods, with 1 and 2 predominating (38.13-
44.24%). Besides, 80 plant species were also identified with domestic and global conservation value.

Keywords: conservation, species composition, Tan Phu, useful plants, use value.

Classification numbers: 1.6, 2.8, 4.4
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1. Dt van de

Thyc vat hoang dai an dugc trong ty nhién 1a nguén thuc
pham trong bita an hing ngay cuia cic cong dong ban dia
[1], cung cdp va bd sung cac chét dinh dudng, vitamin can
thiét cho co thé [2, 3]. Bén canh do, ching 1 nhitng thuc
pham “xanh - sach” hau nhu khong anh huéng xau dén st
khoe ngudi tiéu ding do khong sir dung phan bon va thude
bao v¢ thuc vat [3-5]. Ngoai ra, thyc vat an dugc con tao
smh ké cho nguoi dan dla phuong, g6p phan nang cao doi
song, ddng thoi tao su 6n dinh vé an ninh lu’ong thyuc va trat
ty x4 hoi. Piéu nay cho thiy vai tro va tiém ning 16n ciia
thyc vat dn duoc ddi véi con ngudi [5]. Tuy nhién, hién nay
con nhiéu hé sinh thai trén thé gidi noi chung va Viét Nam
noi riéng van chua duge kham pha diy du, toan dién vé tinh
da dang va loi ich cta thyc vat an dugc, bao gém rung Tan
Phu, tinh Pong Nai. Do d6, nhimg nghién ctru tiép theo vé
thuc vat an dugc & nhiing diéu kién sinh thai khac nhau 12
can thiét.

Nghién ctru nay dugce thuc hién tai rung Tan Phu, thudc
dia phan huyén Dinh Quén, tinh Déng Nai. Ban quan ly rung
phong ho Tan Phu (rimg Tan Phi), tinh Dong Nai, tién than
1a Lam truong Tan Phu duoc thanh 1ap theo Quyét dinh sb
603/UBND/2007 [6] ctia Uy ban nhan déan tinh Ddng Nai,
v6i tong dién tich tuy nhién 1a 13.943,20 ha. Noi day a mot
trong nhitng khu vuc phong phu vé tai nguyén thuc vét [7]
néi chung ctua ving Pong Nam B9, vdi nhiéu loai thuc vat
c6 gia tri bao ton cao nhu Tric (Dalbergia cochinchinensis
Pierre), Cam lai (Dalbergia oliveri Gamble ex Prain), G do
(Afzelia xylocarpa (Kurz) Craib.)... Bén canh do, cac san
phérn 1am san ngoai gb cling ratda dang, dac bict 1a thyc vat
hoang dai an duoc (thuc vat an dugc) cung cép gia vi, hoa,
qua, rau, tinh bot va nhiéu san pham hitu ich khac cho ngudi
dan dia phuong. Tuy nhién, cho t&i thoi diém hién tai, chua
c6 nghién ctru nao dé cép chi tiét dén van dé nay. Nghién
ctru nay dugc thyc hién nhdm xac dinh tinh da dang vé phan
loai va tiém ning vé gia tri sir dung cta thyc vat an dugc
o khu vuc nghlen cuu. Trén co sd d6 giap co quan quan ly
dé xuat chién lugc quan 1y, bao ton va phat trién bén viing
nguon tai nguyén gia tri nay.

2. Phuong phap nghién cliu

2.1. Ké thira

Nghién ctru nay ké thira chon loc cac bai bao trong nudc va
qudc té lién quan dén thuc vat an dugc, kinh nghiém thuyc tién
cua cén by quan ly ring, dac biét 1a nguoi dan dia phuong.

2.2. Phéng vin

Téng cong 45 phiéu phong van ban dinh hudng duogce su
dung dé thu thap thong tin. Trong d6, 12 phiéu cau hoi danh
cho cén bd bao v¢ rung va 33 phicu cau hoi danh cho nguoi
dan dia phuong [8]. Céc thong tin vé tén loai, cong dung, b
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phan sir dung, phuong phap ché bién va st dung duoc thu
thap dya trén bd cau hoi dugc chuén bj trude.

2.3. Piéu tra theo tuyén

Nghién ciru nay da thiét ké 35 diém nghién ctru trén
toan khu vuc (hinh 1). Trén mdi diém nghién ciru thiét lap
2 tuyén dé thu thap dir liéu. Cac tuyén duoc thiét lap di
qua céc kiéu rumg, dia hinh dic trung & mdi diém nghién
cuu. Dit liéu thu thép theo tuyén duoc thuc hién theo “Cac
phuong phap nghién ctru thuc vat” [9]. Mdi tuyén c¢6 chiéu
dai 1-3 km, rdng 5 m.
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Hinh 1. Ban dé khu vwc nghién ctru.
2.4. Phan tich dir liéu

Trong nghién ctru nay, phuong phap so sanh hinh thai
da dugc sir dung dé dinh danh tén loai cay, dya trén nhimng
tai liéu Cay co Viét Nam [10] Tai nguyén gé Viét Nam
[11]. Tén phd thong, dang sdng dugc xac dinh theo Cay co
Viét Nam [10]. Gié tri st dung dugc xac dinh theo Cay co
Viét Nam [10], Useful Tropical Plants [12], két qua phong
van va céc tai lidu c6 lién quan. Tén khoa hoc dugc hi¢u
chinh theo Plants of The World Online [13], The World Flora
Online [14]. Phan loai thyc vat theo Nhom Phat sinh ching
loai Thyc vat hat kin (APG) IV [15]. Phéan loai tinh chét sir
dung cua thyc vat an dugc cin cir két qua didu tra, phong
vén, ké thira tai lidu. Gié tri bao ton dugc xéc dinh dua trén
Sach do6 Viét Nam [16], Nghi dinh 84/2021 [17], Danh lyc
do TUCN [18].

3. Kétqua
3.1. Pa dang thanh phan loai thue vit an dwgc

Da dang thanh phan loai bac nganh va dudi nganh:
Thong qua phong van va diéu tra hién trudng da thong ké
duoc céc loai thuc vat an dugc ¢ rung Tan Phu, Béng Nai.
Két qua duge tom tit & bang 1.
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Bang 1. Phan b6 thye vat an dwoc & cac bac taxon.

Ho Chi Loai
TT Nganh S6 mE S§ Tk S Tk

luegng (%)~ legng (%) lwgng (%)
| Thongdit  Lycopodiophyta 1 128 1 053 1 0,36
2 Duongxi  Polypodiophyta 4 5136 317 6 2,16
3 Hattrn Gymnospermatophyta 1 128 1 053 1 0,36
4 Daygim Gnetophyta 1 128 1 053 3 1,08
5 Hatkin Angiospermophyta 7 91,03 180 9524 267 96,04
5.1 Hailimim  Dicotyledoneae 56 71,79 150 7937 225 80,94

5.2 Motld mim Monocotyledoneae 15 1923 30 1587 42 1511

Téng (1+243+4+5) %100 189 100 278 100

Nghién ctru nay da kham pha dugc 278 loai thuc vat an
duoc cua 189 chi, 78 ho thudc 5 nganh thuc vat c6 mach
da dugc xac dinh. Bang 1 chi ra rang, cic nganh Thong
dat (Lycopodiophyta), Duong xi (Polypodiophyta), Hat tran
(Gymnospermatophyta) va Day gam (Gnetophyta) chiém ty
trong rat nho so véi tong s cac taxon dugc ghi nhan (tir
0,36% dén 5,13% & cac bac taxon). Trong khi do, phén 16n
cac loai thyc vat dn dugc duge tim thay ¢ rimg Tan Phu
thuoc nganh Hat kin (Angiospermophyta), chiém trén 91%
& tat ca cac bac taxon (91,03% sb ho, 95,24% s6 chi va
96,04% s loai). Trong nganh Hat kin (Angiospermophyta),
16p hai 14 mam (Dicotyledoneae) chiém wu thé (chiém ty
trong trén 71% & cac bac taxon) so v6i 10p mot 14 mam
(Monocotyledoneae).

Da dang bdc ho va chi: Nghién cuu da liét ké duoc
10 ho thyc vat giau co vé loai véi téng s6 114 loai chiém
41,01%. Trong d6, ho Pau (Fabaceae) da dang nhat voi 22
loai (7,91%), tiép dén 1a Clic (Asteraceae) 16 loai (5,76%),
Bong (Malvaceae) 13 loai (4,68%), ho Diép ha Chau
(Phyllanthaceae) 12 loai (4,32%), ho Sim (Myrtaceae) va
ho Dau tam (Moraceae) c6 cung 11 loi (cting ¢6 3,96%),

Fabaceae 22
Asteraceae 16
Malvaceae 13
Phyllanthaceae 12
Myrtaceae 11
Moraceae 11
Dioscoreaceae 8
Anacardiaceae 8

Amaranthaceae 7

Poaceae 6

0 5 10 15 20 25
Hinh 2. Théng ké 10 ho da dang nhét.
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ho Cu nau (Dioscoreaceae) va ho Xoai (Anacardiaceae)
¢6 cung 8 loai (2,88%), Rau dén (Amaranthaceae) 7 loai
(2,52%) va Co (Poaceae) 6 loai (2,16) (hinh 2). Ngoai ra, c6
5 ho vo6i 5 loai (1,80%), 6 ho voi 4 loai (1,44%), 8 ho voi
3 loai (1,08%), 12 ho véi 2 loai (0,72%) va 31 ho don loai
(0,36%) cling da dugc xac dinh.

10 chi ¢6 s6 loai phong pht nhat véi téng cong 50 loai
(17,99%) da duoc thong ké. Chi Sim (Syzygium) da dang
nhit v6i 9 loai (3,24%), tiép dén Cu nau (Dioscorea) 8
loai (2,88%), Sung (Pa) (Ficus) 7 loai (2,52%), Choi moi
(Antidesma) va Bua (Garcinia) c6 cung 5 loai (1,80%),
Xoai (Mangifera) 4 loai (1,44%), 4 chi gdom Thai lai
(Commelina), Ca (Solanum) va Diép ha chau (Phyllanthus)
va Mit (Artocarpus) cé cung 3 loai (1,08%) (hinh 3). Mat
khac, 11 ho c6 cung 3 loai (1,08%), 26 ho c6 2 loai (0,72%)
va 142 chi don loai ciing da dugc ghi nhan.

Syzygium 9
Dioscorea 8
Ficus 7
Antidesma 5
Garcinia 5
Mangifera 4
Commelina
Solanum
Phyllanthus

Artocarpus

wWoow W W

0 1 2 3 4 5 6 7 8 9

Hinh 3. Théng ké 10 chi da dang nhét.

Pa dang vé dang song: C6 5 dang sdng cua thyuc vat
an duogc da dugc xac dinh bao gém than gd, than thao, day
leo, than buyi va phu sinh - ky sinh. Trong d6, than gd c6 sb
loai nhiéu nhét (114 loai, 41,00%), tiép dén 14 than thao (79
loai, 28,42%), day leo (47 loai, 16,91%), than bui (35 loai,
12,59%) va thap nhat 1a phu sinh - ky sinh (3 loai, 1,08%)
(hinh 4).

Phu sinh/Ky
sinh (1,08%)

Day leo
(16,91%)

Hinh 4. Nam dang séng cta thyc vat dn dwec & rivng Tan Pha.
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3.2. Da dang gida tri ciia thuc vt an dwgc

Da dang muc dich s dung: Can clt Kkét qua diéu tra hién
truong, 8 nhom gia tri da duge su dung lam thyc phém la
rau, qua, gia vi, tinh bot, dd uéng, men ruou, hat va lam
banh. S6 lugng loai cho rau va quéa chiém da sb so véi cac
nhom con lai (tuwong ung 1a 146 luogt loai, chiém 52,52% va
116 lugt loai chiém 41,73%). Nhém cho gia vi va tinh bot
c6 cung 27 luot loai (9,71%), cac nhom con lai co sb luot
loai it (tir 6-17 lugt loai, twong Uing 2,16-6,12%) (bang 2).

Pa dang bo phan sir dung: 10 bd phan cia thyc vat an
dugc co gia tri st dung gom vo, ré, than ré, than, cu, hat,
hoa, ngon, qua va la. Trong do, 1a cé sb luong luot loai
nhiéu nhat (137 luot loai, chiém 49,28%), tiép dén 1a qua
(124 luot loai, 44,60%), ngon (54 luot loai, 19,42%), hoa va
hat (cung c6 16 lugt loai, 5,76%), cu (10 loai, 3,60%), than
va than & (c6 cung 7 loai, 2,52%), 1& (4 loai, 1,44%), thip
nhét 12 vo (1 loai, 0,36%) (bang 3).

Bang 3. Da dang bd phan str dung ctia thwc vat an dworc.

A A o2 X as 2 1A (0,
Bang 2. Da dang gia tri str dung ctia thwec vat an dwoc. T B9 phan sir dyng UL Ty 1¢ (%)
1 V6 (Bar) 1 0,36
TT  Phan loai S6 lwgt loai Ty 18 (%) .
2 Ré (Roo) 4 1,44
1 Bénh (Cak) 6 2,16 3 Thén r& (Rhi) 7 2,52
2 Hat (See) 9 3,24 4 Than (Ste) 7 DS
3 Men ruou (Alc) 15 5,40 5 Cu (Tub) 10 3,60
4 P uéng (Bev) 17 6,12 . Lef (e e Shi9
7 Hoa (Flo) 16 5,76
5 Tinh bot (Sta) 27 9,71
8 Ngon (Sho) 54 19,42
6 Gia vi (Spi) 27 9,71
9 Qué (Fru) 124 44,60
7 Qua (Fru) 116 41,73 10 Lé(Lea) 137 49,28
8 Rau (Veg) 146 52,52 Téng 376* 135,25
Téng 363* 130,58 *: Téng s6 lwot loai I&n hon sé loai dwgc ghi nhan va ty 1é % Ién hon

*: Tdng s6 lwot loai I&n hon sb loai dwgc ghi nhan va ty 1é % Ién hon
100% la do mot loai co thé cho mét hodc nhiéu gia tri stv dung khac
nhau.

Hau hét cac loai thuc vat an duge cho mot gia tri su
dung, v&i tong sb 200 loai (71,94%). Nhom niy bao gdom
céc loai 1am rau va cho qua. Sb loai cho 2 nhom gia tri sir
dung 1a 67 loai (24,10%), gdm nhing loai cho qua va hat,
rau va gia vi. it nhit 1a nhém cho 3 gia tri str dung voi 11
loai (3,96%) (hinh 5).

1,08%
4,68%

1 b phan
®2 b phin

3 bd phén
B4 b phan

u Toan cay

Hinh 5. Théng ké s6 lweng loai theo bd phan st dung.
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100% l& do mét loai c6 thé cho mét hodc nhiéu bd phan khac nhau.

MBJi loai ¢6 thé cho mét, hai hodc nhiéu bo phén st dung
khéac nhau. Theo do, 184 loai (66,19%) c6 mot bd phan
duoc str dung 1am thire an, tiép dén 76 loai (27,34%) co 2
b phan, 13 loai (4,68%) c6 3 bd phan, 3 loai (1,08%) co6 4
bd phan va thip nhét chi co 2 loai (0,72%) c6 thé s dung
toan cay lam thuc pham (hinh 5).

Pa dang phwong phdp ché bién: Co 14 cach ché bién
thuc vat an duoc lam thuc pham da dugc liét ké. Chiém da
s6 1a an sdng (153 lugt loai, 55,04%). Nhom nay bao gdm
céc loai cay cho qua, 14 non, ngon non dé an séng. Nau canh
1a cach ché bién c6 s6 lugt loai chiém ty trong dang ké (125
luot loai, 44,96%). Day 1a cach ché bién phd bién ciia nguoi
Viét Nam noi chung va nguoi dan dia phuong ndi riéng, vi
n6 don gian va dé ap dung. Cac loai cay cho 14 non, ngon
non hau hét déu sir dung phuong phéap nay dé ché bién thuc
an. Ludc ciing 1a cach ché bién phd bién trong cac gia dinh
ngudi Viét, cach ché bién nay don gian, khong sir dung thém
gia vi nén it anh huong dén strc khoe ngudi dung. Nhom nay
6 tong s 45 luot loai (16,19%). Mudi mot cach ché bién
con lai ¢6 sb luot loai rt thap (tir 2 dén 17 luot loai) va
chiém ty trong khong déng ké (0,72-6,12%), bao gdm xao,
mubi dua, ndm, rang, nwéng, ham, ngam ruou. .. (bang 4).
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Bang 4. Da dang phwong phap ché bién thwc vat an dwoc.

TT Cich ché bién S lwgt loai Ty 18 (%)
1 Kho (Poa) 2 0,72

2 Ngam ruou (Piw) 2 0,72

3 Ham (Ste) 3 1,08

4 Hép (Sta) 3 1,08

5 Nuéng (Gri) 3 1,08

6 Léu (Hop) 5 1,80

7 Rang (Roa) 6 2,16

8 Nom (Sal) 10 3,60

9 Gid nho (Cho) 10 3,60

10 Mubi dua (Pic) 17 6,12

11 Xao (Stf) 17 6,12

12 Ludc (Boi) 45 16,19
13 Néu canh (Coo) 125 44,96
14 An séng (Raw) 153 55,04
Téng 401 144 24"

* Tong s6 lwot lodi Ién hon s lodi dwoc ghi nhan va ty 1& % I&n hon
100% |a do mat loai cé thé co mdt hodc nhiéu cach ché bién khac nhau.

Trong sd cac phuong phap ché bién, 123 luot loai
(44,24%) ¢6 1 cach ché bién, chu yéu 14 an sbng, ludc hodc
nau canh. Tiép dén 106 loai c6 2 cach ché bién (38,13%),
nhom nay bao gdm céc loai cho ngon, 14 1am rau dé lugc va
nau canh. S6 luot loai c6 4 cach ché bién 1a 14 loai (5,04%),
thip nhat 1a nhom loai co 5 cach ché bién véi 3 luot loai
(1,08%) (hinh 6).

“ 1,08%
11,51% ’

Hinh 6. Théng ké s6 lwong loai theo cach ché bién.

Mot

u Hai
Ba

= Bén

ENim

Pa dang gid tri bdo ton: Trén co so thanh phan loai da
duogc ghi nhén tai khu vie nghién ctru, dbi chiéu véi danh luc
Sach do Viét Nam (2007), Nghi dinh 84/2021 (ND 84/2021)
ctia Chinh Phu va Danh luc Sach d6 TUCN (2022). Téng s6
80 loai thuc vat bi de doa da dugc xac dinh (hinh 7).

Trong d6, 4 loai dugc tim thiy trong Sach do Viét Nam
(2007), 77 loai trong Danh luc Sach do IUCN (2022) va 3
loai trong Nghi dinh 84/2021 cua Chinh phu (2021).
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Hinh 7. Théng ké thwc vat nguy cap, quy, hiém.

EN: nguy cap, VU: s& nguy cap, NT: sap bi de doa, LC: it lo ngai, SDVN:
Sach dé Viét Nam, IUCN: Danh luc Sach dé IUCN, NP 84/2021: Nghi
dinh 84/2021 clia Chinh phd.

Sach d6 Viét Nam (2007): C6 4 loai, 2 loai phan hang
Nguy cdp (EN-Endangered) 1a G& d6 (Afzelia xylocarpa
(Kurz) Craib.), Nan nghé (Dioscorea collettii Hook.f.); va
2 loai phan hang S& nguy cép (VU-Vulnerable) 1a Com héo
nuée (Elaeocarpus hygrophilus Kurz) va Thiét dinh 14 be
(Markhamia stipulata (Wall.) Seem.).

Danh lyc Sach d6 IUCN (2022): Pay 1a nhoém c6 sb loai
nhiéu nhat (77 loai). Trong do6, hau hét cac loai dwoc phan
hang It lo ngai (LC-Least concern). Xoai ring (Mangifera
minutifolia Evrard) va GO do (Afzelia xylocarpa (Kurz)
Craib.) duoc phan hang Nguy cdp (EN-Endangered).
Khoai mai (Dioscorea brevipetiolata Prain & Burkill) va
Thién tué (Cycas siamensis Miq.) phan hang S& nguy cip
(VU-Vulnerable). Ba loai phan hang Sip bi de doa (NT-
Near threatened) 1a Xay (Dialium cochinchinense Pierre),
Ba chia (4glaia grandis Korth. ex Miq.) va Truong mat
(Amesiodendron chinense (Merr.) Hu).

Nghi dinh 84/2021: Ba loai dugc xac dinh thudc nhom
ITA 1a GO mat (Sindora siamensis Teijsm. ex Miq.), GO
d6 (Afzelia xylocarpa (Kurz) Craib.) va Thién tué (Cycas
siamensis Miq.).

4. Két luan

Rung Tan Phu, tinh DPong Nai ¢6 tinh da dang cao vé
thanh phan loai va tiém ning sir dung cac loai thuc vat in
duoc. Téng s6 248 loai cua 189 chi, thudc 78 ho thuc vat da
dugc ghi nhan. Hau hét cac loai phan bd trong nganh Hat
kin (Angiospermophyta). Mudi ho va chi da dang nhat cia
thuc vat an duge cling da dugc liét ké. Thyuc vat than go 1a
dang sbng chiém ty trong 16n nhit (41,01%) so voi than
thao, than bui, day leo va phu sinh - ky sinh.

Thuyc vat an dugc c¢6 tiém ning 16n vé gia tri st dung va
bdo ton, vdi 8 nhom gia tri st dung dugc ghi nhan, qua va
rau ¢ sO luong loai nhi€u nhat (41,73-52,52%, hau hét cac
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loai cho mot gia tri st dung (71,94%). La 1a bd phan duoc
sir dung nhiéu nhat (49,28%), qua (44,60%), 8 nhém con
lai chiém ty 18 thap (0,36-19,42%). C6 14 cach dé ché bién
cac mon an khac nhau da duoc théng ké: an séng, néu canh
va lugc 1a phd bién nhét, 12 cach con lai chiém ty trong
khong dang ké. Ngoai ra, 80 loai ¢ gia tri bao ton da dugc
xac dinh co6 tén trong Sach do Viét Nam (2007), Nghi dinh
84/2021 cua Chinh phu va Danh luc Sach do ITUCN (2022).

Viéc st dung cac loai thuc vat hoang dai an duoc “xanh
- sach” 14 xu hudng tat yéu trong bdi canh cac loai rau xanh
hién nay st dung thudc bao vé thuc vat, kho kiém soat trude
khi dwa ra thi truong tiéu thy. Bao ton va phat trién cac loai
thuc vat hoang dai an duoc da gia tri - da 191 ich, nhim cung
cép mét cach 6n dinh, déng thoi duy tri hién trang cac hé
sinh thai ring, da dang thuc vat va kién thirc ban dia 1a mot
trong nhiing thach thirc 16n trong phat trién bén viing tai
nguyén rirng. Do do, trong thoi gian téi nén nghién ctru sdu
hon vé thuan héa cac loai thue vat an dugce, dic biét 1a cac
loai cdy da tac dung, nham dap g nhu cau tiéu dung, gop
phan lam giam 4p lyc 1én tai nguyén rimg.
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Ung dung thuat toan quy hoach dong
de phan tich lya chon toi wu trong xay dung
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Tom tiit:

Xu huéng irng dung cong nghé thong tin vao cac linh vue doi song va nganh cong nghié¢p xay dung la xu thé tat yeu
hién nay. Viéc ap dung nay déng vai tro rit quan trong trong su phat trién ciia nganh xay dung, nhiam han ché rii
ro trong giai doan thiét ké, tiét kiém chi phi, ning cao hi¢u qua cong viéc trong giai doan trién khai thi cOng va mang
1ai lgi nhudn t6t nhét cho cac bén lién quan tir giai doan thiét ké dén khi van hanh khai thac cong trinh. Trong bai
bao nay, ching ti xem xét vi¢c irng dung thuat toan quy hoach dong aé phén tich, Iwa chon t6i wu cac hang myc xiy
dung dé cho nha thiu cé dwoc loi nhuin tot nhit. Chiing t6i dé xuit cac bai toan don dleu Kkién rang budc vé thoi
gian, dén bai toan da diéu ki¢n rang budc vé thoi gian va lgi nhuin lén nhét cho mjt to thi cOng cia nha thau. Két
qua cho thay, bai toan don didu kién c6 thé sir dung phwong trinh quy déi cia quy hoach dong, véi tham bién thoi
gian sap xeép cac hang muc cho 10i giai nhanh chong va chinh xac. Trong bai toan da diéu kién, hé thong phuong
trinh véi cac tham bién vé thoi gian va lgi nhuin cia quy hoach dfng da dugc cai tién trong bai bao nay daé gidi bai
toan 10 hang muc rit nhanh va hiéu qua. Nhirng két qua nay cho phép trng dung thuit toin quy hoach dfng vao
phén tich va tdi wu cAc bai toan trong linh vure xdy dung, gitip ning cao hi¢u qua cong trinh.

Tir khod: phan tich dir liéu, phan tich tbi wu, thi cong xay dwng, thuit toin quy hoach dong.
Chi s6 phan logi: 1.8, 2.1
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Abstract:

Information technology is commonly applied in all parts of life, as well as in the construction industry, and has
become a pressing issue at present. These applications play an important role in the development of the construction
industry, aiming to prevent risks during the design, save costs and increase work efficiency during construction and
monitoring and bring the best profit for stakeholders. In this article, a dynamic programming algorithm is used to
analyse and optimise the selection of construction project items to help contractors achieve the greatest profit. We
propose problems ranging from single-condition focusing on time to multi-condition scenarios that include both
time and maximum profit of a construction team. The results show that for single-condition problems, the dynamic
programming equation with a time variable to sort construction project items can be solved quickly and accurately.
For multi-condition problems, the system of equations with time and profit variables in dynamic programming has
been improved in this paper to solve 10 construction project items rapidly and efficiently. These obtained results
allow the application of the dynamic programming algorithm to analyse and optimise problems in the construction
field, aiming to enhance the construction project efficiency.

Keywords: construction, data analysis, dynamic programming algorithm, optimal analysis.

Classification numbers: 1.8, 2.1
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1. Téng quan nghién ciiu

Thuat toan quy hoach dong (QHD) (hay con goi la
Dynamic Programming) 1a mgt nhanh cta nghién ctru cac
hoat dong dé duara nhiing quyét dinh lya chon tdi vu thude
mot trong cac phuong phap toan hoc t6i uu hoa. Trong
nhirng nam dau 1950, nha toan hoc ngudi My R. Bellman da
nghién ciru bai toan tdi uu hoa qua trinh ra quyét dinh nhiéu
giai doan (quy trinh quyet dinh nhleu bugc), mot nguyén
tac noi t1eng vé tinh t6i wu (nguyén tic tdi u'u) [1]. Thuat
toan QHD 1a mot k¥ thuat toan hoc hitu ich dé dua ra mot
chudi cac quyét dinh lién quan dén nhau, n6 cung cip mot
quy trinh c6 hé thong dé xac dinh su két hop t6i wu cua cac
quyét dinh. Hon nira, thuét toan QHB la mot loai cach tiép
can chung dé giai quyét van dé tbi uu va cac phuong trinh
cu thé dugc sir dung phai duoc phat trién dé phu hop véi
tung bai toan khac nhau [1-4].

Trong cac bai toan thudc linh vuc xay dung, c6 rat nhiéu
van dé can dugc toi wu, nhu bai toan tbi wu trong quan 1y dy
an, hodc t6i uu trong quan 1y chat lugng cong trinh, quéan ly
kho bii, quan 1y to doi thi cong, lap trinh trong xay dung...
dién hinh 14 cac nghién ciru nhu:

Nam 1975, D.R. Robison (1975) [5] d& d& xudt st dung
thuat toan QHD nham xac dinh wu tién phan bd ngudn luc,
nhan cong dé giam thiéu thoi gian thi cong cua du an. Ung
dung thuat toan QHD dé thiét k& va quan 1y ti wu trong cac
van d& vé khao sat da duoc tac gia E.G. Anderson (1984) [6]
trinh bay trong nghién ctru ciia minh. Theo d6, tac gia da cé
nhitng vi du minh hoa trong bai toan san l4p mit bang, lap
lich hoat dong khao sat, phan tich dir liéu dau vao do anh
hudng ciia bién thoi tiét. Trong nghién ctru cia P.O. Nowak
(2019) [7], tir dit liéu thong ké lién quan dén s luong chét
thai xay dung va qua trinh van chuyén chét thai tir cac cong
truong xdy dung, tac gia di st dung thuat toan QHD dé tinh
toan tai trong phu hop cua phuong tién van chuyén, nham
loai bo chét thai khoi cac cong trinh xay dung. Nhom tac gia
cling l1ap trinh tinh toan duoc viéc thay ddi loi nhuan khi chi
phi tai nguyén vat liéu thay ddi trong timg giai doan khéc
nhau, Umg dung tai Ba Lan.

Trong linh vyc giao thong: Thudt toan QHD duoc su
dung dé tinh chi phi t6i thiéu va chi phi trung binh trong xay
dung, bao tri hang nim bé mat duong bo do K.J. Feighan
va cs (1988) [8] dé xuat nam 1988. Phuong phap nay dugc
chiing minh giup gidm thoi gian tinh todn so vdi cac thuat
toan khac, nhung van dam bao d¢ chinh xac cua két qua
cudi cung. Khi xem xét cac loai tai trong nhu tai trong trén
lan déu, tai trong cla xe tai hai tryc va tai trong cua xe tai
hai truc cong voi tai trong cia so mi ro moc mot truc theo
thong s ky thuat cua Hiép hoi Puong Cao tdc va Giao
thong Van tai Hoa Ky (AASHTO), nhom tac gia H. Adeli
va cs (1989) [9] dd ung dung thuat toan QHP dé phan tich
luc hay chuyén vi ciia cic ciy cau dudi tic dung cia cic
loai tai trong do.
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Trong linh vyc xay dung cong trinh va quan ly tai
nguyén nude: Thuat toan QHP dugc ap dung dé phan tich
d6 6n dinh mai dbc, gitp t6i wu hoa qua trinh chong 16p
ludi phy 18n luéi phan tir hitu han, dé tim hinh dang va vi
tri ciia mat truot t61 han. Quy trinh nay giup giam thleu do
phtc tap ctia ham tinh toan cudng do cit va ing suét cit tac
dong trong khéi dat, cung truot dugc trinh bay trong nghién
ctru cua D.G. Fredlund va cs (2019) [10]. Thuat toan tbi
uu QHD ciing duoc ap dyng trong van d& quan 1y cac ho
chtra, cong trinh dau ngudn khi ¢é cac bién rang budc da
muc tiéu, M. Jamshidi va cs (1977) [11] da ing dung thuat
toan QHD dé kiém soat hé théng da muc tiéu caa hd chia
nuée & Khuzestan. Day ciing 12 bai toan dién hinh trong van
hanh lién ho chtra, ¢ thé ap dung trong diéu kién mang ludi
ho chira & Viét Nam hién nay. Nhom tac gia P.T.T. Phuong
va cs (2017) [12] 6 Viét Nam da tng dung thuat toan QHD
vao viéc tinh toan diéu tiét hd chira Ialy trén hé thdng song
Sesan, nham tang san lugng dién ti da vao mua kho cho hai
nam 2010 va 2012.

Trong linh vuc phat trién ung dung 1ap trinh: Z. Li va
cs (2015) [13] d& xuat d6i méi va nang cap cac phan mém
quan 1y dy an bang cac ky thuét phan mém linh hoat hon,
dé dap ung cac yéu cau ngay cang cao cua thuc té xay dung
va quan ly cong trinh, vi vy phuong phép thuét toan QHD
dugc d& xuat dé t6i uu héa, xir Iy cac van dé phat sinh.

Nhirng nghién ctru ¢ trén cho thdy, tmg dung thuit toan
QHBD vao cac bai toan xay dung rat da dang. Tuy nhién, van
dé ma nha thiu xay dyng luén quan tim d6 1a thoi gian thi
cong ng'fm nhét, chi phi thap nhat nhung 1oi nhuén ludn cao.
Vi vay, chling t6i tdp trung ung dung thuat toan QHD trong
bai bao nay dé phan tich va dua ra duoc cac lya chon ti uu.
Trinh bay tong quan thuat toan quy hoach dong tai phan 2
vé ly thuyét thuét toan co ban, sau d6 ap dung phén tich tdi
wu cac van dé trong diéu phdi to doi thi cong cua mot don
vi xdy dung nhu: t6i wu don diéu kién, t6i vu da diéu kién,
t6i wu da diéu kién nang cao tai phan 3. Phan 4 14 nhirng két
luén va kién nghi dé phat trién cac thuat toan trong linh vurc
xdy dyng nham ning cao ning lyc quan 1y, toi vu lya chon
hang muc cong trinh dé dat duoc loi nhuan tot nht trong
thoi dai chuyén doi s6 hién nay.

2. Thuat toan quy hoach dong

Thuat toan QHD 1a phuong phap giai quyét cac bai toan
tdi uu dugc nha toan hoc Richard Bellman phat trién vao
nam 1950 [1]. Thuat toan QHD nay s& chia nhd mot bai toan
16n thanh céc bai toan con c6 tinh cht don gian hon va c6
10i giai gidng nhau cho toan b cac bai toan con d6. Sau do
két hop cac két qua t6i vu ciia cac bai toan con dé tim ra 10i
giai to1 wru cho bai toan tong thé (bai toan 16n). Thuat toan
QHD duoc van dung dé t6i wu mot quyét dinh Iya chon nao
d6 bang cich chia nhé né thanh mot chudi cac budc quyét
dinh nho hon i hay goi 1a cac trang thai i, trong d6 i, nhan
gia tri tu 0 dén n trang thai. Tu do, thuat toan QHD sé& tim
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10i giai toi wu tung bude quyét dinh tai cic trang thai i nay
de tim dugc ket qué toi uu toan cuc bai toan. Hiéu thém
rang, trong moi trang thai i s& c6 nhimg tinh toan dé lya
chon quyet dlnh t01 uu d trong tap hop cac lya chon D, (VO’I

.....

i d6 (hinh 1) [2-4].

Trang thai Buée Trang thai | Bude Budc | Trang thai Bude Trang thai
> > > —
S I R R Y e R e
| idos) | | A | fres (et Sot) hldus) |

Hinh 1. M6 ta qua trinh phan tich bai toan quy hoach déng qua n
trang thai.

Goif, (d, s,) 1a ham gia tri nhin duoc tai trang thai 7, khi
d, la sy lya chon chudi tap hop dir lieu D va s, 1a budce tinh
cua qua trinh » trang thai nhu mo ta ¢ hinh 1.

Khi d6 gid tri ti uu cho toan b bai toan can tim la v (s )
duoc xac dinh theo cong thuc:

vn(sn) = Max[fn(dnv sn) +fn—1(dn—1'sn—1) +o +f1(d1151) +f0(d0,30)] (1)
trong d6:d, € D, v6ii=0,1,2,...,m

Xét tai trang thai n, gia tri nhan dugc tai trang thai nay la
/. (d, s, ), gia tri nay nhan duoc tai quyét dinh d ma khong
lién quan dén quyétdinh d_,...., d,, d,tai cic bude n-1,
1, 0. C6 nghia 14, trude tién chung ta tim gid tri 16n nhat cia
nhom truge do (tr i =0, 1,..., n-1) chomoid co6 thé, va sau
do6 chon d, dé t6i wu hoa phuong trinh s6 (1). Chung ta c6
thé viét lai phuong trinh trén nhu sau:

v (sy) = Max{fn(dnv Sn) (2)
+ Max(fy—1(dn_1,Sp-1) + -+ f1(d1,51) + fo(do, 50)1}

Trong phwong trinh s (2), thanh phan sb hang thi 2 don
gian 1a sir dung thudt toan QHP dé tinh gia tri t6i wu nhan
duoc tai bude n-1 cia trang thai n-1, tuong tu khi xét cho
céc trang thai khac. Do d6 chiing ta co thé viét lai phuong
trinh (2) bang cach thé hién quan hé dé quy nhu sau:

Vn(sn) = Max([f(dy, $p) + Vno1(Sp-1)] 3)

Phuong trinh (3) la phuong trinh téng quét ciia bai toan
tim kiém gla tri toi wu 16n nhat dugc mo ta chi tiét hon tai
hinh 1. P& minh hoa cic van dé trén, hinh 2 mé ta qua trinh
tim kiém gid tri t6i vu cho toan bd bai toan v (5,) thong qua
n trang thai khac nhau. Nhu vay tai day chung ta thdy rang,
trai qua moi budc tinh 7, thi gia tri t61 wu tai moi trang thai
dugc lya chon (hay quyét dinh) trong mot tap hop nhiéu gia
tri cia mdi trang thai d6 nhu v (s . ) dugc chon tai trang
thai 1; v, (s, ) duoc chon tai trang thai n-1.
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74 vi(sy) V-1 (81) .

r 7 nls)

Vn—1(52) \\

/y
vy(So) '\

\ Vy(Sp-1 Vn-1(Sm-1 /

Y (s

Vn-1 (Sm)

Hinh 2. M6 ta gia tri nhan dworc tai cac trang thai tir 0 dén n.

Trong quan hé d¢ quy ¢ phuong trinh (3) thi can chi &
gia tri tai trang thai ban dau. Trang thai ban déu, no thuc su
khong duogc tinh tir quan hé d¢ quy vi khong cé trang thai
nao sau trang thai nay nita. Do vay, n6 dugc xac dinh nhu
sau:

UO(SO) = Max fo(do,So) Vo1 do € DO (4)

Théng thuong thi khong giai quyét toi vu tai giai doan 0
vi 12 diém bt du trong toan bd cac giai doan dua ra quyét
dinh cta tong thé bai toan. C6 thé hiéu rang, tai giai doan
nay, chung ta c6 thé xem xét ldy mot g1a tri cuc tri dé xem
xét tinh toan. Tuy nhién sang cac budc tiép theo (i=1,...,n),
gia tri cuc tri s€ co thé khong phai 1a gia tri tai trang thai ban
dau duge chon ¢ trén. Vi trong thuat toan QHD, gia tri t6i
uu dugc xem xét tai trang thai cudi cung.

Tuong tu bai todn xac dinh téi wu gia tri 1on nhat, bai
toan xac dinh tdi wu nho nhét khi xét toan bd trang thai
n ma trong d6 cac gia tri ti vu trong mdi trang thai i 1a
f.(d,s).Goiu (s ) lagia tri tbi wu can nhan dugc xac dinh
theo cong thuc:

Mm[fn dn‘sn +fn 1( n- 1v5n 1)+ +f1(d1,51)+f0(d0,50)] (5)
trong do: d. € D, v6ii=0,1,2,...,m

Uy sn

Tir phuong trinh sé (2), (3) ¢ trén, ta c6 thé rat gon
phuong trinh tong quat xac dinh t0i wu gia tri nho nhat nhu
sau:

Un($0) = Min[fy (dn, $p) + tp-1(Sp-1)] (6)

Véi gia tri ban dau tai trang thai 0 cling duoc xac dinh
twong tu phuong trinh (4).

Uy (s9) = Min fo(dy, o) v6idy € Dy (7N

Tir cac phuong trinh trén chung ta co thé thay ring, bai
toan QHD c6 cac tham sé tham gia vao qua trinh d6 1a (i) s6
luong cac trang thai n, (ii) sb luong bién tham gia vao trong
mdi trang thai, (iii) cac rang budc lién quan dén gia tri nhan
dugc. Trong bai bao nay, chiing t6i sé€ tap trung nghién ctru
cac bai toan ing dung trong xay dung khi sir dung thuét toan
QHD dé tbi wu co xét dén cac rang budc.

21



Khoa hoc Tu nhién | Khoa hoc tinh todn; Khoa hoc Ky thuat va Cong nghé | Kj thuat dén dung: kj thuét dia chat cong trinh  ne—

~ e S - P ~ -0 ~ e
3. Mot s hai toan quy hoach déng dién hinh ap dung trong
Xay dung

Trong cac linh vye thudce nganh Xay dung hi¢n nay, co
nhiéu bai toan thyc té dit ra can duoc toi uu voi nhiéu rang
budc cu thé khac nhau giira viéc chon ti wu thoi gian thi
cong, tdi wu nguén nhan luec, tdi wu doanh thu. .. Mot sb bai
toan cu thé datra & dang tdi uu don diéu kién dén tdi vu da
diéu kién s& dugc trinh bay trong pham vi bai bao. Trong
nghién clru nay, ching t6i s€ 14p trinh tinh toan dya trén cac
ly thuyét phén tich cu thé dé co dugc cac 1o giai va dap an
t6i uru nhat.

3.1. Bai todn t6i wu dang don diéu ki¢n

Bai toan t6i uu dang don diéu kién 1a bai toan chi c6 mot
(01) diéu kién rang budc cy thé. Xét bai toan co n hang muc
xay dung vdi gia thanh dugc xem xét nhu nhau trén 1 don
vi thoi gian thi cong, mdi hang muc thir i ¢6 thoi gian bt
dau tai thoi diém A, va két thuc tai thoi diém B. Vén dé dat
ra 1a lam thé nao dé nha thiu co thé lya chon dugc nhiéu
hang muc xay dyng nhéat c6 thé cho mot (01) td doi thi cong
ctia nha thau.

Do chi xét mot to doi thi cong, nén 2 hang muc bét ky sé
duoc lya chon thi cong néu khoang thoi gian thi cong cla
chung khong tring 1ap véi nhau. Diéu nay cé nghia la thoi
diém ket thuc ctia hang muyc i ciing 1a thoi dieém bat dau cia
hang muc i+/, néu 2 hang muc i va i+/ dugc chon.

An-1 Bn-1
I
|

| |

An Bn

Hinh 3. Minh hoa cac hang muc cé sw chdng chéo vé th&i gian
thi cong.

Hinh 3 minh hoa cac hang muc xay dung ma cong ty
xem xét nhan thau, va s& c6 céc hang muc tur 1 dén n duge
chon trong N hang muc, mdi hang muc i ¢6 thoi gian bét dau
va két thic 1an luot 1a A, va B. Chung ta ¢ thé thay rang,
trong danh sach cac hang muc nay co6 thoi gian thi cong
chdng chéo nhau, hay néi cach khac 1a thoi gian thi cong
xen k& nhau. Ll'lc’néy ham gia tri f, (z) chinh la gia tri hang
muc thir i dugc tiép nhén thi cong, trong do6 ¢ 1a thoi gian thi
cong cua hang muc i (tr 4, dén B). Dau tién, chung ta sép
xép cac hang muc theo th ty thoi gian ting dan theo thoi
diém két thuc B, do vay hang muc i s€ dugc bd tri sau hang
muc j khi va chi khi thQa man j<i va Bj <A, Vi?c Iva chon
cac hang muc nhic¢u nhat phu thudc vao viéc diéu kién trén
c6 duoc thoéa man hay khong. Nhu trinh bay thuat toan tai
phén 2, ching t6i xay dung cong thirc nhu sau:

v (t) = Max(fy(tn) + fr—1(tp1) + -+ fi(t1) + fo(to)] (8)

voin € N,vaB; < 4;
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trong doé:v (¢ )la s6 lu'orng hang muc nhan dugc nhidu nhat.
De gia tri nay 16n nhét thi sb luong f; (¢) nhiéu nhat, véi moi
=1,2,.

Ta dang xét hang muc i dé c6 thé xay dung mot danh
sach con cac hang muc nhi€u nhat dén hang muc j voi j =
0,1, ..., i-1 dung trudc i, ta tim j sao cho:

vi(t;) = Max{f;(t;) + Max[fi_1 (t;1) + -+ fi(t&) + fo (&)1} (9)

voi B; < A

St dung phuong trinh (6) ta c6 thé viét ngan gon cong
thire trén nhu sau:

Vn(tn) = Max [fn(tn) + vn—l(tn—l)]
voiB,_q < Ap,vaB, < Ay (10)

Xét truong hop dac biét khi chi c6 mot hang muc thi
v (t)=f,(t,) = 1cothoigian thi cong ¢,=B -4,

Bang 1 gidi thi¢u thong tin cia 10 hang muc ma doanh
nghiép xay dyng xem xét c6 thé tiép nhén trén thyc té. Trong
10 hang muc duoc gioi thi€u nay, thong tin mdi hang muc
c6 thoi gian bit dau 4, (thang) dén thoi gian két thac 1a B,
(thang). C6 thé thay rang, cac hang myc dugce gioi thiéu nay
¢6 su chdng chéo nhau vé thoi gian bét dau va két thiic. Do
véy, doanh nghi€p xay dung can c6 sy tinh toan hop ly dé
lya chon cac hang muc sao cho t6t nhat, thoa man cac diéu
kién ctia chu dau tu va diu kién hién c6 cua doanh nghiép.
Bang 1. Théng tin vé th&i gian bat dau va két thuc cta cac hang
muc xay dwng.

Hang Hang Hang Hang Hang Hang
mucl muc2 muc3 mucd mucS muc6

Hang  Hang
muc7 muc8

Hang  Hang
muc9 muc 10

Thoi gian
bitdiud | 3 1 5 8§ 6 03 7
(thang)

Thoi gian
kétthic B 2 4 4 7 9 7 11 10 12 8
(thang)

Ttr thong tin dugc cung cdp & trén, khi thuc hién phan
tich va lya chon nhu trinh bay & trén thi két qua 1a ¢6 5 hang
muc dugc nhan thi cong véi ba phuong an: (1) 1,2, 4,5, 7;
2)1,2,4,5,9:(3) 1,2, 6,8, 9. Chung ta thay rang, ca 3
phuong an ¢6 tong thoi gian thi cong nhu nhau la 11 thang,
tuy nhién phuong an 1 s& két thic sém tai thang 11 trong khi
phuong an 2 va 3 s& két thic cong viéc mudn hon vao cubi
thang 12 do c6 thoi gian gian doan 1 thang khong nhan dugc
hang muc phu hop. Do vay, tity tinh hinh thuc t& nha thau dé
c6 thé lwa chon phuong an hop 1y trong qua trinh dam nhan
thi cong cac hang muc trén sao cho thoa man diéu kién duoc
s6 lwong nhiéu nhat.

Ta c6 thé thdy rang, bai toan nay chi c6 mot rang budc
vé thoi gian cu thé 1a thoi gian thi cong ctia mdi hang muc.
Do vay, néu tai hang muc cudi cung n thi thoi gian két thuc
1a tuy chon cuia nha thau, vi lic nay khong co6 rang budc ctia
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hang muc n+1. Diéu nay s€ khong thuc té, khi tat ca nha
thau déu mong mudn két thuc sém qua trinh thi céng néu
moi yéu td khac thuan loi. Khi do bai toan s& c6 thém su
rang budc vi du vé thoi gian hoan thanh thi cong theo quy
dinh, bai toan lac nay s& c6 nhiéu hon 1 rang budc. Chiing
t6i s& tiép tuc thao luan phan sau voi bai toan da diu kién.

3.2. Bai todn t6i wu dang da diéu kign

Nhu di trinh bay ¢ trén, bai toan t6i uu dang da diéu
kién 1a bai toan tdi wu c6 nhiéu diéu kién rang budc cho
trude, két qua cudi cing ciia bai toan phai thoa man tat ca
cac diéu kién d3 dat ra. Bai toan sd 2 véi dang dién hinh nhu
sau: Mot t6 doi thi cong (20 nguoi) cia Cong ty TNHH Xay
dyng THXD, mubn nhan cic hang muc c6 thong tin nhu
bang 2. Do tinh chét cong viéc nén moi lan chi nhan duge
1 (mdt) hang muc. Vay trong vong 1 nam (365 ngay), nha
thiu mubn nhan duoc s luong cong trinh ma co tong gia
thanh nhiéu nhat?

Bang 2. Théng tin cac hang muc xay dwng ma nha thau dwoc gi&i
thiéu.

Hang Hang Hang Hang Hang Hang Hang Hang Hang Hang
mucl myc2 myuc3 mucd mucS muc6 muc7 muc8 muc9 mucl0
Glithar;lh 500 100 150 300 1000 700 900 1200 600
(trigu dong)
Thoi gian

i 513 20 %2 120 8 105 145 68
(ngdy)

V6i dang nay, bai toan dién hinh trong xay dung 1a bai
toan t6i wu trong viéc lya chon n hang muc khac nhau trong
N (N=10 hang muc) tong hang muc gidi thiéu. Bang 2 chi
13, tai mdi hang muyc cong trinh s& ¢6 thoi gian thi cong bat
budc hoan thanh va s€ nhan duoc gia tuong Umg cia tung
hang muc. Viéc lya chon ) luwong hang muc n cho mot (1)
t6 doi thi cong sao cho trong mot khoang thoi gian nhat dinh
T, thi t6 d6i dat dugc loi ich kinh té cao nhat 1a v (7). Luu
¥ rang, do tinh chat quy dinh chi khi hoan thanh xong timg
hang muyc thi mé&i dugc thi cong hang muc tiép theo, didu
nay c6 nghia 1a phai hoan thanh hang muc thr j thi méi bét
dau thuc hién hang muyc thtr i voi i > j. Phuong trinh tong
quat cho bai toan trén nhu sau:

V(1) = Max(fy (G ty) + foet (Cop tmg) + 0+ (G t) + fo(Costo)] (11)
voi didukién: t, + thq + .t ti+ tg < T

Goi ham f; (C, t,) v61i =0, 1, ..., n 1a ham gia tri thu
duoc (trigu déng) cua hang muc tha i dugc chon, trong do
t. (ngay), C, (tri¢u ddng) lan luot 1a thoi gian thi cong va gia
clia tig hang muc twong Gng. Gia tri thu dugc cudi cing v,
(T), 1a gia tri thu dwoc cubi cung (triéu dong) khi nha thau
xay dung lya chon dugc cac hang muc. 7 la téng thoi gian
quy dinh, nhu da néu trén thi 7<365 ngay.
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Ban dau, chung t6i s& xét (chon) 1 hang muc bat ky, vi
lic nay day dugc xem la trang thai ban dau (trang thai 0)
nhu da trinh bay & phﬁn 2, tur do sé léy (chon) hang muc
tiép theo cho dén khi nao két thiic sy rang budc vé thoi gian
T cda bai toan. Do vay, khi xét trong truong hgop hang muc
thir n xem xét dugc chon hay khong thi s€ ¢6 2 truong hop
Xy ra:

(a) Truong hop ¢ >T: c6 nghia la hang muyc thir 7 ¢6 thoi
gian thi cong nhiéu hon rang budc 7 cho phép, do vay sé
khong duoc chon nén c6 thé viét phuong trinh nhu sau:

U, (T) = vp_1(T)
voidieu kién: t, >Tvat,_ 1 + ..+ t1+ t, < T

(12)

(b) Truong hgp ¢ <T: c6 nghia 1a hang myc thir 7 ¢6 thoi
gian thi cong thda man dicu kién rang budc 7T cho phép, khi
truong hop nay xay ra thi ¢c6 2 kha nang nhu sau:

) =‘Un—1(T) (13)
voidieu kién: t,_; + ...+ t;+ to < Tvat, +t,_, +
ettt +tg>T
hoac
Up(T) = vy (T = t) + fu(Corty) (14)

voi dicukién: t, +ty_g + ot ty+t, < T

Nhu vay tong gia tri 16n nhét ciia n hang muc s& duoc
tinh la:

vn(T) = vy (T)

voi didu kién: t, > T

Vn(T) = Max{vn_1(T), vp1 (T = t) + fu(Cor )}

voi dieu kién: t,, < T

(15)

Déi chiéu voi bang dir liéu sb 2, thi phuong trinh (12)
khong thé xay ra, vi xem xét thoi gian thi cong timg hang
muc luén nho hon thoi gian 7. Phuong trinh (13) gidi thich
truong hop khi xem xét chon hang muc tiép theo thi tong
thoi gian thi cong da vuot qua 7, do vay hang muc dang xét
khong dugc chon. Néu hang muc tiép theo dugc chon khi
téng thoi gian thi céng ciia cac hang muc trude d6 va hang
muyc dang xem xét nho hon hodc bang 7, lic nay phuong
trinh (14) s& dng. Phuong trinh (15) la phuong trinh tong
quat cho céc trudng hop xét t6i wu viée lwa chon cac hang
muc thi cong nham théa man diéu kién rang budc va dat
duoc loi nhuén tot nhat. Trong qua trinh 1&p trinh tinh toén,
chung t6i ludn xem xét dua cac trudng hop nay vao dé thuan
loi cho céac bai toan ma doanh nghiép s€ gap phai trong
tuong lai.

Sau khi thuc hién 1ap trinh tinh todn theo 1y thuyét o trén,
tuong tmg véi dir liéu bai toan & bang 2, thi két qua gia tri
thu dugc 16n nhat nhan dugce 1 3,2 ty dong véi tong s6 ngay
thi cong la 363 ngay, tuong ting cac hang muc dugc chon Ia
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1,2,7,8,10. Ty s6 gia thanh trén mot ngay thi cong luc nay
dat khoang 8,815 tri¢u déng cho ca to doi thi cong. Tam goi
la phuong an 1.

Xem xét truong hop khi tiép nhan cac hang muc $6 5,7,
8, 9 thi tong s6 tién 1a 3,1 ty dong, vai tong thoi gian thi cong
1a 362 ngay. Tam goi day la phuwong an 2. Thyc té tai doanh
nghiép thi xét ty s6 gia thanh véi thoi gian, sau d6 sip xép
ty sb nay tir 16n dén nho rdi 1dy (tiép nhan) hang muyc theo
thir tw sao cho khong vuot quéa diéu kién 365 ngay. Phuong
4n nay tam goi 1a phuong an 3. Nhu phuong an 3, nha thau
s& lan luot lya chon hang muc 2, 5, 10, 1, 7, 3, 4, thi tong s6
tién 1a 2,85 ty dong, voi tong thoi gian thi cong 1a 323 ngay.
D@ dang thay ring, ty sd tong gia thanh va tong sd ngay thi
cong c6 sy chénh I¢ch nhau cu thé 1a 8,815 triéu déng/ngéy,
8,563 triéu dong/ngay, 8,824 triéu dong/ngay lan luot cta
phuong an 1, 2 va 3. Ching ta c¢6 thé nhan thiy, phuong an 3
khong chon vi phuong an nay c6 gia tri thu dwoc rét thap, do
vy xem xét phuong 4n 1 va 2 khi tong sb lwong hang muc
chon cta phuong 4n 2 (5 hang muc) 16n hon phuong an 1
(4 hang muc). Tuy rang phuwong 4n 2 khong phai la phuong
an chon vi gia tri thu dugc nho hon phuong an 1, tuy nhién,
khi xét dén diéu kién thuc té cac van dé duge quan tam khac
nhu 13 tinh 6n dinh trong thi cong; su dich chuyén cua nhan
cong, may thi cong; didu kién lan trai; van khuén thi cong. ..
thi phwong 4n 2 ciing s& duoc nha thdu nén xem xét. Nhu
vay, dé xem xét duoc mot bai toan tdi wu tdt hon, thi trong
xdy dung hién nay c6 1 s6 van dé khi sé luong ciia mdi hang
muc nhiéu hon 1 1dn chon.

Thoéng thuong, nha thau luén mong mudn sé téi da hoa
loi nhuan nhét c6 thé, trong diéu kién chi xét 1 t6 doi thi
cong (20 ngudi), co nghia 1a nha thiu mong mudn nhan
dugc nhiéu n hang muc dé thue hién, ma céc hang muc nay
¢6 tinh chat gidng nhau hodc tuong dong nhau. Luc nay sé
dat ra bai toan nhu sau: Trong vong mot nam (365 ngay),
Nha thau mong muén nhan duge sb luong cong viéc ma
doanh thu nhiéu nhat? Khi mdi hang muc ¢ bang 2 cho phép
chon nhiéu hon 1 1an. C6 thé hiéu bai toan trén nhu 13, nha
thiu xét thy di kha nang s& nhan nhiéu hang muc tht i,
khi sé lugng ctuia hang muc thr i khong gioi han. Goi £ la
tong s6 lugng (sb 14n) chon mot hang muc, v6i k=7 va luén
nguyén duong. Nhu véy, bai toan nay ning cao chat lugng
chuyén mén hoa trong thi cong cua timg t6 doi, cling nhu
han ché cac van dé néu & bai toan trén nhu 1a: tinh 6n dinh
thi cong; giam bt chi phi dau tu may moc, thiét bi thi cong,
cling nhu s& nang cao tay nghé ctia ngudi thg.

Bai toan sé 1an luot xem xét ting hang muc, tai giai doan
dau ciing chon 1 hang muc bat ky véi sé luong k bang 1
hodc c6 thé 16n hon, sau d6 xét tiép viéc lya chon hang muc
tiép theo. Khi xem xét hang muc i tiép theo, thi phai dam
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bao diéu kién rang budc vé tong thoi gian thi cong phai nho
hon hoac bﬁng T. Phuong trinh (12) diing khi hang muc tha
1 khong dugc chon vi thoi gian thi cong cia hang muc i la
t>T. Ngugc lai khi hang muc thtr i dugc chon thi phuong
trinh (14) dugc viét lai nhu sau:

vi(T) = viea (T =t x k) + fi(Ci t) ¥ k
voi didukién: t; <Tval <k < (T/tl-)

(16)

Luc nay gia tri thu dwoc 16n nhét cia nha thau khi nhan n
hang muc thoa mén diéu kién tong thoi gian thuc hién trong
pham vi quy dinh 7 dugc tinh la:

(1) = Max{v;_y (T — t; x k) + fi(C;,t) x k }

véi didu kien: i = [0,n] vak = [0,(T/, )]

(I

Két qua tir 1ap trinh tinh toan cho bai toan ti wu nay 1a
nha thau s& dua ra lua chon tot nhét voi 11 hang muc 5 va
1 hang muc 3, khi do téng gia tri thu dugc la 3.400 triéu
ddng. Xét theo phuong an cua ty so gid va thoi gian thi
doanh nghiép s€ c6 thé chon 6 hang muc 2, sau d6 chon 1
hang muc 5 va tiép la hang muc 3, thi téng gia tri thu duogc
1a 3.400 triéu dong, twong tmg 363 ngay. Tuy nhién, nhu dé
cip, phan tich bai toan & trén, trong diéu kién cho phép, khi
s6 lugng hang muc khong gidi han thi wu tién chon phuong
an 11 hang muc 5 va 1 hang muc 3. Nhu vdy, chung ta thiy
duoc réng, khi sb luong khong gidi han cua cac hang muc
thi nha thau c¢6 thé c6 nhitng lya chon tét hon trong ciing
diéu kién thoi gian thi cong 1a 365 ngay cho mot to doi thi
cong 20 nguoi. Trong trudng hop nay, rd rang diéu kién 6n
dinh trong thi cong; lan trai; tinh chét 6n dinh cong vi¢e cla
mdi ngudi tho; hay 1a han ché tbi da viéc di chuyén Vi tri,
may moc, nhan cong; khong thay thé van khuén. .. s& gitp
giam chi phi, nho vy phat huy t6i da hiéu qua kinh té cho
nha thau va cac bén lién quan.

4. Két luan va kién nghi

Trén thé gidi, phuong phap sir dung thuat toan QHP di
dugc ap dung rong rai va da dang tit ca cac linh vuc cua
cudc sdng ciing nhu ca trong linh vuc xay dung. Trong bai
b4o nay, ching t6i nghién ctiru mot sé bai toan dién hinh
trong qué trinh tinh toan luya chon tdi wu céac hang muc xay
dung, nhim t6i da hoa lgi nhuan khi st dung thuat toan
QHD. Xét lan luot cac bai toan don diéu kién dén da diéu
kién dé toi uu tim dugc két qua tot nhét trong diéu kién xay
dung cho phép ciia mot to doi thi cong (20 ngudi).

Trong bai toan don diéu kién, khi cac hang muc cong
trinh c6 thoi gian thi cong chdng chéo nhau, yéu cau nha
thau lya chon dé c6 thé nhén tdi da cac hang muyc dem lai loi
nhuan t6t nhat. V§i bai toan chi co 1 diéu kién rang budc vé
thoi gian, ching t6i d xem céc thoi gian bat dau va két thuc
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ctia mdi hang muyc 1a tham s6, sau dé st dung phuong trinh
quy dbi v6i diéu kién 12 hang muc c6 thé nhan dwoc khi
thoi gian két thic cua hang muc trude trung, hoac sém hon
hang muc tiép theo. Khi xét bai toan hai bién gém tong gia
tri thu dugc va thoi gian hoan thanh, ching t6i da su dung
phuong trinh quy d6i mé rong cia thuat toan QHP vdi rang
budc vé thoi gian va gia tri thu dugc cao nhat. Thuét toan
QHBDP di chi 13 duoc két qua tét nhit cho dé bai datrala 3,2
ty dong cho s6 hang muc dugc chon 1a 5. Tuy nhién, chiung
t6i cling mo rong xem xét thém mot trudng hop khi tong gia
thanh thu dugc it hon, cling goi ¥ nha thiu xem xét trong
qua trinh lya chon sao cho thuén lgi nhét trong moi truong
hop ma thudc pham vi nghién ctru ndy. Sau cing, trong diéu
kién cho phép, khi cac hang muyc c6 thé c6 sb luong nhidu
hon mét, nha thau rd rang s€ phai c6 cai nhin téng quan hon
dé nhan duoc loi nhuan tot nhat. Chiing ta théy ré’mg, khi
) luong cuia mot hang muc nhiéu hon mot, viéc thi cong,
nhan cong, may moc s€ thudn lgi hon... Bai bao cling phan
tich, [am rd quan diém tinh toan thuc té tai doanh nghiép
khi chi xét ty sé gia thanh véi thoi gian, sau d6 sap xép tir
16n dén nho rdi chon sao cho thoa man diéu kién. Qua cac
phan tich & trong bai bao, ciing chi rd tinh wu diém cua thuat
toan QHD cho két qua tdt hon. Do vay, viéc st dung thuét
toan QHD vao xay dung 1a cin thiét dé mang lai hiéu qua
t6i uru nhat va rit ngan thoi gian phan tich ciing nhu dé dang
t6i da ho4 loi nhuén trong kinh doanh. Ngay ca viéc t6i uu
lua chon nhoé nhit nhu quang duong van chuyén, tién do thi
cong... nhu di duoc gidi thiéu o phan 2.

Vi cac diéu kién cho trude, trong khudn khd bai bao
nay, chi méi xét dén rang budc vé thoi gian va gia tri thu vé
16n nhét. Tuy nhién trén thuc té, viéc lwa chon cac hang muc
tdi wu con phu thudc vao nhiéu diéu kién rang budc khéc,
nhu don gid ngay cong tung khu vuc c¢6 sy khac nhau; chi
phi van chuyén hoidc di chuyén thiét bi tir cong trinh, goi
thau, hang muc nay sang vi tri khac chua duoc xét dén. Nén
¢4 thé ¢6 thém diéu kién wu tién lua chon cong trinh c6 thoi
gian thi cong can thiét dai ngay hon; hodc 1a yéu ciu chon
nhitng hang muc, cong trinh ¢ tinh gbi dau nhau nhiéu hon,
giam thiéu thoi gian tréng giita cac gbi thau dé tién cho cong
viéc quan ly thiét bi; lua chon cac hang muc c6 tinh chét
gidng nhau; xem xét tinh ddng déu tay nghé nguoi tho.
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Trong tuong lai, viéc tmg dung thuét toan QHD nhim
t6i wu hoa cac bai toan trong xdy dung can duoc trién khai
sau rong hon vao qua trinh thiét k& mo phong, tinh toan cac
két cdu, cong trinh tai Viét Nam. Diéu nay gitip nang cao do
chinh xéc, t6i uu hoa két qua dat dugc, tang hiéu suét, hiéu
qua cong viée, giam thiéu rui ro phat sinh va tdi da hoa loi
ich cho céac bén lién quan.
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Nang cao ghﬁt lwong hinh anh va video chup trong diéu kién
thoi tiet swong mu, sit dung bo loc dan hwéng da lop
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Tom tit:

Trong bai bdo nay, ching t6i dé xuit mdt thuit toin nham ning cao chét lwgng anh va video chup trong diéu kién
thoi tiét swong mi. Pau tién, hinh anh swong mu diu vao dwoc giam ty 1¢ dé tao thanh mdt kim ty thap hinh anh.
Sau d6, chiing tbi thwe hién wéc tinh ban dd truyén sang va anh sang khi quyén tai 16p anh thé nhit ciia kim tu thap.
Tiép theo, ching t6i thu dwgc ban dd truyén anh sang ¢ hinh anh tai l6p cao nhit, bfmg cach sir dung bd loc anh din
huéng thwe hién 1an hrot trén cac 16p hinh anh ciia kim tw thap. Dwa trén nhirng thong tin thu thap dwoc, ching toi
tinh chinh ban dd truyén sing cho cic 16p c6 dd phin gidi cao hon, bing cich ap dung bd loc anh din hwéng mot
cach tuin ty qua kim ty thap. Céch tiép cin phan cip nay dam bao tinh toin hi¢u qua, dong thoi bio toan cac dic
trung quan trong ciia hinh anh. Bang cach tich hop cac ky thuit xir Iy thoi gian thye, phwong phap dé xuét giup
giam dang ké hién twong nhéip nhay, von thwong 1am suy gizm chét lwgng hinh anh ciia video di khir swong mu. Két
qua thuwe nghiém cho théy, thuéat toan dé xuét c6 thé ap dung trong cac irng dung thai gian thue, di“)ng thoi mang lai
hiéu suit twong dwong hodc thim chi tét hon so véi cac thuit toan khir swong mi hién nay. Piéu nay khién phwong
phap nay tré nén dic biét hiru ich trong cc tinh hudng yéu cau cai thién tim nhin.

Tir khéa: bd loc dnh din hwéng, khoi phuc anh, khir swong mu, xir Iy anh, xir ly video.

Chi s6 phén loai: 1.8, 2.2

Hazy image and video enhancement using multi-scale guided filtering
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Center for Optoelectronics, National Center for Technological Progress, C6 Thanh Xuan Bac, Thanh Xuan Bac Ward, Thanh Xuan District, Hanoi, Vietnam
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Abstract:

In this article, we propose an algorithm for enhancing the quality of images and videos captured under foggy weather
conditions. First, the input foggy image is downscaled to construct an image pyramid. After that, we estimate the
transmission map and atmospheric light at the coarsest layer of the pyramid. Next, the transmission map at the
finest layer is obtained by sequentially applying the guided image filter across the pyramid’s image layers. Based on
the collected information, we refine the transmission map for higher-resolution layers by applying a guided image
filter progressively through the pyramid. This hierarchical approach ensures efficient computation while preserving
essential image features. By incorporating real-time processing techniques, the proposed method significantly
reduces flickering artefacts, which often degrade the visual quality of defogged videos. Experimental evaluations
demonstrate that it can be implemented in real-time applications while achieving performance comparable to or
superior to state-of-the-art defogging methods. This makes the approach highly practical for scenarios requiring
visibility enhancement.

Keywords: dehasing, guided image filtering, image processing, image restoration, video processing.
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1. it van de

Hinh anh va video ngoai trdi chup trong diéu kién thoi
tiét x4u, ching han nhu swong mu, thuong mang lai do
tuong phan thap do sy tin xa cua cac hat khi quyén. Hinh
anh va video c6 chét luong kém 1am giam hiéu suat cta cac
hé théng thi gidc may va ung dung xir Iy anh. Vi viy, viéc
phét trién mot thuat toan hidu qua dé khéi phuc khung canh
gbe tir hinh anh va video swong mu dau vao la rat quan trong
trong linh vuc xtr Iy anh va thi giac may. Gan ddy, nhiéu
thuat toan da duoc dé xuét dé loai bo suong mu khoi mat
hinh anh. Hau hét cac thuét toan c6 thé dat duoc két qua chat
luong cao bang cach sir dung cac diéu kién biét trudc hodc
gia dinh khac nhau. Vi dy, K. He va cs (2011) [1] da phat
trién mot thuat toan hiéu qua dua trén gia thiét kénh mau toi.
T.M. Bui va cs (2018) [2] da xay dung cac mo hinh elip cho
cac cum diém anh suwong mu trong khong gian. T.V. Nguyen
va cs (2021) [3] phat trién thuat toan khur suong mu cho anh
chuyp trén mat bién dya vao ham phan ra anh sang. Gan day,
cac thuat toan dya trén hoc sau dang dugc phat trién manh
m&. Mot la xuit tryc tiép anh khong c6 swong mu theo cach
tir ddu dén cudi [4, 5] va cach khac [6, 7] 14 tao ra hinh anh
khong c¢6 suong mu bang cach ude tinh hé sb truyén va anh
sang xung quanh. Y. Shao va cs (2020) [6] su dung mang
no-ron tich chap (CNN) dé truc tlep wée tinh ban do truyén
dan 4nh sdng va anh sang khi quyén tir tap dit liéu anh swong
mu va anh gbc. S.A. Hovhannisyan va cs (2022) [8] dé xuét
mot mang tang cudng dau cudi (AED-Net) dé khoi phuc
cac canh gdc tir cac hinh anh swong mu. Mic du cac phuong
phap ké trén loai bo hiéu qua suong mu trong anh, nhung
d6 tinh toan phirc tap cta chung qua cao dé co thé ap dung
trong cac tmg dung thuc té, ching han nhu khi lam viéc véi
cac bo dir lidu day thach thirc nhu NTIRE [9].

Céc thuat todn loai bé swong mu trong hinh anh cling
dugc mé rong dé khir swong mu trong video khi xem xét
dén sy gin két vé thoi gian va tinh nhit quan vé khong
gian cua cac khung hinh trong video. Vi du, J.H. Kim va cs
(2013) [10] da phat trién mot thuat toan hiéu qua duwa trén
so d6 ting cuong do twong phan. W. Wang va cs (2017)
[11] d&& xuat ham t6i thiéu du do dc (gradient residual
minimization) dé giam t6i da céc hiéu ing xay ra trong hinh
anh da khur suong mu. Thudt toan ctua ho gilr lai hi¢u qua
d6 mach lac va loai bd céc hién tugng nhép nhay do lién két
d6 sang cua cac khung hinh bi pha v, nhung né doi hoi do
phirc tap tinh toan cao dé xir 1y video c6 d¢ phan giai cao.
Dé giai quyét han ché nay, chung t6i dé xuat mot thuat toan
khur swong mu cho hinh anh va video dap tng thoi gian thuc
dua trén bo loc dan hudng da 16p. DAu tién, hinh anh suong
mu dau vao s& duogc giam ty 1€ dé tao thanh mot kim tu thap
hinh anh. Sau d6, chting t6i thuc hién udc tinh ban dd truyén
sang va anh sang khi quyén tai 16p anh tho nhat cta kim tu
thap. Tiép theo, chiing toi thu dugc ban dd truyén dnh sang &
hinh anh tai 16p cao nhét bé’lng cach sir dung bo loc anh dan
hudng, thuc hién lan lugt trén cac 16p hinh anh cia kim ty
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thap. Dé loai bo swong mu trong video, ching t6i m¢ rong
thuat toan khur swong mu hinh anh theo thoi gian thyc, E
giam hién tuong nhap nhdy gdy ra boi sy khong ddng nhat
trong anh sang truyén giita cac khung hinh. Két qua thuc
nghiém cho thay, thuét toan dé xuét c6 thé ap dung trong
cac Ung dung thoi gian thyc, dong thoi mang lai hiéu suat
tuong duong hodc tham chi tét hon so véi cac thuat toan
khtr swong mu hi¢n nay.

2. Phuong phap nghién ciiu
2.1. Phwong phap loai bo swong mu trong hinh dnh
Phuong phap loai b suong mu do nhom nghién ctru dé

xuat co so do thuat toan duge thé hién tai hinh 1.

Tinh 4

- Bindd truyénsingt
v iz [ D
P

1 Tang do phén giai

. . Anh din huéng
Gidm d6 phan giai ‘ ’—- B3 loc anh dan héng

.

-
| Tang 46 phn gidi
B4 loc anh ddn huéng

. |
IR — i ..1 L W Ry

Chuyén doi”~ S
Anh diu vio Zl i t Auh dau ra

o yogn b
Gidm do phin g151i [
|, i

Giim 0 phin g | A2 din uing

Hinh 1. So’ d6 thuat toan dé xuét.
2.2. M6 hinh dnh swong mu

Trong bai toan khur swong mu, mau sac quan sat dugc
[¢(x) cua kénh mau ¢, tai diém anh x duoc dién giai nhu
sau:

I°(x) = (Ot + A(1 — t(x)) (1

trong d6, J°(x) biéu dién mau sic cua anh khong c6 suong
mu, t(x) va A lan luot 1a ban do truyen sang va anh sang khi
quyén. Vi khi quyén duoc coi 1a dong nhét, ban do truyén
sang t(x) phu thudc vao khoang cach va dugc moé hinh héa boi
t(x)=eP, v4i B 1a hé sé tan xa khi quyén va d(.) biéu thi
khoang cach tir vat thé t6i hé quang. Trong phuong trinh 1,
kho khin 16n nhét trong khéi phuc anh khong swong mu J¢(x)
1a udc tinh A va t(x) chi tir mot anh suong mu dau vao I(x).

2.3. Tinh todn dnh sing khi quyén

Trong hau hét cac thudt toan khir mo théng thudng,
anh sang khi quyén A duoc chon 1a diém anh c6 cuong do
sang 16n nhat trong hinh anh suong mu, voi gia thiét ring
swong mu lam cho hinh anh sang hon. Tuy nhién, phuong
phap don gian nhu vay c6 thé khong udc tinh dugc gia tri
chinh xéc cta A (theo cong thirc 1) néu hinh anh chira cac
d6i tuong mau trang, nhu minh hoa trong hinh 2B. D¢ giai
quyét van d& nay, chung t6i stir dung so d6 tim kiém phan
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Hinh 2. So sanh két qua tinh toan anh sang khi quyén. (A) Anh dau vao, (B) Thuat toan truyén théng, (C) Thuat toan dé xuét.

chp dua trén cay phan chia phan tu [10] dé thu duoc do 16n
anh sang khi quyén chinh xac va hiéu qua hon. Duya trén
quan sat rang cac vung suong mu ton tai & nura trén cua hinh
anh, chung t6i chi xem xét nira trén ciia hinh anh dau vao.
Sau d6, chung t6i chia nira trén cta hinh anh thanh hai khéi
va tinh gia tri cudong do trung binh ciia mdi khéi. Ching
t6i chi ap dung cay phan chia cho khi c6 gia tri cuong do
trung binh cao hon nhu hinh 2C. Chung t6i dung qua trinh
tim kiém phan c4p néu chénh léch giira hai khbi cuong do
trung binh cao nhit nho hon ngudng. Cudi cling, 4nh sang
khi quyén dugc tinh 14 gia tri cuong do trung binh ctia 10%
diém anh sang nhat trong khdi cudi ciing. Hinh 2 cho thay,
s0 d6 duogc dé xuat ude tinh anh sang khi quyén chinh xac
hon so véi cac thuat toan thong thuong.

2.4. Tinh todn bin do truyén sang

Dé wdc tinh hiéu qua ban dd truyén sang t, chung toi
x@y dung mot kim tu thap hinh anh tir hinh anh swong mu
dau vao I, sau d6 chi woc tinh t & 16p hinh anh tho nhat.
Cu thé, anh dau vao duoc chuyep thanl‘l anl} xam I sau do
dugc giam kich thuéce theo h¢ s6 2 N lan dé thu duge kim
tu thap hinh anh 7, 1,...,1,. Trong do, N dugc chon sao cho
max(W,, Hy) <320 trong do w, va H, lan luot biéu thi
chiéu rong va chiéu cao ctia anh & muc tho nhit V.

Sau do, ching t6i udc tinh ban dd truyén sang ban déu
t, 6 16p anh nhét N bang cach st dung phép bién ddi tuyén
t1nh [11]. Luu ¥ rang, do ban dd truyén cua cac kénh mau
giéng nhau nén mé hinh anh swong mu trong phuong trinh
1 ¢6 thé duge viét lai 1a:

1) =JCt(x) + A1 - t(x)) (2)

trong d6: I(x) va J(x) lan lugt biéu thi cuong d6 anh quan
sat duoc va cuong do anh khong c6 swong mu ciia anh dau
vao trong kénh mau xam. Sau dé, tir phwong trinh 2, ban do
truyén sang dugc tinh boi:

A 109 ©)
A-Jx

Luuy réng, trong phuong trinh 3, J(x) phai dugc udc
tinh trudc dé tinh t(x). Theo do, W. Wang va cs (2017) [11]
da gia dinh mot moi quan hé tuyen tinh gilra cac gia tri
cuong do cua I(x) va J(x). Cu thé hon, trong diéu kién thoi
tiét nhidu swong mu, cuong d6 diém anh cua anh gbe duge

t(x) =

"CON
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coi la ty 1€ thuan voi cuong do diém anh cua hinh anh suong
mu, nghia la:

Jx) =axI(x) + B 4)
trong d6: a va B 1a cac tham sb. Tuy nhién, trong thyc té,
that kho dé tim ra gia tri chinh xac cho hai tham s6 nay chi
tor mot hinh anh dau vao duy nhat. Dé giai quyéet van dé nay,
W. Wang va cs (2017) [11] da phat trién mot phép tinh gan
ding su dung ham bac hai, dugc cho béi:

H x1(x) + € ®)

Jx) =8
v6i Max va Min 1an luot 13 gia tri 16n nhit va nho nhét cia
I(x), va & la tham s6 diéu chinh luwgong swong mu dugce loai
bo. Luu ¥ rang, trong khi W. Wang va cs (2017) [11] phat
trién quan hé bac hai trong (6) giira J(x) va I(x) d6i v6i anh
mau, ching ti sir dung mdi quan hé nay dbi v6i anh thang
d6 xam. Trong phuong trinh 5, néu I(x)=Max, J(x) c¢6 thé
16n hon I(x). Dé tranh truong hop nay, ching t6i gioi han
gid tri cia J(x) boi J(x) = min(J(x),Max). Cubi clng, bang
cach thay J(x) ¢ phuong trinh 5 vao phuong trinh 3, ching
ta thu dugc ban do truyén sang ban dau ¢ 16p N 1a:

A—1(x) (6)
thx) = SA s I(x) — Min I
~ O §Max =i X109 +©)

Luuy rang, trong phuong trinh 6, chung toi uoc tinh ban
d6 truyén ban dau tN x) o lorp anh tho nhat N. Do do, chung
toi tang do phan g1a1 ban d6 t, (x) 1én d0 phéan g1a1 ban dau
t, (x), trong khi van giit duoc chi tiét hinh anh. Dé lam duoc
dleu nay, chiing t6i sir dung bo loc hinh anh dan hudng [12].
Cu thé, dat t, biéu thi ban d6 truyen sang cho hinh dnh I, tai
16p hinh anh thir k trong kim tu thap hinh anh. Sau d6, ban

d6 truyén séng t,, choanh I, &16p (k- 1) duge tinh nhu
sau:

-1 = G(Bup(tk); Ix—1) O

voi B w biéu thi toan tir ting do phan giai bang noi suy song
tuyén tinh va G 1 b loc anh din “hudng st dung anh I,
lam anh huéng dan. Chung t6i tiép tuc quy trinh nay cho
dén khi d6 phan giai ctia ban do truyén sang tro nén gidng
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Hinh 3. Tinh chinh ban dé truyén sang. (A) Anh dau vao, ban db truyén sang trong viing dd, (B) Ban dd truyén sang thd, (C) Ban dd truyén sang
sau khi tinh chinh.

nhu hinh anh diu vao. Hinh 3 cho thiy ban db truyén sang
sau khi tinh chinh sir dung bo loc dan huéng giit lai hiéu qua
cac chi tiét hinh anh.

2.5. Loai b6 swong mii trong dnh

Cubi cing, v6i do 16n 4nh sang khi quyén A va ban do
truyén sang t, (x), chung t6i thu dugc anh da khu swong mu
dua trén cong thice (1), dugce cho nhu sau:

I‘x) — A
max(to(x),y)

J() = ()
trong do: v 12 giéi han dudi nham gitip Je(x) tranh bi tién t6i
vo cuc khi t(x) qua nho.

2.6. Phuwong phap loai bo swong mii trong video

Néu thuat toan khtr swong mui cho hinh anh don 1é trong
phan trudc duoc ap dung doc 1ap cho ting khung hinh cia
video, thi két qua video s& xay ra hién twong nhip nhay do
tinh nhit quan tam thoi gitra cac khung hinh bi pha v&. Do
do, trong nghién ctru nay, chung toi phat trién mot thudt toan
moi dé duy tri sy gan két d6 sang giita cac khung hinh trong
video ddu vao.

Chiing t6i chon khung hinh dau tién I' Iam hé quy chiéu
I . Trude tién, ching toi loai bo swong mul trong I bang
cach st dung thudt toan khir swong mu trong anh nhu trinh
bay trong phan trudc. Tiép theo, dat I va 1%V biéu thi hai
khung hinh lién tiép thi k va (k-1) ctia video dau vao. Sau
do, chung t6i sir dung ky thut ludng quang hoc [9] dé thu
duogc khung hinh dy kién f* tir khung truéc d6 1%V, Tiép
theo, chiing toi tinh toan hé s lién két do sang tam thoi gitra
cac khung hinh hién tai I* va khung hinh truge d6 1D 1a:

a 2
[ = 1]

T = exp[— XN ] ©)

trong d6: N 13 s6 diém anh trong I va tham sb o kiém soat
phuong sai ciia md hinh xac sudt. Trong thuc nghiém cia
chung t6i, o dugc chon theo kinh nghiém 1a 10. Néu 0,5,
qua thyc nghiém chung t6i nhan théy su khac biét khung
canh gitra I¢ va I nho thi ban d6 truyen sang k¢’ ciia khung
hinh I'*f dugc st dung cho ban do truyén sang tk ctia khung
I¥. Tuong tw, 4nh sang khi quyén cua khung hinh I ciing
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dugc sir dung cho khung hinh I¥. Luu y ring tief 1a ban do
truyén ban dau ¢ 16p anh thip nhat cta kim tu thap hinh
anh, c6 thé co sy khong khép vé chi tiét gitta tif" va tf.

Tuy nhién, bang cach st dung b loc anh dan huong dé tinh
chinh ban d truyén, voi hinh anh dan hudng 1a I, cac chi
tiét khong khop gitra khung hinh I¥ va ban dd truyén thef
duoc giai quyét.

Mit khac, khi hé sé twong ddng 1<0,5, canh trong khung
hinh I* bj thay d6i dang ké so véi khung tham chiéu. Do do,
khung hinh I¥ s& dwoc loai bo bang thuét toan khir swong
mu trong anh. Sau do, I* s€ dugc chon lam khung hinh quy
chiéu moi.

3. Két qua va ban luan

3.1. Phwong phdp, cong cu mé phong

Chung t6i danh gid hi¢u qua cua thudt toan khir suong
mu duge dé xuét voi cac thuat toan hién nay bao gém: thuat
toan cua J.H. Kim va c¢s (2013) [10] (OCE), C. Chen va cs
(2016) [13] (GRM) va thuéat toan cua W. Wang va cs (2017)
[11] (LT). Trong tt ca cac thir nghiém, chung t6i dit §=0,95
trong phuong trinh 6, y=0,05 trong phuong trinh 8 dé mang
lai chét lwong hinh anh chii quan t6t nhat. Két qua cia OCE
[10] va GRM [13] thu duoc bing cach thuc thi ma ngudn
do cac tac gia trong ing cung cip, trong khi két qua nghién
ctru thudt toan LT cua W. Wang va cs (2017) [11] thu dugc
bang ma ngudn trién khai boi chinh ching t6i. Ngoai nhitng
danh gia chu quan, chung t6i so sanh thuat toan dé xuét véi
cac thudt toan thong thuong vé do phirc tap tinh toan. Dir
liéu 50 hinh anh swong mu c6 do phan giai 1280x720 diém
anh dugc xu 1y trén PC ¢6 CPU Core 17-9700 3,00 GHz va
RAM 16 GB. Tt ca cac thuét toan duge thuc hién trong
MATLAB, nhung chua ti wu héa.

3.2. Két qua logi bé swong mii trong dnh

Hinh 4 cho thiy, két qua khir swong mu cua cac thuat
toan. Phuong phap OCE [10] trong hinh 4C tao ra két qua
v6i su bién dang mau sic. Vi du, mau cia két qua ¢ hang
1 va hang 3 khac vdi mau trong canh thyc. GRM dat dugc
hiéu qua t6t trén anh & hang 2 va 3, nhung mau sic trong két
qua ¢ hang 1 1a khong duoc thuc té [13]. Thuét toan LT [11]
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Hinh 4. Két qua cac thuat toan. (A) Anh dau vao; (B) Anh sau khi dwoc khir swong mu béi thuat toan OCE [10]; (C) GRM [13]; (D) LT [11]; (E)
thuat toan dé xuét.

Hinh 5. Két qua khir swong mu trong video. (A) Anh géc va két qua cla chudi khung hinh dwoc xt ly béi (B) OCE [10], (C) GRM [13] va (D)
Thuat toan dé xuét.
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trong hinh 4D khong loai bo dugce swong mu mot cach hiéu
qua. Nguoc lai, nhu da thay trong hinh 4E, thuét toan dugc
dé xuét tao ra két qua t6t nht vai it tao ra cac hidu tng hon,
loai bo hidu quéa cac thanh phan suong mu so v&i véi cac
thuat toan con lai.

3.3. Két qud loai b6 swong mii trong video

Hinh 5 so sanh két qua khir swong mu trong video cua
cac thuat toan. Trong hinh 5B va 5C, thuét toan cua OCE
[10] va GRM [13] tao ra su khac biét mau sic trong cliing
mot khu vue, trong hai khung hinh lién tiép boi vi sy khac
biét trong 4nh sang khi quyén ma céc thuét toan ude tinh cho
timg khung hinh. Nhimg khac biét nay gy ra hién tuong
nhap nhdy trong video két qua dau ra. Nguoc lai, ching ta
thdy rang, trong hinh 5D, thuat toan dwoc dé xuat loai bo
hiéu qua cac thanh phan suong mu, ddng thoi duy tri tinh
nhit quan vé do sang va mau sic giira cdc khung hinh.

Ngoai nhitng két qua danh gia chu quan, chung toi so
sanh thuat toan dé xuét voi cac thudt toan thong thuong xét
vé d6 phtic tap tinh toan. Bang 1 thé hién thoi gian thuc
hién trung binh cta cac thuat toan. Thuat toan duoc dé xuat
nhanh hon nhiéu 1n so véi thuat toan caa OCE [10], GRM
[13] va nhanh hon 1,5 14n so véi thuat toan LT ciia W. Wang
vacs (2017) [11]. Chiing t6i cling thdy rang, thuat toan dugc
dé xuat dat toc d6 30 khung hinh/gidy, thoa méan diéu kién
thoi gian cta cac ung dung thoi gian thye.

Bang 1. Bang th&i gian tinh‘toér'l cua cac thuat toan OCE [10], GRM
[13], LT [11] va thuat toan dé xuat.

OCE [10] GRM [13] LT [11] Dé xuit
0,35(s) 50(s) 0,034(s) 0,025(s)
4. Két luan

Chung t6i dd dé xut mot thuat toan khir swong mu trong
hinh anh va video theo thoi gian thuc dua trén bd loc hinh
anh dan huéng da 16p. Pau tién, ching t6i xdy dung mot
kim tu thap hinh anh tir mot hinh anh swong mu dau vao.
Sau d6, chung toi u6ce tinh anh sang khi quyén va ban d6
tmyen chi & 16p anh thip nhét dé giam do phuc tap tinh
toan. Cu01 cung, ching toi thu dugc ban 6 truyén sang tai
16p anh tot nhit bang cach tang ty 18 va sir dung bo loc anh
dan huéng. Chung t6i cling mo rong thuat todn khir swong
mu trong hinh anh sang khir swong mu trong video, bang
cach st dung ludng quang hoc. Két qua thir nghiém cho thay
thuat toan dé xuét xir Iy nhanh hon dang ké so vdi cac thuat
toan hién nay, dong thoi cung cip két qua tuong dwong hozc
t6t hon trong mot s6 truong hop.

LO1 CAM ON

Nghién ciru nay dugc thyc hién thong qua dé tai cap bo
2021-2023: “Nghién ctru phat trién hé thong kiém tra quang
hoc bang cong nghé xir Iy anh 2D trong dy chuyén cong
nghi¢p”. Nhém tac gid xin tran trong cdm on.
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Anh hwong ciia nong d9 HF va thoi glan siéu am dén tinh chat ciia vt liéu
2D-MXene-Ti.C, tong hgp bing phwong phap hoa hoc wot
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Tom tat:

Gin diy, mt ho vét liéu méi cAu triic hai chiéu goi 1a MXene, bao gom cic carbides/nitrides/carbonitrides kim loai chuyén
tiép dang nhan dwoc sy quan tim ciia cic nha khoa hoc. MXene c6 cu tric 16p 2D doc dao nén chiing cé thé dé dang két
hop véi cac vat liéu khac dé ting cwdng thude tinh cho vat liéu to hop dwoc tao ra. Vit liéu nay dang dwoc nghién ciru cho
nhirng ing dung rong rii, bao gom tich trir ning luwong, siéu tu dién, xic tc, mang din dién, vat liéu gia cwong va hap phu.
MXene c6 thé duge tong hop théng qua qua trinh in mon chon loc tir tién chit MAXene bang cach sir dung dung dich in
mon HF. Nghién ciru nay bao cao anh hwéng ciia ndng do HF va thoi gian siéu Am tach 16p dén hinh thai, thanh phin cia
vét li¢u 2D-MXene-Ti,C, tong hop duge bimg phuong phap kinh hién vi dién tir quét va phan tich quang ph6 tan xa nang
lwgng tia X. Cac két qua cho thay, & ham lwgng HF 48% va thoi gian siéu 4m 90 phuit, vit liéu 2D-MXene-Ti,C, c6 sw tach
16p tot voi ham lwgng nhom trong phan tir con khoang 1,5%. Vit li¢u 2D-MXene-Ti,C tong hop dugc co dlen tlch bé mit
tang gap 5,8 1an so voi vat liéu MAX-Ti,AIC, ban dau.

Tir khéa: an mon chon lge, MAX-Ti,AIC,, nong do HF, thoi gian siéu am, 2D-MXene-Ti,C,.
Chi 56 phdn logi: 2.4,2.5
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Abstract:

Recently, a new family of two-dimensional materials, called MXenes, which are layered structure materials of carbides/nitrides/
carbonitrides of transition metal, are receiving the attention of scientists. MXene, with its unique 2D layered structure, can easily
combine with other materials to enhance the properties of the resulting composite material. The materials are being investigated
for wide applications including energy storage, supercapacitors, catalysis, conductive films, reinforcement and adsorbents. MXene
can be synthesised through selective etching from the MAXene precursor using HF etching solution. This study reports the effect
of HF concentration and ultrasonication time on the morphology and composition of the synthesised 2D-MXene-Ti,C, materials.
These characterisations were evaluated by scanning electron microscopy and X-ray energy-dispersive spectroscopy analysis. The
results showed that at 48% HF and 90 min of ultrasonication time, 2D-MXene-Ti,C, material has good delamination with the
aluminum content in the molecule remaining about 1.5%. The material has an approximately 5.8-fold increase in surface area
compared to the original MAX-Ti,AIC, material.

Keywords: HF concentration, MAX-Ti,AlC,, selective etching, ultrasonication time, 2D-MXene-Ti,C,.
Classification numbers: 2.4,2.5
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1. Dt van de

MXenes la ho vat liéu cacbua va nitrua kim loai chuyén
tiép hai chiéu (2D) cé cong thire héa hoc chung 1a M, X
(n=1,2,3), trong d6, M 1a kim loai chuyén tiép (Ti, Ta, Nb, V,
Mo) va X c6 thé 1a C va/hodc N [1]. MXenes thuong dugc
téng hop thong qua qua trinh an mon hoa hoc wét tir pha
MAX [2]. Céc qua trinh dn mon hoa hoc nay dan dén cac bé
mat thuong dugc chirc nang hda voi cac nhém —O, —F hodc
—OH [1,3]vakyhiéula T [1].

MXene dau tién (Ti,C,) c6 ngudn gbc tir Ti,AIC, dugc
phat hi¢n ra nam 2011, sau d6 cac MXene khac nhau da
dugc tong hop cho cac ung dung bao gdm luu trit ning
luong, sang loc ion va khi, che chin nhidu dién tir, quang
dién tur va y hoc [4-6]. Trong s6 d6, cac MXene dua trén
titan (nhu Ti,C, T, va Ti,CT ) duoc str dung rong rai cho céac
ung dung moi truong [1, 7]. Bén canh cacbua, cac cAu tric
MXene khac véi nitride va carbonitride dugc su dung trong
céc linh vuc khac nhau [8]. MXene c6 cau trac 16p 2D doc
d4o nén chung co thé dé& dang két hop véi cac vat lidu khac
dé tang cuong thudc tinh cho vat liéu to hop dugc tao ra
[9, 10]. Ngoai ra, MXene c6 tinh twong thich sinh hoc, dé
chtrc niang hoa, tinh dan kim loai cao va tinh ua nudc lam
cho chiing tr¢ thanh mét ung ctr vién ly tuong cho cac ung
dung khac nhau nhu xtr Iy mdi trudng, luu trlt nang luong,
dién ti, cam bién, tich nudc va xtc tac [11, 12]. Gan day,
MXenes dugc quan tdm nghién cru cho nhiing trmg dung
trong loc nudc theo cong nghé khir ion bang dién dung va
hap phu [13, 14].

Do MXene c6 thé duogc (mg dung rong rii trong nhiéu
linh vuc khic nhau nén gan diy cac nha khoa hoc da va
dang nghién ciru dé dua ra quy trinh cong nghé méi tong
hop céc vat liéu MXene tur cac loai tién chit ban dau khac
nhau. MXenes thé hién cac tinh chit khac nhau tiy thudc
vao diéu kién tdng hop nhu ban chit ciia chat n mon, ndng
d6 chit an mon, ban chit cia dung moi va thoi gian siéu
am. Thong thuong, MXene dugc tao ra béng cach loai bo
16p A khoi pha MAX thong qua qué trinh &n mon chon loc
bang cach str dung HF 1am chat an mon. Dung dich HF 1am
suy yéu cac lién két hoa hoc manh giita cac phan tir A va M
trong pha MAX. Qua trinh téng hop MXenes dd dugc bao
cdo boi M. Naguib va cs (2011) [1], trong bao cdo nay cac
tac gia dé cap dén phan tng hoa hoc giita pha MAX va moi
truong nuoc giau flo. Nguyén tir Al bi loai bo theo phan
tmg 1 va cac MXene tong hop dugc c6 cac nhom —OH, —F
(twong Gmg vo&i phan tmg 2 va 3). N6i cach khéc, lién két
Ti-Al da dugc thay thé boi Ti-F hodc Ti-OH.
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Ti,AIC, + 3HF — Ti,C, + AIF, + 3/2 H, (1)
Ti,C, + 2H,0 — Ti,C,(OH), + H, )
Ti,C, + 2HF — Ti,C,F, + H, 3)

Bai bdo nay bdo cao mot ky thuat don gian dé tong
hop vat liéu 2D-MXene-Ti,C, tir tién chit MAX-Ti,AlC,;
dong thoi, nghién ctru anh huong cia nong do chat an mon
HF, thoi gian siéu 4m dén hinh thai hoc va thanh phan céc
nguyén td trong vat liéu thu dugc. Vat liéu 2D-MXene-
Ti,C, téng hop duoc djnh ~hu(’mg mg dung trong ché tao
dién cuc composite x0p dan di€n trén co s& carbon hoat
tinh gao dira dé xir I nudc nhiém min tai khu vuc Pong
bang song Ctru Long theo cong nghé dién dung khir ion
(Capacitive deionisation - HCDI). Bay 1a mét huong nghién
clru méi va tiém nang dé c6 thé img dung trong thuc tién.

2. Thuc nghiém va phuong phap nghién ciiu
2.1. Héa chit, thiét b

Hoéa chit MAX-Ti,AIC, (d¢ tinh khiét 98%, <200 pm),
HF nong d6 48% va HCI ndng d9 37% la san pham cia hang
Sigma Aldrich. Céc thiét bi sir dung trong nghién ctru bao
gdm: can phan tich 5 s6 Mettler Toledo (Pirc), may khudy
tir gia nhiét VELP (Y), may siéu 4&m S60H Elmasonic (Dirc)
va may ly tam Hermle Z366K (Dtrc).

2.2. Téng hop 2D-MXene-Ti,C,

2D-MXene-Ti,C, duoc téng hqp’béng phuong phap an
mon chon loc “etching” tir tién chat MAX-Ti,AlC, trong
dung dich HF (hinh 1). 3 g bt MAX-Ti,AlC, dugc thém
vao 30 ml HF véi ndong d6 HF thay doi 20, 30 va 48%. Hon
hop duoc dung trong binh Teflon dung tich 50 ml ¢ nip
day va duoc dun cach thity trén may khudy tir gia nhiét voi
téc do khudy 250 vong/phut, & nhiét 6 35°C trong thoi gian
36 gio. Hon hop duoc ly tim rira bang nude cat véi toe do
9.000 vong/phut trong 5 phut (3 1an), bang dung dich axit
HCI 2M (thuc hién 3 14n), sau d6 ly tim rira bing nudc cat
dén pH trung tinh. Tiép theo, hdn hop dugc siéu 4m & nhiét
dd phong voi thoi gian khac nhau 30, 60 va 90 phut st dung
bé siéu am. Cudi cing, ly tim thu liy chét rin va sy chan
khong & 80°C trong 8 gid, nghién bang c¢i ma nio thu dugc
2D-MXene-Ti,C, dang bot min mau den.

TR i o
3¢ MAX-THAIC, |\ ?fgg‘“{‘y J{}; ./ 52%&%2%%? 4 "}1‘1‘%%,0&5:; ]

& \\,,7 L
30 ;II:HFJ Ly tim H,0, HCI 2M, H,0
e s | — I ——
Siéu 4m 30, 60, 90 phut
. 50 am 30, 60,
35°C, 36h Siy 80°C, 8 giir

Hinh 1. Téng hop 2D-MXene-Ti,C, bang phwong phap héa hoc wét
trong HF.

2D-MXene-TiyC,
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2.3. Phan tich dac trung tinh chit ciia MAX-Ti AIC,va
2D-MXene-Ti,C,

Hinh thai hoc bé mit cua cac vat licu MAX-Ti LAIC, va
2D-MXene-Ti,C, duge phén tich bang phuong phap klnh
hién vi dién tu quet (SEM) sur dung thiét bi Jeol 6490 JED
2300 (Jeol, Nhat Ban). Thanh phan cac nguyén té cta cac
vat liéu dugc danh gia bang phuong phap tan xa ning lugng
tia X (EDX) trén thiét bi Jeol 6490 JED 2300 (Jeol, Nhat
Ban).

3. Két qua va ban luan
3.1. Anh huéng ciia néong dép HF

Gian do XRD ciia mau MAX-Ti LAIC, va MXene-Ti,C,
tong hop & ndng do HF khac nhau da duoc ghi lai dé cung
cép thém thong tin vé cdu trac tinh thé cia chung. Nhu
dugc thdy trong hinh 2, gian d6 XRD ctia MAX- Ti,AlC, thé
hién hai pic dién hinh ¢ 9,7 va 19,3° trong tmng VO'l cac mat
phang phan xa (002) va (004).

" *TizCy
= 7 * ¥
& (D)
=
8
e ©)
-
=
o0
£ (B)
H
o]
(A)
T T T T T T T T

10 20 30 40 50 60 70 80 20
20 (d9)

Hinh 2. Gian d6 XRD cla MAX-Ti,AIC, (A) va MXene-Ti,C, téng hop
trong dung dich HF cé néng dé khac nhau 20% (B), 30% (C) va
40% (D).

Sau khi an mon trong cac dung dich HF ¢6 nong do khac
nhau, hai pic nay duoc dich chuyén sang cac goc nho hon
(8,4 va 17,4°) va dg rong cua pic ciing dugc mo rong (hinh
2B, 2C va 2D). Nguyén nhan do sy xen k& cua cdc nhom
hydroxyl va cac phan tir nudc vao cic mat phang co ban
cua vat liéu da lam tang tham ) mang c, dan dén su dich
chuyén va mé rong céc pic nhidu xa. Khi duoc tong hop
trong dung dich HF c6 ndng d6 20 va 30% MAX-Ti AlC
khong chuyén hoa hoan toan thanh MXene-Ti,C, va van
con hién dién trong cic mau (hinh 2B va 2C) Vat liéu thu
duoc la don pha cia MXene-Ti,C, khi duoc tong hop trong
dung dich HF ndng d6 48% (hll’lh 2D). Cac pic dac trung
cua MXene-Ti,C, quan sat duge ¢ 20 la 8,4, 17,6, 27,3,
42,4 va 62,6° tucmg ung voi cac mat phang phan xa (002),
(004), (008), (105) va (110) mat phing. Két qua khing dinh
MXene-Ti,C, da téng hop thanh cong va dé xuit chon dung
dich HF cc') nong do 48% dé tong hgp MXene- -Ti,C,.

&%H%%E 67(2) 2.2025

Thanh phin cic nguyén to va anh SEM cua MAX-
Ti,AIC, va MXene—TiLC2 tong hop voi nong do cl}ét an mon
HF khac nhau dugc thé hién trén hinh 3 va 4. Pho EDX cua
MAX-Ti,AlC, quan sat thdy céac pic dic trung cho nguyén
to Ti, C va Al vdi ham lugng Al chiém 28,78% theo khoi
luwong (%m). Sau khi phan tng trong dung dich HF ham
luong Al giam do sy an mon chon loc nguyén té Al, dong
thoi xudt hién pic dic trung cho O va F (hinh 3B, 3C, 3D).
Ham lugng Al giam 50% (con 14,49% m) sau 36 gio phan
(g trong dung dich HF ndng d6 20% nhung trén anh SEM
su tach 16p cia MXene chua dugc quan sat (hinh 4B). Khi
néng do HF tang 1én 30 va 48%, ham lugng Al con lai la
4,77 m va 2,50% m tuong ung.

Nguyén (0 Nguyén 0

Nguyén to

Nguyén to

Hinh 3. Phé EDX cta MAX-Ti AIC, (A) va 2D-MXene-Ti,C, tdng hop
& néng dé HF khac nhau: 20% (B), 30% (C) va 48% (D).

Nhu da trinh bay trong phﬁn dat van dé, sy an mon co
chon loc nguyén t6 Al s& tao ra su tach 16p trong ciu trac
cua vat liéu MXene. Anh SEM cua MAX-Ti,AlC, c6 dang
hinh tam, v6i cau trac cé thé dugc phan 16p (hinh 4A). Sau
khi an mon trong dung dich HF ciu triic 16p dugc quan sat
rat 13, dic biét sau khi duoc an mon trong HF 48%. Tur két
qua EDX, SEM va XRD cho phép két luan di tong hop
thanh cong vt ligu 2D-MXene-Ti,C, tu MAX—Ti3A1C2b§ng
phuong phap etching. Trong nghién clru nay, nhom chiing
to1 Iwra chon néng do HF 48% lam dung moi an mon dé téng
hop 2D-MXene-Ti,C,.
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Hinh 4. Anh SEM ciia MAX-Ti,AIC, (A) va 2D-MXene-Ti,C, téng hop
& néng dé HF khac nhau: 20% (B), 30% (C) va 48% (D).

Dé minh chig cho két luan vé su tach 16p trong cau
trac cua vat liéu MXene do sy an mon c6 chon loc 16p nhém
trong tién chit MAX, phuong phap dang nhiét hip phu N
(BET) duoc sir dung dé xac dinh dién tich bé mit riéng cua
vat lidu (hinh 5). Dién tich bé mat riéng cua vat liéu MAX-
Ti,AlC, la khoang 1,6 m*/ g, sau khi duoc etching trong dung
dlCh HF 48%, dién tich bé mat riéng ciia 2D-MXene- Ti,C,
dat 10,56 m?/g (ting 5,6 1an so vai vat lidu MAX).
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Ap suit twong déi (p/p,)
Hinh 5. Puong déng nhiét hdp phu N, ctia MAX-Ti,AIC, va 2D-MXene-Ti,C,.
3.2. Anh hwong ciia thoi gian siéu am

Trong ph?m nay, ching toi khdo sat anh huong cta thoi
gian siéu am dén su tach 16p vat liéu 2D-MXene-Ti,C,. Mau
2D- MXene- Ti,C, sau khi dugc tong hop trong dung moi
HF néng do 48% trong 36 gio' 6 nhiét do 35°C s€ dugc ly
tam loc rira vé pH trung tinh. Sau d6, thém nudc cit va siéu
am mau & nhiét d6 phong véi thoi gian khac nhau: 30 phut,
60 phut va 90 phut. Cubi cing ly tdm loc rira bang nudc cét
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Nguyén 10

Hinh 6. Phé EDX ctia cac mau 2D-MXene-Ti,C, tdng hop & HF néng
do 48% va siéu am véi thei gian khac nhau: 0 phut (A), 30 phat (B),
60 phut (C) va 90 phut (D).

Hinh 7. Anh SEM cta 2D-MXene-Ti,C, téng hop & HF néng dé 48%
va siéu am vé&i thoi gian khac nhau 30 phut (A), 60 phat (B) va 90
phut (C).

(3 1an) dé thu lay vat liéu 2D-MXene-Ti,C,. Céc ddc trung
v¢ thanh phan cac nguyén t0 va hinh thai hoc bé mat cua vat
lidu dugc phan tich bang phép do EDX va SEM (hinh 6 va
7). Duya trén két qua EDX c6 thé thy, qua trinh siéu am va
rira sau siéu 4m con tiép tyc 1am giam ham lugng nguyén
t6 Al trong mau 2D-MXene-Ti,C,. Khi tang thoi gian si€u
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am tir 30 phat dén 90 phut, ham luong Al trong mau con
khoang 1,5%m. Anh SEM cho thdy, qué trinh siéu 4m da
lam tach cac 16p MXene (hinh 7) va thoi gian siéu am tang,
su tach 16p quan sat duge rd hon. Tir cac két qua EDX va
SEM, chiing t6i lya chon thoi gian siéu 4m 90 phit dé thu
duoc vat ligu 2D-MXene-Ti,C, co su tach 16p t6t. Cac két
qua vé su tach 16p tot cho thay da tong hop thanh cong vat
li¢u 2D-MXene-Ti,C, tuong tu nhu trong bao cdo cua F. Liu
vacs (2017) [15].

4. Két luan

Vat li¢u 2D-MXene-Ti,C, da dugc tong hop thanh cong
béng phu’(mg phéap an mon hoa hoc udt tir tién chat MAX-
Ti,AlC,. Pé kham pha hiéu qué cta qua trinh in mon chon
loc nguyén to Al trong pha MAX, anh hudng cta ndng do
chat an mon HF va thoi gian thoi gian siéu 4m da duoc
nghién ctru. Bﬁng cach so sanh cac dic trung vé thanh phan
pha, thanh phan nguyén té va hinh thai hoc bé mit clia vat
lidu tong hop duoc, chung t6i két luan rang, MXene- Ti,C,
duogc tong hop trong HF ndng d6 48% va siéu 4m 90 phut
cho thiy su tach 16p tot. Vat liéu 2D-MXene- Ti,C, tong hop
dugc c6 dién tich ting khoang 5,8 1an so véi vat heu MAX-
Ti,AlC, ban diu. Nhimg nghién ctru danh gia anh huong
cua dung moi dén su tach 16p cia vat liéu MXene va nghién
ctru ché tao dién cuc trén co sé vat lidu MXene ung dung
trong xu Iy nudc g theo cong ngh¢ dién dung khir ion (CDI)
s& duoc chiing 61 bao cdo trong cac cong bd tiép theo.

LO1 CAM ON

Nguyén Thi Thom dugc tai tro boi Chuong trinh Hoc
bong sau tién sy trong nudc cua Quy Poi mbi sang tao
Vingroup (VINIF), ma sé: VINIF.2022.STS.44 va dugc hd
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Danh gia hoat tinh chong oxy hda va chat lwgng cdm quan
cta keo déo bo sung bot vo budi va nwde budi

Hoang Quang Binh', Huynh Pic Danh?, Lé Trung Thién?'

Trwong Pai hoc Quy Nhon, 170 An Dwong Vicong, phirong Nguyén Van Cix, TP Quy Nhon, tinh Binh Dinh, Viét Nam
2Truong Pai hoc Nong Lam TP H6 Chi Minh, khu phé 6, phwong Linh Trung, TP Thii Pire, TP H6 Chi Minh, Viét Nam

Ngay nhén bai 3/4/2023; ngay chuyén phan bién 5/4/2023; ngay nhan phan bién 20/4/2023; ngay chp nhén ding 28/4/2023
Tom tat:

Nguoi tiéu dung ngay cang c6 nhu ciu cao trong sir dung cac thuc pham ¢6 1¢i cho strc khée. Keo déo la san pham
duge nhiéu nguoi tiéu dung wa thich, tuy nhién san pham chira it hop chét co lgi. Muc dich cua nghién ciru nay
nham danh gia Anh hwéng cua ty 1€ bo sung bot vé bwdi (0,5-2%) va nuwéc ep budi (0-30%) dén chit lwong keo déo.
Bén canh d9¢, cac chi tiéu nhu mau sdc, cAu tric va cim quan ciia miu sin phim ciing dwoc danh gia. Két qua nghién
ciru cho thay, b sung cac nguyén lleu nay giup cai thién ham lwgng polyphenol, hoat tinh chong oxy héa ciia sin
pham Nguge lai, né lam giam chi s6 L*, b* ciia san pham Ung dung hai nguyen liéu nay giup tao mui bwdi thom
tw nhién cho san pham, vi dang nhe cin bang vi ngot cua keo. Tuy nhién, khi b sung ham luwgng bt vé bwdi cang
€ao, san pham cang giam din d¢ déo dai. Cong thire b6 sung tot nhat da dugce xac dinh la ty 1€ bot vo budi chiém 1%
va dich ép buéi chiém 20% gitip cai thién ham lwgng polyphenol (110,48 mg/100 g vit chit khé (vck)), va hoat tinh
chdng oxy hoa ciia keo déo budi (84,78 mg/100 g vck). Tai cong thirc nay, keo déo co két qua danh gia cim quan dat
chét lwgng tot (6/9 diém). Trong cac nghién ctru tiép theo can tiép tuc khio sat ty 1¢ phdi tron chit tao ciu tric va
chét diéu vi, gitip nang cao hon nira chit lwgng san phé‘im keo déo budi.

Tir khéa: buéi, hoat tinh chdng oxy héa, keo déo, polyphenol.
Chi 56 phdn logi: 2.10

Assessment of antioxidant activities and sensory quality of gummy

candy added pomelo peel powder and pomelo juice
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Abstract:

Nowadays, consumers are increasingly demanding the use of healthy foods. Gummy candy is a product that many
consumers like to use, but this foodstuff contains few beneficial compounds. The objective of this study was to
evaluate the effect of the addition of different levels of pomelo peel powder (0.5-2%) and pomelo juice levels (0-
30%) on improving antioxidant activity in gummy candy. Furthermore, the attributes such as colour properties,
texture profile, and organoleptic characteristics of all products were also determined in the present study. The results
showed that both ingredients improved the total phenolic compounds and antioxidant activity of the product while
reducing its L* and b* values. The addition of two constituents also created a great pomelo smell and a slightly bitter
taste in harmony with the natural sweetness of the product. However, the increase in the amount of fruit peel powder
caused a substantial reduction in the hardness and cohesiveness properties of gunmmy candy. The best formulation,
which contains pomelo peel powder and fruit juice concentrations of 1 and 20%, respectively, helped improve the
phenolic content (110.48 mg/100 g dry matter (DM)) and antioxidant activity (84.78 mg/100 g¢ DM) of the product.
In this formulation, the sample reached a sensory acceptance score of 6/9. Further studies should investigate the
concentration of stabiliser agents, as well as food flavouring agents.

Keywords: antioxidant activity, gummy candy, polyphenol, pomelo.
Classification number: 2.10

“Tac gia lién hé: Email: le.trungthien@hcmuaf-edu.vn
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1. Dt van de

Keo déo c6 thanh phan chii yéu 1a duong (sucrose va/
hoic glucose), két hop vai chat tao ciu trac (gelatin, pectin,
gum), chét hiéu chinh acid, huong li¢u va chét tao mau; do
d6 san pham it chira cac hop chat co 1oi cho ste khoe. Trong
xa hoi hién nay, cac san phém co gia tri tdt cho stc khoe
dang ngay cang nhan duoc sy quan tdm chil y ciia nguoi tiéu
dung. Trong nhiéu nghién ctru trude dé, bot vo dua hiu [1],
bot vo dua, vo du du [2] va puree thanh long [3] da duoc
ung dung, gilip cai thién hoat tinh chéng oxy hoa cling nhu
chat lugng cam quan cho keo déo. Céc phan tich hoa-ly da
cho thiy, dich ép budi va vo budi co chira nhiéu hop chét
chdng oxy hoa c6 1oi cho strc khoe nhu polyphenol, vitamin
C va flavonoid [4-6]. Trong mot béo céo tong hop da cho
thiy, vo budi c6 thé duoc st dung nhu 1 nguyén liéu trong
trich ly pectin, tinh dau, polyphenol hodc sir dung nhu mot
thanh phan trong ché bién vo budi ngdm nude duong, mit
nhuyén, tra, bAnh mi, ban [7]. Tuy nhién, viéc tmg dung cac
ngudn nguyén lidu nay trong ché bién keo déo van con kha
han ché. Do do, nghién ctru nay duoc thuc hién nham muc
dich tng dung v6 buoi va dich ép buoi trong nang cao hoat
tinh chdng oxy hoa cua keo déo, song song d6 nghién ctru
cling danh gi4 anh hudng cua cac yéu td nay dén chit luong
cam quan cua keo déo.

2. Vit liéu va phuong phap nghién ciu

2.1. Nguyén li¢u va héa chit

Nguyén li¢u: Dich ép buoi va vo buoi da xu ly giam
dang dugc cung cap tir Cong ty TNHH Lé Trung Thién, 450
Nguyén Xién, TP Thu Puc, TP H6 Chi Minh.

Puong mach nha (maltose syrup), DE=26-50, duoc
cung cép boi Cong ty C6 phan hitu han Vedan Viét Nam,
tinh Pong Nai, Viét Nam. Cac phu gia gelatin (d6 Bloom =
200), pectin high methoxyl, citric acid, malic acid dugc mua
tai Cong ty Huéng Di, quan Tan Binh, TP HO Chi Minh.

Hoa chit dugc str dung trong nghién ciru gom: Folin
Ciocalteu 99,5%, DPPH (Merck, Puc), ethanol 99,6%
(Chemsol, Viét Nam). Methanol 99,5%, NaOH 96%,
Na,CO, 99,5%, thiourea, ascorbic acid 99,5%, gallic acid
99,5%, metaphosphoric acid, acetic acid, brom 3%, 2,4-
DNPH, H,SO, 98%, trichloroacetic acid, HCI 35-38%
(Xilong, Trung Qudc).

2.2. Quy trinh ché bién keo déo

Dau tién, cac nguyén liéu gdom gelatin, pectin va nudc
néng 60° dugce tron déu. Hon hop dugc git on dinh & nhiét
dd 60° trong 20 phut, gitp hoa tan hoan toan nguyén lidu.
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Sau d6, hon hop duoc tron déu voi duong sucrose, duong
mach nha, dau thuc vat, citric acid va malic acid. Ty 1€ cac
nguyén liéu trong cong thirc phdi tron duoc trinh bay trong
bang 1. Hon hop duoc gia nhiét tai 90+2°C dén khi dat ham
luong tf)ng chat rin hoa tan 1a 75%. Do Brix duoc kiém
tra bang khuc xa ké (HR25/800, Kruss-Dtic). Sau d6, mau
duoc rét vao khuon c6 kich thude 1a 1x1,5x1,5 cm va dé on
dinh ¢ nhiét do 29-31°C trong 48 gio. Sau khi 6n dinh keo
duoc tach khoi khudn va phan tich céc chi tiéu danh gia.

Bang 1. Cong thirc nguyén liéu phéi tron ché bién keo déo.

Nguyén li¢u Ty 1€ (%)
Gelatin 6,00
Pectin 0,40
Puong sucrose 10,00
DBuong mach nha 10,00
Dau thyc vat 0,30
Citric acid 0,15
Malic acid 0,15
Nude 73,00
Téng 100

2.3. Bé tri thi nghi¢m
Anh huong ciia ham heong bot vo budi:

Chuén bj bot vo budi: Vo budi sau khi mang vé phong
thi nghiém dugc sdy & 60°C dén khi dat ham lwong 4m tir 8
dén 10%. Tiép theo, nguyén liéu dugc xay nho va rdy qua
sang loc c6 kich ¢& 16 0,106 mm. Sau dé, bot vo budi duoc
bd sung vao cong thirc ché bién keo véi cac ty 18 khac nhau
gdm 0,5; 1; 1,5 va 2% (g/100 g cong thirc phdi tron). Luong
nuée st dung trong mdi cong thire phdi tron duoc thay dbi
sao cho tong khi lugng cong thire luén dat 100%. Keo sau
khi ché bién dwoc phén tich ham lugng polyphenol tong,
hoat tinh chéng oxy hoa va danh gia cam quan. Thi nghiém
duoc lap lai 3 lan.

Anh hwéng ciia ham lwong dich qua:

Trong thi nghiém nay, dich ép budi dugc bd sung vao
cong thirc ché bién keo véi cac ty 1€ khac nhau gém 0, 10,
20 va 30% (g/100 g cong thirc phdi tron), trong d6 ham
luong bot vo budi duoc st dung 1a két qua thi nghiém muc
2.3.1, va ham luong nudc sir dung trong mdi cong thirc
dugc thay ddi sao cho tong khdi lugng cong thirc phdi tron
luén dat 100%. Keo sau khi ché bién duogc phén tich ham
luong polyphenol tong, hoat tinh chéng oxy hoa va danh gia
cam quan. Thi nghiém dugc lap lai 3 lan.
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2.4. Phwong phap phan tich
Xac dinh ham lwong cdc hop chdt chong oxy héa:

Ham lugng polyphenol tong: Phuong phap phén tich
dugc tham chiéu theo N.N.M. Phuong va cs (2020) [8]. Hut
0,5 ml dich miu cho vao 6ng nghiém, thém 2,5 ml Folin
10% lic déu va dé yén trong tdi khoang 5 phit. Sau do, cho
thém 2 ml Na,CO, 7,5% vao ong nghiém va lic déu, dé toi
trong 60 phut rdi dem di do d6 hip thu quang phd & budc
song 765 nm bang may do quang phd UV-Vis (Jasco, V770,
Nhat Ban). Dwa vao phuong trinh duong chuan gallic acid
(10-50 pg/ml; y=0,0249x-0,6363; R>=0,99), ham lugng
polyphenol téng duoc thé hién theo duong luong gallic
acid/100 g vck (mg GAE/100 g vck).

Hoat tinh chdng oxy héa: Phuong phap phan tich dwoc
tham chiéu theo K. Thaipong va cs (2006) [9]. Hut 0,2 ml
mau di duoc pha lodng vao dng nghiém, sau d6 cho 4 ml
dung dich DPPH 0,1 mM vao lic déu, dé yén cho phan tmg
trong bong t6i 30 phut. Sau d6 mau duoc do d6 hip thy
quang phd & bude song 517 nm bang may do quang ph6 UV-
Vis (Jasco, V770, Nhat Ban). Dua vao phuong trinh duong
chuin ascorbic acid (0,1-100 pg/ml; y=-0,0053+0,9192;
R?=0,99) hoat tinh chdng oxy hoa duoc thé hién theo duong
luong ascorbic acid/100 g vek (mg AAE/100 g vck).

Xac dinh chi s6 mau sac va cau triic san pham:

Mau séc: Cac chi sb L*, a*, b* duoc xac dinh bﬁng may
do mau Konica Minolta CR-400 (Nhat Ban), v6i L* thé
hién d6 sang chay tur 0-100; a* thé hién sic do chay tur -60
dén +60, b* thé hién sic vang chay tir -60 dén +60.

CAu tric ciia keo duge phan tich bang may do Zwick/
Roell Z1.0 (Ptic) bang phuong phap TPA (Texture Profile
Analysis) va phuong phap dam xuyén. Cu thé, phuong phap
TPA sir dung dau do dang dia duong kinh 30 mm véi toe do
ctia dau do 1a 30 mm/phit. Mau duoc nén dén do bién dang
49%. Phan tich TPA cho két qua vé do dan hoi, do nhai,
d6 dinh va do dinh két ciia mau keo budi. Phuong phap
dam xuyén sir dung dau do dang tru duong kinh 6 mm, dam
xuyén dén 90% chiéu cao mau. Phéan tich ddm xuyén cho
két qua vé do cing ciia mau (lyc 16n nhat lam “gdy v&” ciu
tric mau). Mau phan tich c6 kich ¢& dong nhat 1a 1x1,5x1,5
cm.

Panh gid chdt heong cam quan:
Phuong phap danh gia cam quan dugc thyc hién bing

phép thir cho diém thi hiéu véi thang diém 9; trong d6 1
diém 1a cyc ky khong thich va 9 diém 1a cuc ky thich [10].
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2.5. Phwong phdp xir Iy s6 ligu

Céc s6 liéu trong nghién ctru dugc tinh toan, v& biéu do
bang phan mém Excel 2013. Phan tich phuong sai 1 yéu to
(ANOVA) va phan tich T-test dugc xir Iy bang phin mém
JMP 13.0 tai mtc y nghia 0=0,05.

) s A
3. Ket qua va ban luan

3.1. Anh hwong ciia ham lwong bét vé buwéi dén chit
lwong sdn phim

Hoat tinh chong oxy héa:

Két qua thé hién trong hinh 1A cho thdy, bo sung bot
vo budi da lam tang ham lugng polyphenol c6 trong keo
déo; trong do, mau 2% c6 ham lugng cao nhét 12 4,93 mg
GAE/100 g vck va mau 0,5% c6 ham luong thap nhat 1a
2,06 mg GAE/100 g vck. Su bién ddi vé hoat tinh chéng oxy
hoéa ctia mau ciing dién bién twong ty nhu polyphenol (hinh
1B). Hoat tinh chéng oxy hoa cta cac mau 0,5; 1; 1,5 va
2% c6 gia tri tuong ung lan luot 1a 1,84; 2,50; 5,33 va 7,29
mg AAE/100 g vck. Trong nghién ctru trude d6 da cho thay,
dich chiét vo buoi Nam Roi co chira cac hop chét chdng
oxy hoéa thugc nhéom polyphenol nhu flavonoid (0,93 mg/g),
naringin (0,62 mg/g) va hesperidin (0,13 mg/g) [6]. Hoat
tinh chdng oxy héa 1a mot trong nhiing cong dung chinh cia
polyphenol [11]. Cac nguyén nhan nay da gitp giai thich sy
gia tang cta polyphenol va hoat tinh chdng oxy hoa cuia keo
déo ¢6 bd sung vo budi.
(A) (B)

140
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40
20
0

TPC (mg GAE/100 g vck)
>
DPPH (mg AAE/100 g vek)

05 1 152 05 1 15 2
T 1¢ b0 sung byt v6 budi (%) T§ 18 bb sung bt v6 bui (%)
Hinh 1. Anh hwéng cia ham lwong bot vé bwéi dén chéat lwong
keo bwéi. (A) Ham Iwong polyphenol téng (TPC), (B) Kha nang khang
oxy hoa (DDPH). Cac ky tw khac nhau (a, b, c, d) trén cung mét hinh
thé hién suw khac biét co y nghia théng ké gitra cac nghiém thirc & do
tin cay 95%.

Két qua L* a*va b*:

Két qua bang 2 cho thiy, bo sung bot vo budi ¢ cac ham
lugng khac nhau da dan dén su khac biét vé mau sic cua keo
déo. Keo déo c6 chi s L* giam dan tir 51,6 xubng 37,93;
chi s b* giam dan tir 21,36 xudng 4,2; chi sb a* tang dan tir
1,33 1én 3,99; khi ham luong bdt vo budi tang tir 0,5 1&n 2%.
Quan sat bang mat thuong, d6 sang cua keo ty 1& nghich voi
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ham lugng bot vo budi, mau keo sam dan (hinh 2). Trong
nghién ctru trude, chi sé L* ciia keo déo ting khi cong thirc
ché bién c6 bd sung bot vo dua hau [1], nguoc lai chi sb nay
khong thay doi trong truong hop bd sung bot vo dira [2].
Hién tugng nay cé thé 1a do sy khac nhau vé mau sic va
thanh phén hoa hoc cua céc loai bot vo trai cay.

Bang 2. Anh hwéng cia ham lwong bot vo bwei dén mau sic keo
buwoi.

Ham lugng bt vo buéi (%) L* a* b*

0,0 51,6042,00  1,33°+0,29 21,36%1,32
0,5 45,66°+2,14  1,92°+0,69  14,85+1,74
1,0 42,84°1,30  2,91°+1,18  12,76°£0,90
1,5 41,6342,55  3,13°+031  7,46%1,32
2,0 37,939%1,52  3,99+0,58  4,20°+0,26

L* thé hién do sang chay tir 0 dén 100; a* thé hién s&c dd chay tir -60
dén +60, b* thé hién s&c vang chay tir -60 dén +60. Céac ky tw khac
nhau (a, b, ¢, d, e) trén cung mdt cot thé hién sy khac biét ¢ y nghia
gitra cac nghiém thirc & do tin cay 95%.

0,0 0,5 1,0 L5 2,0

Hinh 2. Hinh minh hoa keo déo tai cac ham lwong bét vé buéi bd
sung khac nhau.

Danh gia cam quan:

Vé mau séc, san phém ¢6 ham luong bot vé budi nhd
hon 1,5% c6 diém cam quan ndm trong khoang 5,65-6,15;
tuy nhién tiép tuc ting ham luong bot vo budi thi mic do
yéu thich giam con 4,7 diém, do lam giam d§ sang cua keo
(bang 3). V& trang thai (két ciu déo dai cua keo), ty 1& bot
vo budi tang tir 0 dén 1,5% lam diém dénh gia cam quan
cua san phém giam tu 5,65 dén 5,15 diém, tuy nhién sy khac
biét nay giita cac mau khao sat khong mang y nghia thong
ké (p<0,05). Trong khi do, tai ty 1¢ 2%, cadc cam quan vién
cam nhén 1 keo c6 két cu bd va cam giac “nham” kho chiu
khi nhai, do ¢6 miu thi nghiém nay dat diém cam quan thap
nhat 14 4,15/9 diém.

Ngoai ra, nghién ctru ciing ghi nhan, bd sung bot vo
budi gitp cai thién mui vi cho keo. Tai ty 1€ bd sung tu 0,5
dén 1%, keo c6 mui thom nhe cua vo budi cling nhu vi the
déng dé chiu, giup can béng vi ngot cua keo déo. Keo co
diém cam quan (6,05-5,80 diém) cao hon so v6i mau khong
bd sung (5,05 diém). Tuy nhién, khi ty 1& st dung vo budi
cang cao, vi déng trong keo cang rd, dan dén lam giam chat
lugng cam quan ciia san pham, diém cam quan ctia mau
2% la 5,05. Nhu da dé cap, dich chiét vo budi co naringin,
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day 1a hop chat c6 kha ning tao vi déing, do d6 su gia ting
ham lugng bdt vé budi trong keo cod thé da lam gia tang
ham lugng naringin, giy tic dong bat lgi dén mui vi cia
san pham.

Panh gia chung vé cam quan, cac miu c6 ham lugng
b6 sung bot vo budi 14 0,5 va 1,0% co diém danh gia 1a 6,1
va 5,75 diém, va cac mau nay c¢6 mic do yéu thich cao hon
s0 v&i cac mau con lai (diém cam quan ndm trong khoang
4,60-5,50). Tur cac két qua phan tich, mau bd sung bot vo
budi 1% cho keo ¢ cac két qua tot vé& cam quan, va hoat
tinh chéng oxy hoa tot hon so véi cac cong thire khao sat
con lai. Do @6, ty 1€ nay dugc chon la Kkét qua cho cac phan
tich tiép theo.

Bang 3. Anh hwéng ciia ham lwgng bét vé bwéi dén cam quan
keo bw&i.

Ham lugng bot

v6 buii (%) Mui vi Trang thaii ~Mausic  Dénh gid chung
0,0 5,05%1,15  5,651,49  58040,83  5,300+1,03

0,5 6,05°£0,94  57541,02  6,1540,75  6,10:£0,85

1,0 580111 550124 5804095  5,75%+0,85

1,5 550132 5154139 5654131 550127

2,0 5,05%£1,54 4152135 4704145 4,60%1,50

Cac ky tw khac nhau (a, b, ¢) trén cling mot cot thé hién su khac biét co
y nghia gitra cac nghiém thtrc & do tin cay 95%. Thi nghiém duoc lap
lai 3 14n. Diém c&m quan dwoc danh gia dya trén thang 9 diém. Diém
trung binh cang I&n twong dwong véi mirc d6 yéu thich cang cao.

Cau truc cua san pham:

Céu trac 12 mot chi sé quan trong ddi voi san phdm keo
déo. Trong d6, cac thudt ngir duoc sir dung dé mé ta cau tric
san pham thyc phdm gém: i) d6 ctng dugc dinh nghia 1a luc
can thiét dé lam pha v& san pham, ii) d6 dinh két mirc do
san pham c6 thé bién dang trudc khi v, phan anh kha ning
lién két bén trong san phém, iii) d§ nhai lién quan dén luc
can thiét dé nhai san pham ban rin sin sang cho viéc nudt;
iv) do dinh lyc can thiét dé phé vo san phém ran thanh manh
vun san sang cho viéc nubt va v) do dan hdi thé hién murc do
phuc hdi lai cdu trac ban dau cua san pham sau khi ding tac
dong cua lyc nén [1, 12].

Céc két qua trong bang 4 cho thay, c6 su khac biét &
vé dic tinh cdu trac gitta hai mau 0% (keo khong b sung
bot vo budi) va mau bd sung 1% bot vo buoi. Trong do, do
dinh va d6 nhai & mau 1% c6 gié tri cao hon mau khong bod
sung. Nguoc lai, do két dinh va do cimg cua mau khong bd
sung bot vo budi cé gia tri cao hon. Trong khi d6, do dan hoi
khong c6 sy khac biét rd giitta hai mau. Theo két qua danh
gia cam quan trong bang 3, hai mau keo nay khong cé su
khac biét thong ké vé két cau.



Bang 4. Anh hwéng ciia ham lwong bot vo bwéi dén déc tinh cau
tric cua keo déo.

Ham legng bot . Podanhdi . . . . A g
v6 buii (%) D cirng (N) @) Do nhai (N) D¢ dinh (N) Do dinh ket
0 62,57£10,76  0,89%+0,12  20,68"t1,20  18,51°£1,29  0,74%0,16

1 437041024 0,8740,02  26,22%1,16  22,80+0,52  0,50°+0,03

Céc ky tw khéc nhau (a, b) trén cung mét cot thé hién sw khac biét co y
nghta gitra cac nghiém thirc & do tin cay 95%.

Trong nghién ctru ctia J. Gan va cs (2020) [13] cho thiy,
dich chiét xuat vo budi c6 ham luong xo khong hoa tan 1a
59,77 ¢/100 g, va xo hoa tan 1a 3,62 g/100 g; diéu nay phan
nao cho thy chét xo ctia vo budi chiém chi yéu 1a xo khong
tan. Nhan xét nay ciing duoc ghi nhén trong nghién ctru J.
Sang va cs (2022) [14], trong d6 cellulose chiém ty 1¢ nhiéu
nhét trong thanh phan chét xo khong hoa tan ctia vo budi,
tiép dén 1a hemicullose va lignin. Didu nay c6 thé dan dén
bot vo buoi da lam han ché su lién két giita gelatin va pectin
trong pha lién tuc, [am giam d6 cliing cia cia keo déo. Pay
¢6 thé 12 nguyén nhan giai thich cho su thay ddi vé cau trac
ctia keo déo c6 va khong co bd sung bot vo budi.

3.2. Anh hwong ciia ham lwong dich buvi
Hoat tinh chong oxy héa:

B6 sung dich budi tir 0 dén 30% vao cong thirc ché
bién da cai thién dang ké cac hop chit chéng oxy hoa ¢
trong keo. Cu thé, ham luong polyphenol tong ting dan tir
33,73 dén 138,89 mg GAE/100 g vck, hoat tinh chdng oxy
hoa ting dan tir 46,25 dén 99,90 mg AAE/100 g vck. Cac
hop chit nhu flavonoid, vitamin C dd dwoc phét hién trong
dich ép nude budi la nguyén nhan lam gia tang ham lugng
polyphenol ciing nhur hoat tinh khang oxy trong keo déo bo
sung dich ép buoi (hinh 3) [4, 5].
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Hinh 3. Anh hwéng ctia ham lwong dich ép bwéi dén chat lwong
keo déo bwéi. (A) Ham lwong polyphenol tdng (TPC) va (B) Kha néng
khang oxy hoa (DPPH). Cac ky tw khac nhau trén cing mét hinh thé
hién sw khac biét c6 y nghia gitra cac nghiém thirc & do tin cay 95%.
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Két qual’, a*vab':

Su bién d6i mau sic ciia mau khi tang ham luong dich
budi duoc thé hién thong qua céac chi s6 L, a", b" dugc trinh
bay trong bang 5. Cac chi sé nay giita cac nghiém thirc 13 c6
su khac biét vé thong ké & mirc y nghia 5%. Ty 1¢ dich buoi
tang tur 0 1én 30% da lam giam chi s6 do sang (L") ctia mau
tur 44,41 xuéng 40,61; a" tang tur 2,58 1én 5,11 va do vang
(b") giam tir 14,34 xudng 7,4.

Bang 5. Anh hwéng cta ham lwgng dich bwai dén chi sé L*, a*,
b* cua keo bwéi.

Ham lwgng dich buéi (%) L* a* b*

0 44,41+1,39  2,58%+1,09 14,34*42,35
10 42,78"0+1,67  4,08°+1,64 14,39°+5,22
20 41,31%+1,08  5,47*+1,65 12,51%2,00
30 40,61°+1,66  5,11%+0,45 7,46"+1,86

Cac ky tw khac nhau (a, b, c) trén cung mét cét thé hién sw khac biét co
y nghta gitra cac nghiém thirc & do tin cay 95%.

Danh gia cam quan:

Mirc d6 yéu thich vé tinh chit cam quan cia cdc mau di
duoc cu thé hoa dudi dang s6 liéu va duoc trinh bay trong
bang 6. Cac thudc tinh nhu mui vi, két ciu, mau sic va yéu
thich chung khong c6 su khac biét mang y nghia théng ké
(p>0,05) & cac mau keo c6 ty 1¢ bd sung tir 0 dén 20%.
Céc thudc tinh nay lan lugt c6 diém cam quan nim trong
khoang 5,70-6,20 diém, 6,00-6,05 diém, 5,95-6,05 diém va
5,95-6,25 diém. Tuy nhién, ty 1¢ dich budi trong cong thirc
ché bién dat 30% da lam giam diém cam quan mui vi (4,65
diém) va két cau (4,95 diém) ciia san pham. Theo cac cam
quan vién, tai ty 1 ndy, keo ¢6 vi dang kho chiu va két ciu
hoi dai. Trong nghién ctru truéc da d& cap trong dich ép
budi ¢ chira hop chit naringin, hop chit tao vi déng [4].
Diéu nay giup giai thich cho sy xuit hién vi ddng cia mau

Bang 6. Anh hwéng ciia ham lwong dich bwdi dén cam quan keo
bwéi.

Ham lugng dich

b (%) Mui vi KétcAiu  Mausic Danh gia chung
0 5,701,03  6,0040,97 6,0020,92  5,95%0,89
10 6,20£1,15  6,0541,15 6,05%1,10 6,251,07
20 5,801,36  6,0041,30 5,95%+1,10 5,95%1,28
30 4,65°£1,63  4,95'£1,50 5,30%t1,59 4,90°+1,48

Cac ky tw khac nhau (a, b) trén cung moét cét thé hién sw khac biét co
y nghia gilra cac nghiém thirc & d6 tin cay 95%. Thi nghiém dwoc lap
lai 3 1an. Diém cam quan dwoc danh gia dwa trén thang 9 diém. Diém
trung binh cang I&n twong duwong véi mire dé yéu thich cang cao.
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keo déo bo sung 30% dich ép buoi. Tir cac két qua da ghi
nhan, miu keo c6 bd sung dich ép budi 1a 20% cho san
pham c6 hoat tinh chdng oxy hoa cao ciing nhur chat lugng
cam quan, do d6 ty 1& nay dugc chon 13 két qua thi nghiém.

Cau triic ciia san phcfm:

Céc két qua trong bang 7 thé hién khong c6 su khac biét
mang ¥ nghia thong ké vé do cimg, do dan hoi, do nhai, do
dinh va d¢ dinh két giita mau keo co bd sung 20% dich ép
budi va mau keo khong bo sung.

Bang 7. Anh hwéng clia ham lweng dich ép bwai dén dic tinh cu
tric cua keo déo.

Ham lrgng dich . pydanhdi . . . . Ly
ép bwdi (%) Do citng (N) () Do nhai (N) Do dinh (N) D§ dinh ket
20 4254520  0,8540,01  25,55%1,16 2227°+0,92  0,51°+0,04
0 43,70+10,24  0,87:+0,02  26,22+1,16  22,80*+0,52  0,50°+0,03

Cac ky tw khac nhau (a, b) trén cting mét cot thé hién sw khac biét cé y
nghta gira cac nghiém thirc & do tin cay 95%.

4. Két luan

Vo buoi va nudce ép budi da gitip cai thién ham luong
polyphenol va hoat tinh chdng oxy héa cua keo déo budi.
Thay ddi ty 18 bo sung bot vo buoi da lam thay doi chi sd
mau sic L*, a*, b* va dic tinh cdu trac (do cliing, d6 dan hoi,
d0 nhai, d6 dinh va do dinh két) cua san phém. Trong khi
do, thay ddi ty 1& dich ép budi chi 1am thay di chi s6 mau
sdc, nhung khong lam thay doi dic tinh ciu tric cua keo
déo. Phu pham néng nghiép nhu vo trai cdy ¢ thé 1a ngudn
nguyén li€u gitp nang cao cong dung suc khoe cua thuc
pham truyén thong.

LO1 CAM ON

Nghién ctru nay duogce tai trg kinh phi tr S& Khoa hoc
va Cong nghé¢ TP Ho6 Chi Minh. Céc tac gia xin chan thanh
cdm on.
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Nghién ctru phét‘trién san pham va danh gia
thanh phan hoa ly thach so ri
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Tom tit:

Qua so ri 1a ngudn cung cip doi dao cac hop chit c6 lgi cho sirc khée nhw vitamin C va cac hop chit phenolic. Tuy
nhién, loai qua nay c6 han sir dung ngz"m do tdc dd chin nhanh. Do d6, muc dich ciia nghién ciru nay la phat trién san
pham thach tir qua so ri giiip kéo dai thoi gian sir dung cho qua so ri, ciing nhw tao ra san phiam tot cho sirc khée
nguoi tiéu ding va c6 gia tri cam quan tot. Nghién ciru di danh gia anh hwéng cia ty 1¢ phoi tron dich qua, ham
lwong tong chit riin hoa tan, ham lwgng axit va chit 6n dinh cAu tric dén chét lrong thach so ri. Két qua nghién ciru
cho thiy, cong thirc ché bién gdm 20% dich qua so ri, 1,5% chit tao cAu triic aquagel gum, ham luwgng chit hoa tan
tong s6 23% va ham lrgng axit tong s6 0,35% cho san phidm thach c¢é chit lrgng cim quan tot, dat 5,15/7,00 diém,
ham lrgng phenolic tong s6 va vitamin C 1in lwot dat 92,21 mg GAE/100 g vck va 265,96 mg/100 g, ham lrong ning
lwong thip 58 Kcal/100 g. San phim cé nhiéu tiém ning trong ing dung thuong mai.

Tir khéa: hop chit phenolic, so ri, thach trai cay, vitamin C.
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Development and evaluation of physiochemical properties
of acerola jelly
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Abstract:

Acerola is a rich source of health-promoting compounds such as vitamin C and phenolic compounds. However,
this fruit has a short shelf life due to its rapid ripening rate. Thus, the purpose of this study was to develop a jelly
product from acerola that would extend the shelf life of acerola fruit, as well as create a product that is beneficial
for consumers’ health with good organoleptic value. The study evaluated the effects of acerola fruit juice blending
ratio, total soluble solid content, total acid content, and stabilising texture agent on the quality of acerola jelly. The
research results showed that the processing formula including 20% acerola juice, 1.5% aquagel gum, total soluble
solid content of 23%, and total acid content of 0.35%, resulted in a jelly product that had good organoleptic quality
with 5.15/7.00 points, total phenolic content and vitamin C content reaching 92.21 mg GAE/100 ¢ DM and 265.96
mg/100 g, with low energy index of 58 Kcal/100 g. The processing of this product demonstrated great potential in
commercial applications.

Keywords: acerola, jelly, phenolic compounds, vitamin C.
Classification number: 2.10

“Tac gia lién hé: Email: duongngocdiep@hcmuaf.edu.vn
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1. Dt van de

So 1i duge biét dén 1a mot loai ndng san ¢6 ham lugng
vitamin C doi dao, chiém tir 695 dén 4827 mg/100 g [1],
cao hon so véi cam (46 mg/100 g), budi (52 mg/100 g), dau
tay (61 mg/100 g) [2]. Tuy nhién, thuc té cho théy trai so ri
d& bi hu hong sau khi thu hoach, do toc do chin nhanh; khi
chin qua c6 dic diém qua mong, vo mong, bong va mém,
nén dé bi hu dap trong qua trinh van chuyén, dic biét ddi vai
cac thi truong xa, tur d6 gidi han gia tri kinh té cua loai néng
san nay. Do d6, viéc da dang héa cac san pham tir qua so ri
s€ mang lai hiéu qua kinh té cao, nang cao gia tri cua loai
trai cdy giau hop chit sinh hoc nay. Trong cc nghién ciru
trude, nude ép tir qua so ri ¢6 thé dung trong ché bién nudc
giai khat dong chai, siro, mut, kem [3]. Cac san pham mang
huong vi doc dao ctia qua so ri nhan dugc sy yéu thich kha
cao tir nguoi tiéu dung.

Trén thi truong hién nay, nhu cau tiéu thu nhitng san
phim trang miéng hodc moén an vit c6 ngudn gde tir tu
nhién, bd dudng, tién loi ngdy cang ting cao. San pham
thach trai cay 1a mot loai thuc phém O trang thai ban ran va
dugc ché bién bang cach tron nudc ép trai cdy véi dudng
va/hodc axit hiru co ciing cac chét tao gel. Cac nghién ciru
trude d6 da cho thay, viée két hop puree bip [4], nudc ép
mo [5], nudc ép trai anh dao dai [6] trong ché bién thach ¢
thé gitip thay thé viéc st dung phdm mau tong hop, ning
cao gia tri dinh dudng va cac hop chat sinh hoc ¢é lgi cho
suc khde nguoi tiéu dung. Tuy nhién, hién nay cac nghién
ctru vé xdy dung cong thirc ché bién thach so ri van con kha
han ché. Vi thé, muc dich cua nghién ctu nay l1a xac dinh
cong thirc ché bién thach so ri, san phim tao thanh c6 chét
lwong cam quan tot, ham lugng vitamin C va ham luong cac
hop chat phenolic cao.

2. Vat liéu va phuong phap nghién ciiu
2.1. Nguyén li¢u va héa chit

Nguyén liéu: Trai so ti (Malpighia glabra) thudc giéng
so 11 chua dugc thu mua tai vuon trai cdy & Go Cong, tinh
Tién Giang. Nhimng qua dat do chin do cam, cudng con
xanh, khong c6 hién tuong hu hong vé mat vat ly 1an vi sinh
vat (trai c6 mau nau sim do da bi oxy hoa, bé mat xuat hién
mdc, mui 1én men hodc mui la) dugc lya chon lam nguyén
liéu trong nghién cutru (hinh 1). Nguyén liéu sau khi rira sach
va loai bo nhitng qua bi dap nat, sau bénh, dugc tién hanh
bdo quan ¢ nhiét d6 -18°C.

KHORHOC [P

Hinh 1. Trai so ri dwerc str dung trong nghién ciru.

Phu gia tao cdu triic: Aquagel gum WD-7183 1a phu gia
thuong duoc sir dung trong ché bién cac san pham thach
trai cdy c6 thanh phan chinh bao gém: carrageenan, natri
dihydro citrate, konjac gum, kali cloride (thong tin cung cap
tir don vi phan phdi san pham). Nguyén liéu dwoc mua tai
Cong ty Hudng i (476/234 A3/12 Au Co, phudng 10, quan
Tan Binh, TP HO Chi Minh), xuét xt: Philippines, nha san
xuit: Marcel Carrageenan.

Héa chat: Cac hoa chét duge sir dung trong nghién ctru
nay bao gém NaOH 0,1N, methanol 99% (Cemaco, Viét
Nam), thudc thir folin-ciocalteu, axit gallic (Merck, Duc),
NaCl, HCI, L, KI, Na,CO,, tinh bot hoa tan (Xilong, Trung
Qudc) va méi trudng vi sinh PCA, PDA (Himedia, An D9).

2.2. Quy trinh ché bién thach so ri

So ri sau khi rd dong dugc ép bang may ép trai cdy Philips
(Trung Qudc) dé thu dich qua. Sau dé, dich qua dugc phdi
tron cung voi dudng, axit citric, 1,5% aquagel gum va nude
cho vura di 100%. Trong d6, ham luong dudng va axit citric
dugc bd sung dén khi san phdm dat ham lugng tong chét
ran hoa tan (TSS) 1a 17% va ham luong axit tong s (TA)
dat 0,35%. Tiép theo, hdn hop dugc khudy déu va dem di
gia nhiét 6 85°C trong 5 phut, gitp cac nguyén li€u hoa tan
hoan toan. K& tiép, hon hop duoc rét vao tii nhom, ghép mi
va thanh tring & 85°C trong 10 phiit bang may thanh tring
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(ALP Model MCY-40L, Nhat Ban). Sau d6, san phdm duoc
dé ngudi hoan toan ¢ nhiét do phong va dem di bao quan
trong ti mat & 8-10°C. Mdi thii san pham chtra 30 g thach.

2.3. Bé tri thi nghi¢m

Céc thi nghiém duoc b tri theo phuong phap thay doi
mot hoac hai yéu td, céc yéu t con lai duogc gilr ¢ dinh. Két
qua thi nghiém trudc 1a thong sb ¢b dinh cho thi nghiém tiép
theo. Cac nghiém thirc cho san pham c¢6 mirc do yéu thich
cao vé cam quan, cling nhu c¢6 ham lugng vitamin C va ham
lwong cac hop chat phenolic cao dugc chon 1a két qua thi
nghiém. Mdi thi nghiém dugc 1ap lai 3 lan.

Anh hwéng cia 1y 1é dich ép so ri dén chit lwong san
phdm: Trong thi nghiém nay, thong sd dugc khao sat 1a ty
1¢ dich ép so ri dugc bb tri theo md hinh mét yéu t6, voi 4
nghiém thuc dugc khao sat lan luot 1a 15, 20, 25 va 30%
(g/g). Thi nghiém duoc lap lai ba lan. MAu thi nghiém duogc
chudn bi tuong ty nhu quy trinh & trén. San phdm thach so
ri duge phan tich cac chi tiéu hoa 1y bao gdm ham luong
vitamin C, ham luong phenolic téng sé (TPC) va gia tri cam
quan (mau, mui, vi, két cau, do yéu thich chung) dya trén
phép thir cho diém thi hiéu thang diém 7.

Anh hieong ciia sw thay d@oi TSS va TA dén chat lwong
san pham: Thi nghiém nay duoc bd tri theo mé hinh hai yéu
td. Quy trinh ché bién thach so ri duoc thuc hién tuong ty
& trén, tuy nhién, gia tri TSS cia san pham duoc thay doi
vo1 4 muc do lan lugt1a 17, 19, 21 va 23%; gid tri TA dugc
thay ddi 1a 0,3 va 0,35%. San pham thach so ri dwoc phan
tich muc dg yéu thich vé vi dua trén phép thu cho diém thi
hiéu thang diém 7.

Anh hieong ciia ham leong aquagel dén chat leong san
phdm: Thi nghiém nay dwoc bd tri theo mé hinh mét yéu
td. Quy trinh ché bién thach so ri duoc thuc hién tuong tu
& trén, nhung véi 4 ty 16 aquagel gum lan luot 14 1,3, 1,5,
1,7 va 1,9%. San phém thach so ri duge xac dinh chat luong
cam quan (mau, mui, vi, két cau, do yéu thich chung) dua
trén phép thtr cho diém thi hiéu thang diém 7.

Phdn tich chat lwong thach so ri thanh pham: Thach so
ri duoc ché bién theo quy trinh & trén. San pham sau do
duogc phén tich cac chi sé gdbm TA, TSS, pH, kha ning gitr
nudce, polyphenol, vitamin C, mat d té)ng vi khuén hiéu khi,
mat do bao tir men mdc. Ngoai ra, san pham ciing dugc giri
dén Trung tdm Phan tich sic ky Hai Dang dé kiém tra ham
luong protein, carbohydrate, lipid, chi sé ning lugng theo
TCVN 5483:2007 [7].
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2.4. Phwong phap phdn tich

7SS, TA va pH: Dau tién thach so ri dugc nghién voi
nude cét theo ty 1€ 1:5 (g/g), dich loc thu dugc, dugc phan
tich tong ham lugng chét rdn hoa tan bang khuc xa ké Atago
(0-32°Bx, Nhat Ban), gia tri pH biang may do pH dé ban
(Hanna 211, M¥). Ham luong axit tong s6 (TA) cta thach
so 1i duoc xac dinh bang phuong phap, ham lugng phenolic
tong s va vitamin C.

Ham heong phenolic tong: Pau tién, polyphenol trong
thach so ri dugc trich ly theo phuong phép cua G. Xu va
cs (2008) [8]. Trong éng ly tam 50 ml, 1 g mau da nghién
nhuyén dugc trich ly ciing v6i 9 ml dung moi methanol 80%
trong 30 phut tai nhiét d6 phong, diéu kién chén sang. Tiép
theo mau dugc ly tAm tai 5000 vong/phut trong 10 phut
thu dich trich. Phan dich trich tiép tuc dugc xac dinh ham
luong polyphenol tong theo phuong phap cia Y.Y. Lim va
¢s (2007) [9]. Trong mot dng nghiém, lic déu hdn hop gdm
0,3 ml dich trich da pha loang, 1,5 ml Folin 10%. Mau duoc
dé yén trong 5 phit, didu kién chin sang. Sau dé, 1,2 ml
Na,CO3 7,5% duoc thém vao hén hop va lic déu. Sau 30
phut phan Gng tai nhiét do phong 29-31°C, diéu kién chin
sang, mau duoc phan tich mat do quang & bude song 765
nm bang may do quang phé UV-vis (UV-1800, Shimadzu,
Nhat Ban). Ham luong polyphenol tng s dugc tinh theo
cong thuc:

(y—b) x Vx DF x 100
ax m x(100%—ham lwgng sm%)x1000

TPC (mg GAE/100 g vck) =

trong d6: y 1a gia tri OD clia mau phén tich; a va b 1a hé s6
trong phwong trinh duong chuan axit gallic (10-70 pg/ml);
V 14 thé tich dich trich ly; DF 1a do pha loang; m la khoi
luong ctia mau; 100/1000: hé s6 chuyén ddi tir pg/g sang
mg/100g.

Vitamin C: Phuong phap phan tich dwoc tham chiéu theo
K. Pathy va cs (2018) [10]. Pau tién, 0,1 g thach so ri da
nghién nhé duge cho vao binh dinh muc 100 ml, sau d6 1an
lwot 50 ml nude cat, 2 giot HC1 2% dugc cho vao binh dinh
muc va lic déu. Tiép tuc, nudce cat dugc bd sung cho dén
vach va lac déu. Mau sau d6 duoc loc véi giéy loc dé thu
dich trich. Ké tiép, 10 ml dich trich dugc cho vao binh tam
gidc va lic déu véi 2 giot hd tinh bot 0,5%. Mau sau d6 dugc
chudn d6 vé6i dung dich Tod 0,01 N dén khi xuat hién mau
xanh bén. Ham luong vitamin C dugc tinh theo Kkét qua:
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V X V;X 0,88 X 100
V, Xm

X (mg/100 g) =

trong do: V Ia s6 ml dung dich [, 0,01 N dung dé chuén do;
V, la thé tich dich mdu thi nghiém; V, 1a thé tich dich mau
lay dé xac dinh; 0,88 1a s6 gam vitamin C tmg v6i 1 ml dung
dich 1, 0,01 N.

Xac dinh kha nang gitr nuéc (WHC): Phuong phap duoc
tham chiéu theo M. Khemakhem va cs (2019) [11]. Can 5 g
mau vao gidy loc, boc kin va cho vao dng ly tim 50 ml. Tién
hanh ly tim miu bang may ly tim (Hermel Z206a, Dtic) &
diéu kién 3000 vong trong 10 phit. Mau sau khi ly tim, dem
can lai va ghi chép két qua. Tinh toan két qua:

WHC (%) = X 100

trong d6: W 1a khi lwong sau ly tdm; Y 1a khéi lugng miu

ban dau.

Phdn tich mdt dg tong vi khudn hiéu khi, mét @ bao
tir men méc: Phuong phap dinh luong dugc thyc hién theo
TCVN 5165 va TCVN 5166 [12, 13]. Pau tién thach so ri
duoc pha loang voi nudce mubi 0,85% vo trung dén mat do
thich hop. Sau dé, dich mau (0,1 ml) duoc cho lén bé mat
thach PCA (truong hop phén tich tong vi khuan hiéu khi),
hodc thach PDA (truong hop phan tich téng bao tir men
méc). Dich mau sau d6 dugc dan déu 1én bé mit thach. Sau
15 phut dé 6n dinh tai nhiét do phong, cac dia mau dugc lat
Gp va dat vao ti 4m ¢ 30°C va u trong khoang 72 gid. Mat
d6 vi sinh vat dugc tinh theo cong thuc:

N
ng XVy Xd; +--4+ m XV; X d;

X (CFU/g): =

trong do: N 1a téng s6 khuén lac tinh duoc; n 13 sb luong dia
& mdi ndng dd; V 1a thé tich dung dich nudi cay trong dia
(ml); D 14 ndng d6 pha lodng.

Pdnh gid chdt lwong cam quan: Céac san phim dugc
danh gia mic do yéu thich vé cam quan, véi sé luong cam
quan vién 1a 20 nguoi, c6 do tudi 20-22. Mau dugc giir trong
ti mat cho dén khi duge phuc vu cho céc cam quan vién.
M&i mau phén tich (30 g) d3 duoc ma hoa bang 3 chit s6,
duogc dung trong dia st tring, thir ty trinh bay mau duoc sip
xép mot cach ngdu nhién. Trong qua trinh dénh gia, nguoi
thir mau sir dung nude loc dé thanh vi gilra cac lan thir mau.
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Cac mau thach so ri dugc danh gia mirc 6 yéu thich dua
trén thang diém 7, trong d6 1: kém yéu thich nhét, 4; khong
thich va khong ghét va 7: yéu thich nhét [14].

2.5. Phuwong phdp xir Iy so liéu

Cac s liéu trong nghién ciru dugc tinh toan, vé& biéu do
bang phan mém Excel 2013. Phén tich mot yéu td, hai yéu
t6 (ANOVA) va phan tich sai khac nho nhat (LSD) dugc
xu ly théng ké béng phﬁn mém JMP 13.0 tai mirc y nghia
=0,05.

3. Két qua va ban luan

3.1. Anh hwéng ciia ty 1¢ dich ép so vi dén chat lirong
sdn phim

Hinh 2A cho thay, ham luong phenolic tong sd cua san
phim c6 xu huéng ting dan tir 854,10 dén 1410,22 mg
GAE/100 g vck, khi ty 1& dich qua tang tir 15 dén 30%.
Két qua phan tich phuong sai cho thay, c6 sy khac biét vé
¥ nghia thong ké gitra cac mau khao sat (p<0,05). Trong
cung ty 1& bo sung dich qua nay, hinh 2B cho thidy ham
lwong vitamin C trong san pham ciing ¢6 xu hudng ting dan
va nam trong khoang 186,76 dén 278,67 mg/100 g. Trong
dich qua so ri c6 chtra axit gallic, axit syringic, axit ferulic,
anthocyanins, flavonoids, axit asocrbic [14], vi vay viéc
gia ting ham luong dich qua da gop phan lam ting lugng
phenolic téng s va vitamin C trong thach so ri. Két qua
phan tich nay c6 xu huéng tuong dong véi két qua ciia mot
s6 nghién ciru vé thach bd sung puree bip [4], nudc ép mo
[5], nudc ép trai anh dao dai [6].

(A) (B)
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Hinh 2. Anh hwéng cta ty 1& dich qua so ri dén ham Iwgng phenolic
tdng sé (A) va ham lwong vitamin C trong san pham (B). Trong
cuing 1 hinh, cac cdt cé cac chir cai khac nhau biéu thj sy khac biét c6
y nghia théng ké gitra cac mau thi nghiém vé mét théng ké (p<0,05).
Su gia tang ty 1¢ dich qua tir 15 dén 30% da anh hudng
16n dén sy yéu thich ctia nguoi danh gia dbi voi chat luong
cam quan cia san phim (bang 1). V& mau sic, thach thay
d6i tir vang nhat kém hip dan sang vang dam, diém cam



quan ting tir 3,70 dén 5,90/7,00 diém (hinh 3). Tuong ty,
mirc d6 wa thich cua cac cam quan vién ddi voi mui vi cia
san phdm ciing tang dan tir 3,30 dén 5,60/7,00 diém; tuy
nhién sy yéu thich ciia cac cam quan vién dbi v6i cac mau
¢6 ty 1& dich qua >20%, 1a khac biét khong c6 y nghia thong
ké (p>0,05). Cac cam quan vién déu danh gia rang, cac
mau c6 dich qua >20% tao nén mui thom dic trung cho
san pham va vi chua ngot ngon miéng. Trong mdt bao céo
tong hop cho thiy, qua so i c6 chira cac hop chat sic td
nhu carotenoid, anthocyanin; day la cac chit tao nén mau
vang, do dac trung cho qua so ri chin. Bén canh do, cac hop
chét bay hoi thudc cac nhom esters, terpenoids, aldehydes,
ketones, alcohols va axit hitu co cling da dugc phat hién
trong dich €ép qua so ri [15]. Do do, ty 1¢ dich ép so ri trong
cong thirc ché bién cang cao, thach cang c6 mau sic vang
sang, mui thom so ri déc trung.

Bang 1. Anh hwéng cua ty 1& dich qua so ri dén chat lwong cam
quan clia san pham.

Thuge tinh cam 1Y 1€ dich qua (%)

quan 15 20 25 30

Mau séc 3,70+1,15  5,03%1,53  5,400+£1,00 5,90%1,53
Mui vi 3300+1,73 5,43=%1,15  537°£1,00  5,60%1,53
Két cau 6,00£0,25 5,53°£0,30  5,30%+0,06 4,97°+0,45
D6 yéu thich chung  3,97°+1,00 5,33%1,15  5,1040,58  5,07*+0,58

Sé lieu la gia tri trung binh + dd léch chuan cta 20 cdm quan vién.
Trong cung 1 hang, cac chlr cai khac nhau biéu thi sy khac biét co
y nghia théng ké gitra cac mau v& mét thdng ké (p<0,05). Biém cam
quan: 1 = rat khong thich, 7 = rat thich.

15% 20% 25% 30%

Hinh 3. Hinh anh minh hoa san pham thach so ri dwgc ché bién &
cac ty lé dich qua khac nhau.

Trai ngugc véi mau séc va mui vi, su gia tang ty 1€ dich
ép so lam giam mirc d6 yéu thich cia cam quan vién. Mau
chira 15% dich qua dugc yéu thich nhét 1a 6,00/7,00 diém.
Cam quan vién nhan xét tai ty I¢ nay, thach dat dugc d¢ dai
thich hop, tao cam giac yéu thich khi nhai. Trong khi do, cac
mau >20% dugc danh gia ring dai hon. Viéc nay c6 thé do
qué so ri co chira nhiéu pectin [3], chit tao dong tw nhién
trong trai cay. Vi vay khi tang ham luwgng dich qua so ri da
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lam gia ting d6 dai trong san pham. Nhu véy, két hop giira
két qua danh gia cam quan va phan tich hoa ly, ty 1¢ dich
qua so 11 20% dugc ua thich nhét do dat két cAu df“)ng nhét,
mui thom dic trung, vi hai hoa, mau sic dep, sang dic trung
cho san pham; ciing nhu c¢6 ham lugng cao cac hop chat
khang oxy hoa. Vi vay, mau c6 ty 1& dich so ri 1a 20% dugc
chon lam thong sé ¢b dinh cho thi nghiém tiép theo.

3.2. Anh hwong cua sy thay doi t(fng chit rin hoa tan
va axit téng 6 dén chit lwgng sdn phf;m

Két qua phén tich trong bang 2 cho thay, diém trung binh
vé vi ctia cac san phiam nam trong khoang 4,07 dén 5,73.
Duya trén thang diém 7 thi diém tir 4,00 dén 5,00 & mirc
cam quan vién khong thich ciing khong ghét san pham, ¢
nghia 14 san phim ndm ¢ mirc ngudi tiéu dung c6 thé chap
nhén st dung san phém. Theo nhéan xét cia cam quan vién,
mau TSS 23% va TA 0,35% cho thach c6 vi chua ngot hai
hoa, tao cam giac ngon mi¢ng khi an. Nguoc lai, TSS trong
khoang 17-21% cho san phém ¢06 vi chua cao, TA 0,3% cho
san phém ¢6 vi hoi ngot. Do do, thong s6 TSS 23% va TA
0,35% da dugc chon lam két qua thi nghiém.

Bang 2. Anh hwéng cua sw thay ddi tdng chét ran hoa tan va axit
téng sé dén chat lwong cam quan clia san pham.

Téng chit rin hoa tan (%) Axit tong s6 (%)  Diém cam quan vi
17 4,074+0,15

19 03 4,630,12

21 5,43%+0,15

23 5,13%+0,15

17 4,63+0,15

19 0,35 4,63+0,31

21 5,13%+0,15

23 5,73+0,29

Sé liéu 1a gia tri trung binh + do léch chuan ctia 20 cdm quan vién.
Trong cung 1 cot, cac chi cai khac nhau biéu thi sy khac biét co v
nghta gitra cac mau vé& mét théng ké (p<0,05). Biém cam quan: 1 = rat
khéng thich, 7 = rat thich.

3.3. Anh hwéng ciia ham lwong aquagel dén chit
lwong sdan phtfm

Két qua phan tich cam quan (bang 3) vé tt ca cac chi tiéu
déu cho thiy, sy thay ddi vé ty 1é aquagel gum trong cong
thirc ché bién da anh huong c6 y nghia thong ké dén mirc do
yéu thich ctia cam quan vién d6i véi thach so ri (p<0,05). Cu
thé, mau chira 1,5% aquagel gum duoc diém cao nhat vé két
cAu (5,90/7,00 diém), mui vi (5,30/7,00 diém) va mau sic
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(5,60/7,00 diém). Nguoc lai, khi ty 1€ aquagel gum >1,7%
thach c6 dic tinh hoi dai, mau vang hoi duc, khong tuoi
sang, khi an khong cam nhan rd mui thom cuia so ri. Trong
khi d6, mau 1,3% c6 dic tinh thach hoi mém. bay la cac dac
tinh cdm quan vién khong yéu thich. Nguyén nhan nay co
thé 1a do aquagel gum c6 chtra carrageenan va knojac gum.
Khi hoa tan véi dich ép so ri, cac chit ndy c6 thé da lién
két voi cac phén tir nude hodc voi chinh nd thong qua lién
két hydro, tao nén hé gel véi mang luéi 3 chiéu trong san
pham. Khi nong d¢ aquagel gum ting thi kha ning gel ho4
tang. Két qua 1a cac hop chit bay hoi, axit hiru co, duong
¢6 thé d3 duoc “nhdt” chat trong cac nat mang, lam han ché
kha ning phong thich ciia cac chat nay trong qué trinh nhai,
lam giam mui vi ciia san phim, do d6 giam do yéu thich cua
cam quan vién d6i v6i san pham thach so ri. Tir cac két qua
da duogc ghi nhan, mau co ty 1¢ aquagel gum 1a 1,5% cho
san pham c6 chat lugng cam quan tot va duge chon lam két
qué thi nghiém. Trong mot nghién ctru vé thach ca rdt, ty 1&
carageenan trong cong thirc phdi tron 14 1,5% cho san phim
¢ diém danh gia cam quan vé do gion dai cao hon so voi
ty 1¢ 1% [16].

Bang 3. Két qua danh gia cam quan cia mau thach so ri & cac ty
l1é aquagel gum khac nhau.

Ty 18 TSS/TA (ty 1& giita tong chat rin hoa tan va tong
ham luong axit), phdn nao phan anh vi chua ngot cta san
phém. Mau thach so ri v6i TSS 23% va TA 0,35% c6 ty 1¢
TSS/TA 1a 65,71; kha tuong df”)ng voi ty 1¢ TSS/TA cuia mot
s& mau thach trai cy trén thi truong (49,22-77,31). Diéu
nay cho théy, khi 4p dung vao trong thuc tién, vi clia san
pham dé& dang don nhan boi ngudi tiéu dung. Bén canh do,
nghién ctu nay cling da xac dinh kha nang gitt nudc cta
san pham. Chi s6 nay phdn nao phan 4nh do 6n dinh cua
thach, thé hién kha nang bi tach nudc ra khoi thach trong
qué trinh bao quan. Mau thach so ri ¢6 chi s6 WHC 77,20%
khd twong dong voi cac mau thach thuong mai (68,20 dén
74,2%). Diéu nay phan nao phan anh tinh 6n dinh trong céu
tric ctia thach so ri, san pham it bi tich nude trong qua trinh
bao quan.

Tham khao tiéu chudn QCVN 6-2:2010/BYT danh cho
nude giai khat khong con, san pham phai c6 ham lugng téng
vi khuan hiéu khi <102 CFU/g, tong bao tir men mdc <102
CFU/g [18]. Két qua trong bang 4 cho thdy, thach so ri da
dap ng yéu cau d6i v6i ca hai chi tidu vi sinh vat nay. Nhu
vay, nhin chung thach so ri c6 thé duoc dung nhu mot moéon
an vit tot cho strc khoe va an toan cho ngudi tiéu dung.

Bang 4. Thanh phan dinh dwng va théng sé héa ly ctia thach so'ri.

Thudc tinh cam Ty I¢ aquagel gum (%)

quan 13 15 L7 19

Mau sic 510°£0,97 5,60:1,14  4401,19  4,65%+0,93
Mui vi 4,850£1,09 5304134 4,501,014 5,000+1,17
Két chu 5,10040,97 5904091  4,90+1,37  525%+0,97
D0 yéu thich chung ~ 5,30£1,30  5352:0,88  4,65°£1,04  5,15%+1,04

Sé liéu la gia tri trung binh = dé léch chuan ctia 20 cdm quan vién.
Trong cung 1 hang, cac chi¥ cai khac nhau biéu thi sy khac biét co y
nghia gitra cac mau vé mét thong ké (p<0,05). Diém cadm quan: 1 = rat
khéng thich, 7 = rat thich.

3.4. Phén tich chit lwong thach so vi thanh pham

Thach so ri ¢6 ham lugng nudce cao khoang 74%, ch1 s6
ning luong (58 KCal/100 g) thip hon so véi mot so moén
an vit nhu banh quy (376 KCal/100 g), banh kem x6p (492
KCal/100 g), keo bo ciing (448 KCal/100 g), keo ngam (356
KCal/100 g) [17]. Ngoai ra, két qua bang 4 cho thiy, ham
lugong vitamin C trong thach so ri 1a 265,96 mg/100 g; trong
khi d6 nhu cau vitamin C theo khuyén nghi ctia Vién Dinh
dudng Qudc gia danh cho ngudi truéng thanh >18 tudi 1a
70-75 mg/ngdy, va danh cho dbi tuong 10-18 tudi 1a 65-80
mg/ngay Nhu vay, thach so ri ¢6 thé xem 1a mot thuc pham
cung cap tot vitamin C cho ngum tiéu dung. V& ham hmng
cac hop chét phenolic, hién van chua c6 tai liéu dé cap dén
lwong nhu ciu t6i thiéu can dung nap mdi ngay.
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Chi tiéu Két qua
Carbohydrate (%)* 14,3

Béo (%)* Efggi ghla)t hién
Pam (%)* Phat hién vét (<0,3)
Do 4m (%)* 85,2

Tro tong (%)* 0,35

Nang lugng (kcal/100 g)* 58

Ham luong nudc (%) 74,83+1,04

TSS (%) 22,93+0,21

TA (%) 0,29+0,01
TSS/TA 65,71

pH 4,35+0,06

Kha nang gitr nude (%) 77,20£2,03

Ham luong phenolic tdng sé (mg GAE/100 g vek)  92,2146,19

Ham lugng vitamin C (mg/100 g) 265,96+3,39
Téng sb bao tir ndm men va ndm mdc (CFU/g) Khoéng phat hién
Téng s6 vi khuén hiéu khi (CFU/g) Khéng phat hién

*Ké&t qua gtri mau phan tich tai Trung tam Phan tich S&c ky Hai Dang
(TP Hb Chi Minh).
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4. Két luan

So ri 1a loai nguyén liéu chita nhidu vitamin C. Sy thay
ddi vé ty 1€ dich ép so i, ty 1¢é duong, axit citric, chét tao ciu
trac aquagel c6 anh huéng dén chat lugng cam quan va ham
lwong cac hop chat sinh hoc ¢6 trong thach so ri. San phim
thu duoc trong d¢ tai co chat lugng cam quan tét, ham lugng
vitamin C d4p tmg theo khuyén nghi ciia Vién Dinh dudng
Quédc gia, ciing nhu ddp ung yéu cu vé chi tiéu vi sinh
vat hiéu khi, bao t& men mdc, tham chiéu theo tiéu chuin
QCVN 6-2:2010/BYT. Trong cac nghién ctru tiép theo cin
tiép tuc khao sat didu kién bao quan san pham thach so ri.

Nhom tac gia chan thanh cam on su hd tro kinh phi cia
Trudng Pai hoc Nong Lam TP Ho Chi Minh théng qua du
an CS-CB21-HHTP-08.
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Sang loc in silico cic phan tir nhé co khé ning e ché thy the AT
dé nghién ciru phat trien thuoc diéu tri bénh tang huyet ap

Nguyén Lé Anh Tuén’, Vo Lé Anh Thw, Pao Chi Tuyén
Khoa Duoc, Trong Pai hoc Lac Hong, 10 Hupnh Vin Nghé, phwong Biru Long, TP Bién Hoa, tinh Pong Nai, Viét Nam

Ngay nhan bai 14/3/2023; ngay chuyén phan bién 16/3/2023; ngay nhan phan bién 8/4/2023; ngay chip nhéan dang 14/4/2023

Tém tit:

U ché thu thé AT, cia angiotensin II 12 mgt chién lwgc phé bién trong diéu tri ting huyét ap. Nghién ciru nay
ap dung phwong phap sang loc in silico nhim tim ra cac chit méi cé kha ning trc ché thu thé AT,. Dir li¢u cAu
tric cua cac hop chit duoc thu thap tir nhiéu thw vién héa hoc khac nhau. Mé hinh docking phan tir va moé hinh
3D-pharmacophore dwoc xiy dung dé thwc hién sang loc. Quy tic 5-Lipinski dwoc ap dung dé danh gia tiém niing
gidng thudc ciia cac hop chit. Cac dic tinh dwoc dong hoc ciia cac hop chét tiém ning dwoc phan tich biang cong cu
pkCSM. Tir 21.994.845 hop chit ban diu, ¢6 7.290 hop chit théa man mé hinh 3D-pharmacophore, 7.103 hop chit
thuwe hién docking thanh céng, 626 hop chit co 4i lwe véi thu thé AT, cao hon olmesartan. Trong s6 d6, 10 hop chit
duogc x4c dinh 13 c6 tiém ning nho twong tic tot véi cac acid amin quan trong va diém s6 docking vt trdi so véi
olmesartan. Tét ci cic hop chit nay déu dap ing quy tic 5-Lipinski, dong thoi c6 dic tinh dwoc dgng hoc tot, phu
hop véi yéu ciu ciia cac hop chit gidng thude diung dwong udng.

Tir khod: angiotensin I1, AT , docking, in silico, tang huyét ap, 3D-pharmacophore.

Chi s6 phén loai: 3.1, 3.4

In silico screening of small molecules capable of inhibiting AT,

receptors for research and development of drugs to treat hypertension
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Faculty of Pharmacy, Lac Hong University, 10 Huynh Van Nghe Street, Buu Long Ward, Bien Hoa City, Dong Nai Province, Vietnam
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Abstract:

Inhibition of the AT, receptor of angiotensin II is a common strategy in hypertension treatment. This study applied
in silico screening methods to identify novel compounds with potential AT, receptor inhibition. The structural data
of compounds were collected from various chemical libraries. Molecular docking models and 3D-pharmacophore
models were developed for screening purposes. Lipinski’s rule of five was employed to evaluate the drug-like potential
of the compounds. The pharmacokinetic properties of potential compounds were analysed using the pkCSM tool.
From an initial set of 21,994,845 compounds, 7,290 compounds satisfied the 3D-pharmacophore model, 7,103
compounds were successfully docked, and 626 compounds demonstrated higher affinity for the AT, receptor than
olmesartan. Among them, 10 compounds were identified as potential candidates due to their strong interactions with
key amino acids and higher docking scores than olmesartan. All of these compounds comply with Lipinski's rule of
five and exhibit favourable pharmacokinetic properties, making them suitable for oral drug formulation.

Keywords: angiotensin I, AT , docking, hypertension, in silico, 3D-pharmacophore.
Classification numbers: 3.1, 3.4
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1. Ddt van de

Tang huyét 4p 1a mot bénh 1y man tinh, dic trung boi ap
luyc mau Ién thanh dong mach tdng cao [1]. Tinh trang nay
dugc xéac dinh khi huyét ap tdm thu luc nghi tir 130 mmHg
trd 1én hodc huyét ap tim truong luc nghi tir 80 mmHg tré
1én, hodc ca hai gia tri déu vuot ngudng [2]. Huyét ap cao
kéo dai lam ting ganh ning cho tim, dong thoi 1a yéu td
nguy co chinh dan dén cac bién ching tim mach nghiém
trong, bao gém dot quy, suy tim, bénh dong mach vanh va

nhoi mau co tim.

Céc nhom thude duoc sir dung diéu tri ting huyét 4p van
dang dugc nghién ciru phat trién. Muc tiéu ciia nghién ctru
nay 1a kham pha cac phan tir nho c6 kha nang phat trién thanh
thude diéu trj tang huyét 4p. Do nhan thay nhiing uu diém
ctia thudc tre ché thu thé angiotensin II trén AT, (ARB) nhu
dung day du liéu co thé didu tri taing huyét 4p twong tyr nhém
thudc trc ché men chuyén (ACEi) nhung lai it gay ho khan
hon, &re ché renin angiotensin aldosterone triét dé hon ACEi
vi dbi khéng canh tranh véi angiotesin II tai thu thé AT,
[3]. Ngoai ra, thudc trc ché thy thé angiotensin/neprilysin
(ARNISs) 1a sy két hop ciia nhém ARB va neprilysin trong
mot s6 nghién ctru gan déy ciing cho thay két qua an toan va
hi€u qué hon so v&i nhom ACEi [4]. Vi vay, nghién cru nay
nham muc tiéu xac dinh cac hop chét c6 tiém nang e ché

thy thé AT, dé st dung trong diéu tri ting huyét ap.
2. Doi twgng va phuong phap nghién ciiu

Olmesartan trc ché angiotensin II thong qua viéc lién két
voi thu thé AT, diém sé redock -37,6458 kJ/mol va tuong
tac truc tiép voi bon acid amin quan trong: Ser105, Argl67,
Trp84 va Tyr35. Cac acid amin nay dong vai tro then chdt
trong viéc xdy dyng md hinh 3D-pharmacophore va mo
hinh mo ta phan tir docking. Nghién ctru da su dung cac mé
hinh in silico dé sang loc thu vién hop chét, nham tim ra cac
chét c6 ai luc voi thu thé AT, vuot trdi so v6i olmesartan.

Céu trac thu thé AT, va olmesartan ¢ san v6i ID 4ZUD
trén co s dit liéu RCSB Protein Data Bank. Sau khi kiém
tra so bo cdu tric, cong cu QuickPrep trong phan mém
MOE 2019.0102 dugc stir dung dé stra chira céu trac protein
va thyc hién qua trinh proton hoéa 3D. Nhom nghién ctru

da tao mo hinh 3D-pharmacophore bang phan mém MOE
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2019.0102 [5, 6]. Cac hop chit phu hop v6i mé hinh
3D-pharmacophore di dugc tdi thiéu hoa nang luong bang
phin mém Open Babel 2.4.0 d& chuan bi cho qua trinh
docking [7]. Phuong phap docking dugc thuc hién bing
phin mém LeadIT 2.1.8, cho két qua 1a diém sé docking
tuong tng theo timg cau dang [8]. Két qua thu duoc s& duoc
phan tich thong qua cong cu Ligand Interactions trong phan
mém MOE 2019.0102, nhim danh gia muc do gin két cia
céc hop chét véi thy thé AT . Trudc khi tién hanh qué trinh
docking, phdi tir olmesartan di dugc tach ra tir phirc hop
4ZUD va dugc tai docking vao khoang gin két. Két qua
docking dugc danh gia 1a dang tin cdy néu do léch binh
phuong trung binh gbc (RMSD) nhé hon 2 A. Mét sb hop
chat c6 kha nang gan két tot (dugc danh gia qua diém s6
docking) v6i AT, s€ duoc danh gia cac déc tinh gidng thube
(drug-like) thong qua quy tic 5-Lipinski va cac chi sé dugc
dong hoc nhu hép thu, phan bd, chuyén hoéa, thai trir, doc
tinh (ADMET) bang cong cu pkCSM [9].

Qua trinh sang loc 4o st dung cac hop chat duoc thu thap
tir nhiéu thu vién khac nhau, bao gdm: Maybridge (MAY),
Drug Bank (DB), ZINC (ZINC) va cac hop chét co ngudn
gbc tir y hoc ¢6 truyén Trung Qudc [10-14].

Quy trinh sang loc dugc mo ta trong hinh 1.

Cic th vién hop chat
21.994.845 hop chat

2

Mo hinh 3D-Pharmacophore
MOE 2019.0102

¥

Téi thiéu hoa nang lrgng
Open babel 2.4.0

¥

M0 hinh mo6 ta phan tir docking
LeadIT 2.1.8

¥

5-Lipinski, ADMET
pkCSM Sever

Hinh 1. Quy trinh sang loc.



3. Két qua va ban luan

Tir cac thu vién DB, MAY, TCM, ZINC c6 téng cong
21.994.845 hop chét dwoc thu thap va tién hanh sang loc
nham tim kiém cac chat ¢6 kha nang trc ché thu thé AT, ctia
angiotensin II. Cac chat dugc chay cdu dang trudc khi ding
dé sang loc qua mé hinh in silico. Két qua thu thap dir liéu
dugc trinh bay ¢ bang 1.

Bang 1. Két qua thu thap dir liéu.

Thur vién S6 lwrgng hop chit
DB 8.993

TCM 57.424

MAY 151.335

ZINC 21.777.093

Téng cong 21.994.845

DB: Drug Bank, TCM: Traditional Chinese Medicine, MAY: Maybridge,
ZINC: ZINC.

3.1. M6 hinh 3D-pharmacophore

Duya trén cac tuong tac giita thu thé AT va thudc
olmesartan, nghién cuu da xac dinh duogc bon acid amin
dong vai tro quan trong trong vi¢c xay duyng md hinh
3D-pharmacophore. Cac acid amin ndy bao gém: Ser 105,

Arg 167, Trp 84 va Tyr 35 (hinh 2). Pay 1a nhimng vi tri thiét

Hinh 2. M6 hinh 3D-pharmacophore.
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yéu dé thiét 1ap mo hinh 3D-pharmacophore va mé hinh
docking phan tur. Trong do:

- Vi tri N6 lién két H-donor v6i Tyr 35

- Vi tri Ol lién két H-acceptor vi Arg 167

- Vi tri C1 lién két H-pi v6i Trp 84

- Vi tri Vong 5 lién két pi-H véi Ser 105

3.2. M6 hinh mé td phén tir docking

Trong nghién ctru, md hinh protein AT, dugc m& rong
v6i ban kinh 6,5 A nhim dam bao bao phii day di cac ving
tuong tic quan trong gém bdn acid amin chinh. B& mat
tuong tac cua AT, c6 dac diém 16m, véi cac acid amin nay
tap trung tai khu vuc 1om. Do do, dé gén két thanh cong, cac
phdi tr can ¢ ciu trac phu hop véi hinh dang cy thé cua
bé mat nay. M6 hinh chi tiét vé phan tir docking dugc minh

hoa trong hinh 3.

Hinh 3. M6 hinh mé ta phan tir docking.
3.3. Két qud sang loc

Nghién ctru dd sir dung mé hinh 3D-pharmacophore dé
tién hanh sang loc cac hop chat tir nhidu thu vién khéac nhau.
Két qua cho thiy, c6 7.189 hop chit phi hop véi tiéu chi
ctia md hinh 3D-pharmacophore, trong d6 7.103 hop chat
da duoc thyuc hién docking thanh cong. Thong tin chi tiét vé

qua trinh sang loc dugc trinh bay trong bang 2.
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Bang 2. Sé liéu tébng hop qua trinh sang loc

Thu vién Thoé méin md hinh 3D-pharmacophore ﬁ,'gc,,k;"c%,,g
DB 78 i

TCM 2.686 2537
MAY 101 e

ZINC 4.426 4.403

Téng 7.190 7.103

DB: Drug Bank, TCM: Traditional Chinese Medicine, MAY: Maybridge,

ZINC: ZINC.

Hinh 4. Twong tac giira TCM184 va céc acid amin quan trong trong thu thé AT,.

Khi danh gia sy twong tac giita cac hop chit va cac acid
amin quan trong, két qua cho thdy tit ca cac hop chét da
docking thanh cong déu lién két véi it nhat mot acid amin
quan trong. Dic biét, c6 626 hop chat thé hién ai lyc véi thu
thé AT cao hon so véi olmesartan, véi diém s6 docking thap
hon -37,6458 kJ/mol. C6 10 hop chét c6 diém s6 docking
t6t nhat va c6 lién két voi it nhat 2 trong 4 acid amin quan

trong, dugc thé hién & bang 3.
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Hop chat TCM184 dat diém sé docking 4n tuong nhat
(-54,2874 kJ/mol), v6i kha niang lién két manh mé tai nhidu
vi trf acid amin quan trong. Diéu nay cho thiy tiém ning cao
ciia TCM184 trong viéc tre ché thu thé AT . Két qua chi tiét

duoc minh hoa trong hinh 4.
3.4. Danh gid theo quy tic 5-Lipinski

Mot hop chét dugc coi 1a gidng thude va co thé sir dung
qua duong udng cin khong vi pham qua 1 trong 4 tidu

chi ctia quy tic 5-Lipinski: (1) Khdi lwong phan tir khong

Ty(35
/
3 167

Phe182

Tyr87

vuot qua 500 Da; (2) Tinh than diu cao (LogP khong vuot
quéa 5); (3) Khong c6 qua 5 nhom cho lién két hydro; (4)
Khong ¢6 qua 10 nhém nhan lién két hydro [15]. Ca 10
chat déu thoa mian diéu kién cua quy tic 5-Lipinski, trong
dé co ZINC21125103, ZINC12560331, ZINCO01187319
théa man ca 4 diéu kién, con lai cac chat ZINC59498759,
ZINC59498761, ZINC59498771, ZINC59498781, ZINC59498790,
TCM184, ZINC58997256 thoa mén 3 trén 4 diéu kién (bang 4).
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Bang 3. Mot sé hop chat tiém nang da docking thanh céng.

STT  Tén hop chit/Ciu tric Diém sb docking (kJ/mol)  Acid amin twong tac
TCM184
HO OH o
o F
1 =N ‘@W/'G o -54.2874 Tyr35, Tyr87, Argl67, Phel82, Tyr184
N PN O=F~@y )
HoN N= ) -O
ZINC59498761
R o Tyr35, Tyr87, Thr88, Argl67, Cys180, Phel82
2 - N'o g N oH -53.1585 ’ ’ ’ ’ ’ ’
R HIN N= Tyr184, Lys199
S ﬁwm o, yrigd, Ly
ZINC59498781
N
3 @ o ® -52.3130 Tyr35, Tyr87, Argl67, Phel82, Tyr184, Lys199
bl 3 .
» N R N T
H
ZINC59498759
.9
O-N
4 o . HN -49.6501 Tyr35, Tyr87, Argl67, Cys180, Phel82, Tyr184
o~ X, N
N- _N
L G S ¢
ZINC59498790

Tyr35, Tyr87, Argl67, Cys180, Phel82, Tyr184,

5 o No g N ) 48.9353
N+ HN TNF o Lys199
e @—\% ﬂ\ _\M/\g /\©[0> ys

ZINCO01187319
_~__N
6 H -48.5896 Tyr3s, Tyr87, Argl67
>
Ke)
ZINC59498771
o }
NTO Tyr35, Tyr87, Argl67, Cys180, Phe182, Tyr184,
o -

7 on 48.3779 o
8 -48.0929 Tyr35, Argl67
9 -45.1562 Tyr35, Tyr87, Argl67
10 45.0217 Tyr35, Tyr87, Argl67, Tyr 184
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Bang 4. Két qua danh gia theo nguyén tac 5-Lipinski va danh gia ADMET.

reviss ZINC ZINC ZINC ZINC ZINC ZINC ZINC ZINC ZINC
21125103 12560331 59498759 59498761 59498771 59498781 59498790 01187319 58997256

5-Lipinski
Khéi lwong phan tir 487,151 466406 4805 487,41 487,41 471411 485438 499421 401358 458416
Tinh than dAu cao 40886 37814 43951 17.108 17.108 2,0052 2,3082 2,0283 2,5253 2,5035
Nhém cho lién két hydrogen
) 3 2 0 4 4 3 2 2 1 4
Nhom nhén lién két hydrogen
e 17 8 6 12 12 11 11 12 7 11
Hip thu
Tan trong nude (log mol/l) 2,706 457 3,477 3277 3,537 3,841 4,127 4,019 2,908 2,95
Tinh tham mang CaCO, (log Py, 669 0,049 0,883 -0,051 0,127 0,205 0,294 0234 0,112 -0.793
trong 10 cm/s)
Hép thu ¢ rudt (nguoi) (%) 36,602 93,172 83,7 62,785 62,562 68,808 70,582 76,696 75,199 64,504
Phén bé
UAE LSRG VDS (et 1313 41,828 3277 0,451 0,659 -0,764 -0,801 -0,791 0,516
(logL/kg)
ekl in sty 0,665 0 0 0 0 0 0 0 0,101 0315
(nguoti)
Tinh thim BBB 247 0,901 0,729 1,725 1,603 1,43 -1,064 1222 0,919 2,17
Chuyén héa
Co chit CYP2D6 = . = = . . - = = =
Uc ché CYP2D6 . . . = 5 . = . . .
Co chit CYP3A4 . v J J J v J v - J
Uc ché CYP3A4 . v . v J v v v . .
Thii triv
hamninliE Rz o, 0,07 0,461 0,166 0,022 20,017 0,13 20,027 0,182 0,308
min/kg)
Co chit OCT?2 than . 5 . . = 5 . = . .
Dac tinh
AMES ; v ; v v v v v v v
Gan ; v ; v v v v v v v
Da - - - - - - - - - -
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3.5. Danh gia ADMET

Vé kha niang hap thu, mot hop chit duoc xem 1a c6 tinh
thim tot néu gia tri thAm qua mang CaCO, 16n hon 0,9. Két
qua tir bang 4 chi ra rang, tat ca 10 hop chat déu c6 gia tri
thim nho hon 0,9, cho thiy kha ning thim qua mang thép.
Tuy nhién, hau hét cic hop chat nay lai c6 kha ning hip
thu & rudt ngudoi (HIB) kha tdt, véi HIB déu 16n hon 30%.
Chat c6 ty 18 hip thu cao nhat qua rudt 1a ZIN21125103 véi
93,172%, chat c6 kha nang hap thu qua rudt thap nhét 1a
TCM184 vdi 36,602%. Mot phan tir co gia tri log BB >0,3
duoc xem 1a dé dang vuot qua hang rio mau nio, nguoc lai,
phan tir ¢6 log BB <-1 dugc xem 1a phan b6 dén nio kém.
Qua bang khao sat ta thay, hau hét 10 chit hau nhu khong
hodc rat it qua dugc hang rao méau nio (log BB tir -2,247
dén -0,729).

Vé chuyén hoa, hau hét cac chat duoc chuyén hoa qua
CYP3A4 ngoai trir hop chat TCM184 va ZINC01187319.
Két qua dy doan cho théy, tit ca 10 hop chéat déu khong phai

la chat nén cua van chuyén cation hitu co ¢ than.

Vé doc tinh, ca 10 chat déu khong gay kich tng da. Thir
nghiém AMES 1a mét phuong phap dung dé phan tich kha
ning gay ra dot bién trong ADN. Hau hét cic chit déu gay
ddc tinh tur thir nghiém AMES va dgc tinh trén gan ngoai tru
2 hop chét TCM184 va ZINC12560331.

4. Két luan

Véi muc tiéu d& ra, nhém nghién ctru da sang loc va
tim kiém ra nhitng hop chit tiém ning c6 kha ning trc ché
thy thé AT, cua angiotensin II. Nghién ctru thu thap tong
cong c6 21.994.845 tir nhiéu thu vién hop chit: DB, TCM,
ZINC, MAY. Dya trén cic twong tac giita thuc olmesartan
va thy thé AT, nhém nghién ctru da xac dinh duoc cac acid
amin quan trong gdm: Tyr35, Trp84, Serl05 va Argl67.
Céc acid amin nay di dugc sir dung dé xdy dung mo hinh
3D-pharmacophore va md hinh docking phan tir cho cac
hop chét c6 kha ning gin két voi thu thé AT,. Qué trinh
sang loc di thu duoc 7.190 hop chét thoa man mo hinh
3D-pharmacophore, trong d6 c6 7.103 hop chat docking

%HB?G%E 67(2) 2.2025
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thanh cong. Sau khi phan tich sy twong tac gilta cac hop
chat nay va cic acid amin quan trong trong thu thé AT,
nhém nghién ctru da chon ra 10 hop chit tiém ning. Tat ca
cac hop chat nay déu dép ng quy tic 5-Lipinski, dong thoi
¢6 dac tinh dugc dong hoc tdt, phu hop véi yéu cau cla cac
hop chét giéng thudc dung duong udng. Pic biét, hai hop
chat TCM184 va ZINC12560331 dugc du doan khong giy
ddc tinh tr thr nghiém AMES, ddc tinh trén gan va khong
gdy kich ing da. Dé dat duoc nhitng budc tién 16n hon trong
viéc kham pha thude tre ché thy thé AT, can tién hanh mo
phong dong luc hoc phan tir, tinh toan nang luong tu do lién
két cho tat ca cac chit tiém ning da sang loc duogc trong
nghién cru nay va thyc hién cac nghién ctru thyc nghiém in
vitro, in vivo. Tlr d6, cac chat tiém nang s& duoc chimg minh
hoat tinh mot cach chinh xac hon, nham tién t6i nghién cuu,

phat trién thude méi trong didu tri bénh ting huyét ap.
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Bwde ddu nhén xét ddic diém mo day than kinh dong loai
bdo quan lanh sau tai Ngan hang Mo, Bénh vién Hiru nghi Viét Dirc
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Tom tit:

Mo day than kinh dong loai bao quén lanh siu dang dugc nghién ciru va sir dung trong ghép tai tao day than kinh
bi ton thuwong, khic phuc nhirng han ché ciia md ghép tu than. Nghién ctru nay nhim mé ta dac diém thu hoi, xir
1y, bdo quan, phan ph01 mo day than kinh dong loai bao quan lanh siu tai Ngan hang M6, Bénh vién Hiru nghi Viét
birc. Nghién ciru sir dung phwong phap nghlen ciru md ta, tién ciu. Két ‘qua cho thay, 32 mé day than kinh dugc
thu nhén tir 8 nguoi hién chét nio cé do tudi trung binh la 34+13 (tir 16 dén 50 tudi). 100% nguoi hién mé day than
kinh déu am tinh voi HIV, HBV, HCV. 32/32 (100%) md day than kinh thu nhin ¢é mau sac trang nga va nguyén
ven, khong bi bién sic hay tua rach, dit doan. Trong do, c6 16 mé (50%) 1a day than Kkinh hién véi chiéu dai tir 210
dén 320 mm va 16 mé (50%) 1a than kinh chay véi chiéu dai tir 100 dén 380 mm. Tét ca mé diy than kinh c6 két qua
nudi cAy vi sinh 4m tinh. Ba md day thin kinh dwoc ghép cho bénh nhan c6 ciu tric s¢i binh thwong, chwa thoai
hoéa sau ra dong.

Tir khéa: bao quan lanh siu, mé dy thin Kinh, ngan hang mé.

Chi sé phén logi: 3.1, 3.5

An initial evaluation of characteristics of cryopreserved allogeneic

nerve tissues at Tissue Bank, Viet Duc University Hospital
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Abstract:

Cryopreservation of allogeneic nerve tissue has been researched and applied in peripheral nerve reconstruction,
overcoming the limitations of autografts. This study aims to describe the characteristics of recovery, processing,
cryopreservation and distribution of cryopreserved allogeneic nerve tissue at the Tissue Bank, Viet Duc University
Hospital. The study uses a descriptive and prospective study method. The results showed that 32 nerve tissues
were harvested from 8 brain-death donors. The average age of donors was 34+13 (range from 16 to 50 years old).
All donors tested negative for HIV, HBV, and HCV. 32/32 (100%) nerve tissues were ivory-white in colour, intact,
without discolouration, tearing, or breakage. Among these, 16 tissues (50%) were saphenous nerve tissues with
lengths ranging from 210 to 320 mm and 16 tissues (50%) were tibial nerves with lengths ranging from 100 to 380
mm. All the microbiological culture tests were negative. Three nerve allografts have been transplanted into patients
with the normal nerve fibre structures after thawing.

Keywords: cryopreservation, nerve tissue, tissue bank.

Classification numbers: 3.1, 3.5
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1. it van de

Chan thuong day than kinh ngoai bién 1 nhiing tén
thuong day than kinh ngoai bién do bi thim nhép, nghién
nat, kéo cang hoac cit dut. Bénh nhan bi chan thuong day
than kinh ngoai bién, dac biét 1a chén thuong nang, thuong
phai d6i mit véi tai tao than kinh kém va phuc hdi chirc
ning khong day di. Cac phuong phap diéu tri tén thuong
day than kinh ngoai bién bao gém: khau ndi tryc tiép, 6ng
dan than kinh két hop lidu phép té bao va yéu t ting trudng,
ghép thay thé bang mo than kinh ty than hodc moé dong loai.
Véi cac ton thuong nghiém trong khi ma sira chita ban dau
khong thé thuc hién duge vi sy cing qua mic, ghép day
than kinh tu than duoc coi la ky thuat “tiéu chuan vang”.
Tuy nhién, viéc st dung ghép mod ty than bi han ché ddi
v6i cac truong hop doan than kinh can ghép thay thé co do
dai 16n, kéo dai thoi gian phau thuat, ty 1é mic bénh tai chd
nhu di cam giac quan, u than kinh hodc hinh thanh seo, mat
chirc ning than kinh, khac biét vé kich thudc va ciu triic
md. Viée st dung mo dong loai tir nguoi hién chét ndo hodc
hién x4c da thu hit nhiéu sy quan tdm trong nhitng nim gan
day, nhu mot giai phap thay thé khic phuc nhitng han ché
ctia mo ty than. Viée tién xtr Iy biang cac phuong phéap bao
quan lanh va uc ché mién dich da duoc nghién cuu dé tbi
da hoa sy tai sinh soi truc va giam thiéu thai ghép. M6 day
than kinh déng loai bao quan lanh sau cung cap cac loi thé
b6 sung nhu: rat ngin thoi gian phau thuat, cho phép bao
ton kha niang ton tai cia té bao trong mot khoang thoi gian
dai tao diéu kién lap ké hoach phau thuat tot hon, cung c?ip
nguén mod ghép than kinh da dang va giam tinh sinh mién
dich thong qua viéc bao quan lanh [1-3].

Ca ghép day than kinh ddng loai du tién duoc ghi nhan
thuc hién boi Eduard Albert vao nam 1876, tuy nhién ca
ghép da khong thanh cong trong viéc hdi phuc chirc ning
van dong va cam giac cua than kinh ghép [4]. DA ¢ nhidu
nghién ctru dugc tién hanh sau d6 vé phuong phap ghép day
than kinh dong loai dé tai tao than kinh, nhung tmg dung
ghép trén bénh nhan van con bi han ché boi hiéu qua hoi
phuc than kinh lién quan phan tmg mién dich va thai ghép.
Mot s6 nghién ctru gan day vé viée tién xir Iy mé day than
kinh trudc ghép bang phuong phap bao quan lanh, giup lam
giam biéu hién khang nguyén HLA, tir d6 giam dép tng
mién dich va nguy co thai ghép, ting kha ning tai tao soi
truc va hdi phuc chtic nang than kinh, mang lai hi¢u qua
ghép cao hon. Két qua nay cho théy, viéc st dung mo day
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than kinh ddng loai trong tai tao than kinh s& 1a mot chién
luge phau thuat phu hop, an toan va hiéu qua [2, 5, 6]. Tai
Viét Nam, hién chua c6 nhiéu béo cdo vé van dé nay. Vi
vdy, chung t6i tién hanh nghién ctru “Budc diu nhan xét dic
diém mo day than kinh dong loai bao quan lanh sau tai Ngan
hang M9, Bénh vién Hiru nghi Viét Buc” voi myc ti€u mo
ta dac diém thu hoi, xtr 1y, bao quan, phan phdi mé day than
kinh dong loai bao quéan lanh sau.

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

32 mo day than kinh dugc bao quan tai Ngan hang Mo,
Bénh vién Hiru nghi Viét Duc.

Tiéu chuan lva chon: M6 day than kinh duoc thu nhan,
xu 1y va bao quan tai Ngan hang Mo, Bénh vién Hitu nghi
Viét Buec.

Tiéu chuén loai trur: Khong dﬁy du hd so bao quan.

2.2. Thoi gian va dia diém nghién citu

Thoi gian nghién ctu: T thang 3/2023 dén thang
10/2024.

Dia diém nghién ctru: Ngan hang Mo, Bénh vién Hitu
nghi Viét Duec.

2.3. Phwong phap nghién ciru
Thiét ké nghién ciru: Nghién cliru mo ta, tién ciru.
Cé& mau va chon mau: Mau thudn tién, tit ca mau mo day

than kinh dugc bao quan lanh sau tai Ngan hang M6, Bénh
vién Hiru nghi Viét Buc.

Cdc quy trinh ky thudt sw dung trong nghién ciru:
Quy trinh sang loc ngudi hién mé:

+ Tuan thu cac thii tuc phéap 1y theo yéu cau ciia phéap luat
(Luat s6 75/2006/QH11 cua Qubc hoi: Luat hién, 13y, ghép
mo, by phéan co thé nguoi va hién, léy xac) [7].

+ Nguoi hién mo ¢ bénh sir rd rang, khong thude nhom
nguoi trong tiéu chuén loai trir nguoi hién mo theo quy dinh
cia Bo Y té [8].

+ Khong mic cac bénh 1y day than kinh.
Quy trinh thu nhan, xr 1y, bao quan va phan phdi mo:

+ Mo day than kinh dwoc thu nhan tir nguoi hién chét
ndo, tai phong md ctia Bénh vién Hitu nghi Viét Dirc.
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+ Van chuyén nhanh vé Ngan hang M6 bang thing van
chuyén chuyén dung (2-8°C) va duoc xir 1y ngay.

+ Thoi gian thiéu mau néng: <15 gid sau chét/nhiét do
phong va <24 gid sau chét/phong lanh. Thoi gian thiéu mau
lanh: <24 gid. Tong thoi gian thu hoi: <48 gio.

+ Rira, cit loc va ngdm hdn hop khang sinh khir khuan
(Roswell Park Memorial Institute Medium - RPMI 1640 +
hdn hgp khang sinh: amikacin 50 pg/ml + vancomycin 100
pg/ml + amphotericin B 20 pg/ml) 24 gio.

+ Thém dung dich bao quan lanh c6 chira chét bao vé
lanh: RPMI 1640 + DMSO 10% + human albumin 2% .

+ Ha nhiét d6 theo chuong trinh: toc d6 ha nhiét -1°C/
phut cho tdi khi dat nhiét do cta thiét bi bao quan.

+ Bao quan lanh sau ¢ nhiét d -86°C.

+ Phan phdi mé theo chi dinh, sir dung phuong phép ri
d6ng nhanh: Dim ngdp mé trong bé rd déng duy tri nhiét do
37-40°C cho t6i khi vira hét tan d4 hoan toan.

Bién s6 va chi s6 nghién ciru:

- Tudi, giéi nguoi hién mo;

- Két qua xét nghiém huyét thanh hoc nguoi hién mé:
HIV, HBV, HCV;

- bic diém dai thé mo day than kinh thu nhan: mau sic,
dd nguyén ven;

- Phén loai va kich thudc mé day than kinh;

- Két qua xét nghiém vi sinh truéc va sau xir Iy khang
sinh;

- Dic diém bénh nhan ghép mo day than kinh: tudi, gioi,
vi tri ghép, d¢ dai doan thay thé;

- Pic diém mo day than kinh dugc ghép cho bénh nhan:
Loai md, thoi gian bao quan, két qua vi sinh sau rd dong,
céu tric vi thé sau ra dong duge danh gia boi bac sy chuyén
khoa giai phau bénh sir dung phuong phap nhuém HE.

2.4. Phén tich sé li¢u

Bing cac thuat toan thong ké y hoc, sir dung cac chi sb:
trung binh, d6 1éch chuén, ty 1€.

2.5. Dao dvrc nghién ciru

Nghién ctru duoc thuc hién ding quy dinh, moi s6 liéu
thu thap duoc chi nhiam muc dich phuc vu nghién ctu khoa
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hoc. Quy trinh thuc hién dugc thong qua va phé duyét boi
Hoi déng khoa hoc Bénh vién Hitu nghi Viét Duc.

" .
3. Ket qua

Bang 1. Dac diém nguwoi hién mé day than kinh (n=8).

Min 16
Tudi Max 50
+SD 34+13
Nam (n, %) 5(62,5)
Gioi
N (n, %) 3(37,5)

Két qua bang 1 cho thdy, 8 ngudi hién mo day than kinh
¢4 do tudi tr 16 dén 50. Trong d6, nam gidi la chiém 62,5%,
nir gidi chiém 37,5%.

Bang 2. Két qua xét nghiém huyét thanh hoc ngwoi hién mé day
than kinh (n=8).

Xét nghiém huyét thanh hoc  Dwong tinh (n, %)  Am tinh (n, %)

HIV 0 (0) 8 (100)
HBV 0(0) 8 (100)
HCV 0 (0) 8 (100)

Két qua bang 2 cho thiy, 100% nguoi hién mé day than
kinh c6 xét nghiém huyét thanh hoc am tinh v6i HIV, HBV
va HCV.

Bang 3. Pac diém dai thé mé day than kinh dwec thu nhan (n=32).

Tiéu chi Phén loai S6 lwong (n) Ty 18 (%)
Tréng nga 32 100
Mau sic
Bién séc/méu tu 0 0
Nguyén ven 32 100
B nguyén ven Khong nguyén ven (tua,
. a 0 0
rach, dut doan...)
Téng 32 100

Két qua bang 3 cho thiy, 32/32 (100%) mé day thin
kinh thu nhan mau sic tring nga va nguyén ven, khong bi
bién sic hay tua, rach, dat doan. Hinh 1 1a hinh anh dai thé
ctia md day than kinh hién va mo day than kinh chay thu

nhan duoc.
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Hinh 1. Hinh anh dai thé mé day than kinh dwoc thu nhan. (A) Md day than kinh hién; (B) Mé day than kinh chay.

Bang 4. Pac diém phan loai va kich thwéc cac mé day than kinh., Bang 6. Dic diém mé day than kinh di dwoc sir dung ghép trén
. bénh nhén.
Ty 18 Chiéu dai (mm)
Loai md S6 lwong (n) ; = PP
) Min ~ Max  +SD Thoi Ket qui vi Céu truc vi thé sau
N " Stt  Loai mo gian bdo sinhsaura _
Than kinh hién 16 50 210 320 258+34 . A~ ra dong
- quin dong
Than kinh chay 16 50 100 380 220458 B oot 2
|  Thinkihhibn 13théng Amtmh  Co oooseibinh
Tong 32 100 = thuong, chua thoai hoa

. N Céu triic soi binh
2 Thinkinhchdy 13thang Am tinh thalf e Sh('" :}1: e
Bang 5. Két qua xét nghiém vi sinh mé day than kinh dwoc thu uong, chua thodl hoa

nhan*. A0 " CAu tric soi binh
? Thén kinh chay 15 th Am tinh '
_ 3 an kinh chdy 15 thang L thuong, chua thoai hoa
Vi khuén hiéu khi Vi khuin ky khi Ném
Giai doan . .
Duwong Am tinh Duwong dm tinh Duong m tinh Bang 7. Ca l1am sang ghép day than kinh dong loai bao quan lanh
tinh tinh tinh sau.
SR Dic diém bénh nhin ghé Dic diém m day than kinh ghé
khéng sinh 0(0)  8(100) 0(0)  8(100) 0(0) 8 (100) ac Ciem bent nhan ghep : de Ciem mo ¢ay than Kinh ghep
(0, %) Vitrithin — Thoi Vitiday D00
4. Case  Gidi Tudi  kinh giandid Logimé ', v doan
Giai doan sau tin thuom hé the thay thé
khang sinh 0(0)  8(100) 0(0)  8(100) 0(0) 8 (100) onthirong  8hep : a e
(0, %) Chuyé{l
X o o o ax ] o ghép re C6
*: 32 m6 day than kinh thu nhan tir 8 ngwoi hién, duwoc xét nghiém vi cho & C8 3em
sinh theo 16 thu hdi, 1 nguoi hién 1a 116 thu héi. , ’
Ton thuong Thin Tl
. . N o BEh o m Gthing oA toRndAm e Kinhhign ChUYen
Keét qua bang 4 cho thay, 32 m6 day than kinh thu h6i  nhanl r0i than kinh ghép ré C5
bao gdm: 16 mé (50%) than kinh hién vé6i chidu dai tir 210 cinh tay trd ;h;hthéﬂ 3em
P N . . L. a .. inh trén
dén 320 mm va 16 m6 (50%) than kinh chay véi chiéu dai dém 16
tir 100 dén 380 mm. cinh tay
I < A A A 1L Mit dogn than Thin kinh
Keét qua bang 5 cho thay, 8/8 (100%) 16 day than kinh c6 i, e 3,5cm
A 5 A A o . .. ’ \ A Ie Bénh . iiith i dlo (d
ket qu? nudi cay vi sinh giai doan trudc va sau ngdm khang ; }fﬁn ) Nam S0 n; e (”:)n ) thing kinh
sinh déu 4m tinh. s chiy  Thinkinh
ludi cua cang .. 42 cm
; ; . ) tru tréi
Két qua bang 6 cho thay, da str dung 1 mo day than kinh tay
Ay A 1A PO \ . LA A Mit doan phi . .
hién va 2 mo6 day than kinh chay ghép cho cac bénh nhan, - ch:y tﬁiﬂilﬂr Thin  Phanchdy .
v6i thoi gian bao quan tir 13 dén 15 thang, co két qua visinh  gngn3 o™ 4008 ohaido | TN 1;2‘; thga; Kinh ) doan)
kinh dim

sau ra dong déu am tinh véi vi khuan ai khi, ky khi va nam.
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Tat ca két qua giai phiu bénh danh gia ciu tric soi mo day
than kinh sau ri dong binh thudng, chua thoai hoa.

Két qua bang 7 cho thiy, co 3 bénh nhan dugc ghép mé
day than kinh, c6 d6 tudi tir 6 thang dén 50 tudi, v6i cac ton
thuong than kinh va vi tri ghép tai tao diy than kinh khac
nhau. 3/3 bénh nhan khong c6 hién tugng thai ghép sau 1
dén 3 thang theo doi.

4. Ban luan

4.1. Thu nhén mé ddy than kinh

Ngan hang M9, Bénh vién Hitu nghi Viét Dic duoc
thanh 1ap tor nam 2018, bao quan nhiéu loai mé tu than va
ddng loai khac nhau. Véi nhu cau thyc tién va tiém ning
clia phuong phap ghép mé day than kinh dong loai trong
chan thuong than kinh, bao quan mé day than kinh duoc
nghién ctru va trién khai tir nim 2023. Tinh dén hién tai,
100% ngudn hién mé day than kinh & Ngan hang Mo, Bénh
vién Hiru nghi Viét Bic 1a tir nguoi hién chét ndo, nam gidi
chiém nhiéu hon nir gi6i (bang 1). Ngoai ngudn hién tir
ngudi cho chét ndo, trén thé gidi, ngudn hién mé day than
kinh con tir ngudi hién xac hodc ngudi cho séng [2, 6]. Tat
ca ngudi hién mé déu dugc sang loc bénh lay truyén, véi
két qua 100% ngudi hién mo day than kinh ¢ két qua xét
nghiém huyét thanh hoc am tinh véi HIV, HBV, HCV (bang
2). M6t trong nhitng ri ro ciia ghép mé dong loai 1a nhiém
chéo bénh lay truyén. Viéc dam bao an toan tranh lay nhiém
la vé cung quan trong va bat budc. Xét nghiém sang loc
dam bao ngudén mo sach va an toan cho nguoi duoc ghép.
Mb day than kinh dugc thu héi boi cac bac sy ngoai khoa
tai phong mo6 bénh vién. Mau mé di thu nhan duoc dung
trong tai kin vo trung, chira dung dich bao quan va dugc van
chuyén nhanh trong thung chuyén dung 2-8°C vé& Ngan hang
Mb trong vong 24 gio dé xir 1y.

4.2. Xir Iy va bdo qudn mé day than kinh

Mo day than kinh sau khi van chuyén vé ngén hang mé
duoc rira, cét loc mo lién két thira. Panh gia dai thé ban dau,
32 m thu nhan déu dam bao mau sic binh thudng (tring
nga - trang vang nhat) khong bi bién sic hay mau tu, con
nguyén ven tron lang, khong cé hién tuong tua rach hay dut
doan (bang 3, hinh 1). Trong s6 32 mé day than kinh thu hoi
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dugc, 6 16 md (50%) 1a than kinh hién véi chiéu dai tir 210
dén 320 mm va 16 mé (50%) 1a than kinh chay v6i chidu dai
tir 100 dén 380 mm (bang 4). Céc béo cdo trén thé gidi khi
thu hdi mé day than kinh tir nguoi hién xé4c ciing thuong ldy
day than kinh chi dudi va chi trén. Dy than kinh chay (day
than kinh hdn hop) va than kinh hién (day than kinh cam
gi4c) la nhimg day than kinh & vi tri giai phau dé lay, c6 thé
dap g da dang vé kich thudc mé cho nhu cau ghép [2, 6].

Dé kiém soat tinh trang v6 khuan cia mau mo, chiing toi
dam bao diéu kién xir Iy mé vo trung, ngdm khir khuén bang
hdn hop khang sinh 24 gio va xét nghiém cdy khuan vi sinh
(vi khuan i khi, ky khi va ndm) 3 thoi diém: trudc ngdm
khang sinh, sau ngdm khang sinh va sau ra dong (trudc
ghép). Khang sinh db phai dugc thuc hién khi két qua ciy
khuan duong tinh, dé theo ddi va xem xét diéu chinh khang
sinh pht hop (néu can). D4i véi 2 thoi diém trude va sau
ngam khéng sinh, mot 16 ddy than kinh tir mot ngudi hién
¢6 cac yéu t lién quan dén thu hdi va xur Iy gidng nhau nhu:
thoi gian, dia diém, quy trinh, héa chét vat tu, nhan vién
thuc hién, nén xét nghiém vi sinh dugc chung toi thuc hién
theo 16 thu hdi. Két qua bang 5 cho thiy, 8/8 (100%) 16 day
than kinh c6 két qua nudi cdy vi sinh giai doan trudc va sau
ngam khang sinh déu am tinh. Viéc thu hdi mé tir ngudi
hién chét ndo tai phong mo boi cac phiu thuat vién trong
didu kién vo trung, cung voi su kiém soat vo khuén trong
toan bo qué trinh xtr 1y va ngdm khir khuan bang hdn hop
khang sinh 14 nhimg yéu t6 da gitip han ché ti da sy nhiém
khuén mé. Hién chung t61 chua tim duogc tai liéu bao cao vé
ty 1& nhidm khuan ddi voi mé day than kinh ciia cic ngén
hang mé khac. Tuy nhién, so sanh tinh trang nhidm khuin
ctia mot sd loai méd khac, chung t61 nhan théy c6 mot ty 1¢
nhiém khuan khac nhau tiy timg loai mé va ngan hang mo,
dan dén viéc phai loai b6 mé. Cac nguyén nhan lam ting
nguy co nhiém khuin mé 1a: ngudn hién, thoi gian thu hoi
va xu 1y, ) luong nhan vién thyc hién. Tai Ngan hang Mo
chau Au (2013), théng ké trong vong 20 nam, c6 27,2% mo
mach mau bi loai bo do nhiém khuan [9]. Tai Ngan hang
Mb Victoria, Uc (2005), ¢6 15,7% mau da, 15,1% mau van
tim va 5,8% mau co xwong khdp co két qua nudi cdy duong
tinh, ching vi sinh vét phan 1ap dugc la khac nhau tuy loai

mo nhung phd bién nhét 1a loai Staphylococcus [10]. Vi



thoi diém sau ra dong (trude ghép), xét nghiém vi sinh thyc
hién cho tmg mau mé duoc st dung. D3 c6 3 mau mo day
than kinh duoc rd dong dé sir dung ghép cho bénh nhan, xét
nghiém vi sinh ciing déu cho két qua 4m tinh véi vi khuan ai
khi, ki khi va ndm (bang 6). Yéu cau vé két qua vi sinh cho
mo déy than kinh duoc bao quan dé phat ghép bénh nhan 1a
phai am tinh giai doan sau khang sinh. Tuy nhién, néu két
qua vi sinh duong tinh vé1 mot s6 vi khuan doc luc cao vao
bat cir giai doan nao ciia qua trinh xir Iy va bao quan ciing
déu phai loai bo [11]. V6i két qua cay khuan hién tai, tuy
rang ¢& mau con han ché, budce du cho thiy quy trinh cia
chung t6i dd dam bao duoc diéu kién v6 khuan cho mau mo

dé ghép cho bénh nhan.

Phuong phap bao quan mé dy than kinh hién tai 4p dung
tai Ngan hang Mo, Bénh vién Hitu nghi Viét Dtic 1a phuong
phéap bao quan lanh sau ha nhiét do theo chuong trinh va c6
sir dung chét bao vé lanh DMSO. Phuong phap nay ciing
da duoc tmg dung trong bao quan nhiéu mé khac nhu: van
tim, mach mau, khi quan. X Iy biang chat bao vé lanh, toc
d6 lam mat thich hop, diéu kién bao quan va rd dong phu
hop 13 yéu 6 tién quyét can thiét & bao quan thanh cong
mau mo. Bao quan lanh sau mo day than kinh dong loai co
thé cung cip ngudn mé ghép da dang vé dic diém mo, dugc
str dung trong tai tao day than kinh ngoai bién va cho phép
luu trlr 1au dai. Vai tro cua xtr Iy mo va bao quan lanh trong
tinh sinh mién dich 14 van dé dang con tranh luan. Mot s&
nghién ctru trén dong vat da chimg minh rang, viéc bao quan
lanh va kiém soat dong lanh bao ton kha ning séng cua té
bao Schwann, duy tri mang day, lam giam phan (mg mién
dich va nguy co thai ghép & ngudi nhan bang cach giam sy
biéu hién khang nguyén HLA, tir d6 hd tro tai tao soi truc
[12, 13]. Nhiéu nghién ctru ciing d dua ra két luén, phuong
phap bao quan lanh c6 sir dung chéit bao vé lanh DMSO
két hop phuong phép rd dong nhanh c6 thé kéo dai dang ké
thoi gian bao quan mo ma van bao ton dugc cu truc, tinh
chét hoa 1y va sinh hoc ctia mé dé sir dung cho ghép [2, 14,
15]. Trong nghién ctru clia chiing t6i, mdi mau mé trude khi
ghép cho bénh nhan déu duogc phau thuat vién cit 1 doan
guri giai phau bénh tie thi. Két qua giai phdu bénh danh gia
cAu tric soi cia cac mau mo day than kinh sau rd déng binh

thuong, chua c6 ddu hiéu thoai hoa (bang 6).
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4.3. Ung dung ghép mé day than kinh dong lodi cho
bénh nhan

Tai Bénh vién Hiiu nghi Viét Puc, hién da c6 3 bénh
nhan dugc ghép mo day than kinh dong loai. Cac bénh nhan
6 d6 tudi tir 6 thang dén 50 tudi, véi cac mire d6 ton thuong
than kinh va vi tri ghép tai tao day than kinh khac nhau
(bang 7). 3 mau mé duoc rd dong nhanh & 37°C va sir dung
cho bénh nhan ghép gdm 1 than kinh hién va 2 than kinh
chay, v6i thoi gian bao quan tir 13 dén 15 thang. Mo than
kinh hién dugc ghép cho bénh nhin 6 thang tudi véi ton
thwong hoan toan dam rdi canh tay trai. Mo than kinh chay
duoc st dung cho 1 bénh nhan mat doan than kinh gitia,
than kinh tru do tai nan lao dong ludi cua céng tay va 1 bénh
nhan mat doan phan chay than kinh ngdi phai do kinh dam.
Khoang cach cac doan thay thé khac nhau, tir nho nhét 1a 3
cm va 16n nhét 14 6,5 cm. Cac bénh nhan dang dugc theo
ddi sau ghép, véi bénh nhan duoc ghép sdm nhét 1a 3 thang.
Hién khong co tinh trang thai ghép ¢ ca 3 bénh nhan. Dé
danh gia hiéu qua ghép, chiing toi can thém thoi gian theo
ddi va nghién ciru. Trén thé gidi, c6 mot sd bao cdo hiéu
qua ghép mo ddy than kinh dong loai cho bénh nhan chin
thuong than kinh. Nghién ctru ciia G. Squintani va cs (2013)
[2] str dung cac doan mo day than kinh bao quan lanh véi
thoi gian trung binh 12 9 thang, dé ghép tai tao than kinh cho
10 bénh nhan vdi cac ton thuong than kinh khac nhau co
cac khuyét than kinh dai t6i da 1a 10 cm va khong st dung
{rc ché mién dich. TAt ca bénh nhan déu c6 nhitng cai thién
vé 1am sang, sinh 1y than kinh va khong c6 bat ky phan tng
thai ghép sau 1 dén 2 niam theo doi. Nghién ctru cia A.L
Elkwood va cs (2011) [6] trén 8 bénh nhan chin thuong
dam rbi canh tay dugc ghép mé day than kinh tir nguoi hién
xéc, hodc ngudi cho sdng cung huyét thdng, c6 sir dung tc
ché mién dich bat dau tai thoi diém phau thuat va dimg sau 1
nam, hodc khi c6 déu hiéu tai tao ro rang. Két qua, c6 7 bénh
nhéan c¢6 dau hi¢u téi tao than kinh thé hién qua sy cai thién
chure nang cam giac hodc van dong, 1 bénh nhan khong tuan
thii phac d6 diéu tri [6]. Bén canh két qua muc do hdi phuc
than kinh khac nhau thi van d& st dung phac d6 trc ché mién
dich van dang c6 nhiéu tranh luan va khac nhau giira cc tac
gia. Nhung véi cac wu diém ma mé day than kinh dong loai
mang lai, cic tac gia déu tin ring, ghép mé day than kinh
ddng loai s& 1a mot phwong phéap diéu tri hiéu qua dé tai tao
than kinh.
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5. Két luan

Tir thang 3/2023 dén thang 10/2024, Ngan hang Mo,
Bénh vién Hiru nghi Viét Bic da bao quan 32 mo day than
kinh tir nguoi hién chét ndo. Budc dau nhan xét mo day
than kinh duoc thu hdi, xtr Iy va bao quan lanh sau dam bao
vo khuén, xét nghiém huyét thanh hoc HIV, HBV, HCV am
tinh; gitt dugc cAu tric dai thé va cu trac vi thé sau ra dong.
Tuy nhién, ¢& mau con han ché, can nghién ctru thém voi cd
mau 16n hon va theo ddi dai han tinh trang thai ghép va hiéu
qua ghép trén 1am sang.
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Mo phong duwgc dong hoc/dwoce lwe hoc
cua pyrazinamid trén bénh nhan lao phoi
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Tom tit:

Gi6i thiéu: Pyrazinamid (PZA) cé vai tro 16n trong phac do chdng lao, cin dworc tdi wu héa cach sir dung. Nghién ciru
dwgc tién hanh nhim xac dinh kha ning dat dwoc cac dich dwoc dong hoc/dwge lue hoc (PK/PD) ciia PZA trong diéu
tri lao phéi. Phwong phap: 516 miu mau ciia 129 bénh nhan lao phdi khong da khang thudc dwec thu thip nhim
ghi nhan dir liéu ndng dd - thoi gian ciia PZA, tir d6 xAy dwng mé hinh dwoc dong hoc quan thé va mé phéng Monte
Carlo dé xac dinh ty 1¢ dat cac dich PK/PD tai cic ché d9 liéu dya trén thé trong va cin ning trir mo (FFM). Két qua:
Ty 1¢ dat cac dich PK/PD ting din khi ting lidu. Vi MIC>50 pg/ml, cin liéu 40 mg/kg dé trén 80% bénh nhan dat
dich dién tich dwéi dwong cong/nong d9 vre ché toi thiéu (AUC/MIC); véi lidu 30 mg/kg hodc 35 mg/kg, FFM >90%
bénh nhan dat dich AUC,,, va C,_. Liéu dya trén FFM cho thiy hi¢u qua twong ty so v6i cic ché df dya trén thé
trong hién nay. Két luan: Céc ché d9 liéu tinh theo FFM cii thi¢n ty 1¢ cac dich PK/PD ciia PZA.

Tir khoa: duwge dong hoc, dwge luc hoc, lao phéi, pyrazinamid.

Chi sé phin logi: 3.3, 3.4

Simulation of pyrazinamide pharmacokinetics/pharmacodynamics

in Vietnamese pulmonary tuberculosis patients
Tuan Duc Phan, Son Nhat Bui’, Thi Luyen Le

University of Medicine and Pharmacy, Vietnam National University - Hanoi, 144 Xuan Thuy Street, Dich Vong Hau Ward, Cau Giay District, Hanoi, Vietnam
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Abstract:

Background: Pyrazinamide (PZA) plays an important role in the first-line regimens against tuberculosis and needs
optimisation. This research aims to determine the ability to achieve pharmacokinetic/pharmacodynamic (PK/PD)
targets of PZA in the treatment of pulmonary tuberculosis. Method: A total of 516 blood samples from 129 drug-
susceptible pulmonary tuberculosis patients were collected to record PZA concentration-time data, then, a population
pharmacokinetic model for pyrazinamide was built using the software MONOLIX 2019R2; Monte Carlo simulation
was performed to attain PK/PD target attainment ratios of various total body weight and fat-free mass (FFM)-
based regimens. Result: PK/PD target attainment ratios increased along with higher dosage levels. At MIC levels of
>50 pg/ml, a dose of 40 mg/kg was required for over 80% of patient to achieve the target area under the curve/
minimum inhibitory concentration (AUC/MIC); dosage at 30 mg/kg or 35 mg/kg FFM should ensure over 90%
of patients achieve AUC . and C targets. An FFM-based dosing strategy shows results compared to total body
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weight-based dosing. Conclusion: FFM-based dosing strategy improved PK/PD target attainment ratios.

Keywords: pharmacodynamics, pharmacokinetics, pulmonary tuberculosis, pyrazinamide.

Classification numbers: 3.3, 3.4
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1. Dt van de

Bénh lao 1a mot bénh truyén nhiém nghiém trong d ton
tai hang nghin niam; theo T chirc Y té thé gi¢i (WHO), nim
2019, ¢6 hon 1,4 triéu nguoi tu vong vi can bénh nay [1].
Van dé phong va diéu tri lao trén quy md toan cau hién tai
van con nhiéu khé khin, trong bdi canh téc do phat trién
thudc méi con cham ma tinh trang khang thudc ngay cang
gia ting, anh huong téi hidu qua diéu tri, trong khi cac phac
dd diéu tri hién tai von duoc xay dung tu lau [2, 3]. Do
d6, nhiéu nghién ctru da nganh da dugc thyc hién va tbi uu
hoa cac phac dd hién tai 1a trong tam, dua trén co s¢ dugc
dong hoc - dugc luc hoc (PK/PD) [1]. Pyrazinamid (PZA)
1a thudc chdng lao hang mot, dong vai trd quan trong trong
viée rat ngan thoi gian diéu tri lao ma khong tang doc tinh
va it tac dung phu [4]. Muc tiéu cua nghién ciru: dua vao mo
hinh duoc dong hoc quin thé cua PZA da dugc xay dung
trén 129 bénh nhan lao phdi tién hanh mé phong kha ning
dat cac dich PK/PD cua liéu hién tai va mot sb lidu khéc.

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

Dit liéu vé bénh nhan st dung tr dé tai nghién ctu khoa
hoc cép Nha nudce: “Phan tich duge dong hoc - dugc luc hoc
dé lya chon liéu diéu tri t6i wu cho bénh nhan lao phdi diéu
trj that bai va diéu tri tai phat”, ma s HNQT/SPPP/01.16.
Tong s6 co 129 bénh nhan duoc lya chon vao nghién ctru
v6i tidu chi: bénh nhan lao phdi trén 16 tudi méi hodc tai tri,
diéu tri bang cac thubc chong lao hang 1. Tiéu chuén loai trir
bao gébm: phu nit c6 thai va cho con bu; bénh nhian mic lao
da khang thudc; bénh nhan suy gan, than ning hodc ¢ nguy
co tir vong; khong phan 1ap dugc vi khuén lao tir mau dom
cua bénh nhan; khong tuén thu diéu tri va dung diéu tri do
tac dung khong mong mudn.

2.2. Phwong phap nghién ciuu
Thu thap dir liéu:

Bénh nhan duoc thu thdp cac thong tin nhu: tudi, can
nang, chiéu cao, gidi tinh, tinh trang HIV, thdi quen uéng
rugu, hat thude va loai thude st dung khi bét dau tham gia
nghién ctru. Cac mau méau duoc thu thap vao ngay 10-14
sau khi bat dau diéu tri dé dam bao nong do thudc trong
mau dat trang thai cin bang. M&i bénh nhan duoc lay 4 mau
mau, mdi mau 4 ml tinh mach va duoc chia thanh 2 nhom
v6i ché do 1ay mau khac nhau: 0 gid (ngay trude khi udng
thudc) va 1, 4, 6 gio sau udng thude; 0 gio (ngay trude khi
dung thudc) va sau khi dung thude 2, 5, 8 gid. Tong cong c6
516 mau dugc thu thap. Cac mau mau duge bao quan lanh,
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ly tim dé tach huyét twong trong vong 45 phut sau khi ldy
méu. Cac mau huyét twong dwoc mi hoéa va ghi ngay lay
mau, boc kin tranh 4nh sdng bao quan trong ta lanh Am sau
-70°C cho dén khi phan tich. Nong do thudc trong cic miu
huyét tuong dugc phan tich bang phuwong phép sac khi 1ong
khéi phd (HPLC-MS/MS) tai Trung tim Danh gia Tuong
duong Sinh hoc, Vién Kiém nghiém Thudc Trung wong theo
quy trinh dd duoc xdy dung va tham dinh cac tiéu chi theo
quy dinh cta Hoi nghi Quéc té va Hai hoa hoa cac Thu tuc
dang ky Duoc pham sir dung cho nguoi (ICH) va Cuc quan
1y Thuc pham va Dugc pham Hoa Ky (FDA) [5].

Xay dung mé hinh duwgce dong hoc quan thé:

Mo hinh duoc dong hoc quan thé cia PZA dugc xay
dung theo phuong phap mé hinh hoéa anh huéng hdn hop
phi tuyén tinh (non-linear mixed effects modeling) trén phan
mém MONOLIX2019R2. Mb hinh ti wu xay dung duoc 1a
mo hinh 1 ngan, hép thu bac mot c6 thoi gian tré, thai trir
tuyén tinh. FFM 1a yéu t6 anh hudng dén sy bién thién cua
thé tich phan b (V) va tdc do thai trir (C1) giita cac ca thé:
FFM 16n dan t&i V va Cl 16n hon. Gié tri cac thong sb cia
mo hinh dugc dong hoc quén thé duoc thé hién & bang 1.

Bang 1. Mé hinh dwgc dong hoc quan thé cha pyrazinamid trén
nhém bénh nhan nghién ctru.

Théong s6 mé Thong 6 quén thé Bién thién c4 thé

hinh Gia tri SE, RSE% [0} SE, RSE%
T lag 0,445 0,0585; 13,1 0,415 0,0933; 22,5
Ka 3,99 0,923; 23,1 1,41 0,2; 14,2

A% 27,5 0,518; 1,89 0,177 0,0156; 8,83
Cl 2,65 0,0722; 2,72 0,301 0,0195; 6,49
BV {FFM 1,99 0,246; 12,4

B _CLFFM 1,68 0,357; 21,3

Sai s6 mii 0,122 0,00677; 5,54

Corr V_Cl 0,689 0,0659; 9,56

SE: Trang thai dong kinh; RSE: Trang thai dong kinh khang thudc; T lag:
Thoi gian hap thu tré; Ka: Hang s hap thu; V: Thé tich phan bd; Cl: Toc do
thanh thai; Corr V_Cl: Hg s6 tuong quan hiép phuong sai giita V va Cl;
Céc hé s6 hdi quy p_V_tFFM va B_Cl_tFFM thé hién mdi trong quan giira
V va Cl véi FFM qua phuong trinh:

logV =log Vyop +B_V _tFFM X log% + &V

log Cl = log Ly, +B_CItFFM x log e+ &V

Vpop va Clpop : thé tich phan bd va do thanh thai dai dién cho qué”ln thé, c6
gia tri lan lugt 1a 27,5 1 va 2,65 1/h

Mo phong kha nang dat dich dwoc dong hoc - duoc lyc
hoc:

Tir m6 hinh duge dong hoc quan thé, tién hanh mo
phong kha nang dat dich PK/PD trén 3 dich bao gdm: nong
do thudc i da (C_ ) >35 pg.ml, dién tich dusi duong
cong ndng do - thoi gian (AUC, ) >363 pg.h/ml, ty sb
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AUC_,/MIC >11,3. Nghién ctru sir dung céc gia tri MIC cta
PZA dugc khao sat tir cac nghién ctru trude vé PK/PD cla
PZA 1a: 6,25, 12,5, 25, 50, 100, 200 pg/ml [6]. Ching t6i
tién hanh khao sat ty 1& dat cac dich tai ché do liéu hién tai,
cling nhu mot s6 ché do licu gia dinh theo thé trong va theo
can nang trir md FFM. O mdi muc liéu, tién hanh mo phong
xac dinh ty 1€ dat dich trén 3 khoang can nang (25-39; 40-54;
55-70 kg), mdi khoang can nang 10.000 bénh nhan.

Dong thoi, ching t6i tién hanh mo phong song song dbi
v6i 2 cach tinh liéu véi lidu gia dinh theo cac khodng can
nang dé xac dinh kha nang dat dich PK/PD cua cac céich
tinh liéu nay.

- Céch tinh 1 g véi muc lidu 20-30 mg/kg thé trong:
800, 1200, 1600 mg lan luot v6i cac nhém can nang 25-39,
40-54, 55-70 kg;

- Céch tinh 2 ng v6i murc liéu 25-35 mg/kg FFM: 1000,
1200, 1500 mg 1n lugt véi cac nhom can nang trir mg 22-
33 kg FFM; 34-44 kg FFM; 45-55 kg FFM.

3. Ketqua
3.1. Dac diem mau nghién ciru

C6 129 bénh nhan dwoc dua vao nghién ctru véi thong sb
duoc thé hién & bang 2.

Bang 2. Bac diém mau bénh nhan.

Dic diém miu bénh nhan S6 bénh nhan (N=129)

Tudi (trung vi, tir phan vi) 45 (31,75; 57)

Giéi tinh (Nam, %)

93 (72,09%)

3.2. M6 phong dwgc dong hoc/duwoc lwc hoc cua
pyrazinamid

Ty 1é dat dich theo ché d¢ liéu hién tai:

Trong quan thé mé phong gdom 10.000 bénh nhan, 82,7%
dat dich C___>35 pg/ml va 80,65% dat dich AUC_,, >363
ug.h/ml. Ty 1€ dat dich AUC/MIC tai liéu hién tai, xét trén
tong s cling nhu tai timg khoang can ning, dugc thé hién
o bang 3.

Bang 3. Ty Ié dat dich AUC,_, /MIC tai lidu hién tai.

0-24

Ty1¢ % dat Ty I1¢ % dat dich AUC,,/MIC va gid tri MIC (ag/ml) twong

dich va MIC ing

fg:;"g n - c=625  MIC=125  MIC=25 MIC=50 MIC=100
25-39 kg 100 100 71,53 14,36 0,41
40-54 kg 100 100 88,64 24,44 0,37
55-70 kg 100 100 91,31 30,31 0,70
Téng s6 100 100 88,54 26,74 0,53

Ty 1€ dat dich AUC/MIC & khoang can nang 25-39 kg
thép hon 10 rét so voi 2 khoang can ning con lai. Ty 1€ dat
dich tang theo can nang ¢ moi gia tri MIC, ty 1€ dat dich &
nhom cén ning 40-54 kg gan voéi ty 1é ctia quan thé.

So sanh ty 1¢é dat dich AUC

o, va C  theo cach tinh lieu
o max

va cdc liéu mé phong:
So sanh ty 1€ dat dich dugc dong hoc theo 2 cach tinh
lidu theo can ning va tinh liéu theo FEM trong bang 4.

Bang 4. Két qua dat dich AUC
cach tinh liéu.

022Va C_ cua céac che dob lieu va

BMI (kg/m, trung vi, t& phan vi)

18,73 (17,14; 20,3)

. o G R (3 o
Lidu % dat dich C, _ % dat dich dién tich dudi

Cén nang trir m& (kg trung vi, tir phan vi) 41,46 (35,02; 46,29) dudng cong
Dang vien Pyrazinamid don hoat chét 20 (15,50%) 35 mg/kg 97,32 95,56
nén Vién phéi hop (RMP+INH+PZA) 109 (84,50%) 40 mg/kg 98,79 98,70
800 7 (5,43%) 45 mg/kg 99,55 99,66
1000 2(1,55%) 30 mg/FFM 81,09 76,62
L' A
. — BEE ) 35 mg/FFM 9221 90,01
uong
ay) 1500 15 (11,639
(mg/ngay) (11,63%) 40 mg/FFM 96,62 95,32
1600 26 (20,16%)
45 mg/FFM 98,41 98,15
2000 4(3,10%)

Liéu trung vi theo cin ning (mg/kg, trung vi,
max, min)

26,37 (17,65; 37,5)

Liéu trung vi theo FFM (mg/kg, trung vi, max,
min)

31,49 (22,54; 54,32)
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Mo phong cho thay, kha ning dat dich tang dan theo liu
lwong. So véi lidu 30 mg/FFM, cac ché d lidu cao hon cho
thdy kha nang dat dich cao hon dang ké (81,09 va 76,62%
s0 v6i 92,21 va 90,01% & liéu 35 mg/kg FEM).
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Ty ¢ dat dich AUC,, /MIC theo cach tinh liéu va cac
liéu mé phong:

Ty 1¢ dat dich AUC/MIC (PTA%) ctia céc liéu md phong
trén dai MIC (pg/ml) duoc thé hién tai hinh 1.

(A) (B)
100+ 1007
904 —o—  45mefke 90+ —&—  45mgFEM
_A 40mgke _ A 40mgFFM
80+ 5 3Smgke 80 @ 35mgFEM
o 30meke —e— 30meFFM
70 70+
60 60
S S
< 50- < 504
B 5
40+ 40
30 30+
20 204
10+ 10+
0 0

L LR L L L L.
6,2512,5 25 50 100 200 6,2512,5 25 50 100 200
Mic MIC

Hinh 1. Ty lé dat dich dién tich dw&i dwong cong/néng do (e ché
t6i thiéu (AUC/MIC) ctia cac lidu md phéng trén dai néng do e ché
téi thidu. (A) Két qua mé phang véi cac lidu tinh theo can nang (30, 35,
40, 45 mg/kg), (B) Két qua md phdng v&i céc lidu tinh theo FFM (30, 35,
40, 45 mg/kg thé trong va can nang trir m& (FFM).

Kha ning dat dich PK/PD ting dan theo liéu PZA, xét
trén cac ché do lidu tinh theo can ning thong thudng ciing
nhu tinh theo FFM. Tt mtirc MIC 25 pg/ml tré di, cho toi
MIC=100 pg/ml, ty I¢ dat dich AUC/MIC >11,3 ¢ tat ca cac
cheé do liéu trén giam manh. Cu thé, tai MIC=50 pg/ml, ty
1¢ dat dich thép; muc liu tir 40 mg/kg tro 1€n cho ty 1€ dat
dich 80%. O tat ca ché do liéu, nhém can ning tir 25-39 kg
déu cho két qua ty 1& dat dich PK/PD thip hon han so véi 2
nhom can nang con lai.

Dong thoi, ty 18 dat dich AUC/MIC cua 2 ché do lidu 30
mg/kg va 35 mg/kg FFM la twong duong nhau, thé hién tai

bang 5.
Bang 5. Kha nang dat dich AUC, /MIC cta 2 ché do lidu: 30 mg/kg

va 35 mg/kg FFM theo cac khoang can nang.

Ty 1§ % dat dich AUC_, /MIC va gié tri MIC (ng/ml)

Lidu Khoing  tyqng img
G Mic=625 MIC=I25  MIC=25 MIC=s0 MIC=100
2539kg 100 100 %39 38 10
Nmgkg  40-54kg 100 100 9830 480 14
>55kg 100 100 92 555 22
2539kg 100 100 92 341 10
35mgkg FEM  40-54kg 100 100 915 440 06
>55kg 100 100 94 503 17
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So sdanh 2 cach tinh liéu theo khodng cdin ndng va theo
FFM:

Hai cach tinh liéu (Cach tinh 1: 20-30 mg/kg va cach
tinh 2: 25-35 mg/kg FEM) cho thiy ty 1é dat dich tuong tur
nhau & tit ca cac MIC (bang 6).

Bang 6. Ty Ié dat dich AUC_,/MIC tai 2 ché d6 liéu thwc té.

Ty 1€ % dat dich AUC,,/MIC twong img véi cic

Khodng liéu gi trj MIC
MIC (pug/ml) 625 12,5 25 50 100 200
Cach tinh 1 (20-30 mg/kg) 100 100 95,5 32,5 0.4 0

Cachtinh2 (25-35mgkg FEM) 100 100 955 318 03 0

4. Ban luan
4.1. Két qui mé phéng trén tong sé bénh nhin
vé AUC,, va C,
Dich PK/PD AUC <363 pg.h/ml lién quan dén dap tng

diéu tri kém hiéu qua (tir vong khi diéu tri, thit bai diéu tri
va tai mic); C,.. <35 pg/ml lién quan dén tir vong va diéu tri
that bai [7, 8]. Két qua mé phong cta chung tdi cho thiy: &
ché d¢ liéu hién dung, ty 1¢ dat 2 dich nay twong dbi cao (16n
hon 80%). Trong khi d6, ty 1¢ dat 2 dich nay & cac nghién
ctru trén thé gidi lai thap hon. A. Alsultan va cs (2017) [9]
cho thdy: v6i muc lidu 18-27 mg/kg (lidu thuc té) cho ty
1¢ dat dich AUC >363 pg.h/ml chi dat 10% ¢ bénh nhan
tir 40-55 kg, 27% & bénh nhan 56-70 kg va phai ting lidu
1én 2000-2500 mg dé dat duoc 94%; & dich C, .. >35 ng/ml
ciing tuong tu khi liéu hién tai chi dat 10 va 29% & 2 nhom
can nang. Nghién ctru ctuia P. Denti va cs (2015) [10] khi st
dung liéu theo khuyén cdo cia WHO chi ra: 55,6% sb bénh
nhan khong dat dich AUC ,,
bénh nhan khong dat dich C__, trong khi do quan thé nay lai

sau 2 thang diéu tri va hau hét

¢6 can nang kha tuong ddng v6i quan thé trong nghién ctru
ctua chung t6i1 (trung vi 51,9 kg; t& phan vi 48,2-57,3 kg).
Két qua nay co thé do su khac biét gitra dwoc dong hoc trong
quan thé mau bénh nhan cta chung t6i so v&i cac nghién
ctru trén quan thé khac.

Vé AUC

0-2

Ty 1¢é dat dich AUC/MIC cua ché d6 liéu hién hanh 1a
thap tir MIC 50 mg/ml tr& di (dudi 40%) va xap xi 0% &
MIC=100 mg/ml (bang 3). Bich AUC,,,/MIC>11,3 dugc
cho 14 lién quan dén kha ning diét khuan ctua PZA, c¢6 ¥

MIC:

n
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nghia trong viéc du doan hiéu qua diéu tri ciing nhu kha
ning khang thudc cia vi khuan. Mot nghién ctru vé MIC
ctia pyrazinamid trén quin thé bénh nhan lao cho thiy, c6
dén 28,8 va 15,3% bénh nhan c6 MIC cua PZA lan luot 1a
50 va 100 mg/ml. Vi ché do lidu hién tai cho thdy, kha
nang diét khuén chua duoc téi vu & MIC 50 mg/ml, va hau
nhu khong c¢6 hi€éu qua véi MIC >100 mg/ml. Hién tugng
nay cling dugc bdo céo trong nghién ctru cua A. Alsultan va
cs (2017) [9] khi cho két qua dudi 80% tong sé bénh nhan
dat dich AUC/MIC véi lidu 2000 mg. Cac két qua trén cho
thay, ché do liéu PZA hién tai chua t6i wu khi c6 thé dan toi
ndng d6 thube thap, din t6i ting nguy co khang thudc va
dic biét 1a tai méc lao khi xét ti vai tro ciia PZA trong phéc
do 1a tiéu diét cac vi khuéan lao ndi bao tan du [11]. Trong
nghién ctru nay, chung t6i khao sat cac mirc lidu cao hon
theo thé trong, va cach tinh lidu theo can ning trir md - yéu

t6 co anh huong 16n téi mé hinh dwoc dong hoc quén thé.
4.2. Két qui mé phong trén liéu gia dinh
veAUC,, vaC, :

Két qua cho théy, khi tang lidu thi ty 18 bénh nhan dat hai
dich nay tang lén. Tr liéu 30 mg/kg va lidu 35 mg/FFM tro
1én, két qua ty 1¢ dat dich AUC va C___>90%; véi lidu 45
mg/kg, >99% bénh nhan dat dich PK/PD (bang 4). Nghién
ctru cia M.T. Chirewah va cs (2017) [12] cho két qua turong
tu: can phai tang lidu 1én dén 2000 mg trén nhom bénh nhan
40-55 kg va liéu 2500 mg ¢ nhém bénh nhan 55-70 kg
(twong ung 35-50 mg/kg) thi méi dat trén 90% bénh nhan
c6 AUC >363 pg/mlva C__>35 ug/ml [12].

Vé AUC,, /MIC:

Mb phong cho thiy, ty 16 AUC/MIC ting 1én theo lidu
luong ctia timg nhom. O MIC 25 mg/ml, cac liéu md phong
déu cho két qua trén 95% bénh nhan dat AUC/MIC >11,3
trir liéu 30 mg/FFM (hinh 2). Cac ché d6 liéu cho thiy, kha
nang dat dich PK/PD n6i chung t6t hon so véi liéu ban diu
(bang 5). Vi vy, trong khung liéu hién tai, muc lidu 30 mg/
kg cho thiy trién vong dap tng diéu tri tt nhat.

Tai mdi murc lidu, chiing t6i xac dinh kha ning dat dich

clia timg nhom bénh nhan theo can ning. Két qua cho thay,
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nhom bénh nhan ¢6 cin nang thap (dudi 39 kg) cho ty 1¢ dat
dich thap hon & tat ca cac liéu, & cic nhom can ning cao
hon thuong s€ c6 kha nang dat dich PK/PD cao hon (bang
5). M6 phong ctia cac nghién ciru trude day cling mo ta két
qua tuong ty véi cdc nhom can nang bénh nhan [9, 10, 13].
Diéu nay khang dinh su anh huong cta yéu té can ning noi
riéng va kich thudc co thé noi chung lén dac diém duoc
dong hoc/dugc lyc hoc cia PZA. Ty 1¢ dat dich tang 1én
theo can ning, tuy nhién lai c¢6 thay d6i khac nhau giira cac
nhom; trong khi nhdm can nang tir 25 dén 39 kg thap hon rd
rét, hai nhom cén nang tr 40 dén 54 kg va trén 55 kg lai co
gia tri khong chénh 1éch 16n (bang 5).

Két qua tir bang 6 cho thdy, ty 1¢ dat dich AUC/MIC cua
hai ché d6 liéu 20-30 mg/kg va 25-35 mg/kg FFM tuong
d6i giéng nhau. Pidu nay cho thiy, ché do liéu dua trén can
nang trir md ¢ thé cho hiéu qua PK/PD tuong dwong ché do
lidu hién hanh, trong khi mic liéu thyc té khong qua chénh
l1éch. Nhu vay, can nang trr md la mot yéu td nén duoc can
nhéc xem xét trong thiét ké ché do liéu cua PZA noi riéng,
ciing nhu cac thude chdng lao n6i chung trén bénh nhan lao

phéi khong da khang.
5. Két luan

Mo hinh dugc dong hoc quén thé ciia PZA duoc xay
dyng tir dir liéu nong do PZA trong huyét twong cta 129
bénh nhan lao phdi 1a mé hinh 1 ngan, hap thu bac mot
¢6 thoi gian tré, thai trir tuyén tinh, voi FFM 1a yéu t6 anh
huong dén su bién thién cta thé tich phan bd (V) va toc do
thai trur (Cl) gilra cac ca thé. Dwa vao md hinh trén dé tién
hanh mo phong kha nang dat dich PK/PD, chiing toi rit ra

keét luan sau:

- Kha nang dat dich PK/PD ctuia PZA tang 1én khi tang

liéu PZA ¢ cung nhoém can nang;

- Ty 1¢ dat dich PK/PD cao hon ¢ nhém can nang cao

hon khi cung str dung mét ché db liéu;

- Sur dung thong sé FFM trong tinh liéu PZA phu hop

hon so véi tinh liéu theo can néng.
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Tom tit:

Cic chién hrge y té tir xa da dwoc ap dung trén thé gi6i dé hd tro nhém nguoi ¢é nguy co tim mach cao, nhung hiéu
qua cia nhirng can thlep nay trong viéc cai thién nguy co tim mach ¢ cac bénh nhan tai Viét Nam van chwa ré rang.
Nghlen ctru nay nhim danh gia két qua kiém soat yeu to nguy co tim mach va chi s0 khdi co thé & ngum ¢0 nguy co
cao bang glal phap y té tir xa. 112 bénh nhan dwoc chia hai nhém: Nhém can thlep nhan mjt budi tw van ban dau
va dwoc ho tro qua dién thoai trong ba thang; nhém chirng chi nhian mét budi tw vain. Két qua cho thay, tudi trung
binh 56,8+6,8, 69% la nit. Cac chi s vé cAn ning (1,232 kg; p<0,001), chu vi vong eo (0,789 cm; p=0,02), chi s6 khoi
co thé (-0,398 kg/m?; p<0,001), huyét ap tam trwong (-1,233 mmHg; p=0,03), cholesterol toan ph?m (-0,196 mmol/l;
p=0,02) va lipoprotein trong lwong phin tir thip (LDL) cholesterol (0,165 mmol/l; p=0,005) ¢’ nhom can thlep déu
glam hon nhém chirng sau 12 thang. Nhw vay, 6 nhirng ngwoi lon tudi cé nguy co’ tlm mach cao, gidi phap y té tir xa
v6i hd trg qua dién thoai trong vong 3 thang da mang lai nhirng cai thién vé cac yeu to nguy co tim mach. Nhirng cai
thién nay kéo dai sau mgt nam, cho thay y té tir xa c6 hiéu qua trong viéc Kiém soat nguy co tim mach.

Tir khod: chi so khoi co thé, cholesterol, gidi phap y té tir xa, tim mach, yeu to nguy co.

Chi sé phén loai: 3.3, 3.5

Risk factor and body mass index control in patients with

high cardiovascular risk receiving telemedicine care
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Abstract:

Telemedicine is increasingly used in the world to support people at high cardiovascular risk, but it has been unclear
if these interventions in Vietnam are effective at improving cardiovascular risk. This study aims to evaluate the
outcomes of controlling cardiovascular risk factors and body mass index in high-risk patients using telemedicine
solutions. A total of 112 patients were divided into two groups: The intervention group received one consultation
and telephone support over three months, while the control group received only one consultation. Results showed
that the average age was 56.8+6.8 years, with 69% being female. After 12 months, the intervention group showed
greater reductions than the control group in weight (-1.232 kg; p<0.001), waist circumference (-0.789 cm; p=0.02),
body mass index (BMI) (-0.398 kg/m?; p<0.001), diastolic blood pressure (-1.233 mmHg; p=0.03), total cholesterol
(-0.196 mmol/l; p=0.02), and low density lipoprotein (LDL) cholesterol (-0.165 mmol/l; p=0.005). Therefore, in older
people with high cardiovascular risk, the addition of telemedicine solutions over a period of three months resulted in
significant improvements in cardiovascular risk factors. These improvements persisted after a year, demonstrating
the effectiveness of telemedicine.

Keywords: body mass index, cardiovascular, cholesterol, risk factors, telemedicine.

Classification numbers: 3.3, 3.5
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1. Dt van de

Bénh tim mach la nguyén nhan chinh gay tr vong trén
thé gidi va & Viét Nam. Nhitng ngudi ¢6 nguy co tim
mach cao thuong gap céc van dé nhu thira can, béo phi,
tang huyét ap, dai thdo duong va rdi loan lipid mau. Cac
yéu t6 nguy co nay cé thé duoc giam thiéu nho 16i séng
lanh manh, bao gdm ché do an ubng hop 1y, tap thé duc
va khong hat thude [1]. Mic du cac chwong trinh can
thi€p tai co sd y té hién nay phé bién, nhung van gap
nhiéu han ché vé kha nang tiép can va tac dong tir cac yéu
t6 van hoa - xa hoi, nghéo d6i va méi trudng [2]. Tinh
trang gia ting thira can, béo phi va cac yéu té chuyén
hoa cho théy, can c6 phuong phap tiép can hiéu qua hon,
giam phu thudc vao tu van tai co s& y té va hd tro bénh
nhéan tu quan 1y sirc khoe. Giai phap y té tir xa dang dugc
trién khai tai nhiéu qudc gia, gitp nguoi bénh dé dang
tiép can dich vu chdm séc v6i chi phi hop ly. Cac nghién
ctru qubc té dd ghi nhan hidu qua cia cac can thiép nhu
hd tro qua dién thoai, gidm sat tir xa va iing dung internet,
du vin thiéu bang chimg vé hiéu qua dai han [3]. Nghién
ctru nay nham danh gia két qua cua giai phap y té tir xa
trong viéc kiém soat cac yéu td nguy co tim mach va chi

s6 khéi co thé & nguoi c6 nguy co cao.
2. Dédi igng va phuong phap nghién ciu
2.1. Péi twong

Tét ca bénh nhan dén kham tai Vién Tim mach Quéc
gia, Bénh vién Bach Mai, du diéu kién tham gia chuong
trinh kiém tra strc khoe dinh ky tai khoa kham bénh dugc
moi tham gia nghién ctru. Nhirng ngudi dong ¥ tham gia
va ky vao mau don chap thuan sau khi dugc cung cip day
du thong tin s& dugc phan nhom ngiu nhién. Thoi gian
tién hanh nghién ctru tir thang 2/2023 dén thang 2/2024.

Tiéu chuan lwa chon:
- Nam va nir tir 40 dén 70 tu6i.

- C6 nguy co tim mach cao hoac rit cao, duoc xéac
dinh bang thang diém danh gid nguy co mach vanh hé
thdng (SCORE) danh cho cac qudc gia c¢6 ty 1é tir vong
do tim mach cao (5-9 va >10%) [4].
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- Pap tmg ba tiéu chuan cho hoi ching chuyén hoa
theo hudng dan ciia Hiép hoi Dai thdo duong thé gidi
(IDF) [5].

- Mot tidu chuén chinh: Béo bung (vong eo >90 cm &
nam giéi hodc >80 cm & nir gioi).

- Hai tiéu chuan phu: Huyét ap >130/85 mmHg;
triglyceride huyét thanh >1,7 mmol/l; lipoprotein trong
lugng phan t& cao (HDL) cholesterol <1,03 mmol/l &
nam gidi hoac <1,29 mmol/l & nlr gidi; glucose lac doi
>5,6 mmol/l.

Tiéu chudn logi trir: Bénh nhan c6 bénh xo vira dong
mach trudc do (bénh dong mach vanh, bénh mach mau
ndo, bénh dong mach ngoai bién); Pai thao duong (dudng
huyét lic d6i >7 mmol/l hodc duong huyét >11,1 mmol/l
hodc dudong huyét sau 2 gid >11,1 mmol/l); Cac bénh
ly khac nhu r6i loan nhip nguy hiém, suy tim, suy than,
suy gan, ung thu tién trién, hen phé quan ning, bénh tim
than, lam dung ruou hay chét gdy nghién, hoac nhiing
ngudi khong du kha ning tham gia tw van do van dé vé
ngon nglt hoac mu chi.

Dao dirc nghién ciru: Nghién ctu da dugc S& Khoa
hoc va Cong nghé TP Ha No61, hoi déng khoa hoc va dao
dtrc Bénh vién Bach Mai va Truong Pai hoc Y Duogc, Dai
hoc Qudc gia Ha Noi phé duyét.

2.2. Thiét ké nghién ciru

Nghién ctru 1am sang ngu nhién c6 déi chimg, phan
ngau nhién theo thiét ké song song (1:1) theo gidi tinh
(nam véi nit) va do tudi (<55 v6i =55 tudi), sir dung phan
mém may tinh dé tao s6 ngdu nhién. Nhom can thiép
nhan mot budi tu van toan dién ban ddu va hd trg qua
dién thoai hai tudn mot lan trong ba thang dau. Nhom
dbi chting chi nhan mot budi tu van ca nhan tai Vién Tim
mach Quéc gia, Bénh vién Bach Mai v6i ndi dung va cdu
triac tu van do bac sy quyét dinh. Tat ca ngudi tham gia
déu c6 nguy co tim mach cao va rét cao. Cac danh gia
theo doi dugc thyc hién sau 6 va 12 thang.

2.3. Can thiép

So dd can thiép va cac quy trinh cy thé ctia nghién ctru
duoc thé hién trong hinh 1.

[£]
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Hinh 1. So d6 nghién ctru.

Bit dau béng mdt budi tw van truc tiép toan dién vé
cac yéu td nguy co tim mach, tap trung vao dinh dudng
do bac sy thuc hién theo quy trinh cdu triic véi ndi dung:
Khai niém vé nguy co tim mach (thang diém SCORE)
[4], cac yéu td nguy co truyén thdng, phan tich nguyén
nhan hanh vi khong lanh manh va tao dong luc thay
ddi, thiét lap muc tiéu ca nhan, huéng dan tu theo doi;
Tu van vé dinh dudng va hoat dong thé chit, dam bao
tuan thi thude diéu tri theo hudéng dan cua Hiép hoi Tim
mach chau Au (European Society of Cardiology - ESC)
2021 [6]. Ba thang tiép theo, bénh nhan dwogc hd tro tir
xa qua dién thoai hai tun mot 1an boi mot diéu dudng
duoc dao tao, voi cac cudc goi trao ddi vé thoéi quen an
udng, hoat dong thé chat, tuan thu thudc va thiét 1ap muc
tiéu cai thién. Cac phép do dugc thuc hién tai 6 va 12
thang cho ca nhom can thiép va ddi ching, riéng nhém
can thiép c6 thém tai kham vao mdc 3 thang dé danh

gia tac dong ngén han va giam nguy co mét lién lac.
2.4. Thu thép sé liéu

Trong lan kham dau tién, tit ca nguoi tham gia déu
dién vao mot bang cu hoi cung cap thong tin vé gidi
tinh, do tudi, trinh do hoc vén, tinh trang gia dinh va
nghé nghiép. Céac phép do: Chiéu cao va can ning (do
khi ngudi tham gia mic quan 4o mong, khong di gidy, sir
dung can R62 - 120 va thuoc do chiéu cao mau 220), chi
s6 khéi co thé (BMI), chu vi vong eo (do bang thudc day
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kim loai ngang qua diém giita dudng nach giita (giita b
sudn va mao chau) ¢ tu thé ding), huyét ap (do 2 1an tai
canh tay phai & tu thé ngdi sau 5 phut nghi ngoi bang may
Omron M6, mdi lan cach nhau 5 phut, ldy gi tri trung
binh), xét nghiém cholesterol va glucose trong mau trong
tat ca cac lan thim kham. Trong 1dn kham dau va cudi,
xét nghiém thém cholesterol toan ph?m, HDL cholesterol,
LDL cholesterol, triglyceride trong huyét thanh khi doi.
Céc két qua xét nghiém mau lay tir Khoa Hoa Sinh, Bénh
vién Bach Mai. Cac thong s6 két qua 1a sy thay d6i cua
cac yéu t6 nguy co bénh tim mach (CVD) truyén thdng
va chi s6 khoi co thé. Thoi diém cac dbi tugng nghién
clru duoc tu van ban dau ddng nhét voi thoi diém chon
vao nghién ctru. Céc 1an tham kham cho ting ddi tugng

nghién ctru dugc thuc hién bdi cing mot bac sy.
2.5. Xir Iy 56 liéu

Phén tich dic diém ban dau ciia ngudi tham gia dwoc
thuc hién cho ca nhém can thi¢p va nhoém ddi chung.
Tinh gia tri trung binh va d6 léch chuan (SD) véi bién
lién tyc, tinh ty 1¢ phﬁn tram voi bién dinh tinh. Su khac
biét ban déu dugc kiém tra bang kiém dinh t ciia Student
cho bién lién tuc va kiém dinh Chi binh phuong (Chi?)
cho bién dinh tinh. M6 hinh tuyén tinh duoc st dung dé
danh gi4 sy thay doi ctia cac bién phu thudc qua cac thoi
diém, voi yéu t6 cd dinh 1a nhom nghién ciru va thoi gian

quan sat. Phan tich phuong sai (ANOVA) dugc thyc hién

16
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dé danh gia su khac biét giita cac nhém va mdi twong  Bang 1. Dc diém co ban cia nhém nghién ciru.

quan v6i thoi gian. Phan mém R phién ban 3.6 dugc sir

Nhom can Nhém doi
dung cho phﬁn tich Pic diém thiép chirng p-value
) (n=56) (n=56)

3. Ket qua Tubi, nim 56,5(66)  573(61) 0,56
So dd qua trinh nghién ctru dugc mé ta trong hinh 2. Nit gi6i, n (%) 39 (69,6) 38(67,8) 053
Co 128 nguoi tham gia nghién ctru duoc phan ngau  Trinh d6 hoc van 0,59

nhién vao hai nhém: 66 nguoi vao nhdm can thi€p va 62 Trung hoc, n (%) 12 (21.4) 16 (28,6)

ngudi vao nhom doi chimg. Trong qua trinh nghién ctru, ding, n (%) 11 (19,6) 9(16,1)

16 ngudi bo theo ddi do khong quan tam nita hodc doi by hoe nhung chua hoan T 02s) .

noi cu tri. Viée theo doi két thic & ngay thir 34612 khi ~ thanh, n (%) ’

s6 lugng cudi cuing dat 56 ngudi tham gia cho mdi nhom. ~ Paihoe,n (%) 20ia6) 23 (4L1)

Phan tich hién tai dya trén nhling nguoi da hoan thanh  Cannang, kg 782(11,6)  77,7(9.8) 0,87

chuong trinh, khong c6 truong hop tr vong, nh@p vién  cpi g6 khéi co thé, ke/m? 2735 28932 0,63

hodc cac bién ¢b nghiém trong khac. Do tudi trung binh .

) Vong eo, cm 93,2 (9,3) 92,8 (8,6) 0,75

cua nhom hoan thanh 1a 56,8+6,8 tudi, 69% la phu nfr, i

Huyét ap tam thu, mmHg 149,5 (18,1)  148,5(16,9) 0,83

gan 50% tbt nghiép dai hoc.

Huyét ap tam truong, mmHg 86,5 (8,6) 85,3 (8,3) 0,65

Céac dic diém co ban cua bénh nhan dugce trinh bay

trong bang 1. Do qué trinh phan chia ngau nhién chi dua Cholesterol todn phn, mmoll 6,8 (1.3) 63 (L1) e
trén tudi va giéi tinh, nén c6 mot sd khac biét nho gitta ~ HPL cholesterol, mmol/l L) 18(03) 058
cac nhom nghién ctru tai thoi diém ban déu vé cholesterol  LDL cholesterol, mmol/l 46(13) 4409 032
toan phﬁn, triglyceride va duong huyét lac doi. Ty 1€ phu Ty, o] 19(1.2) 1.8(1.3) 0.02
nit va ngudi cd trinh do hoc van cao chiém uu thé, cho S — SR 5500 0.03

thdy nhitng nhom nay c6 xu huéng quan tim nhiéu hon
, ) HDL: Lipoprotein trong Iwgng phéan tlr cao; LDL: Lipoprotein trong lwong
dén giao duc stc khoe. phan i thap. Cac con sb |a gia tri trung binh (SD), triv khi ¢ quy dinh khac.

Cac dbi twrong nghién ciru

(n=128)
[ I
Nhom can thiép Nhoém chung
_ (n=66) (n=62) Tir chdi vi 1y do
Tir chéi vi khong | khac (n=3)
A _ 1 A ’
quan tam (n=5) 3 tha chuyén di (n=1)
ang 6 thang
: (n=61) (n=58)
Tt choi vi khong ]
quan tam (n=2) L T chdi vi khong
6 thang quan tam (n=2)
. (n=59)
Tt choi vi ly do |
khac ;(nzg), | 12 thang
chuyén di (n=1) 12 thang (n=56)
(n=56)

Hinh 2. So’ dd qua trinh nghién ciru.
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Bang 2. So sanh giiva cac nhém nghién ciru theo th&i gian vé chi Trong hon 12 thang, nhém can thiép cho théy su cai
56 co thé. CA N , 2 . A X A A .

thién nho nhung dang ké & mot s6 yeu tdé nguy co tim

This gian Nimxthiigan  Mach so v6i nhom ddi chimg. Céc mo hinh tuyén tinh ghi

Chisb nhan sy cai thién ¢ hau hét cac théng sb nghién ctru, bao

Bandiu 3 thi 6 thi 2thing ~ Est.  p-val A A s \ . L £ in
i " " e B P odm: can nidng, BMI, vong eo va huyét ap tdm truong

Gy, P TB2ILE T6823 TIENOS TLI02 1232 <00 theo thoi gian.
an nang,

ki 5 \ B A 5 . A A ’
g Chimg 71798 NA TS0 TI4D8 Béang 2 trinh bay két qua do chi so co thé trong qua

trinh theo doi, voi nhom can thi€p ghi nhan sy cai thién

Canthiép 93,2493 915496  9L8+10,l 91,7499  -0,789 0,02 6 so véi nhém chl'rng & cac chi sé: can néng glélm tI'lll’lg

Vong eo,
o Chimg  928:86 NA 0683 92386 binh 1,232 kg (p<0,001), chu vi vong eo giam 0,789 cm
(p=0,02), chi s6 BMI giam 0,398 kg/m? (p<0,001).
Canthigp 297435 28832 289433 28834 0398 <0001
E;ﬂ’ ke Béang 3 trinh bay su so sanh gitta hai nhom nghién

Ching ~ 289:32  NA BE33 B clru va trong tung nhom ve cac yeu to nguy co tim mach

BMI: Chi s6 khéi co thé. NA: Khong co phép do nao duoc thuc hientai  chuyén hoa trong qua trinh theo dai. Huyét ap tAm truong
theri diém d6. Céac gia tri dwoc thé hién dwdi dang trung binh (SD). Céac

mé hinh duwoc didu chinh theo gidi tinh va do tudi. giam 1,233 mmHg (p=0,03), cholesterol toan phan giam

0,196 mmol/l (p=0,02), LDL cholesterol gidm 0,165

Bang 3. So sanh giika cac nhém vé yéu té nguy co’ tim mach chuyén hoa.

Thoi gian Thoi gian Nhom x thoi gian
Chi sb
Ban diu 3 thang 6 thiang 12 thang Est. p-value Est. p-value
Can thiép 149,5+18,1 132,249,8 132,9+10,4 131,5+13,6 -5,328 <0,001 0,551 0,61
HATT, mmHg
Chimg 148,5+16,9 NA 137,4£14,1 136,5£15,9
Can thiép 86,5+8,6 80,8+6,9 81,5+7,8 80,973 -1,097 0,03 -1,233 0,03
HATTt, mmHg
Chimg 85,3+8,3 NA 84,7£7,6 83,873
2 ié + + BE + E -0,1 2
Cholesterol toan phin, Can thiép 6,8+1,5 6,6+1,2 6,5+1,3 6,1+1,2 0,058 0,86 0,196 0,0
1/l
mmol/ Chimg 6,3+1,1 NA 6,6£12 6,509
Can thiép 1,340,6 NA NA 1,3£0,7 0,012 0,62 -0,028 0,39
HDL cholesterol, mmol/l
Chimg 1,240,5 NA NA 1,30,6
Can thiép 4,6£13 NA NA 4,1£1,0 -0,078 0,42 -0,165 0,005
LDL cholesterol, mmol/l
Chimg 4,4+0,9 NA NA 43+0,8
. . Can thiép 1,8£1,2 NA NA 1,8£0,6 0,032 0,72 0,031 0,83
Triglycerides, mmol/l
Chimg 1,8+1,3 NA NA 1,7£0,9
. A v Can thiép 5,9+0,8 5,9+0,9 5,9+0,7 6,0+0,6 0,039 0,05 -0,039 0,63
Duong huyet luc doi,
I/l
mmol Chimg 5,509 NA 5,640,6 5,740,5

HATTr: Huyét ap tam trwong; HATT: Huyét ap tam thu. NA: Khong c6 phép do nao duoc thue hién tai thoi diém d6. Cac gia tri dwoc bidu thi dwdi
dang trung binh (SD). Cac mé hinh dwoc diéu chinh theo gi¢i tinh va do tudi.

%HB%%E 67(2) 2.2025 18



Khoa hoc Y - Dugc | Y hoc du phong; Céc linh vuc khac cla khoa hoc y - dugc

mmol/l (p=0,005) thdp hon dang ké & nhom can thiép
so voi1 nhom chung. Toan by nhom nghién ctru ghi nhan
huyét ap tdm thu giam 5,328 mmHg (p<0,001) va huyét
ap tdm truong giam 1,097 mmHg (p=0,03) trong vong 12
thang, trong khi gia tri duong huyét lac déi chi ting nhe
0,039 mmol/l (p=0,05).

4. Ban luan

Céc yéu tb nguy co cai thién trong vong 12 thang véi
giai phap y té tir xa trong nghién ctru nay phu hop véi
két qua tir cac nghién ctru trude. Cac phan tich tong hop
da chi ra sy giam chi s6 m& co thé [7], cholesterol toan
phan va LDL cholesterol [8], ciing nhur cai thién huyét ap
va can nang [9]. Tuy nhién, mac do tac dong tich cuc &
nghién ctru nay thap hon dang ké so véi cac nghién ciru
khéc, c6 thé do su khac biét vé dbi tuong nghién cuu,

phuong phap can thi€p hodc thoi gian theo dai.

Du vay, tac dong tong thé cua giai phap y té tir xa nay
da thé hién sy nhat quan: Viéc giam chi s6 md co thé
va lipid mau phu hop véi viée thay d6i ché d6 in udng
lanh manh hon & nhém can thi¢p, nhu han ché thuc phém
nhidu dudng, béo, giam sb bita an va kéo dai thoi gian
giita bita cudi v6i gio ngu. Nhitng thay doi vé huyét ap co
thé 1a két qua cua vi¢c gidm md co thé va han ché mudi,
vi khong co sy khac biét dang ké vé s6 lugng thudc ha
huyét ap, hodc mirc d tuan thi thude gitta cic nhom sau
12 thang theo dai.

Diém manh ciia nghién ciru nay 1a ty 1¢ hoan thanh
cao & ca nhom can thiép va nhom dbi ching. Viéc két
hop dénh gia ca yéu to chuyén hoa va chi sé co thé 1a mot
vu diém quan trong, gitp giai thich cac két qua tich cuc
chung. Giai phap dua ra don gian, tiét kiém chi phi va
dé dang ap dung vao thyc hanh 1am sang, dic biét & cac
qudc gia con han ché vé internet hodc ngudn lyc chim
soc strc khoe. Bén canh tu vin qua dién thoai, cac giai
phap y té tir xa nhu tmg dung web hodc di dong co thé

nang cao hiéu qua diéu tri [10].
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Mot s6 han ché trong nghién ctru: Quy mo mau nho,
ching t6i chwa 4p dung cong thirc tinh ¢& mau, nghién
clru tap trung vao ngudi 16n tudi, chii yéu tir mot trung
tam va da sb co hoc van cao, nén tinh dai dién chua cao
khi mudn 4p dung rong rai. 12 thang 1a mot khoang thoi
gian du dé thdy hiéu qua ngin han, nhung can khoang
thoi gian dai hon dé danh gia loi ich 1au dai cia y té tir xa
ddi vé6i kiém soat bénh tim mach. Du telemedicine duge
coi 1a mot giai phap tiét kiém chi phi, nghién ctru nay ctia
chung t6i chua phan tich cy thé vé chi phi can thi¢p va loi

ich kinh té so v6i cac phuong phap truyén thong.
5. Két luan

Nghién ctru chi ra rang, ngudi 16n tudi co nguy co tim
mach cao va rat cao, viéc két hop giai phap y té tir xa voi
budi tu van toan dién ban diu, cung sy hd tro qua dién
thoai tir diéu dudng trong ba thang da gitp cai thién cac
yéu té nguy co tim mach, chi s6 co thé, véi hiéu qua duy
tri sau mot nam. Két qua nay cho thay, giai phap y té tir xa
mang lai loi thé hon so véi céc can thiép truyén théng tai
cac co sO'y t&, md ra co hoi ap dung rong rai trong cham

soc stuc khoe cong dong.
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QUY DINH VE BAI BAO DANG TAI TREN TAP CHI

Yéu cau chung

Bai béo glii dang trén Tap chi phai la bai bao nguyén thuy (chua dugc cong bd trude do). Tac gid khong dugc gli dang bai béo trén cac
tap chi khac cho dén khi c6 quyét dinh xét duyet clia Ban Bién tap.

Bai béo dai khong qua 10 trang (bao gbm ca bang biéu, ghi chu, tai liéu tham khao va phu lyc); font chii: Times New Roman; ¢ chif 13;
kh gidy A4, 1& trén 2 cm, I& dudi 2 cm, 16 trai 3 cm, 1& phai 2 cm.

Bai bao gli qua Hé théng gli bai tryc tuyén tai dia chi https:/b.vjst.vn/index.php/ban_b/about/submissions hodc c6 thé gl truc
tiép dén Tap chi (Phong 507, s6 113 Tran Duy Hung, phudng Trung Hoa, quan CAu Gidy, Ha Noi, Viét Nam) hodc qua hom thu dién td:
khoahocvacongnghevietnam @most.gov.vn.

CA4u tric cla cac loai bai bao khac nhau cé thé thay di tly theo loai hinh nghién ctiu va néi dung clia bai bao. Sau day la chi tiét cac
thanh phan chinh clia bai bao.

Ténbai bao

- Tén bai bao dugc V|et bang tleng Viét va ti€ng Anh, trén trang du cla bai béo, in dam, khdng gach chan hay viét nghiéng.

- Tén bai béo phai ngan gon, rd rang va phu hop véi ndi dung bai bao.

- Phia dudi tén bai b4o 1 tén tac gia khong viét chiic danh va hoc ham, hoc vi. N&u ¢é nhiéu tac gia 1am viéc & cac co quan khac nhau thi
tén tac gid dugc danh s6 ("2-) & phia trén. D&u hoa thi (') chi tac gia lién hé, dugc viét § cudi trang dau tién clia bai bao.

Khi liét ké co quan cong tac cla tac gia, can néu rd tén co quan va dia chi co quan (sd nha, tén dudng, phudng, quan, thanh phé, quéc
gia) béng tiéng Viét va ti€ng Anh.

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

1.Datvén dé/Dan nhap/Md dau

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

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

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

3.Kétqud

Trinh bay day dd, khach quan céc két qua thu dugc sau nghién ctu, cac két qua nay phai phuc vu cho myc tiéu nghién ctu. Cac s6 liéu
phai chinh xac va khép véi nhau.

Phén két qua nghién cdu chi trinh bay céc két qua nghién cliu clia dé tai, khdng giai thich, so sanh va ban luan.
4.Banludn (phan nay cé thé gop vai phan két qua)

Chd yéu ban luan cac van dé lién quan dén muyc tiéu dé tai.

Nhan xét, danh gid mot cach khach quan céc két qua nghlen clu, c6 so sanh véi cac téc gia khac dé khéng dinh hoac phii dinh nhiing hiéu

biét da c6, qua dé néu dugc nhitng diém méi va déng gép clia dé tai. }

Du bao hudng nghién ciu ti€p va kha nang Ging dung céc két qua nghién clu vao thuc tién.
5. Kétluén

Néu két qua nghién ctu chli y&u clia dé tai ¢ tinh khai quat lién quan dén muyc tiéu nghién ctu, dé xuét cac vén dé tiép tuc nghién cuiu.
LG1 CAM ON (néu co)

Téc gia c&m on cac t6 chuic/ca nhan da tai trg kinh phi hodc hé trg cho nghién ciu.
Phu lue (néu co)

Ding tai bang s6 liéu, thong tin dé hé trg thém cho néi dung bai béo.
Chii thich va tai ligu tham khdo

Chi thich dugc dénh s theo thd tif xuat hién (22~ ) va dudc trinh bay ngay & cudi trang viét (footnote).

Cc tai liu tham khao dugc danh s6 theo thii ty xuat hién dé_chi dan chuing dugc trich dan & dau trong bai béo. S6 th( ty dugc danh trong
ngogc vuong, vi dy: [3] véi mot hogc [2, 5, 7-9] véi nhiéu s chi dan.

Luu y:

- Dai véi trich dn trong bai bao: tai lieu tham khao c6 nhiéu hon mét tac gid chi dé tén téc gia dau tién va cong sy, viét tat 1a cs, vi du: T.V.
Nguyen va cs (nam xuat ban) [th(f ty trong danh myc tai liéu tham khéo].

- D4i véi danh myc tai liéu tham khao cudi bai: tai liéu tham khéo bang tiéng Anh, céc tai liéu khong phai ti€ng Anh can dugc dich sang tiéng
Anh va chd thich & cudi cau, vi du: (in Vietnamese), (in French)...

- Tai lidu tham khao 1a cac dudng link can b8 sung ngay truy cap.

Tac gia (Nam xudt ban), “Tén tai liéu dugc trich dan”, Tén nguén, tap(so) trang/so trang/trang dau-trang cudi (néu c6), s8 DOI (néu co),
URL (néu c6), ngay truy cap (ghi rd ngdn ngi nao néu khong phéi tai liéu bang tiéng Anh).

Téc gid: 1a tac gid/céc tac gia cla tai liéu dugc tham khao, trich dén: ligt ké day dl tén tac gid (chi viét tit dua Ién trudc) véi nhiing tai liéu
tham khéo c6 <3 tac gia; liét ké 3 tac gia dau tién va theo sau la “et al.” khi c6 tli 4 tac gia trg I&n.

N&m xuét ban: ndm xuét ban cla tai liéu dugc tham kho, trich dan.

Tén tai liéu dugc trich dén: 1a tén bai bao, chudng/phan sach.. (chi viét hoa chii cai dau, trii tén riéng va sau d&u hai cham), viét trong
ngoac kép. .

Tén ngué‘n c6 thé Ia tén tap chi, tén sach, hay tén tai liéu gdc cla tai liéu dugc trich dn (phan nay dugc in nghiéng), viét hoa chii cai dau
tién clia mai tu chinh.

Tap(s6): danh cho nguon trich la tap chi, sach hogc cac xuat ban pham khac (phan nay in dam).

Trang/so trang/trang dau-trang cudi phan anh nai cu trd cla tai liéu dugc trich dén trong tai liéu nguon.

NEu c6 22 tai liéu tham khao do clng tac gia dau tién va cling nam cong ba, thi cac tai liéu tham khao nay can dugc danh dau a, b.. sau
nam xudt ban (vi dy: 1986a, 1986b...). ) )

Néu c6 mot s6 tai liéu tham khéo c6 cung 1 bai bao dugc trich dan cé s6 trang khac nhau thi can trich dan thém sé trang, vi du: A. Amber
(1982, p.39).

Chi tiét vui long xem thém tai: https:/b.vjst.vn/index.php/ban_b/quy-dinh-bai-viet.
Céc yéu cdu khac

- Bai viét khong dat yéu céu, Toa soan khong tra lai ban tho.

- Bai viét chi dugc dang khi phan bién nhan xét vé chat lugng bai bao dong y cho dang.

- Ban quyén: tac gia dong ¥ trao ban quyén bai viét (bao gom ca phéan tém tat) cho Ban Bién tap Tap chi.
Quy dinh nay ap dung tif ndm 2022 trd di.
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PHAN LOAI LINH VUC KHOA HOC

Toan hoc va théng ké

Khoa hoc may tinh va thong tin
vatly

Hoéa hoc

Khoa hoc trai dat va méi trudng
Khoa hoc su séng

Khoa hoc nano

Khoa hoc tinh toan

Cac Iinh vic khac cua khoa hoc tu

Khoa hoc ky thuat va cong nghé

Ky thuat dan dung: ky thuat kién
ky thuadt x@y dung; ky thuét

két cdu va do thi; ky thuat giao

théng van tai; ky thuat thuy Igi; ky

thuat dia chat cong trinh

Ky thuat dién, ky thuat dién tl, ky

thuat thong tin

Ky thuat cg khi, ché tao may

Ky thuat héa hoc

Ky thuat vat liéu va luyén kim

Ky thuat y hoc

Ky thuat méi truéng

Céng nghé sinh hoc cong nghiép

Céng nghé nano

. Ky thuat thuc phdm va dé uéng
. Céac Iinh vyc khac clia khoa hoc

ky thuat va cong nghé

Khoa hocy - duge

Y hoc co s6

Y hoc lam sang

Y hoc du phong

Dugc hoc

C4c linh vuc khac cta khoa hoc
y - dugc

Khoa hoc nény nghiép

Tréng trot

Chan nudi

Thay

Lam nghiép

Thay s&n

Cong nghé sinh hoc trong nong
nghiép, thly san

Céc linh vuc khac cta khoa hoc
noéng nghiép

Khoa hoc xa hoi va nhan van

Tam ly hoc

Kinh té€ va kinh doanh

Khoa hoc giao duc

Xa hoi hoc

Phap luat

Khoa hoc chinh tri

Pia Iy kinh t6 va x4 hoi

Théng tin dai chling va truyén théng
Lich st va khao ¢ hoc

. Ngbén ngl hoc va van hoc

. Triét hoc, dao dtc va tén giao

. Nghién ctiu vé khu vuc va quéc té
. Cac linh vuc khac cta khoa hoc

xa hoi va nhan van
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Téng hop va phéan tich dwong cong tich phan nhiét phat quang caa
LiAlO,.
Nguyén Thi Thu Ha, Trinh Vin Gidp, Bii Bitc Ky

Nghién ciru tinh chit in mon Pb va hop kim Pb-Sb-Ag trong dung dich
axit H,SO, bing phuong phap dién héa.

H6T hi Xudn Giang, Pham Thanh Liém, Pham Hoang Viét, Lé Minh Truong,
Dinh Thi A Thai, Tran Vian Man

Nghién ctru kha ning hip phu chit mau methyl da cam trong dung dich
nwoéc sir dung vat liéu composite ZnO/chitosan kich thwéc nano.
Neuyén Ngoc Thinh, Nguyén Vin Anh, Nguyén Huy Hodng

Da dang va gi tri ciia thue vat dn dwgc & rimg Tan Phi, tinh Ddng Nai.
Neuyén Vin Hop, Nguyén Van Quy, Kiéu Manh Huéng, Nguyén Thi Lirong

Ung dung thuit toan quy hoach déng dé phan tich lya chon téi wu trong
xay dung.
Nguyén Thanh Hai, Ngé Thanh Vii

Néng cao chit lwgng hinh dnh va video chup trong diéu kién thoi tiét
swong mi, sir dung bd loc din hwéng da 16p.
Nguyén Vin Thirong, Nguyén Ngoc Tii

Anh hwéng ciia ndng d9 HF va thoi gian siéu 4m dén tinh chit cia vat
liéu 2D-MXene-Ti,C, tong hp biing phwong phap héa hoc uét.

Cao Thi Hong, Nguyén Thi Thom, Pham Thi Nam, Nguyén Thu Phwong, Vii
Thi Thu, Dinh Thi Mai Thanh, Ngé Vian Hoanh, Tran Bai Lam

Danh gia hoat tinh chdng oxy héa va chit lwgng cim quan ciia keo déo
b6 sung bdt vé bui va nuée busi.
Hodng Quang Binh, Hupnh Pdc Danh, Lé Trung Thién

Nghién ctru phat trién san phim va danh gia thanh phin héa Iy thach
SO’ ri.
Hé Tran Phwong Uyén, Hodng Quang Binh, Dwong Thi Ngoc Diép

Sang loc in silico cic phin tir nhé ¢6 kha ning tc ché thy thé AT, dé
nghién ciru phat trién thudc diéu tri bénh ting huyét ap.
Nguyén Lé Anh Tudn, V5 Lé Anh Thit, Pdo Chi Tuyén

Budc dau nhan xét dic diém mé diy thin kinh ddng loai bio quan lanh
sdu tai Ngan hang M6, Bénh vién Hitru nghi Viét Dirc.

D6 Thanh Hoa, Nguyén Van Chinh, Tran Thi Hdang, Dwong Dirc Hing,
Hodng Minh Anh, Nguyén Thi Biém, Nguyén S§ Lanh

Mo phéng dwege dong hoc/dwge lwe hoc ciia pyrazinamid trén bénh
nhan lao phdi.
Phan Tudn Dirc, Biii Son Nht, Lé Thi Luyén

Két qua kiém soat cac yéu td nguy co' va chi sb khéi co thé & nguoi cé
nguy co' tim mach cao bing giai phap y té tir xa (telemedicine).

Nguyén Thi Thu Hodi, Tran Ba Hiéu, Tran Ngoc Cam, Neuyén Viét Diing,
Vi Tu Binh, Lé Thi Ngoc Anh, Ng6 Thi Huong

G Synthesis and analysis of thermoluminescence glow curve of LiAlO,.
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Thi Thu Ha Nguyen, Van Giap Trinh, Duc Ky Bui

Study the corrosion of Pb-Sb-Ag alloy in sulfuric acid solution by
electrochemical methods.

Thi Xuan Giang Ho, Thanh Liem Pham, Hoang Viet Pham, Minh Truong Le,
Thi A Thai Dinh, Van Man Tran

Study on methyl orange adsorption capacity in water-based solutions
using nano ZnO/chitosan composite.
Ngoc Thinh Nguyen, Van Anh Nguyen, Huy Hoang Nguyen

The diversity and value of wild edible plants in Tan Phu forest, Dong Nai
province.
Van Hop Nguyen, Van Quy Nguyen, Manh Huong Kieu, Thi Luong Nguyen

Application of dynamic programming algorithm to analyse the optimal
selection in construction.
Thanh Hai Nguyen, Thanh Vu Ngo

Hazy image and video enhancement using multi-scale guided filtering.
Van Thuong Nguyen, Ngoc Tu Nguyen

The effect of HF concentration and ultrasound time on 2D-MXeneTi,C,
material synthesised by wet chemical method.

Thi Hong Cao, Thi Thom Nguyen, Thi Nam Pham, Thu Phuong Nguyen, Thi
Thu Vu, Thi Mai Thanh Dinh, Van Hoanh Ngo, Dai Lam Tran

Assessment of antioxidant activities and sensory quality of gummy candy
added pomelo peel powder and pomelo juice.
Quang Binh Hoang, Dac Danh Huynh, Trung Thien Le

Development and evaluation of physiochemical properties of acerola
jelly.
Tran Uyen Phuong Ho, Quang Binh Hoang, Thi Ngoc Diep Duong

In silico screening of small molecules capable of inhibiting AT, receptors
for research and development of drugs to treat hypertension.
Le Anh Tuan Nguyen, Le Anh Thu Vo, Chi Tuyen Dao

An initial evaluation of characteristics of cryopreserved allogeneic nerve
tissues at Tissue Bank, Viet Duc University Hospital.

Thanh Hoa Do, Van Chinh Nguyen, Thi Hang Tran, Duc Hung Duong, Minh
Anh Hoang, Thi Diem Nguyen, Sy Lanh Nguyen

Simulation of pyrazinamide pharmacokinetics/pharmacodynamics in
Vietnamese pulmonary tuberculosis patients.
Tuan Duc Phan, Son Nhat Bui, Thi Luyen Le

Risk factor and body mass index control in patients with high
cardiovascular risk receiving telemedicine care.

Thi Thu Hoai Nguyen, Ba Hieu Tran, Ngoc Cam Tran, Viet Dung Nguyen, Tu
Binh Vu, Thi Ngoc Anh Le, Thi Huong Ngo
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