TAP CHI KHOA HOC VA CONG NGHE VIET NAM

Téap 65 - SO 3B - Thang 3 nam 2023

b,

<

|

4«

e e —

Az
w

N1

s
o

€ ; i
:ér}_, ~———-«f qHe- =
1 p —————— ?:’:"



HOI PONG BIEN TAP

Chu tich

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

Thanh vién

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Ban bién tap

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

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

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

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

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

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

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

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

TOA SOAN

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

GIAY PHEP XUAT BAN

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

Gia: 180001

EDITORIAL BOARD

Chairman

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

Members

Nguyen Viet Anh - National University of Civil Engineering, Vietnam

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

Vu Dung - Vietnam Association of Social Psychology, Vietnam

Tran Tho Dat - National Economics University, Vietnam

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

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

Pham Huy Khang - University of Transport and Communications, Vietnam

Pham Gia Khanh - Vietnam Society of Organ Transplantation, Vietnam

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

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

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

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

Tran Huu Phuc - The State Council for Professorship, Vietnam

Nguyen Thanh Phuong - Can Tho University, Vietnam

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

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

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

Managing Editors

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

Vu Van Hung - Ministry of Science and Technology, Vietnam

Ninh Van Dien - Ministry of Science and Technology, Vietnam

Le Thi Bac - Ministry of Science and Technology, Vietnam

Tang Xuan Binh - Ministry of Science and Technology, Vietnam

Doan Duc Khai - Ministry of Science and Technology, Vietnam

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

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

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

PUBLICATION LICENCE

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




DOI: 10.31276/VIST.65(3).01-06

Khoa hoc Tu nhién | Khoa hoc may tinh va théng tin w—

X4y dung gidi phap ddm bao tinh bi mat va quyén riéng tu
dua trén Blockchain sir dung cong nghé mat ma

Hoang S§ Twong, Pé Quang Trung, Luc Nhw Quynh’

Hoc vién K7 thudt Mt ma, 141 Chién Thing, xd Tan Triéu, huyén Thanh Tri, Ha Ngi, Viét Nam
Ngay nhan bai 15/9/2022; ngay chuyén phan bién 19/9/2022; ngay nhan phan bién 11/10/2022; ngay chap nhan ding 14/10/2022

Tém tit:

Y twéng ciia nghién ciru nay 1a 4p dung cic bai toan bao mit nhw ma héa ddng ciu diy di, chir ky sé duwdong cong
elliptic (Elliptic curve digital signature algorithm - ECDSA), thuit toan ma bam an toan (Secure hash algorithms
- SHA) trong viéc xdy dung dong tién do Bitcoin (BTC) ciia riéng minh dya trén hé théng Blockchain ma vin dam
bao dwgc tinh bi mat va quyén riéng tw cho dﬁng tién a0 dwoge tao ra. Két qua, cac tic gia da taora dﬁng tién 40 BTC
cia riéng minh dwgc tich hgp cac ky thuit bao mit (gf)m thudt toan SHA v6i df dai 256 bit, chir ky s6 ECDSA véi
d¢ dai 384 bit, ma hoa dong cau day dit) va dam bao quyéen rleng tu. Dong tién 40 BTC ciia nhém tac gia tao ra dat
dugc cic thugc tinh bio mat, quyén riéng tw trong cic hé thong va ing dung dwa trén Blockchain.

Tir khéa: chubi khoi, co ché dong thuén, khoa bi mat, khéa cong khai, s0 cai.

Chi s6 phén loai: 1.2

1. Dt van de

Ngay nay, cong nghé s di va dang duoc phat trién rat
manh mé; dugc hinh thanh véi cac thuat ngr “cong dan s0,
xa hoi 4.0, xa héi 5.0, d@)ng thoi dugc tng dung vao nhiéu
mat cta cudc séng nhu trao d6i thong tin, mua ban, hoc tap...
[1-3]. Cong nghé Blockchain ra doi c6 y nghia quan trong
va da dugc 4p dung trong nhidu linh vic nhu: xi 1y thanh
toan va tién té, quan ly chudi cung tng... [4-7]. Hé sinh thai
Blockchain dang c6 su phat trién manh mé&, dién hinh 1 sy ra
doi cua df”)ng tién mat ma dau tién NFT (Non - fungible token)
gan day [7-10].

Ung dung Blockchain déu tién dugc biét dén 1a dong tién
dién t¢ BTC, déng tién nay c6 nhiing uu diém ndi bat vé do
bao mat va sy minh bach trong céc giao dich véi thoi gian
thyc [6]. Viéc ap dung dugc cac gidi phap mat ma nhu: khoa
cong khai, SHA, chir ky s6 ECDSA, ma hoa dong ciu day du
vao cong nghé Blockchain da giup mo ra hudng di méi ¢6 thé
dua cong nghé bao mét vao cude sdng (cac giao dich tai chinh,
ngén hang...) [9, 11]. Cac hé thong Blockchain dugc chia ra
3 loai déng tién 40 BTC theo 3 hudng chinh [12-15]: (1) Cac
Blockchain cong khai cho phép bat ky nguoi ding nao ciing
¢6 thé tuong tac doc va ghi dir liéu (goi 1a Public Blockchain)
[1 ] Qua trinh xé4c thuc cac giao dich hé thong nay can co
nhiéu Blockchain cung tham gia [13]; (2) Cac Blockchaln
riéng chi cho phép chu s¢ hitu hop phap méi cé quyén doc dir
liéu ma khong dugc phép ghi dit liéu va do an toan phu thudc
vao bén tin cdy thir ba - toan quyén thay ddi lién quan t6i hé
théng (goi la Private Blockchain), dién hinh nhu déng tién a0
Ripple va Ethereum [13, 14]. Do d6, cic giao dich s& dién ra
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kha nhanh va can it Blockchain tham gla 3) Cac h¢ thong
Blockchain c6 su hét hop ctia ca hai hé thng trén gom ca cong
khai va riéng dugc goi 1a Permissioned [14, 15]. Do d6, mudn
tin cong vao cac hé théng Blockchain nay doi hoi can phai co
h¢ thong 16n véi chi phi cao [15-17].

Trong bai bdo nay, cac tac giad tdp trung nghién curu cac
giai phap bao mat nhu mi hoa dong céu day du, chit ky s6
ECDSA-384 bit, SHA-256 bit. Ap dung cac giai phap bao mat
nay dé xdy dung dong tién 40 BTC cutia riéng minh dya trén
hé thong Blockchain dam bao tinh bi mat va quyén riéng tu
cho no.

2. Cac nghién cuu lién quan va phuong phap xay dung BTC
dua trén Blockchain

2.1. Co'so ly thuyét xdy dung BTC dwa trén Blockchain

Hinh 1 1a chi tiét thong tin cdu trac mot khdi (block)
Blockchain dugc céac tac gia su dung trong nghién ctru nay.
Ban chat cia Blockchain 1a tap di lidu gf")m cac block duoc
lién két dudi dang danh sach cho phép truy xut nguoc tir
block cudi (hién tai) dén block dau tién [7, 12, 18, 19].

Ban ghi dau Ban ghi 1 Ban ghi 2 Ban ghi n-1 Ban ghin

1 1
Di liéu

Dit lidu Dit ligu Dit liéu

Con tro Con tro Con tré Con tré Con tré

[ [

Hinh 1. Kién truc cua Blockchain [5].
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Build a Blockchain-based
confidentiality and privacy solution
using cryptographic techniques

Sy Tuong Hoang, Quang Trung Do, Nhu Quynh Luc”

Academy of Cryptography Techniques,
141 Chien Thang Street, Tan Trieu Commune, Thanh Tri District, Hanoi, Vietnam

Received 15 September 2022; revised 11 October 2022; accepted 14 October 2022
Abstract:

This study aims to apply security problems such as
homomorphic encryption algorithm, elliptic curve digital
signature algorithm, and secure hash algorithms in
building your own bitcoin virtual currency based on the
Blockchain system; while still ensuring the confidentiality
and privacy of the generated bitcoin virtual currency.
The result achieved by the author team, who created their
virtual currency bitcoin, has integrated security techniques
(including secure hash algorithms with a length size of 256
bits; elliptic curve digital signature algorithm with a length
size of 384 bits; full homomorphic encryption) and ensure
privacy. The bitcoin virtual currency created by the team of
creators achieves these security and privacy properties in
Blockchain-based systems and applications.

Keywords: Blockchain, consensus mechanism, ledger,
private key, public key.

Classification numbers: 1.2
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Hinh 2. So’ d6 chubi khéi két néi Blockchain [5].

Trong nghién ciru nay, kién tric Blockchain cho BTC 1a s6
cai phan tan (Distributed ledger). O hinh 2, mdi block duoc chira
dung cac thong tin nhu dir ligu (data), gia tri ma bam (hash) va ma
bam dbi chiéu (Hash of previous block). Dit liéu ciia block phu
thudc vao loai Blockchain dang dung, ma bam duge dung dé nhan
dang cho block va ma bam dbi chiéu dé dam bao lién két cho cic
“block”. Piéu nay gitp khi ¢6 su thay doi cua mdi block trong
BTC sé& gy anh hudng tdi céc block tiép theo.
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Céc block ¢6 trong BTC duge xay dung vi nén tang cong
nghé nhu: bio mat [20], hé thong mang ngang hang [21] va Iy
thuyét tro choi [22]. Trong do, giai phap bao mat dugc st dung
v0i céc hé nhu RSA, ECDSA, SHA... dé dam béo tinh bi mét, toan
ven, riéng tu va minh bach cho BTC. Hé thong mang ngang hang
duoc dimg dé lwu trir ban sao cho BTC. Piéu nay phéi tuan thi luat
choi dong thuan (Proof of work - PoW, Proof of stake - PoS...) dé
dam bao gia ting gi4 tri cho ddng tién ao.

2.2. Xdy dung giai phdp bdo mdt cho BTC duwa trén
Blockchain

Gidi phap mdat ma sw dung cho BTC dya trén Blockchain:
Hinh 3 14 chi tiét co ché md héa duoc tich hop cho BTC dya
trén Blockchain. Cac tac gia dd s dung so cai Blockchain 1am
giai phap thuc hién két ndi giita cc block trong BTC dua trén
Blockchain. Khi do, tich hop cac hé mat ma cho BTC trén hé théng
Blockchain, BTC dugc dim bao bao mat va quyén riéng tu khac
v6i cac dong tién a0 khac & mot s6 diém nhu: (1) Hé thdng st dung
cho BTC bao mat khac voi cac hé théng khac, cac giao dich duoc
thyc hién khac hin vé6i céc hé thng giao dich khac (nhu hé thong
ngan hang...) [3, 6]. Mit khac, dé dam bao cho cac giao dich va
luu trir voi BTC luu hanh giong cac dong tidn hién nay, thi mdi
ca nhan can phai ¢6 tmg dung cho cac giao dich (duoc goi la vi
dién ttr). Do do, d¢ tin cdy cho BTC va vi dién tir phyu thudc vao
cac giai phap bao mat (nhu ha ting khoa cong khai PKI, ma hoa
dong cau day du, chit ky s6 ECDSA, SHA...) [14, 15, 23]. Chit ky
s6 ECDSA duoc st dyng véi muc tiéu xac thuc cho cac giao dich
ctia dong tién a0. Nghia 14, khi ¢6 sy thay doi ciia block trong BTC
gitip cho chu s hitu nhan biét duoc, khi d6 dbi twong tan cong kho
¢6 thé tan cong vao hé thong; (2) Ca nhan mubn thuc hién giao
dich véi BTC ctia minh, ho phai c¢6 khoa bi méat thi méi mo duge
vi dién tir cia minh. Khi d6, ca nhan méi c6 thé thuc hién duge cc
giao dich can thiét voi BTC ctia minh, boi vi ngodi chu so hitu ctia
vi dién tr thi khong co ai c6 thé m& duoc vi dién tur do.

Transaction Transaction Transaction

Khéa cong khai
clia nguoi sé hivu 1

Khoa cong khai
clia nguoi sé hiru 2

Chir ky nguoi s¢
hiru 1 A

Khoa cong khai
clia ngudi s¢ hiru 3

Bam

Chir ky nguoi s¢
hiru 2

Chir ky nguoi sé
hiru 0

Hinh 3. Co’ ché mé héa trong Blockchain.

Trong truong hop xay ra tranh chap ¢ block dai dién cudi cing
trong Blockchain cia BTC, tic 1a da xdy ra gian lan, xac thuc
s& tién hanh xéac thyc lai tat ca block c6 mat tham gia trong hé
théng va qué trinh ndy mat nhiéu chi phi ciing nhu thoi gian. Qué
trinh tinh toan voi mot loat cac block trude khdi dai dién duogc
tinh twong duong v6i vide tim ra mot s lugng 16n cac s6 ngau



nhién can thiét dé tim lai dugc mot block va dit n6 vao hé théng
Blockchain. Dicu nay, cho thay BTC dugc dam bao an toan trude
céc tan cong hién nay [15].

Gidi phdp tich hop s6 cdi Blockchain cho BTC dya trén
Blockchain: Céc tic gia nhan thiy, cac thong tin ca nhan cia chu
56 hitu cho dong tién ao rat quan trong va luu trit cac thong tin nay
can phai duge dam bao an toan va bao mat. S c4i Blockchain 1a
mot giai phap dugc sir dung nhiéu trong viée quan 1y céc thong tin
ca nhan lién quan t6i BTC. Moi s cai Blockchain dugc st dung
cho ddng tién do gitip cho chii s¢ hitu biét dugc thong tin lién quan
toi tai khoan ciia ¢4 nhan (s du tai khoan, thong tin cac giao dich
lién quan tinh t6i thoi diém hién tai va céc giao dich trude do...).

Thong thuong, mdi sd cai Blockchain cho BTC bao gom sb
du cua ting ca nhan hogc tai khoan la mot phén ciia b ho so kinh
té (24]. 0 day, s cai Blockchain dugc st dung v6i giai phap ma
ngudn mo co san trén hé thong Blockchain. Didu nay gilp cac giao
dich truc tuyen cho BTC dugc thuan loi hon nhiéu [25].

Gidi phap SHA (voi d dai 256 bit) giap dam bao xéac thuc
dugce cac giao dich va nhan dang duoc co dung 1a BTC dang tham
gia trong hé thong Blockchain. Chir ky sé ECDSA (v6i do dai
384 bit) duoc thiét ké dé dam bao rang chir ky cia ca nhan dang
dugc sur dung trong hé thng hop phdp, nhung diém khac biét khi
s dung chir ky s6 ECDSA cho dong tién 4o cua nghién ctru nay
chinh Ia tinh 4n danh. Qua trinh ky s6 va xéc thuc chit ky s dién
ra ma chi co chi s¢ hitu biét va khong anh huong ti hé thong. Giai
phép mé hoa dong cau day du dwoc céc tac gia sir dung voi muc
dich mé hoa cho BTC nham dam bao tinh bi mét cho dong tién ao.
Piéu nay gitip BTC dugc an toan trude nhimg cudc tin cong ¢6
thé xay ra trong hé thong. BTC cua céc tac gia di sir dung céc giai
phép bao méat SHA-256 bit, chir ky s ECDSA-384 bit va md hoa
dong cau day du dé dam bao luu trir thong tin ca nhan lién quan
t¢i BTC trén s6 cai Blockchain dwgc an toan va bao mat dam bao
quyén riéng tu.

Gidi phdp tao block trén BTC duea trén Blockchain: Pé dam
bdo thuc hién dugc giao dich, cd nhan s& gui giao dich ctia minh
1én hé théng Blockchain. Khi do, hé théng s€ nhom vao cac block
va phan chia giao dich thanh cac nhém gdm: céc giao dich trén
ciing block (xay ra cing thoi diém); cac giao dich chua duogc thuc
hién trong block (giao dich chwa dugc xac nhan) [4]. Tai mi nut
trén hé théng co thé nhom cdc giao dich thanh mot block va dua
1én hé thong nhur 13 goi ¥ gén vao céc block tiép theo trén hé thong.
Luc nay, bat ky ngudi giao dich nao ciing ¢6 thé tao ra mot block
méi cho minh. Viée thém block vao Blockchain cho BTC s& mat
khoang 10 phut mot lan. B6i vi, mdi block chira ma bam ma viée
tim dugc gia tri ma bam nay twong duong vdi do kho cua bai toan
tim ham nguoc hodc tim va cham ctia ma bam do. Do do, tAn cong
vao hé thong thong thudng ¢6 thé mat khoang mot nam véi mot
méy tinh hién nay. Diéu nay cho thay khi tao block co gia trj ma
bam di manh s¢ dam bao cho BTC dugc an toan [14].

Khi ¢6 2 nut cung co 101 gidi thanh cong cho bai toan tim ra
duoc gid tri md bam cing mot thoi diém va truyén céc block két
qua 1én hé thong Blockchain, luc nay, ca 2 block duoc giri 1én hé
thong va tai mdi niit ctia hé thong s& xay dung cac block ké tiép trén
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block nhan dugc trude do. Tuy nhién, trén hé théng Blockchain
luén yéu cau mdi nat phai xdy dung trén Blockchain dai nhat khi
nit nhan duoc tir hé thong. Didu nay cho thiy kho c6 thé xay ra cc
trudng hop nhu vdy trong hé théng Blockchain.

V6i cac uu diém vé mat bio mat cua cac giai phap SHA-256,
chir ky s6 ECDSA-384, méd hoa dong cau day du cho thay, BTC
khi duoc tich hop s& co nhimg wu diém dam béo an toan hon so véi
cac dong tién ao khac. Trong nghién clru ndy, cac tc gia st dung
giai phap bao mat cho BTC trén h¢ thong Blockchain. BTC ciia
céc tac gia da dugc tich hgp cac giai phap bao mat (SHA-256, chit
ky s6 ECDSA-384, mi hoa dong cau ddy dir) dé dam bao an toan
cho block. Cac két qua dat duogc trong bai bio nay duoc cc tic gia
ban lun chi tiét trong phan “két qua va ban luan”.

3. Két qua va ban luan
3.1. Tich hgp SHA vao thudt toan dfing thudn (PoW) cho BTC

Hién nay, co6 nhiéu loai giao thirc déng thuan, lua chon giao
thirc ddng thuan nao cho tmg dung s& tiy thudc vao yéu ciu cua
{mg dung mudn xay dyng. Trong bai bao nay, cac tac gia dua ra
viéc xay dung cac block dén mot Blockchain hoan chinh va sau d6
str dung thuat todn dong thudn dé thé hién tinh bao mat.

Qua trinh tao block, code block dé chira dit liéu va ma bam cua
block 1a gi4 tri quan trong nhét (hinh S1 phu luc). Trong mdi block,
ma bam dugc tinh cho toan b cac block, ¢ day cac tac gia sir dung
thuét toan SHA (do dai 256 bit) dé tinh gia tri md bam du manh va
dam bao an toan cho block. Thuat toan ma bam dugc st dung léy o
Thu vién mat ma CryptoJS [26], v6i ¢l phap 1énh nhu sau:

<script src="https://cdnjs.cloudflare.com/ajax/libs/crypto-
j8/3.1.9-1/core.min.js”></script>.

<script src="https://cdnjs.cloudflare.com/ajax/libs/crypto-
78/3.1.9-1/sha256.min.js”></script>.

Sau budc nay 1a qué trinh tao class Blockchain dé chira mang
céac block (hinh S2 phu luc), class nay chira TaoMoiBlock() va
KiemTraTinhToanVen(). Trong do, TaoMoiBlock() thuc hién tinh
toan by gia tri ma bam cho block hién tai, sau d6 luu lai va ndi
v6i nhau bang md bam. Diéu nay dugc thuc hién bing cach lay
mi bam cta block cudi cung luu vao block hién tai (theo bién
HashTruocDo); KiemTraTinhToanVen() ¢6 tinh chit tot dé sir
dung kiém tra toan bg céc Blockchain dang giao dich ¢6 dam bao
an toan hay khong. Viéc kiém tra duoc thuc hién béng cach léy
toan bd cac ma bam cé trong Blockchain va so sanh céc gia tri ma
bam nay. Qua trinh so sanh céac gia tri ma bam nay phai dam bao
hai tinh chat (toan ven va lién két) ctia timg block 1a khong bi sai
ma bam. Trong truong hgp co sai 1éch, nghia la dit li¢u da bi chinh
sira trong hé thong.

Trong class Blockchain, cac téc gia dung thuat toan dong thuan
PoW dé sira ddi file class block (hinh S3 phu luc). Chinh stra nay
duoc thuc hién bﬁng céch tinh lai toan bg gié tri ma bam cho khdp,
qua trinh déng b6 chi can vai dong tac va dir liu duge dam bao
tinh toan ven ¢ tat ca cic nit trong mang ngang hang. Hon nira,
¢ giai phap tot hon dé ngan chan ddi twong tan cong 1a: thuc hién
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161 han thoi gian tinh gia tri ma bam cho m¢t Blockchain va tang
6 kho d6i voi thuat toan ma bam (ting do dai tir 128 1én thanh 256
bit). Didu nay lam cho ddi twong tin cong mét rit nhiéu thoi gian
moi tim ra mi bam cua Blockchain va ciing dong nghia phai sau
mot thoi gian nhat dinh méi thém duge mot block méi.

- Trong class block, cac tic gia da thém mot bién “GiaTriTuTang”
dé tinh ma bam véi muc tiéu ting do kho khi ma bam bang SHA-
256 bit. B&i vi, ham TinhToanHash() khong doi duoc thiét ké
trong “class block”, nén dé tao ra ham bam don gian trong block
ma van dam bao duoc do kho (phu thude vao bién this.DoKho),
cac tc gia da thém céc yéu cdu déi v6i ham bam (nhw ma bam phai
bt dau bang 2 hodc 3... cac s6 "0" lién tiép ¢ ddu) méi cho phép
chap nhan hay khong gid tri ma bam khi thoa mén yéu cau. Ham
DaoBlock() dugc tao dé thyc hién 1ap di lap lai viéc “dao” ma bam
cho block hién tai, boi vi néu chi sir dung SHA-256 (cd dinh gia tri
input/output déi vi mot Blockchain) thi rat dé bi “dao” duoc gia
tri ma bam. Sau do, ham newBlock.DaoBlock(this.DoKho) giup
dé thyc hién tao méi block s& can phai "dao" méi c6 dugc ma bam
cho né. Nhu vy, cac tac gia da sua lai class Blockchain cho BTC
ctia minh bang cach dua vao thudt todn dong thuan PoW véi giai
phap bao mat SHA-256 bit dé tang do kho cho qué trinh dio BTC
v6i d6i twong tin cong (hinh S4 phu luc).

Trong giao dich voi BTC, thong thuong cic giao dich khong
dam bao 4n danh cho c4 nhan, vi giao dich co thé st dung dia chi
a0 va dugc xac thuc cong khai. Do do, bt ky ngudi giao dich nio
ciing c6 thé lién quan t6i giao dich khac ciia ca nhan. Hon nira, khi
dia chi giao dich cta ca nhan dugc lién két v6i danh tinh thyuc ciia
c4nhan s& gy ra 1o ri [am mt tit ca thong tin cac giao dich cua ca
nhan d6. DAy chinh la nhiing diém 1am 1§ lot thong tin c4 nhan khi
dang thyc hién giao dich. Do d9, cac dich vu tron trong nghién ctru
nay duoc cac tac gia thit ké trong BTC cua minh dé ngan dia chi
giao dich cua nguoi dung duoc lién két Ky thuat tron, theo nghia
den d6 1a mot sy trao doi ngau nhién tién ctia ngudi dung voi tién
cua nguoi dung khac, do do d6i v6i ngudi quan sat, quyén so hitu
tién cua ho 1a kho hiéu.

Do": "0000006d4247¢. 5({‘55“17“5 52 ﬂ S-E lf $Sebdecdbic. 45 5 14803
) 00!‘2‘5 75bbd2batecks of
“GlaTriTuTang™: 723167

"Dokhe®: §

Hinh 4. Két qua cac ma bam sau khi dwoc dao cho BTC cua
nghién clru nay.

Khi thyc hién chay thuc té, BTC cua nghién clru nay hoat
dong trén hé thong Blockchain trong cong dong cho thay cac
gi4 tri mi bam SHA-256 bit cta dong tién 4o da khac nhau han
tai cac thoi diém khac nhau. D& minh chimg cho didu nay, cic
tac gia da thuc hién luu lai cac gia tri ma bam trong file console.
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log(). Hinh 4 cho két qua chi tiét khi can kiém tra duoc luu trong
file console.log() & tab Console. Tir két qua dat duoc, cc tac gia
da thiét ké 2 trong s cac dich vu tron két hop nhu vay va phan
tich cac thudc tinh bao mat ciing nhu quyén riéng tu cia nd. Tuy
nhién, viéc tron khong hoan toan dap ung dugc kha ning bao vé
cho BTC trude cac hanh dong tan cong nhu trom cap tién xu. Dé
tang kha nang bao mat cho BTC, céc tac gid da st dung thudt toan
chit ky s6 ECDSA nhdm dam bao tinh 4n danh cho ddng tién nay.

3.2. Tich hop chiv kj s6 ECDSA-384 lam chit ky dn danh
cho BTC

BTC ctia nghién ctu nay da dugc tich hop thudt todn chit ky
s6 ECDSA-384 (v6i do dai 384 bit) dé danh dau giao dich. M6
hinh chir ky an danh duoc str dung 1a chit ky s6 ECDSA-384 dam
bao tinh riéng tu va quyén sa hitu cho dong BTC. Mot dong tién
dién tir BTC dugc coi 1 mot chudi cac chir ky $6. Mdi chii s6 hitu
chuyén tién t6i chu s¢ hitu tiép theo bang cach ky mot ma bam
cta giao dich trudc va khoa cong khai ctia chii s¢ hitu sau i bo
sung vao cudi dong tién. Nguoi thu hudng c6 thé kiém nhan cac
chit ky dé xéc thuc chudi quyén s hitu.

Chir ky s6 ECDSA-384 bit duoc cac tic gia tich hop vao
BTC dé dam bao quyén riéng tw cta dong tién ao duoc lay tir
Thu vién mat ma CryptoJS [26]. Dau tién, cac tac gia tao mot
class dé chua giao dich, ¢ day st dung thuat toan déng thuan
PoW trudc do dd dugc tich hop trong “class blockchain” dé
tao ra mgt dir liéu chira giao dich voi déng BTC. Lop giao dich
(class GiaoDich) dugc tao moi hoan chinh chira thong tin nhu
dia chi gui, dia chi nhan va gia tri. Trong “class GiaoDich”, véi
phan dinh nghia cua Blockchain da tao thém 2 bién méi: “this.
GiaoDichTamHoan=[]" va “this.TienThuong=100". Trong do,
“this.GiaoDichTamHoan” 1a mang chtra cac giao dich chua c6
mi bam; bién “this.TienThuong” dugc thém dé luu gia tri ma
bam tuong tmg véi khoan tién thuong co duge cta nguoi dao
BTC. Nghia 1a BTC cua céc tac gia tao ra di co tinh khan hiém
giéng voi vang, bac hién nay. Tao ham “DaoTienAo()” va ham
nay sir dung ham “DaoBlock()” dé gia tri md bam dao duoc dé
dang dugc thém vao cho BTC, cai thién dugc tinh huéng khi
mdt block dao dugc khong dé thém dwoc vao Blockchain (hinh
S5 phu luc). Vé6i cach xdy dung nhu thé gitp cho ngudi dio
c6 thé diy gia tri mi bam dao tir cac giao dich dang hodn vao
Blockchain va dé lan dao tiép theo s& liy dwogc gia tri tién thuong
tuong Ung tr ma bam dao dugc. Viéc lam nay c6 hai tac dung
16n 1a: tranh “4n non” va khuyén khich dao BTC. Trong BTC
cta cac tac gia 1a hoan toan c6 thé ldy duoc gia tri tién thudng
ngay sau khi dao dugc. biéu nay dugc thyc hién trong “this.
GiaoDichTamHoan”. Sau mdi mét 1an dao dwgc ma bam, gia tri
cua “this.GiaoDichTamHoan” s¢ dugc luu vao chung mot block
va block nay co thé chira toi hang trdm giao dich (do 1ap trinh vién
an dinh khi viét code). Tiép theo, sau “DaoTienAo()”, xdy dung
ham TaoGiaoDich(GiaoDichMoi) can ¢6 “GiaoDichMoi” va dugc
day vao ham “this.GiaoDichTamHoan.push(GiaoDichMoi)”.



88 KiemTraTienTrongVi(DiaChivi) {

89 let TienTrongvi = @;

9%

91 for (const block of this.MangBlock) {

92

93 for (const gd of block.DanhSachGiaoDich) {
Y if (gd.DiaChiGui === DiaChivi) {
95

96 TienTrongVi -= gd.GiaTri;

97 }

98

99 if (gd.DiaChiNhan === DiaChivi) {
100 TienTrongVi += gd.GiaTri;

101 }

102 }

103 }

104 return TienTrongVi;

185}

Hinh 5. Két qua thwec hién xay dwng ma ngudn ham tinh toan
sO tién trong vi dién tr ngwei dung.

Cubi ctng, dé dong tién a0 BTC ctia nghién clru ndy c6 thé
hoat dong nhu cac df”)ng tién a0 khac, céc tic gia da tao ham tinh
s tién trong vi dién tir cia ca nhan (hinh 5). Viéc tinh s6 tién
¢ trong vi dién tu ciia BTC dugc thyc hién béng cach tinh sb
tién c6 dugc trong toan bo giao dich bén trong Blockchain cta
mot vi dién ta. Trong do, vi dién tr cho BTC cua cac tac gia da
dugc tich hop chit ky s6 ECDSA-384 bit dé bao vé cho vi dién
tu. Thudt toan nay dugc cac tac gia goi tr Thu vién mat ma
CryptoJS [26] va c6 chinh sira dé dam bao phu hop véi cac luat
giao dich dién tr hién nay [25] gitip dam bao an toan, trung thuc.
Dicéu nay cho thy, tinh riéng tu ciia ci nhan cho BTC dugc dam
bao minh bach trong tit ca céc giao dich truc tuyén cho BTC.

3.3. Tich hop mdt méi ma héa dong céu ddy dii cho BTC
dwa trén Blockchain

D¢ tang tinh dam bao an toan cho BTC ciia riéng minh, cac
tac gia sir dung giai phap ma hoa BTC bing thuat toan ma hoa
dong cdu ddy di. M hoa dong ciu day du 1a hé mat mi co do
bao mét cao [27, 28] va cac tac gia da su dung h¢ mat ma nay tur
ma ngudn (c6 chinh stra) trong Thu vién mat mi CryptoJS [26].
Qua trinh thyc hién ma hoa va giai ma bang ma hoa dong cau dy
i va dugce thue hién voi thoi gian ngén [28]. Qua trinh luu trix
nay gan nhu khong lam thay ddi cac thudc tinh ciia Blockchain.
Tic 1a khi da tich hop thuat toan mi hoa dong cdu day di cho
BTC, vi¢c thyc hi¢n ma hoa va gidi ma dir li¢u nhim dam bao
tinh riéng tu cho BTC dya trén Blockchain. Piéu nay giup cai
thién hon nhiéu trong cac giao dich ddi vdi cac Blockchain cong
khai va ciing di duogc cac tic gia kiém tra thong qua ma ngudn
cua dong tién Ethereum [16].

Khi céc tic gia sir dung giai phap tich hgp mi hoa dong cdu
déy dt cho BTC dua trén hé théng Blockchain, BTC ctia nhom
nghién cuu da tang dugc do bao mat va ddm bao tinh bi mat
cho BTC ma khong anh huong t6i hoat dong ciia dong tién nay
trong cac giao dich thuc t&. BTC ciia céc tac gia di dugc tich
hop céc giai phap bao mat nhu mat ma mi hoa dong ciu day du,
chit ky s6 ECDSA-384, SHA-256. Chinh diéu nay da gitip cho
BTC ciia cac tac gia dam bao dwgc tinh bi mét va quyén riéng
tw cho nd. So véi cac dong tién 4o khac nhu Ethereum, BTC cua
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chiing t6i v6i cac giai phap bao mat dua ra budc dau con kha
don gian, can cai thién thém céc ky thuat dé co thé imng dung
duogc trong thuc te.

4. Két luan

Trong nghién ciru ndy, céc tac gia da phan tich quyén riéng tu
dya trén Blockchain, cac ky thuat dam bao va mot sd giai phap
dé dam bao quyén riéng tu ciing nhu tinh bao mat cia nén tang
cong nghé nay. Ap dung céc giai phap mat ma (nhu SHA, chir
ky s ECDSA, ma hoa ddng céu ddy du) dé tao ra BTC dua trén
Blockchain. Két qua dat duoc budce dau la da xdy dung duoc giai
phép mat ma cho BTC. Cu thé, céc tic gia da tich hop md ngudn
mat mi v6i cac giai phap bao mat nhu ma hoa dong cdu day du,
chit ky s6 ECDSA-384, SHA-256. Tuy nhién, cac giai phap bao
mat dugc tich hgp cho BTC cua cac tac gia dua ra con kha don
gian, can cai thién thém cac ky thuat dé c6 thé ing dung dugc
trong thyc té. Viéc giai quyét nhiing diém ton tai nay ciing chinh Ia
hudng phat trién trong céc nghién ctru trong lai.

indecx.js =]
1
2 class elock {

oTao, Dulieu, S |

11 return Cryptols.SHA256(this.HashTruocDo + this.NgayTao + JSON.stringify(this.Dulieu)).toString
0

Hinh S1. Tao mét block.

<Tess BT

{
urn Cryptols.SHAZS6(this.HashTruocDo + this.NgayTao +

r I50M. stringdfy(this.Dulieu))
.toString();

1
17  DaocBlock(Dekho) {
1

19 while (this.Hash.substring(®, Dokho) l== Array(Dokhs + 1).join("8")) {
20 this.Gia Tang:

21 this.Has

rrrrrrrrr

this. TinhToantash();

23 console.log( D& ddo xong Block: * + this.Hash);

Hinh S3. Str dung thuat toan ddng thuan PoW dé stra doi file
class block.
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28 = class Blockchain {

29

38 constructor() {

E3 | this.MangBlock = [];

32 this.MangBlock.push(new Block("20/11/208201", "Genesis Block”, "8"));
33 this.Dokho = 5;

34

EH }

6

37 PhanTuCuoicung() {

38 return this.MangBlock[this.MangBlock.length - 1];
39 }

s |

a1 TaoMoiBlock(newBlock) {

42 newBlock .HashTruocDe = this.PhanTuCuoiCung().Hash;
43 newBlock.Hash = newBlock.TinhToanMash();

45 newBlock.DacBlock(this.Dokho);

46 this.MangBlock. push(newBlock);

47 :

Hinh S4. St thuat toan dong thuan PoW dé stra doi file class
Blockchain.

74 = DaoTienao(DiaChiviNhanTienThuong) {

75 let block = new Block(new Date(), this.GiacDichTamHoan, this.PhanTuCuoiCung().Hash);
76

77 block.DaoBlock(this.Dokho);

78 this.MangBlock. push(block);

79

80

81 this.GiaoDichTamHoan = [

82 new GiaoDich(null, DiaChiviNhanTienThuong, this.TienThuong)
83 [H

84

85 [

Hinh S5. Ham dao tién ao.
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Tong hop va dic trung tinh chat dién, dién hoa
ciua mang graphene pha tap dong clorua
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Tom tit:

Trong nghién ciru nay, cic mang mong vt liéu graphene (Gr) pha tap dong clorua (CuCl) di dwoc ché tao trén dé
ddng (Cu) bing phwong phap ling dong héa hoc pha hoi (CVD) ¢ nhiét dd 1000°C trong méi truwong hdn hop cac
khi (Ar, H, va CH,) két hop véi phuong phap i nhiét ¢ 220°C dé héa hoi bgt CuCl. Hinh thai hoc bé miit, cu triic
va cac dac tinh dlen dién hoa cia cic mang Gr pha tap CuCl (CuCl-Gr) dugc khio sat thong qua cac phép do nhw
kinh hién vi dién tir quét phat xa truong (FESEM), pho tan xa Raman, dién tré bén mii do va ky thuat quet thé
vong. Két qua nghién ctru pho Raman cho thay ¢6 sw dich vi tri cac dinh pho dac trung (D, G va 2D) vé phia so song
dai ciia mang CuCl-Gr so v6i Gr ban diu. Két qua do dién tré' bé mit bang phwong phap bén mii do cho thiy mang
CuCI-Gr ¢6 di¢n tré bé mit khoang 452 ohm/vudng (Q/0), thip hen 2,02 lin so véi Gr (913 Q/n). Két qua do dic
trung di¢n héa (CV) trong dung dich 3 mM Fe(CN) > trong 0,1 M PBS (dung dich dém phot phat) cho thiy, dinh
dong dap ung cia dién cuc vang (AuE) c6 phu mang CuCl-Gr l1a 21,2 pA, cao hon gap 1,6 l4n so véi dién cuc AuE
¢6 phi mang Gr. Cac Kkét qua nghlen ciru nay cho thay tiém nang lrng dung mang CuCl-Gr daé phi Ién trén bé mat
cac dién cue 1am viée giup ting d§ din va d§ nhay ciia cic cam bién dién hoa.

Tir khéa: dién, dién héa, graphene pha tap CuCl
Chi 56 phan loai: 1.3

1. Dt van de

Vi dién tich bé mit 16n (2.630 m?/g) [1], d6 linh dong dién
tlr cao (200.000 cm?/Vs) [2], d6 dan dién 16n (2.700 S/cm) [3], dd

d6 dan dién, tang toe do truyén dién tur va khd ndng xtic tdc cua vat
liéu Gr. Bén canh viéc pha tap cac nguyén tir néu trén, gin ddy mot
s6 nhom nghién ciru trén thé gi6i ciing da tim cach pha tap mot sb
vat liéu v6i do dan cao nhu CuCl, CuCl, vao trong mang nén vat

truyén qua cao (>96%) [4], d6 6n dinh nhiét cao, kha ning twong
thich sinh hoc cao... nén vat li¢u Gr dd va dang nhédn dugc su
quan tim nghién cru manh mé& ciia nhiéu nha khoa hoc trén thé
gidi trong nhiéu linh vue khac nhau nhu cam bién dién hoa [4-6],
cam bién khi [7], siéu tu dién [8], pin mat troi [9], mang mong dan
dién trong sudt [10]... Tuy nhién, vét liéu Gr thuan 1a loai vat ligu
khéng 6 do rong ving cim, vi vy s bi han ché trong cac linh vuc
dién tur, quang dién tir... Dé tang kha ning (mg dung cia vat liéu
Gr, dic biét trong linh vuc cam bién dién hoa, nhiéu nhém nghién
ciru trén thé gidi da tim cach pha tap cac nguyén tr nhu ni to (N),
boron (B), phét pho (P), luu huynh (S), clo (Cl)... vao trong mang
nén Gr voi myc dich 1a mo rong do rong ving cim. Di voi linh
vuc cam bién dién hoa trén co s sir dung vat liéu Gr phu trén bé
mat dién cuc lam viée, viéc pha tap cac nguyén tu nhu N [11], B
[12], P [13], S [14], CI[15] s& gitip cai thién ddng ké kha nang ua
nude dé ting muie do tuong thich voi cac chit nhan biét, cai thién

“Tac gia lién hé: Email: chucnv@ims.vast.va
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liéu Gr nham tmg dung trong thiét bi quang dién tr [16, 17] vache
chan dién tir [18]. Theo hiéu biét cta ching t6i thi cho dén nay méi
chi c6 nhom nghién ctru cua M.G. Rybin va cs (2018) [17] pha tap
thanh cong vat lidu CuCl trén mang Gr duoc phi trén bé mat dé
thach anh va khao sat tinh chat dién cua chung, trong khi d6 chua
c6 bat ky nhom nghién ciru ndo trén thé gidi thyc hi¢n pha tap truc
tiép CuCl trén mang nén Gr trén dé Cu. Uu diém ciia viée tong hop
tryc tiép CuCl trén mang nén Gr trén dé Cu so voi thach anh d6 1a
bing phuong phap an mon hda hoc co thé dé dang loai bo dé Cu
va chuyén 16p mang Gr pha tap CuCl lén trén bé mit céc loai dé
khéc nhau nhu silic, vi dién cuc cam bién dién hoa... dé phuc vu
cho muc dich nghién ciru va thit nghiém tng dung.

Trong nghién ciru nay, ching toi tap trung nghién ctu diéu
kién cong nghé CVD dé tong hop cac mang Gr véi chit luong
cao (hai 16p), sau d6 bang phuong phap 1 nhiét dé pha tap vét liéu
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Abstract:

In this study, the thin films of graphene (Gr) doped with copper
(D) chloride (CuCl) were fabricated on a copper (Cu) substrate
by chemical vapour deposition method at 1000°C in a mixture
of gases (Ar, H,, and CH,) combined with annealing method at
220°C to vapourise CuCl powder. The morphology, structure,
electrical, and electrochemical characteristics of the CuCl-
doped Gr films (CuCl-Gr) were investigated via field emission
scanning electron microscopy (FESEM), Raman spectroscopy,
four-probe method and cyclic voltammetry. The results
of Raman spectroscopy showed that there is a shift of the
characteristic peaks (D, G and 2D) toward higher frequencies
of the CuCl-Gr film compared to the pristine Gr film. The
surface resistance measurement results exhibited that the
CuCl-Gr film has a surface resistance of about 452 ohm/square
(Q/0), 2.02 times lower than that of the Gr film (913 Q/0). The
electrochemical characteristic measurement results in 3 mM
Fe(CN),** with 0.1 M PBS proved that the peak response
current of the gold electrode (AuE) coated with CuCl-Gr film is
21.2 pA, 1.6 times higher than that of the AuE coated with Gr.
These research results showed a great potential of using CuCl-
Gr film to cover the surface of working electrodes in increasing
the conductivity and sensitivity of electrochemical sensors.

Keywords:  CuCl-doped  graphene  film, electrical,
electrochemical.

Classification number: 1.3
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CuCl 1én trén bé mat mang Gr trén dé Cu. Bing phuong phdp an
mon hoa hoce, cac mang Gr va CuCl-Gr dugc chuyen tir bé mat dé
Cu sang bé mit cac dé Si/Si0, dé khao sat tinh chit dién tro bé
mit va chuyén sang cac dé d1en cuc lam viéce dé khao st tinh chét
dién hoa.

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

Pé Cu da tinh thé voi chiéu day 25 pm duoc mua tir Cong
ty Alfa-Aesar (My), PBS, pH 7,4 dugc mua tir Cong ty Sigma-
Aldrich (My). Dién cuc in ba chan (AuE) co6 dién cyc 1am vige
bing vang duong kinh 1,6 mm (model DRP-C22AT), dién cuc ddi
cling la dién cyc vang, dién cuc so sanh 1a Ag dugc mua tir Cong
ty DropSens (Tay Ban Nha).

2.2. Chudn bi @é Cu

Hinh thai hoc bé mat ciia & Cu anh huong rat 16n dén chét
luong va do dong déu ciia mang Gr tao thanh. H. Wang va cs
(2012) [19] da chi ra rang, cac mdm Gr thuong bat diu tir céc vi
tri sai hong va céc bién hat cia Cu. Vi nhimg dé Cu c6 bé mit
161 16m thuong cho mang Gr v6i chit lugng va do dong déu khong
cao. Nguoc lai, voi nhimg dé Cu c6 bé mit phang thuong cho
mang Gr v6i cht luong va do dong déu cao [20]. Chinh vi vay,
viéc 1am phing bé mat dé Cu true khi CVD dé tong hop mang Gr
13 hét sirc can thiét,

Trudce khi téng hop mang Gr, dé Cu duoc lam sach bé mit
bing rung siéu 4m trong dung dich aceton (20 phit) va isopropanol
(20 phit) dé loai bo céc chit ban hitu co. Tiép theo, dé Cu duoc
lam phang bé mat bang phuong phap danh bong dién hoa trong
dung dich axit H,PO, 85% tai di¢n thé 1,9 V trong thoi gian 15
phit (hinh 1). Sau qué trinh lam phang bé mat, dé Cu duoc rira
sach 5 1an bang nudc khir ion va rung siéu am trong dung dich
isopropanol 20 phit dé loai bo axit du. Cudi cing, dé Cu duoc siy
kho bang khi N, va dugc bao quan trong binh hit am dé sur dung
tong hop mang Gr

Hinh 1. Anh chup hé thiét bi danh béng dé Cu.

Anh chup va anh FESEM ¢ hinh 2 cho théy, trén bé mat
cua dé Cu sau khi danh bong dién hoa khong con xuat hién
nhitng vét xude 161 10m, ma thay vao do 1a bé mat rat phang.



Hinh 2. Anh chup va anh FESEM dé Cu trwéc khi danh béng
(A, C) va sau khi danh béng dién héa (B, D).

2.3. Tong hop mang Gr trén dé Cu

Hinh 3A 14 anh chup hé thiét bi CVD duoc xdy dung va lap dat
tai Vién Khoa hoc Vit li¢u st dung dé téng hop vat li¢u mang Gr.
Qué trinh téng hop mang Gr trén dé Cu duoc trinh bay nhu hinh
3B. Céc tim Cu duoc dat 1én trén thuyén thach anh va dwgc dua
vao trong ong thach anh. Trudc qua trinh CVD, toan b duwong dng
dan khi va éng thach anh duoc lam sach béng khi Ar voi luu lugng
500 scem (cm?/phut) trong thoi gian 30 phit. Lo nhiét dugc nang
tir nhiét do phong (27°C) dén 1.000°C du6i 4p suét 60 torr trong
hon hop cac khi Ar/H,=30/30 sccm trong thoi gian 25 phit. Tiép
theo, nhiét do 10 dugc duy tri & nhiét d§ 1.000°C trong thoi gian
30 phat v6i lugng khi H,=30 sccm dé khir bé méit dong oxit (CuO,
Cu,0) thanh Cu gitp cho qué trinh moc Gr duoc thudn loi. Dé
tong hgp mang Gr trén @& Cu, mot luong khi CH, 0,3 scem dugc
dua vao ong phan ng trong thoi gian 30 phut. Sau qua trinh CVD,
ngimg thoi cac khi CH,, H, va ha nhi¢t do bng 10 phan g xuéng
nhiét d6 phong vai luu lugng khi Ar [a 100 scem.

Nhiét o (°C) (B)

P= 60§torr

27

25 30 30

Thoi gian (phut)

Hinh 3. Anh chup hé thiét bi CVD (A) va quy trinh tdng hop
mang Gr trén dé Cu (B).

2.4. Tong hop mang CuCI-Gr trén dé Cu

Phuong phap pha tap CuCl Ién trén bé mit mang Gr cua dé
Cu dugc thyc hién nhu pha tap CuCl [én trén bé mat mang Gr phu
trén dé thach anh [17]. CuCl dugc pha tap 1én trén bé mat mang
Gr thong qua qua trinh CVD cua bt CuCl ¢ nhiét d6 200°C trong
thoi gian 4 gio (hinh 4).
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Ld nhiét

Binh kin

Grtrén dé Cu BGt CuCl

S antas

Hinh 4. Hinh vé md ta sw ling dong pha hoi cia CuCl
Ién trén bé mit mang Gr.

2.5. Tach vi chuyén mang Gr, CuCl-Gr Ién trén bé mdt dé Si/
8i0, va dé dién cuc

Mot trong nhitng loi thé ciia vide st dung kim loai Cu dé tong
hop mang Gr 1a mang Gr sau khi tong hop CVD c6 thé dé dang
duoc boc tich va chuyén sang cac loai dé khac bang phwong phap
an mon hoa hoc. Cac mudi thudng dwgce sir dung dé dn mon Cu
la FeCl,, Fe(NO,),, (NH,),S,0,. Nghién ctru cua Y.Y. Wang va cs
(2013) [21] da ch1 ra rang, de Cu dugce an mon bang dung dich
muoi (NH,),S,0; cho chat lugng cua mang Gr 1a tot nhat va co
chura it tap chat nhat Do d6, dé tach chuyén mang Gr va CuCl-Gr
tir dé Cu sang aé Si/Si0O, dé do FESEM, Raman, dién tr¢ bé mat
va sang dé dién cuc aé do déc tinh dién hoa, ching t6i da s dung
dung dich mubi (NH,),S,0, ¢co nong d6 0,3 M dé an mon dé Cu.
bé dam bao mang Gr va CuCl Gr khong bi rach trong qua trinh an
mon va chuyén tir dé Cu sang dé khéc, cac mang Gr va CuCl-Gr
da duoc giit ¢6 dinh bang khung Teflon.

2.6. Thiét bi do diic tinh ciia miu

Hinh thai hoc bé mit mang Gr va CuCl-Gr dugc danh gia
thong qua FESEM (Hitachi S-4800). S6 16p Gr dugc do trén thiét
bi kinh hién vi dién tir truyén qua (TEM, FEI Tecnai G20). Pho
Raman ciia cic mau dugc do trén hé thiét bj XploRA voi nguon
laze kich thich budc song 532 nm. Dién tré bé mit cta cac mang
Gr va CuCl-Gr dugc do trén hé thiét bi do bén mili do. Toan bg cée
phép do dién hoa dugc thyc hién trén hé thiét bi dién hoa cam tay
Dropsens pstat-i400 (Metrohm Co., Ltd., Thuy S¥). Dién hoa cua
mang Gr va CuCl-Gr dugc khdo sat thong qua phép do dap tng
dong CV trong 3 mM dung dich Fe(CN)** ¢ dai do 0,3-0,6 V v6i
toc do quét 100 mV/s, bude quét 10 mV

3. Két qua va ban luan
3.1. Hinh thdi hoc bé mt ciia mang Gr va CuCI-Gr

Két qua anh chyp FESEM (hinh 5A va 5B) cho thay, véi thoi
gian CVD 30 phiit, bé mat cta dé Cu da dugc phii kin boi mang Gr.
Su xuat hién clia cic van sang trén bé mat mang Gr (hinh 5B) dugc
cho 12 bién ctia mang Gr hinh thanh boi sy khac nhau vé hé s6 gian
ng nhiét cua mang Gr (o, =-6x10/K) va dé Cu (o, =24x109/K)
trong qué trinh ha nhiét CVD [22]. Bang cach quan sat o dam
nhat, mat d6 va kich thudc ciia céc van sang trén dé Cu thong qua
anh FESEM ciing ¢ thé danh gid duoc do day va dong déu ciia
mang Gr. Mang Gr cang day thi van sing cang ddm va mat d6 van
cang day. Dé ¢6 thé do pho Raman va dién trd bé mat cia mang
Gr, mau Gr moc trén bé mit dé Cu di dugc dn mon va chuyén sang
bé mit dé Si/Si0,. Hinh 5C la anh FESEM mang mong Gr dugc
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),

Van Gr

IMS-NKL x35.0k SE(M)

Hinh 5. Anh FESEM bé mat dé Cu. (A) Trwéc khi CVD; (B) Sau khi
CVD; (C) FESEM bé m&t mang Gr pht trén dé Si/SiO,; (D) HRTEM
mang Gr.

boc tach ra khoi @& Cu va chuyén sang dé Si/Si0,. Sy xuat hién
nhiéu vét gap trén bé mit mang Gr 1a do qua trlnh chuyén mang
gy ra. Dé quan sat dugc s6 16p, mang Gr duoc tach ra khoi dé
Cu va chuyén sang luéi TEM. Hinh 5D 1 anh HRTEM cila mang
Gr. Anh nay cho thdy mang Gr tong hop dugc ¢6 s6 16p 14 hai va
khoang cach giira cac 16p 1a 0,34 nm.

Hinh 6A va 6B lan luot 1a anh FESEM bé mat mang CuCl-Gr
trén dé Cu va sau khi an mon dé Cu roi chuyén sang dé
Si/Si0,. So sanh v6i anh FESEM bé& mit mang Gr trén dé Cu trude
khi pha tap CuCl (hinh 5B) cho thiy, sau khi pha tap CuCl, bé
mit mang Gr trén dé Cu (hinh 6A) c6 sy g6 ghé hon véi nhiéu hat
nho min bén canh nhiing hat tinh thé CuCl 16n mau tre‘ing v6i kich
thude khoang vai chuc nm. B& mit mang CuCl-Gr sau khi &n mon
dé Cu va chuyén sang Si/Si0, (hinh 6B) ciing cho thiy be mat
mang Gr khong phing va xuét hlen nhiéu hat tinh thé CuCl rit nho.
Két qua nay ciing da duoc M.G. Rybin va cs (2018) [17] quan sat
trude d6 v6i nhitg miu CuCl-Gr phu trén dé thach anh.

IMS-NKL 5.0kV 6.7mm x35.0k SE(M)

Hinh 6. Anh FESEM bé mat mang CuCl-Gr trén dé Cu (A) va
Si/Sio, (B).

3.2. Phé Raman mdu Gr va CuCl-Gr
Dé thiy 16 hon vé su ¢6 mat cia CuCl trén bé mat mang Gr,
cac mau Gr va CuCl-Gr duoc phu trén bé mit dé Si/ Si0, da dugc

do Raman. Két qua do phd Raman (hinh 7A va 7B) cho thay, mau
Gr trudce va sau khi pha tap CuCl déu ¢6 su xuat hién cta 3 dinh
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Cuong d¢ (d.v.t.d.)

18’00 21‘00 24’00 27‘00

S6 song (em™)

Hinh 7. Phé Raman mang Gr (A) va CuCI-Gr trén dé Si/Sio, (B).

1200 15‘00

dic trung 1a D, G va 2D. Trong d6, dinh D thé hién sy sai hong vé
cdu tric va tap cac bon vo dinh hinh trong cu tric cia graphite.
Pinh G thé hién do trat ty va tinh khiét cua graphit. Pinh 2D 1a
dic trung cua cdu tric Gr. Mot s6 nghién ciru trude day da chi ra
ring, ty 1 cuong do 1,./1, twong tmg véi s 16p Gr [23, 24]. Néu
2D/IG~2 -3 la mang Gr mot 16p, 1<1,./1,<2 1a mang Gr hai l6p va
mang Gr da 16p voi L /I <1. Ph Raman ctia mang Gr cho thiy
L/1~1.4, két qud nay chung to mang Gr 13 hai 16p. Két qua nay
cung da dugc khing dinh bang anh HRTEM (hinh 5D). Vi tri cac
dinh D, G va 2G trong pho Raman ctia mang Gr sau khi pha tap
CuCl déu co su dich vé phia s6 song dai khoang 11 cm'. Két qua
su dich chuyén vi trf cac dinh D, G va 2D vé phia $0 song dai cling
da duoc quan sat trude d6 boi M.G. Rybin va cs (2018) [17]. Nhu
chiing ta da biét, vat liéu Gr thuan la vét liéu khong c¢6 d rong
viing cam, vi vy vi tri dinh G trong phd Raman hau nhu s& khong
c6 su dich chuyén khi khong c6 sy pha tap. D6i véi cac miu Gr
sau khi pha tap CuCl, su dich chuyén dinh G vé phia s6 song dai
chimg t0 dé c6 sy md rong ving cam. Viéc mo rong do rong vung
cdm trong mang nén Gr s¢ lam ting d¢ linh dong cia dién tr vat
liéu Gr [17]. Ngoai ra viéc pha tap CuCl di gay ra sy sai hong cau
tric mang Gr (c6 thé mot vai vi tri cta cac bon da duoc thay thé
boi CuCl), két qua nay duogc thé hién thong qua sy ting ty 1é cuong
do I/, cua mau CuCl-Gr (0,95) so véi Gr (0,42) (bang 1).
Bang 1. So sanh vi tri cac dinh phé Raman (D, G, 2D) va ty lé
cwong do L/l ctia cac mang Gr va CuCl-Gr.

Ténmiu  Vitridinh D (m™)  Vitridinh G (em?) Vi tridinh 2D (em?) Ty I¢ cwomg do 11,
Gr 1.348 1.591 2.685 042
CuCl-Gr 1359 1.603 2.696 0,95

3.3. Ddc trung tinh chit dién ciia cac mang Gr va CuCl-Gr

Do dan dién clia cac mang Gr va CuCl-Gr dugc danh gia thong
qua phép do dién tré bé mit. Két qua do duoc xédc dinh tai 5 diém
ngau nhién trén bé mat vat liéu, dién trd bé mat cua mang Gr thay
doi tir 826 dén 1006 /o, gia tri trung binh khoang 913 /o, két
qua nay pht hop véi Gr da 16p [25]. Pién trd bé mit ciia mang
CuCl-Gr nim trong khoang 425-480 (/0 véi gié tri trung binh 1a
452 Q/o, dién tro bé mat giam di khoang 2,02 1an duoc giai thich
14 do sy tham gia dan dién ctia CuCl véi vai tro nhu 14 cac tam tap.

3.4. Dic trung tinh chit dién héa ciia mang Gr va CuCl-Gr

Dé thay 1o anh huong cta viée pha tap CuCl Ién tinh chét dién
héa cua mang Gr, chung t6i da so sanh dap ung dong CV véi 3 chu
ky quét cta dién cuc Gr/AuE va CuCl-Gr/AuE trong dung dich

10



3 mM Fe(CN)* 0,1 M PBS véi cing toc do quét 100 mV/s (hinh
8). Két qua cho thay, dinh dong dap ung cua dién cuc Gr/AuE véi
3 chu ky quét khac nhau (duong nét dut) co sy thay doi nho, voi
gid tri trung binh 12 13,3 pA. Trong khi d6, dinh dong dap g cta
dién cuc CuCl-Gr/AuE vo6i 3 chu ky quét khac nhau (duong nét
lién) thi gan nhu khong c¢6 su thay doi, voi gid tri trung binh 13
21,2 pA. Vai viée phu vat liéu Gr va CuCl-Gr [én trén bé mit dién
cuc lam viéc AuE hinh tron véi duong kinh 1,6 mm?, mat do dong
dap ng cta dién cuc Gr/AuE va CuCl-Gr/AuE dugc xac dinh lan
luot 1a 665 va 1.060 pA/cm? Nhu vay, so voi dién cuc Gr/AuE,
CuCl-Gr/AuE c6 d 6n dinh hon va dinh dong dap tmg cta dién
cuc CuCl-Gr tang 1én khoang 1,6 lan. Két qua nay cho thy, vat
liéu CuCl-Gr da lam tang toe do truyén dién tir gilra dién cuc va
dung dich di¢n ly.

20+
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e 04 —

=
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;84 10

= ~ = = Gr/AUE (chu ky 3)

é -20 CuCI-Gr/AuE (chu ky 1)

&) CuCI-GI/AUE (chu ky 2)

CuCI-Gr/AuE (chu ky 3)
-30 T T T T T
-0,4 -0,2 0,0 0,2 0,4 0,6

Pién thé (V)
Hinh 8. Dong dap trng CV véi 3 chu ky quét ctia cac dién cwc
Gr/AuE (dwong nét dwt) va CuCl-Gr/AuE (du’c‘yng nét lién)
trong dung dich 3 mM Fe(CN).** 0,1 M PBS véi toc do quét
100 mV/s.

4. Két luan

Bing phuong phip CVD ¢ nhiét do 1.000°C trong moi trudng
hon hop cac khi (Ar, H, va CH,) da téngrhqp thanh cong cac mang
Gr voi chiéu day khodng 2 16p trén dé Cu. Bang phuong phéap
Ui nhiét dé hoa hoi bot CuCl & nhiét do 220°C trong moéi truong
khong khi da tong hop thanh cong mang CuCl-Gr. So sanh véi
mang Gr, CuCl-Gr ¢6 vi tri dinh G trong phd Raman dich vé phia
s song dai (khoang 11 cm™), dién tré bé mt giam khoang 2,02 lan
va dinh dong dap (g dién hoa cao gép 1,6 1an. Cac két qua nghién
ctru ndy cho thiy tiém ning tmg dung mang CuCl-Gr dé phu 1én
trén bé mit cc dién cuc lam viée gitp ting do dn, do nhay cua
céc cam bién dién hoa.

LO1 CAM ON

Két qua nghién ctru duge thuc hién dudi sy tai trg cua nhi¢m
vu hop tic quoc té cap Vién Han 1am KH&CN Viét Nam (mi s6
QTRUO01.14/20-21) va d& tai VAST03.06/22-23. Céc tac gia xin
tran trong cam on.
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Tong hop 5-hydroxymethylfurfural tir cellulose sit dung xte tac
silica-amorphous carbon va choline chloride:CrClI,
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Tom tit:

Chiit xiic tac silica- -amorphous carbon (SAC) gan nhém SO.H bang phuong phap than héa khong hoan toan glucose
va sulfon héa véi H,SO, dim dic da duoc diéu ché thanh cong va xac dinh cu tric biang phé hong ngoai (FTIR),
gian dd nhiéu Xa tla X (XRD), phwong phap pho tan sic nang lwgng tia X (EDX). Vit li€u nay dugc trng dung lam
xiic tac cho phan tng tong hop 5-hydroxymethylfurfural (HMF) tir cellulose dwéi sw hd tro ciia dung méi cong tinh
sau (DES - Deep eutectic solvent) choline chloride (ChCl):CrCl,. Cac két qua cho thiy, hiéu suidt HMF cao nhit
tai nhiét do phan wng 140°C trong 1 gio' véi ham lwong cellulose 162 mg, 1- ethyl—3 methylimidazolium chloride
([EMIM]CI) 6 mmol, xiic tac SAC 10 mg va DES ChCl:CrCl, 0,5 mmol. Dac biét, chét xic tic c6 kha nang thu hoi

va tai sir dung 3 lan voi hiéu suit giam khong dang ké trong qua trinh chuyen hoa cellulose thanh HMF.

Tir khoa: deep eutectic solvent, xuc tac silica-amorphous carbon, 5-hydroxymethylfurfural.

Chi s6 phén logi: 1.4

1. Dét van dé

Gan day, nhién liéu sinh hoc thé hé thir hai c6 ngudn gc tir
cellulose, hemicellulose, lignin da ra doi va dugc xem Ia nguén
nguyén lidu bén vimg [1-3]. St dung sinh khéi lignocellulose
c6 thé tao ra hop chit 2,5-dimethylfural hay con goi 1a xing
sinh hoc thay cho ngudn nhién liéu hoa thach [4-6]. Trong do,
mit xich glucose (fructose) chuyén hoa thanh HMF 1a mot mat
xich quan trong. HMF 1a 1 trong 10 hoa chat nhan dugc su
quan tdm hang dau trén thé gidi, cht hoa hoc nén ting tir sy
chuyén do6i carbohydrate (cellulose, tinh bot, inulin, glucose,
fructose...) thanh cac hop chit co gia tri [7-9]. HMF lan dau
tién duoc cong bd vao cudi thé ky XIX, khi dugc tong hop bing
inulin dun néng véi acid oxalic ¢ didu kién ap suat thap [10].
Tuy nhién, hiéu suét va do chon loc ctia san phé"im HMF tai thoi
diém d6 con rét thap. Trong nhiing thap ky gén day, mot so
phuong phap tong hop HMF dugc dua ra bang cach st dung
céac xuc tac dong thé va di thé, trong d6 co dé cap dén xiic tac
acid cho thay nhing két qua rat kha quan [11]. Ndm 1986, cic
nha khoa hoc da nghién ctru viéc hinh thanh HMF béng su mat
nuée cia fructose trong moi truong acid va quan sat thiy nong
do carbohydrate anh hudng dén hiéu suét hinh thanh HMF, véi
acid HCI 1a chat xdc tac, 4o chuyén hoa thu dugc dén 52%
va do chon loc HMF dén 63%. Su chuyén hoa gﬁn nhu hoan
toan cua fructose, glucose va manose duoc quan sat thiy voi sy
c6 mdt cua acid Brensted 1a H,SO, ¢ 120°C phan ung trong 4
gid, v6i dung moi chat 1ong ion [BMIM][CI] thu dugc do chon
loc HMF la 48% [12]. HMF dugc tmg dung rit nhiéu trong
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doi séng, dac biét 1a trong quy trinh téng hop xang sinh hoc
[13 14]. Céc acid Brensted nhu H,SO,, HMF la chét xuc tac
dong thé duoc sir dung khé phd blen tuy nhién viéc thu hoi d01
hoi nh1eu quy trinh va kho tai st dung [15]. Mot Vat liéu ran
¢6 d6 6n dinh cao va nhiéu acid ansted dugc gin trén SAC
13 mot xiic tic méi dap img yéu cau vé héa hoc xanh [16]. Xuc
tac SAC bao gdm tAm nho carbon thom da vong v6i cdc nhom
SO H va OH dinh kém nhu mét polymer [17 19] Xic tac SAC
gin nhom SO,H c6 thé duoc tai str dung nhiéu 1in thong qua xir
ly bang phan ung khu hoac loc, do do dugce xem la xtic tac xanh
trong tong hop hiru co [15].

2. Thuc nghiém
2.1. Héa chit

Ethyl acetate (>99%, Chemsol), acetone (>99%, Chemsol),
diethyl ether (>99%, Chemsol), ethanol (>99%, Chemsol),
chloroform (>99%, Chemsol), dichloromethane (>99%, Chemsol),
ethylene glycol (>99%, Chemsol), [EMIM]CI (>99%, Merck),
CrCl,.6H,0(>99%, Xilong), ZnCl, (>99%, Xilong), FeCl, (>99%,
Xilong), ChCl (>99%, Chemsol).

2.2. Thiét bi

Phan tng duoc thyc hién trén may khudy tir diéu nhiét IKA
RET BASIC (My), bon siéu am DR-MH20. Phuong phép pho
cong hudng tur hat nhan dugc thyc hién trén may Bruker Avance
II 500 MHz. Quang phé hong ngoai duoc ghi bing may FT-IR
Bruke (KBr).
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Abstract:

The silica-amorphous carbon bearing SO,H group was
synthesised by incomplete carbonisation of glucose and
sulfonation with concentrated H,SO, and the structure
was determined by FTIR, XRD, and EDX. In this study,
their catalytic activities were investigated in the synthesis
of 5-hydroxymethylfurfural (HMF) from cellulose with
choline chloride:CrCl, deep eutectic solvent (DES). The
results showed the highest yield of HMF at a reaction
temperature of 140°C for 1 h with 162 mg cellulose, 6 mmol
[EMIM]CI, 10 mg silica-amorphous carbon and 50% mol
DES ChCIL:CrCl,. In particular, the catalyst was able to
recover and reuse three times with a small decrease in yield
for the conversion of cellulose to HMF.

Keywords: deep eutectic solvent, silica-amorphous carbon,
5-hydroxymethylfurfural.

Classification number: 1.4

Dinh lugng HMF trong qué trinh khao sat diéu kién phan
(g dugc thyc hién trén may sic ky long hiéu ning cao Agilent
Technologies 1260 Infinity dAu do DAD, cot sic ky InertSustain
C18 (5 pum, 4,6x150 mm). Dinh luong glucose bing phuong
phap sic ky long hiéu nang cao (HPLC) Shimadzu, dau do
ELSD Alltech. Dit liéu HRMS (ESI) dugc thu thap bing Sciex
X500R QTOF.

2.3. Quy trinh diéu ché xic tic SAC [16]

Xuc tac SAC dugc tao ra tir viée dun hon hop silica gel 60
(0,04-0,06 mm) v glucose v6i khdi lugng 1,0 va 1,2 g trong
mot binh cau 25 ml ¢ 80°C trong vong 15 gid. Sau d6 than hoa
khong hoan toan ¢ 400°C trong vong 10 gio dudi dong khi N,
Trong sudt qué trinh than hoa, hon hop chuyén tir trang sang
den. Tiép theo, hon hop dugc sulfonate hoa bing H,SO, dac (5
ml) & 150°C trong vong 10 gid dudi dong khi Ar. Xuc tac tao
thanh duoc rira nhiéu lan véi nude cit nong cho dén khi khong
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con ion SO,* trong nude loc. Nudc rira dwoc thir véi dung dich
BaCl, cho dén khi khong con két tia tring sinh ra. Xuc tic duoc
say kho trong tii sdy & 100°C trong 2 gid (hinh 1).

SOzH
OH 3
Than héa HO, & op HOsS, £ oM
khong hoan toan _ o Sulfonate hoa HO SO4H
\ 400°C, 10 gioy, Ny o C; o MaSOu@). 150°C o™ T sogH
OH 10 gioy, khi Ar OH
Xdc tac carbon-silica Xdc téc carbon-silica
0 i R
80°C, 15 gio: gén SOSH

Hinh 1. Quy trinh diéu ché xuc tac SAC.
2.4. Phwong phdp diéu ché DES

DES la mot loai chit long ion thé hé méi dugc hinh thanh dya
trén phan ung giita chat cho hydrogen va chit nhan hydrogen
(theo ty 1& thich hop) ¢ 100°C dén khi thanh chit long dong
nhat. Trong do6, nhiét do néng chay cua DES thap hon nhiéu
s0 v6i thanh phan riéng 1¢ tao nén DES. Trong nghién ctru nay,
4 DES dugc tong hop véi quy mo theo ty 1¢ mol nhu bang 1 ¢
nhi¢t d6 100°C trong 30 phut.

Bang 1. Cac DES dung cho phan trng chuyén héa cellulose
thanh HMF.

DES Tylé mol  Quy mb diéu ché

ChCL:FeCl, 1:2 5 mmol ChCl va 10 mmol FeCl,
ChCl:ZnCl, 1:2 5 mmol ChCl va 10 mmol ZnCl,
ChCL:CrCl, 1:3 5 mmol ChCl va 15 mmol CrCl,

[EMIM]CLZHO)CL, 11 5 mmol [EMIM]CI va 10 mmol Zr(O)Cl,

2.5. Quy trinh tong hop HMF

Cho hdn hop cellulose (126 mg), dung méi [EMIM]CI
(6 mmol), xtc tic SAC va DES vao binh cau 25 ml. Hon hop
phan tmg duoc dun nong bang bép khudy tir & nhiét do 100,
140, 160 va 200°C trong 24 gio. Tién trinh ciia phan tng duoc
theo ddi va dinh lugng HMF sinh ra bang HPLC. Viéc tinh ché
san pham HMF tir hdn hop phan g dugc thyc hién bang cach
trich hdn hop san pham sau phan tng ethyl acetate voi diethyl
ether (9:1) cho dén khi khao sat sic ky ban mong (TLC) thay
dung dich hdn hop khong con vét HMF. Tién hanh sic ky cot
trén silica gel dé thu dugc HMF véi hé giai ly 1a ethyl acetate/
hexane. San pham dugc x4c dinh cdu trac bang HRMS va NMR.

'H-NMR (500 MHz, CDCL,): 8 9,58 (s, 1H), 7,21 (d, J=3,2
Hz, 1H), 6,51 (d, J/=3,2 Hz, 1H) va 4,71 (s, 2H).

BC-NMR (125 MHz, CDCL,): § 178,0, 159,5, 153,4, 123,1,
110,2 va 58,0.

HRMS (ESI) C,H,O, [M]+: m/z theo tinh toan 1a 127,0395,
két qua tim duoc 13 127,0379.
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3. Két qua va ban luan
3.1. Xac dinh céu triie ciia xic tic SAC

Xtc tac SAC co gin nhom SO,H duoc diéu ché bang phan
mg than hoa nhimg hop chat glucose VOl sy co mat cua silica
[20]. O budc dau tién, glucose va silica dugc nhiét phan dudi
moi truong khi N, ¢ nhiét do cao 400°C. Lién két C- O-C bi
dtt gdy dan dén tao thanh nhiéu vong carbon hon va cu tric
carbon vo dinh hinh. Sau d6, nhém SO,H dugc gin vao bang
phdn Ung sulfonate hoa véi H SO, dam dac Néu nhiét do than
hoa cao hon xuc tac carbon s¢ tror nen cung hon va phan huy cac
chudi carbon [21]. Tréi lai, néu than hoa ¢ nhiét do thép hon thi
kich thugc cac 16p carbon s€ nho hon. Do do, mét do SOH s&
16n hon vi nhom nay chi dugc dinh vao ria cua 16p carbon. Tai
400°C 1a nhi¢t do khdo sat ma phan Ung than hoéa cho mat d¢
SO,H cao nhét theo tai liéu tham khao da dugc cong b6 [22, 23].

Phd FT—IR (hinh 2) cia xic tic SAC (a) cho thiy tai vi tri
1655,90 cm ¢6 miii C=C trong céc vong thom. Tai 3391,08 em™
14 tin hiéu hp thu ciia nhém OH. Dong thi céc tin hiéu hip thu
tai 1460, 1101,64 cm™ la dao dong bt dbi xtmg va ddi ximg cua
ndi 0=8=0. Tir do, xiic tic SAC c6 chira nhom SO,H dugc hinh
thanh Tin hi¢u hap thu cac lién két Si-O-Si dao dong 1030-1100
cm! nén c6 thé tring v6i cua O=S=0, phi hop véi tai liéu di
cong bd trude day [16]. Két qua gian 6 XRD (hinh 3) ciia xic tic
didu ché dugc cho thay mot tin hiéu nhidu xa C(002) & va rong
(26=10-30°) trung trung khop voi cong b6 ciia P. Gupta va S. Paul
(2011) [16]. Gian do EDX (hinh 4) cho thay co su xuat hién cta C,
0, Siva S trong cdu triic ctia xuc tac. Két hop céc s0 liéu tir FTIR,
XRD va EDX cho thiy xuc tic dd duoc diéu ché thanh cong.

b

3391,08 1655,90

1101,64

T T T T
2500 2000 1500 1000

S6 séng (cm™)

Hinh 2. Phé FT-IR cia xc tac SAC (a) va thu hdi (b).

T T
4000 3500 3000

x A
———— Mau chuan

— Xlc tac

T T T 1
10 20 30 40

Géc nhiéu xa 0 (°)

Hinh 3. Gian dé XRD cua xuc tac SAC gan SO, H.
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Hinh 4. Phé EDX cua xuc tac SAC gan SO H.

3.2. Cdu triic ciia DES ChCI:CrCl,

TU hinh 5, phd FT-IR ciia ChCl (a) tai vi tri 3570,08 cm!
c6 su xudt hién cia nhém OH, tin hidu ndi C-H tai
2957,76 c¢cm’. Tai 1091,49 cm?! 1a tin hiéu cia C-N va
950,9 cm™ 1a tin hi¢u cua C-O trong ChCl. Céc tin hiéu déc
trung ctia ChCl déu xuét hién trén DES ChCL:CrClL. Puong
cong TGA cua DES ChCIL:CrCl, (hinh 6) cho théy c6 sy mat
nude dudi 150°C, sy phan hiy cua cac vat liéu hitu co c6 trong
DES ¢ 170°C va phan hity hoan toan ¢ 450°C. Phd Raman (hinh
7) cho thiy dao dong ndi Cr-Cl ¢ khoang 320-370 cm™ [24].
Tir c4c dir liéu trén cho thy DES da dugc diéu ché thanh cong.

b

0.90

3570.08 1478.18 1001.49

2957.76

T T T T T T
4000 3500 3000 2500 2000 1500 1000

Hinh 5. Phé FT-IR ctuia ChCl (a) va DES ChCI:CrCl, (b).
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Hinh 6. Phé TGA cta DES ChCI:CrCl,.
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Hinh 7. Ph6é Raman ctia DES ChCI:CrCl,.
3.3. Kho sdt diéu kién phdn irng

Diéu kién phan umg khao sat: cellulose (162 mg), [EMIM]CI
(6 mmol), xtic tac SAC (0, 10 va 20 mg) va DES (50 va 100%
mol) khudy tir & 100, 140, 160 va 20°C trong 24 gio.

Anh hwong ciia nhiét dg va thoi gian t6i phan vmg: Thoi gian
va nhiét d¢ 1a cac yéu t6 quan trong anh huong dén viéc tong hop
HMEF. Két qua hinh 8 cho théy, & 160°C hiéu suat HMF dat duogc
4% tai 1 gio va giam dan dén 9 gio thi khong thiy sy xuat hién
ctia HMF, khi ting nhiét do 1én 200°C, hiéu suat HMF rat thap
(<1%). Tir @6 c6 thé xac nhan rang, nhiét do cao hon dan dén
su phan hity HMF va hinh thanh cac san pham phu, dong thoi
cting lam DES ChCl:CrCl, mat kha nang hoat dong. Khi thuc
hién phan ting & nhiét d6 100 va 140°C trong 1 gio dau hi¢u suat
HMEF lan lugt 1a 6 va 10%. O ca hai nhiét d¢ thi hi¢u sudt HMF
lic dau déu ting. Nhung khi hiéu suat dat gia tri toi da, thoi gian
cang dai thi hidu suat HMF cang giam do HMF bi phan hiyy
theo thoi gian. Tir d6 ¢6 thé thdy rang, sau 1 gid phan tmg hiéu
suat HMF dat dugc 1a 10% va hiéu suit cao nhit 13 12% tai 9
git & 140°C. Nhung xét vé mat kinh té va thoi gian thi 1 gio co
thé dwoc xem 1a thoi gian t6i wu cho vide tong hop HMF do sy
chénh léch hiéu suat HMF tai 9 gio khong dang ké (xap xi 2%).

Hiéu suat HMF (%)
L)
)

6 °
[ ]

4l a R

A
2 -

4 A

v v

04 Ty v ba & & = *
0 5 10 15 20 25

Thoi gian (gio)

Hinh 8. Khao sat anh hwéng cua nhiét dg.

KHOA
&CONGHN%CI:-IE

65(3) 3.2023

Khoa hoc Tu nhién | Héa hoc

Anh hwong ciia DES: Két qua hinh 9 cho thdy, véi DES
ChCI:CrCl, va DES ChCI:FeCl, cho hiéu suit HMF lic dau déu
tang, sau d6 giam dan, tuy nhién hiéu suat cia DES ChCL:.CrCl,
van cao hon. Riéng DES ChCl:ZnCl, cho lugng HMF tang dan
theo thoi gian. V6i DES [EMIM]CIL:Zr(O)Cl, thi khong c6 hi¢u
qua cho phan g chuyén hoa cellulose thanh HMF. Qua khao
sat nhan théy, DES ChCIL:CrCl, cho hi¢u sudt HMF cao nhat
trong cac DES do db acid Lewis ciia Cr** manh hon, gitip dong
phan hoa glucose thanh fructose [25]. Do d6, DES ChCIL:CrCl,
dwoc chon 1am chat xuc tic cho qua trinh chuyén doi cellulose
thanh HMF.

141 = ChCIL:CrCl,
® ChCI:FeCl,
121 -, " 4 ChClznCl,
104 gEE - v [EMIM]CI:Zr(O)Cl,,
F
o 8-
=
=
& 64 - A
a A
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4 .
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2_ ee® 4 2 2 2 ° ° L
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0 - YY v v ¥ v v v v
T T T r . .
0 5 10 15 20 25
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Hinh 9. Khao sat anh hwéng cua DES.

Anh hwong ciia xiic tic SAC: Két qua hinh 10 cho thay, khi
khong c6 xuc tac thi hiéu suat HMF xép xi 5%; khi cho thém
xtic tic SAC vao phan tmg thi hidu sudt HMF ting Ién dang
ké 13 10% (gap doi so v6i khong co xic tac). Diéu nay ching
t6 qua trinh dehydrate hoa fructose thanh HMF duoc dién ra
nhanh hon do nhém SO,H gin trén cac 16p carbon vo dinh hinh
tiép can t6t v6i chit phan tng.
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Hinh 10. Khao sat anh hwéng cua xuc tac SAC.
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Anh hieong ham heong xiic tae SAC va DES dén phan img:
Vi ham luong 10 mg xuc tdc SAC va 50% mol DES s€ cho
hiéu suat cao nhat, khi ting luong xuc tic 1én 20 mg thi hiéu
suit chi bang mot ntra (hinh 11). Véi viée tang luong DES 1én
100% mol déu cho hiéu suit HMF khong cao (<5%) do do nhét
hén hop tang (hinh 11).

14 4 ® 10 mg + 50 mol%
® 10 mg + 100 mol%
12 = a 20 mg + 50 mol%
u v 20 mg + 100 mol%
10 - mEm .
~ 84
&
E 6+ u
> v
g v | |
2 41 ° "
=] x.
Q-
T 24 : 1 .
* 9 v
04 v
T T T T T T
0 5 10 15 20 25

Thei gian (gio)
Hinh 11. Anh hwéng ctia ham lweng xic tac SAC va DES.

Tdc do thiy phan cellulose kha nhanh, hon nita glucose va
HMF dugc san xuit thong qua qua trinh thity phan cellulose
cting tang 1én. Khi lvgng DES ChCl:CrCl, vuot qua 50% mol,
san lvong cia HMF chi tang nhe va sau d6 giam 16 rét. ChCl
anh huong tryc tiép dén d¢ acid va kiém ctia hé¢ thong phan
tmg. Khi lugng DES ChCI:CrCl, dung qua cao, ndng do cac
chét phan tmg bi pha lodng va d¢ nhét dung dich ting, do d6
lam giam qua trinh thuy phan cellulose thanh glucose.

Xuc tac SAC thuc day t6t qua trinh chuyén doi fructose
thanh HMF. Nhung khi ting ham Iuong xuc tac thanh 20 mg
thi hiéu suat HMF giam. Diéu nay c6 thé dugc giai thich bang
su phan hay HMF thanh san pham phu do ting qua nhiéu
luong xuc tac SAC. Vi vay, voi 10 mg xuc tdc SAC va 50%
mol DES ChCI:CrCl, s€ la diéu kién tot cho phan tmg tong
hop HMF tur cellulose.

3.4. Thu héi va tdi siv dung chit xic tdc

Cellulose (162 mg), [EMIM]CI (6 mmol), 50% mol DES
ChCL:CrCl, khudy tir ¢ 140°C va 10 mg xtc tac SAC trong
1 gio. Sau d6, thu hoi va rira xiic tac véi ethanol réi dem sdy
kho, sau d6 tiép tuc tién hanh phan Gmg véi diéu kién trén.

JHOAHOC . -

10,15
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10 : 9,42
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£ 47
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1 2 3 4
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Hinh 12. Hiéu suat HMF khi tai ste dung xuc tac SAC.

Két qua hinh 12 cho thay, hiéu suat HMF dat dwgc hon 10%
trong lan dAu tién str dung xiic tic SAC va giam xudng con hon
6% sau 4 1an st dung. Trong 3 1an dau tién, hi¢u suat HMF thay
d6i khong déng ké, do d6 xuc tac SAC thu hdi van cho hiéu
suat HMF twong duong nhau. Diéu nay cho thiy chét xuc tac
SAC vén duy tri tot hoat dong dé chuyén cellulose thanh HMF
sau khi str dung 3 1an.

4. Két luan

Chét xiic tic SAC véi tam acid Brensted da duoc diéu ché
bang cach than hoa khong hoan toan cta D-glucose, sau do6 la
sulfonate hoa voi H SO, dé tao ra xuc tac ran cé tinh acid. Vi
1a xtc tic di thé nén c6 uu diém trong viéc thu hdi va tai st
dung, di ¢6 nhiéu hudng nghién ctru vé xic tac nay dé tng
dung vao tong hop cac hop chit quan trong. Xuc tac dugc thir
nghiém hoat tinh trong viéc téng hop HMF tir cellulose trong
ChCL:CrCl,. Pic biét, chit xtic tac c6 kha nang thu hoi va tai
sir dung 3 1an véi hidu sut gan nhu khong thay doi trong qua
trinh chuyén héa cellulose thanh HMF. Két qua nghién ciru
cho thiy, hiéu sut HMF t6i wu tai nhiét do phan Gmg 140°C
trong 1 gio vdéi ham luong cellulose 162 mg, [EMIM]CI 6
mmol, xtic tic SAC 10 mg va DES ChCI:CrCl, 50% mol.

Trong phan tmg téng hop HMF tir cellulose sir dung DES
ChCL:CrCl, dé thiic dy qua trinh ddng phan hoa glucose thanh
fructose, tuy nhién vi¢c thu hdi DES khong dugc kha thi. Cén
tao ra mot xuc tac di thé c6 ca tdm acid Lewis va Bronsted dé
tang hiéu suit tong hop HMF ciing nhu thu hoi va tai sir dung.
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Toi wu héa diéu kién chiét fucoidan tir rong ndu Tubinaria decurrens
bing phwong phap chiét co hd tro cila song siéu dm

Nguyen Ngoc Anh!, Ngo Vin Quang!, Quach Thi Minh Thu',
H6 Pirc Cudong?, Nguyén Quang TAm', Thanh Thi Thu Thiy"

"Vién Hod hoc, Vién Han lam KH&CN Viét Nam, 18 Hoang Quéc Viét, phirong Neghia D6, quin Cau Gidy, Ha Ngi, Viét Nam
2 Pai hoc Bach khoa Ha Noi, 7 Pai Co Viét, phuong Bdach Khoa, qugn Hai Ba Trung, Ha N¢i, Viét Nam

Ngay nhan bai 11/2/2022; ngay chuyén phan bién 15/2/2022; ngay nhn phan bién 7/3/2022; ngay chip nhan ding 10/3/2022

Tom tiit:

Fucoidan la sulfate polysaccharide c6 trong rong niu va dugc ing dung nhiéu trong linh vuc y duge. Gin day, xu
hlm’ng ap dung cac ky thuat chiét tién tién va tdi wu héa cic diéu kién chiét dwgc dac biét quan tim nham dat hiéu
suit chiét tach cao. Trong nghién ctru nay, phwong phap dap ing bé mit (Response surface methodology - RSM)
dwgec str dung dé tdi wu hoa dleu kién chiét tach fucoidan tir rong niu Tubinaria decurrens voi sy hd tro ciia séng siéu
am. Sy tac dfng cta 3 yeu to: nhiét do (X,: 50-80°C), thoi gian (X,: 30-60, phit) va cong suét siéu Am (X,: 40-100%)
dugc nghién ciru théng qua mé hinh Box-Behnken. Két qua cho thay, diéu kién tdi wu de chiét fucmdan I1a tai nhiét
do 70°C, thoi gian 53 phut va cong suét siéu 4am 90%. Tai diéu kién ti wvu nay, hiéu suét chiét tach thuc nghiém dat

4,28%, r:"it gz“m voi hiéu suit cuc dai theo tinh toan (4,34%).

Tir khéa: chiét siéu am, fucoidan, phwong phap dap ing bé mit, Tubinaria decurrens.

Chi s6 phén loai: 1.4

1. Dét van dé

Fucoidan 1a mét sulfate polysaccharide c6 cau trac - phuc
tap, thuong duogc tim thay trong rong nau va duoc biét dén
12 mot hop chat co nguén goc tu nhién voi nhiéu hoat tinh
sinh hoc quy nhu: chong dong tu mau, chdng u, chdng
oxy hoa, khang khuén, khang ndm... [1]. Thz‘mh phan cta
fucoidan bao gom nhiéu loai du’ong, chu yéu 1a fucose va
mot s& duong khac nhu galactose, glucose..., ngoai ra con
¢6 acid uronic [2]. Cac nghién ctru da chi ra rang, thanh
phﬁn ho4 hoc va ciu truc cia fucoidan phu thudc vao loai
rong, thoi diém thu hai, vi tri dia Iy va dic biét 1a diéu kién
chiét tach [3, 4].

Pé chiét tach polysaccharide, phuong phap héa hoc
(Conventional chemical extraction - CCE) thuong dugc su
dung vi d thyc hién nhung lai ton nhiéu thoi gian, ning lugng
va hiéu suét khong cao [5]. Hién nay, cac nha khoa hoc tap
trung dén cac phuong phap chiét voi ki thuat cao nhu chiét co
su hd trg cua vi song (Microwave assisted extraction - MAE),
siéu am (Ultrasound assisted extraction - UAE) hay enzym
(Enzymes assisted extraction - EAE). Trong d6, phuwong phap
sinh hoc EAE hira hen cho hi¢u suat cao hon vdi tinh toan ven
clia cu trac, tuy nhién van d& lya chon enzym thich hop ciing
nhu viée giai phong céc chat khong mong mudn van dang
dwoc nghién ciru [6]. Gan day, UAE dugc danh gia 1a phuong
phép thay thé tot hon dé chiét tach polysaccharide tir thuc vat,
viée str dung phuong phap chiét c6 hd trg cua song sidu am
mang lai hiéu qua cao ciing nhu rit ngan thoi gian chiét va
nang lugng tiéu thu [7-9].

“Tac gia lién h¢: Email: thuyttt@ich.vast.vn
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Hién nay, xu hudng ap dung cac ky thuat chiét tién tién
va t6i uu hoa cac diéu kién chiét dugc dic biét quan tam
nhim dat duoc ca muc tiéu cho hiéu suit cao va cac chi
tiéu khac nhu d6 tinh khiét, khéi lugng phan tir va hoat tinh
sinh hoc cua polysaccharide. Cong cu théng ké phd bién
nhat duoc sir dung cho muc dich trén 1a RSM [10]. Phuong
phap nghién ciru nay da dugc ap dung thanh cong dé chiét
polysaccharide tir ca thuc vat trén can [11] va rong bién [12].

O Viét Nam, fucoidan tir rong bién da dwgc nhiéu nha
khoa hoc quan tdm nghién ctu va dua dugc fucoidan tng
dung vao cudc séng nhu mot loai thuc phr?im bao vé stic
khoe. Tuy nhién, da sé cac nghién ctru déu sir dung phuong
phép chiét truyén thong CCE [13-15].

Trong bai bao nay, chiing t6i dua ra cac két qua nghién
ctru chiét tach fucoidan tir rong niu Tubinaria decurrens
bang phuong phap UAE, cac thong s6 nhiét do, thoi gian
va cong suat siéu 4m duoc toi uu bang phuong phap RSM
v6i mo hinh Box-Behnken dé thu duge fucoidan véi hiéu
sudt cao.

2. D6i wigng va phuong phap nghién ciiu

2.1. Poi tuwgng

Rong nau Tubinaria decurrens thu hai & Miii Giac (tinh
Kién Giang) thang 4/2020 va dugc dinh danh boi TS Vo
Thanh Trung (Vién Nghién ciru va Ung dung cong nghé
Nha Trang). Mau rong bién duoc rira sach bang nuéc, phoi
kho, nghién nhé va bao quan ¢ nhiét do phong.
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Abstract:

Fucoidan is a sulfated polysaccharide derived from brown
seaweed, and it has been applied in pharmaceutical fields.
Recently, the trend of applying advanced extraction
techniques and optimizing extraction conditions has been
particularly interested in order to achieve high extraction
yield. In this study, response surface methodology (RSM)
were employed to optimise the ultrasound-assisted
extraction of fucoidan from brown seaweed Tubinaria
decurrens. The impacts of three independent variables,
including extraction temperatures (X;: 50-80°C), extraction
time (X,: 30-60 min), and ultrasound power (X,: 40-100%)
was investigated through Box-Behnken experimental
design. The results showed that the optimised condition was
at extraction temperatures of 70°C, extraction time of 53
min, and ultrasound power of 90%. Under this optimised
condition, the extraction yield was 4.28% and close to the
predicted yield of 4.34%.

Keywords: fucoidan, response surface methodology,
Tubinaria decurrens, ultrasound-assisted extraction.

Classification number: 1.4

2.2. Phuwong phap nghién cvru

Chiét tach fucoidan tir rong ndu: Chiét tach fucoidan
to rong dugc thyc hién theo phuong phap cua C. Yang
va D. Chung (2008) [16] v&i mot sé thay ddi nho. Can
5 g bot rong duoc xir Iy véi hdn hop methanol (MeOH),
chlloroform (CHCIS)’ va nuéc theo ty 1€ 4:2:1 V/V, dé loai bo
chat mau va céc chat co trong lugng phan tu thap. Sau do,
loc, rira voi cdn, dé kho & nhiét do phong. Nguyen ligu rong
duogc su dung dé chiét fucoidan voi sy thay doi cta 3 diéu
kién chiét: nhiét do 50-80°C, thoi gian 30-60 phut va cong
sudt cia may siéu 4m 40-100%. Sau khi chiét, loc ly tim
lay dich trong, thém dung dich QaCl2 2%. Dung dich dé
qua dém ¢ nhiét do 4°C, ly tdm bang may Hellich-EBA 21
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vé6i toe d6 5000 vong/phut, 1dy dich trong, c6 quay loai bot
nuée trén hé thiét bi Buchi Rotavapor R-200 roi két toa
bang ethanol 96% (dich chiét véi ethanol theo ty 1& 1:3 v/v).
Ly tam ldy tua, rira tia bang con va sy & 50°C dén khoi
luong khong ddi thu duoc fucoidan. Cac mau fucoidan dugc
can va tinh hiéu sut chiét tach theo khéi luong rong kho.

T6i wu héa diéu kién chiét tach fucoidan tir rong ndu:
Thi nghiém t5i wu hoé diéu kién chiét fucoidan tir rong nau
Tubinaria decurrens bang phuong phap UAE dugc thiét ké
theo mo hinh Box-Behnken vi 15 thi nghiém. Cac yéu tb
tac dong dugc khao sat bao gf”)m: nhiét do (X1: 50-80°C),
thoi gian (X,: 30-60, phut) va cong sudt ciia may siéu am
(X,: 40-100%), v6i ham muc tiéu 1 hiéu suét chiét Y. Mic

cac bién doc 1ap dugc ma hoa theo bang 1.
Bang 1. Nhan t6 va cac mic do bd tri theo mé hinh

Box-Behnken.

Mirc d¢ ma hoa

Nhén té (bién) Ky hiéu

-1 0 +1
Nhiét d¢ (°C) X, 50 65 80
Thei gian (phut) X, 30 45 60
Cong suat (%) X, 40 70 100

Phuong phdp xir Iy s6 liéu: Cac sb lidu thu thap duoc
tinh toan, phan tich ANOVA bang phan mém Design Expert
(version 11.0). Céc gia tri bat thuong dugc loai bo bﬁng
phep toan Dulcan (p<O0, 05) M0 hinh thuc nghlem cho thay
mdi tuong quan giita bién phu thudc véi cac bién doc lap
dugc mo ta thong qua mo hinh da thue bac 2 nhu sau:

Y:B0+B1X1+B2 +B3X3+B11X2+B22 22+B
B12)(1)(2+B13)(1)(3+[323 2 3

X2+

33773
trong d6 Y 1a bién phy thudc (hiéu suét chiét fucoidan, %);
B, 1a hang sb khong ddi cia mo hinh; B, (i=1, 2, 3) 1a hé s6

tuyén tinh bac 1; 5 Byy> By By 12 hé s6 phuong trinh bac 2; B
B By;1a hé s twong tac cuia 2 bién doc lap.

Phé NMR: Po trén may Bruker AVANCE Neo 600Mhz
¢ nhiét do 70°C, str dung nude deuteri hoa (D,0) + 1%
acid acetic deuteri hoa (CD,COOD) lam dung mdi va
4,4-dimethyl-4-silapentane-1-sulfonic acid (DSS) lam chat
chuan noi voi k¥ thuat do khur tin hi¢u nudec.

12>

Két qua va ban luan

Hiéu suit chiét fucoidan trong mién thi nghiém khao
sat dao dong 2,36-4,23% (bang 2). Tai diém trung tdm cta
ving khao sat (thi nghiém 8), hiéu suit chiét co gia tri 1a
4,23%, day ciing la gia tri cao nhat khi so sanh véi cac diéu
kién chiét khac.
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Bang 2. B6 tri thi nghiém va két qua thiét ké t6i wu theo mé
hinh Box-Behnken.

STT  Nhiétdd (°C) Thoigian (phit) Congsuit (%)  Hiéu suit (%)
1 65 30 40 2,36
2 50 60 70 3,96
3 80 30 70 3,76
4 65 45 70 3,85
5 50 45 100 3,12
6 65 60 40 3,01
7 65 30 100 3,84
8 65 60 100 423
9 50 30 70 3,71
10 80 45 40 2,72
11 80 60 70 413
12 65 45 70 3,99
13 80 45 100 413
14 65 45 70 3,94
15 50 45 40 2,70

Phan tich dir liéu hdi quy da nhan t6, bién dap tng va kiém
nghiém co lién quan véi nhau boi phuong trinh da thire bac
2. Dya vao thuc nghiém va mo hinh dap tng bé mat xac dinh
dugc phuong trinh phi tuyén ddi v6i ham muc tiéu Y nhu sau:

Y =393 + 0,1562X, + 0,22X, + 0,5788X, + 0,03X X, +
0,2475X X, - 0,04X,X; - 0,1271X X, + 0,0904X X, - 0,6321X X,

Phan tich phuong sai ANOVA dugc thuc hién dé danh gia
su pht hop cta mo hinh, két qua dua ra & bang 3, gid tri
F=15,46 va p=0,0614 (p>0,05) cho thiy, bé mit x4c suat mod
hinh dap tmg nhu ciu véi ma trin twong quan ctia cac phuong
trinh bac 2 vaéi dinh cuc dai khong phu hop 1a khong co y
nghia théng ké.

Bang 3. Téng hop hé sé va xac suat ciia cac hé sé trong
phwong trinh dap rng.

Nhén t SS DF MS F P Y nghia thong ké
M& hinh 5,09 9 05659 11,62 0,0074  Co ¥ nghia

Nhiét do - A 0,193 1 0,19531 4,02 0,1010

Thoi gian - B 03872 1 0,38720 7,96 0,0370

Cong sudt - C 2,68 1 2,67961 55,09 0,0010

A? 0,059 1 0,0596 1,22 0,3189

B? 0,0302 1 0,0302 0,6198  0,4668

(o 1,48 1 1,48 30,29 0,0027

AB 0,0036 1 0,0036 0,0739  0,7966

AC 02450 1 0,24502 5,04 0,0749

BC 0,0064 1 0,00640 0,13 0,7318

Residual 024323 5 0,04865

Lack of fit 023343 3 0,0778 15,46 0,0600  Khong c6 y nghia
Pure eror 0,00980 2 0,0050

Téng cong 5,34 14

R’ 0,9544

Adj.R? 0,8722

Pred R? 0,2959

Adeq. precision  9,9830

CV% 6,18

SS: tbng binh phwong (sum of squares); DF: bac tw do (degree of
freedom); MS: binh phwong trung binh (mean square).
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Kiém dinh x4c suit y nghia va mdi twong quan giita cac
yéu t6 tac dong dau vao cua qua trinh chiét va ham muyc tiéu
cho thdy, mé hinh 13 c6 ¥ nghia thong ké (p=0,0074<0,05)
(bang 3), diéu nay ddng nghia v6i mo hinh dap (mg hinh cau
la pht hop. Hé s0 tw do va hé s6 cua cac yéu t6 tac dong X,

, X, 1én hig¢u suat chlet Y, duge thé hién ¢ bang 3. Phan
tlch d(m 1é cac yéu to tac dong X, X, va X, cho thiy, neu
khong co6 su tdc dong cia nhiét do th01 gian va cong sut
siéu am thi s& khong c6 sy cong pha thanh té bao c6 y nghia
du dé tao ra sy khac biét vé hiéu sudt chiét. Dudi tac dong
cta nhiét do chiét, hiéu suit chiét thu duoc ludn mang lai
gia tri khac biét vé toan hoc (p<0,05).

Su phu hop ciia md hinh con duoc kiém tra qua hé sd
xac dinh tuong quan R?. M6 hinh tuong quan t6t khi hé sb
xac dinh tvong quan R?>>0,8 [17]. M6 hinh tuong quan xay
dung tur thi nghiém da théa man diéu kién voi R>=0,9544
cho théy su thay ddi hiéu suét chiét c¢o thé duge du doan
bé‘mg mo hinh. Hon nira, gia tri cua hé s6 bién thién CV% la
6,18% cho théy d6 chinh xac va tin cdy cao cua cac gia tri
thuc nghiém.

D6 thi bé mat dap tmg 2D va 3D cho thiy su tuong tac
14n nhau cta 3 yéu té nhiét do, thoi gian va cong suit siéu
am. Trong nghién ctru ndy, hiéu suat chiét thu dugc khi két
hop su thay di cua hai bién, trong khi bién con lai duoc ¢b
dinh & mirc d6 bé tri 0 (bang 1).

Mo hinh bé mit dap Gmg hinh 1A va 2A cho thiy, hiéu
suét chiét 1a mot ham chiju sy anh hudng cia 2 yéu td thoi
gian va nhiét do tai cong suat siéu am 1a 70%. Két qua cho
thay, hiéu suit chiét ting nhanh chong ty 18 véi su ting cta
ca 2 yéu t6 va dat gia tri cuc dai tai didu kién chiét 80°C va
60 phut.

Anh huong cua nhiét do va cong suét siéu am dén hiéu
sudt chiét véi thoi gian chiét giir khong ¢ dbi tai 45 phut (hinh
1B va 2B) cho thay, khi ting cong suat siéu am tir 40 Ién
75% thi hiéu suét tang, tuy nhién khi tiép tuc tang cong sudt
dén 100% thi hiéu suét c6 khuynh huong giam dan. Sy thay
db6i cong suat siéu Am anh huong dén kha ning pha v& cau
trac thanh té bao cia rong nau giup fucoidan dé dang di
chuyén ra méi truong, nhung cac tac dong co hoc nay ciing
anh huong dén sy phan cat mach cta fucoidan dan dén lam
giam hiéu suét chiét.

Hinh 1C va 2C mé ta bé mit dap ung dbi voi tac dong
clia thoi gian va cong suét siéu am, két qua cung chi ra khi
kéo dai thoi gian s& lam ting kha ning tiép xtc giita dung
moéi va nguyén lidu, fucoidan dé dang di chuyén ra moi
truong hon. Tuy nhién, néu thoi gian quéa dai ciing s& lam
giam hiéu suét ciia qua trinh chiét.

Nhu véy, nhiét do 1a yéu t6 c6 tac dong manh dén hiéu
suét chiét ciia qua trinh, bén canh d6 2 yéu té thoi gian va
cong sudt sidu 4m ciing anh huong dang ké dén hiéu suat
cua qua trinh.

20



236 M 433
(A) (B)

Y (hiéu suét)
Y (hiéu suét)

C: X3 (cong suét)

23 I 433

Khoa hoc Tu nhién | Héa hoc

230 M 433

éu suat)

Y (hi

A: X1 (nhiét do) C: X3 (céng sut) -os B: X2 (th&i gian)

B: X2 (thoi gian) A: X1 (nhiét d3) > >
Hinh 1. M6 hinh bé mat dap (rng 3D clia qua trinh chiét bing phwong phap UAE.
22 I 433 2,36 I 433 236 I 433
B
) Y (higu suét) ® © Y (hiéu suét)

5t)

B: X2 (thoi gian)
ong sua

C: X3 (c

os 1 -1 -05

@
A: X1 (nhiét dd)

Hinh 2. M6 hinh bé mit dap (rng 2D cha qua trinh chiét bang phwong phap UAE.

Céc gia tri t6i wu cia cac bién doc lap trong qua trinh
duoc xac dinh nhu sau: Piém cuc dai ctia ham muc tiéu Y
(hiéu sudt chiét) dat dwoc khi nhiét do, thoi gian va cong
suét siéu Am tuong ung la 70,08°C, 53,28 phat va 91,6%.
Khi d6 hiéu suit cuc dai tinh toan 1a 4,34% véi sai s6 chuén
1a 0,22. Pé kiém dinh két qua, tién hanh thi nghiém chiét
tach fucoidan tai diéu kién t6i wu lam tron: 70°C, 53 phut
va 90%, hiéu sut chiét dat dwoc 1a 4,28%, gia tri nay gan
vé6i hiéu sut cyuc dai tinh toan (4,34%) va cao hon tat ca cac
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gi tri hiéu sudt thuc nghiém khi chua téi wu (bang 2). Didu
nay khing dinh mé hinh phu hop véi dir liéu thyc nghiém
va diéu kién chiét da dugc tbi wu hod.

Pho 'H-NMR- va C-NMR ciia mau fucoidan chiét
tach theo diéu kién t6i wu (hinh 3A va 3B), dién hinh
cho cau triic fucoidan. O phd 'H-NMR, céc peak ¢ trong
khoang 4,8-5,5 ppm la proton anomer; cac peak ¢ khoang
3,2-4,5 ppm la proton vong pyranose; peak ¢ ving truong
cao 1,3 ppm dugc gan cho proton nhém -CH, cua fucose.
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Hinh 3. Phé "H-NMR (A) va "*C-NMR (B) cta fucoidan chiét tach tai diéu kién ti wu.
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Trén phd BC-NMR, céc peak ¢ ving 100-105 ppm thudc vé
carbon anomer, carbon vong s€ ¢ vung tin hi¢u 60,08-87,27
ppm. Tin hiéu ¢ khoang 20 ppm dac trung cho carbon cta
methyl C-CH, cua fucose va tin hi¢u 181,75 ppm ching t6
su ¢6 mat cua acid uronic trong phan ti fucoidan.

Trong mot nghién curu trudce, B.V. Nguyen va cs (2014)
[14] da chiét tach fucoidan tir cung loai rong Tubinaria
decurrens bang phuong phap CCE, hiéu suét chiét tach dat
2,9%. Piéu nay cho théy, trén khia canh hiéu suét thi su
dung phuong phap UAE cho két qua cao hon han so voi
CCE, hon nita tén it thoi gian va nhiét luong, Do vay, ddy
1a phuong phép tiém nang dé sir dung san xuat fucoidan cho
muc dich thuong mai.

4. Két luan

Trong bai bao nay, diéu kién téi wu dé chiét fucoidan
tir rong nau Tubinaria decurrens bang phuong phap chiét
¢6 hd trg song si€u am da duoc nghién ciou dé thu duoc
fucoidan véi hidu suét cao & nhiét do 70°C, thoi gian 53
phiit voi cong suat chiét cia may siéu am 1a 90%. Tai diéu
kién thuc nghiém nay, hiéu suét chiét fucoidan dat cuc dai
1a 4,28% tinh theo trong luong rong kho. Phan tich phuong
sai cho thay rang, mo hinh hdi quy 12 hoan toan chinh xac va
phu hop dé téi uu hoa diéu kién chiét tach fucoidan tir rong
nau bang phuong phép chiét ¢6 hd tro song sidu am.
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Pinh tinh thanh phan héa hoc va phan lap saponin
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Tém tit:

Chi Weigela thudc ho Kim ngan (Caprifoliaceae) dwgc sit dung rong rii trong y hoc ¢ truyén tai cic nuée chau
A. Cic hop chit héa hoc tich chiét tir cac loai thude chi thwe vat nay co nhiéu hoat tinh sinh hoc manh nhw khang
viém, khang dxy héa, khang b thé, mién dich va giy ddc trén mot sé dong té bao ung thw. Nghién ciru dinh tinh
thanh phin héa hoc ciia phén 14 loai Weigela florida (Bunge) A. DC, mot loai cdy canh dang bui cho thfiy ¢6 cac thanh
phin flavonoid, tannin, terpenoid va triterpenoid saponin, tuy nhién khong c6 cac hop chit glycoside tim, alkaloid
va steroid. Ham lugng saponin toan phz“ln trong cao chiét dwogc dinh lwgng theo phuong phap sac ky phan bd nguoc
dong thu dwge két qua dat 2,66% (Wt%) so v6i miu thé ban diu. Nghién ciru da phan lip dwgc mot triterpenoid
saponin hai mach dudng co phz“m algycone dang hederagenin bi“mg cic phuong phap sic ky, Kkét hgp v6i phuong
phép phd hién dai (1 va 2 chiéu NMR) va phé khoi lrgng (ESI-MS).

Tir khéa: saponin toan phan, triterpenoid saponin, Weigela florida (Bunge) A. DC, 3-0-a-L-arabinopyranosylhederagenin

28-0-B-D-xylopyranosyl-(1—6)-f-D-glucopyranosyl ester.

Chi sé phin logi: 1.6

1. Dat van de

Tir xa xua, con ngudi da kham pha thién nhién dé tim
kiém cac loai thuc vat co tac dung chita bénh. Qua trinh nay
gan lién voi nghién ciru cac hop chét chuyén hoa thi cap.
D6 1a nhitng hop chét dugc tao ra trong co thé cua sinh vat
nhim phéan ung lai cac stress sinh hoc va phi sinh hoc [1].
Trong thyc vat, cac hop chét nay c6 hoat tinh sinh hoc manh
nhu ting cuong stic khoe con ngudi va chng lai bénh tat
nén dugc st dung rong rai trong nganh cong nghi¢p duoc
pham [2]. M6t s6 hop chat chuyén hoa thir cip nhu alkaloid,
terpenoid va phenylpropanoid hién dang dugc nghién ctru
dé phat trién cac loai thubc méi [3].

Nghién ctru trudc day da chung minh cac loai cay canh
thudc chi Weigela Thunb. chita cic hop chit chuyén héa thir
cép c6 hoat tinh sinh hoc nhu khang viém, chdng 6xy hoa,
khang bd thé, mién dich va hoat tinh gdy doc trén mot sb
dong té bao ung thu [4-10]. Trong sé d6, W, florida (Bunge)
A. DC la loai cay dang bui, dugc tréng lam canh tai chau
Au do ¢6 mau sic hoa dep va d& phat trién. Nghién ctru
budc dau trén cac hop chat hoa hoc tach chiét tir loai cay
nay cho thiy c6 hoat tinh gay doc trén mot sb dong té bao

“Tac gia lién hé: Email: hungnd@tnue.edu.vn
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ung thu dai trang (CT26), gan (HepG2) va hic t6 da (B16)
[11]. Do d6, dé hoan thién dir liéu vé phan loai hoa hoc thuc
vat (Chemotaxonomy) d6i véi cac loai thudc chi Weigela,
ho Caprifoliaceae va tim kiém céc hop chat hoa hoc ¢6 hoat
tinh sinh hoc, nghién ctru tién hanh khao sat thanh phan
hoa hoc trén phan 14 cua loai W, florida (Bunge) A. DC,
xac dinh ham lugng saponin toan ph?m va bude dau tach
chiét saponin bang phwong phap sic ky, két hop véi phuong
phap phd hién dai (1 va 2 chiéu NMR) va phd khdi luong
(ESI-MS) dé xac dinh céu trac hoa hoc ctia hop chat phan
1ap dugc. Déng thoi, hoat tinh sinh hoc cia hop chét phén
1ap dugc da dugc ban luan dya trén co s¢ dir liéu Scifinder®
ctia Hiép hoi Hoa hoc MY, 1a co s dé tiép tuc tién hanh cac
nghién ciru sdu hon vé hoat tinh sinh hoc ctia hop chat nay.

2. V4t liéu va phugng phap nghién ciiu
2.1. Vit liéu

Phan 14 cua loai W, florida (Bunge) A. DC dugc thu thap
vao thang 6/2018 tai Trung tdm Gibng cdy canh Jardiland®,
Chenove, Phap (toa do 47°17°06.4”N, 5°01°28.1”E). Mau
vat duoc luu gilt tai Laboratoire de Pharmacognosie,
Université de Bourgogne Franche-Comté, Phap (hinh 1).
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Abstract:

Species of the Weigela genus, Caprifoliaceae family,
are currently used in folk medicine, specifically in Asia.
Chemical compounds extracted from species of this plant
genus have many strong biological activities such as anti-
inflammatory, antioxidant, anti-complementary, immune
and cytotoxicity on some cancer cell lines. A qualitative
study on the chemical composition of leaves of W. florida
(Bunge) A. DC led to an identification of flavonoid, tannin,
terpenoid and triterpenoid saponin, whereas cardiac
glycoside, alkaloid and steroid were found to be absent.
Total saponin content was quantified to be 2.66% (wt%)
from the initial sample using the chromatography method.
A diglycosidic hederagenin-type triterpenoid saponin was
isolated using different chromatographical methods, in
combination with 1D and 2D spectroscopic methods and
mass spectroscopy (ESI-MS).

Keywords:  total  saponin  content, triterpenoid
saponin, Weigela florida (Bunge) A. DC, 3-0-o-L-

arabinopyranosylhederagenin
(1—6)-p-D-glucopyranosyl ester.

Classification number: 1.6

28-0-p-D-xylopyranosyl-

Hinh 1. Hinh anh loai W florida (Bunge) A. DC (&nh Nguyén
Bbwrc Hung).

‘ KHORHOC [P

2.2. Héa chit va thiét b

Céac dung mdi sir dung trong nghién ciru déu dat tiéu
chuan k¥ thuat. Thude thir Dragendorff va Mayer duoc cung
cip boi Sigma-Aldrich, Phap. Sic ky ban mong (TLC) va
sdc ky ban mong hiéu ning cao (HPTLC) sir dung pha thuén
trang silica gel 60F,., (Merck, buc). Séc ky cot (CC) st
dung chat hap phu Sephadex® LH20 (Sigma-Aldrich, Phap).
Sic ky 1ong hiéu niang trung binh (MPLC) dugc thuc hién
trén pha thuan silica gel 60, kich thuéc 15-40 pm (Merck,
buc), st dung cot sdc ky thay tinh kich thudc 460x25 mm,
460x15 mm va 110x15 mm (Biichi, Thuy S¥). Thudc thir
sir dung dé nhén biét saponin trong cao chiét 14 vanilin/axit
sunfuric (pha 1% vanillin trong dung méi EtOH:H,SO, theo
ty 1¢ 50:1).

M4y pha mau st dung vi song MARS 6 (CEM®, My)
dugc st dung dé tao cao chiét. May c¢6 quay chan khong
Rotavator R-210 (Buchi, Thuy S§) dugc sir dung dé loai bo
dung méi. Hé thong dong kho chan khong Heto Drywinner
DW 6-55-1 (Thermo Fisher Scientific, My) dugc st dung
dé dong kho cao chiét va phan doan n-BuOH. Pho 1D va
2D NMR dugc do trén may Varian INOVA 600 (Agilent
Technologies®, My), trong do6 tan s6 duoc thiét 1ap dé do
phé 'H-NMR va C-NMR lan luot 1a 600 va 150 MHz.
Pyridine-d, dugc st dung dé hoa tan mau. Hang s twong
tac (J) va do dich chuyén héa hoc (8) 1an luot dugc tinh theo
don vi Hz va ppm. May do phé khéi Bruker micrOTOF II
mass spectrometer (Bruker®, Dtrc) dugc st dung dé do phé
khéi lugng ESI-MS.

2.3. Phwong phap nghién ciru

Phirong phdp tao cao chiét: Phan 14 kho cua loai W,
florida (Bunge) A. DC dugc nghién thanh bot min (15,6 g).
Sau d6, tién hanh chiét bang phuong phap hd trg vi song,
thoi gian chiét 45 phut & nhiét d6 60°C, cong sudt 200 W.
Dung moi st dung dé tao dich chiét 1a EtOH: H,O (75:35),
250 ml/lan, ldp lai 3 1dn. Sau do, loai bo dung méi cua dich
chiét bang c¢6 quay chan khong, thu dugc cao chiét. Sau
d6, cao chiét tiép tuc duoc dong kho chan khong dé loai bo
nude con ton du, thu duge cao chiét kho hoan toan.

Dinh tinh thanh phcfn hoa hoc: Pinh tinh thanh phﬁn
alkaloid, flavonoid, tannin, steroid, terpenoid cua cao chiét
ethanol tir phan 14 cua loai W, florida (Bunge) A. DC dugc
tién hanh theo phuong phép cia A. Algethami va cs (2021)
[12]. Ngoai ra, saponin va glycoside tim, mdt loai glycoside
dac biét co tac dung 1én hoat dong cua tim, dugc dinh tinh
theo mo ta cia L. Traore va cs (2015) [13]. Hoa tan cao
chiét trong 2 ml DMSO 10% dé tao dich chiét str dung trong
cac phan ung dinh tinh.

- Dinh tmh alkalold (phan tmg Hager) Nho 1 ml dich
chiét vao mdi 2 6ng nghiém, sau d6 tiép tuc nho tir tir 2,5
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ml H,SO, 5%, lic déu. Nho thude thu Dragendorff vao 6ng
ngh1em 1 va thuoc thir Mayer vao ong nghi¢m 2. Quan sat
hién twong trong 6ng nghiém néu thdy c6 két tia tring thi
két ludn c6 thanh phan alkaloid.

- Dinh tinh tannin (phan ung Braymer): Nho 1 ml dich
chiét vao trong 6ng nghiém, sau d6 nho tiép Val glot FeCl,
10%. Quan sat hién tugng trong éng nghiém néu thay cé ket
tiia mau xanh thi két luan c6 tannin.

- DPinh tinh glycoside tim (phan Uung Kellar-Kiliani):
Chuén bi dung dich A (100 ml axit acetic lodng + 1 ml FeCl,
5%) va dung dich B (100 ml H,SO, dam dic + 1 ml FeCl
5%). Nho 1 ml dich chiét vao trong ong nghiém, sau dé nho
tiép theo thtr tw 1 ml dung dich A va 1 ml dung dich B. Quan
sat hién twong trong dng nghiém néu thiy c6 mau do hoic
nau thi két luan c6 glycoside tim.

- Dinh tinh flavonoid (phan tng Shinoda): Nhé 1 ml dich
chiét vao trong dng nghiém c6 chira 10 ml CH,OH, sau do
thém vai giot HCl dam dac va it bt Mg. Quan sat hién
tuong trong dng nghiém néu thdy c6 mau vang, do dén xanh
thi két luan c6 thanh phan flavonoid.

- Dinh tinh terpenoid (phan tng Liebermann -
Burchardt) Nho 1 ml dich chiét vao trong éng nghiém, sau
d6 nho tiép theo thir tr 2 ml chloroform va vai glot H,SO,
dam ddc. Quan sat hién twong trong ong nghiém néu thay
¢6 mau xanh xut hién & phan gitra chat 1ong thi két luan c6
terpenoid.

- Pinh tinh steroid (phan tng Liebermann - Burchardt):
Nho 1 ml dich chiét vao trong dng nghiém, sau d6 nho tiép
vai giot H,SO, dam dac. Quan sat hién tuong trong ong
nghiém néu thay c6 mau tim d6 xuét hién ¢ phan giita chat
16ng thi két luan co steroid.

- Dinh tinh saponin (phan ung Salkowski): Nho 1 ml
dich chiét vao 2 6ng nghiém, sau d6 nho 5 ml HC1 0,1 N vao
ong nghiém 1 va 5 ml NaOH 0,1 N vao ong nghlem 2. Quan
sat hién tuong trong ong nghlem néu bot ciia dng nghiém 2
bén hon dng nghiém 1 thi két ludn c6 triterpenoid saponin,
nguoc lai 1a steroid saponin.

Pinh lwong saponin todan phan trong cao chiét: Ham
luong saponin toan phan trong cao chiét duoc thuc hién
theo phuong phéap sic ky phan bd nguoc dong ctia T. Namba
vacs (1974) [14] dya trén sy phan cuc cua cac dung moi. Cu
thé, hoa tan hoan toan cao chiét trong 5 ml H ,0, sau do bd
sung 200 ml dung dich phan tach n-BuOH: H O (ty 1€ 1:1)
va dé ling trong 12 gid. Sau d6, phan dich n-BuOH duoc
tach riéng va loai bo dung moi, thu dugc phan doan n-BuOH
ctia cao chiét. Tinh sach phan doan n-BuOH bang sic ky
CC, st dung chét hép phu 1a Sephadex® LH20 va dung méi
la EtOH 96%. Kiém tra sy c6 mit cua saponin trong phan
doan bang TLC va thudc thir vanilin/axit sunfuric. Céc
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phan doan saponin thu duoc tiép tuc dugc dong kho chan
khong dé loai bé nudc, thu dugc saponin toan phan. Can va
tinh khdi lwong saponin toan phan trong nguyén liéu. Thi
nghiém dugc lap lai 3 lan.

Ham lugng saponin toan phan trong cao chiét dugc tinh
theo cong thic sau:

M=%x100

trong d6 M 1a ham luong saponin toan phan (%); a 1a khéi
lugng saponin toan phan (g); b 1a khoi lugng nguyén lidu
tho ban dau (g).

Phdn ldp va xdc dinh cdu tric cia hop chat saponin:
Sau khi thu dugc saponin toan phan, nghién ctu tiép tuc
tién hanh tach phan doan va phan 1ap hop chat saponin. Cu
thé, phan doan saponin toan phan bang phuong phap MPLC
silica gel 60 (CHCL/MeOH/H,O 80/20/2, 75/25/3, v/v/v)
thu duoc 4 phan doan (A-D). Phan doan C tlep tuc duoc
phan doan bang MPLC silica gel 60 (CHCL/MeOH/H,0O
70/30/5, v/v/v) thu duge hop chat saponin tinh sach ky h1eu
la WeFJ2210 (2,3 mg) (hinh 2).

Hinh 2. HPTLC ctia hop chat WeFJ2210.

Hop chat WeFJ2210: Bot mau tring, phd khéi lwong
ESI-MS [M + Na]*, m/z 921,4839 (tuong ing véi cau tric
phan tir C,;H, NaO, , 921,4824). Pho 'H-NMR va BC-NMR

lan luot duoc do & tan sb 600 va 150 MHz, sir dung dung
mdi hoa tan la pyridine-d...

Céu trac cua hop chiat WeFJ2210 duoc x4c dinh bing
céc phuong phép phan tich ciu tric hién dai, bao gdm phd
cong huong tir hat nhan (1 va 2 chiéu NMR) va phd khéi
luong (ESI-MS). Céc phan tir dwdng cta hop chat dugc xac
dinh bing phuong phap thay phan axit va ciu hinh tuyét dbi
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cua cac phan tir duong duoc thuc hién theo mo ta cua D.H.
Nguyen V{i cs (2019) [8]. Theo do, 5 ml CF3QOOH duoc
su dung dé thiy phan hoan toan 3 mg hop chat WeFJ2210
trong thc‘yi gian 3 gio ¢ nhiét do 95°C. CH,Cl, dugc sir dung
deé chiét dung dich thu dugc (5 ml/lan, 1ap lai 3 lan). Loai
b6 dung méi cua dich chiét bang hé thdng c6 quay chan
khong, sau d6 phan tich bang TLC (CHCI3/MGOH/HZO ty
1€ 8/5/1 v/v/v) va so sanh véi mau chuan dé xac dinh loai
phén tr duong co trong hop chat WeFJ2210. Bén canh do,
100 pl anhydrous pyridine dwoc sir dung dé hoa tan cac phan
tir dudng, sau do tiép tuc bd sung L-cysteine methyl ester
hydrochloride 0,06 mol/l. Tiép tuc khudy hdn hop & nhiét
dd 60°C trong 1 gio, thém 150 pl hexamethyldisilazane/
trimethylchlorosilane ty 18 3:1 va khudy thém 30 phat. Phan
noi phia trén sau khi ly tim dugc tach riéng va c6 dic dudi
dong nito. Tién hanh sic ky cot phan két tia béng dung moi
n-hexane. Phan doan thu dugc sau d6 s€ dugc phan tich bdi
sdc ky khi (GC), so sanh thoi gian luu (retention time) voi
cac dan xuét thiazolidine duoc diéu ché theo cach tuong ty
tir duong chuan dé xac dinh cdu hinh tuyét ddi ctia phan tur
duong.

3. Két qua va ban luan

3.1. Thanh phan héa hoc ciia phan li loai W. florida
(Bunge) A. DC

Két qua danh gia thanh phan hoa hoc cua phan 1a loai W,
florida (Bunge) A. DC duogc thé hién ¢ bang 1.

Bang 1. Thanh phan héa hoc trong cao chiét cia phan la loai
W. florida (Bunge) A. DC.

Nhém chat Thubc thir Hién twgng Két ludn
H,S0, + Dragendorff Khéng

Alkaloid Khong ¢o
H,S0, + Mayer Khong

Tannin FeCl, Két tia x4m Co

Glycoside tim CH,COOH + FeCl, +H,SO, ~ Khdng Khong co

Flavonoid Mg +HCI Mau vang toi xanh ~ Co

Terpenoid C,H,0H + CHCI, + H,SO, Mau xanh Co

Steroid C,H,0H + H,80, Khong Khéng co

Triterpenoid saponin ~ C,H.OH + HCl + NaOH Bot bén Co

Steroid saponin C,H,OH + HCI + NaOH Bot tan nhanh Khéng co

Két qua bang 1 cho thay, cao chiét khong cho phan ting
v6i thude thir H,SO, + Dragendorff va H,SO, + Mayer, do
do6 trong cao chiét khong c6 hgp chat alkaloid. Nhan dinh
nay duoc khang dinh bai nghién ctru cia R.F. Raffauf (1996)
[15] vé cac loai thyc vat co chtra hop chét alkaloid, trong d6
phan 16n céc chi thude ho Kim ngan (Caprifoliaceae) khong
¢6 hop chat alkaloid. Tiép tuc dinh tinh flavonoid trong cao
chiét bang phan tmg Shinoda cho két qua xuat hi¢n mau
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vang toi xanh trong 6ng nghiém, do d6 két luan vé su ¢
mit ctia hop chét flavonoid trong phan 14 cua loai W, florida
(Bunge) A. DC. C.S. Chang (1997) [16] da tién hanh nghién
ctru vé thanh phz‘”m hoa hoc cé trong mat s6 loai thudc chi
Weigela va két luan v& su c6 mat cua hop chét flavonoid
trong cao chiét. Sy ¢6 mit ctia thanh phan saponin trong cao
chiét dwoc xac dinh bang phan tmg tao bot Salkowski cho
két qua xuat hién bot & ca 2 éng nghiém, tuy nhién & dng
nghiém chira 5 ml NaOH 0,1 N cho bot bén, trong khi ¢ 6ng
nghiém chia 5 ml HC1 0,1 N cho bot tan nhanh, do d6 Kkét
luan vé su ¢6 mit ctua hop chét triterpenoid saponin trong
cao chiét. Két qua nay duoc khang dinh boi cic nghién ciru
truge ddy vé thanh phan triterpenoid saponin trén mot sd
loai thudc chi Weigela [6, 8-11, 17]. Terpenoid va tannin lan
lugt duoc dinh tinh bdi phan Ging Liebermann - Burchardt
va Braymer cho két qua xuat hién mau xanh va két tia xam
trong cac ong nghiém, do d6 két luan vé sy c6 mit clia cic
hop chét nay trong phan 14 cua loai W, florida (Bunge) A.
DC. Tuy nhién, khi tién hanh dinh tinh cac hop chat khac
nhu glycoside tim va steroid déu khong xuét hién két qua
theo mo ta cua thi nghiém, do d6 két ludn cac hop chat nay
khong c6 trong cao chiét cta phan 1a loai W, florida (Bunge)
A.DC.

3.2. Dinh lugng saponin toan phén trong cao chiét ciia
phan ld loai W, florida (Bunge) A. DC

Cao chiét sau khi thu duoc bang phuong phap hd trg vi
song tiép tuc dugc loai bo cac tap chit bang phuong phap sic
ky phan bb nguoc dong, két hop st dung cac phuong phap
sdc ky hién dai va dong kho chan khong thu duoc saponin
toan phan. Két qua xac dinh ham lugng saponin toan phan
trong cao chiét ciia phan 14 loai W, florida (Bunge) A. DC
duoc thé hién & bang 2.

Bang 2. Két qua xac dinh ham lweng saponin toan phan trong
cao chiét cua phan la loai W. florida (Bunge) A. DC.

STT Maulakhd  Cao chiét Saponin todn  Ham lwgng saponin  Gid trj trung
(] ethanol (g) phan (g) toan phan (%) binh (%)

1 15,6 39 043 2,76

2 16,2 3,6 0,46 2,84 2,66+0,25

3 16,0 38 038 238

Két qua bang 2 cho thay, ham lugng saponin toan phan
dat 2,66% (wt%). Tuy nhién, nghién ctru cia Q.Y. Wang
va cs (2020) [18] vé tach chiét saponin tir lodi Panax
notoginseng da dwa ra két luan vé anh huéng cua phuong
phap tach chiét t6i ham luong saponin toan phan. Nhom tac
gia két luan, str dung phuong phap tach chiét ap suét long
cho ham lugng saponin toan phan cao hon so véi cac phuong
phap chiét Soxhlet va chiét ngam dam (Maceration) [18].
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Bén canh do, viéc lya chon dung méi va ty 1€ cac thanh ph?m
trong dung moi ciing anh huong dén ham lugng saponin
toan phan [19]. Do do, can tiép tuc tién hanh nghién ciru
ham luong saponin toan phan, sir dung cac phuong phap
tach chiét khac nhu Soxhlet, Maceration, chiét hd tro song
am (ultrasound assisted extraction), ddng thoi danh gia trén
nhiéu loai dung méi khac nhau dé t6i wu phuong phap tach
chiét ham luong saponin toan phan trong phan l4 cia loai
W. florida (Bunge) A. DC.

3.3. Xdc dinh céu triic héa hoc ciia hop chit WeFJ2210

Dit lidu tir phd ESI-MS cho két qua mot pic ion phan tir
tai m/z 921,4839 [M + Na]", tir d6 két luan khi lugng phan
ttr ciia hop chat WeFJ2210 1a 898, tuong tmg v6i cong thirc
phantalaC, H O

46774 717"

Dir lidu tir phd *C-NMR cho thdy, trén ving aglycone
ctia hop chat WeFJ2210 ¢6 6 carbon bac 1 (CH,), 11 carbon
bac 2 (CH,), 5 carbon bac 3 (CH) va 8 carbon bac 4 (C).
Ngoai ra, 2 tin hi¢u 8. 124,9 va 145,6 goi ¥ sy xuat hi¢n
cua mot lién két doi tai vi tri 12 cua phan aglycone. Dit liéu
ctia phé '"H-NMR cho théy, c¢6 6 tin hiéu dang vach don
(signet) tai 6, 0,84, 0,91, 1,05, 1,14, 0,80 va 0,81, tuong
Umg voi 6 tin higu CH, tai cac vi tri 24, 25, 26, 27, 29 va
30 cua phan aglycone (bang 3). Proton olefin tai 5, 5,26
(1 H, t-like, H-12) khang dinh su c6 mat cua mdt lién ket
d6i tai vi tri 12 cua aglycone. Ngoai ra, tir dit liéu ctia phd
'"H-NMR trén vung aglycone con cho céc tin hiéu ctia nhom
oxymethine proton 8, 4,16 tai vi tri 3 va nhom chirc OH 6,
3,60 va 4,17 tai vi tri 23. Cac tin hiéu tr pho “C-NMR va
'H-NMR trén cho thay c6 su tring khép v6i phan tin hiéu
cua vung aglycone cia khung hederagenin trudc doé da duoc

(A) 300 29

.
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mo ta trén mot s hop chét saponin tach chiét tir mot s loai
thudc chi Weigela [1, 7]. Tin hi¢u downfield tai 5 83,5 (C-
3) va upfield tai 5. 178,0 (C-28) goi y vé cdu tric clia hop
chat WeFJ2210 c6 dang glycoside 2 mach duong.

Quan sat trén phd NMR 2 chiéu HSQC cho théy c6 3
proton xuét hién trén vung anomeric tai , 4,95 (d, J=7,0
Hz),4,82 (d,J=7,6 Hz), 6,15 (d,J=8,2 Hz) va 3 carbon tuong
ung tai 8. 107,7, 106,8 va 96,8. Tiép tuc nghién ctru trén cac
ph6é NMR 2 chiéu HMBC, COSY, TOCSY va ROESY, két
hop voi két qua thily phéan axit dua ra két luan vé su ¢
mit ciia 4 phan tir dudng gdm a-L-arabinopyranosyl (Ara),
B-D-xylopyranosyl (Xyl) va B-D-glucopyranosyl (Glc).
Céu hinh tuyét dbi cua cac phan tir duong duge xac dinh
1a D cho Glc va Xyl; L cho Ara bang phan tich GC. Gia tri
hing sb twong tac (J) giita 2 phan tir proton H-1 va H-2 ciia
phéan tr duwong Ara va Gle trong khoang 5,0-8,2 Hz xac dinh
dang o anomeric cho phan tu duong Ara va dang 3 anomeric
cho phan tir duong Xyl va Gle.

Chudi oligosaccharide ctia hop chat WeFJ2210 duoc
thiét 1ap dua trén phan tich phd NMR 2 chiéu HMBC va
ROESY. Cu thé, tuong tic HMBC giita 3, 4,95 (Ara H-1) va
9. 83,5 (algycone C-3); twong tac ROESY gitra 5, 4,95 (Ara
H-1) va 6, 4,17 (algycone H-3) xac dinh phan tr duong Ara
lién két vao vi tri C-3 cua phan aglycone. Tin hiéu upfiled
tai 6. 96,0 (Glc C-1) va 3. 178,8 (aglycone C-28) chimg
minh sy xuat hién cua mat lién ket ester gitra phan tir duong
Glc vao vi tri C-28 ctia phan aglycone [20]. Ngoai ra, trong
tac HMBC gitra 6, 4,82 (Xyl H-1) va . 70,2 (Glc C-6);
twong taic ROESY gitra 5, 4,82 (Xyl H-1) va 6, 4,25 (Glc
H-6) khang dinh phan t& duong Xyl lién két voi vi tri C-6
cua phan tir duong Glc.

(8)
— e Twong tac HMBC (

- Twong tac ROESY

Hinh 3. C4u tric héa hoc ctia hop chat WeFJ2210. (A) Cong thirc dwoc danh sé vi tri carbon; (B) Twong tac HMBC va ROESY.
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T nhimg dan ching trén thiét lap dugc cau
trac hoa hoc cua hop chat WeFJ2210 la 3-O-o-L-
arabinopyranosylhederagenin ~ 28-O-B-D-xylopyranosyl-
(1—6)-B-D-glucopyranosyl ester (hinh 3). Hop chit nay
duogc phan lap 1an dau tién tir phan than 1a cua loai Lonicera
Jjaponica [21].

Bang 3. Di¥ liéu phd 'H-NMR va *C-NMR ciia hop chat WeFJ2210.

Phén aglycone Phén dwong

Carbon 5 (ppm) o, (Hz) Carbon 5. (ppm) o, (Hz)

1 40,1 0,96 m, 1,50 m  Ara-1 107,7 4,95d(7,0)
2 27,2 1,94m,2,16m 2 74,1 4,38

3 83,5 4,17 3 75,7 4,08

4 44,7 - 4 70,8 4,22

5 48,8 1,59d (1,57) 5 68 i’gg daL,
6 19,6 1,27, 1,62 Xyl-1 106,8 4,82d (7,6)
7 34,0 1,60, 1,67 2 76,1 3,92

8 41,2 - 3 79,1 4,07

9 49,4 1,69 4 72,5 4,10

10 38,1 - 5 68,1 i;? d(10,0),
11 24,9 1,86, 1,97 Gle-1 96,8 6,15d(8,2)
12 1243 5,26 t-like 2 75,5 4,08

13 145,6 = 3 79,5 4,20

14 43,4 - 4 71,8 4,29

15 29,8 1,49, 1,98 5 79,0 4,03 m

16 24,7 1,96, 2,10 6 70,2 4,25, 4,60
17 47,6 —

18 43,1 3,11

19 47,5 1,14, 1,65

20 32,1 —

21 35,0 1,02m, 1,25m

22 33,6 1,75, 1,94

5 ess  26ddLD

24 14,8 0,84 s

25 17,4 091s

26 18,8 1,05s

27 27,3 1,14s

28 178,0 =

29 34,3 0,80 s

30 25,0 0,81s
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Nghién ciru vé danh gia hoat tinh sinh hoc ctia hop chat
WeFJ2210 trén dong té bao ung thu CT26, B16 va HepG2
cho thay, hop chit nay khong c6 hoat tinh gay doc trén cac
dong té bao ung thu néu trén. Nhém tac gia két luan rang,
su ester hoa tai vi tri C-28 va su xuit hién ctia nhém OH
tai vi tri C-3 cua phén aglycone dan téi su bat hoat cta
hoat tinh gdy doc trén 3 dong té bao ung thu CT26, B16
va HepG2 cua hop chit triterpenoid saponin c6 aglycone
dang hederagenin [11]. Nhan dinh nay duoc khiang dinh
boi nghién cuu cia S.C. Bang va cs (2005) [22] vé hoat
tinh gdy doc trén dong té bao ung thu A-549, SK-OV-3,
SK-MEL-2 va HCT15 cuia hop chét triterpenoid saponin
c6 aglycone dang hederagenin phan lap tu loai Pulsatilla
koreana. Tuy nhién, hop chét c6 phan algycone dang nay
1a Loniceroside A va Loniceroside C dugc phan lap tir chi
Lonicera cohoat tinh khang viém va khang khuan manh trén
vét phii né gay ra boi dau croton trén tai chudt [23]. Ngoai
ra, hoat tinh khang cac loai vi khuan gram dwong S. aureus,
S. epidermidis va gram am P. aeruginosa, E. colli,
E. cloacae, K. pneumoniae ciing dugc thé hién trén mot sb
hop chit saponin dang nay [24]. Do d6, cin tiép tuc nghién
ctru danh gia cac hoat tinh sinh hoc khac nhu khang viém,
khang khuan cia hop chiat WeFJ2210, tir d6 c6 két ludn
téng quan vé hoat tinh sinh hoc ctia hgp chit nay, gop phan
hoan thién phan loai hoa hoc thuc vat ddi voi cac loai thude

chi Weigela néi riéng va ho Caprifoliaceae ndi chung.
4. Két luan

Trong nghién ctru ndy, cao chiét tir phan 1a cia loai
W. florida (Bunge) A. DC chira cac nhom hop chat
flavonoid, tannin, terpenoid, triterpenoid saponin va khong
¢6 cac nhom hop chit glycoside tim, alkaloid va steroid.
Ham luong saponin toan phan trong cao chiét chiém ty 1&
2,66% (Wt%) so v6i mau tho ban dau. Hop chét triterpenoid
saponin ¢ phan algycone dang hederagenin da dugc phan
1ap va lam sang to cau trac hoa hoc. Hop chét nay da dugc
cong bd ¢6 nhiéu hoat tinh sinh hoc. Vi vay, can tiép tuc
nghién ctru dé 1am rd mdi lién quan gitra hoat tinh cua hgp
chét nay ciing nhu cac thanh phan hoa hoc khac cua loai
W. Florida (Bunge) A. DC nham giai thich trén co s& khoa

hoc kinh nghi¢m sur dung trong dan gian.
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Nguyén Ngoc Tii*, Nguyén Vin Thuwéng, Tran Xuin Thinh

Toi wu

SU

Trung tam Quang dién tir, Vién Ung dung Cong nghé, 25 Lé Thanh Téng, phiong Phan Chu Trinh, qudn Hoan Kiém, Ha Ngi, Viét Nam
Ngay nhan bai 8/10/2021; ngay chuyén phan bién 11/10/2021; ngay nhan phan bién 3/11/2021; ngay chap nhan ding 8/11/2021

Tém tit:

Cap nhat ban do ciia mdi truong thay ddi theo thoi gian la m{t thach thirc quan trong trong qua trinh hoat dong cia cac loai
robot di dong tw hanh (Autonomous mobile robots). Trong bai bao nay, cac tac gla de Xuét mjt glal phap méi daé cap nhat ban
do cuc b cia robot trong moi treomg dong theo thoi gian thwe. Phwong phap dé xuit duva trén sy két hop gitra dir liéu quét cia
LiDAR (Light detection and ranging) va thuit toan nhan dang, nhim muc dich phat hién, dinh vi cac vat thé méi xuat hién cho
phép robot cip nhat ban dd mét cach lién tuc. Dik liéu quét ciia LiDAR ciing mot khu vue tai cac thoi diém khac nhau dwoc so
sanh dé phat hién sw thay ddi; khi c6 dii s6 1an thay doi & cung mét vi tri, ban do sé tyw dong cip nhat nham loai bé cac dbi twong
cii hodic thém vao cac ddi twong méi. Nham toi wu viée cip nhét ban do, phwong phap nhan dang va dinh vi vt thé cho cac dbi
twong di chuyén dwoc sit dung dé quyét dinh doi twong nao sé dwoc thém vao ban do. Két qua thir nghiém dwoc hién thi trong

moi trweong md phéng cho thiy kha niing cip nhit ban dd trwée nhiing thay doi méi trudng trong thoi gian dai.

Tir khéa: bin db cuc bd, mdi trudng dong, phwong phap nhin dang vat thé, robot tw hanh.

Chi 56 phén logi: 2.2

1. Dét van dé

Pé diéu hudng ty dong cho qué trinh di chuyén, robot can cé
thong tin clia moi tm(‘mg hoat dong dudi dang mit cit clia kh()ng
gian theo hinh chiéu bang, duoc goi la ban d6 2D (bao gom cac
diém biéu didn chudng ngai vat, ving trong va vung khong xac
dinh). Khi méi truong ¢6 su thay doi, doi hoi ban do phai dugc xay
dung lai, viéc nay tiéu ton thoi gian, gdy anh huong 16n dén ning
sudt lam viéc cua robot. Vi véy, mot trong nhirmg muc tiéu cua
nghién ciru robot ty hanh 1a phat trién kha nang tur xdy dung va cap
nhat ban d6 lién tuc mdi khi méi truong co sy thay dbi.

Céc ban d6 dugc xdy dung bang dinh vi va xdy dyung ban db
dong thoi (SLAM - Simultaneous localization and mapping) cung
cép cho robot trong viéc ty dinh vi va lap ké hoach duong di, voi
diéu kién céc vét thé nim trong moi truong d6 khong thay doi vi tri
twong quan so vdi ban do duoc lap tur dau [1]. Trong thuc té, hiu
hét cac moi truong hoat d()ng cua robot trong nha may, nha kho,
van phong... ludn co thay doi gy ra boi su tham gia giao thong
ciia ngudi, xe van chuyén hang, gia dé hang... boi qua trinh hoat
dong ciia hé thong noi tai bén trong n6. Nhitng thay doi nay c thé
1a do déi twong ¢6 tinh dong nhu con ngudi hodc phuong tién di
chuyén, hay céc di twgng c6 tinh tinh nhu pallet, may moc, thiét
bi ¢6 dinh [2-4]. Viéc xem xét nhimg thay doi trong méi truong do
cac doi tuong co tinh dong hodc tinh co thé cai thién kha nang ty
dinh vi cua hé théng robot [4] va cai thién viéc ap ké hoach duong
di cia cac doi robot 16n [5] ciing nhu sy phdi hop ciia hé thong
nhiéu robot. Hién nay, mot s6 nghién ctru da duoc dua ra nhim
cap nhét ban d6 trong moi truong dong [6]. D. Sun va cs (2016) [7]
cai tién thudt toan SLAM dé co thé quét ban dd khi robot van dang
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hoat dong nhim tao mot ban dd méi. X. Hu va cs (2018) [8] su
dung két hop kha niing dinh vi ctia robot va thong tin méi trudng tir
thiét bi LIDAR [9] dé cap nhat ban do. Tuy nhién, céc tac gia ndy
chi sir dung dit liéu tir LIDAR dé cap nhat ban d6, din dén ban do
¢ thé s& cap nhat ca nhimg thay d6i tam thoi do vat chuyén dong
gy ra. Pé khic phuc han ché nay, nhom tic gia dé xuat mot giai
phap mdi la ngoai thong tin tir LIDAR, tich hop thém mdt camera
3D va thuat toan nhan dang vat thé [10] dé loai bo chmh xdc nhiing
thong tin tam thoi do cac vt thé dong gay ra, gitip ti wu hoa viéc
cap nhat ban do.

2. Phuang phap nghién ciu

Ban do ban dau ciia moi truong duoc xdy dung bang thuat toan
SLAM tiéu chuén, chi chira céc phan tinh ciia méi truong (tte la
céc burc tuong va cic cong trinh ldp dit ¢b dinh), ban dd nay duoc
goi 1 ban dd tinh. Nhimg thay d6i ciia méi truong duoc ghi nhan
boi cam bién LIDAR. Mot camera 3D va ph?m mém nhén dang aoi
tuong dugc su dung dé c6 thé quan sat va dinh vi vat thé dya trén
anh d6 sau. Céc thong tin tir LIDAR va camera 3D duoc két hop
str dung dé phat hién nhiing thay d6i trong méi truong so véi ban
6 tinh. Sau d6, robot bat dau xay dyng ban 6 tam thoi va sé dugce
cap nhat vao ban dd hién tai khi dat dii yéu cau. Hinh 1 mo ta so do
cua thuat toan dugc dé xuét.

l Théng tin I Dinh vi vat ———

— ° Ban do cap nhat i aa Ban do cap uhit FRPTURT
Ban do tinh laser am thit the dong tom thi — Ban do tinh moi
z Meemp Miemp Mupdete

N lan

Hinh 1. So’ d6 clia phwong phap nghién ctru dé xuét.
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Abstract:

Keeping maps up to date in a time-varying environment is
a big challenge in the development of autonomous mobile
robots. In this paper, the authors propose a new solution to
update the local map of the robot in a dynamic environment
in real time. This proposed method works based on a
combination of lidar scan data and object recognition and
positioning algorithms to allow the robot to update the
map continuously. Laser scan data for the same part of the
environment at different times are compared to perform
change detection. When there are enough changes in a
location, the map will be edited to remove old features or
add new features. To optimise updates for moving objects,
authors use object recognition and positioning to decide
which objects should be added to the map. The results
are displayed in a simulated environment, showing the
ability to maintain an up-to-date map despite long-term
environmental changes.

Keywords: autonomous robot, dynamic environment, local
map, object detection.

Classification number: 2.2

|
2.1. Ciip nht bin o tam thoi dua trén thong tin cim bién LiDAR

Trudce tién, ban do luoi va tin hi€u quét tur laser s€ dugc bicu
dién dudi dang ma tran. D¢ thuén tién cho viéc theo doi, thuat toan
quy udc nhu sau:

- Tai c4c vi tri c6 ton tai vat thé, gia tri diém anh trén ban do
bang 1.

- Tai cac vi tri tréng, gia tri diém anh trén ban do béng 0.

- Toa d6 ciia mot diém trong mdi trudng so voi cam bién
LiDAR ky hi¢u 1a p(x, y).

- Toa d6 ciia p(x, y) so v6i ban dd ky hiéu 1a P(X, Y).

Trong pham vi nghién ciru ndy, chung toi chi dé cap dén cap
nhat ban do cuc bg, do d6 chi cac thong tin quét nam trong pham
vi nho s€ dugc thu thap. Cu the, goc quét o s€ twong ung voi goc
rong (vung nhin thay) cia camera va khoang cach quét d s€ trong
pham vi ma camera van c6 thé nhan dang dugc doi tugng (hinh 2).
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Hinh 2. M6 hinh quét laser.

Trudc tién, tin hiéu quét tai goc 0 (vdi 6<a) tir laser s€ dugc
thu thap. Néu xuét hién vat can nam trong khoang gioi han d, tin
higu s& tra vé khoang cach d, tir vat toi cam bién. Tir d,va®,toa dd
cua diém duoc quét Pyar(® y) 50 voi cam bién duoc tlnh nhu sau:

x = dg X cos(0)

y = dg X sin(6) (0

Sau khi x4c dinh duoc toa do diém quét so v6i cam bién, ta
can chuyen d6i dé thu duoc toa do diém quét Py ¥) so v6iban
o dé co thé so sanh véi cac diém tuong (mg trén ban do, nho vao
thong tin chuyén vi. Hinh 3 minh hoa méi lién két giita cam bién
LiDAR va ban dd. Cac vector tinh tién 7' va quay R dugc cap nhat
lién tuc dé dam bao do chinh xac khi chuyén di toa do diém quét.

(A) (B)

Hinh 3. Méi lién hé giira ban dd, thong tin tir LIDAR va may anh
(A) va cac vector tinh tién, vector quay chuyén déi thong tin
gitra ban dé va LiDAR dwoc cap nhat lién tuc (B).

Tlep theo, ta tlen hanh kiém tra gia trj tai diém Pyap(X_Y) trén
ban d6. Tai ddy, néu 1Py (X, Y)=1, trong ban d0 d ton tai san diém
tai vi tri nay, ban do s& bo qua vi tri nay va khong cap nhat thém.
Nguoc lai, trong truong hop p, , (X, ¥)=0, tirc 1a khong tOn tai vét
can trude do, gia tri diém anh tai vi tri ndy s€ dugc cap nhat lén (1)
va dua vao ban do tam thoi (phwong trinh 2).

{Pgde(x Y) =1,
P, (X, Y) =0,

do nothing

_ 2
set Ppq,(X,Y) = 1.

Trong truong hop tin hidu tra vé cua laser cho thiy khong xuét
hién vat can trong khoang cach d, gia tri plxel taivitrip, (X Y)
trén ban do s& duoc kiém tra, twong tmg véi diém Pya(X ) s0 v6i
cam bién LiDAR. Néu DyapX ¥)=1, trén ban d tinh co vat thé tai
vi trf ndy trude d6. Didu nay c6 nghla 1 vat thé da timg ton tai &
vi tri d6 duge di doi sang vi tri khac, do vay laser khong con quét
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dugc tin hiéu tir vt thé nay nira. Lic nay, gia tri p pap (X 1) s€ duge
gan vé 0. Néu Pyae X ¥)=0, ban 6 khong c6 gi thay doi tai vi tri
nay (phuong trinh 3).

Pg,d(X, Y) =1,
Pg_d(X, Y) =0,

set Pyq,(X,Y) =0
do nothing

3)

Minh hoa céc diém va so do thudt toan dugc thé hién lan lugt &
hinh 4 va 5. Sau khi toan bo cac gi4 tri nam trong khoang gii han
goc quét va khoang cach quét da dugc cap nhat, ta thu dugc mot
ban do tam thoi moi dé st dung trong ndi dung tiép theo.

(A) (B)

Ban d6

Ban do

Lorapoagter)
Pg, dg ((X,V)

Hinh 4. Minh hoa diém quét tai géc 8 trong trwong hop c6 vat
can trong khoang gi¢i han d (A) va khéong cé vat can trong
khoang gi¢i han d (B).

Nhan tin hi¢u laser tai
Goc quét 8
Khoing cich dg

Ding
Ch\lyen
ing Pogs(.V) =1 | St | Pyg,(X¥)=1
= Poe (X ” Poas (X n :Zoula diém) (them did)

Chuyén

01
Po,a(xy) Pe,a(X,Y)

Poax1)=1 |Pine[ Py 1) =0 |

(cb ton i diém) (xta diém)

153, |

Hinh 5. So d6 phwong phap cap nhat ban dé tam thei dwa trén
thong tin cam bién LiDAR.

2.2. Nhin dang, dinh vi vit thé dong - tinh

Trong qué trinh di chuyén, d6i véi moi truong xuat hién cac
d6i twong chuyén dong lién tuc, robot s& gap phai cac vat can. Cic
vat can nay co thé xuat hién tam thoi roi bién mét duge goi la vat
can dong (nhu xe kéo, con nguoi) hodc xuat hién va duy tri trong
thoi gian dai duge goi la vat can tinh (nhu thung hang, may méc,
thiét bj méi). Céc vat can tinh s& anh huéng dén quy dao di chuyén
cua robot trong thoi gian lau dai, trong khi cac vat can dong chi
anh huong tai thoi diém tirc thoi. Do d6, robot can phan biét duoc
dau 1 vat can dong, du 1 vit can tinh lau dai dé c6 thé dua ra
quyét dinh cap nhat vio ban do.

Dé c6 thé nhan dang va dinh vi dugc vat thé trong thoi gian
thuc, cdn c6 mot mé hinh nhan dang két hop dugc hai yéu t6 nhanh
va chinh xdc. Hién nay, cic md hinh Al (tri tu¢ nhén tao) dang
duoc phat trién manh va ngay cang dap ing dugc yéu cau vé toc
do va d¢ chinh xéc, dugc s dung rong rai trong nhiéu | ung dung
nhu hé thong ty lai xe, video giam sat, tim nhin robot trong cong
nghiép. Trong nghién ctru nay, chung t6i da chon mo hinh YOLO
(You only look one) dé ap dung vao bai toan nhan dang vat thé bai
do chinh xéc cling nhu toc do xir Iy ctia m hinh nay.
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YOLO 1a mot m6 hinh mang tich chdp neuron c6 khd ning
nhan dang vat thé voi wu diém ndi troi 1a nhanh (100 fps khi st
dung voi GPU GTX Titan X), do chinh xac cao (Ién toi 93%)
[11]. Péu vao ctia md hinh 12 mot anh. M6 hinh s& nhan dang anh
d6 ¢6 d6i twong nao hay khong, sau d6 xac dinh toa do cua doi
tuong trong anh. Hién tai, phién ban YOLOv4 [11] day du cho
phép nhan dién hon 80 loai aoi tugng khac nhau. Néu can nhan
dién mot déi twong mai khong duoc hd trg boi YOLO, ching ta
can day may (training) lai. Trong pham vi nghién ctru nay, ching
to1 su dung mo hinh YOLOvV4 véi mang da duge hoc tir trude va
tich hop vao phan mém thu vién ROS (Robot operating system).

Tuy nhién, dAu ra ciia md hinh YOLO 14 toa do ctia ddi tugng
s0 voi truc toa do trong anh. Dé c6 thé chuyén doi gilta toa do cua
di twong trong anh ra toa d ctia ddi tuong trong ban do, ching i
két hop st dung anh d¢ sau thu dugc tir camera dé xac dinh khoang
cach tir ddi twong dén camera (hinh 6), sau d6 chuyén ddi ra toa
d6 ban do. Thong tin toa dg s€ dugc s dung dé két hop véi ban do
tam thoi thu duge tr ndi dung trude dé cap nhat thanh ban d6 méi
hoan thién. Noi dung chi tiét vé két hop thong tin dé cap nhat ban
dd s& duoc trinh bay ¢ phan sau.

(A) (B)

Hinh 6. Théng tin ctia anh nhan dang déi twong (A) sé dwoc chuyén
sang anh d6 sau (B) dé xac dinh toa do cua vat so véi robot.

3. Két qua va ban luan
3.1. Phuwong phdp, cong cu mé phong

Dé danh gia két qua cua phuong phap nay, ching toi tién hanh
mo phong trong chuong trinh Gazebo vdi robot Turtlebot (hinh
7A). LiDAR chung t6i st dung mo phong 1a LiDAR LDS-01,
v6i goc quét 360°, giéi han khoang cach quét tir 0,12 dén 3,5 m.
Camera d¢ sau dugc str dung trong nghién ctu nay la 3D Camera
Intel RealSense R200.

(A) (B)
9
s, F—

Hinh 7. Méi trwong ban dau (A) va ban db tinh (B) dworc tao twv
moi trwdng ban dau.
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Ban déu, mot ban do hoan chinh vé moi truong vai cac vat thé inh
dugc xy dyng bang Hector SLAM (hinh 7B). Céc thong s6 xay dyng
ban do duoc cai ddt nhu sau: P phan giai ban do 0,05 m, chu ky cap
nhat ban do 1a 2 's. Sau d6, mot md hinh ngwoi va mot mé hinh khoi
1ap phuong (lan Tuot dai dién cho vét thé dong va tinh) duoc dit vao
trong moi truong tinh ban dau (hinh 7A). Robot md phong Turtlebot
sé tién hanh thyc hién nhiém vu di t6i 2 diém cd dinh trén ban do,
trong d6 quy dao dwong di cua robot c6 di qua cdc vat thé da dat thém
vao. Gid tri cac th6ng s0 dugc cai dat trong thi nghiém nay nhu sau:

9
A

Khodang céch gioi han d=3 m, goc gidi han 0=60°, kich thudc ctra s6
MxM=5x35, diéu kién s lan thay doi dé cap nhat tai mot vi tri n=3.

3.2. Két qud mé phéng

Nhu duoc thé hién ¢ hinh 8, robot da phat hién va nhan dang duoc
con ngudi xuat hién trong méi trudong. Dua vao két qua nhan dang va
dinh vi nay, robot s& xir Iy dit liéu dé cap nhat vao ban dd. Hinh 9 cho
théy, mic du robot nhan duoc tin hiéu laser tir ca 2 vt thé, nhung chi
d6i twong tinh 1a md hinh khéi dugce cap nhat vao ban do, trong khi dbi
tuong con ngudi bi loai bo. Két qua cudi cng sau 3 1an di chuyén qua
céc vat thé, ban do ban dau da duge cap nhat (hinh 10).

Hinh 8. Két qua nhan dang va dinh vi con ngui.

Cip nhit —j

Hinh 9. Ban dé cap nhat tam thi trong khi robot dang di chuyén.
Thong tin laser tra vé bao gom ca thong tin cda vat the tinh va dong
nhwng ban dd chi cap nhat thang tin cta vat thé tinh.

A (8)

Hinh 10. Két qua cap nhat ban dd. (A) M6i truong thay dbi voi
vat thé tinh va dong (trong khoanh tron dd); (B) Ban dd cap nhat
chi bao gdm céc théng tin cla vat thé tinh, trong khi vat thé déng
khong dwoc cap nhat vao ban db.
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4. Két luan

Trong bai bao nay, nhom tac gia da gidi thiéu mot phuwong phap
méi nhdm t6i uu hoa cap nhat ban do cuc bd cho robot trong moi
truong co tinh bién dong cao nhu nha mdy, kho, xudng. Phuong
phdp ndy st dung thong tin quét tir cam bién LiDAR dé phat hién
nhitng d6i twong trong pham vi nhét dinh xung quanh robot, két
hop voi thudt toan nhan dang vt thé dé nhan dang va dinh vi cac
vit thé dong. Sau d6, thong tin quét tir cam bién va thong tin vé vat
thé s& dugc két hop dé cap nhat vao ban do. Két qua thi nghiém
trén moi trudng md phong cho thiy robot ¢6 kha ning cap nhat
ban d6 chinh xac, toi wu khi c6 thé loai bo dugc nhing thong tin
cua vt thé dong khong can thiét, gitp robot c6 thé hoat dong trong
thoi gian dai trong moi truong dong ma khong can xdy dung lai
ban do. Trong cac ndi dung nghién ctru tiép theo, chung t6i s& tiép
tuc thir nghiém kha néng cp nhit ban 6 trong moi truong thue té
aé €0 thé cai thién ciing nhu t6i wu hiéu qua ciia phuorng phap dé
xudt, huéng t6i tich hop giai phap vio cac san pham robot ty hanh
san ¢6 trong cong nghiép.

LO1 CAM ON

Nghién ctru nay dwoc thyc hién thong qua dé tai cap bo
“Nghién ciru phat trién robot ty hanh diéu huéng thong minh st
dung cong ngh¢ LiDAR”. Nhom tdc gid xin tran trong cam on.
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Nghién ctru ché tao vo chong chay & diéu kién nhiét d9 thap
cho thoi nhién liéu ballistit dung cho dong co hanh trinh

Nguyén Vin Hung, Tran Hiru Thanh*, Pham Vin Khuong, Poan Vin Di¢p, Nguyén Pirc Long
Vién Thuée phong Thudc né, Tong cuc Cong nghiép Quoc phong, 192 Pire Giang, phwong Thieong Thanh, qudn Long Bién, Ha Ngi, Viét Nam
Ngay nhan bai 9/11/2022; ngay chuyén phan bién 11/11/2022; ngay nhan phan bién 7/12/2022; ngiy chip nhan ding 9/12/2022

Tom tit:

Bio bao trinh bay két qua ché tao vo chong chay cho théi thude phéong 2 goc chira 3,5% dinitrotoluen trong thanh phan. H¢ dong
rin sir dung trén nén polymetylmetaacrylat va polyester khong no. Xac dinh ché d9 cong nghé ti wu: nhiét do dong rin 45-50°C,
thoi gian hoa rin 12-16 gio, ham lrgng dietylanilin 0,5-1,0%. Vit lidu sau déng rin c6 dic trung co tinh cao (4 bén kéo dén 16,2
MPa, do bén bam dinh vé chéng chay nhién li¢u dén 3,8 MPa). Két qua thir nghiém tinh va dbt trén gia tai Vién Thube phéng
Thubce nb, Tong cuc Cong nghiép Quoc phong dat yéu cau. Két qua nghién ctru 1a buée tién quan trong trong viée két hop Iy luan
khoa hoc va thue tién vio viée che tao v chong chay cho théi nhién li¢u ballistit ¢ nhi¢t do thap, bd sung vao cac cong nghé dang

co tai Viét Nam, dap wng yéu cu phat trién cong nghiép tén Iira trong thoi gian toi.

Tir khéa: muc tiéu bay, théi nhién liéu ballistit, vo ch("')ng chay.

Chi 56 phén logi: 2.3

1. Mé dau

Hién nay, trong trang bi quan di nhiéu nudc trén thé gisi
nhu Nga, My, Trung Quéc.. - dang duoc bién ché mot sb tén
Itra dan dao co the gdy nguy hiém trong chién lugc phong
thi ctia nhiéu quoc gia. Do d6, viéc huan luyén cho bo doi
phong khong san sang Umg pho vdoi nhiing nguy co nay la
noi dung hét sirc quan trong. Mot trong nhitng phuong an
quan trong nham huén luyén cho bd d6i 1a tao ra diéu kién
sat voi thuc té chién dau, sir dung hé muc tiéu dac biét - muc
tiéu bay (MTB) [1].

Trén thé gidi, cac MTB duogc nhidu quéc gia co nén cong
nghiép tén lira phat trién (Nga My, Trung Qudc.. .) nghién
ctru, ché tao. Cac MTB chu yéu dé mo phong chuyen dong
cua muc tiéu trén khong, phuc vu huén luyén, dién tap, bén
thir nghiém tén lira, Iam co s& dénh gi4 hiéu qua chién du
ctia hé théng vii khi va tén lira phong khong, tén lira hang
khong c6 diéu khién “khong dbi khong”, ciing nhu huan
luyén chién dau cua phi cong. Dé dat duge muyc tiéu nay
doi hoi md phong cac dic trung vé do cao, toc do, duong
chuyén dong cua cac cudc tin cong trén khong. Mo hinh

)

< | =
-

Hinh 1. M& hinh MTB. 1: chdp gié; 2: khoang thiét bj; 3: dong co
hanh trinh nhién liéu ran; 4: cum canh lai.

chung cia MTB gém 4 phan chinh: chép gi6, khoang

thiét bi, dong co hanh trinh nhién li¢u ran va cum canh lai
(hinh 1) [1].

“Tac gia lién h¢: Email: huuthanh. IPE@gmail.com
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Dong co hanh trinh (3) thudng sir dung thoi nhién liéu rin
ballistit duoc boc 16p vo chdng chay nhim dam bao MTB bay
voi vén tbe theo thiét ké trong thoi gian dai (>25 gidy). Cac
thong s6 cua thoi nhién liéu duge xac dinh boi ban chat cia
nhién li¢u va cac yéu cau doi véi mdi loai dong co: thoi gian
hoat dong, ap suit trong dong co, lyc day thiét ké [2].

Dé dam bao cac yéu cau nay, viéc nghién ciru, ché tao 16p
pht chdng chay cho thoi nhién lidu ballistit 1a van dé hét sirc
quan trong. L6p phu nay két hop véi hinh dang lleu phong sé
dam bao mot quy luat sinh khi theo yéu cau trong sudt qué trinh
lam vi¢c ctia dong co nhién li¢u ran. Thong thuong nguoi ta
st dung cac loai vt li¢u composite trén nén polime dac chung
[2,3].

Trén thé gi01, viéc nghién ctru co ché hoat dong cta vat liu
chdng chay n6i chung, vat liéu chdng chay dung cho nhién lidu
tén Itra néi riéng da dugc thuc hién tur lau. Tuy nhién, do yéu
t6 bi mat viéc cong b cu thé thanh phé"m, cong ngh¢ ché tao vo
chdng chéy con rat han ché.

O Viét Nam, Vién Thudc phong Thude nd, Téng cuc Cong
nghiép Qudc phong va Vién Hoa hoc Vit liéu, Vién Khoa hoc
va Cong nghé Quén sy dd nghién ciru, ché tao thanh cong mot
s loai vat liéu chong chay ding cho nhién liéu rin hdn hop va
ballistit [3, 4]. Tuy nhién, ddi voi 16p phu chdng chay nhién
liéu tén Itra ballistit dung cho dong co hanh trinh (c6 thoi gian
hoat dong >25 gidy), str dung cdng ngh¢ trong nude chua dugc
nghién ctru va cong b rong rai.

Thong thuong, dé phii chong chiy cho thoi nhién li¢u
ballistit sir dung phwong phap rét hdn hop chat chdng chay,
hoa rén & nhiét do cao (70-90°C). Thuc hién cong doan nay

34
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Research and development of a fireproof
coating under low-temperature conditions

for ballistite fuel for a main rocket engine

Van Hung Nguyen, Huu Thanh Tran®,
Van Khuong Pham, Van Diep Doan, Duc Long Nguyen

Institute of Propellants and Explosives, General Department of Defense Industry,
192 Duc Giang Street, Thuong Thanh Ward, Long Bien District, Hanoi, Vietham
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Abstract:

This paper presents the results of manufacturing
an inhibitor layer for double-base propellant grain,
with 3.5% dinitrotoluene. Curing system based on
polybutylmetaacrylate and wunsaturated polyester.
Optimal technology parameters: curing temperature
45-50°C, curing time is 12-16 hours, diethylaniline
content 0.5-1%. The post-curing material has high
mechanical properties (tensile strength up to 16.2 MPa,
fuel adhesion strength - flame retardant shell up to 3.8
MPa). Static and burning testing results at the Institute
of Propellants and Explosives, General Department of
Defence Industry meet the requirements. The research
results are an important step forward in combining
scientific theory and practice in manufacturing fireproof
shells for ballistite fuel ingots at low temperature,
supplementing existing technologies in Vietnam, and
meeting the requirements of rocket industry development
in the coming time.

Keywords: ballistite fuel, fireproof coating, flying targets.
Classification number: 2.3

& thoi gian dai dé dan dén su thoat nitroglixerin ra ngoai, gy
thay doi tinh chat, 6 an dinh hoa hoc, do dong nhat cta thoi
nhién liéu; khién bién dang thoi nhién liéu trong va sau khi phu
chdng chay, dong thoi c6 thé giy mét an toan trong qué trinh
thuc hién cong doan phu chéng chay. Pac biét, vdi cac thoi
nhién liéu ma trong thanh phin c6 chtra lugng 16n chit hoa
déo phu (dinitrotoluen va dibutylphtalat) thi viéc nghién ctru
phuong phap phu chdng chay cho thoi nhién lidu ballisitit &
nhiét do thip (<50°C) cang dong vai trd cp thiét.

2. D6 tuong va phuong phap nghién ciiu
2.1. Déi twong

Thoi nhién liéu tén lira ballistit: Loai nhién liéu Ia ballistit,
nhiét lugng chay 1020 Cal/g, thé tich khi 880 ml/ g, matdo 1,67
g/cm?, ham lugng dinitrotoluen 3,5%. Théi nhién li¢u nay duoc
pht 16p chdng chay day 2+0,5 mm, dwoc lip vao dong co hanh
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trinh MTB mét loa phut, budng d6t dang hinh try (duong kinh
trong 63,172 mm, chiéu dai 550" mm).

Vit liéu phii chong chay:

- Hoa chit butylmethacrylat (BMA): Chét 10ng trong sudt,
khong méu,’ ham lugng ghét chinh 99,3%, chi s0 axit 0,2 mg
KOH/g, xuat xa Han Quoc.

- Polybutylmethacrylat (PBMA): Dang hat cau, trong
sudt, ham lugng nuéce 0,4%, chi s6 axit 0,55 mg KOH/g, d6
nhét trong ddi cua dung dich 1% polyme trong toluen 1,72%,
ham lugng monomer trong polyme 0,3%, xuat xtr Vién Thube
phong Thude nd.

- Polyeste khong no: Mac ITH-609-21M, chit long trong
sudt, mau nau nhat, khoi luong riéng & 23°C 1a 1,175 g/ml, do
nhdt trén thiét bi VZ246 28 gidy, thoi gian gel hoa 120 giay,
xuét xtt Vién Thude phong Thude nd.

- Bot mica: Bot mm, mau xam, ¢d hat trung binh 25 um, d
pH nudce chiét 6-8, xuat xtr My.

- Peroxit belzoil: Dang bot mau tring, ham luong chat
chiph 98,9%, ham lugng nudc 0,3%, ham lugng Clo 0,21%,
xuat xtr Nga.

- N,N-dietylanilin (DEA): Chat 16ng trong sudt, mau vang
nhat, ham lugng chat chinh 99,5%, hém lugng nude 0,2%, khoi
lugng riéng ¢ 20°C 1a 0,939 g/ml, xuat xr Nga.

Trang thiét bi, dung cu ché tao vit lidu chéng chay:

May tron chan khong: Thé tich buéng tron 3 1, nhiét do gia
nhiét 20-90°C, d6 chan khong khong 16n hon 5 mm Hg, toc do
truc khudy 5-60 vong/phut, téc do canh khudy 15-300 vong/
phut. Thiét b gia nhiét hoa ran chuyén dung: nhiét do gia nhiét
40-90°C, d6 léch nhiét do tai cac vi tri £2°C. So' dd quy trinh
ché tao hdn hop phu chdng chiy duge mo ti ¢ hinh 2.

lugng luong
PBMA i .
mea Phat chéng chay
\ / thoi nhién ligu
Tron PBMA, )
bot mica - -
Tron 4 thanh Hon hop chat
A 9 A 3
phan chong chay
Tron BMA, / T
peroxit belzoil
Tron Polyeste,
/ '\ dietylanilin
Pinh Dinh lugng / \
lugng peroxit Dinh lugng Dinh lugng
BMA belzoil polyeste dietylanilin

Hinh 2. So’ dé quy trinh ché tao vé chéng chay cho nhién liéu
ballistit.

Hdn hop polyme - chat don thu duoc bang phuong phap
tron PBMA va bot miﬂca theo ty lé~1 :1, thoi ‘gian IQ-4O phut
o nhiét do 80-90°C dé thu dugc hon hop dong nhat, sau do



lam ngudi dén 20°C. Str dung méy khudy chan khong hoa
tan hoan toan peroxit bang BMA trudc khi tron cung voi
hdn hop polyme - chat don trong thoi gian 100-120 phut.
Sau khi thu dugc hon hop dong nhat, cho polyeste khong no
ITH-609-21M va chét xuc tién hoa rén vao tiép tuc tron, do
chan khong p<10 mm Hg, trong thoi gian 10-20 phiit. Hon
hop tao thanh dugc st dung dé phii chdng chay cho thoi
nhién liéu ballistit bing phwong phap rot. Nhiét do hoa rin
lya chon 1a 45-50°C, thoi gian hoa ran 10-20 gi0. Cong doan
hoéa rén duge thue hién trén thiét bi gia nhiét do Vién Thubc
phong Thude nd ché tao.

2.2. Phwong phap nghién ciru
- Nghién ctru Iya chon thanh phan hdn hop chdng chay.

- bg phan tan ddng déu chit don chdng chay bang kinh
hién vi dién tir.
- Nghién ctru toi wu hoa thoi gian hoa rin hdn hop chdng
chay bang cach danh gia do bén vo chong chay va dinh
nhién li¢u - vo chong chay.

- Kiém tra sy bong tach nhién liéu - vo chdng chay bang
thiét bi chup X-quang New oriental 1000 CA.

- D0 bén co 1y vo chong chéy, do bam dinh cua nhién ligu
- v6 chong chay dugc xac dinh trén thiét bi kéo van nang
0 nhiét d6 bao 6n 20°C, theo ti€u chuan TCVN 7121:2014.

- Hiéu qua chdng chay dugc danh gia bang phuong phap
d6t thir nghiém dong co trén gia tai truong thir Vién Thubc
phong Thude nd, Tong cuc Cong nghiép Qudc phong. Cac
thoi nhién liéu trudce khi thir nghiém dugc bao 6n ¢ cac nhiét
do xac dinh trong khoang -10-50°C trong thoi gian khong
nho hon 18 gio.

3. Két qua va ban luan

3.1. Nghién cviru anh huwong cua thoi gian tron dén tinh
chat ciia vat liéu

Tinh chét co - 1y cua vat liéu phu thudc nhiéu vao do
phan tan cia cac thanh phan trong nd. Mt khéc, hiéu tng
chiu nhiét - x6i mon cua vo chdng chay dung cho nhién
ligu ballistit st dung chat don mica dugc bao dam khi chét
don nay phan tan déu trén toan bo thé tich vat lidu, cach
nhiét khoi tac dong ctia dong khi néng dén 16p nhién liéu.
Dé nghién ctru anh hudng ctia thoi gian tron dén tinh chat
vat liéu, cac mau vat liéu chéng chay duoc ché tao trén nén
polyme - chét don trong thoi gian 10 (miu 1), 20 (miu 2),
30 (mau 3) va 40 phut (mau 4).

Trén co so két qua quan sat vat liéu chdng chay sau hoa
ran trén kinh hién vi dién t& thu duoc cho thrfly, thoi gian
tron PBMA va bt mica anh hudng nhiéu dén chat luong
vat liéu. Thoi gian tron polime - chit don dé dam bao do
ddng nhét khong dudi 30 phut (mau 3, 4, hinh 3C va 3D).
Hién tuong phan tan khong déu trong vat liu xay ra trong
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truong hop thoi gian tron vao khoang 10-20 phut c6 thé
dugc giai thich bdi lién két co - hoa ctia polime - chat don
kém dan dén sy sa ling cua polime - chit don trong thanh
phan vo chbng chay trong qua trinh héa rén (mau 1, 2, hinh
3A va 3B).

(A) (B)

(D)

Hinh 3. Anh quan sat vat liéu chéng chay trén kinh hién vi dién
tte. Thoi gian trén polymer - chat don 1a 10 (A), 20 (B), 30 (C) va
40 (D) pht.

Két qua kiém tra d6 bén co 1y cac mau vat liéu cho théy,
mau vat lidu sir dung PBMA va bot mica thoi gian 30 phut
cho két qua tot nhat. Viéc ting thoi gian tron 1én 40 phut
lam giam d¢ bén kéo va do gian dai cua vat liéu (hinh 4).
Nguyén nhan cé thé do dudi tac dong co hoc ¢ nhiét d6 cao
(80-90°C) khi tron trong thoi gian dai gdy ra hién tuong suy
thoai polyme.

— F35
15 /
F 30
) x— s
: ~ - D0 gidn dii (¢)
59 20
b . ¢ —k D) bénkéo (o)
6
F 10
3
-5
0 0

0 10 20 30 40 50
Thoi gian trn (phut)

Hinh 4. Anh hwéng cla thei gian trén PBMA va bat mica dén
tinh chét co ly ctia vé chéng chay.
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3.2. Nghién citu cong nghé héa rin

Trén co s& phén tich cac nhuoc diém cia phuong phép
hoa rin thong thudng ¢ nhiét d6 cao (dd dwoc nghién ctru,
st dung dé pha chéng chay cho cac thoi nhién liéu sinh khi
¢6 kich thudc nho trong binh tich ap) c6 thé thiy, phuong
phap nay khong hiéu qua ddi véi nhitng thoi nhién lidu co
khéi lwong, kich thudce 16n (do bi bién dang trong qué trinh
hoa rin) va chira ham luong dinitrotoluen 16n. Chat hoa
déo phu dinitrotoluen c¢6 thé 1a nguyén nhan gy ra hién
tuong bong hodc khong hoa rin mot phan bé mat tiép xtc
v6 chéng chay - nhién liéu [5]. Viéc nghién ctru ra phuong
phap phu chdng chay & nhiét d6 thap gitp giai quyét nhimng
ton tai clia viée phii bang phuong phép trén.

Nhiét 6 hoa rén lwa chon 13 45-50°C (thip hon nhiét do
nong chay cta dinitrotoluen 54-71°C) nham giam nhiét do
hoa ran hén hop can dua vao trong hdn hop DEA - thanh
phéin thuong dugc st dung trong viéc ché tao cac polieste
chat c6 vai tro xtc tién [6, 7].

Dé nghién ctru anh hudng ciia DEA dén thoi gian dong
ran & nhiét d lua chon va tinh chit co 1y cta vat li¢u, chiing
t6i str dung hdn hop poliyme - chat don dwoc t6i wu hoa &
trén, ché tao 4 mau vat liéu st dung ham lugng DEA 0-3%.
Két qua danh gia cho thay, vai tro xtc tién dong ran cua
DEA thé hién trong hdn hop chdng chay. O nhiét do 50°C,
hién twong hoa rin khong hoan toan xay ra & mau M1 (do
bén kéo dut thip - 8,6 MPa, d6 gidn dai 16n - 50%) (bang 1).
Khi sir dung DEA ham lugng cao (3%) d6 bén kéo mau M4
khong ting, thoi gian hoa ran giam, tuy nhién thoi gian séng
cua vat liéu thép (0,5 gio), d6 nhot cua vat li€u ting nhanh
theo thoi gian, khong dam bao yéu t6 cong nghé dé phu
chéng chay bang phuong phap duc rot. Mau M2 va M3 ¢6
ham luong DEA 0,5-1%, dam béao tot vé yéu té cong nghé
ché tao vat lidu phu chdng chay.

Bang 1. Anh hwéng cuia DEA dén tinh chat vat liéu chéng chay.

A em e e A
Kyhit Himlwng Thbigian  Dpbinkéo Dogian  Thoigiansong
méu DEA(%)  héarin(giv) dut(Mpa) Gaden O nhigtdpaSC
dirt (%) (giv)

Ml 0 - 8,6 50 5

M2 05 16 162 35 25

M3 1 12 158 33 15

M4 2 6 138 20 05

JHOAHOC . -

3.3. Nghién cuwru kha nang bam dinh vo chﬁ'ng chay -
nhién liéu

Do bam dinh vo chéng chay - nhién liéu 1a mot yéu tb
quan trong trong viéc ddm bao hoat dong hi€u qua cta thdi
nhién liéu rin. Ching t6i st dung thanh phan M2 va M3
dé danh gia kha ning bam dinh v chng chay - nhién liéu.

Két qua chup X-quang cho théy, thanh phan boc chéng
chay tuong d6i dong nhét, bam déu 1én toan bo bé mit nhién
liéu duoc pha (hinh 5). Piéu nay c6 thé duoc giai thich do
thanh phan hdn hop chéng chay hoa tan mét phan nhién
liéu bén ngoai bé mit, sau do dong ran 1én bé mat nhién
liéu. Thanh ph?m dinitrotoluen trong nhién li€u chua bi thoat
khoi bé mat nén chat lwong dong rin cua vo chdng chay
dam bao.

Hinh 5. Két qua chup X-quang théi nhién liéu sau khi pha
chéng chay.

Két qua do d6 bén bam dinh & bang 2 cho thiy vo chéng
chay bam tdt trén bé mt nhién liéu.

Bang 2. Két qua danh gia doé bén bam dinh vé chéng chay -
nhién liéu.

Kyhieu  HamlugngDEA  Thoi gian hoarin D bén bam dinh vo chong chay
miu (%) (gio) - nhién li¢u (Mpa)

M2 05 16 32

M3 1 12 38

3.4. Thir nghiém dot trén gid théi nhién liéu

Tai truong thtr, Vién Thudc phong Thude nd da thir
nghiém danh gid vo chong chay thoi nhién liéu véi thanh
phan va cong nghé dwoc tdi wu hoa theo cic muc nghién
ctru néu trén. Vo chdng chay dam bao cho thoi nhién lidu
hanh trinh hoat dong trong thoi gian dai va duy tri quy luat
chay cua thoi nhién lidu, dap Gmg yéu cau thiét ké cia dong
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co hanh trinh MTB (hinh 6). Théi nhién li€u da dugc thir
nghiém dam bao hoat dong 6n dinh & dai nhiét do -10-50°C.
Pay 1a co so quan trong dé phu chong chay cho cac thoi
nhién liéu dung cho MTB va cac thoi nhién liéu hanh trinh
ballistit khac.

(A) -
+ 4
&
-~ 5
=
&
S 4
E 5
2
o
< 2 |
4
[+]
o 5 10 15 20 25 30
Thoi gian (S)
(B)

()
bar
800

at \

200

Hinh 6. Két qua dét thir nghiém trén gia danh gia chat lwong
v6 chéng chay. (A) Do thj &p suét/thoi gian tinh toan; (B) Anh chup
hoat dong clia déng co; (C) Do thi ap suat/thdi gian thtr nghiém
thuce té.
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4. Két luan

Trén co so két hop 1y thuyét va thuc nghiém, Vién Thude
phong Thude nd da tdi wu hoa thanh phan, cong nghé ché
tao vo chéng chay ¢ nhiét d6 thip (45-50°C) trén nén PBMA
sir dung cho cho théi nhién liéu dung cho MTB. Két qua
kiém tra va danh gia tinh cho th?iy, vat liéu c6 co tinh cao
(d6 bén kéo dén 16,2 MPa, do bén bam dinh nhién liéu - vo
chdng chay dén 3,8 MPa) va thir nghiém d6t trén gia thoi
nhién liéu ballistit cho két qua dat yéu cau. Két qua 1a budc
tién quan trong trong viéc két hop 1y luan khoa hoc va thuc
tién trong viéc ché tao vo chong chay cho thoi nhién liu
ballistit, bd sung vao cac cong nghé dang co tai Viét Nam,
dap tmg yéu cau phat trién cong nghiép tén Iira trong thoi
gian toi.
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Nghién ciru ddc tinh van hanh djng co tua bin phan lye mt true
¢0 buong dot tang lwe AL-21F

Nguyén Lé Thanh", Nguyén Quéc Quan2, Nguyén Ha Hi¢p>

"Trueong Sy quan Khong qudn, duong Biét Thy, phuong Tan Ldp, TP Nha Trang, tinh Khanh Hoa, Viét Nam
’Hoc vién Ky thudt Quadn su, 236 Hoang Quéc Viét, phuong Cé Nhué 1, qudn Bdc Tir Liém, Ha Noi, Viét Nam

Ngay nhan bai 8/7/2022; ngay chuyén phan bién 11/7/2022; ngay nhan phan bién 1/8/2022; ngay chap nhan ding 5/8/2022

Tém tit:

Dong co tua bin phan lyc mét truc, mot luong, co buong daot tang luc AL-21F dugc st dung trén may bay chién diu
da lau, nhung & nwdéc ta cé it cac nghlen ciru vé dong co nay Bal bao tlep can tir ly thuyet hiéu chinh theo thuyet
minh ky thuat va thye té khai thac, két hop sir dung cac phan mém chuyén dung (Gasturb, GSP) dé tinh toan cac
thong so dgng co theo dic tinh toc d9, d cao va tiét lvu. Két qua thu dwgc cho thay, khi toc d9 bay ting Ién thi suit
tiéu hao nhién liéu ting lén tuyen tinh, trong khi luc day ciia dong co lic dau glam xuong va dat gia tri nhé nhit tai
M=0,3+0,5, sau do ting cho t6i gidi han toc d9. Khi ting dd cao, cac dic tinh toc do va tiét luu giir nguyén quy luit,
Iwe day giam xuong ciing nhw suit tiéu hao nhlen liéu tang l1én. Khi tang toc do quay roé to, luc day ting lén tuyen
tinh nhung suit tiéu hao nhién liéu giam dan va gan nhuw giir nguyen 6 vong quay trén 85%. Két qua tinh toan phu
hop voi khoang giéi han vin hanh thue té, cho phép hiéu sau vé qua trinh khai thac dong co' AL-21F néi riéng va
dong co tua bin phan lwe néi chung.

Tir khéa: dic tinh téc d9, dong co AL-21F, Gasturb, GSP, tiét Iuru.
Chi s6 phdn loai: 2.3

1. Mé dau nén thip ap va cao ap cép khi nén theo 2 ludng khac nhau
R . . an . , . t6i budng dbt va budng tron (khong ting luc) roi gdp chun

bong co AL-21F 1a loai dong co tua bin phan lyc c6 ) g ) | gd; "(l" g hg ; i hg'P " g
N . A 2 S A e ua mién un tao luc day. Trong tinh toan 1y thuyét chi co
buong dot tang luc va miéng phun di€u chinh ¢ moi ché do, q, i g}) o 4 ‘L g ) .y } yA
A , S Y P cac tham s0 nhiét dong ¢ ché do tinh toan tai mat dat (H=0)
duogc lap trén may bay chién dau siéu am d¢ tao lyc day can hay i the 46 (M<D). ah ih N b d
. o L = o, co su thay doi toc dd (M<1), nhun on an tich dac
thiét. Tuy nhién, ¢ Viét Nam c6 khong nhiéu nghién ctru =~ 7, }i A N (_; ) g & ? \ )
N o A . tinh toc d9, dd cao va tiét luu. Ngoai ra, phan mém dugc
ve ddc tinh van hanh cuia dong co AL-21F phuc vu cho qua . . ] o N
. o o, st dung la ASTRA ctia Nga [2], chi cho két qua riéng phan
trinh khai thac cling nhu trong nghién ctru khoa hoc. N o o \ L ,
buong dot ma khong cé cac thanh phan khac cling nhu cua
Cac ddc tinh van hanh chinh cua dong co phan lyc bao ¢4 dong co.
g@)m tdc do, do cao va tiét luu, 1a cac thong tin quan trong N o o P . P
. oz o o o P Ngoai phuong phap tinh toan 1y thuyét, trén thé gidi
hang dau dé di€u khién dong co. Pac tinh toc dg, do cao s N < o, R P R
g x . N L o . ¢6 nhi€u phan mém tinh toan cac thong s6 nhiét dong, mo
biéu dién sy thay doi cac thong so chinh cua dong co vao . g oan. R B . R
S T o s phéng su bién doi cac thong so trong qua van hanh dong co.
dicu kién bay (van toc va do cao - nhiét do, ap suat va d6 am N L, ) o N . L
Phan mém tinh todn, mdé phdng dong co tua bin khi hang

dau hién nay co thé ké toi nhu Gasturb (Dic), GSP (Trung
tam Hang khong Vi tru Ha Lan), NPSS (NASA, M¥)... Mot
béo céo tong quan ciia TH chirc nghién ctru va cong nghé
RTO (khéi NATO) vé linh vyc md phong dong co tua bin

moi truong) tai mdi chuong trinh diéu khién dong co. Pic
tinh tiét luu 12 sy phu thudc céc thong s6 chinh cta dong co
(luc day, suat tidu hao nhién liéu...) vao cac thong s ché do
lam viéc (vi du tdc do quay 16 to).

Nghién ctru trong nudc c6 thé ké t6i cong trinh cua B.V.
Thuong (2016)[1], tac gia da xay dung dic tinh cac thanh phan
dong co dua trén cac thong s hinh hoc bang phuong phap 1y
thuyét va mo phong CFD (Computational fluid dynamics).
Mau dong co R95STM-300 véi két cdu 1 truc nhung 2 may

*Tac gia lién hé: Email: thanhmbdc@gmail.com
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khi [3] ciing cho thiy su quan tdm rat 16n cta cac nude tién
tién. Nhiéu phan mém chuyén dung déu c6 thé tinh toan tat
ca cac loai dong co, thong sb thiét ké hay dac tinh van hanh,
t6i wu hoa thiét ké, didu khién, chan doan, phan tich kiém tra
két hop cac thong s6 do dugc.
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Abstract:

The single-spool, single-thread, turbojet engine with
afterburner AL-21F has been used on fighter aircraft for a
long time, but there are few studies on this engine in Vietnam.
This article uses the theoretical approach, calibrates according
to the technical description and actual operation, combined
with specialised software such as GasTurb and GSP to
calculate engine thermodynamic parameters in some actual
flight conditions. The obtained results showed that, when the
flight speed increases, the specific fuel consumption increases
linearly, while the initial engine thrust decreases and reaches
the minimum value at M=0.3+0.5, then continue to increase
and reach the maximum at the speed limit. When increasing
the height, the speed and regulating spool speed of the engine
remain the same, the engine thrust decreases as well as the
specific fuel consumption increases. When increasing the rotor
rotation speed, the engine thrust increases linearly but the
specific fuel consumption decreases gradually and remains
almost the same at engine rpm above 85%. The results allowed
for a better understanding of the operating process of the AL-
21F engine in particular and turbojet engines in general or
used to build simulation models operating close to reality.

Keywords: engine AL-21F, Gasturb, GSP, off-design regime,
operating characteristics.

Classiﬁcation number: 2.3

Bai b4o nay trinh bay két qua nghién ciru bang phwong
phap tinh toan 1y thuyét va img dung cac phin mém chuyén
dung (Gasturb, GSP) d& mé hinh hoa va mé phong dong co
AL-21F trong cac diéu kién van hanh khi c6 budng dt ting
lyc va khong tang luc.

2. Cau tnic ¢o han ciia dong co tua bin phan luc AL-21F

Pong co tua bin phan luc AL-21F (hinh 1) bao gf”)m 5
thanh phan chinh: may nén, budng ddt chinh, tua bin, budng
d6t tang lyc va miéng phun phan luc. Nguyén 1y lam viéc
nhu sau:
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- R6 to may nén, r6 to tua bin kéo quay, hut khi vao may
nén, sau d6 cap khi vao budng dot chinh. Trong budng dot
chinh dién ra qua trinh chay lién tuc.

- Ludng khi chay c6 nhiét d6 cao, thdi tir budng dbt chinh
vao tua bin - hip thy mot phan dang ké ning luong. Cong
ma tua bin nhan dugc duoc dung dé kéo quay may nén va
truyén cho cac may bo trg.

- Sau tua bin ludng khi chay, c6 ap suét 16n, théi vao
buong dot tang lyc va thoat ra khoi miéng phun voi toc do
vuot rat nhi€u so véi toc d khi vao dong co.

- Budng d6t tang lyc nam giita tua bin va miéng phun.
Khi bat ting lyc, nhién lidu cdp vao budng ddt ting luc,
chay bang 6xy co trong hdn hop khi chay sau khi ra khoi
tua bin. Khi d6 nhiét do trudc miéng phun tang 1én, lam
tang toc do dong khi khi ra khoi miéng phun va ting luc
day dong co.

Hinh 1. BPong co tua bin phan lwc AL-21F.

Tinh toan déc tinh van hanh cia déng co AL-21F
Tinh todn cdc thong sé vin hanh dong co theo Iy thuyét
Céc thong s s dung tinh toan (¢ ché do dinh mic)
dugc trinh bay ¢ bang 1.

Bang 1. Cac théng sé diu vao dé tinh toan cia déng co
AL-21F.

Théng s6 Gia tri
Nhiét ¢ moi truong tiéu chuin (K) T,=288
Ap sudt méi truong tidu chuén (Pa) p,=101.325
Ty s6 nén may nén n=14,5
Luong khi 16n nhit qua dong co (kg/s) G, =104
Ty s6 giam ap diu vao dong co p,/p,=0,99
Nhiét d sau budng dét (K) 1370
Hiéu Sult buﬁ”mg ddt 0,99

Hiéu suét tua bin 0,85

Hiéu suit may nén 0,85

Hiéu suét co gidi 0,99

Nhiét tri riéng (MJ/kg) 43

Nhiét d¢ sau tua bin (K) 1003-1043
Luc ddy & vong quay max (kG) 7800 (76,5 kN)
Suét tiéu hao nhién liéu (kg/kG.h) 0,88
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Céc cong thuc sir dung dé tinh toan tham khéo theo tai
lidu [4-8].

Nhiét do va ap suat moi truong: T, p,

Tai mat cét trude dong co:

-Ap suét toe‘mphﬁn: pu=puyx(1+02x MZ)% (1)
- Nhiét d¢ toan phan: T; = Ty x (1 + 0,2 x M?) )
Tai mit cét trudc may nén:

- Ap suét toan phén: p; = Ppi; X Orpy (3)
- Nhiét do toan phan: T; =Ty &)

Cong kéo quay may nén:

k-1
Lszfk1 x R x Tf x <—("") < 1> (5)

Nk
Vi T, Ny 1a ty sO nén va hiéu suat cua may nén.

Tai mat cét trude buf)ng ddt chinh:

- Ap suat toan phan: p; =p; X g (6)
- Nhiét d6 toan phin: T; = Ty + X (7)
m)(

Tai mit cit trudce tua bin:
- Ap suit toan phan: p3 = p5 X opp (®)
- Nhiét d6 toan phan: T; = 1370 K

Cong kéo quay tua bin:
_ Lk
T M X(1-gLm - gri) X (1 + gnL)

©)

trong do n,, 1a hi¢u sudt co gioi; g, 1a Iuu luong khi lam
mat twong dbi; g, 12 luu lwong trich khi twong dbi; g, la
lru lwong nhién liéu twong dbi.

Tai mat cét sau tua bin:

- Ap suét toan phan: p}, = :—§ (10)
- Nhiét d6 toan phan: T; = T3 - ATy (11)
Tai mit cat miéng phun:

- Ap suét tinh: Ps=Dpy (12)
-Ty sb gian no: Ty = E—Z X OBDTLKB (13)

voioy ., la ton that & buong dbt tang luc khi khong bat ting luc.

- Van tdc dong khi & miéng phun:

Cs =g X ZXV_leRth;x 1-— (14)
“MVF
trong d6, ¢, 12 h¢ s6 toc do ¢ miéng phun.

Luc day riéng cua dong co: P, = (1 + gy1) X Cs- Vi (15)

‘ LHORHOC [P

Luc diy cua dong co: P = P, X G

(16)
e on A A N ~ 3600XgNL
Suat tiéu hao nhién li€u cua dong co: C, = — (17)
Céc tham s6 chinh ctia dong co khi bat budng dét ting
luc:

- Tdc d6 thoat khi ra tir miéng phun:

;u (18)

[pZXGBDTL] ¥
PH

— Y *
Cor = @y, X 2><y_—1><Rt><TTL>< 1-

- Lyc day riéng tang luc: by, = (1+gy, +gun) X Cs- Vi (19)
(20)

- Suét tiéu hao nhién liéu tang luc: C,7=3600 X w (21)
TL

T.

- Lyc déy tang lyc: Pry =Py, X Gg

Tir cac cong thic trén, ing dung phan mém Mathcad dé
tinh toan cac thong sb van hanh dong co AL-21F, sau d6
kiém chung va tiép tuc tinh toan bang cac phan mém chuyén
dung hi¢n dai trong linh vuc ddng co tua bin khi la Gasturb
va GSP dé tinh toan cac thong sb dong co theo déc tinh van
hanh, ché do diéu khién trong mot s6 diéu kién bay thuc té.

Tinh todan va mé phong bting phfin mém GSP

GSP 1a mot phin mém mé phong nhiét dong hoc tua bin
khi, thugc so hitu cta Trung tdm Hang khong Vi tru Ha
Lan. Nguoi ding c6 thé 1ap mé hinh hau nhu bat ky chu
trinh tua bin khi nao dé thiét ké, phan tich trang thai 6n dinh
hodc md phong khi diéu khién, bang cach sip xép két ndi
cac thanh ph?m dong co voinhau. GSP 1a mot cong cu manh
mé dé du doan hiéu suit va ca phéan tich diém thiét ké, cac
ché do van hanh va téi vu héa cac tham sé [9, 10].

Dé xdy dung mo hinh cta dong co tua bin phan luc
AL-21F trong GSP, trudc tién cic so d6 khdi riéng 1é ciia
céc thanh phan dong co tua bin phan lyc AL-21F (ctra nap,
may nén, buéng ddt, tua bin va voi phun) dugc lya chon
tuan tu theo cAu truc cua dong co.

Pé thuc hién hiéu suét nhiét dong va tham ) dong co,
cac phuong trinh tinh toan trudc do dugc thuc hién trong
c4c thanh phan tuong tng. Piu nay bao gdbm don vi va
mdi quan hé cua cac phwong trinh riéng 1é, thyc hién mo
hinh ddy du sau d6 ddu vao va diu ra cac bién da dugc
thiét 1ap, nhitng bién nay cudi cing can thiét cho mo
phong. Dit lidu lién quan st dung dé thiét 1ap mo phong
va tinh toan dugc thé hién ¢ bang 1. So db khdi ciia mé
hinh cudi cung thu duogc trong GSP dugc hién thi & hinh 2,



u n ]

Compressor ID stiing |c Unils|ﬁ|s Model ~ Calc.Nr. 2 ‘
Variable Geometry Deterioration Heat soak Heat sink Output Remarks
General Design Map Bleeds Vol.dynamics

Design rotor speed | 8400‘ [rpm] = [ 100.00‘ k4]
Design gear ralio 1.000| -]
Design pressure ratio -1
Design efficiency 0.840| [-] [ Polytiopic
Heat ransfer fraction -1 E xit static conditions
Specily | Area =
[] Disable massflow emor equation Area 5.0000 | [m?]

Hinh 2. M6 hinh GSP co’ ban ctia dong co tua bin phan lwc
AL-21F va vi du nhap théng sé vao khéi may nén Compressor.

Cancel Help

trong mdi khéi cac tham sb can thiét duge hiéu chinh phu
hop véi diéu kién dau vao.

Két qua tinh toan cac thong sd ciia dong co tua bin phan
luc AL-21F tai cidc mat cét bé‘mg phﬁn mém GSP duoc thé
hién ¢ bang 2.

Bang 2. Ifét qua tinh toan cac théng s6 nhiét dong dong co
AL-21F bang phan mem GSP.

) Thong s6 Luwulwong  Nhiét do Ap suit
Tiét dién (kg/s) X) (Pa)
Thiét bi vao 104,000 288,15 101.325
May nén 104,000 288,15 100.312
Trude budng dét 93,600 670,79 1.454.520
Sau budng ddt 95,507 1.370,00 1.338.159
Thiét bj ra 96,547 1.035,60 344775
Miéng phun 96,547 1.035,60 333.010

3.3. Tinh toan va mé phong bﬁng phfin mém Gasturb

Phan mém Gasturb duoc phat trién boi J. Kurzke va cs
(2018) [11],1a phén mém chuyén nghiép hang dau dé tinh
toan dc tinh tat ca cac loai dong co tua bin khi (tua bin truc,
phan lyc, phan lyc canh quat, dang 1-2 vién khi, dang 1-3
truc, 6 hay khong c6 tiang luc...), dong thoi ¢ thé giai quyét
hau nhu moi bai toan tir thiét ké cho téi van hanh, tdi uu
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hoa va diéu khién dong co. Gasturb dugc xay dung cho cac
k¥ su, nha quan 1y, nghién ctru va ca sinh vién nén ciing rat
thich hop lam cong cu giang day trong moi trudong gido duc.
Su khéc biét chinh giita Gasturb véi cac phan mém tuong tu
khac nim & giao dién dd hoa theo dinh hudng tac vu va chét
luong dd hoa vuot troi, tai liéu huéng dan ciing nhu co sé
Iy thuyét c6 tinh hé thong cao. Diém kho khan khi st dung
Gasturb ciing nhu GSP 1 toan bo hé thong ky hiéu theo quy
chudn My va phuong Tay, trong khi cac dong co va 1y thuyét
hang khong ciia Viét Nam thuong theo chuin Nga nén gay
mot s& kho khan ban dau khi su dung.

Khéc v6i GSP, ngudi dung lap ghép cac khdi thanh phin
khac nhau ctia mot dong co tiy ¥, Gasturb lai cung cip sin
hau nhu cac loai cdu hinh dong co trong thuc té. Doi véi
dong co phan lyc AL-21F 1a loai dong co mdt truc dugc
thé hién & hinh 3, cung voi cac vi tri mat cit duoc danh s
theo chuén qudc té, twong tng khi khong va co bat ché do
tang luc.
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Hinh 3. Mé hinh va cac tiét dién tinh toan thong sé bing
Gasturb.
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Bang 3. Két qua tinh toan thong s6 nhiét dong bang Gasturb.

) Thong s6 Luu lwong Nhiét do Ap suit
Tiét dién (kg/s) (K) (Pa)
Thiét bi vao 288,15 101.325
May nén 102,960 288,15 100.312
Sau méy nén 102,960 666,39 1.459.536
Trude budng dbt 92,664 666,93 1.459.536
Sau budng dot 94,536 1.370,00 1.357.368
Trude tua bin 99,684 1.336,50 1.357.368
Sau tua bin 104,832 985,43 303.767
Budng dét tang lyc 104,842 985,43 301.225
Thiét bi ra 105,578 2.000,00 293.041
Miéng phun 108,723 1.973,44 293.041

Sau khi chon cu hinh phu hop cta dong co, cac tham s6
trinh bay ¢ bang 1 da dugc nhdp vao chuong trinh. Sau do,
Gasturb tinh toan cac thong s6 van hanh (bang 3).

Két qua, cac thong sb tinh toan duoc kiém nghiém nhu
luc déy, suit tiéu hao nhién liéu, nhiét do sau tua bin béng
Mathcad theo 1y thuyét, bang cic phan mém chuyén dung
GSP va Gasturb déu phu hop véi tai liéu thuyét minh dong
co AL21-F (sai léch khong qua 5%). Trong d6, két qua tinh
bang Gasturb ¢6 phan chinh xac hon nén tiép tuc duoc st
dung tinh toan phan tich cac dac tinh van hanh dong co
(bang 4).

Bang 4. So sanh tham sé tinh toan va theo thuyét minh ky
thuat.

Mathcad GSP Gasturb
) Di léch Dj léch Di léch Thuyét
Thong so L. SOV . S0V . S0Vl minh ky
Gid thuyét minh Gid tr thuyét minh Gid tr thuyét minh thudt
K thugt T thugt ki thugt
Lyc ddy (kN) 7658 0,1% 8 225% 7673 03% 76,5
Sudt tiéu hao nhién ; . .
o (kghG 088 0% 087 1,14% 085 227% 0,38
Nigtdosa gy o1 - 667
may nén (K)
B L0025 0.48% L0356 325% 9854 175% 1003-1.043
tua bin (K)
4. Két qua va ban luan

Tur d9 tin c@y cia mo hinh va cac két qua tinh toan, lya
chon phan mém Gasturb dé tiép tuc tinh toan, nghién ctru
cac dac tinh toc dg, do cao va tiét luu cua dong co.

O cac diéu kién bay khac nhau, thi luc day, luc day riéng
va suét tiéu hao nhién liéu s& khac nhau, do su thay ddi cua
luu lugng khong khi, mat do khong khi moéi truong thay
ddi. Hon nita, ngay ca khi dong co hoat dong ¢ téc do quay
c6 dinh, ty s6 T/T, s& thay doi theo huéng lam ting hiéu
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sudt dong co. Trén hinh 4 1a dd thi thé hién su phu thudc ctia
cac thong sb luc ddy, luc ddy riéng va sudt tiéu hao nhién
liéu ctia dong co AL-21F theo dd cao bay. Khi d§ cao bay
tang 1én H=0+8.000 m thi suat tiéu hao nhién liéu & budng
d6t chinh giam dén, khi tiép tuc ting d6 cao H>8.000 m thi
sudt tiéu hao nhién liéu ting chdm. Luc day riéng cia dong
co tang dan khi ting do cao. Lyuc diy cua dong co giam gan
nhu tuyén tinh khi ting d¢ cao bay. Ngoai ra, trén hinh 5
cling thé hién chu trinh nhiét dong cua dong co tai do cao
10.000 m.
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Hinh 4. Sw thay déi ctia lwc day, lwc day riéng va suéat tiéu hao
nhién liéu ctia dong co’ theo dé cao bay (Gasturb).
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Hinh 5. Biéu dd T-s & 10.000 m (Gasturb).

Hinh 6 thé hién su phu thudc cia luc déy va suét tiéu
hao nhién li¢u theo nhiét 6 moi truong khi ting do cao bay.
Trong tang d6i luu khi d6 cao ting thi nhiét 46 méi truong
giam theo cong thirc (2). Trén dd thi hinh 6 cho thiy, khi
d6 cao bay ting thi suét tiéu hao nhién liéu giam dan va luc
day cuia dong co ting dan 1én, didu nay dic biét c6 loi dbi
voi linh vuc hang khong dan dung thuong bay & d6 cao phia
trén clia tang ddi luu it bi anh huong boi diéu kién khi hau
va tiét kiém dugc lugng nhién li€u khi bay dudong dai trong
thoi gian lau.



105

3
]
f v
= 3 \ o
= ?““‘
ol B
1 58 = /
o o \
AER \ /
= -
=%
K—‘E’g =4 L~
gel &2
.JD EN /’
ol 29 /‘3‘ \
el 23
@N E/lz \\
R{Eg — g
G
o
8l g
=200 220 300 320

0 260
Nhiét dé T; [K]

Hinh 6. Sy phu thugc cua lyc day dong co’ va suét tiéu hao
nhién liéu theo sw bién dbi cua nhiét do khi dé cao bay thay
déi (Gasturb).

Hinh 7 thé hién su phu thudc ctua cac thong sb ty )
giam ap trén tua bin, hiéu suét nhiét, luc déy va suit tiéu
hao nhién liéu cia dong co theo sy thay doi s6 Mach. Trong
qué trinh ting/giam tdc do bay theo ché do van hanh gia
dinh ndm trong giéi han an toan, cic thong sb cua dong
co thay ddi lién tuc va tuan theo quy luat. Khi téc do bay
tang 1én thi hiéu suét nhiét va ty sé giam ap trén tua bin déu
giam dan theo tc do bay. Khi tbc d6 bay ting 1én thi luc
day cta dong co lac ddu giam xudng va dat gia tri nho nhat
tai M=0,3+0,5. Sau d0, khi tiép tuc tang tde do bay thi lyc
day bat dau tang 1én va dat gia tri 16n nhét tai cac toc d6 bay
vuot am M=1,2. Suét tiéu hao nhién liéu & budng dbt chinh
tang 1én tuyén tinh khi ting toc do bay.
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Hinh 7. Sy phu thudc cta ty s6 giam ap trén tua bin, hiéu suat
nhiét, lwc day va suét tiéu hao nhién liéu déng co’ vao téc dd
bay (Gasturb).

Hinh 8 thé hién sy anh hudng cua toc do va do cao bay
t6i luc ddy cua dong co AL-21F. Khi téc do bay ting 1én
thi luc diy luc dau giam xudng va dat gia tri nho nhét tai
M=0,3+0,5. Sau dé, khi tiép tuc ting toc do bay thi luc diy
bt dau tang 1én va dat gia tri 16n nhét tai cac toc do bay vuot
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am M=1,2. Mic du hiéu suét nhiét cia dong co tang 1én khi
nhi¢t d6 moi truong giam theo do cao, nhung cang 1én cao
mat do khong khi cang giam, dan t6i luu lwong khong khi
vao dong co ciing giam theo hay luyc ddy ciing s& giam
xudng theo do cao bay.
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Hinh 8. Sw thay déi cta lwc day theo téc dé va doé cao bay
(Gasturb).

Hinh 9 thé hién dic tinh tiét luu, tic sy phu thudc cua
cac thong s6 suét tiéu hao nhién liéu, luc déy cua dong co va
ty s6 giam 4p sau tua bin cua dong co AL-21F theo su thay
d6i vong quay dong co. Khi vong quay dong co ting lén thi
suét tiéu hao nhién liéu giam dén theo sy ting toc do vong
quay dong co, thay do6i rit nho khi vong quay 16n hon 85%
va suat tiéu hao nhién liéu dat nho nhét khi toc d6 vong quay
dong co & khoang 93%. Luc day ciia dong co ting dan theo
su ting ctia vong quay dong co. Ty sb giam ap sau tua bin
tang dan khi tang toc d6 dong co va khong thay doi khi vong
quay dong co dat gia tri 1én hon 85%.
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Hinh 9. Sv phu thudc cua suét tiéu hao nhién liéu, lwc day

dong co va ty s6 giam ap sau tua bin vao vong quay ctia dong
co (Gasturb).
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Hinh 10 thé hién biéu d0 dic trung ctia dong co 1a phy
thudc cuia luc déy dong co vao tde do may bay (M) va do
cao bay cho thdy cac giGi han thong sb dong co theo cac ché
d6 van hanh khac nhau. Trong diéu kién thuc té, bét cir ché
d6 bay nao déu phai nam trong giGi han trong biéu do nay,
moi c¢b ging van hanh ndm ngoai giéi han déu c6 thé khong
thuc hién duoc hodc din téi su cb.

Lurc diy [kN]

18000

16000

Do cao [m]

08 1,0
S Mach

Hinh 10. Biéu dé déc trwng cua dong co theo s6 Mach va do
cao bay (Gasturb).

4. Két luan

Bai bdo da trinh bay cac két qua nghién ctru dic tinh
van hanh dong co tua bin phan lyc c6 budng ddt ting luc
AL-21F bang tinh toan ly thuyét va mé phong bang céac
phan mém chuyén dung. Cac két qua tinh theo cac phuong
phap khac nhau déu pht hop véi thuyét minh k¥ thuat, cho
thiy muc do tin cdy dam bao. Pay 1a tién d& va 1a co so dir
lidu dé phat trién mé hinh toan hoc cho phan mém va thiét
bi m6 phong dong co cho muc tiéu dao tao va huén luyén sat
v6i thuc té van hanh trong cac didu kién & cac moi trudng va
quaé trinh khai thac van hanh khac nhau.
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Twong quan giira khang sinh Ciprofloxacin, Ofloxacin
va cac thong so chat lwong nudc song Sai Gon

Nguyén Phii Bao®2*, Pham Hong Nhat2, Pinh Quéc Tuc!

ruong Pai hoc Bac. oa, Pai hoc uéc gia 6 Chi Minh, ) Thuong Kiét, phuron, L, quan 10, 6 Chi Minh, iét Nam
"Truong Dai hoc Bach khoa, Pai h oc gia TP Ho Chi Minh, 268 Ly Thuong Kiét, phuong 14, q 10, TP Ho Chi Minh, Viét N
2Vién Nhiét doi Méi triong, 574 Trwong Quéc Dung, phieong 10, qudn Phii Nhudn, TP Ho Chi Minh, Viét Nam

Ngay nhan bai 26/8/2022; ngay chuyén phan bién 31/8/2022; ngay nhan phan bién 20/9/2022; ngdy chp nhan ding 23/9/2022

Tom tiit:

Mot 50 nghlen ciru gén day da chirng minh cho sw Xuét hién cua khang sinh trong nwéc song Sai Gon nhung c6 rit
it thong tin vé sy hién dién va twong quan cia no véi chét lwgng ntro'c Trong nghién ctru nay, 2 khang sinh tiéu biéu
la Ciprofloxacin (Cip) va Ofloxacin (Ofl) dwg'c Iyra chon nghién ciru vé tuong quan véi thong s6 chat lwgng nwoéc. Két
qua cho thay, bién dong nong do khang sinh la ting dan tir vung diu nguon (nong do trung binh ciia Cip khodng 81
ng/l va Ofl khoang 59 ng/l) dén giira doan song (Cip 269 ng/l va Ofl 207 ng/l) va cudi nguon (Cip 341 ng/l va Ofl 276
ng/l). Nong do khang sinh & vung dau nguon nhé hon rit nhiéu lin so véi gia tri trung binh toan khu vuc véi mire
chénh léch khoang 226,3% déi voi Cip (nong do trung binh khoang 265,0 ng/1) va 253,0% déi véi Of (nong d¢ trung
binh khoang 209 ng/l). Twong quan giira khang sinh véi thong S0 chat lwong nwée ciing gia ting theo thi tw - twrong
wng, hé s6 twong quan 2 bién nho hon hé so twong quan 3 bién ngiu nhién va nho hon hé s0 twong quan nhiéu hon
3 bién. Do d6, khi danh gia vé twong quan khang sinh véi chét lwong nwéc cin phai xét dén twong quan véi cang

nhiéu théng sb cang tét.

Tir khéa: chat lwgng nuwée, Ciprofloxacin, Ofloxacin, song Sai Gon, twong quan da bién.

Chi sé phén loai: 2.7

1. Ddt van de

Khang sinh 1a mot trong nhing chét 6 nhiém méi, d4 dugc
st dung voi s0 lugng lon trong vai thap ky qua, nhung cho
den gan day sy ton tai ciia nhitng chat nay trong méi truong
van chua dugc chi y nhidu [1]. Ngoai tac dung tich cuc l1a diét
khuén hodc kim ham su phat trién cua vi khuan thi khi thai vao
moi trudng hodc ton du chat khang sinh... s& gdy 6 nhidm moi
truong. Cac nghién ctru da cho théy, su ¢6 mit cua chét khang
sinh trong nudc mit gy tac dong 1o rét dén hé sinh thai nude
nhu hién twong khang khéng sinh [2, 3], gdy ra su trc ché doi
voi hoat tinh phan huy chat 6 nhidm cua vi khuan [4], rui ro
moi truong [5], hé sinh thai [6]...

Song Sai Gon co chirc ning cdp nude tudi cho 58.350
ha dat noéng nghiép trong luu vuc, cap nuéc cho Nha may
nudc Tan Hiép cia TP HO Chi Minh (cong suit khoang
300.000 m*/ngdy) va Nha may nuéc Tha Dau Mot cia tinh
Binh Duong (cong suat khoang 30.000 m3/ngay) [71. U(yc tinh,
tong luu lvong nude thd duge khai thic dé cung cip nudc
cho cac nha may xir Iy nudc va sinh hoat ciia khu vuc TP Ho
Chi Minh khoang 1 triéu m*/ngay [8]. Ngoai chirc ning cip
nude, song Sai Gon con phai tiép nhan nudc thai sinh hoat
do thi, chiém khoang 63% tong luu lugng nuéc thai cua
thanh phd (khoang 1,2 triéu m¥/ngay), nu6c thai tir cc trang
trai chan nui (hon 21,46 triéu m*/ngay), nudi trong thily san
(1.688 m’/ngay), nudc thai tir cac bénh vién (14.796 m*/ngay)
[8]..., ddy la nhitng ngudn nudc thai ¢6 chira nhiéu loai khang

“Tac gia lién h¢: Email: nguyenphubaohien@yahoo.com
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sinh. Theo thdng ké, khang sinh chiém 70% trong tong s6 thudc
duoc sir dung cho chin nudi gia stc, gia cdm, nudi trong thiy
san [9], chi phi cho thubc khang sinh chiém khoang 36% tong
chi phi cho thudc chira bénh va mot sé bénh vién con chiém
mot ty 1¢ rat cao nhu Bénh vién Nhi dong TP H Chi Minh
(89%), cac bénh vién da khoa (43%) [10]. Mot s6 nghién ctru
vé chét lugng nude & luu vyc song Sai Gon di cho thdy c¢6 sy
xuat hién khang sinh thudc chit gay rdi loan noi tiét phthalate
ester (PEs) v6i tin suit xuat hién kha cao twong tmg trong nudc
va bun nhu FQs (33 va 62%), TCs (33 va 57%) va PEs (25 va
100%) [11]. Nghién ctru vé du lwong khang sinh trong trim
tich, nuéc ao nudi tom & khu vic huyén Can Gid, TP HO Chi
Minh [12] cling da cho thay sy bién dong, di chuyen ctia mot s6
chit khang sinh trong tram tich, trong vi khuén E. coli.

Nhu vay, da co nguon thai, su di chuyen khang sinh vao
trong nudc song Sai Gon va sy xuét hién ciia cac - hop chét nay
trong moi truong nudce da lam day 1én lo ngai vé doc tinh d6i
voi sinh vat dudi nudc, sy xuét hién cia cac chung vi khuan
khang khang sinh. Hién nay, chuong trinh quan tric v& chit
luong nude song Sai Gon 1a chu yéu tap trung vao chat luong
nudce, myuc nudce, dong chay, luu lugng, thude bao vé thuc vat,
6 nhiém kim loai nang. .. [13], nhung quan tric du lugng khang
sinh chua dugc thuc hién do ndng d¢ khang sinh trong nuée rat
thap (chi vai ng/l dén vai traim ng/l) [1], doi hoi k¥ thudt cao (sir
dung HPLC/MS hodc HPLC/MS-MS) [14] va kinh phi nhiéu
nén viéc nghién ciru trong quan giita khang sinh voi thong sé
chat lugng nudc 1a can thiét. Do d6, muc tiéu cua nghién cuu
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Abstract:

Several recent studies have revealed the presence
of antibiotics in the Saigon river water; however,
little information is known about its abundance and
correlation with water quality. Two typical antibiotics,
Ciprofloxacin and Ofloxacin, were selected for this
study to examine how they correlate with water
quality parameters. The results have reflected that
regarding the antibiotic concentration fluctuations,
antibiotic concentration was gradually increased from
the watershed (average concentration of Ciprofloxacin
was about 81 ng/l and Ofloxacin was about 59 ng/l) to
the middle of the river (Ciprofloxacin: 269 ng/l and
Ofloxacin: 207 ng/l) and downstream (Ciprofloxacin:
341 ng/l and Ofloxacin: 276 ng/l). In the watershed, the
concentration of antibiotics was much lower than the
regional mean, with a difference of roughly 226.3% for
Ciprofloxacin (average concentration was about 265 ng/l)
and 253.0% for Ofloxacin (average concentration was
about 209 ng/l). Antibiotics and water quality measures
were correlated in the same order, but the correlation
coefficient for two variables was lower than that for
three random variables and more than three variables.
Therefore, when evaluating the relationship between
antibiotics and water quality, it is essential to take into
account the correlation with as many parameters as
possible.

Keywords: Ciprofloxacin, multiple correlation, Ofloxacin,
Saigon river, water quality.

Classification number: 2.7

&%HN%?-IE 65(3) 3.2023

Khoa hoc Ky thuat va Céng nghé | Ky thuat méi trudong

nay la: 1) Khao sat mirc do 6 nhiém 2 khang sinh Cip va Ofl;
2) Xac dinh mbi twong quan giita khang sinh Cip va Ofl véi
cac thong so chat lugng nudc thong qua tinh toan hé sb twong
quan 2 bién, 3 bién ngiu nhién va nhiéu hon 3 bién. Hon nira,
két qua nghién ctru ¢6 thé dua ra tinh trang vé muc d6 6 nhiém
va tuong quan cua khang sinh Cip, Ofl trong nudc voi thong
s6 chat lugng nudc, df“)ng thoi 1a co so khoa hoc cho viéc quan
tric, kiém soat khang sinh trong luu vic séng Sai Gon.

2. Dol tuong va phuong phap nghién ciiu
2.1. Vi tri va khu vwc nghién ciru

Song Sai Gon dugc hop thanh tir 2 nhanh Sai Gon va Sanh
Doi, bat ngudn tir cac sudi Téonlé Cham, rach Cham (ving ddi
Ldc Ninh va ven bién gidi Viét Nam - Campuchia), vdi d cao
100-150 m, chay vao hd Dau Tiéng. Hién nay, song Sai Gon la
ranh gidi ty nhién gitta cac tinh Tay Ninh, Binh Duong va TP
Hd Chi Minh. Khu vuc nghién ctu dugc xac dinh tir sau ha luu
h6 Dau Tiéng dén hop luu v6i song Dong Nai tai ngd ba Pén
Do, sau d6 do ra song Nha Bé (hinh 1).
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3 H i h

< P — 7 B N
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Budng giao théng
Séng

Hinh 1. Cac diém ldy mau cho phan tich khang sinh va chét
lwong nwée trong lwu vee séng Sai Gon.

Dua trén cac dac diém moi truong va thuy van cua luu vuc
song Sai Gon, cac phu luu ddu vao chinh, 15 diém liy mau da
duoc lwa chon dé léy mau cho nghién ciru (hinh 1, mot s6 diém
1dy méau khong thé hién trén ban d6). Mau nudc dugc 1iy theo
TCVN 6663-6:2008 [15] v6i do sdu 1dy méau 0-50 cm, thé tich

a1
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2 1 bang thiét bi ldy mau nudc barometer (Cong ty Wilco, M),
sau d6 nudc duge nap ngay vao chai thiy tinh mau nau va dan
nhan. Cac mau duge bao quan trong ti lanh 4°C va duge xir ly
trong vong 48 gio.

2.2. Chudin bi va phén tich

Chiét mau: Thude khang sinh dugc chiét xuit tir cac mau
nude theo phuong phap duge bao cdo trong tai licu [14, 16]
nhu sau: Mau duoc lam sach bang SPE, cot chiét Oasis HLB
(Hydrophilic lipophilic balance) (60 mg, 3 ml, Hang Waters);
str dung 1 1 mau nudc mit cho chiét pha ran (SPE); cot chiét
duoc hoat hoq voi 3 ml MeOH, sau d6 ~3 ml nudce khir ion va
luu llgqng chiét khoang 3-5 ml/phut; mau duoc rura giai voi 3
ml hon hop Up-water/MeOH (95/5 theo thé tich); dung dich
rira giai dugc 1am kho bﬁn~g khi nito (>99%) & 40°C va dugc
hoan nguyén véi 0,5 ml hon hop Up-water/ACN (85/15 theo
thé tich) véi 0,1% axit formic; mau duogc loc qua loc sgi thuy
tinh (0,2 um, Whatman) trudc khi phan tich.

Phdn tich: Cip va Ofl dugc phén tich bing LC-MS Agilent
1200 theo hudng dan cia Hang Agilent va tham khao céc tai
liéu lién quan [16, 17].

Cot C18 (1.150 x 4,6 mm, kich c& hat 3 um).

Ngudn ion hoa phun dién tix ESI: dién thé 4000 V.

Téc d6 dong pha dong: 0,7 ml/phut.

Khi trg cho phun swong: 35 psi.

Chuong trinh pha dong: pha A la axetonitrile (ACN) c6

0,1% axit formic va pha B 1a H,O khur ion ¢6 0,1% axit formic
voi ty 1€ pha A va B 1a 15:85 theo thé tich (bang 1).

Bang 1. Théng sé tdi wu cua cac khang sinh dwoc phan tich
bang LC-MS Agilent 1200.

Higusudt  Gigihan Do lip

Khing sinh :K:::l?)(m/ g (F;;'g thubdi  phithién  LaiRSD, z(ah:’:"ﬂg)“""g
(%) (ng) (%) v

Cip 3320 135 9022 0,510° 70 1-100x10°

of 3620 40 9022 0,5x10° 70 1-100x10°

Phuong phép lap duong chudn: Ngoai chuan.

Mau tring: Thyc hién mau tring dong thoi voi lap duong
chudn va phan tich miu khang sinh. Trong quy trinh x4c
dinh Cip va Ofl c6 thuc hién mau lap véi do tai lap RSD,
khoang 5,52%.

QA: Quy trinh xac dinh cac khang sinh dugc thye hi¢n
trong phong thi nghiém dat chuén ISO/IEC 17025:2005 (ma
s0: VLAT-0108) va Vimcerts 009.

QC: Str dung phuong phap thém chuin vao mau thu.

Phan tich cdc thong sé chdt lwong nwée: Cac thong sb
chit lugng nudc duoc xac dinh theo hudng dan cia TCVN
va SMEWW tuong ung, cu thé: NH,-N duoc xac dinh bang
phwong phap tric phé thao tac bang tay theo TCVN 6179-
1:1996; PO -P dugc xac dinh bang phuong phap do phd ding
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Hinh 2. Phé quét manh dinh lwong cua Cip (332) va Ofl (362).

amoni molipdat theo TCVN 6202:2008; BOD; dugc xac
dinh bang phuong phap ap ké theo SMEWW 5210B 2012;
COD duoc xac dinh bang phuong phap hoan luu kin voi
kali dicromat va chuén d6 theo SMEWW 5210B:2012.

2.3. Phwong phdp xdc dinh twong quan hai bién sé va
twong quan Pearson

Hé s6 tuong quan Pearson 1a chi s thong ké do luong
mutrc do quan hé gilta 2 bién so [18], dugc xac dinh theo
cong thuc sau:

__ Cov(xy)
Xy = x5y (1
trong do p, : hé sd tuong quan Pearson; Cov(x,y) hlep

phuong sai cua bién x va y;o.:do lech chuan cua diy bién
s0 x; 6,: do lech chuan ciia day bién s y.

Do 1éch chuin thé hién do phan tan dit liéu so voi muc
trung binh.

Hiép phuong sai thé hién quan hé tuyén tinh giita 2 bién
va dugc tinh theo cong thire sau:
LIxi— Di-y)
e )
trong d6 X va ¥ 1a cac gia tri trung binh miu cua bién doc
1ap (x) va cia bién phu thudc (y); X, vay, 1a cac gia tri mau
thu i ctia bién doc 1ap (x) va cta bién phu thude (y); n 1a c¢&
mau.

Cov(x,y) =

48



2.4. Phwong phap xac dinh twong quan giira 3 bién
ngau nhién

Trong truong hop gitra cac khang sinh ¢6 sy tuong quan
v6i nhiéu thong s6 chat luong nude thi can thiét phai xét dén

twrong quan nhiéu bién. Hé s6 trong quan 3 bién ngau nhién
duogc tinh theo cong thirc sau [19]:

2 2
R [Tz +Tyz—2IxzlyzTxy
ZXy —

3)

1-1%y
trong d6 z 1a bién phu thudc ndng d6 khang sinh Cip hoic
Ofl; x, y 1a bién doc 1ap nong do cac thong so chat lugng
nu¢c NH,-N, PO,-P hoac BOD,, COD; r la h¢ so twong
quan Pearson giita cac bién.

2.5. Phwong phdp xdc dinh twong quan nhiéu hon 3 bién

Hé s6 tuong quan da bién c6 thé dugc tinh bang cong
thire sau:

R? = R2 _ Sreg
Y, X1 Xk SST

Ung dung phan mém Excel, sir dung cong thirc sau dé
tinh h¢ so twong quan:

R*=SQRT (RSquare (R, R,)) [19]

trong d6 R, 1a mang nxk chura dir liéu méu X, thong s6 chat
luong mmc gom: NH-N, PO -P va BOD,; R, 1a mang nx1
chua di liéu mau Y, nong do Cip hoac Oﬂ SS 1a tong
binh phuong do hoi quy; SS, 1a tong binh phu(mg cua cac
sai sb trong phan tich hoi quy

“4)

He¢ s6 ‘tuong quan tung phan gifta céc bién X, va X, trong
do6 i#j kiém soat tit ca cac bién khac dugc tinh theo cong
thire sau:

Pij

+/ PiiPjj

trong do p, 1a nghich dao ctia ma tran tuong quan R cua X; pii
va pjj la he s6 trong quan riéng phan giira cac bién X, Va X..

rXiX]‘,Z = -

)

3. Két qua va han luan

3.1 NoAng dp khang sinh va thong s0 co bin trong nwdc
song Sai Gon

Vé nong dé khéng sinh Cip va Ofl trong nude séng Sai Gon:

Két qua bang 2 cho thy, da c6 su hién dién khang sinh Cip
va Ofl trong nudc song Sai Gon véi nong do trung binh cua Cip
la 265 ng/l (55-562 ng/l) va Ofl 1a 209 ng/l (46-531 ng/l). Su
chénh léch vé ndng @6 Cip va Ofl giita cac diém doc theo song
Sai Gon 1a kha cao, khoang bién thién so voi gia tri trung binh
ddi vé6i Cip 13 191% va Ofl 1 232%.

O khu vuc dau ngudn song Sai Gon (ving cap nudc, tai
khu vyc tram bom Hoa Phu) cling c6 sy hién dién cta khang
sinh Cip (81 ng/l) va Ofl (55 ng/l). Nong d6 du lugng khang
sinh dat gia tri cao ¢ khu vuc chiu tac dong cua cac hoat dong
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Bang 2. Nong do khang sinh Cip, Ofl va thong s6 chat lwong
nwéc tai cac diém lay mau nwéc séng Sai Gon.

Chét khang sinh (ng/l) Thong s chét lwgng nwge (mg/)

Diém l'fiy méu

Cip of NH:N PO-P  COD  BOD,
Tram bom Hoa Pha 81 55 0057 003 103 28
Céu Rych Tra 78 62 0347 0038 145 30
Céu Binh Phutc 55 46 0525 003 178 43
Cira Vam Thuit 20 175 1590 0133 25 48
Céu Ba Son 215 162 1090 0045 193 6,5
Céu Tén Thudn 219 181 0301 003 148 40
Céu Phi My 344 258 0054 0033 125 28
Céu Pht Xuin 562 41 0169 005 115 33
Pha Cét Lii 85 66 0073 0015 118 33
Bén do Hang Da 81 63 012 003 75 28
Diusong Cin Giude 497 35 0678 0030 138 40
Céu Xéng, kénh Xéng 55 4 1208 <0015 180 48
Giao rach Cay Kho 551 n 2423 0080 190 73
Céu Thay Cai 556 476 4615 <0015 165 53
ggﬁ?}g;’“g i g 531 016 005 100 23

san xuat va sinh hoat (tir cdu Vam Thuat dén Khu cong nghiép
Hiép Phudc). Nong do khang sinh Cip cao nhét 1a 562 ng/1 (tai
cau Phi Xuédn va gan Khu cong nghiép Hiép Phudc) va Ofl cao
nhat 1a 531 ng/l (tai gﬂ?m Khu cong nghiép Hiép Phudc).

Nong do khang sinh ¢ xu hudng ting dan vé phia ha
ngudn. O khu vuce dAu ngudn (tir tram bom Hoa Phu dén ciu
Binh Phuéc), nong d6 trung binh cua Cip (74.8 ng/l) va Of
(56,0 ng/l) thap hon twong tmg khoang 4-5 1an so v6i nong do
trung binh cua Cip (328,9 ng/l), Ofl (260,6 ng/l) ¢ khu vuc co6
hoat dong san xuét va sinh hoat.

Ve chdt lwong mdc:

Nong do NH,-N tai 6/15 diém Iy mau thap hon gid trj gi6i
han cua quy chuan QCVN 08:2015/BTNMT (cdt A2, quy dinh
0,3 mg/l).

Nong d6 PO,-P tai tat ca cac diém liy mau thip va déu dat quy
chudn QCVN 08 2015/BTNMT (cot A2, quy dinh 0,2 mg/1).

O nhiém hitu co: Nong d¢ cac thong so chi thi cho 6 nhiém
hu'u co (BOD, va COD) la trung binh. Chi c6 6/15 diém quan
tric co gia tri COD khong dat QCVN 08:2015/BTNMT (cot
A2, quy dinh 15 mg/1) va 2/15 diém c6 gia tri BOD, khong dat
QCVN 08:2015/BTNMT (cot A2, quy dinh 6 mg/1).

Nhin chung, chat luong nu6c song Sai Gon da bi 6 nhiém
& muc do trung binh va da s6 nong do cac thong so chi thi cho
6 nhiém dinh dudng (NH ,~N, PO-P), chi thi cho 6 nhidm chit
hiru co (BOD,, COD) chi dat QCVN 08-MT:2015/BTNMT
(cOt A2). Chi c6 vung diu nguon song (sau ho Déu Tleng, kénh
Dong, cau Phi Cuong) 1a co chat luong nude kha tét, nong
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do cac thong s6 chi thi cho 6 nhiém dinh dudng va chét hiru
co thap, dat yéu cau cho muc dich st dung cho sinh hoat theo
QCVN 08-MT:2015/BTNMT (cot Al).

3.2. Twong quan Pearson, chit khing sinh vdi thong so
chat luwong nuwoc

St dung cong cu phan tich d li¢u “Data/analysis/
Correlation” trong phan mém Excel, hé s trong quan theo cip
gitra cac bién khac nhau dugc trinh bay & bang 3.

Bang 3. Hé sé twong quan gitra Cip va Ofl vé&i cac thong sé
chét lwong nwéc tiéu biéu chi thi cho 6 nhiém dinh dwéng va
hiru co.

Cip of NHN  POP BOD,  COD
Cip 10 0983 04l 0036 019 0014
of 0.983 10 0429 0,008 0158 0032
NH.N 0411 049 10 0,121 0670 0541
PO,-P 0,036 0008 0120 10 038 0603
BOD, 0,199 0158 0670 038 10 0,79
COD 0,014 0032 0341 0603 0% 10

Su phan bd va nong d khang sinh trong nudc co thé bi
anh huong boi nhiéu bién moi truong nhu nhiét do nude (T),
6xy hoa tan (DO), 6 nhiém dinh dudng (nitrate, ammonium), 6
nhiém chét hitu co (BOD,, COD) [20] va sy ti€u thy, phan huy
chét khang sinh 1a tuong quan véi du luong chat khang sinh
cling nhu ndy sinh cdc twong quan khéc. Xét cac tuong quan
2 bién trong nudc song Sai Gon cho thay, hau nhu mdi twong
quan gitra khang sinh voi cac thong sO chat lugng nude chua
chat ch&, hé s6 tvong quan trung binh cua Cip (r,,_, ) khoang
0,158 vaOfi (r, , ) 0,141. Cu thé:

cip-cln

Trong mdi twong quan giira khang sinh véi cac thong sb
chi thi cho 6 nhiém dinh dudng, cic nghién ctru ciing d chi ra
rang, mot sd thong sb chét lwong nude (pH, DO, Chlorophyll a)
¢6 anh huong dén dic tinh dinh dudng trong nude [21]. Trong
nude song Sai Gon, tuong quan gitta khang sinh véi thong 50
NH,-N la twong quan vtra phai (r: 0,3-0,5) [22] v1 hé s6 trong
quan cua Cip khoang 0,411 va Ofl 1a 0,429. H¢ s0 twong quan
nay tuong ddi phit hop voi nghién ciru vé trong quan gitta khang
sinh nhom sulfonamide véi NH,-N trong nudc song chay qua
ving do thi (song Yitong, Trung Quoc) [23] v6i hé s tuong
quan r nam trong khoang -0,103 dén 0,729 (trung binh khoang
0,363) va trong nudc song, hd vung cén nhiét doi, h¢ so tuong
quan giita norfloxacin v6i tong nito hoa tan khoang 0,55 [24].

Riéng dbi véi PO,-P, h¢ s0 tuong quan v6i Cip, Ofl 1a rét
thap (r 0,036 var O 008) chung té moi quan | h¢ glua chung
la khong dang ké [22] Két qua nghién ciru vé hé sb tuong
quan gitta PO,-P v6i khang sinh trong nuge song Sai Gon la
trai nguoc voi ket qua nghién clru ¢ cac song thude ving do
thi & Trung Qudc (song Yitong) voi hé sb tuong quan r,

otal-P
trung binh khoang 0,318 (r - 0,045-0,788) va song hd ving

total-P*
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can nhiét doi thudc Trung Qudc voi hé sb twong quan giira
norfloxacin v6i tong phosphor hoa tan khoang 0,45.

Két qua nghién ctru da cho thy, trong quan gitra Cip, Ofl
v6i thong so chi thi cho 6 nhiém hitu co (BOD,, COD) la khong
dang ké, hé sb twong quan ddi voi BOD, ndm trong khodng
0,158-0,199, trong khi d6 adi v6i COD 1a tuong quan nghich
v0i hé sb twong quan rat thap Két qua nghién ciru nay ciing trai
nguoc v6i nghién ctru v€ trong quan khang sinh voi thong s0
phosphate ¢ song Yangtze (Trung Quoc) ching c6 moi quan
hé kha chat ché gitra tong nong do chat khang sinh va nong do
cacbon hiru co hoa tan (DOC) (1=0,509). Piéu nay cho théy,
DOC c6 thé 14 yéu t6 chinh kiém soat ndng d6 khang sinh trong
moi truong nude [25].

Nhu vay, két qua tinh toan vé hé sé twong quan 2 bién giita
khang sinh véi thong s6 chét luvong nuée da ching to rang, moi
quan hé giira chiing chwa chit ché, da sb hé sb twong quan &
mtre khong dang ké (r<0,3) [22], chi ngoai trir hé s6 twong quan
cua khang sinh v6i NH,-N (r: 0,411-0,429). So sanh vdi cac
nghién ctru vé tuong quan gitta khang sinh v6i thong sO chat
lugng nudc ciia mot so song ving lan can & Trung Qudc nhu
song Yitong [23], song vung can nhiét ddi [24], song Yangtze
[25] d4 cho thay, quan hé giita cac khang sinh véi thong s6 chat
lugng nude trong nude song Sai Gon 1a khong chit ché bang,
hé s twong quan thap hon. Vi vy, viéc st dung cac tuong
quan 2 bién giita chit khang sinh v6i thong s6 chét lvong nude
cho két qua co thé chua phan 4nh ding twong quan chat khang
sinh v6i thong sb chat lwong nude va muc dich cua cac nghién
ctru tuong quan 2 bién giita chat khang sinh voi cdc thong so
chét lugng nude 1a xdy dung sy twong quan vé nguyén nhan -
két qua. Do vay, dé danh gia tvong quan giita chat khang sinh
voi thong s6 chat lugng nude thi sir dung phuong phap danh
gia tuong quan da bién 1a can thiét.

3.3. Twong quan giira 3 bién ngdu nhién, chit khdng sinh
voi 2 thong so nuwdc dic trung

Hién nay, da s6 cac nghién ciru vé trong quan da bién giira
khang sinh va thong sd chat lugng nudc chua duoc nghién ciru.
Tinh toan cac hé s twong quan da bién theo phuong trinh (3),
gia st Cip (hodc Ofl) 1a bién phu thudc va cac dir liéu nhom
NH,-N, PO,-P va nhom BOD,, COD Ila céc bién doc lap. D
lleu trong bang 3 duogc su dung dé tinh toan hé s6 twong quan.

He¢ s tuong quan gitra Cip v6i nhom NH . PO

R [tk g 2reatyaryy
cipnp = 1, =

=0,412

0,169 + 0,001 — 2(0,411)(0,036)(0,121)
1-0015

Hé s6 tuong quan giira Cip v6i nhom BOD,, COD:

R = Bt 17~ Ulyalyy (0,000 +0,046 - 2(~0014)(0,199)(0,796) _ 0347
cipch 1-1, 1-0633 '
Hé sb twong quan giita Ofl véi nhém NH . PO
thy 41, - Halyahyy _ [0184:+0000-2(0425)(0008)(0121)
Roinp = = 0432
1-1f 1-0015



Hé s6 tuong quan gitra Ofl véi nhém BOD,, COD:

=0,305

I~ Thatyaty _ (000140025 - 2(-0032)(1158)(07%)
Rones = 1-0633

1- rxy

Két qua tinh toan hé s tuong quan 3 bién ngiu nhién gitra

Cip, Ofl v6i nhém NH,-N, PO,-P, nhém BOD,, COD va so sanh

voi hé sb trong quan glu’a Clp, Ofl véi mdi thong s chat lugng

nude (bang 3), cho thay hiéu qua cua viéc danh gia tuong quan

da bién so v6i tuong quan 2 bién giira khang sinh voi thong s6
chat luong nudc. Cu thé:

H¢ so tuong quan 3 bién ngau nhién giira Cip, Ofl v&i nhom
thong s6 chat lugng nude chi thi 6 nhiém dinh dudng (NH,-N,
PO,-P), 6 nhiém chat hiru co (BOD,, COD) tang lén dang ke )

voi he s6 tuong quan 2 bién twong img khang sinh vai thong
s chét lugng nude.

D6i v6i nhom chi thi cho 6 nhiém dinh dudng, hé s6 twong
quan gitta Cip (r_, o) Ofl (r,, ) voi NH-N blen dong khong
dang ké (ty 16 tang "ntho hon 1‘%) nhung tang rat dang ké, tang
vai chyc lan d6i véi PO ,-P (10-50 lan) tuong img.

Su gia tang vé hé sb twong quan gitta Cip, Ofl v6i nhom
thong s6 chi thi cho 6 nhiém chat hitu co (BOD,, COD) tang
dang ké (khoang 25 lan so v6i hé s6 twong quan giira Cip véi
COD va tang khoang 10 lan gitra Ofl v6i COD). Riéng thong
s6 BOD,, su bién dong vé hé sb twong quan it hon, chi ting
khoang gan 2 14n (74,7-93,0%) tuong Ging.

Nhu véy, du lugng khang sinh Cip, Ofl trong nu6c phu
thudc vao nhom nhiéu thong s6 chét luong nude so voi timg
thong 56, do d6 viée sir dung phuong phép tinh toan tuong quan
da bién cho xay dyung twong quan gitra cac chét khang sinh véi
thong s6 chat lugng nudc 1a phi hop.

3.4. Twong quan nhiéu bién, chit khdang sinh véi 3 bién
thong so nuwoc

X¢ét ma trén tuwong quan mot phan gilta khang sinh v6i
thong so chat lugng nudc nhu dugc the hién ¢ bang 3. Sau do,
tinh toan nghich dao ctia ma tran tuong quan (bang 4).

Bang 4. Két qua tinh toan nghich dao ctia ma tran twong quan.

Cip NHN PO P BOD,
Cip 1,221 0,627 0,042 0,194
NH, N 0,627 2213 0325 -1483
POP 0,042 0325 1,223 0,678
BOD, 0,194 -1,483 0,678 2,216

of NHN PO-P BOD,
oft 1275 0,759 0,043 0324
NH,-N 0,759 2343 0329 -1,577
PO,"P 0,043 0329 1,223 0,683
BOD 0324 -1,577 0,683 2,267
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Hé s6 trong quan mot phan gitta ndng do khang sinh véi
nong d¢ nhom NH -N, PO,-P, BOD, c6 thé duoc t1nh toan
bang cach sir dung phuorng trinh (5) va phan mém Excel
[19], sir dung ham hoi quy binh phuong nho nhét (bang 5
va hinh 3) [26].

Bang 5. Tom tat két qua tinh toan hé sé twong quan nhiéu bién
gitra khang sinh Cip, Ofl véi nhém NH,*, PO,*, BOD,.

Théng ké hdi quy (Cip) Théng ké hdi quy (Of)

Hé s6 xac dinh da bién R 0425 0465
He s6 xac dinh da bién binh phuong R2 0,181 0,216
He s0 higu chinh R 0,043 0,002
Sai 56 chudn ude hwong (,.,) 27 174
86 hrng mAu 15 15
05
04
- 03
g 02
S
01
0 -
NHeN POsP BODs NHsPO. BODsCOD NH-PO--BODs

M Ciprofloxacin ™ Ofloxacin

Hinh 3. Biéu dién so sanh twong quan giira khang sinh Cip, Ofl
va cac thong s6 chat lwong nwéc séng Sai Gon.

D0i v6i cac thong s6 chi thi cho 6 nhiém dinh dudng,
hé s6 tuong quan nhiéu hon 3 bién (T VAT, ) bién dong
khong dang ké so véi hé sd tuong quan glua khang sinh
va NH,"-N (tang khoang 3,4-8,2% tuong (ing), nhung tang
dang ke s0 voi hé s6 twong quan v6i PO,-P (tang khoang
11-55 14n tuong (mg). So v6i hé sé tuong quan 3 bién ngau
nhién, gilia khang sinh v6i nhom NH-N, PO,-P thi h¢ s6
tuong quan nhiéu hon 3 bién bién dong khong dang ké, ting
khoang 3,3-7,6% tuong ung.

béi véi nhom chi thi cho 6 nhi®m chat hitu co (BOD,,

COD), hé s6 tuong quan gitra khang smh v6i nhom NH -N,
PO,-P, BOD, tang dang ke so voi hé sd twong quan giita
khang sinh v&i cac thong sb chét lugng nudc. Trong tuong
quan cua khang sinh véi BOD, va COD, hé so0 tuong quan
tang dang ké so v6i hé sb tuo‘ng quan gitra khang sinh véi
thong so BOD,, (tang khodng 114-194% tuong ng) nhung
tang khong nh1eu so v6i twong quan 3 bién ngau nhién giira
khang sinh v6i nhom BOD,, COD (tdng khoang 22,5-52,1%
tuong Ung).

o1
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Nhu vay, mét cach téng thé hé sb twong quan cang ting
khi xét trong twong quan gitra khang sinh vdi su tang nhiéu
thong so chat lugng nudec.

4. Két luan

Nong d6 Cip va Ofl trong nuéc song Sai Gon 1a twong
duong, trung binh tir 209 (Ofl) dén 265 ng/l (Cip). Nong do
khang sinh dwoc quan sat cao nhat trong nudc 1a Cip, twong
(g 562 ng/1 tai khu vuc cau Pht Xuan va gan khu cong nghiép
Hi¢p Phudc.

Xét trong cac kiéu twong quan (Pearson va da bién), chi
co tuong quan gitra khang sinh voi thong 50 NH,-N la thay
d6i khong dang ké vai ty 18 ting hé sb twong quan <1%. Doi
V01 cac tuong quan gitra chét khang sinh voi cc thong s chat
luong nudce khac, hé so tuong tuong quan tang dan theo cac
kiéu quan h¢ tuong quan: twong quan 2 bién < twong quan 3
bién ngiu nhién < twong quan nhiéu hon 3 bién.

Viéc xuit hién néng d06 khang sinh trong nudc song Sai Gon
va quan hé tuong quan véi cac thong sd chit luong nudc can
dugc quan tam, phai gidm sat lau dai du lugng khang sinh. Hon
nita, chinh sach va cong nghé kiém so4t 6 nhiém khang sinh
can dugc ap dung dé bao vé ngudn nudc ubng & khu vuc nay.
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Khung danh gia an ninh nguon nwéc Viét Nam
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Tom tit:

Pé danh gia an ninh ngudn nwéc Viét Nam, can xdy dung khung ciing véi cac tiéu chi danh gia chi sé an ninh
ngu(‘)n nudc (WSI). Khung dinh gia an ninh ngu(“)n nwoc dwa ra dua trén co sé lwa chon cac chi thi theo cac tiéu chi
SMART, KPI va WSI do mt s6 té chirc quéc t& va nha khoa hoc trén thé gi6i dé xuit c6 xét dén dic thu cia Viét
Nam, gdm céc yéu t6 anh hwong chinh dén an ninh ngudn nuwée va dir liéu cé thé dap vng cho yéu cu tinh toan,
quy mé ciing nhw mirc d9 chi tiét. Bai bio dwa ra khung danh gia an ninh nguon nwéc cho Viét Nam (pham vi toan
qudc, ving, lwu vue séng va tinh/thanh phd). Péng thoi, cic tac gia da dwa ra phwong phap va minh hoa cach xac
dinh mdt s6 chi thi (hoic chi s6) chinh trong khung an ninh ngudn nwéc 1am co sé cho viéc danh gia an ninh ngudn

nwoéc cia Viét Nam.
Tir khéa: an ninh ngudn nwérc, chi thi, khung danh gia.
Chi 56 phdn logi: 2.7

1. Dt van deé

Nuée can thiét cho sy ton tai, phat trién cua con nguoi va
cac sinh vat trén trai dat. Nude duge coi 1a mot loai tai nguyén
thién nhién quan trong nhit khong thé thay thé dugc va ngay
nay tré thanh yéu t6 ¢ot 16i cho sur pht trién bén vimg kinh té
- xa hoi va moi truong sinh thai; dong vai tro quan trong trong
viéc xdy dyng va phét trién mot thé gisi on dinh, cong bang,
lanh manh va van minh. Chinh vi vy, Lién hop quoc da nhén
dinh ring, muc tiéu vé dam bao an ninh nguon nude (myc tiéu
6) la mgt muyc tiéu quan trong trong so 17 muc tleu phat trién
bén vimg (SDGs) Muc tleu 6 bao gom cac van d& vé khan
hiém nuéc, tiép can nuoc uong an toan, vé sinh, chat luong
nude, rii ro I lut va ngudn nude xuyén bién gisi [1].

An ninh nguén nudc 1a mot trong nhiing a6i tuong quan
trong trong viéc thuc hién muyc tiéu 6 néu trén, la yéu td cbt
161 dé dat dugc sy ting truong bén vimg va xdy dung mot thé
gi6i an toan vé nudc, khai thic tiém ning va giam thiéu thiét
hai do nudc gy ra. Dong thoi, an ninh ngudn nude thic diy
bao vé mdi trudng va giai quyét cac hau qua ciia quan 1y nude
yéu kém.

Maét an ninh ngudn nudc 1a mot thach thire nghiém trong
ddi voi cac nude trén thé gioi noi chung, Viét Nam noi riéng.
Dé dua ra cac sach lugc, giai phap dam bao an ninh ngudn
nude, can co nhan thirc ding va day di vé danh gia vé an ninh
ngudn nude. O nude ta, nghién ctru va danh gia an ninh nguén
nuoc da duge thyc hién trong mot s6 dé tai, du 4n lién quan
dén nhiéu linh vyc ty nhién, chinh sach va kinh té - xa hoi. Tuy
nhién, khung va cac chi tiéu d4nh gia an ninh ngudn nuéc chua
dwoc nghién ctru nhiéu va théng nhét. Do d6, bai bao budc dau

“Tac gia lién hé:Email: hmtuyenvkttv@gmail.com
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dua ra khung danh gia an ninh nguon nudée lam co so cho viée
danh gia an ninh nguon nudc cia Viét Nam.

2. Co sd Iy luan va phuong phap nghién ciiu

Cho dén nay trén thé gioi da c6 mot s6 to chirc vé nude (To
chirc cong tac nude toan ciu, Vién Nude ciia Lién hop quéc...)
va nhiéu nha khoa hoc da nghién cuu, trién khai ap dung mot
s0 phuong phap danh gia vé mirc d6 an ninh nguén nudc trén
pham vi khong gian khac nhau (ving, luu vyc song, tinh/thanh
phd va qudc gia) [2-6].

An ninh nguén nude dé cap dén nhiéu khia canh vé xa hoi,
kinh té va moi truong nén khai niém ciing nhu dinh nghia vé
an ninh ngudn nude khong hoan toan thong nhét gitra cic nha
khoa hoc va tb chirc quéc té, tuy thudc vao khia canh cua an
ninh nguén nuéc ma ho quan tim. Vi thé, phwong phap tiép
can dinh luong muc d§ an ninh nguén nude cling khac nhau.
Dé danh gia an ninh ngudn nudc, cac to chirc quoc té cling nhur
cac nha khoa hoc ¢6 lién quan dén nudc thudng lvong hoa mic
d6 an ninh ngudn nudc vé WSI. Dé xay dung WSI cho pham vi
khong gian nao dé, trudc hét can xay dung khung danh gia an
ninh ngudn nuéc. Khung danh gia nay bao gdm cac khia canh
hay cac linh vuc quyét dinh mic d6 an ninh ngudn nudc voi
céc bién hodc chi thi khac nhau.

Dé danh gid an ninh nguén nudc Viét Nam (pham vi toan
quéc, ving, luu vyc song va tinh/thanh phd), trude hét can xay
dung khung d4nh gia WSI cho cac pham vi lanh thé néu trén.

Nhu da biét, khung WSI bao gdm tap hop cac linh vuc
chinh anh huéng dén an ninh ngudn nude, mdi linh vuc bao
gdm céc chi thi va timg chi thi ciing bao gdm mot s chi thi
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Abstract:

To assess Vietnam’s water security, it is necessary
to develop a framework along with the indicators
for evaluating the water security index (WSI). The
water security assessment framework is based on the
selection of indicators according to the SMART, KPI
criteria, and the WSI framework proposed by several
international organisations and scientists around the
world, taking into account the characteristics of water
resources in Vietnam, including the key factors affecting
water security and data, accommodatable data for the
calculation requirements, scale, and level of detail.
The article presents a framework for assessing water
security in Vietnam (national scale, region, river basin,
and province/city). At the same time, the authors have
provided a method and illustrated how to identify
a number of key indicators (or indices) in the water
security framework as the basis for assessing Vietnam’s
water security.

Keywords: framework for assessing, indicators, water
security.
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phu hay bién. Nhu véy, khung WSI bao gdm hé théng chi thi
va chi thi phy, phan anh mic d¢ an ninh nguén nudce theo cac
khia canh khac nhau [7]. Cac chi thi dugc Iya chon theo tiéu
chi SMART (Specific measurable attainble renevant and time
bound) dugc hiéu 13: 1 rang - cu thé - co thé do ludng dugc -
c6 thé dat duoc (kha thi) - thuc té va can thiét - thoi gian hop 1.
Ngoai ra, dé khic phuc kho khan khi khong x4c dinh dugc rd
muc tiéu ctia nhiéu chi thi con ¢6 thé dp dung chi thi thyc hién
KPI (Key perfomance indicators). KPI 1a chi so déanh gia hi¢u
suit chu yéu hay con dugc goi 14 hé théng chi s phan tich mic
d6 hoan thanh muc tiéu cua mot t chuc hay ca nhan, thuong
duoc xdy dyng theo phwong phap bang diém can bang. Cac
chi thi ¢6 thé xédc dinh va dugc danh dau co thé duoc lya chon
lam chi tiéu cho KPI gdm: céc chi thi dinh lwgng c¢6 thé trinh
bay dudi dang con sd; cac chi thj dinh tinh khong thé trinh bay
du6i dang con sd; cac chi thi hang dau co thé du doan két qua
clia mot qua trinh; cac chi thi tré (lagging indicators) trinh bay
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nhiling thanh cong hay that bai sau thoi gian ngén; cac chi thi
dau vao do ludng lugng tai nguyén tiéu thy trong qua trinh tao
ra két qua; cac chi thi dau ra phan anh két qua dau ra hodc két
qua hoat dong ctia qua trinh; thong nhét giira cac chi thi thuc
té v6i cac quy trinh thé ché hién co; cac chi thi dinh hudng xac
dinh td chirc hién tai c6 duoc cai tién hay khong; cac chi thi c6
thé hanh dong day du dudi sy kiém soat ciia to chirc dé tao ra
su thay dbi; cac chi thi tai chinh duoc sit dung trong do luong
hi¢u qua hoat dong va khi xem xét chi s6 hoat dong.

Trén co s& cac nguyén tdc lua chon céc chi thi theo cac tiéu
chi SMART, KPI, khung WSI do mét s6 t6 chirc qudc té va
nha khoa hoc trén thé gidi dé xuét [4, 8, 9], dong thoi xét dén
dac thu cua Viét Nam (cac yéu td anh hudng chinh dén an ninh
ngudn nudce va dir liéu co thé dap tmg cho yéu cau tinh toan,
quy md va muc d9 chi tiét) ma chia ra cac loai khung danh gia
an ninh ngudn nude phi hop.

3. Khung danh gia an ninh nguon nudc cho Viét Nam

Khi xdy dung va danh gia WSI cho Viét Nam, can xét dén
dac thu vé tai nguyén nudc va nguon dir liéu c6 thé thu thap
dugc [10, 11]. D6 1a: 1) Céac séng 16n ¢ nude ta thude loai song
lién quéc gia/song qudc té, bit ngudn tir lanh thd céc nude lan
can & thuong va trung luu, hon 60% tong lugng dong chay
nam ciia song sudi nude ta 1a tir nude ngoai chay vao, tham chi
t6i trén 95% ddi voi Dong bang song Ciru Long; 2) Dit lidu vé
tai nguyén nudc ngam con han ché, khong dong déu giita cac
ving, cac hé thong song; 3) Dir liéu vé nhiéu linh vyc lién quan
dén an ninh ngudn nudce con han ché, khong duge thong ké. Vi
thé, gap khong it kho khan trong viéc dinh luwong cac chi thi
va mot s6 chi thi phu tuy co thé dinh lugng nhung d¢ tin cay
khong cao, thdm chi khong it chi thi phu chi co thé danh giad
dinh tinh. Ciing vi thé, tity timg linh virc va ddi trong ma c6 thé
khong xét dén mot s6 chi thi phu trong trudng hop thiéu hodc
khong c6 dir liéu dé dinh lugng.

'Nhom nghién ctru da dua ra khung WSI cho pham vi toan
quoc ving, luu vie song va thanh phd. Véi quy mo quoc gia
nhim danh gia so sanh véi cac nude khac nhau trén thé gioi.
Pay 1a chi s6 ma céc t6 chirc nhu UNESCO, ADB... danh gia
rét can thiét,

Viéc quan ly, khai thac st dyung nudc theo luu vue song nén
khung d4nh gia an ninh ngudn nudce cho luu vyc song 1a can
thiét. Thanh phé 1a khu vuc/ving sir dung nude dic biét, doi
hoi mie do an ninh ngudn nude cao va nhay cam véi nude nén
wu tién danh gia. Vi an ninh ngudn nude cua vung thue chét 1a
tap hop con khi danh gia an ninh nguon nudc quoc gia. Trong
tinh toan cy thé, do khong c6 s6 lidu vé nhu cau nudc va cac tu
liéu can thiét khac nén chi c6 thé danh gia WSI cho 7 ving kinh
té - x4 hoi trong giai doan 2021-2030 theo dé xuat ciia Bo Ké
hoach va Pau tu di dugc cac Bo, nganh gop ¥.

Khung WSI toan qudc, luu vyc séng va tinh/thanh phd
duoc duara ¢ bang 1, 2 va 3 dudi day.
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Bang 1. Khung danh gia an ninh nguén nwéc quéc gia.

Linhvwe Chithi  Chi thi phu Bién Ky hiéu  Don vi Phwong phédp xdc dinh

Tinh theo chi s6 cing thang nuéc (Falkenmark): T1 =W
Trong do, Wt,n: tong lugng dong chay nam toan quoc trung binh thoi ky tinh todn (tri¢u
m*/ndm); N: s0 nguoi
Téng lugng dong chay ndm ngi dia binh quan Tri¢u m¥nguoi  Tinh theo Falkenmark: T2=W /N
A 5 T2 y 2 2 e e
dau nguoi X ndm Trong do, Wnd: tong lwong dong chay nam ni dia

Tri¢u m*/nguoi

Tong lugng dong chay nam binh quan dau nguoi  T1 < nim

Luong nude mt Tong lugng dong chay mia can binh quan diu 7 Tri¢u m’nguoi T3 = WCM/N )
Lm;mg ngudi trong mdt ngdy X ngdy Trong do, W+ luong dong chay song suo trung binh ngay trong mia can
nude -
Tong lugng dong chay mua can noi dia binh quin T Triéu mnguoi T4=W_ d."g/N
dau nguoi trong mua can X ngay Trong 46, W, - lugng dong chay song trung binh ngdy ndi dia trong mia can
Tai A Tyale t9ng luq'n'g :dong chay sng suoi tu ngodi o % =W W
nguyén chay vao so vdi tong lugng dong chay nam toan by nagadt t
nudc A . A PSR A A3 -
JEA T T?ng lugpg mude ngam ¢6 thé khai théc binh quan T6 Trlt;:u m'/nguoi T6=W N
dau nguoi trong nm X nam nag
?&Zri:;); He 56 bién doi (Cv) ciia tong hrgng dong chay . gz szoskjl;n doi/bién sai ciia lwgng dong chay ndi dia trong thoi ky nhiéu namy/tinh todn:
\ I~ nam ndi dia Al o R — )
nudc song S: D 1gch chuan; X : gid tri trung binh (mean)
Chiso Chi 5 Khan hiém e toin b T8 % Ty; lealu‘qng n‘qof cung;cap»cho‘cac nhu cau 5o Vi lugng dong chay song toan b,
Khan hism (ke ca tir ngodi lanh tho chdy vao) trong nim
nude Chi 56 khan hiém nude ngi dia T9 % Ty 1§ hugng nude cung cdp cho cac nhu cau so véi lrgng dong chay song ndi dia ca nim
Chét luong Chét uong nwde mat — Chi so chit lugng nude mat (WQI) Cl Tinh theo huéng dan ciia Tong cuc Moi truong
nuée Chét luong mrdc ngdm  Chi s6 chit lung nude ngim Q Tinh theo huéng dan ctia Tong cuc Mo truong
Niing suft st dung nuGe trong nong nghiép Kl USDlr (G tri san pham nong nghiép (USD) trén mot m’ nude cung cép cho tudi cay trdng nong
(trong trot) nghiép
” . A , [ A a “n A ~ 3 3 A 2 Aooa A
Su'dung Kll’}h te N K USD/ar Gl'fl tnqsan Eham cong nghiép (USD) trén mgt m’ nudc cung cap cho san xuat cong nghiép
nuoe noc (trwr thiy di¢n)
) Y o AL A3 % PO A
e USD/mt I(l}glzlt; s(z::u }1};1?; (;l:;lo)rng mai, dich vy (USD) trén mot m* nudc cung cap cho san xuat cong
O nhiém ngu(")n nuoc Ty I¢ nudc thai duge xur Iy hang nam M1 % Ty 1€ lugng nudc thai duge xur 1y so voi téng lugng nudc thai hang nam
Tham phu thye vat Ty 1¢ rung/thye vat che phu M2 % Ty 1§ rimg/thuc vt che phi trung binh thoi ky tinh toan so vdi tong dién tich dit tw nhién
Moi ) ) TS |
' i mon dit T§ 18 dht b xdiendn 3 o Ty le;l(khen tich bi x0i mon hang nam trung binh thoi ky tinh toan so vai tong dién tich dat
truong tu nhién
D thi Tho 3 db th héa M % g[lleb%osgh; zga trung binh thoi ky tinh toan, dugc bieu thi bang ty 1¢ so dan do thi so voi
Thigt hai vé ngudi TT1 % Ty 1& phén trim s6 ngudi bi thiét mang trung binh hang nam do 1 lut so v6i tong s6 nguoi
Thiét hai kinh té do i lut (13, ngap lut, i quét, sat, 1 lehayUSD/ Thiéthai vé kinh té do I Iut so v6i GDP hay thng san phém quéc gia (GNP) hogc thigt hai
Ll truot lo dat...) nguoi do [0 lut binh quan dau nguoi trung binh thoi ky tinh toan
1 Iyt ;
) AV Muc do gia ting cua lvu lugng dinh [ (Q_ 16n nhat trong thoi ky tinh toan so vdi gid tri
0 v may) :
BYltn cia i % trung binh tho ky tinh togn cia Q._I6n nit hing ném
%f&f‘ Tan sudt xudt hién 1 TT4 Mite d bién do (tang/gidm) s6 trin i hang nim so voi tho ky nhidu nam
. : 0, “n CoAL A 11 I TR ~ A N
Thiet i vé ki 6 do han hin 5 % hay B Tl}lsl Ivh'glrl vé k}nh t¢ do han han so voi GDP (hay GNP) hogc binh quan dau nguoi trong
Han hén USD/nguoi  thoi ky tinh toan
Tén suit han hén 6 Dot 80 dot han hén hing nam trung binh thdi ky tinh ton
Xim iy min Dién fioh b min xim s m % g:ﬁlﬁlt@;gdl bi mdn xdm nhp so voi tong dién tich canh tac hang nam trung binh thoi
e Ql % ;zl}lletlllz(:r]l(gy r;;(})lctg:gc sir dung thyc € so voi tong lugng nude cung cap hang nam trung
T6 chire T6 chire quan 1§ lru vigc song Q2
Quan tr Luit, Nghi dinh va chinh séch vé quan trj nuge Q4
Lujt phip Khung phdp 1y (Nghi dinh, thoa thun...) vé khai .. Y . T
thé, i dung ngude e shng lén fnh,lién Qs USD/nguoi  Kinh phi dau tw cho ning cao kha nang tmg pho voi thién tai va bien doi khi hau binh quin

Ko dau ngudi trong mot nim
quac gia
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Bang 2. Khung d4nh gia an ninh ngudn nudéc luwu vue sdng.

Linh vue Chi thi Chi thi phu Shtity TT Phwong phap xac dinh
) Luong mréc sing todn b | Triévu m*/ngudi "ljf)ﬁg l%rqngA d(‘()irig chéy‘ pém cua lﬁuu Yuc s&";lr}g Atr;nlgk binh g]i(ai doan
Luong nude song sin c6 binh X nam tinh todn trén dau nguoi trong mot nam (chi so Falkenmark)
quan dau ngudi trong nam o Trigu m/ngudi  Tong hwong dong chay nim ndi dia ctia luu vuc song trung binh giai
Luogng nude song ndi dia 2 y , o .. A . K
X ndm doan tinh ton trén dau nguoi trong mot nam (chi so Falkenmark)
Nguon nuée 3
se:flucé Ty 1¢ lugng dong tir bén 3 v Ty 1¢ tong lugng dong chay nam tir ngoai chay vao ving so v6i
ngoai chdy vao ’ tng lrong dong chay nim toan b cia ving
Bién dbi cia dong chay nim 4 Heé s6 Cv
Chi s6 khan hidm nuée 5 % Ty luang nlf(yc sir dung/eung cép so v6i tong lrong nude sin c6
trong mot nam
Niing sudt sit dung nudc trong nong 6 USD/? Gia tri san phim nong nghiép trén mot don vi lugng nude str dung
nghiép (trong trot, chin nudi, thily san) trong mot nim
Nang suét str Gid tr kinh t nute Nén% sudt ?ﬁ du,ng nufyc tr}(zng cong 7 USD/® Gid tri sér} phém thuong maiﬁhayu cong nghiép trén mot don vi
dung nudc nghiép (khong tinh thuy dién) lwgng nudc sir dung trong mot nam
Nang sudt st dung nudc trong thuong Gia tri san phém thuong mai trén mot don vi lugng nudc s dung
A . 8 USD/m? .
mai (buon béan, dich vy, du lich...) trong mot nam
Tl}iét ?ai do I Iut trén dau ngudi trong 9 U'SD/ngubi X Theo sb liéu théng k&
mot nam nam
Dién tich ngip o, ngip ing - . Ty lé.(.iijén tich dét bj ngap lut, ngdp tng so voi tong dién tich dét
tur nhién
DG lon cia Q T % Phﬁén cap theo Qmax/Qmaxlb hay tan suat cia tran 1ii [on nhat nm trén
e mot s0 song chinh
Téng s6 céc tran 1 (tir bio dong cép 1 trér 1én) trén tht ca céc song
Thién tai donuée L ut (bao gdm ca [ quéty  TAn Suat xudt hién I 12 86 lan/niim trong tho gian mgt nam dai biéu gan day hofc trung binh thai doan
5 nam gan nhat.
Thiét hai vé kinh té do han hén va xam . USD/ngudix  Tong thiét hai vé kinh t€ do han hén va xam nhdp mén binh quin
nhap man nam dAu nguoi trong mot nam
Tén sut han 14 S6 lan S6 1an xudt hién han han thuy van trong mot ndm
Dién tich bi han han 5 % Tyle die::n tivch bi han han thuy van so véi tong dién tich gieo trong
trong mot nam
Dién tich xam nhap man 16 % Ty 1€ dién tich xam nhap man so voi téng dién tich ty nhién
Chét lwong nu6e mit 17 Chi s6 chat luong nude mat WQI
| Chit hrong nue Chét lugng nu6e dudi dat 18 Theo quy dinh cia Bo Tai nguyén va Méi truong
Moi trudng nude Nt thii duge xi Iy 0 " T}"/ 1 nudf thé}i duge xit 1§ 50 v6i tong lwgng nude cung cp cho
cac nhu cau sir dyng
Tham thue vat Ty 18 thuc vat (chu yéu la rimg) 20 % Ty 1¢ thyc vat/rimg che phu (%)
T4 chite quan Iy Iwu vire song 21
Ludt 16 vé nude duge xdy dung va
N 22
thye hién
Quin Iy chung Higp dc, thoa thudn vé quan Iy song 27
Quin frj miti qude té va lién tinh/thanh phd
Kha ning thich tmg vdi bién ddi khi o USD/ngudix  Déu tur cho kha nang thich tmg véi bién déi khi hau va tmg pho voi
hau va img pho véi thién tai vé nudc nam thién tai vé nude
. Nhin thire cita cong dong vé tai
Nhan thuc cia cong dong An thicc cia cong dong ve ti 25

nguyén nude va an ninh nguon nudc
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Linh vye Chi thi T Phwong phdp xdc dinh Don vi
1 Ty 1¢ dién tich khu vuc dugc cap nude tir duong ong (I11) %
An ninh nguon nuée Lugng nude T N
sinh hoat gia dinh 2 Lugng nudc tiéu ding binh quan dau nguoi (112) I/nguoi x ngay
Chét lwong nuée 3 Phit hop véi tiéu chuén chit lugng nudc (113) %
An ninh ngudn nude Phi nong nghi¢p 4 Ning sudt nu6e kinh té phi nong nghiép (121) USD/m’
cho kinh te Nong nghiép 5 Ning sudt nude kinh té nong nghiép (122) USD/m’
An ninh ngudn nuge O nhiém ngudn nude 6 Ty 18 lugng nudc thai dugc xit Iy so voi tong hugng nude thai (131) %
cho mdi truong Tai nguyén thién nhién 7 Sur lanh manh cia cc thity vye trong tinh/thanh phé (132) 0-100
Thit hai do 1t lut/nguy hai cua 1 Iyt 8 DJ sau ngap ngut (141) cm
Thién tai lién quan voi nuoc e
Bién doi cua lugng mua 9 D9 léch so voi lugng mua trung binh (142) mm
Ning luc/kha nang doi pho 10 GDP trén dau nguoi (151) USD/nguoi
Quén trj va quan Iy 11 RO i trong hé théng cip nudc (152) %
Hiéu qua sir dung nude
12 Ty 1€ tai st dung nudc thai (I53) %

4. Phuong phap xac dinh mét sd chi thi ciia WSI
4.1. Xdc dinh chi thi vé nguén nwéc sin cé [9]

Téng lwong tai nguyén nweée tdi tao san cé: Tong lugng
tai nguyén nudc tai tao sin c6 thuong duoc lay bang téng
luong tai nguyén nudc mat (W ) va tong luong tai nguyén
nuéce dudi dat (W) trong ndm. Cho dén nay ¢ nudc ta van
chua co két qua danh gia tin cay vé trit lugng nudc ngam
c6 thé khai thac trong cac luu vuc séng va ving kinh té -
xa hoi. Mat khac, ciing chua cé diéu tra, nghién ctru danh
gi4 lwong nudc tring gitra nude mat va nude ngam. Do do,
trong truong hop thiéu hay khong 6 sb lidu vé nude ngam
va lugng nude trung, tong luong tai nguyén nude tai tao san
c6 trong mot ving (qubc gia, ving kinh té - xa hoi va luu
vuc séng) co thé dugce 14y bang tong lugng nudce song (W).
Gia tri W, dugc xac dinh bang tong cua luong dong chay
song tur ngoai vung chay vao (W_ ) va luong dong chay
song dugc hinh thanh trong vung (dong chay ndi dia - W_ )
trung binh thoi ky tinh toan va dugc tinh theo cong thire sau:

Ws = Ws,ng + Ws,,n

d

Gia tri c1t1a W, Ws,ng va Wi dugc xac dinh theo phuong
phap truc tiép (theo so liéu quan trac dong chay tai cac tram
thity vin) hay phwong phép gian tiép (tir mua theo mo hinh
toan thily van va phuong phap tong hop dia 1y - ban do
duong dang tri mé dun dong chay nim, quan hé dong chay
nam vo&i luong mua nam khu vuc).

Dao déng ciia tong heong tdi nguyén nuwde tdi tao san
c6: Puoc danh gia bang Cv cia tong lugng dong chay noi
dia hang nam cia chudi W_ , trong giai doan 1977-2012
(hodc 2020) tiy theo s6 liéu dc‘)ng chay thu thap dugc.

%HN%?-IE 65(3) 3.2023

Chi 56 cang thang mirdc WSI : Pugc tinh toan theo cong
thtrc sau:

WSIct = th,sc,tb/N; hoac WSIct = th,sc,nd/N
hay WSI_ =W, /N

tt,sc,mc

trong do W, .. W, . va th,ic,mc tuong ung la tong luong
tai nguyén nudc song tai tao san co6 toan bg, tong lugng tai
nguyén nudc song tai tao sin c6 ndi dia va tong luong tai
nguyén nudc song tai tao mua can hang nam trung binh thoi
ky tinh toan; N: s6 nguoi trong ving.

Chi $6 khan hiém miéec WSI,: Pugc xac dinh bang ty
sé gitra lwong nude cung cdp cho cac nhu cu so véi tong
lugng nude san c6 va duoc tinh theo cong thirc sau:

WSl = Wee

s,sc

trong d6 W _va W__tuong ing la luong nude hang nam lay
tr nguon cung cap cho cac nhu cau (sinh hoat, cong nghiép,
néng nghiép...) va téng lugng tai nguyén nude san cd hang
nam (thuong duge ldy bang tong lwong dong chay song tai
tao san co).

Ciing nhu chi s6 cang thing nudc (WSI), khi tinh WSI
luong nude ngot sin cé tai tao duoc ldy bang tong luong
dong chay séng toan bd hang nam da khong xét dén tinh
bién doi theo thoi gian (theo mua trong nim va dao dong
giita cdc nam) clia dong chay séng sudi. Day 1a han ché ciia
phuong phép tinh hai chi s6 nay. Bang 4 dwa ra chi s6 cing
théng nudce tinh theo luwong dong chay ndi dia va toan bd cua
hé théng song Héng, Déng béng song Cuu Long va ca nuéce
v6i dan sb vao nam 2020.
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Bang 4. Chi sé cing thang nwéc tinh theo Iwgng dong chay
noi dia va toan bé nam 2020.

~ Chi s6 ciing thing
Din so

Luwgng dong chay nude tinh

Hé théng song (km*/nim) ;;‘;‘] the;/) dong chay W W, W W,
P (m*/nguoi x ndm) (o o
song/viing (triéu ( A)) (%)
N A \ I u’(‘fi ne

Ng{fat N.gn chun grdi) N.gn Toin bé

nuwde  dia by dia '
Song Héng 473 73,1 1204 333 2200 3620 1,6 39,3
Dongbingsing i 193 4713 180 10 26180 211 953
Ciru Long
Ca nudc 515 320 835 973 3290 8580 2,6 61,7

W__,W__, W_twong tng la tdng lvong dong chay song subi hang ndm

s,ng’

tr ngoai chéy vao, ndi dia va toan bo.
4.2.Djlon ciia Q,

bo lon cua Q_ duoc danh gia thong qua luu luong dinh
1 1on nhat nam trén cac song déc trung trong pham vi vung
(toan qudc, vung kinh té - xa hoi va luu vuc séng). DO 16n
cua Q  trong mdt ndm hodc mot giai doan dugc danh gia
bing ty le clia nd so voi gid tri trung binh thoi ky nhiéu nim
hay thoi ky quan tréc.

Do 16n cua Q  trén pham vi cd nude duge danh gia
theo s6 liéu quan tric Q,,, tai tat ca cac tram thuy van trong
thoi ky 1956-2012 theo hai phwong 4n: i) S6 liéu quan tric
Q. tai 85 tram thuy van trén cac song vira véi dign tich luu
vuc (F, kmz) tir trén 100 dén dudi 10.000 km?); ii) S6 licu
quan tric Q,,, tai 21 tram thuy van trén cic song 16n véi F
khoang trén 10.000 km?.

Trén co s& chudi sd liéu Q,,, tai cac tram thuy van duogc
lya chon (theo gidi han dién tich luu vyc néu trén va do dai
chudi sb liéu tir khoang 10 nam trg 1én, khong sir dung sd
liéu nhitng ndm chiu tac dong cua cac cong trinh hd chira)
tién hanh tinh toan theo cac budc sau:

Tinh gié tri trung binh, 16n nhit va nho nhét trong thoi
ky tinh toan.

Tinh ty 1¢ phan trim gia tri Q,,. lon nhét (K gmax
nhit (k ) so véi gia tri trung b1nh Q

1») vanho

Qmax,nn max,tb) :

kaax In — % kaax nn — M

max,tbh max,tb

Tinh chénh léch: d =k

kQmax Qmax,In - Qmax,nn

Xac dinh cac cép kaa bang cach chia dema lam 5
khoang bang nhau va xac dinh cip giita, cic cap trén va
dudi cap gitra cua k|

Tinh gid tri trung bmh k, o trén pham vi ca nudc theo
hai phuong phap trung b1nh s0 hoc va trung binh gia quyen
theo dién tich luu vyc tai tram thiy van dugc lya chon dé
tinh toan.

KHOA
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Béang 5 d}ra ra phan cép do 16n cia Q,,,, trén pham vi cd
nude theo 6 liéu Q tai cac tram thuy van trén séng vira
va song lon Ngoai dac trung Q,,. tdc dong cua 1o dén an
ninh nguon nudc cling c6 thé dugc danh gia thong qua mat
s6 ’d{ic trung 1 }(héc nhu gia tri Qmax tung Gmg véi mot tan
suat nao do6 (chang han p=1%), tong lugng tran It hay mot
thoi doan 16n nhét nao do; s6 1an xuét hién cac tran 1a trong
nam trén cac séong sudi...

Bang 5. Phan cap dé Ién cla Q, . trén pham vi ca nwéc.

Loai T§ 18 (%) so v6i gid tri trung binh twong img véi cAp

song 5 4 3 2 1

Song vira 265 218 172 125 79

Songlon 224 187 150 112 75
4.3. Mirc do han hdan

Muc do tdc dong cua han thuy van dén an ninh nguén
nuée c6 thé duoc danh gia thong qua mot sé dic trung dong
chay song sudi trong mua can. D6 1a: luong dong chay mua
can, lugng dong chay 3 thang lién tuc nho nhét, lugng dong
chay thang nho nhét, dong chay ngay nhé nhat, dong chay
nho nhit va luu luong nude tuong Gmg voi mot cap tan sudt
bao dam nao d6 (75-90%) dugc xéac dinh trén duong qua
trinh duy tri luu lugng nudc trung binh ngay trong nam.

Tuy theo muc dich va sé liéu quan tric dong chay hién
c6 ma co thé lira chon mot trong sé cac dic trung dong chay
néu trén. O day, dé danh gia an ninh ngudn nudce trén pham
vi ca nude, ching t6i da st dung dac trung luu lugng nho
nhét (hay luu lugng trung binh ngay nho nhat).

Vé6i muc dich do, trén co sé sb lidu quan tric dong chay
trong thoi ky 1956-2012 tai cac tram thuy van trén cac song
d3 tién hanh tinh toan va phan cdp mirc d6 tac dong cua luu
lwong nudc nho nhét Q,,,) theo ty 1¢ phan tram sy bién d6i
ciia Q_ . so voi gid tri trung binh thoi ky quan trdc (tinh dén
nam 2012).

Phuong phép phén cép ty 1¢ phan traim dao dong ctia Q...
SO vOi gia tri trung binh thoi ky tinh toan ciing giéng nhu
phuong phap phan cép K ey Tho1 ky tinh toén c6 thé chon
tr 10 nam tro Ién. Cac buoc tlnh toan phan cap k ., tal ting
tram thiy van nhu sau:

Tinh gia tri trung binh thoi ky tinh toan theo phuong
phép trung binh s6 hoc (Q,, ) va lya chon gi4 trj 16n nhat
Q1) V@ nho nhét (Q,n.0) trong thoi ky tinh toan.

Tinh ty 1¢ phan trim cua Q_, vaQ, sovéiQ . x
kain In 100 X Qmm In Q min,tb’ kain,nn - 100 X Qmm nn Q min,tb

Tinh chénh léch k od =k

kQmin
Chia d,

Qmin,nn

tir1 dén 5,
min

Qmin,In -

omin T2 1am 5 khoang: Tinh 5 cap k,,



biéu thi 5 mirc anh hudng ctia Q... dén an ninh ngu6n nudc.
Cép 1 biéu thi anh hué’ng cua Q dén an ninh nguén nudc
16n nhit (mtc an ninh thap nhét trong s6 5 cdp), cap 5 bleu
thi mac do anh hucng thip nhét (mirc an ninh nuéc ngudn
cao nht trong s65 cap).

Tinh toan gié tri cac cip Ko, trung binh toan lanh thd
ca nudc cho 2 loai tram thiy van song vira va song lon theo
2 phuong phap: trung binh s6 hoc va trung binh gia quyén
theo dién tich luu vuc séng. Bang 6 dua ra két qua tinh toan
phan cap k theo loai song vua (83 tram) va séng 16n (19
tram). Can ch1 ra rang, do dong chay kiét tai mét so tram bi
tac dong cua con nguorl (hd chira, dap .) nén khong dugc
sir dung s6 liéu dé tinh K s d0 dO sO lugng tram thity vin
dugc dung dé tinh toan k . vak, . la khong hoan toan
bang nhau.

Bang 6. Phan cap mirc dd anh hwéng cua lwu lweng nhé nhéat
dén an ninh nguén nwéc toan lanh thé Viét Nam.

T§ 1¢ (%) so véi gia tri trung binh {mg véi cip k,

o A ‘Qmin
Loai song
5 4 3 2 1
Song vira >150 120-150 90-120 60-90 <60
Song 16n >130 105-130 80-105 55-80 <55
5. Két luan

Dua trén nguyén tac lwa chon céc chi thi theo cac tiéu
chi SMART, KPI va khung WSI do mét sé to chirc qudc té
va nha khoa hoc trén thé gidi dé xuat, déng thoi xét dén dac
thi vé tai nguyén nudc, khai thac st dung va sd lidu co thé
thu thap duoc ¢ Viét Nam dé budc dau dua ra cac chi tiéu va
khung danh gia an ninh ngudn nudc cho toan quéc, huu vue
song va tinh/thanh phd. Tuy thudc vao sé lidu va dic diém
clia timg vung, luu vuc song ma cé thé didu chinh khung
cho phu hgp. Khung an ninh nguén nuoc dua ra trén day la
co s& quan trong dé danh gi an ninh ngudn nudc cia Viét
Nam s& dugc trinh bay trong bai bao khac. Trong khudn
kho mot bai bao, khong thé trinh bay chi tiét hét cac chi tiéu
¢6 thé didu chinh ciing nhu cach xac dinh céc chi tiéu nay
nhu thé nao dya trén s6 liéu thyc té thu thap duoc ciing nhur
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chuén hoa, phan cép cac chi thi. Tuy nhién, quan diém lua
chon cac chi tiéu va khung dénh gia an ninh nguén nudc con
rat khac nhau giita cac nganh, linh vuc, cic nha quan Iy va
nghién ctru. Chic chén s& con co nhidu dé xuat khac va can
nghién ctru tiép.
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Anh huéng cua ham luwgng chi (Ph) trong dat dén sinh trwdmg
va kha niang hap thu Pb cta cy co Vetiver (Vetiveria zizanioides L.)

Pham Thi My Phuong’, Té Thi Mai Dung, Poan Viin T, Nguyén Ngoc Quy

Vién Nghién civu va Phdt trién Vimg, B Khoa hoc va Cong nghé, 70 Tran Hung Pao, phirong Tran Himg Pao, qudn Hodn Kiém, Ha Nji, Viét Nam

Ngay nhan bai 4/11/2022; ngay chuyén phan bién 8/11/2022; ngay nhan phan bién 29/11/2022; ngiy chip nhan ding 2/12/2022

Tém tit:

Xir Iy 6 nhiém kim loai ning trong dit bang phwong phap sinh hoc dang dwgc quan tim nghién ciru va ng dung
rong rii hién nay tai Viét Nam. Nghién cttu nay dé cip dén tic dong cia chi (Pb) dén sinh truédng va kha niang
hap thu nguyén té nay ciia cAy c6 Vetiver (Vetiveria zizanioides L.), nham loai bé Pb ra khéi dat. Két qua cho thiy,
ciy c6 Vetiver c6 thé sinh truéng dwge trong méi truwdng dit canh tac bi 6 nhiém Pb. Véi ham lu’g’ng Pb trong dat
khoang 2500 mg/kg, sau 3 thang ké tir khi trong kha ning tich lily Pb trong than 14 va ré clia ciy c6 Vetiver dat
nglr()’ng cao nhit (twong trng 1a 42,91+1,27 va 865,92+17,67 mg/kg), dong thoi kha nang loai bé Pb ra khéi dit cia
ciy cb Vetiver ciing cao nhat (14, 23+1,23 mg). Két qua nay cho thiy kha niing tich lily Pb ciia cdy cé Vetiver kha
cao va lwgng Pb dugc tich lity chii yéu tip trung & phan ré.

Tir khéa: chi (Pb), c¢6 Vetiver, 6 nhiém kim loai ning, tich liiy.

Chi s6 phén loai: 2.7

1. Dat van de

Cung véi 6 nhiém mbi trudng nude, 6 nhiém khong khi,
tinh trang 6 nhiém dat va thuc phém duoc coi nhu mot hé
luy cua sy phat trién kinh t& hién tai da va dang la véan dé
thoi su dugc cac nha khoa hoc trong va ngoai nude cling
nhu toan xa hdi rat quan tam [1, 2]. Do cac bién phap vat ly
va hoa hoc it hi€u qua va tén kém trong vi¢c cai thién véan
dé 6 nhiém, nén bién phap sinh hoc, st dung thyc vat dé
tach chiét, co lap hodc khir doc thong qua qua trinh hoa - 1y
- sinh dugc xem la giai phap phu hop vdi tinh kha thi cao,
vira gitip xtr Iy 6 nhiém hiéu qua, than thién véi moi trudong
vira ¢6 chi phi thap [1, 2].

Trén thé gidi, viéc g dung thuc vat dé xur 1y 6 nhiém
kim loai nang trong moi truong da dat dugc nhiéu thanh tuu
¢6 y nghia khong chi vé mat khoa hoc ma ca thyc tién [3-5].
Théng ké cho théy, c6 khoang 400 loai cdy c6 kha ning
siéu tich Iy kim loai nang [6]. O Viét Nam, viéc nghién
ctru dung thyc vat trong xir 1y dit va nudc bi 6 nhidm ciing
dd duoc nghién ciru & nhidu dia phuong nhu Thai Nguyén,
Hung Yén, Ha Noi... [3], nhung chii yéu tap trung vao cac
ving dat khai thac khoang san, noi c6 mic d6 6 nhidm cao.
Céc vung trdng cdy dn qua ndi chung va ciy cam néi riéng,
noi ma viéc 6 nhiém s& anh hudng truc tiép dén san pham
an tuoi qua d6 tac dong xau dén stic khoe nguoi tiéu ding
con it dugc quan tam.

Nghién ctru nay dugc thyuc hién nhim dénh gia kha ning
hap thu Pb ctia cdy co Vetiver dé sir dung chung vao xir Iy 6

“Tac gia lién h¢: Email: mphuongen@gmail.com
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nhidm Pb trong dit nong nghiép. Pay 1a mot loai cay thudc
ho Hoa thao Poaceae, c6 thé cao téi 3 m, bo ré an siu nén
chiu han rat kho¢, dong thoi c6 thé hut am tir ting dat sau
bén dudi va xuyén qua cac 16p dét bi 1én chit qua d6 giam
b6t luong nude thai tham xudng siu.

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

- P4t 6 nhiém Pb duoc thu tai x3 Yén Lam, huyén Ham
Yén, tinh Tuyén Quang.

- Cay co Vetiver: Kha nang sinh truong (sinh khéi) va
tich tily ctia cdy sau 3 thang trong trong dit co bo sung Pb &
céc nong do khac nhau.

- Ham luong Pb: Ham luong Pb ma cay co Vetiver hip
thu duoc & cac ndng do Pb bd sung vao dit khac nhau.

2.2. Phwong phap nghién ciru

Phirong phép bé tri thi nghiém:

- Pt dung trong thi nghiém la dat dugc lay tai xd Yeén
Lam, huyén Ham Yén, tinh Tuyén Quang. Dit lay & tang
mat 0-30 cm, lam toi, loai bd xac thuc vat, da va cac vat
ctng sau do tron déu. Ham luong Pb bd sung & cac cong
thtre thi nghiém la riéng ré€.

- B6 sung Pb: Thi nghiém duoc bd tri véi 4 cong thirc,
tuong ing v6i lugng Pb khac nhau bd sung vao cac chau thi
nghi¢ém duéi dang Pb(NO,),.
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Abstract:

Treatment of heavy metal pollution in soil by a biological
method is currently being studied and widely applied in
Vietnam. This study concentrated on the impact of lead
(Pb) on the growth of Vetiver grass (Vetiveria zizanioides L.),
and its capacity for lead absorption with the aim of
removing them from the soil areas used for orange
cultivation. Results conducted from the study showed
that Vetiver grass could be grown in Pb-contaminated
soil. With Pb content in soil of about 2500 mg/kg, Vetiver
grass of 3 months old (from planting time) was recorded
to accumulate the highest quantity of lead in its leaves and
roots (42.91+1.27 and 865.92+17.67 mg/kg, respectively),
resulting in the best ability in term of Pb contaminated
removal from the soil (14.23+1.23mg). As a result, the
relatively high lead accumulation of Vetiver grass mainly
root system, was also reported.

Keywords: cumulative, heavy metal pollution, lead (Pb),
Vetiver grass.

Classification number: 2.7

Cong thie dbi chimg (DC): Pt duoc ldy ¢ x4 Yén Lam,
huyén Ham Yén, tinh Tuyén Quang khong bé sung Pb.

Cong thtrc 1 (CT1),2 (CT2), 3 (CT3) va4 (CT4) voi cac
ham luong Pb duogc bd sung twong tng & cac mire 1a 1000,
2000, 2500 va 3000 mg Pb*'/kg dat. Cach pha nhu sau:

+Hoa tan 159,92 g Pb(NO,), bang nudc cat va dinh mirc
dén 1000 ml thu duogc dung dich me c6 néng do Pb*" la
100.000 mg/1.

+ Tién hanh phéi tron véi dat thi nghiém bang cach iy
cac thé tich dung dich me khac nhaula 25,75, 100 va 150 ml,
tuong ung voi cac cong thie CT1, CT2, CT3 va CT4. Sau
do, céc thé tich dung dich me trén dugc dinh muc béng nudc
ct t&i vach 250 ml dé dam bao su déng déu vé do 4m cua
dat trong cac truong hop tuong tmg mdi cong thc.
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Dt sau khi dugc tron kim loai s& duge u 1 tuan trude khi
dat thi nghiém. Mdi cong thirc duogc lap lai 3 lan/dot, mdi
dot trong 3 thang, c6 3 dot trong. Mdi chau thi nghiém chira
5 kg dat kho khong khi, mdi chau trdng 3 tép co.

- Cay duogc tréng trong chéu thi nghiém la cay cé Vetiver
dang trong thoi ky sinh truong manh (3-4 thang tudi), cit
ngén dé lai phan than dai 20 cm va phan ré 5 cm. Gidm
cd vao trong cat am trong vong 2 tuan trudc khi dem
trdng dé co ra r& mai. Trong 3 tép ¢ vao mdi chau. Hang
ngay tudi nudc du am, xGi dat va nhd co dai dé tao diéu
kién cho co Vetiver sinh truong, phat trién binh thuong.

Phuong phap phan tich trong phong thi nghiém:
- pH, .: Xac dinh theo TCVN 5979:2007, dugc do béng

Kc1*
may pH meter MH 51 ctia Hang Martini (Rumani).

- Pam tong s6 (N): Xéc dinh theo TCVN 6498:1999.
- Lan tong s6 (P,O,): Xac dinh theo TCVN 8940:2011.

- Xac dinh ham lugng K tong s6: Pha mau bang hdn hop
dung dich H,SO, dac yé HCIO,, sau d6 dinh qung b?mg
phuong phap quang pho Plasma ghép ndi khdi phd ICP-MS.

- Dung tich trao ddi cation (mgdl/100 g dat) CEC: Xéc
dinh theo TCVN 8568:2010.

- Chét hitu co (OM): Xac dinh theo TCVN 6644:2000.

- Pb tong sb trong dat: Mau dat duoc xir 1y heo hudng
dan cua EPA 3050B (1996) biang phuong phéap vé co hoa
mau voi HNO,, st dung thiét bi pha mau vi song Mark 6 tai
nhiét d6 180°C, thoi gian 45 phut. Tién hanh do ham lugng
Pb trong dich mau bang k¥ thudt quang ph6 hip thu nguyén
tir 10 Graphit (GF-AAS), sir dung thiét bi AAS 280Z cua
Hang Agilent.

- Xac dinh ham luong Pb trong cdy: Mau cay dugc liy
dem vé phong thi nghiém rtra sach, phan ra 2 phan 1a than
1a va gdc, ré. Siy kho cac mau trong tu say ¢ nhiét do 60°C
trong 2 ngay, sau d6 nghién nho, qua ray 0,25 mm va tron
deu.

- Mau cay duge xir Iy heo huéng dan ctia EPA 3050B
(1996) bang phuong phap vo co héa miu voi HNO,, st
dung thiét bi pha mau vi séng Mark 6 tai nhi¢t 46 180°C
trong thoi gian 30 phut. Tién hanh do ham luong Pb trong
dich mau b?mg ky thuat GF-AAS, sir dung thiét bi AAS
280Z ctuia Hang Agilent.

Céc thi nghiém déu duogc tién hanh véi méu tring va
mau lip dé danh gid sy nhiém ban do hoa chit va moi
treong xung quanh cling nhu d6 1ap lai cua phuong phap.
Kiém tra hiu sudt thu hdi cia qua trinh phd mau bing miu
thém chuan.
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2.3. Phwong phdp xir Iy s6 ligu
Sb liéu duoc tong hop, phan tich va xir 1y bang phan
mém Microsoft Excel.

2.4. Cac chi tiéu theo doi

Céc chi tiéu vé kha nang sinh truéng cua cay thi nghiém:
s0 nhanh trén khom, chiu cao cay, chi€u dai r¢, sinh khoi
cua cay, kha nang hap thu Pb trong cac bd phan cua cay.

3. Két qua va ban luan

3.1. Anh hwing ciia ham lwgng Pb trong dit dén sinh
khoi va kha nang tich lity Pb cua cdy co Vetiver

Bang 1. Mot sé dic diém Iy héa tinh cta dat trwdc khi tac
dong.

CEC N PO, KO )
0, , ] 7} a s
(SR R (mgdV100gdat) (mglg) (%) (%) TPCG dat (mg/kg)
428 2,62 10,62 136 0,15 1,07 Thitnhe 72,83

TPCG: thanh phéan co gioi.

Két qua bang 1 cho thay, thanh phan cap hat ctia mau dat
thudc nhom dat c6 thanh phan co gi6i thit nhe. Dét ¢6 thanh
phan co gidi nhu vay 14 thich hop cho cdy trong sinh trudng
va phat trién. pH=4,28 chimg to dt nghién ctru 1a dit chua,
do vy can phai cai tao do chua cua dit dé cho cay phat trién
tdt, it bi sdu bénh. Chat hitu co duge xem 1a thanh ph?m quan
trong nhat, dic biét c6 ¥ nghia dbi véi do phi nhiéu cua dat
va 1a noi dy trit dinh dudng trong dat. Ham lugng hitu co
trong dit 1a 2,62% chi & mirc trung binh.

Gia trj dung tich hap thu CEC cua mau dét dat 10,62
mgdl/100 g dit, dugc danh gia 14 trung binh theo thang danh
gia. Trén cac loai dat chua, gia tri CEC trong dat thudng
ting cung v6i sy gia ting pH dit va ham luong chét hiru
co trong dét. Chinh vi vay, viéc cai tao do chua va bd sung
chat hiru co dugc xem nhur 1a nhan t6 gép phan lam gia ting
CEC.

Nito 14 nguyén to quyét dinh sinh truong va ning suat
cdy trong, 1a chi tiéu hang diu danh gia do phi nhiéu dét.
Két qua phan tich cho thdy ham luong dam tong sb chi
& muc trung binh. Ham luong kali tong sd trong dat dat
1,07 chi & muc trung binh. Phospho 1a nguyén t6 rat can
thiét d6i véi cay trong, co y nghia vé mit dinh dudng ciing
nhu khic phuc mdt sb yéu td doc hai cua dat. Ham lugong
phospho tng s6 trong miu & mirc cao (>0,1% P,O,). Ham
luong Pb dang tong sb 1a 72,83 mg/kg cao hon gip 1,04
1an so quy chuan cho phép ham luong Pb dbi voi dt nong
nghiép. Chinh vi vay, can c6 cac bién phap xu 1y, cai tao dé
lam giam ham luong Pb trong dat xudng dé dat khong bi 6
nhiém kim loai nang thém.
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Bang 2. Anh hwéng cia ham lwong Pb trong dat dén sinh
trwdng cua cay co Vetiver.

Congthirc S0 nhanh/khom Chiéu cao cy (cm) Chiéu dai ré (cm)
bC 5,67+0,71° 116,50+5,40° 70,5043,31¢¢

CT1 5,670,837 119,23£5,65° 71,76+4,07¢

Cn2 6,33£0,71¢ 110,8245,37 67,38+3,21%

CT3 6,89+0,78¢ 108,70+5,30° 65,73+3,48°

CT4 4.44£0,53¢ 08,8444, 74 62,26+2,76*

p <0,05 <0,05 <0,05

Trong cung mét cdt, cac gia tri cod ch@ cai di kém khac nhau thé hién
s sai khac cé y nghia & mirc xac suat 95% theo phan tich Duncan.

Qué trinh sinh trudng ciia cay co Vetiver (thé hién & bang
2) duoc ghi nhan ¢ tat ca cac cong thic thi nghiém nhung
v6i mia @6 khac nhau lién quan dén ham lugng Pb b sung.
Cu thé: & cong thirc PC s nhanh ban dau 1a 5,67, khi bd
sung thém Pb vao dat voi ham lugng 1000-2500 mg/kg,
s6nhanh tang 1én, dat 6,89 nhanh/khom. Khi ham luong Pb bd
sung 3000 mg/kg, sb nhanh giam xubng con 4,44 nhanh/khom.
Vé chiéu cao cdy, véi ham lugng bo sung Pb & 1000 mg/kg,
chiéu cao dat 119,23 cm, tang 2,34% so véi DC. Tiép tuc
tang ham luong Pb 1én 2000-3000 mg/kg, chiéu cao cdy
giam xudng 4,88-15,16% so véi DC. Ddi vai chi tiéu chidu
dai &, CT1 (1000 mg/kg) ting thém 1,26 cm so véi DC,
con khi ting ndng do Pb cao hon, chiéu dai ré cua cay giam
xudng 4,43-11,69% so voi DC. Didu nay chimg t6 Pb co tac
dong dén sinh truong cia cdy co Vetiver, nhung voi ham
luong Pb khong qua cao (khoang 1000 mg/kg - CT1) su anh
huong 1a khong déng ké.

3.2. Anh huéng ciia ham lwong Pb trong dit dén khi
nang tich lity Pb cua cdy co Vetiver

Kha nang xtr Iy Pb trong dat 6 nhiém ctia ¢ Vetiver duoc
danh gia thong qua do luong luong Pb tich liy trong phan
than 14 va ré cay thu duoc, két qua duogc thé hién & bang 3.
Bang 3. Anh hwéng cia ham lwong Pb trong dat dén sinh

khéi trong phan than 14, ré va kha ning tich lily Pb ctia cay
co Vetiver.

Sinh khoi (¢) Tich liiy Pb (mg/kg)

Cong Lugng Pb tich liy
e puani; RS Ting Thinli R trong cdy (mg/chdu)
DC 29858315 19724171 4957363 6154017 TSI 1672010

CTI 29964278 198240470 49784274 15576068 301821057 644£0.72

CT2 26124192 15565121 41682266 34354085 6888262495 11624103

CT3 25754249 ISI5:131° 40914274 42914127 8659241767 14234123

CT4 20854191 118651000 3270225 4873£133 9857144185 1151105

P <005 <005 <005 Q05 <005 <005

Trong cung mét cdt, cac gia tri co chltr cai di kém khac nhau thé hién
sy sai khac c6 y nghia & mirc xac suat 95% theo phan tich Duncan.
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Nhin tong quat, sinh khéi ctia phan than, 14 va phan ré
¢6 xu hudng ty 1& nghich voi ham lugng Pb bd sung vao
dat, trong d6 CT4 c6 gia tri nho nhét va sai khac c6 ¥ nghia
thong ké so voi cac cong thire con lai; CT2 va CT3 gin
tuong dwong nhau va thip hon co y nghia so vdi 2 cong
thirc ¢6 gia tri gan nhu nhau 1a BC va CT1. Tuy nhién, do
ham lugng Pb trong dat khac nhau nén kha nang tich lity Pb
trong phan than 1a va ré trong mg clia cac cong thirc khac
nhau ciling khéc nhau.

O tit ca cac cong thirc thi nghiém, ham luong Pb tich
lity trong ré& cta cdy co Vetiver cao hon rat nhiéu so véi
phan than 14, trong d6 CT3 (bd sung vao dat 2500 mg/kg
Pb) c6 ham lugng Pb dugc tich lily trong cdy c6 gia tri cao
nhat (14,23+1,23 mg vi 42,91+1,27 mg/kg phan than 14 va
865,92+17,67 mg/kg & phan r&). Khi ham lugng Pb duoc
bd sung tang 1én 3000 mg/kg (CT4), kha nang tich liiy Pb
trong than 14 va ré tinh trén mot don vi khdi lugng (kg) ciing
tang 1én twong ung la 48,73+1,33 va 985,71+41,85 mg/kg
(bang 3 va biéu do 1). Tuy nhién, do cdy phat trién cham
hon, sinh khéi giam nén luong Pb duoc tich lity trong cay
giam xubng con 11,51+1,05 mg (biéu dd 1).
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W 800
£
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§ 600
=
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£ 400
>
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3

200

& —
o . g
bC CT1 CcT2 CT3 CcT4
Cong thirc

Biéu dd 1. Anh hwéng cia ham lwong Pb trong dat dén lwong
tich lily Pb trong than la va ré cay cé Vetiver.
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4. Két luan

1. Cay co Vetiver c6 kha nang sinh truong trong moi
truong dat canh tac bi 6 nhiém Pb nhung bi anh huong boi
ham Iugng Pb bo sung vao dét trong, néu bo sung vao dat
3000 mg Pb*/kg dat, sinh khoi cay giam 34,03% so véi dbi
chung.

2. Hiéu qua loai bo Pb trong dat thong qua kha ning
hép thu vao ciy cua cdy co Vetiver 1a kha tbt, trong d6 kha
nang tich lily Pb ¢ ré cao hon phan than 1a. Kha ning loai
b6 Pb 16n nhat & cong thire bd sung 2500 mg Pb*/kg dat
(CT3), dat 14,23+1,23 mg Pb, c6 thé s dung vao thyc tién
san Xuat.

TAI LIEU THAM KHAO

[1] T.T.D. Hien, N.T.T. Mi (2021), “Comparison of sunflower mv-005 and
vetiver grass in soil decontamination and evaluation of the effective micro-
organisms amendment in phytoremediation”, Journal of Science, Technology
and Food, 21(2), pp.53-61 (in Vietnamese).

[2] P.T.M. Phuong (2014), Report on The Topic at The Ministry of Science
and Technology Level “Research on Application of Biological Measures to
Treat Heavy Metal Pollution (Cd, Pb, As) in Soil for Specialized Vegetable
Growing Areas”, Institute for Regional Research and Development (in Viet-
namese).

[3] N. Girija, M.M. Nair, S. Lakshmi, et al. (2016), “Phytoremediation
potential of Vetiver zizanioides: A green technology to remove pollutants from
Pampa river by hydroponic technique”, Indian Journal of Advances in Chemi-
cal Science, 4(4), pp.464-468.

[4] S. Sharma, S. Tiwari, A. Hasan, et al. (2018), “Recent advances in con-
ventional and contemporary methods for remediation of heavy metal-contam-
inated soils”, Biotech., 8(4), pp.216-233, DOI: 10.1007/s13205-018-1237-8.

[5] O.B. Ojuederie, O.0. Babalola (2017), “Microbial and plant-assisted
bioremediation of heavy metal polluted environments: A review”, Int. J. Envi-
ron. Res. Public Health, 14(12), pp.1504-1529, DOI: 10.3390/ijerph14121504.

[6] M.M. Hasan, M.N. Uddin, I. Ara-Sharmeen, et al. (2019), “Assisting
phytoremediation of heavy metals using chemical amendments”, Plants, 8(9),
pp-295-310, DOI: 10.3390/plants8090295.



s Khoa hoc Ky thuat va Céng nghé | Ky thuat méi truong DOTI: 10.31276/VIST.65(3).64-67

Nghién ctru irng dung va wdc tinh chi phi
xay dung hé thong phao quan trac bién xa bo

Nguyén Pinh Hién"
Truong Pai hoc Tai nguyén va Méi trieong TP Ho Chi Minh, 236B Lé Van Sy, phwong 1, qudn Tan Binh, TP H6 Chi Minh, Viét Nam
Ngay nhan bai 1/8/2022; ngay chuyén phan bién: 3/8/2022; ngay nhan phan bién 26/8/2022; ngay chap nhan ding 31/8/2022

Tom tat: tit:

Giam sat, quan tric cic ving bién xa b(r ciia TH quoc lay Chl, nguyén vong va Ia nhu ciu cap thiét ciia Nha nwéc cling nhu moi
nguoi dan Viét Nam, do ciing l1a yeu cu chung ma nhiéu quoc gla da trién khai. Dua vao nhitng nghién ciru da c6 tai Viét Nam,
nhirng lrng dung tuong tw trén thé glO’l va cac linh kién k¥ thuit san co6 trén thi trwong, tac gia tip hop va nghién ciru thio luan,
xem xét dén chi tiét tirng thanh phan nhé cia ing dung, tir dé tong hop dé xuit mdt iwng dung hoan chinh co6 tinh kha thi vé mat
k¥ thuét dé ¢6 thé trién khai mot mang lwéi cac tram quan tric hai viin va mi trwomg & cac ving bién xa bo cia Viét Nam. Dong
thoi, hwong dén mot hé thong tram quan tric di dong, thu thip nhiéu loai dit liéu tim xa; dong bd v6i cong cude chuyén doi sb
trong cuc Cach mang cong nghiép 4.0. Ngoai ra, véi nhimg 1y luin nghién ciru vé chi phi, cing nhiing quy dinh phép 1y hi¢n
hanh, tac gia da tap hep cac chi phi cAu thanh mét cach phit hop, dwa ra cc két luAn mang tinh goi ¥, gitp cac to chirc lién quan
c6 thém mét goc nhin va c6 thé tham khio dé dé xuit trién khai trong diéu kién ngan sach ciia Viét Nam.,

Tir khéa: chi phi img dung phao quan tric viing bién xa bo, truyén dit liéu quan tric bién qua dich vu vé tinh, img dung phao

quan tric bién xa bo.
Chi sé phin loai: 2.7

1. Dt van de

Theo nghién ciru cia LK. Bien va cs (2018) [1], hé thong phao
thity am duoc st dung trong hé thong quan sat, canh gi6i bo bién,
phong tht bao v€ lanh hdi, trinh st phat hién, theo d01 giam sat
muc tiéu dudi nude gop phin nang cao kha nang san sang chién
d4u bao vé chii quyén va cdc ngudn loi tir bién [1]. Phao thily 4m
hoat dong trén nguyén 1y sonar thy dong ding dé thu cac tin hiéu
dudi nude. Pong thoi nghién clru nay ciing cho biét, trén thé gioi
viéc tmg dung hé thng phao thuy 4m duoc phuc vu cho nhiéu
muc dich: canh gidi bo bién, hé thong chuyén tiép thong tin, tu
dong hoa khao sat, giao tiép va dinh vi dudi day bién, bao vé cong
trinh bién. Tir d6 ¢6 thé thiy, mot hinh thire twong tw nhu phao
thity 4m néu trén - phao quan tric méi trudng va hai van tw dong,
ciing hoan toan c6 thé duogc thiét 1ap dé thu thap duoc cac thong tin
dan sy nhu bién d9 song bién, chiéu hudng song bién, tinh trang
thoi tiét mat bién. .. phuc vu cho hoat dong khai thac hai san; theo
ddi tinh hinh tau bé qua lai theo thoi gian thyc; do luong muc do
6 nhiém tire thoi mot s6 chét doe hai, canh bao tran dau..., tir 6
¢ thé giam sat va canh bao vé diéu kién khi hau, thity van va moi
truong & cac khu vure bién xa bd. Hién tai ¢ nudc ta, tic gia chua
tim thy dit liéu cho thdy da c6 sb lwong tram quan sat bién xa bo
dang ké, duogc biét, viée quan tric bién hién c6 17 tram quan tric
hai vin va 5 tram quan tric moi truong (cha yéu la quan trac gﬁn
bo); cdc co quan chirc nang dang ¢6 chu truong tich hop nhiéu
thanh phan quan tréc vao mot tram [2, 3]. Chinh phu ciing da o
quy dinh vé gi4m sat tau ca trong Nghi dinh 26/2019/ND-CP va
timg budc trién khai. Trong khi viéc quan tric méi trudng va thuy
van bién 1 mot nhu cau can thiét, duoc thé hién rd trong Nghi
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quyét s6 36-NQ/TW nim 2018 ciia Ban chap hanh Trung wong
Dang vé chién luoc phat trién bén vimg kinh té bién Viét Nam dén
nam 2030, tim nhin dén ndm 2045, cu thé tai muc 3 phﬁn IV cua
Nghi quyét c6 néu rd can wu tién ddu tu va ing dung cong nghé
thong tin, cong nghd vii try trong giam sat bién, ciing nhu thiét b
tw van hanh ngam dudi bién [4]. Trong gidi han thong tin cua ca
nhan, tac gia chua tim dugc mot nghién ciru twong ty, di kém vai
nhitng khao sat vé chi phi dé xem xét tinh kha thi vé mat ngan sach
tai Viét Nam, cung c?ip mat goc nhin dé cac co quan thyc thi c6 thé
can nhic trién khai sém chuong trinh nay theo ding chu truong
ctia Nha nu6c. Viée nay khong chi mang loi ich kinh té, x4 hoi
quan trong ma con mang ¥ nghia gép phan bao vé ving bién cua
t6 qudc. Bo Khoa hoc va Cong ngh¢ cling moi phé duyét Chuong
trinh khoa hoc va cong nghé cap quoc gia v& nghién ctru tmg dung
va phat trién cong nghe tién tién phuc vu nganh cong ngh1ep mdi
truong, trong do myc tiéu cua Chuong trinh c6 dé cap den viéc tmg
dung cong nghé tién tién quan tric moi truong, phat trién va lam
chu céc thiét bi [5]; da khing dinh hon tinh cAp thiét d6i véi nhimg
nghién ciu Ung dung.

Trong pham vi clia nghién ctru ndy, tic gid tdp trung nghién
ctru tmg dung va chi ra tinh kha thi ciia mot hé thong phao quan
tréc bién xa bo phu hop voi diéu kién kinh té va ky thuat ca Viét
Nam, 1a mot diém méi can nghién ctru tng dung; dong thoi nhan
manh nhu cau cfip thiét cua viée trién khai mot mot hé théng quan
tric, giam sat va canh bao. Theo d6, ngoai viéc néu tong quét lai
cac thanh phﬁn cia mot hé théng giam sat bién, tdc gia dat muc
tiéu nghién ctru dé tim ra tinh kha thi véi cac d6i tugng cu thé 1a:
(1) Thanh phan va tinh kha thi vé mat k¥ thudt cho viéc (mg dung
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Abstract:

Monitoring our national offshore sea is a Vietnamese willing,
aspiration, and essential demand for the State and its people; it is also
a demand for people in the world that some countries have deployed
it ready. Based on existing studies in Vietnam, similar applications
in other countries, and available technical devices/parts on the
market, the author seeks, gathers, researches, and investigates each
small part of the application; thereby combining and proposing a
complete application that is feasible in applied technology to deploy
a system of buoys for monitoring hydrology and environment in
an offshore sea of Vietnam; toward a system of mobile monitoring
stations, collecting various kinds of data out there; synchronised
with the digital transformation in the fourth industrial revolution.
Simultaneously, with research theories on costs and current legal
regulations, the author collects all relevant costs for each small part
of the application and concludes with a conclusion as a suggestion.
Then, relevant organisations can have an alternative view and
propose a deployment in a condition of Vietnam’s budget.

Keywords: applying buoys for monitoring offshore sea, cost for
application of buoys system for monitoring offshore sea, sea
environment monitored data transfer via satellite.
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phao quan tric méi truong bién xa bo ¢ Viét Nam, trong do viéc
truyén dit liéu quan tric bién xa by 12 mot yéu t6 quan trong, ma
thc gia s& nghién ciru sir dung kénh vé tinh dé truyén dit liéu la
mot diém khac biét dé dat muc tiéu quan tric xa bo; (2) Khao sét,
thu thap va phan tich chi phi tuong doi dé xay dung mot hé thong
phao quan tréc co ban; chi phi don vi cho mét chiéc phao quan tric
bién xa b va cac chi phi dich vu kém theo, véi ky vong nghién
ctru s& cho thiy murc chi phi dau tu & mirc thap, phu hop véi didu
kién ngan sach ciia Viét Nam; gitip thiic day viéc trién khai mot hé
thdng quan tric xa bo c6 quy mé twong ddi 16n vé mit s luong,
trong tuong lai gan.

2. Phuong phap nghién cifu va dif lieu thu thap

Téc gia su dung phuong phdp nghién ctru dinh tinh dé thuc
hién nghién ctru ndy; dua trén nén tang cic ly thuyét, cic nghién
cuu c6 lién quan trude day, dua theo nhu cu cua xa hoi dugce thé
hi¢n thong qua cdc chu truong cua Nha nude, dya trén cic van
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ban phép quy hién hanh, gia ca thi trudng va st dung cac thong
tin thir cap thong qua céc trang tin di¢n tir clia céc t6 chue co uy
tin (hinh 1).

Diu va Phat hién van dé nghién ctru trong thuc tién, lap mo
au vao . " A
hinh, x4y dung gia thuyet
‘ Sir dung céch tiép cén: Quy nap. Thu thip, tong hop
Thue hién thong tin, dir liéu lién quan; tim lun ctr Iy thuyét,
: ; luan ctr thuc tien
nghién ctru
Thio ludn, phan tich va xir Iy thong tin; tdng hop
l két qua bang phwong phap: phan tich dinh tinh
Péu ra Két luan

Hinh 1. M6 hinh nghién ciru.

Qua m6 hinh nghién ctru, tic gia thu thap cic ngudn thong tin
thir cap, phan tich, lya chon va tong hop céc thong tin lién quan
dé 1am nén tang phuc vu cho viéc ching minh gia thuyét ciia tic
gia. Cu thé Ia tinh kha thi vé cong nghé va kém theo d6 1a muc chi
phi, v6i hy vong s& c mite chi phi phu hop voi diéu kién cua Vit
Nam. Uu diém cia md hinh nghién ctru 1a phan dau vao nghién
ctru dugc dya trén co s phap 1y nhu da aé cap, nén vén d& nghién
ciru 13 cap thiét va kha chic chin. Nhuoc diém ¢b hiru cuia phuong
phép nghién ctru dinh tinh 1a dya trén dit liéu thi cap, dac biét dbi
v6i nghién ctru nay, cc thong tin vé chi phi c6 thé bién dong theo
gia ca thi truong.

3. Két qua va ban luan
3.1. Xdy dung vrng dung phao quan tric bién xa bor

Theo nghién ctru cua LK. Bien va cs (2018) [1], md hinh hé
thong phao thity 4m bao gdm 3 phan: i) Phan phao thily m duoc
thiét 1ap dé thu tin hiéu thuy 4m tir moi truong; ii) Phan truyén tin
bang thiét bi phat song vo tuyén FM; iii) Tram thu nhén tin hiéu
tir song FM, giai diéu ché ra dir liéu Am tin va dua 1én mdy vi tinh
dé xr Iy. Nghién ctru trén cling khong ndm ngoai co s¢ ly thuyét
vé truyén tin. Theo D.V. Chuyet (2004) [6], viéc truyén tin, dir
liéu bao gdm 3 thanh phan chinh 14 ngudn tin, kénh truyén tin va
nhan tin.

Trong hé thong phao quan tric moi truong - ddi twong cla
nghién ctru ndy ciing bao gom 3 thanh phan chinh néu trén, trong
d6: ngudn tin chinh 1a céc phao co thiét bi di kém nhimg dau cam
bién thu thap thong tin méi truong theo nhu cau thue tidn; cac thiét
bi dau cubi dung dé thu thap thong tin quan tric cling da duoc sir
dung tuong dbi pho bién trén thyc té [7]. Kénh truyén tin 1a thiét
bi dung aé gui dir liéu thong qua dich vu vé tinh; dit liéu dugc ma
hoa va chuyén di thong qua nha cung cép dich vu v¢ tinh, vao moi
truong internet va dinh tuyén vé may chi - nhan tin. May chi dwoc
lap trinh giai ma va biéu thi thong tin quan tric theo yéu cau trén
nén tang trang tin dién tir cho nguoi dung theo quy dinh. Viéc sir
dung phao quan tric thiy van xa b ciing da phd bién trén thé gioi,
vi du nhu Trung tim Phao dit liéu quéc gia ciia My ma mot phan dir
liéu quan tric ciia ho dugc dang cong khai trén trang tin dién tir [8].
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Qua nghién ctru thuc té cho théy, hién chua c6 hinh thirc tmyén
du liéu mang tinh thuong mai pho bién nio trén thi truong ngoai
duong truyén vé tinh; dé khéng dinh sy lya chon cua tac gia vé viée
tmg dung kénh truyén tin 14 hé thdng truyén dir liéu bang dich vu
vé tinh. Boi d6 1a kénh truyén dir liu trao doi hai chiéu, pham vi
hoat dong rong, va mirc 6n dinh da dugc nha cung cép khing dinh
trén thi truong, diéu nay nhiam dam bao thu thap dir liéu quan tric
& nhitng viing bién xa bo mét cach kip thoi va 6n dinh.

Vi nhiing 1y thuyét va nghién ctru trude day nhu da trinh bay
& trén, két hop hd tro tu van ky thuat tir nhitng ngudn tu van khéc,
tac gia tong két cac thanh phan cua hé thong phao quan tric nhu
bang 1. Tac gia s& 1am rd hon mot s6 b phan chinh yéu. Nhu da
aé cdp, cac thiét bi diéu khién co gén cac cam bién thu nhan di
liéu noi chung va dit liéu moi truong noéi riéng di phd bién; dé
thuc hién, c6 thé mua cdc module ¢6 sin trén thi truong hodc chu
dong hon 1a t thiét ké board mach didu khién theo yéu cau; lap
trinh didu khién cho b phan nay 1 viéc tién quyét phai lam. Mot
thanh 6 k§ thuat quan trong nhét khi phao quan tric hoat dong
ngoai khoi xa by 1a truyén dit liéu quan tric vé dugc trung tim
diéu hanh. Vi khong co mang di dong 3G/4G nén thong thuong
c6 2 cach 1a dung song vo tuyén FM hodc dung duong truyén vé
tinh dé truyén dir liéu. Tc gia chon phuong an k¥ thudt la duong
truyén vé tinh (phan chi phi s& nghién ctru bén du6i) boi nhimg
li thé khong thé phii nhan nhur da dugc trinh bay ¢ trén. Tuy véy,
nhugc diém truée mat cua viée ding duong truyén vé tinh 1a ton
kém va chua hoan toan chu dong lam chu cong nghé. Tiép theo,
mot yéu t6 quan trong khac 1a mirc tiéu thy nang luong dién phai
o mitc khong cao. May man 1a tong cong sudt tiéu thy dién cua
thiét bi dau cudi du kién khoang 15 W/h, thiét bi truyen dir liéu vé
tinh la khoang 5 W/h (trong diéu kién giri dir liéu trén 5 phat mot
lan) nén tong cong cong suat wéc tinh khoang 20 W/h. Phao quan
tric ding tim pin mat troi cong suat 100 W (peak), tinh hiéu sudt
trung binh 0,7 dé dat cong sudt thuc 70 W/h, cao gép trén 3 lan so
v6i cong suat tiéu thu dién cua phao quan tric (20 W/h), 1a phu
hop. Phao quan tric ding dc quy kho 80 ah, udc dung qua 1 dém
cho cac thiét bi ctia phao quan tric. Mot phao xop c6 khung va vo
composite phit hop véi méi truong bién co kich thuoc 150x80 cm
(dwong kinh 150 cm, cao 80 cm), du dién tich gin tAm pin mat tro,
c6 mau sic tuong dong mau nudc bién dé nguy trang han ché mat
cap. Cac loai phao nhap khau nguyén chiéc ¢6 gia thanh cao. Phao
quan tric dugc neo voi mot qua bé tong c6 mo neo voi trong lwgng
90 kg tha day bién, bang cap (phi 10 mm) chiu lyc va chdng gi.
Theo dir ligu thu thap duoc, khu vuc Bién Dbong va vinh Thai Lan
c6 d sau day trung binh khoang 50-110 m, nén dung cap niu c6 d§
dai khoang 50-110 m tily chd, sao cho cap ¢6 do ching du phong
khi thuy triéu va/hodc song bién dang 1én cao [9]. Trong twong lai,
v6i wu diém dudng truyén vé tinh, co quan chii quan c6 thé nghién
ctru thay thé cap niu c6 dinh nay bang viéc lip moto dién va chan
vit cho phao quan tric chay tu hanh - khong ngudi 1ai, véi tde do
cham trong pham vi hep. Trong bang 1 1a céc thanh phan cau thanh
chi phi, c6 mot s thanh phan 1a cac cam bién dé thu thap thong
tin moi trudng, c6 thé duoc thay doi bd sung nhig cam bién nay
theo nhu cau trong thyc tién. Dau thu thily dm thu dong c6 tiém
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ning mo rong nghién ctru dé dat nhimg cong dung 1én hon, trong
d6 nghién ciru tin higu thiy 4m can nhiéu thoi gian, tich liy kinh
nghiém nén déy 1 tién dé cho mot mang ky thuat moi ¢ Viét Nam,
Theo nhitng nghién ctru trude day, ngudi ta c6 thé nghién ctru siu
vé tin hiéu thiy am dé xac dinh mot sd loai ¢4 16n ¢6 phat ra am
thanh (c4 heo, ¢4 voi...), phat hién chdn dong dia chat ddy bién,
phat hién, dinh vi va phan biét mot s6 loai tau mat nude cung nhu
tau ngdm, diéu ndy s& gop phan gidm st trong chién lugc bién cua
Viét Nam [5]. Trong d6, phat hién ngu truong kip thoi dé ngu dan
¢6 thé khai thac hai san mot cach hiéu qua, tiét kiém thoi gian,
cong sirc va nhién liéu 1a mot ndi dung dang dé nghién ctru sau
hon. Nhung dé lam diéu d6, can trién khai hé thong phao quan
tric 1 nén tang co ban, tao didu kién cho cac budc tiép theo. Dong
thoi, tmg dung nay ciing ¢6 thé dung cho céc tram quan tric ving
héo lanh, kho thuong xuyén tiép can trén dat lién. Nhu vy, ching
ta co thé thay st dung phao quan tric bién xa bo, sir dung dich vu
truyen dur liéu qua dich vu v€ tinh la kha thi vé mit k¥ thuat va phi
hop vé mit nhu cau trong thyc tién.

Bang 1. Bang téng hop thanh phan ky thuat va chi phi wéc
tinh.
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3.2. Uéc tinh chi phi xdy dwng va van hanh phao quan tric xa bo

Theo Cam nang dau tu - kinh & va quan Iy chi phi dau tu
xdy dung, mot sd cach phan loai chi phi phé bién trong hé thong
nguyén ly ké toan dang duoc 4p dung tai Viét Nam, Nghi dinh s6
10/2021/ND-CP ndm 2021 vé quan Iy chi phi dau tu xay dung, tic
gia phan loai chi phi cac thanh phan k¥ thuét thanh 3 loai co ban
sau: 1) Chi phi ¢4 dinh dau tu xdy dung hé théng k¥ thuat ban dau;
ii) Chi phi bién dong di kém cac thiét bi k thuat; iii) Chi phi don
vi ctia mot thiét bi khi dau tu ting thém (mo rong pham vi quan
tric). Trong pham vi khao sat chi phi cua cac thanh phan ki thuat,
khong gidng nhu cac dé 4an chi tiét, tic gia khong di vao nghién
ciru céc loai chi phi khac nhu chi phi quan ly, trién khai, ha tang va
nhan su van hanh... [10].

Viéc khao sat, thu thap gitt liéu vé gid ciia cac thanh phan thiét
bi dugc tac gia thyc hién bfing cach guri email, goi dién thoai, hodc
truc tiép dén cac don vi phan phdi thiét bj c6 lién quan dé 14y thong
tin vé gi4 va tiéu chudn ky thudt, trong d6 mot thiét bj khong ¢o
nhiéu lya chon. Bén canh do, tac gia voi vai tro cd nhan nén han
ché 14 c6 nhiing thanh phan béo gia chua chi tiét va chua mang
tinh phap 1y manh. Trén co s quy dinh ctia Luat Péu thau (2013)
va Nghi dinh 63/2014/ND-CP, dbi v6i goi thau dudi 5 ty dong,
viéc mua sim c6 thé thuc hién theo quy trinh chao hang canh tranh
thong thuong. Nhung trong gi6i han vai tro ca nhan, tic gia s¢
khao sat theo cach xin bdo gia cua 3 nha cung cap (quy trinh. thau
rat gon) dbi voi mdi thanh phan thiét bi; tuy nhién, thyce té van c6
nhiing thiét bi khong co nhiéu lya chon nha cung cap hién ¢ tai thi
truong Viét Nam nén s luong bao gia canh tranh co thé it hon 3
nha cung cép; ¢ mot s6 loai thiét b can nhap khéu tir nude ngoai.
Riéng cam bién dau thu thity 4m chua lién hé dugc gia ban dang
tin cay. Cac cam bién va thiét bi duoc chon 1a loai co chat luong
thuong, nhdm giam rui ro chi phi néu phao quan tric bi mat; cic
loai cam bién chat lwgng cao c6 mitc gi cao hon hang chuc lan.
Két qua khao st gi4 duoc tac gia thu thap; viéc danh gia, lwa chon
theo nhu cau nghién ctru, myc dich nghién curu; két qua cac loai chi
phi duogc tong hop chung, trinh bay trong phan don gi4 ctia bang 1
gdm céc loai chi phi chura bao gom cac loai thué.

Qua két qua tong hop, céc thanh phan k¥ thudt va chi phi udc
tinh xdy dyng, van hanh phao quan tric tai bang 1 c6 thé thay: chi
phi ¢ dinh dau tur hé thong k¥ thuat tai trung tim diéu hanh khong
cao, khoang dudi 1 ty dong; trong d6 chi phi thué duy tri may chu
chi 96 triéu dong/ndm. Chi phi thué dich vu vé tinh truyén dit liéu
cho mdi phao 1a khoang 10-12 triéu dong/nam. Tong hop chi phi
trung binh mot chiéc phao quan tréc bién xa bo 1a 197 triéu dong
(trong diéu kién san xudt v6i sb luong tir 100 chiéc tré 1én). Trong
co cdu chi phi mot chiée phao quan tric néu trén, cac loai cam bién
chiém ty trong cao (trén 70%), céc loai cam bién dat tién c6 mirc
gi4 cao hon hang chuc 1in nén tac gia da chon c4i loai cam bién
phi hop nhu cau thyc té, khi cac phao quan tric xa bd ndy ¢6 nguy
co bi mét cdp, thit lac hodc khong dugc bao dudng dinh ky. Viét
Nam c6 hon 3.200 km chiéu dai bos bién, ving dic quyén kinh té
rong 200 hai ly, gia sir ddt 150 phao quan tric ty dong nay trén cic
ving bién thi s& ton chi phi phi khoang 30 ty dong va ton khoang
1,2 dén 1,7 ty dong mdi nam cho chi phi truyén dit lidu qua vé tinh.

%HN%?-IE 65(3) 3.2023

Khoa hoc Ky thuat va Céng nghé | Ky thuat méi trudong

Keét luan

Phan tich cho thay viéc trién khai mot hé thong phao quan tric
bién xa bd 1a mot nhu cau C'Eip thiét, gén voi loi ich kinh té - xa
hoi cta Viét Nam. Nghién ctru chi ra vige trién khai mot hé théng
phao quan tric bién xa bo 14 hoan toan kha thi trong diu kién cua
Viét Nam. Trong do, viéc trién khai ung dung thiét bi vé tinh vao
viéc truyén di liéu quan tric bién xa bd vé trung tim diéu hanh 1a
kha thi ca vé& mat k¥ thudt va chi phi, (chi phi khoang 10-12 triéu
ddng/niam/phao). Nghién ctru chi ra viée sir dung phao quan tric
bién xa by khong chi kha thi ma da pho bién trén thé gioi, Viét
Nam c6 thé 1am chi phan mém, chi dong san xuat thiét bi trong
ndi dia voi nhimg linh kién phd bién trén thi truong qudc té, dong
thoi ciing chi ra viéc dau tu cho 1 chiéc phao quan tric 1a 197 triéu
ddng/chiéc. Viéc trién khai ing dung nay 1a pha hop véi nhu cau
thyc tidn, chién lugc bién va diéu kién kinh t& cua Viét Nam trong
bdi canh cudc Cach mang cong nghiép 4.0 day 1én hién nay. Tac
gia mong mubn bai viét s& cung cap mot goc nhin tich cyc va kha
thi trong diéu kién cua Viét Nam, dé c6 thé som trién khai mang
ludi quan tric méi truong va gidm sat bién phuc vu cac loi ich
qudc gia, ngay trong ngan han. Tuy nhién, viéc trién khai ciing can
thiét phai dugc thuc hién thir nghiém cho véan hanh, chay thir trong
thuc tién, tir d6 c6 thé quan sat va diéu chinh thyc tién.
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Nghién ciru su bién doi mot so chi tiéu hoa ly va hoa sinh
cuia toi trong qua trinh lén men toi den

Nguyén Thi Hanh", Téng Xuin Hoa', Nguyén Vin Hung', Hoang Giang?

Vién Cong nghé Sinh hoc va Cong nghé Thuc phzfm, Dai hoc Bach khoa Ha Néi, 1 Pai Co Viét, phuwong Bach Khoa, quan Hai Ba Trung, Ha Noi, Viét Nam
’B¢ Tu lénh Cdanh vé, B6 Cong an, 1 Lé Héng Phong, phwong Dién Bién, quan Ba Dinh, Ha Noi, Viét Nam

Ngay nhan bai 6/6/2022; ngay chuyén phan bién 10/6/2022; ngay nhan phan bién 27/6/2022; ngay chip nhan ding 1/7/2022

Tém tit:

To6i den dwoc tao ra béi cac phan éng hoa sinh xay ra trong qua trinh ché bién téi twoi nho sy kiém soat nhiét do va
dd 4m. Muc dich ciia nghién ciru nay nhim danh gia sw bién déi dic tinh Iy hoa ciia mdt sé gidng t6i trong qua trinh
1én men toi den. Téi dung trong nghién ciru bao gom 4 miu: t6i mot nhanh Hai Dwong, t6i nhiéu nhanh Trung Qudc,
Hai Duwong va Ly Son dwoc xir 1y, ché bién theo quy trinh cé kiém soat nhiét d (85-90°C) va do am (80-90%). Nhirng
bién déi cia mot so chi tleu hoa ly va hoa sinh trong qua trinh lén men nhw do 4m, mau sic, ham lugng dlm’ng khir,
polyphenol tong sb, axit tong sb, chi sb chong o0xy hoa va hoat lyc enzym alliinase dwgc danh gia ¢ 4 mau téi. Két qua
cho thay, 6i m§t nhanh Hai Dwong 1 nguon nguyén li¢u sin xuét téi den thich hop nhit trong 4 nguyén liéu nghién ciru.

Tir khoa: 1én men, toi, toi den.
Chi sé phén logi: 2.10

1. Dét van dé

Toi (Allium sativum L.) thugc ho hanh Alliaceac, 1a mot loai
rau gia vi ¢6 gia tri sir dung va gi tri sinh hoc cao. Toi co nguon
gdc tir Trung A va duoc trong hau khap cac chau luc trén thé gii.
Toi tuoi chtra khoang 63% nudc, 28% carbohydrate, 2,3% hop
chét sulfit hiru co, 2% protein, 1,2% axit amin tu do va 1,5% chat
xo0 [1, 2].

Toi den dugc tao ra boi cac phan mg hoa sinh xay ra trong qua
trinh ché bién t6i troi nho su kiém soat nhiét do va d6 4m. Khong
co chat phy gia hodc cac chit khac dugc sir dung hay thém vao
trong qué trinh chuyén hoa toi tuoi thanh toi den. Dic biét, toi den
c6 huong vi ngon, ngot va khong gdy ra mui kho chiu sau khi st
dung. Qud trinh chuyen héa nay dugc bao cdo 1a do sy pha hiy mot
s6 hop chét nhu cht tao mii hing va vi cay ndng trong qué trinh
xtr Iy nhiét, dién hinh 13 allicin va S-allyl-cysteine [3]. Ly do toi
den khong con mui vi hang nhu toi tuoi 1a do sy giam ham luong
allicin, dugc chuyén thanh hop chit chong 6xy hoa nhu S-allyl-
cysteine - hop chit c6 hoat tinh sinh hoc nhu alkaloid va céc hop
chat flavonoid [4].

Mot sb nghién ctru cho rang, trong toi den chira nhidu thanh
ph?m c6 kha nang chéng bénh cao hon so voi toi tuoi, dac biét
1a polyphenol, flavonoid va mot s6 chét trung gian cua phan tmg
Maillard [5]. Hon nita, hoat tinh chdng dxy hoa cia toi thay doi
giiita cac viing trong toi [6].

O Viét Nam, san luong toi hang nam kha 16n voi san phim ndi
tiéng nhu toi Ly Son (Quang Ngii), Phu Yén (Son La) va céc ving
chuyén canh toi ¢ céc tinh/thanh phd phia Bic nhu Thai Binh, Hai
Phong, Bic Giang va Hai Duong. Toi den dugc ché bién tir toi
mét nhanh Ly Son cho chét lwgng tot hon cac giéng khac boi ham

“Tac gia lién h¢: Email: hanh.nguyenthi@hust.edu.vn
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lugng polyphenol, flavonoid va hoat tinh chéng 6xy hod cao vugt
troi. Tuy nhién, toi mot nhanh Ly Son rit hiém va san lugng thap
nén gia thanh sén phém khé cao. Dé giam gia thanh san phém gilp
nhiéu déi tuong c¢6 thé str dung duoc va ning cao gia tri cla céc
giong toi khac, can tién hanh nghién ctru ché bién toi den tir nhidu
mau t6i khic nhau. V6i ngudn nguyén liéu phong pha nhu vy
gitip gi4 thanh toi den ré, ning cao gia tri thuong phdm va tang thu
nhép cho ngudi néng dan trong toi. Hién nay, ¢ Viét Nam van chua
c6 nghién ciru ndo danh gia chat luong toi den dugc ché bién tir toi
nguyén li¢u ¢ cac vung khac nhau, do d6 chung toi thuc hién danh
gi4 su thay doi chat luong cta toi trong qué trinh ché bién toi den,
gitip cho viéc danh gi4 chat lugng ciing nhu chon lua toi nguyén
ligu thich hop dé san xuét toi den.

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

Nguyén liéu str dung trong nghién ciru gdm 4 mau toi: toi mot
nhanh Hai Duong (M1), t6i nhiéu nhanh Trung Qudc (M2), Hai
Duong (M3) va Ly Son (M4). Tai thoi diém thu hoach, t6i ¢6 thoi
gian sinh truong 120-130 ngay, dong thoi cu toi da tich tu mot
luong céc chit dinh dudng, chit tao mui, vi va chat mang hoat
tinh sinh hoc dén mot ham luong t6i da. Nguyén lidu toi khi thu
mua di dugc cit bo ré, than, chiu dai tir cu dén than khoang 8-10
cm, lam kho dén d6 am 60-70% va b6 thanh chim. Thoi gian bd
trf thi nghiém trong vong 24 gio sau khi van chuyén vé phong thi
nghiém.

2.2. Phuong phdp bé tri thi nghiém

Toi dugc tuyén chon, loai bo nhiing cu bi sau, dap, thdi hong,
sau do dua vao thiet bi 1én men dugc cai dit nhiét do 85-90°C trong
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Abstract:

Black garlic is produced by biochemical reactions that occur
during the processing of fresh garlic by controlling temperature
and humidity. This study aims to determine the changes in the
physicochemical properties of various garlic cultivars during the
fermentation of black garlic. In this study, four garlic samples
from various regions were collected: Hai Duong’s monobulb
garlic, China’s hardneck garlic, Hai Duong’s hardneck garlic,
Ly Son’s hardneck garlic were placed under control procedure
at a temperature of 85-90°C and relative humidity of 80-90%.
The samples were observed and examined with their changes in
humidity, colours, reducing sugars contents, total polyphenol,
total acid, antioxidant index, and alliinase activity throughout
the fermentation process. Research results have shown that Hai
Duong’s monobulb garlic is the most suitable material for black
garlic production among the four materials.

Keywords: black garlic, fermentation, garlic.
Classification number: 2.10

vong 2 ngay, tiép dén ha nhiét o xudng 85°C va duy tri nhiét do
ndy trong sudt qué trinh 1én men. PO 4m twong dbi ciia moi trudng
1én men dugc duy tri 80-90% bang cach bo sung nudc sach vao
déay cua thiét bi 1én men. Sau mdi 24 gi 1én men t6i s& dugc phun
thém am v6i luong 50 ml nudce sach/kg tdi, qué trinh b6 sung 4m
duoc dimg lai trude thoi diém két thic 16n
men 5-7 ngdy. Thoi gian 1én men toi da 60
ngay tuy thudc kich thudc, dac tinh cu toi.
Tién hanh danh gia cac chi tiéu chat
lugng trong qua trinh bao quan 5-7 ngay
1 1an. Céc chi tidu chét lugng dugc danh
gia gém: d6 4m, do cung, mau sic, ham
lugng duong khu, axit tong s6, ham luong
polyphenol tong s, kha ning chong oxy
hoa, hoat Iyc enzym alliinase. Khéi luong
2 kg toi/mau, tién hanh 1&n men dong thoi
4 méu trong thiét bj 1én men. M&i mau lip
lai 3 lan.
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Thiét bi 1én men ky hiéu J-RHC1-B (Han Qudc) ¢6 kha ning
diéu chinh d¢ 4m 38-95%, nhiét do -20-15011, cong suét 30 kg toi
nguyén li¢u/mé.

2.3. Phwong phdp phdn tich

Xac dinh d§ am nguyén liéu bang phuong phap sdy dén khoi
luong khong doi theo TCVN 6120:2018.

Xac dinh do ctmg thit c bing may do cdu tric thuc phim
TA-XT plus, su dung dau do duong kinh 8 mm, khoang cach dam
xuyén Ia 0,5 cm, don vi kg/cm*

Xéc dinh mau sac vo cu (L, a, b) bang may do mau ColorLite
sph860/sph900 ctia Burc.

Xac dinh ham lugng duong khur theo phuong phap Graxianop.

Xac dinh ham lugng polyphenol tong s bang phuong phap do
mau dung thuoc thir folin theo TCVN 9745-1:2013.

Xac dinh ham luong axit tong s theo TCVN 4589-88.

Hoat tinh chong oxy hod dugc xéc dinh bang phan tmg voi
2,2-Diphenyl-1-picrylhydrazyl (DPPH) theo TCVN 11939:2017.

Xéc dinh hoat luc enzym alliinase theo phuong phéap cua
S. Schwimmer va cs (1961) [7] thong qua viéc phan tich ham
lugng pyruvate tao thanh. Mot don vi hoat do cta alliinase dugc
x4c dinh 14 lugng enzym can thiét dé giai phong 1 pmol pyruvate
trong 1 phut [7].

2.4. Phwong phdp xit Iy 56 liéu

Két qua thi nghiém dugc phan tich ANOVA va kiém dinh LSD
(5%) bang phan mém thong ké SAS 610.
3. Két qua va ban luan

3.1. Bién déi mét sé chi tiéu vit Iy ciia t6i trong qud trinh
lén men
~ Trong qua trinh 1én men, mot s6 chi tiéu vat 1y ctia toi nhw do
am va mau sac thay doi 10 rét. Két qua dugc minh hoa ¢ hinh 1.

D¢ am: Dy 1 yéu t6 anh huong phan tmg hoa nau cia toi
trong qué trinh 1én men, dién hinh 1a phan tmg Maillard va 6xy
hoa polyphenol. N6 1a moi truong cho céc phan g hoa sinh dién

8
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[

Th&i gian (ngay)

Hinh 1. Bién d6i mét sé chi tiéu vat Iy cta toi trong qua trinh 1én men. (A) D am; (B)
Mau séc. M1: ti m6t nhanh Hai Dwong; M2: t3i nhiéu nhanh Trung Quéc; M3: téi nhiéu
nhanh Hai Duong; M4: téi nhiéu nhanh Ly Son.



ra, nhu phan tng thuy phan, phan gidi tinh bot thanh duong hay
phan ng enzym chuyen hoa cac hop chat luu huynh trong toi. Lén
men trong diéu kién thiéu 4m s& khién toi thanh pham bi kho, dang,
trong khi néu 4m qué cao lai cho toi mém, dé nat. Do vdy, duy tri
on dinh 4m trong qua trinh [én men, d3c biét trong giai doan dau la
can thiét dé dam bao cho chat luvong thanh pham tt [4].

Do 4m ciia ca 4 miu toi trong 24-30 ngay dau cia qué trinh
1én men dao dong khong nhiéu, c6 thé coi 1a kha on dinh trong
timg mau mot phan nho cong doan phun bu 4m va sy phan phdi
dong déu am trong thiét bi 1én men. Riéng M1, d6 4m ban dau co
gidam manh hon cac mau khac. Diéu nay c6 thé do dic tinh cau triic
riéng biét cua toi mot nhanh Hai Duong. O mot s6 thoi diém cua
qué trinh 1én men, do am c6 chidu hudng tang trude khi giam, didu
ndy do tinh bt va cac hop chét cao phan tir c6 kha ning hut va
gilt nude. Cac ngay 1én men tiép theo khi khong c6 su phun ambo
sung (giai doan 2, 1én men 6n dinh cAu tric) thi d6 4m nhin chung
co Xu huong giam dén ngay 1én men thir 41. Hién tuong giam do
am 0 céc méu ¢ thé 14 do sy giam ham lugng cta céc thanh phan
giit am nhu tinh bot do qua trinh 1én men chuyén hoa tao thanh
cac san pham khac c6 kha ning gitt 4m kém hon. Ham luong nudc
trong toi ¢6 hién tuong bay hoi khi d6 4m trong thiét bi 1én men
giam va chua dugc phun 4m bu lai. Tuy nhién, xu hudng cta nguoi
tiéu dung 1a wa thich cac san
phim t6i den thanh phim cudi
¢6 d chéic, déo. Hon nita, do 4m
cao s€ lam cho nguyén li¢u kho
bao quan, th(‘ri han bao quan va
st dung ngan do vay nén dung
bd sung am luc 5-7 ngay trude
khi két thiic 16n men hodc c6 thé
tién hanh qué trinh sy sau khi
1én men dé giam do 4m cua san
phim dén gia tri mong mudn, -
cho chat luong cam quan thanh o

(A}

Ham horgtnged i g ke (%a)

phérn tot va tao diéu kién cho Thar gian {ngay)

bao quan. PO am cia cac miu
toi khi két thic qué trinh 1én
men thuong dat 30-35%.

Mau sdc: Su chuyén mau tir
tring & toi nguyén liéu sang den hoan toan & toi khi két thuc qua
trinh 1én men 1 két qua cta nhidu phan Gng héa sinh nhu Maillard,
phén tmg ¢6 sur xtic tac ciia enzym PPO va POD. Sy bién mau ciia
c4c mau toi trong qua trinh lén men c6 xu huéng chung la chuyén
tlr tréng 6 toi nguyén liéu qua vang, nau, nau do, nau den Va cudi
cing 1a den tuyén & san phim cubi cung Blen d6i mau sic duoc
quan st thay & ca 4 mau toi. Su thay d6i 6 mau toi M1 va M2 trong
qué trinh 16n men c6 sy twong ddng v6i nhau theo xu hudng giam
dan trong qué trinh 1én men, ddc biét gia tri nay 6 su thay doi
nhiéu nhét vio ngay thtr 5, 23 va 41 cua qua trinh lén men. Trong
khi d6, sy bién d6i mau sic cua mau toi M3 va M4 co sy twong

KHOA
&CONGHI\?GCI:-IE

65(3) 3.2023

s Khoa hoc Ky thuat va Cong nghé | Ky thuat thuc phdm va dé uéng

dong v6i nhau, tri sd ndy co xu hudng giam manh trong khoang
5-11 ngay cta qua trinh 1én men, sau d6 tang nhe ¢ khoang 11-
17 ngay 1én men, nhitng ngay 1én men tiép theo, tri s6 ndy c6 xu
huéng giam dan. Piéu d6 cho thiy, trong qué trinh 1én men ngoai
tac dung cua phan ung Maillard thi phdn Gmg cua enzym POD va
PPO ciing ¢6 anh huong dén sy bién mau. Tuy nhién, riéng mau toi
M3 lai c6 xu hudng giam sau 5 ngay 1én men, sau d6 tang lén vao
ngay thir 11 va tir d6 co xu huéng gidam din trong subt qua trinh
1én men. Mau M1 va M3 cho théy su bién mau nhanh hon, nhan
10 50 v&i 2 mau M2 va M4 ¢ ngay thir 23 ctia qua trinh 1én men.

3.2. Bién doi mgt so chi tiéu hod hoc ciia téi trong qud trinh
lén men

Puong khi: Trong diéu kién nhiét do cao (85-90°C) va kéo dai
cua qua trinh 1én men t6i den, duong khir tao thanh tham gia phan
{mg Maillard tao mau va hwong vi dic trung cho san pham. Ham
luong dwong khir trong san phdm cudi cling anh hudng tryc tiép
dén cam nhan vi ngot, no két hop voi ham lugng axit téng s6 va
nhitng thanh phan khac tao nén do hai hoa cho san pham t6i den
thanh phdm. Theo ddi qua trinh hinh thanh duong khir trong qué
trinh 1én men san xudt toi den ciing dugc tién hanh dinh ky dong
thoi v6i céc chi tiéu khac. Két qua phan tich sy bién d6i dudng khir
trong qua trinh 1én men dugc thé hién trén do thi hinh 2A.

s (B

8 (pf100g)

Ham lirgrng st 18ng -

Tl gian [ngay)

Hinh 2. Bién d6i mét s6 chi tiéu hoa hoc cua téi trong qua trinh 1én men. (A) Buong khiv; (B)
Axit tbng sb. M1: t6i mét nhanh Hai Dwong; M2: téi nhiéu nhanh Trung Quéc; M3: téi nhidu nhanh Hai
Duwong; M4: téi nhidu nhanh Ly Son.

Trong qua trinh ché bién toi den, polysaccharide trong
toi twoi bi thuy phan tao thanh cac monosaccharides hodc
oligosaccharides, mat khac nhitng loai dudng trong toi den c6 thé
bi tiéu hao trong phan tmg Maillard. Khi kiém soat toi ché bién ¢
nhiét d§ khoang 70°C, qua trinh tao thanh dudng nhanh hon toc
d¢ tiéu hao trong phan tmg Maillard va ¢ nhiét do nay, qua trinh
ché bién cling tao ra mot san pham t6i den chat luong tot hon [3].

Db thi hinh 2A cho thy, ham lugng dwong khir ciia tat ca cac
mau t6i nghién ctru trong qué trinh 1én men déu co xu huéng ting
dén theo thoi gian 1én men. Tc do tang luong duong khir cia ca
4 miu tang cham trong khoang 17 ngay dau ctia qué trinh 1én men
toi den. Ngay thir 24-30 ctia qua trinh 1én men cho thdy toc do ham
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luong duong khir ting manh, dic biét ¢ mau toi M1 va M3, diéu
ndy ciing ty 16 voi sy bién d6i mau ciia cac mau toi 1én men, ham
luong dudng khir cang 16n cho mau sic mau toi cang dam. Piéu
ndy cho thay, nhimg bién d6i sinh hoa ctia toi trong giai doan nay
dién ra rat manh liét.

Cudi qué trinh 1én men, ham lugng duong khir cua cac n}ﬁu toi
khong c6 sy chénh léch nhiéq, dao dong 20,46-32,65%. Mau M3
cho ham lugng dudng cao nhat (32,65%).

Sy tang 1én vé ham luong duong khir va giam di ciia ham lugng
tinh bot trong nghién ctru thu duge 1a twong dong véi cac nghién
ctru trude do cua X. Lu va cs (2018) [3], H. Yuan va cs (2018) [4].

buong khir dugc sinh ra dudi
nhiét do cao (85°C) va kéo dai
di tao didu kién cho phan img
Maillard xay ra va két qua cua
su két hop gitta dudng khur voi
céc axit amin tao mau sic, huong
vi ddc trung cho san pham, dong
thoi giai thich cho viéc giam ham
luong dwong khir & mot s thoi
diém trong qué trinh 1én men. Ham
luong dwong khir nhin chung dén
cubi qué trinh van cao hon nhiéu so
voi ham lugng duong khir trong toi
nguyén liéu (tang khoang 10 1an),
lam cho san pham toi den c6 vi
ngot dé chiu va mau den dic trung.

(A}

i

Ham lhweeng polyphenol téng 50 (mgig)

Axit tdng 56: Trong 30 ngay

dau cua qua trinh 1én men, ca 4 méu t6i cho thay su tang 1én vé
ham lugng axit tong 56 (hmh 2B). Dac biét, lugng axit tong sb ¢o
sy gia tang dot bién ¢ giai doan

24-30 ngdy cua qua trinh 1én men. Chi trong khoang 7 ngay lugng
axit tong so ctia phan 16n cac miu toi tang 2-2,5 lan. Piéu nay khing
dinh, giai doan 24-30 ngay cua qua trinh 1én men cac phan tmg hoa
sinh trong toi nguyén lidu dién ra manh mé (ciing giéng nhw dudng
khur), boi vi axit pyruvic chinh la san pham sinh ra cta qua trinh
chuyén héa céc hop chat sulphit hitu co (thuong thong qua luong
pyruvate tao thanh). Do vay, ¢6 thé khang dinh ddy ciing chinh 13 qua
trinh chuyén hoa manh mé cac hop chét sulphit hitu co trong toi [8].

Céc ngay tiép theo ciia qua trinh 16n men cho thy, su bién dbi
ctia cic mau khong con theo cting mot xu huéng. Cudi qué trinh
1&n men, ham lugng axit clia cic mau dao dong 3,70-5,92 g/100 g
chat kho, ting gap 5-6 1an so v6i toi nguyén ligu, so véi nguyén
liéu ban dau thi san phém ¢6 d9 chua cao hon, gidi thich cho cam
quan toi den thanh phim thy vi chua rd rét. Mau M1 c6 ham
lugng axit téng sb cao nhat (5,92/100 g chét kho) va ¢6 xu hudng
ting néu kéo dai thoi gian 1én men.

Sy tang 1én vé ham luong axit tong sb twong tw nhu céc nghién
ctru ciia X. Lu va cs (2018) [3], H. Yuan va cs (2018) [4], X. Lu va
cs (2017) [6]. Nguyén nhan do su hinh thanh cdc axit cacboxylic
trong qua trinh 6xy hoa ctia nhom aldehyde trong aldohexose, cac
hop chét axit va axit amin co ban giam bang cach két hop véi
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Theri gian (ngdy)

duong trong qua trinh ché bién lam giam pH trong phan g nau
héa hay tang ham luong axit tong sb. Bén canh d6, viéc giam gia
tri pH khong chi gop phan lam ting kha ning bao quan ciia toi den
ma con tao ra mui vi chua cua toi den.

3.3. Bién doi ham lwgng polyphenol tong sé va chi sé chong
oxy hod ctia téi trong qud trinh lén men

Két qua nghién ctru vé bién doi ham luong polyphenol tong sb
v chi s6 chéng 6xy hod cua toi trong qué trinh 1én men duogc thé
hién ¢ hinh 3.

& (B)

Chi 86 ching ooxxy héa (%)

Theri gian (ngay)

Hinh 3. Sw bién déi ham lwgng polyphenol tdng s6 va chi sé chdng 6xy hoa trong qua trinh
1&én men to6i den. (A) Polyphenol tdng s6; (B) Chi s6 chéng 6xy héa. M1: tdi mot nhanh Hai Dwong;
M2: t6i nhiéu nhanh Trung Quéc; M3: tdi nhiéu nhanh Hai Dwong; M4: téi nhidu nhanh Ly Son.

Ham lugng polyphenol cac ngay 1én men tha 5, 11 va 17 cho
gi4 trj khong bién d6i nhiéu, nhung thap hon so v6i ham lugng ¢6
trong toi tuoi nguyén liéu. Didu nay cho thdy, & giai doan diu khi
ho hép cua cu toi ngung do nhiét dg cao, su chuyén héa polyphenol
chua thuc sy dién ra.

Chc ngay tiép theo cua qua trinh 1én men, sy ting 1én cia
polyphenol khic nhau giira cdc mau. 2 mau toi M2 va M3 cho ham
lwong polyphenol cuc dai vao ngay 1én men thir 35 (1an lugt [ 4 ,18
va 6,20 mg/g chat kh), sau do ham lugng 6 xu huong giam xudng,
Mau t6i M2 c6 ham luong polyphenol tong s6 vio ngay 1én men
thir 41 chi con 3,9 mg/g chét kho, thp hon ham luong ¢ trong toi
nguyén liéu cia miu nay (4,5 mg/g). Mau toi M1 va M4 cho ham
lugng polyphenol cao hon 2 miu toi con lai. Mau téi Ly Son co
ham lugng polyphenol tong so ting trong sudt qua trinh 1én men va
dat 11,37 mg/g chat kho vao thoi diém két thuc 1én men, ting hon
3 1an so v6i ham luong & toi nguyén lidu va ciing 1a mau ¢6 ham
lugng polyphenol cao nhat trong 4 mau nghién ctru. Mau toi M1
c6 ham lugng cuc dai ciia polyphenol tong sb (8 mg/g) vio ngay
1én men thir 41, tang hon 2 lan so v6i toi nguyén liéu va cao hon
s0 v6i ham luong polyphenol cting thdi diém ciia ca 3 mau con lai.

Su ting 1én vé ham lugng polyphenol trong nghién ctru nay
twong dong v6i nghién ciru ciia 1.S. Choi va cs (2014) [5], cac dan
xuat axit hydroxycinnamic va cac thanh phan axit phenolic khac
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duoc tang 1én gdp 5 lan trong toi den so v6i toi tuoi. Su gia ting
cua axit phenolic cling c6 thé lién quan dén sy tang tong axit cua
toi den.

Chi s chdng 6xy hoa phan anh nang lyc chdng 6xy hoa, chi s
nay duoc quan tam boi loi ich cua no dbi véi strc khoe cling nhur
van dé 1am dep dang duoc ngLrorl tiéu dung ngay cang chu trong.
Nho cong nghé 1am toi den, chi s6 chong 6 0xy hoa cua toi dugc bao
céo tang 1én so i toi tuoi thong thuong. Két qua theo doi sw bién
di chi sd chong dxy hoa cua cac miu toi dugce biéu dién trong do
thi hinh 3. C4 4 mau cho thy, sy tang 1én rd rét trong nira dau cua
qua trinh [én men téi den va déu dat cuc dai tai ngay lén men thit
23. Két qua khao sat trong giai doan nay cho thdy, chi s chong
6xy hoa ¢6 xu huong ting 1én twong ddng véi nghién ctru cia D.V.
Minh va cs (2019) [9]

Tuy vao timg cong nghé 1én men, thoi diém cho chi s6 chéng
0xy hod cyc dai la khac nhau, theo LS. Choi va cs (2014) [5], chi
s chdng 6xy hod cao nhét vao ngay 1én men thir 21 trong tong thoi
gian 1én men 1a 35 ngay. Két qua trén hinh 3 cho thy, chi s6 chng
oxy hod dugc tim thiy cao nhat vao ngay 1én men thir 23 & ca 4
méu toi, dao dong 212,15-259,66%. Mau toi M4 cho chi s chdng
Oxy hod la 1on nhit (259,66%), vuot trdi hon cac mau toi con lai
vé hoat tinh sinh hoc.

Chi s6 chong 6xy hoa & nhimng ngay 1én men sau d6 cho dén
khi két thiic 1én men t6i den c6 xu hudng giam theo thoi gian 6 ca
4 mAu t6i nghién ciru. Chi s6 chéng 6xy hoa cia cdc mau giam dan
dén gan v6i gid tri cia toi nguyén liéu & nhiing ngay 1én men cudi,
riéng méu toi M1, chi s6 chdng oxy hoa & ngay 1én men thir 54 la
77,84% thap hon gia trj cta toi nguyén li¢u.

3.4. Bién doi hoat dp enzym alliinase cvia t6i trong qud trinh

lén men

Hoat lyc enzym alliinase dugc danh gia thong qua ham hr(_mg
pyruvate tao thanh, két qua theo doi hoat lyc enzym nay duoc thé
hi¢n trén do thi hinh 4.
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16 —_—M2
14 M3
12 M4

Hoat do enzyme alliinase (U)
B
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Hinh 4. Sw bién déi hoat Iwc enzym alliinase trong qua trinh Ién
men téi den. M1: t6i mdt nhanh Hai Dwong; M2: t3i nhiéu nhanh Trung
Quéc; M3: t6i nhiéu nhanh Hai Dwong; M4: i nhigu nhanh Ly Son.

Xu huéng bién doi ciia hoat lyc enzym alliinase ctia 4 mau toi
1 twong ddi gidng nhau trong sudt qua trinh 1én men. Theo d6, &
ngay lén men tha 5, hoat lyc enzym nay tang [én cao hon so vdi &
toi nguyén li¢u va dat cuc dai d6i voi ca 4 mau. Tu ngay lén men
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thtr 5-30, xu hudng giam manh, hoat luc enzym alliinase nhd nhat
vao ngay 1én men thtr 30 cia qua trinh, dén ngay 1én men thir 35
lai tdng trd lai va da s0 cac mau ¢ hoat luc giam tr d6 cho dén
cudi qua trinh 1én men toi den. Sy giam hoat lyc enzym alliinase 1a
tuong dong v6i sy giam hinh thanh nhom thiosulfinate ma trong do
allicin chiém khoang 60-90%, 1a thanh phan tao mui vi cay nong
ddc trung ¢ t6i, vi thé ma san pham toi den ciing trd nén it cay
ndng, hing nhu ¢ toi nguyén lidu. Cac mau toi cé hoat luc enzym
alliinase cudi qua trinh 1én men gidgm so v&i & toi nguyén liéu
1,5-2 1an. Méu t6i M4 cho hoat luc enzym cao nhét trong hau hét
qué trinh 1én men, chi dén ngay 1én men thir 54 cho hoat lyc la
45,57 U, thap hon mau toi M1 1a 55,45 U.

4. Két luan

Viéc Iya chon nguyén ligu toi dé ché bién toi den co ¥ nghia
khoa hoc va thuc tidn. 4 giong toi duoc danh gia, so sanh thanh
phan dinh dudng cho thay, ca 4 loai déu c6 thé ché bién thanh toi
den. O mdi ving khac nhau, chat luong toi tuoi ciing nhu sy thay
d6i chét luong trong qué trinh ché bién toi den c6 su khac biét. Toi
mot nhanh Hai Dwong ¢6 ham lugng dudng tong, protein va axit
tong sb dat cao nhat. Toi dugc trong & Ly Son va Hai Duong truée
va sau khi ché bién déu c6 ham Iwong polyphenol, flavonoid va
hoat tinh chong 6xy hoa cao hon céc ving khac. Tuy nhién, chét
luong cam quan ciia toi mot nhanh Hai Duong chiém wu thé so
voi cac mau con lai. Do vy, toi mot nhanh Hai Duong 1a nguén
nguyén liéu dé san xudt toi den thich hop nhét trong 4 nguyén liéu
nghién ctru.
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QUY DINH VE BAI B DANG Til TREN TAP CHi

Yéu cdu chung

Bai bo gUi dang trén Tap chi phai la bai béo nguyén thuy (chua dugc cong bo trude do). Tac gia khong dugc gli dang bai béo trén céc
tap chi khac cho dén khi cé quyét dinh xét duyet clia Ban Bién tap.

Bai bao dai khong qua 10 trang (bao gom céa béang biéu, ghi chd, tai liéu tham khéo va phu luc); font chii: Times New Roman; ¢& chii 13;
khé gidy A4, 18 trén 2 cm, 1& dui 2 cm, 18 trai 3 cm, 1& phai 2 cm.

Bai béo gli qua Hé thong gUi bai truc tuyén tai dia chi https:/b.vjst.yn/index.php/ban_b/about/submissions hodc c6 thé glii truc
ti€p 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 t:
khoahocvacongnghevietnam @most.gov.vn.

Céu triic clia céc loai bai bao khac nhau c6 thé thay déi tly theo loai hinh nghién ctiu va ni dung clia bai bao. Sau day Ia chi tiét cac
thanh phan chinh clia bai béo.
Ténhaibao

- Tén bai béo dudgc viét béng tiéng Viét va tiéng Anh, trén trang dau cla bai bao, in dam, khong gach chan hay viét nghiéng.

- Tén bai béo phai ngén gon, rd rang va phu hgp véi ndi dung bai béo.

- Phia dudi tén bai bao la tén tac gid khong viét chic danh va hoc ham, hoc vi. N&u ¢6 nhiéu tac gi& lam viéc & cac co quan khéc nhau thi
tén tac gia dugc danh s (*2-) & phia trén. D&u hoa thi (') chi tac gia lién hé, dugc viét & cudi trang dAu tién clia bai béo.

Khi liét ké co quan cong tac clia tac gid, cAn néu rd tén cd quan va dia chi cd quan (s6 nha, tén dudng, phudng, quan, thanh phé, quéc
gia) bang tiéng Viét va tiéng Anh.

Tom tat

Tom tat bang tiéng Viét va tiéng Anh (khoang 160-250 tlr). Néu dugc myc dich, phuang phap nghién ctu chinh, két qua nghién cuu va két
luan chli yéu. Tu khoa bang ca tiéng Viét va ti€ng Anh theo thi ty alphabet (it nhét 3 ti khoa). Chi s6 phan loai (theo hudng dan).

1.Datvan d6/Dan nhap/Ma ddu

_ Dinh nghia van dé; tom Iugc van dé nghién clu da dugc cong b trong va ngodi nudc, néu myc tiéu nghién ciu va gidi thich sy la chon
dé tai va myc tiéu nghién ctu dé thay dugc tinh thai sy, tinh khoa hoc va su cén thiét clia van dé nghién ciu.

2.6 tuong/Vat ligu va phuong phap nghién ciu

Dai tugng nghién ctiu can trinh bay tiéu chuén Iya chon, dic diém déi tugng nghién ctu. )

Phuang phap nghién ctu can néu rd cach tiép can nghién ctiu, loai hinh nghién ctu, phuong phép do ludng, cong thtic tinh ¢ mau, phuang
phap x{i Iy s6 lidu, mo ta ki céc kj thuat tién hanh trong nghién cliu; cac quan diém, Iap luén, y kién tranh luan, cac dan ching...

3.Ketqud

Trinh bay ddy dd, khach quan céc két qua thu dugc sau nghién ciu, cac két qua nay phdi phuc vu cho myc tiéu nghién ctiu. Cac s6 liéu
phéi chinh xéac va khdp véi nhau. )

Phan két qua nghién ctiu chi trinh bay céc két qua nghién cuiu clia dé tai, khong gidi thich, so sanh va ban luan.
A4.Ban luan (phan nay c6 thé gop véi phan két qua)

ChU y€u ban luan cac van dé lién quan dén muyc tiéu dé tai.

Nhén xét, danh gia mot céach khach quan céc két qua nghlen cliu, ¢6 so sanh véi céc tac gid khac dé khang dinh hoac phli dinh nhiing hiéu

biét da co, qua d6 néu dugc nhiing diém mdi va déng gép clia dé tai. B

Dy béo hudng nghién cu tiép va kha nang ting dung cac két qua nghién ciu vao thyc tién.
5. Ketluan

Néu két qua nghién ctiu chii y&u clia dé tai c6 tinh khai quat lién quan dén muc tiéu nghién ctiu, dé xuét cac van dé tiép tuc nghién ctu.
L0 CAiM ON (néu co)

Téc gia cdm on céc t6 chiic/ca nhan da tai trg kinh phi hodc hd trg cho nghién ciu.
Phu lue (néu co)

Diéng tai bang sd liéu, thong tin dé hd trg thém cho ndi dung bai bao.
Chii thich v tai ligu tham khdo

Chi thich dugc dénh so theo thii tu xuét hién (2%~ ) va dugc trinh bay ngay 6 cudi trang viét (footnote).

Céc tai liéu tham khao dugdc danh sé theo thi tu xuat hién dé’_chi dan ching dugc trich dan 6 dau trong bai béo. S6 thi ty dugc danh trong
ngoac vu()ng, vi du: [3] v6i mét hoac [2, 5, 7-9] véi nhiéu s6 chi dan.

Luuy:

- DGi véi trich d&n trong bai bao: tai liéu tham khao c6 nhiéu hon mét tac gia chi dé tén tac gia dau tién va cong su, viét tat Ia cs, vi du: T.V.

Nguyen va cs (ndm xuét ban) [thd tu trong danh muyc tai liéu tham khao].

- DGi v6i danh myc tai liéu tham khéo cudi bai: tai liéu tham khéo béng ti€ng Anh, cac tai liéu khong phai tiéng Anh cén dugc dich sang tiéng
Anh va chu thich & cudi cau, vi du: (in Vietnamese), (in French)...

- Tai liéu tham khao 1a cac dudng link can b3 sung ngay truy cap.

Téc gia (Nam xudt ban), “Tén tai liéu dugc trich dan”, Tén ngudn, tap(so) trang/so trang/trang dau-trang cudi (néu o), s6 DOI (néu co),

URL (néu c6), ngay truy cap (ghi ré ngon ngi nao néu khong phai tai liéu béng tiéng Anh).

Téc gia: |3 tac gid/cac téc gia clia tai liéu dugc tham khao, trich dén: ligt ké day dl tén tac gia (chi viét tat dua Ién trudc) vai nhiing tai lieu
tham khéo c6 <3 tac gia; liét ké 3 tac gia dau tién va theo sau la “et al.” khi c6 tii 4 tAc gia trg 1én.

Nam xu&t ban: nam xudt ban cla tai liéu dugc tham khao, trich dan.

Tén tai liéu dugc trich dan: 1a tén bai béo, chudng/phén séch.. (chi viét hoa chii cai ddu, tru tén riéng va sau ddu hai chdm), viét trong
ngoac kép. . ) )

Tén ngué‘n c6 thé 1a tén tap chi, tén sach, hay tén tai liéu géc cla tai liéu dugc trich dan (phan nay dudc in nghiéng), viét hoa chii cai dau
tién cla moi tii chinh.

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

Trang/so trang/trang d4u-trang cudi phan anh nai cu trd cla tai liu dugc trich dan trong tai liéu nguén. \

Neq ¢6 22 tai liéu tham khéo do cung tac gid dau tién va cung ndm cong bd, thi cac tai liéu tham khao nay can dugc dénh du a, b.. sau
ném xuét ban (vi dy: 1986a, 1986b...). ) ] ) ) )

NEu c6 mot s6 tai liéu tham khao o cling 1 bai béo dugc trich dan c6 s6 trang khac nhau thi can trich dan thém s6 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 cau khic
- Bai viét khong dat yéu ciu, Toa soan khong tra lai ban thao.

- Bai viét ch| dugc dang khi phan bién nhan xét vé chat lugng bai bao déng y y cho dang.
- Ban quyén: tac gid dong y trao ban quyén bai viét (bao gém ca phan tém tat) cho Ban Bién tap Tap chi.

Quy dinh nay dp dung tif ndm 2022 tré di.
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Khoa hoc su séng

Khoa hoc nano

Khoa hoc tinh toan
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nhién
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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

. Tam ly hoc

Kinh té€ va kinh doanh
Khoa hoc giao duc

. Xahdi hoc

Phap luat
Khoa hoc chinh tri

. Dia ly kinh t& va x4 hoi
. Théng tin dai chdng va truyén thong

Lich st va khao ¢6 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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XAy dung giai phap dam bio tinh bi mat va quyén riéng tw dua
trén Blockchain sir dung cong nghé mat ma.
Hoang S§ Tuong, 6 Quang Trung, Luc Nhu Quynh

Téng hop va dic trung tinh chit dién, dién héa ciia mang graphene
pha tap dong clorua.

Cao Thi Thanh, Phan Nguyén Btic Dugc, Nguyén Thi Huyén, Pham
Vin Trinh, Nguyén Duy Long, Cao Tudn Anh, Nguyén Xuén Nghia,
Tran Pai Lam, Phan Ngoc Minh, Elena D. Obraztsova, Nguyén Vin
Chuc

Téng hop 5-hydroxymethylfurfural tir cellulose sir dung xiic tic
silica-amorphous carbon va choline chloride:CrClL,.

Phan Bich Ha, Nguyen Khanh Thy, Nguyen Di¢u Linh, Nguyén Thi
Thién Hing, Tran Hoang Phuong

Téi wu hoa didu kién chiét fucoidan tir rong nau Tubinaria decurrens
bing phwong phap chiét cé hd tro ciia séng siéu am.

Nguyén Ngoc Anh, Ngoé Vin Quang, Quach Thi Minh Thu, H6 Puc
Cuodng, Nguyén Quang Tam, Thanh Thi Thu Thuy

Dinh tinh thanh phin héa hoc va phan 1ip saponin tir I loai
Weigela florida (Bunge) A. DC.
Nguyén Birc Hung, Tir Quang Tan, Chu Hoang Mau

Téi wu cip nhét ban dd cuc b trong mdi trwong dong sir dung
phuong phap nhan dang vat thé.
Nguyén Ngoc Tu, Nguyén Van Thuéng, Trin Xuan Thinh

Nghién ciru ché tao vo chdng chay & diéu kién nhiét do thip cho
théi nhién li¢u ballistit dung cho dong co hanh trinh.

Nguyén Vin Hung, Tran Hitu Thanh, Pham Vin Khuong, Poan Vin
Piép, Nguyén Pirc Long

Nghién ctru déc tinh vin hanh dong co' tua bin phan lwc mét truc
¢6 budng dot ting lwe AL-21F.
Nguyén Lé Thanh, Nguyén Qubc Quan, Nguyén Ha Hiép

Twong quan giira khang sinh Ciprofloxacin, Ofloxacin va cac thong
s6 chét lrgng nwéc song Sai Gon.
Nguyén Phii Bao, Pham Hong Nhat, Binh Qudc Tac

Khung d4nh gia an ninh ngudn nwée Vigt Nam.
Hoang Minh Tuyén, Luong Hitu Diing, Tran Thanh Xuén

Anh huéng ciia ham lwgng chi (Pb) trong dét dén sinh truéng va
kha niing hip thu Pb ciia ciy cé Vetiver (Vetiveria zizanioides L.).
Pham Thi My Phuong, T6 Thi Mai Dung, Poan Vin T, Nguyén Ngoc
Quy

Nghién ctru tng dung va wéc tinh chi phi xdy dung hé théng phao
quan tric bién xa bo.

Nguyén Dinh Hién

Nghién ciru sy bién doi mdt s chi tieu hoa Iy va hoa sinh ciaa t6i
trong qua trinh 1én men téi den.

Nguyén Thi Hanh, Téng Xuan Hoa, Nguyén Vin Hung, Hoang Giang

G Build a Blockchain-based confidentiality and privacy solution using
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cryptographic techniques.
Sy Tuong Hoang, Quang Trung Do, Nhu Quynh Luc

Fabrication and electrical, electrochemical characteristics of copper
chloride-doped graphene films.

Thi Thanh Cao, Nguyen Duc Duoc Phan, Thi Huyen Nguyen, Van Trinh
Pham, Duy Long Nguyen, Tuan Anh Cao, Xuan Nghia Nguyen, Dai Lam
Tran, Ngoc Minh Phan, Elena D. Obraztsova, Van Chuc Nguyen

Synthesis of 5-hydroxymethylfurfural from cellulose
silica-amorphous carbon and choline chloride:CrCl,.

Bich Ha Phan, Khanh Thy Nguyen, Dieu Linh Nguyen, Thi Thien Hang
Nguyen, Hoang Phuong Tran

using

Optimisation of ultrasound-assisted extraction conditions of fucoidan
from brown seaweed Tubinaria decurrens.

Ngoc Anh Nguyen, Van Quang Ngo, Thi Minh Thu Quach, Duc Cuong
Ho, Quang Tam Nguyen, Thi Thu Thuy Thanh

Phytochemical screening and isolation of saponin from the leaves of
Weigela florida (Bunge) A. DC.
Duc Hung Nguyen, Quang Tan Tu, Chu Hoang Mau

Optimising local map updates in a dynamic environment using an
object detection method.
Ngoc Tu Nguyen, Van Thuong Nguyen, Xuan Thinh Tran

Research and development of a fireproof coating under
low-temperature conditions for ballistite fuel for a main rocket engine.
Van Hung Nguyen, Huu Thanh Tran, Van Khuong Pham, Van Diep Doan,
Duc Long Nguyen

Research on operating characteristics of single-spool turbojet engine
with the afterburner AL-21F.
Le Thanh Nguyen, Quoc Quan Nguyen, Ha Hiep Nguyen

Correlation between Ciprofloxacin, Ofloxacin antibiotics and basic
quality parameters in the water of Saigon river.
Phu Bao Nguyen, Hong Nhat Pham, Quoc Tuc Dinh

Framework for assessing water security of Vietnam.
Minh Tuyen Hoang, Huu Dung Luong, Thanh Xuan Tran

Study on the effect of lead (Pb) content in soil on the growth and lead
(Pb) absorption of Vetiver grass (Vetiveria zizanioides L.).
Thi My Phuong Pham, Thi Mai Dung To, Van Tu Doan, Ngoc Quy

Nguyen

Research on application and cost estimate for building a buoys
system for monitoring offshore sea environment.
Dinh Hien Nguyen

The changes in physicochemical properties of various garlic cultivars
during the fermentation of black garlic.
Thi Hanh Nguyen, Xuan Hoa Tong, Van Hung Nguyen, Giang Hoang
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