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LOI NOI PAU

Hoi nghi Toan qudc Khoa hoc Tréi dat va Tai nguyén v4i Phat trién bén viing (ERSD) dugc
Trudng Pai hoc M6 - Dia chat (HUMG) va cac dbi tac to chirc 2 naim mot 1an voi muyc tiéu tao ra
mot mdi trudng bd ich dé cac nha chuyén mon trong va ngoai nude tu hdi va gisi thiéu nhimng két
qua va hudng mdi trong nghién ctru khoa hoc, thao luan vé céac xu thé phat trién, thach thire va
co hoi d6i v6i nhiéu linh khac nhau cua Khoa hoc Trai dat, Tai nguyén dia chét, khai thac, ché
bién, sir dung va quan 1y tai nguyén dia chét, bio vé moi truong va cac nganh khac ¢6 lién quan.

Tiép ndi thanh cong cua Hoi nghi 1an thir nhat nim 2018 (ERSD 2018) va lan thir hai nim
2020 (ERSD 2020), Hoi nghi Toan qudc Khoa hoc Trai dat va Tai nguyén v6i Phat trién bén viing
lan thir ba (ERSD 2022) duoc Truong Pai hoc Mo - Dia chat (HUMG) dang cai to chiic voi su
tham gia ddng t6 chirc ctia nhidu co quan quan 1y, t6 chirc nghién ctru khoa hoc, dio tao, va doanh
nghiép co uy tin trong nude gdm Tap doan Cong nghiép Than - Khoang san Viét Nam, Tong cuc
Dia chit va Khoéng san Viét Nam, Téng hoi Dia chat Viét Nam, Cuc Po dac, Ban d6 va Thong
tin dia 1y Viét Nam, Cuc Ban d6 - B6 Tong tham muu, Hoi Co hoc P4 Viét Nam, Hoi Cong trinh
ngém Viét Nam, Hoi Dia chat Thiy van Viét Nam, Hoi Dia chét Cong trinh va Méi truong Viét
Nam, Hoi Dia chat Kinh té Viét Nam, Hoi Khoa hoc va Cong nghé Mo Viét Nam, Hoi Khoa hoc
K§ thuat Pia vat Iy Viét Nam, Hoi K§ thuat N6 min Viét Nam, Hoi Tric dia - Ban d6 - Vién tham
Viét Nam, Vién Dia chit va Dia vat ly bién, Vién Khoa hoc va Cong nghé Mo, Truong Pai hoc
Cong nghé Déng Nai, Truong Pai hoc Thu Dau Mét, va véi su tham gia nhiét tinh cua nhiéu t6
chure va cé nhan khac.

Céc chu d& chinh ctua Hoi nghi 1an nay tip trung vao thao luin cac két qua khoa hoc cong
nghé va huéng nghién ctiru méi cia Khoa hoc Trai dat va Tai nguyén thién nhién, Khai thac va sir
dung bén vimng tai nguyén dia chat, Méi truong va cac linh vuc khoa hoc khac ¢o lién quan nhu
Co - bién, Xay dung, Cong nghé thong tin, ... ciing nhu viée ing dung ching vao phat trién bén
virng trong nhiéu linh vyuc cta khoa hoc cong nghé, kinh té va xa hoi.

Trong qua trinh t& chirc Hoi nghi, Ban T6 chire da nhan duoc su quan tim ciia dong dao cac
nha khoa hoc, chuyén mon va quan ly trong va ngoai nudc. Hon 300 ban thao bao cao khoa hoc
lién quan t6i cac chu dé ciia Hoi nghi da duoc guri t6i Ban bién tap. Trén co s¢ d6, 206 bao cdo
6 chat luong tdt da dugc lua chon va xuét ban trong Tuyén tap cac bao cao toan van cua Hoi
nghi véi cac chi dé khoa hoc sau:

1. Dia chdt, Kién tao va Pia chdt méi truong
Pia chat cong trinh - Dia ky thudt
Pia chdt thity van va Tai nguyén nuéce
Tai nguyén dia chdt va quan 1y bén viing
Sinh thai moi truwong va an toan
Quan ly tai nguyén va moi truong
Cong nghé maoi trong xu [y moi truong

Phdit trién bén viing khoa hoc cong nghé mé va méi truong
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Nhitng tién bé trong khai thdc mé bén viing va cé trdch nhiém

. Cong nghé tién tien trong ché bién khodng san va tdi ché
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. Xay dung cong trinh véi phdt trién bén viing
. Dau khi tich hop
. Ky thudt Trdc dia- Ban do va hé thong thong tin dia 1y
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. Khoa hoc Co ban trong linh viec Khoa hoc Trai dat va Méi truong
. Co khi - Dién - Ty dong hoa
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Toan bo thong tin khoa hoc vé hoi nghi dugc tich hop vao Website chinh thirc cua Hoi nghi
tai dia chi: http://ersd.humg.edu.vn/.

Ban t6 chuc xin trin trong cam on Truong Pai hoc M6 - Dia chét, voi tu cach 1a don vi dang
cai to chirc Hoi nghi, cting cac don vi dong to chirc da hop tac chit ché va gop phan quan trong
vao viéc to chirc Hoi nghi ndy. Cam on cac nha khoa hoc va nha chuyén mén di dong gop cac
cong bd khoa hoc c6 gié tri cho Hoi nghi. Ban to chire cling danh gia cao sy nd luc ciia cac chuyén
gia doc bai d ¢6 nhiéu nd luc va dong gop dé nang cao chat lwong khoa hoc cia cac bao cdo, gop
phan quan trong vao thanh cong cua hoi nghi nay.

Ban to chirc mong mubn tiép tuc nhan duoc sy hop tac chit ché va gop ¥ chan thanh cua cac
don vi va ca nhan d6i voi viée chuan bi va to chirc hoi nghi, chat lucmg bao cao, bién tap, va xuit
ban ky yeu hoi nghi nham nang cao chét lugng cua cac hoi nghi t1ep theo, gop phan thuc day su
phat trién bén ving cta hoat dong nghién ctru khoa hoc va trao d6i hoc thuat thudc cac linh vuc
Khoa hoc Trai dét va Tai nguyén va céc linh vuc khoa hoc khéac c6 lién quan.

Ha Noi, thang 11 ndm 2022
THAY MAT BAN TO CHUC

GS.TS Tran Thanh Hai
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ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARWI SONRCE 0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Théng ké R trong bai toan kiém dinh tham s

Pham Ngoc Anh” )
Truong Pai hoc Mo - Dia chat

TOM TAT

R 1a mot ngdn ngir 1ap trinh ma nguén mé va 1a mot ngdn ngir lap trinh hoan thién dinh huong cho tinh
toan thong ké, phan tich dir liéu. N6 cho phép ban xay dung nhitng ham, nhiing cau lénh chi dé giai quyet
mot nhom cac nhiém vu phan tich déc thu nao do va chia sé chung trén mang. Chang han, néu c6 mot kiém
dinh méi, mot mod hinh méi vé phuong dién 1y thuyét va duogc dang trén mot tap chi chuyén nghanh nao
d6, ban hoan toan co thé viét mot chwong trinh nham bién kiém dinh méi, nhitng mé hinh méi chi & dang
1y thuyét kia thanh mot ham cu thé trong R. Néu dugc kiém tra boi cong dong nhitng nguoi sir dung rang
ding va khong c6 16i, ham ma ban viét s& dugc thira nhin va st dung rong rai. R chay dugc trén hé diéu
hanh: Windows, Linux, Max OS,... B cai ciing nhu nhiing tai liéu huéng dan cai dit va sir dung déu ¢
thé tai mién phi tir trang chi CRAN (comprehensive R Archive Network) ciia R. R cho phép giai quyét mot
khdi luong 16n nhitng bai toan trong phén tich thong ké va do thi. Cac bai toan thong ké phd bién nhu hoi
quy tuyén tinh va phi tuyén, kiém dinh thong ké c6 dién, phén tich chudi thoi gian,...déu cé thé thuc hién
trén R. Trong bai béo toi s& gidi thiéu mot s6 ham trong R gitp nguai sir dung thuc hién cic bai toan kiém
dinh gia thuyét.

Tir khéa: thong ké R; kiém dinh gia thuyét thong ké.

1. Pit van dé

Ta nghién ctru ddu hiéu tong thé bang phuong phap kiém dinh gia thuyet thong ké. Véi nhitng thong tin
bo sung thay vi udc lugng cac tham so cua tong thé ta dwa ra mot gia thuyét vé tong thé va dung thong tin
mau dé diém dinh tinh dung dén cua nd, nho d6 ma phuong phap nay cho phép giai quyét nhiu bai toan
da dang hon lién quan dén d4u hiéu nghién ctru cta tong thé.

2. Co sé Iy thuyét va phwong phap nghién ciru
2.1. Co 56 I thuyét
2.1.1.Gia thuyét thong ké

Gia thuyét théng ké 1a gia thuyét vé dang phan phdi xac suat ctia bién ngiu nhién, vé cac tham sb dic
trung cua bién ngau nhién hodc vé tinh doc 1ap ciia bién ngiu nhién.

Gia thuyét thong ké dua ra ki hiéu 1a H, — goi la gia thuyét gc.

Khi dua ra mot gia thuyét thong ké, ngudi ta nghién ciru kém theo né ménh dé mau thuin véi no, goi 1a
gia thuyét dbi, ki hiéu 1a H; .
2.1.2.Tiéu chudn kiém dinh gia thuyét thong ké

Tir bién ngdu nhién gbc X trong tong thé 1ap mau ngau nhién kich thudc n

) W = (X, X3, ., Xp)
Va chon 1ap thong ké
G = f(Xl,Xz, . an 90)

Trong d6 6,la tham s6 lién quan den gia thuyét can kiém dinh. Diéu kién dat ra ddi voi thong ké G la néu

H, dung thi quy luat phan phdi x4c suat G 1a hoan toan xac dinh. Thdng ké G goi 14 tiéu chudn kiém dinh.

2.1.3.Mién bdc bé gid thuyét
Sau khi chon dugc tiéu chudn kiém dinh G, do quy luat phan phdi xac sudt cua G da biét nén véi mot
xéc suat kha bé bang & cho trude (thuong ldy bang 0,05 hodc 0,01) ¢6 thé tlm dugc mién W, twong tng
sao cho v6i diéu kién gia thuyét H,la ding xéac suat && G nhén gi4 tri thudc mién W, bing
P(G e W, |Hy) =«
Bién ¢b (G € W,) dong vai tro nhu bién cb noéi trén va vi a kha bé nén theo nguyén 1y xac suat nho coi
nhu n6 khong xay ra trong mgt phép thir.

* Tdc gia lién hé
Email: phamngocanhbmtoan@humg.edu.vn
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Gia tri & goi 1a mirc ¥ nghia cta kiém dinh va mién W, goi 1a mién béc bo gia thuyét H,, voi mirc ¥ nghia a
2.1.4. Gid tri quan sdt ciia tiéu chudn klém d‘mh
Thyc hién mot phép thir d6i v6i mau ngiu nhién W = X1, X 20 =, Xp) thu duge mot mau cy thé w =
(X1, X3, ..., X,) Va qua d6 tinh duoc mot gia tri cu thé cua tiéu chuan kiém dinh G.
Ggs f(xl,xz, vy Xn, 0)
Gia tri trén goi 1a gia tri quan sat cua tleu chuén kiém dinh

2.1.5.Quy tdc kiém dinh

Sau khi da tinh dugc gid tri quan sat G, ciia tiéu chudn kiém dinh, ta so sdnh gid tri ndy véi mién bac
b6 W, va két luan theo quy tic sau:

Néu gid trj quan st cua tiéu chuan kiém dinh thudc mién béc bé G,5 € W, thi diéu dé giai thich ring H,
sai va do do ta bac bo H, thura nhén H; .

Néu gié tri quan sat ctia tiéu chudn kiém dinh khéng thudc mién bac bo Gqs & W, thi diéu d6 chua khang
dinh duogc rang H, ding ma chi ¢6 nghia la qua mau cu thé nay chua khang dinh duoc rang H, sai. Do d6
ta chi c6 thé n6i: Qua mau cu thé nay chwa c6 co so dé bac bo H, (trén thyc té van thira nhan H,).

2.2. Phwong phdp nghién ciru

Phuong phap chung dé kiém dinh mot gia thuyét thdng ké nhu sau: Trude hét gia sit H, ding va tir d6
dua thong tin cia mau rit ra tir tong thé tim duoc mot bién cb A nao d6 sao cho xéc suat xay ra bién cb A
bang abe den murc c6 thé str dung nguyén li xac sudt nho tirc 14 c6 thé coi A khong xdy ra trong mot phép
thir vé bién c6 nay. Luc dé trén mot mau cu the thuc hién mot phép thir d6i voi bién ¢d A, néu A xay ra thi
diéu d6 chung to H, sai va bac bo no, con néu A khong xay ra thi ta chua ¢ co sé bac bo H,.

3. Két qua va thao luan 7
Bang sau cho ta cac ham ki€ém dinh trung binh trong R phan loai theo dir li¢u:

Dir liéu
Phuong sai So cap Thir cap
Pa biét Z.test zsum. test
Chua biét t.test tsum. test

Ham t. test c6 san trong goi co ban cua R, ba ham con lai phai sir dung goi BSDA

3.1. Kiém dinh trung binh mot téng thé khi da bzétphuong sai ciia tong thé, div ligu so cap
Khi phuong sai cua tong thé da biét, dit liéu so cap, kiém dinh trung binh téng thé dugc tim qua ham
z.test v6i cac tham s can thiét:

z.test(x, sigma. x, mu, alternative)

trong do

x: véc to dit liéu mau.

sigma. x: d6 1éch chudn cua tong thé.

alternative: Chudi ki tw chi gia thuyét d6i, alternative = c("two. sided", "less",
ung la gia thuyét ddi 12 hai bén, bén trai, bén phai, méc dinh 1a "two. side"

mu: Gia tri trung binh x4c dinh theo gia thuyét khong, mic dinh trung binh bang 0.

Vi du: Mot cong ty bao vé méi trudng My EPA (Environmental Protection Agency) di cong bd nhiing
con s6 vé bui khong khi thu thap dwoc & mot s6 thanh phd nuée My. O thanh phd St.Louis, EPA khiang
dinh rang s6 microgram nhiing hat bui lo ling trén mot mét khdi khong khi tuan theo phan phdi chuan voi
trung binh 14 82ug/m3 va d6 1éch chuin 1a 9ug/m3. Cac quan chirc thanh phé St.Louis di lam viéc voi
céc doanh nghiép, voi nhitng ngudi di lam bang xe bus va v6i cac nha may nham giam con sb ndy. Sau mot
thoi gian, cac quan chirc thanh phé da thué mot cong ti moi truong do ngiu nhién mat do bui cua khong
khi trong mét vai tudn va duge bang dir li¢u sau

greater") tuong

81.6 66.6 70.9 82.5 58.3 71.6 72.4 96.6
78.6 76.1 80.0 73.2 85.5 73.2 68.6 74.0
68.7 83.0 86.9 94.9 75.6 77.3 86.6 71.7
88.5 87.0 72.5 83.0 85.8 74.9 61.7 92.2

Vé6imuce y nghia 1%, hay kiém dinh xem mat dg bui trung binh trong khong khi ¢6 giam mot cach c6 y
nghia so v6i thoi diém ma EPA cong bo hay khong?

Goi X: * S6 microgram nhitng hat bui lo limg trén mot mét khoi khong khi”
X~N(u = 82,0% = 92)- theo khing dinh ciia EPA
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Xét bai todn : Hy: u = 82; Hy:pu < 82

el

library(BsDA)

matdobui=c(81.6,66.6,70.9,82.5,58.3,71.6,72.4,96.6,
78.6,76.1,80.0,73.2,85.5,73.2,68.6,74.0,
68.7,83.0,86.9,94.9,75.6,77.3,86.6,71.7,
88.5,87.0,72.5,83.0,85.8,74.9,61.7,92.2)

z.test(Matdobui,51gma.x=9;mu=82,a1ternat1ve="1ess
qnorm{0. 01p

one-sample z-Test

data: Matdobui
z = -2.4356, p-value = 0.007434
alternative hypothesis: true mean is less than 82
95 percent confidence interval:
MNA BO.74195

sample estimates:
mean of x

78.125
> gnorm{0.01)
[1] -2.326348

Poc két qua:

., . e ~ _ X—Uo _ .
-Gia tri thong ké z = YA 2.4356;

-p —gia tri cua bai toan 1a p — value = 0.007434

-Mat d6 bui trung binh trong mau la 78.125

Dé két luan bac bo H, ta co thé dya vao gia tri thong ké z = —2.4356 nho hon gid tri téi han —z o, =
—2.33 hoic sir dung p —gié tri bang 0,007434 nho hon mirc y nghia @ = 0.01

Vay tai mirc y nghia @ = 1%, ta c6 du bang chimg thdng ké dé cho rang mat do bui thanh ph da giam
di so v6i thoi diém EPA cong bo.

3.2. Kiém dinh trung binh tong thé, phiong sai da biét, dir liéu thit cap

Khi phuong sai tong thé da biét, dir liéu thir cip, kiém dinh trung binh tong thé duoc tim qua ham

zsum. test voi cac tham s can thiét
zsum. test(mean. x, sigma. x, n. x, mu, alternative)

trong do:

mean. x: trung binh mau;

n.x: ¢& mau;

sigma. x : Do 1éch chuén cua tong thé .

Vi du: Theo mdt nghién ciru trude day cho thiy thu nhdp trung binh cua cac nha ké toan trong nudc 1a
74917$ /nam. Vi cudc diéu tra di duoc tién hanh cach day hon 7 nam nén céc nha nghién ctru mudn kiém
tra xem con sO nay c6 thay d6i khong. Mot nhom nghién ciru da tién hanh diéu tra 112 nha ké toan khap ca
nudc thdy thu nhap trung binh cta ho 1a 78965$. Tai mic ¥ nghia @ = 5%, hay kiém dinh xem thu nhap
trung binh ciia cac nha ké toan bay gio ¢6 thay ddi so voi thoi diém 7 ndm trude khong, biét thu nhap cia
céc nha ké toan bay gid tuan theo phan phéi chuan voi do 1éch chuan 1a 14530$

Goi X: “ Thu nhdp hién nay ctia nha ké toan” ( don vi $)

X~N(u, 0% = 14530?)
Xét bai todn : Hy: p = 74917; Hy:p # 74917
T} - b
Tibrary(8soa)
Z5um, Test(mean, x=78965,s1gna. x = 14530,n.% = 112,mu=74917 , alrernative = "tho.51ded")
gnorn 0,023, Tower. tail = F)

a

one-sample 2-Test

data: summarized x
z = 2.9484, p-value = 0.003194
alternative hypothesis: true mean is not equal to 74917
95 percent confidence interval:
76274.06 81655.94
sample estimates:
mean of x
78963

[1] 1.959964
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Dboc két qua: ‘

Dé bac bo Hy, ta ¢6 thé dya vao gia trj thong ké z = 2.9484 16n hon gia tri t6i han z; o,5 = 1.959964
hodc st dung p — value = 0.003194 nhé hon mirc y nghia a = 0.05

Vay véi mirc ¥ nghia 5% ta c6 dii bang ching thong ké dé cho rang thu nhap trung binh ctia cac nha ké
toan hién tai da khac so vdi thu nhap trung binh cua ho vao 7 nam trudec.

3.3. Kiém dinh trung binh mot tong thé, phuwong sai chuwa biét, dir liéu so cdp
t.test(x, mu, alternative)

Vi du: Theo nhitng con s6 duoc cong bd bai Bo Nong nghiép mot nude cho thdy quy mé trung binh ctia
céc trang trai tang 1én so voi trude. Trong nhitng nam trude, quy mo trung binh cua céc trang trai 1a 70
hecta. Gan dy, s6 nhiing trang trai giam di nhung luong dat trong trot duge van khong ddi, do d6 cac trang
trai tr¢ nén 16n hon. Xu huorng nay c6 thé dugc giai thich mot phan 1a do nhing trang trai nho khong co
kha ning canh tranh v& gia va chi phi ciia nhirng trang trai hoat dong trén quy m6 16n va nhirng trang trai
nay cting khong tao ra duoc mure thu nhép cén thiét dap tmg mic song cho nhitng ngudi néng dan. Mot nha
nghién ctru néng nghi¢p nude nay tin rang quy mo trung binh cua céc trang trai gan day la 190 hecta. bé
kiém dinh lai gia thuyét cia ‘minh, nha nghién ctru da tién hanh khao sat quy mo ctia 23 trang trai trén khip
ca nude va thu duoc bang s6 liéu sau:

178 196 190 202 221 191
182 185 186 223 201 180
175 200 186 191 223 173
218 204 236 224 224

Véi mirc y nghia 1%, hay kiém dinh lai gia thuyét cia nha néng nghiép trén biét quy mé ciia trang trai
tuan theo phan phdi chuan.

Goi X: “ Quy md trang trai” ( don vi hecta)( S6 lidu theo nim 1997)

Xétbaitoan: Hy: p = 190 H1 pn <190

2 5,224 ,22
t.test {JL.\,noT“' mu~190,alt="1ess"
qr(0.05,22,Tower.tail = F

one sample T-Test

data: QuymoTT
T = 2.434, df = 22, p-value = 0, 9882
alternative hypothesis: true mean is less than 190
935 percent confidence interval:
-Inf 206.2392
sample estimates:
mean of x
199.5217

[1] 1.717144

— X7Ho _
Gié tri thong ké t = Se(x) S/‘/— = 2.434

Bac tu do (df: degree freedom) ciia phan phdi t lan — 1 = 22
p — value = 0,9882
Dé bic bo Hy, ta c6 thé dua vao gia trj thong ké t = 2.434 16n hon gia tri t6i han —t,5 05 = —1.717144
hoic st dung p — value = 0.9882 I6n hon muc ¥ nghia @ = 0.05( chap nhan H,)
Viay véi mire y nghia 5% ta c6 du bang chimg thong ké dé cho riang quy mé trung binh cua cic trang trai
nhitng nim 1997 da 1én dén 190 hecta

3.4. Kiém dinh trung binh mét tong thé, phirong sai chwa biét, dir liéu thir cdp
tsum. test(mean. x, s. x, n. x, mu, alternative )

trong do:

s.x: Do léch chuén mau.

Vi du: Trong nhung nam trudc day, gia cho thué trung binh cua ctra hang ¢ mét thanh phé 16m vao
khoang 20USD /m?. Mét nha dau tu bat dong san mudn xac dinh xem con sd ‘nay bay gio co thay doi i khong
nén di thué mot nha nghién ctru diéu tra vé van dé nay. Nha nghién ctru dé tién hanh thu thap mot mau gom
27 cilra hang trong thanh phd va thu duoc gia cho thué trung binh 1a 21.7USD /m? véi d6 léch chuan 1a
1.8USD. Véi mirc y nghia @ = 5% nha nghién ctru két luan dugc didu gi néu biét gia thué mot mét vudng
clra hang ¢ thanh phé nay tudn theo phan phdi chuan?

Goi X: “ Gia thué mt mét vudng cua hang” ('don vi USD)

X~N(u,0%)
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Xét bai todn : Hy: u = 20; Hy:pu + 20

| -
1ibrary (6504,
tsum. test(mean.x = 21.7,5.x = 1.8,n.x = 27, mu=20,alternative = "“two.sided")
qt(0.025,26,lower.tail = F

One-sample t-Test
data: sSummarized x
T = 4.9075, df = 26, p-value = 4.29e-05
alternative hypothesis: true mean is not equal to 20
95 percent confidence interval:
20.98794 22.41206

sample estimates:
mean of x

21.7
[1] 2.055529

Doc két qua:

Dé bac bo Hy, ta c6 thé dua vao gié tri thong ké t = 4.9075 16n hon gi tri t&i han ty6,0,025 = 2.055529
hoic sir dung p — value = 4,29.10~° nhé hon mirc y nghia @ = 0.05( bac bo H,)

Vay v6i mirc ¥ nghia 5% ta c6 da bang ching théng ké dé cho rang trung binh gid cho thué clia cira hang
hién tai khac xa so vdi gia tri trung binh vao nhitng nam trudce.

4. Két luan

Bai bao c6 nhitng dong gép méi sau day:

- Dung cdc 1énh trong R dé kiém dinh dwoc tham sb gia tri trung binh mot tong thé nghién ctru.

- Giai quyét dwoc mot sé vi du thuc tidn méi, ap dung dugc cho giang day mon hoc hoc xac suét thong
keé tai truong Dai hoc Mo-Dia Chat theo huéng d6i moi.

Céc két qua cua bai bao con mot s6 han ché nhu: méi chi giai quyét dugc bai toan kiém dinh cho gia tri
trung binh cua mot téng thé, tuy nhién véi nhiing bai toan c6 hai tong the nghién ctru thi chua giai quyet
dugc. Piéu d6 ciing mo ra mot huéng moi dbi v6i nhitng bai toan ¢ hai tong thé can nghién ctru, dé klem
dinh cho cac tham s6 ta s& xdy dung bai toan kiém dinh cho hiéu cac tham s6 cua hai tong the Huéng tiép
can d6 chung t61 da c6 mot s0 két qua ban dau va s& tiép tuc cong bd trong thoi gian sau néu cong viée
nghién ctru dwoc hoan tat.
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ABSTRACT
R statistics in parameters testing problem

Pham Ngoc Anh*
Hanoi University of Mining and Geology

R is an open source programming language and a complete programming language oriented for statistical
computation, data analysis. It allows you to build functions, commands just to solve a particular set of
analytical tasks and share them over the network. For example, if there is a new test, a theoretically new
model and published in a specific journal, you can write a program to change the new test, the new model,
only in the theoretical form becomes a specific function in R. If it is tested by the community of users that
it is true and without error, the function you write will be recognized and widely used. R runs on operating
systems: Windows, Linux, Max OS, ... The installer, as well as the installation and use documentation, can
be downloaded for free from the CRAN (comprehensive R Archive Network) website of R. R allows
solving a large number of problems in statistical analysis and graphs. Common statistical problems such as
linear and nonlinear regression, classical statistical test, time series analysis, ... can all be performed on R.
In the paper we will introduce some functions in R that help find the confidence interval of the common
parameters of a population such as: mean, ratio, variance, ... These functions not only support to find the
interval reliability for the parameter of a population, but also helps to find the confidence interval for the
difference in parameters of two populations and is also used in the parameter test problem.

Keywords: R statistics; statistical hypothesis testing.
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The experience of organizing EFL online teaching

Nguyen Thi Nguyet Anh”
Hanoi University of Mining and Geology

ABSTRACT

The article presents the experience of organizing EFL (English as Foreign Language) online teaching
at Hanoi University of Mining and Geology based on the platform of Microsoft Teams combined with
other appropriate softwares for designing learning activities. It is concluded that a modern technology
platform plays an essential role in teaching online. It is also noted that the combination of other factors
such as teachers, supportive teaching tools and assessment can lead to an increase in both interactive and
independent learning. The author notes the high potential for the use of videos which makes most students
involved in the learning process and they have opportunities to demonstrate their ability of the targeted
language. The evaluation indicates that when teachers present clear learning objectives, follow a routine
for most of the lessons, they can deliver more effective online teaching. In order to gain an in-depth
understanding of a specific group of participants in the context of a university, the author has used the
research method of a case study and qualitative analysis method for collecting data.

Keywords: online teaching, EFL (English as Foreign Language), experience, teaching tools.

1. Introduction

Information technology and the Internet have changed the educational process significantly. Many
traditional teaching methods become less effective because of the availability of information technology
and the Internet. Moreover, the Covid-19 pandemic has been spreading rapidly to many countries across
the world. Therefore, online teaching has become the priority substitute for most of the educational
institutions in Vietnam. A large number of universities all over the country have moved face-to-face
classroom teaching to online teaching and teachers have to change the way of conducting teaching
process. Hanoi University of Mining and Geology (HUMG) has provided teachers with the favourable
condition to carry out online classes during the pandemic. This article presents the important aspects of
EFL online teaching drawn from the reality of organizing teaching English online at HUMG.

2. Literature review of online teaching
2.1. A review of definitions of the term “online teaching”

There are different approaches to the definition of the term “online teaching” as the followings:

* The educational approach that all the course materials are delivered online without physical or on-
campus activities. (Qunxing Ding & Haiyan Zhu, 2021)

* Delivery of instruction using different web-based technologies, from the Internet or an intranet and
other communication technologies, that enable students to participate in learning activities beyond the
campus, from students’ homes to workplaces and other locations. (Danilo M. Baylen & Erping Zhu,
2009).

* Teaching that is conducted through online tools and methods (Rifat Kamasak & Tugce Ezgi Soyaltin,
2021).

2.2. Key components to successful online teaching

Alex Weitzel (2020) suggests the following key components to a successful online course:

* Picking the right platform for a successful online course

The platform chosen should has the features and functions that teachers need for their courses. For
example, if teachers would like to record some teaching sessions, they need to be sure that the platform
they choose has a recording option.

* High class engagement

*Tdc gia lién hé
Email: nguyenthinguyetanh@humg.edu.vn
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Online courses need to be interesting because students are not in the same physical place as teachers, it
is easy for them to get bored and distracted. Text-heavy presentations are usually boring so teachers
should incorporate online resources into their class materials.

* Easy access to course materials.

Having a platform where students can easily access class presentations and supplemental course
materials is a key component of successful online courses.

* Secure attendance tracking

Attendance tracking methods like assignment submittal or email verification don’t reflect exactly how
long students were in the session. An attendance solution like CourseKey, however, can accurately track
how long a student was in the session by enabling students to check themselves in and out with secure
user verification.

* Virtual office hours

When instructors are presenting to the whole class, they don’t always have time to address individual
students’ questions. Giving students the option to spend one on one time with instructors to get extra help
and have their questions answered can be really influential to students’ comprehension.

3. The experience of organizing EFL online teaching at HUMG

In the academic year 2019 - 2020 and 2021 - 2022, the Centre for Foreign Languages & Information
Technology (CFI) at HUMG had to fulfill the mission of organizing teaching English online for about
2.500 first year students whose grades of English in the high school graduation examination were under 5
out of 10. They were required to take an extra course called Supplementary English course to improve
their English ability before taking part in the official English courses at the University. In this article, the
author covers some important aspects of EFL online teaching drawn from the reality of organizing
Supplementary English classes at HUMG. With these aspects, EFL teachers can plan and deliver effective
online English lessons.

3.1. Choosing a platform and some teaching tools

Making decision of a platform to deliver the online classes is the first essential step of teaching online.
There are several recommendations such as Google Classroom, Zoom, Microsoft Teams and the like.
Some of these are free online learning management service, some are required to pay for use. Most of
these facilitate creativity, collaboration and grading.

At HUMG, after taking the advantages and disadvatages of some platforms into consideration, teachers
decided to choose the platform of Microsoft Teams. The choice of this network was due to the fact that
one hundred percent HUMG students had accounts in this network and were regularly exchanging
information there. Moreover, Microsoft Teams has some supportive functions such as: School Data Sync,
OneNote Class Notebooks, End-to-end assignment management.

Besides choosing the suitable platform of Microsoft Teams, teachers used some online supportive tools
to obtain specific teaching objectives. The strengths and weaknesses of each teaching tool were
thoroughly discussed. Teachers were guided to apply so they could match the good points of the choosen
tools to the teaching objectives they want to achieve in their courses. The following teaching tools were
put into practice for each step of a lesson.

* For lead - in step, wordwall.net was applied. Wordwall is a free online teaching & learning tool for
designing language activities. Teachers enter the topic that they will deliver in class into this web — based
tool and receive a number of customisable activities such as word games, maze chases, match — ups,
quizzes. In this stage, teachers are suggested that they should choose the vocabulary students have already
learnt.

* For presentation step, classroomscreen.com was applied. This web — based tool allows teachers to
show the instructions for their lessons in a visual way. There are variety of widgets in this tool to support
class activities and guide students to get to learn.

* For practice step, classkick.com was applied. The strong point of this free application is to display
teachers in real-time exactly what students are doing so they can provide them with instant feedback.

* For production & personalisation step, jamboard.google.com or padlet.com was applied. They are
best described as digital notice boards that allow users to work with one another in real-time. Teachers
and students can put notes containing images, pictues, links, videos, document files on the board.

3.2. Instructing and training students using the platform and supportive tools

Instructing and training participants using the platform and teaching tools is the next important step to
a successful online class. There are various online video explainers. Teachers can use these introductory
videos as a guide.
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At HUMG, at the beginning of the Supplementary English course, teachers assisted students to get to
grips with the technology. Teachers planned to spend at least one period on introducing and instructing
some useful fuctions of the platform and teaching tools. It was not waste of time when explaining things
over and over again. Teachers used some online introductory videos as a guide in the following links:

1. https://www.youtube.com/watch?v=-eR27ihkwc0

2. https://www.youtube.com/watch?v=WMmVwTEiEt]

3. https://www.youtube.com/watch?v=qOsnzXgR9sg

4. https://www.youtube.com/watch?v=27VYbjGyMb4

5. https://www.youtube.com/watch?v=KmANP0dGz4

6. https://www.youtube.com/watch?v=doFSpcITu7E

In reality, some students were not willing to watch the videos and follow the instructions. Therefore,
teachers had to use these introductory videos as listening activities or reading exercises, even simple tests
to try out functionality.

3.3. Delivering instructions and providing students with clear learning objectives

It might be difficult for students to adjust to online learning, especially when they are joining classes
from their homes. It is a good way for teachers to give clear learning objectives, share materials,
documents, presentation slides to help them follow their lessons.

At HUMG, teachers brought students into their lessons by starting the classes with learning objectives.
Teachers used chat boxes or interactive whiteboards to share what they would cover during the lesson and
explained what they expected from students. Teachers asked students to confirm their understanding in
chat boxes and spoke to individuals if they were unclear about what to do.

3.4. Creating a routine for most of the lessons of the whole course

A routine for most of the lessons will help students feel confident and ready right at the beginning of
each lesson. It also helps teachers give instructions faster and more efficient.

At HUMG, the following routine was created for most of the lessons in the online Supplementary
English classes.

Step 1 called “Lead — in”: In this step, teachers started with a warmer activity that involved all the
students. The activities included word games, match — ups, quizzes, a review or some student-centred
discussion questions. In this stage, teachers chose the vocabulary that students had already learnt or the
topic students had studied in the previous lessons.

Step 2 called “Presentation”: In this step, teachers went into the lesson objectives. Some web — based
tools helped teachers show the instructions and the main contents in a visual way.

Step 3 called “Practice”: In this step, students worked on assignments with their facilities such as
laptops, computers while getting assistance from teachers instantly.

Step 4 called “Production & Personalisation”: In this step, teachers and students put notes containing
images, pictues, links, videos, document files on the board. In this stage, students created personalized
videos with personal messages or activities.

3.5. In-class pair work, group work and using audios, videos

Creating a variety of learning activities will keep the lessons much more interesting. Working in pairs,
groups or using audios, videos is a good way of organizing effective activities. Many platforms allow
teachers to put their students in pairs or groups to work together in small divided rooms. There are various
online tools assisting students to create audios, videos for personal messages, activities and assignments.

In the Supplementary English course at HUMG, teachers used the function called Breakout Rooms in
Microsoft Teams before or during the time of lesson. They dropped in or out of these rooms to control the
activities and gave their feedback to divided groups or individuals just as they would be in regular classes.
They assigned students to breakout rooms. They could set a time limit, send announcements to each
room, move students to different rooms and chat with them. For using videos and audios as effective
learning tools, teachers required students to create audios of reading practice, making conversations with
friends. During the class time, teachers showed videos without sound and had students develop a very
simple imagined dialogue.

3.6. Testing and Assessment

Testing and assessment play a key role in teaching process. No serious study is possible without testing
and assessment as they are considered the best way of making a judgment about the quality of teaching
program as well as proficiency of a student’s knowledge. Moreover, testing and assessment can be a
motivation for students to reach a new target.
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At HUMG, after completing the Supplementary English course, students’ progress was evaluated with
the final tests of four skills including reading, writing, listening and speaking. The exam was conducted in
the form of online assessment with the use of the Internet. Speaking skill was assessed in face-to-face
sessions online through Microsoft Teams. Writing skill was directedly assessed by the teachers through a
proffessional testing system called HUMG - eExams developed by IT experts from HUMG. The other
skills including reading and listening were automatically evaluated online through HUMG - eExams. The
tests used for assessing the students’ achievement had the same format as Key English Test (KET) known
as Cambridge English Test. According to this format, it took students one hour to carry out the test of
reading & writing named Paper 1 with 7 parts of 32 questions. Students were required to understand
simple written information such as magazines, signs, newspapers. This paper’s marks accounted for 50 %
of total. Listening test named Paper 2 lasted 30 minutes with 5 parts of 25 questions. This paper required
students to understand annoucements and other spoken materials. This paper’s marks accounted for 25 %
of total. Speaking test named Paper 3 with 2 parts of 10 questions took 8—10 minutes for students to carry
out. In the first part, students answered 5 simple questions about daily life, hobbies, job and study. In the
second part, students were given an image and they answered the examiner’s questions based on the
information on the image. The marks for speaking skill accounted for 25 % of total. The speaking test
was conducted face-to-face online through Microsoft Teams with one student and one examiner, which
made the test more realistic and more reliable in the condition of distance oral testing. To make the results
of other skills such as reading, listening and writing as realistic and reliable as speaking skill, students
were required to set up two cameras during the assessment to ensure that students could not treat or
receive assistance from other people. The exams were also recorded by the HUMG — eExams and
Microsoft Teams.

4. Evaluation of the effectiveness of EFL online teaching

Assessing student learning is an essential component of effective teaching. Both the experimental
group of 30 students and control group of 30 students carried out the final tests. The students took part in
the examination under the condition as described in Testing and Assessment. Two cameras were set up
during the exam procedure, two people were in the audience for the room of 15 students and the entire
procedure was monitored by the exam organizers.

The test scores of the experimental and control groups allowed us to draw conclusions about the
effectiveness of organizing online Supplementary English course at HUMG. Conclusions are based on
independent evaluation.

Exam results are measured by the following indicators:

- Percentage of points scored for Paper 1 (reading, writing)
- Percentage of points scored for Paper 2 (listening)
- Percentage of points scored for Paper 3 (speaking)

The results of the assessment correspond to the experimental group of 30 students who enrolled in the
Supplementary English course in the first academic semester from September to December 2021. In this
course, the experience of eight aspects drawn from the reality of organizing EFL online teaching at
HUMG was adapted. The results of the assessment aimed at the purpose of measuring the impact of the
aspects on the learners’ English ability.

Impact on the learners’ English ability

100%
76% 81%
80% 68%
60% 43% 42%
40% 34%
20% I
0%
& it &
X < X
H Control group Experimental group

Fig 1. Comparison of the results of the control group and experimental group
Test scores demonstrate that the results of the experimental group are higher than the control group,
especially in the practical part, Paper 3 (Fig. 1). Only 43% of students in control group got an equivalence
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of level 2 according to The Common European Framework of Reference for Languages (CEFR) in
reading & writing skills compared with 76% in the experimental group. Only 34% of students in control
group got an equivalence of level 2 in listening skill compared with 68% in the experimental group. For
speaking skill, 42% of students in control group got an equivalence of level 2 compared with 81% in the
experimental group. The results can be seen in the Fig.1

Learners’ satisfaction with the course

Thirty students of the experimental group were required to complete a satisfaction survey at the end of
the Supplementary English course. The results were expressed in average percentages on a 5-point Likert
scale with entirely agree, strongly agree, agree, disagree, entirely disagree. The questions in the
satisfaction survey focused on the platform of Microsoft Teams, supportive teaching tools, motivation &
guidance, in-class group work, feedback, achievement of learning goals, testing & assessment.

In order to collect more in-depth data from the participants, a semi-structured interview was organized.
Thirty students were suggested to participate in the interview and provide some more information about
the online Supplementary English course. The questions were mainly related to the students’ viewpoints
of the platform and teaching tools applied in the course, their preferred ways of interactions and feedback
as well as their satisfaction with the course. The data from the interview were recorded and combined
with the survey data in the same categories.

The overall results were favourable, showing a high level of satisfaction with 82% of students who
strongly agreed that the platform of Microsoft Teams for learning allowed them to have more
opportunities to improve their English abilities, especially most of the students in the interview realized
that “Breakout Room” function in Microsoft Teams prevented them from being afraid of speaking
English in front of other people. The same percentage of 82 % of students who agreed that the supportive
teaching tools such as wordwall.net, classkick.com were a great help for them in the learning process. For
the matter of learning goals, 78% of students were able to achieve the learning goals that they had made
for themselves at the beginning of the course and they were satisfied with the experience that they had
through most of the activities held by teachers. However, there was some negative feedback related to the
assessment, 32% of students thought that the system of online assessment was not satisfactory. They
found it difficult to access to the system of HUMG - eExams and technology including computers or a
stable internet connection.

5. Conclusion

Online teaching will continue to play a key role in education due to the development of information
technology and the Internet. The effectiveness of online teaching is always the subject for most of the
teachers as well as researchers to seek and promote. By this article, the author would like to provide and
recommend eight effective aspects of delivering online teaching process in the context of HUMG.
Evaluation of the teaching effectiveness based on the expericence of organizing Supplementary English
classes has shown in-depth evidence and examples to teachers. Teachers can adapt the experience
suggested in this paper to achieve higher results in online teaching environments in the specific time or
normal teaching period. Although some in-depth evidence has been shown in the evaluation, there are
some limitations in the study. The qualitative data is only from students’questionaires and test results of a
small number of 30 participants. A larger sample size would be a better way to ensure that the sample is
considered the representative of a population and that the results can be generalized to a larger population.
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TOM TAT
Kinh nghiém t6 chtic day hoc tiéng Anh truc tuyén

Nguyén Thi Nguyét Anh*
Truong Pai hoc Mo - Dia chat

Bai bao trinh bay nhiing kinh nghiém thuc té trong viéc to chic day hoc tiéng Anh tryc tuyén &
Truong Dai hoc Mo - Dia chit. Nhimg kinh nghiém nay dugc tong hop thanh nhiing yeu t6 co ban lam
nén chét luong day hoc tryc tuyén nhu nén tang cong nghé phu hop, cong cu hd tro glang day hiéu qua,
cach thirc hudng dan va twong tic v6i hoc vién, sir dung cac phuong tién dién tir dé thiét ké hoat dong day
hoc va hinh thirc kiém tra danh gia. Tac gia 4p dung nhiing kinh nghiém trén vao viéc day hoc cho mot
nhém thue nghiém va so sanh két qua dat dwoc véi mot nhom dbi chimg. Téc gia sir dung phuong phap
nghién ctru truong hop va phuong phap nghién ctru phén tich dinh tinh dé thu thap sb ligu. Ket qua so
sanh cho thdy nhitng kinh nghiém duogc trinh bay trong bai bao nay 1a hiru ich trong giang day tiéng Anh
truc tuyen.

Tir khéa: Day hoc truc tuyén, EFL (tiéng Anh danh cho ngudi nude ngoai), kinh nghiém, cong cu giang
day.
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ER SE’ HQI NGHI TOAN QUOC KHOA HQC TRAI DAT
SABSORNLES e VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Dac trung dao dong cudng burc ctua hé 10 xo - khoi luong
trong mat phang c6 tinh dén ma sat vdi hiéu img Stribeck
Pham Ngoc Chung"*, Nguyén Nhu Hiéu?

! Trieong Pai hoc M6 - Dia chdt
2 Truong Pai hoc Phenikaa

TOM TAT

Trong bai bao nay, cac tac gia da phat trién mot mo hinh ma sat hai chiéu voi hiéu ting Stribeck trong tinh
todn chuyén dong phing véi vén tbe thap ctia mot hé 16 xo - khdi lugng chiu kich dong cudng birc dang
tuan hoan. Hiéu tmg Stribeck dugc biét dén trong chuyen dong mot chleu 1a hién tuong ma lyc ma sat
giam khi vén toc tang trong mién van téc twong ddi thap (tre van toc gan gia tri khong). V6i hi¢u g
Stribeck hai chiéu, bién trang thai trong mé ta chuyen dong o cap d6 micro ctia bé mat tlep xuc dugc tach
lam hai thanh phan theo hai phuong khac nhau, moi thanh phan tuan theo quy luat chuyén dong da biét tir
moé hinh mét chiéu. Phuong trinh vi phan chuyén dong cuia hé 1a phuong trinh vi phan phi tuyén va duoc
giai bang phuong phap s6. Dé danh gia anh hudng cua lyc kich dong ngoai, cic tac gia nghién ctru dap
ung hé vdi cac goc tac dung khac nhau va cac bién dg khac nhau cua lyc kich dong. Két qua chi ra réng
trong trudng hop bién do kich dong twrong ddi 1on, md hinh ma sat LuGre c6 thé tré v&é mé hinh ma sat
Coulomb da biét.

Tir khéa: Dao dong cudng birc; ma sat Coulomb; hiéu tmg Stribeck; bién trang thai trong; nghiém tuin
hoan

1. Giéi thiéu

Ma sat 1a dbi twong xuat hién trong hau hét cac linh vuc khoa hoc khéc nhau c6 lién quan dén chuyén
dong gitra hai bé mit (Brian, 1991; Dowson Duncan, 1997). Sy xuat hién cta ma sat c6 lién quan chat ché
dén cu tric té vi ctia hai bé mat va van tdc chuyén dong twong ddi giita chung. M6 hinh ma sat sém nhét
c6 1€ dugc kham pha badi Leonardo da Vinci ndm 1943 (Leonardo da Vinci, 1932), tuy nhién tur trude do
rat lau, loai nguoi da tig loi dung hién tugng bam dinh giita hai bé mat dé thuc hién van chuyén nguyén
vat liéu va hang hoa, phuc vu cho viéc xdy dung, phuc vu chién tranh (Brian Feeny va dong nghiép,
1998). Ma sat c6 the dugc phan lam hai loai: ma sat tinh va ma sat dong. Ma sat tinh la ma sat xudt hién
giita hai b& mat tiép xiuc ma & d6 khong c6 sy chuyén dich twong ddi gitra hai bé mat voi nhau. Ma sat
dong 12 ma sat xudt hién khi hai bé mat tiép xac chuyén dong twong ddi véi nhau (Popova Elena va Popov
Valentin, 2015). M6 hinh ma sat dong dwoc biét dén nhidu nhit 13 mé hinh ma sat Coulomb. Tuy nhién
md hinh nay chi phu hop véi cac chuyén dong c6 vén toe twong dbi 16n. Pbi voi chuyén dong véi van toe
thip, mo hinh ma st Coulomb s& khong con phu hop, thay vao d6 nguoi ta dé xuét cac md hinh ma sat
dong khéc, trong d6 co sy xuat hién cia mot bién trang thai mdi, goi 14 bién trang thai trong, dé mo ta
chuyén dong & murc d6 vi mod gitra hai bé mat. M6 hinh ma sat dong vdi tén goi LuGre dugc dé xuit nim
1995 1a mot mo hinh twong ddi "manh" ma né phu hop véi nhidu bai toan ma sat khac nhau (Canudas de
Wit va dong nghiép, 1995). Diém manh cia n6 1a nd co thé bat dugc hiéu ung Stribeck trong chuyén
ddng van toc thap. Sau nay, nhiéu mé hinh khac nita dwoc dé xuat dwa vao md hinh LuGre va da ap dung
vao nhiéu bai toan khac nhau ciia khoa hoc va k¥ thuat, ching han mo hinh ma sat cua Al-Bender (Al-
Bender va dong nghiép, 2004), m6 hinh cua Gonthier (Gonthier va ddng nghiép, 2004), mé hinh ciia Saha
(Saha va ddng nghiép, 2016). Trong cac mo hinh nay, tac gia déu dua ra mot (hodc nhleu) bién trang thai
trong va cach thirc md ta no trong tinh todn ma sat. Cac mo hinh da nghién ctu hau hét dimg ¢ chuyén
dong trong khong gian mot chidu. Ddi véi khong gian hai chidu mo hinh ma sat nén dugc tiép tuc phat
trién dé bat dugc t6t hon nhiéu hién trong xuit hién trong d6 ma mo hinh mét chiu c6 thé chua phan anh
hét. Trong nghién clru ndy, cac tac gia phat trién mo hinh ma sat LuGre trong trudng hop mot chiéu da
biét sang bai toan hai chicu dé tinh toan chuyén dong ciia mot hé 16 xo - khdi lugng chuyén dong trong

* Tdc gia lién hé
Email: phamngocchung@humg.edu.vn
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mit phang va chiu kich dong ngoai tudn hoan. Cac anh huong ciia tham sb kich dong ngoai 1én dap tmg
cua h¢ dugc nghién ctru chi tiét.

2. Phwrong trinh vi phan chuyén dong
Xét hé co hoc gom vat khdi lugng m gin vao hai 16 xo ¢6 cing do cimg K & vi tri ban dau nam
ngang va khong co gian nhu Hinh 1. Vat m chiu tac dung boi mot luc ngoai tudn hoan F,, = F, cos(vt)
nghiéng mot goc « so voi phuong ngang.
Biét rang vat m chuyén dong trong mit phing
Y F,cos(vt) nam ngang va chiu anh hudng cua lyc ma sét tiép
xuc giita hai bé mat. Dé bat dugc higu ung Stribeck
trong chuyén dong véi van tdc thip, mo hinh ma
sat LuGre duoc st dung. M6 hinh nay dwoc dé xuét
lan dAu tién nam 1995 boi Canudas de Wit va dong
nghiép, dd moé ta va giai thich dwgc nhiéu hién
tugng quan sat dugce tir thyc nghi€m trong linh vyc
k¥ thuat lién quan dén ma sat hoc. Luc ma st duoc
f 1 - ] gia st phu thudc vao mot bién trang thai, goi 1a
bién trang thai trong, ky hiéu 1a Z , dic trung cho
d6 nham cua bé mat va duoc md hinh nhu d6 1éch
clia dau céc 16ng, giébng nhu 16ng ctia mot ban chai.
Trong nghién ctru nay, boi vi vit m chuyen dong trong khong gian hai chiéu, cac tic gia da dé xuat st
dung md hinh ma sat LuGre hai chiéu dé mé ta chuyén dong cua hé. Luc ma sat dwoc tach thanh hai

Hinh 1. M6 hinh hé khoi lwgng - 10 xo dudi tdc
dong cua lyc ngoai tuan hoan

thanh phan theo hai phuong khéc nhau F, (Fj, xFy Y) trong do
F,,=%2,+%2Z, +%,X,F,, =22, +%7Z,+2,Y (1)

fr.X Y
v6i Z,, %, 2, lan lugt 1a hé s6 do cimg 16ng, hé s6 can cua 1ong va hé s can nhét trong chuyén dong
tuong ddi gifta hai bé mat; (X, Y) 1a toa dd vi tri ciia vat m trong hé toa do OXY véi O la gbc ndm &
gifta hai 10 xo, triing v6i vi tri ban du cua m khi 16 xo khong co, khong gidn; X, ¥ 14 hai thanh phan
van tdc cta vat. Bién trang thai Z,, Z, dugc xac dinh tir cdc phuong trinh sau:
soox M,y ML o
T ew e T e
trong do: ||V|| X*+Y? 1a do 16n van tdc cua vat m; G(V) la ham Stribeck mo6 ta hiéu ung

Stribeck trong chuyén dong van tdc thip, duoc x4c dinh nhu sau:
G(V):ZI[E.+(R—F exp{ VI H 3)
0

v6i F.=u N", F.=u N’ lan lugt 1a luc ma sat Coulomb, lyc ma tinh duoc tinh théng qua hé sé ma
sat Coulomb  , hé sd ma sat tinh 4, va luc phap tuyén N”; V. 1a van toc Stribeck. Co thé thay rang néu
V|| — +oo thi ham Stribeck G(V) ¢6 dang G(V)=F, /%, tirc 1d md hinh ma st Stribeck tr& vé mé
hinh ma sat Coulomb da biét. Khi ||V|| — 0 ta thu duoc G(V) =F /Z,, tac 1a ta thu duoc mo hinh ma

sat tinh. Trong mién vén tbc gan khong, hiéu tmg Stribeck dugc boc 10, co nghia 13, khi van tdc ting thi
ma sat giam.

Str dung phuong trinh Lagrange két hop véi biéu thire luc ma sat tir (1), ta thu dugce phuong trinh vi
phéan chuyén dong ciia hé nhu sau:

1 1

$=-0"(1+x)| - ——/—— |+ & (1 - x)| | - ——
(l-Hc)z +y° (l—x)2 +y 4.1)
+L(ZOZX +3Z, +22X’)+Mcos(vt)
am am
! o [ — PR PN AN 5 4 P L ) 4.2)

y:_wzy 1_722 > . oy 1%y 2
4,(1+x) +y (l—x) +y am am
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trong do:
X=—,y=—, 0=,[—, (5)

Céc dao ham theo thoi gian Z,, Z, duoc xac dinh tir cic phuong trinh (2), va (3); F, cos(vt) 1a Iyc
ngoai tuan hoan véi bién dd F, va tan s6 v . Cac phuong trinh (2) va (4) thiét lap duge mot hé phuong
trinh vi phan mo ta dong luc hoc cua vat m voéi cac rang budc 10 xo0 va cac lyc ma sat giita hai bé mit.
Chu y rang h¢ phuong trinh (4) va (2) 1a mét hé tuong dbi phtrc tap boi vi vira ¢6 tinh phi tuyén do déng
gop cuia phi tuyén hinh hoc, vira c6 déng gop vé tinh phi tuyén cua lyc ma sat voi hiéu ing Stribeck thong

qua ham Stribeck G ; ngoai ra hé con chiu tac dong ciia luc ngoai tuan hoan. D¢ giai hé nay, cac tac gia
da st dung thuat toan so Runge-Kutta, két qua thu dugc s€ dugc trinh bay trong phan 3.

3. Phéan tich dap ung hé
St dung phuong phép Runge-Kutta v&i tham sé hé dugc cho nhu trong Bang 1, ta thu duoc két qua
dap ung dugc minh hoa trén cac Hinh 2-8. Ta xét hai trudng hgp sau day ung véi hai goc khac nhau cua
a: (i) a=90°, (i) a=60".
Bang 1. Tham s6 hé sir dung trong mod phong so

Tham s6 h¢/don vi Ky hiéu Gi tri
Do cung 16ng (N/m) Z, 100000

H¢ s6 can 16ng (Ns/m) z 316.2278
H¢ so can nhdt (Ns/m) z, 0.4
Khoi lugng (kg) m 0.2
Van toc Stribeck (m/s) V. 0.001
Hé sb ma sat tinh U, 0.61
Hé s6 ma sat Coulomb L, 0.47
Chiéu dai ban dau 1o xo a 0.2
(m)

3.1. Ddp timg hé véi géc 90° ciia lyc tic dung ) .
Trude tién ta xét truong hop goc cua lyc ngoai vudng goc voi duong ndi hai 10 xo ¢ vi tri ban dau. Vi
tri ban dau cta vat co toa do 1a (X, ¥) = (0, 0.04) (m), tic (x, y) = (0,0.2) . Lac nay co thé "cam nhan" truc
quan 1a vat s& dao dong theo phuong vudng goc voi duong ndi hai 16 xo, tirc 1a dao dong theo phuong Y
clia hé toa do. Do clng 10 xo duge ldy 1a K =1000 (N/m) , voi khdi luong cua vat 1a m=0.2 (kg) , tan
$6 @ cta hé tham chiéu mot 10 xo - mot khéi lwong tim dugc la = \/m = 70.7107 (rad/s) . Gia st
tan s6 kich dong duoc liy 1a v =70 (rad/s) va bién d¢ kich dong 1a F, =5 (N) . Bap ing theo thoi gian
cliatisd x=X/a va y=Y/a,trongdd a=0.2 (m) dugc minh hoa trén Hinh 2. C6 thé thay rang cac
dép tmg ti s6 x va y ctia hé gan nhu tuan hoan. Tuy nhién gia tri cia x kha nho, vao khoang dudi 2x107°
, trong khi d6 chuyen dong cua y 1a 16n hon nhiéu. Didu d6 cho thiy chuyén dich theo phuong x gan nhu

1a 1 khong dang ké. Mic du vay gia trj ciia x khac khong phan 4nh mot thue té ring, chuyén dong cia hé
van bi lic theo phuong x do hiéu tmg ctia ma sat LuGre hai chidu. Theo phuong Y dao dong ctia hé c6 gia
tri 1on, ti s y=Y/a roi vao khoang tir —0.04 dén 0.01. D4 thi quy dao do d6 s& gan nhu theo phuong Y
nhu minh hoa trén Hinh 3.

Hinh 4 thé hién tién trién theo thoi gian cta cac thanh phﬁn van tdc va luc ma sat. Co thé théy rﬁng, tai
nhiing vi tri van tbe gﬁn khong, gia tri cia lyc ma sat thay ddi 13 rét. Po 1a do hiéu ung Stribeck dugc tinh
dén. Chu y rang két qua nay dwoc quan sat trong truong hop tan sd va bién do cta kich dong duge iy
nhu da no6i ¢ trén, tac la F, (t) = 5cos(70t) (N) . Mot didu déng néi & day 1a cac tac gia nhan manh dén
hiéu (g Stribeck, noi ma & mién van tdc thip, hidu tmg nay dwoc thé hién. Trén Hinh 5(a), cc tac gia vé
duong cong Stribeck theo 1y thuyét dwa trén phuong trinh (3) va hién thi cac gia tri tinh toan cua dap (mg
vén toc thu duge tir Hinh 4 va gia trj cua ham Stribeck tuong ng voi vén toc nay. RO rang rang mién van
tbc 6 gia tri 1on 1am cho ham Stribeck gan nhu 1a hing sd, trong khi d6 mién c6 gia tri van toc nho lam
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lam Stribeck c6 d6 cao rd rét. Bé thiy 1o hiéu tmg Stribeck, Hinh 5(b) minh hoa phan phéng to dbi voi
mién van tdc trong khoang (—5,5) x107 (m/s).

-6

,x10 1>;___1o
w1 0
X
X 0 -1
2
17 Es
>
0.02 o
5
s 0
> -6
~-0.02 %

-0,061 3

Hinh 2. Tién trién theo thoi gian ciia cdc ti s6
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Hinh 3. P6 thi qui dao chuyén dong ciia vt trong
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Hinh 4. Tién trién theo thoi gian ciia cdc thanh
phan vén téc va luc ma sdt (a =90°)
3.2. Pdp tng hé v6i ma sdt hai chiéu trong trwong hop géc tity ¥ ciia luc tic dung
Truong hop duoc xét & day la goc a = 60" 6(0,900). Véi goc nay, 1a chuyén dong theo ca hai
phuong déu dugc thiy rd, chéng han trong Hinh 6 minh hoa quy dao chuyén’ dong cua vat. Dé thiy 15
hiéu ung Stribeck, Hinh 7 hién thi ham Stribeck theo cac phuong X, Y. Ta thay rang cac di€ém tinh toan
trang v6i dudng cong Stribeck duge xdy dung. Nhu vay trong truong hop mo hinh LuGre hai chiéu, ta

ciing thu duoc két qua dap ing ma & d6 ton tai mién van tdc thip gan gia tri khong, va lam cho luc ma sat
thay di tinh chét so véi ma sat Coulomb, tirc ma sat giam khi van tdc ting.

Pé danh gia anh hudng cua kich dong ngoai, cac bién do kich dong khac nhau dwgc sir dung trong tinh
toan. Hinh 8 minh hoa ham Stribeck cho bén gia tri khac nhau cuia bién d6 F,: (a): F, =0.5 (N); (b):
F,=1.0 (N); (c): F,=10 (N); (d): F, =50 (N). Hinh 8(a) néi 1én rang, voi kich dong bién d6 nho, van
tég chuyén dong cua hé kha ‘thélp, do d6 m6 hinh LuGre bét gitr dugc hiéu ng Stribeck kha 13 rang. Cac
diém tinh toan hoan hoan nam trén phan duong cong chir khong phai l1a phan duong thang nam ngang.
Hinh 8(b) ting v&i bién d¢ kich dong 16n hon, tic F, =1.0 (N), cho thdy cic diém Stribeck bat dugc day
dic hon Hinh 8(a) va gia tri van toc vin nho, nim gan nhu tron trén phan dudng cong. Khi ting bién do
kich dong 1én F, =10 (N), trén Hinh 8(c), s6 diém dugc tinh toan trong mién véan tbc thap bit dau giam
di, thay vao do6 1a cac diém véan toc twong ddi 16n ndm trén phan gan nhu "thing" ciia dudng cong
Stribeck. Cubi cting, trén Hinh 8(d), véi bién d¢ kich dong twong ddi 16n, F, =50 (N), thi mién van tc
thép v6i higu (g Stribeck gan nhu khong quan st duge. Gié tri lyc kich dong ndy I6n hon nhiéu so véi
lyc ma sat tinh cta vat khi tiép xuc voi mat san, cd vé nhu lam cho vat chuyén dong véi van toc tuong doi

Hinh 5. Puong cong Stribeck Ly thuyét va tinh todn
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nhanh. Trong tinh hudng nay, duodng cong Stribeck s& tro vé duong thang phan anh luc ma sat Coulomb
ma ¢ do luc ma sat tang khi van toc chuyén dong ctia hé ting 1én trong mién quan sat.

Ham Stribeck

Ham Stribeck

Ham Stribeck

Ham Stribeck

x10°
7
6
5
E4
>
3
2
1
0, . i
-5 0 5
X (m) x10°
Hinh 6. Quy dao chuyén dong cua vt trong mat
phang XOY
il : :
o Biém tinh todn
1.1 (3) —— Duimg cong Stribeck
1+ o |
X
935 0 05
12210 : :
a DPiem tinh toan
1.1¢ —— Bwrimg cong Stribeck
1t 3
¥
°3s 0 05
Vian toc (m/'s)
-5
12 x10 .
0 Diém tinh toén
14 (C) —— Bwromg cong Stribeck
1
U.E_i >
121 o’ )
¢ | © Diém tinh toin
11 | — Duomg cong Stribeck
1 }:- 1
D_ s '8
B 2 A 0 1 2 3

Van toc (m/s)

k
o

Ham Stribeck Ham Stribeck

Ham Stribeck

Ham Stribeck

Ham Stribec

Ham Stribeck

)\(_‘10

1.1}

O Diém tinh todn
— Duong cong Stribeck

phirong X

05 1

o Diém tinh todn

—— DPuomng cong Stribeck

-5

4 05 0
Van toc (m/s)

Hinh 7. Ham Stribeck theo hai thanh phan vén toc
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Hinh 8. Anh hwong cua bién do kich dong ngoai dén su xudt hién ciia hiéu ung ma sdt Stribeck

4. Két luan

Dao ddng cta hé co tinh dén ma sat 1a mot bai toan phirc tap. Piém méi ctia nghién ctru nay la dua vao

mo hinh ma sat LuGre 2D dé mo ta chuyén dong ctia mot hé co cAu trac hai 10 xo va mot khéi luong
trong khong gian hai chiéu. Mot 1y do twong d6i ty nhién dé sir dung mo hinh LuGre 2D 1a hé chiu kich
dong cua lyc ngoai co goc nghiéng so voi phuong tham chiéu mot goc tuy y. O day anh huong cua kich
dong tuan hoan 1én dép tmg hé duoc nghién ctru. Két qua bai bao chi ra rang, goc nghiéng va do 16n bién
d6 Iyc kich dong co anh huong dén chuyén dong van toc thap cia hé. Trong trudng hop bién d¢ kich
dong ngoai twong d6i 16n, 1am cho hé chuyén dong vai van tdc ciing tuong ddi 16n va do d6 mé hinh ma
sat LuGre tré' vé mo hinh ma sat Coulomb. Trong truong hop kich dong ngoai c6 bién do nho, chuyén
dong van tde thép duoc quan sat va do @6 mé hinh LuGre bét duoc hi¢u ung Stribeck.
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ABSTRACT
Characteristics of in-plane forced vibrations of a mass - spring system
with Stribeck friction effect

Pham Ngoc Chung"*, Nguyen Nhu Hieu?
! Hanoi University of Mining and Geology
2 Phenikaa University

In this article, the authors have developed a two-dimensional friction model with the Stribeck effect in
calculating the low-velocity planar motion of a mass - spring system subject to periodic forced excitation.
The Stribeck effect is known in unidirectional motion as the phenomenon where the friction force is
decreasing as the velocity increases in the region of relatively low velocity (i.e., near-zero velocity). With
two-dimensional Stribeck friction model, the state variable in the microscopic motion description of
contact surface is split into two components in two different directions, each of which obeys the known
friction laws from the one-dimension model. The differential equation system of motion is solved
numerically. To evaluate the influence of the external excitation force, the authors examine the system
response to different applied angles and different amplitudes of the excitation force. The results show that
in the case of relatively large exciation amplitudes, the LuGre friction model can revert to the known
Coulomb friction model.

Keywords: Forced vibration; Coulomb friction; Stribeck effect; internal state variable; periodic solution
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ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARWI SONRCE 0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Téng quan vé mot sd phuong phéap ché tao vat lidu
ban dan h¢ thap chicu

Nguyén Xuén Chung”
Truong Pai hoc Mo - Dja chat

TOM TAT

Cac vat liéu ban dan hé th?ip chiéu 1a cac vat li€u c6 kich thudc cd nanomet nhu mang mong, day nano,
thanh nano hay chim lugng tir, ching c6 nhiéu img dung trong nganh Khoa hoc Vat li¢u ciing nhu nhiéu
nganh khac. Céc vat liéu nay dugc ché tao bang nhi¢u phuong phap khac nhau véi nhiing thiét bi, quy trinh
cong nghé va yéu cau vé k¥ nang van hanh hé thong khac nhau. Trong bai bao nay, tac gia liét ké cac
phuong phap pho bién hién nay trén thé giéi dé ché tao vat liéu ban dan véi ciu trac nano, bao gom cd
phuong phap phun xa, dong phun xa, phuong phap bdc bay nhiét, phuong phap dn mon héa hoc, phuong
phap dn mon dién hoa, phuong phéap sir dung ba pha ran-long-khi. Mdi phuong phéap ché tao dwoc phan
tich va giai thich chi tiét vé cac thiét bi, nguyén ly hoat dong, quy trinh k¥ thuat, cdc wu va nhuoc diém.
Tinh hinh thyc té vé ing dung cua cac phuong phap nay tai cac phong thi nghiém trén thé gidi va tai Viét
Nam ciing dugc ban luan.

Tir khéa: Ban dan hé thép chiéu, cu trac nano, phuong phap ché tao mau, phun xa, an mon, bbe bay nhiét.

1. Mé dau

Vit liéu ban dan c6 rat nhidu ung dung trong cac nganh khoa hoc, ky thuat nhu nganh dién tr, quang
dién t, y sinh... Cac linh kién truyén thdng trong mot mach dién phd bién 1a cac transistor, diode,
photodiode, tu dlcn dién tré c6 kich thudc nho dé co thé duge lap ghép véi nhau dé tao ra mach dién, tuy
nhién chiing c6 thé dugc ché tao kich thudc khoang vai chuc micromet va dugce tich hop trong mot mach
dién nho6 gon dugce goi la mach tich hop (IC). Vi su phat trién cua khoa hoc cong nghé cling nhu nhu ciu
sir dung, céc thiét bi dién tir ngay cang can thong minh hon voi nhiéu yéu ciu nhu nhiéu tinh ning, tbc do
xir Iy cao dé giai dugc nhiéu phép tinh phirc tap, hi¢u suat cao, kich thudc nho gon de ¢6 thé tich hop nhiéu
trong thlet bi va dé mang di, d on dinh t6t hon, ty s tin hiéu trén nhidu cao,... Piéu nay dong nghia voi
viée can tich hop nhiéu linh kién hon, va viéc giam kich thudc cac linh k1¢n Theo dinh luat Moore, sd
lwong transistor c6 trong mdi chip tich hop dugc ting gap d6i sau hai nim (Thompson, 2006). Pinh luat da
dugc nghiém dung trong cac nam sau khi dinh luat ra doi. Ngay nay, kich thudc cua transistor da dugc ché
tao tir 7-14 nm, diéu nay cho phép mot sd luong rat 16n linh kién c6 trong mdi chip xur ly. Vét liéu ban dan
v6i kich thudc nano cé thé dap tmg duoc 'yéu céu noi trén. Ban dan hé thap chiéu thong dung la cac mang
méng véi do day vai chyc nm, cdc ddy, 6ng nano v6i duong kinh vai chyc nm va cac cham luong tir véi
ban kinh tir vai dén vai chuc nm. Céc vét liéu nay ¢ nhiéu tmg dung nhu dén LED ding mang mong ché
tao bang phuong phap quang khic (Mikulics, 2020), cac hat nano vang dwgc sir dung trong viéc tri liéu voi
bénh nhan ung thu thong qua hiéu ing plasmonics (Huang, 2010)... Khi vat liéu dugce ché tao véi kich
thudc nano, nhiéu dic tinh méi xuat hién, kich thude cang nho thi hiéu ing nay cang rd. Viée diéu chinh
kich thude duge thong qua viéc thay ddi cac thong $6 ché tao nhu thoi gian ché tao mau, toc do tao vat liéu,
nhiét 6 ché tao, cac chat xuc tac, diéu kién anh sang, dong dién ... tuy thudc vao timg phuong phap.

Trong mot $6 ung dung st dung hién tugng khuéch tan, vat liéu dang hat truyén théng ¢o kich thudc co
micromet khuéch tan khong hiéu qua do kich thudc 16n, tuy nhién véi cong nghé nano, cac hat nano dugc
ché tao véi kich thude vai chuc nm gitp cho qué trinh khuéch tan dién ra nhanh hon. Nhu vay c6 thé noi
cong nghé nano sé cai thién rat nhiéu linh vuc trong khoa hoc, k¥ thuat va doi séng, vi vay viéc ap dung va
tim hiéu vé cac phuong phép ché tao ban din hé thip chiéu 1a rit quan trong. Co rat nhidu phuong phap
ché tao voi nhitng pham vi 4p dung, wu nhuge diém khac nhau. Cac van d¢ lién quan dén cac phuong phap
ché tao s& duoc thao luan dudi day.

2. Cac phuong phap ché tao vat li¢u ban din thép chiéu
2.1. Phuong phap boc bay nhiét . ) )
Phuong phép nay dugc trng dung nhi€u trong viéc ché tao cac loai mang moéng nhu cdc mang ché tao

* Tdc gid lién hé
Email: nguyenxuanchung@humg.edu.vn
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pin mét troi perovskite (Vaynzof, 2020), mang silic (Yu, 2019)... Trong phuong phap nay, mot chuéng
chan khong cao dugc sir dung dé tao ra moi truong chan khong trong qua trinh vt liéu bdc bay. Vat liéu
tao mang dugc nung nong chay trén mot thuyén dit & day cua chuoéng nho vao dong dién 16n chay qua dién
tro ¢ dudi day thuyen Dé dugc dat ddi dién voi thuyén & khoang cach nhat dinh. Trén ga giit dé c6 gin
cam bién dé do chiéu day ciia mang. Khi vat liéu duoc nung néng va bay hoi, cac phén tir vat lidu s& dugc
dinh trén bé mat dé va tao thanh cac 16p mang mong. Ap suat khi rat thap, thuong dudi 107 Torr. O 4p suét
nay, quing duong tu do trung binh cta cac phan tir vat liéu l6n hon nhiéu so véi khoang cach tur dé va
thuyén do vay céac phan tir vat liéu khong bi mat dong néng trén quang dudng bay toi dé. Thong thuong,
cac chét khi trong moi truong nhu 6xy, Oxit cacbon... co thé phan tmg vai cac phén tir vat liéu & nhiét do
cao hoc bi khuéch tan vao trong mang gy ra cac sai hong, hodc tao thanh cac tap ban lam giam chat lugng
mang. Tuy nhién, chu6ng ¢6 chan khong cao nén s€ giam thiéu t6i da nong do cac chat khi khong mong
mubn, do viy mang c6 d6 tinh khiét cao.

- Chudng chan khang
— Gia gan e
& ot nang dé

Carm bign do chidu day

Dé

Yat ligu bay hot

— Thuyen dién trés
Thiét bi hut chan khing cao (I dtn)

Hinh 1. So d6 nguyén Iy hoat dong ciia hé boc bay nhiét ché tao mang mong

Cdc wu diém cia phirong phdp boc bay nhiét: hé thiét bi st dung cho phwong phap nay ¢ cau tao don
gian, chi phi & mirc d9 trung binh, tdc d tao mang cao va do tinh khiét cua mang dugc dam bao tt. Phuong
phép co the ap dung dugc cho nhiéu loai vat liéu khac nhau, bao gdm ca ban dan, kim loai va phi kim ma
khong can quan tam toi do dan dién cua vat liéu.

Han ché ciia phwong phdp boc bay nhiét: do sir dung dién trg dé nung nong va bay hoi vat liéu, nhiét do
ctia thuyén bi han ché do day dién tro c6 nhiét d6 nong chay xéac dinh. Bé khic phuc diéu nay, phuong phap
bbe bay nhiét chum dién tir dugc ap dung va kha thi cho nhiéu vat liéu khac nhau, ngay ca nhiing vat li¢u
bay hoi ¢ nhiét do rat cao. Bén canh do, yéu cAu vé diu khién chinh x4c nhiét do cua thuyén 12 mot diém
rat kho thuc hién. Phuong phap nay cha yéu dugc 4p dung dé ché tao cac mang don chit, ddi voi cac mang
hop chat thi viéc didu khién ty 1& cac vat liéu thanh phan khong kho thyc hién.

2.2. Phwong phdp an mon héa hoc vdi xiic tdac kim loai

Phuong phap nay con dugc goi 1a phuong phap dn mon w6t thudong duge dung dé tao cac diy nano ban
dan silic (Jana, 2013; Chern, 2010; Huang, 2010). Trong phuong phap nay, cac hat nano kim loai quy,
thuong la bac hodc vang dugc sir dung nhu chét xuc tac, chung con ¢6 tac dung dinh vi cdc vi tri can an
mon. Céac hat nano kim loai nay c6 thé duge hinh thanh mot cach ngiu nhién trén dé Si hodc cling c6 thé
dugc tao dudi dang ma tran bang phuong phap quang khic. Dé thyuc hién phuong phép nay, dung dich n
mon thuong dung la cac axit nhu HF, HNO; tron véi HOs. .., cac axit nay thuong khong dn mon hodc an
mon silic véi toe do rat thép khi khong co chét xuc tac. Tai cac vi tri ¢6 hat nano kim loai, qua trinh khu
hat nano kim loai, 6xi hoa Si tai vi tri tiép xtc dugc dién ra, cac vi tri khong co hat bac thi khong xay ra

phan ung hoéa hoc nay.
Q) (w) )
excess oxidation arca

Hinh 2. Co ché an mon héa hoc cua dé silic véi sw cO mdt cua chdt xiic tdc la cdc hat Ag
Qua trinh dn mon dé silic ¢6 thé giai thich thong qua cac phuong trinh phan tng héa hoc dudi ddy. Trong
c4c phuong trinh nay, H* 14 ion hidrd duoc tao ra tir axit, h* 14 13 tréng:
Tai bé mat cda hat nano kim loai, H,O» bi khtr theo phuong trinh:

H,0, + 2H* - 2H,0 + 2h* (N
Bén phia dé Si, cac nguyén tir Si bi 6xi hoa va bi hoa tan vao trong dung dich theo phwong trinh:

Si+ 4h* + 4HF - SiF, + 4H* 2)

SiF, + 2HF — H,SiF; 3)
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Trong phwong trinh (2) va (3), mot dién tir hoa tri cia nguyén tir silic bi but ra va truyén sang hat kim
loai. Qua trinh but hai dién tir hoa tri ciia Si duoc dién ra theo phuong trinh dudi day:

Si +4HF; - SiF{™ + 2HF + H, T +2e~ 4

Nhu vy, qua trinh hoa tan ciia Si d dién ra véi sy c6 mit ciia chét xtic tac 13 cac hat nano kim loai. Qué
trinh hoa tan can ¢ su trao déi dién tir gitta dé Si va hat nano kim loai, dé Si bi mit dién tir va cac 15 tréng
duoc hinh thanh. Hinh 2 mé ta qué trinh &n mon dién ra tai vi tri ctia hat nano bac: cac hat nano Ag nhan
dién tir tir &é Si, qua trinh nay 1a qua trinh tao 15 trong trong dé Si. Trong trudng hop nay, 16 nano dugc
hinh thanh.

Dé tao duoc diy nano, cac vi tri moc day nano can dugc phu boi cic chit quang trd (photoresist) dé bao
vé bé mat Si tai vi tri ndy. Mang Au dugc pht trén bé mit cta dé Si va duoc nhung vao trong dung dich in
mon. Qua trinh &n mon xay ra tai noi c6 mang Au trong khi ving duoc bao phu boi quang tré khong bi an
mon, cudi cung day nano silic duoc hinh thanh. Trong mét s6 truong hop, phién Si ¢6 thé duoc chiéu sang
dé tao ra thém 15 trong, thiic ddy qué trinh an mon dugc d& hon. Khi dé, qué trinh an mon con duge diéu
khién boi thong s6 cuong d6 va bude song anh sang chiéu toi. Nong do pha tap ciia dé Si ciing 1a mot thong
s0 quan trong anh hudng téi qua trinh an mon hoa hoc.

Uu diém ciia phirong phdp: phuong phap nay khong yéu cau hé thiét bi phtec tap, quy trinh van hanh va
tao mau khong qua phtic tap, tiét kiém chi phi tao mau.

Han ché: Phuong phap nay cho tinh 13p lai thap, tinh dong déu ciia mau khong cao, qua trinh tao mau
sir dung nhidu hoa chat va can dugc xir 1y tt trude khi thai ra méi truong.

2.3. Phwong phap dn mon dién hoa

Phuong phap nay tuong ty nhu phuong phap an mon hoéa hoc, dudi tic dung cua dong dién, qua trinh
phan tng 6xi hoa khir dugc dién ra nhanh hon. Trong truong hop bé mit ciia dé khong dong nhét, cuong
dd dién truong 16n nhét tai nhitng diém c6 d6 bé mat go ghé, 16i 16m nhét, khi d6 hat nano kim loai c6 thé
khong nhét thiét phai st dung dé dinh vi vi tri an mon. Qué trinh an mon dién hoa trong diéu kién khong
¢6 anh sang chiéu vao dua trén hiéu ing dénh thing dé Si cua dong dién. Viéc diéu khién téc do dn mon
trong phuong phap an mon dién hoa c6 thé thyc hién nho vao viée diéu chinh cuong do dong dién, dong
dién cang 16n thi qua trinh 4n mon cang nhanh. Tuy nhién, thong thudng tbc d6 an mon thuong ty 1¢ tuyén
tinh voi cudng d6 dong dién trong pham vi cudng do dong dién nho, khi dong dién dat dén gia tri ngudng
nao d6 thi tbc do an mon ting dot bién va co thé 1am cho miu bi pha huy. Do vdy, viéc xac dinh gia tri
ngudng noi trén la rat quan trong.

Ciing gidng nhu phuong phap &n mon hoa hoc, phuong phap &n mon dién héa cling s dung anh sang
chiéu dé tang cudng s6 16 trong sinh ra va lam ting toc d6 an mon. Tdc @6 an mon phu thude vao ca cudng
dd 4anh sang va budc séng anh sang. Pi voi mot s6 vat lidu co do hp thy quang cao ¢ ving tir ngoai va
ving nhin thay, anh sang can hong ngoai s& dugc sir dung dé anh sang co thé xuyén sau vao trong chiéu
day cua dé silic.

Phuong phap dn mon dién héa ¢ wu diém 1a hé gom thiét bi don gian, co thé thay doi dong dién dé thay
dbi téc d6 tao day. Tuy nhién, nhuoc diém 16n nhat 1a tinh I3p lai rat thip, bé mat mau thuong khong phiang
ly trdng ma c6 cac diém 16i 16m va chang s& bi an mon trude.

2.4. Phwong phdp phun xa cathode

Trong phuong phép ndy, qué trinh phtin xa hinh thanh mang méng dugc dién ra trong mot binh c¢6 chan
khong cao (Kelly, 2000). Phuong phéap nay khong sir dung phan tmg hoa hoc hay qua trinh bay hoi cua vét
liéu ma str dung cac ion khi hiém c6 khdi lugng nguyén tir 16n dugce ting tbe trong dién truong va va cham
v6i bia vat liéu. Trong qué trinh va cham nay, dong ning ctia ion dugc truyén téi cic nguyén tir clia bia
(dugc lam bﬁng vét liéu can ché tao trén dé), 1am cho cac nguyén tir bi bat ra va bam vao dé, tir d6 hinh
thanh nén mang trén dé. Phuong phap phun xa cathode duoc chia 1am cac loai nhu sau:

Phtin xa mot chiéu (DC): cac ion khi hiém duoc tang tde trong dién trudng 1 chiéu tao boi hiéu dién thé
dat gitra bia (cathode) va dé (anode). Phuong phap nay dugc ap dung cho cac loai vat liéu dan dién.

Phun xa xoay chleu (RF): d6i véi cac vat liéu khong dan dién thi phuong phap phun xa DC khong thé
ap dung duogc va can sir dung phuong phun xa RF. Trong phwong phap nay, mot hi¢u dién thé xoay chiéu
dugc dat gitra bia va dé. Trong moéi trudng cua gitra dé va bia c6 ton tai cac ion khi hiém mang dién tich
duong va cac dién tr, trong mdi chu ky cua hiéu dién thé xoay chiéu bia bi bén pha béi ion duong & mot
ntra chu ky, va béi electron & nura chu ky con lai.

Phun xa st dung tir trudng (magnetron): hé phiin xa ndy ¢ cu tao trong tu nhu hé phun xa DC va RF,
va duoc cai tién thém bé’mg cach dat thém thiét bi tao ra tir truong manh mat trén ctia bia, do do s€ l1am tang
dong ning cua ion khi hiém, va ting hi¢u suat bin pha bia.

Cac uu diém ctia phuong phap phun xa: phuong phap phin xa cathode sir dung su truyen dong nang cua
cac ion khi hiém véi bia, vi vay c6 thé ap dung dugc cho céc loai vét lidu khac nhau ké ca cac vat liéu c6
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nhiét d6 nong chay cao. Bang cach sir dung nhiéu bia khac nhau ma cac mang hop chit duoc tao ra theo
dung ty 18 cac vat liéu nhu mong mudn. Phuong phéap nay cho phép diéu khién téc d0, kiém soat do day
mang mdt cach chinh xac. Mang tao ra c6 do dong deu va do tinh khiét cao.

Han ché cua phuong phép: Hé ¢ cau tao phtrc tap gom nhiéu thiét bi can do chinh xac cao nén gia thanh
clia hé cao, qua trinh bao tri bao dudng phirc tap, hiéu suit cia hé khong cao do qué trinh ton that nhiét do
va cham gitra ion khi hiém va bia.

2.5. Phwong phdp ba pha rin-léng-khi (VLS)

Phuong phap VLS (vapor-liquid-solid) chil yéu duoc str dung dé ché tao cac day nano ban dan (Wagner,

1964). Bbi véi qué trinh ché tao day nano silic, cac qua trinh dién ra dugc trinh bay trén hinh 3.

Si (khi)

Pl

Hinh 3. Co ché nudi ddy nano Si sit dung phwong phdp VLS

Ban ddu, mang vang mong duoc tao trén bé mat cua dé Si, sau d6 dugc dua vao 10 nung & nhiét d6 cao
hon nhiét d¢ eutectic cua hop kim Au-Si. Mang vang nong chay va co cum lai thanh cac giot hop kim Au-
Si, céc vi tri nay chinh 1a vi tri moc cua cac day nano Si ¢ cac bude tlep theo. Sau khi dé Si ¢6 cac mam
vang, miu dugc dua vao trong 10 nung & nhiét do cao. Trong 16 cac chit khi H, va SiCly duoc bom duy tri
& 4p sudt nhat dinh, phén tir Si dugc tao ra tir phan tmg giita SiCls va H, & nhiét d cao theo phuong trinh:

SiCl, + 2H, — Si + 4HCI ()

Céc nguyén tir Si nay khuéch tan vao bén trong giot hop kim Au-Si, theo thoi gian ndng d6 cac phan tir
Si tang dan va bio hoa, chiing duoc ling doc & phia day cua giot Au-Si va lam cho day Si 16n 1én.

Céc uu diém cua phuong phap VLS: dudng kinh cua dy nano co thé diéu khién dugc théng qua diéu
khién dudng kinh cia mam Au (bang cach thay doi chleu day cua mang Au trén dé Si). Néu sir dung quang
khic thi cac mam Au duoc tao tai cac vi tri mong mudn. Do tinh khiét va dong nhét ciia ddy nano tot, co
thé 4 ap dung duoc ddi v6i nhiéu loai vat liéu khac nhau.

Céc han ché cua phuong phap VLS: Nhiét d6 16 phai ¢ trén nhiét d eutectic, do vay vdi nhitng vat liéu
¢6 diém néng chay cao thi can phai Iya chon nhitng 16 nung phu hop. Hé thiét bi kha cong kénh va dit, cac
bude van hanh cling kha phure tap.

3. Ket ludn

Trén thyc té c6 rat nhiéu phuong phap khac dé ché tao vat liéu nano hé thap chiéu, cac phuong phép
trinh bay ¢ déy chi 1a cac phuong phap phé bién. Tét ca cac phuong phap déu c6 cac wu nhuoc diém nhat
dinh va c6 the dugc ap dung trong nhiing diéu kién va yéu cau nhét dinh. Pé c6 mang chét lugng cao, do
ddng nhét tét thi can sir dung phuong phap phun xa cathode hodc VLS, tuy nhién cac phuong phéap nay yéu
cau thiét bi dit tién, van hanh phirc tap, chi phi ché tao méu kha dat. Cac phuong phap an mon héa hoc va
an mon dién hoa don gian hon nhung_ chat lugng mau khong duoc cao, tinh lap lai thap. Vi vay, viéc lya
chon 4ap dung phuong phap che tao mau & cac phong thi nghiém ¢ nudc ta can phai cAn nhic giira chi phi,
hiéu suit va chit lugng cia mau.
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ABSTRACT
Review on the methods to fabricate low-dimension semiconductors

Nguyen Xuan Chung”
Hanoi University of Mining and Geology

Low-dimension semiconductors are known as nano materials with nanosized structures, such as thin
films, nanowires, nanobars and quantum dots with many potential applications in materials science and
other fields. These materials with nanostructures can be fabricated by variety of methods, including (co-)
sputtering, thermal evaporation, chemical etching, electrochemical etching, epitaxy, vapor-liquid-solid
methods, etc. This report presents the details of these methods, including the required devices, the structure
of setup, the necessary skills to operate the system. Besides the advantages, disadvantages of these methods
as well as their application scopes are explained. The statements of using these methods in laboratories in
the world and Vietnam, as well as the optimal way to select methods are discussed.

Keywords: low-dimension semiconductor, nanostructure, sample fabrication, sputtering, chemical erosion,
thermal evaporation.
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ER SE’ HQI NGHI TOAN QUOC KHOA HQC TRAI DAT
SABSORNLES e VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctru tong hgp va dac trung tinh chat vat li¢u hydroxit
16p kép Zn-Al
Cong Tién Diing"*, Phuong Thao?, Lé Thi Phuong Thao'

! Bé6 mon Héa, Khoa Khoa hoc co ban, Truong Pai hoc Mo - Dia chat
2 PTN Héa méi truong, Khoa Héa hoc, Truong Dai hoc Khoa hoc Tw nhién, PHQGHN

TOM TAT

Vit liéu hydroxit 16p kép Zn-Al dugc tong hop bang phuong phap dong két tia ¢ nhiét d6 phong. Vit lidu
sau khi tong hop dugc dic trung bang mdt s6 phuwong phap vat Iy hién dai nhu phuong phap nhiéu xa tia
X (XRD), phuong phap ph6 hong ngoai (FT- IR), phuong phap chup anh hién vi dién tir quét (SEM),
phuong phap BET. Két qua nghién cru cho thy vat li¢u hydroxit 16p kép Zn-Al diéu ché duoc co kich
thudc hat tuong dbi dong déu, cu triic hinh luc giac, dang tam véi d6 day c& 50nm. Vat liéu c6 tiém ning
mg dung lam vat liéu hip phu xir Iy méi trudng.

Tir khéa: Hydroxit 16p kép; Zn-Al; dong két tua

1. Pit van dé

Céc hydroxit ciu truc 16p kép (layered double hydroxide - LDH) da dugc con ngudi biét dén va st
dung tir rt 1au trén thé gi¢i. LDH con dwoc goi 1a hydrotalcite theo tén goi clia mot loai khoang trong tir
nhién ¢ cong thic 13 ZnsAl,(OH)16C0O3.4H,0. Tén goi khac cua hop chat nay 1a khoang sét anion dé
nhin manh dén su so sanh véi cac khoang sét cation rat phd bién trong tu nhién. Vat liéu hydroxit 16p kép
va cac san phim nung cua ching da dugc nghién ciru rong rdi lam chit xuc tac, chat hdp phu, phu gia
polyme va chét 1am chdm qua trinh chay (Li F., 2006).

Cong thirc chung ctia LDHs c6 thé dugc bleu thi bang [M 2" M; *(OH)2][A"]un.yH2O, trong d6 M*
va M3 1a céc cation kim loai héa tri II va III & vi tri bat dién cua céac 16p giong brucit tao ra dién tich
duong 16n va A™ 14 anion 16p dbi xen phu can bang dién tich duong trén cac 16p (E. M. Seftel, 2018). Véi
dién tich bé mat tuong db6i 16n, bé mit 16 xSp va kha ning trao ddi anion cao, cac vi tri hap phu chon loc,
hién nay da c6 nhidu quan tim dang ké trong viéc sir dung cac hydroxit 16p kép LDHs dé loai bo cac phan
tir tich dién 4m bang ca hap phu bé mat va trao dbi ion. Mirc d6 hap thu cao cac anion c6 thé nhd dién tich
bé mit 16n va dung lugng trao ddi anion (AEC) cao va tinh linh dong cua khoang cach 16p xen giira.
LDHs c6 thé hip thu anion tir dung dich bang ba co ché khac nhau: hap phu bé mat, trao déi anion 16p
xen gitra va xdy dung lai cAu LDHs nung nh¢ “kha ning nhé”. “Kha ning nhé” cia LDHs 1a mot trong
nhitng tinh ning hap din nhit ctia ho nay nhu 1a chat hap phu cac loai anion. Uu diém chinh so véi cac
loai nhuya trao déi anion truyén théng la gia tri dung lugng trao ddi anion cao hon, kha nang chiu nhiét ¢
nhiét d6 cao ciia LDHs (Jiabin Zhou, 2011; Sidra Iftekhar, 2018).

Do LDHs c6 tmg dung rong rii trong cac linh vuc khac nhau nén c¢6 nhidu cong trinh nghién ctru diéu
ché theo phuong phap khac nhau nhu: phuong phap mudi — bazo, phuong phap mudi — oxit, phuwong phép
dong két tua, phuong phap xay dung lai cau tric... Trong do6, phuong phap ddng két tua tao ra céc tinh
thé LDHs t6t nhat va c¢6 nhiéu vu diém dugc s dung phd bién (Sidra Iftekhar, 2018; Xiang Cheng, 2009;
L. Lundehej, 2019). Phuong phép nay tiéu biéu cho mdt trong nhitng phuong phép tong hop dugc ding
nhiéu nhit dé didu ché LDH bao gdm su két tua dong thoi cia cac hydroxit, cua hai hay nhidu cation kim
loai hoa tri IT va III. Tuy nhién, ciing c6 tai liéu cho rang khi can dwa cac anion c6 &i luc thip vao 16p
xen, thi phan g trao ddi anion ding LDH nhu tién chit hodc phuong phap dong két tia dung cac mudi
kim loai hoa tan nhu clorua va nitrat 1a khong thich hop. Phuong phap thiy nhiét 1a hi¢u qua trong nhiing
truong hop nhu vy béi cac hydroxit khong tan, ddm bao cac anion mong mudn chiém dugc khoang
khéng 16p xen giita vi khong c6 anion canh tranh nao khac c6 mat. Phuong phap thiy nhiét cling duoc su
dung dé kiém soat kich thudc hat va sy phan bd cuia nd, khi cac mudi tan duge sir dung cing véi dung
dich kiém dé dleu ché LDH, dac biét c6 ich khi LDH dugc diéu ché bang cach st dung vat liéu ban dau &
dang bot. Tir tong quan vé cac phuong phap tong hop hydroxit 16p kép, trong nghién ctru nay tap trung

* Tdc gia lién hé
Email: congtiendung@humg.edu.vn
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xéc dinh diéu kién tong hop vat liéu LDH Zn-Al bang hai phuong phap ddng két tiia va thuy nhiét, sau dé
vét liéu duoc danh gid dac trung tinh chét thong qua cac hinh anh kinh hién vi dién tir quét, phd EDX,
pho IR, gian do XRD, hap phu-giai hap No.

2. Thyc nghiém )
So @0 thiét bi va quy trinh tong hop vat licu LDH Mg/Al dugc mo ta nhu trén hinh 1.

Hinh 1. So do thiét bi tong hop vt liéu hydroxit 16p kép Zn/Al: (1) thiét bi nhé giot hon hop dung dich
muoi Zn(NO3)z va AI(NO3)s, (2) thiet bi nho giot dung’d_ich NaOH, (3) Gia dé, (4) Binh chira dung dich
Na>COs3, (5) mdy khudy tir c6 gia nhiét.

2.1. Quy trinh tong hop hydroxit l6p kép Zn-Al bang phwong phdp dong ket tua

Dua trén cac két qua nghién ctru trude déy, vét liéu LDHs Zn/Al dugc tong hop V01 16p anion dan xen
dugc Iya chon 1a COs%, ti 1& mol M2":M3* 14 2:1. Hydroxit 16p kép Zn-Al dugc tong hop bang phuong
phap dong két tia sir dung Zn(NO3),.6H,0 va AI(NOs)3.9H,0 theo ty 16 mol cia Zn>:AP* 1a 2:1. Dung
dich NaOH va Na,CO; nong d6 0,1 M dugc nhé dong thoi vao hdn hop dung dich mudi Zn** va AP*
trong diéu kién pH bang 10. Trong qua trinh nhé tir tir dung dich NaOH va Na,CO; (dung dich dugc
khqu déu lién tuc). Két tua sau d6 duoc trong 18 gid & nhiét d6 60°C, dugc loc va ria béng nudc deion
va etanol t61 khi pH 1a trung tinh. Vit li€u dugc nghién ctru vai cac diéu kién nhiét d6 téng hop khéc nhau
tir 90 dén 800°C.

2.2. Quy trinh téng hop hydroxit l6p kép Zn-Al bang phwong phap thiiy nhiét

Cac dung dich mudi cta kim loai Zn va Al dugc chudn bi trong tw nhu trong quy trinh téng hop bang
phuong phép ddng két tia. Sau qua trinh ddng két tia, hdn hop phan tmg duge chuyén sang mot binh
thuiy nhiét va duge dat trong 16 sdy ¢ 60°C trong 24 gid. Sau 24h loc ria két tua v6i nude cit bang may
loc hat chan khong nhiéu 1an dén khi dat pH trung tinh. MAu sau khi rira sach dugc sy kho & 90°C trong
15 gio.
3. Két qua va thio luin
3.1. Gidn dé nhiéu xa Ronghen

Gian d6 XRD cua hai mau vét liéu LDH Zn/Al tong hop theo phuong phap dong két tua va thuy nhiét
khong c6 su khac biét rd rét (trén hinh 2). Mot loat cac dinh pic cua mat (001) xuat hién sic nét co cuong
do cao ¢ gia tri 20 thap, phan xa rd rang (110) ¢ gia tri 26 cao la cac dac trung co ban cia vat liéu LDH
gidng hydrotalcite. Cac pic tin hiéu dic trung cho cau triic cua vat liéu hydroxit 16p kép Zn/Al tai cac goc
20 =31,98; 34,81; 36,46; 47,11 tuong mg v4i cac mat mang (009), (012), (015), (018) déu xuét hién & ca
hai mau. Didu nay cho thiy vat liéu LDH hé Zn/Al téng hop thanh cong bang phuong phap dong két tua
cling nhu thay nhiét. Tuong tng véi mit mang (003) va (006) déu xuat hién pic v6i cuong do 16n chimg
td khoang cach 16n gitra cac 16p xen gilra. Khoang cach giira cac 16p d003 va d006 cua vat liéu dugce tim
thdy 1a 7,391 va 3,707 A, d003 gip doi so voi d006, cho thdy COs2 dd dan xen vao gitra hai 16p. Gian dd
XRD cua vt liéu nung & cac nhiét do khac nhau chi ra rang pha LDH hoan toan bién mat va duoc thay
thé bang pha cua cac oxit kim loai sau khi nung & trén 400°C trong 6 gio. Vi hai phuong phap dong két
ta va thuy nhiét déu cho két qua twong tu nhau nén dé quy trinh tong hop don gian, phwong phap dong
két tua dugce lua chon cho cac nghién ctru tlep theo.
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Hinﬁ 2. Gian d6 nhiéu xa tia X cua vdt liéu Zn/Al duoc téng hop ¢ diéu kién 1) thuy nhiét va 2) do”‘ng
ket tua o cdc nhiét dé a) 90°C b) nung 200 °C, c) nung 400 °C, d) nung 600 °C, e) nung 800°C.

3.2. Hinh dnh bé mt vt ligu LDH Zn-Al qua kinh hién vi di¢n tiv quét SEM va thanh phan héa hoc

qua phé EDX

Hinh anh bé mit vat liéu hydroxit 16p kép Zn-Al dugc chup bang kinh hién vi dién tir quét thé hién trén

hinh 3.

0 20 40 60 80

2-Theta (deg)
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Hinh 3. Hinh anh bé mdt vt lleu Zn/Al qua kmh hién vi dten t quet SEM. A) Zn/Al-90; B) Zn/Al-200;
C) Zn/Al-400; D) Zn/Al-600; E) Zn/Al-800.

Két qua hinh anh bé mit cho thiy, cac tinh thé vat lidu tao ra kha dong déu, khi nhiét d6 nung cang
tang kich thudc tinh thé cang nho. Hinh anh bé mit kha twong dong véi cac vat liéu hydroxit 16p kép
Zn/Al da duoc ché tao thanh «cong dugc cong bd trude day (Sidra Iftekhar, 2018). Hinh thai caa LDH co6
céu trac hinh lyc giac, dang tam v6i d6 day ¢& 50nm, kich thudc hat kha dong déu.

B ZnaIC03

Hinh 4. Phé EDX ciia vt liéu Zn/Al
Bdng 1. Thanh phan nguyén t6 vdt liéu Zn/Al theo phé EDX

Nguyén tb (0) Zn Al C
% khoi lwong 44,88 33,03 5,31 16,79

) Phan tich EDX (hinh 4) da x’éc dinh dlI(_)’C su ¢c6 mat cua c{lc nguyén tb Zn, Al, C va O trong mau. T
ket qua phén tich cac nguyén to trong mau (bang 1), ta c6 thé xac dinh dugc x = 0,29. Do d6 cong thure
vét liéu LDH t6ng h(_)’p duoc co thé la: Zno,nA10,29(OH)2(C03)0,15.mH20.

3.3. Phé héng ngogi FTIR

Trén phd hong ngoai cia LDH Zn-Al (hinh 5) xuit hién dai hip phu rong trong khodng
2500 - 3800 cm™! dugc gén cho dao dong hoéa tri ciia nhém OH trong phan tr LDH va cua cac phén tu
nudce hap thu gilta cac 16p. Vach 1641cm™ duge gan cho dao dong bién dang ciing cta lién két OH va
phan tir nude hap phu trong vat liéu. Vach hép thu tai 1361 cm™ didc trung ctia nhom ion COs>. Van xudt
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hién mot s6 vach hip thu trong ving dudi 1000 cn}'l. Vach dic trung cho LDH Vﬁi cac cuong do ¢
khoang 780 cm™! va 556 cm’! dic trung cho cac lién ket cua cac kim loai va oxy lién két M-O

100

|
20 i = L

4000

2000 1000 400
Wavenumber [cm-1]

Hinh 5. Phé FTIR ciia vét liéu LDH Zn-Al.
3.4. Két qud hdp phu-giai hip phu BET y . y
Puong dang nhiét hap phuy - giai hap phu N, ctia cac mau LDH Zn-Al déu c6 dang tré thudc loai (I1I)

khong phd bién, tuong tac chit bi hap phu - chit hap phu 1a yéu. Theo phuwong phap BET dién tich bé mat
riéng, phan bo kich thudc mao quéan va kich thudc mao quan cua vét licu LDH Zn-Al trudc va sau khi

hap phu lan luot 1a 123,77 m¥g va 125,64 m%/g; 0,060 cm?/g va 0,063 cm?®/g; 1,544 nm va 1,927 nm.

@) ®)
Hinh 6. Puong ddng nhiét hdp phu - gidi hdp phu N (a) va phan bé kich thurde mao qudan

cua vat lieu LDH Zn-Al (b)
4. Két luan

Hydroxit 16p keép Zn-Al dé duoc tong hop thanh cong bang phuong phap dong két tia va phuong phap
thiy nhiét. Mot so phuong phap héa ly hién dai nhu XRD, SEM, FT-IR, BET da dugc st dung d€ dac

trung tinh chét cua vat lidu hydroxit 16p kép ché tao duoc. Vat liéu c6 kich ¢& 50 nm, dang tAm céu trac
luc giéc va co Cf)l’lg thl:l’c la Zl’lo,71A10‘29(OH)2(CO3)0,15.mH20.
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ABSTRACT
Preparation and characterization of Zn-Al layered double hydroxides
material

Cong Tien Dung"*, Phuong Thao? Le Thi Phuong Thao'
! Department of Chemistry, Hanoi University of Mining and Geology
2 Laboratory of environmental chemistry, Faculty of chemistry, VNU Hanoi University of science

Zn-Al layered double hydroxides materials were prepared by co-precipitation method at room
temperature. The materials obtained were characterized by several physicochemical methods such as
X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), scanning electron microscopy
(SEM), BET method. The results show that Zn-Al layered double hydroxides materials prepared were
uniform in the particle size of 50 nm with hexagonal plate shape. The materials can be potentially used as
an adsorbant for environmental treatment purpose.

Keywords: Layered double hydroxides; Zn-Al; LHDs; coprecipition.
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ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARWI SONRCE 0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Tong hop va nghién ctru kha ning bao vé chéng an mon thép CT3
cua mang phu polypyrrole trong moi truong axit sufuric

Pham Tién Diing, Nguyén Thi Kim Thoa, Hi Manh Hung"
Truong Pai hoc Mo - Dia chat

TOM TAT

Polypyrrole (Ppy) duoc tong hop trén thép CT3 bang phuong phap tring hop dién hoa trong dung dich
chira monome pyrrole, Sodium molybdate trong méi truong cé chira anion salicylate. Hinh thai cau tric
dugc xac dinh bang anh SEM, phé hong ngoai IR cho thdy mang Ppy & trang thai oxi hoa. Do bén nhiét
cua mang Ppy duoc nghién ciru bing phép phén tich nhiét TGA, cho thay Ppy bén nhiét dén hon 600°C.
Thanh phan cic nguyén t6 duge xac dinh bang phd nhidu xa tia X cho thay molybdate da dugc pha tap vao
Ppy. Tinh chat dién hoa ciia mang Ppy dugc nghién ctru bang cach do thé mach hd OCP, dudng phén cuc
Tafel trong dung dich H,SO4 1M. Két qua cho thiy viéc pha tap molybdate vao mang Ppy cho nhé ning
bao vé chéng an mon vuot troi.

Tir khéa: Polypyrrole, salicylate, chdng an mon, molybdate.

Dit van de

Kim loai n6i chung, thép carbon(CT3) ndi riéng 14 vt liéu phd bién nhét, dugc sir dung trong moi linh
vuc cua doi séng kinh té, x4 hoi. Kim loai c6 nhiing dac tinh tdt nhu bén, kho chay, dan dién tdt. Mot trong
nhitng nhuoc diém 16n nhat 1 dé bi an mon trong moi truong khi quyén. An mon kim loai s& phé hity cac
cau trac kim loai, giam tudi tho cua chung va tiéu tdn mot lugng kim loai dang ké. Vi vay, viéc bao v¢ kim
loai khoi bi an mon ludn 1a mot bai toan kho va tén kém. Co nhiéu phuong phap dé chbng an mon kim loai.
Phuong phéap tao mang phu hitu co luén duge quan tdm vi chi phi thap, dé thuc hién va hiéu qua. Co ché
chéng dn mon cuia 16p phit v6 co, hiru co duge giai thich bang nhiéu co ché khac nhau. Nhiéu trudng hop

con dang tranh chép, chua rd rang. N6 phu thudc nhiéu vao diéu kién thi nghiém.

Ké tir khi phat hién ra polyme dan dién ciia ba nha khoa hoc A.J. Heeger, H. Shirakawa va A.G.
MacDiarmid, nhitng ngudi da tao ra bude dot pha trong nghién ciru vat liéu, duoc danh dau bang giai Nobel
Hoa hoc danh gid nim 2000, cac polyme din dién gan day da dwoc cha ¥ nhu mot vat liéu da ing dung.
Trong s do6, polypyrrole (Ppy) 1a mot trong nhitng polyme di dan dén nhiéu nghién ctru do c¢6 nhiéu dic
tinh tuy€t voi va than thién v6i mdi trudng hon polyaniline hodc polythiophene. St dung 16p phu Ppy dé
bao vé chong in mon da tro thanh mot cach tiép can tha vi trong viéc chdng an mon kim loai. Co ché thy
dong andt (Ryu H, 2012) rao can vat ly (El Jaouhari A, 2017), tao phtc (Lei YH, 2018) va tu phuc hdi
(Gruba'c Z, 2016) deu da dugc dé xuat dé giai thich co ché wc ché an mon cua 16p phu Ppy. Lop phu Ppy
c6 thé cung cap su 6n dinh ctia mang thy dong trén nén kim loai thong qua twong tac ghép ndi dé 16p phu
Ppy c6 thé ting cudng kha niang (rc ché dn mon trong moi truong xam thuc (S. A. Umoren, 2019).

Vai tro ciia cac anion pha tap trong viéc cai thién kha ning bao vé chdng dn mon cua cac polyme dan
dién da duoc thao luan nhiéu (Hien NTL, 2005). Do dé, dic tinh bao vé ciia mang polyme dan dién co thé
dugc kiém soat bang cach thay dbi cac loai anion pha tap khac nhau 1a chit tc ché dn mon. Téac nhan Grc
ché co thé tao hiéu ung rao can va mot s6 chét trc ché ¢o thé tao ra su thu dong chét nén, chéng han nhu
dodecyl sulfat va cac ion oxalat (Hien NTL, 2005), molybdate (Mrad M, 2011), phosphat (Le DM, 2013),
polyvinylacetat (Adhikari A, 2008), oxalat (Castagno KRL, 2009). Ion salicylate di dugc biét dén nhu chét
{rc ché dugc pha tap cia mang Ppy trén sit mot cach hiéu qua. Chung cé thé duoc giai phong khoi mang
trong qua trinh khir va giit dién thé mach ho cua sat trong ving thy dong trong mot thoi gian dai. Mic du
rat dé tao mang Ppy trén nén kim loai tro nhu Au, Ag, Pt, nhung thuc sy rat kho tao mang Ppy trén nén kim
loai hoat dong nhu sat vi kim loai sét s& hoa tan rat nhanh truéc khi cac monome Py dat dén thé phén cuc.
Diéu nay s& din dén kha nang bam dinh kém, tham chi mang bi pha hity. Céc ion pha tap c6 thé tic ché su
hoa tan ctia sit va thiic ddy qua trinh oxy hoa cac monome Py trén chat nén hoat dong.

*Tac gid lién hé
Email: hamanhhung@humg.edu.vn
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Tuy nhién, co ché rao can khong hoat dong néu c6 mot sb khuyét tat trén 16p phu. Sy an mon diénra &
cac khuyet tat va lam bong tréc 16p mang. Mang Ppy khong thé bao vé nén sat nita. Van dé nay c6 thé duoc
giai quyét néu cac anion pha tap du di dong dé dé dang thoat ra khoi mang Ppy trong cac phan tng oxy
hoa-khtr va di chuyén dén vi tri khuyét tat. Sau d6, chat pha tap va ion kim loai c6 thé tao thanh mudi khong
hoa tan trong phén khuyét tat ciia bé mat kim loai. Cac khiém khuyét duogc thu dong va chira lanh. N6 dugc
goi 12 16p phu tu phuc hdi (W. Plieth, 2006).

Trong cac cong trinh da dugc cong bd trude day ciia nhom chiing toi, anion pha tap molybdate c6 thé
déng vai tro nhu mot chét e ché 16p phu thong minh. Anion molybdate duoc pha tap riéng 1¢ vao mang
Ppy hoic thong qua trao doi anion bang cach phan cuc mang Ppy, Ngoai ra ¢6 thé pha tap dong thoi ca
anion salycilate va molybdate vao mang Ppy dé bao vé chong an mon cho thép carbon day s& 1a mot giai
phép thay thé tot dé tang cudng cac dic tinh ciia mang. Theo tim hiéu cac tai li¢u tham khao chung t6i nhan
thdy phuong phép nay van chwa duoc tap trung nghién ctru nhiéu.

Trong nghién ctru nay, 16p phu Ppy duge tong hop dién hoa trén nén thép carbon thap (CT3) trong dung
dich c6 chira ca anion salycilate va molybdate. Pac diém cau tric mang Ppy dugc xac dinh boi cac phuong
phép do nhu chup anh SEM, FTIR, TGA, EDX... Céc thtr nghi¢m an mon trén thiét bi dién hoa duoc tién
hanh dé danh gia vai tro va tac dung cta chat pha tap salicylate va molybdate trong viéc bao vé chdng an
mon cho thép CT3.

1. Co s6' 1y thuyét va phwong phap nghién ciu
1.1. Xir Iy chét nén

Nén thép carbon (CT3) dugc chuén bi & kich thude 30 mm x 30 mm x 1 mm, dugc danh béng co hoc
bang gidy SiC ¢ cac d6 nham khac nhau (600, 800, 1000, 1200, 1500), sau d6 dugc tiy ddu m& va lam
sach béng axeton va nudce siéu tinh khiét, cudi cung dugc 1am khoé & nhiét do phong.

1.2. Héa chit

Pyrrole monome, sodium molybdate (Na;MoOs), sodium salicylate la loai tinh khiét phan tich (tur
Aldrich Sigma). Pyrrole monome dugc chung cat trude mdi lan sir dung dé loai bo tat ca oligomer va chat
bi oxy hoa, sau d6 dugc giit trong moi truong tdi & 4°C. Tét ca cac dung dich phan cyc dugc pha boi dung
mdi 1a nudc cat.
1.3. Cac phwong phdp nghten ciru

Hinh théi cAu triic mang Ppy dugc xéac dinh bang chup hién vi dién tir quét SEM (SEM- Hitachi-4800 -
Nhat Ban). Pho hong ngoai IR (IR Prestige — 21, hang Shimadzu (Nhat Ban)). Thanh phan, ham lugng cac
chat trong miu dugc phén tich bang phuong phap tan xa tia X theo nang lugng EDX (Hitachi S4800 - Nhat
Ban). D6 bén nhiét cua cac mau dugc danh gia trén thiét bi DTG-60H cua hing Shimadzu (Nhat Ban) véi
tbc do gia nhiét 5°C/phuat. Tinh chét dién hoa va bao vé dn mon cua mang Ppy dugc danh gia qua két qua
do trén may do téng tr& Zennium (Zaehner, Dirc).

1.4. Di¢n phén Ppy trén CT3

Mang Ppy dugc tao ra & nhiét do phong bang ky thuat phan cuc dong khong ddi va quét thé vong tudn
hoan (CV) bang may tong tré Zahner (Dirc). Cac dung dich dién tring hop dugc chudn bi, 1an luot chira
sodium salicylate0,1 M + pyrrole 0,1 M (S1) va sodium salicylate 0,1 M + Na,M0040,03M + pyrrole 0,1M
(S2). Tét ca cac dung dich duoc suc bang nito dé loai bo oxy. Thoi gian cho mdi 1an phan cyc tao mang la
60 phut. Sau khi dién trung hop, mang Ppy thu dugc dugc trang bang nude cit nhiéu 1an, duoc lam kho &
60°C trong 5 gio.

1.5. Danh gia kha nang bdo vé chéng in mon

Kha nang bao vé chong an mon cua mang Ppy dugng danh gid trong moi truong H,SO4 1M 6 nhiét d
phong bang cac phép do thé mach hd OCP, dudng cong phan cyc Tafel... Dbi voi phép do Tafel, dudng
cong phan cyc thu dugc béng cach quét thé dién cuc tir -400 mV dén 600 mV & tde do quét 1 mV/s.

TAt ca cac phép do dién hoa dugc thyc hién vdi mot té bao ba dién cuc, trong d6 mot tAm bach kim hoat
dong nhu dién cyc dédi (CE), mot dién cyc bac la dién cyc so sanh va CT3 dwoc st dung lam dién cyc lam
viéc (WE).

2. Két qua va thao luin
2.1. Tao mang Ppy

Cac dudng cong phan cyuc thé hién thé phan hoi theo thoi gian trong qué trinh tao mang Ppy ¢ dong
khong d6i I = lmA/cm trong cac dung dich phan cyc S1 va S2 dugc trinh bay trong Hinh 1.

Quan sat duong tong hop thay rang, khi 4p dong phén cyc, dién thé ting ngay 1ap tirc do hidu ‘g tich
dién hai 16p va qua trinh tao mam. Sy thu dong dién cuc ngay lap tirc xay ra. Va sau do, dién thé bit dau
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giam xudng dén mot gia tri khong dbi ctia qua trinh oxy hoa pyrrole. Qua trinh phéan cuc dién hoa cho thay
su hinh thanh 16p thuy dong ¢ bé mét kim loai.

1.0+
a 0.60 b
0.58

0.9
— = 056
g o)
< os- < 054
B j=2}
2 <
< = o052
> >
s 071 S 050
< 3
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Hinh 1: Puong thé phan hoi theo thoi gian ciia qud trinh phdn cuc tao mang Ppy trong dung dich a)
S1,b)S2

Véi sy hién dién ciia ca anion salicylate va molybdate trong chat dién phan (S2), dién thé ting ngay lap
ture khi dat dong dién. Cac phan tng phan cuc 1a nhu nhau trong hai thi nghiém. Mang Ppy thu dugc mdng,
min, den va déng nhét. Vi su hién dién cua molybdate, 16p thu dong trén CT3 dG manh dé bao vé su hoa
tan cua thép, nhung khong ngan can qua trinh tring hgp cua pyrrole. Lép thu dong nay khong phai 1a rao
can cia sy phat trién 16p phii Ppy. Qua trinh oxy héa pyrrole dién ra & dién thé thap hon binh thuong,
khoang + 0,55V.

Qué trinh dién trung hop cua Ppy ciing dwoc nghién ciru bang k¥ thuat CV. Cac duong cong CV cua
Ppy tao thanh trong dung dich S2 duoc thé hién trong Hinh 2.
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Hinh 2. Cac dwong cong thé vong tuan hoan ciia qud trinh dién trimg hop Ppy
trong dung dich S2. * diém bat dau cia qud trinh quét CV

Hinh 2, a cho thdy dudng cong CV cho qué trinh dién phan cta 16p phu PPY trong 0,1M salicylate +
0,03M molybdate + 0,1 M monome pyrrole (S2) v6i tbc d6 quét 10 mV.s™'. Trong chu ky dau tién (Hinh 2,
b), dong dién ting nhanh & khoang +0,55 V, twong tng voi qua trinh oxy hoa pyrrole. Diéu tha vi 1a qua
trinh oxy hoa monome pyrrole xay ra trén CT3 voi qui luat twong tu trén dién cuc tro. Qua trinh thy dong
hoa dién ra qua nhanh nén chung t6i khong nhin thdy dinh oxy hoa (sy hoa tan) cuia sit. Trong cac chu ky
tiép theo, bé mit ctia thép carbon & trang thai thu dong va polypyrrole duge hinh thanh. Khong ¢6 anion
molypdate trong chét dién phan, dinh hoa tan cua sit dugc quan sat & -0,25V (Z. Chen, 2018) va can mot
thoi gian nhat dinh dé dién cuc CT3 bi thu dong.

Nhiing két qua nay chira réng, salicylate, molypdate da cai thién cac dac tinh ctia 16p thu dong trén CT3
lam anh huéng dén thé oxy hoa ciia monome pyrrole. Dac diém nay dam bao qua trinh oxy héa monome
pyrrole va giam nguy co oxy héa qua mirc. Lam sy hinh thanh mang c6 vé dé dang hon trén CT3.

2.2. Hinh thdi hoc ciia mang Ppy

Anh SEM clia mang Ppy thu duoc thé hién trong Hinh 3.

Cau triic khac biét ciia cic mau S1, S2 di duge quan sat trong Hinh 3. Mang Ppy / Sa khong dong nhét,
day hon, dic hon so véi mang Ppy / Sa / Mo. Céu tric hinh cau 16n hon c6 thé thu dwoc khi Ppy pha tap
v6i salicylate. Cau tric stp lo dién hinh ciia mang Ppy da dugc nhin thay ddi véi cac mau Ppy / Sa / Mo.
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Hinh 3. Anh SEM ciia mang Ppy thu dwoc trong dung dich khdc nhau a) S1; b) S2

Két qua SEM cho thdy mang Ppy pha tap ci anion salicylic va molybdate c6 cu triic déu ddn hon. Diéu
nay chi ra rang sy hién dién cia anion molybdate lam chat pha tap trong mang Ppy ¢ thé cai thién hinh
thai cua mang trén thép. Dleu nay cho thay pht hop v6i cac cong trinh da cong b (K. Cysewska, 2017). Ty
1¢ phan trim cac nguyén t6 trong cac mau ciing dugc xac dinh bang phwong phap EDX duoc thé hién trong
Béang 1.

Bang 1. Thanh phdn nguyén t6 trong cdc mau Ppy

Mau C (%) 0 (%) Fe (%) Mo (%)
Ppy/Sa 75.02 21.31 3.36 0.0
Ppy/Sa/Mo 56.74 23.37 2.23 17.66

Tir dit ligu pho EDX cho thdy Mo d dugc pha tap vao mang Ppy / Sa/ Mo véi 17,66% theo khoi lugng.
Thanh phan nguyén t6 sat trong Ppy / Sa/ Mo nh6 hon trong Ppy / Sa. D6 1a do molybdate da dugc pha tap
trong 16p phu va rc ché sy hoa tan cua Fe.

2.3. Két qud phé héng ngoai IR . )
Pho IR cua mang Ppy/Sa/Mo va Ppy/Sa trén nén CT3 duoc the hién trong Hinh 4.
90 —

Ppy/Sa/Mo

PPy/Sa

T%

—rT - T - T 1 "~ T "~ T 1 " 1T "~ T T T 1
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Hinh 4. Phé IR ciia Ppy/Sa/Mo va Ppy/Sa

Quan sat van phé trén 2 mau déu cho thiy cac pic dic trung ing véi cac dao dong hoa tri cia Ppy. Pic
& 2355 em! dic trung cho dao dong hoa tri cua lién két C-H vong thom. Pic & 1654 cm™! dic trung cho
nhom C=0 trong anion salicylate; pic & 1562 cm! dic trung cho lién két C=N va C=C vong thom; Pic déc
trung cho lién két C—H dao dong khong phing dugc tim thay ¢ 1015 cm™. Vi Pic & 759¢m™ va 1305 e
! ¢6 thé 1a dao dong ctia nhom MoO4>.

Qua phén tich phd IR cho thdy mang Ppy di dugc tong hop thanh cong va chat pha tap salicylate va
molybdate dugc dua vao mang Ppy.

2.4. Phé phan tich nhi¢t TGA
Dé danh gia do bén nhiét ciia 16p phu Ppy ta ding phuong phap phan tich nhiét trong lugng TGA.
Pham vi giam trong luong dau tién (50-250°C) duoc gan cho sy mét nude do sy bay hoi ciia nuée ton
tai trong mau. Trong khoang nhiét do tlep theo (250-450°C) sy giam nhiét d 1a do sy phan huy cua cac
olygome va thanh phan pha tap salicylate c6 trong mau. O khoang nhiét d thir ba (450-600°C) tai nhiét do
nay xay ra qué trinh pha v cac chudi lién két C va su phan hiy nhiét cia polyme. Tai thoi diém két thic
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phén tich (600°C), c6 40%5(kh'6i luong) du lugng cua 16p phu S2, trong khi chi ¢6 5,1% cua 16p phu Ppy
S1. Tu ket qua TGA, c6 theé thay do bén nhiét cua Ppy dugc cai thién khi co6 mat molybdate.
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60 - f""‘“L,_Vb
80 -
100 T T T T T T
o] 100 200 300 400 500 600
Temp (C)

Hinh 5. Duong cong TGA cua Ppy/ Sa (a) va Ppy/ Sa /Mo (b)

2.5. Nghién ciru dn mon
'Kha nang bao v¢ chong dn mon cta mang polypyrrole phu trén CT3 da duoc nghién ctru. Hinh 6 cho
thay OCP cua cac mau Ppy trong dung dich H,SO4 1M.
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Hinh 6. OCP, IE cua S1 (a);S2 (b) trong dung dich H:SO4+ 1M

Trong giai doan ngam dau tién, ca hai mau déu duy tri OCP & thé duong twong ddi. Giai doan nay c6
thoi gian bao vé chng an mon 14 50 gio, 350 gi¢ cho Ppy/ Sa, Ppy / Sa/ Mo tuong ng. RS rang 1a mang
Ppy c6 tac dung bao vé chéng an mon cho nén CT3. Hay chit nén & trang thai thy dong va dugc bao vé t6t.
Dit biét khi pha tap Mo thoi gian bao vé chdng dn mon ting 1én dang ké. Dong thoi theo thoi gian quan sat
thdy nhimg dao dong nho trén dudng OCP trong ca hai mau. Sy dao dong trén dudng OCP trong qué trinh
bao vé chéng dn mon co thé duoc goi la co ché tu phuc hdi. Cac khuyét tat trén 16p phu co thé duoc phuc
hdi va thy dong lién tuc. molybdate, salicylate dd dugc biét dén 1a chét pha tap trc ché va c6 thé tu phuc hdi
kha néng bao vé cuia mang phu (H. M. Hung, 2019).
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Dong dn mon va dién thé an mon ctia Ppy/Sa va Ppy/Sa/Mo ciing duge khao sat trong dung dich H,SO4
IM (Hinh 6)

Tir duong cong phéan cuc Tafel cho thay dién thé an mon cua Ppy / Sa / Mo dich chuyén vé phia gia tri
duong so véi cia Ppy / Sa. Ngoai ra, dong an mon cling nhé hon so véi Ppy / Sa.

Tt phép ngoai suy cac dudng cong Tafel, mat d(f) dong dién an mon (Ieon), dién thé an mon (Econ) clia
Ppy / Sa, Ppy / Sa / Mo lan luot 14 3,7x107° Acm?, 5,9x10° Acm™?, -0 2V(Ag/AgCl), -0,37V (Ag/AgCl)
Gia tri Leorr cia Ppy / Sa / Mo giam manh khi co Mo trong 16p phu N6 lan nita cho thay su két hop céc
anion Mo ting cuong dang ké kha nang chdng an mon. Mo pha tap da giup hinh thanh 16p phu tao thanh
hop chét phirc ngan chan phan mg an mon tai vi tri khuyét tat. Ngoai ra, mang thu dong co thé duoc ting
cuong boi mudi sit salicylate. Hi¢u ing nay din dén viéc ting cudng kha ning bao vé chéng an mon cua

Ppy.

4. Két luan

Mang polypyrrole dwoc tong hop trén nén thép CT3 trong dung dich chira sodiumsalicylate c6 va khong
pha tap sodium molybdate. Két qua phén tich pho IR cho thiy cac anion molybdate va salicylate d4 pha tap
vao mang. Hinh thai ciu trac dic trung cua Ppy duoc xac dinh bang anh SEM, két qua cho thay Ppy cé
hinh dang hoa stip lo. Mang Ppy min hon, dac hon so vé6i Ppy khong c6 molybdate. B§ bam dinh cia mang
kha tot. Nghién ciru cu trac Ppy cho thidy mang Ppy ton tai & dang oxy hoa. Do bén nhiét cta Ppy gia ting
khi dugc pha tap thém anion molybdate: mau Ppy-Sa-Mo 1a 600°C. Nghién ctru tinh chat dién hoa vé kha
ning bao vé chong an mon trong dung dich axit HySO4 IM cho thiy Ppy pha tap molybdate cho thoi gian
bao v¢ lau hon khi khong c6 molybdate.
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ABSTRACT
Synthesis and study on protection against corrosion of CT3 steel
of polypyrrole coating film in sulfuric acid environment

Pham Tien Dung, Nguyen Thi Kim Thoa Ha Manh Hung"
Hanoi University of Mining and Geology

Polypyrrole (Ppy) was synthesized on CT3 steel by electrochemical polymerization in a solution
containing pyrrole monomer, sodium molybdate in a medium containing salicylate anion. The structural
morphology was determined by SEM images, IR spectroscopy showed that the Ppy film was in the oxidized
state. The thermal stability of Ppy films was studied by TGA thermal analysis showing that Ppy is thermally
stable to more than 600°C. The elemental composition was determined by X-ray diffraction spectroscopy
showing that molybdate was doped into Ppy. The electrochemical properties of Ppy films were studied by
measuring the OCP open-circuit potential, Tafel polarization curve in 1M H>SOj4 solution. The results show
that molybdate doping in the Ppy film gives superior corrosion protection.

Keywords: Polypyrrole; salicylate; anticorrosion; molybdate.
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ER SE’ HQI NGHI TOAN QUOC KHOA HQC TRAI DAT
SABSORNLES e VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctru kha nang hap phu Ni?* bang hydroxyapatit tong hop

Lé Thi Duyén'?*, Hoang Thanh Binh?, Tran Thi Thu Huong?®, Nguyén Viét Hung', Lé Thi Phuong
Thao!, V& Thi Hanh', B3 Thi Hai', Nguyén Thi Thu Hién'!, Pham Tién Diing', Céng Tién Diing', Pinh
Thi Mai Thanh*

! Bé6 mon Héa hoc, Khoa Khoa hoc co ban - Truong Pai hoc M6 - Dia chdt
2 Trung tam Phan tich, Thi nghiém Céng nghé cao - Truong Pai hoc M6 - Dia chat
3 Khoa M6i truong — Truong Pai hoc Mo - Dia chdt
4 Truong Pai hoc Khoa hoc va Cong nghé Ha Noi

TOM TAT

Hydroxyapatit tong hop c6 mau trang, dang hinh tru, kich thuéc hat trung binh 20x40 nm, str dung dé
nghién ciru kha ning hip phu ion Ni**. Anh huong ctia mot s6 yéu to dén dung luong va hiéu suat hip
phu Ni?* da dwgc nghién ctru. Hiéu suat va dung lugng hip phu Ni2* dat 81,0 % va 12,15 mg/g ¢ diéu
kién thich hop: khéi lugng HAp 0,1 g/50 mL dung dich, ndng d¢ ion Ni2* ban dau 30 mg/L, pH 5,57, thoi
gian tiép xtic 60 phat & nhiét d6 phong (25 °C). Nghién ctru duong dang nhiét hap phu dwa trén hai mo
hinh Langmuir va Freundlich. Pong hoc hap phu dugc nghién ciru véi hai mé hinh dong hoc gia bac 1 va
giad bac 2.

Tir khéa: Hydroxyapatit; Hap phu; ion Ni%*

1. Pit van dé

O nhidm kim loai ndng trong nudc dic biét 1a nudc thai cong nghiép 1a vin dé khong chi cua Viét Nam ma 13 vin
dé ciia toan cau. Su gia tang dan sb, sy ting truedng md rong cla cac khu do thi va cong nghiép, cong thém su ting
cudng cua cac hoat dong nong nghiép 1a cac tac nhn chinh lam gia tang tinh trang 6 nhidm nudc, gy anh huong dén
chat lugng nude va stic khoe con nguoi. Ba co nhidu nghién ctru dua ra cac phuong phap xu ly kim loai néng trong
nuée nhu: phuong phép két tia héa hoc, phuong phap két tia dién hoa, phuong phdp tach bang mang, phuong phap
trao di ion, phuong phap hap phu, phuong phap sinh hoc v.v... Trong sb cac phuong phap nay, phuong phap hip
phu hién nay dang duoc nhiéu nha khoa hoc quan tim nghién ctru. Dic biét, trong mot sé ndm gan ddy nhimg vat
liu hép phu co nguén géc tur nhién nhu laterit, bazan, d4t bun do, zeolit, bentonit, kaolin, apatit, haloysit ..., cac
polymer tu nhién: chitin, chitosan, tinh bt, ... va cac vat liéu ti ché tir phu pham nong nghiép khong nhiing dugc
cac nha khoa hoc Viét Nam ma trén thé gidi hét sic quan tim do c¢6 uu diém: chi phi thap, hiéu qua hip phu cao,
than thién véi moi trudng (Nguyén Thi Dong va nnk, 2012; Nguyén Thi Hai va nnk, 2016; DS Tra Huong v nnk,
2016; Ioannis Anastopoulos va nnk, 2018; Nazarii Danyliuk va nnk, 2020; Paulina Maziarz va Jakub Matusik, 2016).

Canxi hydroxyapatit hay hydroxyapatit c6 cong thirc Caio(POs)s(OH), (viét tit 1a HAp), mot vét liéu dugc Gmg
dung rong rdi trong cude song. HAp tong hop c6 céc dac tinh quy gia nhu: c6 hoat tinh va d6 tuong thich sinh hoc
cao. Chinh vi vy ma HAp dugc ding lam vat liéu y-sinh trong phau thut ndi, ghép xuwong, chinh hinh sira chita
xuong va rang, bot HAp kich thudc nano duge ding 1am thude bd sung canxi hiéu qua cao. Bén canh tmg dung
trong céc linh vue y-sinh, duoe hoc, HAp con duoc str dung trong Iinh vue xtr Iy méi truong véi hi¢u suat xur Iy cao:
¢6 thé loai bo mot sd chat va ion gy 6 nhiém trong moi truong nude nhu Cu*, Pb*, Zn*", Cd*, Co™, Cr(VI),
Se(IV), As(V), NOs,, F, phenol, nitrobenzene, thudc do Cong g0, .... Nhur vay, HAp 1a chat hap phu than thién véi
mbi truong, khong gy doc ddi véi co thé nguoi va hap phu hiéu qua.

O nudc ta, dd c6 mot s6 cong trinh nghién ctru vé HAp va céc hop chit tong hop trén co so HAp nhu HAp pha
tap va nanocomposit HAp/polyme. Cac nghién ctru ng dung HAp, HAp pha tap va nanocomposit HAp/polyme
trong xt Iy moéi truong con it (Duyen Thi Le va nnk, 2019; Lé Thi Duyén va nnk, 2015; Han Duy Linh va nnk, 2021;
Nguyen Hoc Thang va nnk, 2020) va chua ¢ cong trinh nao cong bd kha nang xir Iy Ni?" trong mdi trudong nudc
ding bot HAp tong hop.

2. Thuc nghiém va phwong phap nghién ciu
2.1. Tong hop bt HAp va nghién civu dic trung héa Iy ciia vt liéu

Bot HAp dugce téng hop bang phuong phap két tiia hoa hoc trong méi trudng nude véi nguyén liéu ban

dau tir Ca(NOs),.4H,0, (NH4),;HPO, va NH; (phuong trinh 1). Dung dich (NH4),HPO4 0,3M duoc bd

* Tdc gia lién hé
Email: lethiduyen@humg.edu.vn
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sung vao dung dich Ca(NOs), 0,5M véi toe d6 1 ml/phut. Trong sudt qua trinh phan tng, pH dugc giir on
dinh & 10-12 bang dung dich NH; dic, téc do khudy 800 vong/phat. Sau khi thém hét (NH,),HPO,, tiép
tuc khudy trong 2 gio, luu mau (gia hoa) trong 15 gid, mau dugce rira li tam véi tdc do 4000 vong/phit cho
dén khi pH trung tinh. Sau d6 mau dugc siy ¢ 80 °C trong 24 gid' va nghién trong c¢bi ma ndo thu dugc
bdt HAp mau trang (Thi Thu Trang Pham va nnk, 2013).
10Ca(NO3)2 + 6(NH4)>HPO4 + 8NH3 +2H,0 — Caio(PO4)s(OH), + 20NH4NO3 (D)
Bot HAp tong hop duoc nghién ctru cac dic trung hoa 1y bang cac phuong phap phan tich: quang phd
hong ngoai (FTIR) trén may Thermo Nicolet tai Vién Ky thuat nhiét d6i dé phan tich cac nhom chure déc
trung trong phén tr HAp, hinh thai hoc cua mau dugc xac dinh bang kinh hién vi dién tir quét (SEM) két
hop do pho tan xa ning luong tia X (EDS) (Quanta 450 - FEI tai Truong Dai hoc M6 - Dia chat). Thanh
phan pha ciia hydroxyapatit dugc xac dinh bang phwong phap nhidu xa tia X (XRD) tién hanh trén may
D5005 Siemens tai Truong Pai hoc Khoa hoc Ty nhién - PHQG Ha Noi.

2.2. Hép phu Ni** bang HAp
2.2.1. Xac dinh pHpzc cua HAp

Gia tri pH ma tai ¢6 bé mit HAp trung hoa dién tich (pHpzc) duoc xac dinh bang phuong phap do do
l1éch pH. Trong phuong phap nay 0,05 g nguyén liéu HAp dugc cho vao 50 mL dung dich KC1 0,01 M ¢6
pH ban dau (pHo) khéac nhau, dugc diéu chinh bang dung dich HC1 0,01 M hoic KOH 0,01 M. Hdn hop
sau d6 duoc khudy bang may khudy tir ¢ téc do 400 vong/phit trong 30 phut. Cudi cung, loc 1iy dung
dich va xéc dinh lai pH (pHs) ctia nudc loc, tir d6 tinh ApH va v& db thi biéu dién su bién dbi cua ApH
theo pHo. Gia tri pHpzc 1a pHy tai d6 ApH = 0.

ApH = pHo — pH;s (2)

2.2.2. Khao sdt cdc yéu té anh hwéng dén hap phu Ni**

Kha niang hap phu Ni2* ctia bot HAp dwoc nghién ctru bang cach cho mot lugng vét liéu HAp vao binh
chra 50 ml dung dich chira ion Ni%* & cac diéu kién can nghién ciru. Cac yéu t anh huong dén qua trinh
hap phu nhu: thoi gian tiép xuc, pH, khdi lugng chat hap phu, nong d6 dung dich Ni2* ban dau da dugc
khao sat. Thoi gian hap phu bién d6i tir 10 = 120 phat, pH ctia dung dich dugc khao sat tir 2,45 + 6,98,
khéi lwong bot HAp thay dbi 0,03 + 0,2 g. Nong d6 cua dung dich thay dbi tir 10 + 80 mg/L. Hon hop sau
d6 dugc khudy bang may khudy tir v6i toe do 400 vong/phut. Sau khi hip phu, loc tach chit ran, 14y phin
dung dich dé dinh luong ion Ni?* con lai bang phuong phéap khdi phd Plasma cao tan cam tng (ICP-MS)
(Thermo Scientific (Ptic) ICAP Q ICP-MS tai Truong Pai hoc Mo - Dia chét).

Dung lwong hip phu va hiéu suit hip phu dwoc x4c dinh bang phwong trinh (3) va (4) (R.R. Sheha,
2007).

Q=(Co-C).V/m 3)
H = (Co— C).100/Cq 4)

Trong do: Q (mg/g) va H (%) lan luot 1a dung lugng hap phu va higu suat hap phu; Co (mg/L) va C
(mg/L) 1an luot 1a ndng d6 ion Ni2* ban dau va con lai sau hap phy; V 1a thé tich dung dich hap phu (L);
m 1a khdi lugng haloysit (g).

Kha ning hip phu Ni2* cua haloysit dugc tinh toan dua trén duong hap phu ding nhiét Langmuir va
Freundlich (R.R. Sheha, 2007).

Phuong trinh tuyén tinh Langmuir:

C, C 1
e = —e (5)
Q Qm I<L 'Qm
Phuong trinh tuyén tinh Freundlich:
LnQ = LnKr + l.LnCe (6)
n

V6i Ce (mg/L) 1a ndng do6 ion Ni2* & trang thai can bang, Q (mg/g) 1a dung lugng hip phu & trang thai
can bang, Qm (mg/g) 1a dung luong hip phu cuc dai, Ki 1a hing s6 Langmuir, K¢ va n 1a cac hing sb
Freundlich.

DPong hoc ciia qué trinh hip phu dwoc nghién ctru theo hai mé hinh dong hoc: mé hinh gia bac 1
(phuong trinh 7) va mo hinh gid bac 2 (phuong trinh 8) (R.R. Sheha, 2007).

In(Qe — Q) = InQ. — kit (7)
t/Qr = t/Q. + 1/(ka. Q%) (8)

Trong d6, Q. 1a dung lugng hip phu & trang thai can bang (mg/g), Q, la dung lugng hip phu & thoi

diém t (mg/g), ki va ks 1an lugt 14 cac hang s6 toc do bac 1 (phut') va bac 2 (g/mg/phut).
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3. Két qua va thao luin
3.1. Tong hop bjt HAp

Bot HAp duoc tong hop theo phuong trinh 1 & cac diéu kién thich hop da dugc nghién ciru mot sd dic
trung hoa 1y nhu: ciu triic, thanh phan, hinh thai hoc. Két qua cho thdy, bot c6 mau trang, don pha, dang
hinh try, kich thuéc hat trung binh 20x40 nm.

Hznh I Bot HAp 16ng hop .

3.2. Xac dinh pHpzc ciia bot HAp
Su bién doi cua ApH theo pHo duoc gidi thi€u trén hinh 2. Tir d6 thi nhan thay ApH = 0 tai gia tri pHo bang
5,99. biéu nay c6 nghia la pHpzc (gié tri pH tai d6 bé mat trung hoa dién tich) cia bot HAp bang 7,49.

5 1.0

10 0.8
- 0.6
0.5 0.4

gy RS | 02,

5 3 7 8 9 ApH 00
-0.5/ PH, o
044
-1.01 0.6
-0.84

1.5 10

Hinh 2. Sw bién doi ApH theo pHo

3.3. Anh hwong ciia cdc yéu té dén khd nang hip phu Ni?* ciia bt HAp
3.3.1. Anh hwdng cua thoi gian hdp phu

Sy bién doi hiéu suat va dung luong hap phu NiZ* ctia bot HAp theo thoi gian hap phu duoc thé hién
trén hinh 3. Két qua cho thay, khi thoi gian tiép xuc ting, dung lwong va hiéu suit hip phu ting. Trong
khoang thoi gian khao sat tir 10 phut dén 120 phut, dung lwong hap phuy ting nhanh & 30 phut dau, sau dé
tang cham hon tir 30 dén 60 phat va sau 6 gan nhu 6n dinh tir 60 phit trd di do qua trinh hap phu tién téi
trang thai can bang. Do vay, thoi gian 60 phit duoc Iya chon dé hip phy Ni?*.

3.3.2. Anh hwéng cia pH

Viéc loai bo ion Ni%* phu thudc nhiéu vao pH cua dung dich vi pH lam thay dbi tinh chit bé mit cua
chat hip phu. Dé tranh hién twong tao két tia Ni(OH); trong méi trudng kiém, anh hudng cia pH da duoc
khao sat trong diéu kién pH < 7. Két qua bién thién hiéu suat hip phu theo pH dugc gidi thiéu trén hinh 4.
Tir ddy nhan thdy, trong khoang pH khao sat, hiéu suat hdp phu tang khi pH tang. Két qua nay duoc giai
thich 1a do trong moéi truong axit, HAP bi proton héa, khi d6 bé mit cua hat sé& tich dién duwong dan dén
lam giam s luong tim hap phu cia HAp va xay ra su hap phu canh tranh giita ion H* va ion NiZ*, do d6
lam giam kha niang hap phu. Khi pH tang, mat do dién tich duong cua bé mit giam dan, kha ning hép phu
Ni2* s& tang dan cho dén khi pH > pHpzc s& thuan loi cho su hap phu NiZ*. Tuy nhién, dé c6 thé xir ly
lwong 16n ma khong phai diéu chinh pH, gia tri pH = 5,57 (pH ban dau) dugc Iya chon cho qua trinh hap
phu Ni%* ¢ nhirng nghién ctru tiép theo.

3.3.3. Anh hwéng cia khoi lwong vdt liéu HAp

Qua4 trinh hip phu duoc tién hanh véi khdi lwong bot HAp thay déi tir 0,03 g dén 0,2 g. Két qua nghién
ctru dugc chi ra trén hinh 5. Khi khéi lugng HAp tang tur 0,03 dén 0,2 g, dung luong hap phu giam tir
39,94 xubng 12,67 mg/g, hiéu suét tang tir 43,57% dén 92,16%. Tuy nhién, néu tlep tuc tang luong chit
hép phu thi hiéu suit gan nhu khong d6i do su hip phu dat t6i trang thai can bang con dung lwong hip
phu lai giam dan. Dé dat duoc dung lugng va hiéu sudt hip phu twong quan vé do 16n thich hop (21,49
mg/g; 78,14 %), khdi lugng 0,1 g HAp duoc Iya chon dé nghién ctru hip phy ion Ni?*,
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Cri2™ =50 mg/L, T = 25°C, pH = 5,57, mpap = 0,05g mpap = 0,058, Cnitt =50 mg/L, T =25°C, t = 60 phut

3.3.4. Anh hwéng cia nong dé Ni** ban ddu

Nbdng d6 ion Ni* ban dau c6 anh huéng 16n dén dung luong va hiéu suit hip phu. Két qua khao sat
qué trinh hap phu véi ndng do NiZ* ban dau thay ddi tir 10 mg/L dén 80 mg/L cho thiy, khi nong do Ni2*
tang, dung luong hap phu tang dan con hiéu suat hap phu giam dan (hinh 6). Dé dat duoc dung luong va
hiéu suat hip phu dong thoi cao, nong do Ni%* thich hgp duoc chon trong khoang 30 + 50 mg/L. Tai nong
d6 Ni2* 30 mg/L, dung lwgng va hi¢u suat hap phu dat 12,15 mg/g va 81,0 %.

100
L] ™ - 40 . 18

80 _______...---"'""'r oo b
\ -/. das % / \ 16
8o} L _/ a0 | i "
70 b / :::g i g 70 | /l>< \ —u—g 44z
I - 60
= R.\ {20 sl \\. 18
50 | *— J
/ .\\ 1 il / \ 5]

40 | 44
L L L L N L 10 a0 i L L ) L " L L
0.03 0.08 0.09 0.2 0.5 0.18 o.21 (1] 10 20 an 40 50 &0 TO BO 80

m (g) Co (mg/L)

H (%)
Q (mglL)
H (%)

Hinh 5. Anh hwéng cia khoz lwong HAp dén Hinh 6. Anh hwéng ciia nong do NiZ’+ ban ddu dén
dung hrong va hiéu sudt hap phu dung lwong va hiéu suat hap phu
Cni? =50 mg/L, T = 25°C, t = 60 phat, pH = 5,57 myap = 0,1g, pH=5,57, T =25 °C, t = 60 phut

3.4. Puong ding nhiét hip phu

Tién hanh hip phu Ni2* ¢ diéu kién thich hop da nghién ctru: 0,1 g bot HAp/50 ml dung dich Ni** ¢6
ndng do ban dau thay ddi voi thoi gian tiép xtc 60 phut & pH tu nhién 5,57, nhiét d6 phong (25 °C), sau
do6 xac dinh n6ng d6 Ni?* con lai ¢ trang thai can béng (C.), tir d6 co thé tinh dugc cac gia tri InC, InQ, ti
s6 Ce/Q va xay dung phuong trinh dang nhiét Langmuir (hinh 7a) va Freundlich (hinh 7b).

35 3.0
. e
30 28 |- ”’
. . + *
gl y = 0.0599x + 0.0765 26 | ¥ =026955x+ 19139
: R? = 0.08668 R? = 0.91087 ol
Tzo b - 24 |- E
=1 g
S as b =Ty "
=5 e e =
o 5
7 20 P
- ° 18 | 7
T b
o (a) B (b)
0.0 =
1 L 1 " 1 " A " 1 1.4 ' i 1 i 1 i 1 1 i 1
L] 10 20 30 40 50 -1 o 1 2 3 4
Ce (mg/L) LnCe

Hinh 7. Puong ddng nhiét hdp phu Ni** tai 25 °C theo Langmuir (a) va Freundlich (b)

~Dua vao dod }hi cua duong hép Ehu delmg nhiét, xac dinh dU{qc cac héng s6 thuc nghiém: giung }uqng
hap phu 16n nhat tinh theo duong dang nhiét Langmuir (Qm), hang s Langmuir (Kr) va cac hang so thuc
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nghiém Freundlich (K, n). Két qua thu dugc dua ra trén bang 1 cho thdy, sy hap phy Ni* trén HAp tuén
theo m6 hinh hép phu déng nhi¢t Langmuir (R?=0,98668), dung lugng hap phu cuc dai 16,69 mg/g.
Bdng 1. Cdc hang sé thic nghiém Qn, Ki, Kr, n trong phwong trinh Langmuir va Freundlich ciia qud

trinh hdp phu Ni2*
Langmuir Freundlich
Qm (mg/g) Ko R? n Kr R?
16,69 0,783 0,98668 3,7099 6,779 0,91087

3.5. Péng hoc ciia qud trinh hdp phu

Dua vao két qua nghién ctru anh hudng cua thoi gian hap phu téi dung lwong hap phu Ni?* trong diéu
kién: ndng d6 Ni2* ban dau 50 mg/L, khdi lwong bot HAp 0,1 g & pH = 5,57 va tai nhiét 6 phong (25 °C),
xdy dung dugc d6 thi ciia phuong trinh dong hoc hap phu gia bac mot (theo phuong trinh 7) va bac hai
(theo phuong trinh 8), két quéa thé hién & hinh 8.

2 . -
- - ”
. B e y = 0.03737x + 0.17611 e
' . e af R? = 0.99944 P
"-_\l -é; s
§ ot - Bl =t
P ~ i
=] =
-t . = -
- =2F -
g o~

i (b)
slo
t (phat)

[N
T

—
Q
~—
L ]
T
.

a3t Sm

80 % 100 0 2 40 80 10 120
t (phat)
Hinh 8. M6 td 56 liéu thuc nghiém bﬁngphung trinh dong hoc hcfp phu gid bdc 1 (a) va gia bac 2 (b)
Dua vao cac dd thi thu duge trén hinh 7 tinh dugc cac héng s6 tde do hép phu (k) va dung lugng hép
phu & trang thai can bang (Q.). Két qua tinh toan dwoc gidi thiéu trong bang 2. Gia tri Q. tinh theo
phuong trinh dong hoc hap phu gia bac 1 (14,81 mg/g) khac xa gia tri Q. xac dinh tir thuc nghiém (25,6
mg/g), trong khi d6 gi tri Q. tinh theo phuong trinh dong hoc hap phu gia bac 2 (26,76 mg/g) rat gan vai
gia tri Q. xac dinh tu thyc nghiém, déng thoi hé s6 hodi quy cuia phuong trinh dong hoc gia bac 2 dat R? =
0,99944 ~ 1 con hé sé hdi quy ciia phuong trinh dong hoc gia bac 1 (0,97093) khac 1 nhidu hon. Két qua
nay chung to qua trinh hdp phu Ni** dung vét liéu bot HAp tuén theo phuong trinh déng hoc hap phu gia
béc 2. Hang s6 toc d6 hip phu x4c dinh duoc ¢ gia tri bing 0,00793 g/mg/phiit.

Bdng 2. Cdc gid tri k va Q. tinh theo phuong trinh dong hoc gia bdc mot va gia bdc hai

o 20 40

Phuong trinh dong hoc gia bac mot Phuong trﬁg‘c i@;?g hoc gia Qe
K Q : K thuc nghiém
1 2 e 2 2
Qoee) | phity | N | mge) | (gmgphay | ® (me'e)
14,81 0,05824 | 0,97093 | 26,76 0,00793 0,99944 25,60
4. Két ludn

Hydroxyapatlt voi kich thudc hat trung binh 20x40 nm da dugc s dung dé nghién clru qua trinh hap
phu ion Ni2*, Két qua thu dugc cho thiy, qua trinh hap phu chiu sy dnh hudng cia cac yéu té: pH, nong
d6 Zn?* ban déau, khéi lugng chét hap phu, thoi gian tiép xtic. Tir d6, lya chon dugc diéu kién thich hop dé
xtr 1y Ni%* trong méi trudng nude: khdi lugng HAp 0,1g/50 mL dung dich, ndng do Ni2* ban dau trong
khoang 30 + 50 mg/L, thoi gian tiép xtic 60 phat, pH 5,57 tai nhiét do phong (25 °C). Qua trinh hip phu
tuan theo mé hinh dang nhiét hdp phy Langmuir véi dung lwong hip phu cyc dai bang 16,69 mg/g. Tai
ndng do NiZ* 30 mg/L & diéu kién hap phu thich hop da nghién ctru, dung lwong va hiéu sudt hip phu dat
12,15 mg/g va 81,0 %. Két qua nay cho thiy, ¢ thé Gmg dung HAp dé loai bo ion Ni** trong nuéc bi 6
nhieém.
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ABSTRACT
Adsorption behavior of Ni*" using synthetic hydroxyapatite

Le Thi Duyen"*", Hoang Thanh Binh?, Tran Thi Thu Huong®, Nguyen Viet Hung', Le Thi Phuong Thao!, Vo
Thi Hanh', Do Thi Hai', Nguyen Thi Thu Hien', Pham Tien Dung', Cong Tien Dung', Dinh Thi Mai Thanh*
! Department of Chemistry - Hanoi University of Mining and Geology
2 Centre for excellence in analysis and experiment - Hanoi University of Mining and Geology
3 Faculty of Environment - Hanoi University of Mining and Geology
4 Hanoi University of Science and Technology

Synthetic hydroxyapatite was white, cylinder shape with average size of 20x40 nm and used for
research on adsorption behaviour of Ni?* ion. The effect of factors on the Ni?* adsorption efficiency and
capacity was investigated. The adsorption efficiency and capacity obtained 81.0% and 12.15 mg/g
respectively at suitable condition: hydroxyapatite mass of 0.1 g/50 mL solution, initial concentration of
30 mg/L Ni**, pH 5.57, contact time 60 minutes at room temperature (25°C). Adsorption isotherm curves
were studied based on Langmuir and Freundlich models. The kinetic of adsorption process was
investigated follow the pseudo-first-order and pseudo-second-order models.

Keywords: Hydroxyapatite; Adsorption; Ni?" ion.
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ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARWI SONRCE 0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Mo hinh héa va thiét 1ap hé phuong trinh chuyép dong
cho robot song song 3RRR c6 khau dan hoi

binh Cong Pat”
Truong Pai hoc Mo - Dja chat

TOM TAT

Bdo cdo nay trinh bay viéc thiét 1ap mé hinh dong lyc ctia robot song song 3RRR c¢6 khau dan hdi. M6 hinh
hoéa céc phan tir dan hoi bang phuong phap Ritz — Galerkin. Hé phuong trinh vi phan dai s6 mé ta chuyén
dong cua robot dugc xay dung dua trén phuong trinh Lagrange loai 2.

Tir khéa: Robot song song, dan hdi, khép quay.

1. Pit van dé

Robot song song 1a robot c6 ciu tric vong kin trong d6 cac khau duge nbi voi nhau bang cac khép dong.
Trong robot song song, khau thao tac dugc ndi véi gia ¢ dinh béi mot sé6 mach dong hoc, tic 1a ndi song
song voi nhau va ciing hoat dong song song v6i nhau. Robot song song dién hinh gom c6 ban may dong
dugc ndi véi gia ¢b dinh, din dong theo nhidu nhanh song song hay con goi 1a cc chan. Thudng robot song
song co s6 chan béng s6 bac tu do, duoc didu khién bai nguén phat dong dat trén gia ¢ dinh hodc ngay
trén chan. Ngudn phat dong s& truyén chuyén dong cho chan chu dong bang momen hoic luc.

Robot song song c6 nhiéu wu diém nhu kha nang chiu tai trong 16n, d6 ctng viing cao do két ciu hinh
hoc cua ching, c6 thé thuc hién cac thao tac phure tap va hoat dong véi d9 chinh xac cao. Vi nhitng uu diém
d6, robot song song duoc tng dung trong nhiéu linh vuc ctia «cong nghiép ddc biét 1a trong linh vyc co khi
- tr dong hoa [Khang, 2020]. Tuy nhién cung v6i sy phat | trién ngay cang cao doi hoi cac robot phai dugc
t6i wu hoa: hoat dong voi tdc do cao, mang tai trong lon, tn it nang luong van hanh, chinh vi the cac khau
ctia robot can dugc thiét ké nho gon. Piéu nay dan dén cac dao dong dan hoi khong mong mubn trong mot
s6 khau (dai, manh) va lam giam d6 chinh xdc trong hoat dong cua robot. Vi vay dé c6 thé diéu khién duoc
chinh xdc hoat dong cua ban may dong ta can phai thiét lap dugc md hinh chinh xac nhit cho ban may
dong, ma & d6 yéu té dan hoi 1a khong thé bo qua trong mot sé khau cua ban may [Shabana, 1997].

Béo c4o nay trinh bay viéc mé hinh hoa cac khau dan hoi ciia ban may dong 3RRR bang mé hinh dam
Euler Bernoulli, sau d6 rdi rac hoa phan tir dan hdi bang phuong phép Ritz — Galerkin. Cudi cung sir dung
phuong trinh Lagrange loai 2 dé dua ra hé phuong trinh vi phén dai s6 md ta chuyén dong cua ban may
dong. Bao cdo gobm bdn phan, dau tién la phan mo dau, phan thr hai 1a mo hinh héa, tiép d6 1a qua trinh
thiét 1ap hé phuong trinh chuyén dong va cudi cung 1a phan két luan.

2. M6 hinh héa

Xet mot ban may dong 3RRR chuyén dong trong mat phang ngang nhu hinh 1. Cac thanh AB; coi nhu
1a céc thanh ran, chuyen dong quay quanh céc truc ¢d dinh di qua A; nho cac mé men phat dong. Ban may
dong hinh tam gidc déu chuyén dong phang. Céac thanh B;C; mé hinh hoa nhu dam Euler Bernoulli dan hoi
v6i hai déu ban 18.

Chon Oz y, lamh¢ b dinh, q, 1a géc hop boi thanh A B, véitruc Oz, p, 1a goc hop boi thanh B.C,
véi truc Oz, cic hé truc Ol:t:lly: 1a cac hé quy chiéu dong gan véi cac thanh A B, cic h¢ truc Olzzzfyf la
céc hé quy chiéu dong gin véi cac thanh B.C,. Vi tri cia ban mdy duoc xac dinh trong h¢ quy chiéu cb

dinh boi cac toa do suy rong:

e = |Up (1

* Tdc gid lién hé
Email: dinhcongdat@humg.edu.vn
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Hinh 1. Ban may dong 3RRR phdng )
Tt hinh v§, ta ¢6 thé xac dinh duoc cac cong thirc chuyén toa do gitra cac hé quy chiéu nhu sau

é’ cosq, —sing | €.
o = sin cos ] @
ey ql ql Veyi
él cosq, sing, |e’
1T | —sing  cos 0 ®)
Eyi ma; 4 &
é’ cosp, —sinp,|le?
ol =1 o 4
€ sinp  cosp. _
y i i yi
é2| |—sinp cosp. ||e°
yi i i y
3. H¢ phwong trinh vi phin chuyén dong
3.1. Djng nang ciia hé .
Pong nang cua hé bang tong dong nang cua cac khau robot
3
=1+ Z TAlB, + TBICI (6)
i=1
Trong d6 dong ning cua ban may chuyén dong phing
1 2 1 . 2
T = §mPUp — EIPQ (7)
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Dong nang cua cac khau ran chuyén dong quay

1. ., ..
TA,BI = Elnqj voii=1,2,3 ®)
Pong nang cua cac khau dan hdi duoc xac dinh nhu sau
1 .b7 ..
Ty =5 A, [0, da, voii=12.3 )

Ta c6 véc to dinh vi ciia diém N, bat ky trén thanh B.C, dugc cho boi

— * * —1 —9 —9
Ty —AB | BN, | NN —ae e w.e.
i I3 1 7 13 k3 k3 1 I 1 T Ty

T, =a, cos qzéf + a, sin qigyo + z, cos pié';J + 1z, sin pié'uo + w, cos pié'yo —w, sin pigf
FN, = a cosq +z cosp, —w sinp € — a sing +z sinp —w, cosp, é;o (10)
Vay ta c6 toa 6 cua diém N;
Ty,| @ cosq  wcosp  w, sinp, an
Y a,sing, T sinp,  w, Cosp,
Dao ham phuong trinh (11) 1én ta dugc:
Ty, B aq sing,  px sinp wp cosp W, sinp, (12)
Yy a,q,cosq, px Ccosp, wp sinp | w cosp,
Vay van tdc cua diém N . duogc xac dinh nhu sau
2 2 < - . - - .-
/U; o j:Ni | ?)Nf, o a}quz | x?pf | wfpf | w12 | 2xip7,2wi | 2a7‘,q7‘,p7‘x1‘, cos q; P
+2a,q,p, cos q, —p, +2aqwp sin q —p, (13)
Thay (13) vao biéu thirc (9) ta dugc dong ning cua cac khau dan hoi:
1 fb’ alzq:z_szp;z_wizp?_‘_w?+2I1p/2wl+2a/q/plzzcos qz_pz d (14)
/ 21A2 _Qaiqiwipi sin g —p, + 2aiqiﬁz COS g; — D '
Vay dong nang cua toan hé tré thanh
1
T_gm I+y +§ p Z_ lzz
(15)

dz.

i

Z [- aq—a:p—wp —I—w —|—2xpw+2aqp:1:cosq—p
Q[A? zalﬁqi,wipz sin 4~ D +2aiq71pi, COS q; — P,

3.2. Thé ning o , o ‘
Vi robot chuyén dong trong mat phang nam ngang nén thé nang ctia hé chi bao gom thé nang dan hoi
cua cac thanh dugc cho dudi dang [Kim, 2015]

i E, [) }dw (16)

) 0 xi

3.3. Phuong trinh lién két ,
Phuong trinh lién két duoc xay dung dua trén viéc xac dinh’ toa do khoi tAm cua ban may thong qua 3
chan mdt cach dong lap, cu thé ta dugc cac phuong trinh lién két nhu sau

(17)

P

. 1
fl =a, COS(ql) + bl COS(pl) - W Sln(p1) \/glcos(? » E) -
1 .
%ZSIH(;_?II + —) -y

f, =1, + a, cos(q,) + b, cos(p,) - wy, sin(p,) — —=lcos(y, — g) -z, (19)

f, = a,sin(q,) + b, sin(p, ) - w,, cos(p, ) + (18)
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. . 1 w
f, = sin(a) +bysin(,) - wscos(p) == lsingy, =0y, (20)
. 1.
f— é a, cos(q,) b, cos(p,)-w,,sin(p,) | ﬁlsm(pp) -z, (21
é | |
fy = ——1, +a,sin(g,) + b, sin(p,) - w,,cos(p,) — —=lcos(,) - y, (22)

N
3.4. Roirgc hoa phan tir dan héi )
Gia thiét bien dang la nho, Str dung phuong phdp khai tri€n theo cac dang riéng Ritz — Galerkin, dao
dong uon tai mot diém tai vi tri x; trén thanh dan hoi c6 dang [Shabana, 1997]:

ZX (1) i=1,2,3 (23)

kz

Trong d6 Xi 1a cac ham thoa man diéu kle;n bién ctia dam 2 dau ban 1&:

|k .
X, — sm[l— z [ 1=1,2,3 (24)

Nhu vay chuyén dong thuc ciia khau ndi dan hdi B;C; bao gdm chuyén dong 16n cua toa do goc khau va
chuyén dong bé cua cac bién dang dan hoi. Trong trudong hop sir dung mot dang riéng dau tién cho cac
thanh dan hoi : Ni=1 véi i=1,2,3 dong niang va thé nang ctia hé tré thanh:

Lo . by t4y, B
T = Zb 1, B 7 Ebl i, dCa —I-gbf,u22 P+ Zb o B2

12y P 22 "% _
il

1 o9 1., 9 2. .. . 1., .
+Zb2 Hyy Dy 11 + §plq1al b1 My cos(pl - ql) - }__l_hlplql bl Hyy Sln(pl - q1) + gbl Hy, Py

1 12h1 1 1. 1., 1. .
_Zb “12}7’12 T_E + Illql +- Ilqz +§I31q§ _51121)12 +5122p22

1. ., 1 o1 o 1., 2
+5132p3 +§Mb T, + EMb ¥, — §q2p2a2b2’u22 COs P, — 4,

b3 'uSZpShS

n

2 .. . 9 1
—ijthzasz oy SN Py — g, + bg”fﬂ Py + _Zb #y hr?
i

1 o o9 1 o9 1. 9 2 .. .
+§b3 H00, Oy +_b3“'32p3 3 _§q3p3a3b3’u'32 COS Py — 4, _}__iqsp3h3a3b3 I

2 .. 2. -
+— h’1q1a1b Hiy COS( - q1) + qzh COS(p2 —4q, )aQ bz Foy + —C]3h3 COS(p3 —4q )a:a b:s £ty (25)
i "

B 1, ﬁ4h12 E, 1, ?14h§ E L, “Ah;

U=—1t2" 1y 2 (26)
4b} 4b} 4b?
Phuong trinh lién két lac nay c6 dang:

1 T
fi =a, cos(q) + Db cos(p,) +—= N Leos(y, + E) -z, (27)

. . 1. T
f, = a,sin(g,) + b, sin(p, ) + ﬁ Isin(y, — E) -y, (28)

. 1 T
fy =1, + a, cos(q,) + b, cos(p,) - w,, sin(p,) — Elcos(:?.-; —)-z, (29)
. . 1 . T
f, = a,sin(g,) + b, sin(p,) - wy,cos(p,) — —=Isin(y, ——) -y, (30)
3
I, : 1.

L= Y a, cos(q,) b, cos(p,)-w,, sin(p,) | ﬁlsm(pp) -z, (31
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3

. . 1
f= 710 + a, sin(q,) + b, sin(p,) - w,,cos(p,) — ﬁkos({*"‘p) -y,

3.5. Phwong trinh vi phén chuyén djng
Ta co toa do suy rong tong quat cua hé:
T
n=[h b h o4 4 o b b, P T, Y ¥
Phuong trinh Lagrange dang nhén tir viét cho hé holo6ném [Khang, 2007]
afor) or_ _om (¢, of
dt|dn, ) on, on, g

= om,
Tinh céc vi phan, dao ham va thay vao phuong trinh (34) ta dugc
Phuong trinh véi cac toa do dan hoi:

—Q, j=12..12

blﬁ?u'uii — 4cos b —q o b1ru12.q-1 + 2b12,u,12j)'1 - hlﬁpfbﬂu‘u + 4(].12(11 bﬂu'm sin by —q
E1 .712 ﬁ5h1
_ T =0

1

b2ﬁ1u22 iiz —4cos p,—q, a, bz thy 0, _2b22”22ﬁ2 B hz’r.’j);b2,u-22 + 44;% b2?u'22 sin p, =4,
E I, ﬁ‘r’hQ

2ﬁb; B

b3 Ty hs —4cos by — 4y a4 b3 ;{'3263 + 2b§”’32ﬁ3 - h3ﬁ[)§b3,u-32 + 4(]'3(13 b3 s, sin by — g
_5
E3 132 A h3 B
2ﬁb§’

Phuong trinh ddi véi cac toa do khép khau ran:
2 walbye, 1,7 G | ['rralbf,un cos p, q,  4hab i, sin p g _ﬁ1
da.b )

1

[ ma bl sin p g 4hab i, cos pq _pf

thyco8 pq h ) 0,

1

8ha b, sin p q P, 2wXasin(g) | 27\ a cos(q,) —T,
2 ﬁa§b2 iy, I,7 q, [';TaQb;;.r.QQ cos p, ¢q, 4habp, sin p g, }pz

4a,b, s, cos p, q, h, | [ ma,bls,sin p, q,  4ha,b,, cos p, g, ] v
8h,a,b

L i, SN D, g, D, QW)\Sazsin(qz) 27, a,cos(q,) .

2

2 Wa:b:s Ha [.‘ilﬁ (jzx | [?‘_a:;b:“'sz cos py 4 4h3a3b3 H sin Py 4 _ib-:s

3

4a:‘b3 Hap CO8 Py 0 h:’ | [ Taifbif“zsz sin Dy 4 4h3a3b3 H3y COS Py 4 ]pf
8h,a,b, s, sin p, q, p, 2wXa,sin(g,) 2wAa,cos(q,) —T,

Phuong trinh v6i toa do khép khau dan hdi

[SWalbf;.r.12 cos p, q  12hab i, sin pq }(jl | @ 3hlb g, | 2670, 61, P

1

6b12,r4512h1 | [3';Ta1b12;.r.12 sin pq, | 12hab g, cos p q Jq'f
6mwh b e, hp, 6mAbsin p | 67Abcos p —0

[3':Ta2b22;.r.22 cos p, q, 12habp,sin p, gq, ](jz ™ 3h b, | 2004, 61, B

2

6b; 1. h. [3?@2 b, sin p, g

22° 72 2

| 12h,a,b, 4s,, cos p, q, ]qf
6wh,b, i h p, 6mAb,sin p, | 68Ab,cos p, —0

2272

[3';Ta3b§u.32 cos p, q, 12ha.bp,sin p, g, Jq3 | ?)hgbsju.32 | 2b§,u32 | 61, P,

6b§;532}{3 [3';—1(13();;1.32 sin p, q, |12ha,b, s, cos p, g, ]q§

6wh,b, ji,h,p, 67Absin p, | 67 b,cos p, — 0

3273
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Phuong trinh véi toa dd ciia ban may
MiE —X =X —X =0 (45)

b"p
\/g \/g T‘]_ﬁ/\:‘lcos(pp —|—§]

[b\;p — ?)\1 [sin [g-_?p — %J ?/\2 [ cos [:];Dp + 3

o |

(46)

_?)\Jsin —?)\slcos e, —|—?)\Glsin ¢, =0
Nhu vay ta thiét 1ap dugc hé 12 phuong trinh vi phan (35)-(46) va 6 phuong trinh dai s6 lién két (27)-
(32) biéu dién chuyén dong cua hé

4. Két qua va thao luan

Bai bao nay tap chung giai quyét bai toan dong luc ctia ban may dong phang c6 khau dan hoi. M6 hinh
co hoc cua ban may dong duoc dua ra bang cach sir dung mo hinh dam Euler — Bernoulli cho phan tir thanh
dan hoi. Sau d6 bién dang dan hoi dugc biéu dién théng qua phuong phap Ritz — Galerkin. Sir dung cac
lién hé hinh hoc ta dwgc cac phuong trinh lién két, cac phuong trinh vi phan chuyén dong dwoc thiét 1ap
dya trén phuong trinh Lagrange loai 2 dang nhan tir. Cudi cling ta dugc mot hé 12 phuong trinh vi phan va
6 phuong trinh dai s6 mé ta chuyén dong ciia hé. Dua vao d6 ta co thé giai quyét bai toan dong luc hoc
thuan, nguoc va diéu khién chinh xac ban may dong c6 khau dan hoi.
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ABSTRACT
Modeling and dynamic of 3RRR parallel robot with flexible links

Dinh Cong Dat”
Hanoi University of Mining and Geology

This paper presents the dynamic modeling of 3RRR parallel robot with flexible links. The flexible links
are modeled by Euler-Becnoulli beam theory and Ritz-Galerkin method. The system of algebraic

differential equations describing the motion of the robot is built based on the Lagrange equation.

Keywords: parallel robot; flexible; dynamic.
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Nghién ctru quy trinh chiét xuat L-tetrahydropalmatine
trong cay Binh Vo6i chira bénh mat ngu
Nguyén Thu Ha!, Vii Duy Thinh">"
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2 Hoc vién Khoa hoc va Cong nghé - Vién Han lam Khoa hoc va Coéng nghé Viét Nam

TOM TAT

Cu Binh Voi (Stephania rotunda Lour) trong tai Thi tran Hat Lét, huyén Mai Son, tinh Son La dugc sir
dung 1am nguyén liéu dé chiét xuat L-tetrahydropalmatine (tén hoat chat rotundin) C2;HasNO4 1a mot
Alcaloid c6 tac dung an than, gay ngi, giam mat tri nhd. Muyc dich cta nghién ctru mong muén tim ra mot
quy trinh chiét xuat Rotundin don gian, hiéu qua, ré tién dé co thé ung dung dugc rong rii trong thyc té.
Két qua cho thiy:

- Phuong phap ngam chiét alcaloid duéi dang base bang dung méi hiru co khong phéan cuc véi ti 16 1/7 giira
bot kho ct Binh Véi va thé tich dung dich HC1 1% cho hiéu sut trich ly cao nhét 13 0,32%.

- Phuong phap trao ddi ion tach rotundin nguyén chat.

- Pinh tinh hop chét thu duoc trén tiéu ban thuc vat st dung thudc thir Bouchardat dat do tinh khiét 96%.

Tir khéa: Binh Voi, mat ngu

1. D3t vin dé

Cay Binh Vi c6 tén khoa hoc 1a Stephania rotunda Lour, thugc ho tiét dé (Menispemaceae), ciy day
leo, dai tir 2-6m. La moc so le, phlen 14 hinh bau duc, hinh tim hodc hoi tron. Hoa ty tan nhé, don tinh khac
gbc, mau vang cam, 'qua hinh cau, khi chin ¢6 mau d6 tuoi trong ¢ chira mot hat hinh mong ngua c6 gai.
Binh Vi ¢6 phan gdc than phat trién to thanh ct ning khoang tir 20-30 kg, ¢6 vo ngoai mau den, khi cao
v6 ngoai thit ¢ ¢6 mau xam. Hinh dang cu thay dbi tiiy theo timg noi cii phat trién. Cay moc hoang phan
bd ca ba mién Béc, Trung, Nam. Thuong gip ¢ cic ving nii d4 voi ¢ nudc ta, moc nhidu & ving Ninh
Binh, Thanh Hoéa, Hoa Binh, Tuyén Quang, Cao Béng, Son La, Ngh¢ An...Thanh phﬁn hoa hoc chinh cua
Binh Véi 1a Alcaloid, trong d6 chii yéu 1a L-tetrahydropalmatin hay con goi l1a Rotundin, Stepharin,
Roemerin, Crycleanin, Cepharantin, hoat chét chinh c6 ta dung an than, dudng huyét, thanh nhiét, giai doc,
giam dau la L-tetrahydropalmatine (Rotundin). Déi voi hé than kinh trung wong véi lidu dung thap Rotundin
c6 tac dung an than gay ngu, giam trang thai cang thing than kinh, ha nhiét ha huyét ap, kéo dai thoi gian
ngi. Liéu cao c6 tac dung chong co giat do corasol, strychinin, va séc dién gdy nén.

Gi4c ngi diéu chinh dong hd sinh hoc cua co thé, gitp cho bo ndo duogc nghi ngoi, loai tri stress, tang
cuong kha nang tap trung, tri nho va su sang sudt. Néu mét ngu kéo dai s€ gay ra nhiéu tac hai nguy hiém
cho sirc khoe ciia chiing ta. C6 rat nhiéu loai tin duoc chita bénh mit ngu tuy nhién sir dung mot thoi gian
dai nguoi bénh s€ bi 1€ thudc vao thudc... Binh Vai 1a mot trong nhitng vi thudc tu nhién chita bénh méat
ngil rat tot va an toan. Theo y hoc ¢6 truyén Binh Vi ¢o tac dung an than, tuyén phé, giy ngi chita dau
nhirc, sbt nong, dau da day, tot cho tim mach, chita ho kéo dai, hen suyén, kho thd ha huyét ap, chong co
giat. ..

Chat Rotundin trong cu Binh V6i ¢6 tic dung an than, gdy ngi. Chat nay con c6 tac dung diéu hoa tim
mach, chéng co quap, chong co thit co vanh, ha huyét ap c6 tac diéu tri hen suyén vi c6 tac ding diéu hoa
ho hép (B Y Té, 2009; S Huy Bich, 2004).

Hién nay, c6 kha nhiéu loai thude diéu tri mat ngu. Nhom tan dugc ké toa c¢6 Seduxen, Valium, Stinox,
Xanax... Nhung thuong duge cdc bac sy chuyén khoa chi dinh trong thoi gian ngén vi ngudi bénh co thé
bi 1¢ thudc thude, giam tri nh¢ néu sir dung kéo dai va gy ra mot so tac dung phu nhu mét moi, budn ngu
ban ngay, nhirc dau, hoa mat, budn n6n, khd miéng, vung vé, giam tap trung... Nhom cac dugce liéu an than
duogc sur dung pho bién trong y hoc cb truyén gom co Lac Tién, Vong Nem, Binh Voi..

Trong y hoc ¢ truyén xa xwa, cii Binh Voi da dugc st dung rat nhidu duéi dang thuoc sic, hay ngam
ruogu, dun nude cung véi Lac Tién, Vong Nem udng hang ngay chita chimg mét ngi, an than, nhirc dau,

* Tdc gid lién hé
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dau bung... Hién nay Rotundin duoc st dung rong rdi chii yéu dé chira mat ngii va an than, Rotundin ¢
nguon goc ty nhién va cé rat nhiéu wu di€m vuot trdi, kha nang giam ddc tinh tot, sy dung nap thuoc tot,
mang lai cho bénh nhan giac ngu sinh ly tot, phuc hoi tri nhd.

2. Co sé Iy thuyét va phwong phap nghién ciru
2.1. Phwong phdp chiét alcaloid dwdi dang bazo bang dung méi hivu co khéng phéin cuc

Giai doan 1: Chuan bi nguyén liéu

Chung toi nghién ctru quy trinh chiét xuat va tinh ché rotundin trich tir ca Binh Voi (Stephania rotunda
Lour) trong tai Son La bang dung méi khong phan cuc 1a Cloroform da dugc axits hoa bang axit HC1 1%.

Nguyén liéu: Cu Binh Véi (Stephania rotunda Lour) twoi dugce thu hai tai huyén Hat Lot, tinh Son La
vao thang 2 nam 2022.

Mau dugc giam dinh tén khoa hoc dya vao dic tinh hinh thai mé ta trong céc tai liéu vé thue vat va duoc
dién (D& Tét Loi, 2004; B Huy Bich, 2004; B6 Y Té, 2009)

Sau khi thu hai tai Son La, nguyén li¢u dugc rua sach dé loai bo dét, cit bo nhitng phén duogc liéu khong
du chét lugng, dé rao nudce rdi cat 1at mong sau d6 dem sdy kho, say nho rdi dugc bao quan hut chan khong
¢ nhié¢t do phong trong tui nilon.

Ché bot va chiét xuat co chira Rotundin thé. pé tang kha nang chiét - ching t61 xay nho cu Binh Véi trude
khi chlet nham lam ting bé mit tiép xtic gitra pha ran va pha long, day nhanh qua trinh khuyech tan. Tuy
nhién, néu ta chia nho dugc lidu qua dung méi s& kho chuyén dong qua dugc khdi duoc liéu va rat khé thu
duoc dich chiét.

Kiém hoéa va 1am truong nd ci Binh Véi bang Ca(OH), dé chuyén hoéa alcaloid trong nguyén liéu sang
dang alcaloid base.

Giai doan 2: Chiét nguyén liéu

Str dung dung méi chiét 1a dung méi hitu co khong phén cuc (cac dung méi khong hoa 13n nudc).

[ Cuabinhvoituoi |

Rira sach, cit lat, siy khé, xay nho
Bat cu binh voi

Ngam trong dung dich HCI
véi thé tich va nong do phtt hop

jIf L
Dich chiet [ Loai b bi cu binh véi |

-Loc

4
[ Can alkaloid toan phin |

| Sy khd, chiét v&i Ethanol 96°

d &
[Dich chiét thé| [ Bi alkaloid toin phén |

| Dung méi thu héi | | Dich cé dic |
Loc than hoat tinh, két tinh

Két tinh

nhiéu lan

[ Rotudin va alkaloid khéc |

Chiét bot ca Binh Voi sau khi da duge kiém hoa bang dung méi khong phan cyc 1a Cloroform.

Str dung binh gan va cac dung cu chiét chat 16ng bang binh ngim kiét.

Gop céc dich chiét mudi alcaloid lai rdi kiém hoa dé chuyén alcaloid sang dang base, lic nhe véi dung
mdi hitu co thich hop nhiéu 1an dé ling kiét alcacloid base. Sau khi iy riéng 16p dung méi hitu co c6 chira
alcaloid base, chung t6i loai nudc bing mudi trung tinh khan nuéc Na,SOy, rdi cat thu hdi dung méi hodc
bdc hoi dung méi s& thu dugc cin Alcaloid tho (D6 Huy Bich,2004)

Giai doan 3: Tinh ché

Tinh ché thu dugc cac acaloid biang cach chuyén dang mudi véi axit va chuyén dang base bang kiém va
phén chia chung giira hai pha dung méi hiru co khong phan cyc va nude dé loai bo cac tap chat khong phai
la Alcaloid.

Alcaloid thé dugc tinh ché bang cach chuyén né nhiéu lan tir dung méi hiru co sang dung moéi nuée va
nguoc lai, cudi cing 1am bdc hoi dung méi bang cach thuy thu dugc alcaloid dang tinh khiét.

Chiing t6i sir dung phwong phap trao d6i ion dé tach riéng Rotundin.
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2.2. Phwong phdp trao doi ion

Phuong phap trao d6i ion dua vao su trao d6i thuan nghich gitra cc ion trong dung dich mubi alcaloid
va cac ion da bi hép phu trén chat mang (nhya trao d6i ion).

Céc nhua trao d6i ion(inonit) dugc ding 14 cac cationit (nhiing cao phan tir rin mang nhom axit c6 kha
nang hip thu céc cation) va cac anionit (nhirng cao phén tir rin mang nhém base c6 kha niang hap thu cac
anionit). Cac nhya trao doi nay khong tan trong nudc va cac dung méi hiru co (B4 Tan Loi, 2004; 6 Huy
Bich, 2004). Mudi alcaloid hoa tan trong nudc tao ra cac cation 1én:

B.HCI - [BH]" + CI

Qua trinh trao d6i cua dung dich mudi alcaloid v&i nhwa trao ddi ion khi sir dung cationit xay ra nhu
sau:

Cat.H'[BH]'ClI" - Cat-[BH]'H" + CI"

Nhura cationit hip phu rotundin tao ra mudi va s& dugc day ra khi c6 dung dich kiém hodc amoniac theo
phuong trinh sau:

Cat.[BH]'H" + [NH4]'OH- — Cat.[NHs]" +B + H,O

Rotundin 14 alcaloid base khong hoa tan trong nude, duoc gir lai trong ¢t va sau d6 dugc chiét ra bang
dung mdi hitu co

2.3. Dinh tinh rotundin trén tiéu bdn thuwc vt

Dung thude thir Bouchardat. Vi protid ciing c6 thé cho két tua véi v6i thude thir nay nén dé c6 két luan
chic chin chung t6i dung hai tiéu ban:

MOt tiéu ban thir nhat. Ngay sau khi cit, nhd mot giot thudc thtr Bouchardat, doi mot lac rdi soi kinh
hién thu dugc két tia mau nau.

Mot tiéu ban thir hai. Pem ngam vao rugu Tactric, sau do6 rira sach rugu Tactric béng nudce cét roi dat
1én phién kinh rdi nho mét giot dung dich chiét xuét tir cii Binh Vi, nhé mot giot thude thir Bouchardat,
dé mot luc dem soi kinh. Néu té bao co chira rotundin thi rotundin hoa tan trong ruou va trén vi phau khong
thiy két ta nau.

3. Két qua va thio luin
OCHs4

I OCH,

Tetrahydropalmatine

‘ N

OCH;

HsCO

Két qua thu duogc khi sir dung phuong phap chiét xuat rotundin trong ct Binh Vi bang phuong phéap
chiét trong moi truong kiém st dung dung méi hitu co khong phan cyc va dinh tinh rotundin trén tiéu ban
thuc vat da thu duoc két qua nhu sau:

Dang tinh thé mau vang nhat, khong mui, khong vi; Khi tiép xtc voi anh sang hodc nhiét dé bi chuyén
mau vang dam hon; Dé tan tan axit sulfuric loang, tan trong chloroform, it tan ethanol va ether, khong tan
trong nude (BO Y té, 2009).

4. Két luan

Két qua thu dugc khi xac dinh rotundin trong ¢t Binh Véi tai huyén Hat L6t tinh Son La. Bot cu Binh
V6i dwoc ngam trong dung dich Ca(OH); va chiét trong méi truong HC1 1%. Tir hdn hop alcaloid tho da
¢6 1ap duogc rotundin dat do tinh khiét 95%, cdu trac hoa hoc dugc dinh tinh trén tiéu ban thuc vat.

Tir két qua nghién ctru trén ching toi dé xut nhan rong ving nguyén liéu trdng cdy Binh Vi dat tiéu
chuén Vietgap dé 1am duoc liéu chiét suit rotundin tu nhién phuc vu trong nganh dugc phém tai Viét Nam
va xuat khau.

Tai li¢u tham khio ‘
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ABSTRACT
Research on the process of extracting L-tetrahydropalmatine
in the plant Vinegar used to treat insomnia
Nguyen Thu Ha', Vu Duy Thinh'->*

! Hanoi University of Mining and Geology
2Academy of Science and Technology - Vietnam Academy of Science and Technology

Tubers of Stephania rotunda Lour grown in Son La province are used as raw materials for extracting L-
tetrahydropalmatine (a medical jargon — Rotundin) C»H2sNO4 — a major component- alcaloid with the

effects of sedative and preventing loss of memory. The purpose of this research is to study a simple ,
inexpensive, and procedure for extracting rotundin.

Characterization of compounds obtained on plant slides using Bouchardat reagent with a purity of 96%.

Keywords: Binh Voi, insomnia
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Common errors in using English collocations by students
at Hanoi University of Mining and Geology

Le Thi Thuy Ha", Dang Thanh Mai
Hanoi University of Mining and Geology

ABSTRACT

Vocabulary acquisition has always been considered as the most important in the process of language
learning. The correct use of a word consists of not only getting its meaning but also taking its context and
collocation with other words into consideration. Students at Hanoi University often use the word collocation
in the imprecise way, which makes unwanted misunderstanding in both writing and speaking. This article
investigated common errors when students used English collocations. The paragraph writing exercises were
employed as the data instruments. The results collected from these writing represented interference and
overgeneralization as common errors and provided the foundation for designing suitable practice activities
in order to improve teaching and learning English at Hanoi University of Mining and Geology.

Keywords: Collocations, interference, overgeneralization

1. Introduction

Mastering and using a language as a native speaker is the goal of any learner of a foreign or second
language. In an attempt to realize their ambition, learners of English apply various techinques to expand
their vocabulary, memorize and learn how to pronounce words in a correct way as well. However, a lot of
students are more concerned about how to enrich their vocabulary, that is, to increase the numbers of words
thay can remember without paying much attention to the depth of their understanding of the word. In other
words, they ignore the most aspects of knowing a word including the right context and the collocation each
word is used in reality. As a result, their unwanted errors made in using English collocation prevent them
from acquiring the target language. This paper is intended to review different views of English collocations
and then inquire into the common errors made by students and finally suggest some practical activities for
teaching and learning English collocations.

2. Literature review and Methodology
2.1. Literature review

Overlapping definitions of collocations have been discussed for a number of years (Benson et al, 1986;
Nation, 1990; Lewis, 2000; McCarthy & O'Dell, 2005; Sinclair, Jones, & Daley, 2004). However, the
consensus on a definition of collocation focuses on the co-occurrence of words. The term collocation can
be separated into parts, containing its own meaning, “col- (from com- meaning “together, with), -loc-
(meaning “to place or put”), -ate (a verb suffix), and -ion (a noun suffix)” (Nation, 1990, p.32). In other
words, collocations refer to words that are placed together. This concept is related to that of McCarthy &
ODell (2005), who define collocation as a close word combination with other words as in the following
examples: the word take seems to collocate with a bath and make with an effort. Lewis (2000) has
elaborated that collocation can be considered as the method of unexpected natural co-occurrence with
lexical items in a context. A more interesting definition has been given by McCarthy & O'Dell (2005), who
claimed that collocations could be constructed semantically and syntactically from words developing as
chunks that are acceptable and understandable by native speakers; for instance, deeply offended instead of
* yery offended. Despite the different expressions of the collocation definition, all researchers agreed that
all parts of the collocation could not be replaced by a synonym or another word with the same meaning, for
example strong/ week tea cannot be changed into condensed/ pale tea, the word order is fixed such as safe
and sound, tea and coffee and its meaning is predictable.

Collocation classifications have been also viewed from different aspects. While some researchers have
classified collocations on the collocational strength, others focused on the lexical and grammatical
combination. Collocational strength has been divided into three categories by Herbst (1996) namely: open
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collocations, restricted collocations, fixed collocations. Grammatical collocations (Lewis, 2000) are
derived from the combination of one open class word , e.g. noun, verb, adjective, etc., and one closed class
word, which is mainly a preposition or a clause as illustrated below:

o N + to + V infinitive: It’s a pleasure to do it.

o N + that + Clause: We reached an agreement that she would represent us in the court.

e P+ N: by accident, in advance

o A + P: They are hungry for news.

e A +to + V infinitive: She is ready to go.

o V+to+V,V+ V-ing: They began to speak. They enjoy watching television.

Lexical collocations (Lewis, 2000) consist of two content words or open class words, which include

nouns, verbs, adjectives, and adverbs as illustrated below:

o V + N: set an alarm, launch a missile

o A + N: strong/weak tea, kind/best regards

e N + N: an article of clothing, school yard

e N + V: dancers dance, bomb explodes

o Adv + A: closely related, bitterly hurt

o V + Adv: moved slowly, argue heatedly

To summarize, collocation refers to the frequent co-occurrence of words without being replaced by

other words with the same meaning. In this sense, we will use this as the basis for analysis of errors made
by learners of English.

2.2. Methodology

The research uses document analysis and synthesis. A total of ninety-five students at Hanoi University
of Mining and Geology from three groups in different fields of studying were the participants in this study.
The documents used to identify common errors are two parts in the Practice Tests composed by teachers
from the English Department at Hanoi University of Mining and Geology, namely, the multiple choice, the
paragraph writing. The other part is the translation exercise which were mainly chosen from Oxford
Collocations Dictionary for Students of English. All these exercises were administrated to the participants
after the regular class. They were asked to complete the exercises without any interaction with their
classmates and using any kind of dictionaries or reference and the teacher collected weekly to mark and
find out the collocation errors.

3. Common errors in using English collocations by students and suggestions for teaching
3.1. Common errors in using English collocations by students

After the documents were collected and analysed, a number of mis-collocations found in all of the
exercises may have resulted from the native language transfer and overgeneralization which are discussed
in detail below

3.1.1. LI Interference

This error results from learners’ attempt to make use of their L1 knowledge. When students are not
competent enough, they try to make use of Vietnamese patterns or rules which leads to collocation errors
in English writing. Vietnamese is more economical in vocabulary in that it makes use of the same words to
express many different meanings where English employs separate words. The following examples show
the difference in using the English word: fast, quick and the Vietnamese equivalents as: nhanh

Vietnamese expressions Equivalent English expressions Wrong expressions
bira an nhanh a quick meal a fast meal
tam nhanh a quick shower a fast shower
tau nhanh a fast train
dd an nhanh fast food
lam banh make cakes
lam bai kiém tra do a test make a test

Instead of a quick shower, a quick meal, students use fast meal or fast shower. They make such mistakes
because English words quick, fast have the same meaning nhanh in Vietnamese. In the same way, the
Vietnamese expression lam is equivalent to make in make cakes, make lunch, and do in do a test, do
housework. Influenced by the way Vietnamese uses a general term to express many different meanings,
learners transfer this habit in to making wrong English collocations.

3.1.2. Overgeneration
In addition to native language transfer leading to derivations of the collocation, students tend to
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generalize the language knowledge acquired, that is, to formulate rules based on their learning experiences
in order to apply these rules to new language materials. Or to put it in another way, they tend to extend the
use of a grammatical rule or linguistic item beyond its accepted uses. When it comes to collocation, they
tend to generalize the use of a particular word in a right collocation to make wrong collocations. For
example, do harm to is the correct collocation, however, they tend to generalize the use of do in the phrase
to make new phrases like do good to and do bad to, or do well to, do badly to, which are actually wrong in
English.

In some cases, students make deviant collocations based on some correct collocations, neglecting
restrictions and exceptions. For instance, based on the correct collocations drink some water, and a heavy
drinker, learners made drink medicine and a heavy worker because they generalized from the correct
collocations of drink in drink water, juice, wine, or coffee, etc and of heavy in a heavy drinker, a heavy
smoker, a heavy drug user. The words following drink all have the connotation of liquid and heavy have
the negative connotation of foo much. In fact, not all nouns sharing liquid connotations can be used together
with drink or too much is used with heavy. In the case of medicine, and worker above, take medicine and a
hard worker are correct collocations.

3.2. Suggestions for teaching

From what has been mentioned above, collocations could be seen as one of the barriers in the process of
leaners’ language acquisition. This is probably because inadequate attention has been paid to the collocation
teaching and its practice. In an attempt to raise awareness of collocations and limit the errors made by
leaners of English at Hanoi University of Mining and Geology, some activities are suggested as below:
Activity 1:

Aim: to raise their awareness of how their L1 interferences with L2 collocational use

Procedure: in small groups, students work collaboratively to come up with English collocations with the
words given in Vietnamese. Then, teacher instructs them to check their answers on website of Oxford
Collocations Dictionary by using their smartphones in the class. Finally, teacher directs their attention to
different verbs used in English in different cases with the same meaning.

Evaluation: Raising students’ awareness on collocations may prevent L1 interference. As the verb lam
in Vietnamese meaning do or make in English, are used in many situations and this might lead to the
misconception for Vietnamese learners that the verbs do and make will fit into any slot. This kind of activity
is suggested to help students not to wrongly transfer from L1 language into the target language.

Activity 2:

Aim: to draw students’ attention to the frequent use of collocations

Procedure: Students work individually to find out the collocation forms in the given text. Then they
cross them out all in the text to see each word’s part of speech that collocations take up. After clarifying
meaning, form and use, students in pairs will write as many of the collocations as possible on the bingo
card given and talk about the collocation forms. The pair who has more collocations is the winner

Evaluation: This activity helps students realize that the various types of word combinations in term of
both grammar and lexis may cause Vietnamese learners the imprecise use. Also, this kind of practical idea
may prevent possible mistakes, increase accuracy in use.

4. Conclusion

Collocation is an important aspect in the vocabulary acquisition. It refers to the frequent co-occurrence
and mutual expectation of some words which appear more often than by chance. This paper provide readers
and learners an overall review of English collocations, including their classification and structures. L1
interference and overgeneralization are common errors when learners of English at Hanoi University of
Mining and Geology often make when they take no notice of word context in actual use. Some efficient
teaching activities about English collocations are also suggested in this study.
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o TOM TAT ,
Lo1 pho bién khi sir dung cac cum tur trong tiéng Anh
cua sinh vién trrong Pai hoc Mo - Dia chat

Lé Thi Thuy Ha*, Bang Thanh Mai
Truong Pai hoc Mo - Dia chat

Tlep nhan, mé rong tir vung ludn duge coi 1a mot trong bude quan trong nhét trong qua trinh hoc ngdn
ngir. Pé sir dung tir vung nhu ngudi ban ngtr, nguoi hoc khong chi can biét nghia ctia tir ma con can nim
virng, hiéu r& sy két hop cac tir dé tao thanh cac cum tir va sir dung cac cum tir dung ngit canh. Sinh vién
Trudng Pai hoc Ha Noi thudng str dung cum tir tiéng Anh mot cach khong chinh xac, diéu nay tao ra nhitng
hiéu nham dang tiéc trong ca van noi va viét. Bai viét nay da diéu tra cac 16i phd bién khi sinh vién sir dung
cum tur tiéng Anh. Céc bai tap viét doan van da dugce sir dung lam coéng cu dir licu. Két qua thu thap duogc
tir nhitng bai viét nay thé hién sy can thiép va phat trién qua mirc 1a nhimng 15i pho bién va 1a nén tang dé
thiét ké cac hoat dong thuc hanh pht hop nhidm cai thién viéc day va hoc tiéng Anh tai Trudng Pai hoc Mo
va Dia chat Ha Noi.

Tuwr khoa: Cym ttr, giao thoa, khai quat hoa
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ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARWI SONRCE 0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Tinh chat quang hoc clia hé exciton trong trang thai ngung tu

D4 Thi Hong Hai", Nguyén Xuan Chung, H5 Quynh Anh
B¢ mén Vit Iy, Truong Pai hoc Mo - Dia chat

TOM TAT

Trong bai bao nay, tinh chat quang hoc ciia hé exciton trong trang thai ngung tu dya trén du hiéu ciia do
dan quang da dugc nghién ciru thong qua md hinh Falicov-Kimball mé rong c6 twong tac dién tir - phonon.
Str dung gan dung Hartree-Fock, chung toi rut ra hé phuong trinh ty hop xac dinh tham sd trat ty trang thai
ngung tu exciton. Trén co s¢ 1y thuyét Kubo vé phan hoi quang hoc tuyén tinh, biéu thirc giai tich cua do
dan quang da duoc tim thdy. Két qua tinh s6 khao sat dau hiéu ctia ¢ din quang da khang dinh anh huong
clia 4p sudt ngoai va nhiét d6 lén trang thai ngung tu exciton. Cac két qua nghién ciru nay rat ddng gia trong
viéc hiéu rd sy hinh thanh va tinh 6n dinh ctia trang thai ngung tu exciton trong h¢.

Tir khéa: DO dan quang, ngung tu exciton, md hinh Falicov-Kimball, twong tac dién tir - phonon.

1. D3t vin dé

Trong ban kim loai hay ban dan c6 khe ning lugng hep, cac 16 tréng & dai hoa trj 6 thé lién két véi cac
dién tr ¢ dai din nho lyc hit tinh dién Coulomb hinh thanh nén gia hat boson goi 1a exciton. O nhiét d6 du
thip v6i mat d6 du 16n, nhimg exciton ndy co thé ngung tu trong mot trang thai luong tr méi (Moskalenko
va Snoke, 2000). Tuy theo cudng do thé twrong tic Coulomb manh hay yéu ma exciton c¢6 thé ngung tu
trong trang thai BEC (Bose-Einstein condensed) hay BCS (John Bardeen - Leon Cooper - Robert
Schrieffer) twong ty nhu trang théi siéu dan cua cac cip Cooper. Trang thai ngung tu ciia cic exciton da
duoc dé xuat vé mit 1y thuyét tir hon 60 nam trudc (Mott, 1961). Vi khdi lwong hiéu dung nho, nhiét do
t6i han cho chuyén pha trang thai ngung tu cia exciton co6 thé dat duoc 6 nhiét d6 phong. Vi vay, voi tiém
nang ng dung trong cong nghé, viéc khao sat ky ludng cac yéu t6 anh hudéng dén chuyén pha trang thai
ngung tu exciton trong cac hé vat liéu va tinh chat dong hoc cua trang thai ngung tu dang rat duoc quan
tam nghién ctu.

Trong nghién ctru 1y thuyét vé sy hinh thanh va ngung tu ciia exciton, ngudi ta thudng ding mé hinh hai
dai nang lugng, trong d6 mo hinh Falicov-Kimball m¢ rong (Extended Falicov-Kimball model — EFKM)
12 m6 hinh tiéu biéu va thuong dwoc sir dung nhiéu nhat (Ninh, Q.-H., Phan, V.-N, 2021; Zenker, B. va
nnk, 2010; Kaneko, T. va nnk, 2013). M6 hinh EFKM 14 m hinh c6 tinh t6i su nhay tryc tiép dién tir dai
¢ va dai f va thira nhan sy két cap cua dién tir ¢ v6i dién tir £ thong qua twong tac Coulomb. Vi md hinh
nay, ngudi ta xem nhu ghép cap dién tr ¢ - f tuong duong véi mot trang thai exciton. Tuy nhién, khi st
dung mo6 hinh nay, tuong tac gitia dién tr v&i phonon da hoan toan bi bo qua. Trong khi d6, twong tac nay
¢6 vai trd quan trong trong viéc hinh thanh va ngung tu cta exciton, dic biét 14 trong cac kim loai chuyén
tiép. Ch'fmg han nhu, trong vat liéu TmSeo.4sTeo 55, dudi sy hd tro ciia phonon, mot trang thai lién két exciton
cua 16 tréng 4f va dién tir 5d c6 thé dugc tao thanh. Tai nhiét d6 du th'?ip va ap suit trong khoang tir 5-
13kbar, trang thai ngung tu exciton c6 thé duoc thiét 1ap (Wachter va nnk, 2004; Wachter, 2018). Hay trong
vat liéu Ta;NiSes, anh hudng cua tuong tac dién tr - phonon manh 1én sy hinh thanh trang thai ngung tu
exciton ciing dd duoc khang dinh (Volkov, P. A va nnk, 2021; Zhang, Y-S. va nnk, 2021). Do vy, twong
tac giira dién tir v6i phonon can phai dugc dwa vao tinh toan va xem xét ki ludng.

Trong mdt sé nghién ctru trude, chung t6i da khao sat trang thai ngung tu exciton trong mé hinh EFKM
c6 tuong tac dién tir - phonon (Thi-Hong-Hai-Do va nnk, 2017; Thi-Hong-Hai-Do va nnk, 2019; B4 Thi
Hodng Hai va Phan Van Nham, 2018). Trong d6, chung toi di thiét 1ap gian d pha trang thai ngung tu
exciton cua mo hinh cung vai thao luan kich ban giao nhau BCS-BEC cua céc trang thai ngung tu dudi anh
hudng ctia nhiét d9, thé twong tic Coulomb va twong tac dién tir - phonon thong qua nghién ctru tinh chét
clia tham sd trat ty trang thai ngung tu. Tuy nhién, mot sd két qua nghién ctru gan day vé d¢ dan quang trén
vat liéu TaxNiSes da khéng dinh exciton hinh thanh trude khi ngung tu, ngay ca khi hé o trang thai ban kim
loai (Sugimoto, K. va nnk, 2018; Lee, Jinwon va nnk, 2019). Diéu nay hoan toan trai ngugc vdi quan niém
trude do vé su hinh thanh va ngung tu cua exciton (Bronold, F. X. and Fehske, H., 2006). Do do, dé co thé
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mb ta chi tiét hon chuyén pha trang thai ngung tu exciton trong hé, can phai nghién ctru k¥ ludng cac tinh
chét dong hoc cua sy ngung tu dac biét ¢ 1an can diém chuyén pha nhu d6 dan quang, ham cam ung exciton
dong, ...

Trong bai bao nay, chung toi tap trung nghién ctru anh huéng cta nhiét d6 va ap suat ngoai Ién trang
thai ngung tu exciton trong mé hinh EFKM ¢6 su hién dién ctiia phonon théng qua phan tich dau hiéu cta
d6 dan quang trong trang thai ngung tu. St dung ly thuyet Kubo vé phan hdi quang hoc tuyen tinh, biéu
thirc giai tich cua do dan quang da dugc tim thay. Tinh chat quang hoc cta hé dugc suy ra tir diu hiéu cta
do dan quang s& cung cap nhiéu théng tin ¢6 gia tri vé su ngung tu cua exciton trong hé. Trén co s& do,
chung ta c6 thé hiéu dwoc ban chit dong hoc cta su chuyén pha trang thai ngung tu exciton trong hé.

Bai bao dugc chia thanh 4 phan. Trong d6, ching toi trinh bay mé hinh EFKM c6 tuong tac dién tir -
phonon va 4p dung gan dung Hartree-Fock cho mé hinh dé tim ra phwong trinh tu hop xéac dinh cac gia tri
ki vong trong phan 2. Ciing trong phan nay, biéu thirc giai tich ctia d¢ dan quang da dwoc suy ra dya trén
1y thuyét Kubo. Bang phuong phép tinh sé giai hé phuong trinh tu hop, cac gia tri ki vong va gia tri cu thé
ctia 40 dan quang dugc tim thay. Két qua tinh s6 va thao luan dugc trinh bay trong phan 3 ctia bai bao. Cubi
cung, phan 4 1a két luan ctia bai bao.

2. M6 hinh va tinh toan ly thuyét )
beé khao sat trang thai ngung tu exciton, ching ta xuat phat tr Hamiltonian cia m6 hinh EFKM c6 tuong
tac dién tur - phonon duogc viét trong khong gian xung lugng nhu sau

‘ H = Ho+ Hin (1
trong do, thanh phan khong twong tac cua hé phonon va hé dién tir 1a
Hy = ) (@opipi + ebcla+ & filfi) @

Kk

vai pl(p); el (i) va £T(fi) 1an Tuot 1a cc toan tir sinh (huy) phonon, dién tir ¢ trén dai dan va dién tir
ftrén dai hoa tri mang xung lwong k. Trong gan ding lién két chit, niang lugng tan sic cua dién tir ¢ va dién
ti f dugc cho bdi

e/l = el — <y —p (3)

voi sli/ " a nang luong tai niit cia dién tir ¢ va dién tir £ t°/7 1a tich phan nhay nat. Trong mang vudng
hai chiéu vé6i hing s6 mang a = 1, budc nhay trong mang tinh thé 1a y = 2(cosk, + cosk,)vapula thé
hoa hoc. S6 hang con lai trong Hamiltonian (1) mo ta phﬁn tuong tac Coulomb cta hé dién tur va tuong tac
cua h¢ dién tu voi phonon

U
Hine =3 Z O vqCicofi_afic + \/%Z[C.quk(piq +Pq) + fid cira (P4 + P-q)] (5)
kkr,q kq
v6i U 1a cudng d6 thé twong tac Coulomb giita dién tir ¢ va dién tir f, g 13 hing sb twong tac dién tir -
phonon va N 14 s6 nit mang tinh thé.
Bo qua cac sO hang vo cung bé va hing sb trong gan ding Hartree-Fock, Hamiltonian trong phuong
trinh (1) dwoc viét lai nhu sau

HHAF = HIF + Hyyr (6)
trong d6 phan dién tir
HET = Gl SR +8 ) (hrafi + Al ra) @
; k. K
véi nang lugng tan sac tai chuan hoa cua cac dién tir
gli/f — Sli/f + Unfle (8)

6 day, n° =~ Nidcfa) van/ = ~Tu(fil fi) 1an luot la mat o dién tir ¢ va mat do dién tir £ Phan dién
tir ndy duge chéo hoa bang cach sir dung phép bién déi Bogoliubov (Bogoliubov va nnk, 1959) véi cac toan
tur gia hat fermion aqy va ay

A1k = $kCieq + Mefi 9
. A2k = — NMkCkiq T Skfx (10)

Con phan phonon
}[xf = w, Z p;ipk + \/NA(piq+p_q) (11

K
duoc chéo hoa bang viéc dinh nghia toan tr phonon maéi Py. Trong cong thuc (7) va (11), cac trudong
thém vao
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__v 9t
5= NZ@H T Platpa) (12)
g *
A= Nzk:((sk +8y) (13)

duoc xem la cac tham sb trat ty trang thai ngung tu exciton do chtra sb hang (8y) = (cf: +q fi) biu thi sy
lai hoa cua dién tur ¢ va dién tir f. Tham s6 trat tu khac khong thé hién hé ton tai trong trang thai ngung tu
exciton. Thong qua khao sat tinh chét cua tham sé trat tu, sy hinh thanh va ngung tu cla exciton da dugc
chiing t6i nghién ctru k¥ ludng trong cac cong trinh (Thi-Hong-Hai-Do va nnk, 2017; Thi-Hong-Hai-Do va
nnk, 2019; B3 Thi Hong Hai va Phan Vin Nham, 2018).

Két qua ta thu duge Hamiltonian chéo hoa hoan toan viét dudi dang toan phuong ciia cic toan tir sinh
va huy nhu sau:

Haiq = Z(Eﬁaikalk + Egajiaz + woR B (14)
K
trong do, cac nang lugng gia hat dién tir dugc cho boi
o A+ &g _sen(8] — &.q) (15)
kK Dk
2 2
voi:
9 1/2
N = (8] - t1q)” + 41617 (16)
Str dung Hamiltonian trong phuong trinh (14), ching ta thu dugc:
g 6
(81 = e (B = np (B))sgn(& — &) - (17)

trong do, ng (E&z) 12 ham phan bd Fermi-Dirac va

k= (18)

1+ sgn(ek - ek+q

ek+q)]

2

1 . ek
g = 5[1 — sgn(&) - k+q) - l (19)

Trong nghién ctru nay, ching t6i khao sat tinh chat quang hgc cua h¢ exciton trong trang thai ngung tu
thong qua phén tich tinh chat cua d6 dan quang. Trong 1y thuyt phan hoi tuyén tinh, cng thire Kubo cho
d6 dan quang duoc viet dudi dang sau (Bruus, H. and Flensberg, K., 2004):

T 1§ (K")))ge (20)
Kkr

O day, ((jT(K)|j(k")))s chinh la ham Green hai hat d6i véi Hamiltonian  va toan tir dong phu thudc
xung lugng. Véi h¢ exciton dugc mo ta boi Hamiltonian trong phuong trinh (1), toan tor dong c6 dang:

[
o(w) = wN?

j(K) = viclo + v fil fi 1)
trong do:
c/f
pelf 208 _ _esr Ok (22)
k Jk Jdk

1a van téc ctia cc dién tir ¢/f. Sir dung phép bién ddi Bogoliubov (9) va (10), ta c6 thé biéu dién toan tir
dong qua cdc toan tir gia hat fermion ayy va azg. St dung Hamiltonian chéo héa ¢ phuong trinh (14), viet
phuong trinh chuyén dong cho ham Green hai hat, cuoi cung ta tim dugc phan thuc cia d¢ dan quang:

o() = iNZ g vk — w)? e (B — np (B1[8(w + B — ) — (0 — B +ED]  (23)

Nhu viy, bang VleC giai cac phuong trinh (8), (12) va (17), chung ta co thé xac dinh dugc cac gia tri ky
vong, tir d6 tim duoc gia tri cta phan thuc d6 dan quang theo phuong trinh (23).

3. Két qua tinh s6 va thio luin

Dé phan tich chi tiét tinh cht quang hoc cua hé exciton trong trang thai ngung tu, trong phan nay chiing
t6i biéu thi cac két qua tinh s6 do dan quang duoc xac dinh boi phuong trinh (23). Bé lam dugce didu do,
chung t6i thiét 1ap chuong trinh tinh s6 giai tu hop cac phwong trinh (8), (12) va (17) dé x4c dinh cac gia
tri ki vong. Trong tinh toan 50, chung t6i chon #° = 1 la don vi cua ndng lugng va c6 dinh #=-0.3 tuong
mg véi |t] < £ thé hién cac 16 tréng & dai hoa tri kém linh dong hon céc dién tr ¢ dai dan. Viéc lya chon
gié trj cua cac tham s6 nay hoan toan phu hop véi trudng hop exciton khe truc tiép (Brydon, P. M. R., 2008;
Zenker, B. va nnk, 2010). Khi do, tAt ca cac dai lugng khac déu duoc tinh theo don vi cua . Trang thai
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ngung tu exciton thuc té ¢6 thé quan sat duoc trong cac hé co s6 chiéu khac nhau. Nhing tinh toan 1y thuyét
trong nghién clru nay dwa trén co' s¢ cua ly thuyét truong trung binh nén két qua thu duoc khong phu thude
dang ké vao sb chiéu ctia hé. Do d6, dé tinh toan sd, chiing toi chon hé hai chiéu gdm N = 500 x 500 nut
mang va thé hoa u dugc thay ddi sao cho théa man truong hop 1ap ddy mot nira, tirc 1a tong mat do dién tir:
w'+ n¢ = 1. Trong cac nghién ciru trude d6, chung t6i da khang dinh exciton ngung tu trong mot khoang gia
tri giéi han cua thé twong tac Coulomb. Chinh vi vay, trong nghién ctru nay, ching toi lya chon thé tvong
tac Coulomb U = 3.0 du 16n dé co thé thiét 1ap trang thai ngung tu exciton. Trong nghién ciru gan day,
chung t6i ciing d4 khang dinh céc exciton xung lugng khong thuan loi nhat trong viée thiét 1ap pha ngung
tu nhiét do thap (Thi-Hong-Hai Do and Van-Nham Phan, 2022). Diéu niy ciing hoan toan phu hop voi
trang thai cua cac exciton dugc quan sat gén day trong vat liéu Ta,NiSes (Volkov, P. A. va nnk, 2021;
Zhang, Y-S. va nnk, 2021). Do do, trong nghién ctru nay, ching t6i chi xét trang thai ngung tu cia cac
exciton xung lugng khong dé thao luan vé tinh chat quang hoc cuia hé exciton trong trang thai ngung tu.

Trudc tién, ching toi xem xét sy 6n dinh ciia trang thai ngung tu exciton théng qua phan tich sy phu
thudc nhiét d6 ctia do dan quang. Phén thuc cua d6 dan quang dai dién cho h?ip thu quang hoc va cung cép
thong tin vé sy hinh thanh cac exciton trong h¢. Trén Hinh 1, chiing t6i biéu thi phan thyc cta d6 dan quang
o( w) & cac nhiét do khac nhau khi e€ — &/ = 2.0 g v6i hai gié tri ctia hiang sb tuong tac dién tir - phonon.
O nhiét d6 thap, do twong tic Coulomb U = 3.0 du 16n nén sy lai hoa giita cac dién tir trén dai din va cac
16 tréng trén dai hoa tri ¢6 thé duoc hinh thanh va trang thai ngung tu exciton duoc thiét lap. biéu d6 duoc
biéu thi bang dinh sic nét trong quang phd d6 din quang tai mot tan s6 nhét dinh w. = 28 hay gié tri khac
khong cta tham sb trat ty exciton & (xem phan hinh nho ¢ goc bén phai mdi hinh). Khi @ < a., d6 dan
quang o @) hoan toan bang khong. Tang nhiét do, ning lugng nhiét 16n lam pha hiy trang thai ghép cip
dién tu-15 tréng. Do d6, dinh cua phd d6 dan quang di chuyén sang trai twong ing voi sy giam gia tri cia
tham s6 trat ty va trong lugng phd giam dang ké. Piéu d6 c6 nghia trang thai ngung tu exciton bi suy yéu.
O nhiét do du cao, tat ca cac cap dién ti-16 tréng déu bi phé hiy va hé ton tai trong trang thai plasma cia
dién ttr va 16 trong. Do d6, tham sd trat ty bang khong va ¢ din quang c6 dang Drude nhu trong trang thai
kim loai thong thuong (xem dudng lién nét tmg voi T. = 0.172 trong Hinh 1a va T, = 0.385 trong Hinh 1b).
Gia tri nhi¢t dd nay dugc xem la nhiét d6 t61 han cho chuyén pha trang thai ngung tu exciton. Hinh 1 ciing
cho thay anh hudng dang ké ciia tuong tac dién tir - phonon 1én trang thai ngung tu exciton. That vay, khi
khong c6 twong tac dién tir - phonon (g = 0), Hinh 1a cho thiy tin s tmg véi dinh cta phé d6 din quang
hay tan s6 cta anh sang kich thich c6 gia tri nho hon so véi khi c6 tuong tac dién tir - phonon (g = 0.6 trong
Hinh 1b). Gi4 tri nhiét do t6i han cho chuyén pha trang thai ngung tu exciton ciing tang 1én khi c6 sy hién
dién cua tuong tac dién tir - phonon.

0.06 T T T 0.07 T T r T T
a)g=00 | S b) g=0.6
0.05 )3 0.06 1 : '.Ilii E
i o2 | 12a
’ 0.054 ! | 1
0.04 } . i 01 H : .,ZJI
E . e e R i e | ,é‘ 0.044 : : ""|. 3 s ,:
“6' 0.03 15 0.00 008 owTJ 5 020 028 E ':. 1] 2 03 04
i 0.034 : " .
; o T
0.02 ' | i 150 i T:g 20
: i - T=0.10 0.02 4 o i .
: ] - T20.15 $=g.20
0.01 ga o Y T=0.16 B
Hl 0.014 -
S ——T=0.172 i A Te0.3638
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Hinh 1. Phan thyc cua do dan quang o @) voi cdc gid tri khdc nhau cua nhiét do T khi €“ — ¢’ = 2.0
ikng voi hai gid tri ciia hang sé tieong tdc dién tik - phonon g = 0 (a) va g = 0.6 (b). Hinh nhé & géc
bén phai méi hinh biéu thi su phu thudc nhiét do cua tham 6 trt tw trang thai ngung tu O.

Tiép theo, dé nghién ctru anh hudng ctia ap suat bén ngoai 1én tinh chat quang hoc cua trang thai ngung
tu exciton trong hé, chung t6i biéu thi trén Hinh 2 phan thuc cia d6 din quang o @) v6i cac gia tri khac
nhau ctia hiéu hai mirc ning luong tai nut cua dién tir e€ — &/ & nhiét do béng khong rng véi hai gia tri cia
héng sb twong tac dién tir - phonon. Hiéu hai murc ning lugng € — e/ nay dai dién cho su xen phﬁ gitra cac
dai dan va hoa tri khong tuong tac, thé hién tac dong cia ap suat bén ngoai 1én h¢. That vay, tai e — &/ =
0, dai dan va dai hoa tri xen phti manh tuong Umg voi ap suét bén ngoai 16n tac dung 1én hé. Trong truong
hop nay, d6 din quang biéu thi mot dinh séc nét véi trong lwong quang phd cao va dot ngot giam xudng tai
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tan s6 toi han @.. Tang € — &/ sao cho dai hoa tri di chuyén ra xa dai dan tic 13 ap suat bén ngoéi tac dong
1én hé giam thi vi tri dinh ctia d6 din quang dich chuyén sang trai tuong Gmg voi sy glam dan @.. Su glam
trong lugng phd khi tang £€ — &/ ciing cho thiy su suy giam ctia lai hoa dién tir-16 trong do sy giam ap sut
bén ngoai (xem cac hinh nho bén trai). Pac biét, ¢ €€ — ef rét cao, chang han tai €€ — ¢/ = 2.5, hai dai
nang lugng tich xa nhau, hé ¢ trang thai ban dan théng thudng va phan hoi quang duong nhu khéng dang
ké (xem hinh nho bén phai cua Hinh 2a va duong lién nét trong Hinh 2b). So sanh Hinh 2a va 2b, chung ta
mot 1an nita khang dinh vai tro cua tuong tac dién tur - phonon trong sy 6n dinh cua trang thai ngung tu
exciton. Khi twong tac dién tir - phonon du 16n (g = 0.6), tan s (mg véi dinh cta phd d6 din quang hay tan
s0 ctia 4nh séng kich thich 16n hon so v6i khi khong c6 tuong tac dién tir - phonon (g = 0). Diéu nay cing
¢6 nghia lai hoa dién tir-15 trong dugc ting cudng khi ¢6 sy hién dién cia twong tac dién ti-phonon. Ap
suat toi han cho chuyén pha trang thai ngung tu exciton ciing tang 1én khi c6 sy hd trg ctia phonon.

031 . . 0.25 17— :
P a) g=0.0 £l b) g=0.6
| oa = Lot
1 | oo — 0204
0.2+ \ s E o _ i
- i \ — 0.5 : !
e 00 03 3 20 23, M 1 e a— - " - — ! !
o c — )0 E 25 30 f
B = B
0.10
0.1 i
0.05
0.0 R i 0.00
0 1 2 3 4 0 1 2 3 4

Hinh 2. Phén thuc ciia @6 dén quang o @) voi cdc gid tri khdc nhau cua hiéu nang lwong tai niit cua
dién tr &€ — ef tai nhiét do khong vng voi hai gid tri cua hcfng 56 tuong tac dién tr - phonon g = 0 (a)
va g = 0.6 (b). Hinh nho ¢ goc bén trdi méi hinh biéu thi tham s6 trdt tw trang thai ngung tu 6 nhw mot

ham cuia €€ — €f . Hinh nhé bén phdi cia Hinh a biéu thi of ) khi €€ — &f = 2.5.

4. Két luin

Nhu vdy, trong bai bao nay, ching t6i da nghién ctru tinh chit quang hoc cua hé exciton trong trang
thai ngung tu thong qua khao sat d6 dan quang trong mo hinh Falicov-Kimball mo rong c6 tuong tac dién
tir - phonon. Sir dung gan dting Hartree-Fock, hé phuong trinh tu hop xac dinh tham sé trat tu trang thai
ngung tu exciton da dugc rit ra. Trén co so 1y thuyét Kubo vé phan hdi quang hoc tuyén tinh, chiing t6i thu
dugc biéu thirc giai tich cua do dgm quang. Thyc hién chuong trinh tinh s& dé khao sat sy phy thudc ctia o
dan quang vao nhiét do va ap suét ngoai, ket qua cho thiy, trong trang thai ngung tu exciton, do dan quang
cho thay dinh sdc nét xuat hién ¢ tan s6 gap hai lan tham s trat ty ngung tu exciton. Tang nhi¢t d§ hay
giam 4p sudt ngoai, dinh ctia phd d6 din quang di chuyén sang trai va trong luong phd giam. Dinh phd tré
nén it c6 y nghia hon néu hé khong & trong trang thai ngung tu.

Loi cam on . )
Nghién ciru nay duoc tai trg bdi Bo Gido duc va Pao tao trong dé tai ma s6 B2021-MDA-14.
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ABSTRACT

Optical properties of the exciton system in the condensed state

Do Thi Hong Hai", Nguyen Xuan Chung, Ho Quynh Anh
Hanoi University of Mining and Geology

In this paper, the optical properties of the exciton system in the condensed state have been investigated
through the signature of the optical conductivity in the extended Falicov-Kimball model including the
electron-phonon interaction. Using the Hartree-Fock approximation, we have derived a set of self-
consistent equations determining the order parameter of the excitonic condensate state. In the linear
response theory, the optical conductivity has been inspected by using the Kubo formula. The numerical
results of the optical conductivity have confirmed the influence of the external pressure and the temperature
on the excitonic condensation. Our results are valuable in understanding the formation and stability of the
excitonic condensate state in the system.

Keywords: optical conductivity, excitonic condensate, extended Falicov-Kimball model, electron-phonon
interaction.
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ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
e VATAINGUYEN VOI PHAT TRIEN BEN VI’NG (ERSD 2022)
SUSTAINABLE DEVELOPMENT

Nghién ctru kha ning xtr 1y ion Ni** trong nude bang vat liéu ty nhién
sericit & mo Son Binh, Ha Tinh

V& Thi Hanh ", Lé Thi Duyén'?, Nguyén Manh Ha', D6 Thi Hai',
Nguyén Thi Thanh Thao?, Bui Hoang Bac?
! Khoa Khoa hoc co ban, Truong Pai hoc M6 - Dia Chat
2 Trung tam phan tich, thi nghiém céng nghé cao, Truong Pai hoc Mo - Dia Chdt
3 Khoa Khoa hoc va Ky thudt dia chat, Trieong Bai hoc M6 - Pia Chat

TOM TAT

Nguyén liéu sericit tu nhién khu vuc Son Binh, Huong Son, Ha Tinh dugce su dung phap phu ion Ni2+ trong
moi truong nudce. Cac yéu to anh huong t6i dung luzong va hiéu suat hap phy nhu pH, thoi gian tiép xtic,
khdi lwong chat hap phu va nong d6 ban dau cta Ni2* lan luot dugc khao sat. Két qua chi ra rang trong diéu
kién tai pHo 7, 20 g/L sericit, nong d6 ban dau cta Ni* 40 mg/L, sy hap phu Ni2* dat can bang sau khoang
60 phut tiép xtic, dung lugng hip phu dat 1,8 mg/g va higu suat dat 88 %. Qua trinh hap phu tuin theo mo
hinh déng nhiét hap phu Langmuir véi dung luong hap phu don 16p cuc dai bang 3,86 mg/g va tuan theo
phuong trinh dong hoc hip phu gia bac 2.

Tir khéa: Sericit, X Iy Ni2*, Hap phu.

1. Dit vin dé

Hién nay ¢ Viét Nam, cac khu cong nghiép hinh thanh véi sb luong va quy mé ngay cang lén, dem lai
cho dit nude nhiéu loi ich vé kinh té - xa hoi. Nhung bén canh d6, nd cling tao ra mot lugng 16n cac chét
thai vao moi trudng, dic biét 1a vao moi trudng nudc. Hang ngdy, wdc tinh c6 khoang hon mét triéu m?
nude thai dwoc thai ra tir cic khu cong nghiép, nhung trong sé d6 chi c6 khoang 30% la nudc thai da qua
xt ly. Lugng nudc thai cong nghiép con lai dugc thai tryc tiép vao hé théng thoat nudc nhu song, hd, ...
Diéu nay da giy ra nhing tac dong nguy hai nghiém trong cho méi trudng ciing nhu strc khoe con nguoi.
Cac ion kim loai nang nhu Ni**, Cu*, Cd*", Pb*", Zn*', ... v6i ham lugng vuot ngudng cho phép tir chat
thai cong nghié¢p chinh 1a nhitng tdc nhan gay ra 6 nhlem cho méi truong nude. Do do, véan dé xir 1y cac
kim loai ndng c6 trong nudc thai cong nghiép dang tré thanh mot trong nhiing van dé cép thiét.

Sericit 14 mot trong cac khoang chat cé trong tu nhién. O nudc ta sericit cung dang dugc khao khat ¢
nhiéu dia phuong, dic biét 1a khu vuc Huong Son, Ha Tinh. Do kha ning hip phu va trao ddi cation cao,
sericit da dugc cac nha khoa hoc trén thé gidi nghién ciru, sir dung dé xir 1y cac ion kim loai ning trong
nudc nhu Cu?* (Hyoung, 2007), Pb>* (Hyoung, 2007; Hee-Jeong Choi, 2019; Seung Mok Lee, 2014), Ni**
(Taik-Nam Kwon, 2013; Ju-Hyun Cha, 2015), Mn** (Seung Mok Lee, 2014) ... va cdc anion ddc hai nhu
PO4*, As (III), As (V) (Cheongho Lee, 2017), U(VI) (Yubing Sun, 2016), .... Tuy nhién & nudc ta, viéc
nghién ctru tmg dung cua sericit méi chi dimg lai trong viéc nghién ciru sir dung lam chét don gia cuong
cho vat liéu polyme (Nguyen Viét Ding, 2012) va cho cao su thién nhién (Ngb Ké& Thé, 2009)... Do do,
trong bai bao nay, nbi tiép cac nghién ctru vé sericit (Nguyen Thi Thanh Thao, 2014; Nguyen Thi Thanh
Thao, 2016; Vo Thi Hanh, 2022), chung t6i gidi thiéu két qua nghién ctru vé cac yéu t anh huong dén
dung luong va hiéu suét hip phu ion Ni?* ctia sericit tu nhién & ving Son Binh - Ha Tinh nhu pH, thoi gian
tiép xtc, ndng do ion Ni2* ban dau, khéi lugng chét hap phuy.

2. Co sé Iy thuyét va phwong phap nghién ciru
2.1. Vit li¢u sericit tw nhién ¢ mo Son Binh - Ha Tinh

Mau nghién ctru dugc 14y sau cong doan tuyén ciia mo sericit vimg Son Binh, Huong Son, Ha Tinh. Sau
d6, cac mau duoc tron déu va dugce tach loc & cac c& hat < 20 um theo phuong phap phan tich ray theo mot
s6 cAp hat va phan cép thiy luc theo phuong phap ling ty nhién. Mau sau khi tach dwoc sdy kho ¢ nhiét do
60°C va dugc st dung dé nghién ciru cac dic trung hoa 1y nhu thanh phén pha béng gian dd nhidu xa tia X,
thanh phan hoa hoc bang do phd tan xa ning lugng tia X (EDS), khbi phd cam tmg Plasma (ICP-MS) va
két qua nghién ctru duge nhém nghién ctru cong bd & cong trinh (V3 Thi Hanh, 2022).

* Tdc gia lién hé
Email: vothihanh@humg.edu.vn

1167


https://db.vista.gov.vn:2071/indexinglinkhandler/sng/au/Hee-Jeong,+Choi/$N?accountid=47774

2.2. Xdc dinh pHpzc ciua vt liéu sericit

Gié tri pH ma tai d6 bé mat sericit trung hoa dién tich (pHpzc) duoc x4c dinh bang phuong phap do d6
1éch pH. Trong phuong phap nay 0,25 g nguyén li¢u sericit dugc cho vao 50 mL dung dich KC10,01 M ¢6
pH ban dau (pHo) khéc nhau, duoc dleu chinh bang dung dich HC1 0,01 M hodc NaOH 0,01 M. Hén hop
sau d6 duoc khudy bang may khudy & toc d6 800 vong/phut trong 30 phit. Cubi cung, loc liy dung dich va
xéc dinh lai pH (pHs) cta nudc loc, tir d6 tinh ApH va v& d6 thi biéu dién su bién doi ciia ApH theo pH.
Gia tri pHpzc 1a pHy tai d6 ApH = 0.

ApH = pHo — pH; (1)
2.3. X ly ion Ni?* trong nudc ciia vt lidu sericit

Kha nang hip phu Ni** cta bot sericit dwoc nghién ctru bang cach cho mot lugng bot sericit da dugc
nghién citu & trén vao binh chira 50 ml dung dich gia thai chira ion Ni?* ¢ cac diéu kién can nghién ctru.
Dung dich gia thai dugc chuin bi trong phong thi nghiém, sir dung mudi Ni(NO3), hoa tan vao nude & cac
ndng d6 khac nhau, dung dich dugc diéu chinh pH bang dung dich HC1 0,01 M hodc NaOH 0,01 M.

Cac yéu té anh huong dén qua trinh hdp phy nhu: thoi gian tiép xtc, pH, khdi lugng chat hap phuy, nong
d6 dung dich Ni%* ban dau da duoc khao sat. Cac thuc nghiém dugc tién hanh bang cach cho mot lugng
sericit vao binh chira 50 ml dung dich Ni?* ¢6 ndng d6 ban dau thay ddi tir 10 + 60 mg/L, thoi gian hap phu
bién d6i tir 10 + 100 phut, pH cua dung dich dugc khao sat tir 4,5 + 7,3, khdi lwong bot sericit thay doi 4 +
30 g/L. Hon hop sau d6 dugc khudy bang may khudy tir véi te do 800 vong/phut. Sau khi hap phu, loc
tach chat ran, liy phan dung dich dé dinh lwong ion Ni2* con lai bang phuong phap khéi phd cam tng
Plasma (ICP-MS).

Dung lwong hp phu va hiéu suit hap phu dugc xac dinh bang phuong trinh (2) va (3).

Q=(Co—-C).V/im 2)
H = (Co— C).100/Cy 3)

Trong do: Q (mg/g) va H (%) lan luot 14 dung lwong hap phu va hiéu suit hip phu; Co (mg/L) va C
(mg/L) lan Iuot 13 nong d6 ion Ni%* ban ddu va con lai sau hip phu; V 1a thé tich dung dich hip phu (L); m
1a khdi lwong bot sericit (g).

Kha nang hip phu Ni2* ctia bot sericit dugc tinh toan dwa trén duong hip phu ding nhiét Langmuir va
Freundlich. Phuong trinh tuyén tinh Langmuir (4) va phuong trinh tuyén tinh Freundlich (5) nhu sau:

C_C 1

Q Qm KL‘Qm (4)

LnQ = LnKy + l.LnC (5)
n

vi Ce (mg/L) 12 ndng do ion NiZ* & trang thai can bing, Q (mg/g) 1a dung luong hap phu ¢ trang thai
can bang, Qm (mg/g) 1a dung luong hip phu cuc dai, Ki 1a hang s6 Langmuir, K¢ va n 1a cac hing sb
Freundlich.

Dong hoc ciia qué trinh hap phu dwoc nghién ctru theo hai mé hinh dong hoc: mé hinh gia bac 1 (phwong
trinh 6) va md hinh gia bac 2 (phuong trinh 7).

In(Qe — Q) = InQe — kit (6)
t/Qy = t/Qe + 1/(k2. Q%) (7

Trong d6 Q. 1a dung luong hap phu ¢ trang thai can bang (mg/g), Q; 1a dung luong hip phu & thoi diém

t (mg/g), ki va ks 1an luot 1a cac hang s toe do bac 1 (phut™) va bac 2 (g/mg/phut).

3. Két qua va thio luin

3.1. Xdc dinh pHpzc ciia vat liéu sericit
Su bién ddi cua ApH theo pHo dugc gidi thidu trén hinh 3. Tir d6 thi nhan thay ApH =0 tai gia tri pH,
bang 6,44. Piéu ndy c6 nghia 12 pHpzc (gi4 tri pH tai d6 bé mait trung hoa dién tich) cua sericit bang 6,44.
2,54
2,0-
1,54
1,0
0,5-
ApH 0,0
.0’5_
-1 ’O m
-1 ’5 m
-2,0
2,54

y=0,8864.x - 5,6767
R*=0,9927

pH
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Hinh 1. Suw bién doi ApH theo pHo

3.2. Khdo sdt cdc yeu to danh huwong dén kha néng xiv Iy Ni?*

3.2.1. Anh hwéng cia thoi gian tzep xtic

clia sericit

Anh hudng cta thoi gian tiep xtc dén hiéu suat va dung lugng hap phu Ni2* ctia bot sericit theo thoi gian
dugc thé hién trén hinh 2. Két qua cho thiy khi thoi gian tiép xuc tang, dung lugng va hi¢u suét hap phu
tang. Trong khodng thoi gian khdo sat tir 10 phit dén 100 phut, dung lugng va hi¢u suét hap phu tang dan
6 60 phut dau, sau d6 ting cham va gan nhu 6n dinh, do sy hap phu dat t6i trang thai can bang. Do vay,

thoi gian 60 phit dwoc lwa chon dé xur 1y Ni2*
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Hinh 2. Su bién doi dung lu’gng va hiéu sudt hd'p
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3.2.2. Anh huéng ciia pH
Viéc loai bd ion Ni%*
hap phu. Tur gid tri pHp,e =
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Hinh 3. Sy bién doi dung luong va hiéy sudt hdp

phu theo pH cua dung dich ban dau

7.5

Msericit = 20 g/L; Co = 40 mg/L; t = 60 phiit; T = 25 °C

phu thude nhleu vao pH cua dung dich vi pH lam thay di tinh chat bé mat ctia chat
6,44, tién hanh khao sat & cac pH xung quanh 6,44, nhung dé tranh hién tugng

tao két tiia Ni(OH), trong moi truong mdi truong kiém (pH >17,5), anh huong cua pH dé duoc khao sat
trong diéu kién pH<7S5. Két qua theo di sy thay déi hi¢u sudt hap phu theo pH dugc gioi thi¢u trén hinh
3. Két qua cho thay, trong khoang pH khao sat, hiéu suat hap phu tang khi pH téng. Diéu nay duoc giai
thich 1a do trong mdi truedng axit, sericit bi proton hoa va khi d6 bé mit cua hat s& tich dién duong nén lam

giam sb lugng tim hap phu cua hat va xay ra sy hap phu canh tranh giira ion H* va ion Ni2*

kha niang hap phu cia hat. Vi vay, c6 thé chon pH trong khoang pH = 6,5 + 7,3.

3.2.3. Anh huéng ciia khoi lwong sericit

do d6 lam giam

Két qua khao sat anh huong cia khdi lugng bot sericit dén dung lugng hap phu va hiéu suét xur ly Ni2*
40 mg/L dugc thé hién trén hinh 4. Khi khéi luong tang tir 4 dén 20 g/L, dung luong hap phu giam nhanh

tr 5,4 xuong 1,8 mg/g va hiéu suét hap phu téng nhanh tir 27,1 dén 88,3 %. Khi khoi lugng chat hap phu
tang tir 20 dén 30 g/L, dung luong giam chim tr 1,8 xuong 1,4 mg/g va hiéu suat hap phu tang chém tu

88,3 dén 90,9 %. Do d6, dé thu dugc dung lugng va hiéu suat hap phu Ni2* dong thoi cao thi ¢6 thé sir dung
luong chat hip phu trong khoang 20 + 30 g/L.

3.2.4. Anh hwéng ciia nong dé ban dau
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Hinh 4. Anh hwéng cda,kho”',i lwong sericit dén
dung lwong va hiéu suat hap phu Ni’*
Co=40mg/L; t = 60 phiit; pHy=7; T =25 °C
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Két qua nghién ctru anh huong ctia nong d¢ ion Ni%* ban dau dén dung luUng va hi¢u sut hap phu duogc
the hi¢n trén hinh 5. Khi nong do Niz tdng, dung lugng hap phu tang dan con hi¢u suat hap phu gidm dan.
De dat dugc hiéu suat va dung luong hp phu dong thoi cao, nong 6 Ni>* thich hop c6 thé lya chon tai
ndng d6 40 mg/L.

3.3. Nghién ciru duong ding nhiét hap phu
Tién hanh hip phu Ni%* trong diéu kién ti uu da nghién ctru: 20 g/L sericit voi thoi gian hap phu 60
phit & pH = 7 va ndng d6 Ni2* ban dau thay dbi tir 10 dén 60 mg/L, tai nhiét &6 phong (25°C). Sau d6, xac
dinh ndng Ni2* con lai & trang thai can bang (Ce), tir d6 co thé tinh duoc cac gia tri InCe, InQ va ti s6 Co/Q,
két qua duoc tom tat trong bang 1.
Bdng 1. Cdc gid tri LnC., LnQ, C./Q bién déi theo nong dé Ni** ¢ trang thdi can bdng

Co (mg/L) C. (mg/L) Ln Ce Q (mg/g) LnQ C./Q (g/)
10 0,79 -0,36 0,47 -0,77 1,51
20 1,61 0,48 0,92 -0,08 1,75
30 2,92 1,07 1,35 0,30 2,16
40 4,40 1,48 1,78 0,58 2,47
50 5,74 1,76 2,21 0,79 2,64
60 13,90 2,48 2,41 0,88 4,95

Dua vao két qua bang 1 xay dung dudng dang nhiét hap phu theo mé hinh ding nhiét hap phu Langmuir
(theo phuong trinh 4) va Freundlich (phuong trinh 5), két qua dugc thé hién trén hinh 6a va 6b. Dya vao
db thi cia duong hip phu dang nhiét, xac dinh cac hang sé thuc nghiém: dung lwong hap phu 16n nhat tinh
theo duong dang nhiét Langmuir (Qm); hing s6 can bang hip phu (K1) va cac hang s thuc nghiém Frendlic
(K, n) dugc dua ra trén bang 2. Két qua thu dugc cho thiy, sw hp phu Ni?* trén sericit tun theo ca hai mo
hinh hép phy dang nhiét Langmuir va Freundlich. Tuy nhién, theo mé hinh Langmuir cho két qua phu hop
hon (R? = 0,9953) so v&i md hinh Freundlich (R? = 0,9503). Diéu nay cho thiy qua trinh hip phu Ni** 1a

don 16p.
Bdng 2. Cdc hang so thiee nghiém Q.. K1, Kr, n trong phiong trinh Langmuir va Freundlich
Langmuir Freundlich
Qm KL R? n Kr R?
3,864 2,944 0,9953 1,645 0,659 0,9503
50 10
y =02588.x+1,3122 08 y=06078.x-0,4169 "
#91 R'=09953 sl RE=09503
4.04
o 044
B 35 ~
o <) 0.2
o 804 £ 00

254 -0.24

20 04
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Hinh 6. Puwong dang nhiét hap phu Ni** tai 25°C theo Langmuir (a) va Freundlich (b)

1.0 T T T
0 2 4

3.4. Ppng hoc ciia qud trinh hip phu Ni**

Dua vao két qua nghién ctru anh hudng cua thoi gian hap phu toi dung lwong hap phu Ni2* trong diéu
kién: ndng d6 Ni** ban ddu 40 mg/L; 20 g/L sericit & pH = 7 va tai nhiét do phong (25°C) thé hién trén
hinh 2. Tir d6 xay dung dwoc dd thi cua phuong trinh dong hoc hip phu gia bac mot (theo phuong trinh 6)
va béc hai (theo phwong trinh 7), két qua thé hién & hinh 7.

Dua vao cac do thi thu dugce trén hinh 7 tinh dwoc cac hing s6 tbe do hip phu (k) va dung luong hép phu
& trang thai can bang (Q.). Két qua tinh toan dwoc gi6i thidu trong bang 3. Gi4 tri Q. tinh theo phuong trinh
dong hoc hap phu gia bac 1 (2,510 mg/g) khac xa gi tri Q. x4c dinh tir thuc nghiém (1,785 mg/g). Trong
khi d6 Q. tinh theo phuong trinh dong hoc hap phu gia bac 2 (1,947 mg/g) khong khac nhiéu so véi Q. xac
dinh tir thyc nghiém, dong thoi hé s6 hdi quy R2 = 0,999 ~ 1. Két qua nay chimg t6 qua trinh hap phu Ni>*
bang sericit tuan theo phuong trinh dong hoc hap phu gia bac 2. Hang s6 toc do hap phu xac dinh dugc
bang 0,0623 g/mg/phut.
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Hinh 7. Mé té s6 liéu thuc nghiém bcingphu“ong trinh dong hoc hdp phu gia bac 1 (a)
va gid bdc 2 (b)
Bang 3. Cdc gid tri k va Q. tinh theo phuong trinh dong hoc gia bdc mot va gia bdc hai
Phuong trinh dong hoc gia Phuong trinh dong hoc gia
bac mot bac hai Q. i
I 5 o) S ) thyc nghiém
Qme®) | ghiry | N | mge) | @mgphiy | ° (me/e)
2,510 0,0677 0,9427 1,947 0,0623 0,999 1,785

4. Két luin

Két qua nghién ciru xir 1y ion Ni2* cua vat liéu ty nhién sericit trong méi truong nudc cho thiy qua trinh
hép phu Ni2* chiu sy anh huéng nhét dinh cua cac yéu té pH, thoi gian tiép xtic, khdi lwong chét hip phu
va nong do ban dau ciia Ni2*. Trong didu kién pHy 7 va nhiét 6 phong (25°C), v&i 20 g/L bot hip phu
sericit va nong d6 ban dau ciia Ni%* 40 mg/L, sy hap phu Ni2* c6 thé dat can bang sau khoang 60 phut tiép
xuc, dung lugng hap phy dat 1,8 mg/g va hiéu suit dat va 88%. Két qua nay t6t hon so véi sir dung cao lanh
(dung luong dat 1,669 mg/g [14]) va sir dung than hoat tinh (hiéu suat dat 40 - 70 % [15]) dé xir Iy Ni?".

Qué trinh hip phu Ni?* cta sericit tuan theo mo hinh dang nhiét hap phu Langmuir v6i dung luong hap
phu don 16p cuc dai bang 3,86 mg/g va tuan theo phuong trinh dong hoc hap phu gia bac 2 véi hang s6 toc
d6 phan mg bang 0,0623 g/mg/phiit. Két qua nay cho thay, vat liéu ty nhién sericit khu vuc nghién ciru
chua xir 1y bién tinh c6 tiém ning trong str dung loai bé ion kim loai ning trong ngudn nude 6 nhidm.
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ABSTRACT
Removal of Ni** from aqueous solution using sericite from Son Binh,
Ha Tinh

Vo Thi Hanh"", Le Thi Duyen!?, Nguyen Manh Ha', Vu Thi Minh Hong', Do Thi Hai'
Nguyen Thi Thanh Thao? and Bui Hoang Bac*3
!Department of Chemistry, Basic Science Facultry, Hanoi University of Mining and Geology
2Center for Excellence in Analysis and Experiment, Hanoi University of Mining and Geology
3Faculty of Geosciences and Geology Engineering, Hanoi University of Mining and Geology

Sericite sample from Son Binh, Huong Son, Ha Tinh was used to remove Ni?" ion from aqueous solution.
The effects of factors including pH, contact time, mass of serisite and Ni*" initial concentration on the
adsorption Ni?" efficiency and capacity were investigated. The results showed that the adsorption capacity
and removal efficiency of Ni** reached 1,8 mg/g and 88 % at the suitable conditions: 20 g/L sericite, Ni*"
intinal concentration of 40 mg/L and contact time 60 minutes at room temperature (25°C) and pHy 7. The
adsorption process follows the Langmuir adsorption isotherm model with the maximum monolayer
adsorption capacity of 3,86 mg/g and follows the pseudosecond-order kinetic equation.

Keywords: Sericite, removal of Ni**ion, adsorption.
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ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARRSCNCEs N0 VA TAI NGUYEN VOI PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Ué6c luong xac suat dudi cia nghiém mo hinh CIR
v6i1 nhicu la chuyén dong Brown phén thir

Nguyén Thu Hang"
Truong Pai hoc Mo - Dja chat

TOM TAT

Muc dich cua béo céo nay la str dung cong cu ca giai tich Malliavin dé tim ra u6c lugng xac suat dudi cho
nghiém ciia mé hinh Cox—Ingersoll-Ross (CIR) véi nhiéu I chuyén dong Brown phan thir. Diéu khé khin
1a hé s6 khuéch tan ctia phuong trinh khong thoa méan diéu kién Lipschitz va ting truong tuyén tinh nén
khong thé p dung cac phuong phéap trude d6. Dé khic phuc khé khin nay, chung toi xét mot phuong trinh
trung gian, chirng minh sy ton tai nghiém va tinh kha vi Malliavin, uéc lugng xac sudt dudi cua nghiém
phuong trinh trung gian nay. Sau d6, thong qua mdi quan hé giita hai phuong trinh dé tim ra u6c luong xac
sut dudi cho mo hinh CIR véi nhidu 1a chuyén dong Brown phan thu.

T khoa: CIR model, Fractional Brownian motion, Malliavin calculus.

1. Dit vin dé

M0 hinh CIR 1a mdt trong nhirng mé hinh quan trong trong toén tai chinh, mé ta sy bién dong cua lai
suat. M6 hinh duoc gidi thiéu vao ndm 1985 boi John C. Cox, Jonathan E. Ingersoll va Stephen A. Ross.
M0 hinh CIR c¢6 thé dugc md ta bai phuwong trinh vi phan ngau nhién.

X, = X,+[ (a=bX s+ [ o[X,dB,, 0<i<T, (1)

trong do: X, 1a 1ai suit & thoi diém t; a, b, o 1a cac hﬁng ) duong, a la tdc do diéu chinh, b 1a 13i sut trung
binh dai han, o la d¢ bién dong; B = (B;)o< < r} la chuyén dong Brown tiéu chuan va X, = 0.

Nghiém (X;)(o< ¢< 7} ciia phuong trinh (1) 1a mot qué trinh Markov khong c6 tinh chét "nhé lau". Tuy
nhién, céf: mo hinh tai chinh thuc qthu@ng dac trung bQi "bd nhdé" (xem trong Anh, V., Inoue, ‘A., 2005). Do
do, chuyén dong Brown ti€u chuén can dugc thay thé boi qua trinh khac phu hop hon. Nhi€u nghién ciru
cho thay rang chuyén dong Brown phan th 1a lya chon tot. Mot s0 ing dung cta chuyén dong Brown phén
thir chung ta c6 thé tim thay trong (B.B. Mandelbrot, J.W. Van Ness, 1968; N.T. Dung, 2013). Nhac lai
rang, chuyén dong Brown phan thir véi chi s H € (0,1) 1a mot qué trinh Gauss quy tam B” = (B"),.,.,
v6i ham tuong quan:

1
R,(t,s)=EB"B"]= E(zz” +5 [t =s").
Vé6i H > %, B ¢6 biéu dién Volterra (H. Sugita, 1985, trang 277-279)
B = jo K(t,8)dW,,

trong d6 (W), 1a chuyén dong Brown tiéu chuén,

Ly w2 ot
K(t,s)=c, s> J.(u—s) 2u 2du, s<t
s

HQH -1
va ¢y =\jl ( ) 1 , voi B 1a ham Beta.

pQ-2H.H-)

Trong bai viét nay, chung toi xét mé hinh CIR c6 dang sau:
= ‘(a—b ‘o X.dB", 0<i<
X, =X,+[ (a=bX s+ o[X,dB", 0<i<T, )

* Tdc gia lién hé
Email: nguyenthuhangbmtoan@humg.edu.vn
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trong d6 diéu kién ban dau X, va a,b, o 1a cac hing s6 duong, B/ 1a chuyén dong Brown phan tht voi
chi s6 H > }4. Tich phan ngiu nhién phan thtr theo quy dao ddi véi B dwoc xem nhu 1a md rong ciia
tich phén Lebesgue-Stieltjes, duge gioi thiéu boi Zahle vao nam1998 trong bai viét M. Zihle, 1998.

Mot s6 két qua nghién ciru vé sy ton tai va sy hoi tu nghiém ctia phuwong trinh (2) c6 thé tim thay trong
(D. Nualart, 2006; M. Zihle, 1998). Muc dich ciia chung t6i 1a nghién ctru xac suat dudi cuia nghiém phuong
trinh (2). Day 1a mét trong nhimg ndi dung dang luu tdm vi ham phén phdi x4c suat von 1a mot van dé co
ban cua bién ngau nhién. Trong nhitng nim gan day, udc lwong cho ham mat d6 va ude luong xac suat dudi
d4 va dang dugc nhiéu nha toan hoc trong va ngoai nudc quan tam, chang han nhu udc lugng ham mat do
cua (S. De Marco, 2011; N. T. Dung, T. C. Son, T. M. Cuong, N. V. Tan, T. N. Quynh, 2019; N. T. Dung,
N. T. Hang, P. T. P. Thuy, 2022) va udc luong xac suat dudi nhu (N.T. Dung, 2018; N.T. Dung, T. C. Son,
2019). Cong thém nhitng khé khan trong viéc tim nghlem chinh x4c phan phdi xac suat cua nghiém X,
trong (2), ching t6i tap chung tim wdc lugng cho phéan phéi xac suat dudi P(X , 2 x), trong d6 X, 1a nghiém
cua phuong trinh (2).

Diéu tht vi 1a hé s6 khéch tan trong phuong trinh (2) (ham o (¢, x) = ov/x) khong thoa man diéu kién
Lipschitz, chi thoa méan diéu kién lién tuc 3 — Holder nén khong thé ap dung cac két qua nghién ctru truyén
thdng trude d6. Dé khac phuc kho khan nay, bai bao sir dung cac cong cu cua giai tich Malliavin va phuong
trinh trung glan (4). Mot sb khai niém co ban cua giai tich Malliavin va cac kién thirc bd tro dugc trinh bay
trong phan 2, cac két qua chinh cua bai bao cling chimg minh dugc néu trong phan 3 ctia bao céo.

2. Co s Iy thuyét va phwong phap nghién ciru
Gid stt (B,),0.r 12 chuyén dong Brown x4c dinh trén khong gian xac suat day du (Q,F, T, P), trong d6
F=(#),qo0r) 12 b0 loc tu nhién cia qua trinh B. Choh € L’[0,T], ta ki hiéu B(h) la tich phan Weiner
T
B(h) = jo h(t)dB,.

Goi & 1a tap con tri mét cua L' (Q,F, P) bao gdm nhing bién ngiu nhién c6 dang

trongdo: nel, f e C; (R"),h,hy,....,h, € [’[0,T]. Néu F ¢6 dang (3), ta dinh nghia dao ham Malliavin
la qué trinh DF = D,F,t €[0,T] cho boi

D,F = Za—(B(h)B(hz) S B(h)h, (1)

k=1
Tong quat hon, véi mdi k > 1, ta dinh nghia dao ham Malliavin cap cao hon boi

D! ,F=D,.D,F.

t T T
IF|,=E|F| +EUOLDMF i du}+...+EUO jo Df L FI dtl...dtk}

Bién ngau nhién F dugc goi la kha vi Malliavin néu n6 thuge 16p T2

bé thu dugc két qua udc lugng nhu trong dinh 1i (3.1), chung toi st dung két qua sau day:
Bé dé 2.1. Cho F € T théa man EF = 0. Gid sir rang ton tai hang sé M théa man

T
jo E[D,F|F T dr<M* hkn.

Khi d6, ta ¢6 uéc lugng: P(F > x) < e_m, x>0.

Chirng minh cu thé thé ctia bd dé 2.1 ¢6 thé xem trong [5].
3. Két qua va thao luan

Pau tién, chung ta chimg minh sy ton tai duy nhat nghiém cta phwong trinh (2). C6 rat nhiéu tai liéu da
dé cap dén véan dé nay, ching han nhu trong Yuliya Mishura, Anton Yurchenko-Tytarenko, 2018. Tuy
nhién, trong bai bao nay, ching toi sir dung phwong phap tuong tu trong (N.T. Dung, 2014). Trudc hét, ta
xét phuong trinh:

av =1 @ _py |a+ZaB”, 0<i<T, )
2|y, 2
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v6i didu kién ban ddu ¥, = /X, .

Chung ta c¢6 hai ménh dé sau day:
Ménh dé 3.1. Phuong trinh (4) c6 nghiém duy nhat. Hon nita Y, >0 hk.n.véi moi t 2 0.
Ménh d@é 3.2. Phirong trinh (2) c6 nghiém duy nhdt X, xdc dinh béi boi X, =Y?,0<t<T, trong do Y, la
nghiém ciia phuong trinh (4).

Chung minh cu thé ctia hai ménh dé3.1va32la khong qua phire tap. Tuy nhi€n, do thoi lugng cua bao
cao co han, toi xm trinh bay van tit y tuong ctia ménh d& 3.1.

Pit g(x) = = — bx thi g(x) 1a ham Lipschitz va ting truong tuyén tinh trén 1an can ciia Y, > 0. Do d0,
ton tai nghiém d1a phuong trén [0, 7], véiT =inf {t > 0:Y; = O} Gia str phan chung T < 0. Bang tinh
lién tuc Holder ctia chuyén dong Brown phan thtr, ta suy ra diéu mau thuan. Nén (4) c6 nghiém Y, > 0 h.k.n
véimoit = 0. ,

Tiép theo, tinh kha vi Malliavin ctia nghiém phuong trinh (4) dugc thé hién & ménh dé sau:

Ménh @ 3.3. Cho (Y),..., la nghiém ciia phiong trinh (4). Khi do, véi moi t € (0,T), bién ngau nhién Y,

kha vi Malliavin. Hon nita ta ¢6: DY, = GJ”KI (v,9) eXP(_[Tg’(Yr)dr)dV][o,:](S),

trong do6: K,(v,s) = 62 K(v,s)=c,(v— sy
v

Chutng minh.
Cb dinh t (0,77, ta tinh dao ham theo hudng <DY,,h>L2[0 - v6i he [0,T]:
dy’
<DYf’h>LZ[O,T] = de =02

trong d6 Y,° 1a nghiém cua phuong trinh:

Y=Y, +[ g(¥)ds+o[ K(t,5)d (m +zf hudu)

=Y, + jo g(Y)ds + o—jo K(t,5)(dW, + eh.ds), e €[0,1)

Theo dinh 1y Lagrange, ton tai bién ngdu nhién & nam giita 0 va 1 sao cho:

Y -Y = jo g'(Y +E (Y =YY’ —Y)ds+oe jo K(t,s)hds. (6)
Phuong trinh vi phan tuyén tinh (6) c¢6 nghiém:

Y:-Y = agI;(J.; K, (s,u)hudu)exp(.rg'(yr +E(YF _yr))dr)ds
Do do,

€ —_
lim -+
£—0" &

j (I K, (s,u)h, du)exp(j 'Y +EY - Y,))dr)ds

< aj K,(v, s)exp(j . )dr)dvl o) (s)>
Vay Y; kha vi Malliavin va dao ham Malliavin cho boi
DY = o-J‘tK, (v,s) exp(Jﬂ g'Y. )dr)dvl[o,[](s).

Pinh Ii 3.1. Cho X, la nghiém ciia phicong trinh (2). Khi d6, véi moi t € (0,T], xdc sudt dudi cia X, théa mén

P(XIZx)Sexp{ (J_ \/,u_,) t], x> u,

[o.r]

20'2[2H

trong do: u, = E[X,].
Chitng minh.
b b

D@ thiy g'(x):_—az——<——:M, Vx> 0. Tir ménh dé 3.3 ta co:
2x* 2 2
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0<DY = o-JI K, (v, r)ej“g’(y')drdv
< a‘r K,(v,r)e" ™ dv = O'(K(V, ryeM |’, +MJ‘I K(®v, r)eM“"‘)dv)

= o-(K(t, r)+ MJ’ K(v, r)eM(”V)dv).
Viham v — K(v,r) 1a ham khong gidm nén:
DY < O'(K(t, r)+MK(t, r)J.feM("v)dv) =oK(t,r)e""",0<r<t<T

Suy ra:
T t
[ (E[DY, | F] ar=[ (E[DY,| F])dr
<[ EUDY, P Eldr = (oK(t.r)e" ") dr
< gl jo K (t,r)dr, 0<r<t<T.
Talai co L: K*(t,s)ds = E|B[H2| =1 Suy ra:
J-(I(E[D,Yt | F, ])Zdr <o’
Véi t €(0,T] cb dinh, dat F =Y —E[Y,] thi EF = 0va D!'F =D!'Y,. Ta thu dugc:
[[(E[DrFI£])dr=[ (E[DY,| £])dr<o*e "
Mit khac, theo bat déng thirc Lyapunov ta co E([\/X_,] < 1/E[Xl] =\/u, . Do do:
P(X, 2 x) = P(JX, 2\x) = P(¥, 2 Jx) = P(Y, - E[Y,] 2 Jx - E[Y,])
= P(F2\x - E(JX, D < P(F 2x - [u)

Ap dung bd dé (2.1) ta thu duoc udc luong:

P(X,zx)< exp[—M], x> u,.

ZO_ZeZMttZH

—b
Thay M = > ta dugc:

_ , 2 bt
P(X, Zx)Sexp[—(\/;zz—!:'H)eJ, x> pu,.
o't

4. Két luin

Trong bai viét trén, chang toi da str dung tinh toan Malliavin dé tim ra duoc udc luong xéc suat dudi cho
md hinh CIR v6i chuyén dong Brown phén thtr. Két qua cua chung t6i 1a mét dong gdp nho trong chuoi
cac nghién v€ md hinh nay.
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ABSTRACT
Tail distribution estimates of fractional CIR model

Nguyen Thu Hang*
Hanoi University of Mining and Geology

The aim of this paper is to study the tail distribution of the Cox—Ingersoll-Ross (CIR) model driven by
fractional Brownian motion. The difficulty is that the diffusion coefficient of the equation does not satisfy
the Lipschitz condition and linear growth condition, so the previous methods cannot be applied. To
overcome this difficulty, firstly, we consider an equivalent equation, proving the existence,uniqueness and
Malliavin differentiable of the solution; estimating the tail distribution of the solution of this equivalent
equation. Then, through the relationship between the two equations to find the tail distribution estimates of
the the fractional CIR model.

Keywords: CIR model, Fractional Brownian motion, Malliavin calculus.
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ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARWI SONRCE 0 VA TAI NGUYEN VOI PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Xay dung thuat toan tién cho bai toan quan sat da muc tiéu MTT
st dung HMM khong thuan nhat

Nguyén Thi Hang"
Truong Pai hoc Mo - Dja chat

TOM TAT

Trong bai bao nay chiing t6i ding mé hinh Markov an HMM (Hidden Markov Model) dé xac dinh muc tiéu
trong bai toan quan sat quy dao da muc tiéu MTT (Multiple Target Tracking). Trong mo hinh bai toan MTT
chi ¢6 théng tin quan sat trong qua khir cho dén thoi diém hién tai, boi vay bién Iui khong ton tai va do dé
thuat toan “Tién — Lui” (Forward — Backward Algorithm) khong thé ap dung. Ching t6i xay dyung thuat toan
méi 1a thuat toan Tién (Forward Algorithm) va thuat toan Viterbi cai tién (Modified Viterbi Algorithm) va
trén co so cac két qua do ap dung dé giai quyét van dé xac dinh sb muc tiéu trong MTT.

Tur khéa: Quan sat quy dao da myc tiéu (MTT); Muc tiéu; M6 hinh Markov 4n (HMM); Bién tién; Thuat
toan Tién; Thuat toan Viterbi cai tién.

1. Dit vin dé

Hai vin dé quan trong nhat ctia bai toan MTT (N.T.Hang, 2019) 14 dya trén tap dir liéu quan sat dé: xac
dinh sb luong muc tiéu va xac dinh quy dao cua timg muc tiéu d6. Trong (N.T.Hang, 2019) chung t6i da
dua ra phuong phap lién két dit liéu, dia trén hé 4anh xa dugc xay dung dé quy dé giai quyét hai vin dé do.
Song thuat toan trong (N.T.Hang, 2019) 1a thuat toan tong quat, tinh kha thi trong ap dung thuc té thap, do
lugng tinh toan qua 16n va phtic tap, tham chi ngay ca tim 16i giai gan dtng = - t6i wu”. Trong bai béo nay,
chung t6i dua ra phuong phép tiép can méi 1a phuong phap st dung HMM dé dua xac dinh s muc tiéu
trong MTT khong phan biét loai muyc ticu.

Céc cong trinh nghién ctru vé HMM da duoc cong bd cho dén thoi diém hién tai (G. David Forney, 1973;
George Slade, 2013; Zoubin Ghahramani, 2001; Olivier Cappe, 2005), dung dé giai bai todn co ban thur hai
cua HMM la str dung thuat toan Viterbi dya trén thudt toan “Tién — Lbi”. Nhung véi bai toan MTT thi chi
¢6 thong tin quan sat qua khtr cho dén thoi diém hién tai, bai vay bién 1ui khong ton tai va do d6 thuét toan
“Tién — Lui” va thuét toan Viterbi khong thé ap dung cho HMM. Béi 1& d6 trong bai bao chung t6i xay
dung thuat toan tién (Forward Algorithm) va trén co s¢ d6 xay dung thudt toan Viterbi cai tién (tham chi
cho truong hop HMM khéng thuin nhit), va ap dung ching dé giai bai toan x4c dinh muc tiéu trong MTT.

Bai bao chia thanh 4 myc: Myc 1 1a myc dét van de; Muc 2: Bai toan quan sat da myc tiéu MTT; Muc
3 la: xay dung thuat toan tién va thuét toan Viterbi cai tién; Muc 4: xay dung HMM cho bai toan MTT va
ap dung céc Kkét qua cia muyc 2 dé giai bai toan xac dinh muc tiéu trong MTT; Muc 5: Kkét luan.

2. Bai toan quan sat da muc tiéu MTT
2.1. M6 hinh todn hoc )

Gia su ta quan tdm dén mdt s6 doi tugng (hay con goi 1a muc tiéu) di ddong nao do6 trong mdt mién khong
gian va trong mot khoang thoi gian nao do. Ky hiéu i 1a mién khong gian ma ta cdn quan tim, & day
R R™,voei K™ lakhong gian trang thai ciia muc tiéu, n_ 1a s6 chiéu cua véc to trang thai cua muc tiéu.
R dugc goi la mién quan sat. Ky hiéu [1, 7], T > 1,T < ", 1a khoang thoi gian ma ta can quan tam. [1, 7]
dugc goi 1a khoang thdi gian cua quéa trinh quan sit. Do cic thoi diém quan sat:
bttt s1— 8 < t, <<...<<t —T,laroirac, nén khong mét tinh tong quat, khi noi dén thoi diém thi

~ 7t

i(t,), chung ta c6 thé quy uée: T € Z*,¢ € 7" vadong nhit { =4,i=12,...,n; trong do, t, =1 lalan

quan sat du tién va t =T 1a 1An quan sat cudi ciing ctia qué trinh quan sat.

* Tdc gia lién hé
Email: nguyenthihang@humg.edu.vn
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S6 muc tiéu ¢6 trong mién R tai thoi diém ¢,t € [1,7], 1a mot s6 ngau nhién chua biét va dwoc ky hiéu
la M, — M,(w) . Gia thiét raing muc tiéu tht & (k € N), xuat hién ¢ vi tri ngdu nhién c6 phan phéi déu
trong R tai thdi diém ¢,¢" C[1,T], va chuyén dong mot cach doc lap déi voi cac muc tiéu khac trong i
dén thoi diém tj,tj € [1, 7], thi bién mat. Gia thiét ring mdi muc tiéu ton tai voi xac suat p ,0<p <1
, va bién mit v6i xac suat 1 p, . Gid thiét M, — M, () 1a bién ngiu nhién Poisson v6i tham sb

A LA
m

Trong thoi gian quan sat, trong mlen quan sat c6 thé co cac myc tiéu gia do cac clutter hodc do céac thiét
bi ky thuat va phuong phéap quan tric giy ra. Ciing twong tu nhu gia thiét dat ra v6i cac muc tiéu, mdi muc

> 0. Cac muc tiéu xuat hién, ton tai va bién mat mot cach doc lap voi nhau.

m

tiéu gia Xuét hién vai xac suat D, 0= D, <1.8b muc tiéu gia co trong mién quan sat ‘it tai thoi diém

t,t €[1,T],1a mot s0 ngéu nhién chua biét va dwoc ky higu 1a G, =G,(w),la bién ngau nhién Poisson véi

tham s /\g,)\g = 0. Cac muc tiéu gia xuat hién, ton tai va bién mat mot cach ngau nhién, doc lap v6i nhau
va ddc lap voi cac muyc ti€u. Cling nhu cac muc tiéu, cac muc ti€u gia xuét hién & vi tri ngau nhién cé phan
phoi déu trong 1t.

Ky higu: Y(t)= Y'[j=12..n

, la tdp cdc gid tri quan sat duoc tai thoi diém t,

t=t,t,.....t; n la s6 lwong quan sat duoc tai thoi diém ¢ . D8 thdy n, — Card(Y(t)) 1a mot bién ngiu

nhién va n, — n,(w) — M (w) | G,(w);tirdo taco: n, =n,(w) = P(X +A,).

Moi gia tri quan sat co thé la gid tri quan sat thu duge tir myc ti€u nao do hodc co the 1a gia tri quan sat
do muc ti€u gid gy ra. Yéu cau cua bai toan MTT la: Hay xac dinh s6 muc ti€u hi€n c6 tai moi thoi diém t
trong mién thdi gian quan sat trong %, nghia la xac dinh M, (w) .

2.2. Mé hinh xap xi
Do: M,(w)=P(A) va n(w)=PA +X) nén ¥:>0 tiy y be, IM = M(s) €N* va

AN" = N(e) e N* saocho P[M(w) < M']>1 = V&‘lP[TLt < N*] >1—=svte[LT].
Chung ta dwa vao gia thiét sau day:
Gia thiét 2.1. M, N~ « N* sao cho:
M, (w) < M (mod P),¥t £ [LLT}; n, w <N (modP),¥t &[LT]
Chung ta s€ goi bai toan MTT dugc phat biéu trong muc 2.1 véi didu kién tuan theo Gia thiét 2.1 1a mé
hinh xap xi. M6 hinh nay la do6i tugng nghién ctru trong bai bao nay.
3. M6 hinh HMM khéng thuin nhét; Thuit toan tién va thuit toan Viterbi cai tién

3.1. M6 hinh HMM khong thudn nhat
Xét HMM ¢6 céu triic mo ta nhu sau:

+ Tham s6 chi s6 trang thai 1a m,m « N* .

+ Tap céc trang thai phan biét S — {5 .,8 }.Khidé S dugc goi 1a khong gian trang thai. Ky hiéu

1’ 2’
qt 1a trang thai cia HMM tai thoi diém t, khi do gt nhan gia tri trén S.
+ Tham sb chi sé lugng cac gia tri quan sat 1a n,n < N* .

+ Tap tat ca cac gia tri quan sat phan biét V — {v ,v U”} . Khi @6 V dugc goi 1a khong gian cac gia

17 2’
tri quan sat . Ky hiéu Ot 1 quan sat tai thoi diém t, khi d6 Ot nhan gi4 tri trén V.
+ Phan phéi cta trang thai ban dau: TT — {m, : 1 < i < m}, trongdé: % = P(g =S),1<i<m.

+ Phén phdi xac xuit chuyén trang thai:
Truong hop HMM thuan nhat: A = [%L o
0,7 Em

trong d6 a; = P[qH_1 =5, ¢ = SZ._7 V1< 4,5<m z €))

Truong hgp HMM khéng thuén nhat: A(k) = [aii(k)L P
') L, Em

trong do a,(k) = Plg,,, =S g, =S5] 1<ij<m. )

Ty
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Luu ¥: dé thuan tién a, trong cong thuc (1) chung ta con dung ky hi¢u a, . Vvatrong cong thtc (2)

cung véi aij(k) chang ta con dung ky hiéu a (k).

Glk—1

+ Phén phdi xac xuét clia cac quan sat khi HMM ¢ trang thai , 1a
B=[b(k)| 1<j<m,trongdo b(k)=P[0,=v |q =s]|1<k<nl<j<m.

1 kin

+ Ky hiéu: A- {A(k) : k —1,2,...} . Khi da xac dinh dugc tham sb m,n thi HMM hoan toan xac dinh
khi biét A = (4, B, TI) trong trudng hop thuan nhat va A = (—\, B,TI) trong truong hop khong thuin nhat.
Boi viy ngudi ta thuong ding ky hiéu b ba A = (4, B, II) (trudng hop thuin nhét) hoic A = (A, B,II)
(truong hop khong thuan nhat) dé ky hiéu HMM twong tg.

Nghién ciru HMM trong mién thoi gian [1,7], T > 1, T € N* . Cac thoi diém t dugc noi dén duoc hiéu
1a t €[1,T],t € N*. Céc thoi diém duge xét: 1 — ¢ <t, <<...<t — T, khong mat tong quat ching ta
¢6 thé ddng nhat t, =k, k=12,..,n. M6 hinh HMM nhu viy duoc goi 1a HMM roi rac.

Vé&i mot ddy quan sat trong mién thoi gian [1,7]: O = 00,...0, 3)

Chung ta quan tam t&i hai bai toan co ban sau day cuia HMM
e Bai toan co bin thir nhit:

Cho day quan sat (3) va A . Hay tinh P(O | A)
¢ Bai toan co ban thir hai:

Cho day quan sat (3) va A . Hay xac dinh day trang thai @ = q,q,...q, t6i wu (tinh “t6i wu” hay con goi
1a “phu hop nhét” duge hiéu theo nghia cuc dai xac xuét).

Pay 1a bai toan xac dinh phan 4n ciia md hinh HMM dua trén ddy quan sat. .

Trong nghién coru HMM, nguoi ta con quan tam t6i bai toan co ban tht 3 1a bai toan diéu chinh HMM,
lién quan dén hoc may (meachine leaning) thuong dugce tmg dung trong ly thuyét nhan dang.

Vi cac cong trinh duge cong bd cho dén thoi diém hién tai vé HMM (G. David Forney,1973 Zoubin
Ghahramani, 2001; Olivier Cappe, 2005), nguoi ta da dwa ra thuat toan “Tl‘en Lui” va thut toan Viterbi
deé giai cac bai toén co ban thir nhat va thtr hai. Nhu da néu ¢ phan m¢ dau: cac thuét toan d6 khong ap
dung dugc cho HMM’Iién quan dén MTT, vi viy ta di xay dung hai thuat toan: Thuat toan tién va thuat
toan Viterbi cai tién d6i véi HMM khong thuan nhat.

3.2. Xdy dung thudt todn tién va thudt todn Viterbi cdi tién ’dﬁ'i v6i HMM khoéng thudn nhit
3.2.1. Xay dung thudt todn tién giai bai toan co ban thir nhat
Tai thoi diém t = t, batky, ¢, C[1,T], voi Atacé ddy quan sit O = 00,...0, 4

Cong thirc giai va thuat toan dé giai bai toan co ban thir nhat d6i v6i diy quan sat O = 0,0, ... O, duge

trinh bay qua bd dé va thuit toan sau day:
Bo de 3.1.

PO|A)= > Haq _, (s=1b, (0,). trong do ky hiéu hinh thiic: a,
s=1

091

©=x ©
“(4,95--q;.)

Dé tinh cong thirc (5) chung ta thdy ring néu tinh truc tiép thi do phuc tap cia thuat toan ¢ cip cua
2tM' phép toan. Trong HMM th}lﬁn nhit ngudi ta dwa ra thuat toan tién-ui (Forward-Backward
Algorithm) d€ tinh cong thure (5). Doi voi HMM voi muyc tiéu ap dung dé giai bai toan MTT thi thuét toan
d6 khong dung dugc. Xay dung thudt toan tién (Forward Algorithm) dé€ tinh cong thirc (5) nhu sau.

¢ Xay dung thuit toan tien

Ky higu ox_(i) = P(0,0,..0_;q_. — S, | A); nghia 1a «_(i) 1a x4c sudt ciia phan dau cuia day quan st
cho dén thoi diém ¢_ va tai thoi diém ¢_ do, trang thii ¢ = g =85,5 €8.Khido e (i) duoc goi la
bién tién.

Xéc sudt P(O | A) cho bai cong thire (5) dugc tinh theo bién tién «_(i) theo thu tuc quy nap nhu sau:
1/ Bude khoi dau: e (1) = 4.0.(0,), 1 <i<m
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2/ Budc quy nap: ﬂ,+1( ) —

fo;@)a,](ﬂ].b](oﬂ,)

i—1

voi 1=<7 =t 1—t, L1<j5<m

3/ Két thic: P(O | A) Za Z ()
i i=1
3.2.2. X4y dung thudt todn therbz cdi tién gidi bdi todn co ban thir hai .
Bai toan co ban thir 2 doi véi HMM muc dich la phat hién ra phan an cia moé hinh nghia 1a di tim day
trang thai hop ly nhit, day trang thai t6i vu tlm’ng Ung voi ddy quan sat da cho.
Van dé quan trong dau tién 1a tiéu chuan thé ndo 1a hop 1y nhat? Thé ndo 1a tdi wu? Co hai dang yéu cau
nhu sau:

Dgng 1: Cho ddy quan sat: O = 0,0,...0, sinh ra béi HMM khong thuan nhat A . Hay tim trang théi
q, = q: ti wu theo nghia cyc dai xac sudt

Dgng 2: Cho day quan sat: O = 0,0,...0, sinh ra bsi HMM khong thuan nhat A . Hiy tim day trang
thai Q* = q: q:q: cia A t6i uu theo nghia cuc dai xac Suét.

o Phuong phap tim 1oi gidi cho dang 1

Day 1a bai toan tim trang thai to1 uvu riéng biét ¢, = q: tai thoi diém hién tai t.

Chung ta xay dung bién: +,(i) — P(q, — S, | O, A) (6)
(1)
D@ dang biéu dién ~ (i) qua bién tién o (1) theo cong thirc: v (1) = ——— @)
P (O | .\)
Tir cong thire (6) chiing ta thu dwoc 16i gidi: ¢ = arg max -y (1) 8)

Thudt todn Viterbi cdi tién 1

Theo thuat toan tién ciia muc 3.2.1. ching ta d& dang ding thuat toan tién dé thu dugc 7, (i) thong qua
cong thuc (7) va tu do6 thu dugce q, qua cong thire (8).

e Thuit toan Viterbi cai tién va 16i giai ctia dang 2

Dé tim ra ddy trang thai t5t nhit Q = qfq; qj khi cho trudc day quan sat O = 0,0,...0, cua A, bai
bao dé xuét thuat toan sau day va g01 1a thuat toan Viterbi cai tién 2 dbi v6i HMM khong thuan nhat. S¢ di
goi 1a “thudt toan Viterbi cai tién” vi vé mat k¥ thuat kha tuong ddng véi thuat toan Viterbi da dugc cong

bd d6i véi HMM thuan nhét, song no chi st dung thuat toan tién va bién tién.
Chung ta dinh nghia:

é (i) — max P(qq,--9._4.,9. — 5;00,..0_| A7) 9

Gy q
Nghia la ¢_(4) 1a xac sudt 16n nhat doc theo diy trang thai dén cho dén thoi diém r va két thic & + tai

trang thai S . Ly ludn tuong tu thudt toan tién & muyc 2.1, ching ta c6 cong thitc quy nap cho &_ _(7) theo
cong thure sau:

8 (i) = max (?T_l(i).aij(r -1 'bj(O,—) (10)

Pé tinh ra dugc day trang thai can tim trong qué trinh qui nap theo cong thirc (10) chung ta gitr lai dbi
56 (trang thai) dat cuc dai trong thira s6 dau vé phai cta(14) d6i véi mdi r va j. Béi vay cung véi 6_(i),

ching ta thuc hién quy nap clng véi dai luong ,(j) nhu sau:
Thut todn Viterbi cii tién 2
1/ Budc khai tao: & (i) = «.b.(0,), 4, (i) =0,1<i<m
2/ Budc quy nap:
&)= max & _,(i)a,(7 1) ,(0,),257 <41

J
¢.(j) =arg max &_(i)a,(r—1) 2=7<tl<j<m
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3/Két thic: P° = max é,(4) 5

1<i=m

g, =arg max (i)

t 1=d=m
4/ Truy ngugc: ¢ — 1-~+1(q~+1) T—t Lt 2..,1.

Két thiic thudt toan chiing ta xac dinh dugc diy trang théi ti wu: Q = ¢,q,...q, .

4. Ung dung HMM dé giai bai toan MTT

Xét bai toan MTT da dugc phat biéu trong myc 2.1. Chiing ta xay dung HMM nhu sau:

1/ Tham s6 m va khong gian trang thai.

Pit: m = M +1, khong gian trang thai: S = SO,SI,...,SMK , trong do, S, = “Cé dung i muyc tiéu
trong mién i tai thoi diém quan tim tuong ing”, i = 0,1,..., M " .

2/ Tham s6 n va khong gian céc gid tri quan sat.

Dit n = N +1, khong gian cic gia tri quan sat: V = UysVpseens U, trong 6, v, = “C6 dung k gia
tri quan sat tai thoi diém quan tam tuong tng”, k = 0,1,...,. N "

3/ Phan phéi xac suét chuyén trang thai: A = [% 0 <4, << M, trong d6

a, :P[qu =5, |qf 1 ZS,]

A i
=D, Z D ( ) xCH xClx(l—p, ) xp=

M +l-i v m

l—max 03(

& day cac hang sb chuan hoa D, va D, dugc tinh theo cong thirc:

. 1-1
M ()\ )l i
D (o [Z el B

= 1!

M

A "
p=fy 5t px Bt cexamn
i—0 [—max 0(i—j)

4/ Phan phéi X4c suét cia quan sat khi hé théng O trang thai S, tai thoi diém t.
B= b(v) ,0<k<N,0<j<M ,trongdo:

0 khi k< 3
b'(vk) = P{O =Y | 4 = S/ = (Am - }\g )k ¢t

t —
k!
¢day D, la héng sé chuén hoa duoc tinh theo cong thirc

-1
N’ A +/\ —(\7,,+}-(,)]

khi k > j

Z

=j

5/ Phéan phdi trang thai ban dau
A,
D ( m) e—"m

0°

—{ﬁi},OEiEM*,trongdé w =Plg =8]= ”
il

Nhu vay ching ta c6 HMM dugc xay dung Gtng véi bai toan MTT trong muc 3.2. Chang ta ky hiéu

HMM nay 1a A

MTT *
Ap dung thuat toan tién va thuat toan Viterbi cai tién duoc trinh bay trong muc 2. cho A yrr VOiluuy
1a m hinh thuan nhat chi 14 truong hop riéng ciia truong hop khong thuan nhat véi A k = A, k.

Khi d6, khi biét cac gia tri Mo s, (n, =n,), theo thuat toan chung ta xac dinh dugc s6 muyc tiéu
k k

%

, * *
tuong tmg: m ;M ..M, (m

*

*
4 :mz,)'
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5. Két luan

Bai toan xac dinh sb lwong muc tiéu cua mo6 hinh MTT khong phan biét loai muyc tiéu 1a ddi tugng dugc
nghién ctru trong bai bao nay. Pay ciing 1 van dé thoi sy va cap bach dugc quan tdm nhiéu trong nhiing
nam gan day, bai bao di trinh bay 2 két qua sau:

- Xay dung hai thuat toan maéi 1a: Thuat toan tién va thuat toan Viterbi cai tién dbi véi HMM khong
thuan nhat.

- Ap dung cic thuat toan dugc xay dung dua ra 10i giai bai toan xac dinh sé muc tiéu trong mé hinh
MTT khong phan biét loai muc tiéu.
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ABSTRACT
Build Forward algorithm for MTT using in Heterogeneous HMM

Nguyen Thi Hang”
Hanoi University of Mining and Geology

In this paper, we use the Hidden Markov Model HMM (Hidden Markov Model) to identify the target in
MTT. In the MTT only have observed information in the past until the present time, so the reversed variable
does not exist and therefore the algorithm “Forward — Backward” cannot apply. We give the Forward
Algorithm and the Modified Viterbi Algorithm and on the basis of the results that apply to solve the problem
of targeting in MTT.

Keywords: Target; Multiple Target Tracking; Heterogeneous HMM; Forward variable; Forward Algorithm;
Modified Viterbi Algorithm

1183


http://www.researchgate.net/

ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARWI SONRCE 0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Anh huéng ciia 4p suat ngoai 1én sy hinh thanh trang thai dién moi
exciton trong cac hop chat dat hiém chalcogenide

Nguyén Thi Hau, D6 Thi Hong Hai’
Truong Pai hoc Mo - Dia chat

TOM TAT

Trong bai bao nay, chung t6i khao sat sy hinh thanh trang thai dién mai exciton thong qua viéc khao sat
ham cam tng exciton trong mé hinh Falicov — Kimball mé rong, khi thay doi ap suit ngoai tac dong lén
hé. Cac thong s khao sat dugc chon phu hop véi trang thai cua hé dién tu trong cac hop chat dat hiém
chalcogenide. Chung toi str dung gan ding Hartree-Fock dé tinh toan giai tich, sau do thiét lap chuong trinh
tinh s6 dé khao sat ham cam (g exciton tinh. Cac két qua khao sat khang dinh vai tro cua 4p suit ngoai
1én sy hinh thanh trang thai dién mdi exciton trong cac hop chét dét hiém chalcogenide.

Tir khéa: Dién moi exciton; gﬁn dtng Hartree-Fock; md hinh Falicov — Kimball mé rong; Ham cam ung
exciton

1. D3t vin dé

Exciton dugc xem la gia hat boson, hinh thanh do sy két cip cua dién tir dai dan va 16 tréng dai hoéa tri
nho tuwong tdc Coulomb, tdn tai trong dién moi, chit ban dan va mot sb chét long. Khi mat d¢ du lon va
nhiét d6 du thép, c4c exciton c6 thé ngung tu trong mot trang thai luong tir va chuyén c4u hinh cua ban kim
loai hozc ban dan sang trang thai dién moi trong tmg, goi la trang thai dién moi exciton (excitonic insulator
— EI) (Mott, 1961). Cho dén nay nhiing nghién ctru vé trang thai dién moi exciton van dang thu hit sy cht
¥ cua cac nha khoa hoc trong ca li thuyét va thuc nghiém. V& mat li thuyét, ngudi ta thudng st dung cac
mo hinh hai dai nang lwong dé khao sat trang thai EI, trong d6 mé hinh Falicov-Kimball mé rong (Extended
Falicov-Kimball model — EFKM) & mé hinh dugc sir dung nhiéu nhét (Ihle va nnk, 2008; Phan Vin Nham
va nnk, 2011; Zenker va nnk, 2010). Day la m6 hinh mo6 ta tuong tac gitta dién tur linh dong ¢ va dién tur
dinh x@r f'boi twong tac Coulomb c6 tinh t¢i nhay nit cua dién tu trén muc f va thira nhan moi cap dién tu
¢ — f tuong duong v6i mét trang thai exciton. V& mit thuc nghiém, do trang thai EI c6 thoi gian sdng rat
ngan so voi thang giang nhiét, chi ¢ pico gidy dén mili gidy, nén viéc tim ra cac hé vat liéu ma exciton ¢6
the ton tai trong thoi gian du l6n dé dat trang thai ngung ty la hét strc cn thiét. Mot trong nhitng hé vat liéu
trién vong dé quan sat trang thai EI 1a hop chét dat hiém chalcogenide (Neuenschwander va Wachter, 1990;
Bucher va nnk, 1991; Wachter va nnk, 2004). Kim loai dat hiém va hop chat cua ching duoc sir dung nhiéu
trong céc thiét bi hang ngay phuc vu doi séng cua con ngudi nhu nam cham, pin mat troi, bd nhé may tinh.

Trong bai bao nay, chung tdi ap dung gan dung Hartree-Fock cho m6 hinh EFKM dé khao sat anh huong
clia &p suét ngoai 1én sy hinh thanh trang thai EI trong cac hop chat dat hiém chalcogenide, thong qua viéc
khao sat tinh chat ciia ham cam g exciton tinh. Him cam tng exciton tinh thé hién sy thing giang cia
exciton trong h¢, do do su tdn tai cia trang thai EI dugc thé hién boi su phan ki cia ham cam ung exciton
tinh. Trong cac nghién ciru trude ddy, khi khao sat ham cam tmg exciton tinh theo nhiét d¢ va thé tuong
tac Coulomb, ching t6i da khéng dinh trang thai EI dugc hinh thanh tai ving nhiét d¢ thap va trong khoang
giita hai gié tri t6i han cta thé tuong tac Coulomb (D4 Thi Hong Hai va Nguyén Thi Hau, 2021; Nguyén
Thi Hau va nnk, 2021). Véi cac két qua da nghién ctru do, trong bai bao nay ching toi tiép tuc khao sat sy
phu thudc ciia ham cam (mg exciton tinh vao thé tuong tac Coulomb tai nhiét d6 khong khi thay dbi gia tri
ap sudt ngoai tic dong 1én hé. Tir d6 ta c6 thé danh gia anh hudng cua ap suit ngoai 1én sy hinh thanh trang
thai EI trong cac hop chét dat hiém chalcogenide.

Bai bao dugc chia thanh 4 phan. Trong phén tiép theo cuia bai bao, ching t6i trinh bay phwong phap tinh
toan giai tich dé tim ham cam g exciton bang viéc ap dung phuong phap gan ding Hartree-Fock trong
md hinh EFKM. Trén co s& két qua tinh toan giai tich, ching toi thiét 1ap chuwong trinh tinh s6 dé tim gia
tri cu thé cua ham cam ung exciton tinh. Cac két qua tinh s6 va thao luan duoc trinh bay trong ph?m 3 cua
bai béo. Phan cudi ciing cuia bai bao, ching tdi trinh bay cac két luan.

* Tdc gid lién hé
Email: dothihonghai@humg.edu.vn
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2. Co sé Iy thuyét va phwong phap nghién ciru

M5 hinh Falicov-Kimball nguyén gdc 1a mé hinh mé ta tuong tac giita dién tir linh dong ¢ va dién tir
dinh xur f bdi tuong tac Coulomb (Falicov va Kimball, 1969; Ramirez va nnk, 1970), thuong dugc dung
rong rii trong nghién ciru chuyén pha kim loai — dién méi. Con mo6 hinh EFKM 1a mé hinh c6 tinh téi nhay
nut cia dién tir trén mic £ voi Hamiltonian dugc biéu dién trong khong gian xung lugng nhu sau:

1
H = Zskckck+28£fk fi + I Z ck+qck,fk, ok M

kkr,q
trong do: c]’:(ck) va fk (fk) tuong ng la toan tir sinh (hiy) cua E:ac dién tir ¢ va dién tir f khong spin
mang xung lugng Kk, chung mo ta nang lugng cta hé dién tir ¢ dai dan va dai hoa tri khi khong tuong tac.
sli(f ) 1a cac nang luong kich thich dién tir ¢ va f dugc cho boi:
g]i(f) — sc(f) j— tc(f)]/k j— ” (2)

véi: e 1a ning luong trén mot nit cia dién tir ¢ va dién tir £, t°0) 1a tich phan nhay nit tuong tng
cua dién t ¢ va dién tu f, thé hién d6 linh dong cta céc dién tr ¢, f. Trong mang vudng hai chiéu, Vi =

2(cosk + cosky) 1a budc nhay trong mang tinh thé va u 14 thé héa hoc.

S6 hang cudi cung trong phuong trinh (1) m6 ta twong tac Coulomb gitra dién tir ¢ trén dai dan va dién
tir f & dai hoa tri véi cuong do thé twong tac Coulomb 1a U, trong do N la s6 nut mang tinh thé. Dé giai
Hamiltonian (1) ching t6i 4p dung phuong phap gan dung Hartree-Fock bang viéc gidi thiéu toan tir thang
gidng A = A — (A), sau d6 viét lai phan toan tir thé hién tuong tac Coulomb trong phwong trinh (1) dudi
dang sau:

o vqti fir_ofi = [T fdeliew + (e i Aid (3)
e e + o) laafi] e a iU gt = (el i A _ofid]

B0 qua nhiing hang sb xuét hién tir phuong trinh (3) va thay (3) vao (1) chung téi thu dwoc Hamiltonian
trong gan dung Hartree-Fock nhu sau:

Hyr = z EkaCk + z ffkffk + /\z(ck+qfk + fic Ck+q) @
Kk
V6 & va ek 1a cac ning luong tan sic tai chuan hoa khi c6 dong gop cua @6 dich Hartree c6 dang:
g—li(f) — gli(f) +Unf© (5)

trong d6: n/ va n° twong tmg 1a mat do dién tir f va mat do dién tir ¢ dwoc xac dinh boi ham phan b

Fermi-Dirac ff(e) = 77 hhu sau:
1
nf == frED
v Z ) (©)
7
ERONAC ?

véi [ = 1/T langhich dao cua nhiét do.
Trong phuong trinh (4), A biéu dién trang thai lién két hi¢u dung cua cip dién tr ¢-f, va duge xem la
tham s06 trat ty trang thai ngung tu exciton dugc xac dinh boi:

U
A==3 (Gafid ®)

K
Viéc nghién ciru trang thai EI thong qua tinh chit ciia tham s trat ty da dugc chung t6i khao sat chi tiét
trong cac nghién ctru trude (DS Thi Hong Hai va nnk, 2017; DS Thi Hong Hai va nnk, 2018; D& Thi Hong
Hai va Phan Vian Nham, 2018; D& Thi Héng Hai va Phan Van Nham, 2018; D& Thi H6ng Hai va nnk,
2019). Trong bai bao nay, chiing t6i khao sat sy hinh thanh trang thai EI trong h¢ thong qua phéan tich tinh
chat ciia ham cam mg exciton tinh. Ham cam tng exciton trong khong gian xung luong duoc viét dudi
dang sau:

1
x(q ) = _Nz <<fk+ck+q; Cl-('-r+qfkl>>(w) )

, kk/ B
DE tinh ham cam {rng exciton, ching t6i stt dyng Hamiltonian trong phuong trinh (1) viét phuong trinh
chuyén dong cho ham Green hai hat du¢i dang

w ((fk+Ck+qi C;’+qfk’>)(w) = ([fk+ck+q; C;r+qfk’]> + (([fk+ck+q;j'[]; C;u,qfk'))(w) (10)
Thay Hamiltonian trong phuong trinh (1) vao (10) ta duogc
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w ((fk+ck+q; Cl_:’-{-qfk’»(a))

= (| e riafic])

. T of ot
+( Z[fk+ck+q' ; fﬁlcklckl] + Z[fk+ck+q”€k1fk1fk1] (11)
kq ki
+ g [ + LT t ] . ))
N fi Ck+qnck2+qlck1fk1—q1fk2 ; Ck’+qfk' (W)
k2 k1,91

St dung gan diing pha ngiu nhién dé tinh toan, phuong trinh (11) dugc viét lai thanh:
(0 = o @) €A cera G rafi Dy = (1) — (M)

U
- N ((n{;) - (nﬁ+q)) Z ((sz Cky+q) C;Urqfk’»(m) (12)
ko

trong do6 w]if (@) = &gyq — e_l’: s VO Eigyq VA e_]f dugc xac dinh trong phuong trinh (5), (n{:) = fkT fi) va
(ny) = (cf:ck) duoce xac dinh trong phuong trinh (6) va (7)
Lay tong hai vé phuong trinh (12) theo k va thay tong k véi kz, chung t6i thu dugc ham cam Gng exciton

(nf)=(nfq)

1
N &k cf
N7 w-w (@)
x(qw) = — (13)
1 + EZ (nk)_(nk+q)
N 0T (@

3. Két qua va thio luin

Trong phan niy, chiing t6i trinh bay két qua tinh s dé thao luan anh hudng cua ap suit ngoai 1én sy hinh
thanh trang thai EI trong cac hop chit dat hiém chalcogenide théng qua mé hinh Falicov—Kimball mé rong.
O day, chiing t6i chi xét ham cam mg exciton (mg exciton véi w — 0 hay con goi 1a ham cam tng exciton
tinh, va chi xét cac exciton c6 xung lugng q = 0 tham gia vao hinh thanh pha EI. Ttc la chiing t6i chi nghién
ctru sy hinh thanh trang thai EI trong hé thong qua xem xét tinh chat cia ham cam mg exciton tinh y, =
x(0,0).

Dua trén két qua tinh toan giai tich & phan 2, chung t6i thiét 1ap chuong trinh tinh sé dé giai tu hop xéac
dinh cac gia tri ki vong, tir d6 tinh duwgc ham cam ng exciton tinh tir phwong trinh (13). Trong bai bao nay,
chung t6i chon hé don vi ty nhién v6i A = ¢ = kz = 1 va tinh toan cho hé hai chiéu gém N =500 x 500
nat mang, dong thdi chung t6i chon t€= 1 1a don vi cua ning lwong, con t/= 0.2 dé phu hop véi trang thai
ctia hé dién tir trong hop chit dit hiém chalcogenide.

Trong cac nghién ctru trudce day, chung t6i da khing dinh trang thai dién méi exciton chi dwoc hinh thanh
& nhiét do thap trong khoang gitra hai gia tri t6i han ctia thé twong tac Coulomb khi ap suét ngoai du 16n
(P4 Thi Hong Hai va Nguyén Thi Hau, 2021; Nguyén Thi Hau va nnk, 2021). Do d6, trong bai bao nay,
chung t6i tiép tuc khao sat ham cam ung exciton tinh theo thé twong tac Coulomb {mg vdi cac gia tri khac
nhau ctia nang luong tai nut £/ ctia dién tir f trong trang thai co ban tic 1a tai nhiét d6 T = 0. Trong bai toan
nay, chung t6i chon €€ = 0, do d6 thay d6i & ttrc 1a thay dbi mirc do xen phu giita hai dai ning luong cua
dién tr ¢ va dién tr f, thé hién su thay ddi cua ap suét ngoai tac dong 1én h¢, Kkét qua dugc thé hién trén
Hinh 1.

30

o

Hinh 1. Khdo sdt ham cam vmg exciton tinh y, theo U khi thay déi gid tri € tai T = 0
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Hinh 1 cho théy, trong trang thai co ban, tai mdi gia tri ¢/ xac dinh, haim cam tng exciton tinh phan ki
tai hai gi4 tri ti han cta thé tuong tac Coulomb U, va Uc,. Didu niy mot 1an nita khang dinh trang thai EI
chi dugc hinh thanh trong khoang giita hai gia tri cua thé tuong tic Coulomb U va Ucy. Diéu nay hoan
toan phil hop vdi cac két qua da cong bd trude day cua ching t6i (D6 Thi Hong Hai va Nguyén Thi Hau,
2021; Nguyén Thi Hau va nnk, 2021). Khi U<U,;, hé trong pha ban kim loai. Tang U di 1én sao cho U >
Uc1, tuong tac Coulomb du 16n dé c6 thé tao ra su két cap dién t c-f, do do6 trang thai EI dugc hinh thanh.
Khi U tang lam tang kha ning két cap dién tir c-f, va do d6 hé 6n dinh trong trang thai EI khi Uy < U < U,
Tuy nhién, U ting dong thoi cling lam tang sy chia tach giita dai dan va dai héa tri do d6 hé chuyén sang
trang thai ban dan khi U > U,,. Khi ting gié tri ctia & thi U, ting manh trong khi U,y gidm, hay néi cdch
khac 1a ving ngung tu exciton dugec md rong, didu nay c6 thé giai thich theo céu triic ving ning luong.
That vay, khi £/ ting, su xen phu giita cac dai ¢ va dai f ting 1én lam ting cudng kha ning ghép cap dién tir
c~f hinh thanh trang thai két hop ciia exciton nén viing ban kim loai va ban din bi thu hep lai, do d6 ving
ngung tu exciton dugc mo rong.

D¢ thy rd hon diéu nay, ching toi tiép tuc biéu thi gian @b pha trang thai EI trong mit phang (U-Tc)
(g v&i hai gi tri khac nhau ctia ap suit ngoai. Két qua dugc thé3 hién trén Hinh 2

03 % 0 T T

—
=] i

00

a) b)
Hinh 2: Gian dé pha trang thdi EI trong mdt phdng (U-Tc) img véi hai gid tri khdc nhau cua ef

Két qua trén Hinh 2 cho thdy, voi gia tri 4p suit ngoai chung t6i chon du 16n, hé ton tai & trang thai EI
trong ving nhiét do thip dudi Tc va trong khoang gitra hai gia tri t6i han cia cudng d6 thé twong tac
Coulomb Ug; va Ug. Vung ngung tu thu hep lai khi nhiét d tang, do nang lugng nhiét 16n lam pha huy
mot phan trang thai lién két cua dién tir-13 trong hinh thanh exciton. Trang thai lién két cia dién t-15 trong
bi pha hity hoan toan ¢ nhiét do cao, khi d6 hé tdn tai trong trang thai plasma ciia dién tir va 1 tréng khong
lién két. Trén Hinh 2a, trong mién gidi han cta thé twong tac Coulomb (U < 2.5), nhiét d6 chuyén pha trang
thai EI tang khi twong tac Coulomb ting tir Ue1. Nguoc lai, trong giéi han ciia thé tuong tic Coulomb 16n
(U > 2.5), nhiét do chuyén pha trang thai EI giam khi thé twong tac Coulomb ting. So sanh két qua giira
Hinh 2a va 2b, ching toi thay khi £/tang, nhiét d6 chuyén pha trang thai EI ting, gia tri toi han cia thé
nang tuong tic Coulomb U giam trong khi Ue, tang, do d6 vung ngung tu dugc mo rong. That vy, nang
lwong tai nut cia dién tir f ting dong nghia v&i ap sudt ngoai tic dong 1én hé ting, 1am ting mirc do xen phu
ctia dai ¢ va dai f, dan t6i tang kha niang két cip cua dién tir c-f hinh thanh exciton. Do d6 nhiét do chuyén
pha trang thai EI tang 1én va ving ngung tu dugc mé rong.

Céc két qua khao sat anh hudng clia ap suat ngoai 1én chuyén pha trang thai EI trén gian db pha Hinh 1
va Hinh 2 hoan toan phu hop v&i quan sat thuc nghiém trén cic vat liéu dat hiém chalcogenide
TmSeo45Teoss va Smogolag10S (Neuenschwander va Wachter, 1990; Wachter va nnk, 2004; Wachter,
2018). O ap suat du 16n, cac dai 4f va 5d xen phu nhau, cac dién tir & dai 4f dwoc kich thich 1én ving dan
5d, do @6 cac dién tir & viing dan 5d co6 thé két cip véi 16 trdng cta ving 4f dé tao thanh exciton va trang
thai EI c¢6 thé dwoc hinh thanh néu nhiét ¢ du thip. Bén canh d6, sb liéu thuc nghiém trén cac vt lidu
SmlixLaS (x = 0.10, 0.25, 0.35) va Sm. TmyS (y = 0.10, 0.15) (Jung va Wachter, 1997) ciing cho thiy
khe ning lugng dugc mé rong khi ap sut ngoai ting, thé hién sy mé rong ciia ving ngung tu exciton.

4. Két luin

Trong bai bdo ndy, chung t6i di khao sat anh huéng cua ap sudt ngoai 1én trang thai dién moi exciton
trong cac hop chit dat hiém chalcogenide thong qua khao sat ham cam tmg exciton tinh trong mé hinh
Falicov—Kimball m& rong. Sau khi tinh toan giai tich duoc hé cac phuong trinh tu hop chira cac tham sd
ctia md hinh va ham cam g exciton, ching t6i da thiét 1ap chuong trinh tinh s6 dé khao sat sy phu thudc
ctia ham cam (g exciton tinh theo thé tuong tac Coulomb khi thay doi ap suat ngoai tac dong 1én hé. Cac
két qua tinh s cho thay tai nhiét &6 T =0 ung véi mdi gia gid tri cua ning luong tai nat & cia dién tur f
xéc dinh, ham cam @ng exciton tinh phan ki tai hai gia tri t&i han cta thé twong tic Coulomb. Khi ting gia
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tri ctia &, tirc ting ap suat ngoai tic dong 1én hé thi nhiét do chuyén pha trang thi EI ting 1én va mién gidi
han cua the tuong tac Coulomb m¢ rong the hién ving ngung tu exciton dugc mo rong. Cac két qua cua
bai bao cung cap thém cho ching ta co s¢ vé anh hudng cia ap suat ngoai 1én sy hinh thanh trang thai dién
mdi exciton. Trong cac nghién ciru tiép theo, chiing t6i s& khao sat chi tiét hon khi tinh t6i anh huéng ciia
tuong tac dién tir - phonon trong mo hinh.
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ABSTRACT
Effects of the external pressure on the excitonic insulator state

in rare-earth chalcogenides
Nguyen Thi Hau, Do Thi Hong Hai"
Hanoi University of Mining and Geology
In this paper, we have considered effects of the external pressure on the excitonic insulator state via
analyzing the static excitonic susceptibility function in the extended Falicov-Kimball model. By applying
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the Hartree-Fock approximation, we have obtained the excitonic susceptibility function of the model.
Basing on the analytical calculation, we have set up a numerical calculation program to investigate the
static excitonic susceptibility function where the parameters are chosen in accordance with the situation of
the electron system in rare-earth chalcogenides. Our results confirm the effect of the external pressure on
the formation of the excitonic insulator state in rare-earth chalcogenide.

Keywords: Excitonic insulator, Hartree-Fock approximation, The extended Falicov—Kimball model,
Excitonic susceptibility

1189



E R-SE'/ HOI NGHI TOAN QUOC KHOA HQC TRAI DAT
SABMSONER Ao VA TAI NGUYEN VOI PHAT TRIEN BEN VNG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Mbi quan h¢ gitta Glucocorticoid va té bao tu diét NK

Vi Thi Minh Hong”, Pham Tién Diing
Truong Pai hoc Mo - Dia chat

TOM TAT

Theo Quyét dinh QP-4689/QD-BYT Hudng dan chan doén va diéu trj COVID-19 ngay 6/10/2021, thi
corticoid (Dexamethason hodc methylpresnisolon) duoc chi dinh di€u tri v6i cac bénh nhan trung binh,
nang va nguy kich hay diéu tri chong con béo cytokine. Corticoid hay glucocorticoid (GC) c6 tac dung trc

ché cac qua trinh kich hoat té bao mién dich va san xudt cytokine. Bai bao nay s€ phan tich cac nghién ctru
lién quan tdi vai tro cua glucocorticoid vai té bao tu diét NK va hé thong mién dich.

Tir khéa: Glucocorticoid, hé thong mién dich, té bao ty diét NK

1. Téng quan vé Glucocorticoid

Glucocorticoid ndi sinh (GC) 1a mdt nhom céc hormone steroid diéu chinh mot loat cac chirc ndng tim
mach, chuyen hoa, can bang n6i méi va mién dich. GC ¢6 vai tro kiém sodt tang cuong mién dich (chdng
viém), chdng di timg, chdng stress cua co thé, giup ngan chan viée san xuét cic cytokine gdy viém va giy
ra qua trinh chét (apoptosis) cta cac té bao lympho. Hormone glucocorticoid cua vo thuong than duoc duge
tong hop va tiét ra dudi sy kiém soat ciia tuyén thuong than, tuyén yén trude va ving dudi doi bao gdbm
mot mach tu didu hoa duoc goi 12 truc dudi doi - tuyén yén - tuyén thuong than (HPA). Hormone giai phong
corticotropin (CRH) tir ving dudi ddi, hormone kich thich thic ddy giai phéng hormone adreno-
corticototropic (ACTH) tir tuyén yén trudc, va kich thich tong hop glucocorticoid (chii yéu 1a cortisol)
trong 16p b6 (zona fasiculata) cia vo thugng than (Coutinho va Chapman, 2011; Cain va Cidlowski, 2017,
Smith va Cidlowski, 2010; Ronchetti va nnk, 2018).

GC duogc giai phong tir tuyén thuong than theo nhip sinh hoc va dat cao nhét vao budi sang, s& dugc lién
két va van chuyén boi cac protein huyét tuong dén té bao dich. Cac GC ty do khuech tan qua mang té bao,
v6i cac GC ¢6 hoat tinh sinh hoc s& lién két voi cac thu thé glucocorticoid trong té bao chét, sau d6 dime
hoa va chuyén vi vao nhén, tai ddy ching lién két véi cac yéu td dap ting glucocorticoid (GRE) va hinh
thanh céac phirc hop diéu hoa phién ma. Sau d6, GC ngin chin sy biéu hién ciia cac gen gy viém bang cach
{rc ché enzyme histone acetyltransferase va kich hoat enzyme histone deacetylase (Shakhar va Blumenfeld,
2003).

11/3-HSD1

bsor.e _—> : '-:sol °A° J |;I ;! J
A B moime]

Hinh 1. A. Chuyén héa GC khong hoat déng thanh GC hoat dgng.
B. Hoat déng phitc hop hormone GC - thy thé
Glucocorticoid thuc day biéu hién cac protein chéng viém nhu lipocortin-1, interleukin-10, chat dbi
khéng thu thé interleukin-1 va endopeptidase, bién ddi va trc ché cac yéu té phién mé yéu té nhan kB (IkB),
protein GILZ va MAPK-1. Ddng thoi, GC ciing kich thich mién dich tién viém bang cach ting phién ma
clia cac thu thé chemokine (CCR1 va 2), cac thanh phin b thé (C1q, C3 va C5), cac thu thé bd thé (C3aR 1,
CR2 va C5aR1), interferon y thu thé (IFNyRI va II), thy thé interleukin (IL1R1 va IL8R), Toll 2 va 4,
thrombospondin 1, 2 va 4. GC wc ché cac enzyme phospholipase A2, phospholipase C tir ¢ ngin chan giai

* Tdc gia lién hé
Email: vuthiminhhong@humg.edu.vn
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phéng chat trung gian héa hoc nhu prosglandin, leucotrien, histamin, serotonin...la nguyén nhan gay viém,
di tmg, hen,... (Ronchetti va nnk, 2018; Shakhar va Blumenfeld, 2003; Skor va nnk, 2013).

Tém lai, GC e ché su biéu hién cta nhiéu gen
gy viém (tir d6 trc ché biéu hién ctia cic cytokine,
enzyme, thy thé va cac phan tir két dinh), e ché giai
phong céc chat trung gian hod hoc (nhu histamine,
prosglandin, leucotrien, enzyme...) la nhiing chét
tao nén hién twong viém, xuat huyét, rdi loan trao
ddi chat, nhiém trung, ... dong thoi GC kich thich
tong hop va giai phong cac protein khang viém. Co
thé thy, GC lién két hé¢ thong noi tiét va dam bao
chirc nang chinh xac cia cac hién tugng bénh ly

trong qua trinh sua chira, tai tao mo va loai bo tac T
nhan gay bénh théng qua 2 con duong lién quan va  Hinh 2. Tdc dung cua glucocorticoid trong cdc mo
khong lién quan dén gen. dap wng [Smith va Cidlowski, 2010]

2. Anh huédng ciia glucocorticoid ddi véi hé thong mién dich

Hé thdng mién dich cua ching ta duoc chia hai thanh phan chinh: Mién dich bim sinh va mién dich
thich mg. Pai dién cho tuyén phong thu dau tién 1a hang rao vat 1y va hoa hoc gdm da, gidc mac va niém
mac dudng ho hép, duong tiéu héa va tiét niéu sinh duc. Tiép theo 1a cac té bao khong chuyén nhan ra
nhitng ké xam luoc va tidu diét chung bang cach thyc bao hodc giai phong cac chat doc hai. Tuyén phong
thi thir 2 - mién dich thich tng - bao gdm cac té& bao lympho B va T. Trong khi nhém trudc chiu trach
nhiém bét giit, trinh dién va nhan dién thi nhom sau c6 thé san xuit khang thé, biét hoa va c6 kha ning gay
ddc té bao. Hai tuyén phong thu duogc lién két boi cytokine va twong tac té bao.

Khi c4c khang nguyén bi cac té bao trinh dién khang nguyén bt gitr d6 13 cac té bao nhu té bao duodi gai,
cac dai thuc bao. Cac té bao tua gai (Dendritic) duoc kich hoat di chuyén dén cac hach bach huyét noi
chung twong tic voi cac té bao T trinh nguyén dé huéng dan phan tng mién dich thich tng 13 mot budc
quan trong dé phat trién kha nang mién dich. Uc ché su truong thanh va chirc ning cua té bao tua gai co
lién quan dén tac dung rc ché mién dich cua glucocorticoid. Glucocorticoid ngin chin hoat dong cua té
bao dudi gai va chuyén ching thanh “té bao dudi gai dung nap” - t& bao giy ra trang thai phan ng kém
trong t& bao T va gy ra sy hinh thanh té bao T diéu hoa (Tregs). Té bao T diéu hoa (Treg) ngdn chin hoic
han ché su hoat héa cia té bao T, gy su mat can bang ndi mdi dan dén cac bénh tw mién dich. Sy kich
thich t& bao T véi sy c6 mit cua glucocorticoid gy ra cic quan thé té bao T CD4 (+) va CD8 san xuét
cytokine IL-10 chéng viém cao, nhung lam giam dang ké lugng IL-4 va IL-5 gay bénh. Bach ciu don nhin
va dai thuc bao ciing 13 mot phan trong hé théng mién dich bdm sinh. Trong qua trinh bao vé co thé, chung
tao ra cac chat trung gian gdy viém dong thoi ciing didu chinh cdc phan ¢ng micn dich (bam sinh va thich
{g) san xuit cac cytokine chong viém va loai bo cac mam bénh gy viém, manh v té bao va apoptotic.
Cac dai thuc bao (Macrophage) tham gia vao tat ca cac bude cua qua trinh bao vé co thé, tir tiép xuc voi
mam bénh, tao cic cytokine tién viém cho téi phat trién phan tmg khang khuin hay sira chita mo sau ton
thwong. Cac phién ma ciia GC can thiép vao cac chirc ning cua dai thuc bao bang cach diéu chinh san xut
céc chat trung gian nhu cytokine, chét trung gian c6 ngudn gdc tir phospholipid, protease, chit chuyén hoa
oxy. Glucocorticoid lam tang kha nang thyc bao cta dai thyc bao ddi véi su thue bao cua cac té bao
apoptotic [Richards va nnk, 2000].

Chu ky sinh hoc cua sy bai tiét GC kiém soat cac dao dong hang ngay cua sy phan bd va phan tng cta
té bao T, do d6 hd tro duy tri tébao T va bao vé mién dich hiéu qua chbng lai nhlem trung. Chang ciing ¢
thé tang cuong sy phat trién cua cac té bao T trg giup. GC lam giam san xudt, su di cu va hoat dong cua
céc té bao T. Téac dong truc tlep ctia GC 1én té bao T 1a ngan chin sy hoat hoa cia NFAT va NF«B trong té
bao T, phién ma cua GC (GILZ) lam thay ddi ty 18 t& bao T CD4 / CD8. Hon nita, GC phén cyc té bao T
hudng tdi cac té bao Th2, Treg va Th9 va urc ché su biét hoa vao 6 Thl va Th17 [Tsitoura, Rothman, 2004;
Petrillo va nnk, 2014].

Kha ning mién dich bam sinh 14 tuyén phong thii dau tién cua co thé va tuong déi khong dac hiéu. Cac
nghién ciru biéu hién trén toan bo bo gen da nhan manh ring GCs tang cudng biéu hién gen thuc day kha
nang mién dich bam sinh, bao gdm PRR, thu thé cytokine va cic thanh phan hé thong b thé. Mot s6 bao
co dd chi ra rang GR c6 kha ning ting cuong hoat dong ciia cac té bao B san xuat Th2, Th17 va
immunoglobulin. Glucocorticoids can thiép vao chitc nang té bao mién dich va ngén chén viéc san xuét va
hoat dong cua cac yéu t6 thé dich lién quan dong thot e ché su luu thong cua bach cdu. Céc glucocorticoid
¢6 kha ning tao ra qué trinh tu chét rung trong té bao lympho, GC téng hop dugc sir dung rong rai trong
diéu tri cac khéi u ac tinh huyét hoc. Tir d6 ¢6 thé thay, GC ndi sinh dong vai trd vo cing quan trong ddi
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voi hé théng mién dich thich img va mién dich bdm sinh [Ronchetti va nnlg, 2018]. KI}i néng d6 GC thép
s€ thuc day phan ing m}én dich bam sinh, khi GC cao - gdy ra boi cang thang hogc li€u lugng dugc 1y s&
ngan chan phan ung mién dich thong qua trc ché cac thy thé mién dich [Coutinho va Chapman, 2011].

3. Vai tro ciia glucocorticoid trong té bao tiéu diét tw nhién
3.1. Sw bigt héa té bao sdt thii tw nhién

Té bao Sat thu tw nhién (Natural Killer cell - NK) b o
1a mot bach huyét bao trong hé mién dich tu nhién, e < ez
cung ho véi té bao T va B, 1a té bao Lympho bam P O
sinh (ILCs) nhom L. Té bao NK phan g rat nhanh \'\ . -]
v6i nhidu bénh 1y, ¢6 thé tiéu diét té bao khéi u nhu S
té bao T gy doc ma khong can mdi (& bao trinh NK A
dién khang nguyén). Cac cytokine do té bao NK tiét &) | —————— G
ra interferon nhu IFNo va TNFy, hoat dong trén cac 5
té bao mién dich khac nhu té bao tua gai hay dai
thuc bao, 14 té bao diéu hoa tham gia vao cac tuong R e _|
tac qua lai voi té bao tua gai, dai thuc bao, té bao T
va tyé’ bao n6i mo. Trong hﬁq hét cac mo, té bao NK
chiém mot phan nho trong tong s0 & bao lympho 6 gy 3. 76 bao Sdt thii e nhién (Natural Killer
2% dén 18% trong méu ngoai vi cua nguoi. cell - NK) va té bao dich

Kha ning hoat dong cuia t& bao NK phu thudc vao vi méi truong cytokine, ciing nhu cac tuong tic véi
cac té bao khac cta hé théng mién dich, chdng han nhu té bao T, té bao dudi gai (DC) va dai thuc bao. Céc
cytokine kich hoat chirc ning cua té bao NK manh mé 14 interferon loai I, interleukin IL-12, IL-18 va IL-
15. Té bao T CD4 * va té bao NK tuong tac dugc kich hoat boi IL-2, IL-2 thiic diy ting sinh té bao NK,
gdy doc té bao va & mot mic do nao d6 [Vivier, 2018]. Té bao NK twong tac voi phirc hop tuong thich mo
16p I (major histocompatibility complex - MHC I) va chinh nho céc thy thé nay ma MHC I diéu chinh hoat
dong ciia té bao NK. Céc té bao ung thu va té bao bi nhiém bénh thuong mat MHC I, khién chiing d& bi té
bao NK tiéu diét. NK s& giai phong cac hat co chira perforin va granzyme gdy doc té bao, cac hat giy doc
nay dugc phan phdi vao trong bao twong cua té bao dich véi sy tro gitip cua cac 16 perforin truc tiép tai
mang sinh chét, ddn dén ly giai té bao dich. Khi dugc phan phdi dén té bao dich, cac granzyme co thé bét
dau qué trinh apoptosis bang cach phan cit mot s6 chit nén nhu Bid, caspase-3, DNA-PKc va nhitng chit
khac. Bén canh d6, NK ciing c6 cac phdi tir gdy chét 1a CD95L hodc TNF trén bé mat, ching kich hoat cac
thu thé gy chét trong tmg cia ching CD95/ Fas va TRAIL-R1-R2 trén bé mit cua té bao dich. Khi
cytokine FasL- Fas ligand (CD95L) lién két mang lién két voi thu thé cta n6 trén té bao dich, dan dén sy
két hop va kich hoat cic enzyme khoi mio caspase-8 va caspase-10 tao thanh phirc hop gy chét DISC
(CD95/FADD/caspase-8/caspase-10), té bao mang thu thé s& chét nhanh chéng. Qua trinh apoptosis do Fas
gdy ra 1a rat quan trong d6i v6i mot s6 qua trinh sinh 1y lién quan dén céc té bao diét tu nhién (NK) hodc té
bao lympho T gay doc. Sy twong tic CD95 / CDI5L ¢6 thé loai bo cac té bao ac tinh, co thé thuc ddy qua
trinh sinh ung thu bang cach duy tri tinh trang viém va / hodc bang cach gy ra sy phd bién di
can [Trinchieri, 1989; Isabel,2019].

3.2. Sw bigt héa té bao sdt thii tw nhién ,
T¢ bao ti€u diét ty nhién (NK) biét hoa chi yeu trong tuy xuong (BM - VN N
bone marrow), cac t& bao goc tao mau khu tri BM di chuyén tir gan cua 9* ( J ’i-'-‘p

thai nhi ngay trudce khi sinh. Tién chit té bao NK (NKP) duoc tao ra tir cac MNKP Immature  Mature
tién chét tao mau da ning (gdm té bao gbc tao mau HSC va tién chat ELP). NE c=l NEK cell
Té bao NK di chuyén tir tily xuwong vao tuyén tic dé trai qua qué trinh “hudn  Hinh 4. Su phdt trién té bao
luyén” tré thanh nhing té bao NK trudng thanh. Té bao NK chua truong NK

thanh cung cap chit nén cho qua trinh gido duc té bao NK, két qua 1a té bao
NK truong thanh c6 kha nang hoat dong. Tién chit té bao NK, té bao NK
chua truong thanh va té bao NK trudng thanh cé thé tai tudn hoan giira cac
vi tri mé khac nhau (tiy xwong, tuyén tc, gan, 14 lach va cac hach bach
huyét).

Su biét hoa té bao NK mdt phan 1a do cac cytokine (nhu IL-2), cac yéu td c6 ngudn gbe tir t& bao mod
dém tiy va cac phan tir két dinh nhu CD44 [Isabel, 2019]. C6 hai tiéu quin thé t& bao NK trudng thanh 1a
loai té bao NK c6 thu thé trc ché ddi véi cac phan tir MHC 16p 1 va loai chwa bi e ché.Céc té bao NK c6
thé dugc xac dinh boi sy hién dién cta cac ddu 4n trén bé mat té bao 1a CD56 va CD16, nhung khong ¢
CD3. Cac thy thé t& bao NK trc ché boi cac phdi tir MHC 1a rat quan trong dé cho phép cac té bao NK dang
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phat trién dat duoc kha nang chirc nang day di ciia ching. Cac CD56 bright NK chua trudng thanh tao ra
cac cytokine, bao gom IFN-y, trong khi cac CD56 dim NK truong thanh hoan toan thyc hién vai tro gy
ddc t€ bao chong lai céc t€ bao bi nhiem vi rat va ung thu (Amélie va Patrick, 2014).

3.3. Glucocorticoid ni sinh va té bao NK

Cac glucocorticoid néi sinh (GC) duoc diéu khién boi truc ha doi - tuyén yén - thuong than (HPA). Sy
tiét GC duoc tao ra dé dap ung voi cac kich thich cang thang bén ngoai va bén trong. GC hoat dong thong
qua thu thé glucocorticoid (GR), khi lién két voi phéi tir tao GRE, GRE s& chuyén vao nhan dé diéu chinh
phién ma gen. PD-1 (Programmed cell death protein 1) 13 protein xuyén mang la chat trc ché dap ung mién
dich thich Gng va dap tng mién dich bam sinh. PD-1 duoc biéu hién trén té bao lympho T, té bao NK, té
bao lympho B, dai thyc bao, té bao tua gai va bach ciu don nhan. Thy thé kiém soat PD-1 1a mot thu thé bé
mit té bao trc ché diéu hoa qua trinh phan giai t& bao va san xuét cytokine. PD-1gitp kiém soat cac phan
g mién dich cta co thé, khi PD-1 lién két véi mot protein khac - ligans tao ra PD-L1. PD-L1 thudng
duoc biéu hién boi dai thuc bao, té bao T hoat hoa, té bao B, té bao tua gai va mot s6 té bao biéu mo, dic
biét trong cac diéu kién viém. Tuong tac PD-1/PD-L1 c6 vai tro rit quan trong trong diéu hoa hé thong
mién dich va dam bao rang hé théng mién dich chi duoc kich hoat vao thoi diém thich hop. Sy diéu hoa
PD-L1 béi cac cytokine tién viém, chang han nhu TNF-a, IFN-y, IL-10, GM-CSF [Ruipeng va nnk, 2012].

NK tao ra mot so loai cytokine nhu thanh vién cua nhom céc protein ty nhién interferon (TNF-o,IFN-
v,...), GM-CSF, IL-12, IL-18, IL-15,... Sy gia ting ctia PD-1 trén t& bao NK c6 lién quan dén viéc giam
san xudt cytokine interferon dic biét 1a IFN-y va TNF-a. IFN-a gitp tao ra cac trang thai mién dich khang
vi-riit, tir d6 gitp kiém soat sy lay lan cta céc bénh nhidm vi-rat. IFN-y kich hoat duong truyén tin hiéu
STAT trong cic té bao dich, ddn dén viéc kiém soat nhidm tring, IFN-y giam lam cho tinh trang nhiém vi
rat tré nén toi t& hon. Thu thé kiém soat PD-1 biéu hién trén té bao NK, dugc tao ra boi GC, 1a mot co ché
quan trong chdng lai bénh qua trung gian cytokine. Thu thé GR kich hoat biéu hién PD-L1 va trc ché biéu
hién MHC-I trén bé mat mang té bao chu, do d6 ngan chin sy trinh dién khang nguyén déi voi cac lympho
T. GC tc ché ho NF-kB va AP-1 cua céac yéu td phién mi va do d6 ngan chin viéc san xuit nhiéu cytokine
va chemokine, bao g6m IL-2, IL-6, IFN-y va IL-8. Ngoai ra, GC kiém soét bién d6 cua tin hiéu IFN-y béng
céch diéu chinh tin hi€u STAT (Richards, 2000 va nnk; Isabel va nnk, 2019; Ruipeng va nnk, 2012).

Nhu viy, viéc diéu chinh tdt cac chirc ning cua té bao NK bang truc HPA di bao toan tinh toan ven cua
md ma khong lam suy giam viéc loai bd mam bénh, diéu ‘nay cho théy mot khia canh méi cua co ché diéu
hoa mién dich than kinh. Cac tac dong cang thang truc tiép cho thiy su gia ting nong do cortisol cung vdi
sw giam ty 1¢ phan tram té bao NK. GC ndi sinh duoc san xuét ngay sau khi nhidm trung, gy ra biéu hién
cua thy thé diém kiém soat PD-1 trén té bao NK. Con dudng glucocorticoid - PD-1 nay han ché viéc san
xuit cytokine IFN-y boi cac té bao NK ¢ 14 lach, ngan can bénh Iy mién dich. Pang chu y, quy dinh nay da
khong anh hudng dén sy thanh thai ciia virus. GR ngén chén hoat dong va dgc tinh te bao NK, c6 thé anh
huong gian tiép ciia GC dbi véi viée san xuat IL-12 bai cac té bao tua gai. IL-12 1a rat quan trong ddi voi
hoat dong gay doc té bao ciia té bao NK thong qua viée kich thich NK san xuat IFN-y (Deng va nnk, 2021).

Té bao NK va GC vé co ban hoat dong tac dong ngugc nhau ddi vé6i cac bénh nhu nhiém virus, ung thu
va viém nhiém, trong khi cic bénh ty mién, tac dong trc ché truc tiép trén bé mat t& bao NK béng GC lai
khong dugc thé hién rd rang. GC c¢6 vai tro e ché chirc ning cua té bao NK do giam biéu hién cia cac
phan tir két dinh (LFA-1) hodc cac phén tir gay doc té bao (granzyme B va granzyme A) trong té bao NK,
cling giam biéu thic ctia IFN-y. Mit khac, té bao NK ¢o6 thé, nguoc lai, anh huong ti€u cuc dén cac licu
phap GC vi gay tré ngai v6i chiung. Do d6, mbi quan hé gitta GC, hoat dong cua te bao NK va PD-1 dac
biét quan trong trong cac truong hop nhiém virus va mot sO cac loai bénh nhu ty mién hay ung thu. (Simona
vannk, 2018). Tap thé duc anh huéng dén san xuit GC, tap thé duc cuong do cao trong thoi gian dai co thé
gdy trc ché mién dich; tip v6i cudng d6 vira phai va thuong xuyén ting mién dich, do sy phan b6 lai cac té
bao lympho qua trung gian giai phong GC sau khi kich hoat HPA truc, tir d6 ciing s& thay di chirc ning
NK (Richards, 2000 va nnk; Ruipeng va nnk, 2012).

3.4. Liéu phdp glucocorticoid va té bao NK trong bénh

Glucocorticoid c6 tac dung chéng viém va diéu hoa mién dich manh va trén dién rong. Do d6, khong co
gi dang ngac nhién khi glucocorticoid dugc st dung rong rai va lau dai v6i cac bénh viém nhiém, hen phé
quan, chong di img va trong ca diéu tri covid-19. Mic du céac tac dung phu cua nhiing loai thudc nay da
dugc mo ta rd rang, tuy nhién, liéu phap glucocorticoid (corticosteroid) van la phuong phap diéu tri dau
tién cho mot s6 loai bénh nhur rdi loan ndi tiét, ung thu, nhiém tring, cac bénh viém nhiém va di tng.

- Bénh viém nhiém

Té bao NK ¢b dién va té bao NK-T, la céu ndi giira cac té bao bam sinh va kha nang mién dich thich
ng, c6 chirc nang quan trong trong mot s6 bénh viém man tinh nhu bénh phdi tic nghén man tinh va hoi
chimg tic ngh&n tiéu phé quan. Trong nhitng bénh nay, cac té bao bi anh huong 1a khang lai GC vi mot sb
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co ché phu thudc vao GC bi thay d6i trong Té bao NK. Két qua cua su khang thude nay, nhiing loai thudc
nay khong co tac dung diéu tri chéng viém dién hinh (Simpson va nnk, 2015).

- Bénh ung thuw

GC vira c6 kha ning ngin chin phan tng mién dich nhung ciing co thé thuc day kha nang dap ing mién
dich. GC thuong dugc sir dung nhu mét liéu phap b trg cho mot s6 loai ung thu de giam tac dung phu do
hoa tri liéu gay ra (vi du: noén mura va di ing) nhung GC lai lam giam kha nang mién dich ctia nhitng bénh
nhan nay do GC c¢ tac dung tre che té bao NK va cac té bao bach cau khac. Su can kiét t& bao NK do GC
gdy ra thiic day khdi u sy tién trién, hd tro mbi lién két duoc gia dinh giita tinh trang tam than va cac Bénh
tat dic trung boi sy thay ddi sinh 1y do luong dugc. Tuy nhién, mot nghién ciru vé anh huong ciia GC dbi
v6i sb lwong va chirc nang ciia bach cau (bao gdm ca té bao NK) phat hién ra rang GC c6 rét it anh huong
dén cac phac dd hoa tri hidu qua cao (Hodge va Hodge, 2019).

- Bénh ty mién

Céc bénh ty mién thuong xay ra do hé théng mién dich bam sinh v6i hé théng mién dich thich tmg mat
kha néng tu dung nap (ttrc 1a hé théng mién dich khong phan biét dugc cac khang nguyén cua co thé véi
cac tac nhan gay hai bén ngoai), dan dén viéc san xuat cac khang thé va té bao lympho tu tan cong chinh
Cac co quan trong co gy ton thwong mo. S6 lwong té bao NK b thay d6i & bénh nhan mic cac bénh ty
mién dich, ching han nhu Lupus ban d6 hé thong, viém khép, tiéu duong loai 1, viém rudt,...(Hodge va
Hodge, 2019; Isabella va nnk, 2022).

- SARS-CoV-2 (COVID-19)

Khi nhiém virus SARS-CoV-2, co thé s& phai huy dong mét lwgng 16n té bao bach céu, bach ciu da nhan
cling nhu cac thuc bao dé chdng lai va dong thoi cac té bao nay s& tiét ra rit nhidu cac cytokine tién viém
hay cytokinne gy viém, tham chi gdy hoai tir mo. Su xAm nhép va sao chép rit nhanh chong cia virus
SARS-CoV-2 c6 thé kich hoat hé thong mién dich lién quan san xuit qua nhiéu cytokine dan dén “con bao
cytokine” va hoi chimg giai phong cytokine. Pay 1a nhitng hoi chimg viém hé thdng de doa tinh mang.
Phan tng viém qua mic ciia con bio cytokine c6 thé dan dén sy phat trién ctia hién twong suy hd hip cip
ARDS gay ra rdi loan chtrc ning ctia cac co quan trong co thé nguoi bénh va co thé dan tdi tir vong.

GC 1a moét li€u phap mdi cho bénh coronavirus 2019 (COVID-19), ddi voi bénh nhan mic viém phéi
ning lién quan dén COVID-19 s6 lugng té bao NK (CD16+ CD56+) va cac phan nhom té bao T giam dang
ké (Isabella va nnk, 2022). IL-8 1a mot cytokine tién viém dugce kich hoat bdi GC, c6 vai trod kich hoat bach
cau trung tinh, bach cau trung tinh giai phong cac protein hat va chit nhiém sic dé tao thanh NETs. NET
¢ dinh mam bénh, han ché sy Iy lan cua chung va tiéu diét chung thong qua san xuit protein khang khuan
[Hodge va Hodge, 2019]. Thir nghiém trén dexamethasone cho thay li¢u thip (6 mg) dexamethasone trong
10 ngay lam giam 1/3 s6 ca tir vong & nhitng bénh nhan bi bénh nang véi COVID-19 (Horby va nnk, 2020).
Theo Quyét dinh s6 4689/QD-BYT vé viéc Hudng dan chan doan va diéu tri COVID-19 ngay 6/10/2021
thi cac loai corticosteroid (nhu dexamethasone, hydrocortisone hodc methylprednisolone) diéu tri bénh
nhan COVID-19 mirc d9 trung binh, nang va nguy kich (SpO2 < 96% - Nhip tho > 20 lan/phut) véi sy theo
doi cua nhan vién y té va bac si. Liéu phap GC trong diéu tri COVID-19 véi tiy nhom bénh nhan cé cac
tac dung tiém an khong mong mudn, vi vy, cin co theo ddi va diéu chinh kip thoi.

4. Két luan

Glucocorticoid va tin hi¢u thu thé glucocorticoid (GR) da dugc nghién ciru tir rat lau trong trong diéu
tri chdng viém, chong di tng, sdc va mién dich. MGéi lién hé giita cac té bao tu diét NK va glucocorticoid
da cho thay, GC c6 thé thay ddi chirc néng té bao NK, lam giam hoat dong phén giai, giam dgc tinh té bao
NK va ddng thoi tao moi cho té bao NK dé tang cudng san Xudt cytokine tlen viém. Déy la co s¢ dé s
dung liéu phép glucocorticoid trong diéu tri, ddng thoi ciing gop phan phat trién cac bién phap mién dich
trong diéu tri ung thu.
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ABSTRACT
The role of glucocorticoids in natural killer cells

Vii Thi Minh Hong", Pham Tién Diing
Hanoi University of Mining and Geology

According to Decision No. 4689/QD-BYT Guidelines for the Diagnosis and Treatment of COVID-19
dated October 6, 2021, corticosteroids or Glucocorticoids (Dexamethasone or methylpresnisolone) are
indicated for the treatment of moderate and severe covid-19 patients. Corticosteroids or Glucocorticoids
(GC) inhibit immune cells activation and cytokine production. This article will analyze studies related to
the role of GC in NK cells and the immune system.

Keywords: Glucocorticoids (GC), natural killer cells (NK), immune system.
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ER SE’ HQI NGHI TOAN QUOC KHOA HQC TRAI DAT
SABSORNLES e VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Glucocorticoid va cac tac dong khi sir dung

Vii Thi Minh Hong", D3 Thi Hai
Truong Pai hoc Mo - Dia chat

TOM TAT

Hormone Glucocorticoid dugc sinh ra tir vé thugng thén c6 tac dung e ché cac tic nhin giy viém bao
gdm céc cytokine va chemokine gy viém, giam cing thang, dap tmg mién dich,... Viéc tim ra hormone
nay da dat giai Nobel cho linh vuc sinh 1y hoc va y hoc nam 1950. Thudc Glucocorticoid (GC) duoc
Lewis Sarett ctia cong ty duoc Merck & Co. tong hop tir axit deoxycholic chiét xuat tir mat bo. Thude
phat huy tac dung duoc 1y cta chung bang cach bat chude cac tic dung hormone GC tu nhién, tuy nhién,
GC lai gay ra céc tac dung phu ciling nhu tac dung dugc 1y nghiém trong khi str dung. Bai bao nay sé tom
tat cac phan tich nay dé néu bat cac tac dung tich cyc cling nhu tiéu cyc tdi co thé khi st dung thuée GC.

Tuwr khoa: Glucocorticoid, ACTH, phospholipase.

1. Giéi thiéu

Viéc diéu tiét Hormone Glucocorticoid - hormone tuyén thuong than bat dau tir vung dudi ddi. Ving
dudi ddi tiét ra hormone giai phong CRH vao hé thdng thong tin ha ddi dén thuy trude tuyén yén. CRH
kich thich thily trudc tuyén yén giai phong hormone tiét ra hormone kich thich vo thuong than 1a ACTH
(adrenocorticotropic hormone). ACTH duoc giai phong vao mau va lién két véi thu thé hormone trén
mang té bao cua vo thuong than két hop va hoat hoa protein Gs dan dén viéc kich hoat adenylyl cyclase
dan dén sy hoat hoa emzym adenylyl cyclase AC dic hiéu véi xtc tic qué trinh chuyén hoa adenosine
triphosphate (ATP) thanh AMP vong (CAMP). cAMP ting 1én s& kich hoat protein kinase A, dan dén kich
hoat mét loat qua trinh chuyén hoa tao nén hormone vo thugng than cortisol. Vo thugng than gom
3 16p: 16p cau, 16p bo va 16p ludi. Mbi 16p tiét mot nhém hormone khac nhau. Lop bé tiét hormone nhom
corticoid, hormone chu yéu ciia nhom nay 1a cortisol (Glucocorticoid). Cortisol 1a mot loai hormone
steroid quan trong trong viéc diéu chinh glucose, protein, va chuyén héa lipid. Khi co thé can, dudi tac
dung cua cortisol, glucose ¢6 thé dugc tong hop tir axit amin va axit béo do sy phan giai cua protein va
lipit, ngoai ra chiing con gitp trc ché qua trinh viém khang di tmg, ha sét, trc ché mién dich va co mach.

Nhu vay, Sy bai tiét GC cta vo thuong than chiu sy diéu khién cta truc dudi doi - tuyén yén bai CRH,
1di t6i ACTH. Khi mtc cortisol trong mau ting, qué trinh xay ra nguoc lai. D6 1a co ché feedback nham
git mirc hormone 6n dinh. Glucocorticoid (GC) hay GC ndi sinh dugc téng hop tir tién chat chinh 1a
cholesterol - thanh t6 chil yéu ciia mang té bao. Qua trinh tong hgp hormone tir cholesterol nhu sau:

Budc 1: Cit mach 5C. Cholesterol dugc vén chuyén vao trong ty thé nhd protein StAR (steroid acute
response protein). Trong ty thé, cholesterol cit di mot chudi 5C nhd enzym desmolase tao ra chét trung
gian pregnenolone (P5), P5 ra khoi ty thé dén ludi ndi bao dé tong hop nén ba nhom hormone steroid.

HO

Cholesterol pregnenclone

Hinh 1. Qud trinh chuyén héa cholesterol tao ra pregnenolone
Budc 2: Tao 17-hydroxy progesterone (OHTC). OHTC dugc chuyén hoa tir pregnenolone thong qua 2
qua trinh trung gian dudi tac dung cua cac enzym 17a-hydroxylase, 3B-hydroxysteroid dehydrogenase.
Bude 3: Tao 11-Deoxycortisol bang cach chuyén hoa OHTC nhd enzym 21-hydroxylase (CYP21).
Budc 4: Tao Glucocorticoid (cortisol) dugc tao ra tir 11-Deoxycortisol nhd enzym cytochrome P450
11B1 1a mot enzyme dugc ma hoa boi gen CYP11B1.

* Tdc gia lién hé
Email: vuthiminhhong@humg.edu.vn
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Cortisol dugc gidi phong theo timg nhip, ting tir 4 gid sang va dat toi mirc cao nhat lic 8 gid sang, sau
d6 giam dén 12 gio dém 1a thap nhat. Sy giai phong GC nhip nhang nay 1a can thiét dé duy tri kha ning
dap ung cua té bao va thuc day cac hoat dong GC trén pham vi rong tir phién ma gen dén hanh vi (Cain
and Cidlowski, 2017; Miyata va nnk, 2015; Pelaia va nnk, 2012; Ramamoorthy and Cidlowski, 2016).

2. Co ché tic dung chung ciia Glucocorticoid ndi sinh va thudc Glucocorticoid
2.1. Tdc dung chéng viém

Phospholipid mang duéi tac dung ctiia enzym phospholipase A2 s€ tao thanh acid arachidonc. Dudi tac
dung ciia cac enzym Acid arachidonic bi oxy hoa tao ra cac chat chuyén hoa khac nhau la: Prostaglandin
va leucotrinen. Prostaglandin 1a cac acid béo khong bdo hoa & cic md, ¢6 vai trd nhu mot chit trung gian
hoa hoc cta qua trinh viém va nhén cam dau, ngoai ra con cé cac tac dung sinh 1y & cac mo riéng
biét, hoat dong giéng nhu 1a cac noi tiét t6. Prostaglandin ¢ nhiéu tic dung 1én co thé, giy con dau va
viém & nhitng mo bi tén thuong, pha huy 16p 16t bao vé ciia da day va ta trang gy viém loét, ngoai ra,
prostaglandin con gdy gidn mach, ting tinh tham thau (prostaglandin E2 - PGE2 khi dugc giai phong s&
gdy gian mach, tang tinh tham thau cta thanh mach gay viém, dau va rdi loan tiéu hoa. PGE; lam giam
tiét dich vi, ting nhu dong rudt. PGE va A giy gidn mach nho, nhtrc dau, ha huyét 4 ap,...). Leukotriene tac
dung manh Ién phé quan gy co thit phé quan, ting tinh thim mach mau gay phu né va xudt tiét.

Qua trinh té bao trinh dién khang nguyén bit giit rdi trinh dién khang nguyén cho té bao lympho c6 tiét
ra cic cytokine c6 chirc ning kich hoat va dan du cac té bao viém (bach cau i toan, basophils va té bao
lympho) va giai phong cac chét trung gian gay viém trong d6 c6 (Cain and Cidlowski, 2017; Pelaia va nnk,
2012; Velden,1998):

(1) Nhém cytokine tién viém (cic cytokine khuyéch dai va duy tri qua trinh viém): Cytokine thudc
ho yéu té hoai tir u (Tumor Necrosis Factor, TNF) va interleukin-1 (IL-1), IL-6.

(2) Nhom cytokine thir hai nhu IL-4 va IL-13 c6 lién quan dén cac bénh di ing, khi chung dwoc giai
phong, ndi mé duge kich hoat 1am ting twong tac gitra phan tir két dinh voi té bao ndi mo.

(3) Nhom cytokine tiép theo gitp kich thich hoat héa bach cau wa acid va hudng bach cau téi vi tri tiép
xuc voi di nguyén, bao gom IL-3, IL-5 13 yéu t& hoa g dong cua bach cau, GM-CSF 1a yéu t6 kich thich
bach cau/bach cau don nhan (cytokine thuc diy san xudt cac PMN) va interferon gamma (IFN-y).

Nguyén nhan gdy viém rat da dang, tir nhidm vi sinh vat, tic nhan vat 1y, hoa chét dén céc phan tng
mién dich. Tinh trang viém duogc tudn tu dién ra nhu sau: Sau vai phut dén hang gio sau khi tiép xuc véi
céc kich thich viém, cac phan tir dugc giai phong boi mam bénh xam nhap hodc do ton thwong mé lién
két receotor nhan dién tin hiéu, cac té bao nhu dai thuc bao dugc hoat hoa va cac cytokine dugc tao ra dé
b4o dong va hoat hoa cac té bao mién dich khac. Cac té bao viém duogc kich thich giai phong cac chit
trung gian gy viém nhu histamine tir cac té bao mast va prostaglandin. Tlep theo la qua trinh phan giai,
noi cac té bao mién dich chuyen sang kiéu hinh chéng viém va giam tiét cac chit giy viém va cac
cytokine gay viém. Giai doan cuoi cua qua trinh viém la qua trinh tai tao cac mo.

Phospholipid mang Glucocorticoid
(+) 3 = ; l[ﬂ .
Fhaospholipase A; +—— Lipocortin
Cyelo-oxygenase = = = .
fedm COX-1 vd CON-2) ‘ Acid Arachidonic |
_— T Lipooxygenase
oo B - LOX|
Prostaglandin G: v a
-
v Lencotrien Ay
Prostaglandin Hz
v v
PGE 1, PGF1:, PGD,... LTC,, LTDy, LTE,, LTB,

Hinh 2. Co ché chéng viém ciia Glucocorticoid

Hormone Glucocorticoid 1am giam va dap tit viém bang cach diéu chinh mét sb phan tung & trén.
Chung thiic day biéu hién lipocortin-1 day 1a enzym trc ché hoat dong ciia enzym phospholipase A2 tao ra
axit arachidonic. Tir ¢6 1am giam sy giai phong cac hoa chat trung gian gy viém la prostaglandin va
leukotrien va giai phong histamine boi cac té bao mast. Hon nita, GC noi sinh gop phan vio co ché hinh
thanh mach sinh 1y bang cach diéu chinh cic qua trinh hinh thinh mach méi. Ngoai ra, cac san pham
phién mi cua glucocorticoid gy bat hoat cc gen gdy viém, lam tic ché qua trinh san xut protein gay
viém, can trd cac hoat dong cua NF-kB va protein hoat hoéa 1 (AP-1), chiu trach nhiém diéu hoa cac
cytokine tién viém khac nhau nhu TNF va IL-1 [De Bosscher va nnk, 1997]. GC tac dong truc tiép 1én
cac mach mau trong viéc tang cudng hoat ddng co mach cua norepinephrine va angiotensin II. Do tac
dung tc ché mién dich va chéng viém, glucocorticoid la mdt myc tiéu hép dan d@é phat trién duoc phém.
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Nhom thude glucocorticoid thudng c6 dudi “sone” (“son”) hodc “olone” (“olon™) va ciing co nhing
treong hop ngoai 1€, vi du: budesonide.

Glucocorticoid (GC) hoat dong trén nhicu hé co quan dé diéu chinh mot loat cac qua trinh sinh 1y &
dong vat co xuong song. Thude GC nhu Annexin 1 (ANXAL1) trong té bao mién dich gitp tao diéu kién
thuan loi cho tac dung trc ché mién dich ctia GCs bang chimg 1a sy diéu hoa mic do thu thé ANXAI
trong bach cau sau khi @ voi dexamethasone (Young va nnk, 1994). Thuéc PGE2 co bép co tir cung
lac chuyén da dung dé thic dé hay gay say thai do vy Thudc PG2 dung giy say thai, thuc dé, chay mau
sau sinh. Giit 6ng dong mach mé& cho tré so sinh, chii yéu 1a dung cho tré so sinh bi khuyét tat bam
sinh. Thudc Leukotriene 1a mot nhom céc hoat chit trung gian c6 vai tro khong nho trong cdc phan ng
viém di tmg va c6 thé tryc tiép gy ra nhiéu triéu ching di img nhu co that co tron phé quan, ting tiét
dich nhay, gian mach...), va cac cytokine gay viém tir dai thuc bao va nguyén bao soi.

2.2. Tdc dung chong di trng

Phosphatidylinositol diphosphat dugc phan cét bai phospholipase C dé dé tao ra cac phan tir truyén tin
thir hai inositol 1,4,5-triphotphat (IP3) va diacyglycerol (DAG). Chat truyén tin tht hai cia lipid diéu
chinh mét loat cac su kién thiét yéu cua té bao, chang han nhu, két dinh va nhu dong, kich hoat cac thay
ddi sinh 1y ¢ cap do te bao nhu ting sinh, biét hoa, di cu, va ty huy (apoptosis). Chat nay lam cac hat
trong bao tuong cua té bao giai phong chat trung gian hoa hoc nhu histamin, serotonin... dang tu do, la
yéu t6 gdy ra nhung phan tmg di ing tir nhe dén niang nhu: phat ban, d6 da, sung phu, khé tha, ‘nga, ho,
soc phan v¢,... Cac cytokine (IL-5, IL-9, IL-13, TNF) lam tang phan tng viém do thay doi té bao biéu
moé va ndi md, phit mach va tai cau tric dudng thd, su tao cytokine trong duong thd co thé gdy ra hién
tuwgng di ing. Sy hién dién cua céc cytokine sé hoat hoa bach cAu ua acid, tir d6 giai phong cac chét trung
gian hoa hoc (nhu histamine, prosglandin, leucotrien, enzyme...) giy viém dudng tho, ting dap tmg phé
quan, tic nghén duong thd, din dén tridu ching cua hen phé quan (Velden,1998; Perretti va Dalli, 2009).

Phosphatidylinositol diphosphat

[+) 3 < =)
Phospholipase C «— Glucocorticoid

inositol 1.4,5-trisphosphat IP3 diacvlglycerol

Sy &

Chat trung gian hoa hoc gay di ting
histamin. serotonin...

Hinh 3. Co ché chéng di img ciia Glucocorticoid

GC trc ché phospholipase C c6 nghia 1a c ché su phan hiy phosphatidylinositol diphosphat thanh
hai chit truyén tin hiéu thtr hai (IP3 va DAG) tir d6 c6 tac dung chdng di tmg. GC 1a tic nhén ting qua
trinh san xuét lipocortin trong té bao, lipocortin trc ché phospholipase A2, tir d6 GC lam giam tdng hop ca
leucotrien va cac prostagrandin gdy viém, chat leukotrien nay thudng dugc co thé giai phong khi tiép xuc
v6i cdc tac nhan gy di Ung, gy sung phéi va co thét cic co xung quanh dudng tho, giy ra con hen
suyén. Glucocorticoid trc ché sy tao ra cac cytokine nhu: Interleukin-1 (IL-1) thuc day qua trinh tuyén
chon té bao va anh huong dén viéc giai phong chét trung gian gy di ung. Glucocorticoid ngin chan su
tich tu cuc bd cua bach cau & vi tri viém béng cach ngén can sy bam dinh cua chung vao ndi mac mach
mau (ngan chdn sy hinh thanh cua cac cytokine IL-1, GM-CSF diéu hoa tao mau) va tc ché truc tiép su
ton tai ctia bach ciu ai toan. Hon nita, GC {rc ché qua trinh ty phan hity apoptosis & bach cau trung tinh
nh¢ kha néng phong toa giai phong chét trung gian hoa hoc gay phan umg di ing. Thubc GC lam giam IL-
5, bach cau 4i toan, ECP va IgE diéu hoa cua cac té bao viém va céc san phim cia ching.

Corticosteroid thudng dugc st dung dé xir tri séc nhidm trung & bénh nhan COVID-19, ¢6 lgi cho
bénh nhan COVID-19 ning (can phai thé may, thd oxy) st dung dexamethason (hodc corticosteroid khac
dé thay thé nhu: prednison, methylprednisolon, hoic hydrocortison) dé diéu tri cho bénh nhan COVID —
19 dang the may (AI) va nhirng bénh nhan khong thé may nhung can hd trg thé oxy (BI). Corticosteroid
dang hit da dugc x4c dinh 13 tic nhan diéu tri COVID-19 tiém ning vi tic dung chong viém nhim muc
tiéu ctia chung trén phdi va da dugc ching minh 1a 1am giam sy nhan Ién cua virus SARS-CoV-19. GC la
phuong phap diéu tri mot s& bénh viém man tinh nhu bénh phdi tic nghén man tinh COPD va hoi ching
tac nghén tiéu phé quan (Wang va nnk, 1998).

2.3. Tdc dung iic ché mién dich
GC noi sinh cling thyc hién mot loat cac hoat dong di€u hoa mien dich, bao gom ca viéc kiém soat can
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bang ndi mdi cua té bao T. Su diéu hoa glucocorticoid ting gdy ra sy biéu hién cua thy thé thue day su di
chuyen trong ngdy cua té bao T vao cic co quan lympho tir d6 tang cuong kha nang bét mdi cua te bao T
chdng lai sy lay nhiém cua vi khuan va mién dich khang nguyén, din dén su gia tang cua cac té bao T
CD8 cua tac nhan va san xuat khang thé. GC kich hoat su di chuyén cua cac té bao T CDS8 trong bd nhé
vao tuy xuong va hd tro viéc duy tri va phan @mg ciia cac té bao nay. GC ndi sinh c¢6 chirc niang tu bao vé
dé tang cudng cic dap tmg mién dich thich tmg. Liéu phap GC la phuong phap diéu tri dau tién cho mot
s6 loai bénh, bao gdm cac bénh mién dich, rdi loan noi tiét, ung thu, nhiém trung, bach cau nguyén bao
lympho cép tinh, ...(Perretti va Dalli, 2009). GC thuong duoc sir dung nhu mot liéu phéap bd trg cho mot
sO loai ung thu dé giam tac dung phu do hoéa tri liéu gay ra vi du: Dexamethasone dung cho du phong
chdng noén mira va di ing, khong lam thay d6i cac bénh 1y mién dich khic nhau (Berton, 2021).

2.4. Tdc dung truwéng thanh phéi ciia thai nhi

Glucocorticoid ndi sinh dong mot vai tro thiét yéu trong sy phat trién binh thuong cua thai nhi bao
gOm sy phat trién va truong thanh cua cac mo khac nhau cua thai nhi nhu gan, phoi, rudt, co xuong va mo
m&. Dic biét, & chuan bi cho cudc sdng ngoai tir cung, glucocorticoid kich thich phoi san xuat chat hoat
dong bé mit - hdn hop cua phospholipid va protein gitip on dinh phé nang phoi va ngan ngira suy ho hap.
Vi vay, diéu trj bang GC tong hop duogc sir dung rong ri ¢ nhimg truong hop phdi chua truong thanh de
doa kha nang song cua tré so sinh nhu sinh non, da thai. Li¢u phap Corticosteroid trudc sinh (ACT) danh
cho phu nit bi doa sinh non giam tir vong & tré so sinh, dy 1a GC téng hop ngoai sinh voi cach thirc hoat
dong bét chude cac qua trinh trudong thanh ndi sinh va chua ¢6 bang ching cho thay nhiing tac dung phu
khong mong mubn doi véi hé tim mach dang phat trién (Coutinho va Chapman, 2011).

3. Téc dung khéng mong muén cia thudc Glucocorticoid

V6i kha dung sinh hoc rong va tac dung sinh 1y da dang, thudc glucocorticoid 13 mot trong nhing loai
thubc dugc ké don phd bién nhéat dé diéu tri cac rdi loan viém, bénh ty mién dich va nhidm trang huyét,
diéu tri cac khdi u 4c tinh huyét hoc, didu tri bénh hen suyén, phé quan, bénh phdi tic nghén man tinh
(COPD) va bénh nhan méc covid-19. Tuy nhién, viéc sir dung kéo dai cac hop chit nay rat phuc tap boi
nhiéu tac dung phu c¢6 hai nhu ting huyét ap, rdi loan tdm than, hoi ching cushing hodc gay tai bién, ...

3.1. Tdc dpng ciia thuéc glucocorticoid trén chuyén héa
Chuyén hoa glucid va protein: Glucocorticoid kich thich tan tao duong, tong hop glycogen khi doi

bang cach kich thich enzyme gan (nhu PEPCK-M), carboxykinase, glucose 6-phosphatase glycogen

synthase) tang tao glucose tir protein, acid amin va mot s6 co chat carbon khong phai carbohydrate dan

dén tang glucose huyét tuong, va thiic dy qua trinh ling dong glycogen & gan. Bén canh d6, corticoid

con lam tang téng hop glucagon, 1am giam tong hop insulin (Yabaluri va Bashyam, 2010).

ligand(s)
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Hinh 4. So dé tan tao dwong

Chuyén hoa lipid: Glucocorticoid anh hudng dén chuyén hoa axit béo, GC ¢6 thé 1am ting ca su hap
thu va luan chuyén cua céac axit béo trong md m& va tuong tu nhu ting su luan chuyén glucose/glycogen,
¢6 thé diéu chinh kha ning dap tng dong ddi véi cac kich thich khac nhu insulin hodc catecholamine. Tac
dung ciia GC dbi voi su thém an da dugc trong Dallman et al danh gia, gop phan lam tang can do
glucocorticoid. Sy biét hoa té bao m& va kich thudce té bao thé hién ¢ ting twong ing vé m& ving bung
va m& trong bung (ndi tang) giam kich thude té bao m&d & md md dui (Coppack 2009).

Chuyen hoa mubi nude: Glucocorticoid lam tang gitr nudc va natri, tang bai tiét kali. Bén canh do tang
tai hdp thu natri va nude do d6 gy phu va ting huyét 4p. GC lam ting bai niéu nude, tée do loc cau than
va luu lugng huyét tuong than. ting cam giac thém an va khat mudi va ha kali.

3.2. Tdc dgng ciia thuéc glucocorticoid lén xwong o )
Glucocorticoid ngén chén su tong hop cua yeu to hormone tang trudng IGF-1 dan den viéc e ché giai
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phong GH cua tuyén yén. GC & ndng d6 cao hon ndng do sinh 1y lai gay tac dung trc ché trén nguyén bao
xuong c6 thé dugc giai thich bang co ché lién quan dén viée trc ché cac cytokine, nhu IL11, thong qua
tuong tic cia GR voi AP-1, biét hoa ctia nguyén bao xuong tir té bao gdc trung mé. GC 1am gia ting tiéu
xuong bang cach kich thich tao ¢t bao do tang biéu hién cua phdi tir RANK va giam hinh thanh xuong
do sy giam sy sao chép va biét hoa cua té bao tao xuong va tang qua trinh chét cua cac nguyén bao xuong
va t& bao xuong trudng thanh. Ngoai ra, GC e ché ting truong do ché sy ting sinh t& bao
chondrocyte, su phi dai va tong hop chat nén sun. Tir d6, gy mat xwong va ting nguy co giy xuong do
lodng xuong (Martin va nnk, 2021). V& mat 1am sang, bénh nhén loing xwong do GC s& bi mit xwong
trong vai thang dau tién, bénh nhan co nguy co bi xep d6t séng, giy xwong cot sdng va xuwong hong.
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\ L/
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Hinh 5. Tdc dong ciia glucocorticoid (GCs) trong chuyén héa xwong

3.3. Thuéc glucocorticoid gdy giam bach cau

Glucocorticoid trc ché mién dich do 1am giam s6 lwong t& bao lympho (thudc lam teo cic co quan
lympho) GC lam giam lympho bao, monocyte va bach cau da nhéan ai toan do ting di chuyén céc té bao
nay ra khoi hé tuan hoan, GC tic ché chirc niang thuc bao, trc ché san xuat khang thé, e ché giai phong va
tac dung cua cac enzym tiéu thé, we ché hoa hudéng dong bach cau, trc ché sy di chuyén cuia bach cau. GC
con chong viém & nhiéu giai doan khic nhau ciia qua trinh viém va khong phu thudc vao nguyén nhan
gdy viém (Isabella va nnk, 2022).

3.4. Thuéc glucocorticoid tin

Hinh 6. Anh xudt huyét da va duc thiy tinh thé ciia bénh nhan mdc hgi chimg cushing

Glucocorticoid kich thich tan tao duong, ting ca sy hdp thu va ludn chuyén cua cac axit béo trong mo
m& gdy ting acid béo tu do, dudng trong huyét twong va ting tao cic chét cetonic trong co thé. Hau qua
lam thay doi su phan bb lipid trong co thé, lam ting tong hop m& & than, giam tong hop m& & chi, do d6
m s& tap trung nhidu & mat (mdt hinh mat trang nhung chén tay teo nhd), nira than trén nhu vai, gay gay
hoi chimg gu trau. R&i loan chirc ning cau thin dan dén protein niéu va albumin niéu ¢ bénh nhén
Cushing, mot s6 bang chimg ciing cho thdy md hoc vé xo vita cau than, tang huyét ap, dai thao duong va
101 loan lipid mau va gay tang cung luong tim, phu néo, cac van dé vé mat (duc thuy tinh thé, tang nhan
4p) va da liéu (da mong, san sui, ram 16ng, rung téc, suy giam kha ning chira lanh vét thuong, xut huyét,
van tim va myn trirng ca). biéu tri glucocorticoid dai han, véi viéc tc ché mién dich dong thoi, cling
khién bénh nhan d& bi cac bénh xam l4n nhu Kaposi sarcoma va ndm (Carroll va Findling, 2010).

4. Két luan

Viéc sir dung Glucocorticoid trong diéu trj ¢6 nhiéu tac dong c6 hai cac co quan, mo va té bao duoc
dinh hinh theo d tudi, gi6i tinh, di truyén, s trao doi chat va sb lugng (bao gdm ting dudng huyét,
khang insulin, tang lipid mau, tang huyet ap, loang xwong, cushing,...). Tuy nhién, GC dong vai tro rat
quan trong trong diéu tri va da dugc xép hang 1a mét trong cac thudc e ché mién dich manh nhét trong
lam sang sudt hon 70 nam qua. Do dé, su h1eu biét vé cach thirc hoat dong cia glucocorticoid trong dap
g mién dich va khang glucocorticoid 1a rat can thiét, dé tir d6 ¢ phuong phap b trg cac loai thude trc
ché mién dich va liéu phap khac dé giam tac dung phu khéng mong mudn ctia corticosteroid.
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ABSTRACT

Glucocorticoids: Use and Risk
Vu Thi Minh Hong", Do Thi Hai
Hanoi University of Mining and Geology

Glucocorticoid hormone produced by zona fasciculata, has immunosuppressive, anti-inflammatory,
anti-allergic effects, stress-relieving, etc. Lewis Sarett of the pharmaceutical company Merck & Co., was
the first to synthesize cortisone, using a complicated 36-step process that started with deoxycholic acid,
which was extracted from ox bile. Drugs exert their pharmacologic effects by mimicking the natural
glucocorticoid hormone, however, GC causes serious side effects as well as pharmacological effects when
treating patients. The aim of this paper is to report on the positive and negative effects of GC therapy.

Keywords: Glucocorticoid, ACTH, phospholipase
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ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARRSCNCEs N0 VA TAI NGUYEN VOI PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Existence and asymptotic behavior of solutions to a class of semilinear
degerate parabolic equations with exponential nonlinearities
Nguyen Thi Hong' , Dao Xuan Hung?*

! Department of Foundation, Academy of Cryptography Techniques
2 Hanoi University of Mining and Geology

ABSTRACT

We study the existence and asymptotic behavior of weak solutions to a class of semilinear degenerate
parabolic equations with exponential nonlinearities. The main novelty of our result is that no restriction on
the upper growth of the nonlinearities is imposed. More specific, we prove the existence and uniqueness of
weak solutions by utilizing the compactness method and weak convergence techniques in Orlicz spaces,
then we prove the existence of global attractors for the semigroup generated by the problem in various
spaces.

Keywords: Degenerate parapolic equation; exponential nonlinearity; weak solution; global attractor.

1. Introduction

In recent years, a number of papers are devoted to the study of existence and asymptotic behavior of
solutions to degenerate parabolic equations. In this paper we consider the following semilinear strongly
degenerate parabolic equation.

aa—L:— div(c(x)Vu)+ f(u)=g(x), xeQ,t>0,

u(x,t)=0, xedQ,t >0, (1.1)
u(x,0) = u,(x), xeQ,

where € is a bounded domain in %" with smooth boundary 0Q, the function ¢ : Q — R, nonlinearity
f and the external force g satisfy some conditions specified later.

(H,)) oeL, () and for some «e(0,2), liminf|x—z[* o(x)>0 forevery zZ € Q.

loc
Xz

(F) f:RE —> [ is a continuously differentiable function satisfying
flw)yz-r1, (1.2)
f@uz=—u’ -C,, (1.3)
where C, and £ are two positive constants, 0 < < A, with A, >0 is the first eigenvalue of the operator
Au =—div(oVu) in Q and F(u)= I:f(s)ds is a primitive of f.
(G) geL’(Y).
It follows from (1.2) that Osj: (f'(s)s+£s)ds) , and therefore by integrating by parts, we abtain

Flu)=rtum +% ~ [ (o) + £5)ds < +% forallue R,

2

;
Therefore Fu)< f(uu+ % forallu € I£, (1.4)

2

,
Using (1.2) we have Fu)> —%Jr F(Ou, Yuelk (1.5)

The main purposes of this article are: we prove the existence and uniqueness of weak solutions by

* Tdc gia lién hé
Email: vuthiminhhong@humg.edu.vn
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utilizing the compactness method and weak convergence techniques in Orlicz spaces (P.G. Geredeli and A.
Khanmamedov, 2013) (in Section 2) and in Section 3, we prove the existence of global attractors for the
semigroup generated by the problem in various spaces. The main novelty of the paper is that the nonlinearity
can grow exponentially, and in particular, the results obtained here extend the previous ones in (C.T. Anh
and P.Q. Hung, 2008; C.T. Anh and L.T. Thuy, 2012; N.I. Karachalios and N.B. Zographopoulos, 2005).

2. Existence and uniqueness of a weak solution
Definition 2.1. A function u is called a weak solution of problem (1.1) on (0,T) if

ueC(0,T]; > ()N L*(0,T; P (Q,0)), f(u) € L'(Q,),u(0) =u,and

0
jﬂ 6—:wdx + L: o(x)VuVwdx + .L: fw)wdx = J;; gwdx (2.1)

for all test functions: we W =D} (Q,0) N L*(Q) and for a.e t€(0,T), where Q, =Qx(0, T).
Theorem 2.1. Assume (Ha) —(F)~(G) hold. Then for any u, € ’(Q) and T > 0 given, problem (1.1) has

a unique weak solution u on the interval (0,T). Moreover, the weak solution u depends continuously on the
initial data in I>(Q) .
Proof. i) Existence. We will prove the existence of a weak solution by using the compactness method. To

over come the essential difficulty due to the exponential nonlinearity, we exploit the weak convergence
techniques in Orlicz spaces introduced in (P.G. Geredeli and A. Khanmamedov, 2013).

Let {¢,}7 be a basis of 0(Q,0) consisting of eigenvectors of the operator Au =—div(cVu) in Q

with the homogeneous Dirichlet boundary condition, that is orthonormal in I’(Q) . We look for an

approximate solution u, () of the form U, = ZM ni (t)e ;» and solves the following problem:
Jj=1

Ou,
< P ,ej>+<Aun,ej> +< f(un),ej> =(8.¢)),
(1,0, = tyoe,), j =1,
This is a system of first-order ordinary differential equations for the functions u
w, +Au, +<f(u ).¢€; > (g.¢)), j=1...n
14,/(0) = (g,
by the theory of ordinary differential equations, we obtain the existence of approximate solutions u, (7).

u u

n1>%n22" > "nn

, where A; are the eigenvalues of A.

We now establish some a priori estimates for u, (¢) . Multiplying the first equation in (1.1) by u,(¢) , then
summing from 1 to n, we obtain:

1 d 2 2 _
= —lu, 1%, 4w, 15, +jg Fu, ), dx = jggundx. 2.2)

n Q)

Hence using (1.3) and the Cauchy inequality, we have:

EE” un(t)ll +|| u (t)IIn(Q ” —ullu (t)IILZ(Q) -C, |Q|< || gII || u (t)IILZ(Q)
Therefore'
—II u, (1) IILZ(Q) +21u, (1) IIP 0 =2pllu, (1) IILZ(Q) —ellu, () IILZ(Q) II g IILZ(Q) +2C, | Q| 2.3)

Since Il u ||_2I w2 I u ||i (@ Where 4, > 0 is the first eigenvalue of the operator Au =—div(oVu) , we

|| u, ()1 42 ~2p-e) u, ()% < || gl +2G1Q.
Choosmg &=4—u>0, by the Gronwall 1nequa11ty, we obtain
I, () IIiz(ms C=C(ll u, IILZ(Q),II g ”Lz(meﬂJ Q|,C,,T), forall t €[0,T7]. (2.4

Integrating (2.3) from 0 to t, 0<f<T and using (2.4), we arrive at:
I, ()2 + j;u u, ()3, ds<C, forall t €[0,T

1203



This inequality yields {u,} is bounded in L*(0,T; L’ (Q)),{u, } is bounded in L’ (0,T; D) (Q, 0)).
Using the boundedness of {4, } in L’ (0,T;D,(Q,0)), it is easy to check that {Au,} is bounded in
(0,T; 77 (Q,0)) , where 727 (Q,0) is the dual space of 72, (Q, o) .
From the above results, we can assume that:

u, —u in L’ (0,T; Dy (Q.0)), u, —" u in L*(0,T; [*(Q)), Au, — Au in L’(0,T; D' (Q, 0)).

On the other hand, integrating (2.2) from 0 to t using the Cauchy inquality and Il u ||;_& 0nZh (F| ;(m ,

T
2
we have [ lu, 12,

1
dt+2jQT Y, dxdr <N uy 112 +Z g’ T.Hence jQT f(u,)u,dxdt < C

Q)

We now prove that {f (u,)}is bounded in L (Q, ). Putting h(s) = f(s) — f(0)+ us,where u > # . Note that
h(s)s = (f(s)— f(O))s+ us®> = f'(c)s> + us® = (i — £)s” = Ofor all s € £ ,We have
J,, ) i < e, o | dxdi+ [ oG, dxde < [ R, dadt +sup [ (s)11© |

Or N{Ju,[>1} Js|<1

< IQ, fu)u dxdt+ pllu, (1) "iZ(QT) + fO) Il u, (1) IIL.(QT) +s‘}gl) | h(s)]| Oy I C.

du
Hence it implies that h(u,), and therefore {f(u,)} is bounded in L' (Q,) . Since 7; =—Au, - f(u,)+g

du
we deduce that {d["} is bounded in I[’(0,T;P'(Qo))+L(Q,) , and therefore in

L(0,T; D7 (Q,0)+ L(Q) . Because D) (Q,0) cc I’(Q) = P (Q,0) + L (Q)) , by the Aubin-Lions-Simon
compactness lemma (see e.g. [Theorem I1.5. J.C. Robinson, 2001, p. 102]), we have that {u, } is compact
in I?(0,T;1*(€)) . Hence we may assume, up to a subsequence, that u, »>u a.e. in Q, . Applying Lemma

6.1 in (P.G. Geredeli, 2014), we obtain that h(u)eL(Q,) and for all test function
£eCOTEDY Q)N L), [ hw,)édxdt — [ h(u)édxd.

Hence f(u)e L'(Q,) and JQ S (u)edxdt — IQ f)édxdt, forall £ e C;([0,T]; Dy (Q,0) N L (Q).

Thus, u satisfies equality (2.1). It remains to be shown that u(0) =u,. To do this, we choose test functions
peC'([0,T]; Py (Q,0) N L*(Q)) with ¢(T)=0. Integrating by parts in the t variable, we have

[} o)+ [ @)y, di+ [, (£)= g )pdxdt = u(0),0(0)).

0
Doing the same in the Galerkin approximations yields

[}~ dt+ [ (@) e+, () = 8 Ypdrdt = (1, (0), p(0)).
Taking limits as n — oo we arrive at [ —(u,@)dr + [ (.0),y . di + | ()= g Jpdxdt = (1, p(0)).

Since u,(0) > u, . Thus, u(0) =u, and this implies that u is a weak solution to problem (1.1).

ii) Uniqueness and continuous dependence on the initial data
Let u and v be two weak solutions of (1.1) with initial data u,,v, € I*(Q) . Putting w=u-v, we have
aw

E+Aw+f(u)—f(v)—*‘wzo (2.5)

W(O) = MO - VO,

where f(s) = f(s)+£s . Here because w(t) does not belong to W := 1, (Q,5) " L"(Q) , we cannot choose

w(t) as a test function as in (C.T. Anh and P.Q. Hung, 2008). Consequently, the proof will be more involved.
We use some ideas in (P.G. Geredeli and A. Khanmamedov, 2013). Let B, : & — [ be the truncated

kif s>k
function B, (s)=1 s if |s|<k
—k if s<-k
Consider the corresponding Nemytskii mapping B, :W — W defined as follows
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B, (w)(x) = B,(w(x)), for all x e Q.

By Lemma 2.3 in (P.G. Geredeli and A. Khanmamedov, 2013), we have that Il B, (w)—wll,,— 0 as
k = Now multiplying the first equation in (2.5) by B, (w), then integrating over Qx(¢,t), where
te(0,T), we get:

i d A t d »
.L JlQ Z(W(S)Bk (W(s))dde - _L .[Q WE Bk (W(S))d.xds
+-E J.(x:\w(x,x»sﬂ o(x) | Vw[* duds + J:J.g(f(”) - J?(V))ék (W)dxds _f_l.; IQ wB, (W)dx =0

d » 1d »
Notting that WE B, (w(s)) = EE(Bk (W(S))2 we have:

[ w(t)B, (w)(t)dx —% 18,001, +] |

{x:w(x,s)|<k}

o(x)| Vw | dxds + j’ J’Q( F1(&)WB, (w)dxds
= jg w(€)B, (w)(&)dx —% I B(w)(&) I, + j jg wB, (w)dx.
So we have: [ w(t)B, (w)(t)dx —% DB 0O o) 4] [, wB, (w)dx

< LZ w(€)B, (w)(£)dx —% I B, (w)(e) %, + j jQ wB, (w)dx.

(e
Note that f'(s)>0 and sB,(s)>0 for all S€ £, by letting & —0 and k = ®in the above inequality,

we obtain | w(r)I>, _ <l w(0)II? +412’J.(:|| w(®)ll7, , -Hence by the Gronwall inequality of integral, we

Q) Q)
get
2 2 2y 4t .
I w(z)l 2@ <l w(0) Il F@ (1+4f£te™"), forallt €[0,T]. We get the desired result.

3. Existence of global attractors
By Theorem 2.1, we can define a continuous (nonlinear) semigroup S(¢): L’ (Q) — L*(Q) associated to

problem (1.1) as follows S(t)uo := u(t), where u(-) is the unique weak solution of (1.1) with the initial
datum uo. We will prove that the semigroup S(z) has a global attractor .4 in the space Dy (Q,0).

For the sake of brevity, in the following lemmas we give some formal calculations, the rigorous proof is
done by use of Galerkin approximations and Lemma 11.2 in (J.C. Robinson, 2001).
3.1. Existence of a global attractor in I’ (Q).

We first prove the existence of a bounded absorbing setin I*(Q) .

Lemma 3.1. The semigroup {S(t)},., has a bounded absorbing set in L[’ (Q), i.e., there exists a positive

120

constant p, such that for any bounded subset B in I’ (Q) , the corresponding solution u(.) of with initial
datum u, € B satisfies Hu)l iz(Q)S p,forallt>T =T/(B). (3.1)
Proof. Multiplying the first equation in (1) by u, we have:

1d ) 2
U I u(e)ll P I u(z)ll n(0) +Iﬂf(u)udx = J.Q gudx. (3.2)

24 ul 22 (o and the Cauchy inequality, we arrive at

. . . 2
Using (1.3), the inequality Il ully, o

2

gl .

d 1
“u() 1% o A =) a2, | <2, |Q|+/11 -

Hence, thanks to the Gronwall inequality, we obtain Il u(t) I iz ( Q)Sll u I> e A" 1R,
where R =R (4,1, QI gl

We now prove the existence of a bounded absorbing set in D) (Q, ).

2 (Q)) . This completes the proof if we choose, for instance, p, = 2R,

Lemma 3.2. The semigroup {S(t)},., has a bounded absorbing setin ‘) (Q, o), i.e., there exists a positive
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constant p, such that for any bounded subset B in I’ (Q) the corresponding solution u(.) of

(1.1) with initial datum u, € B satisfies |l u(t) ||P @S p,,forallt >T, =T,(B). (3.3)
Proof. Multiplying the first equation in (1.1) by u;, we obtain

d(1

Z(E Nl o+ Faode—| gudx) —lu, 12, <0. (3.4)

On the other hand, integrating (3.2) from t to t+1.

J.tml:a— Il u(s) "i @t I u(s) "i‘: (Q.0) +J-Qf(u)udx:|d = J'zMJ‘Q gudxds.

And using (3.1), in particular we have J': {— Il u(s) II2D o +J'Q F(u)dx— IQ gudx:lds
t+1
- I {__ Nu(s)H W — == || u() %, + jQ(F(u) - f(u)u)dx}ds

<——|| u(+DI2, , + || u(@®) I, +j i u(s) I o, ds < j S o dt+ lu(r) 12

Q)

P, ({ 1) r+1 (‘f-i-l)
< IT,VI >T,. Hence J‘r E Il u(s) ";d(ﬂ,cf) +J.QF(u)dx—J.qudx s < AT,VZ‘ >T, (3.5)

By the uniform Gronwall inequality, from By the uniform Gronwall inequality, from (3.4) and (3.5) we
deduce that: — || u(t) I nl(@) JQF(u)dx—jQ gudx <R, forallt>T,=T+1 (3.6)
Using (1.5) and the Cauchy inequality, we have

|| @, )+j F(u)dx— j gudx>—|| uOl ) — || o L +f(0)j udx — j qudx
_—||u(t)||2n(g) bupI,, - |f(o)||| u)IZ,, + |f(0)|\Q|)— lue) 2, - :||g||iz(9).

Using (3.1) we obtam I u(r) ||P(Q PSPy = 2, (4,5|QIl g IILZ(Q),|f(O) |) forallt>T,.

This completes the proof.

Because the embedding D¢ (Q,0) & L?(Q) is compact and D) (Q2, o) is connected, we immediately
get the following theorem.

Theorem 3.1. The semigroup {S(t)} genenated by problem (1.1) has a compact connected global attractors
A, in (Q
3.2. Existence of a global attractor in D, (Q, o)

By Lemma (3.2) and Theorem 3.2 in [18], we see that the semigroup {S(¢)}., is norm-to-weak
continuous on ‘P, (Q, o) . Thus, to prove the existence of a compact global attractor in ‘2 (Q2, &) , we only
need to verify that S(t) is asymptotically compact in ‘D) (Q, o) . To do this, we will establish a bounded
absorbing set in the space D7 (Q, o) and using the compactness of the embedding D& (Q, o) < D3 (Q, 0).
Lemma 3.3. Suppose (F)—(G) hold. Then, for any bounded subset B in I*(Q), there exists a positive

constant T=T(B) such that | Au(t) |l iz(mé p, forallt >T, =T,(B), where u(.) is the weak solution of (1.1)

with initial datum uo in B, and p, is a positive constant independent of B.
Proof. By differentiating (1.1) in time, we get u, —div(oVu,)+ f'(u)u, = 0. Taking the inner product of

1d
this equality with u;in *(Q) and using (1.2), in particular, we obtain Ed_ e, | iz @ £, 2, 2oy (37
On the other hand, integrating (3.4) from t to t+1 using the Cauchy inequality and (3.6), we obtain:

jr hu,(s) I, ds <R, ——|| u(t -+, j Flu(t+1))dx + jggu(m)dx

m(Q0)

£ 2 \f(O)I O] 1 2 1 2
<R+ hu+ DI, o S u) G +21Q) + 0 gl +o hu+ DI, <
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Therefore I I 2, (s) IIL @ ds<R, forallt>T,. 3.9)

Combining (3.7) with (3.8) and using the uniform Gronwall inequality, we have:
Nu I, <p, forallt 2T, =T, +1. (3.9)

Multiplying the first equation in (1.1) by —div(oVu) , using (1.2) and the Cauchy inequality, we obtain

I div(oVa) I?, [Q F'u)o(x)| Vu P dx+ jgu,div(o—vu)dﬁ IQ gdiv(oVu)dx
1 .
< Ul 4o V@V I o+l 1 gl

Using estimates (3.3) and (3.9), we arrive at Il div(c(x)Vu) >, < p,, forall>T,.

o)~
The proof is complete.

As a direct consequence of Lemma 3.3 and the compactness of the embedding DZ(Q, 0) © D3 (Q, ). by
results in [C.T. Anh and L.T. Thuy, 2012.], we get the main result of this section.
Theorem 3.2. Suppose (F)—(G) hold. Then the semigroup S(t) generated by problem (1.1) has a global

attractor A, in the space Dy (Q,0) , that is, A, is compact, invariant in Dy (Q,0) and attracts every
bounded set of L’ (Q) in the topology of Py(Q,0).

4. Conclusion
The global attractor ALZ obtained in Theorem 3.1 and the global attractor A_D, obtained in Theorem 3.2

are of course coincident, and will be denoted by .4 Moreover, because the global attractor is contained in
any absorbing set, from Lemma 3.3 we see that the global attractor A is a bounded subset in 7 (Q,0) .
Besides, using arguments as in (M.X. Thao, 2014, Section 4), one can show that the global attractor A has
a finite fractal dimension in L*(Q).
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TOM TAT
Su ton tai va dang di¢u tiém can cia nghiém doi voi mot 16p phuong
trinh Parabolic thodi hoa ntra tuyén tinh vo1 cac phi tuyén bi chan mi
Nguyén Thi Hong', Pao Xuan Hung?*
! Hoc Vién K3 Thudt Mdt Ma
2 Pai Hoc M6 Pia — Pia chdt

Chung t6i nghién ctru sy ton tai va dang diéu tiém can cua nghiém yéu dbi véi mot 16p phuong trinh parabolic
thoai hoa nira tuyén tinh cing v0i cac phi tuyen bi chin mii. Hon nita, két qua dat duoc cta chung toi chi
ra duoc sy ton tai cua nghiém yeu Vo1 mot s6 rang budce, sy ton tai cua tinh hut toan cuc ciia nira nhom sinh
b6i phuong trinh parabolic ban du trong mot s6 khong gian khac nhau.

Tir khéa: Phuong trinh parabolic suy bién; sé mil phi tuyén; nghiém yéu; diém hap dan toan cuc
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Kha ning quang xuc tac va thu hoi cia vat liéu t6 hop
Ag3PO4/CoFe0q4

Nguyén Manh Hing", Pao Viét Thing, Nguyén Thij Diéu Thu, Ho Quynh Anh
Truong Pai hoc Mo - Dija chat

TOM TAT

Coban ferrit CoFe;04 duge ché tao bang phuong phap sol-gel. Sau d6, vat liéu t6 hgp AgsPO4/CoFe,Oy4
dugc ché tao bang phuong phap thuy nhiét tir CoFe,04 da duoc tao ra trude d6 va cac tién chat AgNOs va
Na,HPO,. Ciu tric va thanh phan cua vat liéu duoc khao sat thong qua phép do gian d6 nhiéu xa tia X
(XRD) va phd tan sic nang lwong (EDS). Hinh thai vét liéu dugc quan sat qua chup anh hién vi dién tir
quet (SEM). Kha nang quang xuc tac va thu hdi cua vat lidu AgiPO4/CoFe;04 dugce danh gia thong qua su
suy giam nong d6 Rhodamine B trong dung dich. Két qua cho thay, vét lidu to hop ton tai dong thoi hai
pha cau trac cia AgsPO4 va CoFexO4. Quan sat thdy cac hat CoFe,04 ¢6 kich thudce 15-18 nm, bam trén
céc hat AgsPO, kich 250-350 nm. Vat lidu t6 hop AgsPO4/CoFe,04 phan hity 95,5% RhB sau 75 phiit chiéu
sang va ti 18 thu hdi vat liéu dat 84,3-92,5%.

Tir khéa: Bac photphat; vat lidu t6 hop; AgsPO4/CoFe,Os; quang xtc tac; thu hdi bang tir truong.

1. Mé diu

Bac photphat (Ag;PO;) dugc chii ¥ sau khi dugc phat hién nam 2010 vé kha ning quang xtc tic rat cao
ciia no (Yi, Ye et al. 2010). Kha nang (mg dung cua vat liéu nay Xuét phat tir cac ddc trung cdu trac, hinh
thai bé mat va nang luong vang cam. AgsPO4 co c4u trac tinh thé dang 1ap phuong, thudc nhoém khong gian
P4-3n. Trong cau truc nay, moi nguyén tir P hay Ag déu lién két voi 4 nguyén tir O tao thanh céc tir dién
PO, va AgO4, mdi nguyén tir O lién két voi 3 nguyén tir Ag va 1 nguyén tr P xung quanh (Kahk, Sheridan
et al. 2014, Botelho, Sczancoski et al. 2015). Pam may dién tir 1én ciia PO,> s& hut cac 18 trong va day cac
dién tir 1am phan tach cac cip dién t-15 trdng, tao nén hidu ing quang xuc tac cua vat lidu AgsPOs (Ma,
Luetal. 2011).

Do d6 rong ving cAm hep, vat liéu AgzPO4 c6 kha nang quang xuc tac rit cao trong qua trinh tach O tur
nudce cling nhu phan huy thudc nhudm hitu co khi dugc kich thich bang anh sang kha kién. Do rong ving
cdm ciia Agz;PO;3 khoang 2,36 eV neu coi chuyén muc nang luong la gian tiép, con trong trudng hop coi
chuyén murc nang lugng la truc tiép thi do rong ving cAm khoang 2,43 eV (Yi, Ye et al. 2010). Do vay,
AgsPO4 co thé hap thu birc xa voi bude song nho hon 530 nm va mo rong sang vung anh sang kha kién.

Gan day, mot vai nghién cuu vé vat lidu td hop gitta AgzPO4 va vat li¢u tir da duogc cong bd. Viéc td
hop AgszPO4 véi vat li€u tir, mdt mét tao ra qua trinh chuyén dién tu, 15 tréng qua lai gitra AgzPO,4 va vét
lidu tir dan dén giam sy tai hop cac cip dién ti-15 trong, tir ¢6 1am tang hiéu tng quang xtc tac. Mit khéc,
thanh phan vat liéu tir trong céu triic t6 hop 1am cho vat liéu t6 hop c6 thé duoc thu hdi bang tir truong
(Gan, Xu et al. 2016, Abroshan, Farhadi et al. 2018, Dong, Wang et al. 2018). Theo bao cdo cua nhom tac
gia Abroshan (Abroshan, Farhadi et al. 2018), vat heu t6 hop AgiPO3/MnFe;04 (30 wt% MnFe,04) da phan
hay dén 98% methylthioninium choloride (MB) sau 82 phit chiéu sang bang 4nh sang Mt troi c6 cudng
d06 sang trung binh 185 mW/cm?. Vat liéu Ag;PO3/MnFe;04 ¢6 tinh st tlr v4i tr do bio hoa 24,4 emu/g,
nho hon nhiéu so véi tir 46 bdo hoa cia MnFe,O4 do AgsPO, khong c6 tir tinh. Tuy nhién, véi tir tinh ¢
duoc, vat liéu AgsPO3/MnFe,04 dé dang dugc tach khoi dung dich MB bﬁng tur truong 0,1 T.

Trong nghién ciru nay, chung t6i tong hop vt lidu té hop AgsPO./CoFe;04 va danh gia hiéu sudt quang
xuc tac, kha nang thu hoi vat liéu bang tir truong théng qua viée phan huy Rhodamine B trong dung dich.

2. Phuong phap nghién ciu
2.1. Thuc nghiém

Vit liéu CoFe,O4 duoc ché tao bang phuong phap sol-gel. Hoa tan CsHgO7 vao 45 ml nudc cat. Thém
4,4 g Co(NO3)2.6H,0 va 12,3 g Fe(NO3)3.9H,0 vao dung dich CsHgO7, khudy hdn hop ¢ 80 °C trong 2 gioy
thu dugc sol. Nho 1,5 ml ethylene glycol vao sol, tiép tuc khuay tir & 80 °C trong 3 gio thu dugc gel uét.

*Tdc gid lién hé
Email: nguyenmanhhung@humg.edu.vn
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Séy gel u6t ¢ nhiét do 100 °C thu dugc gel kho. Gel kho duoc nung & nhiét d6 900 °C trong 5 gior sau d6
dugc nghién dé thu duoc CoFe 04 dang bot.

Vit lidu to hop Ag3PO4/CoFe;04 (APO/CFO) duoc tong hop bang phuong phép thuy nhiét. Cac budc
che tao vat lidu liéu to hgp APO/CFO nhu sau: Hoé chét Na;HPO,, AgNO; va CoFe;04 dugc chuan bj theo
s6 liéu ¢ Bang 1. Hoa tan Na,HPO, va AgNOj; vao nudc cét theo sd lidu da tinh toan, sau d6 khudy tir trong
10 phut thu duoc dung dich Na;HPO4 va dung dich AgNOs. D6 CoFe,0s4 vao dung dich Na,HPO, lac déu
tay thu dugc hon hop 1. Nho tir tir dung dich AgNOs vao hon hop 1 thu duge hon hop 2. Hon hop 2 dugc
thuy nhiét & 160 °C trong 3 gid roi dé ngu01 loc rira va sdy kho thu duoc vat liéu APO/CFO.

5g C,H,0, Khudy tir Khudy tir
+ JE ml[ mrde | Sphat J de;E 2 gitr Dung dich — 1\[':;13;“:‘[" ]
@ = SDT i ! ?:}I 0Ja ----- THouhgp L | Hia hop 2
: MNhe i tir

Khudy tir 8{)0(“ 3 gitr [ ‘
) é Co]’e_-O.iO.lg!! !
— : ' ! Binh thiiy nhigt 1602, 3 git

| Co(NO, ), 6H,0 (4,4095) +
| Fe(NO,),.9H,0 (12,3093g)

Gel wot, sy kho & 100°C

|
o | Nbonern | Oelkh. 1 & 900°C, S giir : | Khuay tir
N e 1 o] omis s,
CoFe,0, & dang bt '
Hinh 1. So do quy trinh ché tao vt liéu CFO b&ngphwcrngphdp sol-gel va quy trinh ché tao vt liéu
APO/CFO bang phiong phdp thiry nhiét.
Badng 1. S6 liéu khoi luong, thé tich héa chat AgNO3, Na;HPOy4, CoFe>0y theo ti 1¢ mol va ki hiéu mau.

Pé ngudi. lpc sira, sy kho

Composite Ag:POy/ CoFe, 0y

TT | Ki hicu Ti 1€ mol AgNO3 Na:HPO4 CoFe204
“ | APO:CFO | m(g) V (ml) m (g) V (ml) m (g)
1 C9:1 9:1 1,9548 50,03 0,8168 25,02 0,1
2 C8:2 8:2 0,8689 46,49 0,3630 23,25 0,1
3 C7:3 7:3 0,5068 49,72 0,2118 24,86 0,1
4 C6:4 6:4 0,3258 54,80 0,1361 24,40 0,1
5 C5:5 5:5 0,2172 51,14 0,0907 25,57 0,1

2.2. Phwong phdp phan tich
Céu trac cua vat liéu dugc khao sat boi phép do gian dd nhilu xa tia X thuc hién trén hé do D8-Advance

véi bre xa Cu-Ka. Phé tan sic nang luong tia X dugc thyc hién tai Trung tdm thi nghiém va phan tich cong
nghé cao, Truong Pai hoc Mo - Dia chét. Hinh thai bé mit cua vat lidu AgiPO4 duoc thuc hién baoi phép
do SEM thuc hién trén h¢ Hitachi S-4800. Kha ndng quang xtic tac cua vat liéu dugc danh gia thong qua
phép do phd truyén qua tai budc song 552 nm trén may Jassco L1 tai phong thi nghiém Trung tam Khoa
hoc va Céng nghé Nano, Truong Dai hoc Su pham Ha Noi.

3. Két qua va thio luin

5
o
g £ %8 = = §8 = e
_ : 8% §FENSRE 8.
> -~
- g -
5 . ool gl ¢ dl s ilis iaeo
©- | ce2l w©
o - - = g
2| - P § b b IR C6:4
B .. » ced| 3 )
- - Cc55 1
8§ 5 § 5 3 CFO| L b e el e s BEO
T T T T T T
20 40 60 80 20 40 60 80
Géc 20 (d6) Gée 26 (d6)

. H~mh 2. Gian d6 XRD cia cchmcfu AggPQ4 ché tao o c~dc c?‘iéu kién khdc nhau :
Gian do6 nhicéu xa tia X (XRD) cta cdc mau APO, mau CFO va mau t6 hgp APO/CFO véi goc nhicu xa
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26 tir 10-80° duoc trinh bay trén Hinh 2. Pbi véi miu
APO, ¢6 xuéit hién céc dinh tai 20 =20,8°;30,1%,33,2°, ¥
36,4% 42,1°; 57,1°; 62,7°... tmg voi ho mit phing
(110), (200), (210), (211), (220), (321), (400),... phu
hop véi thé chuan JCPDS s6 06-0505. Diéu ndy ching
t6 mau APO ché tao ¢6 cdu triic 14p phwong tim khoi
va thudc nhom khong gian P4-3n. V6i mau CFO, c6
thé thay cac dinh tai 20 = 30,1°; 35,4°; 43,5°%; 57,1° va
62,7° g v6i ho mit phang (220), (311), (400), (511) 0.2
va (440) phu hop v6i thé chudn JCPDS sb 22-1086 clia
pha tinh thé CFO thudc nhém khong gian Fd3m. Gian 0.0+
dd XRD cua cic mau composite thé hién cac dinh ; T T ‘ r :
nhiéu xa twong ung véi ca APO, CFO va khong quan 0 ¢ 30.”1 6'50' e R
. A s as A, o » . , .S A i gian (phat)
sat thay cac dinh tap chat nao khac, ching t6 rang vat mow s e g ® O m o
gf;l El;% ;a vat liéu t6 hgp APO/CFO da dugc ché tao Hinh 3. {(é' ! qua phan tich EDS ciia m G
Thanh phin hod hoc ctia vt lisu CFO va céc vat ligu ~ CF O Mau C9:1, mau C7:3 va mau C3:5.
t6 hop APO/CFO dugc xé4c dinh bang phd tan sic ning lugng tia X tai 3 ving khac nhau, két qua dwoc thé
hién & Hinh 3. Hinh 3 cho théy, cac dinh phé ung voi nguyén td Ag, P, O, Co, Fe déu xudt hién, diéu nay
chimg t6 vat lidu t6 hgp APO/CFO c6 chira cac thanh phan hoa hoc mong mudn. Cuong d¢ dinh tng véi
nguyén t6 O, Fe va Co ting dan khi giam ti 16 mol APO:CFO tir 9:1 dén 5:5 trong khi d6 cudng do dinh
g v&i nguyén t6 P, Ag giam dan khi giam ti 1&6 mol APO:CFO.

08

0.6+

CiCo

0.4+

Hinh 4. Anh SEM ciia céc mau APO, mau CFO, mau C9:1, mau C7:3 va mau C5:5.

Hinh dang, kich thudc cac hat APO, CFO va APO/CFO dugc dugc quan sat thong qua anh SEM duogc
thé hién trong Hinh 4. Anh ctia CFO cho thiy n6 c6 dang gia cau, kha dong déu, kich thudc hat khoang 15-
18 nm, dé dang nhan tha?iy ¢6 su co cum cua cac dam hat. Con cac hat APO c6 cling c6 dang hinh gia cau,
kha déng déu va co kich thuéc hat khoang 250-350 nm. Tuy nhién, vin c6 mot s6 hat c6 kich thuée 16n
hon hin, khoang 500 nm. Vi cac mau vat liéu t6 hop APO/CFO, cac hat CFO nhé bam trén cac hat APO,
c6 su phén tan déu va bam dinh cua CFO 1én bé mit APO. O mau C9:1, quan sat théy s6 hat CFO bam dinh
trén hat APO it hon mau C7:3 va mau C5:5. Chung toi hy vong rang, nhd ¢6 cac hat CFO bam dinh chac
vao cac hat APO ma vat liéu composite c6 thé d& dang thu hdi bang tir truong.

Kha nang quang xuc tac cua cac hé vat liéu dugce thir nghiém véi dung dich Rhodamine B (RhB) cé
ndng d6 10 ppm, dudi sy kich thich cua anh sang dén Xenon. Pau tién, 0,06 g vat lidu dugc cho vao 100
ml dung dich RhB, khudy tir trong diéu kién khong chiéu anh sang trong thoi gian 30 phut dé vat liéu dat
trang thai hap phu béo hoa. Sau d6 dung dich dugc dem ra chleu sang, ¢t sau 15 phut, mdt lugng nho dung
dich duoc lay ra, li tm loc két tua va dem do xac dinh nong d6 RhB con lai trong dung dich. Hiéu suét
phan hity RhB ctia céc vat liéu t6 hop APO/CFO theo ti 1& mol dugc danh gia thong qua ti s6 ndng d6 C/Co
va duoc biéu dién trén Hinh 5. Két qua cho thay, sau 10 phut khuay t6i, nong d6 RhB trong dung dich giam
khoang 12-16% tuy thudc vat liéu to hop APO/CFO. Tir 10 phat dén 30 phat, mau duoc tiép tuc khudy tdi,
nong do RhB ciia hé mau gan nhu khong doi. Didu nay chimg t6 tat ca cac mau dat trang hip phu bao hoa
sau 10 phit khudy t6i.
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Khi giam ti 16 mol APO:CFO tir 9:1 dén 5:5 thi hiéu sut
quang xuc tac cua vat liéu to hop giam. C6 thé Iy dit liéu sau
75 phut chiéu sang dé so sanh. Hiéu suat quang xic tac ting dan
ctia cac mau theo thir tw C5:5, C6:4, C3:7, C2:8 va C9:1. Vit
lidu t& hop C9:1 cho két qua quang xic tac cao nhét, sau 75 phut
chiéu sdng da dat hiéu suat phan hay 95,5%. Chiing toi cho rang
¢6 2 nguyén nhan dan t6i viéc giam hiéu suat quang xuc
tac nhu sau: Thir nhét, tir két qua SEM cho thay cac Hmh
mau C7:3 va miu C5:5 ¢6 sb hat CFO bam trén bé mat dunga g
hat APO nhiéu hon mau C9:1. Sé hat bam trén APO
tang s& che chin anh sang kich tich tiép xtc véi APO dan t6i bé
mat hat APO duoc tiép xUc voi anh sang kich thich giam lam
cho hiéu sut quang xtc tic giam. Thit hai, khdi lugng mau ding Hinh 8. Ti 1é thu héi ciia méu C9:1
dé quang xtc tac 12 0,06 g. Khi ti 16 mol CFO tang thi khéi lwong '
CFO trong vat liéu t6 hop tang va khdi lugng APO giam khién
cho hiéu suat trong cac 1an quang xuc tic giam. Tuy viy, cac
mAu vét lidu APO/CFO van cho hiéu suat quang xic tac cao so v6i mot s6 vat liéu quang xtc tac khac.

1004
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L
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Hinh 6. Ti I¢ thu hoi ciia vt liéu t6 hop APO/CFO sau quang xiic tdc lan thir nht.

Dé dénh gia kha nang thu hoi va tinh 6n dinh cia vat lidu t6 hop APO/CFO, cac thi nghiém thu hdi va
quang xuc tac lap lai da dugc thuc hién. Hinh 6 cho két qua v& ti 18 thu hdi vat liéu tb hop APO/CFO béng
tir truong sau khi thyuc hién phan ng quang xtc tac. Khdi lugng mau thu hdi sut giam tir 7,5% dén 15,7%.
Luong mau bi that thoat do qua trinh loc rira va lugng mau con bam lai cde dung khi 14y mau. Dé danh gia
su 6n dinh cua vat liéu to hop APO/CFO sau khi da thuc hién phan img quang xuc tac, mau C9:1 sau khi
thu hdi, duoc quang xuc tac ladp lai 14n 2, 14n 3. Hiéu suét quang xUc tac cua vt liéu td hop C9:1 sau 3 chu
ki quang xuc tac v6i 75 phut chiéu sang trong cing diéu kién dugc thé hién trén Hinh 7.

1.0
0.9
08 I
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0.2 \ "\.
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Théi gian (phit)
Hinh 7. Hiéu sudt quang xiic tc ciia mau C9:1 sau 3 chu ki véi 75 phiit chiéu sang.

Két qua cho thay, sau 3 chu ki, mau C9:1 van cho hi¢u suit quang xtc téc tét. Cu thé, lan quang xuc tac
thtr 2, mau cho hiéu suit 74,4% va & lan 3, miu cho hiéu suét 66,2%. Sau khi quang xtc tac, mau duoc thu
hoi d& dang béng nam cham va ti 1& thu hdi miu sau 3 chu ki quang xuc tac dugc thé hién trén Hinh 8. Khéi
lugng clia mau giam 15,7% dén 24,7% cho thdy kha ning thu hoi vat liéu bang nam cham t6t. Diéu nay
chimg t6 vat liéu té hop APO/CFO ché tao duoc c6 tinh on dinh, c¢6 kha nang thu hdi va hiéu sut quang
Xuc tac cao.

4. Két luin
Trong nghién ctru nay, chiing t6i da tong hop thanh cong vat liéu t6 hop AgsPO4/CoFe,04. Pi danh gia
dugc kha nang phan hiy RhB cia cac mau vat liéu véi ti 18 t& hop khac nhau. Trong d6, vat liéu t& hop
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AgiPO4/CoFey04 v6i ti 1€ 9/1 cho hiéu suét _quang xuc tac cao nhét, phan huy 95,5% chét hitu co sau 75
phit chiéu sang. Vat liéu c6 thé dugc thu hoi trén 90% bang tir truong va van dat hiéu sudt cao khi phan
huy chét hiru co sau khi dugc thu hoi va st dung lai.
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ABSTRACT
Photocatalysis and magnetic separation of Ag;PO4/CoFe204
composite materials

Nguyen Manh Hung", Dao Viet Thang, Nguyen Thi Dieu Thu, Ho Quynh Anh
Hanoi University of Mining and Geology

Cobalt ferrite CoFe>O4 was prepared by sol-gel method. The AgsPO4/CoFe;O4 composite material was
prepared by hydrothermal method from the previously generated CoFe,O4 and the precursors AgNO3 and
Na,HPO,. The structure and elemental composition of the materials were investigated through X-ray
diffraction (XRD) and energy dispersive spectroscopy (EDS), respectively. The material morphology was
observed by scanning electron microscopy (SEM). The photocatalytic ability and magnetic separation of
Ag3P0O4/CoFe,04 composite materials was evaluated through the reduction of Rhodamine B concentration.
The results show that, the composite material have two phases of Ag;PO4 and CoFe,O4. Size of CoFe;04
particles were 15-18 nm and size of AgsPOj4 particles were 250-350 nm. Agi;PO4/CoFe>Os composite
material decomposes 95.5% Rhodamine B after 75 minutes of light and the material recovery rate reaches
84.3-92.5%.

Keywords: Silver phosphate; composite; Ag;PO4/CoFe,Os; photocatalyst; magnetic separation.
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ER SE’ HQI NGHI TOAN QUOC KHOA HQC TRAI DAT
SABSORNLES e VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Tai st dung nudc thai lang nghé tai ché nhom bang cong nghé mang

Nguyén Viét Hing", Nguyén Hoang Nam, L& Thj Phuong Thao,
Vi Thi Minh Hong, Nguyén Manh Ha
Truong Pai hoc Mo - Dja chat

TOM TAT

Tong hop danh gia hién trang tai nguyén nudc dudi dat (NDD) tinh Ninh Binh vé chat lugng va trir
luong; Tinh toan, tong hop hién trang tai nguyén nudc dudi dat tinh Ninh Binh bang phuong phap mo
hinh dong chay va phuong phap giai tich; danh gia chat luong nudce dudi dat; Khoanh dinh cac ving
nhiém min, ving 6 nhiém, hién trang 6 nhiém cua NDD, du bao xAm nhap min cua tang chtra nude qp
bang phuong phap m6 hinh dong chay; Khoanh dinh cac ving han ché khai thac cho timg ting chira nudc
nham khai thac bén ving NDD, khong lam can kiét nguon nude, khong lam gia tang su 6 nhiém cua
NDD; Bé xuat co ché hop tac bao vé nguon nudc, tang cuong thyc thi phap ludt, thanh tra, klem tra vé tai
nguyén nudc dudi dat, dac biét 1a cap phép va quan ly sau cap phép cac loai gidy phép vé tai nguyén
nuée; Dé xut xay dung mang giam sat chat luong nuée dudi dat.

Tuwr khéa: TSS, TCr, Al, NF, coliform, vi sinh vat

1. D3t vin dé

O Viét Nam, nudc thai lang nghé ché bién kim loai nhu ché bién nhom thudng chira ham luong céac
kim loai nang, Al va Cr rét cao, thuong duoc thai tryc tiép ra moi truong gay 6 nhiém nghiém trong.
Trong khi, sy can kiét nguon nudc, su gia tang vé nhu cau nude sach dang la nhung thach thirc ma nhan
loai phai d6i mat. Ta1 su dung ngudn nude thai phuc vu cho qua trinh san xuat vira giam thiéu 6 nhiém
mdi truong, vira tiét kiém ngudn nude sach.

Céac phuong phap xur Iy kim loai ndng, Al, Cr trong nudc thai cum cong nghiép nhu: phuong phap vat
Iy nhu st dung mang loc, héa hoc, sinh hoc va phuong phap két hop mai chi tap trung xir 1y cac chat 6
nhiém dat chi tiéu dé xa thai ra moi treong (Azimi, 2017; Pinh Thi Thu H1en, 2016).

Cong ngh¢ mang (Gang Qin, 2005; Kagramanov, 2010; Khulbe 2019; Mohammad, 2015; Vinodhini,
2016) dugc biét dén 1a mot cong nghé don gian, hiéu qua xir 1y cao, van hanh don gian. Trong cong nghé
mang, viéc loai bo cac chit 6 nhiém dién ra chu yéu theo con dudng loc qua d6 dung mdi nhu nude cd
kich thudc nhé di qua 16 mang nho ap suat cao, con cac ion solvat hoa (hydrat hod) va cac phan tir ¢6 kich
thudc 16n hon kich thude 16 mang sé bi ngan lai khong qua dugc mang.

Dé chit lugng nude thai sau khi xir Iy dat dugc tiéu chudn cia nudc cdp cho qué trinh san xudt, can
phai t6i wu hod cac diéu kién tién hanh xur 1y. Bai bdo nay dua ra két qua nghién ctru, danh gia hiéu qua
cua hé théng mang loc nano (NF), trong cac diéu kién thoi gian luu khac nhau, tdc d6 suc khi khac nhau,
ap sudt loc khac nhau, tir d6 danh gia hiéu qua cta qua trinh loai bé TSS, coliform, A¥*, Cr™3 ... trong hé
thdng va Iya chon diéu kién tdi wu cho qua trinh xir Iy nude thai cum cong nghiép & Viét Nam.

2. Thwe nghiém
2.1. Hod chat

Hoa chit dugc sir dung trong nghién ctru bao gdm: cac dung dich chudn AI** chuin 1g/L, dung dich
mau crom chuén 1 g/l. HgCl,, KI, NaOH, NaHCO3, KNaC4H404.4H>0, H2SO4, K2S,058; Ag>S04; NaNO,,
CH3;COOH, NaOH, MnS045H,0, MgS04.7H,0); axit ascobic (CsHsOg); 1,10-phenanthroline;
pyrocatechol tim [axit 3,3, 4'trihydrofuchsin-2" sulfonic (CioH1407S)]; hexametylen tetramin (CsHi2Na);
HCI, H3PO4, Diphenylcabazon, axit sunfanilic, a—naphtylamin, EDTA, cac loai hoa chét c¢6 do tinh khiét
Pa do hang Merck ctia Dirc san xuét.

2.2. Pdc diém nwéc théi lang nghé
Nudc thai duge sir dung trong qua trinh nghién ctiu dugc pha tr hod chat va nudc may voi cac thanh
phan tuong tu nhu nudc thai cua lang nghé tai che kim loai. Mot s6 thong so chinh cé trong nudce thai

* Tdc gia lién hé
Email: nguyenviethung@humg.edu.vn
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nhan tao dugc chi ra trong bang 2-1 dudi day (Azimi, 2017; B Tai nguyén & Moitruong, 2011; Dinh Thi
Thu Hién, 2016): ,
Badng 2-1. Dac diem nuoc thai lang nghé

Thone s Nong do nudc thai Pon vi Yéu cau chat lugng nudc
& dAu vio ! (QCVN 40 :2011/BTNMT ct B)

pH 11-12 - 55-9

Cr(VI) 52,3-62 mg/l 0,1

Al 550 - 900 mg/l -

TSS 110-180 mg/1 100

Coliform 3,5.10%-4.10° MPN/mL 3000

2.3. H¢ théng xir ly
~ By diu mo ; T T
‘ Nudce thai dau vao | Ll + Bé trung gian 1 + Bekeotu | -

Hinh 2-1. Quy trinh xu Iy nudc thai

Nude duge bom vao modul NF ¢6 thé thay ddi luu luong nho van dién tir. Téc d6 loc cua mang co thé
thay déi dwa vao 4p suat dau vao. Ap suét loc ciia mang c6 thé thay dbi dua vao diéu chinh luu lwong thu
hdi nude. Qua trinh van hanh luén duoc theo ddi thuong xuyén cac thong sb: ap sudt, luu lugng nude
vao, luu lwong nude thu hdi va ldy mau theo doi hé théng qua cac chu ki 1dy miu theo thoi gian va mdi
ché do van hanh dugc theo doi trong thoi gian 2 tuan lién tuc va sé thay ddi cac ché do khac nhau theo
chu ki dugc 1ap ké hoach.

Lua chgn mang va tinh toan cong nghé

Mang loc nano (Nanofilter NF) dugc Vién cong nghé ing dung cung cép. Viéc lua chon thiét ké mé-
dun mang dé dua vao thi nghiém dua trén cac dac tinh sau:

Bdang Error! No text of specified style in document.-2. Ddc tinh cua cdc logi mang

‘ Tuan hoan, tai str dung ve cac cong doan san xuat ‘

Ddc tinh Dang vong xoan | Dang sgirong | Dang hinh ong Tam va khung
Mat do (m*m?) 800 600 70 500
Luu lugng dong vao can 0,25-0,5 ~ 0,005 1,0-5,0 0,25-0,5
thiét (m*/m?2s)
Ap suit dong vao (psi) 43 -85 1,4-43 28 —43 43 - 85
Tdc d6 loc mang Cao Cao Thap Trung binh
Do lam sach Tot Kém Tuyét voi Tot
Yéu cau cua dong loc dau 10 - 25 5-10 Khéng yéu cau 10 - 25
vao (um)

- Luu luong dong chay (J) dugc tinh bang tong thé tich dong chay qua mang chia cho dién tich bé mat
mang (A) ¢ trong khoang thoi gian (t) xac dinh, dugc biéu thi theo phuong trinh sau (Kagramanov, 2010;

Khulbe 2019; Mohammad, 2015; Vinodhini, 2016):
v

Axt
trong dé: V la thé tich dong chdy qua mang (m’)
A: Dién tich bé mdt mang (m?)
t: Khodng thoi gian tiép xiic qua mang (gidy)
- Ty 1é thu héi (Y) duoc tinh nhu sau:

trong do: Vy la thé: tich ngam qua mang
) Vi la thé tich dung dich dau vao
- Hi€u suat loc qua NF (R) 1a duogc tinh todn boi cong thuc:

Cp
A=(1- 22)x100%
Ce

trong d6: C, la nong dé dau ra cia chdt 6 nhiém
Cyla nong do chdt 6 nhiém trude khi qua mang
Dé phi hop v6i mic do phong thi nghiém nhém nghién ctru lya chon mang nano dang sgi rdng trong
thyc nghiém cua minh.
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Hinh 2Error! No text of specified style in document.-2. Hinh anh SEM ciia mat cdt mang NF dang soi
rong

2.4. Phwong phap phén tich

Luu lugng nude dau vao duoc do bang dng dong, Cr(tdng) x4c dinh bang phuong phap do phd hép thy
phan tir, theo TCVN 6222:2008. Hop chét cua nhéom duge xac dinh theo phwong phip do phd ding
pyrocatechol tim, theo TCVN 6623:2000 st dung may quang phd hdp thu phan td UV-VIS Optizen
2120UV, England.

3. Két qua va thao luin
3.1. Ning suit loc mang véi nwdc thai

Qua trinh vén hanh nghién ctru hi€u qua loc mang ddi voi nudce thai duoc tién hanh theo muc 2.3 va
2.4. Két qua nghién ctru thu dugce ¢ hinh 3-1 chi ra rang, hiéu suit loc ting dan theo su ting clia ap suit
1én mang, & ap sudt van hanh 8 atm, luong nudc co thé ting gap 5,2 1an so voi ché d6 van hanh ¢ ap suét
2 atm & cung khoang Iuu luong nude vao. Nhu vay gia tri ap suat 8 atm co thé 14 ap suét tdi wu cho hé
mang nay trong qua trinh nghién ctru.

Anh huéng clia dp sut dén luu lwgng
e Luu legng ra s Luu lugng vao ——Higu sudt thu hdi 18

|

Ap suit vao mang (atm)

Luru hrgng qua mang (L)

Hinh 3-1. Nang sudt loc ciia hé thong mang
Ning sudt loc ctia hé mang bi giam dan theo thoi gian. Diéu nay c6 thé dwoc giai thich 1a do cac chat
rin lo ling bam dinh vao mang, theo thoi gian, lugng chat ran lo ling ting dan, ngin can nuéc di qua
mang. Dé dam bao sy 6n dinh luu lwong nude dau ra can rira mang trong qua trinh van hanh hé thong.

1000
gai doan ream midne bing hog

chint Giai doan rim mang bing nude

M

® Thai didém ria miéng bing hoa chin | huromg nurde

_.;;n.g uual -I-qc mbg
BEBEE8EBE

0 50 100 150 200 250
Sé lin do

Hinh 3-2. Hiéu qud ciia qud trinh rita mang bang hod chat va nuée sach

Hiéu qua cua qua trinh ria mang dugc chi ra ¢ Hinh 3-2, trong do, luu lugng nudce dau ra dugc tién
hanh do 4 lan trén ngay. Két qua nghién ctru thu dugc cho thay, sau khi rira mang bang hoa chit, nang
suat loc ctia mang ting manh sau d6 giam rat nhanh ¢ lan do tlep theo. Déi véi giai doan rira mang bing
nudce sach hiéu qua khong duge cao nhu rira mang bang hoa chat. Didu nay c¢6 thé duogc giai thich, trong
qua trinh rra mang béng chét oxy hoa manh, chu yéu 1a NaClO (nu6c giaven), cac hop chat hitu co bi
NaClO oxy hoa chuyen thanh CO; va H>O, qua d6 chung dugc loai bo ra khoi cac 16 mang. Tuy nhién,
d6i voi cac chét ran nam sdu bén trong 16 mang, khong tiép xuc dugc voi cac chat oxy hoa, van ton tai
trong 16 mang, 1am cén trd qua trinh loc mang cting nhu hi¢u suat tai str dung ctia mang. Ngoai ra cac chit
ran trén mang cé thé chi bi pha v& mot phan va tiép tuc ton tai trén ‘mang sau khi rra mang va tiép tuc bit
vao 16 mang l1am cho hiéu suét loc giam rat nhanh & lan van hanh tlep theo.

Viéc rira mang bang nudce sach, cac chit rdn bam trén bé mit ¢ thé duoc loai bé gan hét, con ddi véi
nhitng chit ran lo limg nam bén trong 16 mang thi chi c6 thé dugc loai bo mot phan hodc khong dang ké
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do tac dong cua lyc co hoc nhu suc khi. Tuy nhién, do qué trinh rira mang dién ra hang ngay, rira bang
nude sach tuy c¢6 hiéu suit loc khong cao nhung ning suit loc rat on dinh, ngoai ra, khong sir dung hoa
chat, lam giam chi phi clia qua trinh van hanh ciing nhu lugng hoa chat thai ra moi truong nén chon
phuong phép nay dé duy tri trong qua trinh hoat dong ciia mang.

3.2. Hiéu qud xir Iy tong chit rén lo liing

Ham luong TSS trong nude thai 1a mot trong nhiing chi tiéu quan trong dé danh gia chat lugng nude.
Két qua nghién ctru thu dugc cho thay, mang loc NF c6 kha ning loai bo gan nhu hoan toan ham lugng
chat ran lo ling ra khoi nudc.

150

160 A a4 a = 80
A A
A ~ A A A a ‘
A a A
140 «

- 100
N e San e Hre
x”:’ N *—)\e)‘” ’(a: = ros "\./T

120 py 60
A

100 & 7SS ddu vao
—&— TSS ddura
80 A —— Higu sudt 40

TSS (mg/L)
Hiéu suit 9%)

40 20
20 4
g U NI U DD .S S D N V.G S S SV S SO
) 5 10 15 20

( 28 30

Thai gian (ngay)
Hinh 3-3. Hiéu qua xir Iy TSS
Két qua khao khat xtr Iy TSS trén hinh 3-3 cho théy, gi4 tri TSS dau vao kha cao, n6 dao dong trong
khoang 110 dén 180 mg/L tuy nhién khi qua mang, gi4 tri ddu ra chi con lai trong khoang tir 5 — 11 mg/L,
tuong (mg voi hidu suat xir Iy TSS cua hé théng dat 92,67 — 96,57%.

3.3. Hiéu quda xw ly coliform

Hiéu qua loai bo coliform cta hé thong trong qua trinh nghién ctru dugc chi ra trén Hinh 3-4. Két qua
nghién ciru thu duoc cho thdy, kha ning loai bo coliform cua hé thdng rat cao, trong sudt qua trinh van
hanh hiéu qua xt 1y ctia hé thong dat khoang 99,9%.

WH_* T ———" e T S 190

Se+5 A a Py
= - Aa & & a | gy
E a a Aa
o ™ P, A, e &
S det5 1 o b A A .|
= = =
" al Log =
= =
= 3e+s ) ) 2
E &— Coliform ddu vao =
K= —&— Coliform ddu ra -
= —»— Higu sudt o7 =
O 2e+5
=]
=
=

L o6
le+S - i
o B T, N NS N WA, N VY VO WA VS W . W W W W, S Vv, S " W S W S S, . S, . w v

0w S m 15 20 25 M
Théi gian (ngay)
Hinh 3-4. Hiéu qua xu Iy coliform
Nhu vay, co thé théy, mang loc soi rong dat hiéu qua cao trong viéc xtr Iy ham lugng téng coliform
trong nude tang khi van téc nude di qua mang ting.

3.4. Higu qud logi bé téng Al

Két qua nghién ctru duge thé hién trén Hinh 3-5 cho thiy, & diu vao ham lugng nhém khoang 500
mg/L tuy nhién sau khi di qua mang NF, ¢ cac diéu kién ap suét khac nhau, ham lugng cia Al & dau ra
khong dang ké.

Khi str dung mang NF kich thudc 16 mang ¢& nano (hinh 2-2) & 4p luc cao, cic ion c6 kich thuéc phan
tir nho hon kich thuée ctia 16 mang méi di qua dwgc mang nhu phan tir nudc, trong méi truong nude thai
¢6 pH tir 8-10, AI** ton tai & dang hoa tan chu yéu 1a dang hydrat aluminat [A1O,.nH,O7, kich thudc ctia
ching 16n hon réat nhiéu so v&i nguyén tir Al va ion AI** ciing nhu kich thudc 16 mang nano, nén khong di
qua duogc va bi gitt lai ¢ trong dung dich. Mac du thay ddi ap suét loc, cac ion hydrat cua aluminat van
khéng qua dugc mang (Kagramanov, 2010). Ap suét 1én mang khac nhau thi khéng anh huong dén hiéu
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sut loai bo A", Tuy nhién, hi¢u sut loc phu thudc vao ap suét loc.

100 A A, A1 550

o 500

i 80 450

< .
-0 —e—Hiéu suat loai bo Al, 400 —
2 g0 % 350 >
‘g- ° 300 ¢
- —eo—Al ra, Mg/| 250 —
g 40 200 <
& . 150

50_:3- 20 Alvao, mg/l 100

T 50

0 - . *——o—=o 0

0.0 2.0 4.0 6.0 8.0 10.0
Ap sudt mang, at

Hinh Error! No text of specified style in document.-5. Hiéu sudt loai bo Al
Tir két qua nghién ciru thu duogc cho thay, viée loai bo cac ion hydrat cia Aluminat bang mang nano
rat hiéu qua. Nhu vay c6 thé thdy cac ion kim loai trong nudc ton tai & dang hydrat hoa déu bi giir lai
mang nano. Pé khang dinh diéu nay, trong nghién ciru tiép theo tiép tuc nghién ctru hidu qua loai bo cla
ion cromat bang mang nano.

3.5. Higu qud logi bé téng Cr

Trong nudc thai lang nghé tai sir dung nhom, bén canh Al con ¢6 Cr voi ham luong tuong ddi cao.
Ciing giéng nhu ion aluminat, trong nudc cac ion cromat duoc bao quanh bai cac phén tr nude tao thanh
ion ¢ dang hydrat [CrOs. nHQO]2 ¢6 kich thudc ion hydrat ctia 16n hon rat nhiéu so véi kich thudc ciia ion
CrO4? va 16n hon rat nhiéu so voi nguyén tir Cr hodc ion Cr** chung khong di qua dugc mang NF dudi
tac dung cua ap luc (Vinodhini, 2016).

Hinh 3-6 chi ra rang, & dau vao, ham luong ciia Cr khoang 50 mg/l, khi thay ddi 4p suat loc tir 2 dén 8
atm, & du ra, ham luong CrO4> khong dang ké (khong phat hién dugc). Diéu d6 cho thdy hiéu qua loai
b6 Cr rat hiéu qua.

100 550
500

X 80 450
5 —e—Hiéu suat loai bo 400 _
S 6o o S350 5
8 Cr, % 300 E
= —e—Cr ra, mg/| 250 -
S 40 200 ©
§ 20 —a—Cr vao, mg/| }gg
3 & f1e i 50
o
T 0 0

0.0 2.0 4.0 6.0 8.0 10.0
Ap suit mang, at
Hinh Error! No text of specified style in document.-6. Hiéu sudt logi bé Cr
Tir két qua nghién ciru trong nudc thai ¢ thé thiy ring, st dung mang NF c6 thé loai bo ion cromat
mdt cach hi€u qua, nudce sau khi di qua mang khong phat hién dugc ion nay.

4. Két luan

Pi tién hanh nghién ctru loai bo cac hop chat TCr va Al, TSS va coliform c6 trong nudc thai nhéan tao
¢6 tinh chét twong tw nhu nude thai lang nghé ché bién nhom bing hé thdng mang NF. Két qua nghién
ctru thu dwoc chi ra ring, trong didu kién ap sut loc t&i wu 8 atm, hiu suat thu hdi nuée tir 40 - 50%
nudc sach. Hiéu qua loai bo Al va Cr khong phu thudc vao ap suat loc mang, ham Iuong cua ching trong
nudc sau khi di qua mang khong phat hién duge. TSS va coliform dwoc loai bo bang hé théng mang gan
nhu hoan toan. Két qua nghién ctru cho thay, c6 thé sir dung hé thong nay dé xu Iy nudc thai lang nghé
dat chét luwong nudce cao, qua d6 md ra mot hudng di méi cho viéc xur 1y nudce thai thanh nude sinh hoat
cung cap nudc sach, dong thoi 1am giam thiéu 6 nhidm méi truong.

5. Loi cam on

Nhom tac gid xin tran trong cam on Trudong Pai hoc M6 Dia chét va B06 mon Hoa Khoa Khoa hoc co ban,
truong dai hoc Mo - Dia chat da tao diéu kién thuén lgi cho viéc thyc hi¢n nghién ctru. Cam on Vién cong
nghé tmg dung d3 cung cip mang nano (NF) cho qua trinh nghién ctru ndy.

Tai liéu tham khao
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ABSTRACT
Reuse of aluminum recycling craft village wastewater by membrane
technology

Nguyen Viet Hung", Nguyen Hoang Nam, Le Thi Phuong Thao,
Vu Thi Minh Hong, Nguyen Manh Ha
Hanoi University of Mining and Geology

This article presented the results of research on the efficiency of treatment of total suspended solids
(TSS), coliform bacteria, compounds of Cr (TCr) and Al in industrial cluster wastewater using a
nanofilter (NF) membrane system under optimal filter pressure in the range of 6 - 8 atm for water
recovery efficiency of 40 - 50% of clean water. TSS treatment efficiency from 92.67 — 96.57%; The
efficiency of treating coliform bacteria approximately 99.9%; Al and Cr removal efficiency is
independent of the pressure applied to the membrane Initial research results show that this method has
very good treatment efficiency, can be developed to treat wastewater with the goal of being reused,
thereby reducing environmental pollution.

Keywords: TSS, TCr, Al, NF filter, coliform, microorganism.
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ER SE‘ HQI NGHI TOAN QUOC KHOA HQC TRAI DAT
Rt e VA TAI NGUYEN VOI PHAT TRIEN BEN VNG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Déng di¢u bién cia ham Squeezing gan diém bién 161 tuyén tinh

Nguyén Thj Lan Huong"
Truong Pai hoc Mo - Dia chat

TOM TAT

Bai bao nay c6 hai myc dich. Muc dich dau tién 1 chimg minh rang néu ham Squeezing a(q’) héi tu t6i 1 v6i mot
day {q’/}c £ nao d6 hoi ty t6i diém bién 16i tuyén tinh & kiéu hitu han, thi diém d6 phai la diém gia 16i chat. Tiép
dén, myc dich thir hai 1a xem xét dang diéu bién ctia ham Squeezing ctia mit Ellipsoid téng quat.

Tir khéa: Mién phirc, Mién h-thac trién, Him Squeezing

bit van de

Cho Q 14 mgt mién trong C" vap € Q.

Cho phép nhung chinh hinh f: Q — B*=B (0; 1) vdi f(p) = 0, dat

car(p) =sup {r>0: B(0; r) c f((Y)}

trong d6, B"(z; r)  C" 13 hinh cau tdm z ban kinh r.

Khi d6, ham Squeezing ca: Q—R dugc dinh nghia nhu trong [DGZ12] 1a:

oa(p) = supr {ca.r(p)}- S

Chu y rang 0 < ca(z) < 1 véi moi z € Q va ham Squeezing la bat bien doi voi cac anh xa song chinh
hinh.

Trong cac nghién ciru gin ddy [DGZ16, DFW 14, KZ16], cac tac gia di chirmg minh rang néu p 1a diém
bién gia 16i chatthi  lim  on(z) = 1.

ZENQ—p €2 ,

J. E. Forness va F. E. Wold ciing da dua ra bai toan ngugc cta két qua nay trong [FW 18, bai toan 4.1].
Bai toan 1

Néu Q 1a mién gia 16i bi chidn v&i bién tron, va néu e [}ngeﬁg 0(2) = 1 thi bién ciia 2 ¢6 gia 1i chat
taip ?

Két qua nghién ciru chinh xung quanh van dé nay thudc vé A.Zimmer [Zim18, Zim19], J. E. Forness
va F. E. Wold [FW18], S. Joo and K. T. Kim [JK18], P. Mahajan and K. Verma [MV19]. Hon nira, trong
[Zim18, Zim19], A. Zimmer di chimg minh diéu khing dinh véi mién 16i bi chin voi bién tron C2¢,
Trong [FW18], J. E. Forness va F. E. Wold di ciu tric mot mién 15i bi chin c¢6 bién C* tron Q < C" ma

khong gia 16i chat, nhung EQlim o oo(z) = 1.
ZEQpP €0

Pinh Iy 1: Cho Q 1a mot mién bi chin trong C" v&i bién gia 16i tron. Néu &, 1a mot diém bién cua Q theo

kiéu hitu han sao cho 6Q 1a 10i tuyén tinh tai &, va néu ton tai diy {q;}cQ sao cho limg, =&, va
J—>®©

lims,(g;) =1 thi 6Q 14 gia 16i manh tai &, .

Jjoo /

C6 dinh cac s nguyén duong my, ...., My va dat P(z”) 1a (1/my,.....,1/my.1)-da thic thuan nhit cho boi
—L
P(Z): z aKLZszv
wr(K)=w(L)=1/2
Trong d6 axL € C v6i ay, =a,, , thoaman P(z’) > 0 khi z’ # 0.
k.
J

2m/.

Tudéotacéz=(zi,....., Zn-1) va Wt(K) = z;l: ky hiéu cho trong tng véi da chi s6 K=(ki,...... Kn-1)

e N™! theo trong A = (1/my,.....,1/my.1).

Khi d6, ellipsoid tong quat Dp trong C" (n > 1) dugc dinh nghia trong [NNTK] boi
DP = {(Zv? Zn) € Cn:|Zn|2 +P(Zl)<1}
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Trong bai béo nay, ta gia sir ring mién Dp 1a mién WB, tirc 1a Dp 12 gia 10i cht tai moi diém bién bén
ngoai tap {(0’, e°): 0 € R}. (xem [AGK16]).

Véis, t (0, 1], theo [Lin18, bd dé 2.5] ta dinh nghia D va D, 1an luot béi

D; ={z e C":|z-b|" +sP(z)<s’}
DY ={z e C"[z-b+2 P(z)<s’}
r

trong dos=1-b.

Chung ta luu y rang Dy = va hml//_l(Ds) D, v6i mot ho {y;}c Aut(Dp) (xem bd dé 2.1 trong
phén 4) dong vai tro quan tr(_)ng trong viéc chimg minh két qua chinh dudi day.
Pinh Iy 2: Cho Q 1a mién con cta Dp sao cho D) c Qc D, véis € (0, 1]. Khi d6, véi moi r € (0, 1),
ton tai Yo phu thudc vao r sao cho

0,(2)2y,,Vze Dy NQ

Luu y: Diém p = (0", 1) 1a (P, s)-cuc tri d6i véi mbi mién Q; (xem NNC21, dinh nghia 1.1 vé diém cuc
tri (P, s)) va su hoi tu ctia ddy diém trong D%’ t&i p chinh 14 su hoi tu A-phi tiép tuyén di duogc gidi thidu
trong [NN19, dinh nghia 3.4].
1. Co s6' 1y thuyét va phwong phap nghién ciu
Dinh nghia 1: Cho {Q}7 la day gém cac tap mo trong da tap phirc M va Qp 1a mét tdp mé cua M. Day
{Q}7, duoc goi la hoi tu t6i Qo (duge viét 12 limQ; = ) khi va chi khi
(i) V&i moi tap compact K < Qo, ton tai ip = io(K) sao cho khi i > iy thi suy ra K < Q;;
(i1) Néu K 1a tdp compact chura trong Q; véi i du 16n, thi K < Q.
B6 dé 1: Cho {y,} < Aut(D,) 1a day céc ty dang cau

~ 21— la, [ 21— la, [ z,+a;
Vi) = mivaz, 7 mflvaz, “iva az,

trong do a; € (0, 1) voi lima; = 1. Khi d6, vois € (0, 1) chung ta co y; 1(Dps) — Dp khi j »o0. Thém
nira, véi 0 < e < 'z va voi lan can U bat ky cua (07, 1) trong C" déu ton tai s6 nguyén duong jo > 1 sao cho

D,\B((0',-1),e) !//Jf1 (DP NU) véi moi j > jo.

2. Két qua va thio luin
Trong phan nay, mién D < C" va diém bién & e 6Q duoc gia thiét 1a thoa min cac gia thiét ciia dinh
1y 1, &Q 1a 16i tuyén tinh theo kiéu hitu han 2m gan diém &, cua dQ. Ching ta ciing c6 thé gia thiét thém
rang & = 0. Ton tai 1an can U cia & = 0 trong C" sao cho QMU 14 16i tuyén tinh va dinh nghia bai ham
tron
p(z,,2') =Re(z,) + h(Imz,, )
trong d6 h 1a ham thudc 16p C~.
Chung ta cling co thé gia thiét thém rang ton tai s6 thuc duong o sao cho véi moi -go < & < g0, tap mirc
{p(2) = €} 12151 tuyén tinh.
Véimdi g € (0, £0/2), q € QNU véi |p(q)| < e0/2 va véi mdi vector v e S = {v e C |v| =1}, ta dat
(g, v, €) =sup{p >0: p(q+ Av) - p(q) <& voi moi A € C véi |A| < p}.
Khi d6, d& thay t(q, v, &) chinh 14 khoang cich tir q t&i Sqe = {p(z) = p(q) + &} doc theo dudng thing
phuc {q+ Av: A € C}.
Véi moi diém q € Q N U va véi moi s6 duong € da nho, ta két hop
(1) Mot hé toa do giai tich (zi, z,,...., zn) tdm tai q va bao toan tinh tryc giao
(2) Céc diém pi, pa,..., pn trén siéu mit Sq
(3) Cac s6 duong T1(q; €), T2(Q, €)s---, Ta(q, €).
Céch xay dung dugc tiép tuc nhu sau:
at e :Vp_(q)
Vo) |
Véi € du nho, t(k)n,tai duy nhét mot diém p; trong Sy ¢ ma c6 khoang cach nhur trén.
Chon mot tham s6 hoa duong thang phuc tu q téi p1 sao cho z1(0) = q, p1 thudc truc thuc duong Re(z;).

va ti(q, €) = ©(q, €1, €).

1220



Bang cach chon tryc thuc dbi véi zi, ching ta c6 ﬁ(q) =1, va do d6, néu U du nho thi ﬁ(z) ~1
1 ‘xl
véimoiz e U.

Chung ta cling ¢6 11(q, &) ~ ¢, trong do hang sO 1a doc lap ddi voi q va e.

Bay gio ching ta xét dén thanh phan tryc giao H; ciia khong gian sinh béi truc z; trong C".

Véimoiy € Hi n S™, ta tinh duge 1(q, v, ).

Do gia thiét vé kiéu hitu han, nén khoang cach 16n nhét 1a hiru han va dat duoc tai vector e; € HinS™.

Ta co tap 12(q, €) = ©(q, €2, €).

Lay p2 € Sq ¢ 1a mot diém sao cho p» = q + 12(q, €).¢€2.

Toa d6 z» dugc xac dinh 1 tham sb hoa ciia dudng thang phirc tir q t6i p2 sao cho z2(0) = q va p2 nam
trén truc thuc duong Re(z,).

Tiép theo, ta dinh nghia Ha nhu 1a thanh phan truc giao ctia khong gian sinh bdi z va z» va lap lai cach
xay dung nhu trén.

Ct tiép tuc qua trinh do, ching ta thu dugc n ham toa do z, cic vector e, cac s0 Ti(q, €) va cac diém
triét tiéu pr (1 <k <n). bat z, = Xk + iyk (1 £k <n), ky hi¢u cho cac toa do thuc nam dudi.

Chiing ta gia thiét ring o la diém tu cua day cdc tw dang cu cua Q. Pt {¢} < Q 1a day hoi tu téi &.
Thém nita, chiing ta c6 thé gia thiét rang ¢ €Q N U véi moi j. Ta dat tap g = -p(q) v6i moi j. Khi do,
béng cach 13p ludn nhu trén, ching ta xay dung mot h¢ toa d6 méi (2, Zh,....., Zh ), cac sb duong T, 1,

.» Tj,n Va cac diém ply, ..., ply lién két véi qJ va gj.

Su thay dbi hé toa do tu hé toa d¢ chinh tic sang hé toa do (2, zlz, ZJH) la do sy két hop cua phép
tinh tién Tj va phép bién d6i don vi A;. Thém nira, ching ta c6 thé gia thlet rang (A; o Tj)"! 1a xac dinh
trong mot lan can c¢o dinh cia goc toa do va do d6 kéo theo ham xac dinh p; dugc dinh nghia bai:

—po(Ajo Ty’
dugc xac dinh trong mét lan can ¢ dinh cua 0 boi

p,(2)=—¢, +Re(2agzk)+ > Clzz’+o(z
k=1 2<|al+| fl<2m
trong d6 o = (0tz,..., On), [0 = Q2 + ... + O VA Z* = 22" ",
Chung ta ciing Ivu ¥ rang O(|z[*™") 1a doc lap voi j.
bat poA 1a gidi han cua pj khi j — oo, trong do A 1a phép bien doi don vi va gidi han nay hoi tu trong
C*, trén mét 1an can compact co dinh cua &.
Khi @6, véi moi j nho hon hodc bang n va voi moi da chi s6 o va f thoa man 2 < |o + |B] £ 2m, ton tai
hai s6 phtre aj va Cap sao cho:
limak/ =a; al_imcéﬁ =Cy
Jjoo Jjoo
Bay gio chung ta xét phép co gidn:
; Aj (Z) = (‘CjJZ], ceey Tj,nZn)
va ham s0:
- 1
P = 8_, PioA,;

Do d@6, ham xac dinh /3 c6 dang nhu sau:

1
,D :_1+_Re(zajrjjzj)+ z C/ a+/} o |ﬂ+0((g )1/2m | |2m+1)

g; €; 2<laj+|pl<2m
trong do:
a+fi _ _a2+f2 an+fn
T =T T

Hon nira, tir [Ni09, Prop.3.1] ta ¢6 ham p, 1a tron va da diéu hoa, va sau khi 1dy mot day, ching ta c6

thé gia st rang { ;+ hoi ty déu trén mot tip compact cia C" t6i mot ham da didu hoa tron 5 c6 dang

p(z)=~1+Re(D_b,z,)+P(2)
k=1
trong d6 P 1a mot da thirc da diéu hoa c6 cap nho hon hogc bang 2m.
Trong phan tiep theo, chung ta s& ky hiéu I'; = Aj'oAjoT; voi moi j. Khi d6, ta c6 thé suy ra rang
{T(QNU)} hdi tu téi mo hinh:

M,={zeC" :/3(2):—1+Re(zn:bk 7, )+P(z)<0}

k=1
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Ma M » 10 rang 1a song chinh hinh véi mo hinh:
={z € C":p(z)=Re(z,)+P(z)<0}
Chiing ta s& xem xét ddy cc song chinh hinh F;: f;(QNU)—T;(QNU) xac dinh boi F; = [ofi ™.
Do Fj(0) =0 € M » Nén ta suy ra day {F;} khong hodi tu compact. Hon nita, tinh chuan tic cua {F;}
duoc dam bao bai [Ni09, b dé 4.1].

3. Két luan
3.1. Chirng minh dinh ly 1
Cho {qj} < Q 1a mét day cho bdi dinh 1y 1.1, tic la

limg; =¢, va limsq(q,)=1.
jo® joo

Trudc tién, chung ta dat §; = 2(1 - SQ(q,)) v&i moi j.

Khi d6 theo gia thiét, voi mdi j, ton tai anh xa chinh hinh lién horp fi: Q—>B" sao cho fi(q;) = (0, 0) va
B(0, 1-8;) < £i(©). Khi d6 theo [DN09, ménh dé 2.2] va theo gia thiét cua dinh Iy 1, khong mat tinh tong
quét, ta c6 thé gia st rang véi mdi tap compact K < B" va véi mdi 1an can U cia &, ton tai s6 nguyén
duong jo sao cho £;(K) = QMU v&i moi j > jo, tire 1a §(QNU) hoi ty t6i B

Tiép dén, tir [Ni09, bd dé 4.1] suy ra rang diy [jof": f(QNU)—-T{(QNU) la truc giao va gidi han cua
day 1a 4nh xa chinh hinh tir B" vao M,

Hon nita, theo dinh Iy Montel, day fiolj!: Tj(QNU)—fi(QNU) < B" cling 14 truc giao.

Thém nita, ddy {Tjofi’!'} khong hoi tu compact do [jofi (0, 0°)=(0, 0°).

Do d6, theo [DN09, ménh dé 2.1], sau khi chon day {[jof'}, ching ta c6 thé gia thiét rang ton tai day
con hoi tu déu trén moi tdp con compact ciia B" t&i ham sonh chinh hinh F tir B" vao M »»> varod rang la
twong duong véi Mp.

Bay gid chung ta luu ¥ ring qua cdu don vi B" 1a song chinh hinh véi nira mat phang Siegel {(z1,
Z2,...., Zn) € C% Re(zn) + |z1]* + ...+ [zo1> < 0}. Khi d6 Mp la song chinh hinh twong dwong véi ntra mat
phang Siegel. Boi vay, tir [Be94, bd dé 3.2] suy ra P(z) = ¢|z|? vdi ¢ > 0 nao do, tirc 1a 6Q 14 gia 16i chat
tai & (& co kiéu hitru han D> Angelo 14 2).

3.2. Chirng minh dinh ly 2
Pitq=(q’,qu) € D} ganp=(0’, 1).
Do tinh bat bién cuia Ds,, Dp qua phép quay (2, zn) — (2, €%z,) v6i 0 € R thoa man Im(e®q,) = 0

khong mat tinh tong quat, ta c6 thé gla su rang Im(qn) =0 véi moi j > 1.
Bay gid chiing ta xét dén céc ty ding céu y, € Aut(Dp) cho boi:

"1'/1+az ;‘/1+az

trong d6 a = Re(qn) = qn € (0, 1).
Khi d6, tir bd dé 2.1 suy ra

limv.'®©,,) =D, ;limw, () =D,

a—1 a—l
) 1
trong do, Dp,r = Dpr = {z € C™ |z, + — P(z’) < 1}.
r

Hon nira, ching ta ¢

- q q,-
v (q) = (/11/2'”11 ooy /11/2';”4 ,OJ eD,, N{z=0}

trong d6 A = 1 - |a* va Dp; M {za = 0} < Dp N {za = 0}.
Do d6, theo bd dé 2.1 trong [NNC21] va tinh bét bién ciia ham Squeezing dudi cac song chinh hinh,
chung ta c6 két ludn rang
ou(q) = V/,,(Q)(l//a (@Q)>06/d>0,vqe E'nB(0,s,)

trong d6 d ky ki€u cho duong kinh cua Dp va 6 = dist(Z,(P), Z:(P))/2.
(Luu ¥: Zp(P) = {2z’ € C™: P(2") =1})
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ABSTRACT
On the boundary behaviour of the Squeezing function near linearly
convex boundary points

Nguyen Thi Lan Huong”
Hanoi University of Mining and Geology

The purpose of this article is twofold. The first aim is to prove that if the squeezing function ca(q')
tends to 1 for some sequence {q'} = Q converging to a linearly convex boundary point & of finite type,
then this point must be strongly pseudoconvex. Then, the second aim is to investigate the boundary

behaviour of the squeezing function of a general ellipoid.

Keywords: Domain, h-extend, squeezing function.
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ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARRSCNCEs N0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

ESP teachers’ roles at a technical university
from teachers’ perspectives

Duong Thuy Huong”
Hanoi University of Mining and Geology

ABSTRACT

English for Specific Purposes (ESP) has recently attracted a lot of attention from language researchers,
educators, employers as well as leaders from universities due to the requirements from workplaces and the
society. Meeting students’ specific needs, using suitable methodologies and activities of the discipline and
general English, and focusing on the language appropriate to these activities are the main concerns of ESP
studies. At present, ESP is either a compulsory or an optional subject at technical universities, which aims
to help their students to be well-equipped with specific language in their working contexts and professional
skills after graduation. However, the roles of ESP teachers are interpreted differently among universities.
This stakeholder’ perspectives on ESP and ESP teachers play an essential role in designing and
implementing ESP syllabus at the university. Considering the above-mentioned issue, the paper tries to
identify the roles of ESP teachers at a technical university in Vietnam from teachers’ perspectives. Data for
the research are collected from interviews with ESP teachers. Besides, current state of ESP teaching at the
university is also analyzed and synthesized. From the findings, some recommendations are given in the
hope of helping leaders to have an insight into the roles of ESP teachers at the university and making
teaching and learning ESP activities more advantageous and practical in association with the university’s
context.

Keywords: English for specific purposes (ESP); teaching challenges; need analysis; ESP syllabus; training
curriculum.

1. Introduction

English for Specific Purposes (ESP) plays a critical role globally due to the massive growth of higher
education institutions implementing English as a medium of instruction (EMI), offering the dichotomous
approach of Content and Language Integrated Learning (CLIL). ESP has found its position as an essential
waypoint in the foreign language learning continuum in EMI contexts (Kirkgéz & Dikilitas, 2018). As
students advance their knowledge in their majors, they continue to acquire the English to help them
understand and articulate vocational concepts, thus giving prominence to ESP. Yet, “there is a significant
gap between implementation and assuring quality of ESP offerings, stemming from teachers’ own
incompetence and the lack of materials for specific contexts, as well as a lack of opportunities for ESP
teachers to develop professionally and personally”, (Kirkgdz & Dikilitas, 2018). English for Specific
Purposes is not a different variety of English in its nature. In the sense of linguistic terminology, ESP
means what learner needs in target situation or what he/she wants about his/her function of language usage
or what are his/her needs according to his/her own views. In other words, ESP is a learner-centred approach
whose purpose is to fulfil the specific needs of target learners to satisfy either their professional or
vocational demands.

As any other kind of language teaching, English for Specific Purposes is first and foremost based on the
process of learning which addresses the needs of certain communities of learners, namely individuals
interested in obtaining some professional skills and performing job related practices. ESP is language in
context, which requires real life learning situations, scenarios that tend to duplicate the specific working or
professional settings the ESP students might be related to or interested in. Instead of focusing on general
grammar, vocabulary and language structures, ESP teaching-learning activities emphasize the importance
of practicing the necessary skills one would mostly engage in their future fields of activity. The ESP
students need to develop their language competence to successfully perform real-life tasks in multiple
contexts with the aim of obtaining specific or professional purposes, (Falaus, 2017).

*Tdc gia lién hé
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In some technical universities in Vietnam, ESP subjects are conducted by majored faculties, which
means content teachers are also ESP teachers. The roles of ESP teachers, therefore, are somehow different
between content (also ESP) teachers’ and language teachers’ perspectives. These different viewpoints from
ESP teachers lead to dissimilarities in designing syllabus, choosing course books as well as methodology
in conducting ESP lessons among universities. However, there has been little research on “ESP content -
teachers’ roles” at technical universities. The paper, consequently, tries to figure out the roles of ESP
teachers from their own perspectives. The findings will be precious data which help leaders and managers
at universities to have an insight into the roles of ESP teachers at the university and making ESP teaching
and learning activities more advantageous and practical in association with the university’s context and
closer to the workplace’s requirements.

2. Literature Review and Methodology
2.1. Literature Review

ESP is an umbrella term and has been defined through a variety of viewpoints by different scholars and
linguists. The definitions of ESP through the time are the result of a series of events and trends operating
in different ways around the world. Hutchinson & Waters (1987) defined ESP as an approach to language
teaching in which all related decisions as to content and method are based on the learners’ reason for
learning, it “‘does not involve a particular kind of language, teaching material, or methodology” (p.2). They
also emphasized the crucial importance of learners’ needs and interests in designing an ESP course, which
is encapsulated in their famous saying “Tell me what you need English for and I will tell you the English
that you need” (p.8). As for them, the main factor that distinguishes ESP from General English is not the
existence of a need but rather an awareness of the need. It is no exaggeration to say that needs assessment
in ESP is seen as the foundation on which all other decisions are, or should be, made.

Robinson (1991) shares opinion in defining ESP as the primacy of needs analysis and that “ESP is
normally goal-directed” and “ESP courses develop from a needs analysis, which aims to specify as closely
as possible what exactly it is that students have to do through the medium of English”. More specifically,
Dudley-Evans and St John (1998) provide their definition of ESP in terms of absolute and variable
characteristics of ESP:

Absolute features:

o ESP is designed to meet the specific needs of the learners;

o ESP makes use of the underlying methodology and activities of the disciplines it serves;

o ESP is centered on the language appropriate to those activities in syntax, lexis, discourse, semantics,
etc., and analysis of this discourse.

Variable characteristics:

o ESP may be related to or designed for specific disciplines;

o ESP may use, in specific teaching situations, a different methodology from that of ‘General English’;

o ESP is likely to be designed for adult learners; either at a tertiary level institution or in a professional
work situation. It could, however, be used for learners at secondary school level,

e ESP is generally designed for intermediate or advanced students. Most ESP courses assume basic
knowledge of the language system, but it can be used with beginners.

This definition by Dudley-Evans and St. John is influenced by that of Strevens (1980) and very helpful
in resolving arguments about what is and is not ESP. This definition, therefore, suggests that ESP is proved
to be a permissive, flexible field of study, having influenced the entire process of English teaching. The
ESP syllabus is designed from learners’ needs analyses and the language should be used in real
communication contexts instead of focusing on grammar and vocabulary. The identification of the
discipline or profession of the learners is essential in defining the effectiveness of ESP teaching.

In terms of ESP teacher’s role, Dudley-Evans and St John (1998) regard ESP teaching as extremely
varied; therefore, the term “practitioner” rather than teacher is used to emphasize that ESP work involves
much more than teaching. They have identified the five key roles for ESP practitioners who need to
discharge their work as a(n):

e Teacher;

o Course designer and material provider;

o Collaborator;

e Researcher;

¢ Evaluator.

ESP teacher in ESP classes, therefore, is no longer a “primary knower”. The students are equipped with
content knowledge, so the teacher’s role is to design the course based on student’s knowledge and needs
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with authentic updated materials. Besides, teacher also needs to work closely with field specialists, finds
out appropriate teaching methods, authentic and updated materials to make students interested in the course.
And finally, beside evaluating students’ learning progress, the evaluation of course and teaching materials
should also be conducted.

Goonetilleke (1989) stated that it is hard to find the teachers who “know English as well as the subject
of the students” to teach ESP subject. Research has shown that the number of well-trained ESP practitioners
is much below the required strength in different countries which is the main reason behind ineffective ESP
teaching. Other research studies have also emphasized the heavy demand of not only having “a knowledge
of the language of scientific discourse but also an awareness of the technical subject” (Gunawardena and
Knight, 1989). Hull, (2004) has identified the role of an ESP practitioner as “a facilitator rather than
presenter of content”. So that ESP teachers are not “specialists in the field, but in teaching English,” because
their subject is English for the profession but not the profession in English (Milavic, 2006).

2.2. Methodology

The paper uses document analysis and interviews to find out the roles of ESP teachers at a technical
university from ESP teachers’ perspectives. Interviews were conducted with 6 ESP teachers from different
major faculties who have been teaching ESP for more than 5 years. All the interviewed teachers are Doctors
and four of them studied and defended their Doctoral Thesis in English speaking countries. The interview
questions focus on their roles in building and implementing ESP syllabus, their viewpoints in classrooms’
activities, challenges. Semi-structured interviews with ESP teachers were carried out in person. The data
collected were transcribed and analyzed to identify the prominent roles of ESP teachers in comparison with
viewpoints from the requirements from workplaces.

3. Findings and Discussion

As mentioned in Literature Review some characteristics of ESP by Dudley-Evans and St John (1998)
which should be bear in mind when implementing at tertiary level: Teaching ESP is to meet the specific
needs of learners; The teaching contents are related to the specific professional and career; Teaching ESP
focuses on the language use associated with a specific professional or vocational activity. In general,
teaching ESP is not just the language teaching theory. It is a kind of practice teaching according to the
actual needs of the learners which is purposeful, targeted, and practical. Robinson (1991) identifies two
characteristic features of ESP methodology: ESP can base activities on students’ specialism (but need not
do so), and ESP activities can (but may not) have a truly authentic purpose derived from students’ target
needs.

ESP subjects have been taken into the Training Curriculum of the University since the very first year.
At the beginning, ESP teachers were language teachers from Department of Foreign languages. Since 1994,
ESP subjects have been designed and edited by content teachers from specialized faculties at the university.
Before the year 2006, ESP subjects were taught in 75 hours for third year students. However, in 2006, when
the Training Curriculum changed from school year to credit system, the hours for ESP subjects were cut
down from 75 hours to 45 hours (3 credits) or 30 hours (2 credits); from 300 hours to 90 hours for General
English (Huong, 2017). This is because most universities, especially technical ones in Vietnam are now on
the way to become autonomy. Therefore, the requirement to reconstruct the Training Curriculum from 5-
year course to 4-year one to meet the needs of the economic and social development becomes imperative.
(Huong, 2018). As a result, the number of credits for ESP (and some other subjects) must be reduced and
its outcomes of equipping students with knowledge, work-related skills are hard to achieve.

In terms of roles of ESP Practitioner (teacher), all interviewed teachers admitted that they have never
heard so many roles in a position as a teacher. As stated by Dudley-Evans and St. John (1998:7), “The ESP
teacher will clearly teach language... teaching kills involved in the macro-skills of reading, writing,
listening, and speaking”. However, the position of “a teacher” identified by interviewees is as a major
teacher, not a language one. As a result, teaching methods conducted by ESP teachers are the same in all
subjects including major ones, which are not appropriate or innovative. They also believed that
terminologies and translation are the most important in teaching ESP for technical students, which is
thought to achieve the outcome purpose and suitable to the very short course like ESP. Such perception, to
some extent makes the lessons less interesting and students passive and demotivated in ESP lessons.

With the role of a course designer and material provider, an ESP teacher “is responsible for selecting
materials for the ESP class” (Dudley-Evans and St. John, 1998). In fact, all interviewed ESP teachers
participated in designing the ESP course and writing ESP textbooks or lecture notes. They sometimes
cooperate with different companies on research projects related to their majors. However, “it is very
difficult to update the textbook or syllabus frequently. It takes us a long time to complete a textbook or edit
the lectures from authentic course book.” (Teacher 1). In addition, they designed the course (ESP course)
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basing on the expected outcomes, the duration for the course, and the chosen textbooks because “Teachers
must be the guide to students’ future job orientation. We have experience and know what is important for
students to take advantages of ESP in their job in the best way” (Teacher 5). Therefore, the ESP syllabus
can be said to be designed from what teachers have, not what students need. In other words, ESP courses
were designed without conducting need analysis from stakeholders of ESP (Huong, 2018).

In terms of the role as a collaborator, as mentioned above, content teachers often have collaboration with
their former students, partners from different companies implementing research, projects... related to their
major. However, this knowledge and experience is often shared with students in major lectures, not ESP
ones since “we have only 2 or 3 credits for ESP subject, which is like a quick walk or a very brief
introduction into ESP” (Teacher 2).

A teacher at tertiary level is also a researcher since this is one of the requirements for a teacher (or
lecturer) in scientific research. As defined by Dudley-Evans and St. John (1998:8), ESP teacher has the role
as a researcher at the very least in “keeping up with the growing amount of research being published,
especially in the field’s main journal English for Specific Purposes.” With this role, all interviewed teachers
have completed “the mission” excellently in the number of published articles in national, international
conferences, journals, books but in their specific fields, not ESP. Language teachers face the same problem
as content ones since the published articles are purely language field, not ESP.

The work of testing students’ achievement during and at the end of a course is conducted as one of the
evaluation requirements by the University. The purpose of the testing is to find out whether the students
have requisite skills to undertake an academic course in English or a particular that requires a good mastery
of English. Evaluation of courses and teaching materials, however, haven’t been carried out both during
and at the end of the course with needs that relate to academic or professional purposes. The interviewees
stated that ESP is only one of many subjects they are in charge of, so all subjects are implemented according
to rules by Training Curriculum, Testing and Quality Assurance. The role as an evaluator, therefore, hasn’t
fulfilled as in Dudley-Evans and St. John’s description.

The findings of this study are different from other studies in investigating the roles of an ESP teacher
since in most of the studies, ESP teachers are language teachers who are proved to be more suitable for
ESP teaching than those of subject knowledge for the nature and objectives of ESP pedagogy and because
teaching ESP is in fact teaching languages (Tabatabaei, 2007). While language teachers face challenges in
equipping with major knowledge, content teachers struggle with elements related to teaching
methodologies to run an effective ESP course in which ESP learners’ learning styles, attitudes, motivation,
learning strategies etc. must be considered. It can be stated that no single teaching methodology can be
sufficient to address diverse and peculiar needs of ESP learners. ESP teachers, therefore, should be sensible
and flexible in choosing methodologies suitable to specific learners’ needs and the university context.

4. Conclusion and Recommendations

Issues in ESP teaching at technical universities have become imperative since the requirements from
society due to the development and diversity of global economy and society. Issues in ESP teaching differ
between technical and social or economic universities. Development and innovation in implementing at
universities consists of a variety of factors which need to be closely linked together. Every issue in ESP at
tertiary level should be studied carefully from different stakeholders’ perspectives. The stakeholder who
directly takes part in ESP teaching are teachers who “play a pivotal role in facilitating the learning process
and their success mainly depends on those behaviors that help them achieve the aspired learning outcomes
such as high grades, positive attitudes towards learning and enhanced learning skills” (Javid, 2014). As
defined by Dudley-Evans & St John, an ESP teacher is a multi-functioned person: teacher; course and
material designer; collaborator; researcher; evaluator. Therefore, perspectives from ESP teachers are very
important especially who are specialists in the field, but not in teaching English, which contrast with ESP
teachers (who are language teachers) in most previous studies. ESP courses are designed for the learners
who want English for their occupation in post-academic setting or occupational setting. ESP syllabus for
learners at tertiary level should include self-access study, project work, cooperative learning etc. (Javid,
2015). In other words, content teachers, language teachers, learners (not only students but those who are
sent by companies as well), graduates, employers should be actively involved in the process of the choice
of the content materials, curriculum development and teaching methodology to ensure the authenticity,
reliability and practical of the ESP curriculum at universities. The decision of choosing content teachers or
language teachers to teach ESP should be carefully considered based on the outcomes of the course as well
as the context, characteristics of the university.

ESP teaching is considered as an interdisciplinary, in which members from different discourse
communities participate with the aim of joint construction and instruction of ESP texts, removes the
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traditional boundaries between disciplines, which certainly lead to more effective ESP programs. The
collaboration between language teachers and content ones is highly suggested in current situation to bridge
as much as possible the gaps revealed from both teachers. Based on Swales’ framework (1988), cooperative
activities between English teachers and content teachers are concerned. During collaborative activities,
language teachers and content teachers work together to devise appropriate negotiated syllabuses as well
as teaching and learning activities and in team-teaching activities, they work together in the same ESP
classroom to teach the material simultaneously. However, in some situations, inexperienced and untrained
teachers (either English teachers or content ones) are sent to conduct ESP class which may lead to the great
prejudice of academic faculties against English faculty and vice versa. Consequently, administrating
teacher-training programs and workshops in interdisciplinary community should be given regularly.

After all, the first and foremost thing which should be implemented is an appropriate policy on both EGP
and ESP issued by the university. The challenges facing teaching and learning ESP may vary from different
universities and any solutions given should be suitable and feasible to the situation of each university. Then,
teaching and learning ESP at university will become more effective and fulfill partly the requirements from
workplace.
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TOM TAT
Vai tr6 cua giao vién day tiéng Anh chuyén nganh tai truong dai hoc
khéi k¥ thuat qua quan diém cua gido vién

Duong Thuy Huong”™
Trweong Pai hoc Mo- Dja chat

Tiéng Anh chuyén nganh (TACN) gan day da thu hat rat nhiéu sy quan tdm ciia cdc nha nghién ctru
ngdn ngilt, nha gido duc, nha tuyén dung ciing nhu cac nha lanh dao tir cac trudng dai hoc do nhu céu tir xa
hoi va cac don vi tuyén dung. Cac nha nghién ciru vé TACN quan tim dén viéc dap ing nhu cau cu thé cua
ngudi hoc, st dung cac phuong phap va hoat dong phtt hgp véi mon hoc chuyén nganh va tiéng Anh dé
ngudi hoc co thé sir dung mot cach t6t nhat ngon ngit ndy tai noi lam vi¢c. Hién tai, TACN ¢ mot sb truong
dai hoc k¥ thuat vira 18 mon hoc bt budc, vira 1 mdn hoc tu chon nhung déu gén lién véi muc dich trang
bi cho sinh vién cac ky nang va ngdén ngit st dung trong méi truong cdng viéc sau nay. Tuy nhién, vai tro
clia gido vién day TACN chua dugc hiéu mot cach rd rang dic biét 1a & cac truong k¥ thuat co gido vién
day TACN la céc gido vién dén tir cac Khoa chuyén mon cia Truong. Viéc tim hiéu vai tro cia gido vién
day TACN tur chinh quan diém cua gido vién va cua céc bén lién quan dén TACN dong mot vai tro thlet
yéu trong viéc thiét ké, xay dung va trién khai mon hoc TACN tai truong dai hoc. Do d6, bai bao c¢b ging
xéc dinh vai tro cua gido vién day TACN tir chinh quan diém cia gido vién thong qua cac phuong phap
nghién ctru nhu phong van va phan tich tai liéu. Dit liéu thu thap dugc phan tich va tong hop tir 46 dua ra
mot s6 khuyén nghi gitp cac nha lanh dao ciing nhu mot sd bén lién quan cia TACN c¢6 goc nhin 16 hon
vé vai tro cua g1a0 vién day TACN dé tir d6 gitip hoat dong day va hoc TACN thuén loi hon va thiét thuc
hon gén lién véi bdi canh ctia Trudng va nhu cau tir cac don vi tuyén dung.

Tir khéa: Tiéng Anh chuyén nganh (TACN); thach thirc vé giang day TACN; phén tich nhu cau; thiét ké
chuong trinh TACN.
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ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARRSCNCEs N0 VA TAI NGUYEN VOI PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR

SUSTAINABLE DEVELOPMENT
b0 do xéc suat trén C[0,1]
Nguyén Thé Lam”
Truong Pai hoc Mo - Dia chat
TOM TAT

Bai bao nay c6 hai phan chinh. Phan 1 chi ra diéu kién can va du dé hai do do trén C[0,1] bang nhau. Phan

2 chi ra diéu kién cAn va du dé T 13 compact véi T 1a tap céc do do x4c suét trén C[0,1], C[0,1] 14 khong
gian cac ham lién tyc trén [0,1]. Trong bai bdo c6 sir dung cac cong cu cua li thuyét do do va 2 bo de 2.1
va2.2.

Tuwr khoa: B do , qua trinh ng?iu nhién, g - dai s6, tap Borel, khong gian xac Suét.

1. D3t van dé , ,

Ta bit rang cac d6 do xac suat trong khong gian cac ham lién tuc dong vai tro quan trong trong 1y thuyeét
cac qua trinh ngau nhién va cac bai toan kiém dinh gia thiét, phi tham s6. Noi dung chinh cua bai bao nay
la d€ mo ta cac tap con compact yéu cua khong gian cac d9 do xac suat trén cac khong gian ham nhu the.

Cho §2,S,P 1amotkhong gian xac suat va T 1a mot tip con cua duong thang thuc. Mot qua trinh ngu
nhién c6 nghia 1a mét ho dugc danh chi ) £,teT cuacac bién ngau nhién nhan gia tri thyc trén (.

No6i chung, T 1a mét khoang trén dudng thing thuc. Cho trude w €2, w, it =& w 1a mot ham thyc
trén T. N6 dugc goi 1a mot phép thé hién ctia qué trinh ngau nhién.

Cho X 1a khong gian cac ham nhan gia trj thuc trén T. Véi mdi t €T, 4nh xa x — x ¢ 4nh xa X
vao dudng théng thuc. Cho 3 1a & - dai s6 nho nhét cac tdp con cia X ma ddi voi A tht ca cac anh xa
nay 1a do dwoc voi moi 1 e 7. Néu ¢ :teT 1a mdt qua trinh ngiu nhién anh xa ¢ : w — i 1a mot 4nh
xa do dugc tir £ vao X (twong (mg véi cac ¢ - dai s6 Sva 3), va do do ta thu duoc mot do do Jt trén
3 bang cach dat

j A =Pl A]VAES,

st dugc goi 1a dd do hodc phan phdi tuong vng véi qué trinh ngau nhién. Poi khi X, 3,z duoc goi 1a
qua trinh ngau nhién. ‘

Theo quan diém & trén, 16 rang nghién clru cac qua trinh ngau nhién quy vé nghién ctru cac d do trén
khong gian ham X, {3 . Tuy nhién X 1a khong gian cac ham khong phu hop cho cac img dung. Tét hon

la c6 khong gian co ban ma trén d6 cac d9 do dugc xtr Iy nhu mét khong gian metric tach dugc hoac méot
khéng gian metric tach dugc di. Truong hop don gian nhung quan trong khi ta lay 7 =[0,1] va xét tap con
C[0,1] cia X . C]0,1]1a khong gian cac ham lién tyc trén [0,1].

2.Cosoly @huyét va phwong phap nghién ciru )
Ta thay rang C[0,1]1a mot khong gian Banach tach dugc néu ta xac dinh véi x € C[0,1]

|l = Supx ¢
véi mdi x € C[0,1]va & > 0, ta dinh nghia
w o § = Sup_|x " —x t"|

[e'—rfzs
Boi vi mot ham lién tuc trén [0,1] 1a lién tuc déu, suy ra rang w, & — 0 khi 6 —0 v6i mdi x. Ta s&

viét C thay vi C[0,1]. Chu y rang ca x — ||x|| va x—w_ & laliéntyc trén C.

*Tdc gia lién hé
Email: nguyenthelam@humg.edu.vn
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Béy gio ta s& dua ra mot tiéu chuan compact ciia mot tap cac do do xac sut trén C.
Bé dé2.1. Cho AC C. Bé Ala compact can va du 1a 2 diéu kién sau déng thoi dugce théa man:

i Sup|x 0 |< ac,
XEA

ii limSupw, & —0
4.0 x=A
Bé d@é 2.2. Cho T 1a tap cac do do x4c suét trén C. Dé T 1a compact cn va dit 1a v6i mdi = >0 tdn tai
mot hing s6 M. >0 va mot ham w &, giam t6i 0 khi § ] 0 sao cho

i x:x0|<<M_. =1-—
pox:|x 0= M, >
g xiw, & Sw de ¥ >1—§V,uET

3. Két qua va thao luan
Dinh ly 3.1. Lép 3. céc tp con Borel cua C trung voi o - dai s6 nho nhét cac tap con cia C ma ddi

v6i ¢ - dai sb ndy cic anh xa 7 :x— x ¢t la do dugc ¥t <[0,1]. Néu ftva v 1a2dodotrén C, diéu
kiéncanvadudé p=r 1a p"" =w

khong gian vecto k chidu R* dugc cam sinh lan lugt béi s+ va o thong qua anh xa

fse

TR X = Xt enX
Chirng minh.

Giasir Ala ¢ - dais6 nho nhit cac tdp con cia C ma dbi véi o - dai sd nay cac anh xa 7' 1a do duoc
véi moi . Boi vi mdi 7' 1a lién tuc trén C suy ra A Z 3. Dé chimg minh 3. C A, that 1a ¢ dé chi ra
réng A chira tAt ca cac tap mo. Boi vi C 1a tach duoc nén mdi tap mé 1a hop dém duoc cua céc hinh ciu
dong va boi vay n6 1a dit ¢é ching minh rang A chira tat ca cac hinh cau dong.

Néu a >0 1a s6 thuc bt ky, x, £ C va n,r,,... 1amot su liét ké cac sb hiru ti trong 0,1, ta co:

a

n n

%
x:||x—x0||§a =m x:|x r, —X, T,

n—l
Vé phai cua phuong trinh trén nam trong A suy ra hinh cau x: ||x - x0|| <a £A,doddo A=4..
Dé ching minh phén thir 2 ta viét:
A = s AACR, Al tapBorel . | A, =F.

Koty seeslty,
Hién nhién, j""* =#""%k va t,,..,t, £[0,1] chi ra rang s+ E = E YEE€F. F la mot dai sb
Boolean sinhra A boivaytaco p E =+ E VE € A. Diéu nay chimg minh ring 1= .
Bé @é2.2. Cho T 1a tap céc d6 do xac sudt trén C. D& T 1a compact cin va di 1a v6i mdi = >0 tdn tai

mot hang s6 M. >0 va mot ham w &, giam t&i 0 khi § ] 0 sao cho

ip ox:xo|zm, >1—§'

g xiw, & Sw de ¥ >1—%V,u el
Chirng minh. .
Gia st T' 1a mét tap cac dé do thoa méan cac dicu kién & trén.
Véi 7 =0, ta viét
A = x:|x 0 |<_iM__
B.= x:1w, & Sw b2 98

Khido K. =A. N B. 1a mot tap dong. Theo b6 dé 2.1, K. 1a compact. Ro rang j+ K, >1—gjueT,
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suy ra T la compact.
Nguoc lai, gia sur Tla compact. Khi d6 ton tai mot tip compact K_saocho ¢ K, > l—%‘v’,u- el

bat:
M. :Sup|x 0 |,
K

x=

w e — Supw_ 4

xzK.
Theo b6 dé 2.1, M, < o0 va w 8,2 | 0.
RO rang:

I x:|x0|<_~ZMC__ =i K, :>1—§

Hoxiw & =w e vh K, >=1—§,V,LL€P

X

Dinh Iy 3.2. Gia sit T' 1a mot tap cac do do xac suit trén C. Dé Tla compact can va du 1a cac diéu kién
sau duoc thoa man:

i V&imdi = >0 ton tai mot hang sd M, sao cho: pt x:|x 0|<_~ZMC__ >1—§,'v',u€l"

i V6imdi >0 va 60 tontai n=m ¢,¢ >0 saocho: gt x:w, 3 <§ >1—%,'v',uef
Chiing minh.

bicu kién can:
Gia str T 1a compact. i vira dugc ching minh trong bo dé trude.
D6i voi @i cht ¥ rang ton tai mot ham sé «w 8, | 0 khi & | 0 sao cho:

foxtw & =mw be VW o 1—%,‘v’,u- T
Ta c6 thé tim duoc =1 <6 saocho w 7,8 <&
Khi d6 hién nhién:

foxtw oy <68 >1—%,'v’,ue r

Diéu kién du:

Véi moi so nguyén n=1,2,... va £ >0 cho trudc, ton tai ;. , sao chonéu F., = [x:wx T, '(—}
: 5 - n

thi p F,, =1—

2n+]

Wpel. Pat K. = x:|x 0|<M, N[)F,,
n—l
Hién nhién, + K. >1—sVpel. Néu x£ K, thi voi mdi n, x< F, boi vdy ton tai ., thoa man
1 . . .
w, 7., =—. Noi cich khac, Supw, 1 >0 khi —0. Béi vi Sup|x 0 | <M, <o suy ra K. 1a
n x=K. x=K,
compact. Do d6 T la compact.
4. Két luan ‘ ‘ 7 ‘
Trong bai bao da chi ra va chirng minh dugc dicu kién can va da dé hai d¢ do trén C[0,1] bang nhau, chi
ra va chung minh duoc diéukiéncanvadudé T la compact voi I' 1a tap cac d6 do xac sudt trén C[0,1].
Tai li¢u tham khao o ) )
bang Hung Thang, 1998. Mo ddu vé Iy thuyét xdc sudt va img dung, NXB Giao duc, Ha Noi, 218 trang.
bang Hung Thang, 2006. Qud trinh ngau nhién va tinh todn ngdu nhién, Nha xuat ban Pai Hoc Qudc
Gia, Ha Noi, 235 trang.
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K.R. PARTHASARATHY, 2006. “ Probability measures on metric spaces”, Ams Chelsea Publishing,
American Mathematical Society. Providence, Rhode Island, trang 211 - 219.

ABSTRACT
Probability measures on C[0,1]

Nguyen The Lam”
Hanoi University of Mining and Geology

The article has 2 main parts. Part 1 shows the necessary and sufficient conditions for the two measures

on C[0,1] to be equal. Part 2 shows the necessary and sufficient conditions for T tobe compact, where
I' bea set of probability measures on C[0,1], C[0,1] is a space of functions that are continuous on [0,1].
In the article, tools of measure theory and 2 lemmas 2.1 and 2.2 are used.

Keywords: Measure; stochastic process; « - algebra; Borel set; probability space.
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E R.Sf@, HOI NGHI TOAN QUOC KHOA HQC TRAI DAT
e VATAINGUYEN VOI PHAT TRIEN BEN VI’NG (ERSD 2022)

SUSTAINABLE DEVELOPMENT
biéu kién to1 uu cho bai toan cuc ti€u
Nguyén Thuy Linh*
Truong Pai hoc Mo - Dia chat
TOM TAT

Dinh 1y ndi tiéng ctia Fermat noi rang, néu x 1a diém cyc tri cia f vaham f khavi thi f’( ) =0 . Pay la diéu

kién can (quan trong) d& tim cuec tri cia ham sb. Dinh Iy Fermat sau d6 da dugc Lagrange md rong dé nghién ctru didu
kién can cua bai toan cyc tri voi rang bude va tiép tuc dwoc mé rong khi khai niém dao ham dwoc mo rong t6i dudi vi
phan, dao ham suy rong,.... Muc dich cua bai bdo 1a sir dung cdc cong cu cua gidi tich va giai tich bién phan nghién
ctru vé diéu kién t6i wu cho bai toan cuc tiéu.

Tir khéa: Bai todn cuc tiéu; diéu kién toi uu.

1. Pit van dé
Cho cachamsd F:R"xR" >R, f:R"xk" > % ,va g: K" —>T€<U{oo} .
bat:
(I)(x) =inf{f(x,y): y eTF:'"}
Argmin( f,x)= {y eR": f(x,y) :CD(x)}
Xét bai toan:
g(x)+inf :{F(x,y): y eArgmin(f,x)} —min, xek"
Chung t61 st dung céc cong cu clia giai tich va gii tich bién phan dé thiét 1ap diéu kién t6i wu cho bai toan
cuc ti€u trén.
2. Co sé Iy thuyét va phwong phap nghién ciru
Dinh nghia 2.1. (Dudi vi phdn Mordukhovich) Cho U la mot tdp mo cua <" va ®:U - E. Véi >0
va xeU , ta goi & - dudi vi phdn gidi tich cua @ tai x la tdap
_ L CD(x)—(D()_c)—<x*,x—)_c>
6agCI>(x) =<x €X :liminf =
o ==+

2-=&

Khi d6 ton tai limsup 0u®(x), ¢dé x—2—x nghiala x - x va ®(x)—> ®(x).
x—2 5 x,6-0
Ta dinh nghia 6ad)()_c) = limsup ..®(x)la dudi vi phan Mordukhovich cia f tai x.
x—2 5 x,60

Dinh nghia 2.2. (Dao ham Clarke) Cho ®:R" — K la Lipschitz dia phirong.

Véi x,he X" ta goi @° (x,h):hmsupq)(y"'th)_(b()’)

t—0",y>x 1t

1a dao ham Clarke cua @ tai diém x theo huéng £ .
Pao ham Clarke clia ® tai x 1a tap 6@(x)={leR":@°(x,h)2(L.h) Vhek"}, & do (,.) la tich

v6 huéng trong 1",
Mg¢nh dé 2.3. Gia sir f:TR" — R {0} la ham nia lién tuc dudi va théa man diéu kién vé do ting

lim f(x)=o0

>

Khidé f dat dwoe inf trén 15", ticc 1 ton tai x, € &" sao cho : f(xO) = inf{f (x) ‘X e TF?"}

* Tdc gid lién hé
Email: nguyenthuylinhbmtoan@humg.edu.vn
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3. Két qua va thao luin
Gia st X 12 mot tap md trong 1" va f: X x2" — &. Gia st feC' (X XTR"’) va dao ham riéng
f,eC' (X xR").
Gia str rang v6i mdi x € X , bai toan toi uu sau c6 nghiém:
(P) f(xy)—>min, yeTR"

bit: @(x) :inf{f(x,y) y eTF&’”}, Argmin( f,x)= {y eR": f(xy)= CI)(x)}.
Bé d@é 3.1. Gia sir xe X va ;e ™ thoa man f(;,;) = CD()_C) . Gid sir rang ton tai todn tir tuyén tinh
[fyy ()_c,;)]_] SR — R™, va it nhat mét trong cdc diéu kién sau ding:
(C,) Anh xa x —>Argmjn(f,x),x € X la nita lién tuc dudi trén X .
(C,) Ton tai mét lan cdn V ciia x trong X sao cho véi moi x eV , ham f( ) K" =T la ham 16i.
Khi @6 ton tai hai s6 dwong Ay, A, va ton tai dnh xa v : B (},A ) — BO( ,A ) sao cho:
(i)B"(x.A,) < X, yeC' (BO (x.a,), Ri"’);
(ii)y (x)=;
(iii) Vi mdi x e B”(x,A, ) taco
Argmin(£,)=y ()8 (18, = {y (9}, v/ ()= £, (v ()
Chirng minh
Taco Argmin( f,x) :{y eR": f(xy) =CD(x)}, va f(x,y) = CD(x) :
Do d6 ton tai cac sé duong A,A, va ton tai anh xa  : B (J_C,A ) — 2™ sao cho
B'(x,A,)c X,y eC' (B° (x.4,), |) w(x) =y, £, (2w (x))=0, vxe B°(x.4,),

"t//(x)— y" <A, VxeB’ ()_C,Az)

-1

= f, (x,://(x)), xeB’ (;C,AO).

Vi mdi (x,y) e B (x,A,)x B’ (3,4, ) ding thic : £, (x,y)=0< y=y(x)

iy = f, (ny ()] = £ (e (x))x e B (x.4,).

Néu (C,) ding thi : B (} A )

Néu (Cy) ding thi : Argmin( f,x) B (y, )¢g xeB"(x A )

Ta s& chimg minh diéu kién Argmin (£, x)n B ( V.4, ) ={y(x)} ding véi moi x € B’ (Zc,A2 ) .
Cho xe B’ (x,A, ).

Khido: {y e B (3,4,): £, (.3) = 0f = {w (x)}.

Néu (C,) ding thi ham f (x,.): K" -> Tk 16i,

B (7,A,) Argmin(f,x)={y € B"(v.4,): £, (x,y) =0} =y (x)},
va Argmin(f,x) =y (x)nB°(y,4,)={y(x)} ding.
Néu (C,) dung thi :
& # B*(y,A, )~ Argmin (£, x)
clyeB (3A):f, (xy) =0} ={w (x)}.

Suy ra Argmin (f,x) =y (x)nB°(y,4,)={y (x)}.
Vay trong ca hai trudng hop bd dé da duge ching minh.
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Bé dé 3.2. Gia st xeX va yeTR" théa man f(&,}):cp(}) va Argmin(f,)_c):{y} . Gid sir
M,.1i,cy >0 sao cho B(x,r,) < X va tinh chdt sau ddy duoc thoa man:

(A) v6iméi 56 x€ B(x.,) vaméi y € %" ma |[y|= M, thi bdt ding thitc f (x.5)2 f(x.y)+c, diing.
Gid sir day {x,} = X sao cho limx, =x.

Khi d6 my({&},Argmm(f,xk)) =0.

H¢ qui 3.3. Gid si xe X va yeR" thoa man f(x,y)=®(x) va Argmin(f,)_c)z{y} . Gia sir
My,1i,¢y >0 sao cho B(x,r,) = X va (A;) diing:

Khi d6 anh xa x — Argmin(f,x),x€ X la nita lién tuc dui tai (%, ).

Do thoi lwong cua bai bdo nén 16i xin phép khong trinh bay chi tiét phan chirng minh bé dé 3.2 va hé qua
3.3 ¢ day. Chi tiét ciia phan chitng minh c6 thé xem trong tai liéu tham khéo [7].

Dinh Ii 34. Gia st xeX va ye Argmm( f ,x) . Gia s ton tgi todn tir tuyén tinh
[fy_y ()_c,;):r SR™ > R™ | va 6 it nhdt mot trong cdc diéu kién sau dung:
Anh xa x—> Argmin(f,x),x € X la nwa lién tuc dudi tai ()_c,;) .
Tén tai mot lan cdn 'V ciia x trong X sao cho véiméixeV , ham f(x,.):TR’" >TE laléi
Gia s ton tai 1, >0 sao choB(;c, ro) c X , ham g la hitu han va Lipschitz trén B(;, ro). Hon nita voi
moi x e B()_c,ro) thi: g(x)+inf{F(x,y) 1ye Argmin(f,x)} > g()_c)+F()_c,;).
Khi &6 oF, (x.3)-[ £, (x3)] < £ (x3)-oF. (v 7) <o.8(x).
Chirng minh

Ap dung bd dé 3.1, ton tai cac s6 duong A 0o A, VA ton tai 4nh xa y : B ()_c, AO) — B’ (;,Al) sao cho
yec (BO(},AO),W), B (x.4,) < X, 1//(_) ¥,

l//(x) [ ] l xeBO(;c,AO).

v6i mi xeBO( ) thi: Argmln(f x) 0( ) { ( )}

C6 dinh: 5 €(0,min{r,,A,}).

Gia sir rang: x e B’ ()_c,r] )

Khi dé:

g(x)+F(xp(x )) g(x )+inf{F(x,y):yeArgmin(f,x)}
(;C)+F()_C,;)
s+ # (vl
Boi vay: g(x)+F(xy(x))2g ( )+F(x (//( )) Vx e B’ ()_c,rl).
Két hop véi: y/()_c) =y, p(x)= —[fyy (x. l//(x))J fo(xtw(x)).xeB’ (x A )

0t R O () ~euel) £ (25) £ (5 )

1

() (53) 1 (53) L1, (53] 1 53,
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H¢ qui 3.4. Gid siva 'y « Avgmin(f.x). Gid sit ton tai todn e tuyén tinh [ ] " R Gid
sit My,c,,r, >0 sao cho B(x ro) c X, ham g c¢6 gid tri thue va Lipshitz trong tdp ( )

Hon nitavéiméi xe B(x.r,) ,méi y e R" théaman ||y|2M, saocho f(x,y)= f(xy)+c, ding
vavéiméi x e B(x.r,) thi: g(x)+inf{F(},§) ye Argmin(f,x)} > g(x)+F(x.y).

s £ (53) 1, (53)] 1. (3)- . (3) 2.6 5.

Chirng minh
Ap dung Hé qua 3.3, anh xa x —> Argmin(f,x) 1a nira lién tyc duéi tai ()_c,;) )
Khi d6 cac gia thiét cua Dinh 1i 3.1 dugc thoa man.

Ap dung dinh 1i 3.4 ta co: F, (;c,;) [f”, ()_c,;):r “ fl ()_C,;) -F, (E,;) €0,8 ()_c)

4. Két luan
Trong bai viét trén, chung t6i da thiét 1ap dugc diéu kién tbi wu cho bai toan cuc tiéu co didu kién thong
qua dudi vi phan Mordukhovich va dao ham Clarke
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ABSTRACT
Necessary optimality conditions for bilevel minimization problems
Nguyen Thuy Linh
! Hanoi University of Mining and Geology
Fermat's famous theorem states that, if x is the extreme point of f and the function f is differentiable

then f '(x) =0. This is a necessary (important) condition to find the extremum of the function. Fermat's

theorem was then extended by Lagrange to study the necessary conditions of the extreme problem with
constraints and continued to be extended when the concept of derivative was extended to sub-
differentiation, generalized derivatives, etc. The purpose of the article is to use the tools of analysis and
differential analysis to study the optimal conditions for the minima problem.

Keywords: Bilevel minimization problems; Necessary optimality conditions.
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ER SE’ HOQI NGHI TOAN QUOC KHOA HQC TRAI DAT
SABSORNLES e VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Cau truc 161/v6 va tinh chat vat 1y cua vat licu composite
(1-x)PbTi03/xCoFe204
Ngb Thi Cam Linh"*, Pao Viét Thang®*

I Truong Pai hoc Van héa Nghé thudt Qudn doi
2 Truong Pai hoc Mo - Pia chat

TOM TAT

Hé vat liéu composite (1-x)PbTiO3/xCoFex04 (x = 0,0 + 0,5) v&i ciu tric 18i/vo dd dugc ché tao thanh
cong bang phuong phap sol-gel. Cac dic trung céu tric, tinh chat quang va tinh chit tir ciia hé vat lidu
dugc nghién ctru thong qua anh hién vi dién tir quét SEM, gian d6 nhiéu xa tia X, pho tan xa Raman, phd
hap thy, dudng cong tir tré. Két qua phan tich gian dd nhidu xa tia X cho thiy hai pha thanh phan PbTiO3
(PTO) va CoFe,O4 (CFO) ddng thoi két tinh tét. Khi nong do CFO tang 1én, trong pha PTO, hing sd
mang a ting khong dang ké tir 3,903 A dén 3,911 A con hang s6 ¢ giam tir 4,137 A xubng 4,107 A. Phd
tan xa Raman cua hé vat liéu cho thdy vi tri cac dinh A,(1TO), E(2TO) dich vé phia sé song thip. Cac két
qué thu duoc da chung to giita hai pha 13i/v6 ¢ su lién két chat ché voi nhau din téi sy anh huong 13n
nhau vé cdu truc ciing nhu cac tinh chét vat 1i khac. Phd hap thu cho thiy bé rong ving cdm giam tir 2,99
eV xuéng 1,22 eV khi néng d6 spinel tang tir 0 dén 50% mol. Dic biét, hé vat liéu composite PTO/CFO
Vv6i cdu tric 18i/vo biéu hién tinh sit tir v6i tir d6 bio hoa tang tir 0,025 emu/g dén 25,217 emu/g khi ndng
d6 CoFe,04tang tir 0 dén 50% mol.

Twr khoa: PTO/CFO, sol-gel, composite, multiferroic.

1. D3t vin dé

Vao nhitng niam 1950 — 1960, vat liéu multiferroic duoc phat hién ciing cac tinh chét “ferroic” vo cung
li thé ctia n6. Multiferroic 1a vat lidu thé hién dong thoi ca tinh sat tir va sit dién (Eerenstein, Mathur er
al., 2006). Nguoi ta sir dung cac vat liéu multiferroic dé ché tao cac dau doc thong tin si€u nhay, cam bién
smh hoc khong can cép ngudn, cac bd nh¢ dién -tir khong tu x6a, cho phep ghi bang dién truong thay vi
bang tir trudng nhu cac vat liéu truyén thong (Wang, Liu er al., 2009). Tuy nhién, trong tw nhién, co rét it
cac vat lidu ton tai d(“)ng thoi ca tinh chét sat dién va tinh chét st tir. Chinh vi vay, day la loai vat li¢u
dang duoc cac nha khoa hoc quan tim nghién ctru. C6 hai phuong phap phé bién dé ché tao ra nhirng vat
liu c6 tinh chat multiferroic: (1) thay thé bing cac ion c6 tinh tir vao vat liéu perovskite va (2) tao
composite gifra 2 vat liéu co tinh s&t dién va sit tir (Sheoran, Kumar et al., 2019).

PbTiO; (PTO) 12 mdt trong nhitng vat lidu sét dién, vat liéu nay c6 hai pha céu triic dién hinh 1a pha lap
phuong va pha tir giac. O nhiét do phong, tinh thé PbTiO;3 c6 cau tric tir giac voi do bién dang tinh thé
16n (ti s6 c/a = 1,063), thé hién tinh chét sit dién manh (P = 81 pC/cm?) va hang sé dién moi 16n
(Chaudhari and Bichile, 2013). Tuy nhién, vét liéu PbTiOs biéu hién tinh cht nghich tir, ddy 1a tinh chét noi tai
clia vat liéu. Mot sd nghién cuu trén thé gidi da tién hanh tao composite voi mdt pha tir gido manh trén nén
PbTiOs nham tao ra cac vat lidu c6 su két hop déng thoi cua hai trat tu sit dién va sét tir (Eerenstein,
Mathur et al., 2006; Liu, Fu et al., 2005).

Bén canh d6, CoFe;O4 (CFO) 1a vat lidu co cau trac spinel ddo (Daliya and Juang, 2007). Day 1a mot
vat liéu tr cirng déc trung, luc khang tir cao (5400 Oe), & nhiét d6 phong, tir d0 bio hoa ctia vat liéu cd 80
emu/g (Liu, Fu et al., 2005). CoFe>O4 6 tinh di hudng va d6 6n dinh hoa hoc kha cao (Kim, Kim er al.,
2003). Do d6, vat liéu nay rat thich hop dong vai tro pha tir gido trong viéc ché tao vat liéu multiferroic
(Mansour, Imam et al., 2020; Rui, Sheng-wen et al., 2006; Singh and Saha, 2021).

Trong bao c4o ndy, ching toi ché tao vat liéu composite (1-x)PbTiO3/xCoFe;04 (x = 0,0 = 0,5) cdu tric
13i/v6 ché tao bang phuong phap sol-gel va khao sat sy anh huéng cta ndng dd CoFe,O4 t6i ciu trac tinh

* Tdc gid lién hé
Email: ngocamlinh289@gmail.com; daovietthang@humg.edu.vn
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thé, tinh chét quang hoc, ciing nhu céc tinh chat dién tir cua vat liéu composite dé tim ndng d6 pha spinel
toi uu cua loai vat liéu nay.

2. Thue nghiém

Vit liéu composite (1-x)PbTiO3/xCoFe;04 (x = 0,0 + 0,5) dwoc ché tao bang phuong phap sol-gel. Cac
tién chat dugc str dung gdm c6: TTIP 97%, Pb(NO3), 99%, Co(NO3),.6H,0 99%, Fe(NOs)3.9H,0 98,5%,
dung moi ethylene glycol va axit citric 99,5%. Pau tién, ching toi tién hanh ché tao tinh thé PbTiO;:
mudi Pb(NO3); dugc hoa tan trong nudc cit, sau d6 dem tron 1an véi TTIP da dugce hoa tan trong axit
citric ri gia nhiét ¢ khoang 90 °C dong thoi vai khiy tir dén khi thu duoc gel dong nhat. Lam kho gel
khoang & nhiét d6 195 °C trong 4h. Gel kho dwoc nung & 500 °C trong 3h thu dwoc tinh thé PbTiOs. Tiép
theo, chiing t6i tao sol CoFe;O4: cac mudi Co(NO3),.6H,0 va Fe(NO3):.9H,0 duge hoa tan trong nudc
cét, sau d6 dem tron 13n véi axit citric dd dugc hoa tan, rdi gia nhiét & khoang 90 °C dong thoi véi khiy
tir dén khi thu duoc sol déng nhéit. Cubi cung, ching t6i dua tinh thé PbTiOs vao sol CoFexO4, tiép tuc gia
nhiét & khoang 90 °C dong thoi véi khudy tir dén khi thu dugc gel dong nhat. Gel duge sdy kho ¢ nhiét do
195 °C trong 4h. Gel khé dem nung & nhiét ¢ 800 °C trong 3h thu duogc san pham cubi cing.

Céu triic tinh thé cua vat liéu dugc khao sat thong qua phép do gian dd nhidu xa tia X trén may DS —
Advanced dung btc xa CuK. Phé Raman duoge thuc hién trén hé LABRAM — 1B dung budc song 514
nm kich thich. Ph6 hap thu do boi phd ké Jasco V670 trong dai bude song 200 - 1200 nm. Dudng cong tir
tré do bai tir ké mau rung DMS véi tir truong cuc dai 1a 13,5 kOe.

3. Két qua va thio luin

Hinh 1 14 anh SEM chuyp hinh thai bé mit 3 miu PTOIOO— CFOO; PTOm— CFOzo; PTOSO— CFOSOVé biéu
dd phan b kich thudc hat twong tmg cua ching. Anh SEM cho thiy cac hat c6 hinh dang gia cau, kich
thudc hat kha dong déu va tang 1én theo su ting nong d6 CFO. Sau khi lam khép bang ham phan b log-
normal cho 3 miu, ching t6i thu duogc gia tri duong kinh hat trung binh cho timng mau PTO - CFOy,
PTO7 - CFO30, PTOs0 - CFOs0 lan luot 1a 44,76, 138 nm. Diéu nay duoc giai thich 1a do giai thich 1a do
vat li€u composite cod cau trac 16i-vo. Khi nong do CFO tang Ién, 16p vo CFO boc tinh thé PTO tré nén
day hon. Chung t6i da tién hanh chup anh TEM cuia mau PTO50 CFO50 dé thé hién 16 hon ciu tric 16i/vo

clia composite qua sy twong phan mau sic cua hinh anh: c6 nhitng hat CFO rit nho bam trén bé mit cta
hat PTO (Hinh 2).
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Hinh 1. Anh SEM lan lwot ciia 3 méu PTO -CFO ; PTO_-CFO ; PTO -CFO
100 0 70 30 50 50

(trdi qua phai) va biéu dé phédn bé kich thudc hat twong img cia ching
Hinh 3 1a gian dd nhiéu xa tia X cua hé vat liéu composite (1-x) PbTiOs/xCoFe,O4 (x = 0,0 + 0,5). Mau
PTO (x = 0,0) két tinh t6t v&i cac dinh nhidu xa c6 cudng do 16n. Cac dinh nhidu xa duge gan phu hop
v6i vat lidu PTO c6 céu trac perovskite tir gidc v6i hing sé mang: a = 3,903 A va ¢ = 4,137 A trong thé
chudn JCPDS s6 22-1086. Két qua cho thdy miu dé ché tao 1a PbTiO; c6 céu tric perovskite tir gidc véi ti
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s méo mang tir giac 1a ¢/a = 1,059 va khong ton tai pha la. Mau CFO (x = 1.0) c¢6 cac dinh nhidu xa phu
hop véi thé chudn JCPDS s6 60-452, chimng té mau ché tao 13 CoFe,04 ¢b ciu tric spinel dao voi hing sb
mang a = 8,37 A. Khi ting ndng do spinel tir x = 0,0 t6i x = 0,5 cuong d6 cac dinh nhiéu xa cla spinel
CFO tang lén trong khi cuong d6 cua vt licu nén PTO giam di. Mau PTO d ché tao c6 cdu tric tir giac
dugc nhan biét thong qua viéc tach cua cac cip dinh nhu (001)-(100) hay (101)-(110). Tuy nhién, khi
nong do CFO tang lén, cac cap mat phing mang nay ¢6 xu hudng tién lai gan nhau chimg t6 da c6 su thay doi
hang s6 mang trong pha PTO. Két qua tinh toan dya trén gian d6 nhiu xa tia X cho thay, khi nong d6 CFO
tang 1én, hang s6 mang a tang tir 3,903 A dén 3,907 A trong khi hang s6 ¢ giam tir 4,137 A xudng 4,107
A. Su thay d6i nay ching t6 da c6 su anh huéng cta 16p vo CFO 1én céu trac tinh thé cua 16i PTO.

=(511)
"440)

CQuong do (d.vity)

40
Géce 26(d6)

Hinh 2. Anh TEM ctia mdu PTOso-CFOsp Hinh 3. Gidn dé nhiéu xa tia X cia vdt liéu
composite (1-x)PbTiO3/xCoFe;04(x = 0,0 =0, 5)

Hinh 4 biéu dlen pho tan xa Raman cua h¢ mau PTO/CFO cau trac 18i/vo da ché tao. Trong dai sd song
tir 200 — 900 cm!, pho tan xa Raman ciia mau PTO (x = 0) xuét hién 9 dinh ¢ cac Vl tri twong ung voi sO
song 150,7 cm’!, 212 ,85 cml, 289,95 cm!, 326,82 cm!, 447,16 cm!, 504,62 cm, 594,63 cm!, 720,77
cm’, 765,13 cm’ -1, Cac dinh duoc gan voi cac mode tuong Lrng nhu h1nh 3. Phd tan xa Raman cua mﬁu
CFO (x=1) xudt hién 5 dinh & cac vi tri 171,86 cm™, 467 cm™, 560 cm™, 609,42 cm™, 692,22 cm!. Trong
cac mau composite, co thé quan sat thay cac dinh tan xa Raman tuong g vdi ca hai pha thanh phan. Khi
ndng d6 CFO tang 1én, mot s6 dinh phd Raman c6 sy dich vé phia sb song thip nhu A,(1TO), E(2TO),
diéu nay ciing ching t6 sy anh hudng cua 16p vo CFO 1én tinh chit dao dong cua 18i PTO. Nhu vay, gian
dd nhidu xa tia X va phd tan xa Raman da khang dinh giita hai pha 13i/vo cua composite c6 sy lién két
kha chat ché véi nhau. Pay 1a diéu kién quan trong dé vat lieu composite biéu hién duge hiéu ung tu dién
thong qua tuong tac dan hoi vi mé giita hai pha tir gido (CFO) va dién giao (PTO).

Cuong do (d.v.t.y.)

200 400 600 : 800 1000
S6 séng (cm )
Hinh 4. Phé Raman clia hé vat liéu (1-x) PbTiOs /xCoFe>04 voi (x = 0,0 +0,5; x = 1,0)
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Phd hép thu cta hé mau PTO/CFO dugc biéu dién nhu trén hinh 5. Theo tinh toan, bé rong vung cAm
clia mau PTO 13 2,99 eV, bé rong ving cdm ciia CFO 1a 1,05 eV. Quan sat trén hinh, ta nhan thdy khi c6
mit thanh phan CFO,bo hap thu dich manh vé phia anh sang d6 (E; = 1,6 eV ung v6i x = 0,1). Khi gia tri
x ting dén 0,5, bé rong ving cam hiéu dung ciia composite tiép tuc giam dén 1,22 eV. Piéu nay c6 thé
giai thich 1a do CFO c¢6 bé rong ving cAm nhé hon so v&i PTO lam cho viing cdm ctia composite giam di.

0,0

Cuong do hap thu(d.v.t.y)

400 600 800 1000 1200
Budc séng (nm)

Hinh 5. Phé hdp thu ciia hé vit liéu (1-x) PbTiOz /xCoFe;04 véi (x = 0,0 +0,5; x = 1,0)

DPudng cong tir hoa ciia hé mau PTO/CFO khao sat tai nhiét do phong dugc biéu dién trén hinh 6. Hinh
chén rong hinh 6 biéu dién duong cong tir hoa cia PTO. PTO biéu hién tinh chat nghich tir nhu 1a mot
tinh chét ndi tai cua vat liéu. Tuy nhién, cac mau composite déu biéu hién tinh chit sat tur thong qua dang
duong cong tir hoa. Khi ndng do spinel CFO ting 1én, mdmen tir bdo hoa Ms ting va dat gia tri I6n nht ¢
mau 0,5PTO + 0,5CFO (25,217 emu/g). Pdng thoi, luc khang tir He ciing ting va ciing dat gia tri cuc dai
& mau x = 0,3 (H.= 1596,11 Oe). Gia tri nay tham chi con 16n hon ctia spinel (H. = 849 Oe). Piéu nay
cho thdy vt liéu composite biéu hién tir tinh manh & nhiét do phong. Day 1a diu hiéu tét dbi véi viéc ché
tao vat liéu multiferroic.

80

M(emu/g)

-4000 ‘ 0 . 4000
H(Oe)
Hinh 6. Puong cong tir hoa cua hé (1-x) PbTiO/xCoFe;04 (x = 0,0 +0,5; x = 1,0) 0 nhiét do phong

4. Két luan

Vit liéu composite (1-x) PbTiO3/xCoFe;O4 (x = 0,0 + 0,5) da duoc ché tao thanh cong bang phuong
phép sol-gel. Két qua nghién ctru cho thiy gitta hai pha PTO va CFO c6 su lién két chit ché v6i nhau din
téi sy anh hudng qua lai vé cAu trac, tinh chit dao dong, tinh chét quang. Tu tinh cta hé vt li¢u ting Ién
dang ké khi ting nong d6 CFO va dat 16n nhat & mau x = 0,5. Pay la dau hiéu t6t ddi cho thay c6 thé tao
ra vat liéu multiferroic bang cach composite giita vat liéu sit dién PbTiOs va vat lidu sét tir CoFeOs.
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ABSTRACT
Core/Shell Structure and Physical Properties of (1-x)PbTi103/xCoFe204

Composite Materials

Ngo Thi Cam Linh!, Dao Viet Thang?"
! Military University of Culture and Art
2 Hanoi University of Mining and Geology

The (1-x)PbTiO3/xCoFe;04 (x = 0.0 - 0.5) (PTO/CFO) composite materials with core/shell structure
were successfully prepared by the sol-gel process. The structural, optical and magnetic properties of
materials were investigated by scanning electron microscopy (SEM), X-ray diffraction (XRD), Raman
scattering spectroscopy, absorption spectroscopy and magnetic hysteresis (M-H) loops. Analysis results
of XRD showed that the simultaneous crystallization of two component phases PbTiO; (PTO) and
CoFe;04 (CFO). Increasing CFO concentration in PTO constituent led to increase a from 3.903 A to
3.911 A and decrease ¢ from 4.137 A to 4.107 A. Raman spectroscopy showed that the position of
characteristic peak such as A1(1TO), E(2TO) shifted to low-wavenumber. Based on the results, it is
found that the structural properties and the physical properties are influenced by the strength of the
core/shell bond. Absorption spectroscopy showed that the optical energy band-gap values reduced with
respective band-gap values of 2.99 eV and 1.22 eV with an increasing in spinel concentration (0 to 50%
mol). The testing of magnetic properties showed that PTO/CFO composite has ferromagnetic properties.
Specially, increasing the concentration of CFO from 0 to 50% mol, the PTO/CFO composite materials
with core/shell structure exhibited ferromagnetic properties with the magnetic saturation value of the
sample increase from 0.025 emu/g to 25.217 emu/g.

Keywords: PTO/CFO, sol-gel, composite, multiferroic.
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The application of teaching English as an international language
for HUMG students

Dang Thanh Mai”, Le Thi Thuy Ha, Vu Thanh Tam
Hanoi University of Mining and Geology

ABSTRACT

Since the globalization of English leads to the trend of its localization, there are a growing number of other
standard varieties along with the two global versions (standard British English and American English)
(Jennifer Jenkins, 2006). Therefore, it is significant to consider adopting the concept of English as an
International Language (EIL) in ELT courses and materials as a way to address this. In this paper, an
experience is shared in adapting the materials to fit the context in the classroom to teach English as an
International Language to help students at HUMG become global citizens in a globalized world.

Keywords: English Language Teaching (ELT); English as an International Language (EIL).

1. Introduction

Nowadays, the English language has spread throughout the world, being the dominant language in
international fields (business, technology, science, etc.). (Roux, 2014). For instance, Crystal (1997)
estimated that about 85% of the world's largest film productions and markets used English and that 90% of
the scientific papers published in various academic fields are written in English. Approximately one-third
of international organizations only use English, and English is used by 90% of Asian international
organizations.

In this paper, an experience is shared in adapting the materials to fit the context in the classroom to teach
English as an International Language to help students at HUMG become global citizens in a globalized
world.

2. Literarure review and methodology
2.1. What is an international language?

Some people seem to assume that an international language is considered to be a language that is spoken
by a large number of native speakers. In this way, Mandarin, Spanish, Arabic, and Hindi should have been
referred to as international languages. Hence, it appears that the number of speakers is not enough to decide
whether a language has an international status or not.

Smith (1976) was deemed to be one of the first to define the scope of an international language. He
claimed that “an international language is used by people of different nations to communicate with one
another” Additionally, according to McKay (2002), the concept of an international language is clarified by
two determining factors, which are the language’s geographical distribution and its spread by the native
speakers of other first languages.

2.2. Features of English as an International Language

As mentioned in the definition of an international language, Smith (1976) referred to “an international
language” as a language spoken by people from different countries to communicate. Based on this
perspective, he postulated assumptions about the relationship between language and culture when English
is learned as an international language.

* Learners of an international language do not need to internalize the cultural norms of native speakers
of that language;

* The educational goal of learning an international language is to enable learners to communicate their
ideas and culture to others.

* The ownership of an international language becomes “de-nationalized”;

Also, Brutt-Griffler (2002) has proposed significant features that contribute to the flourishing of a global
language:

* An international language is the product of the development of a world ethnocultural system, which
includes the development of a world market and business community, as well as the development of a
global scientific, cultural, and intellectual life.

* Tdc gia lién hé
Email: dangthanhmai@humg.edu.vn
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* An international language tends to establish itself alongside other local languages in multilingual
contexts composed of bilingual speakers.

* An international language spreads not by speakers of that language migrating to other areas but rather
by many individuals acquiring the language.

2.3. Methodology

In terms of methodology, interviews and class observation were used to gather data to determine to adapt
the materials to fit the context in the classroom to teach English as an International Language to help
students at HUMG become global citizens in a globalized world. The participants were students from
English 2 - group 121. The course book is New English File- Pre-intermediate. Fifty students were chosen
to observe, and twenty students were randomly selected to interview. Data from the observation and the
interview were analyzed and synthesized to conclude.

2.4. An example of the application of Teaching English as an International Language

According to Smith (1976) “The educational goal of learning an international language is to enable
learners to communicate their ideas and culture to others”, I have changed some materials to adapt to the
context in my classroom. It is Unit 7B — Born to direct, page 78, New English File (Pre-Intermediate).

In the original part, Reading and Speaking, students are supposed to read the facts about the lives of the
two directors (Alfred Hitchcock and Quentin Tarantino) and write H if the statement belongs to Hitchcock
or T if the fact is about Tarantino. I have taught this part many times and find that it is hard for my students
to get to know about the 2 directors and they are usually fed up with this part. Therefore, to make the
students more interested in this lesson, I have adapted the reading materials which replaced the two movie
directors from the UK and the US with two celebrities from Vietnam, singers Tran Lap and Son Tung.
Also, the learning activities will put more focus on pair-work.

READING AND SPEAKING

1. He was born on 12 December 1974

2. He was born on July 5, 1994.

3. He was a Vietnamese rock musician and singer

4. When he was two years old, his family discovered his singing ability. At age of eight, he joined Thdi
Binh's Children's Arts and Culture Palace and learned to play the electronic keyboard

5. He was best known as the lead singer of The Wall

6. He has received many accolades which include an MTV Europe Music Award, a Dedication Music
Award

7. He was the youngest in a large poor family

8. He began his artistic career with technical grade vocal performances at the Department of
Theater, Hanoi College of Art from 1993 to 1997.

9. He graduated from the Department of Economics, Hanoi National University in 2001

10. In 1994, he and his friends formed a rock band.

11. His self-written 2012 and 2013 singles, "Con mwa ngang qua" and "Em cua ngay hom qua" launched
his career

12. He was the leader of the group from its founding until it disbanded in 2006.

13. He wrote more than 30 songs, notably the song "Road to Glory".

14. However, they disapproved of their son's pursuit of a singing career and wanted him to focus on
education, His father wanted him to study business

15. Although his parents wanted him to study business, he frequently participated in singing shows and
competitions at school.

17. He died of cancer on 4 November 2015
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Activity 1: I ask students to look at the pictures of the 2 singers and work in pairs to describe their
appearance and name some of their famous songs.

Activity 2: I ask the students to work in pairs to read the facts about the lives of the two singers to decide
which is about Tran Lap, and which is about Son Tung. Write T for Tran lap or S. for Son Tung. After
that, I check the answers.

Activity 3: T ask students to work in pairs. I let them move around. Student A in his/her own words says
everything he/she can remember about Tran Lap and student B listens and helps. Then they swap roles. B
says everything he/she can remember about Son Tung. A can talk to some Bs and B can talk to some As.
In this way, they have a lot of practice in communicating in real-life situations

The students in a group English 2 are practicing speaking English

3. Findings and discussion

The teacher frequently broke the whole class into pairs and small groups. When they worked in groups
and pairs, the teacher observed and noticed that they were quite cheerful and excited about the topic.
Furthermore, students interviewed said that they were fond of the topic because it was so familiar that all
of them had a lot of information to talk about in English

Based on the findings of the interview and class observation, it is obvious that this adaptation is likely
to be suitable for the students in the class. It not only creates a motivating learning environment for them
to discuss but also reflects our own culture. They may find it easier to produce the target language.

4. Conclusion

This study reviews the key concepts of English as an International Language, then comes to a sample
lesson with the EIL teaching. These changes in the teaching materials are considered to be one of the EIL
teaching spirits — “Think globally, but act locally”. Nevertheless, it tends to be a time-consuming process
for the teachers to adapt the materials, especially to find the appropriate resources for the local contexts and
then design the learning activities for the students.
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, , TOM TAT o
Ap dung tiéng Anh nhu mgt ngdn ngit quoc té (ELT)
cho sinh vien HUMG

bing Thanh Mai", Lé Thi Thay Ha, Vii Thanh TAm
Truwong Pai hoc Mo - Dia chat

Ngay nay, v6i xu huéng tiéng Anh toan cau hoa, ngay cang c6 nhiéu bién thé xuat hién cung voi hai
phién ban chuan (Anh-Anh va Anh-My) (Jennifer, 2006). Do d6, ching ta can xem xét viéc ap dung khai
niém tiéng Anh nhu mot ngdn ngir quéc té (EIL) trong cac khoa hoc va tai liéu ELT. Trong bai bao nay,
nhom tac gia s& chia sé kinh nghiém tng dung thuc té trong 16p hoc va viéc diéu chinh cac tai liéu phu hop
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v6i viée day-hoc tiéng Anh nhur mot ngon ngit qudc té nham gitip sinh vién tai Dai hoc Mo-Bia chét try
thanh cong dan toan cau trong boi canh hdi nhép thé gioi.

Tir khéa: Giang day Tiéng Anh (ELT); Tiéng Anh nhu mot ngon ngit quic té (EIL).
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Nghién ctru nang cao hiu suat truyén nang luong khong day
st dung tam vat liu bién hoa c6 cau trac luc gidc & vung MHz

Bui Hiru Nguyén'"*, Vii Dinh Lam? Dao Viét Thang' Lé Pac Tuyén', Nguyén Manh Hing',
Téng Ba Tuén', Nguyén Duc Khoat!
"Trwong Pai hoc M6 - Dia chat
2Hoc vién Khoa hoc va Céng nghé — Vién Han lam Khoa hoc va Coéng nghé Viét Nam

TOM TAT

Trong nghién ctru nay, ching t6i nghién ctru mé phong tim vt lidu bién hoa c¢6 cau triic 6 co s hinh lyc
gi4c cho do tir tham am dé tmg dung néng cao hiéu suat va khoang cach truyén ning lugng khong diy &
tan s6 14 MHz. Tam vét liéu bién hoa ghép tir 37 6 co s& duoc sir dung trong hé thdng truyén niang lugng
khong day. Két qua thu dugc hiéu suat truyén ning luong khong day cua hé thong sir dung tdm vat lidu
bién hoa dat 45% tang 1én 14,75% so voi hé thong ban dau khong sir dung tAm vat liéu & khoang cach
truyén 30 cm, gip 1.5 1an dudng kinh cta cudn cong huong Tx va Rx.

Tir khéa: Truyén niang luong khong ddy, vét lidu bién héa, cong huong tir.

1. Vén d& va giai phap

Gén day, cac nganh khoa hoc cong nghé phat trién vuot bac, nhat 1a cac nganh thudc linh vyc cong nghé
dién tir va ban din da thuc ddy manh mé sy xudt hién cac thiét bj dién tir cAm tay nho gon, cac ro-bdt hd
trg cac hoat dong sinh hoat trong gia dinh (Amjad et al., 2022; Musavi and Eberle, 2014; Thein and
Kaewpradap, 2022; Bui et al., 2020). Do d6, nhu cau sac dién cho cac thiét bj ciing ting 1én cting vi nhiéu
loai chuén dién ap va cap sac, dan téi su bAt tién va mat an toan khi sir dung. Hon nita, dén khi hét han st
dung s€ tao ra mot lugng 16n rac thai khé xu 1y va ti€u hiy [am anh huong 16n tdi moi truong va strc khoe
cua con nguoi.

Cong ngh¢ truyén nang luong khong day ra doi da giai quyet van d& néu trén do loai bo dugc cac két ndi
bang diy dan dién. Trong nhitng nim gan day, cong nghé truyén ning luong khong day thu huat nhiéu nha
nghién ctru do sy tién dung va tinh rng dung cao cta ching trong thuc tién nhur bo sac khong day cho cac
thiét bi dan dung (Musavi and Eberle, 2014), va tmg dung trong y sinh (Kuang et al., 2020). Dya trén pham
vi hoat dong cua hé thdng so voi bude song st dung, cong nghé truyén ning luong khong day chia ra lam
hai loai: truyén dan truong gin va truyén dan truong xa (Mahmood et al.,2022). Khi khoang cach truyen
dan 16m hon so v6i buge song hoat dong goi 1a truyén dan trudng xa, ‘nguoc lai, truyén dan truong gan khi
khoang cach truyén nh¢ hon so voi bude song hoat dong. Do lién két dién tur ¢ truong xa ycu hon so véi
truong gin nén hiéu suat truyén nang luong cua truong xa nho hon so voi truyen nang luong ¢ trudng gin
(Musavi and Eberle, 2014). Tuy nhién hiéu suét truyen dan trong cac hé thong cong huong truong gan ciing
s€ suy giam nhanh chong khi khoang cach truyén dan ting 1én (Lee and Chae, 2021), dan t6i nhitng gidi
han ing dung cua hé thong truyén nang lugng khong day.

Dé giai quyét van dé ndy chung t6i dé xuat mot giai phap st dung tam vat liéu bién hoa ¢6 cau trac luc giac
hoat dong trong dai cao tan (HF) hd tro cho truyen dan dya trén nguyén ly cong huong tir (Jawad, 2017) voi
tan s6 hoat dong 14 MHz trong hé thong truyen nang luong khong day (WPT) nham nang cao hi¢u suét truyén
nang luong va tmg dung két qua nghién ciru dé xay dung bo sac khong day cho cac thiét bi.

2. Co sé Iy thuyét va phwong phap méd phéng
2.1. M6 hinh 1y thuyét mach dién twong
2.1.1. Mé hinh 6 co s6 vt li¢u bién héa

Hinh 1(a) m6 ta 6 co s& d& xuét ¢ cu trac hinh luc gidc va 6 co s¢ co cdu trac xody dc hinh tron da
dugc nghién ctru trude day (Ranaweera et al., 2019). Ca hai cdu trac déu c6 cung kich thude 6 co s va sd
vong cudn day dong. Hinh 2(b) cho thdy két qua so sanh hé s0 phém chat ctia hai 6 co s& dua trén cong
thitc Qractor = @L/R. Két qué cho thiy véi cting thong sd ky thuat, cau triic 6 co s¢ hinh luc giac cho hé so

* Tdc gia lién hé
Email: buihuunguyen@humg.edu.vn
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pham chat Qractor cao hon so véi cau tric con lai. Do vay cau trac luc giac dugc lya chon va tng dung trong
nghién ctru nay.

—— CAu trdc lyc giac

| —— Céu triic xoay tron 165/

AN
154

4 8 12 16 20
Tan s (MHz)
(a) (b)
Hinh 1. Cdu triic luc gidc va cdu tric xody éc hinh tron (a), so sdnh hé s6 pham chat Qracior gitia hai
cdu triic (b)

Hinh 2(a) mo ta cdu triic 6 co s& cua tim vat liéu bién hoa bao gdm hai 16p; L6p trén 1a ddy ddng manh
¢6 cAu tric 4 vong xody hinh luc gidc v6i cac thong s6 bé rong day W= 1 mm, khoang tréng giita hai day
1a $ =1 mm, va d6 day 16p day dong 14 = 0.1 mm; L6p dudi 1a 16p dién moi FR-4 c6 bé day 4= 1 mm,
d6 dién thim twong d6i ¢ = 4.1 va do tir tham tuwong ddi x = 1. Kich thudc ciia 6 co sé 1an luot 1a a = 5 cm,
b=5.77 cm.

Hinh 2. Cdu triic 6 co so hinh luc gidc (a) so d6 mach dién twong dwong (b).

Hinh 2(b) mé ta so d6 mach dién tuong duong cua 6 co sd vat ligu bién hoa. M6 hinh mach dién 1a mot
mach cdng huong RLC bao gém mot dién Ry = 0.38 Q, mdt dién cam Lo = 686 pH, va tu dién ky sinh c6
dién dung Co = 2 pF, dé thay ddi gia tri dién dung cua cAu trac, mot tu dién C; = 129 pF duoc han gitra hai
déu cta cudn ddy. Dya trén mo hinh mach dién twrong duong, tin s cong hudng riéng fy ctia 6 co s¢ duge
xac dinh theo cong thirc:

T S M
0o~ s
27[,/[.0CS
trong d6 Csum = Co + C) 12 gi4 tri dién dung tdng cong cua cau tric.
0 T T T T T T 60 T T T
(a) —=—C, =150 pF (b) —=—C, =150 pF
-10 —e—C,=129pF] = 40 —e—C, =129 pF |
g B 20
~ -30 2
N e}
9’5 -40] 2 o0-
X €
- . ~(0
o S0 £ -20- -
T -60- 2
©- 40 _
70 40
-80 T T T T T T -60 T T T
10 11 12 . 13 . 14 15 16 17 12 13 . ']4 15 16
Tan so (MHz) Tan so (MHz)

Hinh 3. Cdu triic 6 co s¢ hinh luc gidc (a), so d6 mach dién twong dirong (b).
Hinh 3(a) mo ta phé phan xa cua 6 co s¢ vat ligu bién hoa tai cac gid tri dién dung €y, duge khao sat trén
mién tin sb tir 10 MHz dén 17 MHz. Két qua cho thiy tan s cong huong cta 6 co s 1an luot tai cac gia
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tri C; = 129 pF va 150 pF tuong mg 1a 14 MHz va 13 MHz. Hinh 3(b) mé ta gia tri tir thim cua 0 co so
khdo sat trén micn tan so6 tir 12 MHz t61 16 MHz. K&t qua cho thay, tai 1an cén ving cong hudng lan luot
la 13~13.5 MHz va 14~14.5 MHz, gia tri d¢ tr thAm cua 6 co so ¢o gia tri am.

2.1.2. M6 hinh hé thong truyén ndng lwong khéng day

Hinh 4 m6 ta mach dién tuong duong cua hé thong truyén nang luong khong day co s dung tam vat
lidu bién hoa. Cac cudn day cong huong Tx, Rx va tam vat liéu bién hoa dugc mo hinh hoa bang cac mach
cong huong RLC. Trong d6 Ms.1x la hd cam gilta cudn ang-ten phat Ls va cudn Tx, Mrx-mw, 1a hd cam giira
cudn Tx va tim vat lidu bién hoa, Mrxam 12 hd cam gitra tam vat lidu bién hoa va cudn Rx, Mg grx 12 hd cam

gitta cugn Rx va cudn ang-ten thu Lg.

Hinh 4. So d6 mach dién twong dwong ciia hé thong truyén ning lirong khong day sir dung tam vt liéu

Tt m6 hinh mach dién twong duong va dinh 1?1;”0}{12?1, phuong trinh ma trén thu dugc:
V Z, JjoM , 0 0 0 I
0 joM,, Z, —joM ,, 0 0 i,
0=| O —joM ,, Z, JjoM,, 0 AP 2
0 0 0 JjoM ., Z, —joM | | i,
| 0 | 0 0 0 —joM 4 Zs s
trong do
M, =M 1 My =My s My =My s Mys =My psig =031, =1s;

S

2 2
1 1
Z = |R:+|wL.— | :Z,=,|R: +| oL, —
1 S [ S O)CJ 4 Rx ( ‘Rx a)CRXj

2 2
Z,= Rz%x+[w%»—wé j sZs = Ry + (WL —f)
T

X

2
1
Z, =R, +| oL, —
oC,,,

Giai hé phwong trinh (2) thu dwoc ti s6 dong dién ir/is nhu sau:

ii — w4M12M23M34M45RS . (3)
i, o'MIMZ+0'MIMZ +0' MM Z+0’My 22,7+ 0 M}, Z.7,Z. +&’M 22,7+ 72,7.7 7.
Hiéu suét cia hé théng duogc xac dinh
2
P (i
n=—-~ [ij : 4)
' I

trong d6 Ps va Py lan luot 1a cong suat cia nguon va tai.

2.2. M6 hinh mé phong trén HFSS
Hinh 5(a) trinh bay m6 phong hé thdng truyén ning lwvong khong day sir dung h¢ 4 cudn day trén phin
mém mo phong HESS. Hai cudn dng-ten thu (Source) va phat (Load) ¢6 dudng kinh giéng nhau 13 17 cm. Hai
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cudn cong huong Tx va Rx c6 cung thong s6 ky thuat, v6i 4 vong day va ban kinh ngodi Rrx= Rrx = 10 cm.
Vit lidu ché tao cac cudn 1a kim loai dong. Khoang céach hai cugn cong huong Tx va Rx 1a D =30 cm.

Tam vat liéu
Cuén thu bien hoa

(b)
Hinh 5. Hé thong truyén nang liwong khong day sir dung 4 cuon day (a) va he théng truyén nang hrong
st dung tam vdt liéu bién hoa (b) tai khodng cdch truyén la 30 cm.
Hinh 5(b) trinh bay mé phong hé thong truyen nang luong khong day str dung tam vatt liéu bién hoa trén
phin mém mo phong HFSS. Tam vat lidu bién héa dugc cau tao boi 37 6 co sé hinh luc gidc va dat tai
khoang giira hai cuén day Tx va Rx.

3. Két qua va thao luin

Hinh 6(a) m6 ta pho truyén qua cta hé thong truyén ning luong khong day trong truong hop khong st
dung tAm vat liéu bién hoa (hinh 5(a)) va h¢ thong c6 st dung tAm vat liéu blen hoa (hinh 5(b)). Két qua
cho thay tai khoang cach truyén gitra hai cudn Tx va Rx 13 30 cm, hé s6 truyén qua cua hé thong khong st
dung tAm vat liéu bién hoa 1a 0,55, trong khi hé thong c6 st dung tAm vat liéu bién hoa cho hé sb truyen
qua cao hon 1a 0,67 tai tan sb 14 MHz.

0.7 T T T 50 T T T

(a) —s— Hinh 5(a) (b) —=— Hinh 5(a)
0.6 —e—Hinh5() | —e— Hinh 5(b)
S 051 S
U) ~~
© 041 £301 1
> -—
o “g
S 0.3 1 » 20 g
> 3
2 0.2 Y
: T
10 1
0.1
0.0 . . . 0 . . ;
12 13 14 15 16 12 13 14 15 16
Tan so (MHz) Tan s6 (MHz)

Hinh 6. Két qud mo phong so sdnh pho truyen qua (a) va hiéu sudt (b) ciia hé thong truyen nang luong
khong ddy khi s dung va khong sur dung tam vt liéu bién héa tai khodng cdch truyén (Tx-Rx) la 30 cm

Hinh 6(b) mo ta so sanh hiéu suat truyen ning luong cuia hé thong truyen nang luong khong day trong
truong hop khong sir dung tam vat liéu bién hoa va hé thdng co6 sir dung tam vat liéu bién héa. Tai tin sd
14 MHz, hé thong truyen nang lugng st dung 4 cudn day c6 hiéu sudt 1a 30,25%, trong khi d6 hé thong sur
dung tAm vat liéu bién hoa c6 hiéu sut 1én t&i 45%. Két qua cho thdy bang cach sir dung tAm vat liéu bién
hoa trong hé thong truyén niang luong khong day, hi¢u sudt cta hé thdng duogc ting 1én tai cung khoang
cach truyén dan. Su ting hi¢u suét dugc giai thich dya trén tang cuong lién ket tir gilra cdc cudn day cong
huéng Tx va Rx théng qua tAm vat liéu bién hoa. Do tim vat lidu bién hoa co tan s6 cong hudng giong véi
hai cudn Tx va Rx, nén tir trudng tir cudn Tx cam ung va kich thich tam vat liéu bién hoa, tlep tuc duoc
tang cuong va truyén téi cudn cong huong Rx va cudn thu.

Hinh 7(a) mé ta phan bd cuong do tir truong H tai tan sé 14 MHz trén hé thong truyén ning lugng khong
day khong st dung tim vat liéu bién hoa & khoang cach truyén 1 30 cm. Két qua cho thy cudng do tir
truong phan bd thap (<4,2 A/m) tai khoang giira hai cuén Tx va Rx. Diéu nay thé hién lién két cam tng tir
giita hai cuén Tx va Rx 1a nhé. Hinh 7(b) mé ta phan b6 cuong do tir truong H tai tan s6 14 MHz trén hé
thong truyén ning lugng khong day st dung tim vét liéu bién hoa ¢ khoang cach truyén 1a 30 cm. Két qua
cho thiy phan bb cuong do tir truong tai vi tri tim vat liéu bién héa duoc ting cudng, do d6 cudong do tir
truong trén cudn Rx va cudn thu ciing dat gi tri cao hon khi so sanh véi hé thong & hinh 7(a).
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Hinh 7. M6 phong phdnrbo”’ cuong do tir truong trén hé thong truyén nang luong khong day khi sw dung
(a) va khong su dung (b) tam vat liéu bién hoa tai khodang cdch truyén (Tx-Rx) 30 cm.

4. Keét luan

Trong bai bao nay chiing t6i ¢ nghién ctru, thiét ké va mo phong tinh chat vat liéu bién héa ¢ 6 co s
hinh Iyc giac. Ung dung tim vat liéu bién hoa c¢é cau trac hinh luc gidc vao hé thong truyén ning lugng
khong day dé nang cao hiéu suat truyén dan. Két qua thu dwgc hiéu suat dat 45% ting 14,75% so voi hé
thdng truyén nang luong khong sir dung tam vat liéu bién héa. Két qua nghién ciru nay da mo ra nhitng tng
dung hiru ich méi cua vat liéu bién hoa phuc vu cho doi séng con nguoi nhu; cac tAm sac cho nhiéu thiét
bi, bo loc va khuéch dai nang lugng.
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ABSTRACT
Investigation of hexagonal metasurface enhanced the wireless power
transfer efficiency at MHz

Bui Huu Nguyen'”* , Vu Dinh Lam?, Dao Viet Thang' Le Dac Tuyen', Nguyen Manh Hung!,
Tong Ba Tuan', Nguyen Duc Khoat!
!Hanoi University of Mining and Geology
*Graduate University of Science and Technology, Vietnam Academy of Science and Technology,
18 Hoang Quoc Viet, Cau Giay, Ha Noi, Viet Nam

In this work, we investigate a hexagonal metamaterial structure with a negative permeability for applying
to enhance the efficiency and transferring distance of the wireless power transfer (WPT) system at 14 MHz.
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The wireless power transfer system uses a metamaterial slab assembled by a 37 hexagonal unit cell. By
using the hexagonal metamaterial, the WPT efficiency approaches 45% increasing 14.75% compared to the
system without metamaterial at the transferring distance of 30 cm, equal to 1.5 times the diameter of the Tx
and Rx coils.

Keywords: Wireless power transfer, metamaterial, resonant couling.
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Improving HUMG students’ speaking skills
through the English prosodic features

Nguyen Dao Ly Nhan Phuc”
Hanoi University of Mining and Geology

ABSTRACT

The study is concerned with the role of the English prosodic features in improving HUMG students’
speaking skills. These features including the linguistics functions such as stress, rhythm and intonation
appear when the sounds are glued together in connected speech, which is necessary to build larger units of
speech. It is very important for students to learn the prosodic features as the basic for intelligibility than the
individual phonetic segments. They are known as the supra-segmental features concerning the stress, tone,
and duration in the syllable or word for a continuous speech sequence. With the English prosodic features,
the researcher hopes that HUMG students can be more active and readier to speak, to share their thoughts.
It also formed the students’ autonomy when learning English then they feel encouraged to speak because
of their readability and preparation. The study aims to help HUMG students solve the intelligibility problem
in English as a foreign language then the students can communicate with others in English more naturally
and confidently.

Keywords: prosodic features; speaking skills; stress; rhythm; intonation.

1. Introduction

In Hanoi University of Mining and Geology (HUMG), English is taught as the foreign language, and it
is a compulsory subject through educational institutions such as secondary schools, high schools and
universities. There are four language skills taught to students: speaking, listening, writing and reading. As
an English lecturer, the researcher was faced by two choices in teaching English for archiving good marks
in written test or for training the students to speak English as a means of communication well. The process
of teaching and learning English in classroom today is just to do the written test then many students got
difficulty in speaking English. Therefore, in order to help students express their opinions and thoughts more
easily, it is necessary for English teachers to spend more time studying how to improve students’ speaking
skills and how to encourage them to talk by themselves. For this purpose, the prosodic features are
recommended to help answer these questions, with the hope to bring more happiness and momentum to
HUMG students then they can be more energetic when expressing their ideas in English.

Speaking is the key of communication so in teaching speaking, teachers/ lecturers should be able to guide
students into learning situation or context in order to enable them to master these factors. If the students are
familiar with the situation of speaking, they can express their opinions and ideas freely and without anxiety
or hesitation, on the other hand, they will fail to achieve a successful communication. When the speaking
topics are suitable for them, they can build larger units of speech or connected speech, and they can focus
on various aspects of prosody. Students can recognize when they should pause, where to put a main stress
and linking into a sentence, or when to change the intonation in a connected speech, which means students
are speaking fluently. This demonstrates that when students are active and ready to share their thoughts,
they can speak English easily. Brown (1994: 256) says that there are some factors causing speaking difficult
for the students, they are: clustering, redundancy, reduced form, performance variables, colloquial
language, rate of delivery, stress, rhythm, intonation and interaction. The prosodic features are necessary
to help students’ mastery of learning speaking.

After categorizing and explaining these features (which were introduced in the pronunciation part) to
students, they can practice some simple sentences which are easy to talk. When they understand these
concepts, it is time for them to go further to the larger units of speech. It can be from a small talk or a short
introduction to more complicated things such as a group discussion, their viewpoints around a specific
phenomenon or matter. The lecturer can encourage them to produce more connected speech with a perfect

* Tdc gid lién hé
Email: phucanhhumg@gmail.com
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use of the prosodic features by inviting them to join in some interactive activities which help develop oral
communication skills.

2. Literature review
2.1. From English sounds to connected speech

Students first learn the sounds to pronounce a word, they are the vowel and consonant sounds. There are
three aspects (Yule, 2010): voiced or unvoiced, place of articulation, and manner of articulation, which help
speakers correct their pronunciation mistakes. Some of these factors intervene on the ending sounds of a
word such as —s and —ed. The followings are a brief summary of English pronunciation:

Bilabial Labiodental Dental Alveolar Palatal Velar Glottal

-V +V -V 1V =NV MV SNy -V +V

Stops p b t d k g
Fricatives f v C] a s z I 3 h
Affricates j &

Nasals m n n
Liquids Ir

Glides w i

Figure 1. Consonant sounds (Yule, 2010)

Front Front Central Back

. i u
High

1 (8]
Mid e a 0
£ A 2
Low &
a a

Figure 2. Vowel sounds (Ladefoged, 2006; Yule, 2010)

When students govern these rules, they can pronounce every English word quite well. They will know
how to recognize the stressed syllables and the unstressed syllables then the word is pronounced correctly
with a good tone. The problem here is about the larger units than a word such as a phrase, a sentence, or
long opinions. Students got difficulty in expressing their thought in English, even when they know the word
stress and the individual sounds very well. Because they are not ready to talk, for a longer talk, an
organization of ideas is necessary, when students know what they are going to say, they will be more active
in speaking. A longer talk refers to connected speech which is the continuous sequence of sounds forming
utterances or conversations in spoken English. This will naturally create the prosodic features including
stress, rhythm and intonation.

They may need to know some more rules of saying a bunch of words in order to have a successful
communication. The sentence stress and intonation are important to express speakers’ intentions, and
sometimes they are difficult to guess, which leads the learners’ speaking anxiety. The rhythm is based on
the contrast of strong and weak syllables in regular intervals, with the strong ones falling within content
words.

2.2. The prosodic features and its affection to the pronunciation of larger units
2.2.1. Stress

There is difficult to determine which syllable or syllables in an English word, phrase or sentence must
be stressed, but every time you learn a word you must be sure how it is stress (O’Connor, 1967). It is about
the degree of emphasis given a sound or syllable in speech. In the group I could hardly believe my eyes not
all the words are stressed, it depends on the situation and normally I, could and my are unstreesed. It is
necessary to know where to use the unstressed vowel, often it is the schwa sound which accounts for about
30% when we speak English. English is a stressed-timed language, therefore, one, two, three, four, and
one and two and three and four, and one and a two and a three and a four, they all take exactly the same
amount of time (duration) to say. Because of this feature, it is called “the stress-timed rhythm” of English.
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2.2.2. Rhythm

Rhythm is how the stressed and unstressed syllables are organized in a connected speech. It is the pattern
of sounds, which is marked by the stress, timing and syllables. Some syllables are stressed more than the
others, and some of them are pronounced longer than the others. Native speakers will get difficult to
understand what non-native speakers says if there is no rhythm in non-native speakers’ speech. For the
groups When are you going to the party? and Last month Fiona got a job in Newyork, we have the content
words (bolded) which are stressed (louder and longer) than the functions words. As we know English is a
stress-timed language, therefore to keep the rhythm, the unstressed syllables will be spoken faster. During
this process, if we change the pitch of each sound, this will lead to the next concept called “Intonation”.

2.2.3. Intonation

Listening to an English conversation sometimes looks like listening to a song. That is true because of
the tune shapes of the English voice. We are talking about tune (melody) or tone which is a specific pitch
(expressing moods). Tone is like the single sound or note in a song but tune is the progression of notes.
“When the voice goes up and down and the different notes of the voice combine to make tunes” (O’Connor,
1967:108), we can say a word group with different attitudes, this means we are using tones or tunes in our
speaking. The words do not change their meaning but the tune/ tone we use adds something to the words —
it is the speakers’ feelings at that time. This way of using tunes is called “Intonation”. Intonation is the
pattern of pitch changes that occurs in speaking. Intonation serves to convey different messages in
communication, this makes English different from other tonal languages. The combination between
intonation and stress creates a melody to a connected speech, which in turn with rhythm will produce a
perfect “song” in your speaking.

In prosodic features affecting to the meaning of modality, we have four basic intonations: the glide-
down, the glide-up, the dive, and the take-off. Each of them affects to the change of the underlying
information or the message. Then, we use intonation to help get our message across.

2.3. The importance of the prosodic features in improving students’ speaking skills

Language starts with the ear (O’Connor, 1967:1). When a baby starts to talk, he does it by hearing the
sounds his mother makes and imitating them. This is the gift of imitation which gives the gift of speech.
After this process, the ability to imitate perfectly becomes less, and adults have more difficulty in mastering
the pronunciation of foreign languages. When we have a fairly large number of sound units which we put
together in many different combinations to form words, phrases or sentences, most of English learners got
difficulty in speaking, sharing their thoughts rather than reading or uttering words separately.

This is because many non-native speakers do not say what they are really thinking about, they just try to
combine words together separately. Therefore, to the soul of their speaking, it is the best way to learn how
English sounds are used, and the rule of delivering longer talks (connected speech). The tools to achieve
that goal are the prosodic features. It helps learners control their ideas to make real conversations.

We have different ways to apply the prosodic features in producing connected speech. They can read a
text after someone, speak about their favorite topics or discuss the matters that they are concerned as long
as they actually know what they are going to say. Then with the knowledge from these features, they can
make perfect talks.

3. Methodology
3.1. Participants

Eighteen HUMG students in one class were chosen randomly after two modules of English subject. The
participants are non-native speakers. They were mostly the first-year students with an age range from 18-
19. They are from different majors including information technology, business administration, oil and gas
processing fields and chemical engineering. They participated in all sessions of training.

3.2. Procedure

The participants were given three activities. Before that they had to do a pre-test (oral speaking) in order
to compare with the results after finishing the activities. They had to do the post-test in two cycles. Cycle
1 was about their individual work, and Cycle 2 was still about their individual work and an extra effort to
work in groups. Cycle 2 was to assure the stability of the experimental group. The introduction to the
prosodic features was carried from the beginning of the first lesson (the alphabet, vowel and consonant
sounds...) then studied further in the pronunciation part of the next lessons. This process lasted about three
months before the post test.

The oral test they had to record was to make a small talk to introduce themselves, to talk about their
hobbies, family, and so on in around one minute and thirty seconds. Their results were marked depending
on the five criteria of speaking, and how good the performances were. After that, they went to cycle 1 of
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evaluation, they were given time (around one minutes and thirty seconds) to discuss a topic which they had
learned in class before, they must submit their records after preparation. In cycle 2, they were asked to
create a conversation in a group of four or five members. This time they needed to share their thoughts,
responses and attitude to a specific topic. All of their recordings were scored by five specific criteria of
speaking including: pronunciation, grammar, vocabulary, fluency and comprehension.

3.3. Data analyzing technique
After collecting the data, the lecturer classified the data into two groups as follow:

3.3.1. Analyzing quantitative data
The classroom action research would be successful if there was an enhancement of students’ speaking
skills. We could recognize that when the students could do the test, felt easy and enjoyed learning in the
classroom. After the data were collected, the lecturer calculated the mean of pre-test and the post-test by
using descriptive statistics then analyzed the scores from those tests. The lecturer used it to answer whether
there was difference between students speaking skill before and after the action.
The mean of the pre-test and post-test can be calculated with the formulas as follows:
- Z % V!here: X = means of pre-test scores
X==_ Y = means of post-test scores
N N = the number of sample
7 >y (Puspita, 2007: 69)
N

3.3.2. Analyzing qualitative data

The lecturer used Interactive Model of Data Analysis as propounded by Matthew, B. Mile and A.
Huberman (1994). This model includes four different interconnected processes including data collection,
data reduction, data display, and conclusion drawing and verification. First, the data collected in the pre
test were noted. Second, the data collected in the post test were noted. Next, the means of each process
were calculated according to the formulas above. Then, the tables and charts were established to show the
differences between two processes. Finally, there were discussions on the results and achievements.

4. Findings and discussions
4.1. The reasons of students’ problems in speaking English

There are some reasons affecting to students’ autonomy when they learn English. First, they are lazy to
talk, most of students feel isolated in class because of their speaking competence. Second, students are
spending more time doing writing tasks, therefore they are shy and not ready to talk. Third, some students
have low interest in English especially speaking English. It is not by their ability of expressing their ideas
but it is by how they feel to speak English, by the other words, they are not accustomed to speaking English.
Consequently, their speaking is not fluent.

4.2. The improvement of students’ autonomy

When eighteen HUMG students were given time for preparation, they were readier to share. When they
recorded their speaking, it was less stressful for them to do that, they felt free to talk (the researcher has all
of their recordings). This also formed the students’ autonomy when learning English, a clue for this is their
scores in the final exam and they were happy and active to do the recording tasks. They were ready to do
more tests that the researcher provided, and during the lessons they were ready to share and answer any
researcher’s questions. Students’ autonomy could help them improve not only speaking skills but also all
of their English skills.

4.3. The improvement of students’ speaking skills

From the tests, it was concluded that the prosodic features improve students’ speaking skills. They feel
encouraged to speak because of their readability and preparation. There were some indicators that
demonstrated an improvement in their speaking skills. They were pronunciation, grammar, vocabulary,
fluency and comprehension. A scale of 0 to 5 for each indicator and the total numeric score for all indicators
is out of 25. The students’ speaking scores improve from pre-test to cycle 1 then to cycle 2 as shown in the
following table 1.
The increase of students’ mean score from 15.94 in the pre-test to 17.44 in the post-test cycle 1 then to
19.89 in the post-test cycle 2 showed that there was an improvement of students’ speaking result before and
after the application of the prosodic features.
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Table 1. The mean
The Mean of the Test scores of the test.
Test Mean
Score
20 1 .
15 B The Mean of the Test Pre-test 15.94
10 v Post-test 17.44
5 177, _ - cycle 1
0 ¥ ‘ : : v Post-test 19.89
Pre-Test Post-Test Post-Test cycle 2
Cyclel Cycle2

Figure 3. The mean scores of the test.

5. Conclusion

After the lecturer did this research by using the prosodic features, HUMG students can be more active
and readier to speak, to share their thoughts. The reticent students are also encouraged to talk because they
have met their interesting topics, their curiosity was woken then they were more confident to express their
ideas. After all, their autonomy in learning has been cultivated, and they had chance to get more experience
from their speaking, even their mistakes and defense. By observation during classes, the researcher could
realize that the other skills were also developed such as: self-awareness and teamwork skills.
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~ TOM TAT
Nang cao kha nang noi tiéng Anh cua sinh vién truong Pai hoc M6 -
Dia chat thong qua cac dac tinh ngon di¢u

Nguyén Pao Ly Nhéan Phuc”
Truong Pai hoc Mo - Dia chat

Nghién ciru dé cap dén vai tro cta cac dac tinh ngon diéu, trong viéc nang cao kha nang thyc hanh noi
tiéng Anbh cta sinh vién truong Pai hoc Mo - Dia chat. Cac dic tinh ngon diéu nhu trong am, nhip di€u va
ngit diéu xudt hién khi cac 4m gén két véi nhau trong qua trinh noi, viéc ndy la hét stc can thiét ddi véi
nguoi hoc dé tao ra dwgc cac doan noéi dai va lau hon. Khi sinh vién nim dugc cac dic tinh ngon diéu nay
1am nén tang, cac em s& thay himg thu va d& hiéu hon so véi viée phan tich cac phan tir 4m chi tiét. Cac dic
tinh trén duoc biét dén la tinh siéu phén doan, lién quan dén cac van dé nhu trong am, tong giong, cao dg,
va truong d6 cta am tiét va tir trong cau néi. Tac gia hi vong viéc ap dung cac dic tinh ngdn didu trén co
thé gitip cho sinh vién truong Pai hoc M6 - Dia chat tich cyc va sin sang hon khi néi va chia sé y kién bang
tleng Anh. Qua d6 tinh ty gidc hoc tap cua sinh vién ciing dugc boi dudng va hinh thanh, va khi cac em co
su san sang va chi dong hoc tap, cic em s& cam thiy hao himg chia se y kién cua minh. Nghién ctru nay
huéng t6i viée gitp sinh vién trudng Dai hoc M6 - Dia chét giai quyét van dé vé sy d& hidu khi hoc ngoai
ngi, tir d6 cac em c6 thé giao tiép dugc bang tiéng Anh mét cach troi chay va ty tin hon.

Twr khoa: Tinh ngon di€u; ky nang noi; trong am; nhip di¢u; nglr di¢u
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Why do we only need to one of the accuracy measures?

Le Bich Phuong!*, Ha Huu Cao Trinh!, Nguyen Thi Mai Hoa?
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ABSTRACT

With the methods of analysis and optimization, we prove that “The three different measures of accuracy
AUC, MBA and MWA are correlate well with each other, and if one of them tends to 1 (maximal accuracy)
then the other two also tend to 1.”

So, we only need to use one of the accuracy measures.

Key: Measures, accuracy, equivalent

1. Introduction

In this paper, we present about the accuracy measures in differential machine learning, which are AUC,
MWA, MBA. In machine learning programs we use these measures of accuracy, the higher these measures
are, the better the model. Sometimes we change the accuracy measures, in the hope that the model change
has better predictability, however we are going to demonstrate that the change in the above accuracy
measures is unnecessary, since they are topologically equivalent.

2. Preliminaries
Let us fix some notations for this paper. Denote by Q an input space together with some probability
measure F,, and

Y:Q—{0,1} (1)
a binary classification problem on Q . For example, Q is the population, and Y is covid-positive (1) or
covid-negative (0) . Y is often called the ground truth.

We want to build a binary machine
M:Q—[0,] 2)

(a test, whose values are in the interval [0,1]) that predicts the value of Y . Given a threshold © € ]0,1[ ,
for each element x € QQ we put

Y, (x)=1if M(x)20and ¥, (x)=0if M(x)<o 3)

The performance (i.e., precision) of the predictor Y with respect to the ground truth ¥ can be measured

by two basic performance indicators, called the sensitivity (= true positive rate) TP(G) and specificity (=

true negative rate) TN (G) , defined by the following formulas:

TP(c)=P(Y, =1y =1)= i

ACE @
TN(c)=P(Y, =0y =0)= fo (MP(?);:’Z(OX)):O) (5)

The curve ROC: [0, 1] - [O,I]X[O,l] given by the formula
ROC(5)=(1-TN(o).TP(5)) (6)
is called the ROC (receiver operating characteristic) curve of the machine M in the literature, and is very

*Tdc gia lién hé
Email: lebichphuong@humg.edu.vn
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widely used in many fields and references. The number FP(G) =1-TN (G) is called the false positive rate
at the threshold o .
The ROC curves goes “backward” from the point ROC (O) = (1,1) to the point ROC (1) = (0,0) in the

unit square, and the higher the curve the more accurate the machine. The so called AUC (area under the
curve) is the area of the region under the ROC curve in the unit square, and is a popular measure for the
accuracy of the machine. See Figure 1 for an illustration.

Another popular measure of accuracy is the maximal weighted accuracy denoted here by MWA: given

a weight we ]0, l[ (determined by the ratio between the cost of a false negative and the cost of a false

positive), we put

MWA(c)=wTP(c)+(1-w).IN(c)=wTP(c)—(1-w).FP(c)+(1-w), (7)
MWA = (I;Iel[%?(l]WA(G). (8)
In particular, when w=0.5 then one gets the so-called maximal balanced accuracy:
TP(c)+TN(o)
MBA = cryrel[%ﬁ(] BA(G), where BA(O') = — 5 )

Remark that 0 < AUC, MWA,MBA <1 for any machine, and if any of these numbers is equal to 1 then
it means that the machine is perfect, 100% accurate. To borrow a notion from topology and functional
analysis, we can say that AUC, MW A and MBA are different metrics of accuracy, but they are ropologically
equivalent, in the sense that if one of these numbers is close to 1 then the other two numbers must also be
automatically close to 1, i.e., if the machine is highly precise with respect to one of these metrics then it is
also highly precise with respect to the other metrics.

3. Main results
Proposition. With the above notations:
i. For any binary machine M we have

1-2(1-MBA)’ > AUC > 2MBA 1. (10)
If, moreover, the ROC curve of the machine M is convex, then we have
AUC > MBA. (11)

ii. For any given weight w € ]0,1[ and any given binary machine M , we have

(1- MWA)’
-—— > AUC. (12)
2w(1 - w)
If, moreover, the ROC curve of the machine M is convex, then we have
(1-MWA)
AUC2]———F——. (13)
2m1n(w,1 - w)
TP 2
=T per
F=(0,1) e

.

irocter

withmakwa -~~~
o o
= // b // A
i / ~

~ A P o
/ ROCcupve 7 7 7 g
I IS A
A A A < )
e
. ’ s e p
0=(0,0) E=(1,0) FP

Figure 1. The ROC curve and the tangent line at a maximal weighted average point.

Proof. (See Figure). Remark that a number G € [0, 1] is a threshold where the machine M attains highest
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weighted accuracy if and only if the straight line through the point ROC (G), consisting of the points
(FP(G)+wt, TP(c)+(l—w)t) , teRk , lies above the ROC curve. Indeed, the lines

{(FP(G)+WI, TP(G)+(1—w)t), te H:} of slope (w,1-w) are simply “lines of constant weighted
accuracy”. If the point B = (FP(G),TP(G)) of the ROC curve give maximal weighted accuracy, then no

point of the ROC curve can lie above its corresponding line of slope (w, 1- w) , because lying above means

higher weighted accuracy.

The line £ = {(FP(0)+ wi, TP (o) +(1- w)t), te _i} , where 6 gives the maximal weighted accuracy

1-MWA
for the machine M , cuts the boundary of the unit square at two points A=(0,1-—————) and
w
1-MWA . e .
C= (1—,1) . The triangle AACF , where F = (0,1) , s disjoint from the region under the ROC curve,

FA-FC _ (1- MWA)2

which implies that AUC+area(AACF) <1. Since area(AACF) = 3 (1 )
w(l-w

, we get the

(1- MWAY’
2w(1 - w) )
On the other hand, the region under the ROC curve contains the rectangle whose vertices are (F P(c) , 0)

inequality: AUC <1—

, (FP(G), TP(c)) , (1, TP(G)) , (1,0) . The surface area of this rectangle is
TP(o)-(1- FP(5)) =TP(5)-TN (o) =TP(c)+IN(c) - 1+(1-TP(c))(1-TP(5)) 2 TP(c) + TN (5) -1
= ZBA(G)—I (for every o). Hence we get the inequality

AUC >2MBA—1.
If the ROC curve is convex, then the region below it contains the quadrilateral OBDE , where O = (0, 0)

, B= (FP(G),TP(G)) , D= (l,l) , E= (1, 0) (for any o ). The surface area of this quadrilateral is exactly

equal to BA(G) , i.e., to MBA, hence we get the inequality AUCZBA(G) for any o, i.e., we have
AUC>MBA .
(1-MWA)

————— in the case when the ROC curve is convex and the
2min(w, 1-w)

Finally, the inequality AUC >1-

weight w is arbitrary is a direct consequence of the inequalities
AUC > area (OBDE) > min (area (OADE) ,area (OCDE))
(1-MWA) (1-MWA)
- area(OADE) =1-—
2(1-w) 2w
Remark 1. If we reparametrize a sigmoid function £ by composing it with an arbitrary increasing bijection

f: [O,l] - [0,1] , then we obtain a new sigmoid function X'= f =X whose ROC curve is the same as the

and the equalities area(OCDE)=1-

ROC curve of T, up to a reparametrization by f . Namely, ROC; (o)=ROC;. ( f (G)) forall ce [0,1] .

In particular, a reparametrization allows us to change the sigmoid values without changing the performance
metrics AUC, MBA and MWA of a system.

Remark 2. Some authors also use the geometric mean GM = \[TP.TN of sensitivity (TP ) and specificity
(TN ) as a measure of accuracy for binary prediction problems. The obvious arithmetical inequalities
(a+b)2 /4>ab> (a+b)2 /2—1 (for any positive numbers a,b <1) relate (in two ways) the geometric

mean accuracy with the balanced accuracy BA = (TP +TN ) /2. In particular, it means that the (maximal)

geometric mean accuracy is also as good a measure of accuracy as MBA and AUC, in the sense that they
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are topologically equivalent.

4. Conclusions

Different measures of accuracy such as AUC (area under the curve) of the ROC curve, the maximal
balanced accuracy, and the maximal weighted accuracy, are “topologically equivalent” in the sense that if
one of them is high (i.e., close to 1) then the other ones are also automatically high.

In this paper, we demonstrated the equivalence of precision measures, which explains why we only need
to use one of them. It also means that using different measures of accuracy in them does not make the model
get better.

The study of the accuracy measures in our opinion is necessary for proper use in each case, the ultimate
aim is to obtain a better model.
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Tai sao chung ta chi can st dung mot thude do do chinh xac?
Lé Bich Phuong'-*, Ha Hitu Cao Trinh!, Nguyén Thi Mai Hoa?
" Truong Pai hoc M6 - Dja chat
2 Hoc vién Ngan hang
Bing cic phuwong phép cta giai tich va tbi wu, chung t6i chung minh ré‘u}g ba thudc do d9 chinh xéc
AUC, MBA, MWA 1a tuong duong, theo nghia 1a néu mot trong chiing dan dén 1 thi cac thude do d chinh

xac con lai ciing din dén 1. Vi thé chiing ta chi cAn dung mot trong chiing 1a du.

Tur khéa: Thude do, d6 chinh xac, twong duong
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ABSTRACT

In this work, we are interested in the accuracy measures of binary classifiers in the context of artificial
intelligence. More specifically, we will be interested in the receiver operating characteristic (ROC) curves.
By using analytical and optimization, we prove the main result of the paper which is “ROC curves of optimal
machines are convex”.

Keywords: ROC curves; convexity; artificial intelligence.

1. Introduction

Convexity of the ROC curve is not something new, and many research papers and monographs already
discussed this convexity property in an empirical way, (Nabila Abraham, Naimul Mefraz Khan, 2019;
Nabila Abraham, Naimul Mefraz Khan, 2019; Ian Goodfellow, Yoshua Bengio, Aaron Courville, 2016;
Max Kuhn, Kjell Johnson, 2013) . However, the only place we we found a rigorous theorem on convexity
of the ROC curve is (T. Gneiting, Peter Vogel, 2018), where the authors showed that the convexity of the ROC
curve is equivalent to another natural condition, namely “the conditional event probability (or the
likelyhood ratio) is nondecerasing”. In this paper, we study optimal machines , and show that if a machine
is optimal then its ROC curve is automatically convex.

2. Preliminaries
2.1. ROC curves

Let us fix some notations for this paper. Denote by Q an input space together with some probability
measure F,, and

Y:Q—-{0,1} (1)
a binary classification problem on Q . For example, Q is the population, and Y is covid-positive (1) or
covid-negative (0) . Y is often called the ground truth.
We want to build a binary machine
M:Q—[0,1] ()
(a test, whose values are in the interval [0,1]) that predicts the value of Y . Given a threshold c € [0,1] ,
for each element x € QQ we put
Yc(x)=1ifM(x)20anch(x)=OifM(x)<G (3)
The performance (i.e., precision) of the predictor Y with respect to the ground truth ¥ can be measured

by two basic performance indicators, called the sensitivity (zrue positive rate) TP(G) and specificity ( rrue

negative rate) TN (G) , defined by the following formulas:

4)

)

*Tdc gia lién hé
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The curve ROC : [0, 1] - [O,I]X[O,l] given by the formula
ROC(c)=(1-1N(o).TP(c)) (6)
is called the ROC (receiver operating characteristic) curve of the machine M in the literature, and is very
widely used in many fields and references. The number FP(G) =1-TN (G) is called the false positive rate
at the threshold .
The ROC curves goes “backward” from the point ROC (O) = (1,1) to the point ROC (l) = (0,0) in the

unit square, and the higher the curve the more accurate the machine. The so called AUC (area under the
curve) is the area of the region under the ROC curve in the unit square, and is a popular measure for the
accuracy of the machine. See Figure 1 for an illustration.

2.2. Information projection, sigmoid functions and optimal machines
Conceptually, we can describe a binary machine M as a composition of two steps:
M =3¢, (7)
where
$: Q> (8)
may be called the information projection map from the original data space QO to a certain “distilled
features space” or information space @ , and

2:d—[0,1] 9)
is a function from the information space ® to the interval [0, 1] , which we will call a (generalized)
sigmoid function, in analogy with the classical sigmoid function  sigmoid (z) =
exp(z)/ (exp(z) + exp(—z)) often used in the last layer of a neural network in deep learning, even though
our X is a function of many variables in general.

The idea is that, in most cases, we cannot know everything about an element x € Q, we can know only
some information about x , and that information is given by the projection map ¢ . Based on the available
information (I)(x) about x, we have to decide, via the value M (x)= E((I)(x)), whether x is “negative”
or “positive”. Even when we know everything about x (e.g., when x is a digital image), the information
contained in x may be too big (millions of bits for an image), so we have first to “distill” that information
into something smaller that we call d)(x) and that we can control more easily.

In this paper, we will assume that the information space @ and the projectionmap ¢: Q— @ are fixed,
and what we want to choose is just the sigmoid function X: ® — [O, 1] . The probability measure P, on
@ is the push-forward of the probability measure P, on Q via the projection map ¢ .

In AI (artificial intelligence) literature, the number M (x)= Z(d)(x)) is often called the probability (of

x to be positive given the information (I)(x) ), even though it is not true in general, because £ can be

chosen rather arbitrarily, and as we will see in the following sections of this paper, even optimal machines
obtained by machine learning methods usually give what we call distorted probabilities instead of real
probabilities.

Nevertheless, among all the possible machines M (all the possible sigmoid functions X :® — [0, 1] ),

there is one which is more natural than the others, and which we call the real probability machine (the
probability sigmoid function). The probability sigmoid function is simply the following conditional
probability function:

% e (0) = P(Y (x) = 1]0(x) = ) (10)

foreachpe ®@.
Remark that, if we change the sigmoid function £ by composing it with another function, £'=0+X%,
where 0 :[O, 1] - [O, 1] is a strictly increasing bijective function, then £ and £' give the same ROC curve

up to a reparametrization by 0 . In other words, we can change a sigmoid value to any other value by
composing it with a function, without changing the accuracy of the system, and this is one more reason
why the sigmoid values should not be called “probabilities” in general.
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3. Main results
Proposition . With the above notations:

i) If X:@ —>[0, l] is an arbitrary sigmoid function, then the real probability machine
Mproba = 2
the ROC curve of M .,
oce[O,l], if o and ©

rova © O 15 more precise than (or at least as precise as) the machine M =3« ¢, in the sense that

lies above the ROC curve of M . In other words, for any false positive level

are the corresponding thresholds such that

proba
FPM/m)Im (Gpmbu ) = FPM (G) =, (1 1)
then
TPM proba (cpmba ) >TP, M (G) ( 1 2)

ii) The ROC curve of the real probability machine M is convex.

proba

Proof. Fix an arbitrary false positive level o € [0,1] ,and © ce [O, 1] the two corresponding threshold

proba

values as in the statement of the proposition. Then we have the following formula for o :
J.{(pg(b‘zﬂm((p)zcmbu} (1 - meba ((P)) d(P B _[{(PE(D‘Z((D)EG} (1 - meba ((P)) d(P

(=2 (0o [ (1-2,0(0))do

(where L)(l =2 b ((p))dq) =P, (Y =0) is the probability measure of the negative set {x € Q|Y(x) = 0}

, (13)

o=

), which implies that

J'{QDE‘D‘Z,”-,,M,(<P)26,,mh,,} (1 - meba ((P))dq) = J‘{QE(D‘Z(¢)ZG} (1 - Z:proba ((P)) do. (14)
To simplify the notations, put
A= {(p € d)|2pmba ()= Gpmba} and B = {(p € CD|2((p) > G} . (15)
Then we have J.A(l =2 b (q)))d(p = .[3(1 —Z b ((p)) d¢ , which implies that
IA\B(l - ZP’Ob“ ((P)) d(P = J‘B\A (1 _ZP"”’“ ((P))d([) ' (1 6)

Since (1 ~Z o ((p)) <l-o,,,0on A\B while (1 ~Z e ((p)) >1-c,,, on B\A, we must have that
P(A\B) = P(B\A), which implies that

_[A\821Jraba ((p)d(P chprolmP(14\B) = GprobaP(B \ A) = IB\Azpraba ((P)d(P (17)
which implies that
e (0)do=[ 2 (0)do. (18)

This last inequality means exactly that the true positive level of X at the false positive level a is

proba
greater or equal to the true positive level of X at the same false positive level. In other words, the ROC

curve of the probability sigmoid function X lies above the ROC curve of X everywhere, ie., X, is

proba
the optimal sigmoid function.

The two ROC curves coincide if and only if, in the above formulas, B coincides with A (up to a set of
measure zero) for every false positive level o, and it basically means that ¥ is obtained from X, , by

composing it with a monotonous function. In other words, up to a reparametrization of the sigmoid values,
the probability sigmoid function is the only optimal sigmoid function.

The convexity of the ROC curve of the probability sigmoid function X follows directly from its

proba
construction, which assures that the conditional event probability is nondecreasing (the higher the sigmoid
value o, the higher the conditional probability value, which is obvious because this value is equal to G in
our construction). Indeed, denote by

(X(G) _ J.{tpecp‘p(ﬂ’)zc}(l —mebn ((P))d(P ind B(g) _ J‘{weﬂ)‘i,wm(cP)ZG} P((P)d(p
J‘Q(l_zf”"’b“ ((p))dqo I@Zproba ((p)d(p

(19)
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the false negative and false positive levels at threshold o for the probability sigmoid function X then

proba >
we have:

ﬁ _ J-(D(l_zpmbzl ((p))d(P (e}

d(x (szmha ((p) d(P 1 -G
which is an increasing function in ¢, but a decreasing function in o, because o itself is a decreasing
function in . Hence {3 is a concave function in o, which means that the ROC curve is convex.

4. Conclusions
ROC curves of optimal machines are convex.

(20)
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TOM TAT
Tinh 161 ctia cac duong cong ROC
Lé Bich Phuong', Ha Hiru Cao Trinh!, Nguyép Thi Mai Hoa?
" Truong Pai hoc M6 - Dja chat
2Hoc vién Ngdn hang

Trong bai bao ndy, ching t6i quan tim dén cac thude do do chinh xac ctia may phan loai nhi phan trong
tri tu¢ nhan tao. Hon the nira, chung t6i chimg minh duong cong ROC (receiver operating characteristic)
cua mdy toi wu la loi.

Tur khéa: Duong cong ROC; tinh 1i; tri tué nhan tao.
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ABSTRACT

In this paper, the problem of finite time stabilization is studied for a class of fractional order neural
networks (FONNs) with interval time-varying delay. A sufficient condition for the problem is derived by
using linear matrix inequality technique combined with Laplace trasform. A numerical example and its
simulation result are given to illustrate the effectiveness of the effectiveness of our result.

Keywords: Fractional derivative; Neural networks; Finite-time stability; Laplace transform

1. Introduction

Over the past decades, stability theory of fractional order systems with delay has become one of the
most fundamental issues in the qualitative theory of dynamical systems [Krol, 2011; Wang et.al.,2015;
Cermak et.al, 2016]. Recently, there have been some advances in stability analysis of fractional
differential equations with delay such as Lyapunov stability [Liu et al.,2017], finite-time stability
[Rakkiyappan et al.,2014]. Some of them are related to the stability of the nonlinear fractional order
systems using Lyapunov function method and linear matrix inequality (LMI) techniques. It is well known
that the Lyapunov function method provides a very effective approach to solve the stability problem of
nonlinear fractional differential equations. Some different approaches, without using Lyapunov—
Krasovskii function method to analyze stability for linear fractional order systems, were proposed in [Liu
et.al., 2012] based on an extension of Mittag-Leffler matrix functions, or in [Thanh et.al.,2022; Niamsup
et al.,2022] based on Laplace trasform. The main difficulty in these investigations is either in constructing
the time-varying Lyapunov-Krasovskii functional and calculating its fractional derivatives w.r.t.
Lyapunov stability theorem or in estimating the delay solution by using Laplace trasform. Note that most
of the mentioned papers deal with linear fractional order systems without delays. To the best knowledge
of authors, the finite-time stabilization problem has not been investigated for FONNs with delays. This
inspires us for the present study.

In this paper, we study finite-time stabilization problem for a class of FONNs subjected to time-
varying delay. Based on Laplace trasform, we establish new delay-dependent sufficient conditions for
finite-time stabilization of such systems.

2. Preliminaries
Notations.

e R"denotes the set of all real positive numbers
e A" denotes the transpose of A
e A is positive semi-definite (A > 0)if x" Ax>0, Vx

(A>0) i x"Ax>0, Vx #0;

A is positive definite
e« A2B means A— B > 0;
A(A) denotes the set of all eigenvalues of A

. Ain (A)=min{Re A: 2 € A(A)}; 4, (A)=max{Red: 1eA(A)};

e [a] denotes the integer part of a number a
o “*” denotes the symmetric terms in a matrix.
We first introduce some basic concepts about fractional order calculus.

* Tdc gia lién hé:
Email: nguyentruongthanh@humg.edu.vn
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Definition 1[ Kilbas et al., 2006]. For « € (0,1] and f € L'[0,T], the fractional integral; the Riemann
derivative and the Caputo derivative of order « , respectively, as

t

1 £ = ﬁ J=9" £ds. D7 FO =5 (17 £0). D*FO=D5 (£0)-F(0),

0

where T(s) = j e'r'dt, s> 0, 1 €[0,T].
0
Consider a functional order neural network with time-varying delay as follows.

{D“x(t) =—Ax(t)+ Gg(x(t — h(t))) + Bu(z), 2.1

x(s) = @(s), s €[~h,,0],
where x(¢) € R" is the state; the delay h(r) satisfies 0<h <h(t)<h,; u(t) is the control vector;
¢(t) € C[—h,, 0] is the initial condition; the variation functions

g(x)r = (gl ('xl )T °°y gn (xn )T )’
satisfying g(0)=0,and forall £,7€R, i= I,_n,

Ik, >0:1g(5)—gmMI<k | E—nl; (2.2)
A=diag(a,,a,,...,a,); F = (@)),en and G = ;)

neuron at time t.

are the connections of the ;" neuron to the i"”

nxn

Definition 2. For given positive numbers c¢,,c,,T, system (2.1) without a controller, i.e u(t)=0) is finite-

time stable w.r.t. (c1 ,Cy ,T), if the following relation holds

lel” <¢ = x| <c,, vre[0,T].

Definition 3. For given positive numbers cl, ¢2, T, system (2.1) is finite-time stabilizable w.r.t.
(c1 ,Cys T), if there exists a feedback control u(z) = Kx(¢) such that the closed loop system

D x(t) =[-A+ BK1x(t) + Gg(x(t — h(1))),
x(s) = @(s), s €[, 0],

is finite-time stable w.r.t. (C1 ,Cys T).

2.3)

Here, the objective of this paper is to develop a procedure to design the feedback controller u(t) for the
system (2.1) such that the closed-loop system (2.3) is finite time stable.

Lemma 4. [Thanh et al.,2022]. Leta € (0,1), H = H" >0, and let x(t) be a continuous solution of system
(2.1). Then, D* (x(t)" Hx(r)) < 2x(t)" HD“ x(t), t > 0.

Lemma 5 [Thanh et al.,2020]. Let d >0 and N > 0. If function G :[-h,,T]— R" is non-decreasing and

satisfies:
S#)<aS0)+bS(t—-d), t>0,
[N/d]+1

for some a>1, b>0, then S(¢) < S(0)a b’, Vte[0,N].

j=0

3. Main results
This section devotes to design a controller u(¢) = Kx(¢) for finite time stability of the system (2.1).
[T/h]+1

a a I
9=E,(hT) Y, (E,(b,T)-1);
j=0
M
2max k.’
K=YP";
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Theorem 6. Given ¢, 2 ¢, > 0,T > 0. The system (2.1) is finite time stabilizable with respect to (cl Gy T)

if there exists a symmetric positive definite matrix P and a free weight matrix ¥ such that the following
conditions hold:

—AP—-PA" + BY +[BY]' -h,P GP 0 0
* —-yP 0 0
Y <0, (3.1
* * [-P 0
* * % po2f
A (P)
¢ <c,. 3.2
I (P 17 (3.2)
Moreover, the feedback stabilizing control is given by u(t) = YP~' x(¢).
Proof.

Let us consider the following non-negative quadratic functional: V (x(t)) = x(t)" P~ x(t).
By using Lemma 4, we obtain:
DV (x(1)) < 2x(t)" P D*x(t) = 2x(t)" P (~Ax(r) + Gg(x(t — h(t))) + Bu(r))
=2x(t)" P (—Ax(r)+ Gg(x(t — h(t))) + BKx(t))
<2x(t)" P! ([~A+ BK] x(t) + Gg (x(t — h(1))) )
—78() P& () ux () Px()+mVa@)+ rg() Prg()
<EW)"EE®) +h2voc<t))+ yg(-)T Plg(), (3.3)
where £(t) =[x(0)",g()" |, g()=g(x(t=h(t)), E=(E,,), .
E, =P [—A+BK]+[—A+BK] P'—nP'; E,=P'G; E,=-yP".
From K =YP™" and LMI (3.1), we have

P 0 N P 0 —AP-PA" + BY +[BY]' —h,P GP <0
o Pl |0 P [Gr]" —yP|
which leadsto E <0. (3.4)

Since (3.1), it follows that 1 < P <2I or %I <P'<I

Consequently,
re() P'g()=rg() g()<ymaxk? x(1—h() x(t—h@))
<2ymax k> x(t—h(®)) P'x(1—h()) =hx(t—h(@) P x(t—h(t))=hV(x(t —h(t)))
and DV (x(t)) — bV (x(1)) £ bV (x(t —h(r))) due to (3.3) and (3.4).
Hence, using Laplace trasform gives

[DVGE)-hVa6) ]
([—s)l a
) _[ [—s)l a

SV(X(O)E, (hyt*)+ sup hV (x(s = h(s))) f )
s€[0,7] -9

1

<V((O)E, (i) +h, sup V(x(8)) [

Oe[—hy 1= ] 0( S)
. (E, (r*)-1)
<V(H(O)E, (ht“)+h, sup V(x()) ~———
Ocl—hy i1y h,
=V(X(O)E, (ht)+(E, (1) ~1) sup V(x(B)).

Oe[~hy ,t—Iy ]

V(x(t) = V(x(O)E, (1) + j

E,, (h2 (t—s)" )ds

<V(x(0)E, (h,t* E,, (h(t-5)")ds

a,a (hz (t _S)Ot )dS

E,, (h(t-s5)")ds
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Because the increasing of E, (h,t*) and sup V(x(€)) with respectto ¢ €[0,77], for all ¢ [0,T],
Oe[—hy .t ]

3D VO)=VODE, (T)+(E, (T*) 1) sup  V(X(O)).
Applying Lemma 5 for the above inequality, we have
sup V(x(0)<q sup V(HO)S a4 (Pl
Oe[~h, 1] 0e[-h, .0
[T/h]+1

where ¢ = E, (h,T*) Z (E, (1)~ 1)

B

For ¢ €[0, 77, the conditions (3.2) show that if ||(p||2 <¢, then

1% 0 1 2 —l
<07 P30 _oiobn’ Y aan POl P By e (P

I PT) T AP 2 (P i (P I (P

min ‘min

—¢ <¢,,

[ <

which shows that system (2.1) is FTS with respect to (c1 ,Cys T).

Remark 1. Note that the numbers ¢,,c, do not involve in the LMI (3.1), we find the solutions P,Y by
solving LMI (3.1) and the condition (3.2) can be easily verified.

Remark 2. 1t should be pointed out that the advantage of our paper was proposing an approach based on
the Laplace transform to study stability of FONNs with interval time-varying delay without using the
fractional Lyapunov stability theorem.

Example 1. Consider FONNSs (2.1) with the following system parameters

1 0 1 0 1 0
A= ;G = ;B = ;
o vfole oo

) X, 0.1x,
a=0.5; h(t)=0.1+0.1sin(z); g = ;
X, 0.2x,

It can be show that i, =0.1; 4 =0.2;k, =0.1;k, =0.2;
We use the LMI algorithm in MATLAB to find solutions of (3.1) as:

_[rems o ] _[03970 0 ]
1o 1en18” | 0o 03970

In this case, it can be computed that: y =2.5;4 . (P")=4__ (P™')=0.6204

‘min ‘max

For ¢, =1;¢, =3; T =10, we can check the condition (3.2) as:
Jonar (P™)
Aoin (P7)
Hence, by Theorem 6, the system (2.1) is finite time stabilizable with respect to (c, ,CZ,T) with the

¢, =2.5090<c, =3.

feedback stabilizing control is given by:

. [0.2463 0 }
u(t)=YP x(t)= x(1)

3 T
c,=3
.
ct
25F — 2
Pas
1.5
=1
1
. et
05 T — . o e e e e e et ————— e ¥
o
o 1 2 3 a4 5 & 7 8 k] 10
Time(sec)

Figure 1. Time history of ||x(t)||2 of the system
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0.7
Figure 1 demonstrate the time ||x(t)||2 of the system with initial condition ¢(t) = {0 7}.

4. Conclusions

In this paper, the finite-time stabilization problem for a class of FONNs with interval time-varying
delay has been addressed. Based on a novel analytical approach, delay-dependent sufficient conditions for
finite time stability are proposed. The conditions are presented in the form of a tractable LMI. Finite-time
stability analysis of FONNs with unbounded time-varying delay may be interesting topics to study in the
future, and an extension of this study to non-autonomous FONNs with delays is an open problem.
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) TOM TAT , o
On dinh hiru han cta hé neural cap phan sé ¢6 tré bién thién

Nguyén Trudng Thanh* )
Truong Pai hoc Mo - Dja chat

Trong bai bdo ndy, bai toan 6n dinh héa hitu han dwoc nghién ctru cho mot 16p hé neural cép phan sb
c6 tré. Mot dicu kién du cho bai toan nay dugc dua ra duya vao bat dang thirc ma tran tuyén tinh va bién

ddi Laplace. Mdt vi du s6 va hinh 4nh minh hoa cho céac két qua chinh cua bai bao.

Tir khéa: Dao ham cz‘ip phéan s6; Hé neural; ON dinh hitu han; Bién d6i Laplace
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Techniques for teaching culture for non-English major
college students

Nguyen Thi Thao”
Hanoi University of Mining and Geology

ABSTRACT

Culture has gradually been recognized as a fundamental part of foreign language teaching, as specified in
the United States’ National Standards in Foreign Language Teaching Project (1999). However, teachers of
English may encounter a variety of tough challenges when teaching non-English major college students,
namely students’ low proficiency of English, lack of motivation or limited time allocation. All these
obstacles should not prevent the teachers from presenting cultural aspects that are appropriate for their
students. The study analyzes four feasible techniques for teaching culture for non-English major students,
which are making cultural connections with specific themes, making cultural comparisons, using internet
resources, and using IMAGE model. It is hoped that the techniques will be of practical value in providing
the students with a profound understanding of the target language culture and develop their cultural
competence needed for intercultural communication with native speakers of English.

Keywords: Teaching culture; culture triangle; cultural comparison; cultural connection.

1. Introduction

For the past few decades, the process of globalization has resulted in the increasing needs for
communication in foreign languages. Among the core components of language, culture has gradually been
recognized as a fundamental part and given considerable concentration. The significance of teaching culture
in the foreign language classroom is highlighted in the United States’ National Standards in Foreign
Language Education Project 1999. However, it does not always seem easy for teachers of English to
conduct cultural activities for non-English major college students to participate in owing to a variety of
reasons. With such an interest in the domain of culture, the study aims at investigating feasible techniques
of teaching culture in English classrooms for non-English major students.

2. Literature Review and Methodology
2.1. Literature Review
2.1.1. Definition of culture

Tylor (1871) defined culture as ‘a complex whole which includes knowledge, beliefs, arts, law, morals,
customs, and any other capabilities and habits acquired by man as a member of society”. Culture is a
complex term that can be defined from various perspectives. It can be summarized within a 3P model:
Perspectives (attitudes, values, beliefs, ideas - what members of a culture think, feel and value) — Practices
(patterns of social interactions and behaviors - how members communicate and interact with one another)
and Products (tangible and intangible creations, which include technology, music, art, food, literature, etc.-
the things members of a group create, share and transmit to the next generation). Simply put, Products
involve what we MAKE, Practices account for what we DO, and Perspectives represent what we assume
about what we do and make. These three aspects encompass human life completely, the relationship among
which can be illustrated in the following figure:

Perspectives

Figure 1. The Culture Triangle (Source: National Standards in Foreign Language Education)

*Tdc gid lién hé
Email: nguyenthithao@humg.edu.vn
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Cultural perspectives affect how people relate to one another and their ability to communicate in the
society. To a certain extent, cultural perspectives influence the relationships that people have with each
other. However, cultural pespectives are not always straightforward and normally remain hidden beneath
the surface of Products and Practices. In 1976, Hall compared culture to an iceberg, with only about 10%
(external or surface culture) observable, while the majority or 90% (internal or deep culture) concealed
below the surface. The three aspects of culture can be illustrated in the form of an iceberg as follows:

W Refer to things created
Products ; i by members of the

B culture, both tangible
and intangible.
Practices
Patterns of
behavior
accepted by a
society; they
represent
knowledge of
what to do and
where.

Perspectives

Are the
traditional
ideas, attitudes,
meanings and
values of
members of
that society.

Figure 2. Metaphor of an iceberg (Hall, 1976)

2.1.2. Significance of teaching culture in the language classroom

Language and culture are regarded as interconnected and complementary concepts. Language is viewed
as a major vehicle by which a culture conveys its beliefs, values, and norms. Simultaneously, language is
influenced by culture. In other words, culture shapes the basis on which communication takes place, while
language functions as a medium through which culture is developed and shared among members of the
same community. Language and culture, in turn, mutually affect communication. Interpersonal
communication is established through an understanding of linguistic codes and context, which is provided
by culture. For all the above-mentioned reasons, culture is viewed as an essential component of instruction
in the foreign language classroom.

The principal goal of integrating culture instructions into language learning is to develop cultural
competence in the language learners, that is to provide them with the knowledge and skills to understand,
analyze and successfully socialize in cultures which are dissimilar to their own ones and to explore culture
while concurrently developing language proficiency. The goal, however, must be set realistically, since
culture is such a broad domain that it is impossible for teachers to introduce everything in limited time of
the syllabus, not to mention students’ proficiency level. As for non-English major students, teachers are
supposed to adopt, adapt, and select appropriate materials for teaching culture in the language classroom.
It is said that learning is a long journey, and it is the teachers’ job to guide, inspire, encourage their students

to explore the target language culture and prepare themselves for intercultural communication.

2.2. Methodology

The paper adopts qualitative methods to explore practical techniques for teaching the target language
culture. The theory related to the element of culture will be collected and analyzed with the aim of exploring
fundamental aspects of culture. The author’s observation and reflection of three English groups which
consist of 125 students for the duration of one semester will help to identify practical techniques for the
process of teaching and learning the foreign language. Subsequently, the applications of the techniques will
be analyzed with detailed illustrations for each technique.

3. Findings and Discussion

Culture teaching is generally integrated into language courses, where students are physically and
psychologically isolated from the reality of the target culture. In this case, culture teaching provides
background and contexts and helps the learners visualize the reality and practice cultural activities. This
seems to be the most common situation for teaching culture for non-English major students since they are
hardly ever in contact with the target language’s native speakers.

As for non-English major students, it seems impossible to provide them with a separate course especially
specializing in culture due to limited time allocation since foreign languages are not regarded as their
priority. Consequently, it is difficult for teachers of English to afford time to integrate additional cultural
activities into their lessons. Nevertheless, this obstacle should not prevent the teachers from presenting
certain cultural aspects and familiarizing the learners with later communication with native speakers of
English. Below are some feasible techniques of integrating culture into the English lessons for non-English
major students.
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3.1. Making cultural connections with specific themes

According to Vietnam’s National Foreign Language Project, non-English major students are required to
achieve level 3 of the CEFR, which involves familiar matters regularly encountered in work, school, leisure,
etc. With such requirements, teachers are supposed to focus on cultural aspects related to those designated
themes. It should be noted that if the additional materials are too high above the students’ current level, it
will become too difficult for them to comprehend, resulting in failure of learning activities and a waste of
time and energy for the part of the teachers.

For instance, with the theme of the lesson being music, teachers can consider introducing subtopics such
as famous pop singers and songs, including ones of contemporary time besides ones that were popular about
five or six decades ago, as presented in the syllabus textbook. Some cultural activities in the forms of quiz
or matching are likely to arouse students’ interests and participate in the lessons. Similarly, for the topic of
movies, teachers can design quiz involving popular movies or blockbusters, movie stars; alternatively,
teachers can assign group work for the students to discuss or make a presentation on their favourite movies,
specifically in the target language. As for the topic of sport, possible associations are popular sports in the
UK/ USA, facts about them, or sport habits of people in those countries. For food, feasible activities involve
traditional foods and recipes, or dietary patterns and certain basic dining etiquettes of the target language
communities. Varied activities are likely to get students engaged in the lessons and enable them to take an
extensive exploration of the cultural elements of the theme they are learning. Little by little, students will
acquire insights into the daily lives of people who speak the target language.

3.2. Making cultural comparisons

Students’ own culture can be utilized as an effective medium for acquiring the target culture. Under
specific circumstances, teachers can give them explicit tools that they can use to explore, compare and
contrast, instead of asking them to think about cultural aspects in general. The students themselves are
asked to draw the detailed comparisons and obtain cultural insights in an active way. They will be able to
appreciate it more since they are able to compare and gain understanding of cultural matters on their own.
Take verbal communication as an example. As a rule, eye contact must be maintained during the whole
conversation to show that the speakers are paying full attention to what is being said in the Western culture,
but Vietnamese people may find it awkward. The concept of time represents cultural dissimilarities, too.
For example, in the USA, people tend to feel offended when they are invited to a dinner party when the
invitation is extended only a few days in advance, whereas it is considered normal in Vietnamese culture.
When it comes to the topic of food and restaurants, teachers can consider introducing tipping habit, which
is a common norm in British culture when people have a meal in a restaurant, although customers are under
no obligation to do so; in contrast, this etiquette is unpopular in Vietnam. These cultural differences can be
used to make the target cultural norms much more vivid for learners; as a result, having an increased
awareness of the possible differences in expectations and behaviour can help students avoid cases of
misunderstanding or miscommunication. Obviously, a lack of understanding of cultural norms and practices
may lead to unfair judgement, misunderstanding and breakdown in communication.

3.3. Using Internet resources

Ever since the advent of technology and advancement, teaching and learning have been substantially
facilitated. Online resources prove to be a valuable tool to supplement students, especially non-English
major ones, in learning about culture, since the amount of time officially allocated for learning in the
curriculum is considerably limited. There exists an abundance of resources for teachers to select, from
songs, video clips, texts, pictures to movies based on the purpose of their lessons. With various activities
designed by the teachers, such as gap-filling, matching, quiz, or presentation, students are easily motivated
and get engaged in the lesson, enabling them to acquire a substantial amount of knowledge and
understanding about the history, geography, traditions, customs and lifestyles of the target language
community, not to mention linguistic competence. Thanks to the vivid and varied images and activities
from online resources, the students’ increased motivation and participation are likely to enhance the
effectiveness of the teaching and learning process. Obviously, the benefits derived from carefully-selected
online resources outnumber the advantages of traditionally printed materials for teaching.

3.4. Using IMAGE model

IMAGE model created by Glisan and Donato serves as a useful tool for teaching and exploring culture
of the target language people. It is an acronym that describes components of the method with each letter
standing for a step in the culture lesson as illustrated below:

Images

Making observations
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Analyze additional information

Generating perspectives

Exploring perspectives

For instance, when it comes to traditional festivals or holidays, teachers can select a cultural image of
New Year’s Day in the UK or the USA, then ask students to observe and describe the products and practice
in the picture, regarding what the people in the picture are doing, how they are dressed, how they are
socializing, and the like. At the third step, teachers provide additional resources in the target language for
the students to get an accurate and detailed understanding of the traditional holidays. From what they have
observed and describe, students can try speculating about the cultural perspectives related to this holiday in
the target language community, such as how important this traditional holiday is, what the customs the
people have or what taboos there are to avoid, etc. The final step involves students exploring and reflecting
further by comparing British/American New Year’s Day and Vietnamese one with the aim of figuring out
the similarities and differences between the two cultures. Although the application of this model is likely
to take a large amount of time and require students’ adequate proficiency, students will gain a good deal
about culture and develop intercultural competence with the helpful prompts from the teachers.

4. Conclusion and Recommendations

In conclusion, culture should be considered as an indispensable component of foreign language teaching.
It is the teacher’s awareness and willingness to promote cultural activities in the foreign language classroom
that can improve students’ knowledge and develop intercultural competence, without which they will be
unable to communicate successfully with the people from the target language countries. Despite a variety
of obstacles facing the process of teaching English for non-English majored students, namely students’ low
proficiency of English, lack of motivation or limited time allocation, it is still feasible for teachers of English
to conduct cultural activities provided that they are capable of selecting ones that are relevant to their
teaching purposes and targeted students.
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TOM TAT
Phuong phap giang day van hoa ban ngir
cho sinh vién khong chuyén tiéng Anh

Nguyén Thi Thao* )
Truwong Pai hoc Mo - Dia chat

Van dé day vin hoa trong giang day ngoai ngit duoc coi 1a thanh t6 quan trong bén canh viéc giang day
cac ky nang ngdn ngit va kién thirc ngdn ngit. Vai tro cia ciée day van hoa dwoc nhin manh trong Dé an
Quoc giave Tiéu chuan Gidng day Ngoai nglt ciia nuéc My ndm 1999. Tuy nhién, gido vién tiéng Anh c6
thé d6i mat véi mot sé thir thach nhu kha ning ngoai ngu cta sinh vién thap, thiéu dong luc hoc tap hay
thoi gian phan bd cho chuorng trinh con han ché khi glang day cho nhom d01 tuong khong chuyén tiéng
Anh. Mic du phai d6i mét voi nhitng rao can nay, gido vién ngoai ngir van can phai gi6i thiéu cac khia canh
van hoé cua ngudi ban ngLr phu hop véi trinh 6 va nang luc tiép thu cua sinh vién. Bai bao phan tich bon
phuong phép kha thi dé giang day véan hod cta ngudi ban ngir cho d6i tugng sinh vién  khong chuyén tleng
Anh, bao gdm lién hé vin hoa vdi nhitng chu dé cy thé, so sanh vin hoa, st dung nguon tai liu truc tuyen
va su dung mo6 hinh IMAGE. Nhung phuong phap nay duoc ky vong ¢6 gia tri thuc té trong viéc cung cap
cho nguorl hoc kién thirc van hod, gitp sinh vién phat trién ning lyc vin hoa dé chuan bi sdn sang cho giao
tiép giao vin hoa véi ngudi ban ngir.

Twr khoa: Giang day van hod; tam giac van hod; so sanh van ho4; lién hé van hoa.
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Danh gia kha nang chéng dn mon cua 16p ma t6 hop Ni-TiO»
bang phuong phéap do pho tong tro

L& Thi Phuong Thao", Nguyén Thj Kim Thoa
Truong Pai hoc Mo - Dia chat

TOM TAT

L&p ma t6 hop Ni-TiO; da duoc tong hop thanh cong bang phuong phap ma dién hoa. Két qua do phd tong
tro dién hoa (EIS) dé cho thiy, véi ché do ma phu hop, 16p ma to hop tao thanh c6 kha nang bao v¢ 16p kim
loai nén chéng lai sy &n mon cao hon so vé&i 16p ma niken nguyén chit. Hon thé nita, phd EIS ciing cho
théy 13 duge co ché cling nhu sy thay ddi ctia co ché dn mon dién hoa 16p ma khi c6 sy tham gia cua hat td
hop TiO; vao 16p ma niken.

Tir khéa: Ma t hop, Ni-TiO,, tong tré

1. Pit van dé

Lép ma td hop dién hoa dugc tao thanh khi déng két tia cac hat rén rat nho cua mot hay vai chét cung
v6i kim loai ma. Lop ma td hop tich hgp dugc céac tinh chét cua hat to hop nén cai thién mot s6 dic tinh
ctia 16p ma don. Trong s6 cac 16p ma t& hop duoc nghién ctru thi 16p ma t6 hop trén co so niken dugc quan
tam rat nhiéu, do ban than 16p ma niken kim loai da c6 sin co tinh tot va dugc ing dung rong ri trong
nhiéu linh vuc, nhu hoa hoc, dién tir, ... (Challakere Ramadas Raghavendra, 2018).

Céc hat td hop thuong dugce st dung 1a céc oxit (SiO, Al,O3, TiO,...), hop chét cacbua (SiC, WC...),
hodc hat cacbon (than chi, CNTs)... (Challakere Ramadas Raghavendra, 2018). D4y 1a cac hat rin tro, c6
dd clmg, do bén cao nén s& lam ting co tinh (S.Pinate, 2021) ciing nhu do bén mai mon (Challakere
Ramadas Raghavendra, 2018), bén dn mon cho 16p ma (Somayeh Ahmadiyeh, 2021).

K§¥ thuat do dudng cong phéan cuc andt cua cac 16p ma trong dung dich NaCl 3,5% thuong dugce su dung
dé danh gia kha nang chdng an mon cuia 16p ma. Tir két qua do dudng cong phan cuc nay s& xac dinh duge
gia tri dong dn mon va téc d6 an mon. Pho tong tré dién héa (Electrochemical Impedance Spectroscopy)
dugc két hop sir dung dé danh gia tong trd mang. Khong chi vdy, qua hinh anh phd tong tré dang Nyquist
s& xac dinh duoc co ché cua qua trinh an mon va dya vao mach tuong duong s€ xac dinh dugc cac gia tri
dé danh gia dinh lwong kha ning chéng dn mon cua cac 16p ma (Zahner Mepsystem, 2007).

2. Co s Iy thuyét va phwong phap nghién ciru

L6p ma Ni va 16p ma td hop Ni-TiO, duoc tao thanh trén nén ddng bang phuong phap ma dién hoa bang
dong mot chiéu tir dung dich ma niken clorua ¢6 thanh phan: NiCl, 1M, H;BO; 0,5 M, natri lauryl sunphat
0,1 g/L. Hat TiO; str dung cho qua trinh ma & dang anatas véi kich thudc 8 - 10 nm. Ché d6 ma da duoc
khao sat va lua chon dé tao ra 16p ma t6 hop cé ham lugng hat TiO; trén 16p ma cao nhat (10,53%) 1a: toc
d6 khudy 600 vong/phut, mat do dong catét 3A/dm?, thoi gian ma 20 phut, ndng d6 TiO, trong dung dich
ma 6 g/L (Le Thi Phuong Thao, 2013).

Dic tinh qua trinh an mon dién hoa 16p ma duoc xac dinh bang phuong phap do phd tong tré dién hoa
EIS va do duong cong phéan cuc andt ciia cac 16p ma trong dung dich NaCl 3,5%. Pho EIS dugc do trén
thiét bi IM6 (Zahner - Elektrik, Dirc) tai Vién Hoa hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam
v6i hé 3 dién cuc: dién cuc lam viéc 1a dién cuc déng da ma niken ¢6 dién tich 0,2826 cm?; dién cuc ddi 1a
dién cuc Pt xodn; dién cyc so sanh 1a dién cuc calomen; khao sat tir 100 kHz dén 10 mHz; do tai thé mach
hé.

3. Két qua va théo luan

L&p ma Ni va 16p ma td hop Ni-TiO; tao thanh & diéu kién lya chon 1a cac 16p ma co bé miat dong déu
nhung khong min, trong d6 16p ma t6 hgp ¢ do nham cao hon so véi 16p ma Ni nguyén chét (hinh 1). Do
vay, cac 16p ma nay la cac 16p ma ky nuée. Tinh ky nudc cua 16p ma to hop 16n hon so véi 16p ma Ni
nguyén chat va ting theo ham lugng TiO; trén 16p ma.

* Tdc gia lién hé
Email: lethiphuongthao@humg.edu.vn
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Hinh 1. Anh SEM be mat lop ma Ni (a) va Ni-TiO; (b) ma o3 A/dm2 20 phut voi cung do phong dai
10.000 lan (géc tiép xiic ciia giot nude trén cdc 16p ma nay twong ung la 125,7° va 164,7°)

Két qua do dong an mon cho thdy, 16p ma t6 hop c6 do bén dn mon cao hon so v&i 16p ma don chét, kha
nang chong an mon tang theo ham luong hat TiO; trén 16p ma, twong ng voi su giam cac gia tri dong an
mon va tde d6 dn mon ciia cac 16p ma t6 hop Ni-TiO; so v6i 16p ma Ni don chit.

Két qua do dong an mon cdc mau ma niken trong dung dich NaCl 3,5% véi dién cuee so sdnh Ag/AgCl

Lép ma % Eim 1am Vim
OPM T 1rio, | (V) | (Alem?) | (mm/nim)
Ni O 1 0089 | 2,10.106 | 6,71.10°
Ni- 6,22 4 3
Tios 0,054 | 3,41.10 1,09.10
Ni- | 10,53 S p
Tios 0,067 | 2,23.10 1,13.10

Igi, A

N

Ni-TiO, 10,53%
Ni-TiO, 6,22%

-10 Ni

-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3
E, V/IAg/AgCI

Hinh anh phd tong tro dang Nyquist cho thay co ché an mon qua bé mit 16p ma kim loai Ni va 16p ma
t6 hop Ni-TiO; 1a khac nhau, va do d6 mach dién twong dwong tuong tng v&i 2 qua trinh nay (hinh 2) ciing
khéc nhau. Két qua fitting mach dién (hinh 3) véi so d6 twong duong (hinh 2) cho thiy so ¢ mach dién
tuong duong dua ra phu hgp vdi cac qua trinh xay ra trong hé.

CPE Ch,

— |
Ruws

CPE
Retm |_

(a) (b}

Hinh 2. Mach dién twong dwong tiwong vmg véi pho tong tré ciia cdc mau ma niken
(Rumnp: dién tro hap phu cia mang; Rew: dién tro chuyén dién tich cia mang)
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V6i 16p ma Ni nguyén chét, qué trinh an mon xay ra trong dung dich mudi dn NaCl dugc mo phong nhur
so d6 mach dién hinh 2a. O day c6 2 qua trinh dién ra dong thoi: sy hinh thanh 16p dién kép giita 16p ma
va dung dich mudi 4n; qué trinh chuyén dién tich va tiép dén 1a sy hinh thanh 16p kép & bé mat 16p ma do
sy an mon gay ra. Gia tri dién dung cuia CPE rat nho (thanh phan s6 2) chimg t6 16p ma c6 dung khang 16n,
ddng thoi gia tri dién tro mang rat 1on (15,4 MQ) (bang 1) cho thiy 16p ma niken nay c6 kha ning chong

an mon tot.

Véi cac 16p ma t6 hop, qua trinh an mon xay ra theo co ché khac va duge mé ta boi so d6 twong duwong
hinh 2b: hinh thanh 16p dién kép giita bé mit mau va dung dich mubi dn nhu mau D1, tuy nhién, cling véi
qué trinh chuyén dién tich qua 16p kép nay c6 su khuéch tan cua cac phan tir qua 16p kép. Sy khuéch tan
xay ra 1a do 16p ma t6 hop c6 do go ghé cua bé mit 1on hon so vai 16p ma kim loai nguyén chat va do sy

c6 mat cua cac hat TiO; trong 16p ma.

4E+6 4 70 7 1 ]ng, Q
. ——Ni - m6 phong
S 6
3E+6 1 _.ILII?;’ phone 54 = ANi=do
.|1 -
2E+6 1
3 <
1E+6 - =
1 -
Zi log f, Hz
DE+(Q T - —_— 0 T T T 1
0E+0 1E+6 2E+6 3E+6 4E+6 3 2 1 0 1 2 3 4 5 6
2E+07 5 _Zn’ Q 8 5 }Og Z: Q
—Ni-TiO: - m6 phong —Ni-TiOz - m6 phéng
1es07 4 *Ni=TiO: - do & * Ni-TiO; - do
4
5E+06 4
2 -
Z.Q log f. Hz
OE+D0 T T ! 0 T T T T T T T T 1
0E+00 S5E+06 1E+07 2E+07 -3 2 -1 0 1 2 3 4 5 b
Hinh 3. Hinh danh fitting phé tong tré cdc mau ma niken
Bang 1. Cdc thong so dong hoc cua lop ma Ni
Lépma | Ru (Q) CPE n R np Rem (Q) CPE n R (MQ)
(nF) MQ) (nF)
Ni 12,53 253,1 0,9868 15,4 101,2 55,15 0,6980 6,954
Bang 2. Cdc thong so dong hoc cua cdc lop ma t6 hop Ni-nano TiO:
D
. . w (cm2 s
LO’p ma % TiO, Rag (Q) Cik (HF) Rt (Q) Cik (nF) (kQ S"l/z) :
Ni-TiO; | 6,22 15,96 147,00 660,8 38,79 697,5 2,3.10%
Ni-TiO; 10,53 17,65 69,27 3.363,0 12,28 4.932,0 4,5.10%

Khi ham lugng TiO; trong 16p ma t6 hop ting, gia tri cua dién trd mang ting, hay kha nang chong an

mon ciia 16p ma ting (bang 2). Kha ning nay duoc thé hién rd rang hon qua gia tri hé s6 khuéch tan cia
16p ma dugc tinh theo cong thirc (Zahner MePsystem, 2007):

2R’T?

= AW
R — hang s0 khi ly tuong; R = 8,314 J/mol.K;

T — nhi¢t d6 Kelvin; nhi¢t d6 phong T = 298K

z— dién tich trao doi; voi niken, z = 2;

F— héng s6 Faraday; F = 96.500 C/mol = 26,8 Ah/mol;
A — thiét dién bé mt dién cuc; A = 0,2826 cm?;
C — ndng d6; dbi v6i dién cyc 1a vat lidu rén thi C =1 mol/L;
Do: 1J =1 m?kg.s?=10* cm*kg.s2;
1Ah.mol! = 3600 A.s.mol"';
1Q=1kgm?s3 A
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W — Hang s6 Warburg; 1W= Q.5
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2[8,314.10* m] (298K )
D= ol.
24(263. 3600—) (0,2826cm>)*(1 m"l) W2 (10" cm® kg.s > A2s7"2)
—-13
Dzw(cmz.s")

Két qua tinh toan cho thiy hé sb khuéch tan cuia cac 16p ma niken 14 rit nho (bang 2), chimg to su khuéch
tan clia cac tac nhan an mon qua 16p ma 1a rat khé khin. Do vay, 16p ma t6 hop c6 kha niang chdng an mon
cao va tang theo ham lugng TiO, trong 16p ma. Hinh anh phd tng tro dang Bode céc 16p ma niken (hinh
4) cho théy cac 16p ma t6 hop c6 tong tré 1on hon, hay kha nang bao v¢ cao hon so vdi 16p ma niken nguyén
chat. Két qua nay phu hop v6i cac két qua da duoc cong bd (J. Li, 2005; P. Baghery, 2010) va duoc giai
thich véi gia thuyét: hat vat chat tro TiO; c6 kha ning chong in mon cao khi tham gia vao t6 chirc 16p ma
s& dong vai tro nhu 13 rao can vat 1y, lam giam dién tich bé mit 16p ma tiép xuc véi tac nhan gay dn mon
dan dén lam giam téc d6 an mon. Hon nita, trong nghién ctru nay, cac hat nano TiO; khi t& hop vao 16p ma
niken da lam thay doi hinh thai hoc bé mt, lam tang tinh ky nu6c cho 16p ma din dén 1am giam kha nang
ngung 4m, kha ning tao moi tru(mg dién ly ¢ bé mat 16p ma nén giam kha nang bi an mon cua 16p ma.

5 logZ. @
74

= Ni
6 4 .-..'-

.y Ni-TiO; 6,22%
o Ni-TiO; 10,53%

Hinh 4. Phé t(fng tro (dang Bode) mau ma niken va cdc mau ma 16 hop Ni-TiO> voi ham luong TiO-
trén 1op ma khdc nhau

4. Keét luan

Théng qua phd tdng tré dién hoa, co ché dn mon qua bé mit 16p ma kim loai Ni va 16p ma t6 hop Ni-
TiO; di dwoc xac dinh. Két qua nghién ciru cho théy, ca 16p ma Ni va 16p ma t6 hop Ni-TiO, déu c6 kha
ning bao vé 16p kim loai nén chdng lai sy in mon dién hoa cao. Tuy nhién, sy to hop cua hat TiO, vao 16p
ma Ni di 1am thay d6i co ché dn mon qua bé mat lorp ma, ciing nhu lam ting kha ning chdng dn mon cia
16p ma do tac dung lam bé mit vat 1y can tré sy tiép xuc cua tac nhan gdy an mon va kha nang lam tang
tinh ky nude cua 16p ma, ngan sy tao thanh moi truong am trén bé mat 16p ma.

Tai liéu tham khao

Challakere Ramadas Raghavendra, Satyappa Basavarajappa & Irappa Sogalad, 2018. Electrodeposition
of Ni-nano composite coatings: a review. Inorganic and Nano-Metal Chemistry, 48(12): 583-598.

J. Li, Y. Sun, X. Sun, J. Qiao, 2005. Mechanical and corrosion-resistance performance of
electrodeposited titania—nickel nanocomposite coatings. Surface & Coatings Technology, 192: 331-335.

Le Thi Phuong Thao, Nguyen Duc Hung, Nguyen Duy Ket, 2013. Effect of parameters on the
electrodeposition of Ni-TiO2 nanocomposite coatings, Vietnam Journal of Chemistry, 51(5): 567-570.

P. Baghery, M. Farzam, A.B. Mousavi, M. Hosseini, 2010. Ni-TiO» nanocomposite coating with high
resistance to corrosion and wear. Surface & Coatings Technology, 204: 3804-3810.

S. Pinate, A.Ispas, P.Leisner, C.Zanella, 2021. Electrocodeposition of Ni composites and surface
treatment of SiC nano-particles. Surface and Coatings Technology, 406: 126663 (7 pages).

Somayeh Ahmadiyeh, Ali Rasooli, Mir Ghasem Hosseini, A.H.S. Farhood, 2021. Superior corrosion
and wear resistance of pulse plated Ni-W-B/SiC composite coatings. Materials Chemistry and Physics,
270 (15): 124761 (14 pages).

Zahner Mefsystem, 2007. Thales Softwave Package for Electrochemical Workstations User Manual.
Germany.

1278


https://www.tandfonline.com/author/Raghavendra%2C+Challakere+Ramadas
https://www.tandfonline.com/author/Basavarajappa%2C+Satyappa
https://www.tandfonline.com/author/Sogalad%2C+Irappa
https://www.tandfonline.com/doi/full/10.1080/24701556.2019.1567537
https://www.tandfonline.com/doi/full/10.1080/24701556.2019.1567537
https://www.tandfonline.com/journals/lsrt21
https://www.tandfonline.com/toc/lsrt21/48/12
https://www.sciencedirect.com/science/article/pii/S0257897220313335#!
https://www.sciencedirect.com/science/article/pii/S0257897220313335#!
https://www.sciencedirect.com/science/article/pii/S0257897220313335#!
https://www.sciencedirect.com/science/article/pii/S0257897220313335#!
https://www.sciencedirect.com/journal/surface-and-coatings-technology
https://www.sciencedirect.com/journal/surface-and-coatings-technology/vol/406/suppl/C
https://www.sciencedirect.com/science/article/abs/pii/S0254058421005447#!
https://www.sciencedirect.com/science/article/abs/pii/S0254058421005447#!
https://www.sciencedirect.com/science/article/abs/pii/S0254058421005447#!
https://www.sciencedirect.com/science/article/abs/pii/S0254058421005447#!
https://www.sciencedirect.com/journal/materials-chemistry-and-physics
https://www.sciencedirect.com/journal/materials-chemistry-and-physics/vol/270/suppl/C

ABSTRACT
Evaluation of the corrosion resistance of the Ni-TiO2 composite
coating by electrochemical impedance spectroscopy

Le Thi Phuong Thao®, Nguyen Thi Kim Thoa
Hanoi University of Mining and Geology

Ni-TiO, composite coating was successfully synthesized by electroplating method. The results of
electrochemical impedance spectroscopy (EIS) shown that, with the appropriate plating mode, the obtained
composite coating was able to protect the base metal layer against corrosion better than pure nickel plating.
Moreover, the EIS spectrum also clearly showed the mechanism as well as the change of the
electrochemical corrosion mechanism of the plating when TiO, particles were involved in the nickel

coating.

Keywords: composite electroplating, Ni-TiO, electrochemical impedance
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ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARWI SONRCE 0 VA TAI NGUYEN VOI PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Anh huéng ctia ion dat hiém (Y*", Nd*", Sm**) 1én ciu tric tinh thé,
tinh chat quang hoc va tinh chat tir cua vat li¢u BiFeO3

Do Viét Thang’, Nguyén Manh Hung, Ho Quynh Anh va Nguyén Thj Di¢u Thu
Truong Pai hoc Mo - Dia chat

TOM TAT

Vit liéu BiFeO; (BFO) pha tap ion dat hiém RE** (RE* = Y3*, Nd**, Sm**) duoc ché tao bang phuong phap
sol-gel. Cau trac tinh thé, tinh chat quang hoc va tinh chét tir cua vat liéu dugc khao sat béng cac k¥ thuat
khac nhau nhu: Gian do nhiéu xa tia X (XRD), phd hap thu quang hoc va chu trinh tir tré. Két qua phén tich
XRD cho thay cac mau ché tao két tinh don pha trong ciu triic mit thoi thuoc nhom khong gian Rsc. Vat
liéu BFO c6 hang sd mang a =5, 585 A va ¢ = 13,866 A. Vat liéu BFO pha tap ion dat hlem RE™ véi ndng
d6 pha tap 5% cho thiy hang s6 mang tinh thé g, ¢ déu giam. BFO c6 d6 rong ving cAm quang hoc E, =
2,28 eV. D0 rong ving cam quang hoc cua vat liéu BFO giam khi pha tap cac ion dat hiém. Két qua khao
sat chu trinh tir tré chi ra tit ca cic mau thé hién trat tu sat tir yéu. Vat liéu BFO c6 tir 6 bao hoa M =
0,046 emu/g, tir 46 du M, = 0,007 emu/g. Tinh chit sit tir cua cdc vat heu pha tap duoc cai thién tdt hon S0
véi vt liéu BFO. Trong | béo cdo ndy, chung toi s& thao luan vé ngudn gdc dan tdi su thay doi hang sé mang
tinh thé, d6 rong viing cAm quang hoc va tinh chit sit tir ctia vat liéu.

Tir khéa: BiFeOs, pha tap (Y**, Nd**, Sm**), nhiéu xa tia X, M-H, hap thy quang hoc.

1. Pit van dé

Vit lidu da pha dién tir 1a vat liéu ton tai ddng thoi tinh chit sit dién (hodc phan sit dién), st tir (hodc
phan sit tir) va sat dan hoi. Loai vat liéu nay tdn tai hidu ung tir dién nghia 1a ta c6 thé st dung dién truong
dé thay ddi cac trat tu tir hodc nguoc lai co thé dung tir trudng dé thay ddi cac trat tu dién. Nho vay, vt
li¢u da pha dién tir co nhiéu ung dung thyc té nhu: thiét bi doc va ghi tir, cac bd nhd, bo thu phat song siéu
am, cam bién, hodc thiét bi da chirc ning (Eerenstein Mathur et al., 2006; Kim, Han et al., 2012; Schmid,
1994). Tuy nhlen do trat tu sit dién va sat tir thuong co xu huorng trlet tiéu 1an nhau nén vat heu da pha
dién tir ton tai rét it trong ty nhién. BiFeOs (BFO) la mdt trong so rat it vat liéu da pha dién tir ton tai tw
nhién véi hai trat tu sit dién c6 nhiét d6 Curie Tc = 1100 K va phan st st tir co nhiét do Neél Ty = 640 K
(Xue, Tan et al., 2014). Nhung ¢ nhiét o phong vat lieu BFO co tur d6 M, va 36 phan cyc dién Ps nho lam
han ché kha nang tng dung cua vat liéu. Bé giai quyet véan dé nay, cac nghién ciru da tién hanh theo hai
hudéng 14 pha tap nguyén t6 tap chat vao mang tinh thé BFO hodc tao vét liéu composite giira vat liéu BFO
v6i vat liéu st tir nhdm cai thién tinh chét sit tir va sit dién cua vat liéu (Khalid, Saleem et al., 2020;
Mansour, Imam et al., 2020). Theo hudng pha tap, cac nghién ctru trudc day di cho thay tinh chat sat tir
ctia vat lidu BFO dugc cai thién dang ké khi pha tap cac ion dat hiém (La®*, Gd**, Nd**, Eu®") (Li, Zhu et
al., 2016; Thang, Hung et al., 2022; Thang, Nguyen et al., 2020) vao vi tri ion Bi** hodc pha tap cac ion
kim loai chuyén tiép (Ni%*, Co**, Mn**) (Iyyappa Rajan, Mahalakshmi ef al., 2017; Srinivas, Raghavender
et al., 2016) vao vi tri ion Fe3* hoidc pha tap dong thoi cac ion dat hiém va kim loai chuyén tiép vao vi tri
ion Bi** va Fe’* trong mang tinh thé BFO (Wang, Wang et al., 2018). Huéng nghién ctru pha tap da cé
nhiéu két qua kha quan, d thu hut nhidu sy quan tdm cua cac nha khoa hoc vi chung c¢6 kha ning mang lai
nhiéu tinh chat mai, ting kha nang ing dung cta vét liéu nén BFO. Tuy nhién, huéng nghién ciru nay con
nhiéu diém cin dwoc khai thac nhu: nghién ctru céc tinh chat quang, tinh chit quang tir ctia vat liéu,... nhim
thiét ké, ché tao cac thiét bi da chuc nang.

Trong nghién ctru ndy, chung toi dua vao cc nghién ctru trude ddy va cac két qua da cong bd dé Iya
chon loai tap chét va néng do tap dé pha vao mang nén BFO. Do do, chung t6i da tién hanh pha tap 5%
ion dat hiém RE?* (RE’+ = Y3, Nd**, Sm*") vao vi tri ion Bi** mang tinh thé BFO, nghién ctru anh hudng
ctia cac ion dat hiém 18n cu trac, tinh chit quang hoc cua vat li¢u, cai thién tinh chét sit tir cua vat lidu
BFO.

* Tdc gid lién hé
Email: daovietthang@humg.edu.vn

1280


mailto:nguyenvana@humg.edu.vn

2. Phwong phap ché tao va cac phép do
2.1. Phwong phdp ché tao

Vit liéu BiFeOs, BiFeOs pha tap 5% mol ion dat hiém RE> (RE* = Y**, Nd*', Sm*") dugc ché tao bang
phuong phép Sol-gel. Céc tién chit dugc ding dé ché tao vat liéu gdm c6 Bi(NOs)3.5H,0, Fe(NO3):.9H,0,
Y(NO3)3.6H20, Nd(NO3)3.6H20, Sm(N03)3.6H20, axit citric CgHgO7 va ethylen glyCOl C,HgOs. Dﬁu tién,
cac mudi Bi(NO3)3.5H,0, Fe(NO;3);.9H,0 va cac mubi dat hiém RE(NOs);.6H,0 duge can dung ti phan.
Sau d6, cac chat nay duoc khudy tron déu trong 10 ml nude bang may khuay tir trong thoi gian 15 phit thu
duge hdn hop A. Budc tiép theo, thém 35 ml dung dich axit citric vao hdn hop A, tiép tuc khudy bang may
khudy tir ddng thoi gia nhiét va gitra ¢ nhiét d6 50 °C - 60 °C trong thoi gian 1 gid thu duoc dung dich Sol.
Budc tiép theo nho thém 15 ml dung dich ethylen glycol, tiép tuc khudy bang may khuay tir trong thoi gian
30 phut. Sau d6, ting nhiét d6 dung dich Sol 1én 100 °C dé lam nudc bay hoi sau 3 gior thu dwoc Gel uét.
Gel u6t dugc say ¢ 130 °C trong thoi gian 3 gio thu duoc Gel kho. Cudi cling, Gel kho dugc 0 ¢ nhiét do
800 °C trong thoi gian 7 gid thu duoc vat liéu dang bot. Cac mau BiFeOs, BiFeO; pha tap ion Y3, Nd**,
Sm’* dugc ky hiéu tuong tmg 1a BFO, BYFO, BNFO, BSFO.

2.2. Cac phép do

Trong nghién ctru ndy, cdu tric tinh thé, tinh chit sat tir va quang hoc cua vat lidu duoc khao sat bang
cac k¥ thuat khac nhau nhu: Gian d6 nhidu xa tia X (XRD) trén hé do Equinox 5000 (Cu-Ka, A = 1,5406
A) dung dé nghién ctru cdu tric tinh thé cic mau. Tinh chét tir duoc x4c dinh bang chu trinh tir tré trén hé
do Lake Shore Cryotronics, 7404 VSM. Phé hap thu quang hoc duoc do trén hé do Jasco V670.

3. Két qua va théo luin

Hinh la la gian d6 nhidu xa tia X ciia cac mau BFO, BYFO, BNFO, BSFO. Két qua ¢ cho thay cac dinh
nhiéu xa xuét hién phu hop voi thé chuan JCPDS s6 71-2494. Theo thé chuan nay cac mau co cu tric mat
thoi thudc nhém khéng gian Ric, cac dinh nhidu xa chinh xuét hién twong tmg véi cac mit phang mang
(012), (104), (1 10) (006), (202) (024), (116), (122), (018) va (300) Quan sat trén H1nh la, ta nhén thay vi
tri cac dinh nhidu xa clia cac mau pha tap ion dat hiém so véi mau BFO c6 su dich vé phla goc 26 1on. T
dir lidu phan tich XRD, st dung phin mém UnitCell chiing t6i xac dinh dugc hing sé mang tinh thé ctia
c4c mau BFO, BYFO, BNFO va BSFO, két qua thé hién trong Hinh 1b. C6 thé thiy hing s6 mang tinh thé
clia vat liéu giam khi pha tap pha tap cac ion dat hiém. Nguyén nhan la do cac ban kinh ion cua Y** (1,019
A), Nd* (1,109 A), Sm** (1,079 A) nh6 hon ban kinh ion Bi** (1,170 A) nén khi cac ion dat hiém RE®
(Y*,Nd*, Sm™") thay thé vi tri ion Bi** trong mang tinh thé BFO sé& lam co mang tinh thé din toi hang sb
mang tinh thé giam. Ngoai ra, su sai khac vé do 4m dién cuia cac nguyén té dat hiém Y (1,22), Nd (1 14),
Sm (1,17) so v6i Bi (2,02) lam thay ddi do dai lién két glua Bi/RE-O cing dan toi sy thay d6i hang s6 mang
tinh thé. Két qua phan tich gian d6 nhiu xa tia X 1a bang chtng cho thiy co sy thay thé cia cac nguyén to
dét hiém vao vi tri Bi trong mang tinh thé. Sy thay thé ctia ion d4t hiém vao vi tri ion Bi** s& lam thay d6i
tinh chit quang hoc va tinh chat sat tir cia vat liéu. Diéu nay, s& dugc ching t6i d& cap trong phan tiép theo.
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Hinh 1. (a) Gidn d6 nhiéu xq tia X ciia cdc mdu BFO, BYFO, BNFO, BSFO; (b) Hing s6 mang tinh
thé cua cdc mau BFO, BYFO, BNFO, BSFO

Dé xac dinh anh hudng cua ion d4t hiém 1én tinh chét tir cia vat liéu, chung toi tién hanh khao sat chu
trinh dién tré (M-H) ciia cac mau ché tao. Hinh 2 1a chu trinh tir tr& ciia cic miu BFO, BYFO, BNFO va
BSFO do & nhiét d6 phong véi tir truong ngoai cuc dai 11 kOe. Ta nhan thay tat ca cac mau thé hién tinh
chét sat tur yéu. Dua vao két qua do M-H, ching t6i xac dinh dugc tir 46 bdo hoa M, tu d6 du M, va luc
khang tir H. cla tat ca cac mau, két qua chi trén Bang 1. Quan sat Bang 1, ta c6 thé thiy vat liéu BFO c6 tir
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dd bao hoa Ms = 0,046 emu/g, tir d¢ du M, = 0,007 emu/g va luc khang tir H. = 167 Oe. Gia tri M, va M,
clia cac mau pha tap ion dat hiém duoc ting cudng hon so véi mau BFO. Vi ndng d6 pha tap nhu nhau
(5% mol), mau pha tap ion Nd (BNFO) tinh chét tir dwoc cai thién tot nhat véi Ms = 0,147 emu/g va M, =
0,010 emu/g. Chung t6i c6 thé 1y giai diéu ndy nhu sau: Nhu da biét tinh chét tir cia vat liu BFO c6 ngudn
gdc tir twong tac siéu trao ddi giira cac dién tir 16p 3d cuia Fe va cac nut khuyét 6xy. Khi cic ion dat hiém Y,
Nd*, Sm** duoc thay thé vao vi tri ion Bi** khi nung miu ¢ nhiét d cao s& tao ra cac niit khuyét oxy va cic
sai hong mang dan t6i cai thién tinh cht sat tir ctia vat liéu. Mat khac, sy thay thé ion Y?*, Nd**, Sm** vao vi
tri ion Bi** 1am xuét hién tuong tac siéu trao dbi giita cac electron 16p 4f ciia RE (RE) voi cac electron 16p 3d
ctia Fe. Vi vay, tinh chét sat tir clia cac mau pha tap duoc ting cudng hon so véi mau nén BFO. Cac nghién
ctru trude day ciing chi ra ring twong tac siéu trao doi glua cac electron 16p 4f cia nguyén to dét hiém RE va
céc electron 16p 3d cua Fe gitp ting cudng tinh chit st tir ca vat liéu BFO pha tap cac nguyén té dat hiém
RE (Chandra Sati, Kumar et al., 2015; Thang, Nguyen et al., 2020). Ngoai ra, su sai khac vé ban kinh ion va
d6 am dién clia cac nguyén té dat hiém so v6i Bi dan toi sy 1ap khong day ¢ hdc 12 mat tao boi cac bat dién
FeOs. Vi viy, ¢ su xoay céac bat dién FeOs 1am cho tuong tc siéu trao ddi Fe>*-O%-Fe** manh hon, tinh chit
sit tir duoc tang cuong (Thang, Nguyen et al., 2020; Xue, Tan et al., 2014).
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Hinh 2. Chu trinh tir tré ciia cdc méu BFO, BYFO, BNFO v BSFO

-10000 5000 10000

Bang 1. Tir do bdao hoa M, tir do duw M, va luc khdng tir H. cua cdc mdu BFO, BYFO, BNFO va BSFO

Mau M (emu/g) M, (emu/g) H. (Oe)

BFO 0,046 0,007 167
BYFO 0,098 0,012 586
BNFO 0,147 0,010 342
BSFO 0,103 0,026 310

Dé x4c dinh anh hudng cua cac ion dat hiém 1én tinh chat quang hoc khi pha tap chung vao vit liéu BFO,
chung toi da tién hanh do phd hip thu quang hoc trén hé do Jasco V670, trong khoang budc song 230-750
nm. Hinh 3a 1a phd hép thu quang hoc ciia cic mau BFO, BYFO, BNFO va BSFO. Ta nhan thiy ph6 hip
thu cua cdc mau xuit hién dinh hép thu & vi tri budc song 500 nm, hai bo hép thu ¢ vi tri budc song 500-
600 nm va 650-750 nm. Trong d6, bd hap thu & vi tri bude séng 500-600 nm c¢6 ngudn gde tir chuyén doi
dién tir tir trang thai 2p cta O trong ving hoa tri 1én trang thai 3d cta Fe trong ving dan. Bo hip thy ¢ vi
tri budc song 650- 750 nm lién quan téi chuyén doi dién tir tir mirc ning lwong 1, 1én mirc ning luong e,
trong dai dan (He, Ma et al., 2015). Diéu nay ciing pht hop véi nghién ciru cua Liu (Liu, Fan ez al., 2011)
da chi ra dong gop phan 16n vao phé hip thy 1a do dién tir chuyén tir trang thai 2p cua O 1én trang thai 3d
(12¢ €,) ctia Fe. Quan sat trén Hinh 3a, ta ¢6 thé thiy rang dinh hip thy, bo hép thy va chan b hap thy ctia
c4c miu pha tap dich vé phia budc song 16n so véi mau BFO. Dé x4c dinh d6 rong ving cAm quang hoc
clia cac mau, ching toi sir dung phuong phap Wood Tauc biéu dién (a.hv)"2 theo hv dé tinh d6 rong ving
cAm quang hoc cta cac mau (Thang, Nguyen et al., 2020). Hinh 3b minh hoa cach x4c dinh E, cia mau
BFO, cich xac dinh E, ddi véi cac mau con lai duoc lam twong tu. Két qua cho thiy cac mau BFO, BYFO,
BNFO va BSFO c¢6 bé rong ving cAm quang hoc twong ung 1a 2,28 eV, 2,14 eV, 2,10 eV va 2,05 eV.
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Hinh 3. (a) Phé hdp thu quang hoc cua BFO, BYFO, BNFO, BSFO;
(b) Minh hoa cdch xdc dinh bé rong ving cam quang hoc ciia mau BFO

4. Két luin
Trong béo cdo ndy, chung t6i da ché tao thanh cong vat liéu BiFeO;, BiFeOs pha tap 5% ion dat hiém
RE* (RE = Y?*', Nd*, Sm’") bang phuong phap sol-gel. Cac mau ché tao két tinh don pha ciu triic
rhombohedral. Vit liéu BFO c6 hang s0 mang tinh the a=>5,585 A va ¢ =13,866 A, bé rong ving cdm
quang hoc E, = 2,28 eV, vat liéu thé hién tinh chat st tir yéu voi M, = 0,046 emu/g va M;= 0,007 emu/g.
Vit liéu BFO pha tap céc ion d4t hiém c6 hiang s6 mang tinh thé a, ¢ va bé rong viing cdm quang E, giam
so v6i vat liéu BFO. Tinh chét tir cia vat lidu pha tap dat hiém Y?*, Nd**, Sm** duoc tang cuong so voi
mau BFO. Trong d6 mau pha tap ion Nd** (BNFO) cai thién tinh chét tur tét nhit véi M ting gip 3,20 lan
so véi mau BFO.

Loi cidm on y . )
Béo cag duogc ho trg kinh phi tir dé tai Khoa hoc va Cong ngh¢ cap co sé ciia Truong Pai hoc Mo - Dia
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ABSTRACT
Effect of rare earth ions (Y**, Nd**, Sm**) on crystal structure, optical
and magnetic properties of BiFeO3 materials

Dao Viet Thang”, Nguyen Manh Hung, Ho Quynh Anh, and Nguyen Thi Dieu Thu
Hanoi University of Mining and Geology

BiFeOs; (BFO), BiFeO; doped 5% molar of rare earth ions RE>* (Y3*, Nd*", Sm*") were synthesized by
a sol-gel method. The crystal structure, ferromagnetic and optical properties of the samples were
investigated by different techniques such as X-ray diffraction pattern (XRD), optical absorption spectra
UV-vis, and magnetic hysteresis loops (M-H). The XRD results show the single-phase crystalline of all the
samples in the rhombohedral structure belonging to the Ric space group. Lattice parameters of BFO are a
=5.585 A, ¢ =13.866 A. The BiFeOs doped 5% molar of RE*" ions the lattice parameters of @ and ¢ both
decreased compared with those of BFO. The optical band gap of BFO material is E; = 2.28 e¢V. The value
band gap of BFO materials doped ions RE®" decreases compared with that of BFO materials. The BFO
materials exhibit simultaneously weak ferromagnetic and ferroelectric properties with saturation
magnetization Ms = 0.046 emu/g, remnant magnetization M, = 0.007 emu/g. The ferromagnetic of the BFO
doped materials are improved better than that of the BFO materials. In this report, we will discuss the origin
of the ferromagnetic, and optical properties of materials.

Keywords: BiFeO;, BiFeO; doped (Y**, Nd**, Sm*"), XRD, M-H, optical absorption
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ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARWI SONRCE 0 VA TAI NGUYEN VOI PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctru cAu trac tinh thé, tinh chat sat dién va sét tir
cua vat liéu Bio,osREo,05Fe0,975N10,02503 (RE = La, Ho)

Dao Viét Thing", Nguyén Manh Hung, Ho Quynh Anh, Nguyén Thi Di¢u Thu
Truong Pai hoc Mo - Dja chat

TOM TAT

Vit li¢u BiFeO3 (BFO), vét BiFeOs pha tap ddng thoi 5% ion dat hlem (La** hogc Ho™") va 2,5% ion Ni**
dugc ché tao bang phuong phap sol-gel. Cau tric tinh thé, tinh chat sat tir va sat dién cua cac mau duge
khao sat bang cac k¥ thuat khac nhau nhu: Gian d6 nhiéu xa tia X (XRD), pho tan sic ning lugng tia X
(EDS), chu trinh tir tré (M-H), chu trinh dién tré (P-E). Két qua phan tich EDS cho thiy cdc mau ché tao co
thanh phan hoa hoc phii hop. Két qua XRD chi ra cac mau ché tao két tinh don pha trong cau tric mit thoi
thuéc nhom khéng gian Rsc. BFO c6 hing sé mang tinh thé a = 5,565 A, ¢ = 13,818 A va kich thudc tinh
thé trung binh Lxrp = 602 A. Khi pha tap ddng thoi (La®*, Ni2") hodc (Ho**, Ni2*) vao mang nén BFO cho
thdy hing s mang tinh thé a, ¢ va kich thu6c tinh thé trung binh Lxrp déu giam. Vat liéu BFO thé hién
ddng thoi tinh chét sét tir, sat dién yéu v6i tir 46 bdo hoa M, = 0,047 emu/g, tir d6 du M, = 0,008 emu/g, do
phan cyc dién bao hoa Ps = 0,290 uC/cm? va do phan cyc dién du P; = 0,087 pC/cm?. Tinh chat sit tir va
sat dién cta vét liéu pha tap duogc cai thién tot hon so véi vt liéu nén BFO. Trong bao c4o nay, ching toi
s& thao luan vé nguon g0c cua tinh chét sit tir, sit dién cua vat liéu.

Tir khéa: BFO pha tap dng thoi (La3*, Ni2"), (Ho®*, Ni2"), sit tir, st dién, nhiéu xa tia X.

1. Pit van dé

BiFeOs; (BFO) 1a mot trong so rat it vat liéu da pha dién tir ty nhién, ton tai dong thoi hai trat tu sat dién
v6i nhiét d6 Curie Tc = 1100 K va phan st sit tir voi nhiét do Neél T = 640 K. Do vay, BFO 1a vt liéu
tiém ning cho mg dung trong céc thiét bi dién tr nhu: thiét bi doc va ghi tir, cic bd nhd, bo thu phat song
siéu Am, cam bién, hoac thiét bi da chirc nang (Eerenstein, Mathur er al., 2006; Kim, Han et al., 2012).
Nhung ¢ nhiét d¢ phong vat liéu BFO co6 tir 46 Ms va d6 phan cyuc dién Ps nho 1am han ché kha nang ing
dung cua vt liéu BFO. Dé khic phuc diéu ndy, cac nghién ctru da tién hanh theo hai hudng 13 pha céc tap
chét vao mang tinh thé BFO hoic tao vat liéu composite voi cac vat li€u st tir nhdm cai thién tinh chat st
tir va sat dién cua vat liéu BFO (Gautam, Singh er al., 2011; Kumarn, Sati er al., 2015; Song, Ma et al.,
2014). Theo hudng nghién ctru pha tap, cac nghién ciru truge day da cho thdy tinh chat tir ctia vt liéu dugc
tang cuong khi pha tap cac ion dat hiém vao vi tri Bi hodc pha tap cac ion kim loai chuyén tiép vao vi tri
cua Fe (Azuma, Kanda et al., 2007; Iyyappa Rajan, Mahalakshmi et al., 2017; Thang, Nguyen ez al., 2020;
Zhao, Zhang et al., 2013). Tuy nhién, dé c6 tir 46 16n thi can pha tap véi ndng do tap chat lon dan toi sy
chuyén pha cau triic hodc cac pha la. Diéu nay lam tang mat d¢ dong ro lam giam tinh chat sat dién cua vat
lidu. Cac nghién ctru gan day cho thay khi pha tap dong thoi ion dat hlem va ion kim loai chuyen tiép vao
cac vi tri cua Bi va Fe s€ ca thién ddng thoi ca tinh chat st dién va sat tir ma khong lam chuyén pha cau
truc, khong xut hién cac pha céu tric la (Chakrabarti, Das et al., 2012; Mai Oanh, Thang et al., 2020; Yun,
Xing et al., 2015). Pay la mot huéng nghién ctru dang thu hut nhiéu su quan tam cua cac nha khoa hoc vi
chung c6 kha nang mang lai nhidu tinh chat méi, ting kha nang ng dung cua vat liéu BFO.

Trong nghién ctru ndy, ching t6i pha tap ddng thoi 5% i ion dat hlem RE*" (RE*" = La*, Ho*") va 2,5%
ion Ni** vao mang nén BFO nham tang cuong tinh chét sit dién va sét tir cia vat liéu BFO. Sy thay thé
ddng thoi ion dat hiém RE® va ion Ni2* s& tao ra twong tic siéu trao ddi va trao d6i kép lam ting cuong
tinh chat tir cta vat liéu. Hon nita, su thay thé déng thoi ion dat hiém RE®* va ion Ni2* déng thoi cling tao
ra sy méo céu trac dan t6i tang sy phan cyc dién, cai thién tinh chét sat dién cua vat lidu.

2. Phuong phap ché tao va cac phép do
2.1. Phwong phap ché tao

Vit lidu BiFeOs, BiFeOs pha tap Ni, BiFeOs pha tap dong thoi (Ho*, Ni2*) hodc (La®*, Ni%") dugc ché
tao bang phuong phép Sol-gel. Cac hoa chit dugc ding dé ché tao vat liéu gom c6 Bi(NOs)s;.5H,0,

* Tdc gid lién hé
Email: daovietthang@humg.edu.vn
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Fe(NO3)3.9H,0, Ho(NO3)3.6H,0, La(NO3)3.6H>0, Ni(NO3),.6H,0, axit citric CeHsO7 va ethylen glycol
C,H40,. Pau tién, cac mudi Bi(NOs)3.5H,0, Fe(NOs)3.9H,0 (d6i véi cic mau pha tap c6 thém cac mudi
Ho(NO3)3.6H20, va Ni(NO3)2.6H:0 hodc La(NO3)3.6H0 va Ni(NO3)2.6H20) duoc can ding ti phan. Sau
d6, cac chat nay dugc khuay tron déu trong 10 ml nudc bang may khudy tir trong thoi gian 15 phit dugc
hdn hop A. Budc tiép theo, thém 35 ml dung dich axit citric vao hdn hop A, tiép tuc khudy bang may khudy
tir ddng thoi gia nhiét va gitta ¢ nhiét d6 50 - 60 °C trong thoi gian 1 gio thu dugc dung dich Sol. Sau dé
nho thém 15 ml dung dich ethylen glycol, tiép tuc khudy bang may khudy tir trong thoi gian 30 phut. Tiép
theo, tdng nhiét 6 dung dich Sol 1én 100 °C dé lam nudc bay hoi sau 3 gid thu dugce Gel uét. Gel uét dugce
sdy & 130 °C trong thoi gian 3 gio thu dwoc Gel kho. Cudi ciing, Gel khé duge u & nhiét do 800 °C trong
thoi gian 7 gio thu dugce vat liéu dang bot. Cac mau BiFeOs, BiFeO; chi pha tap Ni, BiFeO; pha tap dong
thoi Ho va Ni, BiFeOs pha tap d@)ng thoi La va Ni dugc ky hiéu twong tng 1a BFO, BENO, Ho-Ni, La-Ni.

2.2. Cac phép do

Trong nghién ctru nay, thanh phan hoa hoc, cu tric tinh thé, tinh chét sit dién va sit tir cia vat liu
dugc khao sat bang cac k§ thuat khac nhau nhu: phép do pho tan xa nang lugng tia X (EDS) thuc hién trén
hé QUATA 450 dung dé phan tich thanh phan héa hoc ctia mau. Gian d6 nhiéu xa tia X (XRD) trén hé do
Equinox 5000 (Cu-Ko, A = 1.5406 A) ding dé nghién clru cau trac tinh thé cac mau. Tinh chat sat tir ctia
mau duge khao sat trén hé do Lake Shore Cryotronics, 7404 VSM. Tinh chét sit dién cua mau duogc khao
sat trén hé do Radiant, Precision LC 10 V.

3. Két qua va thao luin

Dé xéc dinh thanh phan hoa hoc cta cac mau ché tao, chung t6i di tién hanh phan tich phd tan xa ning
lwong tia X clia cac mau BFO, Ho-Ni, La-Ni. Hinh 1 13 ph tan xa nang lugng tia X cua cac mau BFO, Ho-
Ni va La-Ni. Quan sat trén Hinh 1, ta thdy mu tit ca cac miu déu xuét hién cac dinh dic trung cia cac
nguyén t6 Bi (1,86 keV va 2,43 keV), Fe (0,67 keV, 6,34 keV va 6,98 keV) va O (0,47 keV). Ddi voi mau
Ho-Ni xuét hién thém dinh dic trung cua Ho (1,33 keV va 6,65 eV) va Ni (7,42 keV). Mau La-Ni xuét hién
thém céc dinh dédc trung cua La (4,60 keV va 4,98 keV) va Ni (7,42 keV). Két qua nay cho théy cic mau
ché tao c6 thanh phan hoéa hoc phu hop. Pay 1a cian ¢t ban dau dé ching t6i tiép tuc khao sat cau tric, tinh
chat ctia cac mau ché tao.
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Hinh 1. Phé tdn sdc ndng lwong tia X ciia cdc mau BFO, Ho-Ni, La-Ni

Hinh 2 1 gian d6 nhiéu xa tia X (XRD) cua cac mau BFO, BENO, Ho-Ni va La-Ni. Gian dd nhiéu xa
clia tit ca cic mau phu hop véi thé chudn JCPDS s6 71-2494, cic mau két tinh trong cdu triic mat thoi thude
nhom khéng gian Ric. Cac dinh dic trung chinh xuét hién twong img vé6i cic mit phing mang (012), (104),
(110), (062), (202), (024), (116), (122), (108) va (300). Quan sat Hinh 2, ta thay su dich vi tri cta cac dinh
(012), (104) va (110), diéu nay cho thay sy anh hudng ciia ion N1 va jon dit hiém (Ho*" hodc La*") 1én
cAu tric mang tinh thé ctia vat liéu. Tur dir liéu do XRD, hang s6 mang tinh thé a, ¢ va kich thudc tinh thé
Lxzrp duoc xac dinh bang phan mém UnitCell va cong thirc Debye Cherrer, két qua dugc chi ra trong Bang
1. Quan sat Bang 1, ta thdy miu BFNO c6 hang s6 mang va kich thudc tinh thé nho hon so véi mau BFO.
Diéu nay co thé 1y giai 1a do ban kinh ion ciia Ni** (0,690 A) 16n hon ban kinh ion Fe** (0,645 A), khi ion
Ni%* thay thé vi tri ion Fe** s& lam dan mang tinh thé din dén hiang s6 mang tinh thé va kich thudc tinh thé
tang. Bang 1 cling cho thiy d6i v6i cac miu pha tap dong thoi Ho-Ni va La-Ni hing sb mang tinh thé va
kich thudc tinh thé nhé hon so v&i mau chi pha tap Ni (mdu BFNO). Nguyén nhén 1a do cac ban kinh ion
ciia Ho** (1,015 A), La*" (1,160 A) nhé hon ban kinh ion Bi** (1,170 A) nén khi cac ion dat hiém (Ho®*
hodc La’") thay thé vi trf ion Bi** trong mang tinh thé BFO s& lam co mang tinh thé dan toi hang s6 mang
tinh thé va kich thudc tinh thé cua cic miu Ho-Ni va La-Ni giam so véi miu BFNO (Lazenka, Zhang et
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al., 2012; Park, Yoo et al., 2014; Shgnnop, 1976; Surdu,‘Trusca etal., 2019; Thang, Nguyen et al., 2020).
Ket qua thu dugc tir phép do gian d6 nhicu xa tia X 1a bang chimg cho thay cac ion dat hiem (Ho*", La’")
da thay the vi tri ion Bi**, cac ion Ni?* thay thé vi trf ion Fe3" trong mang tinh thé BFO.
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Hinh 2. Gian d6 nhiéu xa tia X ciia cdc mau BFO, BFNO, Ho-Ni va La-Ni
Bdng 1. Hﬁng 56 mang tinh thé a, ¢ va kich thudc tinh thé Lxrp cia cdc mau BFO, BFNO, Ho-Ni, La-Ni

Mﬁu a (A) C (A) Lxrp (A)
BFO 5,565 13,818 602
BFNO 5,577 13,845 624
Ho-Ni 5,560 13,815 596
La-Ni 5,570 13,835 618

Su thay thé dong thoi ion dat hiém RE®* va Ni** vao mang tinh thé BFO dugc ky vong s& céi thién tinh
chét sit dién, sit tir cua vat liéu. Tinh chét sit tir cua vat liéu duge khao sat bé“lng phép do chu trinh tir tré.
Hinh 3 14 chu trinh tir tré ciia cac mau BFO, BFNO, Ho-Ni va La-Ni do & nhiét do phong véi tir truong
ngoai cuc dai 5000 Oe. Nhu quan sat thdy trong Hinh 3, tat ca cic mau thé hién tinh chét sat tir yéu. T dir
lidu do chu trinh tir tré, tir d biio hoa (M), tir 46 du (M,) va luc khang tir (H.) cta tat ca cac mau dugc xac
dinh va chi ra trong Bang 2. Két qua cho thiy tinh chat st tir ciia vat liéu BENO, Ho-Ni va La-Ni duogc cai
thién 3 rét so v6i mau BFO. Mau BENO, tinh chét sét tir dugc cai thién tot nhat voi M, = 0,702 emu/g va
M; = 0,169 emu/g. Chung t6i c6 thé giai thich két qua trén nhu sau: Nhu di biét tinh chat tir ciia vét lidu
BFO c6 ngudn goc tir trong tac siéu trao doi gitra cac dién tir 16p 3d cua Fe va cac nit khuyét oxy. Khi cac
ion Ni%* dugc thay thé vao vi tri ion Fe?*, cac ion dat hiém Ho®" hodc La®>" dugc thay thé vao vi tri ion Bi¥*
khi nung mau ¢ nhiét do cao sé& tao ra cac nit khuyét 6xy va cac sai hong mang dan toi cai thién tinh chit
sat tir ciia vat liéu. Mt khac, su thay thé ciia ion Ni2* vao vi tri ion Fe** tao ra twong tac trao d6i kép Fe**-
OZ>-Fe**, sy thay thé ion Ho** hodc La®* vao vi tri ion Bi** 1am xuat hién twong tac siéu trao doi giira cac
electron 16p 4f ctia Ho (hodc La) véi cac electron 16p 3d cua Fe/Ni. Nhing dic trung trén dan téi sy cai
thién tinh chat sat tir ciia vt lieu BFO. Cac nghién ciru trudc day ciing chi ra rang twong tac siéu trao d6i
giita cac electron 16p 4f ctia nguyén to dat hiém RE va cac electron 16p 3d cua Fe/Ni gitip ting cudng tinh
chat sit tir cia vat liéu BFO pha tap cc nguyén t6 dat hiém RE (Chandra Sati, Kumar et al., 2015; Thang,
Nguyen et al., 2020).
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Hinh 3. Chu trinh tir tré ciia cdc mu BFO, BFNO, Ho-Ni va La-Ni
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Bang 2. Gid tri tir Ao bdo hoa M, tir d6 dw M, va luc khdng tie H, cua cdc méu BFO, BFNO, Ho-Ni, La-Ni

Mau M; (emu/g) M, (emu/g) H. (Oe)
BFO 0,047 0,008 429
BFNO 0,702 0,169 130
Ho-Ni 0,579 0,126 123
La-Ni 0,673 0,185 130

Tinh chét sit dién cua cac mau ché tao duogc khao sat béng phép do chu trinh dién tré. Hinh 4 biéu dién
chu trinh dién tré clia cic mau BFO, BFNO, Ho-Ni va La-Ni do & nhiét do phong véi dién truong ngoai
cuc dai 4 kV/cm. Nhu quan sat trén hinh ta thy tat ca cic mau thé hién tinh chét sat dién yéu. Tir két qua
do, chung t6i xac dinh duge d6 phan cuc dién bao hoa (Ps), d6 phan cuc dién du (Pr) va lyc khang dién (E)
va chi ra trong Bang 3. Tinh chat sit dién ciia mau BFNO, Ho-Ni, La-Ni dugc cai thién t6t hon so v6i mau
nén BFO. Cac miu pha tap dong thoi Ho-Ni hodc La-Ni, tinh chét sit dién duoc cai thién tot hon mau chi
pha tap Ni (BFNO), miu Ho-Ni gia tri Ps va P; 16n nhét. Két qué nay co thé giai thich nhu sau: sy thay thé
ctia ion Ho®" hodc La’* vao vi tri ion Bi** 1am thay dbi lién két Bi/Ho-O hoic Bi/La-O. Mt khéc sy ting
cuong gia tri Ps va P, cling bét ngudn tir su thay thé cuia Ni vao vi tri Fe tao ra cac nut khuyét 6xy va thay
ddi bat dién FeOs (Mukherjee, Basu et al., 2014; Thang, Nguyen et al., 2020; Vijayasundaram, Suresh et
al., 2016).
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Hinh 4. Chu trinh dién tré cia cdc mau BFO, BENO, Ho-Ni va La-Ni
Bang 3. Gid tri Py, P, va E. cua cdc mau BFO, BFNO, Ho-Ni va La-Ni

Mau Ps (uC/cm?) P; (uC/cm?) E. (kV/cm)
BFO 0,290 0,087 0,839
BFNO 0,374 0,155 1,415
Ho-Ni 71,499 23,437 1,071
La-Ni 10,831 5,295 1,632

4. Két luan

Trong bao cao nay, chung toi da ché tao thanh cong vt liéu BFO, BFNO, Ho-Ni va La-Ni béng phuong
phép Sol-gel. Cac mau ché tao ¢6 thanh phan héa hoc 1a phit hop. Cac miu c6 cdu tric mat thoi thuge nhom
khong gian Rsc, mau pha tap Ni (BFNO), pha tap dong thoi Ho-Ni hodc La-Ni co hang 50 mang va kich
thude tinh thé giam so véi mau nén BFO. Mau BFO thé hién ddng thoi tinh chét sat tir va sat dién voi M;
= 0,047 emu/g, M, = 0,008 emu/g, Ps = 0,290 pC/cm?, P, = 0,087 uC/cm? Cac mau BFNO, mau pha tap
dbng thoi (Ho-Ni hodc La-Ni) tinh chét sét tir va sit dién dwoc cai thién tot hon so v6i mau nén BFO. Trong
d6 mau BFNO cai thién tinh chat sat tir tot nhat véi tir do béo hoa l6n nhit M, = 0,702 emu/g, M; = 0,169
emu/g. Mau Ho-Ni, tinh chét st dién duoc cai thién tét nhat véi Ps = 71,499 pC/em?, P, = 23,437 uC/em>

Loi cadm on 5 . )
Bao cao duogc ho trg kinh phi tur dé tai Khoa hoc va Cong nghé cap co sé ciia Truong Pai hoc Mo - Dia
chat ma so T22-18.
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ABSTRACT
Study on crystal structure, ferroelectric and ferromagnetic properties
of materials Bio.9osREo.0sF€0.97sN10.02s03 (RE = La, Ho)

Dao Viet Thang”, Nguyen Manh Hung, Ho Quynh Anh, and Nguyen Thi Dieu Thu
Hanoi University of Mining and Geology

BiFeO; (BFO), BiFeOs; co-doped 5% molar of rare earth ions (La*" or Ho*") and 2.5% molar
of Ni*" ions were synthesized by a sol-gel method. The crystal structure, ferromagnetic and
ferroelectric properties of the samples were investigated by different techniques such as: X-ray
diffraction pattern (XRD), X-ray energy dispersive spectrum (EDS), magnetic hysteresis loops
(M-H), polarization electric hysteresis loops (P-E). EDS analysis results show that the all samples
have suitable chemical composition. The XRD results show the single-phase crystalline all the
samples in the rhombohedral structure belonging to the Rsc space group. Lattice parameters and
average crystal size of BFO are a = 5.565 A, ¢ = 13.818 A and Lxrp = 602 A. With BiFeO; co-
doped (La**, Ni*") or (Ho**, Ni*"), the lattice parameters of a, ¢ and the average crystal size of
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Lxrp both decreased compare with those of BFO. BFO materials exhibit simultaneously weak
ferromagnetic and ferroelectric properties with saturation magnetization Ms = 0.047 emu/g,
remnant magnetization M; = 0.008 emu/g, saturation electrical polarization P; = 0.290 pC/cm?
and remnant electrical polarization P, = 0.087 uC/cm?. The ferromagnetic and ferroelectric
properties of the BFO doped materials are improved better than those of the BFO base materials.
In this report, we will discuss the origin of the ferromagnetic, ferroelectric properties of materials.

Keywords: BiFeQOs;, BiFeO; doped (Y**, Nd**, Sm*"), XRD, M-H, optical absorption.
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ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARWI SONRCE 0 VA TAI NGUYEN VOI PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctru vai tro cua cation kim loai chuyén tiép
va nhiét dong hoc cta qua trinh tao phirc
Vii Duy Thinh>", Nguyén Thu Ha'

! Trwong Pai hoc M6 - Dia chat
2 Hoc vién Khoa hoc va Cong nghé - Vién Han lam Khoa hoc va Cong nghé Viét Nam

TOM TAT

Nhiéu két qua nghién ctru khoa hoc cho théy, mot sb ion kim loai & dang “trAn” khong c6 hoat tinh xtc tac
nhung phurc chét cua chung thi lai thé hién hoat tinh xtc tac rd rét, dic biét 1a vé6i cac ion kim loai chuyén
tiép. Do chiing c6 kha ning hinh thanh nhiéu hop chit (mg véi trang thai oxi hoa khac nhau, trong s6 d6 co
nhiéu hop chat khong bén. Boi vy, ching d& tao thanh hop chit trung gian va day ciing 1a nét dic trung
ctia ion kim loai chuyén tiép, dap tng vai trd cua phtrc cht xuc tac. Piéu kién dé mot phirc chit co thé tré
thanh chét xuc tac 1a nd chua bdo hoa phdi tri (ligan chua chiém hét vi tri tu do trong ndi cau phirc chat).
Vi ¢6 nhu vay thi phan tir cdc chat phan tmg m&i c6 thé xdm nhdp vao ndi cau dé lién két phdi tri véi ion
trung tim MZ?* va do d6 duoc hoat hoa va bién d6i hoa hoc tiép theo. Nguoc lai, néu tat ca cac vi tri phéi
tri trong ndi cau phirc chét bi cac phan tir ligan chiém hét thi phtrc chat di bio hoa phéi tri va khong cé hoat
tinh xtc tac, truong hop nay ligan tro thanh chat e ché (e ché bang ligan) d6i véi qua trinh xuc tac.

Tuwr khoa: Phire chat xtc tac, hé xuc tac, ion kim loai va ligan.

1. Pit van dé

Phtrc chét (hop chat phdi tri) 1a cac phan tir (ion, phén tir) dugc tao thanh tir nhitng ion kim loai M*" lién
két voi nhitng phén tir trung hoa hay ion (ligan), ching c¢6 kha ning ton tai doc 1ap trong tinh thé hay trong
dung dich.

Trong dung dich, cac ion hiu nhu khong ton tai dudi dang ion “trAn” ma tuy theo kha ning thuy phan
trong dung dich cac ion thuong ¢ dang phic aqua ([M(HzO)n]Z*) hay phurc hidroxo ([M(OH).]. Do vay,
phén mg tao phirc voi ligan (L) thyc chét 1a phan (ng trao ddi ligan véi cac ligan ty nhién c6 trong dung
dich ban diu cua ion kim loai. Cac ligan ty nhién ¢ diy c6 thé 1a H,O, nhom OH-...(Nguyén Vin Xuyén,
1994; Daniel D. Lecloux. M Amy Marrios, J. Tadashi Mizoguchi and J. Stephen Lippard, 1998). Tuy theo
muéi ban dau va cach pha ché chiing trong cac méi truong khac nhau, cac phtic ban dau co thé 1a phic
aqua, phtrc hidroxo, phtrc halogenua, phirc amoniacat...Néu trong dung dich, cac ion kim loai ton tai &
dang phtrc aqua hay hidroxo thi phan tmg tao phtrc v&i ligan thyuc chat 1a phan tng trao d6i ligan (gia sir
ligan L ta st dung 1a phan tir trung hoa) véi cac ligan ty nhién 1a H,O, OH" theo phuong trinh sau:

[M(H,0),]%* = [M(Hy0)p_1 L] = [M(Hy0)p_s Lo]** .. = [MLy]**

M(OH), = [M(OH),_1L]* = [M(OH), 5 Lo]** .. = [ML,]7*

Nhu vy, cAu tao cia phirc chit gdm ion trung tAm va cac phan tir bao quanh goi la cac phéi tir hay ligan.
Tép hop gém ion trung tam va cac ligan dugc goi la cau ndi cua phre chat. Noi cdu dugc biéu dién bang
déu ngoic vudng bén trong c6 cac ligan va ion trung tam, s6 ligan bao quanh ion trung tdm duoc goi la s0
ph01 tri. Céc tiéu phan bén ngoai ndi cau duoc goi la ngoai cau cua phire chat. Trong dung dich cac phirc
chit bi phan ly thanh ion phtrc. Ton phtrc c6 thé 14 anion, cation hodc 1a phan tir trung hoa tuy thudc vao
tong dién tich cua ion trung tim va céc ligan.

2. Co sé Iy thuyét va phwong phap nghién ciru

Cén chon va ph01 hop v6i cac phuong phap 1y thuyét va thyc nghiém c6 ban chat hoa 1y, vat 1y sao
cho phu hop véi diéu kién xuc tac, tinh dic thu va noi dung cua mdi van dé duoc nghién ctru. Nhu da néu
& trén, co ché cua cac qua trinh xtic tac phirc chat dong thé oxi hoa - khir ciing rat phirc tap va da dang. Dé
thiét 1ap co ché cua qua trinh dién ra trong hé xuc tac duoc chon, can phai nghién ctru:

Vé mat dinh tinh (co ché nguyén tic): xac dinh, chirng minh cac dang phtrc chat dong vai trd xuc tac
(phtrc chat don nhén - da nhan, phtrc cht bio hoa hay chua bdo hoa phdi tri), cac tiéu phan trung gian

* Tdc gid lién hé
Email: vuduythinhbk@gmail.com
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(phirc chat trung gian hoat dong va khong hoat dong) va cac gbc ty do HO*, HO,*.
Vé mit dinh luong: doi hoi phai biét duoc hang sO twong tac ciia cac tiéu phan trung gian hoat dong,
trong d6 c6 gdc tur do: HO*, HO,*..., véi céc co chat c6 trong hé.

3. Noi dung, két qua va thao luin
3.1. Vai tro ciia ion kim loai chuyen tiép trong phiic chét xiic tic

Mot trong nhiing thuyét vé xtc tac cho rang, vai tro xdc tac trong cac phan tng hoa hoc 1a do sy hinh
thanh cac hop chat trung gian, cac nguyén t6 chuyen tiép c6 kha nang hinh thanh nhiéu hop chat tng voi
céc trang thai oxi hoa khac nhau, trong s6 d6 c¢6 nhiéu hop chat khong bén. Boi vay, chung dé tao thanh
hop chat trung gian va day ciing 1a nét dic trung cua cation kim loai chuyén tiép, dap tmg duoc vai tro clia
phirc chit xtic tac. Sy hinh thanh hgp chit trung gian dwgc chia lam hai loai (Nguyén Van Xuyén, 1994;
Hoang Nham, 2003; Jing Li, Wanhong Ma, Yinggping Huang, Xia Tao, Jincai Zhao, Yiming Xu, 2004):

Loai thir nhét 1a hap phuy vat 1y, luc twong tac 13 lyc Van Der Vaals voi |[AH | < 50 kj/mol, mic du ¢
Entanpi hinh thanh c6 gia tri am nhung khong c6 hoat tinh xuc tac (Pao Binh Thirc, 2005; Jing Li, Wanhong
Ma, Yinggping Huang, Xia Tao, Jincai Zhao, Yiming Xu, 2004).

Loai thir hai 12 hap phu hod hoc vo6i [AH | >50 kj/mol Trong qua trinh hap phu hod hoc, hop chat duoc
hinh thanh 14 phirc chat dong vai tro hop chét trung gian trong qua trinh xuc tac. Da sO cac nguyén to kim
loai chuyén tiép & dang don chat va hop chit do ¢6 cau triic electron dic biét nén thuong c6 qua trinh hap
phu hod hoc trong cac hé phan tmg va do d6 dong vai tro xuc tac cho cac phan ung.

Khi chuyén céc ion kim loai chuyen tiép vao phuc chit, quy ludt dong hoc va co ché cua qué trinh oxi
hoa-khtr bi thay d6i mot cach co ban chiang han nhu thay ddi vé chiéu huéng va gidi han ctia phan ung, van
tdc phan ung...Su tac dung dic thu cta cic phirc chat co ¥ nghia rit 16n vi sy tao phuc gitta cac ion kim
loai chuyén tiép (M?") va céc ligan (L) khac nhau 1a mot trong cac phuong phap ¢ hiéu luc nhat dé tao ra
cac phirc ¢6 hoat tinh va d¢ chon loc cao.

Céc ion kim loai chuyen tiép nhom d duoc phan b trong cac chu ky 16n cua hé thong tudn hoan va nim
¢ gifra cac nguyén td s va p, vi vay no c6 cau trac electron khac v6i cac nguyén t6 nay. Trong khi cac
nguyén to svap dién cac electron cudi ciing vao cac obitan 16p ngoai ciing, thi cac nguyén té nay dién cac
electron cudi cling vao cac obitan d cin ngoai ciing vi vy ma chung ¢6 dic diém sau (Jing Li, Wanhong
Ma, Yinggping Huang, Xia Tao, Jincai Zhao, Yiming Xu, 2004; Nguyén Vin Xuyén, 1994):

Hau hét cac nguyén tir kim loai chuyén tiép nhom d & bat ky trang thai oxi hoa nao thi cac obitan d
cling chua dugc dién ddy du (trang thai chua bdo hoa). Do d6, chiing c6 kha ning tao thanh phtrc chét, chu
yéu 1a do sy tham gia cua céc electron d va cac obitan (n-1)d con tréng vao qua trinh hinh thanh lién lién
két hod hoc.

Ning lwong clia cc obitan (n-1)d, ns, np hodc ns, np, nd x4p xi nhau nén kha ning tham gia t6 hop lai
hoa dé hinh thanh lién két mai 1a rat 16n.

Vi véy, theo phuong phép orbital phan tur (MO), khi tuong tac phdi tri vi ligan (L) hodc voi co chit c6
tinh ligan (St thi ion kim loai chuyén tlep M?* ¢6 thé nhan vao orbital trong d(x2 — y?) cac electron chuyén
dén tir L (hodc St) dé hinh thanh lién két o. Dong thoi, ion M*" ¢on ¢ kha nang chuyen ngugc electron tu
orbital dxy ctia M** sang orbital * phan lién két ciia L (hodc S 1) tao thanh lién két & ngugc giita M** va L
(hodc S 1). Két qua 1a su tao phirc da lam yéu di lién két hoa hoc trong ligan L (hodc S ). Qua trinh hoat
ho4 nhu vy twong tu nhur qua trinh hoat ho4 bang céc xtc tac sinh hoc va chinh diéu ndy da giai thich kha
nang hoat hoa cic hop chat cuia phire xtc tac, 1am cho cac phan (mg xuc tac oxi hoa khir c6 thé dién ra ¢
diéu kién mén voi tbe d6 va do chon loc cao. D& minh hoa cho hai loai lién két trén, chung ta xét sy hoat
hoa phan tir C,Hy (etylen) bang phirc chét [PtClz] duge md ta nhu sau (Daniel D. Lecloux. M Amy Marrios,
J. Tadashi Mizoguchi and J. Stephen Lippard, 1998; Tur Van Mac, 1995; Jing Li, Wanhong Ma, Yinggping
Huang, Xia Tao, Jincai Zhao, Yiming Xu, 2004)

Hinh 1: Lién két phoi tri gitta P va CoH,
a. Lién két o b. Lién két mnguoc
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So d6 minh hoa trén hinh 1 mo6 phong qué trinh phan b lai dién tir trén phan phén tir phirc [PtC13C,Ha].
Dién tir dich chuyén tir orbital © cia C2Hy sang orbital d(x2-y?) cua Pt** tao lién két o gitra M** va CoHy
ddng thoi dién tir cling dugce chuyén nguoc tir orbital dxy ctia Pt>* sang orbital ©* ctia CoHq tao thanh lién
két T nguoc gitra Pt va CHa. Su phan bd lai dién tr nhu vay da 1am cho lién két C=C trong phén tir C;Hy
yéu di:

- P giam tan sb dao dong trong phd hong ngoai ctia n6 1a Avec = 200 cm''.

- Do dai lién két tang tir 1,38 A° 1én dén 1,54 A° gidng nhu lién két don thuan tuy.

-D0 boi lién két giam tir 2 xudng 1 Gmg véi sy bién doi trang thai lai hoa tir sp? sang sp? trong cac nguyén
tu C).

Vi vdy, ma cac tic nhan nucleophyl nhu OH-, NH,, HOH, CH;COO ... d& xAm nhap vao cac lién két da
duoc hoat hoa cua CoHs. Nhu vay, su tao phire gitta ion kim loai va ligan da lam thay ddi mat do electron
clia cac cAu tir tham gia phoi tri, trong d6 sy tao phirc giita ion M** va L ¢6 thé nho cac lién két o hodc m,
tuy thudc su xen phii orbital. Diéu quan trong la sy xen phu giita cic orbital twong img ciia M** va L phai
tuan theo quy tic bao toan tinh d6i xting cua cac orbital sao cho xen phu dat cuc dai, dam bao cho sy van
chuyén electron duoc d& dang, tao diéu kién thuan loi cho hoat hod va cac giai doan bién ddi tiép theo trong
qua trinh xtc tac (Tu Van Mac, 1995; Daniel D. Lecloux. M Amy Marrios, J. Tadashi Mizoguchi and J.
Stephen Llppard 1998; Hoang Nham, 2003).

Dé hiéu rd hon nita vé vai tro clia cation kim loai chuyén tiép trong xuc téc, ching ta ¢6 thé so sanh dic
diém va tinh chit ddc trung cia M%* va H'. Proton c6 hoat tinh xtc tac cao trong mdt s6 phan tmg 1a do nd
¢6 kich thude nho, cdu trac ctia né chi gdm mot hat nhan mang dién tich dwong nén ban kinh ctia né nho
hon béan kinh ciia ion kim loai chuyén tiép t6i 10° 1an. Nho vay, hiéu ing an ngir khong gian trong qua trinh
phan ung dbi véi H* 1a rat nho, dé dang tan cong vao cac lién két. Ngoai ra, do proton c6 thé tich nhé nén
mat d6 dién tich 16n. Vi vay, n6 cé kha nang phan cuc 16n va d6 cling 1a nhitng nguyén nhan chinh lam cho
proton co tac dung xuc tac cao.

Tuy nhién, vin d& dit ra 1a mot sé phan tmg duoc xuc tac boi cac axit Bronsted khi thay H* boi MZ*
(Co?*, Ni%*, Mn?*, Fe?"...) hoidc phirc cht ciia chiing thi tbc d6 cua qua trinh lai ting 1én rat nhidu. Khi giai
thich van dé nay mot ) y kién cho réng cac ion M%* ¢6 dién tich duong 16n, mot s6 khac lai cho réng yéu
t6 nay khong phai la chii yéu, ma I kha ning phan cuc va nhén electron ciia MZ* (duoc xéc dinh boi thong
sO Z/r hay Z/1> hay bao gom ca Z va r ctia M%%). Mot sb tac gia lai giai thich: Hoat tinh xtic tac ciia MZ* cao
hon H* 1a do M%* ¢6 kha ning dong thoi phdi tri v6i nhidu chat phan Gmg, hodc véi nhiéu nhém chire trong
phan tir ciia mot chat. Cach giai thich nay phi hop v6i quan niém vé vai trd quan trong ctia phirc chat trong
xuc tac (Tu Van Mic, 1995; Hoang Nham, 2003).

3.2. Nhiét dpng hoc quda trinh tao phirc

Diéu kién dé mot phtrc chit L,M%* c6 thé tré thanh chét xuc tac 14 nd chua bao hoa phdi tri (ligan chua
chiém hét vi tri ty do trong ndi cau phirc chit). Vi c6 nhu vay thi phan tir cac chit phan (g méi c6 thé xam
nhap vao ndi clu dé lién két phéi tri v4i ion trung tAm M?* va do d6 dugc hoat hod va bién dbi hod hoc tiép
theo. Nguoc lai, néu tat ca cac vi tri phdi tri trong ndi cau phtrc chét bi cac phan tir ligan chiém hét thi phirc
chat da bio hoa phbi tri va khong c6 hoat tinh xuc tic, truong hop nay ligan trd thanh chat e ché (e ché
bang ligan) d6i véi qua trinh xuc tac. Tuy nhién, cac trudng hop trén khong cé nghia 1a hoat tinh xtic tac
giam khi sé phdi tri tu do giam, két qua nghién ctru cho thiy rang: hoat tinh xtc tac ciia cac phirc chat MZ*
v6i L = O - phenantrolin (phen) va dipyridin (dipy) thi Mn?*(phen), va Mn?*(dipy) c6 hoat tinh cao hon
nhiéu trong cc qua trinh Catalaza va Peroxidaza so v&i cac phirc Mn?*(phen); va Mn?*(dipy):, mic du sd
vi tri phdi tri ty do ctia hai phtrc dau béng 2 nhé hon s6 vi tri phdi tri ty do ctia hai phtic sau bang 4. Trong
khi @6 thi cac phu’c chat da bao hoa ph01 tri: Mn?'(phen); va Mn”(dlpy)g lal gdy tc ché d6i véi qua trinh
da cho. Nhu Vay, d6i voi mot ndng do dau [MZ*]y cho trudce khi ta thay dbi nong d6 du cta ligan [L]o nghia
1a thay d6i ty s& B = [L]o/[M%*]p thi toc d6 qua trinh xuc tac s& di qua dinh cuc dai tmg v6i mot gia tri p
thich hop tuong tmg (Nguyén Vin Xuyén, 1994; Dao Dinh Thirc, 2005; Jing Li, Wanhong Ma, Yinggping
Huang, Xia Tao, Jincai Zhao, Yiming Xu, 2004; Daniel D. Lecloux. M Amy Marrios, J. Tadashi Mizoguchi
and J. Stephen Lippard, 1998).

Xét trudng hop ligan L va ion kim loai chuyén tiép chi tao ra mét phirc chdt LM#" (K 1a hing s6 bén):

M# + L — LM**
z+
= I M) = Kox (M7 x [1] (1)
Mit khac, néng do dau ciia MZ* duoc xac dinh b.';“lng téng néng do cac dang chira M?* trong dung dich:
[M**], = [M*] + [LM*] 2)
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T d6 suy ra:
KX[MZ"']OX[L]
(LM = — i
+ Khi ndng do ligan rit nho < K.[L] <<I tir (3) = [LM*'] = K.[M*']o.[L]
Nghia la, ndng do ciia phirc chét xuc tac ting tuyén tinh véi [L], hay toc do cua qua trinh xtc tac ting
khi nong do ligan tang.

+ Khi ndng d¢ ligan ting dén mot mic nao d6 ma K.[L] >>1 tir 3)=IL M?="] = [M**],= const. Nghia
13, toan bo ion M%* dugc lién két vao phuc chat xuc tac LM*". Do d6, néu ndng d¢ dau cua ion kim loai co
mot gia tri xac dinh [M?*], va ting dan ndng d6 ctia ligan, nghia 1a B tang thi sy phu thudc cua tc d6 phan
Umg vao f3 s€ c6 dang dudng cong bao hoa.

Trong truong hop tong quat, trong dung dich thanh nhiéu dang phirc chét khac nhau va trong dung dich
ton tai cic can bang:

M# + L 2 [MLP*
M= + 2L 2 [MLy]**
M# + 3L 2 [MLs]*....

Madi dang phirc chat & can bang dugc dic trung khong chi bang hang sb bén ma con bang gia tri thé oxi
hoa-khtr twong (g va do d6 hoat tinh xuc tac cua cic dang phirc chat tao thanh ciing khac nhau Téc do
qua trinh xtc tac luc nay la mot ham phirc tap phy thude vao B =[ L Jo/[ M= ). Nhung da sO trudng hop
thuong gap 1a mot trong cac dang phirc chat duoc tao thanh c6 hoat tinh xuc tac rit cao, dén mirc c6 thé bo
qua hoat tinh xtc tac cua cac dang phtrc khac cing ton tai trong hé xuc tac (Tir Van Mic, 1995; Jing Li,
Wanhong Ma, Yinggping Huang, Xia Tao, Jincai Zhao, Yiming Xu, 2004).

4. Ket luan

Tu cac két qua nghién ctru v& vai trd ion kim loai chuyén tiép va nhi¢t dong hoc cia qua trinh tao phirc,
cho phép chung ta rit ra nhiing két luén co ban:

- Mot s6 ion kim loai & dang “trAn” khong c6 hoat tinh xtc tic nhung phirc chit ciia chung thi lai thé
hién hoat tinh xtc tic 15 rét (ion kim loai chuyén tiép) va kha ning xtic tic clia chiing trong cac phan 0 Ung
hod hoc 1a do sy hinh thanh cac hop chat trung gian va ddy ciing 1a nét dic trung cta ion kim loai chuyén
tiép, dap ung vai tro ctia phirc chat xiic tac.

- Phirc chat L,MZ%* ¢6 thé tro thanh chét xtc tac 1a no chua bdo hoa phéi tri. Chinh vi vay, phan tir cc
chat phan tmg mdi c6 thé xam nhap vao ndi cau dé lién két phdi tri véi ion trung tim MZ* va do d6 dugc
hoat hoa va bién d6i hoa hoc tiép theo. Mdi dang phirc chat ¢ can bang dugc dic trung khong chi bang hang
s6 bén ma con bang gia trj thé oxi hoa khir twong ng va do dé hoat tinh xuc tic cua cac dang phuc chit
tao thanh cling khac nhau.

)
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ABSTRACT
Researching the role of transition metal cations
and thermostics of the creation process
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Many scientific research results show that some metal ions in the "bare" form have no catalytic activity,

but when they are transferred to the complex, they show significant catalytic activity, especially with metal
ions. transition type. Because they have the ability to form many compounds with different oxidation states,
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many of which are unstable. Therefore, they are easy to form intermediate compounds and this is also a
characteristic of transition metal ions, which fulfill the role of the catalytic complex. The condition for a
complex to become a catalyst is that it is not saturated with coordination (ligan has not occupied all the free
positions in the complex endoplasmic reticulum). Because of this, the reactant molecules can enter the
endocytosis to coordinate coordination with the central ion MZ* and thus be activated and undergo further
chemical transformation. Conversely, if all coordination sites in the complex are occupied by ligan
molecules, the complex is saturated with coordination and has no catalytic activity, in which case ligan
becomes an inhibitor. ligan) for the catalytic process.

Keywords: Catalyst complex, catalyst system, metal ions and ligan.
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ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARWI SONRCE 0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctru anh hudng ciia lovastatin dén kha nang giai phong
lovastatin tir vat liéu to hop chitosan/carrageenan

Nguyén Thi Kim Thoa', Vii Quc Manh?, Ha Manh Hung"*, V& Thi Hanh', Vii Quic Trung?
! Trieong Pai hoc M6 - Dia chdt
2Truong Pai hoc Thanh D6, QL32, Lai Xd, Tir Liém, Ha Noi
3Truong Dai hoc Su pham Ha Noi

TOM TAT

Vit liéu sinh hoc chitosan/carrageenan/lovastatin duoc ché tao bang ky phuong phap dung dich v6i ham
luong lovastatin thay dbi so v6i ham luong chitosan/carrageenan ¢6 dinh 1:9 (m/m). Két qua quang pho
hong ngoai bién d6i Fourier (FT-IR) va anh hién vi dién tir quét phat xa truong (FESEM) cho thay cac
thanh phan ciia vat lidu c6 ciu triic hoa hoc 6n dinh, di dugc phan tan vao nhau va bén hoa nho lién két
hydro va twong tac ludng cuc giira cac thanh phan. Do bén nhiét ciia cac polymer nén duoc ting 1én, hat
Lov duoc phan tan vao nén polymer lam giam nhiét d6 nong chay. Kha ning giai phong Lov trong moi
truong pH 2 va pH 7,4 d6i véi dich da day va dich rudt tvong tmg bi anh huong boi ham luong Lov. Két
qua thu dugc mau vat liéu sinh hoc CsCL195 dugc danh gia tdt nhat; cac hat phén tan déu; polymer nén
bén nhiét nhat, nhiét phan huy dat 52,3 °C; qua trinh giai phong thudc kém & méi truong pH 2 (dich vi) va
giai phong tdt & moi truong pH 7,4 (dich rudt) tao diéu kién cho thube hép thu qua té bao niém mac rudt
vao mau, tir d6 ting hiéu qua diéu tri cholesterol mau.

Tir khéa: Lovatatin, vat lidu to hop chitosan/carrageenan, vat liu sinh hoc CsCL

Dit van de

Statin 14 thudc dugc sir dung rong rai nhat dé diéu tri ting cholesterol mau. Cac hop chat nay trc ché cac
enzym hydroxyl metylglutaryl CoA (HMG-CoA reductase). Statin bao gdm lovastatin (Lov), fluvastatin,
simvastatin, atorvastatin va rosuvastatin, trong d6 lovastatin dwoc cht ¥ hon ca. Lovastatin ¢c6 ngudn gbc
tir mot s loai nAm théng qua qua trinh 1én men (Zhao ZJ, 2013). Lov dugc co thé hap thu théng qua duong
tiéu hoa. Cac nghién ctru cho théy sinh kha dung ctia Lov trong vong tuan hoan 16n 1a kha thép va khong
on dinh. Do hap thu cua Lov béng liéu tiém tinh mach trung binh khoang 30% so v&i bang lidu ubng. Do
hap thu qua duong udng giam khoang 30% néu uong khi da day rong. Kha nang thudc gin vai proteln huyet
tuong cao khoang 95%. Ca Lov va chét chuyén hoa f-hydroxy acid déu lién két manh (<95%) voi huyét
tuong ngudi. Thoi gian ban thai (ti2) cua Lov 1a 3 gio va thoi gian tac dong la 4 — 6 tuan sau khi ngung
diéu tri lién tuc. Suhair va cong su da nghién ctru ché tao cac vi hat polymer mang thudc Lov bang phuwong
phép giot tu két tiia tang cudng sy hoa tan Lov. Lov dugc tron véi polymer Eudragit L100 theo ty 1¢ 1:1 va
hon hop duoc hoa tan trong dung moi ethanol. Dung dich hitu co tao ra dugc loc bang mang c6 kich thuge
16 0,45 pm dé loai bo tap chat: 10 mL dung moi hiru co' duge nho giot vao 500 mL nude cét co chira chat
hoat dong bé mit sodium dodecyl sulfate (SDS) & ndng d6 0,125% va duoc khudy bang may khudy co &
toc do 500 vong/phit. Céc vi hat polymer duge hinh thanh ngay lap tirc sau khi tron. Polymer mang thudc
sau d6 dugc siy kho bang may dong kho Telstar Lyo Quest (Suhair S. Al-Nimry, 2016). Kelly A. Langert
va cac cong su da su dung k¥ thuat vi nhi dé duwa mot luong khac nhau ctia Lov vao cac hat nano poly(lactic-
co-glycolic) acid (PLGA) (c6 ty 1€ lactide:glycolide 1a 50:50 hoac 85:15)( Kelly A. Langert, 2017).

Polymer dong trang hop khdi poly (e-caprolactone) - Poly (ethylene glycol) - poly (s—caprolactone)
(PCL-PEG-PCL) da dugc Harmed Nosrati va cac cong su tong hop va s dung trong nghién ctru giai phong
co klem soat Lov. Copolymer nay va Lov cung dugc hoa tan trong acetone. Dung dich duge bom nho glot
bang dng tiém vao nudce cit véi ti 16 ket hop nhét dinh va khudy tir & nhiét &6 phong cho dén khi dung méi
hitu co bay hoi hoan toan, dan dén sy gin két ctia cac copolymer “ludng tinh” tao thanh polymersome. Sau
khi loai bo acetone bang cach bay hoi trong chan khong & 65 °C, dung dich duoc loc qua mang loc 0,45
um dé loai bé Lov tu do. Hat t6 hop thu duge dugc tach ra bang cach ly tim & 20000 vong/phut trong 20
phut va dong kho & &p suat 14 Pa dé loai bo tat ca cac dung mdi con lai va thu duogc to hop nanocomposite
cubi cuing (Hamed Nosrati, 2018).

* Tdc gid lién hé:
hamanhhung@humg.edu.vn
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Tran Ngoc. Quyén va cac dbng nghiép ché tao mot sb hydrogel trén co s chitosan bang phuong phap
tao gel tai chd (in situ), budc dau danh gia kha nang twong hop sinh hoc va kha ning phan huy hydrogel
dinh huéng ung dung lam vét liéu y sinh (Ngoc Quyen Tran, 2011). Tran Pai Lam va cac dong nghiép
nghién ctru ché tao polymer sinh hoc chitosan cau trac nano ng dung lam chat mang thudc nhu artesunat
va paclitaxel lam thudc giai phong cham (Lam Dai Tran, 2010). Céc tac gia da ung dung mot ) phuong
phap tong hop thich hop cho nano chitosan, glycol chitosan. Cac hat nano chitosan da dugc gan voi mot sd
chat c6 hoat tinh sinh hoc ¢ dang tan trong nuéc nhu artesunat va dang kho tan trong nudc nhu curcumin,
gossypol. Thai Hoang va cac ddng nghiép ché tao vat licu to hop polylactic axit/chitosan (PLA/CS) mang
thube nlfedlpm bang phuong phap dung dich va phuong phap vi nhii. Cac dic trung tinh chit va kha ning
giai phong thude cua vat lidu to hop nano PLA/CS/nifedipin ciing da duoc xac dinh. Nifedipin giai phong
tir vat liéu nano PLA/CS/nifedipin theo 2 giai doan (ban dau giai phong nhanh va sau d6, giai phong cham,
¢6 kiém soat) (Thai Hoang, 2016).

Carrageenan la mét loai polysaccharite c6 nhom phycocolloid cung véi agar, alginat. Carrageenan dugc
chiét rat tir rong bién d6 Chondrus Cripus va loai Irish moss thudc ho Rhodophyceae. Tir nhitng loai tio
d6 (Rhodophyceae) nguoi ta di phat hién ra nhiéu loai Carrageenan khac nhau, bao gdm: x-carrageenan, A-
carrageenan, i-carrageenan (V. Nagalakshmi, 1997).

Nguyén Thi Phuong va cac cong su nghién ctru anh hudng cua carrageenan (CG) trén mot s6 dac diém
va qué trinh giai phong allopurinol v6i sy c6 mit ciia polyetylen oxit (PEO). Céc két qua cho thay: qua phd
IR chi ra ring cac nhom sulfat trong CG twong tic voi cac nhom C-O va OH trong PEO va cac nhom C=0,
N-H trong allopurinol. Anh SEM ctia mang chi ra rang allopurinol c¢6 thé phan tan dong déu trong mang
CG khi str dung PEO (2% trong lugng). Kha ning mang thudc cua mang CG dat tir 49,33 dén 92,32%, tity
thuoc vao ham luong PEO. Tir dit liéu giai phong thude ciia mang CG/PEO/allopurinol & dung dich dém
¢6 pH 7,4 va pH 2, mang CG/PEO/allopurinol c¢6 ham lugng 2% PEO c6 kha ning kiém soat giai phong
thudc t6t nhat (Nguyen Thi Phuong, 2020).

Tran Thi Mai va cong sy da nghién ctru tac dung cua collagen dén mot s6 dic diém va sy kiém soat giai
phong thudc tir mang carrageenan/collagen/allopurinol (CCA) (Tran Thi Mai, 2019). Vii Quéc Manh va
cong su nghién ctru phuong phap ché tao mang CCA (Quoc Manh Vu, 2021). Mang tong hop sinh hoc
CCA duoc ché tao bang phuong phap tao gel bang ion két hop véi phuong phap in 3D sir dung gel CCA
nhu mét vat liéu myc in 3D. Sy két hop cua hai cac phuong phap, cu thé 1a phuong phap gel hoa bang ion
va phuong phap in 3D, tao cho mang téng hop sinh hoc mot cau trac vi mé déu dan va kha nang dé dang
kiém soat d day va hinh dang cua mang phtre hop sinh hoc CCA so v6i phuong phap truyen thong (phuorng
phap dung dich, thay thé dung méi dung méi). Mang t6 hop carrageenan/collagen c6 thé kiém soat viéc
giai phong allopurinol trong mé phong dich co thé. Ngoai ra, cac mo hinh dong hoc giai phong thudc phan
anh qua trinh giai phong allopurinol tir mang t6 hop CCA trong chat 1ong co thé mo phéng ciing da dugc
tinh to4n. Nhirng mang chtra allopurinol dugc ché tao bang cac phuong phap két hop st dung carrageenan
va collagen c6 thé ting cudng tt hon kha ning hoa tan cua allopurinol trong cac dung dich dém so v&i
phuong phap dung dich. Allopurinol dugc khuéch tan qua cac polymer vao dung dich theo md hinh
Korsmeyer — Peppas. Cac to hop carrageenan/collagen ciing nhu phuong phap ché tao trong nghién ctru
nay c6 tiém ning ché tao thudc cao phén tir.

Tir cac tai liéu tong quan & trén, c6 thé thay nghién ctru ché tao to hop carrageenan/chitosan mang
lovastatin chua dwoc tap trung nghién ctru. Vi vay, trong nghién ctru ndy, chung téi tap trung nghién ciru
anh hudng ciia ti 1¢ thanh phan cua carrageenan va chitosan dén dic trung, tinh chat va kha ning giai phong
ctia lovastatin trong cac dung dich mé phong dich co thé nguoi.

1. Co sé' ly t!luyét va phwong phap nghién ciru
1.1. Hoa chat

Carrageenan cung cp boi hang Aladdin — Trung Qudc; lovastatin dang bot kho (= 98%) do hang Rhawn
— Trung Qudc san xuit. Mot qsé hoa chit khac nhu ethanol, HCI, KCI, ’acetic acid, KH,POy, Na;HPOs,,
CHgCOONa, ... la cac san pham thuong mai cta Viét Nam va Trung Quoc, dugc dung ma khong can tinh
chg¢ lai.

1.2. Cac phwong phap nghién ciru

Quang pho hong ngoai bién ddi Fourier (FT-IR) dugc sir dung dé xac dinh cac nhom chiie trong cau triic
cta vat liéu. Pho FT-IR cua céac hop chét sinh hoc CsCL duoc ghi lai bﬁng may quang phé Nicolet iS10
(Thermo Scientific, USA) va FTIR/NIR (PerkinElmer, USA). Hinh anh kinh hién vi dién tir quét phat xa
truong (FESEM) ctia mau duoc chup trén thiét bj FESEM S-4800 (Hitachi, Nhat Ban). Tinh chét nhiét cia
vat li€u sinh hoc CsCL dugc xac dinh trén may phan tich nhiét DSC-60 (Shimadzu) trong diéu kién khi
nito tir nhiét do phong dén 400 °C véi tdc do gia nhiét 10 °C/phat. Quang phd tir ngoai (UV — Vis) duoc st
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dung dé xac dinh ham luong lovastatin giai phong tir vat liéu sinh hoc CsCL trong cac dung dich dém pH
khac nhau. Thir nghiém nay duoc thyc hién trén may quang phoé UV — vis (S80 Libra, Biochrom, Vuong
quoc Anh) & pham vi 200 — 400 nm.

1.3. Ché tgo vdt ligu sinh hoc carrageenan/chitosan mang lovastatin véi ham lwgng khéc nhau

Céc mau vt lidu sinh hoc carrageenan/chitosan/lovastatin duoc ché tao bang phuong phap dung dich,
v6i su thay d6i ham lugng lovastatin so voi carrageenan va chitosan. Quy trinh ché tao vat liéu sinh hoc
carrageenan/chitosan/lovastatin nhu sau: carrageenan duoc hoa tan trong nuée cét (ty 1¢ carrageenan/nudc
=1/200 (g/mL) trén may khuay tir. Dung dich dun néng dén 80°C trong 30 phut va sau d6 dé ngudi (dung
dich A). Chitosan dugc hoa tan trong dung dich axit axetic 1% & nhiét do phong trén may khudy tir voi ty
1¢ chitosan/dung dich axit axetic 1a 1/100 (g/mL) (dung dich B). Lovastatin dugc hoa tan trong ethanol trén
may khuéy tir (dung dich C). Sau @0, nhé tir tir dung dich C vao dung dich A bang buret dong thoi khuéy
ddng nhit bang may dong héa (tbc dd 20000 vong/phut) thu duge dung dich D. Dung dich D dugc khudy
trén may khuay tr 1 gio. Tlep theo, dung dich chitosan (dung dich B) dugc thém tir tir vao dung dich D
ddng thoi khudy dong nhit bang may ddng hoa (toc d6 20000 vong/phut), hdn hop thu duoc tiép tuc khudy
trong 1 gio trén may khuay tir. Hon hop thu dugce ly tim lay chat ran d6 ra dia pettri va dem dong kho, thu
dugc chat bot mau trang. Thanh phan cac mau ché tao carrageenan/chitosan/lovastatin (CsCL) dugc trinh
bay trong Bang 1.

Bang 1. Ki hiéu va thanh phan cdc mau carrageenan/chitosan/lovastatin (CsCL).

STT Ky hiéu mau Chitosan (g) Carrageenan (g) Lovastatin (g)
1 CsCL193 0,1 0,9 0,03
2 CsCL195 0,1 0,9 0,05
3 CsCL197 0,1 0,9 0,07
4 CsCL1910 0,1 0,9 0,1

1.4. Nghién ciru gidi phong thuéc

Nghién ctru qué trinh giai phong thude ctia vat liéu sinh hoc CsCL trong dung dich dém m6 phong dich
da day (pH 2) va mé phong dich ruét (pH 7,4) ¢ 37 £ 0,1 °C. Cac mau c6 khéi luong xac dinh dugc thém
vao cbe thay tinh 300 mL chira 200 mL dung dich dém pH 2 hodc pH 7,4. Dung dich dugc khqu lién tuc
trong thoi gian thir nghiém. Tai mdi khoang thoi gian, S mL dung dich duoc rat ra va 5 mL dung dich dém
méi duoc thém vao dé gitr thé tich dung dich nghién ctru khong d6i. Ham lwong thude giai phong dugc
theo ddi bang may quang phd UV — Vis. Mdi thi nghiém dwoc thuc hién trong ba lan. Dya vao phuong
trinh duong chudn cua lovastatin trong dung dich pH 2 (y=2598.,2x — 0,1468, R2 = 0,9972) va dung dich
c6 pH 7,4 (y=3978x — 0,1975, R2 = 0,9985) ta tinh dugc ham luong lovastatin giai phong tir cic mau CsCL
trong cac dung dich dém nghién cuu.

2. Két qua va thio luin
2.1. Pho hong ngogi cdc vt liéu sinh hoc CsCL19x
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Hinh 1. Phé IR clia lovastatin, carrageenan va chitosan

1298



TCSCL 193

bl |
i
] 1n
rsr: 195 by ,‘—{, NA/J \n:lmr k\m"\
e : W
lCsCL 197 \\ / fr\ f'f ! nTs\L""t_ﬂ ,.ﬁl
i 3o VY
“CsCTL |~;~|i‘1\ \ 1 ' - l‘l i 'L
h

AR [

|

I

i

i

| i
AT A
\\\\lf P \,, o i “Tﬂ_r’l'-lr"";\__.f'\lr! |
lr !

:

J

: S ‘curw |
.-" O

\.

“Rellesiance

Ay

f
- = -

veo  (YB]
| gl |r| I '_,ll |
Vou, NHz I.JI' | i /-’I '?Illli |]Inr“d|'.
| I | ! /
l [ !l' | 1 _I!\.'\_:.
1 MII i 11 "

By 1

¥z
N lt,‘r'f'.n.['
00 ' ) 3000 ' ' ' 2000 ' ) 1000

Wavenumoers ometh
Hinh 2. Phé IR cdc vt liéu sinh hoc CsCL19x véi ham heong Lov thay doi

Hinh 1 trinh bay ph6 FTIR cua chitosan (Cs), carrageenan (Car) va lovastatin (Lov). C6 thé thay tren
phd FTIR cua lovastatin tinh khiét, cac tin hiéu hap thu dugc quy két cho cac nhém dic trung trong cdu
tric. Sb song tai 3540 cm™!' dugce gan cho dao dong kéo dai nhom OH, tai 1700 cm™ 1a dao dong kéo dai
ctia C=0 bio hoa trong vong lacton. Tin hiéu tai 1382 cm™ déc trung cho lién két C—O trong cau tric ctia
lovastatin. V¢i Car, tin hiéu dao dong tai 842 cm™! dic trung cho tin hiéu nhém sunfat & vi tri C4 (ctia vong
galactose), tin hiéu tai 1240 cm™! dic trung cho dao dong hoa tri cua lién két sunfat este. Cac tin hiéu &
3392 cm!, 1636 cm! va 1373 em 1an luot duge quy két cho dao dong hoa tri trong nhém OH, C=0 va C—
O. Trén phé cua chitosan cling xuét hién déy du cac tin hiéu dao dong dic trung: tin hiéu & 3249 cm™! dic
trung cho dao dong nhém OH va NH ciing nhu cac lién Kkét hydro ndi phan tir; tin hiéu tai 2921 cm™ va
2952 cm! 1a dao dong cua lién két C-H dbi xtng va khong dbi xing; dai hap thu ¢ 1634 cm™ dic trung cho
dao dong ctia nhom N-acetyl va lién két C=0; dai hap thu & 1154 cm™ 1a tin hiéu dic trung cho dao dong
bién dang khong ddi ximg cta nhom C-O-C.

Hinh 2 cho thay khi dua Lov vao composite chitosan/carrageenan dai hap thu ciia cac nhom va lién két
déu bi thay d6i nhung it. Diéu nay chimg té cac thanh phan trong miu to hop di duoc lién két véi nhau nho
lién két yéu — lién két hydro ma khong phai 1a hinh thanh mét lién két hoa hoc méi, nhu vay cau triic cic
thanh phan khong d6i tir 46 khong 1am anh hudng dén céc tinh chét 1y — héa cia cac thanh phan. Céc dinh
tuong (g vai pic clia cac nhom dic trung trong Cs, Car va Lov déu xuét hién trong phd FTIR ciia cac vat
lidu sinh hoc CsCL19x. C6 mét sy dich chuyén nho cac dinh twong tmg véi pic cua cac nhom dic trung
trong Cs, Car va Lov cua vét liéu sinh hoc CsCLs19x so véi pic dic trung ctia cac nhdm chirc trong Cs,
Car hodc Lov ban dau. Sy dich chuyén tin hiéu nay c6 thé giai thich rang trong vat liéu to hop dé c6 nhing
tuong tac manh véi nhau nhu: twong tac ludng cuc gitta cac nhom HSOs™ trong carrageenan voi cac nhom
NH;* cta chitosan dugc proton hoa béi acid acetic; lién két hydro hinh thanh giita cac nhém OH va NH,.
Khi thay d6i ham luong Lov cac tin hi¢u nay thay dbi khong dang ké, ching to cac polymer da tuong tac
t6t v6i nhau va tuong tac tt véi thude.

2.2. Hinh thdi céu triic vt ligu sinh hoc CsCL19x

Quan sat anh SEM nhén thdy, hat Lov d4 duoc phan tan vao trong nén composite chitosan/carrageenan.
Mau CsCL195 c6 cac hat phan tan dong déu vao trong nén composite, cac mau con lai c6 xu hudng két tu
lai v6i nhau tao thanh tirng dam ching t6 ndng d6 Lov cao lam anh huéng dén kha ning phan tan hat vao
polymer nén. Vi miu CsCL193 ¢6 ndng d6 Lov thap nhét tuy nhién ciu trac bé mit lai c6 dang x5p tir d6
lam anh huong dén kha nang giir thude ciia mau vat lidu. Su két tu nay c6 thé do tuong tac ludng cuc cia
nhém amin dugc proton hoa trong chitosan véi nhom sufat ctia carrageenan va cac lién két hydro giita cac
nhém amin, sunfat va nhém OH 1am céu truc tré 1én x5p giup cac phan tir Lov chui Vao trong céu truc hinh
thanh lién két hydro gura Lov va polymer nén, két qua l1a Lov duorc gitr lai trong céu trac. O ndng do 3%
Lov, ham lu(mg thudc thip do vay kha ning phén tan l4p cac 15 trong trén nén composne thip nén mau co
chu trac x6p. Vi ham lugng 7 — 10% Lov cac hat tao lién két hydro véi polymer nén kém hon nén d& két
tu lai voi nhau.
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CsCL 193

S4800-NIHE 10 0KV 8. 1mm x 100k SE(M) 4/20/2022

CsCL 197

Hmh 3. Anh FESEM ciia mau vat lleu CsCLI95x

2.3. Tinh chit nhiét vit liéu sinh hoc CsCL19x

Hinh 4 trinh bay két qua d bén nhiét ciia cac mau vat liéu CsCL. Trén gian dd DSC ciia Lov chi thiy 1
pic thu nhiét & 173 °C tng véi nhiét do nhéng chay cia Lov. Khi dwa Lov vao nén composite
carrageenan/chitosan xuét hién thém pic thu nhiét & khoang 40 — 55 °C tg v6i su dehydrat héa cia cac
nhdém wa nudc trong chitosan. Trong cac mau c6 thé thay sy dehydrat hoa ciia mau CsCL195 1a cao hon ca
do vay mau CsCL c6 tinh bén nhiét hon, diéu nay c6 thé do cac hat Lov phéan tan dong déu vao composite
lam ting d6 bén nhiét cua mau. diéu nay ching t6 khi dua Lov vao lam bén hé composite do hinh thanh
thém cdc lién két hydro gitra cac thanh phin trong mau. Pong thoi nhiét d6 néng chay cua Lov cling giam
xuong tir 2 — 4 °C. CAu tric x6p ciia nén polymer lam phan tan hat Lov vé kich thudc nhé hon 1am giam do
két tinh dan dén cac hat ha nhiét 46 nong chay cta Lov trong mau xudng.

S4800-NIHE 10 OV & 4"1 *100k SE(M) 47

i ————, "

Dong nhiét (m¥)

Low

CsCL 123
CsCL 185
CsCL 187
CsCL 1910

40 60 80 100 120 140 160 180 200
Nhi&t d6 (d6 C)
Hinh 4. Gian dé nhiét DSC ctia méu vt liéu CsCL 195x

2.4. Qud trinh gidi phong lovastatin tir vt ligu sinh hoc CsCL trong pH khdc nhau

Hinh 5 mé ta sy giai phong thudc lovastatin tir vat liéu tong hop & pH 2 vapH 7.4. pH dung dich va ham
lugng Lov ciing ¢6 anh hudng qua trinh giai phong lovastatin tir vat liéu tong hop. O pH 2 chitosan dugc
proton hoa nhom amin lam tang kha ning tan cua chitosan, dong thdi H' ciing tan cong lam yéu lién két
giita chitosan va carrageenan lam 16ng 1éo lién két va cac dé giai phong cac hat lovastatin. Ham luong Lov
cling anh huéng dén kha ning giai phong ctia Lov, mau CsCL193 ¢6 ham lugng thép, ciu tric xop nén dé
giai phong hon. Mau CsCL1910 ¢6 ham lwong Lov cao nén ciing d& giai phong do thudc tap trung trén bé
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mit vat liéu nén giai phong tét. Tuy nhién, cac mau ciing khong c6 quy ludt nhat dinh. Tir két qua giai
phong thudce cho thay mau CsCL195 la ty 1€ mau thich hop do Lov gidi phong chim trong pH 2 nén dugce
bao v¢ tot hon ¢ da day, & pH 7,4 (pH rudt) lai gidi phong tot thudn loi cho qua trinh hap thu vao mau.

pH 7.4 ' -—

]

pH 2

THUOC GLAI PHONG (%

/ ~~C(QL193 - CCL195 ==CCL{97 =~CCLI1910 | ==COLTy = CCLT95 T==CCLTPT==CaLT9to
o . . . .

HAM LUONG THUOC GIAI PHONG (%)

HLAM LUCNG

10 15 20 25 3 0 ] 10 15 20 15 10
THOT GIAN (GICF) THOL GIAN (GICRH

Hinh 5. P6 thi giai phéng Lov ti vt liéu t6 hop CsCL19x trong cdc dung dich khdc nhau

4. Két luan

Vit liéu sinh hoc CsCL19x dugc ché tao thanh cong bang phuong phép dung dich. Thém Lov vao to
hop chitosan/carrageenan 1am bén héa polymer nén. Céc thanh phin cua vat liéu twong tac v6i nhau nhd
c4c twong tac yéu ma khong lam thay ddi ban chat hoa hoc cua chiing. Ham lwong Lov ciing cho thdy su
anh hudng nhat dinh dén vat liéu sinh hoc CsCL19x, ham lugng 16n c6 xu hudng két tu lai v6i nhau va tap
hop trén bé mat vat lidu. Panh gia qua trinh giai phong Lov tir mau vt lidu t6 hop CsCL19x cho thay mau
t6 hop CsCL195 cho két qua tot nhat: giai phong cham & pH 2 va nhanh ¢ pH 7,4 noi ma thudc hap thu chii
yéu qua té bao niém mac rudt vao mau lam tang hiéu qua diéu tri bénh.
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ABSTRACT
Study on the effect of lovastatin on the release of lovastatin
from chitosan/carrageenan composite materials

Nguyen Thi Kim Thoa ', Vu Quoc Manh?, Ha Manh Hung'*, Vo Thi Hanh', Vu Quoc Trung?
! Hanoi University of Mining and Geology
2 Thanh Do University, QL32, Lai Xa, Tu Liem, Ha Noi
3Hanoi National University of Education

The chitosan/carrageenan/lovastatin biomaterials were made using a solution method with a variable
concentration of lovastatin and a fixed 1:9 chitosan/carrageenan content (m/m). The results of Fourier
transform infrared spectroscopy (FT-IR) and field emission scanning electron microscopy (FESEM) show
that the material's components have a stable chemical structure, have been dispersed into each other, and
are stabilized by hydrogen bonding and dipole interactions. The thermal stability of polymers should be
increased, Lov particles are dispersed into the polymer matrix to reduce the melting point. The ability to
release Lov in pH 2 and pH 7.4 for gastric and intestinal juices was affected by Lov content, respectively.
The results obtained from the biological material sample CsCL195 are the best evaluated; The most
thermostable polymer matrix, with a heat of decomposition of 52.3°C; evenly dispersed particles; poor drug
release at pH 2 (gastric juice) and good release at pH 7.4 (intestinal fluid) facilitate drug absorption through
intestinal mucosal cells into the blood, increasing the effectiveness of blood cholesterol treatment.

Keywords: Lovastatin, chitosan/carrageenan composite materials, CsCL biomaterial.
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Két qua nghién ctru thanh phan hoa hoc va danh gia hoat tinh
ha duong huyét ctuia loai Dia hoang Rehmannia glutinosa
Vii Kim Thu®, Céng Tién Diing, Nguyén Thi Thu Hién, Nguyén Thi Kim Thoa,

D6 Thi Hai, Truong Thi Thanh Thay
Khoa Khoa hoc co ban, Truong Pai hoc Mo - Bia chat

TOM TAT

Str dung phdi hop céc phuwong phap sic ky, phan tich dir liéu do phd cong huong tir hat nhan NMR, phd
khéi luong phan giai cao HR-ESI-MS da phan 1ap va xac dinh dwoc cAu tric hoa hoc cua 20 hop chét tir
loai Dia hoang Rehmannia glutinosa, gdm 8 hop chét iridoid glycoside, 9 hop chit phenylpropanoid
glycoside, 2 hop chét lignan va 1 chét terpene glycoside. Két qua thir nghiém hoat tinh trc ché enzyme a-
glucosidase cho thiy cac hop chat phenylpropanoid glycoside c6 hoat tinh e ché enzym a-glucosidase
t6t hon hin cac hop chat iridoid glycoside. Két qua thir hoat tinh ha dudng huyét in vivo trén mo hinh
chudt nhit trang thuan chung BALB/c cta ché phdm cao chiét Pia hoang dugc di c¢6 tac dung lam giam
luong dudng huyét trong mau ciia chudt. Pa sir dung phuwong phap HPLC xéac dinh ham lugng 2 hop chat
phenylpropanoid glycoside Acteoside va Jionoside B1. Két qua nghién ctru thé hién trién vong vé kha
nang ung dung loai Dia hoang trong viéc tao ra dugc phém c6 tac dung hd trg diéu tri bénh tiéu duong.

Tir khéa: Dia hoang, Rehmannia glutinosa, ha duong huyét

1. D3t vin dé

Loai Dia hoang (Rehmannia glutinosa) 14 10ai cdy thao, sdng lau nam, ¢6 ngudn gde tir ving 6n déi 4m
& Trung Qudc. Dia hoang 13 ciy thudc quy cho 2 vi thudc: Sinh dia (tirc 1a ca Pia hoang con séng) va
Thuc dia (trc 1a cu Pia hoang da duogc nau chin). Ca hai vi thudc Sinh dia va Thuc dia déu 1a mot trong
nhitng thanh phﬁn dau cua vi thuc Bic. Dia hoang tuoi c6 vi ngot, déng, tinh han, c¢6 tac dung thanh
nhiét, mat mau. Sinh Dia hoang (cu Pia hoang kho) c6 vi ngot, tinh han, c6 tac dung tu &m dudng huyét.
Thuc Pia hoang c6 vi ngot, mui thom, tinh hoi 6n, c6 tic dung nudi than, dudng am, ) huyét, lam den
rau toc. Dia hoang da dugc sir dung trong cac bai thube giam duong huyét, tac dung cAm mau, loi tiéu,
khang sinh (V6 Van Chi, 2018). Dia hoang da dwoc st dung nhu la mét loai thao dugc trong cac bai
thudc dan gian dé chita dai thao dudng, suy nhuoc co thé, suy nhuoc than kinh, ting huyét 4p, xo ctng
dong mach, chira viém thanh quan, viém bang quan man tinh, chira sOt rét, kinh nguyét khong déu, rong
huyét, ho khan, lao phdi, chita chirng 4m hu, tinh huyét suy kém, ... (P8 Huy Bich, 2004). Bai béo nay
dang tai két qua nghién ciru vé thanh phin hoa hoc va danh gia hoat tinh ha dudng huyét cua loai Pia
hoang Rehmannia glutinosa.

2. Co sé Iy thuyét va phwong phap nghién ciru
2.1. Mdu nghién ciru
RE ci loai Dia hoang
Rehmannia glutinosa (Gaertn.)
DC. duogc thu hai tai Viét Tri,
Pht Tho vao thang 3 nam 2020
va duoc giam dinh boi Tién si
Nguyén Thé Cuong, Vién Sinh
thai va Tai nguyén sinh vat, Vién
Han lam KH&CN Viét Nam.
Tiéu ban mau (ki hiéu RG2003) N i :
dugc Iuu trir tai Truong Dai hoc Hinh 1. Mdu ré cii lodi Pia hoang Rehmannia glutinosa
M0 - Dia chat. (Gaerm.) DC

* Tdc gia lién hé
Email: vukimthu@humg.edu.vn
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2.2. Phwong phdp tdch chiét, phén lgp chit

Sic ky 16p mong (TLC) dwoc thyc hién trén ban mong trang san DC-Alufolien 60 F254 va RP18
F254s (Merck-Pirc). Cac vét chat dugc phat hién bang dén tir ngoai ¢ hai budc song 254 va 365 nm hoic
dung thude thir 1a dung dich H2S0410% phun déu 1én ban mong rdi siy & nhiét do cao cho dén khi hién
mau. Sic ky ¢t (CC) duoc tién hanh véi chat hip phu pha thuong (Silica gel 240-430 mesh, Merck) hodc
pha dao (ODS-60-14/63, Fujisilisa-Nhat Ban). Nhya trao d6i ion Diaion HP-20 (Misubishi Chem. Ind.
Co., Ltd.).

2.3. Cac phwong phap phé xdc dinh cdu triic héa hoc cdc hop chit

Phé khdi lwong phun mu dién ESI-MS duoc do trén may Agilent 1100 LC-MSD Trap, phd khéi luong
phan giai cao HR-ESI-MS do trén may Agilent Accurate mass 6530 QTOF LC/MS tai Vién Hoa sinh
bién, Vién Han 1am Khoa hoc va Cong nghé Viét Nam. Phd cong huong tr hat nhan NMR do trén may
Bruker AM500 FT-NMR cua Vién Hoa hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

2.4. Phuwong phdp thir hoat tinh

Hoat tinh trc ché enzyme a-glucosidase ctia cac hop chat duoc thyc hién theo phuong phap cua
Telagari M va cong su (M. Telagari, 2015), ddnh gia hoat tinh ha duong huyét in vivo trén chudt dugc
tién hanh theo phuong phép cua J. E. Okokon (Okonkon JE, 2006) va G. Sivalingam (Sivalingam G,
2013) tai Vién Cong nghé sinh hoc, Vién Han 1dm Khoa hoc va Cong nghé Viét Nam.

3. Két qua va thio luin
Mau & cii loai Pia hoang sau khi xir 1y, sy kho, nghién nho thu duge 10 kg bot. Sir dung phdi hop céc
phuong phéap chiét, sic ki cot silical gel pha thudng, pha ddo, ban mong véi cac hé dung méi thich hop da
phén 1ap dugc 20 hop chét tinh khiét ki hiéu RG1 ~ RG20 tir can chiét nudc (RGW) ctia loai Dia hoang.
Bit Relrmannia glutinosa - RG
(ré eii, 10 kg)

Methanol ext. RGM
(2.2 kg)

Cin RGH Cin RGE Cin murie
(250 g) (120 g) RGW

Hinh 2. So do xir Iy mau Dia hoang tao can chiét methanol tong

Cin murdre
Diaion HP-20 logi bo dudmg bang nude
l'dng diin nd ng 4§ dung mai MeOH trong nudc
M:W - 25.75 M:W - 50:50 M:W-T75:25 M:W- 100:0
RGW1 (80.2 g) RGW2 (7.1 g) RGW3 (10.6 g) RGWA4 (6.3 g)

Hinh 3. So do chay diaion can nudc cua loai Pia hoang

Phéi hop phan tich cac sb liéu do phd cong hudng tir hat nhan 1 chiéu, 2 chidu (1D va 2D-NMR), phd
khéi HR-ESI-MS, ESI-MS két hop so sanh véi s6 liéu cht tham khao da xac dinh duoc cu triic hoa hoc
ctia 20 hop chét phan 14p dugc, trong d6 c¢6 8 hop chét iridoid glycoside (RG1 + RG7, RG18), 9 hop chét
phenylpropanoid glycoside (RG8 + RG16), 2 hop chat lignan (RG17, RG19) va 1 chat terpene glycoside
(RG20). Bbn hop chat méi 1an dau tién duoc xac dinh cau trac hoa hoc 13 RG1 + RG4 (Lé Thi Huyén,
2022; Vu Kim Thu, Nguyen Thi Kim Thoa, 2021; Vu Kim Thu, Nguyen Thi Dung, 2021; Vi Kim Thu,

2022).
\ @@

HO o 5
HO o on
OH on ”‘)
HO o
HO; 0 II()
HO

OH
H()

RG1: Rehmatinoside E RG2: Rehmatmos1de F RG3: Rehmannioside G
(chat moi) (chat m&i) (chit moi)
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Hinh 4. Céu triic héa hoc va tén goi cua 20 hop chat phan ldp tir loai Pia hoang
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Két qua nghién ciru cho thiy thanh phan hoa hoc chinh cua loai Dia hoang R. glutinosa la cac hop chat
iridoid glycoside va phenylpropanoid glycoside, diéu nay hoan toan pht hop véi cac nghién ctru cong bd
trude do.

Mot trong nhitng phuong phép diéu tri tiéu duong 1a lam giam luong dudng huyét bang cach trc ché
cac enzyme dong vai tro thuy phan carbohydrate nhu a-glucosidase (H.H. Tran, 2014). Do vay, cac hgp
chat duoc phan lap tir loai Dia hoang da dugc thir nghiém hoat tinh e ché enzyme a- glucosidase. Két qua
¢6 5 trong sd 9 hop chat phenylpropanoid glycoside la RG9, RG11, RG12, RG15 va RG16 thé hién kha
nang {rc ché enzyme a-glucosidase kha t6t so voi dbi chimg dwong 1a thude chira tiéu duong Acarbose voi
gia tri ICsp tir 261,40 + 408,74 uM, nhiing hop chat khac chua thé hién hoat tinh & cac nong d¢ nghién
ctru. Nhu véy, cac hop chét phenylpropanoid glycoside c6 hoat tinh trc ché enzyme a-glucosidase tét hon
han cac hop chat iridoid glycoside (Vu Kim Thu, 2021; Vii Kim Thu, 2022).

Can ctr vao két qua thir nghiém in vitro hoat tinh tic ché enzyme a-glucosidase ctia dich chiét methanol
tong, cin chiét ba phan doan hexan, ethylacetate va nude dong thoi dua vao két qua khao sat phan 1ap cac
hop chat tinh khiét chung t6i da lwa chon phan doan RGW tao ché pham dé nghién ctru tac tac dung ha
duong huyét in vivo trén mé hinh dong vat thuc nghiém chudt nhét trang thuan ching BALB/c bi giy
tang duong huyét do ton thuong tuy gy ra boi hoa chat Alloxan monohydrate, so sanh véi chudt dbi
ching str dung thude diéu trj tiéu duong Metformin.

Bdng 1. Nong dg dwong huyét trong mdu chudt triede va sau thi nghiém

N n Murc duong huyét trong méu (mmol/L)
L6 thi nghiém Sau 3 ngay (b) Sau 10 ngay (c)
L6 d6i ching bénh 1y (1) 22,28+ 1,54 17,78 £ 3,78
(Nuée cat) Pie15<0,05
L6 d6i ching tham khao (2) 22,16 2,02 10,18 £2.91
(Metformin: 100 mg/kg /ngay) P2c-26 <0,05, pac-1 <0,05
Lo thtr nghiém RGW (3) 22,10+ 1,69 15,00 + 3,33
(RGW: 500 mg/kg/ngdy) P3c3b<0,05, pac-1c <0,05, p3cac <0,05

Keét qua ché pham RGW da c¢o tac dong tich cyc dén viéc cai thién ca vé thé trong va ha mirc duong
huyét trén chudt thuc nghiém ting dudng huyét bang Alloxan monohydrate. Tuy nhién, su can thiép ha
dudng huyét trén chudt thue nghiém cia ché phaim RGW chua hiéu qua bang thude diéu trj tiéu duong
Metformin.

Dua vao khdi lugng chét thu dugc 16n hon khi phan 1ap cac hop chét ching t6i dd st dung phuong
phap HPLC dé xac dinh ham lugng 2 hop chét Acteoside (RG9) va Jionoside B (RG16).

Tién hanh thyc nghiém khao sat budc song detector DAD ctia phd UV 2 miu chit tham chiéu cho thay
déu c6 bude song h'?ip thu cuc dai tai 198 nm. H¢ dung moéi dugc lya chon gém acetonitrile — nudc. Khao
sat xac thoi gian Iuu cia GR9 va GR16 lan luogt 1a 16,5 + 16,6 phut va 17,0 = 17,1 phat. Chay HPLC theo
quy trinh da thiét 1ap, tin hiéu cac chét duoc do & bude song hép thu cuc dai da xac dinh (198 nm). Lap
dd thi su phu thudc dién tich pic va n6ng do chét thu duoc.

Bang 2. Két qua phwong trinh dinh lieong ciia hai hop chdt

TT Ky hiéu chat Phuong trinh dudng chuin R?
1 RG9 Y =4,4728X + 374,6 0,9971
2 RG16 Y =4,3326X - 272,55 0,9960

(X: ndng do chat - pg/mL; Y: dién tich pic)
Phoi kho, nghién nhé miu Dia hoang (Rehmannia glutinosa). Ly 50,0 g (RG) miu ngdm véi
methanol, siéu am (2 lan x 0,3 L). Dich chiét methanol sau d6 duoc c6 can dudi ap suét giam thu duoc
can chiét methanol (RGM) 13,815 g twong tng voi hidu sudt chiét 13 27,63%.

DADT A 501804 Ref*o (HOANG'RGM 01407202112, 100}

sl L
RG2. | RGI6

0 \\fl
300
0 v L

2
" 2 |
[ A1 LY It

_—_—— s o s

Hinh 5. Gian do HPLC cia can chiét methanol (RGM) ¢ budc séng 198 nm
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Tu phuong trinh duong chuén, tinh dugc gia tri néng do chat tham chiéu, xur ly s6 liéu thu dugc két
qua ham lugng cac hop chit RG9, RG16 trong cdn chiét RGM lan luot 1a 2,12% va 2,39%, quy ham
lugng trong mau ré cit Pia hoang 1an lugt 1a 0,59 va 0,66%.

Nhu vy, hai hop chat RG9 va RG16 vira 1a thanh phan chinh vira thé hién hoat tinh trc ché enzyme a-
glucosidase tot do d6 thé hién trién vong vé kha nang tng dung cua loai Dia hoang trong tao ra san pham
dugc dung c6 tac dung hd trg diéu tri bénh tiéu duong.

4. Keét luan

Két qua nghién ciru vé thanh phan hoa hoc loai Dia hoang Rehmannia glutinosa da phan 1ap va xac
dinh dugc cau tric héa hoc ctia 20 hop chét, gbm 8 hop chat iridoid glycoside, 9 hop chét
phenylpropanmd glycoside, 2 hop chat lignan va 1 chét terpene glycoside. Két qua thir nghiém hoat tinh
{rc ché enzyme a- -glucosidase cho thdy cac hop chét phenylpropanoid glycoside c6 hoat tinh trc ché
enzym a-glucosidase t6t hon han céc hop chét iridoid glycos1de Két qua thir hoat tinh ha dudng huyét in
vivo trén mo hinh chudt nhét trang ctia ché pham cao chiét Dia hoang di co tac dung lam giam lugng
duong huyét trong mau cua chudt. Pa sir dung phuong phap HPLC xac dinh ham luong 2 hop chat
phenylpropanoid glycoside Acteoside va Jionoside B1 lan luot 14 2,12% va 2,39% trong can chiét
methanol tong, tuong tmg voi 0,59% va 0,66% trong mau ré cii Pia hoang. Két qua nghién ctru 1a co s
khoa hoc ban dau vé trién vong va kha niang trmg dung loai Dia hoang trong viéc tao ra duoc pham c6 tac
dung hd trg diéu tri bénh tiéu duong.

Loi cdm on 3 .
Cac tg’lc gia xin chan thanh cam on sy ho trg kinh phi ciia B6 Gido duc va Dao tao cho nghién cuu dé
tai ma s6 B2020-MDA-09.
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ABSTRACT
The research results on chemical components and evaluation
of hypoglycemic activity of tuberous roots of Rehmannia glutinosa
Vu Kim Thu", Cong Tien Dung, Nguyen Thi Thu Hien, Nguyen Thi Kim Thoa,

Do Thi Hai, Truong Thi Thanh Thuy
The Basic Sciences Faculty, Hanoi University of Mining and Geology

Using combination of chromatographic methods, NMR data analysis, and HR-ESI-MS spectroscopy,
20 compounds from Rehmannia glutinosa were isolated and determined the chemical structures,
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including 8 iridoid glycosides, 9 phenylpropanoid glycosides, 2 lignans, and 1 terpene glycoside
compounds. The results of in vitro test on a-glucosidase enzyme inhibitory activity showed that
phenylpropanoid glycoside compounds got stronger inhibitory than iridoid glycoside compounds. The
results of in vivo hypoglycemic activity test on the model BALB/c white mice of RGW extract reduced
the glucose levels in blood of mice. HPLC method determined the amount of 2 phenylpropanoid
glycoside compounds (Acteoside and Jionoside B1). The research results is the scientific for the
application of Rehmannia glutinosa in making a pharmaceutical product that support the treatment of
diabetes.

Keywords: Rehmannia glutinosa, hypoglycemic activity, diabete
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E R@ HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
s e . VATAINGUYEN VO'I PHAT TRIEN BEN V’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Céc hop chat phenolic phan lap tir loai Soc xéo
Glochidion obliguum Decne

Vii Kim Thu", Nguyén Thi Thu Hién Nguyén Thi Kim Thoa
B¢ mén Hoa hoc, Khoa Khoa hoc co ban, Truong Pai hoc Mo - Bia chat

TOM TAT

Str dung phéi hop céc phuong phap sac ky da phan 1ap duoc 04 hop chat phenolic tir canh 14 loai Soc xéo
Glochidion obliquum Decne., d6 la Vanillin (1), Leonuriside A (2), Methyl gallate (3) va (1'R, 2'R)-
Guaiacyl glycerol (4). Cau triic hoa hoc cua chung duoc xac dinh bang dir liéu phd cong huong tir hat
nhan NMR, ESI-MS va so sanh véi sb liéu cua cac chat tham khao.

T khoa: phenolic, Glochidion obliquum, Soc xéo

1. D3t vin dé

Glochidion 13 mét chi 16n cta ho thau dau Euphorbiaceae, bao gdm hon 250 loai trén thé gi6i. Loai
Séc xéo co tén khoa hoc 1a Glochidion Obliquum Decne 1a cdy bui nho dugc phan b6 & An Do, Malaysia,
Indonesia va Campuchia. 0] Viét Nam, loai Soc xéo phan b & cac tinh Lang Son, Phu Tho, Vinh Phuc,
Tay Ninh, Dong Nai, Kién Giang. L4 ciia cay Soc xéo dd dugc sir dung trong y hoc dan gian dé diéu tri
bénh st rét (V6 Vian Chi, 2012). Nhitng cong bd trude day cua chung t6i vé thanh phan hoa hoc cua loai
Glochidion Obliguum bao gém triterpene, flavonoid va lignan (Vu Kim Thu, 2016; Vu Kim Thu, 2016;
Vu Kim Thu, 2015). Phenolic 1a nhitng hop chét gém vong thom lién Kkét truc tiép véi mot, hodc nhiéu
nhém hydroxyl. Cac hop chit phenolic c6 dic tinh quan trong 14 kha ning chéng oxy héa (Ana-Maria
Chiorcea-Paquim, 2020). Trong bai bao nay chung tdi tiép tuc thong béo két qua phan 1ap va xac dinh ciu
trac hoa hoc ctia 04 hop chit phenolic tir canh 14 loai Soc xéo Glochidion obliquum Decne., d6 1 Vanilin
(1), Leonuriside A (2), Methyl gallate (3) va (1'R, 2'R)-Guaiacyl glycerol (4).

2. Co sé Iy thuyét va phwong phap nghién ciru
2.1. Méu nghién citu

Mau canh 14 ciia loai Séc xéo Glochidion obliquum Decne. dugc thu hai tai Phiic Yén, Vinh Phic vao
thang 12 ndm 2012. Mau duoc giam dinh boi Tién si Nguyén Thé Cudng, Vién Sinh thai va Tai nguyén
Sinh vat, Vién han 1am Khoa hoc va Coéng nghé Viét Nam. Mau tiéu ban co ki hiéu GO1212 duoc luu gitr
tai Vién Hoa sinh bién, Vién hél{l l@m_l‘(hoa hoc va Cong ?ghéliét Nam.

Hinh 1. Mdu canh 1d ciia lodi Séc xéo Glochldwn obliquum Decne

2.2. Phuwong phdp tdch chiét

Séc ky 16p mong (TLC) dwoc thuc hién trén ban mong trang sin DC-Alufolien 60 F254 va RP18
F254s (Merck-Pirc). Cac vét chat dugc phat hién bang dén tir ngoai & hai budc séng 254 va 365 nm hoic
dung thudc thir 14 dung dich H2SO4 10% phun déu 1én ban moéng rdi sdy & nhiét do cao cho dén khi hién
mau.

* Tdc gia lién hé
Email: vukimthu@humg.edu.vn
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Sic ky cot (CC) duoc tién hanh voi chat hip phu pha thuong (Silica gel 240-430 mesh, Merck) hodc
pha dao (ODS-60-14/63, Fujisilisa-Nhat Ban). Nhya trao doi ion Diaion HP-20 (Misubishi Chem. Ind.
Co., Ltd.).

2.3. Cdc phwong phdp phé ,,
Pho NMR dugc do bang may quang ph6 Bruker AM500 FT-NMR (500 MHz cho '"HNMR va 125 MHz
cho '*C-NMR). Pho ESI-MS dugc ghi trén may LC-MS-QTOF cua Vién Hoéa hoc.

2.4. Phan ldp cdc hop chat

Mau canh 14 kho cua loai Séc xéo dugc tan thanh bot (4,2 kg) va chiét ba 1an bang methanol nong
(50°C) ¢6 quay thu dugc dich chiét methanol tong GOM (210,3 g). GOM dugc hoa tan trong nudc roi
chiét 1an lugt bang n-hexan, dichloromethane va ethylacetate thu duoc 4 cin chiét twong tng: n-hexan
(87,2 g, GOH), dichloromethane (55,0 g, GOD), ethylacetate (12,0 g, GOE) va can nudc (35,5 g, GOW).

Cin nuée dugc chay qua cot Diaion va duogc rira giai bang gradient hé dung méi MeOH/nuéc : 25/75
— 100/0 (v/v) thu dugc 4 phan doan 1a GOW1 (3,34 g), GOW2 (13,5 g), GOW3 (10,7 g) va GOW4 (3,7
g). Phan doan GOW1 (3,34 g) dugc phén tach trén cot silica gel pha ddo voi h¢ dung mdi acetone/nudce :
1/2 (v/v) thu dugc 3 phan doan GOW1A (1,25 g), GOW1B (1,35 g) va GOWI1C (1,05 g).

Phan tach phan doan GOWI1A (1,25 g) trén cot silica gel pha thuong véi hé dung moéi rua giai
CH2Cl2/MeOH : 5/1 (v/v) thu dugc hai phan doan nhé hon GOW1A1 va GOW1A2. Phan doan GOW1A2
(700 mg) tiép tuc dugc phan tach trén cot silica gel pha thudng véi hé dung mai rira giai EtOAc/MeOH :
8/1 (v/v) thu dugc hop chat 1 (18,0 mg) va 4 (10,0 mg).

Chay sic ky phan doan GOWIB (1,35 g) trén cot silica gel pha thuong véi hé dung méi
EtOAc/MeOH: 10/1 (v/v) thu dwoc hai phan doan GOWI1B1 va GOW1B2. Hop chit 2 (9,0 mg) va hop
chat 3 (15,0 mg) thu duogc khi sir dung séc ki cot silica gel pha thuong ddi véi phan doan GOWI1BI1 hé
dung moi rira giai CH2Clo/EtOAc : 2/3 (v/v).

Vanilin hay 3-methoxy-4-hydroxybenzaldehyde (1): tinh thé, mau tring, nhiét d6 nong chay 82 °C.
ESI-MS [M + H]" tai m/z 153,1, CTPT CsHgOs (M = 152). 'H- va *C-NMR (CDCl3) xem Béng 1.
Leonuriside A hay 2,6-dimethoxy-4-hydroxyphenol 1-O-S-D-glucopyranoside (2): bot, mau tring,
nhiét d6 nong chay 230 - 233 °C, ESI-MS [M + Na]" tai m/z 355,2, CTPT C14H209 (M = 332), 'H- va
BC-NMR (CD;0D) xem Bang 1.

Methyl gallate (3): tinh thé, mau tring, nhiét do nong chay 200 °C, ESI-MS [M+Na]" tai m/z = 207,2,
CTPT CgHsOs (M = 184), 'H- va 3C-NMR (CD;0D) xem Bang 1.

(1'R, 2'R)-Guaiacyl glycerol (4): bot, mau tring, ESI-MS [M+Na]* tai m/z 237,1, CTPT C1oH;405 (M =
214), 'H- va BC-NMR (CD30D) xem Bang 1.

3. Két qua va thio luin

Hop chit 1 dugc phan 1ap dudi dang tinh thé mau tring, cong thirc phan tir 1a CsHsO3 duge x4c dinh
bang tin hiéu ion duong trén phd ESI-MS [M + H]* tai m/z 153,1 va két hop véi phan tich phd *C-NMR.
Trén phd 'H-NMR cua 1 cho thiy su xuét hién cua 3 proton thom dang ABX [tai 8x 7,26 (1H, s, H-2),
7,04 (1H, d, J = 8,5 Hz, H-5) va 7,43 (1H, dd, J = 2,0, 8,5 Hz, H-6), 3 proton cia nhom methoxy tai du
3,97 (3H, s) va 1 proton formyl tai 8u 9,83 (1H, s). Phd *C-NMR va DEPT ciia 1 gém tin hiéu cia 8
carbon, bao gém 1 carbon nhém methoxy tai 8¢ 56,17 ppm, sau carbon thom tai du 108,85, 114,41,
127,50, 129,99, 147,18 va 151,70 ppm, mot carbon formyl tai 8y 190,82 ppm. Phan tich cac sb liéu phd
ndy goi y cau tao ctia hop chit 1 gom 1 vong benzen thé ABX, 1 nhom aldehit va 1 nhém methoxy, dua
vao tin hi€u cong huong cao nhét cua carbon trong vong benzen, két hop Vi cong thire phan tir goi y cé}u
tao c6 1 nhom hydroxyl gan vao vong benzen. Phan tich tuwong tac trén phd HMBC gitp khang dinh cau
trac hoa hoc cua hop chat 1 1a 3-methoxy-4-hydroxybenzaldehyde hay c6 tén 1a Vanillin — mot chat phd
bién duoc dung 1am chét tao huong trong céc loai d6 uéng (Jih-Jung Chen, 2008).

Hop chit 2 thu duoc dang bot, mau tring. Pho khéi lugng ESI-MS xuét hién pic ion duwong [M + Na]*
tai m/z 355,2 phit hop v&i CTPT C14H2009 (M = 332). Phd 'H- va '*C-NMR ctia 2 cho tin hiéu ciia 1 vong
benzen da thé 4 vi tri v&i 2 proton déi xung [tai ou 6,15 (2H, s, H-3,5) va 6¢ 94,65 x 2, 130,0, 154,76 x 2,
156,00 ppm], 1 don vi duong glucose [proton anome tai dy 4,69 (1H, d, J = 7,0 Hz), 6 tin hi€u carbon tai
Oc 62,65, 71,36, 75,73, 77,82 , 78,26 va 106,23 ppm] va 2 nhom methoxy gén dédi xung vao vong benzen
[tai 61 3,81 (6H, s) va 8¢ 56,83 x 2 ppm]. Vi tri cac nhom thé vao vong benzen dugc xac dinh bing twong
tac quan sat dugc trén pho HMBC: 2 nhém methoxy thé vao C-2 va C-6 do twong tac HMBC tur proton
methyl 8y 3,81 dén carbon 8¢ 154,76 ppm; phan tir dudng glucose dwoc gin vao C-1 bdi twong tac
HMBC tir proton anome on 4,69 toi dc¢ 13,0’00 ppm. Dya vao (;TPT va tin hiéu C-’4 tai tm§mg yéu dc
156,00 ppm khang dinh nhom -OH dugc gan vao carbon nay. Két hgp so sanh voi so ligu phé NMR cia
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hop chit di cong b thay hoan toan phi hop do vay hop chit 2 dugc xac dinh 1a mot phenolic glycoside
2,6-dimethoxy-4-hydroxyphenol 1-O-$-D-glucopyranoside hay Leonuriside A [Kanji Ishimaru, 1990].
(9]

| OH /O OH 0/ \ oH
HO. '
, ° ~~omn
o HO o
o] HO
/O /
o 4

e}

HO

1 2
Hinh 2. Cdu triic héa hoc ciia 04 hop chdt phenolic phan ldp dwoc tir loai Glochidion obliquum Decne

Hop chédt 3 co dang tinh thé, mau tring. Trén phd ESI-MS cta 3 xuit hién pick ion gia phan tir
[M+Na]* tai m/z = 207,2 cho phép xac dinh CTPT cua 3 1a CsHsOs ttng véi M = 184. Céc tin hiéu trén
phd NMR ctia 3 goi y ddy mot phenolic v6i vong benzen thé ddi ximg chi ¢6 1 tin hiéu ctia 2 proton tai du
7,06 (2H, s), 1 nhém methoxy tai 6 3,83 (3H, s), thém nira hop cht 3 ¢6 tin hiéu cta carbon carbonyl tai
dc 169,03 ppm. Vi tri nhém methoxy dugc xic dinh gan véi nhém carbonyl CO dya vao tuong tc
HMBC giira cac proton CHj tai 8 3,83 v6i carbon carbonyl 8¢ 169,03 ppm. Két hop phan tich dir liéu
phé NMR v6i CTPT va tai liéu tham khao xac dinh dwoc cdu triic hoa hoc cua hop chit 3 1a methyl
gallate — mdt phenolic phd bién ¢ kha nang chong oxi hoa cao (Seung Chui Lee, 2005).

e O XK

1 2 3 4
Hinh 3. Mét s6 twong tac HMBC chinh ciia 04 hop chat phenolic

Hop chat 4 thu duoc 1a chat bot vo dinh hinh mau tring. Trén phé ESI-MS ctia 4 xuét hién pic ion gia
phan tir [M+Na]" tai m/z 237,1, tinh toan 1y thuyét phi hop cho cong thitc C1oH40s. Trén phd 'H-NMR
ctia hop chit 4 ciing xuét hién tin hiéu ciia vong benzene thé kiéu ABX tai &y 6,81 (1H, d, J = 1,5 Hz),
6,78 (1H, d, J = 8,5 Hz) va 7,02 (dd, J = 1,5, 8,5 Hz), | nhém methoxy tai éu 3,87 (3H, s) va 4 proton
hydroxyl tai éu 5,23 (1H, d, J = 6,0 Hz), 4,33 (1H, ddd, J = 4,5, 6,0, 6,0 Hz), 4,01 (1H, dd, J = 6,0, 11,0
Hz), 4,15 (1H, dd, J=4,5, 11,0 Hz). Trén phé 3C-NMR va DEPT ctia 4 xuét hién tin hiéu cta 10 nguyén
tr carbon trong d6 6 nguyén tir carbon cuia vong benzen tai oc 111,60, 115,89, 120,67, 134,81, 147,10 va
148,88 ppm, mdt carbon methoxy tai d¢c 56,38 ppm va 3 carbon hydroxyl tai dc 64,25, 75,46 va 77,59.
Céc dit liéu NMR nay cho phép du doan ciu tric hoa hoc ciia 4 14 mot phenyl propanoid. Dua trén twrong
tac HMBC xac dinh dugc vi tri nhdém methoxy & C-3 cia vong benzen. So sanh sb litu NMR cua 4 véi
hop chit tham khao thdy hoan toan phu hop, do vy 4 dwoc xac dinh 1a (1'R, 2R)-guaiacyl glycerol (Toru
Ishikawa, 2002).

Bdng 1. 86 liéu phé 'H- va 3C-NMR ciia 04 hop chdt phenolic phan ldp doe tir loai Séc xéo

1 2 3 4
C ‘ Sud c SuPd SuPd . SuPd
Bc*e (J = Hz) 8 (jZhzy | 8| y=mgy| B (J = Hz)
1 [12999]- 130,00 - 12143- 134.81]-
2 [108,85]7,26 (5) 154,76 - 110,05/7,06 5) | 111,60/6,81 (d, 1,5)
3 [147,18]- 94,65]6,15 (5) 139,75- 148,88 -
4 | 151,70]- 156,00]- 126,46 - 147,10] -
5 | 114,41]7,04 (4, 8,5) 94,65]6,15 (5) 139,75- 115,89]6,78 (d, 8,5)
6 | 127,50]7,43 (dd, 2,0, 8,5) |154,76]- 110,05]7,06 (5) | 120,67|7,02 (dd, 1,5, 8,5)
3-0Me| 56,173,97 (5) 56,38/3,87 (5)
1-CHO | 190,82]9.83 (s)
=) 169,03 -
I 106,23 |4,69 (d, 7,0) 7546|523 (d, 6,0)
> 75,73|3,22 (m) 77,59 ‘6‘:(35 (ddd, 4.5, 6,0,
, 4,01 (dd, 6,0,
3 77,82|3,41 (m) 6425|110\ 415 (ad
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1 2 3 4
C a,c aHa’d b,c aHh’d b,c SHb’d b,c aﬂb’d
8¢ (J =Hz) 8¢ (J =Hz) 8c (J =Hz) 8c (J = Hz)
4,5,11,0)
4 71,36|3,43 (m)
5' 78,263,45 (m)
3,80 (brd,
4 1270)5 3969
6 62,65 (dd, 5,0,
12,0)
2,6-
OMe 56,83(3,81 (s)
-OMe 52,26(3,83 (s)

“do trong CDCls, "do trong CD;OD, “do tai 125 MHz, “ do tai 500 MHz

4. Két luan

Bai bao nay thong bao két qua phén 1ap va xac dinh ciu tric hoa hoc ctia 04 hop chit phenolic tir canh
14 loai S6c¢ xéo Glochidion obliquum Decne., d6 1a Vanilin (1), Leonuriside A (2), Methyl gallate (3) va
(I'R, 2'R)-Guaiacyl glycerol (4). Cac hop chat phenolic ¢6 kha ‘nang chong oxy hoa tét do d6 két qua
nghién ctru gop phan giai thich viéc sir dung Soc xéo trong mot s6 bai thude dan gian.
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ABSTRACT
Phenolic compounds isolated from Glochidion obliguum Decne

Vu Kim Thu", Nguyen Thi Thu Hien, Nguyen Thi Kim Thoa
Chemistry Department, Faculty of Basic Sciences, Hanoi University of Mining and Geology

By using various chromatography methods, four phenolic compounds were isolated from the leaves of
Glochidion obliguum Decne., Vanillin (1), Leonuriside A (2), Methyl gallate (3), and (1'R, 2'R)-Guaiacyl
glycerol (4). Their chemical structures were elucidated by NMR, ESI-MS spectroscopy data as well as by
comparison with the NMR data reported in the literature.

Keywords: phenolic, Glochidion obliquum, Soc xéo
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ER SE’ HOI NGHI TOAN QUOC KHOA HQC TRAI BAT
SARWI SONRCE 0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VI’NG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Trai nghiém tmg dung Classkick trong day va hoc ‘gié'ng Anh
truc tuyén tai truong Pai hoc M6 - Dia chat

Truong Thi Thanh Thuy"
Truong Pai hoc Mo - Dia chat

TOM TAT

Nhiam danh gia hiéu qua tmg dung Classkick ddi v6i viée hoc tiéng Anh tryc tuyén cia sinh vién truong
dai hoc Mo - Dia chat trong thoi ky dai dich Covid 19, tac gia da thuc hién mét nghién ctru ban thue nghiém
dbi v6i 2 nhom sinh vién chinh quy ciia truong dang theo hoc cac 16p hoc phan tiéng Anh 2 hinh thire tryc
tuyén trong chuong trinh ddo tao chinh khoa, hoc ky 2 nam hoc 2021-2022. Téc gia tién hanh nghién ciru
thong qua viéc giao bai kiém tra sé 1 (Pre-test) vao tuan hoc thir 2 va bai kiém tra sé 2 (Post-test) vao tudn
hoc thr 6 t&i hai nhom, nhom thyc nghiém va nhom dbi chung. Két qua bai kiém tra thu duoc cua hai nhom
cho thiy diém trung binh bai kiém tra s6 2 ctia nhom thyc nghiém cao hon 0.5 diém so véi diém trung binh
bai kiém tra s 1, trong khi d6 diém trung binh bai kiém tra s6 2 ctia nhom ddi ching tang 0.3 diém so voi
bai kiém tra s6 1. Dé 1ay y kién nguoi hoc mot cach khach quan vé tac dong ciia tmg dung Classkick trong
day va hoc truc tuyén, nhom nghién cud di giri bang hoi gdm 10 cau hoi thiét ké theo thang Likert vé cac
trai nghém hoc tap ctia nhom thyc nghiém véi tmg dung Classkick. Két qua thu dugc 1a nhitng danh gi rat
tich cyc tir phia nguoi hoc. Pa sb sinh vién tu tin v6i cac k§ nang nghe hiéu, doc hiéu, néi va ngir phap.
Tuy nhién s lugng sinh vién ty tin voi k§ ning viét chua cao. Pa phan sinh vién bay to sy hai long véi bai
giang va phuong phap giang day cua gido vién dbng thoi ho cling dong tinh rang cac hoat dong twong tac
va cac bai tap giao trén Classkick gitp phat trién nglr phap va cac ky nang ngén ngir cho ngudi hoc. Qua
céc két qua nghién ctru cho thay giang vién c6 thé ap dung ung dung Classkick mét cach linh hoat trong
cac 16p hoc truc tuyén nham gitip sinh vién dat dugc muc tiéu dé ra trong qua trinh hoc tiéng Anh tai trudng.

Tir khéa: Classkick; thuc nghiém; d6i ching; k¥ ning ngon ngir; truc tuyén

1. Pt vén dé

Pai dich Covid-19 khién cac truong hoc trén toan thé gidi c6 nhiing giai doan, thoi diém phai chuyén
dbi sang hinh thtrc hoc tap tai nha. Cac gido vién v6i vai tro la nguoi truyén tai kién thuc ciing da lam quen
véi viée stt dung mot nén tang (rng dung truc tuyen pht hop véi cong viée giang day ciia minh. Mot diéu
khong thé phu nhan dugc la cac khoa hoc truc tuyén giup viéc hoc tap khong bi gidn doan nho vao tinh
hiéu qua, kha ning tiép can va chi phi phu hop. Tuy nhién ddi voi s6 dong sinh vién, mot trong nhitng tre
ngai 16n nhét cua viéc hoc truc tuyen 1a phai gang sirc tdp trung truéc man hinh may tinh trong mot thoi
gian dai. Khi sinh vién hoc truc tuyén, cac em ciing rat d& phan tan boi cac phuong tién truyén thong cing
nhu nhing trang mang xa hoi khac. Do do, diéu quan trong 14 gido vién can duy tri mot 16p hoc truc tuyén
hap dan, gin két va c6 tinh tuong tac cao nham gitp sinh vién tap trung vao bai hoc. Vige st dung cdc ing
dung cong nghé gido duc c6 thé 1a mot goi ¥ hiru ich cho cic gido vién dang mong mudn tiép can gan hon
véi sinh vién ciia minh trong mot 16p hoc ao. M&i mét cong cu ¢ thé dap tng duoc nhimg yéu cau giao
duc dua trén chirc nang dugc thlet ké (D. Siegle, 2015). Qua hai nam giang day truc tuyén trong thoi ky dai
dich, tac gia da ap dung mot sb cong cu gido duc truc tuyén va trong d6 ung dung Classkick da ching to
vu diém trong vi€c trg gitip gido vién quan 1y 16p hoc tryc tuyén theo cach thirc tuong ty nhu d6i vé6i 16p
hoc truc t1ep

Nhim danh gia hiéu qua g dung Classkick d6i v6i viée hoc tiéng Anh tryc tuyén cia sinh vién trudng
dai hoc Mo - Dia chat trong thoi ky dai dich Covid 19, tac gia da thuc hién mét nghién ctru ban thye nghiém
d6i v&i 2 nhom sinh vién chinh quy cua truong dang theo hoc cac 16p hoc phan tiéng Anh 2 hinh thic tryc
tuyén trong chuong trinh dio tao chinh khod, hoc ky 2 nam hoc 2021-2022. Tac gia tién hanh nghién ctru
thong qua viéc giao bai kiém tra s6 1 (Pre-test) vao tuan hoc thir 2 va bai kiém tra s6 2 (Post-test) vao tuin
hoc thtr 6 t&i hai nhém, nhom thyc nghiém va nhom dbi chung. Két qua bai kiém tra thu duoc cua hai nhom
cho thiy diém trung binh bai kiém tra s6 2 ctia nhém thuc nghiém cao hon 0.5 diém so véi diém trung binh

* Tdc gid lién hé
Email: truongthithanhthuy@humg.edu.vn
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bai kiém tra s 1, trong khi d6 diém trung binh bai kiém tra s6 2 ctia nhom ddi ching tang 0.3 diém so voi
bai kiém tra s6 1. Dé 1ay y kién nguoi hoc mot cach khach quan vé tac dong ciia tmg dung Classkick trong
day va hoc truc tuyén, nhom nghién cud da giri bang hoi gom 10 cau hoi thiét ké theo thang Likert vé cac
trai nghém hoc tap ctia nhom thyc nghiém véi tmg dung Classkick. Két qua thu dugc 1a nhitng danh gi rat
tich cyc tir phia nguoi hoc. Pa sb sinh vién ty tin v6i cac k§ ning nghe hiéu, doc hiéu, ndi va ngir phap.
Tuy nhién s lugng sinh vién ty tin véi ki ning viét chua cao. Pa phan sinh vién bay to sy hai long véi bai
giang va phuong phap gidng day cua gido vién d6ng thoi ho cling dong tinh rang cac hoat dong twong tac
va cac bai tap giao trén Classkick g1up phat trién nglr phap va cac ky nang ngén ngir cho ngudi hoc. Qua
cac két qua nghién clru cho thdy giang vién co thé ap dung ng dung Classkick mot cach linh hoat trong
cac 16p hoc truc tuyén nham gitip sinh vién dat dugc muc tiéu dé ra trong qua trinh hoc tiéng Anh tai trudng.

2. Co sé Iy thuyét va phwong phap nghién ciru
2.1. Téong quan vé Classkick

Classkick 1a cong cu gido duc truc tuyén hd trg gido vién quan sat sinh vién hoc trong thoi gian thyc va
dua ra phan hoi nhanh chéng toi ngudi hoc. Giao vién soan bai giang trén nhirng slide chinh stra dugc va
sinh vién c6 thé thao tac theo yéu cau cua gido vién trén chinh nhirng slide d6. Khi sir dung tmg dung nay,
giao vién truy cap va quan sat tién trinh sinh vién truc tiép thyc hanh trén slide. Sinh vién c6 thé viét bang
cong cu but viét, gd chir hodc ghi 4m dé hoan thanh cac nhiém vu theo yéu cau cua gido vién. Sinh vién
ciing c6 thé hd tro 1an nhau néu gido vién cho phép.

Mic du nhiéu chirc ning cta Classkick c6 su trung ldp v6i chirc ning cua cac cong cu khac (vi du nhu
g0 cAu tra 101 tryc tiép, tai hinh anh 1én slide, v& va ghi 4m giong néi...), cong cu nay gitip gido vién va sinh
vién str dung tit ca cac chirc ning quan trong ndy trén cing mot nén tang duy nhit ma khong can sir dung
nhiéu nén tang khac nhau. Véi dic tinh ndy, viéc luu giir tai liéu va cac bai tap tai mot dia chi tré nén dé
dang va sinh vién ciing khong can thiét phai hoc cach st dung nhiéu cong cu. Giao dién Classkick ciing rat
don gian, truc quan va ngudi hoc khong gap kho khan gi khi tim hiéu ciing nhu sir dung cac chirc ning cia
ung dung.

Theo Nurul Ain Chua et al, 2021, Classkick 14 mot ing dung mién phi phuc vu viéc hoc tap ciia sinh
vién va thong qua tng dung niy ngudi hoc nhan dugc sy hudng dan tirc thoi tir gido vién ciing nhu trg gitp
ctia ban hoc. Trén tng dung Classkick, gido vién thiét ké, chia sé bai tap, quan sat sinh vién ciing nhu dwa
ra céc phan hdi cho sinh vién trong thoi gian thuc khi sinh vién hoc trén méy tinh va dién thoai nhu hinh
dudi day.

Hmh ] Gido vzen quan sdt toan bo lop hoc

You are helping Bul Hoang Tuan on slide 1

hello , my name is Tuan . I'm 18 year old . |
1 INTRODUCING YOUuRsELFcOMe from Quang Ninh nice to meet you .

a I
N
2 )08 /STUDIES
What do yould © 2
1 NOME AND FRNMILY Whare de you WQ,; What achoet / anSaraty do you o3 Cvw?
wrere are » + 4
wn R Sy What year_ SF @y in?

& L whick,

Hmh 2 Gtao vién hwo‘ng ddn mét sinh vién
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2.2. Phwong phdp nghién ciru
2.2.1. Phuong phdp va déi twong nghién ciru

Phuong phap nghién ciru nhom tac gia str dung 1a nghién ctru ban thyuc nghiém, khao sat bang bang cau
hoi, phan tich tai liéu va téng hop céc thong tin d8 dugc phan tich. Nghién ciru dugce thyc hién ddi veoi 42
sinh vién K66 nhom 112 (nhém thuc nghiém) va 42 sinh vién nhom 113 (nhém dbi ching) truong Pai hoc
Mo - Dia chét, hoc phan tiéng Anh 2 thoi lugng 3 tin chi, thoi gian hoc truc tuyén tir thang 2/2022 dén
thang 5/2022.

2.2.2. Thu thdp va xir Iy s6 liéu

Trong nghién ctru ban thuc nghlem nay, tac gia tap trung tim hiéu tac dong cua ung dung Classkick t6i
viéc day va hoc tiéng Anh truc tuyén. Bit dau vao tuan hoc thir 2, bai kiém tra s6 1 (Pre-test) dugc thuc
hién ddi voi ca hai nhom sinh vién. Sau khi 2 nhom sinh vién hoan thanh bai Pe-test, 42 sinh vién thudc
nhém thuc nghiém sir dung phan mém Classkick trong qua trinh hoc truc tuyén va 1am bai tap vé nha. Trén
mg dung Classkick, sinh vién duoc thuc hanh ca bon k¥ ning ngdn ngii: nghe, noi, doc viét, dong thoi
luyén tap cac h1en tugng nglr phap cling nhu hoc tur vung. Cac sinh vién thugc nhom d01 chiing khong st
dung phan mém nay trong qua trinh hoc truc tuyen Dén hét tuan thir 6, bai kiém tra s 2 (Post-test) duoc
giao cho ca hai nhom. Bai kiém tra s6 1 va s 2 dugc thiét ké nham danh gia ning luc tiéng Anh ctia sinh
vién d6i v6i 3 ky nang nghe hiéu, doc hiéu, va viét. Hinh thirc bai kiém tra thiét ké theo dang bai kiém tra
giita ky cua hoc phan tiéng Anh 2. Ngit liéu phuc vu cho bai kiém tra ¢ trinh d¢ twong duong véi lugng
kién thirc trong cic gido trinh sinh vién dang sir dung trén 16p hoc truc tuyén 1a gido trinh New English File
Pre-Intermediate, Practice Tests English 2 va gido trinh Key English Test. Vao tuan 12 cua khoa hoc truc
tuyén, bang hoi gdbm 10 ciu hoi thiét ké theo thang Likert v& cac trai nghém hoc tap cua sinh vién khi st
dung phan mém Classkick trong hoc tiéng Anh truc tuyén dwoc giri toi cac sinh vién thugc nhoém thuc
nghiém. Nhém nghién ctru sir dung thang do Likert 5 cip d6 nham do murc d6 hai long ctia sinh vién khi
hoc tiéng Anh truc tuyén c¢6 sir dung phan mém Classkick. Nhém nghién ctru sau d6 dé thu thap dir liéu, st
dung phan mém SPSS 26.0 dé xir Iy s6 liéu va phan tich dé tim ra ciu tra 10i cho muc dich nghién ciru. Cac
phuong phép st dung dé phan tich dit liéu bao gdm phuong phap tong hop, lua chon, gidi thich, trinh bay,
so sanh va két luan.

3. Két qua va thao luin
Nhiam danh gia hiéu qua viéc sir dung ung dung Classkick trong day va hoc tiéng Anh truc tuyén, dir
lidu tir két qua 2 bai kiém tra (Pre-test va Post-test) & hai nhém thue nghiém va dbi ching dugc xtr 1y bing
phan mém SPSS 26.0 cho két qua mé ta nhu trong cac bang 1,2 duéi day.
Bdng 1. Két qua 2 bai kiém tra ciia nhém thiee nghiém

Bién quan siat | MAu | Gia tri nhé nhat | Gia trilén nhét | Gia tri trung binh | Pé léch chuén
Pre-test 42 140 8.20 6.2952 1.12552
Post-test 42 440 8.60 6.7857 1.10907

Két qua bang trén cho thiy diém trung binh bai kiém tra s6 2 ctia sinh vién trong nhom thyc nghiém da
tang 0.5 diém so voi bai kiém tra s6 1 sau 4 tuan hoc tryc tuyén co str dung phan mém Classkick. Tuy nhién
d6 1éch chuén & hai bai kiém tra déu cao trén 1.1 cho théy su chénh 1éch vé diém sb gitta cac sinh vién la
tuong dbi 16n va d6 1éch chuin c6 xu hudng giam mot chut & két qua bai kiém tra sb 2.

Bdng 2. Két qua 2 bai kiém tra ciia nhom doi chimg

Bién quan sat

MAu

Gi tri nhé nhat

Gia tri 16n nhat

Gia trj trung binh

D§ léch chuan

Pre-test

42

4.20

8.80

6.7476

1.16624

Post-test

4

4.20

9.20

7.0524

1.20976

Két qua bang trén chi ra rang diém trung binh bai kiém tra s6 2 cua sinh vién trong nhom ddi chimg da
tang 0.3 diém so v&i bai kiém tra s6 1 sau 4 tudn hoc tryc tuyén khong sir dung phdn mém Classkick. Do
1éch chuén & hai bai kiém tra déu cao 1an luot 14 trén 1.1 va trén 1.2 cho théy su chénh 1éch 16n vé diém sb
gifta céc sinh vién va d¢ léch chuan c6 xu huéng tang cao hon & két qua bai kiém tra s 2.

Nhiam danh gid mtc do hai long cua sinh vién khi hoc tiéng Anh tryc tuyén trai nghém tng dung
Classkick, nhom tac gia da tién hanh diéu tra khao sat tryc tuyén bang bang hoi d6i véi nhom sinh vién
tiéng Anh 2 nhém 112, K66 truong dai hoc M6 - Dia chét (nhom thuc nghiém trong nghién ctru). Cac cau
hoi dwoc do bang thang diém Likert 5 bac, v6i cac lwa chon: 1 = hoan toan khong dong y; 2 = khong dong
¥; 3 = khong c6 y kién; 4 = dong ¥; 5 = hoan toan dong y. 42 sinh vién da tra 10i khao sat voi 42 s6 phiéu
hop 1¢ dem vao phan tich. Théng ké két qua nghién ctru dugc mé ta & bang sb 3 dudi day.
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Bdng 3. Phdn héi cia sinh vién nhém thuc nghiém

AL paspsk . x Gia trj Gia tri Gia tri D6 léch

Cau hoi/bién quan st Mau nhé nhét | 16m nhét trung binh chuiin
Téi tu tin v6i k¥ nang doc hiéu tiéng Anh | 42 2.00 5.00 3.5581 0.85363
cua minh
Tbi tu tin voi k¥ ndng nghe hiéu tiéng Anh | 42 1.00 4.00 3.1860 0.82392
cua minh
T6i tu tin v6i k ndng noi tieng Anh cta | 42 1.00 5.00 3.1395 0.80420
minh
T6i tu tin voi k§ ndng viét tiéng Anh cta | 42 1.00 5.00 2.4651 0.79728
minh
T61i hai 1ong véi phuong phap giang day | 42 1.00 5.00 3.5116 0.82728
cua gido vién
T6i thich tham gia cac hoat dong tuong | 42 1.00 5.00 3.1628 0.94944
tac trén 16p hoc truc tuyén
Toi thich hoan thanh cac bai tap tiéng Anh | 42 2.00 5.00 3.6512 0.75226
truc tuyén
To6i tu tin voi nglt phap tiéng Anh cua | 42 2.00 5.00 3.9767 0.63577
minh
T6i nhén thay rang cac hoat dong tuong | 42 2.00 5.00 3.6744 0.74709
tac gitp toi phat trién cac ky nang tiéng
Anh
T6i nhan thay rang cac bai tap truc tuyen | 42 1.00 5.00 3.2558 0.95352
gitip toi phat trién céc k¥ ning tiéng Anh

Tir két qua bang trén ta thay phan 16n sinh vién dugc hoi tu tin v6i trinh d6 ngit phap, k§ ning nghe hiéu,
doc hiéu va k¥ ning néi tiéng Anh ciia minh, trong s d6 s6 luong 16n nhat sinh vién ty tin v6i trinh 6 ngit
phap tiéng Anh, qua gia tri trung binh & cau hoi nay la 3.9767, d6 léch chuan nhé nhat 0.63577 thé hién
mirc d¢ tap trung rat cao trong s cac sinh vién duoc hoi. Trong cac ki ning ngdn ngi, sinh vién ty tin nhat
v6i ki ning doc hiéu véi gia tri trung binh 1a 3.5581, do 1éch chuan 0.85363. Sinh vién c6 do ty tin tuong
duong ¢ hai k§ nang nghe hiéu va k¥ ning noi qua gid tri trung binh cua 2 céu hoi vé cac k¥ ning nay déu
dao dong & mirc 3.1, d6 léch chuan 0.8. Rleng dbi véi ky nang viét, phan 16n cac sinh vién chua tu tin v6i
k¥ ning nay khi két qua cau hoi nay c6 gi tri trung binh thp 14 2.4651, d 1éch chuan 0.79728 chi ra mic
do tap trung két qua cao. Dbi v6i cau hoi Vé phuong phap giang day cua gido vién, gia tri trung binh 1a
3.5116, d6 1éch chuén 0.82728 cho thiy da s sinh vién dwoc hoi hai long véi phuong phap giang day cua
gido vién. D6i véi cac cau hoi lién quan toi cac hoat dong tuong tac va cac bai tap truc tuyén trong qua
trinh hoc, phan 16n cac sinh vién dwoc hoi déu ddng tinh rang cic hoat dong twong tic va cac bai tap truc
tuyén gitip ho phat trién ning luc va k¥ ning ngdn ngir dong thoi ho ciing sin sang tham gia cac hoat dong
cling nhu hoan thanh cac bai tap truc tuyén.

4. Két luan

Qua céac phan tich trén tir viéc d6i sanh 2 bai kiém tra & 2 nhém cho thay diém trung binh bai kiém tra
sé 2 ¢ nhom thyc nghiém ting 0.5 diém so véi bai kiém tra s6 1 trong khi do diém trung binh bai kiém tra
s6 2 & nhom déi chung tang 0.3 diém so véi bai kiém tra s6 1. Diéu nay chi ra rang viéc ap dung tmng dung
Classkick trong giang day tiéng Anh truc tuyen da c6 nhitng tic dong tich cuc t6i viée phat trién nang luc
ngdn ngit cta ngudi hoe va do vay diém sb bai kiém tra dwoc cai thién hon so v6i két qua cua nhom dbi
chimg (nhom khong st dung phdn mém Classkick). Ngoai ra, d6 1éch chuén cua bai kiém tra sé 2 so vdi
bai kiém tra s6 1 & nhom thuc nghiém c6 xu hudng giam ching to d6 chénh 1éch vé diém giita cac sinh
vién trong nhom nay giam di. Trong khi d6 do léch chuan cua bai kiém tra s6 2 so véi bai kiém trasd 1 &
nhém ddi ching tang chi ra do chénh 1éch vé diém sb giira cac sinh vién trong nhom nay ting 1én. Phat hién
nay c6 thé 1a mot goi y dé cac gido vién luu tim t6i viée sir dung img dung Classkick trong day va hoc truc
tuyén béi dic tinh tiép can, huéng dan va trg gitp tic thoi cho timg ca nhan ngudi hoc 1a mot dic tinh nbi
trdi cua rng dung nay. Gido vién co thé dua vao dic tinh wu viét nay dé ca nhan hoa cac nhiém vu hoc tap
cho ngudi hoc va diéu nay dac biét hi¢u qua dbi voi déi tugng nguoi hoc chua c6 sy tu chu trong hoc tap.

Tir phan tich két qua diéu tra khao sat nhom thue nghiém cho thdy da phan sinh vién déu hai long véi
viéc s dung (mg dung Classkick trong viéc phat trién cac k¥ ning ngon ngir. Trong 4 ky nang ngdn ngi,
k¥ nang viét 1a ky nang ma sinh vién it ty tin nhat Diéu nay cho thiy gido vién can tim hiéu sinh vién k§
hon, ¢6 chién luge t6t hon trong viéc khai thac tbt img dung phuc vu cho cong tac giang day.
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ABSTRACT
Experiencing Classkick application
in teaching and learning English online at HUMG

Truong Thi Thanh Thuy”
Hanoi University of Mining and Geology

In order to evaluate the effectiveness of Classkick application in English teaching and learning online at
Hanoi University of Mining and Geology during the Covid 19 period, the author conducted a quasi
experimental research on 2 groups of regular students attending online English classes in the second
semester of the academic year 2021-2022. The author assigned test number 1 (Pre-test) in the second week
of study and test number 2 (Post-test) in the sixth school week to the two groups, the experimental group
and the control group. The test results obtained show that the mean score of test number 2 of experimental
group is 0.5 points higher than the mean score of test number 1, while the average score of test number 2
of the control group increased by 0.3 points compared to test number 1. To get learners’opinions on the
effect of Classkick application in online English teaching and learning, the research team sent a
questionnaire consisting of 10 questions designed according to Likert scale about the learning experiences
of the experimental group with Classkick app. The results obtained are very positive evaluations from the
learners. The majority of students were satisfied with their grammar, reading, listening and speaking skills.
However, the number of students felt confident with their writing skill is not high. A great number of
students expressed their saitisfaction with the teacher’s lectures and teaching methods, and they also agreed
that the interactive activities and assignments on Classkick contributed to the development of English
grammar and language skills for learners. The research results indicate that teachers can flexibly apply the
Classkick application in online classes in order to help students achieve their set goal in the process of
learning English at school.

Keywords: Classkick; experimental; control; language skills; online
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ER SE’ HQI NGHI TOAN QUOC KHOA HQC TRAI DAT
SABSORNLES e VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2022)
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SUSTAINABLE DEVELOPMENT

Tinh ty chu cia sinh vién trong hoc tiéng Anh truc tuyén
tai truong Pai hoc M6 - Dia chat

Truong Thi Thanh Thuy”
Truong Pai hoc Mo - Dia chat

TOM TAT

Dai dich Covid-19 da anh hudng 16n t6i hé thdng gido duc ctia moi qudc gia trén thé gidi. Cac co so gido
duc dai hoc da Iva chon chuyén ddi sang hinh thtrc gido duc truc tuyén nham thich ung linh hoat véi tinh
hinh dich bénh. Sy chuyén ddi nay doi hoi ngudi hoc can ¢co nang lyc hoc tap doc lap, tu chu nhim phat
huy t&t nhat nhitng loi thé dong thoi giam thiéu nhitng han ché cua viéc hoc truc tuyén. Véi muc dich
nghién ctru tinh ty chi trong hoc tiéng Anh truc tuyén, nhom téc gia da tién hanh khao sat ddi voi 70 sinh
vién chinh quy cta truong Pai hoc M6 - Dia chat dang theo hoc cac 16p hoc phén tiéng Anh tryc tuyén
trong chuong trinh dao tao chinh khod, hoc ky 2 nam hoc 2021-2022. Nhom tac gia da giri bang cau hoi
truc tuyén t6i cac sinh vién. SO liéu thu thap duoc cho tha?iy 42% sinh vién duoc hoi chua ¢ du su doc
1ap, tu chii khi hoc tiéng Anh truc tuyén. 58% sd sinh vién dugc hoi khong gap kho khan gi khi hoc tiéng
Anh tryc tuyén dong nghia véi viée sd sinh vién nay da co su tu cha trong hoc tap. Ngoai ra 52,3% sinh
vién duoc hoi mong mubn hoc tiéng Anh theo ca hai hinh thirc: tryc tiép va truce tuyén. Két qua cua
nghién ciru chi ra rang sinh vién mong mudn dugc giang vién hudng dan trye tlep hon 1a huéng dan tryc
tuyén. Qua cac két qua nghién ctru cho thy giang vién can co chlen lugc cu thé hudng toi viée xdy dung
va phat huy tinh ty chii cua sinh vién khi hoc tiéng Anh tryc tuyén nham dat duoc cac muc tiéu dé ra cia
khoa hoc.

Tir khéa: Tinh tu chu; hoc truc tuyén; huéng dan truc tiép; chién luoc

1. D3t vin dé

Pai dich Covid-19 da anh hudng 16n t6i hé thong gido duc ciia moi qudc gia trén thé gidi. Cac co so
gido duc dai hoc da lya chon chuyén ddi sang hinh thirc gido duc truc tuyén nham thich ung linh hoat véi
tinh hinh dich bénh. Viéc chuyén ddi tir hoc tryc tiép sang truc tuyén gitip thuc day tinh doc 1ap ciia ngudi
hoc. Ngudi hoc ¢6 moi truong tu hoc thuén loi hon cung véi su linh hoat trong phuong phap hoc cling
nhu kha ning tiép thu cia mdi ca nhan cong thém viée tiép can ngudn tai lidu vo tan trén Internet. Tuy
nhién nang lyc tu hoc cua sinh vién chiu tac dong ti€u cuc do thiéu cac hoat dong co t chirc, dinh hudng,
mang tinh gin két tryc tiép trén 16p. Cu thé nhu sinh vién rat it giao tiép véi gido vién, co rét it co hoi hop
tac voi ban hoc, hiém khi nhan dugc nhimg phan hoi tirc thoi nhu trong moi trudng hoc truc tiép. Ngoai
ra do khong tuong tac truc tiép voi ban hoc trén 16p nén sinh vién hau nhu khéng tao dung dugc cac moi
quan hé trong cong dong 16p hoc va diéu nay ciing co thé tac dong tidu cuc t6i két qua hoc boi hoc tap 1a
mot hoat ddng xa hoi va hoat dong nay can ngudi hoc tham gia vao mot nhém c6 sy twong tac 1an nhau
gitra cac thanh vién (Wenden, 1997). Viéc st dung cac nén tang tng dung nhu MsTeams, Zoom, Google
meeting, Skype,... c6 thé gilp tang tinh tuong tac trong 16p hoc truc tuyén tuy nhién cic nén tang nay
khong thé mang toi sy két nbi chan thuec.

Trong mot mdi trudng hoc tip nhiéu thach thirc nhu vy budc sinh vién can phai 1 nhitng ngudi hoc
doc 1ap hodc ngudi hoc ty chu (autonomous learners) do ho khong dugc gido vién hudng dan truc tiép.
Nham danh gia vé tinh chu dong trong hoc tiéng Anh cua mot nhom sinh vién truong dai hoc Mo - Dia
chat khi hoc truc tuyén trong giai doan Covid 19, tac gia da tién hanh nghién ctru ddi voi 70 sinh vién
chinh quy cua truong dang theo hoc cac 16p hoc phan tiéng Anh hinh thic truc tuyén trong chuwong trinh
dao tao chinh khoa, hoc ky 2 nam hoc 2021-2022. Nhém tac gia tién hanh khao sat thong qua viéc giri
bang cau hoi truc tuyén t6i cac sinh vién. S6 liéu thu thép duge cho thdy 42% sinh vién duoc hoi chua co
du su doc 1ap, tu chu khi hoc tiéng Anh truc tuyen 58% s6 sinh vién dugc hoi khong gap kho khin gi khi
hoc tiéng Anh truc tuyén dong nghia v6i viée s6 sinh vién nay da co6 sy tu chu trong hoc tap. Ngoai ra
52,3% sinh vién dugc hoi mong mudn hoc tiéng Anh theo ca hai hinh thie: trye tiép va truc tuyén. Két
qué ctia nghién ctru chi ra ring sinh vién mong muén dwoc giang vién hudng dan truc tiép hon 1a hudéng

* Tdc gia lién hé
Emai: truongthithanhthuy@humg.edu.vn
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dan tryc tuyén. Qua cac két qua nghién ctru cho thiy giang vién can c6 chién luge cu thé hudng toi vige
xdy dung va phat huy tinh tu chu cua sinh vién khi hoc tieng Anh truc tuyén nham dat dugc cac muc tiéu
dé ra ctia khoa hoc.

2. Co sé Iy thuyét va phwong phap nghién ciru
2.1. Co s¢ Iy thuyét

Trong phan co s 1y thuyét, nhom tac gia tap trung vao cic khai niém lién quan tdi tinh ty chu cua
ngudi hoc duya trén cac quan diém duoc trinh 'bay boi cac nha nghién ciru trén the gidi va Viét Nam. Tinh
tu chu cua ngudi hoc (Learner Autonomy) bat nguon tu khai niém hoc tap sudt doi, mot khai niém dugc
xem la dich hudng t6i trong gido duc ké tir ddu nhitng nam 1960 (Gadner & Miller, 1999). Vao nhiing
nam 1970, khai niém tinh ty chu cta nguoi hoc 1an déu duge dua vao linh vuc giang day ngoai ngit. Theo
Holec, 1985, tinh ty chu cua nguoi hoc 1a kha nang chiu trach nhiém vé viée hoc cua ban than. Dickinson,
1995 cho rang ngudi hoc tu chu 1a nguoi chiu trach nhiém hoan toan cho nhitng quyét dinh lién quan toi
viéc hoc va viéc thyuc hién cac quyét dinh d6. Khi danh gia vé vai tro cua giao vién ddi véi tinh tu chu cua
ngudi hoc, Scharles & Szabo, 2000 d& cap téi tim quan trong cua viéc gido vién can tim hiéu trinh d¢
kién thirc, thai d6 hoc tap, mirc 46 dong co hoc tap va chién luoc hoc tap cua ngudi hoc nhdm huéng sinh
vién tim ra dugc cach thirc hoc tap cho ban than minh.

Trong mdi trudng hoc tap tryc tuyén ciing da c6 mot sb nghién ctru vé tinh tu chu cia ngudi hoc.
Sung, Chang & Yang, 2015 dua ra nhan dinh vé tinh hiéu quéa ciia cac phuong tién truyén thong dién tir
dbi véi viée thuc day tinh tu chi ctia ngudi hoc khi hoc ngoai ngit. Vao thoi ky Covid 19, da c6 nhing
nghién ctru vé y kién ctia gido vién va sinh vién trong viéc sir dung cac nén tang hoc tap truc tuyén c6 tac
ddng t6i tinh tu chi ciia ngudi hoc. Cac nghién ciru ndy bao gdm nghién ctru cia cac tac gia (Onyema et
al., 2020; Ariebowo, 2021; Ningshi & Yusuf, 2021).

Khi nghién ctru vé day va hoc tiéng Anh tryc tuyén trong giai doan Covid 19 ¢ Viét Nam, Nguyen,
2021 di chi ra rang viéc hoc tap dua trén cac cong cu céng nghé théng tin nhu Zoom hay Google
Calssroom da khién gido vién kho kiém soat 16p hoc, han ché trong viéc khuyén khich cac hoat dong 16p
hoc hay cung cép cac thong tin phan hoi cho nguoi hoc. Nguyen et al., 2022 nghién ctru cach dung
Quizlet nham thuc day viée tu hoc tir vung cho sinh vién nam thir nhat va nam thir hai tai mot trudng dai
hoc & thanh phé H6 Chi Minh. Nghién ctru cho thiy tng dung hoc tip nay 1a cong cu quan trong gitp
khuyén khich tinh ty chu trong hoc tap cua nguoi hoc. Tran & Nguyen, 2022 nghién ciru thai do hoc tap
dbi véi viéc hoc tiéng Anh cua sinh vién khong chuyén ngir tai truong dai hoc Sai Gon va Ho & Nguyen,
2022 nghién ciru viée str dung cac nguodn tai nguyén dién tir thiuc day su cam két cuia ngudi hoc tai cac 16p
hoc truc tuyén.

Tir cac nghién ctru trén cho thdy tinh tu chi ngudi hoc 1a mot van dé phuc tap lién quan t6i trach
nhiém cua ca nguoi day va nguoi hoc. Pé tré thanh nguoi hoc doc lap, sinh vién can nhan thirc dugc tim
quan trong cua viéc tu hoc, cai tién phwong phap hoc tap va phat huy tinh ty chua trong hoc tap. Vé phia
giao vién can tao diéu kién cho nguoi hoc dua ra cac lva chon cho viéc hoc cia minh, huéng dan va cung
ca‘ip cho nguodi hoc mdt moéi truong hoc tap dé sinh vién co thé suy nghi, thyc hanh va dat dugc muc ti€u
dé ra.

Dé phuc vu cho myc dich nghién ctru ctia nhoém, tac gia dua ra 2 cdu hoi nghién ctru nhu sau:

1. Viéc hoc online da c6 tac dong thé nao tGi tinh tu chu trong hoc tap cua sinh vién?

2. Vai trd cta gio vién ddi véi viée thuc day tinh tu chu trong hoc tap cia sinh vién ra sao?

2.2. Phwong phap nghién ciru
2.2.1. Phuong phdp va déi twong nghién ciru

Phuong phap nghién ctiru nhom tac gia st dung 1a khao sat bang bang cau hoi, phan tich tai liéu va tong
hop céc thong tin da duoc phén tich. Nghién ciru dugc thyc hién ddi v6i 70 sinh vién K66 nhom 110 va
nhom 111 truong DPai hoc M6 - Dia chét, hoc phﬁn tiéng Anh 2 thoi Iugng 3 tin chi, thoi gian hoc truc
tuyén tir thang 2/2022 dén thang 5/2022.
2.2.2. Thu thip va xit Iy s6 liéu

Trong nghién ctru dinh lugng so cap ndy, tic gia tap trung tim hiéu nhan thirc ctia nguoi hoc vé tinh ty
chu trong hoc tép tai cac 16p hoc tiéng Anh truc tuyén, truong Pai hoc M6 - Dia chat Vao cubi tuan hoc
thir 8 hoc phan tiéng Anh 2, nhom nghién ciru giri bang ciu hoi khao sat truc tuyén téi cac nhom sinh
vién. Bang cau hoi chia thanh 6 phan, gdm 16 muc vé6i cac cau hoi vé théng tin c4 nhan cta sinh vién,
hinh thirc hoc tdp ma sinh vién mong mudn, dinh hudng cho viéc hoc truc tuyén, tinh ddc lap tu chu
trong viéc hoc truc tuyén, tAm quan trong cua 16p hoc va gido vién va vai tro cua gido vién déi véi viée
hoc truc tuyén cua sinh vién. Nhém nghién ctru st dung thang do Likert 5 cdp d6 nhim do murc d6 nhan
thirc ctia sinh vién vé& vin dé tinh ty chu cua nguoi hoc trong hoc tiéng Anh tryc tuyén. Nhém nghién ciru
sau d6 da thu thap s liéu, sir dung phdn mém SPSS 26.0 dé xu 1y s6 lidu. Dit liéu sau d6 dwoc phan tich
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nham tim céu trd 101 cho cac cau hoi nghién ctru ¢ trén. Cac phuong phap str dung dé phan tich dit liéu
bao gdm phuong phap tong hop, lua chon, gii thich, trinh bay, so sanh va két luan.

3. Két qua va thao luan

Nham danh gia nhan thirc cua sinh vién d6i véi viée tu chu trong hoc tiéng Anh truc tuyén, nhom tac
gia da tién hanh diéu tra khao sat truc tuyén bang bang hoi di v6i 2 nhom sinh vién tiéng Anh 2 nhom
110, 111, K66 truong dai hoc M6 - Dia chat. Cac cau hoi duge do bang thang diém Likert 5 bac, véi cac
lya chon: 1 = hoan toan khong dong ¥; 2 = khong dong ¥; 3 =khong c6 ¥ kién; 4 = dong y ¥; 5 = hoan toan
ddng ¥. 70 sinh vién da tra 10i khao sat v6i 70 sd phiéu hop 1¢é dem vao phan tich. Thong ké két qua
nghién ctru dugc mo ta & cac bang 1,2,3,4 dudi day.

Bdng 1. Nhdn thuc vé tdac dong cua viéc hoc online toi tinh tw chii trong hoc tap

Gia Gia Gi4 tri
Pham vi do A pzspsk . x tri tri * | Do léch
- Cau héi/bien quan sat Mau s , trung > 2
lwong nhé I6n binh chuan

nhit | nhét

Hoc online mang lai tinh linh hoat
cho ngudi hoc dac biét la vé mat 70 1 5 4.1143 | 0.80834
Nhan thirc vé tac | thoi gian.

dong cua viéc | Giai doan hoc online khépg lam

hoc online t&i | giam tuong tac va giao tiép gitra 70 2 5 3.4429 | 0.95759
tinh ty chu trong | giang vién va sinh vién
hoc tap Viéc hAQC (?nllr}e giup to1 hoc tép lién 70 5 5 34429 | 0.91105
tuc sudt ca qua trinh
Viéc hoc online thuc day t6i hoc tap | 70 1 5 3.3429 | 0.91502

Nhém 4 cau héi dau tién trong bang 1 khdo sat nhan thuc cua ngudi hoc vé tac dong cua viéc hoc
online vdi tinh ty chu trong hoc tap. Gia tri trung binh ctia cau hoi 1 1a 4.1143 va d¢ 1éch chuén 0.80834
cho théy hau hét sinh vién duge hoi déu cong nhan viéc hoc online mang lai tinh linh hoat cho ngudi hoc,
nhét 1a vé& mat thoi gian. Ba cau hoi tiép theo vé tinh teong tac khong giam khi hoc online, viéc hoc
online giup sinh vién hoc tap lién tuc va thuc déy viéc hoc tap co gia tri trung binh lan luot 12 3.4429,
3.4429, 3.3429 déu dao dong léch phai so véi muc trung 1ap, do léch chudn theo thi tu 1a 0.95759,
0.91105, 0.91502 chi ra rang sé luong sinh vién dugc hoi dong tinh véi cac bién nhiéu hon so vé6i sb
lwong dap vién khong ddng .

Bang 2. Kha nang hoc ngdn ngir mot cach doc lap

Gia Gia Gid tri
Pham vi do Ay ek ) < | tri | tri AL pg 1ech
M Cau héi/bién quan sat Mau ° L trung C X
lwong nhé I6n binh chuan
nhat | nhat
Toi muon tip tuc tw hoc online ma | 5 | 5 23286 | 0.81154
khong can c6 giao vién
Khi ning hoc | 1O h}fc d“"{.c cach twhoc thong qua | 5| , 5 3.6429 | 0.79920
ngon nglr ddc lap viee foc onine
T T6i c6 the tu giai quyet duge cac
van dé kho khan minh gap phai khi | 70 1 5 3.1429 | 1.06711
hoc online

Nhém 3 cau héi tiep theo trong bang 2 phan tich vé kha nang hoc ngdén ngir mot cach ddc 1ap cua sinh
vién khi hoc online. Pbi voi bién thir nhat gia tri trung binh thu dugc 1a 2.3286, d6 léch chuan 0.81154
cho thay hau hét sinh vién dwoc hoi déu rat khong dong tinh véi ¥ kién mudn tiép tuc hoc online ma
khong can c6 gido vién. Vi cau hoi thir 2, gia tri trung binh 3.6429, d6 1éch chun 0.79920 thé hién thuc
té khoang trén Y5 s6 sinh vién duogc hoi da hoc duge cach tu hoc thong qua viéc hoc online. Cau hoi thi 3
¢6 gia tri trung binh nim ¢ murc tuong dbi trung 1ap 1a 3.1429, d6 léch chudn cao 1.06711 chimg to sd
lugng sinh vién c6 thé va khong thé ty gii quyét dugc cac van dé kho khian gap phai khi hoc online 1a
gan tuong dwong nhau.

Nhom 3 céu hoi trong bang 3 14y y kién ngudi hoc vé tam quan trong ctia 16p hoc va giang vién. Gia tri
trung binh & cdu hoi 1 va cau hoi 3 1an luot 1a 3.5286 va 3.6286, do léch chuén theo thir tw 13 0.89639 va
0.74545 cho thdy da phan sinh vién dugc hoi mong mudn nhan dugc hudng dan tryc tiép tir giao vién hon
la cac hudéng dan online va ho can duoc hoc tap, trao ddi tryue tiép v6i ban hoc. Riéng cau hoi 2 ¢6 gia tri
trung binh 2.6286, d6 léch chuin 0.85471 chi ra rang hau hét sinh vién dwoc hoi khong dong tinh véi
kién chi hoc duoc tiéng Anh khi c6 gido vién truc tiép bén canh.
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Nhém 3 cau hoi cudi ciing trong bang 4 tap trung khao sat ¥ kién ngudi hoc vé vai tro cua giang vién.
Bién s6 1 ¢6 gia tri trung binh 3.0286 1a gié tri mirc trung lap véi do 1éch chuan 0.97760 thé hién s6 lugng
sinh vién ludn luén cén giao vién giai thich hudéng dan _tuong duong vdi sO luong sinh vién cd thé tu hoc
ma khong phai lac ndo ciing can sy giai thich, hudng dan cia gido vién. Cau hoi s6 2 ¢6 gi tri trung binh
3.4429 va d6 léch chuan 0.82770 cho thdy kha nhiéu sinh vién dugc hoi mong mudn dugc nhan cac phan
héi truc tiép tir gido vién. Cau hoi cudi cliing véi gia tri trung binh 1a 3.6571 va do léch chuan 0.67857 chi
ra su thong nhat cao ctia nhom sinh vién khi Iya chon cau tra 10i va da s déu mong muén dugc gido vién
truc tiép theo sat, giup da.

Bdng 3. Tam quan trong ciia lop hoc va gidng vién

Gia Gia Gia tri
Pham vi do P . x tri tri * | Do léch
Lo Cau héi/bien quan sat Mau A , trung > 2
lwong nhé lom binh chuan
nhat | nhat
T6i muon nhan duoc hudng dan
tryc tiép tir cdc gido vién hon la 70 1 5 3.5286 | 0.89639
Tam quan trong | huéng dan online
cua 1011 hoc va T.O,l Ch.lAhQC duqs tler}g Anh khi c6 70 | 5 26286 | 0.85471
giang vién gi4o vién truc ti€p bén canh
Toi1 can dugc hoc tap va trao doi 70 ) 5 36286 | 0.74545
truc tiép voi ban hoc
Bdng 4. Vai tro cua giang vién
Gid | Gid | qig g
Pham vi do Ay sk . x tri tri * | Do léch
M Cau héi/bién quan sat Mau °, Lo trung ;X
lwong nho I6m binh chuin
nhat | nhat
Téi luc nao ciing can dugce giao
vién giai thich, hudng dan 70 1 5 3.0286 | 0.97760
Toi mong muéq nhéin duoc cac
Vai tro cta giang | phan hoi tryc ti€p tir gido vién hon
o L . ARV 70 1 5 3.4429 | 0.82770
vién la cac phéan hoi online
To6i mong mudn duge giao vién tryc
tiép theo sat, gitip 4o 70 2 5 3.6571 | 0.67857

4. Két luan
T cac phan tich trén cho thﬁy da phﬁn sinh vién dugc hoi déu nhan thirc duge tac dong tich cuc cua
viéc hoc online tdi tinh ty chii trong hoc tp ctia ngudi hoc. Tuy nhién trong sé d6 chi c6 khoang trén
50% dap vién thé hién dugc ring minh di c6 dugc ning lue tur chu khi hoc tiéng Anh online. Déi véi dai
da s6 sinh vién duoc hoi, vai tro cua gido vién va 16p hoc rat quan trong trong vi€c ting bude hinh thanh
va phat trién kha niang hoc ngoai nglr mét cach doc 1ap. Ngoai ra so lugng sinh vién dugc hoi mong mudn
hoc tap theo ca hai hinh thirc truc tiép va tryc tuyén 1a nhinh hon 50% cho thiy viéc can thiét két hop ca
hai hinh thtrc ndy trong day va hoc ngoai ngir tai thoi diém hién tai. Cac két qua nghién ctru ciing chi ra
rang tinh tu cha trong hoc tiéng Anh tai cac 16p hoc truc tuyén cua sinh vién con yéu va ho khong thé
ngay 1ap tuc tr¢ thanh nhiing nguoi hoc doc 1ap dugce. Sinh vién van can sy giup d& va huéng dan cia
gido vién gidng nhu trén 16p hoc tryc tiép. Piéu nay ciing doi hoi gido vién ngoai vai tro la nguoi cung
cép kién thic con 1a ngudi dan dat dinh hudéng, quan ly ddng thoi 1a ¢b van cho sinh vién. Két qua cta
nghién ciru ciing dua ra goi ¥ rang gido vién cén c6 bién phap khuyén khich sinh vién phat huy tinh tu
chu trong hoc tap tai cac 16p hoc truc tuyen.
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ABSTRACT
Students’ autonomy in learning English online
at Hanoi University of Mining and Geology

Truong Thi Thanh Thuy”
Hanoi University of Mining and Geology

The Covid 19 pandemic has greatly affected the education system of all the countries in the world.
Higher education institutions have swifted to online teaching and learning to flexibly adapt to the
epidemic situation. This transformation requires learners to have the ability to study independently and
autonomously in order to maximize the advantages and minimize the limitations of online learning. For
the purpose of studying the autonomy in online English learning, the authors conducted a survey on 70
regular students of Hanoi University of Mining and Geology who are taking online English classes in
school full time training program during the second semester of the academic year 2021-2022. The
authors sent the questionnaire to the students and collected results show that 42% of the surveyed students
do not have independence and self-control in learning English online. 58% of them did not have any
difficulties in learning English online, which mean that these students have self-control in their study.
52.3% asked students expected to learn English in both ways: face-to-face and online. The results of the
study indicate that students prefer face-to-face instruction from the teacher rather than online instruction.
Research results show that lecturers should have specific strategies towards building and promoting
students’ autonomy in learning English online in order to achieve the set goal of the course.

Keywords: Autonomy; online learning; face-to-face instruction; strategies
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ER SE’ HQI NGHI TOAN QUOC KHOA HQC TRAI DAT
SABSORNLES e VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Dao dong tham s ctia hé phi tuyén cap ba c6 chira ma sat Coulomb,
ma sat dong va can nhét cap phan so

Bui Thi Thay” )
Truong Pai hoc Mo - Dia chat

TOM TAT

Bai bao nghién ctru cong huong tham s cua hé phi tuyén cép ba c6 chira ma st Coulomb, ma sat dong
va can nhét cap phan s sir dung phuong phap tiém can. Nghiém xap xi giai tich duogc xac dinh va duong
cong bién d6 tan s6 dugc thiét 1ap. Sau d6, khao sat diéu kién 6n dinh ctia nghiém cong hudng bang 1y
thuyét Lyapunov. Anh hudng cua cac tham s trong dao ham cap phan s dbi véi bién d6 dao dong dimng,
dudng cong bién d6 tan s6 ciing dugc xem xét.

Tir khéa: Pao ham cp phan sb; dao dong tham s; phuong phéap tiém can; cong hudng; dudng cong bién
d6 tan sd.

1. Mé diu

Phép tinh cép phan sb gdm nhiing toan tir dao ham va tich phan cép phan sb duoc téng quat hoa tir
phép tinh cdp nguyén [Miller va Ross, 1993; Oldham va Spanier, 1974; Podlubny, 1999; Ross, 1975].
Dinh nghia thuong dugc sir dung nhidu nhit 1a toan tir dao ham cap phéan sb cua Riemann — Liouville.
Trong bai bao nay, ta sir dung dinh nghia Riemann — Liouville. Cac img dung ctia phép tinh cip phan sd
trong k¥ thuat va vat 1y thu hat duoc rat nhiéu sy chii ¥ cua cic nha khoa hoc [Bagley va Torvik, 1983;
Fukunaga, Shimizu va Nasuno, 2009; Gaul va Chen, 1993; Nguyen Van Khang, Bui Thi Thuy va Truong
Quoc Chien, 2016; Nguyen Van Khang va Truong Quoc Chien, 2016].

Dua vao cac két qua cua cac tai liéu [Mitropolskii va Nguyen Van Dao, 1997; Nguyen Van Dao, 1979;
Nguyen Van Dao, 1998], dao dong tham s6 cua hé phi tuyén cap ba c6 chira ma sat Coulomb, ma sat
dong va can nhdt cap phan s6 duoc nghién ctru bang phuong phap tiém cén. Bai bao gdm 5 phan Phén 2
trinh bay nghiém xap xi cho cong huong diéu hoa cua h¢ phi tuyén cip ba. Duya trén Iy thuyet Lyapunov,
diéu kién ton tai cia cong huong didu hoa va diéu kién 6n dinh cua nghiém ding duoc dé cap trong phan
3. Anh huéng cua cac tham sb cip phan sé d6i v6i dudong cong bién do tan sb duge phan tich trong phan
4. Phan 5 bao gom cac két luan chinh cia bai bao.

2. Thiét 1ap biéu thirc nghiém bang phwong phap tiém cin
Xét dao dong tham s6 ctia hé dugc mé ta boi phuong trinh vi phan cap ba

¥+ai+o’ i+aw x+8[kx +hi® + hy sign x + h,%° s1gnx+5prx—cxcoth] =0 (1)
Trong d6 a,®,k,h,o5,,c,Q la nhitng hang s6, hy,h, 13 hang s6 duong. D”x 1a dao ham cap phan sb
cua x(t).

.o <A A 1A 2 2 2 Q
Gia thiét hé c6 cong hudng: ¢o =w (1 -7 ), n=—- 2)

20

Khi @6 phuong trinh (1) c6 thé dugc viét lai nhu sau:
2 2

'x"+a56+T}‘C—i—aTx—i—ef(x,fc,jc',D"x)—gcxcoth:O (3)
trong do: f(x,)'c, X, D”x) = ok +aox+kx’ +hi’ +hsignk+h,x’ signx+6 D" x 4)

Nghiém riéng hai tham sb ctua phuong trinh (3) dwoc tim duéi dang:

Q Q ) Q
X =acos Et+(// +&u, a,n//,zt +&u, a,l//,zt +.04 (5)

* Tdc gia lién hé
Email: buithithuy@humg.edu.vn
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Trong d6 u,(a,y,0) la nhing ham chu ky 27 dbi véi y va @; a va y duge xdc dinh tir nhitng
phuong trinh sau:

%:gAl(a,l//)+ng2 (a,p)+...

4 (6)
d_l// =¢B (a,y)+& B, (a,y)+...
t
2 3
Dé xédc dinh cac ham u,, A, B, ta tinh céc dao ham ?,%,% v thé vao phuong trinh (3)
t ar t

3 3 2
{%asin¢+g[—%Q2Al cosgo-i—%QzaBl sin@ + 66”1 j}-i—a{—%acosgo—i—g(—ml sing

[3

o o Q . , 0 o’
—QaB, cosp+ 6? J}+T{—Ea51ngp+g(Al cosp—abB, s1n(o+%j}+a7{acos¢+gul} 7
t t

Q . §
+&° ._.=—gf|:aCOS¢J,—EaSIH¢,—TaCOS(/J,DF (acosgo)}+8accos¢cos£!t

Q
trong do: gozztﬂ// (8)

So sanh cac hé so cua ¢ ta duoc:
ou; oul  Q° oy Q
—_— —_— + —_———

o? a
+a +a=——u —| —A +QaaB, |cosp+| Q* =B —QaA |sing=—Ff, +accospcosQt,
o o 4 a4 (2 ! ‘J ? ( 2 ‘j 9= ¢

9)
_ Q . 3 3 } 3 .3 . _Q .
fo= Gzas1n¢)+aaacos¢7+ka cos” @ h?a sin” @ + h, sign Easm¢
0% Q QY (1
+h, 2= asin’ psign| ——asing |+ad | = | | cosLZ cosp—sin 2 sin
Kl wg(z 40] p(zj{ 5 Coso 5 Sing
Khai trién Fourier ham f, ta co:
fo= Z(rm (a)cosme+s, (a)sinmgp) (11)
m=0
véi < > 1a toan tr trung binh:
r():<f0>’ rm:2<f0cosm(p>, Sm:2<f05inm(0>a (12)
Ham u, thoa man phuong trinh (7) ciling dugc tim dudi dang chudi:
u, :Z[Gn (a,y)cosnp+H, (a,y/)sinn(p] (13)

v6i didu kién u, khong chura cac s6 hang cong hudng. Diéu kién nay s& tuong dwong véi diéu kién 1a
ham u, khong chtra cos¢,sing.
Thay thé phuong trinh (11) va (13) vao phuong trinh (9) ta co:

Q° N n . n o’
— > (" -1)|| Q=G, —aH, |[sinnp—| Q—H +aG, |cosnp |—| — A +QaaB, |cos
4 ~ ( )|:( 2 n nj (p ( 2 n nj go:| ( 2 1 IJ ¢
o . ac . . . .
+ TaBl—QaA] sm(p:7(c0521/1cos<p+sm2t//sm¢)+cosZt//cos3go+sm21//sm3(p) (14)

—i (r,, cosmp+s, sinmp),

m=0

So sanh cac ham dieu hoa cos@,sing va cac ham diéu hoa khac ta co
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2
TAI +QaaB, = —%cos21/1+r1

o (15)
QoA —TaBl = —%sinZl/l+s1

QZ
T(n2 —1)(Q§Hn +aGﬂj =r, —%cosm//é%

o (16)
2 (w2 -1) QLG —aH, |=-s +Esin2ps
4 ( ) 2 n n n 2 W 3n
0 (n¢3)
t doé: (n#1) va 8, = 17
rong o( )Va - {1 (n:3) (17)
Giai phuong trinh (15) va (16) ta co:
ar, —gnsn + 9nacsinZl//—gaccosm// 0,
G - 2 4 2
n 2 2
Q(nz—l)(a2+Qn2]
4 4
(18)
Q Q a .
—nr, +as, —| —naccos 2y +—acsin2y |0;,
2 4 2
o= o’ o’
—(n2—1> at+=n’
4 4
. 0] 1 .
a<f0 sm(p>+a) <f0 cos¢>—7accos2l//—zacasm21//
A =
1 ® (a2+w2)
(19)
. w . 1
a(fycosp)—w (f, s1n(p>+7acsm2l//—zacacos2l//
B =
: Qa(a2+w2)
1 (>0)
Véi signi={-1 (x<0) (20)
0 (i=0)
Q (0% Q Q) pr pr
R, = h,sign| ——asing |+h, —a*sin’ psign| ——asing |+ad,| — | | cos=—cos ¢ —sin ——sin
0 og(z ¢j24 (Dg(z (DJ p(zj[ > @ > @
21)

Tt phuong trinh (10) tinh toan cac gia tri trung binh < S, cos (p> ,< fysin (0) thay vao phuong trinh (19)
va sau khi tinh toan ta tim dwoc cac phuong trinh ctia xap xi thir nhét:

da & 3 2y 3 1 ac .
—= —(k—aw"h)a’ ——accos2y ———asin 2y + R,
dt a2+a)2[8( ) 4 Y50 v 1}

(22)
dy £ 1 3 ac . ac
>y :W{a(az +a)2)aa+E(ak—i—a)“h)a3 +Tsm2l//—ﬁacos2l//+R2}
trong d6: R, = <R0 cos ga) +25a<RO sin ga); R, = %Z<R0 cos go) —<R0 sin go) (23)

Tir phuong trinh (23) tinh toan cac gia tri trung binh ciia (R, cos@) va (R, sing)va thé vao phuong
trinh (22)

da ¢ [3 | ac 1 71[ T pﬂ'j 20, 4da )
—= Z(k-aa’h)a® ——accos2y ——asin 2y +—ad @"' | wcos——asin— |- =—h, ——hwda’ | (24
dr a2+w2{( ) 4 TS Ve 2 To | 3w @9

8 2
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d_l//:%{i(oﬂ +(()2)Ga+i(ak+a)4h)a3 +Lsin2y
dt 2a(a +a)) 4Q 4 2s)
5
ac 1 4 pr . opr) 2 4 2 2
——acos2y +—ad, 0" | acos—+wsin— |+—h,+—hw a
2 2 ! 2 2 ) 3z

Do d6 trong xap xi thir nht nghiém riéng ctia phuong trinh (1) c6 dang
Q
x:acos(ztﬂ//j (26)
Véi a,i 1a nghiém cua cac phuong trinh (24), (25).
3. Dao dong cong hwéng t!lam,s(') cia hé
3.1. Duwong cong bién dj tan so
Nghiém dung cua hé (24), (25) dugc xac dinh tir nhitng phuong trinh sau

ca . c 3
an sin 2y, +Za0 cos2y, = g(k —aa)zh)ag +R,

27)
ca c . 1 3
25 % cos 2y, —5%sin 2y, = 5(0:2 +@° )o-aO +E(ak +a)4h)a3 +R,
Triét tiéu pha v, & (27), ta dugc phuong trinh cua bién 4o a,
W(a,,Q)=0 (28)
trong do:
2 § : 2
3 2 2 3 1
W(a,,Q)=|ac+=ka, +%(R] +—asz +@’| 0+=0’hag +————<(QR, —2aR,) .
4 aO(a +a)) Q 4 ao(a +a)) 4
(29)

Thay R,,R, ti phuong trinh (23) vao phuong trinh (29) va (28)

2 2 2
ao-+§ka§+5 o’ cos22L 4 o o-+§a)2ha§+5 a)"’lsinp—”+ih0+8—w}5ao “£ -0 (30
4 r 2 4 r 2 nwa, 3z 4
3.2. Khao sdt én dinh ciia dao dong dirng
Xét tinh on dinh cua nghiém dimg a, # 0 cua hé phuong trinh (27). Thay a =a, +da,y =y, + oy

vao hé phuong trinh (24), (25) véi a,,y, la nghiém cta hé phuong trinh (27), ta c6 cac phuong trinh bién

phan sau:
déa & 3 D R [2 ., 3 i s }
—= —\k—aw’h)a, +a,| — | |0a—| =|a” +o" Joa,+—|ak+ o h)a, +2R, |0 31
= | Sl v ] e Sl v ou sk oy 2% o | 60
d&//: id i(ak+a)4h)ao+ LY da+ é(k—cm)zh)ag+£R1 oy (32)
dt 2(a’ +0') || 2Q a, 4 a,
Phuong trinh dac trung cua hé:
A —ZA+S=0 (33)
trong do:
£ 3 o\ 2 1 / &a, oW
Z= ~\k—awh)a; +—(a,R,) |, S=————¢—, 34
a2+a)2|:2( ) 0 ao( 0 1):| 4w2(a2+a)2)aa0 ( )
V61 W c6 dang phuong trinh (29).
Do do, diéu kién on dinh ctia nghi¢m dung 1a
3(k-aw’h)a; +2(a,R) <0, 35)
a—W>0 (36)
Oa,

Tir phuong trinh (23) va (35), (36) ta c6 diéu kién on dinh ciia hé:
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3(k —aa)zh)ag +2a,6,0"" (a)cos%ﬂ—asin %ﬂ-j ———7hza)a§ <0 (37)

3ka, (ao- + %kag +6,0" cos %ﬂj
(38)

+20° (0+§a)2ha§ +8 0" sinp—”+ihoj(§m2hao A +8—‘”th >0
4 P 2

roa, roa; 3r

4. P6 thi dwong cong bién dd tan sb

. Q
Chon bd tham s6 w=1,a =1,6=1,6, =0.01, p=0.5,k =—-0.1,2=0.05,4, = 0.0025,c = 0.05,77 = 5
0]

Phuong trinh vi phan dao dong ctia h¢ c6 dang
%+ X+ e+ x+1[ =0.1x +0.05%" +0.0025sign i +0.01D"x—0.05xcos Q& | = 0 (39)
Dua trén phuong trinh dudng cong bién d6 tan sb (30), ta c6 cac duong cong bién do tan s6 duge bidu
dién trén cac hinh 1 -2. Ta nghlen cuu anh huong cua cac tham s6 dao ham cép phéan sb ddi véi duong
cong bién do tan s6. Néu cp phan sb p =0.5 va cho hé so 6, thay dbi, cac dudng cong bién do tan sd

dugc biéu dién trén hinh 1. Néu hé s6 & , =0.01 va cap phan s6 p thay doi, ta dugc cac duong cong bién
d6 tan s trén hinh 2. Tir cac do thi trén, ta nhan thay rang khi cap phan sb p ting thi bién do dao dong
giam; h¢ s0 o, tang thi bién d¢ dao dong khong tang nhung pha dao dong thay doi.

Du’o’ng cong bién do tan sb (p 0.5) 06 Pwong cong bién do tan sé khi p thay déi

051 sp001  P7002 5p=003  sp004

05

6p=0.005

04r

04 r
0.3r |

®© ®© 0.3 F
02} ozl
01t I —
0 ‘ . . ‘ ‘ ‘ ‘ 0

098 099 1 101 102 103 104 105 106 097 098 099 1 101 102 1.03 104 105
7]2 7]2
Hinh 1. Puong cong bién do tan so Hinh 2. Puong cong bién do tan so

khi 5, thay doi khi p thay doi

5. Ket luan

Nhiéu hé dong luc duoc md ta béi cac phuong trinh vi phan phi tuyén yéu. Trong bao céo nay ap dung
phuong phap tiém can tinh toan dao dong cong hudng cua hé phi tuyén cip ba co chira ma sat Coulomb,
ma sat dong va can nhét cap phan sb. Uu diém cua phuong phép 1a tinh don gian, dic biét trong viée tinh
toan cac dao dong cong huong.

St dung cic phuong trinh bién d6 tan sd, cac duong cong bién do tan sé dugc v& bang phan mém
Matlab.Anh huéng cua cac hé sb va cép cua dao ham cép phéan sé d6i voi nghiém ciing dugc minh hoa
thong qua cac duong cong bién do tan s6. Do d6, hé c6 thé duoc t6i wu hoa thong qua viéc chon cac tham
s0 cap phan s6 phi hop.
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