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Nguyén Thanh Binh?, Nguyén Pinh Cong?, D6 Hoang Tung?, Vii Thi Bich>**
Thanh Binh Nguyen, Dinh Cong Nguyen, Hoang Tung Do, Thi Bich Vu
“Vien Vat ly, Vién Han lam Khoa hoc va Cong nghé Viét Nam
Institute of Physics, Vietnam Academy of Science and Technology
bVién Nghién ciru Ly thuyét va Ung dung, Truong Pai hoc Duy Tan, Ha Néi, Viét Nam
Institute of Theoretical and Applied Research, Duy Tan University, Hanoi 100000, Vietnam

(Ngay nhdn bai: 03/05/2019, ngay phan bién xong: 15/05/2019, ngay chdp nhin ddng: 06/06/2019)

Tém tit

Truyén ning luong cong hudng huynh quang (Fluorescence Resonance Energy Transfer — FRET) 1a mot qué trinh khong
btrc xa ctia mot cip phén tir donor-acceptor qua twong tac ludng cuc dién (dipole-dipole). Acceptor hap thu ning luong tai
bude song phat xa cta donnor. Su tuong tac truyén ning luong nay xay ra trén khoang cach 16n hon khoang cach tuong
tac nguyén tir va khong phat sinh ning lwgng nhiét hay va cham phan tir. FRET dan t&i su giam cuong do va thoi gian
sdng huynh quang phéan tr donor dong thoi 1am ting cudng d6 va thoi gian sdng huynh quang ctia phéan tir acceptor. Mot
sO chat huynh quang c6 phd hap thu va phét xa thay ddi theo cac thong sé moi truong nhu d6 pH, nong do phan tir, do d6
FRET da va dang duogc sir dung nghién ctru ing dung trong y sinh hoc ciing nhu dé xac dinh ndng d6 mét sb chat trong
moi trudng. Bai bao trinh bay nguyén 1y co ban truyén ning luong cong huong huynh quang, xac dinh hiéu suit truyén
nang luong cua cip phan tir Rhodamin 6G va hat nané vang (AuNPs) trong mdi truong nude. Két qua cho thay khi ty 16
hat AuNPs/Rh6G > 0.92 thi hidu suat truyén ning luong trén 50%. Qua trinh FRET ciing dd dwoc chimg minh théng qua
phép do thoi gian sdng huynh quang.

Tir khéa: Truyén ning luong cong huong huynh quang (FRET), thoi gian song huynh quang, Rhodamin 6G, nand vang
(AuNPs)

Abstract

Fluorescence Resonance Energy Transfer (FRET) is the non-radiative transfer of energy from a donor molecular
chromophore in an excited electronic state to a nearby acceptor chromophore in a non-radiative fashion through long-
range dipole-dipole interactions. FRET occurs over distances greater than the atomic interaction distance and does not
generate thermal energy or molecular collisions. FRET leads to a decrease of the donor intensity and lifetime; meanwhile,
increases the intensity and fluorescence lifetime of acceptor molecules. The absorption and fluorescence emission spectra
may vary due to environmental effects, such as pH, molecular concentration, so FRET has been used for research and
applications in biomedical field as well as for determining the concentration of some substances in the environment. This
paper presents the basic principle of fluorescence resonance energy transfer, determining the energy transfer efficiency
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of molecular pairs of Rhodamin 6G and gold nanoparticles (AuNPs) in the water. The results showed that when the
ratio of AuNPs / Rh6G was greater than 0.92, energy transfer efficiency was over 50%. The FRET process has also been

demonstrated through fluorescence lifetime measurements.

Keywords: Fluorescence Resonance Energy Transfer (FRET), life time fluorescence, Rhodamin 6G, Gold Nanoparticles

(AuNPs)

I. Gi6i thi¢u

Khi ta kich thich 4nh sang vao mot phan tr
(phan tor Donor) nam canh mét phan tir khac
(phan tor Acceptor), phan tr Donor nhén nang
luong chuyén 1én trang thai kich thich trong khi
phan tur acceptor ¢ trang thai co ban, khi do6 s€
xdy ra tuong tac ludng cuc - ludng cuc (dipole-
dipole) ctia Donor va Acceptor, nang lugng cua
Donor ¢6 thé truyén cho Acceptor. Pay 13 hién
tuong truyén ning luong cong huéng huynh
quang (Fluorescence Resonance Energy Transfer -
FRET) - hién tugng vat Iy dugc phat hién tir 1au va
duoc Theodor Forster tap hop va phat trién thanh
1y thuyét hoan chinh nim 1948 [1]. FRET xay ra
trén khoang cach 1-10 nm. Truyén ning lugng
cong huong huynh quang c6 thé quan sat thay
trong qua trinh sinh hoa phtrc tap nhu quang hop.
Ngay nay c6 thé quan sat FRET trén cac don phan
ttr, vat liéu nand. Tién b ctia khoa hoc cong nghé
cho phép mo rong ing dung cua FRET trén c¢ s&
truyén nang luong ctia cac phan tr nhan tao (chim
luong tir, vat liéu nand), la cong cu quan sat dong
hoc cua phan tir sinh hoc, qua trinh quang hoa,
phat hién doc té trong thuc pham [2 - 5].

Tinh chét phat quang vat liéu phu thuc vao moi
truong xung quanh do do hi¢u ing FRET cling bi
thay doi [6]. Tinh chat ndy ciing ding vdi cac vat
liéu nano kim loai vdi cong hudng plasmon khi bi
kich thich boi truong dién tur [6 - 8]. Pay la tinh
chat 1y tha boi kich thich cong hudng cho phép
truong quang hoc bi gidi han trong thang nand.

Thong thuong, truyén ning luong cong hudng
huynh quang la xac dinh khoang cach gitra cac phan
tir twong tac bang cach xac dinh sy thay doi cuong
d6 huynh quang ctia Donor va Acceptor, tir do xac
dinh ham luong thanh phan ctia Donor-Acceptor

[9, 10]. Sau nay v6i sy phat trién ctia khoa hoc k¥
thudt dic biét 1a ky thuat do thoi gian sbng huynh
quang, anh thoi gian song huynh quang, FRET tro
thanh cong cu nghién ciru cau tric, twong tac giita
cac phén tir trong té bao. FRET la nguyén nhan
gdy ra sy dap tit huynh quang ctia Donor nhung
phan 16n ning luong phat xa bai Acceptor [11].
Khi hiéu ung FRET xay ra, Acceptor véi mot tap
hop cac mirc ning luong quy dao gan hodc thap
hon murc kich thich ctia Donor, ¢6 nghia 1a phd
phat xa ciia Donor phai chong chap 1én phd hap
thu ctia Acceptor, qua trinh truyén ning luong
c6 thé do duoc qua thoi gian song huynh quang.
Xac dinh FRET qua thoi gian séng huynh quang
c6 mot sé wu diém so v6i phuong phép xac dinh
FRET qua cudng do pho, tranh duoc truong hop
khong phai FRET (qué trinh tai hap thy).

Bai béo trinh bay két qua nghién ctru truyén ning
luong cong huong huynh quang gitra chit mau
Rhodamin 6G (Rh6G) va hat nand vang (AuNPs)
bang phuong phap huynh quang phan giai thoi gian
boi cac tng dung thuc té ctia hat va thanh nand kim
loai quy nhu vang (Au) déu dua trén hién tuong
cong huong plasmon bé mat (Surface Plasmon
Resonance - SPR) c6 thé sir dung trong nhiéu linh
vuc khac nhau nhu quang tir (photonics), quang
dién tr (optoelectronics), y-sinh hoc, méi truong...
I1. Thue nghiém

Trong nghién clru nay, ching t6i sir dung hat
nano vang (AuNPs) 1a phan tir Acceptor va phan
tir Donor la Rhodamin 6G (Rh6G).

Hat nand vang (AuNPs) dugc nhoém Vit
ly Plasma - Vién Vat Iy ché tao bang phuong
phap plasma trén h¢ thiét bi nhu trinh bay trong
[12]. C6 nhiéu phuong phap ché tao hat nand
kim loai khac nhau nhu phuong phap hoéa khir,
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quang hoa, phuong phap an mon laser, phuong
phap plasma... trong do, phuong phap hoéa khur
la phuong phéap thong dung dé ché tao cac hat
nand kim loai néi chung va nan6 vang noi riéng
v6i chi phi ré, chat luong mau twong ddi tot va
6 thé diéu khién kich thude hodc hinh dang hat
[13], song phuong phép nay lai khoé loai bo hoan
toan tién chat ban dau. Phuong phap in mon
laser l1a phuong phép str dung laser (lién tuc hoac
xung) bin pha vao bia kim loai dit trong moi
truong long hodc khi (tro voi kim loai) dé tao
ra hat nand. Phuong phap ndy tao ra mau véi do
sach cao, tuy nhién do déng déu cua hat thu duge
lai kho khéng ché boi phu thude vao do 6n dinh
cong suat, do rong xung, tan sb lap lai laser...
[14]. Phuong phép plasma c6 thé tao ra hat nand

c6 do sach nhu phuong phap an mon laser nhung
do dong déu hat lai tot hon [15].

Rhodamin 6G (Rh6G) 14 chat mau laser thuong
mai c6 dinh hép thu tai 520 nm va phat xa tai
560nm, v6i hiéu sudt lugng tr 16n. Rh6G duoc
pha ¢ nong d6 0.52uM trong nudc va mau AuNPs
dugc pha trong nudc ¢ néng do 5.10"7 hat/ml véi
ty 1¢ khac nhau tuyén tinh nhu trong Bang 1.

Cac mau duoc do phd hip thy trén thiét bi hip
thu UV600 (Shimazu), phd huynh quang trén phd
ké huynh quang Cary Eclipse (Variant) va pho
huynh quang phan giai thoi gian (Time Resolved
Fluorescence - TRF) trén co so ki thuat dém don
photon tuong quan thoi gian (TCSPC) vé1 budce
song kich thich 405 nm, d¢ phan giai 38 ps [16].

Bang 1. Cac mau nghién ciru FRET giita cip Rh6G (Donor) va AuNPs (Acceptor)

Ténmiu | AuNPs(ml)(N=5¢"7) | Rh6G (M=0.52uM) H.O Ty 1& N (AuNPs/Rh6G)
Sl 0 0.5 2.5 0
S2 0.2 0.5 2.3 0.309
S3 0.4 0.5 2.1 0.618
sS4 0.6 0.5 1.9 0.927
85 0.8 0.5 1.7 1.235
S6 1 0.5 1.5 1.544

I11. Két qua va thao luin
1. Cé 56 Iy thuyét FRET
Trong quéa trinh truyén ning luong cong
huoéng huynh quang, phan tor huynh quang
Donor hip thu ning luong anh sang téi chuyén
1én trang thai kich thich. Nang lugong kich thich
nay truyén cho phan tir huynh quang Acceptor
lan can. Qua trinh truyén ning luong nay tu
n6 s€ lam giam cuong do huynh quang cua
Donor (dap tit) va ting cudng do huynh quang
Acceptor dong thoi giam thoi gian séng huynh
quang Donor
D +hv — D*+
D*+A — D +A* (1)
A* > A +hv’
(D: Donor; A: Acceptor; ddu “*” ki higu trang
thai kich thich).

Mot sb diéu kién can phai dugc thda man dé
xay ra FRET la:

(i) Pho phat xa huynh quang ctia Donor phai
chdng chap 1én phd hap thu hodc kich thich cta
Acceptor. Mirc do chong chap 1én nhau dugc goi
1a phé chdng 1én nhau tich hop (J).

(i1)) Donor phdi c6 cuong do huynh quang
manh.

(iii) Hai chat nay (Donor va Acceptor) phai
& khoang cach gan nhau (thuong 1 dén 10 nand
mét).

(iv) Cac luong cuc dién (dipole) ctia cac Donor
va Acceptor phai gan nhu song song v6i nhau.

(v) Thoi gian séng huynh quang ctia cac phan
tr Donor phai c6 khoang thoi gian du dé cho hiéu
ung FRET xay ra.

Hiéu suit truyén niang luong FRET (E

FRET)
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ty 1¢ véi nghich ddo mii 6 khoang cach Donor-
Acceptor

_ RS
Erger = 0/(R(6) +76) (2)
trong d6 R 1a ban kinh Forster - 1a khoang cach
ma & d6 nang luong truyén 1a 50%.

R, = 0.2108 (Kzn‘4<I>D f (70)1/6 3)

Ban kinh Forster R phu thudc vao hi¢u suét
lwong tr huynh quang cua Donor (@) khi khong
co6 mat Acceptor (f)), chi€t suat cia dung moi (n),
goc dinh hudng ludng cuc cta phan tir (K?) va su
chdng chap phd ctia Donor-Acceptor (J).

Hiéu suét truyén ning luong c6 thé xac dinh
thong qua cuong do huynh quang hoac thong qua

thoi gian séng huynh quang theo biéu thirc
F=l-p=— 4)

R 1+ (R/g,)

Trong d6 1, la thoi gian song huynh quang cta
Donor khi c6 mat Acceptor; 1, 1a 1a thoi gian séng
huynh quang ctia Donor khi khong c6 mat Acceptor.

Tom lai, ty 1€ FRET phu thudc vao muic do
chdng chép phd giita cac cip Donor-Acceptor, hidu
sudt lugng tr cua cac Donor, dinh huéng tuong
d6i ctia cac Donor-Acceptor, khoang cach chuyén
tiép ludng cuc va khoang cach tir cac Donor t6i
Acceptor. Bat ky qua trinh nao c6 anh huong dén
khoang cach giira cac cap chat Donor-Acceptor
ciing s& anh huong dén hiéu suét cua FRET.

2. Hinh thdi cau truc cua nané vang

Hinh 1. Anh TEM ciia hat nand vang (AuNPs) trong nudc

Anh TEM cua AuNPs duoc trinh bay trong
Hinh 1 cho thay trén 90% cac hat c6 hinh cau va
tua cau, phén con lai c6 hinh tam gidc hodc hinh
chir nhat. Cac hat phan tan tdt trong nudc va co
kich thude 7 - 10 nm.

3. Phé hdp thu va phé huynh quang

Cac hat nano6 vang (AuNPs) kich thudc 7 - 10
nm c6 cuong d6 huynh quang rat yéu, vi vy rét
khé dé do dugc trén phd ké huynh quang Cary
Eclipse (Variant) trong khi d6 Rh6G lai la vat
lidu c6 huynh quang rat manh.

Hinh 2 biéu dién phé hép thu ctia AuNPs va
Rh6G trong nudc. Hinh v& cho thdy sy chong
chap phd phat xa Rh6G va phd hép thu cua
AuNPs, day la diéu kién tién quyét dé xdy ra
FRET nhu d4 dé cap trong phan 3.1.

1 — AUNPCs-Abs |1
— Rh6G-PL

1.0}

0.2f B S

i i i i
500 550 600 650 700 750 800
Wavelength (nm)

Hinh 2. Phé hép thu cta hat nand vang (AuNPs)

va pho huynh quang cia Rhodamin 6G trong nudc

Hinh 3 trinh bay phd huynh quang ctia cac mau
Rh6G/AuNPs véi cac ty 18 ndng do AuNPs khac
nhau (Bang 1). Phd quang huynh quang (PL)
trang thai dung cia AuNPs/Rh6G dugc do trong
cung diéu kién (budc song kich thich, do rong
khe...). Tuy cac mau dugc chuan bi véi ty 16 ndng
dd Acceptor/Donor 1a tuyén tinh, nhung trén dd
thi ta thay: khi khong c6 nand vang, cudng do
huynh quang cta mau 13 16n nhét - day 14 huynh
quang cua Rhodamin 6G, khi c6 hat nand vang,
cuong d6 huynh quang ctia mau suy giam nhanh,
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tuy thudc vao néng dd6 AuNPs. Cuong do PL
giam rt nhanh & mau S2 va S3 khi thém vao 0.2
va 0.4 ml AuNPs, tuong tng. Tuy nhién, tir khi
thém vao 0.6, 0.8, va 1 ml AuNPCs thi cuong
do PL gidm cham hon. Diéu nay thé hién 1o trén
Hinh 4 khi so sanh hiéu suat truyén ning luong
FRET véi ty 1€ N gitta Acceptor/ Donor.

250

— 81
— 52
— S3

sS4
— S5
— S6

200

Intensity (a.u}

[:10] T f ',/..

gOO 550 600 650 700 750 800
Wavelength {nm)

Hinh 3. Pho huynh quang cap mau Rh6G/AuNPs
voi ty 1€ nong do AuNPs khac nhau
4. Hiéu sudt truyén ning lwong ciia Rh6G/
AuNPs

Hiéu suét truyén ning luong E erer €O thé duoc
xac dinh bang nhiéu cach: st dung cac phép do
huynh quang & trang thai dung hodc phan gidi
thoi gian. Dé xac dinh E e PhUONZ phap phd
bién nhét 1a do cudng d6 huynh quang trang thai
dung (F ) cta mau chi chira Donor (D) va cuong
d6 huynh quang (F,) cia mau twong tng khi ¢
thém Acceptor (A). Néu cac gia tri ciia F,vaF,,
dugc chuan hoa véi nong do twong tmg cta D,
hiéu suit truyén niang luong E ey CDO MOt c@p
D-A c6 thé duoc tinh theo cong thirc (4).

Két qua tinh toan hiéu suat truyén ning luong
(E, ;) theo ty 1€ khoang canh gilta phan tu
Donor va Acceptor dugc biéu dién trén Hinh 4.
Ta thdy ¢ ty 18 Acceptor/Donor khoang > 1, két
qua tinh toan tir sd liéu thuc nghiém (tam giac
do) phu hop vé6i 1y thuyét Forster (khi ty 1¢ R/
Ro = 0.92 - Puong mau xanh dwong) tot hon.
Piéu nay 1a hop 1y vi khi ndng do Acceptor thap

(ty 18 Acceptor/Donor <1) thi x4c suit xay ra
FRET thép, khi d6 nhiéu Donor tr do va cudng
dd huynh quang 16n vi khong tham gia vao qua
trinh trao d6i ning luong cong huong huynh
quang, nhu vy sai s theo 1y thuyét s& 16n hon.
Khi ty 1& Acceptor/Donor gan bang 1 va hon 1,
s6 Donor tu do khong con dang ké ma thay vao
d6 Donor tham gia vao qua trinh FRET, khi do
huynh quang thu dugc phan anh Donor tham gia
vao tuong tac truyén ning luong FRET.

08

07F -

RET— Efficiency(E)
° ° o °
w Y w -]

e
n

01}

[— Rmo=092
A A data

0‘%.0 0.2 0.4 0.6 0.8 10 12 14 16
N

Hinh 4. Hiéu suat FRET phu thudc vao ty 16 N
gitta Acceptor va Donor (tam giac do), so sanh
v6i ly thuyét Forster tai ty 1 R/R_=0.92
(Pudng lién nét mau xanh dwong)

5. Thoi gian song huynh quang

Thoi gian song huynh quang 1a mot phép do
quan trong ching minh hi¢u ung c6 phai la FRET
hay khong va dé phan biét v6i cac qua trinh khac
c6 sy thay d6i vé cuong do huynh quang nhu qua
trinh tai hap thu c6 xdy ra hay khéng. Thong qua
thoi gian song huynh quang ciing c¢6 thé phan
tich danh gia twong tic trao d6i FRET. Puong
suy giam huynh quang cua Rh6G thay d6i theo
noéng do AuNPs dugc do trén hé huynh quang
phan giai thoi gian - TRF trén co so k¥ thuat dém
don photon tuong quan thoi gian - TCSPC va
biéu dién trong Hinh 5.

Thoi gian séng huynh quang duoc tinh tir viée
fitting duong cong suy gidm huynh quang theo
ham exponent:

[ = Iy Exp (— t/r)

©)
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Tuy nhién trén thuc té rat khé dé fit duong
suy gidm huynh quang theo ham exponent don
vi mau khéng sach, c6 su tham gia ctia nhiéu qua
trinh khac, dong thoi kich thudc va hinh dang
ctia mau khac nhau nén ciing c6 gia tri thoi gian
song khac nhau. Do d6 dé c6 su phu hop tot gitta
duong thuc nghiém va dudong cong fitting nguoi
ta thuong fit theo ham stretch exponent:

I= IExp (=t /D) (6)
trong d6 1 1a thoi gian séng cua dién tir trén trang
thai kich thich va B 1a gi tri nim trong khoang tir
(0 - 1). Thoi gian song huynh quang nhan dugc
c6 thé xem 1a thoi gian séng trung binh cua céc
thanh phan c6 thoi gian séng khac nhau tai budc
song do cua AuNPs.
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Hinh 5. Budng cong suy giam huynh quang cdp mau
Rh6G/AuNPs voi ty 1€ nong do AuNPs khac nhau

e T 16 N (AuNPS/RR6G) B T (ns)
S1 0 1 4157
s2 0.309 0991 | 3.836
s3 0.618 0959 | 3.589
S4 0.927 0949 | 3.430
S5 1.235 0927 | 3218
s6 1.544 0917 | 3.120

Trong trudng hop, khi ndong dd mau nghién
ctru cao (ndng d6 hat AuNPs ting cao) cuong do
huynh quang s& giam diéu nay do qua trinh tai
hép thu hodc truyén ning luong cua cac phan tir
cung loai (homotransfer), khi d6 tinh chat quang

phu thudc vao ndéng do. Két qua tinh toan thoi
gian sdng huynh quang duoc trinh bay trong
Bang 2.

Gié tri tham s6 B = 1 1a mau chi ¢c6 Donnor
khi khong c6 mit ctia Acceptor, diéu nay chimg
minh dugc dién tir chi c6 mot cach tai hop phat
xa photon va néng dd Rh6G st dung trong thi
nghiém nay 1a du lodng dé khong bi anh hudng
boi tai hap thu hay homotransfer. Khi c6 mit
AuNPs tham s6 B giam déan theo chiéu ting nong
d6 AuNPs, diéu nay chimg minh dugc truyén
nang lugng cong hudng huynh quang - FRET tur
Donor. Dé thdy 16 hon, trong Bang 2, tham s6
va thoi gian séng T phu thudc vao ty 16 N (AuNPs/
Rh6G). Gia tri s6 B giam tir 1 xudng 0.917 twong
g véi ty 18 N tir 0 dén 1.544, diéu nay ching
minh khi (AuNPs) cang tang thi hiéu suit FRET
cling ting theo nhu 1y thuyét Forster da dua ra.
IV. Két luin

Chung t6i da trinh bay tong quat 1y thuyét
truyén nang lugng cong huéng huynh quang
va ap dung dé tinh toan hiéu suit truyén niang
lugng cong huong huynh quang cho cdp phan tur
Rhodamin 6G va nan6 vang (AuNPs) trong moi
truong nude. Két qua cho thy rang khi ty 18 hat
AuNPs/Rh6G > 0.92 thi hidu sut truyén ning
lugng trén 50%. Qua trinh FRET gitra Rhodamin
6G (Rh6G) va nand vang (AuNPs) cling da duoc
ching minh théng qua phép do thoi gian sdng
huynh quang. Két qua nay cho phép tng dung
phuong phép huynh quang phan giai thoi gian va
qué trinh truyén ning luong cong huong FRET
dé xac dinh sy c¢6 mat cua phan t& donor néng
do thap.
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Tém tit

Ge 1a chit ban din chuyén tiép xién véi hiéu suat phat quang thip. Tuy nhién chénh léch ning luong giita day ciia thung
ling L va thung liing T ctia viing dan 14 rat bé ¢& 140 meV. Vi vy kha ning phat quang ctia Ge c6 thé cai thién déang ké néu
tao ra mot (mg sudt cang va pha tap dién tir trong 16p Ge do cdu triic ving ning lwong ctia n6 bi thay déi. Ky thut dong
pha tap tir hai nguén ran GaP va Sb duogc ap dung dé pha tap dién tir vao 16p Ge. Xur ly nhiét sau tang truong 1a mot bude
quan trong dé tang hiéu sudt phat quang cia mang Ge vi viéc xur Iy nhiét khong nhitng tao tmg sudt cing ma con c6 thé
kich hoat dién tr pha tap. Bén canh d6, viéc u nhiét cling gitp cho chét luong mang duogc cai thién va lam gidm mat do sai
hong trong mang tinh thé. Trong nghién ctru nay, phuong phap xir 1y nhiét duge tap trung khao sat trong ving nhiét do tir
600 - 750°C va thoi gian xir 1y nhiét tang tir 30 gidy dén 90 gidy. Mang Ge duoc ling dong trén dé Si (100) bang phuong
phéap epitaxy chim phan tir. Phép do phd nhidu xa dién tir phan xa niang luong cao va phd nhidu xa tia X duoc ding dé
danh gia chat lugng bé mat cia mau ciing nhu chat lwong tinh thé cia mang Ge. Kha ning phat quang cua 16p Ge duoc
khao sat béng thiét bi do phé huynh quang va mat ¢ dién tir da kich hoat dat tGi gia tri 4,2x10"cm.

Tir khéa: Ge; déng pha tap; xur Iy nhiét; GaP va Sb; phé huynh quang.
Abstract

Germanium (Ge) is an indirect band gap semiconductor with low photoluminescence efficiency. However, the energy
difference between the bottoms of I' valley and L valley in the conduction band is only 140 meV. It was shown that
photoluminescence efficiency could be enhanced when applying a tensile strain and n-doping in the Ge layers to modify
its energy band structure. Electron dopant in the Ge film was obtained by co-doping technique using two solid sources
of GaP and Sb. Post-growth thermal treatment is a crucial step to increase photoluminescence intensity. Because it not
only induces a tensile strain but also activates the dopant in Ge film. In addition, thermal annealing could ameliorate the
crystal quality and reduce the dislocation density of the Ge epilayers. In this work, the thermal treatment process was
investigated in the temperature range of about 600-750°C and annealing time was increased from 30 s to 90 s. The Ge film
was grown by Molecular Beam Epitaxy technique. The surface quality was investigated using Reflection of High Energy
Electron Diffraction and X-ray diffraction measurement was used to probe the crystal quality of the Ge sample. The
photoluminescence efficiency of the Ge layers was evaluated by the photoluminescence spectrum and the total activated
electron concentration obtained up to a value of 4,2x10"cm?.

Keywords: Ge; co-doping; thermal treatment; GaP and Sb; photoluminescence.

Email: Tuongthikimphuong@hdu.edu.vn
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I. Mé& déu

Trong nhiing nam gﬁn day, viéc hién thuc hoa
mot ngudn sang trén nén Si dé tuwong thich voi
cong nghé¢ vi dién tu tr¢ thanh mot thach thic
16n d6i v6i cac nhom nghién ciru. Nhiéu hudng
tiép can dé giai quyét van dé nay da dugc dua ra
nhu nghién ctru kha nang phat quang cta céc loai
vat liéu trén nén Si [1 - 7]. Nhung dén thoi diém
nay, van chua c cach tiép can nao 1am cho Si
¢6 hiéu suét phat quang manh & nhiét 6 phong.
Mot s6 khao sat gan dy vé kha nang phat quang
ctia mang Ge da chi ra rang, khi thay d6i cau trac
ving ning luong clia nguyén tir Ge bang cach
tao ra ung sudt cing dong thoi pha tap dién tir
trong mang Ge thi cdu trac ving ning luong cua
n6 bi thay doi. Tir d6 lam cho Ge tir mot vat lidu
ban dan chuyén tiép xién thanh vt liéu ban dan
chuyén tiép thang voi hiéu sudt phat quang cao
[8, 9, 10]. Nghién ctru Iy thuyét cho thiy, Ge co
thé tré thanh ban din chuyén tiép thang khi tng
suat cang dat t6i gia tri 1,9%. Tuy nhién, dén thoi
diém hién tai van chua c6 mot nghién ctu nao
cho thdy két qua la da dat duoc Gng suat nay.
Thém vao d6 néu voi 1,9% ung suét cang, khe
ning luong cta Ge giam xudng khoang ~0,5¢V
va tuong duong vdoi bude song anh sang phat ra
khoang 2500 nm [11, 12], day la budc song cach
xa voi bude song vo tuyén (1500nm). Vi vy, can
phai co su két hop gitta viéc pha tap dién tir voi
g suat cang dé c6 thé dat dugc budc song phat
xa can thiét. Ta biét rﬁng, vé1 mot muc pha tap
dién tir cao, cac dién tir s& chiém linh toan bd
vung nang luong thap trong thung liing L, nhu
vy xac sudt dién tir sé nhay sang chiém déng
vung niang lugng ¢ thung ling I' dwoc ting 1én dé
tién toi sy phat quang khi no tai két hop véi mot
16 trong tai ving hoa tri.

Vay nén, pha tap di¢n tor vao mang Ge la mot
huéng tiép can phu hop dé dat dugc hiéu qua
phat quang tir chuyén mtc thang. Tuy nhién, pha
tap dién tor véi mat do 1on vao Ge 1a mot thach
thire boi vi tinh tan chdm va khuéch tan nhanh

ctia chat pha tap. Dé pha tap dién tir vio mang
Ge, nguoi ta thudng sir dung cac nguyén td thude
nhom V trong bang hé thong tudn hoan nhu,
nguyén t6 P, As hodc Sb. Chu y rang sy thay doi
nong do dién tir s& lam thay doi tinh chit quang
ctia vat liéu. Boi trong hau hét cac truong hop, su
phat quang xdy ra la do su tham gia cua cac hat
tai da kich hoat. Dé ting ndng do dién tir chung
ta c6 thé c6 nhiéu cach trong d6 dong pha tap hai
nguyén t6 khac nhau 1 mot cach tiép can méi. Vi
do hoa tan clia mdi nguyén td trong vat liéu nén
12 hoan toan xac dinh nén ta c6 thé tang mat do
tong cong cuia dién tir bang cach sur dung k§ thuat
dong pha tap. Trén co s& d6 chung t6i da nghién
ctru mang Ge pha tap dién tr mat do cao su dung
k¥ thuat dong pha tap P va Sb.

Hiéu suit phat quang cua mang Ge phu thudc
vao chat lugng tinh thé va mat do nguyén tir pha
tap da kich hoat. Chat luong tinh thé anh huong
16n dén kha niang phat quang cua mang vi néu
trong mang tinh thé ton tai cic sai hong thi ching
s€ tr¢ thanh cac tam tan xa va lam suy giam dang
ké hiéu suit phat quang cta vat liéu. Sau khi
duoc pha tap vao mang nén, cac dién tir chi thuc
su duoc kich hoat khi nguyén tir pha tap thay thé
vi tri ciia Ge trong mang tinh thé. Mat do dién tur
da kich hoat tang 1én néu mau duoc xtr 1y nhiét
sau ting truong vi khi xir 1y nhiét cac nguyén t6
pha tap duoc cung cap mot dong ning dé chuyén
tir vi tri xen k& vao vi tri thay thé trong mang nén.
Vi vay trong nghién ctru nay, ching t6i tp trung
khao sat anh huong ca diéu kién xir 1y nhiét 1én
ciu tric va tinh chét quang cia mang Ge khi pha
tap dién tir tir hai ngudn pha tap Sb va Ge khac
nhau.

I1. Thuc nghiém

Mang Ge duoc ling dong trén dé Si bang cach
sit dung hé théng epitaxy chum phéan tr MBE
(Molecular Beam Epitaxy) tiéu chuan voi 4p suat
nén thap hon 3+5x10"'%orr. Nhiét dugc cung cap
& hai ving trén nguon Knudsen lam cho Ge bay
hoi véi tbe 6 bdc bay khoang tir 2 dén Snm/phut.
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Hinh 1. Hinh 4nh nhiéu xa RHEED doc theo huéng [100] cua 16p mang Ge/Si trong cac truong hop pha tap khac nhau.
a) Mang Ge/Si pha tap P; b) Mang Ge/Si dong pha tap P va Sb

Pé Si phang c6 dinh hudng (100) va dugc pha
tap tir nguyén tir B (loai n). B&é mat dé dugc lam
sach qua 2 giai doan: giai doan xtr Iy hod hoc
va giai doan xtr 1y nhiét trong budng MBE [13].
Sau khi hoan thién quy trinh lam sach mau, quan
sat phé nhiéu xa dién tu phan xa nang lugng cao
RHEED (Reflection High Energy Diffraction)
cho théy su xuat hién rd nét cua vach (2x1) dac
trung cho su tai cAu tric bé mit cta Si. Mot cong
tac cap nhi¢t duoc g'fm O mat phia sau ctua dé si
dé xac dinh nhiét do tang truong véi do chinh xac
khoang + 20°C.

Kiéu ting truéng cua mang Ge trong qué trinh
lang dong duoc quan sat bang thiét bi RHEED
dugc lap dit trong budng ting truong MBE.
Thiét bi nay cho phép quan st kiéu ting truong
cua 16p Ge ngay trong qua trinh ling dong. Nho
vao phé nhiéu xa dién tur phan xa nang luong
cao RHEED véi chum dién tir t6i gdn nhu song
song voi bé mit mau. Do chum dién tir nay chi di
sau vao vai don 16p cua mang Ge nén tur tin hiéu
RHEED chung ta c6 thé khao sat chat luong bé
mat cia mang Ge.

Phé huynh quang PL (Photoluminescence)
cua 16p Ge dugc do khi str dung dau thu InGaAs
dé thu tin hiéu huynh quang phat ra tir mau. Mau
dugc kich thich bang ngudn laser c6 budc song
523nm. Cac phép do huynh quang dugc tién hanh
o nhiét do phong.

IIL. Két qua va thao luin

Tang truong Ge truc tiép trén dé Si duoc biét
dén theo kiéu ting truong dic trung dang dao
(tdng truong Stranski-Karastanov hay con goi la
tang truong 3D). Nguyén nhan l1a do sy chénh

léch h?mg $6 mang gitra Ge va Si 1a kha 16n, c&
4,2%. Céc nghién ctru da chi ra rang kiéu ting
truong nay co thé khong ché bang phuong phap
tang truong hai budc [14]. Budc thir nhat 14 tao
ra mot 16p dém Ge c6 do day khoang 30 - 50nm
dugc tang trudng trong vung nhiét do tr 260 -
300°C. Vai tro cta 10p nay 1a giai phong ting suat
do su sai khac hang s6 mang giita mang Ge va
dé Si va duy tri mot bé mit phang min bang cach
han ché sy linh dong cua nguyén tur Ge ¢ nhiét do
tang truong thap. Tir d6 c6 thé ngan can sy hinh
thanh mam cua cac dao 3D trong 16p Ge. Budc
thir hai v&i do day tuy y dugc tang trudng & nhiét
d6 mong mubn trén nén cua 16p dém nén s& co
chit lugng tinh thé t6t va giam dugc dang ké mat
d6 khuyét tat cia mang Ge. Trong nghién ctru
nay sau khi ting truéng 16p Ge thir nhat ¢ nhiét
d6 270°C thi 16p Ge thir hai dong pha tap P va Sb
duoc ting truong ¢ nhiét do 170°C va nhiét do
nguén GaP duoc ¢b dinh tai 725°C [15].
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Hinh 2. Anh kinh hién vi lyc nguyén tir AFM {mg véi ché
do tiep xuc cua mang Ge/Si dong pha tap P va Sb.
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Trong qua trinh pha tap P trong Ge, mdi tuong
quan gitra cac phép do RHEED va déc tinh huynh
quang PL da duoc thiét 1ap. Két qua cho thay, khi
bé mit ciia mang Ge ting truong theo kiéu 3D thi
cuong do huynh quang PL cua mang tuong ung
s& giam vi cuong do huynh quang phu thudc rat
16n vao chat lugng tinh thé ctia mau. Trén co s&
d6 chung ta s& khao sat chat luong tinh thé cta
mang Ge/Si (001) sau khi déng pha tap photpho
va antimony thong qua phép do RHEED. Hinh 1
biéu dién phd phan nhidu xa RHEED thu duoc
khi mau Ge chi c6 minh P (hinh a) véi khi mau
Ge dong pha tap P va Sb (Hinh 1(b)). O ca hai
truong hop phd nhiéu xa thu dugc déu cé dang
céc vét soc sang song song véi nhau, déu di xuét
hién du ca hai loai vach (1x1) va 1/2. Hinh 1(b)
cho thay khi dong pha tap P va Sb hinh anh pho
nhiéu xa quan sat dugc rd rang, cac vach sang
ddng déu cho thay bé mit ciia mang kha min. Tuy
két qua do RHEED trong truong hop dong pha
tap bat dAu ¢6 su hinh hinh thanh chdm 3D nhung
van con hién dién cac vach (2x1) dic trung cua
su tai cdu tric trén bé mat Ge. Diéu nay c6 nghia
la sy ting truong cua mang khi dong pha tap P
va Sb voi Ge van duoc tién hanh thong qua ché
d6 timg 16p mot. Ngoai ra, dé bd sung cho viée
phan tich bé mat mang Ge tir phép do RHEED,
chung t6i sir dung kinh hién vi lyc nguyén tir
AFM (Atomic Force Microscopy) dé khao sat
chét luong bé mat va kich thude hat trong 16p Ge.
Hinh 2 1 anh kinh hién vi lyc nguyén tir AFM
ctia bé mat mang Ge trén dé Si dugc tang truong
theo phuong phap hai budc ¢ nhiét do 270/170°C
nhu da néu trén. Két qua cho thay bé mit cta 16p
Ge min va dong déu vdi kich thudce hat ¢& 50nm
va d6 nham bé mat trung binh khoang 0,5nm.

Tiép d6, chung t6i sir dung phép do nhiéu xa
XRD (X-ray Diffraction) dé kiém tra tinh chét
tinh thé cua mau Ge/Si. Hinh 3 thé hién phd
nhiéu xa tia X cia mang Ge trén dé Si (100) theo
hudng (400). Két qua cho thiy co thu duoc tin
hiéu dinh phé dic trung cho tinh thé cta Ge va

Si, chimg t6 mau c6 ciu trac tinh thé v6i chat
lugng tdt. Pho nhiu xa khong xuét hién céc dinh
la chtg to mau tinh khiét va khong xuét hién
cac pha khac trong qua trinh tao mau (nhu hinh
thanh pha SiGe...). Cudng do cua cac dinh phd
phu thudc vao d6 day mau, nén dinh phd ctua dé
Si (46 day dé Si ¢& 500 micromet) c6 cudng do
16n hon cuong do cua dinh phd Ge (d6 day mang
Ge c0 600nm).
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Hinh 3. Pho nhiéu xa tia X clia mang Ge ting truéng
epitaxy trén dé Si dinh hudng (100).

Qua cac phép phan do RHEED, chup anh
AFM va do nhiéu xa tia X ta c6 thé két luan rang

miu mang Ge dong pha tap P va Sb c6 chét
luong tinh thé tot, pht hop cho cac tmg dung
quang hoc.

Db6i véi mang Ge pha tap dién tir, thi qua
trinh xtr Iy nhiét dong mét vai tro quan trong, nd
khong chi dé kich hoat cac nguyén tir pha tap ma
con dé tao ra ing suét cing va giam mat do sai
hong. Két qua nghién ctru trude cho thdy diéu
kién toi uu cho viéc pha tap phdt pho trén mang
Ge 1a thiét 1ap nhiét do tai 750°C trong thoi gian
60 gidy. Song, dbi voi truong hop dong pha tap P
va Sb, qua trinh phtrc tap hon béi vi antimony la
mot nguyén t6 ¢6 dd khuéch tan cao, dic biét 1a
trén bé mit Si (001) [16]. Do d6, diéu quan trong
1a phai thiét 1ap mot quy trinh xir 1y nhiét tdi uu
cho miu ddng pha tap.
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Hinh 4. Su thay d6i cua phd huynh quang cua 16p Ge
pha tap dién tur tir nguén GaP va Sb khi tang doi thoi gian
u mau tur 30 giay dén 60 gidy

Dé thiét 1ap quy trinh xir 1y nhiét, trudc hét
nhiét do dé duogc gilt & 700°C va thoi gian mau
tang dan tir 30 gidy dén 60 gidy va cudi cung 1a
90 gidy. Két qua sy phu thudc ciia phd huynh
quang vao thoi gian xtr 1y nhiét & Hinh 4 cho thay
khi tang thoi gian xtr 1y nhi¢t tir 30 gidy (duong
mau do) dén 60 gidy thi cuong do huynh quang
tang dan va dat cuc dai ing véi thoi gian xir Iy
nhiét 1a 60 gidy (duong mau xanh 1a ciy). Tiép
tuc tang thoi gian xir 1y nhiét 1én dén 90 giay
(duong mau tim) thi cuong do huynh quang suy
giam dang ké. Hinh 5 biéu dién sy thay doi cta
phé PL phu thudc vao didu kién xir Iy nhiét. Thoi
gian xtr 1y nhiét 1a 60 gidy d6i v6i tt ca cac mau.
Hinh anh nay cho thay cuong d6 PL cao nhat dat
duogc khi xtr Iy nhié¢t & 650°C (dudng cong mau
xanh lam). Khi nhiét 4§ nung tang lén dén nhiét
do 700°C (duong cong mau do) va 750°C (duong
cong mau den), cudng do PL s& giam xudng. Su
suy giam d6 1a do sy khuéch tan Sb ra khoi bé
mit va bdc hoi dé hinh thanh pha khi. Vi du, sau
khi xtr Iy nhiét & 750°C, ngudi ta c6 thé nhin thay
mot 16p antimony mau tréng duc bao phu toan bd
bé mit mau. Dya vao két qua nay, ching toi da

duy tri nhiét d§ xur ly nhi¢t & 650°C trong thoi
gian 60 gidy. bé xac dinh mat do dién tu té)ng
cong trong mang Ge, chiing t61 st dung phép do
hiéu ing Hall ¢ nhiét d6 phong. Két qua cho thay
nong do cac nguyén tir P va Sb sau khi da kich
hoat 1a 4,2x10"%cm?.
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Hinh S. Sy phy thuge cua cuong do huynh quang cua
mang Ge dong pha tap P va Sb vao nhiét do xu ly nhiét
khi thay doi nhiét d¢ tir 600°C dén 750°C.

IV. Két luan

Mang Ge dong pha tap tir ngudn rin GaP va
Sb duogc ting trudng epitaxy trén dé Si co chat
luong tinh thé tot. Quy trinh xt 1y nhiét duoc tap
trung nghién ctru dé tang mat d¢ dién tir pha tap
bang cach kich hoat cac nguyén t6 P va Sb vao
dung vi tri thay thé ctua Ge trong mang nén. Két
quéa cho thdy cuong do huynh quang ciia mang
Ge dat gid tri 16n nhat img v6i nhiét do @ miu 1a
650°C voi thoi gian xtr 1y nhiét kéo dai 60 giay.
Mat @6 dién tur téng cong da kich hoat dugc pha
tap trong mang Ge dat t&i 4,2x10cm?.
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Abstract

It is difficult for first-year students to expose to the programing concepts of object, class, attributes, as well as the concepts of
inheritance, polymorphism, and encapsulation. Instructors who take charge of the computing courses try to figure the ways to
visualize those concepts to help the students understand easily. At Duy Tan University, the instructors have leveraged the tool
called Alice 3 to teach first-year students in the course Fundamental of Computing (FC1). Alice is a software created from a
project at Carnegie Mellon University and Alice 3 is a visual, creative programming environment supporting users to create
3D animations for writing the users’ stories. By using a case study, this paper demonstrates the implementation of Alice 3
in the FC1 course to enhance the learning effectiveness of students of the Software Engineering program at International
School, Duy Tan University in the fall semester of the academic year 2017 - 2018. Data was collected from two classes by
using various research methods such as on-site observation and structured interviews. This study also shows the development
of self-study skills and some of the lessons learned need to be improved for faculty in the teaching of FC1 course.

Keywords: object-oriented programming, Alice 3, block-based programming, visualization.

Tém tat

Sinh vién ndm thir nhat gap rat nhiéu kho khan véi cac khai niém moéi trong lap trinh hudng déi tugng, 16p, thudc tinh, ciing
nhur khai niém ké thira, da hinh va dong goi. Cac giang vién phu trach cac khoa hoc 1p trinh co ban luén c6 ging tim ra cach
dé hinh dung céac khai niém dé dé cho sinh vién dé hiéu. Tai Pai hoc Duy Tan, cac giang vién da tng dung cong cu Alice 3
dé day sinh vién nam thir nhét trong khoa hoc Lap trinh co ban - Java (FC1). Alice la mot phﬁn mém duoc tao ra tr mot du
4n tai Dai hoc Carnegie Mellon va Alice 3 14 mot mdi truong lap trinh true quan, sang tao hd trg ngudi dung tao ra cac phim
hoat hinh 3D hodc tu tao cac cau truyén b?mg hoat hinh. Bﬁng cach trién khai mot du an trong mon hoc, bai viét nay cho théy
viée trién khai Alice 3 trong mén FC1 gitp ting cudng hidu qua hoc tap clia sinh vién chuong trinh K thudt phan mém tai
Khoa Pao tao Quéc té, Pai hoc Duy Tan vao hoc ky muia thu nam hoc 2017 - 2018. Dir li¢u dugc thu thap tir hai l6p béng
cach sir dung cac phuong phap nghién ctru khac nhau nhu quan sat tai chd va phong van. Nghién ctru nay ciing cho thay sy
phat trién céac k¥ nang tu hoc va mot s6 bai hoc can phai dugc cai thién cho giang vién trong viéc giang day khoa hoc FC1.

Tur khoa: Lap trinh hudng dbi tuong, Alice 3, 1ap trinh dya trén khéi 1énh, truc quan hoa.

L Introduction approach. It really supports many concepts such
Object-oriented programming in many years as well-structured programming, modularization,
was accepted by the software community asa good  and program design. It also supports techniques for

Email: nguyenthianhdao@duytan.edu.vn
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software engineer students in learning: pair or team
programming, maintenance of large systems and
code reuse. In short, object-oriented programming
seems to be a good tool for teaching those
programming methodologies that we consider
important. However, teaching and learning object-
oriented programming still face many difficulties
and many approaches are proposed to solve these
challenges. While some researchers have focused
on the pros and cons of particular paradigms and
languages which are appropriate for the novices
[15], Robins identified those challenges in terms
of knowledge, strategies and mental models that
affect three distinct dimensions of design, code
and testing programs [16]. Others describe the
maintenance of a procedural view of programming,
focusing on the programming language not on
systematic programming process [13 - 14]. On
the other hand, from students’ perspective, they
have issues in learning many new concepts taught
in introductory object-oriented programming
including [1 - 2]: Classes, Objects, and Inheritance;
Methods, Functions, and Parameters; Control
Structures; Lists and List Processing; Variables;
Recursion. However, in many years teaching
programing languages by writing text-based
programs was a traditional approach which do
not appeal to them. The code examples may not
be attractive and actually hard to understand. As
a 3-dimensional interactive animation program
visualization environment, Alice can support
any starter programmers to build animated 3-D
games or movies as they learn introductory object-
oriented programming concepts. It provides many
new features such as drag-and-drop development
environment so that students can be prevented from
making syntax errors. Currently, Alice is being
used in hundreds of universities and high schools,
in pre-Computer Science courses and beyond. It
was originally designed as a rapid prototyping
tool for creating graphical simulations using an
object-oriented language but now is primarily

used as a graphical programming environment
in the tradition of Logo. Using this tool, students
add three-dimensional graphic objects to a virtual
world and manipulate these objects through the
use of methods and functions [6]. Alice makes it
easy for beginners to create a visual representation
of a story, interactive games, or a video clip,
etc. With Alice students easily understand the
relationship between the structure and behavior of
objects in their programs. In this way, the users
will understand and broaden their experience with
commands, structures, and programs taught.

II. Prior research

With object first approach, Zhu et al. in
their research proposed a new way of teaching
object-oriented programming (C++) by guiding
methodology first and language afterward [17].
Jen et al. also mentioned about three different
categories of the concept: using objects, classes,
and concepts thatare simple, helpful and adequately
modelled to depict varieties of object first, and the
advancement of instruments or ctivities that help
a specific way of training basic programming
[18]. As an important tool to implement object
first method, Yan has presented an approach to
teaching object-oriented programming with games
which is characterized by (1) object-orientation
first, programming second (2) graphically rich
examples (3) game as the trigger. His research
described a new method that provides not only
a positive and supportive atmosphere in which
students can learn the principles of object-oriented
programming but also keeps students interested in
programming principles [19].

Alice has been used successfully in introductory
courses at several universities. Monmouth
University’s Computer Science and Software
engineering department each presented the
utilization of Alice in fall 2005 for every two
recently made courses. The courses deliver to
freshman reviews of their individual controls and
furthermore, by using Alice, introduce new concepts



18 N.T.'A.Dao, N.D.Mdn, N.B.Trang / Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tdn 03(34) (2019) 16-23

of object-oriented programming. A few years ago,
the first course for software engineering majors
used C++, which had a pass rate under 50%. Once
Alice course was held and became the first course
in these majors. From fall 2003 to spring 2007, 106
students enrolled in the Alice and Programming [
course in C++. 37 among them recently took one of
the new outline courses including Alice; the rest of
them did not. Then the achievement rate was 46.4%
in group of students who did not take any overview
of new course; among the individuals who did, this
rate was 70.3% [8].

Moskal, Lurie, and Cooper in their research
looked at the effectiveness of the Alice course
for improving retention of novice students in
computer science or software engineering at
Saint Joseph’s University and at Ithaca College
[10]. The result showed that during 4 years
many students change their major because of
lacking mathematical knowledge, diffidence and
they did not learn programming before entering
university. These high-risk students who took
the Alice course performed fundamentally
better (1 letter grade higher) in the subsequent
introductory major’s course than their high-risk
peers who did not take the Alice course. The
high-risk students who took the Alice course also
had better retention rates and improved attitudes
towards in many other courses later. Cooper et
al. reported similar results for students who took
an Alice-based course concurrently with their
introductory major’s course [9]. Although these
studies are preliminary in nature, they do show
the overall effectiveness of the Alice approach
to teaching
especially for those students who are novices in a
traditional computer science curriculum.

object-oriented  programming,

I1I. Implementation process

FC1 is the course which introduces basic
programming using Java programming language
with object-oriented programming principles.
There will be a revisit to basic concepts of

programming but the emphasis is placed on object-
oriented programming principles, the use of some
of the common Java libraries from the core Java
API and event-driven programming. The purpose
of this course is to help develop programming
skills and forming object-oriented thinking which
will serve as foundation for becoming a software
engineer. After completing this course, students
are able to practice all primitive data types, control
structures, basic functions in small programs.
The important point is students can apply basic
concepts of object-oriented programming such
as abstract and concrete classes, inheritance,
polymorphism, encapsulation, and information
hiding in small programs. At the end of this course,
students are also required to write a simple user-
defined method conforming requirements and
employing basic Java API with concepts of 1/O
and exception handling. And the ultimate objective
is that students can demonstrate basic concepts of
graphical user interface (GUI) components and
Java’s Event Handling Model in small programs.
To finish these courses’ objectives many lectures
will be delivered over 15 weeks with 3 hours per
week. Each lecture will include basic contents
in sequence: data type, variables, expressions,
conditional expression, loop, array, as well as
basic object-oriented programming concepts
like abstract and concrete class, inheritance,
polymorphism, encapsulation, etc. and many
related exercises to practice programming skills.
In the last two weeks, students will be assigned
an individual project with a required topic to
complete the goal of demonstrating basic concepts
of graphical user interface components and Java’s
Event Handling Model.

Our
introduction to programming was to start with

instruction  methodology for an
simple programs and little by little advance to
complex programming examples and projects.
This approach allowed a somewhat gentle learning

curve, providing time for the learner to assimilate
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and build knowledge incrementally. However, we
recognized that students spend insufficient time on
programming exercises and strive with problem-
solving, applying OOP concepts, and abstraction.
Many students struggle to visualize more abstract
concepts such as object behavior and state.

Alice is an open source tool, designed to
give first-time finding to learners on the basics
of object-oriented programming. Object-first
strategy 1s presently attracting much interest.
Object-first accentuates the principles of object-
oriented programming and from the first crack
beginning directly with the notions of objects,
object’s behavior and state, then goes on to
introduce more traditional control structures, but
always in the context of an overarching focus on
object-oriented design. Students can learn object-
first approach while creating 3D animated movies
and basic video games in Alice those contribute
to an engaging interactive environment.

A. The case project

This project is implemented in the following 3
steps. The first step, Instructor delivers the Alice 3
tutorial. First of all, they need to introduce Alice 3
to students as well as guide them how to download
and install the software on personal laptops.

Students get knowledge of the features of
Alice 3 such as:

» Create and save a new project in Alice 3.
* How does Alice environment look like?
* Add and position objects

* Use procedures and arguments.

* Add rotation and randomization.

* Declare a new procedure

» Use control statements

* Use functions

* Use IF and WHILE control structures
* Use expression

» Use variables

* Use keyboard control

We choose to implement the learning by doing
approach so students after being instructed on the
basic usage will proceed to the next step.

The second step, students start to develop
a complete animation. They work in team to
do brainstorming to decide what story or the
creative game the team want to tell. Then they
need to write a script and draw a storyboard
for the game or story: the team needs to better
understand what they are going to animate. It
depends on which team are more comfortable
with writing a script or drawing a simple
storyboard for their story. Later, they start to
design algorithm and flow-chart: the group will
start to outline the specifics of their program
through a textual algorithm design, a flow-chart,
or both. Then they should write out a step by step
set of directions focusing on highlighting the
objects or characters in the story and the actions
or events that take place. By using characters
and objects from some Alice 3 galleries students
begin set up their scene based on their design.
Some example galleries were described as
follows:

- Gallery’s Biped collection includes 47 classes such as: Elder, Adult, Teen, Child, etc.

; (
.
Y

new Ghostl _ ) new Goldenhlonkey( _ ) new Hare( )

Ml Classes |V *Blp!uclasses \J
' -

new IceShater|

t P A

newLoki( ) new MadHatier| ) new Mandril{ ) new W

Fig.1. Biped classes
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- Gallery’s Prop includes 297 classes object model and tree model: Acaciatree Adelaidebust,

Alienhelmet, Ancienttemplearch, etc.

| AllClasses 1!] | ERaProp classes Ilj

Il |

anturyPlant ) new Chair( _) new CircusBleachers( _ )

new CircusGround( )

new CircusPost{ ) new CircusPoster( _)

Fig.2. Prop classes
» Qallery’s Flyer includes 14 classes: Bluebird, Chicken, Eagle, Falcon, Flamingo, Ostrich,

OstrichBaby, Owl, etc.
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Fig.3. Flyer classes

There are many other interesting galleries full
of customizable features, then students can easily
express their ideas.

Then it is time to review team’s storyboard
or script and make sure they have a list of all the
locations, characters, and props they need to create
their animation. If desired, they can draw a quick
sketch of the scene to help plan for what the team
needs to build. Afterward, they start scripting and
test: this time to build and design their project with
the scenes planned. Testing and adjustment follow
the story algorithm designed and flow-chart. They
were also required to report frequently every
30 minutes at the beginning of each lesson for
progress tracking, ask the instructor any questions,
and explain to teachers about the object-oriented
concepts used in the project.

The last step, the instructor asks students to
present their product to evaluate and provide
comments. Each experimental group spent 10
minutes to present their story/ or game and explain

the concepts of object-oriented programming
which has been applied, as well as the self-made
procedural method in the project. The instructor
will evaluate based on the following list of
criteria:
» Exciting and logical idea: 20%
* Interesting content of the story or game:
20%
* Harmony between color, image, and
content: 20%

*  Apply classes,
polymorphism, encapsulation and other

inheritance between

concepts in object-oriented programming:
20%

* Self-made procedures based on available
methods: 20%

B. Data Collection

This research was conducted in the FCl1

course, which is an introduction to computer
programming with Java. The course was taught
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over 15 weeks with 3 hours per week in the
spring semester in the academic year 2017 -
2018. The students that participated in this study
were undergraduate students taking the FCI1
course. They were divided in two groups, one of
which used Alice in class R and F, respectively,
and other classes did not. The participant groups
were introduced to Alice in the first two weeks of
the semester. After that, they moved to the second
step of learning by doing their own completion
animation. The experimental group was given
a short session (lasting for 30 minutes) in Alice
at the beginning of each class for progress
tracking, asking the instructor any questions, and
explaining to teachers about the object-oriented
concepts used in the project. During the course,
the authors used various research methods such
as on-site observation, and structured interviews.
The authors attended the presentation session of
every group and asked questions to clarify the
procedure deployed by students and the way they
solved problems. In addition, while students were
performing their tasks, the authors observed them
according to a list of provided criteria as follows:

* The student understands the object-
oriented programming concepts.

* The student suggests an alternative script
to build the idea.

* The student asks the teacher if there is a
problem when using Alice 3.

* The student discusses together if there is a
problem when using Alice 3.

* The student can use effectively tutorial
resources that the teacher provided by
himself/herself.

IV. Result and discussion

At Duy Tan University students must achieve a
grade of C or better in FC1 in order to be allowed
to enroll in Fundamental of Computing 2 (FC2).

Therefore, we have used the achievement of a
grade of C or better in FC1 to indicate success
in the course. During the spring semesters in the
academic year 2017-2018, 348 students took FC1
(excluding withdrawals). Of those students, 56
students enrolling in class R and F whichused Alice
will be our Group A. 292 students enrolling in other
classes will be Group B. Among 292 students in
Group B, 177 successfully completed the course,
accounted for 60.6 percent. Achievement rates at
grade C, B and A were 56 percent, 29 percent and
15 percent respectively (See Table 1). While with
56 students who enrolled in Alice class —Group A,
48 successfully completed FC1, with total success
rate proportion at 85.7 percent, and achievement
rates at grade C, B and A were 48 percent, 33
percent and 19 percent respectively (See Table 1).
Chart 1 also shows that the percentage of students
who got grade A and B is slightly higher than that
proportion of group B.

Table 1. Rates of students achieving a grade
of C or better

Successfully Group A Group B

completed 48 85.7% 177 60.6%
A 9 19% 26 15%
B 16 33% 51 29%
C 48 48% 100 56%

COMPARISION RATE OF GRADEC, B, A

mGroup A mGroup B

=
=3
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)
s 7
~
g
I T
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Fig. 4. Rates of grades C, B, A
We also compared this figure with the same
period last year and received the result in little

48%

higher of approximately 10 percent (See Table 2
below).



22 N.T.'A.Dao, N.D.Mdn, N.B.Trang / Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tdn 03(34) (2019) 16-23

Table 2. Rates of students achieving a grade
of C or better compare to last year

Total Grade of C Rate
or higher
Academic year 348 225 64.7%
2017-2018
Academic year 240 133 55.4%
2016-2017

Our students said that they really enjoyed when
working with Alice because it has a huge effect
on making programming ideas more reasonable
to novice Object-oriented programming students.
With Alice students easily express their idea of
creating games or telling stories based on the
objects and activities that are available to them.
Alice helps them grasp the concepts, which
is a big plus in their changing attitude towards
programming. We found that the students improve
their collaborative problem - solving skills as
well as self-study skills during conducting the
case project. Team members discussed together
and delivered the better alternative script for their
idea. They also identified what each person knew
about the problem to identify the perspectives of
other agents in the collaboration and to establish
a shared design storyboard or script to get the
best choice. They exposed to the new concepts
of object-oriented programming by doing their
topic by themselves then sharing knowledge to
each other. They also learned how to implement
a program from the beginning to the end.

V. Conclusion

This study demonstrates the application
of Alice 3 to overcoming the difficulties in
learning object-oriented programming as well
as enhancing self-study and student test grades
in the FC1 course. The author has conducted
the case study before submitting a final project
to the instructor; the students need to work in a
team with the efforts of exposing knowledge and
skills to handle their own topic. In addition, the
results of this paper also add to existing work

the achievement rate between the experimental
group and another group as well as the figure
in the same period last year. Students also learn
how to implement a program from the beginning
to the end. This enables students to be proactive
and expands their existing knowledge bases.
Students also use various sources of information
from instructor’s guide and others in informal
discussions with team members which enable
them to integrate knowledge across disciplines
and approaches.
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Tém tit

Vat ligu phat quang BaMgAl, O, (BAM) don pha tap Terbium va Europium dugc tong hop bang phuong phap sol-gel
citrate. Hon hop duogc thiéu két nhiéu lan 6 1100°C trong méi truong khtr bang khi CO. Néu chi thiéu két mot 1an 6 1100°C
vt liéu tong hop duoc chua don pha, chu yéu ton tai pha BaCO, va BaAl,O,. Vat li¢u tr¢ nén don pha khi s6 1an thiéu két
16n hon hai, pha chu yéu la BaMgAl O .. Phd phat quang cta vat liéu BAM: Tb** cho théy mot sd vach b xa hep ¢o cuc
dai & khoang budc song 490 nm, 545 nm, 586 nm va 620 nm twong tmg voi phd phat quang cua ion Tb**. Phd phat quang
ctia BAM: Eu** bao gdbm moét sé vach hep do cac chuyén doi °D, - 'F, (v611=0,1,2,3) cia céu hinh dién tir ion Eu®* tuong
ung voi cac cuc dai 565 nm, 590 nm, 612 nm va 657 nm.

Tir khéa: BAM, don pha, thiéu két.
Abstract

Luminescence of terbium and europium single doped in BaMgAl, O, (BAM) were synthesized by sol-gel citrate reaction.
Samples sintered at 1100°C for various periods of time, in an environment in which CO gas is used as the redutant. If
samples sintered at 1100°C only one at a time, it is not single phase, mainly exists in two phases BaCO, and BaAlLO,.
Materials are single-phase when sintered twice or more, mainly exists phase formation of BaMgAl, O, .. The luminescent
spectra of BAM: Tb*" phosphors consist some narrow lines with peaking at 490 nm, 545 nm, 586 nm and 620 nm
corresponding to the luminescence of Tb*" ions. The luminescent spectra of BAM: Eu®* phosphors consist some narrow
lines due to transitions from the *D - 'F, (v6i J = 0,1,2,3) electronic configuration of Eu’* ions, corresponding with

peaking at 565 nm, 590 nm, 612 nm and 657 nm.
Keywords: BAM, single phase, sintered.

1. Mé dau trong linh vuc chiéu sang nhu dén huynh quang,

Vit liéu phat quang la mot trong nhitng linh  dén compact, dén LED (Light emitting diode)
vuc ra doi rat sém va dén ngay nay cing voi sy cho dén linh vuc hién thi nhu man hinh phang,
phat trién ciia khoa hoc cong nghé nd da co nhing  man hinh tinh thé long PDPs (Plasma display
budc tién nhay vot. Tir nhitng img dung thuc tién  panels)..., vat liéu phat quang ludn déng vai

Email: liemle09@gmail.com
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trd rat quan trong. Va voi sy phat trién khong
ngimg, nhiéu vat liéu phat quang méi da ra doi
v6i nhirg dic tinh t6t hon nham dép tng nhiing
yéu ciu ngay cang cao ciia xa hoi.

Theo hudng nghién ctru vé vat liéu phat quang
thi gan ddy cac nha khoa hoc dang quan tam dén
ho vat lidu aluminate pha tap hodc dong pha tap
cac ion dat hiém véi cac ing dung trong linh vuc
chiéu sang va hién thi [1, 2]. Va trong linh vuc
chiéu sang thi myc tiéu tao ra anh sang trang c6
d6 tra mau CRI (Color rendering index) cao bang
cach phdi tron ba mau co ban dang duoc cac nha
khoa hoc huéng dén. Mot trong nhitng vt liéu
phat quang ho aluminate dang dugoc quan tam
nghién curu la vat ligu BaMgAl O, (BAM) pha
tap cac ion dat hiém RE (Rare earth), sir dung cac
phuong phap ché tao vat liéu méi nhu phuong
phap phun xa, phuong phap sol-gel [3 - 5]. Cac
phuong phép nay tuy phure tap nhu phuong phép
sol-gel phai qua nhiéu cong doan yéu ciu sy ti
mi, chinh xac va trong phuong phap phin xa
thi doi hoi trang thiét bi ki thuat hién dai. Tuy
nhién, chung co nhiéu vu diém vuot tréi hon so

v6i phuong phap pha rén truyén théng nhu ha
nhiét d6 xtr Iy mau vai tram do, san phém tao
thanh c6 tinh dong nhat va do tinh khiét cao da
mé ra nhiéu trién vong méi trong viée ing dung
vat liéu nay.

I1. Thyc nghiém

Vat lisu BAM dong pha tap terbium va
europium duoc tong hop bing phuong phap sol-
gel citrate, cac hoa chat ban dau gom Ba(NO,),,
Mg(OH),.4MgCO,.6H,0, AI(NO,),.9H,0, Tb,O.,
Eu,0,vaC 6H807.H2$) duoc lé,ly theo ti 1€ hop thtrc,
dung dich duoc khuay trén bép tir & nhiét 4o 75°C
trong 4 gid, tiép theo dua vao ti sy ¢ nhiét do
60°C trong 6 gid nham loai bo dung moi. Pem
nung hon hgp & 1100 °C trong 1 gid trong moi
truong khir bang khi CO. Gian d6 nhiéu xa tia X
thuc hién bdi nhidu xa ké Bruker D8-Advance tai
Khoa Hoéa hoc Pai hoc KHTN Ha Noi, phé phat
quang (PL) va phd kich thich phat quang (PLE)
thuc hién bang phd ké huynh quang FL3-22 cua
Horiba tai Truong Pai hoc Duy Tan. Céc mau
duoc do ¢ nhiét do phong, dung dén Xenon 450W
dé kich thich mau.

Bang 1. Cac mau nén BAM duoc ché tao véi cac ché 4o xtr Iy nhiét 6 khac nhau

TT Ky hi¢u miu Ché d xir ly
1 BAM I-11 Nghién lan 1 trong thoi gian 1h, sau d6 thiéu két & 1100°C trong 1h
2 BAM 2-11 Tir mau BAM 1-11 dem nghién lan 2 trong 1h, tiép tuc thiéu két & 1100°C trong 1h
3 BAM 3-11 Tir mau BAM 2-11 dem nghién lan 3 trong 1h, tiép tuc thiéu két & 1100°C trong 1h
4 BAM 4-11 Tir mau BAM 3-11 dem nghién lan 4 trong 1h, tiép tuc thiéu két & 1100°C trong 1h
5 BAM 5-11 Tir mau BAM 4-11 dem nghién lan 5 trong 1h, tiép tuc thiéu két & 1100°C trong 1h

Hinh 1 14 quy trinh nghién va thiéu két vat liéu
nhiéu 1an & 1100°C, tir lugng xerogel ban dau,
clr sau mot 1an nghién trong 1h va nung thiéu
két trong 1h, gitr lai 1/5 lugng mau cua lan do,
phﬁn con lai duoc tiép tuc nghién va nung & lan

tiép theo, sau 5 lan thi dung lai. Cach thirc két
hop viéc nghién va thiéu két vat liéu nhiéu lan
nay hoan toan lip lai d6i voi nhiét do thiéu két
1000°C. Hinh 2 1a mau vat liéu sau khi téng hop
duoc.
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Hinh 1. Quy trinh nghlen va thiéu két vat lidu
nhiéu lan ¢ 1100°C

Hinh 2. MAu vat liéu dang bot sau khi ché tao
II. Két qua va thio luin
3.1 Gidn do XRD
Chung t6i tién hanh thiéu két mau vat liéu &
nhiét d6 1000°C va 1100°C, gian do nhiéu xa tia
X dugc thé hién nhu Hinh 3(a) va 3(b).

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - B1-10

Lin (Cps)
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Hinh 3(a). Pho XRD khi thiéu két & 1000°C

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - B1-11

Hinh 3(b). Phé XRD khi thiéu két & 1100°C

Ttr pho nhifu xa trén chung t6i thay vat liéu
khi thiéu két & 1000°C chi xuét hién pha tinh thé
trung gian BaAl O,, chua c6 déu hiéu hinh thanh
pha tinh thé BAM, nhung khi thiéu két & 1100°C
da thay xuat hién pha tinh thé BAM. Chinh vi
vay chung t6i da chon nhiét do 1100°C dé tién
hanh khao sét 1ap lai nhiéu lan thiéu két. Cac mau
vat liéu thiéu két dugc liét ké trong Bang 1, va
quy trinh thiéu két nhu Hinh 1.

= BaMgAl O
350 ¢ B 274
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2Theta-scale
Hinh 4. Gian do nhiéu xa ctia cac mau

Tir két qua nhiu xa trén Hinh 4 ta thdy rang:
khi thiéu két 1an mot cac cuc dai nhidu xa chi yéu
ctia pha tinh thé BaCO,, BaAl O, trong khi d6 tinh
thé BAM chua hinh thanh. Khi tdng s6 lan thiéu
két, gian d6 nhiéu xa thé hién cac cuc dai chu yéu
ctia pha tinh thé BAM, cuc dai Gmg véi cc pha
tinh thé trung gian nhu BaCO,, BaAl,O, giam dan.
Vit liéu BAM t6ng hop duge ¢6 cdu trac khong
gian kiéu hexagonal, c6 cac thong sb mang a =b
=5.62A°% ¢ = 22.64A° va o = B =y = 90°. Theo
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céc cong bd trude ddy nhiét d6 nung dé hinh thanh
pha BAM thuong 16n hon 1200°C[4 - 6] chung t6i
d3 ha thap nhiét d6 nung xudng 1100°C. Mic du
100°C 1a gié tri khong 16n 1am nhung rit co y nghia
thuc tién, nhat 1a trong diéu kién con nhiéu khé
khan vé trang thiét bi ctia cac phong thi nghiém
trong nudc.

3.2 Pho phat quang méu BAM: Th*
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Hinh 6. Ph6 PL mdu BAM: Tb* vé6i A_=365 nm.

Do pho PL véi bude song kich thich A, =365
nm ciia cac mau BAM: Tb** ¢6 nong d¢ ion Tb**
3.0 % mol thé hién trén Hinh 5. Két qua cho thay,
phé bao gém mot s6 dai birc xa kha hep cé cuc
dai ¢ khoang budc song 490, 545, 586 va 620
nm tuong tmg voi cac dich chuyén tir °D, - F,
(J=6,5,4,3), trong ndi bd cau hinh 4f* cua ion

Tb*'[7,8], buc xa cd budc song 545 nm (green),
ung voi dich chuyén °D, 2 'F,, luon ludén c6
cuong do manh nhat. Pho kich thich phat quang
v6i budc song phat quang 545 nm duoc thé hién
trén Hinh 5, phé kich thich ¢6 mot s6 dai hep
trong khoang tir 300 dén gan 400 nm va mét cuc
dai v6i cuong do thip ¢ khoang 480 nm. Tir d6
chung ta thay rang, dé vat lieu BAM: Tb* phat
bic xa 545 nm mot cach hi¢u qua, chung ta co
thé dung céac bue xa kich thich v6i cac budc song
320, 350, 365, 378 va 483 nm.

3.3 Phé phdt quang médu BAM: Eu’*
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Hinh 7. Phd PL va PLE cia BAM: Eu*

Két qua do pho phat quang va kich thich phat
quang duoc thé hién trén hinh 7. Phé kich thich
phat quang dugc do tai bude song A = 612 nm,
phd gdm nhiéu vach hep dugc quy cho tir mire ’F,
va 'F chuyén doi 1én cac mirc cao hon. Hai dinh
c6 cuong do cao, 1a chuyén doi tr 'F —°L, va 'F
—°D,. Str dung budc song kich thich A_=393 nm
de do pho phat quang, tir Hinh 7 ta thay pho phat
quang gdom nhiéu vach hep do cac chuyén doi
D, - 7F, (v6i J = 0,1,2,3)[7-10], twong g véi
cac cuc dai 565 nm, 590 nm, 612 nm va 657 nm.
IV. Két luin

Trong nghién ctru nay, nhom da ché tao thanh
cong vat lieu BAM bang phuong phap sol-gel
citrate. Khi thiéu két tir hai lan trd 1én & nhiét
do 1100°C pha BaMgAl O, chiém uu thé, vét
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liéu ché tao duogc co céu trac khong gian kiéu
hexagonal, pha BaCO,, BaAl,O, giam dan khi s6
lan thiéu két ting. Phd phat quang BAM: Tb**
phat quang manh & 545 nm, tng véi dich chuyén
°D, = ’F.. Pho phat quang cua BAM: Eu3j phat
quang manh ¢ budc song 612 nm do chuyén doi
°D, - 'F,. Phé phat quang ctia hai vat liéu nay phu
hop véi hai mau (do va xanh) trong ba mau co
ban phat anh sang trang. Do d0, ¢6 thé dung hai
vat li¢u nay trong viéc ché tao vat liéu phat anh
sang tréng.
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Tém tat

Muc tiéu bai viét nay lam rd khai niém, xac dinh ranh gidi va dac diém cua cong nghiép 4.0. Pé dat muc tiéu nay, mot
phuong phap nghién ciru dua trén phan tich cac 4n pham khoa hoc (Bibliometrics) da dwoc 4p dung. Mot trong nhiing
wu viét cua phuong phéap nay cho phép lam ndi bat cac hudng nghién ctru va céc tir khéa quan trong, chi ra giao thoa
quan diém cac tac gia khac nhau. Két qua nghién ciru cho thiy van con mot sy khong chic chan hiéu biét vé cong cude
cach mang cong nghiép 4.0. Tuy nhién, ching toi tin ring véi cong nghé mai ndi nhu Hé théng khong gian mang thuce ao
(Cyber physical system), Internet van vat (Internet of Things), Dit liéu vo cung lon (Big data), cung voi Dién toan dam
may (Cloud computing) tao nén nha may thong minh 4.0.

Tir khéa: Cong nghiép 4.0, nghién ciru dinh luong, phan tich 4n phiam khoa hoc.

Abstract

The objective of this article is to clarify the concept, define the boundaries and characteristics of industry 4.0. To achieve
this goal, a research method based on Bibliometrics has been applied. One of the advantages of this method is that it allows
to highlight research directions and keywords, indicate the views of different authors. The research results show that there
is still an uncertain understanding of the industrial revolution 4.0. However, we believe that emerging technologies such
as Cyber physical system, Internet of Things, Big data, together with Cloud computing will create a smart factory 4.0.

Keywords: Industry 4.0, quantitative research, Bibliometrics.

1. Pat van dé tin, va ching ta ngay nay la bat dau cia cudc

Céc nganh cong nghiép 1a xwong sdng ciia nén
kinh té qudc gia, viéc nam bat kip thoi cac thanh
qua cua cudc cach mang cong nghiép co thé coi
1a chia khoa, co hdi dé tao budc phat trién mang
tinh dot pha cho nén kinh té nuéc nha. Thé giéi da
trai qua nhitng thay d6i 16n nhat trong nganh san
xuat trong hon 100 nim qua. Ba cudc cach mang
cong nghiép dau tién xuat hién do két qua cia co
gidi hoa, dong co dbt trong va cong nghé thong

Email: tonnguyentronghien@gmail.com

cach mang cong nghiép 1an thtr tu, cong nghiép
4.0. Khai niém cong nghiép 4.0 1an dau tién duoc
trinh bay vao ndm 2011 tai hdi chg cong nghiép
hang dau thé giéi & Plrc nhu mot dé xuét phat
trién mot khai niém méi vé chinh sach kinh té
cia Dt dya trén cac chién lugc cong ngh¢ cao,
va n6 mang lai toan canh cho nganh cong nghi¢p
vé cach cac nha san xuat ap dung cong nghé ky
thuat s6 dé tao ra nhidu san luong hon véi cling
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muc dau vao trong hoat dong san xuat nhung van
dam bao vé mat chat luong.

Phan tich st dung tinh nang Google Trends

-
em

i 18 (3] tir khoa truy
ki

- .
vantim

W, Des 28, 2014

Tir khoa:

..“M i e

cho thay su quan tdm trong linh vuc cong nghiép
4.0 da tré thanh mot chi dé quan tam tim kiém

nhimg nim gan day (Hinh 1).

R N3m
Fourth indwstrial

Indusiry 4.0
revalution

Hinh 1. Xu hudng tim kiém “Céng nghiép 4.0” (Ngudn: Google Trends)

Bi¢u do (Hinh 1) cho thiy mdi quan tdm ngay
cang ting trong nghién ctru vé cong nghiép 4.0.
Thuyc ra khong c6 gi dang ngac nhién, vi thuét
ngit cong nghiép 4.0 chu yéu duge st dung trong
khoa hoc phd théng va chua xuét hién phd bién
trong an pham khoa hoc vao nhimng nam 2011va
2012 (Brettel et al., 2014). Sy quan tam ngay
cang ting dugc khang dinh bing viéc ting sd
luong bai bao dé cap dén cach mang cong nghiép
lan tht tu sau ndm 2013, diéu dang cha ¥ 13, s6
lugng bai bao duogc xuét ban tir ndm 2015 trd di
da tdng manh.

Tuy c6 mot sé lwong dang ké cac 4n pham
khoa hoc thao luan vé cong nghiép 4.0, tuy
nhién, khong c6 mot dinh nghia chung chinh thirc
(Brettel et al., 2014; Mrugalska and Wyrwicka,
2017). Bidet-Mayer duoc trich dan boi Moeuf
va cong su (2018) nghi rang c6 hon 100 dinh
nghia khac nhau dugc dé xuit vé cong nghiép
4.0. Do d6, khong c6 dinh nghia chung vé cong
nghiép 4.0 va duong nhién, khong c6 dong thuan
vé cong nghé moi ndi dé bat dau chuyén doi
cong nghiép 4.0. Sy da dang cua cac dinh nghia
va phén loai duoc st dung trong an pham khoa
hoc cho dén nay khong twong thich véi nhau.
Vi thé nghién cru ndy nham di tim cau tra 1oi
ban chét khai niém cong nghiép 4.0 tir goc nhin
cong nghé thong qua phuong phéap dinh lugng 4n
pham khoa hoc. Nghién ctru hy vong giup doanh
nghiép tap trung su cha y vao su thay doi chi yéu

cac tinh nang va cong nghé cia cong nghiép 4.0
dé chuyén d6i tiém nang tir san xuat truyén théng
sang k¥ thuat s6 hoa san xuét.

2. Dir liéu & Phwong phap nghién ciru

2.1. Phwong phap nghién ciru

Bai viét sir dung phuong phap phan tich dya
trén 4n pham khoa hoc (Bibliometrics) - phuong
phép dugc xem la cong cu phan tich dinh lugng
tryc quan nham kham pha méi quan hé cua cac
bai bao khoa hoc (Suebsombut et al., 2017).
Nguén dir liéu duoc xem la yéu td then chét, dé
dam bao do tin cdy, dit liéu tim kiém duoc thu
thap dua trén nhiing ti€u chi sau:

- Nguoén tim kiém: Co so dir liéu Scopus, 1a
ngudn dit liéu uy tin trong nghién ctru khoa hoc.

- Cit phdp tim kiém: “Industry 4.0 OR The
Fourth Industrial Revolution”.

- Bé loc: Chi nhiing bai bao viét bang tiéng
Anh trong giai doan 2015 dén ngay 09/05/2019
dugc chon. Nghién ctru bo qua cac bai dang trén
ki yéu, hoi nghi, hay book chapter d¢ dam bao
tinh khach quan va d¢ tin cay.

- Cong cu phan tich: ScienceScape, VOSviewer.

2.2. Két qua thu thap di ligu

Két qua khi truy van sau khi thoa man cac tiéu
chi tim kiém cho thiy c6 tit ca 1,537 bai bao duoc
xudt ban tinh dén thoi diém ngay 09/05/2019. Sb
bai bao khoa hoc duge xuét ban co chu dé cong
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nghiép 4.0 ¢6 xu hudng ting manh. Nam 2018 s
bai xuit ban gap hon 7,7 1an sb bai bao duoc xuat
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ban vao nam 2015 theo nhu co s¢ dir liu cua
Scopus (Hinh 2).

Y
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Hinh 2. Théng ké s6 bai bao khoa hoc chii dé “Céng nghiép 4.0” (Ngudn: Scopus)

Khac (11.3%)

Toan hoc (2.9%)
Khoa hoc x3 hai (2.996)
MNang lugng (2.99)

Ki thuat hda hoc (3.5%)

Khoa hoc vat ligu (3.99)
kKhoa hoc di¥ liéu (5.5%)
Khoa hoc mdi trudrng (6.4%96)

Kinh doanh, quan tri.. (9-9%)

Ki thuat (31.49%)

f/’

Khoa hoc may tinh (19.4%)

Hinh 3. Phéan bé linh vuc chuyén nghanh tap chi thao luan “Cong nghiép 4.0” (Ngudn: Scopus)

Két qua tim kiém ciing cho cho thdy cong
nghi¢p 4.0 dugc tap trung nghién ctru ¢ linh vuc
khoa hoc cong nghé va quan tri kinh doanh. Hon
mot nira s6 két qua tim kiém (50,8%) thudc vé linh
vuce k¥ thuat va khoa hoc may tinh. Linh vuc kinh
doanh, quan tri dung thir 3 trong tong sd két qua
tim kiém duoc (9,9%).

3. Théao luian

Quan diém vé cong nghiép 4.0

Cudc cach mang cong nghiép lan tha tu dua
trén cudc cach mang cong nghi¢p thur ba vi né cling
duoc thuc diy boi cong nghé va sd hoa, nhung
didu dang noi 1a né cho phép chung ta thay doi

cach chung ta giao tiép, cach san xuét, cach tiéu
thu. Hon mot nira 4n phém khoa hoc thu thap duoc
thudc linh vuc k¥ thuat va khoa hoc may tinh. Diéu
nay goi y nghia cach mang cong nghiép lan thir tu
dé cap dén su két hop cua mot s6 déi moi cong
nghé 16n, tit ca cing phat trién va cac cong nghé
moi cua cong nghiép 4.0 co kha nang cho phép cac
cach thirc méi dé phat trién san pham, ting cudng
linh hoat san xuét va co thé chia sé co sé ha téng.
Nhiéu cong nghé hodc phuong phép vi tinh hoa co
thé duoc str dung dé trién khai cac giai phap cong
nghiép 4.0, cac cong nghé nay bao gom Cyber
physical system-CPS (Hé théng khong gian mang



32 Tén Nguyén Trong Hién / Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 03(34) (2019) 29-35

thuc d0), Internet of Things-1oT (Internet van vat),
Additive manufacturing (In 3D), Big data (Dt licu
16n), va nhiéu cong nghé khac (Xu et al., 2018).
Nhung khi néi dén cong nghé cta cach mang 4.0

thi phéan loai cic cong nghé van chua thong nhit,
tén goi cac cong nghé gidng nhau bi goi thanh tén
goi khac nhau. Sir dung cong cu ScienceScape dé
phan tich, chung t6i c6 két qua nhu sau:

Hinh 4. M6 hinh biéu dién phan b6 cac tir khoa (keywords)

Két qua nén dugc phan tich xem xét kich
thudc cua cac vong tron cling nhu khoang cach
gitta chung. Nhiing niit mang (nodes) mau do
cang 16n chung t6 s6 lan 1ap lai cia tir khoa
trong cing modt bai bdo cang nhiéu. Cac nit
mang, ching cang xuat hién cang gan nhau thi
chtng t6 mbi lién két cang manh, céac truc ngang
va doc khong c6 ¥ nghia dac biét, va cac ban dd

c¢6 thé duge ty do xoay va lat. D& hiéu, trung
tam cua ban d6 phan bd 13 tir khoa “industry
4.0”, va c6 hon 7,505 nit mang v¢ tinh dugc
ghi nhan. Nhung khi phong to ban d6 quan sét
cac nut mang v¢ tinh chung t61 chi ghi nhan nuat
mang vé tinh “du 16n” va “dugc dat tén” (khu
vuc 1, 2 trong Hinh 4). Chi tiét duoc miéu ta
thong qua Bang 1:

Bang 1. Thong ké tan suat xuét hién cac tir khoa

Tan suat

Internet of Things/ IoT 168 Industry 4.0 599
Cyber physical system 94 Manufacturing 29
Big data 69 Sustainability 26
Cloud computing 29 Fourth industry revolution 24
Digitalisation 25 Innovation 20
Simulation 24 Supply chain management 18
Digital twin 21 Smart/ intelligent factory 122
Additive manufacturing 18 e
Cloud manufacturing 16 E;
Machine learning 14 100
Robotic 12 E l
?;m'f :i 2: Il E i asasas

printing B P S O
Predictive maintenance 11 Jff:s*'* o f&iﬁi&f“ﬁg e ol
Fog computing 11 & &5 R
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RAt nhiéu nut mang v¢ tinh véi tén goi
“Manufacturing” (San xuit), Smart/ intelligent
factory (nha may thong minh), “Sustainability”
(Bén ving), “Innovation” (P61 moi), “Supply
chain management” (Quan tri chudi cung Ung)
dugc ghi nhan. Tuy nhién, ching t6i nhin thiy
rang nhing tir khoa nay khong néi 1én dugc ban
chat ciia cong nghiép 4.0 vi mang tinh chung
chung hodc con dang tranh luadn, don cur nhu
tor khoéa “Smart factory”. Roblek et al. (2016);
Hermann et al. (2016) xac dinh CPS, IoT, Cloud
computing, va smart factory 1a bon thanh phan
cua cong nghi¢p 4.0. Tuy nhién tac gia khac lai
cho rang thuat ngir “Smart factory” bao ham ly
thuyét vé CPS, IoTs, cloud computing, artificial
intelligence (tri tué nhan tao) and data science
(khoa hoc dir liéu) (Kusiak 2017; Chen et al.,
2018). Nhu vay chung t6i khong ghi nhan nhiing
tr khoa nay.

Theo két qua phan tich, cong nghiép 4.0
dugc bao quanh bdi: “Internet of Things”,
“Cyber physical System”, “Cloud computing”,
“Big data”, v.v. Tuy vay, 3 tir khéa “Internet of
Things”, “Cyber physical system”, va “Big data”
1an luwot xuét hién véi tan suét cao nhat. Lién hé
vo1 nghién ctru cia Muhiru va Abraham (2019),
tac gia phan tich bai bao khoa hoc trén co so
dir liu Web of Science va Scopus tinh dén thoi
diém 10/10/2017. Céc tir khoa phd bién nhat caa
cong nghiép 4.0 1a: hé théng khong gian mang
thuc 4o, Internet van vat, san xudt thong minh,
mo phong. Tuy nhién, két qua cho ra lai khong
r0 rang, tac gia thura nhan vi¢c chi danh gid va
phan tich cac tai liéu co s lugng trich dan 16n da
mang dén két qua khong 16 rang. Trude do, Lu
(2017), tac gia cling doc va phan tich ndi dung
cua 88 bai bdo khoa hoc, dya trén nghién cuu,
tac gia két luan rang cong nghiép 4.0 co thé duoc
tom tit ngan gon 1a mot quy trinh san xuat tich
hop, thich nghi nhanh, ty diéu chinh, huéng dich
vu va tuong thich, twrong quan vdi cac phuong
phap tuong quan va cic cong nghé tién tién.

Khai niém trén da dat duoc su d@)ng thuan cua rat
nhiéu nha khoa hoc. Tir khéi niém trén, ho dinh
nghia cach mang cong nghiép lan thi 4 1a sy giao
tiép gitta con ngudi, may moc va cam bién dugc
dac trung boi su két hop cia CPS, 10Ts, va Cloud
manufacturing (Roblek et al., 2016; Zhong et
al., 2017; Trstenjak, and Cosic, 2017; Xu et al.,
2018). Cong nghiép 4.0 dang trén duong va s€ co
anh huong quan trong dén sy chuyén do6i hoan
toan cua nganh vi no thé hién sy tién bo trén ba
diém: sb hoa, tu dong hoa, va lién két (Roblek et
al., 2016).

Do d6, ¢6 thé théy 2 thuat nglr dugc d@)ng thudn
1a Cyber physical system va Internet of things. Su
khac biét nam ¢ nghién ciru so véi nghién ctru
trudc do6 nay do la Big data. Cac hoc gia c6 xu
hudng thuc hién cong nghé 4.0, chu yéu la IoT,
CPS va Big data, thay vi dién toan ddm may. Tuy
nhién két qua cta ching toi di nguoc lai so véi
tac gia. Bai b4do “From cloud computing to cloud
manufacturing” xudt ban vao nam 2012 bai Xu
(2012) duoc xem 1a bai bao vé dién toan dam
may duoc trich ddn nhiéu nhat tinh dén thoi diém
hién tai v6i 1293 trich din theo thong ké cua
Google Scholar tinh thoi diém 09/05/2019, da
tao nén xu hudng cho dinh nghia vé cong nghiép
4.0. Nhu vay cau hoi dat ra méi lién hé giira Big
data va Cloud manufacturing 1a gi? Va dau maoi
la cong nghé dai dién cho cong nghi¢p 4.0 bén
canh CPS va IoTs?

Chung t6i tién hanh thay tir khoa “industry
4.0” thanh tir khoa “cloud manufacturing”, va doc
két qua bang chuong trinh phan tich VOSviewer.
Hinh 5 cho théy su xuat hién cua vong tron lén
“cloud computing” chi ra rang ban chat “cloud
manufacturing” 1a “cloud computing” (dién
toan dam may). Vong tron mau dé cling chi ra,
thuat ngit “cloud computing” thuong xuat hién

nhiéu nhit cling véi “Big data”, “manufacturing
capability” (kha ning san xuat), moi quan hé

tuong trg bd sung.
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Hinh 5. Ban d6 vé sy xut hién ctia cac khu vuc nghién ctu lién quan dén pham dién toan ddm may tr co s¢ dir liéu Scopus.

Big data va Cloud manufacturing déu 1a nhimng
thuat nglr xu hudng trong linh vuc CNTT (cong
nghé thong tin). Chung ta ¢ thé nghi rang cé hai
déu 1am diéu tuong tu nhung thyc ra, cd hai déu
c6 cach thirc 1am viéc riéng. Big data don gian la
dai dién cho cac bo dir liéu khong 15, ca co cau
trac va khong cau trac, c6 thé duge xir Iy dé trich
xudt thong tin. Cac doanh nghiép luu trir dir liéu
s& phan tich dir liéu nay bang cac cong cu lam
tang két qua va hiéu suat. Trong khi d6, Cloud
manufacturing khong c6 su khac biét 16n so vdi
thudt nglt Bién toan ddm may (Cloud computing),
khong gi khac ngoai mot loat cac may chu tir xa
dé quan 1y va xur 1y khéi lwong dit liéu khong 16.
Trong dién todn dam may, dir liéu khong chay
cac dich vu trén cdc may chu cuc bd cua minh ma
tat ca déu duoc thuc hién “trén nhittng ddm may”.
Thuat nglr ddm may ¢ day c6 nghia la mang may
tinh dé luu trit dit liéu va chay cac tmg dung. Big
data dugc tich gop thong qua qua trinh tao ra dir
liéu tor may moc (IoT-enabled devices) va con

ngudi sau d6 luu trit trén dam may. Sy chuyén doi
Internet cta nganh cong nghiép k¥ thuat sb van
dang duoc tién hanh, nhung tri tué nhén tao, dir
li¢u 16n, hay dién todn dam may cho théy su chic
chan cta mot vong méi ciia cude cach mang ky
thuét s6 khong thé tach roi. Nén cong nghiép 4.0
vé co ban nhim xiy dung mot mang ludi trong
sO cac may moc dé lam cho ching giao tiép véi
nhau, myc dich nay chu yéu 6 thé dat duoc voi
su trg gitp cua mang internet va may tinh. B¢ la
1y do tai sao hau hét cac an pham dugc phan tich
¢6 lién quan dén khu vuc ky thuat (31.4%) va
nghién ctru khoa hoc may tinh (19.4%).
4. Két luan

Trong bai viét ndy, phuong phap phan tich 4n
pham khoa hoc (Bibliometric) di dugc tién hanh
nhiam khdm pha quan diém vé cong nghiép 4.0
thong qua goéc nhin cong nghé. Két qua tir phan
tich nay cho thdy mdi lién hé gan gitra cac chu
dé duoc thao luan trong tai liéu, diéu d6 c6 nghia
13, mic du co sy khac biét giai quyét van dé cong
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nghiép 4.0, cac yéu té chinh duoc cic nha nghién
ctru dua ra 12 gan nhu nhau.

M5 hinh hoa tir khoa phd bién trong nén cong
nghiép 4.0 dd duoc trinh bay. Tir khoa phd bién
nhit 1a: Cyber physical system-CPS (Hé thong
khong gian mang thuc 40), Internet of Things-IoT
(Internet van vat), va Big data (D1t li¢u v6 cung lon).
Tuy c6 nghién ctru cho rang Dién toan dam may
(Cloud computing) dai dién cho cach mang cong
nghiép 4.0, ching t6i cho rang chiing hoan ty trj va
b6 sung cho nhau. Tir d6 chung t6i dinh nghia rang,
cac may moc va san pham thong minh co thé giao
tiép va dam phan v6i nhau dé tu cAu hinh lai dé san
xuét linh hoat nhiéu loai san pham. Dit liéu khong
16 ¢6 thé duoc thu thap tir cac tao pham théng minh
va duoc chuyén 1én ddm may tao nén co ché hoat
dong cua nha may thong minh 4.0.

Dinh huéng nghién ciru tiép theo, bén canh
nghién ctu 1y thuyét, trong tuwong lai, cin co
nghién ctru thuc nghiém xac dinh cong nghé
dang duoc st dung thuc té tai doanh nghiép. Can
xac dinh cong ngh¢ 4.0 4p dung tung nganh khac
nhau dé c6 cai nhin sau sac ddi vé6i viée ap dung
va thyc hién trong bdi canh cach mang cong
nghiép 4.0 ciing nhu dé c6 dinh hudng chién lugc
phat trién ha tang cho phu hop.
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Tom tat

Ning lwong mat troi 1a mot ngudn ning luong thay thé tuyét voi cho cac ngudn tai nguyén héa thach truyén théng va du
kién no s& dong mot vai trd ngay cang quan trong trong ning luong toan cdu. Dé ting hiéu suét cua bo thu ning lugng mit
troi va tang kha nang trao d6i nhiét, cac chat phu gia cdp do phan tir thuong dugc thém vao chat 1ong hoat dong. Ngoai
viéc xem xét hiéu qua cua cac bd thu nang lugng mat troi st dung cac chét long chura 6ng nano cacbon (Carbon nanotube
- CNT), bai b4o ciing thao luan vé phuong phap ché tao, cic yéu t dé tang cuong do dan nhiét va tinh chat quang hoc ciia
chit 16ng nano chira CNT. Cudi cling, nhitng thach thirc va xu hudng trong tuong lai lién quan dén viéc ap dung chét long
nano chira CNT trong b thu nhiét mat troi s€ dugc thao luan.

Tir khéa: Chét 16ng nano, niang lwong mét tri, CNT

Abstract

Solar energy offers a great alternative to conventional fossil resources and is expected to play an increasingly significant
role in our global energy. To improve the efficiency of solar collectors and heat transfer capabilities, molecular-level
additives are added to their working fluids. In addition to reviewing the efficiency of solar collectors which use carbon
nanotubes (CNT) nanofluids, the paper also discusses the preparation methods, factors for enhancing thermal conductivity
and optical properties of CNT nanofluids. Finally, the challenges and future trends related to the application of CNT
nanofluids to thermal solar collector are discussed.

Keywords: Nanofluid, solar energy, CNT

1. Giéi thi¢u khai thac ning lwong mat troi: cong nghé hap

Su ting nhanh nhu cau ning lugng trong vai
thap ki qua dé dap tng su phat trién kinh té toan
clu va su tang trudng dan sb6 da dan t6i su can
kiét nguén nhién li€u hda thach. Do vay, viéc
cap thiét hién nay 1a phat trién cdc ngudn ning
luong tai tao sach va bén viing. Mot trong nhitng
ngudn ning luong tai tao co tiém ning phat trién
rat 16n d6 1a nang lwong mat troi. Co hai cach

Email: nguyentrongtam@vimaru.edu.vn

thu nhi¢t ndng lugng mat trodi va cong ngh¢ pin
quang dién. Dé ning cao hiéu suit ctia hé thong
hap thu nhiét nang luong mit troi thi phai nang
cao d6 dan nhiét ctia chit 1ong hoat dong. Chat
long nano 1a mot hon dich chira cac hat nano
trong chat long nén va c6 do dan nhiét cao hon
50 voi chat 1ong nén, di chimg t6 duoc tiém ning
tmg dung réat 16n trong hé théng hip thy ning
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luong mat troi. Trong bai bao nay, chung toi tim
hiéu cac phuong phap ché tao, yéu t6 anh huong
téi 0 dan nhiét va tmg dung cua chét lé6ng nano
chtra CNT trong cac hé théng hap thy nhiét ning
luong mat troi.
2. Ché tao chit 16ng nano chira CNT

Phuong phap phong dién hd quang, téng hop
bang chum tia laser, phuong phap ling dong hoa
hoc pha hoi (Chemical vapor depositon - CVD),
nghién bi va @ nhiét 1a nhimg phwong phap chinh
dé ché tao dng nano cacbon don tuong (Single-

walled carbon nanotubes - SWCNT) va da tudong
(Multi-walled carbon nanotubes - MWCNT) [1].
SWCNT c6 thé coi nhu mot 16p graphene cudn
lai thanh éng hinh tru nhu Hinh 1. V& mat ly
thuyét, c6 hai phuong phap c6 thé ché tao chat
long nano chira CNT, d6 1a phuong phap mét
budc va phuong phép hai budc. Trong phuong
phap mdt budc, ché tao hat nano va chét long
nano duoc tién hanh dong thoi. Tuy nhién, theo
hiéu biét cua chung t6i thi hién tai chua c6 nhém
nghién ctru nao st dung phuong phép nay dé tao
chat long nano chira CNT.

Hinh 1. So d6 cac tAm graphene tao dng nano cacbon don tuong va da tudng

Phuong phap hai budc dé ché tao chét long
nano chira CNT bao gém budc mot 1a tao ra CNT,
budc hai 13 phan tan vao chit 16ng nén. Cac chét
long nén truyén thong 1a nude va ethylen glycol
(EG), vi ddy 1a nhiing chit 1ong thuong dugc sir
dung trong cac hé thong 1am mat va luu trit nhiét.
N6i chung, ¢6 hai phuwong phép c6 thé tao duoc sy
dong nhat va do bén viing trong thoi gian dai clia
chat 16ng nano chira CNT, d6 1a xir Iy hoa hoc va
xtr 1y co hoc. Xt Iy héa hoc CNT hay con goi la
bién tinh CNT, khi bién tinh thanh cong thi s& xuat
hién cac lién két cong hoa tri trén bé mat CNTs.
Ta c6 thé dung quang pho truyén qua hong ngoai
Fourier (Fourier-transform infrared spectroscopy

- FTIR), thiét bi phan tich nhiét trong trudng
(Thermal gravimetric analysis - TGA) va pho
Raman ciing c6 thé danh gia mirc do thay doi cdu
trac bé mat. X 1y co hoc bao gém tron co hoc cac
hat nano vao cac dung mdi thong qua rung siéu
am. Thyc t&, phuong phap xtr 1y co hoc thuong
dugc sir dung dé phén tan cac CNT vao chit Iong
nén sau khi da bién tinh CNT.
3. P din nhiét cia chit 16ng nano chita CNT
Do dan nhiét cao 1a mot trong nhitng vu diém
16n nhat cua chit 1ong nano chita CNT so véi
chat 16ng nén. Nhiing ki thuat phan tich danh gia
d6 dan nhiét cua chat long nano dugc nhoém Paul
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trinh bay chi tiét [2], trong d6 phwong phap THW
(transient hot wire) 13 phwong phap phd bién nhit
dé do d6 dan nhiét cua chét long nano chtra CNT.
Su ting cudng d6 dan nhiét cua chat long nano
phu thude nhiéu yéu td, nhu 1a do phan tan déng
déu, loai CNT, chit long nén...

3.1. Anh hudng ciia xii Iy héa hoc va vt Iy

Nhom cua Talaei [3] da nghién clru sy anh
huéng clia cac phuong phép bién tinh khac nhau.
Nhém dua ra ba cach gin nhom chirc 1én CNT va
phan tan vao nudc: (1) sir dung axit sulfuric va
axit nitric; (2) 6 xy gia; (3) kali hidroxit; so sanh
dd dan nhiét ctua cac chat long voi ti 1€ nhém
cacboxyl 12 6,8, 5,2 va 2,4 mmol/g. Két qua cho
thdy khi tang ti 1& s6 nhom chirc cacboxyl trén
bé mit thi do on dinh 6t hon va do dan nhiét cao
hon. Nhom ctia Abbasi [4] so sanh hai cach bién
tinh CNT khac nhau, duing axit nitric va ding hon
hop axit nitric - axit sulfuric 1én d6 dan nhiét cua
vat liéu lai ALLO,-CNT/nuée. Két qua cho thay
CNT bién tinh stir dung axit nitric c6 thé tang do
dan nhiét cta chat 16ng nano lai 1én cao nhat 1a
20.68% v&i ti 1& hat nano 0,1% thé tich so véi
mau khong bién tinh, mau sir dung axit nitric va
axit sulfuric thi tdng 17,24%. Do trong qua trinh
dung axit bién tinh CNT thuong 1am dat giy céc
dng CNT [5], c6 thé viéc dung axit nitric va axit
sulfuric dé xir Iy hoa hoc 1am giam qué muc ti 18
khung hinh ciia CNT trong chét long va lam do
dan nhiét nhé hon so v6i mau chi dung axit nitric.

Nhom ctia Amrollahi [6] nghién ctru chat 1ong
nano CNT/nuée & 0,05% khdi lugng sir dung
cac chat hoat dong bé mat khac nhau: GA (Gum
Arabic—hdnhgp glycoprotein vapolysaccharide),
natri dodecyl sulfat (SDS), triton X-100, CTAB
(hexadecyltrimethylammonium bromide). Ti 1¢
chét hoat dong bé mat dé thu dugc d6 dan nhiét
cao nhit twong tng 1 0,09, 0,007, 0,3 va 0,06%
khdi lugng. Cac nhém nghién ctru khac ciing dua
ra nhirng ti 1€ tdi wu cua cac chat hoat dong bé
mit khac. Nhém cua Chen [7] quan sat thiy chét
hoat dong bé mat gemini cation dugc thém vao

nudc nano chira CNT c¢o néng dd 0,1% thé tich
v6i i 16 chat hoat dong bé mit 1a 0,6% khéi luong
thi d6 dan nhiét tang 16n nhat 1a 18,2% & 65°C.

3.2. Anh hwéng ciia néng dp CNT

Nhém cta Liu [8] nhan thiy d6 din nhiét cia
CNT/ethylene glycol tang tir 1,6% t&1 12,4% ting
voi 0,2% va 1%. Nhom cua Lamas [9] thu duoc
két qua MWCNT/ethylene glycol c6 do dan nhiét
tang tir 1% dén 17% khi ting ndng do tir 0,25% thé
tich 1én 1,5% thé tich. Nhom ctia Meng [10] ché tao
chit 16ng nano chira MWCNT nén glycol va do do
dan nhiét cia nd voi cac ti 1¢ khéi lugng khac nhau
6 25 °C. Ho théy ra‘“ing v6i ti 1& khoi luong 0,5%,
d6 dan nhiét chat long nano tang 3,3% so voi chét
long nén. Khi ting dan ti 16 khdi lugng CNTs 1én
toi 4%, d6 dan nhiét ciia chat 1ong nano ting gan
nhur tuyén tinh t6i 23,4%. Nhom cua Ettefaghi [11]
nghién ciru sy ting nong 4 MWCNT anh hudng
t6i do din nhiét cia dau ki thuat SAE20W50, két
qua 1 d6 dan nhiét & 0,1% va 0,5% khdi luong ting
twong ung 1a 13,2% va 22,7%.

Twong ty nhu chat 1ong nano chira MWCNT,
chat long chira dng nano cacbon don tudng
(SWCNT) ciing c6 su tang d6 dan nhiét dang ké.
Nhom cua Harish [12] ché tao chat 1ong nano
bang cach thém SWCNT vao nudc vai ti 18 0,1 -
0,3% thé tich va st dung chét hoat dong bé mat
DOC (sodium deoxycholate). Nhom cua Sundar
[13, 14] do 6 dan nhiét cua nudc chira hat nano
1a vat liéu lai MWCNT/Fe,0,. Ho quan sat thiy
d6 dan nhiét cta chat long nano tang khi ting
néng d6 hat nano (0,1 - 0,3% thé tich). Tai 60°C,
d6 dan nhiét ung v&i nong do 0,1% va 0,3% thé
tich tang tuong trng 1a 20% va 28,46%.

3.3. Anh hwéng ciia céu triic CNT

Ong nano cacbon da tuong (MWCNT) c6
duong kinh 16n hon éng nano cacbon don tudng
(SWCNT) do c6 thém nhiéu 16p. C6 khé it nghién
ctru vé sy anh hudng ciia duong kinh CNT 1én d6
dan nhiét. Nhém cua Lee [15] nhan thiy do dan
nhiét cta chat 1ong nano ting khoang 16% khi
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dung MWCNT c6 duong kinh 10 nm so véi khi
dung MWCNT c6 duong kinh khéc (20 va 40 nm)
& nong d6 0,5% thé tich MWCNT. Nhom ctia Wu
[16] ché tao va do d6 dan nhiét cua nudc nano
chtra cac loai CNT khac nhau; SWCNT c6 duong
kinh 1 - 2 nm va MWCNT c6 dudng kinh 8 nm,
ca hai déu c6 chiéu dai nhé hon 30 pm. Ho thu
duoc d6 dan nhiét ciia nudc nano SWCNT ting
hon so vé&i nudc 1a 40%, trong khi d6 dan nhiét
cua nuéc nano MWCNT chi tang 10% & cung
noéng d6 0,38% thé tich. Trong mot nghién ctru
khac cua nhém Martin [17], ho so sanh d6 dan
nhiét cta chét 16ng nano SWCNT va MWCNT &
cung nong do 0,6% khdi lugng CNT va phan tan
CNT vao diglycidyl ether (dang nhua epoxy) thi
két qua lai 1a chat 16ng nano chita MWCNT c6 do
dan nhiét cao hon so véi SWCNT. Ho cho rang
cAu trac cia MWCNT c6 thé truyén cac phonon
hiéu dung qua céc 16p bén trong 6ng nano, trong
khi SWNT c6 tré khang nhét dinh d6i véi dong
nhiét trén bé mat do dién tich bé mit riéng 16m.
Khoéng chi duong kinh ctia CNT ma ca chiéu
dai ctia CNT c6 thé thay d6i. Chiéu dai cia CNT ¢6
thé bi cat ngan mdt cach co hoc bang cach nghién
bi hodc rung siéu am hay qua qua trinh xur Iy héa
hoc dé gan nhom chirc 1én bé mit CNT. Nghién
ctru thoi gian rung siéu 4m 1én d6 dan nhiét cua
chit 16ng nano duogc thyc hién boi nhom Glory
[18]. Ho thu duogc két qua 13 ¢6 su thay d6i do dan
nhiét dang ké khi chiéu dai CNT tang tir 0,5 dén 5
um Umg véi giam thoi gian siéu am tir 700 xudng
con 50 phat. Nhém cua Li [19] tim hiéu su anh
hudng cua dang hinh hoc CNT va nhiét d¢ 1én do
dan nhiét cta chat long chira MWCNT 1,6% thé
tich. Ho do do dan nhiét cua chét long nano véi
cac chiéu dai va duong kinh khac nhau va thay
rang d6 dan nhiét ciia chat long nano véi duong
kinh nho hon thi 1én hon. Con véi chiéu dai, ho
chua quan sat thdy su khac nhau déng ké cta do
dan nhiét khi nhiét do gan nhiét o phong. Tuy
nhién, & 310K, do dan nhiét cta chét long nano
v6i MWCNT ngin 16n hon so v6i MWCNT dai.
Ho cho réng 0 nhiét 36 cao, MWCNT ngén 6 thé

chuyén dong nhanh hon so véi MWCNT dai hoac
dd bi vudng viu vao nhau hon.

3.4. Anh hwong ciia chdt long nén.

Nhiéu nghién ctru cho thy khi chat 1ong nén
¢6 d6 dan nhiét thap thi sy ting cuong do din
nhiét cua chit 16ng nano chira CNT s& rd rang
hon. Nhom cuia Chen [20] do duoc do din nhiét
v6i ndng 40 MWCNT 1% thé tich trong cac chét
long nén 1a ethylen glycol (EG), glycerol va
nudc tuong ung 1a 17,5%, 16% va 12%. Nhom
ctia Halelfadl [21] do d6 dan nhiét ctia chat 1ong
nano chira MWCNT trong cac chat 1ong nén 1a
nude va nudc/EG (50:50) va quan sat thiy do
dan nhiét tang trong tng 11,3% va 15,4% ¢ ndng
d6 0,05% khéi lugng va 45°C.

Khi str dung chét long nano vat li¢u lai, nhiéu
nghién ctru lai cho két qua nguoc lai. C6 vai
nhém nhan thdy chit long nano vat lidu lai su
dung nudc lai c6 su ting d6 dan nhiét cao hon so
v6i str dung chét 1ong nén 1a EG mic du EG ¢6 d6
dan nhiét thip hon so véi nude. Vi du nhu nhom
ctia Jha [22] nghién ctru chit 1ong nano vat liéu
lai 1A MWCNT c6 dinh cac hat kim loai, phan tan
trong nudc va EG. Do tang do dan nhiét cua chat
long nano chira 0,03% thé tich Ag + MWCNT
phan tan trong nudc va EG lan luot 1a 37,3% va
11,3%. Nhom cua Shende [23] do do dan nhiét
ctia chat 1ong nano c6 vat liéu lai 1a graphene
va MWCNT. Trong nghién clru cua nhom, ca
graphene va MWCNT duoc chirc niang hoa bé
mat béng axit sulfuric va axit nitric va dugc tron
v6i cac ti 18 khac nhau (ndng do 0,03% thé tich)
vao EG hodc nudc. Két qua cho thdy su ting do
dan nhiét 1a 17,7% voi ndong d6 hat nano lai 1a
0,02% thé tich, chat 1ong nén 1a nudc, trong khi
chat 16ng nén 1a EG va nong d6 0,03% thé tich thi
do tang do dan nhiét chi 1a 15,1%.

4. Chat 16ng nano chita CNT trong cac hé thu
nang lwgng mat troi

Hinh 2 biéu dién so d6 hé thu nang luong mat
troi tim phang va bo thu nang luong mit troi truc
tiép (Direct absorption solar collector - DASC).



40 Nguyén Trong Tdam / Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tin 03(34) (2019) 36-43

(a)

/

Chéat I6ng hoat déng! B& mit hap thu !

/

® @

<O
s

%Ru.l"'nc‘m

b

Truyén nhiét

Ch&t I6ng hoat déng

{
i

L 4

!

n.m%

Truyén nhiéy

Hinh 2. (a) So d6 hip thu ning lwvong mat trdi tim phing va hip thu nhiét ning lwong mat troi truc tiép.
(b) Tré khang nhiét hiéu dung cua hai hé

Trong bd thu ning lwong mit troi tim phang,
chat 1ong hoat dong s& hip thu nhiét tir cac bé
mit va cac bé mit ndy 1a bd phan nong nhat trong
hé thong. Trong hé thu ning lugng mit troi truc
tiép, chét long hép thu truc tiép burc xa chiéu tdi,
lac nay hé théng co thé tich hip thu nhiét thay vi
bé mit hap thu nhiét. Nhu vay, tré khang nhiét
ctia h¢ thong dung chit 1ong hap thu nhiét truc
tiép giam dang ké so voi hé thdng dung hap thu
nhiét bé mat.

4.1. Bj thu nhiét tim phing

Nhom ciia Yousefi [24] da sir dung chit 1ong
nano chita CNT lam chit 16ng truyén nhiét dé
nang cao hiéu suat cua bd thu. Ho nghién ctru
sy anh hudng cua vi¢c thém chét hoat dong bé
mit (Triton X-100) vao chit long nano MWCNT
voi néng d6 khac nhau (0,2 — 0,4% khdi luong)
va voi luu luong dong chay thap (0,0167 — 0,05
kg/s). Két qua cho thdy khi chua c6 chét hoat
d6ng bé mit, 6 ndng dd MWCNT thap (0,2% khdi

luong), bo thu tim phang sir dung chat 10ng nano
c6 hiéu suat thap hon so v6i nuédc théng thuong.
Tuy nhién ¢ néng 46 CNT cao hon (0,4% khdi
luong) thi higu sut lai cao hon. Khi ¢ cac chat
hoat dong bé mat, thi hiéu suét clua bd thu tang
1én. Co thé giai thich 1a khi c6 chat hoat dong bé
mit, cic dng nano cacbon phan tan tét hon trong
chét long, do dan nhiét tang lén, do do6 tang hi¢u
suat. Nhu vay khi thém CNT vao chat 1ong lam
ting d6 dan nhiét, nhung khong phai hiéu suat
cua bd thu nhiét lic nao cling tang 1€n, bdi vi khi
c6 cac hat nano trong chat 1ong thi ching s& lam
anh huong tbc do dong chay, do nhét cua chat
long va anh huong téi hidu suat ctia bo thu.
Nhom cua Sabiha [25] danh gia hiéu suét
truyén nhiét khi str dung nuée chira SWCNT so
v6i nude khi khong ¢ hat nano 1am moi trudong
truyén nhiét trung gian trong cac dng thu ning
lwong mit troi. Trong thi nghiém ctia nhém, ndng
dd hat nano 1a 0,2% thé tich va luu luong dong
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chay 1an luot 1a 0,008, 0,017 va 0,025 kg/s. Két
qua cho théy hiéu suét bo thu & néng do 0,2%
thé tich SWCNT va téc d6 dong chay 0,025 kg/s
cao hon 71,84% so véi nuéc. Ho ciing chii y rang
hiéu suat bd thu s dung chat 16ng nano trong
ngay nhiéu may con cao hon b thu sir dung nuée
trong ngay nang & cung toc dd dong chay.

Nhom ctua Kim [26] cling nghién ctu hiéu
sudt ctia 6ng thu ning lwong mit trdi dang chir
U khi str dung chit long nano chita MWCNT
v6i chat 1ong nén 1a nudc chira 20% propylene
glycol. Ngoai chét 1ong chira MWCNT, ho con
nghién ctru chit 1ong nano chtra cac loai hat nano
khac nhu la AL O,, CuO, SiO, va TiO,. Khi chat
l6ng nano c6 ndong 46 MWCNT 1 0,2% thé tich
thi hiéu suét c6 thé tang thém 62,8% so voi chét
long nén. Xét theo khia canh méi truong va kinh
té, ho cho rang luong than da st dung cé thé
giam 131,2 kg va tiét kiém khoang 6447,3 kWh
dién nang hang nam khi st dung 50 bd thu nang
lugng mit troi chira chat long nano 1am chat hap
thu trung gian.

4.2. Bé thu nang lwong mdt troi truc tiép

Nhom cua Lee [27] nghién ctru hé s6 hap thu
chét long nano v6i ndng d6 CNT cuc thap nhim
mg dung chat 1ong nano hap thy truc tiép ning
lugng nhiét mat troi. Ho dung nudce [am chét long
nén va phan tin MWCNT véi ndng do tir 0,0005
t6i 0,005% ti 1¢ thé tich, sir dung chét hoat dong
bé mat CTAB va do hé sb kich thich quang, dua
trén dinh luat Lambert-Beer. Ho tim théy két qua
dang chu y, d6 1a blic xa mit troi co thé bi hip
thu hoan toan boi 16p chit 1ong nano day 10 cm
v6i ti 16 cuc thip CNT (0,0005% ti 1& thé tich).
Budc song ho nghién ctru thudc dai rong tur 200
t6i 2000 nm. Két qua cia ho cho thay chét long
nano chira MWCNT hép thu ving 4nh sang kha
kién va ving hong ngoai gan (tir 200 dén 1400
nm) 1 viing ma nudc nguyén chit hip thu it.

Nhom cua Delfani [28] thém MWCNT véi
néng do 100 ppm vao hdn hop nuéc va EG
(70%:30%) va thay rang pho truyén qua ciia chét

1ong nano giam xudng rt nhiéu so véi chit long
chua thém MWCNT, do do6 tang lugng anh sang
bi hap thu.

Mic du tang ham luong CNT c6 thé ting dic
tinh quang ctia chat 1ong nano, xong s& c6 mot
ham luong t6i wu cia CNT nhu két qua nghién
ctru cia nhom Gorji [29].

Trong mot nghién ctru khac, nhom cta Hordy
tim hiéu tinh chat quang cia MWCNT phén tan
trong bon loai chat 1ong nén [30] (nudc, ethylene
glycol, propylene glycol, therminol VP1) bang
phép do quang phd UV-Vis. Ho nhan thiy chi
can v&i mot ham luong rat nhd MWCNT, gén
nhu 100% ning luong mit trdi c6 thé bi hap thy.
Ho tin rang chét 1ong nano 1a tng cir vién sang
gi4 cho chat 1ong hoat dong trong DASC nho kha
ning hap thu gan nhu 100% anh sang chiéu t6i,
do bén viing cao, mau cua ho khong bi la'ing dong
trong thoi gian dai (t6i 20 thang).

Trén ddy 1a nhitng nghién ctru vé tinh chat
quang cua chét 16ng nano chita CNT. Mot s6
nhom ciing danh gia hiéu qua cua viéc ding chat
long nano chra CNT trong cac bd thu nhiét truc
tiép DASC. Nhom cta Otanicar [31] sir dung
nude lam chat 16ng nén va nong 46 MWCNT 1én
t6i 1% thé tich. Két qua cho thiy ndng d6 tdi uu
14 0,5% thé tich dé thu dugc hiéu suat cao nhat.
Nhom ctia He [32] do su chuyén héa quang nhiét
cua nudc chta MWCNT voi néng do 0,04%
khéi lwong, ho st dung chat hoat dong bé mit
SDBS. Ho dit chat long trong cac dng hap thu
anh sang mo phong mat tro1 va quan sat su tang
nhiét do, ho thu duoc chit long nano (véi 0,02%
khéi lwong CNT) ¢ d6 ting nhiét dd 16n hon so
v6i nude 1a 31,8%. Tuy nhién toc do ting nhiét
do giam di khi néng do hat nano 16n hon 0,02%
khéi luong.

5. Két ludn

Tir céc két qua da duoc tong hop va phén tich &
trén cho thiy, c6 nhiéu yéu t6 anh huong t6i do dan
nhiét ctia chat 16ng nano chira CNT, nhu 1a phuong
phép xir Iy hoa hoc 1am thay d6i cau tric bé mit,
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nong do ciia CNT, loai chat 1ong nén hay hinh dang
va kich thudc ciia CNT. Dé chit 1ong nano chira
CNT ¢6 duoc d6 dan nhiét cao thi can phan tan
déng déu trong chét long va dat dugce do on dinh
trong thoi gian dai. Do tinh ki nude ciia CNT va luc
tuong tac Van der Waals manh giira cac dng nano
cacbon v6&i nhau nén dé chat long nano dat duogc do
on dinh trong thoi gian dai thi can tranh duoc su tu
dam cling nhu sy ling dong ctia CNT trong chét
1ong nén. Rat nhidu nhom nghién ctru da giai quyét
thanh cong cac van dé trén.

Céc két qua nghién ctru ciing cho thay khi ap
dung chat 1ong nano chira CNT vao cac hé hép
thu nang lugng mat troi thi hiéu suét cua cac bd
thu déu tang 1én dang ké. Tuy nhién, van con rat
nhiéu thach thirc phai vuot qua, trong do, su on
dinh va chi phi san xuat 13 hai yéu t6 chinh can
tr& thuong mai hoa ciia né. Vi thé, dé ung dung
chét 16ng nano trong cac bd thu ning luong mit
troi, can phai tai ciu tric thiét ké cho hau hét cac
b6 thu dé dap g viéc sir dung trong thyc té. Khi
giai quyét dugc nhitng thach thirc nay, chat 1ong
nano c6 thé tao ra mot tac dong dang ké khong
chi cho cac nganh cong nghi¢p va k¥ thuat, ma
con nang cao chat lugng cude séng con ngudi.

Mic du chat 1ong nano chira CNT ¢6 tiém nang
rit 16n cho cac Gng dung trong hé thdng ning
lwong mit troi xong van can c6 nhidu nghién ctru
thir nghiém dé dam bao hiéu suét cao nhat.
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Tém tit

Cho dén nay, vat liéu microgel duoc phat trién nhu mot nén tang dot pha cho cac tmg dung y sinh lién quan dén nuéi giir
té bao. Thiét bi vi luu duge xem nhu mot phuong phap tién tién dé tong hop cac microgel chira té bao dem lai do dong
nhit cao vé kich thude, cau tric va cac dic tinh. Trong bai danh gia tong quan nay, ching toi s& gidi thiéu so luge vé cac
hé microgel chira té bao duogc tdng hop tir thiét bi vi luu. Quy trinh ché tao thiét bi vi luu, quy trinh tong hop microgel va
cac van dé lién quan, ciing nhu cac vi du vé hé microgel chira té bao dwa trén goc nhin vé nguyén liéu s& dugc trinh bay
chi tiét trong bai viét nay.

Tir khéa: microgel, gitr té bao, thiét bi vi luu, vat liéu y sinh.

Abstract

Until now, microsized hydrogels (microgels) have been proved as an innovative material platform for biomedical
applications related to cell encapsulation. Microfluidic device is an advanced system for fabrication of cell-laden microgels
with homogeneity in size, structure and properties. In this review, a brief introduction of microgels generated using
microfluidic technology for cell encapsulation is presented. The microfluidic device manufacturing process, microgels
preparation procedure and related issues as well as several examples of cell-laden microgel systems on the view point of
the origin of materials will be addressed in detail.

Keywords: microgel, cell encapsulation, microfluidic device, biomaterial

1. Hydrogel va microgel 3
yArogel va micros y sinh can thoa man tinh twong thich sinh hoc/

1.1 Hydrogel

Qua vai thap ky, vat liéu y sinh hi¢n da va
dang tré thanh mot huéng nghién ciru méi, tiém
nang trong linh vuc y hoc. Hai trng dung chu dao
trong nghién ctru vé vat liéu y sinh 13 k§ thuat mo
va hé van chuyén thudc [1, 2]. Dé dép tGng yéu
cAu cho hai hudng ing dung nay, cac loai vat li¢u

Email: nguyenquangvinh10@duytan.edu.vn

tuong thich t& bao cao, kha niang phan hay sinh
hoc, co 1y tinh phu hop va céc tinh nang khac tuy
theo ung dung cu thé. Mot trong s6 cac hé vat
liéu dugc quan tim nhiéu nhat cho cac ing dung
y sinh 1a hydrogel, ké tir khi cong bd lan dau boi
Wichterle va Lim [3]. Hydrogel 1a mét loai mang
ludi polymer ba chiéu, dugc hinh thanh tir cac
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loai polymer ty nhién hodc polymer téng hop
bang cac phan mg hoa hoc hodc twong tac vat
Iy khac nhau [4]. Do c6 kha nang hut va gitt mot
lugng 16n nudc cling nhu dich sinh hoc, cung véi
dic tinh dong thé, mém, hydrogel co do tuong
tich sinh hoc cao va c6 dang cAu tric tuong tu
nhu khuén nén ngoai bao (extracellular matrix
- ECM) [5]. S¢ hitu tinh tuong thich sinh hoc,
co tinh twong tu nhu mé va kha ning tuy bién
tt, hydrogel da dugc nghién ctru rong rii cho
rat nhidu tmg dung y sinh nhu kinh ap trong [6],
tri vét thwong ho [7], cam bién sinh hoc [8], k¥
thuat mo [9 - 11] va hé dan thubc/protein/gene
[12]. Céc loai thudc/protein/gene c6 thé duoc gitr
trong mang ludi hydrogel nho cac tuong tac vat
1y hodc lién két hoa hoc, van chuyén dén co thé
thong qua nhiéu cach va giai phong ra bang cac
co ché khuéch tan, phan huy, an mon bé mit voi
tbc do giai phong c6 thé kiém soat. Bén canh do,
mang ludi hydrogel con c¢6 kha ndng mo6 phong
mai truong ngoai bao, 1a nén cho cac loai té bao
sinh soi, phat trién va di tra. Tuy nhién dbi véi
nhirng tng dung lién quan dén ki thuat mo, viéc
giit t& bao trong mang hydrogel vi md thuong
gip phai gi6i han vé twong tac gitra cac té bao
cling nhu kha nang trao d6i chat dinh dudng kém
do khoang cach giita cac thanh phan ngoai bao
(extracellular molecules) chua t6i uu va tc do
phan tan thap [13].

1.2 Microgel

Microgel 1a loai hydrogel c6 kich thudc 0.1
dén 100 pm, theo TUPAC [14], c6 chi s6 bé mat/
thé tich rat cao, vi vay c6 kha ning thic day su
truyén khoi va gia ting tuong tac giira té bao va
vat liéu nén [15]. Do d6, oxy, nudc va chat dinh
dudng s& duoc van chuyén hiéu qua dén mang
lu6i mirogel dé duy tri kha ning séng cho té
bao. Ngoai ra, néu microgel gitr duy nhit mot té
bao (single-cell microgel), n6 sé tao ra mgt moi
truong vi mé c¢6 do phan giai cao va cho phép
kiém soat tot viéc nudi trong va phén tich té bao

in vitro cling nhu cic hoat dong cua té bao in vivo,
thong qua viéc diéu chinh cac tinh chat ciia mang
ludi polymer nhu minh hoa trong Hinh 1 [16].
Hon nira, hat microgel v&i kich thudc nhé cé thé
dé dang tmg dung cho k¥ thuat phau thuat xam
lan ti thiéu (minimal invasive) bang kim tiém.
Trong nhitng nim dau thap nién 60, viéc ding
hat polymer dé giit té bao duoc cong bd 1a mot
phuong phap dé giam thiéu phan tmg mién dich,
tir d6 hinh thanh nén tang cua liéu phap té bao
[17]. Bén canh nhiing rng dung cho xét nghiém
dugc 1y va lidu phap té bao gbc [16], microgel
chta té bao (cell-laden microgel) da duoc khai
thac cho nhiéu tng dung vé k¥ thuat mé nhu muc
in sinh hoc (bio-ink), mau 3D bd phan co quan/
ndi tang [18], k¥ thuat tai tao xuong/sun [19], su
biét hoa té bao gdc [20], chita vét thuong ho [21]
va nudi cdy té bao 3D [22].

Mesh size

X i
--------

Degradation

Polymer

Hinh 1. M0 hinh nhiing thanh phin co ban cua mlcrogel
chtra don té bao (st dung hinh anh tir [16]) bao gom cac
loai té bao, cytokine va nén hydrogel véi cac dac tinh nhu
mat d§ mang, do cing, do dan hoi, kha nang phéan huy
¢6 thé dugc diéu chinh boi cu tric polymer thanh phan
va cac nhom chuc nang.

2. Thiét bi vi luvu dé tong hop microgel
2.1 Tong hop microgel va thiét bi vi luu
Thong thudng, microgel duoc tong hop bang
phuong phép tring hop két tia, nhii twong hoa
qua mang (membrane emulsification) va phun
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sdy. Tuy nhién, nhimng k¥ thut théng dung nay
gap han ché trong viéc kiém soat kich thuéc,
cac tinh chat hoa 1y cling nhu tiéu tén nhiéu
nguyén liéu [17]. Hat micro/nano tong hop tir
cac phuong phap trén c6 do6 dong nhét thap vé
kich thuéc va tinh chit. Sy it dong nhat nay
khéng chi & cac mé tong hop khac nhau ma con
c6 thé trong cing mot mé phan ung. Dé vuot
qua tré ngai nay, ky thuat nhii tuong hoa trong
thiét bi vi luu (microfluidic) dugc xem la mot
giai phap vu viét. Cong nghé vi luu duge dinh
nghia 1a cong nghé str dung céc thiét bi vi luu
dé tong hop, kiém soat mot dong chat long vi
luong (10 dén 10® L) sir dung cac kénh dan
v6i kich thuéc tir hang chuc dén hang trim
micromet [23]. Thiét bi vi luu duoge ung dung
cho phén tich gene, dién di mao quan, khuéch
dai DNA, hoa hoc 1am sang, xét nghiém va phan
tich té bao, téng hop thudc hodc vat liéu nano va
mo phong co quan, noi tang [24]. Riéng dbi voi
Iinh vuc téng hop cac hat micro/nano, thiét bi vi
lru mang dén sy kiém soat cuc tot ddi véi kich
thudc, hinh dang cling nhu cau trac bé mat vat
liéu. Bén canh d6, vat liéu tong hop tir thiét bi vi
lwu s& c6 thanh phan, tinh chét hoa 1y va co tinh
chinh x4c. Hon nita, viéc tong hop bang thiét
bi vi luu ¢6 thé mé rong quy mo thanh mot nén
tang c6 hi¢u suét cao, tu dong hoa, co tiém nang
16n trong viéc chuyén giao sang g dung trong
cong nghiép cling nhu 1am sang [25].

2.2 Thiét ké, ciu triic va ché tao thiét bi vi luu

Thiét bi vi luu c6 thé duge ché tao theo cau
tric 1D, sir dung cac dng mao dan (capillary)
déng truc [26], ciu truc 2D dya trén cac kénh
dan (microchannel), hodc cdu tric 3D phirc tap
hon. Thiét bi vi luu c6 thé duge ché tao bé‘mg
nhiéu vat liéu khac nhau: kim loai [27], thuy

tinh [26], silicon [28], polymer [29]. Cac hé
vi luu cdu trac 1D véi cac dng mao dan dong
truc thuong duogc ché tao bing vat ligu thuy
tinh, c6 tinh khang dung méi hitu co rat tot. Tuy
nhién, voi Gmg dung téng hop microgel chira
té bao doi hoi hé vi luu cd cu tric 2D hodc
3D, polydimethylsiloxane (PDMS) la vat li¢u
dap ung duoc yéu cau nay. Vi du, dién hinh cua
quy trinh quang khic mém (soft-lithography)
tao thiét bi vi luu tr PDMS: dau tién céc vi
kénh duoc tao ra trén mot tam dé silicon wafer
(goi 1 tdm master) bang ky thuat quang khic
(photolithography) véi vat li¢u photoresist SU-
8. Sau d6, PDMS va chit dong ran (tir bo kit
Sylgard 184, Dow Corning) dugc tron déu véi ti
1¢ 10:1 va d6 1én tAm master nay. Sau khi déng
rdn (40 - 80°C trong 1 - 2h), PDMS dugc tach
ra va dan 1én mot tAm dé thiy tinh bang cach xu
1y oxygen plasma. Cac hé vi luu ché tao bang
PDMS véi k¥ thuat quang khic mém dugc su
dung rong réi trong nhiéu linh vuc nghién ctu,
dic biét 1a cho microgel chira té bao, do cac uu
diém vé do trong sudt, tiy bién do cung, tinh
tham khi cao, tinh twong thich sinh hoc cao, gia
thanh ré cua PDMS, d6 phan giai cao cua k¥
thuat quang khic va kha ning tai st dung tim
dé master. Tuy nhién, PDMS c6 khuyét diém
vé thoi gian sir dung cung d6 khang dung moi
hitu co [15]. Vi thé, cac cong nghé in 3D tién
tién nhu thiéu két laser SLS (selective laser
sintering), cong nghé FDM (fused deposition
modeling), cong nghé in phun déng rin UV
(photopolymer inkjet printing), cong nghé tao
mau laminate (laminate object manufacturing),
cong nghé SLA (stereolithography) dang duogc
ap dung cho cac thiét bi vi luu ¢ yéu cau dic
biét vé céu trac cling nhu tinh chat san phdm
[30].
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Il. Double emulsion

I. Single emulsion
a. Flow focusing geometry
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Hinh 2. M6t s6 thiét ké cua thiét bi vi luu tao giot (sr dung hinh anh tir [31]). a) thiét k& dong chay tap trung;
b) thiét ké dong chay ciing chiéu; c) thiét ké giao nhau chir T; d) dong chdy tap trung két hop dong chay cung chieu;
e) dong chay 2 pha tép trung két hop dong chay cung chiéu; f) thiét ké dong chdy cung chiéu 2 tng;
g) thiét ké dong chay cung chiéu giao nhau chit T; h) thiét ké dong chay chir Y

Ngoai trir phan khudn trung tdm cé cac vi
kénh dugc tao ra tur cac k¥ thuat ké trén, thiét bi
vi luu con bao gdm cac dng din chét 1ong ndi voi
dau vao/dau ra cua cac vi kénh. Thém vao do,
cac hé chira chat 1ong dau vao s& dugc thiét ké
v6i bom diéu téc nham diéu chinh téc d6 dong
dau vao, tir d6 quyét dinh cau trac/tinh chat cua
vat li¢u tao thanh. Ngoai ra, cudi éng dan dau
ra c6 thé thiét ké bé thu mau. Trong phan khudn
trung tam, cac kénh dan dugc thiét ké voi cac cau
triic hinh hoc khac nhau, dya trén 3 thiét ké nén
tang: thiét ké giao nhau chir T (T-conjunction),
thiét ké dong chay tap trung (flow-focusing) va
thiét ké dong chay cung chiéu (co-flowing) nhu
Hinh 2 [32]. Nguyén Iy hoat dong ciia céc thiét
ké nay dya trén viéc cac dong chay cuia pha nudce
(vai tro nhu pha phan tan) sau khi gdp cac dong
chay pha dau (dﬁu khoang, dau thuc vat hodc diu
flourinate) (vai tro nhu pha lién tuc) thi bi tach
thanh timg giot r0i ¢6 kich thudc déu nhau. Su
tach giot nay phu thudc vao dic diém thiét ké cua
kénh dan, dic tinh ctia dong chay va toc do dong
chay [15]. Cac giot chit long c6 thé hinh thanh
dué6i dang don gian 14 nudc/dau, dau/nudc hodc
phirc tap hon nhu dau/nudc/dau, tiy theo thiét
ké ctia hé vi luu. Dé tao ra cac hat micro/nano

da pha c6 cau tric 151 - vo (core-shell), cdu trac
da 161 [33], cdu trac Janus [34], c4u tric hollow-
core, doi hoi hé vi luu ¢ cac thiét ké riéng biét va
phtc tap hon [35]. Ngoai ra, dé dat hiéu qua pha
tron d6i voi dong chat 1ong, hé vi luu co thé dung
cac thiét ké phdi tron (mixer) nhu céu trac Testla
[36] hodc cau trac xuong cé [37].
3. Tong hop microgel chira té bao bang thiét
bi vi luu

Ung dung giir t& bao bang hat microgel c6 mot
sO yéu cau khat khe: 1) kiém soat tot kich thudc
hat (nh6 hon 200 pm) dé dam bao qua trinh trao
ddi chat va ho hip cua té bao; 2) do da phan tan
thip dé kiém so4t s6 luong té bao va khoang cach
giita cac té bao; 3) thanh phan ciing nhu qua trinh
tao thanh microgel khong anh hudéng kha ning
song ctia té bao; 4) qua trinh tong hop microgel
gitr té bao can 6n dinh, c6 do lap lai va hi¢u suét
cao [38]. Phuong phép tong hop sir dung thiét bi
vi luu c6 thé dap umg duge nhitng yéu cau nay.
Trén thiét bi nay, microgel chira té bao duoc té)ng
hop dua trén qua trinh tao nhii turong cua mot pha
nude chira té bao, monomer, tién chat polymer
(pha phan tan) trong pha dau khong phan cuc
(pha lién tuc). Pé 6n dinh hé nhil twong tao thanh,
tranh sy két tu cta cac giot pha phéan tan trudc
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khi hinh thanh dang gel, cac chat hoat dong bé
mat thuong dugc cho thém vao pha dau. Cac loai
dau va chat hoat dong bé mit thuong dugc lya
chon va két hop dong thoi [15]. Pha phan tan sau
khi bi tach thanh timg giot chat 1ong thi dién ra
qua trinh hoa gel dé tao thanh cac hat microgel.
Qua trinh tach giot pha phan tdn va hoa gel dugc
minh hoa trong Hinh 3. Nhitng hat microgel nay
12 mang 1u6i polymer ba chiéu duoc hinh thanh
do céc phan tng hoa hoc hodc tuong tac vat ly.
Luong nudc chua trong mang ludi polymer sé€
cho phép té bao bén trong c6 thé ton tai, trao doi
chat va oxy. Mot sb yéu té can luu ¥ dé dam bao
ti 1& sdng cao cho té bao bao gém: tan s hinh
thanh ting giot microgel, d§ nhét cua pha long
trong thiét bi, tinh chat bé mat trong cua céc vi
kénh, thanh phan va tinh chét (bén co, bén hoa)
cua microgel dugc hinh thanh [38]. C6 2 phuong
phap tao mang polymer cht yéu: tir monomer va
tir cac polymer/tién chat polymer. Truong hop sir
dung monomer va chat ndi mang (crosslinker)
lam tién chit, mang polymer dugc hinh thanh s&
6 cAu trac khong déng nhat. Nguoc lai, microgel
hinh thanh tir cac dai phan tur (oligomer/polymer)
s€ dem lai do déng thé cao hon va su kiém soat
t6t hon vé mang luGi polymer hinh thanh. Tuy
nhién, do nhdét ctia dong chdy ciling s€ bi anh
huéng néu tién chat polymer c6 khoi lugng phan
tr cao. Bén canh do, co ché hinh thanh microgel
cling 13 yéu t6 dang luu ¥. Su ndi mang polymer
(bang phan tmg héa hoc hodc tuong tac vat 1y)
dé chuyén tir pha 16ng thanh dang gel can phai
tuong thich va an toan cho té bao. Xét vé co ché
nbi mang, microgel ndi mang héa hoc chu yéu
duoc hinh thanh tir cac phan rng nhay oxi hoa -
khtr (redox), phan tmg tring hop quang (bang tia
UV), phan g xtic tdc enzyme va cac phan ing
‘click’[39]. Trong khi d6, microgel néi mang vat
1y thuong c6 thé duoc hinh thanh do twong tac ky
nudc, tuong tac tinh dién hoac tuong tac guest-
host. Co ché phan tng hoa hoc hay twong tac vat
1y can duoc kiém nghiém ddi v6i kha nang song
ctia t& bao va tdi wu hoa dé nang cao ti 1& song

cho té bao. Cudi cung, viéc lya chon nguyén liéu
cho microgel phai dugc xem xét ky cang. Trude
qua trinh hoa gel, té bao s& dugc phéan tan trong
pha nudc chira cac tién chat polymer, vi vay, vat
lidu tao gel phai twrong thich véi té bao [13]. Hé
microgel c¢6 thé duoc tao thanh tir cic nguyén
liéu 12 polymer ty nhién, polymer tong hop hoic
két hop ca hai loai vat liéu trén. Mot s bai viét
so sanh dic diém, tinh chét va cong dung ctia cac
loai polymer khac nhau cho (mg dung nudi giir té
bao di duoc bao cdo gan ddy [40, 41]. Cac cong
bb tiéu biéu vé microgel gitr té bao cho ing dung
y sinh s& duoc trinh bay trong phan tiép theo, dya
trén goéc nhin vé nguyén liéu tao microgel.

Cells
Polymer 1

Polymer 2

Mixing and
Gelation

-
-
-y

Hinh 3. Minh hoa co ché téng hop microgel chira té bao
trén thiet bi vi luu (st dung hinh anh tir [42]): pha nude
chura té bao gap cac pha nudce chira tien chat polymer tao
thanh dong pha phan tén, dugc tach ra thanh giot sau khi
gap pha dau. Qua trinh gel hdéa do tuong tac
hodc phan ung gitra 2 loai polymer.

4. Vit liéu cho microgel chira té bao

4.1 Microgel tir polymer tw nhién

S6 hitu ban chat twong thich sinh hoc wu viét,
kha ndng phan hdy sinh hoc cung cidc nhéom
bam té bao gidng nhu khudn nén ngoai bao, cac
polymer ty nhién thuong 1a lya chon hang dau
cho céc g dung y sinh ¢6 lién quan dén té bao
[41]. Hién tai, dd c6 nhiéu loai microgel chtra té
bao dugc phat trién dua trén vat lidu polymer tu
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nhién: gelatin, agarose, chitosan, pectin, alginate,
hyaluronic acid, collagen... va hé két hop giira
chung. Mi loai polymer tu nhién déu c6 uu va
khuyét diém riéng, Jiang va cong su da tong két
lai trong mot bao cao gan ddy [13]. Trong mot
nghién ctru, Utech va cong su [43] dé phat trién
thanh cong hé microgel tu alginate, mot loai
polysaccharide chiét xudt tir tio ndu, voi cau
trac dong nhét va dat duoc kha ning nudi giir
té bao gdc trung mo 6n dinh trong 15 ngay. Qua
trinh hoa gel cia hé microgel nay dua trén lién
két tinh dién gitra ion canxi mang dién duong va
mach alginate mang dién dm, xay ra nhanh va
dugc chimg minh an toan cho té bao. Cho dén
nay, alginate la vat liéu dugc nghién ctru nhiéu
nhit cho tmg dung giit té bao [44]. Trong mot
bao céo khac, agarose, mot chiét xuét tir réu do
(rhodophyceae), dugc nhom cua Tumarkin va
cong su st dung dé tong hop cac microgel bing
hé vi luu cho tmg dung bat gilr nhiéu loai té bao
khéac nhau. Trong nghién ctru nay, cac dong luu
chit chira té bao va agarose dugc gitr & nhiét do
37°C trude khi ha nhiét Xuéng 2°C dé kich hoat
qué trinh hoa gel. Nhom nghién ctru da chung
minh tiém ning ctia hé microgel ndy trong tng
dung khao sat diéu kién nudi cdy nhiéu ching
loai té bao dong thoi [45]. Tuy nhién, agarose
c¢6 khuyét diém 1a khong ty phan hiy sinh hoc
ma chi phan huy dudi tac dung cua cac loai vi
khuan agarase. Sau alginate va agarose, mot loai
polysaccharide dugc dung kha nhiéu cho tng
dung nudi gitr té bao 1a hyaluronic acid, véi uu
diém o kha ning bién tinh rit cao va hoat tinh
bam dinh té bao. Ma va cong su di phat trién cac
hé microgel dya trén hyaluronic acid bién tinh
voi furylamine va tyramine voi qué trinh gel hoa
do phan tng enzyme va/hoac phan ung Diels-
Alder, dong thoi so sanh kha ning song cua té
bao cung kha ning phan huy sinh hoc cua cac hé
nay [46]. Bén canh viéc phat trién microgel tir
cac polysaccharide, nhiing loai protein polymer
nhu collagen va gelatin ciing dugc dung lam
nguyén liéu cho microgel giit t& bao. Nhom

nghién ctru cua Shoji Takeuchi da sir dung hé vi
lwu dé tong hop nhitng hat microgel chtra té bao
NIH 3T3 tur collagen, loai protein c6 ham luong
cao trong co thé, va nudi cay trong khuén PDMS
tao thanh miu moé 3D [47]. Mot dan xudt khac
ctia collagen 1a gelatin ciing dugc dung rat phd
bién cho microgel giit té bao. Cac hé microgel tir
gelatin ndy c6 thé co hoa gel bang co ché nhay
nhiét hodc dong ran UV; két hop vai cac polymer
thién nhién khac dé tao thanh composite dong
nhit pha nhu agarose-gelatin; agarose-collagen-
gelatin hodc ciu trac 18i-vo nhu gelatin-silica,
gelatin-methyl cellulose [18, 48 - 51]. Bdi véi
co ché dong rin quang, cudng d6 va thoi gian
chiéu xa UV can dugc kiém soat that tot vi c6 anh
huong dén ti 1¢ séng cua té bao.

4.2 Microgel tir polymer tong hop

Maic du sé hitu nhiing tinh chét wu viét vé ban
chat twong thich sinh hoc va kha ning tuong tac
v6i té bao, cac polymer tir thién nhién lai gap
phai sy bién thién va da phan tan cao vé khoi
luong phan tir, dem dén bat cap trong viéc kiém
soat tinh chét: co tinh, toc do phan huy, do nhét
dung dich. Trai lai, polymer tong hop cé thé
dem lai su tuy bién t6t vé khéi luong phan ti,
ciu trac, mat do nbéi mang chinh xac hon han
polymer thién nhién, tir d6 co thé kiém soat
duogc hoa tinh, 1y tinh va kha nang phan huy cua
microgel tao thanh [38]. Poly(ethylene glycol)
(PEG) 1a polymer tong hop duogc sir dung nhiéu
nhit cho ing dung microgel giit t& bao do tinh
tuong thich sinh hoc, uwa nudc, khong gay phan
g mién dich, c6 kha ning bién tinh rat cao dé
tao cac nhom chuc khac nhau [13]. Nam 2013,
Rossow va cong su da phat trién mot hé microgel
dai phan tu (supramolecular microgel) dua trén
tuong tac phdi tri gitta PEG-bipyridine va ion sit
(IT) [52]. HE microgel nay c6 kha nang gitr va gidi
phong té bao bach ciu va té bao ung thu va cia
chudt thong qua lién két phdi tri thuan nghich.
Trong mot nghién ciru cong bd boi Steinhilber
va dong nghiép [53], hé microgel duoc tao ra



50 L.H.Sinh, L.T.T.Nhi, P.M.Uyén, N.Q.Vinh / Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 03(34) (2019) 44-53

bdi phan g cong hop vong alkyne-azide gitta
poly(ethylene glycol)-dicyclooctyne va dendritic
poly(glycerol azide). Microgel tao thanh c6 thé
kiém soat duoc su giai phong ciia nguyén bao
soi (fibroblast cell) bang cach thay ddi pH cua
moi truong tir 4.5 dén 7.4. Tuong tu voi nghién
ctru ké trén, nhoém ctia Rossow va cong su phat
trién mot hé microgel dé gitr cac té bao fibroblast
va lymphoblast tr PEG va polyglycerol da nhanh
(hyperbranch polyglycerol), hoa gel bing co ché
than thién té bao 1a phan tng cong hop Michael
[54]. Tinh chét cua hat gel tao thanh cé thé duoc
tly bién bang cach diéu chinh khdi lugng phan
tr cia PEG ciing nhu néng d6 cta polymer.
PEG ciing c¢6 thé két hop voi copolymers tir
poly(N-(2-hydroxypropyl)-methacrylamide)
va poly(hydroxyethyl-methacrylate) gin voi
poly(N-isopropylacrylamide) dé téng hop
microgel cho kiém soat van chuyén té bao [55].
Su giai phong cua nguyén bao soi dugce diéu
chinh boi qué trinh truong ra/co lai va sy thay doi
module dan hoi ctia microgel khi thay doi nhiét
do. Bén canh PEG mach théng, cac loai PEG da
nhanh cling duogc str dung trong cac nghién ctru
khac vé microgel gt té bao [56, 57]. Ngoai PEG
thi microgel ciing c6 thé duoc tong hop trén nén
ctia cac loai polymer tong hop khéc, vi du nhu
poly(2-oxazoline) (POx). Nam 2015, Luck va
dong nghiép da phat trién mot loai microgel tir
POx d¢ van chuyén té bao gdc trung md nguoi
(human mesenchymal stem cells) (hMSC) [58].
Microgel nay c6 kha nang phan hiy sinh hoc do
lién két disulfide gitta mach POx bj dut giy duéi
tac dung cua glutathione.

4.3 Cac hé microgel lai

Dé két hop dic tinh twong tich sinh hoc, kha
nang phan huy sinh hoc voi san pham phén hity
than thién t& bao, cac nhom twong tac té bao
ctia polymer ty nhién voi kha nang diéu chinh
cAu trac chinh x4c va kiém soat tinh ning cua
polymer tong hop, cac hé microgel lai di dugc
phat trién gan day va trd thanh mot huéng di hia

hen cho tmg dung giit té bao. Nam 2014, Ma va
dong nghiép di bao cio mot hé microgel lai sir
dung hyaluronic acid va PEG lam thanh phan
chinh tao mang hydrogel, cling nhu fibrinogen
lam thanh phan lién két véi té bao [59]. Hé
microgel nay cho phép nudi cdy dai han va duy
tri ti 1¢ sdng cao ciing nhu cic hoat dong cho té
bao géc tor nguoi. Sau do, mot hé¢ microgel lai
nbi mang vt 1y tir PEG-peptide va oligodextran
hodc oligoheparin dugc bdo cdo nam 2015 cua
Wieduwild va cong su [60]. HE microgel nay cho
phép nudi gitr nguyén bao so¢1 tur da tré so sinh
trong moi truong an toan va dat ti 1é séng cao.
Trong mdt cong bd khac nam 2016, Siltanen va
ddng nghiép da tong hop mot loai microgel lai tir
PEG va heparin dung dé nudi giit va diéu chinh
hoat dong cua té bao gdc tir phoi thai chudt [61].
Bén canh kha nang diéu chinh kich thudc, module
dan hdi va hoat tinh sinh hoc, hé microgel nay cé
thé tac dong dén qua trinh biét hoa cua té bao.
5. Két luan

Cho dén nay, k¥ thuat vi luu da phét trién va
dugc chung minh 1a mét phuong phap vu viét cho
tong hop cac loai hat microgel c6 d6 dong nhét
cao vé céu truc, kich thuéc va tinh chat, hiéu qua
cho cac ung dung lién quan dén bat giir té bao.
Tuy nhién, van ton tai nhitng dich dén can chinh
phuc nhu kha ning bit giir don té bao trong mot
microgel hodc kha ning diéu chinh s6 lugng té
bao dong nhat trong mot microgel. Tiép theo, tat
ca cac dic tinh: co tinh, 6 nhét, dan hoi, lugng
nude trong microgel van can duge t6i uu dé co
thé mé phong méi trudng khudn nén ngoai bao,
nham dat ti 18 song cao cho té bao. Ngoai ra, cho
mdt s6 tmg dung can giai phong té bao thi toc do
phan huy cta vat liéu cling can dugc diéu chinh.
Céc loai té bao khac nhau sé& twong thich véi cac
vat liéu khac nhau nén can phat trién thém nhiéu
hé vat liéu két hop dé c6 thé van chuyén nhiéu
chung loai t& bao cung lac, dé mo phong cau
tric thuc cta cac loai mo. Cubi cung, cac thiét
ké t6i wru cho hé vi luu can duge xem xét dé ting
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ning suat dau ra va thu duoc san lugng cao. Voi

nhitng giai phap trén, microgel chira té bao tong

hop bang thiét bi vi luu s& tré thanh mot nén tang

“lab-on-chip” tién tién cho k¥ thuat mo, cac ing

dung nuodi tréng co quan va liéu phap té bao.
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Abstract

This study aims at developing an Artificial Neural Network (ANN) software program used for data classification in civil
engineering. The backpropagation algorithm with momentum and regularization is used to train the ANN. The software
program has been developed in Visual C# NET and tested with several datasets. Experimental results show that the
software program is a capable tool for pattern recognition.

Keywords: Data Classification; Civil Engineering; Visual C#; Backpropagation.

Tém tit

Nghién ctru nay nham phat trién chuong trinh phan mém Mang than kinh nhan tao (ANN) duoc sir dung dé phan loai dir
lidu trong nganh xay dung. Thuat toan lan truyén nguge dugc sir dung dé huan luyén ANN. Chuong trinh phan mém da

dugc phat trién trong Visual C # .NET va dugc thir nghiém vdi hai bo dir lidu. Két qua thir nghiém cho thay chuong trinh
ph?m mém 13 mot cong cu tdt cho nhiém vu phan loai dir li¢u.

Tir khéa: Phan loai dit liéu, Xay dung; Ngon ngit C #; Lan truyén ngugc.

1. Introduction With more than 2 labels, the problems are generally

In the fields of machine learning and statistics,
pattern classification is the problem of assigning
a new observation to one of existing class labels.
A data classification model is trained on the basis
of a training data set containing observations with
known categories. If there are two existing class
labels, the problem is known as binary classification.

Email: hoangnhatduc@dtu.edu.vn

described as multi-class pattern classifications.
Both binary and multi-class pattern classifications
are widely observed in civil engineering and in
other fields of study [1 - 8]. Examples of pattern
recognition in civil engineering are assigning a
given vector of input features to different types of
pavement cracks [9], different behaviours of steel
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beam web panels subjected to concentrated loads
[10], soil liquefaction [4] etc.

Among machine learning algorithms, ANN is
particularly highly useful for pattern recognition.
Essentially, ANN is a sophisticated network
of individual learning units called neurons.
By combining the information represented as
connecting weights, the overall ANN model
is able to generalize complicated relationships
between the input features and output data of
class labels. It is because ANN possesses the
capability of a universal function approximator
[11]. Moreover, the training algorithm of ANN
can be accomplished in an online manner; this
means that the ANN model can be updated
gradually and ANN can be a very effective model
to handle large-scale and multivariate data sets.

Although there are more advanced methods
of ANN training, the conventional method of
gradient descent with backpropagation is still
an effective way to establish an ANN model
[12]. Backpropagation is capable to help ANN
models to be trained quickly with acceptable
accuracy in many applications [13]. Therefore,
ANN models trained gradient descent with
backpropagation can be a useful tool for both
educational and practical purposes. Moreover,
due to a limiting access to open software
packages for implementing ANN based multi-
class recognition, this study aims at developing
an Artificial Neural Network (ANN) software
program used for multi-class data classification.
The backpropagation algorithm with momentum
and regularization is used to train the ANN. The
software program has been developed in Visual
C# NET and verified by two datasets. The rest
of the paper is organized as follows: the second
section briefly reviews the formulation of an
ANN model; two application cases of the newly
developed program are demonstrated in the third
section; concluding remarks of this paper are
stated in the final section.

2. Backpropagation artificial neural network
for data classification

Backpropagation Artificial Neural Network
(BPANN) is a machine learning based
classification method inspired from biological
neural networks. An ANN model simulates the
knowledge acquisition and inference processes
of the human brain [14]. Based on previous
works [6,15,16], BPANN is shown to be highly
effective in coping with complex nonlinear data
modeling problems.

A BPANN typically consists of the input,
hidden, and output layers [17]. The hidden
layers contain a set of artificial neurons; the
interconnected artificial neurons have a crucial
role in identifying the structure in the data to
compute the class labels of each data instance
in the output layer. Using a BPANN model, data
classification tasks boil down to establishing a
discrimination  function f: X e R® - Y e R”
where D is the number of input pattern and
O denotes the number of class labels [12]. A
BPANN model used for pattern classification is

described as follows [18]:
f(X):bz'l'WzX(fA(bl‘l'WlXX) (M

where W, and W, are weight matrices of the
hidden layer and the output layer, respectively; N
is the number of artificial neurons in the hidden
layer; b, = [b,,, blz’
vector of the hidden layer and of the output layer,
respectively. f, denotes an activation function

., b, ] and b, denotes a bias

(e.g. log-sigmoid function).

It is noted that model parameters of BPANN,
stored W, W,, b,, and b,, are adapted via the
backpropagation process [19, 17]. There are
three commonly employed styles for training
a BPANN model: the online, the batch, and
the mini-batch [20]. The first style updates the
connection weights when they encounter a single
training example. The second style updates all
the connection weights at once with all collected
training records. The mini-batch method splits
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the whole training data into small batches that
are employed to compute the ANN model error
and update its weights accordingly. The online
update can help to construct a model with high
accuracy; however, this method can be slow to
converge. In this study, we aim at developing
ANN models to solve small and medium sized
datasets; hence, we utilize the online style.
Moreover, the backpropagation with momentum
and regularization is implemented to adapt
network weights. More details of the training
algorithms are provided in the previous work of
Kim [21], Hoang, Tien Bui [22], and Tien Bui et
al. [23].
3. Software program applications

The software program has been developed
in Visual C# .NET Framework 4.6.2. The
graphical user interface of the software program
is shown in Fig. 1. The software implementation
is divided into four modules of data loading,

ANN model configuration, model training, and
model testing. In the first module (see Fig. 2),
the datasets of training input, training output,
testing input, and testing output are loaded. In
the next module, an ANN model configuration is
specified by selecting the number of class label,
the number of neurons in its hidden layer, the
number of training epochs, the learning rate, the
momentum coefficient, and the regularization
coefficient.

The regularization coefficient is used to
diminish overfitting phenomenon [21]. The
number of neurons can be roughly selected to be
2D/3+ N where D is the number of input features
and N is the number of class labels. After the
training and prediction phases of an ANN model
are accomplished, the user can view the model
parameters in the form of weight matrices and
the detailed predictions of class labels for all data
samples (see Fig. 3).

82 MultiClassANN

= — =

Fig. 1. Graphical user interface of the software program

In addition, before being separated into the
datasets of training input, training output, testing
input, and testing output, the original dataset
should be normalized via Z-score or standard score
data normalization method. The standardized x,, of

a raw data x is calculated as follows:
x-M, @)

S

X

XN:

where M. and S denote the mean and standard
deviation of x.
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Fig. 3. Training and testing results: (a) Parameters of the ANN model, (b) Actual and predicted class labels
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Fig. 4. Prediction performance of the first application
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Fig. 5. Prediction performance of the second application
(groutability prediction)

4. Conclusion

Pattern classification analysis is an important
task in civil engineering. This study develops
a software program based on BPANN machine
learning method for data classification. The
applicability of the software program has been
demonstrated via two case studies of steel beams
patch load behavior and groutability estimation.
Good classification results demonstrate that
the software program can be a useful tool for
researchers and engineers for modeling other
problems in the field of civil engineering.

Supplementary materials

The compiled program and the experimental
datasets can be accessed via:
https://github.com/NhatDucHoang/MultiClassBPANN
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Tém tat

Bai viét tap trung nghién ctru nhimg véan dé 1y ludn vé trach nhiém giai trinh tu phap ctua Toa an va thyc trang 4p dung
trach nhiém giai trinh tu phéap ctia Toa 4n hién nay tai Viét Nam. Giai trinh tu phap ctia Toa an 1a mot van dé kha méi
trong thuat ngit phap 1y tai Viét Nam, tuy nhién trén thyc té trach nhiém giai trinh tu phap ciia Toa an da va dang dién ra
trong hoat dong ap dung phap luat Viét Nam. Tir d6, viéc nghién ctru trach nhiém gii trinh tu phap ctia Toa 4n ludn 1a vin
dé cip thiét, dua ra nhitng giai phap nham néng cao trach nhiém giai trinh tu phap cua Toa an trong giai doan hién nay.

Tuwr khoa: Giai thich; thong bao; trach nhiém giai trinh; Toa an
Abstract

The paper focuses on researching theoretical issues regarding judicial accountability of the Court and current status of
applying judicial accountability of the Court in Vietnam nowadays. The judicial explanation of the Court is a fairly new
issue in legal terminologies in Vietnam, in practice, however, the judicial accountability of the Court has been going on in
the implement of law. Therefore, the concerning judicial accountability of the Court is consistantly an urgent issue. As a
result, the solutions to enhancing judicial accountability of the Court within the present period are given.

Keywords: Explain; notification; accountability; court

1. Quan diem veé trach nhiém giai trinh cda
Toa an

nhiém giai trinh xuat hién trong mdi quan hé giira
cac bén, dugc coi 1a c6 trach nhiém giai trinh khi
Theo dinh nghia ctia nhém chuyén gia World mot bén chiu thong bao cho bén kia biét vé cac

Bank: thuét ngtt “trach nhiém giai trinh” ham y  hoat dong ciia minh; ly giai vé cac hanh dong do;

rang cac thong tin chinh xac va dé tiép can 1a co
s dé danh gia, xem mot cong viéc co dugce thuc
hién t6t hay khong. Trach nhiém giai trinh ciing
gdm c6 cac co ché khen thuong, xur phat ding
dan dé khuyén khich hiéu qua lam viéc®. Trach

() World Bank, B4o cdo phat trién Viét Nam 2010, “Céac thé
ché hién dai”, tr.04

Email: hoangquyenlan109@gmail.com

chiu su trirng phat cia bén kia trong truong hop
thuc thi sai diéu da cam két.

Nhu vy, trach nhiém giai trinh dugc hiéu duéi
goc do: thong bao, bién minh hay 1y giai va chiu
trach nhiém phap ly. Trong mét nha nude dan chu,
khi nhan dén giao quyén luc ctia minh cho cic co
quan nha nude thi nguoi dan ciing phai biét trach
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nhiém, nhiém vy, viéc lam cta Nha nuée dén dau
va Nha nude phdi co6 nghia vu ching minh nhiing
n6i dung trén cho nhan dan dugc biét.

O Viét Nam, trach nhiém giai trinh du da ghi
nhan tr 1au va dugc xem la mdt phuong cham
trong viéc phong chéng tham nhiing. Tuy nhién,
cac van ban phap luat quy dinh vé trach nhiém
giai trinh lai khong c6 sy dong bo ma chi rai rac
tap trung & mot s van ban nhu: Luat phong chong
tham nhiing nim 2018 quy dinh: “Co quan, t6
chuee, don vi, ca nhdn co trach nhiém giai trinh
vé quyét dinh, hanh vi cua minh trong viéc thuc
hién nhiém vu, cong vu dwoc giao khi co yéu cau
cua co quan, 16 chire, don vi, cd nhan bi tac dong
truec tiép boi quyét dinh, hanh vi d6. Nguoi thuc
hién trach nhiém gidi trinh la nguoi dimg dau
co quan, 16 chirc, don vi hodc ngweoi dwoc phén
cong, nguoi dwoc 1ty quyén hop phdp dé thuc
hién trach nhiém gidai trinh”?; Luat Thanh tra
2010 ciing quy dinh: Di tuong thanh tra c6 cac
quyén sau day: “gidi trinh vé nhitng van dé cé
lién quan dén néi dung thanh tra”®; Luat Khiéu
nai 2011 ¢6 quy dinh nghia vu cta ngudi bi khiéu
nai 1a: “gidi trinh vé tinh hop phdp, ding dan
cia quyét dinh hanh chinh, hanh vi hanh chinh bi
khiéu nai khi nguoi gidi quyét khiéu nai hodc co
quan, don vi kiém tra, xdc minh yéu cau”®.

Hién nay trong hoat dong cua Toa an chua cé
mot van ban quy pham phap luat nao quy dinh
vé trach nhiém giai trinh ctia Toa 4n trong hoat
dong tu phdp. Tuy nhién, hi¢n tai dang cé cac
quan diém lién quan dén trach nhiém giai trinh
cua Toa an nhu sau:

Quan diém thir nhit: Toa dn khéng cé trach
nhiém gidi trinh.

Quan diém nay xut phat tir nguyén tic xét xir
doc 1ap ctuia Toa an. Nguyén tic nay déu ghi nhan
trong mdi qudc gia, tuy nhién dé dam bao tinh
ddc 1ap cia Toa an thi ban than Toa an phai co6 su
phan quyén nhét dinh va khéng chiu rang budc

@ Xem thém Diéu 15 Luat phong chong tham nhiing 2018
@ Xem thém Dicu 57 Luét thanh tra nam 2010
@ Xem thém Diéu 13 Luat khiéu nai 2011

trach nhiém vé6i bat ki co quan quyén lyc nao.
Nhimng qudc gia theo hinh thirc chinh thé cong
hoa dai nghi hay cong hoa téng thong, sy tranh
gianh quyén lyc chi nam ¢ hai nhanh: lap phép
va hanh phap, su doc 1ap cua Toa an luén luén
dugc dé cao va chu trong. Chinh vi su doc 1ap
trong qua trinh hoat dong nén Toa an khong chiu
bét ki su giam sat hay giai trinh nao, trong nhimng
truong hop phan quyét ciia Toa an ¢6 dau hiéu oan
sai, vi pham t6 tung thi ngay tirc khic cac bén c6
quyén duoc thue hién cac quyén khang cdo, khang
nghi dé duoc xem xét, giai quyét & cip toa cao hon.

Quan diém thir hai: Toa dn phdi c6 trach
nhiém gidi trinh.

Quan diém nay xuit phat tir quyén luc ciia
nhan dan, trong mdt nha nude dan chi nguoi dan
thuong uy quyén (dai dién) quyén luc cia minh
cho mot co quan nhat dinh (Quéc héi hay Nghi
Vién) nhitng co quan dai di¢n phai co6 trach nhi€ém
trude nhan dan véi nhitng viée lam cu thé cua céac
co quan nha nudc khac trong do c6 co quan tu
phap (Toa an). Toa 4n van ¢ chic ning xét xu,
thye hién quyén tu phap nhung trong hoat dong
cua minh, Toa &n phai chiu sy giam sat nhét dinh
ctia nhing co quan khéc, két qua nhitng quyét dinh
cta Toa an phai dugc cac co quan dai dién cho
nhan dan duogc biét va c6 quyén chat van nhiing
van dé lién quan dén hoat dong cua Toa 4n thong
qua nhitng phién diéu trdn hodc cac phién hop.
Tuy nhién, dbi voi sy rang budc trach nhiém giai
trinh ddi v6i nhitng co quan quyén lyc cta nhan
dén s& dan dén tinh trang su I¢ thudc ctia Toa an la
qué 16n, tinh doc 1ap cua Toa an 1a khong nhiéu.

Quan diém thir ba: Toa dn can cé trach
nhiém gidi trinh nhwng phdi dam bdo tinh djoc
lap cia Toa dn.

Quan diém nay cho rang, Toa an bat budc phai
c6 trach nhiém gidi trinh nhung cling phai dam
bao tinh doc 1ap cua Toa an. Nghia la, khi Toa an
thyc hién chirc nang xét xir ciia minh can ap dung
nguyén tic doc lap trong xét xir, moi phan quyét
ctia Toa an déu dya trén Hién phéap va phap luat,



62 Hoang Thi Quyén / Tap chi Khoa hoc va Cong nghé Dai hoc Duy Tdan 03(34) (2019) 60-66

moi co quan t6 chirc khac khong dugc can thiép
vao phan quyét cua Toa 4n. Piéu nay la hoan
toan phu hop véi cac nguyén tic xét xir ctia Toa
an, khi dua ra quyét dinh ctia minh Toa an phai
dua vao su that khach quan ctua vu an thong qua
tranh tung tai phién toa, moi chu thé khac khong
dugc can thié¢p vao qué trinh xét xtr cua Toa an.

2. Noi dung trach nhiém giai trinh ctia Toa an

Trong hoat dong cua Toa an Viét Nam hién
nay chua c6 mot khai ni¢m chinh théng vé trach
nhiém giai trinh cta Toa an. Tuy nhién, xét vé
ban chét cua giai trinh, trong qua trinh hoat dong
ciia Toa 4n di mang nhiing yéu t6 cia trach
nhi¢m giai trinh. V& ban chét, trach nhiém giai
trinh dugc tién hanh boi 3 khia canh: thong bao;
giai thich (trinh bay) va chiu hau qua phap 1y véi
nhiing hanh vi cua minh. Do d6, trong qué trinh
thuc hién hoat dong ctia minh, Toa an cé trach
nhiém giai trinh & cac ndi dung nhu sau:

Thir nhit: trdach nhiém thong bdo.

Trach nhiém thong bio cua Toa an la mot
hinh thirc giai trinh co ban nhat va don gian nhat.
Thong thuong, trach nhiém thong bdo cua Toa
an dugc tién hanh thong qua con duong t6 tung.
Trong td tung dan su, moi vu viéc cua duong su
khi can co su can thi¢p cua Toa an déu duoc Toa
an ra cac thong bao cu thé nhu: thong bao ndp
tién tam tng an phi, thong béo thu 1y vu an, thong
bao vé cung cap ching ctr va hoa giai, thong bao
vé viée dua vu 4n ra xét xi, thong bdo, niém yét
ban an/ quyét dinh cua Toa an... Pbi voi vu an vé
hinh sy, trong trach nhi€ém ctia minh, Toa an phai
giai thich rd cac quyén ctia bi cdo trong phién toa,
thong bao tri€u tap phién toa cua nhitng nguoi
c6 lién quan, giao guri, ban an cho bi céo, bi hai,
nguoi bao chira®. Moi hanh vi ¢b tinh hoic vo
tinh khéng cung cap thong tin déu dugc xem 1a
vi pham t6 tung nguyén trong cua Toa an. Trong
mot sb truong hop néu vi pham té tung d6 gy ra
hau qua khong thé khic phuc duoc thi phan quyét
ctia Toa an c6 thé bi hity qua cap xét xir cao hon.

®) Xem thém Diéu 262 Bo luat t tung hinh sy ndm 2015

Hon nira, Toa an khong chi c6 trach nhi¢m
thong bdo nhiing ndi dung trén c6 duong su,
trong qua trinh hoat dong cua minh Toa 4n con
c6 trach nhiém thong bao cho cac co quan ¢o lién
quan. Ngay 25 thang 6 nam 2018, Bo Cong an
phéi hop véi Vién kiém sat nhan dan t6i cao va
Toda an nhéan dan téi cao dd ban hanh Thong tu
lién tich sd 05/2018/TTLT-BCA-VKSNDTC-
TANDTC vé viéc phéi hop thong bao, giri, cung
cap thong tin, tai liéu lién quan dén nguoi pham
t0i. Theo do, cac tai li¢u, thong tin Toa an phai
c6 trach nhiém giri thong bao, guri cho co quan hd
so nghi¢p vu cua B§ Cong an. Bén canh do, moi
quyét dinh/ ban an cta Toa an phai dugc giri cho
Vién kiém sat va co quan thi hanh 4n.

Thir hai: trach nhi¢m ly gidi, gidi thich.

Céc phan quyét ciia Toa 4n c6 hiéu luc phai
dugc thi hanh an. Tuy nhién, trong qua trinh thi
hanh 4n khong tranh khoi cac truong hop c6 nhiing
diém chua 15 trong ban an dan dén viéc thi hanh
an rat khé khan. Trong truong hop d6, Toa an c6
trach nhiém tra 161 nhitng van dé duoc néu trong
van ban yéu ciu cia co quan thi hanh an. D6 1a
ndi dung dugc quy dinh trong Thong tu lién tich
s6 11/2016/TTLT-BTP-TANDTCVKSNDTC
ngay 1/8/2016, c6 hi¢u luc tu ngay 30/9/2016,
quy dinh mot s6 van dé vé thu tuc thi hanh an
dan su va phdi hop lién nganh trong thi hanh an
dan su. Theo do6, Thong tu quy dinh truong hop
phat hién ban an, quyét dinh ctia Toa an ¢6 nhiing
diém chua 6 gay kho khan cho viéc thi hanh an
hodc phat hién 16i chinh ta, s6 liéu c6 nham lan
hodc tinh toan sai thi Thu truéng co quan thi hanh
an dan su c6 van ban yéu cau Toa 4an dé ra ban
an, quyét dinh giai thich nhimg diém chua 3, sira
chita 15i chinh ta hodc s6 liéu nham lan.

Bén canh d6, trong linh vuc T6 tung hanh
chinh, vi¢c giai thich ban an ctia Toa an duogc
quy dinh cu thé tai Diéu 242 Luat T tung hanh
chinh nam 2015. Theo do, nguoi dugc thi hanh
an, nguoi phai thi hanh an, nguoi c6 quyén loi,
nghia vu lién quan dén viéc thi hanh ban én,
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quyét dinh ctia Toa 4n va co quan thi hanh 4n dan
su ¢6 quyén yéu cau bang vin ban véi Toa an da
ra ban an, quyét dinh giai thich nhitng diém chwa
16 trong ban an, quyét dinh dé thi hanh. Khi co
yéu cau vé viéc giai thich ban an, Thadm phan 1a
Chu toa phién toa, phién hop co trach nhiém phai
giai thich ban 4n, quyét dinh dé. Trong truong
hop ho khéng con 13 Tham phan cua Toa 4n thi
Chanh an Toa an do6 co trach nhiém giai thich ban
an, quyét dinh cta Toa an.

Nhu vay, c6 thé thay rang viéc giai thich ban
4n c6 y nghia vo cuing to 16n trong thyc tién, doi
hoi phai dugc giai thich tir ngudi c6 kién thie sau
rong vé phap luat, vé& quy trinh t6 tung va phai
1a ngudi tryc tiép ra phan quyét, cu thé & day 1a
Tham phan ra quyét dinh hodc chu toa phién toa.
Vi 1§ @0, khi giai thich ban an, quyét dinh cia
Toa an phai can cu vao bién ban phién toa va
bién ban nghi an 1a co s6 ra quyét dinh méi dam
bao duoc tinh than cua phan quyét.

Hon nita, viéc giai thich quyét dinh/ban an ctia
Toa 4n khong chi ap dung ddi voi co quan thi
hanh an. Cac thong tin ctia Toa 4n can duoc minh
bach, do d6 voi tu cach 1a co quan dai dién cho
nhén dan cao nhat, trong céac ki hop Quéc hoi co
quyén chit van nguoi ding dau Toa an cac noi
dung, vin dé dang ton dong trong Toa an nhu: s6
luong an oan sai, vi pham td tung, nang cao chét
lugng cong tac xét xur cuia Toa an....voi1 tu cach
la nguoi dai dién cao nhét cua Toa an, Chanh an
Tda 4n nhan dan tdi cao phai co trach nhiém giai
trinh, giai thich, 1y giai cho nhitng hoat dong cua
Toa an. Bén canh do, cac Uy ban cua Quéc hoi
v6i chirc nang nhiém vu cta minh c6 quyén to
chirc cac phién giai trinh d6i véi nhitng co quan
nha nudc quan ly dbi véi linh vuc do. Vi du, Uy
ban Tu phap cua Qudc hoi di tién hanh phién
giai trinh dbi voi Bo Cong an, Vién kiém sat nhan
dan t6i cao va Toa 4n nhan déan tdi cao vé& “fink
hinh thiee hién phdp ludt vé phong, chong mua
ban nguoi trong giai dogn 2012 - 2017”©. Nhu

(6) http://quochoi.vn/tintuc/pages/tin-hoat-dong-cua-quoc-
hoi.aspx?ItemID=37003

vay, thong qua cac phién giai trinh thi Chanh an
Tda an nhan dan ti cao phai tién hanh giai thich,
ly gidi hodc bi¢n minh cho hoat dong cua Toa
an. Day ciing 1a mot trong nhiing van d¢ khi tién
hanh xay dung nha nudc phap quyén.

Thir ba: hdu qud phap ly doi véi cdc phadn
quyét ciia Toa dn.

Vi chire ndng 1a co quan xét xir ctia nha nudec,
nhiing ngudi dugc nhan dan tin tudéng, giao pho
cho su cong bang, khach quan va moi phan quyét
ctiia Toa an 1a chuan muc cia xa hoi. Cac Tham
phan trong Toa an s& 1a ngudi cam can nay muyc
khi thyc hién chirc nang xét xur. Vo1 y nghia do,
moi phan quyét cia Tham phan can phai duoc
ton trong va thuc thi khi c6 hiéu luc phap ly. Tuy
nhién, trong trudng hop phan quyét ciia Tham
phan do 16i v6 tinh hodc ¢ tinh dan dén ban an
bi huy, sira thi Thim phén khi dua ra phan quyét
do phai c6 trach nhiém gidi trinh va ganh chiu
hau qua phép 1y déi véi viéc dua ra phan quyét.

Trong cong tac bao cao chat lugng xét xir, cac
nguyén nhan din dén cac ban an bj stra, hay bo
1a do 161 v6 ¥ va c¢b ¥ cua Thiam phan khi xét
xtr. Tham phan ¢b ¥ ra ban 4n hodc quyét dinh
trai phap luat 13 trudng hop biét sai ma ctr lam vi
nhting dong co, muc dich khac nhau. Vé nguyén
tic, hanh vi ra ban 4n hodc quyét dinh trai phap
luat 1a hanh vi pham t6i”. Tuy nhién, khong phai
truong hop ndo Tham phan cb ¥ ra ban 4an hodc
quyét dinh, ma ban an hodc quyét dinh do bi huy
hodc bj stra déu 12 hanh vi pham t6i. Néu ¢6 ¥ ra
ban an hodc quyét dinh trai phap luat nhung vi
nguyén nhan khach quan va chua gay ra hau qua
nghiém trong thi c¢6 thé dugc xem xét loai trir
trach nhiém hinh su. Trén thuc té, di co nhiing
vu 4n ma bi cao 1a Tham phan do ra quyét dinh
trai phap ludt ma phai ganh chiu trach nhi¢ém
phap 1y ddi v6i phan quyét ciia minh dua ra®.

™ Piéu 370 By luét hinh sy 2015 (stra ddi, b6 sung 2017)
quy dinh v€ t6i: Ra ban an trai phap luét. Bi€u 371 B0 luét
hinh sy 2015 (stra d6i, bo sung 2017) quy dinh v€ t6i: Ra
quyét dinh trai phap luat

® Xem thém: https://news.zing.vn/ra-quyet-dinh-trai-luat-
mot-pho-chanh-an-bi-khoi-to-post790133.html
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Du truong hop nao di nita, Tham phan khi ra mot
phan quyét thi phai chiu trach nhiém véi chinh
phan quyét d6, néu 1a 16i ¢ ¥ thi can truy ciru
trach nhiém hinh su, con néu 16i vo v can phai co
nhirng bién phép trach nhiém trong quy ché cua
Toa an nhu: khong b6 nhiém nhiém ki tiép theo,
ky luat, khién trach, dinh chi cong tac...

3. Mt s6 giai phap ning cao trach nhiém giai
trinh ciia Toa an trong giai doan hién nay

Trén thuc té, nhitng ndi dung giai trinh cua
Toda an di c6 nhitng budc phat trién to 16n, tuy
nhién van xuat hién nhiing vu an ma sy giai trinh
cua nguoi ding dau Toa an chua nhan duoc su
ddng tinh ctia ngudi dan®. Nhiéu ban an bj sira
hoic hiy, ¢6 nhitng dia phuong 1én dén 100%1°.
Diéu nay lam cho niém tin ctia nhan dan vao Toa
an ngdy cang giam dang ké. Vi vay, dé nang cao
cong tac giai trinh cta Toa an, can c6 mot sb giai
phép sau day:

Thir nhit: Pam bdo cdc nguyén tic to chirc
va hoat dong cua Toa dn.

Tda 4n trong qua trinh hoat dong ctia minh can
phai tuan thu nhitng nguyén tic do Hién phap va
phap luat quy dinh. Khi xét xur phai cé su tham
gia cua HO1 tham nhan dan; Tham phén, Hoi tham
nhan dan xét xtr doc 1ap, tuan thu theo phap luat;
nghiém cdm moi co quan té chtrc, ca nhan can
thi¢p vao xét xir cia Ho1 tham, Tham phan; Toa
an phai xét xir cong khai; nguyén tic tranh tung
trong xét xu; ché do xét xur so tham va phuc tham
dugce dam bao va nguyén tic ton trong quyén bao
chita ctia b can, bi cdo, quyén bao vé loi ich hop
phap cua duong su. Khi cdc nguyén tic néu trén
dugc dam bao nghia 1a Toa an da thuc hi¢n tbt
trach nhiém giai trinh.

Su tham gia cta Hoi thim 1a mot phan khong
thé thiéu trong qua trinh xét xtr, Hoi thAm nhan
dan dugc hién theo co ché bau va ciing 1a sy giam
sat clia cac tng 10p nhan dan trong qua trinh xét

O https://baomoi.com/vu-cua-go-kho-giai-trinh-cua-toa-
toi-cao-khong-on/c/27599318.epi

(19 https://baomoi.com/co-toa-an-co-den-100-an-bi-huy-
sua/c/29348814.epi

xir. Khi nghi an, cdc Tham phan phai hoi y kién
ctia cac Hoi thAm nhan dén trén co s& tranh tung
tai Toa 4n, cling nhu Tham phan phai 1y giai,
thuyét phuc cac Hoi thdm nhdn dan khi dua ra
phan quyét cudi ciing. Hay xét xir cong khai ciing
la mot hinh thirc giam sat cia nhan dan, thong qua
nguyén tic xét xir cong khai ngudi dan co quyén
theo doi nhitng dién bién tai phién toa dé tir d6 c6
nhitng nhan dinh riéng cho minh, Tham phan khi
dwa ra phan quyét cling phai dam bao tinh giam sat
xa hdi, nghia la Thim phan phai chiu trach nhi¢m
(hau qua) d6i voi phan quyét do.

Khi Tham phan ban hanh phan quyét 1an dau
(so thdm) voi nguyén tic dam bao 2 cip xét xtr,
nhirg nguoi ¢6 lién quan trong vu an c6 quyén
khang cdo dbi voi phan quyét cia Tham phan.
Tham phéan di ra ban an so thim phai co trach
nhi¢m, chirng minh nhiing 13p luén ctia minh tai
phan quyét 1an dau 1 ding dé Toa an cip trén y
an phan quyét d6. Trong truong hop khong thé
chtng minh duoc duoc, phan quyét d6 c6 thé bi
hty, stra d6i bai Toa an cap trén va Tham phén ra
phan quyét phai ganh chiu nhitng hau qua phéap
ly d6i v&i phan quyét do.

Thir hai: ndng cao cong tac gidi sdt cua co
quan dan biéu.

Hoan thién co ché giam sat ciia co quan dan cir
d6i voi cong tac xét xir. Mot trong nhitng nhiém
vu Nghi quyét s6 49NQ/TW dé ra la: “Hoan
thién co ché gidm sdt ciia cdc co quan dan cir va
phat huy quyén lam chii ciia nhéan dan doi véi co
quan tw phdp”. Vi viy, can day manh viéc hoan
thién co ché giam sat clia co quan dan ctr d6i véi
cong tac xét xir. Qua d6, nham dam bao phap
ché xa hoi chu nghia, bdo dam hoat dong Toa
an dung cac quy dinh phap luat; Viéc gidm sat
ctia co quan dan cir can tap trung thuc hién theo
hinh thirc giam sat theo chuyén d¢, theo van dé
lién quan dén cong tac xét xtr nhu chuyén dé an
treo hay van dé tham nhiing... nham muc dich hd
tro va tao diéu kién cho Toa an thuc hién tét cac
churc nang.
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Thir ba: thay doi vé nhdn thirc vé trdch
nhiém gidi trinh.

Can nhan thirc dung ban chét ciing nhu thiy
dugc y nghia thyc sy cua viéc thuc hién trach
nhiém gidi trinh ctia Toa an. Pay la viéc Toa an
cung cép, giai thich, 1am rd cac thong tin vé thuc
hién nhiém vy, quyén han dugc giao va trach
nhi¢m cda minh trong vi¢c thyc hién nhiém vy,
quyén han d6. Trach nhiém giai trinh chinh 1a mot
phuong thirc, mot cong cu dé Toa an minh bach
hoa cic phan quyét trong hoat dong cua minh,
qua dé gop phan tranh tinh trang an oan, an sai
xay ra. Thuc té hién nay, trach nhiém giai trinh
ctia Toa an thong thuong chi dit ra khi cé yéu cau
clia cac co quan, to chirc, ca nhan c6 quyén va loi
ich hop phap bi tac dong truc tiép. Tuy nhién, sdu
xa hon, trach nhiém giai trinh phai 13 yéu cau bat
budc, 1a thé hién thai do cua Toa an trong viéc
thue hién cac nhiém vu, quyén han ctia minh thé
hién rd ban chét ciia Nha nudc ta 1a Nha nude cua
dan, do dan va vi dan.

Thir tw: néng cao gidm sdt ciia thiét ché xa hji.

Céc thiét ché xa hoi hién nay c6 thé bao gdm:
béo chi, Lién doan luat su, cac té chirc c4 nhan
khac, co quyén tiép can, giam sat, phan bién cac
hoat dong ctia Tham phan va Toa an. Tham phan
phai xem phan bién xa hdi vdi hoat dong tu phap
la mot 1€ duong nhién trong mdt nha nudc dan
chu, cac co ché giam sat, phan bién cia céc thiét
ché xa hoi s& tao ra ap luc cho Tham phéan khi
dua ra phan quyét cudi cung. Khi co ché giam
sat, phan bién cua thiét ché xa hoi duoc dam bao
thi trach nhiém giai trinh cta Toa &n s€ cang cao
va tranh nhimg truong hop vi pham t6 tung va
cling 12 mot co ché bao vé Tham phén.

Thir nam: ndng cao trach nhiém phap ly
(hdu qua) khi Toa dan vi pham.

Trach nhiém (hau qua) ap dung d6i véi Tham
phan khi trong qua trinh thyc hién chic nang
nhiém vu ctia minh khong thé giai trinh cac van
dé ma ngudi yéu cau giai trinh dua ra. Hién nay,

van dé trach nhiém phép 1y (hdu qua) khi Tham
phan vi pham bao gdm: chju trach nhiém hinh
su (quy dinh trong BLHS); chiu trach nhi¢m
trong quy ché nganh Toa 4n; bdi thudng thiét
hai (quy dinh trong Luat Bdi thuong trach nhiém
Nha nudc) nhu vay hién nay van dé Tham phan
chiu trach nhiém ddi v6i hanh vi cia minh khong
c6 sy thong nhit trong mot vin ban quy pham
phap luat cu thé. Pé dam bao trach nhiém giai
trinh ctia Toa 4n thi can phai cho Tham phan thay
rang moi quyét dinh ctia Tham phan phai ganh
chiu nhitng hau qua nhat dinh. Trong 4n pham
“Trdch nhiém gidi trinh tw phdp - Bé huéng dan
danh cho nguoi lam thuc tién”, dugc cong bd
nam 2016, Uy ban quc té cac luat gia (ICJ) da
dua ra cac tidu chuan qudc t& vé cac hinh thic
va co ché trach nhiém giai trinh d6i v6i cac hanh
vi tham nhiing va vi pham quyén con ngudi cua
nganh tu phap (khia canh chiu trach nhiém cua
tu phap ddi v6i cac hanh vi sai pham). ICJ liét
ké cac hinh thyc trach nhiém giai trinh tu phéap
bao gom: mot 13, bodi thuong thiét hai va khoi
phuc tinh trang ban dau cho cac nan nhan; hai
la; Nghia vu ctia nha nudc (trach nhi¢m cua nha
nude ddi voi cac hanh vi vi pham cta tu phap,
bao gdm trach nhiém boi thuong, khoi phuc tinh
trang ban diu chonan nhan; nghia vu ctia cc co
quan nha nude trong viée tién hanh cac thu tuc
xem xét trach nhiém ddi voi nhitg nguoi c6 cac
hanh vi vi pham...); ba 1a, Mién nhiém, cac hinh
thirc ky luat va bién phap hanh chinh khac; bon
la, Chiu trach nhiém hinh su; nam la, Giai trinh,
cong khai day du cac chimg ctr va sy that khach
quan cua cac hanh vi vi pham, hanh vi pham t01,
trong pham vi chung khong gay hai tdi1 sy an toan
va loi ich ctia nan nhan (phap luat qudc té c6 cac
quy dinh yéu ciu phai cong khai qua khir lién
quan dén cac toi pham nghiém trong, dic biét
nghiém trong dé cho nguoi vi pham, gia dinh va

an Uy ban qudc te céc luat gia bao gdm 60 Tham phan, luat
su noi tleng tir tt ca cac chéu lyc trén thé gioi duogc 1ap ra
dé thace déy va bao vé cac quyén con ngudi thong qua phap
quyén, va st dung kinh nghiém phap ly de phat trién va
thiic ddy cac hé thong cong 1y qudc té va quéc gia.
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xa hoi hiéu va 6 thé tranh khéi cac hanh vi pham
t6i twong tu c6 thé xay ra trong twong lai.

Ngoai ra, hién nay chua c6 mdt van ban phap
1y nao quy dinh 10 rang trach nhiém gidi trinh ctia
Toa 4n, cho nén viéc thiéu co s& phap 1y nghia
la thiéu nghia vy dé Toa 4n thyc hién viéc giai
trinh ciia minh. Trach nhiém gidi trinh lac nay
phu thudc hoan toan vao ¥ thirc cia Tham phan
va céc stc ép khac. Cho nén, can phai ban hanh
van ban quy dinh cu thé vé van dé trach nhiém
gidi trinh cua Toa an.

4. Két ludn

Trach nhiém giai trinh 14 yéu t§ khong thé
thiéu dugc trong mot Nha nude phap quyén va
coO vai tro dac biét trong viéc bdo dam tinh tdi
thuong cua Hién phap va phap ludt, can bang va
kiém soat quyén lyc nha nudc va bao dam quyén
con nguoi. Trach nhiém gidi trinh clda cac co
quan nha nudc no6i chung va trach nhiém cia Toa
an noi riéng con 1a nhu cau doi hoi cia xi hoi
va cua nguoi dan dé ting cudng tiép can cong
li ciia nguoi dan va bao dam quyén cong dan va
quyén con nguoi, ddng thoi giam duoc tinh trang
&n oan, sai nhu hién nay. Chinh vi tim quan trong
vé trach nhiém giai trinh cia Toa 4n trong Nha
nude phap quyén, nhom tac gia da dé& xuét cac

giai phap, coi day 1a nhiém vu bit budc nham
nang cao trach nhiém giai trinh cua Toa 4n, la
mot trong nhitng nhiém vu trong tdm cia qua
trinh xdy dyng Nha nuéc phap quyén va cong
cudc cai cach tu phap ¢ nudc ta hién nay.
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Tém tit

Hién nay du lich dén Han Qudc dang ngay cang tré nén nhon nhip hon bao gid hét, cing véi d6 1a sy ra doi ciia nhiéu cong
ty kinh doanh trong linh vuc dich vu tour du lich ra doi. Dé hiéu r5 hon vé nhitng danh gia cta khach hang khi st dung
dich vu cua Cong ty, nhom tac gia da tién hanh nghién ctru nhitng yéu t anh huéng dén quyét dinh lya chon dich vu thong
qua phuong phép nghién ctru dinh tinh két hop voi phan tich dinh lugng, khao sat cac khach hang di du lich Han Qudc,
va chi ra duge cac nhan t6 co ban bao g@)m gia ca, thuong hiéu, chét luong va dich vu tour anh huong dén quyét dinh lya
chon tour du lich Han Qudc cuia khach hang tai cong ty Cat Viét Da Ning. Qua két qua nghién ctru, nhoém tac gia c6 co sé
dé dua ra mot sé giai phap giup doanh nghiép hoan thién dich vu cung cip cho khach hang hon trong thoi gian t6i, va c6
thé gitp cac doanh nghiép kinh doanh trong linh vic dich vu tour hiéu duoc nhitng yéu té nao anh huéng dén quyét dinh
Iwa chon, tir 6 ¢6 nhiing giai phap cu thé hon dé hoan thién viéc cung tmg dich vu dén khach hang.

Tir khod: Han Quéc; Quyét dinh; Nghién cieu; Anh hwong; Khdch hang

Abstract

Currently travelling to Korea is becoming more bustling than ever, along with the birth of many business companies in the
field of tour services. In order to have better understand on customers’ assessments when using companies’ services, the
authors have studied the factors affecting the decision to choose services through combining qualitative with quantitative
analysis, surveying customers traveling to Korea, and showedg the basic factors including price, brand, quality and tour
service. Through the research results, the authors have basis to come up with some solutions to help businesses complete
services to provide for customers in the future, and help businesses in the field of tour services understand what factors
affecting the decision of choice, and therefore have more specific solutions to improve the service to customers.

Keywords: Korea; Decision; Research; Affect; Customers

1. Dat van dé Han Quéc khoang 427 nghin luot, ting 42,1% so

Theo s6 liéu ciia Tong cuc Du lich Han Qubc  véi cung ky nam 2017 [11]. Pa ting trudng nay
tai Viét Nam (KTO) [11], tinh dén hét thang tiép tuc giir viing thi trudng c6 muc ting trudng
11/2018, s6 luong khach du lich Viét Nam dén s lugng khach cao nhat thé gidi ctia du lich Han
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Qudc. Di cung voi sy ting truong luong khach
du lich kéo theo ngay cang nhiéu cong ty du lich
ra doi va canh tranh khoc liét dé thu hat khach
hang.

Tuy nhién, khong phai doanh nghiép nao ciing
biét str dung va khai thac mot cach hop 1y cac
diéu kién thuan loi cho viéc phat trién du lich. Vi
vy, dé nang cao chat luong cho cac san pham
du lich yéu cau cac doanh nghiép phai hiéu rd
dugc nhu cau cua thi truong, mong mudn ctia
khach hang. Bai viét ndy phan nao dé cung cap
cho ngudi doc nhirng thong tin hitu ich vé du lich
Han Qudc va dong thoi giup cho doanh nghiép
kinh doanh linh vuc du lich ¢6 co s& khoa hoc dé
dua ra nhitng quyét dinh diéu chinh vé cung ting
dich vu dap tmg nhu ciu ciia khach hang ctia ho.
2. Co s6' 1y thuyét va mé hinh nghién ctru

2.1 Co s6 Iy thuyét

a. Hanh vi tiéu dung

Theo Philip Kotler (2001): “Hanh vi nguoi
tiéu dung la nhitng suy nghi, cdm nhén va hanh
d6ng dién ra trong qua trinh théng qua quyét dinh
mua sdm hang hoa, dich vu cua nguoi tiéu dung
duéi su tic dong qua lai gitra cac yéu té kich
thich cia moi truong bén ngoai va qua trinh tdm
Iy bén trong ctia ho” [6].

Y dinh 1a mot yéu td dung dé danh gia kha
nang thuc hién hanh vi trong tuong lai. Theo
Ajzen (1991), y dinh mua 1a mot yéu t6 tao dong
luc, no thuc déy mot ca nhan san sang thuc hi¢n
hanh vi mua.

Céc yéu t6 anh huong dén hanh vi ngudi tiéu
ding: Thyc té chi ra rang c6 rat nhidu yéu t6 anh
huong quyét dinh cia con ngudi lién quan dén
viéc mua hang. Hanh vi cua ngudi mua hang
khong bao gio don gian, tuy nhién viéc am hiéu
hanh vi cta nguoi tiéu dung lai 1a mot nhiém vu
vb cung quan trong d6i v6i nhitng ngudi lam
marketing. Nhiém vu cua ngudi lam marketing 1a
hiéu duoc didu gi xay ra trong y thirc ctia ngudi
mua gitra lac cac tac nhan bén ngoai tac dong va

lac quyét dinh mua. Ta s& tép trung vio nhing
dic diém cua nguoi mua: van hoa, xa hoi, ca
nhan va tdm 1i anh hudng dén hanh vi mua sim.

b. Y nghia nghién ciru hanh vi nguoi tiéu dimg

Theo Philip Kotler (2001) nghién ciru vé hanh
vi nguoi tiéu dung cua khach hang 1a mot nhiém
vu quan trong c6 anh huodng rat 1on trong quy
trinh ra quyét dinh vé chién luoc tiép thi cta cac
doanh nghiép. Tim hiéu nhu cau cua ngudi tidu
dung va qua trinh mua sam cta ho, 12 mot van
dé quan trong dé cong ty thiét 1ap cac chién luoc
marketing hitu hiéu bang cach tim hiéu nguoi
mua sim théng qua cac giai doan nhu thé nao,
ngudi 1am marketing ¢6 thé kham pha ra minh
phai lam thé nao dé dap ting ngudi tiéu dung. Tir
do, doanh nghiép cé thé hoach dinh chién luoc
marketing hiru hi¢u cho céc thi truong muc ti€u
ctua doanh nghiép [6]

c. Tién trinh ra quyét dinh mua [6]

Theo Philip Kotler, tién trinh ra quyét dinh
mua duoc chia thanh 5 giai doan co ban:

Giai dogn 1: Nhan thtrc nhu cau: Nguoi tiéu
dung ty nhdn thuc dugc nhu cAu ctia minh va
mong mud6n théa man nhu cau do.

Giai dogn 2: Tim hiéu san phim va nhiing
thong tin lién quan: Khi nguoi ti€u dung ¢6 hung
thii v6i 1 san pham nao d6, ho s& tim kiém thong
tin vé san pham d6 thong qua ban be, nguoi than,
Internet, bao chi, tu van vién...

Giai doan 3: So sanh cac san pham thudc cac
nhan hiéu khac nhau: Tuy theo nhu cAu mong
mudn san pham so nhiing hitu dic tinh nhu thé
nao ma moi ngudi tiéu dung sé lya chon mua san
pham dép tmg dugc nhimng yéu cau do.

Giai dogn 4: Mua san pham: Khi di quyét
dinh nhan hiéu san phém can mua, nguoi tiéu
dung di dén cira hang mua hang

Giai dogn 5: Panh gia san phim sau khi st
dung: Sau khi nguoi tiéu dung mua va su dung
san pham, ban than nguoi tiéu dung s& tu cam
nhan va danh gia san pham.
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d. Khai niém vé khdch du lich

C6 rat nhiéu khai niém vé khach du lich nhung:
Theo phap 1énh du lich va Luat du lich Vi¢t Nam thi
khach du lich quéc té 1a ngudi nude ngoai, ngudi
Viét Nam dinh cu ¢ nude ngoai vao Viét Nam du
lich va cong dan Viét Nam, ngudi nude ngoai cu tri
tai Viét Nam ra nudc ngoai du lich [6].

Khach quéc té gdm co 2 loai: khach inbound
va khach outbound.

Khach inbound: 1a ngudi nudc ngoai, nguodi
Viét Nam dinh cu ¢ nude ngoai vao Viét Nam du
lich. Theo h¢i nghi Lién Hop Quéc 1973 thi: trén
duong di tham hoac ghé tham mot nude khéac véi
nude ma ho cu tri thudng xuyén; dich chuyén di
1a tham quan, thim viéng hodc nghi ngoi véi thoi
gian khong qué 3 thang phai dugc nghi phép gia
han, khong 1am bat ctr viéc gi dé nhan thu lao tai
nuée dén do ¥ mudn cia khach hay do yéu cau
ctia nudce so tai, sau khi két thuc tham quan phai
101 khoi nude dén tham quan vé nude thuong tra

* M6 hinh hanh déng hop Iy (TRA)

cua minh hodc dén mdt nude thir ba.

Khach outbound: 1a nguoi Vigt Nam hay
nguodl nudc ngoai cu tra tai Viét Nam ra nudc
ngoai du lich.

e. Ddc diém cia khéch du lich [12]

C6 nhu cau di du lich dé kham pha, hiéu biét
vé nén vian hoa ciia cac nudc bén ngoai lanh tho,
Qudc gia ho dang cu tru.

C6 kha nang chi tra cao cho viéc di du lich, ho
chu yéu di theo chwong trinh du lich tron goi, va
1én ké hoach cho cac chuyén di trong nim. Géan
day 1a con to chirc theo nhom gia dinh.

Tiéu chuin khach san ho thuong st dung sé 1a
3 sao trg 1én. Phuong tién trong chuyén di 1a may
bay, tau hoa, tau thily va 6 to chit luong cao.

Quan tam nhiéu dén yéu t an ninh, an toan tai
diém dén du lich.

. M6 hinh nghién ciu 1y thuyét vé hanh vi
mua va su lua chon trong tiéu dung.

Niém tin va su 3 Tiéu chuan
I3 = r 5
danh gia chi quan
Du Hanh
dinh 2 dong
Niém tin theo Thai do
2 —| )
chuan muc

Hinh 1. M6 hinh hanh dong hop 1y (TRA)

*M6 hinh hanh vi ¢é ké hoach (TPB)

Thai 46

Chuén chi quan

Y dinh hanh vi

Nhén thiee kiém soat hanh vi

Hinh 2. M6 hinh hanh vi ¢6 ké hoach (TPB)
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* M6 hinh chdp nhdn cong nghé (TAM)

Nhén thic sy hiru ich

Nhén thirc tinh dé sir dung

Thai 0 hudéng

Y dinh s dung

t6i sir dung

Hinh 3. M6 hinh chap nhan cong nghé (TAM)

* Mo hinh hanh vi nguoi tiéu dung

Marketing va nhimg Hop den Cac dap img cia

kich thich khac khach hang

Marketing ~ Khic Cac d3c  Tién Chon san pham

San pham Kinh té —>| diém trinh 5|  Chon nhén hiéu

Gia ca Cong cia mua Chon cira hang

Phan phoi nghé khach Thoi gian mua

Co dong Chinh tri hang S6 luong mua

Vin hoa

Hinh 4. M6 hinh hanh vi nguoi tiéu dung(TAM)

M6 hinh phéan tich hanh vi nguoi ti€u dung.
Céc yéu t6 marketing (hang hoa, gia ca, phan
phéi, c6 dong) va cac tac nhan khéc (kinh té, khoa
hoc - cong ngh¢, chinh tri, van hoa) tac dong vao
“hop den” clia nguoi mua, tirc 1a tdc dong vao
nhirg dic diém ciing nhu tién trinh quyét dinh
cua nguoi mua, ¢ day chung gy ra nhiing dap
{ng can thiét tir phia nguoi mua va két qua 1a dua
dén mot quyét dinh mua sdm nhit dinh (loai san
pham, nhan hiéu, sb lugng, noi mua) [8].

2.2 Cac mo hinh nghién cvwu trong nwdc va
quéc té tham khdao

Nghién curu trong nudc

MG hinh cdc yéu t6 anh hudng dén quyét dinh
Iwa chon diém dén du lich cia du khdch cia Th.s
Tran Thi Kim Thoa 2015 [2]

Nghién ctru ctia Ths Tran Thi Kim Thoa chi ra
céc nhén té anh hudng dén quyét dinh lua chon
diém dén du lich cia du khach gdm 2 nhém nhan
t6:

Nhan té bén trong: Pong co di du lich, thai do

Nhan t6 bén ngoai: Hinh anh diém dén, nhom
tham khao, gia tour du lich, truyén thong

Mo6 hinh nghién cuu cua Pham Thuy Vin
(2017) ndng cao sw hai long cua khdch hang vé
dich vu cua Taxi Mai Linh [3]:

Mo hinh nghién ctru va cac gia thuyét: Cac
nhan t& quan trong anh huéng dén sy hai long
cua khéach hang st dung dich vu taxi Mai Linh
Da Ning: Chat lugng dich vu va gia ca. Dé do
ludng chat lugng dich vu thi tac gia da sir dung
thang do Servqual v&i 5 thanh phan chit luong
dich vu: Sy hitu hinh, Nang luc phuc vu, Dap
ung, Su tin cay, Su déng cam.

Nghién ciru nuwoc ngoai

M6 hinh lwa chon dia diém du lich cia Um &
Crompton [5 - 6]: Um & Crompton phat trién 1y
thuyét Chapin vé hai nhém nhan t6 anh huong dén
lwa chon dia diém du lich, tir 86 anh hudng dén viéc
Iwa chon cac san phdm du lich cho phu hop [4].
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Nhan té bén trong: S& thich, dong co, gia tri
va thai do.

Nhan t6 bén ngoai: Thudc tinh ciia san pham
du lich (kha ning c6 san co, chat lugng, gia ca
diém dén trén chuong trinh), biéu twong (truyén
thong), kich thich xa hdi (nhoém tham khao).

M6 hinh lwa chon san phdm tour du
lich cua Kamol Sanittham & Winayaporn
Bhrammanachote 2012 [5]: Kamol Sanittham &
Winayaporn Bhrammanachote dé xuét cac nhan
td anh huong dén lua chon san phém du lich bao
gém cac nhan t6: Hinh anh, san phém, gia ca, dia
diém, xuc tién.

2.3 M6 hinh nghién ciru chinh thirc

Tir mo hinh nghién ctu dé xuat va bang két
qua khao sat chuyén gia thi tir d6 mo hinh nghién
ctru chinh thte cac nhan t6 anh huong dén quyét
dinh lya chon tour du lich Han Quédc cua khach
hang tai cong ty TNHH Cat Viét dugc hinh thanh
va gdm 05 nhan t6 sau: gia ca, thuong hiéu, chét
luong dich vu tour du lich, dich vu cham soc
khéach hang, anh huong xa hoi [1].

Gia ca

Thuong hiéu

Quyét dinh lya chon
tour du lich Han Quéc

Dich vu CSKH

Anh huong xa hoi

Chét lwong dich vu tour ]

Hinh 5. M6 hinh nghién ctru chinh thirc

Hé thong gia thuyét nghién ciru [1]

Chinh sach gia: Giad ca dong vai trdo quan
trong trong tiép thi, khach hang thuong xem gia
ca 1a dau hiéu cho chat lugng ctia san pham hay
dich vu. Néu khach hang nhan thic duoc rﬁng:
chi phi ma ho bo ra dé cong trinh 1a khong dang
ké, hodc né xtimg déng véi nhimng gié tri, loi ich
ma né mang lai thi ho s€ san sang luya chon nha
thau xdy dung d6. Pugc tham khao tir co s 1y
thuyét va mo hinh nghién ctru trong nudc tac gia

dua ra gia thuyét H1 nhu sau:

Gia thuyét H1: Nhan t6 gia ca c6 quan hé
nguoc chiéu voi dén quyét dinh lya chon tour du
lich Han Qudc ctia khach hang tai cong ty TNHH
Cat Vigét.

Thuong hiéu: Khach hang thuong lya chon
thuong hi¢éu ma ho da biét boi vi ho cam théy an
toan va thoai mai hon. Mgt thuong hi¢u thuong
di kém theo mdt cam nhan téng thé cua khach
hang vé chit lwong. Chat lvgng cam nhan s& anh
huong truc tiép dén quyét dinh sir dung va su
trung thanh cia khach hang. Pugc tham khao
tir co s 1y thuyét va mé hinh nghién ctru trong
nude tac gia dua ra gia thuyét H2 nhu sau:

Gia thuyét H2: Nhan t thuong hiéu c6 quan
hé thuan chiéu véi dén quyét dinh lya chon tour
du lich Han Qudc cua khach hang tai cong ty
TNHH Cat Viét.

Chdt lwong dich vu: Chat luong dich vu dugc
n6i dén & day bao g@)m: chét luong dich vu thu
tuc cho so tour, chat luong dich vu van chuyén,
chat luong dich vu di lai, chat luong dich vu
gnhir dudng....... Khéch hang s€ lya chon nha
cung cip néu ho cam thiy dich vu d6 dap tng
duoc nhitng nhu cau ma ho mong mudn. Puoc
tham khdo tir mo6 hinh nghién ctru trong nude va
nudc ngoai tac gia dwa ra gia thuyét H3 nhu sau:

Gia thuyét H3: Nhan t6 chit luong dich vu
tour c6 quan hé thuan chiéu véi dén quyét dinh
Iva chon tour du lich Han Quéc cua khéach hang
tai cong ty TNHH Cat Viét.

Dich vu chdm séc khédch hang: bao gém: hé
thong hd trg khach hang, quy trinh hd trg khach
hang vé ho so, giai quyét su ¢b.... Khi dich vu
chiam soc khach hang tot thi s& khién khach hang
hai long, an tdm va tin tudng hon vao nha cung
cap. Pugc tham khao tir co s6 1y thuyét mo hinh
nghién ctru trong nudc tac gia dua ra gia thuyét
H4 nhu sau:

Gia thuyét H4: Nhan t6 dich vu chim séc
khach hang c¢6 quan hé thuan chiéu v6i dén quyét
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dinh lya chon tour du lich Han Quéc cua khach
hang tai cong ty TNHH Cat Viét.

Anh heong xd héi: Hanh vi ciia mot ngudi tiéu
diing ciing chiu sy tac dong cta nhimg yéu t xa hoi
nhu gia dinh, vai tro va dia vi xa hoi, nhém tham
khao. Pugc tham khao tir m6 hinh nghién ctru trong
nude tac gia dua ra gia thuyét H5 nhu sau:

Giai thuyét H5: Nhan t6 anh huéng xa hoi 6

quan hé thuan chiéu véi dén quyét dinh Iva chon
tour du lich Han Qudc cua khach hang tai cong
ty TNHH Cat Viét
3. Phuwong phap nghién ciru

3.1 Thang do nghién ciu: Dya vao mo hinh
nghién ctru tham khao va co so 1y thuyét nghién
clru, tac gia xay dung thang do va tién hanh ma
hod dir li¢u nghién ctru nhu sau [1]:

Bang 1. Bang ma héa thang do cac bién quan sat

Bién . 1R Nguén
ma hoa Céc phat bicu tham khao

GC | GIA SAN PHAM Th.s Tran Thi Kim Thoa (2015)

GC1 | Tour du lich da dang vé6i nhiéu muc gia

GC2 | Gié cd cd tinh canh tranh trén thi truong

GC3 | Phuong thuc thanh todn da dang

GC4 | Chi phi cho céc tour du lich hién nay 1a phu hop

GC5 | Cat Viét thuong xuyén co cac chuwong trinh uu dii vé gia

TH THUONG HIEU

—l nhéc dén dich vu tour du lich anh/chi nghi ngay dén congty | Th.s Tran Thi Kim Thoa (2015)
Cat Viét
Cong ty Cat Viét la thwong hiéu du lich ndi tiéng trén dia ban o

TH2 Pa Ning Pham Thuy Vin (2017)
Anh/chi d& dang nhan biét tour du lich cua Cat Viét qua biéu

TH3 P X as
tuong logo mot cach dé dang
Cat Viét duoc biét dén 1a mot cong ty ludn ludn dat sy an toan

TH4 , " | A 1s A
cua khach hang 1én hang dau

THS | Cat Viét 1a thuong hi¢u lau doi va dang tin cay

CL | CHATLUONG

CL1 Tour du lich cua Cat Viét c6 chat luong cao

CL2 | C6 s6 luong tour da dang va phong phu Um & Crompton (2012)
Dich vu mat dét tai nude dén co chit luong cao (khach san,

CL3 s :
nha hang, shopping...)

CL4 | Chuong trinh tour ¢ nhiéu diém dén tha vi va hap dan
Cét Viét cam két cung cap dich vu kém theo diing nhu trong

CL5 .
chuong trinh tour

CL1 | Tour du lich ciia Cat Viét c6 chét luong cao

CS | CHAM SOC KHACH HANG

CS1 Nhén vién nhiét tinh tu vin va ¢ trach nhiém d6i véi Anh/chi

CS2 Huéng dan vién va truong doan than thién, nhiét tinh cham séc . )
Anh/ chi trong qua trinh di tour Kamol Sanittham & Winayaporn

—— - — - - Bhrammanachote (2012)

CS3 bam ba}o an‘toan trong qud trinh st dung dich vu tour du lich | 77, ¢ 7745 Thi Kim Thoa (2015)
cho khach hang

csq4 | Nhanvién san sang hd trg vé kién thie du lich khi Anh/chi
can bigt
Giai quyét nhanh chéng, hop 1y khi ¢6 van dé xay ra trong qué

CS5 . .
trinh di tour
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XH | ANH HUONG XA HOQI

XHI1 Anh/chi dugc ban be/ nguoi than gidi thi¢u vé tour du lich cua | Th.s Tran Thi Kim Thoa (2015)
Cat Viét

XH2 Anh/chi thuong tham khao ¥ kién trén webside va fanpage ciia
cong ty trude khi quyet dinh lya chon tour du lich
Anb/ chi thuong tham khao nhimng phan hdi ctia nhimng khach

XH3 \ x . YA SR
hang da st dung dich vu va trén fanpage cua cong ty

XH4 | Anb/ chi thuong tham khao nhing goi ¥ ctia nhan vién tu van

XH Anh/chi thuong tham khao y kién ciia nguoi than trude khi

5 L .

quyét dinh lya chon tour du lich

QD

QD1 Luya chon dich vu tour du lich cua Cat Viét la phuong an phu | Pham Thuy Vin (2017)
hop nhat v&i Anh/chi

QD2 | Anh/ chi s& tiép tuc Iya chon dich vu tour du lich ctua Cét Viét
Anh/chi s€ gidi thi¢u tour du lich cta Cat Viét cho nguoi than/

Qb3 ban be

3.2 Mdu nghién ciru

Puoc xac dinh dua trén tiéu chuan 5:1 cua
Bollen (1998) va Hair va cong su (1998) (Tran
Thi Kim Thoa (2005), tic 1a dé dam bao phan
tich dir lidu (phan tich nhan t6 kham pha EFA) tét
thi can it nhat 5 quan sat cho 1 bién ¢ do luong
va s quan sat khong nén dudi 100. Nhu vay voi
cac bién quan sat ciia nghién cru ndy can dam
bao kich thudc mau tdi thiéu 1a 29*5=145. Dé
dam bao cac phiéu hop 18 va tranh sai sot, tac gia
tién hanh phat phiéu diéu tra 200 mau tuong tng
v6i 200 khach hang ctua cong ty Cat Viét.

3.3 Phuong phap ldy mau va thu thap dit liéu

Viéc thu thap dir li¢u duogc thuc hién thong
qua bang cau hoi gidy duoc phat ngau nhién cho
khach hang da su dung dich vu tai cong ty Cat
Viét trén dia ban TP. Da N:flng. Vi 15 mau khao
sat thir déu hop 18, cho thiy bang cau hoi khao sat
phu hop va dé hiéu nén nhém tiép tuc giri bang
cau hai khéo sat téi 200 khach hang. Sau khi thu
thap kiém tra, c6 15 mau khong hop 1€, s6 mau
con lai 185 mau dugc dwa vao phan tich va xir ly
bang SPSS. Thoi gian tién hanh thu thap dir liéu
tir ngay 01/02/2019 dén ngay 15/02/2019.

3.4. Phwong phap phdn tich dir liéu
- Phuong phap nghién ciru tai liéu: Tién hanh
thu thap tai liéu tir nhiéu ngudn khac nhau: cac

bai bao, dé tai nghién clru va céc tai liéu khach
¢6 lién quan. Thong qua phan tich tong hop 1y
thuyét, phan loai hé théng hoa va khai quat hoa
Iy thuyét tir ¢6 rut ra cac két luan khoa hoc 14 co
s& 1y luén cho dé tai.

- Phuong phép nghién ctru dinh tinh: Thong
qua hoat dong thao ludn chuyén gia, thu thap y
kién cuia cac c4 nhan nham xay dung thang do,
cling nhu trg gitip cho cac phan tich dinh tinh lién
quan dén muc tiéu nghién ctru.

- Phuong phéap nghién ctru dinh lugng: DPugc
ding dé danh gid muc do anh hudng cua céac
nhan t6 dén quyét dinh lya chon nha thau xay
dung, thong qua phat phiéu khao sat va st dung
phan mém SPSS dé tién hanh phan tich dir liéu.
4. Két qua nghién ctru

4.1. Két qud phén tich Cronbach’s Alpha

Theo Nunnally (1978), Peterson (1994), thang
do dugc danh gia chip nhan va t6t doi hoi hai
diéu kién: Hé s6 Cronbach’s Alpha cuia tong thé >
0.6; Hé s6 trong quan tong bién (Corrected Item-
Total Correlation) > 0.3.

Sau kiém dinh Cronbach’s Alpha, c6 1 bién
quan sat bi loai 1la CS5, va XH4. Bién quan sat
nay can phai dugc loai bo trude khi dua vao phan
tich nhan t6 kham pha EFA.
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Béng 2. Két qua phan tich Cronbach’s Alpha cac bién quan sat

Bién quan sat Trung binh thang Phuong sai thang do Twong quan Alpha néu loai
do néu loai bieén néu loai bien bién tong bien nay
Cronbach’s Alpha =.775
GCl1 12,69 9,622 ,452 J174
GC2 12,02 9,919 ,614 ,713
GC3 12,12 9,497 ,603 ,713
GC4 12,08 9,505 ,590 ,718
GC5 12,58 10,767 511 ,746
Cronbach’s Alpha = 0.878
THI 12,21 14,177 ,782 ,836
TH2 12,07 16,091 ,707 ,852
TH3 12,09 16,555 ,708 ,852
TH4 12,04 16,788 ;722 ,849
THS 12,24 18,103 ,654 ,866
Cronbach’s Alpha = 0.843
CLI1 12,34 14,266 ,639 ,818
CL2 12,13 13,477 ,739 ,786
CL3 12,32 15,875 ,602 ,809
CL4 12,14 16,529 ,021 ,820
CLS 12,33 16,532 ,620 ,820
Cronbach’s Alpha = 0.736
CS1 11,30 6,040 ,426 ,733
CS2 10,96 5,572 ,579 ,649
CS3 10,92 5,028 ,613 ,634
CS4 11,17 5,143 518 ,689
Cronbach Alpha = 0.778
XHI1 12,32 4,197 ,590 , 7125
XH2 12,26 4,633 ,620 ,706
XH3 12,34 4,726 ,554 ,739
XH5 12,27 4919 ,579 , 728
Cronbach’s Alpha = 0.864
QD1 11,63 5,832 ,705 ,829
QD2 11,73 5,899 ,710 ,827
QD3 11,51 5,628 ,801 ,789
QD4 11,33 6,562 ,638 ,855
4.2. Phin tich nhén t6 khdm phd EFA Két qua kiém dinh Bartlett’s 1a 1906,091
a. Két qua phdn tich nhan t6 cdc bién doc lip VOl m1:1c y nghia Sig. = 0,000 < 0,0§ cho thay
[1-2] cac bién quan sat c6 twong quan tuyen tinh véi

Ha s6 KMO = 0.712 théa man diéu kién 0,5 < nhau.
KMO < 1, cho thiy phan tich nhén té thich hop
v6i dir liéu nghién cuu.
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Béng 3. Két qua phan tich EFA

Chi tidu cin
ir E giaf

Gia tri chay
dwrgc

Két lugn

Hé sé EMO

0.712

0.5 <0712<1

0.000

0.00 < 0.05
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Gid trf Sig

Bién

Nhin t6

o]

|quan sat 1

3 4 5

THI1 876
TH4 819
TH3 808
808
775
844
784
775
774

128

Dvi
DV3
DV4
DV1

793
785
J71
660
614
193
.187
.760
150
811
.802
17
621

Eigenvalue 3.707 3.476

2.680 2.264 2.015

Phuong sai

trich (%) 16.118

31.232

42.886 52.732 61.494

Két qua phan tich nhan té cho ra 5 nhén t6 tir
23 bién quan sat duoc it trich tai Eigenvalues =
2.015 > 1 véi tong phuong sai bang 61.494% >
50% dat yéu cau.

Theo két qua bang ma trin xoay nhan to thi

két qua duoc nhom thanh 5 nhan t6. Cac nhan t6
nay nhu sau:

Nhom nhén té thir nhit: gdm 5 bién quan sat:
THI1, TH2, TH3, TH4, TH5 dugc dit tén nhan t6
nay la thuong hi¢u (TH)
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Nhom nhan t thtr hai: gdm 5 bién quan sat:
CL1, CL2, CL3, CL4, CL5 duoc dat tén nhén t6
nay la chat luong (CL)

Nhom nhén t6 thir ba: gdm 5 bién quan sat:
GC1,GC2, GC3, GC4, GC5 duoc dat tén nhan t6
nay la gia ca (GC)

Nhom nhén t6 tht tu: gdm 4 bién quan sat:
XH1, XH2, XH3, XH5 duoc dit tén nhan tb nay
la xa hoi (XH)

Nhém nhan té thir ndm: gom 4 bién quan sat:
CS1, CS2, CS3, CS4 duoc dit tén nhan t6 nay 1a
chdm soc khach hang (CS)

b. Két qud nhan t6 phu thuéc “quyét dinh lira

Thang do quyét dinh lya chon gom 4 bién
quan sat, sau khi phan tich d¢ tin cay Cronbach’s
Alpha tiép tuc phén tich nhan t6 kham pha.

Hé s6 KMO = 0.713 thoa man diéu kién 0,5 <
KMO < 1, cho thdy phan tich nhan t6 thich hop
v6i dit liéu nghién curu.

Két qua kiém dinh Bartlett’s 1a 419,367 véi
mirc ¥ nghia Sig. = 0,000 < 0,05 cho thay cac
bién quan sat c6 trong quan tuyén tinh véi nhau.

Két qua phan tich nhan t6 cho ra 1 nhan t6 tir
4 bién quan sat dugc rat trich tai Eigenvalues =
2.843> 1 v6i tong phuong sai bang 71,087% >
50% dat yéu cau. Hé s6 tai cua tat ca cac bién déu

chon” 16n hon 0.3 nén dat yéu cau.
Béng 4. Tong phuong sai trich ctia nhan t6 quyét dinh Iya chon
Component Initial Eigenvalues Extraction Sums of Squared Loadings
e Total |% of Variance|Cumulative %| Total |% of Variance|Cumulative %
1 2,843 71,087 71,087 2,843 71,087 71,087
2 574 14,346 85,433
3 401 10,032 95,465
4 .181 4,535 100,000
P —— Yéu té thwong hiéu gém 5 bién quan sat: TH1,
p TH2, TH3, TH4, TH5 duoc dat tén nhan t6 nay 1a
1 thuong hiéu (TH)
QD 1 ,33 7 Yéu t6 chat lvong dich vu tour du lich gém 5
QD2 843 bién quan sat: CL1, CL2, CL3, CL4, CL5 duogc
QD3 900 dit tén nhan t nay chit lugng (CL)
QD4 789 Yéu t6 chim soc khach hang gém 4 bién quan

Theo bang ma tran xoay nhan té trén nhom
4 bién QD1, QD2, QD3, QD4 thanh bién quyét
dinh lya chon cta khach hang (QD).

Dua vao két qua danh gia d6 tin ciy Cronbach’s
Alpha va phan tich nhan t6 kham phéa (EFA) xac
dinh dugc 5 yéu t6 anh huong dén quyét dinh lya
chon tour du lich Han Quéc cua khach hang tai
cong ty TNHH Cat Viét.

Yéu t6 gia ca gdm 5 bién quan sat: GC1,GC2,
GC3, GC4, GC5 duoc dit tén nhan té nay 1a gia
ca (GO)

sat: CS1, CS2, CS3, CS4 duogc dat tén nhan t6
nay la cham soc khach hang (CS)

Yéu tb xa hoi gém 4 bién quan sat: XH1, XH2,
XH3, XH5 duoc dat tén nhan t6 nay 1a xa hoi (XH)

Cac nhom yéu tb sau khi da dugc kiém dinh
nhan t6 EFA 1a pht hop s& dugc nhom véi nhau
va tiép tuc kiém dinh twong quan bién Pearson.

4.3. Phin tich twong quan bién

Dua vao két qua cua bang Corelations ta co
thé thiy hé s tuong quan giita bién phu thudc
v6i 5 bién doc 1ap GC, TH, CL, CS, XH déu co
Sig. nhé hon 0,05 nén c6 thé két luan rang gitra
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5 bién doc 1ap va bién phuy thude c6 mdi twong
quan tuyén tinh voi nhau anh huong dén quyét
dinh lya chon tour du lich Han Quédc cua khach
hang tai cong ty TNHH Cat Viét. Hé s tuong
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quan tuyén tinh giita bién quyét dinh lya chon
v6i bién thuong hiéu 1a 16n nhét 0,694 va hé sb
tuong quan tuyén tinh gitra bién quyét dinh st

dung véi bién xa hoi thap nhat 0,198.

Bang 5. Ma tran hé s twong quan Pearson

Hé s6 twong quan (person) | QD GC TH CL DV XH
Pearson Correlation 1 337 .694* .844* A56* 198"
QD Sig. (2-tailed) .000 .000 .000 .000 005
N 200 200 200 200 200 200
Pearson Correlation| 337 1 J356™ 267" 669" 205
GC  Sig (2-tailed) .000 .000 .000 .000 004
N 200 200 200 200 200 200
Pearson Correlation| .694* 356" 1 479 432 154
TH Sig. (2-tailed) .000 .000 .000 .000 029
N 200 200 200 200 200 200
Pearson Correlation| 844" 267 A79* 1 263 74
CL Sig. (2-tailed) .000 .000 000 000 014
N 200 200 200 200 200 200
Pearson Correlation| 456" .669* A32* 263" 1 ,080
DV Sig. (2-tailed) .000 .000 000 000 258
N 200 200 200 200 200 200
Pearson Correlation| ,198* 205" 154 74 080 1
XH  Sig (2-tailed) 005 004 029 014 258
N 200 200 200 200 200 200

4.4 Phan tich héi quy da bién

Dua véao kiém dinh hé sb tuong quan gitra
Pearson, phuong trinh tuyén tinh bdi biéu dién
moi lién h¢ gitra cac nhan t6 c6 dang nhu sau:
QD =B, +B,GC + B,TH+ B,CL + B,CL+ B XH

Trong do:

B,: hang so tu do

B.(i=1...5): hé s6 hdi quy riéng phan
Bién doc lap: GC, TH, CL, CS, XH

Bién phy thudc: QD
Kiém dinh hé s6 hoi quy

Phan tich hdi quy tuyén tinh boi st dung
phuong phap Enter dé kiém dinh su phu hop cua
giira bién doc 1ap dbi voi bién phu thudc.

Bang 6. Két qua phan tich hdi quy boi

Coefficients?

[Unstandardized Coefficients Standar(.fhzed . Collinearity Statistics
Model Coefficients t Sig.
B Std. Error Beta Tolerance VIF
(Constant) 218 ,137 1,587 114
GC -.075 029 -,100 -2.561 011 524 1,910
1 TH 333 ,036 318 9.159 ,000 ,665 1,503
CL 541 027 656 20,096 | .000 752 1.329
DV ,142 ,027 211 5,275 ,000 ,504 1,986
XH ,028 ,022 ,038 1,296 ,196 930 1,075
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0.804 nho hon R? 13 0.844, diéu nay néi 1én rang
mo hinh hdi quy tuyén tinh bdi phu hop véi dir

Panh gia mirc d¢ phu hop ciia mo6 hinh

Danh gia do phu hop cua mo hinh

Bang 7. Két qua phan tich hoi quy boi

liéu & muc 80,4%, co nghia 1 cac bién doc 1ap
(gié ca, thuong hiéu, chét lugng dich vu tour du

Adjusted R Std. Error of . < p , \ , , ~ 1Ac
Model R R Square Square the Estimate lich, cham soc khach hang: anh huoéng Xa hoi1)
1 9192 844 .840 31859 anh huong dén 80,4% su bién dong cua bién phu

Pé dénh gid mic d6 phi hop ciia mé hinh thudc (quyét thh lya chon 01.1a khéch hang) trong
mo hinh nghién ctru. Con lai 19.6% la do sy anh
hudng cua nhitng bién khéc.

Kiém dinh dé phit hop ciia mé hinh [1 - 2]

hdi quy véi dit lidu nghién ciru. Ta cin cir vao
hé s6 hiéu R? hiéu chinh (Adjusted R Spuare).
Theo két qua ciia Bang 7, hé s6 R? hiéu chinh 1a

Bang 8. Két qua phan tich phuong sai

ANOVA®
Model Sum of Squares df Mean Square F Sig.
Regression 106,796 5 21,359 210,433 | ,000P
1 Residual 19,691 194 ,102
Total 126,487 199

a. Dependent Variable: QD

b. Predictors: (Constant), XH, DV, CL, TH, GC

Két qua cua bang phan tich phuong sai
ANOVA cho thdy gia tri Sig. cia kiém dinh
théng ké F bang 0,000 < 0,01, c6 thé két luan mo
hinh hoi quy tuyén tinh bdi da xay dung phu hop
vo1 dir liéu.

Phwong trinh hdi quy tuyén tinh

Duya vao bang hodi quy tuyén tinh boi ta rat
dugc phuong trinh cac yéu t anh huéng dén
quyét dinh lwa chon ctia khach hang nhu sau:

QD =-0.100*GC + 0.318*TH + 0.656*CL +
0.211*CS

Hay: Quyét dinh lya chon = -0.100*Gia ca
+ 0.318*Thuwong hiéu + 0.656*Chét luong +
0.211*Cham soc

Co nghia 1a, Chat lugng dich vu tour du lich
(0.656) co tac dong manh nhét dén quyét dinh lya
chon tour du lich Han Quéc cua khach hang tai
cong ty TNHH Cat Viét, tiép dén 1a thuong hiéu
(0,318), dich vu chdm soc khéach hang (0,211) va
cudi cung 1a gi4 c4 (0,100)

Mit khéc, két qua phan tich hdi quy boi cho
thay cac hé s6 GC 4m nén c6 tac dong nguoc

chiéu va hé s6 cua TH, CL, CS duong co tac
dong cung chiéu dén quyét dinh lya chon cua
khach hang. Do dé, cac gia tuyét GC, TH, CL,
CS trong mo6 hinh nghién ctru da hiéu chinh
dugc chip nhan.

Két qua cAc nhan to6 anh huwéng dén quyét
dinh Iya chon tour du lich Han Quéc ciia
khach hang tai cong ty TNHH Cat Viét [1]

- Chét lugng dich vu tour du lich ¢c6 mirc do
anh huong 16n nhét nhat 0.656

- Thuong hi¢u c6 mirc do anh hudng thtr hai
la 0.318

- Dich vu cham soc khach hang thiebala 0.211

- Gia ca v6i mic d6 anh huong thap nhat
-0.100

Mo hinh nghién ciru hiéu chinh [1]

Sau khi phan tich hdi quy da bién thi chi con
lai 4 nhan t6 anh huong dén quyét dinh Iya chon
tour du lich Han Qudc ciia khach hang tai cong
ty TNHH Cat Viét. Va mo hinh nghién ctru hiéu
chinh s& duoc diéu chinh lai nhu sau:
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I chinh lai nhu sau:

| Chét lwong dich vu tour du lich I
1

|7

Hinh 6. M6 hinh nghién ctru hi¢u chinh

| Gid ca

I Thuong hiéu

— Quyét dinh lya chon

I Dich vy chim séc khach hang

Cdc gid thuyét nghién ciru

H1: Nhan té gid ca c¢6 quan hé nguoc chiéu
v6i dén quyét dinh lya chon tour du lich Han
Qudc ctia khach hang tai cong ty TNHH Cat Viét

H2: Nhan t6 thuong hiéu c6 quan hé thuan
chiéu véi dén quyét dinh lya chon tour du lich Han
Qudc ctia khach hang tai cong ty TNHH Cét Viét

H3: Nhan t6 chat luong dich vu tour ¢6 quan
hé thuan chiéu véi dén quyét dinh lua chon tour
du lich Han Qudc cta khach hang tai cong ty
TNHH Cat Viét

H4: Nhan t§ dich vu cham soc khach hang c6
quan hé thuan chiéu v6i dén quyét dinh lira chon
tour du lich Han Qudc ciia khach hang tai cong ty
TNHH Cat Vigét.

5. Giai phap

Duya vao mo hinh 1y thuyét da dugc xay dung
va dir liéu thu thap sau khi duoc kiém tra do tin
cay bang hé s6 Cronbach’s Alpha, ki thuat phan
tich nhan t6 kham pha dugc sir dung nham thu
nhé va tom tit dit liéu, rat trich tir cac bién quan
sat thanh mot sb bién téng hop, viéc kiém dinh
mo hinh nghién ctru duge thuc hién biang phan
tich hdi quy tuyén tinh boi.

Két qua kiém dinh cho thdy c¢6 3 nhan t6 anh
huong dén sy hai 1ong ciia khach hang trén dia ban
thanh phd Pa Ning. D6 1a cac nhan td: Phuong tién
- Gia ca (PTGC), Nhan vién (NV), Gia ca (GC).

5.1 Gid cd

Vi tinh hinh thi truong du lich ngay nay,
trong bdi canh thi truong bung nd va canh tranh
quyét liét giita cac cong ty du lich trong va ngoai
thanh phd, ban than doanh nghiép khong chi tao

ra mirc gia dap tmg nhu cau hién tai ctia khach
hang va tinh hinh cong ty can phai dwa ra nhiing
chinh séch vé gia ca dé canh tranh véi cic cong
ty d6i thi. Pé lam duoc diéu do, cong ty thuc
hién nhu sau:

Pua ra mtrc gia chuong trinh c6 tinh canh tranh
hon so vé6i cac don vi khac, ddi méi cach thic
quan 1y, c6 bién phap cai tao ngudn tai chinh, tiét
kiém chi phi nhung van dam bao dugc loi nhuan,
thu hat thém nhimng d6i twong khach méi khach
cdp d6i, khach di huong tuan tring mét. ..

Thuyc hién chinh séch ting s6 luong san pham
dich vu cta cong ty.

Ting cudng tim hiéu mirc gia canh tranh cia
cac cong ty, doanh nghiép ddi thu trén thi canh
tranh qua d6 dinh gi4 ban san pham theo timg
thoi ky thich hop nham bao dam sy ton tai cua
doanh nghiép trong moi truong canh tranh va dap
g nhu cau sir dung cua khach hang.

Thyc hién cac chuong trinh khuyén mai, vu
dai vé gia nham thu hut khach hang véi mirc thu
nhap khac nhau.

Ngoai ra cong ty can chu trong dén cac chinh
sach lién quan dén su phat trién thuong hiéu
nhu uy tin, dinh vi thuong hi¢u, van hod doanh
nghiép, cac chinh sach lién quan dén marketing
nhu chinh sach gid, chinh sach san pham, chinh
sach phan phdi va chinh sach PR.

5.2 Vé chit lwong dich vu

Chat lugng dich vu 1a yéu td quan trong dé
thu hat va giir chan khach hang, cong ty can chi
trong dén cac yéu t6 nhu:

- Tinh kip thoi.

- Xay dung co sé dir li¢u khach hang.

- Nang cao chat luong quan li, diéu hanh va
cung cép dich vu

- T6 chic nghién ctu nhu cau cia khach
outbound bang cach diéu tra tryc tiép hodc gian tiép.

- Thiét 1ap quan hé véi cac doanh nghiép cung
cap dich vu tai Han Qudc.
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- Phat trién san pham va nang cao chat luong,
ndi dung chuong trinh tour du lich.

- Ludn tim toi, phat trién cdc chuong trinh du
lich méi, bat kip xu huéng dé dap ung nhu cau
cua khach hang.

5.3. Cham soc khach hang

Doanh nghiép can thyc hién cac giai phap sau:

- Xay dyung hé théng luu trir thong tin khach
hang.

- Tang cuong thu thap, tim hiéu, hoc hoi
nhirng san pham dich vu véi xu thé thi hiéu cua
khach hang.

- Thuong xuyén chia sé thong tin véi nhiing
nhan vién truc tiép tiép xtac v6i khach hang.

- Phat trién kénh cong cu danh gia dich vu
khach hang.

- Thyc hién phan chia cdc nhém khach hang.

- Tang cuong cac hoat dong tuong tac thuong
xuyén véi khach hang. Cong ty c6 thé lua chon
cac phuong thirc twong tac véi khach hang qua
SMS, Email, Facebook, Zalo...

- Tb chitc cac budi dao tao, hoi thao... cho
nhan vién tham gia vao céac tinh hudng thuc té va
huéng dan cach thic giai quyét van dé mot cach
chuyén nghiép.

6. Két lun

Viéc nghién ctru cac nhan t6 anh huong dén
quyét dinh Iya chon cta khach hang 1a mot viée
lam can thiét. N6 gitup cho cong ty hiéu rd hon
Vi tri san phém dich vu cua minh trén thi truong
cling nhu hiéu r6 hon vé tam 1i khach hang. Két
qua cta cudc diéu tra chinh 1a mot cin ctr dé gitp
cong ty dua ra nhitng quyét dinh hién tai ciing
nhu trong tuong lai.

Qua diéu tra khao sat thuc té, chung ta biét
duogc khach hang danh gia vé cong ty nhu thé nao,
cong ty c6 vi tri nhu thé nao trong suy nghi cia

khach hang, ciing nhu chat lugng san pham dich
vu cua minh ra sao, gia ca thé nao, dich vu chim
soc khach hang ra sao. Tir d6 cong ty c6 thé hiéu
thém vé khach hang ctia minh, dénh gia cac thé
manh ciia cong ty so v6i cac ddi thi canh tranh
trén thi truong dé dua ra cac giai phap hop 1y.
Nhin chung cong ty TNHH Cat Viét da khang
dinh vi tri cua minh trén thi trudng. Tuy nhién, ho
van con mot sb ton tai chua lam hai long khéach
hang. Qua cudc diéu tra nghién ctru ndy cong ty
s& tim ra nhitng giai phap t6i vu dé dap ing nhu
cau va thi hiéu ngay cang cao ctia khach hang.
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Abstract

Most of existing frequent itemset mining algorithms explore the full space of frequent itemsets which increases
exponentially in the minimum support threshold. Moreover, the number of output itemsets is huge, making it difficult
to find out which patterns are interesting. In this paper, we formulate a new mining task to quickly pinpoint longest (as
possible) itemsets containing a given item and satisfying a certain minimum support. To tackle this problem, we first
prove that the support of an itemset is an anti-monotone supermodular function and then propose two greedy algorithms
to solve it. Experiments over real datasets confirm the effectiveness and efficiency of our methods.

Keywords: Long itemset mining, greedy algorithm, supermodular function

Tom tat

Hau hét cac thuat toan khai thac tap phd bién trude day khao sat toan bo khong gian cac tap phd bién, khong gian nay ting
cép s6 mii theo ngudng hd tro tdi thidu. Hon nira, s6 lugng tap tim duoc rat 16n, khién cho viée tim ra miu c6 y nghia tré
nén kho khan. Trong bai bio nay, chung t6i dinh nghia bai toan khai thic mdi cho phép nhanh chéng tim ra tap dai nhét (c6
thé) chira mot muyc cho trude va thoa ngudng hd tro toi thiéu nao d6. Pé giai quyét bai toan nay, trude hét chung toi chimng
minh rang muc hd trg ctia mot tap 1a ham supermodular don digu khong ting. Sau d6 chiing t6i dé xuét hai thut toan tham
lam dé giai nd. Cac thi nghiém trén mot sb tap dir liéu thyc xac nhan tinh hitru hi¢u va hiéu suét ctia cac phuong phap d6.

Tw khoa: Khai thac tap phé bién dai, thuat toan tham lam, ham supermodular

I. Introduction rules [10], [11], approximate/uncertain patterns,

Frequent pattern mining, first proposed by rare/interesting patterns and so on (see [1, 5] for

Agrawal etal. [2], is one of the most important data
mining problems that has been well recognized
over the past two decades. A pattern is frequent if
and only if it occurs in at least s transactions of a
dataset, where s is user defined threshold. There
have been thousands of research publications that
extend the initial work by Agrawal et al. to a great
number of settings such as mining association

Email: nguyenhuuhiep2@dtu.edu.vn

the most recent survey).

In most of the cases, the frequent pattern
mining problem aims at mining all patterns
satisfying a given condition, e.g. support
threshold s [3]. However, by frequent pattern
definition, any subset of a frequent itemset is also
frequent. This well-known downward closure
property leads to an explosive number of frequent
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patterns. The introduction of closed frequent
itemsets [12] and maximal frequent itemsets [§]
partially alleviated this redundancy problem. The
number of remaining patterns, unfortunately, is
still explosive in size.

In this paper, we formulate a novel mining task
to quickly pinpoint longest (as possible) itemsets
containing a given item x and satisfying a certain
minimum support s. Longer itemsets are usually
of more significant meaning than shorter (trivial)
ones. For example, long itemsets in basket-
market analysis suggest big sets of items that are
usually bought together. To tackle this problem,
we first prove that the support of an itemset is
an anti-monotone supermodular function [6].
We then propose two greedy algorithms to solve
it. The first heuristic starts with io= x and then
tries to find the next candidate item 7, which co-
exists most with 7 in all the transactions. The next
items i,i,.. are greedily added to the itemset as
long as the support of the itemset does not drop
below s. The second greedy method improves the
runtime of the first one by using a max-heap to
accelerate the search for the next candidate item.
The idea of using a max-heap is inspired by [9] in
which the author used it to maximize monotone
submodular functions.

We review basic concepts of frequent itemset
mining and formulate the new mining task
in the next section. The two greedy methods
are described in Section III followed by the
evaluation (Section IV). Finally, we conclude the
paper and propose future work in Section V.

I1. Problem formulation

In this section, we review basic concepts
of frequent itemset mining and formulate the
problem of mining longest itemsets.

A. Frequent itemset mining
We assume a dataset DB consists of n
transactions such that each transaction contains

a number of items belonging to / where / =
{i,i,...,i } 1s the set of all items in DB.

The support of an itemset X, denoted by p(X)
where X c /, is the number of transactions in DB
which contain all the items in X. An itemset X
is a “frequent itemset” if p(X) > s, where s is a
given threshold. Note that a frequent itemset with
k elements is called a frequent k-itemset, and F,is
the set of frequent k-itemsets.

Downward  closure (or anti-monotone)
property [2]:
VX: VY2 Xp(Y) < p(X) (D

Thatmeansifanitemsetis extended, its support
cannot increase. In other words, no superset of
an infrequent item set can be frequent. This fact
suggests that we can start the search from small
itemsets to larger ones. In the search process, if
we know that an itemset X is infrequent, we will
no longer extend its branch [2].

Table 1 shows a DB of 10 transactions with /=
{a,b,c,d,e}. The s is fixed to 3, i.e., itemsets with
frequency at least 3 will be output, e.g., {a,c}

with frequency 4 as it appears in the transactions
3,4,6 and 8.

DB can be represented in vertical format in
which each itemset has its own list of transaction
ids (TID-list) as shown in Table I. The TID-list
of an itemset X is denoted 7(X) and the TID-list
of an itemset is simply the intersection of TID-
lists of constituent items. For example, 7(a)=
{1,3,4,5,6,8,10} and T(ac) = T(a) N T(c) =
{3,4,6,8}. Clearly p(X) = |T(X)|.

Table 1. An example transaction dataset

Transaction Items a b c d
1 a, d, e X X X
2 b,c,d X X X
3 a,c,e X
4 a,c,d, e X X X X
5 a, e X X
6 a,c,d X X X
7 b, c X X
8 a,c,d, e X X X X
9 b,c, e X X X
10 a, d, e X X X
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B. Longest itemset for a given item

We introduce a novel mining task that may be
useful for quick exploration over a transaction
database: given an item x and a threshold s,
finding the longest (as possible) itemset that
includes x with the support not less than s.

For example, with item @ and s = 3, we found
that X = ade with p(X) = 4 is the longest itemset
including a and has the support not less than 3.

A submodular function f: 2" — R assigns a
subset 4  V a utility value f{4) - measuring the
representativeness of the set - such that {4 U
{i}) —fd) 2 (B w {i}) — fB) forany 4 c B
Vand i € V'\ B (see [6]). We say a submodular
function is monotone if for any A c B < V we
have f(4) < A(B). Similarly, f is supermodular
(antimonotonic) if —f'is submodular (monotonic)
respectively.

Now we prove that the support p(X) is an anti-
monotone supermodular function.

Theorem II.1. p(X) is an anti-monotone
supermodular function, i.e. p(A U {i}) — p(4) <
p(B U {i}) = p(B) and p(A) = p(B) for any A < B
cVandie V\B.

Proof. The anti-monotonicity of p is trivial
because of downward closure property.

The supermodularity of p is visually proved in
Fig.1. Because 4 — B, we have T(B) < T(4). Let
pl,p2,p3 and p4 be the disjoint areas, we have
T(A) =pl +p2 + p3+ p4, T(B) = p2+p3, T(AU{i})
= p3+p4 and T(BU{i}) = p3.

T(A)  T(B)

~

T(0)

Figure 1. Proof of supermodularity of p.

Clearly, p(4 U {i}) — p(4) =—(pl + p2) <—p2
=p(B U {i}) — p(B). That completes the proof.

I1I. Greedy algorithms

In this section, we propose two greedy
algorithms LISGreedy and LIS-Lazy-Greedy (LIS
stands for Long Itemset) to heuristically find the
longest itemset for x w.r.t the threshold s.

A. LIS-Greedy
The main idea of LIS-Greedy is simple: with

the current itemset X containing & items i, i, i, 1,
we try to find i ¢ X such that p(X U {i})>s and
remains as large as possible. This means we find

i ¢ X that has the largest TID intersection with X.

Algorithm 1 depicts main steps of LIS-
Greedy. X stores the most updated longest itemset
found while R keeps the remaining candidates.
In each iteration, we evaluate the intersection
size s between 7(X) and 7(i),i € R (Line 5). If
s < s, we remove i from R (Lines 6-7) because
the downward closure property ensures that s:
keeps decreasing in later iterations (so i cannot
be included in X). The best candidate item i is
updated in Lines 8-10. At the end of the inner
loop, it is moved from R to X (Lines 11-13).

The worst-case complexity of LIS-Greedy is
O(nm?) in which we need O(n) for the evaluation
in Line 5.

B. LIS-Lazy-Greedy

Inspired by Lazy-Greedy technique in [9], we
propose LISLazy-Greedy using a max-heap of
upper-bounds. An upperbound u for s guarantees
that u > s at any time. The maxheap costs O(1)
for maximum element lookup and O(log m) for
insertion. While the worst-case complexity is
the same, i.e. O(nm?), in practice this max-heap
structure usually has a considerable speedup over
the standard LIS-Greedy.

The main steps of LIS-Lazy-Greedy are
summarized in Algorithm 2. We initialize the
max-heap H in Lines 1 - 4. In each iteration, the
best candidate i

rrrrr

is found using AH. If the upper-
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bound of the top item i from H is smaller than s,
we know that all the items in H cannot extend X
any more (Lines 9 - 10) and stop the outer loop.
Otherwise, we evaluate s (Line 11) and repush it
into H if s > s (Lines 12 - 14), i.e. u is now equal
to s. After this operation, if the top item from H is
again i, we know firmly that i is the best candidate

ttttt

Algorithm 1 LIS-Greedy

Input: DB : database with n transactions, x: the first item to
include, s threshold support.
Output: X longest itemset containing x and p(
1 X ={z}, R=1T1\{i}
2: while true do

X) > s.

3 Tmaz = NUll, Spmaz =0
4 for i € R do

5 si =|T(X)NT()]
6: if s; < s then

7 R =R\ {i}

8 else if s; > s AND s; > S,4. then
9 Tmaz =1

10: Smaz = Si

11: if 100 <> null then
12: X=XU {imaz}
13: R =R\ {imaz}

14: else

15: break

16: return X.

Algorithm 2 LIS-Lazy-Greedy

Input: DB : database with n transactions, x: the first item to
include, s threshold support.
Output: X longest itemset containing = and p(X) > s.
X = {x}, H=0
2: for ¢ <>z do

3 u; = |T(z) NT(7)] > initial upper-bounds
4 push(H,i,u;)

5: while true do

6: Imaz = null

7 while H.size > 0 do

8 i,u; = pop(H)

9: if u; < s then > all items in H are infeasible
10: break

11: s =|T(X)NT(>1) > evaluation for 4
12: if s; > s then

13: U; = S

14: push(H,i,u;) > repush 7 to H
15: t = peek(H)

16: if t == i then > 4 is the best choice
17: pop(H) > remove 4 from H
18: tmaz = 1

19: break

20: if 7,000 <> null then

21: X = X U {imaz}

22: else

23: break

24: return X.

Table 2. Dataset properties

Dataset #Items #Trans | Avg.Length S
T40110D100K 942 | 100,000 39.6 50, 100
MovieLens-1M 3,706 6,040 165.6 300, 600
Retail 16,470 88,162 10.3 10, 20
Kosarak 41,270 | 990,002 8.1 | 1000,2000
Accidents 468 | 340,183 33.8 | 2000, 4000
Chess 75 3,196 37.0 5,10

IV. Experiments

In this section, we show that LIS-Greedy
and LIS-LazyGreedy can find long itemsets
effectively and the latter improves the runtime
of the former. The datasets are described in
Sections IV-A. We report effectiveness of the
two algorithms in Section IV-B and the runtime
improvement of LIS-LazyGreedy in Section I'V-
C. The algorithms are implemented in C++ and
run on a desktop PC with Intel" Core 17-6700@
3.4Ghz, 16GB memory.

A. Experiment Setup

We use six datasets as shown in Table 2. The
datasets were downloaded from FIMI repository
(http:/fimi.ua.ac.be) and KONECT repository
(http://konect.uni-koblenz.de/networks/).  The
columns #ltems, #Trans, Avg.Length and s show
the number of items, number of transactions,
average transaction length and the range of s
value respectively.

T40110D100K is a synthetic dataset from [2].

Movielens-IM is a
containing one million movie ratings from

bipartite network
http://movielens.umn.edu/.Movies play the role
of items and ratings of each user stand for a
transaction. Retail is anonymous retail market
basket data from an anonymous Belgian retail
store.

Kosarak contains sequences of click-stream
data from a Hungarian news portal.

Accidents contains traffic accident data.

Chess is converted from UCI chess dataset.
Each transaction is an instance of the chess game
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and items describe the board and the outcome of
the game.

We run each algorithm with all initial items
x € I. The duplicate itemsets in the output are
removed.

B. Effectiveness

We count the number of itemsets of the same
length and report the top-5 pairs of (length:count)
in Table III. As s increases, the length of found
itemsets gets shorter as expected. Our two
algorithms can find itemsets of the same length
as in exact (but costly) methods such as FP-
Growth* [7], PrePost+ [4]. Recall that due to the
downward closure property, all nonempty subsets
of a frequent itemset X (there are 2% — 1 such
subsets) are also frequent. This means for large
|X], say |X] = 20, we avoid the explicit listing of
millions of itemsets as in exact methods.

C. Comparison of runtime

In terms of runtime, LIS-Lazy-Greedy runs
faster than LISGreedy up to 5 times as shown in
Table 4.

Table 3. Length statistics of found itemsets
(top-5 pairs of length:count)

Dataset s Length statistics of found itemsets
50 17:9,18:5,19:9,20:3,21:1
T40110D100K 100 16:12,17:6,18:7,19:8,20:1
‘ 300 13:24,14:18,15:30,16:22,17:6
MovieLens-IM | () 7:25,8:11,9:5,10:9,11:2
Retail 10 7:8,8:1,9:5,10:1,11:1
¢ 20 4:1012,5:200,6:24,7:3,8:1
Kosarak 1000 11:1,12:3,13:2,15:1,18:1
osara 2000 7:10,9:1,10:1,11:1,12:2
Accident 2000 21:18,22:9,23:8,24:8,25:9
cerdents 4000 20:10,21:6,22:7,23:7,24:4
oh 5 30:1,31:1,33:18,34:48,35:1
©58 10 28:1,31:4,32:19,33:33,34:1

Table 4. LIS-Greedy vs. LIS-Lazy-Greedy
in terms of runtime (in seconds)

LIS-Lazy-
Dataset s LIS-Greedy Greedy Speedup
50 42.05 8.73 4.8
T40110D100K 100 2424 725 33
4 300 9.42 1.95 4.8
MovieLens-1M 600 211 0.50 4.2

Retail 10 40.08 12.93 3.1
cta 20 26.75 9.04 3.0
Kosarak 1000 41.26 9.61 43
08 2000 14.95 3.57 42
Accidens 2000 81.91 15.04 5.4
4000 69.36 13.46 52

5 0.43 0.11 39

Chess 10 0.43 0.11 39

This fact confirms the effectiveness of max-
heap trick for upper-bound u. As s increases, the
longest itemset for x gets shorter, so the runtime
decreases.

V. Conclusion

We have presented the problem of finding
longest (as possible) itemset containing a given
item and satisfying a minimum threshold. In
contrast to exactly mining all itemsets satisfying
the minimum support, our proposed problem aims
at quick exploration of transaction databases in
which longer itemsets are much more important
than shorter ones. We prove that the support
function is anti-monotonic or supermodular.
We then propose two greedy algorithms to
solve the problem approximately. Evaluation
over six datasets confirms that our methods
can quickly find long itemsets and LIS-Lazy-
Greedy improves the runtime with the max-heap
trick. For future work, we plan to prove that the
problem is NP-Complete and extend the search
from 2-itemsets instead of 1- itemsets.
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Tém tit

Trong gan dung Hartree-Fock, anh huong ctia gidi han phonon ctmng/mém 1én trang thai dién moi exciton (EI) trong hé
ban kim loai dwoc nghién ctru khi chung t6i khao sat mo hinh dién tir hai chiéu hai dai ning lugng c6 su lién két véi
phonon. Chung t6i thu dugc hé cac phuong trinh tu hop cho phép xéac dinh cc tham s trat ty mo ta trang thai dién moi
exciton phy thudc vao tan s phonon. Trén co s& cua két qua tinh s, chung t6i thiét 1ap cac gian dd pha trang thai ngung
tu exciton. Gian d6 pha khing dinh hé ¢ trang thai EI khi twong tic dién tir - phonon du 16n va nhiét d6 du thap. Ving
exciton ngung tu bi thu hep khi ting tin s phonon.

Tir khéa: mod hinh dién tir hai chidu hai dai nang luong c6 sy lién két voi phonon, gan dung Hartree-Fock, gian d6 pha
trang thai EI, tan s6 phonon

Abstract

In the framework of the Hartree-Fock approach, phonon hardening and softening effects on the excitonic insulator (EI)
state in the semimetal are analyzed when the two-band model with a coupling to the phonon is considered. We have
derived a set of self - consistent equations determining the excitonic condensate order parameters which depend on the
phonon frequency. Phase diagram of the EI state is then established. If the electron-phonon coupling is sufficiently large,
one finds the EI state at low temperature. The EI regime is depressed if the phonon frequency is increased.

Keywords: two-dimensional two-band model with a coupling to the phonon, Hartree-Fock approximation, EI state phase
diagrams, phonon frequency.

1. Mé dau tap trung nghién clru cua cac nha vat ly ca trén

Trang thai dién moi exciton (EI) hay trang linh vuc ly thuyét [1, 2] va thyc nghiém [3, 4].
thai ngung tu ciia exciton gan day di trd thanh  Dién tir va 1 trdng déu co spin ban nguyén nén
mot trong nhitng ddi twong hap dan, thu hit sy exciton ¢6 spin nguyén va vi vay khi nhiét d du

Email: phanvannham@duytan.edu.vn
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thip, nhiing exciton ndy c6 thé ton tai ¢ trang
thai ngung tu Bose-Einstein giong nhu nhitng hat
boson [5]. Hon nira, khdi luong hi¢u dung cua
exciton rat nhd, cd 1/10 khdi lugng cua dién tir ty
do. Piéu d6 mé ra kha ning quan sat dugc trang
thai ngung tu BEC & nhiét 4o phong néu mat do
exciton trong hé du 1on.

Thong thuong, voi thoi gian sdng c¢& pico
gidy dén mili gidy, gia hat exciton kho hinh
thanh trang thai co ban, do dién tir va 13 tréng
c6 thé d& dang tach ra va buc xa photon, hoic
phan rd do nhitng khiém khuyét mang tinh thé.
Tuy nhién, tai viing ¢6 chuyén pha ban kim loai
- ban dan, trang thai co ban cua tinh thé c6 thé
tr& nén khong 6n dinh dbi v6i sy hinh thanh ty
phat cua exciton. O nhiét do thip, nhiing gia hat
boson phtrc hgp nay s€ ngung tu va hinh thanh
mot trang thai luong tir két hop-pha vi mé goi 1a
trang thai dién moi exciton - EI. Mdc du su ton
tai trang thai EI trong cac h¢ ban kim loai, ban
dan duoc tién doan cach day hon nura thé ky [6],
nhung quan sat thuc nghiém vé trang thai nay
dén nay van con khiém tén. Chang han nhu, tir
két qua quan sat sy phu thudc nhiét do ciia quang
phd dién tir (ARPES) trén kim loai chuyén tiép
17-TiSe, nguoi ta suy doan sy ton tai trang thai
EI cing voi sy xuat hién cua trang thai song mat
do dién tich [7, 8]. Hay d4u hi¢u quang pho phat
xa tia X va ARPES trén vat liéu gia mot chiéu
Ta NiSe, cho thdy trang thai co ban cta hé co
thé dugc xem nhu 1a trang thai EI gitra 10 trong
Ni 3d - Se 4p va dién tir Ta 5d [9]. Chinh vi vay,
viéc khao sat k¥ ludng vé ban chét trang thai EI
dang dugc quan tdm nghién clru trén cd linh vuc
1y thuyét va thuc nghiém.

Trang thai ngung tu exciton da dugc nghién
clru mot cach ki ludng trong khudn khé cac mod
hinh hoan toan dién tir, loai exciton khoi luong
hi€u dung Mott - Wannier [10, 11] va md hinh
Falicov-Kimball mé rong [12 - 14]. Trong do,
tuong tac gitta dién tir vo1 phonon da dugc bd
qua. Gan day, khi nghién ctru trang thai ngung tu

clia exciton trong kim loai chuyén tiép Ta NiSe;
bang tinh toan cau triic vung va phan tich truong
trung binh cho mo hinh Hubbard chudi ba véi bac
tu do phonon, T. Kaneko da khéng dinh cAu trac
mang tinh thé thay dbi tir dang thoi sang dang
don ta [15]. Bén canh d6, mot s6 thi nghiém gan
day trén vat li¢u ban kim loai 17-TiSe, [16, 17]
da cho thay su bién dang mang tinh thé 1a dang
ké va 1a co s¢ dé hinh thanh trang thai EI. RS
rang, su léch mang hay anh hudng ctia phonon
1a rat quan trong trong cac loai vat li¢u nay, dac
biét 1a trong viéc hinh thanh trang thai ngung tu
exciton.

Trong bai bao nay, chung t6i nghién cuu 1y
thuyét vé sy hinh thanh trang thai EI trong mb
hinh dién tir hai chiéu hai dai nang luong c6 ké
dén tuong tac dién tr - phonon bang phuong
phap gan dung Hartree-Fock. Day 1a mot phuong
phap tiép can truong trung binh nhung cho phép
tach riéng cac tham sb trat tu exciton. Trong do,
chung toi tap trung thiét 1ap gian d6 pha biéu thi
anh hudng cua phonon va nhiét do 1én trang thai
ngung tu exciton trong mo hinh.

Bai bao dugc chia thanh 4 phan. Trong do,
phan 2 ching t6i trinh bay mé hinh dién ttr hai
chiéu hai dai ning luong co tuong tac dién tu -
phonon. Trong phan niy, ching t6i ap dung ly
thuyét Hartree-Fock cho mé hinh va rat ra hé
phuong trinh ty hop cho phép xac dinh tham s
trat tu trang thai EI. Két qua tinh s6 va thao luan
duoc thé hién & phan 3. Cudi cung, phan 4 trinh
bay két luan ctia bai bao.

2. M6 hinh va phwong phap Iy thuyét

Trong biéu dién xung lugng, md hinh hai dai
nang lugng co6 tuong tac dién tir - phonon duogc
mo ta bodi Hamiltonian sau:

9, =Y eeie + Y. eihih + @, blb,
k k q (1)
+%§[e§l+qhﬂ‘ (bjl +b, ) +H.c.]

trong d6, hai sé hang dau 1an luot biéu thi dong



Phan Van Nham, Pé Thi Hong Hai / Tap chi Khoa hoc va Céng nghé Bai hoc Duy Tan 03(34) (2019) 87-92 89

nang cua dién tir trén dai dan va cuta 16 tréng trén
dai hoa tri voi €] (ek), hf (hk) tuong ung la cac
toan tir sinh (hiy) cta cac dién tr va 10 trong co
xung luong k. Dong nang cta phonon voi nang
lwong phonon khong tan sic o, dugc mo ta boi sO
hang tht ba trong phuong trinh (1) v6i b] va b, 1a
toan tr sinh va huy phonon tai xung luong q.

Trong gan dung lién két chat, cac hé thic tan
sic cho dién tir e va 15 trong h dugc cho boi:

gl =& 1"y (2)

véi €' 1a nang lugng trén mot nut cua dién
tir e va 18 tréng h. Su khac nhau cia hai gia tri
nang luong nay cho mirc do xen phu cua hai dai
ning luong. " 1a tich phan nhay nat. Thong
thuong # duoc chon nho hon # thé hién 15 tréng
trén dai hoa tri kém linh dong hon di¢n tur trén
dai din. Trong mang hai chiéu hinh vudng,
7, =2(cosk, +cos kX) chi bude 1’1héy trong mang
tinh thé va g 1a thé hoa hoc. SO hang cudi cung
trong phuong trinh (1) m6 ta twong tac cua hé
dién tir - 15 tréng va phonon véi hang s6 tuong
tac g, duoc viét trong khong gian xung luong K,
trong su kich thich dién tir e - 16 tréng 4 va sy 1éch
mang tinh thé; N 1a s6 nat mang tinh thé. Pay co
thé duoc xem 1a tuong tac hi¢u dung exciton -
phonon. Trong bai bao nay, chiing t6i chon # <0
va |f"| < dé phu hop véi trang thai ctia hé dién tir
trong vat lieu TmSe . Te ... Nhu vay, dién tir e
s€ dugc xem nhu “nhe” trong khi 10 trong /4 xem
nhu “nang” va thé hién mot trang thai lién két
gian tiép e - h duogc ho tro boi su chuyén phonon
dang I" — X. Tai nhiét 46 du thap, cac exciton voi
xung luong hitu han. Q = (72, 7[) c6 thé ngung tu,
duoc thé hién boi gid tri mat do cap dién tu - 10
tréng d, = <ei+th> khéc khong. Dai lwong nay
biu thi su lai hoa gitra dién tur va 16 trong nén
duoc goi la tham sb trat tu trang thai ngung tu
cap dién tir - 16 tréng. Tham sb trat tw khac khong
thé hién hé & trang thai dién moi exciton.

Trong gan dung Hartree-Fock, Hamiltonian
trong phuong trinh (1) dé dang dugc chéo hoa
bang phép bién d6i Bogoliubov [18]

ClTk = ukeLQ VA, 3)

C:k = _VkelLQ +u Ay, 4)

va dinh nghia toan tor phonon mai

B! =5 +JIN (%OJSW 5)

Bo qua céc hang sb thi Hamiltonian chéo hoa
hoan toan c6 dang
Ty = | EuChCop + ExChCoy |+, Y BIB,. (6)
k q
trong do cac nang lugng trang thai gia hat duoc
cho boi

h e h_ e
g oo - sgn(8k2 €k+Q)Wk’ )
(Gt

221_1 h_ pe (glf_glerQ)_
e = _ +sgn(£k 8k+Q) i _, (8)

»_ 1 h e (g]i’ _8E+Q)_

——|1- _g |k ke
Yk ) _ Sgn(gk & Q) W, | )

2 5 1/2

= (e —eia) +4I0F ] (10)
vai A=-8(b +b,), (1D

NG

duoc xem nhu tham sb trat tu trang thai ngung
tu exciton. S6 hang ti 18 voi <b'Q +b_Q> cho ta su
bién dang mang khi c6 mat ciia phonon trong hé.
Ttr phuong trinh (6), ta c6 thé xac dinh dugc mat
d6 cap dién t - 15 tréng, duoc xem 13 tham s6 trat
tu trang thai ngung tu exciton
d, =—sgn (s —g@Q)[f(E,i)—f(E;)}%, (12)
k

v6i f(E,) 1a ham phan b Fermi-Dirac.
3. Két qua tinh s6 va thao luin

Trong phan nay, ching toi trinh bay két qua
tinh s6 dé thao luan anh hudng cta tuwong tac
dién tir - phonon va nhi¢t do 1én sy ngung tu cua
exciton trong mo hinh thong qua céac gian do pha.
Két qua duogc tim ra tir viée giai sb cac phuong
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trinh ty hop trong gan dung Hartree-Fock. Hé
o trang thai EI khi tham sb trat tu khac khong.
Trong bai toan niy, chiung toi chon hé hai chiéu
v6i N =150x150 nut mang. Khong 1am mat tinh
téng quat, chiing t61 chon ¢ =1 coi la don vi cua
nang lugng, t"=-0.3 va ¢ dinh mtrc d6 xen phu
ctia hai dai ning luong dién tir e va 13 tréng A:
&° —&" =1. Chung toi quan tAm t4i trang thai 1ap
day mot nira, tic 13 tong mat do hat dién tir va 16
tréng thoa man n° + n = 1. Thé hoa u dugc thay
d6i dé thoa man diéu kién nay. Cac két qua tinh
toan dugc thuc hién trong hé don vi nang luong
tong quat véi hi=c=k, =1.
1.0 1"

0.8

0oz IS I SIS
01 05 10 15

Hinh 1. Gian dd pha trang thai co ban ciia mé hinh
trong mat phang (@, g). Pha ngung ty exciton (EI)
dugc biéu thi boi ving ké caro.

Hinh 1 biéu thi gian do pha trang thai ngung
tu cdp dién tu - 16 tréng cua mo6 hinh trong mat

a)
1.0

0.8 -

0.6 1 , v
0.4

0.2

.- ' ; SRR i
0.0 04 0.8 1.2 1.6

9

phang (w,, g) khi tai nhi¢t 6 khong. Gidn d6 pha
cho thay véi tan s6 phonon xac dinh, ta luén tim
thiy ving ngung tu exciton khi hing s6 twong
tac dién tir - phonon 16n hon gia tri t6i han g .
Gia tri t61 han g nay tang Ién khi tang tan sb
phonon. Pic tinh nay di duoc dé cip trong cac
truong hop mot chiéu, trong do mbi quan h¢
tuyén tinh giita binh phuong hing s6 tuong tic
to1 han g va tan sd phonon di dugc xac nhan
ca trong tinh toan sb va giai tich [19]. Khi g <
g, do tuong tac dién tr - phonon chua du lon dé
thiét 1ap trang thai lién két dién tu - 15 trong nén
khong thé hinh thanh trang thai ngung tu. Do vy
hé 6n dinh trong trang thai ban kim loai. Két qua
cling cho thdy ving ngung tu bi thu hep lai néu
tan s6 phonon cang I16n. Khi tan sé phonon cang
16n, tuong tac dién tir - phonon phai du 16n méi
c6 thé thiét 1ap duogc trang thai lién két dién tir -
16 tréng hinh thanh exciton va trang thai ngung
tu. Cha ¥ rang, anh hudng ctia phonon trong hé
thuong duoc khado sat ¢ hai gidi han quan trong
1a gi6i han phonon mém (soft phonon) khi tan
s6 phonon nhé: w , < £ va gi6i han phonon cting
(harden phonon), tirc tan s6 phonon 16n hay w, >
#. Dudi day, ching thoi sé biéu thi gian do pha
cua mo hinh theo nhiét d0 & ca hai gidi han nay.

Két qua thu duogc & trén khiang dinh anh huong
quan trong cta tan sé phonon va cudng do tuong
tac dién tir - phonon 1én trang thai EI. RS rang,

b)
1.0 ;

0.8- 0)0=2.5

0.6 -
-

0.4 -

0.2 1

0.0 T
0.0 0.4

Hinh 2. Gian dd pha trang thai ngung tu exciton ciia mé hinh trong mdt phing (g, T) khi ®,=0.5 (hinh a) va @, = 2.5 (hinh b).
Pha ngung tu exciton (EI) dugc biéu thi bdi vung ké caro.
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trang thai EI chi dugc thiét 1ap khi héng ) tuong
tac dién tir - phonon du 16n. Dé thiy rd hon diéu
nay, tiép theo, ching t6i biéu dién trén Hinh 2
gian d0 pha ciia mé hinh trong mat phang (g, 7)
mg v6i hai gia tri cua tan sd phonon w, = 0.5
(ch€ d6 doan nhi€t) va w, = 2.5 (ché do phan
doan nhiét). RS rang 1a, ung v4i moi gid tri xac
dinh cua tan s phonon, ta ludn tim dugc vung
ngung ty exciton (biéu thi béi mau cam) & trén
gia tri t61 han g cua hang s tuong tac dién tir -
phonon. Tang hang s6 twong tac dién tir - phonon
thi nhiét d6 téi han cho sy chuyén pha trang thai
ngung tu exciton cling tang 1én. V&ig < g, tuong
tac dién tir - phonon chua du 16n nén khong thé
thiét 1ap trang thai lién két dién tir - 18 tréng. Do
d6 trang thai ngung tu exciton khong thé hinh
thanh. O nhiét d¢ dudi nhiét do t6i han 7’ va hing
sO twong tac dién tir - phonon du 16n (g > g), hé
6n dinh trong trang thai dién méi exciton. Khi
tang nhiét do, thang gidng nhiét 16n lam pha huy
su két cip dién tir - 16 tréng va do vay, trang thai
ngung ty exciton ciing bi suy yéu. Khi nhiét do
16n hon gia tri nhi€t do td1 han cho chuyén pha
trang thai EI, tit ca cac lién két déu bi pha huy
va hé chuyén sang trang thai plasma cua dién tir
- 15 tréng. Gian d6 ciing cho thay, khi ting tan s6
phonon tir gidi han phonon mém (Hinh 2a) sang
gi61 han phonon ctirng (Hinh 2b) thi gi4 tri t&i han
ctia hang sb twong tac dién tir - phonon ciing ting
theo. Vung ngung tu exciton vi vay bi thu hep
lai. Gian d6 pha khang dinh trang thai ngung tu
exciton chi dugc thiét 1ap khi cuong do tuong tac
dién tir - phonon du 16n & nhiét do thap.
4. Két ludn

Trong bai bao nay, ching t6i dd phat trién
gan dung Hartree-Fock khong giéi han cho mé
hinh hai dai nang lugng c6 tuong tac dién tur -
phonon dé dé cap dén anh hudng cia nhiét d6 va
phonon 1én trang thai ngung tu cip dién tir - 1
trong trong hé ban hai chiéu. Két qua tinh toan
giai tich duoc thé hién qua hé phuong trinh tu
hop cho phép xéac dinh tham sb trat tu trang thai

EL Cac két qua tinh s6 cho ching ta théy rﬁng,
dudi gia tri tdi han cia cuong do tuong tac dién
tir - phonon, hé on dinh trong trang thai ban kim
loai. Diéu nay xay ra véi ca gioi han doan nhiét
va phan doan nhiét. Bén canh do, gian dd pha
trong mit phang (g, 7) cho thay trang thai ngung
tu exciton chi dugc thiét 1ap khi cuong d6 twong
tac dién tr - phonon du 16n ¢ nhiét d6 thap. Khi
nhiét d§ cao hon nhi¢t do t&1 han thi trang thai
lién két ctia cap dién tir - 16 tréng bi pha huy hoan
toan boi sy thang gidng nhiét, do vay hé chuyén
sang trang thai plasma cua dién tir va 15 tréng.

Nghién ctru k¥ ludng ban chat ciia trang thai EI

trong mo hinh bang phuong phap lugng tir s& 1a

nhimg nghién ciru tiép theo cia chiing toi trong
thot gian toi.
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Tém tit

Leptin 1a mot hormon c6 cdu tric gidng cytokin duoc phat hién nam 1994, tiét ra tir mé m& c6 tac dung diéu hoa luong
thirc an dua vao, can bﬁng hé“mg dinh ndi moi vé nang lugng, chirc nang than kinh noi tiét, chuyén héa, chirc ning mién
dich, chbng viém. Leptin tac dung chu yéu vao cac dich than kinh ¢ trong nio. Thay thé leptin 1a mét lidu phap hiéu qua
trong diéu tri thiéu hut leptin tram trong nhu thiéu hut leptin bam sinh hodc réi loan m& toan than. Co ché khang leptin
& dang béo phi pho bién can nghién ctru sau hon dé diéu tri bénh béo phi, tiéu dwong va cac bénh lién quan chuyén hoa.
Nhiing hiéu biét thém vé tic dung ctia leptin gitip ching ta c¢6 nhimng dinh huéng trong diéu tri béo phi trong tuong lai.

Tiwr khoa: M6 mo, héng dinh noi méi vé nang luong, chirc nang nodi tiét than kinh, chuyén ho4, khang leptin, béo phi, loan
dudng mad.

Abstract

Leptin is a hormone with cytokine-like structure, discovered in 1994. Leptin is an adipocyte-secreted hormone that
regulates food intake, energy homeostasis, neuroendocrine function, metabolism, and immune function. Studies have
shown that leptin acts mainly on neuronal targets in the brain. Leptin replacement is an effective therapy in severe
leptin deficiency, such as congenital leptin deficiency or generalized lipodystrophy. Further studies are needed to better
understand the mechanisms underlying leptin resistance in common forms of obesity, and how these could be targeted
specifically to treat obesity, diabetes and related metabolic diseases.

Keywords: adipose tissue, energy homeostasis, neuroendocrine function, metabolism, leptin resistance, obesity, lipodystrophy.

1. Giéi thiéu

M6 m& khong nhiing 1a mot co quan luu trix
nang lugng ma con la mot co quan ndi tiét hoat
dong, chii yéu san xuat leptin [7]. Leptin xuat
phat tir chir leptos cua Hy lap nghia la mong.

Leptin dong vai trd quan trong trong diéu hoa
nang lugng dua vao va nang luong tiéu hao, chirc
ning than kinh noi tiét, chuyén hoa, chic ning
mién dich, chéng viém...

Email: truongthanhvt@gmail.com

2. Pic diém céu tao, sinh hoc ciia leptin

Tac dung cua Leptin dugc nghién ctu tu
chudt béo phi bi dot bién tir phong thi nghiém ctia
Jackson 1950, dugc phat hién 1994 do Jeffrey
M. Frieman va Douglas L. Coleman tai dai hoc
Rockefeller [12, 14].

Ngudn goc

Ngudn gde chinh cua leptin dugc san xudt tir
mo md tring, ngoai ra leptin con duoc san xuat
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tr mé md& nau, nhau thai, bué)ng tring, co van,
da day, té bao biéu bi tuyén va, tiy xuong, tuyén
yén [1].

Leptin 1a mot protein gdm 167 acid amin c6 4
b6 hinh xoén twong tur cytokin (Hinh 1).

__ LEPTIN _ =

’/ gl
Polypeptide: khéi lvong 3
E L

16-kDa chira 167 acid amin
)=

sty
- &,
o = @ D
XE I 736t ra cho yéu tir mé ms, ndng do ty 16
O = thuan v&i khéi luong mé mé&

Hinh 1. C4u trac cta leptin

Gen leptin Ob (leptin) nam ¢ nhiém sic thé s6
7 6 nguoi [1, 3, 12, 14].

Leptin luu théng trong huyét tuong ¢ dang tu
do hay két hop véi protein. O nguoi gay thi da s6
leptin & dang két hop va va ¢ ngudi béo phi thi
leptin ¢ dang ty do.

Mirc leptin tuan hoan phan anh chu yéu
lugng niang lwong duoc luu trir trong chat béo
va nhitng thay ddi cip tinh thir phat vé& luong
calo (Hinh 2).

Gidng nhu nhiéu kich thich t& khac, leptin
duoc tiét ra theo kiéu dao dong, c6 sy thay ddi
dang ké trong nhip ngay dém véi muc do cao
nhat vao sang sém [12].

Z score

R?* = 0.226

WNL2 OCOANWAMAOLD

-4

Leptin/fat mass (ng/kg)

Hinh 2. Tuong quan leptin v&i lugng md co thé
Leptin giam theo tudi, phu nir giam nhiéu hon
nam gioi [3].
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Cic thu thé (receptor) ciia leptin

Leptin tac dung qua gin két v6i cac thy thé
leptin cu thé ndm ¢ hé than kinh trung wong.

Co 6 loai receptor 1a: Ob-Ra, Ob-Rb, Ob-Rc,
Ob-Rd, Ob-Re, Ob-Rf, dugc ma hda bdi mot gen
la LEPR.

Ob-Rb két hop véi leptin, chuyén dén ving
dudi doi diéu hoa hiang dinh ndi moi vé ning
lugng trach nhiém uc ché lugng thirc an va kich
thich sy tiéu hao nang luong.

Ob- Ra dén Rc van chuyén leptin qua hang rao
mach mau ndo (BBB: brain blood barrier)

Ob - Re gin voi leptin tuan hoan.

Co ché tic dung

Khi leptin gan két voi Ob Rb né gay kich mot
s6 duong truyén bao gdbm (Hinh 3) :

- Bo JAK - STAT3 ((Janus Kinase - signal
transducer and activator of Transcription-3) quan
trong ddi véi viée diéu chinh can bfmg noi moi.

Leptin

Extracellular

Intracellular -
o=
PI3K .
! PI3K : STATS
=
CSocsa> S
3 =
PDE3B ﬁ
S
. 3
“\ \ i
‘ b *
>N 1"-.\ —
Nucleus N 13 X (socs3 )
. CST1ATSCP =

Other proteins
(NPY. POMC)

MORTXITUORNES
Hinh 3. Co ché tic dung ctia leptin

- PI3K (Phosphatidylinositol 3-Kinase) quan
trong dbi véi viéc diéu hoa ca luong thirc dn va
duong can bang ndi moi glucose.

- Cac con duong khac, bao gdbm MAPK
(mitogen activated protein kinase), AMPK
(5'Adenosine  Monophosphat-activated Protein
Kinase) va mTOR (Mammalian Target of
Rapamycin) [12]

Leptin cung cip thong tin cho ndo vé du trix
m& nhu 13 mot phan cia co ché didu hoa nguoc
dé on dinh m&.
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Khi leptin dén ndo qua cac viing ngoai hang rao
mach mau ndo nhu viing duéi ddi (hypothalamus)
s€¢ lam giam sy ngon miéng va lam tang muc
chuyén hoa. Nhan bung giira (ventromedial
nucleus - VMN) ctia ving dudi ddi dong vai tro
trung tdm cua ving dudi ddi trong diéu hoa hanh
vi an ubng 13 co quan dich cua leptin.

M& co thé mat 1am giam muc leptin, dwa dén
can bang ning lugng duong tinh va nhiing thay
ddi thich nghi khac, ngugc lai sy gia ting mé md&
1am ting murc leptin va lam can bang ning luong
am tinh.

Leptin tac dung Ién ndo lam giam neuropeptid
Y (NPY). NPY xuét phat tir nhitng no ron & nhan
vong cung (arcuate nucleus - ARC) va phong
thich vao nhan canh ndo thit (paraventricle
nucleus - PVN)

Mot dich khac cta leptin gdm nhing
peptid diéu hoa ngon miéng nhu MSH
(melanocyte stimulating hormone), orexin,
CRH (cortiotropin releasing hormone), POMC
(proopiomelanocortin), CART (cocaine and
amphetaminregulated transcrip).

Céac yéu t6 diéu chinh nong d6 leptin tudn
hoan:

Bang 1. Cac yéu t6 anh huong ndng do leptin [13]

Cic yéu t6 ting leptin | Cac yéu t6 giam leptin

Tinh trang nang lugng thap
giam dy trir md (gay; teo md)

Thtra nang lugng dyu
trlt nhu m& (béo phi)

An nhiéu Nhin an

Tiép xuc lanh va chat chi
Glucose A .

van adrenergic
Insulin Hormone tuyén giap
Estrogen Testosterone

Céc cytokine tién viém
(TNF-q, IL-6)

3. Chirc nang cua leptin
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Hinh 4. Tac dung 1én trung wong
3.1. Piéu hoa trong lwong co thé [1, 12].
Leptin — gin vé6i Receptor & ving dudi doi
— Vung dudi doi diéu hoa lugng thirc an dua vao
va tiéu hao nang luong.
- Chét chi thi ctia c4n bang ning luong
Khi muc leptin thip do ndo phat hién, co thé
s€ bdo viéc cung cap nang luong han ché.
Khi mtc leptin cao, ving dudi ddi bao co thé
dang thura can.
Diéu nay sé& kich hoat co thé an it va tiéu hao
nhiéu nang luong hon.
- Peptid tang lugng an vao
+ Orexin (Vung duéi doi bén)
+ NPY (Nhan vong cung va nhan canh nao
that PVN)
+ AgRP (Nhan vong cung va nhan canh
nao that)
+ MCH (Ving dudi doi bén)
- Peptid giam lugng an vao
+ POMC (oo MSH) & nhan vong Arcuate va
PVN
+ CART (nhan vong)
+ CRH (nhan canh nio that)
- Neuron nhay cam leptin
Neuron nhay cam leptin chira & Ving duéi doi.
Mot trong nhitng chat nay 1a NPY va AgRP,
peptid kich thich thirc an dua vao trc ché tiéu hao
nang lugng vi vady tao vao can bang nang lugng
duong tinh.
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Nhitng noron ctia NPY va AgRP bi tic ché boi
ca leptin va Insulin.

Nhitng neuron POMC bi kich thich bdi leptin
— POMC — a MSH — Ut ché luong an vao,
tang ti€u hao nang luong va gidm can.

Co ché hoat dong theo Hinh 5

L:g/

HYPOTHALAMUS
.— VM, Arcuate Nucleus

More
RN K e

INPY,
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T POMC
released

S

T NPY,
AgRP,

4 POMC
o

Hinh 5. Piéu hoa luong an vao va ning luong
3.2. Tdc dung chuyén héa dwong [1, 3, 4, 9].
Leptin c6 lién can véi hﬁng dinh ndi moi
cua glucose nhét 1a viéc kiém soat su nhay cam

insulin ¢ ngoai bién.
/’ Adipose \
NUT’;RIEN:\I'S LEPTIN

A = e
e __d

>

Muscle Pancreas

Insulin

GSlucose
secretion

lucose
production utilization

Blood

Hinh 6. Tac dung chuyén hoéa dudng cia leptin

Chuot thiéu leptin & gen hay thiéu receptor
leptin khong nhiing gay ra hau an va béo phi ma
lai con khang insulin va dai thao duong.

Chimg t rang viéc truyén tin hiéu leptin ¢ ving
dudi d6i 1a su xac dinh quan trong chuyén hoa
dudng va la co ché than kinh lién quan dén PLK.

- Tac dung gian tiép trén chuyén hoa dudng

+ Téc dung trén chuyén hoa ma.

+ Giam néng do lipid ndi bao qua vige
giam tong hop acid béo va triglycerid va
dong thoi ting oxy hoa md.

Diéu tri leptin giit dudng huyét binh thudong

va binh thudng hda sy nhay cam insulin & mo
hinh dai duong typ I & dong vat.

3.3. Tac dung hé sinh san [1, 13].

Leptin — Kisspeptin — 1 GnRH — TLH,
FSH va Testosteron

- Leptin diéu hoa chirc nang sinh san bang cach
tang tiét horrmon giai phong hormon huéng sinh
duc (GnRH) & ving trudce thi va va ving dudi doi.

- Nhiéu noron lién quan hing dinh ndéi mé
ning lugng két hop véi noron GnRH nhu cic
noron cua AgRP, NPY, POCM va su két ndi nay
lam thay d6i cAn bang nang lugng dua dén nhiing
thay doi ¢ chirc niang sinh san.

Leptin lam binh thuong hoa mirc LH ¢ nir gioi
va testosteron ¢ nam gidi.

Muc leptin binh thudong cé vai trd cho phép
va can thiét cho phat trién day thi binh thuong va
truong thanh sinh san.

3.4. Tdc dung ndi tiét than kinh

3.4.1. Tac dung Ién truc tuyén gidp - tuyén yén
- duéi doi [1, 3].

Leptin tac dung truc tiép kich thich té bao than
kinh & nhan canh nio that ctia ving dudi dbi diéu
hoa 1én gen pro-TRH.

Anh hudng gian tiép qua noron TRH té & nhan
canh nio thit qua tin hiéu tir nhan vong cung.

TSH va leptin tiét theo nhip déu dan.

Thiéu leptin bam sinh — tiét TSH cao — thay
d6i chuyén hoa.

3.4.2. Tdc dung lén truc GH - tuyén yén - duéi
doi [1, 3].

Leptin — GHRH — tiing tiét GH

Leptin diéu hoa tiét GH ma tac dung chinh 1a
dé diéu hoa IGF I va gin két véi protein ¢ ngoai
bién.

3.4.3. Tac dung lén truc thuwong than - tuyén
yén - dudi doi

Leptin — tang kich thich CRH — tang
ACTH va Cortisol [1]
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3.5. Tac dung lén hé tim mach

- Leptin gay tang huyét ap.

- Xo vita dong mach

Leptin ngoai sinh gay tang sinh mach mau
bang céach tang y€u t0 phat trién biéu moé mach
mau [1].

Hypothalamus.
i) Leptin 1
fl'{‘) e Leptin —————8= increased
ADOCYes Paracrine
core ¥o
» - j—.—m
ECs
ANGROQENESES

Hinh 7. Tang sinh mach mau cuta leptin

3.6. Leptin va nitric Oxide (NO)

Leptin co thé diéu chinh truong luc mach qua
co ché tai cho lién quan dén phong thich NO gian
tiép qua duong phosphoryl hoa tong hop NO
biéu mo [1].

3.7. Tac dung chuyén héa xwong [1, 13]

Leptin 1am giam x6p xuong nhung ting vo
xuong. Sy phan déi xop xuong - vo xuong co thé
bi€u hién mdt co ché 1am rong kich thudc xuong
va vi vay suc chong d& cua xuong dé doi pho voi
su gia tang cua trong luong co theé.

C6 liéu phap diéu tri hiéu qua cua bénh tao
xuong nhu phuc hoi xuong gay bang leptin.

3.8. Tdc dung vé chirc ning mién dich [1, 13].

Leptin lam:

+ Tang hoat dong thuc bao cua dai thuc bao

+Tao san pham cytokin tién viém nhu TNF-o,
IL-6valL-12.

+ Kich thich hoa ing dong cua té bao da nhan.

+ Tang doi song lympho bang cach trc ché
viéc chét theo chuong trinh gidn ti€p qua FAS.

Adipocytes
Leptin %
Naive T ‘/e/ \\
Th1 memory
TNF-a, IFN—, IL-2, IL-12

Th2 memory

L-4.1L-51-10  MacrophageMonocyte

1 Proliferation
TNF-o, IL-1,IL-6

Hinh 8. Leptin va hé mién dich

3.9. Tac dung viém [1, 9, 13]

- Leptin tac dung diéu chinh viéc san xuét cac
cytokin gay viém nhu TNF -o (tumor necrosic
factor - o), interleukin 1(IL-1), interleukin 6 (IL-6).

Céc interleukin nay ciing diéu chinh leptin,
duy tinh trang viém man.

Leptin mRNA
1 Expression

Hinh 9. Tac dung viém cua leptin.

4. Ung dung 1am sang

4.1. Thiéu leptin bim sinh [1, 10]

Béo phi (hdu an).

Nhuoc ning tuyén sinh duc do giam nudi
dudng tuyén sinh duc (bai tiet GnRH khong du).

Cham day thi bao gdm thiéu ting trudng boc
phat, gidi tinh thr phat va kinh nguyét dau tién.

Diéu tri thay thé leptin 1am dao nguoc nhiéu
thay doi do thiéu leptin bam sinh.

4.2. Teo mo

Thiéu m6 m& duéi da.

Tang m6 mo ndi tang.

Thodi héa ty than hiém.

Diéu tri thay thé leptin cai thién dugc sy thiéu
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lipid mau va sy nhay cam insulin lam gidm tao
duong mai & gan va thanh phan mé trong gan [1].

4.3. Vo6 kinh do ving dwéi doi

Do khong c6 kinh nguyét va vo sinh.

Leptin diéu tri v6 sinh ¢ phu nit vo kinh do
vung duéi doi.

Leptin lam binh thuong héa ndng d6 LH, duy
tri chirc ning rung trimg sau 1 thang diéu tri.

Leptin 1am binh thuong héa ndng do va nhip
hoat dong cua LH trong tuan diéu tri va tra lai
chtic ning rung trimg chi sau mot thang diéu tri.

Leptin 1a hormon do té bao md tao ra duoc goi
la hormon chan an hay hormon doi.

Dich dau tién cua leptin 1a ndo dic biét la
Vung dudi doi.

Leptin bao dén ndo viéc du trir m& du rdi khong
can an nita va dot nang lugng ¢ muc binh thuong

Khi an — mo tdng — leptin tding — &n it va

Genes

Imbalance

Lifestyle

tiéu hao nang lugng va nguoc lai khi khong an
thi m& giam, leptin giam, gy an nhiéu, tiéu hao
nang luong it [1].

5. Khang leptin

Khang leptin s€ gay béo phi (Hinh 10).

Khang leptin dugc nghi dén dau tién 1a do dot
bién receptor leptin va hiém hon do héi chimg
béo phi don gen.

Van chuyén leptin qua hang rao mach mau
ndo bi rdi loan & nguodi béo phi, do su bio hoa
chat tai (carrier) 14 két qua cua tang leptin mau va
lam hoat dong van chuyén.

Su r6i loan hé ludi ndi bao & gan, m0 md va té
bao P cua tuy gitt vai trd trong su phat trién viéc
khang leptin.

Dich dén cta co ché khang leptin 1 tao nén
cac chat nhay cam leptin.

Amyline c6 tac dung hop dong véi leptin dua
dén giam can nhat 1a giam mé& [1].

| mulpp IG/DM2 e

| mmlp Dyslipidemia  e—( A
L HDL-C dt- |

Small LDL-C s

T Triglycerides ‘-'I=

mmdp HBP s 5

+ Thrombolysis iy r

= Endothehal J— 0

Dystunction s

Inflammation  — i

s

Hinh 10. Khang leptin gay béo phi

Két luan

Leptin 1a mot hormon tiét ra tir tuyén m& c6 tac
dung diéu hoa lugng thirc an, can bang ndi mdi nang
luong, chirc nang than kinh ndi tiét, chuyén hoa,
chirc nang mién dich, chdng viém. Leptin tac dung
chii yéu véo cac dich than kinh trong nio. Thay thé
leptin 1a mét lidu phap hiéu qua trong diéu tri thiéu
hut leptin tram trong nhu thiéu hut leptin bam sinh
hodc r6i loan phan b m& toan than. Co ché khang

leptin & dang béo phi phd bién can nghién ctru san

hon dé diéu tri bénh béo phi, tiéu duong va bénh

lién quan chuyén héa - noi tiét co nhidu tic dung

trén co thé. Nhimg hiéu biét thém vé tac dung cta

leptin giip chiung ta c6 nhitng dinh hudng trong

diéu tri béo phi trong twong lai.
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Tém tit

Téi wru hoa két cu 12 mot nhiém vy quan trong trong cong tac thiét ké xay dung. Muc tiéu cua cong tac 14 lya chon ra cac
giai phap két cdu co chi phi tdi uu va dam bao cic rang budc vé didu kién bén va chuyén vi. Thuat toan tién hoa vi phan
(Differential Evolution) 1a mot cong cu hiéu qua cho t6i wu hoa toan cuc. Vi vy, nghién ctru ciia chiing t6i dé xuat mot
mo hinh sir dung thuét toan nay két hop voi phuong phap ham phat dong trong viéc gidi cac bai toan tdi wu hoa két cau
xay dung. Nham xu 1y cac bai toan mot cach thuan tién, mot cong cu DE-Solver da duoc 1ap trinh trén nén tang Excel
VBA. Két qua thuc nghiém cho thdy mé hinh dugc dé xuit 1a mot cong cu hitu hiéu dé tro gitip cac ky su trong viée thiét
ké két cau.

Tir khéa: Toi wu hoa két cdu, Thuat toan tién hoa vi phan, Xt Iy rang budc, Ham phat dong.

Abtract

Structure optimization is an important task in designing phase. The objective of this task is to determine a desirable
structure with the optimal cost that ensures constraints of stress and deformation. The Differential Evolution (DE) is an
effective tool for solving global optimization tasks. Thus, our research proposed an optimization model based on the DE
and the dynamic penalty function which alters the penalty coefficient during the evolutionary process for solving structure
optimization. To ease the model application, a DE Solver has been developed in Excel VBA platform. Experimental
outcomes with several basic design problems prove that the proposed DE based optimizer is a useful method to assist
engineers in structure design.

Keywords: Structure optimization, Differential Evolution, Constraint handling, Dynamic Penalty function.

1. Mé dau

Trong nganh xdy dung, t6i wu hoa két ciu 1a
mot nhiém vy quan trong trong cong tac thiét ké.
Trong nhiéu phuong an kha thi, nguoi k¥ su phai
chon luya ra phuong an két cau phai thoa man
cac diéu kién vé d6 bén, do bién dang, ¢ hiéu

Email: hoangnhatduc@dtu.edu.vn

qua kinh té, va c6 tinh thim my [1, 2]. Tdi uwu
hoa két cau noéi chung duoc chia thanh tdi uu tiét
dién (lién tuc va rdi rac) va tdi uu hinh dang [3].
Nghién ctru hién tai cua chung téi tap trung vao
bai toan toi vu tiét dién véi ham muc tiéu 1a cuc
tiéu hoa trong luong cua két ciu.
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Do cac bién s can tim 1a lién tuc nén van dé
duoc moé phong nhu 14 mot bai toan tdi wu hoa
toan cuc. Day la mot bai toan phurc tap c6 khong
gian tim kiém 16, c6 ham muyc tiéu ciing nhu cac
rang budc rat phirc tap. Khé khan chinh trong viéc
tim ra cac giai phap vira lam t6i thiéu hoa ham
muc tiéu va vira phai thda man nhiéu rang budc [4
- 7]. Céc phuong phap toan hoc truyén théng cho
t61 uru hoa c6 rang budc déu c6 nhiéu nhuoc diém.
Mot s6 phuong phap (nhan tir Lagrange, Gradient,
mit phang cit) chi ap dung duoc cho cac ham muyc
tiéu 1a cac ham 161 va chi giai duoc cac van dé co
s6 bién thiét ké nho [1]. Céc bai toan t6i uu két cau
trong thyc té thuong c6 ham muc tiéu, cic rang
budc, va cac bién thiét ké vo cung da dang va phirc
(ham 16i/16m/gian doan, tuyén tinh/phi tuyén, lién
tuc/roi rac). Do do6, thuc té d0i hoi cac cong cu tdt
hon, tong quat hon, va manh hon dé giai quyét cac
bai toan toi uu két cau.

Tién hoa Vi phan (THVP) [8 - 10] 1a mot
thuat toan hiéu qua dé giai cac bai toan tbi uu
héa. THVP lay ¥ tudng tir hoc thuyét tién hoa cua
Darwin va md phong qua trinh tién hoa trong thé
gidi ty nhién. THVP dung cac ky thuat lai ghép
va dot bién dé tao ra cac ca thé méi bd Xung vao
quan thé c6 san. Bang chon loc ty nhién, ca thé
nao c6 kha nang thich nghi hon v&i méi truong
s& ton tai va ca thé nao khong thich ing dugc véi
moi truong s€ bi loai bo. Do d6, THVP c6 kha
ning dan dat mot quan thé duoc khoi tao ngiu
nhién dén mot giai phap t6i wu. Nho vao nhing
vu diém nay, THVP di duoc ung dung rong rii
trén thé gioi dé giai quyét cac bai toan tdi uu hoa
phirc tap va cho cac két qua vuot troi [11 - 18].

Pé xur 1y cac rang budc khi st dung cac thuat
toan tién hoa, cac ham phat 1a mot phuong phap
pho bién hay duoc sir dung do tinh don gian cta
n6. Phuong phap nay c6 thé ap dung cho tit ca
cac loai rang budc (dang thirc hay bét dang thuc,
tuyén tinh hay phi tuyén, lién tuc hay gian doan).
Y tudng chung ctia phuong phap nay 13 bién doi
dang ban dau cta ham muc tiéu bang cach cong

thém cac gia tri nao do (goi 1a cac gia tri phat)

vao ham muc tiéu cta cac ca thé néu nhu chung

khong thoa man diéu kién rang budc. Néu cac
ca thé & cang xa mién hop 1€, cac gia tri phat
cang ting 1én va nguoc lai. Néu cac ca thé & trong

mién hop 18, thi cac gid tri phat bang 0 [19].

Do d6, dé thuc day su st dung va nang cao
hi€u qua str dung ctia thuat toan THVP va phuong
phap xir Iy rang budc bang cac ham phat trong t6i
rru hoa két ciu, nghién ciru cia ching t6i co cac
muc dich sau:

Thiét 1ap 1 mo hinh téi vu hoa két cau dya
trén thuat toan THVP va phuong thuc xtr Iy rang
budc bang ham phat dong tu thay doi gia tri cua
hé sb phat.

« Pé xuit cac hudng dan don gian dé st dung
dé hiéu chinh hé s phat giup cho cac k§ su
két cAu trong viéc sir dung m hinh t6i uu hoa.

« Phan con lai cua bai bao duoc trinh bay nhu
sau: Phan 2 trinh bay phuong phap nghién ctru.
Két qua tinh toan thuc nghiém dugc trinh bay
trong phan tiép theo. Cac két luan cua nghién
ctru duge néu trong phan cubi cia bai bao.

2. Phuwong phap nghién ctru
2.1 M6 hinh tong qudt ciia mgt bai todn téi

wu hoa

Mot bai toan tbi uwu hoa c6 thé duge mo ta khai
quat nhu sau [1, 20]:

Tim cuc tiéu hoa ham f(x):

f(xl,xz,...,xd),d=1,2,...,D (1)

Vi céac rang budc sau:
gq(xl’ Xy X)) <0,d=1.2,....D,q=12,...M (2)
h(x, x,,...x)=0,d=12,...D,r=12,...N (3)

xh<x,<x! 4
trong do, f(x, x,,....x,) la ham muc ti€u. x,
X,,....X, 12 cac bien so thiet ke. g,(X, X,,....X,)) va
h(x, x,,....x) la cac rang budc. X;,X, la cac
can trén va can dudi cua bién thiet ké x,. D 1a s6
lugng bién s6 thiet ké. M va N 1a so lugng rang
budc bat ding thirc va dang thirc [20] .
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2.2 Thudt todn tién héa vi phan (THVP) va
cong cu DE-Excel Solver

Qua trinh tinh toan cia THVP [8] gdm 5 qué
trinh: khoi tao quﬁn thé, dot bién, lai ghép, chon
loc, va kiém tra diéu kién dung [21]. Gia thiét
bai toan phai giai 1a tim gia tri nho nhat cua ham
muc tiéu f{X), voi X 1a véc-to trong khong gian
c6 chiéu 1a D.

(1) Khoi tao quan thé: Trong giai doan nay,
THVP bat dau bé‘mg viéc khoi tao ngﬁu nhién N
véc-to X, trong kh(?ng gian D chié‘u. (37dﬁy, X,
dong vai tro 1a cé thé thu i trong quan thé ¢ N ca
thé, tai thé h¢ tht g.

(2) Dot bién: Trong giai doan nay, mdi véc-to
& thé hé hién tai dugc goi 1a mot véc-to me. béi
v&i mdi vée-to me, mot véc-to dot bién V,, dugc
sinh ra theo phuong trinh sau:

Vi’g :)(rl’g +F(X:‘2’g-)(r2’g) ) )

Trong d6, r1, r2, var31a 3 so nguyén dugc tao
ngiu nhién nam trong khoang [1; N]; 3 s6 nguyén
nay duogc tao sao cho chung khong trung vai thir
tw i clia véc-to me. F 12 bién do dot bién.

(3) Lai ghép: Muc dich cua qua trinh nay la
lam da dang hoa quéan thé hién tai bang cach trao
ddi cac thanh phﬁn cua véc-to me va véc-to dot
bién. Pau ra ctia qué trinh lai ghép 13 véc-to con
U,, ma thanh phan thit / cta n6, ky higu la U, ,
duoc tao ra theo cach sau [21]:

- _ {Vu,g’ if rand ; <Cr or j=rnb(i)

(6)

Trong d6, rand, 1a mot s6 thye duoc tao ngau

J.bg . . .
X, .g- if rand ; > Cr or j=rnb(i)

nhién thudc [0; 1]. Cr 12 xac suat lai ghép. rnb(i)
la mot phén tr dugc chon ngau nhién thudc tap a
=[1,2,...,N].

(4) Chon loc: véc-to con’Ui’g va véc-to me Xlé
duoc so sanh v&i nhau. Néu véc-to con ¢ thé
lam gidm gia tri cia ham muc tiéu so véi véc-to
me, no s& thay thé véc-tor me. Qua trinh chon loc
duogc dién ta béng toan hoc nhu sau:

B {U if fU)<f(X,)
ig+l

_ (7)
Xig f fWUp) > f(X.p)
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(5) Kiém tra diéu kién dung: s6 thé hé tién
héa t6i da (G__) duge chon lam diéu kién dimg.
Qua trinh t&i uru hoa s& két thc khi s6 thé hé hién
thoi (g) vuot qua gid tricia G_ . Néu diéu kién
dirng chua thoa man, qua trinh t&i uu hoa sé tiép
tuc dién ra.

Néu vi tri ciia mot ca thé khong nam trong
vung kha thi, cach sau day duogc ap dung dé diéu
chinh vi tri ctia cé thé [22]:

« NéuX(k)>X_ thi X(k)=X,, —¢
« NéuX(k)<X_ thi X(k)=X,, +¢
v6i & 1a mot sb ngiu nhién nho.

& = (X max— X min)x Rand(0,0.01).

Pé xir Iy céc rang budc, ham muc ti€u médi
f (x) co thé duoc d"%nh nghia mot nhu sau [20]:

fx)=f(x)+ > P(x) (10)

, . N e i=1 , N A \ \
voi m 1a s6 luong cac rang budc. P(x) 1a ham

(8)
©)

phat cua bai toan.
V6i rang budc c6 dang g(x) < 0, ham phat

P (x) dugc cho nhu sau [20]:
P.(x) = a,max(0, g(x))

voi a la ky hi¢u cua h¢ so phat.

(11

3. Vi du ap dung cong cu DE-Excel Solver
Cong cu DE-Excel Solver dugc mo thong qua
thanh cong cu (ribbon) “DE Solver” va nhap chudt
vao biéu tugng “Open DE_Solver” (Xem Hinh
la). Giao dién cua cong cu dugc cho trong Hinh
1b. Cong cu cho phép giai hai loai bai toan: (i) Tdi
uru hoa khong rang bude va (i) T6i uu hoa c6 rang
budc. Dé giai bai toan t6i uu hoa co rang budc,
cong cu cho phép lua chon hai cach xac dinh ham
phat: (i) Ham phat tinh (Static) va (ii) Ham phat
dong (Dynamic). Ham phat dong ting dan gia tri
ctia hé sb phat theo thoi gian; do d6, ngudi ding
nén sir dung mot hé sé phat (penalty coefficient)
nhé tai thoi diém ban dau; sau do gia tri cua hé )
nay sé& ting dan theo ham s6 mii theo cong thic:
X, = X,-(1+7) (12)
Trong do, x, 1a gia tri h¢ s6 phat ban dau va X,
la gid tri hé sO phat bién doi theo thoi gian. Thoi
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gian & day 1a s6 thé hé (g) ctia thuat toan THVP. r
(growth rate) 1a 1 tham so ctia cong thurc.
Céc rang budc ctia bai toan ludn c6 dang thong
nhat nhu sau:
G(x)=>0

HEo e

(13)

DE Solver V1.0 - Microsoft Excel

er  Team | DE Solver

e Home

(Open_DE_Solver
Run

DE Solver

Insert  Page Layout  Formulas  Data

(2)

X

Differential Evolution Solver Version 1.0

[ DEF
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Vi goc a = 30°, bai toan t6i wu hoa cia vi du 1
duoc néu nhu sau [23]:

Téi thiéu héa (A1+A2).y.L (14)
Chiu cac rang budc sau:

Al > Fcos(a)/ o _allow (15)
A2 > Fsin(a)/ o _allow (16)

Bién thiét ké 1a d1 va d2.

Trong d6, L 13 chiéu dai thanh. y 12 khéi luong
riéng cua vat li¢u 1am thanh gian. d1 va d2 la
duong kinh 2 thanh gian. o _allow 1a (mg suét
doc tryc thanh cho phép. Al va A2 la tiét dién 2
thanh gian dugc tinh nhu sau:

d?

(17)

Problem T
Maximum Generation 30 LD
" Unconstrained
Population Size 10 " Constrained
ggttali;ilc):i::tn ity 100 Penalty Coefficient
(" Static
Penalty Coefficient's 0.1
Growth Rate " Dynamic

Nhat-Duc Hoang
(hoangnhatduc@dtu.edu.vn)

Duy Tan University

(b)
Hinh 1. DE-Excel Solver: (a) M& cong cu tir Excel
Ribbon va (b) Giao dién cua cong cu

Cong cu DE-Excel Solver duoc ap dung cho
hai bai toan t6i wu hoa két cau thanh gian. Hai vi
du dugc minh hoa trong Hinh 2. Trong hinh vé
nay, cac két cau gian gom hai phan tir dang thanh
chiu mdt ngoai luc F ¢6 phuong tao thanh goc a
s0 v6i phuwong ngang (truc toa do x). Cac tham sd
cua bai toan duogc cho trong cac bang tinh Excel.

A=
4

T

b

Théng sb thanh 2

A, E,L

Théng sb thanh 1

Lye [
(2)
Théng s6é thanh 1
A, E, L S
F
Théng sé thanh 2
Ay E,L
(b)

Hinh 2. So dd ctia 2 vi du tinh toan: (a) Vi du 1 va (b) Vi du 2

A B (C D
1 Decision Variables di= 9.0965|mm Al =
2 d2= 6.9128|mm A2 =
3
4 Objective Function
5 Minf= 1.21 kg
6
7 Lower Bound di 1.00{mm
8 d2 1.00{mm
9
10 Upper Bound dl 30.00/mm
11 d2 30.00{mm
1)

F G H I J
64.9885 mm~2 Gama= 0.000007850 | kg/mm~3
37.5322 mmA2 = 1500 mm

= 15000 N
o_allow = 200.0000 MPa
a= 0.5236 Rad
Constraint 1 ol= F x cos(a)/Al <= o_allow
Constraint 2 a2= F x sin(a)/A2 <= o_allow
Constraint 1 0.11 >= 0.0000
Constraint 2 0.17 >= 0.0000

Hinh 3. Két qua tinh toan vi du 1
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Vi goc o = 45°, bai toan t6i wu hoa cia vi du
2 dugc néu nhu sau [23]:
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16FL

\/EEE

A2 >

1)

Toi thieu hoa (A1+A2).y.L (18) Bién thiét ké 1a d1 va d2.
Chiu cac rang budc sau: Trong d6, E 13 mdé dun dan hoi coa vat lidu
Al>F /20 _allow (19) lam thanh gian. Rang budc thir nhat va tht hai 1a
A2>F /20 allow (20) vé tng suat doc truc cho phép trong thanh. Rang
budc thir ba 1a vé diéu kién 6n dinh cta thanh s6 2.
A B C D E F G H | J

1 Decision dl= 7.3505 mm Al= 42.4346 mm?”2 [Gama= 0.000007850 kg/mm~3

2 \Variables d2= 26.4224 mm A2 = 548.3221 mm~2|L= 1200 mm

3 F= 12000 N

4 Objective o_allow = 200 MPa

5 Function

6 Minf= 5.564929 kg a= 0.7854 Rad

7 E= 207000 Mpa

8 Lower Bound d1 1.00 mm I (Bar2)= 23925.53443 mm~4

9 d2 1.00 mm FS = 4  (Safety Factor)

10

11 Upper Bound d1 50.00 mm Constraintl ol= Fxsin(a)/Al <= o_allow

12 d2 50.00 mm Constraint2 02= Fxcos(a)/A2 <= o_allow

13 Constraint 3 02*A2= F x cos(a) <= Pc=

14 PIA2 * E * |/(4*L12)

15 Constraint1 0.04 >= 0.0000

16 Constraint 2 184.53 >= 0.0000

17 Constraint3 0.84 >= 0.0000

Hinh 4. Két qua tinh toan vi du 2

Str dung cong cu DE-Excel Solver véi s6 ca
thé va s6 thé h¢ clia thut toan THVP 1a 12 va 50,
cong cu tim ra cac dap an ti vu 1a duong kinh
(d1 va d2) cua cac thanh gian. Két qua tinh toan
cua vi du 1 va 2 duoc cho trong cac Hinh 3 va
Hinh 4. Trong hai hinh v& nay, cac bién thiét ké
la d1 va d2 1a duong kinh cua céac thanh gian. Tur
két qua tinh toan, chiing ta c6 thé thay cong cu da
gitip tim ra cac giai phap t6i wu cia d1 va d2 cho
ra két qua t6i gian ctia khdi luong két cau. Pong
thoi, cac gia tri cua d1 va d2 cling théa man cac
rang budc cua bai toan.

4. Két luan

Trong nghién ctu nay, chung t6i xay dung
cong cu DE-Excel Solver dya trén thuat toan tbi
wuhoa THVP dé giai quyét cac bai toan trong linh
vuc quan ly xay dung. Cong cu DE-Excel Solver
duoc 1ap trinh bang ngon ngit VBA va duoc tich
hop trong Excel. Bidu nay sé& giup ich cho cac k§

su xay dung trong viéc mo hinh hoda va giai cac
bai toan ti uu héa. Cac vi du tinh toan cho cac
bai toan t6i uu hoa co rang budc chimg to rang
DE-Excel Solver 1a mot cong cu hiéu qua dé gitp
cong tac thiét ké két cdu mot cach tdi wu.
Phan mém:

Cong cu DE-Excel Solver co thé tai vé tir:
https://github.com/NhatDucHoang/DE_Solver
V1.0
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Tom tat

Trang thai ngung tu exciton trong h¢ ban kim loai dugc nghién ctru khi chiing t6i khao sat mo hinh hai dai nang lugng
¢6 tuong tac dién tir - phonon. Trong gan dung truong trung binh, trang thai ngung tu exciton dugc xac dinh thong qua
tham sb trat ty trang thai ngung tu. Khi nhiét do du thép va héng ) tuong tac dién tir - phonon du 16n, tham s6 trét ty
khac khong, khi d6 hé ¢ trang thai exciton ngung tu. Két qua ctia ching ti khang dinh trang thdi exciton ngung tu c6
dang BCS. Khi nhiét d6 ting, tham s trat ty giam va khi nhiét d6 du 16n, trang thai két hop bi pha v va hé & trang thai
plasma ciia dién tir va 13 tréng.

Tir khéa: trang thai exciton ngung tu, md hinh dién tir hai dai nang luong c6 twong tac dién tir - phonon, 1y thuyét truong
trung binh.

Abstract

Excitonic condensation state in the semimetal is addressed by considering the two-band model involving electron - phonon
interaction. In the framework of the mean-field theory, the excitonic condensation state is specified from an order parameter.
If the temperature is sufficiently low and the electron - phonon coupling is large enough, the order parameter is non-zero, the
system is in theexcitonic condensation state. Our results affirm that the excitonic condensation in the system is in the BCS-
type. When the temperature increases, the order parameter decreases and if the temperature is sufficiently large, the thermal
fluctuations deplete the coherent state and the system settles in a plasma state of unbound electrons and holes.

Keywords: excitonic condensation state, two-band model involving electron - phonon interaction, statics mean-field

theory.
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1. Mé& dau

Trang thai exciton ngung tu la mot trong
nhitng trang thai lugng tir, dd va dang thu hut
duoc sy quan tdm hang dau trong vat 1y chat rin
dong dic. Mic du duoc tién doan 1y thuyét cach
day hang nira thé ky [1], tuy nhién cho dén nay,
nhimng két qua thuc nghiém thu duoc dé ching
thuc nhiing trang thai nay van con han ché va
cac thi nghiém minh chtmg van chua thanh cong
mot cach thuyét phuc. Trong nhirng nam gan day,
viéc tim ra cac vat liéu c6 trién vong dé quan sat
trang thai exciton ngung tu, nhu: dichalcogenide
kim loai chuyén tiép gia hai chiéu 1T-TiSe,,
hop chat dat hiém chalcogenide TmSe ,/Te .,
graphene hai 16p,... da3 lam tang nhiing nghién
clru vé trang thai exciton ngung ty, ca vé phuong
dién 1y thuyét va thue nghiém.

Vé mat 1y thuyét, trang thai exciton ngung tu
da duogc nghién ciru mot cach ky ludng nhung
chu yéu dua trén nhitng dac tinh hoan toan di¢n
tir [2 - 4]. Khi do, su lién két cua cac dién tir va
16 trong véi phonon khong duge ké t6i. Trong khi
d6, mot so thi nghiém gan day trén vat liéu ban kim
loai 17-TiSe,, da cho thdy su bién dang mang tinh
thé 1a dang ké va 1a co s& dé hinh thanh trang thai
exciton ngung tu [5, 6]. Bén canh do, trong vat li¢u
TmSe , T €55 tai 4p suat thich hop, mét trang
thai lién két cua 16 trong 47 ¢ diém I va dién tir
5d tai diém X c6 thé dugc tao thanh. Su tuong tac
cta dién t/16 tréng v6i phonon do d6 can phai
hd trg viéc chuyén doi phonon dang I-X [7]. Tai
nhiét d6 du thap, nhing cip dién tir - 16 tréng d6
ngung tu trong trang thai dién moi [7, 8]. Khong
c6 bat ky nghi ngd gi nira, bién dang mang hoic
cac anh huong phonon la v6 cung quan trong
trong cac loai vat li¢u nay, dac bié¢t 1a trong viéc
hinh thanh trang thai exciton ngung tu . Su tuong
tac dién tir/15 tréng - phonon do d6 can phai duoc
xem x¢ét k¥ ludng.

Trong thoi gian gan day, bién dang mang gay
ra trang thai exciton ngung tu da thu hut duoc su
quan tdm ctia cic nha 1y thuyét, tuy nhién, chu

yéu dung lai ¢ trang thai co ban, tuc 14, tai nhiét
do khong [9 - 11]. Noi chung, véi mdt loai siéu
16ng, trang thai exciton ngung tu c6 thé xuét hién
tai nhiét d6 hitu han. O nhiét do cao, n6 c6 thé bi
bién dang boi sy thing gidng nhiét. Nghién ctru
anh hudng cua nhiét do 1én trang thai ngung tu
ctia cdp dién tir - 16 tréng do d6 1a can thiét.

Trong bai bao nay, chung to6i nghién cuu ly
thuyét vé sy hinh thanh trang thai exciton ngung
tu trong md hinh hai chiéu hai dai ning luong
c6 tuong tac dién tir - phonon bang 1y thuyét
truong trung binh tinh. Trong do, ching t6i tap
trung nghién ctru anh hudng cua tuong tac dién
tir - phonon va nhiét d6 1én ning lugng tan sic
tai chuan héa va ban chat cua trang thai exciton
ngung tu trong hé.

Bai bao dugc chia thanh 4 phan. Trong do,
ching t6i trinh bay mé hinh dién tr hai chiéu
hai dai nang luong c6 tuong tac dién tur - phonon
va ap dung 1y thuyét truong trung binh tinh cho
md hinh trong phan 2. Tir d6 chung t6i rat ra hé
phuong trinh tu hop cho phép xac dinh tham
s6 trat tu trang thai ngung tu exciton va giai h¢
phuong trinh ty hgp bang phwong phap tinh sd.
Phén 3 chung t6i trinh bay két qua tinh s va thao
luan. Cudi cung, két luan ctia bai bao dugc trinh
bay trong phan 4.

2. M6 hinh va phwong phap 1y thuyét

DPé mé ta hé dién tur - 15 tréng tuong tic véi

phonon, ching t6i st dung Hamiltonian sau:

I = I+ T (D
trong d6, 9, mo ta phan nang lugng khong tuong
tac ciia hé dién tr - 16 trong - phonon

Ky = zg e e +nghkhk +a)oz

va 9, mo ta phan nang luong tuong tac dién

tur - phonon

J—Z[ek+q B (8], +8,)+He ], (3)

& day, e (ek) h,l(hk) va b*(b ) twong tmg la
cac toan tir sinh (huy) dién tir, 16 trong c6 xung
lugng k va phonon xung lugng q véi nang lugng
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,. Céc hé thirc tan sic cho dién tir e va 15 trong
h duoc cho boi:
s ="~y — 1 )

v6i e 1a nang luong tai nit cua dién tir e va 16
tréng h; 1" 14 tich‘ phéan nhay nut; yk=2(?os kxfcosky)
trong h¢ hai chiéu hinh vuéng v6i hang sO mang
a =1 va u 1a thé hoa hoc. Trong phuong trinh
(3), g 12 hang sb twong tac dién tir - phonon va
N 1a sb nat mang tinh thé. Tai nhiét do du thép,
cac exciton voi xung lugng hitu han Q=(z,7) co6
thé ngung ty, duoc thé hién boi gia tri mat do cap
dién tir - 15 tréng d, =<e£+Qh£> khac khong. Dai
luong nay dac trung cho sy lai hoa gitra dién tu
va 15 trong nén dugc xem 1a tham s trat tu trang
thai exciton ngung tu .

Trong gin dung truong trung binh, khi sb
hang thang giang dugc bd qua, Hamiltonian
trong phuong trinh (1) dé dang dugc chéo hoa
bang phuong phap Bogoliubov [12] khi toan tir
phonon m¢i dugc dinh nghia

B =4 wﬁ(%oj% (5)

Két qua ta thu dugc hé thuc tan sdc gia hat

B glf +8E+Q - Sgn(glf _gli+Q) W (6)
k k>°
trong do:
N P 5 1/2
W= (sl —cio) +4l ] @)
voi
g ¥
A=W<b_0+b_Q>, (8)

dugc xem nhu tham s6 trat ty trang thai ngung
tu exciton. S6 hang ti 1& v6i <be +b_Q> cho ta su
bién dang mang khi c6 mat caa phonon trong hé.

(glil - gli+Q)
)Tk , 9)

1
u; =3 1+sgn(8lf — &0

h e

)(gk _8k+Q) , (10)

k

»_ 1

h e
Vi l—sgn(gk — &0

la cic hé s6 xudt hién trong phép bién doi
Bogoliubov.

Cudi cung, ta xac dinh dugc mat do cap dién
tr - 16 tréng, duoc xem la tham sb trat tu trang
thai exciton ngung tu

d=-smn(sl ~eio)[7(B)-7(B)] 5 an

voi f(E,) 1a ham phéan bd Fermi-Dirac. Tham sb
trat tu khac khong thé hién hé ¢ trang thai exciton
ngung tu.

Nhu vay, tir cac phuong trinh (6) - (8) va (11),
ta thu dugc h¢ phuong trinh tu hop cho phép xac
dinh tham sé trat tu trang thai exciton ngung tu
g v6i mdi thé héa u.

3. Két qua tinh s6 va thao luan

Trong phan nay, chung t6i trinh bay két qua
tinh s dé thao luan anh hudng ciia twong tac dién
tor - phonon va nhi¢t do 1€n ban chét trang thai
ngung tu cua cap dién ti - 16 trong trong mé hinh.
Trong bai toan nay, dé khao sat chung toi chon
hé hai chiéu véi N = 150 x 150 ntit mang. Khong
giam tinh téng quat, chung toi chon ¢ =1 coi la
don vi ctia ning lugng, ¢ = -0.3 va cb dinh mirc
do xen phu cua hai dai nang lugng dién tr e va
16 trong /: & - ¢" = 1 khi tan s6 phonon a, = 0.5.
Chuing t61 quan tam td&i trang thai lap day mot
nura, tuc la téng mat do hat dién tr va 16 tréng
thoa man n¢ + n"= 1. Thé hoa u dugc thay doi
dé thoa man diéu kién nay. Cac két qua tinh toan
duoc thuc hién trong hé don vi nang lugng téng
quat voi i=c=k,=1.

4
1
Ek
- Ei
2 -
Wi e }
w07 i )
2
-1.0 -0.5 0.0 0.5 1.0
kit

Hinh 1. Ning luong gia hat E, (dudng lién nét) va E;
(duong dit nét) doc theo tryc (k,k) trong vang Brillouin
thr nhat ¢ trang thai co ban voi g = 0.5.
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Hinh 1 biéu thi cic dai ning luong gia hat
trong trang thai co ban khi hang s trong tac dién
tor - phonon g = 0.5. Trong bai toan nay, chung
ta xét hé o trang thai ban kim loai khi khong c6
tuong tac, hai dai dién tir va 16 tréng xen phu
nhau, mit Fermi thuong 1én va ca dién tir va 15
tréng déu tham gia vao hinh thanh bé mat Fermi.
Trang thai ngung tu exciton duogc thé hién boi su
xuét hién ctia khe nang luong tai mirc Fermi. Vi
2= 0.5, trong tac dién tir - phonon di du 16n dé
khe nang lugng hinh thanh tai mac Fermi, dan toi
hinh thanh trang thai lién két cta cac cap di¢n tu
- 15 tréng. Pac tinh nay 1am sang to nhitng quan
sét, thuc nghiém trong vat liéu TmS@O, 45155 O ap
suat lon, khi ma hai dai 4f'va 5d chong lén nhau.
Do sy tan xa phonon ma 16 tréng 47 két cap véi
dién tir 5d dé tao thanh exciton. Cac exciton nay
ngung tu khi nhiét d6 du thap [13]. Bc tranh
nay hoan toan tuong ty véi buc tranh ngung tu
cuia cip dién tir - dién ttr voi spin trai chiéu trong
ly thuyét BCS cua siéu dan [14]. Do su ghép cip
cua cap dién tir - dién ttr v6i spin trai chiéu (cap
Cooper) ma khe ndng lugng hinh thanh xung
quanh mutrc Fermi v6i bé rong khe ti 1& v6i tan
s6 Debye. Trang thai ngung tu nay s& bi pha v&
néu c6 ning luong du 16n pha hay trang thai két
cap, khi d6 khe nang lugng cling khong con, hé
chuyén sang trang thai plasma cua dién tir va 15
tréng.

Pé hiéu r6 hon ban chét trang thai ngung tu
ctia cip dién tr - 10 tréng trong md hinh phy
thudc vao cuong do twong tac dién tir - phonon va
nhi¢t d9, dudi day ching t6i mo ta sy phu thudc
cta tham sd trat tu trang thai exciton ngung tu
vao xung lugng va nhi¢t do hodc héng ) tuong
tac di¢n tor - phonon. H¢ ¢ trang thai ngung tu
khi tham sb trat tu khac khong, va nguoc lai, khi
tham s6 trat ty bang khong thi hé on dinh trong
trang thai plasma cta dién tir va 1 tréng. Trén
Hinh 2 bén trai, chung t6i biéu thi tham sd trat
tu trang thai exciton ngung tu d, phu thudc vao
nhiét do 7 tmg vo1 mot vai gia tri cua hang so
tuong tac dién tu - phonon g trong vung Brillouin
thir nhat. Két qua thé hién ving khong gian xung
luong trong d6 cac dién tir e va 16 trong 4 ¢o lién

quan dén sy hinh thanh cap dién tir - 16 tréng va
qua trinh ngung tu. RO rang 1a d, bién mat voi
moi k khi h¢ ¢ nhiét do trén nhi¢t do t6i han 7.
Do d6 T, duge goi la nhiét do chuyén pha trang
thai exciton ngung tu. Tai va ngay dudi nhiét do
to1 han, d, chi c6 gia tri hitu han tai cac xung
luong xung quanh xung luong Fermi k,. Hinh 22,1
cho thay khi g nho, chang han g = 0.2, tham s6
trat tw d, rat nho va hé xem nhu dong nhat. Tuy
nhién, khi tang 1€n g = 0.4 thi d, tdng manh, dac
biét tai cac xung lugng gan xung lugng Fermi
(Hinh 2b). Tham sb trat tu giam manh tai cac
xung luong nam ngoai xung luong Fermi. Piéu
nay khang dinh chi nhitng dién tr nim xung
quanh muc Fermi mdi tham gia vao qué trinh
ghép cap hinh thanh exciton, mitc Fermi dong
vai tro quan trong quyét dinh trang thai ngung tu
clia exciton. Buc tranh ndy hoan toan giéng véi
buic tranh siéu dan thuong dugc mo ta bang 1y
thuyét BCS (chi nhirng dién tir v6i spin trai chiéu
xung quanh mtrc ndng lugng Fermi méi dong vai
tro ghép cdp Cooper). Vi vay, trong truong hop
nay nguoi ta thuong ndi trang thai ngung tu cia
exciton c6 dang BCS. Tang cuong do tuong tac
t5i g = 0.5, ta nhan thay tham s6 trat ty van c6 gia
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Hinh 2. Cuong d6 ctua tham sb trat tu trang thai EI d, phu
thudc vao xung luong k va nhiét d6 khi g thay doi
(hinh bén tréi); phu thudc vao xung luong k va g khi
nhiét d6 thay do6i (hinh bén phai).
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tri cyc dai tai cac xung lugng quanh xung luong
Fermi (Hinh 2c¢). Két qua ciing cho thiy nhiét 6
t6i han cho chuyén pha trang thai exciton ngung
tu T cang cao khi hang sb tuong tac dién tur -
phonon cang 16n. Khi nhiét d§ cao hon nhiét do
chuyén pha trang thai ngung tu, tham sé trat tur
tré nén rat nho, ngay ca tai xung lugng Fermi. Hé
vi thé & trang thai déng nhét, phi trat tu.

Hinh 2 bén phai cho thiy sy phu thudc xung
luong va hing sb tuong tac dién tir - phonon cua
tham sd trat tu d, trong vung Brillouin tht nhét
¢ cac nhi¢t do khac nhau. RS rang 1a d, chi khac
khong, thé hién h¢ ton tai trong trang thai exciton
ngung tu khi hang s twong tac dién tir - phonon
16n hon mot gia tri toi han g . That vay, Hinh 2d
cho thiy tai nhiét 46 khong, khi hang s6 tuong
tac dign tir - phonon 16n hon gia tri t¢i han g, =
0.23 thi d, ludn co6 gia tri cyc dai tai cadc xung
luong gan xung luong Fermi. Tham sb trat tu
giam manh tai cic xung luong nim ngoai xung
lugng Fermi. Tuy nhién, vé1 g 16n, ngoai gié tri
xung lugng Fermi, cac trang thai ghép cap dién
ttr - 16 trong van xay ra voi dong gop dang ké.
Tham chi tai tdm hay bién vung Brillouin, tham
s trat tu hay mat do cap dién tir - 16 tréng van ton
tai. Mic du vy, ta van khang dinh cac exciton
trong truong hop nay ngung tu trong trang thai
dang BCS. Két qua nay hoan toan phu hop
v6i truong hop mot chiéu di duoc nghién ctru
ky ludng trong tai li¢u [11]. Khi tdng nhiét do,
Hinh 2e va Hinh 2f, thi gia tri t61 han cia hﬁng
s6 tuong tac dién tir - phonon g tang Ién, do do
vung ngung tu exciton bi thu hep lai. O nhiét do
thap, bé mat Fermi rd rang dong mot vai trd quan
trong dé hinh thanh trang thai lién két dién tr - 15
tréng, chi ra loai ngung tu dang BCS dién hinh
cua trang thai EI on dinh [2, 15].

4. Két luan

Trong bai bao nay, chung t6i da khao sat anh
hudéng cua nhiét d¢ va phonon Ién trang thai
exciton ngung tu trong hé ban hai chiéu thong
qua 4p dung 1y thuyét trudng trung binh tinh cho
mo hinh hai chiéu hai dai ning luong c6 tuong
tac dién tu - phonon. Trong dd, ching t6i da rut

ra hé phuong trinh tu hop cho phép xéc dinh cac
tham s6 trat tu trang thai exciton ngung tu cua mo
hinh. Giai hé phuong trinh tu hop bang phuong
phap tinh sd, két qua tinh sb cho thay, khi tuong
tac dién tur - phonon du 16n, khe nang lugng hinh
thanh xung quanh murc Fermi va hé 6n dinh trong
trang thai exciton ngung tu tai nhiét do thép.
Tham sb trat tu co gia tri cuc dai tai cac xung
luong gan xung lugng Fermi. Miat Fermi déng
vai trd quan trong trong viéc lién két cap dién tir
- 15 tréng hinh thanh exciton va trang thai ngung
tu. Do vay, ching t6i khang dinh trong trudong
hop nay, trang thai ngung tu cta exciton c6 dang
BCS. Khi tuong tac dién tir - phonon nho, h¢ &
trong trang thai ban kim loai. Con khi nhi¢t do
cao hon nhiét do t6i han thi trang thai lién két
ctia cdp dién tir - 15 trong bi pha hay hoan toan
boi su thing giang nhiét, do vay hé chuyén sang
trang thai plasma cua dién tir va 15 tréng. Xem
x€t su canh tranh cuia trang thai ngung tu exciton
va trang thai song mat do dién tich trong mo hinh
s¢ 1 nhiing nghién ciru tiép theo ciia chung toi
trong tuong lai.
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