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Giai phap tai cau hinh cho b t6 hdp tan s6 cong nghé CMOS
trong thiét bi thong tin vo tuyén nhén thiic

Vii L& Ha", Tran Vi¢t Hai, Luu Thi Thu Hong, Phan Hong Minh
Vién Dién tu, Vién Khoa hoc Cong nghé Quan su, By Quéc phong

Ngay nhén bai 1.7.2015, ngay chuyén phan bién 13.7.2015, ngay nhan phan bién 17.8.2015, ngay chip nhan dang 24.8.2015

Bai bao dé xuit mot giai phap tii cAu hinh cho b to hgp tin s6 (THTS) c6 ciu tric lai giira DDS (Direct
Digital Synthesizer) véi PLL (Phase Locked Loop). Trong dé, khéi DDS dwgc thue thi trén nén FPGA
(Field Programmable Gate Array), tao tin s6 tham chiéu cho khéi PLL; khoi PLL sir dung cong nghé
CMOS, c6 kha ning tai cAu hinh dé ting téc dd diéu huong, khong can sir dung bd phat hién khéa va dwoc
diéu khién bang phan mém. Giai phap nay cho phép bd THTS hoat dong trong cac ché d9 khac nhau, tir
d6 c6 thé toi wu vé toc do diéu hwong, ning lwong tiéu thu hoic cong suit tidu thu trung binh. By PLL
dugc sir dung trong mé hinh thiét bi thong tin vo tuyén nhan thirc (Cognitive Radio - CR) thuc hién chirc

ning cdim nhin pho.

Tir khéa: cim nhin phé, DDS, diéu huwéng nhanh, PLL, tiét kigm nding lwong, vé tuyén nhén thirc.

Chi sé phén logi 1.2

A RECONFIGURATION SOLUTION
FOR CMOS FREQUENCY SYNTHESIZER
IN COGNITIVE RADIO DEVICES

Summary

This article proposes a reconfiguration
solution for CMOS frequency synthesizer
with a hybrid architecture which is a
combination of a DDS and a PLL. The DDS is
implemented in FPGA platform functioning
a referrence frequency for the PLL. The
PLL is designed using CMOS technology,
and is reconfigurable to accelerate tuning
speed. Instead of employing a hardware-
based lock detector, a software algorithm
is used to determine the switching time and
to optimize the tuning speed, consumption
energy or average power. This PLL is used
in cognitive radio for spectrum sensing
function.

Keywords: cognitive radio, DDS, energy
saving, fast tuning, PLL, spectrum sensing.

Classification number 1.2

Mo dau

CR dang 1a mot trong nhirg xu hudng phat trién day
hira hen trong linh vyc théng tin lién lac vo tuyén thong
minh thé hé mé&i. Mot trong nhitng dic diém chinh ciia CR
la kha nang thich nghi VO‘l moi truong xung quanh, noi ma
cac tham sd nhu tan s, cong suét tiéu thu, phuong thirc
diéu ché, bang thong... co thé thay dbi phu thudc vao moi
truong, tinh hudng ctia ngudi dung, didu kién mang vo
tuyén, vi tri dia ly... CR hoat dong theo mdt chu trinh khép
kin thich nghi goi 1a chu ky nhéan thirc (cognitive cycle)
[1]. Trong chu ky nhén thirc ndy, cam nhan phé (spectrum
sensing) 1a mot trong nhirng chirc nang quan trong. Trong
mot cong bd trude d6 [2], tac gia di dé xuidt mot mod hinh
bd cam nhan phd bang rong téc do nhanh cho CR. Trong
mo hinh d& xuét ‘nay, by PLL ¢6 nhiém vu tao tan sé dao
dong ngoal sai dé dua tin hiéu vo tuyen tir cao tan Ve bang
gbc & tuyén thu cam nhén phé. Téc do khoa tan sb cia bo
PLL 1a tham sb anh hudng 16n t6i thoi gian cam nhan phd
tong thé cua hé thong, dic biét dbi v6i hé thong thu dai
rong. Bén canh do, trong ngit canh CR, van dé tiét kiém
nang lugng tiéu thu tré nén rit quan trong [3]. Cac khdi
chtrc ning no6i chung hay bd PLL ndi riéng trong CR can
phai c6 kha ning tai ciu hinh tham s hoat dong dé ti uu
hoa hoat dong chung ciia CR [4]. Bai bao nay dé xuat mot
mo hinh bo PLL bac 3 kiéu bom dién tich (Charge Pump
- CP) c¢6 thé tai cau hinh, hoat dong trong 3 ché do khac
nhau: (i) khoa tan sb nhanh, (ii) tiét kiém nang luong, (iii)
gidi han cong suét tiéu thy dinh.

*Tac gia lién hé: Tel: 0983250175, Email: vulehuongha@yahoo.com
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Bo PLL dieu hwdong nhanh va tiét kiém nang luong

K§ thuat khoa nhanh bo t6 hop tan sb 14 rat can thiét
d6i voi cac hé thong thong tin lién lac hién dai, vi du
nhu cac hé théng di dong té bao sb, cac hé thu vo tuyén
trén xe hay cac hé thong nhay tan. K¥ thuét nay duoc
chia ra thanh 2 dang: k¥ thuat dich bang thong bd loc
vong (Loop Filter - LF) va k¥ thuét tién diéu huong
VCO, trong d6 k¥ thuat dich bang thong LF pho bién
hon. Y tudng co ban dbi v6i co ché dich bang thong
1a str dung mot bang théng LF 16n trong qua trinh diéu
huong dé ting téc do khoa, va dich bang thong LF t6i
gia tri nho hon sau khi tan sé dau ra bo PLL da dugc
khoa dé giit on dinh tan sd [5-12]. Trong cic phuong
phap nay, co ché phat hién khoa déu duoc thuc hién
bé“mg céc céu triic mach dién tu, phé bién nhét 1a mach
phat hién khoa (Lock Detector - LD). Viéc c6 thém
mot mach LD lam ting d6 phuc tap thiét ké, dong thoi
cling ting dong tiéu thy tong thé ciia bo PLL. Mot van
dé ndy sinh nira ddi voi viée st dung bd LD la van
dé phat hi¢n gia, khi bd LD phat hi¢n sai do tap am
hodc hai bac cao tao ra tir cac tin hiéu so sanh du vao.
Khi d6 viéc sir dung trang thai dau ra cta bo LD dé
diéu khién chuyén khoa s& bi sai. Mot sd bai bao da
dé cap dén van d¢ chuyén mach bang phin mém [13,
14], nhung khéng c6 tinh toan tham sb cu thé. Déi véi
viéc tinh toan thoi gian khoa dé thyc hién chuyén mach
dung thoi diém bang phan mém, hién chua c6 nhiing
cong bd chi tiét.

Nhu di phan tich vé xu huéng phat trién cia CR,
bén canh muc tiéu sir dung tai nguyén phd tan s6 mot
cach hiéu qua, vén dé tiét kiém nang luong ti€u thy cho
CR ciing rit quan trong, dic biét ddi voi nhimng thiét b
cam tay st dung pin. D6i v6i cac khdi dién tir tuong tu,
can phai c6 kha niang tai cdu hinh dé co thé hoat dong
trong hai ché d khac nhau: ché d6 hiéu ning thuc thi
cao, va ché do tiét k1em nang luong [4]. Cac phuong
phap tiép can glal quyet bai toan tiét kiém nang luorng
hién nay c6 thé phan chia thanh hai xu huéng: (i) t6i uu
tai thoi diém thiét ké bang cac giai phap thiét ké mach
hodc cong nghé ché tao IC dé giam thiéu mirc tiéu thy
nang lugng, va (ii) t6i vu trong khi h¢ théng hoat dong
bang céac thuat toan phan mém diéu khién tai ciu hinh.
Céc nghién ctru tap trung nhiéu vao bo khuéch dai cong
sudt, thuong 1a khéi tiéu thy nang lugng 16n nhit trong
thiét bi thu phat vo tuyén [15-17]. i v6i cac bd PLL,
cac nghién ctru cho bai toan tiét kiém nang lugng déu
tap trung vao van dé thiét ké chip, nhu thiét ké mach
quan Iy ngudn cho PLL [18], thiét ké bo PLL dai rong
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cong sudt tiéu thy thap [19, 20]. Cac nghién ciru v& bd
PLL c6 thé tai cdu hinh nhu da trinh bay & trén chi tap
trung giai quyét bai toan ting toc do khoa. Chua thay
c6 cac nghién ctru Vé bd PLL tai céu hinh giai quyét ca
hai muc tiéu tang tbc d6 khoa va tiét kiém nang lugng.
Pay 1a muc tiéu bo PLL dé xuat giai quyét.

Giai phap tai cau hinh cho bé THTS
DDS trong THTS cé thé tdi cdu hinh

Khi tin sb tham chleu dau vaobo PLLIaf , v6ihe
s6 chia N nguyén, thi tan s6 dau ra bo PLL kh1 dat

dugc trang thai khoala f,,, = Nf, . Cong thire nay cho

thay do phan g1a1 tan s6 dau ra chinh bang tan s6 tham
chleu S Néu tan s6 tham chiéu nay qua nho (VO’I mong
mudn de dat dugc do phan giai tan s6 dau ra tot) thi
bang thong bo loc vong cling can phai nho dan dén
thoi gian khoa tan sé kéo dai. Nguoc lai, neu f qua
16n thi khong dam bao do phan g1a1 tan sd dé co thé
diéu huong t6i toan bo cac kénh tan (neu bang thong
kénh nho). Gla sur d6i v6i bd PLL hé s6 chia phan h01
N = 4, v6i tan sb tham chiéu Sy =20 MHz, cac tan sb
dau ra /., quanh gia tri N nay co thé c6 la:

Bang 1: tan sé ra b PLL v6i hé s6 N nguyénfw 6 dinh

f.; (MHz) N f,,,(MHz)
20 1 20
20 2 40
20 3 60
20 4 80

Gia sir bang thong cua cac kénh thong tin trong dai
tan lam viéc (tr DC dén 80 MHz) 1a 5 MHz, tirc 14 s&
¢6 160 kénh, hién nhién cau trac THTS nay khong thé
ap dung duoc, vi do phan dai tan s6 du ra bé“lng 20
MHz.

Mot giai phap dé vuot qua van dé nay 1a sir dung b
DDS lam tan sb tham chiéu cho bo PLL. Bd DDS cc')
thé tao ra cac tan sé trong dai tan tir DC dén L toek
trong do f, " la tan sd xung nh1p dau vao bo DDS, VO’l
d6 phan dai tan s rit nho, bang Lo (272Y) (N la so bit
ctia thanh ghi tich lity pha). Vi du: véi mot tan sé Lo
bang 100 MHz va mét thanh ghi tich ity pha 32 bit, do
phan giai tan s6 dau ra by DDS dat dugc 14 0,023 Hz.
Dé ting d6 phan giai tan s6 cta by PLL, sao cho dau ra
dat duoc cac tan sd cach nhau 200 kHz, diéu chinh tin
sof tuong tmg v6i N. Bé giit N di nho, chon N = 2
Goi n 14 s6 thir ty kénh thong tin trong bang tan, tan sd



lam viéc cua kénh n 1a f = n*0,2 (MHz). Pé dat duoc
f. = f, can tan s tham chiéu Ly

foy = fou/ N=0,2%n/ N

V6i N = 2, glasun =201 s& co f, = 20,1 MHz.
Cau hinh lai bo DDS bang gia tri moi, se dat dwoc tan
s6 dau ra mong mudn.

Van dé thtr hai déi VO’l b6 PLL hé s6 N nguyén la
khi N thay d6i, tap 4m nén tir bo tach song pha - tan s6
(PFD Phase Frequency Detector) cling thay d01 voi
hé s6 bang 2010gZN Nhu vay, viéc gitr mot hé s6 N nho
s& 12 can thiét ¢& dam bao mirc tap 4m nén trong mach
khong qua 16n. Puong nhién khi N nho dong nghia véi
gidi han trén cua tan sb /., cing bi han ché.

V[fout_div2)

0dB-
-10dB= -~~~
-20dB=} -~
-30dB
-40dB—
-50dB—
-60dB—
-70dB—
-80dB=} -~

A ] — e u
100MHz 1GHz

a)

Hinh I: nhiéu nén tang lén khi hé sé chia N ting

Hinh 1 mé ta bo PLL tao ra tan sé 100 MHz bang
3 cach: (a) sir dung tan s6 tham chiéu 50 MHz va bo
chia N bang 2; (b) st dung tan s6 tham chiéu 25 MHz
va bo chia N bang 4; va (c) sir dung tan s6 tham chiéu
6,25 MHz va bo chia N bang 16, phd tin hiéu cho thy
nhiu nén trong bd PLL ting 1én khi hé s chia N ting.
Nhiu nén (tap 4m pha) trong (a) khoang -30 dB, voi
tin hiéu -12 dB, tét hon s0 voi phd trong (b) va (c). Vi
vay viée giit mot hé sb N nho va thay doi tan sé tham
chiéu s& dat duoc tan sd dau ra sach hon so véi khi st
dung mot b chia h¢ s6 N 16n.
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PLL trong t6 hop tin so cé thé tdi cdu hinh

B6 PLL duoc dé xuat dya trén nén tang bo PLL
dang bom dién tich CP kinh dién, co nhiing diém méi:
(1) b0 CP-PFD va bd loc vong dugc cAu hinh dong
trong qua trinh dwa bd PLL vé trang thai khoa tan sd;
(ii) bd PLL khong sir dung bo PD bang phan cting dé
giam nang lugng ti€u thy; (iii) thuat todn diéu khién
cac khéi chire nang c6 thé tai cau hinh (CP-FPD, LF)
dé t6i wu hoa 1 trong 3 tham s6: toc do khoa, nang
lwong tiéu thu ngudn cung cap, cong suat dinh. So do
mo6 hinh bo PLL nhu hinh 2.

Yéu chu tir CE
Pt
[ |

1

CP-FPD
B6 tach Pha/Tan s& kidu bom dign tich

Té nn-p|an 5656I.ru€ LF [Ts)
tiép. Tén sd thay a6 |~ [

cpP Dan déng digu fout
i) Téch PaTinsd | —f o o yon [T L9509 1 enidn din ap

N {Fis) [
Ken)
B§ chia

Hé s N nguyén

Hinh 2: mé hinh bg PLL dé xudt, cdu hinh dgng FPD va LF

Bo PLL duoc thiét ké sir dung cong nghé CMOS.
So d6 nguyén ly co ban cua bd PLL nhu hinh 3.

Hinh 3: so dé nguyén Iy bé PLL cong nghé CMOS

V&i mé hinh nay, cac tham sb dic trung co ban cia
bo PLL bao gém [21]: hé sb khuéch dai cua bd PFD:
K,,=1.,/2x (ampe/radian), trong d6 /_, la dong

dién du ra caa bd bom dién tich (CP), dugc nap vao
cac tu dién cua bo loc vong thu dong (LF), voi C vaR,
1a cac tu dién va dién tré xac dinh diém zero vaC, la
tu dién xac dinh diém cuc cua bd LF. Tan sb tu nhlen

] K /4 ’ 2
—CPJC0  (radian). H¢ sO tat dan:
NC

cua bd PLL:



r=trc [feKio  Tin 6 cét cia bo PLL:
2 7 "\ 2zNC,

@ = IepKyeoR. G
" 2N C,+C,

. Thoi gian kéo vao trang

thai khoa twong tng voi d6 1éch tan sb Aw =27Af &

dau vao bd tich song pha - tan  so:
= CAO _ATCH i), Thoi gian khoa:
ICPKVCO ICPKVCO

2 .
1,,, =— (gidy), trong d6: N 1a hé s6 chia ctia bd chia
o,

phan héi; K
bo VCO.

(radian/gidy).V 1a hé s khuéch dai cta

vco

Trong bo PLL, dién tr& R_cua bo loc vong va dong
I, khéi bom dién tich duoc diéu khién dong bo dé

dam bao: (a) hé s6 ¢ duogce giit bang hang sb dé giit on

dinh cho bd PLL. Nhu vay, phdi chon R_dé R /I, 1a

mot hang so; (b) tan s0 @, dat voi tri sO 1on trong giai

doan diéu hudéng dé ting toc d6 khoa, va giam nho
trong giai doan dat khoa dé giit 6n dinh tan s6 dau ra.
Dé phat hién thoi diém khoa trong ché do ting tdc va
chuyén vé ché do gitr on dinh, thay vi sir dung mot bo
phat hién khoa LD nhu cac mé hinh phd bién hién nay,
bd PLL duge diéu khién béng thuét toan phén mém.
Thoi gian diéu hudng dugce tinh toan va luu trong bd
nhd.

C6 thé thay, v6i mot hé sd K, co dinh, dé dat duoc
thoi gian diéu huong nhanh th1 can mot dong I 16n.
Tuy nhién, c6 hai nhuge diém khi ting dong 1) (a) tan

s6 tu nhién @, ting, dan dén bang thong bo loc vong

tang 1én, két qua 1a nhidu, tap nén va d6 mat on dinh
trong by PLL tang 1€n; (b) dong /7, tang dong nghia vi
cong suét tiéu thy cua mach tang 1én. Dbi voi mot bo
PLL khoa nhanh theo nguyén 1y dich bang thong LF,
dong 1, ¢ thé dugc dat bang mot gié tri trong dai
dong [ P min - BO PLL dé xuit hoat dong voi
muc tiéu xac dmh diém lam viéc cta dong 1. de dat
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duogc cac gia tri tdi wu trong cac ché d6 hoat dong khac
nhau: (i) hiéu ning cao: wu tién toc d6 khéa nhanh,
khong co rang budc vé nang luong tiéu thy, thoi gian
diéu huong nhanh nht c6 the, 7, . . (ii) tiét kiém
nang luong: diém lam viéc ma nang luong tiéu thy 1a
t6i thiéu trong qué trinh diéu huong, E B pLL in (111) gioi
han cong sut tiéu thy dinh: cong sudt tiéu thy trong
khi diéu huong khong vuot qua gia tri P i dat

trudce.
Pé giai quyét bai toan nay, can xac dinh mdi lién hé
cfla céc tham s T, E va P vi dong bom dién tich 7 . Goi
., la cong suat tiéu thu ttc thoi ciia mach PLL Ham

quan h¢ gilta P, vadong [, 1a P,;, = f, (ICP,...) . Véi

cAu tric bo PLL dang bom dién tich, cong suét tiéu thu
trung binh ctia b PLL bang tong cong sudt tidu thy cua
mach tao ngudn dong (P_,) va cong suét tiéu thu cua
cac mach khac (P ) Nguon dong [, dugc tao on

dinh voi dién ap nguon v, co dinh, vi Vay P, 1a mot
ham bac nhét v&i dbi s6 I op Vay:
PPLL P + B)therv a[CP + b (1)

Trong d6, a va b 1a hai hé sb cb dinh d6i voi timg
mach PLL cu thé. Viéc xé&c dinh gié tri cua hai h¢ s nay
¢6 thé duoc thuc hién bang mo phong cho tirng cau tric

mach khac nhau. Tu (1) co: I, M. Vi thoi
a

gian khéa T}ock = 27[ / a)n Vél a)n = \/[CPKVCO /(27[NCZ) )

nén moi quan h¢ gita 7, val la:
ock cp

T =27 LKoo (20NC, ) = 37°NC, [ Koo U 1y @)

Thoi gian didu huéng chuyén tan cia by PLL 1a
khoang thoi gian by PLL can thuc hi¢n dé kéo tan so6
dao dong dau ra vao dai khoa, va sau d6 thuc hién
khoa, nén: 7, =T, +T

PLL _tune PLL _ pull—in PLL _lock >

trong do:

pr e 1 thol gian diéu huong, T la thoi gian

kéo vao, TPLL] k.

giita cac tham sd cong suét tiéu thu tic thoi P

PLL_pull-in N
la thoi gian khoa. Ttir d6, moi lién hé

do

PLL’
léch tan s6 dau vao A@ va thoi gian diéu huong la:

Ty =4CY (IepKigo) +87°NC, Kmm &)

I

PLL_tune

=]

PLL _pull-in



Vay:

aC f aNCZ
une = ; + (4)
o (PPLL _b)KVCO KVCO (PPLL _b)

Céng thuc (4) 1a cong thire téng quat tinh toan thoi
gianT,, phu h0'p dé chuyén bo PLL tir glal doan
kéo va khoa tan s nhanh sang giai doan gilr 6n dinh
tan s sau khi khoa. Nhu vay, dé dat toi trang thai khoa
khi lam viéc & ché do khoa nhanh, nang luong tiéu thu
cua mach PLL la:

aC AP,
Ep =B Tous e =47 =
! (PPLL _b)KVCO

Khi khong c6 mot rang budc nao vé van dé tiét kiém
nang lugng ti€u thu trong qué trinh lam vi¢e, b PLL
s& dit ché do diéu hué’ng tan s6 nhanh nhat c6 thé, tirc
ladat gia tri [, cao nhét c6 thé dugc. Tuy nhién, khi co
mot rang buoc vé tiét kiém ning 1u0’ng, dong [, can
phai duoc dit tai diém ma E oy 18 t6i thiéu hodc tal gia
tri P, . la ngudng tbi da dugc phép thiét 1ap. De Xac
dinh duoc diém lam Vlec t6i uru theo rang bude vé mirc

ning luong tiéu thy, can giai phuong trinh .
bat 0=yP-b, A=aCAf /K, B=4rJaNC,/(2K,,)
phuong trinh (5) dugc viét lai :

Q Q +b Ab Bb
B A+BQ (6)
Q2 + 0 Q+ +BQ

aNC,
PPLL
2K!’C0 (PPLL _b)

)

E,, = 4

Dé xéc dinh diém cuc tiéu cia E, . can giai phuong
trinh (6) v6i bién Q. Bé dam bao tinh toan thdi gian
thuc nhanh, giai phap la xay dung cac duong cong voi
cac tham sb xac dinh trudc va luu trir trong bang tham
chiéu. Trong phuong trinh , tham s B 1a tham s6 dic
trung riéng ctia ciu trac mach PLL, tham sd 4 phu
thudc vao ciu tric mach PLL va dd léch tan s Af dau
vao bo PFD, vi viy cac duong cong can duoc xac dinh
trude theo céc gia tri Af” khac nhau.

Phwong phdp chon diém lam vigc va thudt todn tdi
céu hinh cho PLL

Tur cac cong thirc lién h¢ gilra dong /., va céc gia tri

thoi gian diéu huong T theo (3), cong suit tiéu

PLL tune - fast

thu trong thoi gian ting toc P

L fus theo (1), va nang
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lugng ti€u thy £ trong thoi gian tang tc theo (5),

PLL_f St
cac duong dic tinh hoat dong tong quat cho 3 tham s6
T, P, E c¢6 hinh dang nhu trong hinh 4. Ttr d6, chiing t61
d8é xuét phuong phap chon diém 1am viéc cho bd PLL
(ma ban chét 1a chon di€ém lam viéc cho dong /) nhu
sau:

Enin

I ==HH [

lE_min —® Ip_timit It fast Iep

Hinh 4: cdac dwong ddac trung theo T, P, E
Buoc 1: dat ché do hoat dong cho bd THTS, xac
dinh dong 7, to1 vu:

a. Néubo THTS hoat dong trong ché 36 diéu huong
nhanh: diém 1am viéc t6i wu 1a tai IT st vi tai diém nay,
thoi gian diéu huong dat nhanh nhat bang T,

b. Néu bo THTS hoat dong trong ché dQ tiét kiém
. vitai diém
nay nang luong tiéu thy nho nhét, bang E

nang luong: diém lam viée t6i uu 1 tai I,

¢. Néu bo THTS hoat dong trong ché do gi(’)ri han
cong suat trung binh tai P, dlem lam viéc toi vu
Ip =1, e Vi tai diém nay cong suét tiéu thu trung binh
khong vuot qua gidi han P_limit, va toc do khoa la

nhanh nhét ¢6 thé duoc.

Budc 2: chon dién tré R, twong mg voi dong 1, da
duoc x4c dinh trong budc 1, sao cho R_\//., la hang s0.

Bude 3: xac dinh khoang thoi gian diéu huong
Tt e cho bd PLL trong giai doan kéo nhanh. Khoéng
thoi gian nay duoc xac dinh tir duong dic tuyén T

trong hinh trén.

Bude 4: thuc thi thuat toan diéu khién by PLL diéu
hudéng nhanh trong thoi gian T, Lt
trang thai khoa va giit 6n dinh tan s6 dau ra. Két thic

chu trinh thuat toan.

Sau do chuyén ve



Két qua mo phong
Tao tin so tham chiéu DDS cho khoi PLL

B6 DDS dugc thiét ké bﬁng cong nghé¢ FPGA, st
dung cong cu phan mén thiét ké va moé phong System
Generator for DSP cua Xilinx.

nt =
=] =] =]

e
=]

Magnitude, dB

-40

03 03 038 039 04 04

042 043 D44 045

Frame 6 Frequency (MHz)

Hinh 5: tan s6 dau ra DDS lam tham chiéu cho PLL

Biéu d6 hinh 5 thé hién tan s6 dau ra bo DDS duoc
sir dung 1am tan s6 tham chiéu cho PLL. DDS c¢6 thé
tao ra budc tin rat nho véi do chinh xéc cao. Hinh vé
mo ta 5 tan sd quanh tin s trung tdm 400 kHz, budc
tan 27 Hz.

Hoat dong cua khéi PLL

Dé thyc hién cac tinh todn va mo phong, cac tham
sé dinh lu0’ng cua ting khdi chirc nang nhu sau [22]:
tan s6 dau ra VCO: f, ., = 100 MHz; he 50 chia: N =
2; dién ap ngudn cung cap: VDD = I V; hé s khuéch
dai by VCO: K, = 1,57x10° rad/Vs; dong I, thay
doi trong dai tir 10 pA dén 120 pA. Xay dung du’orng
cac dic tuyén cua cac tham sb T, ., PvakEcho thiét ké
trong hinh 3 thé hién nhu trong h1nh 6.

500804

t 4,506-04
~EEk
350804 \ R e e e e o ot ot il
£ \ /
& spoeas
o
El
T aseea "
z /ﬂf,.——rﬂ" —T(lcp)*1000
= —E(l
8 o0 (Icp)
£ /(\ ~Plep)
e - m\\\
100804
500605
0,008400 lcp(a]
oe0 20608 4o0e0s sp0eas speos Lpotas Lantas Laeas
Hinh 6: dac tuyen cua T, une Py B

So sanh hinh 6 va hinh 4, cac gia tri thuc té phan
anh dung so véi cac két qua tinh toan ly thuyét. Tuy
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nhién, doi véi tung cAu trac mach PLL khéc nhau can
xdy dung tap dir liéu dic trung riéng, gia tri cong suit
tiéu thu s& khong phu thudc vao tham s 4f; nhung thoi
gian diéu huong va niang luong tiéu thu tong cong thi
phu thudc vao tham sb nay. Vi vay, co sé dir licu can
xdy dung cho hai tham sé nay sé& 12 ho duong cong phu
thudc vao tham sb Af trong dai hoat dong ciia bd PLL.
ViT,  vakE coquanhé tuyen tinh v6i 4f nén cac gia
tri ung v6i cac Af khong nam trong co sé dit lidu c6 thé
duoc tinh toan tir cac dudng dic tuyén 1an can.

——DeftaF=1MHz
——DeltaF=10MHz
~+DeltaF=20MHz
~o-DeltaF<30Mhz
DeltaF=40MHz
——DeltaF-50MHz
DeltaF=50MHz
DeltaF=70MHz
DeltaF=B0MHz
DeftaF =
——DeltaF=100MHz

Théi gian diéu hirémg

S SSuatd

250805 10805 5poe0s 805 100604 1200
lep(A)

Hinh 7: T

PLL_tune voi do léch tan khdac nhau

Biéu d6 hinh 7 mo ta dic tuyén thoi gian diéu
huong 7, ,  theo dong » VO cac gla tri Aftr 1 dén
100 MHz. C thé thay su khac biét 16n vé thoi gian nay
khi str dung dong »1ho Vi cac Af khac nhau. Tai 7,

bang 20 pA can 0 22 us dé kéo Af bang 1 MHz, nhung
can t6i 0,64 ps dé kéo Af bang 100 MHz. Khi str dung
dong I, 16n, sy khac bi€t nay giam xudng. Bé kéo Af
trong da1 tir 1 ¢én 100 MHz, T , thay d6i trong dai

, PLL tun
tr 0,08 dén 0,15 ps.

—— DeltaF=1MHz
—e—DeltaF=10MHz
—+-DeltaF =20MHz
—e—DeltaF=30Mhz

DeltaF=40MHz
| —— DeltaF=50MHz
DeltaF=60MHz
DeltaF=70MHz

lep(A)

Hinh 8: E,,, trong thoi gian diéu huwong

Biéu d6 h‘inh 8 mo ta nang luong ti€u thy £ pyy, trong
thoi gian diéu hudng Gng véi cac Af tr 1 dén 100
MHz. C6 thé thay, ning lwong tiéu thu tdi thiéu dbi véi
cac Af khac nhau xay ra tai cac gia tri /., khac nhau.

Vé6i Af bang 1 MHz, E, datE, ftai ICP e bang
30 uA; voi Af bang 10 MHz, EPLL nho nhit tai Lew o



béng 36 pA; tuong tu / cp 20w bang 42 pA, Lep tooum
béang 88 pA. Cac gla tri nay s€ duogc luu trong co s dir
liéu dé xac dinh diém 1am viéc tdi wu vé nang luong

ti€u thu cho bo PLL.

0,00E+00 2,00E-05 4,00E-05 6,00E-05 8,00E-05 1,00E-04 1,20E-04 1,40E-04

2,00E-06 }

—a—Thai gian diéu huéngly thuyét

—==Thai gian diéu huéng mé phéng

(giay)

Théi gian didu hudng thue té va Iy thuyét

"‘x&%

2,00E-07

T in A
Dong bom-dien tich I(,P (Ampe)

Hinh 9: so sanh thoi gian diéu huéng Iy thuyét va mé phong

So sanh két qua mo phong thoi gian khéa tong cong
v6i tinh toan 1y thuyét nhu hinh 9. Két qua mo phong
cho thiy c6 su sai khac nho giira thoi gian khoa tinh
toan ly thuyét va thoi gian khoa mé phong khi dong L.,
thay doi. Diéu nay c6 thé giai thich duoc vi mé hinh
tinh toan bd PLL bac 3 duoc xdy dung gan ding tir md
hinh by PLL bac 2.

Trén co so duong dic tuyén tir hinh 9, thuat toan
diéu khién s& xac dinh dugc thoi gian chuyén tdi wu
khi chuyén tir giai doan diéu hudng sang giai doan gii
6n dinh. Viéc chon lya duoc ding thoi diém chuyén
mach 14 rat quan trong, anh huéng truc tiép dén thoi
gian khoa téng cong.

Mo phong thoi diém chuyén mach trong giai doan
diéu huong nhanh:

Thoi gian
T4 0s o5 o7 oo o3 10 7

Hinh 10: (a) chuyén mach qud cham (b) chuyén mach qué nhanh

So sanh thoi gian khoa khi céc thoi diém chuyén
mach khac nhau. Hinh 10 m6 phéng phan Ung cua
mach khi: (a) chuyén mach qua tré tai 5,6 us, va (b)
chuyén mach qua som tai 0,13 ps. Khi chuyén mach
qua tré, giai doan diéu huong dat duoc trang thai khoa
tai 0,3 ps. Tuy nhién, vi chua chuyén sang trang thai
gilt, mach c6 xu hudng mét on dinh, dén thoi diém 5,6
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us, mach chuyén sang trang thai khoa cham, kéo tan so
dau ra vé trang thai khoa, va dat dugc trang thai khoa
tai thoi diém 0,7 ps.

Khi chuyén mach qua sém, mach khéa nhanh chua
dua tan so6 dau ra vé trang thai khoa nhung da chuyén
sang mach gitr, tan so dugc khoa tai thoi diém 0,6 ps.

Hinh 11 m6 phong phan tmg cta mach khi chuyén
mach ding thoi diém tai 0,29 us, khi mach khoa nhanh
vira dua tan s vé trang thai khoa, chuyén sang mach
giit dé gitr on dinh tan sd. Thoi gian khoa 13 nho nht,
bang 0,35 ps.

m¥ Vikhoa)
V(vnol

V{dieuhuongnhanh) Vikethop) Vin_ctr_on_time]

770
700 o
630 =-----
560 =
430 =
420 =

350 =

280 ooofeoies
210 o

140 =
0 -

Théigian : |
70 T s

T T T T T T T T T T
0,0 01 02 0.3 0.4 05 06 07 08 0s 1.0 11 12

Hinh 11: chuyén mach ding thoi diém

Két luan

Bai bao da dé xuat mot giai phap tai cau hinh cho
bo THTS ¢6 cau trac lai DDS - PLL cho CR. By PLL
hoat dong vdi muc tiéu dat dugc diém lam viéc tdi wu
trong cac ché do hoat dong khac nhau: (i) hiéu ning
cao; (ii) tiét kiém nang lugng; (iii) gidi han cong suat.
Céc duong dic tuyén tong quat cho cac tham sb thoi
gian diéu huong tan sb, cong suét tidu thu trung binh
va nang lugng tiéu thu trong khi diéu huong cua bo
PLL da dugc xay dung va phuong phap chon diém lam
viéc cho bo PLL trong cac ché d6 hoat dong khac nhau
da duoc dé xuat. B PLL c6 thé tai cau hinh, dugc diéu
khién bang thuat toan phan mém. Thoi diém chuyén
trang thai khoa tan s dugc tinh toan bang phin mém
thay vi sit dung mot bg phat hién khoa bz"mg mach phén
cung nhu cac by PLL khoa nhanh khac, 1am giam mirc
tiéu thu nang luong cua bd PLL nhung van dam bao
dat dugc thoi gian khoa nhanh. Bo DDS dugc st dung
lam tan s6 tham chiéu cho bd PLL, cho phép bo PLL
sit dung bo chia phan hdi c¢6 hé sé N nho, 1am giam
nén tap va dat dugc do phan giai tan s6 dau ra nho,
vuot qua nhuge diém gidi han d6 phan giai bang tan
s6 tham chiéu trong cac bd PLL str dung tan s6 tham
chiéu ¢ dinh.
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V.

Thiét k& bd diéu bién vi tich phan bac 3, ty so tin hiéu trén nhiéu dat 110 dB
va ty 1& qua Iay mau 512 cho chip ADC 24-bit 6 cong nghé CMOS 130 nm

Ho Quang TAy", Ngo Thi Thu Nga, Poan Duy

Trung tam Nghién ciru va Pdo tao thiét ké vi mach

Ngay nhédn bai 10.7.2015, ngay chuyén phan bién 24.7.2015, ngay nhan phan bién 28.8.2015, ngay chip nhan ding 31.8.2015

Bai bio nay trinh bay mot thiét ké bd diéu bién vi tich phan bac 3 (3 order delta-sigma modulator) c6
ty so tin hiéu trén nhiéu (Signal to noise ratio - SNR) dat 110 dB, ty 1é qua ldy miu (Oversampling rate -
OSR) 512 va s6 bit hiéu dung (Effective number of bits - ENOB) 16n hon 18 bit véi tan so tin hiéu ngé vao
8 KHz. B di¢u bién vi tich phan 1a thanh phin quan trong dwoc sir dung trong thiét ké chip chuyén déi
tin hiéu twong tu sang tin hiéu sé (Analog to digital converter - ADC) c6 dd phén giai 24 bit. Thiét ké nay
di dworc tich hop thanh cong vao chip ADC 24-bit trén nén cong nghé 130 nm véi cong suit tiéu thu gan

4 mW va nguon cip 3,3 V.

Tir khéa: ADC 24-bit, diéu bién vi tich phén, diéu bién vi tich phén béc 3, ty s6 qud ldy mdu ADC 24-bit, ty sé

tin hiéu trén nhiéu ciia ADC 24-bit.

Chi s6 phin loai 1.2

A 110 DB SNR, 512 OSR,
THIRD ORDER DELTA-SIGMA
MODULATOR FOR 24-BIT ADC

IN 130 NM CMOS PROCESS

Summary

In this paper, a design with simulation results
of the 3" order delta-sigma modulator will be
presented. The post-layout simulations show
that the modulator achieves SNR of 110 dB, OSR
of 512 and more than 18 effective bits ENOBat
with 8 KHz input frequency. This modulator is
a significant part of the 24-bit Analog-to-digital
converter (ADC) chip. Furthermore, this delta-
sigma modulator is successfully integrated into
a complete 4 mW power consumption 24-bit
resolution ADC chip in 130 nm TSMC technology.

Keywords: delta-sigma modulator, OSR of 24-bit
ADC, SNR of 24-bit ADC, third order delta-sigma
modulator, 24-bit ADC.

Classification number 1.2

*Tac gia lién hé: Tel: 0909445256, Email: tay.hoquang@icdrec.edu.vn
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pat van de

Ngay nay, ADC duoc sir dung trong hau hét cac
thiét bi dién tir hodc trong cac thiét bi do luong céc
dai lugng dién hay phi dién néi chung. ADC la thanh
phan c6 vai tro cuc ky quan trong trong hau hét cac
thiét bi nay. Do da dang trong kién tréc thiét ké [1],
ADC c6 thé dugc thiét ké ¢ nhirng kién trac khac nhau
tly thudc vao yéu ciu cua tng dung thuc té. Hinh
1 1a so dd phan loai mét sb kién trac thiét ké ADC
co ban theo tan s6 1dy mau (sampling frequency) va
s6 bit hiéu dung (Effective number of bits - ENOB)
[2]. Mbi loai klen triic phu hop voi nhung linh vyc
g dung thuc té riéng, trong d6 kiéu kién trac delta-
sigma phu hop cho nhiéu Gmg dung nhit nhu linh

A50 bit hiéu dung

:g Vi tich phin
17 Thiét b do luding

164

15+

14+ Xir ly dm thanh,
134 tiéng noi

Vi tich phan
Pwirmg ong,
gap noi suy

Chuyén doi

Giii diéu ché =1
trirc tiép

trung tin

Thiét bi y sinh, cim bién

Ung dung cao tin

Giai thuidt, vi tich phan,
ulp xi lién tlep

100 1k 10k 100k 1M 10M  100M 16 Tin s6

Hinh 1: mé hinh phén logi kién triic ADC theo tan s6 ldy méu
va so bit hi¢u dung [2]



vuc y sinh, thiét bi di dong va cac phuong tién nghe
nhin. Do nhu cdu g dung rong ri nén kiéu kién trac
thiét ké nay thu hat duoc sy quan tdm nghién ctru cia
nhiéu nha khoa hoc [3-6] cung nhiéu hing san xut
nhu Analog Devices [7], Texas Instruments [8]. Tuy
nhién, tai Viét Nam, thiét ké chip ADC c6 do phan giai
cao 24 bit va sb bit hiéu dung 16n chi thuc sy duoc
quan tdm trong mot dé tai cdp nha nudc tir nam 2011
tai Trung tim Nghién ciru va Dao tao thiét ké vi mach
(ICDREC) [9]. Vi thé, nhitng nghién ctru vé thiét ké
lién quan dén chip ADC rat cap thiét ddi véi sy phat
trién ctia nganh dién tir Viét Nam noi chung va nganh
thiét ké vi mach twong ty ndi riéng.

Gidi thiéu chung vé thiét k& ADC va bd diéu bién
delta-sigma

Mb hinh thiét ké co ban cia mét bd chuyén doi
ADC theo kién tric delta-sigma duogc trinh bay trong
hinh 2, v6i céc thanh phan chinh gém: bo tién khuéch
dai, bo loc chéng chéng phé, bo chuyén ddi delta-
sigma va b loc $0.

input

o> m A o]

| ]
Biiloc 56 ngé ra
decimation

Bfi chuyén di
delta sigma

Tién khuéch dai Ching
chiing phé

Hinh 2: cdu triic thiét ké co ban ciia bé chuyén doi delta-sigma ADC

Nhu mo ta trong hé théng & hinh 2, sau khi duoc
xtr 1y & bo tién khuéch dai, tin hiéu s& di qua mot bo
loc thong th'flp hoat dong nhu mot bo loc chéng chéng
phé). Sau do, tin hi¢u s€ dugc ma hoda tir dang tuong tur
sang dang s6 boi bo chuyén ddi delta-sigma trudce khi
duoc dua qua bo loc s6 dé tao thanh chudi bit ngo ra.
Thanh phan chuyén ddi co ban va quan trong nhét cia
hé théng 1a mot bo chuyén ddi delta-sigma. Do vay,
viéc thiét ké thanh cong bo chuyén doi delta-sigma cho
chip ADC 24-bit di tr¢ thanh d6i trong va muyc tiéu
nghién ctru cua nhom tac gia, va s€ dugc trinh bay chi
tiét trong phan tiép theo cua bai bao. Hudng tiép can
cho thiét k& bit dau tir xdy dung va mé phong hé thong
bang chuong trinh Matlab; xdy dung va mé phéng
mach trén cong cu thiét ké vi mach chuyén dung; thuc
hién thiét ké layout va mo phong sau layout; cubi ciing
1a tich hop thiét ké vao hé thong chip ADC.

Thiét ké bo dieu bién delta-sigma

Thiét ké bo diéu bién delta-sigma bac 3 duoc
nghién ctru va dé xuat cho thiét ké ADC 24-bit nhu
trinh bay trong hinh 3 thiét ké hé thng bao gdm céc

TAP CHI

fioanoc |

CUNG NGHE 1

A qu 58(2) 2.2016
CL i al |

thanh phan chinh: chudi ndi tiép cic mach tich phan
(integrator) kiéu switched-capacitor (SC), bd so sanh,
bd chuyén d6i DAC (Digital to analog converter) 1 bit,
mach DFF va b§ dém ngo ra. Trong pham vi bai bao
nay xin dugc trinh bay chi tiét thiét ké bo tich phan va
b0 so sanh. C4c thiét ké co ban ciia bd DAC 1 bit, DFF
va bo dém ngd ra c6 thé tham khao trong thiét ké cua

Schreier [10].
<"
N
T2 B
ﬁ

DAL 1BIT

INTEGRATOR 1

= L

i,
L_-I
i

Hinh 3: cdu tric b diéu bién delta-sigma bdc 3

Thiét ké mach SC integrator

Muc tiéu ctia mach tich phan la: 1dy tich phéan voi
tin hiéu ngd vao 16n nhit 1a 8 KHz, tan s6 xung nhip
8,192 MHz, dién 4p lam viéc 3,3 V. Thiét ké sir dung
mach tich phéan c6 cdu trac Non-Inverting SC véi so d6
mach dugc mé ta trong hinh 4.

| C:
'd}1 C1 ':D?
Il'ﬂﬂo—ffj—IIT/—. —ﬂ‘ﬂll’.‘l
L @, —o Vop
;4
WVhackm Vrefin
Q, Gy ¢'2 C“E

Vhackp Virelp

Hinh 4: so @6 mach bg tich phan integrator

Mach SC integrator gém: 2tuCl,2tuC2,1bod
op-amp va 8 switched capacitor. Ty 1¢ tu C1 va C2 cua
integrator 1, integrator 2 va integrator 3 dugc xac dinh
thong qua mo phong hé thong trén Toolbox Matlab.
Ngoai ra, cdu trac ndy ciing di duoc dé cap nhiéu trong
sach tham khdo cua Schreier [10]. Trong hinh 4, xung
nhip cua @, va @, c6 dang nhu dugc mo ta trong hinh
5.
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Hinh 5: dang séng ciia 2-phase clock ciia @, va @,

Thanh phan quan trong ciia bo integrator 13 mach
khuéch dai. Dé st dung cho b¢ integrator, myc tiéu ctia
b6 khuéch dai 1a: d6 loi (gain) dat 70 dB, tan s6 do loi
don vi (unity gain frequency) la 200 MHz va d¢ du trix
pha (phase margin) 1a 60°. Mach khuéch dai dugc thiét
ké theo kién truc fully differential two-stage nhu so d6
trong hinh 6.

vdd

=
J MP7 b"";32v::rnfbMP:'%I

E E

Met2 (o M 1
P7 ne P ES =
| MNO MN1

R | Vinp Vimﬂ MNd
[

A

R2 Gnd

Hinh 6: so' dé mach fully differential two-stage op-amp

Két qua mo phong trén phin mém phan tich thiét
ké vi mach chuyén dung duoc trinh bay trong hinh 7
cho thiy, mach khuéch dai da dat dugc do lgi khoang
75 dB, tan s6 do loi don vi 1a 222 MHz va bién pha la
60°. Két qua nay pht hop vé6i yéu cau thiét ké cac bd
integrator.

Vilg)

100 10! 10® 107 104 105 107 107

Hinh 7: két qui mé phong gain va phase margin ciia op-amp

Thiét ké bo so sanh

Bo so sanh (comparator) dugc st dung dé chuyén
d6i gia tri dién ap dwoc ldy miu ¢ mach tich phan
thanh céc gia tri logic bang cach so sanh gia tri dién ap
nay v6i mot tin hiéu dién ap tham chiéu.

Pé sir dung cho bo diéu bién delta-sigma trong chip
ADC 24-bit, muc tiéu ctia bd so sanh 1a: tn sb ngo vao
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16n nhat 8 KHz, tan s6 xung nhip 8,192 MHz, ngd ra
dugc chuyén d6i vé dang logic voi cac gia tri bién do
1a +3,3 V. BO so sanh duoc thiét ké theo mé hinh fully
differential two-stage, nhu so d6 hinh 8.

wiL wiL WL Q.L Lﬂ:‘ WL WiL WL WiL
4.645/0.3 4645/03 18.110.3 M_<j1B 1/03 18.1/0.3 ‘ ‘131/03 18. II(IJ.!ML 13 1103 4.645/0.3 | 4.645/0.3
g, |-vag

il Lo |

WIL wiL wiL WL
[/035 m 35 7/0 35 710 35
o

Flrefp Vlnm_‘ Vrefm T 2‘,’:" '3'5
T wiL WiL
wiL i
20.5
bias1

WiL
2/0.5

outm

Gnd

Hinh 8: so dé mach so sanh fully differential two-stage

Két qua md phong hoat dong ciia mach so sanh trén
phan mém thiét ké vi mach chuyén dung & tan sb xung
nhip 8,192 MHz (hinh 9) cho théy, mach hoat dong on
dinh, ngd ra dugc chuyén doi vé dang logic véi cac gia
tri bién d6 la +3,3 V.

- VopVim  mm Vop-Vom s Vrelp-Vrefn

r T T T T
0,0 1,0 20 3.0 40
time {us)

Hinh 9: két qua mé phéng dang séng ngd ra ciia mach so sanh

Két qua md phong hé thong va thiét ké layout
hoan chinh

Nhu d3 d& cép trong phan dau cta bai bao, ngd ra
ciia bo diéu bién 1a mot chudi bit (bit stream) dudi
dang logic. M6 phong hé thong trén phan mém cho két
qua ctia chudi bit ngd ra nhu trong hinh 10. M6 phong
duoc thyc hién trong mién thoi gian tu 0 dén 200 us
v6i tan s6 tin hidu ngd vao 1a 8 KHz va tdc do xung
nhip 14 8,192 MHz. Viéc danh gia két qua chudi bit 1a
khong thé thuc hién béng quan sat ma phai thong qua
vi€c tinh toan cac thong sb vé d6 chinh xac cua tin hiéu
trén két qua ngd ra nhu ty sd tin hiéu trén nhiéu (Signal
to Noise Ratio - SNR) va s6 bit hiéu dung (ENOB).
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Hinh 10: két qua mé phong dang song trong mién thoi gian
cua bg delta-sigma modulator

Ty sb SNR tuong tng véi mot bo ADC m bit (tin
hi¢u ngd vao dang séng sine) dugc xac dinh nhu sau:

SNR = 6,02m + 1,76 (1)

Trong do, SNR (don vi dB) 1a ty 1€ tin hi¢u trén
nhidu cua hé thong, m 1a do phan giai cua hé thong.
Két qua tinh toan SNR cua hé thong dua trén két qua
chudi bit ngd ra duogc trinh bay trong hinh 11. Cin ct
vao cac gia tri tao hinh nhiéu trong hinh 11, ta c6 thé
xac dinh ty s6 SNR 14 110 dB.

Ngoai ra, voi tin hi¢u ngd vao c6 dang song sine,
ty s6 SNR c6 thé dugc biéu dién boi sd lugng bit hicu
dung theo cong thuc sau:

N = (SNR - 1,76)/6,02 (2)

Trong do, N dugc goi la s6 bit hiéu dung (ENOB)
cua hé thong. Thay gia tri thuc do ciia SNR vao phuong

trinh (2), ta ¢6 thé xac dinh duoc sd bit hiéu dung cua
thiét ké 1a 19 bit.

EH )
a1 o
5004 ‘G : pTE
§ \ I 'mM
.0 - "\» - - */i’)
15 \';Jmmﬂm A A iﬂ'm'
s w B W P ¥

L

Hinh 11: két qua mé phong hé s6 SNR ciia bé diéu bién delta-sigma

Thiét ké bo diéu bién delta-sigma sau khi duoc
md phong danh gia hoat dong day dii trén so ¢ mach
theo nhiét d¢ 14n sai s6 ché tao da duoc thuc hién thiét
ké layout hoan chinh va thuc hién cac mé phong sau
layout dé danh gia két qua thiét ké. Cung véi bd loc
s0 (decimation filter) va bo khuéch dai lap trinh (pro-
grammable gain amplifier), bo diéu bién ciing da duoc
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tich hop vao chip ADC 24-bit hoan chinh nhu két qua
trong hinh 12. Bang 1 trinh bay chi tiét cac két qua dat
duge khi mé phong chip ADC & cac diéu kién hoat
dong khac nhau nhu di¢n ap, nhiét do va cong nghé.

Hinh 12: két qua tich hop thiét ké layout b diéu bién delta-sigma
vao chip ADC 24-bit

Bdng 1: két qua mé phéng sau layout ciia bg diéu bién delta-sigma

STT Théng s6 Két qua

1 | Tysd SNR 110 dB

2 | Ty 18 qua iy miu - OSR 512

3 Tan s6 ngd vao 8 KHz

4 | Sé bit hidu dung 18 bit

5 | Téc d6 xung nhip 8,192 MHz

6 Dién 4p ngudn 33V

7 | Nhiét d hoat dong 0-80°C

8 | Cong nghé thiét ké 130 nm
Két luan

Két qua dugc trinh bay & trén cho thdy, tai tan sd
xung nhip 13 8,192 MHz, b diéu bién duoc thiét ké da
dat dugc cac tinh nang va hoat dong on dinh véi ty sb
SNR 1a 110 dB va ENOB 16n hon 18 bit véi tin hi¢u
ngd vao tan s6 8 KHz va tim dién ap ngd vao 1a 2,5
V. Dic biét, OSR cua thiét ké 1én dén 512 da gitip cho
thiét ké dat duoc ty $6 SNR cao chi voi kién tric bac 3.

Viéc tich hop thanh cong b diéu bién delta-sigma
vao thiét ké chip ADC 24-bit hoan chinh 1a thanh cong
dat biét ciia nghién ctru. Pay c6 thé duoc danh gia la
mot trong nhitng thanh cong dau tién trong phat trién
thiét ké vi mach tuong tu trén nén cong nghé 130 nm
tai Viét Nam.

Mot nghién ciru thiét ké bo diéu bién delta-sigma
hoan chinh cho chip chuyén ddi tin hiéu ADC c6 do

12



phan giai 24 bit da duoc trinh bay mot cach ngin gon
va chi tiét. Cong trinh nghién ctru nay c6 thé dugc ding
nhu mot tai liéu co gid tri tham khao mang tinh thuc té
cao trong linh vuc vi mach tuong tu tai Viét Nam.

Bén canh d6, viéc xay dung cac hé théng mo phong
trén Matlab, cac thiét ké mach Integrator, mach Opamp
cling c6 nhiéu diém cai tién c6 the ti€p tuc phat trién
trong tuong lai.

Loi cam on

Chung toi xin chan thanh cam on Bo KH&CN, Ban
chii nhiém Chirong trinh KH&CN trong diém cdp nha
nwée KCO1/11-15 da cho trién khai thuc hién dé tai
KC01.13/11-15. Xin chdn thanh cam on Ban gidm doc
va tap thé ky sw tai Trung tam ICDREC da hé tro thuc
hién cong trinh nghién ciru nay.
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Mot quy luat thay doi ma tran trong s6 trong ham muc tiéu cla bo diéu khién du bdo
e xét tinh on dinh hé thang TRMS dua trén phudng phap quy hoach ddng clia Bellman

Nguyén Thi Mai Hwong’, Mai Trung Thai, Lé Thi Thu Ha, Lai Khic Lii
Dai hoc Thai Nguyén
Ngay nhédn bai 4.5.2015, ngay chuyén phan bién 7.5.2015, ngay nhan phéan bién 10.6.2015, ngay chdp nhan ding 16.6.2015

Nam 2014, nhom nghién ctru ciia cac tac gia nay da dwa ra két qua ap dung diéu khién du bao truc tié'p
trén nén quy hoach dong dé xét tinh 6n dinh ciia hé thong TRMS khi cira s6 dy bao tién ra vé cung [1] .
Cic két qua trong nghién ciru néu trén da chirng minh dwoc tinh 6n dinh ciia hé théng nhung chwa giai
quyét truec tiép duwge cac diéu kién rang budc ciia cac tham sé trang thai. Trong bai nay, cac tic gia dé xuat
quy luit thay d6i cac ma trin trong s6 ciia ham muc tiéu nham thoa min cac diéu kién rang bufc diu vao,
diu ra va tham so trang thai ciia hé. Cac két qua md phong khi cira s6 du bao tién dén vo cling, cac tham so
trang thai ciia d6i twong tién vé 0 va théa mén cac diéu kién rang budc, hé théng on dinh toan cuc, chirng
t6 tinh hop 1y ciia quy luit dwoe dé xuit.

Tir khod: diéu khién duw bdo, diéu kién rang budc, hé thong hai cdnh quat nhiéu diu vao nhiéu dau ra, quy
hoach dong, sw on dinh, tham so trang thai.

Chi s6 phén loai 1.2

A RULE OF CHANGE OF WEIGHT MATRIX
IN OBJECTIVE FUNCTION IN MODEL PREDICTIVE
CONTROL IN ORDER TO CONSIDER STABILITY
FOR TRMS BASED ON BELLMAN’S DYNAMIC
PROGRAMMING METHOD

Summary

A paper [1] indicated the survey results of applying Model
Predictive Control for the TRMS based on Bellman’s dynamic
programming method in order to consider the stability with
the predictive horizon going to infinity. The results of [1] has
proved the stability of system, but they did not satisfy constraint
conditions of state parameters. In this article, the authors
provided a rule of change of weight matrix in objective function
in order to satisfy constraint conditions of the inputs, the
outputs and the state parameters of this system. All of the state
parameters reached to zero and satisfied constraint conditions,
the global stability of the system when the predictive horizon
(V) went to infinity showed a reasonable rule with simulation
results.

Keywords: constraint conditions, dynamic programming, model
predictive control, stability, state parameters, Twin rotor MIMO
system (TRMS).

Classification number 1.2

*Tac gid lién hé: Email: maihuongnguyen79@gmail.com
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Gioi thiéu chung

Téi wu hoa trong diéu khién du bao
1a mot van dé kho, dang duogc nhiéu
nha khoa hoc trong va ngoai nudc quan
tam nghién ctu. T trudc dén nay,
nguoi ta chu yéu s dung cac phuong
phap tim nghiém co huong trén cua
s6 du bao hiru han dé t6i wu hoa trong
diéu khién dy bao nhu phuong phap
gradient, Newton - Raphson (Newton
- Optimization, Newton type), hay
Gauss - Newton vi cadc phuong phap
nay kha thuan lgi cho dang cac bai toan
t6i wu bi rang budc. Cling c6 mot vai
phuong phap t6i wu hoa khac khong
st dung hudéng tim nhu Levenberg
- Marquardt hay trust region, song
tat ca cac phuong phéap t6i wu hoa da
duoc su dung déu chi co thé duoc cai
dat voi cira s6 dy bao hitu han, do dé
khong dam bao dugc tinh toan cuc cua
nghiém tdi wu tim duoc va dan dén
viéc khé ddm bao duge tinh 6n dinh
trong hé théng [2].

Phuong phép quy hoach dong co
uu diém noi bat khi ap dung gidi bai



toan t6i wu nhiéu bién 1a dam bao dugc tinh toan cuc
ctia nghiém t6i wu (phuong phap nay rat phi hop cho
16p dbi tugng c6 md hinh toan dang song tuyén). Tuy
nhién, hién nay phuorng phap nay mai dugce ap dung
dé g1a1 bal toan toi uu cho hé tuyen tinh ¢6 tham so
1a hiang s hodc tham s6 bién ddi theo thoi gian. Bén
canh uu diém ndi bat trén thi phuong phap nay cting
boc 16 han ché nhat dinh 13 chua thoa man tryc tiép
diéu kién rang budc. Trong nghién ctru nay, chung toi
ap dung phuong phap quy hoach dong dé giai bai toan
t6i wu cho hé théng co tham sé phu thuoc trang thai
TRMS. Pay la hé théng thi nghiém vé khi dong luc
hoc tai phong thi nghiém, c6 nguyén ly lam viéc tugng
tu nhu may bay truc théng, hé c6 m6 hinh toan dang
song tuyen dong thoi dé xuat quy luat thay di ma tran
trong s6 ctia ham muyc tiéu dé khic phuc han ché trén.

Mo hinh TRMS

Rotor duoi
<~ Hop béo vé

Chét quay

Hop bao vé

~ _ Rotor chinh
S5~

Cénh tay don tu do ~

Ddi trong
—_—

TRMS 33-220
Hinh 1: hé thong TRMS

Xét hé thong TRMS c6 md hinh du bao nhu sau:

Rk +i+1]k) = AQe(k +i|k)FCk +i[k) + BCe(k +i[k))a(k +i] k)
Pk +ilk) = Clxlh +i|k)F(k +i]k) (D

i=0,1,...,N, -1

D¢ x4c dinh dugce tin hi¢u diéu khién Uk tai cira

, du bao hién tai, sao cho su anh hudng cua sai I¢ch

ﬁ‘i’o hinh &k t6i chat lugng 6n dinh X, — 0 14 nho nhat

ung véi mo hinh du bao (1), ta sé st dung ham muc
tiéu dang toan phuong [1]:

Np-1
J= _%‘ ||)—(k+i ||(2;)k +||gk+i ",sz — min ()
i=0

TAP CHI

EHOAHOC |l | 55(2)2.2016
YWVYNY IIUI'I: ”(.:l I Yalll

Trong do:

Xk ||<2;k = Xt Qe Xjesj VA by ||2R = Uj,Riliy

voi Q, Ry 12 hai ma tran di xung xac dinh duong
tuy chon. Pé ting tinh mém déo cho bo diéu khién sau
nay, ta c6 thé thay d6i Qx> Rk theo k, tirc 1a thay doi
doc theo tryc thoi gian t =kT,.

Khi ctra s6 du bao 1a v han (Np =) thi viée téi

uu hoa dugc thuc hién nhu sau: ham muc tiéu (2) s€
viéet lai dugc thanh:

I =3 Bl +lucill, — min 3)
Phuong phap quy hoach dong cho ra két qua sau [1]:
~(Re+Bi LBy )_1 BY LA, 4)

trong d6 L 1a nghiém ddi xtmg cua:

-1
L=Q, +A[L[I —Bk(Rk +B[LBk) B;L}Ak (5)

Céc bién trang thai, cac dau vao va cac dau ra cia
TRMS nhu sau:
20 =[i, (k) @,(k) S,(k) a,(k)

T 6

WK ok Sk a®) ©
u(k)=[U,(k) U,®)] (7)
yk) =[a, (k) a,®] ®)

Trong do: i ,: dong dién phan tmg cta dong co dudi
(A); o,: van téc goc clia canh quat dudi (rad/s); A
van tdc goc clia canh tay don TRMS trong mit phang
ngang ma khong bi anh hudng bdi canh quat chinh
(rad/s); i

o : van toc goc cua canh quat chinh (rad/s); S - van toc

: dong dién phan tng cua dong co dudi (A);

goc ciia canh tay don TRMS trong mit phing thing
doc ma khong bi anh hudng cua canh quat duoi (rad/s);
a,: Vi tri theo phuong ngang (yaw angle) cua canh tay
don TRMS (rad); o vi tri theo phuong thang dimg
(pitch angle) cta canh tay don TRMS (rad); U,: tin
hi¢u dién ap dau vao cua dong co duoi (V); U : tin hiu
dién ap dau vao cia dong co chinh (V).

Céc phuong trinh khong gian trang thai lién tuc phi
tuyén cia TRMS duoc dua ra trong [3-6]:
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L f,(w,)cosa, — f,(2,)— f,(«,)

Dcos’ w, + Esin’ a, + F

k, o, cosa,

S/; + 2 . 2
Dcos” @, + Esin” a, + F

R k 1

Doy fe o~ f )
Ldv Lll\’ Ldv

k.o,. B, Ji(@,)
- av __a)v -

er J er

mr

Si(o)I, +k,Q, cosa,)— f,(€2))
JV
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J,
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J

©)

Trong dé' Rah’ Lah’ kah’ t]1‘;" Bt}’ lt’ D’ E’ E km’ Ruv’ La\/
ky Sy By Lo k8 A B, C H, J, klacac hang so0

duong, ?, : tir thong ctia dong co mot chiéu canh quat

chinh (Wb); %, : tir thong cta dong co mot chiéu canh

quat du6i (Wb). Q, va Q dugc tinh nhu sau:

Q, =5, +

Q

v

=S

k,w, cosa,

Dcos’ o, + Esin’* a, + F

kw
th
v+_

v

(10)

(11)

/ dén /, la cac ham phi tuyén. Khi L,<<R, valL,
,<<R ma khong mat di tinh chinh xac, s0 bac
cua hé thong c6 thé gidm xudng bac 6 nhu sau:

x() =[o,(k) S,(k) a,k) ok S,k a@®]

[ By B A=) ke |
iy 3 = .r,.' A +.r.,u.'f'w"-'

.‘
z Ll yoma — ALY A=)
-n_.-,.l'.l'-!'q_ +x
e, oo,
- "+.D—'-,+l'-'="',+ﬂ'
|| et B =) ke
o™ e N T T A
s A0 )5, + D, o) - F)
b J'
el Foma —Cuma ] -0 XK wnls
(-3 J"
’ L1
) ) - ,'+JF'.. -
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(12)

(13)

S6 bac cuia mo6 hinh giam xudng thi khong anh
huéng dén do chinh xac ctia mé hinh, nhung giam
tai cho bo xtr Iy va tang tdc do tinh toan cua bai toan
t61 wu. Phuong trinh khong gian trang thai phi tuyén
ctia hé théng TRMS c6 thé xap xi va duoc biéu dién
nhu phuong trinh khong gian trang thai phu thudc
sau:

_.ﬂ_ = &)=+ B{z)a (14)
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Ma tran A(x)va B(x)phu thudc vao cac tham sd
trang thai.

Thiét ké bd dieu khién dw bao cho TRMS trén nén
quy hoach dong

Xét phuong trinh khong gian trang thai phu thudc
cua TRMS (14)
ax _ AX)x +B(X)u
dt - -
Tait=k.1s
Trong d6: Ts 1a chu ky trich mau (du nho)
x(t)=x, voi (k—1D)Tg<t<kTg
ut)=u,véi (k—1)Tg<t<kTs
Suy ra:
dx .
d—; =AX )X +B(x )u voi (k—1D)Tg <t <kT
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at T,

Thay 9% - Xkt =X

X1 = Xie + TAXiOX +TsB (X )

2K ta duoc:

= [+ TAX) Xy +TsB (X5 Uy

= A(Xi)Xx + B (x g

= AiXic + Byl

(15)

Luu d thuat toan cua phuong phéap quy hoach dong
dugc biéu dién trong hinh 2.
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Har

Hinh 2: heu d6 thudt toan phirong phép quy hoach dong

Két qua mo phong

Bdng 1: cdc tham s6 hé thong

Tham sb Gia tri Tham sb Gia tri
1y (rm) 0,282 R, () 8
1 (m) 0,246 L,(mH) 0,86
Iy (m) 0,290 Koy, (NM/A) 0,0202
NGO 0,276 I (gEM?) 1272
Fons (117 0,155 Jy (gem?) 248
ris(m) 0,100 B, (kgm?/s) 2,3x10°
my, (kg) 0,221 B,, (kgm®[s) 4,5%10°
My, (kG) 0,236 K 3,6x107
Mg, (kg) 0,068 ke, 8,7x107
my (kg) 0,015 Kinp 1,84x10%
m,, (kg) 0,014 Kitn 2,20%x107
my(kg) 0,022 Krup 1,62x10°5
my (kg) 0,119 Krun 1,08x10
Mg (kQ) 0,219 ki 2,6x10°
kg 0,2 K 2%10
Kann (NM/A) 0,0202
TAP CHI

Chu ky trich mau va cac ma tran trong s6 c6 cac
thong so:

T=02, R =[0,010;00,01],
0,=[100000;010000;000,01000;000100;000010;000000,01]

V61 mo hinh toan cia hé¢ TRMS dugc xay dung
trong (13) va cac tham sd ctia hé thong nhu trong bang
1, luu d6 thuat toan dua ra trong hinh 2, tién hanh mo
phong trén Matlab thu dugc dap ung thoi gian cua céac
bién trang thai cua h¢ TRMS duoc dua ra trong céc
hinh tir 3 dén 8 trong [7].

o 05 1 15 2 25 3 35 4 5 5
Tho gan (s)
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Hinh 4: dap iing thoi gian cia bién trang thdi thir hai

Trarg i )

ot gian (2)

Hinh 5: déap img thoi gian cua bién trang thdi thir ba
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Hinh 6: dép img thoi gian ciia bién trang thai thir tw
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Hinh 7: ddp iimg thoi gian ciia bién trang thdi thir ndm
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Trang i (6]
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Hinh 8: dap iimg thoi gian ciia bién trang thdi thir sdu

Véi thoi gian mo phong 1a 5 s, cac két qua mo
phong cho thiy: bién trang thai thir nhat (@,) va bién

trang thai thir tu (@,) tién vé 0 ngay & 0,2 s clia qua

trinh mé phong va thoa man diéu kién rang budc trang
thai ctia chiing. Khi thoi gian mo phong 1a 200 s, bién
trang thai thir hai va tha ba (S,, @) tién vé 0 & thoi

diém khoang gidy thir 30 va 2 bién trang thai tha nam

va thtr sau (S,, «,) cling tien vé 0 ¢ thoi gian mo

phong khoang gidy thir 100. Vay khi cira s6 du bao
@) tién ra vo cung, ca 6 tham sb trang thai cta hé
thong TRMS déu tién dan vé 0, diéu d6 ching to hé

thong on dinh toan cuc. Tuy nhién, cac bién trang thai
S,; S,; apva a,c6 @6 qua diéu chinh con kha 16n

cho thdy phuong phap nay chua giai quyét truc tiép
duoc cac diéu kién rang budc dau vao cta cac bién
trang thai, bién trang thai thir nam va tha sau cé sb lan
dao dong kha nhiéu. Nén chung t6i dé xut viéc thay
d6i ma tran trong s trong ham muc tiéu nhu sau: gilt
nguyén ma trdn R, va thay doi gia tri ciia ma tran trong

s6 Q, theo quy luat Q,,, =i’Q,, trong d6 i =1+2 nham

thoa man cac dicu kién rang budc cua cac bién trang
thai ctia h¢ thong dugc dua ra trong cac hinh tur 9
dén 14.
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Hinh 9: ddp img thoi gian ciia bién trang thdi thir nhdt
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Hinh 10: ddp img thoi gian ciia bién trang thai thir hai
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Hinh 11: ddp tmg thoi gian ciia bién trang thdi thir ba
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Hinh 12: ddp vmg thoi gian ciia bién trang théi thir tw
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Hinh 13: dép tmg thoi gian ciia bién trang thdi thit ndm

Hinh 14: dép img thoi gian ciia bién trang théi thir sau

Nhén xét: v6i thoi gian md phong 13 5 s, cac két
qua md phong dua ra trong cac hinh tir 9 dén 14 cho
ta thdy: cac bién trang thai ®, S, o, o vas déu tién
vé 0 ngay ¢ gidy thir 0,2 trong qua trinh mo phong va
théa man diéu kién rang budc dau vao va dau ra cua
céc tham sd trang thai so v6i chiing ma di duogc dua ra
trong céc hinh tir 3 dén 7. Dic biét, tham sb trang thai
thr 6 (o ), mac du chua tién vé 0 ngay ¢ nhiing gidy
dau tién cua qua trinh md phong nhu cac bién trang
thai khac nhung d6 qua diéu chinh chi & muc tir -0,2
rad dén 0,35 rad so v&i diéu kién rang budc thuc té ddu
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ra cta dbi twong 13 -2 rad dén 2 rad.
Két luan

Bang phuong phap quy hoach dong ciia Bellman,
chung toi da xay dung bo diéu khién du bao cho hé
thdng TRMS dé xét tinh 6n dinh cta hé théng khi cira
s6 du bao 1a vo han. Déng thoi khic phuc dugc han ché
ctia phuong phap nay khi dé xuat quy luat thay doi cac
ma tran trong sb trong ham muyc tiéu nham thoa méin
cac diéu kién rang budc cua cac tham ) trang thai cia
hé. Két qua mo phong trén Matlab ching to hé thong
6n dinh toan cuc va ciing giai quyét duoc cac diéu kién
rang budc, két qua nay ciing chimg minh tinh dung din
cua phuong phap luan da dugc xay dung trong tai li¢u
[7] va tinh hop 1y cua quy luat thay d6i ma tran trong
sb da duoc dé xut.
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CAu triic, tinh chat tif va hiéu ng tif nhiét cla hé mAu bang La, Fe,;,CoSi,

Nguyén Hai Yén", Lé Viét Hung?, Dinh Chi Linh!, Pham Thi Thanh!, Tran Ding Thanh1 Nguyén Huy Dan'

"Vién Khoa hoc vt liéu, Vién Han lam KH&CN Viét Nam
2 Truwong Dai hoc Sw pham Ha Ngi 2

Ngay nhédn bai 2.3.2015, ngay chuyén phan bién 9.3.2015, ngay nhan phan bién 13.4.2015, ngay chip nhan ding 28.4.2015

Bai bdo giéi thi¢u nhirng két qua nghién ctru vé anh hwéng ciia nong dd La 1én ciu tric, tinh chit tir va
hi¢u ing tir nhi¢t ctia h¢ hop kim La, Fel05 [CoSi,  (x=0;0,5; 1va 1,5) dlr(rc ché tao bang phwong phap
phun bing ngudi nhanh véi van toc trong quay v = 20 m/s, sau do, ciac miu bing dugc 1 tai cAc nhiét d§
khac nhau (tir 1223 dén 1323 K) trong 1 h. Két qua cho thiy, ciu tric va tinh chit tir ciia hop kim phu
thudc dang ké vao ndng d9 La va ché dd @ nhiét. Khi ndng d9 La ting, kha ning hinh thanh trang thai
vd dinh hinh (GFA) ciia hop kim tiing. Nhiét d9 Curie ciia hop kim gizm theo nong do La. P9 bién thién
entropy (AS,) ciia hgp kim dat dwgc xung quanh nhié¢t do phong > 1 J.kg' K" (véi bién thién ciia tir
truong AH = 12 kQOe).

Tir khéa: bién thién entropy tir, cong nghé lam lanh bing tiv trwong, hiéu teng tiv nhigt, nhi¢t dp Curie,
phwong phap ngudi nhanh.

Chi s6 phin logi 1.3

: . . Mé dau
Structure, magnetic properties and magnetocaloric

effect of La, Fe, . Codi; ribbons

Summary

Tur khi dugc phat hi¢n, hi¢u ung tir nhiét
(MCE) da thu huat sy nghién ctru ctia nhiéu
nha khoa hoc boi kha nang tng dung cua

hiéu ting nay trong linh vuc 1am lanh bang tir
In this work, the authors investigated the influences of
La-concentration and annealing process on structure,
magnetic properties and magnetocaloric effect of
La,, Fe _ CoSi  (x=0,0.5, 1 and 1.5) ribbons prepared
by melt-spinning method with tangential velocity of
copper wheel of 20 m/s. The ribbons were subsequently

truong. Hién nay, su lam lanh béng tr truong
xung quanh nhi¢t do phong dua trén hiéu
g tir nhiét 1 mot cong nghé day hira hen.
Cong nghé lam lanh nay c6 hiéu suit cao
(tiét kiém nang luong) va khong gay 6 nhiém

annealed at different temperatures (from 1223 K to
1323K) for 1 hour. The results showed that the structure
and magnetic properties of the alloy remarkably depended
on the concentration of La and annealing process. With
increasing La-concentration, the glass forming ability
(GFA) of the alloy was increased. Curie temperature of
the alloy reduced with increasing La-concentration. The
magnetic entropy change (AS,) of the alloy achieved
around room temperature was larger than 1 J.kg'. K"
(under magnetic change AH = 12 kOe).

Keywords: curie temperature, magnetic entropy change,
magnetic refrigeration technology, magnetocaloric effect,
melt-spinning method.

Classification number 1.3

*Tac gia lién hé: Email: yennh@ims.vast.ac.vn

TAP CHI

ﬂﬂﬂgﬁa\/iaf qu 58(2) 2.2016 20
YWVNY IIUI'Il VIQL YAl

moéi trudng. Viée 1am lanh bang tir truong
dua trén nguyén 1y 1am thay doi entropy cta
vat liéu. Dé hiéu suat 1am lanh cao thi hiéu
g tir nhiét ctia vat liéu phai 16n (do bién
thi€n entropy tir AS, | phaéi 16n). Trong nhiing
nam gén day, mot vai hé vat liéu cé hi¢u
ung tr nhiét 16n da dugc kham pha nhu: cac
hop kim chira Gd, cac hgp kim chtra As, cac
hop kim chura La, cac hop kim Heusler, cac
hop kim ngudi nhanh nén Fe va Mn... [1-8].
Trong sb cac hop kim nay, hop kim nén La-
Fe loai NaZn , duoc quan tdm nghién ctru
dac biét bdi chung co6 hi¢u tng tir nhi¢t 16n
(GMCE), gia thanh thap, khong doc hai va



dd dan nhiét cao [9-11]. Vi vay, chiing 12 mot ing ctr
vién sang gia cho cac chit 1am lanh tir. Cac vat lidu
nay di duoc sir dung dé ché tao thir nghiém may lam
lanh va dugc x4c dinh 1a c6 kha nang cho hi¢u suit cao
[12]. Tuy nhién, cac hgp kim nén La-Fe van c6 mot
s6 nhugc diém nhu: kho tao pha mong mudn (pha co
cu tric kiéu NaZn,), nhiét d6 hoat dong thap (nhiét
do Curie T, thép). pé nang cao nhi¢t do Curie T cua
loai vat liu nay, cac nha nghién ctru thuong pha thém
Co thay thé cho Fe. Hon thé nita, Co c6 thé cai thién
GFA cua cac vat liéu nay [13-14]. Tt trang thai vo dinh
hinh, pha loai NaZn , c6 thé duoc tao nén thong qua
qua trinh U nhiét. Dé diéu khién su hinh thanh cua cac
pha tinh thé, sy thay ddi cua ty phan cac nguyén t6 nhu
Fe:Si thuong dugc ap dung. Trong bai bao nay, chung
t6i trinh bay két qua khao sat anh huong cua sy thay
d6i ndng d6 La va ché d6 t nhiét 1én cu truc, tinh chat
. : 10,5-XCOSi1,5
(x=0;0,5; 1 va 1,5) dugc ché tao bang phuong phap
ngudi nhanh.

tir va hiéu ng tr nhiét ciia h¢ mau La,_Fe

Phuwong phap nghién ciu

Cac hop kim ban d4u v6i hop phan La Fe . CoSi
(x=0;0,5;1val,5) dugc néu tlr cac nguyén té La, Fé,
Co va Si trén 10 hd quang vai 1an dé tao su dong déu
ctia mau. Cac bang hop kim duoc ché tao trén thiét bi
phun bang ngudi nhanh don tryc. Tbe do ngudi cua
hop kim dugc chon thong qua tdc d6 quay cua trong.
Trong nghién ctru ndy, cic mau bang duoc ché tao véi
van tdc trong quay v = 20 m/s. Sau dé, cac mau bang
duoc U ¢ cac nhiét do khac nhau (tir 1223 dén 1323
K) trong 1 h. TAt ca cac qua trinh ndu hd quang, phun
bang ngudi nhanh va 1 nhiét déu dugc thuc hién trong
moi truong khi Ar dé tranh sy 6xy héa. Cau trac ciia
cic mau duogc phan tich béi phuwong phap nhiéu xa tia
X (XRD). Céc phép do tir dugc thuc hién trén hé tir ké
mau rung (VSM) véi tir truong cuc dai 1a 1,2 T. Dai
nhiét d6 do 1a 77350 K. Gia tri cua bién thién entropy
tr AS,, duoc gdy boi sy thay d6i cua tir trudng ngoai
duogc tinh theo cong thirc:

H
‘( OM
AS, = — | dH
s, = | ( aTjH (1

H,
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Két qua va ban ludn

Céc bang hop kim La  Fe  CoSi (x = 0; 0,5;
1 va 1,5) duoc ché tao voi van toe tréﬂg quay v = 20
m/s c6 do day khoang 40 pm. Hinh 1 1a phd XRD cua
hop kim. Két qua cho théy, cAu triic cua cac mau bang
13 rang phu thudc vao ndng d6 La. V&i sy ting 1én cia
nong do La, GFA ciing tang. Cac dinh nhiéu xa tuong
ung vGi cac pha loai NaZn , va a-Fe da dugc quan sat
thdy. Piéu dang cha y 1a cuong do cua cac dinh cua
pha a-Fe giam dan theo néng d6 La. Tuy nhién, mot
dinh nhiéu xa tuong dbi manh, khong xac dinh dugc,
xuét hién tai goc nhiéu xa 20 ~ 42° & cac mau voi x =
0,5+1,5.

e Loai - NaZn ,
- * Khong xac dinh .

Cuong d6 (d.v.t.y)

50
20 (°)

Hinh 1: phé XRD ciia cdc mdu bing hop kim La,, Fe,,; CoSi,
(x=0;0,5 1val5)

Hinh 2 biéu dién cac dudng cong tir nhiét cia mau
bang hop kim La  Fe, . CoSi  (x=0;0,5;1val,5)
duoc do o tir truong H = 100 Oe. Chling t6i nhan thay
réng, néng dd La anh huong rd rét 1én nhiét do chuyén
pha (nhi¢t do Curie, T ) cua hop kim. Cac duong cong
ttr nhiét cia cac mau c6 hinh dang rat khac nhau. Pic
biét, mau x = 0,5 co chuyén pha tur kha sdc nét. Diéu
nay la do sy hinh thanh cua céac pha tir trong hop kim
phu thudc vao néng ¢ La. Chuyén pha tir ctia cac mau
bang nay ndm trong khoang 250300 K. Sau chuyén
pha tir, tir 46 ctia cic miu bang khong giam vé 0 ma
van gilr tai mot gia tri nao do. Diéu d6 co thé 1a do tir
do cua cac pha c6 nhiét d§ Curie cao nhu pha tinh thé
a-Fe. Két qua do tir 46 nay hoan toan phu hop véi cac
phéan tich cAu tric & trén. Nhiét do Curie T. tai ving
nhi¢t do phong gidm khi x tang tr 0 t6i 1. Gia tri T, cua
mau x = 01a 297 K, con do6i véi cac mau x = 0,5 va 1
co cac gia tri T, twong tng la 276 va 273 K.
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Hinh 2: cdc dwong cong tir nhiét ciia hé mau bang

LaWFemvj_XCOSi” (x=0;05;1va 1,5) dwoc do trong tir truong H = 100 Oe

350
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200 250
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Hinh 3: cdc duwong cong tir nhiét o cdc tir truong khdc nhau
ciia mau bang La, Fe, CoSi,

Dé nghién ctru anh hudng cua La 1én MCE cua cac
mau bing hop kim Lal+xFe10~5-xCOSi1,5 (x=0;0,5;1va
1,5), ching t6i da chon 3 mau véi x = 0; 0,5 va 1 boi
vi chiing ¢6 nhiét do chuyén pha tir gin v6i nhiét do
phong. Chiing t6i da tinh bién thién entropy tir (AS,))
dua trén cac duong cong tir nhiét cia cac mau bang tai
cac tir truong khac nhau trong khoang tir 0,01 dén 12
kOe (hinh 3). Tlr cac dudng cong tir nhiét ciia cac mau
trong cac tir trudng khac nhau, chung t6i c6 thé suy ra
cac duong bién thién tir do theo tir truong, M(H), tai
cac nhié¢t d6 khac nhau (hinh 4). Trong cac nghién ctu
trude [13, 15], dé kiém tra lai sy chinh x4c cua phép
bién d6i nay, ching toi da so sanh sb lidu lay tir cac
dudng cong tir hoa ban dau va cac sb lidu ldy tir cac
duong cong tir nhiét. Két qua cho thiy, cac sd liéu lay
tur 2 cach nay la hoan toan phu hop. Sau do, AS, dugc
xac dinh tir cac s6 liéu M(H) bang cach sir dung phuo‘ng
trinh (1).
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Hinh 4: cdc dwong cong tir dg phu thudc ti truong diege bién ﬂéi
tir cdc dwong cong tir nhiét o cac tir truong khdc nhau cia cac mau bang

hop kim La,, Fe,, . CoSi, véix =0 (a), 0,5 (b)val (c)

Hinh 5 1 d6 thi biéu dién su phy thudc vao nhiét do
cua AS,, cua cac mau voi x = 0; 0,5 va 1 trong bién
thién tir truong tir 0 dén 12 kOe. Két qua cho thay, AS,
cuc dai phu thude vao néng do La. Gia tri |ASM|maX

duoc xac dinh cho cac mau véi x = 0; 0,5 va 1 twong
ung 1a 0,8; 1,2 va 0,43 J.kg'.K".

1,21

0,81

0.6}

M

0.4]

—AS ( J.Kg'. K"

0 1 1 1 1 1 1
180 200 220 240 260 280 300 320
T(K)

Hinh 5: cde dieong cong - 45, (T) (AH = 12 kOe) cia caic mdu bing hop kim
La,, Fe,  CoSi  (x=0;05val)
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Vo6i muc dich khao sat anh huong cua ché d6 u
nhiét 1én tinh chét tir ciia hop kim, cdc mau bang hop
kim da duogc u tai cac nhiét do khac nhau (tur 1223 dén
1323 K) trong 1 h. Hinh 6 biéu dién c4c dudng cong tir
nhiét cia cadc mau bing hop kim La  Fe . CoSi (x
=0 va 0,5) sau khi u nhi¢t. K&t qua thu dugc cho thay,
nhiét d6 chuyén pha cua cac mau bang da dugc ting
1én sau khi u nhigt. Trude khi G nhi€t, cac gia tri T, cta
cac mau x = 0 va x = 0,5 tuong Ung chi 1a 297 va 276
K. Tuy nhién, cac gia tri nay dat tdi xung quanh 300 K
sau khi 0 nhiét. Can chu ¥ rang, T, cua céac mau bing
nay ciling tang theo nhiét d6 4. Khi nhi¢t do u tang tu
1223 dén 1323 K thi nhiét d6 Curie cua cac mau nay
tang trong khoang 280330 K.

1,05 T T T T 1.1

e 1 RS
0,95|
_ ool 09}
5085 --a--Chuau Loledy S 08
S gl o 1223K-1h N he £ 07
-e— 1273K-1h a & ="
078L A 1323K-1h 0.6
0.7 —a—1323K-1h
o5 T N
0,65 . . . .
100 150 200 250 300 350 04 . . . .
T (K) 100 150 200 250 300 350
T (K)
(a) (b)

Hinh 6: cdc dwong cong tir nhiét ciia cdc mau bang hop kim La,, Fe

CoSi,
voix =0 (a) va x = 0,5 (b) sau khi u nhiét

10,5-x

Két luan

Anh huéng ctia ndng do La va ché do xtr 1y nhiét
1én céu trac, tinh chit tir va hiéu tng tir nhiét cua
La, Fe . CoSi  (x=0;0,5,1val,5)dadugcnghién
ctru. Vi sy ting 1én cia ndng do La, khd ndng hinh
thanh trang thai vo dinh hinh cua hop kim tang va su
hinh thanh pha tinh thé o-Fe giam. Chuyén pha tir va
hiéu ing tir nhiét dugc cai thién dang ké voi giatrix =
0,5. Gia tri 16n nhét cua bién thién entropy tu thu duoc
xung quanh nhiét 4o phong la 1,2 J. Kg'.K!' (vdi AH =
12 kOe). Nhiét 6 Curie ctia hop kim c6 thé diéu chinh
vé ving nhiét 46 phong bang cach u nhiét.
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Thiét ké va mo phong hoat dong cla vi chap hanh nhiét dién silicon-polymer
Chir Pirc Trinh*, Nguyén Ngoc Viét, Ding Vin Hiéu
Truong Pai hoc Cong nghé, Pai hoc Qué'c gia Ha Noi

Ngay nhén bai 28.4.2015, ngay chuyén phan bién 6.5.2015, ngay nhan phan bién 17.6.2015, ngay chip nhan dang 22.6.2015

Bai bao trinh bay vé thiét ké va mé phong hoat dong ciia mdt vi chap hanh nhiét dién silicon-polymer voi
kich thwéc nhé; dién 4p hoat déng thip; lwe va dd dich chuyén diu ra 16m; twong thich véi quy trinh ché tao
CMOS. Hoat dong ciia ciu tric dwoce phén tich dua trén Iy thuyét co hoc ¢6 dién va phwong phap mé hinh
héa phan tir hitu han. Céc két qua phan tich 1y thuyét va md phong phi hop véi cac két qua thue nghiém.
Céu tric vi chip hanh cii tién dwoc thiét ké dua trén cic md hinh dat dwoc vé co hoc va truyén nhiét. Vi
chip hanh nhiét dién silicon-polymer nay c6 tiém ning wng dung trong cac b vi thao tic, md ndi soi...

Tur khéa: phén tich phiin tr hitu han, phwong phap Maxwell-Mohr, vi chd'p hanh nhiét dién, vi kep.

Chi sé phin logi 1.3

DESIGN AND SIMULATION
OF A SILICON-POLYMER
ELECTROTHERMAL MICROACTUATOR

Summary

This paper presents the design and simulation of
a silicon-polymer electrothermal microactuator
with small size; low driving voltage; large force and
deflection; compatibility with CMOS technology...
This proposed microelectromechanical silicon-
polymer gripper has been analyzed based on
traditional mechanical theories and finite element
simulation. The analyzed and simulated results
have met the experimental results. The proposed
structure has been optimized using mechanical
and heat transfer theories. This silicon-polymer
microgripper has a high potential of applying in
micromanipulator, minimally invasive surgery,
and so on.

Keywords: electrothermal microactuator, FEA,
Maxwell-Mohr method, microgripper.
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La mot linh vuc cong nghé tién phong, hé thong
vi co dién tir (MEMS) c6 thé tich hop mét s6 thanh
phan tudng chimg khong lién quan nhu y sinh véi co
hoc két céu va vi dién tir [1]. Nhiéu ung dung méi
vé MEMS sé& xuét hién, vuot ra khoi nhitng hiéu biét
trong hién tai. Mot trong céc nghién cuu do 1a vi co
céu chap hanh - mot phan tir quan trong. Cac Gmg dung
tiém tang cta thiét bi nay thé hién trong mot s linh
vuc nhu vi hé thdng, vi robot va cong nghé y sinh [2,
3]. Mot s phuong phap thiét ké vi chap hanh duoc sir
dung phé bién trong cong ngh¢ MEMS, nhu tinh dién
[4-6], ap dién [7, 8], dién tir [9, 10] va nhiét dién [11,
12]. Céc co chip hanh kiéu tinh dién thuong c6 dap
{ing nhanh, nhung c6 mot s6 nhuoc diém 13 dién ap sir
dung 16n, kich thudc 16n trong khi luc chuyén vi thap.
Céc vat li¢u ap dién c6 kha nang cho luc chuyén Vi
cao tai dién ap twong ddi thap. Tuy nhién, co cau chip
hanh &p dién thuong phuc tap, khong phu hop véi quy
trinh ché tao mach tich hop, nén kho cho céac tmg dung
xam 14n ti thiéu. Cac co cau chap hanh kiéu dién tir
ciing tuong tu, nghia 1a hiéu qua chuyén vi cao nhung
co cau phuc tap, kho ché tao va it pht hop véi vi hé
thdng. Do céc vu diém vé kich thu6c, gia thanh va do
tin cdy, cac co cau chap hanh nhiét dién ngay cang
dugc wa thich hon. Vi chap hanh nhiét dién silicon
[13] c6 thé phat sinh bién dang va chuyén vi 16n voi
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dién ap tac dung thip va quy trinh ché tao tuong thich
v6i cong nghé CMOS. Tuy nhién, nhuoc diém chinh
clia co' ciu chép hanh nay la nhiét d hoat dong trén
cAu tric co thé rat cao.

Co cau chép hanh nhiét dién polymer [14] di duoc
quan tim dén trong cong nghé MEMS boi nhiét do
hoat dong thap hon. Hon nita, n6 ¢6 kha ning hoat
dong trong chat long va kha nang tuong thich sinh hoc.
Hau hét cac vi chap hanh nhiét dién polymer st dung
céu trac hai vat liéu. Lép gia nhiét bang kim loai dugc
lang dong trén mit 16p polymer c6 hé s6 gidn nd nhiét
cao. Céu trac nay bi udn cong khi nong. Dé ting do
ctng va hiéu qua truyén nhiét vao polymer, mot thiét
ké méi vé vi chap hanh tao nén boi cac ngan silicon-
polymer Xép chéng 1én nhau da duoc dua ra [15]. Thiét
ké bao gém 3 vat liéu: kim loai dan dién, silicon c6
dd dan nhiét cao va polymer vi mot hé sb gian no
nhiét 16n. Khi hoat dong, nhiét duogc truyén hiéu qua
tir 16p kim loai gia nhiét téi polymer nhd sy dan nhiét
cao theo chiéu day ctia khung silicon, va khung silicon
lai ¢6 giao di¢n tiép xuc 16n voi polymer xung quanh.
Hon nira, cac 16p polymer bi giam giir gitta cdc ngin
silicon. Sy gian nd nhi¢t cua polymer khi bi giam gitt
16n hon 3 1an so véi khong bi giam gitr [16].

Bai bao trinh bay phwong phéap phén tich cau tric
va mo phong hoat dong ctia mot thiét ké vi chap hanh
nhi¢t dién silicon-polymer. COMSOL Multiphysics -
mot cong cu mo hinh héa phan tir hitu han da duoc sir
dung dé mé phong vi chip hanh. Céc két qua phan tich
va mo phong duogc so sanh 1a kha phu hop véi thuc
nghiém. Béi vay, cac phuong phap trén cting dugc st
dung dé xem xét mot cai tién méi. Cai tién méi vé ciu
tric co hoc bang cach thay doi ty sé chiéu rong (ty sb
vé chiéu rong gitta dau ty do va du cb dinh cta thanh
dam chép hanh) s& duoc trinh bay trong bai bao nay.
V6i cung két qua chuyén vi & dau gip, thiét ké méi sir
dung dién ap kich thich nhé hon va nhiét d6 hoat dong
thap hon so véi thiét ké thuong. Cudi cing, bai bao
dua ra mot cdu trac vi kep tdi wu. Két qua cho thay,
v6i cing mot dap tng dich chuyén 40 um, ciu trac toi
wu chi sir dung dién ap xap xi bang mot nira va nhiét
d6 hoat dong trung binh 1a 85°C so v&i 150°C trén cu
trac thudng. Nhu vay, cau trac toi uvu khong chi lam
tang dich chuyén, ma con gop phan giam tiéu thu ning
luong va kich thudc vi chdp hanh.
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Nguyén Iy hoat dong va thiét ké vi chap hanh
nhiét dién silicon-polymer

[/
®) S

Hinh 1: a) Thiét ké co cdu vi chap hanh nhiét dién; b) Phdc thao cdu triic
khung silicon va cdc ngan silicon-polymer xép chong Ién nhau

Hinh la biéu dién thiét ké cua mot vi chdp hanh
nhiét dién silicon-polymer. Hinh 1b phic thdo cau
trac khung xép chong cac ngan silicon-polymer. Co
céu chap hanh nay gdm 3 thanh phan chu dao. Phan
thir nhat 14 khung silic: giong nhu mot khung xuong
song, khung silicon gitip 1am tang d¢ cimg va do dan
nhiét bén trong ciu tric. Phan tht hai 1a polymer cac
16p polymer SU8 dugc dién vao cac khoang trong giita
cac ngan silicon. Cac 16p nay giup tang cuong hi¢u
qua bién dang do polymer c6 d6 dan nd nhiét cao. Hai
thanh phan silicon va polymer duoc ché tao tuong tu
nhu hai chiée luge dan xen vao nhau tao nén dang cau
triic céac ngan sﬂlcon -polymer xép chong 1én nhau.
Thanh phan tht ba gidng nhu mot nguon nhiét, la mot
16p nhom mong. Lép nhdm dugc gan trén mat cua
khung silicon, tao thanh mdt day dién trd. Lop nhom
nay duoc két ndi v6i mot ngu@)n dién va hoat dong dua
trén hi¢u ung tda nhiét Jun-Lenxo.

Khi 16p nhom dugce kich thich bai mot ngudn dién
V, ning lugng dién duge chuyén hoa thanh ning luong
nhiét boi dién tré ciia ddy nhom. Ngudn nhiét phat sinh
duoc truyén vao khung silicon. Do d¢ dan nhiét cao va
bé mit tiép xtic rong v4i polymer cua ciu tric silicon-
polymer, nang luong nhi¢t dugc truyén hiéu qua vao
cac lop polymer, lam polymer dan nd manh. Do su
dan nd nhiét khac nhau gitra silicon va polymer, cOng
v6i viée cb dinh thanh ddm chap hanh tai mot dau, lam
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cho thanh dam chép hanh bi uén cong O dau con lai.
Hon nita, do tac dung giam giit cac 16p polymer gitra
cac 16p cung silicon [17] 1am cho d6 ubn ciia dam tang
gap ba lan so véi khi khong c6 giam giit. Theo d6, hiéu
qua giam giit dat dugc 6n dinh khi ty sé w/h 16n hon
hogc bing 10. V6i w, h lan lugt 1a do dai va rong cia
16p polymer. Hinh 2 cho thdy, modun dan hoi Young
ctia cdu triic xép chong cac ngan silicon-polymer tang
theo ham mil hai voi ty s6 w/h [18].

— |
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Young's modulus - GPa

Hinh 2: modun Young hiéu dung ciia cau triic silicon-polymer véi ty s6 w/h [19]

Mbi ciu trac xép chong silicon-polymer bao gdm
mot gan silicon voi 41 rang luge va cac 16p polymer
SU8 ¢ gitta. PO rong gan silicon 1a 10 um va mdi rang
silicon ¢6 do rong 6 pm, dai 75 pm, day 30 pm. Moi
16p polymer rong 3 pm. Ty sé dai/rong va cao/rong ciia
mdi 16p polymer lan luot 14 25 va 10. Cac gié tri nay da
thoa man hi¢u qua giam gitr nhu da néu & trén. Lép day
nhom c6 d6 rong 2 pm va day 600 nm. Céc kich thudc
nay duoc trinh bay trong bang 1.

Bang 1: théng s6 kich thuée ciia vi chap hanh [15]

Théng s Ky hiéu | Giatri | Ponvi
Chiéu dai vi chdp hanh L 390 um
D6 day vi chip hanh T 30 um
Do day 16p nhom T, 600 nm
Do rong ngdn luoc silicon Hg 6 um
Do rong 16p polymer SUS Hg 3 um
Do rong day gia nhiét nhom H,, 2 um
Do dai ngén luge Lo 75 um
Do rong xuong silicon W 10 um
PO hé giira vi chip hanh va thanh dAm W, 22 um
Do rong thanh dam W 12 pwm
Do dai dau gip L., 100 um
Do rong dau gép Wiaw 28 um
PO rong dau gip W, 20 um
Khoang cach ban diu giita hai mé vi kep d. 50 um
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Mo hinh héa va mod phéng vi chap hanh

Tinh todn chuyén vi st dung phwong phdp
Maxwell-Mohr

Mot dam congson dugc st dung dé mo hinh héa
cho thanh chap hanh nhiét dién (nhu trén hinh 3). Dam
c¢d dinh tai mot dau O va dau tu do A. Cac thong sO E,
G lan luot 14 moédun Young va modun trugt cia vat
lidu. Mt cit ngang cua dam c6 hinh dang chir nhat va
kich thuéc khong thay doi doc theo chiéu dai ctia thanh
dam. Do d6, dién tich va momen quan tinh chinh trung
tAm mat cit ngang cua dam dugc xac dinh lan luot 13
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Hinh 3: mé hinh thanh dam vi chap hanh
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Hinh 4: biéu dién thanh dam chiu tai trong co ban:
(a) Biéu do phan b6 hee va momen, (b) Biéu do luc cat, (c) Biéu do momen uén
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()
Hinh 5: biéu dién thanh dam chiu tdi trong tdp trung:
(a) Biéu do phan b6 hee va momen, (b) Biéu do luc cat, (c) Biéu do momen uén
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Ta gia sir lyc phat sinh boi ngudn nhiét tir ddy nhom
lam thanh dim bién dang, twong dwong voi mét luc
phan b déu q doc theo chiéu dai dam. Phuong phap
Maxwell-Mohr duoc st dung dé tinh chuyén vi dtng
tai dau tu do A. Cac biéu dd phan tich ¢ trang thai co
ban va trang thai chiu tai trong tap trung tai dau A, lan
luot duge thé hién trén hinh 4 va hinh 5.

Gia st rang, modun Young (E) va modun truot (G)
cta thanh dam 14 cac hang sb. Ap dung phuong phép
Maxwell-Mohr, chuyén vi ding tai dau A dugce xac dinh
bao gom chuyén vi ubn va trugt la: y =T,

Trong do6:
M M, ‘
M :J. —— dx = qL
El, 8EI,
0, o )
I
y2 _J‘ k d :qu

G4,  2GA,
Voi pla h¢ s6 kich thuéc, phu thude vao hinh dang
clia mat cat ngang.

Tir biéu thirc trén nhan thiy, chuyén vi tai A s& phu
thudc cac thong sb kich thuéc, phu thudc vao vat liéu
ché tao va phu thudc ca tai trong phan bé (& dy chinh
la dién ap kich thich V).

Méb phong swr dung cong cu COMSOL

Hinh 6: hinh dnh két qua m6 phong nhiét do
va chuyén vi cua thanh chap hanh

COMSOL Multiphysics, mot cong cu tinh toan sb
dwa trén phuong phap phan tir hitu han duoc sir dung
dé mo phong hoat dong ctia vi chap hanh nay. M6 hinh
céu tric ba chidu da dugc thiét ké dé theo ddi chuyén
vi va nhiét d6 phan bd trén thanh chap hanh. Hinh 6 13
mot hinh anh két qua mo phong da dat dugc. Cac thong
s6 kich thudc cua thanh vi chr?ip hanh duogc chon nhu
trong bang 1.
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Khi chay m6 phong, mot dién ap mot chiéu duoc
kich thich cho hai dau day nhom trong dai tir 0 dén 4
V, theo timg nac 13 0,25 V. Chuyén vi t6i da tai ddu gap
ctia vi chap hanh 1én t6i 50 pm va nhiét do 16n nhat 1a
220°C tai dién ap kich thich 1a 4 V.

Két qua thuc nghiém va thao ludn

Aluminum

i 390 m l g
=
g

(TR,

Hinh 7: hinh dnh ché tao thuc nghiém vi kep nhiét dién silicon-polymer [20]

Mot vi kep duoc thiét ké dua trén vi chdp hanh nhiét
dién silicon-polymer duoc thé hién trén hinh 7. Vi kep
dugc ché tao ¢ ché do thuong mo. Thiét ké gdm hai
thanh chip hanh giéng hét nhau va dit d6i xtng nhau.
Khi kich thich dién ap 1én mdi thanh chip hanh, cac
thanh nay s& bi uén cong, dan dén cac mo kep dong lai.
Gia sir rang, ta kich thich dién 4p nhu nhau trén mdi
thanh chap hanh, thi d6 gip hay dich chuyén cta vi kep
duogc tinh bang hai 1an chuyén vi trén dau gip cia mdi
thanh chip hanh.

Trong thuc nghiém, hai phuong phap da dugc su
dung dé 1am thay ddi nhiét d6 trén vi chap hanh, d6 1a
kich thich tryc tiép bang ngudn nhiét bén ngoai hodc
kich thich mot dién ap dat vao hai dau day nhém. Sau
d6, xac dinh chuyén vi cua dau gip va nhiét do trung
binh trén vi chap hanh dudi kinh hién vi quang hoc.
Biang phuong phéap sir dung ngudn nhiét bén ngoai,
ting nic nhiét d6 20°C dugc tac dong truc tiép 1én vi
chap hanh, trong dai tir 20°C dén 200°C. P9 gip tdi
da do dugc 1a 39 um voi nhiét do trung binh khi d6 1a
180°C. Phuong phép nay cho thiy, tiéu hao ning lugng
nhiét nhiéu 1am cho d6 dich chuyén thip. Phuong phap
kich thich bang dién p dwoc st dung v6i dai dién ap tir
0 dén 4 V. Két qua do dugc cho thay, dich chuyén tbi
da 1én toi 48 um, trong khi nhiét d6 trung binh 16n nhat
trén vi chip hanh 1a 176°C. So sanh giita hai phuong
phap duoc thé hién trén hinh 8.
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Hinh 8: dich chuyén ctia mo kep voi nhi¢t do trung binh trén vi chdp hanh
silicon-polymer bang cac phuwong phap thuc nghiém [15]

Bang phwong phap co hoc truyén théng, chuyén vi
ding tai A tinh dugc la:

gL' nql’

=1 2
8EI, 2G4, ®

Déi v6i mit cit ngang la hinh chir nhat, h¢ s6 hinh
dang duoc chon la: ,; =1,2

Quan h¢ gitra modun trugt va modun Young dugc
xac dinh:

£ 3)
2(1+v)

Vé6i V 1a hé s6 Poisson (v6i da sb vat lidu thi hé sd
nay xap xi bang 0,25). Tt hinh 2, moédun Young dugc
chon 1a E =225 GPa, do d6 modun truot G = 50 GPa.
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Hinh 9: dich chuyén ctia vi kep theo dién dp kich thich
trén moi thanh chap hanh
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Chiéu dai dam tuwong duwong dugc chon nhu trong
bang 1 voi cudng d6 luc phan bd q duoc chon ty 18 véi
mot ham bac hai cua dién ap tic dung, boi cong suat
tdéa nhiét trén kim loai tuan theo dinh luat Jun-Lenxo

(0= V*/R). Do dich chuyén cua vi kep voi dién ap tac

dung trén mdi thanh vi chép hanh dién nhiét silicon-
polymer dugc thé hién trén hinh 9. Dich chuyén & day
dugc tinh bang tong chuyén vi cia hai dau gip khi ca
hai thanh chép hanh cung hoat dong. Dich chuyén 16n
nhat 1én téi 50 pm khi dit dién ap 4 V trén bd chap
hanh. Vi vay, vi kep dugc du kién gép duge cac doi
duong kinh

tuong  cod nhé hon 50 um.
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Hinh 10: nhiét do trung binh vi kep theo dién dp kich thich
trén moi thanh chap hanh

Hinh 10 biéu dién nhiét d hoat dong trung binh trén
vi kep theo dién ap tac dung trén mdi thanh chap hanh.
Nhu trén hinh, nhiét d6 trung binh téi da 1a khoang
190°C khi kich thich dién ap 4 V. So sanh cac két qua
tinh toan bang 1y thuyét co hoc, két qua mo phong va
két qua do cua ché tao thuc nghiém dugc biéu dién &
cac hinh trén 1a kha tuong ddng nhau. Cac d6 thi déu
c6 dang Xép xi ciia mot ham béc hai. Piéu d6 cho théy,
phuong phap phan tich va mo6 hinh héa mé phong la
kha chinh x4c va co thé sir dung tiép trén cic mé hinh
thiét ké trong phan tiép theo.

Cai tién cau tric co hoc vi chap hanh
Phdn tich co hoc

Theo nhu thiét ké ban dau, chiéu rong vi chdp hanh
1a khong d6i va mat cit ngang cta thanh dim chip
hanh 13 hinh chir nhat. Nhu vay, chiéu cao mit cat
ngang 1a khong ddi trén toan b vi tri doc theo thanh
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dam. Xét thanh dam c6 chiéu rong thay doi tuyén tinh
doc theo chiéu dai (xem hinh 1la). Gia thiét co h¢
chiu tac dung ctia mét lyc phan bd trong mat phang
ding tuong duong mot lyc phan bb déu voi cuong do
khong d6i (q) trén toan bo chiéu dai va coi moédun dan
hoi Young (E), médun trugt (G) cua thanh dam 1a cac
hang s6. Str dung céc 1y thuyét co hoc ¢o dién dé tinh
chuyén vi tai du A theo phuong thang ding. Hinh 11b
biéu dién trang thai thanh dam chiju tai trong tap trung
theo phuong thang dung tai vi tri tinh chuyén vi A.

Y

N

\ w(x)
N
\

P=1

/o 4
(]

Hinh 11: thanh dam véi d rong thay doi doc theo chiéu dai:
(a) Co hé chiu tai trong co ban, (b) Co hé chiu tai trong tap trung tai dau t do 4,
(c) Tiét dién mat cdt ngang thanh dam tai vi tri x

Xét thanh dam c6 dau ¢ dinh tai O, dau ty do tai A
va tiét dién 1a hinh chit nhét, voi chiéu day T khong doi
va chi€u rdng thay doi tuyen tinh tir O té1 A. Ta biét
rang, dién tich va momen quén tinh chinh trung tdm
mat cit ngang tai ngam O 1an luot 1a A, 1,

Néu chon géc toa do tai dau tu do A va truc x huong
tur phai sang trai thi chiéu cao mat cat ngang tai vi tri x:

Wi :W{(l—r)%+r] )

Trong do6, r 13 ty s chiéu rong (ty sd chiéu rong
thanh dam gitra hai dau A va O).

Khi do6, dién tich va momen quan tinh chinh trung
tam mat cat ngang tai vi tri X twong ung la:

A4, =Tw,, =4, [(1—r)%+ r}

iy LT (5)
I =—9 =7 1(1-r r
(x) 12 ‘:( )L jl
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Cuong d0 lyc tai vi tri x:

(liqr){u—r)%w} (6)

Biéu thirc momen uon va lyc cat tai trang thai chiu
tai trong co ban:

(1-r)x’ +3Lrx*
3L(1 + r)

(1 - r)x2 +2Lrx

L(l + r)

M, =—q
(7)

0,=9g

Biéu thirc momen udn va luc cit tai trang thai chiu
tai trong tap trung:

M P =X (8)

Qk =1

Ap dung cong thirc Maxwell-Mohr, tinh chuyén vi
dimg tai A lan lugt theo bién dang udn va bién dang
truot, ta duoc:

MPATA e (1-r)x*+3L°
:21_ _ap (1=r) e
EI, EIoo3(l+r)[(l—r)z+Lr:| )
ZJ‘ QQk yq (1 r)x +2Lrx
GA00(1+r)[1 rz+Lr]
Vay chuyén vi dimg tong cong tai Ala:
£y (1-r)x 430 ¢ x+2L1x
by - L ﬂj b (10)
0

E[oo3(1+r)[(1 rx+Lr} G [1 VZ+LV]

Chon chuyén vi tai A khir=1 lam chuan. Nghia la,
d6 rong thanh chap hanh khong d6i, chuyén vi khi d6
nhu cho trong biéu thic (2).

Mo phong

Nhu ching ta dd biét, v6i cu trac vi chdp hanh
da ché tao, két qua mo phong co su phi hop tét véi
két qua ché tao thuc nghiém. Vi vy trong phan nay,
mé phong hoat dong cua cu trac cai tién bang phan
mém COMSOL Multiphysics tiép tuc dugc st dung.
Véi yéu cau 1a cac thong sb vat 1y cta vat lidu va moi

truong xung quanh di thiét 1ap trong qué trinh chay
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c4c md phong ciu triic thuong dugce giit nguyén.

Hinh 12: mé hinh vi chdp hanh c¢é @6 réng thay doi doc theo chiéu dai

Hinh 12 thé hién mdt ciu tric vi chép hanh ¢6 chiéu
rong thay ddi doc theo chidu dai thanh dam chép hanh.
Céc thong sd kich thudc vé chiéu dai va do day cua
Vi chép hanh, cac kich thudc cua dau gép, do rong,
day ctia ddy nhém, polymer, silicon van dugc lay theo
bang 1. M6t hinh anh két qua mé phong chuyén vi va
nhiét do trén cau tric cai tién cta thanh chép hanh thé
hién trén hinh 13.

0 200 400
100
50
0
50

Hinh 13: két qua mé phong trén mgt céu tric cdi tién ciia vi chap hanh

Chay mot s mo phong vé céu tric dua ra ing voi
mdi thay doi vé chidu rong thanh dim chip hanh, véi
ty s chiéu rong r thay ddi theo tirng néc 0,1 tir 0 dén 2,
cung voi thay ddi gia tri cia r 1a diéu chinh gid tri dién
ap tac dung, sao cho nhi¢t do trung binh trén thanh
dam gitr x4p xi 100°C.

Ap dung két qua phan tich 1y thuyét, tuong Gmg voi
dién ap tac dung 3 V va nhiét do trung binh trén vi kep

1a 100°C, ta chon ¢=1,25x10°N/m’ khi r = 1. Khi

do, quan hé gitra do dich chuyén cua vi kep véi ty sor
dugc thé hién trén hinh 14,

Nhu viy, duong cong két qua dya trén mé hinh 1y
thuyét va mé hinh mé phong 1a c6 dang tuong tu nhau.
C6 su khac biét gitra hai két qua (khi r < 1) dugc cho
bai mot sé nguyén nhan. Thir nhat, trong mé hinh tinh
toan 1y thuyét, chung ta bo qua anh hudng boi mot vai
thong s kich thudc va vat liéu. Thir hai, cac thiét ké
khi r < 1, hiéu quéa giam giit polymer giita hai tim cting
khong con tac dung trén mot phén dau tu do cua kep,
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dan dén tinh toan modun dan hoi Young va hé sb gidn
no nhiét khong con chinh xac. Pac biét, mot s6 tinh
chét nhiét cua vi kep s€ phu thudc vao silicon nhiéu
hon so v6i polymer. Béi vi hé s6 dan nhiét cua silicon
16n, nén d6 udn cia dam sé& ting cao khi r < 1. Tuy
nhién, ta khong xét dén truong hop dong thoi ty s6 r <
1 va cac ty s6 kich thudc khac van thoa man hiéu qua
giam gitt polymer, vi nhu vay kich thudc cua vi kep s€
rat 16n, khong pht hop véi bai toan MEMS.

— K&t qua phan tich
___| = &== K&t qua md phong

Dich chuyén Igira -

0,5 1 15 2
Ty so chiéu rong (r)

Hinh 14: quan hé giita dich chuyén ciia vi kep vdi ty s6 chiéu réng (r)

Noéi chung, ca mé hinh 1y thuyét va mo hinh mé
phong déu cho két qua tét nhat khi r = 0,1. Néu nhu
& cAu trac thong thuong trude day (r = 1), dé vi kep
dich chuyén 40 pm, thi mdi thanh chdp hanh can c6
mot dién ap tac dung la trén 3,75 V. Khi do, nhiét do
cao nhét trén thanh c6 thé 1én toi gin 200°C va nhiét
do trung binh trén thanh khoang 150°C. Cling vdi dich
chuyén 40 pum, ddi v6i cu trac méi khi r = 0,1 thi
mdi thanh chp hanh chi cdn mot dién ap tac dung la
2 V, nhiét do hoat dong t6i da con khoang 100°C va
nhiét d6 hoat dong trung binh khoang 85°C. Diéu do
c6 nghia, cong suat va nhiét do déu giam di xap xi mot
ntra. Nhén xét trén dugc rut ra khi so sanh phan bd
nhiét do gitra hai thiét ké cau trac thuong va ciu trac
toi wu trén hinh 15.
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Hinh 15: phdn bé nhiét do trén dwong trung binh doc thanh chdp hanh cuia cdc vi kep
tuwong vmg voi cac ty sor = 1 va r = 0,1 khi déu cho ket qua dich chuyén la 40 um



Cai tién méi vé cdu tric co hoc ctia vi chap hanh 1a
chiéu rong thay ddi tuyén tinh doc theo chiéu dai cua
thanh chap hanh. Cac két qua phan tich co hoc mé hinh
1y thuyét va mé phong mé hinh thiét ké di duoc dua
ra. N6i chung, khi ty s6 chiéu rongr < 1 thi chuyén vi
tai dau gap la cao hon so véi cdu trac thuong khir= 1.
Giatricuar xép X1 béng 0,1 duoc dé xuat lya chon 1a
t6i wru. Nhu vy, cdu tric toi wu khong chi tang chuyén
vi tai dau gép, ma con giam dién ap tac dung va giam
kich thudc vi chdp hanh.

Két luan

Bai bao dé cap dén vi chap hanh nhiét dién silicon-
polymer va cac phuong phap khao sat dya trén 1y thuyét
co hoc ¢6 dién, cong cy mo hinh hoa phﬁn tir htru han
COMSOL Multiphysics. Phén tich cac két qua so véi
mot s6 ché tao thuc nghiém cho thiy cac phuong phap
st dung 1a thich hop. Do do, cac cac phuong phap nay
tiép tuc dugc st dung xem xét cai tién méi vé cau trac
co hoc.

Trong ciu triic méi nay, chiéu rong thanh dam dan
thay doi tuyén tinh theo chidu dai thanh. O day, ty s6
chiéu rong r dugc quan tam, 1a ty s6 chiéu rong tai dau
tu do va dau cb dinh thanh dam. Cac két qua c6 duoc
1 rét tich cyc. Tom lai, khi giam dan chiéu rong thanh
xép chong cac ngin silicon-polymer vé phia dau gip
(tre la r < 1) s& cho hiéu qua cao hon vé do chuyén vi
va cu trac khi r = 0,1 duoc chi ra 1a tot nhat. Dién ap
tac dung va nhiét do hoat dong déu giam xap xi 50%
khi sir dung cAu tric t6i uu, duogc so sanh véi cu tric
thuong r= 1 khi cho ciing mot chuyén vi 1a 40 pm. Ciu
trac t6i vu khong chi ting dich chuyén cua vi kep, ma
con giam dién ap tac dung, ddng nghia véi giam ning
luong tiéu thu va giam kich thudc ché tao, dong nghia
v6i tiéu ton vat liéu ciing giam.

Vi chap hanh nhiét dién silicon-polymer tiép tuc
duoc hta hen 12 mot dé tai nghién ctru hép dan. Cac
thong s6 cta vi chdp hanh can tiép tuc duoc téi uu,
nham tang luc dich chuyén, giam nhiét do hoat dong
va nang cao do chinh xac, tinh on dinh ctia n6. Mot sd
dinh hudng nghién ciru nhu cai tién cdu tric co hoc,
phan bd truyén nhiét, cach ly nhiét voi moi truong,
tich hop diéu khién phan hdi... can dugc nghién ciru
day du trong hé théng vi chap hanh va dap tmg duoc
yéu cdu cao nhat nhu trong tmg dung thao tac véi té
bao song.
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Nghién ctu su bién dong theo mua cta ché do thay dong luc

khu vuc clia song ven bién luu vuc song Ma

Nguyén Thanh Hung'#, Nguyén Quang Minh2, Vii Pinh Cuong'

'Phong Thi nghiém trong diém quéc gia vé dong luc hoc song bién, Vién Khoa hoc Thuy loi Viét Nam
*Vién Dia ly, Vién Han ldm Khoa hoc va Cong Nghé Viét Nam

Ngay nhédn bai 1.7.2015, ngay chuyén phan bién 3.7.2015, ngay nhan phan bién 27.7.2015, ngay chip nhan ding 31.7.2015

Thanh Hoéa c6 dwong bo bién dai 102 km theo huwéng dong bic - tiy nam (PB-TN), 1a ha ngudn luu vue
song M4, noi ciac nhanh séng Ma d6 ra Bién Pong. Ché d thiy dong lwe & khu vire cira sdng, ven bién nay
ngoai anh hwéng ciia ché dd gié mua, con bi anh huwdng clia twong tac giira dong chiy sdéng véi bién nén
bién d6i rat phirc tap. Mit khac, s lwong tram quan tric, do dac thity héi viin co ban rit it do d6 khong
¢6 dii so liéu phuc vu quy hoach, thiét ké giai phap bio vé bo. Bai bio da sir dung mé hinh MIKE21/3
Coupled dé tinh toan xac dinh cac dic trung chi tiét vé séng, dong chay theo miia cho khu vire nghién ciru
bao gom khu vire nwée siu dén khu vure cira sdng va ven bo, trén co sé' 6 dwa ra nhirng nhin dinh vé sy
bién ddi theo mua ciia cac yéu to thiy dong luc. Két qua tinh toan 1 co sé dé dwa ra cac giai phap bao vé
bo, phong chdng sat 16..., phuc vu phat trién bén virng kinh té - xa hdi tinh Thanh Héa.

Tir khéa: bo bién Thanh Héa, civa séng Ma, mé hinh thiiy déng luc.

Chi sé phdn logi 1.5

SEASONAL CHANGES OF HYDRODYNAMIC
REGIME AT THE ESTUARINE AND COASTAL AREA
OF MA RIVER BASIN

Summary

Thanh Hoa has a 102 km coastline with Northeast to Southwest
direction, is the downstream of Ma river basin, and is the place
where the river tributaries flow into the sea. Hydrodynamic
regime in estuaries and coastal area is not only influenced
by the monsoon but also affected by the interaction between
the river flow and the sea, thus hydrodynamic regime is very
complex. Due to the limited number of hydrological gauging
stations, there is not enough data for planning, designing to
protect the coastal area. The Mike 21/3 Coupled model has
been used in this study to calculate the characteristics of waves,
flows in the research areas from deepwater area to coastal and
estuarine areas, and also identify the seasonal changes of these
characteristics. These results will be the basis for proposing the
measures for the coastal protection, prevention of landslides...
to serve for sustainable economic development of Thanh Hoa
province.

Keywords: hydrodynamic model, Ma river estuary, Thanh Hoa
coastline.

Classification number 1.5

*Tac gia lién hé: Tel: 0982288527; Email: nthungpacific@gmail.com

TAP CHI

ﬂﬂﬂgﬁﬁ\/ﬁ N'\m 58(2) 2.2016 32
YWINU NUNRE qu 1 YAl

Pat van de

Thanh Ho4 nim & Bic Trung BO,
cach Thu d6 Ha Nb6i 150 km vé phia
nam. Hé théng song Ma db truc tiép ra
Bién Pong qua 3 cira song: Lén, Lach
Truong va song Ma. Pay 1a hé thong
song quan trong nhat bdi tu cho dai ven
bién phia bac ctia Thanh Hoa. Ving bién
Thanh Hoa c6 ché do song, dong chay
bién ddi theo mua kha rd rét, tuy nhién
khu vyc ctra song ven bién lai c6 ché
d6 thuy luc bién ddi phuc tap hon do
c6 sy tuong tac voi dong chay tur song.

i ViétNam 2

”;Tlumh Héa 1Y "

- DudngB3éndnna .

Hinh 1: vi tri khu vuc cira song ven bién tinh Thanh Héa

Bii bién Sam Son, Thanh Hoa 12 mot
trong nhitng dia diém du lich ndi tiéng



& Viét Nam. Tuy nhién, trong nhitng nim gan day, tai
khu vyc ndy di xay ra hién tuong x6i 16 bo - bai bién
hét stre phuc tap, nhit 1a doan bo bién tir phia ctra Hoi
kéo dai toi bai C (xa Quang Cu) da xay ra hién tuong
x061 bai va sat 16 bo kha nghiém trong. Pa c6 mot sb
nghién ctru vé thuy dong luc va van chuyén bun cat
phuc vu giai thich nguyén nhan x61 16 khu vuc nay
(Lé Manh Hung va nnk, 2013) [1], tuy vay két qua
nghién ctru mdi tinh toan vai mot s6 kich ban nhét dinh
(bao Damrey, song hudng dong nam - BN, song hudng
dong bac - DB). Ngoai ra, do pham vi tinh toan ctia m
hinh nho, thoi gian tinh toan ngan nén két qua nghién
ctru chua phan anh hoan toan sat véi thuc té. Bai bao
nay st dung mé hinh MIKE21/3 Coupled dé tinh toan
v6i mién tinh 16n va thoi gian tinh toan dai nén két
qua tinh todn kha quan hon, khéc phuc dugc nhiing
nhugc diém cia nghién ctru trude voi viée tinh toan
mo phong lién tuc mot nam dai dién dé phan tich chi
tiét su bién dong theo mua cua ché do thuy luc khu vuc
ctra song ven bién Thanh Héa. Ngoai ra, con xét dén
su tuong tac gitra yeu t6 dong chay ttr cac ctra song voi
cac yéu tb thuy triéu, song bién... Két qua cua nghlen
ctru da xac dinh duoc cac dac trung chi tiét vé song,
dong chay theo mua cho cac khu vuc cu thé, tir khu
vue nude sau dén khu vuce ctra song va ven bo, trén co
s& d6 dua ra dugc nhitng nhan dinh vé su bién ddi cua
cac yéu t6 dong luc co tinh quy lut theo mua cho khu
vuc nghién ctru, lam co so dua ra cac giai phap bao vé
b, phong chdng sat 10... phuc vu phat trién bén viing
kinh té - x4 hoi.

Tai liéu va cong cu tinh toan

Tai li¢u

Tai liéu phuc vu qua trinh nghién ctru g@)m dia hinh,
thuy hai van tai khu vuec:

- Bia hinh khu vyc tinh toan dugc xdy dung dua
trén cac hai d6 ty 1& 1/100.000 va 1/200.000, cac sb
liéu ven bo dugc thu thap tir cac binh dd do dac ty 1¢
1/5.000 cac ndm 2009 va 2011 do Vién Khoa hoc Thuy
loi Viét Nam thyc hién [2, 3], cac s liéu dia hinh nay
dugc dua vé cing hé toa d6 VN 2000 va cao do chuin
qudc gia. ..

- Stur dung s6 liéu khi tuong thuy van cia mot sb
tram quan tric khu vyc ctra song Ma: trong cira song
Ma c6 tram Quang Chéu quan tric muc nudc, thuong
nguon tram Quang Chau 20 km c6 tram Glang quan
trac myc nudce. SO liéu ciia cac tram nay c6 thé phan
tich bién dong theo mua cua dong chay trong song.
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Tuy nhién, vung ctra song khong c6 céc tram quan trac
hai van nén cac dac trung thuy dong luc vung ctra song
ven bién dugc tinh toan thong qua md hinh toén.

Cong cu tinh todn

Nghién ctru sir dung mé hinh sé MIKE21/3 Coupled
Model FM cua DHI dé mé phong thuy dong luc ving
ctra song ven bién Thanh Hoa. Module lién hop MIKE
21/3 Coupled 1 hé thdng lién két dong c6 thé lién két
cac module tinh toan dong chay (MIKE 21FM) va
song (MIKE 21SW). Viéc lién két dong cac module
cho phép tinh toan su tac dong qua lai 1an nhau gitta
cac qua trinh nhu tuong tac song va dong chay (hinh
2).

M6 hinh séng s MO0 hinh dong chay
(MIKE 215W) (MIKE 21FM)
\ 4 \ 4 r 4
Pic trung séng: - e Twong tic
Hs, Ts, Ds Ung suat song song — dong chay

Hinh 2: so dé két ndi module séng va dong chay
trong mo hinh MIKE 21/3 Coupled

Thiét Igp mé hinh MIKE21/3 Coupled Model FM
cho khu viee civa song ven bién lwu viee song Mi

Pham vi thiét lgp mé hinh: nghién ctru dugc tap
trung vao khu vuc ctra séng ven bién Thanh Hoa co
gi6i han phia béc tir vi tri cira Lach Sung, phia nam dén
bd bién khu vuc Quang Thai - huyén Quang Xuong.
Tuy nhién, khu vure nghién ctru c6 nhiéu cira séng gan
nhau, c6 sy tuong tac vé dong chay giita cac ctra song
nén pham vi mé hinh da dugc mo rong vé phia bic 1én
dén ctra Ha Lan (s6ng S0), phia nam mé rong dén khu
vuc cira Lach Ghép (séng Yén) dii khong gian dé dam
bao tinh 6n dinh mé hinh cho khu vuc nghién ciru.

Thiét IGp dia hinh, i tinh va diéu kién bién: pham
vi thiét 1ap lugi dia hinh mién tinh cia mé hinh dugce
gioi han: chiéu doc bd tinh tir vi tri bién phia béc tai
khu vuc cira song So dén bién phia nam gan t6i khu
vuc cira song Yén c6 chiéu dai khoang 100 km; chiéu
rong mién ludi tinh tir bd ra phia bién khoang 50 km
té1 do sau 30 m. Ludi tinh mo hinh st dung s6 liéu
ban do dia hinh khu vyc nghién ctru ty 18 1/5.000 dén
1/25.000, c6 sb liéu do bd sung dia hinh khu vuc céac
ctra séng tir nam 2009 dén 2011. Mo hinh st dung luéi
tam gidc linh hoat (ludi phi ciu trac) c¢6 do phan giai
thay d6i tang dan tir ngoai bién sau vao sat bd va cac
clra s6ng. Ludi tinh toan ctia mo hinh c6 tong s6 nut
ludi 1a 22.764 va s6 phan tir 1a 42.883, ludi tinh duoc



chia nho tai khu vuc cac ctra song va ven bién véi
chiéu dai canh 6 ludi khoang 30 m.

Piéu kién bién mé hinh: cac bién ctra song thudc hé
thng song Ma st dung sb liéu bién luu lugng tai cac
ctra Hoi, Lach Truong, Lach Sung dugc trich Xuét tir
két qua cia mo hinh MIKE11 tinh thiy lyc mét chiéu
cho hé théng séng Ma dd dwoc hiéu chinh va kiém
dinh (Nguyén Thanh Hung va nnk, 2015) [4], cac bién
ctra song Day, Ninh Co ldy theo sb liéu myuc nudc
thuc do tai tram Nhu Tan va Phi Lé. Cac bién phia
nam, phia bac va bién ngoai khoi st dung s6 liéu muc
nude dy tinh tir mo hinh triéu toan cau véi bude ludi
0,125°%0,125° va sb liéu bién séng va gié ngoai khoi
sit dung song toan cau tai phan tich cia NOAA véi
buédce ludi 0,5°%0,5°.

€ Cirasdng M3 @ ciasing Bay

@) Cirasdng Lach Truding @@ Cira séng Ninh Co
€@ Ciasing Lén

Hinh 3: pham vi, dia hinh luci tinh mé hinh khu vuec nghién ciru

Hiéu chinh va kiém dinh mé hinh: mé hinh duoc
hiéu chinh véi bd sb liéu do muc nudc, song ven bo
tai khu vuc ctra song Ma trong khoang thoi gian tir
27.5.2011 dén 2.6.2011 (Lé Manh Hung va nnk, 2013)
[1] va duoc kiém dinh trong khoang thoi gian tir
12.10.2014 dén 17.10.2014 (Nguyén Thanh Hung va
nnk, 2015) [4].

- Hiéu chinh mé hinh: véi cac sb liéu dau vao cho
mo hinh, tién hanh diéu chinh cac thong s6 ciia md
hinh sao cho két qua thu dugc phit hop véi sb lidu thuc
do nhat. Két qua hi¢u chinh vé& muc nude va song dugc
thé hién & hinh 4.

TAP CHI

ﬂgbﬂg;avi’é Nam 58(2) 2.2016

— +— H_observed-at VT2 [meter]
1.0{—e—H_modelled-at VT2 [meter]

— ¢ -H_Obsenved-at VT meter]
10| —e—H_modelled-at VT1 [meter

oo 2% o
o40] —— Hs_obsenved-at VT3 [meter]
a25) ——Hs_modelled-at VT3 [meter]

0o o 0% e w6 1w e 000 1000 000 00 o
1087 s 0sm 053 031 oso1  oeoz 0803 otz 052 0531 0502

Hinh 4: két qua hiéu chinh mirc mude, séng tinh toan
VOi thuc do tai cdac vi tri

Vi bo 6 lidu thuce do tir 27.5.2011 dén 2.6.2011 tai
khu vyc ctra song M4, mo hinh da phan anh gan dang
su bién thién myc nudc, song: muc nude phu hop vé
pha va tri s tai cac tram kiém tra véi su sai khac vé tri
s6 16n nhat 12 20 cm ¢ giai doan tridu kém va nho hon
5 cm ¢ giai doan triéu cao; song tai cac tram kiém tra
ciing c6 sy phit hop vé pha va tri sd, sai s6 16n nhét vé
chiéu cao song khoang 10 cm.

- Kiém dinh mé hinh: trong khoang thoi gian tir
12.10.2014 dén 17.10.2014, két qua duogc thé hién &
hinh 5.

st —

peak avo Porosts)

g

.............. ogron
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Hinh 5: két qua kiém dinh cdc dac trung séng tinh todn véi thiec do
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Nhin chung céc sai s6 ciia mo hinh vé myc nudc va
md hinh séng ndm trong pham vi cho phép. M6 hinh
da dugc hiéu chinh dam bao d¢ tin cdy, co thé su dung
dé tinh toan mo phong theo céc kich ban nghién ciru.

Két qua va thao luan

Mt 56 dic trung thuy hdi van khu vwc nghién
ciru qua tai liéu do dac

Dac trung dong chay viung cwa séng Ma: phan tich
chudi sb liéu muc nudc tai hai tram Giang va Quang
Chau c6 thé nhan thdy anh hudng cia Ii séng dén khu
vuc ctra song Ma:

- Céc tran 10 16n (nam 1973, 1980, 2007) lam dang
muc nude ving cira song Ma dang ké: tai tram Giang
Hmax cac tran 1l dat trén 7,2 m so véi myuc nudce trung
binh mua Iii 1a 0,93 m, tai tram Hoang Tén dat trén 2,5
m so v&i myuc nudc trung binh mua 1t 1a 0,26 m.
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- Do anh hudng cta thuy tridu, muc nudc trung
binh mua Il va mua kiét tai hai tram ctta song khong
khac nhau nhiéu: muc nude trung binh mua 1ii so véi
mua ki€t tai tram Hoang Tan lan luot 14 0,09 m va 0,26
m (chénh 0,15 m), tai tram Giang 1a 0,15 m va 0,93 m
(chénh 0,78 m); myc nudc nhod nhét tai Hoang Tan dat
-1,81 m, trong khi tram Giang cach bién 25 km muc
nude nho nhit ciing dat -1,45 m (bang 1).

Bang 1: ddc trung mirc nude nhiéu nam tai tram Giang va Hoang Tén

Tram thiy vin 3
- Y Hoitng Giang Thoi gian
Pic trung H Tan
H_ (m) 2,59 7,26 8.1973
2,86 7,51 9.1980
2,66 7,28 10.2007
H,, mua [ (m) 0,26 0,93 1970-2014
H,, mua kiét (m) 0,09 0,15 1970-2014
H_, (m) -1,81 -1,45 1970-2014

Phan tich thiy triéu khu viec nghién ciru: ving clra
song ven bién Thanh Hoéa c6 ché d6 nhat triéu. Phan
tich s liéu muc nudc tai tram Hoang Tan thoi ky mua
kiét trong 5 ndm (2010-2014) cho thy, tri s6 ciia cac
hang s6 diéu hoa thiy tridu tai tram kha 6n dinh, diéu
nay ching to anh huong ro rét caa thuy triéu trong mua
kiét ddi v6i khu vuc cira séng (bang 2).

Bdng 2: cdc hang s6 diéu hoa thiy triéu tai tram Hoang Tén cira séng Ma

Do Iém (m) Pha ()

2010 | 2011 | 2012 | 2013 | 2014 20]0‘ 2011 ‘ 2012 ‘ 2013 ‘ 2014

20 | 007 | 008 | 0,12 | 015 | 0,13
o1 | 0,64 | 065 | 064 | 068 | 0,69 40 36 39 35 37
Kl | 048 | 050 | 050 | 051 | 052 | 110| 106| 110| 107 | 108
Q1 014 | 014|012 013 | 015 11 8 8 2 1
M2 | 023 | 023 | 025 | 025 | 025 23 18 20 16 14
s2 | o1 | o011 | 011 | 012 | 011 | 104 9 | 102 97 | 100
N2 | 0,04 | 004 | 003 | 0,04 | 004 | 342 70 331 333| 341

Toan
nhat

Ban
nhat

Pdc diém gié: phan tich s liéu gié tai tram do Sam
Son cho thay, huéng gié thinh hanh phan hoé theo
muia: muia he (thang 5-10) chu yéu 1a gié nam, BN, toc
do trung binh 4 m/s; mua dong (thang 11 nam trudc
- thang 4 nam sau) cha yéu la gio dong, PB, toc do
trung binh 3,75 m/s. Téc d6 gi6 16n nhat xuét hién khi
c6 bao, khoang 40 m/s (bdo Darmey ngay 27.9.2005
o toe dod 50 m/s), cac dot gio mua manh co thé dat
15-20 m/s.

Phan tich song khu vuc nghién cieu: khu vuc ven
bién Thanh Hoéa khong c6 tram quan trac song nén
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nghién ctru da st dung sb lidu do song trong hai dot
khao sat ngin ngay tir 27.5-2.6.2011 (Lé Manh Hung
va nnk, 2013) [1] va tir 5.5-10.5.2014 (Nguyén Thanh
Hung va nnk, 2015) [4] dé phan tich. Qua két qua phan
tich co thé rat ra mot sd két ludn nhu sau: chiéu cao
song quan tric trong khoang 0,1-0,5 m, chu ky song
16n nhat 12 s, chu ky séng trung binh 5,6 s; séng ¢ chu
ky kha 16n trong khi chiéu cao song nho, chimg to c6
su xudt hién cua song lung, khu vuc cura song Ma kha
thoang khong bi che chan nén thuan loi cho séng ngoai
khoi truyén vao, hudng song chi yéu 1a huéng nam va
hudéng DN (xem hinh 6).

N N
100 i
ww " \ze—L TNE W CUNPES
“ 501 \
< i 28+
w E -
sW SE

=0,3-0,4(m) s
=0,2-0,3(m) Rt ;':m
5 - 0,8(m
w0,1 - 0,2(m) =02 - qu:
=0,0-0,1(m) =9,8 - 8,3mj
(a) (b)

Hinh 6: hoa song khu vue cira song Ma
(a) Khdo sat 27.5 - 2.6.2011
(b) Khdo sat 5.5 - 10.5.2014

Phan tich sw bién déi theo mia ciia ché dj thiy
dong lwc khu viwee nghién ciru

Dé co thé danh gia duoc su bién dbi ché do dong
luc, nghién ciru da phan tich két qua tinh toan tai mot
s6 diém dai dién cho tung khu vuc ctra song ven bién
Thanh Hoéa (diém A - phia bic cira song M3, diém D -
phia nam cira song M3, diém B - trudc ctra song M,
diém C - trong ctra song M3, diém E - ngoai nudc siu).
Vi tri cu thé cua cac diém ¢ bang 3.

Bdng 3: vi tri cdc diém trich két qua tinh todn

" ) . Cao dg day
Diém Toadj X ToaddY Vitri
mipx | Tnd | (m)
A 599380 | 2197013 Bobién 3
Hodng Hoa

B 600318 | 2188631 Trude b bi 3
ctra Hoi

c 9823 | 2188230 Sau bl boi 3
ctra Hoi

D 596446 | 2185495 Bovien 3
Sam Son

E 608000 2188000 Viing nude sau -15 Vitr céc diém trich song, dong chay



Phan tich lya chon thoi gian tinh toan: nhu da phan
tich ¢ trén, cac nghién curu trudc day thuong chi tap
trung tinh toan danh gia ché do thuy dong luc trong
khoang thoi gian ngén theo cac kich ban dién hinh
(mot tran bao, mot tran 14, hudng song c¢6 dinh). Cach
tiép can nay chi phan 4anh dung duogc cac dic trung
thity dong luc trong nhing trang thai cuc doan nhat
dinh ma khong phan anh dugc sy bién di lién tuc cua
ché d6 thiy dong luc theo khong gian va thoi gian.
Nghién curu nay da phan tich Iya chon mé phdng mot
nim lién tyc séng, dong chay cho nim dién hinh 2012
dé danh gia sy bién dong ché do thuy lyc theo mua
[ndm 2012 14 nam dién hinh vi Id trong séng 16n trong
dbi 16n, dinh 1d song Mi tai Cam Thiy Qmax = 4.740
m?/s ing véi tan suit khoang 10%, 1ii nhanh séng Chu
tuong dbi 16m dugce hd Ctra Dat cit 1 vung bién bi anh
hudng tryc tiép ctia con bio Son Tinh (27-29.10.2012)
¢6 cudng d6 manh gay song 16n, chidu cao song ving
ctra song Ma xap xi 4 m] (hinh 7).

Luu luong song Ma [m"3/s] Do cao song (diem ) m] ——

40
4000 |
i
3000

2000

BT EATEMBIN gy r"MW’ 00 J W

-1000

-2000
january March April ust  September  Oct er er
A A 2012 0% 200 a0 i 2012 o e P

Hinh 7: luu lwong, do cao song tai khu vuec cira song Ma nam 2012

Dac trung song, dong chay trong mua he:

+ Dac trung song:

Mua he, song ngoai khoi ving bién Thanh Hoa c6
hudng DN voi chicu cao (significant wave height - Hs)
toi 1,5 m, tiep do 1a cac hudng dong dong nam (DDN)
va nam dong nam (NDN) vai chiéu cao sobng nho hon,
chiéu cao song c6 nghia dat 1-1,2 m (diém E - hinh 8).

Hinh 8: hoa séng ngoai khoi khu vuc ven bién cira séng Thanh Héa
(twr thang 1 den thang 12)

Khu vuc ven bd phia bic cira song Mi (diém A -
hinh 9) song c6 hudng chu dao 1a BN (chiém t&1 89%
- bang 4) véi chiéu cao song Hs co thé dat 1,0 m; cac
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hudng song con lai 1a DPDN va NDN chi chiém ty 16 rat
nhé va chiéu cao song Hs dat dudi 0,5 m. Khu vuc ven
bo phia nam ctra séng Ma (diém D - hinh 9) c6 hudng
song chinh 1a DN (chiém 60% - bang 4) véi chiéu cao
song Hs c6 thé dat 1,2 m; song huéng DBN c6 chiéu
cao song Hs nho hon 0,5 m va chiém ty 1& nho, khoang
18%.

Song khu vuc cira séng (diém B - hinh 9) ¢6 chiéu
cao Hs kha 16n, co thé dat 1,2 m, song huong chinh
DN chiém ty 18 46% trong khi séng huéng DBN ciing
chiém ty 18 kha 16n, khoang 37%.

Ctra song Ma hién c6 bii cat ngdm chin ctra nén
lam suy giam song kha 16n, song tir bién vao bi v&
phia trudc bai, dan dén chiéu cao song Hs khu vuc cira
song phia sau con ndi (diém C - hinh 9) chi khoang 0,5
m, gap diéu kién triéu lén song co thé dat 0,8 m. Song
huéng DN va NDN chiém wu thé vai ty 18 khoang 83%.

N

Hs tal diem B (m)
Hs tal diem C (m)
I Avove 1,00

% [ Below 0,050

Hinh 9: hoa song miia he
tai cdc vi tri ven bién
Thanh Hoa

I 02000 - 0,4000
I 0,0500 - 0,2000
10% (| gelow 0,0500

Above 1,000
0,8000 - 1,0000
0,6000 - 0,8000
0,400 - 0,6000
0,2000 - 0,4000

0,0500 - 0,2000
10% [ gelow 0,050

Théng ké chi tiét vé ty 1¢ phan trim, chiéu cao song
ung voi cac hudng chinh nhu bang 4.

Bing 4: phdn bé chiéu cao séng theo cdc hudng trong miia hé

Huwong | TyI@ Hs | Huong | Ty1é | Hs | Huong | TyI¢

Vied s ™ ) @ % | m | @) | %
Piém A 0,2-1,0 DN 89 02-04 | BBN 4 02-04 | NBN 2
Diém B 0,2-1,2 DN 46 02-1,2 | BBN 37 102-0,5| NBN 7
Diém C 0,2-0,8 DN 50 02-04 | BBN 10 | 0.2-0,6 | NDN 33
DiémD 0,2-1,2 BN 60 02-0,5 | BBN 18 | 02-0,6 | NDN 6
Diém E 0,2-1,5 BN 48 02-1,2 | PN 25 102-1,0 | NDN 21

+ Dac trung dong chay (hinh 10 va 11): tai khu vuc
ven bién Thanh Hoa dong chay ven bd khong 16n. Tai
diém E (ving nudc sau) dong chay tir song ra khong
du 16n dé t6i diém nay, do d6 dong chay & day chu
yéu 1a dong tridu nén dong chay nho (van toc duéi 0,3
m/s), c6 hudng chinh la BB-TN, trong d6 huéng BB
chiém wu thé. Trong mua hé, do tac dong cuia séng co
hudng chinh 1a DN nén dong chay ven bd phia béc
va phia nam ctra song Ma c¢6 hudng chinh la hudng
tir phia nam 1én phia bac doc theo hudng duong bo.
Dong chay ven bo ¢ tri s6 khong 10n, chi dat duéi 0,5



m/s. Tai khu vuc cua song, do c6 su tuong tac gilra

Bdng 5: phdn bé chiéu cao song theo cdc hwéng chinh trong miia dong

dong chay song va séng nén hudng dong chay khéng Vit | Hs(m | Huwng | TVIE | Hs | Huing | TVi¢ | Hs | Huing | Tyl¢
on dinh, tri s6 dong chay ciing chi khoang 0,5 m/s. Khu ' @ | % | m | @ | % | m | @) | %
vuc phia trong con cat chan ctra song, dong chay tir | PiemA | 02-09 | DN | 95 1 02-04 | BON | 3
song ra nén c6 hudng chi yéu 1a BPB. Dong chay khu | biémB | 0212 | BN | 70 02:06 | NDN | 22
vuc nay co tri s0 kha 16n, c6 the dat 0,5-1,0 m/s, khi cd | piémc | 0208 | DN | 51 |02:06| BN | 10 | 0206 | NDN | 35
I tur Sél’lg ra déng Chéy co thé dat 16n hon nira. PiémD | 02-1,0 | BN 50 10212 | PBN | 47
i e PiémE | 02-14 | DN | 34 | 0214 | BN | 6
é“‘“ T:% N N Hs tai diem B (m)
g 8 Calm ove
oy ook e o 10
£ oz o0 I Ao 100 I 05500000 1 oo 100
g 000 1ot W E W e L e e Ty e e e W “i P T T S T ST L1 080-100 [ 0,4000 - 050 3-2“":22
T e e omn m me g mn smme ogm g owme el b B e
S — i AT b oo o At
R 1,00 o N Hs tal ciem E (m)
gon 0z Hinh 12: hoa séng trong @?F/ i%ﬁ%igg
o wE mia dong tai cac vi tri y B oo e
H of ven bién Thanh Héa Lo, B ooco- 020
Tame e owe omn o ms fno amr swme ome mme omme
+ Dac trung dong chay: dong chay khu vyc ctra
Hinh 10: van téc dong chay tai cac diém trong nam 2012 song ven bién Thanh Hoa trong mua dong c6 xu thé
N N giam nhd 50 VOl dong chay trong mua he. ’Dong chay
meme, khu vuc bién siu c6 huéng chiém wu thé 1a TN, tri
i ai diem B (s, L_10.4000-0.50 A \ 5 5 5 J
e 00 oo Somoe g0 dong chay nho, chi dat dudi 0,4 m/s. Khu vuc ven
L] 0.40-0.50 130 - 1 01000 - 0; \ ’ < \ ’ 5 A ~ \ 5 P
B 0x-040 B ek . @m0 bo phia bac va phia nam cira song Ma dong chay c6
I 010-020 = 8:&2,3:?3 10% [ Below 005

10% , [_] Below 0,05

Hinh 11: hoa dong chay

V tai diem E (m/s)

i dend (me) mua he tai cac vi tri I Avove 0,50

0.40 - 050 LA , [ 1] 040-050

B onoi ven bién Thanh Hoa B oo
020-0 ~o;

Il 0.10-020

RS I 005-0.10

[ Below 0.05 [ Below 0,05

Ddc trung song, dong chay trong mua dong:

+ Déc trung song: vao mua dong, song ngoai vung
nude sau khu vye bién Thanh Héa c6 hudng gi6 thinh
hanh 13 hudéng DN va PPN véi chiéu cao song Hs ¢6
thé dat 1,4 m, song hai huéng nay chiém ty 1& 16n (trén
90%). Khu vuc ven bo phia bic cira song M c6 hudng
song chu dao 1a BN, chiém ty 18 dén 95% véi chiéu cao
song Hs dat duéi 1,0 m; hudéng song PPN chi chiém
ty 16 rat nho, khoang 3% va chiéu cao song Hs chi dat
dudi 0,5 m. Khu vuc ven bo phia nam ctra song Ma
song c6 huéng chinh 1a DN va PDN, chiém ty 18 trén
90% véi chiéu cao song Hs co thé dat 1,2 m. Khu vuc
trude ctra song Ma c6 hai hudng song chinh 1a DN va
NDN véi ty 18 1an lugt 1a 70% va 22%, chiéu cao song
Hs c6 thé dat 1,2 m voi huéng BN va 0,6 m véi hudng
NDN. Chiéu cao soéng Hs khu vuc trong cira song phia
sau cdn ndi chi dat dudi 0,8 m, song huong BN va
NDN chiém uu thé véi ty 1é khoang 86%. Chi tiét vé ty
1& phan tram, chiéu cao song tmg véi cac hudng chinh
nhu bang 5 va hinh 12.

TAP CHI
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hudéng chinh 1a DB-TN theo hudng duong bo, dong
chay huéng TN chiém wu thé, tri s dong chay nho
(chi dat duoi 0,4 m/s). Khu vuc ctra song Ma, do mua
dong trung véi mua kho nén lugng nude tir song ra nhd
(diém C) (xem hinh 13).

N Viai diem C (m/s)

[ Above 0,50

L1 040-0.50

V tai diem A (m/s) Vtai diem B (m/s) 1 0.30-0,40

[ Above 0,50 [ Above 0,50 B 020-030

L1 040-050 [ 040-050 B 0,10-0.20

[ 0.30-0.40 [ 0,30-0,40 I 0.05-0,10

B 0.20-030 [ 0,20-0,30 ] Below 0,05
I 0.10-0.20 I 0,10-0.20
I 0.05-0.10 I 0,05-0,10
1 Below 0,05 [ Below 0,05

Hinh 13: hoa dong chay
mua déng tai cac \/tai diem E (mUs)
3 [ Above 0,50

V tai diem D (m's)

Above 0,50 Pl 15
I Avove 050 Vi tri ven bién [ 040-0550
Bl 0,30-0,40 . 1 030-040
0,20-0,30 Thanh Hoa [ 0,20 -0.30
0,10-0,20 Il o.10-020
0,05-0,10 Il 0.05-0,10
o [_] Below 0,05 10% , [_] Below 0,05

Dac trung song trong bdo: vao mua mua bao, khu
vuc bién Thanh Hoa thudng xuyén chiu anh hudng cua
céc con bdo db bd vao cac tinh ven bién vinh Bic B,
cac con bao manh thuong xay ra vao khoang thoi gian
cubi miia mua bao. Con bio Son Tinh (27-29.10.2012)
c6 cuong do manh (dat 205 km/h khi tién vao vinh
Bic B9), tuy khong dd bo truc tiép vao dia phan tinh
Thanh Héa nhung do duong di ctia con bao phuec tap,
chay doc theo ven bién cac tinh mién Trung 1oi d6 bd
vao cac tinh tir Thai Binh dén Hai Phong nén di gay ra
song 16n cho viing bién Thanh Hoa.
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Hinh 14: duong di va truong gié cua con bio Son Tinh (bdo 56 8 nam 2012)
Nguon: To chirc khi tirong Nhdt Ban va ECMWF

Két qua tinh toan cho thay, chidu cao soéng Hs trong
bao khu vuc ngoai viing nudc siu (diém E) c6 thé dat
3,5 m. Song trong bao khi vao vung ven bo bi suy giam
rat nhanh, ving ven bd chiéu cao séng Hs trong bio
cling chi dat 1,5 m, ven bo phia nam ctra sobng Ma song
¢6 chiéu cao 16n hon ven b phia béc cira song Ma.
Khu vyc trong ctra song Ma do c6 con ndi chan cia
nén song lon trong bao bi suy giam kha nhanh, khong
truyén duoc vao sdu trong cira séng, chiéu cao séng Hs
trong cura song chi dat 0,5 m.
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Hinh 15: chiéu cao song va trieong séng trong bdo Son Tinh
thoi diém bdo tién gan bo

Két luan

Céc két qua tinh toan phan tich trong nghién ctru
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nay cho thdy, ché do thuy dong luc khu vuc cira song
ven bién Thanh Hoéa kha phirc tap do tuong tac giita
dong chay séng véi bién, khu vuc ¢ ché do thiy dong
lyc bién do6i theo mua rd rét. Xét vé ché do thuy dong
luc thi khu vyc ctra song ven bién Thanh Hoéa c6 thé
chia 1am 4 khu vyc chinh c6 cac dic diém vé song va
dong chay khac nhau:

- Khu vuc nudce sau (cao do day dudi -10 m): trong
mua he, song c6 huéng tir PPN dén NDN, trong d6
huong chinh 1a BN, chiéu cao song Hs tu 0,2-1,2 m.
Trong mua dong, song c6 hudng tir PPN dén PN,
trong d6 hudéng chinh 1a BBN, chiéu cao séng Hs tir
0,2-1,4 m. Song trong bdo c¢é chiéu cao song 16n, Hs
dat 3,5-4,0 m, tuy nhién khu vyc ven bo c6 dia hinh
day nong nén chiéu cao séng giam manh khi tién vao
bo. Khu vuc nay dong triéu nho, chi dat dudi 0,5 m/s.

- Khu vuc trude cira song Ma: do c6 dong chay tur
song ra va c6 bai cat ngdm chén cira nén song khu vue
nay khong cao, chiéu cao song Hs chi dat 0,5-0,8 m,
song trong bio va triéu cudong c6 thé dat dudi 1,5 m.
Dong chay tir song ra trong mua dong (mua kiét) c6 tri
s6 dat khoang dudi 0,5 m/s, trong mua he (mua lit) co
thé dat khoang 1 m/s.

- Khu vuc ven bd phia béc cira song Ma (tir cira
song Ma dén cira Lach Truong): song c6 hudng chinh
1a BN, chidu cao song mua hé 16n hon mua dong
nhung ciing chi dat dudi 1 m, chidu cao song trong bio
dat dudi 1,5 m. Dong chdy ven bo mua he c6 hudng
doc bo 1én phia bac véi tri sé dat dudi 0,5 m/s, trong
muia déng dong chay c6 huéng can bang, vdi tri s6 nho
hon 0,4 m/s.

- Khu vuc ven bo phia nam ctra song Ma (tir cura
song Ma dén cira séng Yén, co bai bién Sam Son):
song khu vuc ndy c6 chidu cao 16n hon ven bd phia
béc, trong bio chiéu cao song Hs c6 thé dat trén 1,5 m.
Trong mua he song c6 hudng chinh 1a DN, mua dong
song hudng chinh 1a PPN va BN, chiéu cao song co
thé dat 1,2 m. Dong chay doc bo mua hé co hudng béc
thién 16n, mua déng hudng nam thién 16n hon, tri s6
dong chay dat dudi 0,5 m/s.

Loi cam on

Cdc tac gia xin dwoe cam on PGS.TS Nguyén Tho
Sdo - nguoi dd c6 nhimg y kién dong gép quy bdu
trong qud trinh chinh swa, hoan thién bai bao. Bai bdo
ciing la két qud cia dé tai “Nghién ciru ddnh gid tac
déng cia cdc hé chira thieong nguon dén bién dong
long dan ha du, cira séng ven bién hé thong song Ma



va dé xudt glaz phap han ché tac dong bat loi nham
phat trién ben vieng” thuoc Chwong trinh nghién ciru
khoa hoc cap nha nuwoc KC08/11-15, duoc tai tro boi
Vin phong Cdc chirong trinh trong diém cdp nha nuée
(Bo Khoa hoc va Cong nghé).

Tai liéeu tham khao

[1] Lé Manh Hung, H Viét Cudng (2013), “Nghién ctru tic dong
cua ché do thuy dong lyc ving ven bo, anh huong dén din bién x6i
16 b bién Sdm Son - Thanh Héa”, Tap chi KH&CN Thiy loi, Vién
Khoa hoc Thuy loi Viét Nam.

TAP CHI

ﬂuﬂoc Vié-L am 58(2) 2.2016

nES RESEE
1 Yalll

i
CUNG NGHE /1

[2] Vién Khoa hoc Thuy loi Viét Nam (2009), Dy dn diéu tra co
ban “Piéu tra hién trang cira séng Ma tinh Thanh Hod va kién nghi
cac giai phap bdo vé khai thac hoan thién”.

[3] Vién Khoa hoc Thuy 1gi Viét Nam (2011), Du dn “Khao sat,
nghién ciru danh gid nguyén nhdn, dé xudt giai phap va ldp dir dn dau

tu cong trinh chéng sat 16, bdo vé bo bién thi xa Sam Son”.

[4] Nguyén Thanh Hing va nnk (2015), “Nghién ctru danh gia tac
dong cua cac hd chta thuong nguf")n dén bién dong long dan ha du,
clra song ven bién hé thong song M3 va dé xuat giai phap han ché tac
dong bét lgi nham phat trién bén viing”, dé tai KC08.32/11-15, Phong

Thi nghiém trong diém quéc gia vé& dong luc hoc séng bién.



Nghién ctiu sy hinh thanh va tudi nudc dudi dat Dong bang Nam Bo
bang ky thuat dong vi

Poan Vin Canh", Pang Dirc Nhan', Pham Hoang Anh?,
Nguyén Thi Thanh Thiy?, Nguyén Kién Chinh’, Chau Tran Vinh*
'Héi Pia chat Thuy van Viét Nam
’Truong Pai hoc Mo - Dia chat

$Trung tam Ky thudt Hat nhan, Vién Nang liwong Nguyén tir Viét Nam
*Cuc Quan Iy Tai nguyén nudc, Bo Tai nguyén va Moi truong

Ngay nhédn bai 17.6.2015, ngay chuyén phan bién 19.6.2015, ngay nhan ban bién 17.7.2015, ngay chap nhan ding 24.7.2015

Sw hinh thanh nu’é’c nhat dwéi dit viing Pong bing Nam B¢ da dugc nghién ciru bang ky thuat dong vi V()’i
viéc xac dinh ty s0 cac dong vi 5H va ¥0 ciia 84 miu nuwéc lay tr 5 tang chira nuée qu » 4P, 0 0! va

n’theo ba mit cit AA: Tp Ho Chi Minh - Ca Mau, BB: Ty Ninh - Tp H6 Chi Minh va CC: doc theo song
Tlen (twr Dong Thap vé Tra Vlnh) Dong thoi, cong trinh nghién ciru ciing da sir dung 24 miu nwéc mua
lay & Tp H6 Chi Minh va 24 miu nuéc song Tién va song Hau trong nhirng niim 2012-2014. Miu hoa nwrée
dwdi dit ciia 5 tAng chira nuée ciing dwoce thu thip tir mang quan tric dong thai nwéc dudi dat quoc gia.
Tudi nuwée dwéi dat dwoe xac dinh theo hoat dd carbon-14 va ty s6 dong vi 5'*C. Két qua nghién ciru cho
thiy, cac thau kinh nwée nhat dwece hinh thanh tir nuwée khi twong ¢6 ¢6 tudi tir 300 nim dén 40.000 nim.
Phuong phap thong ké Mann-Whitney sir dung gia tri trung binh 30 va sai s6 chuan déi v6i hai nhom
nwée dwéi dit 13 nwée 6 mién Tay Nam B¢ va nwéc song Tlen, song Hau cho thay, tang chia nuée qp,. 3
khong c6 quan hé thiy lue v6i nwée song va nhu Vay, cic ting chira nuéc phan b6 sau hon ciing khong cé
quan hé v6i nuwéce song (c6 nghia la nwéc dwdi dat & day khong nhan dwge bd cap tir nwéc song, ma hoan
toan dwoc hinh thanh tir nwéc thim cd). Pay 1a mot phan két qua nghién ctru ciia dé tai cAp nha nuwéc ma
s6 KC08.06/11-15: “Nghién ciru dé xut cdc tiéu chi va phan ving khai thac bén virng, bao vé tai nguyén
nuée dudi dat ving Pong bang Bic Bo va Pong bang Nam B§”.

Tir khéa: carbon-14, Pong bang Nam Bg, tan liia, thim xuyén, xdm nhap mdn.

Chi sé phdn logi 1.5

con ¢6 mot sb nguon khéc, vi du nudce tach ra tr mang
tinh thé khoang vat, hodc chon vui trong qua khir (nudce
co), hodc nudce bién méi xAm nhép do cac tac dong cua
tu nhién cling nhu cua con nguoi.

DPat van de

Nudc trén trai dat van dong trong vong khép kin
duoc goi 1a vong tuan hoan nudc trong thién nhién.
Vong tuan hoan nudc co6 theé dugc bat dau t nude bién

bbc hoi 1én cao dén khoang nhiét do du thap thi phan
16n hoi nude ngung tu giy mua tro lai bién, phan khac
van dong vao sau luc dia va trén duong di tao mua roi
xudng mat dat. Nudc mua xuéng mat dat, mot phan s&
chay tran trén bé mit ra song, ho rdi lai do ra bién kém
theo bdc hoi nguoc lai khi quyén, mot phan nude mua
s& ngdm xudng dat va dugc giit lai trong dat ¢ d6i thong
khi dé tham thwc vat tiéu thy rdi thai ra khong khi trong
qua trinh phat tan hoi qua 14, mot phan khong nho ngam
xudng céc tang chira nu6e dudi sau. Nhu vay, vé co
ban, nuéc dudi dat cd ngudn gde tir nude mua, hay con
goi la nuodc khi tugng. Thuc té cho théy, nude dudi dat

*Tac gia lién hé: Tel: 0903422671; Email: doanvancanh@gmail.com
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Ngudn gdc nudc trong cac tang chira nudc co thé
phan bi¢t dugc dya trén co s¢ thanh phﬁn dong Vi
nang la deuteri (*H) va oxy 18 ('®0) cua phan tir nudc.
Nguyén ly cua phuorng phéap nay dua vao sy khac biét
vé thanh phan dong vi gilra cac loai nuge do co hiéu
g phan tach dong vi (d6ng vi nang 2H va 0 so voi
dong vi nhe 'H va '°0) trong phén tir nudc trong qué
trinh chuyén pha: tir 1ong sang hoi (qua trinh boc hoi)
va tr hoi sang long (qua trinh mua) [1]. Mtrc d phan
tach dong vi ciia nudc khi twong phu thudc vao nhiét
d6 khi quyén ciing nhu khoang cach tir nguon phat sinh
hoi nude, tire 1a tir bién vao luc dia noi c6 mua. Hiéu
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THE FORMATION AND AGE
OF GROUNDWATER OF THE NAM BO PLAIN
AS STUDIED BY ISOTOPE TECHNIQUE

Summary

The formation of groundwater from five aquifers (qp, ,,
qp,,n,%,n,' and n *)in the Nam Bo Plain was investigated
by using isotope technique with the determination
of water isotopic composition, namely 6*H and 5'%0.
For this purpose, 84 groundwater samples from the
five aquifers (qp, ., qp,, n,’, n,' and n’) were taken
by three transects AA: HoChiMinh city-CaMau, BB:
Tay Ninh-HoChiMinh city and CC: Dong Thap-Tra
Vinh. Additionally, 24 samples of precipitation in Ho
Chi Minh city and 24 water samples from the Tien and
Hau rivers were also taken during 2012-2014 for the
study of their isotopic composition. The age of water
from the aquifers was determined by the carbon-14
dating technique with 6C correction based on the
Gonfiantini’s model. Results of the isotopic composition
of the samples showed that the groundwater in the
region was originated from the local meteoric water
as its isotopic composition was very close to that of
the local meteorological water line. However, the age
of the study water was determined predominantly to
be old and ranged from 300 up to more than 40,000
years which suggests that the groundwater in the Nam
Bo Plain is paleo-water. The Mann-Whitney statistical
treatment with the mean 5'®*O value and its standard
deviation for the two groups of groundwater in the
western Nam Bo plain and water from both Tien and
Hau rivers revealed that the river’s water did not have
hydraulic interaction with water in the qp, , aquifer.
The same phenomena was found for most aquifers in
the region, which means that the groundwater in the
region has no or very weak recharge from surface.
Since the groundwater resource in the Nam Bo Plain,
especially in the western region is limited, it requires
the local managers to pay particular attention to the
groundwater exploitation in order to have enough clean
water for the public as well as to maintain the water
abstraction be sustainable. This is part of the state-
level scientific research project coded KC08.06/11-15.

Keywords: carbon-14 dating, dissolution, groundwater
leakage, Nam Bo Plain, salt intrusion.

Classification number 1.5
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mg phan tach dong vi trong qua trinh bdc hoi
va ngung tu xay ra song song gitta *H va '*O
va dugc dic trung boi duong nude khi tugng
toan ciu (GMWL: Global Meteorological Water
Line). Craig la nguoi dau tién phat hién ra hién
tugng nay [2]. Thanh phan dong vi duoc thé hién
qua ky hiéu delta (8) va duong GMWL c6 dang:

&’H =8.""0 + 10

Trong do6, &°H va 80 tuong tng 1a thanh
phan dong vi deuteri va oxy-18 trong mau nudc
mua.

Gia tri hé s6 goc ciia duong quan hé §?H+5'%0
va muc du deuteri cua duong nudc khi tugng dia
phuong (LMWL) c6 y nghia quan trong. Hé s
goc ¢6 thé nho hon 8, tirc 1a thanh phan dong
vi oxy-18 trong mau nudc nghién ciru giau hon
thanh phan dong vi deuteri néu tinh theo nhiét
d6 trung binh nim ¢ pham vi toan ciu. Piéu
nay 1a do nhiét d6 bdc hoi cling nhu ngung tu
hoi nudc ¢ vung nghién ctru cao hon mirc trung
binh. Buong nudc khi tuwong ¢ cac khu vuce co
nhiét d6 khi quyén trung binh niam cao, chang
han ¢ ving Vinh c6 hé s6 goc nhé hon 8 (trong
khoang tir 5 dén 7). Puong nudc khi tuong &
Bangkok c6 hé s6 goc 1a 7,55.

Nghién ciru chi tiét thanh phan dong vi cua
phan tir nuéc trong cac mau nudc khac nhau,
céc nha dia chat thiy vin dong vi nhan thay mdi
tuong quan gitra 8*H va 8'30 cua cac loai nude
duoc thé hién trén hinh 1 [1-3].

X o
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Nwérc ngam w@
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52H

g Nudc bién

> 580

Hinh 1: gidn do mé td cc qud trinh hinh thanh cac logi nude
khac nhau trén co s¢ moi twong quan gia ’H va '*O [4]

Theo mbi turong quan 8*H+3"0 (hinh 1) thi
trong chu trinh nude c6 4 nhém nude co ban: a)
Nudc khi tugng dia phuong dic trung boi dudng
LMWL/MWL; b) Nuéce c6 dic trung boi nhom



diém va dudng bén dudi dudong LMWL; ¢) Nudc bién
¢6 thanh phan ddng vi tap trung xung quanh goc toa do
(theo dinh nghia); d) Nudc mat (song, hd...) dic trung
bai mot dai dudng bdc hoi vi goc nghiéng phy thude
vao nhiét d khong khi khu vuc. Nhiét do khong khi
cang cao, goc nghiéng cang nho. Tr 4 nhém nude co
ban s& hinh thanh nhiéu loai nudc dudi dat.

- Nudc duédi dit loai A va B thude 2 téng, vi du
Holocene va Pleistocene, cach ly hoan toan vdi nhau
va c¢6 ngudn gdc tir nude khi twong dia phuong. Giira
chung co thé ¢ loai nude tao ra do hoa tron gilrta nudc
ctia 2 tang thong qua cac cira sd thuy van. Trong thuc
té, ¢6 thé c6 nhiéu nhom nudc hoa tron tir nhidu tang
khéc nhau.

- Nuoc dudi dat nhom A, cling c6 thé ca nhoém B,
xam nhép vao tang nudc cb tao ra nudc hoa tron gitra
nudc khi tugng va nudce co.

- Nudc bién xam nhap vao tang nudc dudi dat loai
A hodc B tao ra nudc lg c6 tudi twong doi tré.

- Nudc bién xam nhap vao tang nudc co tao ra nude
lo ¢6 tuoi twong doi gia.

- Ngoai ra, nguon bd cap cho nudc dudi dat loai A
hoac B ¢6 thé 1a tir nhém nudc boc hoi, d6 1a nudce tir
song, ho...

Gian d6 ¢ hinh 1 14 co s¢ dé thao luan vé ngudn
g0c va sy hinh thanh céc tang chtra nude dudi dat bang
phuong phap dong vi.

Két qua nghién ciru va thao luan
Tuyén ldy mdu

Mau nude dudi dat & Pong bang Nam B dugc
lay tir 5 tang chtra nuGe hién dang duoc khai thac st
dung (xem mat cit dia chat thay van trén hinh 3 [5]):
Pleistocen gitra trén (qp,,), Pleistocen dudi (qgp)),
Pliocen trén (n,?), Phocen dudi (n,'), Miocen (n*) va
duoc lay theo 3 tuyén. Tuyén AA theo hudng tir Bong
Nam B xubéng Tdy Nam Bo (tir Binh Duong dén Ca
Mau). Tuyén BB xuyén qua mién Pong Nam B9, tir
Tay Ninh dén Tp H6 Chi Minh. Tuyén CC doc theo
song Tién (tir Dong Thap dén Tra Vinh). 84 miu nudc
tir 84 giéng khoan quan tric dong thai nudc dudi dat
quéc gia ving Pong bang Nam Bo di duoc lay dé
xéac dinh thanh phan dong vi deuteri (82H) va oxy-18
(8'%0) va xac dinh tudi bang phwong phap cacbon-14
c¢6 higu chinh dua trén mé hinh do Gofiantini dé
xudng, sit dung gia tri thanh phan dong vi cacbon-13
(8'3C). 60 mau trong sé 84 vi tri iy mau dugc phan

TAP CHI
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tich thanh phan hoa hoc. Hinh 2 trinh bay vi trf 1dy mau
theo tuyén. Hinh 3 trinh bay mat cat dia chat thuy van
tuong trng doi voi tuyén AA, BB va CC.

[chi dén |
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—

Hinh 3: mat cdt dia chdt thity van tuyen ldy méu: mdt cat thir nhat trimg véi

tuyen BB; mat cdt thir hai tring v6i tuyén CC va mdt cdt dudi ciing trimg véi

tuyén ldy mau AA (nguon: Lién doan Quy hoach va Piéu tra Tdi nguyén nuée
mién Nam)
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Xdac ldp dwong nwoc khi twong dia phwong va
dwong nudc song Tién, song Hiu

Lan dau tién, tir cic mau nudc mua thu gop theo
thang tai Tp HO Chi Minh trong cac nim 2012-2014,
chung t6i da thiét lap dugc duong nude khi tuong
(nude mua) dia phuong dai dién cho ving Dong bang
Nam B (hinh 4). Pay 1a mbi twong quan giira thanh
phan dong vi deuteri (82H) va oxy-18 (8'%0) trong cac
mau nuée mua.

Trén hinh 4 ciing trinh bay mbi trong quan tuong tu
cua nuoc song Tién va song Hau 1am co s¢ dé€ danh gia
moi quan h¢ thuy luc gitra nude song va nude dudi dat
vung nghién ctu. Puong nudc khi tugng vung Dong
bang Nam B0 déc trung boi duong thang c6 hé s6 goc
la 7,37 va diém cat truc tung l1a 5,15. Nudc song Tién
va song Hau khong c6 su khac biét may (o = 0,05) vé
thanh phan dong vi bén va dac trung boi dudng boc
hoi véi h¢ s6 goc nghiéng 1a 6,57 va diém cat tryc tung
la -3,36 (hinh 4).
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Hinh 4: dwong nudc khi tuong dia phuong ving Péng bang Nam Bé
va dwong nuoc song Tién, song Hau

Nudc song Tién, song Hau co nf)ng d0 hoat do triti
trong cac nam 2012-2014 1a (1,5440,26) TU, trung voi
gi4 tri ndng d triti trong nudc mua & cac ving cd cling
vi d§. Nudc song vung Bangkok (Thai Lan) vao nam
1990 c6 hoat d6 *H thay d6i tir 6,5 dén 7,5 TU. Nhu
vay, hién nay sau 2 chu ky ban phan ra hoat d¢ *H trong
nude song ciing chi con trong khoang tir 1,6 dén 1,8
TU [6]. S liéu nay cho thay, hién tai & cac khu vuc
phia Nam ban cau, triti nhan tao da phan ra hét chi con
¢0 triti ty nhién tao ra tur phan ng “N(n,’H)'*C trong
vi tru [7].

Thanh phan d[;ng vi deuteri va oxy-18 trong cdc
mdu nwoc dwoi dat

Hinh 5 thé hién tong hop thanh phan dong bén cta
phan tir nudc trong 84 mau nude lay tir 5 ting chira
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nudc nghién cuu cung voi dudong nude khi tuong dia
phwong va nudc song Tién, song Hau. Pudng gach lién
la duong nudc khi tugng dia phuong (6*°H = 7,37 8'%0
+5,15), duong gach ngit quang 1a duong nude hoa tron
gitta nude dudi dat va nude bién (dién hinh 1a ba diém
V102, V101, V108), duong gach - chdm 1a dudng boc
hoi di qua 3 diém 162, 278 va 76 nhung khong tring
v6i duong nude cua song Tién, song Hau (2H =
6,575'%0 - 3,36). Xir Iy thong ké theo gia tri §'%0 trung
binh trong nudc hai song va 6"*O trung binh cuia cac
mau nudc trong tang qp, , vung Pong bang Nam Bo
theo phuong phap Mann-Whitney voi a = 0,05, cho gia
tri [7|=2,81>27__ =1,96. Két qua nay cho thdy, thanh
phan dong vi 8O trong nudc dudi dat tang qp,, vung
Tay Nam B la khac thanh phan dong vi '*O trong
nudc song, cd nghia 1a nude song khong c6 quan hé
thity Iuc v6i nude tang ap, ;- Diéu nay ciing c6 nghia
13, nudc cac tang sadu hon tang qp, , cting khong co
quan hé thiy luc véi nudc song. Mot sé mau dic trung
cho loai nudc hoa tron gitra nudc ¢ chdén viii va nude
khi twong dugc nhém thanh mdt nhom, dai dién la cac
diém 35, 88, 111, 143, 247, 255.
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Hinh 5: thanh phan dong vi deuteri va oxy-18 trong 84 r(zciNu nudc dudi dat
lay tir 5 tang chira nudc qp, , qp,, n,’, n,' va n}? ciia Dong bang Nam B
trong moi twong quan voi nudc khi twong dia phwong

Tuéi ciia cac tang nwoc nghién cwu va phan bo
tuoi nwoc theo chiéu siau

Theo két qua phan tich mau nudc, dai bd phén céac
méau nudc dudi dat trén dia ban nghién ciru ¢6 ndng
do triti thdp hon ngudng phat hién (0,4 TU) nén tudi
clia cac mau nudc duoc xac dinh bang phuong phap
cacbon-14. Hinh 6, 7 va 8 trinh bay phan bd tudi tuyét
dbi ciia cac mau nude theo chiéu sau giéng khoan quan
trac twong Gmg dbi voi tuyén BB, AA va CC.
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Hinh 6: moi twong quan gitta tudi tuyet doi clia nudce dudi dat va dj sdu gleng khoan
(@9 sdu phan bo tang chira nuréc) ciia cde mau nwde nghién i lay theo tuyén BB
(Péng Nam Bj). Cdc vach vé hai phla clia cac diém la sai so tuyét doi
(tinh bing nim) ciia gid tri tuéi

Theo tuyén BB, cang xudng sau tudi cuia nudc cang
gia. Mdi1 tuong quan gitra tudi va do sdu tang nudc
duoc biéu dien bang duong hoi quy:

y = -65,40.x + 15,94

Trong dé: y 1a tudi tuyét ddi tinh bang nam; x 1a do
sau gieng khoan tinh bang mét. Moi tuong quan kha

chat ch€, co hé $b twong quan R*>=0,79.
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Hinh 7: méi tuong quan giita tuéi tuyét doi va o sdu giéng khoan (tdng chira nuroc)
cua cac mau nude nghlen citu ldy theo tuven AA (e Dong sang Tdy Nam Bo)
Cdc vach vé hai phia ciia céc diém la sai s6 tuyét doi (tinh bang nam) ciia gid tri tuoi
Theo tuyén AA, su phan ting chia nuéc khong
thay ré nhu ¢ tuyén BB, dac biét la ¢ vung sau song
Tién. Mi quan hé tudi - d6 sau giéng khoan theo tuyén
AA khong chat chg, hé sé twong quan R?=0,42 (hinh
7). Néu nhu loai trir 3 mau lay tir tang qap, , (V63), qp,
(V72) va n, 2 (V70) co tudi gia hon 20.000 nam ra khoi
tap thé mau th1 méi twong quan tudi - do sdu ciia cac
mau nude tuyén AA sé& kha chat chg, R?=0,70. 3 diém
lay mau néu trén thudc dia phan tinh Ca Mau. Viéc loai
3 mau V68, V72 va V70 ra khoi tp hgp mau trong mdi
tuong quan tudi - d6 siu 13 ¢6 co s, néu co hién tuong
nude tir cac ting phia dudi, vi du Pliocene c6 tudi cao
thAm xuyén 1én cic tang qp phan b phia trén dang
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duogc khai thac qua muc ¢ Ca Mau.

Theo tuyén CC, su phan tang gita cac tang chira
nudc cung khong t6t nén moi tuong quan gifra tuoi
va chiéu sau giéng khoan khong chit ch& (hinh 8), R
= 0,4. Ciing v&i cach tiép can nhu truong hop tuyén
AA, loai trir 2 nhém tang chira nudc tuy néng (qp)
nhung tudi cao nhu V54, V59, V63, V178 va nhom
khéc, tuy sau nhung tudi lai thap hon so véi cac giéng
khoan quan trac khac, nhung ciing tang nhu V11 1(n, 3)
V112(n?), V171(n N, V176(qp ) va V179(n,?) thi moi
tuong quan tudi - do sau 1a rat chat chg, R? = 0,93 (dd
thi khong thé hién ¢ ddy). Co thé cac vi tri V11 1(n?),
V112(n?), V171(n,"), V176(qp,) va V179(n, %) dang
bi nhlem man boi nuoc bién c6 tudi hién dai. Thuc
té 1a nudc trong cac giéng khoan nay c6 ham luong
clo cao (>10 mmol/l, cao hon tiéu chuan cho phép d6i
v6i nudc an udng 1a 7 mmol/l va nudc sinh hoat 1a
8,5 mmol/l, twong Umg, theo QCVN 01 va 02/2009/
BYTcuaBoY té). Hién tuong nhiém man nudc trong
cac tang sau khu vuc Pong bang Nam B c6 thé ciing
do khai thac qua mic nudc tang trén gay thAm xuyén
nguoc tir ném nudc man 1én, hodc dut giy Bassac doc
theo song Tién va song Hau déng vai tro nhu duong
dan nudc bién vao tang nuoc ngot khi nudc ngot bi
khai thac qua murc.
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Hinh 8: moi twong quan gitta tudi tuyet doi va dj sau giéng khoan (tang chira nuoc)
cua cac mdu nuéc nghién ciu ldy theo tuyen CC (doc theo tuyen giita
hai séng Tién va song Hau). Cdc vach vé hazphza cua cdc diém la sai s6
tuyét déi (tinh bing ndm) ciia gid tri tudi

Tu ket qua trinh bay ¢ trén cho thay, dai bo phan
nuoc dudi dat trong cac tang chira nuée qp, , qpl, 7
n'va nj déu c6 nguodn gdc 1a nudce khi twong vi thanh
phan dong vi deuteri va oxy-18 cua chung deu nam
sat du’ong nu’oc kh1 tuong dia phuong Mot s6 mau
nuée lay tir ting n* c6 6°’H va 8'*0 nam cich biét khoi
duong nude khi tuong ¢6 thanh phan 2H nghéo hon so
v6i nudce khi trong véi cung gia tri 8'80. Co thé coi

a4



nhom nudc nay la nudc rat ¢d, can phai dugc kiém
tra lai tudi cua chung bang phuong phéap khac phu(mg
phap cacbon 14. Phuong phéap canbon-14 co sal 0 lon
néu miu co tudi gia hon 40.000 nim vi sai sé do hoat
d6 thap ctia canbon-14 (<10 pMC) 1a kha cao, dén 20-
25% vai thoi gian do 24 gio. Tuy 1a nude khi tugng
nhung tudi ctia cac mau nude nghién ctru déu kha cao,
trir nhitng mau ldy tir nhitng ving xuét 16 (mién Pong
Nam B6 hodc Ddng Thap). Nhu véy, nudc trong cac
tang chtra nuGe nghién ciu dugc hinh thanh tir nudc
khi tuong nhung 1 nude khi tuong co, chon vii tir qua
khir ciing v6i nhitng giai doan bién tién - bién 1ui dién
ra trong sudt ky Dé T.

Két luan

Nuéc nhat duéi dat & Déng béng Nam B0, dac biét
1a & mién Tdy Nam Bo phan bd duéi dang thau kinh
c6 nguodn goc khi twong cd. Ngudn bd cdp tu nhién
tir nudc mua va nude mat chi didn ra & mién Dong
Nam B9; & mién Tay Nam B9, cac thau kinh nude nhat
bi dong kin, hau nhu khong nhan dugc su bo cap tu
nhién. Béi viy, dé co thé khai thac tai nguyén nudc
nhat lau dai va bén virng phuc vu kinh té dan sinh can
phai dac biét quan tam dén viéc khai thac su dung hop
1y két hop cac giai phap bd sung nhan tao cho nudc
duéi dat, nham giam thiéu can kiét nguén nudc va han
ché xaAm nhdp man. Mot vin dé van con chwa duoc
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lam sang t6 1a liéu nuéc dudi dat Tay Nam Bo c6 nhan
duogc bo cap tir phia Campuchia hay khong? Trong thoi
gian t&i can c6 sy hop tac gitta hai Chinh phu ciing nhu
giita cac nha khoa hoc hai nudc dé tim hiéu kha ning
bd cap xuyén bién gidi cua cac tang nudc & ving Pong
bang Nam Bo.

Loi cam on

Nhom tac gia xin tran trong cam on Bo Khoa hoc
va Cong nghé, Van phong Chuong trinh KC08/11-15
vé sue ho tro kinh phi cho nghién ciru nay.
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Phan tich bién dj trong hé gen cla 99 ca thé ngudi dan toc Kinh
Nguyén Cuong’, Nguyén Pirc Long, Nguyén Nhat Hung
Trinh Thi Xuan, Chu Hoang Ha, Trwrong Nam Hai
Vién Cong nghé sinh hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam
Ngay nhan bai 27.7.2015, ngay chuyén phan bién 29.7.2015, ngay nhan phan bién 31.8.2015, ngay chip nhan ding 3.9.2015

Nghién ctru nay khai thac thong tin vé cac bién di di truyén trong bd gen ciia 99 nguoi Kinh, dwoc chiét
xuit tir dir liéu ciia dw 4n 1.000 hé gen. Hai tip bién di di dworc loc ra: tip cac bién di xuét hién duy nhét
trong hé gen nguwoi Kinh (1.895.398 bién di) (KHVonly) va tip bién di xuat hién véi tin suit cao hon 90%
trong hé gen nguwdi Kinh (1.556.750 bién di) (KHV90). Trong d6, bién di da hinh don nucleotide (SNP -
Single Nucleotide Polymorphism) chiém gin 99% tong s6 bién di; c6 su twong dong vé phan bd ciia bién
di trén cac nhiém sic thé (NST) trong 2 tip KHVonly va KHV90 v6i NST s6 2 mang nhiéu bién di nhét lin
lwot 13 161.224 va 132.508 bién di. Mat dd cia cac bién di trén cac NST khong dong déu, thé hién ¢ dd bién
dong cao vé mat dd bién di tai cac vi tri khac nhau trén NST (0-70 ngan SNP/1 Mb) va c6 xu hwéng tap
trung cao ¢ 2 ddu mut ciia NST thuong hodc & giira NST gi6i tinh. Phan tich viing chirc ning ciia hé gen
da du doan ring, chirc ning gen nam trong ving exon sé bi tic dong béi cac bién di trong tip KHVonly
nhiéu hon béi cac bién di trong tip KHV90, lan lwot 1a 157.311 va 66.123 chirc ning, nhung khong tim
thidy SNP giy bénh trong 2 tap bién di lién quan dén 27 bénh di truyén, c6 thé 1a do tiéu chi chon c4 nhén
¢6 kiéu hinh khée manh tham gia du 4n 1.000 hé gen. Cac két qua trong nghién ciru nay di dwoc tai Ién
co s¢ dir liéu trywe tuyén vé bién di di truyén ciia ngudi Viét tai dia chi https://vsnp.ibt.ac.vn. Két qua ciia
nghién ctru 12 nén tang cho viéc mé ta chi tiét toan bd hé gen ciia ngwdi Kinh, 1a ngudn tai nguyén phong
phii va ¢é gia tri cho nhirng nghién ciru sip t6i vé cac bién di di truyén, bénh di truyén ciing nhu xéc dinh
danh tinh ¢ cong dong nguoi Viét.

Tir khéa: bénh di truyén, dw dn 1.000 hé gen, gidi trinh tw gen thé hé méi, hé gen ngwoi Kinh, khoa hoc hinh
su, tin sinh hoc.

Chi s6 phdn loai 1.6

téng hop cua cac bién di di truyén 1én chiic ning cia
hé gen nguoi, dy an 1.000 hé gen da duogc trién khai

pPat van de

Céc bién di di truyén trong hé gen ngudi [bao
gdm SNP, cic doan chén/xéa (DIP/Indel - Deletion/
Insertion Polymorphism) ciing nhu nhiing bién di cdu
trac] c6 moi lién hé mat thiét voi cac bénh di truyén
va sy da dang cua loai nguoi [1-3]. Céc nghién ctu

thuc hién. Dy an 1a su hop tac cuia cdc nhém nghién
ctru da nganh tir cac vién nghién ctu hang dau trén
thé gioi nhim xay dung mot ban dd hé gen hoan chinh
ctia con ngudi, 4p dung cong nghé giai trinh ty gen thé

chi ra réng, ¢6 nhirng bién di hiém gip, gy ra nhimng
biéu hién rd rét va chi & nhiing tinh trang nhét dinh nhu
bénh Huntington hay bénh xo nang (Cystic fibrosis),
tuy nhién c6 nhimng cin bénh gay ra boi cac bién di di
truyén ma co ché anh huéng cia ching tdi cac chirc
nang cta co thé rat phtrc tap nhu bénh dai duong, bénh
tim va cac bénh khac lién quan dén nhan thue [4, 5].
Céc bién di di truyén anh hudng dén sy phat trién bénh
cling nhu phan Gng ctua bénh nhan dbi v6i cac loai
thudc va chat hoa hoc khac nhau [6, 7].

Nham tim hiéu day du sy lién két cling nhu tac dong

*Tac gia lién hé: Email: cuongnguyen@ibt.ac.vn
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hé mdi (NGS - Next Generation Sequencing) [8]. Vi
cong ngh¢ NGS, viéc gidi trinh ty cac hé gen c6 kich
thudc 16n nhu hé gen nguoi da tiét kiém duoc chi phi,
thoi gian va c¢6 do chinh xac cao hon phuong phap giai
trinh tu thé hé cii [9, 10]. Puoc bat dau tir nam 2008,
du 4n dén nay di hoan thanh giai doan 3, giai ma hon
2.500 hé gen ngudi thude cac cong dong, dan toc khac
nhau trén thé gisi [8]. Trong twong lai, viéc két hop
ddng thoi dir liéu vé cac bién di di truyén, cac chu giai
chure ning day du cta hé gen ngudi cing voi dir lidu vé
hé phién ma s& 1a 10i giai cho tac dong cuia cac bién di
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GENOME ANALYSIS
OF 99 KINH PEOPLE

Summary

The authors report the whole genome analysis
of 99 Kinh people extracted from 1,000 Genome
Project data. They classified variants into two
sets: variants that were uniquely present in Kinh
genomes (KHVonly -1,895,398 variants) and
variants that were present in more than 90%
of Kinh samples (KHV90 -1,556,750 variants),
in which 99% were SNP - Single Nucleotide
Polymorphism. Both of the variants sets shared
a similar pattern in the distribution of variants
across chromosomes with chromosome 2 carrying
highest number of variants (KHVonly: 161,224;
KHV90: 132,508). The distribution of variants
in a chromosome was not even, presented by
the wide range of density values 0-70,000 SNP/1
Mb with the trend of focusing on both ends
of chromosomes (autosomal chromosomes)
or focusing in the center (sex chromosomes).
Funtional region analysis predicted that gene
functions located in the exon regions were affected
more by variants in KHVonly (157,311 functions)
than by variants in KHV90 (66,123 functions).
The authors found that no pathogenic SNP
related to 27 genetic diseases, due to the criteria
of chosing individuals with heathy appearance
for sequencing of 1,000 genomes project. All the
results of this study were uploaded to the web
browser developed by the research group at
the address “https://vsnp.ibt.ac.vn”. The results
are the foundation for detailed characterization
of whole genome of Kinh people, providing an
informative and valuable resource for upcoming
researches on genetic variations, identification,
and genetic diseases of Vietnamese population.

Keywords: bioinformatics, forensics, genetic
diseases, Kinh people genome, Next Generation
Sequencing (NGS), 1,000 genome project.

Classification number 1.6
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di truyén d6i véi su biéu hién gen [11].

Viét Nam 1a nudc c6 dan sé dung thi 13 trén thé
gi6i, chii yéu 1a ngudi Kinh (chiém trén 85%) nén b
gen cua nguoi Kinh cling da dugc giai trinh ty trong
du an 1.000 hé gen. Viéc giai trinh tu va lip rap day
du hé gen 1a bude dau tién trong viée thong hiéu cac
thong tin chtra trong céc trinh ty cta h¢ gen [12]. Vi
vay, trong nghién ctru ndy chung t6i da thyc hién khai
thac dir liéu cua dy an 1.000 h¢ gen nham trich xuét
cac thong tin vé bién di di truyén trong hé gen cua
ngudi Kinh duoc giai trinh ty trong dy an va tién hanh
céc phan tich co ban vé phan bd va chirc ning cua cac
loai bién di trong hé gen ctia ngudi Kinh. Viéc chu giai
hé gen mot cach déy du va chat luong s€ 1a mot dinh
huéng tét cho nhitng nghién ciru sau nay.

Dt liéu va phuong phap nghién cuu

Dit ligu

Dir liéu duoc cong bd vé hé gen nguoi Kinh
trong du an 1.000 h¢ gen (http://www.1000genomes.
org/) phién ban 20130502 (ftp://ftp-trace.ncbi.nih.
gov/1000genomes/ftp/release/) dap ung dugc cac
tiéu chuan chét lugng cua du n (d6 bao phil trén 4x).
Nhitng phan tich sdu ddi v6i 2 tap bién di: cac bién di
chi xut hién & cong dong nguoi Kinh (KHVonly) va
cac bién di xuat hién voi tin sut trén 90% & cong dong
nguoi Kinh (KHV90) duoc thyc hién.

Phwong phap nghién ciru

Tong quan dir liéu: cong cu VCFtools [13] duoc
dung dé tach riéng dir liéu di truyén cta 99 nguoi Kinh
khoi tap dir liéu bién di cua thé giéi. Tir dit liéu trich
xuat duge, chung toi str dung cong cu dugc phat trién
boi Phong Tin sinh hoc, Vién Cong nghé sinh hoc dé
loc va phan loai cac bién di di truyén thanh hai tap:
KHVonly va KHV90. Cac phan tich va so sanh co ban
vé phan bd va tan sut xuat hién cua bién di trén NST
dugc thyuc hién.

Chu giai anh hwong chirc nang: cong cu SNPeff
[14] duogc st dung v6i tiry chinh mic dinh nham phan
tich anh hudng chirc nang cua hai tap bién di. Cac anh
huong nay dugce chu giai theo mirc d§ anh huong, ving
chtrc ning va tac dong cu thé dén chirc ning hé gen
dwa vao thuat ngir mo ta trinh tu tiéu chuan (Sequence
Ontology) [15].
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Bién dj lién quan dén bénh di truyén: nham xac
dinh bién di lién quan t&i bénh di truyén, danh sach
27 bénh di tmyén dang dugc nghién ctru tai Viét Nam
tham khao tir danh muc cua L& Pinh Luong (bang 1).
Tir co so dit liéu ClinVar (NCBI) [16], thong tin vé
cac bién di dugc phan loai 1a bién di gay bénh lién
quan dén danh sach 27 bénh trén dugc trich xuat ra
nhd cong cu phat trién tai Phong Tin sinh hoc trude khi
dem so sanh v&i cac tap bién di KHVonly va KHV90.
Chung t6i ciing di x4y dung va phat trién co s dit liéu
truc tuyén nham tao thuén tién cho viéc tra ciu, dua
trén hé thong phan mém Gbrowser (Generic Genome
Browser) [17].

Bdng I: danh sach cac bénh di truyén hién dang dirge tdp trung nghién ciru

tai Viét Nam tham khao danh muc cia Lé Dinh Luong

STT Bénh di truyén STT Bénh di truyén
1 Alpha-1-antitrypsin deficiency 15 Fragile X syndrome
2 Amyotrophic lateral sclerosis 16 Hemophilia
3 Alzheimer’s disease 17 Hereditary Hemochromatosis
4 Ataxia telangiectasia 18 Huntington’s disease
5 Gaucher disease 19 Myotonic dystrophy
6 Inherited breast and ovarian cancer 20 Neuro fibromatosis type 1
7 Hereditary nonpolyposis colon cancer 21 Phenylketonuria
8 Charcot - Marie - Tooth 22 Adult Polycystic Kidney Disease
9 Congenital adrenal hyperplasia 23 Sickle cell disease
10 Cystic fibrosis 24 Spinocerebellar ataxia, type 1
11 Duchenne muscular dystrophy 25 Spinal muscular atrophy
12 Dystonia 26 Thalassemias
13 Fanconi anemia 27 Tay-Sachs Disease
14 Factor V

Két qua nghién ciu
Téng quan div liéu

Trong 1an cong bd gan nhit cua dy an 1.000 hé gen,
chi c6 dit liéu vé hé gen ciia 99 ngudi Kinh trong sb
124 nguoi dugce dua vao danh sach giai trinh tu, voi do
bao phu trung binh cta dir liu Ién hé¢ gen ngudi tham
chiéu (GChR37) theo bao céo cia du an la 8,7x voi do
bao phu t6i thiéu la 4x va tdi da 1a 19x. Dit lidu tur file
giai trinh tu dugc trich xuat va ddi chiéu véi thong tin
lién quan dén nhimg nguoi trong danh sach thi thdy
99 ngudi Kinh dugc cong bd chi bao gdm céc cip bd
me va cac ca nhan doc 1ap (bang 2). Trong s 25 hé
gen khong dugc cong bd, co 23 hé gen khong c6 bt
ky thong tin nao vé viée giai trinh ty, 2 hé gen con lai
c6 thong tin vé viéc giai trinh tw nhung khong dat chit
lwong, 22/25 hé gen khong dugc cong bd 13 ciia ngudi
con trong cac gia dinh tham gia dy an. Ngoai ra, h¢ gen
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cua nguoi anh/em trong cdp anh - em da khong dugc
cong bd. Chinh vi thé, viéc phan tich céc tinh trang di
truyén dya vao huyét thong (bd ba bd - me - con) di
khong thé thuc hién dugc.

Bang 2: tong quan dir liéu vé cong dong nguoi Kinh trong dy dn 1.000 hé gen

Dirligu | 101 | Gia Nam Nir Anh/Chi/Em
N s0 | dinh :
Lo BS Con | Cénhan* Me Con | Cénhan Nam Nir
S0 mau giai
trinh ty 124165 [ 14 25 21 8 34 | 1
61 63 2
o B6 | Con | Cénhn | Me | Con | Cénhin| Nam Nit
Somau | g0 |5 [Ty 0 25 20 0 33 1 0
cong bo
46 53 1

*Cd nhan la nhitng nguoi déc lap, khong co quan hé huyét thong voi nhing
nguoi Kinh con lgi dwoc giai trinh tw hé gen trong duw an
Téng quan vé tap bién di KHVonly duogc trich Xudt
tu file dir li€u chung cua du an duoc thé hién trong
bang 3. Sé luong bién dj 1a gﬁn 1,9 triéu, trong do sb
lugng SNP chiém gén 99% (1,89 tri¢u), sb luong Indel
va bién di cdu tric it hon rat nhiéu, 1an lugt 1a 5.942
va 1.045. Trong s nhitng NST thuong, NST s6 2 chira
nhiéu bién di nhét, chiém 8,5% tong s6 bién di, trong
d6 c6 160.901 SNP; 239 Indel va 84 bién dj cau tric.
NST 22 chira it bién di nhét véi 23.849 SNP, 33 Indel
va 7 bién di céu trac. NST gi6i tinh X mang lugng
Indel nhiéu nhét trong tit ca cac NST, gan 3.500 Indel,
chiém khoang 60% tong s6 luong Indel, nhiéu gap 350
lan s6 lugng Indel trén NST gidi tinh Y va gép hon 14
lan lugng Indel trén NST s6 2. Tong bién di cua toan
bo céc ca thé duoc gidi trinh tu trong dy an 1.000 hé
gen ciing dugc chung t6i tong hop tir file dir liéu chung
va dua vao so sanh trong bang 3.

Bing 3: 56 lwong cdc bién di trong tdp KHVonly so sanh véi s6 heong bién di
trén the gioi

Bién di ciu

Téng bién dj trén
%

Téng bién di

triic thé gici
1 144.467 186 83 144.736 6.468.094
2 160.901 239 84 161.224 7.081.600
3 130.323 151 67 130.541 5.832.276
4 126.336 164 71 126.571 5.732.585
5 118.541 166 66 118.773 5.265.763
6 110.514 147 61 110.722 5.024.119
7 104.016 152 63 104.231 4.716.715
8 103.169 140 73 103.382 4.597.105
9 79.524 95 43 79.662 3.560.687
10 87.191 118 48 87.357 3.992.219
11 90.289 145 60 90.494 4.045.628
12 84.742 124 50 84916 3.868.428
13 62.919 97 27 63.043 2.857.916
14 57.776 91 37 57.904 2.655.067
15 54.355 86 20 54.461 2.424.689
16 61.103 83 58 61.244 2.697.949
17 51.080 62 25 51.167 2.320.288
18 50.075 58 32 50.165 2.267.185
19 39.245 54 22 39.321 1.832.506
20 41.265 52 23 41.340 1.812.841
21 24.351 41 13 24.405 1.105.538
22 23.849 33 7 23.889 1.103.547
X 82.392 3.447 11 85.850 3.468.093
Y 1.716 11 1 1.728 62.042
T(Ting 1.888.423 5.942 1.045 1.895.398 84.739.838
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Hinh I: tan sudt cdc bién di chi xudt hién trong cong dong nguoi Kinh

Tan sudt xuat hién cta cac bién di trong tap KHVonly
da dugc tinh toan va két qua cho thay khong c6 bién di
nao xuat hién voi tan suat 100% trong hé gen ciia cong
ddng nguoi Kinh duge giai trinh ty (hinh 1). Bién di
chi bat dau xuat hién ¢ khoang tan suat dudi 25% va
chi yéu 1a ¢ dudi 10%. Trong khoang tir 10-25%, chi
c6 8 bién di xuat hién (bang 4), sé lugng bién di véi
tan suat dudi 10% la rat 1on, khoang 1,8 triéu bién di.

Bang 4: danh sach 8 bié'n di )guét hién trong tap KHVonly
voi tan suat 10-25%

Tin Duw doan
Bién di NST Vi tri suat | anh hwéng
(%) chirc ning
$373032880 7 18796400 | 10,1 Rét thip
s372829488 7 | 155810198 | 12,1 Rét thip
18377210607 9 21158496 | 10,1 Rét thip
rs371006249 11 8333813 | 11,1 Rét thip
13367788580 11 | 112037409 | 10,1 Rét thip
1s373524703 13 66185412 | 12,1 Rét thip
rs371883058 14 51908186 | 11,1 Rét thip
15547676368 15 72111947 | 10,1 Rét thip

Théng ké cho thay, khoang 685 ngan bién di xuét
hién ¢ 100% h¢ gen nguoi Kinh tham gia du an (hinh
2), bﬁng mot ntra lugng bién di co tan sudt xuat hién tur
90-100% (1,55 triéu) va bang 1/3 lugng bién di c6 tan
sudt xut hién tir 85% (1,85 triéu). Chung toi thyc hién
phan tich sau ddi voi tap 1,53 triéu bién di co tan suét
xudt hién trén 90% (KHV90).
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Hinh 2: tan sudt xudt hién bién dj di truyén trong céng dong nguoi Kinh
duoc gidi trinh ty trong du an 1.000 h¢é gen

Két qua phan tich mat d6 bién di trén cac NST thé
hién su khong dong déu, c6 nhimg khu vuc trén NST
c6 mat do bién di rat cao (50-70 ngan SNP/1 Mb),
trong khi c6 nhimng ving khong c6 sy xuat hién ciia
mot bién di nao nhu phﬁn dau cua NST 13, 14 va 15
(hinh 3). Cac NST thuong déu c6 xu hudng tap trung
cao bién di & hai dau mut ctia NST, trir cac NST 13-15,
21, 22 (bién di xuét hién it & ddu NST), con cac NST
gidi tinh X va Y ¢6 bién di tap trung & vi tri giita NST.

=

Kich thwd'c NST

Hinh 3: phdn b6 ciia bién dj di truyén trén NST

Gia tri mot 6 twong duong 1 Mb. Cac 6 mau do
thé hién ving NST tép trung nhiéu bién di (nam trong
20% cac 6 co lugng bién di nhiéu nhit cia NST do).
Céc 6 mau tring thé hién ving NST tap trung it bién
di (ndm trong 20% cac 6 c6 luong bién di it nhat cia
NST d6). Cac 6 mau hdng thé hién ving NST c6 mét
d6 trung binh.

Bang 5 thé hién sy twong quan giita tap bién di
KHV90 vé6i tap KHVonly. Lugng bién di trong tap
KHV90 (1,53 tri¢u) it hon so vd&i tdp KHVonly (1,89
triéu), tuy nhién c6 su twong ddng vé phan bé cac bién
di trén NST. Riéng NST 13, luong bién di trong tip
KHV90 (64.711) tap trung nhiéu hon so véi lugng bién
di trong tdp KHVonly (63.043). S luong bién di tap
trung trén NST gidi tinh cua tdp KHV90 (X: 38.461;
Y: 446) it hon nhiéu lan so véi sd luong bién di cta tap
KHVonly (X: 85.850; Y: 1.728).



Bdng 5: so sanh s6 lrong cdc bién di trong tdp KHV90 va KHVonly

l.aié:l Téng bién TP "8
NST SNP Indel di cau di KHV90 bién di

truc : KHVonly

1 106.944 19.973 95 127.012 144.736
2 111.843 20.601 64 132.508 161.224
3 92.622 16.891 53 109.566 130.541
4 101.990 17.714 41 119.745 126.571
5 67.197 12.715 48 79.960 118.773
6 83.050 14.579 76 97.705 110.722
7 70.747 13.225 56 84.028 104.231
8 65.836 10.798 40 76.674 103.382
9 54.209 9.228 41 63.478 79.662
10 66.487 12.339 61 78.887 87.357
11 70.147 12.782 42 82.971 90.494
12 65.150 12.335 37 77.522 84.916
13 54.546 10.139 26 64.711 63.043
14 40.344 7.762 28 48.134 57.904
15 38.472 7.568 54 46.094 54.461
16 38.766 6.639 52 45.457 61.244
17 33.584 7.189 23 40.796 51.167
18 33.999 6.923 31 40.953 50.165
19 22.615 4.590 12 27.217 39.321
20 25.669 4.556 17 30.242 41.340
21 19.501 4.426 17 23.944 24.405
22 16.902 3.328 9 20.239 23.889
X 31.376 7.058 27 38.461 85.850
Y 430 16 0 446 1.728
Téng 1.312.426 243.374 950 | 1.556.750 | 1.895.398

Do cic NST khéc biét vé kich thudc nén tan suat
xuét hién ctia bién di trén cac NST duoc st dung dé xac
dinh d¢ tap trung cua céac bién di KHV90 va KHVonly
(hinh 4). Tan suat xuét hién cta bién di trén mot NST
duogc tinh theo cong thic:

. Timg sb bién thi

Tan s = e e herte N5T
Tam udt —O—nlhdr
M‘:l - EHVSO
- \'.
a 1Y

12 3 45 % 73895 HULBAI516171EW920H2 % v NST

Hinh 4: so sanh tan sudt xudt hién trén NST ciia cdc bién di
trong 2 tdp KHVonly va KHV90

Do c6 lugng bién di it hon, nén tan suat xuat hién
trung binh cua cac bien di KHV90 so véi cac bién
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di KHVonly cach biét nhau rat nhiéu, 1an luot 13
59,1 SNP/100 kb va 48,6 SNP/100 kb. Phan 16n cac
bién di KHVonly xuit hién trén cac NST thuong véi
cung tan suat (NST 2-7; 10-12; 18-20), trong khoang
65 SNP/100 kb. Tan suit bién di cao nhit trong tap
KHVonly 1a trén NST s6 8, khoang 70 SNP/100 kb.
Tan suat thap nhét ghi nhan dugc 1a 46 SNP/100 kb &
NST thuong s6 22.

Tan suat trung binh cua bién di KHV90 trén NST
thuong c6 su dao dong 16n, tir 44,84 SNP/100 kb (NST
14) dén 58,86 SNP/100 kb (NST 18). Tan suét xuat
hién cta bién di KHV90 trén NST 4, 13 va 21 lan
luot 14 62,66 SNP/100 kb; 56,2 SNP/100 kb va 49,75
SNP/100 kb, twong dwong véi tan suit xudt hién cta
bién di KHVonly (1an luot 14 66,3 SNP/100 kb; 54,76
SNP/100 kb va 50,71 SNP/100 kb). Pbi voi NST gidi
tinh, tn sudt xudt hién bién di cua tap KHV90 va
KHVonly rat khac biét, lan luot 1a 55,3 SNP/100 kb va
24,7 SNP/100 kb trén NST X.

Phdén tich anh hwong cia SNP lén chirc nang ciia
hé gen

SNP 14 dang bién di phd bién nhat, chiém hon 90%
téng s6 bién di cua hé gen, vi thé viéc phan tich anh
huéng chirc nang cua cac bién di trong tap KHVonly
va tap KHV90 da dugc thyc hién. Y nghia cia cac muc
dd anh huong chire nang dugc tom lugce trong bang 6.

Bdng 6: mitc dp anh hirdng ciia bién di lén hé gen

Anh hwimg Y nghia Vi dy
e it i 4
Nghiém trong say 1a & ¥ Profein, - Mat doan 6n exon

ndng hodc khoi dong qua trinh phan

huy céc protein chua trudng thanh - Bién di chén codon kit thic

- Bién dij gy thay déi acid amin

- Bién di gay thay doi acid amin,
dong thoi gay mét mot hodc nhiéu
acid amin khdc

Trung binh - Lam giam hi¢u nang cua protein

- Anh huong khong ding ké hoic
Thap khong 1am thay doi hoat dong cia
protein

- Bién di gy thay doi by ba ma héa
nhung khong lam thay doi acid amin

- Xay ra & cdc bién di khong ma héa |- Bién di & trong viing gen khong co
protein hodc nim trong ving khong | phién ma

mé hoa - Bién dj ¢ ving intron

- Vige du dodn 12 rét kho khan hodc |- Bién di ving Downstream cta

Réit thip

khong co bang chimg vé anh huong | mot gen

Két qua phan tich cic anh hudng chirc ning cta
tap bién di KHVonly duoc tom tat trong bang 7. Hau
hét cac bién di c6 muc do anh huong thap hodc rat



thap toi chirc nang cua hé gen. Véi 1,9 triéu bién di
c6 thé khién cho khoang 2,2 ngan chirc ning cia hé
gen c6 nguy co bi anh huong nghiém trong va hon 53
ngan chirc nang c6 mirc 46 anh hudng trung binh. NST
s6 1 ¢o s6 lugng cac chiic nang bi anh huong nghiém
trong 16n nhat (211 chirc nang) trong khi NST gidi tinh
Y it bi cac anh hudng nghiém trong (1 chitc nang).
Téng cong cd hon 49 ngan gen c6 kha ning dot bién
Missense, hon 28 ngan gen c6 kha niang bi dot bién
Silent. Dot bién Nonsense kha it (995 tac dong), trong
d6 2 NST gi6i tinh X va Y 1a thap nhét, 1an lugt 13 7 va
0. Pic biét, sé lwong cac chirc ning co kha ning xay
ra dot bién Nonsence cao nhat & NST 19 (130 chirc
ning), cao hon 30% so v&i NST ¢6 kich thude 16n nhat
1a NST s6 1 (105 chirc niang) va cao hon mic trung
binh 6,19 1an (21 chtrc nang/NST).

Bang 7: anh huong chire nang cia cdc bién di trong tip KHVonly

cing mirc gay ra bai cac bién di trong tap KHVonly.
Trong khi do, cac anh hudng chtrc nang bi anh hudng
& muc thap va rat thap gay ra do cac bién di trong tap
KHV90 giam khong dang ké (lan luot 1a 3,7 triéu va
5,07 tri€u chtrc nang) so vdi cac anh hudng cung muc
gdy ra boi cac bién di trong tap KHVonly (lan luot 1a
4,5 triéu va 6,5 tri¢u chirc nang).

Khi tién hanh so sanh vé co ché tic dong, chung
to1 nhan théy su khac biét rat rd rét vé ty 1€ cac dot
bién & 2 tap bién di. Vi tap bién di KHV90, s lugng
chirc nang bi dot bién Silent va Missense 1a gan tuong
duong nhau (lan luot 12 11.973 chtc ning va 10.108
chtrc niang). Cac tic dong gy dot bién Silent nhiéu
hon tac dong giy dot bién Missense, ddi nguoc véi
tac dong cua bién di trong tdp KHVonly. Cac bién di
cling it c6 kha ning gy ra dot bién Nonsense trén NST
thuong va gi6i tinh. SO luong cac chirc ning c6 kha

Mikc d§ inh hwéng* Tic dong vé chire ning nang bi dot bién Nonsence cao dic biét ¢ NST 11 (12
NST A;,gr':;e;m Tb';l:l'zg Thip Rit thip | Missense | Nonsense| Silent ChlEI'C n?ng)a'tr?ng k’hl (?: cac }\IS]? kh:éc, $0 qlu(_)‘ng f‘a"c
1 T ol el ser7el e o T s chure nang bi cung tac dong vé chirc nang chi dao dong
2 136 4219 520757| 539777 3872 65 | 2177 tir 0-4.
3 130 3300 3T1313) 475477 2869 34 1583 Bdang 8: anh huwong chirc nang cua cdc bién di trong tap KHV90
4 78 2009 225453 368.108| 1.927 49 | 1.058
5 79 2434 232650 359.840|  1.959 38 | 1252 Mic d anh huong* Téc dgng vE chic ning
6 114 2663 270815 314500 2483 38 | 1357 NST [Nhiem | Trung Thip | Rétiidp | Missense | Nomsense|  Sitent
7 128 2383 299.083| 360.598|  2.220 50 1.351 trong | binh
8 113 2257|  269.603| 346.947| 2063 39 | 1.047 ! 60 1346) 403.884| 419322] 1.061 2 1.189
9 66 2017|  199.796| 235.743|  1.955 34 | 1030 2 36 1.264|  515.794| 431.967| 7% 3 812
10 111 2060 223.831| 268.688|  1.947 45 999 3 24 860 261376 381.048] 606 0 680
11 118 3181 190.163|  358.616  3.110 32| 1.966 4 20 569| 202.175| 319224 410 0 515
12 116 2806 258513| 338.662| 2558 57 1614 5 31 565| 146.005| 225.776| 337 0 435
13 26 815|  77.587|  133.066 787 16 394 6 7 1486 258686 268319 691 1 778
14 50 1979  116.775| 233.196| 1772 19 930 7 39 790| 240370| 271.057| 457 1 458
15 76 1760  162.695| 225.180| 1571 18 855 8 38 547| 211.854| 243.188| 326 0 381
16 141 2594 121.838| 278575  2.280 50 | 149 9 2 41|  150502| 181.048| 389 2 453
17 92 3.094 137.558 269.896 2.823 62 1.743 10 45 500 194.751 230.691 376 0 521
18 42 983 112.578 168.774 853 28 391 11 82 791 142.353 300.910 753 12 907
19 251 3.669 87.359 221.158 3.456 130 1.986 12 33 607 189.333 274.479 508 1 645
20 69 1223 1081 131103 1226 34 750 13 10 791 862791 1319151 123 B 181
21 24 601|  58.193|  80.889 568 12 449 2 ) 65| 52309 1:2468] 310 0 o1
2 56 1186  59.683| 107.710|  1.161 13 601 I o 39| 139571 181935 339 0 236
X 29 1404 119.659| 196.610]  1.143 7 796 T3 % 50l sossol 205899 395 ’ o1
Y ! 12 340 2871 12 0 3 17 55 786| 130466| 210414 576 4 692
Téng | 2257 | 53.694| 4.510.005 6.520.760| 49.366 995 | 28.365 T " 51 s8] 1aesl 1% 0 o1
*Cac mirc do anh huwong dwoc mé ta dia vao thudt ngit miéu ta trinh ti- gen 19 44 755 49.195|  141.229 680 4 679
tiéu chudn (Sequence Ontology) 20 I 239 456 97271 2 0 308
Anh huong chitc ning cta cac bién di trong tap [ 2 | 16 162| 41718 75806] 134 0 104
KHV90 ciing dua ra nhimg két qua tuong ty nhung 2 2 ZO| Ml 6B o : hi
L. X , £ 2 , % X 14 198 40952 82115 153 0 189
v&i s0 lugng it hon rat nhiéu (bang 8). Cu thé, so lugng v . 0 " - 0 . 0
cac anh huong chire nang & mirc nghiém trong va trung Téng | 711 | 13.853 | 3.711.474 | 5.075.169 | 10.108 34 | 11973

binh c6 thé xay ra boi cac bién di nay lan luot 1a 711
va 13.853, bang 30% s0 lugng chirc nang bi &nh hudng

TAP CHI

fioanoc |

o 1A qu 58(2) 2.2016
LUNG NOHE ¥ ICL

1Yaitl

*Cdc mic do anh huong dioc mo ta dya vao thudt ngit miéu ta trinh ty gen
tiéu chuan (Sequence Ontology)
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Anh huodng cua hai tap bién di dén chic ning hé
gen duoc thé hién & bang 9. Phan tich ving phan b
ctia cac bién di trong tdp KHVonly cho thay, phan 16n
cac SNP nam trong ving intron, chiém dén gan 40%
s6 lwong SNP. Cac bién di c6 ving chirc ning chua
phan dinh (NONE) chiém hon 36% tong s6 SNP. Chi
khoang 1,5% sb lwong bién di nim trong ving exon
(157.311 churc nang). Dya vao thuét ngir mo ta trinh
tu gen, cac bién di ¢ cac ving khac nhau s& ¢ nhiing
mirc d6 anh huong téi chirc nidng khac nhau. Céc bién
do6i trong viing exon va ving cit intron (splice site)
duogc danh gid 1a c6 mirc d§ anh huong nghiém trong
td1 chire nang cua hé gen.

Bdng 9: so sanh vé phdn bé ciia cdc danh hudng chire nang gay boi cdc bién di

KHVonly KHV90
Ving chire ning | Téng sé chikc | Trung binh (%)| Tong si chire | Trung binh
ning ning (%)
Downstream 651.640 6,363 498.909 6,204
Exon 157311 1546 66.123 0,862
Intergenic 865.951 9,702 771.995 10,818
Intron 4.230.085 38927 3.308.411 38,282
None 4.473.256 36,520 3.696.253 36,939
Splice Site Acceptor 437 0,005 230 0,003
Splice Site Donor 673 0,008 159 0,002
Splice Site Region 11.568 0,125 6.685 0,081
Transcript 26.111 0,184 25 0,001
Upstream 607.973 6,034 503.599 6,283
UTRY’ 45.640 0439 26.949 0,337
UTRS’ 16.804 0,167 9.853 0,133

Phan tich cic SNP lién quan dén cdic bénh di
truyén

Hién nay, co rat nhidu co s& dit liéu sinh hoc luu
trit thong tin vé cac bién di lién quan dén vé cac bénh
di truyén. Trong nghién ciru ndy, chiing toi sir dung co
so dit liéu ClinVar (NCBI) dé loc ra nhitng bién di gian
nhan “gdy bénh” trong danh sach 27 bénh di truyén
dang dugc nghién ctru tai Viét Nam tur 2 tap bién di
KHV90 va KHVonly. Két qua cho thiy, khong co bién
di ndo trong 2 tap bién di ndy c6 nguy co giy bénh
trong danh sach 27 bénh da duoc liét ké.

Co sé div liéu true tuyén vé gen nguwoi Vigt

Dir lidu vé hé gen nguoi Kinh c6 thé truy cap tai
dia chi https://vsnp.ibt.ac.vn. Nguoi dung c6 thé tim
kiém dir liéu bang nhiéu cach khac nhau nhu nhap ma
bién di, vi tri trén NST, tén bénh di truyén, tén gen...
Hé théng s€ tu dong lién két voi cac co s6 dit lidu quéc
té nhuw OMIM, NCBI, dbSNP va trich xuat dir li¢u cho
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ngudi dung dé dang tra ctru cac thong tin lién quan.
Hién tai, cac chirc nang co ban cua hé théng co so dir
lidu truc tuyén da hoat dong, cac chiic ning nang cao
van dang dugc phat trién.

Thao luan

Nhu vay, 99 hé gen cua nguoi Kinh da dugc giai
trinh tu va cong bd trong du an 1.000 hé gen. Tuy
nhién, dit liéu h¢ gen cua 23 nguodi con trong cac gia
dinh tham gia du 4n chua dugc cong bd khién cho
viéc phén tich cac SNPs va Indels lién quan dén huyét
thong van chua thuc hién duoc. Vi 8 bién di xuit hién
v6i tan suat 10-25% (khoang tan suit cao nhat duoc
ghi nhan) va 1,89 triéu bién di xuit hién véi tin suat
dudi 10%, thé hién su dic trung cho tirng ca thé trong
cong dong ngudi Viét. Két qua cho thiy su da dang
cao trong hé gen clia cac c4 thé trong cong dong ngudi
Kinh, nhung ciing rat dic trung khi so véi cic cong
d6ng khac. Cac bién di trong tap KHVonly c6 tan suit
khong cao, tuy nhién viéc kiém chimg & mot quan thé
16n hon can dugc thyc hién dé két qua dat duge co do
tin cdy cao va c6 ¥ nghia théng ké hon nita. Chiing toi
ky vong rang khi trién khai & quan thé 16n, nhirng bién
di KHVonly c6 tan suét cao trén 75% dic trung cho
nguoi Kinh s€ dugc phat hi¢n thém.

M&i bién di c6 thé bi bién d6i theo nhiéu hudng,
ma su bién dbi d6 c6 tac dong t6i hé gen & cac mirc
dd khac nhau. Vi cong cu SNPEft, thong tin thuc
nghiém vé cac bién ddi duoc thu thap tur cac co so dit
liéu nhu dbSNP, OMIM... sau d6 dugc tong hop lai,
tinh toan va bao cdo mot cach chi tiét vé vi tri, muc do
anh huong ciing nhu tic dong cu thé cia ting bién ddi
xay ra & nhiing bién di mong muén [14]. Tuy nhién, sy
lién két gitra vi tri cta bién di v6i mirc d6 anh huong
cua no tdi chirc nang h¢ gen da dugc thuc hién nhung
chi mang tinh twong d6i, nhdm muc dich chuan hoa va
ddng bo hoa két qua cua qua trinh phén loai cic anh
hudng churc nang [18]. Trong thoi gian tdi, chung toi
s& tién hanh so sanh cic chuong trinh chu giai chuc
nang khac nhau dé tim ra cau tra 1i diing nhat.

Khi so sanh vé anh hudng chic ning cua 2 nhom
bién di, chung t6i nhan thdy cac bién di trong tap
KHVonly gy ra nhiéu anh huéng nghiém trong hon
so voi cac bién di xuat hién trong tap KHV90. Két qua
nay c6 thé duogc giai thich dwa vao tiéu chi lya chon ca
nhan tham gia giai trinh ty cia dy an 1.000 h¢ gen, do
la lya chon nhiing ca nhan c6 kiéu hinh khée manh,
khong co biéu hién mic mot loai bénh nao rd rét [8].
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Viée tim kiém cac bién di gdy bénh dya vao co s¢ dir
liéu ClinVar da khong dua lai két qua nao. Diéu nay
c¢6 thé duoc 1y giai bang phuong phap Iwa chon bién
di trén ClinVar: chi nhitng bién di dugc gin nhan “gay
bénh” méi duoc chon, tirc 1 nhitng ngudi mang bién
di nay chic chin s& mic cac can bénh di truyén duoc
liét ké.

Nhiing két qua ctia nghién ctru nay 1a budc di dau
tién trong viéc xay dung mot ban mo ta chi tiét vé toan
bd hé gen cua nguoi Viét, phuc vu cho cac nghién ctru
sau nay vé bién di nhu bénh di truyén va xac dinh danh
tinh. Trong cic nghién ctru sap toi, thong tin tir cac
Indel lién quan dén bénh di truyén vé gidi tinh trén
NST X s€ dugc di sau phan tich. Viéc so sanh cac bién
di cta nguoi Kinh voi nhitng bd kit st dung chi thi
bién di cling s& duoc tién hanh dé phat hién dy du cac
SNP va Indel c6 nguy co gay bénh ¢ cong dong ngudi
Kinh.

Nhiing hiéu biét vé cac bién di di truyén, dic biét 1a
vé SNP, mang dén hy vong vé cac phuong phap diéu
tri dich va phat trién thudc ca thé héa [19]. Chung toi
mong rang, nhitng thong tin thu thap duoc s& gitip dinh
hudng cac nghién ctru thyc nghiém nham phat trién
va chuan héa cac b kit chan doan bénh di truyén, lai
ghép di truyén va ung thu, tir d6 nang cao sirc khoe
cua nguoi Kinh noi riéng va nguoi Viét ndi chung. Cac
két qua va thong tin lién quan s& dugc cap nhat thuong
xuyén trén co s¢ dir liéu truc tuyén cua Vién Cong
nghé sinh hoc, Vién Han 1am Khoa hoc va Cong nghé
Viét Nam tai dia chi https://vsnp.ibt.ac.vn.

Loi cam on

Chung toi xin chdn thanh cam on sy hé tro vé kinh
phi tir nhiem vu KH&CN theo chirc nang cua Phong
thi nghiém trong diém cong nghé gen, Vién Cong nghé
sinh hoc, Vién Han ldm Khoa hoc va Cong nghé Viét
Nam (md s6: NVO5-PTNTD 2015).
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Nghién ctiu mdc do biéu hién cla gen OsHKT2;1 dap ting diéu kién man
G cay lua bang phudng phap RT-PCR ban dinh lugng
P6 Thi Phiic’, Pham Quynh Hoa

Khoa Sinh hoc, Truong Dai hoc Khoa hoc Tu nhién, Pai hoc Quéc gia Ha Noi
Ngay nhén bai 28.8.2015, ngay chuyén phan bién 10.9.2015, ngay nhan phéan bién 20.10.2015, ngay chip nhan dang 26.10.2015

Lua la cay luwong thue quan trong va c0 gia tri kinh té ciia Vlet Nam. Do anh hwéng cia bién déi khi hau
toan cAu ma nguy co dat bi nhiém min da va sé tré' thanh yeu t6 gay anh hu’(rng nghlem trong dén nang
suit, chat lwgng lia gao & nuwée ta. Vi vay, viéc chon tao glong Ida chiu man la van dé cin dwgc quan tim
nghién ciru. HKT (high affinity potassium transporter) 1a ho protein ¢é vai trd van chuyén ion & thwe vat.
Protein HKT dwgc chitng minh tham gia vin chuyén ion Na* vao té bao va c6 lién quan dén kha ning
chiu min ciia cdy lia. Trong nghién ciru nay, cic tac gia tién hanh danh gia mirc d biéu hién ciia gen
OsHKT2;1 ma héa cho protem HKT2;1 ¢ cay laa bang phlro’ng phap RT-PCR ban dinh llr(mg Thi nghiém
dwge tién hanh trén giong lua Nipponbare (glong chuin nhiém man) va Pokkali (glong chuin khang man)
v6i diéu kién xir Iy min ¢ ndng do 50 va 100 mM NaCl trong dai thoi gian 1a 24, 48 va 72 gio. Két qua cho
thdy, mirc d9 biéu hién ciia gen OsHKT2;1 & gidng Nipponbare ting 1én sau 24 gio' xir Iy midn ¢ nong dd
100 mM NaCl nhung lai giam din va tré vé mirc binh thwong sau 72 gio' xir Iy min. Tuy nhién, ¢ gidng
Pokkali thi mirc d9 biéu hién ciia gen OsHKT2;1 lai khong thay ddi trong diéu kién min. Trong diéu kién
binh thwong (khong xir Iy méiin), mirc d9 biéu hién ciia OsHKT2;1 6 md 14 ciia giong Nipponbare 12 cao hon
s0 vOi giéng Pokkali. Nhw vay, sw khac biét trong mirc do biéu hién ctaa gen OsHKT2;1 c6 thé c6 lién quan
dén mirc 46 khang min khac nhau ¢ hai gidng lia nghién ciru. Két qua ciia nghién ciru buée dau cung cip
thong tin hiru ich cho cong tac chon tao giéng Ida chiu man.

Tir khéa: biéu hién gen, HKT, liia, OSHKT2;1, RT-PCR bdn dinh lugng, stress mdn.
Chi s6 phin loai 1.6

dugc tim thay ¢ nhitng dong min cam man [5] va biéu
hién qua muc cua AtHKTI,;1 & A.thaliana va lha lam
tang sirc khang man cua cay [6]. Dot bién chén yéu t6
di truyén van dong Tos17 vao gen OsHKTI ;1 & lta gay

pat van de

Lua 1a cay luong thuc dong vai tro quan trong cua
nén kinh t€ Viét Nam. Tuy nhién, hién tugng dat nhiem
man do bién xam thuc da va dang anh huong nghiém

trong dén nang sudt va dién tich canh tac lta. Nong do
Na'* cao trong dat lam ting cao ap suat thim thau khién
cho ré cay khong hit duoc nudc va Na* tich tu trong
cac mo 14 gay anh huong dén bd may quang hop, hoat
dong cua khl khéng, chirc ning cia cac enzyme va mat
can bang nong do ion K" [1]. Do vy, dé ton tai va phat
trién trong diéu kién man, ciy trong c¢6 co ché chong
mat nude, han ché sy van chuyen cuia Na* tir ré 1én 14
va c6 1ap Na'vao cac tii ndi bao nham han ché nong do
cua Na' trong mo, dac biét 1a mo giau [2].

HKT 1a ho protein c6 vai trd van chuyén ion Na* &
thyc vat. Cac nghién ciru cho thdy méi lién quan giita
HKT protein va kha nang khang méan & thuc vat [3, 4].
Dot bién mat chire nang ctia gen AtHK T ;1 & A.thaliana

*Tac gia lién hé: Email: dothiphucl3380@yahoo.com
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gian doan khung doc mo cia gen 1am cay dot bién tro
nén man cam hon véi diéu kién min [7]. Gen HKTI;5
va HKTI:4 & ngii cdc dong vai tro ¢o 1ap Na* ¢ ré va
cac la gia, té bao quanh b6 mach nhim han ché su van
chuyén Na* 1én 14 non [8]. Biéu hién qua mirc cua gen
HvHKT?2;1 & laa mach gitp ting toc d6 sinh truong cia
cdy 1én 25-30% trong diéu kién man va thiéu K* so véi
kiéu dai [9].

O lta, ho gen HKT gdm 9 thanh vién nam trén cac
nhiém séc thé khac nhau [10]. Gen OsHKT2;1 1a mot
thanh vién ctia ho gen HKT ¢ lia ma hoa cho protein
HKT2;1 van chuyén Na'/K*. Thi nghiém lai tai chd cho
thy, gen OsHKT2;1 c6 biéu hién & 16p ngoai bi ciia ré
va mach rdy (ca yéu t6 mach va té bao quanh bo mach)
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STUDY ON EXPRESSION LEVEL
OF OSHKT2;1 GENE IN RESPONSE
TO SALT STRESS IN RICE
BY SEMI-QUANTITATIVE RT-PCR ANALYSIS

Summary

Rice is one of the most important and high
economic value food crops in Vietnam. Due to the
global clime change, the negative effects of salted
soil on yield and quality of rice have become
more seriously; therefore, the enhancement
in salt tolerant rice is always the research
topic of interest. HKT (high affinity potassium
transporter) is a protein family which plays role
in ion transport in plants. It is proven that HKT
proteinsinvolveinion Na*influx and salt tolerance
in rice plants. In this study, the expression level
of OsHKT2;1 gene coding HKT protein in rice
was investigated using semi-quantitative RT-
PCR technique. Experiments were conducted
on two rice cultivars, including Nipponbare (the
standard salt senmsitive cultivar) and Pokkali
(the standard salt resistant culativar) with two
different salt concentrations of 50 mM and 100
mM NacCl for different periods of exposure time
(24, 48, and 72 hrs of salt treatment). The results
showed that in Nippobare cultivar the expression
level of OsHKT2;1 gene was increased after 24
hours of 100 mM-salt treatment, but decreased
to normal level after 72 hours of treatment.
However, the OsHKT2;1 expression level was
unchanged over different salt stress conditions
and at different time periods in Pokkali cultivar.
In control condition, the expression level of
OsHKT2;1 gene in leaves of Nipponbare was
higher than that in Pokkali. It might be likely
that the differences in OsHKT2;1 gene expression
level involve in the differences in salt tolerance
in two investigated rice cultivars. The results of
initial studies provide useful information for salt
tolerant rice breeding in the future.

Keywords: gene expression, HKT, OsHKT2; 1, rice,
salt stress, Semi-quantitative RT-PCR.

Classification number 1.6
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[11]. Hién tai, & Viét Nam chua c6 nghién ctu nao
lién quan dén gen OsHKT?2;I trong kha ning khang
man ¢ lua. Do vay trong nghién clru nay, ching toi su
dung phuong phap RT-PCR ban dinh lugng dé phan
tich mirc do biéu hién cua gen OsHKT2;1 & ciy lua
trong cac diéu kién man khac nhau trén ddi tuong la
hai gidng lta chuan khang man Pokkali va chudn man
cam man Nipponbare.
Vat liéeu va phuong phap nghién ciau

Vit liéu

Hai gidng lta Nipponbare va Pokkali (cung cap boi
Vién Di truyén Nong nghiép); cac cap mdi dic hiéu
cho phan tmg PCR (cung cap boi hing IDT - Hoa Ky).
Trinh tu cc cdp moi duoc trinh bay ¢ bang 1.

Bdng 1: trinh ty cdc cdp moi si dung trong nghién citu

Tén mbi Trinh tw
IntHKT2;1-F | TAAGTTACACTGGGCATCAAGC
IntHKT2;1-R | GCTTGTCCTGGCAGATGCT
HKT2;1-F TGGCCTTATGGCTTCCTTGG
HKT2;1-R CCCTACATTCCCATATGCACTGAT
ACT-F CTGATGGACAGGTTATCACC
ACT-R CAGGTAGCAATAGGTATTACAG

Phuwong phap nghién ciru

Trong lia thuy canh va xu ly man: hat lua duoc
ngam u trong tdi trong 48 gio. Sau khi nay mam, hat
laa duoc dat vao trong cac 6 trén tim xdp c6 dan ludi,
dat trong hop chua dung dich dinh dudng Yoshida
[12]. P6 pH cua dung dich dinh dudng dugc didu
chinh trong khoang 5,0-5,5. Dung dich dinh dudng
dugc thay méi hang tudn. Thi nghiém dugc bd tri
thanh 2 nhom: nhom cay dbi chimg (khong xir 1y min)
va nhom ciy bi xtr Iy min. Sau 14 ngiy trong trong
dung dich dinh dudng, thi nghiém xtr Iy min dugc tién
hanh & nhom cay bi xir Iy man bang cach bo sung NaCl
vao dung dich dinh dudng dé dat néng d6 50 hoac 100
mM; trong khi & nhom cay dbi ching khong bo sung
NaCl vao dung dich dinh dudng. Mau 14 duoc thu thap
tai cac thoi diém 24, 48 va 72 gio sau khi xtr Iy man &
ca 2 nhém cay va cit gitr & -80°C.

Ky thugat RT-PCR ban dinh luong: mau 14 laa thu
thap duoc nghién bang may nghién mau Mixer mill
(Retsch CHLB brrc) trong nito long. Sau do, ARN
téng s6 dugc tach chiét bang kit GeneJET Plant RNA



Purification Mini Kit (Thermo Scientific). ADN hé
gen 1an trong cic miu ARN duoc xir ly v6i enzyme
DNAse I va dugc kiém tra sau xir Iy enzyme bang
cap mdi IntHKT2;1 (nhan ban ving intron cta gen
OsHKT2;1) (bang 1) v6i chu ky nhiét: 94°C 3 phaut;
35 chu ky (94°C 15 giay, 58°C 30 giay, 72°C 30 giay),
72°C trong 5 phat. 2 pg ARN tong s6 sau khi xur 1y
DNAse I duoc sir dung dé tong hop ¢cDNA bang kit
RevertAid First Strand cDNA Synthesis Kit (Thermo
Scientific). cDNA tong hop dugc sir dung lam khuén
cho phan tng PCR sur dung cac cap moi dic hiéu
HKT2;1F/R (nhan ban gen OsHKT2;1) va ACTF/R
(nhan ban gen Actinl - d6i chung) (bang 1). Chu ky
nhi¢t cua phan ung PCR: 94°C 3 phut, cac chu ky 1ap
lai (94°C 10 giay, 55°C 30 giay, 72°C 40 giay), 72°C
5 phut. San pham PCR duoc dién di trén gel agarose
2%. San pham PCR cua ca 2 gen dugc tinh sach bang
GeneJET PCR Purification Kit (Thermo Scientific) va
guri di gidi trinh tu tai Cong ty 1* base, Singapore. D9
sang cua cac bang dién di trén gel agarose dugc phan
tich bang phan mém Imagel.

Két qua va thao luan

Hat cta hai gidng lta Nippobare va Pokkali dugc
ngam U va trong trong dung dich dinh dudng Yoshida.
Thi nghi¢m xtr ly man dugc tién hanh khi cay lua dugc
14 ngay tudi & 2 mirc ndng d6 mudi khac nhau la 50
va 100 mM NaCl. Két qua cho thay, sau khi xir Iy man
duoc 24 gio, hién tuwong xoan nhe & dau 14 duoc quan
sat thdy & giéng Nipponbare & nhom thi nghiém xir
Iy mdn 100 mM NaCl va tang hon 1/3 14 bi xodn sau
72 gio xur Iy man. Tuy nhién, ¢ gidng chuan khang
Pokkali, cay c6 kiéu hinh giéng cdy & nhom dbi ching,
khong thiy xuét hién dau higu bi anh hudng cua didu
kién man.

Mtc dd biéu hién cua gen OsHKT2;1 dugc phan
tich str dung k¥ thuat RT-PCR ban dinh luong. Két qua
dién di san pham tach chiét ARN tong s6 cho thdy, cac
mau ARN thu duge déu c6 bang ARN riboxom sang
13, chimg t6 ARN thu dugc co chat lwong t6t (hinh
1). Pong thoi két qua do OD bang may do Nanodrop
Spectrophotometer (Nanodrop Technologies, My) cho
thiy, cac mau ARN c6 chi s6 A260/A280 trong khoang
1,9~2,2 va A260/A230>2. Nhu vy, ARN tach chiét
duogc co chat luong tét dé sir dung cho cac budc tiép
theo cua thi nghiém.
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Hinh 1: két qua dién di san pham tach chiét ARN tong soé (1-9)
tir mé la trén gel agarose 1%

Dé loai bdo ADN hé gen trong mau ARN, tit ca cac
mau ARN déu duge xir Iy voi enzyme DNAse I. Két
qua dién di san pham PCR nhén ban doan intron cta
gen OsHKT?2; 1 cho thdy, khong ¢ bing nao ¢ cac mau
da xur Iy DNAse I (hinh 2, mau 3-8). Nhu vay, sau khi
xtr Iy DNAse I, cAc mau ARN khong con 1an ADN hé
gen, do d6 dam bao chat luong dé tién hanh tong hop
cDNA.

Hinh 2: két qua PCR st dung khuon la ARN tach chiét va cap moi IntHKT2; 1
1: Marker 100 bp; 2: mau ARN chua xu [y DNAse I; 3-8: cdc mau ARN
da xuw Iy DNAse I; (-): doi chimg am khong co khuon

cDNA dugc tong hop va lam khuén cho phan tmg
PCR nhén ban gen OsHKT2;1 st dung cip mdi dic
hiéu. Vi muyc dich ctua nghién ctru la danh gid mtc do
biéu hién cua gen OsHKT2;1, so sanh muc do biéu
hién cua gen gilra cac diéu kién man khac nhau, tai
cac thoi diém xtr Iy man khac nhau va gitra hai giéng
laa khac nhau, nén viéc kiém soat luong khuon cDNA
dung cho phan tmg PCR, hiéu sudt phan tng PCR,
lugng mau dé dién di 1a rat quan trong va can thiét dé
dam bao tinh chinh xac cua két qua thu duoc. Trong
nghién ciru ndy, chiing toi str dung gen Actinl 1am ddi
chimg dé kiém soat két qua thu duge. Do do, phan tng
PCR nhan ban gen Actinl duoc tién hanh dong thoi
v&i phan tng PCR nhan ban gen OsHKT2; 1. San pham
PCR duoc gui di giai trinh ty dé kiém tra dung 1a da
nhan ban gen OsHKT2;1 va gen Actinl.

Két qua san pham PCR nhan ban gen OsHKT2; 1 va
gen Actinl & céac diéu kién méi truong (0, 50 va 100
mM NaCl), ¢ cac thoi diém xir Iy mén (sau 24, 48 va 72
gi®) duoc trinh bay & hinh 3 (3A: giéng Nipponbare,
3B: gidng Pokkali). Trong ky thuat RT-PCR bén dinh
luong, d6 sang cua bang dién di san pham PCR duoc



st dung dé danh gia twong d6i mirc do biéu hién cua
gen. Do d6, dong thoi voi viée danh gia do sang cia
bang dién di ¢ hinh 3 bang mat thuong, chiing toi tién
hanh phan tich hinh anh bang phan mém ImageJ (hinh
30).

A
24h 48h 72h
dc 50 100 dc 50 100 dc 50 100
ey ———
B.
24h 48h 72h
dc 50 100 dc 50 100 dc 50 100
= eses=—
C‘ Nipponbare Pokkali
O doi clning

350 mM NacCl
B 100 mbM NaCl| -

Miic d§ bigu hién tuong déi
o R R 8 % -5 &
Miic d§ bicu hién tuong ddi
o o o o e o
= 5] FY E- o —_ ] S

24h 48h T2h 24k 72h
Hinh 3: phan tich biéu hién ciia gen OsHKT2;1 ¢ 2 giong liia Nipponbare
va Pokkali o cac diéu kién man khac nhau theo thoi gian
A: anh dién di san pham PCR nhan ban gen OsHKT2;1 va gen Actinl
(ddi chimg) oNlpponhare B: anh dién di san pham PCR nhan ban gen
 OsHKT2;1 va gen Actinl (déi chitng) & Pokkali;
C: két qua phan tich véi ImageJ trong do d¢ sang ciia bang dién
di gen OsHKT?2;1 dwoc chudn hoa voi bang dién di gen Actinl twong vng

Két qua cho théy, murc do biéu hién cia gen Actinl
1a khong thay d6i ¢ cac diéu kién nghién ctru va & ca
hai giong lta. Diéu nay cho phép chung t6i hoan toan
tin twong vao két qua danh gida mirc d6 biéu hién cua
gen OsHKT?2;1, vi gen Actinl 1a gen quan gia da dugc
ching minh 14 khong thay d6i mirc do biéu hién &
diéu kién man va & cac md khac nhau [13]. Két qua
¢ hinh 3A va 3C cho théy, murc do biéu hién cua gen
OsHKT2;1 & gidng Nippobare trong diéu kién binh
thudng 12 khong c6 sy thay d6i theo thoi gian (so sanh
gitra cac thoi diém thu mau), nhung muc do biéu hién
clia gen nay c6 su thay doi dap ung véi didu kién man.
Cu thé, khi diéu kién man la 50 mM NaCl, thi mirc do
biéu hién cua gen OsHKT2;1 bi giam dan so v&i mirc
d6 biéu hién ¢ cay ddi ching (¢ thoi diém 24 va 48 gio
sau xu ly man), sau do trd vé mure d6 biéu hién tuong
duong voéi mue d6 biéu hién & cdy d6i chimg. Khi nong
d6 mubi ting 1én 100 mM NaCl thi mutc do biéu hién
cia gen OsHKT2;] lai ting manh (gap 2 lan) so véi
cdy ddi chimg & 24 gid sau xur 1y, sau d6 giam dan va
tr& vé murc biéu hién giéng voi cdy dbi chimg. Nguoc
lai v6i gidng Nippobare, & gidng Pokkali, chung t6i
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khong quan sat thay su thay d6i mirc do biéu hién
ciia gen OsHKT2;1 trong diéu kién man. Déng thoi,
mirc d6 biéu hién cta gen OsHKT2;1 & gidng Pokkah
thap hon so véi mirc d biéu hién ciia gen nay & gidng
Nipponbare (so sanh giita cac cdy dbi chimg). Su khac
biét trong mirc d6 biéu hién cua gen OsHKT2,1 giita
hai giéng Nipponbare va Pokkali ¢6 thé lién quan dén
su khéc biét vé mirc do khéang man. Protein OsHKT2;1
duoc ching minh c6 kha ning van chuyén Na* tir moi
truong vao té bao [14]. Vi vay, & gidng Pokkali gen
OsHKT?2;1 khong ting cuong biéu hién nén lugng Na*
di vao té bao s& duoc duy tri 6n dinh hon, khong gay
hai cho té bao; trong khi d6 & gidng Nipponbare, su
tang cudng biéu hién cta gen OsHKT2;1 s& 1a bat loi
vi ¢6 thé dan t6i sy ting cudng van chuyén Na*vao
té bao, gay doc cho té bao. Mic du can nhting nghién
ctru sau tiép theo dé lam sang to co ché, chirc nang cia
OsHKT?2;1 trong kha niang chiu min & laa, nhung két
qua thu dugc trong nghién ctru nay da bude dau cho
thdy su biéu hién ctia gen OsHKT2, 1 ¢6 lién quan dén
tinh chng chiu man & cay lia.

Két luan

Nhu vay, ching t61 da danh gia dugc muc do biéu
hién ctia gen OsHKT2; 1 dap tng voi cac diéu kién man
& cdy lua bang k¥ thuat RT-PCR ban dinh luong. O
gidng lta man cam min. Nipponbare, gen OsHKT2;1
c6 mirc do biéu hién cao hon so véi gidng lua khang
min Pokkali. Su biéu hién ctia gen OsHKT?2; I dap ting
lai diéu kién man c6 muac do thay ddi tuy thude néng
d6 mudi va thoi gian xir Iy man ¢ gidng laa man cam
mian Nipponbare va khong cé thay d6i vé mic d6 &
gidng khang man Pokkali.

Lot cam on

Tdap thé tdc gia tran trong cam on Sy hé tro tai
chinh tr Quy Phat triéen KH&CN quoc gia thong qua
dé tai ma sé 106-NN.02-2013.47.
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Nudic a0 - mot hudng nhin mdi trong quan ly tai nguyén nudc
Lwong Hiru Diing"
Vién Khoa hoc Khi twong Thuy van va Bién doi khi hdu
Ngay nhén bai 3.8.2015, ngay giri phan bién 12.8.2015, ngay nhan phan bién 10.9.2015, ngay chip nhan ding 18.9.2015

Nudc 40 13 mdt khai niém con kha méi & Viét Nam, tinh dén nay cé thé néi méi chi c6 2 nghién ciru chinh
thirc c6 tinh hé théng vé nwéc 0. Nam 2010, B Tai Nguyén va Mdi truong phé duyét cho Vién Khoa hoc
Khi twgng Thuy van va Moi tru’o’ng (nay 13 Vién Khoa hoc Khi twgng Thity vin va Bién déi khi hau) thue
hién dé tai cap b “Nghién ctru dé xuat phuong phap va ap dung thi nghlem tinh toan lwgng nwéce ao cua
Viét Nam”. D¢ tai nghiém thu vao nam 2012, dugc hoi dong khoa hgc cac cap nghiém thu danh gia cao vé
tinh khoa hoc, thue tién va kién nghi cin dwoc phat trién thém dé c6 thé dwa vao ing dung trong thure té
cong tac quan ly tai nguyén nwéc (TNN). Trén co sé¢ do, dé tai “N ghlen ciru co' sé khoa hoc, dé xuit diéu
chinh co cau sir dung nwéc theo quan diém nwéc a0 don voi mot sO san pham nong nghiép chu yeu” dugc
phé duyét thue hién nim 2013 nhiam b sung nhirng vén dé vé ung dung trong quan ly TNN. Véi két qua
nghién ciru tir dé tai, bai bao trinh bay cach tinh nwée 40 va mot hwong tlep can méi trong quan ly TNN.

T khoa: nwoc do, tai nguyén nwoc.

Chi sé phén logi 1.7

VIRTUAL WATER - A NEW VIEW IN
WATER RESOURCES MANAGEMENT

Summary

Virtual water is a new concept in Vietnam. Up to present,
there are only two official studies on virtual water. In
2010, the Ministry of Natural Resources and Environment
approved for Institute of Meteorology, Hydrology
and Environment (now the Institute of Meteorology,
Hydrology and Climate Change) to implement a
research project named “Research, propose virtual water
calculation methods and applications for Vietnam”. The
project was completed and highly appreciated in 2012 by
the scientific councils at all levels. The projects’ results
were found necessary to be extended and applied in reality
in water management. Based on this project, the project
“Study the scientific basis of water use adjustment under
the virtual water perspective for some main crops and
animal products” was approved for implementation in
2013 to supplement the practical issues in water resource
management. From the results of this project, this paper
presents the virtual water calculation methods and a new
approach in water resources management.

Keywords: virtual water, water resources.

Classification number 1.7
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Mo dau

Nudc luon duge xem la dac biét quan
trong trong cudc song va gan day no da
dugc coi la hang hoa. Theo nghia den thi
nudc kho c6 thé trao doi, buon ban. Nhung
khi xem xét nude dudi goc nhin nudce do thi
viéc trao d6i budn ban 1a hoan toan c6 thé.
Viéc “trao d6i, budn ban” céac loai hang hoa
déu chira dung nude dé san xuat ra hang hoa
d6 va do chinh 1a nudce ao. Do vay, khi xem
xét nudc dudi dang nude do thi qua trinh
trao doi nay hoan toan co thé xac dinh dugc,
va nhu vay tinh todn can bang nudc trong
bai toan quan Iy TNN la hoan toan thuc hién
duogc khi xem xét trén quan diém nudc ao.

Khai niém “nudc a0” ra doi vao gilta
nhitng nam 80 cua thé ky trudc khi cac
nha kinh té Ixraen tién hanh nghién ciru vé
viéc xuét khau cam va 1& ¢ dat nude cia ho
[1]. Khai niém nay sau d6 dugc nha kinh
té Tony Allan thudc Trudong Nghién ctu
Phuong Pong va Chau Phi, Vién Dai hoc
Luan Don phat trién. Khi d6, nhimg hiéu
biét vé nude 4o con kha 1a mai va la 1am,
dac biét trong linh vuc quan Iy TNN. Phai
mat gan mot thap ky dé thé gidi cong nhan
tam quan trong cua khai niém nay trong van



dé an ninh ngudn nudc trén toan thé gisi. Vi sy dong
g6p do, John Anthony Allan dugc nhan gidi thudng
Stockholm vé nudc nam 2008.

Quan Iy TNN dudi goc nhin nudc ao

Trong quan 1y TNN, cong viéc xac dinh ddi tugng,
nhu cau nudc cia mdi ddi twong sir dung nudc va tinh
toan can bang nudc cua ving hay luu vuc song 1a
khong thé thiéu. T trude dén nay, xac dinh nhu cau
nude ciia mot dbi tugng su dung nudc moi chi xét dén
luong nude thyc can cho ciy trong va vat nudi (vi du
nhu nhu cau tudi cho cdy ca phé, cay lta ldy tir nude
mua va song subi hodc nude ngdm) ma chua xét dén
lwong nudc can cho san pham cua déi twong s dung
nudc do, vi thé bai toan can bang nudc duong nhu méi
chi xét & “dang tho” - can bang gitra luong nude dén va
lwong nude ding “chua dy di va t6i thiéu”. RS rang
bai toan can bang nudc voi dau vao nhu vay la chua
day du khi xem xét dén gia tri loi ich cta san pham va
gié tri ciia nudc. Thém nita, voi bai todn can bang nhur
vy d6i vi mot ving hay qudc gia thi méi chi xem xét
mot chiéu 1a mit di & nhu cau nude thuc, chua xem
xét duoc luong nhap vao; chua xem xét can bang dén
ngudn nude st dung dé tao ra san pham cudi ciing. Do
vay, néu chung ta nhin nhan nhu cau nude dudi dang
nudc 4o, thi bai toan can bang nudc hodc bai toan tong
thé nghién ciru loi ich giita kinh té - ngudn nude - xa
hoi s& day du, toan dién hon, d6 1a ching ta co thé
x4c dinh nhu cau nudc xét dén san pham cudi dugc
st dung trong xa hoi va tir d6 bai toan can bang nudc
cling xem xét dugc ca khia canh lugng nudc nhap vao
tir ngudn nudc 4o ctia san pham nhap khau, ma theo
phuong phap thong thuong luwong nudc nhdp vao chi
duoc xét tur nguén nudc thuc chuyén dén. Mit khac,
khi xét dén nudc 4o thi bai toan vé tinh thué cia san
pham, thué nudc va bai toan quy hoach str dung dit,
quy hoach st dung nudc s€ mang lai loi ich, sy phat
trién bén ving kinh té - x4 hoi va tai nguyén nudc.

Su khéc biét cua bai toan xac dinh nhu cau nudce va
cén bang nudc nhu néu & trén 6 thé 1y giai tir y nghia
cua nudc ao:

- Khai niém nudc ao: 1a lugng nude can thiét dé san
xuat mot don vi san phém hang hoa, né khong thuc su
¢6 trong san pham hay hang hoa. Vi du, d6i véi san
pham hat ca phé, nudc ao chinh 14 lugng nudc can thiét
dé san xut ra mot don vi san phém (1 tan ca phé hat)
ma khéng phai luong nude thyc su ton tai trong 1 tan
ca phé d6. Vé6i khai niém nay, bang cach quy doi thi
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nudc 4o c6 thé dugc tmg dung trong tit ca cac nganh
va gitip chiing ta nhan biét duoc luong nudc thuc can
thiét dé san xuét nhimg san pham va hang hoa khac
nhau [2]. Hinh 1, 2 Ia minh hoa vé luong nudc can
dung dé tao ra mot san pham.

1520 m¥/ha 12398 m¥/tin

Hinh 1: heong mede sir dung dé tao thanh san pham trong san xudt ca phé [2]

—

3871 m3/tin

11310 m*/ha

356 m3/tan

Hinh 2: heong mieée sir dung dé tao thanh san pham trong san xudt duong [2]

- Lién quan dén “nuwéc do” con co khai niém dau
an nudc (Water footprint), 1a tong luong nude duoc sir
dung trong tit ca cac khau san xuat dé tao ra san pham.
Dau 4n nudc thay ddi theo khong gian va thoi gian va
dugc chia ra 3 thanh phan:

Thanh phan dau dn mede xanh ld (green water
footprint) 1 lugng nudc mua tiéu hao trong sudt qua
trinh san xuat ra san pham (d6i voi nong nghiép 1a
luong nuoc mua dung trong qua trinh sinh truong va
phat trién cua cdy trong, gom lwong bdc hoi nudc ciy
trong va mat rudng trong sudt qué trinh sinh trudéng,
phat trién ctia ciy trong).

Thanh phan ddu an nwée xanh lam (blue water
footprint) 1a lugng nudc tiéu hao trong qua trinh sir
dung ngudn nudc mit hay nudc ngdm trong sudt qua
trinh san xudt ra san pham (d6i véi nong nghiép 1a
lugng nude dung cho sy phat trién cua dong thuc vat
va dé san xuét hang hoa).

Thanh phan ddu dn nuede xam (gray water footprint)
1a Iwong nudc bi 6 nhiém trong qua trinh san xuat (hodc
lugng nudc can dé pha loang nudc bi 6 nhiém dé dat
tiéu chuan cho phép).

D6i vai san xuat ndng nghiép, “nude xanh lam” ctia
cdy trong 1a tong lwong bdc thoat hoi ctia nude tudi tir
rudng va lugng bde hoi tir hé thdng tudi va luong nude
mat hay nudc ngdm thoat sang luu vuce khac hodc hoi
quy trong luu vuc nhung khong cung mot thoi gian.



Trong trudng hop san xuat cong nghiép va cip nudc
sinh hoat, thanh phan cta nuéc xanh lam trong hang
hoa hay dich vy 1a phan nude bi boc hoi va khong quay
trd lai hé théng.

Hinh 3 phéan biét gitra dong nudc xanh lam va xanh
14 trong tu nhién cling nhu trong san xuit. Viéc phan
biét gitra ddu 4n nudc xanh lam va xanh 14 13 rat can
thiét. N6 thé hién qua trinh sir dung nude tir nude mit
va nudc dudi dat hodc nude mua. Ngoai ra, chi phi sir
dung céac loai ngudn nudc nay ciing khac nhau. Ca 2
thanh phan nay cua nudc ao déu d& cap dén bdc hoi,
trong khi nhan t6 nudc xam lai dé cap dén 6 nhiém.
Ca bdc hoi va 6 nhiém déu thé hién luong nudc duoc
st dung khong hoan lai trong qua trinh san xuét (hodc
luong nudce bi tiéu hao). Nhu vay, lugng nudc o trong
san xudt nong nghiép co6 thé chia ra 1am 3 thanh phan
twong Ung la lugng nude xanh 14, xanh lam va xam.

Boc thoat
hoi tir mwa
(xanh 1a)

Bac thoat
hoi tir nwréc
mit va
(xanh lam)

Tiéu hao sir
i dung nuéc

néng (xanh lam)
{ nehiép

Boc hoi
mit nwéc
(ho, song,
Ngubn Sinh hoat bién
vacong
nghiép

nwréc
xanh la

Nguén

woe — Nipdre mit va nwéc ngam

xanh
lam

Hinh 3: phan biét thanh phan déu dn nwée xanh lam va xanh la [2]

- Buon ban nudc do: song hanh véi khai niém nude
40 12 budn ban nudc. Pay 1a sy trao doi san pham, hang
hoa ham chira luong nuée dé tao ra san pham. Trong thi
truong hang hoa, dac biét 1a luong thuc, thuc phém, co
mot “dong nudc a0” (virtual water flow) dich chuyén
tir cac nudc xuat khau hang héa tdi cac nude nhap khau
nhitng hang hoéa d6. Thay vi phai ty san xuét, nhiing
nuée nhap khau co thé st dung lwong nude nay cho
nhitng muc dich khéac can thiét hon. Piéu nay co tac
dung tiét kiém ngudn nudc st dung cua qubc gia cho
muc dich khac (dem lai loi ich cao hon vé mat kinh té
va x4 hoi) ma khong gay ap luc 1én TNN cia quc gia.

DPbi voi mot quic gia, tong “dau an nudc” duge
xem 1a tong lwong nude dugce sir dung dé san xuat hang
hoéa, dich vu (nudc 4o0) va lugng nude sinh hoat dugc
tiéu dung boi dan cu séng trong qudc gia d6. Luong
nay duoc chia thanh 2 thanh phan:

Dau an nuéce noi tai (internal water footprint) cua
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mét vimg/quoc gia: 1a lugng nude dung trong ving/
quoc gia do dé san xuat hang hoa va dich vu phuc vu
dan cu trong nudc.

Dau dn nuée bén ngodi (external water footprint)
ciia mot vimg/quoc gia: 1a lugng nude duge st dung &
mdt ving/qubc gia khac dé san xuat hang héa va dich
vu dugc nhap khau phuc vu dan cu trong nudéc.

Tong luong nude nhap khau/xuat khau khi xét dén
nudc a0 (gross virtual water import/export) cuia mot
qudc gla 1a tong lwong nude ham chu’a trong hang hoa
ma qudc gia d6 nhap khau hay xuit khau. Hiéu sé giita
lugng nudce ao nhap khau va xuit khau cho ta biét trang
thai nhap khau/xuat khau nudc 4o rong clia mot quoc
gia (net virtual import). Nhap khau nuéc o rong néu
nho hon khong, khi d6 goi 1a xuat khau nuéc ao rong
(net virtual export) va nguogc lai (hinh 4).
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Hinh 4: khung kiém todn sit dung nuée quéc gia
trén quan diém budn ban nuoc do [3]

TNN khéng nhiing c6 gi tri vé mit kinh té - x4 hoi,
n6 1a mot loai nguyén liéu khong thé thiéu trong sinh
hoat, san xuat nong nghiép, cong nghiép, thiy san...,
ma con ¢6 gia tri vé mat moi truong va duy tri da dang
sinh hoc va hé sinh thai. Dan s6 ting nhanh va kinh
té phat trién dan dén nhu cau sir dung nuée cho cic
nganh ting, chat luong nudc mit suy giam do luong
chat thai 6 vao ngudn nudc ting, trong khi d6 TNN
la hitu han va ndy sinh mau thudn, canh tranh trong
huong 1oi tir ngudn nudce va str dung nude. Thém nira,
su thay ddi khi hau lam cho nguén nude ¢ nhiéu noi
dang trong tinh trang khan hiém. Diéu nay dan dén
nhimng canh tranh giira cac nganh/cac ving/cac quic
gia trong st dung nudc.
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Theo mot sé nghién ctru ciia Bo Tai nguyén va Moi
tru’(‘yng [2, 3], trong th(n gian qua nhiéu khu vuc dang
thiéu nuéc nhu mién Trung, Tdy Nguyén va Dong
Nam B§. Lugng nudc trong mua khod cé nhitng vung
gan nhu khong dép tmg di nhu cau st dung. Bén canh
do, strc ép gia ting dan s6 va phat trién kinh té sé tiép
tuc 1am gia ting anh huong tiéu cuc dén moi trudong va
dac biét 1a gia tang khan hiém ngudn nude, tir d6 dan
dén gla tang méau thuan vé chia sé loi ich tai nguyén
nude. O mot sd song Bic B9, Nam Trung B9, Dong
Nam B¢ va Tay Nguyén, tinh trang khan hiém ngudn
nude vao mua kho trong nhitg nim gan day di xay ra
va c¢6 ving hét stic gay git. Theo tinh toan, vao mua
kho thi chi s6 khai thac ngudn nude cho mét s6 khu
vuc ¢ thé vuot trén ngudng 100% [3]. Piéu nay co
nghia la sir dung nudc qua 16n so voi lugng nude co,
gdy ap luc 1én ngudn nude trong mua kho. Thuc té nay
doi hoi c¢6 chinh sach quan Iy TNN bén viing va hiéu
qué dé tranh tinh trang mau thuan loi ich trong sir dung
nudce (nudc cho thuy dién, ndng nghiép, sinh hoat va
cong nghiép mua kho), dem lai hi€u qua sir dung nudc
va an ninh vé nudc cho phat trién kinh té - xa hoi bén
viing.

Hién nay trén thé gi6i, trong khi nhiéu qudc gia da
tinh dén gia tri ctia nudc trong san pham thi Viét Nam
duong nhu van chi tinh va xem xét “gia tri thyc” ma
TNN mang lai. Trong khi nudc ta dang ding trudc
nguy co thiéu nude, ma ngoai sy lang phi tai nguyén,
thi nguyén nhan chinh la do chinh sach cta chung
ta duong nhu chwa nhin thdy gia tri to 10n cua nudc
theo quan diém nudc ao. Theo nghién ctru [2], thi Tay
Nguyén hang nam xuat khoang 7,8 ty m® nudc 4o, chu
yéu tlr viéc xuat khau ca phé; ving Pong bang song
Ciru Long xuét khau khoang 19,3 ty m*/nam tir xut
khau ca tra va gao. Diéu dé c6 nghia, chiing ta xut
khau 27,1 ty m® nude (gip 4,5 lan dung tich ho Hoa
Binh) ra thé gii nhung dudng nhu chwa mang lai su
giau c6, chua mang lai nhiéu loi ich to 16n, 1au dai tir
gia tri cia TNN - vang tring.

V6i cac khai niém nhu vy vé nudc 4o, trong quan
1y TNN khi x4c dinh nhu cau nudc, chung ta c6 thé xac
dinh duoc nhu ciu nudc dén tung san phém cua dbi
tuong st dung nudc; viéc can b@ing nudc s€ xét duoc
ca bai toan vi mo lién nganh va lién ving; thanh phan
cin bang ctia phuong trinh cin bang nudc s& xem xét
duogc ca lugng nude nhap vao tir san pham nhap khau;
va trén hét 1a trong qua trinh tinh toan cin bang c¢6 co
s& dé xéac dinh duoc gia tri kinh té cla nguén nudc khi

TAP CHI

E‘ILIOA HOC

tonG HGHEV i

m 58(2) 2.2016
1Al

c6 su trao ddi. Nhu vay, cO thé noi viéc tinh toan do co
thé 1a toan dién hon, ddy du hon, va nudc duoc nhin
nhan 1a st dung rat nhiéu dé tao ra san phém, tr do co
co so hon trong viéc dinh gia san pham. Tir d6, theo
quan diém cua tac gia, thi “Nudc a0” s& gitip cho céac
nha hoach dinh c6 cai nhin cy thé hon trong quan ly
TNN va trong phat trién kinh té vi mé ciing nhu dua
ra quy hoach phat trién kinh té dai han. Vi du nhu
trong san xuét 1aa, khi da quan tam dén nudce 4o, nha
quy hoach s& phai luu tAm dén ving ndo nén trong va
vung nao khong nén trong lua nude, trong bao nhiéu
1a phu hop véi ngudn nudc hién cé trong tong thé
phat trién kinh té. Bén canh d6, nha quy hoach sé& phai
tinh dén chuyén phét trién san xuat gi ¢ trén vung it
nude vira mang lai hiéu qua vira dam bao sy can bang
cua TNN.
Phuong phap tinh toan nwéoc ao cho lia va nong
san

Phuong phép tinh todn nude do cho lua va ndong san

& Viét Nam duoc thue hién theo so do dudi day (hinh
5) 2, 3].

50 ligu khi 50 lifu dac Bic tinh ciy || 50 lin phin

furgme tinh dat fréng : han
_________ i —————————
_________ I .

— — —

T | [amst | [ |

Reff

ET¢ fuum) () CWR (w'ks) ||
_________ o ————————=————————|
"_;"g__"____f}"__"_]_; _____ !

Diau 2 nedc Tiau 3n e Dan an neoe | . .
xanh 13 WFgreen xanh lam nim WEgrey (4 S JuE C8Y
(k) Whblne (u*/tin) @ ) trang

______________ |
S
ngd:ummaécc‘ﬁal:ﬁynmg
(on'iim)
¥ Lumng mrac dimg
Tongd.a:nmmccunmngsm ﬁichehi*mnﬁng
WE (i) sén (nudc &)

Hinh 5: so dé phirong phdp tinh do doi liia va néng san & Viét Nam

Tinh todn diu én nwéc xanh ld va xanh lam [1,
3,4]

Déu 4n nudc xanh 14 ton tai trong qué trinh sinh
truong ciia cay trong (WE . m¥/tdn) duogc tinh tir
luong nudc mua (nude xanh 1) st dung cho cay trong
(CWRgreen, m?/ha) chia cho ning sut thu hoacl} (Y, tn/
ha). Luong nudc xanh lam (WF__ . . m?/tan) cling
duogc tinh theo cach tuong tu, tinh tr lwong nudc mat
hay nuéc ngam (nuréc xanh lam) sir dung cho cy trong
(CWR,, ., m’/ha) chia cho ning sut thu hoach (Y, tin/
ha):
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WF CWR green
proc,green Y ( 1 )
CWR
WFproc,blue = % (2)

Trong d6, lugng nudc xanh 14 (CWRgreen, m?/ha)
bang tich Iy tong lugng boc thoat hoi nudc ngay tur
nudc mua (ET
truong. Thanh phan nudc xanh lam bao gdm luong bdc

areey N/NZAY) trong sudt qua trinh sinh
thoat hoi nudc xanh lam va tong luong nudc ton that
trong qua trinh tudi:

ey
CWR o =10y H 3

ur

Trong do: CWRgreen 1a luong nue xanh 1a cay trong
su dung bicu thi lugng mua da boc hoi tir mua trong
sudt qua trinh sinh truong; CWR,, . luong nuGe xanh
lam cdy trong sir dung biéu thi luong nudc tudi da boc
hoi trong sudt qué trinh sinh trudng; ET, luong
boc thoat hoi nudce xanh 14; ET, | : lugng boc thoat hoi
nudc xanh lam; W : luwgng nude ton that trong qua
trinh tudi va luong nudc tudi khong hoi quy tro lai
song va nudc ngam; Lgp: d6 dai sinh truéng cua cay
tré)ng.

Tinh lwong boc thodt hoi nwéc xanh ld va xanh
lam tr ET [1, 3, 4]

Trong mét trdn mua, chi mot phén lugng mua
dugc giir lai trong dat va duoc cay trong sir dung dé
sinh truong va phat trién. Luong mua nay duoc goi la
lwong mua hi¢u qua (R, mm). Khi luong mua hi¢u
qua vuot qua lwong bdc thoat hoi nude tiém niang ETc
ctia cdy trong thi tong lugng bdc thoat hoi nude tiém
ning chinh 13 tong lugng bde thoat hoi nudc xanh 4.
Nguoc lai, khi boc thoat hoi nuée tiém ning 16n hon
tong lugng mua hiéu qua thi luong boc thoat hoi nudc
xanh 14 bang tong luong mua hiéu qua:

o efrgm] o
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Trén co s& két hop cac cong thirc (1), (3) va (5), dau
4n nudc xanh 14 duoc tinh theo cong thirc sau

ofggm)

WFM

Dbi voi thanh phan bdc thoat hoi nudc xanh lam
ET,, . trong truong hop lugng mu’a’hiéu‘ qua 16n hon
luong nudc tudi, thi £7,, duge lay bang 0. Trong
truong hop nguoc lai, ET,, =~ dugc liy bang hiéu sé
gita ETc va R

proeffr il o

Thanh phan ET, . ¢6 y nghia khi chi xem xét anh
huong cia lwong bde thoat hoi nude tir mua va luong
nuéc boc thoat hoi nudc tir tudi ciia cay trong. Trong
bai toan tinh tong dau 4n nudc cua ndng san, dé rit gon
khéi lugng tinh toan, ddu 4n nudc xanh lam c6 thé xac
dinh tryc tiép theo tong nhu ciu tudi cla ciy trong,
khong can tinh tach biét giira ET, . vaW,_ .

Tinh toan lwong nwoc xam [1, 3, 4]

Cong thuc tinh ddu 4n nudc theo Hoekstra va
Chapagain [5]:

ax ARRe . —c )
L S —l".. (8)
Trong do: o 1a h¢ s6 tham thau; AR (kg/ha): lugng

phan bon st dung trén mot hecta dat canh tac; ¢, ¢

max’  nat
(kg/m?): nong d¢ toi da cho phép va nong do ty nhién
clia chat hoa hoc gay 6 nhidm; Y (tin/ha) 1a ning suat

ciy trong.

Céc chit gay 6 nhidm thuong co trong phin bén
(nito, phét pho...), thude trir sdu va thude diét co. Dé
don gian trong qua trinh tinh toan, coi nhu chi c6 duy
nhat mot “dong nudce thai” chay vao ngudn nudce ngot,
theo ty 1¢ tong luong phan bén hodc thude trir siu sir
dung trén déng rudng. Khi do, chi can tinh cho chét 6
nhiém nghiém trong nhit hay c6 diu 4n nudc xam cao
nhat.



Két luan

Bai bao da trinh bay khai ni¢m vé nudce do, cach
tinh toan timg thanh phan du 4n nudc xanh 14, xanh
lam va nudc xam ctia nude ao trong ndng nghiép, dong
thoi da dua ra quan diém vé viéc Gmg dung khai niém
nude ao trong tinh toan nhu cau nudc va cin bang
nude. V6i cach nhin nhu vay, theo quan diém cua tac
gia, viéc tinh toan nhu cau nude cia cac ddi tuong st
dung nudc trong bai toan cin bang nudc trong quan ly
TNN s& day du hon; va tinh toan cin bang nudc s& bao
quat hon (do thanh phan ctia phuong trinh can bang s&
¢6 ca thanh phan nude nhap khau tir san pham).

Bai b4o nay goi y mot hudng tiép can méi vé quan
1y, can d6i TNN dua trén quan diém kinh té nudc. Day
12 mot van dé moi, do vay hudng tiép can quan Iy TNN
theo quan diém nudc o va viée tmg dung vao thuc tién
can phai co6 thoi gian kiém ching va dau tu nghién ciru
hon nira.

Loi cam on

Tac gia xin chdn thanh cam on Bo Tai nguyén va
Moi truong, Vien Khoa hoc Khi twong Thuy van va
Bién doi khi hdu va cac chuyén gia da giip do trong
qua trinh nghién ciru.
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QUY DINH VE BAI VIET DANG TAI TREN TAP CHi

Yéu cdu chung

Bai viét gUi dang trén Tap chi phai 1a bai viét nguyén thuy (chua dugc cong bé trudc do). Tac gia
khong dudc gui dang bai viét trén cac tap chi khac cho dén khi cé quyét dinh xét duyét clia Ban Bién
tap.

Bai bao dai khong qua 10 trang (bao gdm ca bang biéu, ghi chu, tai liéu tham khao va phu Iuc) font
chi: Times New Roman; ¢G chii 13; khé glay A4, € trén 2 cm, |€ dudi 2 cm, € trai 3 cm, |€ phai 2 cm.

Bai viét glii vé Toa soan dudi dang file mém va ban in; cé thé guii truc ti€p dén Tap chi (Phong 507,
s6 113 Tran Duy Hung, Cau Gidy, Ha Néi) hoac qua hom thu dién t0, dia chi: khcnvn@most.gov.vn.

Tén bai bao

- Tén bai bao dudc viét bang tiéng Viét va tiéng Anh, trén trang dau cla bai bao, khéng gach chan hay
viét nghiéng.

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

- Phia dudi tén bai bao 1a tén tac gia khong viét chiic danh va hoc ham, hoc vi. NEu cé nhiéu tac gia lam
viéc G cac co quan khac nhau thi tén téc gia dugc danh s (2-) & phia trén. D&u hoa thi (') chi tac gia lién
hé, dugc viét & cudi trang dau tién clia bai bao.

Tom tit

Tom tat bang tiéng Viét va tiéng Anh. Néu dugc muc dich, phudng phap nghién ctiu chinh, két qua
nghién ctu va két luan chi yéu. Tl khoa bang ca tiéng Viét va tiéng Anh theo thi ty alphabet. Chi s6
phan loai (theo hudng dan).

Dan nhap/datvan dé
Dinh nghia van dé; tém Iugc van dé nghién cliu da dugc céng bé trong va ngoai nudc, néu muc tiéu

nghién cuu \/é giai thich sy Iua\chon dé tai va muc tiéu nghién ctu dé thay dudc tinh thdi sy, tinh khoa
hoc va su can thiét clia van dé nghién cuu.

Ddi tugng va phuong phap

Déi tugng nghién ctu can trinh bay tiéu chuén Iya chon, déc diém d6i tugng nghién cuu.

Phuong phap nghién cuiu can néu rd cach tiép can nghlen cuu, loai hinh nghién cuu, phuong phap
do ludng, cong thic tinh ¢d mau, phuong phéap xG ly s6 liéu, mé ta ky cac ky thuat tién hanh trong
nghién clu; cac quan diém, lap luan, y kién tranh luan, cac dan ching...

Két qua

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

Phan ké&t qua nghién ctiu chi trinh bay cac két qua nghién ctiu cla dé tai, khdng giai thich, so sanh
va ban luan.
Ban lugn

ChU yé&u ban luan céc van dé lién quan dén muc tiéu dé tai.

Nhan xet, danh gia mot cach khach quan cac két qua nghién clu, c6 so sanh véi cac tac gia khac
dé khang dinh ho&c phl dinh nhiing hiéu biét da c6, qua dé néu dugc nhiing diém mdéi va déng gép

cla dé tai.
Dy bédo hudng nghién ciu tiép va kha nang tng dung céc két qua nghién cliu vao thuc tién.

Kétluan

Néu két qua nghién ctiu chli yéu clia dé tai c6 tinh khai quat lién quan dén muyc tiéu nghién clu, dé
xuat cac van dé tiép tuc nghién cuu.
Chi thich va tai liéu tham khdo
Chu thich dugc danh s6 theo thy tu xudt hién (2 ) va dugc trinh bay ngay & cudi trang viét (footnote).
Céc tai lieu tham khao dugc danh s6 theo thi tu xuat hién dé chi dan chung dugc trich dan & géu trong
bai bao. S6 thi ty dugc danh trong ngoac vudng, vi du: [3] véi 1 hodc [2, 5, 7-9] v6i nhiéu s6 chi dan.
| Téc gia (N&m xudt ban), “Tén tai liéu dugc trich dan”, Tén nguén, tap (s6), pp<trang dau-trang cu6i>|
Téc gid: la tac gid/cac tac gia cla tai liéu dugc tham khao, trich d~§n.
N&m xuat ban: ndm xuét ban cla tai liéu dugc tham khdo, trich dan.
Tén tai liéu dugc trich dan: 1a tén bai bao, chuang/phan sach.. B
Tén ngudn cé thé 1a tén tap chi, tén séach, hay tén tai liéu géc cla tai liéu dugc trich dan (phan nay dudc
in nghiéng).
Tap (s6): danh cho nguén trich 1a tap chi, sach hodc cac xuat ban phdm khéc (phan nay in dam).
Trang dau-trang cudi la s6 thii ty cac trang phan anh ndi cu tri cla tai liéu dugc trich dan trong tai liéu
nguoén.
Chu y: néu co 2 2 tai liéu tham khado do cling 1 tac gia/nhom tac gia, cung nam cong b, thi céc tai liéu
tham khao nay can dudc danh d&u a, b.. sau nam xuét ban (vi du: 1986a).
_ Né&u c6 mét s tai liéu tham khéo trong cuing 1 bai bao dugc trich dan c6 s6 trang khac nhau thi cén trich
dan thém sd trang, vi du: Kitchen (1982, p 39).

Cac yéu cau khac

- Bai viét knong dat yéu cau, Toa soan khong tré lai ban thao.

- Bai viét chi dudc dang khi phan bién nhan xét vé chét Iugng bai bdo dong y cho dang.

- Ban quyén: tac gid dong y trao ban quyén bai viét (bao gdm ca phan tom tat) cho Ban Bién tap
Tap chi.

PHAN LOAI LINH VUC KHOR HOC

AAAAAAAAA
CP®NDO W=

2.1.

1.Khoa hoc tu nhién
Toan hoc va théng ké
Khoa hoc may tinh va théng tin
vatly
Héa hoc
Khoa hoc trai dat va méi trudng
Khoa hoc sy song
Khoa hoc nano
Khoa hoc tinh todn
Cac linh vuc khéac cta khoa hoc tu
nhién

2. Khoa hoc ki thuat va cong nghé
Ky thuat dan dung: ky thuat kién
tric; ky thuat xay dung; ky thuat
két cdu va do thi; ky thuat giao
théng van tai; ky thuat thuy Igi; ky
thuat dia chat céng trinh
Ky thuat dién, ky thuat dién tl, ky
thuat thong tin
K§ thuat ca khi, ché tao may
Ky thuat hoa hoc
Ky thuat vat liéu va luyén kim
Ky thuét y hoc
Ky thuat méi trudng

. Cdng nghé sinh hoc cdng nghiép

. Cong nghé nano
. Ky thuat thuc phdm va dé udng

. Céc Iinh vuc khac cta khoa hoc
ky thuat va cong nghé

3.Khoa hoc y - duge

. Y hoc cd s6
.Y hoc lam sang
.Y hoc du phong

Dugc hoc

. Céc linh vuc khac ctia Y - dugc hoc

4. Khoa hoc nong nghiép

. Tréng trot
. Chan nuoi
. Thay

Lam nghiép

. Thly san
. €bng nghé sinh hoc trong néng

nghiép, thly sén
Céc linh vuc khac ctia khoa hoc
ndng nghiép

. Tam ly hoc

Kinh té€ va kinh doanh
Khoa hoc gido duc

. Xahdi hoc

Phap luat
Khoa hoc chinh tri

. Dia ly kinh t€ va xa hdi
. Théng tin dai ching va truyén thong

Lich st va khao ¢ hoc
Ngén ng( hoc va van hoc

. Triét hoc, dao dtic va tén giao

. Nghién ctiu vé khu vuc va quéc té

. C4c linh vuc khéac cla khoa hoc xa
hoéi va nhan van
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Gidi phap tai ciu hinh cho b td hop tin s6 cong nghé CMOS
trong thiét bi thong tin v tuyén nhin thirc.
Vii Lé Ha, Phan Hong Minh...

Thiét ké bd diéu bién vi tich phan bic 3, tj s6 tin hiéu trén
nhifu dat 110 dB va ty Ié qua liy miu 512 cho chip ADC
24-bit ¢ cong ngh¢ CMOS 130 nm.

H6 Quang Tay, Poan Duy...

Mot quy luit thay d6i ma trin trong so trong ham muc tiéu
ctia b diéu khién dw bao dé xét tinh on dinh hé¢ thong TRMS
dwa trén phwong phap quy hoach djong ciia Bellman.
Nguyén Thi Mai Huong, Lai Khic Lai. .

Céu tric, tinh chét tir va hiéu dng tir nhiét cia hé miu bing
La1+xFe1o,5-xCOSi1,5'
Nguyén Hai Yén, Nguyén Huy Dan...

Thiét ké va mé phéng hoat dong ciia vi chip hanh nhiét dién
silicon-polymer.
Chtr Ptic Trinh, Pang Vin Hiéu. ..

Nghién ctru sw bién dong theo mia cia ché dj thiy dong luc
khu vure cira séng ven bién lwru vwe song Ma.
Nguyén Thanh Hung, Vii Dinh Cuong. ..

Nghién ciru sy hinh thanh va tudi nwée dwéi dat Pong bing
Nam B bing k¥ thuit dong vi.
Poan Vin Cénh, Chau Tran Vinh...

Phén tich bién di trong hé gen ciia 99 ci thé ngudi din tdc
Kinh.
Nguyén Cuodng, Truong Nam Hai...

Nghién ciru mire do biéu hién cia gen OsHKT2;1 dap tng
diéu kién miin ¢ ciy lia bing phwong phip RT-PCR bin
dinh lwgng.

Do Thi Phic, Pham Quynh Hoa

Nudéc a0 - mot hwdng nhin mai trong quan ly tai nguyén nwéc.
Luwong Hitu Diing
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A reconfiguration solution for CMOS frequency synthesizer
in cognitive radio devices.
Vu Le Ha, Phan Hong Minh...

A 110 dB SNR, 512 OSR, third order delta-sigma modulator
for 24-bit ADC in 130 nm CMOS process.
Ho Quang Tay, Doan Duy...

A rule of change of weight matrix in objective function in
model predictive control in order to consider stability for
TRMS based on Bellman’s dynamic programming method.
Nguyen Thi Mai Huong, Lai Khac Lai...

Structure, magnetic properties and magnetocaloric effect of
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